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3A A0rr0M0r0m MATPHqI a4annAPA
OEPoEKA rPAOirrH0r iHOOPMArIII

MarpauiAAaMapa utipoKo dacrocolytoru a reopii i npawuui uuhpoeoi"oflpodxu cur-
uaniB, saaaAaaaxuqeHHfr nepeqa$ ingopuaqii, Y pd1ori onucannrt aflroptrM crucnert-
ua i nepegaqi infuoptdauiL ,Qnn HaBqaHHs.crygexria crqope*a Mo,qefib "nepe*aBaq -npnrtuaw sacodauu Microsoft Excel.

Kna,roai cnaaa: MaTpuqg Agguapa, gaBa,q,o3axr4u.[eHHg,:crHcHeHHR,iueopuaqii,
Microsoft Excel, uarpoc.

Teopernuui ocHoeu aacrocyBaHnn uarpnqi Anarrrapa y nparrfqi quOpoeoi o6po6rra
cnrxanie, gaBaAoaaxnlueHHq nepegati inQo.pMaqii sarnageHi y ABaAqsrl4x poKax MuHy-
noro cropir.rs [10j, V cirugecnr[x poKEu iT exe BuKopr4croByBanu y nepegavi eoro
3 r,aicRqn, aae uixpocxeM[, ulo o6po6nnnvr reneeieifiHilil,oHFHBJ1, 6ynu sauagro Aopori,
fi r-te ss),xyeaao cQepy BacrocyBaHnn [8], :

Poge,rror xoun'orepxoi rexnixr gogBonuB arpiu:yaaru uklpoKe.Kono aaaefironoB'R-
SaHHX SaEAaHb y l"rO6i.nunouy ea'n3ry, rpunrorpaSii, oxopounnx cHcreMax;r3a6egne,{}t-
ru rari Blracrlreoori rexnonorii CDMA, eK BHcoKa criftricru,go nepeu:k6g, n,puqinunrx
soKpeMa, icxpurnicru nepegari. .l

Y 6araruox si4eonpucrponx peaniaoBaHo cxeMy sMeHlueHHfi OnoqHoro uyMy, rexHo-
norin nOxpaqaHHfl nepeHeceHHr xonsopis DigiPure i cracreuy'uryruroexrakE*'Hf,, ulo

Ann gocninxeHHn lqtacKpeTHtax crpyKryp reHerh.{Ftoi Ko.qH BrKopl4croByrorr,cf,
Itarpurni uerogvt ii ytBreHHf, i ananiay, sanosuqeHi g MareMarfiqnrx reopift L4cKperHrx
cuftaais i nepeu:roEocrifiroro KoEyBaHHs. Marprarli reneruqnoi KoAr4 Bonogioru currle-
rpinuu fi inu:uuu SuicroeNrnan cnMBonaMra. 3 ix AonoMoroo BusBnsorbcf, gB'qgru
cHcreMH .napanaerpis renernqnoi KoAr4 g MarpuqnMl4 AAalaapa, 6araronrnaipnnrrau
ql4crraM H ( eneuenrauu oco6nu aoi aare6pra ) [b].

Y cneuianuuifi ,rrireparypi B xoMn'nrepnoi onrrru posrnsgaerbcs 6asuc A4arvtapa, Rxraft,
f,K no.(asaHo e [6], go6pe ni.oxoAuru gnn auanisy eh6urrie nanuL{ie. [lepeean,t quoro 6aera-
cy e fio1o yrieepcanunocri i npocrori onruqnoi peanisaqil sa Aononaoron 6inapnux Qasoeux
Qinurpie. Totrly arcryanbHuMr4 e npo6neur crBopeHHs i ygocxonaneHHfl MareMarhqHpx
uogeneft npoqecy o6po6xr cnrnanis, saeaAogaxuqeHHfl nepe4aui ingopnaarlii,

Htttti poapo6lleHa BeflHKa riauricru qrcenbHo-aHanirta,Jxt4x Mero,u,ie fi o6qhcnoaanu-
HHx anropr4rrais Ans anpiu:ennn npo6neun.

