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METO/IHUKA ITPOTHO3HPOBAHHA HA/IEZKHOCTH
OBJ/IEJIOK KAMEP I1O/I3EMHBIX KAHA/IMN3AIITHOHHBIX

HACOCHBIX CTAHIIHH

F E€HEpaJlbHasg CXEMa Pa3BHUTHS Ka-
Hajgu3anmuu B T. MOCKBE Tpemy-
CMaTpUBAeT CO3/JaHHE HOBOM, MPOTPECCUB-
HOMW, HAJIKHO JEUCTBYIONIEH KaHaIM3allUH,
o0ecrieunBaroIeil OTBEJICHUE W OYHUCTKY XO-
3SMCTBEHHO-(DEKATBHBIX, a TaKKe 3arpss-
HEHHBIX IMOBEPXHOCTHBIX CTOKOB Ha OCHOBE
KOJIJIEKTOPHBIX TOHHENIEH TIIyOOKOro 3a-
JIOKEHHsI OOJBIIOTO TIONIEPEYHOTO CEUCHHUS
(KTI'3). BaxHBIM 3JIEMEHTOM CHCTEMBI
KTI'3 sBasttoTcst MOLIHEBIE MOA3EMHBIE Ha-
COCHBIE CTAHITUM JJIsl TMEPEKAUYKH CTOYHBIX
BOJI.

CoopyxeHusl KaHAIM3AIMOHHON CeTH
TOPOJIOB  SIBIAIOTCA THUAPOTEXHUYECKHUMHU
00BEKTAMH U MX 0E€30IaCHOCTH MMOAIANAET
noj aeiictBue denepanbHbIX 3aKOHOB Poc-
cuiickoii Denepanun "O MPOMBIIUIEHHON
0€30I1aCHOCTH OMNAaCHBIX IPOU3BOACTBECH-
HBIX 00BeKTOB" Ne 116-@3 u "O Ge3omac-
HOCTH THIPOTEXHUYECKUX COOPYKEHHM"
No 117-®@3 [2]. Bropoii 3aKOH OTHOCHUTCS
HETIOCPEJICTBEHHO KO BCEM BHUIAM THAPO-
TEXHUYECKUX COOPY>KEHUH, BKJIIOYas MOA-
3eMHBIE.

OaHO U3 BO3MOXKHBIX KOMIOHOBOYHBIX
pelIeHnii HAaCOCHOM CTaHIMHU TITyOOKOTro
3a10’KeHMsI IpuBeicHO B pabote [3]. OmbiT
MPOEKTUPOBAHHUA KaMEPHBIX BBIPAOOTOK
JUISL CTAHIIUH NTOZO0OHOTO THUIIA, PACTIONOKCH-
HBIX B CJIOMCTOM MAacCHBE CJIa0bIX TIOPOJT OT-
cyTcTByeT. [IJ1s1 OOJNBIIETPOIETHBIX BHIPA0O-
TOK B CJa0bIX MOPOJax OIBIT MPOEKTUPOBa-
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HUS U CTPOUTEJBCTBA HAKOIUIEH TOJBKO IS
OJTHOCBOTYATHIX CTAHITHI METPOIIOINTEHOB.

B coorBerctBuu ¢ DenepanbHBIM 3aKO-
HOM "O 0e30MacHOCTH T'HIPOTEXHUYECKUX
coopyxeHuit" [2], HEOOXOMMO COCTABIISATh
JEKIIApaIio THIPOTEXHUUECKOTO COOpPY-
KEHHsI, KOTOpasi SBISETCS OCHOBHBIM JI0-
KYMEHTOM, COJIEpXAIlliM CBEJCHHS O CO-
OTBETCTBUH THIPOTEXHUIECKOTO COOpYXKe-
HUSA KpuTepusm Oe3omacHoct [1]. Tlpu-
MEHSIEMbIE B HACTOSILEE BPEMSI METOIUKU
OTpeNeeHns YpOBHS 0€30MacHOCTH TH-
POCOOpYEHHH conepKaT HEO0OXOIMMbIC
AIIEMEHTHI OIICHKH PUCKa, HO HE JafoT MOJ-
HOTO pelleHus 3TON 3aauu.

CoBpemMeHHasT TEOpPETHYECKass OICHKA
0€30IIacHOCTH OCHOBBIBAaeTCsS Ha Habope
METOJIOB, BKIIIOYAIOIINX, B YACTHOCTH, Me-
TOIBI MAaTEeMaTUYEeCKOH CTaTHCTUKH, TEO-
pUH BEPOSTHOCTEH, TEOPHH HAJEKHOCTH.
Onenka 0€30MacHOCTH C MPUMEHEHHEM
T.H. YacTHBIX KO3((UIUEHTOB HAIEKHO-
CTH, UCIIOJIb3YEMBIX B HOpMax, (Hamp. [1]),
HE TIO3BOJISICT OICHUTH 3HAYCHHE BEPOST-
HOCTH OTKa3a, SIBILIIOMIEECS] OJHUM U3 OC-
HOBHBIX AJICMEHTOB TIPH OIICHKE pucKa [4].

