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BBEAEHUE

B aBmalimoHHOIT aKyCcTHMKEe JIOCTATOYHO YacTO
BCTpEUYAIOTCS U3MEPECHUSI CUTHAJIOB C SIBHO BBIpa-
KEHHBIMM ITUCKPETHBIMM CHEKTPaJbHBIMU COCTaB-
JITIOIIMMM, HalIpUMep, IIIYM BUHTA, IIIyM JIBUTATEIIS,
JIUCKpPETHBIC TOHA B IIIYME CTPYU U T.1. B psige ciyya-
€B MUCTOYHUK JIBUTAETCsI, YTO TPEOYeT CIIelIMaIbHbIX
MeToHOB 00paboTku curHanoB [1—4]. He3aBucnmo
OT BUJIa UBMEPEHU U TpH 00pabOoTKe JaHHBIX UCTIONb-
3yeTcsl MpaKTUYEeCKU OAUH BU aHaJIM3a — IIpeodpa-
3oBaHue Pypbe. Ecin 06paTUTHCS K XapaKTepUCTH-
KaM JIIo60ro U3MEPUTEJIbHOTO KOMILJIEKCa, TO Cpeaun
€ro KJIIOYEBBIX OCOOEHHOCTE 00s13aTeJIbHO OyIeT
MPUCYTCTBOBATh 3TOT BUJ Y3KOMOJIOCHOIO CIEK-
TPaJILHOTO aHAJIN3a, U 3a4acTYI0 KOJMYECTBO JUHMIA
BBICTYNAeT KaK II0Ka3aTellb TEXHUYECKOIO COBEp-
IIeHcTBa mnpubopa. be3yclmoBHO, CHEKTpalTbHBIH
aHanu3 Ha ocHoBe BIT® gBisieTcs MOLLHBIM MHCTPY-
MEHTOM HcciienoBatelisi. OJHaKO HEOOXOIMMO UMETh
B BUIY, YTO J1100ast 00paboTKa cUTHalla BHOCUT TO-
IPELIHOCTh MeTOHa, OOYCIOBJIEHHYIO BBIXOAOM 3a
Mpeeibl 0071acT NPUMEHUMOCTH METOA.

OCHOBHBIM UCTOYHUKOM ITOTPEIIHOCT METOIOB
00paboOTKM CHTHaJIa, OCHOBAHHBIX Ha BBIYMCJICHUM
JIUCKpETHOro npeobpasobanus Dypre, saBisiercs (-
dexr “pacTrekaHUs”’ WIM “yTeUKM~ DHEPTUM CIEK-
TpaJIbHBIX KOMIIOHEHT [5]. BToT 3¢hdeKT HAbI0maeTcs,
eCJIV TIEPUOJ, CITEKTPAIbHOM COCTABIISIONIEH TT0JIe3-
HOTO CUTHalla He KpaTeH TepUoay AUCKPETU3ALUS
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curHaja. B criekTpe mosiBISTIOTCSI Mapa3uTHBIE KOM-
IMOHEHTHI B BUJIe OOKOBBIX JIEIIECTKOB, a caMa CHeK-
TpasibHast TUHUS yiupsietcs. [I[pymMeHeHe OKOHHO-
ro B3BEIIMBAaHUSI II03BOJISIET YMEHBIIUTH 3(P@PEKT
pacTeKaHMsI, HO BO3HMKAET OIIMOKA OMpeaeIeHUs
aMIUIUTYIbl CUTHaJa, KOTopasi 3aBUCUT OT COOTHO-
IIEHUS YaCTOTHI CUTHAJIA M YaCTOThI OIV>KaANIIIeH 1~
Huu BIT®. TTpu uamepeHusIX, HEOOXOIUMBIX ITPU Ba-
JIUAAIIMM PAcyeTOB, a TaKxKe B HEKOTOPBIX APYTUX
cJIydasix, IOTPEIIHOCTb MPU MCIOJIb30BaHUM OCHO-
BaHHBIX Ha BIT® MeTOnOB MOXET MacKMpoOBaTh Hu-
3myeckre 3ddexTrl [6, 7]. [Maakass oKoHHasT (PYHK-
U1 CYIIECTBEHHO CHIXXAET YPOBEHH OOKOBBIX JIE-
MECTKOB, OOHAKO CYIIECTBEHHO PaCIIMpPSETCS
OCHOBHOI1 JIETIECTOK, YTO YXY/IIIAeT pa3pelialolryio
CITOCOOHOCTH METO/A 10 YaCTOTE.

IIpoGnema BhIIENEHUS AUCKPETHBIX COCTABIISIIO-
VX ¥ TOYHOTO OIIPEAESSICHUSI YaCTOThI CYILLECTBYET
JIOCTATOYHO JIaBHO, MOXKHO HAaWTH OOJIBIITOE KOJTMYe-
CTBO paboT no maHHoI rmpobaeMe [8—13]. CymiecTBy-
10T peaju3aliid MHOTMX METOJOB M B ITOIYJISIPHBIX
MaTeMaTUYEeCKUX MakeTrax (Hampumep, B Matlab
cra"ngaptHbie MeToabl — Burg, Covariance, Modified
Covariance, Yule-Walker). OnHako gaHHBIE METObI
OPMEHTUPOBAHLI Ha OIIpeAe/ieHNe JOMUHUPYIOIINX
FapMOHMYECKUX COCTABJISIONINX B MPEAITOJOKEHUN
CTallMOHAPHOCTHU CUTHaJIA.

