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Tema 1. BBeaenue u o01ue nojaoKeHus

Jexkuyua 1. Uctopusi pa3BUTHSI BEPOSITHOCTHBIX METOJOB pacyeTa.
JleTepMHMHMPOBAHHbIE U BEPOATHOCTHBIE MeTOAbI pacuera. UX cpaBHeHme,
3agauyd U Meroabl. IlpeamochlIKH W MareMaTHYeCKHMH ammapar,
HCIO0JIb3yeMble B BEPOSITHOCTHBIX METOAAX pacyera

CrpoutenbHass MEXaHMKAa KaK Hayka O IIPOYHOCTH, JKECTKOCTH M
YCTOWUYMBOCTU COOPYKEHUH, HAXOASAIIMXCSA IOJ Pa3Iu4YHBIMUA BO3JEHCTBUIMM,
BbIIETIIIaCh U3 0OIIell MexaHuku Onmarogapst paboram I. Ianunes. DOt1o He
O3Hau4aeT, YyTo A0 €ro padoThl, MOCBALIEHHOW pacyeTy Kopllyca KopaOis Ha
IIPOYHOCTh, YEJIOBEYECTBO HE HMMEJIO B CBOEM pACHOPSLKEHHH KaKUX-JIHOO
3HAHUW ¥ METOJIOB CTPOUTENBLCTBA. HO 3TH METOIbI, OCHOBAHHBIE HA UHTYULIUN
U TI€YaJbHOM  OIBITE OOpYIIEHH HEYyJauyHO BBINOJIHEHHBIX COOPYKEHUH,
MIO3BOJLUIA €II€ B JAPEBHOCTUM CO3JaBaTh JIOJTOBEYHBIE TIPAHAMO3HBIE H
COBEPUICHHBIE B KOHCTPYKTHBHOM HWCIOJHEHUM TAMSATHHUKU apPXHUTEKTYPBI.
Crporuil Hay4HbI OIXOJ K PELICHUIO 3a1a4, XapakTepHslid 1 XIX cronerus,
U pPa3BUTHE METOAOB MaTEeMaTHYECKOM (PU3HKH, CHJIBHO MOTECHUIH
UHTYUTUBHBIE METOJbl, HO HE MOIJIM HCKIIOYUTh HEOOXOIUMOCTh Y4YeTa
CIIy4allHOT'O XapakTepa MHOI'MX I1apaMETPOB PACYETHBIX MOJECIIEW Ha CTaguu
IIPUHATHS U OLICHKH HAJIE)KHOCTH PELLICHUN IPU POEKTUPOBAHUU COOPYKEHUM.

PeasibHOE COOpYyKEHUE U €0 YCIOBUS SKCIUTyaTalMy OTINYAOTCs OT Uiea-
JIM3UPOBAHHOM PACUETHOM MOJEIM WM YCJIOBHUM, PaCCMaTPUBAEMBIX Ha CTAJUU
npoekTupoBaHusd. PakTUYeCKue HaNpsLKeHUs, AedopMaluu U MepeMelleHUs
ABJISIFOTCS. CIIyYaWHBIMH BEJMYMHAMHU M3-3a CIYYaWHOIO XapaKTepa BHEIIHHUX
BO3JICMCTBUM, TPOYHOCTHBIX U Ap. BHEMHUX ycioBuil. I1o3TOMYy Hage:KHOCTH
pe3yJIbTAaTOB pacyera M, B KOHEYHOM cuYeTe, KOHCTPYKIUH, A0JKHA ObITH
ompeJejieHa ¢ IOMOIULI0 BEpPOSITHOCTHBIX METOAOB CTPOMTEILHOM
MEXAHUKHU C IPUBJICYCHUEM METOJ0B TEOPUH BEPOATHOCTEIA.

OOBIYHBIN NOIX0/ K paCYeTy KOHCTPYKIIMI COCTOUT U3 JBYX 3TaIlOB.

1. Jna 3amaHHOM pacyeTHOM MOJCIM BBIUUCISAIOTCS HANPSKECHMUS,
nedopMaul M TEpPEeMEIEHUs B AJIEMEHTaX KOHCTPYKIMH, MOJABEP>KEHHBIX
JNEUCTBUIO Pa3JIMYHBIX BHEIIHUX HArpy3oK. OJTa 3ajada pelaercs METOJaMU
CTPOUTEIIbBHOM MEXaHHUKH, TEOPUU YIPYTOCTH, TEOPUM IIJIACTUYHOCTH WU T.A.
Takoi Moaxoa Ha3bIBACTCs AeTEPMHUHUCTHYECKHUM.

2. BbluncneHHble  BETMYMHBI  COIMOCTABIAIOTCS C  HOPMAaTHBHO
JONyCTUMBIMU 3HaueHMsMuU. [Ipu sTOoM pemaercsa 3amada  HaAACKHOCTH,
JOJITOBEYHOCTH M SKOHOMUYHOCTU KOHCTPYKLUMH. OOBIUHO IJISi PEUICHUS! 3TUX
3a1a4 CHAyaja MCIOJb30BAJICS METOA JAONMYCKAEMBbIX HANPSKEHUN I
onpeneneHus kodhduireHToB 3amnaca npoyHocTyd. OH 3aKII0YajIcs B TOM, YTO
JUISL IF0OOTO BOJIOKHA KOHCTPYKLIMU JJOJDKHO ObUIO BBITIOJIHSTHCS YCIOBUE

k'S < Siom (1.1)
rae S,; — JAOMycKaemMoe HampsoKeHHEe; S — HampshkeHHE B BOJIOKHE,
OIpeIeNIIeMOe METOJJAMH CTPOUTEILHON MEXaHHKH; K — Koa(dUIMeHT 3anaca.



B 1930-¢ roapl mo pa3iMyHBIM CHOPHBIM BOIIPOCAM, CBS3aHHBIM C
BEPOSATHOCTHO-CTATUCTUYECKUM  TPEJICTABIICHUEM CHETOBBIX M  BETPOBBIX
Harpy3o0kK, MPOSBWINCH CYHIECTBEHHBIE MPOTHUBOPEYMS METOJIa JIOMYCKAEMBbIX
HaIpsHKeHUH Npu onpeieIeHuu Ko OUIIMEHTOB 3anaca NpOYHOCTH.

B 1945 rogy meron nomyckaeMbIX HAIpPsHDKEHUN YCTYIHII MECTO IPYTOMY
METO/Yy, CHUMABIIEMY YAaCTHYHO 3TH NPOTUBOPEUHS, U IOIYYUI Ha3BAHHE
«MeTtoa mpeaesbHBIX COCTOsIHMIN. OOmuili ko3 duimeHT 3anaca ObLT pac-
YJIEHEH Ha TpH KO3 UIMEHTa: OJHOPOJIHOCTH MaTepuaa, meperpy3Kku U ycio-
Bui paboThl. Takum 00pa3oM, BEpOSITHOCTHAS OlleHKa 00X KO3(h(UIINEHTOB
3amaca MPOYHOCTH OblIa pacuji€eHEHAa Ha TPU HE3aBHCHMBIX OLEHKH, YYHTHI-
BAIOIIMX PA3MYHYI0 HW3MEHUYMBOCTh ITPOYHOCTHBIX XapaKTEPUCTUK Mare-
pUaNioB, BEIMYMH U Xapakrtepa Harpy3ok. Ilpu 3TOoM mnpeamonaraioch, 4to
B PAacCwICHEHHOM BapUaHTE pEIICHUE HEONPEIEICHHOCTEN OyaeT TodHee.
B 1955 rony meron, 6narogaps paboram H.C. Ctpenenxoro, OblT BKIIOUYEH B
«Ctpoutensubie HOpMbl W mnpaBwia CCCP» u B JanpHEWIIEM YCOBEp-
IICHCTBOBAH: CUCTEMa pacyYeTHBIX KOA(h(PUIIMEHTOB OblIa paciiupeHa 0 MSATH.
910 K03 (DULMEHTH HAAEKHOCTH MO HArpy3ke — y,, 0 MaTepualy — 7, ,

110 HA3HAYEHUIO — 7, , IPM pacyere 0 BPEMEHHOMY CONPOTHUBJICHUIO — 7, U
k03¢ uHeHTHI yCIA0BHIT padoThI — J, .

B Teopum BeposATHOCTEN TIaBHAs 3ajJada — 3HASl COCTAB I'€HEPAJIbHOM
COBOKYNIHOCTH, W3Y4YUThb paclpelejieHusi [JIA COCTaBa  CJy4ailHOM
BbIOOpPKH. [lonyueHne 3akoHa pacHpeAesieHUs CIyYallHbIX BEIUYUH — 3TO
npsMasl 3a7adya TEOpUM BEPOSATHOCTEH.  I'eHepajibHasi COBOKYIHOCTH —
COBOKYITHOCTb 3JIEMEHTOB, YIOBJIETBOPSIOIINX HEKUM 3aJaHHBIM YCJIOBUSAM
(uMeHyeTcsl TakKe M3ydaeMOil COBOKYITHOCTBIO), COCTOHMT M3 BCEX OOBEKTOB,
KOTOpbIE TMOAJIekKAT M3YyYEHUIO0. OTO MOryT OBbIThb JHUCKPETHBIE WJIH
HENpEephIBHBIE B 3aJlaHHOM MHTEpBaje WM Ha OECKOHEYHOCTH CIydaiHbIe
BeqnunHbl.  COCTaB reHepajibHOM  COBOKYNHOCTHM 3aBUCUT  OT  IIEJIEH
ucciaenopanus. Ilpumepamum AJie  JUCKPETHBIX BEIWYUMH MOTYT  OBIThH
OuHomuasbHoe pacnpeneaenue (bepuymnam). Hanpumep: & — koamuecTtBo
«YyCIIEXOB» B IIOCJIEAOBATEIBHOCTM M3 # HE3aBUCUMBIX  CIIy4alHBIX
DKCIEPUMEHTOB, TAKMX YTO BEPOSITHOCTh «YCIEXa» B KaXIOM H3 HUX — P .

g=l-p_ BEPOATHOCTH «HEYCIIEXa».
3akoH pacrpeeneHus: £ UMeeT BU:
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31eCh BEPOSATHOCTH HaXOIATCs 110 (popmyite bepHyiim:
-k "
P{X=k)=Cip"(1-p)" =Cip'd™™" (1.2)

XapaKTePUCTUKU: M(X)=np D(X)=npg o=jupq. (1.3
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JAuckpernoe IlyaccoHOBCKOe pacnpeae/ieHue MOJACIUPYET CIIyYalHYHO
BEJIMYMHY, MPEJCTABISAIONIYI0 COOOM YHCIO COOBITUH, MPOU3OUICANINX 32
(bUKCUpOBaHHOE BpeMs, MPHU YCIOBUHU, YTO JAHHBIC COOBITHS MPOUCXOIAT C
HEKOTOpOH (DPUKCUPOBAHHON CpeHEH MHTEHCUBHOCTHIO U HE3aBUCUMO JPYT OT
npyra. Hanpumep: yncio ona3aplBaloluX Ha 3aHATHUS CTYJIEHTOB 32 HEJIEIO.

KaXXa10M

[pu ycnopuu # — U, # =@, up — A = const 3axon pacnpenenenus [lyaccoHa
BEPOSTHOCTh ¥ COOBITHS A B HCTIBITAHUN
pacnpenenenus [lyaccoHa Ha3pIBalOT YAaCTO 3aKOHOM PEJIKUX SIBJICHUM.

Psn pactipenenenus:

ABJIACTCA NPCACIbHBIM CIIydacM OMHOMHMAJILHOTO 3aKoHa. Tak Kak IIpu 5TOM
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Iloka3aTesibHOE pacnpeneeHue (HempepbIBHOE)

DKCMOHEHIMANIBHOE WJIM [OKAa3aTeIbHOE paclpesiesieHne — aOCOIIOTHO
HEMPEPBIBHOE  paclpelesieHue, MOJCIUPYIONIEEe BpeMs MEXAYy JByMs
MOCJIeIOBATEIbHBIMUA CBEPIICHUSMH OJHOTO U TOTO K€ COOBITHSL.

[1moTHOCTE pacnpeneeHus:

- { 0, x<0
pL)= =A%
/?.'é‘ R ..'-’f:_:'[:], F,Z[Cﬂ?':' (1.6)
M(X)=2 D(x)=2 o=]
YHuciioBble XapaKTEpUCTUKMU: A, A%
[110THOCTB pacupeaesIieHUs IPU PA3INYHBIX 3HAaYeHUAX A = 0.
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PaBHoMepHOe pacnipeesieHue (HenmpepbIBHOE)

PaBHOMEpHBII 3aKOH paclpeieNieHus] UCTIONIb3YeTCs IPH aHAIU3€ OIUOO0K
OKPYTJICHHsI TIPU TIPOBEIECHWU YHCIOBBIX pPacueToB (Hampumep, OIInOKa
OKpYTJICHUS] 4YHuCla J0 IeJIOr0 pachnpesesieHa paBHOMEpHO Ha otpeske [-0,5;
0,5]), B psame 3amady MaccoBOTO OOCTY>KHMBaHHS, IPH CTAaTUCTUYECKOM
MOJICTMPOBAHUU HAOJIOICHUI, TOTYUHEHHBIX 33JJaHHOMY paclpe/IeJICHUIO.

[1m0THOCTE pacnpeneeHus:

=05
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0 X =
plx) = Py a=x=h
0 x=b (18)
]
_ B
Mx)=22 D(;{):M a=2"2
YucaoBble XapaKTEPUCTHKU: 2, 12, 243 (1.9)

['padvik TIIOTHOCTH BEPOATHOCTEH CIIETYIOITHHA:
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HopmanbHoe  pacmpegenenue  wiad  pacnpeaenaenue  I'aycca
(HenmpepbIBHOE)

HopmanbHOE pacnpenencHue, TakKe Ha3bIBAEMOE PacCIpeeICHHEM
["aycca, — pacupeneneHue BEpOATHOCTEN, KOTOPOE UIPAEeT BAXXHEHIIYIO POJIb BO
MHOTMX 00JIaCTAX 3HAHMM, OCOOEHHO B (Qu3uke. Puznyeckas BeIMYUHA
MOAYMHAETCS HOPMAIbHOMY PaCIpeACeICHUIO, KOI/la OHA IOABEP/KEHA BIIMSHUIO
OTPOMHOTO HYHCJIa CIIy4YaWHBIX ITIOMEX. fICHO, 4TO Takas CUTyauus KpauHe
pacIpoCTpaHeHa, MO3TOMY MOKHO CKa3aTb, YTO M3 BCEX PACHPENCICHHUU B
IIPUPOJIE YAl BCETO BCTPEYAETCS MMEHHO HOPMAJIBHOE PACHPENEIICHHE —
OTCIOJIa ¥ ITIPOU30LUIO OJHO U3 €ro Ha3BAHUM.

[1m0THOCTE pacnpeneIeHus:

1 (;c—.::n:]2

¥ [x} = gxp | ————
UHCIIOBbIC XaDAaKTEPHCTHKI: X (X)=a D(X)= OJ, o= (1.11)
[IprMep MIOTHOCTH PaCIIPeICICHUS CIICAYIOIIHIA;

f(x)

09 p=0,0,=10
p=0,07=50
08 F p=-2,0"=05
07 F
06
05
04 b
03 F

02 F

0.1 pF

% & @ @ 4 8 ¢ & A 4 .«(X)
HopManbHbIl  3aKOH  pacnpeieieHHus  CIIydYallHOM  BEJIWYUMHBI  C
napamerpaMu @ =0 ¥ d=1Ha3pIBACTCA CTAHAAPTHBIM WJIM HOPMHUPOBAHHBIM, a

COOTBETCTBYIOIIAsl HOpMaJibHasi KpUBasi — CTAHAAPTHOW WJIM HOPMUPOBAHHOM.

5
@(x) = LIE_FHdﬁ
Oynkuus Jlamnaca Ve g : (1.12)
BeposTHOCT TONMamaHusg HOPMAJbHO  PACHPEACICHHOW  CIy4auHOU

BEJIUYMHBI X B 3aJaHHBIM MHTEPBAII L £)

P(ﬁ{X{ﬁ):@(ﬁ_a]—@{&_a]
o

&

(1.13)
BepoATHOCTh  OTKJIIOHEHHMSI HOPMAJIBHO PACIHpPENEICHHON CIly4yalHOU
BEJIMYMHBI X HA BEJIMYMHY J OT MAaTeMAaTUYECKOro OXHAaHus (110 MOZYJIIO)

&
FllX- =23 —
(4-al<o (g] (1.14)



Korna m3BecteH cocraB BBIOOPKH W 10 HeMy Tpelyercsi
onpenenTh, Kakoil ObljIa reHepajbHasi COBOKYIHOCTbL — 3TO OOpaTHasi
3ajla4a MaTeMaTH4YecKO craTucTUKM. Uy, TouHee, B TEOPUHM BEPOSTHOCTEM
MBI, 3Hasl PUPOJIYy HEKOTOPOTO SIBJICHUS, BBISICHSIEM, KaK OyayT BecTH ceOsl (Kak
pacrpesiefieHbl) T€ WM HHbIe U3y4aeMble HAMH XapaKTEPUCTHKH, KOTOpHIE
MOXHO HaOMIOJaTh B OKCIOEpUMEHTaX. B MaTeMaThyecKkoil CTaTUCTHUKE
HA000POT — UCXOMHBIMU SIBIISIIOTCS SKCIIEPUMEHTAIBHBIC JaHHBIE (OOBIYHO ATO
HAONIOACHUS HaJ CIydyalHBIMH BEJIMYMHAMHU), a TpeOyercs BBIHECTH (C
ONpeaeIeHHOM BEPOSITHOCTBIO) TO WM MHOE CYXKJIEHHE O MPUPOIE
paccMaTpUBaEMOT0 SIBJICHUS.

OcHOBHbIe TIOHATHA ¥ 32Ja4Yd BEPOSITHOCTHBIX METOJ0B
crpouTeibHOM Mexanukn (CM)

Haoescnocmp — cBONCTBO 00BEKTA COXPAHITH BO BPEMEHU B YCTAHOBJICH-
HBIX Mpelerax 3HAYEHUsS BCEX IMAapaMETPOB, XapaKTEPU3YIOMIMX CHOCOOHOCTH
O0OBEKTa BBINONHATh TpeOyemble (DYHKIIMM B 3aJJaHHBIX PEXUMAX U YCIOBHIX
NPUMEHEHUS, TEXHUYECKOr0 OOCITYKMBaHUS, PEMOHTA M TPAHCIIOPTUPOBAHUSI.
WNHaue, Hadeicnocms — 3T0 yCTOWUYMBOCTh Ka4eCTBA IO OTHOIIEHUIO KO BCEM
BO3MOXHBIM BO3MYIIEHHUsIM. HanexHocTh ompenensercs KOJUYeCTBEHHBIMU
noKa3aTelsiMi  (MPOMEKYTOK BPEMEHH, 4YHCIO pabouux IUKJIOB, YHUCIIO
KHUJIOMETPOB U T.1.).

B 3aBHCHMMOCTH OT Ha3HAY€HHsI CUCTEMBI M YCJIOBHH €€ JIKCILTyaTaluu
HAJEKHOCTh BKJIFOYAET pa3nu4HbIe CBOICTBA! 1) 6e30TKa3HOCTS;
2) MOJATOBEYHOCTD; 3) PEMOHTONPHUIOAHOCTD; 4) COXPaHSIEMOCTh U JIIOOBIE HX
COUYETaHUS.

be3omkaznocmes — BEpOATHOCTh 0€30TKAa3HOM pPabOThI KOHCTPYKLHMH 32
OIpEENICHHBI TPOMEKYTOK BPEMEHHU.

Jlonzoeeunocmp — BEpOSTHBIN MPOMEXKYTOK BpEMEHU O€30TKa3HOM pabOThI
KOHCTPYKIUH.

Pemonmonpuzoonocms — BEpOSITHOCTh TOTO, YTO HEUCHpaBHAas CHUCTEMa
MOKET ObITh BOCCTAHOBJICHA 32 3a/IaHHOE BPEMSI.

Conep:xaHue TeopuM HAMEKHOCTH — pa3pabOTKa METOAOB OLIEHKH
HAJIGKHOCTH CHCTEM M CO3JaHHME CHCTEM, OOJIaJalouIuX 3aJaHHBIMU
NOKAa3aTeJIIMU HAJIEKHOCTH U TOJITOBEYHOCTH.

3ajaum pacyera HA HA/IEKHOCTD.

— OIpEeNeSIEHNE BEPOSITHOCTH BBIXOJA KOHCTPYKLIMH U3 CTPOS B 3aJaHHBIX
YCIIOBUSX;

— HAXOKJCHHE IO 33/JIaHHOI KOHOMHUYECKU 1eIecO000pa3HO HaJAe)KHOCTH
TpeOyeMbIX pa3MepOB KOHCTPYKIIUH;

— ONpENEJIEHUE JOMYCTUMBIX HAarpy30K WM ONTHUMAJIbHOIO CpOKa
JKCIUTyaTaluHy,

— OLICHKA HAJEKHOCTH CHUCTEMBl IO MMEIOIIMMCS OLICHKaM HaJeKHOCTH
COCTABJISIFOLIUX €€ DJIEMEHTOB.
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B 3amauy Teopun Haie)KHOCTH CTPOUTENIBHBIX KOHCTPYKIIMI BXOJUT TaKKe
000CHOBaHUE MPOLEAYP HOPMUPOBAHUS PACUETHBIX XaPAKTEPUCTHUK.

Cneunduka TeopuH HAAEKHOCTH CTPOMTEIbHBIX KOHCTPYKIMU
COCTOUT B HEOOXOJUMOCTH y4yeTa CIy4yalHbIX CBOMCTB HArpy30K U BO3JICUCTBUIA
Ha COOPYKEHUs, a TAK)KE y4eTa COBMECTHOIO ACHCTBHS CIIy4alHBIX HArpy30K
Ha CUCTEMY CO CIyYallHBIMU MIPOYHOCTHBIMU XapaKTEPUCTUKAMH.

OCHOBHOE MOHSATHE TEOPUU HAJECKHOCTU — OTKA3 — 3TO COOBITHE, COCTOS-
1iee B HapyIIEHUH paboTOCIOCOOHOCTH cucTeMbl. [loHATHE OTKa3a OJIM3KO MO
CMBICITY K TOHATHUIO MIPEAEIBHOrO COCTOSIHUA. K_TIpeaenbHbIM COCTOSHUAM 1 -id
TPYIIBI OTHOCATCS: OOIMas MoTepsl YCTOMYMBOCTH (DOPMBI, TIOTEPS yCTOWYH-
BOCTH TOJIOKEHHSI, JIO00€ pa3pylleHHe, NEpPeXo] B HU3MEHSEMYIO CUCTEMY,
KaueCTBEHHOE M3MEHEHUE KOH(UTYpaIlUU; COCTOSHUSA, PU KOTOPHIX BO3HUKAET
HEOOXOJIMMOCTh TPEKpalleHHs] OKCIUTyaTallkd B pe3yJibTare TEKy4eCTH
Marepuala, CIBUra B COCIMHEHUSX, MOJI3YYECTH W YPE3MEPHOTO PACKPBITHS
TpemuH. [IpenenbHble COCTOSHUS 2-W TPYMIBI — HEAOMYCTUMBIE TedopMalun
KOHCTPYKIIMU B pe3yjbTaTe Mporuda, moBOpOTa WM 0CAJIOK, XapaKTepU3yeMbIX
Pa3HOCTBIO BEPTHUKAJBHBIX IMEPEMEIICHUN Y3JI0B, OTHECEHHBIX K PAaCCTOSHUIO
MEXIy HUMHU, KPEHOM COOPY>KEHHS B I1€JI0M, OTHOCHUTEIIbHBIM MPOTrHOOM WM
BBITUOOM, KpPHUBU3HOM dJEMEHTAa, OTHOCUTEIBHBIM YIJIOM 3aKpy4HBaHMUS,
TOPU30HTAJIBHBIM WM BEPTUKAIBHBIM CMEIIEHUEM DJIEMEHTA UM COOPYKEHHUSA B
LEJIOM, YIVIOM IepeKoca WM NOoBOpoTa. K MpenenbHbIM COCTOSHHAM 2-i
IPYIIIBI OTHOCATCS TAKXKE HEJOMYCTUMBIE KOJIeOaHUsI KOHCTPYKIIUHU, U3MEHECHHE
MOJIOKEHUS, 00pa30BaHUE UJIU PACKPHITUE TPEILMH.

[Ipumepbl OTKa30B — OOpYyIIEHHUS, OMPOKUILIBAHUS, IMOTEPS YCTOWYHU-
BOCTH, XPYIIKOE pa3pylleHHe, OoybInve aedopMarid W IPOrudbl, MEXaHH-
YECKUU WK KOPPO3UOHHBIN U3HOC, pACTPECKUBAHUE U T.JI.

OTka3bl BBI3BAHBI BIUSHUEM CIy4alWHBIX (DAKTOpOB, MOITOMY OHH HOCST
CIIy4yalHbI XapakTep. 3a moka3aresib (Mepy) HAIe’KHOCTH CHCTEMbI MOXKET
ObITh NPHUHATA BEPOSATHOCTH P 0e30Tka3HOM pPadoOThl B Te4YeHHE BCEro
cpoka cayxosbl 7.

HenocraTky Teopun HAIEAKHOCTH — CII0KHO MOJIYYUTh OIBITHHIE TAHHbBIC
B KOJIMYECTBE, JIOCTATOYHOM IS TOCIEAylome ux oOpaboTKH MeTonaMu
Teopun BeposiTHOCTeW. CIOXKHO JIUTENbHBIM CPOK MPOBOJAUTH HUCIBITAHUS
KOHCTPYKIIMU JIJI1 TIOJYYEHHUs HAJEKHBIX BBIBOJIOB O €€ JOJTOBPEMEHHOM
pabore.

JTanbl pa3BUTHS TEOPUU BEPOATHOCTE:

1. CpenneBexkoBass EBpona u Hauano HoBoro Bpemenu ['aBHBIM
JOCTIDKCHUEM JaHHOTO TEePHOoJia MOXKHO CUWTATh Pa3BUTHE KOMOWHATOPHBIX
MeTonoB, FElie B MIeCTHAALIATOM BEKE BHJIHbIC MATEMATUKU TapTaibsi W
Kapnano B cBoeit pabote «O06 azapTHOI urpe» oOpaTUINCh K 3aadyaM TEOPHUH
BEPOSITHOCTEN B CBSA3U C UTPOU B KOCTH.
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https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#.D0.A1.D1.80.D0.B5.D0.B4.D0.BD.D0.B5.D0.B2.D0.B5.D0.BA.D0.BE.D0.B2.D0.B0.D1.8F_.D0.95.D0.B2.D1.80.D0.BE.D0.BF.D0.B0_.D0.B8_.D0.BD.D0.B0.D1.87.D0.B0.D0.BB.D0.BE_.D0.9D.D0.BE.D0.B2.D0.BE.D0.B3.D0.BE_.D0.B2.D1.80.D0.B5.D0.BC.D0.B5.D0.BD.D0.B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B1%D0%B8%D0%BD%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B1%D0%B8%D0%BD%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D0%BA%D0%B0
http://foxford.ru/

2. XVII Bek. Ilackans (1623-1662 rr.), ®epma, ['toiirenc. OcHOBHBIE
MNOHATUS U METOJbl TEOPUU BEPOSTHOCTEH JJid CIYYalHBIX BEIUYMH C
KOHEYHBIM YMCJIOM 3HAYECHHM .

3. XVIII Bek. IlosiBunuch MOHOTpauu C CUCTEMAaTHYECKUM H3JI0KECHUEM
Teopuu BeposTHOoCcTeH «MckyccTBO mpeamnoaoxenuin» SIkoda bepuymmu (1713
r.), IJI0 pa3BUTHE Ueil bepHymin.

4. XIX Bek. Unen bepnymm nanexo pazswin B Hadane XIX Beka Jlamac,
laycc, Ilyaccon. Onm ke onpeAenwyii oOIHUe TEHACHIUU W KPUTHUKY.
PazBuiiace Teopus ommoOOK wu3MepeHus. [losBIsiIOTCS TEepBblE MOMBITKH
MPUMEHEHUSI TEOPUU BEPOSATHOCTEH B (Qusuke. BeposTHOCTHBIE METOBI
MPOHUKAIOT B CAMbBIC PA3JIMYHbIC MPUKIIAJIHBIC HAYKH.

5. XX Bek. Crporoe Teopermuyeckoe OOOCHOBaHHE ObUIO pa3zpaboTaHO
Tonbko B 1929 romy. Auapeit HukomaeBuu KoJMOropoB nan KIacCHYECKYIO
aKCUOMAaTUKY TEOPUU BEPOSITHOCTEH.

OcHoBaTesIMU HAy4YHOM IIKOJBI B 0OJIACTH TEOPUHM BEPOSITHOCTEH B
[lerepOyprckoMm yHUBEpcUTETE OBLIM  BEJIMKHE PYCCKHME MaTEMaTHUKH
IIJI. YeobimenB, A.M. JlanynoB u A.A. MapkoB. Mx paGoTsl chIrpaiu
ONPEEIAIOUIYI0 POJIb B PA3BUTUH TEOPUHM BEpOoATHOCTEN. VM mpeamecTBoBal
B.S1. BynsikoBckuii, Ony0JIMKOBABIINI MEPBBIM PYCCKUM YUEOHUK MO TEOPUH
BEpOsITHOCTEN (10 KOoTopoMy ['aycc yumiics pycCKOMY $I3bIKY); B YaCTHOCTH, B
TOM Y4YeOHHMKE BIIEpBBIE paccMaTpHUBalaCh 3a7a4a CTATUCTUYECKOTO0 KOHTPOJIS
MPUEMKHU KaueCTBa MPOAYKIIUH.

Tema 2. MeT0o10JI0TUA AHAJIN3A HAJCKHOCTH U T0JITOBEYHOCTH
COOPYKEHUH

Jlekuua 2. CuayvaiiHblii  Xapakrep PpacyeTHbIX  BeJHWYHH,
HCMOJIb3yeMbIX B pacyeTax Ha NMPOYHOCTh, KECTKOCTh U YCTOWYHBOCTH
NMPOEKTUPYEMBIX COOpPYKeHU. OCHOBHbIC XAPAKTEPUCTHUKHU CJIYYANMHBIX
BeJIMYUH

I[ToHsATHA U MAaTEeMATUYECKHUI aNlIapaT, UCNOJIb3yeMble B
BEPOSITHOCTHBIX MeToaax CM

CooObimue — KayeCTBEHHBIM WJIM KOJIMYECTBEHHBIM pE3yJbTaT OIbBITA,
OCYILIECTBIISIEMOT0 TPHU OIpeneseHHbIX ycioBusx. Hampumep, cobObitne —
TOMaIlaHKe MPEeiesIa TeKYIeCTH cTanu R B uHTepBai ot 240 1o 260 Mlla.

CoObITHE MOXKET OBITh CJIYyYallHBIM, TOCTOBEPHBIM MJIH HEBO3MOKHBIM.
OObeKTHBHASI MaTeMaTHYeCKasi OIICHKAa BO3MOXKHOCTH PEalTU3alNK CIIy9aifHOTO
COOBITHSI — BEPOATHOCTh. Bepoamnocms — ectb OOBEKTHBHAs Mepa
BO3MOYKHOCTH HACTYIUJIEHUS COOBITHUSI HE3aBUCHUMO OT TOTO, SIBJIETCS JIU OHO
MaccoBbIM UM HeT. B xu3HM Bce (MOJYUMHTYUTHUBHO) MPUMEHSIOT
BEPOSITHOCTHBIE OLICHKU OYyIIUM COOBITUSIM M BEChbMA YCIIEIIIHO.

YacroTa codbiTHst A (CTaTHCTUYECKAsT BEPOATHOCTD):
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https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#XVII_.D0.B2.D0.B5.D0.BA:_.D0.9F.D0.B0.D1.81.D0.BA.D0.B0.D0.BB.D1.8C.2C_.D0.A4.D0.B5.D1.80.D0.BC.D0.B0.2C_.D0.93.D1.8E.D0.B9.D0.B3.D0.B5.D0.BD.D1.81
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#XVIII_.D0.B2.D0.B5.D0.BA
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#.C2.AB.D0.98.D1.81.D0.BA.D1.83.D1.81.D1.81.D1.82.D0.B2.D0.BE_.D0.BF.D1.80.D0.B5.D0.B4.D0.BF.D0.BE.D0.BB.D0.BE.D0.B6.D0.B5.D0.BD.D0.B8.D0.B9.C2.BB_.D0.AF.D0.BA.D0.BE.D0.B1.D0.B0_.D0.91.D0.B5.D1.80.D0.BD.D1.83.D0.BB.D0.BB.D0.B8
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#.D0.A0.D0.B0.D0.B7.D0.B2.D0.B8.D1.82.D0.B8.D0.B5_.D0.B8.D0.B4.D0.B5.D0.B9_.D0.91.D0.B5.D1.80.D0.BD.D1.83.D0.BB.D0.BB.D0.B8
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#XIX_.D0.B2.D0.B5.D0.BA
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%BF%D0%BB%D0%B0%D1%81,_%D0%9F%D1%8C%D0%B5%D1%80-%D0%A1%D0%B8%D0%BC%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%83%D1%81%D1%81,_%D0%9A%D0%B0%D1%80%D0%BB_%D0%A4%D1%80%D0%B8%D0%B4%D1%80%D0%B8%D1%85
https://ru.wikipedia.org/wiki/%D0%9F%D1%83%D0%B0%D1%81%D1%81%D0%BE%D0%BD,_%D0%A1%D0%B8%D0%BC%D0%B5%D0%BE%D0%BD_%D0%94%D0%B5%D0%BD%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#.D0.9E.D0.B1.D1.89.D0.B8.D0.B5_.D1.82.D0.B5.D0.BD.D0.B4.D0.B5.D0.BD.D1.86.D0.B8.D0.B8_.D0.B8_.D0.BA.D1.80.D0.B8.D1.82.D0.B8.D0.BA.D0.B0
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#.D0.A2.D0.B5.D0.BE.D1.80.D0.B8.D1.8F_.D0.BE.D1.88.D0.B8.D0.B1.D0.BE.D0.BA_.D0.B8.D0.B7.D0.BC.D0.B5.D1.80.D0.B5.D0.BD.D0.B8.D1.8F
http://foxford.ru/
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D1%82%D0%BE%D1%80%D0%B8%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9#XX_.D0.B2.D0.B5.D0.BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B8%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0_%D0%9A%D0%BE%D0%BB%D0%BC%D0%BE%D0%B3%D0%BE%D1%80%D0%BE%D0%B2%D0%B0
http://foxford.ru/

P*(A) == m/ nl
IJIE M— YUCJIO OIBITOB, B KOTOPHIX HAOMIOAAaeTCsI COOBITHE A; N — 001IIee YuCIIo
OIIBITOB.
3naveHus: P*(A) — caydanHbI:
P"(A) > P(A),

n—oo

rae  P(A) — MaTeMaTU4yecKas BEPOSITHOCTh, SBJSIONIAACS JIOCTOBEPHOM

BEJIMYMHOM, €CIIM BEPOSITHOCTD TOTO, 4TO IpU N—00 P*(A) = P(A) paBHa 1.
0<P(A)<1.
[Tpyu m=n BeposATHOCTH P(A)=1 — cOOBITHE JOCTOBEPHOE;
npu m=0, COOTBETCTBEHHO, P(A)=0 — cOOBITUE HEBO3MOKHOE.

CoObITus Hecoémecmubl B JAHHOM UCIBITAHUH, €CJIM HUKAKUE JIBA U3 HUX
HE MOryT mnosiBUThbcs BMmecTe. (Hampumep, mosiBieHue OJHOBPEMEHHO JBYX
udp ot 1 10 6 Ha UTPaTHHOM KyOHKE TIPU OJJHOM €r0 OpOCaHUU.)

Crnyuaiinble COOBITHSI CO8MECHIHbL, €CIIA TIPU JTAHHOM HUCIBITAHUU MOTYT
IPOU30UTH 00a 3T COOBITHSA (ITPU OJJHOBPEMEHHOM OPOCAHMM JBYX KyOHKOB).

Ecnu coObitvst A U B HECOBMECTHBI, TO BEPOSITHOCTh MOSBICHUS MJIH

coObITHS A WM COOBITUSA B:
P(A+B)=P(A)+ P(B) (2.1) o e

WK B OOIIEM BHAE [JI9 N HECOBMECTHBIX A P 4P
n n A B
P(ZA}ZP(A). (2.2)
i=1 i=1
CyMMa BeposITHOCTEH IBYX IIPOTHBOIOJIO0KHBIX COOBITHI

P(A)+P(A)=1, TIe A—neA . (2.3)
CoObiTue A Hezagucumo OT B, eciaum BepOSATHOCTb MOSIB-

<
JieHus1 COOBITUSI A HE 3aBHCHUT OT TOTO, MPOU3OILIO coObITHE B G.B

NN HCT.

P
Ecnmu coObitust 4 u B He3aBUCHUMBI (OHM COBMECTHBI), TO A8
BEPOSITHOCTH TOSIBIICHUS M COOBITHS A, M COOBITUS B paBHa:
P(AB)=P(A)P(B), (2.4)
a B 00111EM BHUJIE P(ﬁA)=ﬁP(A)- (2.5)

B ypHe nBa kyOuka — 4epHbIi 1 O€JbIil U J1Ba MIapyKa — YEPHBIA U OCIIBIN.
BeposiTHOCTH MOSBIIEHUS] YEPHOTO KyOMKa paBHA MPOU3BEIACHUIO BEPOSITHOCTEN
TOSIBJICHHSI YEPHOTO I[BETa U KyOuka, T.e. 1/2-1/2=1/4.

N3 Gopmynsl (2.4) BUgHO, HAaIpUMEp, UTO e€ciik coObITHEe A (MOSBICHUE
MaKCUMAaJIbHOW BETPOBOW HArpPy3KH) U COOBITHE B TOSBIEHWE MAKCUMAaJILHOM
CHErOBOM HArpy3ku) — HE3aBHCUMBI, TO BEpPOATHOCTh OJHOBPEMEHHOIO
nosiiiecHust 4 u B (T.e. MakCUMyMOB Harpy3oK) MEHbBIIE BEPOATHOCTU
MOSIBJICHUST OJTHOTO U3 COOBITHIA (MAKCUMYMOB HArPy3KH) ( o = pre. pme )

cHea+eemep CHee2 eemep
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Bepostnocts P(AB) Tem Mmenbiie, yem Mmenbine P(A) u P(B). g

A eciii A 1 B 3aBHCHMBI, TO 9TO YYHTHIBACTCS YCIOBHOMN BEPOSTHOCTBIO |tV
MOSIBJICHHUSI OJHOTO W3 MX MpH MosBIeHuu apyroro. Mopmyna (2.5)
WUTIOCTPUPYETCS  TIOCJICOBATEIbHBIM COCAMHEHHEM. BeposTHOCTD F&)
Hepa3pyILIICHHs TIOCIICA0BATEIBHON CHCTEMBI:

P=P(A)P(A)P(A), (26) "
rae P(A), 1 =1, 2, 3 — BeposATHOCTH HEpa3pylICHUs I-TO IEeMEHTa N 4

CHCTEMBI; 4, — COOBITHE, COCTOSINEE B HEPA3PYIICHUH 1-TO 3JIECMEHTa CHCTEMBI.

[Ipumep mocnenoBaTeIbHOrO COCAMHEHMS: CTAaTUYECKHU OIPEAEeINMasi CUC-
TE€Ma, TaK KaK pa3pylLI€HUE BCEU CHCTEMbI IPOUCXOIUT IMPU PA3PYLUEHUU XOTS
OBl OHOTO M3 BJIEMEHTOB, TAaKUM 00pa30M, BEPOSITHOCTh HEpa3pyLIEHUs BCEH
CUCTEMBl MEHBIIE BEPOATHOCTH HEpa3pyLIeHMs JIIOOOr0 €€ OTAEIBHOIO
JJIEMEHTA.

®opmyna (2.4) Taxke WUTIOCTPUPYETCS M MAPAIIICIBbHBIM COCIUHEHHUEM.
BepoATHOCTH paspylIeHUs apauleIbHOW CUCTEMBI:

P =P(A)P(A)P(A), (2.7) g P(Ay)
rae P(A),i=13 — BEpOATHOCTH pa3pylIeHHUs I-r0 JJIEMEHTa
CUCTEMBL.
BeposTHOCTh HEpa3pyLICHUs MAPAIUICTIBHON CUCTEMBI: o
P=1-P=1-(1-P(A))1-P(A))1-P(A)),
(2.8)
WU B OOLIEM BHJE: P :1_f[ (1-P(A))- (2.9)

[Ipumep mapannenbHOr0 COCIUHEHWS: CTATUYECKU HEONpeAeIuMas CHC-
TE€Ma, TaK KaK pa3pylICHUE BCEW CUCTEMbI MMPOUCXOAUT MPHU Pa3pyLICHUH BCEX
M30BITOYHBIX W €IIe OAHOM cBs3ed. Takum 00pa3om, BEpPOSTHOCTH HeEpaspy-
IIICHUS BCEW CHCTEMBI OOJIbIIIE BEPOSATHOCTU HEpa3pyIICHUS JTFOOOTO €€ OTACb-
HOro sjeMeHTa. OJHAKO B JACHCTBUTEIBHOCTH B CTATUUECKU HEOMPEACIUMOM
CHUCTEME BEPOATHOCTU PA3PYILICHUS 3JIEMEHTOB CHCTEMBI HEHE3aBHCUMBI, TaK
Kak pa3pyll€eHHEe OJHOTO JJIEMEHTA W3-3a MEpepacHpelesieHuss YCHINN
MIPUBOJUT K U3MEHECHHIO BEPOSITHOCTEN pa3pylICHUSI OCTAIBHBIX 3JIEMEHTOB.

Hanpumep, npu guarpamme [IpanaTis «yCiaoBHOE» pa3pylIEHHE OIHOTO
AJIEMEHTa CTAaTUYECKU HEONPEIeTMMON CHUCTEMBI (T.€. HANpsDKEHHE B ITOM
3JIEMEHTE NpH yBenn4eHur N 0cTaeTcst NOCTOAHHBIM M PAaBHBIM R, ) B MEHbLIEH

CTEIEHU MPUBOAUT K Tepepaclpee/iCHHIO YCHUIIMH, a, CIIeA0BaTelIbHO, U K
U3MEHCHHIO BEPOATHOCTEH paspyiineHus. Takum oOpa3oM, CTaTUYECKH HEOMpe-
JeuMasi CUCTEMa CO CTEP)KHSIMH, pabOTaomUMK 1O auarpamme [IpaHmris,
OoJIbIIIE TOAXOANT B KAYECTBE IPUMEPA IS MapalieabHONH CHCTEMBI.

Ecnu ciydaiinbie coObitust 4 U B coBMecTHBI (U G‘B
HE3aBHCHUMBI), TO BEPOSITHOCTH MOSIBJICHUS WM A WiH B:

P(A+B)
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P(A+B)=P(A)+P(B)-P(AP(B) , (2.10)
P(iA]:iP(A)—ﬁP(M- (2.12)

Ecnu cinydaitapie coObITHS A U B 3aBUCUMBI (M COBMECTHBI) U BEPOSATHOCTH

ux nosiBieHus P(4) m P(B), To BEepOSATHOCTb COBMEIICHUS COOBITHH A u B
(mpowmsoiinet u A u B):

P(AB)=P(A)P(B/A) , (2.12)

rne P(B/A) — yClIOBHas BEPOSTHOCTD, T.€. BEPOSTHOCTH TOSBIICHUSI COOBITUS B,

P YCJIOBHUH, UTO COOBITHE A MPOU3OILI0. AHATIOTUYHO
P(AB)=P(B)P(A/B). (2.13)
Hanpumep, B ypHe aBa uUepHbIX W JBa Oenbix mapa. CoObitue A —
MOsIBJICHUE OEJIOro IIapa ¢ IepPBOro pas3a, coObITHE B — MosSBICHUE OEJOro mapa
CO BTOpOro pasa. BeposTHOCTH TOsIBJICHHS Oejoro Imapa jJBa pasa MOJpsa
onpenensercs GopMyJIou:
P(AB)=P(A)P(BIA)=1/2-1/3=1/6.
N3 popmyin (2.12) u (2.13) MOXKHO MOTYUUTH:
P(B/A)
P(A/B)=P(A) P(B) (2.14)
I7ie P(A) —_alpuoOpHAas BEPOSTHOCTH IMOSBICHUS COOBITUS A, OMpPEACICHHAS 10

TOTO KaK cTaja u3BecTHa MH(popmalus o COObITUU B; P(4/B) — alocTepuopHas

BEPOSTHOCTH MOSIBJICHUS COOBITHS A, OCHOBaHHAs Ha TOW MHGOPMAIIUH, 9TO A U
B nipousonim, HO MBI OIIPEACIISEM BEpOSTHOCTh TOTO, UYTO niepea B ObLio A.
Ecnu A n B HezaBucuMmebl, TO P(A/B) = P(4) 1 HA000POT.

ITycTs MMeeTcst N HECOBMECTHBIX COOBITHH A, A, ..., A C BEPOATHOCTAMU UX

nosgBienus  P(A),P(A)....P(A) u unycts P(B/A),P(B/A),...P(B/A) —
YCJIOBHBIE BEPOATHOCTH OCYIIECTBICHUS COOBITUS B ¢ OJHUM W3 N COOBITHI

A,A.. A. To ectb cobeitusgs B u Ay, B u Aj,..., B u A, — 3aBUCUMBI U

COBMCCTHBI. TOFI[a BepOﬂTHOCTB OCYH.[CCTBJ'ICHI/IH CO6I>ITI/IH B:
P(B)=YP(A)P(B/A). (2.15)

J10 dopMyJia NOJHON BEPOATHOCTH, I1e P(A)P(B/A) — BEpOSTHOCTH
TOrO, YTO Npousouner B u A; P(B) — 10 Apyromy — BEpOSITHOCTb TOTO, 4TO B
IPOU30MET C JIIOOBIM U3 A .

[Iycte  coObiThe B mpoW30NUIO, O3TO  HM3MEHUT  BEPOSTHOCTHU
P(A),P(A),...P(A). Hano HalTH YCJIOBHBIE BEPOSITHOCTH

P(A /B),P(A,/B),.,P(A /B) ocymectBienus coObituss A, 1=1,...n mpu

yCJIOBUM, 4YTO B mnpousounuio (T.e. eciad B mpous3ouuio, TO HAA0 HAUTH
BEPOSATHOCTh TOTO, YTO MY MPEALICCTBOBANIO MOSBICHUE UMEHHO COOBITUS 4, ).

dopmyia moHOH BeposTHOCTH batieca (u3 (2.15) u (2.14)):
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oA /By~ PAPBIA) (2.16)
> P(A)P(B/A)

rae P(A) — BepoSTHOCTH MOsiBIeHUs coObiTus A (I =1, 2,...n) g0 TOro Kak
npousonuto B; P(A/B) — Kak Obl SBISETCS YACIBHBIM BECOM BEPOSTHOCTH
P(A) B cymMe Beex BeposTHOCTER P(A ), j=1,n).

[Ipon3BoaAUTCS N HE3aBUCHUMBIX OIBITOB, HMEIOIIUX JIBA BO3MOXHBIX
UCXO0/la — TOSIBIICHUE U HEMOSIBJIEHUE COOBITUSA A (BEpOATHOCTH MOSIBICHUS P
HenosBieHus: ( = 1 — p). BeposTHOCTH TOro, YTO MPHU N UCHIBITAHUSX COOBITHE A
HacTymaetr m pas:

(¢popmyna bepuynnu):
P"(A)=Cp"g"" , (2.17)
rme C" = n! = n(n-1)(n-2)...(n —[m 1) YHCJIO COYEeTaHHMM Hu3 M
" mi{(n-m)! 1-2-3..m

3JICMECHTOB B N.

90-89-88 100-99-98-97 .
fpmvep Co="1 53 © 1234

Cr=C'";, C)=C'=1% C ' =n, C"+C™=C"!, O<m<n.

n+l !

=117480; C. =10/1; C

BepositHOocTh P;(A) TOro, 4Tro B pe3yjibTare N HE3aBUCHUMBIX OIIBITOB

cobbITHE A TIPOM30iIEeT XOTA ObI OUH pa3 (MoxkeT u Gonbie): Py(A) =1 — (',
re ( — BEPOATHOCTh HETMOSBJIEHUS COOBITHS A B NEPBOM HCIBITAHUM; ( —
BEPOSATHOCTH TOTO, 4TO A He Mpou3okaeT HuU pasy; 1 — q" — BEpOATHOCTH TOTO,
4TO0 A IPOU30MIET OJIMH pa3, WM JIBA pa3a ... WM Bce N pas.

IIpumep. CobbiTue A — pa3pylieHUE 3AaHUS B CECMUYECKOM pailoHe, [
= 0,1 — BeposATHOCTH pa3pylICHHs €TO B TEUEHUE TIepBOro roja. Torma q
=1 — p — BEpOSITHOCTh HEpa3pyILICHHs B TeUeHHE NepBoro roja. Toraa Po(A4)=1—
0.9°=0.19, P3(4)=1-0.9°=0.271, P1o(4)=1-0.9'"=0.651, P,,(4)=1-0.9"=0.878,
Pso(4)=1-0.9°=0.995, rie Pn(A) — BepOSITHOCTH pa3pyIICHHAS 3aHHS 3a N JIET.

Takum oOpa3oM (QyHKIMS HaAEKHOCTH (3aBUCHMOCTb BEpPOATHOCTHU
HEpa3pylleHus OT MPOWJIEHHOTO KOJMYEeCTBAa JIeT) OT 3HadeHus |
acumnroTHuecku mnpuommkaercs kK ocu OX. (1 — P(A)) — BepoSTHOCTB
Hepa3pyILLIEHHUS.

Jlekuus 3. Kpusble pacnpeneseHusi cay4ailHbIX BeJu4uH. ['ayccoBbl
HOpMaJIbHBIC pacnpenejeHusi. KBantuiam BepositHocTH PX. Pacmpene-
JeHHe JABYX cJay4yailHeIx BeauuyuH. IloBepxHocTH pacnpeaeeHus.
I1710THOCTH BEPOSITHOCTH MOSIBJICHHUS CJIY4YailHBIX He3aBUCUMBbIX BeJIHYUH

3.1. OnHoMepHas cayuyaiiHasi BeJJHYUHA (C.B.)
CayuaitHas BeanuyuHa X (OAHOMepHAasi) — BEJIMYMHA, KOTOpas MOKET
NPUHATH pa3JIMYHBIE BEPOSITHbIE 3HAYEHUS X Ha HEKOTOPOM HWHTEpBaje
(-00<x<0), T.€. X — BOBMOXKHOE 3HaYCHHE C.B. X.
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CnyualiHas BeJIMYMHA MOKET OBbITh JUCKPETHOM U HENPEPBHIBHOM.

BeposatHocTHBIE CBOKCTBa C.B. X XapaKTECpU3YIOTCS ()
UHTerpajibHoii  Qynkumeii pacnpemenenms Px). !
3nHauenne ¢yHkuuu P(x) PpaBHO BepPOSITHOCTH 0.5}
O00HAPYKMTH €.B. X<x (WIH, 4TO TO K€, HA UHTEpBaJeC I

-0, x), T.e. P(x)=Prob(X<x), rme x — KOHKpeTHas
JEeTEPMUHAPOBAHHAS BEJIMYNHA.

Ecmu c.B. X MOXET MPUHUMATH JIMIIL AUCKPETHBIE 3HAYEHUS X1, X2,...Xn C
BEPOSTHOCTAMHM p1, Po,...Pn, TO (OYHKIMS pacIlpeneIeHus] MPeAcTaBisieT co0oi
CYMMY BEPOSTHOCTEH TeX 3HAYEHHH Xy, KOTOPbIE MEHBIIIE X.

P)=2>p,- (3.1)

Ha pucynke Prob(X<x;)=P(x3)=0,5 (T.e. X=x; mmu X=x, wm X=xz).
Prob(X=x4)=0,6-0,5=0,1 (ckauok paBeH BEPOATHOCTH MOSBJICHUS 3HAUCHUS X).
OyHKIMS paclnpelneseHnuss dYuciaa M

1 %z O

=]
HACTYIUICHUS COOBITHS B TIOCJIEIOBA- = 1
TEIBHOCTH N HE3aBHCHUMBIX UCIIBITAHUH, = o
coryacHo dopmysie (2.17). 1 /Pt
buHOMHANIBHBIN  3aKOH  pacIipe- > ;/\
JICIICHUS: 7
p() ]
0 mpu X<0; 02
PO)={YCIp"a"™, mpn 0<x<n;  (32) e e

[T L N
n<x L B T B R R I
H

Kpueeie HopyaneHoro pacnpegenedna p(x) u P(x)

lmpm x>n, tne q=1-p.
X =np, D, =npq. (Maremarnyeckoe o’kugaHue (M.0.) M TUCIEPCHUS C.B.)

Ecu  c.B. X HenpepeiBHA, TO (QYHKIHMS  pacnpelesieHuss  HMeeT
KOJIOKOJIOOOpa3HbIN BU/I, TOKa3aHHbBIN Ha PUCYHKE.

Haubonee wdacto /s oOmucaHus paclpefesieHus] CIAydyalHbIX BEJIUYHH
MCIIOJIB3YETCSI HOPMAJIbHOE WJIM TayCCOBO PACIIPEICIICHUE:

(x=%)?

e 2X

p(X) =1

NP

Koadpduument  HOpMmupyer  Iulomaab  KpUBOM  pachpeeseHus
CUMMETPUYHONU OTHOCUTEIBHO X=X (IIEHTpa pacrpeieicHus WId M.0.),

X = _[xpx(x)dx, a X= j(x— X)’p,(X)dx — [OUCHepCHs, XapaKTePH3UPYHOIIAs

p336p00 C.B. OTHOCHUTCJIBbHO M.O. B BHJC CPCAHC KBAAPATHYIHOI'O OTKJIIOHCHHA

(cramgaprac.B.) ©(X)= ~/ X .

WNHTerpanbHas KpuBasi HOPMaJbHOTO PACIIPEAECICHHUS:

P.(x)= J' p, (X)dx = % +®(y), rie y — HOBasg IepeMeHHas y = (Xx—X)/X ,
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7
a d(y) = % [e 7 dx — mrTerpan BeposTHOCTH [aycca.
T

CBoiicTBa GyHKUIMHU pacnipeeleHus:

1) P(x) — HeyObIBarommast GyHKIUS apryMEeHTa X

(T.e. mpm X>X; P(X2)=Prob(X<x;)>P(x;)=Prob(X<x,));

2) pu X=-o0 P(x)=0;

3) npu Xx=+oc0 P(x)=1;

4) Prob(x;<X<x2)=P(x2)—P(X1); (3.3)

5) Prob(X=x,)=0.

BepositHocTs  0oOHapyxuth umncio, Hampumep, 241.000...c0, paBHO O.
Onnako, nenas U3MEpPeHus, Mbl OKPYTJIsIeM 3HAUCHUS, TEM CaMbIM, YBEIHUMBAs
BEPOSITHOCTh WX MosiBiieHHs. Hampumep, okpyriieHHOE P
241.0 copmepxutr 3HaueHuss oT 240.9500..0 n0
241.04999... co 1 BepOSATHOCTH MOMAJaHMSI YUCIA B 3TOT
uHTEpBal He paBHa 0.

Pacnpenenenne c.B. X Xapakrtepuszyercs Takxke ' 0
(pyHKIMeH IUIOTHOCTH pacnpeaesieHus ¢.B. p(x). [Ina
JUCKPETHBIX 3HAYCHWH C.B. (QYHKIHUS TUJIOTHOCTH
pacrpesiesieHdss MOXKET 3a/aBaThcsi TabnuuHo. ['paduk dyHKIMH p(Xx)=p; Npu
X=X; n300pakeH Ha PUCYHKE.

Tak xak BO3MOXKHBIE 3HAYEHHS C.B. Xj 00pa3yroT MOJIHYIO TPYIITy HECOB-
MECTHBIX COOBITHM (T.€. B KQXJOM U3 N UCHBITAHUSIX C.B. 00S13aTE€JILHO MPUMET

e
L

n
OJIHO W3 3HAYCHHH X;j C OTpPeJICICHHON BEPOSTHOCTHIO), TO > p; =1, L€ N — YKCIIO

i=1

WCTIBITAaHUU.
JUiss  HenmpepbIBHOM — C.B.  (PyHKIUS
IJIOTHOCTH  PACTPENENICHUs] HMMEET  BHU],
MTOKA3aHHBIN HA PUCYHKE.
Eciu ¢ynkums pacnpeneneHus C.B.
P(x) — nenipepsiBHa, TO
dP(x)

p(x) = ! (3.4)
dx 0’.\_ cn_ l.l.'.\_ -:r_
— o(x) = fim Prob(x < X < x+ AX) _ dP(x) .
Ax—0 AX dX

ITo HenpepbIBHON KPUBOM MJIOTHOCTH paclnpeaeieHlsi, B OTJIMYHE OT
JTUCKPETHOM, BEPOSITHOCTH OOHAPYKUTH TOYHOE YKCJIO0 X; paBHA HYJI0. [Ipu
oMoty GYHKIUH p(Xx) BEPOSITHOCTH OOHAPYKHUTH C.B. X B OECKOHEYHO MajiOM
uHTepBaie  X<X<x+dx paBHa  Prob(x<X<x+dx)=p(x)dx  (mromanab
npsiMmoyrojibauka, dX—0). To jxe B KOHEYHOM MHTEpBaJIC X1 <X<Xy:

Prob(x, < X <X,) :Xf p(x)dx - (3.5)
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["'eomMeTpruyecKr — 3TO 3aITPUXOBAHHAS TUIOIIA b TIOJT KPUBOU INIOTHOCTH
pacmpe/eeHus.
N3 (3.4) cnenyer, 4To

P(X) = [ p(x)dx, (3.6)

IIOATOMY (PYHKUHIO PpaclpeleieHUs HAa3bIBAlOT elle HHTerpajJbHOH
(pyHKuMen pacupeaeneHus.

CBoiicTBa QyHKUMY IVIOTHOCTH pacipeieeHust
1. IInoTHOCTD pacmpesiesieHns: BEpPOSITHOCTEN — HeoTpULlaTeabHast QyHKITUS

p(x)=0.
2. jp(x)dx:l, (3-7)

YTO PKBHUBaJICHTHO P(o0)=1.

3. Pa3mepHocTh p(x) oOpaTHass pa3MepHOCTH C.B., a P(x) —
Oe3pa3mepHa.

4. YucioBble XapaKTepUCTUKH pacCIipeIeIICHUS .

MartemaTrnueckoe oxkujganue c.B. X :

— IMCKPETHOM M (x) = i X P (3.8)
P STOM Zm: p.=1 (M(x)— cayuaiina npm nN#o);

— HenpepbIBHOI X = Txp(x)dx, (3.9)

MartemaTuyeckoe oxugaHue X — JOCTOBEpPHasi BeJIMYMHA, TaK Kak
BEPOSATHOCTh TOrO, YTO NPH N=00 UCHBITAHUSIX Mbl TMOIYYUM CpEIHEE
apupmeTrueckoe M(X)=X pasHa l.

M(c)=c, M(cx) = cM(x), Tae ¢ — Heclly4altHOE YHCIIO.

JI1s1 HE3aBUCUMBIX C.B. X1 U X)

M(X1+%0) =M(x0) +M(Xo), M(¥1X0)=M(x)M(%5), M(x*)=[M(X)]*+D(X).

K MaremaTHueckoMy O0XXHMJIQHUIO CTPEMHUTCS CpeaHee apu(pMeTHUYecKoe
HAOMIOJaeMbIX  3HAYEHUH C.B. TPU  KOJUYECTBE MCIBITAHUH  N—>00.
I'eomeTpuyeckn M.0. — 3TO a0CHUCCA HEHTPA TAKECTH (I.T.) MJIOMIATUA MO
KPUBO#l IUIOTHOCTH pacnpeneaenusi. PasmepHocTs M.0. coBHmagaer ¢
Pa3MepHOCTHIO C.B.

JAucnepcusi c¢.B. X — M.0. KBagpara OTKJIOHEHHUsA C.B. X OT ee M.O.
(meHTpa pacnpenesieHus):

D(x)=M[x-M(X)]*=M(x*)-M*(x),
Tak kak M[X-M(X)]*=M[x*-2xM(x)+M*(x)]=M(x?)-2M*(x)+M?*(x),
M[2xM(x)]=2M*(x) u M[M(x)]=M(x).
Jucnepcusi IMCKPETHOM €.B. X

D(x) =3 (x, - M), (3.10)
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CJIyYailHA MPH N0,
Jucnepcusi HenpepbIBHOM ¢.B. X

D(X) = [ (x— X)? p(x)dx = | x* p(x)dx — (3.12)

(mucnepcusi HempepPbIBHOM C.B. — IOCTOBEPHA).

D(x) =M[(x—X)?], mpu X =0 D(x) =M (X?), X —MaTeMaTHIECKOE O)KNTaHHE.

Hucnepcust xapakTepuszyeT pa3Opoc C.B. BOKPYT €€ CPEAHEro 3HauyeHUs
(MaTeMaTHYEeCKOTO OXKHIAHUS).

D(c)=0,

D(cx)=c*D(x),

D(c+x)=D(x).

Jloka3aTenbCTBO.

D(cx)=M[cx-M(cx)]>=M[c*x*-2cxM(cx) +M?(cx)]=c*M(x?)-M/2c*>XM(x)] +
+M[cMA(X)]=c*M(x?)-2c*M?(x)+c*M?(X)=c’[M(x?)-M*(x)]=c’D(X).
D(c+x)=M[c+x-M(c+x)]*=M[c+x-c-M(X)]*’=M[x-M(x)]*=D(x).

Jliis He3aBUCHMBIX C.B. X1 U X D(X11X2)=D(X1)+D(X,).

I'eomeTpuYecKH AUCHEPCHS — 3TO HEHTPAJbHBII MOMEHT HHEPUHMHU
IVIOIIAAA TOJ KPHBOW IUIOTHOCTH pacnpeaejeHus. Pa3MmepHocTh
JUCIEPCUM — KBAJPAT PA3MEPHOCTH C.B.

CpeaHekBaipaTH4YecKoe OTKJIOHEHHE (CTAHIAPT): o(x) =+/D(X) -

AcUMMeTpHUS HeNPePbIBHOM C.B. X

AX) = [(x=X)* p(x)dx - (3.12)

Ecmu c.B. X pacnpeneneHa CUMMETPUYHO OTHOCHUTENBHO CBOETO M.O., TO
A(x)=0.
Kos¢ppuuuenr wu3meHYuBOCTH (Bapuamuu) c.B. X — OTHOUICHHUE
CTaHJapTa K M.O.:
V(X)=o(x)/ X <1. (3.13)

Kospdunuént skcueécca (kodhPUIMEHT OCTPOBEPIIMHHOCTH) B TEOPUU
BEPOSITHOCTEW — MEPa OCTPOTHI MUKA PACHPEACICHUS CyYaNHOW BEJTUYUHBL.

H4
=" -3

rd

¥
b= ([ -] u n
, HeHTpaJ'II)HI)H/I MOMCHT I — TO nopﬂm(a CJ'Iy‘-IaI/IHOI/I BCJIIMYMHEI.
B YaCTHOCTH, BTOpOI71 I_ICHTpaHLHLIfI MOMCHT — 3TO I[I/ICHCpCI/IHI

¥
= M[[X_M(X)] )_ 2Lx) LT = DIX] _ CTAHJAPTHOE OTKJIOHEHHE X .
«Munyc Tpu» B KOHIE (GOPMYIBl BBEICHO JJIsi TOTO, YTOOBI KOI(PQUIHMEHT

JKcriecca HOPMaJIBHOT'O PACIIPEACTICHUSA Obl1 paBeH HY0. OH MOJOXKHUTEICH, €CIIA TTHK
pacrpesiesieHns OKoJIo0 MaTEMaTHIECKOTO OXKUIAHUS OCTPBIH, U OTPHUIIATENEH, €CIH UK
rmanxuii (cM. [Ipunoxenue).
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https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B6%D0%B8%D0%B4%D0%B0%D0%BD%D0%B8%D0%B5

KBaHTIb (WU Keanmuib nopsoka «) — UYHCIOBas XapaKTEPHCTHKA
3aKOHA pacmlpeeeHus CIy4YalHOW BEIUYMHBI; 3TO TaKOE YHCIIO, YTO JIaHHAS
clly4ailHasi ~ BeJIMUMHA TIOMAJaeT JIeBeée €ro C  BEpPOSTHOCTHbIO, HE
npeBocxosmieit «. KBantune mepBoro mnopsaka P(x) — obparHas (yHKIus
3aBUCUMOCTH X OT P(X).

& -KBAHTWJIb CIIYYalHON  BEIWYUHBI £ ¢ GYHKIIMENH  paclpeaesICHus
Fz) =P{{<z} _ 310 moboe uncio Tas YIOBIIETBOPSIOIIEE JBYM YCIOBUSIM:

1) Fry) <o

2) Flr,+0)> a.

3aMeTHM, UYTO JJaHHbIE YCIOBUS SKBUBAJICHTHBI CIICTYIOIINM:

Ple<zy) <oy PE>z,) <l—a.

Berm F1(®@) - HEIPEPhIBHAS CTPOTO MOHOTOHHAS (DYHKITHS, TO CYIIECTBYET
CAMHCTBEHHBIM KBAaHTWJIb Lo TIOOOTO TOpsaKa & S ':D: 1:': KOTOPBIA OJHO3HAYHO
OIIPEIEISACTCS U3 yPABHEHHS (ra)=02, U, CJIEIOBATEIbHO, BBIPAYKACTCS uepe3
byHKIIMIO, 00paTHYIO K GYHKIIUU pacipeieICHusI:

o= F1{a)

KpoMe yKa3aHHOH CHTyaluW, KOTJa ypaBHEHHE (o) = ymeer
CAMHCTBEHHOE pelIeHUue (KOTOpO€ U JAeT COOTBETCTBYIOIIUNA KBAaHTHUIIb),
BO3MOYKHBI TAKKE JIBE IPYTUX CUTYAIIHH.

1) ecnu yka3aHHOE YpaBHECHUE He uMeem peuieHuil, TO 3TO 03HAYaeT, 4To
CYIIECTBYET EIWHCTBEHHAs TOYKa Loy B KOTOPOW (QYHKIUS PpacHpeacICHUS
UMEeT pPa3phiB, KOTOpass YIOBJICTBOPSCT JAHHOMY OMPEICICHUIO U SBIICTCS
KBaHTHJIEM TopsIJIKa o . Jlst DTOM TOYKH BBITIOJTHEHBI
cootromenns: PE<Fa)<a y P(€>24) <1- (neppoe nepasenctso crporoe, a
BTOPOE MOXKET ObITh KaK CTPOTHM, TaK U 00paliaThCs B paBEHCTBO);

2) eciii YpaBHEHUE HMEET Oojiee 00HO20 peuieHusl, TO BCE €ro PEIIeHHUs
o0pa3yloT MHTEpBaJ, HAa KOTOpPOM (YHKIUS pacmpeneseHus MocTosiHHa. B
KauecTBe KBAHTHJIA TIOPSJIKA ¢ MOXKET OBITh B3STa JI00Aas TOYKA HTOTO
unTepBaia. ComepxaTeslbHbIC BBIBOIBI, B KOTOPBIX yYacTBYET KBaHTWJIb, OT
ATOTO CYIIECTBEHHO HE U3MEHSTCS, ITOCKOJIBKY BEpPOSTHOCTHh TIOMAIaHUs
CIIy4YallHOW BEJIMYMHBI £ B naHHbIIT VHTEPBAJ paBHA HYJIIO.

3.2. CnyuaiiHasi BeKTOPHasi BeJIMYUHA ABYX U3MepeHUH

Ha npaktuke pemaroTcs 3agadd, B KOTOPBIX pe3yjbTaT OIbITa
OIKCHIBAETCSI HE OJIHOM C.B., a IByMs WK OoJiee C.B., 00pa3ylOUIMMHU CUCTEMY.
[Ipu 3TOM CBOICTBa CUCTEMBI HECKOJIBKMX C.B. MOTYT BKJIIOYAaTh W B3aUMHBIE
CBSI3U (3aBUCUMOCTH ) MEXK1y HUMH.

Ecmu c¢.B. X 1 Y NpUHUMAIOT AMCKPETHBIE 3HAYEHUS Xj, Yj U KaXKJIOU mape
3Ha4eHUN (Xj, Yj) COOTBETCTBYET OIPEIENIEHHAs BEPOSTHOCTH Pjj, TO MOYKHO

COCTaBUTh TaONUIly paclpenesieHuss BEPOSTHOCTEH X% .. |%,
JHUCKPETHOU IBYMEPHOM C.B. Y, | Py | Py || Py
Y2 P12 P22 e Pn-‘z
Yo!| Piw| Pow |- | P
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http://www.machinelearning.ru/wiki/index.php?title=%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://www.machinelearning.ru/wiki/index.php?title=%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F

OueBHUIHO Zmzzn: p, =1-

i=1 j=1

3nadyenne GyHKIUU P(X,Y) paBHO BEPOSTHOCTH OOHAPYKUTH C.B. X<X U C.B.
Y<y, T.e.

P(x,y)=Prob(X<x,Y<y).

CBoiicTBa (yHKIMH pacupeneienus P(X,Y):

1) P(x,y) — HeyObIBatomas GyHKIUS CBOUX apI'yMEHTOB,
T.€. IpH X2>X1 P(X2,y)>P(X1,y) mim mpu yo>Y1 P(X,y2)>P(X.y1);

2) P(x,-20)=P(-00,y)=P(-0,-2)=0;

3) P(x,+20)=P(x), P(+20y)=P(y) — ecii olMH 13 apryMeHTOB paBeH +c0, TO
byHkusa pacnpeneieHus P(x,y) mpeBpamactcs B (QYHKIHIO paclpeneicHus
JIPYyroH C.B.;

4) P(+00,+00)=1.

[ImoTHOCTH pacmpeiesnieHusi CHUCTEMBbI JBYX C.B. (BTOpas CMeEIIaHHas
npousBoaHas P(X,y) mo & u 3atem 1o & ).

I°P(x,Y) —
p(X,y) = Tl (3.14)=(3.4)
WM B OOIIIEM BUJIE
_O"P(X, Xy, X,) 0P O°P
KKK K AK
I'eomerpuuecku P(X,y) MOXKHO MPEACTABUTH MOBEPXHOCTHIO (TIOBEPXHOCTH
pacnpenenenus — mo OX u OY oTknaapiBarOTCs 3Ha4YeHWs ¢.B. X u Y, mo Z —

BEPOSTHOCTH UX MOSBJICHUS, PUCYHOK).
U3 (3.14) cnenyer

POX X seens X, )

Xy
P(x,y)= [ [ p(x, y)dxdy- (3.15)=(3.6)
BepositTHOCTE 00HapyYXUTh AByMepHYIO ¢.B. (X,Y) B obnactu D:
Prob((X,Y)cD):jj p(x, y)dxdy - (3.16) = (3.5)

BepositTHoCcTh 00HApYXUTh TOYKY M C KOOpAMHATAMH Xi, Xp,...Xn B N-
MepHOM o0Beme V-

PrOb(MCV)zfnfa_gj P(X,, Xyeey X, )AX AX,...0X, - (3.17)
Hanee, anayioru4so (3.7)
[ [ p(x, y)dxdy=1, (3.18)

—00—00

T.€. FEOMETPUUYECKH 00bEM 01 IOBEPXHOCTBIO PacpeesICHUs paBeH 1.
B o6miem Buzie iMeeM N-KpaTHBII UHTETrpal

®© npaz ©

[ [P0 X0, X, )X dX, X, =1 (3.19)
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Ecnu u3BecTeH 3aKOH pachpefereHUsi CHCTeMbl [BYX CJIy4ailHbBIX
BeJIMYHMH P(X,Y), TO MOXXHO OIPEICIUTh 3aKOHBI PACIPEICICHUS OTICIBHBIX

BCJIMYUH, BXOIAIINX B CUCTCMY:

p(x) = [ p(x, y)dy

p(y)= Ip(x,y)dx

To xe, B 00111EM BH/C:

(3.20)

p(x,)= J.’F.l.];aS Ip(xl,xz,...,xn)dxldxz..dxl._ldxl.+l..dx,, : (3-21)

Ho A TOTO, YTOOKI I10 3alaHHBIM 3dKOHaM pPacCIIpCACICHUA OTACIBbHBIX

C.B., BXOJSIIUX B CHCTEMY, ONPEIECIUTD
3aKOHBl PACHpPEACIICHUS CHUCTEMBI C.B., :
HaJ0 3HaTb  3aBUCUMOCTb  MEXIy %3
BEJIMYMHAMH, BXOISAUIMMH B CHCTEMY. o024
VCIIOBHBII 3aKOH PAacIpeieieHus C.B. X, o1}

o GO it 0
Bxogamed B cucteMy (X,Y) — 3akoH ee 0 wz“%”i“"}%"\ 2
. =
pacripefieJieHus,  BBIYUCICHHBIA  TIpU 2 gz,zgggizgﬁlg;
EELIANAL
YCIOBHH, 4TO Apyras C.B. Y IpHUHsIA ° ‘o:::;’%gg,;:
<

ONPEAECICHHOE 3HAYCHUE. Y CIOBHBIN

dbynkueit P(X/y) u mnotHocteio P(X/y) pacnpeeneHus.
['eomeTpudeckn (QYHKIUS TUIOTHOCTHA PacIpecICHHsI
p(x/ly) mpencraBiaser co0OOil ceYeHHE TOBEPXHOCTH
pacnpenenenus npu y=const. Ceuenust I[loBepxHOCTH
pacrpenesieHust MIOCKOCTAMUA X=CONSt u y=COnst naror,
COOTBETCTBEHHO, YCJOBHBIC IIJIOTHOCTH pacIpenesieHus
p(y/x) BenwuuHbl Y MpH ONpPEICICHHBIX 3HAYCHHAX X U
YCJIOBHBIC TUIOTHOCTHU pacnpenesieHus P(x/y) Beaumuunbl X
npu onpeAesieHHbIX 3HaueHusx Y. Ecom X u Y —
3aBHCHMBIC C.B., TO KPUBBIC ITUIOTHOCTH PaCHpEISIICHUS
p(y/X) wu3MeHsAOTCS TMpPU H3MEHEHHH X, a KpPHBBIC
IUIOTHOCTH pacnpeneneHus P(X/y) U3MEHSIOTCS TpH
U3MEHEHHUH Y. M.0. 3THX KPHBBIX IIPH TAKUX U3MEHEHUSX
oOpazyroT JmHMM perpeccun 1 u 2. B cnydae
HE3aBUCUMOCTH X U Y JIMHUM PErpeccUr MpPeICTaBIISIOT
co00Ol mpsMble x=X U y=Y, MapajulelibHble OCAM

koopauHat. [lpu Hanmwuum (yHKIMOHATBLHOW CBs3U (a

w

3aKOH pacnpcaciiCHUA MOKHO 3aJlaBaTb HOBCpXHOCTL l'SIOTHOCTI/I

L

2

i
Y

-

Jluanu perpeccunt st
He3aBUCUMBIX C.B. X 1 Y

1
4y

——

2
f

4
'~

i

¥ by

et perpec o
SABHOMMED O.F A K 1

HE CTOXaCTHYECKOM)

Mexay X U Y o0e JIMHUU perpeccuu CIMBAIOTCS B OAHY — Y=Y(X), mpu 3TOM
MOBEPXHOCTh TUIOTHOCTH pACHpPEICICHUS MOXXET OBITh 3aMeHEHa KpHUBOH

IUTOTHOCTH pactipeneiacHus X win Y BI0Jb TUHUH Y=Y(X).
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C YYCTOM BLIIICCKA3aHHOTI'O, IINIOTHOCTD PACIIPCACICHUSA CUCTCMBI IBYX C.B.
PaBHa IINIOTHOCTU PACIIPCACIICHUA OHHOﬁ U3 HUX, YMHO)KGHHOfI Ha YCJIIOBHYIO
INIOTHOCTDb PACHPCACICHUSA ,ZIPYFOfI BCJIMYUHBI, BBIYHCJICHHYIO IIPpH YCIIOBHUU,
4TO IICpBadA BCIMYHNHA IIPUHATIA 3aTaHHOC 3HAYCHHUC!

P(X,Y)=p(X)P(Y/x) , (3.22)=(2.12)
WM B OOITIEM CiTydae
P(X1,X2,.. e Xn) =P (X1, X2, 00y Xil Xit 1, X200 - X0 ) P (Kik 1, X425 -1 X1 ) - (3.23)
JI711 HE3aBUCHMBIX C.B.
pP(X,y)=p(x)p(y) (3.24)=(2.4)

INIOTHOCTb PACHIpCACIICHUA CHUCTCMblI HC3aBHUCHUMbLIX C.B. PaBHA IIPOHU3BCACHUIO
TUIOTHOCTEM pacupeaciiICHus OTACIbHBIX BCJIMYWH, BXOAAIINX B CUCTCMY.

33 YucioBblie XaAPAKTEPUCTHKHU pacnpeacjeHuss CUCTEMBI IBYX
CJIy‘IﬂﬁHBIX BCJINYHNH
1. M.o. X = [ [x- p(x y)dxdy, Y = [ [y- p(x, y)dxdy (3.25)

—00—00 —00—00

WK B O0LIeM Cilydae X = T Txi (X, Xy ey X, )AX A, AX, - (3.26)

_ooN pa3

['eomerpuyecku Touka (X,Y) sBISETCS Mpoekiuedr Ha tuiockocTh XOY
HEHTPA THAKECTH 00beMa, OTPAHUYEHHOI0 MOBEPXHOCTHIO paclpe/ieseHust

P(X,Y).

2. lucnepcus:

D(X)= [ [(x=X)*-p(x,y)dxdy, D(Y)=[[(y-Y)* p(x,y)dxdy .  (3.27)
3. KoppeasiumoHHbIii MOMEHT C.B. X 1 Y
K,y = TT(X— XYy —=Y)-p(x y)dxdy - (3.28)

—00—00

KoppensiimoHHbIE MOMEHT XapaKTepHU3yEeT CTOXACTUUYECKYH 3aBUCHUMOCTD
MEXIy C.B. a Takke paccenBaHne. KoppemsnMOHHBIE MOMEHT — M.O.
MPOU3BEACHUS OTKJIOHCHMM JBYX C.B. OT HMX MaTEMaTHYECKUX OXKUJIaHUM
K,, =M[(X = X)(Y =Y)], ip1 X =Y =0 K_ = M[XY].

KoppeasimnoHHbII MOMEHT — I0CTOBEPHAs BeJIMYNHA.

Ecmm 3aBucumoctu mexay X u Y Her, To Kyy=0, HO n3 Toro, uro K,,=0 ne
cieayeT He3aBUCUMOCTh X U Y.

C.B. MOTYT OBITH:

1) He3aBHCHMBEI, T.€. He KoppenupoBans! K,,=0;

2) 3aBHCHUMBI U KOppenrpoBaHbl Ky,#0;

3) 3aBucHMBI U He KoppenupoBanbl K,,=0 (ecim mOBEpPXHOCTH IUIOTHOCTH
pacrpeneneHyuss CMMMETpUYHa OTHOCUTeNIbHO ocedt koopaumHaT OX u OY, T.e.
M(X)=M(Y)=0);

4) ko3 PUIMEHT KOPPETSAIIUN:

24



r,=—2>, (3.29)

rje o — CTaHJapT.
-1< 1,y <1 — XapakTepu3yeT CTENEHb TECHOTHI JIMHEWHON 3aBUCMMOCTH MEXKIY
C.B. I'y=1 npu Y=aX+b (uHeliHas (yHKIHNOHANbHASA CTOXaCTUYECKAs CBA3b).
Ilpn HemuHelHHOM (QYHKIMOHANBHOM CBs3U Iyy<l. Ilpm orcyrcTBHM
CTOXaCTU4ECKOH CBs3U Iy, =0 — Heo0XoamMOe, HO HEAOCTATOYHOE YCJIOBHE
He3aBHCUMOCTH X U Y.
CucrteMy N c.B. MOKHO OXapaKTepU30BaTh N M.O0. X, N AUCTIEpCUsIMU D(X;)

1 N(n-1) xoppensuonHsiMu MoMeHTaMu Kxiyj ¢ 1 # J (ipu aToM Kxiyi=Kxjvi).

3.4. DyHKIUH COYyYAHHBIX BEJTUYHH
@Oynkius  ¢.B. Oymer Takke chnydaiHodW BemuumHoM Y=¢(X). Ee
pacrpeneieHue COOTBETCTBYET PACIPEEIEHUIO0 apryMeHTa, HO C U3MEHEHHOM
mkanoit abcuucce. P(y)=Prob(Y<y)=Prob(p(X)<y).

P(y) =_f oLy (WIw(y) dy (3.30)=(3.6)

rae  y(y) — byHKIMS oOpaTHas ¢(x) (3aMeHa MOJBIHTETPAIEHOTO BBIPAKEHUS
x=y(y), dx=yw(y)dy).

Ecim Y=¢(X), rne ¢(X) — MOHOTOHHAsT (pYHKIIMSI CBOETO apryMeHTa, TO
pacnpeneneHue Y OMNpeAesieTcss TeM, YTO BEPOSITHOCTh HAxXOXIEHUS Y B
npezaenax y;<Y<y, paBHa BEPOSATHOCTH HEpPaBEHCTBA X1<X<Xp, rae Y1=@(X;) u

Y2=¢(X2).
M.o. u nucnepcusi c.B. Y:

Y = [p(x)p(x)dx, DY) = [(p(x)-Y) p(x)dx -  (3-31)=(3.9) u (3.11)

IMpumep [7, c. 23]. CrepkeHb HArpyXe€H M3rHOAOIUM MOMEHTOM My, u
KPyTAIUM MOMEHTOM M;, M eCTh HMX COBMECTHas IUIOTHOCTh BEPOSTHOCTH
Pe(Mp,My). Kpome Toro, momentst M, m M; ciyuaiiHO He3aBHUCHUMBI U
MO TYMHSIOTCS [ICHTPUPOBAHHOMY HOPMAJIBHOMY Paclpe/IeIICHUIO:

1 (M} M?
M, M)=———¢exp| ——| —2>+— ||,
Pq( o M,) 2,0, p[ 2( 2 2}}

O » Ot

rie op U oy — ctangaptel My u M.

OnacHoe COCTOSIHUE CTEPIKHS JIOCTUTAETCS MPHU MPEBBIIEHUA HEKOTOPOUH
byHKUMEW 3TUX MOMEHTOB MpeienbHoro 3HayeHuss M>M; i, 3aBucsIero or
CBOMCTB Marepuaia U reOMETPUM CEUYeHHUs CTepkHs. Hampumep, i CTepKHA
KpPYTJIOTO CEUCHHUS W3 IJIACTHYECKOTO Marepuaia 3Ta (yHKIUS MOXKET OBITh
B3sTa B BUAE M, = M?+M? , A€ M, — IpUBEAECHHBIII MOMEHT, ONIPENEICHHbBIN B

COOTBCTCTBHM € KPHUTCPUEM TCKY4YCCTH, OCHOBAHHOM Ha HanOOIBIINX
KaCaTCJIbHLIX HAIIPSKCHUAX.
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Jlekuus 4. IlonsiTie HAZEKHOCTH COOpY:KeHUsA. Pe3epB mMpo4YHOCTH.
Xapakrepuctuka OezonacHoctu. Kodpduuuent 3anmaca. KodpduumeHTsl
OTHOPOJHOCTH M MEePerpy3Kku

HeoOxoaumpblii  ypoBeHb HAACKHOCTH OOECHEUYMBAETCS HE TOJIBKO
pacueTHbIMU TpPEeOOBAHUSIMH HOPM TIPOCKTUPOBAHUSA, a 3aBHCHT TaKXke OT
METOJOB pacyera, IPUHATOW KOHCTPYKTMBHOM CXEMBI, BUJA COCIUHECHUMU
KOHCTPYKTHUBHBIX 3JIEMEHTOB, MPAaBUJ KOHCTPYHMPOBAHUS, IJIaHA KOHTPOJIBHBIX
UCTIBITAHUH U YCIIOBUHN MPUEMKH MPU U3TOTOBJICHUU U MOHTAXE.

N3navgansHO 10 cepeaunbl 30-X ro0B MPOIUIOro BEKa MPUMEHSIICS METOX
JA0NMycKaeMbIX HanpsikeHu. OH 3aKI04aics B TOM, YTO JJIsl 0000 BOJIOKHA
KOHCTPYKLUH JIOJKHO OBLIO BBIMIOJIHATHCS YCIIOBHE!

kS <Som
rae S,; — JAOMycKaemMoe HanpsoKeHHE; S — HampshiKeHHE B BOJIOKHE,
OIpeIeNIIeMOe METOJAMH CTPOUTEILHONH MEXaHHUKH; K — KO UIMEHT 3amnaca.

B srom MeTone ko3ppuuueHT 3amaca s BCeX KOHCTPYKIMI U3 JaHHOTO
Marepuana ObUI OJMHAKOB, YTO HE OTBEYAIO (PakTUUyeckoil padoTe TaKux
KOMIUIEKCHBIX MAaTEpUajoB, KAaKUMHU SIBJSIIOTCS JKEJIE300€TOH M KaMeHHas
KIaJKa, KOMIIOHEHTBHI  KOTOPBIX  HMEIOT  pa3lUYHbIE  MEXaHHYECKHE
XapaKTEPUCTUKHU U B COOTBETCTBUHU C 3TUM B PA3JIMUHOMN CTENIEHU U C Pa3INuHOM
OBICTPOTOM HMCUEPIBIBAIOT CBOIO HECYIYIO clOcOOHOCTh. Kpome Toro, pabora
CTPOUTENBHBIX MAaTEPUAIOB B KOHCTPYKLIMAX PacCMaTpUBANIACh JIUILIb B yIIPYToi
CTaiuu, T.€. HE YYUTHIBAIMCHh IUIACTUYECKHME CBOWCTBA MAaTEepHAJIOB,
U3MEHYMBOCTh HAarpy30K W CONpPOTHBIECHUN MatepuasnoB. [loatomy wmeron
JIOTIyCKAaeMbIX HAIPsDKEHUH MOAM(PUIMPOBAICA B MeTOA Pa3pylIaroLIuX
Harpy3oK.

PacueTHoe ycioBHe 3TOro Meroa B OOIIEM BUE CIEIYIOLIEE:

kKF, <R,
rae K — kosddummeHT 3amaca, 3aBUCSIIANA OT COOTHOIICHHUS Harpys3ok; F, —
HOpPMAaTHUBHOE 3HAYCHWE Harpy3kw;,; R, — HOpMaTWBHOE 3HAYCHHE HECYIIeH
CrIOCOOHOCTH (Cpe/lHee 3HAYeHUE MPOYHOCTH OETOHA WM TaK Ha3bIBaeMasl
rapaHTupyemasi IpO4YHOCTh CTaJIH).

Crana y4uThIBaThCs IJIaCTHUECKasi paboTa MaTtepuaia Juisi ONpeeIeHHbIX
CXEM Pa3pyLICHHUS.

Beenenue B cepeanHe 50-x romoB XX Beka MeToaa IMpeleibHbIX
COCTOSIHMI TO3BOJIMJIO Y4eCTh Clenu(puKy padoThl Pa3HBIX KOHCTPYKIMM U
(dakTUYeCKyl0  M3MEHYMBOCTb  HAarpy30K W  MEXaHMYECKUX  CBOICTB
CTPOUTENBHBIX MaTepuajoB U T.JA., T.€. MO3BOJMIO JOCTUYDL OINPEAEIECHHOTO
BBIDAaBHUBAHUS  HAJEKHOCTH  OTHEIBHBIX  JJIEMEHTOB  KOHCTPYKIIWH,
COCTABJISIFOUINX €TUHOE IIEJIOE.

DTOT METOJ| ONUPAETCS Ha CTATUCTUYECKOE M3YUEHUE 3HAUEHUI Harpys3oK,
MEXaHUYECKUX CBONCTB MATEpUAJIOB W YCIOBUM pabOThl KOHCTPYKUUWA H
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maTepuano. OO1iee yCI0BUE HENPEBBIIIEHUS MPENETBHOTO COCTOSIHUSI MOYKET
OBITh MPEICTABIECHO B BUJIE
Y(Fo.Rp. 70,720 7¢ )20, (4.1)
31ech Fp — pacueTHOe 3HaUEHUE HArPY3KU;
Fo=Fun,
rie % — Ko3(ppUIMEeHT HaleKHOCTU MO Harpyske; F, — HopMaTUBHOE 3HaUYE€HUE
Harpysku; R, — pacueTHOE 3HaU€HHE COIPOTUBIICHUS MaTepHANIa;

szRHVm;
R, — HOpMATUBHOE 3HAYEHUE CONPOTHUBIICHHS MaTEPHaNa; )y — K03 uimeHT
HaJCKHOCTH [0 MaTrepuany; J, — KO3DOHUIHUEHT HAASKHOCTH IO

OTBETCTBEHHOCTH KOHCTPYKIMH; ) — KO3((UIMEHT yCIOBUH pabOThL; % —
KO3((PUIMEHT TOYHOCTH; ¢ — MOCTOSHHBIE, BKIIIOYAIONINE MPEIBAPUTEIBHO
BBIOpDAHHBIE pPACUYETHBIE OrPAHWYEHUS, 3aJaBa€Mble€ JJI1 HEKOTOPHIX BHUJIOB
IpeAeNIbHBIX COCTOSIHUH (110 Mporudam, pacKpbITUIO TPEIIMH U T.I1.).

VYcaosue (4.1) ompenenser rpaHuily OOJACTU JOIYCTUMBIX COCTOSTHUUN
KOHCTPYKUMHU. Bxozsmiue B 370 ycioBue (HakTOpbl MOKHO YCIOBHO Pa3/IEiIUTh
Ha naBe rpymmbl. llepBas rpymma (akTopoB 3aBUCUT OT CBOWCTB CaMoOM
KOHCTPYKLMH, BTOpass OT BHEUIHUX BO3JCUCTBUI. DTO pa3leiIcHUE BO3MOXKHO
U3-32  OTCYTCTBHS B  OOJBIIMHCTBE  CIy4aeB  (PYHKIMOHAJIBHBIX U
KOPPEJSIIMOHHBIX cBsizell. Torna ycimosue (4.1) MOXKHO MPEICTABUTH B BUJIC:

Van(Fpn7a'7c)SWr(Rp) (42)

vW(FLR v ) <c
rie ¢ — TpeleabHOe 3HAYCHHE HOPMHUPYEMBIX MapaMmeTpoB (mporuda, yriia
MOBOPOTA, PACKPBITHUS TPEIIUH).
VYcaoBue HEMPEBBINICHUS TPAHUIBI O0JACTH JOMYCTUMBIX COCTOSHUH
KOHCTPYKITUH MOYKET ONIPEIEIIAThCS KakK

R—-F>0,

r1e c.B. R — 00001eHHas MpOYHOCTh KOHCTPYKIMK (HEeCyIasi CIIOCOOHOCTD );
F — 06o01enHas Harpy3ka, Wik HHaYe

S=R-F, (4.3)
rne F — nanbonbinee 3HaueHue ycwivs (MU HAMpsDKEHUS) B KOHCTPYKIIWH,
BBIp@OXEHHOE dYepe3 BHEIIHIO Harpy3ky (T.e. 3ajada  OIpeaeseHHs
HaANPSHKEHHOTO COCTOSIHUSA MPEINOoJIaracTcsl perieHHo);
R — Hecymas cnocoOHOCTh, BhIpaXKEHHAsI B TE€X K€ €AMHMIIAX, U OTBEYAOIas
Ipe-JebHOMY COCTOSIHUIO KOHCTPYKLUMHU MO MPOYHOCTH (TpeAesl TeKy4decTH,
npeea MPOYHOCTH U T.11.); S — pe3epB MPOYHOCTH.

BeposiTHOCTh Hepa3pylieHusT KOHCTPYKUMH WM HaaexHocTh N — 310
BEPOSITHOCTh HENPEBBIIICHUS CIy4alHOW BEIMYHMHBI, XapaKTepU3yrolen
npenensHoe coctosHue (4.1). Ecnum xpuBast pacrpeneneHusi 3TOM BETMUMHBI
KakMM-TO 00pa3oM oOIlpeJielieHa, TO M0 MHTErpajibHOW KPUBOM pacrpeeneHus
BEPOSITHOCTH Py MOXKHO HAalTH KBaHTWJIb BepoATHOCTH N TOro, 4TO peanu3anus
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Clly4ailHOM BenWYuHbl S OyAeT MEHBIIE 3TOro
KBaHTHJISI, OTCEKasi Ha KpuBo opauHaty Py = N.

BeposaTtHoCTh pa3zpylieHuss KOHCTPYKIUU:
0

Q=] p,(8)d5 =P (0). RS R

rae Ps(S) — mIoTHOCTH pacmpeseienus pesepsa npodHocTH; Ps(0) — 3HaueHue
byHKIIUM pacrpenenaeHus pesepsa mpoyHoctu mpu S=0 (BepoSATHOCTH TOTO, UTO
S <0, 1.e. pazpymieHus).

[InoTHOCTH pacrhpeneicHusl pe3epBa NPOYHOCTH TMPU B3aUMOHE3aBH-
cumoct R u F:

p.(S) = | p.(S+F)p, (F)F . (4.4)

riae Pr(R) — IIoTHOCTE pacrpeeneHus Hecylel crnocooHocTr; Pr(S+F) — Ta xe
¢byHknus, HO ¢ aprymeHToM S+F; pi(F) — mutoTHOCTH pacnpeneneHus: BHEIIHETO
YCHUIIHSL.
[Ipu B3aumonesaBucumoctTu R u F
PS+F,F)=p.(S+F)p (F).

OxBuBasieHTHas (4.4) dopmyna
p.(S)= | p.(R)p; (R-S)dR , (4.5)

rae Pi(R—S) — mroTHOCTH pactpenenacHus ycumms, Ho ¢ aprymeHToM (R-S).
B cayuae, xorma R u F 3aBucumbl, (4.4) u (4.5), COOTBETCTBEHHO,
3aIUIITYTCS B BUJC

ps(S)= T p(S+F,F)dF (4.6)

ps(S)= T P(R,R—S)dR s (4.7)

rae P(R,F) — dyHKkIms coBMecTHO#M moTHOoCTH pacnpeneneHus R u F; p(S+F,F)
u p(R,R-S) — 1o e, HO ¢ aprymenTramu S+F u R-S.