B cratbe ommcaHa MeTOAHMKAa OICHKH
HaJEKHOCTH BakHeimero anementa KTI'3
- 00J1eK1 KaMEepHBIX BBIPA0OTOK IMOA3EM-
HBIX HACOCHBIX CTAHIIUH.

O0GocHoBaHUE pacyeTHOW CXeMbI OIl-
peaeieHUs] BHYTPEHHMX YCHJIHHA B 00-
aejKe



[Ipu oneHKe HAIEKHOCTU KOHCTPYKIIUH
MONIB3YIOTCST T.H. (PYHKIHEH MpenenbHbIX
COCTOSIHWH, SIBJISIIOIICHCS, MO CYIIECTBY,
pa3HHIIEH MEXAY COMPOTHUBICHHEM OTKa3y
u Bo3aeicTBueM. st paccmaTpuBaeMoun
3aJla4i, OTOBOPEHHOW B 3aroJIOBKE CTaThH,
yKazaHHas QYHKIIUS, HAIPUMEp JUIS JKeJie-
300€TOHHOM 00JEIKH, MOXKET UMEThH BHU/T
g, =1 [0,5a,.(1- a,) + a5 (1- alhy)] - oy

(D
e a, = NRpho, am = MIRphy’, o5 =
=RAs/Rpho; R, - TpouHOCTh OeTOHA; R; -
COTIPOTHBJICHHE apMAaTyphl PAaCTSKEHUIO;
Ay - TUTOIaNb CEYCHHI apMaTyphl; Ay - pa-
Oouast BeIcoTa ceueHus; M u N - [OelcT-
BYIOIIIME MOMEHTHI M HOPMAJbHBIE CHIIBI
COOTBETCTBEHHO; ¢ - PACCTOSIHHUE OT paB-
HOJICUCTBYIONUX YCWIMH B apMmarype Jo
omkaiimeii rpanu. [Ipu oreHke HafEXKHO-
CTH 3TH BEJIMYMHBI PACCMATPUBAIOTCS Kak
CIIy4JaiiHbIe.

HaznexHocTh olleHUBaeTcsS NMPUMEHEHH-
eM T.H. "uHaekca Oe3omacHocTH" ff IepBO-
ro mopsiaka [16]:

E(g,)
S(9,)’

rae E(- ) — cpennee 3HaueHue, S(- ) — cTaH-
JApTHOE OTKIOHEHHWE IS BBIPAKCHHS B
CKOOKax.

Kak Bugao u3 ¢dopmynsr (1), HeoOxo-
IIFIMO, B YaCTHOCTH, OTIPEJCIICHNE CPEIHUX
3HAaYeHUH W CTAHJAPTHBIX OTKIOHCHUH IS
CIIyJaifHBIX MOMEHTOB M W HOpPMAaJbHBIX
cuI N, IeHCTByIOIMX B 00OfeTKe.

ITockombKy aHATUTUYECKH 3TO HEOCYy-
OICCTBIMO, IPUMEHSIOT YHCICHHBIE METO-
Ol Yamme Bcero 3TO METOA KOHEUHBIX
anemenToB (MKD) mns mmockoi 3amadn
TEOPHU YHPYTOCTH C pa3OMBaHHEM BCEH
00JIaCTH BOKPYT BBIPAOOTKH Ha KOHEYHBIC
aneMeHThl. OnpenencHre BenudnH £ (- )
S () s M u N MOXKHO TIPOBOJUTH TIPH-
MEHCHHEM METOJa CTATUCTUIECKUX HCIIBI-
taHuit Monte-Kapno [16], ansg vero cie-
JIyeT TMPOBOAWUTH YPE3BBIYAHHO OOJBIIOE

B = 2)

YUCIIO UCHBITAHUNA MYTEM T'eHEPHUPOBAHUA
CIy4ailHBIM 00pa3oM YHpyTUX U IPOYHO-
CTHBIX IIOCTOSIHHBIX IOPOJ W OOAENKH U
pelleHueM KaxAbli pa3 HOBOH 3azaun
MKD, 4T0 mpakTUYEeCKH HepeaTu3yemo.
Vcnonp3oBaHne  pasiUYHBIX  CIIOCOOOB
YMEHBIIEHUs YUCIIAa MCIBITAHUM ¢ coxpa-
HEHUEM TOYHOCTHU B HaIllleM CiIydae He cIa-
caeT IOJIOKEHHE. DTy 3aady MOXKHO pe-
LIUTHh U IPUMEHEHUEM T.H. BEPOSITHOCTHO-
ro MKD (wamp. [17]). Ho ans mHOTOBapH-
AQHTHBIX PACYETOB Ha CETrONHSIIHUN NEHBb
€ro MPUMEHEHHE Hellenecoo0pasHo.

