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PaccmaTpuBaeTcss oquMH M3 TOAXOAOB K OLIGHKE 3aTyXaHWs KoyieOaHWU Tpu
JTUATHOCTHUKE M3JEINI METOJIOM CBOOOAHBIX KoseOanmid. [Ipemioxken moaxon Ha
OCHOBE POOACTHOM OIIEHKM 3aTyXaHus kKoneOanuii. OmeHka mapaMeTpoB 3aTyXaHUs
MPOBOJUTCS KaK B IIEJIOM IO CUTHAIY, TaK U Ha OTACJIbHBIX yacToTax. M3moxeHa
METOJIMKa pPOOACTHOM OIICHKHM MapaMeTpoB 3aTyxaHus koneOanuil. [IpuBopsrcs
MPUMEPBhl  TIPAKTUYECKOTO TPUMEHEHHUS pa3pabOTaHHOW METOAMKH. BBoauTCs
MOHATHE HAYAJIBHOTO AMIUIUTYAHOTO CIEKTpa.

BBEJIEHUE

[Ipyn nuarHoCTUKE W3JEIMI METOAOM CBOOOIHBIX KOJIEOAHHM OJHHUM M3 OUYEBUIHBIX
ABIISIETCS yTBEpXKACHUE: Haimuuue JedeKTa BIUSET Ha pacCesHUE PHEPrMH B MaTepHuale.
Otcroaa BeITEKAET 3a7a4a OMpeIeNICHUs] XapaKTePUCTUK paccessHus sHeprun. OQHON U3 TaKux
XapaKTePUCTHK sBIsieTcs KOd(h(UIIMEHT 3aTyXxaHus KojeOaHuM, M0 M3MEHEHHIO KOTOPOTO
MO>KHO CYIHUTh O HATMYHH JeeKTa.

VYpaBHEHHE 3aTyXalOMUX KOIeOaHU MOKHO MPEACTaBUTh B BHJIE:

X = Ae™ sin(wt + @),

rie A — HavalbHas aMILIMTYyJa CBOOOIHBIX KoJeOaHWi; ¢, — HaudaipHasd asa; o —
KpPYroBasi 4acToTa; 7 — KOX(QQHUIMEHT 3aTyXaHUus, ONpEeACISIOmuUi ObICTPOTY M3MEHEHHUS
AMIUTATY JTB1.

KoaddumumenT 3aryxanus (mo ero (GU3MYECKOMY CMBICIY) — 3TO BEIWYWHA, OOpaTHas

MPOMEXYTKY BpPEMEHH, MO HCTEYEHHH KOTOPOro aMIUIMTyZa KoyieOaHWil yMeHbIIaeTcs B

e=12,73 pas.

1. O CIIOCOBAX OLIEHKHU 3ATYXAHUS
Ha wnam B3, JKCHIEpUMEHTANbHAs OIEHKA 3aTyXaHUsi CBOOOJHBIX KoyieOaHUit
BO3MOYKHA HECKOJIBKUMH CIIOCOOAMU:

e [0 CHTHATY,
® [0 CIIEKTPaM CKaHUPOBAHMsS CUTHAIA,
®  KOCBEHHBLIM CIIOCOOOM.
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OneHka 3aTyxXaHus KOJCOAHWM IO CHUTHATY CBOJMTCS K OTBICKAHUIO TIOJXOJSIICH
orubatomei rpaduka curnana. [IpakTuuecku moyie3HOM 3Ta OI[EHKAa MOKET OBITh ISl TPy00it
OTOpakoBKM W3ACIUiA (Ha YpOBHE OWHAPHOW JIOTUKH «UCTPABHO-ACHEKTHO») M JUIS
HOPMHUPOBAHHUS CHEKTPOB Kak CHocoda MpeofoseThb OCTATOUYHYI0 HECTaOMIBHOCTH CHJIBI,
MeCTa W HalpaBJieHUs ynapa, BO30YXIaromiero cBOOOIHBIC KojeOaHus. [ yToYHEHHS
xapakrepa nedekTa, ero MOJOXKEHUs, pa3MepoB M Mpodeil aertanuzauuu nedekra Takas
OLICHKA BPAJ JIU OyJIeT MOJIE3HOM.

JIBa npyrux cmocoba CBsi3aHbl C BBIYUCIIEHHEM CIIEKTPOB CKaHUpoOBaHus curHana. [lox
CKaHMPOBAHWEM CHUTHAJIa TIOHMMAETCsS TMPOIECC IEePEeMENICHNsI IO OCH BpPEMEHH C
IIOCTOSSHHBIM IIaroM OKHa q)HKCHpOBaHHOFO pasMmepa. U3 orcuéros CHUTHaJ1a, IIOIIaBIIHUX B
OKHO B TOM WMJIM UHOM €T0 TIOJIO)KCHUH Ha OCH BpeMEeHHU, POopMHUPYETCsl BEIOOpPKA CUTHAJA IS
¢dopmupoBanuss mo HeW cmnekrpa. [Ipu ¢dopmMupoBaHHM CIIEKTpa HCHOJB3YETCS OIHA U3
W3BECTHBIX (D)YHKIIMI OKOHHOTO B3BEIMBAHUS OTCYETOB BHIOOpKH curHasa (okHO baptierra,
XsMMuHra U T. 1.). Kaxkaomy cnekTpy CKaHHpPOBAHHS MOXKHO COINOCTaBUTh OIpeNeIEHHOE
BpEMs. HpOBCI{ﬂ CKaHUPOBAHUC, MBI ITOJIYYaCM 3aBUCUMOCTD CIICKTpa CUI'Hajla OT BpCMCHHU.

Ha puc. | mokasan pe3yibTaT CKaHHPOBaHHUs HEKOTOporo curHaia. Ha stom rpaduke
HETPYAHO 3aMCTUTH 3aTyXaHHUEC BCCX YaCTOTHLIX COCTABIAIONIMX CUTHAJIA.

