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AHHOTAITHA B pabome npogedeno ucciedosanue eIusHusl Rapamempos nidHa Ha KOTULeCmeo 0xCuoaemMoll unpopmayuu 6a308uix
Mooenell  MeOUKo-6uonocuieckux — dKkcnepumenmos. Ilpusedenvt  6azosvle  MOOeau  NAAHUPOBAHUSI  MEOUKO-OUONO2UHECKUX
IKCNEPUMEHMO8, NONYYeHHble HA OCHO8e Kiaccudeckou ungopmayuonnon meopuu. C ucnonvsosanuem pasnodicenus Teiiopa
NOLYUeHbl MOOeIU, NO360ISIOUWUE HE3AGUCUMO OYECHUBAMb GNUAHUE ADCONOMHO20 U OMHOCUMENbHO20 USMEHEHUSL KAANCO020 U3
napamempog niawa Ha obujee un@opmayuonHoe codepoicanue Kcnepumenma. Ilo pesynomamam uUccie008aHuli NOLYYeHbl
KOMUHECMBEHHbIE U KAYeCMBEHHbIe OUCHKU KANCO020 U3 NApAMempos NIAHA HA KOIUHeCmBO 0dCUOdeMol uHgopmayuu s
napamempuyecKkoll, KOMINOHEeHmM OUCRePCULL U Pe2PecCUOHHOL MOOeell NIAHUPOBAHUS IKCREPUMEHMA.

Knrouesvie cnosa: meouxo-ouonocuyeckuil IKCHepUMenn, NIaHUPOBAHUE IKCREPUMEHMA,; NAPAMEeMPULECKdsl MOOelb, Pe2pecCUOHHAs
MOOenb, MOOelb KOMROHEHM OUCREPCUll, YPOBEeHb 3HAUUMOCIMU, RAPAMEMp HeYSeHMPATbHOCHU, UHDOPMAYUOHHBII AHATU3.

THE RESEARCH OF THE INFORMATION VALUE OF PARAMETERS OF THE PLAN
OF THE MEDICAL-BIOLOGICAL EXPERIMENT

R. S. TOMASHEVSKYI
Department of Industrial and Biomedical Electronics, NTU "KhPI", Kharkov, UKRAINE

ABSTRACT In the work the influence of plan parameters on the amount of expected information of basic models of medical and
biological experiments was carried out. The necessity and formalization of the task of investigating the informational significance of
the experimental parameters taking into account the statistical properties of biological objects was substantiated. The basic models of
planning medical and biological experiments, obtained on the basis of the classical information theory, were given. With the use of the
Taylor expansion, models have been obtained that make it possible independently to estimate the influence of the absolute and relative
changes of each plan parameter on the general information content of the experiment. Based on the results of the research, quantitative
and qualitative estimates of each of the plan parameters for the amount of expected information for the parametric, variance
components and regression models of the experiment planning were obtained. As a result of the work, the information theory of
measurements was developed for the planning of medical and biological measurement experiments, in which a functional relationship
between the parameters of the experimental design and the expected amount of information was disclosed. A mathematical model of
the effect of changes in the experimental plan parameters on changes in the expected amount of information has been developed, which
made it possible to rank the parameters of the plan according to the degree of diminishing their influence on the amount of experimental
information. Such a ranking makes it possible to correlate the values of the plan parameters with conditions of significant limitations
on the volume of measurement results. The possibility of an optimal choice of an experiment design model (parametric or random
model) is shown, using the expected amount of information as an objective function and an a priori known quantitative effects of
factorial influence.

Key words: medicobiologic experiment; experiment planning,; parametric model; regression model; model of variance components;
significance level; noncentrality parameter; information analysis.