B cuny ckazaHHoro, i onpeaenaeHus
BemuunH E (- )u S () nst M u N ¢ nocta-
TOYHOW TOYHOCTBIO MPUMEHUM METOJ TO-
YEUHBIX OLIEHOK [18], cyTh KOTOpOro omu-
caHa B cTarbe Hmke. IIpu aTtoMm, BMEcCTO
nonHoro MKD noctaToyHo MCHOJIB30BaTh
JUCKPETHYI0 PACUETHYIO0 CXeMy: o0nenka
MOJICTIUpYETCS CTEp)KHEBOM CHCTEMOH, a
MaCCHB - HOpMaJIbHBEIMU K KOHTYPY 00zem-
KH YOpyTUMH omnopam# [5, 6]. as Hamux
nenel 1menaecoobpasHo 3Ty CXeMy HCHOJb-
30BaTb B (OpMe B3aMMOBIISIONINX JIe-
(dhopmaruii, mpeanoxKeHHoi B padore [7].
XapakTepHoi OCOOEHHOCTBIO METOJAa pa-
00Thl [7] sBUAgETCS MOJENMPOBAHHE Ha
KOHTAaKT€ HA4aJbHOI'O HAaNpsDKEHHOTO CO-
CTOSIHUS, CIIOKUBLIETOCS B MacCHBE K MO-
MEHTY CTPOUTENBCTBA COOPYKEHHUS. ITO
JIOCTUTAETCSl TYTEM TMpPeABAPUTEIHLHOTO
CKaTus yIPYyTrUX OIOp, CO3JaHUS B HHX
MpeIBapUTENIbHBIX HaNpsHKEHUH, COOTBET-
CTBYIOIIUX HAYaJbHBIM HANPSDKCHUSIM B
IIOPOTHOM MacCHBE.

CxaTve HOpPMAaJIbHBIX ONOpP OT JAEHCT-
BUS HAaYaJIbHBIX HANpsHKEHUH 6,0 MPOU3BO-
JUTCS HA BETUYUHY U0

Upo = Ono /Kna (3)
rae K, - ko3Gp(UIUEHT HOPMAJILHOTO YII-
PYTOro OTIopa;

Onoi = Poi + Py COS26; 4)

1

0i ZZ(TVS)(}/Hi);

p o = (1-2v4)py; -
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H; m 6; xapakTepu3yIOT MOJOXKEHHE pac-
CMaTpUBAacMOM JMCKPETHOH TOYKM I Ha
KOHType OOIENKH; y - YACNbHBIA BEC IO-
pox.

IMon melicTBHEM MpeABApPUTEIBHBIX Ha-
HpPsDKCHUH B YIPYTHX OMOpax obiernka Je-
dhopmupyetcs. [Ipu atom, nedopmupyrorcs
U CaMU OIOPHI, a HAPSDKCHHS HA KOHTAKTE
"MaccuB - o0jenKa" OmpeleNsoTcs ocTa-
TOYHBIMH HAINPSDKCHUSMHE B OITOPaXx.

Koaddunment ynpyroro otmopa K,
BBIUMCIISICTCS TI0 3HAYCHUSAM MapaMeTpOB
HOpPOJHOTO MaccuBa. IIoCKONBKY KO3(-
(UIIUEHT YIPYroro OTHOpAa HE SIBISACTCS
MaTepHalbHBIM MapaMeTpOM H, MTOMHMO
FCOMETPHUH BBIPA0OTKH, 3aBHCHT OT KOH-
burypanuu pacnpeiesieHHs Harpysok,
TOYHOE OTPEICIICHNE BO3MOXKHO TOJBKO
IUTsL TPUBHAJBHBIX CiIly4aeB. B murepaty-
pe TIpUBEICHBI MPUOIMKCHUS TSI 3TOTO
ko3 uimenHTa ang pazIUYHBIX CEYCHUH
ToHHE [8].

Hmerotcst  pe3ysbTaThl  HCCIIEAOBAHUI
JUISL CIIE/IYFOLIMX TPEX MPEATION0KEeHHUIH:

A: Koaddunuent ympyroro ormopa B
pamuambHOM HAMpPaBICHUH ONPEACIIICTCS
BBIPOKCHUEM

K =&
n Rm’
(%)
1-v
rne E,=E,———, R_=(A/nx)'?
pit f S1'V-2V2 m ( )

cpemHuil pamuyc, A — IUIOMAns BBIPAOOT-
KH.

b: B wactu koHTypa ¢ HauOOJBIICH
KPUBH3HOM paguaidbHBIA  KOA(PPHUIICHT
VIIPYrOro OTIOpa YABAaUBACTCs IO CPaBHE-
HUIO C BBIpaXeHUeM (5).

B: PaguanbHbiii KO3QQUIMEHT ynpyro-
r'0 OTIIOpA ONPECISETCS B COOTBETCTBUH C
BbIpakeHueM (5), HO Ry, 3aMeHseTcs Jeii-
CTBUTCIIFHBIM 3HAYCHHUEM pajyca B IpO-
M3BOJIEHOHM TOYKE.

CpaBHEHHE pE3yJBTATOB PacyeToOB 00-
JICTIKA TPAHCIIOPTHOTO TOHHENS HEKPYTOBOA
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dopmsl pr Eg = 100 Mu/M” 1 vs = 0,20 ¢
npeanoioxkeHusavMu A, b u B u komOuHIpo-
BaHHBIM METOJIOM, MCIHOJIB3YIOUIUM METOJ
CTepKHEBBIX ArieMeHTOB (CO) amnst 001enKu 1
METOJl TPAaHUYHBIX SJIEMEHTOB JIsl MacCHBa
ropubix mopon (MI'D), rme matpumna sxect-
KOCTH JJIsl OJTYIIPOCTPAaHCTBA UCIIONb3YeTCs
MOJIHOCTBIO, MOKAa3all, YTO I 3HAYECHHUH I1e-
pEeMEIleHHH JTydliee Corjlacke MMEeT Bapu-
anT A, T MOMEHTOB — Bapuant b, mis
HOpMAaJTLHBIX YCHITHI - BapuaHT B [8].

