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NEURAL NETWORK APPLICATION
IN SPEECH PROCESSING

Abstract. The article describes the methods of preliminary processing of the speech signal. The process of
obtaining a 24-element spectral vector, as spectral analysis is one of the commonly used parametric representations
of speech. It was simulated the model of pre-processing the speech signal in Matlab. As a result of the preliminary
treatment the illustration of a single block of speech signal, its circuit after processing by the filter of the first order,
after application of Hamming window, the amplitude value of the fast Fourier transform and the values of the vector
whose components obtained after averaging the amplitude values, were obtained. The calculated values of Mel-
frequency cepstral coefficients were used to generate the feature vector. Also a model for recognition of speech
signals based on neural network algorithm of Kohonen was proposed.

Key words: speech recognition, frequency of basic tone, Kohonen neural network, preprocessing of the speech
signal.

YK 004.032.26

C. C. Hecunona, JI. b. LinnoaeBa

HAO Kazaxckuil HallmoHaIbHBIN UCCIeI0BaTeNIbCKIM TexHuueckuii yHuBepeuteT uM. K. U. Catnaesa,
Anmarsl, Kazaxcran

INPUMEHEHUE HEUPOHHOM CETH
B OBPABOTKE PEUEBOI'O CUTHAJIA

AnHOTanusi. B craree onmcaHbl METObI MPEABAPUTENLHON 00pabOTKH peueBoro curnana. VccnenosaH mpo-
1ecc MoJTydeHus 24 3JIeMEHTHOT'O CIIEKTPAJILHOTO BEKTOPA, TaK KaK CIIEKTPAIbHBIA aHAIN3 SBISETCS OJHUM U3 4acTO
UCIIONIb3YEMBIX NTapaMeTPUUECKHUX IpeACTaBIeHUH peun. bpula cMonenupoBaHa MoOJeNb MpeaBapUTELHON 00pa-
0oTku peueBoro curHama B cpene Matlab. B pesympraTe mpenBaputenbHOM 0O0paOOTKH OBUTH TONXYYEHBI HILTIO-
CTpaIiil OJHOTO OJIOKa PEeueBOTo CHUTHANA, €€ cxeMma Imociie 00paboTKu ero (GuIbTPOM IIEPBOTO IOPSIKA, IOCIE
NpUMEHEHHsI OKHa XOMMHHTA, aMIUTUTYIHbIC 3HAueHUs OBICTPOro npeodpaszoBanus Dypse M 3HaYEHHs BEKTOPA,
KOMIIOHEHTBI KOTOPOTO MOJIy4eHBI IOCJIE YCPeIHEHMs aMIUIMTYIHBIX 3HaueHWH. PaccuuTaHHBIC 3HAYECHHS Me-
YaCTOTHBIX KEICTPAIBHBIX KO3()(MHUIMEHTOB OBUIH HCIIOIBb30BaHBI Ul (OPMHPOBAHMS BEKTOpPa NPH3HAKOB. Taxke
OblIa IIpeIokeHa MOJIeIIb PACIIO3HABAHHS PEYEBOT0 CUTHAIAa HA OCHOBE HEHPOHHOM ceTH 1o anroputMy KoxoHeHa.

KiroueBble cjI0Ba: paclio3HaBaHHWE PEYH, YacTOTa OCHOBHOI'O TOHA, HelipoHHas ceTh KoxoHeHa, mpeaBapu-
TeJibHast 00paboTKa peueBoro CUrHaa.