Beenenne HU3MEHEHMs CBOMCTB Ha KOPOTKHMX HMHTEpBaJaX BpPEMEHH,

4To SKBUBAJICHTHO YCIJIOKHEHUIO MOJCIIH

[Ipobema  MakCHUMAalbHO — HPEACTABUTEIBHOTO  MHOTO(GAKTOPHOTO BIHMSHHMS HA IOBEACHHE OOBEKTA.
MH()OPMaIMOHHOTO obecneyeHns MEIMKO-  (DaKTUYECKH AaKTUBHBIH MOHUTOPDHHI B  YCIOBHUSX
OMOJIOTHYECKOTO SKCIEPHMEHTA, CBSI3aHA HE TOJNBKO C  JHHAMHYECKOMN HEOTHOPOIHOCTH OMOJIOTUIECKOTO
TIOBBIIICHUEM MH(POPMALMOHHOTO COACPKaHUA  0OBEKTa MOXKET OBITh PACCMOTPEH KaK alpHOPH HEMOIHBIN
HCTOJB3YEMBIX HW3MEPUTCIBHBIX CHUTHAJIOB, HO W C OKCIICPUMCHT C OrpaHHYCHMsAMH KaK Ha MOJHOTY
pa3pabOTKOM ~ CTATUCTMYECKH — a/ICKBATHBIX  METOAOB  TiepBHYHON MH(MOPMAIMH, TaK U Ha BpeMst HaOmoaeHus. K
MJIaHUPOBAHHUA HOTOOHBIX OKCICPUMEHTOB,  TaKHUM  HCCIEIOBAaHUSAM MOTYT  OBITb  OTHECEHSHI:
MOCJICAYIOIICTO aHaln3a UX pe3yJIbTaTOB C y4CTOM YPOBHS OMOXEMHIIOMUHUCLIEHTHRIA —~ aHaau3  I1Ia3Mbl KpOBH,
anpUOpPHON HEONPEIENIEHHOCTH BEPOITHOCTHBIX CBOUCTB  aKTUBHUpyeMas KOJOPUMETPUS MOuYM, Muorpapus u
OMOMEIUIIMHCKUX HH(POPMAIMOHHBIX CHTHAJIOB. Takas aJIeKTpoKapauorpadus ox Harpy3KoMu,

HEOIpEeIeJICHHOCTh IpeBpaIaeT 00N HCCieayeMblid
OHOJIOTNYECKUil 00BEKT B 00BEKT TUP(PY3HBII (CO CIIOKHO
OMHUCBIBAEMOW  CTPYKTYpOH  H  HEOMPEICICHHOU
opraHuzamueil (QyHkiponuposanus). bonee Toro s
TaKuX OOBEKTOB XapakTepHa YCIOKHEHHAsl JIHHAMHKA

anektposHitepanorpaduyeckue ¥ KOXKHOTATbBAHUUECKHE
HCCIIEIOBAHMS PEAKIUK Ha CTHUMYJIHPYIOIIHE (HaKTOphI
(ctpecc-Tectsr) [1-3].

[TnanupoBanmue JIFOOBIX OGHOMETMITMHCKUX
W3MEPUTENBHBIX OKCIIEPUMEHTOB BCET/Ia OTPAHHYEHO
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HCIIONIb30BAHMEM TIPOCTEHIINX MoJened OmmucaTenbHON
CTaTHCTHKH u apaMeTPUIecKOro OJTHO- u
IBYX(aKTOPHOTO CTaTHCTHYEeCKoro aHamm3a [4-6]. Ilpu
9TOM, YYHTBIBAETCS TOJBKO HOPMATHBHO 3aJIaHHAs
BEPOSITHOCTh  OLIMOOYHBIX pELIeHUI [epBOro poja
(ypoBeHb 3HAUMMOCTH), YTO HAKJIAJbIBAECT, B CBOIO
oyepelb, OrPaHUYEHHMS Ha KauecTBO  II0OJy4aeMOMH
BTOpUYHOH wuHpopManuu (B QopMe KOHTPOJIBHO-
JMarHOCTUYECKHUX peuienuit) [4, 7-11].

[TnanupoBanune MEIMKO-OHNO0IOTHIECKOTO
9KCIIEPUMEHTA 9TO CJOXHAsi MHOTOBapHaHTHas |
MHOTOKpUTEpHAIbHas 3a/1a4a, Pe3yJIbTaTHBHOCTb KOTOPOH
3aBHCAT OT BBIOOpa yCIOBHH, OOSM3aTENBHBIX K
BBIMOJTHEHUIO M OOECICUMBAIONIMX  MAaKCHMAJIBHYIO
3¢ (eKTHBHOCTH 9KCIICPUMEHTA, KOJIMYECTBEHHO
OLICHMBaeMyl0 B paMKaX 3aJaHHBIX CTaTUCTUYECKUX
TpeboBanuii [6, 9, 12-16]. JlroOoii H3MEpPUTEILHBIN
IKCMEPUMEHT C OHOJIOTHYECKUMH 00BbEKTaMH HPOBOIUTCS
B YCJIOBHSX HEYCTPAaHUMOH HEOIPEIEICHHOCTH CBOMCTB
TaKUX OOBEKTOB, MIOCKOJIbKY OOJIBIIMHCTBO STHX CBOMCTB

OTIPEJICTISIIOTCS.  IMHAMUKOW — CIly4alHBIX  ITPOIIECCOB
BHYTPEHHUX OWOXMMHYECKMX WM OMOPH3NIECKUX
n3MeHeHnd.  KoHTposs W ympaBieHWe — TaKUMH