Takoe TMoONOXKEHUE 3acTaBiseT UC-
MOJIb30BATh JIOKAJbHBIC 3HAYCHUS IS
ko3 dunuenTa ormopa 1Mo cxeme, MpuBe-
nenHor Ha puc. 1. Ilo »aTolt cxeme Mo
BCeMYy KOHTypy Oyayuieil BbIpabOTKH C
Y4eTOM IOCJIEIOBATEIILHOTO XapakTepa
BBIEMKM IPUKJIAJbIBAOTCA €IUHUYHbIE
HOpMaJIbHbIE HAIpPSKEHUS U C NMpPUMEHe-
Huem MKD omnpenenstorcst cMeeHus
koHTypa. Hanee no dopmyie (3) ompene-
NAI0TCS 3HaUYeHus and K.

B kauectBe mpumepa ObUT MPOU3BEICH
NMoOOHBIA pacueT Al TOJHOCTBIO pac-
KpBITOTO cedeHusi. Pe3ynpraTsl IpUBEnEHBI
Ha puc. 2. Hawmyummii pe3ynpTaT maer

dhopmyna
E., 1-v,-

S

"T 2R, 1-v, 207

(6)

Kak BugHO 13 puc. 2 OTKIOHEHUE WIMe-
€T MECTO TOJBKO B 00JacTu 00paTHOTO
CBOJIa, B OCTAJIbHBIX TOYKAaX CIpaBelInBa
dhopmyna (6).

C mnomomipro MKD ObT TIpoOW3BEICH
pacyeT HanpsDKEHUH B MacCHUBE BOKPYT CO-
OpY>KeHHsI ¢ 00AETKOM ToMmuHOW 1 M amst
YOPYTHX TapamMeTpoB mopon Ej =10’
MIla u vo= 0,3, E, = 3-10* MIla u vy =
0,25. Ilo xpureputo paspymenus Kynona-
Mopa

Jo = sin@ J; + coso-c, (7
rae J; = (ox + 0y)/2,

(0,-0,f
L ®)
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Mis3,Eiv3, Vies

4

mi+4,Ei+4,Vi+4

301 Vo

onpeAessINCh 00JacTu paspylieHus. Tak
put ¢ = 0,4 MIla u ¢ = 15° (f = =8) 6yzer
HMETh MECTO pa3pylleHHe BO BCEX TOU-
KaX BOKPYT 00JeNKH, a TakKe B 00JacTAX
BBIIIE KPOBJW. B japyrom mnpeneabHOM
ciyuae mpu ¢ = =8 MIla u ¢ = 40° (f =
1,9) pazpymenrne moponsl MPOUCXOAUT B
MacCHBE TOJBKO OKOJIO ONOPHOHM Oanku Ha
COMPSDKEHUU CBOJOBOM YacTH OONENKH U
OCTaJIbHOMH €€ 4acTu.

Js paccmatpuBaeMOM JTUCKPETHOU CXe-
MBI MTOJIE3HO UIMETh COOTHOLIECHUSI IS

ompezesIeHUsI TOYeK Ha KOHTYpe, B KOTO-
pBIX OyZeT UMETh MECTO pa3pylIeHUE.

Puc. 1. K onpedenenuto 3asucumocmu Koipgu-
yuenma ynpyzozo omnopa K, (y,h) om xoopou-
HAMBL Y U 6bICOMBL BLIPAOOMAHHO20 RPOCMPAH-
cmea h

s minockoii 3aauu TEOpUU yIpyro-
CTH B TOYKEC HAa KOHTYpE BBIPAOOTKH IS
HOpPMaJbHBIX 0, W TaHTCHIHAJIHHO-
HOPMAJIbHBIX HaNpsDKEHUH oy, CIpaBel-
JuBa NpuoOMmKeHHas popmyia

_(+v)
th — E

S

[1-v)o,,-vo,]l=u, ! R.

3nmech u, — HOpMalbHBIE TEPEMEIICHUS
KOHTYypa, R — 3HaUeHHe paguyca BEIPadOT-
KH B paccMaTpuBaeMon Touke, £, — MOIyb
yIOpyroctu, vs — koadduiuent Ilyaccona
nopogasl. IlpeoOpa3zoBaHust HPUBOIAT K

CJIEYIOMIEMY COOTHOIIICHUIO:
Vv, o E,

n + 2
v, " (1n))R

Oy = n*

B cooTtBeTcTBHU CO cXeMoii paboThI [7]
Gy = 0y~ Ky, ©)

n

[IpenensHOE ycmoBue paszpyuieHus Mo-
pa — Kynona ans nopozs! ¢ koadduimeH-
TOM CLEIUICHUS ¢ M YIJIOM BHYTPEHHETO
TPEHUS ¢ IMEET BUL

o, =2ctg(d5° + ¢/ 2)+1g°(45° £/ 2)o, .

3Z[GCL HE YUYTCHbI TAHTCHIIMAJIbHBIC Ha-
MpsKCHUS B 3al1aC HAACKHOCTH.