CrexkTpbl CkaHWPOBaHka chrHana "G 3xcnepiteHd o, OCH, TOAHLIE OCHY 1_1_0004 . wav" ==l
HavaneHeR oTcdeT 1000, koHeYHsiR - 20237, war - 1024, eeiGopra - 2048, waros-17
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Puc. 1. Habop ciekTpoB CKaHUPOBaHUS CUTHAJIA.
Och BpeMeHH HarpaBlieHa K HAOII0IaTeITt0

KocBeHHo# Mbl Ha3bIBaEM OLIEHKY 3aTyXaHUs KOJeOaHUM 10 U3MEHEHUIO TOTO WM WHOTO
napaMerpa, BBIYHMCICHHOTO MO KaXKIOMYy M3 CIEKTPOB CKaHHpOBaHUS curHana. [lpumep
rpadukoB psia mapaMeTpoB, BHIUMCICHHBIX MO KAXKIOMY CIEKTPY CKaHUPOBAaHMS C puc. 1,
MOKa3aH Ha pucC. 2.

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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Puc. 2. I'paduku cTaTUCTUK U1 CLIEKTPOB ¢ puc. 1.
1o ocu abcuuce OTI0KEHBI OPSIIKOBbIE HOMEPA CIIEKTPOB CKAaHUPOBAHMS

OueBHUIHO, XapaKTep WU3MEHEHMs AITHUX IMApaMETPOB BO BPEMEHH OOBSICHIETCS HMEHHO
3aryxaHueM curHana. OnHako o0JacTh MPUMEHEHHs TAaKOM OICHKH 3aTyXaHHs KoJjeOaHHi
IIPAaKTUYECKU HEOTIIMYMMA OT AQHAJIOTMYHOW JUIs YIOMSHYTOW BBIINIE OLICHKH 3aTyXaHWs
KosiebaHnii 1o curHaimy. HemocTaTkoM 3TOro mojaxoia SBISETCS 3aBUCUMOCTH OLIEHKU
3aTyXaHus OT IapaMeTpa, Ha OCHOBE KOTOPOr'0 OHA BBIYUCIICHA.

Jns nperanuzanuu  gedexta HauOojiee MEPCHEKTUBHOM IPEACTAaBIAETCS I[OYACTOTHAS

OILICHKA 3aTyXaHHA KoJIe0aHui 110 CIHCKTpaM CKaHUPOBAHUSA CUTHAJIA.

2. METOAMKA OLIEHKU 3ATYXAHUA

Wrak, umeercs HEKOTOpoe 4ucio N M3MEpeHHBIX 3HaueHuil ammmutyael a, (i=1,N),
Ka)IOMy M3 KOTOPBIX COIIOCTABIICHO ONPENEIEHHOE BpeMs ¢, .

ypaBHCHI/Ie HU3MCHCHUA aMIUIUTY AbL CBO6OI[HLIX KoJIEOaHHH B Mponecce Ux 3aTryxaHust BO
BPEMCHH UMCCT BUI:

a(ty=A-e™". (1)

HpI/IMCM, qTOo Ha6J'IIOI[aeMLIe U HCTUHHBIC 3HAYUYCHUSA aMIUIUTYAbl Pa3JIM4ar0OTCd Ha

BEIMYKMHY CITy9aiHOM ommoOku A :
a =a(t)+A.
JlorapugmupoBanuem ypaBHeHus (1) momyuum:

Ina(t)=InA-n-t. )

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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Ha ocHoBe 3TOl Momenu (MMHEHHOW MO MCKOMBIM MapaMeTpaM B OTJIMYKE OT MCXOIHOU
MOJI€JI) CTAaHOBUTCS BO3MOKHBIM PELIEHHE MOCTABJIEHHOW 3aJjaul C MOMOLIbI0 M3BECTHBIX
METOJIOB MaTeMaTUYECKOW CTaTUCTHUKH.

2.1. Tlony4yeHue HAYATBHOIO NPUOIHIKEHUSI

HavanpHoe mnpubinxeHHe HCKOMBIX OLIEHOK OyJeM HCKaTh METOJOM HaMMEHbIINX
kBaapatoB (MHK) (Bo3MOXXHBI U ApyTrHe CIOCOOBI MOMYYEHUsT HAYaJIbHOTO MPHOIUKEHUS).
Cyteto MHK [1] siBnsieTcst OThICKaHUE TaKUX OIICHOK, KOTOPHIE ObI MUHUMHU3UPOBATIN CYMMY
KBaJIpaTOB HEBA30K

I HEBA3KU 7; B HAIIEM CIIyyae OHpEeIITIOTCS BEIPAKEHUEM
rn=Ina,—(In4-n-t,). (3)

Pemenne MHK B MaTpuuHoil popme umeer Bu:

Q=X"WX)'X"WY, 4)
rne
In A4
Q= — MaTpula UCKOMBIX OLICHOK;
n
1 -t
I - 2 T
X= — MaTpula kKodppuuueHTos; X' — TPaHCIIOHHUPOBAHHAS MaTpHLa X;
1 -t
Ing,
Ina, .
Y= — MaTpula JorapupmMoB HabIHOAAEMBIX 3HAUCHUH aMIUIUTYIbl;
Ina,

W — marpuna BecoB HaOIIOIEHNUN U KOPPENSLIMOHHBIX CBSI3€H MEXy HUMU;
()" — o3Hauaer onepauo OOpaNIEHN MATPHIIEL.

[Ipenebperass ~ KOpPETSALMOHHBIMH ~ CBA3SIMM W TpPUHUMas  Bce  HAONIOACHHSA

PAaBHOBCCOMBIMH, MMOJTYUYUM:

1 0 .. O
01 .. 0

W= ,
0 0 .. 1

T. €. B HallIEil MAaTPUIIE BECOB BCE JIEMEHTHI INIABHOW IMAarOHAIM paBHbI 1, a Bce ocTanbHble — 0;

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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2.2. YTo4HeHMe OLICHOK HAYAJIBLHOI0 MPHOJIMKECHHSA

Onenkn Q, Ha4aabHOrO MPHUONMKEHUS MATPHULBI Q SABIAIOTCSA OTIIPABHONM TOYKOM 3Tama
UX YTOYHEHUS HTEPALMOHHBIMH Meronamu. Jins yTouHeHuss (Q, Mbl BbIOpamM CXeMy

uteparmonHoro MHK. J[lpyrue wmeroasr (Hampumep, meton [aycca-HwioToHa) Mbl He
paccMaTpUBaeM.

