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IIpakTHyeckoe 3ansiTue Nel

INPUMEHEHHUE METOJ0B TEOPUY BEPOSTHOCTEM JJISI PACYETA
MOKA3ATEJEN HAJJEXKHCTHU TEXHOJOI'MYECKUX MAILIMH
1. Hean 1 3aaa4u: 3aKpeNICHUE OCHOBHBIX OHATUI TEOPUH BEPOATHOCTEN U HABBI-
KOB HENOCPEJICTBEHHOI'O IMOACYETA BEPOSATHOCTEN HAAEKHOCTU PabOThHI AETalled U
Y3JI0B TEXHOJIOTUYECKUX MAIIVH.
2. IL1aH BbIOJIHEHHUS PA0OTHI:
1. I3yuuTh TEOPETUUYECKYIO YaCTh.
2. 3amnucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHI.
3. Ilony4uTh MHIMBUIYATBHOE 3a/IaHUE.
4. BBINOJTHUTD PACUETHI.
3. Yka3zanusi o o(pOpMJIEHHUIO OTHETA
OTu€T OMKEH CoJepkKaTh:
- Ha3BaHHE PabOTHI.
- 1IeJTb PaOOTHI.
- OTBETHI HA KOHTPOJIbHBIE BONPOCHI.
- 3JJaHNE, BBIYUCIICHHUSI.
4. TeopeTnuyecKas 4acThb.
4.1. OcHOBHBIC NIOHATHA TeOPUM BeposiTHOcTel. HenmocpeaCTBeHHbIN MOACYET Be-
POSAATHOCTEM.
Coovimuem (WM «CIy4alHBIM COOBITHEM») Ha3bIBae€TCA BCSKHUM (hakT, Ko-
TOPBIN B pe3yJIbTATE OMBITA MOKET MPOU30UTH WIIK HE TIPOU30UTH.
Beposmnocmuio cobvimusi Ha3bIBa€TCSl YHUCICHHAs Mepa CTENEHH OOBEKTUB-
HOM BO3MOXHOCTHU 3TOT'O COOBITHS.
BepositHOCTh cOObITHS A 0003Hauaetcs P( A), P umm p.
Hocmoeepnvim HazpiBaeTcst cobbitTe U, KOTOpoe B pe3yibTare OmnbiTa He-
MPEMEHHO JIOJDKHO Mpou3ouTH: BepositHocTh P(U) = 1.
Heegozmoorcnvim HazbiBaeTcsi coObITHE V, KOTOPOE B pe3yibTaTe OIbITa HE MO-
KET MPOU30UTH: BEPOATHOCTH Takoro coobrTust P(V) = 0.
BepostHocTh J11060r0 cOOBITHS A 3aKJIFOUeHA MEXKIY HYJIEM U €TUHUIICH:
0<P(4)<1.
Ilonnoii epynnou codvbimuil Ha3bIBAETCS HECKOJIBKO COOBITHI TaKUX, YTO B pe-
3yJIbTaTe OIbITAa HEMPEMEHHO JOJIKHO MPOU30MTH XOTS OBl OJTHO U3 HUX.
Heckonbko COOBITHII B JaHHOM OTBITE HA3BIBAIOTCS HECOBMECHHbIMU, €CITU
HUKAKHE JIBA U3 HUX HE MOTYT MOSIBUTHCSI BMECTE.
Heckonbko cOOBITUI B JAHHOM OIBITE HA3BIBAIOTCS PABHOBOIMONCHBIMU, €CIIN
M0 YCJIOBHUSIM CUMMETPHUH OIbITa HET OCHOBAHHUI CUMTATh Kakoe-TnOo W3 HUX Oosee
BO3MOYKHBIM, Y€M JIF000€ JIpyroe.
Ecnu Heckonpko coObITHi: 1) 00pa3yroT MOJMHYIO TPYIITY; 2) HECOBMECTHHI; 3)
PABHOBO3MOXHBI, TO OHU Ha3bIBAIOTCS CIyuasimu («IIaHCAMU).
Crnydail Ha3bIBaCTCS 01A20NPUSMHBIM COObIMUIO, €CITU TIOSBJICHUE ATOTO CIy-
yasi BJI€YEeT 3a CO0OM MOsBIIEHUE COOBITHS.
Ecnu pe3ynbpTaThl ONbITa CBOJATCS K CXEME CIIy4aeB, TO BEPOSITHOCTh COOBITHS
A BeIUHCIsIETCS 10 hopMmyIie



P(A) :?

rae N- olIee Ynucio ciaydacs;
M - 9KUCIIO CITy4aeB, OJAroNpUATHBIX COOBITHIO A.

4.2. TeopeMbl CJ10:KeHUS 1 YMHOKEHHUS BEPOATHOCTEH

Cymmotui 08yx cobovimuti A m B HazpiBaeTcsi cobbiTue C, COCTOSIINEE B TOSB-
JIEHUH XOTS ObI OJTHOTO 13 cOOBbITHH A nnu B.

Cymmotl HecKobKUX coObimuil Ha3bIBa€TCs COOBITHE, COCTOSAIIEE B MOSIBICHUN
XOTS ObI OJTHOTO U3 DTUX COOBITHH.

Ilpouzeedenuem 08yx cobvimuii A u B Ha3zpiBaeTcsa cobbiTie C, cocTosIIee B
COBMECTHOM ITOSIBJIEHHHU COOBITHSI A U cOOBITHS B.

Ilpouseedenuem HeckonbKux coOblmuti HA3bIBACTCS COOBITHE, COCTOAIIEE B
COBMECTHOM ITOSIBJICHHHU BCEX ITHX COOBITHM.

Teopema cj10:keHUsT BEPOSITHOCTEMH

BeposTHOCTE CyMMBI JIByX HECOBMECTHBIX COOBITHI paBHA CyMME BEpPOST-
Hoctel aTux coowitnii:  P(A + B) = P(A) + P(B).

B cnygae, korma coOwbituss A u B COBMECTHBI, BEPOSTHOCTh UX CYMMBI BBIpa-
xaercs popmynori  P(4 + B) = P(4) + P(B) - P(4B),
rie AB — npousBenenue coobiTuii A u B.

BeposaTHOCTh CyMMBI HECKOJIBKMX HECOBMECTHBIX COOBITHH paBHA CyMME HX
BEPOSITHOCTEM:

P iAi :iP(Ai)

B clIy4dac, Korga COOBITHS Ai COBMCCTHBI, BEPOATHOCTb UX CYMMBI BbIPAKACTCA

dbopmyoit
n
PLY A =S P(A)-SP(AA, )+
i=1 i i ]
+ S PAAA) -+ (1) P(AAA,LA,)
ik
r7ie CYMMBI PacIpOCTPaHSIOTCSA Ha BCE BO3MOXKHBIE KOMOMHAIIUN Pa3IMYHbIX HH/ICK-
COB 1, ], ..., K, B3TBIX 110 OZIHOMY, IIO JBA, I10 TPX H T. 1.
Ecimm cobeitust Az, A2, ..., An  HECOBMECTHBI M 00pa3yIOT MOJIHYIO TPYIIY, TO

n
CyMMa MX BEpOSITHOCTEH paBHA €TUHUIIE: Z P(A;)=1.
i=1

CoObITHE A  Ha3BIBACTCS NPOMUBONONONCHBIM COOBITHIO A, €CIIH OHO COCTO-
UT B HETIOSBJICHUH COOBITHS A.
CyMMa BepOsSITHOCTEH MPOTHBOITOJIOKHBIX COOBITHI paBHA ¢IUHUIIE:
P(A)+P(A)=1.
YVcnosnou eepossmnocmoio cobvimus A npu nanuuwuu B Ha3bIBaeTCs BEpOST-
HOCTH COOBITHSI A, BBIYUCIICHHAS IIPH yCIIOBUH, 9TO coObITHE B mpowm3omnuio. Jrta Be-
positHOoCTh 0003Havyaetcs P(A | B).



CoOniTisg A u B Ha3bIBaloTCS HE3aBUCHUMBIMU, €CJIH MOSABICHUE OJTHOTO U3 HUX
HE MEHSIET BEPOSTHOCTH TMOSIBIICHUS Apyroro. J[Jisi He3aBUCUMBIX COOBITUI
P(A|B) = P(A); P(B|A)=P(B).
Teopema yMHOXKeHHUSI BEPOSITHOCTEH
BepostHocTh mpousBesieHns] IBYX COOBITHH paBHA BEPOATHOCTH OJHOTO M3
HUX, YMHOKEHHOM Ha YCIOBHYIO BEPOSITHOCTD IPYTOro MpHU HAJTUYHUU HEPBOTO:
P(AB) = P(A)P(B|A)
WIN
P(AB) = P(B)P(A|B).
Jlst He3aBuCHUMEBIX coObITHIE A 1 B
P(AB) =P(A)P(B).
TeopeMa yMHO:KeHHSI BEPOATHOCTEM /11 HECKOJIBKUX COOBITHH
P(A1A;...AL) =P(A1)P(A2|A1)P(A3]A1A2)...P(AL|A1AS... A1),
B cnydae, xoraa coObITHS HE3aBUCUMBI, T.€. MOSBJICHUE JIIOOOTO YHCiia U3 HUX
HE MEHSIET BEPOSITHOCTEN MOSIBJIEHUS OCTAJIbHBIX,

Pl T1A |=TIP(A)

4.3. ®opmy.ia noJHOH BepoATHOCTH U (popmyJia beiieca

Eciu 00 o0cTtaHOBKE OIMBITA MOXKHO CAENaTh N HCKIIOYAIOIIUX JAPYT JApyra
npeanonoxenuii (runore3) Hi, Hz, ..., Hn , 1 eciiu coObITHE A MOXKET MOSBUTHCS
TOJIBKO TPU OJTHOM M3 ITHX THIOTE3, TO BEPOSATHOCTH COOBITHSI A BBIYHUCIAETCA 10
Gdopmyie noIHoU 8ePOSIMHOCHIUL.

P(A)=P(H,P(AH, )+ P(H, P(AH, )+..P(H, )P(AH, ).

WM=§HHP@MJ

rne P(Hi) — BepositHocTh rumnote3s! Hi,
P(A| Hi) — ycioBHasi BEpOSTHOCTh COOBITHS A TIpH ATOM TUIOTE3E.

Ecin no ombita BepositHocTH tumnote3 obutn  P(Hi), P(H2), ...,P(H.), a B pe-
3yJIbTaTe OMbBITA MOSBUIOCH COOBITHE A, TO C YYETOM ITOTO COOBITHS «HOBBIEY, T.C.
YCJIOBHBIE, BEPOSATHOCTU TUIIOTE3 BBIYUCIIIOTCS 110 hopmyne beiieca:

P(H,P(AH;)

= n y

$(r plAH)

®opwmyna belieca 1aeT BO3MOKHOCTb «IIEPECMOTPETH» BEPOSATHOCTH TUIIOTES C
y4eTOM HaOII0ICHHOTO pe3yibTaTa OIbITa.
4.4. IloBTOpEHME ONBITOB
OnbITEl HA3BIBAIOTCSA HE3A8UCUMBIMU, €CIIA BEPOSTHOCTh TOTO WJIM MHOTO HC-
X0J1a KayKJI0T0 OIbITA HE 3aBUCHUT OT TOI'0, KAKUE UCXO/Ibl UIMEJIA IPYTUE OIBITHI.
He3aBucuMmeble OINBITBI MOTYT IPOU3BOJAUTHCS KAaK B OJJMHAKOBBIX YCIOBHSX, TaK
U B pa3Nu4HbIX. B mepBoM ciyyae BEpOATHOCTH MOSBIEHUS KAKOTO-TO COOBITHS A
BO BCEX OIBITaX OJHA U Ta %€, BO BTOPOM CJIy4yae OHA MEHSETCS OT OIbITa K OTbITY.
Yacmuas meopema o TOBTOPEHUH OIBITOB.

P(H;|A) i=12,.,n.



Ecnu npon3BoauTcss N HE3aBUCUMBIX OTBITOB B OJIMHAKOBBIX YCJIOBHSIX, MPHU-
94eM B KaXJIOM M3 HUX C BEPOSTHOCTBHIO P TOSIBISIETCS COOBITHE A, TO BEPOSTHOCTh
Pmn TOTO, 9TO COOBITHE A TIPOM3OHAET B 3THX N OMBITaX POBHO M pa3, BhIpaxa-
eTcs popMyoit

Pon=Chp™g™™, m=01..n
rie g=1-p.

dopmyra BeIpakaeT OUHOMUATbHOE pacnpedeietie 8eposmHOCmell.

BeposiTHOCTh XOTSI ObI OJHOTO TOSIBICHHUS COOBITHS A TPU N HE3aBUCHUMBIX
OTIBITaX B OJTMHAKOBBIX YCIOBUSIX paBHA

U3 06weti TeopemMbl 0 TOBTOPEHUN OIBITOB CJIEIYET: BEPOATHOCTD XOTS ObI 0J1-
HOT'O MOSIBJICHHS COOBITUS A MpU N HE3aBHCHMBIX OIBITAX B Pa3JIMYHBIX YCIOBHUSAX
paBHa

n
R1,n :1_Hqi 1
i=1

rae ; =1—p;, pi- BeposTHOCTH coObITHA A B I-M ombiTe (1 = 1, 2,..., ),
Jliist 1r00BIX yCIIOBUH (KaK OJMHAKOBBIX, TAK U Pa3INYHBIX )

n
ZPm'n =1.
m=1

BepositHOCTE Rkn TOTO, UTO IIpr N OmbBITax cOObITHE A TOSBUTCS He MeHee K
pas3, BepaxkaeTcs popmyIion

n
me,n =1.

m=0
n k-1
RKn = me,n WA Rk’n =1- ZPm’n
m=k m=0

4.5. Cyuaiinble BeJIJMYUHbI. 3aKOHBI pacnpeaeaeHus. UncioBbie Xapakrepu-
CTUKH CJOYYAWHbIX BeJIMYMH.

Crnyuatino enuuunou Ha3bIBAETCS BEIMYMHA, KOTOpas B PE3yJbTaTe OIbITa
MOKET IPUHATH TO WIM MHOE 3HAYCHUE, HEU3BECTHO 3apaHee, KAKOE UMEHHO.

Jluckpemmnoii (MpepbIBHOM) CITy4ailHOM BETMYMHON HA3bIBACTCS ClydyaiiHas Be-
JIMYHMHA, IPUHUAMAIOLIAs OTAEIEHHbBIE IPYT OT APYyra 3Ha4€HUs, KOTOPbIE MOXHO Iie-
PEHYMEpOBATh.

Henpepuisnoti caydaiiHOM BEIMYMHOM (B IITMPOKOM CMBICJIE CJIOBa) Ha3bIBACTCS
CIy4dailHasi BEJIMYMHA, BO3MOKHBIC 3HAUEHUSI KOTOPOW HEMPEPBHIBHO 3AMOJIHAIOT Ka-
KOM-TO IIPOMEXYTOK.

3axoHom pacnpedenenus CIy4ailHOW BEITWYWHBI HA3bIBAETCS BCSKOE COOT-
HOILICHUE, YCTAHABJIMBAIOIIEE CBS3b MEXIY BO3MOXKHBIMM 3HAYECHHUSIMH CIy4ailHOU
BEJIMYHUHBI U1 COOTBETCTBYIOLUIMMH UM BEPOSTHOCTSIMU. 3aKOH PACHpEACICHUS MOXKET
UMETb pas3Hbie (HOPMBI.



Psn pacnpenenenus

Psimom pacripeneneHus JUCKPETHOM CydaiiHOM BEMYMHBI X Ha3bIBAETCS Ta0-
JUIA, TJE MePEeYncIeHbl BOBMOXKHBIE (pa3IuYHbIC) 3HAUCHUSI ATOU CIy4yalHOU Belu-
YUHBI X1, X2,..., X, C COOTBETCTBYIOILINMH UM BEPOSTHOCTSAMH:

Xi X1 X2 e Xn
Pi p1 p2 Pn

rre p; =P(X=x;), >.p;=1.
i1

['padrueckoe n3o0paskeHue psija pacrpeesieHHs] Ha3bIBACTCS MHO20)Y 20 IbHU-
KOM pacnpeoeneHus:

P

DyHKIUs pacupeaeeHust

@OyHKIUEN pacnpefeeHus] CIy4ailHOW BeNWYUMHBI X Ha3bIBaeTcs (QyHKLHS
F(x), BeIpakaromiasi BEpOATHOCTb TOTO, 4TO X MPUMET 3HAYEHUE, MEHBIIIEE YEM X:

F(x)=P(X <x).

®dynkius F(x) ects HeyObiBaromias Gynkiwus: F(-0) =0, F(+ow0) =1,

JIJ1s TUCKPEeTHBIX CIIydalHbIX BETMYMH (PYHKIMSI pacipeleleHUs eCTh pa3phiB-
Hasl CTyneH4aras (pyHKLHs, HepepbIBHAs ClIeBa.

Ecmu yukmus pacnpeneneHusi F(x) Besze HempepbiBHA U UMEET MPOU3BO/I-
HYI0, ClIy4daiiHas BEJIMYMHA HA3bIBACTCS HENPEPHIBHOM.

Ecnu @yukius pacnpeneneHus F (X) Ha HEKOTOPBIX y4acTKax HEMpPEphIBHA, a B
OTJIEJbHBIX TOUYKaX UMEET Pa3phIBbl, CIyyaliHas BEJIMYMHA HA3bIBAETCA CMEIIAHHOM.

ILiioTHOCTH pacupeneseHust

[IOTHOCTBIO pacnpeneeHUs HENPEPHIBHON CIIyYalHOW BEJIMYMHBI HA3bIBACT-
cs pynkuus f(x) = F'(x).

[InoTHOCTH pacnpeneneHus: 00U CaydyalHONM BEIMYMHBI HEOTPULIATEIIbHA,
f(X) > 0, u oOagaeT CBONCTBOM



Tf(x)dx =1.

I'paduk miotHoct f(X) Ha3pIBaeTCS KPUBOW paclpeaciicHusI.

DJIEeMEHTOM BEPOSTHOCTH ISl CIy4aifHOW BETMUYMHBI X HA3bIBACTCS BEIMYMHA
f(x) - dX, mpuOIMKEHHO BBIpaXKaIOIIas BEPOSITHOCTD MOMAIaHHs CIydaitHONH TOUKH X
B 3JICMCHTAPHBII OTPe30K OX, IPUMBIKAFOIINH K TOUKE X.

Oyukuus pacupenenenus F(X) BbIpakaeTcst 4epes MIIOTHOCTh paclpeeICHUs
dhopmyon

F(x)= —_]('f(x)dx |

BeposTHOCTh monaianusl CIy4aifHOW BeTMYrHBI X Ha y4acTOK OT o 110 [
(BKIIIOYast @ ) BeIpaxkaetcst Gopmyion
P(a<X<B)=F(B)-F(c).
Ecnu cnyuaiinast BenmuurnHa X HerpepbiBHA, TO P(X=a)=0wu
Pla<X<B)=F(B)-F(a).
BeposiTHOCTB MonaiaHus Ha y4acToK OT O JI0 B JUIsS HEHpPEphIBHOW CITydaliHOM
BEJIMYMHBI BbIpakaeTcst popMysion

P(a< X<B):Tf(x)dx.

Mamemamuueckum oorcudanHuem CIydailHOM BeaM4uHBI X Ha3bIBaeTCs €€
CpellHee 3Ha4€HHE, BBIYUCIISIEMOE 110 (hopMyIaMm:

n
I\/I[X] = inpi - ISl AUCKPETHBIX CIIy4YailHbIX BEJIUYHH;
i=1

o0
I\/I[X] = IXf(X)dX - 1711 HEPEPBIBHBIX CIIYYalHbBIX BEINYHUH.
—00

MaTtemaTnyeckoe oxunanue o6o3navaor: M[X]=m_.

Jlucnepcusa cnydaiiHoi BeIM4rHbI X BIUUCISAETCA 110 GopMyIaMm:
n

D[X]= Z:(Xi -m, )2 P; - UId JUCKPETHOM CIIy4allHO! BEJINYMHBI,
i=1

o8}
D[X]= I(X -m, )Zf(x)dx - JUIsl HENPEPBIBHOM CTy4alHON BEJIUYUHBI.
—o0

Hucnepcus D [X] kpatko o603nauaercs Dy.
Cpeonum Keaopamuueckum OmrioHeHuem CIydaitHo# BendrHbl X Ha3bIBaeT-
Csl KOPEHb KBaIPAaTHBIN U3 IUCICPCUH
o, =D, .