Y nau:iil crarri posmerqaeMo gaB.qaHHF creopeHHff aBroMarugoeaHoi o6qucntoBarb-
r-roi cncreuu, n{o o6'eAnye pisni nigxogn.qo MoAennBaHHfl.

Meracrarri-npogeMoHcrpyBaru oa.4onorraororo rpaQiqHrc<aaco6ie Microsoft ftcd uoxnN-
eocri eupiueHHf, lullpoKoro Kona BgaeMonoB'sgaHuxoaBrqaHby HaBqanbHoMy npoqeci: Nlerogia
imerpysannn Oytrc+fi, pogKnaAeHHfl B psA, MoAenoBaHHq npoqecyKoAyBaHHr,,qeKo,qyBaHHfl.

Aornagniue npo MarpurliAgar4apa MoxHa gianarucn e tS*Bl.
Ynirapxa Marprun Agaruapa nopf,AKy n - qe MarprlIf, (n xn), uo reHepoBaHa sa

raKuM irepaqifixru npaB]4noM Hz= Hz@ Hn_2,

-,=#(1_"1, (1)

Ae @ _ o3Haqae KpoHeKepoBrrfi;,il_:l;fllil* 
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Bnnuruiuo H4:

3a ananorieo MoxHa Bunrcarh aci Hrn= 1,2,,,. . HeBaxKo BcraHoBt4Tt4 oproro-
xanuxicru

H;1 = HI = 11r, (2)

Marpnqs HasBaHa no iMeHiX. Agar,rapa (Hadamard Jacques).
Aaauap Xax (8. 12. 1865*17. 10. 1963) - OpaHqpurrft uareraarnK, qfieH l-lapraas-

xoiAH (1912 p.).
Cyralcru Mero4y crncHeHHn rpaQiwo'i lnpopmaUii'. Crracnennn sgiilcnoerucn

3a paxyHoK o6po6ru qacrmHu Koe+iuieHriB cneKrpa, nrufi creopeno nicns oproroHaflb-
HOrO neperBopeHHe.

Ilpu eia6opi roeQir.lier-rrie Kopt4cryorbcs raKu M t4 cnoco6aM h :

1. l-loporoerft sin6ip. Biflnagarorscn xoe$iqienru, sri sa MogyfleM nuxqi ga BcraHo-
enexufi nopil:

2, Sonarunuft sig6ip. BiArrAaorucn xoe$iqieHrh, ulo Hanexarb Ao ManoKpt4rl4qHoro
cneKrpa. Hanprrna,4, MoxeMo eigxrnyrr qacruHy KoeoiqieHriB, ulo Hanexarb Ao Bt4co-
KoqacroTHoro cneKrpa, ocxinsru ryrnneicru oKa Btaula B Hr3bKoqacTorHifi o6nacri.

3suqHo sigxraxyri xoeQiqierru npupienonrb Hyllo. .[ani sacrocoBytorb nocni.qoexe
i exrponifi ne crucHeHHf, .

Tar npaqne anropnrM JPEG xonyeaHun. Bce qe Aae 3HhxeHHR poeMipy MacuBy ga
Aonycrmuoi sxocri 3o6paxeHHs s 5-16 pasia.

Xoua uerog Agauapa He gaBXAr4 gae nafixpauli pesyruraru argeRri inu:i, narouicru
eci onepaqii neperBopeHHe 3BoAnrbcs Ao cKnaAaHu i eiAHii,raHu.

Y pacrpoaifi rpa$iqiso6paxeunn cua.qaerbcn s pi3HoronbopoBr4x nircerie. Koun'o-
rep npilcBooe HoMep KoxHoMy Konbopy nanirpu, ToMy KoxHoMy ManoHKy MH MaeMo
eignoei4ry qhcnoBy uarpuqo Or.