XapakTepucTuKa 6€30MacHOCTH

[Ipu mo0bIX 3akoHax pacnpeneneHus c.B. R u F m.o. u aucnepcus pesepsa

MPOYHOCTH S:
S=R-F; o(S)=c*(R)+c>(F) . (4.8)
Jliist ymoOcTBa BBOJAT XapaKTEPUCTHKY OE30MAaCHOCTH (TIPH HE3aBHCHMBIX

RuF)

- R-F : (4.9)
o(8) o (R)+c*(F)
/3 IOKa3bIBACT YMCIIO CTAHAAPTOB O(S), YKIAABIBAIOIIMXCS B HHTEPBAJE OT S J10
S=S (pUCyHOK).
U3 (3.13) cnenyer, uTo
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/I (4.10)

VS)
rne V(S) — kxosddunment Bapuanuu (M3MEHUHMBOCTH) C.B. S (pesepBa
MIPOYHOCTH).
Mo>xHO 3amucaTh U TakK ~
0-S
_p=2"2 411
P= o) (4.11)
Jtst pyHKIMN HOPMATIBHOTO PaClpeIesICHUs S BEPOSITHOCTb Pa3pyLICHNS:
_ B _ 1 t (S—E)2 4.12
=0(8<0)=PF,(0)= - ds - .
0=0(5<0)=P(0) G(S)m[f"p{ 20 | (4.12)
Torna, cIob3ysi HOBYIO NEPEMEHHYIO 0T 3HAaKOM HHTerpaia (4.12), monydanm
ol Laa @[ _poml 4.13
0=P(0) [2@{ o(5) ﬂ [2 »P)| (4.13)

riae @(f) — unrerpan BepostHocTH ["aycca (4.12) ¢ aprymeHnToM f.
B Tabmume wm Ha rpaduke NpUBENCHBI 3aBUCUMOCTH XapaKTEPUCTUKH
Oe3omacHoCTH £ 0T BEpOSITHOCTH paspyuieHuss Q u Hepaspyuienus P.

B |225[3.25 [3.75 | 4.25 [ 4.75 | 5.25
Q |107 [10° [10* [10® [10° |107

P =1fi5) Omnpenenats Q o (4.13) npu Gonbmux S
F: 3aTPYIHUTEIIBHO, IOATOMY HCIIOJIb3YETCS
n.ss acuMmnToThueckas gopmyna
oas 2 2
L p=-1 =B
097 S - e : 4.14
nas | & 0 o B ® 2 ( )
oas ""f
oas
o.a3
0.2z T T T T T T IIS
s ™ i o o = W
— ™ Ly} =r
Ipumep 1

Cnyuaiinas Harpyska paclpezielieHa [0 HOpMalbHOMY 3akoHy. F =100kH,
o(F)=10 xH. Ilpenen Tekyuectn R,=230 MIla. OnpenenuTs Iomanb CCUCHU
pacTSHYTOTO CTEpXXKHSI A, TpU KOTOPOH OOECIECYMBAETCS BEPOATHOCTH
Hepazpywenus P=0.99.

[To (4.13) P=0.5+®(p)=0.99 - xapakrepuctuka Oe3zomacHoctu [ =2,33.
VuuTeiBas Hecyyto ciocoOHocTh R=A-Ry 1o (4.9) umeem:

AR -F
"~ ah)
TI€ o(R)=0(4R,)=0, OTKYyJa IIIOMAb
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_ Po(F)+F _2.33-10° +10-10°
R 230-10°

[Ipu KeTepMUHHPOBAHHOM pacdeTe, ycuiue F onpeneneno u paBHo F |
A=FIR,=4.35 (c).
Pa3uwnia pesynsraTtoB A=18,8%.

4 —5.36 (cMP).

Ipumep 2

Harpyska F u npenen tekydectu Ry — ciaydaiiHBI, pacnpeneseHsl HOp-
MaJbHO.
F=100 xH, o(F)=10 kH, R, =230MIIa, o(R,)=10 MIIa, 4 = 5,36 (cm’).

Onpenenuts BEPOSITHOCTh HEPAZPYIIECHUS PACTIHYTOTO CTEPIKHSI.
Hecymast cnocoOHOCTh BBIYUCHSETCS HO (popmyJie:
R=AR,.

MaremaTnyeckoe 0:KuIaHNe HeCylIeil CIIOCOOHOCTH
R=AR,.
CraHzapT NpOYHOCTH MaTepuaia
o(R)=0(R)) A
Omnpenenum xapakTepUCTUKY Oe3omacHocTH (4.9)
_ A-R,—F _ 5.36-230-10° —100-10° 29950
JUoR)F +07(F)  (536:107-10-10°) +(10-10°)* 11346
[To (4.13) P=0.5+®(2.64)=0.9959. BeposSTHOCTh Hepa3pyLICHUS BHIIIC,
YeM B MEPBOM Cjydae, TaKk Kak JUis pa3pylICHHS W Harpy3ka H Mpeaes
TEKY4YEeCTH OJHOBPEMEHHO JOJDKHBI JIOCTUYb HEOIArOMPUSTHBIX 3HAYCHHMA, YTO
MeHee BEpOSITHO (O =Prob(F /R, > 4)).

=2.64-

Koa¢pduuuent 3anaca

NHorma BMecTo pes3epBa MPOYHOCTH BBOJAT CIIy4dallHBIA KOA(DHUITMEHT
3armaca
K=R/F, (4.15)
3nech K, R, F — ciayualinble BEJTMYHHBI.
Torna BepoOSATHOCTD pa3pylIeHUS:
0=0(K <1)=P.(l), (4.16)
rae Py(1) — byHkums pacnpenencHus kodhQUIMEHTa 3amaca MpU apryMeHTe
K=1.
BeposTHOCTB HEpa3pylLIeHuUs:
P=P(K>1). (4.17)
M.o. koaddunmenta 3anaca (kodphUMEHT TeTEPMUHUPOBAHHBIN )
K=R/F. (4.18)
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PasnenuM uuciauTeNh W 3HAMEHATenb npaBod yactu (4.9) Ha F wu

ucrnoab3ys (4.18) monyurnm xapakTepUCTUKY O€30MMacHOCTH:
_ K-1 _ K-1 ’ (4.19)
\/G<F)+0(R> WK v Ry
F F

T7ie V(F)=o(F)/F, V(R)=c(R)/R — KO3(QUIIMCHTHI BapHaIlUN YCUIUSA U HECYIIeH
CIIOCOOHOCTH.

Beenenne B (4.9) 3nauenuit V(F) u -

V(R) nmeer To mpenmymecTBo, uto OHH f1f Bzf(k]

MOTYT  OBITh  CPaBHHUTEIBHO  JIETKO j_/_/___,.-"
OLICHEHBI C JJOCTATOYHOW TOUYHOCTBIO JAXKE

IPU OTCYTCTBUU TOJHBIX CTATHCTUYECKUX

JIAHHBIX OTHOCHUTENBHO C.B. R u F. Kpome

TOro, nMpu U3SMCHCHUHN 3HAUCHUA HAI'PY3KH /

(HanmpuMep, B pe3ysibTaTe YBCIUYCHUS
IUIOIIA/M, C KOTOpOil OHa cobupaercs), /

paBHO Kak TpH HW3MCHCHHH IPOYHOCTH
HECYIIUX 3JeMEHTOB (Hampumep, Bciaem- |
CTBUE YBEJIMUYCHUS PA3MEPOB MOMEPEUYHBIX - o " 1
ceueHwuit), ko uruentsl Bapuanuu V(F)
u V(R) ocTaroTcst OCTOSTHHBIMHU.

U3 (4.19) npu neneHuu HA K YMCIIMTENS U 3HAMEHATENIs BUJHO, YTO MPH
K—>w» f—1/V(R), IPH K =1— B=0. MOXHO I0Ka3aTh, YTO IPU YBEIUYCHUU K

oT 1 10 ©© [ MOHOTOHHO U3MeHseTcst oT 0 10 1/V(R) .
Huosicnuit npeden oxcuoaemozo 3nauenus KoIguyuenma 3anaca

Ezl/[l—V(K) /%} : (4.20)

rae V(K)=o(K)/K —kodhdumueHT Bapuanuu kodQpGuIlneHTa 3amaca.

[TpubmmxeHHo
JVA(R)+VA(F)
V(K)~ : 4.21
(K) 1+V*(F) (4.21)
MoxHO BBIBECTH IPUOITNKEHHYIO bopmyy, CBSI3BIBAIOLTYIO
XapaKTEPUCTHUKY Oe30macHoCTH [ 1 KodhuimeHT 3amnaca
K~1+ BV (R)+V*(F) . (4.22)

Bripaxenue (4.22) ucnions3yercs npu HeOombinux 3HaueHusx V(R) u V(F),
uHaue

= LBV R+ BV E)- BV RV (F) (4.23)
1= AV (R)
nosrydeHo u3 (4.19).
B OonpmmHCTBE CllydaeB KOppPESAIMOHHAS CBSI3b MEXKAY Harpy3kou u

IMPOYHOCTBIO OTCYTCTBYCT HJIM Maja. [onoxurenpHas KOoppeCIiOOHHAsA CBA3b
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Harpy3Kd ¢ IPOYHOCTHIO UMEET MECTO, KOTJa JUIsi 00JIee TIPOYHBIX JIEMEHTOB C
00'MbIIell BEPOATHOCTHIO MOKHO OXKHJATh OTHOCHUTEIHHO OO'IBIIMX HArpy30K.
OT4acTl 3TO OTHOCHUTCS K CTAaTHYECKH HEONPEICITUMBIM KOHCTPYKITUSM, B
KOTOPBIX 00'JIBITYI0 TPOYHOCTH OTETBHBIX 3JIEMEHTOB MOXXHO CUYMTATh CBSI3aH-
HOM C WX OOJIBIIEH )KECTKOCTHIO, a, CIIEJIOBATENBHO, M ¢ OO0’ IBIITMMI BOCTIPUHU-
MaeMbIMH ycunusaMH. [Ipumep OTpULIATENBHOM KOPPEISLMOHHOW CBSI3H —
ocnableHHOEe OTBEpCTHEM cedeHue Oosiee MPOYHO, T.€. CEUCHHUE MEHbBIIE, a
IIPOYHOCTH OOJIBIIIE.

Ecmu ymaercst omneHuTh KOppensiuoHHYI0 cBs3b R ¢ F ¢ momomipro
koppemsiiimonnoro  momenta  K(R,F), To xapakrtepuctika 0€30MacHOCTH
aHAJIOTMYHO Kak jyis (4.19)

= R-F : (4.24)
Jo? (F)—2K(R,F)+ 0> (F)
Torna (4.19) 3anumercst B BUjie
B K-1 , (4.25)
W2 (F)=2KV* (R, F)« K 'V*(R)
re v(r,F)=,| S &)
R-F

3necy K(R,F) onpenensiercs mo (3.28), a (4.23) 3anuirercs B BUJIC

1= ATR )+ VB (F) -2 (R, F)+ V2 (R)|- B[V (R (F)-V* (R, F)) (4.26)
1=V (R)

noaydeHo u3 (4.25).
Kosddunuenr omHopoanoctu (k,) mpeacraBiser coOOW OTHOIICHHE

PacYETHOrO 3HAYEHUS IPOYHOCTU K HOPMATHBHOM IPOYHOCTH K,=R/R.
Ko>pdpunuenr mneperpyskum (k,) npeacraBiasieT coOOH OTHOIICHHE

PaCcUETHOTO 3HAYEHHMS Harpy3Kyu K HOPMaTUBHOW HArpy3Ke kK, =F/F .

Ecnu mpuHsATh 32 HOpMATUBHBIC 3HAYCHHUS M.O. CIy4allHOW BBIOOPKH IMPHU
3ajaHHOM 3akoHe pacmnpenaeneHus (B CHull 3To cobmromaercss He cTporo), a
pacUeTHBIM 3HAYEHUSIM TPUIKUCATh BEJIMYUHBI, COOTBETCTBYIOIIUE XapaKTe-
pUCTHKE OE€30IMacHOCTH

R= (R-fo(R)/R F=(r+ e/, (4.27)
k, 1 k, MOXHO ONpeaeauTh 1o GopmyJiam:
K, = 1- pV(R), ananornuno,  k, =1-pV(F), (4.28)

Te V(F)=o(F)/F, V(R)=c(R)/R - KO3hOUIIMCHTH BapHaIliy YCUIUSI M HECYIICH
CIIOCOOHOCTH MOKHO BBIpa3uTh 00paTHO uepe3 k, W k, W TOrja BbIpaKEHUE
(61.4) npumer BuU:

1+ 1-kok, (2 k)2 ~k,,)
[ko (2_ ko)]

K = (4.29)
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Jlekmust 5. CoyeTaHusi NOCTOSIHHBIX Harpy3ok. Koppeasiumonno ne
CBsI3aHHbIe HArpy3ku. M3meH4YuBOCTH MOJHOW Harpy3ku. Kordpdpumment
neperpy3sku AJis NMOJHOM Harpy3ku. CodyeTaHusi MPOYHOCTHBIX CBOMCTB.
MeToa CTAaTHCTHYECKOU JIMHEAPU3ALMHU

PacueTHbie 3HaueHUs Harpy3oK IIpH HaJIXYHUU CTATUCTUYCCKUX HaHHBIX
AOIYCKACTCsA OIPCACIATL HCIIOCPCACTBCHHO 110 SaI[aHHOﬁ BCPOATHOCTH HX
IMPCBBIICHUA.

CoyeTanusi Harpy3oK 10 JAefiCTBYOIINM HOPMaM

CHulI 2.01.07-85* "Harpy3ku u Bo3aeidcrpus'

Pacdyer KOHCTpYKUMH ¥ OCHOBAaHHMM MO MPEAEIbHBIM COCTOSIHUSM
MEepBOM W BTOPOW TPYII CIEAYET BBIMNOJHATH C Y4ETOM HEOJArompHUsTHBIX
COYETAaHWN HArpy30K WJIH COOTBETCTBYIOIIUX WM YCHWIHU. OTH COYETAHUS
YCTaHABJIMBAIOTCS U3 aHAJIM3a PeaIbHBIX BAPUAHTOB OJHOBPEMEHHOTO JACHCTBUS
Pa3JIMUHBIX HArpy30K ISl pacCMaTpUBAEMON CTaauu padOThl KOHCTPYKIIUU WIIH
OCHOBAHUSI.

B 3aBucHMMOCTM OT y4YMTBHIBAEMOI'O COCTaBa Harpy3oK CIEayeT
pa3iinyath:

a) OCHOBHbIE COYETAHWSI HATPY30K, COCTOSIIME U3 IOCTOSHHBIX,
JUIUTEIbHBIX U KPATKOBPEMEHHBIX,

0) ocoOble couyeTaHHUsI HATPY30K, COCTOAIIME W3 TIOCTOSHHBIX,
JUTUTEIIbHBIX, KPATKOBPEMEHHBIX U OJTHOM M3 0COOBIX HATPY30K.

BpemeHHble HAarpy3ku ¢ JABYMSI HOPMAaTUBHBIMU 3HAUEHUSMH CIETYET
BKJIIOYAaTh B COYETAHMsSI KakK JJIATEIIbHbIE — TIPU YYET€ MOHUKEHHOTO
HOPMATUBHOTO 3HAYECHUS, KaK KPATKOBPEMEHHbIE — TP Yy4eTe IOJHOTO
HOPMATHUBHOT'O 3HAYCHUSI.

Ilpu yueme couemanuii, 6K1104AI0OWUX NOCMOAHHBIE U HE MEHee 08YX
6DEMEHHbIX HAZPY30K, PACUCTHBIC 3HAYCHUS BPEMEHHBIX HArpy30K WIH
COOTBETCTBYIOIIMX MM YCWIMH yMHOXalOTCs Ha KOd(POUIMEHThI COUYETaHWM,
paBHBIE:

6 OCHOBHBIX cOYemaHuAx JUIsl JUIATENbHBIX Harpy3ok y; = 0,95, nns
KpaTKOBpeMeHHbIX i, = 0,9:

6 0co0bIx coyemanuax IS JUIATCIBHBIX Harpy3ok y; = 0,95; s
KpaTKoBpeMeHHbIX Y, = 0,8, kpome ciydaes,
OTOBOPEHHBIX B HOpMax MIPOCKTUPOBAHUS
COOPYKEHUU I CEUCMHUYECKUX PANOHOB U B
IPYTUX HOpPMax MPOEKTUPOBAHMS KOHCTPYKIUN U
ocHoBanmil. [Ipu 3TOM OCOOYIO Harpy3ky criemyer
MPUHUMATh 0€3 CHUKCHUSI.
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[Ipu ydere OCHOBHBIX COUYETAHUM, BKIIOYAIONINX MTOCTOSHHBIC Harpy3KU
U OJHY BpPEMCHHYIO HAarpy3ky (IUIMTCIBHYIO WJIH KPaTKOBPEMEHHYIO),
KO3 PHUIMECHTHI 13, > BBOJUTH HE CIACAYET.

B ocnoemblx couemanusx npu yueme mpex u Oonee
KPamKo8PEMEHHbIX HAZPY30K WX PACUCTHBIC 3HAUCHUS JTOTYCKACTCS YMHOXKATh
Ha Kod(h(UIMEHT coueTaHus y», NMPUHUMAEMBIA Uil TIEpBOW (IO CTETCHH
BIIMSHUS) KpaTKoBpeMeHHoW Harpy3ku — 1,0, mus Bropoir — 0,8, mis
ocTtanbHbIX — 0,6.

[Ipu ydere codeTaHmii, BKIIOYAIOIINX HECKOJBKO BPEMEHHBIX HArPY30K,
3a OJJHY BPEMEHHYIO Harpy3Ky ClieyeT MPUHUMATD:

a) HArpy3Ky OIPEACIICHHOTO pojJa OT OJHOTO HCTOYHHMKA (JaBJICHUE WM
pa3peXeHHE B EMKOCTH, CHETOBYIO, BETPOBYIO, TOJIOJICTHYIO HArpy3KH,
TEMIIepaTypHbIE KIUMATHYCCKAE BO3JCUCTBHUS, HArpy3kKy OT OJIHOTO
MOTPY39HKa, JIEKTPOKapa, MOCTOBOTO MJTU TIOJIBECHOTO KpaHa);

0) Harpy3Ky OT HECKOJIbKMX HWCTOYHUKOB, €CJIM HX COBMECTHOE
JEHCTBUE YUYTCHO B HOPMATUBHOM M PAaCUE€THOM 3HAUYCHUSIX HATPY3KU (HArpy3Ky
OoT 000pynoOBaHUS, JIOJEH W CKIAJUPYEMbIX MATE€pUajIOoB Ha OJHO WU
HECKOJIbKO TIEPEKPBITUN C YU4ETOM KOIPPUIIMEHTOB Wa U U, NMPUBEICHHBIX B
nm. 3.8 n 3.9; Harpy3Ky OT HECKOJIBKHX MOCTOBBIX WJIHM ITOJABECHBIX KPAaHOB C
yuetoM Koadduimenta y, npuBeneHHoro B 1. 4.17; rononenHo-BETPOBYIO
Harpy3Ky, Onpe/esiieMyto B COOTBETCTBHH C 1. 7.4).

Meton pacuera HOpM UMEET BUJ JECTEPMUHUPOBAHHOIO, HO 3HAYCHUS
K02 (PUIIMEHTOB COUeTaHWW B HEM YCTAHOBJIEHBI M3 PACCMOTPEHHS HArpy30K
KaK CJy4YalHbIX BeIWYMH. X JSKCTpeMalbHble 3HAYCHUS, BCTPEUYAIOLIMECs
pPEOKO, B COYETAHUSAX HArPy30K WIM YCWIMH OT HUX MOTYT COBIIACTh IIO
BPEMEHU YPE3BbIYAIHO peaKo. BeposITHOCTh TAKOro COOBITHSI ONPEAEIIIETCS KaK
MPOU3BEICHUE BEPOSATHOCTEN TMOSIBIICHUS PACUETHBIX 3HAYEHUM KaXKIOU
Harpy3ku. Hampumep, s CHErOoBOMl M BETPOBOM HArpy30K, HMEIOIINX
00€CTIEYeHHOCTH pacueTHhIX 3HadeHud 1/25 wu  1/50 COOTBETCTBEHHO,
BEpOSITHOCTh COBMAJIEHUS B KakoMm-IMOo roxy paBHa 1/1250, uro ciuikom
Majo I 3JaHUM, CPOK CIYKObI KOTOPHIX Ha TMOPSAOK MeHbiie. [losTomy
BpPEMEHHbIE HArPY3KH COUYETAIOT CO CHIDKEHHUEM UX CyMMapHOTO 3 deKTa.

Koadpdumuent v, = 0,9 nns xpaTKOBpEMEHHBIX HATrpy30K B ITUPOKOM
Uara3oHe COOTHOIIEHUN UX YUCJIEHHBIX 3HAYEHUI oOecrieuynBaeT N30BITOYHBIN
3amac NpoYHOCTH. Tak, U1 TpeX BPEMEHHBIX HArpy30K — CHErOBOM, BETPOBOU U
KpPaHOBOM — IIpM KX IPUMEPHO OJMHAKOBOM JIOJEBOM BKJIAJ€ 3HAYCHHUE
kod(pdunreHTa codyetaHuil Y, MOMKHO ObITh Omm3kuM k 0,7. Ilpu sTOM
BEPOSITHOCTh HEMPEBBINICHUS PACUETHBIX YCUIININ Oy/IeT MPUMEPHO OJMHAKOBOM
Kak JII1 CyMMBI Harpy3o0K, TaK U JJIsl KaXI0U U3 HUX.

Bwmecre ¢ Tem, 111 NOCTOSAHHBIX HArPY30K, COCTOSIINX, KAK MMPABUIIO, U3
HECKOJIbKUX OTAEJbHBIX PA3HOT0 XapakTepa COCTaBISAIOMUX (HapuMep, CJION B
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COBMEIIIEHHOM TOKPBITHH), KO3(PPUIMEHT CouYeTaHWsl HE BBOJUTCSA B 3arac
HaJIC)KHOCTH.

CornmacHo HopMmaTuBHBIM JokymeHtam  (CHwull 2.01.07-85. OGiue
IOJIOKEHUA):

1.10. PacueT KOHCTPYKIHMI W OCHOBAHHWM MO MpPENCIbHBIM COCTOSHHSIM
MEPBOM W BTOPOW TPYIMIT CJIEAYET BBIMOJIHATH C Y4€TOM HEOJIArompUsTHBIX
COUYCTaHWU HATPY30K WM COOTBETCTBYIOIIUX UM yCHIIUH.

1.11. DT couyeTaHHs YCTaHABIMBAIOTCS W3 aHAN3a PEAbHBIX BapHUaHTOB
OJTHOBPEMEHHOTO JCWCTBUS PA3JIMYHBIX HArpy3oK [JIsi paccMaTpuBaeMou
CTaJIuu pabOThl KOHCTPYKIIMH UM OCHOBAHMS.

1.12. B 3aBUCUMOCTM OT YYUTHIBAEMOT'O COCTaBa HAarpy30K CJEIyeT
pasnuyaTh:

* OCHOBHBIE  COYETaHHUS HArpy3oK, COCTOSIIIME W3  TOCTOSHHBIX,
JUTUTEIIbHBIX U KPATKOBPEMEHHBIX;

* 0coObI€ COYETaHMS HArpy30K, COCTOSIINE U3 MOCTOSHHBIX, JUIUTEIbHBIX,
KpPaTKOBPEMEHHBIX U OJHOU M3 0COOBIX HArpy30K.

Bpemennple Harpy3kw ¢ JABYMsI HOPMATUBHBIMH 3HAYCHUSMU CIICIYET
BKJIFOYaTh B COYCTAHWA KaK JUIMTEIBHBIC — TPH ydeTe IOHHUKEHHOTO
HOPMATHBHOTO 3HAYCHUS, KaK KPAaTKOBPEMEHHBIC — TIPH YYETe IOJTHOTO
HOPMATHBHOTO 3HAYCHUSI.

CoyeTaHusi HArPy30K KaK CJOyYailHBIX BeJIHYHH

Ecmun nmnosnHas Harpy3ka BKIHOYaeT N OTAECIBHBIX  CIy4alHBIX,
KOPPENAILMOHHO HE CBSI3aHHBIX HArpy30K, TO IEHTP pACOPEACICHUS U
JIACTIEPCUSA €€ PaBHBI CYMME JTHUX XapaKTEPUCTUK COCTABIIAIOIINX HATPY30K:

Q, — JUIS LIHTPOB PacIpeIe/ICHus, (5.1)

M- -

Q=Y'Q, — 11 gucnepcuii. (5.2)

Ecnau otnenbHble Harpy3Kd KOPPEJSIIIMOHHO CBSI3aHBI, TO J00aBIsSETCS
YABOEHHAsI CMEIIaHHas Tucnepcus (IPOU3BEICHUE AUCTIEPCUN KOPPEISIIMOHHO
CBSI3aHHBIX Harpy3o0K).

Q= Zn:@, + Z_Zn: (Q:Q;) — ms JUCTICPCHA. (5.3)

i,j=1

KoaddumuenT Bapuaruu (13MeHYUBOCTH) C.B. (TIOJIHAS HAarpy3Ka) Toraa

MO3KHO 3aIIiCcaTh TaK:
V, =4Q/Q° mm (5.4)

V, = ilafVin | (5.5)
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rae «; =Q/Q — nons i-it Harpys3ku B o0uIeM Harpykenud, a Vo =Q/Q? —

BapuaInys (M3MEHUYUBOCTD) 1-i HATPy3KH.
OO6mmit ko3(pPUIMEHT Teperpy3Ku sl OJUHAKOBOW 00€CIIeUYeHHOCTH
(M B) C COCTAaBJIAIOIIMMU Harpy3kamu ¢ yderoM (5.5) Oyzer mo A.P.

PxkaHuubiny:
=1 V@)= 14 [$a [, 1) pF = 1+ St (e, -1

u kKod(pdurmenHT 3amaca o Harpyske oyzaet: k,—1 = Zn:a? (k.. —1)?, TaK KaK Ipu

i=1

K=1 m.0. RuQ paBHbIL

CoueraHnsi NPOYHOCTHBIX CBOCTB. MeTOA CTATHCTHYECKOMH
JIMHeApU3auuu

[Ipu oneHke Hecylield CIOCOOHOCTH COOPYXEHUM U OTIENbHBIX UX YacTeu
4acTO IPUXOAUTCA HUMETh JI€JI0 C MHOTOKOMIIOHEHTHBIMHU  CJIOKHBIMU
COYETAHUSIMH MATEPHAIIOB, COBMECTHAs IIPOYHOCTh KOTOPBIX HE IIPOCTO
CYMMHPYETCSl, a SIBJIICTCS CIOKHOM HETMHEHWHON (PYHKIMEH UX MPOYHOCTHBIX
cBoiicTB. Hampumep, mNpOYHOCTH  CEUEHHUS  KEJIE300€TOHHOM  Oankw,
onpenemsiemas B CHulle IIPEAEIbHBIM  MOMEHTOM, BOCIHPUHHUMAaEeMbIM
CEYEHUEM:

M =R, f,[h,—R,f, /(2bR )], (5.6)
rae M — HenuHelHas (QYHKIUS CIIy4ailHBIX apryMEHTOB B Oajkax M IUIMTAX:

R,— Ipezen NpOYHOCTH apMaTypel, R — TpU3MEHHas NPOYHOCTH OETOHA,

h, — TIyOWHa 3aKJIaJKu apMaTyphl OT MOBEPXHOCTH (B OajKax U MIMTaX MOMXKHO
CUMTATh CIIy4alHOU MO TEXHOJOTUYECKUM MpU4rHaM); f, — mioiaab ceueHus

apMatypbl; b — mpuna Ganku.

CymHOCTb Memoda cmamucmuyeckol IuHeapu3ayuy 3aKI04aeTcs B TOM,
YTO TMPOU3BOJUTCS 3aMEHa HEJIMHEWHO CBSI3aHHBIX CIYYalHBIX (YHKIHN
CTaTUCTUYUECKHW DKBUBAJICHTHOM JIMHEHMHON 3aBHCHUMOCTBIO. Yalme Bcero misd
IIPAKTUYECKUX LIEJIEH CTATUCTUYECKAs! SKBUBAICHTHOCTh IIOHUMAETCS JUIsl TAKUX
C.B., KOTOpbIE HMEKT OJWHAKOBBIE XAPAKTEPUCTUKU NPU TOM JKE 3aKOHE
pactnpenencnus aprymenta [3]. OOBIYHO CYMTAIOT, 4YTO pPAaCHpPEICIICHUE
MOAYMHAETCS HOPMAJIbHOMY 3aKOHY. MIHOra Kk 3TOMy MMEIOTCS ONPEACIICHHBIE
OCHOBAHUs, HO Yalle UX HET, OJHAKO YCIOBHO NMPUHUMAIOT 3aKOH HOPMaJIbHBIM
Y MIPOU3BOIAT MPHOIMKEHHBIHN pacueT [4].

[IpubmmKeHHO  HENMMHEWHYI0 CIOyd4aHYI0 BEIHYMHY M MOYKHO
NpeACTaBUTh, OTOPOCUB HEJIMHEWHbIE WIEHbl pasiiokeHus B psja Teitnopa. B

OKPECTHOCTHU LIEHTpa pACHpPENENIEHUsT TaKOoe JOIYIICHUE JOCTaTOYHO
00OCHOBAHHO Ja)k€ MpHU OOJbIINX OTKJIOHEHUSX CIIydallHBbIX apryMEHTOB: R,,
R, 4 h.
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M =M(R,,R,,h) =M, + AR, -R,)+B(R, —R,,)+C(h, —h), (5.7)

rne A, B u C uacmuvie npouseoonvie evipascenus M no R,, R m h, —

COOTBETCTBEHHO, B LIEHTPaX paclpeieleHUs CIIy4YalHbIX apIyMEHTOB:
A= f,h-R,f2/(bR,), B=R2fZ/(2bR2), C=R,f,,
a  My=R,f,[h-R,f,/(2bR,)]. (5.8)
Torma  npubmmKeHHbIE  XapaKTEPUCTUKA  HENUHEHMHONW  QyHKUIUU
CIIy4alHBIX apTyYMEHTOB:
M ~ M, — MaTeMaTHYeCKOe OKUIaHKe (LIEHTP PacIpecIICHus);

Q

M ~ A’R, + B°R, +C’h, — aucrepcus;
vV, =M/ M, — U3MEHUYUBOCTb. (5.9)

Jlekuua 6. Harpysku. IloBropHble Harpy:xkenus. OnpeneseHue
pacyeTHOll HArpy3KM TNPH MHOTOKpaTHOM jAeiictBuM. OmnpeneseHue
K03 punueHTa 3anaca

XAPAKTEPUCTHUKHN HAT'PY30K 1 BO3JIEVICTBUI

Knaccuguxayua nazpy3ok

Harpy3ku u BO3ACHCTBUS TPEACTaBISAIOT co00il HauOoyiee Heompene-
JICHHBIC BEJIMYMHBI, 00J1a/1at01IKe OOJIBIITUM CTATUCTUYECKUM PazdpocoMm.

B dactu MmaTeMaTruuecKoro ONMMCaHus Harpy3Ky JEsTCs Ha:

— Harpy3KH, NpeaCcTaBiIstone co00M ciyyailHble BEJIMYUHBI;

— Harpy3KkH, MpeJICTaBIISIIoIIE CO00M cimyyaliHble (PYHKIIUA BPEMEHHU;

— Harpy3Ku, U3MEHSIOIINECS! HE TOJIBKO BO BPEMEHHU, HO U B MPOCTPAHCTBE
MO CIy4alHbIM WUJIM JIETEPMUHUPOBAHHBIM 3aKOHAM.

IIo npoaoIKNTEILHOCTH JeHCTBUS M YACTOTE NMOSIBJCHUA [1eHCTBYIO-
i CHull 2.01.07-85% pa3aesisier Harpy3KM HAa MOCTOSIHHbIC M BPEeMEHHbIE
(n1UTeNIbHBIE, KPATKOBPEMEHHbIE, 0CO0bIE).

K mocTostHHBIM Harpy3kaM OTHOCSITCS:

a) BEC 4acTel COOPYKEHUM, B TOM YHCJIE BEC HECYLIUX U OTPaXIAIOIINX
CTPOUTENBHBIX KOHCTPYKIIUH;

0) Bec U JaBieHUE TPYHTOB (HACHITIEH, 3aCHITIOK), TOPHOE JTaBJICHHE.

Coxpansiromiyiecss B  KOHCTPYKIIMM WJIM  OCHOBaHUM  YCUIIUS  OT
MpeABAPUTEIBLHOTO HAMIPSHKEHUSI CIIEAYET YUUThIBATh B pacuyeTax KaK yCUJIUS OT
MOCTOSTHHBIX Harpy3oK.

K nyurebHBIM Harpy3Kam OTHOCSITCS:

a) BEC BPEMEHHBIX MEpPEeropojoK, TMOJJIMBOK U MOAOETOHOK TMOJ
000py10BaHMUE;

0) Bec CTalMOHApHOrO OOOpPYAOBAHMS: CTAaHKOB, alIapaToB, MOTOPOB,
€MKOCTEH, TpyOOIPOBOJIOB C apMaTypoM, OMOPHBIMU YaCTSIMU M H30JIALUECH,
JIEHTOYHBIX KOHBEHEPOB, MOCTOSHHBIX MOABEMHBIX MAIIMH C UX KaHaTaMu U
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HaIpaBJISIONIMMHU, a TaKKe BEC KUIAKOCTEH M TBEPHABIX Tel, 3aMOIHSIIOUIUX
00opy1I0BaHHUE;

B) JaBJCHHUE Ta30B, JKUJIKOCTEH M CBHIMy4YUX TEI B EMKOCTIX W
TpyOOIpOBOIaX, M30BITOUHOE JABJICHUE U Pa3peKeHUE BO3/yXa, BO3HUKAIOIIEE
PU BEHTUWISIIIUY 111aXT;

I) Harpy3kd Ha TEpPEeKphITHS OT CKIAJUPYyeMbIX MaTepuajoB U
CTEJUTAXKHOTO OO0OpYJIOBaHMSI B CKJIQJCKHUX TOMEIICHHUSIX, XOJOAWIbHUKAX,
3€pHOXPAHUIIUIIAX, KHUTOXPAaHWINIIAX, ApXUBaX U MOJTOOHBIX TOMEIICHUSX;

1) TeMIepaTypHble TEXHOJIOTUYECKHUE BO3JEHUCTBUS OT CTAlMOHAPHOTO
000pyI0BaHUS;

€) BEC CJI0s1 BOJIBI HA BOJJOHAIOJIHEHHBIX TNIOCKUX MOKPBITUSX;

) BEC OTJIO)KEHUW IMPOU3BOJCTBEHHOW MBUIM, €CIU €€ HAKOILJICHHE HE
UCKJIIOYEHO COOTBETCTBYIOIIUMHU MEPOIIPUITHIMU;

3) Harpy3KH OT JIIOJIEH, ’KUBOTHBIX, 000PYJOBaHUS HA MEPEKPBITUS KUIBIX,
OOIIECTBEHHbIX U  CEIbCKOXO3AMCTBEHHBIX 3/JaHUH €  IOHMKEHHBIMU
HOPMAaTUBHBIMU 3HAUEHUSIMU, TpuBeAeHHbIMU B Ta0a. 3 CHulla;

M) BEpPTUKAJbHbIE HAarpy3KM OT MOCTOBBIX M TIOABECHBIX KpPaHOB C
NOHWKEHHbIM HOPMAaTHBHBIM 3HAUYE€HUEM, ONPEICISIEMbIM  YMHOXEHUEM
MIOJTHOTO HOPMATHWBHOTO 3HAYECHUS BEPTHKAIBHON HArpy3KH OT OJHOTO KpaHa B
Ka)XJIOM MpOoJIeTe 3/1aHus Ha KOA(DPUIIUEHT:

0,5 — mns rpynm pexxuMoB padoThl kpaHoB 4K—6K;

0,6 — nns rpymnmel pexuma padoTel kKpaHoB 7K;

0,7 — nns rpymnmsl pexuma padoTsl kpaHoB SK.

['pymnme! pexxumoB paboTs! kpaHoB npuHuMarotcst o 'OCT 25546-82;

K) CHETOBBbIE HArpy3Kd C IOHMKEHHBIM pPAaCUETHBIM 3HAUYE€HUEM, OIpe-
JIESIEMBIM YMHOXEHHEM TIOJIHOTO PacueTHOro 3HaueHus Ha koddduruent 0,5.

Jq) TeMIepaTypHble KIMMAaTUYECKHE BO3JACHCTBUS C MMOHMKEHHBIMU
HOPMATUBHBIMU 3HAUEHUSMHM, ONpPEIEIIEMbIMU B COOTBETCTBUU C YKa3aHUSIMU
. 8.2-8.6 CHulla;

M) BO3ACWUCTBUA, OOYCIOBICHHbIE JAepopMalMsIMH OCHOBAaHHS, HE
COIPOBOXAAIOIIMMHUCSA KOPEHHBIM H3MEHEHUEM CTPYKTYpbhl TPYHTa, a TaKXKe
OTTauBaHUEM BEYHOMEP3JIBIX TPYHTOB;

H) BO3JICHCTBUS, OOYCIOBICHHBIC W3MEHEHUEM BIIAXXHOCTH, YCAJAKOW U
MIOJI3Y4ECThI0O MaTEPHAIIOB.

K kpaTkoBpeMeHHBIM HArpy3KaM CJIeyeT OTHOCUTH:

a) HArpy3kd OT OOOpPYJIOBaHMS, BO3HHMKAIOIIME B IMYCKOOCTAHOBOYHOM,
MIEPEXOTHOM U UCIBITATEIFHOM PEKUMaX, a TaKXkKe MPHU €ro MePECTaHOBKE WIIH
3aMeHe;

0) Bec Joell, pEMOHTHBIX MaTepUaJIOB B 30HAX OOCTYKUBAaHUS U PEMOHTA
000pyIOBaHUS;

B) Harpy3Ku OT JItOJIeH, )KUBOTHBIX, 000PY/IOBaHUS Ha MEPEKPBITUS KUIbBIX,
OOIIECTBEHHBIX U CEIbCKOXO3IUCTBEHHBIX 3[IaHUI C MOJIHBIMH HOPMATUBHBIMU
3HAYCHUSIMH;
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I) Harpy3kd OT TMOJIBMXKHOTO MOJBEMHO-TPAHCHOPTHOTO O0OpYAOBAHMS
(Orpy34HKOB, AJIEKTPOKAPOB, KPaHOB-IITAOEIEPOB, TEIb(PEPOB, a TAKKE OT
MOCTOBBIX M MOJIBECHBIX KPAHOB C MOJIHBIM HOPMATUBHBIM 3HAUCHHUEM);

1) CHETOBbIE HArpy3KH C MOJIHBIM PACUETHBIM 3HAUYCHUEM;

€) TeMIepaTypHble KIMMAaTHYECKHUE BO3ACHCTBUS C TIOJHBIM HOPMATUBHBIM
3HAYEHHEM;

) BETPOBBIE HAIPY3KHU;

3) TOJIOJIEAHBIE HATPY3KH.

K 0c0o0bIM Harpy3kam cieayer OTHOCUTD:

a) CeCMUYECKHE BO3JICHCTBUS;

0) B3pBIBHBIC BO3/ICHCTBUS;

B) Harpy3Ku, BBI3bIBAEMbIE DPE3KMMHU HAPYIICHUSAMH TEXHOJOTHYECKOTO
npoluecca, BpEMEHHOW HEMCIPABHOCTHIO WM MTOJIOMKOM 000py10BaHMS;

') BO3AeicTBUs, 00yClIOBIEHHbIE ehOpMalUsIMU OCHOBaHUS, COIPOBOX-
JAIOUIMMUCS KOPEHHBIM H3MEHEHHEM CTPYKTYpbl TpyHTa (IpU 3aMayuBaHUU
IPOCaJ0YHBIX TPYHTOB) UJIM OCEIJaHUEM €ro B pallOHAX FOPHBIX BBIPAOOTOK U B
KapCTOBBIX.

HOBTOle)Ie HaArpyKeHUA

Ecnmu Hekotopas Harpy3ka MHOTOKPATHO TMOBTOPSIETCS, TO IMPU KaXKJIOM
CJICIYIOLIEM MOBTOPEHUHU BEPOSITHOCTH TOTO, UTO HATPYy3Ka ABAXKIBI OKAXKETCS
MEHBIIE HEKOTOPOTO  CIYy4YalHOrO 3HAYEHUs X paBHa qu(x), rae P,(x) —

BEPOSITHOCTh I HArPY3KH OBITh MEHBIIE X B KAXKIOM CiIydae Harpy>KeHHs.
BeposTHOCTB k€ MPEBBIICHHS X XOTS Obl OIUH pa3 Oyner 1— qu(x).

J1s n-KpaTHOIO MOBTOPEHMS MHTETPalIbHAA KpHUBas pacnpenenenus P, (x),
COOTBETCTBEHHO, BO3BOAMTCS B N-yO creneHb P,/(x), a IUIOTHOCTb

pacrpeieieHus BEPOATHOCTH OyeT IPOU3BOIHON OT 3TOM CTENIEHHON (hYHKITUU
d 1
pqn =7 quI (X) = ann (X) pq ) (6'1)
dx
rIe p, — KpUBas paclpeueaeHns OJHOKPATHON CIIy4alHOM HarpysKu.

Takum o00pa3om, IjIsi 3aJaHHOTO YPOBHSI BEPOSITHOCTHA HEMPEBBIMICHUS
ONPENICICHHOW BEJNIMYUHBI (1, SBISIONMICHCS KBAaHTWUJIEM IPH OJHOKPATHOM
MPWIOKEHUN HArpy3Ku, KBaHTWIb (n OyJeT yBEIHMYMBATHCS MyTeM MEpeHoca
TOYKM WHTETPAIIBHON KPUBOM PACIPENCIICHUS OJHOKPATHOM HATPY3KHU BIIPABO

Ha BequuyuHy Alnn. 3necb B — XapakTepucTuka 0e30MacHOCTU (IMOKA3bIBAET

YKCIIO CTaHAAapTOB o(S), YK/IaAbIBAIOIIUXCS B MHTEpBaie oT S 1o S=S) (4.8,
4.9).

[IpuHMMas MHTETPaIbHYIO KPUBYIO paclpeelicHHsT BEPOSITHOCTH B BUJIE
JIBOMHOTO 9KCIIOHEHIIMAILHOTO 3aKoHa [ ymOerst:

P —exp — a;} 6.2
q exp{ exp( ) 6.2)
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JUIL  N-KpaTHOTO  TMOBTOPEHUS  HUHTETpajbHas KpUBAsA  pacupeacicHus
P,' (X) MOKET OBITH IOJTy4eHa B BUJIE:

P, = exp{— n exp(a—;q)} = exp{— exp(Inn+ %)} = exp{— exp(%f'nn)} . (6.3)

I[Ipy 5TOM OYEBHMIHO, YTO CTaHIAPT o(q)=./D(q) HE U3MEHSAETCA U JUIsd
COXpaHEHHUS TOW Ke OOCCIICUEHHOCTH BEPOATHOCTU CIEIYEeT pacueTHOE
3Ha4YeHHNE HAarpy3KH yBEJIUYUTh Ha Alnn.

U3 pemenus (6.2) pacueTHOE 3HAYEHWE HATPY3KU MPU OJHOKPATHOM €€
AefcTBuH, obecrieynBaroliee 3aaHHyo P,, Oyzer:

g=a-AIn(-InP)=ql (6.4)
U SBJISICTCS] KBAaHTHJIBIO JBOMHOTO AKCITOHEHITMAIBHOTO 3aKOHA PACIIPEACIICHHUS
['ym6Gens.

JIiss  n-KpaTHOTO TOBTOPEHMsI HArpy3KH €¢ pacdyeTHoe 3HaueHue u3 (6.3)

Oyner:

gn=a-AIn(-nP,)+An=a-ln|(-InP,)/n|. (6.5)

Onpenesnenue ko3gppuuueHTa 3amnaca
S = R—F — pe3epB npo4HOCTH,

raie F — mambonbinee 3HadueHHWE ycwins (WUIM HAmpsDKCHUS) B KOHCTPYKITHH,
BBIPOKEHHOE Uepe3 BHEIIHIOW Harpy3Ky (. Hampumep, usrubarommii MOMEHT B
OIIaCHOM ceueHuu F =ql°/8 mist cBOOOIHO
OMEepTOl  OJHOMpOJNICTHOW Oanku  (T.e.
3aJa4a OMPECNICHNs HANpPsHKEHHOTO COC-
TOSIHUSI TIpEJIoyiaraercsl pemeHHomn); R —
HeCylIlasi COCOOHOCTh, BBIPAXKEHHAs! B TEX
K€ eIMHUIAX, U OTBEUYAIOIAs MPEACTHHOMY
COCTOSSHUIO  KOHCTPYKIIMM  TI0  TPOYHOCTH  (M3THOAOIMIMA  MOMEHT,
COOTBETCTBYIOIINN TOSIBJICHUIO TUTACTHYECKOTO IIAPHUPA B TOM K€ CCUCHHUH U
COOTBETCTBYIOIINNA 3aJaHHBIM TC€OMETPUUYCCKUM M YKECTKOCTHBIM TapameTpam
pelaecMoi 3a1a4m).

HNuorma BMECTO pe3epBa MPOYHOCTH BBOJST CIy4YalHBIN KOd(hUITMEHT
3amnaca (4.15)

Q=Q(5<0)+
T Bos) |

K=R/F,
3nech K, R, F — ciayualinble BEJTMYHHBI.
Torna BEpOSTHOCTH pa3pyIICHUS
0=0(K<h)=F D),
rae Py(1l) — dbyHkmus pacnpenenenus kodddUIMEHTa 3armaca Mpu apryMeHTe
K=1.
BeposTHOCT HEepa3pyLeHHs
P=P(K>1).
M.o. koo dunmenta 3anaca (k03P PUIHEHT JeTEPMUHUPOBAHHBII )
K=R/F.
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i ynoOCcTBa BBOAAT XapaKTEPUCTHKY O€30MacHOCTH (MPU HE3aBHCHUMBIX
RuF):
g . R=F | (6.6)
o(S)  Jor(R)+c2(F)
Torna, pa3fenuB YMCIMTEIb U 3HAMEHATeNb npaBoi yactu (4.9) Ha F u
ucnoib3ys (4.18), morydunmM xapakTepUCTHKY 0€30IaCHOCTH
_ K-1 _ K-1 , (6.7)
\/02(F)+02(2R) IE K7 (R)

—2

F F
TJe V(F)=0(F)/F, V(R)=0c(R)/R — KO3(PIUIIMEHTHI BapHaIliy YCUIUSI U HEeCyIen
CITIOCOOHOCTH.
OTKyJa MOXHO BBIBECTH MPUONMKEHHYIO (OPMYIY, CBSI3bIBAIOIIYIO
XapakTepUCTUKy Oe30MacHOCTH [ W MaTeMaThueckoe OXuaaHue Kodddu-
[[MEHTA 3araca

K ~1+ BV (R)+V>(F) . (6.8)

Jlekumss 7. Harpy3ku. Harpy3km kak ciy4dailHble BeJUYHUHbI.
CHerosble HATPY3KH

CheroBass  Harpy3ka Ha TMOKpPBITUS ONPEAECIAECTCS BECOM CHETOBOTO
MOKpPOBa Ha eAuHUILy Tuiomaad. OCHOBHBIE (haKTOPHI, BIUSAIONIME HA 3HAYCHUE
CHETOBOM Harpy3kd — 3TO KOJMYECTBO BBIMAJAIOIIMX B 3MMHEE BPEMS OCAJIKOB,
BETPOBOM TIepeHOC (B TOM 4YHCIIC CAyBaHWE C TOKPBITHS) M TasHUE CHETa.
PazHuma B KOJIMYECTBE OCAAKOB B Pa3HbI€ TOMbl CIYXWAT NPUYUHOMU
MHOTOJIETHEW U3MEHYMBOCTH CHETOBOM HATPY3KHU.

bazoBoe 3HaueHME CHEroBOW  HArpy3KM  IpeACTaBIIsSICT  coOoM
PACUYETHBINA BEC CHEI'OBOI'O ITOKPOBA na | M TOPU30HTAIBLHOU
MOBEPXHOCTU 3€MJIM, MPEBBIIIAEMbIM OAMH pa3 B 25 ner (TouHee, 3uM). B
HOpPMax OH 0003Ha4€H Sy M NPUBEJIEH HWKE B TAOIMIE I BOCBMH CHETOBBIX
palOHOB, Ha KOTOPBIE pa3aeieHa TEPPUTOPUS CTPAHBI.

N3MEHEHUS PACYUETHOU CHEI'OBOM HAI'PY3KHU
B CHulI 2.01.07-85* (M3menenue Ne 2 ot 2003 r.)

CHCFOBBIC paﬁOHBI | | | I I I |V V Vl Vl | Vl | |
PO

Sy (M3menenue Ne

2 0,8 1,2 1,8 2,4 3,2 4,0 4,8 5,6

Sq0) (cTapas 0,7 | 0,98 1,4 2,1 2,8 3,5 - -
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penaKius)

Sizs) = 1,6 Sqg) 08 | 112 | 1,6 24 | 3.2 4,0 - -
Se/ Sqo) 1,142 11,224 |1 1,286 | 1,143 | 1,143 | 1,143 | - -
S¢/ Sizs) 1 10711125 1 1 1 - -

XAPAKTEPUCTHUKN CHEI'OBBIX PAMOHOB JIJII HOBOM KAPTEHI
PAMOHUPOBAHMSA TEPPUTOPUM POCCHUU TIO CHuII 2.01.07-85* (c
ocenu 2003 r.)

Pexomenny Vnreppan
eMoe Orcrymuie
Hopmatu UCTUHHBIX
PacuetHo | 3HauyeHue HHS OT N
BHOE HNuTtepBan N 3HAYEHU I
Ne . e pacyeTHOM | UCTUHHBIX
3HA4YEeHH | 3HAYEHHI . BCII ¢
CHETOBOT 3HAUCHUE | HATPY3KU C | 3HAYCHHM
. e So, obecrieye
0 paiioHa o T/ 1,6 So, | obOecrieuen IS HHOCTLIO
) Kre/m> HOCTBIO paiioHa,
KI'c/m 2 0,96,
0,96 KIc/M 2
Kre/m? Kre/M
[ 50 1o 59 80 80 +5 1o 85
1 70 60-79 112 120 -34 +20 86-140
11} 100 80-117 160 180 -39 +20 | 141-200
AV 150 118-167 240 240 -54 +25 | 201-265
Vv 200 168-217 320 320 -54 +25 | 266-345
VI 250 218-267 400 400 -54 +25 | 346-425

JIJist TOpHBIX palilOHOB C BBICOTOM Haj ypoBHeM Mops Gosiee 1500 M u
MaJOM3yYEHHBIX U B MECTaX CO CIOXKHBIM pesibe(pOM 3HaUEHHE Beca CHErOBOIO
MOKPOBA CJIEAYET OMPENEATh MO JAaHHBIM METEOPOJOTrnyYecKor ciyxObl. [lpu
3TOM 3a Sy NPUHMMAETCA CPEIHEEC 3HAYCHHUE €KErOJHBIX MaKCMMyMOB 3amaca
BOJIbI IO pE3yJIbTaTaM CHErOChEMOK 3a nepuoJ He MeHee 20 JerT.

MakcumanbHbIl BEC CHETOBOTO TMOKPOBA IS 3aJaHHOW MECTHOCTH 3a
HECKOJIbKO  JIeT  TpEACTaBIsAeT  CcOOOM  CTAallMOHApHYIO  CIy4ailHYIO
MOCJEA0BATENBHOCTh. CIeqoBaTeNbHO, COOPYKEHUS 32 BCE BpeMS HX
DKCIUTyaTalluM MHOTOKPAaTHO IOJABEPrarOTCsA 3arpyKEHUIO OJHOW M TOU Ke
CIIy4yalHOW Harpy3KoM B BHJE Beca cHera. PacyeTHbIM 3HAYEHUEM OTOU
Harpy3Ku JOJDKEH ObITh MAaKCHUMyM U3 N ee MOBTOPEHHUi, rae N — YUCIIO JIeT
CITyKOBI COOPY>KECHHUSI.

KpuBas pacnpenesneHuss MakCHMaJIbHOM T'OJOBOW CHETOBOM HarpysKu
OTIPENIETSAETCS] CTATUCTUYECKON O0O0pabOTKOW MOCIEeN0BAaTEIbHOCTH CHETOBBIX
Harpy30kK 3a 00JbII0e YKHCIIO JIET.
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B psne ciydaeB, Hampumep, MpPU pacdyeTe KOHCTPYKUHMM MOKPBITHM C
NPUMEHEHUEM IJIACTMACC M JUIsl MITKUX OOO0JIOYEK, MPEJCTABISET UHTEPEC HE
TOJIKO MaKCHMMalbHasl 3a TOJl CHEroBas Harpy3ka, a M 3Ha4€HHs €€ B J00oi
JI€Hb 3UMHETO NIEPUOJA.

B omnpeneneHHbIX CUTyallMsiX pa3pyLICHHE KOHCTPYKUUW MOJ JAEHCTBHEM
CHErOBOM HArpy3ku MOXET MPOU30MTH HE B KOHIE 3MMBI, a Cpa3y IOcCIe
oOunpHOTO cHeromnana. A.P. PxaHUIIBIH BBIZEISICT HECKOJIBKO MPUYUH ITOTO:

- CBEXXEBBITIABIIUN CHET PBIXJIBIA M HE WMEET COOCTBEHHOHN »XECTKOCTH THIIA
TUIMTHI MUTA 000JIOYKH, KaK CIICKABIIHIACS,
- Iipu OOWJIBHOM CHeromajie 00see BEpOITHO 00pa3oBaHKE "CHETOBBIX MEIIKOB"
M 3aHOCOB, TaK KakK BECh CHET BBIMAJAET IIPU OJIHOM HAMPABJICHUU BETPA;
- Ha MOKPBITUAX TOPSIYMX IIEXOB CHET JOJT0 HE JISKUT M3-3a MOJOKUTEIBHOU
TEMIIepaTypbl MOBEPXHOCTU KPOBJIM, a MPU CUJILHOM CHETOIaJie OH MOXKET HE
yCHeTh ObICTPO PacTasTh;

- Ha OOBIYHBIX YTEIJICHHBIX KPOBJSAX CHETOBBIE 3aHOCHI TOCIE OOMIIBHBIX
CHETromajoB 4acTO PACUUIIAIOT MJIM CHEr CIeXHUBAaeTCs U MpUOOpeTaer
HEKOTOPYIO COOCTBEHHYIO JKECTKOCTb, UTO SBJIETCA OJIArONpPUSITHBIM
(akTOpOM JIJIs1 KOHCTPYKIIHIA.

Jlnst pacuera Ha JEWCTBUE CBEKEBBINABILIEIO CHEra TPeOYIOTCS JAaHHBIE O
pacnpeieIeHuH BEpOSITHOCTH CYTOYHBIX CHErOBBIX OCaakoB. IIpu 3TOM Kakux-

I1M00 HOPMATHBOB JJIsl TOJOOHBIX PACUETOB 10 HACTOSIIETO BPEMEHH HET.

[IpyHIMOMATBHO TaKas 3ajjada paspeiirma, OJIHAKO, IIPU ATOM TpedyeTrcs
BBIIIOJIHUTh ~ OTPOMHBI  O00BEM  CTATUCTUYECKOM  OOpabOTKH  JTaHHBIX
MeTeoHaOMoieHnil. B HacTosiliee BpeMs YYUTBHIBAIOTCSA JIMIIb OCHOBHBIC
GbakTopel M HCMOJB3YIOTCS YIPOIIEHHBIE METONbl pacuera. [loatomy mis
crenuaancToB ouesuaHa HeooxomumocTh co3manuss TEOPHUU HAT'PY3OK,
BKJIFOYAOIIEH KIacCU(UKAIIMI0 CBOMCTB U KOHKPETHBIA aHaIN3 3arpy>KeHH
Pa3HBIX BHUJIOB.

Jns pacyeta cOOpyKeHUH Ha [JIMTENbHbIE CPOKH Tpedyercs 3HaTh
3HAYEHUE MAaKCHUMaJbHOM CHETOBOM HAarpy3ku 3a MHOTO JieT. llockomnbky
KOppeNsiuusg MEXAy TOJOBBIMH HAarpy3kamu MpPAaKTUYECKH OTCYTCTBYET,
MHOTOJIETHIOIO CHETOBYIO HArpy3Ky MOXHO MOJYYUTh TEOPETHUYECKH, 3Has
GbyHKIUIO pacnpeiesieHusi MaKCUMaIbHOM TOJI0BOM HArpy3KH.

OObIYHO AJI1 OMHMCAHUA MAaKCHUMAaJbHOM TOJIOBOW CHEroBOM Harpys3ku
UCIOJIB3YIOT 3aKOHBI pacnpezeneHus ['ymoens

P(q,,) = exp[— exp OCTB%J : (7.1)

XOT$ ATOT 3aKOH JIOMYCKAaeT BEPOSITHOCTh OTPHUIIATEIbHBIX 3HAUEHUHN (¢1.
Kosdpoumuentst o u [ HUMEIOT pa3IuvHble 3HAYEHHUS JUIS Pa3HbIX
o 2 2
MectHocTel. Hanpumep, miist Mockel o = 931 H/M*, f= 365 H/m".
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Jns omnpeneneHyuss MaKCHUMAaJIbHO JOMYCTHMOM CHETOBOM Harpy3kd Ha
COOpY)XEHHE, pacCUMTaHHOE Ha N JIET, BEPOSATHOCTh HEMPEBBIINICHUS €ro
3HA4YCHUS (cn:

P(qcn) = P“ (qcl)' (72)
I/IJ'II/I BGpO?ITHOCTB HpeBBIH_IeHI/IH BCIIMUNHBI qcn 3a N JIEeT
Q=1-P"(q,); (7.3)

P(g.)="1-Q . (7.4)

C nomompio (7.4) BenuauHy (c;, COOTBETCTBYIONIYIO 3aJaHHOMY YHUCITY JICT
N U JOMyCTUMOM BepOATHOCTH Q JIErKO OMpENeNHuTh rpauuecku Mo KPUBOU
UHTETPaJIbHOIO 3aKOHA pacIpeacICHus P(qCn

[Moacrasnsts (7.2) B (7.1) nomyuum

P(q,)= exp(— n-exp ﬂq j = exp{ exp[% +In ﬂ = exp(— exp qu“ J ,  (7.5)

rae a, =a+ fhn.

Takum 00pa3oM, mepexoj OT MaKCHUMyMa 3a I'oJl K MaKCUMyMy 3a N JieT
(mpu pacnpeneieHun ['yMOels) NPUBOIUT K IMOCTYNATEIBHOMY CMEIICHHEO
kpuBoii P(Q.;) Bmoms OX BmpaBo Ha BenuuuHy Slnn. Takke cMeriaercs u
P(de1)-

Torpga MoxHO 3anMcaTh

qcn:qcl—i_ﬁlnn ’ (7.6)
HO AucIiepcus npu 3ToM He uamensiercs D((cn)=D(qc1).

IlocTpoeHne  BEpOSATHOCTHBIX  MoOJAeJell  pacnpegesieHMsl  T'OAOBBIX
mMakcumymoB BCII

JUisi MOCTpOEHHsI BEPOSATHOCTHBIX MOJENEed pachpellesieHUusT TOJOBBIX
MakcuMymMoB BCII HeoOX0IMMO BBIYHMCIWTH MapaMeTpbl COOTBETCTBYIOUIUX
3aKOHOB. [l JIOTHOPMAJIBHOTO paclpeieieHus d3T0 - X U o(x),
pacnpezenenus BeitOyma - fu 6, nns pacnipenenenus ['ymbens - a u f.

[TapameTpsl pacnpenenenuit Beitbymia u ['ymOens HaxomsTcs MyTéM
anmnpoOKCUMAIMU SMIIMPUYECKON 3aBUCUMOCTH COOTBETCTBYIOIIMM YPAaBHEHHUEM.
Pacuér mpousBoamiIcs ¢ MCHOIB30BaHHEM IporpamMmMHOTO npoaykra Easy Plot
2.01 paspabdotku Crroapra Kopona (Stuart Karon). Jlamnas mnporpamma
OpUOIMIKAET TEOPETHUECKYI0 (DYHKLIHIO K AMIUPUYECKON MyTEM H3MEHEHUS
COOTBETCTBYIOIIUX MAapaMETPOB 3aKOHA paCHpEelesIeHHs] M MHHUMHU3aLAA
CYMMBI KBaJpaTOB OTKJIOHEHUN 3HAYCHUH TEOPETUYECKOM (YHKIMHU OT
AMITMPHUYECKOM.
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[IporpamMma mpexacTaBisieT pe3yiabTaThl pacdyéra B BUIE TIpaduka
AMITUPUYECKON U TEOPETHYECKONM (YHKIMH M aHHOTAIUM, BKJIFOYAIOIICH BHJ
UCITOJIB3yEMOT0 ANMPOKCHUMALIMOHHOM 3aBUCUMOCTH U €€ ITapaMeTpBl.

B page cioydaeB OpM IIOCTPOEHUM  KPUBOM  MHTErPaAIBHOTO
Jorapu(pMUUECKd HOPMAJBHOTO 3aKOHa IO TIapamMeTpaM, pPACCUUTAHHBIM
KJIACCMYECKUM CIoco00M, HaOII0JaeTCsl CYIIECTBEHHOE OTKJIOHEHHE IaHHOMN
KPUBO OT MOJISl paccesiHUs 3HAUYCHUH IMIUPUIECKON (PYHKIIUU pacTpeesieHus,
YTO MPHUBOJUT K OMIMOOYHBIM MPOTHO3aM Harpy3Kd Ha OOJBIIMX Hepuoaax eé
oJHOKpaTHOTO npeBbimenus (30 u Gonee er).

BrisiBnenue 3Toro ¢akra, a Takke TO, 4TO JOrapu(PMHUUECKU HOpMaIbHBIN
3aKOH paclpellesieHUus] CIy4ailHOW BEJIMYMHBI COJEPKUT B ceOe HUHTerpad,
KOTOpPBI HE BBIPAXKAETCA Yepe3 JJIEMEHTapHble (YHKUUU, MPHUBEIO K
HEOOXOJMMOCTHU Pa3IoKEeHUs JaHHOIO 3aKOoHa B cTeneHHou psan Telnopa. Ilpu
TOM HHTerpaJILHblﬁ 3aKOH 3aIlMChIBACTCs B BUJIE:

1 ZS Z5 Z2n+l
P(s)==+——— — 4 (-2)
()= +\ 27\ 3.2 5.2 *+ )(2n+1)-2”-n! ! (7.7)
. Iny-s -
rae 70_2(8) : (7.8)

B orom ciywae mnapameTphl pachpeielieHUs BBIYUCISIOTCA MYyTEM
aNMmpOKCUMAIIUK SMITUPUYSCKON 3aBUCUMOCTH ypaBHeHHEeM (7.7), KaK ONMHUCaHO
BBIIIIC.

PesynbraThl pacy€ToB MapaMeTpoB 3aKOHOB paCIHpelesieHUs €KEeTOTHBIX
MaKCMMYMOB CHETOBOI Harpy3Kku MPUBEJICHBI HUXKE.

Ecnmu  paccmarpuBaTh  cHezo08yl0  Hazpy3Ky — KaK — CAY4QUHbL
CMayuoHapHvlil NPoyecc, TO €ro MOKHO 337aTh CIETYIOUIUM 00pa3oM.

Jlnst r. Bonrorpaga — anmpokcuManus (PYHKITUH M.O. BBICOTHI CHETOBOTO
MTOKPOBA:

h(t) = hy+ A, cos2z-t/T), (7.9)
riae ho= 4,3 cMm — cpeanee 3Hauenue; Ag= 4,2 cM — amruutyna; 7 = 180 mHei —
MEPHO]T MATEMAaTUYECKOTO OXKHTaHMSI.

Koppensaiuonnas ¢GyHKnus ciaydaitHoro mporecca h(7) anmmpokcHMHu-
pyercst GpyHKUuEen

K,(t)=De ", (7.10)
roe D=D(h)=55,67 cM° — mHCIepcHsS BBICOTEI CHETOBOTO IIOKPOBA;
a=0.04 nens " — mapamerp (GyHKIHM.

Crarucruueckas OLICHKA MOJYYCHHBIX BEPOATHOCTHBIX MojeJien

pacnpeacjicHuss roloBbiIxX MAKCUMYMOB CHEroBoOil Harpy3skKu
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Craructuyeckass OIEHKA TOJYYEHHBIX BEPOSITHOCTHBIX MOJEIIEH MOKET
POBOIMTBCSA MPH IOMOIIM PACIpPEACICHUs j° (XH-KBampaT), CBS3aHHOTO C
kputepreM y°. Kpurepmii y° HCIONB3yeTCs WIS CPABHEHHS SMIMPUYECKUX
3HAYEHUU U 3HAYEHUM, M10JIy4YaeMbIX U3 TOW WJIM UHOM BEPOSITHOCTHOU MOJEIHU
pacrpeieNieHus: HENPEPbIBHOW CIIy4ailHON BEJTNYWHBI.

C aTOoil 1enblo pAll AMIUPUYECKUX 3HAYCHWH pa3OuBaeTcs Ha 8 ... 12
uHTepBaIoB (OMHOB). Pazmep (mmpuHa) OMHOB OOBIYHO BBIOMPAETCS TaKHM,
YTOOBI B KX/l U3 HUX IMOMAJAI0 HE MEHEe YEThIPEX OIBITHBIX 3HaueHuM. Jliis
KaXJIOr0 MHTEpBaja yCTAaHABIMBAETCA YACTOTa MOMAJAHUsS B HEro 3HAYCHUS
aprymMeHTa 3MIOUPHYECKON (PYHKIUU paclpeeieHus] HENPEePhIBHON CIly4aiHOMI
BeMWuuHbL. [lociae 3TOro BBIYMCHSETCS YacTOTa TMOMAJaHusl B 3aJlaHHBINA
WHTEpBAJI 3HAYCHUW aprymMeHTa 3aKOHA pacHpeicsieHUs, UCIOIb3yeMOro s
MOCTPOCHUSI MaTeMaTUYECKOW MOJENU, KaK TMPOM3BEICHUE 4YHCIa YJICHOB
AMIIUPUUYECKOTO psAJla Ha PA3HOCTb BEPOSTHOCTEH, IMOJy4aeMbIX M3 3aKOHa
pacrpeienieHus s IPaBOW U JIEBOW IpaHuUIl UHTEpBaJa.

3HauyeHHE KPUTEPHS y° BBIYHCIICTCS CISAYIOMIM 00pa3oM. BeposTHOCTb
TONAaJaHus 3HAYEHHS X B MHTepBan (X, ;%) paBHa P(x)=P(x,)—P(x,,).

Kpurepuii y°

2 : (mi B nPi )2
X Z P (7.11)
rae M, - YUCIIO MOMaaHui 3HAYCHNUH CITy4aifHOW BEJIMYHMHBI X B I-i  MHTEPBAJ;

K - unciio uHTEpBAOB;
N — YUCJI0 HAOII0ICHUIA.

OIHOCTOPOHHSIS BEPOATHOCTH  PaCHpeICIICHUS ;(2 Ta0yiupoBaHa U
BBIYUCIACTCS KaK (GYHKIMS KPUTEPUS §° M 9HCIIA CTEIICHeH CBOOO/IBL.

Jlns Bcex MpUMEHSAEMBIX B pabOTe 3aKOHOB pPACHPEACIICHUS ClydalHOMN
BEJIMYMHBI YUCJIO CTETIEHEN CBOOOIBI PABHO 5.

Ucxognas rumnore3a cyuTaercs OOOCHOBAHHOW MW TMOJTBEPKIAeMOMU
AKCTIIEPUMEHTOM, €CJIM 3HAYEHHE OJJHOCTOPOHHEW BEPOSITHOCTU paclpeiesICHUs
;(2 MPEBBIINIAET HEKOTOPBIM YPOBEHb 3HAYUMOCTU. JIJIs TMOMABIISIONIETO
OONBIIMHCTBA TEXHUYECKHX PACUETOB YPOBEHb 3HAYUMOCTH TMPUHUMACTCS
paBHbIM 5 % (0,05).

Bce BbIuMciieHUs, CBA3aHHBIE C MPOBEPKON MNPUMEHHMOCTH 3aKOHOB
pacrnpe/iesieHusl Ha OCHOBaHUHU KPUTEPUS ;(2, MOHO MTPOU3BOJIUTH B TAOJIMUYHOM
penaktope EXCEL. PesynbraThl pacy€éta 3HAYEHUW  OJHOCTOPOHHEU
BEPOSATHOCTU PACIPEIECICHUS TOJAOBBIX MAaKCHMYMOB B€Ca CHETOBOI'O IMOKPOBA
st mereoctanuii  KpacHomapckoro kpasi 00pa0aThIBaINCh JJISI  OLICHKH
MPUMEHUMOCTH PA3JIUYHBIX 3aKOHOB PaCIpe/CTCHUS.

AHQJIOTUYHO  OMPENENSAIOTCA MapaMeTpbl PACHPECNIEHUs] TOJO0BBIX
MaKCUMYMOB CKOPOCTEW BETpa.
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CraThcTHYeCKass OILIGHKAa TIOJYYCHHBIX  BEPOSTHOCTHBIX  MOJIEJICH
pacrpeniesicHus TOJIOBBIX MaKCMMYMOB BeCa CHETOBOI'O IOKPOBAa M CKOPOCTH
BETpa MOKa3bIBACT, 4TO JJIs 00JIbIIcH YacTu Tepputopuu KpacHomapckoro kpas
JUIS  OTMHMCAaHUsA ©XKeroJHbix MakcumymoB BCII  wHammydmmm — sBiseTcs
JOrapu(MHUUCCKA HOPMAJBbHBIM 3aKOH, a JUIS  ONHMCAaHUS  €KETOTHBIX
MaKCUMYMOB CKOPOCTH BeTpa - pacmpenenenue ['ymOens. OmHako mams psija
METCOCTAHIIUN 3TU 3aKOHBI COBEPIICHHO HEMpUEeMJIEMBl. Tak, JUI ONHCAHUSI
©KETOJIHBIX MaKCMMYMOB CHETOBOWM HArpy3KH B TOPHBIX paiioHax OoJee
TOJIXOJAIIMM  SIBJISICTCS  pacrpejeiienne BeiOymna, a B NpHOPSKHBIX -
pacnpenenenue ['ymoes.

Jlekuuss 8. BerpoBble HArpy3km ¥ HArpy3KH, H3MEHSIIOIIHECS
HeNpepbIBHO BO BpPEeMEHH M0 CJay4YaiHoMy 3akoHy. Koppeasinmuonnsie
¢pynkuuu. CtannoHapHble cay4daiiHble yHKIMH

Cnyuaiinasa gynkyua — QyHKIUS, KOTOpas B Pe3yJIbTaTe OIbITA MOXET
OPUHATH TOT WJIM WHOM HEW3BECTHBIM 3apaHee KOHKPETHbIH BUI. OOBIYHO
apryMEHTOM ciydailHou (yHKIuu (c..) sBISETCS Bpemsi, Toraa c.(p. Ha3bIBaIOT
caydainsvim npoyeccom (C.11.).

C.d. HempepbIBHO M3MEHSIONIETOCS apryMeHTa t{ Ha3bIBaeTcs Takas C.B.,
pacnpeneneHue KOTOpO 3aBUCUT HE TOJIBKO OT aprymeHra t=t;, Ho u ot TOrO,
KaKW€ YacCTHbIE 3HAUYEHUs MPUHHUMAaa dTa BEIWYMHA TPU JIPYTUX 3HAYCHUSIX
JAHHOTO apryMeHTa t=t,. OTU C.B. KOPPEIAIIMOHHO CBSA3aHbI MEXKIY COOOU U
TeM OoJibllle, YeM OJIMKE OJTHH K JPYTUM 3HAauCHUs apryMeHToB. B mpenene mpu
UHTEpBAJIIE MEXAY ABYMS 3HAUCHHSIMU apTryMEHTa, CTPEMSUIEMCS K HYJIIO,
K02 PUITMEHT KOPPENSIITUU paBeH €IUHUIIC:

P _ kX, X)) 8.1
)= ety 61)

T.€. t) u t1+At; npu At;—0 cBsi3aHbBI TMHEWHON 3aBUCUMOCTBIO.

C.¢. nmpuaEMaeT B pe3ysbTaTe OJHOTO OMbITa OECYUCICHHOE (B 0OIIeM
Clly4ae HECUETHOE) MHOXKECTBO 3HAUYCHUM — MO OJHOMY JIJISi KaXKJ0TO 3HAYCHHUS
apryMeHTa WM JUIS KaXJIO0H COBOKYITHOCTH 3HAYCHUH apryMEHTOB. OTa
GYHKIHUST IMEET OJTHO BITOJIHE OINPEIENICHHOE 3HAYCHUE I KaXKJI0T0 MOMEHTA
BpeMEHHU. Pe3ynmbrar W3MEpeHHs] HEMPEPHIBHO HM3MCEHSIOIICHCS BEIIMYUHBI
SIBJIICTCSI TAKOW C.B., KOTOpas B Ka)KJIOM JAaHHOM OIIBITE MPEACTaBIIsICT COO0M
OMpeIeSICHHYIO (YHKITUIO BPEMEHHU.

C.¢b. MOXKHO TakKe paccMaTpUBaTh Kak OECKOHEYHYIO COBOKYITHOCTH C.B.,
3aBUCAIIYI0 OT OJHOTO WJIM HECKOJIbKUX HENPEPhIBHO H3MEHSIOLINXCS
napametpos t. Kaxnomy gaHHOMY 3HaueHUIO mapaMeTrpa t COOTBETCTBYET OJlHA
c.B. X;. Bmecte Bce c¢.B. X; onpenensitor c.d. X(t). DT ¢.B. KOPpEIAIUOHHO
CBSI3aHBI MKy COOOM U TeM CHIIbHEE, YeM OJIMKE IPYT K APYTY.
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Dnemenmapnasn c.. — 3TO POU3BEICHUE OOBIYHOM C.B. X HA HEKOTOPYIO
Hecnyuaiinyro  ¢yakuuio  @(t): X()=X-p(t), T.e. Takas c.dp., y KoTOpoOi
CIIy4aiiHBIM SIBJIIETCS HE BHUJI, @ TOJIBKO €€ MacIuTao.

C.h. y)=Xx@t)-X(r) — wuMeeT M.0. paBHoe Hymo. P[X(t;)] — roTHOCTH
pacopenenenus c¢.B. X (3HaueHus c.¢. X(t)), B3ATOM mNpuU IPOU3BOIHLHOM
3HadyeHuu {; aprymenra t.

Peanmzarus c.¢. X(t) — ommceiBaetcs ypaBHenueM X=fi(t) npu t=t; u
ypaBHeHneM X=f,(t) mpu t=t,.

BooOmie ¢yukmun X=fi(t) u x=f(t) — pasmuunbic ¢yukmuu. Ho stu
(GYHKIIUU TOXJICCTBEHHBI W JIMHEWHBI TeMm Oojiee, yeM Oosiee t; Ommke K 1
(ti—>t).

OnHOMepHasi TUIOTHOCTh BEPOATHOCTH C.d. P(X,t) — 3aBUCUT OT X U OT
napameTpa t. J[BymepHasi IIOTHOCTh BEpOSATHOCTH P(X1,X2;t1,t,) — COBMECTHBIM
3akoH pacnpeaencaus 3HadeHuil X(ty) u X(t) c. ¢. X(t) npu 1Byx npousBOIbHBIX
3HaueHusX t u t' aprymenra t.

p(x;,t) = Ip(x1=x23t1:t2)dx2 px ()= jp(xl(tl)’x2(t2))dx2 ' (82)

B obmem ciydae ¢ynkmms X(f) xapakTepuzyercss OOJBIIMM YHCIOM N-
MEPHBIX 3aKOHOB pacrpeneseHust p(x(t,), X(t,),.... X(t,)).

M.o. c.p. X(t) — HecnyyaitHas QyHKIHS X(t), KOTOpas NpU KaKIOM
3HAYCHUU apryMeHTa t paBHA M.0. OpAMHATHI C.(J. IPH ITOM aprymeHTe t.
X© = [x@plxkxw), k)] - Qynkmma, _
bt Xt

3aBUcAIAsI OT X U L.
AHQJIOTUYHO W IUCHEPCUS — HECIydaiHas
GyHKLHS. VARV
CreneHp 3aBUCHUMOCTH C.B. IS PA3JIMYHBIX
3HAYEHUN apryMEHTa XapaKTepU3yeTCsl aBTOKOPPEISILIMOHHON (DYHKIIMEH.

Aemoxoppensayuonnan pynkuyusa c.p. X(t) — Hecnydaiinas GyHKIUSA ABYX
aprymenToB Ky(tilj)), koTopas mpm kaxmoil mape 3HaueHuil 1, tj paBHa
KOPPEIAIIMOHHOMY MOMEHTY COOTBETCTBYIOLIMX OpauHaT c.¢. (mpu i=j
KoppernsnuonHas Gyukmus (k.¢.) odpamaercs B nucrepcuto ¢.d.);

K, (1) = [ [x(t) - X(0)] [x(t) - X(6)]plx(t,). x(t,)Jx(t,)dx(t,) (8.3),

rae p[x(t) x(t,)] — COBMECTHas INIOTHOCTh paclpeleNICHUs IBYX C.B. (3HaYCHUI
c.¢.), B3ITBIX MPU JABYX MPOU3BOJIBHBIX 3HaueHUsx {; u t, aprymenta t. Ilpum
t;=t,=t monyuaem aucnepcuto D(t).

ABTOKOppeNsSIMOHHas (DYHKIIUST — COBOKYHMHOCTh M.O. MPOU3BEICHUIMA
OTKJIOHEHMHM JIByX OpAMHAT C.(. X(t), B3AThIX NpH aprymeHrax t; u tp, ot
OpAMHAT HECIy4YaitHOW (PYHKIIUU M.O. X (r), B3SITBIX MPU TEX K€ apryMEHTax.
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ABTOKOppEINISIIMOHHAA (QYHKIUS XapaKTEpPU3yeT CTENEHb HW3MEHUYMBOCTU
c.¢. mpu u3MeHeHuu apryMmenTta. Ha puc. Hmke BUIHO, YTO 3aBUCUMOCTb MEXKIY
3HAYEHUAMH C.¢., COOTBETCTBYIOIINM JIBYM JIaHHBIM 3HAYEHUSIM aprymeHrta t —
ciabee B IEPBOM Cilydae.

At =t
t R /‘/—\ P r{
F e [

Puc. KoppensiinoHHO CBsI3aHHbBIE CTy4YailHble PYHKIUU
Ecim e c.p. X(t) m Y(t), oOpasyromme cuctemy, He SBISIOTCS
HE3aBUCUMBIMH, TO TOXJIECTBEHHO HE paBHa HYIIO WX B3aWMHas
KOppesuoOHHas (QYHKITHS:

Kt = Koy () = | [ - X)) [y(t) -V )] plxct), vt xe)ay(e,) - (8.4)

rae plx(z, ). »(z,)] — coBMecTHast IUIOTHOCTh paclpeIe/iCHHs ABYX C.B. (3HAYCHUH
nByx c.¢. X(t) u Y(t)), B3ATBIX IPH IBYX MPOU3BOJIBHBIX apryMenTax (1 -
apryment ¢pyskiuu X(t), t, — apryment ¢yukipn Y(t)).

Ecmu X(t) u Y(t) mesaBucumbl, To Kyvy(ty,12)=0. Cuctema u3 n c.d. Xy(t),
Xo(t),..., Xn(t) XapaKTEPU3yETCs n M.O. X, (), X, (0),.... X, (1), n
aBTOKOppensuuoHHbMA  GyHkimsamu K (1,,2,). Ky (6,8, s K, (11,2,) 1 eme
n(n-1)/2 xoppensuuoHHbIMU QYHKIUSIMHA Ky o (t,.t, ) K XX, (t,.1,).

B3auMHas koppessiroHHas (QyHKIUS (XapaKTepU3yeT CBSI3b MEXKIY JABYMS
.., T.. CTOXaCTHYECKYI0 3aBHCUMOCTB) K,,(s.z,) IByx c.¢. X(f) u Y(t) —

27
HeclaydaliHas (yHKUMsS IBYX apryMeHTOB tj u tj, koTopas npu KaXnoW mape
3Ha4YeHuH tj, {j paBHa KOPPEIALNOHHOMY MOMEHTY COOTBETCTBYIOIIUX CEYECHUN
c.p. OHa ycTaHaBIMBaeT CBS3b MEXIY ABYMsI 3HAYEHUSIMHU JBYX (YHKIIHUM
(3HaYeHHWsI — C.B. IPH JABYX aprymMeHTtax ty u ty).

Ocoboe 3HaueHHUE WMEIOT CHAUUOHAPHbBlE CAyYaiiHble QyHKUUuU,
BEPOSITHOCTHBIE XaPAKTEPUCTUKUA KOTOPBIX HE MEHSIOTCS IpPH JIIOOOM CHABUTE
aprymeHTa. M.o. CTallMOHapHOM C.(. MOCTOSHHO (T.€. HE sABNsAETCA PYHKIMEN), a
KOppesILUOHHAs PYHKIUS 3aBUCUT JIMIIb OT PA3HOCTH 3HAYE€HUN apryMEHTOB {;
n tj.

X(t) = const , KX(ti,tj):KX(T):KX(—r), T=t,—1, (8.5)
Oto yetHas GpyHKIUs (cuMMeTpudHa oTHOCHTEIBHO QY).
U3 (8.5)— KX(tl.,tj): D(t) = const, K ,(0)> Ky (7))

[Ipu OosbllIOM 3HAYEHUM WHTEpBaja BpeMeHH 7=l,-{; OTKIIOHEHUE OpAWHATHI
c.]. OT ee M.0. B MOMEHT BpeMEHHU t, CTaHOBUTCS MPAKTUYECKU HE3ABUCUMBIM OT
3HA4YEHHs] 3TOTO OTKJIOHEHHUS B MOMEHT BpemeHH t;. B aToM ciydae ¢yHkius
Kx(7), maromas 3HaueHne KoppesmuoHHoro MoMeHTa Mexxay X(ty) u X(tp), npu

T| —>»00 CTPEMUTCA K HYIJIIO.
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MHorue cranvoHapHble c.. oOnamaT 3Ipeoduyeckum CBOHCTBOM,
KOTOpPO€ 3aKio4yaeTcs B TOM, YTO MPH HEOTPAHMUYEHHO BO3PAaCTAIONIEM
WHTEpBaJie HAOIIOICHUS Cpe/IHee HAOII0IEHHOE 3HAYCHUE CTAIIMOHAPHOH C.¢. C
BEPOATHOCTHIO, paBHOW 1, OymeT HEOTpaHMYECHHO MPHOIMKATHECA K €€ M.O.
Habmonenue cramuoHapHOW c.¢. TpH pa3HBIX 3HAYCHUSAX { HAa TOCTaTOYHO
OOJIBIIIOM MHTEpBAJie B OJIHOM OMBITE PABHOLIEHHO HAOIIOJICHUIO €€ 3HAUCHUM
IIPU OJTHOM M TOM K€ 3HAUCHUH 1 B PsijIe OMBITOB.

WNHuornma TpebyeTcs onpeneanuTh XapaKTepUCTUKH MPeoOpa3oBaHHBIX C.Q.
0 XapaKTePUCTUKAM UCXOAHBIX C.¢. Tak, ecnu

(e vy = O 8.6
2(t) {x(f)dt, yO=="= (8.6),
TO Z(t):j')_((t)dt; Y(z):d)gft) T.. M.O. HHTerpajia (MpOU3BOAHOM) OT C.¢. paBHO

uHTerpaty (mpousBoaHoi) ot M.o. (Y(t) — ckopocth m3meHenus c.d. X(t), Y () —
CKOpPOCTb U3MEHEHHUS M.O.).

[Tpu uHTerprpoBannu win TudGHepeHIUpoBaHuH C.(). oJydaeM TaKkxke C.Q.
Ecmu X(t) pacnpenencna nHopmanbho, To Z(t) m Y(t) pacmpenencHbl TOxe
HopMmaibHO. Eciin X(t) — cranmonaphas c.d., To Z(t) yxe He crarmoHapHas c.d.,

T.K. D,(r)=2 I (t—7)K ,(r)dr 3QBUCHT OT L.
0

Ilpumeput KoppenauuoHHsIX QyHKUUIL.

1) K (r)~ o2 (1+ a|r|) (3 (2) mpu B—0); 2) K (7)~ce " (COSﬁT-F%SiH ﬂ|r|j ;

3) K.(r)~ce ™ cospr; 4) K (1)~ c’e " cosfr;
5) K (t)~ e ™ (u3(3) mpu S—0); 6) K .(r)~c’e " (u3
(4) mpu —0).
Ha rpajukax =1, f=5, c=1.
Yo Kzt) %‘XG : () ;S—TG :
i el |
o 'll eaf l'L
A Ny A1 R AR,
SIS 7AW N T S T 0 I A
: T WARE/
-_—_— Vs ]/
5
4 ok 6
Ka)! c* KX(? LU e
y / \\ VAR
e V/\“ ——t_ Jul\ ;

o - XapakTepuszyeT OBICTpOTY YOBIBaHUS KOPPEJSIIIMOHHOM CBSI3U MEXIY
opauHATamMu C.¢. IpH YBEIMYCHUHN PA3HOCTA apPTYMEHTOB ATUX OPJIUHAT T.
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o/ - xapaktepusyeT "cTeneHb HeperyisipHoctu mponecca’. Ilpu manom o/ff
OpJVHATHI TIPOIIECCa OKA3bIBAIOTCS CHUIILHO KOPPEITUPOBAHHBIMU M PeaTH3aIns
mporecca TMOX0Ka Ha CHHYCOUIY; TpPH OOJBIIOM o/ff TEPHOIUYHOCTH C
4acTOTOM [ CTAHOBUTCSI HE3aAMETHOM.

Koppensuuonusie dbyHkimu 4 1 6 — HE UMEIOT MPOU3BOAHBIX mpu 7=0.
CoOTBETCTBYIONINE CHIEKTPATbHBIC MJIOTHOCTH:

2) s(@)=200_ o ra B

(0" +a"+p7) -4pw

3) S(w) = O-\ZF (exp[— (604-;6)2 J+ exp[— (604_05)2)} ,

davNr
4) S(w)=a02 o’ +a’+ B’ :
7 (0*+a’+p*) —45%0°
6) (@)= T —
T O +a
YToObl HAWTU KOPPENIALMOHHYIO (YHKLIHIO MHTErpasia (MPOU3BOJHOMN) OT
c.p., HYXKHO  JABaXJbl  MNPOMHTErpuUpoBaTh  (mpoarddepeHIupPOBaTh)

KOPPEISLUOHHYIO0 (DYHKIIMIO UCXOAHOW c.(). CHayana MO OJIHOMY, 3aTeM IIO
JIPyTOMY apryMEHTY:

11
K, (1)) = [ [ Kttt dt,
00

0K (1,1 ) (8.7).
K, (t,t)=—2""0J"
r(t1)) oot
®opmyna (8.7) ans crainoHapHOW (DYHKIIMH PUMET BU/I:
d’K ,(7) d’K (1)
K, (t,t,)=K,(7) =—#; r=t,—t, = Dy(7) =—# R

Koppensiumonnas QyHkuus c.p. u ee mpou3BOHON KW(T):_@. st
T

muddepeHpyemMoro  CTalMOHapHOIrO  Mpolecca opauHata c.p. u  ee
NPOM3BOAHOW, B3ATask B  TOT JK€ MOMEHT BPEMCHH  SIBJISIOTCS
HEKOPPEIUPOBAHHBIMHU C.B. ( U1 HOPMAIBHOTO TPOIIECCa M HE3aBUCHMBIMU ).

[lpu ymHOXEHMU c.p. HA JCTEPMUHUPOBAHHYIO ToOJdy4aeM cC.¢.

Z(t)=a(t)X(t), koppensaimonHas GyHKIKA KOTOPOH paBHa
Kz(tl,tz):a(tl)a(tg) Kx(tl,tz) (88),
rae a(t) - nerepmMuHKpoBaHHas QYHKIIHS.

Cymma 1ByXx c.p. sBmagercs Toke c.. Z({)=X{)+Y() wu ee
KOpPEIAIMOHHAs (DYHKIIHS MIPH HATMUUU KOPPEISIMOHHON cBsi3u Mexay X(t) u
Y (1):

Kz(tl,tz)sz(tl,t2)+ Ky(tl,tg)'l'Zny(tl,tg), (89)
rae Kyy(ty,t)) - cm. (68.5) - B3ammuas koppensuuoHHas GYHKIUS ABYX
3aBUCHMBIX C.¢. X(t) u Y(t).

Ecmu X(t) u Y(t) HezaBucumsl, To Kyy(t1,t,)=0.

M.o. c.¢. Z(t): Z(t) =X+ Y(1).
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BerpoBasi Harpy3ka

HopmatuBHOE 3HaYeHHE BETPOBOTO JAABIICHHSI
2
w, = sz , (8.10)
rae p — miotTHocTh Bo3ayxa (o=f(p,t)2const; p — naBnenue; t— remmeparypa);
V — ckopocCTh BeTpa.

CkopocTh BeTpa MPEACTaBIsICT COOOM ciaydyailHyl0 (YHKIUIO BPEMEHH,
SABJIAIOIIYIOCS MPOCTPAaHCTBEHHBIM BEeKTOpoM ¢ koopanHatamu Vi(t), V(t), V,(1).
Pacripenienienrie  TOPU3OHTANIBHBIX COCTABIAIOIIMX CKOPOCTH BeTpa Vy m Vy
ompenenser po3y BeTpoB. OOBIYHO CTATHCTUYECKOE HAONIONEHUE BEIyT 3a
CKOpOCTSIMH BeTpa. B o0mem ciydae mepexos, OT CTaTHCTUYECKOTO
pacmpeneieHuss CKOpOCTEH BeTpa K pacHpelesieHHI0 BETPOBOIO JaBIICHUS
CIIO’KEH, HO MEPEX0]] MOKET ObITh OCYIIECTBICH MPUOINKEHHO.

B kadectBe (GyHKIMU pacmpeieNieHHs] CKOpOCTel BeTpa W HCIOIb3YIOT
pacrnpenenenue BeliOya

P(w) =1-exp(-cw’), ¢>0, b>0, O<w<o . (8.11)

IocTosiHHBIE HATPY3KH

[TocTostHHBIE HArpy3Ku — MOCTOSIHHBIE BO BPEMEHH CIIyYalHbIC BEJIUYUHBL.
Kak mpaBuiio, MOCTOSIHHBIE HArpy3ku oOJagal0T HEOOJBIION U3MEHUYHBOCTHIO,

nopsaka 0,1 (t.e. V(x):@zo.l), M MOLYT C JOCTAaTOYHOM TOYHOCTBIO
X

CUMTATHCS TOUUHSIONIMMUCS HOPMAJIbHBIM 3aKOHAaM pacripesieneHus. Eciu Bce
Harpy3kH pacrpeiesIeHbl IO OJJHOMY M TOMY € 3aKOHY, TO MaTeéMaTH4YECKOe
O’KHMJIAHUE UX CYMMbI PaBHO CYMME OTZI€JIBHBIX M.O.:

Q=0Q,+Q,+..+Q.. (8.12)

Koaddumment Bapuanyu (M3MEHYHUBOCTH)

B 1EPQ) @y QT Vo) O Vi) Q)

V)= Q Z":Q Q+Q,+.+Q ’
_ (8.13)
rae v Q) = chin); 7(0.), 0, — x0>pPUIKMEHT BapUalli¥ U MaTEMaTHYECKOE

OKMJIAHUE [ - OM CIy4YalHOW HArpy3ku O,.

@opMyJIbl CIPABEIJIUBHI ISl KOPPEIALMOHHO HECBA3AHHBIX HAIPY30K.
B cmydae, Korma OTHOENbHBIE HE3aBUCHMBIE HArpy3ku I10-pa3HOMY
IPUIOKEHBI K KOHCTPYKUHMHM U YCUIHME B PACCYUTBIBAEMOM DIIEMEHTE
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n
(HanpuMep, KOJIOHHE) BBIPAXKAETCA JMHEWHOW (ynkumued N =3 4Q,, Torma
i=1

Koaq)(bI/IuHeHT BapHaumI cnyqaﬁHoro ycuius N :

)= V@) ¢ +V(@Q) ¢ +..+V(Q) ¢, (8.14)
rne ¢ =——= ’BQ : (8.15)
ZﬂiQi
i=1
Hampumep, Uil KOJOHHBI, €CM O, — 3TO paclpeleeHHas Harpyska

(xH/M®), TO 8, — 5TO TPy30Bas IUIOLIAAb i HATPY3KH, M.
[TpuBenenuslil (cpeanuii) KodPPUIUEHT Neperpy3Ku:

/, =1+ﬂ-v(N)=1+ﬂW , (8.16)

rac ,B — XapaKTCPUCTHUKA 6630HaCHOCTI/I;

S 1
= os) V() (8.17)
rae S — ciy4aiiHas BeJIMYKMHA pe3epBa IIPOYHOCTH.
Pacuernoe ycuiue:
N . =N+p3-0(N)=NZ+A-V(N)). (8.18)

pacu
Vi~

1
[punss V(Q,)= , THe 7, — KO3(h(UIHMEHT Meperpy3K OTACIbHBIX

Harpy3oK, OJYyYUM:

L2 2
7/f :1+»\ZC| ( i _1) ; (819)
i=1
ecim B, =1 i=Ln,

q,=0.1,

q, =04

q,=0.32]

q,=15;

gs; =0.13kl1a;

Y=V =r=13,7,,=11, 7,,=105,To0
5
D q,=245kl1a;
i=1

0.1, 04 . 032, 1.5 . 013,

¢ = C, = Gy y G4 = y Cs
245’ 245" 7 245 2.45 T 245"
1 oO1uit K03 (HUIIMEHT Meperpy3Ku:

v, =1+\/24152 (0.17-0.32 +0.47-0.3% +0.32%-0.3* +0.1>-1.5” +.0.13%-0.057 ) =1.089 ;

Dq, =245xI1a; > g=>q, -y, =2.45-1.089=2.67kIIa;
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VYuer Bcex kodpdunmueHToB B otnenbHocTH gaer 2.8525 klla (pasnura
A=6.4%).

IIpeBbllIeHHE HATPY3KOM 32JAHHOT0 YPOBHSA

B OoipIIMHCTBE cllydaeB HArpy3K, JICHCTBYIONIME Ha CTPOHWTEIbHBIC
KOHCTPYKIIMH, TPEICTaBISIOT co0oit ciydaiable (yHkimun Q(t). Cmyuaiinas
byukmus  Q(t)  xapakrepusyercss MaTEMaTHUYECKHM  OXKHIAaHHEM  Q(t)
(meTepMUHHMpPOBaHHAS (PYHKIIUS apryMeHTa t) W KOppeNsIUMOHHOW (yHKIHEH
Ki(tutz) (M (3.28)).