JluckpeTtHas ciydaifHasi BenmudrHa X Ha3bIBACTCS PpACHPEeOesieHHOU N0 OUHOMU-
AlbHOMY 3aKOHY, €CIu €€ Bo3MOXHbIe 3HaueHus 0,1,..., N, a BEpOSITHOCTh TOTO, YTO X
=m, BbIpaxkaeTcsi GopMyion



P(X = m): Pm,n - Cnmpmqn—m '
O<p<l; qg=1-p.

MaremaTudeckoe OXXHAaHUE CIy4YalWHOW BEMUYUHBI X, pacrpeicieHHON Mo
OMHOMHAIIBHOMY 3aKOHY, paBHO My = Np, a aucnepcust Dx = npg.

JuckpeTHasi ciyyaiiHasi BeMUMHA X HA3bIBACTCSl paACHpeOeseHHOU NO 3AKOHY
Ilyaccona, ecnu ee Bo3MoxkHbIe 3HaueHus 0, 1, 2,..., m, ..., a BEpOATHOCTb TOTO, YTO
X=m, Beipaxaetcs popmyion

m
p =% ¢

m!

P(X=m) 2,
rae a > 0 — mapametp 3akoHa Ilyaccona.

MaremaTudeckoe OXHUJAHWEC M JUCIEPCHS CIydyalHOM BeIMYMHBI X, pac-
npeaeeHHou no 3akony [lyaccoHa, paBHBI mapaMeTpy 3akoHa: My = a; Dy = a.

Ilomoxom cobvimuil Ha3bIBACTCS IOCJIEAOBATEILHOCTh COOBITUM, HACTYyMalo-
IITUX OJIHO 3a JIPYTHM B CIIyYaifHbIe MOMEHTHI BPEMEHH.

Ilnomnocmsio (MHTEHCUBHOCTBIO) MOTOKA HA3bIBAECTCSI CPEIHEE UUCIIO COOBI-
TUW B €IUHUITY BPEMCHHU.

[ToToK COOBITHI HA3BIBACTCS NOMOKOM Oe3 nociedelicmaus, €Ciii BEpOSITHOCTh
MOSIBJICHUS Ha JIFOOOM Y9aCTKE BPEMEHH TOTO WUIM HHOTO YHCIIa COOBITHI HE 3aBUCHUT
OT TOTO, KAaKOE€ YHCIIO COOBITHI TIOMAJI0 Ha APYTHE, HE MEePECEKAOIIHNEC C JaHHBIM
YYaCTKH.

[ToTok COOBITUI HA3BIBACTCS OPOUHAPHBIM, €CIIH BEPOATHOCTH IOSBIICHUS Ha
AJIEMEHTapHOM yyacTke Al JByX wiam Oosiee COOBITUH TPEeHEOpeKMMO Maja To
CPaBHEHUIO C BEPOSITHOCTHIO MOSIBICHUSI OJTHOTO COOBITHS.

OpauHapHBIN MOTOK COOBITUI O€3 MOCIeAECHCTBUS Ha3. 1YACCOHOBCKUM.

Ecau coObiTis 00pa3yroT mMyaCCOHOBCKHH MOTOK, TO YHCJIO COOBITHM, TTOTa1a-
IOINUX Ha JII000# ydacTok (t,,t, +T), pacnpeneneno no 3akoHy [lyaccona:

m
P(X=m)=P, =2 ¢
m!

rac a — MaTCMaTH4YCCKOC OXKUIAHUE YHCila TOYCK, IMOoNaaaroInuX Ha Y4aCTOK:
t0+T

a= [A(tdt,

rie k(t) - INIOTHOCTH OTOKA.

Ecnu ﬂ(t) = Cconst, myacCOHOBCKHI MOTOK HA3bIBAECTCS «CTALIMOHAPHBIM ITyac-
COHOBCKHM» WJIU NpOCMeuiyM ITOTOKOM.

JInst mpocTeiero noToka 4ucio COOBITHH, MONaJaloluX Ha JIFOOOM y4acToK
JUTMHBI T, pacrpeeiieHo o 3akony [lyaccona ¢ mapamerpom a = AT.

Pacctostnue T mMexay AByMsSI COCETHUMH COOBITHSIMU B MPOCTEHIIIEM TMOTOKE
€CTh HEMpPEPBIBHAS Clly4yaiiHasi BEJIIMYMHA, pACIpEAEICHHAsl MO MOKa3aTeJbHOMY 3a-
KOHY, C INIOTHOCTBIO

0 opH  t<(
Ae ™  mpH t>Q,

f(t)=



10

Jns cnyyarinon BenuuuHbl T, pacnipenesieHHOM 10 0Ka3aTeIbHOMY 3aKOHY:
1 1
mt = — y Dt = _2 .
A A
HenpepriBHast cimyuaiiHas BeiauuuMHa X Ha3bIBa€TCS PAGHOMEPHO pacnpeode-
JienHot B uHTEpBase (o, ), ecau e€ IIOTHOCTh pacIlpesiesieHUs] B 3TOM MHTEpBalie

IIOCTOSIHHA:
1 npu  Xxe(a,p)
f(x)=1p-a
0 npu  x¢(a,B)
1€ 3alACh X € (a,B) O3HAYAET: «X JISKUT Ha y4acTKe OT o JI0 B ».
MaremaTndeckoe 0KUJaHUE U JUCIIEPCUs TOU CIIy4alHOM BEJIMYUHBI PABHBI

2
_a+p. . (B-a)
my= ——; D, =——+.
2 12
HenpepsiBHast ciydaiiHas BeauurHa X Ha3BIBACTCS PACNPEOeieHHOU NO HOp-
MAbHOMY 3AKOHY, €CIIH €€ TUIOTHOCTh PacIpeIeCHHs paBHa

1 (x-m)
2
f(x)= e %

o\ 2T

MaremaTH4ecKoe OXKHJIAaHWE 3TOM CIy4YallHOM BEJIWYMHBI PaBHO My = M, a
nucrepens Dy = o2,

4.6. YucaoBble XapaKTePUCTUKU QYHKIMI CJIyYaHHBIX BeJTUYUH
Ecnu X — nuckperHas ciayyaiiHas BEJIMYMHA C PSJIOM pacTpeIeIeHUs

X X1 X2 e Xn

Pi P1 P2 Pn

a BenmmunHa Y cBszaHa ¢ X QyHKIIMOHATIBLHOM 3aBUCUMOCTBIO Y = (p(X), TO MaTeMa-
TUYECKOE OKUJIAHWE BETUYUHBI Y PaBHO

=M[op(X)]= ig:‘l’(xi i |

a 1ucrepcus BeIpaxkaeTcs J1to00oH u3 1ByX Gopmyi

D, =Dlp(X) z[cp ~m, Fpi =X lo(x, Pp; - m?

i=1
Ecin X — HenpepbIBHAS cnyanHa;{ BEJIMYMHA C INTIOTHOCTBIO paclpeiesiCHUs
f(x),a Y= (p(X), TO MaTEeMaTHYECKOE OXKHUIAHUE BEIMUYMHBI Y DPAaBHO

m, =Mlo(x]~ ol F(xex.

a ucnepcus Belpaxkaercs J1r000i U3 1ByX hopMyi

D, =Dlo(X)]= [fo(x,)-m, Ff(x)dx = j[cp JPF(x)dx —m2

—00
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TeopeMa CJI0KCHUA MaTEMAaTHYICCKUX O)KPIIlaHI/Iﬁ
MaremMmaTtuueckoe OXXKNAaHUEC CYMMBbI CﬂytlaﬁHBIX BCJIMYHWH paBHO CyMMEC HUX
MaTEMATHUYCCKHUX 0>KI/I,ZIaHI/II712
M[X + Y]=M[X]+M[Y];
1 BoOOI1IE

M zn:xi =Zn:|v|[xi].

MaremaTudeckoe OXKHNITaHHC JIMTHEMHOM Q)YHKHHI/I HCCKOJIBKHX CJIY‘I&IZHBIX BC-
JIMYUH

n
i=1
r1e aj u b — He ciydaitHbie KO3(QUITUCHTBI,
PaBHO TOM e JTMHEHHON (PYHKIIMU OT UX MAaTEMAaTUUYECKUX OXKHJIaHHI:

n n
m, =M|> a;X;+b|=>am, +b,
i=1 i=1
m, =M[X;], i=12..n.
TeopeMa YMHOKCHUA MAaTEMATUYICCKHUX O)KI/I)IaHI/Iﬁ

MareMaTru4eckoe OXHUJIAHUE MPOU3BEIACHUS NIBYX HEKOPPEIUPOBAHHBIX CITY-
yaitHpIX Benu4rH X, Y paBHO NPOU3BEACHUIO UX MAaTEMATHUYECKUX OXKHUIAHUN

M[XY]=M[X]M[Y].

Ecmn Xi, Xo, ..., Xu — HE3aBUCHUMBIC CIIy4YalHbIC BEIIMYMHBI, TO MaTeEMaTHYE-
CKO€ OXKHMJAHWE HUX MPOU3BEACHUA PABHO MPOU3BEICHUI0O MAaTEMAaTHUYECKHX OXKHJa-
HUU

M f[xi =f[|v|[xi].

Teopema ciioxxeHust 1ucnepcuin
Jlucnepcusi CyMMbl IByX HEKOPPEJIMPOBAHHBIX CIIy4alHbIX BeTUYUH X, Y paB-
Ha CyMME€ MX JUCIIEPCH

D[X + Y]=D[X]+D[Y],

1 BOOOIIIE, I HEKOPPEJIUPOBAHHBIX CITyYalHbIX BeTUYUH X1, X2, ..., Xu

D zn:xi :Zn:D[Xi].

Jlucniepcust TMHEHHON (PYHKIIMK HECKOJIBKUX CITy4YailHBIX BEIMYUH

n
i=1
rae ai, b — He ciyyaiHbIe BEJIMYHHEI,
B Cllydae, Korja BenduHbl X1, X2, ..., Xy HE KOPPEIUPOBAHHBI, PaBHA
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n n
D, =D| > a;X; +b|=>a’D[X;].
i=1 i=1

DyHKIMS HECKOJIBKUX CIy4alHbIX apryMeHTOB @ (X1, X2, ..., Xn) Ha3bIBaeTCA
«II0YTHU HHHCﬁHOﬁ)), CCJIK BO BCCM JHAIIA30HC ITPAKTHYCCKHU BO3MOIKHBIX 3HAa4YCHUU
APpryMCHTOB OHA MOKCT OBITE C ,Z[OCTaTO‘{HOﬁ HJI IIPAKTUKU TOYHOCTBIO JIMHCAPU30-

BaHa (MpUOJIMKEHHO 3aMEHEHA JIMHEHHOM). TO 03HAYaeT, YTo
n

(P(Xl,xg,---,Xn)z(P(mxl,mxz,---,mxn)+le 37([) '(Xi _mxi)’
i= i /m

de |_de(m,,.m,,..m, )
rIe = - yacTHas Mpou3BoAHas PyHKIMH @ (X1, X2, ..., Xu)

dx; dx;

II0 ApTYMEHTY Xi, B KOTOPYIO BMECTO KaKJIOT'0 apryMeHTa IOACTABIEHO €r0 MaTEMAaTH-
YECKOE 0XKUJAHNE.
Marematudeckoe oxuIaHue O4TH JTUHSHHON QYHKIH Y =@ (X1, X2, «eey Xn)
MPUOJIMKEHHO BBIUUCISETCS IO opMyIie
my - (p(mx1 ! sz e an )

Jlucniepcusi MOYTH JIMHEMHOW (DYHKIIMM B Cilydae, KOrja ciy4ailHble apryMeH-

Tl X1, Xo, ..., X, HE KOPPEIUPOBAHHBI, MPUOIM>KEHHO BBIYHCIIIETCS 10 (hopmyJie
2

n d(p
Dy = Z d DX1 !
i—1 \ 0X;
rae DXi — JIMCTIEpCUsl CITy4alHOM BEJTMUUHBI Xj,.

4.7. 3akoHbl pacnpenejeHus GyHKUM cayqailHbIX BesinduH. [IpeneabHblie Teo-
peMbl TEOPUH BEPOSITHOCTEH.

Ecnmu X — HenpepbIBHAs CilydaiiHasi BEJIMYMHA C TUIOTHOCTBIO paclpeiesiCHUs]
f(x), a cmyuaitnas BenmnunHa Y CBsi3aHa ¢ HEHO (PYHKIIMOHATBHON 3aBUCHMOCThIO

Y =o(X),

rae ¢ — auddepeHurpyemMas GyHKIMs, MOHOTOHHAs Ha BCEM Y4acTKEe BO3MOXKHBIX
3HAYECHUI apryMeHTa X,
TO TUIOTHOCTH PaCIpeIeNICHUsI CITydaiiHOW BeTUYUHBI Y BbIpakaeTcsi GopMysion

g(y)=Fw(y))-w'(y),
rae Y — (yHKuus, oOpaTHasi 0 OTHOLIEHUIO K @ .

[1n10THOCTH pacnpeieIeHus] CYMMBbI ABYX CIy4alHbIX BEIUYUH Z =X+ Y BbI-
paxaeTcs J1iroooi u3 popmyn

o(2)= [flez—xkx,  al2)= [1(z-y.y)x

rae f(X, y) — miotHocTh pacnpenencuus cuctemsr (X, Y).
B wactHOCTH, KOT/1a Cliy4aiiHbie BeaTudnHbl X, Y HE3aBHCHMBI, T.€.

fx,y)=1,(x)-f,(y),

TO INIOTHOCTH paBHA
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0(2)= [£,(0)-F,(z — x)ix

501041

ma:jn@—yynwwx

B sTom ciiydae 3akoH pacnpeeneHusi CyMMbl ( (X) Ha3bIBa€TCs KoMno3uyueti

3aKOHOB pactpeaenacHus ciaraembix fi(x), f2(y).

Ecin ciaydaiiHple BeJIMYMHBI, ITOJYMHEHHBIC HOPMAaJIbHOMY 3aKOHY, ITOJ-
BepraTh JIIOOOMY JIMHEHHOMY TpeoOpa3oBaHUIO, TO OYIyT MOJIy4aThCS CHOBA CIY-
JaifHbIe BEJIMYUHBI, pacIipeie]ICHHbIC HOPMAJIBHO.

B wactHOCTH, eciu ciyvaifHas BenmudnHa X pacrpejieieHa HOpMaJIbHO C Tapa-
METpaMH My, ax TO CIIyYaiiHas BEJIUIHHA

Y=aX+b
rie a, b — neciyuaiinsl,
pacrnpe/eliena HOPMAILHO C MapaMeTpaMu M, =am, +b; o, = ao,,.

[Ipy KOMIIO3MIIMK ABYX HOpMaJbHBIX 3akoHOB: fi(X) ¢ mapamerpamu m,, o,
u f2(y) ¢ mapamerpamn m,, G, moMyYaETCA HOPMANIBHBIN 3aKOH C IAPAMETPAMH

_ 2 2
m,=m,+m,, c=,/c;+0,.

JluneiiHas QyHKIUS OT HECKOJBKUX HE3aBUCHMBIX HOPMAJIBHO pacIpe/ielieH-
HBIX CIyYalHbIX BeIMYMH X1, X2, ..., Xn

n
i=1
rae aj, b — HeciyvalHbie KO3 PHUIUEHTHI,
TaK)Ke UMEET HOPMAJIbHBIN 3aKOH pacIpeiesIeHUs ¢ mapaMeTpamMmu

n
m,=>am, +b; o,=

i=1
o,; — MapameTpsl ciydaifHoi Bemmunebl X, (1 =1, ..., n).

rae my;,
5. KonTpoabHbIE BONIPOCHI.

1. Yto Ha3bIBaeTCS CIIy4allHbIM COOBITHEM?

2. UTo Ha3BIBAETCS BEPOSTHOCTHIO COOBITHS?

3. JlaliTe onpeneneHne TOCTOBEPHOTO COOBITHA.

4. JlaiiTe onpe/neneHrne HEBO3MOXKHOTO COOBITHS.

5. Urto Ha3bIBaETCS MOJTHOW TPYITION COOBITHIA?

7. Kakue coObITHSI HA3bIBAIOTCS HECOBMECTHBIMHU?

8. Kakue coObITHSI Ha3bIBAIOTCS PABHOBO3MOKHBIMH ?

9. Yrto Ha3bIBaETCS CYMMOI HECKOJIBKHUX COOBITHIN?

10. YTo Ha3bIBaeTCS MPOU3BEACHIEM HECKOJIBKUX COOBITHIA?

11. Kakuie onbIThl HA3bIBAKOTCSI HE3aBUCUMBIMH ?

12. Kakas BeMuMHA Ha3bIBACTCS CIIyYatHONI?

13. UTo Ha3bIBaeTCs 3aKOHOM PACTPEEICHUS CIIyYailHOM BEJIMYUHBI?
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14. Yro HazbiBaeTcs (GyHKIMEH pacrpeeieH sl ClydaifHOM BETUYUHbI?

15. Yro Ha3bIBaeTCA MIIOTHOCTHIO PACIPEACIICHUS HEIPEPHIBHON CITy4aliHON BEIUYU-
HBI?

16. Kakum cBoiicTBOM 00J1a7a€T IIJIOTHOCTD paclpeiesIeHUs?

17. Yro Ha3bIBaeTCA MaTEMaTUUECKUM OKUJAHUEM CITy4yallHOW BEJTMYUHBI?

18. Yro Ha3bIBaeTCA CPETHUM KBAIPATUUECKUM OTKIIOHEHUEM CIy4YailHOW BEIHYH-
HBbI?

19. Kakas HempepbIBHas ciyyaiiHasi BEJIMYMHA HA3bIBACTCS PACIPENCICHHON I10
HOpMaJbHOMY 3aKOHY?

20. Uemy paBHO MaTeMaTHUECKOE OXKHUJAAHUE U IUCTIEPCHsI HEMPEPHIBHOW CITydaitHON
BEJIMYMHBI PACTIPEEICHHON 10 HOPMAIbHOMY 3aKOHY?

21. ChopmynupyiTe TeOpeMy CI0KEHUS MAaTEMAaTHIECKUX OXKHTaHHH.

22. ChopmynupyiTe TEOpeMy YMHOKECHUS MAaTEMAaTHUYECKUX 0K TaHHH.

23. Chopmynupyiite TeopeMy CIOKEHUS AUCTIEPCHIA.

24. Ecnu cimyyaliHble BEJIWYUHBI, MOAYMHEHHbIE HOPMAJIBHOMY 3aKOHY, IOJBEPraTh
T000My JTMHEHHOMY NpeoOpa3oBaHUIO, TO OyIyT MOJIy4aThCs CHOBA ClydailHble Be-
JUYUHBI, PACTIPEICIICHHBIC .................. (MPOIOIDKUTE).

6. 3aganusga.

1. ITpubGop MoxkeT padoTaTh B ABYX peXUMax: 1) HOpMAJIbHOM U 2) HEHOPMAaJIbHOM.
Hopmanbhbiit pesxxum Habmonaercst B 80 % Bcex ciiydaeB paboThl Ipubopa; HEHOP-
ManbHbId — B 20 %. BeposATHOCTH BbIXOJ1a MpUOOpa U3 CTpos 3a Bpems T B HOpMalib-
HOM pexuMme pasHa 0,1; B HeHopMasibHOM — 0,7. HaliTh NOJIHYIO0 BEPOSITHOCTD p BbI-
xoJ1a mprubopa u3 cTpost 3a Bpems t

2. ITpubop coctout u3 10 y3noB. HagexxHOCTh (BEpOATHOCTH O€30TKA3HON pabOThI B
TeUYeHHE BpeMeHH 1) I KaKI0ro y3jia paBHA p. Y37bl BBIXOIST U3 CTPOS HE3aBU-
CHUMO OJIH OT JIPYroro.