Hag uarpuqeo npoBogr,rTbcfl fleperBopeHHfl Agaruapa, ro6ro S = HnOrH* Ae S -cneKrp uarpnqi O* Hnn- MarpHqE Agauapa. flruio so6paxeHHs BertnKoro pogrvtipy, ro
,q,flf SaCrocyBaHHfi LO HbOrO neperB6peHHg nOrpi6ni enaqni 06,{t4gn1gBanur-ri peoypCra.

O6po6nntoqu Marpnulo S, ur uraruureuo uarpnqo SP.
Mn posrnngarrMeMo crr4cHeHHs rpa$irnoi iH$opr'aaqii s BTparaMn. To6ro ia crrcno-

ro cneKrpa SP nenaoxnrBo npr AeKoAyBaHHi orpruarn noqarxosHfi MarOHoK. Ane cru-
cKaruMeMo rar, u1o6 Brparh RKoMora MeHue cnpnfiuanucn oKoM npu geMoHcrpaqii qiel
rpa$irnoi iu$opuaqii.

Bi4raopeuo go6paxeHHr, gHaxoAl4Mo OP = HnSPHn. [1pu eignoanenni so6paxexnn
roqKoBa saBaAa pienotaipno posMagyerbc - po3noginqerucq g oAHaKoBon Baron
BsAoBx yciei uarprqi, ii ennre Hieerroerucq. npoqeAypa crhcHeHHf, nonflrae e a6epe-
xenni nuure HeHynboBl4x ene[aeHrie cneKTpa S ra eneueurie, cri ga MoAyneM But-qe Bcra-
HOBfleHOTO nopory.

Pogrnnneuo npoqec o6po6xra eo6paxenu y eurnrgi rarol nocniAoaHocri:

- orpr4MaHHr noqarKoBoro go6paKeHHc;

- nepeBeff,ennn ao6paxeHHfi B neo6xigHy ronipny MoAenb;

- neperBopennn A4auapa;

- $opuaryeaHHn cneKrpa;* pffi6hrre ua 6loxr;
- o6po6ra inQopr,aaqii, u1,o uicrrrucn s 6noxax;

- sBoporHe neperBopeHHn AAaMapa.
fina orpumauua sodpaxeHHfl, MaxnkBo, KinbKa pasia,qoaegerbcfl npoBepru a6po6-

,A, t4e nonflrae B cKopoqeHHi sepnucrocri, ane si adepexeuuau xonrypia y aodpaxeHHi
(rodro uani nepenagu pieua ycepe4H,ooMo, a BefiuKi- aanhwaeMo). Ans iiai ueru gBn-
,tafi ua eacrocoBytoru rpagienrnnfr Sinarp.

OcHoeNH[ pe3ylrbrar crarri - qe MoAeJrpBaHHe npoqecy KogyBaHHR, nepegari
cneKrpa ra AeKoAyBaHHfl 14 BcraHoBneHHs o6paey. Spo6rauo tle ga AonoMoron ABox
Qaftnie Microsoft Excel, nrrna AaMo Ha3BH uflepe4aeaq, i n[lprfiuaqr"

(1 111)
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BuxopncroeyBar,MeMo raK 3BaHy nopnaanisosaHy Marp,r-rlo A4ar,aapa nopflArq 1 ,2,2n:
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(3)a, = [r] H, =l1.,), ,,, =W, l,l
Crsopenao n'nru apryuie e Excel:

lrp*y- uMarpuqs AAaMapa,,. Ha uuorray posrauryeMo r,,tarprar4o Aparraapa (32 x 32) rax,Cnepury posraluy€Mo Marpuqto H2. 3anraruer,ao il y *"a.qpariat:82. Cxoniroeuo ii naKBaAparu c1 :D2 raA2:84. Bnginrnao ia po6orouv apxvrui'd'onrcr" roro caMoro po3Mi_py (2 x 2) - C3:D4
Tenep yBeAeMo $oprrayny MHoxeHHq ene[aeHrie uarpraqi H2 xa *1. fl4n qsoro ncra-