B coBpemenHoM Mupe HH(OPMALMOHHO-TEIEKOMMYHUKAIIMOHHBIX CHCTEM OJHOH M3 aKTyalbHBIX
npoOiieM, KOTopast SIBISIETCSI He 0 KOHIIA PEeIICHHON OCTaeTcs 3amada oOpabOoTKM pedeBBIX AaHHBIX. K
HaunboJiee paclpoCTPaHEHHBIM CPE HUX OTHOCATCS CHCTEMBI MACHTH(UKAIMH IO TOJIoCy, mpeodpaso-
BaHHE PEYH B TEKCT, CHHTE3 IO TEKCTy M TOJIOCOBOEe ympasieHue. [Ipu mccinemoBaHum ocoOeHHOCTEH
pacrpeeneHns SHEPTUH 3BYKOB OBLIO BBISBICHO, YTO BCE 3BYKH UMEIOT HHANBHUIYaIbHOE paclpeielieHue
SHEPIHHU IO YaCTOTHBIM HHTepBanaM. K Tomy xke, pacmpeneneHne SHEpTUH 3aBHCUT OT MECTOIIOJIOKCHUS
pacrpocTpaHuTensi 3ByKa, TUKTOPA, €ro SMOIMOHAIBHOIO COCTOSHHS M WHTOHauuu. Cpeau Xxapakrte-
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PUCTHK PEYEBBIX CHUTHAJIOB MOXKHO BBLACIHUTH T€, KOTOPbIE HE3HAYUTEIHHO M3MEHSIOTCS Ha MPOTSHKEHUU
Bcero 3Byka. OJHUM W3 TakUX IMapaMeTpoB, KOTOPBHIH XapaKTEepH3yeT YacTOTy KOJeOaHWid TOJIOCOBBIX
CBSI30K, SIBJISIETCS YacTOTa OCHOBHOTO TOHA [1]. YacToTa OCHOBHOTO TOHA MEHSETCS BO BPEMS pa3roBOpa
YyesioBeKa U €€ OTHOCUTEIBHOE U3MEHEHUE MOXKET ocTUrath 15%. B eBponeiickux si3pIkaX OCHOBHOM TOH
nepesaeT 3MOIMOHANBHYIO COCTABISIONIYIO PEYH, 2 B HEKOTOPBIX BOCTOYHBIX — CMBICIIOBYIO. DKCIEpH-
MEHTAJIFHO yCTAHOBJIEHO, YTO ISl JKEHCKUX TOJIOCOB MEPHOJA OCHOBHOTO TOHA COCTAaBJISIET B CPETHEM OT
220 no 350 I'u, a mist myxckux ot 100 go 220 ['n. KonebaHue CBA30K SIBISETCS OJHUM W3 OCHOBHBIX
MapaMeTpoB MCTOYHHKA TOJIOCOBOTO BO30YXAEHHUS pedeBoro Tpakra. OHH MPUAAIOT TOJOCY 3ByYaHUE U
XapaKTepU3yIOT €ro BBICOTY [2]. YacToTa OCHOBHOTO TOHA 3aBHUCHT OT JUIMHBI CBA30K, WX MAacChl U
HaTspreHus [3]. 11t npuOImKeHHOTO TOHUMAHUS STOM CBSI3M MOKHO IPEJICTABUTH CTPYHBI: YeM JJIMHHEE
U TSDKEJNee CKIaJKU (3TH CBOWCTBA - BPOXKJCHHBIC), TeM 0oJiee HU3KUU TOH MMEET T'0JI0C, YeM CKIIAIKU
KOpOY€ M TOHBIIIE — TEM T'OJIOC BEIIIIE.

[IpenBapurenbHas 00pabOTKa PEYEBBHIX CUTHAIOB MPOU3BOIUTCS JJIS MOJYUYCHHUS MHOYECTBA CIICK-
TPaAJIBbHBIX BEKTOPOB, KOTOPBIE XapaKTePU3YIOT ATOT CUTHAIL.

Taxk kak crieKTpaJIbHbIe XapaKTePUCTUKH PEUYSBOTO CHUTHAIA OTHOCUTENHFHO ITOCTOSTHHBI HAa MHTEPBAJIe
B HECKOJIBKO [IECATKOB MHIUIMCEKYHJ, B COBPEMEHHBIX pAacIoO3HaBaTeNIs X OH paccMaTpUBaeTCs Kak
cTannoHapHbId. [103TOMY, OCHOBHOH IIENbIO TPEIBAPUTEILHON 00paOOTKH BXOTHOTO PEYEBOTO CHTHAA
ABISETCS pa3OMeHWe CHUTHAIa HAa WHTEPBANBl M TOIYYCHHE [UIS KaXKIOTO HWHTEpBAJa CrIIaXEHHON
CIIEKTPaJIbHOM OILIEHKH.

st mpenBapuTensHON 00pabOTKM OepeTcs TUNUYHAS BETWYMHA OJHOTO MHTEpBaJla CO 3HAYCHUEM
25,6 MC, COCeJHME XK€ HMHTEPBaJbl OCPYTCS CO CMEIIEHUEM OTHOCHUTEIBHO MPEABIAYIIECrO HHTEpBAJa.
[IpumeHsieMas BemUYMHA MIEPEKPHITHS MHTEpBaIOB paBHa 10 Mc. PesympraTom mpeaBaputensHOM 00pa-
OOTKHM KaXXIOT0 M3 yKa3aHHBIX HHTEPBAJIOB SIBJISIETCS BEKTOP M3 HECKOJIBKHUX JECATKOB CIIEKTPaTbHBIX
3HAYECHUH.