3nak "+"
01 <0y

Torna mpenensHOE CMENIeHHE KOHTYypa
u,*, IPU KOTOPOM BO3HHKAET pa3pyllICHHE
MPUKOHTYPHBIX TOYEK OIMPEACISETCS BBI-
paxeHuem

i 0,>0, 3Hak "-" mis

* _ D __1 A
WGt e rge) o)
3nece A =2ctgy, B=1gy,
v E 0
C=2s 6B=—C Gy =450
Ty, R Y ?
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Puc. 2. 3asucumocme uzmenenus
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napamempa 2 om paccmosnus no
6éepmuKanu 6Hu3 0Jis1 NOJIHOCHbIO
packpvimozo cevenun (w; = 2/ R,

w; = @/ B, B — nponem evipabom-
Ku, w3=%/2R,, )

Mapametp Q

0 L L

cormacHo [11] MoxxHO TIpH-
OMMKCHHO 3aMCHUTH BBEIICHH-
€M CpeJHENl 3aHMKEHHOM W3-
TMOHOM »KECTKOCTH UISL BCEH
cuctemsl. [ BBeEHHOro Ta-
KM 00pa3oM MOMEHTa WHEp-
MM KECTKOH Ha M3THO KOHCT-

0 5 10 15 20

PaccTosinue no Beptukanm Y, m

B obmactsix, rme mMeeT MecTo paspy-
IIEHUE HaJ| CBOJOBOM 4YacCTbIO, B COOTBET-
CTBUM C HOpMamu [5] nelcTByeT paBHO-
MepHasi Harpy3ka OT cBojia oOpymeHwust [9].
BokoBas Harpyska Ha BepTHKaJIbHBIE CTe-
HBI ¢ KO3 PUITMEHTOM OOKOBOTO JaBIICHUS
A = tg” (45°-9" /2). TIpu sToM BBICOTA CBOZA
Oyner uMeTh pa3dpoc u3-3a CIy4aHOCTU
XapaKTepUCTHK IIOpOA, HamomoOue pac-
CMOTpEHHOMY Iipumepy B [10].

BepxHuit cBon - cOOpHBIM MHOTOIIAP-
HUPHBIH, 00XaTelli Ha mopoxy. OCHOBHas
0COOCHHOCTh KOHCTPYKIUHU - IIEHTPUPOBA-
HHE Nepefayn yCUIni. 1o obecreunBaeT-
Ci YCTaHOBKOM B paguajbHBIX CThIKax
OJIOKOB ~ yNPYTrOIUIACTUYHBIX —MPOKJIAJ0K
HNEPEMEHHON MO BBICOTE CThIKA TOJNIIUHBIL.
Kak moka3siBaeT cTaTUYECKUH pacyeT, Bce
OJIOKM BEpPXHEro CBOJA PabOTAIOT B yCIO-
BUSAX BHELEHTPEHHOIO CXKaTHs. 3Ha4YeHHE
SKCLEHTPUCUTETAa HMEET CIIydyalHbId Xa-
pakrtep, Kak 1oka3aHo B padore [13] mis
YCIIOBUM OZHOMNPOJIETHBIX CTAaHLIMHA METPO-
OJIUTEHA.

IIpu npoBeaeHUM mpenBapUTEIbHBIX
pacueToB BIUSHHUE MOHMKEHHOH >KEeCTKO-
CTH KOHCTPYKIMH BEPXHEro CBOJA Ha U3-
rud B MECTE COEJMHEHUS JBYX CETMEHTOB

24

PYKIIMM B yKa3aHHOH paboTe
JAHO CIIEIYIOIIEe BhIPAKEHHE
C YYETOM YHUCIIa CETMEHTOB:

25

4
I =1, +I”(H)2’I <l,n>4,

rae I — cpenHuii MOMEHT MHepuuu; [; —
MOMEHT WHEpIIUH O0JIACTH CThIKA; [, — MO-
MEHT WHEPIMH HOPMAJIbHOTO CEYEHUS; 11 —
YUCII0 OJIOKOB.

IIpu xonmuecTBe OIOKOB B CBOJIE (Kak
MHOTOIIAPHUPHON CUCTEMBI C UJIeaTbHBIMU
IapHUPAMH )

n 22144,

uX aepopMaIisiMA OT HM3THOAIOIINX MO-
MCHTOB U HOPMAJIbHBIX CHUJI B IICPBOM IIpH-
OMM)KEHUU MOXHO TIpeHeOpedb, T.e. pac-
CMaTpUBaTh MX KakK JKeCTKue. 31ech fr -
OTHOCHUTENBHAS  JKECTKOCTh  TOPOJHOTO
MaccHBa, paBHas fr = ESR3/Eb[n, Es - mo-
IyJb YIPYTOCTH MOpoAd, R — paanyc cBoza
BEIpa0OTKH, E)— MOIYNB YIpyrocta OeTo-
Ha oOjenku. PacueTr HampaBieH B JTaHHOM
cllyyae TOJBKO HA PACCMOTPEHHUE BIIHSHUS
MHOTOIIAPHUPHOTO CBOJAa HAa IIOBE/ICHHE
OCTaITBHOM YacTH 00IEIKH.