MpOIIECCaMK TPAKTUYECKH HEBO3MOXKHBI, YTO MEPEBOJIHUT
IUTAaHUPOBaHWE TIOAOOHBIX WCCIEOBaHUN Ha Oojee

CIOXHBIA UM  BBICOKMH  YPOBEHb, YUYMTHIBAIOIIUN
(hakTOpHYIO HEOAHOPOAHOCTH [4, 15, 16].
ean padoThI
HccnenoBanne WHPOpPMALMOHHONH 3HAYUMOCTH
rapamMeTpoB IUIaHA OCHOBHBIX MOJENell  MeanKo-
OHMOJIOTMYECKOTO 9KCIIEPUMEHTA c y4eToM
HEONPEICIEHHOCTH BEPOSITHOCTHBIX CBOWCTB

OMOMe TMIIMHCKUX HH()OPMAIIMOHHBIX CHTHAJIOB.

ba3zoBbie monen INJIAHUPOBAHUA MEIUKO-
OHOJIOTHYECKHX IKCIEPUMEHTOB

B paGore ObL1 TpoBeieH MHPOPMAIIMOHHBIH aHATU3

IuarHoctudecko mHpopmarun [7,9,17]. IIpoBeneHHBIC
WCCIICIOBAaHMs OBUIM HANpPAaBICHBI HA pEIICHUS JABYX
0a30BBIX 3a7a4:

—pa3paboTka MaTeMaTHYECKHUX Moaenei
KOJIMYECTBEHHOTO  MH()OPMAIIMOHHOTO  COJCPKaHHS
KOHTPOJIbHO-THArHOCTHYECKUX peleHHi TSt
CPaBHUTEIHLHOTO aHaiu3a 3(p(QeKTUBHOCTH HOPMATUBHBIX
METOJIOB TUTAHUPOBAHHS OHMOMETUITUTHCKUX
JKCIICPUMEHTOB;

—pa3paboTka KpUTEPHS 3¢ HEeKTUBHOCTH
mianupoBanusi BMU skcneprMeHTOB Ha OCHOBE LIEJIEBOM
(yHKIMH, OoTpakaromeld WHPOPMAIMOHHOE COJCpIKaHHUEe
MIPUHUMAEMBIX PEILICHUN.

B kadecTtBe OOBEKTOB HCCIENOBAHMS OBLIN
BEIOpaHBI ~ IUIAHBI W MaTeMaTH4eCKHe  MOJCIH
OJTHOCTOpOHHEW kiaccuukanuu pe3yiapratoB  bMU

SKCIEpUMEHTa: MapaMeTpudeckas M cly4aifHas MojaelH
JUCIIEPCUOHHOTO aHajdu3a OIHOMEPHBIX W3MEPEHHUH,
perpeccuoHHasl M KOBAapHALlMOHHAs MOJENU aHajlu3a
JIBYMEPHBIX HU3MepeHui, napaMeTpudeckas
JUArHOCTHUYECKAssh MOAENh TUCKPUMHUHAHTHOTO aHali3a
MHOTOMEPHBIX U3MepeHuil [4, 9,14,18,19].
Hcnonp3oBaHne KiaccHdeckod HH(GOPMAIIMOHHOMN
TEOPUH W3MEpEeHUi mo3Boimio B pabortax [21, 22]
ompenenuTs WH(GOPMAIMOHHOE COACpXKaHWEe 000 u3
HCCIIeAyeMbIX MOJENeH TUIAaHUPOBAHHSA SKCICPUMEHTa B
BHUJIE PAa3HOCTH MCXOJIHOM M OCTATOYHOW SHTPONUMN ISt
UCTIONB3YEMBIX ~ KPUTEPHATIBHBIX  F-CTAaTHCTHK, Kak
CIIy4JalHBIX BEJMYWH C LIEHTPAJIbHBIM M HEICHTPATbHBIM
F-pacnpenenenusmu @umepa [20]. UYwucno creneHeit
CcBOOOABI JTHUX CTaTHCTHK CBS3aHO C IapaMeTpamu
UCCIIeAyeMbIX  IJIAaHOB  JKCHepuMeHToB. [loka3aHa
BO3MOXXHOCTh OMNPENEICHHUST KOJIMYECTBA MOIy4aeMOn
KOHTPOJIbHO-AHarHOCTUYECKOM nHpOpMAIHN o
JUCHIEPCUAM OTUX F-CTaTUCTUK C YYETOM PHUCKOB
MIPUHAMAEMBIX pElICHHUH, TPUIEeM MOCIeTHIE MOTYT OBITH
3amaHpl  Ha JTame  [olaHupoBaHms.  OOecmedmBast
MaKCHUMM3AIMIO ToJydaemMol uHpopManuu. B Tabmume 1
MPEICTaBICHBl ~ MaTeMaTHYeCKHE  MOJENM  pacueTa