Haittu BeposiTHOCTB TOTO, 4TO 32 Bpems 1 !

a) OTKa)XeT XOTs Obl OJWH y3e;

0) OTKa)XXeT pOBHO OJIMH y3€T;

B) OTKQXXYT POBHO /IBa y3J]1a;

') OTKaXET HE MEHEE JIBYX Yy3JIOB.
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IIpakTH4yeckoe 3ansitue Ne2
INVIAHUPOBAHME DKCIHHEPUMEHTA /UISA PEHIEHU S
3AJIAY HATEXKHOCTH

1. Heab 3aHATHSA: U3YYEHUE CIIOCOOOB TUIAHUPOBAHUS FKCIIEPUMEHTOB, IPUOOpETEHHE
HABBIKOB BBINOJIHEHUS paCU€TOB MPH PELLIEHNUN 3a/1a4 HaIEKHOCTH.
2. Ilnan BbINOJIHEHUs PadoThI:

1. I3y4uTh TEOPETUUECKYIO YaCTh.

2. 3anucarb OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

3. IlomyunTh HHAMBUAYAIBHOE 3aaHUE.

4. BBINOJTHATH PACUETHI.
3. Yka3anus 1o opopMJIeHHIO 0TYETA

OT4€T NOKEH CONIePKATh:

- Ha3BaHKE PaOOTHI.

- 1IeJTh PaOOTHI.

- OTBETHI HAa KOHTPOJIBHBIE BOIPOCHI.

- 3aJJaHNE, PACUETHI.
4. TeopeTuueckasi 4acThb.

[Ton mymaHupoBaHHWEM SKCIIEPUMEHTOB MOHMMAIOT MaTEeMaTHYECKU OOOCHOBaH-
HBII BHIOOP ONTUMAJIBHOTO IJIaHA UX MTPOBEJCHMUSL.

OCHOBHBIM TpeOOBaHMEM IPU OPraHU3aLUU JHOOOT0 HKCIIEPUMEHTA SIBISETCS
MUHHUMH3ALUS BPEMEHU U YHCIIA UCTIBITAHUN MPU COXPAHEHUH TPeOyeMOil T0CTOBEp-
HOCTHU pe3ybTaToB. Dopma MnpeacTaBiIeHus pe3yabTaToB I0JDKHA ObITh YA00HA AJIS MO-
CJIEAYIOUINX pacueToB, KaK OOBIUHBIX, TAK M BEPOATHOCTHBIX. [locnennee npenbsasiser
YCIIOBHSI K TIPOBEJICHUIO HCIIbITaHuil. Eciiu paHee B SkcriepuMeHTe MOKHO ObLIO Orpa-
HUYMBATHCS OIPEJICIIEHUEM TOJIBKO CPETHUX 3HAYEHWH HMCCIENYyEMOW BEJIIMYMHBI, TO C
BHEJPEHUEM BEPOATHOCTHBIX METOJOB pacyera HeoOXOIMMO M3y4daTh paccesHue U
OLIEHKY JOCTOBEPHOCTH ITOJIYYEHHBIX PE3YJIbTATOB.

Yacto npoBoaST MHOTO(GaKTOPHbIE UCTIBITAaHUS, T. €. UCIBITAHUS, YUUTHIBAIOIIHNE
BIIMSIHHE MHOTUX (PaKTOPOB. DKCIIEPUMEHT MOXKET OBITh CI0XKHBIM U 10poruM. B cBs-
31 C 3TUM HE00XO/IMM MOMCK ONTUMAIbHOIO IJIaHa MPOBEACHUSI UCTIBITAHUM.

[InaHupoBaHKe dKCHIEPUMEHTA HA OCHOBE TEOPUU BEPOSITHOCTEW M MaTeMaTu-
YEeCKOM CTaTUCTHUKH MO3BOJISET MOA00PATh TaKWE TUIAHBI.

Pe3koe cokpalieHue 4nciaa UCIbITaHUui NpY TUIAHWPOBAaHWN SKCIEPUMEHTA J0-
CTUTaeTCsl 32 CUET MCIOJIb30BAHMS M3BECTHBIX WJTU MPEAIOIaraéMbIX MaTeMaTHUECKIX
3aBUCUMOCTEH (B YaCTHOCTH, BUJIa HICKOMOM (DYHKLIMH) U, TJIAaBHOE, 3@ CYET LIeJICHaIIpaB-
JIEHHOTO OJIHOBPEMEHHOI'O BapbUpOBaHUsI M3y4yaembIX (HaKTOpoB. D(PPEKTUBHOCTDH
TUTAHMPOBAHUSI TEM BBILIE, YEM CIIOKHEE N3YYaeMblil OOBEKT.

OOBEKT UCCIEeIOBAHUS PACCMATPUBAIOT KaK CUCTEMY pHC. 1, y KOTOpOil n3BecT-
HbI BXOJIHOW U BBIXO/HOM MapameTpbl, HO HE U3BECTHO BHYTPEHHEE YCTPOMCTBO. Bxo-
HbIE TTapaMeTpPbl Ha3bIBAIOT (PAKTOPAMHU, BHIXOJTHON MapaMeTp — OTKIUKOM. DaKkTOphI
paccMaTpUBAIOT KaK JETEPMUHUPOBAHHBIE (ITOCTOSHHBIE) BEJIMYMUHBI X1, X2,...,Xk, OT-
KJIMK — KaK CITy4yaiiHyto BeMurHy Y. OOBIUHO MOJIararoT, 4TO 3aKOH pacrnpeneneHus Y
W3BECTEH U3 TEOPETUUECKUX COOOPaXKEHHUM UITH 3KCIIEPUMEHTAIIBHBIX UCCIIEOBAHUI.
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Puc.1. Cxema skcnepumenma

YpaBHeHHE, CBS3BIBAIONICE OTKIIMK ¢ akTopamMu Y =@ ( X1, X2,...,Xk), Ha3bIBa-
10T QYHKIIMEN OTKIUKA.
4.1. lesb 3KCIIEPUMEHTA.

Llenb 3KCriepuMEHTa COCTOUT B OLICHKE HanbOoJiee MPOCThIM CIOCOO0M (PYHKIIUU
OTKJIMKA. Takoi 3KCHEpUMEHT Ha3blBalOT WHTEPIOJSLMOHHBIM, OCHOBAHHBIM Ha HH-
TEPHOJSILIMA — HAX0XKJIEHUU (QYHKIHUH 10 HEKOTOPHIM €€ 3HAYEHHUSIM.

bonee CIIOXKHBIM SBIISIETCS SKCTPEMAIIbHBIA 3KCIEPUMEHT, NpeaHa3HAYCHHBINA
JUISL OTIpesieNieHus ontuMyMa. Llenbro 3KCTpeMabHbIX SKCIIEPUMEHTOB SIBIISIETCS IIOUCK
AKCTpeMyMa (QYHKIIUHN OTKIIHKA.

[Tpu sKCHEpUMEHTAIbHBIX MCCIEIOBAHUSIX PAOOTOCHOCOOHOCTH U HaJIeKHOCTH
MallliH HauboJiee PacHpOCTPaHEH MHTEPNOISALMOHHBIN 3KcniepuMeHT. C ero momo-
IIbI0 MOKHO W3YYUTh BIUSHUS (HaKTOPOB (HArpy>KEHHOCTH, KOHIIEHTPALMU HaIps-
’KEHHH, IEPOXOBATOCTH OBEPXHOCTH U T. [I.) Ha IOJTOBEYHOCTh, HA MIPEEIIbHBIE 110
KPUTEPHIO IPOYHOCTH HANIPSDKEHM S, pACCUMTATh HA/IEKHOCTD JAETAJICH U MalllUH.

Bupa ¢pyHkuum oTkiauka (JIMHEHAs1, CTeTeHHas, JJorapuMudeckas v T. 11.) Win
MaTeMaTHYECKYIO0 MOJIENb OOBEKTAa UCCIEAOBAHUS YCTAHABIMBAIOT, UCXOA U3 (PU3H-
YECKUX MPEACTaBICHUI O caMOM OOBEKTE WJIM Ha OCHOBE OMbITa MPEAbITYIIUX HC-
CJIETOBAaHUM.

[Ipu OTCYyTCTBMU TaKuX CBEIECHUH (DYHKIMIO OTKIMKA NPEACTABISAIOT pe3yJsbTa-
TOM €€ pa3jiokeHusl B psj Teiopa, T. €. HCHOJAB3YIOT MOJIENb B BUE NOIMHOMA. B
MIPOCTEHUIIIEM CITydae BHIOMPAIOT TIOJIMHOM TIEPBOTO MOPS/IKA, JIMHEWHBIN IO BCEM Iie-
PEMEHHBIM

Y =By +2 BiXi,
rae B, ¥ B; — K03hPUIUEHTHI QYHKIHH.

DYHKIMS OTKIMKA HECKOJBKO YCIOXKHSCTCS, €CIM HEOOXOJUMO YUUTHIBATH
B3anMMO/IeHCTBUE (DAKTOPOB

Y =B, +ZBiXi "‘ZBinin-
Jlnst oncanust 061acTv, OJM3KOM K ONTUMYMY, BBIOMPAIOT MOJIMHOM BTOPOTO
MopsiIKa

Y =B, +ZBiXi +ZBinin +ZBiiXi2'

JIJ1s1 TOMMHOMUANIBHBIX 3aBUCUMOCTEM, HAWJICHHBIX HA OCHOBE SKCIIEPUMEHTOB

BMCCTO BCIMYMHBI Y, BBOIUTCA OLCHKA €€ CPCAHCIO 3HAYCHMA Y, COOTBCTCTBCHHO

BMecTo Koodduumentos By, B;, Bij, B;;— ux ouenka by, b;, b;, b;;. Hanpumep, npu
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olleHKe (DYHKIMH OTKJIMKA (AIMIMPUYECKOTO YPABHEHUS PErpeccrur) B BUE MOJIMHOMA
BTOPOTO MOPSAAKA UMEEM
Y =by+ Y bix; + Y biXiX; + > byx? .

Koadhdummentsr mommHoMa (K03 GHUITMEHTH PETPECCU) COOTBETCTBYIOT YacT-
HBbIM MPOU3BOJIHBIM B TOUYKE, BOKPYT KOTOPOM (YHKIMS OTKJIMKA pasjaraercsi B psii
Teinopa.

Ecnu npu BeIOOpE MO/IEM HET OCHOBAHUM OTAAThH MPEANOYTEHUE OJJTHOU U3 TpeX
yKa3aHHBIX BbIIIE (DYHKIMM, TO HAUMHATH HAJO C MPOCTEHIIeH — JUHEWHOU (yHK-
uuu. Ilo pe3ynbraraMm HUCHbITAHUN TPOBEPSIOT AI€KBATHOCTh MOJIENH, T. €. €€ COOT-
BETCTBHE PEATLHOCTH.

B ciydyae oTpunatensHOro pesyipTaTa MEpEeXosiT K Oosee CIOXKHOW MOJENH,
HampUMep, K MOJICNH, YUYUTHIBAIOIIEH B3auMoaencTBue (paxktopos. JKenarenabHo, YTO-
OBl TIPM TAaKOM TIEPEXOJie PaHEee BBHITIOJHEHHBIC UCTIHITAHUS TTOJTHOCTHIO YUYUTHIBAIUCH
IIPU COCTAaBJICHUH HOBOT'O IUIAHA 3KCIEPUMEHTA, T. €. YTOOBI IJIaH ObLI KOMIO3UIIH-
OHHBIM.

4.2. OTo0op pakTOpOB.

O160p (hakTOpOB, MOIJIEKAIIMX HCCIETOBAHUIO, OOYCIOBIEH LIENbIO IKCIEPH-
MeHTa. OHAKO HA/I0 YYUTHIBaTh, YTO HA OTKIIMK (BBIXOJHOW MapameTp) OKa3bIBAET
BIIMSTHUE OOJIBIIIOE YKCIIO APYTUX (DAKTOPOB, CPEIU KOTOPBIX €CTh U HEYTPABIIIEMbIC.

B mporiiecce 3KCHEpUMEHTOB HUCCIIEAyeMble (PaKTOpbl BAPHUPYIOT, OCTAIHLHBIC
MOJIIEP>KUBAIOT HA TIOCTOSSHHOM ypOBHE. UTOOBI MCKITIOUUT, BJIMSHUE HEYIPaBISIEMbIX
(akToOpoB, UM 33J1AI0T CPEAHEE 3HAYECHUE WM MX PaHIOMHU3HPYIOT, T. €. JIEJar0T CIy-
yaliHbIMU. PaHmoMu3anys ycpeaHseT MO BCEM ONbITaM JCUCTBHE HEYNPABISIEMBIX
¢dakropoB. Haubonee mpocToil crnocod paHAOMHU3AUMU — CllydyaiiHas MoCieno-
BaTEJIbHOCTh MPOBEACHHUS BCEX OIBITOB.

3naveHus (ypoBHHU) (HaKTOPOB 33/1al0T B OTHOCUTENBHBIX (KOJUPOBAHHBIX) BE-
anYrHax. MakcuManbeHbI ypoBeHb (pakTopa +1, MuHMManbHbIi -1 U cpennuit 0. B
o0I1IeM ciTydae KOJMPOBaHHOE 3HaueHue (HaKkTopa paBHO

X = X— 015(Xmax + Xmin)
0’5(Xmax - Xmin )
1€ X Xpmin— MAKCHMalbHOE U MUHMMAJIBHOE 3Ha4€HUs (PAKTOpa, T. €. IPEIEIbI

€ro BapbUpPOBaHMs B SKCIIEPUMEHTE;
X —3HaueHue pakropa.

Jlst kauecTBEHHBIX (PaKTOpOB (Mapka CTajiv, BUJ TEPMOOOPaOOTKH, KaueCTBO
MOKPBITUM U T. JI.) CTPOSIT YCIIOBHBIE MOPSAIKOBBIE MIKAJIbl YCTAHABINBAIOIINE COOT-
BETCTBUE YPOBHEH KaueCTBEHHBIX IOKa3aTelie YhciaM HaTypaJlbHOTO psija, T. €. Mpo-
U3BOJAT KojaupoBaHue. Hampumep, s kKauecTBEHHOro (haKTopa, yYUTHIBAIOLIETO
HAJIM4YUE B DKCTICPUMEHTE CTajieil IBYyX IIaBOK, Ha3HAYAIOT JBa YPOBHA: OJMH, PaB-
HbI +1 (cTanbs mepBol TaBku), BTOpod -1 (cTasib BTOpoM IuiaBkW) B nanbHeitem
C HAM TOCTYMAIOT TaK )K€, KaK U C KOJTMYECTBEHHBI (DaKTOPOM.

K uccrnemyempiM dakTopaM MpeabsSBISIOT CIECAYIOIINE TPEOOBAHUS:

- YIIPaBISIEMOCTh — BO3MOYKHOCTh YCTAHOBJICHHUS M TIOJIep)KaHne akTopa Ha BBI-
OpaHHBIX YPOBHSIX;
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- HE3aBHCHMOCTb — BO3MOXKHOCTb YCTaHaBIUBaTh (PaKTOp HA BHIOPAHHOM YpOBHE
BHE 3aBUCHMOCTH OT YPOBHEH APYTruX (akTopos,
- COBMECTUMOCTb — BCE€ KOMOMHAINH (PAaKTOPOB OCYIIECTBUMBI U O€30T1aCHBI.
4.3. IllianupoBaHue IKCIEPUMEHTA.
[InanupoBaHue SKCHEPUMEHTA B OCHOBHOM CBOAMTCS K BBIOOPY 4YHMCIIa YPOBHEH
(akTOpOB U OIPENIEIEHUIO 3HaUEeHNUs (YPOBHS) KaKI0Tr0 (pakTopa B OIBITE.
BriOpanHoe 4mciI0 ypoBHEH P B COUYETaHHU C YUCIOM (PaKTOPOB K OmpenemnstoT
YHCIIO BO3MOKHBIX OnBbITOB N, koTopoe pasHo N = pX. Eciu KaxIplii OIIbIT MOBTO-
pseTcs M pas, To YUCII0 00pa3iioB cooTBeTCTBEHHO paBHO MN. Uucio moBTopeHmii M
MO’KET OBITh BHIOPAHO IO TaOJIMIIaM Ha OCHOBE 3aJaHUs JIOMYCTUMOM OLIMOKU U J0-
BEPUTENBHON BEPOSTHOCTH.
OKCIIEPUMEHT, B KOTOPOM PEAIM3YIOTCSl BCE BO3MOXHBIE COUYETAHUSI YPOBHEU
(bakTOpOB, HA3BIBAIOT MOJHBIM (PaKTOPHBIM dKcriepuMeHToM ([1DD3).
JUig TUHEHON MOJEnN 1OCTaTOYHO BapbHUpOBaHUE (PAKTOPOB Ha JBYX YPOB-
Hsx. B atoM ciryuae umeem I1dDD tumna 2,
['padmyecku miaaH TaKoro 3KCIEpUMEHTa Ui ABYX (PAKTOPOB MOXKHO INpe[-
CTaBUTh B KOOpJMHATaX KOAUPOBAHHBIX 3HAUE€HUH (PAaKTOPOB X1 U X2 (pHC. 2).

£,
Xy T I 3
H 2
i i
i
i F —
Az I 72
AT
5 3 7

Puc. 2. Ilnan nonnoeo 08yxghaxkmopnozo sxcnepumenma (ciesa,).

Puc. 3. Ilnan nonnoeo mpexghaxmoproeo sxcnepumenma (cnpasa).

VYcnoBUs MPOBEICHUS OMBITOB COOTBETCTBYIOT BEpIIMHAM KBajpata: I Iep-
BOro ombiTa X1 = +1, Xo= -1; Broporo xi1 = +1, X2 = +1; Tperbero x1 = -1, xo= +1; ger-
BepToro X1 = -1, xo= -1. Homepa onbITOB Ha3HAYEHBI POU3BOJILHO.

Tabmuma 1
Ne omeITa dakTopsl Ne onrbITa dakTOopsI
X1 X2 X1 X2
1 + - 3 - +
2 + + 4 - -

[1nan skcnepuMeHTa MOKHO 3a/1aBaTh TAOJIMIICH, Ha3bIBAEMOM MaTpUIIEH IJIaHa.
Marpuna nnana [IOD tuna 22 npeacTasieHa Taon. 1. B Ttabnuie npuHATO COkpa-
IeHHOe 0003HaueHue ypoBHel paktopoB: BMecTo +1 u -1 o6o3Havaem + u -.

bonee ucuepnbiBaromas nHbopmMaimsi 00 SKCIEPUMEHTE MPEJCTaBISCTCS Mat-
puleil nanupoBanus dkcrepuMenTa. g [1OD Tuna 22 maTpuua IIaHUPOBAHUS
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npeacTaBieHa Tald. 2 U BKIIOYAET MAaTPUILy IJIaHa SKCIEPUMEHTA, 3HAYeHUs] (PUKTHUB-
HOro (pakTopa Xo, dPPexT B3aumonecTBus PakTopoB XiX2 (Mpu HEOOXOAUMOCTH €ro
ydeTa) ¥ 3HaUYEHUS OTKIIUKA.

Ta0muma 2
Ne daxTopsl D ekt OTknmk
OnbITa B3aMMOJIEHCTBHS
Xo | X1 | x2 X1 X2 [ToBTOpHI Cpenuee
3HAYEHUE
1 + - - yi1, Y12 2
2 + + Yo1, Y22 Yy,
3 + | - |+ - Y31, Y32 Y3
4 + - - + Va1, Y42 7

Marpuiia miana Tpex(akTOpHOro 3KcrepuMeHTa (B Tabis. 6 BblJENEHA CEpbIM
I[BETOM) 00pa3yercsi OT MaTpHIlbl IUIaHA JBYX(PAKTOPHOTO SKCIIEPUMEHTA, TOBTOPEH-
HOTO JBaXKIbl: OJUH pa3 — IpU HIOKHEM YpPOBHE, a BTOPOW pa3 — IMpPU BEPXHEM
YPOBHE TPEThEro (haKkTopa Xs.

I'paduuecku (puc. 3) miaH MoaHOro (GaKTOPHOrO SKCIEPUMEHTA TUIIA 23 MOXK-
HO TIPEICTaBUTh BEpIIMHAMU KyOa, MOCTPOCHHOTO B KOOPAHMHATAX KOJAMPOBAHHBIX
3HAYECHUN (PAKTOPOB.