OObruHo Harpyzka Q(t) — cranuoHapHbBI (WM KBa3HCTAI[MOHAPHBIN)
CIIy4aiHBIN Mpoliecc U ciaydaiHas QyHKITHS.

Bepaemcs k ¢opMylie BpeMEHHOUW IUIOTHOCTH BEpOSITHOCTH BhIOpoca 3a
YpOBEHb @ JIJIsl CIIYYalHOTO CTAI[MOHAPHOIO Ipoliecca, T.e. KOrjaa cliydaiHas
dX(t)

dt
cirydaiinbie pyHKImu X(t) u V(t) MOKHO 3aMEHUTD CITydalHBIMU BEIMYMHAMH X
1 V ¢ IJIOTHOCTSIMU pacipeaeicHus Py(q) AP, (v):

¢ynknus X(t) He3aBHCHUMA CO CBOCH CKOPOCTHIO U3MEHEHUS V(t) = , TOT/1a

4(a) = P,(a)[ R, (Wvav. (8.20)

[TpuMeHHTEIBHO K Teperpy3kam, T.e. MpeBbleHuio Harpy3ku Q(t) wimm
KOMOWHAIIMA HECKOJBKHX HArpy30K HEKOTOPOro JOMYyCTHMOIO  YPOBHS
Harpy3Kku a, 3anuiieM (anajgorudso (8.20)):

oo

u(a) =P, (a) jo P, (v)vdv, (8.21)

rae U(ad) Ha30BeM HHTEHCHBHOCTBIO OTKA30B KOHCTPYKIIMH, CUHTas OTKAa30M

npeBbileHre Harpy3koi Q(t) momyckaeMmoro Auis JaHHOW KOHCTPYKIIMH 3Hade-
Hus; Py(a) U P, (v) — maoTHOCTH pactpenenerus Q(t) ¢ aprymentom a u V(1).

BennuuHa, oOpaTHass MHTEHCHMBHOCTH OTKAa30B, — IEPUOJ OTKa3a, T.C.

CpefHssE TMPOIODKUTEIBHOCTh HMHTEpBajda MEXKAY COCEIHHMMH BBIOpOCAMHU

(oTKa3zaMu):

0(a) =+ (8.22)

u(@)

B OosblIMHCTBE ClyyaeB COCEAHUE OTKa3bl MOTYT CUUTAThCS HE3aBU-
CUMBIMHU CIIy4allHBIMH COOBITHSIMHU, T.€. TMepuoj oTkaza (J(a) 3HAYUTEITHLHO
IIPEBBIIIAECT UHTEPBAI BpeMeHHU t; — t;, B T€UEeHHE KOTOPOro KOPPENSILIMOHHAS
Gynkuus K, (t,1,)~0 W K HUM (OTKa3aM) MOYKHO IPUMEHATh (QOPMYITy

BCPOATHOCTH HCIIOABJICHUA PCAKNX COOBITHH.

P = exp[—iu(a)dt}, (8.23)
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r1e P, — BEPOSATHOCTh TOTO, YTO B TeUeHUe BpeMeHH t Harpyska Q(t) Hu pasy He
MPEBBICUT 3HAYECHUE d.

OyHKIMSA P, TPEACTaBIIET  COO0OM  HMHTETPAIbHYIO  (YHKIIHIO

t

pacnpeneicaus MakcumyMma Q(t) 3a Bpems t. Torma HaIEKHOCTh KOHCTPYKIIUH
pH 3aJ]aHHOM cpokKe t:

N =P,(a)R =PR,(a) exp[—ju(a)dt] (8.24)

rae P,(a) —uHTerpanbHas QyHKIUs pacipeenaeHus cirydaiinoit Harpysku Q(t).

CBs3b MCKAY HAACKHOCTBIO I HHTCHCUBHOCTBIO OTKA30B!:

1dN  d
u@=- = (N (8.25)

Jlekuusa 9. HcciienoBanue NPOYHOCTH CTATHYECKH OMNPeAeJMMBbIX
cucrem. PacnipenesieHue NJIOTHOCTH BEPOSATHOCTH MPOYHOCTH KOHCTPYKIIUHU

CTATUCTHUYECKHIN XAPAKTEP IPOYHOCTH

HopMmaTuBHOE cOnpoTHBJICHHE

ba3zoBelM  mapaMeTpoM  CONPOTHUBICHHS  MATEPUAIIOB  CUJIOBBIM
BO3JICMCTBUSIM  CIIY’)KUT HOPMATHBHOE CONPOTHBJICHHE, YCTAaHABIMBAEMOE C
y4E€TOM CIy4YalHON HM3MEHYMBOCTU NPOYHOCTHBIX (TOYHEE, MEXAHWYECKHUX)
cBOMCTB. (CTaHAApPTOM YCTaHOBJIICHO, 4YTO 00€CHEYEHHOCTh 3HAYEHHH
HOPMATHMBHBIX CONPOTHBJICHUH N0J5KHA ObITH He MeHee (,95.

Jns pa3sHBIX KOHCTPYKLMOHHBIX MaTE€pPHAlIOB U T'PYHTOB HOPMAaTUBHBIC
3HAYEHUS] POYHOCTHBIX U J1e(hOPMALIMOHHBIX XapaKTEPUCTUK YCTAHOBJIEHBI IO
pa3IMYHBIM HanboJiee CyIIECTBEHHBIM MOKa3aTesIM, HallpuMep:

- 115 ""MArkux'' apMaTypHBIX cTajieil ¢ GU3NUEeCKUM MpeeoM TeKy4eCTH
— 1o ycTaHoBJIeHHOMY cooTBeTcTByOmmM ['OCTom OpakoBOYHOMY
MUHUMYMY TpeJielia TeKy4eCTH;

- s "TBepabIX'" crajieil 06e3 IUIONMIAJIKU TEKy4eCTH — [0 3HAYCHHIO
YCJIOBHOTO TIpejiesia TeKy4eCTH;

- JUIS KOHCTPYKIMOHHBIX CTajiell yIJepoaAuCcTOoii M TOBBIIIEHHOMH
NMPOYHOCTH, a TaKXKe I AIIOMHUHHUEBBIX CIUIABOB — MO TMpeaeiy
TEKY4EeCTH;

- Uil KOHCTPYKIMOHHBIX cTajied Oe3 IUIOMIaJKh TEKy4YeCTH, a TaKkXKe B
CIIydasix, KOrja 1Mo XapakTepy padoThl KOHCTPYKIIUUA HECYIIasi CHOCOOHOCTh
ompenensaeTcss He IUJIACTUYHOCTBbIO, a MPOYHOCThIO, HOPMATHUBHOE
CONPOTUBJICHUE OMPEEIISIETCS 0 BPEMEHHOMY COMPOTUBIIEHUIO;
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- 1711 0€TOHA HOPMATUBHOE CONIPOTHUBIIEHUE OMPEACIISIETCS 10 pe3yJIbTaTaM
UCIIBITAaHUM CTaHIapTHBIX 00pa3loB B 28-THEBHOM BO3pPACTeE:

KVYBOB - kimacc 6etoHa;

[TP13M - HOpMAaTUBHOE CONPOTUBJIEHUE CHKATHUIO;

BOCBMEPOK, TMJIMH/IPOB - Ha packaibIiBaHUE;

BAJIOK Ha u3ru6 - HOpMaTUBHOE COMPOTUBIICHUE PACTSIKEHUIO.

- U1l APeBEeCHHBI - 110 pe3yJbTaTaM MUCIBITAHWA CTaHIAPTHBIX 00pa3IoB 0e3
nopokoB ("UNCTBIX");

- JUISl IJIACTUYECKUX MACC - TO K€, OJIHAKO, JJISI Pa3HBIX BUOB IJIACTMACC
pa3mepsl 00pa3loB Pa3IMYHBI.

COOTBETCTBYIOIIMMH  CTaHAAPTaMH  YCTAHOBJICHBI  TaKkXKe  JIpyrue
HOPMATHUBHBIE XapaKTEPUCTHKKA MarepuasioB (0ObeMHass wmacca, MOJyJd
YOPYrOoCTU U CIIBUra, KO3(PQUIMEHTH TPEHUS, CIEIUICHUS, XapaKTePUCTUKH
MOJI3yYECTH, YCAJKU, TEMIEPATypHOrO pPACHIMPEHHUs], YCYIIKU, HaOyxaHUs U

JpyTHe.).

JIist  IPYHTOB  €CTECTBEHHBIX  OCHOBAaHMM  ONPENEISIOIIMMHU
XapaKTEPUCTUKAaMU CIIy>)KAaT HOPMATHBHBIE 3HAYEHHs yrja BHYTPEHHEIO
TPEHUsI, YJENbHOIO CLEMJICHUs, MoAayis aepopmanuu. i CKalbHBIX U
BEYHOMEP3JIBIX TPYHTOB ATUMHU XapaKTEPUCTHKAMHU CIIyXaT CONPOTHBIICHHE
OJIHOOCHOMY COKaTHIO U C/BUTY.

OTnnuurenpHas 0COOEHHOCTh HOPMAaTUBHBIX ITPOYHOCTHBIX
XapaKTEPUCTUK TPYHTOB 3aKIIOYAETCS B TOM, YTO OHU MNPUHUMAIOTCA IO
CpPEIHECTAaTUCTUUECKUM 3HAYEHUsIM, a He ¢ obecrneueHHocThio 0,95 kak mst
KOHCTPYKIIMOHHBIX MaTepUAJIOB.

Bo3moxHbIe OTKJIOHEHHS HOPMAaTHBHBIX XapaKTEPUCTUK
KOHCTPYKLIMOHHBIX MAaTE€pHaJIOB U TPYHTOB B HEOIAroNnpuUsITHYIO CTOPOHY
YUHUTHIBAIOTCS KOIQ(PUIHMEHTAMI HAIEKHOCTH 110 MaTEePHAJLy U ITPYHTY 7, .
O™ KO3(p(ULUHEHTH YYUTHIBAIOT Psii (PAKTOPOB, HE MPOSIBISIIOLIUXCS TPU
CTaHJAPTHBIX MCHBITAHUAX, HO BCTPEYAIOIIMXCS B MPAKTUKE SKCIUTyaTallud B
"0OBIYHBIX" yCIOBUAX (B OTIAMYME OT "OCOOBIX" YCIIOBUM, YYUTBIBAEMBIX
JIOTIOJTHUTEJIHLHO KOA(P(DUITUEHTOM yCIOBUM pabOTHI).

Koaddumment y,, Bcerga Oomble eAMHUIBI U AJIA Pa3HbIX MaTepUaoOB

Kojebnmercs B mHpokux —mnpeaenax. Hammenwimee 3Hauenwme y, = 1,025
YCTAHOBJIEHO JJIsi CTAJIbHOTO mpokara no HeKoTopbiM ['OCTam u TY. g
BBICOKOTIPOYHBIX CTajie 3HaueHwe y, mnosblmaercs Ao 1,15. Haubomnbiiee
oOmmiee 3HaUeHHWEe Y, = O TPUHATO YIS CONPOTHUBJICHUS JAPEBECHHBI

PACTSKEHUIO BJIOJIb BOJIOKOH TP HOPMHMPOBAHUU XAPAKTEPUCTUKH TIO
pe3ynbTaTaM HMCHBITAHUNA MEIKUX CTaHAAPTHBIX 00pasuoB. Eciu HCKIIOUMTH
KOA(PGUIUEHT ATUTENBHOTO CONPOTUBIIEHUS, paBHbIN 0,66, TO B YUCTOM BHJIE
JUIS 3TOTO cayvas y, = 4.
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st 6etona koadduimeHT y, OnuxKe K MEHbIIUM 3HadeHusM, y, = 1,3
pu cxaTuu U y, = 1,5 npu pactsokeHud. /s OoybIIMHCTBA TUIacTMAcC y,, =

1,3-1,7.

Takue paznuuus OOBICHIIOTCS pa3HbIM HAOOpPOM  YUHUTHIBAEMBIX
¢dakTopoB. JlJi1 KOHCTPYKIMOHHBIX CTajel 3TOT KO3((ULUUEHT y4YUTHIBAET
TOJIbKO ~BBIOOPOYHBIM  XapakTep KOHTPOJS (BO3MOXKHOCTh CIIy4allHOTO
NOMAJaHUsl B KOHCTPYKIMH CTalIM C OHMKEHHBIMU XapaKTepucTUKamu). Jlis
JPEBECUHBI K€ KOA(Q(ULUUEHT HAAEKHOCTH IO MaTepHally YUHUTHIBAET
MacmITabHbIA 3PQexT (Manas A0is) U BAUSHUE MOPOKOB CTPYKTYPHI (CYUKH,
KOCOCJION U Apyrue AOIMYCTHMbIE Ui JAaHHOTO copTa JIe(eKThl), pasHoe Jis
Pa3HbIX BUJIOB HAIIPSKEHHOT'O COCTOSHUS.

HavanbHasi NPOYHOCTH MAaTEPHUAJIOB B CTPOUTEIbHBIX HOPMAaX

B neicTByrommx MOKyMEHTaX HOPMATHUBHBIE 3HAYECHHUS HE COBIAAAIOT C
M.O. ¥ CIBUHYTHI IT0 OTHOIIEHHIO K CPEAHEMY 3HAUYCHUIO.

F,=F+Fu,V(F)=F + u,0(F)
R, =R-RuV(R)=R-u,0(F)
rneF, V(F) — M.0. u KO>h(OUIIMEHT Bapualuu

(9.1)

HOPMATUBHOI'O 3HAYEHUS HArpy3ku; R, V(R) — TO
K€ CONPOTHBICHUS; 4,, 4, — KOIPPHUIMEHTHI,
IMOKAa3bIBAIOIME KAaKOE€ YHCIO CTaHAApTOB OTCYH-

TBIBAETCA OT M.O. IIPM HA3HAYEHUU HOPMATUBHBIX
3HAYEHHUU HArpy3Ku U CONPOTUBIICHHUS.

[Ipu kosdpdummente wu3meHunBoct npouyHoct wmenee 0,06—0,08
MPUMEHSIETCS HOPMAJIbHBIM 3aKOH pachpeneneHus: (T.e. HE YUYUTHIBAIOTCA
MOMEHTHI BBICIIMX MOPAJKOB — acUMMETpHusi U 3kciecc). boiee Bcero 3to
OTHOCUTCS K CTalu, JUisi OCTOHA, KaMEHHOW KIIaJIKU, JPEBECUHBI U JPYTUX
MatepuasioB ¢ kKodhdumuentom wu3MenuuBoctd  0,15-0,25 koppekTHEe
UCIIOJIB30BaTh 0Oo0Jiee TOYHBIC 3aKOHBI PACTPEICICHHsS, YYUTHIBAIOIIHE
acCUMMETpHIO U dKcrecc. Hanpumep, QpyHkuus pacnpeneneHus, MoTydeHHAs U3
pacnpenenenus [Tupcona Il Tuna:

P(x):i I'(y +b) . 1 e{rﬁi;?)ﬂi(xjgl (9.2)
XL I'y) | r(nb ’

X
rae y ¥ b — mapameTphl, YIYUTHIBAIOIINE ACHMMETPHIO.
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, _T'(y) I (y+2b)

; 1 ,V}=D/X’
[ (y +b)]

, (9.3)
ﬂ(szYﬂfFW+3m_ I'(y)I (y +2b)
3 [rG+b)f [r(+D)f
acummeTpuss A= H . (9.4)
20

X

[To CHuII 11-23-81 «CranbpHbie KOHCTPYKIIMU. HOpMBI TPOEKTHPOBAHUS»
(npunosxxenue 8a, cTp. 92) NpH UCMBITAHUSAX METAJlJIa HOPMATHUBHOE 3HAYEHHUE
npeaeyia  TEeKy4yeCcTd R,  WIA  BPEMEHHOIO CONPOTWUBIICHUSA CTald R

OMpeeIIIeTCs M0 pe3yJibTaTaM CTaTUCTUUECKON 00pabOTKHU:
R =MR)-a-o(R), (9.5)
rae M (R) — matemaTnyeckoe OXHIaHHE Mpe/iesia TeKY4eCTH WM BPEMEHHOTO

conpotuBiieHus; o(R) — cpegHekBaapaTHYecKoe OTKJIOHEHHE Ipejena
TEKY4YECTH WM BPEMEHHOTO COTIPOTUBIICHUSI.
1 n
M(R)=" YR (9.6)
Nz
v 110 (3.8)
M(R) = Z Ri Pi s (97)
i=1
1 :
rne p,=p,=..=P,=—. R, TOSBISETCI OIUH pPa3; P, — BEPOATHOCTbH
n
NOSIBJICHHUSI BO3MOXKHBIX 3HAYeHW R, Tpeaena TeKy4ecTH WM BPEMEHHOTO
CONPOTHBIIEHUS; N — UWCIO UCHBITAHHBIX 00pa3ioB (MOJIHAS TpyMIa
HECOBMECTHBIX COObITHIT); « = f(N) — KO3 UIHMEHT, yuuThIBAIOUIHI 00bEM
BBIOOPKH.
091 15
a=1.65(1+ +j, (9.8)
n n

nmpu N=3= o =3.342;
n=10= a =2.372;
n=100= o =1.825;
Nn=o=a=1.645=4,,

es— — — = - - - - - -

(04 IIOKAa3bIBacCT, Ha KaKO€ quCiIo
CTaHaapTOB G(R) CABHMHYTO HOPMATHBHOC COIIPOTHBJICHHUC IO OTHOIICHHUIO K

MaTEMaTHYECKOMY OKUIaHUIO.
Yem Oosbliie n, TeM JAOCTOBEPHEE MOIYUYCHHBIE PE3YJIbTAThI, TEM MEHBIIIC
a u Ooneie R, (R, U R,,).

1 Q 2
G(R):\ﬁ;(Ri _M(R)) ' (9.9)
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[Tpu 3HAYCHUHU ko3 dunmenTa BapHyaliu (M3MEHYUBOCTH)
o(R
V(R) = o®)
M(R)
JOMyCKaeTcsl, TaK Kak OHW HEHauexkHbl. Kpome Toro, koadduimenTom
HAJKHOCTH MO MaTrepuainy p,>1 yuduTbiBaeTcs pa3Opoc HallJIeHHBIX

>0.1 wucnoab30BaTh PE3YyIIbTAaThl, IIOJYYCHHBIC K3 OIIBITOB, HC

HOPMATHUBHBIX COMPOTUBJICHUHN (M3MEHYUBOCThH B HEOIATOMPUSITHYIO CTOPOHY).
PacueTHoe conmpoTuB/ieHHe BbUKCISAETCS MO dopMynaM (31ech — Ui
CTaJIbHBIX KOHCTPYKIUM):

R
R, =—= —TO Mpeaeny TeKy4eCTH;
Vm
158105

R
R, =—" —T1O Ipeaeiy NpoO4HOCTH.

HopmatuBHBIC 3HaueHUS NPUHUMAIOTCI ¢ obecrmedeHHOCThIO 0.95 (T.c.
BEPOSITHOCTh TOTO, YTO CIydailHOE (DAKTUUYECKOE COMPOTUBIECHUE R>R, paBHA
0.95), Tora BeposATHOCTh HEITPEBBIIICHUS:

P(R,) = [ P(x)dx=0.05

WY, TIPUHSB HOPMaJIbHOE paclpeiesieHne, Yepe3 HHTerpall BeposTHocTH ["aycca
D(x).

P(R )=l+q> R,-R =0.05.
"2 o(R)

IMPUMEP 1.
OHpeIIGJ'H/IM MAaTCMAaTHYICCKOC OXHWIAAHHUC IIPCACIa TCKYUYCCTH JId CTAJIA
C235. IIpumeM v(R) =0.1 (XyALIUA BapUAHT), U TOT 1A
1 R _EV E _Rw EV _RW‘I
P(R, )——+qb Y2005 @ L2 =045 22— =1.645=
o(R) o(R) 0.1R,
= R, =281MIla npu R,, =235 MIIa.
0( )
y
OHpeI[eJ'II/IM, HACKOJIbKO CABHUHYTO BJICBO OT MATCMATHYCCKOT'O OKHUIAAHUA
Ipeaena TEKy4eCcTH Ey pPac4YeTHOE COTPOTUBJICHUE TI0 MPEACITY TCKY4YCeCTH R, .
¥, =1.025 ;»(R)=0.05; R, =235 MIIa; R, =256 Mlla;
R
w235 =230 Mlla;
Yoy, 1025
A=R,—R, =256-230=26MIla;
o(R)=w(R)R, =0.05-256 =12.8 MI1a.

ITpu nusmMeHunBOCTH V(R) = =0.05=> R =256 MlI]Ia.
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Takum 06p3,30M, PaCuUCTHOC COIIPOTHUBJICHHUC CIABHHYTO BJICBO OT

_ A 26

MATEMATUYCCKOT'O OKHIAHUA IIPCACIIa TCKYYCCTH Ry Ha —Z—ZZO'(R) nu
o(R) 12.8

BGPOHTHOCTB TOro, 4TO Hpez[en TeKy‘-IeCTI/I 6}’I[CT MCHBIIIC pacquHoro

COIMIPOTUBJICHUSA Ev paBHa:

P(R,) = 1 + @(Mj = E+ @[23()_256) = 1 @(2) =0.0228
2 o(R) 2 12.8 2

OO0ecIeueHHOCTh PacCuYe€THOTO COMPOTUBIICHUSI 3TOU CTalld paBHA

1-P(R,)=1-0.0228=0.9772.

Hopmamu CTpPOTO YCTaHOBJICHA 00€CTe4eHHOCTh pacUETHBIX
CONPOTUBIICHUN TOJIBKO ISl JPEBECHHBI M JIPEBECHBIX IUIACTUKOB. OHa
coctaBisieT 0,99 u BeIme. /[ O€TOHOB, KUpIIUYA M IPYTUX KOHCTPYKITMOHHBIX
MaTepuaJioB HET EJIMHOM O0O0ECIEYEHHOCTH NSTOM BaKHEWIIEH NPOYHOCTHOM
XapaKTEPUCTUKHU, UCTIOJIB3YEMOU TIPU MPOECKTUPOBAHUM.

HyxHo Takke yuutTbiBaTh, uTo B CHullax npuBeneHbl OKpyIJICHHBIC
3HAYCHUS TMPOYHOCTHBIX U Je()OPMAIMOHHBIX XapaKTepPUCTHK. OIJTO B
OTIPEICICHHOM CTETICHU BIIUSAET Ha 00ECIICUCHHOCTh PACUCTHBIX 3HAUCHUI.

IPUMEP 2.
Onpenenuts 00ECIIEUEHHOCTh PACUYETHOTO COMPOTUBJIEHUS U3TUOY
JPEBECHO-CTPY>KEUHBIX ITUT CO CIEAYIOIINMHU XapaKTePUCTUKAMH
R" = 16 MIla, R = 5,76 MIla, ko3d¢dunuenr Bapuammu V = 0,16,
KOA(DUIIMEHT JUIUTETHFHOTO CONPOTUBICHUS My, = 0,53, MacmTaOHBIN
ko3ddunuent K, = 0,8.

PEIIIEHUE:

Koadduiment HagexHOCTH 1O MaTepually BBIYMCIMM M3 COOTHOLIEHUS
MEXJy HOPMAaTHBHBIM M PACUYETHBIM CONPOTUBJICHHUEM C YYETOM TOTO, YTO
MacTaOHbIA 3PPEKT U paznuyue JUIUTETbHON U KPAaTKOBPEMEHHON MTPOYHOCTH
YUUTBIBAIOTCS  OTACJIBbHBIMU KO3(PUIMEHTaMH, KOTOpble OyaeM CUHTaTh
JNE€TEPMUHUPOBAHHBIMHU.

M3 COOTHOLIEHUN pPacuyeTHOTO U HOPMATUBHOIO COIIPOTUBIICHUN IS
JIPEBECUHBI U IPEBECHBIX IIJIACTUKOB

R — RH mz)ﬂkp
Y
OTCr04a
y =Rmk = 0 053.08=1178.
R “° 576
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BripazuM HOpMaTHUBHOE CONMPOTHUBIICHHE Yepe3 BPEMEHHOE C yU4eTOM TOTO,

yT0o 00ecneueHHoCcTh ero 0,95:
R" =R (1 - 1,645v),

rjie kodhdurment 1,645 onpenenser odecrneueHHocTs 0,95.

B cBoto odepenp, Tak ke MOKHO BBIPA3UTh PACUE€THOE COITPOTHURIICHUE

R=R(1 - tv),

rae t ompenenseT HEM3BECTHYIO 0OCCIICYCHHOCTb.

N3 >TuX cOOTHOIICHUN

R 1-1645
T RT 1w
h OTCHO1a
(_1f, 1-1645v)_ 1 () 1-1645:016) .,
v v 016 1178

[To Tabmume @(t) HaxoawM, YTO TaKOW KOI(PQPHUIMEHT COOTBETCTBYET
3HAYCHHUIO UHTerpaja BepostHocTeit D(t) = 0,490.

Torma BEpOSATHOCTH  HEMPEBBIIICHUS  PACYETHOTO  COMPOTUBIICHUS
COCTaBJISIET

0,5 - d(t) =0,50 - 0,49 = 0,01,

4TO COOTBETCTBYET obecrneueHHoct P =1 -0,01 = 0,99.

HNmeHHO Takoe 3HayeHHE OOECHEYEHHOCTH IPUBENEHO I JPEBECHBIX
IUTUT B HOPMax IO TPOSKTUPOBAHUIO ICPEBIHHBIX KOHCTPYKITHH.

Pemmm a3ty ke 3amady quis ciaydasi AE€MCTBHS TOJNBKO KPAaTKOBPEMEHHOM
Harpy3ku Majaol NpPOJOJKUTENBHOCTH, COU3MEPUMOW C JUIMTEIBHOCTBIO
CTaHJAPTHBIX HMCHOBITAHUN (HalpuMep, MpU CEMCMUYECKON Harpyske), Korja
my, = 1. Torna

~16-1-08

m

=2,222
1 1_1—1,645'0,16
0,16 2,222
d(t) = 0,499985;
0,5 - d(t) = 0,000015.
O06ecrne4eHHOCTh B 3TOM CIIy4ae COCTaBIISET
P=1-0,000015 =0,999985
Takum o0Opa3oMm, TMpH COBMECTHOM JICHCTBUM JITUTEIBLHOH |
KPaTKOBPEMEHHOU (CHEroBOM) Harpy30K B T€UEHHE MPUMEPHO JBYX MECSIIEB
MOXeT paspymuTbes 1 oOpazeny apeBecHbix 1T u3 100, a mnpu

KPaTKOBPEMEHHOM HArpy)KeHWH 10 HanpsbkeHuit o = R" - rtompko 15
obpaszioB u3z 1000000 (MUJIJIMOHA) unu 1 u3 66667.

t

j =41775
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9.2. BiusiHMe U3HOCA U U3MEHEHUS MPOYHOCTH BO BpeMeHH

W3Hoc (pkaBieHHE, THUEHHE, CTApEHUE) — H3MEHEHHE MPOYHOCTH
KOHCTPYKIIMU WA €€ 3JIEMEHTOB BO BpeMeHHU. Ecinu npouyHocTh R — ciydaiiHas
BEJIMYMHA, TO TIPU HAIMYUHU HU3HOCA €€ CIEAYeT CUMTATh CIy4alHOW (yHKIUEH
BpEMEHU R(?).

Banumem: S(t) = R(t) — F(t), (9.10)
rae S(t) — caydaiiHas (pyHKIUS pe3epBa IPOYHOCTH.

OTtka3oM OyJeT ABIATHCS Nepexo] ciiydailHoi GyHKuMM S(r) yepe3 HyJb B
OTPHIATEILHYIO 001acTh (S(¢) <0).

[Ipn OTCYTCTBMM B3aMMHON KOPPEISLIMOHHOW CBA3U MEXAY F(f) U R(¢)
(.. F(f) M R(f) HE3aBUCUMBI U WX B3aUMHAas KOPPEISAIMOHHAS (PYHKIUS
K,,(t,t,)=0) MaTeMaTHYeCKOC OXHJIaHUE CIydaHoi ¢yHkuuu S() (kak
JICTEPMUHAPOBAHHON (DYHKIIMU apTyMEHTA ¢ ):

S{t)=R(t)- F(t). (9.11)
ABTOKOppeNIIrOHHas PyHKIUS A1 S(¢)
Ks(tptz): KR(tl’t2)+KF(tl’t2)' (912)
HMucnepcus s Gyskuuu S(7) npu t, =t, =t:
D (t) = D (1) + D (1) (9.13)
AHAJIOTUYHO BPEMEHHAs TUIOTHOCTH BEPOSATHOCTH TOTO, uyTO S(f)<0:
0
q(0) =—[ P, (0,v)vdv, (9.14)
rae v=f(t), BMecTo aprymeHra s — 3HadeHue 0; P, (s,v) — COBMECTHOE

pacnpeneneHrne 3HaueHud s =0 U €€ IPOU3BOJAHOM B JAHHBIM MOMEHT BPEMEHH.
3HaK MHUHYC YKa3bIBaeT Ha TO, YTO BBIOPOCHI MPOUCXOASIT B OTPHUIATEIHHOM
HaIlpaBJICHNUU.

o) = ds(t) _dR(t) dF(t)
Codt dt dt

Ecnu npuGmmkeHHO cuuTaTh, YTO CIOydalHbIe OPJWHATHI s U v (PYHKITUH
S(t) uV(t) — HE3aBUCUMBIE CITy4alHbIC BEJIUYUHBI, TO

4(0) =P, (0) [ R, (vev=—P, O)v, (9.16)

(9.15)

rJe v — MaTeMaTUYeCKOe OXKUJAHUE OTPULIATSIIHHON BEJIMYMUHBI v ISl TAHHOTO
MOMEHTA BPEMEHH; ¢ 3aBHCHUT OT ¢, TaK KaK V() — MAaTEeMaTHUYECKOE OXKUJIaHUE

OTPHUIATEIFHOM CKOPOCTH U3MEHEHUS ClTydyallHOM pyHKIUU S(7).

Ecnu W3HOC mpakTUYeCKd OTCYTCTBYET, TO TNMPOYHOCTh HE 3aBUCUT OT
BPEMEHU M TPEJCTaBIsET COOOM He CiydyailHyro (YHKIHMIO, a CIy4ailHYyIo
BenuuuHy R. [Ipu sTOoM:

S(t)=R-F(t) (9.17)
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u, cootBeTcTBeHHO, S(t) = R — F(t); K (t,t,) =D(R) + K_(t,,t,). (9.18)
dF(t) « @: 0

Hanee: v(t) = — , TaK Ka (9.19)

1 torna ¢yHKIUS HAXEKHOCTH KOHCTPYKIUH (BEPOSTHOCTh HEpas-
PYIICHUS 32 TIEPUOJT ¢ ):

P=[1-P, (0)]-e><p[—]q(0)dt] (9.20)

rae P, (0) — UHTerpajbHas (PYHKIMS pachlpelesieHus pe3epBa MPOYHOCTU S B
HayaJbHbI MOMEHT BpeMeHU ¢=0, (T.e. P(S) mpu S =0, NpeIcTaBIsSIOMIas

co00l BEpPOSTHOCTh PAa3pyIICHUST B HAYaJbHBIH MOMEHT BPEMEHU ¢=0 WIH
BEPOSITHOCTh MTHOBEHHOTO OTKa3a).

Tema 3: DileMeHTBI TEOPHH YCTAJOCTH. YCTAJOCTHOE pa3pyllieHHe
KaK CJIy4YaWHbIN Mpouecc

Jlekuust 10. OcHOBHbIE MOHSATHSI TEOPUH YCTAJOCTU. Y CTAJOCTHOE
pa3pyuienne. MexaHu3M yCTAJIO0CTHOTO Pa3pylieHUus

[lepBble HaOMIOAEHUS YCTAJIOCTHOTO pa3pyLICHHs OTHOCITCS K KOHILY
XVIII Beka, KOrna y IIUTEIbHO KCILUTYaTUPYEMBIX AWIMKAHCOB B AHIVIMM U
MOYTOBBIX KapeT BO DpaHIMU HEOXKUTAHHO ISl MHKEHEPHOTO MHUpa CTAIH
XPYIIKO JIOMaThCsl OCH, M3TOTOBJICHHBIE M3 KOBAHOTO jKelie3a, 00J1a/1aloliero
BBICOKOM TIJIACTUYHOCTHIO. CHEeNHaUCThl TOTO BPEMEHH OOBSCHSUIM 3TO
ABJICHUE TNEPEPONKICHUEM MaTepHala 3a CUET €ro YyCTaJOoCTH B IHpOLEcce
JUIATEIIBHOM  JKCIUTyaTallud T1OJA JCUCTBUEM MEPEMEHHBIX HANPSKECHUM,
BO3HUKAIOIMX H3-32 HepoBHOCTeH noporu. C Tex mop TepMUH "YCTaloCTh
MaTepuasioB’, XOTA HE OTPAXKAIOIIUNA TMOJHOCTHIO CJIOXKHBIE MPOIECCHI,
MMPOTEKAIONIMX B META/UIE MOJ BO3JCHCTBUEM HAIPSIKEHUN, MEPEMEHHBIX BO
BPEMEHH, HAIIEN BBICOKOE PACIPOCTPAHEHUE B MHXKEHEPHBIX METOAAX pacuéra
HaJIE)KHOCTH 3JIEMEHTOB KOHCTPYKIIUH.

[IepBblie CUCTEMATUYECKUE AKCHEPUMEHTAJIbHBIE UCCIIENOBAHUS
CONMPOTHUBJIEHUS] yCTAJIOCTHOMY pa3pylICHUIO CTajbHBIX 00pasloB Mpu
JNEUCTBUM TIEPEMEHHBIX HArpy30K ObLIM MPOBEIEHbI HEMELKUM Y4Y€HbIM A.
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Benepom, KOoTopbIii OIyOJIMKOBaN Pe3yJIbTaThl UCCIIEIOBAHUN B BUJIE UTOTOBBIX
tabmui, B 1870 r.. I'paduueckoe mpenacraBieHue STUX pe3yIbTaTOB B BHUJEC
KPHUBBIX yCTalOCTH BIiepBbie ObuT0 ocymiecTBiaeHo JI. Illnmanrenbeprom B 1875
I., XOTS B MUPOBOM MPAKTUKE TU KPUBBIEC CBSI3BIBAIOTCS TOJBKO C UMEHEM A.
Benepa.

Ycranocte MaTepualioB W B HACTOSIIEE BpeMs SIBISACTCS OJHON U3
OCHOBHBIX TMPUYUH OTKa3a JeTajed MaIlUH W DJIEMEHTOB KOHCTPYKIIHUH,
MOJIBEP>KCHHBIX JICUCTBUIO HAIMPSOHKEHUH, IUKIWYECKA WM3MEHSIOMUXCS BO
BpeMeHHU. B CBSI3M C 3THM JJI MOBBIIIICHUST Pecypca W HAJAEKHOCTH MOJO00HBIX
KOHCTPYKITUH OOJBIIOe 3HaYEHHE MPHUOOPETAIOT BOMPOCH! BhIOOpa Marepuaa,
000CHOBaHUS PEKUMOB TEXHOJIOTUU MPOU3BOICTBA MOTy()adbpruKaToB U AcTaICH
U OpraHu3allMi KOHTPOJISI TEXHOJIOTMYECKOro Tpoliecca, 00ecleuynBarolme
CTabWJIbHOE U BBICOKOE€  COMPOTUBJICHUE  DJEMEHTOB  KOHCTPYKIIUU
YCTAJIOCTHOMY Pa3pyIICHHUIO.

YcrajgocTHoe pa3pyumienne. MeXaHH3M yCTaJOCTHOTO Pa3pylleHus

[TpuunHON 53TOrO ABISETCS HEKOTOpas HEU30ekHas HEOJAHOPOIHOCTh
CTPYKTYpbl MeTaijia (HaJu4he B HEM 3€PEH, MUKPOCKONUYECKUX TPEIIMH U T.
I.), B CBA3M C YEM B OKPECTHOCTH OTAENIBbHBIX TOYEK MaTepuan o0namaer
MIOHVYKEHHOW TPOYHOCTHIO. [IpM OTHOKpAaTHOM HAarpyK€HWHM STO NPUBOJIMUT K
HEKOTOPOMY IIE€pPEPACIPEACIICHUIO HANPSDKEHUN B MATEpHUAIe, HO HE BBI3BIBACT
ero paspywenus. Ilpm  gelcTtBUM K€  NEPEMEHHBIX  MHOTOKPATHO
IIOBTOPSAIOIIMXCS  HANPSDKEHUHM B OKPECTHOCTSAX TOYEK C  IIOHWKEHHOU
IIPOYHOCTBI0 BO3HHUKAIOT MHKPOCKOIIMYECKUE TPEIIMHBI. Y KOHLOB 3THX
TPEILUH (a TaKKe y TPEIIMH, UMEBIIMXCS B MaTepUaJe elle A0 ero HarpyKeHus)
BO3HUKACT BBICOKAs KOHILICHTpALUs HAIPSHKEHWM, NPUBOIAIIAS K PA3BUTHUIO
TPEIIMH [0 MEPE YBEIMYECHMS yncia HUKIOB. Ecnu paboyas miomaas ce4eHus
JJIEMEHTAa B pe3yJibTaTe pa3BUTUA TPELIUH YMEHBIIACTCA HACTOJIBKO, YTO
CEYCHHME HE BBIICP)KUBACT BO3HUKAIOLIETO B HEM YCUIIHUs, MPOUCXOIUT
paspyuieHue sneMeHTa. [Iporecc MOCTENEeHHOro HaKOIUIEHUS IOBPEKICHUU
Marepuaia Ipyu JeUCTBUUA TOBTOPHO-TIEPEMEHHBIX HAIIPSIKEHUN, IPUBOISALLIMT K
00pa30BaHUIO TPEUIMH U PA3PYLICHUIO, HA3BIBAETCS YCTAJOCThIO MaTepHaa.
[Ipy mnepeMEeHHBIX HANpPSHKEHUAX [MOBEPXHOCTH PA3BHUBAIOIINXCS TPEIIUH
MHOTOKpPAaTHO TPYyTCA APYr O Apyra, B pe3ylbTaTe 4Yero OHM HUIM(YIOTCS.
[IoaTOMY MOBEPXHOCTH U3JI0MA IIPH YCTAIOCTHOM Pa3pyLIEHUHA COCTOUT U3 ABYX
30H: OZJHA U3 HUX MMEET HOPMAJBHYIO Ul METAIa 3€PHUCTYIO CTPYKTYpY, a
Jpyrasi uMeeT NUTM(OBAHHYIO TOBEPXHOCTD.
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VYcranocTHoe pa3pyllieHre JeTali MPOUCXOIUT BCera BHE3AmHO (T. €. TaK,
KaK paspyliaercs XpYyNKud Marepuan MpU CTaTUYECKOM JCHCTBUU HArpy3KH)
HE3aBUCHUMO OT TOTO, SBJISIETCS METAJLJI XPYIIKUM WJIU TIJIACTUYHBIM.

Pemenus mnpoOnembl TNOBBILIEHUS pecypca U HAAEKHOCTH MaIIUH
0OyCJIOBIIMBAET pa3pabOTKy M BHEJIPEHUE BEPOATHOCTHBIX METOJOB pacyéra Ha
IIPOYHOCTh TIPU MEPEMEHHBIX HANPSIKEHUAX, YUYUTHIBAIOIIUX CIyYaiHBIN
XapakTep JCUCTBYIOLIMX HArpy30K M BapUALUIO XapaKTEPUCTUK COITPOTUBIICHUS
YCTaJI0CTH MaTEPUAJIOB U JCTaJICH.

XapakTEepUCTUKN CONPOTHUBIICHHS YCTAIIOCTHOMY PAa3pyLIEHHUIO MaTepuralia
U U3JIETTUN OMPEENSIIOTCS B pe3yjIbTaTe MCHBITAHWM HAa YCTalOCTh OOpasIloB,
MOJIeNIel, HaTypHBIX JeTalled U KOHCTPYKIMMA B LIEJIOM, 4TO TPeOyeT OOJbIINX
MaT€pUaJbHbIX 3aTpaT M BECbMa [UIMTEIIBHOTO BPEMEHHU, KOTOPOro, Kak
MPaBUJIO, HE XBAaTae€T KOHCTPYKTOPY Ha CTaAuU MPOCKTUPOBAHUS U JOBOIKU
KOHCTPYKIIMU. B CBsI3U € 3TUM yU€HBIE MHOTHUX CTPaH BEAYT MOUCKHU PACYETHBIX
(KOCBEHHBIX) METOJIOB OIIEHKH XapaKTEPUCTHUK COMPOTUBIICHUS YCTAIOCTHOMY
pa3pyILICHUI0O W METOJIOB YCKOPEHHBIX U (POPCUPOBAHHBIX HCIBITAHWM Ha
YCTaJIOCTh.

OcHOBHBIC TEPMUHBI

Ycranocrb — OpoLECC MOCTENEHHOTO HAKOIUIEHUS IOBPEKICHUU
Marepuana IOoJ JCWCTBUEM MEPEMEHHBIX HANPSHKCHUW, MPUBOISIIMNA K
W3MEHEHHUIO CBOMCTB, 00PA30BAHMIO TPEIIMH, UX PA3BUTHIO U PA3PYIICHUIO.

ConpoTuBiieHHe YCTAJOCTH — CBOMCTBO MaTepuana MpPOTUBOCTOSThH
YCTaJIOCTH.
YcrajiocTHOe TOBpekAeHHe — HeoOpaTuMoe u3MEHeHHe (pu3nKo-

MEXaHUYECKUX CBOWCTB Marepuaia OOBEKTa TMOj EHWCTBHEM IEPEMEHHBIX
HAPSKEHUM.
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YcranocTHasi TpelMHA — YacTMYHOE pasJielieHue wmaTepuaina Mo/
JEUCTBUEM MEPEMEHHBIX HAIPSKEHUH.

CkopocTh pocTa YCTAJOCTHOH TpelMHbLI — OTHOIICHUE MPUpPAIICHUS
JUTMHBI YCTAJIOCTHOM TPEIIMHBI K MHTEPBAIy BPEMEHH.

IIUKJIbI HAIIPSIKEHUM. XAPAKTEPUCTHUKH IIUKJIA

COBOKYIHOCTh TOCJHEAOBATEIbHBIX 3HAYCHUI HANpsOKEHUM 3a OJUH
NEePUOJT UX W3MEHEHUS MpHU peryasipHoMm Harpyxenwuu (puc.10.1) HazwpBaeTcs
UUKIIOM HANPANCCHU.

Xapakmepucmuku yukia HanpayceHuil.

Yacmoma wyuxnoe (f) — OTHOIICHHWE dYHCIA IUKIOB HANPSHKCHUH K
WHTEpPBAIYy BPEMEHH UX JICUCTBUS.

Ilepuoo uuxkna (T) — NPOAOIDKUTEIHLHOCTh OJHOTO HHUKJIA HANPSHKCHUH,
T=1/f (puc.10.1.).

&

a

4 o
T o

Puc.10.2. TTapameTpsl IUKIOB HATPY>KEHUS B 00JIACTH PACTSIKEHUS U

CoKaTHs
Maxkcumanvnoe nanpsdycenue uyukia  (Oma) —  HaWOOIbIIEE 10
anreOpanyecKoMy 3HaYCHHIO HanpsbkeHue 1ukia (puc. 10.1., puc. 10.2.)
Munumanvnoe nanpscenue uukia  (Omin) — ~ HAUMEHBIIEE 10

areOpanvyeckoMy 3HaA4YCHHIO HanpsukeHue ukia (puc.10.1, 10.2).
Cpeonee nanpaxncenue yuxna () — MOCTOsHHAS (MTOJIOKUTEIbHAS HITH
oTpuUIlaTeNbHas) cocTaBisitomas Iukiaa HanpsbkeHnut (puc.10.1, 10.2), paBHas
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anreOpanyeckor MoJlyCyMMe MaKCHUMaJIbHOTO W MHHUMAJBLHOIO HAMNpPsHKCHUS
LMKIIA,

o = Jmx T Omin (10.1)

Amnaumyoa HanpaxceHuil Yukaa Ga — HAWOONIbIIEE YHCIOBOE
MIOJIOKUTEIBPHOE 3HAYCHHE TIEPEMEHHOW COCTaBISIONICH IMKIIA HAMpsHKECHUH
(puc.10.1., puc.10.2.), paBHas anreOpanvyecKor MOJypa3HOCTH MaKCHUMaJIbHOTO
Y MUHUMAJILHOTO HAMPSKCHHUSI IIUKJIA

max__~min
o, =—22 "0 10.2
L (10.2)
Pasmax mnanpaxcenuii uyuxia (20,) — anrebpandeckas PpasHOCTh
MaKCUMaJIbHOI'O U MUHHUMAJIbHOT'O HAIIPAKCHUS LTUKIIA.
2O-a = Omax ~ Onin (10.3)

Kosyppuuyuenm acummempuu yuxna nanpancenuun (R,) — oTHOIICHHUE
MHUHHAMAJIEHOTO HAIIPSDKCHUS ITUKJIA K MAKCUMATbHOMY

R, = Jmn (10.4)

n}

O = Oy

 Fas

| = &
| = &
| = T
™
\H-"""‘—\-\.
Y

y c »

o =% i v = Y
ng o y I " I L
W L W

@ & @ @ @ e} ()

Puc. 10.3. Pa3HOBHUAHOCTH LIMKJIOB HANPSKEHUI U COOTBETCTBYIOIINE UM
3HaYeHUs! KO3(PPUIIMEHTOB aCUMMETPUN
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Cummempuunotii yuxkn nanpsaxcenuit (puc.10.3, r) — NUKJI, y KOTOPOTO
MaKCHMaJIbHO€ W MHUHUMAQJIbHOE HAIpPsOKCHUS pPaBHBI 110  aOCOIIOTHOMY
3HAYCHUI0, HO TTPOTUBOIIOJIOKHBI 10 3HAKY

O-rrax = Gmin ;
R,=1.

Acummempuunwiii yuxn nanpaxcenun (puc.10.3, a, 6, B, 1, €, K) — UK,
y KOTOPOTO MaKCHMajJbHble U MUHUMAJIbHBIC HAIPSHKCHUS HMEIOT pa3HbIC
a0COJIIOTHBIC 3HAYCHUS

o, #0

3naxonepemennstii yukn uanpaxcenun (puc. 10.3, B, r, A1) — LUK

HaIpPsHKCHUHN, H3MEHSIOMNXCS 110 3HAYCHHUIO U TI0 3HAKY
O rax > 0
Oin <0

3naxonocmosannsiit yukn nHanpsycenuii (puc.10.3, a, 6, e, X) — UK
HaIPsHKCHUH, H3MEHSIOIIUXCS TOJIBKO 110 a0COTIOTHOMY 3HAUCHHUIO.

Ommnynesoit yukn nanpaxcenuu (puc.10.3, 6, €) — 3HAKOIMOCTOSHHBIN
[UKJI HaMPSOKEHUH, U3MEHSIIONTUXCS OT HYJA 10 MakcumyMa (o, =0) uin ot

HyJIs 10 MUHUMYMA (O, =0)
Ilo0o6nble yuknwvl HanpaxyceHuil — LUUKIbI, Y KOTOPbIX KO3(DPUIUEHTHI
ACUMMETPHUH OJIMHAKOBBI.

1.3. XAPAKTEPUCTHUKHA COITPOTUBJIEHUSA YCTAJIOCTH
ITPU PEI'YJISAPHOM HAI'PY KEHUN

Huknuueckan o0onzoeeunocms (N) — dHCIO TMKIOB HANpPSHKCHUH,
BBIJICP’)KAHHBIX ~HArpy>KEHHbIM OOBEKTOM JI0 0Opa30BaHUS yCTAJIOCTHOM
TPEIIMHBI ONPEACICHHON MPOTSEHHOCTH WJIM 10 YCTAJIOCTHOTO pa3pylICHHS,
IIPU HEM3MEHHBIX XapaKTEPUCTUKAX IIUKIIA HAPSHKEHUM.

Manouuknosasa ycmanocms — YCTAIOCTh MaTepuaia, MPU KOTOPOH
YCTAJIOCTHOE TOBPSKICHUE WM pa3pylICHHE TMPOWCXOAWT TIPU  YIIPYro-
MJIaCTHYECKOM JehOopMUpOBaHHUH. Y CIOBHO MpuHUMatoT, 4to npu N < 50000
ITUKJIOB UMEET MECTO MAJIOIIUKIIOBASI YCTAIOCTb.

Mnozoyuknosana ycmanocmp — YCTAJOCTh MaTepHalia, IPH KOTOPOM
YCTaJOCTHOE MOBPEXKICHUE WIM Pa3pyLICHHUE MPOUCXOJIUT, B OCHOBHOM, MpPH
yapyrom jaeGpopMUpPOBAHUU. Y CIOBHO TpUHUMAIOT, yTo Tipu N > 50000 mukios
MMEEeT MECTO MHOTOIIMKJIOBAs YCTaJOCTh.

baza ucnvimanuii — IMpeABAPUTCIBHO 3aJaBacMOC€ HauOOJIbIIEee YHUCIIO
IMHUKJIOB ITPHU UCIIBITAHUU HA YCTAJIOCTh.
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Jlekmusa 11. KpuBble Bejnepa. @axrTopbl, BJIHUSIONIHE HA
CONPOTHBJ/IEHUE Ppa3pylleHUuI0. BiausiHMe KOHUEHTPAUMH HANPSKEHUN,
MacCIITA0OHBINA (PAKTOP M APyrue

Kpussbie BeJsepa

Kpueaa ycmanocmu N(c) — rpaduk, XapaKTepuU3YIOIIUNA 3aBHCHUMOCTD
MEXIY MAaKCUMAJIbHbIMU HANPSDKEHUSIMUA WA~ aMIUIMTYAaMH  [UKIA U
IUKJINYECKON JIOJTOBEUHOCTHIO OJMHAKOBBIX OOpa3loB, MOCTPOCHHBIA IO
napameTpy CpeIHEro HampsyKEeHUs IUKIA WM 10 MapaMerpy KoddduiineHrta
acumMmerpun mukia (puc.11.1, a, 6). Yuactok | na puc.11.1 coorBeTcTByeT
MaJIOLMKIIOBOU ycTtanoctu, a ydyactku II u III — mHOronuknosou. Yuacrok III
JUISL  YIJIEPOAMCTBIX M HU3KOJETHPOBAHHBIX  CTaJled  OOBIYHO  HMMEET
TOPU30HTAIBHBIN JIMHEUHBIN XapakTep. JlJIsi BBICOKOJIETUPOBAHHBIX CTallEW U
CIUIaBOB HAa MAarHUEBOW, AJIIOMMUHUEBOM U TUTAHOBOM OCHOBAax A3TOT Y4YaCTOK
MPEICTaBIAECT COO0M KPUBYIO, CTPEMSITYIOCS K acuMmnToTe mpu N = oo,

Do § ' Y

T "

I I fr r .. I K

R=const K=const
BLTTH | LLiTn |
&, =canst i . =ranst !
' ' - ' ' -
g ¥ g N
(@) (&)

Puc. 11.1. BapuanTsl ipeicTaBICHUs] KPUBOUW YCTaIOCTH.

PASHOBUJTHOCTHU YPABHEHUHN KPUBBIX YCTAJIOCTH
JIns onucaHusi KPUBBIX YCTAIIOCTH CTAJIEH UCTIOJIB3YOTCA:

VYpaBuenue Benepa (1870 r.)
oc=a-blgN wm lgN=c-do (11.1)

VYpasaenue backuna (1910 1.)
a=al™  ym lgN=c-dlga (11.2)
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VYpasaenue llItpomeiiepa (1914 1.)
O =T, tal* — lg N=c—-dlgla—-a,) (11.3)
VYpasuaenue [lanemrpena (1924 r.)

lglo-og) =a-elg(N+5) | 1g(N+ B)=c-dlg(a-ay) (11.4)

VYpaBaenue Beitoymna (1949 r.)

a-a,

o ‘JR] (11.5)

lg[J_JR]=a—glg.N+B.
ad, —d,

].gIN-'-BI:C_d].g[
nJIn

VpaBuenus (11.1) u (11.2) onuceBaror Tonbko |l ydacTok KpuBBIX
ycranoctu, ypaBHenue (11.3) — Il u Ill yuactku, ypaBuenus (11.4) u (11.5)
OXBAaThIBAIOT BCE TPU y4aCTKa KPUBBIX YCTAIOCTH.

[lpuMeHUTENHPHO K JIETKUM CIUTaBaM (MarHMEBBIM, ATIOMHUHHEBBIM U
TUTAHOBBIM) JUII  yKa3aHHBIX  YYaCTKOB  KPUBBIX  YCTAJIOCTH  MOTYT
ucnonb3oBarkes ypaBaenus (11.3), (11.4) u (11.5).

OnHako, Kak TIOKa3alM CHenuajdbHble wHcciaenoBanus [1,2], Oonee
aJIEKBaTHO PKCIIEPUMEHTAIbLHBIM JaHHBIM COOTBETCTBYET ypaBHeHUE CTEmHOBA
M.H. (1970 1.).

o=y +alg(N+ M) (11.6)

[Tapamerp B B ypaBHenmsix (11.4) u (11.5), a Takxke mapametrp Nj, B
ypaBHeHuu (11.6), ompenensitoT MOJIOKEHUE KPUBOM YCTalOCTH TOJBKO B
MajonukioBor obnactu (ydactok | Ha puc. 11.4). IlostoMmy npu onucaHnuu

KPUBOM MHOTOLMKIOBOW ycTajocTu 0e3 ymepOa i TOYHOCTH MPUHUMAIOT
B=0 u N,=0.

Kogd)d)ul{ueﬂm uyecmeumeilbHocmu K acummempuu UUuKa
Hanpax)cenuil ¥ _— BEIMYKMHA, onpeesemMas 1o Gopmyiie
_a, -

T (11.7)
rae Oo— npesen npoYHoCcTH, O-1— Ipejien BBIHOCIUBOCTH.
Ilpeoen evinocnusocmu. (6-1)
MaxkcuMmanbHOE TI0 a0COTIOTHOMY 3HAYCHHIO HAMIPSHKCHHE [UKJIIA, PH KOTO
pom elIe He TMPOMCXOAUT YCTaJIOCTHOE pa3pylIeHHe Mpu 0a3e UCIIBITAHUS
10° [IUKJIOB.

[
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Ipumeuanue: TIpenensl BBIHOCIMBOCTH BBIPAKAIOT B HOMUHAIBHBIX HAIIPS
xkenusx. [[OCT 23207-78, cratbs 47]

CnocoOHOCTh MaTepuana BOCIPUHUMATh MHOTOKpPAaTHOE JIeHCTBHE
NEPEMEHHBIX HANPSHKEHUI HA3bIBAIOT BBIHOCIUBOCTBIO, @ TPOBEPKY MPOYHOCTH
AJIIEMEHTOB KOHCTPYKUMU TpPH JEHCTBUM TAaKMX HANpPsDKEHU — pacdyeToM Ha
BBIHOCJIUBOCTD (MJIM PACYETOM Ha YCTAJIIOCTHYIO MPOYHOCTb).

JI1st TTOTydeHUsT MEXaHMUECKMX XapaKTepUCTUK MaTepuaia, HeoOXOMMBIX
JUISL pacdyeToB Ha IPOYHOCTh IPU IEPEMCHHBIX HANPSDKCHHUAX, TPOBOASAT
CIelMAJIbHBIC MCIBITAaHWS Ha BBIHOCIHUBOCTH (Ha ycTanmocTh). [l stmx
UCITBITAHUN WM3TOTOBJISIOT CEPUI0 COBEPIIICHHO OJMHAKOBBIX 00pa3IoB (HE
Menee 10 mTyk).

Smaz { Tmaz)
T |I r Kpubag yemanocmu npu R=~1
i E iy
| i
i E '
o | | Hm e
5 |
I
; ! flpeden BumocnuBocmu
I E 6-;
Ly
1 Ll N
i""’f'”ﬂ
Puc. 11.5.

Haubonee pacmpocTpaHeHbl WCHBITAHWS HA YWCTBIM M3THO TIpH
CUMMETPUYHOM LHUKJIE U3MEHEHHS HANPSKECHUM; UX NPOBOLAT B CIEIYIOLIEM
MOPSAKE.

B nepBoM o0pasiie ¢ MOMONIbIO CHENUATBHON MAallUHBI CO3JAI0T LUKIIBI
HaIpsDKeHWH, Xapaktepuzyemble 3HadeHusMu |, Hanpsbkenue || npuanmaroT
JOCTAaTOYHO OOJIBIIMM (HEMHOT'O MEHBIIUM Tpesesna npoynoctu Matepuana 1),
JUIsL TOro, 4ToObl pa3pylIieHHe oO0pas3la MPOUCXOAUIO TMOCIE CPaBHUTEIBHO
HeOOIbIIOro uucia 1ukioB V. PesynbraT ucnbiTaHus oOpaslia HaHOCAT Ha
rpaduk B Buae Touku V, abcumcca KOTOpOM paBHa (B MPHUHATOM MaciuTale)
YHCIly IHMKJIOB, BBI3BABUIMX paspylleHHe oOpaslia, a OpJuHaTa — 3HAYCHHUIO
Hanpspkenus (puc. 11.5.).
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3atem Jipyroil oOpasel UCIBITHIBAIOT IO pa3pyIlIeHUs MPpU HanpsKeHusx |
—V. Pe3ynapTaThl WCHBITAHUS  3TOrO0  oOpa3ma  w300pakalTcs  Ha
rpaduke. McnpIThiBas OCTaJIbHBIE 00pasllbl M3 TOH K€ CEpUH, aHAJIOTHYHO
nonyvatoT Touku [V, V u 1. 1. Coequnsisa mnonxydeHHbIE MO JAHHBIM OIBITOB
TOYKH TUUIABHON KPUBOM, MOTYYarOT TaK HA3bIBAEMYIO KPHUBYIO YCTAJIOCTH, WJIH
kpuByto Benepa (puc. 11.5.), COOTBETCTBYIOIIYIO CHMMETPHUYHBIM ITUKJIAM.

AHaNOrnyHoO MOTYT  OBITh  TOJY4YeHBl  KPUBBIE  yCTaJOCTH,
COOTBETCTBYIOIIME LHUKJIAM C JPYTMMH  3Ha4eHUSIMH  KO3(pPUIUEHTA
ACUMMETPHH.

Pa3pymenne martepuana mpu OJHOKPATHOM HArpy>KEHHWU MPOUCXOAWUT B
TOT MOMEHT, KOIJla BO3HUKAIOIIME B HEM HAIpSOHKEHUS pPaBHbI Mpeneny
npoyHocTH. ClieI0BaTeNbHO, KPUBBIE YCTAJIOCTH MpHU Pa3pylICHUH UMEIOT
OpAWHATBI, PaBHbIE MPEAEITY BHIHOCIUBOCTH.

KpuBass BbiHOCHMBOcTH (puc. 11.5.) mokaspiBaeT, 4TO C YBEIUYEHHUEM
YKUCJIa LMKJIOB YMEHBIIAECTCS MAaKCHMAJIbHOE HAIpPSDKEHUE, IPU KOTOPOM
IIPOUCXONNUT paspylieHue wmarepuana. KpuBasg ycrajgoct il Majao WIH
CPEIHEYTJIEPOIUCTOM, a TaKXKe I HEKOTOPBIX MAapOK JIETMPOBAHHOM CTaJd
UMEET TOPU30HTAIBHYI0 acuMnToTy. CleloBaTeabHO, IPU JAaHHOM 3HAYECHHUU
koa(pduienTa acummeTpu R M MakCMMaldbHOM HaNpsHKEHUH, MEHbIIEM
HEKOTOPOM BEJIIMYMHBI, MaTepHall HE pa3pylIaeTcsi, Kak Obl BEJIMKO HHU OBLIO
YHCIJIO UKJIIOB.

HauGonbmee (mpenenbHOe) MaKCUMAbHOE HaMpsDKEHHE UK, TIPH
KOTOPOM HE MPOMUCXOJUT YCTAJOCTHOIO pa3pyllieHuss oOpasla W3 JIaHHOTO
MaTepuaa nocjie MPOU3BOJIbHO OOJIBIIOTrO YKCia UKIIOB, Ha3bIBAlOT NpPeAea0M
BBIHOCJMBOCTH. Takum  oOpa3oMm, mpefen  BBIHOCIMBOCTH  paBeH
OpJIMHATE aCUMIOTOTHI KpUBOM  yctamoctd. Ero  o0o3HawaroT o1,  1IpH
CUMMETpUYHOM  nukie kodpdunument acummerpun  (Ry), 1 mpenen
BBIHOCJIMBOCTH NP ATOM LHKJIE 0003HAYAIOT O, =0, Opu R;=1 (cM. puc.

11.5.).

min

CoBepIIIeHHO OYEBHJIHO, YTO TPH HWCIBITAHUU O0pasiia HEBO3MOXKHO
OECKOHEYHO OO0JIBIIIOE YUCIIO pa3 MOBTOPUTH OJIUH M TOT K€ ITUKII HAPSKCHUIH,
HO B 3TOM U HeT HeoOxoaummoctu. OpAWHATHI  KPUBOW YCTAJIOCTH JUIS
HEKOTOPBIX MaTepuajoB (Majio- U CPEIHEYTJIEPOJUCTON CTAd W Jp.) TOCHEe
HEKOTOPOTO 4YHCJa IUKIOB (PaBHOTO HECKOJIBKMM MUJUIMOHAM) TOYTH HE
U3MEHSIOTCS; MO3TOMY YHUCIY LHMKIOB, Ja)Ke B HECKOJbKO pa3 OoJblIeMy, Ha
KPUBOM YCTaJIOCTH COOTBETCTBYIOT TaKHE€ K€ MaKCHUMalbHble HampsbkeHus. B
CBSI3M C 3TUM YHUCJIO LUUKJIOB (IIPU MCMBITAHUM MaTepuana Ha BBIHOCIUBOCTH)
OTrpaHUYMBAIOT HEKOTOPBIM MPENEIOM, KOTOPBI Ha3bIBAIOT 0A30BBIM YHUCIOM
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nukIioB. Eciu oOpaser] BeliepKUBaET 06a30BOE YHUCIIO IIMKIIOB, TO CUYUTAETCS, YTO
HaIpsHKEHUE B HEM HE BBINIE Tpejliesia BBIHOCIMBOCTU. [l cTamum M 4yryHa
0a30BO€ YKCIIO ITUKJIOB IPUHUMAIOT PaBHBIM 10 .

[Ipenen BBIHOCIMBOCTH JIJIsl CTATM TIPU CUMMETPUYHOM IIUKIIE B HECKOJIBKO
pa3 MEHbIIIE Mpejiesia MPOYHOCTH (B YACTHOCTH, JJIs yriiepoaucTon cramu 0,43).

KpI/IBBIG YCTAJIOCTH MJII HNBCTHBIX MCTAJUIOB H CIINIABOB H HCKOTOPBIX
JICTUPOBAHHBIX crajen HC HUMCIOT FOpHBOHTaHLHOi’I ACHMMIITOTHI, U,
CICOOBATCIIbHO, TAKHUC MATCpUaJIbl MOI'YT pPa3pyHIUTLBCA IIpU JOCTATOYHO
OOJIBIIIOM YHCIIE IMUKJIIOB, JaKC IIPU CPABHUTCIIbHO MAJIbIX HAIIPSI?KCHUAX.

[TooToMy MOHsATHE Tpejeia BBHIHOCIMBOCTH JUIS YKA3aHHBIX MaTepHAJIOB
ycioBHO. TouHee, IS 3THX MaTEPHAJIOB MOXKHO TI0JIb30BAThHCS JIUIID ITOHATHEM
Ipeaesl OrpaHMYCHHON BBIHOCIMBOCTH, Ha3blBasg TaK HAWOOJBINCE 3HAYCHHE
MaKCHUMAaJIbHOTO (110 a0COIIOTHOM BEIMYMHE) HANIPSHKCHUS [IUKIIA, IIPU KOTOPOM
oOpasell ele He pa3pylIaeTcs IpH ONpeAcsieHHOM (0a30BOM) YHCIIC IHUKIIOB.
ba3oBoe YHCIO0 LHKIOB B pacCMaTpUBAacMbIX CIydasX IPHHUMAIOT OYCHB
OopIIM — 10 107 .

B cnydasx, korma Cpok CiIyXObl 3J€MEHTa KOHCTPYKIMH, B KOTOPOM
BO3HUKAIOT  TEPEMEHHBIC  HANPSHKCHHs,  OTPaHWYEH,  MAaKCHUMAaJIbHbIC
HanpsOKEHUST MOTYT TPEBBINIATh TPEJesl BBIHOCIMBOCTH; OHHU, OJHAKO, HE
JOJKHBI ~ OBITh ~ OOJBINE  Tpenena  OTPAaHWYCHHOW  BBIHOCIHMBOCTH,
COOTBETCTBYIOILIETO YHUCIYy IMKIOB 3a BpeMs padoTbl PACCUUTHIBAEMOTO
aneMeHTa. CrenyeT 3aMeTUTh, YTO MPEesl BHIHOCIMBOCTH IMpPHU IEHTPAIbHOM
pacTshHKEHUHU-CKaThuu  oOpaszma  cocraeisier mnpumepno  0,7-0,9  mpenena
BBIHOCJIMBOCTU MPU CUMMETPUYHOM IIMKJIE U3ruba. ITO 0OBACHAETCA TEM, UTO
npu U3rude BHYTPEHHHUE TOUYKH MOMEPEYHOI0 CEUEHUs HaIPsDKEHBI ciadee, Yem
HapyXHbIE, a MPU IEHTPAIbHOM PACTSHKEHUU-CKATHUH HAIPSHKEHHOE COCTOSTHUE
oxHOpOoAHO. [TosTOMY TIpH M3rKMbE pa3BUTHE YCTAIOCTHBIX TPEUTUH MPOUCXOIUT
MEHEEe UHTEHCUBHO.

[Ipenen BBIHOCIMBOCTH TPU CUMMETPUYHOM IMKJIE KPYUYEHUS JIS CTalu
coctaBisieT B cpeaHeM 0,58 (58% mnpenena BBIHOCIMBOCTH IIPU CUMMETPUYHOM
[UKJIE U3ruoba).

DakTOpHI, BIMAIOLINE HA CONPOTUBJICHHE PA3PYLLIECHUIO
MectHble HanpsxeHusi. KoagguuneHT KOHIEHTPAaLUU HANIPSI2KEHUH

B ceueHusx aeranei, rjie UMEIOTCS pe3KUe U3MEHEHUS Pa3MepPOB, HAZIPE3HI,
OCTpBIE YTJIbl, OTBEPCTHS, BO3HHMKAIOT BBICOKME MECTHBIE HANpPSLKEHHS (Tak
Ha3blBacMasi KOHLEHTpalusl HalpsDKeHui). B aTux ceueHusx, Kak IMpaBuUilo,
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Pa3BUBAIOTCA TPCIOUHBI YCTAJIOCTHU, IPUBOAAIINC B HTOIC K pPA3PYHICHUIO

neranyd. MecTHble HanpsKeHUs Tuem GHIUHO 3HAYMTEIIBHO IIPEBBILIAIOT TE
HauOOJIbIIIE 3HAYCHHS] HATIPSKEHHM, KOTOPBIE MOIYYUITUCH ObI IPU OTCYTCTBHH
IPUYHH, BBI3bIBAIOIIMX KOHLEHTPALUIO. 3aBUCUMOCTh MEKY MECTHBIMH U TaK
Ha3bIBAEMBIMH HOMHWHAJIBHBIMA HAIPSDKCHUSIMHU, T.€. BBIUMCISIEMBIMU IO
(dopMyJsiaM CONPOTUBIICHUSI MAaTEPUAJIOB, UMEET BU/L:

Guecrs = Ra0, (11.8)

rae  * — ko3 PUIMEHT KOHIIEHTPALUA HAMIPSKEHUH.

MecTHbIE HaNpsKEHHWST OYEHb YMEHBLIAIOT MPEAET BBIHOCIMBOCTH.
[ToaToMy wu3nmenusiM, palboTalOUUM TIPU HANPSDKEHUSIX, TEPEMEHHBIX BO
BPEMEHHU, CJIEIYEeT 1O BO3MOXKHOCTH MpHUIaBaTh (HopMy, HE UMEIOIIYI0 PE3KOT0
U3MEHEHHSI CEYCHMsI, OCHabJIEHUH W BBITOUYEK, BBI3BIBAIONIMX KOHIIEHTPAIUIO
HaNpPsKCHUH.

[Ipenen BBIHOCIMBOCTH 3aBUCUT TAKXKE OT Pa3MEpOB JETAM U KadyecTBa
00paboTkn ee mnoBepxHOCTH. [Ipu yBenuueHHMH pa3MeEpoOB OETAU IPEIen
BBIHOCJINBOCT TIOHMIKAETCS. OJTO SIBJICHUE YYMUTBIBAETCS TaK Ha3bIBAEMBIM
MacmTabHbIM (pakTOpoM £ .

Xapaktep 00paOOTKHM TMOBEPXHOCTH YUMUTHIBAETCA KOA(PPUIIUEHTOM

YHUCTOTHI TTOBEPXHOCTHU A , Kotopeiii uamensiercs ot 0,6 go 1,0 mpu oOBIYHBIX
MeTojax o0paboTku neranel. Ecim ke MOBEPXHOCTh JETalu IOJBEpPracTcs
CICIMAIBHOMY YIPOYHCHHIO (a30THpPOBAaHHME, IIEMEHTalus © T.IL.), TO
KO(PPUIMEHT YUCTOTHI TOBEPXHOCTU MOYKET OBITH OOJIBIIIE €AUHUIIBI.

Korma wm3BecTHBl TNpelelbl BBIHOCIMBOCTH 00pasma “&, MmacirrTaGHbI

daktop £, KOIPPUIMEHT YUCTOTHI  MOBEPXHOCTH By 3¢ pexTUBHBII
. k

KOO (PUIIMEHT KOHIIEHTpAIlMU HAIpPSHKEHUH JeTalnd °, TO TpU 3aJaHHOM

kod(ddummenTe 3amaca TPOYHOCTH [n] MOXKHO OMNPEACIUTh JOMYCKaeMoe
HampsHKEHUE M3ruda Mpu CHUMMETPUYHOM IHKJIE JJis JaHHOW JeTaau To

bopmyie:

_1EB
.
BT keln) (11.9)

HpI/I CUMMCTPUYHOM LUKIIC PACTAKCHUA-CXKATUSA:
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, (11.10)
rje npexen somociusoctu &1 ¥ HATa]
AHaJOTUYHO B CIIy4ae CUMMETPUYHOTO IIUKJIA KPYyUECHHUSI
T 48
{t.ll == 1 ﬂ
kyin} | (11.11)
T, = 0,60, R
rae UIsE  cTanmu; * — KO3(PGUIMEHT KOHIEHTPAIMK KacaTeIbHBIX
HaMPsKCHUH.
Jlekmuss 12. Mopgeab mnpouecca HAKOIJIEHHUS YCTAJIOCTHBIX
MOBPeKICHUMN

IIpupoaa ycTajJocTHOro pa3pyuieHust

B nelcTBUTENBHOCTH YyCTAJIOCTHOE pa3pyllieHHe HaOMIOJAeTCsl MOYTH BCEraa
MIPY HEOHOPOJAHOM HAMPSKEHHOM COCTOSIHUH, MPU U3THOE WIN MPHU PACTSHKCHUH
U3JIeIINsl, UMEIOLIETO KOHIIEHTPATOp HaNpsKeHHs. B ToM mecre, riae HanpshkeHue
SIBIISIETCS. HAUOONBIINM, OOBIYHO Ha MOBEPXHOCTH, BOSHUKAET TPEIIMHA, KOTOpas
MOCTETICHHO pachpocTpaHseTcs BriryOb. HecMoTpst Ha HanmMune TPEeIUHbI, U3/IeINe
€lle HE TepsieT HECyIlel COCOOHOCTH M MOXKET BBIAEP’KATh HECKOJIBKO ThICSY U
Jake MIJUTMOHOB ITUKJIOB. Korja TpemmHbl JOCTUTal0T JTOCTATOYHON TIyOWHBI U
HaIpsDKEHUsT B HEPA3PYLICHHOM YacTH CEYEHUs, KOTOpas BOCHPHHUMAET BCIO
Harpy3Ky, OKAa3bIBa€TCSI HACTOJIbKO OOJBIIMM, YTO MaTepual HE MOXKET uX
BBIJICPKATh, IPOUCXOIUT BHE3amHbld u3noM. CedeHue oOpasia, MOJIOMAHHOIO B

pe3yJibTaTe UCIIBITaHUs Ha YCTAJIOCTh MPU U3TH0E, CXeMaTHYECKU MOKa3aHo Ha puC.
12.1.

Puc. 12.1

B  konbueBoit o6macti A MOBEPXHOCTh HW3JIOMa  TPEICTaBISETCS
MEJIKO3€PHUCTOM, ONECTAIe, CO CIIIaXXEHHBIMH HEPOBHOCTAMH. Y CTAJIOCTHAs
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TpelIMHA PACKPBIBAETCS B PACTAHYTOM 30HE M CMBIKAETCS B CXKATOW, pe3yibTaToOM
ATOrO SIBJISIETCS OOMSITHE TMOBEPXHOCTH TPEHIMHBI, WHOTJA 3Ta MOBEPXHOCTb
KakeTcs Kak Obl 3anonupoBaHHoOW. B oOnactu B HaGmiogaercst TunuyHas KapTuHa
XpYHKOTO  pa3pylIeHusi, 34eCb BUAHBI OTHOCUTEIBHO KpYMHBIE 3€pHa,
COXpaHUBIINE OCTpble pedpa, MOBEPXHOCTh M3JI0Ma MaToBasd. PacnpoctpaHeHue
YCTAJIOCTHOM TPEIIMHBI OOBIYHO HAYMHAETCS OT HEKOTOPOro ouara HaydaabHOTO
pa3pylIeHus; TJe BCIASACTBUE T€X WIM MHBIX NPUYUH CO3/laHa OoJiblIas MECTHas
KOHLICHTpAIUsl HaINpsHKEHUH WM uMeeTcs Kakou-nnbo nedekt martepuana. [lpu
UCTIIBITAHUM HA 3HAKOMEPEMEHHBIN M3rH0 NEpBBIE TPEIIUHBI 00pPa3yrOTCs MOYTH
OJIHOBPEMEHHO B HECKOJIbKMX TOYKaX Ha MOBEPXHOCTU 00paslia, pacnpoCTpaHEHHE
UX CXeMaTHYeCKH MOKa3aHo Ha puc. 12.2.; nHoraa Ha U3JI0ME MOKHO OOHAPYKHUThH
HECKOJIbKO OTJIEIbHBIX ()POHTOB TPEIIUH, UAYLIUX OT Pa3HBIX TOYEK MOBEPXHOCTH.

Puc. 12.2

MHEKpPOCKOTTHYECKOe HCCIeIOBAaHNE TIOKA3bIBAET, YTO yCTAJIOCTHAS TPEIUIHMHA,
KaK TPaBUJIO, MPOXOJUT CKBO3b TEJIO KPUCTAILUTUYECKOTO 3€pHA; M0 TpaHUIaM
3epeH OHA MOXKET MPOUTH TOJBKO CIy4YailHO, HA HEKOTOPOW YacTH CBOETO ITyTH.
Metamiorpadgudeckue U peHTTeHOTpahUISCKUe UCCICIOBAHMS MMOKA3BIBAIOT, YTO
[UKJIMYECKHE HArpy3Kd HE BBI3BIBAIOT B MeETalle KaKUX-JIIMOO CTPYKTYPHBIX
W3MEHEHHM, HO B OTACIBHBIX KPUCTAIUIMUYECKUX 3€pHAX HaOMIoAaeTcsi HeOOIbImast
TuTacTudeckas aedopmarius, He OTIUYAONIASACS MPUHIMITHATIBHO OT IIACTHYSCKOM
nedopMaIi Ipu CTaTUYECKOM HarpykeHuH. Hamudue 1iacTU4ecKuX CIIBUTOB B
MeTaJlJIe, TMOJBEPTHYTOM JICWCTBUIO IEPEMCHHBIX HArpy30K, OOHApYKUBACTCSI
METOJJaMH  pEHTreHorpaduu, a  TakkKe  BH3YaJbHO, TIPU  ITOMOIIH
ONTUYECKOTO MUKPOCKONA, KOT/Ia HANPSHKEHWE M YUCIO IHKIOB J[OCTATOYHO
BEJIMKH, U TIPH MTOMOIIH JIEKTPOHHOTO MUKPOCKOTIA B HAYAJILHOW CTaJMH CIBUTO-
oOpazoBanus. [lo-BUIMMOMY, HE3HAYHMTEIbHBIC IUIACTHYCCKHE aehopMaIui B
OTJICNIbHBIX, HAauOOJIee HEONArONMPHUITHO PACIIOIIOKEHHBIX 3€pHAX CYIIECTBYIOT U
OpU CTATUYECKHX HArpy3kax Torjaa, KOTJa HampspKEeHUS 3HAYMTEIIHLHO HUXKE
npeJiea TeKy4eCTH WIN Tpelieia yupyroct. JIeicTBUTenbHO, Ipeen yIpyTrocTH
BCEr/la OMpeeNsieTCs YCIOBHO M HAaXOXJICHWE WCTUHHOW TPAHUIIBI, TIPU KOTOPOI
MOSIBJISTFOTCSI TIEPBBIC TUTACTUIECKHE JIe(hOpMaIliu, MPAKTUIECKH HEBO3ZMOYKHO.

[Ipn 3HAKOMEPEMEHHBIX HArpy3kKax TIpPYIIbl «IUCIOKALHMA B IIOCKOCTAX
CKOJIbXKEHUs JBIKYTCA TO B OJHOM, TO B JPYIOM HAIIPpaBJICHHUH, IPU ITOM
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MOBBIIIAETCS BEPOSTHOCTh HAKOIJICHUSI 3HAYUTENBHOTO 4YHCIa JUCIOKaUud Ha
OrpaHMYEHHOM ydyacTke. Eciaum 4yucio auciaokanuid, coOpaBLIMXCS — OKOJIO
NPENSTCTBUS, JOCTAaTOYHO BEJIMKO, B MaTepuajie MOXKET BO3HHKHYTh TpELIMHA.
Hakoruienue nuciokanuil OKOJO MPEnsTCTBHS MPEICTaBIsieT COOOI0 JIOKAJIbHOE
yOpOYHEHUE MaTepuaia, o0pa3oBaHUE TPEIIMHBI CHUMAET 3TO YNPOUYHEHHUE; MPHU
CIENYIOIMX IMKIaX B TOM JK€ TIUIOCKOCTH CKOJBXEHHS CABUT MPOUCXOIUT
OecIpensiITCTBEHHO, HOBBIE JAMUCIOKAIMKM KaK Obl CTEKAIOT B TPELIUHY, KOTOpas 3a
CYET ATOrO PACTET.

[IpencraBienne O MECTHOM YIPOYHEHHHM MaTepHaia, CIIOCOOCTBYIOIIEM
MOSIBJICHUIO TPEIIUHBI, U O TOCIEAYIOMEM «Pa3phIXJICHUN», COMPOBOXKIAIOIICMCSI
ee poctoM, Obuio pazBuro H. H. AdanackeBbim (1955 r1.) Ge3 oOpamienust K
JMCIIOKAITMOHHON MOJIeIH.

Ha puc. 12.3. mnpuBeneH rpaduk, 3aMMCTBOBaHHBIH U3 padoThbl XaHTepa U
®puxke (1964 r.). ABTOpBI IOJIBEpraiv 3HAKOMIEPEMEHHOM HArpy3Ke allFOMUHUEBBIC
o0pa3ipl W OTMEYANU MPU KaXKJAOM HAMNPSOHKEHHH YHUCIO LHUKIOB, KOTOpPOE
COOTBETCTBOBAJIO:

1) IMMOABJICHUIO IICPBLBIX CJICAOB CKOJIBKCHUA B 3CPHAX;

2) IIOSIBJICHUIO NepBOU TPELLNHBI, oOHapyXrBaeMOn
AIEKTPOHHBIM MUKPOCKOIIOM;

3) MOMEHTY, KOT/1a OTAEIbHBIE MUKPOTPEIIMHBI HAYMHAIOT COCTUHATHCS,
4) MOSIBIICHUIO TIEPBON BUIAMMON TPEIINHBL;
5) pa3pyIieHuIo.

COOTBETCTBYIONMMH IH(pPaMH OTMEUEHBI KpUBBIE Ha rpaduke. Hanpsokenune
OTHECEHO K YCJIIOBHOMY TPy BBIHOCIMBOCTH, OINPEIEIEHHOMY IS YHCiIa
IIMKJIOB, paBHOTO 10 .
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Puc. 12.3

HHTCp@CHO OTMCTHUTDL, UYTO IICPBLIC CJICAbl CKOJBbXCHHA W IICPBLIC TPCIIMHBI
MMOABJIAIOTCA OYCHBbL PAHO, HO PA3BUTHC TPCUIUMH HICT quSBBIqaﬁHO MCIJICHHO.
I[axce IpHu HAIPAXKCHHUAX MCHBIINX, YCM IPCACII BIHOCIMBOCTH, MATCPHAI I1IOCJIC
HCCKOJIbKHUX TBICAY IMUKJIOB OKAa3bIBACTCA MMOBPCIKACHHBIM.

MEXAHU3M YCTAJIOCTHOI'O PAPYHIEHUA

MexaHu3M yCTalOCTHOTO pa3pyILICHUs YpEe3BbIYailHO CII0KEH, U MHOTUE €ro
JIETAIM OCTaIOTCS TOKa HesCHbIMH. COTJIaCHO COBPEMEHHBIM TMPE/ICTABICHUSM,
YCTAJIOCTHOE PA3pyLIEHUE HEMOCPEIACTBEHHO CBS3aHO C HEOJHOPOIHOCTHIO
CTpPOEHHUS MaTepuanoB. PeanbHbIil MeTaul COCTOMT M3 OOJBIIOrO 4YKCia BEChMa
MaJjbIX MO pa3MepaM U CBSI3aHHBIX MEXIY COO0OM KPUCTAIOB, MEXIY KOTOPBIMH
UMEIOTCSI TIOPhl ¥ HEMETAIUIMYECKHE BKIIOUEHHUs. KpucTtamibl, Kak MpaBHIIO,
00Jagar0T aHU30TPOIUEH.

Kpucrannnueckue Tesa npecTaBisioT co00i KOHIIIOMEpAT OOJBIIOTO YHCia
pa3IM4YHO OPUEHTUPOBAHHBIX KPUCTAUIOB (3€pEH), M IO3TOMY B JOCTAaTOYHO
OonplIMX O0bEeMax MeTaulbl MpPOSBISIOT CBOMCTBa wu3oTpornuu. Ecniu ke B
OpUEHTAllUM 3€peH HaONI0aeTca YNOPSA0YEHHOCTh, BBbI3BaHHASA, HANpUMED,
NPOKAaTKOM, MPOTSLKKOW W T. M., TO MaTepuan OyAeT MposBIATH HEKOTOPYIO
aHU30TPOITHOCT.

[Ipu wHarpy)XeHHMH JeTadd HANpPsDKCHHOCTh Pa3UYHBIX 3€peH  Oyner
pa3JIMYHOM, TaK KAaK BCIEICTBHE aHU30TPONUU CBOWCTB KPUCTAJIIOB U CIy4aHOM
OPUEHTHPOBKU MX KPHUCTAIIOTpapuuecKUX OCel KECTKOCTh Ka)JI0ro KpHcTalia B
HampaBlIeHUN ACUCTBHUS HArpy3ku OyAeT OTIMYaThCsl OT IKECTKOCTH COCEIHHUX
KpUCTa/uioB. Bbluucnsemble 1o  QopMmyliaM  CONPOTHUBIICHUS MaTepUaioB
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HaIIPSDKEHUST  SBJBIIOTCS  JIMIIb CTaTUCTUYECKUM OCPEIHEHUEM HaIIpS KEHUM,
JEUCTBYIOIIMX B PA3JIMYHBIX 3€PHAX.

HepaBHOMEpHOCTh pacmpeneneHusl YCUIMN 10 3€pHaM, paclojOKEHHBIM B
MJIOCKOCTH OJTHOTO M TOTO JKE€ CEUYCHHUs ACTalM, JIETKO IMPEACTaBUTH cede, eciu
BCIIOMHUTh, 4YTO  pacHpeiecsiieHue YCWIMA 1O  3JIEMEHTaM  CTaTHYECKHU
HEOIPEICIIMMBIX CUCTEM IPU PACTSIKEHUU 3aBUCUT OT COOTHOIICHUH KECTKOCTEH
ATUX BJIeMeHTOB. HarnsijgHas MexaHuyeckas MOJENb [JIs ONMCaHUs Ipoliecca
HAKOIUIEHHS] YCTAJOCTHBIX TMOBPEXAEHUM, mpemtoxkeHHas B.B. boiotunbim,
MpEACTaBIsAeT COOOW MHOTOKPATHO CTAaTHYECKH HEOIPEACTNUMYI0 CTEP)KHEBYIO
CHCTEMY, COCTOSIIYyI0O W3 OOJIBIIOTO 4YHCIa OJWHAKOBBIX II0 [JIMHE, HO C
Pa3IMYHBIMU  CEUYECHUSMU U  MEXAHUYECKHUMHU  CBOMCTBAMHU  CTEPIKEHBKOB,
MOABEUICHHBIX K HETOJBI)KHON OMOpPEe U MPUKPETUICHHBIX K aOCOTIOTHO KECTKOMY
opycy (pumc. 12.4). CnyuaiiHple paclpeaeieHus MEXaHHYECKUX CBOWCTB
CTEpPKEHbKOB IMO3BOJISIIOT MO/IEJIUPOBATH CIIy4YaHY1O CTPYKTYpY
MOJMKPUCTAIUINYECKOTO MaTepurala.

LSS A

Ve

Puc. 12.4

Brauvasie, npu Harpy>KeHuUW JE€Tald, KaK W MPU HATPYKEHUU CTEPKHEBOU
CHUCTEMBI, B €¢ HamOoJiee CiadbiX (HauMeHee ONarompusTHO OPHUEHTHUPOBAHHBIX),
KaK ¥ B HanOoJiee HarpyKEHHBIX 3epHaX, MOSBIAIOTCS TUIACTUYECKHE eopmaruu.
Ha osrom mepBom »3rtane  aedopMHpOBaHUS  MaTepuajga  OCHOBHYIO
POJIb HTPAKOT TUCIOKAIIMOHHBIE HMCKAXEHUS KPUCTAUIMYECKON PEIIETKU; TPYIIIbI
JUCIIOKAINM, KOTOPbIE BCEr/la MMEIOT MECTO B KPUCTAUIAX, MEPEMEIIAIOTCS MPU
HUKINYECKOM HArpy»E€HUU U TIOCTETIEHHO KOHIICHTPUPYIOTCS Ha KakKoM-JIH0O0
Y4acTKe KpUCTaJLIA.

[Tpy MOBTOPHBIX HATPYKEHUSX IUIACTHUECKHE AeOopMaliK OT LIUKJIA K HUKITY
HaKaIlUIMBAIOTCSI, U HA ONpEeAENICHHONW CTaJuu LUKINYECKOro AeQOpMHUpPOBAHUS B
OTJIENBHBIX 3epHaxX 00pa3yroTCs IMHUM CKOJIbKEHUS.
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MHEKpPOCKOTIMYECKHE W PEHTICHOCKONWYECKHE HCCIIECOBaHUS IMOKA3bIBAIOT,
YTO JIMHUU CKOJBKCHUS B OTHIEIBHBIX 3€PHAX MOSBISIOTCS YKE HA PAaHHEH CTaluu
nehopMHUpPOBAHUS.

[To Mepe pa3BUTHS JTMHHUM CKOJIBKEHUS B KPUCTAUIAX HAYMHAETCS IPOLIECC
YIPOYHEHUS!, CBA3aHHBINA C OJIOKUPOBKOM TUIOCKOCTEW CKOJIbKEHUS. AHAJOTUYHOE
SBJICHUE YIPOYHEHHUS TMOCIE TEKy4eCTH HAONIOAAaeTCss U MPU HUCHBITAHUSX Ha
pacTsbKeHHe 00pa3loB U3 IUIACTUYHBIX MaTEPHUAJIOB.

VrpouHeHrne  OTACNBHBIX  KPUCTAJIOB W WX Tpynm  BeoeT K
nepepacrpeesieHuI0 HAPSHYKEHUH MEXy 3epHaAMU.

HanpspkeHust B yIPOYHSIIONIMXCS KPUCTAJUIaX TOBBIMIAIOTCSA, U, HAKOHEIl,
KOTJIla BO3MOXXHOCTH K YIPOYHCHHIO KPHUCTAJUIa MCUCPIBIBAIOTCSA, B HEM
00pa3yroTCs 3apOIBIIIH MUKPOTPEIIUHBI M0 KaKOW-THOO TUIOCKOCTH CKOJIBKCHUSI.
[Tpu mocnemyroUMX IHMKIAX HATPYKEHHUS pa3Mepbl 3apoAblilieldl MHKPOTPELIUH
YBEJIMYUBAIOTCS, U MPOUCXOAMT IMPOILIECC Pa3pbIXJICHUS! 3€pHA, CHIDKAIOUIUI ero
CIIOCOOHOCTh  COTIPOTHBIICHUSI OOpa30BaHUIO TpeuuHbl. VmMeHHo couetanue
MPOIIECCOB YIPOYHEHUS U Pa3phIXJICHUS U BeIeT K 00pa30BaHUI0 MUKPOTPEIIUH B
TeJIe 3€PEH.

CnusiHEe BO3HMKIIUX MHUKPOTPEIIUH CO3/1aeT OJarompusTHBIC YCIOBUS IS
MOSIBJICHUS W JAJbHEHMIIET0 pPa3BUTUS MAKPOTPEIIMHBI, TPUYEM HaITU4He
HavaIbHBIX JedeKToB (TOp, BKIIOYEHUH U T. 11.) B MaTepuaie YCKOpSeT AaHHBIHI
IpoLEeCC.

Ha sTom 3akaHuuBaercs mnepBas (MHKyOallMOHHAs) CTaAusl YCTaJOCTHOIO
paspymienus. Ha nepByro craauto npuxoautcst ot 60% 10 pa3pylIaroliero ynciia
ukioB. Ha BTOpyto cTaanio OT Hayana oOpa3oBaHUs MEPBON MAKPOCKOMMYECKON
YCTaJIOCTHOM TPEILIMHBI U O OKOHYATEIBHOTO Pa3pylleHUs MPUXOAUTCA MEHbIIas
4acTh pa3pylIAOIIEeT0 YHCla [HMKIOB. ['paduk, MOKa3bIBAIOIIMN 3aBUCHMOCTH
JUTMHBI YCTaJOCTHOW TPEIIMHBI OT YUCIA IIMKJIOB MPU OTCYTCTBUU KOHIICHTPAIlUU
HaMnpsDKeHUH, npencraBieH Ha puc. 12.5 kpusoit 1. Ha Bropoii craguu pa3BuTHe
TPEIIMHBI OBICTPO YBEIWYUBACTCA W TIEPE]l CaMbIM pa3pylICHWEM HICT TaK XKe
OBICTPO, KaK ¥ MPU CTATHUYECKOM Pa3pyIICHUH XPYIKHUX MaTepPHAJIOB.
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Puc. 12.5

[lpy HaMMYMM KOHIEHTPAIMM HANPSDKEHUH  YCTAJIIOCTHBIC — TPEIIUHBI
MOSIBIITIOTCS YK€ TIOClIie HapaOoTku oOpasiamu 45% OT 4Yucina MHUKIOB 0
pazpyuenus. OHaKo BHaUajle OHU Pa3BUBAIOTCS MEJUICHHEE, YeM MPHU OTCYTCTBUU
KOHIICHTPAIUK HAMPSDKEHUH, TOTOMY 4TO OBICTPO BBIXOASAT U3 00JIACTEH BBICOKUX
HATPSDKEHUH, JIOKAIM30BAaHHBIX B OKPECTHOCTH MCTOYHHUKOB KOHIICHTPAIUH
HanpspkeHuil. Ho mocTteneHHO CKOpOCTh pocTa TPEUIMH BO3pacTaeT U 00pasilbl ¢
KOHIICHTpAITUECH HANpPSHKEHUH IMOKa3bIBAIOT MEHBIIYIO YCTAJIOCTHYIO MPOYHOCTD,
yeMm 6e3 KoHleHTpauu (puc. 12.5, kpusas 2).

Ecnu 3apoxaeHue ycTaloCTHOM TpeuiuHbl 00yCIIOBIEHO, IIIaBHBIM 00pa3oM,
JICMCTBUEM KAcaTEIbHBIX HAMPSUKEHUN, TO €€ pPa3BUTUE CBS3aHO C JICMCTBHEM
HOPMAJIbHBIX HAIPSHKEHUH W MPOUCXOJUT IO TUIONIAIKaM JIEHCTBUS HAUOOJBIINX
HOpPMaJIbHBIX HamnpspbkeHud. Hanmpumep, mpu nmepeMeHHOM KPYyYEHHH TPEIIMHA Ha

MMOBCPXHOCTU BaJIa BO3BHUKACT B IIJIOCKOCTH I[eﬁCTBHH Tmax, a PaCIIpoCTPaAHACTCA

Jabliie MO IUIOIIAKaM pacTaruBaromux OMax, HaKJIOHEHHBIM K OCH Baja MO/
yriom 45° (puc. 12.6).

N

Puc. 12.6

PasButne TpemuHbl BO BTOPOM CTaJAMM BBI3BAHO BBICOKOM KOHILIEHTpaLUEH
HampsDKeHU Ha ee (QpoHTe. 3avacTyr0 (QpPOHT YCTAJOCTHON TPEIIUHBI
IIPOJIBUTAETCsl BIEPE] OTACIbHBIMU CKAYKAMHU, CBUIECTEIBCTBOM YEMY SIBJIIFOTCS
XapaKTepHble OOPO3AKH Ha TOBEPXHOCTH PA3pyLLICHHUS.
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OOpa3oBaHue 3apOAbIIIEH YCTAaJOCTHBIX TPELIMH CBSI3aHO C HAKOILJICHUEM
3HAYUTEIBHBIX IUIACTUYECKUX JedopMaivii, HO TOJBKO B MHUKPOOOBEMax, H
MMEHHO TI09TOMY YCTaJOCTHOE pa3pyllIeHHe MPOUCXOAUT Oe3 3aMEeTHOU
IUTACTUYECKON JeopMaIiy BCel AeTau.