0a30BBIX  Mojenei MJIAaHUPOBAHMUS MEJMIIMHCKMX ~ KOHTPONbHOM ¥ JMarHoCTU4ecKod wuHpopmauuu (B
U3MEPUTENBHEIX  DKCIICPUMEHTOB, HCHONB3YyEMBIX B 3aBUCUMOCTM OT BHIOOpa IUIaHA DKCHEPHMEHTA) [
MENWMIIMHCKMX ~ WCCIENOBAHWAX, M YCTAHOBJEHBI ~ Oa30BBIX MoJenen IUTaHUPOBAHUS Hay4HBIX
3aKOHOMEPHOCTH  MEXJy IapaMeTpaMd IUlaHa W M3MCPUTEIIbHBIX SKCIICPUMEHTOB.
KOJIMYECTBOM IOJTy4yaeMoi KOHTPOIIbHO-
Tabmmna 1 — MaremaTHuecKie MOJIENH pacdyeTa KOHTPOJIbHON M THarHOCTHYECKOW HHPOPMAIIUI
Mojens miiaHa 3KCnepuMeHTa NudopmanmonHoe coneprkanue [ Moaenen, HUT
> k 2
140+ AP +(1+2) —(n-1)-—"= (1)
Ilapamerpuyeckast Mofenb. Ilnan skenepumenTa | 1, ], k-1 k-1
N, k,n, o ) . P
(N & n, 0) (N-k-4)a-(1-a FKP[N k Zj—1
—k
. . 2(N -3)(N —k-2)*(k 71)[%+i+%} 2)
Mopenb KOMIIOHEHT TUCTIEPCHi (cIydaiinas). [ P A AMk-D (k-2)
[Tnan skcnepumenta (N, k, n, o, B) o (N —k—4)-(N-k)*[a(l-a)+B(1-P)]
13L& _ )2 N
PerpeccHoHHas MOJIENb. I:EZZIOg L Do = Yy ) ; ( J ] (3)

IInan sxcnepumenta (N, m, n, p, Ay, o)

=0

12[5;(:,, —2)2 +5§(p+1)*]J' p+l1

i=1
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B npencraBieHHBIX MOZEIAX B Ka4eCTBE 0a30BBIX
MapaMeTpoB IUIAHOB IPEICTaBIEHBI: N — o0Inee 4ucio
BCEX H3MEPEHUi, k — KONMYECTBO TPYII H3MEPEHUH,
1 — YUCII0 BHYTPHUTPYIIOBBIX U3MEPEHUH, 0 M 3 — pHCKA
NPUHUMAEMBIX PEUICHHIA; A — MapaMeTp HELEHTPAILHOCTH

KpUTEpUATBbHOW CTaTUCTUKU, TAe Ay — JAuMana3oH
mMepeHut (AY = Vumax-Vmin), qo U ¢1 — aNPUOPHBIC
BEPOSITHOCTH TUATHOCTUPYEMBIX COCTOSIHUM; p — CTETEHb
MOJIMHOMA PETPECCHH; Op> — OCTATOYHAs JUCTIEPCHS

PETPECCHOHHOM MOJIENH, ;2 — JUCTIEPCUS CITydaiHbIX
MOTPELIHOCTEH U3MEpEeHusi, ; — OTCUeT BPEMEHHU, ¢ —
MaTOXHJIaHHE BPEMEHHOI'0 OTCYETA.

Brp100op MaTemMaTH4yecKoi MoaeJ I HH(POPMALMOHHOTO
BJIMSTHUSA

Bynem paccmarpuBath mo6oe u3 ypaBHeHHH (1),
(2), (3), ompenensoOmUX 3aBUCUMOCTh KOJHMYECTBA
OXKHJIAEMOW  DKCIEPUMEHTAJIbHOW  HMH(GOpPMALUH  OT
HapaMeTpoB IUIaHa SKCIEPUMEHTa KaK oOulyto GpyHKIHIO
BUAA:

1=F(0;0,:-50,) 4)

B KOTOpoMl [ — KOJIMYECTBO  OXHMIAEMOI
nHpOpMaIKH a Q,— MapameTp IiaHa KOHTPOJIA

j=1L. (5)

[Mpu moGom Bune 3aBucumoctd GyHKIMH [ OT
apryMeHToB (.0, MOXKHO BOCIOJIb30BATHCSA METOIOM

pasnoxxenneM (yHkuun [ B psix Teiinopa B OKpeCTHOCTSIX
HEKOTOpO# pabodeld TOUYKH, OMpeNesieMOr CpPETHUMH
3HAYEHMSMH () T1apaMeTpOB IUIAHA OKCIEPUMEHTA.