HoBl4.Mo Kypcop y pFAKy Qoprraynra =A1:82"(-1) i saxixrrano e;eAeHHs He HarucKaHHflM
rcnaeiui (Enter), Rx 3erqafiHo, a rou6iHaqieo xnaaiur <Ctrl + Shili + Enter>. rxc-efvrna-ge $opuyny y girypxi A:n*.R' {=A1:82*(-1)}. Ananorirno ,raero 

""ro"riH,',_ i;; 
''"'-

- 3lp*v* uo6pas". Ha uuouy posrauyer,ao MaroHoK - ,rrpru,;(E . 3i;; ,iioo r5,.9, BuxopncraeMo yr\4oaxe eopr'raryeaiHs, poseap6yeuo 
""n,ilo,it"j;;;;;,il#";Ko,bopl4: MeHlrJe 3'33 * oenennfi, 6inaue 3,33, ane MeH[ue 6,66 * crr;i, -oirl",il

6,66 - xosrnfi.
3 apryru <TexHiqxao. Ha Huor,ry posrauryetrao.qr-y_nirar Aooyrrry Marpuqb T = Hnon(ryr-i gani n = q2). Buropncraer,ao eynx[iro ;rravrrluOx(],,- -- -'

4 apryu nCnexrp,. Ha nuouy pograuyeMo cneKrp o6paav S = fH-.
Tpe6a noginurn KoxeH eneueni r,aarpraili .Cne,.rp,Ira [l iOio g'2, {o"v uro OopMy_

,tn (1) ra (3) pisnarbos Ha xoeOiqiem k=rl; =Ji, =AJi.3a Aonouororo Oynruii CneuuanuHae BcraBKa cneKrp xonioerscn a Hacrynnufi
apKyuJ. 4ro gitc egificHoeuo aa AonoMoroto crBopeHoro MaKpocy oKonioeaHnq,.

-! "p*y. "BHnpaeneHrfi cnerrp,.
Yci ercnepraMeHrh po6rarrao Ha uboMy apxyu.ri -.s,.4e sragaHi olroporoe.nfi eig6ip>,

"Sosanunrfi eig6ip, ra uryvni noxur6xr,r.'
Moxnuaufi aapianr: , i,,
Bo6nacri Doeci eneMelrrHepo6rar.,t_opieHi 0.frt4o minDl ai,('euHerasaruogynen6ino-,fle H.rx. 0.,51nqxQr, roAieneuenrra 6intr"uisixo,smaxD, si"ilr"o xa maxo1,'effi;*,

u_e1ur11ix 0,5minD1 - Na minD1, eneMeHrr4 y4ianasoni (b,sminD, * 0,SmaxD,) sai,riHun o
Ha u' E rHuJoMy B[naAKy, ereMeHru 6inru.ri nix 0,5maxD, sauinuivro na maxoi, nexui _
na 0. Ananoriuxo po6xnao e o6nacri D2. Taxru qrfloMr MH orpuMae"oirr*v1im'c"e,.rp.

uc.7 _ pos6rarrn ua 6norlr cnexrpa S .

Cxonioer,ao Qaftn nl-lepeAABaq) i .qAMo Hasey n[1pnfir,aa,{,. noriril y Safini (nepeg3Baq, crBo-pHM-o MaKpoc i shnoehHy rHonKy 
"flgpe.Ea$a>, nicnR aKrreisauii sKoi.lucno"arar6rr, 

" "o*-u:a 5 uBrnpaaneHnfi cneKrpD nepefige y eafin *t]prafr,,raq, niapfi; #,./r;46;;. ff#"eaco6aM, M icrosoft kcer ir'a iryfi rao 6esnpoelaHy n'epenav "- br*a ffi Gril;"y ililjncnerrp> Qafiny n['rpnftuaq, arqsrr"cn gb*oA;daryrr oopie, ,*o** s oarnrLnepeg;BJ+,.Spasox MaKpocy:
Range("A1:AF32,).Select , l
Selection;Copy :,

Wndows("1-l p n fi uat.xls,, ).Activate
Range("Al u).Setect
selection.Pastespecialpaste:=xlpasteValuei,,operation:=xlNone, skipBlanks_:=False, Transpose:=False



BigruirunaO, ufo Oafn nflepe.o,aaaqD MOxe npaqoBarr gr "[lpniluaq, i xaenaKn, u{O

BnnnilBae s BnacrnBogrefi MarpHUi AAauapa (Qopuyna 2). 4e Ayxe BaxnhBo, Hanpfi-
Krag, y rocuiqnrx anaparax.