Jnst ©onee TOYHOrO ydera KOHEYHOTO
3HAYCHHUS KECTKOCTH CThIKA OTHOCHTEIILHO
MMOBOPOTOB U JIMHEHHBIX JehOpMaIHid clie-
JIyeT WCIOJIb30BaTh 3aBUCHMOCTH, HUMEIO-
niiecs, Hanpumep, B padorax [11, 12]. Ha-
JMYME HEONPEJCeICHHOCTeH B MOBEICHHUE



Puc. 3. Pacnpedenenue gepoamuo-
cmeil 014 X; U Xy U IKGUBAICHM-
Hble moueuHble OUeHKU

CTBIKOB nenecoodopasHo
y4eCTb, HCHOJB3YS METOIUKY
pabotsl [14].

Yder MmOATaTHOCTH pac-
KpbITHs cede-Hus [15] mpous-
BOJUTCSL MyTEM CHSTHUS YIIPY-
THX OIOp CO CTOPOHBI pa3pa-
0aTBI-aeMOr0 MacCHBa MOPOI.

Omnpenejienne mapamMer-
POB Ha-eKHOCTH 00/1JIKH

[Ipu oneHke HaEKHOCTH C
OMOIIBI0 HHAEKca Oe3ormac-
HocTHu [ (dhopmyna (2)) BeIMYUHBI, BXOAA-
[IMe B BBIPAKEHHE A1 QYHKIUU MPEIeib-
HBIX COCTOSIHMU g (X] ,..., X,) pacCMaTpH-
BaIOTCA Kak ciydaifHele. [Ipm 3amaHHOM
Habope COBMECTHO pacHpeeNieHHBIX CITy-
YaifHBIX TIEPEMEHHBIX X = (X ,..., X;) , BXO-
IIOIUX B BBIpXCHUE s (QYHKIUH TIpe-
JIEJIbHBIX COCTOSIHUM, WIIETCS OLIEHKa pac-
npeaeneHus s 3Toil pyHkuun. ITapamer-
PHI X ,..., X, OTIPEIEISIIOTCS X CPEIHIMH,
K03 huIIeHTaMu Bapualui, aCHMMETPHU
U KOPPETIALHH.

[Tpu BBrUMCneHNH g (X ,..., X,) TpeOy-
eTcs MPOM3BECTH OIICHKY pacIpeeICHUs
(YHKOUH HECKONBKUX aCHMMETPHYHBIX U
B3aUMHO KOPPEIHPOBAHHBIX CIy4aiHBIX
nepeMeHHbIX. METOZ TOYEYHBIX OIICHOK
(MTO) [18] mpencraBisier ymoOHBIA st
9TUX uenei noaxon. CinyyaiiHble nepeMeH-
HBIC OIMCBIBAIOTCS HAOOPOM JHUCKPETHBIX
3HaYeHHI (TOYCYHBIC OICHKH), KaXKJas U3
KOTOPBIX CBsI3aHA C OIPEICICHHBIM 3Haue-
HUEM BEpPOATHOCTH. MOMEHTHI 3aBUCUMON
CITy4aifHOW MepeMeHHO! g () BEIUUCIIAIOTCS
IyTeM psiia PacueToB C y4eTOM KOMOWHa-
Ui TOYCYHBIX OLCHOK. Hampmmep, mis
JIBYX TIEPEMEHHBIX X|, X; UMEEM YEeThIpe
TOYCYHBIC OIEHKH: X+ ,X|_ , X2+ , X. CO 3HA-
YEHUSIMA  KOHLIEHTPAaIlMi  BEPOSTHOCTEH
Pyi+, Pyi., Pyo+ , Pxy., Kak BUIHO U3 puC. 3.

Iy

KonnenTtpanuu BeposTHOCTEN IS X| U
X, SIBISIIOTCS KpastMH JUCKPETHOTO JIBY-
MEpHOTO pacIpeiesieHus], COCTOSIIETO W3
YETBIPEX TOUYCYHBIX OIEHOK M KOHIICHTpa-
mui. Tam, Toe x| U x, HE3a-BUCHUMBI, CO-
BMECTHbIE KOHIICHTpAIMH MOJIyYaroTcs My-
TEM YMHOXEHUS KPaHIX 3HAYCHUI:

Px1*,><2* = (Px1* XPXZ* )’ Px1*,x2' = (Px1* przf )
U T.I.

OTH paBeHCTBA YJOBJETBOPSIOT IBYM
HEOOXOIMMBIM YCIIOBHSIM: KOHIICHTPAIHH
BEPOSITHOCTEN CYMMHPYIOTCSI 10 €IUHUIIBI
U COOTBETCTBYIOILME KOHLIEHTPALUU CyM-
MUPYIOTCS 10 KpallHUX 3HAYCHUH.

Tam rae x; 1 X, KOppelIupOBaHHBI C KO-
3G HUIUCHTOM KOPPEISAIMH  p, TPUOIIH-
JKCHHBIE KOHLIEHTPAIlU1 UMEIOT BUJL

Px1+,x2+ = (Px1+ XPx2+)+p/ 4 ;

Px1+,x2- = (Pxpr )(sz_ )-p/ 4 5
Px1-,x2+ = (F>><1-)(Px24r )'p /4 )
Px1-,x2- = (Px1-)(Px2_)+ p/ 4 .