3aKOHYCHHOW TEOpHUM YCTAJIOCTHOTO pa3pylleHus eime HeT. B HacTosee
BpeMsI MHTCHCUBHO Pa3BHUBAIOTCS BEPOSTHOCTHBIE METOIbI PACUETOB HA YCTAIOCTb,
Kak Ooyee mepcnekTuBHbE W A PexkTrBHBIE. OITHOBPEMEHHO MMPOAOIKASTCS
MPOIIECC HAKOIUICHHUS OKCIEPUMEHTAIBHBIX ()aKTOB, Ha OCHOBE KOTOPBIX
YTOYHSIIOTCSI CYIIECTBYIOIIUE U CO3JAal0TCS HOBBIC PACUCTHBIC METO/IBI.

MacwradHbIi 3 pexT

Ecinm w3 ogHOro u TOro e Marcprajlia H3roTOBUTb HCCKOJILKO
OTIIMYAIOIMUXCA 110 OUaAMCTPY HapTI/Iﬁ 06p&3L[OB, TO IIOCJIC HMCIIBITAHHUA Ha
YCTAJI0CTb 06H21py>KI/IBaeTC$I, 4TO IpCAaci BLIHOCIMBOCTH C YBCIMUYCHHUCM AaMETpa
YMCHBIIACTCA. DTa 3aBUCHMOCTh HOCHUT aCHMIITOTHYCCKHI XapakTep. ITo BUIOY
KpHBOﬁ MO>KHO 3aKJIIOYHTb, YTO AJII OYCHDb OOJIBIITNX o6pa3u013, KOTOPBIC MBI YIKC
HM HM3TrOTOBUTb, HM HCIbLITATb HC MOXCEM, CHMXXCHHC IIPCACIa BBLIHOCIIMBOCTH C
YBCIIMUCHUCM JUAMCETPA IIPCKPAIIacTCA.

CHuKeHHue Tpejenia BBIHOCIMBOCTH C YBEIMYCHHEM pa3MEpoB JIeTalld
NONy4yMWJIO0  Ha3BaHWe MacmrabHoro 3ddekra. DIt1oT dhdexT cremyer
paccMaTpuBaTh KaK OYEBHIHOE CJICICTBUE TOTO, YTO MAKCUMaJIbHOE HANPSHKEHHE B
oOpasme, a TeM Oonee B JeTamd, HE XapakTepU3yeT TMOJHOCTHIO TPOIECC
YCTaJIOCTHOTO pa3pylIeHUs], a MPeAeN BBIHOCIMBOCTH, KaK YK€ YKa3bIBaJIOCh, HE
BBIp2XKaeT B YHCTOM BHJE CBOWCTB Marepuayia. CTaTHCTUYCCKUI XapakTep
BO3HUKHOBEHUSI MUKPOTPEIIMH TECHO CBS3aH C HEOTHOPOTHOCTHIO HANPSKEHHOTO
COCTOSIHMSI B TIpelenax MajlblX OOBEeMOB, W T€OMETpHUYecKoe TMoao0ue, Kak
KpUTEPUM  JJI1  OLIGHKHM  yCTAJIOCTHOTO  pa3pylIeHHs, TOTpeboBasio  Obl
TCOMETPHUYECKOTO  TOJO0MS  BCEX KPUCTALIOB B  CTPYKTYype H  JIaXKe
TEOMETPUUYECKOTO MMoa00us uX cTpoeHus. Ho 3Tu ycnoBusi mpu mepexonie OT
Majoro obpasia K OosblioMy He cobmomatorcs. [1oaToMy ecTecTBEeHHO, 4TO He
COXpaHSS TOJHOTO T€OMETPHUYECKOTO IOJ00MS, MBI HE IOJIy4aeM H CHIIOBOTO
noaoowus.

Jlekmust  13. OCHOBBI CTATHCTHYECKOW TEOPHMH YCTAJOCTHOIO
paspylieHusi 1 IPUMeEPbI ee NPUMEHEeHHUs ISl UCCJIeI0BAHMUA IMPOYHOCTH.
Onenka JAOJITOBEYHOCTH TPH PAa3JIMYHbLIX THIOTE3aX HAKOIJICHUS
YCTAJIOCTHBIX MOBPEKICHU I

BEPOSITHOCTHBIN XAPAKTEP SIBJIEHUSA YCTAJIOCTH

YcranoctHoe paspylieHue M, OCOOEHHO, €ro mepBas CTaausi HOCUT SIPKO
BBIPAXKEHHBIA CTATUCTUYECKUNM XapaKTep, TaK KaK 3aBUCHUT OT HHANBUIYaTbHBIX
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O0COOCHHOCTEH MOJIMKPUCTAIUIMUECKOTO CTPOeHHs Kaxkaoro odOpasua. Tak, maxe
IIPU CAaMOM CTPOTOM COOJIIOACHUH OJJHOPOJAHOCTH YCIIOBUM UCTIBITAHUNA 00pa3Ilbl U3
OJHOTO M TOrO € Marepuaja IPU OJMHAKOBBIX MAaKCUMAJIBHBIX HANPSKECHUSIX
pa3pylIaroTCs, KaK IOKAa3bIBAIOT JKCIIEPUMEHTHI, IIPU CYIIECTBEHHO pPa3IUYHBIX
KOJIMYECTBaxX IMKJIOB. Pa30poc pa3pyliaiomuyx BEJIUYUH [UKIOB MOXKET JOCTUTaTh
opu 3TOM JByX U Oosiee mnopsakoB. BenumunnHa pa3zOpoca yBeIMUMBAETCs C
YMEHBIIICHUEM YPOBHS MAKCHUMAJIbHBIX HANPSOKEHUM U COOTBETCTBYIOLIUM
YBEJIMYECHUEM KOJIMYECTBA IIUKIIOB, HEOOXOIUMBIX JUIsl pa3pylIeHHs 00pasia.

B mnocnenHue roapl MHTEHCUBHO Pa3BHUBAKOTCA BEPOATHOCTHBIE METOJbI
pacyeToB Ha MPOYHOCTh MPHU HAINPSIKCHHUSIX, MEPEMEHHBIX BO BPEMEHH. OTH
METOJbl OCHOBBIBAIOTCSI HAa BEPOSTHOCTHOM OLIEHKE pPAaCCEsHUS YCTaJIOCTHBIX
XapaKTEPUCTUK MaTepuaid, ONPEACISIEMBIX IIyTEM HCIBITaHUSA JOCTaTOYHO
OOJBIION TApPTUHM COBEPIICHHO HACHTHUYHBIX OOpa3IOB HA PA3IUYHBIX YPOBHSIX
MAaKCHUMAJIbHBIX HAIIPSOHKEHUN LIUKIIA.

Jlorapudmpl pazpyiaronux 4YUce IUKIOB JJis BCeX 00pasIoB, UCIIBITAHHBIX
Ha KaXJOM YpPOBHE MAaKCHUMaJIbHBIX  HANpSOKCHWH, pacrnojiaralorcss B
Bo3pacTaromieM rmopsake. [loaydenasie TakuM 00pa3oM BaprualMOHHBIE PSIIIBI

(g N <(gN) <(gN) < --- <(gN)y < <(gN),

CIIy’KaT HCXOMHOW HHQOpMAIHel s BEpPOATHOCTHON OIICHKH YCTaJOCTHBIX
XapaKTEepPUCTUK MaTepuasia. BepoaTHocTh paspyuieHus P, npu JaHHOM Ha KaXIoM
YPOBHE  HANPSOHKCHUN Omax, MPUOJU3UTEIHHO pPaBHAs OTHOIICHHIO YHCNIA |
00pa31oB, pa3pyUIMBIIMXCS TpU YHCIE IUKIOB, MeHbiieM N Kk duciay Bcex N
00pa31oB UCHBITHIBAEMON MapTUH, JOBEIEHHBIX 0 pa3pylIeHHs Ha JaHHOM
YPOBHE Gmax, BRIYUCIISIETCS IO (hopmyTie

T (13.1)

Puc. 13.1 Puc. 13.2
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[Tonmyuennass TakuM 00pa3oM 3aBUCUMOCTb MEXKIYy MaKCHUMAaJlbHBIMU
HAMPSDKCHUSIMU Gmax ITUKJIA, JTOJITOBEYHOCTHIO N M BEpOsSITHOCTHIO paspyrieHus: P
NPEJICTABIACTCS B BHUIE CEMEHCTBA KPUBBIX YCTaJOCTH, IOCTPOCHHBIX st
pasnUYHBIX BeposTHOocTel pazpymenus P (puc. 13.1). KpuBas, mnoctpoeHHas
M0 CPETHUM 3HAYEHUSIM HKCTIEPUMEHTAIbHO HaWJeHHBIX aoiaroBeyHocteit N (cM.
puc. 13.2), COOTBETCTBYET HAMNPSLKEHUSM, BBI3BIBAIOIIUM pa3pyLICHUS MpU
3aJJaHHOM YHCJIe IIUKJIOB C BEPOSITHOCTHIO, O1u3koH K 0,5.

OHNPEJEJIEHUE BEJTUYUHDbI HIPENEJIA BBIHOCJIUBOCTH.
HPEAEJ OI'PAHUYEHHOMU BBIHOCJIMBOCTH

[Ipenen BBIHOCAMBOCTH MaTepuana OMNPEIEISIeTCS IMyTEeM HCIbITAaHUS
UJCHTUYHBIX OOpa3LUOB IMpPHU PA3NIUYHBIX 3HAYEHUSIX Omax (HO HPU HEU3MEHHOM
KodpduIeHTe acuMMeTpir R 1 perucTpanuu KOJIM4ecTBa UKIOB, PU KOTOPOM
IPOUCXOAUT Pa3pylIeHHEe Kaxa0ro oopasua.

Hns srori menw wucnoib3yercs maptus (He meHee 10 0O0pas3iioB OOBIYHO
Kpyrjioro cedenus). Bo u3bekaHne KOHIEHTpALMK HAOpPsOKEHUE oOpasiam
npugaeTcs TUiaBHas (opma, a TOBEPXHOCTh TINATEIbHO NLIAQYETCS WU
TIOJTUPYETCSI.

[Ipenen BEIHOCIMBOCTH 3aBUCUT OT Pa3MEpPOB MOTIEPEUYHOTO CEYCHHsI 0Opaslia.
[ToaToMy Bcerma ykaspIBaeTcs, Ha oOpasilax Kakoro JuaMeTpa Ompeaensiach dTa
yCTaJIOCTHAsI XapaKTEPUCTHUKA.

[lepBblii  oOpaszer] WCHBITHIBAEMON MAapTHUM HArpyX,aeTrcs Tak, 4YTOOBI
MAaKCUMAJIbHbIE HANPSHKEHHS TPEBBIIANIM MPENeNT BBIHOCIMBOCTU IPU JAHHOM
K03 (pUIHeHTe aCUMMETPUHU 1IMKJIA, U TI0O CYETYMKY HA MAIIMHE yCTAHABJIUBACTCS
KOJIMYECTBO IIMKJIOB, KOTOpOE BBIAEpKAN oOpasen mepen pa3pylIeHUEM.
KonndecTBO 1UKIOB, BBIAEPKHUBAEMBIX OOpa3loM WKW JETalbl0  Mepea
pa3pylIeHUEM, Ha3bIBACTCA IIUKJINYECKOM 10JITOBEYHOCTBHIO.

B xaxxaoMm mnocrienyromem oOpasie npu ToM ke KodpuireHTe acuMMeTpun
LUKJIa CO3JaeTCsd MaKCUMalIbHOE HAINpPSHKEHHWE, MEHBILEE, YEM B MPEABLAYIIEM, a
TaKke perucrpupyerca 4uciao N HMKIOB, NpU KOTOPOM 3TH  00paslbl
paspyIaroTcs.

Pe3ynbTarthl HCHBITAaHUN TNpEACTaBIsAIOTCA TpadUyecKd B BHIE KPUBOU
yctasnoctu. I1o ocu opAMHAT OTKIAABIBAECTCS Omax — MAKCHMAJIbHOE HANPSIKEHUE
IMKJAa, NPHM KOTOPOM HCHBITBIBAJCS o0Opasen, a 1o ocu abcuucc -—
yucino N 1uKIIoB, KOTOpoe Bbliep kasl 00pasel nepes pa3pyleHUEM.
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OOBIYHO Ha KaXXJIOM YPOBHE HANPSHKEHUH Gmax UCHBITHIBACTCS HECKOJIBKO
00pa3LoB, U o pe3yabTaTam UCIIBITAaHUM
OIpezessieTCs CpeHee 3HaUYeHUE pa3pylIalollero 4ucia LUKIOB. VIMEHHO 3To
3HaueHue N 1 OTKJIaAbIBae€TCs MO OCH abcuucc NpU TOCTPOCHUU KPHUBBIX
ycTasnocTu. Bua kpuBoil ycTanocTu i YepHbIX METAIIOB MpUBeIeH Ha puc. 13.3.

d.nm; i

ﬁﬁl

=1

Puc. 13.3
ma
o] - i
N
Puc. 13.4
Fmax |

Oy

YacTto KpUBbIE YCTAJIOCTH CTPOSIT B MONYJIOTapU(PMUUYECKUX WU JIBOWHBIX
jgorapuMUYECKUX KOOpAMHATaX, OTKIAAbIBas MO Ocu adcuucc gorapudm yucna
rkIioB IgN,  COOTBETCTBYIONMX MMOJIOMKE o00pasiia, a M0 OCH OpJAMHAT —
MaKCUMaJIbHOE HamlpsyKeHHWE IMKIa Omax WIM OrR KpuBas ycramoctu B
noJTyTorapuMUIECKUX KOOpAMHATAX UMEET BUJ, MpEJCTaBICHHBIA Ha puc. 13.4.
OHa coCcTOUT U3 ABYX NPSIMBIX, IPUYEM BTOPAsl MpsiMast MOYTH TOPU30HTAJIbHA.

OKCHEPUMEHTHl TIOKAa3bIBAIOT, YTO OO0pa3ipl W3 OOJBIIMHCTBA YEPHBIX
METaJLIOB, BhIep KaBIiye 10" IMKIOB, OOBIYHO HE Pa3pyIIAOTCS MPU JaIbHEHIIEM
YBEIMYEHHUH YMCIIa IEpeMEH Harpy3ku. Kpuasi ycTanocTu uisi Takux MaTepHalioB
aCUMITOTHUYECKU MNpHUOIMKAETC K  TOPU3OHTaNbHOM  mpsMoil.  OTpe3ok,
OTCEKAEMBIM TOW NPSIMOM HAa OCH OPAMHAT, ONPEACIISET MpeAe] BbIHOCIUBOCTH
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MaTepHaJia 6r IPH JAAaHHOM KoO3(pduuueHTe acuMMeTpuM HukiaIa R (cM. puc.
13.3).

JInsi 1BETHBIX METAJJIOB, CTPOTO TOBOPS, HE CYLIECTBYET TaKOTO 4YHUCIA
IIUKJIOB, BBIJEPKAB KOTOphIE 0Opaszel] He paspyliaercsi Npu JajdbHEHIIeM
ucnbiTaHui. KpuBble yCTallOCTH LBETHBIX METAJUIOB HE MMEIOT TOPU3OHTAIBHOM
acumnToThl (puc. 13.5). B Takux ciydasx MOXHO TOBOPUTH JIMIIL O Mpeaese
OrPAHMYEHHOM BHIHOCIUBOCTH GRN

HpeILGHOM OI’p&HH‘lGHHOﬁ BBIHOCJIMBOCTH  HA3BIBACTCA MAKCHUMAaJbHOC
HaIIpsAKCHUE THUKIIA, IIPH KOTOPOM MATCpHaAJl BBIACPIKHUBACT IICPC PA3pyHICHHCM
Hanepea 3afanHoe Yucjao0 HUMKJI0B No, Ha3pIBaemMoe 0a30i HCTILITAHMS.

Jlst cTaneii nmpejen orpaHuueHHON BEIHOCIUBOCTH, OTIPEeIeHHbIN Ha 6aze N
= 10', KaK yKa3bIBaJIOCh BBIIIIE, MOKHO TIPUHSATH 3a MPE/IE BEIHOCINBOCTH, TaK Kak
eclii  CTalbHOM oOpaser] Bbiaepikan 10’ I[HUKIOB, TO OH MOMKET BBIICPIKATH
IIPAKTUYECKA HEOIPAHUYEHHOE YUCIIO LUKIIOB. JIJIsl IIBETHBIX METAJUIOB 3a IpPEael
BBIHOCIIMBOCTH TMPUHUMAETCS OTPAaHUYCHHBIA MpeJen, OnpeneiIeHHbId Ha 0aze OT
10° o 10® HUKIIOB.

HawnGosnee mpocThIMU SBIISIFOTCSI MAIIMHBI, TIPEIHA3HAYCHHBIE TSI UCTIBITAHUN
Ha TIEPEMCHHBIH W3rM0 ¢ BpalleHUEM TPU CHMMETPUYHOM ITUKIIE W3MCHCHHUS
HampspkeHn. Cxema TakoW MaIlWHBI, B KOTOpOoW oOpaser; paboraeT Kak
KOHCOJIbHasI Oalika, mpejcTaBieHa Ha puc. 13.6. Mwmerorcs Takke MaliuHbI, B
KOTOPBIX 00pa3er; paboTaeT Ha TEPEMEHHBIH YUCTBIM M3THO KakK JBYXOIOpPHAs
Oanka.

|

Puc. 13.6

[Ipn ucHbpITaHMSAX HA TEPEMEHHOE pacTsHKEHUE (CKaTHe) M NEPEMEHHOE
Kpy4YEHHUE MPUMEHSIIOTCS MAIUHBI 00Jee CI0XKHOW KOHCTPYKUUH. OOBIYHO 3TH
MAaIIMHbI PUCTIOCOOIIEHBI A1 UCTIBITAHUM ITPH ACHMMETPUYHOM LIUKJIE.

Pe3ynpraTel SKCIEPUMEHTANBHBIX MCCIEIOBAHUM IOKa3ajad, 4YTO IIPElebl
BBIHOCJIMBOCTH OJHOIO M TOTO K€ MAaTepuajia IPU PACTHKEHUM U KPYy4YCHUU
MEHbIIIe Tpenesa BBIHOCIMBOCTH Npu u3rube. Hampumep, mpu cUMMeTpUYHOM
L{UKJIE MIPEJIe]l BBIHOCIUBOCTU IIPU PACTSKEHUU

(6.)p = (0,7 ... 0,8) o_,,
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a IIpu KPYyUCHUU
Ty = (0-.4 wan G-r?} D—lt

rJie G-1 Ipelie]l BBIHOCIMBOCTU MpHU u3rube. B crnpaBouHoil nutepaType OOBIYHO
OPUBOJATCS 3HAYEHHUSI O-1, MOJYy4YEHHbIE 10 pe3yjibTaTaM UCHBITAaHUN Ha
nepeMeHHbIN U3ruo.

beun OpCaAnpuHATbI MHOT'OYHCJICHHBIC MCCICAOBAHUA [JId YCTAHOBJICHUS
CBA3U IIPEACia BBIHOCIIUBOCTH O-1 C APYTI'HMMHU MCXAHUYCCKHUMU XapaKTCPHUCTUKAMU
MaTcpurala. Ot HCCIICOJOBaHUA IIOKa3ajan, 4TO JJIA crajneiu

o_, = 0,50,,

a JUIsl [IBETHBIX METAJIJIOB 3aBUCMOCTh MEHEE OINpe/ie/icHHa:
o, = (0,25 ... 0,5) oy,

re 6B — Ipees MPOYHOCTH MaTepHUaa.

I[aHHBIe COOTHOIICHMA HAJ0 paCcCMATPUBATh KaK OPHCHTUPOBOYHLIC, HO OHHU
IMOKa3bIBAOT, 4YTO IIPCACIT BBIHOCIMBOCTU IJIs1 HCKOTOPBIX HNBCTHBIX MCTAJIJIOB
IMIOYTH B UCTBIPC pa3a MCHBIIC IIPCALCIa ITIPOUYHOCTH,

PACYETBI HA TIPOYHOCTH ITPH O JTHOOCHOM
HAIIPSOKEHHOM COCTOSAHHUU U YUNCTOM CABUTE
(M3TUBE, PACTA)KEHUU U KPYYEHHN)

[Ipu mepeMeHHBIX Harpy3kax OOBIYHO MPOU3BOJUTCS MOBEPOUYHBIA pacdeT Ha
IIPOYHOCTH, IIPUYEM 32 OCHOBY JUIs ONPEACIICHUS 3anaca IPOYHOCTU IPUHUMAECTCS
CXeMaTU3UpPOBaHHAsK JUarpaMMa MpeaeiibHbIX aMILIUTY] 6T OT om (cM. puc. 13.7).

e}
¥

&y

Puc. 13.7
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Orta pauarpaMma TIOCTpO€Ha MO pe3yjbTaTaM HCHBITAHUS CTaHJAPTHBIX
00pa31oB  0€3 KOHIIEHTPATOPOB HANpPsDKEHUH W €O NUMGOBAHHOW WU
NOJIUPOBAHHOW  TOBEPXHOCTHIO. [lodTOMy mpm  pacueTe JOHKHO  OBITH
JIOTIOJIHUTENIBHO YYTEHO BJIMSHHE HA CONPOTHUBIIEHUE YCTAJIOCTH JEeTalli BCeX
yYKa3aHHBIX BbIIe (aKTOPOB. BiHsHMEe KOHIEHTpAMM HANpPSDKEHUH  Ha
CONPOTHUBIICHUE YCTaJIOCTH YUYUTHIBAETCA 3¢bHEeKTUBHBIMU
kodppunmenramu Ko, mactrabuerit apdpext — xorpdummentom Kd a cocrosHue
MOBEPXHOCTH — Kodd¢uuuentom K.

Tak Kak KOHIIEHTpalUs HANpPsLKEHWM, MacIiTaOHBIM (AKTOp M COCTOSHUE
IIOBEPXHOCTH MAJI0 CKa3bIBAOTCA HA MNPOYHOCTH JAETAlNEd W3 IIACTHYECKOTO
MaTepuana MPU TOCTOSHHBIX HAIMpPSDKEHUSAX, MPUHATO 3G EKT KOHILEHTpPALIUH,
COCTOSIHMSI TOBEPXHOCTH M MacmTaOHOro (hakropa OTHOCHUTH K MEPEMEHHOM
COCTaBIIAIOIICH LIUKJIA Om.

Takum oOpazom, eciau 3agaH paOoudii LMK B JIETAlIH, XapaKTEePHU3yeMbId
nepeMeHHbIM HANPSIZKEHHEM Ga U MOCTOSIHHBIM CPeHUM HANPSIKEeHHEM OT, TO
OUKJI B CTaHAApTHOM oOpaslle, pPaBHONPOYHOM JIaHHOW Jeranu, OyJer
OTIPECIIATHCS CPEAHUM HATIPSDKEHUEM

[Gm} = O
nu HepeMeHHBIM HaHpSDKGHI/IeM

K
(0a)=04 “Ef}'{‘ .

[IpearoaokKuM, YTO NMPU BO3PACTAHMU HATPY30K Ha A€Taub KOd()QHIMEHT
aCI/IMMeTpI/II/I R HC HU3MCHACTCA, T. €. HHUKIIbI HM3MCHCHUA HaprI)KeHI/Iﬁ B JcTaJin
OCTAaKTCA HOI[O6HBIMI/I. TOFL[a OTH HAIPAXKCHUA B CTAHIAPTHOM 06pa3ue,
OIIPCACIIACMBIC BBIpAXXCHHUAMHA BBIIIEC, CJlIeaycT TAKKC MMPpONOPIHHUOHAJIBHO
YBEIMYUBATh;, [PU YBEIMYEHUM HArpy30K BN pa3 IOAy4UM MpeENbHbIE
3HAYCHHA NOm.

3HAUYEHUS Ga ONPENIEIAIOTCA MO JUarpaMMe MNpeleibHbIX HanpshkeHuil (puc.
13.7) xoopaunatamu Touku M niepeceuenus ¢ jomanoit ABC iryda, npoBeneHHOTO
U3 Havajia KOOPJAMHAT MO YIJIOM 0., TAHT€HC KOTOPOTO

f“n}:rp 0. Hg
t = = .
g (Omap Om Kak (13_2)

3amnac IPOYHOCTH Ne HAXOAUTCS KaK OTHOIICHHUEC

. (Omdnp f (%a)np

g = '
? T ¢ Ta (13.3)
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WK TpaUIeCKU KaK OTHOIIICHHE OTPEe3KOB (cM. puc. 13.7):

om
o= ON (13.4)

HetpyaHo Takke TMONy4YdTh AaHATUTHUYECKHE BBIPAKEHUS JJIs  3araca
MPOYHOCTH, NPUYEM TAaKUX BbIpaXKEHMM OyneT nBa, Tak kak Jyd OM moxer
nepeceub kak npsamyro AC, tak u npsimyto BC.

Ypasuenue npsamoit AC MOXKHO 3amucaTh Kak ypaBHEHUE MPSIMO C yTIIOBBIM
ko3 urmeHTom ¢ (cm. puc. 13.7)

ma}np = —1 (Um)lm + 01, (135)

rac

Ko .
(Gadap = NoSa i 5

[Gm}up = Nz0,. (136)

OTcroa, mocie HECIOKHBIX MPeoO0pa30BaHUN HAXOAUM BBIPAKEHHUE M No:

[T__ I
Ny, = .

0g ~N2 1 o
* Kak V0 (13.7)
VYpasuenue npsmoii BC
(“u]np '+' (ﬂ.«n:lup = Uq. (138)
CrnenoBarenbHO, AJIsl BTOPOTO y4acTKa JuarpaMMbl
Ng = % Ir '
o 2 a,
*KaK T Om (13.9

W3 nByx 3Ha4eHUH Ns, ONPECIIEMbIX STUMH (POPMYyITaMH, HCKOMBIM 3a11acoM
NPOYHOCTH Oy/IeT MEeHbIlIee 3HaUCHHE.

B cayuae kpyueHus 3amac IPOYHOCTHU Ne ONPENENSAETCS aHAJIOTHMYHO;

pacueTHble (QOpMyJIbI TOJMydaTcs IMyTEM 3aMEHbl BO BCEX MPEIbIAYIINX
BbIpaxkeHusax 6 Ha T U Ks Ha K.
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Tema 4: OcHoBbl Teopuu Hajae:xxkHocTH. [Ipuioxkenne ee K Bonpocam
MPOYHOCTH

Jleknusi 14. OcHoBHble noHsiTusi. HaaexkHocTh, Mepa HaJeKHOCTH,
T0JITOBEYHOCTh 1 HOPMATHBHBIH pecypc

OCHOBHBIE ITIOHATHUA

HageskHOCTBI0O HA3BIBAIOT CBOMCTBO OOBEKTAa COXPAHATH BO BPEMEHHU B
YCTAHOBJICHHBIX IIpeJenax 3Ha4eHUs BCEX IApaMETPOB, XapaKTEPU3YIOIIMX
CIIOCOOHOCTD BBITIOJIHATH TpeOyeMble (GYHKIIUU B 33JJaHHBIX PEKUMAX U YCIOBHSIX
NPUMEHEHUS, TEXHUYECKOTO 00CITY)KMBaHUs, XPAHEHUSI U TPAHCTIOPTUPOBAHUS.

OTka3oM  Ha3bIBaeTCs  COOBITHE, 3aKJIIOYAlOIIeecs B HapyIICHUU
paboTOCIIOCOOHOTO COCTOSIHUSI OOBEKTA.

OTka3bl ciaeayeT OTJIMYATH OT HEHCHPABHBIX COCTOSIHMIA, IPU KOTOPBIX
U3JIeJIIE HE COOTBETCTBYET XOTS OBl OJHOMY M3 TpeOOBAaHUU TEXHUYECKUX
YCIIOBUH, HO COXpaHSET CBOIO pabOTOCIIOCOOHOCTD.

Karacrpoduyeckue oTka3bl — pa3pylnieHue KOHCTPYKUHWHU, B3PBIBBI U T. II.,
CO3JAIONINE OMACHOCTh JUIS JKM3HU JIIOJEM WM  BIEKYIIME  OOJBIION
MaTepHaAIbHBIN yIIepO, JOJKHBI OBITh HMCKIIOYCHBI C TOMOIIBIO CHEIHATBHBIX
HUCIIBITAaHUH.

Onn He BXOZAT B CUCTEMY KOJIMYCCTBCHHBIX OLICHOK TCOPHUU HAACIKHOCTHU.

J10JIr0BE4YHOCTHI0 Ha3bIBAIOT CBOMCTBO 00BeKTa COXPAaHSATh
paboTOCTIOCOOHOCTh [0  HACTYIUICHUST ~ TPENETBbHOTO  COCTOSIHUS — TpH
YCTaHOBJICHHOM CHCTEME TEXHUYECKOTO OOCITYKHUBAHHSI U PEMOHTA.

Pecypcom HasbiBaeTcsi cymmapHas HapaOoTka oOBEKTa OT Hayaja €ro
HKCIUTyaTallMM WIN €€ BO30OHOBJIEHHUS I0CJIE PEMOHTA JI0 Mepexoa B MPEAeIbHOE
cocrosinre. HazHayeHHBIM pecypcoM (HOPMAaTHBHBIM) Ha3bIBACTCsS CyMMapHas
HapaOOTKa, MPHU JOCTHKEHUU KOTOPOM OIKCIUTyaTauus OOBEKTa [OJKHA OBITh
IpeKpalieHa He3aBUCUMO OT €r0 TEXHUYECKOTI'O COCTOSIHHMSL.

[IpekparnieHue SKCITyaTallud CBA3aHO C TpeOOBaHUAMM OE€30MacHOCTH WIIU
HKOHOMHYECKOM 11eJIECO00Pa3HOCTH.

B mpemenax HasHadueHHOTO (OOIIETEXHUYECKOTO) pecypca  OOBIYHO
pelyCMaTPUBACTCS OJIMH WJIH HECKOJIBKO PEMOHTOB.
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PeMOHTONPHUTOTHOCTHIO HAa3bIBACTCSI CBOMCTBO OOBEKTA, 3aKITFOYAIOIICecs B
MPUCTIOCOOJICHHOCTH K TOJJEP>KaHWIO U BOCCTAHOBJIICHHIO PabOTOCIOCOOHOTO
COCTOSTHUS ITyTEM TEXHHUYECKOTO OOCITY)KHBAHHS U PEMOHTA.

KoHTpo/1ec1I0OCOOHOCTBI0O  HA3bIBAETCS  CBOMCTBO  HW3ACIHS  JOIMYCKAaTh
KOHTPOJIb €r0 COCTOSIHMSI B Tpoliecce 3Kcmutyarauud. KoHTpoib ocyiiecTBiseTcs
[P MOMOIIM JATYUKOB 0OOPOTOB, TEMIEPATYP, BUOpAIMI U T. [I., a TAKXKE MyTEM
BHU3YyaJIbHBIX OCMOTPOB C IPUMCHCHUCM OIITUYCCKHUX U APYIUX HpI/I60pOB.

BEPOATHOCTD BE3OTKA3HOM PABOTBIL, INIOTHOCTH
PACIHIPEJEJIEHUA U UHTEHCUBHOCTD OTKA30B

Bpewms nosiBeHnst otkaza t* paccMaTpuBarOT KaK CAYYAWHYIO BEIUIUHY .

BeposataocTh 6€30TKa3HOM paboThI 3a BpeMs t

CuMBoI Bep O3Ha4acT BCPOSATHOCTD.

[Iycth B HauyanbHbIi MOMEHT BpeMeHu pabotaer No wuzgenuil. Eciu k
MOMEHTY BpeMeHH HapaboTku ti  wcnpaBHeiMH — okaszamuch  Nu(t), a
HEHCIIPaBHBIMU N*(ti) U3JIEIINN,
TO CTATUCTUYECKAs] OLIEHKA BEPOATHOCTH 0€30TKa3HOM pabOThl

Nalt)) o N*()
No No (14.2)

P(t;) =

I[J'ISI OpOCTOTBI AOIIYCTHUM, 4YTO YHCIIO I/IBI[eJ'II/Iﬁ HACTOJBKO BCJIHKO, YTO
CTaTUCTHYCCKAsA OILCHKa Onm3ka K HWCTUHHOM BCPOATHOCTH . HYCTB 3a

BpeMsi padoThI

Alp =ty — 1 (14.3)

YHUCJIO0 OTKAa3aBIINX I/IBI[QJ'II/Iﬁ YBCINYNIIOCH HAa

AN} = N* (1) — N* (t)).

(14.4)
BeposaTtHOCTh 0TKa3a n3aenus 3a BpeMs Ati
Bep (£; <<I* < lj) ==
_ Nt — N*it) _ AN* (1)
No No (14.5)
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Ecnu oTHecTM BEpOSITHOCTh OTKaza B MpoMexyTke Ati k camomy
MIPOMEXKYTKY, TO TIOJYUYUM INIOTHOCT PACcHpE/IICHHs OTKa30B

AN* (3

[ & ——
a"{ i) Nﬂ Al (]_46)

bosnee ToOUHO MJIOTHOCTH pacpeacii€CHuA OTKa30B B MOMCHT t

, AN* () | dN*
Fh=lim =g~ =N, ~ar

Af-+0 ‘ g (14.7)
[1moTHOCTH (gactora) OTKa30B (TUIOTHOCTH BEPOSITHOCTH OTKA30B)
MPEACTaBIACT COOOM YMCIIO OTKA30B B €AMHUILY BPEMEHU (CKOPOCTH BHIOBIBAHUS),
OTHECEHHOE K NEPBOHAYAIILHOMY YUCITY U3JIeTTUH. Eciu F(t)

byHKIMS pacupeie]eHus CIyIaitHOW BeIWIuHbl t*, TO
F(t) = Bep(t*<t) =1 - P(t). (14.8)

DYHKIMS pacpeIeNeHNsl CBSI3aHa € IUIOTHOCTHIO BEPOSITHOCTH OTKA30B
! t

F () = I f(hdf = j.  (f) dt,

— oo 0 (14.9)

TaK KaK BpEMA [0 IIOABJICHHA OTKaza — BCIWYMHA IIOJTOXKUTCIbHALL. 1 3
MOCJICAHCTO COOTHOMICHUA CIICAYCT:

dF dpP
M =g =—"ar" (14.10)

HNuTeHcuBHOCTH 0TKa30B Mt) mnpesicraBiser coOOil 4HMCIO OTKa3oB B
€AVHUILY BPEMEHHU, OTHECEHHOE HE K MEPBOHAYAIIBHOMY YUCITY U3JEIIUM, a K YUCITY
W3JIeJINNA, HAXOASUIUMXCS B DKCIUIYaTallu B JAHHBI MOMEHT:

1 AN= (t})

A e
W= (14.11)

Ecmu ydects, uTo ( IO CMBICITY)

Nn (ti) Mi = ‘Miz (14_12)
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3TO cymMMapHasi HapaOoTKa Bcex u3zenuil 3a Bpemsi Ati, To MHTEHCUBHOCTbh OTKA30B
paBHa 4YMCIy OTKAa30B B JaHHOM MHTEpBaJie BPEMEHM, OTHECEHHOMY K OOIIei
HapaOOTKe U3/IETTUI B ATOM K€ IPOMEKYTKE BPEMEHHU:

AN* (t
A [f:} = -T[” .
iz (14.13)
boiiee TOUHO HHTEHCUBHOCTH OTKA30B B MOMEHT BpeMeHI/I t
1 dN*
A(f) = .
) =W dl (14.14)

MNHTEHCMBHOCTh OTKa30B XapaKTCpU3yCT IIIOTHOCTH BEPOATHOCTH OTKA30B B
OnMyKaNIINiA IMPOMEC)KKYTOK BPpEMCHHU, CCJIN OO €I'0 Havdajla OTKa3 €IC HC IIPOU301ICII.

NHTEHCUBHOCTh OTKA30B M IJIOTHOCTH BCPOATHOCTH OTKAa30B CBsA3aHbI
COOTHOIICHHUECM

P (1) (14.15)
Pasenctso M) MOMHO 3ammcarh B BUJE:

N, dN*

L (t) =
=T W (14.16)

eciu yuecth Gopmyiy f(t) (14.7) u P(z) (14.2) .

IHpumep. B skcmmyaTtanuto ¢ pecypcom 300 yacoB BeimymieHa maptus u3z 500
00bekTOB.  Uncio  CHATBIX  OOBEKTOB  MOCJHE  Pa3IMdyHOM  BBIPAOOTKH
XapaKTepU3yeTcs CASAYIOMUMH JaHHBIMU:

Epevs Ha-

paGoTku, 4. .. 50 100 150 200 250 300
O6uiee

YReao

CHATLIM

ofnexTor ., , . 20 24 an 34 40) 510

OmnpenenuTh MIOTHOCTh BEPOATHOCTH M MHTEHCHBHOCTb OTKAa30B B IEPHOJ
Bpemenn OoT 0 1o 50u ot 200 mo 250 m BeposATHOCTH 6€30TKA3HOW PadOThI 32

pecypc.

Pemenue. 3a nepBsiif mepuoa cHATO 20 0OBEKTOB U IJIOTHOCTH BEPOSITHOCTH
OTKa30B ([J11 cepeArHbl HHTEpBaia 25 4).
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20

05y = — 20 ___
H®) = 255780

~ 0,80.1073 | /y;

WHTEHCUBHOCTh OTKa30B (CpeiHee Ynciio padoTaromux o0beKToB 490)

20

M) = 25550

= 0,82.1073 | /u.

3a mepuos ot 200 10 250 cHITO 6 0OBEKTOB.

I[InoTHOCTB BCPOATHOCTH OTKA30B

6

F(225) = 255755

—0.24.1078 | /u.

Cpennee urcio padorapimux oobekroB 500 -1/2(34+40) = 463.

MHTEHCUBHOCTE OTKA30B

A (225) = = 0,26-10"% 1/u.

463.50

BeposatHocTh 0€30TKa3HOM paboThI 3a pecypce

P (300) = | — =5 = 0.9.

Cpennee Bpemsi 0€30TKa3HOM pabOTHI.

Ecmu f(f) — mIOTHOCTH BEpOSTHOCTH OTKa30B, TO CpEAHEE BpeMms
0€30TKa3HOI pabOTEI

1]

HHTerpupoBaHueM Mo YacTsAM HAaXOJUM U APYTYIO SKBUBAJIECHTHYIO (pOpMYITy

Top = J P (t)dt.
0 (14.17)
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OCHOBHOE YPABHEHME TEOPUHN HAJIEKHOCTHU

210 ypaBHEHHE CBA3BIBACT BEPOATHOCTh O€30TKa3HOM pabOThI €
HHTEHCHUBHOCTHIO 0TKA30B.

N3 ypasuenuii (14.10) u (14.15) momyqaem

dP
)= P (1) dt (14.18)
nimn
dP
— = —A (1) di.
2 (1) £ (14.19)

HuTerpupys o6e yactu paBeHcTBa oT 0 10 t, Haxo UM

!
lnP{r}J =P (f)—InP(0) =

0
t

- ~-j M (8) dt. |
0 (14.20)

Hpe;monara;l, YTO B HAYaJIbHBIN MOMEHT BpPCMCHHU t=0 N3 CIINC HAXOAUTCA
B UCIIPAaBHOM COCTOSHHUHA

P (0) =1,
noiy4yaem u3 pasenctsa (14.20)
!
- j. A(£) dt
P(ty=e O =

t
= exp {-—J l[f]df].
0

YpaBuenue (14.21) sBisieTcsi 0CHOBHBIM YPaBHEHUEM TE€OPHU HAIESKHOCTH,
TaK Kak MMO3BOJISIET MO MPOTEKaHUIO HHTEHCUBHOCTH OTKAa30B
OTIpEIEIATh BEPOITHOCTh O€30TKA3HON PabOTHI.

(14.21)
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Jleknusa 15. 3apaum Teopum Hage:kHocTH. OnipenesieHUe HAAEKHOCTH
CHCTEMbI 10 HAJEKHOCTH ee DJIEMEeHTOB

OBIIAA 3BAKOHOMEPHOCTb UBMEHEHUA
MHTEHCUBHOCTH OTKA30OB I10 BPEMEHU HAPABOTKH

[IpakTU4YeCKH YCTAaHOBJIEHO, YTO HM3MEHEHUE WHTEHCUBHOCTH OTKAa30B I10
BPEMEHH ISl OOJIBIIMHCTBA CJIOKHBIX CHCTEM (MAIllMH, Y3JI0B) HOCHT XapakKTep
KpuBOHW, mokazaHHou Ha puc. 15.1. Ilepmom mnpupaboTku | xapakrepusyercs
MOBBIIICHHBIM ~ 3HAYEHWEM  HMHTEHCHUBHOCTH  OTKAa30B; IMPU  HOPMAJIbHOMN
skcrmyaraimu || ”HTEeHCUBHOCTh ~ OTKA30B ~ YMEHBIIAGTCA M W3MEHSETCS
CPaBHUTEJIBHO MaJlo, OTKa3bl HOCSIT BHE3AIHBIM, ClyyaiiHblil XapakTep. B nepuoze
YCWIEHHOTO n3HamuBaHus [l MHTEHCHBHOCTH OTKa30B CHOBA PE3KO BO3PACTACT.
[TosTomMy mepenm SKCIUTyaTaued CIOKHOM CHCTEMBI IIEJI€CO00pa3HO MPOBOIUTH
KpPaTKOBPEMEHHBIE CHAATOYHbIE WCIBITAHUS, OTCEHBAIOIINE ACPEKThl MPUPAOOTKH.
CucreMa, yJIOBIETBOPUTENBHO IpOLIEAIIas HAYaJIbHBIN Mepuoj, Oosee HaJexKHa,
YeM CHUCTEMa, HaxXoAsAUasics B HAYAJIbHOM MEpHOJe. 3aMeHa CTapbiX Y3JIOB
(merasieit) HOBbIMHU IiesiecooOpa3Ha Tonbko B nepuon 11 Ipu npodunakruueckoi
3aMeHe JeTajiell Ha HoBbIe B nepuojie Il HageKHOCTh KOHCTPYKIIMM HE BO3PACTaET,
a ymeHbluaercs. Pecypc uznenust cieqyeT Ha3HadyaTh B Ha4yaje TPEThEro Mmepuoia
(meproaa U3HAIIMBAHUS U CTAPEHUS).

A

LY

thp T tp t

Puc. 15.1. 3aBUCHUMOCTh UHTEHCUBHOCTH OTKA30B OT BPEMEHU HapaOOTKU

IMPOTHO3UPYEMASI BEPOATHOCTD BE3OTKA3HOM
PABOTbBI

[Tycte u3BecTHO, 4TO cucTema mnpopabortana O6e3 oTkaza Bpems t. Kakxosa
BEPOSTHOCTh 0€30TKa3HOM Pa0OThI B CIICIYIONINNA TEPUO]T T.

Ecnu cnydaiinas BenuyuHa — BpeMs paboThl 10 oTKaza t*, To

P (5, t)=Bep (I* —t >1) =
_ _P(+1)
Py - (15.1)
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P(t) MOYHO paccMaTpuBaTh KaK HavyaJabHYO (apuopHy10)
MIPOTHO3UPYEMYIO BEPOSITHOCTh HETIPEPHIBHOM PabOThl CHUCTEMBI, KOTOpas Oblia
UCIIpaBHA B HA4aJIbHBII MOMEHT BpeMenu t = 0.

3KCHOHEHIUAJBHBINA 3AKOH HAJIEXKHOCTH

OCHOBHOHl ~ MepHOJ OSKCIUTyaTallud OOBIYHO  XapakTEpU3yeTcss IOYTH
MOCTOSIHHOM MHTEHCHUBHOCTBIO OTKa30B. B 3TOM mepuojie OTKas3bl MPOUCXOASAT OT
ciy4aifHbIX (hakTopoB (TMOMaJaHue MOCTOPOHHUX MPEIMETOB, HEOIArOmpHUATHOE
COYETaHWE BHEIIHUX (PAKTOPOB, YCTAJIOCTHBIC pa3pymICHUS € Jp.) U HOCST
BHE3aIHBI XapakTep. Bpemsi MosiBIeHUs OTKa3a HE CBS3aHO C MpeabLAylIei
HapaOOTKOU U3JENHUS.

[Ipy SKCNOHEHIMAJIBHOM 3aKOHE HAJEKHOCTH MPENANOJaraeTcs, 4To
UHTCHCUBHOCTh OTKA30B SBJISICTCS BEIMYMHOM MOCTOSTHHOM (puc. 15.2):

A (f] == A. (15_2)

FfA

Pt}
2 -_1'!“!5) —
\—ﬂfj

0 £

Puc. 15.2. DxcrioHeHIIMaNbHOE pacipeielieHne BpeMeHH 0e30TKa3HOoM paboThl

BeposaTHOCTh 6€30TKa3HOM padoThl 1Mo ypaBHeHMO (14.21)

Pty=eM. (15.3)

[110THOCTH pacnpeae/ICHUs OTKA30B

. Y
M) === (15.4)

Cpennee Bpems 6€30TKa3HOM paOOThI
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° :
Tcp=3 P{f]d::j e~ M dt =~

0 0 (15.5)

BeposataocTh 6€30TKa3HOM paOOThl MOYKHO TEIEPh 3alMcaTh B TaKOUW opme:

P(t)=e °P. (15.6)

3KCHOHGHHH&HBHBIﬁ 3aKOH paclpcaciICHUsA CIIPaBCIJIMB OJIs1  OIIMCAHUA
MMOTOKA OTKA30B C IIOCTOSIHHOM MHTEHCUBHOCTBIO.

IlonsaiTHEe MOTOKA O0TKA30B BBOJWUTCS ISl BOCCTAHABIMBAEMBIX B IPOILECCE
AKCIUTYaTaluu U3CIIHM.

JI71st MOTOKa OTKA30B BEMYMHA |cp MPEACTABISIET COOOM CpeHIO HapaOOTKY
Ha OJIMH OTKa3.

BaxHbiM €BOICTBOM IKCIOHEHIHAJbHOI0 3aKOHA HAIEKHOCTH SIBIISICTCS
TO, YTO OH OTHOCHUTCS K «HECTaperomum» cucremaM. J[is Takoro 3akoHa (u
TOJABKO ISl  Hero!) TpPOrHO3MpyeMasi BEpOSITHOCTh O€30TKa3HOW paboThI HE
3aBHCHUT OT MPEbIIyIIeH HapaOOTKU

P 1) = Pg{-f!;'r} _

E—:'u {141

e (15.7)

IMpumep 1. Uznenune umeer pecypc 1000 4 1 MHTEHCHBHOCTH OTKAa30B A =
0,1010°  1/u (cpennee Bpems HapaGOTKU HA  OTKa3 Tep = 10000 u.).
OrnpenenuTh BEPOSITHOCTL O€30TKa3HOM paboThl TiepBbie 104 U 3a Bech pecype,
CUMTasl CIPaBEATUBBIM KCITOHEHIIMAIbHBIN 3aKOH HAJICKHOCTH.

Pemenue. BepostHocTs 6€30TKa3HON paboThl 3a nepBbie 10 4 paboThI
P (10) = e~ 0110710 5 0,999;

3a BECh pecypc
P (1000) = ¢~ -1*197"-19% = 0,90,

HO  €CIIM  UW3BECTHO, YTO  W3Jeiue  OTpaboTajo  HMCIPABHO 990
4acoB, TO BEPOATHOCTh OTCYTCTBHUS OTKa30B 3a nocieanne 10 1 caora 6yaet 0,999.
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PaccmoTpum orpe/eNicHHe WHTEHCHUBHOCTH OTKa30B (nnm
cpenHel HapaOOTKU HAa OTKa3) MpPHU SKCIOHEHIMAIBFHOM pacmpeneieHuu. Eciu
U3BECTHO, YTO YIS KAXKJOTO W3 N MCHBITYEMbBIX H3CTUil BpeMs paboThl 10 OTKa3a
cocTtaBmwio t*i, TO clielyeT NPUHATD

l ! N
TﬂTMT EII.

= (15.8)

Omnako Ha mpakTHKe wuWHGOpPMAIMI O PpabOTOCTIOCOOHOCTH — M3ICIHI
OTHOCHTCS K ONIPEJICICHHOMY BPEMEHHU 3KCIUTyaTallid, B TCYCHHE KOTOPOrO YacTh
U3JICTIMN TIOJIydrJIa OTKa3bl, a OCTAJbHBIE OTpabOTald €ro HucmpaBHO. Torma
ClIeIyeT IPHUHSTH JIJIS JAHHOT'O BPEMEHHU UCIIBITAHHH

rE
T:—K-".:.'.

__ Cymmapuas napaGoTKa Beex H3aeinh
o O6iee 4HCIO OTKa30B . (15.9)

Ilpumep 2. Ompenenuts CpPeaHIO HApaOOTKy 10  OTKaza s
DKCIOHEHIMAIBHOTO 3aKOHA HAJIEKHOCTH, €CJIM 32 BpEeMsl DKCIUTyaTallud UMEIOTCS
cnenyromue gannabie. 30 m3genuit orpabortanu ucnpasuo 3000 u, 10 uzgenuit
mo 1000 4, 7 wmspmenuit mo 1500 4, CHATBI TpW U3AENUS TOCIE HApaOOTKU
cootBeTcTBeHHO 500, 2000 1 2500 u.

Pemenue. CymmapHoe BpeMsi HapabOTKH

t; =30-3000 -+ 10-1000 + 7-1500 4
—+ 500 + 2000 4+ 2500 = 15,5 X

X 1034, (15.10)
Cpennsist HapaOOTKa Ha OTKa3
_fy 115,510
= o 3 =
= 38,5-10% y, (15.11)
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HOPMAJIBHOE PACIPEJIEJIEHUE BPEMEHU BE3OTKA3HOHN
PABOTbI

HopmanbsHOoe pacnopeacicHUe OPpUMCHAIOT B TCOPHM  HAACKHOCTH  JJIA
OIIHCaHHA OTKAa30B, BBI3BAHHBIX MU3HAIIIMBAHUEM JCTAJIN.

po# 2

[l - 1
Puc. 15.3. HopmansHoe pacipeneneHne BpeMeH! 0e30TKa3HOM paOOoThI

[1JI0THOCTB pacupeneneHnss BpEMEHU
0e30TKa3HOI padOoThI IPU HOPMATLHOM 3aKoHE pacupesenenus (puc. 15. 3)

(t—1)*
| :mf.
———— .
oy V2n (15.12)

f(t) =

rac napamMeTpbl paclpCaACICHUA t U 6t —cpeHee 3HAUCHHE BPpCMCHHN U CPCIAHCC
KBaApaTHUICCKOC OTKJIOHCHUC.

[Tpu HOpMAaITLHOM pacrlpeneIeHuH BpeMs t MOXKET ObITh OTPHIIATEIILHBIM, YTO
IPOTHBOPEYHT busHIecKOMy CMBICITY. Onnaxo, eCITH cpenHee
Bpems t 3HaunTenbHO  mpeBbimaer 6t (. > 36t), oTpuuaTeNbHAs — YacCTh
pacrpeic/ieHUs] He MIMEET IPAKTUUECKOTO 3HAYEHHSI.

DvyHKIMA pacupeaeIcHus

Fm=§me=%+mf—ﬂ.

L F]

(15.13)
rae ® — dynkmus Jlamnaca.

BeposatHocTb 6€30TKa3HO# pabOThI MTPH HOPMaJIbHOM 3aKOHE pachpe/leeHus

{ t—1
p{f]=[—--~F[f}‘='§"‘m( Oy ) (15.14)
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HpI/IBGIIeM €€ 3HAUCHUEC NHTCHCUBHOCTHU OTKa30B

O
P
(t—1)*
207

A (1) =

e
a; Vin [-;—-"‘I’( f:,i )] (15.15)

ITpu Gonbinux t(t> cpeanero + 2 6t) BeIMYHHA

{—1
A (1) ==

f (15.16)

[Ipu t — oo F(#) =0, A(f) -» oo,
PACTIPEJEJEHUE BEWBYJLJIA JIJIS1 BPEMEHHA
BE30TKA3HOM PABOTHI

DT0 pacnpeneseHue UCTONb3YIOT JUIsl CTATUCTUYECKUX MOJIENICH HAJCKHOCTH
B 1105038071 Tepuo/I AKCIUTYaTaluu («rpupabOTOYHBIC)
oTka3bl). DyHKIHIO pacnpeseneHus npuaumaroT B Buje (t > 0)

F(f=1—e M (15.17)

3akoHn BeiiOynna wMeeT 1Ba TMOJOXKUTENBHBIX TapameTpa: A W M.
DOKCHOHEHIIMAIILHOE PACHpE/ICICHUE SIBISETCS YAaCTHBIM CIYy4YaeM paclpeelcHHUs]
Belioymmanmpum = 1. OcobenHo mpocto 1o 3akoHy BeiOymia
BBIPAKAETCSA BEPOSATHOCTh 0€30TKa3HOM pabOTHI :

P)y=1—F(t)=e"M" (15.18)

[LnoTHOCTE pactpeneneHus (puc. 15. 4)

dF m--1__3gm
f) = —— = Amf e .
fi) = (15.19)
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‘ P!‘F!l ‘a'

P(t)

Al it}

s

0 fi

Puc. 15.4. Pacnpenencuue BeiitOyiiia BpeMenu 0e30Tka3HOM paboThl (M< 1)

MHTEHCUBHOCTD pacipeaciacHusA OTKa30B

. f(f} . mr-— |
PO=TFE = (15.20)

Ecmn 0 <m< 1, To UHTEHCHBHOCTH OTKA30B CO BPEMEHEM YOBIBAET.

Jlekuusa 16. HapgekHOCTH mOC/IEA0BATEJBHOIO, NAPAJICIBLHOIO H
CMEIIAHHOI'0 COCIUHEHHSI JJIEMEHTOB

HAJAEKHOCTDb CUCTEMBI HOCJIEJOBATEJIbBHBIX
QJIEMEHTOB

Ecnm cucrema BKIIIOYAaET HECKOJBKO AJIEMEHTOB, NPUYEM OTKAa3 OJHOTO W3
HUX MPUBOJIMT K OTKA3y BCEW CHCTEMBI B IIEJIOM, TO TaKOE COCAMHEHHE 3JICMCHTOB
Ha3bIBAIOT TOCIIE0BATEILHBIM (pHcC. 16. 1).

Hanmpumep, y3nbl aBurarenst — 1, kommpeccop — 2 U TypOuHY — 3 MOXHO
CUMTATh COEIMHEHHBIMU IOCJIEI0BATENBHO, TAK KaK OTKA3 OJHOTO M3 3THUX Y3JIOB
INPUBOJUT K OTKa3y BCEro JBHUrarens. B CTpOMTENBHON MEXaHMKE NPHUMEpPOM
MOJKET OBITh pacyeTHasl CXeMa CTaTUYECKH ONpeAeauMon cucreMbl. OTKa3 0JJHOTO
U3 DJIEMEHTOB IIPEBPAIIACT CUCTEMY B MEXaHU3M.

Puc.16.1. Cucrema c mmocienoBaTeIbHbIMA DJIEMEHTAMHA
[Tpenmonarast OTKAa3bl OTIEIbHBIX AJIEMEHTOB HE3aBHUCHUMBIMHU,

IMOJYYHUM BCPOATHOCTD 0e30TKa3HOU [2a6OTBI CHUCTCMBI M3 N TOCICA0OBATCIBbHBIX
9JICMCHTOB
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Pty = Py(t) Py (£)...Pn (1). (16.1)

HpI/I IoCJIICA0OBATCIbHOM BKIIFOYCHHNH OJICMCHTOB BCPOATHOCTD

0e30Tka3HOU padoThl ymMeHbIaeTcs. Hampumep, ecnu ans ogHoro snementa Pi1 =
0,99, To mna 10 mocnenoBaTenbHO COSTMHEHHBIX MTOJAOOHBIX JIEMEHTOB

P = P} = 099" - 0,9.

BaxxHoe CBOMCTBO CHUCTEMBI C IIOCJICAOBATCIIBHBIMHU 3JICMECHTAMH COCTOUT B

cienyromieM, Eciu Ai(f) — HHTEHCHBHOCTH OTKA30B i-T'0 DJIEMEHTA, TO JIJIS BCEH
CHUCTEMBI
f
- ﬁ LE (41 di
P ) =e , (16.2)
rac
n
he () = 3 A, (D).
=1 (16.3)

HpI/I IoCJIICA0OBATCIbHOM COCOAMHCHHHN J3JICMCHTOB HWHTCHCHBHOCTH OTKAa30B

CYMMUPYIOTCSL.
HAAEXHOCTDb CUCTEMbBI MTAPAJJIEJBHBIX 9JIEMEHTOB

B stom ciyuae (puc. 16.2) oTka3z cucTemMbl HACTyMmaeT TOJBKO TOTJAA, KOT/a
OTKa3aJi Bce 03 MCKITFOYCHHUS AJIEMEHTHI. B CTpoHUTENbHON MEXaHUKE MPUMEPOM
MOXKET OBITh pacyeTHasi CXeMa CTaTHYeCKH HEOIpeAeTUMON CHUCTeMBI (eciu

OTKa30M CYUTATh MOMEHT Pa3pyLICHUS CUCTEMBI).

S-S |
— _ h—-T
— - 2 —;
-t T -

Puc.16.2. Cucrema ¢ napauieabHbIMH dJIEMEHTaAMHU
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BeposTHOCThL OTKa3a

F()=1— P(1). (16.4)
Ecnu Fi(t) — BeposATHOCTh OTKa3a | - ro 3JIEMEHTa, TO
F(t)y= Fi(t) Fg ()...Fn (8). (16.5)

BepostHocTh 6€30TKa3HOM pabOThl CUCTEMBI

P(H=1—(—Py(t) (1 —
— Py (...(1 — Pn (1). (16.6)

Eciu BeposTHOCTL 0€30TKa3HON pabOThI JIEMEHTOB OuHaKoBa 1 paBHa Pi(t),
TO

P()=1—(1— Py (tH" (16.7)

W3 s1oro paBencTBa MOkHO moayunth Pi(t), ecu 3amano P(t):

Il o —
Pyiy =1 —3/1—P(t) - (16.8)

Hpumep.
OnpenenuThb HEOOXO0IUMYIO BEPOSTHOCTh 0€30TKAa3HOW pabOTHI 3JIEMEHTa,

€I CHUCTEMA M3 TPEX MapaUIENbHBIX JJIEMEHTOB JOJDKHA HMETH BEPOSTHOCTH
Oe30Tka3HoM paboTs (3a Bpems t) P(t) = 0.999.

Pemrenue. U3 ypasHenus (16.8) Haxoaum
Pi(ty=1—71-0,999 = 0,90.

N3 pasenctBa(16.7) u (16.8) MokHO caenath BBIBOJ, YTO HAJCKHOCTH
CHUCTEMBbI C TMapa/UIeJbHBIMM 3JICMEHTAMH 3HAYUTCIILHO BBIIIE HAJCKHOCTH
OTJCIILHOTO DJIEMCHTA.

[TapannenbHOE COEMMHEHUE — METOJI CO3JaHHMS HAJCKHOUM CHCTEMBI W3
«HEHAJIE)KHBIX» DJIEMEHTOB.

CucreMy, coaepallylo NapaieIbHO padOTaroIIUe 3JIEMEHTHI, Ha3bIBAIOT
CHUCTEMOI C pe3epBUPOBAHUEM.

[IpuMeHsIOT TpU METOAa pEe3EePBUPOBAHUS:
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1) cuctema ¢ HarpyXEHHBIM («KTOPSYUM») PE3EPBOM;
2) cucteMa ¢ 00JIerYeHHBIM PE3EPBOM;
3) cuctema ¢ HeHarpyX€HHbBIM («XOJO0IHBIM») PE3EPBOM.

B nepBom ciyuae pe3epBHBIN 3JIeMEHT paboTaeT B OJMHAKOBBIX YCIOBUSX C
OCHOBHBIM (HampuMep, MHOTOABUTATENbHBIN CaMOJIET).

Bo BTOpOM cityuae pe3epBHBIN 3J€MEHT paboTaeT B OOJIETUYCHHBIX YCIOBHUSX,
B TPEThEM Cllyuyae OH BKJIIOYAETCS B pPabOTy TOJBKO IOCJIE OTKa3a OCHOBHOTO
AJIEMEHTA.

[{enecooOpa3HOCTh MPUMEHEHUS PA3IUYHBIX CXEM PEe3ePBUPOBAHUS 3aBUCHUT
OT OCOOEHHOCTEHl CHUCTEMbI, HAa3HAYCHHS OJEMEHTOB M JpYyrux (HakTopos.
Hampumep, ecnu Ass BKIIIOYEHUS AJIEMEHTA HA 3aJaHHYIO MOIIHOCTH TpeOyeTcs
3HAYUTEIBHOE BpPEMs, TO BO3MOXXHOCTU HCIOJIb30BaHUS «XOJIOAHOTO» pe3epBa
CTaHOBSITCS] OTPAHUYEHHBIMHU.

KOJIMYECTBEHHBIE IIOKA3ATEJIN HAAEKHOCTH

CYH_ICCTBYIOT Pa3JIUMYHBIC II0KA3aTC]IM HAACXKHOCTH, MHOIMC H3 KOTOPLIX
BKJIIIOYAKOTCA B CTAHAAPTBI U TCXHUYUCCKUC YCIIOBUA.

Beibop HOpMUpYEMBIX TMOKa3aTeleil HaJeKHOCTH MU UX perjaMeHTanus
CBSI3aHbI C Ha3HAYCHUEM H3IENUS, PEKUMOM €ro MCIIOJIb30BaHMS, OCIEICTBUAMU
OTKAa30B U JPYTUMH (HaKTOPAMH.

B KkadecTBe OCHOBHBIX IIOKa3aTellell HAICKHOCTH OOBIYHO HMCIIONB3YIOT
CIIeYOIIKE: BEPOATHOCTh Oe30TKa3HoM padoThl P(t) n HapaboTky Ha oTka3 T. ([
HCBOCCTAHABIMBACMON CTATHUECKH OMPEACIUMON CHCTEMbI HMCIIONB3YIOT TEPMHH
«cpeaHee BpeMsi 0€30TKa3HOM paboThl », OMpeAeasieMOe Kak MaTeMaTHYeCKOe
OKHJaHHE BPEMEHH OT MOMEHTa Hadaja paboThl JIO MOMEHTa BO3HHKHOBCHHS
0TKa3a.)

Jlst peMOHTHUPYEeMBIX (BOCCTAHABIMBAEMBIX) CTATUYECKH HEOIPEACTUMBIX
cucteM BenuuuHa T MpeicTaBisieT CpeqHIO HapaOOTKy MexAy oTkazamu. OHa
ONPEACIISIETCS B PACCMAaTPUBAEMOM UHTEPBAJIE BPEMEHU

N
2 i
p==

N
Y my

i=1 (16.9)

T =
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rae N —4uciio u3enuii B CTaTUCTUYECKON COBOKYIMHOCTH (BbIOOpKE); ti © Mi —
HapabOTKa M YMCIO OTKAa30B | — Tro M3/CIHMs B pacCMaTpUBACMOM HWHTEpBAJC
BpEMEHHU.

Jlnst 0TKa30B, HE YCTpaHSEMbIX B SKCIUTyaTallid, B KadyeCTBE IOKa3aTells
HAJEKHOCTU UCTIONB3YIOT CPEAHIOI HapaOOTKy 10 nepBoro otkasa Tep . CpenHiow
HapaOOTKy A0 OTKa3za OMpPENENSIOT pa3feibHO JUIsi OTKA30B PA3IMYHBIX THUIIOB.
Hanpumep, 11t maccaXMpCKUX aBUAIIMOHHBIX JBHUraTellel cpeqHssi HapaOoTka 1o
0TKa3a B MOJIETe COCTABISET OOBIYHO

To.u = (2+8) 10* 1/,
TOraa Kak CpCIaHsAA Hapa60TKa Ha OJIUH OOCPOYHO CHSATBIN ABUT'aTCIIb
Tac.n = (1+6) 10® I/u.

VKa3aHHbIE XApPAaKTEPUCTUKHA  OTPAXAKOT PA3NIUYHBIE  XAPAKTEPUCTUKU
DKCIUIyaTallu¥; BEJIWYMHA Taca  SBIAETCA, B CYLIHOCTH, JSKOHOMHYECKUM
[I0Ka3aTeNIeM.

[TpakThka OSKCIUTyaTallid TEXHUYECKHX CHCTEM TIOKa3bIBaeT, YTO UX
HAQJIOKHOCTh 10 MEpe YBEIWYCHHUs oOme HapaOOTKW Tapka WU3JeIuid B
OKCIUTyaTallid  BO3pacTaeT. ITO TPOUCXOAWT B  pe3yibTaTe BHECCHHUS
KOHCTPYKTUBHBIX M TEXHOJOTHYECKUX W3MEHEHHH B TPOM3BOJICTBO H3ICIUM,
HAIPaBJICHHBIX HA yCTpaHEeHHWe OTKa30B. llpu odeHp Oosbioit HapaboTke (WM
BpPEMEHH SKCIUTyaTallid) HACTYMAeT «CTapeHHe» IMapKa W3Jenuid W HaliromaeTcs
CTaOMIM3aIKs, a 3aTEM U MMOHIKEHUE YPOBHS HAJIC)KHOCTH.

3agauM TeOpUM HAIEKHOCTH B NPUJIOKEHUH €€ K BOIIPOcam
NPOYHOCTH COOPYKEeHHUH

3ATIIACHI JJIUTEJBHOM MPOYHOCTHU ITPU PABOTE HA
PA3JIMYHbLIX PEZKUMAX

DJIEMEHTHI COOPYKEHUI paboTalOT, KaK MPaBUJIO, HA HECKOJIBKUX Pa3IMIHBIX
peXHUMax, OTIMYAIONINXCS HAMPSHKCHUSMH, JUTUTETBHOCTHIO (MJIM YHCIIOM LIUKIIOB),
a TaKKe TEeMIICpaTypHBIMH YCIOBHSAMH. B 3TOM ciayyae [ OIICHKH
paboTOCIIOCOOHOCTH J€TAIM  UCIIOJBb3YIOT MPEJACTaBICHUE OO0 HSKBUBAJICHTHBIX
peXMMax M SKBUBAJICHTHBIX 3aracax MPOYHOCTH (IKBUBAICHTHBIX HANPSDKEHUSX,
JUTUTEIILHOCTSX, YUCJIIE IUKIIOB).

JKBHMBAJEHTHBIN 3aMac JUIMTEJIbHOM MPOYHOCTH. PaspylieHue aetanu noj
JICUCTBUEM TIOCTOSIHHBIX HAIPSDKEHUW 3a HEKOTOpoe Bpems tp  sBisieTcs
pe3yabTaTOM MOCTETIEHHOT'O HAaKOIUICHHs B MaTepualie HeoOpaTUMbIX U3MEHEHUN B
BUJIE MUKPOTPEILMH U APYrUX MOBpeXaeHUU. [Ipu olleHKEe CTENneHU NMOBPEKICHUS
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Il yCIOBHO CYMTAIOT, YTO JJIsI UCXOMHOTO (HETOBPEXJAEHHOr0) Martepuana [/ =
0 myst MoMenTa paspyuienus I7 = 1.

Ecnu Bpems paboThl HA HEKOTOPOM peXuUMe TIpu 6i = CcONStpaBHOti, a
pa3pylleHre HacTymaeT 3a Bpems i ,TO B MEpBOM MNPUOIMKEHUU CTEIEHb
noBpexacuus I1i CYUTAIOT paBHOM OTHOCUTEJILHOM

INPOAO/IKHTCJIBbHOCTH [2a6OTI>I Ha 3TOM PCKHUMCE!

t 1
T= =T
pi t (16.10)
1€ Nti— 3amnac 1mo A0JroBe4HOCTH Ha I — M PEKUME.

[Ipu pabote Ha HECKOJIbKUX pexuMax [IPUHUMAETCSA JIMHEeHoe
CYMMHUPOBaHHE MOBPEXKICHUMN

H:HI—FH,—I--“ flg =

+

t;

&
=Z”f=
pi

1
_— _
=l

ngi

A~
[ 2=

-
)
=
n
il
-
*

(16.11)
rae kK — oOlee 9nciao pexuMoB.
JIBa pekMMa CYMTAIOT SKBHBAJICHTHBIMHU 110 OMTACHOCTH Pa3pyIICHUs, €CIIA UX

CTEIIEHH NOBPEXIACHUS OAMHAKOBBI. I[loaTomy Ty e creneHp mnoBpexacHus I
MO>KHO TIOJIyYHTh NMPU PadoTe Ha OJJHOM (PKBUBAJICHTHOM ) PEKUME, €CIIN

MMayp = 1.
JI71s1 5KBUBAJIEHTHOTO PEXUMA

fown_ _ 1
fp oxa N4 sxp (16.12)

nakn =

un3 (16.12) cnenyer hopmysia At SKBUBAICHTHOTO 3ariaca Mo JIOJITOBEYHOCTH

b
l Z 1
it sup ﬂn

= (16.13)
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[Mpu crenennoit 3aBucumoctr (Mi) mpenena UIMTEIBHOW MPOYHOCTH OT

Bpemenn (Gn) 3amac mo gonroseunocty Ni =tpi /ti cBs3an ¢ 3amacom mamuTensHOI

TIPOYHOCTH Ha TOM e pexkuMe Ni = Guni /6i cooTHOMEHNEM
It
thi Ogn i) @ m;
ﬂn = ——= = ﬂ{ .
i T

(16.14)

[ToxcraBus (16.14) B popmyny (16.13) u yuuTbIBasi, 4To JJIs1 SKBUBAJICHTHOTO
pe)KI/IMa Nt>ks paBHO Noke B CTECIICHU Moxs, HOquaeM

k
1 Maxn Z F )mi
flaks - ' L ni
=1

OOBIYHO B Ka4eCTBE SKBHBAJICHTHOTO BBIOMPAIOT CaMbIil TsDKENbIA pexuM (1 =
1) st KOTOPOTro COOCTBEHHBIN 3aIac JITUTEIbHON MPOYHOCTH HMEET MHHUMAIBHOE

(16.15)

3HadeHue N1 = Nmin . {75 ')KapompoyHBIX CIUIABOB IpH TemIiepaTypax Boimre 500 —
600 0ObIYHO Moxs =4 — 8.

DKBHUBAJICHTHOC BpEMA Da6OTBI. I[J'ISI COKpalmIcHUusT BpPCMCHU HUCITBITAaHUHN
MOJXHO IIPUBCCTHU BCC PCIKMMBI K Hanoboee TAKCIIOMY, YBCIIMINB BPCMsI [2&6OTBI Ha

9TOM PCIKHUMC C {1 a0 te W MCHIONB30BaB COOTHOILIEHNE

tp (Th, @)
tEHB = .

it axe (16.16)

C yuerom Beipaxenuii (16.13) u (16.14)

k

o= (16.17)
rae N1 — 3amnac IMPOYHOCTHU Ha HanOo0JIeE TIKEIIOM peKuMeE.

Bemnunna U Bcerma MeHblle CyMMapHOTO BpeMEHH paboOThI HA  BCEX
pexumax Iy = Y'ti (I = 1-k).

I[To dopmynam  (16.17) MOXKHO ONpEeAETUTh BpeMs, HEOOXOAMMOE IS
IPOBEJCHHS COKPAIICHHBIX 3KBHUBAJICHTHBIX MCIBITAHWNA JETAIM HA JJIUTCIbHYIO

IPOYHOCTh, OOECIIECYMBAIOIINX 3a BpeMs (we Ty Ke MOBPEXKIAEMOCTH IO
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HHHTGHBHOﬁ MMPOYHOCTH, YTO U IIPpU HUCIIBITAHUAX II0 MOJTHOM InporpamMme 3a BpEM:A

ts.

3AIIACBI BBIHOCJIMBOCTHU ITPU PABOTE HA PA3JIMYHBIX
PEXNUMAX

Jns marepuanioB, HE HMMEIOIIMX IIpelesia BBIHOCIMBOCTH, A TAaKXKE A
PEKUMOB OTPAHUYEHHOW JUIMTEIBHOCTH C HANpsHKEHUSMHU BBIIE IIpEaena
BBIHOCJIMBOCTH, B TOM YHUCJI€ NPU MAaJOUUKIOBOM YCTaJIOCTH, 3aBUCHUMOCTH
pa3pyLIAOMINX AMIUIMTYJ C YYE€TOM KOHIEHTPALMU HANPSKEHUMN Gap OT YHUCIIA
mukioB N 10 paspymieHnsi uMMeeT B JOrapuMHUYECKUX  KOOPJMHATAX
BUJI IPSIMOU JIMHUM .

m — —
OgpN = C = const. (16.18)

[TosToMy 111 CHMMETPHYHBIX LHMKJIOB pPacueTbhl SKBHBAJCHTHOTO 3araca
npenaena BBIHOCJIMBOCTH, SKBHUBAJICHTHBIX MEPEMEHHBIX HaMnpsiHKEHUM,
SKBUBAJICHTHON HUKJIMYECKOW JTOJITOBEYHOCTH MOXHO TPOBOAWTH 1O (opMysiam
MPEIBIAYIIEr0 IyHKTa, 3aMEHMB B HUX JICWCTBYIOIIME HAIPSIKEHUA Gt Ha
aAMIUIATYbl Gai , BpeMsti — Ha umciao nukiaoB Ni, mpemena AIUTEIbHOM
MMPOYHOCTHU Guii — HA OTPAHWYCHHBIA TPEJICST BBIHOCIMBOCTH Gapi U UCMOJIb30BAB
COOTBETCTBYIOIIME 3HAYCHUS MTOCTOAHHBIX M 1 C.

:‘)KCHepl/IMeHTaJIbHOC onpeac/icHuc.

HaunOomee ToOYHBIM criocoOoMm OoNpCACIICHUA IPECAcIa BEIHOCINBOCTU ACTAIN
ABIIACTCA OKCICPUMCHTAJILHOC HMCCIICAOBAHUME B YCIIOBUAX, HanoOoJiee TOJHO
HMUTHUPYIOIINX PCAJIBHBIC YCIIOBUSA [2360TI)I. Hcnbitanus MMpoBOAAT C IMOMOINBIO
YHHUBCPCAJIIbHBIX WX CIICHUAJIbHBIX MAIlIMH JJI UCIIBITAHUSA HA YCTAJIOCTh.

Cpenn yHUBEpCaJdbHBIX MAIIMH OOJIBIIIOE PACIPOCTPAHEHUE TOTYUUITU
ANIEKTPOIUHAMUYECCKHE BO3OYAUTEIN BUOPAIIHIA, MTO3BOJISIFOIIUE cO3/1aTh
nepemMeHHble HanpspkeHus ¢ yactotod ot 50 go 10 000 I'm. s ompenenenus
npejiena BIHOCIMBOCTH HCHBIThIBalOT 6 — 20 oOpasmoB. IIpu HEeoOxomumocTu
MOJYYEHUS CTATUCTUYECKUX OLICHOK YHCIIO MCIBITYEMbBIX JCTalCld YBEIWYUBAIOT
JI0 HECKOJBKUX JECATKOB.

OnHako  SKCIEPUMEHTAIIBHOE  HUCCIEAOBAaHUE  HATYPHBIX  DJIEMEHTOB
(kpynHOTa0apUTHBIX JA€Taled M JIPYTuX HU3ACNIUW, U3rOTOBISEMBIX B HEOOJBIIOM
KOJIMYECTBE) HE BCET1a BO3MOYKHO U LIEIECO00Pa3HO.

B Takux ciayuyasx TpOBOAAT HUCIHBITaHUS OO0pPa3lOB, HWMUTHUPYIOIINX
HaNpsXKEHHOE COCTOSTHUE B OMACHBIX 30HAX JIETAIH ¢ HAMOOJIbIIUM IPUOIHKEHUEM
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M0 HWCTOYHMKAM KOHIIGHTpAIlMM  HalpsHKEHWH, aOCOJIOTHBIM — pa3Mepaw,
TEXHOJIOTUH, MOKPBITUIM, TEMIIEPATYPE, CPEAEC U T. II.

PacdeTHO-3KCTIEpUMEHTATTEHOE OTIpeieTICHHE. Pacuer IPEJIEIIOB
BBIHOCIIMBOCTH  OCHOBBIBACTCSI Ha CHCTEME OKCIICPUMEHTAJIbHBIX JaHHBIX,
MOJIYYEHHBIX C IIOMOIIbIO UCTIBITAHHS 0OpPa3IIoB.

DKcIepUMEHTaIbHBIE HMCCIICIOBAHUS TOKA3alHd, YTO YCTaJIOCTh JJIEMECHTOB
COOpPY)KEHHH HMEET CTaTUCTHYECKYIO MPHPOIYy, T. €. 3aBUCHT OT LIEJIOTO psia
(hakTOpOB, 3HAYCHUE KOTOPHIX MPEABAPUTEIHHO YIE€CTh MPAKTUIECKH HEBO3MOXKHO
(cocTOsIHME TIOBEPXHOCTH, HATMYUE BHYTPEHHHUX J€(PEKTOB CTPYKTYpHI U T. 1.). B
CBSI3M C OTHM HAOIOJaeTCs 3HAYMTEIHHOE PacCesiHUE Pe3yJIbTaTOB HCIBITAHUH,
OCOOEHHO MO YCTAJIOCTHOW monroBedyHoCcTH. OOpasipl, M3TOTOBJICHHBIC IIO
OJIMHAKOBOM TEXHUYECKOW JOKyMEHTAIMH, OOHAPY>KMBAIOT MPH WCHBITAHUSX Ha
OJIHOM YPOBHE HArpy>KeHHUs 4HcClia IUKJIOB JI0 pa3pyLICHHs, OTIMYAIOIIHECS B
HECKOJIBKO Pa3.

J71st onivcanus JOJTOBEYHOCTH JIETAU MPU MEPEMEHHBIX Harpy3Kkax Haubosee
YHOTPEOUTENbHBIM  SBJISCTCS  JIOTApU(PMUYECKH  HOPMAJIbHBII  3aKOH
(HOpManbHBIN 3aKOH aorapudma caydanHoON BETMIUHbI).
[110THOCTB pacnipesiesnienus Jorapudma  4Yucia  [UKIOB 0  YCTaJIOCTHOTO
paspylieHus npu paboTe Ha MOCTOSIHHOM YPOBHE NMEPEMEHHBIX HANPSHKEHUH G

f(lgN) =
(lg N—Tg N)*
= l S ign
Sign V2a (16.19)

IZ€ B YUCIUTEIE W B 3HAMEHATENe CTENEHU € COOTBETCTBEHHO IIapaMeETphI
pacrpeieneHus: JUCIEpPCUsl U CpeAHEee KBAAPAaTUYECKOE OTKIOHEHHE (CTaHIapT)
jgorapudpmMa 4Yucia MUKIOB 10 pa3pyLICHUS.

[Tapametpbr pacnpeaeneHus: M.O. U cTaHZAPT 3aBHUCAT OT JACHCTBYIOIIHX
MEPEMEHHBIX HAIPSKEHUMN:

IgN = F;(0), Signy= F; (o). (16.20)

[Tpu ManoM ypoBHE NEHCTBYIOIIMX HAMpsDKEHUN HAOMIOAAeTCs OTKIOHEHHE
OT Jorapu(pMUYECKH HOPMAJILHOTO 3aKOHA B O0JIACTH MaJIbIX JOJITOBEYHOCTEH.

VY I0BNETBOPUTENILHOE CTATUCTUYECKOE OMNHCAHUE MOXKHO IMOJIYYUTh C
MOMOIIbI0O  BBEJCHHUS  MOPOrOBOrO  3HAayYeHUs 1 uuciaa  uukioB NN.
[Ipennonaraercs, 4TO paspyuieHue BO3MOXHO ipu N>>Nn.
Toraa mI0THOCTB pacnpeefeHusl BbIpakaeTcsl paBEHCTBOM
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!
f(g(N —Np)) = — X
S'E N—N, 1/3::

11e V=) — T

257
X e '8 (N=0n) : (16.21)
Takoe pacripeiesieHue COAEPKUT TPU MapaMeTpa:

Paccesnue mpenenoB BBIHOCIMBOCTA TpHU (UKCHPOBAHHOM YHUCJIE LUKIOB
3HAYUTEIFHO MEHBIIE, YeM paccesHHue HO0JAroBeYHOCcTel. [IpubmmkeHHO MOXKHO
CUNTATh

1
S W_S *
Ig o m IEN (16.23)

Bornee moyHBIC CBECHHS O CTATHCTHYCCKHX MOJCISIX YCTAIOCTH COJCPIKATCS
B padorax [8, 9].

Jlekumsa 17. /Ipyrue 3agaum TeopuM HAJeKHOCTH B NMPWJIOKEHUH ee K
BOIIPOCAM NMPOYHOCTH COOPYKEHUI KAaK CHCTEMbI CBSI3AHHBIX 3JIEMEHTOB.

BEPOATHOCTD PASPYHIEHUSA U 3AITACBI IPOYHOCTH

OneHka MPOYHOCTHOW HAJEKHOCTU MPOBOJIUTCSA C MOMOILIBIO JTOIYCKAaeMBbIX
HanpsDKEHWM,  3alacoB  INMPOYHOCTH W BEPOATHOCTH paszpymieHus. [lpum
VICTIOJIb30BAHUH JIOITYCKAEMbIX HANPSIKECHUMN YCIOBUE MPOYHOCTH

Omax < [O], (17.1)

IJIe Omax — HaWOOJbIIEe HANpsDKEHHWE B JJeMeHTe, [6] —  momyckaemoe
HanpsDKECHUE.

Takast oueHka BecbMa yJ0OHA, €CIM Ha NPAKTUKE JJS OJHOTUITHBIX
KOHCTPYKTHBHBIX AJIEMEHTOB, CTAOWJIBHBIX YCJIOBHI HArpy>KeHHs, yCTOSBIICHCS
TEXHOJIOTUHU, IPOU3BOJICTBA pa3paboTaHa CUCTEMA JOITyCKaeMbIX HaIPSKEHUH.

OnHako OIIEHKE MPOYHOCTHOW HAJEHKHOCTH C IOMONIBIO JOMYCKAaEMbIX
HANpPsHKCHUN TPUCYIIM U CYIIECTBEHHBbIC HEJOCTaTku. BemuunHa [o] He naer B
SBHOM BHJI€ TPEJCTABJICHUS O CTENEHH HAJIeKHOCTH, TaK Kak B (opmyse He
MOKa3aHO COOTHOILICHUE ACHCTBYIOIIMX W MPEICIbHBIX HamnpspkeHui. Bennunna
JIOITyCKaeMOTr0 HAIPSDKEHHUsST HOCUT YCIIOBHBIA XapakTep, TAK KaK HE OTpaXKaeT
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XapakTepa MpeAroaraéMoro pa3pyueHus (CTaTUH4ecKoro, yCTajJoCTHOIO U T. I1.),
pexuma HarpyXeHuss W JApyrux (akTopoB, BIMSIONIMX Ha HAJEKHOCTb.
Jlonmyckaemoe HampspKeHHe, OCOOCHHO MpH JACHCTBUU TEPEMEHHBIX HArpy3ok, B
3HAUUTEJIBHOM  CTENEHM 3aBUCUT OT  IEOMETPUHM JETald, KOHIEHTpPAlUU
HaMpsDKCHUM, Marepualla M TEXHOJIOTMM HW3TOTOBJICHUS, 4YTO 3aTPYyIHSET €€
NPUMEHEHUE B KAYE€CTBE HOPMATUBHON XapaKTEPUCTUKH.

B CcOBpeMEHHBIX HWHXEHEpPHBIX pacueTrax JONYyCKaeMble HANPSHKEHUS
WCIIOJIB3YIOT TJIABHBIM 00pa30M i MPUOIKEHHBIX, MPEIBAPUTEIIbHBIX PACUETOB.
Haubomnblee pacnpocTpaneHre NoJIy4duil pacueT Mo 3amnacaM IpoYHOCTH.

YcnoBue HpOLIHOCTHOI\/'I HaJAC)KHOCTH B IIPOCTLIX CIIyYasaX 3allMCbIBAIOT B BUAC

l= UP&BP ? ["‘]r
Omax (17.2)

rze N 3amac MPOYHOCTHU; Opasp — Pa3pyIIAIOIICe HampspKEHHE; [N] — momycTuMbIi
3arac MPOYHOCTH.

[Tox Gpasp IpM  ACUCTBUM TIEPEMEHHBIX HANPSHKEHUWA IMOHUMAKOT MPEACI
BBIHOCJIUBOCTH, IIPU ICICTBUM TMOCTOSHHBIX HANPSHKECHAM — TIPEAea MPOYHOCTH
WA OPEJEI JJIUTEIBHON TPOYHOCTH.

B Gomnee cioxHBIX chaydasx (HECTAllMOHAPHBIE PEKUMBI HArpyXEHUs) MpU
OTIPENICTICHUH  3aMacoB  MPOYHOCTH  HCIIOJB3YIOT  YCIOBUS CYMMHUPOBAHHUS
MTOBPEKICHU.

YcnoBus IMPOYHOCTH 110 AOITYCKACMbIM HAIIPSXKCHHUAM H 3allaCaM ITPOYHOCTHU
CBA3aHbl COOTHOIICHHUEM

no (17.3)

Bennuuna HGO6XOI[I/IMOFO 3araca Ipo4YHOCTH HMCCT TOBOJIBHO cTadbMILHOE
3HAQUCHHUC, TOI'Ta KaK Opayp OTPAKACT YCIOBUS HAI'PYKCHUA, TCOMCTPUIO U
TEXHOJIOTHUIO ACTAaJIN.

[Ipy nelicTBUM CTATUYECKUX HATPY30K MCIIONB3YIOT TAKXKE 3arac 10 Hecylen
CIIOCOOHOCTH

P
n— —basp

P (17.4)

ri€ Ppap 1 P — 3HaueHus cuiioBoro Qaxropa (Harpy3ku) B MOMEHT pa3pylIeHUs U
B paboYMX yCIOBUSIX
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3amac Mo  Hecymed  CIOCOOHOCTH  OTpakaeT  IepepacipeiecHue
HAIPsOKCHUM, BO3HHMKAIONMIEe B IUIACTHYSCKHX MaTepHaliaXx IIpyu Harpys3kax,
OJM3KHX K pa3pyIIArOIINM.

HenocratkoMm cucTeMbl JOMYCKAEMbIX HANpPSDKEHUM M 3alacoB MPOYHOCTHU
ABJIAETCS JIETEPMUHUPOBAHHBIA XapakTep yCiOBHM mnpodyHocTd. OHU  He
YUUTHIBAIOT JOJDKHBIM 00pa3oM HEU30€KHOE paccesHue paspylialiux u
MaKCUMAJIbHBIX  HANpsSOKEHUH. DTOT HEAOCTATOK YACTUYHO  YCTPAHSIETCS
CTaTUCTUYECKUMHU 3aracaMy MPOYHOCTH, KOTOPbIE PACCMOTPEHBI B JaIbHEHIIIEM.

I[pyr on IIyTb TIOCTPOCHHA CTATUCTHUUYCCKUX MOHCHCﬁ HaACXKHOCTH —
OIIPCACIICHUC BEPOATHOCTH PA3PYILICHUA.

BEPOATHOCTD PASPYHIEHUA
PaccMOTpuM OLIEHKY BEPOSITHOCTH pa3pyLIEHHs HA IPUMEPE.

[IepeMeHHBIE HANPSHKEHUS B JJIEMEHTE KOHCTPYKIMWH, BO3HUKAIOIIUE IPU
PE30HAHCHBIX KOJeOaHMUAX, O0O03HaYUM ©a MX ONpeAensroT ¢ IMOMOIIbIO
TEH30METPUPOBAHUSI B PA0OUMX YCIOBUSX B MECTaX HAUOOJBIIMX HAINPSKEHUM.
BeanunHaM ©a CBOMCTBEHHO 3HAYUTECIILHOC paccesiHue, CBSI3aHHOE C
HEPaBHOMEPHOCTBHIO Harpy3okK, YCIIOBHUSIMH neMdUupoBaHUsI U T.I1..
BennuuHy Ga CONMOCTABISAIOT ¢ MPEAECIOM BBIHOCIMBOCTH 3JIEMEHTA G-1n KOTOPBIN
TaKKe MMEET pa30dpoc BCIEACTBHEC OTKJIOHCHHH B TEXHOJOTHH W3TOTOBJICHUS WU
paccesHUsT MEXaHWYECKMX CBOWMCTB Marepuana. llpenen  BBIHOCIMBOCTH
COOTBETCTBYET OINPEIEICHHOMY YHCITy Harpy»eHuit (00brano 10" mukios). Eciu B
JTAHHOM 3JIEMEHTE IePEeMEHHOE HANPsHKEHUE OOJIBIIE Tpe/ieiia BBIHOCIMBOCTH

O, :) 0y (175)
TO HACTYIIACT pa3spymICHUC.

L ‘r-q' 'f“%ﬂ

0 En"-!'- Bya=1 Ca,bia

Puc. 17.1. KpuBble IIIOTHOCTHU paclpe/ie/IeHNs MEPEMEHHBIX HANPSKEHUN Ga
U TPENENIOB BBIHOCIUBOCTU G-ix

PaccmatpuBaeM Ga M O-in  Kak ciydaiinblie Bennumbbl. Ha puc. 17.1
NOKa3aHbl KpUBbIE IJIOTHOCTU PACTIPENETCHHSI IEPEeMEHHbIX HANpPsDKEHUH |
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MPEEIIOB BHIHOCIUBOCTU. X CTPOSIT HA OCHOBAHUM SKCIIEPUMEHTAJIbHBIX JTAHHBIX
10 TUCTOTPaAMME PACTIPE/ICIICHHUS.

JlomycTuM, 4TO BEIMYUHBI Ga M G-lx, , KOTOPBIE JJISi KPATKOCTH O0O3HAUYUM
COOTBETCTBEHHO | U & MMEIT HOpMallbHOE pacnpeneneHue. Torna u pasHOCTb
ATUX BeNUYUH ((PYHKIMS HEpa3pyIICHUS)

b=0ua—0=n—1 (17.6)
pacmpenencHa HOPMalbHO, [pHYEM MapameTpbl pacmpenenerus M.O. —

CPCAHCC 3HAYCHUC U cpeaHee KBaJApaTHU4ICCKOC OTKJIOHCHHUC (CTaHI[apT)
COOTBCTCTBCHHO.

ﬁ_m—ﬁn =N—§;
S, =V 55+ S§— 2K,

l

(17.7)

BeposaTHOCTh pa3pyiieHus paBHa BeposTHOCTH yciaoBus (<0 (puc. 17.2).

Puc. 17.2. Pacnpenenenue GyHKIMHM HEpa3pyLICHUS

Bxopsmuii B mocnegHee paBEHCTBO  KOPPEISIUOHHBIM MOMEHT Key aiis
HE3aBUCUMBIX CIYYaWHBIX BEJIWYWH oOpamiaercss B HyJdb. Tak Kak TMpeaen
BBIHOCJIMBOCTH W  JEUCTBYIOIIEE B JJIEMEHTE [EPEMEHHOE HAaIpsSKEHUE
MPAKTUYECKHA HE3aBUCHUMBI, TO

S, =/ ST F S,

Ppasp =P (L < 0) = F (0), (17.8)

rae F(0) — dyHKIms pactpeaesieHust cayYaliHOl BETHIUHBL {

il =_é_+¢,(j_§_i_)l (17.9)

114


http://sernam.ru/book_e_math.php?id=128
http://edu.sernam.ru/book_kiber1.php?id=227
http://sernam.ru/book_tp.php?id=40
http://edu.alnam.ru/book_prs.php?id=16
http://edu.alnam.ru/book_prs.php?id=13

rae O(x) — gynkuus Jlamnaca.

N3 paBenctBa (17.8) BoiTekaeT popmyiia it BEPOSTHOCTH pa3pylICHUS

St
i [4
2 St ) (17.10)
nIn
1 ]
Ppasp = - — @ (_,’) ’
2 o (17.11)
rie v — ko3 uument Bapuanuu GyHKIIMH Hepa3pyIeHHs,
I Fl
¢ n—§ (17.12)

Ecam Bocmmonp30BaThCs MpUOIMKEHABIM MpeIcTaBieHueM GyHKImy Jlammaca

1

u - 2 T
b
Vin

){(l—v%-i—.?,va—---),

X

Ppaap =

, (17.13)

TO IOIp€IIHOCTb OKa3bIBACTCA HE BBIIIC IMOCJICAHCTIO MCIIOJB30BAHHOI'O IIPpH
BBIYUCJICHUAX YJICHA psaa.

BEPOSITHOCTD PA3ZPYHIEHUWA ITPU ITPOU3BOJIBHBIX
3AKOHAX PACHHPEAEJIEHUSA HAITPSKEHUU U TPEJIEJIOB
NPOYHOCTH

B »TOoM ciydae BepOSTHOCT Pa3pylICHUsT MOXET OBITh OIpeneieHa U3
CJIEIYIOIIUX COOOpaKCHHIA.

[TycTh mMeeTcs MepeMeHHOE HampshKeHHe 6« = &. BeposaTHOCTH TOTO, UYTO
IpEeJIeNT BBIHOCIUBOCTH G-1x = 1| OKQXKETCS MECHbIIIE JAHHOW BETUYUHBI & (HACTYITUT
paspylieHue), oOyaer

Pn<® = Fa§) (17.14)
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rae Fq(§) dbyHKImMS pactpeneneHus cayIaiHON BETUMIHMHBI 1),

Fo(B) = JE fa () dn.
—oo (17.15)

JI1sl HaX0JKJICHUST BEPOSTHOCTH Pa3pyIICHUS CIIEIYyeT YIECTh BCE BO3MOKHBIC
3HaueHus & (Bce HECOBMECTUMBIE nyTH peanu3anuu COOBITHSN)
o hopMyJIe MOJTHOW BEPOSITHOCTHA

[17]

Ppasp = [ 1: (E) Fy, (E) dt.

~oo (17.16)

HO,Z[O6HBIM o6pa30M HaXO0aM PpaBHO3HAYHOC YCIIOBUC

Ppasp = J fatm (0 = Fgm)dy =
=1— | Intp Feonan. (1)

—co (17.17)

HaxosxeHre BEpOSITHOCTH Pa3pyIIeHUsT Telmepb CBEACHO K BBIYUCICHHIO
uHterpana (17.16) wiu (17.17).

B o0mem cimyuae 3amac mpoyHOCTH MOKET ObITh NPEACTABIICH B BUJIE

Opas
n—= Pa3p .

Oakn (17.18)
TAC Ooxe — OKBUBAJICHTHOC HAIIPSKCHUC.