Ecau uckimoyuTh cnyqaﬁ aHaJIn3a INEpexXoaHbIX
IIpoLEeCCOB, TO OJIA YIYUYIICHUA CTaTUCTUYECKOM J10-
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CTOBEPHOCTY JAHHBIX IIPAKTUYECKH BO BCEX CIIydasix
HUCHOJIb3YEeTCSl YCPEMHEHUE CIIEKTPOB. 3a CUET 3TOrO
JIOCTUTAETCS CHUXKEHUE CIIy4YailHOM COCTaBJISIOIIEH
MOrpeITHOCTH M3MepeHuii. OmHAKO OCTaeTCsI BO-
MpOC: KakK IOBJIUSIET Ha Pe3yJbTaT TaKoe yCpemHe-
HUE, €CJIU CUTHAJI HeCTallMOHApHBINA? JleficTBUTEb-
HO, IIpU IIPOJIeTE JIETATEILHOIO aIlllapaTta 3ByKOBOM
CUTHaJl MOXKET 3HAYUTEJIbHO M3MEHSThCS HaXe B
npenenax ogHOW BbIOOpKU. IIpy cokpalleHUM WH-
TepBaja aHajJM3a IUISI CMSTYCHUS] BIMSHUS “HecTa-
IMOHAPHOCTU OIITMOKA OLIEHKU CITeKTpa CTAHOBUT-
csl HempuemiieMoit Oonbiuoii. Ilpu mocaeayrolieM
YCpEeOHEHUN CIEKTPOB CTAHOBUTCS HEMOHSITHO, Ye-
My OYyIyT COOTBETCTBYIOT MOJy4eHHbIE 3HAYeHMS,
T.K. 32 BpeMsI OCpEIHEeHUS AEUCTBYIOIIE 3HAYEHUS
AMIUIATYIbI U YaCTOTHI JUCKPETHBIX COCTABIISIIOIINX
MOJIE3HOIO0 CUTHaJIa MOTYT CUJIbHO M3MeHUThcsl. Ha-
JIMIIO MPOTHMBOpPEYNWE — 3a Majloe BpeMsl aHaiu3a
omunbOKa U3MepeHMsI O4eHb OOJIbIIAasI, a 3a OOJIbIIOE
BpeMsi caM CUTHaJ yclieBaeT u3MeHUThes. [loaTomy
BO3HUKAET HEOOXOAMMOCTh ITOCTPOCHUSI METoaa
TOYHBIX M3MEPEHUII aMIUIMTYObl CUTHaja, 4acToTa
KOTOPOIO0 MOXET IUIaBHO MeHsIThcs. Iloa 1maBHO-
CTbIO UBMEHEHUS TTopa3yMeBaeTcsl, YTO Ha UHTEP-
BajJie HECKOJIbKMX IIEpUOJOB MTHOBEHHAsI 4acTOTa
XOPOIIIO ONTUCHIBAETCS TMHEHHOI 110 BpeMeHU (PYHK-
1eii, a MoJIHOe U3MEHEHNE YacTOThl Ha WHTEpBaje
aHaM3a MHOTO MEHbIIIC HOMWHAJILHOTO 3HAYCHUSI.

B pabore paccMarpuBaeTcst METO aHAIN3a UMEH-
HO TaKMX ¢J1a00 HECTAIMOHAPHBIX ITPOILIECCOB, TIPEI-
CTaBJIEHHBIX B BUIE PaBHOAUCTAHTHBIX 110 BPpEMEHU
M3MEPEHHBIX 3HAYEHUN (PU3NYECKUX BEJIUYMH, Xa-
paKTEPU3YIOIINX TaKKWE ITPOLIECCHI. 3amicu M3Me-
PEHHBIX 3HAYCHUIT OyneM Ha3blBaTh CUTHAJIOM X (n),
rae n — WHAEKC, TucKpeTHoe Bpewms. [Ipu n3meHe-
HUM MHAEKCA Ha eIUHULY, PU3NYECKOE BPEMS YBE-
JINYMBAETCA HAa MHTEPBA KBAHTOBAHUS WJIH, TTO-IPY-
romy, repuon KBaHtoBanus 7. BeauuuHa, oOpaTHas
K MEPUOAY KBaHTOBaHMs, HA3bIBAETCS YACTOTOM JUC-
KpeTuzauuu f,; = 1/ T . Camu 3HaYeHUsI CUTHAJIA TaK-
xe olM(pPOBBIBAIOTCS C pa3pelanlleil crrocooHo-
CTBIO YCTPOICTBA, N3MEPSIOLIETO (DU3NIECKYIO BETN-
yuHy. OOBIYHO IIar AMIUTUTYIHOTO KBAaHTOBaHUS
BBIOMPAIOT CYILIECTBEHHO MEHBIIIE KaK JeHCTBYIOIIE-
ro 3HAYeHWs CUTHAJIa, TAK U COOCTBEHHBIX IIIYMOB
M3MEPSIOIIETO YCTPOMICTBA, MO3TOMY IIYMOM KBaH-
TOBAaHUS B OOJIBIIMHCTBE CJIy4aeB MOXHO TIpeHe-
Opeyb.

[na cralmMoHapHBIX SPTOIWYECKUX TIPOIIECCOB
CTIEKTpaIbHBIE OTICHKH €€ TTapaMeTPOB CKOJIb YTOIHO
TOYHO MOTYT OBITh MIOJIy4eHBI B pe3yJIbTaTe yCpeaHe-
HUS 10 BpeMeHH. B HameM ciryJae rmapaMeTphl CHCTe-
MBI MEHSIIOTCSI C TEUEHUEM BPEMEHH, TTO3TOMY CYIIe-
CTBYEeT TIpelesl TOYHOCTH, OOYCIOBJIICHHBI OrpaHM-
YEeHHOCTBIO BBIOOPKHM, IJIST KOTOPOM B TOCTaTOYHOM
Mepe BBITTOIHSIETCS] CBOMCTBO 3prognyHocTH. JlocTa-
TOYHOCTh B TAHHOM KOHTEKCTE ONpEIessIeTCsT MpaK-
THYECKOI HeoOXomMMoCThio. Harpumep, mist curHa-

JIa ¢ YaCTOTOM JOMMHAHTHOTO TApMOHMNYECKOTO CUT-
Hajla, u3MeHstoleiicas Ha 1 T 3a cekyHny,
WHTYUTUBHBII BbIOOp MHTepBaja odpadotku 0.1 ¢
KaXXeTCsI JOCTATOUHBIM IJIsI 00eCIeUeHUSI TOUHOCTU
€€ OTCJIeXKUBaHMS C ITOrpelrHOCThIO mopsinka 0.1 I,
Takum oO6pazoM, MHTEpPBaJI 0OPAOOTKU MPSIMO CBSI-
3aH C UHTEePBaJIOM PETYyJISIpHOCTH IIpolecca. TepMuH
“UHTEepBaJ PETryasIpHOCTH’, a He “MHTEPBAJI CTAIIMO-
HapHOCTU” BUIUTCS OoJiee MOAXOASIIMM JJISI MPO-
LECCOB, HMMEIOIUX “peryjsipHbIA” TUCKPETHBINA
CIIEKTpAaJIbHBIM COCTaB, HAITPUMEDP, YITOMUHABIIUICS
BBIIIIE IIIYM BUHTA WK 11yM aBuraresisi. CoOCTBEHHO,
JUIST TAKMX 3a7a4, CBSI3aHHBIX C OTCIIEXXMBAaHUEM aM-
IUIMTYOHBIX 3HAYEHW OTHEIbHBIX CHEKTPaJbHBIX
KOMITOHEHT MOJIE3HOT0 CUTHAJIA, U TIpejiaracTcs uc-
MOIb30BaTh ONMCAHHBII HIXKE METO]I.