Martpuiia miaHupoBaHus sl TPEeX(PaKTOPHOTO IKCIEPUMEHTA, (QYHKIUSI OT-
KITMKa KOTOPOTO COOTBETCTBYET MOJIMHOMY BTOPOTO MOPSIKA, TTOKa3aHa B Ta0. 3.

Tabauna 3

Ne DakTOopsl Db dexTs B3anMoaeHCTBHS OTtkuk

OmbITa
Xo | X1 | X2 | X3 | X1X2 | X1X3 | X2X3 | X1X2X3 IloBTOpBI Cpennee

3HAYCHUE

1 + + - - - - + + Vi1, Y12y «.- Y,

2 + + + - + - - - y21, y22, oo yz

3 + - + - - + - + y31, y32, cee yg

4 |+ | - |- -]+ |+ |+ - ya1, Yaz, oo Y4

5 + + - + - + - - Y51, Y52, .. Vs

6 + |+ | T + + + + Ye1, Y62, ... N

! - + ) ) ) Y71, Y72, .. Y7

8 + - - + + - - + y81, y829 oo y8

OCHOBHBIE CBOICTBA TJIAHOB MOJIHOTO (hPaKTOPHOTO JKcIepuMenTa Tumna 2K cie-
TyIOITHe.
Cummempuynocms n1aHA OTHOCUTEIBHO LIEHTPa SKCIEPUMEHTA (Hadaaa Koop-

JIMHAT KOJMPOBAHHBIX IEPEMEHHBIX) BBIPAKAETCA PABEHCTBOM HYIIO CYMM KOIUPO-
N

BaHHBIX 3HauerHni i-ro (i =1, 2, .. ., K) dakropa no Bcem ombitam, T. €. Y X;, =0.
u=1




20

VYcnoBus HOpMUPOBKH, 03Hadaroue, yto 11O npexycMorpeno nBa ypoBHs +1

N
n-1,1.e. > x2 =N.
u=1
Opmozonanvnocms niaaxa TPENNoyiaraeT PaBeHCTBO HYJIIO CYMMBI MOMApHO
MIEPEMEHHBIX (AaKTOPOB Xiu H Xju, T. €. I-T0 J-TO (haKTOPOB B U-OM OTIBITE

N
inuxju =0, rtnei#j; 1,j=0,1,2,...,k
u=1

Pomamabenvnocms — TOYHOCTh IpPEICKa3aHUs 3HAYEHUN BBIXOJHOIO Iapa-
METpa OJIMHAKOBA HAa PABHBIX PACCTOSHUAX OT LIEHTpA dKCIIEPUMEHTA.

Jlis nuHEeHOM MoAenu 4Yucio KOA(QQHUIMEHTOB, MOAJIEKAIIUX ONPEACICHHUIO,
paBHO yncity (akropos K miroc eauHmia (cBoOOHBIIH WwieH). Eciyu yuecTs, 4To 4ncio
onbIToB [1MD pasHo 2%, To OueBMIHA GOMbIIAs H3OEITOYHOCTE OIBITOB. B 5TOM ciydae
MOJIB3YIOTCS IPOOHBIM (haKTOPHBIM dKcriepuMeHTOM (D), ahhekTuBHOCTH KOTOPO-
ro yBeIHuuBaeTcs ¢ poctoM yrcia ¢paktopoB K. OcHoBa noctpoenust IdD — 3ame-
Ha B MaTpulle IUIAHUPOBaHUs HamoOosee ciadboro 3ddexra B3auMoeicTBus (Ipou3Be-
nenust (pakTopoB) HOBbIM (hakTopoM. Kakoil 13 3¢ (eKkToB B3aMMOAEUCTBUS Haubosee
cralblif, T. €. MEHEee BCEro BIMSET Ha BEIMYMHY BBIXOJHOTO MTApaMeTpa, PEeIIaeT IKCIIe-
PUMEHTATOp Ha OCHOBAaHWHU (PM3MYECKHUX IMPEACTABICHUI 00 MCCIETyeMOM OOBEKTE.
Hanpumep, mnanupysa DD ansg Tpex (pakTopoB, HCIOJIB3YIOT MATPUIly IUIAHUPOBaA-
HUS JABYX(AKTOPHOTO 3KCIEPUMEHTa, rAe 3(PQeKT B3aUMOACUCTBUS X1X2 3aMEHSIOT
baxTopom X3 (TadI. 4).

Opnnako B JI®D oneHku KodpGUIIMEHTOB (DPYHKIIMM OTKIMKAa HE OyIyT pas-
nenbHbIMU. M3 Tabi. 4 BUIHO, 4TO CTONOLBI A1 X1 U X2X3 OJMHAKOBBI, CJIE0BATENb-
HO, onleHKa Kod(ddunmenta B, , obo3nauaemas gepes b1, cmerana ¢ koapdpunuenTamu

B, u B,;, T.€. b1 > PB; + B,3. AHATOTHYHO HAXOIMM CMELICHHE ISt OLICHOK D2 1 b
b2 > B, + Bi3; b3 —>Pg + Py

Tabmura 4
Ne Marpuna miana JJ®dD D¢ heKTs B3auMOACHCTBUS
OIIpITa X1 X2 X3 X1 X2 X1 X3 X2 X3
1 + - - - - +
2 + + + + + +
3 - + - - + -
4 - - + + - -

OTMeTHM, YTO CMEIIEHUE OLEHOK HE OTPA3UTCs Ha Pe3y/IbTaTax, eCild IMpPoBep-
Ka aJeKBaTHOCTH IMOATBEPIWT MPABOMEPHOCTh BHIOOPA JTHHEWHON MOJIENH, CJIeI0Ba-
TEIHHO, BO3MOKHOCTh MpeHeOpekeHust dhpexraMu B3auMOoICHCTBUSI.

B cuiy OpTOroHaJbHOCTH MATPHI[ IJIAHWPOBAHHS SKCIEPUMEHTA (OPMYIIbI
JUIs ONIpENENenus OueHOK Do, bi m bj Hemssectnbix kodppuummentos By, B;, B;

(GyHKIMH OTKIIMKA (TTOJIMHOMA MEPBOT0 MOPSJIKa) MPEAEIbHO MTPOCTHI:
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N
>V
_u=l .

138 13 =
b, N b; :Nzxiuyu ; bj; :NZXiquuyu ,
u=1 u=1
TJIC Xiu, Xju — BeJIUYMHA I-r0 U J-T0o dakTopoB (i = j; 1, ] =1,2,..., K) B U-M orbITe.

CpelHee 3HaY€HHE OTKIHMKA Y, B U-M OIBITE ONpPEIEISIeTCs o (popmyIie
= 18
Yo=— Zyuq
m &

7€ M — YKCII0 MOBTOPOB OIBITA;
Yug — TEKyLIee 3HaY€HUE OTKJIMKA B U-U ONBITE MIPHU (|-M MOBTOPE.
Jl7is KBapaTUYHBIX MOJIENel, KOorAaa (PYHKIUS OTKIMKA OMMCHIBACTCS MOJHHO-
MOM BTOpOTO TIOpsiAKAa, HEOOXOIWMO YBEJIUYHUTH YUCIIO YPOBHEH (hakTopa 10 TpeX.
[TonHbIi (akTOPHBINA SKCHEPUMEHT Ha TPEX YPOBHIX MpEAyCMaTpHUBAET MPOBEACHUE
N=3* onprToB (K — umci10 (akToOpoB), 4TO HAMHOTO GOJIBbIIIE, YEM YHCIIO HEU3BECTHBIX
k03 punmentoB mozaenu. CylIECTBEHHOE COKpAILEHHE YMCIa OIBITOB IMOJY4YaroT B
KOMITIO3UIIMOHHBIX IUIAHAX, SIPOM KOTOPBIX SIBISIFOTCS IUIAHBI JJUHEHHBIX Mojenei. K
mwiany [1DD tuna 25 106aBIAIOT ONBITHI B LIEHTPE SKCIIEPUMEHTA (HyJIEBbIE TOYKHU) 1
Ha PacCTOSHUU O OT LEHTpa («3Be3/HbIe» TOUKM). Takum oOpazom, o ocu KOOpIu-
HaT KaXJ0ro (pakTopa moyryyarot nsaTh 3HaueHui (ypoBHei): -a , -1, 0, +1, +a. .
JlmuHa «1uieda» o M YMCIIO ONBITOB B IIEHTPE IUIaHA 3aBUCAT OT TpeOOBaHUM,
MpeabABISEMBIX K IUIaHy. TpeOoBaHUE OPTOrOHATBHOCTH MPUBOJIUT K OPTOTOHAIIBHBIM
HEeHTpaIbHbIM KoMIO3UIMOHHBIM T1aHaM (OLIKII); TpeboBanue poTrarabeaIbHOCTH —
K poTaradesbHbIM HEHTPATbHBIM KOMIO3UIMOHHbIM TiaHaMm (PLIKII). B ciyuae, ko-
I71a 10 YUCTO TEXHUYECKUM MPUYMHAM 3HAYEHHs (paKTOpa HE MOTYT BBIXOJUTH 32
TpeJIeITbl 33JaHHOW 00JIaCTH KCIIEPUMEHTA, T.€. | |[<1, IpUMEHSIOT KOMITO3UIIMOHHBIC
Xk TUIaHBI THITA Dm, B KOTOPBIX O PABHO CIAMHUIIE.
i' Jis  OpTOrOHAILHOTO  LIEHTPAIBLHOIO
b & Z KOMIIO3UIIMOHHOTO IJIaHa (pacCMOTPEHUEM KO-
TOPOTO OTPAaHUYMBAEMCS) YUCIIO OTBITOB B LIEH-
TPE PaBHO €AVHMIIE, @ BEJIMYMHY IUIEYa O BBI-
OMparoT B 3aBUCUMOCTH OT yucia (aktopoB K.
- Tak, npu K paBaom 2; 3; 4; 5, 3HaucHH 1UICYA
i, O COOTBETCTBEHHO BbIOMparoT 1; 1, 215;
1,414; 1,547.

T |

Tn
*
~Lp
= 2

—+ - | Puc. 4. ITnan osyxghakmoproeo sxcnepumenma
I 3 3 015 HEMUHEUHOU MO0

Jna nByx daxtopoB mian OLKII skcnepuMeHTa mpeacTaBieH MaTpuUIled B
TabJ1. 8 U rpaduyecky Ha puc. 9, rie BepIIMHBI KBaJpaTa B KOOpJAUHATAX KOJWPOBAH-
HBIX 3HAYCHHI X1 M X2 0003HAYAIOT OMbITHI IuiaHa 11dD tuna 2% winm SIPO TUJIaHa, K
KOTOpOMY J00aBjieHa HyJieBas ouka (IIEHTP IUTaHA) M YETHIPE «3BE3IHBIX», PACTIOJI0-
KEHHBIX HAa CEpEMHE CTOPOH KBaJpaTa.

Howmepa omnbiToB Ha puc. 4 COOTBETCTBYIOT HOMEpaM CTPOK TabJI. S.
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Ta0Omuma 5

Ne PakTopsl IIpumeuanus
OnbITa X1 X2

1 + - Snpo nnana

2 + +

3 - +

4 - -

5 0 - «3Be3IHbBIE» TOUYKH

6 + 0

7 0 +

8 - 0

9 0 0 Hynesas Touka

s tpex daxtopos tuian OLIKII skcniepuMeHTa, COCTaBIEHHBIM aHATOTMYHO
nBYyX(haKTOpHOMY, TIPUBE/IEH B Ta0II. 6.

Tabnuia 6

No DaKkTopbI ITpumeuanus
OIIbITA X1 X2 X3

1 + - - Snpo mnana

2 + + -

3 - + -

4 - - .

5 + - +

6 + + +

7 - + +

8 - - +

9 -1,215 0 0 «3BE3IHBIEY» TOUKH))

10 + 1,215 0 0

11 0 -1,215 0

12 0 +1,215 0

13 0 0 -1,215

14 0 0 + 1,215

15 0 0 0 HyneBas Touka

['eomeTpudecKky TIaH MOXET OBITh MPECTaBlIeH KyOOM, BEpPIITMHBI KOTOPOTO
COOTBETCTBYIOT onbiTaM I1DD Tuma 25, kK KOTOpbIM 100ABIAIOT MECTh «3BE3IHBIX)»
TOYEK, PACITOJIOKEHHBIX HA PACCTOSHUM O OT CEpPeaMHBI pedep Kyda u OJHy HyJle-
BYIO TOUKY B LICHTpPE KyOa.

Ouenku bo, bi, bij, b i (i =1,2, .. . , K; 1#]) HensBecTHBIX KOIDDHIIUCHTOB
GyHKIMY OTKJIMKA (IOJIMHOMA BTOpOro nopsaxa) Bq, B, PBi i B;i; ompenensor 1o

clIeayrouum 3aBUCHMOCTSIM:
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N N N
inuyu inuxjuyu Z(Xizu _®)’7u
u=1 .

b. :—U:l 1 bij:—N ’

ZN:XiZu Z:(Xiuxju)2 ZN:(Xizu _®)2

u=1 u=1 u=1

N N N
b0=%27u—62b“; @z%ZXizu npu mobom i =1,2,..., K.
u=1 u=1 u=1

B sKkcTpeManbHBIX AKCIIEPUMEHTAX MOUCK ONTUMyMa MOOYEPEIHBIM BapbUpPOBa-
HUEM MEPEMEHHBIX TPeOyeT MPOBEACHHUS OYEHb OOJBIIOrO KOJMYECTBa ONBITOB. Ilo-
ATOMY LIEJIECO00PA3HO NPUMEHATh METOJ KPYTOrO BOCXOKIEHHMSI, KOTOPBIM 3aKIt0ya-
€TCsl B CleQyomeM. [[1s1 HeKoTopol HauanbHOM TOYKHM MMOBEPXHOCTU OTKIIMKA CTABST
MHTEPHOJSILIMOHHBIN 3KCIIEPUMEHT. YHCIIO ONMBITOB HEBEJIMKO M JAOCTATOYHO JJISI OMH-
caHusl HEOOJBILIOTO YyYacTKa MOBEPXHOCTH OTKJIIMKA IMOJMHOMOM IEPBOTO IMOPSJIKA.
Bekrop-rpaguent storo nosmHoMa ((yHKLIMU OTKJIMKA) ONpEAEIseT HalpaBiICHUE
HanboJiee KOPOTKOTO (KPYTOr0) MyTH K IKCTPEMYMY.

JIBrKEHHUE IO OBEPXHOCTH OTKJIMKA B HAIPABICHUU I'PAJIUEHTA HAYMHAKOT OT
HavajnbHOU Touku. lllar ABM>KEeHUS WM U3MEHEHUs 3HA4YE€HUI (akTopa npu nepexoe
K CJIEIYIOIEMY ONbITY YCTaHABJIMBAIOT B 3aBUCUMOCTU OT CTETIEHU BIUSIHUA (aKTopa
Ha OTKJIMK. 3HAYEHUE OTKJIMKA, HA3bIBAEMOT'0 B SKCTPEMAJIbHBIX IKCIIEPUMEHTAX KpH-
TeprUeM ONTUMHU3ALMK WM 11EIeBOM (DyHKIMEH, U3MEHSETCsl OT ombiTa K onbITy. CoB-
NaJieHUe WA HE3HAUYUTEIbHOE OTIMYME PE3YNIbTATOB JBYX COCEAHHUX OIBITOB O3HA-
YaeT JOCTWKEHHUE 00J1acTH, OJMU3KON K cTalmoHapHOUl. B 3Toil obmactu craBsT 3a-
KITFOUMTENIbHBIA MHTEPIOJISIIUOHHBIN SKCIIEPUMEHT/

4.4. CrtaTMCTHYECKMIA aHAJIN3.

CraTuCcTHYECKUIA aHAIN3 PE3yJIbTATOB UCIIBITAHUN HEOOXOIUM /sl OLIEHKH J10-
CTOBEPHOCTH 3KCIEPUMEHTA U BKIIFOUAET CIICTYIOIINE 3TaIlbI.

1. Ilposepka 6ocnpouzeooumocmu Uy NOCMOSIHCMEA OUCNePCUU OMKIUKA CBO-

L Q2 Q2 2 .
JAUTCS K TPOBEPKE THUIMOTE3bI 00 OJTHOPOAHOCTH aAuctiepcuit Sy, S5, ...,Sy, HaliieH-
HBIX 10 pe3yabTaTtaM N OmbITOB.
Jlucniepcust oTkimuka S2 [T U-TO OIBITA PaBHA

m

Z(qu —Yu )2

2 _¢g=1
S; =

, u=12,..,N,

m-1

A€ Yug - OTKJIMK U-TO OnbITa IpH (-OM MOBTOPE,
M - 9KCJIO IIOBTOPOB OIIBITA.

Berumncisiem skcriepuMeHTanbHoe 3HaueHue kpurepus Koxpena, T. €. oTHoIe-
HHe MakcuManbHoi S2 . w3 N aucmepcuii kK cyMMe BeeX JIUCTIepCHii
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['urore3a 00 OJHOPOAHOCTH AWCIIEPCHU TIOATBEPIKIACTCS, €CIIM BBIYHUCICHHOE
3HAYEHUE KPUTEPHS HE MPEBBIIIAECT KPUTUIECKOTO 3HAUYCHUS, OMPECIICHHOTO TI0 Tao-
JMIIaM, B 3aBUCUMOCTH OT 4ucIa creneneit ceodoasl ki = m-1, ko= N u goBepurens-
HOM BEpOSTHOCTH Pop.

Kputepuii Koxpena mpuMeHSIOT pU OJAMHAKOBOM JIJIsI K&XKIOTO OIBITA YHCIIe
noBTOpOB. B Gosee o0miem cirydae NCHONB3YIOT KpuTeprii bapTiera.

2. Adexsamnocms mooenu, m. e. NPUeOOHOCMb paxee NPUHAMOU QYHKYUU on-
KAUKa TS OTIMCaHUS PEalIbHOTO O0BEKTa MCCIE0OBAHUS, IPOBEPSIOT MO OTHOLICHUIO
TUCTIEPCUH aICKBATHOCTH M BOCIIPOU3BOIUMOCTH.

Jlucrepcro BOCITPON3BOAMMOCTH WM OIIEHKY JTUCTIEPCHH OTKJIMKA OTIPEEIsIEM
o opmyiie

N
2 1 2
u=1
Jlucriepcuio aickKBaTHOCTH OMPEeIsieM 110 hopmyIie
N .V
m Z(YU - Yu)
2 _  u=l

M N=(k+2)
rae K - gucio ¢akTopos;

Yu - pacyeTHas OLICHKA CPCAHCIO 3HAa4YCHMUA OTKIIMKA B U-M OIBITE, BEIYHUCIIICMAs

10 COOTBETCTBYIOLEMY ITIOJIMHOMY.
Hanpumep, 1 nMHEHON MOJETN

k
Yy =bg + 2.biXjy
=1
IJIC Xiu - 3HaYeHHeE I-T0 (hakTopa B U-OM OIIBITE.
DKcIepruMeHTaIbHOE 3HaueHue F-kpurtepus (kpurepus dwuiepa) paBHO
F_ S
52

y

Mogenb cuuTaroT aJeKBaTHOM, €CIU BBIYMCIEHHOE 3HAaYeHue F meHsble kpu-
THYECKOTO, OMPECIICHHOTO 10 TabymiaM F-pacnipeneneHus, B 3aBEICUMOCTH OT YHclia
crerneneit cBoooabl K1 = N-(k-1), ko = (m-1)N u noBepuTenbHOM BEpOATHOCTH Pros.

JI1sl HACBIINIEHHBIX JIAHOB, B KOTOPBIX YHCIIO ONpEeIsieMbIX KOd((PHUITMESHTOB
PABHO YHUCITy OIBITOB, JJISI TPOBEPKHU aICKBATHOCTH MPOBOIAT JOMOJHUTEIBHBIE OIbI-
Thl. Tak, sl TMHEHMHOW MOJICJIA JIOTIOJHUTEIIBHO CTaBAT OMBITHI B IiEHTpe miaHa. [lo
PACXOXKACHUIO MEXTY MOJYUYCHHBIM M PACYETHBIM 3HAUCHUSAMM OTKJIMKA MPUHUMAIOT
penieHus o0 aIekBaTHOCTH MOJIEIH.