[IpenBapurensHas 00pabOTKa peYeBOr0 CUTHAIA COCTOUT U3 CIEIYIOIINX STAIOB:

1. OnudpoBaHHBIA, TO €CTh AUCKPETH3UPOBAHHBIN BO BPEMEHH M KBAaHTOBAHHBIA IO YPOBHIO pede-
BOH CHrHai pa30uBacTCs Ha OJIOKHM C MHTEPBAIOM 25,6 MC CO cMelleHneM Kaxabie 10 Mc, TO ecTh, OJIOKH
pacnonaratorcs o 409 oTcueToB Kaxablid co cMeleHreM Ha 160 oTcyeToB.

2. PaccemBanme Ty0 TPHUBOAWNT K OCIAOJIEHUIO CHTHANIA W JJISi €T0 KOMIIEHCHPOBAHUS MPUMEHSIOT
BBICOKOYAaCTOTHOE YCHIICHUE MOCPEACTBOM IPOMYCKAaHUs CUTHANIA Yepe3 (DUIIBTP MEPBOTO MOPsIKa

S =0;8S(n)=ym)-y(n-1),n=2,..,409,

rae y(n) — n--# oTcueT B OJIOKE.

3. BO3MOXXHOCTH CBEPTKH aHAIM3UPYEMOTO y9acTKa CHUTHAJA ¢ OKOHHOW (QyHKIHel XsmmuHra [4]
peaiM3oBaHa s YCTPAHCHUS SIBICHHS IMPOCAYMBAHMS CICKTPAILHBIX COCTaBJISIONIMX B 00O0JIOUKE,
KOTOpas OMpPEeIsIeTCs COTJIAaCHO BRIPAXKEHUIO

D(n) = (0,54 —0,46- cos(27 - (n—1)/408))- S(n) wms n = 1,...,409.

4. Jlnst modydeHus: CIEKTPAIbHBIX OIEHOK UCIONIB3YETCs TUCKPETHOE Ipeodpa3oBanue Dypre:

N-1
X, = ane_ﬂ”"k/N k=0, N—1,

n=0

rne x,,n=0,N—1 - ouckperslii curnai, N — nepuoxa npeoOpazoBaHus (MM KOJIMYECTBO Npeodpa-

P
3yeMBIX OTCUETOB CHUTHajA). 3a CUCT JOMOJHEHUS €ro CIpaBa Hy KHBIM KOJIMYECTBOM HYJICH JiuHa OJoKa
yBenmmumuBaetcs 10 512 anementoB. [locie npumensiercst ObicTpoe ipeodpazosanne Oypwe (BIID) mmHOM
512 Touek, u Ha BBIXOJIE TTOydaeM 512 CreKTpaibHBIX KOMIDIEKCHBIX 3HadeHHH. Tak kak, 512 3HaueHHN,
K KOTOpPBIM TpUMEHsSeTcs mpeoOpasoBanne Dypbe, SBISAIOTCS JCHCTBUTEIBHBIMHU, TO MOJyYCHHBIC
CHEeKTpallbHbIE KOMIUIEKCHBIE 3HAUSHHS TIOTIAPHO COTIPSIKEHBI, TO €CTh BTOPOE 3HaueHue ¢ 512-M, TpeTbe — ¢
511-m u T.4. Tak kak nocnegaue 256 KOMIUIEKCHbIE 3HaUY€HUsI KOMIUIEKCHO COMPSKEHBI ¢ TIPEAbITY IIUMU
W He HECyT HOBOM MH(POpMAaINH UX MPeoO0pa30BaHNEe HTHOPUPYIOTCH.

5. Jlna HadanbHBIX 256 KOMIUIEKCHBIX CHEKTPAaJbHBIX 3HAYEHUN HAXOASTCS UX aMIUIUTynbl. B
MpeJieNax «TPeyrobHBIX» YaCTOTHBIX ITOJIOC aMIUTMTYAHBIN criekTp Pyphe criaaxknBaercs (yCpeaHsieTcs)
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Mo0aBICHUEM aMIUTUTY]l CIIEKTPAIBHBIX KOA(PQHUIIMEHTOB, KOTOPBIE PACIONIaraloTcs Ha HEIWHEHHON
(momoOHo# norapudmudeckoit) Mel-mkane. [l nmpenenbHON 4acTOTH s3bIka paBHOU 16 xI'11 GepyT 24
TaKUX YaCTOTHBIX MOJOCHI.