MOJEJDb ITOJE3HOI'O CUTHAJIA

bynem monaraTh, 4TO Ha MHTEpBaJie PEryJIsSIpHO-
CTH OIIOpHad 4aCToTa f(}’l) = fo ITOJIE3HOI'O CUTrHaJia
S (n) N3MECHACTCA HE3HAYUTCJ/IBHO. Tor;[a, 0003HauYUB
Ha4daJloO MHTEpBajia MHICKCOM n = —N, a €0 KOHECII
NMHICKCOM n = N, MO2KHO 3aITnucarthb:
< k
s(n) =) A,sin onkuloy o1, ne [-N,N], (1)
=i Ja
roe M — KOJIn4ecTBO TapMOHMNYECCKNX KOMITIOHEHT B
ITOJIEC3BHOM CHUTHAJIC, HeﬁCTBHTCHLHBIG K03(beHHH6HTLI
A,, ONIPENeNAIOT aMIUIUTYbl, & HEPABHbBIE NIPYT APYTY

KO3bOULUHUEHTBl £, 3aal0T OTHOLUEHHWE YacTOTHI
TapMOHMYEKOI KOMITOHEHTHI K 3HAYEHUIO OITOPHOI
yacToThl. Kaxkmass KoMIOHeHTa TOJIE3HOI0 CUTHAJa

VIMEeT MHAMBUAYAJIbHBIN (ha30BBIil CABUT @,,.

Cam curHai x (n) ONUCHIBAETCsI GOJIee CIOXKHOI
bopMyII0ii, yuuTBIBAIOLIEH M3MEHEHHE YacTOThI C
TeueHHeM BpeMeHHU. B riepBoM npubivxeHnn orpa-
HUYUMCST JIMHEHBIM 3aKOHOM €€ H3MEHEeHMUsI
f(n)=f,(1+8, +x,n), Nx, <1, 8, <1. Crenenp
OTKJIOHEHWs] MOJIEJIN OT CUTHaJIa GyIeM XapaKTepu-

2 o
30BaThb CKaJIApOM ¢ — CYMMOM KBaApaToOB OIInO0K
10 BCEM 3HAYCHUAM A

N

2 2

e = Z (x(n)—s(n))",
= 2)
M
k,f,(1+08,+Kn
x(n):ZAmsin 21 A LS )n+(pm
m=1 .f;z’

Bo BTOpoM nmpuOIMXKeHUH 110 MOPSIAKY MaJIOCTH Ta-
pameTpa § , omnbKa MOJIEIM IPUMET BUL:

e’ =c-bx;d, +ad}, 3)

Ine a, b 1 ¢ — HEKOTOpbIEe NeHCTBUTEIbHbBIEC YUCIA.
[Tpu buKCMpOBaHHOM MaJlOM 3HAYEHUM K, MUHU-
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2
MaJIbHO€ 3Ha4YC€HHEC e GYZ[GT JoCTUuraTrbCda IIpu

* 2 "
b ALY / 2a, T.e. Monenb (1) OyneT onTUMAaIbHOMN
IIJISI CHTHAJIOB C JIMHEWHBIM 3aKOHOM U3MEHEHUS Ja-
CTOTHI CJIEIYIOIIETO BUIA:

f(n) = f,(1+xm+0(x7)). (4)

Takum oOpa3oM, IJis1 CUTHAJIOB C JOKaJbHO-JTUHE-
HbIM M3MEHEHHUEM YaCTOThl ONTUMAJILHON MOAEJIBIO
OyIeT CIY>KUTh CUTHAJI C OITIOPHOI YaCTOTOM, paBHOM
OIMOPHOM YacTOTe CUTHaja B CepeauHEe MHTepBajia
aHaaM3a.

MO/JIEJIb HABJIIOAEHUN

OGo3HaunM 4epe3 y(n) M3MEpeHUs: IMOJIE3HOTO
curHazia. [ToMUMO COGCTBEHHO TOJIE3HOTO CUTHAJIA
M3MEPEHUs COEPXKAT TIOMeXy. ByeM BbIIEISTh 1BE
€€ COCTABJISIIONINX, IEPBasi — 3TO COBOKYITHOCTH
npoueccoB &(n) ¢ HyJIEBBIM CPEIHUM, HAIpHMep,
HEYYTEHHbIE TAPMOHUYECKHUE COCTABISIONINE U CITy-
yaiiHble IIYMbI Pa3JIM4YHON Tpupoabl. Bropas co-
CTaBJIsIIONIAsI — 3TO Apeiid “Hyns”, KOTOpYIO yIoOHO
BBIPA3UTH TTOJTMHOMOM HEBLICOKOTO TTOpsiaKa L.

y(n)=s(n)+p(n)+8&(n) =
+ Zp,n/ +&(n).

W36aBuBIIKCh OT (as3bl B apryMeHTe sin (...), momiy-
YM OKOHYAaTeJbHOE BBIpaXkeHUE IJIST MOACIM Ha-
OJfoIeHNIA, JTMHEWHO 3aBUCSIIEH OT IeHCTBUTEITb-

HBIX KO3(puumeHTos a,,, b,, p; 1 HEIUHEHHO OT
OINOPHOH YaCTOTHI f,:

M

5

:ZAmsin 21t%n+(pm ©)
m=1 f

d

M
y(n)= Zam sin 2nMn +

m=l f;i (6)

M k f L
+ me cos 2nﬂn) + Zp,n/ +&(n).

m=1 f;i =0

BoimenuMm BaxkHBII YacTHBIN ciay4daii, Korna M = N,
L=0,f,=f/2Nuk, =m,Te.