Hanpuwmep, pU OJHOBPEMEHHOM JIEUCTBUAN HOpMaJbHBIX
Y KacaTeJIbHbIX HANpPSKCHUN

Ouxp = Y07 4 302 (17.19)

Jst 1IUTEeNbHON MPOYHOCTH TPU HECTAIMOHAPHOM PEXUME HArpy>KEeHUs
(GyHKIUS Hepa3pyIIeHUS 3aBUCUT OT 00IIIeT0 BPEMEHU PadoThI t

C(f) == oga (f) — Ogkp (1) (17.20)

116


http://edu.alnam.ru/book_prs.php?id=13
http://edu.sernam.ru/book_kiber1.php?id=227
http://sernam.ru/book_tp.php?id=12
http://edu.sernam.ru/book_kiber1.php?id=227
http://edu.alnam.ru/book_kram.php?id=154
http://lib.alnam.ru/

Jns 1auTenbHOM CTAaTUYECKOW MPOYHOCTHA WJIM CONPOTHUBIIEHUS YCTAIOCTH
CIpaBeJIUB CTEMEHHON 3aKOH CBS3M Gax M BpPEMEHHM (YHUClia IUKIOB) [0
paspylieHus

O () =C, (17.21)
rne mmu C — mocTosiHHBIE MaTcpuala, 3aBUCAIIUC OT TEMIICPATYPBhI.
Ecnu neiicTByrolee HANPSHKEHHE B MOMEHT BPEMEHH
o (¢*) = oof (1*), (17.22)

rjae 6o — caydvaiiHas BenuunHa, f(t*) — merepmuHupoBaHHas (YHKIHS BPEMEHH,
TO IIPY JJUHEMHOM 3aKOHE CYMMHPOBAHUS TOBPEXKICHUN

Oaxp (F) = 0y X
1

H
| m
x5 | e ae ™ <o
0 (17.23)

JI71st cCOnpOTUBIIEHUS YCTANIOCTU MPU HECTALIMOHAPHOM HArpy>KeHUU (PyHKIUS
HEpa3pyIIeHUs OT OOIIETo YKca IMKJIOB HarpyKeHUs

E(N)= 0_;n — Oaxs (N). (17.24)
B Ka)KIIBIﬁ MOMCHT HarpyKCHUA IICI\/JICTByIOIJ_[CG HAIIPAKCHHUC
0 (N) = oof (N). (17.25)

VuuThiBas 3aBUCUMOCTH THIA (17.21)

m —
oV =C, (17.21a)
[Tonyunm
T . m
aa.faox{N— [(reny) dN} — o (N,) (17.26)
0

Jlns  pacuera JIOJDKHBI  OBITh  M3BECTHBI CPE/IHEE 3HAUECHUE U CpEeIHee
KB/IpATUYECKOE  OTKJIOHEHHE TPENEJIOB MPOYHOCTH U  SKBUBAJIECHTHOTO
HaIpPSHKEHUS], TPUYEM
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Oapn (1) = OpY (8);

S =S £).
0y ()= Sq ¥ (0 .

[Tpu HOpMaIbHOM pacHpeieIeHUN YKa3aHHBIX BEJIMYUH UCTIOJIB3YIOT
cootHoienue (17.8). BeposTHOCTB pa3pylieHHss 3aBUCHUT B pPaccMaTpUBACMOM
CIydae OT BPEMEHH PaOOThI.

JloBepuTe/ibHBIE Mpe/ieabl 1JIs1 BEePOSITHOCTH Pa3pyleHHs

[Ipu pacuere BeposaTHOCTH paspyiuenus o dopmyne (17.8) mpeamnonaraior,
YTO CTaTUCTHUECKHUE XaPaKTEPUCTUKU MPeesioB BRIHOCIUBOCTH M.O. U cTtaHmapT
n u JeHCTBYIOLINX HaPSDKEHUH & OTHOCSITCS
K T€HEepaJTbHON COBOKYITHOCTH (BBIOOPKE OECKOHEUHO OOJIBIINUX Pa3MEpPOB).

B nelicTBUTENHFHOCTH YKa3aHHbIE BEIUYHMHBI OMPENESIOT IO BHIOOpKE
(oOBeMy HCTIBITaHUIT), CoIepIKalield KOHEYHOE YUCIIO 00pa3IioB.

Ecnu npu  OnpcaACiICHUN ,Z[eﬁCTBYIOIHHX HaHp}I)KCHI/Iﬁ HCIIOJIb30BAaHbI
pe3yibTaThl N1 I/ICHBITaHI/II\/JI, TO

fly
_ RS
8, = 7 ?:IJ Eis
1;2 }

RN i
Sin, e 2 (g‘_gn:}z .
=1

) (17.28)
COOTBETCTBEHHO JIJISI IPENIEIIOB MPOYHOCTH (N2 — YHCIIO UCTILITAHMIA)
_ 1 &
77n2 = H_ZUJ ;
2 j=L
‘ " (17.28a)
1 & _
S,, =1 —2.00,-1m,)°
n, <5

OneHuM npuOIMKEHHO HauOOJbIIIee 3HAYCHNE BEPOSITHOCTH pa3pyILICHHUS.

OueBuaHO, 4TO OHO peanusyercs npu MUHUMAaJIbHOU
Pa3HOCTH CPE/IHUX 3HAYECHUN U MAaKCUMAaJIbHOM 3HAYCHHUH St
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Bbyaem  ucmonb3oBath C IOBEPUTEIbHON BEPOSATHOCTBIO Px ciemyromiue
OJHOCTOPOHHUE OIEHKH (371ech t — Koadduinment 6e3onacHocTH CThIOICGHTA H
Ksmax yKazaHbl, HanmpuMep, B padore [8]):

3HaYeHUsI BEPOATHOCTU pa3pylieHuss Ppap B 3aBUCMMOCTM  OT  3amaca
MPOYHOCTH IO CPEAHMM 3HauYeHUsAM HampsokeHuidl  (cm. Ckan  tabmumsr 1

lib.alnam.ru/book_rdm.php?id=194)

Tabauma 1
1. 3Ka“eHHA BEPORTHOCTH Pa3pYUEHHRA Ppaap B JABHCHMOCTH OT 3aN4Ca NPOYHOCTH N0 CPeaHMm
Uy = .05 npwu vp /v, DasHoM . Oy — a4.10
n
i 2 3 1
I 0.5 0,5 0.5 0.5
1.2 0,905- 10~ 0,17 10" 0,6178- 10! 0, 5938- 10!
1.5 0,143-10~7 0.3167- 10" 0,1441- 10~ 0,2803- 102
1,75 0.5121- 10" 0.85- 10—* 0.7802. 10— 0.996. 10—*
2.0 0, 18987 10— 0. 7787~ 1072 0.143. 107 0,3911- 10"
2.5 0,4036- 10— 0,35986- (020 0.7964- 104 a.127- 107
3.0 0,5629- 10—* 0.707- 10— 0.21333. 10-* 0,12961- 10~*
4.0 0,2934- 1047 0.33216- 10~ 0,17B86. 10—3* 0.17505- 10—
HAIPR MEHHAM
npH ogfvn. PaBHOM vy = 0,15 npu IIE‘,’UT!.. paBHOM
2 3 1 2 3
0.5 0.5 0.5 0,5 0.5
0, 1446 0, 2206 0.1492 0.2389 0,305
0,2275- 16" 0.6811. 10" 0.3216 10—t 0.9176- 1= 0.1611
0,2401- 103 0, 1539 101 0.6569. 10~ 0.3005- 10~ 0.7483- 10"
0 2001- 103 0.2803- 102 0, 1441- '0~-32 0,914-10—2 0.3144- 10"
0.1366- 102 0.6152- 10— 0.996- 10— 0.9043- 10" 0.5234- 10—*
0,143- 107 0,1239. 10~ 0.1222- 10—* 0.1078- 10— 0,8447-10-°
0.1007 8- 102 0,i-10—* 0,6173- 10— 0,3911- 10—¢ 0,3167- 104
S"n'
ﬂm”‘_ rlﬂ., - f (ﬂg, Pn] V——- ¥
fig
S << K n, P\YS, -
Bmax = Smax { I II} Enyr L
) SEn
1
n) Vﬂi
S < K fly, P }S
Mmax =~ Smax (P2 H) N, (17.29)
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Torna u3 paBencTsa (17.8) momydunm npuOIMKEHHYIO OIICHKY

P —
paap max 9

—® ( "_'Imm_%maw );—:

}/’ S'! + Fi

Mmax Emax

| |
=5 —0 (—_—“ )
Cmax (17.30)

Jlns  pacyera MOXKET OBITh HCIOJNB30BaHO U paBeHcTBO  (17.13).
JloBEpUTENLHYIO BEPOSTHOCTD 7Sl MPUOIMKEHHOM OLEHKH MOXKHO MPHUOIMKEHHO
MPUHATH PaBHOU Py .

Ipumep. Omnpenenutb BEPOSITHOCTh PA3PYILICHUS] AJIEMEHTa KOHCTPYKIIUH,
€CJIM U3BECTHO, YTO CpEJ/IHEe 3HaUeHue nepeMeHHbIX Hanpsokenuid & = 100 MIla u
CpellHEe  KBAJIPATUYECKOE  OTKJIOHEHUE S:e=20 MIlla (mo  pgaHHBIM
TEH30METPUPOBAHUS); CpEeIHEE 3HAUCHHUE npesena BeiHocauBocTu 1| = 200 Mlla u
cpeaHee KBaapaTudeckoe oTkiaoHeHue Sy = 30 MIla (1o gaHHBIM MCHIBITAHWUN Ha
BBIHOCJIUBOCTD ).

Pemenune. Haxoaum no ¢popmynam

I

= | — § = 200 — 100 = 100 MIla;
= }/30% + 207 ~ 36 MITa.

gl
I

BeposTHOoCcTh paspyieHus mo Gopmyiie (17.8)

Ppaap=_é__m(8_§:) =

] 100 |
=7 -0(3)=g—oemn

[To TaGnune 3nauenuit pynkuuu Jlamnaca

® (2,78) = 0,49728;

Ppasp == % - 0,49798 == 0,272.10-2.

Mo npubnmxentoi popmysie (17.13)
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2,781
2 X

] —

1 1
X (' — 577 T3 57 ) =
— 0,277. 102,

3HavyeHus BEPOSITHOCTH pa3pyIeHus, BBIYHCIICHHBIC
110 CPEJTHUM 3HAYCHUSIM U C YYETOM pAaCCEsIHUS JKCIIEPHUMEHTAIBHBIX JaHHBIX,
CYHIECTBEHHO pACXOAATCS MEXAy coOoil. B mpakThdyeckmx pacuerax clemyer
yKa3bIBaTh, MPU KAKUX YCJIOBHMAX MOJYYEHO PACUETHOE 3HAYEHHE BEPOSITHOCTH
pa3pylICHHUS.

BeposiTHOCTB pa3pylIeHHsl KAK XapaKTEpUCTUKA MPOYHOCTHOM HAJIEKHOCTH
IPAaBUJIBHO OTPa)KaeT KayeCTBEHHbIE OCOOCHHOCTH 3aJjauyd: OHA BO3pacTaeTr IMpH
YMEHBUIEHUM 3amaca IMPOYHOCTH U YBEJIMYEHUU pPACCesSHUS HArpy3okK U
MEXaHUYECKUX CBOMCTB  MarepuasnoB. OnHako ee HMCHNOJb30BaHHE KaK
HOPMATHBHON XapaKTepPUCTHKM Ui ONPENEJICHHs OTKa30B OTBETCTBEHHBIX
KOHCTPYKIIUH (pa3pylIeHU ¢ TSKEIBIMU TOCIEICTBUSIMH ) OTPAHUYEHO:

a) 3HAUCHUEC BCPOSTHOCTH  pa3pylICHHWs  3aBUCHUT OT  «XBOCTOBY
pacrpeneneHuii, KOTOpble Jaxe ™o BblIOOpkaM Oousbiioro oObema (N>100)
OTIPEICIIAIOTCS BEChbMa HETOYHO (TOTPENTHOCTh MOXKET COCTABJIATH HECKOJIBKO
MOPSZIKOB). B CBSA3M ¢ 3TUM pacueTHast BEPOSTHOCTh Pa3pyIICHUS HOCUT YCIOBHBIM
xapakrtep. PeanbHbIll CMBICTT UMEET TOJBKO CPAaBHEHHE DJIEMEHTOB BBIITOJIHEHHBIX U
BHOBB MIPOCKTUPYEMBIX KOHCTPYKIIHHA, TIPOBOJIUMOE B COTIOCTABUMBIX YCIIOBHSIX;

0) mpu pacyeTe MOMYCKaeTcs BO3MOXKHOCTH aBapuu (Katactpodsl), 5TO
CO3/1aeT 3aTPYAHCHUS TICUXOJIOTHUECKOTO XapaKTepa.

PaccmoTpenHass craTUCTMYecKas MOJENIb MPUTOJHA JUIsl OTKa3oB C
OTPaHUYCHHBIMU MOCJIEACTBUSIMH, JUTSL KOTOPBIX JOIYy CTUMO
MCITIOJIb30BaHUE BEPOSTHOCTEH pa3pymeHust Ppasp >107°,

bonee 000CHOBAHHO HCIIOJIB30BaHHUC B Ka4yCCTBC HOPMATHUBHBIX
XapaKTCPUCTHK, 0COOEHHO A1 IMPOYHOCTHBIX  OTKA30B C  TAXKCIIBIMHU
MNOCICACTBUAMM, CTATUCTUYCCKUX 3allaCOB IIPOYHOCTH.
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Tema 5: 3a1auu U1 BepPOSAITHOCTHbIE METOAbI MX pellieHHs HA OCHOBE
CTATHCTHYECKOT0 MOAEJHPOBAHUS CIAYYAWHBIX BeJIMYMH M CJAYYailHBIX
NpoIeccoB

Jlekumss 18. OmnpenejieHue CTATHCTHYECKUX XapaKTepUCTUK
MPOYHOCTH

CTATUCTHYECKHUE 3AITACBI IPOYHOCTHA

[IpenenvHoOE (pa3pyliatroniee) U ACHCTBYIOIINE HANPSYKEHNS B OACHOW TOYKE
JETaI MOXHO PACCMaTPHUBATh KaK CIyYalHbIC BETUYHHBDI.

Torga 3amac NPOYHOCTH KOHKPETHOM JI€TAIM MPEJCTABISET BEIUYUHY
CIly4YalHYIO:

g
n=—= P23 _ _ -’E—- .
Umﬂx k-

(18.1)

Ecmu F(n) — dyHKIus pacupenenceHus 3amacoB  NPOYHOCTH, TO BEIUYMHA
3armaca MPOYHOCTH, COOTBETCTBYIOIIAS YPOBHIO 3HAUYUMOCTHU ( YJOBIETBOPSET
YCIIOBHIO

F [n(g)] = Bep [n< n (g)] = gq. (18.2)

B GonbIIMHCTBE MPaKTHYECKHUX 3a/a4 MapaMmeTpbl GYHKIUH pacrpeaeIeHHs
«BOCCTAHABIIMBAIOTCA» TIO0 BBIOOPKAM OTPaHMYEHHOTO0 O0beMa C OMpeesieHHON
JIOBEPUTEILHON BEPOSTHOCTHIO. B CBSI3M ¢ 3THM U 3amac MPOYHOCTH 3aBUCUT OT
MPUHATOTO 3HAYECHUSI I0BEPUTENbHON BEPOSITHOCTU

n=n(g Py
Hanpumep, 3anuce
n (g, Pg)= (0,01; 0,95) = 2

03HAYaeT, YTo ToJbKO y 1% Bcex u3aenuil 3amac MpOYHOCTU MOKET OKa3aThCs
MEHbIIIE 2, TPUYEM 3TO YTBEPKICHUE CIPABEIMBO, M0 KpalHen mepe, st 95%
ciny4yaeB ucnbiTaHuid. C MareMaTHuecKoW TOYKUA 3PEHHUS 3TO PABEHCTBO HMEET
CIIETYIOIINI CMBICIT:

Bep [Bep (n<< n (9. Pp)=gql =Py
(18.3)
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[IpubanxeHHbIi  MeTOd  ompeAeeHUsl CTATHCTHYECKOro  3amaca
NPOYHOCTH

B MNPAKTHYCCKHUX pacucTax 3aracC rIpoYHOCTH

n e (Opaaplmin __ fmin_
(Omax) max Emax (18.4)

HCHOJII)3YIOT HMKHUC 3HAYCHUA I IIPCACIIOB IIPOYHOCTH M IIPEACIIOB
BBIHOCJIMBOCTH 110 CITPABOYHBIM JAHHBIM HMJIN MCXAaHNMYCCKUM HCIIBITAHUAM.

IIpu ompeneneHMM MaKCMMAJIbHOTO HANPSDKEHHST B OMACHOW TOYKE JETaIU
Omax YUWTBHIBAIOT HambOojee HEOIarompusiTHbIC YCIOBUS HArpyXeHHs U APyrHe
dakTophl, MPUBOIAIIME K BO3pACTAHUIO HampspDkeHH. OJHAKO JOCTOBEPHOCTD
OLICHKN Opasp M Omax HE YKA3bIBAETCS, UTO 3aTPYAHAET CONOCTABICHUE HAJEC)KHOCTH
I10 3a1acy MPOYHOCTH.

Haubonee mpocToii W MNpakTUYECKH TMPUTOJHBIA METOJA OIpeAeNICHUs
CTaTUCTUYECKUX 3aIlacoB IPOYHOCTH COCTOMT B cieayrouieM. MuHuUMallbHbIE
XapaKTePUCTUKH IPOYHOCTH U  MAaKCHUMaJIbHbIE  3HAYEHUs  HANPSHKECHUU
YCTaHaBIIMBAIOT B COOTBETCTBMM C HOPMHUPOBAHHBIM YPOBHEM 3HAYMMOCTH U
JIOBEPUTEIILHON BEPOSATHOCTHU:

Nmin (90 Pry)

?

Emax (¢35, Pxz) (18.5)

nig, Py) =

rae On, e, 1 Pm , Px, — ypOBHM 3HaUMMOCTHU U JIOBEPUTEIILHBIC BEPOSITHOCTH, C
KOTOPBIMH  ONPEACISIIOT  (9KCIIEPUMEHTAIBHO) pa3pyllaloliee HaNpsOKeHUE U
MaKCHUMaJIbHOE JIEHCTBYIOIEE HampsikeHHe. B mpakThueckux pacdeTax MOXKHO
MIPUHATH MPHUOJINKEHHBIE COOTHOIIICHHUS:

§= Gn = Qg
Py= Pyn=Ppt. (18.6)

CraTucTUdecKkre 3amachbl MPOYHOCTH, KaK U OOBIYHBIC 3armachl MPOYHOCTH,
UMEIOT yCJIOBHOE 3HaueHue. OHU CilyXaT KpPUTEPUSMU CPaBHEHUS HaJECKHOCTH
BHOBb CO3J]aBa€MbIX M3JICIHNI C U3JIEAUSIMHU, YIOBIETBOPUTENHHO pabOTAIOIIMMU B
sKkcruryaTaiui. OCHOBHOE MPEUMYIIECTBO CTATUCTHUECKOIO 3amaca MpOYHOCTH 10
CPaBHEHUIO C OOBIYHBIMM (JI€TEPMUHUCTCKHMHU) 3arlacaMd COCTOMT B TOM, UTO
COMOCTAaBJICHUE MPUBOJUTCS K OJUHAKOBBIM YCJIOBHIM (10 00bEMY HCIIOIb3YyEMOM
uHGOpMaIUK) N0 PACCESTHUI0 MEXaHMUECKUX CBOMCTB MaTepuala U JIeHCTBYIOIINX
HaIPSKECHNAN.
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Ecnu paspywaroniee M JAEUCTBYIOIIEE HANPSDKEHUS paclpeleeHbl 1o
HOPMAJILHOMY 3aKOHY, TO MOYKHO NMPUHSATH

n (g, Pn] =
n, — Ko ("0 9 Pr) Sy,

E’"'-: + Ki [ﬂz. 9 IPI[) SE”I

(18.7)

TJIE Mni- CPETHEE 3HAYCHUE Opasp: N1 — YHUCIIO HCIBITAaHUHA (00BEM BBIOOPKH), Ha
OCHOBAHMU KOTOPOTO OIPENENICHO 3HAYCHHE Smi — CpEIHee KBaJIpaTH4ecKoe
OTKJIOHEHHUE ISl BEIOOpKH oO0beMa Ni; &z M Sen2 — cpeAHee 3HAUCHHE U CPeIHEe
KBaJIPATHYECKOE OTKJIOHEHHWE, IOJIy9CHHOE JUIS JCHCTBYIOMICIO HANPSDHKEHUS B
OIMMaCHOM TOYKe mpu N2 UcTIbITaHusIX [cM. Gopmynsl (17.28, 17.28a) u Ky |, Kz —
OJIHOCTOPOHHHE TOJIEPAHTHBIE KO OUIIUEHTHI.

OKCHEpUMEHTAIILHOE HCCICJOBAaHUE JICUCTBYIOIIMX HANPSDKEHUW IyTeM
TEH30METPUPOBAHMUS YAaCTO IPUMEHAIOT IIPU  ONPEACICHUHM  IEPEMEHHBIX
HampsDKeHW  (Bajbl, JIOMaTKM ©W T. I.). B JApyrux ciydasx u3y4aroT
HKCIIEPUMEHTATILHO YCJIOBHSI HarpykeHus (yCwius, TeMIepaTrypsl u 1p.),
OLICHUBAIOT BEPOSATHOCTD ITOSIBJICHHUSI MAKCUMAaJIbHBIX HArPY30K U T. II.

IIpumep. TpeOyercs omnpeaenuts (IpU ypOBHE 3HAYUMOCTH ( =
0,01 u moBepureanHoi BepostHoct Px = 0,99) 3amac mpoyHOCTH 3iIeMEHTa
KOHCTPYKIIMH, s KOTOPOMW Cpe/IHee 3HAUYCHHUE Mpejesia  BBIHOCIHUBOCTH,
MOJyYEeHHOE B IIECTU UCHBITAaHUAX N1 cocTaBmiio 6-1 = Mn1 = 420 MlIa, a cpennee
KkBazpatuueckoe otkioHenue S = 20 Mlla. Cpennee 3HaueHHE TepeMEHHBIX
HanpspKeHU# npu Ter3oMetpupoBanuu 10 anemenToB N2 gano M.O. 6a = &2 = 60
MlIa, a cpenHee kBagpaTHUECKOE OTKIOHEHUE Senz = 15 MIa.

Pemenne. MuHnManbHOE 3HAYEHUE MIPEJIEIIA BBIHOCIUBOCTH

nmgn = ﬁﬂ: - K'ﬂ (nl' Q‘ PJI) S“n’l- (188)

[Ipu nu =6,9g=001 u P: =09 1o tradume 1 3HaAYeHMI
TOJIEPAHTHBIX KOY(PPUUHMEHTOB HAXOAUM

U TOT/Ia

Nmm = 420 — 5-20 = 320 MIla.

MakcuMalIbHOE 3HAYEHUE IEPEMEHHBIX HAIIPSKEHUN
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Emax = E'n, + KE (2 ¢ Pn) SE"-' (18.9)

IMpu n2 =10, g = 0,01, u Px = 0,99 no tabnuiie 3HaA4YCHUI TOJICPAHTHBIX
K03((PUIIMEHTOB HAXOIUM

Kg (10; 0,01; 0,99) = 4,06

u

Nmax = 604 4,06-15= 121 MIla.
3amnac npoYHOCTH

n (0,01; 0,99) = _:]%1. - 9.64.

3HauYCHUS BCPOATHOCTH PA3PYIICHUA Ppa3p B 3aBUCUMOCTHU oT 3alriaca

IPOYHOCTH MO CPeAHMM 3HaueHUsAM HampspkeHuid (cM. Ckan tabmuisl 1 Ha cTp.
119).

HopmanbHbIN 3aKOH pacnopCacjacHud MMOBbIIIACT OIIaCHOCTB OO0JIBIIINX
OTKJIOHEHHMH M 4YacTto OoJee I_IGJ'IGCOO6p213HO HUCIIOJIb30BaTh  YCCUCHHBLIC
pacipCcaciIiCHUA.

Y4uuThIBas, 4YTO BEPOSTHOCTHBIE PACUETHI HOCAT CPABHUTEJBHBIN XapakTep,
pPEKOMEHYyeTCS Ui €AUHOOOpas3usi UCIOJIb30BaTh MPHUOIUKEHHBIC TOJEPAHTHHIE
KO3 PHUITHECHTHI.

PaccMmoTpum TEnepb CIIyyaM, Korja CTaTUCTUYECKHUE
XapaKTEePUCTUKU HAMPSDHKEHUN CUMTAIOT  M3BECTHBIMU. OJTO  O3HA4YaeT, uTo
CJy4YailHble BEJIWYMHBI MPU3HAIOT JOCTOBEPHBIMM HA OCHOBAHWM MPEIBIIYLIErO
OTIBITA WM OOJBIIIOTO YMCTIA UCCIeNOBaHUN. Torma CTaTUCTUYECKUI 3amac OyaeT
3aBUCETH TOJBKO OT YPOBHS 3HAYUMOCTH.

HpI/I HOPMAJIBbHOM pacnpcacaICHUN 6y;[eM HNMCTD

n {q} —_— f! _ ”I-I?S‘l! —

é -+ ul-qSE

| — Uy _qln

4ty qun (18.10)

rae Uiq — OJIHOCTOPOHHMI KBAaHTWIb JIOBEPUTEIbHON BEPOSITHOCTHU
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Pp=1-—4q.

Bemnunna

ir
|
wlldq

MMpeaAcCTaBsACT c000ii 3amac 1o CpPpCAHUM 3HAYCHUAM.

Koadhpunments! Bapuamm

Sﬂ . . SE

I"'I'|="'—__—""-|r = s——,

3

3HaueHust Uiq IS HEKOTOPHIX 3HAYEHWH YPOBHS 3HAYUMOCTH OyIyT
CJIeIYIOLUMU:

g . -« .« - . . 010 005 0.01 0.0014
uy « . . . . L29 1.64 2,33 3.00
~-q
Cas13b 3aracoB IIPOYHOCTH B BCPOSATHOCTHU

paspyuieHus. BeposiTHOCTb pa3pylIeHHs ONPEIEISIOT 10 popmyIie

1 4 )
P = —a — Q| =
pasp 2 ( St
! 1
zz —— e (D [ ——
2 = ( v ) ?
(18.11)
rae v; — KodpUIUEeHT Bapuauu pyHKIUN Hepa3pyIIeHus,
S S3
A e
n—¢ (18.12)

PaznenuB  yucnurens W 3HAMEHATENb  MOCIEAHETO  COOTHOUICHMS
Ha § Moay4uM

/v + n-t
o VT,

fi—-1 (18.13)
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reve 4 Uy — KOd(h( UUMEHTHl BapuallMM AEUCTBYIOIIMX U Pa3pyLIAIONINX
HaHPSDKEUHWI; N — 3amac 1Mo CpPeIHUM 3HaueHusM. Temeph paBeHcTBO (18.11)
MOJKHO 3amHcaTh TakK:

|

Prasp =5 —

A — |
—® _ —
-,/ui%—ﬁ*uz

L (18.14)

N3  2TOro  COOTHOWIEHWS  CIEQYET,  YTO BEPOSATHOCTb Pa3pylLIEHUs
OIIpENeNACTC 3amacoM IPOYHOCTH IMOCPEAHUM 3HAYECHUAM pas3pyllalomuX |
JNEUCTBYIOUIUX HAMPSHKEHUN U KO3PPUIIMEHTAMU WX BapHAIHi.

CBs13b BEpOSITHOCTH pa3pyIICHUs U 3a11acoB MMPOYHOCTH MOKa3aHa B Tabd. 1.

3amacel MO CPEAHUM 3HAYEHUSAM OOJbIlIe MPAKTHUYECKH MPUMEHSIEMBIX
3amacoB NPOYHOCTH, NPU ONPEAECIECHUH KOTOPBIX HCHOJB3YIOT HAWMEHBIINE
3HAYCHHs Pa3pyIIAONIUX HANPSHKEHUH U HAuOONbIINE 3HAUCHUS NEHCTBYIOIINX
HaIpPSHKEHNAMN.

Jlekuusi 19. OmnpenesieHue CTATUCTHYECKHX XaPAKTEPUCTHK BHEIIHUX
HArpy30K

Breninue Harpy3ku B IpolLecce dKCILTyaTallud COOPYKEHUH, KaK IPaBuiIo,
IPEJCTaBISIIOT COOOW HE MPOCTO CIIy4aiHble BEJIWYUHBI, HO U CIIy4aiHbIe
nponeccel.  JUIsi  KOPPEKTHOTO ydera U3MEHSAEMOCTH Harpy3okK B
UCCIIEIOBAaHUSIX MPOYHOCTH HEOOXOAMMO CTaTHUCTUYECKOE OIMUCAaHHE HX
XapaKTEPUCTHK, MO3BOJIAIONIEE C TOCTATOYHOM JOCTOBEPHOCTHIO PEMIATh 3a1a4H
CTaTUKH, JWHAMUKH W YCTOMYMBOCTH, M TMPUMEHEHUE METOAOB TEOPUHU
BEPOSITHOCTH U TEOPUU CIyYaWHBIX MTPOLECCOB.

B 3aBUCHMMOCTHM OT CJIOXXHOCTH peHIaeMbIX 3aJa4 W HeoO0XOoauMoun
TOYHOCTH UX PEIICHHS BO3MOXKHBI  OMIIMPUYECKUE WCCICIOBAHUS IS
ONpENEIICHUs] BEPOSITHOCTH OTKa3a, KOrJa 3TO CBSA3aHO C MPEBBIILICHUEM
HEKOTOPOI'O 33JIaHHOTO YpPOBHS NapameTpa Harpys3ku S(t) XoTs Obl OAMH pa3 B
TEUCHHE WHTEpBajia BpeMEeHHU T, paBHOrO HA3HAYEHHOMY CpOKY CiykObl. B
ATOM CJIydae IOIYCTUMO pacCMaTpUBaTh OTKA3 B paMKax 3JIEMEHTAPHOU TEOPHUH
BEPOSITHOCTH. [[71 3TOro HEOOXOAMMO 3HATh IUIOTHOCTh pacHpeAesICHUs
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BeposTHOCTH P(S/T) MakcHMMasbHBIX 3HAUYCHUH Mapamerpa Harpy3ku S(t) B

npeaeiax pa3indHbIX HHTepBasoB BpeMeHH HaOmoaeHus T (Ti < T2 < Ta)
(puc.19.1.).

F’ﬁf’?[ 57,
h>h

0 5
Puc. 19.1. Mi3meHeHue TUIOTHOCTH pactipeaesieHus Beposstioctu P(S/T) ms
MaKCUMaJIbHBIX 3HAYEHUHN HArPy3KH C YBEJIMYEHUEM BpeMeHU HaOmoaeHus T.

CylllecTBEHHO, 4YTO pAacCIpeaesieHUs] 3aBUCAT OT MPOAODKUTEIBLHOCTU
HaOmoaeHuil. Ecan pa3oute Bpemss T Ha m paBHBIX JTOCTATOYHO OOJBIINX
uHTepBaioB AT, dYToOBI KOppemnsuss MaKCUMyMOB Ui JABYX COCEIHHUX
MHTEPBAJIOB ObLIA MPEHEOPEKUMO MAJIO, MOKHO a0COJIFOTHBIE MAKCUMYMBI IS
Kaxaoro wuHtepBana AT mnpuOmMMKEHHO paccMaTpuBaTh Kak Cly4ailHbIe
BEJIMUMHBI B MOCJIEIOBATEILHOCTH HE3aBUCHUMBIX UCTIBITAaHUI. Torna mioTHOCTh
BepostHocTH P(S/T) onpenenurcs o Gopmye [7]:

oOF (S|AT)
os 7 (19.1)

rne F(S | AT) — byHKIHS pacnpeae/ieHUus] BEPOSITHOCTH JIJISi MaKCHMyMOB Ha
0a3e nabmoaenus, paBuoit A T.

PaccMOTpeHHBI  BBIIIE  TMOAXOJ  ONPEHECICHUS  CTATUCTUYECKHUX
XapaKTEPUCTUK BHEIIHETO HArpyKeHUs IPEAIOoaraeT KBa3UCTAaTHYECKOE
MPUJIOKEHUE HArPy30K M MO3TOMY MAKCHUMAJIbHBIE 3HA4YCHHS MapamMerpa
Harpy3kd B 3alaHHOM WHTEPBAJE BPEMEHH MOKHO CUWTATh CIIy4YalHBIMHU
BEJIMYMHAMM.

Ecnn mapamerp Harpy3ku ONMCBHIBACT JMHAMMYECKUM MPOLECC, TO €ro
CJIEyeT TPAaKTOBaTh KAK CIYyYalHBIM IIPOLECC C MHOKECTBOM pealU3alni,
KOKI0€ W3 KOTOPBIX XapaKTepU3yeTCs pPa3JIMYHbIM pPACHpENETICeHUEM BO
Bpemenu (puc. 19.2.).

BeposTHOCTHBIM aHANM3 paclpenesicHUun U ocpenHeHue OyIer,
€CTECTBEHHO , 3aBUCETH ISl CIIy4alHBIX MMPOLIECCOB OT MHTEPBAJIOB t1 - t2, 1 -
ts u T 1.

p (SIT) = mF™ 1 (§AT)
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Puc. 19.2. Harpy3ka kak ciaydailHbIN mporece (3proJuyecKuii)

Jns cranumoHapHBIX CIIy4alHBIX IIPOLIECCOB NpU T— o0 s KaxAaou
peanu3alydyd XapaKTepUCTUKA MaTeMaTHYEeCKOro OKHUJAHUSA, [UCIEPCUU U
KOPPEISILUOHHBIX (YHKIMA MPU 3aMEHE HHTErpajioB KOHEYHBIMM CYMMaMH
MO>KHO TOJYYUTh SMIIMPUYECKH WIH MyTEM MOAECIMPOBAHUSA C HEOOXOAUMOM
TOYHOCTBIO BBIOMPAst IPOIOJKUTEIBHOCTD peanu3armu T [7].

B  mmpoxoM, XO0TS ©“ He  OCOOCHHO  TOYHOM  TOHUMAaHHH,
ciaydaitabiM npotieccoM &(t) siBasieTcs 1r000# MPOTEKaroIIUi BO BPEMEHH POIIecc,
yIPaBISIEMbIN BEPOSITHOCTHBIMU 3aKOHAMH. Bonee
omnpeneneHHo: ciydaiiHas dyakms §(f) — 3To Takas QyHKIHS, 3HAYCHUE KOTOPOit
pu JF0O0M BO3MOKHOM t €CTh CllydaiiHas BeIHYHHA.

B wmaremarudeckoil TeopuM HET HHKAaKUX OCHOBAaHUH K TOMY, YTOOBI
NpUAaBaTh APTYMEHTY t KaKyl0-JIM0O ONpeneeHHYI0 HHTEPIIPETALHIO.

[Mpunsto  HaswBath &(t) cooywaliHBIM (MM CTOXACTUYECKHM,  HIIU
BEPOSITHOCTHBIM) TIPOLIECCOM, €CIM t MEHSETCS HEeMpEphIBHO, W  CIyYalHOU
[OCJIEJIOBATENbHOCTEIO (TPOLECCOM C JIUCKPETHBIM MapamMeTpoM, C JAUCKPETHBIM
BpEMEHEM), ecii t TOpPUHUMAeT CYETHOE MHOYKECTBO 3HaueHuil.  TepmuuH
«cnmydaiiHasg (YHKIMsD» OXBaThbIBaeT 00a STH ciydas, T. €. MPUMEHSAETCS TOr/a,
KOI'/Ia XapakTep U3MEHEHUS t TPOU3BOJICH.

B CBOIO ouepenb MHO>KECTBO BO3MOYHBIX 3HAYCHU N X
camoii cinyyaitHoi dysakimu &(t) To)ke MOXKET OBbITh KaK HENPEPBIBHBIM, TaK |
JTUCKPETHBIM. Takum o00pa3oM, HMMEIOTCS YEThIPE Pa3HOBUIHOCTH CIyYailHON
(GYHKIIMM B COOTBETCTBUM C YETHIpbMA KOMOWHAIMSAMHU JUCKPETHOCTH H
HEIPEPBIBHOCTU X " t. NHuorna BCE 9TH Pa3HOBHUHOCTH
Ha3bIBAIOT CJIYYaWHBIMU OPOLIECCAMHU, TOBOPS O AMCKPETHOM HWJIM HENPEPHIBHOM
nporecce (B 3aBUCUMOCTH OT XapakTepa X) C JUCKPETHBIM WM HENpepbIBHBIM
BpeMeHeM t. Pazymeercs, BO3MOXKHBI U CMEILIAHHBIE — JUCKPETHO-HENPEPHIBHBIC
IPOLECCHI, HO U3y4aTh YI0OHEHN KaXK/Iblil U3 3TUX BUJOB B OTAEIBHOCTH

Ecnu apryMeHT t nppuHUMAaeT KOHEYHOE MHOKECTBO 3HaueHuu t1, t2, t3..... th,
TO CJIy4anHasi MOCJIE0BATEILHOCTh CBOAUTCS, OYEBUHO, K
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COBOKYITHOCTH N ciy4aiHbix BenuuuH &(t1), §(t2), &(ts),......... §(tn), T. €. MOXKET
OBITh HMHTEPIPETHPOBaHA Kak N-MepHas CciaydailHas BeIWYMHA, 3afaBaeMasi, Kak
00BIYHO, CBOMM N-MEPHBIM pacIpeeIeHHEM BEPOATHOCTH ®(X1, X2, ...... Xn). Ecnu
K€ MHOXKECTBO 3HAUCHHMH t OECKOHEYHO (CUYETHO WM HEMPEPBIBHO), TO MBI
BBIXOJAMM 3a pPaMKH KJIACCHYECKOH TEOPHM BEPOSTHOCTEH H  HEOOXOIUMO
CHCLHUAIBHO OINpPEICIUuTh, KaK B OTOM Clly4ae HAJ0 IIOHUMATh 3aJlaHKe
ciydarinon pynknmu &(t).

beps 3a UCXOOHBIM MYHKT MHOYKECTBO BCEX BO3MOJKHBIX peaM3alui
ClIyyaliHOM (yHKLIHMH, MOXHO TOJYYHUTh HCUEPIBIBAIOLIYI0 €€ XapaKTEePUCTHKY
3aJJaHUEM PACIIPEICIICHNs BEPOITHOCTEN 3TUX pean3aiui. PaBHOCWIBHBIN, HO 11O
dopme oTimuHb moaxon, npuHamnexauwii E. E. Cioyukomy, onupaetcst Ha To,
uro &(t) mpu kaxaoM (PUKCUPOBAHHOM 3HAUCHHHU t €CTh CilyualiHasi BeIMYUHA. JTa
BEJIMYMHA ITOJIHOCTHIO 33JjaHa, €CJIM U3BECTHO €€ paclpeeiieHNe

@, (¢, x) dx =P {x <E() < x+dx}, (19.3)

T. €. M3BECTHA MIHOBEHHAs IUIOTHOCTH BeposTHOCTH ®1 (1,X) BooOIIe roBops,
3aBucsmias  or t.  Pasymeercs, Bmecto ol (t,X) MOXHO ~ 3amaTh
COOTBETCTBYIOIIYIO XapaKTEPUCTUICCKYIO (DYHKIIUIO

. gat
¢ l:.‘f, H} = S mewl [fr -x:' dx-
— (19.4)

Cay4aiiHble mponecchbl 4 MX OCHOBHbIE CTATHCTHYECKHUE
XapaKkTepUCTUKH

OyHKIMIO, 3HAYEHUE KOTOPOM TMPU KaXAOM 3HAYEHWH HE3ABUCUMOM

IIEPEMEHHOU ABJISIETCS CITyYaHOUW BEJTMYMHOM, Ha3bIBAIOT CIIy4alHOM
¢bynkuuen. Cnydaiinple QyHKIMK, A7 KOTOPBIX HE3aBUCUMOW IMEpeMEHHOU
ABJISIETCS Bpems t Ha3bIBAIOT CIIy4YailHbIMH MPOIECCaMHU

HIIN CTOXACTUYCCKHUMMU ITPOUCCCAMMU.

Ecnu, HampuMep, IPOBENEHO N OTACIBHBIX OIBITOB, TO B PE3yJbTATe
ciyyaitabril mporece X(t) moxer IIPUHATE N pa3IM4YHbIX HECITy4aiHbIX
(peryssipHbix) pyHkumit Bpemenu Xi(t) rme i =1, 2, .....n

Besikass  dynkius Xi(t)  koTopoil MOXeT oOKa3arcsi paBHBIM —CIy4aidHbIH
nporiecc X(t) B pe3yibTaTe OTIBITA, Ha3bIBaCTCA
peanu3anuein ciyyaitHoOro npouecca (Wid BO3MOXXHBIM — 3HAaYEHUEM  CIIy4ailHOTO
nporecca). CkaszaTh 3apaHee, IO KakOM M3 peajnu3aluil MOWJIET Mpouecce,
HEBO3MOKHO.
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Husa  moboro  (QUKCHUpOBAaHHOIO MOMEHTa BpeMEHM, Hampumeptlt =
t1 peanuzanms  caydaiiHoro mpoiecca Xi(tl) mpeacraBiasier co00H  KOHKPETHYIO
BCIIMYKMHY,  3HAUeHHWe ke ciaydaitHoit pynkimu X(ti) sBiusercs  ciiydaiiHOMN
BEJINYMHOM, HA3bIBAEMOM CEUYEHHMEM CIIy4alHOIO IIpoliecca B MOMEHT BpemeHH fi.
[TooTOMy Henb3s yTBEpXKIaTh, 4YTO CIy4YaWHBIA MPOLIECC B JAHHBIA MOMEHT
BPEMEHU MMEET TAKOE TO JETEPMUHHUPOBAHHOE 3HAYCHUE, MOXHO T'OBOPUTH JIMILIb
0 BEPOSITHOCTH TOTO, YTO B [JAaHHBI MOMEHT BPEMEHM 3HAYCHHUE CIIy4YaHHOIO
mpolecca  Kak ClydyallHOM BEJIMYUHBI OyJIET HAXOJUThCA B OMPEIEICHHBIX
npeenax.

CraTucTudueckue METOJIbI M3y4aroT HE KaX]IyrO u3
peanu3anuii Xi(t) oopasyromux mMHoxkecTBo X(t), a cBoMCcTBa BCEro MHOXKECTBA B
IICJIOM C TIOMOIIBIO YCPEIHEHUSI CBOMCTB BXOJIIMX B HEro peanusanui (puc.
19.2)). TlosTOoMy @pH HCCIENOBAaHMH O IOBENEHUH OOBEKTa CyIAT HE II0
OTHOIIICHUIO K KaKOMY-JHOO OIpPEACICHHOMY BO3ACHCTBUIO, MPEIICTABIISIIOIIEMY
3a1aHHYI0 (QYHKIIMIO BPEMEHHM, a 10 OTHOIICHUIO K IIeJIOH COBOKYITHOCTH
BO3JICHCTBHH.

Kak HU3BECTHO, CTaTUCTUYECKUE CBOWCTBA CIIy4YalHOMW BEJIMYMHBI X
OmMpeAeNstoT 1o ee (PYHKIHMH pacrupeneneHus  (MHTETpaJibHOMY  3aKOHY
pacripenenenusi) F(X) win mioTHOCTH BeposTHOCTH (auddepeHInaibHOMYy 3aKOHY
pacripenenenusi) w(X).

Crny4aiiHple BEJIMYHMHBI MOTYT HMMETh Pa3JIMYHbIE 3aKOHBI PACHPEICICHUS:
PaBHOMEPHBINM, HOPMAJIbHBIN, YKCIIOHEHIIMAIBHBIN U Ap. Bo MHOrMX 3a1a4ax O4eHb
YacTO MPUXOJIUTCA HMMETh JEJI0 C HOPMAJbHBIM 3aKOHOM pacmhpeneiacHus (Hin
3aKOHOM ['aycca), KOTOpBIN MOJIy4YaeTcCsl, €CIIM ClIyyaliHasi BeJIMYMHA ONpeaeseTcs
CyMMapHBIM 3P QPEKTOM OT ACUCTBUS OONBIIOTO YHCIA PA3IMYHBIX HE3aBUCHUMBIX
bakTopoB.

HamomHum, 4YTO cily4aliHasg BeIMYMHA X I[IPU  HOPMAJIbHOM 3aKOHE
pacrpeneneHus IIOJTHOCTBIO ONpenesaeTcs
MaTeMaTHYECKUM OXKHIaHUEM (CPeIHUM 3HAYCHHUEM) Mx U CpeaHUM
KBaJIpaTUUYECKUM OTKIIOHEHUEM Ox.

AHanUTUYECKOE BhIpAXKEHHE (PYHKIIMU PACTIPECIICHUS B 3TOM ClIydae

X

j e-—(x—— mx}ﬂfriﬂﬁn dx .
=00 (19.5)

Fx)=

2n o,

Cnenyer oOpaTuTh BHUMaHHUE Ha TO, YTO, XOTSI NEpPEeMEHHAsi HHTETPUPOBAHUS
U BEpPXHUU IMpenesa HUHTETpUpOBaHHUs OO0O3HAUYEHBI OJHUM CHUMBOJIOM, 3TO HE
OTpaXkaeTcsi Ha KOHEYHBIX pe3yJibTaTax MW HE JIOJDKHO TMPUBECTU K
HE0Pa3yMEHUSIM.
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AHanuTHyeckoe BBIPAKCHHC
INIOTHOCTH BCPOATHOCTHU 1A HOPMAJIBHOTO 3aKOHA PACIIPCACICHUA

dF (x) 1 e—{x—mxiﬂj{ﬂdi}
dx " Vn o, (19.6)

W(I}:

Tunuunble rpaduku  QyHKIMA pacnpeneneaus  F(X)  u  mimotHocTH
BEpOSATHOCTH ®(X) ISl pa3aMuYHBIX 3HAUCHUM Ox mpuBeacHbl Ha (puc. 19.3 a, 0).
M3meHeHue cpe/iHero 3Ha4eHHsl Mx BBI3bIBACT TOJILKO CMeIIeHne KpuBbiX F(X) u
®(X) Boosb ocu adcrmcc 0e3 u3MeHeHUs WX (GOPMBbI, a M3MEHCHHE BEIHMYUHBI
Ox BBI3BIBACT M3MEHEHHE MacIiTada BI0JIb 00CHX KOOPAMHATHBIX OCCH, MpHYEM
IIoIIaab, OrpaHHuYnMBacMas KpuBOH ®(X) M OChIO aOCHHCC, BCErla OCTacTCA
KOHEYHOU U PaBHOU €JUHULIE, T. €.

ni w (x)dx=F (x) T =1,
— 00 == 60 (19.7)

nockoJbKy F(0) =1, F(-00) =0

/ Gxp < Oxz
/._/

omx X

Oxy € Gxz
Cxz

Puc. 19.3

[Ipy KOHEYHBIX TpeAeiax HMHTETPUPOBAHUS BEIMYMHA HMHTETpajia Oyjaer
MCHBIIIE €JUHUIIBI. YK€ MpH Mpeenax UHTerpupoBaHus ot (Mx- 3ox) g0 (Mx +
3ox) BennurHa uHTerpaiga paBHa 0,997. Tak Kak BEpOSITHOCTb TOTO, YTO X JICKHUT
mexay (Mx - 3ox) 1 (Mx + 3ox) paBua 0,997, To BeauunHy 36x 4aCTO MCIIONB3YIOT B
NPaKTUYEeCKHX  pacdyeraXx B  KAauyecTBE BEPXHEW TIPaHUIBI  OTKIOHCHUS
OT CpEIHEeTO 3HAYCHHUS.
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st CllydaifHOTO Tporiecca TaKXKe BBOJIST
nousatue QyHkiwu pacnpenencHus F(X,t) U IUIOTHOCTHU BepOSTHOCTH ®(X,1),
KOTOpPbIC 3aBUCAT OT (UKCUPOBAHHOTO MOMEHTa BPEMCHU HaOMOJcHHS t U OT
HEKOTOPOTO BBIOPAaHHOTO YPOBHSA X, T. €. SBISAIOTCS (QYHKIMSIMH ABYX
MEPEMEHHBIX: X U L.

Paccmotpum CIIy9aifHYIO BEITHUUHY X(tw) T. €.
CE€YEHHE CIIyyallHOro Ipomecca B MOMeEHT BpeMeHu ti.  OpHoMepHOU
dbyukueit pacnpenenenus (pyHkuued — pacrpeneneHuss — MEpBOTO  HOPSAKA)
ciydaiiHoro mporecca X(t) Ha3bIBaIOT BEPOSTHOCTH TOTO, YTO TEKYIIEE 3HAYCHHUC
ciyvaitnoro mporecca X(t1) B MOMEHT BpeMeHH {1 He MPEBBIMIACT HEKOTOPOIO
3aJIaHHOTO YPOBHS (4KcCia) X1 T. €.

Fy (x5, ) = P {X () < x,}. (19.8)
Ecnu dynkiust Fi(X1,t1) iMeeT 9acTHYIO MPOM3BOIHYIO 110 X1, T. €.
Wy (—"C-l. -fll = aFl (Il, tl)'faxli (19.9)

To  (yHkuuoo m1(X1,t1)  Ha3pIBAIOT  OAHOMEPHOH  IUIOTHOCTBIO BEPOSTHOCTHU
(TUTOTHOCTBIO BEPOATHOCTH MEPBOTO MOPSIIKA) CIydaiiHOTO Tpoiiecca. BenmnunHa

wy (x1, &) dxy = P{x, << X () < %, + dx,} (19.10)

npecTaBisieT co00it BeposTHOCTh TOro, uTo X(t) HAaXOIUTCS B MOMEHT BpeMEHH t

clydaiiHbIe BETMUMHBI (cedeHuss ciydaitHoro mporecca) X(t1), X(t2),....., X(tn)
OyayT UMETh CBOH, B oO1eM clydae pasHbIe,
oHOMepHbIe (yHKIMU pacnpenencHus Fi(X,t1), Fi(x2,b2),....., F1(Xn,tn) 1
IUIOTHOCTH BEpOSTHOCTH ®1(X1,11), wi(Xat2),...... , 01(Xn,tn).

Oynkmn - Fi(X,t) 1 01(X,t) SBASIOTCST  TPOCTEHIIMMU  CTATUCTHYECKUMHU
XapaKTePUCTUKAMU CITy4aitHOTO nporecca. Onnu
XapaKTePU3YIOT CITyYalHbIN MPOIIECC H30JIMPOBAHHO B OT/ACIIBHBIX €r0 CEUYCHUSX,
HE pacKpbIBasi B3aMMHOM CBSI3U MEXKIAY CEYEHHUSIMHM CIIy4yalHOIO Ipolecca, T. €.
MEXy BO3MOKHBIMU 3HAYCHHUSMH CIy4ailHOTO TpoIlecca B Pa3IMYHBIC MOMEHTHI
BpPEMEHHU.

3HaHUS ATUX (YHKIUN erle HEAOCTATOYHO IS OINKCAaHUSA CIy4ailHOTO
npoiecca B obmiem ciydae. HeoOxoaumo oxapakTepus3oBaTh TAKKE B3aAUMHYIO
CBSI3b CIIy4alHbIX BEJIMYMH B PA3JIMYHBIC IPOU3BOJIBHO B3AThIE MOMEHTBI BPEMEHH.

Paccmotpum  tenepsn ciyuaitabie BenuunHbl X(t1) u  X(t2), oTHOCsSIIIUECS K
JIBYM pa3HbIM MOMEHTaM BpeMeHHU 11 U 12, HaOIIoieHus City4aifHOro mpolecca.
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BepostHocth Toro, uro X(t) Oymer He Oosbmie X1 mput=ti m He
Oompie X2 ipu t =12, T. €.

Fy s, 85 %5, ) = P{X (f) < %55 X () <o}, (191

HAa3bIBAIOT JIBYMEPHOU byHKUIMEH pacupeneseHus
(bynkrmeii pacnpenencHus Broporo  nopsaka).  Ecmu  gyskiust Fz2(Xa,ti;Xz,t2)
MMEET YaCTHbIE [IPOU3BO/IHBIE IO X1 U X2 T. €.

* & F (x , 13 xa, 12)
Weo (xli th Xo, tﬂ}: ﬁtﬂ".ﬂ ﬂlﬂ - ‘ (19 12)

TO GYHKIHIO 02(X1,11;X212) HA3BIBAIOT IBYMEPHOH ILUIOTHOCTBIO BEPOSITHOCTHU
(TUIOTHOCTBHIO BEPOSITHOCTH BTOPOTO Mopsjika). Benuuuna

Wy (X1, by Xg, £y) diy dxy = Pl <
< XB)<x Fdx, <X <
<Xy + dxa}, (19.13)

paBHa BeposTHOCTH Toro, uto X(t) mput = ti yOyaer HaxoauThCcs B WHTEpBAJC
OT X1 710 X1+ 0X1, a mpu t = t2 B MHTEpBaje OT X2 10 X2 + AX2

AHaIOrM4HO MO>KHO BBECTH ITOHSTHE OT n—MepHoﬁ q)YHKI_II/II/I pacrpeaciCHus.

Fr.'p {xl: tl; xﬂr tﬂ: seey Xy fﬂ.} = P{X {tl) i 'xl;
X {tQ) = Xgyeray X (tn) %x,,}. (1914)

Ecm  ¢ynxkums  Fn umeer YaCTHBIE  IPOWU3BOJHBIE IO BCEM
apryMeHTam Xi,X2,..,Xn, T. €.

Wa (%, By Xg boy oeey Xp, Ip) =
_ " Fp(x1, by X2, sy .5 Xn, n)

61:1 0xz ... Oxn (1915)

TO (GYHKIHIO (n HA3BIBAIOT N-MEPHOM IUIOTHOCTHIO BEPOSITHOCTU. YeM  BhlllIe
MOPSIAOK n, TEM MOJTHEE ONUCHIBAKOTCS CTaTUCTUYECKHUE
CBOICTBa ciyyailHOro mponecca. 3Has N-MEpHYI0  (QYHKLIHIO pacnpezesieHus,
MOYXHO HAaWTH 1O HEW OJHOMEPHYIO, IBYMEPHYI M Jpyrue BIUiotTh o (N-1)
byHKIMU pacnpeeneHus 0o1ee HU3Koro nopsiaka. OaHaKo MHOTOMEPHBIE 3aKOHBI
pacnpesieNieHusl CIlydalHbIX IIPOLIECCOB SBISIOTCA CPABHUTENBHO T'POMO3AKUMU
XapakTepUCTHUKAMH U C HUMH KpailHe TPYJIHO ONEPUPOBATh Ha npakTuke. Iloatomy
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IPU U3YYEHHH CIyYalHBIX MPOLECCOB YACTO OTPAaHUMYMBAIOTCS CIydasMH, KOrja
JUIS OIMCAHUS CIy4ailHOTrO mpoliecca JOCTaTOYHO 3HATh TOJBKO €ro OJHOMEPHBIM
WM IBYMEPHBIN 3aKOH pacIpeaesieHus.

[Ipumepom Cilyd4aliHOTO MPOLIECCa, KOTOPBIM MOJHOCTBIO XapaKTEPU3yeTCs
OJHOMEPHOW  IUIOTHOCTBIO BEPOSTHOCTH,  SBJSETCS ~ TaK  Ha3bIBACMBbIi
YUCTHIN CIydaiHbIi polece, miaM Oeinblil mym. 3Hauenus X(f) B aTom mporiecce,
B3SThIE B Pa3HbIE MOMEHTHI BPEMEHHM t, COBEPIICHHO HE3aBHCHMBI JPYT OT ApYra,
Kak Obl OJM3KO HHM ObUIM BHIOPAHBI 3TH MOMEHTHI BPEMEHH. DTO O3HAYaeT, YTo
KpuBas OCIIOro IifyMa COJCP)KUT BCIUIECKH, 3aTyXarollue 3a OSCKOHCYHO Mallbie
npoMeKyTKH BpeMenu. Tak kak 3Hadenust X(t) HampuMep, B MOMEHT BpeMeHH 11 U
t2 He3aBUCHMBI, TO BEPOSITHOCTh COBIAICHHS COOBITHH, 3aKIIOYAIOIIMXCA B
HaxoxaeHuu X(t) Mexay X1 ¥ X1 + 0X1 B MOMEHT BpeMEHH 11 U MEeXKIy X2 M X2 +
dX2 B MOMEHT {2 paBHAa IPOM3BEACHUIO BEPOSTHOCTEH Ka)IOT0 M3 3THX COOBITHH,
II03TOMY

[ {Il. !1; Xay tﬂ] =y {xli fi} Wy {xi' ii} (1916)

¥ BooOI1Ie 715t 6eToro nryma

w",[.ri.. 1'1; Xa, Iﬂ; eess Xpis tﬂ)‘=
=uy (x;, fi)w (xa, f2) ... W (Xp, £n), (19.17)

T. €. BCC INTIOTHOCTHU BCPOATHOCTHU Oesoro mymMa OmnpeACIAr0TCA H3 OI[HOMGpHOfI
IINIOTHOCTH BCPOATHOCTH.

Jlist cirydaiiHBIX TIPOIIECCOB OOIIET0 BUA, €CIIM W3BECTHO, KaKHe 3HAYCHUS
npuHsuta BenuunHa X(tk) B MOMEHT BpEMEHHU tk TeM caMbiM MMEEM HEKOTOPYIO
uHpopmanuio otHocutesbHO X(tm), Tmek < mrtak kak BenmuumHbl X(iK)
u X(tm), BooOIIIE TOBOPSI, 3aBUCHMBI. Eciu kpome X(t) uzBectra X(t1), rae | <k, to
unpopmanust o X(tm) eme Oosnee yBemuuMBacTCS. TakuMm 00pa3oM, yBEITUYCHUC
HAIllUX 3HAHUN O MOBEICHHWM IMpOIlecca IO MOMEHTA tk IPUBOIUT K TOMY, YTO
yBenuuuBaeTcst napopmarus o X(tm).

OpHako CyIIeCTBYeT OCOOBIM  KJIacC CIyYalHBIX MPOIIECCOB,  BIEPBBIC
MCCIICIOBAaHHBIX W3BECTHBIM MaTeMaTUKOM A. A. MapkoBbIM M Ha3bIBAEMBIX
MapKOBCKHMH CIyYaWHBIMH TIPOILIECCAMHM, JJisi KOTOPBIX 3HAHUE 3HAYCHUS
mporiiecca B MOMEHT 1k yiKe COepXHT B cebe BCIO MHPOPMAIIHIO O OYIyIIeM XOe
mpoIiecca, KaKyrw TOJbKO MOXKHO H3BJI€Yb W3 TOBEJACHHUS IpoIlecca A0 ITOTO
MOMEHTa. B  ciyyae MapKOBCKOTO CIly4ailHOTO  Tporiecca JJisi  ONpeeacHus
BEPOSITHOCTHBIX XaPAaKTEPUCTUK MPOIIECCA B MOMEHT BPEMEHU tm I0CTATOYHO 3HATH
BEPOSTHOCTHBIE XapPaKTEPUCTUKU IS JIFOOOTO OJHOTO TMPEAIIESCTBYIOIIETO
MOMEHTa BpeMeHHU tk . 3HAaHWE BEPOATHOCTHBIX XapaKTEPUCTUK TMpoliecca s
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JAPYTuX MPEIIIeCTBYIONMX 3HAYCHUH BpeMeHHu, Hampumep ti He mnpubasser
uHbopMaIi, HeoOxoaumMoM utst HaxoxaeHus X(tm).

I[J'ISI MAapKOBCKOTO ITponecca CripaBCJIMBO CICAYIOICC COOTHOICHUC!

Wn (X0 0 Xy a5 ..o Xn, La)=
wy (xy, 15, Xz, fa) Wr (xe, do: Xgo &3) .. Wz {Xn—y, In—yi Xn-In)

W, (X5, 1) Wy (Xzy 12) - - @) (Xn—1s In—s) ' (19.18)

_—

T. €. BCE IUIOTHOCTH BEPOSITHOCTH MapKOBCKOTO IIpolLecca OINpPEAENsIoTCS U3
JBYMEPHOU IJIOTHOCTU BEPOSITHOCTU. JIpyrMH CIIOBaMH, MAPKOBCKUE CIly4ailHbIe
MIPOLIECCHI MOTHOCTHIO XapAKTEPU3YIOTCS IBYMEPHOM MJIOTHOCTHIO BEPOSTHOCTH.

[TonsiTue 0 QyHKIMM pacrpefieieHus U IUIOTHOCTU  BEPOSITHOCTH
CJly4aiiHOro Tporecca 0OBIYHO MCTONB3YIOT TIPU TEOPETUUYECKUX MOCTPOCHUSX U
ompenelieHusX. B mpakThke ucciaenoBaHUs MPOYHOCTH COOPYKEHHM IIMPOKOE
pacnpocTpaHeHHE MOTYUYUIIN CPABHUTEIBHO 00Jiee POCThIE, XOTS U MEHEe MOJIHbIE

XapaKTePUCTUKU CIIy4ailHbIX MIPOIIECCOB,
AQHAJIOTUYHBIE YUCIIOBBIM XapaKTEPUCTUKAM CIIy4alHbIX BeJnduH. [Ipumepamu
TaKuX XapaKTePUCTHUK CIIy’Kat paccMaTrpruBaeMble

HMXKC MAaTCMAaTHUYCCKOC OXKMUIAAHUC, JUCIICPCHUsA, CPECAHCC 3HAUCHHUEC KBaJpaTa
cnyqaﬁHoro Impouecca, KoppeaIruOHHasA (I)YHKI_[I/UI, CIICKTpaJIbHAA IIJIOTHOCTD U

JpyTHe.

MaremMaTHYECKUM  OKHZaHHeM (CpeaHuM  3HadeHuneM) Mx(t) cirydaitHoro
nporiecca X(t) Ha3pIBAIOT BETHUUHY

M) =MIX @) = | xw,(x, Odx,
oo (19.19)

rae o1(X,t) — oJlHOMEepHas TNIOTHOCTh BEPOSITHOCTH CitydaiiHOTo mporiecca X(t).

MaremaTrueckoe oxunanue cirydainoro nporecca X(t) mpencraBiser coboi
HEKOTOPYIO  HeCAay4aiHyoo (peryispHyo) ¢yHkmuo BpemeHu Mx(t), okoio
KOTOPOH TPYNIUPYIOTCS U OTHOCHTEIHHO KOTOPOW KOJICONIOTCS BCE peau3aliiuu
JAHHOTO CiTy4aiiHoro nporiecca (puc. 19.4).

MatemaTuyeckoe OXXHJaHWE CIIy4ailHOro mpoliecca B KaxIblii (PMKCHUPOBAHHBIN
MOMEHT BpPEMEHHM lk pABHO MATEMATHUYECKOMY OXHUJAHUIO COOTBETCTBYIOUIETO
ceueHust ciydaiiHoro —mporecca X(tk) 1 mpencTaBiseT  coOOW  Omepariuro
BEPOSITHOCTHOTO YCpPEIHEHUs cliydaitHoi BemuunHbl X(tk), MpU KOTOPOM KaxKaoe
BO3MOYXHO€ 3HAYEHUE IS CIIy4YailHOM BEJMYMHBI X IPUHUMAETCS C BECOM, PABHBIM
3JIEMEHTY BepossTHOCTH m1(X,tk)dX.

MaremaTuueckoe 0°KMIAHUE HA3bIBAKOT CPEAHUM 3HAUEHUEM, CIYyYalHOTO IIPOLIECC
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a 0 MHOXXECTBY (CpPEIHUM IO aHCAMOJII0, CTATUCTUYCCKAM CPEIHHUM ), TIOCKOJIbKY
OHO TIPEJCTABIIIET COOOW BEPOATHOCTHO YCPEIHEHHOE 3HAUYEHHE OECKOHEYHOTO
MHO>KECTBA pean3aliy CIy4aitHOTro mpolecca.

a
,‘{%z 7

g}
(el

[
T,
3=
Y
By
/
b
e
&
&

Puc. 19.4

CpeIIHI/IM 3HAUCHHUCM KBaapara cnyqaﬁﬂor O IMpoucCCa HA3bIBAKOT BCIIMUNHY

oo

X () — M{X (D)%) = j £ w, (x, 1) dx.
e (19.20)

Yacro BBOJISAT B paccMOTpeHUe TaK Ha3bIBACMBIiA
IICHTPUPOBAHHBIN CITydaitHbIi poriecce X(t) Mo KOTOphIM MOHUMAIOT OTKJIOHCHUE
cirydaiiHoro nporecca X(t) ot ero cpemnero 3HaueHust Mx(t) wm

X (f) = X (f) —m(1). (19.21)
Torma cnywaiineiii mporecc X(t) MOXXHO paccMaTpuBaTh Kak CyMMY JABYX

COCTaBJISIFONIUX:  PErYJSIPHOM  COCTABISAIONIEH, PpPABHOM  MaTEMATUYECKOMY
oxxumanuio Mx(t) W IeHTpUpOBaHHOM CiTy4aitHO# coctaBsiromei X(t) T. e.

X (1) =m, (1) + X (1). (19.22)

OueBuaHO,
YTO MaTEMaTUYECKOE OKUJAHUE IIEHTPUPOBAHHOIO CIIyYaitHOTO MPoIiecca paBHO
HYJTIO:

MIX (1)) = M [X (t) —m () ==m ()— m (f) = 0. (19.23)
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Jiis Toro 4rtoObl KakUM-TO OOpa30oM y4ecThb CTEleHb pPa3z30pOCAHHOCTH
peanu3auuii CIy4aitHOro mpoiecca OTHOCUTEIBHO €ro CPeAHEro 3HaYCHUs!, BBOJST
MOHATHE JTUCIEPCUH CIYy4YalHOTO TMpollecca, KOTOpas paBHA MaTeMaTHUYECKOMY
0’KMJIaHUIO KBaJpaTa HEHTPUPOBAHHOIO CIIy4allHOro mpolecca:

o

D () =MUX () = | {x=m (OF wi(x Odx.
= (19.24)
Jucnepcust cliy4aliHOTO TIpOIIecca SBJISIETCS  HECIydyaHOW  (peryssipHoil)

¢byukuuei Bpemenn Dx(t) 3HaueHHEe KOTOPOH B KaXKIblii MOMEHT BpEeMEHH tk paBHO
JUCIIEPCUH COOTBETCTBYIOIIEro ceueHus X(ik) ciydaiiHOro mpoiecca.

JIerko I0Ka3aTh,
4yT0 MaTeMatudeckoe oxxuaanue Mx(t), nucrepcust Dx(f) u cpennee 3HaYeHKMe KBaa
para cliy4aiiHOro Impoiecca, HMEIOIINE Pa3MEpHOCTh

KBaJIpaTa CIly4ailHO!M BEJIMYHHBI, CBA3aHBI COOTHOLICHUEM
o 2
x* (f) = D (f) + mx (¢). (19.25)

OTkyna BHIHO, YTO CpeJlHEE 3HAUCHUE KBajpaTa CJIydallHOro mpolecca B
OTIpEICTICHHOW Mepe yYMTHIBACT M CpPEAHEE 3HAUCHHE CIIy4ailHOro mpoiiecca, U
CTEIEHb PACCESTHUSA €T0 peau3alliii OTHOCUTEIBHO 3TOT0 CPEIHETO 3HAUYCHUS.

Ha IMPAKTUKC YaCTO ObIBacT y,IIO6HO IIOJIB30BAaThCA CTAaTUCTHYCCKHMHU
XapaKTCPHUCTUKaAMU CJ'IY'-I&IZHOFO nmponecca, UMCIOINUMU TY K€ pa3sMCPHOCTb, UTO U

caMma cityvaiiHas BennunHa. K Takum XapakTepucTUKam OTHOCSIT:

CpeIHee KBapaTHIeCKOe 3HAYCHHE CITYIaitHOTO Tporecca

Xeul) =V RO =VD.OFmIO. (1926

paBHOE apupMETHIECKOMY 3HAYEHUIO KBaJpaTHOTO KOpHS
U3 CPEIHEr0 3HaYEHUs KBaJipaTa CIIy4aiiHOro Mpolecca;

cpelHee KBaIpaTUUECKOE OTKIOHEHHE CIIy9aifHOro mpolecca
0. (1) =V D, (1), (19.27)

paBHOE apudmernueckoMmy 3HAYEHHUIO KBaJpaTHOTO KOpPHSI
Y3 JUCIIEPCUH CIIy4YarnHOTO MpOolLiecca.

W3 BhIlIIECKa3aHHOTO BHJIHO, YTO CPEIHEE KBaJIpaTH4ecKoe 3HaYeHUE Xcx() 1
CpelHee KBaJpaTHUECKoe OTKIOHEHHE Ox(t) ciydaifHOro mporecca B 00IIeM ciiydae
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He coBragaoT. IlocmenHss xapakTepuUCTHKAa MCHOJIB3YETCS  TOJIBKO  JUIs
LIEHTPUPOBAHHBIX CIy4alHBIX IIPOLECCOB.

B 3aKJIOYCHUE 3aMeTHM, 4TO XOTsI HU MaTeMaTHYeCKOE OXKHUIaHUE,
HU JUCIIEPCHs] CITy4aifHOTO mpoliecca HU B KaKou Mepe HE XapaKTepU3yIOT
CTENEHb CTATUCTUYECKON 3aBUCUMOCTH MEXJYy  CEUYCHHMSIMU  CIIy4allHOTO  IIpolecca B
pa3ryHble MOMEHTBI BPEMEHH, 3HAHUS STUX XapaKTEPUCTHK YaCTO IOCTATOYHO JJISl PEIICHUS
MHOTHX 3a/1a4.

KoppeasiuuoHubie (PyHKIHUHU CIYYAUHBIX POLIECCOB

MaremaTuyeckoe  OXUJAHUE W JAUCHEPCHUs]  SBISIOTCA  BaXKHBIMU
XapaKTepUCTUKAMM CIy4yailHOro mpouecca, HO OHM HE JaloT JIOCTaTOYHOTIO
MPEACTaBICHUA O TOM, KakOW XapakTep OyIyT HMETh OTAEIbHBIC pean3aliu
Clly4aifHOTO Tmporecca. JTo Xopomo BHIHO u3 puc. 19.4, rae mnokazaHsl
peanu3anuu ABYX CIy4YalHBIX MPOIIECCOB, COBEPIICHHO pA3JIMYHBIX IO CBOEH
CTPYKTYPE, XOTH u UMEIOIINX OJINHAKOBBIC
3HAYEHHUS MAaTEMAaTUYECKOT0 OXKUIaHus u qucnepcuu. IITpuXOBbIMU JIMHUSAMU Ha
puc. 19.4 nokazansl 3HaueHus1 30x(t) A caydaiiHbIX POIIECCOB.

[Tpouecc, n3o0OpakeHHslii Ha puc. 19.4, a, oT OAHOTO CEYEHHs K JPYyromy
MPOTEKAaeT CPaBHUTEIBHO IUIABHO, a Tporecc Ha puc. 19.4, 6 obmamaeT cuiIbHOU
M3MEHUYMUBOCTBIO OT CEUYEHHMs K ceueHuto. [1oaToMy cTaTucTUueckas CBSI3b MEXIY
CEYEHUSIMM B TEpBOM ciayyae Oobllle, 4YE€M BO BTOPOM, OJHAKO HHU
M0 MaTeMaTHYE€CKOMY OKUJIAHUIO, HU TIO TUCTIEPCUU ITOTO YCTAHOBUTH HEIB3SI.

Yto0B1 B KaKOM-TO Mepe 0XapakTepu30BaTh BHYTPEHHIOIO
CTPYKTYpY CIy4allHOTO Ipolecca, T. €. YYeCTb CBSI3b MEXIy 3HAUCHHUSIMU
CIIyyallHOTO Tpoliecca B Pa3jMYHbIE MOMEHTHI BPEMEHHM WJIM, UHBIMH CIIOBaMH,
y4eCTh CTEMeHb W3MEHUYMBOCTH CIy4allHOTO TIpoliecca, HEOOXOIUMO BBECTH
MOHATHE O KOPPENSAIUOHHOW (aBTOKOPPEISAIMOHHON) (QYHKIMU CIIy4aiHOTO
npolecca.

Koppeassunonnoii pynkuueii ciryyaiHoro npomnecca X(t) Ha3pIBAIOT
HecnyJaiHyo (QyHKIHIO IBYX apryMeHToB Rx(ii;t2)koTopas mis kaxmoil mapsl
NPOM3BOJHHO BBIOPAHHBIX 3HAYCHUH apryMeHTOB (MOMEHTOB BpeMeHH) 1, u
t2 paBHa MaTEeMaTHYCCKOMY OYKUJIAHUFO TIPOM3BEICHUS
ABYX cryuaitHeix BemumunH X(t1) u X(t2) COOTBETCTBYIOIMX CEUEHHMH CIydaifHOro
nporecca:

R:a: {tli f&} =M [}"( (fl} j( {tz]] —= :T T {Jﬁ _mx (‘tl]} X

e ) — 0

X {xg— My (L)} wa (X3, 15 Xo, o) dxy dxs, (19.28)
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rae ®2(Xa,t1;X2t2) — nByMepHas IIOTHOCTh BEPOSTHOCTH;

X (f)= X () —m,(1). (19.29)
LIEHTPUPOBAHHBIN CIIy4YalHBIN IIPOLECC;

mx(t) — maremarndeckoe oxuganue (CpeaHee 3HAYCHUE)  CIIyYaHOIO
npoiiecca.

Paznuuneie cnyqaﬁHHe npouecCol B 3aBUCHUMOCTHU OT TOI'O, KaK M3MCHAIOTCA
HX CTATUCTHYCCKUC XAPAKTCPHUCTUKHM C TCUCHHCM BPCMCHH, ACIIAT HaA
CTAaOMOHAPHBIC U HCCTAITMOHAPHBLIC. Pa3z:en;1}oT CTAaIMOHAPHOCTDL B Y3KOM CMBICIIC
A CTAIMOHAPHOCTb B IIMPOKOM CMEICJIC.

CranuoHapHBIM B y3KOM
CMBbICJI€ Ha3bIBAIOT ciaydaiineiil mporece X(t), eciu ero n-
MepHbIe PYHKIIUU PACIIPEICTICHUSI U TJIOTHOCTH BEPOSITHOCTH IIPH  JIIOOOM N He
3aBUCAT OT caBura Bcex Touek tile..th BIONB OCHM BpEeMEHM Ha OIJUHAKOBYIO
BEJINYUHY 7 T. €.

Fn {-’:1; 't}; Xg, Loy «oy Xny tn}'_""" Fﬂ (xh fl —I_'T'r

Xa, tﬂ + Ty ey Xno t'u ""T};

Wy {xll flr Xg, t2! '“; Xns fn}r“wn {xh f1'_I'T;n

Xp, b T5 oot Xny L) (19.30)
Ot1o o3Hawaer, uyto aa mpomecca X(f) m  X(t+7) umeroT omMHAKOBBHIC

CTaTUCTUYCCKHE CBONCTBA JJIA JI000T0 7 T. €. CTaTUCTUYECKHUE XapaKTCPUCTHUKHU
CTaoMOHapHOIO CHy‘I&ﬁHOFO nponecca HCM3MEHHEBI BO BPCMCHHU.

CranuoHapHbBIN CIydyailHBI ~ TpoIlecC — ATO  CBOEr0  pojia  aHajor
YCTaHOBUBIIIETOCS npoiiecca B JIETCPMUHUPOBAHHBIX CUCTEMaX.
JIx000i1 mepexoIHbIN MPOIIECC HE SABISIETCS CTAllMOHAPHBIM.

CTanmoHapHBIM B IIHPOKOM CMBICJIe Ha3bIBAIOT ciiyvaiiHsblii iporiece X(t),
MaTeMaTH4YECKOE 0KUIAHUE KOTOPOTO MOCTOSHHO:

M [X ()] = m, = const, (19.31)

a KOppEeJSIIIMOHHAsT (PYHKITUS 3aBHCUT TOJBKO OT OJHOM TMEPEMEHHOW — Pa3HOCTH
apryMeHTOB 7 = t2 — t1; IpU 3TOM KOPPEIAIUOHHYIO PYHKIIUIO 0003HAYAIOT
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Ry (1) =Ryt & +1)=MIX () X, + 1)) =

-~ f f {x1 —my (ty)} {Xa —my (b, + 1)} ¥
X Wy (Xy, Xg, T) dxy dx,. (19.32)

[Ipotiecchl, cTalMOHapHBIE B Y3KOM CMBICIIE, 00s3aTEIbHO CTAllMOHAPHBI U B
IIMPOKOM CMBICIIE; OJJHAKO 00paTHOE YTBEPKIEHUE, BOOOIIE TOBOPSI, HEBEPHO.

[ToHsATHE CIly4allHOTO IPOLIECCA, CTAllMOHAPHOIO B  IIHPOKOM  CMBICIIE,
BBOJIUTCSI TOrJa, KOrJa B Ka4eCTBE CTAaTUCTHUYECKUX XAPAKTEPUCTUK CIIyYaHHOTO
mporecca UCIIOJIB3YIOTCS TOJBKO MAaT€MaTUYECKOE 0KUJAHUE U
KoppensinnoHHas GyHKuug.  YacTh TEOPUM CIy4alHBIX ~ MPOIECCOB,  KOTOpas
ONMCHIBAET CBOMCTBA CIIYYalHOTI'O IIPOLIECCA YEPE3 €r0o MaTeEMATUYECKOE 0KUIAHUE
U KOPPETSMOHHYIO (DYHKIUIO, HA3bIBAIOT KOPPEISIITUIOHHON TEOPHUEH.

Jutst CITy4ailiHOTO nporuecca C HOPMAaJIbHbIM 3aKOHOM
pacripesielicHusT MaTeMaTHIeCKOe  OXKHUAAHUE U KOppeIsIuoHHAas  (PyHKIuS
MOJIHOCTBIO OMPEAETSIOT €0 N-MEPHYIO INIOTHOCTh BEPOATHOCTH.

HOBTOMy AJIs1 HOpMaJIbHBIX CﬂyqaﬁHBIX PO CCCOB MOHATUSA CTAHUOHAPHOCTHU
B IIMPOKOM U Y3KOM CMBICJIC COBITAZarOT.

Teopwus cTarmoHapHBIX MPOIECCOB pa3paboTaHa  Hambojee  TMOJHO |
MO3BOJISICT ~ CPAaBHUTEIBHO IPOCTO  MPOM3BOAUTH  pacyeThl I  MHOTHX
MPaKTHYECKUX ciay4daeB. [loaToMy JmomylieHHEe O CTaIlMOHAPHOCTH WHOTIA
11e71eCO00pa3Ho JIeNaTh TakKe M I TeX CIIydaeB, KOT/Ia CIydalHbIN MPOIEeCC XOTs
U HECTAI[MOHAPEH, HO Ha pacCMaTpPUBAEMOM OTPE3KE BPEMEHHU PAOOTHI CHCTEMBI
CTATUCTHUYECKUE XapaKTEPUCTHUKHA CHUTHAJIOB HE YCIEBAIOT CKOJIbKO-HUOYIH
CYIIECTBEHHO H3MEHUTHhCSA. B nmanpHelimem, ecnu He OyAeT OroBopeHo 0co0o,
OyAyT paccMaTpuBaThCSA CIIy4allHBIC MPOIECCH, CTAMOHAPHBIC B IIMPOKOM
CMBICIIC.

[Ipu m3yyeHUM ciyyailHBIX MPOLIECCOB, CTALIMOHAPHBIX B IIMPOKOM CMBICIE,
MOXXHO OTPAHUYHUTHCS PACCMOTPEHUEM TOJBKO IMPOILIECCOB C MAaTEMaTUYECKUM
OXuJaHueM (CpeJHHMM 3HAUCHHEM), paBHBIM Hym0, T. €. Mx(t) = 0, Tak Kak
CJIy4aiHBIN MPOIIECC ¢ HEHYJIEBHIM MAaTEMaTHYECKUM OKHMJAHWEM MPEACTaBISIOT
KaK CyMMy IMpOLecCa C HYJIEBbIM MaT€MaTUYECKUM OXKHMJIAHWEM U TOCTOSHHOMU
HEeCITy4aitHOI (perymsipHOiA) BEJINYMHOM, paBHOM
MaTeMaTUYECKOMY OKUIAHUIO 3TOTO Mpolecca .

[Tpu Mx(t) = 0 BeIpakeHHE AJIs1 KOPPESIIMOHHOMN (DYyHKITUH
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o O

R,(x)=MIX X ¢+ )= f { Xy Yo Wy X
X (Xy, Xgy T)dxy dxs. (19.33)

B teopun ciydaliHbIX IPOLIECCOB MOJB3YIOTCA IBYMSI MOHSATUSMU CPEAHHUX
3HaueHuil. IlepBoe mHoOHATHE O CpelHEM 3HAUYEHHUU — 3TO CpeoHee 3HaAYeHue no
MHOMCcecmgy (WU MaTeMaTUYECKOe 0’KUIaHKE), KOTOPOE OMNPEIENSIETCS] HA OCHOBE
HaAOIIOJIeHHsT Ha/l MHOXKECTBOM pealln3alliid CIIy4aifiHOTO Mpoliecca B OAUH U TOT
K€ MOMEHT BpeMmeHu. CpenHee 3HaYeHHE 0 MHOXKECTBY MPUHATO 00O3HAYAThH
BOJIHUCTOW YepPTOM HaJ BHIPAKEHUEM, OIIMCHIBAIOLIUM CITy4YalHYI0 (PYHKIIHIO:

KO =m O =MXO1 = | xo(x. 0 dx.
oo (19.34)

B o6mem ciyuae cpenHee 3HaUY€HHE IO MHOXKECTBY  SIBISICTCSl  (DyHKIIUEH
BpeMeHH t.

JIpyroe moHSATHE O CPEAHEM 3HAYCHHU — 3TO CPEAHEE 3HAYCHHE 110 BPEMEHH,
KOTOpOE  OMpeaeisieTCss  Ha  OCHOBE  HAOMIOJAEHWMST 33 OTICIBHOM
peanuzanueii ciydaiiHoro mporuecca X(t) Ha MPOTHKECHUH TOCTATOYHO ATUTEIIHHOTO
Bpemenu T. CpenHee 3HaYCHHE TI0 BPEMEHH OO0O3HAYAIOT MPSIMOM YepTOM Ha
COOTBETCTBYIOIIUM  BBIPQKEHUEM CIIy4allHOW (DYHKIIMA M ONPENENIAIOT IO

dbopmye:
e T
Felim — j X (f) dt,
; Fsco 21
—=T (19.35)

CCJIK 3TOT IpCACyI CYIHICCTBYCT.

CpenHee 3HaueHHe MO BPEMEHHU B OOIEM Clyyae pa3InyHO JUIsl OTIACIbHBIX
peanu3anuii MHOXECTBA, OMPEICTAIONINX CIy4dalHbIi mporiecc. Boobie rosops,
JUISL OJHOT'O M TOT'O K€ CIIy4aiHOIo MpoLiecca CpeaHee 0 MHOXKECTBY U CPEAHEE 110
BPEMEHHU 3HAYCHHUS pa3JIMYHBI. OnHako CYILLIECTBYET
KJIACC CTAIIMOHAPHBIX CIIYYaWHBIX MPOILIECCOB, HA3BIBAEMBIX APrOAUYECKUMH, IS

KOTOPBIX CpEHEE TI0 MHOYKECTBY PaBHO CPEIHEMY TI0 BpEMEHH, T. €. ¥ = X.

Koppensuunonnas ¢pynkiws Rx(7 ) saproaudeckoro CTallMOHAPHOTO
cirydaiiHoro mpoiecca X(t) HeorpaHUYEHHO YOBIBACT 110 MOJIYJIIO MTPH | T | —00

OngHako HaAO MMETh B BHJY, YTO HE BCSKHUI CTAllMOHAPHBIN CIy4YalHbIN
HPOIIECC SABJISICTCS 3ProAWYCCKHM, Hampumep cirydaiinbiii nporecc X(t), kaxmas
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peanm3anus  kotoporo Xi(t) mocrosnHa Bo Bpemenu (puc. 19.5), sBisercs
CTaIMOHAPHBIM, HO HE 3PTOJINYECKUM.

X(t) Peosusayuu X, (t)
Xo (1)
X3 (t)
X;(t)
Xp(t)
0 t
Puc. 19.5

B aToMm ciyuae cpenHue 3HaU€HUSA, ONPEAEICHHBIE 0 OAHON pealn3aluy U B
pe3yiibTare 00pabOTKM MHOXKECTBA pean3aluii, He coBmaaarT. OIUH U TOT Ke
CITy4alHBIA TIpOIIecC B OOIIEM CTydae MOXKET OBITh IPTrOJAUYECKUM IO OTHOIICHHIO
K OJHUM CTAaTUCTHYCCKHM XapaKTEPHUCTUKaM M HEIPTOJUIESCKUM MO OTHOIICHHIO K
npyruM. B nmanbHeimem OyneM cuuTath, YTO 1O OTHOIIEHUIO KO BCEM
CTaTUCTUYECKUM XapaKTEPUCTUKAM YCIIOBUS APTOJUYHOCTH BBITIOJIHSIOTCS.

CBOMCTBO 3proJMYHOCTH MMEET OYEHb OONBIIOE NMPAKTUYECKOE 3HAYECHHE.
Jlia ompezeneHusl CTaTUCTUYECKUX CBOMCTB HEKOTOPBIX OOBEKTOB, €CIU TPYAHO
OCYIIECTBUTh OJIHOBPEMEHHOE HaOJI0JCHHUE 3a HUMU B MPOU3BOJILHO BBIOPAHHBIM
MOMEHT BpEeMEHH (HampuMep, NMpU HAJIWYMU OJHOTO OIBITHOTO 00pasla), ero
MOKHO 3aMEHMTh JJIUTENIbHBIM HaOIOEHUEM 3a OJHMM 00BeKkToM. WHbMH
CJIOBaMH, OTJIENIbHAsl peau3alusi HProJu4eckoro Cciay4yailHoro mpolecca Ha
OECKOHEYHOM IPOMEXKYTKE BPEMEHU MOJIHOCTBIO OIIpENETSAET
BECh CIIy4alHbIH mporiecc ¢ ero OeckoHeYHbIMU peanu3auusiMu. CoOCTBEHHO
roBopsi, ATOT (akT JIeKUT B OCHOBE OINHUCAHHOTO HWXXE MeTojla
HKCHEPUMEHTAIBHOTO OIIpeAETICHMS KOppEISALIMOHHON
(YHKIIMM CTAalMOHAPHOIO CIIy4YalHOTO Ipoliecca 0 OAHOM peanu3alyH.

Kak BugHO W3  omnpeaeneHus], KOppesIMOHHAS (QYHKIMS IPEACTABISAET
co0oif cpenHee 3HaUeHWe M0~ MHOXeCTBY.  Jlig  3proauyueckux cirydyaiHbIX
IPOLIECCOB KOPPESIMOHHYI0 (QYHKIMIO Rx MOKHO ONpENenauTh Kak CpeaHee IO
BpeMeHnu oT npousBenenus [X(t) - x] u [X(t+7) - x], T.e.
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R.=MXMOX({+ D= {xO)—x}{x(t+7) —x}=

T
i&i’l%}f S {x () —x} {x(t +1)—x}dt,
- (19.36)

rae X(t) — nrobast peanm3anus CiydaiiHOTO Tpoliecca; X - CpeJHee 3HAYCHUE IO
BPEMEHH, ONPEAEIIAEMOE I10

Wt * T
— ge 1}
x=Ii or f x (0 dt,
Sr . (19.37)

Ecnu CpCIAHCC 3HAUCHHUC CJIY‘-I&fIHOFO IIporecca paBHO HYJIIO X = O, TO

T
R.(x) =[x @ x (17 =lim '_;F S x (f) x (¢ +7) dt.
T o0
“r (19.38)
OCHOBBIB&;ICB Ha CBOUCTBE OProauvIHoOCTH, MOXHO JAUCIICPCHUIO Dx

OTIPEICIINTh KaK CPeAHEe MO BPEMEHH OT KBaJpaTa IEHTPUPOBAHHOTO CITYYalHOTO
mpoiecca, T. €.

Dy=MUX O} = {x() —x)* =

T
- Tli?h;? j‘ {x () —x) {x (%) ~—x}dt.
- (19.39)

CpaBuuBas BoipakeHHs Rx(7) m Dx mpu 7 =0, MOXKHO YCTaHOBUTH OUYCHb
BAXHYIO CBSI3b MEXIY JUCTIEPCUEH U  KOppEeISIHUOHHOW (QyHKIued —
JMCTIEPCUS CTALIMOHAPHOTO CIyYalHOTO Mpoliecca paBHA HadajJbHOMY 3HAUYEHUIO
KOPPENSLUOHHON PYHKINU:

D, = R, (0) = const. (19.40)

"3 3TOrO BUJIHO, YTO JUCHEPCHUS CTALIMOHAPHOTO CIYYalHOTO
IIPOIIECCA ITOCTOSIHHA, @ CJIEIOBATENIBHO, MOCTOSIHHO M CpPEIHEE KBaJApaTUYECKOE
OTKJIOHEHHE:!

6, =V D, =const. (19.41)
CTaTUCTHYECKHE CBOMCTBA CBS3M JBYX Cly4aiHbIX mporeccoB X(1) u

G(t) moxHO XapaKTepU30BaTh B3aUMHON KOPPESAIIMOHHON
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dyHkumein Rx(ty,t2), kKoTopass i KaXIoW Tapbl MPOW3BOJIBHO BBIOPAHHBIX
3HAYEHUU apryMeHTOB t1 u t2 paBHa

Ry (ty, 1) = M [X (t) G ()] =

= | | tr—mat)) (g —mg ) wax, 4 g, 1) dxdg.
Sl (19.42)

JI71st 5proiu4ecKux CIIy4aiHbIX MPOIIECCOB BMECTO 3TOTO MOKHO 3aIlHCaTh

T
Rig (1) = lim — L{x (O — e t+9 g}, ",

riae X(t) u g(t) — mo0ble peaau3auy CTallMOHAPHBIX ClIydaiHbIX mporeccoB X(t) u
G(t), COOTBETCTBEHHO.

Bzaumnast koppensimonHass — GyHKIHs Rxg(7 ) XapakrepusyeTr — B3aUMHYIO
CTaTUCTHYECKYI0 CBs3b JBYX ciydaiiHbix mporeccoB X(t) u G(t) B pasnbie
MOMEHTBI BPEMEHH, OTCTOSIIUE IPYyr OT JApyra Ha MPOMEXKYTOK BPEMEHH 7 .
3nauenne Rxg(0) xapakrepusyer 3Ty CBsA3b B OJMH U TOT K€ MOMEHT BPEMCHH.

N3 nipeap1aymero BeIpaXKeHus CIEAYET, UTO

Ry (D= Ry (—1). (19.44)

Ecnu cayygaiinasie nporieccel X(f) u G(t) cratuctudyeckn He CBA3aHBI APYT C
JIPYyroM u UMEIOT paBHbBIC HYJIIO CPEIHUE 3HAYCHHMS, TO
WX B3aWMHasi KOppeNsiuonHas  QyHKIWs IS BCeX ¢ paBHa Hyar0. OmHAKO
oOpaTHBI BBIBOJI O TOM, YTO €CJIM B3aMMHAas KOPpESIMOHHAS (QYHKIMS paBHA
HYJIFO, TO TPOLIECCHI HE3aBUCUMBI, MOKHO CJIEJIaTh JIMIIbL B OTIACIBHBIX ClTydasx (B
YaCTHOCTH, JJIA IPOIECCOB C HOPMAJIbHBIM 3aKOHOM pacIpeIecHHs ), OOIIeH xKe
CHJIBI OOPATHBIM 3aKOH HE MMEET.

3aMeTHM, YTO KOPPEISIUOHHbIC (YHKIIMA MOTYT BBIYHCISATBCS W IS
HecTy4yalHbeIX (perynspHbiXx) ¢yHkmumii BpemeHun. OmHAKO Korja TOBOPST
o KoppensiimonHor ¢pyHkuu Rx(7 ) perynspuoit  ¢ynkmuum X(f), To  mox  atum
MOHUMAIOT TMPOCTO Pe3yabTaT (OPMATLHOIO MPUMEHEHHS K PEryJIIpHOi
¢dyuknuu X(t) oneparyu, BRIpaKacMON HHTETPAJIOM:

T
Re () =x@Ox(+ 0= lim (";_:r) S x(O x4t
“r (19.45)
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[lpuBeneM  HEKOTOpbIE  OCHOBHBIC CBOMCTBa KOPPEISIUOHHBIX
byuxmit Rx(7).

1. Hauvanbnoe 3HaUCHUE KOPPEIAIUOHHON PYHKITUU
PaBHO JUCIIEPCUU CIy4alHOI0 IpoLecca:
R.(0) =D,. (19.46)

2. 3HaueHue KOppesILMOHHON (QYHKIMH MPH JIIOOOM 7 HE MOXKET MPEBBILIATh
ee Ha4yaJIbHOT'O 3Ha4€Hus, T. €.

R.(0)=|R. (0] (19.47)
Yto0bI JI0Ka3aThb 37O, paccMoTpuM
OYEBMIHOE HEPABEHCTBO [X(t) — X(t +7)]° >0 u3 KOTOPOT'O CIIeyeT

X2(t) + X2 (t+7) = 2x()x(t +7) .

HaxonuMm cpenHue 3HaU€HUs IO BPEMEHU OT O0€uX YacTel MOCIEIHEro
HEpPaBEHCTBA!

PO+l =0+t =B +2)=223 =

Takum 00pa3om, moryunm HepaBeHCTBO Rx(0) > | Rx(7) | .
3. KoppensunonHnast gyHKIus ecTh ueTHast GyHKIMS 7 , T. €.
Ry (1) =R, (—1). (19.49)

DTO BBITEKAET U3 CaMOT0 OMpEIeTCHUS KOPPEISIUOHHON (YHKIUU.
JIeHCTBUTEIBHO,

R, (t) =[x () — x| [x (£ + 1) —x] =

=[x (t —T) — X [x ({) —x] = R (—1), (19.50)

Mod3TOMy Ha Trpaduke KOppenmsiuoHHas (YHKIUS BCerJa CHUMMETpUYHA
OTHOCHTEJIBHO OCH OpJIMHAT.

4. KoppenauuoHHas (pyHKIHS CYMMBI CITy4YailHbIX IPOLIECCOB

Z(t) = X(t) + G(t) onpenensiercs: BBIpaKEHHEM
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R,(t)= Rn: (1) + RE (t) + Rxg (1) + Rg.-r. (%), (19.51)

rie Rxg(7) 1 Rox(7 ) — B3auMHbIe KOppESIIIMOHHBIC (QYHKITUH

JIeiCTBUTEIIBHO,

R(v)=MU{X(N+G(N} XU +1)G({ +-7)}] ==
=MXOXUE+N+MGEOGU+DN+MX(NG(t+ )]+
+MIG (1) X{t+1) =R, (1) 4Ry () + R g (7) - Rgy (v). (19.52)

5. Koppemnsinmonnast GyHKIHs TOCTOSIHHOW BemYuHbI X(t)= Ao paBHa
KBaJApaTry 9STOM MOCTOSHHOM A0?, YTO BBITEKAET M3 CAMOI0 OIpeIeIeHHs
KOPPENSALUOHHON QPYHKITUH:

R (v} =x () x(t + 1) = Ay Ay = Ab. (19.53)

6. Koppensiumonnas GyHKIMA TepUoINYecKOr (QyHKIINH,
HanpuMmep X(t) = Asin(at + @) peacTaBisieT cOO0N KOCUHYCOHTY, T. €.

Ry () =(A%2)cos o, 7, (19.54)

MMEIOIIYIO Ty XK€ 9aCTOTy @, 9T0 U X(1), ¥ He 3aBUCHIIYIO OT cBUTa Pa3bl ¢.