Ouenkn Q,,, OdYepenHOM HTEpalMy Ha NAHHOM OTalle ONPEACISAIOTCS W3  YCIOBHS

MUHHMYyMa HEKOTOpPOH (YHKIHMH HEBSI30K, HOPMHPOBAHHBIX pOOACTHOW OIICHKOH HX

CPEIHEKBAIPAaTHIYECKOTO OTKIOHEeHUs S [2-5]:
N
> p(r;/S) > min, (5)
i=1
med {[r
06745
Huddepenuupys (5) no Q, nomyyum:
N
DX -¥(r/8)=0, (6)
i=1
rae ¥ (-) = p'() — uenesas GyHKIMS (IPOU3BOIHAS OT P).

VYMHOXMB U pa3ienuB JIEBYo 4acThb (6) Ha 7,/ S , 0003HauMB

(1, S)

WiQ)=—-"% (7)

U [I0JICTaBUB BMECTO 7; €ro 3HaueHue u3 (3), noirydum:

2XIWQ)(n-X,-Q)) =0,

OTKyAa mpuxoauM K cxeMe wutepanmronHoro MHK mns (j+1)-ro mara ureparmoHHOTO

mnmponecca

N N
Q. =X/ -W,(Q)-X)"- XX -W.(Q)y,
i=l i=1
KOTOpasi B MaTpu4uHOM opme 3KkBUBasIeHTHA cxeme (4) oobpraroro MHK.

2.3. eneBas pyHKUUSA

B kagecTtBe 1eneBoi (DYHKIIMM MOKHO NMPUMEHUTh OJHY M3 H3BECTHBIX B pOOACTHOMU
CTaTUCTHUKE [2—5] GyHKIINIA:

1) cunycounma Auaproca
sin(x/ a), |x|£7z-a

#(x)= 0, |x|27r-a

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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2) TpéxvacTHas CHIKCHHas QyHKIHs XaMIens

X, |x|£a
a - sign(x), a< |x| <b
BU(X): a'(x—C-Sl'gﬂ(X)j b<|x|<c
b—c S
0, cS|x|

3) ¢ynkuus Xprobepa

W () X, |x|£a
()= a-sign(x), |x|2a

4) OwukBaapartHas BecoBas ¢pyHkuus (Ousec) Trioku

2 2
X 1—(£j |x|£a
¥(x)= a ’
0, |x| >a

Ha puc. 3 npuBenen rpaduk ¢yHKIMU Xamrens B MPaBO MOMYIDIOCKOCTH. ['paduk B
JIEBOM MOJYIIJIOCKOCTA CHMMETPUYEH €MY OTHOCHUTEJIBHO HavyaJla KOOPIUHAT.

v

a 6 C

Puc. 3. I'paduk ¢pynknmn Xammens

HanomHuMm, 4T0 apryMeHTOM LeJIeBON (PYyHKIMHU SBISIETCSI HOPMUPOBAaHHAs HEBs3Ka 7, /.S,

a gepes e€ 3HavyeHue ompenaernserca Bec (7) cooTBeTcTByromero HaomoaeHus. Ha mpumepe
¢yHkuuun Xamrens BBIACTUM CIEAyIOIIue OOJIACTH pa3IMYHOM CTENEHW JIOBepUs K
HaOJTFOICHUSIM B 3aBHCHMOCTH OT MX HEBSI30K:

1) oOnactb MONHOrO JOBEPUS |x|£a, B KOTOPOH COOTBETCTBYIOIINE HAOIIOICHHUS
MOJIy4aroT OJIMHAKOBBIN BEC, paBHBIN 1;

2) o00yacTh OrpaHUYCHHOTO JOBEpUs a < |x| <b, B KOTOPOIl HAOIIOACHHUS TOITYYAIOT BEC

TEM MCEHBIINH CAUHUIBI, YEM NAJIBIIC PACIIOJIOKCH apryMCEHT OT nepBoﬁ O6J'IaCTI/I;

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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3) o0Omactb HapacTaroUero COMHEHHS b£|x|£c, B KOTOpOW BeC HaONIOACHUI

CHIKaeTCs ellé pe3de BIUIOTh A0 HYJIS;

4) o6nacte TOJHOTO HEAOBEPHS |x|Zc, HAOMIOJIEHUsT M3 KOTOpPOW BOOOIIE He

YUUTBHIBAIOTCS MPU YTOYHEHUHU OLICHOK.
Bce wiu moutu Bce Ha3BaHHBIE O0OJACTHM MOKHO BBIACNUTh M Ha rpadukax APyrux
HA3BAHHBIX LEIEBBIX (PYHKIIHA.

3. HEKOTOPBLIE ITPUMEPHI IIPUMEHEHMA METOAMKN

W3noxeHHass METOJMKa peain3oBaHa Hamu B Buje mporpammbl s [IK, ¢ momoribto
KOTOPOI M MOJYYCHBI CICIYIOIINE HIXKE PE3yJIbTATHI.

Ha puc. 4 npuBenéH npumep OICHKH 3aTyXaHUs OJHOM M3 YaCTOTHBIX COCTAaBJISIFOIIUX
(uacTtoroii mopsiaka 6,5 k') cBoO6oAHBIX KONeOaHuil NeheKTHOI KeIe3HOT0POKHON OCH (TOT
)K€ CHUMOK B OosblieM Mmacimitabe cM. B npuioxeHuu 1.). OCHOBHBIE XapaKTEPUCTHKU

INPUHATOTO 3BYKOBOTO CHUTHAaja I[I0Ka3aHbl B 3arojiOBKE CHITOTO OKHAa MPOrPaMMBI:
OJIHOKAHAJIbHBIN CUTHAT AIUTEeNbHOCTBIO 20563 otcuéra (0,466 ¢) mpu pa3psaHocTa 16 OuT u
yactore auckperuzaunn 44100 ['n. CkanupoBanuem curhana B npexaenax or 100-ro nmo
20563-ro orcu€ToB BeIOOpKOH 10 2048 oTcuéToB (¢ marom 1024 orcuyéra Mexay COCeTHUMHU
BbIOOpKamu) monydeHbl 18 crnektpoB. [lo ocu abcuucc Ha JaHHOM W ApYyrux rpadurax
OTJIOKEHO BpeMsl (B CEKyHJax), M0 OCH OpJAMHAT — aMIUTUTyJa KosieOaHuil (B eAMHUIIAX
mikansl ALIT). Onenka Ha4anbHOTO MPUOIMKEHHSI TOKa3aHa KPAaCHBIM LIBETOM, a Pe3yJIbTaT
e€ YTOUHEHUS! — CHHHM.