SI:N SA{’N Cl:N

Sl,n SM,H C],n
R=lsy o sl a

S}’O SA‘LO C}’O

Sl,—N SM,—N Cl,—N
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N

y(n)=c, + ;am sin (n%) + o

N
+ Z_;bmcos(n%j, ne[-N,N].

®opmyna (7) ecTh He UTO MHOE, KAaK ypaBHEHUE
npeo6paszoBaHust Pypbe. Mojesiblo CUTHaIa TIpU
9TOM SIBJISIETCSI OKBUIUCTAHTHBIM HAOOp TapMOHUYE-
CKHUX COCTaBJISIONINX, a MOAEJBIO apeiida sIBseTcs
MNPOCTOM COBUT, OIIpeAeasieMblii eIMHCTBEHHBIM KO-
3(hdULMEHTOM ¢; = p,. DTa MOAENDb MOJE3HOTIO CUT-
Hajla OyJeT ONTUMAaJIbHOI TOJIBKO B Ciydae, Korma
BCE€ YaCTOTHI €I0 TapMOHNYECKMX COCTABIISIIOIINX OY-
IyT KpaTHBI f / 2N . Takoe orpaHudyeHue BeChbMa
XKECTKOE, OHO MCKIIIOYAET BO3MOXHOCTD MOACTPOii-
KM OTIOPHOM YaCTOThI M MOHMKAET KaYeCTBO OMNMUCa-
HUSI CBSI3EM CIIEKTPaJIbHBIX COCTABISIONINX U3-3a ITO-

TEpU cBOOOABI BbIOOpa Ko3(hduumeHToB k,. Ha
MPaKTUKE 5TO BBIpaXXaeTCs B HEMPABWJILHOM OMpe-
JIeJICHUY aMITJIUTYII M YaCTOT CHEKTPAJIbHBIX KOMIIO-
HEHT IIOJIE3HOT0 CUTHama. JpyruM HeIoCTaTKOM
CTOJIb JKECTKOTO OTPAaHUYEHUS SIBIISIETCSI OTCYTCTBUE
yCpeIHEHUs MO MHTepBajly aHajiu3a, T.K. B MOJEIN
dypbe KOIMUECTBO HEM3BECTHBLIX MAapaMeTPOB COB-
MajaeT ¢ KOJJMYECTBOM OTCUETOB HA MHTEpBajle aHa-
Jn3a.

Onmumanvras annpokcumauyus

st yno6cTBa BBEAEeM CAeayIolIe 0003HAaUYCHUS:
ki ).

Vv, =y(n), S,,=sin|2n 7
¢ (8)

Knto

d

Torpma Moaenb HaOMIOAEHUIT MOXKHO MepenucaTh B
MaTPUYHOM BUIE:

C,. =cos|2n n

y =Rv+E, 9

rme R — mnpgmoyronbHass MaTpulia, coaepKalias
2N +1cTpoky u 2M + L + 1 cTonben:

Cun|l N N*

Cyn.l|l n n"

Cya |l 1 1 (10
Cyo |1 0 0

Cu-nl1 —}v (—&)L
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Bekrop v umeet pasmepHoctb 2M + L + 1, a BeKk-
Topay U § pazmepHoctu 2N +1
T
\4 :(al,...,aM,bl,...,bM,po,pl,...,pL),

T
y :(yN,'"’yna--.aylayOr"’ny):

ET = (gN""’%n’"'ﬂgl’EO""3E—N)'

HamomuuM, 4to 3j1eMeHTHI MaTpuibl R BBIYMC-
JISIIOTCSI HA OCHOBAHUU MOJEJIU TI0JIE3HOTO CUTHAJIA,
a DJIEMEHTHI BEKTOpa y paBHBI OTCUETAM CUTHaJa Ha
BLIOpAaHHOM WHTEpBajle aHaliu3a, T.e. U3MEPEHUSIM.
BekTop v comepxuT 3apaHee HEM3BECTHBIE aMILIM-
TyIHbIe KO3(h(GUILIMEHTBI MOIEIN, KOTOPhIE CIACAyeT
HATU TaKUM OOpa3oM, YTOOBI OLIEHKA ITOJIE3HOTO
CUTHAJIa KaK MOXHO JIy4llle COBIIagana ¢ U3MepeHu-
amu. Kputepnem KadecTBa OILIEHKU BhIOEpEM KBaJi-
paTUYHBINM (GYHKIIMOHAJ, paBHBII CyMMe KBaapaTOB
OIIINOKM:

(1)

N
J,= > En=tE=(y-Rv) (y-Rv). (12)

HwxHuit mHoekc B o6o3HaueHUU J, TMOKAa3bIBaerT,
YyTO 3HadyeHue (yHKIMOHANIA OmNpeaesIsieTcsl 3Hade-
HUeM BeKTopa-TiapaMmerpa v. OnrumaiabHoOe 3Hauye-
HUE V¥ MUHUMU3UPYET KPUTEPUIA, T.€.

(13)

st Toro 4toObl 3amucaTh ypaBHEHUE ST V¥,
HaiigeM sKcTpemMyM (pyHKIuoHan (12). s atoro

v¥=argminJ,.

IPOBAPBUPYEM €TI0 110 V' U IPUPABHSIEM MOIyYEH-
HYIO Bapuaiuio Hylo.

R'y- [RT R] v = 0. (14)
Matpuua B KBaapaTHbIX CKOOKax KBaJapaTHasl pas-
MmepHocTu 2M + L + 1. BekTop v*, comepKalinii oI-
TUMAaJIbHYIO OLICHKY MapaMeTPOB MOJIEJIU TOJIE3HOTO
CUTHaJIa, MOXET ObITh HaliZIEeH KaK pellieHe CUCTEMBbI
JIMHEMHBIX ypaBHeHUi1 (14) nim B pe3yibTaTe oOpaiie-
HUSI MAaTPULIBI, YTO yIOOHO JIJIsI aHaIM3a pelleHsl, HO
JUJIS1 MPaKTUYECKUX pacyeTOB HEAKOHOMUYHO:

v =[R"R]'R"y. (15)

Iloncrapnsiss aTo 3HaueHUe B ypaBHeHUe (12), momy-
YUM 3Ha4YeHUS PYHKIMOHATIA B TOYKE OIITUMYyMa:

J:k =(y- Rv*)T (y —Rv*) =

T T —lpT (16)
=y  (I-RIR"RT'R")y.