O6o3naunM Kak [  KOJNHMYECTBO  HMH(OpMAIH,
BBIYHMCIIEHHOM 10 9THM CPEJHUM 3HAaYE€HHSIM I1apaMeTpOB
riana. Toraa cBsi3p Mex1y MpHUpalieHueM §; KOJIMYecTBa
vMH(GOpMAlMKM M NPUPALIEHHAMH MapaMeTpoB J,...0,

OIIPEJICTISIETCS] ypaBHEHHEM

i-8,=Flo-6}0,-5.}.50, -5 )  ©

rac 61 :j_] OTKJIOHCHHUEC KOJIUYCCTBaA I/IH(I)OpMaHI/II/I oT

CpeIHero 3HAYCHUSI I, o0ycIioBiIeHHOE
HEOTPEICTIEHHOCTHIO yCIIOBHH, 00eCIIeunBarOINX
CTATHUCTHUYECKYIO OJHOPOTHOCTH JKcIepuMeHTa. Takas
OJTHOPOJTHOCTh 3aBHCHUT OT METOJHYECKH MPABUIBHOTO
yueTa amnpHOpU HEOMpPENCNCHHBIX CBOWCTB OOBEKTa
uccrenoBanus. Eciu OTKIOHEHHE §, PaccMaTpuBaTh Kak

yCpeAHEHHE BCEX BO3MOXKHBIX aIllpHOPU 33/1aBaEMBIX
OTKJIOHEHHH OT HOPMAaTHBHOIO CPEJHEr0 3HAuYeHHs,
IIPUYEM  YCpPEIHEHHE MPOBOAUTCA IO MHOXECTBY
HE3aBUCHMBIX SKCIEPHUMEHTOB, TO JaHHOE OTKJIOHEHHE
MO>KHO CUHTATh CIIy4aifHON BETUUYNHOM.

L «<1

9 )

B cBs13u ¢ 3THM ypaBHEeHUs (6) MOKHO Pa3iokKUTh
B L — mepHblid psin Teiyopa mo creneHsM CiydyalHBIX
OTKJIOHEHUH 6,...0, TapaMeTpoB IIaHAa SKCIIEPHMEHTA.

[18]

2 ALA A N OF 1& 0°F

-6, :F(QI;QZ;"';QL)_Zl(aQJJ/‘ —52:1 W 5,6}.
®

i

PaCCManI/IBaH OTKJIOHCHUSA TIIapaMETPOB IJIaHA
OKCIICPUMCHTA KakK CHy‘IaI;‘IHBIC BCJIMYMHBI, ONpPEACINM

JIACTIEPCUI0  OTKJIOHeHus Al  kak 0-12 CIeaYyoIIUM

YpaBHEHHEM

2
L L
o= Lo o3| LN L o o,
Jj=1 aQ/ ' {:jlzl aQ, aQ, ' ’

(€))

e p, - KOO(QQUIMEHT  KOPPEISAIHMA  MEKIY

OTKJIOHCHUSIMH 5[, u 5;

IIpousBonHble HF 160 =K,» j=1LL MO>KHO
5 .

paccMaTpuBaTh Kak KO3 HUIIMEHTHI BIITHSTHUS,
XapakTepU3yIOIUX  CTENCHb  BIMSHAS ~ M3MCHEHHUS
mapamMeTpa () IUIaHA HA HM3MCHCHME KOJIMYECTBA

oxxuaeMoi napopmanu /.
OKoHUaTeNbHOE BBIPAXKEHUE I MaTeMaTH4eCcKoi
Mozeny UHGOPMAIMOHHOIO BIMSHUS [TApaMeTpoB Q, Ha

dyukimro [ OyIeT UMETh BT

o] = /&0, ) +4,,

rie A . — OCTaro4HbIi e paaa Teinopa.

(10)

Tax Kak oOCTaTOYHBIA 4JeH 4, 3aBHCHUT OT
KOD(PUIMEHTOB B3ANMHOMN NAPHOi KOPPEIALMH ), MEKITY

napaMerpamMy IUIaHa KOHTPOJS, TO IPH HE3aBHCHMOM
BBIOOpE MOCIEOHUX 3T KO3(D(UIMEHTH aBTOMaTHYECKU
00paaTes B HOJIb, YTO 0OECIIEYHBAET yCIOBUE 4, =0.