Meton Mel-mxaner (Mel Frequency Cepstral Coefficient - MFCC) ocnoBan Ha Moaenu ¢yHKUIHO-
HUPOBAHUS OPTaHOB CIyXa YeJIOBeKa U MUCIOJb3yeT YaCTOTHYIO MIKATy MeN. DTa Mell IIKaia MOJCeIUpyeT
YaCTOTHYIO UYYBCTBUTEIBHOCTh YEJIOBEUECKOTO0 yXa, KoTopasd sBisercs juHedHod g0 1000 T'm u
norapudmuueckoi B 3HaueHusx 6onee 1000 I'r [4].

[lepBBiit aMmmUTYAHBIH KOX(POUIIMEHT — IMOCTOSHHAS COCTaBISIONIAsl CHEKTpPa HTHOPUPYETCS, a
aMIUTATYJIbl OCTAIBHBIX 255 CHEKTpalbHBIX 3HAUYCHUH ycpenHstorcs. [Ipoliecc ycpenHeHus peanusyercs
Kak 24 TpeyroJjbHbIC TOJIOCOMPOIYCKHbIE GMIBTPBI. HIDKHSIS, CpeHss U BEPXHSS YaCTOTHl TAKUX TOJIOC
NpUBEACHBI B TA0IUIIE.

24-31eMEeHTHBIN CIIEKTPaAJIbHBIN BEKTOD

[Tonoca Huxwsist wacrota, I'n Cpennsis yacrora, 'l Bepxuss yacrota, '
1 0 74,24 156,4
2 74,24 156,4 2472
3 156,4 2472 347,6
4 2472 347,6 458,7
5 347,6 458,7 581,6
6 458,7 581,6 717,5
7 581,6 717,5 867,9
8 717,5 867,9 1034
9 867.,9 1034 1218
10 1034 1218 1422
11 1218 1422 1647
12 1422 1647 1895
13 1647 1895 2171
14 1895 2171 2475
15 2171 2475 2812
16 2475 2812 3184
17 2812 3184 3596
18 3184 3596 4052
19 3596 4052 4556

20 4052 4556 5113
21 4556 5113 5730
22 5113 5730 6412
23 5730 6412 7166
24 6412 7166 8000

Kaxnpiii TpeyroJbHBIA MOIOCONPOYCKHOW (WIBTP HAaXOIUT B3BEIICHHOE CpeJHEe CIEKTpaTbHOE
3Ha4YeHHEe, KOTOPOE COOTBETCTBYET YAaCTOTaM B IIpe/ieNax MEeXy HIDKHEH M BepXHEH 4acTOTaMHM JUIs AaH-
Horo ¢wibTpa. Ecnu xe aMIunTya COOTBETCTBYET TOUHO CPEJHEH 4acTOTE MOJIOCHL, TO OHA YMHOXKAeTCs
Ha KodQdHIUEeHT paBHbBIN eauHuIie. [Ipy nepeaBMKEHNN YacTOThI OT CEPEeIUHBI K HIDKHEH WIIM BepXHEH
rpanune KodpQUIUEeHT yMEHbIIAETCs OT eOUHUIBI 40 HyJs. [losyueHHbIe MPOU3BEACHUS aMIUIUTY]l Ha
K03 pUIeHTs 100aBIAIOTCS U OENSATCA Ha YUCIO aMIUIMTYIHBIX 3HaueHHH. B pesynpTare Haxomutcs
B3BCIICHHOE CpEIHEE 3HAUCHWE I JaHHOH TIOJIOCHl 9YacTOT. TakuMm oOpazoM, 256 aMITIUTyIam
cooTBeTcTBYIOT 4acToThl oT 0 mo 8000 I'm, t.e. mar mepeasmwxkenus paBeH 8000/256=31,25 T'm. Dro
03HAYyaeT, 4TO MEePBOH aMIUIUTye cooTBeTcTBYeT yactoTa 0 I'u, BTopoit — 31,25 ', Tpetbe — 61,25 I'u.
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Hanpumep, mms mepBoit monocsl yactoT Mel-mkansl HkHSS wactota paBHa 0 I'm, cpemHsist yactoTa
74,24 T'u, BepxHas yactora 156,4 ',

W3 pucynka 1 BHAHO, 4TO B MEPBYIO IMOJIOCY YacToT momanatotr nepsast (0 '), Bropas (31,25 I'n),
Tpeths (62,5 '), werBepras (93,75 I'n), matas (125 'n) u mecras (156,25 I'm) ammuiutyasl. CornacHo
PUCYHKY TpeThell aMILTUTYIe COOTBETCTBYET KOX(GUIMEHT paBHBIA 62,5/74,24~0,84; a koaQdunmeHt
IUIS TIITOW aMITTUTY B paBeH (156,4-125)/(156,4-74,24)=0,38.