BosBpaiasice K Monenn @ypwe (7), OTMETUM, UTO
IIPY OTITUMAJIBHOM BBIOOPE TTapaMeTPOB, BCIECICTBUE
ITOJTHOTO paHTa KBaJpaTHOM MaTpHIIEI R , M3 ypaBHe-
Hus (16) ciemyeT, 4TO IS 3TOTO ClIydast ONTUMAaJlb-
HOe 3HaueHue MYyHKIIMOHala paBHO HYJIO, T.e. BMe-
CTO AN POKCUMAIINK JTAaHHBIX MBI TTOJIy9acM TOIHYIO
nX TTonroHKy. Heob6xommMoe HaMm ycpenHeHUe Tapa-

METPOB MOJEJN IIpU paboTe C BEIOOpKAMU M3MEpe-
HUII OTpaHUYEHHON IJIMHBI BO3MOXHO TOJILKO MPU
M30BbITOYHOCTU JAHHBIX, KOIJa KOJIUYECTBO CBOOOMI -
HBIX IIapaMeTPOB MOAEIIM CYILIECTBEHHO MEHbIIIE KO-
JIMYeCTBa OTCUYETOB Ha MHTEpBaJjle aHaJIn3a.

ITPUMEP 1. OITPEJEJIEHUE
JEVCTBYIOILIEIO 3HAYEHUA
TAPMOHHUYECKOI'O CUT'HAJIA

ITO KOPOTKOU BBIBOPKE

PaccmoTpuM MoAeabHBII CUTHAJI, COCTOSIIWIT U3
CMeCcHu TapMOHMYECKHX CUTHAJIOB ¢ yacTtoTtamu 6, 20,
45, 114 n 140 I, a TakKe TTOCTOSSHHOM COCTaBJISIIO-
el u 6enoro myma. Hu3ko4acToTHEIE COCTaBIISIIO-
II1e 1 IIyM OyaeM MHTEPIpPEeTUPOBATh KaK IOMEXY.
CpenHekBaapaTUYHbIC 3HAY€HMSI KOMIIOHEHT MOJIe3-
HOro curHaja coctasisioT 1 B misg yactor 20, 45 I,
0.4 B nig yactorsl 140 I'p v 0.1 B 1J19 KOMIIOHEHTEI C©
gactoToif 114 I'r. Koporkast BEBIOOpKa TaKOTO CUTHA-
J1a ¢ yactoroii nuckperusauuu 10240 Iy noka3aHa Ha
puc. 1.

OlleHKa CIeKTpa CUTHaja Mo BbIOOPKE MJIMHOI
1024 orcuera mmokasaHa Ha puc. 2. BugHo, 4yTo nmoiy-
YeHHBIE CITEKTPATbHBIC COCTABIISIONINE HE TIO3BOJISTIOT
PacKpBITh CTPYKTYPY MOJe3HOTO curHana. [IpumeHe-
HUE OKOHHBIX (PYHKIIWII HEe HMPUHOCUT 3HAYMMOTO

adpdexra.

KommoHeHTa royie3Horo curdaiia ¢ yacrtoroit 140 Iig
coBItana ¢ yactorou 14-it nuanu BI1®, nostomy mis
Hee BO3MOXHO JOCTATOYHO TOYHO OIPEACIUTD Neii-
CTBylIOIllee 3HAYCHUE, IJIsi KOMIIOHEHT C 4acTOTaMU
45 un 114 I'1 olieHKa aMILUIUTYIbI CUJIBHO OCJIOKHEHA,
T.K. 3T YaCTOTHI HE COBMAIAIOT HU C KAKOU YaCTOTOMN
muHui BIT®. Camasg HU3Ko4acTOTHAsA KOMIIOHEHTA
noJjie3Horo curHana, 20 I11, XoTs 1 coBnamaeT 1mo Jya-
crote ¢ 2-ii nuHueit BITM, Ho n3-3a BKj1aga HU3Ko4a-
CTOTHOTIO Ipeiipa ee aMIUIMTyda TakK K€ HE MOXKET
OBITH MPABMJIBHO OTIpEIe/IcHA.

Eciu yBenuuuTh 1JIMHY BBIOOPKU, TO CIIEKTpasib-
Hasl KapTMHa CTAHOBUTCSI YETKOM, KaK BUJHO Ha puC. 3.
B 3TOM cilyyae TOYHOCTb Omnpeae/eHUs] aMILUIATYAbI
OyneT onpenensiTcsl CTeNeHbI OJM30CTU 4YacCTOThI
CHEKTPAJILHON COCTaBJISIIONIE CUTHajla K 4acToTe
omkaitmeit tuaun BIT®. Ha npakTuke IJIMHHBIE
BBIOOPKU UIsI 00pPabOTKM MOTYT OBITh HEYIOOHEI 110
MPUYMHE HECTAOMJIILHOCTU U3MEPSIEMbIX CHUTHAJIOB,
3a BpeMs HAaKOIUIEHUS YaCTOThl M aMIUIMTY/bI 110JIE3-
HOTo CUTHaja MOTYT M3MEHUTCSI, YTO HEU30eKHO
MPUBEJET K Pa3MbIBAHUIO CIEKTPaJbHbIX KOMIIO-
HEHT U IONOJTHUTEIbHON MOTEPE TOYHOCTH.

ITpumernM 111 00padbOTKM CUTHAJIa METO., OITH -
CaHHbIN B mpeabiayieM pasaene. Ha puc. 4 mokasaH
caM CUTHAJ Y eTo anmnpokcuManus. Mcronb3oBaiach
MOMEIb, COoIepKalasi YeThIpe TapMOHNYECKUX KOM-
MOHEHTHI, Ipeid ONMUCHIBAJICS TTOJIUHOMOM TpeTheit
CTEIEHH, T.€. YUCIIO HE3aBUCUMBIX MapaMeTPOB MO-
JIeJI paBHSUIOCH 12.
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Puc. 1. Bei6opka curHana jmmHoit 1024 otcyeTa: / — nmoJie3HBI cCUTHAI, 2 — CyMMa BCeX KOMITOHEHT, BKJTIOUast IITyM U3Mepe-
HuUii, 3 — npeiic MOCTOSHHOIM COCTABIISIOLICHA.
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Puc. 2. BI1® BriGopku curHaia inHo# 1024 orcyera (HU3KOYACTOTHAS YACTh CIIEKTPA)

XanHa, 3 — OKHO X3MMMHTa.
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Puc. 3. BI1® BeIGOpKM curHaia IinHoM 16384 oTcyera (HU3KOYACTOTHAS YACTh CITEKTPA): I — IIPSIMOYTOJIBHOE OKHO, 2 — OKHO
XanHa, 3 — OKHO XOMMMUHTA.
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Puc. 4. AtmpokcuManysi BRIOOpKY curHaia inHoit 1024 otcueTa: / — MUICXOMHBII CUTHAIT, 2 — pe3yJIbTaT 00pabOTKH.