Torna:

an

YTO MCKIIIOYACT BIUSHUE OCTATOYHOTO YJICHA HA BEJINYMHY
JWCTIEPCHH O .
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Ilepexons ot aucmepcuii K aOCOIMIOTHBIM
CITy4alHBIM OTKJIOHEHHAM (A AL =1, L) (manpumep K

CpeNHEKBAIPATHIHBIM OTKIIOHEHHAM
(A,=0,,A,=0;)) a 3ateM K OTHOCHTEIHHEIM
OTKJIOHCHUSAM.
y, = Al
1
! (12)
>

_4,

v = 2

J

HOJIy‘II/IM O6IJ.[I/IC BBIPAKCHUSA T a0CONIIOTHBIX
OTHOCHUTCNIBHBIX H3MEHEHHUU OXKNaacMoro KOJIHYCCTBa

SKCTIIEPUMEHTAIBHON ~ MH(pOpManuy, 3aBUCAIIMX  OT
aOCONIOTHBIX WM OTHOCHUTENBHBIX  HM3MEHEHUH
HapaMeTpoB INIaHa KOHTPOJIS
(13)
(14)

Hcnonp3oBaHne MOCIEIHUX BBIPAKECHUNH MOKET
OBITH NPOBEICHO OJHOBPEMEHHO JUIS BCEX IapaMeTpOB
IJ1aHa KOHTPOJIA (Aj # QU1 BCEX j =1, ) MIIM KOHKPETHO

JUIA BBIZICJIEHHOTO IapamMerpa A © (A P 0, A,- =0, j#K ) .

Pe3ysbTaThl Hecsie10BaHus

Amnanmu3 BelpakeHnd (1-3) mo3BONSET OLIEHHUTH
Ka4eCTBEHHOE M KOJMYCCTBEHHOE BIMSIHUE IapaMeTpPOB
IUTaHa OSKCHEPHMEHTa Ha OXHIAEMOE KOJHYECTBO
nHpopManuu. BruTo MpoBeeHO HeceJ0BaHNe MOIENEH C
YOPOLIEHHBIMH, C TOYKH 3PEHUS  aJAUTHBHOCTH
BBIYUCIUTEIBHBIX MPOIEIYP, TapaMeTpaMH.

PesynbTarel uccnenoBanus mnpu tpex (10%, 20%,
30%) OTHOCHUTENBHBIX U3MEHEHUAX 3HAUEHUH TapaMeTpOB
TUIaHa NPUBEICHbI Ha pUCYHKaX | U 2.

0,2
0,15
0,1
0,05 2 10%
alfa
20%

0 I lambda a n k
30%

-0,05
-0,1
-0,15
-0,2
Puc.1 — Omnocumenvroe énuanue napamempos niana Ha

uH@opmayuonnoe codepiicarie napamempuieckol
mooenu (n =100; k=10; o = 0,05; 21=1)

0,2
0,15
0,1
0,05

= 10%
. C

20%
30%

.alfa lambda I

n
-0,05

0,1
0,15
0.2

Puc. 2 — Omnocumenvhoe enuanue napamempos niana Ha
uHgopmayuonHoe cooepicanue Mooeau KOMIOHEeHM
oducnepcuil (cayuainon) (n =100; k=10; a = 0,05, A=1)

ITo pe3ynbTaTam UccieI0BaHHS TAPAMETPUIECKOTO
BJIMSIHUS Ha JMCKPETHBIE MOJIENH TUIAHUPOBAHUSI MOXKHO
C/IeNaTh CIEAYIONINE BBIBOIBI:

a) [loBblmeHne konwyecTBa WHGOPMAIMU IS
ITapaMeTpUYECcKOi MOies 00eCciednBaeTcsi C pocToM K, A
U 11 B TIOPSIIKE CTETICHH BIUSHHUS, & JAJISI 0 — YMEHBIIACTCSL.

0) IloBeimeHne konmdecTBa WHPOPMAIUU IS
CIy4allHOH  MOZENU  MOXKHO 00eCIIeYnTh €cIn
YBEIMYMBATH YUCIIO TPYMII K U YMEHBIIATh PUCKHU O U [3,
YTO TIOJIHOCTBIO COOTBETCTBYET BBIBOAAM KJIACCHYECKOTO
JIICTIEPCHOHHOTO aHANIN3a.