BenuuumHbl
koadbuumeHToB
r'y
| S S .
DA s smessnmensenssaes ;
i) ST R TR FRRSRRTR—— .
i i E Yacrora,
i : ' Iy
0 | b . . i »
31,25 62,5 7424 9375 125 156,25 156.4

Pucynok 1 — Mel-mikana yactor

B pesynprare ONMMCAHHBIX BBHIMIC ACHCTBUN MoOMydaeM 24-3J€MEHTHBIM CHEKTPAIBbHBINA (aKyCTH-
YEeCKHi1) BEKTOP.

s MojenupoBaHusl anropuTMa MpelBapUTeIbHON 00pabOTKM peueBhIX CHTHAJIOB BBIOpaHa cpela
Matlab, mpemocTapsronas MUPOKHE BO3MOKHOCTH IO 00pabOTKe PEUYCBBIX CHUTHAIOB M TIPOBEIACHHUIO
TPYIOEMKHX BbIYACICHUMN.

Ha BTOpOM pricyHKE MOKa3aH pe4eBOil curHai test.wav, TUCKpeTH3UpOBaHHbIN ¢ yacToTol 16 kK[' 1
paspsaaHoCTbiO 16 pa3psiaos.

test.wav
0.05 T
0 v 4 1
-0.05 L !
0 4 6 g
x 10°
PucyHok 2 — PeueBoii curnan test.wav
%10~ 409 values
2 . .
1l _
D E
=1 1
0 100 200 300 400 500

Pucynok 3 — OquH GJIOK pedeBoro curaana
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Ha tperpem pucyHke mokazaH oinH OJIOK (MHTEpBal) YKa3aHHOTO PEUYEBOTO CHTHANA JITUTEIEHOCTHIO
25,6 Mc. DTOMy HHTEepBaITy COOTBETCTBYET 409 0TCUETOBR.

Ha deTBepTOM pHCYHKE MOKHO YBHJIETh OJIMH OJIOK pEUEBOr0 CUTHAIIA TOCiIe 00pabOTKH ero QuibT-
POM MEPBOTO MOpsIAKa.

1 %10 premphasis
0.5 .
0f ]
05 ]
i 100 200 300 400 500

Pucynok 4 — Curnain, o0paboTaHHbII GUIBTPOM IIEPBOTO MOPSIKA

[1TBI pHCYHOK WILTIOCTPUPYET OIUH OJIOK MOCyie IPUMEHEHHUS! OKHA XOMMHUHTA.

w107 Hemming
1 :
05¢ .
0 .
05} 1
0 100 200 300 400 500

Pucynok 5 — Curnas, nocie npuMeHeHus: OKHa XIMMHHTa

IlecToit pucyHOK maeT HaM 512 aMIDIMTYIHBIX 3HAYCHHHA OBICTpOTO MpeodpazoBanus Oypse 0qHOTO
0JI0Ka pEeUeBOr0 CUTHAIA.

512 fit
0.015 .
0.01 ¢t .
0.005 1
U 1 1
] 100 200 300 400 500 600

PucyHok 6 — 512 aMniuTy THBIX 3HAUCHUH CUTHANA

Tak xak amruTyHble 3HaueHUs BIID coBmagaroT momapHO, Kak OBUIO YIOMSIHYTO BBIIIE, TO OBLIH
B3SITHI TOJIBKO TIEPBEIE 256 aMIUTUTYIHBIX 3HAYCHUN, KOTOPHIE MIOKAa3aHbl HA PUCYHKE 7.
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256 elements
0.015

0.01

0.005

0 50 100 150 200 250 300

PucyHnok 7 — 256 aMImiuTy THBIX 3HAUCHUH CUTHANA

BoceMmoii pucyHOK maer 3HaueHHS 24-3JIEMEHTHOTO BEKTOPa, KOMIOHEHTBI KOTOPOTO TIONYYEHBI
MocJje yCpelHeHus 256 aMITUTYAHBIX 3HAaUeHUH B npejenax 24 «TpeyroJibHbIX» YaCTOTHBIX T0JIOC.