/16 6ut, 1 kanan, 44100 Ty, 20563 orcuita, 0 466 c (= B8 |- [OE3
"D 3AkcnepureHTe O CHA EPEETHRIE OCHY4 10004 waw

Mo curHany ] Mo crektpy | [ Paduk 5aTyRaHa || Hesask, sypHan 1

303 BE530,938 Ty [T SMKCHPOEAHHEIN MACLTAS

B0

204,

0 0,03 0,1 0,13 02 0,23 0,3 0,35 0.4

Puc. 4. Pe3y.J'IBTaTBI OLICHKHU 3aTyXaHHA CBO60,I[HBIX KosiebaHuii Ha OHHOﬁ M3 9aCTOT CIICKTpPa

B Tabn. 1 npuBenén ot4€r o0 3TOM OlLEeHKE 3aTyXaHUs (IOJIHYIO BEPCHIO 3TOro OTYETa,

CO3JJaHHYIO MPOTrpaMMOM, CM. B MNPUJIOXKEHUHU 2). 1-H 3Tanm OLEHUBAHUA — TMOJyUCHUE

HAYaJIbHOTO MPUOIMIKEHUS] apaMeTPOB 3KCIIOHEHThl — MPHUHEC CIEIYIOIUe Pe3yJbTaThl:
HauanbHas ammutyaa A =42,938065, kosddunument 3aryxanus n = 0,254541, cpennss
HeBsi3Ka HaONIOaeMbIX 3HAYEHUH OTHOCUTENbHO pacu€rHeix paBHa —0,000001, a

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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cpennekBanpaTuieckoe orkinonenue (CKO) neBsizok — 0,278419. 2-if sTan oneHUBaHUS —
YTOYHEHHE OIICHOK HayaJlbHOTO MPUOMIKEHHs — Tocsie 17 urepanuid (MpU JTOCTHKEHUHU
3aJIaHHOTO YpOBHS OTHocuTenbHON cxomumoctu 0,00001) ocraHoBWiICS Ha 3HAYCHUSAX
58,456093; 1,197345; — 0,032922 u 0,099446 cOOTBETCTBEHHO.

Ta6muma 1. OT4éT 00 OlLIEHKE 3aTyXaHHs

HauaneHoe npubnuxenue YTounenue
Ne | Bpems | Uzmep.
Pacu. Hessas. | Hopwm.HeB. Bec Pacu. Hessas. | Hopm.Hes. Bec

1 2 3 4 5 6 7 8 9 10 11 12
1] 0,002 | 4,190 3,759 0,431 1,548 1,000 4,066 | 0,125 1,252 0,942
2] 0,025 | 3,754 | 3,753 0,001 0,004 1,000 | 4,038 | -0,283 -2,849 0,721 *
310,049 | 3,234 | 3,747 -0,513 -1,844 1,000 | 4,010 | -0,776 -7,804 0,000 | ***
41 0,072 | 4,069 | 3,741 0,327 1,175 1,000 | 3,982 | 0,086 0,869 0,972
510,095 | 3,091 3,736 -0,644 -2,314 1,000 | 3,954 | -0,863 -8,678 0,000 | ***
6| 0,118 | 4,010 3,730 0,280 1,005 1,000 3,927 | 0,083 0,834 0,974
71 0,142 | 3,337 | 3,724 -0,387 -1,388 1,000 | 3,899 | -0,562 -5,647 0,163 | **
81 0,165 | 3,815 | 3,718 0,097 0,349 1,000 | 3,871 | -0,056 -0,562 0,989
91 0,188 | 3,998 | 3,712 0,286 1,026 1,000 | 3,843 | 0,155 1,554 0,912

10 | 0,211 | 3,769 | 3,706 0,063 0,225 1,000 | 3,815 | -0,047 -0,470 0,992

11 | 0,234 | 3,709 3,700 0,009 0,033 1,000 3,788 | -0,078 -0,787 0,977

12 | 0,258 | 3,775 | 3,694 0,081 0,290 1,000 | 3,760 | 0,015 0,151 1,000

13 ] 0,281 | 3,745 | 3,688 0,057 0,204 1,000 | 3,732 | 0,013 0,132 1,000

14 | 0,304 | 3,729 | 3,682 0,046 0,167 1,000 | 3,704 | 0,025 0,248 0,998

15 ] 0,327 | 3,703 3,676 0,027 0,097 1,000 3,676 | 0,027 0,272 0,998

16 | 0,351 | 3,637 3,671 -0,034 -0,122 1,000 3,649 | -0,012 -0,120 1,000

17 | 0,374 | 3,631 3,665 -0,033 -0,120 1,000 | 3,621 | 0,011 0,106 1,000

18 | 0,397 | 3,565 | 3,659 -0,094 -0,336 1,000 | 3,593 | -0,028 -0,280 0,997

3pech 2-i cTonOel COAEPKUT 3HAYEHUs] BPEMEHU f,, 3-i — JorapuMbl MU3MEPEHHbIX
3HaueHuil ammuTyael Ina,, 4-f — gorapugmMbl pPacu€THBIX 3HAYEHMH AMIUTUTY[IbI
In4-n-t,, 5-i — HeBa3ku r,, 6-1 — HOpMHUpOBaHHbIE HeBA3kH 7,/S, 7-i — Beca;

Ha3Ha4yeHHe cToJonoB 8—11 aHanorndHo crojbnam 4—7; B cToiiOne 12 momedeHsl OTACILHBIE

HaOMoAeHUS (TIPU YTOUHEHUH NTPU3HAHHBIC BBIJCISIIONTUMUCS).