[Ipy HeanekBaAaTHOCTH MOJIEIM BO3MOXKHBI CJICIYIOIIME JCUCTBUS: YCIOKHEHUE
MOJIeNIH, JOCTPOMKa IUiaHa, MpeoOpa3oBaHUE MEPEMEHHBIX, U3MEHEHUE WHTEPBAJIOB
BapbUPOBAHUS.

3. 3uauumocmo koagguyuenmos modenu nposepsieM 1o t-kpureputo CThIOACH-
ta. [I[poBepKy HAUMHAIOT C BHIYMCIIEHUS TUCTIEPCU KOI(PPHUITMEHTOB.
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JIi1st IaHOB APOOHOTO M MONHOTO (hAKTOPHOTO SKCIEPHMEHTA TUIa 2X aucrep-
cuu o1ieHOK koaddurmenTos Do, bi, bij omrHakoBb 1 onpenenstores mo Gpopmyie

2
S§ = Sy

mN

OKcrnepruMeHTaIbHOE 3HaueHne kputepus: CThIOJICHTa PAaBHO
b
t=—,

Sb
rae |b| - aGconroTHOE 3HAYCHNE OLEHKHU IPOBEPIEMOro KOd(QGULHEHTa, T. €. OJHOIO
u3 koaddunmentos bo, bi, bij.

Koa¢pdunmenT cuuTaroT 3HAYMMBIM, €CIM BBIYMCICHHOE 3HAUCHHE KPHUTEPHUS
OoJbllle, YeM KpPUTHUYECKOE 3HAueHHE, BBHIOMpaeMoe Mo TaliuiaM pachpeesCHHs
CThIOICHTa, B 3aBUCMOCTH OT YHucIia cTerneneld cBo6oabl K = (M—I)N u moBepuren-
HOM BEPOSTHOCTH Pjop.

JInst KBapaTU4HOW MOJIENTH, KOTJIa WCTIBITAaHHS TPOBOJST IO OPTOTOHATBHOMY
HEHTPAJIBHOMY IUJIaHy, TUCTIEPCUU OIICHOK KOX(P(HUIMEHTOB MOEIN OIMPEACTSIOT 10
CIICAYIOIINM 3aBHCUMOCTSIM:

s2 s2
s2 =~ i=1,2,...,k S2 = y =12,k i#]
2 Xiu )y (Xiuxju)
u=1 u=1
2
Sy 1 k
2 y : . 2 2 2 2
S = , |:1,2,...,k, = —9y y
b = N , SbO NSy + Elsb“(@
> Xju—© B
u=1
rae 8327 - 001IIas AUCTIEPCHS CPEIHETO 3HAUCHMSI OTKJIMKA OIpeeiseTcs o Gopmyrie
2
N S
52 1
Sy = Z

I[anee U KQXIO0TO U3 KO3(PQPUIMEHTOB BbHIYHUCIAIOT t-kputepuii CrbrojeHTa
(oTHOMIEHME a0COMOTHOTO 3HAYEHUS KO3(p(PULIMEHTa K €ro CpeTHEMY KBaJpaTHUECKOMY
OTKJIOHEHHIO) U CPABHUBAIOT C TAOJMYHBIM 3HAYEHUEM, HaliJIECHHBIM B 3aBUCUMOCTH OT
yrcia crenenei cBo0os K = (M—21)N u 1oBepuTeIbHOM BEPOSATHOCTH Pros.

5. KoHTpoJibHBIE BONIPOCHI

1. Yro moHMMAIOT MO/ TNIAHUPOBAHUEM KCIIEPUMEHTOB?

2. Yt0 sBNE€TCSI OCHOBHBIM TPEOOBAaHUEM MPH OpTaHU3allUuH JIF000T0 3KCIepuMeHTa’?

3. Kakue ycnoBust nperbsBIsSET K MPOBEACHUIO UCIIBITAHUN BHEIPEHUE BEPOSATHOCTHBIX
METOJIOB pacyera’?

. Kakue ucnpiTanust Ha3pIBatOT MHOTO()AKTOPHBIMK?

5. 3a cy€T Yero JOCTUTAETCS PE3KOE COKPAICHHUE YMCIIA UCIIBITAHUN MPU TUIAHUPOBa-

HUU dKCIIEpUMEHTA?
6. Uto Ha3bIBaIOT (hakTOpamMH MPH IIAHUPOBAHUM SKCIIEPUMEHTA?
7. YTO Ha3bIBAIOT OTKJIMKOM MPH IJIAHUPOBAHUU SKCIIEPUMEHTA?

N
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8. Kak paccmarpuBaroT (pJakTopbl U OTKJIMK IPH IJIAHUPOBAHUU SKCIIEPUMEHTA?

9. Uto Ha3bIBaETCs OTKIMKOM MPH TUIAHUPOBAHUH IKCIIEPUMEHTA?

10. B 4ém cocTouT 1eNb 3KCIEpUMEHTA TIPU €T0 TUIAHUPOBAHUU?

11. B uém 3akirovaeTcsi HHTePIOJISIIIUOHHBINA AKCIIEPUMEHT?

12. B xakux ciydasx GyHKIMIO OTKJIMKA MPEACTABISAIOT PE3YJIbTATOM €€ Pa3JIoKEHUS
B psij Teitnopa, T. €. UCTIOIB3YIOT MOJIEIb B BUJIE MTOJTMHOMA?

13. B kakom ciydae npu BbIOOpE MOJENH BBIOUPAIOT MOJUHOM MIEPBOTO MOPSAIKA, JIH-
HEWHBIN TIO0 BCEM NMEPEMEHHBIM, M B KaKOM CJIy4ac BHIOMPAIOT MOJUHOM BTOPOTO
nopsiika?

Hanumwure ux ypaBHeHUSI.

14. Yemy cooTBETCTBYIOT KO3(hPUIMEHTHI moMHOMA (K03 PULIeHTsI perpeccun)?

15. B uém 3aknrovaeTcsi NpoBepKa aJeKBaTHOCTH MOJEIH?

16. YUto Ha3pIBaE€TCSI KOMITO3UIITMOHHBIM TUIAHOM?

17. Kakue akTopsl OKa3bIBaIOT BIUSHUE HA OTKIUK?

18. Kak UCKITIOYUTh BIUSHUE HEYNPABIAEMbIX (PaKTOPOB?

19. Yto nenaet pangomMuzanus’?

20. KakoB Haubomuee npocToii crnocod pangomMusanuu?

21. Kak 3anaror 3HaueHus1 (ypoBHH) (paKTOpOB?

22. KaxoBbl ypoBHU (paKTOpOB?

23. Kak ycTaHaBnMBaIOT YPOBHU BapbUPOBAHUS JIJIsl KAYECTBEHHBIX (haKTOPOB?

24. Kakue TpeOoBaHUS MPEIBIBISIIOT K UCCIIEAYyEeMbIM (hakTopam?

B uém onm 3akiouarorces?

25. K ueMy CBOJWTCS TUIAHUPOBAHUE IKCIIEPUMEHTA?

26. Kakoii 5KCIEpUMEHT Ha3bIBAIOT MOJHBIM (PaKTOPHBIM dKcriepuMeHTOM (I1D3)?

27. CkoNbKO ypOBHEH BapbUpOBaHHE (PAKTOPOB JOCTATOUHO AJIS MOJYyUECHUS JIMHEH-
HOI Mozenn?

28. Yro BKiIIOUaET B ce0s MaTpUIa INaHupoBanus 11 11D tumna 22?

29. Kak o6pazyercst maTpuIia riaHa TpEX(GpakTOpHOTo IKCIIepUMEHTa?

30. TlepeuncanTe OCHOBHBIE CBOCTBA M1aHoB 11D Trna 2K,

31. Uto sBasieTCS OCHOBOM TOCTPOCHUS APOOHOTO (haKTOPHOTO IKcniepuMenTa (JIPD)?

32. HazoBure Henocratok JIDD.

33. B xakoMm citydae cMelIieHre OI[eHOK K0d((PUIIMEHTOB OTKIIMKA HE OTPa3uTCs Ha pe-
3ynbrarax JP3?

34. Ha cKoJIbKHX M Ha KaKUX YPOBHSIX BAPBUPYIOT (PAKTOPBI MPH HEOOXOJUMOCTH IO-
Jy4eHUs KBaJPaTUYHOU MOAen?

35. JIns1 yero npoBOAST SKCTPEMAIIBHBIE SKCTIEPUMEHTHI?

36. Kakue sTamnbl BKIIIOUAET B c€0sl CTATUCTUUECKUN aHAJIN3 PE3YJIbTATOB UCTIBITAHUIN ?

37. K yemy cBOJIUTCA MPOBEPKA OCTOSHCTBA IUCTICPCUIA?

38. Uto Ha3wpIBaeTCA aIEKBAaTHOCTHIO MOJIEIN?

6.3amanue.

Hcenenosarh BIMSHHAE PAAMAIIBHOIO A M YITIOBOIO Y CMEIIEHWM OCEl COenu-

HSIEMBIX BaJIOB HA JIOJTOBEYHOCTH MY(THI.

Mydta HarpyxeHa HOMUHAIBLHBIM MoMeHTOM T, H-m, HapyXHBII guameTp

My ThI Do, MM.

6.1. Iloc/ie10BaTEJIbHOCTH BBINOJHEHUS PACYETOB
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Ha mydry (00beKT nccienoBanus) AMCTBYIOT Ba (hakTopa: paauaibHOoe A U
YIJI0BOE Y CMELIEHUS MOIyMYy(QT.

Tpebyercs oneHUTh PYHKIMIO OTKIIMKA, T. €. HAUTU CBSI3b MEXy (hakTOpamu
U OTKIIMLKOM.

1. Onpenenutb KOJUPOBAHHBIC 3HAYCHUS (PAKTOPOB.

2. B xauectBe oTkimka Y mpuHATH Jorapudmel pecypcea lgl, rme L —pecypc,
BBIPXEHHBINA B 000pOTax My(THI.

3. 3agaTh QyHKIUIO OTKIIMKA MTOJIMHOMOM TEPBOTO MOPSAAKA C yueToM dPdeKTa
B3aNMOJICHCTBUS.

4. Tlpu nnaHUpPOBAHUM SKCIIEPUMEHTA BBHIOPATh IJIAH IMOJHOTO (aKTOPHOTO
SKCIIEPUMEHTA TUIa 22,

Yucno oneitoB N = 4; yuCii0 NOBTOPOB KaXKJOTO OIbITa M = 3; HE00X0UMOE
yucyo oopasnos paeHo MN = 12 (3amaHo).

Pe3ynbrarhl UCHBITAHUN HA JOJTOBEYHOCTh 3a/al0TCS KaXXAOMY CTYJIEHTY B
BU/JIE 3HAUYECHUH J1orapu(MoB pecypca.

5. BrruncauTe cpeaHee 3HAYEHUE Yy U CpEHEE KBAJAPATHUECKOE OTKIOHEHUE
Su torapugma pecypca B KaKJI0M OIIBITE.

6. Ilo pe3ynprataM HCHBITAHUI OMpeaeNnsieM OLEHKH KO3 UIIMEeHTOB (HyHK-
U OTKJIMKA.

7. Iloy4uTh OLICHKY 3aBUCMMOCTH CPEIHETO 3HaueHuUs jorapudma pecypca oT
paAuabHBIX U YIJIOBBIX CMEIIEHUNA OCEH COETMHAEMbIX BAJIOB.

8. IIpoBepuTh OMHOPOIHOCTH aucIiepcnii o kputeputo Koxpena.

9. IIpoBepuTh 3HAYMMOCTH KO3PPUIUEHTOB MOAENH MO KpUTeputo CThIOJEHTA.

10. CaenaTh BBIBOJBI 00 a1€KBATHOCTU MOJIETIH.
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IIpakTH4yeckoe 3ansitue Ne3
HAJIEXKHOCTh COEJUHEHUM C HATSITOM
1. Heab 3aHATHA: U3yYE€HUE METOJOB OLICHKU HAJEKHOCTH COEAMHEHHMH C HATArOM;
IpUOOPETEHNE HABBIKOB BBIIIOJIHEHUS PACYETOB IIPU PELICHUH 33a4 HAJAEKHOCTH.
2. I1nan BbINOJIHEHUs PadoThI:
1. I3y4uTh TEOPETUUECKYIO YaCTh.
2. 3anucaTh OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.
3. Ilomy4uuTe MHIUBHTyAJIBHOE 3a/1aHHUE.
4. BBINOJTHUATH PAaCUETHI.
3. Yka3anus 1o opopMJIeHHIO 0TYETA
OTU€T TOIHKEH CoaepXkKarhb:
- Ha3BaHHE PabOTHI.
- 1IeTb Pa0OTHI.
- OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.
- 33/1aHUE, PACUETHI.
4. TeopeTnueckasi 4YacThb.
4.1. O01mme cBegeHNs
CoenuHeHusl netajiell ¢ HaTATOM — 3TO HAIPSHKEHHbBIE COEIUHEHHS, B KOTO-
PBIX HATAT CO3/1a€TCSl HEOOXOAMMOM Pa3HOCTHIO MOCAJOYHBIX Pa3MEpPOB HACAKUBAE-
MBIX OJIHa Ha Jpyryro netaneid. Jlyig CKpeIvieHHs JeTaleil HCIOJIb3YIOTCS CHJIBI
YIOPYTOCTH MPEABAPUTEITHHO APOPMUPOBAHHBIX JI€TAJICH.
CoennHeHUs MOKHO Pa3/IeIUTh Ha ABE TPYIIIIHL:
- COCIMHEHUs AETaleil Mo IMIMHIPUYECKUM
WM KOHWYECKUM TMOBEPXHOCTSAM, MPUYEM OJIHA Jie-
Tallb OXBaThIBaeT Jpyryio (puc.l); cnenuanbHbIC
COCMHUTENbHBIC IETAIN OTCYTCTBYIOT;

Puc. 1. Coeounenusn c namseom no yuiurnopuie-
CKUM NOBEPXHOCTISM

- COCJMHEHUS
JeTajnen 110
TJIOCKOCTH €
3 HIOMOIIBIO
CTSDKHBIX KOJIEI] WJIM TUIAaHOK (puc. 2).

Puc. 2. Coeounenus nonosun Mmaxosuxkos
1O NJIOCKOCIU
a - C NOMOWbIO AHKEPOB;
O — ¢ nomowwbio Koney
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OCHOBHOE NMPUMEHEHUE UMEIOT COEAMHEHUS IEPBOM TPYIIIIHI.

CwMmellieHue fetaneil mpeaoTBpallaeTcs CUilaMi TPEHUs Ha MOBEPXHOCTU KOH-
TaKTa JeTajleH.

OOImMM JTOCTOMHCTBOM COEJIMHEHUM C HATSITOM SBJISIETCSI BO3MOXHOCTH BBI-
MOJIHEHUS UX JJI1 OYeHb OOJBIIMX HArPY30K M XOpOIee BOCHPUITHE UMH YJIAPHBIX
Harpy3oK.

[unuHapUyeckrue U KOHMYECKUE COCTMHEHUS MPOCThl B U3TOTOBJICHUH, 00ec-
MEYMBAIOT XOpOIllee IIEHTPUPOBAHUE, HE TPEOYIOT KPETEeKHBIX JeTaleH.

Henocratku:

1) oTHOCHUTENBHAS CIOKHOCTh COOPKHU U pa300pKku (0OCOOCHHO BHYTPHU HEPa3b-
€MHOT'0 KOpITyca), BOBMOYKHOCTb OCHa0JI€HUsI TIOCAJIKH U TIOBPEKICHUS MOCAT0YHBIX
MMOBEPXHOCTH IIPU pa3z0OOpKe;

2) OosbllIoe paccessHue CUJl CUEIUICHUS B CBS3U C PACCESTHUEM JCHCTBHUTEINb-
HBIX MTOCAJI0YHBIX Pa3MEPOB B Mpejiesax JOMYCKOB U K0P (HUIIMEHTOB TPEHHUS;

3) TPYIHOCTH HEPA3pPYIIAIOIIETO KOHTPOJIS.

[{unuHIpUYECKUE COEAUHEHHUS C HATSITOM MUMEIOT HIMPOKOE MPUMEHEHHUE MIPU
OOJNBIINX, OCOOCHHO IWHAMUYECKUX HArpy3Kax M OTCYTCTBUHM HEOOXOIUMOCTH B
yacToil cOopke U pazdopke. Kak u3BeCTHO, NMpU AMHAMUYECKUX Harpy3Kax IIMOHOY-
HBIE COEIMHEHUS OBICTPO OOMUHAIOTCSI.

XapakTepHbIMU MPUMEPAMH AECTaJCH, COCAUHSAEMBIX C HATATOM, MOTYT CIIy-
UTbh: KPUBOIIMIIBI, TAJIbIbI KPUBOIIUIIOB, JETAJIM COCTABHBIX KOJEHYATBHIX BaJlOB
(puc. 1, a), BeHIbI 3y0UaThIX U YEPBSIYHBIX Kojec (puc.l, B), IUCKH TypOUH, pOTOPHI
ANEKTPOABUTATENIEH, TOAIMITHUKY KaueHus (puc. 1, T) u T. 1.

XapakTep COEIMHEHHUs ONpPEAEAeTCS HAaTATOM, KOTOPbIA BBIOMPAIOT B COOT-
BETCTBUM C IMOCAJKaMH, YCTAHOBJIECHHBIMH CTAaHAAPTHOM CHCTEMOM JTONMYCKOB U IO-
canok. [IpuMeHstOoT mocagku ¢ HaTsroMm kBanutetoB 6; 7; 8. Hampumep: H7/u7,
H7/s6; H7/r6; H7/p6; H8/X8 u np..

CompoTuBiieHUs CIBUTY MpU OONbIIKX HaTsrax gocturator 12 Mlla.

Jl71st coemuHeHns TOHKOCTEHHBIX JeTalield OOJbIITNE HATATH HEMPUMEHHUMBI.

Crioco0bl COeTMHEHUSI C HATATOM:
3anpeccoeKkoil - MPOCTCHIINI B BBICOKOIPOU3BOAUTEILHBIN CIIOCO0, o0ecreun-
BaOIMN BO3MOYKHOCTh YAOOHOTO KOHTPOJISI M3MEPEHHUEM CHIIbI 3alpEeCCOBKU, HO
CBSI3aHHBIN C OMACHOCTBHIO MOBPEXKIACHUS TTOBEPXHOCTEN U 3aTPYIHAIOIIAN IPUMEHE-
HUE MTOKPBITHI;

HazpeeoMm OXBaThIBAIOLIEH JETalM J0 TEMIIEpaTypbl HUXKE TeMIEpaTyphl OTITyC-
Ka; 3TOT Croco0 0OecrnevynBaeT MOBBIILIEHNE TOYHOCTH CUEIIeHus: 6osiee yem B 1,5
paza Mo CpaBHEHUIO C 3aMPECCOBKONM U 0COOEHHO A(h(PEKTUBHBIN MPU OONBIINX U~
HaxX COCIUHCHUIM;

0XnadcoeHueM OXBAaTbIBAEMOU JETANIU - CIOCO0, MPEUMYIIECTBEHHO NMPUMEHsIe-
MBIH JIJI1 YCTAaHOBKHM HEOOJIBIINX JIeTajeil, HallpuMep BTYJIOK B MaCCUBHBIC KOPITYC-
HBIE JIETaN, ¥ 00ECIICUNBAIONINN HAanOOoJee BEICOKYIO MPOYHOCTD CIICTIICHHUS,
2uopo3anpecco8Koll - HarHETaHWEM Maclia MO JaBJICHUEM B 30HY KOHTAKTa,
YTO PE3KO CHIDKAET CHIIY 3alpecOBKH; HauOosbmias 3(HEKTUBHOCTh THIPO3ANpPEC-
COBKH M PACHPECCOBKH - B MOJIIUITHUKOBBIX Y3JIaX U KOHUYECKUX COCAUHEHHUSIX.
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Pacuér coequHeHms BKIIIOYAET ONpeieTieHne He0OX0MMOT0 HaTsATa JjIs 00ec-
MeYEHHUs MPOYHOCTH CIEIJICHUS U MPOBEPKY MPOYHOCTH COCAUHAECMBIX JCTaJICH.