24-element vector
0.8

0.6} .

04f .

02} .

D 1 1 1 1
0 5 10 15 20 25

Pucynok 8 — 24-31eMeHTHBII BEKTOp

B pesynbrare mpoaenaHHON pabOTHI IpeUIoKeHAa MOJETIb PAclO3HABAHUS PEYEBOrO CUTHAlA Ha
OcHOBe HelpoHHOW ceT KoxoHeHa, mpuMmep KOTOpOH TMpeAcTaBieH Ha pucyHke 9. HeliponHble ceTu
KoxoHeHa momorarmT peann3oBaTh 0ojiee CI0XKHBIE CUCTEMBI, TaK KaK IPU OJHOBPEMEHHOM HCIIOJIB30-

BaHWH B OJHOW CHCTEME CETCH C PasTUIHOU CTPYKTYPBI, MOKHO JHOOUTHCS PEaTU3allMd TUKTOPOHE3a-
BHUCUMOMU CUCTEMEL.

Meural Network

Input Layer Qutput

2 4 4

Pucynok 9 — Mogens HeiiporHo# cetn Koxonena

HOI[O6HBIC CHUCTEMBI pacCIio3HaBaHUA PEUYCBOTO0 CHUTrHajla, IMOCTPOCHHBIE HAa OCHOBE HMCKYCCTBCHHBIX
HeﬁpOHHLIX ceTeﬁ, MOTYT HaUTH NMPUMCHCHUC B PA3JIUYHBIX OTpaACIIIX HpOMLII.HJ'ICHHOﬁ U OBITOBOH
JJICKTPOHHUKHU. HOCKOJ’ILKy HeﬁpOHHBIe CCTU CHPABIIAAOTCA C 3aJadcii pacCrio3HaBaHus ropa3ao 6LICTpee u
TMMO3BOJISIIOT CYIIECTBCHHO IMOBBICUTH TOYHOCTH CUCTEMBI paCliO3HaABaHUA PEYCBOTO CUT'HAJIA.
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C. C. HecunioBa, JI. b. Hinun6aeBa
K. U. CarnaeB atbiHgarsl Ka3ak yiITThIK TEXHUKANBIK 3epTTeY YHUBepcuTeTi, Anmarsl, Ka3akcran
AKIHAPATTBI CUTHAJIJIBI OHJIEYIE HEMPOXEJILJIEPII KOJIJAHY

AnHoTanus. Makanazia ceiijiey CUTHAJIBIHBIH 0aCTanKbl OHICY 9/IICTEPl JKaIbI OastHIaNFaH. JJIeMEHT caHbl 24
OoyaTBIH CIEKTpagbl BEKTOPJBI ajly MPOLECCi 3eTTTEeJNN KapacThIpbUIFaH, cebebl CIeKTpaigsl aHaiu3 Cce3li
napaMeTpIli YCHIHYJIBIH JKH1 KOJIJaHBLIAThIH 9Jici Ooxbin TalObiiansl. Matlab OGarmapnamanay opracwsiHzIa ceitney
CHTHAJLABIH OacTamKel eHICY MOAENIEpi KYpacThIPhUIIBL. bacTtankel eHIey Hpoleci HOTHXKECIHIE COMliey CHrHa-
JBIHBIH Oip OJIOTHIHBIH CypeTTeMeci, OHBIH OipiHIII KaTapibl CY3TiIeH OTy CXeMachl, XOMMUHT Tepe3eciH KOJIaH-
FaHHaH KeHiHri cyimbacer, Te3 Dypbe TYpIeHIIpPYiHIH aMIUIATYJABIK MOHIEpl JKOHE aMIUIUTYAANBIK MOHIEPIi
opTalajaraHHaH KCHiHT1 BEKTOPIBIH MOH/EPI aJIbIH/BL. EcenTenred Mea-KUTiKTI KercTpanasl KoddduiueHrrepaiy
MOHJIepi Oelri BEKTOpIIapblH KAIBINTACTHIPY1a Konaanbl1asl. COHbIMEH KaTap HedposkemniciniH KoxoHeH anropurtimi
HETi31He Colley CUTHAJIIbI aHBIKTAIl Ta0yXbIH MOAEII YCHIHBUIIBL.

Tyiiin ce3mep: ce3nepai axbIparTy, Herisri exkmiH >kuiiiri, KoxoHeH Heiipoxeici, aknaparThl CHTHAaJJIbI
OacTanKel OHICY.
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