AHanu3 nanHbiX Ta0i. 1 ¢ yuérom rpaduka puc. 4 To3BOJISIET CIeTIaTh TAKUE BBIBOIBI:

1. Pesynbrarsl 1-r0 1 2-T0 3TANOB OLIECHUBAHUS CYIIECTBEHHO PA3JIUYHBI.

2. OmeHka HayaJdbHOTO TPUOIDKEHUS SBHO HEyJayHa BCJCACTBUE BIUSHHS 3—4
BBIZICISTIONITUXCSL HaOmoieHnid. Beca Bcex HaOmroaeHuit, paBubie 1 (7-it cronber Tabm. 1),
a TaKKe U CpedHssl HEeBA3KAa, IMPAKTUYECKH DaBHas HYJIO, SIBJISIOTCS XapaKTEepHOH
O0COOEHHOCTBIO HAYaJbHOTO MPHOIMKEHUs. 3HAYCHHS HOPMHPOBAHHOW HEBS3KH (6-i
cToJiferr), o MOJYJII0 HE MPEeBhIIAoNIre 3, HE TIO3BOJISIIOT OTOPAaKOBaTh KaKoe-Tu00 U3
HaOJIIOZICHUH KaK SIBHO BBIICIISAONICECS (COMHUTEIBHOE).

3. DOtan yTOYHEHHUS OLIEHOK MO3BOJIWJI HCIPABUTh HEYyJayHOE HaudajbHOE MpPHOIMKEHUE.
JIByM BbIIENSIOIIMMCS HAONMIOACHUSIM TPUCBOEH HYJEBOM Bec, a Beca emeé JBYX
HaOIOZICHUH CYIIECTBEHHO CHIDKEHBI. ['opazno MeHbiie (T. €. Jydine) cTal ¥ pa3dopoc
HeBs30K: 0,099446 BmecTo HauanmpHOTro 0,278419.

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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Ha puc. 5 nokazaHo enié HECKOJIbKO MPUMEPOB CYHIECTBEHHBIX Pa3IMUMil HAYaJIbHBIX U
KOHEYHBIX OIICHOK.

VI 16 61T, 1 kanan, 44100 ', 20390 otcuston. 0,462 (o B8 [~ | OJE3

D:%3kcnepureHts SCTERFHM_EMO0MWOMMHA 236 Mt OEFEKTHRIESERT10002 way =

Mo curHany i Mo cnektpy | [ DagUE SATURAHIMA 1 Heeazku, supHan 1
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Puc. 5. HpI/IMepBI CYHICCTBCHHBIX OTJIMYMH HAYaILHBIX U KOHEYHBIX OLICHOK
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B 1abn. 2 (cm. Takxke dain npuiokeHue 3) TPUBEACHBI PE3yIbTaThl MOYACTOTHOW (AJIs
HECKOJIPKUX TEPBBIX MOJ| CIEKTpa) OLEHKM 3aTyXaHHs CBOOOJTHBIX KoOJeOaHWIl B cepuu
OTBITOB C OJHUM Oe37eEeKTHBIM H3/eiIreM 0e3 M3MEHEHHUsS €ro COCTOSHHUS W TIOJOXKCHUS
OTHOCHTEIIEHO OTMIOPHI U yIapHUKA. B 3THX ombITax, Kak M BO BCEX JIPYTHX, CTABUIIACH 3a/1a4a

CTaOWIM3aIMU CUJIBI yaapa.

Tafmmua 2. TTouac rorHan OLEHKD TV NAHKA B CSPHN ONEITOE C OIHHM HAMETHEM

Bofin Has, mpafiasskenne SrnuRen e
Ne Hma duitna cormana
o | Hoerom, | n A n Wlarme| A n
1 2 i 4 5 L& T ] b
1 Z_1_THH Lowary 227 ARG R 153504 1L7OE 3 15345 41,706
268 57765 STHRA  2654) 36 | 5754211614
234 51249 43126 5709 4 451795719
d 43,1 42852 45345 25 | 410 T[3,ETH
121 R 11740 2009 3 1372 4{2 f0s
120 2FHG 5 2608, 1 3352 4 26:11,0{3,357
2710 R4 IRILN 1.37R| 1 2520 501,581
172 37073 2IBLG  RA2E A 2366, 1R 590
2 I_1_H0Swan 127 48451 8 1244340 1.593) 11 12404 7[1,542
2 431 14791 SROE 1L | 4524 43,805
268 TGS 0305 27 2 529,322,754
238 312449 35035 00 4 5100005, 10
12 A5HG 5 1993 RELL 12 | 31#1.8[3.785
18] FU0] 3 I 4 00 11 24954 W13 14
2710 R4 g K 1433 6 2204 5[0 453
172 T3 18790 7430 4 1273 47 417
3 I 1 HGway 227 L 17077.5 14T 6 (LTS3 0[1 650
268 STTh,5 pd2RS 233 7 A28, 7(2.5355
238 312%49 RUEEN e 4100 1[5, 151
2710 SR402 4R 1,274 5 14%1,3{1,273
120 2FHG 5 i3y 3E23 7 3320 8[3 850
1%] AL AXd 2ed 4 T2 32 595
205 A4 136 aldW 55305 d 2634955619
2 43,1 23216 1.7 49 228 Bl 540
4 I 1 07 way 227 AR5 R 1509 8% 1LaIT 4 13THER 4f1 [l
2 43,1 548420 5203 5 559 25,219
268 ATIGA AUT6S 236 3 SUNTT AL S
12 A5HG 5 12127 4,333 7 31492,60.327
238 Sl2494 EIETNE 4 Ul 1 FO0FT A AT
18] ER ] MiE0A5 2084 1% 24T 0|2 8587
271 58412 27495 1655 8 2773, 11 680
172 3T G008 912% 4 2561 48 5495
5 2_1_TH0S wa 227 JRU2 B inood 1797 11 [iaTsas 1,754
2 43,1 309 4229 5 5535 40,269
268 57765 43706 28926 4 4381.0[2 928
121 R 11358 e 1 | 31T A[2T1T
238 51249 TR 4300 7 2687 TG 16
1208 25865 5 26613 RG0E 5 2075 203 527
271 38412 3.‘-43.-1[ LS 2546 31,775

3nech B 3 u 4 cTonluax pa3MeleHbl CBeIeHHsI 00 OCHOBHBIX MOZAX CIEKTpa (IOPSAKOBBIH
HOMEp YacTOTHI B CIEKTpe W 3HaueHHe 4acToThl (I'll) COOTBETCTBEHHO), a B cToNOE 7 —

YHCJI0 I/ITepaI_U/Iﬁ YTOYHCHUSA OLCHOK HAYaJIbHOI'O HpI/I6J'II/I)KCHI/IH.