Heo6xonumas BeMdrHA HATSTa OMPEAeIIsieTCsl MOTPEOHBIM JIaBICHUEM Ha I10-
CaJIOYHON TTOBEPXHOCTH. J[aBieHUE NOHKHO OBITh TaKUM, YTOOBI CHJIBI TPEHHS OKa-
3aJIUCh OOJIBIIIE BHEIIHUX CIABUTAIOIIUX CHIL.
4.2. Hané;KHoCTh COeAUHEHNH ¢ HATATOM

Heo6xoauMocTh nccieoBaHuid U pacdyeTa HaJIKHOCTU dTUX COCTUHEHHUM BbI-
3BIBAETCS OOJIBIITUM PACCESTHUEM: HATATOB, 00pa3yeMbIX KaK Pa3sHOCTh JABYX OOJBIINX
OJM3KUX Pa3MEpPOB - TUAMETPOB Bajia U OTBEPCTHSI; KOI(D(PHUIIMEHTOB TPEHHUS, 3aBUCS-
X OT MHOTUX (PAKTOPOB - COCTOSIHUS MMOBEPXHOCTH, OKCHIHBIX IICHOK, CITY9aifHOTO
MOMNaJaHus Maclia, a TAK)KE BHEIIHUX Harpy3oK.

HpG,HGHBHBIﬁ I10 IIPOYHOCTH CLCIUICHUA MOMCHT T H- M, T. €. MOMCHT, KOTO-

lim?
pblﬁ MOXKECT MEpeaaTb COCAMHCHUC ANAMCTPOM d y MM, I[J'II/IHOfI | , MM, C HATAT'OM N ,

MKM, TIPH JaBJICHUU Ha MOCAIOYHBIX MOBepxHOCTAX P, Mlla, u xoaddunmente tpe-

Hus f, paBen

K

rae K = 1,5 — koadduiivent, yauTbIBaromuii BO3SMOXXHOCTh YMEHBIIIEHUS CUJI CIIETI-

JIEHUS CO BpeMEHEM (0T MECTHBIX OOMSITUI U YACTUYHOTO CHATHUS CUJI TPEHHUS).
JlapneHre Ha 0CaI0YHON TTOBEPXHOCTH CILIONIHOTO Bajia AuameTpoM d , MM co

CTYIHIICH C HApY>KHBIM AuaMeTpoMm D, MM, U3 MaTepuanoB ¢ OJUHAKOBBIM MOIYJIEM

ynpyrocti E , Mlla, u onuHakoBbIM KO3(Q(PUIIMEHTOM MOMEPEYHOTO CIKATHUS:

(N-u)-E-10°°

d-(1+y)
1+(gjz,

U - HompaBKa Ha OOMSTUE MOCAJOYHBIX TIOBEPXHOCTEH, 3aBUCSIIAS OT BBICOTHI
MX MUKpoHepoBHocTeli Rz;, Rz,, o6sramo U=12(Rz, + Rz, ).

2
T, —05.10° %0

e Y=

ITpenenpHblil MOMEHT T, paccMaTpuBacM Kak (yHKLIUIO (IIPOU3BEICHHE) IBYX
cirydaitHbIX BenuuH P u f .

Cpennee 3HaueHUE [}, MPEAETBHOTO MOMEHTA T ONPEAEIAETCS 110 CPEIHUM

lim lim

3HaueHusM P u T .

[To mpaBmily KBaapaTH4YEeCKOro CIOXKEHUsS KOAI(D(UIMCHTOB BapHalldd apry-
MEHTOB, BXOJSIIMX B BhIpaKeHHE (PYHKIUU B BUIE MPOU3BEACHHUS, HAXOIUM KO3 (-
(bUIUEHT BapyaluH MPEAeIbHOT0 MOMEHTA

[\,2 2

rae Vo, V¢ - KoOOGQUIMEHT BapHalliy JIaBJICHHUS U KOO()QUIIMEHTA TPEHHS.
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CpenHee 3Hau€HUE JIaBJICHUS P BBIUMCISIOT 1O BBILIEHPUBEIACHHON Gopmyrie

JJIA P, B KOTOPYIO ITOJACTABJIAOT CPEAHEC 3HAUYCHUC HATATA N .

KoaddummenT Bapuamnum naBieHus
S 1
Vp = N N . — VN T ’
1_:
N
rae Vy, Sy - K03 duuueHT Bapuanuy HaTAra U cpeiHee KBaJpaTUIeCcKoe OTKIOHE-
HHE HaTsTa.
Ecnu cunrath mompaBky Ha oOMsATHE U MpomnopioHanbHOW Hatary N (rmpu

MaJIbIX HATArax), T0 KO3 QUIMEHT BApUALMH JABICHUS V) = V.

Cpeleee 3HaueHue HaTara N PaBHO PA3HOCTHU CPCAHUX 3HAYECHUM OTKJIOHCHUH

Baja € u OTBCPCTHUA E y KOTOPBIC BBIPA3UTH 4YCPC3 TaOJIMYHBIC 3HAYCHUS JOITYCKOB
ANaMCTPOB BaJia te, OTBCPCTHUA tE N HUJKHCC OTKIIOHCHHUC IHMaMCTpPa Balia ei

N=e-E=ei+05-(t, —tg).
Cpennee KBagpaTH4YeCKOE OTKIOHEHHE S, HATAra B OOBIYHOM IIPEIIIONOXKE-

HWM, 4TO JIONYCK HatAra ty =./tZ +1tZ cooTBeTcTBYyeT 6 Sy > paBHO
112 2
S N = g te + tE .

S
Torna ko3 PUIMEHT BApUALIUK HATSATA V\ = WN :
[Ipy M3rOTOBJICHKMY Baja U OTBEPCTHS 10 OJMHAKOBBIM KBAIMTETAM TOYHOCTH,
T.e. (t, =tg =t),
V21

N =ei, Vy =T=0,236l.-
el ei

Koaddumment Bapuanuu kosduiieHTa TpeHus: B IPUMEHEHUN K COSAMHEHU-
AM C HaTsIroM oObIuHO Koisiebsercs B npenenax 0,08...0,125 (B cpennem 0,1). Mens-
1IMe 3Ha4eHus - npu cOopke ¢ oxnaxaeHneMm. CaMble Majble 3HaYEHUs!, BBIXOSIIHIE
3a yKa3aHHbII UHTEPBAJ, - IPU TUIPO3ANPECCOBKE.

PaccMoTpuM 0011y0 3a7ady OLUEHKHM HAJEKHOCTU COCAMHEHMs C HAaTArOM IOJ
JIeiCTBHEM MOMEHTA CO CPEIHMM 3HAYCHUEM T ¥ KO3()(HUIIMEHTOM BapHaluu Vy .

BepositHocTh P, 0e30TKa3HOM paOOThl COEIMHEHUS MO KPUTEPUIO MPOYHOCTH
CLIETUIEHUS, KaK 0OBIYHO, OIIPEENsieM IO TabauIiaM HOPMajabHOIO PACIpENEICHUs B
3aBHCHMOCTH OT KBaHTHJIM U ;, paBHOM

yo—_ -1
2 2’
cVIim +VT

T,
rae N, = % - k02 dUIMEHT 3amaca MPOYHOCTH CIEIJICHUS 110 CPEAHUM 3Haue-
HUSIM MOMEHTOB.

OrnacHble HaIpPsHKEHUS BO3HUKAIOT Y BHYTPEHHEN MOBEPXHOCTH OXBATHIBAIO-
ey JIeTalu.
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YcnoBue mpoYHOCTH
O ke < Oi2»
rae o,,, - HanOoJIbIlIee SKBUBAIICHTHOE HAIIPSKEHHUE;
O, - IIpelieNl TEKy4eCTH MaTepralla OXBaTbIBAIOLICH ETaIIH.
CpenHee 3HaYCHHUE DKBUBAJICHTHOTO HANIPSDKEHUA O, , PABHO

2p

O 16 RN
-(5)
D

Koa¢ddunuent Bapuanuu V,,, HapsbkeHUs o,,, paBeH K03 duuueHTy Bapu-

alinun Vp JaBJICHHA Ha HOCEII[OLIHOI‘/II IMOBCPXHOCTU COCOANHCHU.

BepostHoCTe 0O€30TKa3HOM paboThl P, MO0 KPUTEPHIO NPOYHOCTU JeTajeu

OIIPEICIISIEM B 3aBUCUMOCTH OT KBAaHTHUJIN
n,-1
Up =" 2 2 2 '

(of
A t2
n, =—

- KOB(b(bI/II_[I/IeHT 3alaca IIpOYHOCTH 110 CPCIHHUM 3HAYUCHHAM IIPCACIIA

rae
IKe
TCKY4CCTU Oy, W HAIPSDKCHUS

IKE !

V, - K03((UIMEHT BapHUaliK NIpeJiena TEKyUECTH.

HanexHoCTh COeTMHEHUs C HATATOM, XapaKTepU3yeMyl0 BEpOSTHOCTHIO O€3-
OTKa3HOM pa0oTel P, ompezenseM kak npousseneHue sepoaraocren P =P, - P, .

5. KoHTpobHbIE BONPOCHI
1. Kakue coeirHeHUs ieTaleld Ha3bIBAIOTCS COCAMHEHUSMU C HATATOM?
2. Kakue cuibl HCIOJIB3YIOTCS 1JIsl CKPEIJICHU JIeTaien?
3. Ha xakue rpyImmbl MOKHO pa3AenuTh COEIUHEHUS C HATSITOM?
4. Yem mpeoTBpAIIACTCS CMEIIECHHUE JACTalel B COCAUHEHUSAX C HATSTOM?
5. Yto sBasieTcs 0OIMM JOCTOMHCTBOM COSAMHEHUM ¢ HATSITOM?
6. KakoBbl HEJOCTATKM COESIMHEHUI C HATATOM?
7. Kakue mocagku CTaHIapTHOM CHCTEMBI JOMYCKOB M TOCAI0OK HauboJyiee pacrpo-
CTPAHEHBI ISl COEAMHEHUH C HATATOM?
8. [lepeuncnute criocoObl COSTUHEHUS C HATSATOM.
9. Uto BKIIOYAET B ce0s1 pacyET COeNMHEHUs?
10. Kak onpenensiercs HeoOxoaumasi BeJIMUMHA HATsTa?
11. Kakum 101KHO OBITH IaBJICHUE HA TOCAJOYHON MTOBEPXHOCTHU?
6. 3aganus.
1. CoequHeHue 3y0UaToro Kojeca co CILIONIHBIM BajoM auamerpoMm d = ...
MM COOTBETCTBYET IOCAAKE .......
CoenvHeHNEe HArpyKeHO BpalarolmuM MoMeHTOM 7, 3aJaHHBIM Ciy4alHOUN
HOPMAJIbHO PACTIPEIEIEHHON BEIMYMHON CO CPEHUM 3HAYEHHEM T = ........ H-Mmnu
k03(ppumenToM Bapuanuu V= .......

Onpenenutb BEPOATHOCTh OE30TKAa3HOW PabOThl COENUHEHMSI MO KPUTEPHUIO
IIPOYHOCTH CLEIUIEHUS, €CIIU U3BECTHO:
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- BEpXHEE U HIDKHEE OTKJIIOHEHHSI TuaMeTpa OTBEpCTHUs 3y0UaToro Kojieca

BO,=........ MkM, HO, = ........ MKM,
- BEpXHEE U HIDKHEE OTKIIOHEHMs tuameTpa Baja BOg =....... MM, HOg = ....... MKM,
- IMaMeTp CTYMUIlBI 3y0uaroro kojgeca D =...... MM,
- ITTMHA TI0CaI0YHOI moBepXHOCTH | = ..... MM,
- BBICOTA MUKPOHEPOBHOCTEH 1MOCAZ0UHBIX TOBepXHOCTEH Rz, =...MKkM, RZ,=... MKM,
- MOZyJIb YIIPYTOCTH MaTepuania (craip) neraneid E = ....... Ml]a,
- cpeiHee 3HaueHue KodPQuirenTa TpeHus u kodpduurent Bapuammu kod3hduiin-
eHTA TPEHHUs COOTBETCTBEHHO PAaBHBI T = ....... yVe= i, ,

- ko3¢ unmeHT K, yYuTHIBAIOIIUN YMEHbBIIIEHUE CO BpeMeHeM AaBienus, K = ......

2. OnpenenuTbh BEPOSITHOCTh 0€30TKa3HOU pabOThl COCTUHEHHS C HATATOM II0
KPUTEPHIO MMPOYHOCTH OXBATHIBAIOLIEH JeTalH (CTYNULBI Koyeca). XapaKTepUCTUKU
COEIMHEHHUSI PUBE/ICHBI B IPEABIAYIIEM 33/IaHUU.

Cpennee 3HaueHue Mpejesia TEKy4eCcTH MaTepHalla OXBaThIBAIOUIEH AeTaliu
oy, = ..... MIla, koo purmenT Bapuamun V, = .....



34

IIpakTHyeckoe 3ansitue Ne4
OINPEJIEJIEHUE 3AKOHA PACIIPEJIEJIEHUSA ®YHKIIUA
1O 3AKOHAM PACIHIPEJAEJIEHUSA APTYMEHTOB
B ITPUMEHEHUWHU K 3AJAYAM HAJTEKHOCTH

1. Hdeab 3aHATHA: U3YUYCHHUE METOOB OINpPEIETICHUs 3aKOHA pachpeeseHust yHKIui
[0 3aKOHAM PACIIPEACIICHUSI apTyMEHTOB B IPUMEHEHHUH K 33J1a4aM HaJAEKHOCTH; MPHU-
oOpeTeHne HABLIKOB BHITIOJHEHHUS pacYETOB MPH PEIICHUU 3a/1a4 HAIEKHOCTH.
2. ILaH BbINOJIHEHUsI pA0OTHI:

1. I3y4nTh TEOPETUUECKYIO YaCTh.

2. 3amucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHI.

3. Ilomy4nTh HHAMBUAYAIBHOE 3aJaHUE.

4. BBINOJTHATH PaCUETHI.
3. Yka3anus 1o opopMJIeHHIO 0TYETA

OT4€T HOMKEH COIEPKATH:

- Ha3BaHue paloThI.

- 1Ie/Th PaOOTHI.

- OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.

- 3aJJaHNE, PACUETHI.
4. TeopeTnueckasi 4YacThb.

B Teopuun HaneKHOCTH UCCIIEIOBAHNE 3aKOHOB PACIIPENEICHHS U pacyeT napa-
METPOB pacnpeesieHuil (PyHKUMN HyKHbI JJIs1 OLEHKH HaJIeKHOCTH CUCTEM IO Tapa-
MeTpaM Ha/IeKHOCTH 3JIEMEHTOB.

4.1. Pacnpenesienne GpyHKUMA OTHOTO ApryMeHTa.

OfHUM W3 TUNWYHBIX IPUMEPOB ATOTO pacdera B 00JaCTH MPOYHOCTH SIBIISIETCS
OIpENIETICHNE 3aKOHA pAaCHpeeeHUs] HANpPsHKEHHS] B OMACHOM CEYEHHMH JIETalH I10
3aKOHY pacipe/iesICHUsl Harpy3Ku.

ITycts 3amana mutotHocTh pactpenenenust fi(X) ciywaiinodt Benmmumubl X H

TpeOyeTcst OnpeenTh TIOTHOCTL pacnpeneneHus f2(y) ciydaiinoi BemuyuuHbl Y, SB-
Jstroneiics n3BecTHOM MOHOTOHHOHM pyHKIMen @ ot X, 1.e. Y =@(X).
BeposiTHOCTh MonagaHust CIy4aifHOW BETUYUHBI Y Ha AJIEMEHTApHBIA OTPE30K
dy paBHa BepOsATHOCTH MonagaHus Ha dX ciaydaiHOW BeaMuuHbI X, T. €.
Bep (y<Y <y+dy)=Bep (x<X<x+dx)

fa(y)dy =f1(x)dx.
Torga mIOTHOCTh pacnpelesieHus cydailHON BEIMYMHbBI Y MPUHUMAET IOJIO-
KUTEJIbHBIC 3HAUCHHUSI, OIIpeiesiieMble 1o (popmyiie

fz(y)=f1<x)j =t fwy]

rne y(y) — ¢yHkuus oOpaTHas 3aaHHON (byHKuHH o(X).

PaccMmoTpum nuHelHy0 QyHKITHIO
Y=a+bX,

51150

1)

rae a u b - KoHCTaHTEL.
Haxoauwm obpaTtHyto GyHKITHIO
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ya Y —-a
b
U €€ TIPOM3BOTHYIO
dx_1
dy b’

Vickomasi GyHKITUS TUIOTHOCTH CITy4aiHOM BETUYHHBI Y OIMpPeNessieTCsI
1,.(y-a
fo(y)=—F| — |.
27 o
B cnyuyae HOpMalIbHOTO pacrpesiesieHus CiiydaiiHoro aprymeHTa X IJIOTHOCTb
pacnpenenenust fj(X) paBHa
2
_(X_mx)
1 262
fi(X)=—"=—e O ,
Cy2Tm
rae my u Dx =0'>2( - TapaMeTphl pacnpeeneHus (MaTeMaTHYeCcKoe OXXKHUIaHuEe U

JIUCHEPCHS]) CITyYailHON BEIMYUHBI X;
Gy - CpeliHee KBaJApaTUUECKOE OTKJIIOHEHUE CIIy4alHOM BETMYMHBI X,

Torz[a IINIOTHOCTD PACIIPCACICHUA IJIA Y

[y—(a-+bm x)]2
2b20')2(

1
fo(y)=— ¢
2(y) boy v2r

HOCHGI[HGG BBIPAKCHHC IIOKA3bIBACT, YTO cnyqaﬁHa;I BCJIIMYHMHA Y, SABJIIOIIAsICA

JTUHEWHON (YHKIIMEH HOPMAJIbHO PACIPENIe]ICHHOTO apryMEHTa, pacIpelessieTcs 1o

HOPMAJIbHOMY 3aKOHY € nlapametpamu: My =a+bmy u Dy = bZDX = bzc)z( :

4.2. Pactipenenenue ¢pyHKIMY HECKOJIBKUX APTYMEHTOB.

[IpsMoii aHATTMTUYECKUIT METO 3aKJIFOYAETCSl B HETTOCPEACTBEHHOM ONPEICIICHUN
HMHTErpupoBaHreM (TI0 OOIIUM 3aBUCUMOCTSIM TEOPUU BEPOSITHOCTEH) MIOTHOCTH pac-
npeaeneHnss GYHKUUHU 10 BBIPAXKEHUSAM (YHKUUH IJIOTHOCTU pacHpelesieHuil apry-
MeHTOB. OIHaKO pe3yJbTaT B KOHEUHON (OpME MOXKET ObITh MOITYYEH TOJBKO B He-
KOTOPBIX YAaCTHBIX CIyYasx.

PaccMoTpuM oaMH mpoCTENIIMK Clydall — KOMIIO3ULIMIO JBYX 3aKOHOB pac-
NpeaeNeHusi, T. €. 3aKOH pachpeaeseHusi CyMMbl Z JABYX HE3aBHCHMBIX CIy4alHbIX
BenmuuH X U Y MPH U3BECTHBIX IJIOTHOCTSAX uX pacnpenenenuit f1(X) u f2(y):

9(2)= [f()f2(z—x)dx = [f1(z-y)f2(y)dy.
B cnydae HOpManbHBIX pacTipeieieHU cydaiHbIX BeTMUuH X U Y
(x=my)? (X_my )2

1 262 1
)= —e 29 u  fy)=——

B 2
e 20'y
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X KOMITIO3HUIIHUSA UMECT TAKXKCE HOpMaJILHLII?'I 3aK0OH paCHpeI[eHeHI/ISI:
(X_ m; )2

2
e 205 ’

1
f(z2)=——=
o,V2n
rae My, My, My -MaTeMaTH4CCKUC OKUIAHUS cinydaHbIX BenuuuH X, Y u Z;
2 2 2 ., .
ox =Dy, oy =Dy, 67 =D; - aucnepcun cy4aitnbix senuyus X, Y u Z;
D, =Dy + Dy;

Oy, O'y y Oz - CPCAHNC KBAAPATUICCKHUEC OTKIIOHCHUA BCJIIMYNH X, YulZ.