6 apxyur u@inurp 3o6paxeHr-rR,. Ha HboMy posrauyeMo Mogenb rpap,ienrnoro Qinu-
rpa. flxu1o cnrHaa 6ya npr,rfinnlafi 6es noxu6ox i npoqegypll crt4cHeHHsr y $inurpi HeMae

norpe6u. l-lprafir-rnrrafi ManoHoK 6yne igeHrr,r..lFrilh,r. B inu:otty BHna.q(y Moro/rb 3'fiBt4THcs
(nrnMl,lDr orpixra. Ha gpyropry apxyuri nO6paso Qafiny nllepeAaeaq" uut o6panh ABa
noporn 3,33 ra 6,66. HanpraKnaA, y rouipxu A1 6yno q4cno 5, eignosi.qrlo - crnifi ronip,
niCna perOnCrpyxUii ManOHKa y Qafini nllpufiuaq, y xOr,ripru A'l e'serrucfl t{hcno 6,7, qe

Bxe xoBra nllflMa Ha cfiHboMy Qoxi.'Tpe6a nopir 6,66 g6innu:urn Ao 6,8 Anq Bcboro
MarOHKa. 3po6rana qe MOxHa y pyi{HOMy pexrui, rO6ro ga AonOMOrOo neH3nhKa
oKonHposaru SopuaTr, a Kpaue aBToMar[qHo, Bt4Kopt4croBytolH ABa O6'eKrh ncuyra
npoKpyrKn),, nanen i <Dopri,ta.

Bucxonrrh. Mogenu nflepegaeaq - flpnfinaasD, ulo crBopeHa Ha 6aei $aftnia Micro-
SOft ExCel ilaaxpocie, Rri nanr6aui MSBOIO VBA [1-4], AosBong6rb npoBg]quru AOcni-
FxeHHg i ercnepuueHranbHo nepeeipnru A,esxi uareuaruqni reopii crtlcHeHHe ra SaBa'

Ao3axuu{eHoCri insOpruraqii, nph1t1ennpprb CryAeHTatvr xOpuCni HaBhqKH A.rrn pO6Oil
s nK i gaoru gOceig npoBeAeHHs ,s,OCniAFtl4t"lsKl4x pOOiT" Bnuagauy Aaprb 3MOry CnpO-

crrru i HaoqHo AeMoHcrpyBarh Aeqxi cKna4ni npoueoa po6orn eflexrpoHHHx npnnagiB,

uo .qyxe BaxnrBo y po6ori si cry[eHraM 3 oco6nfiButuu norpe6auu.

Marpu4u Agauapa unpoKo npnMeHflprcn B reopuv, H npaKruKe uufupoeoil odpa-
6otxu cnrHanoB, noMexoaat4uueHHocrq nepe,qaq1 uuQopua4nu. B pa6ore onwcaH
anropurM cxarus u nepe4atu uuQopuaunu. Ans ofyqenus cryAeHroB coSAaHa Mo,qenb
(nepe4arqnK - fipr4eMHup, Cpep,crBaMn Microsoft Excel.

Knpqesue cnaBa : Marph ua AAaMapa, noMexogaqrtueHHocrb, cxarne raH$opua'
qnu, Microsoft Excel, MaKpoc.

The Hadamard matrices are wiCely used in theory and apptication of digital signal pro'
cessing, noise immune communication. The algoritttm of compression and passing to
infarmation is in-process described. The model <transmitter - receiver,, is created by
facitities af Microsoft fucelfor teaching of students.

Key words: Hadamard Matrix, compression information, noise immunity, Microsoft
Excel, macros.
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