0. B. BaHbkoB, 3. P. SlkoBnesa
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AHanu3 3TUX pe3ysIbTaTOB MO3BOJISET ClIENaTh CIEAYIOUINE BHIBOIbI:

1. OueHku HayaJbHOTO MPUOIMKEHMS, KaK MPaBUIIO, M0 OTIMYAIOTCS OT YTOUHEHHBIX
OLICHOK.
N3 »sroro dakra, omHako, OBLIO OBl HEBEPHO CJHieJaTh BBIBOJ O HEHYKHOCTH,
Oecrionie3sHOCTH JTana yTouHeHus. IIpuMepsl CyIIECTBEHHOTO YJIy4YlIEHHs OLIEHOK
HAYaJIbHOTO MPHUOMMKEHUS B pe3yibTaTe MX YTOUHEHHUS NpuBeIeHbl Bbime. M3 Hux
BUJHO, YTO OJTall YTOYHEHHUS OLEHOK HA4aJbHOrO MPUOIMKEHHS, aBTOMATHUYECKU
yMEHbIIasE BIHUSHUE CIOy4dailHbIX ()AKTOpPOB (COMHMUTEIbHBIX JAHHBIX), SBISETCS
JOTIOJIHUTEIIbHOM TapaHTHEd HAAEKHOCTH, JIOCTOBEPHOCTH HWTOTOBBIX OLEHOK. B
KOHEUYHOM CYETE, 3TO BJIMSIECT HAa PE3yJIbTaT AUATHOCTUKH.

2. Ilpu yTOYHEHUM OIEHOK HAYAILHOTO MPHOJIVIKECHUS 3a/IaHHBI YPOBEHb OTHOCHUTEIHHOU
cxogumocTtH (0,00001) gocturaercs, kKak mpaBuiio, MeHee 4yem 10 urepanusmu.

3. Ha Bcex yacToTax MMEEeT MEeCTO 3HAUYUTEIBHBIN pa30poC OIICHOK B Pa3HBIX OIBITAX.
N3 sToro cnemyer, 4TO B ATUX OMbBITAX 3ajada CTAOWIM3AIMH CUJIBI ynapa He Oblia
pemrea. C y4€ToM Macchl M pa3MepoB OOBEKTa HUCHIBITAHUN — IKEIC3HOJOPOKHOM
KOJIECHOH OcM — 3Ta 3ajJada ¥ He Oblia TpuBHAIbHOU. J[an€kuMu oT maecana ObLIM H
YCJIOBHS 3allUCH aKyCTUYECKHX CHTHAJIOB B 3THX JKCHEPUMEHTaX — II€X MO0 PEMOHTY
KEIJIE3HOJOPOKHBIX BAaroHOB C XAOTHYECKH padoraromuM obopynoBanueM. C apyroi
CTOPOHBI, He OyJeT JIMITHEW W peanu3alus Mep MMapUPOBaHUS HECTAOWIBHOCTH CHJIBI
yaapa. 9TO MOXKET ObITh, BO-TIEPBBIX, KOPPEKTUPOBKA METOJUKH PETUCTPAIIMN U aHATN3a
JMAHHBIX IMMyTEM BBEJACHUS B HEE ITama NpPeIBapUTEIBLHOTO (HANpuUMeEp, MpPU 3aMUCh
CUTHAJIOB) aHaM3a CTAOMIBHOCTH IKCIIEPUMEHTOB. BO-BTOPBIX, BOBMOKHO TO WM MHOE
HOPMHUPOBAHHE CIIEKTpa.

4. Hwmeet MeCcTO M3BMEHEHUE PAHTOB OCHOBHBIX MOJI CIIEKTpA.
CrnenoBaTenbHO, TMOMHUMO CHJIBI yJapa HE yAanoch 0O0eclneunTh U CTaOUIBLHOCTh
HaIpaBJIEHUs yaapa, CICACTBUEM YEro W CTaJ0 HEOAMHAKOBOE BO30YKIEHHUE KoJieOaHUM
Ha pa3HbIX YaCTOTax.

5. Ckopoctu 3aryxaHusi CBOOOJHBIX KOJeOAHMH HA pa3HBIX YacTOTaX CYIICCTBEHHO
Pa3IUYHBI.
B ta6i. 3 mpuBeneHb! pe3yJbTaThl OIICHKH 3aTyXaHUs (B IEJIOM TI0 CUTHAITY) CBOOOTHBIX

KOJICOAHNH B CEpPHM HKCIEPUMEHTOB C OJHUM H3JEIHeM (HMCIPABHOM IKEIIE3HOIOPOKHOU

OCBIO) B YETBIPEX PA3NIMUYHBIX €€ MOJIOKESHHUSIX OTHOCUTEILHO OMOPHI (C TOBOpoTOM Ha 90°).

0. B. BaHbkoB, 3. P. SlkoBnesa
06 ogHOM noaxoAe K oLeHKe 3aTyxaHust cBoboaHbIX kKonebaHui
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Ta6mmma 3. Onenka 3aTyXaHus B IIEJIOM IO CUTHAITY