Y CTaHOBUTH 3aKOH pacrpeiesieHus] GYHKIIUH MOXKHO TaKke OOBIYHBIMU METOa-
MM MaTeMaTHYECKON CTATUCTHKH MO OTJEJIbHBIM YMCJIOBBIM 3HAYE€HUSM (YHKIINH, BbI-
YHUCJIEHHBIM 10 OT/EJIbHBIM YHMCJIOBBIM 3HAYEHUAM (DYHKIMNA U3 psifia CIyyailHbIX 4H-
ceJl, HallpuMep METOJIOM CTaTUCTUYECKOro (MMUTaumoHHoro, Monre-Kapio) monenu-
POBaHMH.

N3-3a cnokHOCTH OOUIMX aHAIMTUYECKUX METOAOB ONPEAETICHUS 3aKOHa pac-
npezaeneHus (yHKIMN MO 3aKOHaM paclipelesieHUs] apryMEHTOB HIMPOKOE MpaKTHde-
CKO€ IPUMEHEHHUE TaKKe METOJ] ONpeAeSIeHUs] TapaMeTpoB pacipeenaeHns GyHKIUU
Ha OCHOBE €€ JIMHEapU3ally B TOCTATOYHO Y3KUX NIPEEIax U3MEHEHUS apIyMEHTOB.

g sroro yHKUMA packiaabiBaeTcs B pAn Teiyiopa ¢ COXpaHEHHEM IMEPBBIX
nByx wieHoB. lIpeanonaraercs, yto GpyHKuMs HenpepbiBHas U quddepeHunpyemas.
B atom ciydae mis yaknun Y =@ (X1, Xz, ...,Xn) MaTeMaTH4ecKoe OKUIaHHE

My =@(My, , My, , ..., My ), (5)
TUCTIEPCUS
2
dy
Dy =>| — . 6
y Z dX: DXi ' ( )
i
My,
rie X1, Xz, ..., Xn — HE3aBUCHUMBIE CTy4YailHbIe BEJTMUUHBL;
My, My, , ...,My - X MATEMAaTHYCCKHE OXKUIAHNS;
Dy, Dx, s -y Dx,, - uX mucnepcumn.
v 2
Nunexkc y npousBOAHOU | —— O03HAYaeT, YTO €€ YHUCIOBOEC 3HAUYCHUE
i Jm,,

ONPEACISIFOT MPH X; =M, .

Ecnun marematnyeckne 0XXuAaHUs apryMEHTOB HE COBHNAJAKOT C UX HOMHHAJIb-
HBIMU 3HAYEHUSIMH, YKA3bIBAEMBbIMH B TEXHUYECKOM JTOKYMEHTAlLlUH, TO IAapaMeTpPhI
pacripenenenus QYHKIIUA MOXKHO OIPESTUTh Yepe3 HOMUHAIbHbIC 3HaueHUs (PyHK-
IIUUA Yy U QPTYMEHTOB Xiu, X2u, «++, Xun ¥ 3HAUCHUSI YACTHBIX MTPOU3BOAHBIX (DYHKITUN
MPU HOMUHAJIbHBIX 3HAYEHUSAX APTYMEHTOB.

Torna
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2

dy dy
My =y, +2| —o | ~Xu—My), D,=>|—| -Ss-
y Z dXI . y Z dxl . i
5. KoHTpobHbIE BONIPOCHI.
1. KakoBa mocienoBaTebHOCTh HAXOXACHUS TUIOTHOCTU pachpenenceHus QyHKIUU
OJIHOTO apryMeHTa?
2. 1o xkakOMy 3aKOHY pacHpeneisieTcs cliydaiiHas BEJIMYMHA, SBJISIOLIASICS JIMHEUHOM
(GyHKIMEH HOPMAIBHO PACHPEICICHHOTO apryMeHTa?
. UTo Ha3bpIBaeTCA KOMIIO3HIIMEN IBYX 3aKOHOB pacnpeneaeHus?
4. Kakoii 3aK0H pacnpeieJeHUs] UMEET KOMIO3ULMS JBYX HOPMaJIbHBIX 3aKOHOB pac-
npeaeneHus ?
5. YUTO Ha3bIBaETCS KBAHTUIIBIO?
6. 3amanus.

1. KoHTaKkTHbIE HANPsKEHUSI Gy HA PabOYMX MOBEPXHOCTAX 3yObEB MPSIMO IPOIOP-

W

[MOHAJIbHBI KOPHIO KBaIpaTHOMY KpyTsiero momenta T, T. e. oy = bvT ,roe b -

KOd(DPUITMEHT MPONOPIIHMOHATEHOCTH.

OnpenenuTs MIOTHOCTh PACIpeeICHNUs] KOHTAKTHBIX HAIPSKEHUM, €CIIU Kpy-
TSI MOMEHT SIBJISIETCA CITy4allHOM BEJIMYMHOW PACHPEICTICHHON M0 HOPMAJIbHOMY
3aKOHY C MaT€MAaTHUYECKUM OXKMIAHUEM M, U CPEIHUM KBAJAPATUYECKUM OTKJIOHE-

HHUEM O ;.

2. CryyaiiHas BeJIMIMHA — BpeMs1 O€30TKa3HOU pabOThI YCTPOWCTBA TIOMIMHEHA YKCIIOHCH-
MATbHOMY 3aKOHY C IUIOTHOCTB PaCIIpe/ICIICHUs
f]_ (t) = 7\.8_7\1 .
OpnHa u3 XxapakTepucTuk Y pabOThl yCTPOMCTBA CBsi3aHa ¢ T 3aBUCHMOCTBIO
Y =o(t)=......
OnpenenuTs MIOTHOCTh PACIPEICIICHHS XapaKTEPUCTUKN Y .
3. Hecymas cnocobHnocth neranu R um geiicTByromas Harpyska F pacmnpeneneHs mo
HOPMaJIbHOMY 3aKOHY.
OnpenenuTs IIOTHOCTH pacnpenenenus ¢pyukiun Z = R— F.
Boruuciuts BepositTHocTh P(Z > 0), Ha3biBaeMyt0 BEPOSTHOCTBIO HEPA3PYIICHHUS

WJIM BEPOSTHOCTBIO O€30TKAa3HON pabOThI, €CITM MaTeMaTUYECKUE OXKUIAHUS HEeCYIIeH
CITOCOOHOCTH M Harpy3KH COOTBETCTBEHHO PaBHBI

Mg=...... H, mc=..... H,
CPCOHNC KBAAPATUICCKUC OTKIIOHCHUA R u F COOTBCTCTBCHHO PABHLI
OR= oot H, GE=........ H,

4. O1leHUTh METOJIOM JIMHEAPU3AIMU YHCIIOBbIE XapaKTepUCTUKU Kod(pduiineHTa 3a-
rnaca MmpoYyHOCTH N, paBHOT'O OTHOILIEHUIO HeCylel crnocoOHOCTH R u AeiicTByromei
Harpy3ku F.

Cpennue 3HaueHust R 1 F cOOTBETCTBEHHO paBHBI
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IIpakTHuyeckoe 3anaTue NeS
NPUMEHEHUE METOJA CTATUCTHYECKOI'O MOAEJIMPOBAHUA
JIJISI PEHIEHUS 3AJTAY HAJTEXKHOCTH

1. lleab 3aHATHSA: U3yYEHUE METO/Ia CTATUCTUYECKOTO MOACTUPOBAHUS, TPHUOOpETEHHE
HABBIKOB BBIIIOJIHEHHS PACUETOB IPU PEHIEHUH 3a/1a4 HAIEXKHOCTH.
2. IllopsiaoK BbINOJIHEHUSI Pa0OTHI:

1. I3y4nTh TEOPETUUECKYIO YaCTh.

2. 3anucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHL.

3. IlomyunTh HHAMBUAYAIBHOE 3aaHUE.

4. BBINOJTHATH PACUETHI.
3. OTYET 10J17KEH COePKATD:

1.Ha3Banue paboThI.

2.1lenb paboTHI.

3.0TBEeThI Ha KOHTPOJIbHBIE BOIPOCHL.

4. 3aganue, pacy€Thl.
4. TeopeTuueckasi 4acThb.

3.1. Meron cratuctuueckoro MozenupoBanus (meron Mounte-Kapio) npumens-
eTcs JUIsl pelIeHus 3a1a4 HaJSKHOCTH IIPU OTCYTCTBHM WJIH CIIOKHOCTH aHAJIATHUYE-
CKUX PELLICHUM.

Ero Ha3pIBalOT Takk€ METOJOM MMHUTALMOHHOTO MOJEIUPOBAHMS 3a BBICOKHIA
YPOBEHb aJICKBATHOCTU MOJENIH peajbHbIM U3y4aeMbIM IpoueccaM. Metoa siBisieTcs
YUCJIIEHHBIM METOOM.

CyIIHOCTh €ro 3aKJII0YaeTCsl B TOM, 4TO IMpoiiecc GyHKIIMOHUPOBAHUS TEXHOJIO-
TMYECKOM MaIlMHbI UMUATHpYETCsI Ha DBM.

MMuTanus ciy4ailHbIX BEJIMYUH ([IapaMeTpOB, HATPY30K U T.I1.) C 3a/IaHHBIM 3a-
KOHOM pacipeeleHns TPOU3BOIUTCS MPY OMOUIN CITyYailHbIX YHCE.

JUId mosTydeHUsl CIIy4ailHbIX YHMCEN MCHOJB3YIOT CHELUAIbHBIE T€HEPATOPHI
CIIyJailHBIX YHCell, TAOIUIBI CTyYalHBIX YHCEI WK UX BRIUUCIAIOT HAa DBM.

Jliis MeTona xapakTepHbl OCOOCHHOCTH: HArJsiiHAsk BEPOSITHOCTHAST TPAKTOB-
Ka, IPUMEHUMOCTb K HCCJIEIOBAaHUIO CUCTEM OOJIBIION CIOKHOCTH, IPOCTasi BHIYKC-
JUTENbHAS MPOIleaypa ¢ OJTHON CTOPOHBI U OOJBIION 00beM BBIYUCICHUN JJIs TIOJY-
YEHHUS PE3YJIbTATOB JOCTATOYHOW TOYHOCTH C APYTOM.

3.2. OgHuM U3 nokKazaresield PEMOHTONPUTOJHOCTH U COXPAHSAEMOCTH TEXHO-
JIOTUYECKOW MAlIUHBI ABJISIETCS KOA(P(ULIMEHT TOTOBHOCTH.

KoadduimeHT roToBHOCTH — BEPOSTHOCTH TOTO, YTO TEXHOJIOTMYECKAsT MAaIllU-
Ha OKaXeTcs B pabOTOCIOCOOHOM COCTOSIHUM B IPOU3BOJIBHBIA MOMEHT BPEMEHH,
KpOMeE NIEpUOJIOB, B KOTOPBIX AKCILTyaTalysl HE IPEyCMaTPUBAETCSL.

ty, ty, ty

< > ! M e
O — 2 - @ >
tHO]_ tHO 2 -~ I tHOi t

Puc. 1. Cxema pabomvi mexHono2uueckou MauiuHbi.

A
A
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Koadduiment onpenenstor kak OTHOIIEHHE MaTeMaTUYeCKUX OKUIaHHUM Bpe-
MEHU HaXOXACHHs B pabOTOCIOCOOHOM COCTOSIHUM K MareMaTHUYeCKUM OXKUIAHUSIM
CYMMBI 3TOTO BPEMEHH U BPEMEHHU BHETUIAHOBBIX PEMOHTOB.
5. KoHTpoJibHBIE BONIPOCHI
1. B kakux city4asx MpUMEHSIETCS METO]T CTATUCTUYECKOTO MOJICTTMPOBAHNSA?
2. IloueMy MeTOJ CTATUCTUYECKOTO MOJICTTMPOBAHUS HA3BIBAIOT TAKXKE METOJOM UMHU-
TallMOHHOTO MOJICTTUPOBAHMUS?
3. B uém 3akirodaercs ero CynHocThb?
4. Kak npou3BOAUTCA UMHUTALIMA CIIy4alHbIX BEJIWYUH (ApaMeTpOB, HATPY30K U T.I1.)
C 33/IaHHBIM 3aKOHOM pacipeeieHus?
5. YTO UCTONB3YIOT AJIsl MOJIYYEeHUSI CITyYallHbIX yucen?
6. Kakne 0cOOEHHOCTH XapaKTepHBI Il METO/1a CTATHCTUYECKOTO MOACTUPOBAHMS?
7. K kakum nokaszaTensiM OTHOCUTCS KO3(h(PHUIIMEHT TOTOBHOCTHU?
8. Uto mpeacTaBiseT co00it KodhPUIMEHT TOTOBHOCTH?
9. Kak onpenenstor k03 UIUEHT TOTOBHOCTH?
6. 3amanue.
B mpouecce paboThl TEXHOJIOTMUYECKONM MAIIMHBI BO3MOYKHBI BHE3AIHbIE OTKa-
3bl, KOTOPbIE YCTPAHAIOT BHETJIAHOBBIMU peMOHTaMH (puc. 1).
Bpemst pabOTeI MamMHEI 10 OTKa3a t,, ABIAETCA CIy4allHOW BEJITMYMHOM pac-

IpeeI€HHON 10 HOPMAIBHOMY 3aKOHY C ITapaMeTpaMu:
- MaTEMaTH4ECKOE OKUJAAHUE M, MUH,
HO

- CpeaHee KBaApaTU4CCKOC OTKIIOHCHNE O; MMUH.
HO

Bpems pemonTa tg Taxke ABIAETCS CIlydallHOW BEJIIMYMHOM PACIpEneaEéHHOU

110 HOPMaJIbHOMY 3aKOHY C MTapaMeTpaMH:
- MAaTEMaTHYECKOE 0KUIAHUE M, MUH,

- CpeAHEC KBAAPATHICCKOC OTKIIOHCHUC G, MHH.

PaccuntaTh K03((UIMEHT FOTOBHOCTH TEXHOJOTMYECKOW MAIlIUHBI; YCTaHO-
BUTh CTENEHb BIUSHUA HAa BEJIMYMHY KOA(DPUIMEHTAa TOTOBHOCTH paccesHusl Mpo-
JNOJKATEIIBHOCTH BPEMEHH BOCCTAHOBJICHHSI TEXHOJIOTMYECKONM MAIIMHBI - CPEAHETO
KBaJ[PaTUYCCKOT0 OTKIOHCHUS O .

/. IlopsaAioK BbINOJTHEHUSI padOTHhI.

7.1. Pacuém xo3gguyuenma 20mosHocmu.

Pacuér Benercs B Tabnuuno# hopme (cM. Tabnuiry 1).

1. ITomyunts Ne BapuaHTa 3a1aHusl.

2. B xononku 2 u 4 B coorBeTcTBUU ¢ No BapraHTa BIUCATh CIy4allHbIE HOP-
MaJIBHO pactpenenénnpie uncna Xi, (i=1,2,...,30)n y;, =1, 2, ..., 30) c mare-

MaTHYECKUM OXKHJaHueM M = 0 ¥ cpeJHUM KBaJpaTHYECKUM OTKJIOHEHHEM ¢ = 1.
3. BEIMHCIHTD Tyq, tBj Y 3aII0JIHUTB KOJIOHKH 3 1 5.

4. Berancnuth BeTUIHHY KO3 PUIeHTa TOTOBHOCTH.
KoaddummeHT roroBHOCTH paBeH
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30
_thHOi
1=
Kr =5 30 (1)
_ZtHOi + Z tBJ
i=1 j=1
Tabmuna 1
Ne | Cmyd. HOpM. tho, = Ciy4d. HOpM. tBj =
npe. _ npes. 4u
Xi MHUH. MHH.
1 2 3 4 5
1
2
3
30
30 30
Ztnoi = )y tBj =
i=1 j=1

7.2. WccnenoBanue BIUSHUS paccesiHUS MPOJOJKUTEIBHOCTH BPEMEHU BOC-
CTaHOBJICHUS (CPEAHEr0 KBAaJpaTUYECKOr0 OTKIOHEHUS G, ) Ha BEIMYUHY KO3 u-

OHUCHTA 'OTOBHOCTH.

Pacuér Benercst B TabnuuHO# popme (cM. Tabmuity 2).

1. ITomyunts Ne BapuaHTa 3a1aHusI.

2. B ko5ioHKY 2 BceMm Opurajam BIUcCaTh yKa3aHHBIC MPENoaBaTeIeM CilyJyan-
HblE€ HOPMAaJIbHO pacnpeienéunsie unciaa X, (I =1, 2, ..., 30) ¢ MaTeMaTHYECKHM
oxxkusanueM M = 0 ¥ CpeTHUM KBaJpaTHYECKUM OTKIIOHEHHEM G = 1 .

Tabnuia 2
No Cityu. HOpM. tho, = Cityu. HOpM. tBj =
pacnpe)z(xi. qucna | _ ot Xj+Mmg pacnpe;[j. yucia =Gy -yj+mg
MHUH. MUH.
1 2 3 4 5
1
2
30
30 30
ZtHOi = Z tBJ =
i=1 =1
3. B kononky 4 kaxmou Opuraze B cCOOTBETCTBHM C €€ No BapuaHTa BIHCAThH
CITydaiiHble HOPMAIBHO pactpenenénnbe uncna Y;, (j = 1,2, ..., 30) ¢ maremaruye-

CKHUM OXuaanueM M = 0 U cpeJHUM KBaJIpaTUYECKUM OTKJIOHEHHEM ¢ = 1 .
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4. Beruncauts ty, , ty ¥ 3aI0JHATH KOJOHKH 3 U 5.

5. Berunciuth Beauuuny ko3 puiimenTa roroBHOCTH 1o ¢popmyiie (1).
6. Ha ocHOBaHMM MONy4YEeHHBIX BCEMH OpUTagaMu BeTUYUH Kod(dduiinenra ro-
TOBHOCTH ITOCTPOUTH Tpaduk K, = f(cst )

7. CnenaTh BBIBOJ O CTEICHU BIIMSHHS Ha BEIUYUHY KO3 UIIMEHTa TOTOBHO-
CTH pAacCesiHUSI MPOJOJDKUTEIBHOCTH BPEMEHH BOCCTAHOBIICHUS TEXHOJIOTMYECKOU
MAIIUHbI (CPETHET0 KBaAPAaTHYECKOTO OTKIOHEHUS O ).
B
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IIpakTH4yeckoe 3ansitue Ne6

OIEHKA HAJEXHOCTH IIPU MEXAHUYECKOM HU3HAIIINMBAHHUU

1. denb 3aHATHSA: U3yYEHUE METOJIOB OLECHKH HAJAEKHOCTU IPU MEXAaHUYECKOM H3HA-

IIMBAaHUM; TPUOOPETEHNE HABBIKOB BBIIIOJHEHUS PACUETOB MPU PEILICHUN 3a]a4 HaAEXK-

HOCTH.

2. IlopsiioK BHINIOJIHEHHSI PA0OTHI:

1. I3yunTh TEOPETUUECKYIO YaCTb.

2. 3anucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHL.
3. IlomyunTh HHAMBUAYAIBHOE 3aaHUE.

4. BBINOJTHATH PACUETHI.

3. Yka3anus 1o opopMJIeHHIO 0TYETA

OT4€T NOKEH CONIePKATh:

- Ha3BaHKE PabOTHI.

- 1IeJTh PabOTHI.

- OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.
- 3aJJaHAE, PACUETHI, BBIBOJIBI.

4. TeopeTnueckasi 4YacCTh.

N3HOCOCTOMKOCTD TpyLIEHCs mapbl OOBIYHO XapaKTEPU3YIOT WHTEHCHUBHOCTBIO
u3HamMBaHus |, paBHOW TOJIMHE W3HOILIEHHOIO CJIOSl HA €UHULYY IyTu TpeHus. [o
WHTEHCUBHOCTH W3HAIMBAHUSA, CKOPOCTH OTHOCUTENILHOIO IMEPEMELICHUS TPYILIHXCS
MOBEPXHOCTEW V U BpeMEHH pabOThl t MOMXKHO OLEHUTH JUHEHHBIA U3HOC JETaIH

W = Iut (1)

MHTEHCUBHOCTBIO M3HAIIMBAHUS €CTh (DYHKLMS MaTepuaioB, CMa3KU, JaBJICHUS
u ckopoctu. dopmyna npeanonaraeT CoXpaHeHUE BUJA TPEHUS U OTCYTCTBUE CYIIE-
CTBEHHOT'O BJIMSTHUS TEMIIEPATypbl HA UHTEHCUBHOCTh U3HAIIMBAHUS.