YroObl J0Ka3aTh 3TO, 3aMETHM, 4TO npu
HAXO0XKJICHUU KOPPEISIIUOHHBIX (DYHKIIUHI MePUOTNIECKIX bynknui X(t)MoXKHO
UCTIOJIb30BaTh CIEAYIOLIEe PABEHCTBO:

T

7.
lim % jx{f}x{f-[—-r)df:-?ln-gx(f}x{t-{--r)df,

T-+ea

> (19.55)

rae T, = 2% S byukuu X(t).

[TocieHee paBEeHCTBO MOTYyYaETCs OCIIE 3aMEHbI HHTErpasia C MpeaeiaMu OT
—T mo T npu T—oo cymMMO#R OTIACIBHBIX HMHTErpagoB ¢ mpeaeaamu ot (K-
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1)Tomo kTo, Tmek =0, +1, + 2,..... +N ¥ UCHOJIb30BAaHUS MEPUOIUIHOCTU
HOIBIHTErPATIbHBIX (PYHKIIHA.

Torz:a, YUYHTbIBasA CKa3aHHOC BBILIC, ITIOJIYYUM

1
To

T, :
R, (7) = J‘A“sin{m,!—i—qﬂsin[m,{r—i—r)+qald!-
: 0

T. .
- -é:'_;j [cos @y T—cos (w; T + 20, t +2¢)1 di =
1]
0

o =(A¥2)coswyT. . .. (19.56)

7. Koppensunonnast pyHKIIMs BpEMEHHON byHKIIH, pasyiaraeMou
B psan Oypee:

x({0) = Ao+ D) Ansin(oy -+ @),
k=1 (19.57)

NMECT HA OCHOBAHHUU N3JI0KCHHOT'O BBIIIIC CHeI[y}OH_[Hﬁ BU/I.
2
R.(t)=A4s +

+ i (A7i/2) cos vy, T.
k=1 (19.58)

8. TummyHas KOppeNAIMOHHAs (QYHKIUS CTAlMOHAPHOTO CIYYaiHOTO
nporiecca UMeeT  BHI, mpeactaBieHHbli  Ha  (puc. 19.6). Ee MoxHO
anMmpOKCUMHUPOBATh CIICAYIONIMM aHATUTHYCCKIM BBIPAKCHUACM:

RI{T} =R:¢ {D]e_ulﬂ ::‘D.t c —-ﬂ.l'lil_ (1959)

Ry (T) =D, e~ %1%
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Jleknusa 20. Omnpenesienne cpeaHeil J0JroBeYHOCTH NPH JAeHCTBUH
HMKJINYECKHUX HANMPSIKEHUH CO CJYyYaAHHBIMU AMILTHTYIaMHU

Pacuer Ha MPOYHOCTH NPH HEPEryJISIPHOM NEePeMEeHHON HATPYKEHHOCTH
(TOCT 25.101-83 «PacueTsl 1 UCTIBITAHUS HA MMPOYHOCTH. METO B
CXeMaTH3aluy CIyYaiHbIX MPOIIECCOB HArPY>KEHUS HJIEMEHTOB MAIIIUH U
KOHCTPYKIIUH M CTATUCTHUECKOIO IIPECTABICHUS PE3YIbTATOB)

Onpenenenue  AOJTOBEYHOCTH  MPH  HEPETYISIPHOM  HArpy:KeHUU
NpPOU3BOAMTCS OOBIMHO MO crieaywome cxeme. Ha mnepBom artame
YCTAHABIIMBAIOTCA XapaKTEPUCTUKXA YPOBHS HArpy>KEHHOCTH JETalyd WIN
AJIEMEHTa KOHCTPYKUMM B BHUJE (QYHKUMH pacHpeAcsiCHUs aMIUIUTY]l
AKCILTYaTAllMOHHBIX HanpspkeHuil. B HauOoJiee oO1emM ciryyae
HIMPOKOMOJIOCHOTO IIPOILIECCAa CXEMATU3ALUIO0 CIYyYalHOro Ipolecca C LEIbI0
MOCTPOCHUST PYHKIIMK pacIpeeICHUS] aMIUIUTY/l HAPsHKEHUM, SKBUBAJICHTHBIX
CIIy4ailHOMY MPOLIECCY MO CTENEHU YCTAIOCTHOTO MOBPEXKIACHHUS, MPOU3BOIAT
OJIHUM M3 U3BECTHBIX METOJ0B: MAKCUMYMOB, 3KCTPEMYMOB, Pa3MaxO0B, ITOJTHBIX
LUKJIOB, «JA0XKIs» U Ap. MeTod MOMHBIX IIUKJIOB, HAIIPUMEp, 1A€T, KAK MPUHSTO
CUMTATh, HAPSIY C METOJIOM <JIOXKs» Hanboliee MpUeMIIeMble PE3YJIbTAThI IS
OLICHKM JIOJTOBEYHOCTH IIPU  HEPETYJSIpHOM  HarpyxeHuu. [losryyeHHble
BEJIMYMHBI AMIUIUTYJ HAIPsKEHUW PACIoNararoT B BO3PACTAIOLIEM MOPSIKE,
oOpa3ysl BapyuallMOHHBIN psisl aMIuidTya. [1o BemnuynHaM aMIUTUTY T HAPSHKEHUN
¥ COOTBETCTBYIOIIMM OpPJIMHATaM HAHOCST TOYKHU Ha TpaduK U MPOBOAST uepes
ATU TOYKM JUHUIO. Ha OCHOBaHMM aHaiM3a ONBITHBIX JaHHBIX, O0OpabOTKa
OCUMJIJIOTPAMM  CIIyYalHOTO  Mpollecca BECbMa 4YacTO MOPUBOJUAT K
AMIUPUYECKUM  (QPYHKUMSAM  paclpelefieHus]  aMIUIATYJ  HampsoKeHUH,
CYILIECTBEHHO OTJIMYAIOUIUXCA OT HOPMAJIBHOTO WM KaKOro-iInubo APYroro u3
M3BECTHBIX 3aKOHOB pacmpeieicHus. TeopeTHYecKruil 3aKOH paclpenesicHUus
aMIUIUTYI HAIPSDKEHUM 3aBUCUT OT METOJIa CXEMATHU3alMKU IKCIUTyaTallHOHHBIX
Harpy30K ¥ BO MHOTHX CJIy4asiX OKa3bIBA€TCS TPYAHO OMPEAECTUMBIM.

Pacyer Ha mpOYHOCTH NIPU HEPETYISAPHOW NEPEMEHHOM HATPYKEHHOCTHU
MPEAIOJaraeT MCMOJb30BAHUE TOM WIM HWHOW IMIOTE3bl HAKOIICHUSA
MOBPEKIACHUI.

Hanpumep, KOppeKTMpOBaHHas JIMHEMHAs  TUIIOTE3a  HAKOIUICHHS
YCTaJIOCTHBIX IMOBPEXKIACHUN UMEET CIACAYIOINN BU:

J-.:i'?z{cr

V%) (20.1)

dﬂ(gﬂ) — KOJIMYECTBO ITHUKIIOB ﬂeﬁCTBHH JlaHHOI>’I AMIIIUTYAbI IMICPEMCHHBIX

rae
o T .
HANpsDKEHUN “2 3a CpoK cy)ObI Ny s;
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N(Jﬂ) — HOJI'OBCYHOCTDL OO pPa3pyUICHUSA HIIKX D0 06p330BaHI/IH TPCIIUHBI

3aJaHHOTO pa3Mepa MpH JeHCTBUM aMIUIUTYABI "¢ (Ompesensercs Mo KpUBOii
YCTaJIOCTH JCTaNN);

I ) )
F — KOPPCKTHUPOBAHHAs CyMMa IIOBPCKICHUU IPHU JACUCTBUM BCEX

MOBPC)KAAOIIUX aMINUINTY /I IICPCMCHHBIX HaHpﬂ)I(eHHfl.

3nauenne %% (% OTpe/ensieTcs] B 3aBUCHUMOCTH OT BHAAa (QYHKIUH
pacrpenieieHus AeUCTBYIONNX HANPSHKEHUH 110 clieaylomien popmyre:

if??(ﬂ'_a) = NU,S dF(G—a:I (202)

ra — 3JIEMEHTApHAsI BEPOATHOCThH IMOMAJaHUs aMIUIUTY]T B OECKOHEYHO
MaJIbIi JUarna3oH

¢ 4P ()

dF(a,) = f(o,) do, (20.3)

Flag) Jlaa) GYyHKIMHA pacrpefesieHuss W TUIOTHOCTH PacIpeacICHUS
JEHCTBYIONTUX MIEPEMEHHBIX aMIUTATY] COOTBETCTBEHHO.
[Ipodeccopom Koraeseim B.II. monyuena dopmyna s omnpeaencHus

ol V) )
BEJIMYMHBI ~ ¥ , KOTOpask 3aBUCUT OT OCOOEHHOCTEN CIEKTpa AKCILUTyaTallMOHHOM
MEPEMEHHON HATPY3KH:
E—u
Fam ¥ (20.4)

EIF:

T

roe M —  makcuManbHas AMIUIMTYA JCHCTBYIOINUX —HAIMPSDKEHUH; U —

npefen BBIHOCIMBOCTH 00pa3ia OECKOHEYHO OOJBIIOr0 auameTpa WM
npeaenbHOe MOBPEKIAIOIIEE HaIpsHKEHUE,
MPUHUMAEMOE PaBHBIM MPUOIU3UTENBHO TOJOBUHE Tpe/esia HeOTpaHUYEHHOM
BBIHOCJIMBOCTH TJIAJIKUX Ja00paTOPHBIX 00pa3iioB CTaHJAPTHOTO pa3Mepa:

= 0,5- G_—lm (205)

aff(crﬂ]- T, AT,

&
L=

[E{CAIEER
. (20.6)

Wurerpuposanue B Gopmyste (20.1) BemeTcst Mo BCEM aMILIUTYAaM BILIOThH
0 MaKCUMaJIbHOW aMIUTUTY[bl JCHCTBYIOIIETO CIIEKTpa WKW  OJoKa
Harpy>KCHUs, TIPCBBIMIAONIAM TIpeJe] HCEOTPAaHUYCHHOW  BBIHOCITMBOCTH

Marcpuajia JACTalu WX 3JIEMCHTA KOHCTPYKIINH J_l'x'. I/IHTerI/IPOBaHI/IC B

dopmysne (20.6) Bemercs MO aMIUIMTyJaM, NPEBBIMAIONIMM MPEACIbLHOES
noBpexjaamomee HampspkeHue U.  Cxema  pacyeta  JOATOBEYHOCTH IO
paspyieHus wunoctpupyercs pucynkom (Puc. 20.1).
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4 Pacnpedens Mg
Jiaw) deticmepou
aurnmpd
RANPAICERUL
Jiaw)
/ d,
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Feanmunsnas xpusas
FEMANCC MU
Nl o)
Medumnar xpneas
yomancenu (p=0.5)
Mo /
N v

Puc. 20.1.Cxema K pacyeTy JOJTOBEYHOCTH TIPU HEPETYISIPHOM
MIEPEMEHHOM HarpyKeHHUH
OxoHuarenbHast (opmyna Uis ONpEAesieHUsT OLEHKH CpPEIHEro Cpoka
CIIy’KOBbI JIeTalli WK JIOJTOBEYHOCTH A0 pa3pylieHus: (00pa3oBaHUS TPEIIUHBI
3aJJaHHOTO pa3Mepa) HMMeeT Ha ocHoBanuu ypaBHenuit (20.1) — (20.6)
CJICTYFOIIUMN BUL:
i

Nu,j I z
]' f(ga]'dga
MNiog,)

i

(20.7)

Takum o00pa3om, [JIi ONpENEICHHUs CpEeIHEW JOJTOBEYHOCTH TIPH

HEPETYJSIPHOM TTEPEMEHHOM HArpy>KeHUH HEOOXOUMO!

1) 3HaTh (QYHKIOMIO pacnpeaesieHUsi JAECTBYIONIAX HANpPsIKEHUH,
KOTOpasi ~ OLIEHWMBAETCSd IO  pe3yJibTaTaM  aHajau3a  CIEKTpa
DKCIUTyaTallHOHHOM TMEPEMEHHOM HAarpy3ku OJHHM W3 HU3BECTHBIX
METOJIOB CXeMaTh3aluu (METOa pa3Maxa, MaKCUMyMOB, IOJHBIX
IIUKJIOB U T.11.)

2) WMeTh KPHBYK YCTAJIOCTH JIETAJIM NPH PETYJSIPHOM TepeMEeHHOM

HArpy:KeHMH. OTO KBaHTWIbHas kpuBas (puc. 20.1) 151
OTNpEJENCHHs] JIOJITOBEYHOCTH, CTOAILIEH B 3HaAMeHarene (QopMyIibl
(20.7).
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OTOro HEJAOCTAaTOYHO MJisi OMNpefesieHus (YHKIUU paclpeesieHHs
JIOJITOBEYHOCTA TIPU  HEPETYJSIPHOM HArpY>KEHHHM, KOTOpas MpPEICTaBISIET
0COOBIf MHTEpEC B CBSI3U C HEOOXOJMMOCTBIO pacuera TrapaHTUPOBAHHOIO
pecypca [ OTBETCTBEHHBIX J€TaJled M DJIEMEHTOB KOHCTPYKUMHA U
coopyxkeHuid. C 3TOW LENbI0 JJISI OLEHKU JOJTOBEYHOCTH IMPU HEPETYJISIPHOM
HArpyK€HWH, COOTBETCTBYIOIIEH BEPOSATHOCTH pa3pylieHus £, B Gdopmyiie

(20.7)  Bmecto  MemmanHouW  (P=0,5)  JTONTOBEYHOCTH M%) nomkua

UCIIOJIb30BaThCS JOJITOBEYHOCTh V() (KBaHTUJIb JOJITOBEYHOCTH),
COOTBETCTBYIOIIass BEPOSITHOCTH P, KOTOpas OINpeAessieTcss IO KPHUBOM
YCTAJIOCTH 33JaHHOW BEpPOSTHOCTH pa3pyllieHus (KBAHTWIBHOM KpPHUBOM
YCTaJIOCTH).

N

P

Iflicr) da,

Ny (o) (20.8)

(]

ol

Naor Mys N,

Puc. 20.2. TI'papux ¢yHkum pacnpenenenuss I0JATOBEYHOCTH [0
pa3pylieHus PU HEPETYJISIPHOM TIEPEMEHHOM HArpy>KEHUU

[lpu BapbUpOBaHUM BEIMYMHOHN P MOMYYHM (YHKIMIO paclpeleieHuUs
JIOJITOBEYHOCTH JI0 Pa3pyLICHHs TIPU HEPETYIIPHOM MEPEMEHHOM HArpy>KEHUH,
o0 BUI KOTOPO# npencrarieH Ha pucyHke (Puc. 20.2).

Mpumep.

[TocTpouTs (QYyHKIMIO pacrpeneneHus IOJITOBEYHOCTH JO pPa3pyIICHUS
JIETAIM U3 aIFOMUHUEBOrO CIUIaBA IIPU HEPETYJIIPHOM HATPYKECHUH, 33JaHHOM
pacmpenenieHueM  aMmIUIATYJl CIEKTpa OKCIUIyaTallMOHHOM Harpy3kd B
COOTBETCTBHU C 3aKOHOM Panes:

Fig,)=

F, -2
—a 25t
2 E

, (20.9)
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rae mapameTp =30 MIla, MakcuManbHas ammuuTyaa “em=x=100 MIla. Dra
byHKIMs npeacTaBieHa Ha pucynke (Pue. 20.3)..

[TycTh MenuaHHasi KpuBasi YCTaJOCTH JCTAIH MPH CUMMETPUYHOM ITHKJIC
MMEET CIEAYIOIINN BU:

Gy = G+ A-[lel W] (20.10)

rae napameTpsl “-= u A paBHBI cooTBeTcTBEHHO 50 1 1000 MITa.

Jlns pacuera mMeAauaHbl JOJITOBEYHOCTU JOCTATOYHO 3TUX JaHHBIX. [[ns
IOCTPOEHHUS BCEW (PYHKLIMM pacHpeleleHHUs HEOOXOAMMO pacroyiaraTh TaKkKe
napaMeTpamMi KBAaHTWJIbHBIX KPHUBBIX YCTaJOCTH, TO €CTh KPHUBBIX YCTaJOCTH,
IIOCTPOEHHBIX IO MapaMeTPy BEPOSITHOCTH pa3pylleHus. Tak Kak MOCTPOCHHE
ceMeiicTBa TakKMX KpHUBBIX TpeOyeT OOJIbLIOr0 4YHCia 3KCHEPUMEHTAIbHBIX
JAHHBIX, YTO HE BCET1a BO3MOYKHO IIPU JUIMTEIbHBIX YCTAIOCTHBIX UCIIBITAHUSX,
B IEPBOM MPHUOIMKEHUU [UIsl BBIYMUCICHUS KBAHTUIU JOJTOBEYHOCTH IMPU
PEryJISIpPHOM Harpy>kK€HUH BOCIOJIb3YEMCS] U3BECTHBIM MPUOIMKEHUEM (QYHKIIUU
pacnpezenieHuss Jjorapu@ma AOITOBEYHOCTH HA OCHOBAHMHM HOPMAJIBHOIO
3aKOHa:

IBNP=18NDJ+SM-ZP’ (20.11)

rae 1gNgs onpenensercs mo ypaBHEHUIO MEJIMAHHON KPUBOM yCTaJIOCTH, a

cpenHee KBaApaTHYECKOE OTKIOHEHHE NPHMEM IIOCTOSHHEIM M PABHBIM ‘L&
=0,15, yT0o B mEpPBOM MNPUOIMKEHUH MOATBEPKAACTCS OOJIBIIUM YHCIOM
HKCIEPUMEHTAIbHBIX JIAHHBIX YCTaJOCTHBIX HCHBITAaHUM JeTanel, 3JIeMEHTOB
aBUAKOHCTPYKIUH M KOHCTPYKTUBHO IMOAOOHBIX 00pa3lioB U3 aJIOMHHHMEBBIX

CIUIABOB; 7 —  KBAaHTWIb  HOPMHPOBAHHOTO  HOPMAJNBHOTO  3aKOHA
pacripeieieHus, COOTBETCTBYIOIIast BepositHocTH P. Torma ypaBuenue (20.8)
Ui ompezenieHuss (YHKIIMM pachlpeiefieHus pecypca TMpu HEperysipHOM
Harpy>XCHUH TIPUMET CICAYIOIIHA BUI:

3

N, = : 2
100 —2 cexpl — Ta 1-da
j‘ q00 1800 N
g0y "
50 a2 +5,-0.15
m[ ) , (20.12)
rac
100
[o. f(a,) do
2jmn — 25
[#(a.)-do,
g =35
g 100-25 . (20.13)
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Puc. 20.3.

DKCIUTYaTallMOHHOW HArpy3Ku
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o

100

F,

a

(DYHK]_II/IH INIOTHOCTHU PACIIPCACICHHUA aMILUIUTyHd CIICKTpa

[IpoBeneHHbId pacyeT (PYHKIMH PACTIPEICNICHUs] JIOJITOBEYHOCTH MPH
HEPETYJSIPHOM TTIEpEMEHHOM Harpy>KeHHH npecTaBicH B Tabmuie 20.1.

Tabnuya  20.1. Pacuer  QyHkumm  pacmpeneneHus  Jorapudma
JIOJITOBEYHOCTH TPU HEPETYJISIPHOM HArpy>KEHUH

P 0 ¢ d d d | o o o o

01 J.05] .1 2 315171 8 9 | .9 | .99
(20. 5 3 3 € € | 6 6 6 6

12) .74 ].842].896 |.962 | .01 |.089 |.167|.215 | .281 | .335 | .437
(20. 6 € € € € | 6 6 7 7

15) 45 1.552].607 |.673 | .72 |.799 |.878|.925 | .991 | .046 | .148

B tabmuue 20.1 ans mpumepa TpeaCTaBICH TakkKe pacdeT jorapudma
JIOJITOBEYHOCTH TIPU TOW K€ HArpy>KEHHOCTH, HO TIO CTENICHHOMY YPaBHEHHIO
3HaYCHHEM TIpefiela HEOrpPaHWYCHHON

KpPUBOM  YCTAJIIOCTU C

BBIHOCJIMBOCTH:

M=

C,m
oF

HYJIEBBIM

(20.14)

rie mapamerp M=4, C=10°°. Ha pucyuke (Puc. 20.4) moctpoensl rpaduku 3TUX
GyHKIIHI Ha HOPMAJILHON BEPOSITHOCTHOM OyMmare.
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Puc. 204. Pacuernbie  ¢QyHKIIMU  pacnpeneneHus  jorapudma

JOJITOBEYHOCTH TIPH HEPEryJsIpHOM HarpykeHuu 1o ypaBHeHHsIM(20.12)
(muuus 1), (20.15) (aumHus 2)

N, = —
100 — & cexpl — T V-da
200 150 2
)
0 [103‘5] 10 57048
a | (20.15)

rIe
100

[0, Flo,) do
I:|1IZIIZI

[ELCAR-LA
1]

& 100 . (20.16)

OTMeTHM, 4YTO TIpH pacdeTe 1o ypasHeHmio (20.12) 3mauenme “7
cocraBmio 0,283, a mpu pacuere mo ypaBuenuio (20.15) — 0,373. Kpusbie

YCTaJIOCTH JUIS JBYX PacCMaTpUBAEMBIX B MPHMEPE BAPUAHTOB MPEACTABIICHBI
Ha pucynke Puc. 20.5).
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Puc. 20.5. Kpussie ycTanoctu AeTaiy Mpu CAMMETPUYHOM Harpy>KeHHH,
noctpoeHHbIe 110 ypaBHeHusM (20.12) (xpuBas 1), (20.15) (xpuBas 2)

OcHoOBO pacueTa JOJITOBEYHOCTH MPU HEPETYJIAPHOW HArpy3Ke, Kak BUJIHO
U3 PACCMOTPEHHBIX BBIIIE MPUMEPOB, SBISACTCS OOOCHOBAHUE YpaBHEHUS
KPUBOM YCTaJIOCTH JIETau MIPU PETYISIPHOM Harpykenuu. Haubosiee HaneKHBIM
crocoOoM 00OCHOBaHUSI TAaKOWM KpPUBOM YCTalOCTHU SBJISIOTCS MPSIMbIE
YCTaJOCTHBIE UCIIBITAHUSI HATYPHBIX JeTajed ¢ MOCIEeAYIOMEeH CTaTUCTUYECKOM
00paboTkoi ux pe3ynbTaToB. Kak MOKa3bIBAIOT pacyeThbl, AJs JOCTUKEHUS
JIOCTATOYHOM TOUYHOCTU OLICHUBAHUS XapaKTEPUCTUK YCTAJIOCTHBIX CBONCTB MU
YCTAJIOCTHBIX UCTIBITaHUSAX TpeOyeTrcs nopsiaka 30-50 00beKTOB, YTO B YCIOBUSIX
HATYPHBIX UCTIBITAHUH SBIISETCS MPAKTUYECKH HEPEATbHBIM.

OnbIT MOKA3bIBAET, YTO TUIOTE3a JMHEWHOTO CYMMHUPOBAHUS MO3BOJISET
JIOCTaTOYHO TOYHO OMNPEIEIUTh JIOJITOBEYHOCTh, €CJIM BCE aAMIUIATYbI
MPEBBIIAIOT MPEIeSl BBIHOCIMBOCTH MaTepuaia AETall U OTCYTCTBYIOT PE3KUE
BCIUIECKM HamnpspkeHuil. Kpome Toro, omnbITaMM IOKa3aHO, YTO JIMHEWHOE
CYMMHUPOBaHHE MOBPEKACHUN MOJATBEPKIAETCS TP MOHOTOHHOM YBEIMYEHUU
aMIUTATY, C POCTOM 4YHCJia IUKJIOB, U JCHCTBYET MHOM 3aKOH HAKOIUJICHUS
MOBPEXKJCHUNW, €CIM CHadajlla MPUIOKHUTh I[HUKIWYECKYH0 Harpy3ky ¢
aMIUTUTyAaMU, OJIM3KUMU K TIpeiesly TEKYy4eCTH MaTepuaia.

Takum oOpa3oM, Ha JOJTOBEYHOCTh CYIIECTBEHHO BJIMSET HCTOPHUS
Harpy>XeHusi. JKCIIEPUMEHTAIbHO YCTAHOBJIEHO, YTO 00pasel], HarpyXeHHBIH
CHavaJla UKJINYECKUMH HANPSHKEHUSIMU, MEHBIIMMHU TpeJena BIHOCIUBOCTH,
IpU JAJIBHEHIIEM MOBBIIMICHUN AaMIUIMTYl MalbIMU MOPLMSIMU TOKa3bIBAET
OOJIBIIIYIO JOJTOBEYHOCTh, YEM HCXOJHAs. B TO ke Bpemsi MpelBapUTEIbHO
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NEepeHalpsDKeHne 00pa3lia LUKIMYECKMMM HanpspKEHUSIMU  BBILIE IIpenesa
BBIHOCJIMBOCTHU IPUBOJUT K IIPOTHUBOIIOJIOKHBIM pe3ysbraraM. OIHAKo BpeaHoe
BIIMSIHUE IIEPEHAIPSDKEHUSI HAaUYMHAET CKa3bIBaThCSA TOJIBKO IOCIE HEKOTOPOIo
IIPENEIBHOTO YUCJIA [IUKIJIOB MEPEHAIPSKEHUS, 3aBUCSIIET0 OT BEJIUYUHBI ITUX
HAIPSHKCHUM.

[Ipy  ciy4yalHOM M3MEHEHUM  aMIUIMTYJ  HalpsOKCHUM — ABJICHUSA
YCTAJIOCTHOTO YIPOYHEHHUS U PAa3yNpOYHEHHUs] OyAyT 4epeaoBaThCA U OTYACTH
HUBEJIMPOBATBCSA, 4YTO ONPABABIBAET B M3BECTHOM CTEIIEHH NPUMEHEHHE
TUIIOTE3bl HAKOIUIEHUS TIIOBPEKJICHUM K TAKUM HEPETYISAPHBIM PEXUMAM
VU3MEHEHHS HAIIPSHKCHUM.

JIro00i1 TeopeTHyeCKHil MOIX01 K MPoOIeMe T0ATOBEYHOCTH KOHCTPYKIIUU
IpU HEPETYJISIPHOM HM3MEHEHUHM HaIpsDKEHUH TpeOyeT SKCIEepUMEHTAIbHOM
IIPOBEPKU TEOPETUYECKUX METOIOB.

B Hacrosmee Bpems HCCIEAOBaHUSA IPOBOAATCA IO JIBYM OCHOBHBIM
HampaBiaeHUsIM. OJHO M3 HHUX COCTOUT B HCHBITAHWH HEIOCPEICTBEHHO
KOHCTPYKUUH [0 IpOrpaMMe€ Harpy>Ke€HHs, BO3MOXHO OJIMKE MOAXOASIEH K
HKCIEPUMEHTAJIBHO ONPEAEIIEHHOMY CIIEKTPY HArpy3o0K.

Jlpyroe HanpaBiieHUE UCCIIEOBAHUS COCTOUT B MCIIBITAHUM JIAOOPATOPHBIX
o0Opa3LoB 10 Pa3JINYHBIM CTyHEHYAThIM ITPOrpaMMam LIUAKINYECKOTO
Harpy>k€Husi, B KOTOPBIX H3MEHSETCA IOCIEAOBATEIBbHOCTD YEPENOBAHUSA
Harpy30K pa3HOW WHTEHCHUBHOCTM C pAa3JIMYHBIM KOJIMYECTBOM LMKJIOB HX
nerictBus. Mcenenyercss BIMSAHUE MApaMeTPOB HATPY3KM HaA JIOJITOBEYHOCTH
o0pa3lioB W TIOJIYYEHHBbIE 3aKOHOMEPHOCTH HCHOJB3YIOTCS UIsl  OLUEHKH
JIOJITOBEYHOCTH KOHCTPYKIUH.

Jlekiusa 21. Omnpenesienne cpeaHeil J0JroBeYHOCTH NPH JAeHCTBUH
HUKJINYECKUX HANPSIZKEHUH €O CJIyYaWHBIMM AMILTUTYAAMHU

CnexkrTpaJjibHble INIOTHOCTH CJIY4YailHbIX NMPOLECCOB

[Ipy  uccregoBaHMU CTALIMOHAPHBIX  CIy4YalWHBIX  MPOLIECCOB  YI00HO
MOJIB30BATBCSL  €II€  OAHOM  XapaKTEPUCTUKOM  CTAIMOHAPHOI'O CIYyYalHOI'O
IIPOLIECCa, HA3bIBAEMOM CIEKTPAJbHOM IIOTHOCTBIO. BO MHOrmx ciydasx,
0COOEHHO npu UCCIIEI0BAHUN JUHAMUKH COOpYKEHUH,
CHEKTpajbHasl INIOTHOCTh OKa3bIBaeTCsl Oosiee yNOOHON XapaKTEpUCTHKOM, YeM
KOppeJsILUOHHAs GyHKIMS. CrnextpanpHas IUIOTHOCTH Sx(®)
cimy4vaiiHoro mporiecca  X(t)  ompenemnsiercs Kak npeoOpa3oBanue Oypwe 111
KOppesIMoHHbIX (GyHKIMN Rx(1), T. €.

S, (©) = ;ﬂ R, (v) e=ivtdx,
“oa (21.1)
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Eciu  Bocmosb3oBarses GopMyiioi Diinepa e /" = coswr — jsinor , T0 310
MO>KHO IIPEICTaBUTh KaK

o oo
S, ()= j' R, (v) cos otdt —j f R, (7) sin oudr,
—oo oo (21.2)
Tak kak Rx(r)sinwr - He4eTHast PYHKIUSA T, TO B TMOCICIHEM BBIPAKCHUN

BTOPOI MHTErpaj paBeH HYJIIO. VYuurtsiBas, ytro R (r)coswr -
yeTHast QyHKIUS T, TOTydaeM

S, (w) = j R, (%) coswrdr =2 J‘ R, (t) cos wtdr.
— o0 0 (21.3)

Tak Kak cos®T = - cOS®T , TO CJICAYCT, 4TO
Sx(w) = Sy(—o). (21.4)

Takum 00pa3oM, criekTpaibHas INIOTHOCTh S, (w) SBISETCA ACHUCTBUTEIBHOU

U yeTHoM (pyHKIuMel yacTtothl ®. [loaTomy Ha rpaduke crieKkTpaibHas TIOTHOCTh
BCET/Ia CHMMETPUYHA OTHOCUTEIHHO OCH OPJIUHAT.

Ecnu CHieKTpabHas TUIOTHOCTD W3BECTHA, TO 1o
dbopmyne oOpatHoro npeodpazoBanust Dypbe MOKHO HAWTH COOTBETCTBYIOIIYIO
€l KOPPEISIUOHHYIO (PYHKIHIO:

R, (7)= Et;- j S, (@) el do = -—l—j‘ Sy (@) cos otdw,
k1
=0 0 (21.5)

Hcnonb3ys 3TO BbIpaKEHUE U NEPBOE CBOMCTBO KOPPEISLUMUOHHBIX (YyHKLHUH,
MO>XHO YCTaHOBUTH BOXKHYIO 3aBUCHMOCTh MEXIy aucnepcreid Dx u ciekTpabHON
IJIOTHOCTBIO S, (@) CIIy4alHOTo Ipoluecca:

Dy=Ry == | S:@)do=— | Sa(0)do.
0

]

(21.6)

CnenoBarenbHO, (PU3NYECKUNA CMBICI CIEKTPaIbHOM IMJIOTHOCTH COCTOUT B
TOM, YTO OHA XapakTepU3yeT pPaCHpeAc/ICHHE aMIUIUTYJ TOrO0 WJIM HWHOIO
napameTpa Ciay4aiHOro Ipouecca o YaCTOTHOMY CHEKTPY.
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CrnexTpaibHas IJIOTHOCTh MOKET OBbITh HaWJIeHa SKCIEPUMEHTAJIbHO Yepe3
CPEIHIOI0 BEJINYMHY KBaJipaTa AMIUTUTY J1bI FapMOHHUK
peanu3aiuu ciaydaiHoro npouecca. [Ipubopel, mpuMeHseMble UIsl 3TOM eI |
COCTOSIIIIME U3 aHAJIM3aTopa CIEKTPa U BBIYMCIUTEIIA CPEIHETO 3HAYCHUSI KBaipaTa
aMIUIUTY/Ibl TapMOHMK, Ha3bIBAIOTCA CHEKTPOMETPAMU. IKCIIEPUMEHTAIBHO
HaXOJHUTh CHEKTPaIbHYIO IUIOTHOCTH CJOXKHEE, YeM KOPPEISIIIUOHHYIO (YHKIIHIO,
MOATOMY Ha TMPAKTUKE 4Yalle BCEro CIEKTPATbHYIO INIOTHOCTh BHIYUCISIOT IO
M3BECTHOW KOPPEISAIMOHHON (DYHKITUU C TIOMOIIBIO (DOPMYJI, MPUBEACHHBIX BBIIIC.

B3auMnas cekTpanbHas — IDIOTHOCTH S (jo)  ABYX — CTaUMOHApHBIX

CIIy4aliHbIX  IPOLIECCOB X(t) u G(t) onpememsercs  Kak
npeodpaszoBanue @ypbe OT B3aMMHON KOPPEIALUMOHHOM QyHKmu R, (7) T. €.

S g (jw) = J R, ., (t)e~i"dr,
e (21.7)

[Io B3aMMHOM CHEKTpaJbHON IUIOTHOCTH  MOXHO, MPUMEHssT oOpaTHOE
npeoOpazoBaHue dypoe, HAUTH BBIPAKECHUE TSt
B3aUMHOU KOPPENSIIMOHHON (QyHKIINU:

E-._l— c 4 1531
Ry ()= = | Ssglio) el do. -

B3aumHas criektpanbHas IUIOTHOCTD Sy(J®) SIBJISIETCSA Mepou

CTaTUCTHYCCKOW  CBSA3M  MEXAy  JBYMS  CTallMOHAPHBIMH CIy4aliHBIMHU
nporeccamu: X(t) m G(t). Ecimm mpomeccor X(t) u G(f) HekoppeaupoBaHbI U
UMEOT paBHEIE HYJTIO CpeHHE 3HAYEHHUS, TO
B3aMMHasl CIIEKTpajIbHasl IUIOTHOCTH PaBHA HYJIIO, T. €.

S g (j0) = 0. (21.9)
B ornamume oT cmekTpaneHON TIIOTHOCTH S, (w) B3aWMHAs CIIEKTpabHAS
IUIOTHOCTH S, (j®) HE ABJIAETCSA YETHOU QYyHKUMEN 0 W IPEJCTABISAET COOOM He

BEII[ECTBEHHYIO, a KOMIUIEKCHYIO (DYHKIIHIO.

NHorma B paccMOTpeHME  BBOIAT  HOPMHUPOBAHHYIO CHEKTPAIBHYIO
IUIOTHOCTD B (o), SIBJISIFOLILY FOCS H300pakeHuEM dypbe

HOPMHPOBAHHOW KOPPENISAIIMOHHON QyHKIIUU p, (7):
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ﬁx (0) = j’ (A" (T) e—/O% = S;l: (mHD.t'
—co (21.10)

HOpMI/IpOBaHHaH CIICKTpaJIbHAs IIJIOTHOCTb MMCCT PAa3MCPHOCTb BPCMCHH.

Omnpenenenue cpeaHeii 10JIroBe4YHOCTH NPH 1eliCTBUU MUKJINYECKUX
HANIPSKEHUH €O CAyYaAHHBIMM aMILUTUTYIaMH

[IycTp mpomecc COCTOMT W3 CIy4YalHBIX CHUMMETPHUYHBIX IMKIIOB
Harpy>keHHil, XapakTepU3YyIOIIUXCS MaKCUMaJIbHBIMU HaNpsDKEHUAMH S B
KaxaoM. Mcnonb3ys rumotre3y CyMMUPOBAHHSI YCTaJOCTHBIX MOBPEKIACHUN U
ypaBHeHHs KpuBBIX ycrajoctd N = N(S) mnpu oIHOPOJHOM peKUME
HalpsDKeHW, Korjga  u3BeCTHBI  A(G(EKTUBHBIE  MEPUOALI  M3MEHEHUS
HANPSDKEHUHA T,,, U IUIOTHOCTU BEPOATHOCTU o(S) MAaKCUMAaJbHBIX 3HAYCHMI

nporiecca S(t), TO CpemHss IONTOBEYHOCTh MOXET OBITh OIpeaesicHa I10
dbopmyiie bororuna B.B. [8]:

T (21.11)

JP(S)dS
N(S)

Jlins vekotopeix apyrux npeacrasienuii N = N(S) u p(S) mpoueccos S(t) B
tabmuie 21.1 (cronberr 3) pa6oter [5] mpuBomsTCs GOPMYJIBI BBIYUCICHHS
cpeaHelt moaroBedHoctd. B atux dopmynax I'(x) — ramma-dyskmus, P(y?,n)-
byukuus y*>- pacnpenencuus ITupcona, mpoTaOynMpoBaHHAs B Pa3IUYHBIX
paboTax 1o Kypcy TCOPHUH BEPOSTHOCTH.

OddexTuBHbIi nepuog T, BBIPAXKAIOT 4Yepe3 CIEKTPaIbHYIO IUIOTHOCTh
®d(w) mporecca S(t) cornacHo popmyie:

(21.12)
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Tadbmuma 21.1
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Ctporo roBops, 3TH (OPMYJIbI CIPABEIIUBBI TOJBKO ISl Y3KOMOJOCHBIX
CTAIlMOHAPHBIX 3PrOJIMUECKUX CIIYYalHBIX IporeccoB. JJIs MIMPOKOIIOIOCHBIX
CIIy4alHBIX MPOIECCOB OHHU AT OIEHKYy cHu3y. B pabGore [10] marorcs
dbopMyIIBl 11 HECTAIlMOHAPHBIX IMHMPOKOMOJIOCHBIX CIIyYalHBIX IPOIECCOB.
Breraucnennas mo 3Tum GopmysiaM CpeaHss TOITOBEYHOCTh SBSETCS YCIOBHOM
B TOM CMBICJIE, YTO OHA HalaeHa TNpH (UKCUPOBAHHBIX XaPaKTECPHUCTHKAX
MPOYHOCTH. Y4YeT pa3dpoca XapaKTEpUCTUK IPOYHOCTH PACCMOTPHM B
CJICIYIOLLIEH JIEKIIHUH.

Y3K0nmoJI0CHBIH CJIy4alHbIN Mpouece

V3kononocnvim  nasvieaemcss  cayuaumwlil npoyecc,  CHeKMpAaibHAasl
NJIOMHOCMb KOMOPO20 CYUWeCMEEHHO OMIUYHA OM HYJS UL 8 NPe0endx Y3Koll
NOJIOCLL  HACMOMmM, COCPEOOMOYEHHOU BOIU3U  HEKOMOPOU  YEHMPATbHOU
yacmomei.

IInpoKonoI0CHBIN CJIyYailHbIN NpoLecc

Llupokononocubim Ha3vl8aemMcs CIVYAUHBIU _NpoOYecc, CHEKmpaibHasl
NJIOMHOCb KOMOPO20 CYWeCMBEeHHO OMAUYHA OmM HYJIS 8 Npeoeiax WUPOKOU
NOJIOCbL 4aACMOmM OMHOCUMENbHO HEKOMOPOU YEeHMPANIbHOU YACTOMbL.
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CranuoHapHbIii mpouecc

Cmayuonapubslil CIy4auHbll  NPoUecc ecmsb ancamoib peaiuzayuil,
cmamucmuyeckue CeoUCmea Komopoz2o UHBAPUAHMHbL NO OMHOWEHUIO K
nepeHocy Hauana omcuema epemenu. CmayuoHapHuli npoyecc Moxcem Obimb
9P200UUEeCKUM UIU HEIP2OOUYECKUM

JdproguvecKkuii cay4aHbIi mpouece

DproiMuecKuM Ha3bIBACTCS CIyYalHBIN cmayuonapuslil npoyecc, s
KOTOPOTO PE3yibTaThl YCPEIAHEHUS [0 BPEMEHU B TMpelenax OTACIbHOU
peanuzanuy OAUHAKOBBI JIJIs BCeX peann3anuid. TakuM 00pa3oM, yCpeaHEHHUE 110
BPEMEHU TUIS 000 OTACIIbHOM peanu3anuu YKBHUBAJICHTHO
COOTBETCTBYIOIIEMY YCPEIHECHHIO 110 aHCAMOI0 Peanu3ayull.

JProANYHOCTH CIy4aifHOro mpouecca

http://stu.alnam.ru/book in statl-25

39pz2oduyHocmb — crieyuanbHoe ceolicmeo u3MeHsiowelicss (OuHamudeckol) cucmemsl,
cocmosiwee 8 moM, 4mo 8 rpouecce 380/UUU CUCMeMbI MOYMU Kaxxdasi moyka eé ¢ ornpedenéHHoU

rnpagunbHocmbto fpoxodum ebnusu nwbol Opy2ol MOYKU cucmeMbl. UHbIMU crogamu, cucmema

«3abbisaemy c80€& Haya/lbHOe cocmosiHue U 86edém cebs xaomu4eckKu.

lpeumyuwiecmeo 3p2odudeckux OUHaMU4YecKux cucmemM 6 moM, 4Ymo rpu OGocmamoYyHOM

speMeHuU HabndeHUs makue cucmemMbl MOXHO Oriuckieame cmamucmu4yeckumu memodamu. C

Opyeaoli cmopoHbl, 00120CPOYHOE MpedcKadaHue 3p200UHECKUX CUCMEM HEBO3MOXHO — Heborbuwas
owubka usMepeHul Mnpueedém K CEPbE3HOMY pPacxoxO0eHuro peasibHolU mpaekmopuu ¢
rnpedckal3aHHOU.

Opzoduyeckass meopusi — 00uUH u3 pasdesios obwel duHaMUKU.

CBoiicTBO OProaudHoCTu, O KOTOPOM JaJICC HOﬁI[eT PC€Ub, BaXXHO IIOTOMY, 4TO
IPA €ro HAIWYUM HMEIT MECTO YPE3BBIYAWMHO CYUIECTBEHHBIC COOTHOLIEHHUS
Mexay QyHKIMel pacopesieieHUusl M BpeMeHeM NpeObIBaHus caydyalHoN GyHKINN

§(t) B ompeneeHHOM UHTEpBAJiC 3HAYCHUH, MEXK/Iy CTATUCTUYECKUMHU CPEIHUMU U
CpPEIHHMHU T10 BPEMEHH.

DYHKIMYU paclpeiesIeHns, COIVIACHO «aKCUOME HW3MEPEHHUsD> BEPOSTHOCTH,
UMEIOT CTaTUCTHUYECKUH CMBICA. DTO OTHOCHUTENbHBIE 4YacTOThl B aHcaMOle
OJINHAKOBBIX CUCTEM, T. €. CUCTEM, B KaX/I0M U3 KOTOPBIX BOCIIPOU3BEACHBI OJHU U
T€ JK€ YCJOBHUS MPOTEKAaHUS JaHHOTO CIAYYalHOTO Ipoleccam OAHU U TE IKe
CrocoObl €ro peructpanuu win HaOmogeHus. Eciam, Hampumep, pedb HAET O
¢biaykTyanusix, TO  OJWHAKOBBIMH  JOJDKHBI ~ OBITh ~ MaKpPOCKOIHMYECKHE
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XapaKTEePUCTUKU BCEX CUCTEM, COCTABIISIOIINX aHcamOIib. MiMest aHcaMOIIb cUCTEM,
MBI pacrosaracm OOIIUPHBIM HaOOpOM peanu3aruii
paccMmarpuBaemMoii caydaiaon dbyukiwm E(t) u C IIOMOIIIBIO
COOTBETCTBYIOIIMX BEPOSITHOCTEH, T. €. paclpeaeicHUil CHUCTeM aHcaMOJs I1o
BO3MOKHBIM 3HaueHusM &(t) moskem HaxoauTh M.0. &(t), o(ti.t2) u T. 1.

TeopeTukn HO0AT OMEPHPOBATH C AHCAMOJSIMH, HO Yy JKCIIEPUMEHTAaTOPOB
00BIYHO OfiHA J1aboparopus M OJHA ycTaHOBKa, a He 10° mum 10°. 3a JaHHBIM
npomexxyTok BpeMeHu (0 — T) skcreprMEHTaTOp MOXET IMOJIYYHTh JIMIIb OJIHY
peaau3aluio UHTEPECYIOIIET0 ero CIyYalHOro MPOIEecca U MPEANOYUTAET TOITOMY
yCpeOHATh 10  BPEMEHH, TMOJb3ysICh  OofHOW  peanmusanueit &(t) ogHoM
OCITMJUIOTPAaMMON  WJIM  aHAJOTWYHBIM oOpasmoM. ChpamuBaeTcsi, B KaKOM
COOTHOILICHUH HaXOJSATCS 3TU CIIOCOOBI YCPEAHEHUSI 110 BPEMEHH U 110 aHCaMOJII0?

3aberasi Brepea, yKakeM YK€ Temlepb, UTO IS CTAllMOHAPHBIX MPOIIECCOB,
o0Jafalolmmx CBOMCTBOM JproAMYHOCTH, 00a crocob0a yCpeaHEHHs IpH
JOCTaTOYHO OONpIMX T MPaKTUYECKH COBMANAIOT, TaK KAk B JTOM CiIyyae
CTallMOHApHAs  BEPOATHOCTb COCTOSIHUA  paBHAa  OTHOCHUTEIBHOMY  BPEMEHU
npeObIBaHUS CHUCTEMBI B JaHHOM cocTOSSHUM. COOTBETCTBEHHO CpeaHee
CTAaTUCTHUYECKOE pPAaBHO CpeAHEMY [0 JOCTaTOYHO OOJBIIOMY MPOMEKYTKY
BpeMeHU. ['0BOpsi «paBHO» WIIM «COBIMAJACT», Mbl, KOHEYHO, JOMyCKaeMm
HETOYHOCTb, TaK KaKk peub HAET JHIIb O BEPOATHOCTHOM CXOJUMOCTH IO
BEPOSITHOCTH, B CPeHEM KBAJAPATUYHOM MJIM MOYTH HABEPHOE.

OTH yTBEepKIeHUs OoJjiee TOYHO CHOPMYIUPOBAHBI W JIOKA3aHBI B PSIC
pabor.

T + o0
tim |+ §re@1at— § 100 pr (0 dx|=0 (o0 sep),
0 —oo (21.13)
rae pr(X) naetcs hopmyoi «3hGEKTHBHON» TUIOTHOCTH BEPOSITHOCTH
T
pr (1) =\ w (t, x) .
b (21.14)

[MepBoiit uaTerpan B (21.13) 310 sMmupuyeckas BeJIMYMHA, TOTydacMas B
pe3yJbTare onpeaeneHHon oopadborku ocumutorpammbl f[E(t)] B maTepBae (0
— T). Bmecre ¢ Tem 3To0 caydyaiiHas BEJIMYMHA, Ppa3dddHaAs IS pa3HbIX
peanmzanuii §(t) B uaTepBaie (0 — T), a wl(t,X) — oqHOMEpHas M TUIOTHOCTH
BeposTHocTel &(1).
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MoOXHO CKa3aTh, YTO 9TO 3aKOH OOJIBIIIMX YHCENT B TNPUMEHEHHH K
HEMPEPHIBHOMY HAOIIOJCHUIO.

4V,

¥

Puc. 21.1

JlokaxkeM Terepb, YTO MPU YCJIOBHUU TOTO, YTO HMMEJIa MECTO CXOIMMOCTB B
CpPEIHEM KBaJpaTHIHOM, OTHOCHUTEIILHOE BpeMs npeobiBanust &(t) B
npoMexyTKe (X,X+0X) CXOIUTCS 10 BEPOSATHOCTH NpU T— o0 K P=(X)dX, rae

P (x)= lim pr (x), (21.15)

€ClIM, KOHEYHO, OJTOT mpenen cymiectByeT. OTHOCHUTEIBHBIM — BPEMEHEM
npeObIBaHMsI ~ HA3bIBACTCS  OTHOIIECHHE  CYMMapHOTO  BPEMEHH T (xx+d) ,
nposeneHHoro &(t) B mpomexytke (X.X+dX), T. €. CyMMbI BCEX OTMEUCHHBIX Ha PHUC.
21.1 xupHOW JIMHHEH OTpPe3KOB ocH adciucc oT MomeHTa 0 1o mMomenrta T, K
TIOJTHOH MPOJI0/KUTENILHOCTH HHTepBana T.

Teopema xe (21.13) npuHUMaeT Tenepb BHU]

T
11."1'_;1"2. { B —pr (x) dx} =,

(21.16)

Bce CKa3aHHOE CIIPABEIINBO JUIS CIIy4alHOTO IIpolecca
f[E(1)], ymoBIeTBOPSIONIETO YCIOBHIO CXOIUMOCTH B CPEIHEM KBAJAPATHYHOM —
TaK Ha3bIBAEMOMY YCJIOBHIO 3PrOJMYHOCTH 3TOro mpoiiecca. Heobxomumoe u
JIOCTATOYHOE YCJIOBHE CXOAUMOCTHU B CPEHEM KBaIPaATUYHOM MOKHO 3aMEHUTh
0oJiee CUIBLHBIMU TPEOOBAHUSMHU — JIOCTAaTOYHBIMHU YCIOBUSIMU 3PrOJUYHOCTH,
KOTOpblE B MPWIOKEHUAX TEOpUU OOJbIIEH YacThl0  OKa3bIBAKOTCS
BBITIOJTHEHHBIMU. Hampumep, ycioBHe CXOIMMOCTH B CPEJAHEM KBaJIpaTUYHOM
OyJleT yIOBJIIETBOPEHO, €CIU (PYHKIIMS KOPPEJISIIUY BCIOJYy OrpaHUYeHa W MpHU
BCSIKOM t YOBIBAeT C yBenuueHueM At.
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Jlekumnu 22,23 MeToabl BHIYMCJIEHUS HAMEKHOCTH U KO3 PUIHEHTOB
3anaca. Bpi0op HopmaTuBHOrO kod3pduumenta 3amnaca. KodpduumeHrtsi
3amaca B NpaKTHYeCKHUX pacuerax

OcHOBHBIE METOAbI BEPOSITHOCTHOI'0 PAacYeTa CTPOUTEIbHBIX
KOHCTPYKI UM

[Ipy NpPOEKTHUPOBAHUU CTPOUTENBHBIX KOHCTPYKIUN MPEACTABISIETCS
BECbMa  BAXHBIM  YCTAHOBUTh  COOTBETCTBHE  PACYETHOM  MOJENHU
NEeWCTBUTEILHON paboTe KOHCTPYKIIMKA B OKCIUIyaTalldd | IPaBHJIBHO
YUYUTHIBATh H3MEHUYMBOCTH CIy4dalWHbIX (akTopoB. Pacuer HaumHaeTcsi c
aHaIM3a CTPYKTYPHOM CXEMbI COOPYXKEHHUS W PACHPEICICHUA HECyleu
CIIOCOOHOCTH M BHEIIHUX BO3JIeUCTBUM. OTCYTCTBHUE OTKA30B XapaKTEPU3yeTCs

TEM, UYTO YCUJIUS OT Harpy3ok F He mpeBblIaoT HeCcylyto crnocooHocTh D, T.
e. ©-F>0 u ®/F>1.

B cuy ciy4aitHOW MpUpObl MPOYHOCTA W HArpy30K OTH YCJIOBHUS HE
MOT'YT OBITh BBITIOJIHEHBI a0COJIFOTHO TOYHO; OHO COOJIFOJACTCS C HEKOTOPOM
BEPOSATHOCTHIO, JIOCTATOYHO OJIM3KOW K EAWHHMIIC, B TCUCHHE CPOKA CITYKOBI
coopykenusa. I[lo wmepe pa3BUTHS TEOPUU HAACKHOCTH TMpPEJIarajivch
pa3TUYHBIC METOBI pacueTa HaJS)KHOCTA CTPOUTEILHBIX KOHCTPYKITHH.

Metoa A.P. P:xxanunbiHa

[To metony A.P. PxaHuibiHa [S] yclioBHE HEIOMYCTUMOCTH JOCTHXKEHUS

OIMACHOTO COCTOSIHHMSI KOHCTPYKLIMU W OCHOBaHHS TpEACTaBIsieTcs B (opme
(puc. 22.1)

y=2-5 >0 (22.1)

roe ¥ GyHKIIUS HEpa3pyIIUMOCTH.

@OyHKIMS  HEpa3pylIMMOCTH  3aBUCHUT OT  MHOTHX  CJIy4YalHBIX

napameTpoB 9; , W BO3HHUKAIOUIME TPYAHOCTH  TIOCTPOCHMUS  KPHUBBIX
pacnpeneNnieHuid  HArpy3Kd M HeCylmed  CrnocOOHOCTH  (IMPOYHOCTH)
MPEOJIOJIEBAIOTCA TEM, UYTO ATHU KPHUBBIE paCHpEETCHUs MPUHUMAIOTCS 32
HOPMAaJIbHBIE WM JIOTHOPMAaJIbHBIE.
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fony ¥

|

I

I

I

I

I
: s BR} xS )
Puc. 22.1. IInoTHOCTH pacnpenencHus JE) y TP, R)

Ecmmn P(R) us pacnpeneneHbl 10 HOPMAJIbHOMY 3aKOHY, (QYHKUUS

pacnpezeseHus INIOTHOCTH BEPOSTHOCTEN Slw UMeeT BUJL:

1 Y
Fw)=——esl= Y
Gy~ 2T Gy (22.2)
rac LI'I nu Gz"!'l — MATEMATHUUYCCKOC OKUJAHHUEC U CTaHI[apT JJIA l.lJ
[Ipu aTOM
y=D(R)- 5; (22.3)
2 2 2
GE,E-' — G@'ERJ - 2.1:{-@,,5 +G_5 N (224)
D(R) - D(R), (S -8
&, =[P Ry 59 .
@°(R°) S 7 (R")-

rae — K03 (ULMEHT KOPPEISALNY;

LEHTPUPOBAHHAS CIIy4alHasi BETUYMHA DR,

S;

o
5T = LHCHTPUPOBaHHAA cnyqaﬁHa;I BCINYHHA

D(R),% ~ MaTeMaTHUECKOE OKUJIaHUE IS @, R u 3,

G‘;BERJ, Sg ~ CTaHIapT I QR ;8.
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Ecmu Cﬁ(R) nu S T HE3aBHCHUMBIC CJ'Iy‘—IElfIHBIC BCJINYUHBI, TO
2 _ 2 2
Kz 5=0 Oy =Csm t0s (22.5)

HanexXHOCTh KOHCTPYKIIMM W OCHOBAHHUS IO IPOYHOCTH OIpPEAEISAETCA
XapaKTepUCTUKON O€30MacHOCTH ¥ KOTOpast IBJISIETCS OOpaTHON BEJIMUYMHOM 1O
OTHOIIIEHUIO K KO (DULIMEHTY U3MEHUNBOCTH PaCpeICICHHUs W

y 1 ®R)-S

'}i: = =
2 2
Oy Yy ./opm +6s (22.6)

rac W Cﬁ(R) i Sk MaTEMAaTUYCCKHUC OXHUaAaHUuA COOTBCTCTBYIOIIHX

Gy CH(R) OF — Yy —

pacnpeeneHui; CTaHAapTHI pacrnpeeneHui;

KO HUIIEHT BapHanuy (M3MEHIHBOCTH) IS pACIIpEAeTICHHS T .

Onpenenus ¥, MoxnO omeHHTH BEPOSATHOCTh OTKaza Q wmm  P(+)
0€30TKa3HON PabOThl KOHCTPYKIIMA U OCHOBAHUS C TIOMOIILIO BHIPAKCHUI:

7

Q=P(y =0)= [ f(¥)A¥ =0,5—D(); (22.7)
P(+)=1-0 =05 +D(y) . (22.7)
x2

1 v 7
D(y)=—=Je dr-

21

Ta6YJ'II/IpOBaHBI. HpI/I 9TOM HCO6XOI[I/IMO YUUTBIBATB, YTO CE(T) — HCUYCTHAasA

3nech dbynkius Jlamiaca, 3Ha4YeHUST KOTOPOU

GyHKIUA, U1 KOTOPOK P(-7) = -2(y).

Mexnay xapakTepUCTUKON 0€30MacHOCTH ¥ u HazexHOCTBIO KOHCTPYKIIUU

P(+) CymeCTBYCT 3aBHCUMOCTL: YCM OoJIbIlIe BEIWYMHA 1 TEM

y=128 P(+)=090; _ y=232

> TIpU

Y OCHOBAaHUA
BBIILIE HAACKHOCTb. Hampumep, mpu

P(H)=099  v=315 P(+)=0999.

> IIpH
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MateMaTuyeckoe OKUJAaHUE U CTaHJAPT BEIUYUHBI hd OTIPENEIAIOTCS Ha
OCHOBAHMM HOPMATUBHBIX (CpeAHMX) 3HAYEHUW HArpy30K M MPOYHOCTU
MaTepuania KOHCTPYKLIMH M TPyHTa OCHOBaHHUS, KOIPGUIMEHTOB Bapualluu

VRS , HeOGXOTMMbIX JUTsl OTpeieNieHus O RS mo yermosusam O RS~ (R, 5Wgs.

[Ipu norapudmuyeckn HOPMAJIBHOM 3aKOHE pacHpeeieHUs PR),S, W,

-
Koria RS > 0,15- 0,20 xapakTepucTHKa O€30MMaCHOCTH OIPEILIACTCS C
MTOMOIIBIO BBIPAXKECHUS

D(R) 1+ V4
28 g5, (P2 R)
y= e (1 + V%)
2 2\
[ +VZ 2)(A+ V)] 228
rae V"i’fﬁ , VS B KO3 UIIHMEHTHI BapUaluu COOTBETCTBYIOILINX

pacupeneneHui.

A.P. PaHUILIBIH pacCMOTpPEN TAK)KE pacueT HAJIe)KHOCTH KOHCTPYKIUN TpH
BO3JIECTBUM HATPY30K, MPEICTABISAIOMNX cO00i cilydaiiHbie mpoiecchl [3].

Ecim  coBMecTHOEe — paclpeneneHue  CIy4alHbIX  IapaMeTpoB (;,

XapaKTepU3yIINX HATPY3Ky, YCIOBUS JKCIUTyaTalldd U BHYTPEHHUE CBOMCTBA
KOHCTPYKIIUU, OTIUYAeTCS OT HOPMAJIBHOTO WM JIOTHOPMAJIBHOTO, TO
HAJICXKHOCTh MOXET ObITh ompejeicHa mo ¢opmyie tuna (22.7), B MHTErpajie

KOTOPOM F (+} =1- I LP, Y =1(q,,9,.-.09,) — COBMECTHAasA IIJIOTHOCTh

pacrpeneneHus CIy4alHbBIX I[MapaMEeTPOB M WHTETPUPOBAHUE NPOBOJIUTCS IO
BCEM (.

Ctporo roBops, dopmynsl (22.8), (22.7) npurogHel s Ciiydas
OJTHOKPATHOTO JUCKPETHOr0 HarpyxeHus. K Takum ciydasM MOXHO OTHECTH
HATsDKEHHE HAIPATaeMOil apMaTyphl JKeJIe300€ TOHHBIX MOCTOBBIX KOHCTPYKIIHH,
CO3[aHKME TPEAHANPSDKEHHBIX METAUIMYECKHX KOHCTPYKIIMM, BO3JACHCTBHE
TSOKEJIBIX MOHT@XXHBIX HAIPY30K Ha MPOJICTHBIC CTPOCHHS MOCTOB H JIP.

Jnsg  OUeHKM HANEKHOCTH CUCTEMBbI OCHOBAHHE—COOPYXKEHHE IO
Pa3IMYHBIM NPEAEIBHBIM COCTOSIHUAM PACCMOTPUM PELICHUE, MPEIIIOKECHHOE
H.H. EpmonaeBwiM. [Ipn 3TOM ISl JAIBHEHTITMX BBIKJIAOK HepaBeHCTBO (22.1),
3aMEHHUB B HEM OYKBEHHbIE 0003HAaYEHUs, IPEJICTABUM B BUJIE:
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roe ¥ — COBOKYIHBIA (haKkTOp, SBISIOUIMICS (QyHKIMEH CiydalHBIX
apryMEHTOB, OMNPEACISIONIUX YHUCIIOBBIE XapaKTEPUCTHKU KaK "BHYTpEeHHEro"

daxropa ¥4 tax u "memmero” paxropa ¥ 2; Y- "BHYTpeHHHUI" (akTop
CHUCTEMBI  COOPYKEHHE—OCHOBAaHHE,  XapaKTEPH3YIOIIMHA €€  HECYNIYIO

CIIOCOOHOCTh WJIM TIPEACIBHO JOMYCTUMYHO JedopMariuio; ¥ ~ "BHEIIHU"
dakTop yCIIOBU PAOOTHI CUCTEMBI, XapaKTePU3yIOUTUH bakTruecKu
JNEUCTBYIONME HArpy3kKd TMpU HUX HauboJee HEBBITOJHOM COYETAaHUU U
OoOyCJIOBIIMBAIONIMK  Hauboliee  TsDKENbIE  YCJIOBHS paOOThI CUCTEMBI B
OTHOIIEHUH BO3MOXKHOCTH TOTEPH HECYIIEH CHOCOOHOCTH TPYHTOBBIM
OCHOBAHHMEM WJIU TIOSIBJICHUSI HAUOOJBIITUX Jedopmaliuii.

YuuteiBas BeIpakeHue (22.9) w coaepkaHWE TIOHATHS  YPOBHS
HAJIC)KHOCTH, COOTHOIICHHE JJIA TOJYy4YeHHUs KOJWYECTBEHHOTO IOKa3aTels
HAJIS)KHOCTH CUCTEMBI OCHOBAaHHE—COOPYKCHHE MOYKHO MPEJICTAaBUTH B BHUJIC:

H=f=P[¥Yzy=0]=P[(¥1-¥2)2y=0] (2210

= = :-:' = —_
rac H f:i‘_l g [}r =J 0] BCPOATHOCTD CO6BITI/I${, 3aKITIOYarIICTrocs
B HCHACTYIUICHHM IIPCACIIBHBIX COCTOSIHUU T CHUCTECMbl OCHOBAHHC—
COOPYKCHUE, YMCIICHHO paBHAaA YPOBHIO HAACKHOCTHU CHCTCMBI.

Tak xkak HauOONBIINNA MPAKTUUECKUN MHTEPEC MPEJCTABISAET MPEIEIbHOE
3HaYCHHE HAJEKHOCTH, TOJydyaeMoe TMpH HAWMEHBIIUX 3aTparax, ToO
cootHotienue (22.10) 11t ykazaHHBIX YCIOBHIM MOXET ObITh 3alMCAHO B BUJIE:

H=R=MAY=y=0]=AV1-V2)=5=0]1 (9219

Jlnst ompeneneHuss YpOBHS HAJEKHOCTH B OOIIEM ciydae HEOO0XOIUMO

3HaHUE TUIOTHOCTHU Jv(y) Wi QyHKIUHA Fy(y) pacrnpeeneHusl COBOKYITHOM

BeuduHbL ¥ - ABJISIONICHCS (YHKIIMEW MHOTHX CIy4alHBIX apryMEHTOB, OT

¥
KOTOPBIX 3aBHCAT (hakTopsl ~ | u V2.

¥

IIpUMEHUTENBHO K CIIy4YaliHOM BEJIMYMHE ~ * UMEEM
Fy(y)=HY ( yl= JD[—DC’( Yy ¥l (22.12)

YuuthiBas, 4To
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)= 1y,

(22.13)
a TaKoKe paBeHcTBO (22.11), I ypOBHS HAIEKHOCTH £ monydaeM:
H=F=1- F:(y=0),
y=0
H=F=1- [y
- (22.14)

Kak TpaBuio, 3aKOH paclpeseieHus (axtopa ¥ OGyaeT B JOCTAaTOUHOM
Mepe CJOKHBIM, €CIM Y4e€CTh MHOKECTBO CIy4YalWHBIX (haKTOPOB, CTOSIIHUX B
npaBoil yacTu cooTHomeHus (22.9), or KOTOphIX OH 3aBUCHUT. [loaTomy

H.H. EpMOHaCB HCIIOJIb30BaJl HpI/I6J'II/I)K€HHOC COOTHOIICHNC B BHIAC pilda

[apnase. B ob0mem ciydae npu v =0, YUHUTBIBasA TPU IIEPBBIX YIEHA PAIA,

IIOJIy4uM

Fyu}=_ffy(y)dy——[@z<y iy by g Vo

Gy 3! 03 Gy
1 3 ¥ — iy
- e (—D)
4r Gy
: (22.15)
e £=—my)/oy _ HOPMHPOBaHHAs  CilydaiiHass  BEJIMYMHA Z,
152
@)= 27
] Po = -
COOTBETCTBYIOLIAS CIIy4anHOU BEJIMYMHE e 2
IUIOTHOCTh ~ HOPMAJIBHOTO  PACIPEACIIECHUS  CIIYYaMHOW  BEJIMYWHBI Z;
2 z —1 2
Dr(Z) = je dx —

Jlammaca), ompeaensieMbli IS KaXJAOr0 U3 3HAYCHUU

02(2)= @ I, P ()= ¢ () -

; O¥ Oy BTOpas 51 TPEThs
MPOU3BOJIHBIC, OINpEAENIsIEMble M0 CHEUATbHBIM TaOIULIAM ISl KaXA0ro

MHTErpall BeposiTHOCTEW (yIBOEHHas (QyHKIUA

3aJ]aHHOr0  3HAYEHUS Z = —my)}/Oy; Mgy, My~ TPETHH M YETBEPTHIN
LEHTpAlIbHbIC MOMEHTBI CIY4aiiHOIl BeJIMYMHBI COBOKYIHOrO (akropa ¥

. Oy = .f
;Y Dy _ CpEIHEKBaIPATUYECKOE OTKIOHEHHUE (haKkTopa V.
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Tak KakK JJI51 OIIPpCACIICHUA YPOBHA HaJACKHOCTHU H ) COT'JIaCHO
22.14), 7 = 0 16 110 dpopmyse (22.15)

1]
Fp(y =0)= _Ify(y}ﬂfy =

1 1 e 1
= S[1+0; (- 20 B g -+ (HE -3 -
2 Gy 3' i Gy— 4' O Gy (2216)

[loacraBuB B cooTHomieHue (22.14) BoIpakeHue IS Fy(y=0),
MOJTy4aeM:

H= Bi= 10y (- 2 B2 2 (2

oy 3 Gy
__(Hd? }(p(3j m?}_i_
Oy : (22.17)

Dz (z) , ¢ (2)

y‘H/ITBIBaH, qTo SABJIIAIOTCA HCUYCTHBIMH (byHKLII/IHMI/I,

a (p[:ﬂz:] (z)- YETHOM, TIOJTYIHM:
Dy (2) = ~D; (2}, ¢ (-2) = ¢ (2); ¢ (-2) =~ (2).

Torna 1u1s ypoBHS Hafle:KHOCTH £ T0JTydaeM cliemylomee BhIpaKeHue:

=—[1+¢’z( 74 L Hay 2 2 ()
Gy 3 O

B30 ‘**’}+
G

Oy ¥ . (22.18)
1 _my
SO Vy Oy
BBoast Ko3(h(GUIMEHT Bapvaluu CIIydalHOW BEJIMYHHBI u
3Ech Wy
Ay = —03 , By = (—4—3]5
0003Hauas ¥ Gy Oy YHM BBIpAKCHHE TUTSE

OIPCACICHHUA pACUCTHOI'O YPOBHA HAACKHOCTHU:
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1 1., 4 1,
Hp=H = o[1+ @ (L6 )+ o0

1
@4
W VY 24 ('pﬂ (VY} e

(22.19)

rie Ay, Hy— aCHUMMETPHS U dKc1ecce hakTopa V.

Nmess B Buay BelpaxkeHnue (22.9), mua onpeneiacHus YHUCIOBBIX

XapaKTEPUCTUK (PYHKIHUU ¥ asmsoweiics Pa3HOCTBIO JIBYX HE3aBUCUMBIX
CIIy4allHbIX BEJIMYMH, MOJIyYaeM CIEAYIOIUe (GOPMYIIBI:

yr = Py — Mary s

_ _ _ 2 2
DY_G%_ DY1 +DY2 _GY1 +GY2:
Nz = Hayy — Hay,

gy = Hgyny + gy, + BDy1 Dys s

(22.20)

riue mﬁﬂ ¥ mﬁ-’zr GY1 » GYQ? DY1: DYQ? ”‘3371 > “‘3?2? “-'4'1?1 » ”‘4?2 -

COOTBETCTBCHHO MaTEMAaTH4YCCKHUC OXUaaHud, CPCAHCKBAAPATHYCCKHC
OTKJIOHCHUA, OUCIICPCHUH W HOCHTPAJIbHBIC MOMCHTBI TPCTBCIO H YCTBCPTOIO

nopsijika (hakTopoB Y11 Y2 xax CIy4YalHBIX BEIWYMH. YKa3aHHBIE YUCIIOBBIE
XapaKTEPUCTUKU OMNPENENAIOTCS KaK XapaKTepUCTUKU (YHKUUNA CIydalHbIX
apryMEHTOB, OT KOTOPBIX OHU 3aBUCHAT.

Jns  TpakTUYeCKMX NPUIIOKEHUW B MPOCKTUPOBAHUU TPAHCIOPTHBIX
COOPY’KEHU YPE3BBIYAHHO BAKHBIM SIBIISIETCS] BOIIPOC o0OecIieueHus: TpedyemMon

HAJE)KHOCTH TPU BO3MOXKHOCTU BapbUPOBAHHS HECYIIEH CIOCOOHOCThIO P
(“BayTpeHHUM” (hakTOpOM }q) B coortHomeHusx (22.1) u (22.9), xotopsie
OTOOPaKAIOT COBOKYITHOCTh MPOYHOCTHBIX WM Je(OPMATHBHBIX TMOKa3aTelen
MaTepuasa KOHCTPYKIIMH ¥ TPYHTOB OCHOBaHWS, C YYETOM BHJIAa WUX

HANpPSOKEHHOTO COCTOSIHUSL W TEOMETPUYECKUX pa3MEpoB KOHCTPYKLIUU |
dbyHIaMeHTa.

Cornacnao CymCCTBY BCPOATHOCTHOT'O TOJIKOBAHUA IMOHATHA HAACKHOCTH,

K
K03 PHIHEHT samaca ¢ IAT (ko3¢ dureHt HAJIC)KHOCTH ~ 'F)
B paboTe KOHCTPYKIIMHU IIPH pacyeTe Ha MPOYHOCTh MM YCTONYHUBOCTH, a TAKXKe

Opyu  YCJIOBUH, UYTO PR) y 5 pacmpeneneHbl [0 HOPMaJbHOMY 3aKOHY,

€

onpenensercs no popmyne K, =5
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VuursBas, ato ¥ P =5, voxHo MOJIYYUTh YCIIOBHE

(22.21)
OTKYyJla

(22.22)
rae D, 5- MaTeMaTHYCCKHUE OXKUIaHUSI COOTBETCTBYIOIINX (PAKTOPOB.
2

Wmest cootHommenus (22.21), (22.22) u yuyuThbiBas, 4TO 02*” =% +G'25"

MOXXHO ONPENEIUTh XapaKTEPUCTUKY O€30MacHOCTU ¥ 1o bopmyne (22.6)
yepe3 K0dhdUIMeHT 3amnaca Hsarm g BUJIE:

1 (@-5)/5 _ Koar —1 ~
Vo J©3 15V 4(3157) Y0P /T T )+(63/T)

- ) 3"
Vi K +V5 (22.23)

Pemas Boipakenue (22.23) oTHOCUTEIBHO KO UIIMEHTa 3amaca Hsam,
MOy IUM

1+ - (v°V; -Ny°Vs -
(1-v V@)

Ko =

(22.24)

IIpu TOrHOPMABHOM pacrpeeincHnn L u S koa(puIeHT 3armaca Hsam
HOJIYYUT BBIpaKCHHE:

In & 3 = 7/ I[(1+ 7)1+ V2] +05 1n1+V¢

+V5 (22.25)

roe 1 XapaKTepUCTHKa 0€301MacHOCTH, onpeaernsiemMast mo gpopmye (22.8).
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H= FP(+)

ypOBeHB HaaCKHOCTH Ipun HOPMAJIbHOM H JIOTHOPMAJIbLHOM

pacrpeneneHmsx Gaktopos L u S ycTaHaBiuBaeTcs 1o Gpopmyite (22.7).

HpI/I OKCIIOHCHIMAJIBHOM  3aKOHC pPacClpCIaCiICHUA D " S BBIPAXXCHHUC

koad¢uimeHTa 3amnaca a1 ¢ yenonszosanmen YCIOBUS Km:%, MOJTyYUT
CHEYIOIINI BU:
1 Kogm —1 |
AT
R
. G- (22.26)

Jns OLeHKHM YpOBHS HAJEKHOCTH H=P(+)

CIICTYIOIIIee BhIPAKCHHE:

B 3TOM CJIy4ae IMOJIy4EeHO

N 1.@&-5) o

H = P = gl el g =0
—4 =4

+§E€—+i}p§>w:-+...,
(D +57) (22.27)

rae D(y) - uHTerpan BepostHocTH (byHnkius Jlamnaca);

2, o (-
o > Yo BTOpasi U TPEThbsl NPOU3BOJHBIE, OINPEAEISIEMBIE I10
CHelIMalIbHBIM Tabmuuam [4];

P,5~ \arematueckoe O’KMJIAHUE COOTBETCTBYIOIIUX
DKCIIOHEHIMAJIbHBIX PACIIPEICIICHU;

¥~ ko> dUIMEHT BapHalli COBOKYITHOTO CIIY4aifHOTo (hakTopa,
V= (@ +5)"7 i(@-9).

[Ipu pacueTe TPYHTOBBIX OCHOBaHMI Ha MPOYHOCTH Mo crocody H.H.

EpMonacBa HOPMHPOBaHHAs CIy4aiiHAs BEIMYHHA £ ONPEeIseTCS IO
aHAJIOTUU C BhIpaKeHHEM (22.23) U UMEET CJICAYIOIIHI BU/I;
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Z=—T=—_—-= :
72 F:‘E 2
iy VY VEH JAT + VYQ (22.28)

Pemrast cootHomenue (22.28) OTHOCUTEIIBHO Hsam, MTOJTYYHM:

- A= 2z 2 _ 1) |
Koy = A1 A NE )
(1-2 Vy,l}
\/ (V‘*'"’E 1)<V“"1 N
Kgmz .
-2,
Ve, )

(22.29)

[ToncraBuB B mpaByr dYacTh cooTHomeHus (22.19) mns ompenencHus

1/V,=2
YPOBHS HaJIE)KHOCTHU BMECTO ¥ ero BeIpakeHue (22.28), umeem:

1 o —1 A Ko —1
H=—[1+D.( - 3*;” V(p@) JAI )+
VR Koy +Vy2 \/r/:;,,1 Hosan +V2,
EEF (p(Sj Faap —1 )+
JVH Koan +V5, (22.30)

Kak moka3pIBarOT YHCIIEHHBIE pacdeThl mo ¢dopmyiaam (22.16), (22.18),
(22.19) BiausHHE WICHOB pACUCTHBIX COOTHOIICHUH JJIsI  ONpEACIICHHS
HAJIC)KHOCTH, 3aBHUCSILUX OT TPETHETO M YETBEPTOrO LIEHTPAILHOTO MOMEHTOB,
OOBIYHO HE MPEBOCXOJUT HECKOJIBKHX IMPOLIEHTOB. JTO BIMSHUE TEM MEHBIIE,
yem Oosbliie KOd(D@PUIMEHT 3amaca U 4yeM MeHblle Kod(h(UIMEeHT Bapualuu
(bU3UKO-MEXaHUYECKUX CBOMCTB IPYHTOBBIX OCHOBaHUU. [loaToMy miist rpyObix
MPUKUIOYHBIX PACUETOB MOXKHO HCIIOJIb30BaTh yKa3aHHBIC (POPMYIbI O3 yueTa
TPETHETO I/I quBepToro qneHOB B 3TOM  Cy4ae

H= Hp——[1 @z( )]——[1+@z(—}]
(22.31)

@E(V —) -
v

rae YABOECHHBIN uHTErpan Jlammaca.
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Ucnons3oBanue dopmynbl  (22.31) paBHOCWIBHO TMPUHATHIO IS
COBOKYMHOTO (hakTopa ¥ HOPMAIbLHOTO 3aKOHA pacpe/ieIeHHsI.

Hcnone3oBanue cootHomenui (22.7), (22.23); (3.10), (22.25); (22.26),
(22.27), (22.30) npu pa3IMYHBIX 3aKOHAX pacIpeaeaeHust hakTopoB L u S

o
U ~¥2? [103BOJIAET peuiaTh CJICAYIOMUC IIPAKTHYCCKH BAKHBIC 3a1a9N:

H = P(+)

1) ompenensTb  ypOBEHb  HAJCKHOCTHU npu  3aJaHHBIX

koadduimenTax 3amaca Hsam , UHCIIOBBIX XapaKTEPUCTHUKAX CIy4alHBIX

pemauH L 1 S (1 u ¥2) U uX K03QdUIIMeHTax BapHalliy;

2) omnpenenarb TpeOyemblid Kod(hduiumeHT 3amaca s obOecrieyeHus
3aJIaHHOTO YPOBHS HAJAC)KHOCTH KOHCTPYKIIMH WJIM TPYHTOBOT'O OCHOBAHUS TIPU

HN3BCCTHBIX YHCJIOBBIX XaPAKTCPHUCTHKAX CﬂyqaﬁHLIX BCIINYHUH @ u S(}ﬁ u }fz }

1 uX k03P hUIMeHTax BapUalui.

Kaxnas u3 ykazaHHBIX 3a7a4 UMEET CBOIO 00JacTh MPEUMYIIECTBEHHOTO
UCIOJIb30BaHus. Pelienre nepBoi 3a1aun npecTaBiIsieT OOJIbIION HHTEPEC MpU
OLICHKE YPOBHS HAJIE)KHOCTU CYIIECTBYIOLIUX 3KCILUTYaTUPYEMBIX KOHCTPYKLIHN
M TPYHTOBBIX OCHOBAHUW COOpPYXEHHMU. PellleHue BTOpOW 3aJadyd HUMEET
MPEUMYIIECTBEHHOE 3HAYECHHE B CTAAUU MPOCKTUPOBAHUS KOHCTPYKIUU H
IPYHTOBBIX OCHOBAHUM COOPYKEHUU.

Jleknus 23. MeToabl BBIYHCIECHUS HAAEKHOCTH M KOI(P(PUIUEHTOB
3anaca. Bbi0op HopmaTuBHOro kod3dgdumnmenrta 3amaca. KodppuuueHTsl
3amaca B IPaKTHYEeCKHUX pacyerax.

Metoa H. C. Ctpenenkoro

ViM BriepBBIE MCCIIEIOBAIUChL COBMECTHO BEpPOSTHOCTHBIC pacrmpe-
neneHus Harpy3ku F u Hecymei criocooHocTr ®@. OTCyTCTBHE OTKA30B Xa-
paKTEepU3yeTCs TEM, UYTO YCHIIMS OT HArpy3o0K F HE MPEBBINIAIOT HECYIIYIO
crmocooHocTh D, T. €.

D-F>0u O/F>1 (23.1)

HYCTL KpHuBasi pacipcaciacHus IMPOYHOCTHU XAPaKTCPHU3YCTCA
MAaTEMATHUYCCKUM OXKUAAHUECM Z CPCAHCKBAAPATUIHBIM OTKIIOHCHHUCM 4 -

a KpUBas paclpeaeieHduss YCHIUS OT Harpy3kKM — COOTBETCTBEHHO F
u F.DIu KpHBBIE IIEPECEKAIOTCS B OJHOM TOYKE, COOTBETCTBYIOIIEH
Hecymiedt crocoonoctn ®,u ycunuioo or Harpysku — Fo (puc. 23.1).

Buauenuss @, Fg3aBucst or obmero koadduimenTa 3amnaca 1 MOTYT OBITh
IIPUHSTHI 32 paCYCTHBIC.
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Puc. 23.1. K onpeaeneHuto «rapaHTuu HEPa3pymIuMOCTID)

Jlist onienku Oe3omacHoi padotsl koHcTpykuuu H. C. Ctpeneuxuii BBen
MOHITHE «TapaHTUs HEPa3pyMIUMOCTH» ¥ Jal MPOCTOM CHocod ee
OIIpeIeJICHUS:

I=t—wmar | (23.2)

rjae /' — rapaHTvs Hepa3pyIIUMOCTH (BEPOSITHOCTh O€30TKa3HOM paboThI);

%1 — BepPOATHOCTH TOTO, YTO IPOYHOCTh KOHCTPYKIUH HOJYYHT
3aHMKEHHbBIE 3HaueHusI O < @y;

%2 — BepOATHOCTH TOTO, YTO HATPY3KA MOJIYYHT 3aBHIIICHHOE 3HAYCHHE,
T.¢. F> FO,

@& — BepOATHOCTb OJHOBPEMEHHOTO MOSBICHHS DJTHX COOBITHIA

(BEpOATHOCTH OTKA3a).

B Takoi TpakTOBKE OTKa3 MPOUCXOIUT MPHU OJHOBPEMEHHOM IOSBIECHUN
JIBYX COOBITHI: CHHXEHUS HECylIedl CHOCOOHOCTH HUXKE pacyeTHOW M
IIPEBBILLIECHNS HATPY3KaMH PACUYECTHON BEJIMYHHBI.

Beposaraoctu “: u ©2 HETPYHO BBIUMCIIUTBL, €CJIM U3BECTHBI 3aKOHBI
pacripeniesieHrs Harpy3Kud ¥ Hecylleld crnocoOHocTtd. OHU paBHBI TUIOMIAISAM
KPUBOJIMHEHHBIX TPEYTrOJBLHUKOB, 3aKJIIFOYEHHBIX MEXKIY OChIO a0CIucc u
OTpE3KaMM KPUBBIX B auarna3zoHe oT O, 10 — ¥ i pacnpeneieHuss HeCyuen
CIOCOOHOCTH | OT F¢ 10 + * 15151 pacpeiesieHus] Harpy30K:

# 7
@, = 3’ fB)dP, ©, =] FIFIF
= 5 (23.3)
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Ha IMPAaKTHUKC  JIsI  BBIYUCIICHHA o u z HCIIOJIB3YIOTCA Ta6J'II/IHI>I
HHTCTpajia BCpOSITHOCT@I;'I.

OpnHako rapaHTusi HEpa3pyIIUMOCTHU CIYKUT IPUMEPHON U 3aBBILIEHHOM
OLICHKON BEpOSITHOCTH O€30TKa3HOM paboThl, TaK KAK HE YYWUTHIBAET BCE
BO3MOKHBIE COYETAaHUsl Harpy3o0K M Hecylled crnocoOHocTH. BrocnencTsuu
ObL1a JaHa IBYCTOPOHHSA OIICHKA JIJIsl BEPOSATHOCTH oTKa3za Q=1-/~

W &hy U = oy + o, — oha, (23.4)

eciim 00e KPHUBBIC pACIIPCACIICHUA UMCIOT II0 OAHOMY MAKCHUMYMY.

Ipumep 23.1. OneHUTH BEPOSITHOCTH OTKa3a M3THOAEMOU OaJIKU TIPH
CIIEAYIOIIUX UCXOMHBIX HaHHbX: £ =280 kHwm, £ =20 kHwm ,

F =180 xHwm,F =20 xHwm. Ilepeceuennme ByX paclpeeIeHHil
Haxogurcs B Touke ®. = F = 240 xHwm; pacnpenenenns © u F HopmanbHeIe.

BrruncnseM BeposTHOCTH P2 u %2 | mcnons3ys Gpyrkiuu Jlamaca:

@ -, I80- 240 F-F 30-180
By =—=— = =1 gip="»57= =3

@D 20 : & 20

3Ha1 UgpH UpII0 TaOIMIaM MHTErpajla BEPOSITHOCTEM HaXOAMM,

yro @ = 00028 @, =0,00135

JIBYCTOPOHHHE OLIEHKH BEPOSITHOCTH OTKa3a
ooty =0 0228 000155 =0.00005,

@y +ay —aen = 00028+ 000155 -0.00003 = 002412

Vtax, 0,00003<Q<0,02412

JIByCTOpOHHME OLEHKH [Jii TapaHTHUU HEPA3PYLIMMOCTH CIHEAYIOLINE:
0,97588<1'<0,99997.

Ipumep 23.2. OnpenenuTh HAAEKHOCTD JKEIE€300€TOHHOI'O PUTENS Te-
PEKpBITHS.

Hcxonmurlie faHHbIE:

MaTeMaTH4YECKOe OKUaHNE HECYIEeH CIIOCOOHOCTH PUTEIIS

& =220 kHm;

KOA(PPUIIMEHT Bapualliy pacrpeieieHus HeCyIel CltocCOOHOCTH
Veo=0,1;

MaTEMaTH4YCCKOC OXKMAAaHUC I/I3FI/I6aIOIHeFO MOMCHTA OT HAI'PY3KHU.
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F =130 xHwm;

Kod(PUIMEHT Bapwamuy pacrpeaesieHuss HU3THOAIero MOMEHTa OT
Harpy3ku Vg =0,15;

Ed
XapaKTepuCcTHKa 0€30MacHOCTH ~* = 3;
HOpMaTUBHOE 3HaYeHue Hajexxnoctu P,=0,9987

CranpaapTbl pacnipeeieHu:
JUISL HECYIIeH CITIOCOOHOCTH P=FyP _ 0,1-:220 =22 kH-™m;
JUIS. M3ru0arommero MOMeHTa OT Harpys3ku F=Vg F= 0,15-130 = 19,5
kH-M.
221-13

= T = 304
22 i st

ar s
VoV

Y2(3.06> 30 Xapakrepucruxe

Oe3omacHOCTH * = 3,06 COOTBETCTBYET HAAEKHOCTE P = 0,99889, uro BbIIIE
HopMmatuBHOM P,= 0,9987. HaaexxHocTe paboThl purens OpH JAEHCTBUU
HAIPy30K CUUTAETCs 0OECIEYEHHOIA.

Ipumep 23.3. Ilpu WU3roTOBIEHUU >KEJIE300€TOHHBIX pUTreeH
NEPEKPBITUI TPUHATHI MEPHI 10 MOBBIIEHUIO KayecTBa mu3aenus. beToH cran
Oosiee OAHOPOIHBIM, a KOA(D(HUIIMEHT BapHalld HECyIIeH CIOCOOHOCTH
CHH3HIICS 10 3Ha4eHHs Vo = 0,07. OIpenenTh HaIeKHOCTh PaGOThI PHTeIs
Y HAMETUTH ITyTH CHUKEHUS PAcXo/la KOHCTPYKTUBHBIX MaTepuaioB. /[aHHbIe

JUTSl pacyeTa MPUHUMAIOTCSI TAKUMH K€, KaKk B ipuMepe 23.2, KpoMme 3HaYCHUS
V.

Cranpapt pacnpeenaeHus HeCyIer criocoOHOCTH

P, =3P =007-220=152

XapakTepuCcTUKY 0€30IMaCHOCTH MOXKHO OPEACNIUTh 1Mo Gopmyiie (22.6):

Lo 220130 o

XapakrepucTuke 6e3omacHocT ¢ = 3,62 COOTBETCTBYET HAJEKHOCTh
P, = 0,999885,

OnpenenuM BepOSITHOCTh OTKa3a AJid ycioBuil nmpumepos 23.2 u 23.3:
npu V4= 0,1 (mpumep 23.2) Q; =1 -P; =1-0,99889 = 0,00111;
npu Vg = 0,07 (mpumep 23.3) Q, =1 - P, =1-0,999885 = 0,000115;
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00082

SRR =g
GO001s

BepositHocTh 0TKa3a B nmpuMmepe 23.3 yMEHBIINIACH B pasa
nocjae MPUHATHS TEXHOJIOTMYECKMX MEp IO TIOBBIIIEHHIO KayecTBa
KOHCTPYKLIMM, YTO TOBBICUJIO €€ HAaJeXKHOCTh, KOTOpas IPEBBIIIACT
HOpMaTHUBHOE 3HaueHue. B  pe3ynbTare  yiaydllleHHs  TEXHOJOTUHU
U3rOTOBJIEHUS CO3JAJUChH YCIIOBUS JJIsi YMEHBIICHHS DPACX0Jla MAaTEpHaJIOB
OPU COXPAaHEHMM HOPMAaTUBHOM HaaeKHOCTU. C 3TOM LENnpl0 Hainem

o L D o o
3HAYCHHUC CPEIAHCHU HECYIICH - C 3aJJaHHOM HOPMAaTHBHOU HAACKHOCTBIO:

D7+ FF =130+30,/1547 + 1937 = 204347 -

o @,
[Ipu Hecymel cnocodbnoctn ~ * =204,54 xkH-M obecnieunBaeTcss HopMa-
TUBHAsl HaJIG)KHOCTb, & PACXOJl MAaTEPUAJIOB MOXKET OBbITh CHUKEH MPUMEPHO
z-3,
Ha P

= "%

Cnoco0 B.B. bojgornna

Crporuii moaxo K pacueTy HaJEeKHOCTH CTPOUTENBHBIX KOHCTPYKIIMIA
OCHOBaH Ha yueTe (akTopa BpeMeHM. VI3MeHeHue Harpy3ok M Hecyulei
CIIOCOOHOCTH MPOUCXOJAT C TEUEHHEM BPEMEHH, a HACTYIUIEHHUE OIACHOTO
COCTOSIHMS ~ BO3HHMKAeT B  pe3yJbTaTe IOCTENEHHOTO  HAKOIUIEHUS
noBpexaeHuid. Hanpumep, mnpodHocTHeie U JedOpMaTUBHBIE CBOMCTBA
&Kene300€TOHHON  KOHCTPYKLIMM TaKOBbl, YTO B TEUEHHUE Mepuoa
AKCIUTyaTallii B O€TOHE M apMaType pa3BUBAIOTCS MPOLECCHI, U3MEHSIOUINE
CIIOCOOHOCTh KOHCTPYKI[MM CONPOTHUBIIATHCS BO3JECUCTBUSIM Harpy3okK u
BIUSHUIO OKpykaromied cpeapl. KoneOGaHust BIaKHOCTH, Iepenajbl
TEMIEpaTyp € MEPEeX0JIOM uepe3 HOJb, MOJI3y4ecTh OETOHA BBI3BIBAIOT
MIOCTENEHHOE HAPYIIEHUE €r0 CTPYKTYPHI, UTO YXYALIAET SKCIUTyaTallMOHHBIE
KadyecTBa KOHCTPYKLIMH. MHOrOKpaTHO MHOBTOPHOE BO3JEHCTBUE HArPYy3KH
NPUBOJUT K PA3BUTHUIO YCTAJIOCTHBIX IMOBPEKICHUN B MeTauie U OETOHe.
[Iporeccel KOPPO3UM CTATBHBIX KOHCTPYKLUUN U apMaTyphl B jKele300€TOHE
CHUKAIOT HECYIIYIO CIOCOOHOCTh. B TO ke BpeMsi B HayalbHOW CTaJHUH
Harpy>ke€Husl MPOUCXOJUT YIPOUYHEHUE OETOHA, U, CIEA0BaTEIbHO, HECYIas
CIIOCOOHOCTh ~ KeJIe300€TOHHOM KOHCTPYKIMHM B HAYaJbHBIA TEpUOJ
JKCIUTyaTalliil MOKET MOBBIIIATHCS.

B ocnoBy meroma B.B. bosoTuHa TMOJI0XKEHO MPEANONIOXKEHUE, YTO
IIOBEICHUE KOHCTPYKIIMH OIMCBHIBAECTCS CIy4aMHBbIM IPOLECCOM, a OTKa3
paccMaTpUBAETCsS KakK CIIy4allHbIM BBIOPOC XapaKTEPUCTUK HAIMPSHKEHHOTO
COCTOSIHUSI KOHCTPYKITUHU W3 00JACTH JOMYCTUMBIX COCTOSIHUM.
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O6HIaH CXCeMa pacucra HAACKHOCTH C YUYCTOM (bI/ISI/I‘IGCKI/IX, TCX-
HHUYCCKHX U OKCINTYAaTaAllMOHHBIX ACIICKTOB COCTOUT M3 YCTBIPCX OTAIIOB.

Ha nepéom omane ycTaHaBIMBAETCS pPAacyETHAs CXEMa CHCTEMBI
(coopy»eHus) U BHEITHUE CIIy4ailHbIe BO3/ICHCTBUS Ha HEe.

Ha emopom smane onpenensercs CTOXacTUYeCKOe IOBEICHUE CUCTEMBbL
IIPU CIIyYalHBIX BO3JIEUCTBHUSAX.

Tpemuii >man 3aKIIIOYaeTCsl B BbIOOpPE MPOCTPAHCTBA W 00JIACTH
JOIYCTUMBIX COCTOSIHUM. 3a IapaMeTpbl KadecTBa MOTYT IIPUHHAMATHCS
3HAYEHUS HANpPSLDKEHH, MOMEHTOB, HOPMAJbHBIX CHJI, MEPEMEIICHUI MO-
MEHTOB M Jpyrue (akTopbl, XapaKTEPU3YIOLIME HAMPSKEHHOE COCTOSHHE
KOHCTpYKIMU. OOJacTh MONYyCTHUMBIX 3HAYEHU MapaMeTpoB yCTaHaBIIHU-
BAETCSI HA OCHOBE TEXHMKO-KOHOMHYECKHX COOOpPaXEHHH C y4eTOM TeX-
HOJIOTUYECKHUX U HKCIUTyaTallMOHHBIX TPEOOBaHUM.

Ha uemeepmom smane paccunthiBaeTcsi (YHKIUS HAJIEKHOCTH Kak
JIOTIOJTHEHUE 10 €UHUIIBI BEPOSITHOCTH CIIy4allHOTO BBIOpOCa 3a MpeJesibl
JOMyCTUMOM 00JIacTH.