B) Kpome Toro, yBemuueHHe KOJHUYECTBA
nH(pOpMALMK COOTBETCTBYET YMEHBILICHHIO Iapamerpa
HELEHTPAJIbHOCTH A, 4YTO YKa3blBaeT Ha OOJbIIYIO
3 PEKTUBHOCTH MCHOJB30BaHUS CIIyYailHOW MOJeNH, Mo
CPaBHEHHUIO C ITApaMEeTPUIECKON, IPH CIIa0BIX M3MEHEHUSIX
ypoBHeii Biustomero ¢akropa.

IMocnennuit BBIBOA TO3BOJNSET paccMaTpPUBATH
mo0y10 3a7a4dy TIAaHUPOBAHUS SKCIIEPUMEHTA B YCIOBHUSIX
anpUOPHON HEOMpeeNeHHOCTH 3P (PeKTOB (PaKTOPHOTO

BIMSHHUS ~ KaK  3a/a4y, BKIIOYAIOIIYI0  3JIEMEHT
ONTUMU3AIMK 110 TapaMeTpPy HEIEHTPAILHOCTH  A.
IleneBass  GyHKIUSA  ONTHMH3AIMKA  MOXET  OBITH
Npe/ACTaBleHa  MOJYJEM  Pa3HOCTH KOJIMYECTBA
HHpOpMANMK,  TOJAy4YaeMol 1O  JByM  IUIaHaM
IKCIICPUMECHTA.

I'padudeckyro  MHTEPIPETAIMIO  3aBHCUMOCTHU

I=f(X) nnst mapamerprdecko U CirydaiHON MOJICIIH HMEET
cMbIcT npeobpasoBath B IeneByto ¢ynkuuio ¥ BeIOOpa
TUIAHA AKCTIEPUMEHTA:

‘P:‘ﬂ‘)—]‘”‘. (15)

Ha puc. 3 npezncraBieHa 3aBUCHMOCTH LIETEBOI
¢yHKIMM OT mapamerpa HeueHTpajibHOCcTH A. Hyneoe
3Ha4YeHHE LeNeBOH (YHKIUM II03BOJSIET Pa3leiUTh
YHCJIOBYIO OCh JUIsI IIapaMeTpa A Ha JBE YacTH: JieBas
COOTBETCTBYET YCIOBUIO NPUMEHEHHS B 3KCIIEPUMEHTE
CIlyJyalHOW Mozenu (akTOPHOTO BIMSHUS, a INpaBas —
YCIIOBUIO TPUMEHEHHS IIapaMeTPHUECKOM.
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Cnyuaimas

Hapavempiseckan
2 -_— _— =
5

0 2 4 6 : 10 (A

Puc. 3 — Tunuunas 3asucumocms yenesoui yHxyuu
8v100pa MoOenu NIAHA IKCNepUMeHma O pe3yivbinamos
YUCTIEHHO20 MOOETUPOSAHUSA UHPOPMAYUOHHBIX MOOeell

PucyHok oTpaxaer o0OIIyl0 3aKOHOMEPHOCTb
M3MeHeHUs npeyiaraemMoii nenesoi Gpynkunu ¥ (15) ms
JIOKJIFHOTO TIPHMEpPa MaTeMaTHUECKOr0 MOJICIMPOBAHUSL.
Jnsi KOHKPETHBIX YCIOBHH (DaKTOPHOTO BIIUSHUS Takas
MOJENb BCeraa IO03BOJUT MOJYYUTh  TJIOOAIBHBIN
sKcTpeMyM 1eneBoit pyakmmn (P=0) npu ucnoap30BaHUN
(MKCUPOBaHHBIX 3HAUYEHHUIT IUIAHOB 3KCIIEPUMEHTA.

[lpoBeneM  wHcCIeIOBaHUE — NAPaMETPHIECKOTO
BIIMSHUSL ~ PETPECCHOHHOM  MOJENH  IUIaHUPOBaHHS.
VYupocTtum, 0e3 notepu 6a30BBIX CBOWCTB MPaByIO YacTh

BbIpaxkenus (3), cauras uro Ay =y, — Y .

2
A AG

.(16)
12:[o5(t, =) -(p+1) +07]

I:%-(m+1)~n-ln 1+

O60o3HaunM KO3()(OUIMECHTHl BIIHSIHUS K, j=14

COOTBETCTBEHHO Uepe3 K ONpenesM 3TH K03 HUIIMEHTHI
T10 BBIPAXXCHUIO:

I
P B S e

a g o (17)
"“om’ ¢ 9GNP op

A= (K, -, +(K, -8, F (Ko -86 ] +(Koea,f - 18)

Jns MIPOCTOTHI aHanmu3a  IPOHOPMHUpPYEM
OTHOCHTENBHBIC W3MEHCHHS IapaMeTpoB IiaHa (), |

(YHKIMOHAJIBHBIX ~ IEPEMEHHBIX,  OTBEYAIOUIMX 32
METPOJIOrHYecKoe 00eCIIeUeHIEe Pe3yIbTaTOB U3MEPEHHUS:

A
J

6) Ay = oé(ti —2): o’ =const=1.