MaremMaTu4eckoe OXHIAHUE VI IPO-
W3BOJIBHOW ciyuaitHoi dyHkmu f (X ,...,
X,,) JaeTcsi BBIpAXKCHUEM

Elf]= Z(fx”..,xn IH (Py s,

f

(11)

Hampumep, 111 4eThIpeX NEpeMEHHbBIX
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E[f ] = (fx1+,x2+,><3+,x4+ XPx1+,x2+ xPx3+,><4+ )+
+(fx1+,x2+,x3+,><4- XPx1+,x2+ XPX3+,><4- )+ -t (12)
+(fx1-,x2-,x3-,x4- XPx1-,x2- XPX3-,>(4- )

Hpyrumu  cnoBamu, E[f] BeMHUCIACTCS
IUTS KKIOW KOMOMHAIINH TOUYCYHBIX OLICHOK
f v B3BeLIMBaeTCs MMyTeM YMHOXKEHHS Ha CO-
OTBETCTBYIOIIICE 3HAYCHHE BEPOSTHOCTH.
OTH B3BEIICHHBIC COCTABILIIONINE 3aTEM
cymmupytorest. [lomyuenue Beipaxenust (12)
Tpebyer 4" pacueTos.

PaccMoTpuM mpocToil BapuaHT He3aBU-
CHMBIX TIEPEMEHHBIX, KOT/Ia KOHIIEHTPAINN
BEPOSATHOCTH OJAMHAKOBHI U paBHBEI 1/2.

PaccmoTpuM 1Be pyHKIMU (MX MOXKET
ObITh U Oomnbiie) F u G oT N ciay4dailHBIX
IIEpEMCHHBIX. 3a7ada COCTOUT B TOM, UTO-
OBl OIpeNIeNUTh CpeaHne 3HavueHus E(F) u
cTaHjapTHele OoTKIOHeHHsT S(F) (cM. Tab-
JULLY).

Ecmn paccmarpuBaTh HEKOppEIHpPO-
BaHHBIC IMapaMETPHl, HMEIOMINE CHMMET-
puunsie pacrpeaenenuss MTO cocrout u3
CIIETYIOIUX ATATOB:

1. JIma kaxaoro mapameTpa Xi, BXOJs-
OIMX B Ka4eCTBE MEPEMEHHBIX B F, BBHIYHC-
JSIFOTCS] TOUCYHBIE OIICHKH:

Xe = E(X)+S(X, ) X =E(X, )= S(X,).
(13)
2. BsimmcsBatorest 2" MIEPECTAHOBOK
TOYEUYHBIX OIIEHOK IapaMmeTpoB, rae N-
YHUCIIO CIIyYalHBIX TEPEMEHHBIX:

1< k < N. Hammpumep, st N = 4 maccuB
U3 TIEPECTAaHOBOK IIOKA3aH B Ta0OnuIe.

3. Beluucnsercs ciy4aiHas (QYHKLIUS
P B Brje TOUCUHOM OIEHKH [T KaXIO0M
CTpOKH (TIEpecTaHOBOK), Tne j, k, [, m = +
WK - 0003HAYAIOT 3HAKHU, KOTOPBIE CTOAT Y
napaMeTpoB — CIIy4alHBIX MEPEMEHHBIX
X.

4. BEIYHCTSIOTCS CIIETYIONIHE CYMMEI:
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k 1 2 3 4=N
1 + + + +
2 - + + +
3 + - + +
4 - - + +
5 + + - +
6 - + - +
7 + - - +
8 - - - +
9 + + + -
10 - + + -
11 + - + -
12 - - + -
13 + + - -
14 - + - -
15 + - - -

16=2N - - - -

[pumeuanue: 3HaK "+" COOTBETCTBYET X , ,

nn

3HaK "-" COOTBETCTBYET X .

2N 2N
wm(F)= 2 F ", S, (F?)= (F*"}.
t=1 t=1

(14)
5. CpenHee 3HaUeHHWE W CTaHAAPTHOE
OTKIIOHEHHE (QYHKUIWU F JarTcs Clieayro-
LIMMH BBIPaKECHUSIMU:
S, (F
e(F)= =l
S(F)=+/D(F). (15)

6. KoBapuaruu senmuuud F' 1 G BbIUHC-
JISTFOTCS M3 CIICTYIONIETO BHIPAKCHUS:

Cov (F, G) - ZFJkIm ZGJkIm . Z(F ]kImijlm) '
@' 5

o(F)- 2 e )T

(16)

7. Koaddumnment xoppemisuuu 7r; Ha-

XOUTCA 0 (hopMyIie
_ cov(F,G)

= : 17
= S(F)S0) (17)



Kosddumuentsl  4yBCTBUTENBHOCTHU
OTHOCHUTEIILHO  IapaMeTpoB, Ompene-
JSIOMMUX HANEKHOCTh (T.H. TapaMeTpH-
geckue KOA(PQOUINCHTH YyBCTBHTEIHHO-
CTH), JAIOTCS MPOU3BOAHBIMU [ MO Mapa-
METpy pacupeqeneHus au0o Mo KaKkoMy-
T100 NETCPMUHUPOBAHHOMY IIPOCKTHOMY
napametpy. Takue Kod3()PUIUEHTH YyB-
CTBUTCNIBHOCTH OYEHb IOJIE3HBI MIPH IPO-
SKTHPOBAHHH, KOTAA >KEJIATeIbHO MMETh
3alaHHyI0 HaJe)KHOCTh. DOpMyNBl miIs
OPOU3BOJHBIX MHJEKCa 0€30MacCHOCTH
HEPBOro MOpSAKA MO MapamMeTpy JaHbl B
[16].