No Vivs dpaiina Hau. npubnuxenne YTouHeHue
A n A n
1 1 1 0004.wav 291927 2,686 291625 2,681
2 1 1 0006.wav 29694.8] 2,834 29697,8 2,836
3 1 1 0008.wav 27074,2 3,013 26887,2 2,986
4 1 1 0011.wav 295229 3,084 29471,5 3,081
5 1 1 0013.wav 26311,1) 3,064 26247,8 3,056
6 1 1 0015.wav 28232,1] 2,924 28184,3 2,922
7 1 1 0017.wav 30183,9] 2,649 30172,0 2,647
8 1 1 0019.wav 31400,9] 2,780 31374,5 2,776
Cpennee 28951,57 | 2,8792 | 28899,71 | 2,8732
CKO 1667,72 | 0,1684 1705,92 0,1648
9 1 2 0021.wav 32655,5] 2,516 32763,1 2,524
10 1 2 0022.wav 26590,1] 2,480 265213 2,470
11 1 2 0023.wav 27438,2] 2,532 273924 2,521
12 1 2 0024.wav 27141,7] 2,607 271229 2,604
13 1 2 0025.wav 27634,9] 2,668 27472,8 2,651
14 1 2 0026.wav 26178,7] 2,562 26002,0 2,538
15 1 2 0027.wav 257593] 2,626 25756,5 2,624
16 1 2 0028.wav 32616,2] 2,558 32763,5 2,580
17 1 2 0029.wav 25529,0] 2,526 25440,5 2,512
18 1 2 0030.wav 294554 2,572 294679 2,579
Cpennee 28099,91 | 2,5646 | 28070,29 | 2,5604
CKO 2637,74 10,0564 | 2721,60 0,0565
19 1 3 0031.wav 283429 2,761 28076,0 2,731
20 1 3 0032.wav 29914,5] 2,689 29751.,5 2,673
21 1 3 0033.wav 29295,9] 2,902 291664 2,885
22 1 3 0034.wav 289414 2,814 28904.4 2,812
23 1 3 0035.wav 305244 2,848 30403,8 2,836
24 1 3 0036.wav 30229.9] 2,869 30171,0 2,862
25 1 3 0037.wav 30405,7] 2,772 30404,3 2,775
26 1 3 0038.wav 31611,2] 2,815 316434 2,817
27 1 3 0039.wav 31266,6] 2,891 312472 2,891
28 1 3 0040.wav 28009,7 2,825 27992.9 2,826
Cpennee 20854,21 | 2,8185 | 29776,09 | 2,8108
CKO 1193,08 | 0,0650 1238,17 0,0684
29 1 4 0041.wav 29338,5| 3,176 292844 3,172
30 1 4 0042.wav 30152,5] 3,087 30165,6 3,088
31 1 4 0043.wav 323842 3,469 32330,9 3,465
32 1 4 0044.wav 30731,2] 3,379 30809,7 3,394
33 1 4 0045.wav 31476,8] 3,399 31486,1 3,403
34 1 4 0046.wav 3062100 3,378 30637,6 3,382
35 1 4 0047.wav 32719,3] 3,525 32762,0 3,540
36 1 4 0048.wav 3275991 3,216 32762,7 3,216
37 1 4 0049.wav 33186,5 3,642 331529 3,638
38 1 4 0050.wav 301384 3421 30183,5 3,427
Cpennee 31350,83 | 3,3691 | 31357,55 | 3,3725
CKO 1340,98 | 0,1677 1335,40 0,1691

0. B. BaHbkoB, 3. P. SlkoBnesa
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3nech B 1-M MOJOKEHUM M3ENIHS BBINOJIHEHO 8 OMBITOB, a BO Bcex Apyrux — mo 10.
[Tocne kaxaoW cepur OMBITOB BBIYMCICHBI OLIEHKU IOJIOKEHHUS U pa3zdpoca mapamMeTpoB
HMCKOMOM DKCIIOHEHTHI.

AHanu3 3TUX pe3yIbTaTOB MO3BOJISET CACNATh CIEAYIONINE BBIBOIBI:

1. Panee cnenmaHHbIi BBIBOJA O HECTAOMJIBLHOCTH YCJOBHMM TMPOBEACHUS SKCIEPUMEHTOB
OCTa€TCs B CHUJIE.

2. B 4-m nosioxxeHun U3AeNusi CKOPOCTh 3aTyXaHusl CBOOOIHBIX KOJIEOAHWN camasi BRICOKasl.
A BO 2-M NON0XEHUH (JUAMETPAIBHO IPOTUBOIIOIOKHOM 4-My) — camasi HU3Kasl.

3. IlpoBeneHue mpu KaxaoM (HUKCHPOBAHHOM TIOJOKEHUH HW3MENHsI CEPUHM OIBITOB U
MOCIEAYIOIIee YCPEAHEHNE TTO3BOIISIOT MOBBICUTH HAIEKHOCTD PE3YIHTATOB.

4. C y4éToM OTMEUYEHHBIX paHEE CYIIECTBEHHBIX pa3NWYMil B 3aTyXaHHUH YaCTOTHBIX
COCTaBJISIIOUINX CUTHAJIA IPAKTHUYECKasl LIEHHOCTh OLEHKU 3aTyXaHHUs B LIEJIOM 110 CUTHATY
HEBEJMKA. OJTa OICHKAa, OJIHAKO, MOXET MPHUTOJUTHCA JJIsi YIOMSHYTOTO BBIIIC
HOPMHPOBAHUS CIIEKTPOB.

Ha wam B3misin, TOPUBEACHHBIX TNPUMEPOB  JOCTAaTOYHO  JJIA  WMIUTFOCTPAIlUU
paboTOCrOCOOHOCTH METOAMKH (TpoBelleHHe Ha 0a3e dATOM METOIUKH OOIIMPHOTO
WCCJICIOBAHMS 1EJIbI0 HACTOSIICH CTaThU HE SABISIIOCH). OIHAKO yXkKe ATOT (1TOKa HeOOJIBIIOH)
OTIBIT MPAKTUYECKOTO MPUMEHEHHSI METOAMKH MPUBET HAC K HEKOTOPBIM 000OIIICHHUSIM.