Bricokoe kKauecTBO arnmpokcuManuu o0ycaoBie-
HO 3(pPeKTOM OCcpeTHEHUS U3-3a CUIBHON N30BITOY-
HOCTU, OEUCTBUTENBHO, 12 <€ 1024, T.€. YUCJIO CBO-
OOMHBIX TTapaMeTPOB MOAEIU CYIIECTBEHHO MEHBbIIIE
KOJIM4ecTBa oOpabaTrbiBaeMBIX MaHHBLIX. B maHHOM
METO/IE TOYHOCTh ONpeeJeHUSI aMIUIUTYIbl COCTaB-
JISTIOIIUX TI0JIE3HOTO CUTHAJa B MEPBYIO OYEpEnb 3a-
BUCUT OT SHEPrUM ILIIyMa U3MEPEHUI, T.€. OT CTOXa-
CTUYECKOM KOMITOHEHThI moMexu. [J1s1 pacCMOTpeH-
HOTO TIpUMepa OIIMOKa onpeneaeHUs IeHCTBYIOIINX
3HAYCHU TapMOHNYECKNX COCTABJISTIOIINX MOJIC3HO-
ro CUTHaJIa JIEXUT B Ipeaeaax HeCKOJIbKUX OeCSIThIX
npoueHTa. [Ipy yMeHblIeHUM JJIMHBI 0O0padaThiBae-
MOIO CHMTHaja OIIMOKa OydeT pacTd U JOCTUTHET
HauOOJIbIIIETO 3HAYEHMSsI, KOIJa YMCJIO CBOOOTHBIX
napaMeTpoB MOAEIU COBIMAAET C KOJIWYECTBOM OT-
CUETOB B BHIOOpPKE.

VYcnoBue paBeHCTBA JUIMHBI BBHIOOPKM U KOJIMYE-
CTBa CBOOOIHBIX ITApaMETPOB MOJICJIU SIBJISIETCS €CTE-
CTBEHHBIM OrpaHMYeHHEM Ha IIPUMEHUMOCTb METO-
na. I mpakTUyeckoil 3HaUMMOCTU METO/Ia CAeayeT
HMCIOJIb30BaTh BEIOOPKU CUTHAJIA, COAEPKAIINE XOTS
OBl HECKOJIbKO IIEPMOIOB CaMOM HU3KOYaCTOTHOM
TAPMOHUYECKON COCTABIISIOLIECH TIOJIE3HOTO CUTHA-
Ja. B mpuBeneHHOM mnpuMepe Ha JJIMHE BbIOOPKU
1024 otcuera, uto cocrasisteT 0.1 ¢, I camMoit HU3-
KOYaCTOTHOU KOMITOHEHTHI YKJIaJAbIBAETCSI BCETO IBa
rnepuona.

IMPUMEP 2. DODEKT NOIIJIEPA
JJIA TOYHEYHOI'O MOHOXPOMHOI'O
NCTOYHUKA 3BYKA

CMozenupyeM 3aIuch ILIyMa MpoJjeTa JeTaTelb-
HOTO arrapara, ABMXKYIIETOCs CO CKOpOCThio v = 30 M/cC
Ha BbicoTe /4, = 100 M. TpaekTopus npssMonuHeiiHas,
MIPOXOIUT HEITOCPEICTBEHHO HAal TOYKOM M3MEPEHMIA.
Havamo 3ammcu COOTBETCTBYET TOUYKE TpPAeKTOPUH,

yIAJIEHHO ITo ropu3oHTanu Ha /, = 300 M, a KoHe1| —

Ha TOM X€ PacCTOSIHUU B OPYryl0 CTOPOHY. Homu-
HaHTHas1 3ByKoBasi yactora coctasisier f = 200 I11, uto
ST ABYXJIOTIACTHOTO BUHTA cooTBeTCTBYET 6000 06/MUH
JnBuUraresisi. byaeM cuuTarb, YTO YacTOTa IUCKpETH3a-
LMY f, CHHTE3UPYEMOro CUrHajia paBHsieTcs 48 KI11.

MrHoBeHHasl aMILJIUTyda 3ByKOBOTO IaBJIeHUS OT
TOYEYHOTO MCTOYHUKA, CBSI3aHHOTO C JIeTaTeJIbHBIM
anraparom, OyIeT MEeHSIThCS 110 3aKOHY

_ A, sin(2nft,)
y(”) —T,
16, =B + (v (6, = 1,) =1,V 1,21,

TAe n — JUCKPETHOE BpeMsl, a A4, — MacIITaOHbII KO-
3¢ puImueHT. YCI0BUMCS CUYUTATh, YTO MHACKC 7 = (
COOTBETCTBYET MOMEHTY, KOTa 3BYK OT JICTaTeJIbHO-
ro amnmapara, HaxOJMBIIETOCSI B CTapTOBOI TOYKE,
TOJIBKO UTO JIOLIEN 10 MUKpPO(OHA, TOTIa CBSI3b MO-
MEHTa HAaOJIIOIECHUS JIETATEJbHOTO ammnapara f, U
JIMCKPETHOTO BPEMEHMU /1 OMIPENIENISIETCS C/IeIYIOIIUM
ypaBHEHUEM

b+ B+ (= v (1, - 1)) = L,
¢ Ja (18)

A7)

==Y +r
C

31ech OyKBOIl ¢ 0603HaYeHa CKOPOCTh 3BYKa, a f, —
KOppEeKIUs Ha BpeMsl, 3aTpauyeHHOE 3BYKOBOI BOJI-
HOWM OJIs1 TIPEOAOJIEHUS PACCTOSIHUS OT CTapTOBOM
TOUYKU IO TOYKM M3MepeHus. YpaBHeHue (18) umeer
JIBa KOpHs. BeIOMpaTh ciaemyeT TOT KOpeHb, ST KO-
TOPOTO BBIMIOJIHAETCA YCIIOBHE £, = f,. CONocTaBuB
KaXX7IOMy MOMEHTY # IUCKPETHOTO BpEMEHU 3Haue-
HUE f, M BOCITOJIb30BABLLIUCH ypaBHeHUEM (17), moiry-
YUM MOJEJIbHbIN BpeMEHHOM psi 1Jis1 00pabOTKMU.