B Hamem ciydae K03(hQHIHEHTHI YyBCT-
BUTEIBHOCTU OLIEHKU HaJIeKHOCTH TIPH Jie-
TEPMUHUPOBAHHOM 3HAUCHHH HEKOTOPOr'o
nmapametpa [19] ompenenstoTcss TOIBKO IS
OJTHOTO BHJA TPENCITLHOTO COCTOSHMS. 3HA-
YeHus] 9TUX Kod(h(UIMEHTOB HalOT 3HAYH-
TETIbHYIO JOINOTHUTEIbHYI0 HH(POPMAIHIO O
BCPOSITHOCTH OTKa3a W MapaMeTPUICCKUX KO-
s¢unmentax dyBcTBUTENBHOCTH. Koaddu-
IIUEHTHl YyBCTBUTEILHOCTH OLICHKU HaJeHk-
HOCTH TIPH JICTCPMHUHUPOBAHHOM 3HAYCHUH
HEKOTOPOTO IapaMeTpa JAr0T 3HAYCHUS OT-
HOCHUTEJIbHOM OIIMOKM AJISi OLEHKU MHICK-
ca HaJeKHOCTH B TeX CIydasx, KOrjaa Ka-
Kasg-TM00 W3 OCHOBHBIX IIEPEMEHHBIX 3a-
MEHSIETCS e¢ NeTCPMUHHUPOBAHHBIM 3Haue-
HueMm. IIpy 3aaHHONM TOYHOCTH OLIEHKU
UHJIeKCa Oe30MacHOCTH YHCIIO TIEePEeMEH-
HBIX B BEPOSTHOCTHOH MOZETH YacTo Cy-
OICCTBCHHBIM ~ 00pa3oM  MOXET  OBITh
YMEHBIICHO IPU 3HAHUH KO3(PPHUINESHTOB
YYBCTBUTCIBHOCTH OLEHKH HAJEKHOCTU
IpH JETCPMHUHHPOBAHHOM 3HAUYCHUHU He-
KoToporo mapametpa. s mpobiiem Ha-
JEKHOCTH C OOJBIIMM KOJHMYECTBOM OC-
HOBHBIX IIEPEMEHHBIX TAKOE YMCHBIICHUE

SIBISICTCS HEOOXOJMMBIM YCIIOBHEM MpPH
IPOBEJICHUH PaCUCTOB.

Kosgppuyuenm YY6CMEUMENbHOCMU
7 (Xif) OIICHKM HAaJIe)KHOCTU TpU JIEeTep-

MHUHHMPOBAaHHOM 3Hauy€HUU HEKOTOPOH
OCHOBHOH TEepeMEHHON Xi OmpenemseTcs
Kak oOpaTHOE OTHOIIEHUE 3HAYEHUS WH-
JieKca HaJEeKHOCTH IEPBOTO TOpSaKa U
3Ha4YEeHUS] MHJAEKCAa HaJEeKHOCTU IEPBOTO
MOPSAIKA, BBEIYUCICHHOTO TMPH 3aMEHE Xi
Ha JIETEPMHHMPOBAHHOE 3HAYEHHE X, ,

Yale BCero Kak ee CpeJHee 3Ha4YCHHE L
[19]. C momomsio 3TOr0 KO3(pPuLIHEHTA
HETIOCPE/ICTBEHHO OIPEAENSETCS OTHOCH-
TenbHAs  OMMKOKA, BO3HHUKAIOIIAs  OT
YMEHBIICHHST KOJIHYECTBA OCHOBHBIX IIe-
pemeHHBIX. [lpm mpUMeHEeHMHM WHIEKCa
HaJIe)KHOCTH HEPBOTO MOPsIKA B 3aBUCH-
MOCTH OT TpeOyeMOd TOYHOCTH YHCIIO
OCHOBHBIX IE€pPEMEHHBIX, M COOTBETCT-
BCHHO, BBIYUCIIUTCIIbHBIC 3aTPAaThl, B JIIO-
OOM cilydyae MOTYT OBITh 3HAYUTEIHHO
YMEHBUICHBI.

Jnst He3aBHCHMBIX OCHOBHBIX IIepe-
MEHHBIX KO3()(UIIMEHT 4yBCTBUTECIHBHOCTH
OyZIeT paBeH

ﬂ(xj :;Uj): 1
B \/1-aj2 .

Torma oObIgHBIE KOA(POUIMESHTHI YYB-
CTBUTENBHOCTH o; [16] ompemensrorca us
BBIPQKCHUS

1

—_— 2_ —_
a, = j1

Vi

7)) = (18)

(19)

n
C OOBIYHBIM YCIIOBHEM Zaiz =1.
i=1
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