Tak, HamM TpencTaBiseTCsl TOJE3HBIM BBEJACHHE B OOOPOT TOHATHS HAYAJbHBIM
aMIUIMTYIHBII CIIEKTP CBOOOHBIX KojeOaHuil. OnpeneanuM ero Kak CreKkTp, COCTOSIIUN U3
MOYACTOTHBIX OIICHOK HayalbHONW aMIUIMTYAbl CBOOOIHBIX KOJIEOAHHM, IOJYYEHHBIX I10
OTNMCAHHOW BBIIIE METOAMKE. MBI TojaraeM, 4TO Ha4daJbHBIA CHEKTP (KaK IMOITYy4YEHHBIN
anmnpoKCUMAIIEl COBOKYITHOCTH CIIGKTPOB 110 BCEMY CHTHAIy M XapaKTePU3YIOIIUI
CIEKTPAJIbHBIA COCTAB CUTHAJIA B MOMEHT Hauana CBOOOIHBIX KOJICOAHHMIA) SIBISETCS JTydITUM
MpEJICTAaBUTENIEM HCXOAHOTO CHUTHaja, HeXelu Jo00il Ipyrod CHEKTp, MOJYyYeHHBIH Ha
KaKoM-JIN0O (TIPOU3BOJIBHOM) HHTEPBAJIC 3TOr0 CUTHANA. IMEHHO HavYaJbHBIN CIIEKTP W HAJ0
UCIIOJIb30BaTh Ha TMOCIEAYIOMIMX JTala aHajliu3a MPU JUArHOCTUKE H3JEIHH METOJIOM
CBOOOIHBIX KOJIEOAHUIA.

Opnnako ¢GopMuUpOBaHHE HAYAIBLHOTO CHEKTpa TpeOyeT aKKypaTHOCTH. Tak, O4eBHIHBIM
ABIISIETCS CIEAYIOIIee YTBEPXKICHHE: OICHKY HA4YallbHOM aMIUIMTYAbl Ha KaXJIOW 4acToTe
HaJ0 GOpMUPOBATH HA MHTEPBAJIE CUTHAJIA OT MOMEHTA BO30Y KI€HHsI CBOOOIHBIX KOJICOaHMI
J10 3aTYXaHWs 3TOM YaCTOTHOW COCTaBIAOWIECH curHana. [IpakTuuecku onpeznesieHue npaBon

rpaHulbl 00pabaThIBAEMOI0 HHTEpBajla CUTHaja BO3MOXKHO IO KpallHEeH Mepe JByMs
croco0amu. Bo-nepBbIX, U KaXI0W YaCTOThl MOKHO MOJ00PATh MOAXO/IIee 3HAYCHUE Ha
OCHOBE aHAJIM3a TEHJICHLIUHU W3MEHEHUSl aMIUIUTY/Ibl Ha 3TOM 4acTOTE B HECKOJIBKUX IEPBBIX
CHEKTpaxX CKaHMPOBaHMs (HampuMep, MO TOYKE 3aTyXaHUs aMIUIUTYJIbl A0 HEKOTOPOMl J0Ju
NePBOHAYAILHOTO YPOBHS CHTHAJIA WJIM 0 HEKOTOPOTO a0COIIOTHOTO YPOBHs). Bo-BTOpBIX,
JUISL OCHOBHBIX MOJI CIIEKTpPA 3TO MOXHO CJieaTh IMyTEM I0CIIEJ0BATEIbHOTO UCKIIOUEHUS X
BKJIaJla B UTOTOBBIM CUTHAJ: OLEHUB MapaMeTpbl 1-i MOABI, BBIYECTh U3 UCXOJHOIO CUTHAJA
COOTBETCTBYIOIIMI 1-i1 MOZIE CUTHAJ, 3aTEM IO OCTATKY aHAJIOTMYHO YUYECTh BKJIaJ 2-i MOJIbI
(BO3MOXKHO, C TOIYTHBIM YTOYHEHHEM BKJaAa 1-i monbl) U T. 1. OCTaHOBHUTH MpOLECC
MOCJIEZI0BATENbHOIO HCKIIIOYEHHUS] MOJ MOYKHO IPH YMEHBIIEHMM SHEPrUU OCTaBLIETOCS
CUTHaJIa J10 HEKOTOPOH J10J1M IEPBOHAYAJILHOM SHEPIUu.

0. B. BaHbkoB, 3. P. SlkoBnesa
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3AKIIIOYEHUE

CyTb HacTosIel paboThl COCTOUT B CIEAYIOLIEM:

[Ipennoxena MeTOIMKa OLIEHKHU MTapaMETPOB 3aTyXaHHUs CBOOOIHBIX KOJIEOaHHIA.

2. Dta MeTOJuKa MO3BOJISIET OLIEHUTh UCKOMBIE MTapaMeTphl Kak B IIEJIOM 110 CUTHAIY, TaK U
Ha OT/IEJIbHBIX YaCTOTaX.

3. OOBEeKTOM MOYAaCTOTHOM OLIEHKH 3aTyXaHUs B MEPBYIO OYepeab JOJDKHBI ObITh OCHOBHBIE
MO/IbI CIIEKTpA.

4. CxopocTh 3aTyXaHHUsl CBOOOJHBIX KOJICOAHUI HAa OCHOBHBIX MOJAX CIEKTpa CYIIECTBEHHO
pas3ianyHa.

5. Ha ocHOBe mpemioXKEeHHOW METOAMKH BO3MOXXHO (OopMHpOBaHME HAYaIBLHOTO
aAMIUIUTYHOTO CIIEKTPa CBOOOIHBIX KOJICOAHHIA.

Ha nam B3, HauaabHBINA CHIEKTP SBJSETCS JyUIIUM MPECTaBUTENEM aHAIU3HUPYEMOTO
CUTHAJIa, HeXEJU JTI000H MHOW CIEKTP.

6. Ilpu nuarHocTuke u3AeIUil METOJOM CBOOOJIHBIX KOJIeOaHH HE0OX0oquMa CTaOUIbHOCTD

YCIIOBUH MPOBEACHUS SKCIIEPUMEHTOB.
ObecrieueHne TakoiW CTAOMJIBHOCTH MOXET BKJIIOYAaTh B ce0s KOMIUIEKC Mep
OpPraHU3aI[MIOHHOT0, TEXHMYECKOr0 U METOAMYECKOro xapakrepa. K mocieqHum MOxKHO
OTHECTH TaKUE MeEphbl, KaK MOBTOPHOE IPOBEACHUE HKCIEPUMEHTOB N0 JIOCTHKEHUS
npuemieMoro pasdpoca JaHHBIX U (KaK CpEIACTBO MPEOAOJCHHS OCTaBILIEHCS
HECTaOUJILHOCTH) HOPMHUPOBAHHUE CIIEKTPOB KAKUM-THOO0 CIOcOO0OM.
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