Ha puc. 5 mokazaHbl pe3yabTaTbl 00pabOTKU MO-
JeJIbHBIX TaHHbIX. OLIEHUBAJIMCH TEKYIllee 3HAaUeHE

AKYCTUYECKHUM XYPHATT Tom 69 Ne2 2023
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Puc. 5. O6paboTka MOIETBHBIX TAHHBIX: () — PE3YJIBTAT CJIIEXKEHUS 3a YACTOTOM MOJIE3HOTO CUTHaA, (0) — 3aBUCUMOCTD YPOB-
HsI 3ByKOBOT'O CUTHAJIa OT BpEMEHH, (B) — OTKJIOHEHUE OLICHKU YPOBHS 3ByKa OT TEOPETUIECKOTO 3HAYCHMSI.

YacTOTHI ITOJIE3HOTO CUTHAJIa ¥ 3HAYECHUE eT0 aMILIN-
Tyabl. st 3TOro curHaja ObUI pa3OUT HAa BBHIOOPKU
nnuHoit 3000 orcuetoB u maroM 1500 otcyeToB. Bhi-
GOpPKU TTOCIIeI0BaTeIbHO 00pabaThIBAIOTCA HAYMHAS

AKYCTUYECKUM XYPHATT TomM 69 Ne2 2023

¢ nepBoii. ONTUMabHOE 3HAUEHUE YaCTOThI TTOAOM-
paeTcs 3a HECKOJIbKO UTepaluii METOAOM JeeHUs
OTpe3Ka ITOIoJIaM C MCTOIb30BaHeM Kputepust (16).
IMonyyeHHast 3aBUCUMOCTb MOKa3aHa Ha BEpPXHEM
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Puc. 6. Monenb BUHTA B 3aNTyLIEHHOM ITOMEIIIEHUU YHU-
KaJIbHOI Hay4yHOI YCTaHOBKM “3ariyuieHHasi Kamepa c
notokom AK-2".

rpacduke pucyHka. KpuBasi mpakTM4ecKu HEOTIUY U -
Ma OT TEOpPEeTUYECKM IIpencKa3aHHOU Wi 3ddekTa
Jomniepa. DTo Xe YTBepKIeHUEe CIIPaBeIJIMBO U JJIsT
OLICHKW YPOBHSI 3BYKOBOTo naBieHusi. Creasiiuii
aJITOPUTM BBIIAET pe3ylabTaT, IPaKTUYSCKU COBMIAIA-
oyl ¢ Teopueit. Ha HmkHeM rpaduke ImokazaHa
OlLIMOKa, BUTHO, UTO €€ 3HAaUEHHeE JIEXKUT B COTHIX 10-
JISIX aelyoerna.

ITPUMEP 3. CTEHAOBBIE USMEPEHUA
YMA BUHTA BIUIA
B BE3®XOBOU KAMEPE

B nanHom IIpUMEPE MOJIEZHBIM CUTHAJIOM 6YI[CM
CUMTAaTh IIYyM IIporesuiepa OECIUIJIOTHOTO JieTaTellb-
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Horo anmnaparta. [IlyM BBICOKOOOOPOTHOTO 3/1EKTPO-
JIBUTATEJIS U 1IIYyM, CO3/1aBaeMblii TMHAMUKOM, SIBJISI-
IOTCSI MOMeXOl. JIBUTraTejib yCTAaHOBJIEH Ha CIELU-
AJIbHOI CTOMKE, PACHOJIOXXEHHOM B 3amlylIeHHOM
kamepe “AK-2” IIAT'H (puc. 6), B KOTOpOii peain3sy-
IOTCSI YCJIOBUSI, OMU3KKWE K YCIOBUSIM CBOOOTHOTO
nosist. Tpu MukpodoHa pa3MelieHbl Ha PaCCTOSTHUSX
110, 220 1 440 cM OT TOYKM KperieHusT BUHTa. Yer-
BEPThIi MUKPOMOH PACIOJIOKEH Ha pacCTOSTHUU
50 cM mepea BUHTOM, UMEHHO €ro JaHHbIe UCTIOb-
3yIOTCS I OTC/eXHWBaHUS OOOPOTOB JBUTATENS.
J1st aHaM3a TToMeX03allUIIEeHHOCTH aJlTOpUTMa B Ka-
Mepe PacIiooKeH UCTOUHUK OEJI0r0 11IyMa, MOIITHOCTh
KOTOPOTO MOXHO peryampoBarb. CUTHAIBI MUKPOdO-
HOB PETUCTPUPYIOTCSI U3MEPUTETBHBIM MOAYJIEM DKO-
¢dusuka-500. B mpouecce perucrpaiiiu NporucxXoauT
IUJIABHOE U3MEHEHWE 0OOPOTOB JBUTATES.