O6nacTe JOMYCTHUMBIX 3HA4YEHUH, OCOOEHHO ISl >KeJIe300€TOHHBIX
KOHCTPYKI[MM, HOCHUT CIly4allHbI Xapaktep. [l pacuera HaIeKHOCTH
KOHCTPYKITUH, CTOXaCTHUYECKHUE CBOMCTBA KOTOPHIX OMHUCHIBAIOTCS KOHEUHBIM
YUCJIOM MapaMeTPOB, MPUMEHSIETCS METOJ] YCIOBHBIX (PYHKIIMM HAJI€)KHOCTH.
CHavayia pacCUMTHIBACTCS HAJIEKHOCTh BHYTPEHHE JETEPMUHUPOBAHHOU
CHUCTEMBI MOJ JECUCTBUEM BHEIIHUX HAIPY30K, TPAKTYEMBIX KAK CIyYalHBIN
nporecc. OTa HAAECKHOCTh Ha3bIBAETCS YCJIOBHOM HAJEKHOCThIO. OHa
3aBUCHUT OT CJIy4YalHBIX NapaMEeTPOB, XapaKTEPU3YIOIIUX CBONCTBA CHUCTEMBI,
— MEXaHUYEeCKHE CBOMCTBA MaTepuaioB, HadalbHbIC JAE(PEKTHI, BO3MOKHbIE
OTCTYIUICHUS] T€OMETPUUYECKUX Pa3MEpPOB OT HOMHUHAIBbHBIX. COBMECTHas
IUIOTHOCTh BeposiTHOCTeH f(X1,Xp,...Xn) OTHUX TapamMeTpoOB JOJDKHA OBITH
noJlydeHa  IMyTeM  M3y4deHuss W 00OOIIeHUs]  MIpeACTaBUTEIbHOU
cTaTUCTUUEeCKON wuHopManuu. 3areM mnpuMmeHseTcs GopMysia MOJHOU
BEPOSITHOCTU JIJIs1 JAHHOW CHUCTEMBI:

Piy=1- [ JOF » @iz Tt Sl e oI008 60 5

. (23.5)

3nech Q(F>®d/x1,Xy,...,Xp;t) - YCIOBHAs BEPOSATHOCTH TOTO, YTO HArpy3Ka
F mpeBbimaer Hecyiryro crnocoOHOCTs @ mpu (GUKCUPOBAHHBIX 3HAYCHUSAX
napaMeTpoB MPOYHOCTH X1,Xp,. . .,Xp 3@ TIEPUOJ BPEMEHH t.

‘Nr-vr‘l-'i

B yacTHOocTM, TpM Harpy3Kax, ONKCBIBAEMBIX CTALIMOHAPHBIM
rayCCOBCKUM IporeccoM, (hopmMyna Juist OnpeneseHus Hae)KHOCTH aHcaMOJst
KOHCTPYKUUN IPUOOpETaeT BUL:
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¢ ;"? ER B = N T F]: i i
Hr}=1—§r-?j j ez A ‘F-«‘} FEIEENERAT L N oA
% L (23.6)
rae &= A5 QyHKIMOHANIBHAS 3aBHCHMOCTD HeCyIeH

CIIOCOOHOCTH OT CITyYaHBIX MAPaMETPOB X1,Xa,. .., Xp;

L

|

— MATCMATHYCCKOC OKNIAAHUC U CTAHAAPT ITPOLCCCAa HAI'PYIKCHUSA,

Fo CTaHIapT CKOPOCTU U3MCHCHMU:A IIPOLICCCA HAIPYIKCHUA.

[Ipy Hamuumu OOMIMPHON MCXOTHON CTATUCTUYECKOM HMH(pOpMAIUU U
BBIOOpE KPUTEPHUEB OTKa3a 3ajiaya ONpEeeieHUs HaJSKHOCTH CBOJUTCS K
pemieHU0  KpaTHbIX — uHTerpajgoB  (23.5), (23.6). Crpemienue K
AHATUTUYECKOMY BBIPOKEHHIO (YHKIHMU HAJIEKHOCTH CBSI3aHO C PSIOM
JOIYILICHUM.

B pabotax [7], [8] mpemnaraercs paccMaTpuBaTh OIpPEACICHHE YPOBHS
HAJSKHOCTH T0 cienytomed cxeme. CHauajma ONpenemsitoT HaJeKHOCTb
BHYTPEHHE JE€TEPMUHUPOBAHHOW CHUCTEMBbI TOJ  JCHCTBUEM BHEUIHUX
CIIy4ailHBIX HArpy30K, TPAKTYEMbIX KaK CIIy4aiHbIN MpoI1iecc.

Ota HaaekHOCTh Po(ryrz,...,M;t), Ha3pIBaeMas yCI06HOU HAOEHCHOCHDBIO,
3aBUCUT OT MApameTpoB Ii,l2,...,In , XapaKTepU3yIINX BHYTPEHHUE CBOMCTBA
CUCTEMBbI (MEXaHMYECKHE CBOMCTBAa MaTepuasioB, HadalbHble JehEKTHl U
HenpaBuibHOCTH). COBMECTHasl MJIOTHOCTh BeposTHOCTeH  p(rire,...,Mn ) s
ATUX TapaMeTpOB JOJDKHA OBITh TOJNy4YeHa NTyTEM U3YYCHHUS TOCTATOYHO
00JBIINX BBHIOOPOK KOHCTpYKIMHA. HanesxxHocTh cuctemsl P(t) BBIYHCISAIOT 1O
dbopmyIie MOTHON BEPOSTHOCTH

P(t) =II P, (rL,r2,....r. ., )p(rl,r2,...,r. )dr,dr,,...dr.. (23.7)

Hanpumep, Korjga Harpyska XapakTepusyercst oJHMM mapamerpom S(t),
U3MEHEHUE KOTOPOro TMPEACTaBiIsIeT CcOOOM CTAallMOHAPHBIM T'ayCCOBCKHIA
MpoIeCC, a OTKa3 HacTymaeT MpU HapyIIeHWH HepaBeHCTBa R>S, ycioBHas
HAJIeKHOCTb ONPEIEAETCS MPUOIMKEHHO KaK

z -
Pott) =1 — D00t oy, | (R—asP
2m Eﬂ::.
) (23.8)
Ota popmyra JaeT OLEHKY CHHU3Y, IPUTOJHYIO IPHU HAAEKHOCTH, OJIU3KON
K eaquHULE. Eciu ke NpUYnHOM OTKa3a SIBISIETCS YCTAJIOCTHOE pa3pylI€HUE, TO,
YUUTBIBAsI MAJIbIN pa30pOC YCIOBHOM T0ATOBEYHOCTH To , MOXKHO 3alUCaTh

| opu { <= T
Pyt
o(f) 0 npn 1 =Ty,

rac To ONpCACIIAIOT, HAIIPUMCEP, KaK CPpCAHIOI0 JOJITOBCUYHOCTD!:

(23.9)
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T =%zﬂ (23.10)
p(S)ds

N(S)

0

Br100p HOpMaTHBHOTO KO3 duuMeHTa 3amaca

Hopmamuenoe  3nauenue BepoITHOCTH  0€30TKa3HOW  pabOThHI
CTPOUTEIILHOM KOHCTPYKIIUU MPEACTABIISIET COOOH BEIMYHMHY, OJM3KYIO K
enuaunie. OHa yCTAaHABIMBACTCS WCXOAS W3 TpeOOBaHWM OOECTICUCHHS
0e3omacHO pPabOThl TEXHOJIOTHYECKOTO OOOpYAOBaHHS W JIOfeH, O0e30-
MACHOCTHU JIBMKCHUS JUISI TPAHCIIOPTHBIX COOPY)KEHHUH M MUHHMYyMa OOIIUX
3aTpaT Ha CTPOUTEIbHBIC U IKCIUTyaTaIl[MOHHbIC paboThl. ClemnyeT OTMETHTb,
9TO ATH TPeOOBAHUSI SKOHOMUYECKH IMPOTUBOPCUNBEI.

[ToBblllieHHE HAACKHOCTH BEIET K YBEIWYEHUIO 3alacoB Hecyllen
CITIOCOOHOCTH KOHCTPYKIIMH, KOTOPbIE HE BCETJa MOTYT PEaJM30BHIBATHCS B
TEUEHUE CPOKa IKCIUTyaTalluM M BBI3BIBAIOT HEOMpaBAaHHOE yaopoxkaHue. B
TO € BpEeMs KOHCTPYKIUH C YMEHBIICHHBIMH pa3MepamMu IONEPEUHbIX
CEYCHMII HECyIIMX OJJIEMEHTOB M pPAacXolOM MaTepuaioB 00JaJaroT
CHIKEHHOW HAJIE)KHOCTHIO.

OTKa3bl KOHCTPYKLUUN MPUBOJAT K pa3inuyHOro poaa yuiepoam. K Hum
OTHOCATCA CTOUMOCTBH C1 BOCCTaHOBJIEHUS MTOBPEXIEHHON KOHCTPYKLIUU U €€
PEMOHTa MpHU IKCIUTyaTaluu, 3arpaTbl C, HA BOCCTAaHOBJIEHUE 000PYOBaHMS
U JIpyrUX 4YacTel MOBPEKICHHbIX coopykeHud, mnorepu Cg npuObun
MPOMU3BOJICTBA HAa BPEMsSI €ro OCTAHOBKHM BCIJIEJICTBUE OTKa3a. 3JHAYCHHE
HOPMaTHUBHOU HAaJIe)KHOCTHU KOHCTPYKLIMHU c DKOHOMHYECKOMN
OTBETCTBEHHOCTBIO, pasMmep yuiepoa MJisi KOTOPBIX MOKET ObITh OIICHEH B
CTOMMOCTHOM BBIPQKEHUH, YCTAHABIMBAETCS U3 YCJIOBHS MUHUMYyMa OOLIUX
3aTpaT Ha CTPOMUTENIbHBIE M TEKYILIue padOThl MPH SKCIUTyaTalluu 34aHUN U
coopyskenuit (puc. 23.2):

C=Cy(P)+C,(P)—min, (23.11)
rae C — oO1as CTOUMOCTB;
Co(P) — HauanmbHasi CTpOUTENIbHASI CTOUMOCTh KOHCTPYKIIUH;

C,(P) — 3arpaThl B mpollecce 3KCIUTyaTallud, CBSI3aHHBIE C OTKa3aMu
KoHCTpyKIMH U ee coaepxkanuem: C,(P) = C+ C, + C3

O6a cnaraembix ¢opmynsl (23.11) 3aBucaT OT HaaexxkHocTu P: c
yBenuuenueM P Bospactaer Cy(P), HO cHMXArOTCS OSKCIUTyaTallMOHHBIE
pacxombl C,(P) (cMm. puc. 23.2).
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C 5\ s

min N 7
~ »7
~ -

C(P) el _CAR)

2) p

Puc. 23.2. 3aBucumocth o0mieit croumoctd KoHCTpykiuu C oT ee
HajaexHoctu P.

WMHKeHepHBI  pacyeT, KakK [MpaBWIO, HOCHT JACTCPMUHHCTHUYCCKUN
XapakTep.

VYcnoBue 6e30TkazHOCTH R>S, KOTOpOE MOKET OBITh BBITIOJIHEHO JUIIb C
HEKOTOPOU HAJAEKHOCTBIO P, 3aMEHSIOT JICTCPMUHUCTUICCKUMH YCIIOBUSIMHU

Rﬂﬂﬂ

= khﬁﬁ A

pPacy

Eﬂ (]
Sp‘ﬂtu S e 1,

~ Ruopa (23.12)

PacueTHoe 3HaueHHMe HArpy3Ku S . MU pacyeTHOE 3HAYEHUE MPOYHOCTH

pacu

R BBIOMPAIOT 1O HEKOTOPOW CTENEHU MPOU3BOIBHO: 3TO MOIYT OBITh

pacy

MaTeMaTUYECKUE OXHUIAHUS WM HaubOojee BEPOATHBIC 3HAYCHUS, a TaKKe
MaTeMaTUYECKUE OXKUJAHUSI MaKCUMabHBIX (MUHUMAaIbHBIX) 3HaUeHUH. [locne
TOr0 Kak pacyeTHble 3HA4YeHUs S ., U R . YCTaHOBJIICHBI, HOPMAMUGHbLLIL

pacu pacu

KoIhpuyuenm 3anaca k BBIOMPAIOT TakK, YTOObI W3 MPUBEICHHBIX BBIIIC

sopm
YCJIOBUM ¢ HaIEKHOCTHIO P BhITeKasio ycioBue R>S. OTcrona BUAHO, UTO €Clu
MapamMeTp BHEIIHUX CWJ TPUHUMACT JETEMUHHPOBAHHOE 3HAYCHHUE, TO
MOCJIETHEE €CTECTBEHHO TMPHUHATH 3a pacyeTHoe. Torma HOPMATUBHBIN
K03 dUIIMEHT 3araca onpeaeaseTcs Kak

Rﬂm‘#
ktwﬂ-ﬂ - R ': F.'l v
rie R(P) — 3HaueHue mapameTrpa MNPOYHOCTH, TaKOE, YTO BEPOSITHOCTH

ocymiecTBieHus HepaBeHcTBa R> R(P) paBHa HamexHocTH P,
[lpy HOpMambHOM pachpejeicHHH mapameTpa R, mpuHuMmas 3a R

pacu

1 o
cpeanee 3Hadenue R, momyuum k., =, 3/€Ch Y — rayCCOBCKHUH ypOBEHb

HaaC)KHOCTH.
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B ob0mem cnyyae, Korga CIydalHBIMH SIBISIFOTCSI W HArpy3kd u
XapaKTePUCTUKH TMPOYHOCTH, HA3HAYCHHE HOPMATUBHOTO KOXPPHUIIMECHTA
3araca CTaHOBHTCS BEChMa CIIOXKHOMW 3amadeil, TpeOyromel mpeIBapuTeIbHOTO
pEIICHUsT COOTBETCTBYIOMIEH 3amauu Hana&KHOCTH. OpHUEHTUPOBOYHO MOXKHO
BOCIIOJIb30BaThes dopmysion (23.12) ¢ yueToM CBSA3M MEXIY HaJACKHOCTHIO H
ko3 dunmenTom 3anaca K, moxazanHou Ha puc. 23.3.

f “8a i3 5¥

Puc. 23.3. Cxema, WLTIOCTpUPYIOIIAsl CBS3b MEXKIY HAIEKHOCTHIO H
ko3 dunrenTom 3amaca K.

OHpCIICJI}I}I k=—, KakKk OTHOIICHHE MaTEeMaTUYECKUX O)KI/IIIaHI/Iﬁ

(MUHUMAJIBHOTO 3HAYCHHUS TPOYHOCTH a, U MaKCHMaJIBHOTO 3HAYCHHUS
HArpy3Ku ag) 3a BpeMs JKCIulyaTanuu |, npuaéMm K cieayromei dopmyse,

CBSI3BIBAIONIEH HOPMATUBHBIA Kod(pduimeHt 3amaca k C TayCCOBCKUM

HOPM

YPOBHEM HAJIEKHOCTH Y

1} T =) (=) |

T iR
— ¥ ¥y (23.13)

HOPH

Ha puc.23.4 nan rpaduk s HopMaTUBHOTO Kod(duilmeHTa 3amnaca mpu
Wy = @y .

HopmatuBHbIl KO3 (ULIMEHT 3amaca CYIIECTBEHHO  3aBUCUT  OT
HOPMAaTUBHOW HAJEKHOCTH P, . KOTOPYI0 HA3HAYAIOT HA OCHOBAHWM TE€XHUKO-

HOpM 9

HKOHOMHUYECKUX COOOpaKEHUH.
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i T F 1+

R T T Focgor
Puc. 23.4. 3aBucumoctb HopMaTUBHOrO Kod(dduimeHTa 3amaca k oT

HOPM
HOPMATHUBHOW HAACKHOCTH P, .~ ¥ OT KOd()()HUIMEHTOB HM3MEHUYMBOCTH TPHU

HOPM

Wy = @y .

Ko3ddunuenrsl 3anaca B NpaKTHYECKHX pacyeTax.

OObeKTUBHBIE 3HAUEHUS HOPMATUBHBIX IIOKa3aTenell HaJeKHOCTU
JOJKHBI  OMPENENAThCA I KaXIOro OTAEIbHOIO BHUIA CTPOMUTENIbHBIX
KOHCTPYKIMH Ha OCHOBE ITyOOKHX TEOPETHUECKUX pa3zpaboTOK U OOLIMPHBIX
AKCIIEPUMEHTAJIbHBIX UCCIIEA0BAHMM.

B nHamel crtpaHe Ha OCHOBE MHOIOJIETHEW SKCIUTyaTallMW Pa3IUYHbIX
WH)XCHEPHBIX CUCTEM B 3aBUCUMOCTH OT OTBETCTBEHHOCTH JJIEMEHTA,
KOHCTPYKIIMH, OOBEKTa TOJYyYEHbl CIEAYIONINEe JIaHHbIE HOPMATHUBHBIX
3HaYeHUI HaJexKHOCTH (Tadu. 23.1).

3Ha4yeHUsI rayCCOBCKOTO KO3 UIIMEHTAa HAACKHOCTH KEI€300€TOHHBIX
KOHCTPYKITUH, 3alpOCKTUPOBAHHBIX MO OTEUECTBEHHBIM HOpPMAaM, pPaBHBI
Ve = 3..4. HanexHocTs, COOTBETCTBYIOILIAS OTIPEIEIICHHBIM
3HAYEHUSIM y, CIEAyIOLIas:

Hanexnaocts 0,9 0,99 0,999 0,9999

3navenus y, 1,28 2,33 3,10 3,76
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Tabmuma 23.1.

OpI/IeHTI/IpOBOLIHI)IC 3Ha4YCHUA HOpMaTHBHOﬁ HaJCKHOCTH y

DIJIEMEHT KOHCTPYKLIHH  WJIU Hauano OkoHuaHH
COOpYKEHUS AKCIUTyaTaluu € DKCILTyaTalu

MastoOTBETCTBEHHBIN DJIEMEHT

0,90...0,95 0,85...0,90
KOHCTPYKIIUU
Maccosbiii AJIEMEHT
CTaTHUCTUYECKU HEOTpeIeTUMON
KOHCTPYKIIMH, OTKa3 KOTOpOl He 0,99 0,95
BJCUET BHE3AMHOTO  Pa3pyIICHUS
CHUCTEMBI

OTBeTCcTBEHHAas  KOHCTPYKIUS
(bepma,  Oamka,  KOJOHHA) C 0,999 0,99
MOCTENIEHHBIMUA OTKa3aMH

OTBeTCTBEHHAs! KOHCTPYKLHS C
BHE3AITHBIMU OTKa3aMH

0,9999 0,999

YHUKaIbHOE COOpYKEHUE 0,99999 0,9999

Pacuetnl HaJACKHOCTH MW  AOJITOBCYHHOCTH aBTOJOPOXKHBIX MOCTOB

CBUJIETEIBCTBYIOT, YTO ONTHUMAaJIbHASA HA/IEKHOCTh 3aBUCUT OT CPOKA CITY>KOBI
u P, =0,99...0,999.

OnTumanbHOe 3HAYEHHE HAJEKHOCTH COCTaBISIET: MO OOpPa30BAHUIO
TpeluHbl B 3amuTHOM cioe Py= 0,90...0,95; mo AoCTHXEeHUM TpelruHaMU
HOPMATUBHOW MpHUHBI packpeitust a = 0,2mm, P,= 0,95.

B umkeHepHBIX HOpMax B Ka4yeCTBE PACUCTHOW HArpy3KH IMPUHUMAIOT
HEKOTOPOE «MaKCUMaJlbHOe» (T.€.  COOTBETCTBYIOIIEE HEKOTOPOW Majou
BEPOSTHOCTH OCYIIECTBJICHUS) 3HAYCHUE, a B KaudyeCTBE pacyeTHOTO
COTIPOTUBJICHUSI MaTepHiajla — HIDKHEE 3HAUCHUE W3 TEXHUYCCKHUX YCJIOBHH.
BeiOop »THX 3HaueHWM, a TaKke Kod(pdHIIMEHTa 3amaca B ONPEACICHHOM
CTETICHU TPOU3BOJICH: OJHOM M TOW K€ HAJEKHOCTH MOTYT COOTBETCTBOBATH
paznuuHble Kod(pduimenTer 3amaca. /s TOro 4YTOOBI OIEHWUTH BEIUYUHY
HAJISKHOCTH, TMPEAyCMaTpUBaeMOd HOpPMaMH, HEOOXOIWM CTaTUCTUYECKHMA
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aHallM3 HArpy30K, COMPOTHUBJICHHNA W JAPYTUX IMapaMeTpOB, BIUSAIOIMNX Ha
MOBEJICHHE KOHCTPYKIuu [8].

Jlnama3oHbl OOBIYHO MPUHUMAEMBIX 3allacOB MPOYHOCTH TPU pacueTax OT
CTaTUYECKUX HArpy30K M Harpy3kax ¢ HEOOJBIIUM YMCIOM IuMkiIoB 1,5 — 2,5
U 2 - 4 ipu IEPEeMEHHBIX  Harpy3kax ¢ OOJBIINM YHCIOM IIUKIIOB.

B cTpouTenscTBE, B aBUACTPOEHUU M APYTHX OTpACisIX, [A€ OJHUM H3
BOXHEUIIUX (PAKTOpPOB SBISIETCS OOMMH BEC KOHCTPYKLUHH, JIOTUYHO
CTpeMJICHHE K OOOCHOBAaHHOMY CHIDKEHHUIO 3alacoB MPOYHOCTH. DTO TpeOyer
yTOY HEHUS HE TOJBKO PACUYETHBIX CXEM, HO W YTOYHEHHUS CBEIECHUU O
Harpy3kax, YCJOBHSX pa0OThl MU MEXaHMYECKHUX CBOMCTBax MaTepuayioB. B
JNEHCTBYIOIUX HBIHE CTPOUTENBHBIX HOpMax KO3(pPUIMEHT 3amaca pagensercs
10 TUIIaM Harpy3oK, HEOJJTHOPOAHOCTH MaT€PUAJIOB U YCIOBUSIM PabOTHI.

[Ipu yuere ciaywailHOro xapakTepa BceX (PAKTOPOB HCIIOJIb30BAHUE
CTATUCTUYECKUX JAHHBIX YaCTO OTPaHMYMBAET BO3MOXHOCTU OOOCHOBAHHOTO
CHW)KEHHMS 3allacOB IPOYHOCTH BCBS3M C HEJOCTATOYHOM CTATUCTUKOMN
HaOmonenuil.  [loatoMmy s Oonee  OOOCHOBAaHHOTO — Ha3HAYCHMS
KO3((UIMEHTOB 3amaca B HACTOSIEE BPEMsI BCE LIUPE HCIOJIb3YIOTCS METOIbI
MOJEIUPOBAHUSA IIPOLIECCOB M METOJBl CTATUCTUYECKOTO MOJEIUPOBAHUS
PE3YIBTATOB KaK CIIyYalHBIX BEJIMYUH M CIYYaWHBIX IIPOLIECCOB.

Jlekuuss 24. CoBpeMeHHbIe METOAbI MOJAEJIMPOBAHUS CJHOYYANHBIX
NpoIEecCOB U BeJIUYUH TNPH pPelIeHHH 33]a4 CTPOMTEJbHON MeXaHUKHU
pacueTra M NPOEKTHPOBAHUS COOPY KEHUIt

OO0uas xapakTepuCTUKA METOI0B MOICTMPOBAHMS CJIyYalHbIX
BeJIMYHH

[Tox monesmpoBanuem ciay4daiiHoii Bean4yuHbl (CB) 5 IIPUHATO TOHUMATh

OpolecC TMOMy4YeHHs Ha KOMIBbIOTEPE €e BBIOOPOUHBIX 3HAYCHHM C1oe- 2 Sy :
Bennuumpt 512" ** 7 SN cTaTHCTHYECKM — He3aBHCHMBI W HMEIOT OJINHAaKOBOE
pacrpeneneHue BEpOsITHOCTEH, COBIIAJAIOLIEE C pacrpeieIeHueEM CB a

[IpakTtyecku mr00ast 3amada CTAaTUCTUYECKOTO MOJICTUPOBAHUS COACPKUT B
Ka4eCTBE CaMOCTOSITEIBHOTO JTama noiydeHue peanuzanuiit CB ¢ 3agaHHbBIMU
3aKOHAMH PacIpeeIeHUsI.

LenTpanbHas npeaejibHasi TeOpeMa TEOPHU BEPOSITHOCTH.

Crnyuaiinas  enuyuHna, pacceusamue 3HAYeHUll KOMOPOU 00YCl061eHO
PA3TUYHLIMU — PABHO3HAUHBIMU — NPUYUHAMU, — UMeem  HOPMAJbHbLIL — 3AKOH
pacnpeoeienus: 6eposmHOCMel.
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HcxogubiM  marepuasiom  uist  popmupoBanust Ha kommnbiotepe  CB
C Pa3JIMYHBIMU 3aKOHAMU paclpeaesieHUs] CIIy>)KaT PaBHOMEPHO pacIpelleCHHbIE
B uatepBasie (0, 1) caydvaiiHbie yKciaa, KOTOpbIe BbIpadaThiBaloTcss Ha DOBM
OpOrpaMMHBIM  JTaTYMKOM CIyYalHbIX yuces. [Iporpammel [1isi  mOdydeHHs

IICEBIOCIYYalHbIX BEJIMYHH 5 C PABHOMEPHBIM 3aKOHOM pPacCIpEAeSICHUs] BXOIAT
B MaTeMaTHYeCKOe OOECIeUeHHE COBPEMEHHBIX KOMIBIOTEPOB U  37eChb HE
IIPUBOJIATCA.

OcHoBHbIE MeTOIBI MOenpoBanus CB, mpuMeHsieMble TPU MOJICITUPOBAHUA
TaKMe KaKk METOJbl HEIMHEHHOro mpeodpazoBaHms, cyneprnosuiyu, Heiimana,
KyCOYHOW amnmpoKkcuManuu naroT oOuiue npuemsbl nonydenus CB ¢ 3amaHHbIM
3aKOHOM DAaCIpeesieHHs W3 PAaBHOMEPHO pacCHpeAeNCHHBIX CIyYailHBIX YHCEN |
MoJIeIMpoBaHus citydaiiHbix npoueccos (CIT).

CraTucTHYEeCKHE 3anachl IMPOYHOCTH

IIpoynocTh  (CMOCOOHOCTH  JETAIM  CONPOTHUBISATHCS — Pa3pyIICHHUIO)
OLICHMBAETCS HECKOJIbKMMM CHOCOOAMHM. @) C TMOMOUIbIO  JOIyCKaeMbIX
HampsDKeHWd, 0) 3armacaMu  MPOYHOCTH, B) CTATUCTUYECKUMM  3amacamu
MIPOYHOCTH.

Cratuctuyeckue 3amacbl MPOYHOCTH  SBISIIOTCA  Oojiee  00OCHOBaHHBIMU
XapaKTEPUCTUKAMU TPOYHOCTHOU HAJICKHOCTH, B OCOOCHHOCTH [IJISI OTKAa30B
KOHCTPYKIIUH C TSXKETBIMH TTOCIICACTBUSIMHU.

CraTucTuyeckue 3amachl MPOYHOCTH, KaK M OOBIYHBbIE, MMEIOT YCIOBHOE
3HaueHue. VX WuCnoap3ylT Kak KpPUTEpUHU CpPABHEHUS HAAECKHOCTH BHOBb
CO3/aBa€MbIX M3JECIHA C W3AEIUSAMH, YIAOBIECTBOPUTENIBHO SKCIUTyaTHPYEMbIMHU.
[TapameTpsl 3TUX pacHpelesieHuH OJHO3HAYHO CBS3aHbl C MaTeMaTUYECKUM
OXUJaHWeM, Jucnepcued 1 KOdPOUIIMEHTOM  BapHallHi, YTO IO3BOJISET
COMOCTaBUTb MX OCOOCHHOCTHM BAANM OT LEHTpa paccessHud. Jlig  aroro
NPUHUMAIOTCA HEKOTOpble (QuKcupoBaHHble 3HaueHus M (x) u Q (X),
OMPENIEISAIOTCA COOTBETCTBYIOIIME MapaMeTpbl PACTIPECICHUN U BBIYUCIISIIOTCS
BEPOSITHOCTh Pa3pyILIEHUsI U CTATUCTHUECKHUI 3amac MpPOYHOCTH B COMOCTABHUMBIX
YCJIOBHSIX — OJIMHAKOBBIX YPOBHSIX 3HAYUMOCTH W JOBEPHS TPHU OMpPEACICHUU
HKCTPEMAJIbHBIX PACUETHBIX 3HAYEHUH Mpejesia BHIHOCIUBOCTU U JIEHCTBYIOIINUX
HaIPSKEHUM.

Taxkum obpazom, 3amada mudpooro moxaenupoBanus CII Gopmynupyercs
KaK 3ajjaya HaxOXKJEHUSl alropuTMoB (IO BO3MOKHOCTH HauOoyiee MPOCTHIX),
NO3BOJISIIOIIMX ~ MOJlyyaTh HA  KOMIIBIOTEpE  JUCKpPETHBIE  peau3aliu
(BBIOOpOUYHBIE (PYHKLIMH) MOJEIUPYEMBIX MPOLECCOB. DTO CAMOCTOATEIbHAS U
JOBOJBHO  CJOXHas 3ajgada cuHTe3a juckpetHbix CII, wuMuTupyrommx
HEINPEPBIBHBIE IPOLIECCH] C 3aJIaHHBIMU  CTAaTUCTUYECKUMU XapaKTEPUCTHUKAMHU.
Ona pemaeTcsi MyTeM OTHICKAHUS YIOOHBIX JUIS peaju3allid Ha KOMIIbIOTEepe
JUHEHHBIX M HEJIMHEWHBIX MpeoOpa3oBaHUl, C TOMOIIBIO KOTOPBIX MOXKHO
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MIPEBPATUTD HE3aBHUCHMBIC PaBHOMEPHO WIIN HOPMaJIbHO
pacmpe/iesieHHbIE CIyYalHble YUcia, BbIpabaThIBa€Mble JAaTYUKOM CIIyYalHBIX
yucesl, B CIIyYalHbBIC ITOCJICAOBATEIBHOCTH C TPeOyeMBIMH BEPOSTHOCTHBIMH
CBOMCTBaMH.

Haubonee mnpocToii W NpPaKTUUECKH MPUTOTHBIN METOJ  OMpeaeNeHus
CTaTUCTUYECKUX 3aIlacoB IIPOYHOCTH COCTOMT B CleayroleM. MHUHUMaIbHbIE
XapaKTEpUCTUKA  NPOYHOCTH U MAKCMMAJIBHBIE  3HAYCHUS  HANPSHKCHUU
YCTaHaBIMBAOT B COOTBETCTBMUA C HOPMHUPOBAHHBIM YPOBHEM 3HAaYMMOCTH M
JIOBEPUTEIILHOM BEPOSATHOCTH.

e

Bust 0TKA30B MO BEPOATHOCTH BOZHHKHOBEHHS 33 BpeMi OnkunaeMas BEpOATHOCTH OTKABOR,
IKCTUTYATALHA ’ OLICHEeHHAN PaCUYeTOM WiH
DKCNEPHMEHTANLHEIM ITYTEM

(OTKa3 MpaKTHYECKH HEBEPOATEH Meuee 0,00005

(Tka3s MaIOBEPOATEH Or 0,00005 o 0,601

Orkas HMEET MANYK) BEPOATHOCTh, O0YCIIOBASHHYIC TOABKO Or 0,001 go 0,005

TOUHOCTHIO pacteTa

YMeperHan BepOSTHOCTE OTKA3a Ot 0,005 mo 0,001

OrKasbl BO3MOKHBL, HO IPH HCIBITAHMAX HITH B IKCIUTYaTALHH Ot 0,001 zo 0,005

AHANOTHYHBIX W3lienuH e Habmonammce ‘

“OTKa3B! BO3MOMHB!, HAOMIOZANMCE TIPH MCTIBITAHHAX K B Ot 0,001 no 0,005

IKCIUTYATALIAH AHATIOTHYHBIX W3JENHH :

OTKa3bl BNONHE BEPOATHBI Ot 0,005 no 0,01

Bricoxas BepoATHOCTH OTKAZOB Ot 0,01 5o 0,10

BeposaTHBI TOBTOPHEIE OTKA3b1 bonee 0,11

IIpumenenue crarucrtuyeckoro moaenuposanusa CB npu pacuerax
CTPOUTEJIbHBIX KOHCTPYKIMUIA [6]:

[ Haumenopanne - CraTucTudecKoe CrartucTHyeckoe PeayasTaThi
napaMerpa MOfEeNHpOBanHe 3a 20 ner mogenuposanue 3a 100aer | Habmoaenui
Hopmanssoe Beii6ynmna | Hopmansxoe | BeiiGynna | mereocTanuu
yceueHHoe pacnpene- yCeueHHOe paciipene- | r. Kasaus sa
L pacnopezeneHde JieHue pacrpefenenne]  JieHHe 58ner
MaxcumanbHas 28.1 323 29.77 35.2 28-30
CKOPOCTb BETpa
(m/c)
MakcHMasibHbIH
BETPOBOH  Hamop 49.4 65.4 55.4 77.4 49-56
(KT/MZ)
KonuuectBo  ciny- 5 cayuaen 9 cnyyaes 16 cniy4aes 23 cayqas | 2cmy4ansa
YyaeB O CKOPOCTBIO (50MuH) (90Mmun) (160mur) (230Mmun) 2007 u
6onee 27 m/c : | 2008r.
{60MuH)
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. FncrorpaMma PE3YABTATOR MOAESIHPOBAHIAA BETPQBOTO HANOPA 3aKOHOM
pacupeacIcHuA Beﬁﬁynﬂa

CrarucTuyecKMii MMUTAIIMOHHBIN MeTO [6]:

CraTucTHUeCKM  MMHUTAIIMOHHBIA METOJI OTJIMYACTCs OT CMEIIaHHBIX
BEPOSITHOCTHO-ICTCPMUHUPOBAHHBIX METOJIOB TEM, YTO BCE PACUETHBIE
MapamMeTpbl, NPOU3BOAHBIE OT  IAPAMETPOB U (YHKIIMOHAJIBHBIC
npeoOpa30BaHUsl BBIMOJIHSIIOTCS CTATUCTUYECKUMU METOJaMU MOJICTTUPOBAHUSI.

[Ipu cTaTUCTUUECKOM MOJCIMPOBAHUM BO3MOXKHBI PAa3JUYHBIC BApPHUAHTHI,
13 KOTOPBIX HanOoJiee yA00HbI:

1 — uHTEepBaIBHOE MpeNcTaBICHUE (3a1aeTcs PYHKIMS paclpeelieHUs] u
npeje/ibHbIC BO3MOXHbIC 3HAUCHHSI CIIYyYallHbIX mapamMeTpoB (puc. 24.1)) ;

?

0.003
0.002 - i \\
1930 / [\_2730 i

° O,.x2c f cx
1800 2000 2200 2400 2600 2800

0.001

Q) uHTEpBalbHAA OLICHKA Nipejiesia TeKydecT crand Ber3ne
@
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s/ \

P P Pys xzfi.xﬁ
40 50 60 70 80 90

6) HHTEPBaJIbHAA OLICHKA INOCT OAHHOM Harpy3kM OT BeCa YTCIUIMTENA KPOBIH

Puc 24.1.
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2 — TMpeAcCTaBi€HHE B BHUJAE CIy4alHBIX BBIOPOCOB C Ha3HAYEHHOU
CITy4yallHOW WUJIM ONIPEeACIEHHON aMIUITUTYIOW W MHTepBaJIoM (puc. 24.2);

} P (nazpysix), xec

.,:1':

{ ? i I ' @:w

l“’,-

JueHka ceHcMUYEeCKOU Harpy3ku B BHIE CIY4aliHbIX BLIOPOCOB

Puc 24.2.

3 — B BHJE JCTCPMUHHUPOBAHHBIX BBIOPOCOB pACUETHBIX IMapaMETPOB,
MPECTaBICHHBIX B UHTEPBAILHOM OlleHKE (puc. 24.3).

P xec it

il
N N 2, vecays

WMt 2343567 § W12 34567

Ouenka cHeroBo# Harpy3ku B BUJ€ NEPHOIHYECKMX BHIGPOCOB
¢ CNTy4YyaHHbIMH MapaMeTpamMu

Puc 24.3.
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JUis MHTEpBaJIbHBIX OLICHOK JIOJKHBI BBINOJHATHCSA OOLIME TpeOOBaHUSA
OIIPEIENICHNS NPEIEIbHBIX 3HAYCHUN:

1) oObekr mommkeH OBbITh YETKO ONpeAenéH 10 Ha3HAUYCHUIO U
KOJIMYECTBEHHBIM I1apaMeTpam;

2) Tmpolenypbl HM3MEPEHUH WM HCIBITAaHWH, BBITIONHSAEMBIC IS
ONPENEIICHNs] 3HAYEHUs IapaMeTpa, JOJDKHBI IO3BOJATH IIOJNY4YaThb OLIEHKY
HEOIPEAECNEHHOCTH U3MEPECHUM;

3) mpoueaypbl HM3MEpPEHHMH WM HCIBITAHUH  JTOJDKHBI  OBITh
CTAaHAAPTU3UPOBAHHBIMU;

4) ycraHaBIMBaeMbIC IpENCIbHBIC 3HAYCHUS MApaMETPOB HE JIOJDKHBI
BKJIIOYATh B C€0sl HEONPEAECIEHHOCTh U3MEPEHUI;

5) 001acTh JOMYCTUMBIX 3HAYEHUH KOJIWYECTBEHHBIX IapaMeTpOB
MOJKET OBITh OIpaHUYEHA C OJIHOM WJIU C IBYX CTOPOH.

MHTepBanpHas OLIEHKA BCEX PACUETHBIX NApAMETPOB BBIPAKAETCSA 4Yepe3
MHO>KECTBO CIIYYalHBIX YHMCEJ, MOCESHHBIX B HHTEpBAJIEC 0 TOH WIM HHOU
(GYHKIIUM pacnpeeeHns BEPOSITHOCTEM.

@OyHKIMU  pacnpeleneHuss Ui MHOTMX  pPacyeTHbIX  IIapamMeTpOB
(XapakTepuCTUKH MaTepHaloB, HAarpy3Kd U Jp.) U3BECTHbI M BOIIPOC UX
MMHTAIIUM C YYETOM BPEMEHM DKCIUIYyaTallUd COOPYKEHUS B ONPEACIEHHOU
CTENIEHU MPEJICTABISAETCA pelIeHHbIM. [[poOIeMHBIM SIBIsETCS HA3HAYEHUE 1Iara
UMUTALUMU JUIsI CIIyYalHBIX JAMHAMUYHO HW3MEHSIOIIMXCS napameTpoB. Ecnu
INPUHATH 1Iar paBHbIA | MUHYTE, T O OOLIEE YHUCIO T€HEPUPOBAHHBIX 3HAUCHHI
KKJIOT0 pac 4eTHoro mnapamerpa Oyner 3a 30 JeT SKCILTyaTallMd pPaBHO
15.810° Jlns mapaMeTpoB, U3MEHSIONIMXCS B OJHOM BPEMEHHOW KOOpIHMHATE,
o011ee Y1CI0 reHepUPOBAHHBIX 3HAYEHUI TapaMeTpoB, MO UAEE, TOJKHO ObITh
OJINHAKOBBIM.

B Hacrosmee BpeMs  CTaTUCTUYECKUHI UMUTALMOHHBI  METOJ
copMyIUpPOBaH B BHUJAE TUIOTE3bl, IO3TOMY CTPOrOro J0Ka3aTelbCTBA
NPUMEHUMOCTH METOJIa He CylIecTByeT. B pabote [6] Ha mpumepe pemieHus
3alayd pacyera  BEPOATHOCTM  OTKAa3a KOHCTPYKTHUBHOIO 3JIEMEHTAa IO
aHanutuuecko Gopmyie (24.1) 1 METOIOM CTaTUCTUYECKOTO MOJEIMPOBAHUS
NOJYYeH TIpU JOCTATOYHO OoibimoM uwmcie (110°) creHepupoBaHHBIX
Cy4alHbIX BeJIMYUH R 1 o mouTu ogmHakoBoe unciio otkazoB (131 u 132) .

Q=1-H=1- °]¢y(R ) jgoy(a)dd)dR :
- ~ (24.1)
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DyHKUHA pacnpeiefieHHs IPOHHOCTH M PacyeT BeposTHOCTH Pacuer BeposTHOCTH
HanpakeHus orkaza Q no gopmyne oTKa3a (J MEeTOAOM

CTATHCTHYECKOTO

MOJENHPOBAHHA

HopMmaJibHOE aCHMITTOTHHYECKO®
pacnipeAeneHue yaesHol npousocTd R u 131 na 10 *onemenTos | 132 na 10 ®snementos
HANPKEHHA T

1, =298,0 (MII2) A, =19,2 (MIla)
}4,=220,0(MIla) A, =9,4(MIla)

B kawectBe OTKaza TIpM 3aJaHHOM pacrpeneieHnd R u o
paccMaTpuBaiuCch  ciaydan R -0, (0  IpPEBBINICHUA  HAaNPsDKCHUS  Hal
MPOYHOCTHIO, @ BEPOSITHOCTh OTKa30B MO (24.1) ecTh HE YTO MHOE KakK HX
crarucTrueckas yactora N/N mpu N=00,

[Ipy  OpPOEKTHPOBOYHBIX  pacuerax  METOJOM  CTAaTUCTHUYECKOIO
MOJICIMPOBAHUSI HEOOXOJMMO Ha BCEX ATalax pacueTa YUUTHIBATH CIIy4ailHBIHA
XapakTep HE TOJBKO UCXOJHBIX MapaMETPOB, HO U BO3MOXKHOCTH U3MEHEHUS UX
COOTHOIIIEHW Ha BCEX JTalax, HayWHasg C OCKU3HOTO TMPOEKTa, BBHIOOpA
pacueTHOM MOJENU, METoAa €€ pacuera, TEXHOJIOTUHU HU3TOTOBJICHHS, YCIOBHIA
AKCIUTyaTallly, BIUIOTH 10 BBIXO/a U3 CTPOs (0TKa3a WK Pa3pyILICHHUS).

Jnst  pemieHuss — KOHKPETHBIX — 3ajlad  METOJIOM  CTaTHUCTHUYECKOTO
MOJICIIUPOBAHUsL  pa3padaThIBAIOTCS QITOPUTMBI  MPUMEHEHUS METOo/a
Momnrte- Kapiio mporao3Horo MoAeIMpoBaHus Ha BCEX dTamnax.

Hwxe npuBOAsATCS B JIOTMYECKON MOCIEAOBATEIIBHOCTU JTAIlbl CO3JaHUS
0000IIEHHOTO aJTOPUTMAa U OTJEIBLHO MOJCIMPOBAHUSI OCHOBHBIX 3TAIOB.

Ha xaxaoM »3rane nOpoBOAUTCS CTAaTUCTUYECKUN aHAIU3, IPOBEPKHU
CXOJIUMOCTH, YUUTHIBAIOIIIHE IPaBUIILHOCTD BBIOOpA napaMeTpoB
MOJICIMPOBAHUS U yuyeTa M3MEHEHHUsI YCIOBHUI paOOThl KOHCTPYKITUH.

Cospanune 06061LIEHHOIO ANrOPHTMA NPOTHOZHOTO MOAETHPOBaHHA PaboThI CTPOUTENBHBIX
KOHCTpyKiuit. Onpenenenye NPOAODKHTEALHOCTH MONETHPOBAHHSA, KOOPIAUHATHBIX OCEH

MOJCAHPOBAHHS
Monenupo- Mopenuposanue Mopesuposa-uue Mogaenupo- Mgorokpathsie
BaHHE pacyeTHBIX CXEM. nepexoja ot BaHHE YACNbHOMH TNIPOTOHBI ,
Harpy3oK Mopennposanne YCWIHH K HOPOYHOCTH npoBepka
niepexona ot HaNPOKEHUAM MAaTepHasIoB CXOAUMOCTH,
HArpy30K K yCHIHAM CTATHCTHYECKHH
aHaJTH3
pe3yNLTAaTOB
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MOHBHHPOB&H HE Harpysox

Haznavenue OnpeaenedHe Hasnauenye AHamus yc-nosuid| Mogenuposatue
KOOPAHMHATHBIX NapaMeTpoR LUHKJIOB H MO- MTHOBEHHbIX
oceit Harpy3oK K neficTeug JEnUpoBaHue | 3HAYSHHHA HAMPY3OK.
(xoopavHata HHTEPBAJIBHBIX Harpy3Ku, KOPPEJIALME, - MHOroKpaTHble
BpEMEHH, OLIEHOK CHHXPOHH3a-LIMA ananus H NIPOTOHBI, TPOBEPKA
KOODAMHATA napaMeTpoB LHKIIOB MOJIESIMpO-BaHNe CXONMMOCTH
CepUHHBIX DeliCTBHA PErPECCHOH-HBIX peynLTATOR,
KOHCTPYKUHH - HATPY30K U3MEHEHHH
|
Mopenuposansie pacueTHBIX cxem. MoeHpoBaHKe nepexolia oT HaTPY30K K YCHIIHAM, b
AehopMaiHAM, NEpeMellieHHAM !
BapuanTtoe, Monenuposatiue Vuyer reomer- MocTpoexue Mozenuposaun |
IOHMCKPETHOE nepexoza oT pHueckoH He- obme# fyHx-unn | e nepexoga or
MOREJIHPOBA-HHE HarpysoK K NMHEeHHOCTH pacnpe-AencHHA HArpy30K K
PaCHETHBIX YCHIIHAM, Ae- AN BADHAHTHLIX | YCH-JIMAM ANA
CXEM. dopmaimamM, JTUCKPETHBIX pacyeTHsIX
nepeMetieHHAM PACUYETHBIX CXEM IEMEHTOB H
I BAPHAHTOB ' ' CeUYCHHH
PACUETHbIX CXEM
PacueTHbie cXeMbl KOHCTPYKIIMA MOTYT OBITh TIPEACTABIICHBI Ha

HaYaJIbHBIX DTAMax pacdyera B HECKOJIBKUX BapHaHTaX, sl KaXJI0TO U3 KOTOPBIX
WHTEPBAJIBHBIC OICHKUA PE3YJIbTATOB OTIMYAIOTCS W JOJDKHBI MPOBOJHUTHCS C
Y4€TOM OCOOCHHOCTEH pabOThl U3y4aeMbIX DJIEMEHTOB.

Ilpumep. OrnpeneneHue KoA3(DPUIMEHTOB IMepexoja OT Harpy3ok K
YCWIMSIM I CTPONMWJIBbHOM (depMbl mposieToM 24 MeTpa C 3aJaHHBIMU
napamMeTpamMM Harpy3kd IO BepxHemy Tmosicy 12ToHH/y3en H pa3MepaMu
cedeHui paBHOMOJ0UHBIX yroiakoB mo ['OCT 8509-93 [6] (puc.24.4).
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1 BapHaHT pacueTHOR CXembl

2 BapHaHT PacYETHOH CXEMBI

1
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P
3 BapHaHT PacueTHOH CXeMBbl
- XN
L] J/ £ 1 Jz ] k] h H J‘ )
d » », L T
g}
Puc 24 4.
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B taGnuiie HbKe NpUBEIEHBI pe3yIbTaThl.

Homep Yeunuanpu 1 | Yeunus npu 2 | Younus npu 3 Koadduumnenrs
CTEpKHA BapHaHTE BapHaHTe BapHaHTe NIEPEX0Aa OT HATPY30K K
pacueTHoi# pacueTHOH pacueTHOH YCHITHAM
cXeMBI (T) CXEMbI CXEMBI ‘
1 2 3 4 5
] 40.92 32.15 29.39 2.45-3.41(39.2%)
2 87.63 78.88 76.15 6.34 - 7.30 (15.1%)
8 -93.42 -88.45 -87.13 -7.26 :- -1.78 (1.2%)
14 -11.85 -11.87 -11.87 -0.987-0,989
18 -58.60 -58.54 -58.58 -4.878-4,883
19 41.72 41.75 41.76 3,476-3.480
CyMMapHOE€ HWTOrOBOE€  HANPSDKEHUE  MOJNYy4aeTCs B pe3ysbTaTe

MOJCIUPOBAHMUA IIEPEXOJa OT YCI/IHI/Iﬁ K HaAIIPSAKCHUAM CYMMHPOBAHUCM ITOCJIC
BCCX IMPOMCIKYTOYHBIX 3TAIlOB B BUJAC YHCIIOBBIX MHOKCCTB.

MojenHpoBaHHe Nepexoda oT YCHITHI K HanpAKeHHAM
Tlocrpoenue Yuer Vyer gomyckos Yuer neonpe- Moaenupo-
oOweit dyHK-UMK |  KOHUEHTpaLHU Ha TeOMETpUUeC- | ASAeHHOCTEH NpH BaHue
nepexona or HanpKEeHHH KM€ pasMepsl Onpenc-NeHHH YUCNOBOTO
yeunui K ceuenHii, pac-4eTHBIX JUTHH MHOXECTRa
HANPAKEHKAM BKCLEHTPHCH- H PyHKUME nepexona ot
+ TETOB H KPHBH3HBI wsruba npo- ycHaui K
JONBLHOH OCH HaNpaxKeHUAM
AHQJIOTHYHBIC YHCJIOBBIE MHOXECTBA C Yy4eToM BceX (haKTOpOB

MOJyYarOTCs B PE3yJIbTaT€ MOJCIHUPOBAHUS YICIBHOU NMPOYHOCTH. Pazmepsl
MHO’KECTB UTOTOBBIX HANPSKEHUHN U YAEIBbHOW NPOYHOCTH JOJIKHBI COBIIAIATh.

Mopaenuposanne yAeILHOH NMPOUHOCTH KOHCTPYKIHORHBIX MATEPHANOB

VYuer pusn- Yuer Yuer ckopocTH Yyer VYuer crapenns
ueckoit He- macurrabroro nedopmanuii TeMnepaTyphbl
AWHEHHOCTH dakTopa nedopmaumii

Pemiennie o paboTocrnocoOHOCTH MPUHUMAETCS Ha OCHOBE CPABHEHMS ITUX

MHOXeCTB. dparMeHT CpaBHEHHUs Ha OT/ACJIIBHOM Yy4YacTKEe BPEMEHHOIO IMKJIA
MoKasaH Ha puc 24.5.
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[IpOoAOIKUTENBHOCTD MOJEIUPOBAHUS IIPUHUMAETCS PABHOM PacUETHOU
POJOJKUTENLHOCTH 3KcIuTyaTanuu (25, 50, 100 neT) B 3aBUCMMOCTH OT KJlacca
OTBETCTBEHHOCTH COOPYKEHUS WJIM HA3HAYAETCSI C YYETOM YaCTOThI peasn3alui
OTJIEJIBHBIX HAIPY30K.

Jlekuusi 25. CoBpeMeHHbIe METOAbI MOEJIUPOBAHUS CIYHANHBIX
MPOLECCOB U BEJMYMH MNPH PeIlICHUH 32124 CTPOUTEILHON MEXaHUKHU
pacyera U NPOCKTHPOBAHUSA COOPYKeHHU I

IIpumep oueHkn I3PPEKTUBHOCTH ACTEPMUHHMPOBAHHOIO MeETOJAA
OTCTPOVIKM JAMHAMHMYECKON Ppeakuuy BbICOTHOIO 3JaHUSA OT JeiicTBUSA
CJIy4ailHO# BeTpOBOM Harpy3ku [11]

BbICOTHBIM TIPUHSATO HA3bIBATh 3J]aHUE BBICOTOM OoJiee 75 M mim Oosee 25
sTakel. JIJisi XapakTEepUCTHKW 3JaHUN TakXKe HMEEeT OOJIbIIoe 3HAYCHHE
COOTHOIIIEHHE Pa3MEpPOB 3JaHUsl, KOTOPOE B M3BECTHON CTENEHH H3MEHSET
napameTpbl 00TeKaHUs 3aHUS BO3IYIIHBIM MMOTOKOM. 37aHUE SBISIETCS TUIOXO
o0TekaeMbIM OOBEKTOM, TMOBEJACHUE KOTOPOTO B  BO3AYIIHOM TIOTOKE
XapaKTepU3yeTcsi BOZHUKHOBEHUEM CIIOKHOW KOH(UTrypalud 30H Hamopa u
pa3peKeHusi, 4YTO BBI3bIBACT KOJICOAHUS KOHCTPYKIIMH B  Pa3IMUHbBIX
HarnpaJIeHUsX. JJis KOMIEHCAlMM Pa3IMyHbIX a’poJuHamMudeckux 3¢hdexTon
UCIIOJIB3YIOTCSl Pa3ju4Hble MPUEMBI, HAPUMEP CIUIOUIHOE OCTEKJIeHHE (puC.
25.1), ycTpoiicTBa, pa30MBaIOIXe BOCXOIAIINE BO3IYIIHBIHN MOTOK (puc. 25.2).

BricoTHbIe 31aHMs1, 0COOCHHO 37aHUs 3HAYUTEILHON BBICOTHI, UMEIOT CBOIO
cnenuuKy, CyImeCTBEHHO OTIMYAIONIYI0 MX OT OObIYHBIX 3maHui. C pocToM
BBICOTHI 3/ITaHUSI PE3KO YBEIIMUMUBAIOTCS HArpy3Ku Ha HECYIME KOHCTPYKIHUU, B
CBSI3U, C BTUM M C PA3BUTUEM BBICOTHOIO CTPOUTENHCTBA MPUMEHSIETCS
HECKOJIbKO KOHCTPYKTHBHBIX CHCTEM TaKUX 3JaHuil: (KapKacHasi, pamHO-
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KapKacHasi, IOMNEPEeYHO-CTEHOBAsl, CTBOJIbHAs, KOpoOdaras, CTBOJIbHO-
KopoOuaras). B paiionax co cimaboi ceiCMUYHOCTBIO, K KOTOPBIM OTHOCHUTCS B
ToM unciie u Pecnybnuka Tatapcran u Kaszanb, BeTpoBble BO3IEHUCTBHS Ha
BBICOTHBIC 3JIaHUS SBJISIIOTCS OCHOBHBIMHM, a B ILIE€JIOM a’pOJAMHAMHYECKOE
BO3JICUCTBHE HAPYXXKHOTO KJIMMAara Ha BBICOTHOE 3JaHUE  SBISETCS
dKcTpeManbHbIM.  [lo3TOMy  mWcciemoBaHwsl — a’pOAMHAMUKH — 3aHUMAIOT
3HAYUTENIbHYI0 YacTh B 001IeM 00beMe MpOoeKTHhIX pabor. Kak mpasuio, 3Tu
UCCIIEIOBaHMs JOJDKHBI BKIIIOYaTh B ce0s (PU3MUECKOEe MOJICIHpPOBAHUE B
a’pOIMHAMUYECKON TpyOe U MaTeMaTH4YeCKOe MOJCIMPOBAHUE C PUMEHEHHEM
BBIYHCIIUTEITLHON TEXHUKH M MIPOTPAMMHBIX KOMIUIEKCOB.

[ i A 1
| | 1'}":\

Puc. 25.1 Monrax ocreknenus KK «JlazypHbie HeOecar (r Kazann)

Puc. 25.2 3nanue I'octuanisl Koperon (r. Kazanb)

Ecnn JJIA MaJIOOTAaXXHBIX 3I[3.HPII>1 BC€TPOBOC MOABJICHUC IIPHUHATO CUHUTATH
PaBHOMEPHO JECHCTBYIOIIMM Ha BCE 3JIaHWE MO BbICOTE. TO IJii BBICOTHOTO
3[aHUSl TPU pacueTe BETPOBBIX HArPY30K M TEIUIOBBIX IMOTEPh HEOOXOJAMMO
YUYUTBIBATh POCT CKOPOCTH BeTpa mo BbIicoTe. [IOBBIIEHHAsT BBICOTA 3AHUS
ompezenseT mpolecc OOTEKaHWsS €ro BeTPOM. AdBpOJWHAMUYECKUI PpPEXUM
00TeKaHUsI BBICOTHOTO 3JaHHS XapaKTEPHU3YETCsl MOBHINICHHBIMA 3HAYCHUSMHU
nasnenusi Berpa. llomoxenmssmu CHull nmo Harpy3kam W BO3AEHCTBUSAM
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BETPOBOE BO3AECHCTBHE OINPENEIACTCS KaK CyMMa CPETHETO 3HAUYECHHS] BETPOBOTO
JaBJIeHUs (CTaTUYECKOTo) W myJbcarmoHHOW coctaBisronieii. B CHull
NPUBEACHBl a’poAMHAMUYECKHE KOIPOHUIMEHTHI JUIsi OCHOBHBIX (OpM H
MOJIOKEHHM 31aHUS U DJIEMEHTOB KOHCTPYKIMM B mpocTpaHcTBe. OTHAKO JIUIIb
B IOCIEAHEN penakuud AokymeHTa moj Ha3zBaHueM CTO, BbImylIEeHHON
[HUUIICK um. MenbHUKOBA, UMEIOTCS YKa3aHUsSI JI ONPEICICHUS HArpy30K
OT PE30HAHCHOTO K0JIe0ATEeIbHOIO BO3/ICHCTBUS BETPA HA KOHCTPYKIIUH 3aHUN.

Jlst yCTpaHEeHHsI ONMAcCHBIX COYETAHWW YacTOT CBOOOMHBIX KoOJIeOaHUM
KOHCTPYKIIMH W BHEIIHETO BO3ACHCTBHS HUCIOIB3YIOTCS Pa3IMYHbIE METO/IbI,
KaK TO: YCTPOMCTBO TMOKHMX 3TakeH (TIEPBOTr0), YCTAHOBKA THAPABINYECKHUX H
rPaBUTALIMOHHBIX MAaSsITHUKOB, YCTAHOBKA JOMOJHUTEIBHBIX KOJIEOATEIbHBIX
CUCTEM JIJIsl JTOTOJHUTEIBHOTO BO3JACUCTBUS. B Tekymiel pabote mpensiokeH
Croco0 M3MEHEHHS MapaMeTpOB KOHCTPYKUMNA JIJIi U3MEHEHUS CIIEKTpa 4acTOT
CBOOOJIHBIX KOJIEOAHUM KapKacoB BBICOTHBIX 3JJaHUM MPHU MOMOIIY BBEIACHUS B
KOHCTPYKIIMIO B TOYKaX OOYCJIOBJICHHBIX OCOOCHHOCTAMH OCOOBIX 3JI€MEHTOB,
KECTKOCTh KOTOPBIX YMEHBIIIEHA [0 CPAaBHEHUIO C MPOYUMH BJIEMEHTAMM.
[IpennoxkeHo pa3Melarbh 3JIEMEHTHl C YMEHBIIEHHOM JKECTKOCTBIO B OJHOM
MEepPEKphITU U Ha3BaTh ero KoHcTpykTuBHO-TexHuueckum IlepekpbiTrem
(KTII). HaubGonee yaoOHbIM JJjisi COOPHBIX KEJIE300€TOHHBIX KapKacoB
PACIIOJIOKEHUEM TOAATIMBBIX DSJIEMEHTOB SIBISICTCS Y3€J CThIKA pPUTENd U
KOJIOHHBI, B KOTOPOM TaK WJIM HHaue oOpa3zyercsl IMOJOCTh, TpeOyromas
3aMoJIHEHUST 0COOBIM 00pa3oM, UTO JelIaeT BO3MOXKHBIM CO3JJaHHUE B ATOM 30HE
MOAATIMBOTO 2JIeMeHTa. TakuM ke 00pa3oM B MOHOJUTHBIX KEI€300€TOHHBIX
Kapkacax Hen30eHO 00pa3yroTcs pabouue MIBbI — 30HBI YKJIaAKU OCTOHHOM
CMECH Ha TIOBEPXHOCTh YK€ 3aTBEpJIEBIIECTO0 OETOHA, KOTOPbIE MOTYT OBITH
UCIIOJIB30BaHbl 11 CO3/IaHMSI MOJATIMBBIX 3JIEMEHTOB CIrPYIIHPOBAHHBIX B
IIOJIOCHI.

Jns olleHKH BO3JEHUCTBUSL BETPOBOrO IOTOKA, HMMEIOIIETO PA3JIUYHbIC
HaIpaBJIeHUs, Ha KoJieOaHUs BBICOTHOTO 3/IaHUSI TIPOBENIEH pacyeT 4YacToT
CPBIBOB BUXPEH, XapaKTEPHBIX IJIsl TUIOXO OOTEKAEMBIX TEN TPH Pa3IUYHBIX
CKOPOCTSIX BETpa.

[IpoBenenbl wucciaegoBaHuss A(PGEKTUBHOCTH PETryJUPOBAHUS YACTOT
CBOOOJIHBIX KOJICOAaHMM KapKacoB BBICOTHBIX 3aaHuil mnpu mnomomru KTII.
HccnenoBanusi COCTOSIM M3 pacueTa KOHEYHO-3JIEMEHTHOW MOJEIM Kapkaca
3JIaHUS COJIEPIKAILeTo B ce0e OJIMH WM HeCKOJIbKo ATaxein ¢ KTII.

Ha npumepe >xene3o0eToHHOro kapkaca pazMepom 18x18x108m  (pwuc.
25.3), ¢ pacCTOSHUAMH MEXIy KoJIOHH 9x4,5M mpu momomnm Opa I1K-2000
uccienoBano BiaussiHue rpynn KTII pasnmuunoro pasmepa Ha CHEKTp 4acToT
cBOOOHBIX KoyieOaHui kapkaca. I[lpum stom rpynma KTII dbopmupoanack
nocieoBarTenbHbiM yBennueHneM kosmmuectsa KTII HaunHas ¢ mepBoro sraxka
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Puc. 25.3 Pacuetnas monens Opa [1K-2000.
Pe3ynbpTaThl cepuun pacueToB MpUBEACHBI Ha puc. 25.4.

35000

] -q YaCTOTA
co6CTBEHHBIX
KonebaHui

5000 2-A4acTtoTa
cOBCTBEHHbIX
23000 KonebaHwuiA

21000 30 YACTOTA

0 1 2 3 4 5 6 7 8 9 10 11 12 COGCTBEHHBIX
KonebaHui

YacToTa COBCTBEHHBIX
koneb6anwmii, Ny 10e-5

Konuuecteo ataxkei ¢ KTI, aTaxei

Puc. 25.4. I'paduk nu3aMeHeHus: 4acCTOT CBOOOTHBIX KOJICOaHMI

Ha ocHOBe TOJNy4eHHBIX pE3yJbTaTOB MOXKET OBbITh OmpeaeseHa
MHTEpeCcyeMasl CTENEeHb HW3MEHEHHUs YacTOT CBOOOJHBIX KoJieOaHMU Kapkaca
3JTaHUA.

[IpoBeneHbl pacyeTbl C LENbIO ONPENETICHUs] BIUSHUS HA CIEKTP 4YacTOT
CBOOOJHBIX KOJEOAHMM Kapkaca BBICOTHOTO 3/IaHUSI YPOBHS PaCIOOXKEHUS
rpynnel KTII. KomnuectBo KTII onpeneneHo Ha ocHOBaHUM Ipaduka Ha pHC.
25.4. ]Ins 3TOrO pacuera MCHOJb30BaHA MOJENIb BBICOTHOTO 3/aHUS Pa3MEpOM
27x27x210m, 54 staxka. Ha puc. 25.5 n3obpaxeH rpaguk BIUSHUS BBICOTHI B
ATa)kax PacrojoKeHusl HYKHer rpanuibl rpynnsl KTII Ha n3aMeHeHne 4acToThl
CBOOOHBIX KOJIeOAHWH KapKaca 3JaHus OTHOCUTEIbHO Kapkaca 6e3 KTII.
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16.0 HHHH‘

13.0 = 13A 4acToTa
cBOGOAHbIX
KonebanHui

10.0 ] —

cB060aHBIX KoneGannii, %

"--u-._
/ ""--.__‘
T—— 2ad 4acToTa

—~—
[ —— cBO6OAHBIX
KonebaHui

OTHOCHTE/IbHOE M3MEeHeHHe YacToTa

=
o

1234567 8 910111213141516171819202122232425262728293031323334
HWXHAA rpaHMLa TpYNnbl aTaxed ¢ KTM, aTax

Puc. 25.5. I'padux BausHUS BBICOTHI pacnonoxkenus rpymmsl KTIT Ha
YacCTOThI CBOOOHBIX KOJIEOAHMI

K Bompocy onenku 3ddexruBHoctu npumenenus KTII mna orctpoliiku
CHEKTpa YacTOT KOJeOAHWW BBICOTHBIX 3JaHUM NpU JEHCTBUU CIy4ailHbIX
BETPOBBIX HArpy30K M BO3MOXXHOCTH BBIXOJA 3a INPEIENbl PE30HAHCHBIX 30H,
ONMpENENSIEMBIX C YYETOM  XapaKTepUCTUK JeMI(UPOBAHUSA, MPOBOIUICS
BEPOSATHOCTHBIN aHanu3. MccnenoBanuce ABE ClIydalHbIE BEJMYHMHBI: YACTOTHI
BUXPEl OT BETPOBBIX HArpy30K, KOTOpPbIE OINPEAEISIOTCA CIy4ailHbIM
XapaKTEPOM BETPOBBIX HArpy30K, U 4aCTOThl COOCTBEHHBIX KOJIEOAHUW 3aHUS.
bein omnpenenensl auana3oHbl CKOPOCTEH BeTpa ISl KOHKPETHBIX YCIOBHIA
(Berep B KaszaHu) u nMama3oHbl YacTOT TPEX MEPBBIX (POPM COOCTBEHHBIX
kojebanuii ¢ yueroM u 6e3 yuera KTII nist monenu, npeacTaBieHHbIX Ha puUC.
25.5. C wuCnosib30BaHUEM CTAaTUCTUYECKOTO MOCIUPOBAHUS HOPMAIBHOTO
PaBHOMEpPHOTO paclpeAesieHUus] CIay4yailHbIX BETUYMH ObUIM  OIpe/esIeHbl

XapaKTEPUCTUKM OTUX BEJIMYMH: ,Z[I/ICHepCI/ISIJZO,()gGFuZ, MaTeMaTU4eCKoe
omnz[aHHef =0,256 T'u, momepurenbHbi uHTepBan P=[0,239; 0,273] I,
CTaH):[apT\/E=O,OO92 I

OT oOTekaHUsi BBHICOTHOTO 37aHMs TIOTOKOM BeTpa oOpa3yercs BUXpeBas
nopoxkka Kapmana, KoTopasi Co31aeT IepHOINICCKOE HArPYKEHUE COOPYKEHUS

IpU CpbIBe BUXpel. [ HAXOXKIEHHUS YacTOThl 3THX HArpy3o0K, HEOOXOAUMO
ONpeNeNUTh Ynciio PeliHombIca, a MoToM, 3aBUCsIIee OT Hero unucio Ctpyxans.

wd
Re — L7 , TIe (251)

p=1,293 kr/m® — IOTHOCTH CpeBI(BO3IYX),
@ =1,25-58 , M/c — xapakTepHas CKOPOCTb,

d =27-38,34 M — mmpuHa 37aHUS,
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1=1,83*10"[1a — muHAMUYECKas BA3KOCTb CPeabI(BO3IYX)

B  nmanHoMm ciywae  paccMoTpeHbl  HauOoJsiee  HEOJIaronpusiTHbIE
HaIpaBlIEHUS BeTpa: JOOOBOE C IUIOMIAJBI0 COMPUKOCHOBEHHS IOTOHHOTO
BETPOBOTO IOTOKA ¥ 37aHus 27 M° i 38,34 m°. Yncno Peitnonbaca, Ctpyxais u
4acTOTY CpbIBa BUXPEH OINpPEEAtOTCS Ipu cCKopocTH 7,27-58 M/c.

Re=1,389*10 *-1,107*10° nns 27 m, u
Re=1,967*10"*-1,573*10 s 38,34 m.
03/ h= % ‘ |

~

0,2} S e E—

o

/ ‘ Re = 2¥d

/
0,14 L s
102 10° 10* 10° 106

Hcxona u3 rpaduka 3aBucumocty Yucna Ctpyxans ot yucia PeitHonbaca
Sh=0,2. YactoTsl Buxpeii onpeaeinsatorcs mo Gopmysie (25.2):
f=Sh-v/d, (25.2)
Sh — uncio Crpyxas
V — CKOpOCTb BETpa, M/C

d — mupuHa PpoHTA COMPUKOCHOBEHUS BETPOBOIO MMOTOKA M COOPYKEHUS,

f= (0,053-0,429) Ty d=27wm
f= (1,0378-0,302) Ty d = 38,34 M

3Has XapaKTePUCTUKU CIy4YalWHBIX BENWYWH mpu oOecriedeHHOCTH 0.99 m
0.95, omnpenenseM nMana3oH 4YacTOT CIy4YalHBIX NEPUOJMYECKHUX BETPOBBIX
Harpy30K, UX BApUATUBHOCTH U KOA((DUIIMEHT Meperpy3Ku.

IIpu obecneuennocmu (.99

[Tpu 27 m:

f=0,258 TIm, ©=0,0093 142, P=[0,241; 0275] I'm, +/o=0,096
I'm.
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[Tpu 38,34 m:
=0,155T'n,o =0,0048142, P =[0,143;0,167] 'y, /o =0,078 I'.

IIlpu obecneuennocmu 0.95

ITpu 27 Mm:

f=0,2426 [, o =0,012212, P=[0,223; 0,262]
I, Vo =0,125 '

[Tpu 38,34 m:
f=0,160T'y, o =0,006Ty*, P =[0,146;0,174]Tu, ~o =0,06TIw.

Jlnama3oHbl  4acTOT TpeX NepBbIX (OpPM COOCTBEHHBIX KOJEOAHUH C
yuetoMm u 6e3 yudera KTII mnst momenu, mpeacTtaBieHHbIe Ha puc. 25.6 . mpu
paszmuuHoM pacnonokeHun  KTII mo3Bonsior onmpenenuTs XapakTEpUCTHUKH
YIOPaBISIEMOCTH YacTOTaMH TI0 KaXAoW QopMme, eclau ONpeAeTuTh HX
U3MEHYUBOCTh M KOIPPHUIIMEHT OJHOPOJHOCTH KaK CIy4ailHBIX BEJIHYMH,
pacmhpeneieHHbIX PaBHOMEPHO B TOJYYEHHBIX Auana3oHax. [paduxum mms
ONpEJENeHNs] JIMala3oHOB HW3MeH4YMBocTH dYacToT 1,2,3 dopm konebanuii
3aHUS TIPU BETPOBOM Harpyske Ha 27 M (puc. 25.6) u 38,34 (puc. 25.7) npu
00€eCIeYeHHOCTH 0.99 MOKa3aHbI
HIDKE.

Mpaduk 3asmcumoctu 1-1, 2-#, 3-i1 COBCTBEHHOM YACTOT OT NONOMEHUA HUKHEN
rpaHu1Upbl rpynnbl NOAATAMBLIX Y3108

0,25 \\

0,2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

—— PAAL  c—Pan2 Pan3 HuwxHasa rpaHuua rpynnel nogatnuMebix y3nos, 3Tax

Puc. 25.6
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lpaduk 3aBucumoctn 1-#, 2-1, 3-i cO6CTBEHHOM YaCTOT OT MONOMKEHUA HUMKHEN
rPaHuLbl rPyNnbl NOAAT/IMBLIX Y3/108

0,28

N \\
0,24 V’ —
0,22
0,2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
c——PAA]  —Pag2 Pag3 HuXHARA rpaHuua rpynnbl NoAaTNUBbIX Y3N0B, 3TaX
Puc. 25.7

Ha Puc. 25.6 BuiHO, 4TO cilydaiiHble BEIMYMHBI YaCTOT MEPBBIX TpexX (GopMm
KoJieOaHuil U uHTEepBan P s XapakTepuCTUKH CIy4yallHON BEJIMYMHBI YaCTOTHI
BUXpEH HE IEPECEKAIOTCSA. DTO O3HAYAET, YTO B JAHHOM CJIy4dae OTCTpPOMKa
CIIEKTpa YacToT HE TpedyeTcs.

Ha Puc. 25.7 uHTepBangbl 3TUX CIy4allHBIX BEJIWYUH TMEPECEKAIOTCS, UTO
CTaBUT BOIPOC O BO3MOKHOCTH OTCTPOMKH YacTOT C MOMOIIbIO BapbUPOBAHUS
pacnionoxenust KTII , 4To0bl yiiTH OT 3TOr0 nepeceyeHusl.

Hcrmonb3ysl XapakKTEepUCTUKH W3MEHUYWBOCTH CIyYalHBIX BEJIUYHH YacTOT
Bo3jeiicTBus (F) 1 ynpaBiieHUsIMU 4acTOTaMH COOCTBEHHBIX KOJIC€OaHUMN 37aHUS
(R) MOXHO onpeIeTuTh Cay4aiHbIi K03 dUIMeHT 3amaca yrpasisemoctu (K =
R/F). JIns Hauama Beramcisiercs koddduimeHT neperpys3ku maias Berpa (F) u
kodddummenT omHopomHOocTH i 3-X dopm konebanus 3manus (R) c
JIOBEPUTEIILHON BEPOSITHOCTHIO OOHAPYXKEHUS X MATEMAaTHUYECKOTO OXKHJIaHUS

0.99.
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an] + ﬂVf

B=2,33-- doyHkuMs Taycca aas 0.99
o

Vs —-BAPMATHMBHOCTb Vp= ?

AAS BETODOBOM HAMPY3KM

«  Kg=1,448 and 27m

«  K;=1,398 Ar 38,34 m

Koi -KoadbcbnumeHT oaHopoaHOCTH

Koi=1- BVy;

AAd 3-X doOopM KOAEDAHMSA 3AAHMS
- Kox =0,96

- Ky,=0,938

«  Ky3=0,25

Koaddumment ogHopoaHoctn HamOoIbmMi nmonyuywics no 1-ii gopme
KoJiebaHui (OCHOBHOU (opme KonebaHWi) Tak Kak Mo AToMl ¢dopme BbIILIA
HauMEHbIIIass BAPUATHBHOCTb.

K; -koadpduument ynpasasemoctn K;=1+ /1 — Kg;K; (2 — Ko;) (2 — Ki;3)/ Koi(2- Ko;)

« K;=2,04
® K2=2,05
. K3=3,32

ITo aToit popme BBIXOAUT HAMOOJIBIIUKA OTKINK, TMHAMUWYECKAsT pPeaKIns 1
MBI MOKEM CaMH KOHCTPYKTHUBHO OINPEIEINTh IIMPHUHY PE30OHAHCHOW 30HBI C
yaétoMm nemndupoBanus. Takum oopazom, ucnonb3oBanue KTII pist orcTpoiiku
4acTOT MO3BOJISET ¢ KodpduimenTom 3anaca ynpasieHus 2.04 0 OTHOIICHUIO
K 4acTOTE€ BUXPEW pEeryjaupoBaTh YacTOTy MepBoM (hopmbl, Hanboyiee ONacHOM
npu pe3oHance. C 99% TOYHOCTBIO MBI MOXEM OTCTPOUTH YacCTOThI IEPBBIX
Tpex (popm konedaHuii mpu 3aJaHHOM JIMAIla30HE BETPOBBIX HAIPY3O0K.

Jlekuusi 26. CoBpeMeHHbIe MeTOIbI MOJEJTUPOBAHUS CJAYyYaNHBIX
MPOLECCOB U BEJMYUH NPH PelleHUH 327424 CTPOUTEIbHON MEeXaHUKH
pacyera U NPOCKTHPOBAHUSA COOPYKeHUH

IIpumep npuMeHeHHs METOAA CTATUCTUYECKOT0 MOIEJIMPOBAHMSA B
PelIeHUuM APYrUX 32124 IMHAMMKH U CTATHKHU COOPYKeHUi [6].

B 1971 rony MunuctepctBoM ob6pazoBanusi CCCP 06buio paszpaboTaHo
TEXHUYECKOE 3aJlaHMe Ha pa3pabOoTKy CMoco0OB TraileHus KoJieOaHU
BBICOTHBIX 3/1aHUI J1a00paTopHBIX KopiycoB. [Ipeanonaranock, yTo KoneOaHus
3MaHuid OynyT Memarh padoTe BBICOKOTOYHOIO HAy4YHOTO OOOpYyHOBaHMS,
KOTOPO€ IUIAHUPOBAJIOCHh PAa3MEIATh B 3TUX KOPITyCax.

HccnenoBanus, BbINOJHEHHbIE B Ka3aHCKOM HHKEHEPHO-CTPOUTEIBHOM
WHCTUTYTE, CBUAETEIBCTBOBAIA O BO3MOYKHOCTHM IMPUMEHEHUS ISl TallleHHs
KOJIeOaHUN BBICOTHBIX 3JaHUA MHOTOYHMCIEHHOW TpyNNbl JUHAMHUYECKHX
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racutened 0e3  crnenManbHbIX  JeMndupyromux  ycrpoiictB.  Ilo3anee
TEOPETUYECKHE M IKCIEPUMEHTAIbHbIE PAOOTHI, BBHIOJIHEHHBIE HA MOJEISX,
JIETJIM B OCHOBY pPa3pabOTKH TPYIIbI Tacutened KoieOaHuW JUisl TanieHus
KoJjiebaHuil BhICOTHOTO 3aaHusi ¢usznueckoro dakynpreta KI'Y. B ocHoBy
KOHCTPYKTUBHOTO PpEIIEHUs TacHUTelield, COCTaBIAIONIMX TpymHmy, ObUIH
IPUHATHI pa3pabOTKU, 3alIUIIEHHBIE aBTOPCKUM CBHAETEILCTBOM Ne 56106.
OCHOBHOW TIENIBI0 ATUX Pa3pabOTOK SBISJIOCH CHIDKCHHE KOJICOAaHWN
30aHUM TpU  JAeucTBUM BeTpa. [lOCKONBKY JKCHEPUMEHT TaKoro poja
MIPOBOJIMJICS] BIIEPBBIC, BBISICHSIACH Takke 9(PPEKTUBHOCTD TPYIIIIBI TaCUTENCH
IpU CIy4alHOM BO3JEHCTBUHM U OTPaOATHIBAIUCH MPAKTUYECKUE METOIBI U
IIPUEMBI TTOJTYYEHHUSI HCXOIHBIX TapaMEeTPOB 3/1aHKs U HACTPOUKHU FaCUTEIICH.
3nanue  ¢Qusmueckoro ¢akynprera KI'Y  mpeacraBisger  coOoit
TPEXdTAXKHOE PAa3BEPHYTOE B IUIaHE 3AaHue ¢ 15 - srtaxHoi Oamueit. Kapkac
3l1aHusl  —  CTJIbHOOETOHUPOBAHHBIM,  CTEHOBOE  3allOJIHEHUE U3
KepaM3UTOOCTOHHBIX  HABECHBIX  MAHENeW, TMEepeKphITus —  COOpHBIC
&Keye300eToHHbIe. ['OpU30HTaNbHAsE KECTKOCTh 3JaHUs  00ecIeuyuBaeTCs
COBMECTHOI paboTOil Kapkaca U HKeJIe300€TOHHBIX IPOCTPAHCTBEHHBIX
muapparm. C  1EIbI0  TOJYYEHHS] HUCXOAHBIX JAHHBIX  IPOBOJIUIKCH
MPOIOKUTEIbHBIE HAOIIOICHUS 32 KoJieOaHUsIMU 15-3TakKHOU 4acTu 31aHUSI.

B tabnume 26.1 nanel 3HAYCHUS aMIUTUTY] MEPEMEIICHUs, CKOPOCTEH H
YCKOpEeHHsT KojieOaHuil BBICOTHOM 4YacTH KOpIyca Ha OTMeTke mona 15
TEXHUYECKOT0 3Taxa oTM.55.80 mpu pa3IMuHbIX CKOPOCTSX BETpa

Tabmauma 26.1

Ckopocts AMNIAHTYABI AMINHTY AL CKOPOCTH, AMIUIHTY b YCKOPCHEE.
BETpA, nepeMeileHuii (Mm) MMm/cex o
m/cek Makc. cpep.KBajipaT Makc. cpea.kagpar| Makc. cpen.xw?

0-5 0,02-0,1 0,01-0,05 0,09-0,45 0,05-0,24 0,4-2 0,0+
5-15 01,-03 0,05-0,1 0,45-1,35 | 0,240-0,45 2-6 1-2
15-25 0,3-0,6 0,1-0,3 1,35-2,7 0,45-1,55 6-12 2+6

Jlis cpaBHEHHUsI cleAyeT OTMETHUTh, YTO O(UIMATIBHO YCTaHOBJIEHHOE
3HAUYEHUE YPOBHSA KOJEOAHWI MO YCKOPEHHIO, COOTBETCTBYIOIIEE MOPOTY
omryuieHus, pasHo 10 MM/CeK’, JomycKaeMas aMIUTUTyAa KoJieOaHuil mjist
BBICOKOUYBCTBHUTEIILHOTO K BHOpalusM O0OpYIOBAaHMS, COOTBETCTBEHHO IO
CKOPOCTH M yCKOpeHuto, paBHa 0,1 u 7 MM/CeK’.

[IpoekTupoBanre M HacTpoilika BuOporacureneil TpeOyeT JOCTOBEPHBIX
JAHHBIX O JIEVCTBUTENBbHBIX 3HAYEHUSX TaKMX @apaMeTpOB 3JaHUs Kak
COOCTBEHHbBIEC YaCTOTHI M JIEKPEMEHT 3aTyxaHus Koyebanuil. Haubosnee TouHo
ATU MAPAMETPBI ONPEIAEIAIOTCA TOJIBKO IKCIIEPUMEHTAIBHO HA CTaAUU ITOJTHON

TOTOBHOCTH 3JaHUS.
Jis  w3MepeHUil COOCTBEHHBIX YacTOT BO30YXIANIHCh IOCTYIATEIbHBIC
KoJIe0aHMs pacKayMBaHUEM 3/aHHUs 110 COOTBETCTBYIOLIEH OCH, MPOXOAALIeH Yepes3
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LIEHTP J>KECTKOCTH. Bo Bcex ciydasx Hpu CHATOM 3arpy’KeHHU MPOU3BOAMIIACH
peructpanusi BeTpoBOro (oHa Ui TONYYEHUS JONOJIHUTENIBHBIX JaHHBIX O
COOCTBEHHBIX YaCTOTaX 3JaHWs M O Hauuuuu Beicmmx (opm konebanmid. Kak
nokasaiga o0pa0oTka, Ha BcexX ocuHuiorpagax BETpOBOro (oHa NPAKTUYECKU
OTCYTCTBYIOT BbIciIne (hopMbl Kosiebanuii 31anus. CoOCTBEHHas: YacToTa 3/IaHUs 1O
BETPOBOMY (OHY ompeaensiack Ha OCLMIUIOTpaMME B HMHTEpBAIbl BpPEMEHH,
COOTBETCTBYIOIIME HAaN0O0JIEe YCTOMYNBBIM KOJIEOaHUSIM 3IaHHUS.

JInsi  TIOBBIICHUST TOYHOCTH W HAJIEKHOCTH PE3yJIbTaTOB H3MEPECHUU
IPOU3BOANUIOCE MHOTOKPAaTHOE TIOBTOPEHHME 3SKCIEPUMEHTa C MOCIEAYIOIIUM
OTIpeJeNIeHNEeM CpPEJHUX 3HAUYEHHH COOCTBEHHBIX YAacTOT M JeKpeMeHTOB. /[aHHbIE
HU3MEPEHMS 110 OCHOBHBIM (popMyiiam npuBeieHbI B Tabnuie 26.2

Tabmuma 26.2

Pe3yneTaThl H3Meperus COOCTBEHHEIX YaCTOT M ICKPEMEHTa KojieOaHuit
naboparopHoro kopnyca KI'Y

IKCTICPHMEHTANBHBIC 3HAYCHHA
Dopma konetanuii N0 3aTYXA0UIHM KoneOaHHAM no caydaiHeiM Konebaunam
fo o fo
KpyTtunsHbie 0,745 0,11 0,735
[1pononbubie 0,692 0,08 0,685
Nonepeursie 0,782 0,08 0,787

Puc. 26.1.  3nmanue ¢uszudeckoro dakynprera KI'Y
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Puc. 26.2 I'pynna racuteneit konebaHuit Ha MIEPEKPHITUA TEXHUUECKOTO
ATaXka 3JaHus

X — Yory

KaS Ko © KiS X2 S B |

% - xo

ket S ¥

/ 7

LI N B N N
see SO

Puc. 26.3. PacuerHas cxema OCHOBHOM CUCTEMBI C TPYIIION
BUOpoOTacuTenei
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OKCIepUMEHTAJIbHBIM ~ HCCIEJAOBAHUAM  TPEIIECTBOBAIUM  TEOPETHUYECKHE
pa3paboTku paboOThl TPYMIBI TacuTenell KoneOaHuil MpU HECTAOMIBLHOM YacToTe
TapMOHUYECKOTO BO3/ICHCTBHUS.

boina paccmoTpenHa InMHeWHas cuUcTeMa C  OJHOM CTENEeHbIO CBOOOJBI,
obopymoBaHHas rpynmoi  BuOporacutenedt (puc. 26.3). B manpHelmem
1e71eco00pa3Ho CUUTATh MacChl M U KO3()PUIIMEHTHI HEYIPYTOTO CONMPOTUBICHUS ¥
racutenel onMHaKOBeIMU. [IpenenbHo momycTumasi aMIuTyAa KojaeOaHui CUCTEMBI
C TacUTEJSIMHU MPEJIoJiaraeTcsl TOCTaTOYHO Majoi, 4To oOecreynBaeT BO3MOKHOCTh
NPUMEHEHHUS TacUTeNIel ¢ MaJIbIM 3aTyXaHUEM.

CraTH4ecKylo KeCTKOCTb racutens j 0003Ha4nM K,;, Ha pucynke 26.3. k.;, M u
¥y — COOTBETCTBEHHO CTAaTWYeCKasl >KECTKOCTb, Macca W KOd(PPHUIMEHT HEYmpyroro
COTIPOTHBIICHUS OCHOBHOM CHCTEMBI.

Cucrema ypaBHEHHM, ONMCHIBAIONIAS PEAKLIUIO CUCTEMBI C TPYIIION racuTenci
Ha dJIeMeHTapHoe cranmoHapHoe Bosueicteue F(f) =e'”, mocme cokxpamenus mna

e sanuinercs B cleayroneM BUIE:

2

n
— 0 My =k (L+iy0)%0 + D K(xg ~ %, ) =1, i=12..,m
J=1

rne@, — KpyroBas dYacToTa T'apMOHHYECKOTO BO3JCHCTBHUS;, Xo — aMIUIATYy/a

KoNIe0aH1i OCHOBHOH CHCTEMBI; Xrj — MILUTMTY/a KojleOaHuil racurens j.

Kputepuem kauecTBa BHOpOrameHus MpH TapMOHUYECKOM BO3JCHCTBUU C
HECTAaOMJIbHON 4acTOTOM SIBISETCS MUHUMAaJIbHOE 3HAYEHUE MOJYJs AMHAMHYECKOU
xecTkocTH Z. IlocrmenHee COOTBETCTBYET MAaKCUMyMY aMIUTUTYIbl KojeOaHU
CUCTEMBI C TACUTEISIMU.

N3 cucremnr ypaBHenuit (26.1) cinemyer, 4To z\ &, [locie cooTBeTCTBYrOMIEH
MOJICTAHOBKH IOJTy4aeM

2=k, (1+#,) - Mo® - Z[szm,. KK - mrmz)].
J= (26.2)

Cuwras pacrpeielieHue BUOPOracuTeNeH Mo CTaTHYSCKOM KeCTKOCTH Kr (Mu TO
e caMoe MO COOCTBEHHOM 4YacTOTE racUTelNiel @, ) HeNpepbIBHBIM (UTO JOMYCTUMO

IIPH JOCTATOYHO OOJIBIIIOM YKCJIC TACUTENCH B TPYIIIIE) U, UCIOIb3Ysl 0003HAUCHUS
Ay =(0—wg)/ 0y 1 A, =(0y ~®, )}/ ®y, nonydaem
_ a2l A2 2 4, - 2
z= Mo {28, - & +v(1+ A, Y2 4]+ ilyo + v + A, )2 B} (263)

rac
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g - COOCTBEHHAS YaCTOTa OCHOBHOM CHCTEMEL,

L 2(A +A,) |
[ ——— (A YA,
_(,04(13r +A,) +vr (26.4)

@(A,) — GyHKIMS UIOTHOCTU pachpeereHus: pacctpoek racureneit. Gopmyny

Ul onpeneneHus B monydMM 3amMeHHMB B ITOABIHTETPAIBHOM BBIPAKCHUU
2(A,+A,) Hay,. B dopmynax mis A u B B umcnuTene u 3HaMmeHartese

IIOJIBIHTErPAJIbHBIX BBIPAXKCHUK OMYIIEHbI BEJIWYHMHBI BBICOKOIO TMOPSJIKa
MAaJIOCTH COOTBETCTBUH (A, +A_)° u (A, +A,)*. DTH yIpOIIEHHUS TOIMYCTUMBI,

TaK Kak Ipylna racuresiaeil paboTaer Julllb B y3KOW IOJIOCE YacTOT MPU Majou
OTHOCHUTENBHOMN Macce FraCUTEIICH.

o(A,) TOpW 3aJaHHBIX MapaMeTpax J,,7, @,V W M JIuHaMu4eckas
KECTKOCTh CTAHOBUTCS QYHKIIUEH OJHON IEPEMEHHOM A .

PaccmoTpum  QyHKIMH @(A,) TUIOTHOCTH pacIpeieieHus pacCTPOEK,
COOTBETCTBYIOIIME HOPMAIbHOMY 3aKOHY U 3aKOHY, TP KOTOPOM COOCTBEHHbIE
YacTOTBl TaCUTEJIEH PaBHOMEPHO paCHpPEACIEHbl B HEKOTOPOM JHAIla30HE

4acToT.
[Ipu HOpMaTEHOM 3aKOHE pacrpeAeIeHus

oA = (Ag VT expl (8, +0) /20%0: [ie=1-05 Q=0rm /0y (26.5)

OnTumMu3npyeMbIMA ~ TTapaMeTpaMH B JAHHOM  CJIy4yae  SIBJISIFOTCS
CpeHEeKBaApaTUUHAasl PaCCTPOMKA TPYIIIBI A,, ¥ OTHOIIEHUE MAaTEeMaTHYECKOTO

o

OXXKHJAHUS @ ;y COOCTBECHHBIX 4YaCTOT TacUTeleH K COOCTBEHHOM YacTOTe
@,0CHOBHOU CHCTEMBI.

OnTuManpHas CpeIHEKBaIpaTUYHAsl pAcCTPOMKA IPU HOPMAJIBHOM 3aKOHE
pacnpeziesieHus MOXKeT ObITh 3ajjaHa JOMyCKaMH Ha M3TOTOBJICHHE 3JIEMEHTOB
racuteieil WM KJacCOM TOYHOCTH MpHOOpa, € TOMOMIbIO KOTOPOTO
HaCTPAauBAKOTCS TaCUTEIIH.

IIpy paBHOMEPHOM pa3HECEHUMH YACTOT HACTPOWKUA TaCUTENIEN 10
HEKOTOPOMY JHMamna3oHy 4acTOT (YHKIUS pacrpefeieHus UMeeT BUI ¢(A,) =

1
1/2h, tae h = const. Y3 yciaoBusi HOpMHPOBaHUSI J @(A,)dA,= 1 onpenensercs

noJioca pacCTPOMKHU TPyHIbl BUOporacutenei, paBuas 2h. OntumusupyembiMu
napamMeTpaMu B 3TOM CJIydae 10 aHAJIOTHH sBJISIFOTCA h 1 Q.

CoryiacHO MPUHATOMY BBIIIE, ONTUMAJIBHBIE TAPAMETPHI ONPEAEISAIOTCS U3
YCJIOBHSI MTOJTYYEHUSI MUHUMYMa MOAYJISl TUHAMUYECKOW KECTKOCTH CUCTEMBI C
I'PYIIION FaCUTEIIEN.

3ajaya pelieHa YHMCJIEHHBIM METOAOM JJisl JUCKPETHBIX 3HAUCHUN
ONTUMU3HUPYEMBIX MAapaMeTpoB. BBIXOJHON BEIMUMHON SBISICS KOI(PPUIMEHT
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ramieHuss X, paBHbIM OTHOIICHHWIO MHHUMyMa MOAYJIS JIUHAMUYECKOU
KECTKOCTU CHCTEMBl C TacCUTESIMU K MHUHUMAJIbHOMY MOJYJIO JAaHHOTO
napaMeTpa CUCTEMBbI 0e3 racuTesei.

B Tabmune 26.3 mnpuBenaeHbl pe3yabTaThl aHaIW3a JUHAMHYECKOMN
KECTKOCTU CHUCTEMBI C TPYNION racuTesieil COOTBETCTBEHHO NMPU HOPMaIbHOM
3aKOHE pacrpeesieHus] U MPU PaBHOMEPHOM Pa3HECEHHH YacTOT HacTpouku. B
obonx ciydasx Kod((UIHUEHT HEYNpyroro COMPOTUBICHUS TacHTENeH y,
npuHAT paBHbM 0,01, 4TO XapakTEpHO NIl TaCUTENEH CO CTAIBHBIMU YIPYTUMU
aJIeMEHTaMu 0e3 CHeuMagbHbIX JAeMIpUpyomux ycTpoicTB. CpaBHEHHE
pEe3yJbTaTOB  IOKa3blBaeT, 4YTO  KOI(PPUIMEHTHl TameHuss y  I[pu

PACCMOTPEHHBIX (PYHKIUAX pacTIpeICICHHs OTIUYAIOTCS MeHee, 4eM Ha 5%.

TOauua 26.3
HopmanbHbli 3akoH pacripeieneHus nipH Yo = | PaBHomepHoe pacnpenenexue 4acToT npH o
v 0,01 0,05 0,01 0,05
Aar onr Q ¥ Aoronr Q X Asrom Q R Ao | O N
0,0005 {0,012 |1 2,74 10,014 10999]13 10,021 | 0,999 2,78 0,022 | 0,999 | 1,33

0,001{0,019 10,999]3,53 10,02 [0999] 1,45 10,028 | 0,999 (3,57 10,033 | 0,999 1,47
0,00210,027 10,999 14,7 (0,020 [ 0,998 1,69 10,042 | 0,998 4,62 10,047 | 0,998 | 1,71
0,00510,044 |0,995 6,98 10,048 | 0995|212 j0,066 { 0995172 10,075 | 0,995 2,08
0,01 {0,063 1059298 0,067 [0,992]229 (0,098 [0,992]9,9 {011 ]0993|236

OnTumaneHble MapameTpbl Tpynmbl racuteneit npu v = 0,0005-0,01, yo=
0,01- 0,05 u y,= 0,01 pexomeHayeTCS ONPENEATh MO CASAYIOMUM (popmymam,
MOJTYYCHHBIM ITyTeM 00pa0OTKU YHUCICHHBIX PE3yJIbTaTOB:

a) HOPMAaJIbHBIN 3aKOH paclpeiesICHHs

Agrom = (0,52 + 21y WV + (1 - 10y, )v; (26.6)

0) pPaBHOMEPHOE Pa3HECEHHNE YACTOT HACTPOUKHU TacUTeNeh
Pom = (0.9 +2,2570 V.