Taxoe YOpoumeHue HE H3MCHACT KadCCTBCHHOC

COACpIKaHue I/IH(l)OpMaHI/IOHHOF O aHaJiui3a, KOTOpI;IfI
MOJKET OBITh MMPOBCACH IO YPABHCHUIO
2 2 2 2
7[=h\/Km+Kn+KG+KP. (19)

Hccnenyem BiusiHHE WM3MCHCHHH —[apaMeTpoOB
[UIaHA OKCIEPUMCHTa Ha [OJIy4aeMO€ KOJIHMYIECTBO
uHpOpMaNNH, 3a4aBas UX OJMHAKOBOE OTHOCHTEIBHOE
n3menenue 7A=0.2 nis oobema oOLIero ynucina u3MepeHun
N=G-(m+1)-n:

Paccuutaem mnpupanieHust Al nHdpopManuy,

00YCIIOBIICHHOE M3MEHCHHEM Iapamerpa () i Beex

j=1,L, ACTIONIb3Ysl ypaBHEHHUE

Al =K, *A,. (20)

VYpaBuenune  (20)  ompexmensieT  claraeMble
MIOJIKOPEHHOT'0 BBIpa)keHUs IIpaBoii yacTu ypaBHeHH (18),
ecmn (A=A, A=A, Ay =A;, A, =A ).

1o pe3ynbraTam nccnenoBanus Moseny (3) ObutH
paccunTanbl KO3(QOUIMEHTHI BIUSHUS TapaMeTPOB IUIaHa
(m1s  Tpex OTHOCHTEIBHBIX NPHUPAIICHUH 3HAYEHHH
nmapamerpoB  mimaHa  10%, 20%, wu 30%) =u
nH(pOpManNOHHBIHA BKJIAJ( apamMeTpoB TUIaHa
9KCTIepUMEeHTa. Pe3ynbTaThl NpUBEICHBI HA PUCYHKE 4.

0,4
0,3
0,2

0,1
. 3

N [ m n

m 10%
20%

30%
0,1

-0,2
-0,3

Puc. 4 — Omnocumenvhoe enusHue napamempos niaHa Ha
ungopmayuonnoe cooepacarue modenu (n =100; m=10;
p=10; N=10)

ITo pe3yabpTaTaM UCCIIEI0BaHUS
MapaMeTPUUECKOro BIUSHUS Ha PETPECCHOHHYIO MOJENb
IUIAHUPOBAHMS MOXKHO CJENaTh CIEAYIONIMHA BBIBOJ!
MIOBBIIIICHHUE KOJINYECTBa nHpOpMaIU TSt
perpeccHoHHON Monenn obecrieauBaeTcs ¢ pocToM 7, N 1
m B MOPSIIKE CTETICHH BINSHM,. a I p — yMEHbIIAETCS.
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AHOTALIA Y pobomi npogedeno 00CHiONCEHHS 6NAUSY NAPAMEmPI8 NIAHY HA KIIbKiCmb ouiKyeanol inghopmayii 6azoeux mooeneil
Meouko-6ionoeiunux excnepumenmis. Haeeoeno 6azosi mooeni niany8ants Meouko-0io102iuHUX eKCRepUMermie, OmpumMaHi Ha OCHOBI
KaacuuHoi ingopmayiinoi meopii. 3 euxopucmannsm posxiadanus Tetnopa ompumani mooeni, wo 003601A10Mb HE3ALEHCHO
oyiHoeamu 6niue abcomomuol i 6iOHOCHOI 3MIHU KOJICHO20 3 NAPAMempIig NIAHY HA 3A2aNbHULL IHGOPMAYIIHULL 3MICM eKCnepUMeHmy.
3a pezynbmamamu 00CHiOHCEHb OMPUMAHO KINbKICHI MA AKICHI OYIHKU KOXMCHO20 3 NApAMempie NiaHy HA KibKiCMb OYIiKYy8aHoi
iHghopmayii 01 napamempuyHoi, KOMNOHeHm OUucnepciil i pecpecitinitl MoOeni NIAHYE8AHHA eKCnepUMeHmy.

Knrouogi cnosa: Meouxo-6ionociunuii excnepumenm,; NAAHYBAHHSA eKCHNEePUMEHMY, NApaMempuyHa Mooeib, pezpeciiina mooens,
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