HM3MepeHHbIEe curHajabl pa3douBalOTCd Ha MHTEP-
BaJIbl aHaIM3a IJIUTEIbHOCTBIO (.2 ¢, cllemylolne
npyr 3a apyrom c marom 0.1 c. JlomacTHast yactora
OLICHMBAETCSl TI0 CUTHaIy C OJMKaullero K BUHTY
MUKpodOHa U ITpuHUMaeTcs Kak onopHasd. Jiasa 00-
pabOTKU CUTHAJIOB C OCTAaBILIUXCSI MUKPO(OHOB MpHU-
HUMaeTcsl MOJIeIb TaHHBIX, conepxaiuas 20 mepBbIX
TapMOHMK OIIOPHOM YacCTOTHI 1 Apeiid KaK IMOINMHOM
4-ro mopsinka. Takum oOpasoMm, Monesib JaHHBIX
uMeeT 45 cBOOOIHBIX TTapaMeTPOB JJISI alllpoOKCHUMa-
UM BBIOOPKU, comepxammx 6400 oTcYyeToB, 4YTO
MPUBOAUT K XOpOILlIeMYy OCpelHeHUIO pe3yiabTaTta. Ha
puc. 7 mokazaHO U3MEHEHME OTIOPHOI YaCcTOThI, a Ha
puc. 8 — ypOBHM 3ByKOBOTO JaBJICHMS IS CyMMBbI 20
MepBbIX TapMOHUK. ClieayeT OTMETUTh, YTO YPOBHU
3BYKOBOTO JaBjIeHUsI, 00yCJIIOBJIEHHbIE BHUHTOM, OKa-
3amch Kak MuHIMYM Ha 10 nb HiKe o0111ero ypoBHsI
3ByKa, BKJIIOYAIOIIETO IIMPOKOMOJIOCHBINA (DOHOBBIN
IIYM U 1IIyM, CO3/laBaeMblii IBUTATEEM U CTPYKTYp-
Holit BuOpanmeii. Ha puc. 8 Takke nmpeacTaBlIeHbI JIM-
HUM TpeHJa, KaK BUIHO, OHU OTCTOSIT APYT OT Apyra
MpUMepHO Ha 6 1B, 4TO U MOJKHO HAGIOOATHCS TPU
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Puc. 7. PeSyJII)TaT OTCJIEXKMBAHUS JIOMTACTHOM YaCTOThI BUHTA.

AKYCTUYECKHUM XYPHATT Tom 69 Ne2 2023
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Puc. 8. YpoBHU 3ByKOBOTO JaBJIeHUs 1IIyMa BUHTA U JIMHUU TpeH1a (ITyHKTUPHbIE KPUBBIE).

3aJaHHbBIX paCCTOAHUAX MEXKAY MI/IKpO(bOHaMI/I " BbI-
TIOJTHEHHMU YCJIIOBUA CBOOOIHOTO ITOJISI.

SAKJIITOYEHHME

IMpennoxeHHBIIT MeTOA AHATTUTUYECKON aIlIpOK-
CUMAalM1 BPpEMEHHBIX BLIOOPOK OIpEeae/IsIeT aMILIN-
TYyAy TapMOHMYECKUX COCTABISIONUX curHana. [1pu
5TOM 0becIieunBaeTcs TOYHOE U3MEPEHNE MTHOBEH-
HBIX 3HAYEeHWI aMIUIMTYAbl Y YaCTOTHI, T.€. OTHOCSI-
IIUXCSI K KOPOTKOMY WHTEBAJy, MOPSIIKA HECKOJb-
KHX [IEpUOIOB aHAJIM3UPYEeMOii cocTapisoweit. [Tpu
9TOM MpearojaraeTcsi, YTo HaM 3apaHee M3BECTEeH
JIUATa30H IS 3HAaYEeHUSI ONTOPHOM YaCTOTHI, C KOTO-
poil TIPOIIOPLIMOHAIIBHO CBSI3aHBI BCE MHTEPECYIO-
1€ HAaC TApMOHUYECKHE COCTABJISIIOIIME TTOJIE3HOTO
cUTHaa.

J11s1 MoIeBBIX U3BMEPEHMI METO/I, IIO3BOJISIET C BhI-
COKOI1 TOYHOCTBIO OIIPEACIISITh JOJIY BKJIaAa B OOIIMIA
YPOBEHb CUTHAJIA Pa3IUYHBIX MUCTOUYHUKOB. MeTon
OTJIMYHO OTCJIEKMBAET AUHAMUKY U3MEHEHMUS MpO-
LIECCOB U CIIOCOOEH paboTaTh B YCIOBUSIX CUJIBHBIX
TTOMEX.

JIas1 cTeHOOBBIX M3MEPEHUM elie OosbIass TOY-
HOCTb MOXET ObITh JOCTUTHYTA 34 CYET UCITOTb30BAHMUS
OIOPHOTO CUTHAJIA, II0 KOTOPOMY OTCIIEKUBACTCS
IJIaBHasl 4acToTa M3y4aemMoro mnpoiiecca. [TapameTpsl
JIPYTUX, KOTEPEHTHO M3MEPSIEMBIX C HUM CUTHAJIOB,
XOPOIIO ONPEAEISIOTCS TaXKe TTPY HATMYUU CUITBHBIX
ToMeX, BKJTIOYAIOIINX B ceOsI IITyM, TTapa3uTHBIC TUC-
KpPETHbIE KOMITOHEHTHI U pa3IMYHOro poaa aApeitdbl
MMOCTOSIHHOM cocTaBlsIoneil. Bricokas cTeneHb no-

AKYCTUYECKUU XKYPHAN Ne 2

TOM 69 2023

MEXO03allUIIeHHOCTH 00eCIIeunBaeTCs IIPUCYIITM
METOy BHYTPEHHUM MEXaHU3MOM YCPETHEHUS pe-
3y/JbTara, T.K. YUCJIO0 CBOOOAHBIX MMapaMeTpPOB, OIMU-
ChIBAIOIIIMX MOJIEJIb TTOJIE3HOTO CUTHAJIA, KaK MpaBu-
JIO, MHOTO MEHBIIIE KOJTNYECTBA OTCUETOB B BEIOOPKE
n1s1 aHanusa. [locienoBaTebHO TTepeMeliasi MHTep-
BaJl aHaJIM3a MO 3alUCU, MOXKHO CTPOUTH 3aBUCUMO-
CTU U3YyY4aeMBbIX MTAapaMeTPOB OT BPEMEHU. AJITOPUTM
3 deKTUBHO peann3yeTcsi Ha COBPEeMEHHBIX BBIUMC-
JIMTEJIbHBIX YCTPOMCTBAX, UTO MO3BOJISIET MTPOBOAUTH
00paboTKy IMapajuIeIbHO C U3MEPEHUSIMU W HAOJIIO-
JlaTh U3y4aeMble MTPOLIECChI HEMTOCPEICTBEHHO B XOJI€
SKCIEPUMEHTOB.

DKcrneprMeHTalIbHAs 9acTh pabOThl BBIMIOTHEHA Ha
0aze YHY “3ammymennas kamepa ¢ motokom AK-2”
DAY "UATHU”, moaepHu3upyeMoii npu ¢pUHAHCO-
BOII momaep:kke MMWHHUCTEPCTBAa HAYKH U BBICIIIETO
obpaszoBanusg Poccuiickoit @enepaiiny no coriaiie-
Huro Ne 075-11-2021-066.
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