KoaddurumenT rameHuss ¥ OTHOIICHHE MAaTEMaTHYECKOTO OXKHJIaHUS
COOCTBEHHBIX YACTOT TaCUTENSA K COOCTBEHHOW YacTOTE OCHOBHOHN CHCTEMBI B
000MX CITydasx OMpeeNsoTCs 1Mo GopMyiam:

% = (40 — 460y,)* Vv + (280 — 850y, )v;
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n
3 : 2 2 2
z=k_,(1+iy) - Mo* - Y |Ko"m (K - m.o~)
J=1
K::krj(l'i-l}’r), (26.9)
PaccMoTpuM — pemieHue  BOIpPOcoB  O(GQMEKTUBHOCTH  AMHAMUYECKUX
racureyied KojeOaHHHW ¢ HCIOJL30BAHUEM CTATHCTUYECKOTO MOACIUPOBAHUA.
Jlns 5TOro BOCHOIb3yeMcss (OPMYJION JTUHAMHYECKOM MKECTKOCTH OCHOBHOM
CUCTCMBI C prHHOﬁ racureneil ¥ BHIIOJIHUM PacCUCTHI 110 CXEMC, HpI/IBeIIeHHOﬁ B
Tabmuie

Anroput™ pacuera 3PPEKTUBHOCTH JHHAMHYECKHX racHTe/eii konebaHni METOAOMH
CTaTHCTHYECKOr0 MOAETHPOBAHHA

1 2
OcHOBHBIE CTYTIEHH pacHeTa CratHcTHYECKHE M pacyeTHbIe NapaMeTphl
L. Haznauenue pacueTHOro qHCAa n=30 m,=0,01 M=1
AMHAMMYECKHX  racuteneéi B rpynme,

2
= * = _= * —
onpepenen\e cobcTaeHHoi YaCTOTHI ®,=27*0,692=2,172 k, =M * @, =4,717
OGHOBHOI:*:I CHCTEMBI, TIDHBENCHHOR Macchl | 5 =0 0] 7-=001 k,=m,* m,3.2=0,01* mnz’
OCHOBHOMH CHCTEMbl, MacChl ORHOTC TacHTeNs

‘____‘_l
1I. HazHaueHHe MapaMeTpoB CTATHCTHYECKOrO @(o, ) -nnoTHocTh pacnpenenelns cOBCTBEHHbL

pacnpeneiuam»m6 SOGOTBCHHHX YACTOT | acror racuTeeit; s HOPMaJTbH
racuTeNeH KonebanuH pacnpeneneHus CoOCTBEHHBIX YaCTOT racHTenedf
MaTeMaTHYecKoe ~  OXMIaHHe Hp=

0,992*2,1772=2,.154 ¥ CTangapr coGCTBEHHBIK:
vacToT racurened koneGauuit A .=0,063 ,zum
PABHOMEPHOrQ  pacrlpefiencHus  COOCTBEHHMX
YacTOT racuTenelt cpefHee 3HaueHwe L=

0,992*_2,1 72=2,154 W nonoca  paccTpoiixy
cOOCTBEHHBIX 4acTOT racurtenedl koncBaruii
2h=0,098

HI. Toayuenne no H3BECTHBIM MapaMmeTpaMm
CT2THCTHYECKOFO pacnpeneseHns
cOBCTBEHHBIX YACTOT TFACHTENEH ¢ NOMOLIBIO
reseparopa ciyqaiHplx ducen cly4adHBIX
peanu3auHit 3HAYCHHK COOCTBEHHLIX 4ACTOT
racureneh

IV. Onpenenenne AHHAMHYECKOH >KECTKOCTH : z
OCHOBHOH CHCTEMBb! ¢ racHTeaaMH konebanuii.
V. Ornpeaenenne  ko3dpdHLUMeHTa rameHns Q.
kosebaHuit ¥ aHaTH3 :

[To mpennoxeHHOW METOAMKE OBL peain30BaH pacueT CTaTUCTUYECKON
IpyNIbI racuTeNe KojieOaHu.

CrarucTnyeckoe MoJeJTUPOBaHNE PA0OTHI PACTSAHYTOI0 CTEPKHSA U3
COCHBI

OnpenenuM METOJOM CTAaTUCTUYECKOTO MOJECIUPOBAHUS BEPOSITHOCTH

pa3pylIeHUs] LEHTPAIIBHO PAacCTAHYTOro pacueTHbiM ycuimem N=25000 krc
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aJIeMEHTa KOHCTPYKIMHM pa3mepamu ceueHus 20 x 10 cm, mMaTepuan cocHa 1
copra. PacyeTHoe CONMPOTHBICHHUE pacTsHKEHHIO cCocHbI 1 copra Rp=10 MIla.
(ta6:1.3 CHull I1-25-80).

HanpsketHoe cocTosHUE H Copr | R,.. v RX Yo R, l
XapaKTepHCTHKA 3NEMEHTOB ApeBecH Ml'fa MITa "Ml
HBI
PacTaxkeHHe. 1 34 0,24 20 1,32 10 |

RBp - cpeaHee 3HaUeHUE BPEMEHHOTO COMPOTHUBIICHUS TIPU CTaHIAPTHBIX

UCTIBITAaHUSAX ~ Marepuana, OmnpeaenuM  METOJAOM  CTaTHCTHYECKOTO
MOICITUPOBAHUS BEPOSTHOCTD PAa3pYIICHUS IIEHTPAITBHO PACTIHYTOTO PaCUETHBIM
ycunueM N=25000 krc

v - KO3 (UIMEHT Bapuanuu.

[IpoBepuM cooTBeTcTBUE TpeOoBanuto nmpounocty mo CHull I1-25-80

N 25000
== 20%70 =125kzc/ em® = R =100kze / em
- (26.10)

JelicTByronee HaIpsyKEHUE MPEBBIIIAET PACUYETHOE COMPOTHUBIICHUE HA
25%. OnpenenuM KakoBa BEPOSITHOCTh Pa3pyLIEHUS 3JIEMEHTAa KOHCTPYKIIMU
IIPU MPUHSATHIX CHJIOBBIX, TPOYHOCTHBIX M T€OMETPUUECKHUX MapaMeTpax.

OmnpenenuM  CTaTUCTUYECKHE  XAPAKTEPUCTUKU  T€OMETPUUYECKHUX
apaMeTpoB, apaMETPOB HArPy>KEHHOCTH U IPOYHOCTH.
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CraTUCTHYECKHE XapaKTepHCTHKU NapaMeTpOB HATPYKEHHOCTH.

Hawumenosanue Cpennee apuMeTHUECKOE 3HAYUEHHE Cpennee kBaapaTuueckoe
NapaMerpa OTKJIOHEHHUE
Pacarueaiomee | N, = N/y, =25000/1,2=20833 kre Ay =N.(1-7,)/3=1388rc
YCHIIHE B PACYETHOM )
aneMeNTe Cpennee apHpMeTHHECKOE 3HAYEHHE ObecrieueHHOCTb pacueTHOH
KOH KUK [IPUHATO PABHBEIM YCUIIHIO OT HArpy3kH NPHHATO PaBHbIM 3 A
ilied HOPMATHBHbIX. HATPY30K

CraTHcTHYECKHE XapaKTCPHCTHKH TICOMCTPHYECKHX [IapaMeTpoB

HanmeHoBaHne napamerpa CpenHee apugmeTHHeckoe Cpentee KpafpaTHyeckoe
3HAYEHHe OTKIOHEHHE
PasmMep rronepevHoro ceveHnd a 20 cm v =0,02
Aa=04cmMm.
Pasmep nonepeyHoro ceveHus 6 16 cm v =0,02
Aa=02cMm.

CraTHCTHIECKHE XaPAKTEPHCTHKH YAENBHOM TPOYHOCTH APEBECHHEI

HaumMeHoBaHHe napamerpa CpenHeé apudMeTHuecKkoe Cpensiee kpaapaTHueCcKoe

3HaueHHe OTKJIOHEHHE
R’.Bp - CpeiHee 3HaveHNe R3p= 340 xre/om?. v=0,24
— 2
BPEMEHHOIO CONPOTHRICHHS ) Aep =272 xrc/em”.
TPH CTAHAAPTHBIX MCTIBITAHUAX
marepHanay
Koadduument, yaursiparowuit Ky =0,76 A, =002
A}

BJIMSAHHE HA TIPOYHOCTD
BAHTENRBHOrO AeHcTsud
Harpysky
Kosgduiment onHOPOZHOCTH, Ko =0,73. A,, =0.02
ylll’lTstalOl.l.[Plﬁ BIMSHHE HA
NPOYHOCTH NOPOKOB U
paamepos 3JEMCHTA

[IpumeM crienyromue yciaoBUsl MOJEIUPOBAHNS:

Yenmus B dNEMEHTE  KOHCTPYKIIMM  M3MEHSAIOTCS BO BpPEMEHH €
JUIMTEJIBHOCTBIO  OfHOro 1ukina 10 wuHyT. PacuerHas UIMTEIBHOCTH
skcrtyaranuu 20 ser. O61iee yucio nukiioB u3MeHeHus: ycunus 1752000.

1. [Ipumem o00II€€ KOJIMYECTBO DSJIEMEHTOB KOHCTPYKIIUN PaBHBIM
10000. T'eomerpuueckue mapaMeTpbl U yjAelbHasg MNPOYHOCTH COCHBI
U3MEHSIOTCS B IPOCTPAHCTBE MHOKECTBA KOHCTPYKTUBHBIX 3JIEMEHTOB.

Hcnone3yst reHepaTtop CIy4allHbIX YUCEN M NMPHUHATHIE CTATUCTUUYECKUE
XapaKTEePUCTUKU MapaMeTpOB HArpy>KEHHOCTU BBINIOJIHUM MOJEIUPOBAHUE
YCUJIMH B DJIEMEHTE KOHCTPYKLUHMHM C MHTEpBAIOM 10 MHHYT 3a pacyeTHYIO
JUIMTENIbHOCTh AKciutyatauuu 20 ner. B tabnuie ans npumepa npuBeneHbBI
nepbie 10 3HaUEHNH yCUITHSL.

HanmeHoBaHHe napameTpa | 3HaueHns, mapamerpa (nepebie 10} mMORyMEHHbE c noMOnibg
reHeparopa CiyYadiHBIX YHCed IS (PHHATHIX CTATHCTHYGCKRY,
XAPaKTEePUCTHK '
Yenave (Kre) 2.143e4, 2.465¢4, 2.064¢4, 2.245¢4, 2.11e4, 1.947¢4
2.426e4, 2.067¢4, 2.255¢4, 2.37e4, 2.088e4
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Yeunua s TiepB oM JNEMEHTs.

Wrmepaarm)

Puc. 26.4. Peanuzanuu ycwins B 3JIEMEHTE KOHCTPYKIIUU

BeinmonHuM  MOJEIMpOBaHWE YAEIBbHOW MPOYHOCTH JPEBECHHBI B
COOTBETCTBHUE C MPUHATHIMH CTATUCTUUYECKUMH XAPAKTEPUCTUKAMU U OOILIUM
KOJIMYECTBOM 3JIEMEHTOB KOHCTpYKInii 10000.

HauMeHOBaHMe NapaMeTpa 3uagenus, mapaMerpa (rrepseie 10) momydeHHBlE ¢ NOMOIGHIO
reHepaTopa CTy4aiHBIX JHCEN IIi NPHHATBIX CTATHCTHHYECKHX

XApAKTCPHCTHK

3navenus ynensHo# npounoctn | 304.18, 284.56, 301.38, 262.36, 202.448, 343.552, 330.15,
ANA cTaHAapTHRX uersranuax | 385.404, 518.85, 405.993, 420.387

Marepaaia,
Koaddument yuursiparomuit | 0.701, 0,703, 0.689, 0.697, 0.694, 0.69, 0.699, 0.719, 0.695,
BIHMAHHE Ha IPOYHOCTS 0.702, 0.724
JUIATENBHOTO BelcTBUA
HAIrpy3KH,

Koa¢punuenr ogmopomsocty, | 0.396, 0.446, 0.56, 0.371, 0.461, 0.503, 0.512, 0.579 0.527,
YIHTHBAIOILHA BIHAHWE Ha 0.451, 0.462,
NIPOYHOCTE TIOPOKOB H Pa3MepoB

SNIEMEHTA,
Haumenopatye napaMerpa 3Havenus NapameTpa (mepBble 10) HOMyYeHHBIE ¢ MOMOIIBIO
reHepaTopa CySadHEIX YHCE A4 DPHHATEIX CTATHCTHYECKHX
XAPAKTEPHCTHK .
VpensHad - IPOYHOCTH Ha | 200.447, 169.314, 209.054, 124.731, 198.455, 175.835, 202.24,
PACTIDKEHHE 158.026, 241.774
R, = R,p *Kor Kom

Onpenenmm KOJIMYECTBO CIy4acB MPEBBIILIEHNS PACTATUBAIOIIMX HAIPSHKEHNI
o 3HA4YCHUH YJENBHOM IPOYHOCTH HA DPAcTshKEHME R, IyTeM CpaBHEHMS IBYX
MHOKECTB TIOCJIE PAHXUPOBaHWA. Pe3ynbraTbl CpaBHEHMS MMOKA3aIH, YTO IIPU
pacyeTHoM umcie 1MKIOB 1752000, HM oOmHOrO cCiy4yass IPEBBILICHUS
PAaCTATMBAIOIIMX HANPSLKEHUI ¢ 3HAYEHUH YZIETbHOM POYHOCTH Ha pacTshkeHue Ry
He ObLIO.
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25804
28814
31594
34134
36433
38493
40320
41924
43319
44520
45543
46407
47128
47725
48214
48610
48928
49180
49379
49534
49653
49744
49813
49865
4997674
4999683
4999966
4999997133

o) =

1
00399
04380
08317
12172
15910
19497
22907
26115
29103
31859
34375
36650
38686
40490
42073
43448
44630
45637
46485
47193
47778
48257
48645
48956
49202
49396
49547
49664
49752
49819

NPUJIOKEHHUE

2
00798
04776
08706
12552
16276
19847
23237
26424
29389
32121
34614
36864
38877
40658
42220
43574
44738
45728
46562
47257
47831
48300
48679
48983
49224
49413
49560
49674
49760
49825

J;

1

3
01197
05172
09095
12930
16640
20194
23565
26730
29673
32381
34850
37076
39065
40824
42364
43699
44845
45818
46638
47320
47882
48341
48713
49010
49245
49430
49573
49683
49767
49831

v P
Ie 2 dt
0

.
I

4
01595
05567
09483
13307
17003
20540
23891
27035
29955
32639
35083
37286
39251
40988
42507
43822
44950
45907
46712
47381
47932
48382
48745
49036
49266
49446
49585
49693
49774
49336

Bd |

5
01994
05962
09871
13683
17364
20884
24215
27337
30234
32894
35314
37493
89435
41149
42647
43943
45053
45994
46784
47441
47982
48422
48778
49061
49286
49461
49598
49702
49781
49841

T

erf (F)

6
02892
06356
10257
14058
17724
21226
24537
27637
30511
33147
35543
37698
39617
41308
42786
44062
45154
46080
46856
47500
48030
48461
48809
49086
49305
49477
49609
49711
49788
49846

Tabmuna 1
HHTerpan BepositHOcTeli (HopMupoBanHas ¢ynkuusa Jlannaca)

*

7
02790
06749
10642
14431
18082
21566
24857
27935
30785
33398
35769
37900
39796
41466
42922
44179
45254
46164
46926
47558
48077
48500
48840
49111
49324
49422
49621
49720
49795
49851

8
03188
07142
11026
14803
18439
21904
25175
28230
31057
33646
35993
38100
39973
41621
43056
44295
45352
46246
46995
47615
48124
48537
48870
49134
49343
49506
49632
49728
49801
49856

* O(U) — obo3nauaercs pynkius Jlamnaca; erf — pyHkius omubox.
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9
03586
07535
11409
15173
18793
22240
25490
28524
31327
33891
36214
38298
40147
41774
43189
44408
45449
46327
47062
47670
48169
48574
48899
49158
49361
49520
49643
49736
49807
49861



Dersity Function: Digtribution Function: HopmainbsHoe pacnpesencHue,
wii pacnpeznenenue [aycca
== o0 (Gauss) mcnome3yercs s

IPOBEPKU PA3IUYHBIX THUIIO-
p=50 T€3, BKJIKOYAS TUIOTE3Y O

pPaBEHCTBE JBYX CpEIHHX.

DTO pacnpeneneHue HMEeT
cpenHiol apudmernyeckyo paBHyto 0 u aucnepcuto pasBHyto 1. Ha rpaduke crnesa
IPE/ICTaBIICHA TUIOTHOCTh PACIPENICIICHHSI U BEPOSATHOCTD (P) COOTBETCTBYIOLIAs PA3TUYHBIM
(KaK TOBOPST «KKPUTUUYECKUM») 3HAUCHUSIM Z.

3HayeHUsT B TAOJUIC TPEACTABISIFOT COOOW IUIONIA/lb, HAXOMSIIYIOCS TIOJ YacThIO
KPHBO#, KOTOPYIO OIKCBHIBACT CTaHIAPTU3MPOBaHHAs HopMmaibHas ¢yHKiws (Gausse) B
uHTepBasne 3HaueHuil ot 0 no Z. Hampumep, miomaab, orpanuyeHHas 3HadyeHussMu 0 u 2,36,
HaxoauTcs Ha mnepecedyeHuu JmHuH 2,30 w kosmonkm 0,06. Ona pasna 0,4909. Ecam
3HaueHue Z SBISETCS OTPHIATCIBHBIM, TO, YYUTHIBAS CHUMMETPHUYHOCTh (DYHKIIMM OTHOCH-
TEJILHO CpEIHEH, MCKOMas BEPOATHOCTh (IUIOIIAAb) OyIeT HAXOIUTHCS HAa MEPEeCCUYCHUM
JMHUAU U KOJIOHKH, COOTBETCTBYIOIINX abcomoTHOMY 3HaueHuio Z (|Z]). Hanpumep, miomasipb
mexay 0 u -1.3 papaa mnomaan mexay O et 1.3; To ecThb oHa HaXxoAWTCA Ha MEpPECeYCHUU
nuann 1.3 u xononku 0 u pasHa 0,4032.

Uro0bl dyumie pa3oOpaTbcsi B TOM, KaK PacCUUTHIBACTCS BEPOSITHOCTh THIIOTE3 C
MOMOIIBIO TAOJMUIIBl 3HAYEHUH HOPMAJILHOTO paclpesieieHus, NoMpoOyiiTe caMoCTOsTEeNbHO
MOCTPOUTH B DKCEJIE COOTBETCTBYIOINIYIO TaOuuIly (KakK Ty, 4YTO Bbl BUIUTE HIKE), UCTIOIb3YS
BCTPOEHHBIE (YHKIIMU JAHHOTO TaOynsTOpa.

Tabmnumna 2

HopmasabHoe pacnpeaeieHue Wuterpan ot 0 o z

0.00 |(0.01 |0.02 [0.03 |0.04 |(0.05 |0.06 |0.07 0.08 [0.09
0.0 |0.0000 |0.0040 |0.0080 0.0120 {0.0160 |0.0199 |0.0239 |0.0279 |0.0319 |0.0359
0.1 /0.0398 |0.0438 |0.0478 |0.0517 |0.0557 |0.0596 |0.0636 |0.0675 |0.0714 |0.0753
0.2 |0.0793 |0.0832 | 0.0871 |0.0910 |0.0948 |0.0987 0.1026 |0.1064 |0.1103 |0.1141
0.3 |0.1179 |0.1217 |0.1255 |0.1293 |0.1331 |0.1368 | 0.1406 | 0.1443 |0.1480 |0.1517

0.4 |0.1554 |0.1591 |0.1628 |0.1664 |0.1700 |0.1736 |0.1772 |0.1808 |0.1844 |0.1879
0.5 0.1915 |0.1950 |0.1985 |0.2019 |0.2054 |0.2088 |0.2123 |0.2157 |0.2190 |0.2224
0.6 |0.2257 |0.2291 |0.2324 |0.2357 |0.2389 |0.2422 |0.2454 |0.2486 |0.2517 |0.2549
0.7 |0.2580 |0.2611 |0.2642 |0.2673 |0.2704 |0.2734 |0.2764 |0.2794 |0.2823 |0.2852
0.8 |0.2881 |0.2910 |0.2939 |0.2967 |0.2995 |0.3023 |0.3051 |0.3078 |0.3106 |0.3133
0.9 |0.3159 |0.3186 |0.3212 1 0.3238 |0.3264 |0.3289 |0.3315 |0.3340 |0.3365 |0.3389
1.0 |0.3413 | 0.3438 |0.3461 |0.3485 | 0.3508 | 0.3531 |0.3554 |0.3577 |0.3599 |0.3621
1.1 10.3643 | 0.3665 |0.3686 |0.3708 |0.3729 |0.3749 |0.3770 |0.3790 | 0.3810 |0.3830
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1.2 |0.3849 | 0.3869 |0.3888 |0.3907 |0.3925 |0.3944 |0.3962 |0.3980 |0.3997 |0.4015
1.3 |0.4032 | 0.4049 |0.4066 |0.4082 |0.4099 |0.4115 |0.4131 |0.4147 0.4162 |0.4177
1.4 10.4192 1 0.4207 |0.4222 |0.4236 |0.4251 |0.4265 |0.4279 |0.4292 0.4306 |0.4319
1.5 |0.4332 1 0.4345 |0.4357 |0.4370 | 0.4382 |0.4394 |0.4406 |0.4418 | 0.4429 |0.4441
1.6 |0.4452 1 0.4463 |0.4474 |0.4484 |0.4495 |0.4505 |0.4515 |0.4525 |0.4535 |0.4545
1.7 |10.4554 | 0.4564 |0.4573 |0.4582 |0.4591 |0.4599 | 0.4608 |0.4616 |0.4625 |0.4633
1.8 |0.4641 1 0.4649 |0.4656 | 0.4664 |0.4671 |0.4678 |0.4686 |0.4693 0.4699 |0.4706
1.9 10.4713 10.4719 |0.4726 |0.4732 |0.4738 |0.4744 | 0.4750 |0.4756 0.4761 |0.4767
2.0 |0.4772 |0.4778 |0.4783 |0.4788 |0.4793 |0.4798 | 0.4803 | 0.4808 |0.4812 |0.4817
2.1 /0.4821 |0.4826 |0.4830 | 0.4834 |0.4838 |0.4842 0.4846 0.4850 |0.4854 |0.4857
2.2 |0.4861 |0.4864 |0.4868 | 0.4871 |0.4875 |0.4878 0.4881 |0.4884 |0.4887 |0.4890
2.3 /0.4893 |0.4896 |0.4898 | 0.4901 |0.4904 |0.4906  0.4909 0.4911 |0.4913 |0.4916
2.4 10.4918 |0.4920 | 0.4922 10.4925 |0.4927 |0.4929 |0.4931 |0.4932 |0.4934 |0.4936
2.5 /0.4938 |0.4940 | 0.4941 |0.4943 |0.4945 |0.4946 10.4948 |0.4949 |0.4951 | 0.4952
2.6 |0.4953 |0.4955 |0.4956 | 0.4957 |0.4959 |0.4960  0.4961 |0.4962 |0.4963 |0.4964
2.7 10.4965 |0.4966 |0.4967 | 0.4968 |0.4969 |0.4970 0.4971 0.4972 |0.4973 |0.4974
2.8 |0.4974 |0.4975 | 0.4976 |0.4977 |0.4977 |0.4978 10.4979 |0.4979 |0.4980 | 0.4981
2.9 /0.4981 |0.4982 |0.4982 1 0.4983 |0.4984 |0.4984 0.4985 0.4985 |0.4986 |0.4986
3.0 |0.4987 |0.4987 |0.4987 1 0.4988 |0.4988 |0.4989 |0.4989 | 0.4989 |0.4990 |0.4990

I. CIYYAHHBIE COBBITUSI. OCHOBHBIE ®OPMY.JIbI

1. OcHoBHBbIE POpMYJIbI KOMOMHATOPUKH

a) mepectaHoBky f» =#=1-2-3..(z=1) =,

6) pasMereHns Al =n-(n-D. (n—m+1D.
ok A _ #!

B) COYCTaHUS R Gt I

2. Knnaccnueckoe onpesesieHne BePOATHOCTH
L
P ="
n, TAe ¥ — 4yucno OJarompUATCTBYIOIMIMX COOBITHIO 4 HCXOMOB;
# — 9HUCII0 BCEX DJICMEHTAPHBIX PABHOBO3MOXKHBIX HCXOJOB.

3. BepoATHOCTb CyMMBI COOBITHI

Teopema cnokeHUsI BEpOSATHOCTEH HECOBMECTHBIX COOBITHIA:
P(A+ B) = P(A)+P(B)

TeopeMa cokeHHsI BEpOSATHOCTEN COBMECTHBIX COOBITHI:
P(A+B) = P(A)+ FP(B) - P(AR)
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4. BeposSITHOCTDH NPoU3BeAeHUs COOBITHI
Teopema yMHOKEHUS BEPOATHOCTENH HE3aBUCUMBIX COOBITHIA:
P(A. B)= P(4). P(B)-

Teopema yMHOKEHUSI BEPOATHOCTEH 3aBUCHUMBIX COOBITHI:

P(A-By= P(A). P(B|A),

P(4 By=P(B) P(4|B).
P(A|5) —  ycnoBHas  BEpPOATHOCTH COOBITHS A OPH  YCIOBHH, YTO

IPOU30ILIO COOBITHE £ |

F(B]4) - ycnoBHas BepOATHOCTh COOBITUS B NPU  YCIOBHMH, 4YTO
MIPOU3O0IIIO COOBITHE A.

5. @opmyJia MOJTHOM BEPOSITHOCTH

k=1 , A€ “<1:<<2:=<*w — TJIOJIHAA TI'pPylIIa T'HUIIOTE3, TO

H--HJ-=®,1‘¢;,HH5=Q

eCTh ° , £2 — TIOCTOBEPHOE COOBITHE.

6. ®opmy.ia baiieca (popmy.ia beiieca). BoluucieHue anocrepuopHbIX
BEPOSITHOCTEM I'HIoTe3:

P(H, | 4=~ Pl A ) ,m=1,.n
Z P(HPLA|H)
k=l
rac Hl’ Hﬂ""= H:ﬂ — IIOJIHAA I'pyIilla TUIIOTE3.
7. ®opmyaa bepuysuiu
" #l —
B =Cyp'-pf™ = e (1= )™
{ } - BCPOATHOCTD IMOABJICHUA

COOBITHSI POBHO £ pa3 NpPH # HE3aBUCHUMBIX HCIBITAaHUSAX, # — BEPOSITHOCTD
MOSIBJICHUS COOBITHSI TPU OJHOM UCIIBITAHUU.

8. HanBeposiTHelIee YMCJI0 HACTYIUICHUS COOBITHUS

H&HBCpOHTHCfIH.ICC qHUCJI0 kﬂ IIOSIBJICHUS COOBITHS IIpHu # HC3aBUCHMBIX
HUCIIBITAHUAX

np—(l-p) =k <ap+p  p _ pepoATHOCTh MOSBIEHHS COOBITHS TIPH OJHOM
MCTIBITAHHH.

9. JlokaabHas ¢opmyaa Jlamnaca

k—up

B (k) = r ]
MPd A\ APPY /. BepOATHOCTH TOSIBIEHUS COOBITUS POBHO & pa3
IPH % HE3aBUCUMBIX MCIIBITAHUAX, £ — BEPOATHOCTDH IIOSBJIEHHS COOBITHS IPH

OJHOM HCIIBITaHuH, ¢ =1-2
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10. Uurerpaabnas popmy.aa Jlaniaca

E (1) 5 @{mﬂ _ HpJ_ @[MJ
P V4 /— BEpOSATHOCTH TOSIBICHHUS COOBITHS HE

MCHCC MMy U HC Oonee mp pa3 IIpHUu # HC3aBUCHUMBIX HCIIBITAHUAX, F—

BCPOATHOCTD IIOABJICHUA COOBITHSI IIpn OAHOM HUCIIBITAHUH, g=1-p .

11. OneHka OTKJIOHEHHSI OTHOCHTEJLHOM YacTOThI OT NOCTOSTHHOM

BEPOATHOCTH F .
P[ Z o pl= E‘J . 2@[5 fL]
pil-p)}

—— F
I1. CIYYAWHBIE BEJIMUYUHBI. OCHOBHBIE ®OPMY.JIbI

M

12. Psax pacnpenesieHus1 AMCKPETHOM CJYy4YaliHOU BeJIMYNHBI

% X Ky | eeecees X,
P pl pg ....... Py
. Z p=1
CyMMa BepOSITHOCTEN BCerJa paBHa 1. -l
13. DOyHKUHA pacnpenejieHust (uHTEerpajibHast pyHxums
pacnpeaesieHus1)
OyHKIMSA paCIpeeNeHNs] CIy4YaliHOM BEJIIMYMHBI & ONPEACISIETCA IO
dopmyne ¥ (x)=P(Z <x) Do HeyObIBaoIIasi (PyHKIUS, MPUHUMAIOIIAS

3HaueHus oT 0 no 1. Ecnu 3aj1aHa MIIOTHOCTh pacrpeaeeHus /(=) , TO QyHKIIHS

Flx)= [ £(0)a

pacinpCaciaCHuA BeIPAXKACTCA KaK

14. IlaotHocTh pacnpenenenusi (nudpdepeHunanbHas QyHKIUA
pacnpeaesieHus1)
[I10THOCTL pacHpeneieHus. CIy4alHOW BEJIMYMHBI 4 ONpPENENsSeTcs 10

dopmyie (x)=F'(x) CyIecTByeT TOJNBKO Ui HENpPEpHIBHOW CITydalHOM

[ #{x)dx=1
BeJIMYMHBL. J[711  HEe BBINONHACTCS YCIOBHE HOPMHPOBKH: w
(rutonaab Mo KpUBOM paBHa 1).
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15. BeposiTHOCTH mNOMAaJaHUs CJAYYAWHOH BeJUYHMHBI B 3aJaHHBIN
HHTEpPBaJI
Mo:xeT ObITh BRIYHMCIICHA IBYMS CITIOCOOAMU:

1) uepes dynkio pacnpenenenns = (& <& <8)=F(8)-Fla);

r
Pla<X <g)=]r(x)dx
2) yepe3 IIOTHOCTD paclpeaeiicHUs . ,

16. MaTeMaTH4YecKoe O:KUAaHHE CJIYYANHON BeJIUYUHbI
1. Jlma JuCKpeTHOM Cily4ailHOM BEJIMYMHBI X, 3aJlaHHOM pPSAOM
pacnpeneneHus:

N
M(X)=2.% P
ial
2. Jlns HempepbIBHON CIydyallHOW BETWYMHBI X, 33JaHHON TUIOTHOCTBIO
pacnpeneneHus:

M(X)= [ #{x) xdx
17. Incnepcust cry4ailHON BeJTHYUHBI

ITo OIIPCACICHUIO NUCIICPCHUA — 9TO BTOpOﬁ HGHTpaHBHLIfI MOMCHT:
2

2
D(xy=M([x-w ()] )= w(2*)-(ar (X))
1. Jlnma JuckpeTHOW CiydailHOM BENMYMHBI X, 3aJlaHHOM  PsIOM
pacrpeneneHus:

ial

il =l
2. Jlns HempepbIBHON CIydyallHOW BETWYMHBI X, 33JaHHON TUIOTHOCTBIO
pacupeneneHus :

D(X)= }j[x)-(x—M[X)fdx =

Ifl:x;l'xj dx—(M[X))g - If[x)'xjdx—[}f[x)'xdx] .

-0 —

18. Cpeanee kBaapaTu4ecKoe OTKJIOHEHHE CJIYYAHHON BeJIUYHHBI
a= D[ X)

19. HavyaibHBII MOMEHT I-T0 NOPSAKA CJY4YaHHON BeJTHYHHbI
— ¥
v =M(X7)
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B d4actHOCTHM, mNEpBBIM HAYaJdbHBIMI MOMEHT — 3TO MaTEMaTHYECKOE
— 1y_
OXXHUIAHUE: VI_M(X) M[X}

20. llenTpa abHBI MOMEHT I — I'0 MOPSAJAKA CJAYYAHHON BeJIHYNHBI

#=m{[x-m(0)] ]
B YaCTHOCTH, BTOPOU LHEHTPAJIbHBIN MOMEHT — 3TO

JAUCIICPCHA: = M[I:X_ M {X}T) - D{X) .

21. AcummeTpus

Koadpdumument acuMmmeTpunm TOJNOKHUTENICH, €CIM  TPaBblii  XBOCT
pacripefiesieHus1 JJIMHHEE JIeBOro (MpaBas 4acTh KpUBOM Oosiee mosoras), u
oTpullaTe]IeH B TMPOTHUBHOM ciydae. Eciu pacmpeneiieHne CUMMETPUYHO
OTHOCUTEJIHHO MaTEMaTHYECKOTO 0XKHUJIaHUS, TO €ro KOd(PUIIMEHT aCUMMETPUHN
PaBEH HYJIIO.

22. Ikcuece
E=% 3
T

KoaddunmeHT skciiecca HOpMaIBHOTO pacripesieiieHus paBeH Hyio. OH
MOJIOKUTEJICH, €CJIM MUK pacrpeieieHus: OKOJI0 MAaTeMaTUYeCKOro OXKHUIAaHUs
OCTpBIi, 1 OTPUIATEIICH, €CIIU MUK TIagKH.

I11. PACTIPEJIEJIEHUS CTYYAHHBIX BEJIMYUH. OCHOBHBIE
®OPMY.JIbl OHJIATH
23. buHoMHaIbHOE pacnpeienenne (IMCKpeTHOE)
X — KOINMYECTBO «YyCIIEXOB» B TMOCIEIOBATEIIBHOCTH U3 # HE3aBUCHUMBIX
CIIy4ailHBIX JKCIIEPUMEHTOB, TAKMX YTO BEPOATHOCTH «YCIEXa» B KAXKIOM U3

HUX paBHa ? . 4 =1-7,
3akoH pacrpeeneHus: £ UMeeT BUA:

5, 0 1 k »
Py g" nopog Cy-ptg P
31ech BeposITHOCTH HaxoasTcs o popmyne beprymu:
P = k)= Clp (- ) = Chpi™.
XapaKTepHCTUKH: M(X)=np D(X)=npg o=jupg-

[IpuMepbl MHOTOYTOJIBHUKOB pPACHpENEieHus g 2=3 U Pa3JIMYHbIX
BEPOSITHOCTEM.
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8.5
P(m) p=02 n=5 p=08
8.4 N /\‘
/// [ . I - //
< o : p=05 /'/
8.3 N\ = P4
p o
02 , LY Yl
~ \\/ 4 -
8.1 B L W
¥ _/ \“"“-w.\__‘ e e
I 1 2 3 1 oS
24. IlyaccoHoBCcKoOe pacnpeaejieHue (JIUCKPeTHOe)
Pacnpenenenne  Ilyaccona

MOJAEIHUPYET  CIy4YallHyl0O  BEJIUYHUHY,
MPEACTABIIAIONIYI0 COOOM YKMCIIO COOBITHH, TPOU3OIIEANNX 3a (PUKCUPOBAHHOE
BpeMs, TPU YyCJIOBUHU, YTO JaHHBIE COOBITUSI TPOUCXOJAT C HEKOTOPOM
(UKCUPOBAHHOM CpeHEN MHTEHCUBHOCTBIO U HE3aBUCUMO JIPYT OT Apyra.

[Ipu ycnopuu # — 0, #—> 0, up — A = const 3axon pacnpenenenus IlyaccoHa
SIBIIICTCSl TIPEACITBHBIM CllydaeM OWHOMHAIBLHOTO 3aKOoHA. Tak Kak IpH 3TOM
BEPOSTHOCTh # COOBITHS A B

KaXJ10M HCIIBITAHUN MaJjia, TO 3dKOH
PacipCcaciacHus HyaCCOHa Ha3bIBAIOT 94CTO 3aKOHOM PCAKUX SIBJICHUIA.
Psiyt pacripeesenus:
5 |0 1 K
.;il.k
p.‘:— E_J ﬂg_" e

=4

—e
il

/-1.‘:-

Plr=k)=""s"
BepositHocTH Beiuucstores no ¢popmyse Ilyaccona:
HuciioBble XapaKTEPUCTUKMU: M{X)= A D =2 a=a1

]
PasHble MHOTOYTONLHMKH pacnpeaenenus npu A= 1410,
0.4

T

T

—
|

°
o

L |
02

iy

r \
0.1

0.0t
0 5

. SN in, — VRIS G

15
25. Iloka3aTesibHOe pacnpeaeieHue (HempepbIBHOE)

L

20
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DKCMOHEHIMAIBHOE WJIM TMOKa3aTeIbHOE paclpesieieHne — aOCOIIOTHO
HEIMPEPBIBHOE  paclpeliefieHue, MOJCIUPYIOIIee BpeMs MEXAy JIByMs
MOCJIeIOBATEIbHBIMUA CBEPIICHUSIMUA OJJHOTO U TOTO YK€ COOBITHSI.

[110THOCTH pacnpeneaeHus:

0, z=0
p(?f)={

Ae™™ xz=0,

E

rage A =0

M(X)=L Dlx)=2 o
YucnoBele XapaKTEPUCTUKMU: A, A%, A
[110THOCTB pacupeaesieHus IPU PA3IUYHBIX 3HAYEHUAX A = 0

1.5
14 K
1.3 K
12 k) -
L1F\ 9
| - \ -
09 k. \ 9
08 |\ \ 1
07 F \
06 F
0.5 Fo
04t
03 F
02 F
0.1 F

- ]

S s
iy
hon

0

26. PapHomepHoe pacnpeaesenne (HempepbIBHOE)

PaBHOMEpHBII 3aKOH pacHpeeeHNs UCIOIb3YETCs NPU aHAIN3€E OLIMOOK

OKpYTJIEHUSI TPU TMPOBEJCHUM YHCIOBBIX pacueToB (Hampumep,

OImnOKa
OKPYTJICHUS YHCclia A0 IEJIOro pacrpejereHa paBHOMEpHO Ha otpeske [-0,5;
0,5]),

B psle 3aJad MaccoBOro OOCTY>KUBaHHS, TMPU CTATUCTHUYECKOM

MOICTMPOBAHUY HAOIIOICHUA, TTOTYMHEHHBIX 33JJaHHOMY PacTpe/IeICHUIO.
[I;moTHOCTH pactpeneneHus:

0 IZa
1
plx) = gExsh
h-a
0 x=h
2
) b—ua
p(ry=2 pry-Loel oo
YucnoBble XapaKTEPUCTUKU: 2, 12 243 -
['paduix MIOTHOCTH BEPOATHOCTEMN CIEYIOLIUH.
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27. HopmaabHoe pacnpeaejdenue wujau pacnpeaejgenue Iaycca
(HenpepbIBHOE)

HopmasibHOE pacnpeneneHue, TakKe Ha3bIBAEMOE PacIpeleICHHEM
["aycca, — pacupenesieHre BEPOATHOCTEN, KOTOPOE UIPAET BaXKHEHIIYIO POJIb BO
MHOTMX O00JIaCTSX 3HAHMW, OCOOCHHO B (Qu3uke. Pu3znyeckas BeIMYUHA
IIOTYMHSAETCS HOPMAIILHOMY PACIPEIEIICHHUIO, KOTJa OHa ITOABEP/KEHA BIUSHUIO
OTPOMHOTO YHCJIa CIIy4YaWHBIX ITOMEX. fICHO, 4TO Takas cuTyauus KpanHe
pacmpocTpaHeHa, MOATOMY MOKHO CKaszaTh, YTO M3 BCEX paclpenesieHud B
NPUPOJAE Yallle BCEro BCTPEYAETCS] UMEHHO HOPMAJIbHOE pACIPEICICHHE —
OTCIO/Ia U MTPOU3OIILIO OHO U3 €ro Ha3BaAHMIA.

[1m0THOCTB pacnpeneeHus:

YucnoBele XapaKTEPUCTUKMU: M(X)=a D (X)=c’ , T=g
[Ipumep IIOTHOCTH pacupenesIeHUus CIEAYOIIHN.

=

09

e W Whg W
waunn

SA=20
S

w

“EREE
Ewnn

Q84843

08 p

[

07 F

06 F

05

04 ¢

5 4 3 2 | 0 1 2 3 R 5
HopmanbHbpli  3aKOH  paclnpenciacHuss  CIy4YalHOW  BEJIMYMHBI  C
rnapameTpaMu @ =0 u d=1Ha3pIBACTCAd CTAaHAAPTHBIM WJIM HOPMHUPOBAHHBIM, a
COOTBETCTBYIOIIAs] HOpMaJlbHasA KpUBasi — CTAHJAPTHOM MM HOPMHUPOBAHHOM.
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&(x)

1 7 -2
x)=—— e~ “d
Oynxkrus Jlamnaca Ve !.-

BeposTHOCT TIONAmaHus HOPMAJbHO PACHPEACICHHOW  CIy4allHOM

BEJIMYMHBI X B 3aJaHHBIA HHTEPBAI (e 8)

P(&-::X-::ﬁ):@(ﬁ_a]—i{a_a]

or or
BeposSTHOCT OTKIIOHEHHSI HOPMAJIBHO PACHPEACICHHON CIy4alHOU

BECJIMYUHBI X HaA BCIIMYNHY 4 OT MAaTEMaTUYE€CKOTIO OXHUOaHHs (HO MOI[YJ'HO).

P X -al|<d)= 2@[5]
'::r .

IV. IPYTUE ®OPMY.IbI 10 TEOPUU BEPOSITHOCTEMH

28. HepaBencTBo YeObIeBa

PlX-M(X)|<e)z1- Dg}

29. HepaBencTBO MapkoBa

P(XEE}?l—ﬁ
£

30. Maremaruyeckoe oxuaanue QYHKIUH OJHOH cJyvaiiHOW
BeJINYMHBI

Mlp(x)]= 3 otx) - p,
iml
31. KoppeasimuOHHbI MOMEHT CHCTEMBbI CIYyYAHHBIX BEJIHYMH X U ¥
= ([ X2 ()] [7 -2 (1)])= b (X 7)1 () e (F)
32. Koa¢gpunueHT KOPpeJAHN CUCTEMBbI CIyYailHbIX BeJIMYHH X U ¥
Hay
Ty Ty
33. [lyaccoHOBCKUIA MOTOK COOBITHIA
(An* g
il

For =

p,lk)=
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Cra THCTHYe CEH & N OKa3arenu

Kosdn s Cgei.a;ﬂ;e (Apmimernuecaoe, [eomermiuscan e, [apuoEmmeckee) - Meguana
Henp eprae HE1e Pazuax - Parr - CpeqHSRES IpeTHUSCEOS OTHICH sHNE - Kosthdumear
Onu carentsHan DAHHEIE Bapuaums Eapuanum
CTarMCTHEA + Kean e ( Jemuns, [Tpon sarans T lepnen Tans L erTrms)

Movenma  MaTaraTnwecyos orugmERe - JHCIEPCHA + ACHMMET[HR -+ JRCIECT

Il HC KpeTHBIE i
T UacTora » TaliMoa B0HTHATEH THOC TH

Jlo BepmTenbHERn HETepean (Hac ToTH A7 B2 poATH 0CTE) * JocTosepHEril mH Tepsan (Baiecose st
EREQ I)
+ CTATHCTHUSCKAR SHATHMD CTh - MisTa -ar ams
T'=H= PRMEA A7 C0 BORYIIHOC TE - [ITaHHpOEa HUE BRIGOTE N - PailoHH poBaH HAR
BRIG OpFa + PemHEanms -
Tpynmeposea - TyBCTEH TRITER 00TE B CIENRGHIH 0TS
CTAT UCT HYEeCK Hil Of s Bbifiop s CraT HCTHE SCEAA MO IDHOCTE - VErs 2dderTa - CTagaprEan ommisa
BLIBOM K Balie coBcran oneHEa pemernd « MeTom MaCHMATES 000 TRELOIen0GH A
npoEepka Ofmas oneska - MeTon MOMERTOE HAX (HISHHEA ONEH 0K + DTUHER MEHIM AMBROTO PACCTOAHNR -
THNOTEs OIEEEa M3ECHMATEROr 0 HETZDEAHR
ZrecT » brpmrepui Creeonerra - Kpurepmi $umepa - Kparepui [lpcora (3005 gampat)
Cramacrmueckme - Fpuremiil comacus Fonuoroposa « Tectr Baneaa - U-surepuil Marra — YuTHEE
KpHTepHE - Kpuremni Yimeescora - Kmtepn Kpacezm — Yommea - Kpurepni Koxpena
- Kpuremit Junme dopea
$eHpm A EeremBaER A - COusara Kanmaa — NEiiepa - JTorpars-TecT - MHTSHCHER OCTE OTEAS 08
- [IpomopITHD BAMER A7 M 0 IEME OTRCH 0C TS

CTaTHCTHYECKHE
BBIBOT

TL7a HHp OB aHHE
IKCOEPHMEHTa

AHAmWI BHUKHEIHHA

KostdumenT soppemmus [Tupeora - Faar eoppenamm i (Kosddmmear Comeiass ma paETa
Boppemsmimm  moppemami,
KosdimmeerT Tay Kengawm o paira koppemagiE) <[ lepe Mer HAA M elH BIHH A

Ko ppenfuua u . e - .
perpeccHa ) A ——— OCEEIJEE&H T e AT MO - OG0oGmEHEa A MHHSHAR MO D26 + AHAMNS BapHAmil
Perpeccis Jﬂ_:[iaﬁ:ﬂaa- _—_—;_.'um efigad - Hemapamerpaueckan perpecer A - [Ty pase Ted cEad fer{es cCHA
+ JoTHCTHYSC Kad PerpecoH
Cronfbyaras guarpamma - CoBMellEHHaA Orarpamma - [Juar panaa ynpae neHnA - NecHaA auarpamma
Mpa q"'r'l‘";r%':lﬁ « CucTorpamma - Q-0 guarpaniaa - JUarpantaa BenonHednA - Ouar panna pasdpoca -CKpunyHan giarp anna

= Crefene-nUcTeA - AWKMKC ¥ cami

Taduamnna conpsizKeHHOCTH

Tadauma  CONPAKEHHOCTH, WIM Ta0JaMUa  KOHTHHIEHTHOCTH,
(paxkTopHasi Ta0JIMIA B CTaTUCTUKE — CPEACTBO IMPEACTABIECHHUS COBMECTHOIO
pacrnpenesieHus IByX NEPEMEHHBIX, NMPEAHA3HAYEHHOE ISl UCCIIEIOBAHUSI CBSI3U
Mexay HUMH. Tabnuia cOnmpsyKEHHOCTU SBIIIETCS HamOOoJee YHUBEPCAIbHBIM
CPEICTBOM H3yUEHHUSl CTAaTUCTUYECKHX CBs3ed, TaKk Kak B HEW MOTryT OBITh
IPEJCTaBICHbl TEPEeMEHHbIE C JIIOOBIM ypOBHEM H3MepeHus. Talnuipl
CONPSPKEHHOCTH YacTO HCIONBb3YIOTCA ISl MPOBEPKU THUIIOTE3Bl O HAJIMYUU
CBS3M MEXIY [JBYMs TNpHU3HAKAMH C HCIIOJIb30BAHUEM TOYHOIO TECTa
Ouirepa wim kpurepus coryacus [Iupcona.

Crpykrypa Tadauubl

Crpoku TaOIMIBI COMPSYKEHHOCTH COOTBETCTBYIOT 3HAYEHUSIM OJHOU
NEePEMEHHOM, CTOJIOIBI — 3HAYEHUSIM JApPYrod TMEPEeMEHHOW, NpHU 3ITOM
KOJIMYECTBEHHBIEC IIKAIbl MPEABAPUTENIBHO JOJKHBI OBITH CTPYNIUPOBAaHBI B
uHTepBanbl. Hanmpumep, Tabnuia CONMpsKEHHOCTH MOXKET OBITh MCIOJIb30BaHa
JUISL TIOKa3a 3aBUCHMOCTHU MY3BIKAJIBHBIX IPEATIOYTEHUM OT MECTa IPOKUBAHUS
CIyLIATENEH.
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https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%81%D1%82_%D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%81%D1%82_%D0%A4%D0%B8%D1%88%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B5%D1%80%D0%B8%D0%B9_%D1%81%D0%BE%D0%B3%D0%BB%D0%B0%D1%81%D0%B8%D1%8F_%D0%9F%D0%B8%D1%80%D1%81%D0%BE%D0%BD%D0%B0

PoxH-
KanTpu Tomr ka3  Bcero Y1 Y2 Y3

Topoa | 15 30 |5 50 | fun fi2 fsl fu
Ceno 25 20 5 50 19 f21 fo2 faa | fo
Bcero | 40 50 10 | 100 fi f2 fa | n

Ha H?P@CCIICHI/II/I CTPOKH U CTOJ'I6H& YKa3bIBACTCA 49aCTOTAa COBMCCTHOI'O

n0sABIICHHs J ij COOTBETCTBYIOIMX 3HA4YeHUit AByX mpusHakoB Tium ¥i. Cymma
4acToT II0 CTPOKE fi. naseiBaetcs MAapruHaJbHOM YacTOTOW CTPOKH; CyMMma
4acTOT TI0  CTOJIOIY fi- MapruHajibHOM  4YacTtoTol  cronbma. Cymma
MapruHaJIbHBIX YacTOT paBHa O00BbEMYy BBIOOPKH 1t; HX pachpeecHue
MpEeACTaBIsACT COO0M OJHOMEPHOE paclpeIesICHHE NEPEMEHHOM, 00pa3yrolei
CTPOKH WM CTOJIOIBI Tabiuibl. B Tabmuile COMpSHKEHHOCTH MOTYT OBITh
MIPE/ICTABIICHBI KaK a0COJIFOTHBIC, TAK U OTHOCUTEIBHBIC YACTOTHI (B JIOJISIX WM
npoLeHTax ). OTHOCUTENIBHBIE YaCTOTHI MOTYT PACCUUTHIBATHCS IO OTHOLIEHUIO!
a) K MapruHaJIbHOM 4YacToTe MO CTpoKe, 0) K MapruHajibHOM YacTtoTe IO
CTOJIOIY; B) K 00bEMY BBIOODKHU.

IIpumepsbl NOCTPOEHNS T0BEPUTEIbHBIX HHTEPBAJIOB

CylecTBYyIOT J1Ba OCHOBHBIX METOAA IIOCTPOECHHS  JOBEPHUTEIBHBIX
UHTEpBAJIOB: 0aileCOBCKUM METOA M METOJ JOBEPUTENIbHBIX HHTEPBAJIOB,
npemiokeHHbii  HelimanoM. IIpuMeHsist MeTon NOCTPOEHUS JOBEPUTEIIBHBIX
WHTEPBAIOB, OCHOBaHHBIN Ha dopmyse balieca, MCXOMAT U3 MPEIITONOKEHUS, YTO
OLICHMBAEMBIM MapaMmeTp cam ciydaeH. lIpeamomnaraercst Takke, 4TO HM3BECTHO
anpUOPHOE PACIIPENEIICHUE MapamMeTpa. ITOT METOJl YacTO HEMPUMEHUM, TAK Kak
OLICHMBAEMasl BEJIMYMHA HA MPAKTUKE SIBISIETCSA MPOCTO HEU3BECTHOM MOCTOSIHHOM,
a He ciydaiiHOW BenmuuuMHOM. Kpome Toro, ee pacrpeneneHue ObIBaeT TaKxke
HeM3BeCTHbIM. OT OSTHUX HEIOCTaTKOB CBOOOAEH METOJ JOBEPUTEIbHBIX
MHTEPBAIOB. PaccMOTpUM mpuMeEphl MTOCTPOECHUS TOBEPUTEIBHBIX UHTEPBAJIOB B
psze ciay4acs.

JloBepHUTeIbHBIA HHTEPBAJI JJISI MATEMATHYECKOI0 OKHUAAHUS
IPH U3BECTHOM TUCIIEPCUH
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I[TycTh 1Mo BHIOOPKE A0CTATOYHO Oosbioro oobema, > 30, u npu 3aganHoi
JIOBEPHTENBHOI BEPOATHOCTH ¢ HEOOXOMMMO OTpPENETHTh JOBEPUTENHHBIH HHTEpPBA

JUIE  MaTEeMaTUYECKOTO OXKHJIaHHS MlX]= fit 3 kayecTBe OIGHKM KOTOPOTO
— 1 k
XB:_'ZIJ'.FI!'
HCTIOJIB3YETCs cpenHee apudmerndeckoe (CpeaHee BEIOOPOUHOE) B - ,
3akOH pacrpeneieHus OICHKH MaTeMaTH4YeCKOro OKUIaHus OJM30K K
HOPMAJILHOMY  (pachpesiefieHie CyMMbI HE3aBHCUMBIX CIYYalHBIX BEJIMYHH C

KOHEYHOM Jucrlepcuell acMMITOTUYECKU HOopMalibHO). Ecim  morpeboBath
a0COJIIOTHYIO HAJIEKHOCTh OILEHKM MaTeMaTW4eCKOrOo OXKUJAHUS, TO TPaHULIBI

JIOBEPUTENILHOTO HHTEpBaJia OyayT OECKOHEYHBIMU (—uc_,+uc)_ Be16op mo0bIx
Oosiee y3KMX TpaHUI] CBA3aH C PHCKOM OIIMOKH, BEPOATHOCTH KOTOPOM

OoNnpcaciriCTCa  yYpOBHCM  3HAYUMMOCTH 1- Y , Ira¢ 3HaA4YCHUA Y BBI6HpaIOTC}I

JI0CTaTOYHO OMM3KUMM K emuHuLe, Hanpumep, 0.9, 0,95, 0,98, 0,99. Bemuuny ¥
HA3bIBAIOT  HAJIEKHOCTBIO WM  JOBEPUTEIBHOM  BeposATHOCTHIO. MHTepec
MPEJCTABISICT MaKCUMalbHas TOYHOCTh OIICHKH, T.€. HaWMEHbIIee 3HAuYCHUE
uHTepBaia. [ cuMMETpHYHbIX (DYHKIMA MUHMMAJIbHBIA MHTEPBAT TOXE OyneT

CUMMCTPHUYHBIM OTHOCHUTCIIbHO OILICHKH XB . B stom CJIydac€ BBIPAKCHHUC JIJIA

P(X;-m <5):7,

JIOBEPUTEIIBHOW  BEPOSATHOCTH  HUMEET  BUJ rae 0 —
a0COJTFOTHAS TIOTPELTHOCTh OIICHUBAHKSI.
~(x—ay
. fx)=— e 20
HopwmasnbHbili 3aKk0H c-/2n MOJIHOCTBIO ONPEAEIAECTCS ABYMS
o 2
rnmapamMeTpaMu — MaTeMaTHYECKUM OXuaaHueM M= u pucnepcuen O .

Benmunna X & spnsercs HECMEIIICHHOM, COCTOATEIbHON M 3 (HEKTUBHOM OIICH-
KOM MAaTEMaTUYE€CKOTO OXKHUJIAAHHUS, ITOATOMY €€ 3HAUYCHUE NMPUHAMAEM 3a 3Haye-
HHE MAaTEMAaTHYECKOr0 OKHUIAaHUS B KaUuE€CTBE TOYCYHOM OILIEHKU. bynem moma-

X
raTb, 4TO JUCHEPCHUS O'2 M3BECTHA, TOTJIa BBHIOOPOYHOE cpelHee = 5 — HOp-

O

o, —
MaJIbHO DPaCIpE/ICIICHHAas CIy4alHas BEJIMYMHA C MapameTpaMu [ mﬁ]. s
TAKOM CIIy4YalHOM BEJIMYMHBI BEPOSITHOCTH IOIAIAHUS HA CHMMETPUYHBIN OTHO-
CUTEJIbHO MAaTEMaTUYECKOTO OKUJAHUS MHTEPBAJ BhIpaKaeTcs 4epe3 PyHKIUIO

(X, —a/<5)-20 2 zzm[ﬂ}:zmmzy f— Sn
-l T
Jlamaca N , TIe T /. Tlpu

3aJlaHHOM HaJe)KHOCTH 7 , ypaBHEHHE 2DE)=7 voxno peIuTh NPUOTMKEHHO
C TOMOINbI0 Tabnuiel 3HaueHud (yHkmun Jlammaca (mpuoxkeHue, tadm. 1).

4

Ecau TtoyHOro 3HadyeHus 2 B CIIMCKE 3HAYCHUM HCT, TO HAAO0 HaWTH ABa omu-
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Y

KANUIINX K HEMy 3HaY€HHs, OJHO OOJIbIIEE, a IPYTOe MEHbIIEE, YeM 2 , U HaliTH
UX cpemHee apudmernyeckoe. M3BecTHOoe 3HaueHue mapamerpa £ mo3BosseT
to

3aIIuCaThb a6COJIIOTHYIO IMOT'PCIIHOCTD T Tenepb MOJXHO YKa3aTb CHM-

= o - o - Lo
P ‘Xg—a‘f.:— =P XB——<a<XB+— =y
METPUYHBI  WHTEPBAI "z Vi VR :
[Toyyennoe COOTHOILICHHE O3HAYaeT, 4TO JIOBEPUTEIIBLHBIN
v o o to
X 3~ — X P
WHTEPBAJI VR VR IIOKPBIBAET  HEW3BECTHBIM  MapameTp (X

(MaTeMaTH4eCKOE OXKUJAHUE) C BEPOSITHOCTHIO (HAIEHKHOCTHIO) P= Y, a
to

Jn

TOYHOCTH OLICHKHU

_ o
[Ipu dukcupoBaHHOM 00bEeME BBIOOPKH M3 OICHKU ~i cinenyer, 4To
yeM OoJiblie  JOBEpUTENbHAsA  BEPOSTHOCTH Y, Tem IApEe  TpaHHUIbI

JIOBEPUTENILHOTO MHTEpBaja (TeM OoJiblle OIMOKa B OLEHKE MaTeMaTHYECKOro
oxxuganus). YToObl CHU3UTH OMIMOKY B OIIEHKE 3HAYCHHS, MOXXHO YBEIUYHUTH
o0veM BbIOOpKH. [Ipu 3TOM, 4TOOBI CHU3UTH OTHOCUTENHHYIO MOTPEIIHOCTh Ha
MOPSIJIOK, HEOOXOAMMO YBEIHYUTh 00HEM BRIOOPKH Ha JIBa MOPSIKA.

3aoaua 1.1lo paHHBIM HAONIOAEHWH CIIydaHOW BeJWYUHBI X HalTH

JIOBEPUTENLHBIN MHTEpBAN Ul MaTEMaTHYeCKOro oxupanus =M[X]=a

HaJAC)KHOCTBIO y =035 , ©CIM  HM3BECTHA  JHUCIICpCU B{X ] - 0'2 = ?0,
Bri6opka npeacraBieHa Tabauuen.

Tab6muma 3
Yacmuunvle unmepeanvl ( 1Tt 1] (10:20) | (20;30) | (30:40) | (40:50)
Yacmomul 10 45 30 15
x.*zl[x_u_ ) 15 25 35 | 45
I I\ i+1

Pewenue 3a0auu 1. Haiinem o0beM BBIOOPKH, JJI YErO MPOCYMMHPYEM
yacrorel: #=10+45+30+15=100.

1

yKa3aHHbIE B  TaOIuIe Cpennee

BBIOOPOYHOE

3HAYCHHUC

X5

BBIUMCIUM 10  (opmyre
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(15.10+ 25.45+ 35.30+ 45.15)= 30 5
1Uﬂ . Tlo 3amaHHOW HAIEKHOCTU

T= 095 mnaizem, ¢ mnomompo TaOmMuB, mnapaMetp £ : Z‘D(‘): ¥= ﬂ,95’
OTKyJ1a (D(! ) = 0475, f= 196. IlomyuuM [OBEpUTENBHBIA WHTEPBAN IS

= g
[X £ <a@<Xg+ ]
MaTEMaTH4ECKOIO OXKUIAHUSA \XE ’x/_
=|30- —1’96 V70 <a<30+ 196 /70

/100 /100 . IIpoBeieM BBIMMCIIEHNS U OKOHYATEIBHO
3aluIleM, 4TO (2&36 <a< 31,64). Takum oOpazom, HHTEpBa (28;36; 31,64)

noxpeaer napaverp M =MIX]1=a ¢ panexcuoctsio ¥ =095 1pu wssectroit

JTUCTICPCHH B{X] - 0'2 - ?0.

I[OBepI/ITeJILHLIﬁ HHTEPBAJI VI MATEMATHYIECCKOI'0 OKUAAHUA IIPH
HeN3BEeCTHOI AUCIICPCUH

Bo MHOrUX ciy4asx npearnonokeHrne 0 HOpMaJIbHOM PACIIPEIEIICHAN CITy4aliHOU
BEJMUMHBI X B CTAHOBHTCA npuemieMblM  Tpu # >4y BomHe  XOpOIIO

onpapnpiBaercss 1pu # >10. Ouenka Xz prome IPUTOJIHA ISl TIPUMEHEHUS

BMmecto 1t =M X ] Ho ne tak obctout aeno ¢ mucnepcueit. [IpaBoMouHOCTH €€
3aMEHBI Ha BBIOOPOYHYIO
5 13 Sy 1k 5
Dy =_-Zm-(x ~X;) - -2n-x’ - X;
JTUCTIEPCHUIO R =1 He  00OCHOBaHa
nake B yKa3zaHHBIX ciydasx. [Ipu HeGombom oobeme BoiGopku, B <30, sakon
pacrnpeneneHus OIeHKH TUCTIEPCUU TPUHUMATh 32 HOPMaJIbHBIN HEOMpaBIaHHO.
Ee pacnpenenenue ciielyeT anmpoKCUMUPOBATh PACHPEACICHUEM XH-KBaJpaT
KaK CyMMBbI KBaJIpaTOB IIEHTPUPOBAHHBIX BEJIMUWH (XU-KBAApPAT paclpe/eicHue
CXOJIUTCSI K HOPMAJIbHOMY IIPU KOJMYECTBE cllaraeMblix, npesbimatomemM 30). Ho
ATO YTBEPXKICHHE OOOCHOBAHO TOJBKO TOTJA, KOTJA Ciy4aiiHas BenudyuHa X
pacmpeesieHa HOpMaJIbHO.

7 1
) S=——B=——2n& X5f
PaccmoTpum ciydaiiHble BETUYUHBI n—1 n-1,
(McnpaBlIEHHYIO BLI60p0t1Hy}0 JUCTIEPCUI0 — HECMEUICHHYIO OLICHKY IUCIIEPCUU
X, —
O' [ ] Torna ciyuaiinas BenmmunHa ~ 11— 1 uMeer pacnipenernenue
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Creronenta ¢ #—1 crenensamu cBo6opl. OYHKIMS IIIOTHOCTH PACIIpEIENIeHHUs ITOM

r%’) £
Jix, »)= T+ —
VIO an-1)-Tle-10) ' n—1
JIy‘-IaI/IHOI/I BCIIMUMHBI UMECT BU/L 2 .
PacnpezxeﬂeHHe CTI)IO,Z[GHTa CI/IMMeTpI/I‘{HOG, HOBTOMy HOqueHHOG COOTHOIIICHUE
MC)KI[y TOYHOCTBIO, HAJACKHOCTBIO OLCHKHU H 06’beMOM BBI60pKI/I COXpaHﬂeTCH.

t
Bribepem uncino & Tak, 4YTOOBI BBITIOJTHSIIOCH Hepa-

BEHCTBO P n-1|{t?'): P(_ f, < I, {ir): Y. us omnpeneneHust  (QyHKIMU
wioTHocTH  pactipenencHus CThIOAEHTA, 3HAUCHHs TPAaHWI WMHTEpBaNa  JUIS

T
napameTpa - /1—1 MOKHO 3armcaTh Kak pelieHne HHTETPaTbHOTO YPAaBHEHHUSI:
Ly
P n_1|c:t},)= P(—t? <T < t},)z _[f(.x,n)dx =y
~t,
Pemenue 3TOro MHTErpajibHOrO YpaBHEHMsI 00O3HAYaeTCs :”'
IPUBOJUTCS B CTATUCTUYECKUX Tabiuuax. B nmaHHOM mocoOuu 3Hau€HUs 3TON
BEJIMYMHBI TPUBEJIEHBl B TMpuioXkeHuu, Tabna. 2. Kpome Ttoro, 3Haue-

={(y,n)

HUS :"' npu  pasiuyHbIX 7 ¥ B MOXKHO  MOJNYYUTb,  HCIONB3YS
nporpammbel EXCEL, MATHCAD, MAPLE.  CooTBercTByIomue  KOMaH/IbI
JTaHBI B TaOIUIIE.

MAPLE > with(stats) - statevalflicdy, studenf.rt[n]][l * ?’J
MATHCAD qt[l ;y J
EXCEL = cmistodpacnobp(l — y,n)
[—t <T < J
[Mpusenem Hepasencrso ¥ -1 ¥ )y 9KBHUBAJICHTHOMY

= B <
Y ‘7 ] ¥ 7 S 7 s
X_—t [ ]{a{)f +£ [ ]
BUTY [ N , W 5 vy /‘\ﬁ 5y /\fﬁ . D10
HepaBeHCTBO 3a1ac€T I[OBCpHTCJ'IBHBIfI I/IHTepBaJ'I JJIA MATCMATHUUYCCKOI'O

oxkumganus @ = M[X] HAIEKHOCTBIO ¥

P(“E(B r(f) BT y(())J:
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3aMeTI/IM, qTo HOqueHHBIﬁ I[OBCpHTCJILHLIﬁ HHTCPBAJ IIOXOK Ha TOT, 4YTO

OBLI II0JIy4YEH npu YCIIOBUHU U3BECTHOM
= o = o
X P <i<X 2t ——
JUCIIEPCUH: ~ 1 ~f ) Pasumma coctour B TOM, 4YTO
HEU3BECTHOE 3HaueHue &&F 3aMEHICTCI BO BTOpOM cnyqae cro BI)I6OpOLIHOI?I
t

omeHkoil 8, a uucna ¥ Haxomarcs w3 pacnpenenenus CThIOJEHTa, BMECTO
uncen £, KOTOpBIC HAXOISITCS M3 HOPMAIBHOTO pacrpesencuus. Kpome toro,

npu  Gompmmx — oowemax  BeiOopku #2100 moxno  cumTats,  uToO,

. =t
npakTuuecku, 7 , aS=0. B 53ToM clIyyae MOXHO IIOJb30BAThCS

(bOpMYHaMI/I HOPMAJIBHOT'O PACIIPpCACIICHUS].

3aoaya 2.B ycrnoBusX 3amaud | HaWTH JOBEPUTEIBbHBIA WHTEPBAN IS

MaTeMaTmueckoro oxmumamus ¢ magexHoctsio ¥ = 039 ey THCTIEPCHUST
HEU3BECTHA.

Pewenue 3a0auu 2. ]J{ns ynoOcTBa BBIUMCICHUN W HATJISAHOCTHU €IIE pa3
MpeaCcTaBUM TabJUIly 3HAYCHUM.

(10:20) | (20:30) | (30:40) | (40;50)

)
Yacmuunvie unmepsanel . i i+l

Yacmomul 10 45 30 15
x.*zl[:c_ +x j 15 25 35 45
Fi i i+1

O6beM BeIOOpKH cocTasmser B = 100. Cpenree BhIOOpoUHOe 3HaueHne Xz = 30.

T =) 372 2
Boraucrmv  gucnieperio Ps =(X5) - X5y ucnpaBneHHYI0  JUCIEPCHIO O .

1 I
IXE.’:E-Z%H; x2 =1 {15%.10+ 257 .45, 357 .30+ 457 . 15)- 975

ITockonbky 100

ro D5 =975~ 30° = LT UCTIpaBJICHHASA  JUCIICPCHSI n—1 =
100

= —— -5 =~ FH 76

g , 8=.J78,76 ~ 8,7 Ofpem 3aJIaHHOM BBIOOPKU JOCTa-

touno Gonbmoii, =100 TTosromy mMoxHO ncnons30BaTh Kak pacnpeneneHue
CThIOZIEHTA, TAK ¥ HOpMalbHOE pachpesenenue. PaccMoTpum 06a BapuaHTa.

Bapuaum 1 (nopmanvuuiti 3axkom pacnpeodenenus). byaem mnonarars,

I =i _
yro 7 ,a 8 =0 . Tlo 3a1aHHOM HATEIKHOCTH ¥ — 0,95 HaMJeM, C IIOMOILBIO

tabn. 1 (npmnoxenune), napamerp £: 20¢)=r :ﬂ=95, OTKyJa D)= 0,475
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I:Lgﬁ. HOJIy‘II/IM I[OBepHTCHBHBIﬁ HHTCPBAJI AJII MAaTCMAaTU4YCCKOTI'O OXKH/1a-

= tS tS 1.96.8,7 196-87
X _ - <a<X._ + 30— «ca«30+ 2 ———
HUS [ 5 Jn 5 w/i’_l] [ ~100 v100

HpOBCI{eM BBIYHMCJIICHHUA U OKOHYATCJIBHO 3aIllMIICM, 4YTO [28!29{ < 3]"?1)

Takum obpazom, HMHTEpBAJ (2&29; 31}1) ITOKPBIBAET napa-

metp M= M X]=a HazgexHocTbio ¢ = 0,95 Ipy HEM3BECTHOM TUCIEPCHU.
Bapuanm 2 (3axkonm  pacnpedenenuss Cmwvrodenma). Ilo 3agaHHOMN
Hagexnocty ¥ = 0,95 mHailizem, ¢ nomomplo Tabn. 2 (IpUIIOKEHHE),
=t{y,n) —t(ﬂ 95:100) = 1984
napamerp 7 . 3anumeM J10BEPUTEIbHBIN
HHTEPBAJI JIJI1 MATEMAaTHICCKOTO OXKUIaHUS

_ IS i 8 _ -
Xy—T=<a<X +y—} [30—M {30+M]

== T
= 100 100

R Jr
[IpoBeeM BBIMUCIIEHNS M OKOHYATEILHO MOTyIUM, YTO 28,274 <a <31,726),

Taxum o0pazom, UHTEpBAI (28?2?4; 31}26) MOKPHIBAET napa-

merp = M X|=a. HAJEKHOCTBIO ¥ — 0,95 TIPY HEM3BECTHOM JTUCTICPCHH.

MO3KHO 3aMETHTh, YTO €C/IM 3HA4YeHHE & OIU3KO K &, TO J0BEpPUTEILHBIA
WHTEpBaJ, MOJYyYECHHBIA C NMPUMEHEHHEM 3aKoHa pacnpezeneHus CTbrojeHTa,
Oyaer Oojee IIMPOKUM, YEM JOBEPUTEIbHBIM WHTEpBaJ, IOJIYYEHHBIH C

[, >I
npuMeHeHneM (GOpMyJ HOPMAIBLHOIO PpACIpElENeHHs, TaK Kak ¢ 10

00BsICHAETCS TeM, 4TO pacnpenencHue CThIOJeHTa TPUMEHSIETCS IPU BbI60pKaX
MaJbIx 00BEMOB, COJIEPKAIINX HEAOCTATOUHBINH 00beM HH(MOpMAIUH.

3a0aua  3.Tlo  paHHbIM  HAOMIOAEHMN  CIOyYaWHOM  BEJIUUYMHBI X ,
paCOpeleIeCHHOM  HOPMAJIbHO,  HAWTH  JOBEPUTENIbHBIA ~ HMHTEpBAI IS

MaTeMaTHIECKOTO oxunanaus M= MX]=a nanexuoctsio ¥ = 093
Bri0opka npeicraBiena Tabauiei.

X, xm] (5:10) |(10;15)|(15:20) |(20;25)|(25;30)

Yacmuumvle uHmepeaivl [ 3
Yacmomul 1 5 8 4 2

x.*zl[ +x j 75 | 125 | 175 | 225 | 275
2 i i+1

I

Pewenue 3aoauu 3. Haiinem o6bem Boibopku: BR=1+3+8+4+2=20,
[1OCKOJBEKY 00BeM BHIOOPKH HEBEIHK, TO NPMMEHEHHE HOPMAIBHOTO 3aKOHA
pacrpesiciieHus IPUBENET K HEONPABIAHHOMY CYKEHHIO JOBEPHTEIBHOTO
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WHTEpBaja, MO3TOMY HCHOJb3yeM (OpMYIIbl, MOTYUYEHHBIE AJIs pacIpeaesieHus
CrpronenTa. Beruucianm HeoOX0IMMbIE TapaMeTPhI:

1ok
nga-z;xi-m =%(7,5-1+12,5-5+17,5-a+22,5-4+27,5-2)=17,75

(x2)- L (757 141257 54175 .8+ 2257 -4 2757 .2)- 34125

Dy =(X32} X2 -34125-1775" - 2619

i R — B 20
8 = —H_1 Dy = E-EEJBH 27568 o f—Z'}',jﬁﬁm 5,25
[lo 3amamHOii HagexHoctd & = 0,95 HalimemM, c moMompbl0 Tabm. 2

t, =ty,n) t}, =¢{0,95,20)= 2,093

(mpunoxeHue), mapamerp ¢
HBII HHTEpPBAI I MATEMATUYECKOTO OKUIAHUS

- &S - £S5 .
X, ——<a<X;+1= |= 1?,75——2’093 5’25?{a~=:17,?5+—2’u935’25
= I 130 20

w (18293 < @ < 20207) Toy 00pa3oM, HHTEpBal (15293; 20207)

JloBepuTenb-

MOKphIBaeT  mapametp T2 =M[X]=a . yanexnocrsio ¥ = 0,95 npu
HEU3BECTHOW IUCIIEPCHH.

I[OBepI/ITeJIbHLIﬁ HHTEPBAJI QA JUCIIEPCUA TIIPH H3BECTHOM
MaAaTEMAaTHYCCKOM OKMAaHHUHU

ITycth (.I»I, SV FIETLY IH)_ BHIOOpKAa HAOMIOACHUM W3 HOPMAJLHOMN
IFCHEPAIBHOM  COBOKYNHOCTM.  HaliieM — IOBEpUTENBHBIM  MHTEpPBAIL  JUIS

JIMCTICPCHH D X]= o’ HOPMaJIbHO  paclpe/iejiCHHOro  mnpu3Haka X ¢
U3BECTHBIM MAaTEMATHYECKHM OXKHIaHHUEM MX]=a [TockonbKy 3HaYeHHE

2
MAaTCMAaTHICCKOI'O OXHWAAaHHUA HM3BCCTHO, TO B KaYCCTBC OLCHKHW BCINMYMHBI g

- 1 k

Dy=—-%n-(x —af
BO3bMEM TOYECYHYIO OLEHKY AMCIIEPCHUU o= , KOTOpPYIO
OyaeM paccMaTpuBaTh Kak CIy4yailHYIO BEJIMYMHY, 3aBUCALIYIO OT CIydyaiHOM

, "D,

2 o
BbIOOpKU. Torma  Benu4uHa & SBIIETCA CyMMOW  KBaJpaToB
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X.—d
I

Y. =
3HaueHUH ° ¢ . OTU BEIUYMHBI HMMEIOT CTAaHJIAPTHOE HOPMAJIbHOE
_ Z”:YE
pactipenenenue c¢ mapamerpamu (0,1), a cymma B umeer X (xu-

KBaapaT) pacnpeneneHue Ilupcona c¢ R creneHsiMu cBoOoabl. [InoTHOCTH

cily4aifHO BeIMUMHEL, paclpe/IeIeHHOM 110 3aK0oHy A , UIMeeT BHJ
1 mA2=1 —zil

Y = e -4 }0
fl2)=42°7 T(a/2)
0, z=0
rae & — 4ucio creneHed  cBoOonbl.  [lonb3ysck  MIOTHOCTHIO p g

PacipcaciacHus HaﬁﬂeM HHTCPBAJI, B KOTOprﬁ 3Ha4YCHUA z?’l ImomnagaroT ¢C

HaJCKHOCTBIO y O0o3HaUMM 3TOT HHTCPBAJI [h1 -‘h2] HOCKOJII)Ky pacIipce-

JCICHHUC I HC ABJIAACTCA CUMMCTPUYHBIM, TO YTOOBI IIOJIYYUTD CI/IMMeTpI/IIIHblf/'I

OTHOCHUTENIBHO MapaMmeTpa WHTEPBAJ, 3HAUYCHUS oy by BbIOEpEM TaK, 4TOOBI

BCPOATHOCTH IIOIIAJaHUA 3HaueHUM = R jieBee h1 " IIpaBCC k2 ObLIH OAHMHAKOBO
f

Ly Hh<z <k e

pasupivu 2 .  Torga hl . Ypcma iy o
MOXXHO  OTBICKaTh [0  CIHENUAIbHOM  TaOJMIE  KPUTHYECKUX  TOYEK

1—
P A = —
pacripenienenus 4 ,  ucxomd U3 TOTO, ( B)= 2
1 ;V 1+y
z =7 ¢
[ < hl] 2 . TIlocme TOro, Kak ducia By Ry BBIOpAHBI,

_o?

BO3MOKHO OIIPCACINTD )IOBepHTGHBHBIﬁ HHTCPBAJI AJI1 AUCIICPCUN H X]

7 - nD;
no 2
Tak Kkak 0" , TO HEPaBEeHCTBO h<Z, <h) npeobpasyerca K
D nD 1D,
nb, <k B ool < B
HCPABCHCTBY v WA, B 3KBHUBAJICHTHOM BHJIC,
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Ot10 I[BOﬁHOC HEPABCHCTBO O03HAYACT, YTO HJOBCPUTCIIbHBIM HHTCPBAJIOM

nD; nrDg

_ 2 ’
pIRI b qX] =g C HAACKHOCTBIO 4 ABJEICTCA ITPOMCIKYTOK hz h]

2
3ameuanue. Tabnuiipl  KPUTHUECKUX  TOYEK by by pacnpeneneaus 4
coAep)kaT  JBa  IapaMeTpa: ypOBEHb  3HAUYUMOCTH &,  OmNpeaenseMbli

1-v 1+¥

SHAUCHISIME 2 U 2 |, a TaKKe YHCIIO CTereHeit cBoGosl K, paBHOE 00BEMY

2
BBI60pKI/In . KpI/ITI/I‘IGCKI/Ie 3HA4YCHMA B Ta6HI/I]_IaX qamic BCCTO 0003HaYaroTCA I'I.'H .

2
[IpuBenem ISt cripaBKH KOMaHJIBI, C TIOMOIIBIO KOTOPBIX MOKHO HONY4HUTH ~ &N
npu pa3HBIX 3HAUYCHWAX & U H, B TaKux porpaMmmax

kak EXCEL, MATHCAD,MAPLE.

MAPLE > with(stats) . statevalflicdf ,chisquardn] |- )
MATHCAD gehisg(l — a, i)
EXCEL = xu2ob6p(c, 1)

JloBepuTeIbHbIA HHTEPBAJ AJI51 AUCIIEPCUH NPH HEUM3BECTHOM
MATEeMATHYECKOM 0KUTAHUMN

Halinem noBepUTENbHBI MHTEpBAN IS AUCIEPCUU DX]=o0 HOPMaJIbHO
pacIpeneeHHOTO NMpru3Haka X ¢ HEM3BECTHBIM MAaTEMAaTHYECKUM OXKUJIAHHUEM.
[Ipy BBIBOZIE MHTEPBAJIBLHOM OLEHKH, B CIIy4a€ M3BECTHOIO MATEMATHYECKOIO

1 k
Dy=—-Yn-(x—af
O0KUJIaHUs, MBI MOJIb30BAINCH BEJIMYUHOU it =1 . Tenepsp
3TO 3HAUCHHEC HCIOJIb30BATh HCEIIb34, HOBTOMy B KadCCTBC HGCMGH.[GHHOﬁ
OIICHKM JUCIEPCUH OyJeM HWCIOJIb30BaTh HCIPABJICHHYIO BBIOOPOUHYIO
D Z .

2
2 _ _ -1)S™
S° = 7]

B o
JUCTIEPCHIO r—1 . Chayuaiinas BeanuuHa T uMeeT

i

2
pacupenenenue Ilupcona £ ¢ (”_1) CTENCHSIMU  CBOOOABI.  BrIOepem
OJIM3KYIO K €IMHMIIE BEPOATHOCTh ¢ W HaiiJileM MHTEepBal, B KOTOPHIH Monagaer

HEU3BECTHBIN napamMeTp ¢ HaaACKHOCTBIO Y . I[J'IH 9TOr0 MOBTOPHUM PaCCYKACHUSA
nNpeAbIAYIICTO pasaciia 141 IMOJIy4uM, qTo OLICHUBAEMOC 3HA4YCHUC
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AUCIICPCHUHN IIX]: d C HaJCKHOCTBIO Y ITOKPBLIBACTCA JAOBCPUTCIIbHBIM

(n-1DS%  (n-1)s2

h
MHTEPBAJIOM 2 hl

JloBepHUTEeIbLHBIA HHTEPBAJI VISl CPeHero
KBaJPATHYHOI0 OTK/JIOHEHUSI

Ilyctp kOnuMyecTBEHHBIM Mpu3HAK X TEHEPaJbHOM COBOKYITHOCTH
pacnpezesieH HOpMalbHO. TpeOyercs OLICHHTh HEU3BECTHOE TI'€HEPAIBHOE
CpeIHEE KBAJPAaTUYHOE OTKIOHEHHE & IO  HCIPABICHHOMY  CPEIOHEMY

KBaJI[paTHYHOMY OTKJIOHEHHIO 3 . J[J11 5TOro HaiijeM J0BEepHTENIbHBIA HHTEPBAT,

TIOKPHIBAIOIIMI HEU3BECTHBI mapameTp & ¢ HagexHOCThIO ¥ . B cymHocTH,
3a/1aya TOBTOPSIET MPEAbIAYLIMKA pa3fei, HO ceddac Mbl HEMHOIO W3MEHUM
o0O3HaueHusT JJid YHOPOUICHUS 3amucu  pe3yibTaTa. Belpaxkenue s

3 Plo-8|<é8)=y 5
JAOBCPUTCIIbHOU BCPOATHOCTHU UMECT BU ) rac —

|a—ﬂ<5
a6COJ'HOTHaH HOFpeIHHOCTB OLICHUBAHUA. HepaBeHCTBO NN

paBHOCHJILHOE €My  HepaBeHCcTBO O — & <& <8 +d npeobpasyem  k
S(—§)<J{S@+§) ﬁ:q

BUJLY S S/ . O603HaunM S M, TOCKOJIbKY a0COTIOTHYIO
TOrPEIHOCTh OLCHUBAHHS Mbl BHIOMPAEM JOCTATOUHO MAJIOi, MOXKHO CUMTATh,

1 1. 1

yr0@ <@ <1 Iepemmmem mnepasenctso B Bue Sl+q) o Sl-gq)

V-1 _Syr-1 _n-1
noMHOXHM ~ Ha SvVR—1_  momyunm 1+ o -9 . us
2
n—"18
, (-1

=1 "
HpeIH)II[ymerO pa3I[eJ'Ia HN3BECTHO, UTO CHy‘—IaI/IHaﬂ BCJIMYHNHA 0'2

2
uMeeT pacnpezenenue Ilupcona & ¢ [n—l) creneHsmMu cBoOoxabl. [lTorTomy
TIepEeMEHHYI0 3 MOHO BBIPA3UTh YEPE3 3HAYEHUSI KPUTUUECKUX TOUEK hl

51 h'l pacnpenenenus [lupcoHa u 3amucaTth STH 3HAYEeHUS B TabOmuIly (B

NPUIIOKEHUH  3HAYEHUs IapameTpa q=q(y.n) npuBeneHsl B Tabm. 3,

pUIokKeHne). BBMUCINB MO BHIOOPKE 3HAYEHHE & W Halijsa 1o Tabmane 9,
IIOJIyYUM HCKOMBIM [OBEPUTEIBHBIA WHTEPBAN Uil CPEIHEr0 KBaJpPaTUYHOIO
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OTKJIOHCHUAI, HOKpBIBaIOHH/Iﬁ HapaMeTp 0 c SaHaHHOﬁ HaJICKHOCTBHIO y:
Sl-gl<o<Sl+q),

3¢melmﬂue. B CJ'IyllaSIX, KOoraga OLCHUBACTCA MATEMATHUYCCKOC OXHUJIAHUC HpPI
HCH3B€CTHOﬁ I[I/ICI'[epCI/II/I NI I[I/ICl'IepCI/ISI HpH HCU3BCCTHOM MATCMATHYCCKOM
OXXHJJaHNU, HOJIytlaIOHII/ICCSI HpH 9TOM I[OBepI/ITeJ'IBHBIe I/IHTCpBaJ'IBI OKAa3bIBAKOTCA
JJIMHHEC TEX, qTO0 HOJ'IY‘ICHI)I, Korjaa, COOTBCTCTBCHHO, ):[chepcm nim
MATEMATHYCCKOEC OXMOAHUEC 6I)IJ'II/I N3BCCTHBI. 3TO O6CTOHT€HBCTBO O6T)HCHHCTC$I
TeM, YTO HAJMYHUE JOMOJHUTEIFHON MH(OpMALMU MO3BOJSET CY3HUTh IMPEIETb, B
KOTOPBIE MOKHO 3aKJIFOUUTH OLICHUBAEMBIN MapamMeTp NPU 33JaHHON HAJEKHOCTH.

3adaua 4. B ycnoBusx 3amaud 3 HAWTH [TOBEPUTEIbHBIA WHTEPBAN JIS

Cpe/IHero KBaJpaTUYHOTO OTKJIOHEHHs ‘& C HAJeXKHOCTBIO ¢ — 0,93

Peuwienue 3a0auu 4. ]Iy ynoOCTBa BBIYMCICHUN W HArJSIHOCTH €IE pa3
MpeACTaBUM TaOJIMITY 3HAUCHUH.

x.,:c_H] (5:10)| (10:15) | (15:20) | (20;25) | (25:30)

Yacmuunwvie unmepsavi ( Il

Yacmomeul 1 5 8 4 2
X, = l[x_ +x j 75 | 125 | 175 | 225 | 275
I ok i+1
O6bem BbIOOpKU: # = 20, cpenHee BBIOOPOUYHOE
_ 1 &
Xg=—2%"m=1775 D, =2619
3HAYECHUE R , BEIOOpOYHas aucrepcus &3 e

52-_" P, ~27568

UCITpaBJeHHAas JTUCTIepCHs n—1 , UCITPaBJIEHHOE

BBIOOpPOYHOE  CpeAHee  KBaJpaTUYHOE  OTKJIOHEHUE S'= /27,568 ~ 525

I[OBCp UTEIILHBIN HHTCPpBAJI TId CPCAHCIO KBAAPATHUYHOI'O  OTKIIOHCHHA

onpenenseTcs  HEPaBEHCTBOM S{(1-g)<o <501+ Q). [lo  3agaHHOM
HanexxHoct ¥ = 0,95 u o0veMy BbiOOpku # = 20 Haliziem, ¢ TOMOIIbIO TaoI. 3

(npunoxenue), napamerp 4= gly.n). g=q(0.85:20) = 0,37 JloBepuTen-
HBIit MHTEpBa s CpeiHero KBaJ[paTUYHOTO OTKJIO-

werms (SO —g) < o < S{1+g)) = (5,25(1- 0,37) < o < 5,25(1+ 0,37))
wm (3308B< 0 <7193) Ty 00pa3oM, HHTepBal (3.308: 7193)

IIOKpPBIBAET mapamerp & ¢ HagexHocThio ¥ = 0,95.
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JloBepuTe/IbHBIA MHTEPBAJI 1JIsl BEPOSITHOCTH OMHOMHAJIbHOTO
pacnpenejieHust

[Ipennosioxkum, 4YTO MPOBOAMTCA CEPUS HE3ABUCHUMBIX MCIBITAHUW, B
KaXIOM M3 KOTOPBIX MOKET IOSBHTHCS COObITHE A ¢ OIHONW M TOH XKe, HO
HEW3BECTHON HaM BeposaTHOCThIO # . [lpudeM BEpOATHOCTH  IMOSBICHHS

cobpiTusa A B KaXIAO0OM OIIBITC HC 3aBHUCHUT OT HCXOJO0B APYIux HCIIBITAaHUM.
Takue wucObITaHUS HA3bIBAIOTCS HE3aBUCHUMBIMM  OTHOCHUTEIBHO JaHHOT'O

coobrtust A. Ilycts mpoBeneHo R He3aBUCHMBIX HchbITanuid. CiydaiiHas

BeIMUUHA ¥ TPENCTaBiIseT CcOOOM 4YMCIIO TOSABIEHUS CcoObITUS A B nanHoi
CEpUM UCHBITAHWW. BO3MOXHBIMH 3HAYEHUSMU OTOM CIyYalHOW BEJIWYHMHBI
ABJISAIOTCA 1enble yncia or 0 go #. BeposSsTHOCTH 3THX BO3MOXKHBIX 3HAYCHHI

-k
P (Y=k)=C/p“l-pf
onpenensaoTca no Gopmyne bepuymim 7 1 . 3aKoH
pacrmpesiefieHdss TakoW CIydalHOW BEJNWYMHBI HAa3bIBACTCS OMHOMUAIBHBIM.

MareMaTHueckoe  OXKHIAHHE OTOHM  CIIydailHOH  BEJIMYHHBI M[Y]:@,

JIACTIEPCHS DY ]=np(l-p).

B peanpHOM cuTyanuu, eciad TPOBOAWTCS cepus U3 H HE3aBUCHUMBIX
UCTIBITAHUM W TpeOyeTcss HaWTU HEU3BECTHYIO BEPOATHOCTH TMOSBICHUS

coOpiTrst A B KaXIOM OTHEIBHOM HCIBITAHWH, IIOCTYIAIOT —CJIECIYIOIHM
oOpa3zoM. IlosiBaeHMIO COOBITUSL B OTAEIBHOM MCHBITAHWM IIOCTAaBUM B
COOTBETCTBHE 4YHUCIO 1, a ecau coObITHE HE MOSBHIIOCH, TO IOCTaBUM B
coorBercTBHe 3TOMYy uymciao 0. Torma MOXHO TOBOPUTH O CIIyYalHOU

BenuurHe X , KoTopas mpuHMMaeT jaBa 3HaueHus: 1 m 0. JlroOas BBIOOpKa
sHaueHuii X cocToMT U3 Hyjed M eauHul. [IpUYeM YUCIO EAMHMI[ PABHO
KOJIMYECTBY TOSIBJICHHI coObITHs A B B onbITax.

B KauecTBe TOYEYHOH OLEHKM HEM3BECTHOrO Hapamerpa — BepositHocTd F —

¥
m
y e
BO3bMEM YaCTOTY IMOSIBICHUS COOBITHS B JAHHON CEpUU UCTIBITAaHUIL: ",
roe M¥ - upcno exmHun B clly4ailHOl BbIOOpKE X, Xy o X,

* . .
Ouenka £ apnsercs necMmemeHHoll onenkoii mapamerpa £ .
Haiinem noBepurenbHbII HMHTEpPBAJI, KOTOPBIA IIOKPHIBAET HEU3BECTHBIN

napameTp ¢ HaJeKHOCThIO 7 . Eclu oleHMBaeMasi BEpOSTHOCTD HE CIIMIIKOM Maja U
He cimmkoM Benuka (0,05 <p < 0,95), To MOXHO cuuTaTh, YTO pacHpe]eIeHue

*
crydaiinoif BemuumHbl &£ GMM3KO K HOPMANbHOMY. DTHM JONMYIIEHHEM MOYKHO
THOJIB30BaThes, ecmu P u i (1-p) Oonblre dYerbipex. BpiOepeM Tpu  3aaHHOM
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—
(6‘ 0
HAJACKHOCTHU y qucliia Tak, qTO6I>I BBITIOJIHAJINCH HepaBeHCTBa

P[p*{ﬂ_]gl__y P[p*>§+]51;
2 u 2 Tormga BEpOSITHOCTh TOMATAHUS
: oo
sHauenns P B MHTEpBA Oyner paBHa
P[a‘ Ep*£B+] >1-1r 177,
2 2 . JUIA TpaKkTUYEeCKOro HAaXOXKJICHUS

JIOBEPUTEIIBHBIX UHTEPBAIIOB C HANEKHOCTBIO ¢ — 0,95, =099 npu # ot | 1o

30, a tawke npuk=40u k=30 moxno BocmonezoBaTECA  3apaHee
COCTAaBJIEHHBIMH TaOJIMIAMH, KOTOPblE MOXHO HAHTH B CIPABOYHUKAX IO
MAaTEMaTUYECKOH CTATHCTHKE.

[Ipu Oonpmmx 00beMax BBHIOOPKH MOXKHO OOOMTHCH NPHUOIUKEHHBIM
MOCTPOEHUEM  JIOBEPUTEIBHOTO HWHTEpBaia. Bocmonsdyemcs  dopmyroit
BEPOSITHOCTH  OTKJIOHEHHMS]  OTHOCHUTEIIbHOM  YacTOThl  OT  IMOCTOSTHHOM

BEPOSTHOCTH B HE3aBUCUMBIX
SR
PUE—IJ‘{SJ:BD _ovr _|_,
F
UCIIBITAHUAX VI (1-p)

8+'n
TN = I:}’
O6osuaunm VF (1-p) M, C TIOMOIIbI0 TAOJUIBI 3HAYCHUN (DYHKIINH

Jlamtaca, pemmM ypaBHEHHE Y 2 Us TOTy4EeHHOI0 3HaueHus 7 Haii-

t},ﬁp(l—p)

5:
JR
JIEM
__ Lypl-p t,p(l-p)
§ mp-~L— _  FTmpr i
Torna T , JH . UtoOBl  TOMYYUTH
noBepuTeNbHBIl  uHTepBan and £,  HyXKHO  BBIIOTHMTE  emle  psf

npeoOpa3oBaHuid, KOTOPbIA Mbl B JaHHOM CJy4yae HE OyJaeM MpPUBOAMTD.

3aMeTUM TOJIBKO, YTO TpU OOJIBIIOM 00BbeMe BBIOOPKHU [”:3100) MaJbIMU
ClIaraéMbIMU MOJKHO TpeHeOpedb U TMOJYyYUTh MPHOIMKEHHOE 3HAUCHUE MJIS

t}, p*(l-p*) t}, p*1-p%)
AR
N N

JOBCPUTECIIbHOTO MHTCPBAjIa B BUJIC:
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