OneHKy HaZeKHOCTHU CIEeIYyEeT BECTH:

- 110 U3MEHEHUIO JIMHEHHOIO pa3Mepa OJHOM JETalld, KOTOPOE MOYKET XapaKTEepU30BaTh
TOYHOCTh (HAIpUMep, W3MEPUTENbHBIN, PEXYUMH HHCTPYMEHT) WIM NPOYHOCTh
(Harmpumep, pabodre OpraHbl MaIlIHH);

- 110 U3MEHEHUIO COYETaHUs JIMHEHHBIX Pa3MEPOB COIPSIKEHHBIX JAETAJIEH - 3a30POB B
NOJIUIMITHUKAX, I1aroB 3y04aThIX Mepeaay, KOTOpoe MOXKET XapaKTepu30BaTh JUHA-
MHUYECKHE Harpy3Kku, HECYILYIO0 CHOCOOHOCTb, IIIyM U BBIXOJAHYIO TOUHOCTb.

OOBIYHO U3BECTHO MPEAETBHO JIOMyCTUMOE 3HaYEHUE pazmepa hnpea , IPY U3HO-

C€ 10 KOTOPOro AEeTajld CHUMAIOT € OKCILTyaTauuu. TakxKe 3aaHO CpelHee 3HaYEeHHe
Nypeo U CPeMHEE KBapaTHIECKOE OTKIOHEHNE Sh HAYaIBHOTO pasmepa. B atom ciry-

qac, €CJIM U3BCCTHLI CPCAHCC 3HAYCHNC MHTCHCHUBHOCTHU HM3HAIIMBAHHWA | uee K03(1)—
CI)I/II_II/IGHT Bapuanuu Vi, MOKHO OICHUTHh KBAHTHUJIb HOPMAJIBHOT'O paclIpeacICHUs u P

a 0 Hel BepOsITHOCTh 0€30TKa3HOM paboThl Aetanu P:

Up =-— n-1 | 2)
novi +vi
ATV

S
rae Vo = % - k03P GULIMEHT BapHaIluu pazMepa JAeTau;

B CJIy4yae pacuera Mo MpeaeiabHoO JOMYCTUMOMY YMEHBILIEHHUIO pa3Mepa
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A= hnpeo - hnpe()’
a B CJly4ae yBeJIMYeHuUs (Hampumep, 3a30pa)
A=h

h

nped ~ ''nau

n= % vt YCIIOBHBIN KOA((UIIMEHT 3amaca 1o U3HOCY, BEIYMCICHHBINA KaK OTHO-

IICHHUE CPEHUX 3HAYCHHI TOMYCTUMOro u3Hoca A k neiictButenbHomy IVt .
Ecnu paccmaTpuBaeTcss M3HALIMBAHUE TMOMANIMITHUKA CKOJBXKCHUS O€3 cyle-
CTBEHHOTO UCKaKCHUS (DOPMBI, TO
Nypeo - TipesierbHO MoMycTUMBI 3a30p,

hHalI_ CPpCAHCC 3HAUCHUC HAYAJIbHOI'O 3a30pa,

e 2 2
Sh = Se + Sem - CPCAHCC KBAAPATHYICCKOC OTKIIOHCHHUC HAYAJIbHOI'O 3a30pa,

rac Sg, S em -~ CPCOHHUC KBAJAPATHYCCKUC OTKJIOHCHMA AHUAMCTPOB Bajla U BTYJIKH,

MIPUHUMAEMBbIE PABHBIMU IIIECTOM YAaCTH COOTBETCTBYIOLIUX JOMYCKOB.

B nenHeIx nepenayax pecypc 0ObIMHO OrpaHUYEH M3HOCOM IIETH, IPU KOTOPOM
MOXET HAPYIIUTHCS €€ 3alleTUICHUE CO 3BE3JI0UKON (MPUHUMAIOT JIONMyCTUMBIM YBe-
nuyeHue mara nenu 3%). XoTs ¢ u3HAIIMBAHUEM 1IN U3HAIIMBACTCS TaKXKE U 3BE3-
JI0UKa, U3HOC TIOCJICIHEW MEHEEe MHTEHCUBEH, TaK KaK B COIMPSKEHUM POJIUK LIETH —
3y0 3BE3/I0YKH, UMEET MECTO, KaK MPaBUJIO, TPEHUE KAUEHUs, a B IIAPHUPHOM COIpS-
KEHUM JIBYX 3BEHbEB OOJIBIIMHCTBA IIENEe — TPEHUE CKOJIbXeHHs. B sTom cimyuae

hnpeo, Nyqu, Sp — TpenenbHOE U cpeiHee HauaabHOE 3HAYCHHUS Iara eMnH, a Tak-

K€ CpEeIHEE KBAIPATUIECKOE OTKJIIOHEHNE HAaYaJIbHOIrO Iara.
JIns TeXHUYeCKuX ILeJied UCIOIb3YIOTCS pacueThl HA OCHOBE MOA00MUS:

I =kyp™, (3)
rae K — 31ech u nanee ¢ pa3mMyHBIME UHICKCAMH KO(Q(UIMEHTBI MPOMOPIUOHATBHO-
CTH;

P — JaBIICHUE B KOHTAKTE;
M — nokazarenb CTENEHH, 3aBUCSILUI OT yCIOBUN paOOTHI.
Oty GopMyldy MOXHO YTOYHHTH YYETOM JIPYTUX OCHOBHBIX (DAKTOPOB, BIIUSIO-
X Ha MHTEHCHBHOCTb W3HAIMBAaHUS W MMEIOIIUX CYIIECTBEHHOE PacCEsHUE B IKC-
TJTyaTaluH.
Y cTaHOBIEHO, YTO ISl METAUIMYECKUX MAaTepUaOB B €CTECTBEHHOM COCTOS-
HUU U OTOXOKEHHBIX CTajleil MpU TPEHHH UX 00 aOpa3uBHYIO MIKYPKY WU HUIUdo-
BaJIbHBIN KPYT MHTEHCUBHOCTb M3HAIIMBAHUS MPOMOPIIMOHAIIbHA JIABICHUIO p U 00-
paTHO MPONPIMOHAIIbHA TBEPAOCTH U3HAIIMBAEMOT0 MaTepuana H:

|:k2ﬁp. (6)

DTa 3aKOHOMEPHOCTh COXPAHSETCS 10 TBEPJIOCTH MaTepuaya, HE MPEBBILIAIO-
mieit 3Havenuii 0,6...0,75 TBEpaoctu abpasuBa. [Ipu Oonpmmx 3HaueHusx H 3aBucu-
MOCTb UHTEHCUBHOCTH | OT TBEPAOCTH HECKOJIBKO MOHUKAETCS MO CPABHEHUIO C pac-
y€THOU. /{714 3aKkaN€HHBIX CTajed 3aBUCUMOCTbh M3HOCOCTOMKOCTH OT TBEPIOCTH JIH-
HelHas, HO CO CBOOOIHBIM WJICHOM.



44

B oTaenbHBIX cilydasx IMOKa3aTelb CTENEHW NPH TBEPIOCTH H3HAIIMBAEMOIO
marepuana H MOXET OTJIMYaThCsl OT €AMHULBI U JOXOAUTH 10 ABYX. Torna npenpiny-
mas opmysia mpeoopa3yeTcs K BULY

m
=k ¢
H

Ecnm paccmarpuBaeTcss CyMMAapHbBIA U3HOC CONPSKEHHBIX MOBEPXHOCTEN 1 M
2, 10 | = I1+ l2. CienoBarenbHO, CyMMApHBII U3HOC MOXKHO cunTath 1o (7), moacra-
BUB B HEE

1 1 1
T
H H1 H 5
rae Hi v H> — TBEPIOCTH CONPSIAKEHHBIX IIOBEPXHOCTEU JETAJICH.

Cyl111ecTBEeHHOE BIIMSHUE Ha MHTCHCUBHOCTH M3HAIITMBAHUS OKa3bIBaeT Kod(hdu-
neHTa Tpenus. [loaromy popmyry 1si MHTEHCMBHOCTH M3HAIIMBAHMS, €CITU W3BECTHBI
HaJIeKHbIE 3HaUeHNs Kodduiinenta Tperus f, MoxHO paccMaTpuBaTth B BUIEC

m f n
| =kg P (9)
H

: (8)

rne Ky = K3 N
0

f u fo — ko3 unIenHTH TPEHMS paccMaTpPUBAEMON U KICXOTHOU Tap;

m, N, | — mokazaTenu cremneHeit, 3aBUCSIIINE OT BIUSHHUS CMa3KH, TEPMOOOPadOT-
KM JieTajieil U CTeTeHU OJIM30CTU p K MPEeAeIbHOMY 3HAY€HUIO [p/, Ipr KOTOPOM Tpo-
SBJIIETCS CXBATHIBAHUE MATEPHAJIOB.

®dopmysa MoKeT ObITh NIOJIE3HOHN IPHU NepecueTax MHTEHCUBHOCTH HW3HAIINBa-

HUS OJM3KUX MaTepuaioB. B GonpmMHCTBE ciydaeB MOHO mpuHuMaTth N =1. Ecmu
HMEET MECTO TPEHHE CTAIM 10 HHOMY MaTepuainy, To | =1, ecin TpeHue 3aKajaeHHOM
CTaJIM 110 3aKaJleHHOM cTanu, To | = 2...3. 4T0 CBA3aHO ¢ PE3KO MOBBIIICHHBIM Y 3aKa-
JICHHBIX CTaJieil CONPOTHUBIIEHMEM K CXBaTBHIBAHHMIO, KOTOPOE OOBIYHO CYIIECTBEHHO
yckopseT n3HamuBanue. [lpu Tpenun netaneit 6e3 cMa3Ku U Ipy IPaHUYHOM TPEHUH

JCTaJIel CO CMa3KoM B citydae, eciii P < (0,7...0,8)- [p] [oKasareib creneay m =1,

npu OosblieM fgaBiaeHuu M =2...3. [Ipyu momyXuaAKOCTHOM TPEHUU JIeTalel co cMmas-
KOU MpH JTHOOBIX JaBJICHUIX 3HAYCHHE M  TMOBBIIIACTCS, T0X0/s 10 3. DTO MOBBIIICHUE
CBSI3aHO C TEM, UTO TIPU POCTE OOIIeH HArpy3KH OJTHOBPEMEHHO YBEIUYHBACTCS €€ JI0-
7151, BOCTIpUHAMAaeMasi KOHTAKTOM MHUKPOHEPOBHOCTEH.

VHTEHCUBHOCTh W3HAITMBAHUS PACTET MPOTOPITMOHATEHO KOJUYECTBY TOCTY-
MAOIIETr0 B 30HY TpeHus abpasuBa (, 1/4. [loaTomy, eciu U3BECTHO (|, TO KaK MpH
cMa3sKe, Tak U 0e3 Hee

I =ksq 7 (10
H

®opmynbl  (7...10) TO3BOISIIOT BbIpa3uTh KOAPGUIIMEHT BapUallid UHTEHCUB-
HOCTH M3HAILIMBAaHUA V| uepe3 Kor(h(UUMEHThI Bapuauu AaBieHus Vp, KodPphuumen-
Ta TPEHUs Vs, TBEPAOCTU VH U KoJudecTBa abpasusa Vq. [lokaszarenu crenenei npu p,
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f, H A0 HAKOIUICHHA YTOUYHANOMIUX JaHHBIX ITPUHUMACM ACTCPMUHHUPOBAHHBIMU BCJIN-

YUHaMH
2 2
V| =\/(mvp)2+(nvf) +(lvy ). (11)
B CIy4ac U3HAIINBAHUS C 3aITaHHBIM KOJIMYCCTBOM a6pa3HBa
V| :\/vg +v% +(lvy )2 . (12)

3HaueHue VH IpU pacCMOTPEHUH U3HAIIMBAHUS CONPSKEHHBIX JIeTanel Mo-
’KeT OBITh OIICHEHO MO KO3 GUIIMEHTaM BapHaiu V 1+ VH, TBEPIOCTH JeTajeH
_ 2 — 2
H H
VH = :VHl + TVH2 . (13)
Ho
Ecmu npusstes B popmyne (9) koaddumnmentsr M, N, | cxydaiiHpiMu, TO K03¢-
buIueHT Bapualid WHTEHCUBHOCTY M3HAIIMBAHUA 32 CUYET TOJBKO PacCesHUs 3Ha-
YeHUH MoKazaresel creneHeil OyneT olleHUBaThCs Kak
_ 2 - 2 - 2
P f H
Viemen =4l IN—Sm | +| IN—Sn | +|In—S; | , (14)
Po fo Ho

rme P, T, H — cpennue 3nauenns napamerpos p, f, H B paccMaTpHBacMOM pe-

KHUMe pabOThI Mapbl TPEHUS,
Po, To, Ho— ucxoanele 3HaYeHUs mapameTpoB p, f, H, mpu KOTOPBIX MOJIYYCHO 3HA-
yeHne kodpdunmenta K B popmysie (10);
Sm, Sn, SI — cpenHue KBagpaTHYECKUEe OTKJIOHSHMS IOKaszaTesel creneneit m, n, | B
paccMaTpUBaEMOM PEXHUME paOOTHI.

Torna mpu u3HammBaHuu O0e3 abpasuBa B oOuieM ciaydae popmyna (11) mo-

2
IIOJHACTCA BBEACHUCM YJICHA V| cmen 1o KOPpHEM

Vi = \/(mv p)2 + (an )2 + (IVH )2 + V;cmen . (15)

Ecnu pacueToM WM S3KCIEPUMEHTAIIBHO OLICHEHA CPEIHSISI HHTEHCUBHOCTD U3-
HammBaHusA, TO GopMyJs (5)...(15) O3BONISIOT 1O pacCesTHUIO TTapaMEeTPOB JIeTalleh H
peXnMa paboThl OIEHUTh BEPOATHOCTH OE30TKa3HOM PabOTHI JI€Tadu MO KPUTEPHUIO
M3HOCA.
5. KoHTpo/1bHbIEC BONIPOCHI.
1. Yem 0OBIYHO XapaKTEpU3YETCs N3BHOCOCTOMKOCTh TPYILEUCS Maphl?
2. Kak MOHO OIleHUTh TUHEWHBINA U3HOC JIeTaIA?
3. OyHKUMEN KakuX (aKTOPOB SIBISETCS MHTEHCUBHOCTh N3HAILIMBAHMS?
4. Kak cienyer BECTH OLIEHKY HaJEKHOCTU ITPU MEXaHUYECKOM M3HAILMBAHUN?
5. B Kakom ciy4ae MOKHO OLCHHTh KBAaHTHJIb HOPMAJIBHOTO pacmpenencHus Up, a

M0 HEeMl BEpOATHOCTH O€30TKa3HOU paboThl netanu P?
3aganue.

O1LeHUTh BEPOSTHOCTh 0€30TKa3HOM paboThl P 10 KPUTEPHUIO U3HOCA MO IIIHII-
HUKa CKOJIbKEHUS, padOTAIOIIET0 MPU CyXOM TPEHHH.
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Hcxoonvie oannvie:
1. Marepuain noamunHuka — yriermiactuk (rpaduroract) AMC-3

TBEpaocTeio HB: .......

2. Pecypct=... u.
3. ConpspkeHue TOIIMITHAKA ¢ BaJIOM BBITIOTHEHO IO MOCAJIKE ........

4. Ban cransHOU TBepaocThio HB; ....
5. YcioBus TpEHUS TIPU CPETHEM 3a30pE:

- HauOoJiblllee JaBJIeHUE B KOHTaKTe Bay-noAmunuauk P = ... MIla,
- KO3 PUIIMEHT Bapuallii MaKCUMaJIbHOTO JIABJICHUS, BBI3BAHHOTO PACCEIHUEM
3a30pa, Vp = ....,
- CKOPOCTh OTHOCHUTEJIHHOTO MEPEMEIIEHHUS TPYLIUXCS TOBEPXHOCTEH V =... M/¢,
- ko3 dunment Tpenus f=.......
6. CpeHss HHTEHCHBHOCTh M3HAIIMBAHKA | =... M/M.

7. IlpenenbHO JOMyCTUMBIH 3a30P Nupes = 0,15 MM.
8. Paccesnue mokasareneii creneneit m, n, | orcyrcteyer(m =1, n=1, | =1).
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IIpakTHuyeckoe 3anaTue Ne7
HAJIEXKHOCTH MOCJEJIOBATEJBHON CUCTEMBI

TP HOPMAJIBHOM PACIIPEJAEJIEHUN HAI'PY3KU 11O CUCTEMAM
1. Llesan 3aHATHSA: U3YyYEHHE METOAOB OLIEHKN HAJAEKHOCTH IOCIEI0BATEIIBHON CUCTE-
MBI IIPY HOPMAJIBHOM PacHpeeiIeHUN Harpy3Ku IO CUCTeMaM; MPUOOPETEHNE HaBbIKOB
BBIITOJIHEHUS PAaCU€ETOB IIPH PEILEHNUH 3a7ad HAIEKHOCTH.
2. IlopsiioK BHINIOJIHEHHSI PA0OTHI:

1. I3y4nTh TEOPETUUECKYIO YaCTh.

2. 3amucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHL.

3. IlomyunTh HHAMBUAYAIBHOE 3aaHUE.

4. BBINOJTHATH PACUETHI.
3. Yka3anus 1o opopMiIeHUI0 0T4€Ta

OT4€T NOKEH CONIePKATh:

- Ha3BaHue paloThI;

- 1Ie7Th PaboTHI;

- OTBETHI HAa KOHTPOJIBHBIE BOIPOCHI;

- 3aJJaHHAE, PACUETHI, BBIBOBI.
4. TeopeTnueckasi 4acThb.
4.1. O0mue cBeneHus

HanexxHocTe OONBIIMHCTBA U3JEIUI B TEXHUKE MPUXOAMUTCS ONPEACIATh MPH
PACCMOTPEHUHU UX KaK CUCTEM.

CucteMsl ¢ MO3UIMIA HAZEKHOCTH MOTYT OBITh MOCIIEI0BATELHBIMY, ITAPAJLIEIIb-
HBIMU M1 KOMOMHHPOBAHHBIMHU.

Haubonee HarmsiiHBIM IPUMEPOM HOCIE008aMENbHbIX CUCTEM MOTYT CIYXHUTh
aBTOMAaTHUYECKUE JIMHUM 0O€3 pe3epBHBIX Lienel u HakonuTeneil. B HUX Ha3BaHue pea-
mu3yetrcsi OykBanbHO. OIHAKO TMOHATHE «IOCIENOBAaTEIbHAS CUCTEMa» B 3aJladyax
HaJIeKHOCTH - OoJiee IUpOKoe, YeM 00bIuHO. K 3TuM crctemam OTHOCST BCE CUCTEMBI,
B KOTOPBIX OTKa3 AJIEMEHTAa MPUBOJMUT K OTKa3zy cuctemsl. Hampumep, cucreMy non-
LIMITHUKOB MEXAHWYECKHX IIepefad pacCMATPUBAOT KaK IOCIEHOBATEIbHYIO, XOTS
MNOJUIMITHUKY KaXI0T0 Bajia paboTaroT napauienbHo.

[Ipumepamu napanienbHbix CACTEM SIBIIIFOTCS SHEPrEeTUYECKUE CUCTEMBI U3
AJIEKTPUYECKUX MAIIMH, pabOTaIOIMX Ha OOIIYyI0 C€Th, MHOTOMOTOPHBIE CAMOJIETHI,
CyJla ¢ AByMs MallMHAMU U PE3EPBUPOBAHHBIE CUCTEMBI.

[Tpumepbl KoMOUHUPOBAHHBIX CUCTEM - HACTUYHO PE3EPBUPOBAHHBIE CUCTEMBI.

MHorue cucTeMbl COCTOSIT U3 AIEMEHTOB, OTKa3bl KAXKIOTO U3 KOTOPBIX MOXKHO
paccMaTpuBaTh Kak He3aBUCHUMbIE. Takoe pacCMOTpPEHHE JTOCTATOYHO IIMPOKO MpHUMeE-
HSETCS IO OTKa3aM (PYHKIIMOHUPOBAHUS W MHOT/Ia KaK MepBOe MPUOIMKEHUE — IO
napaMeTpUueCKUM OTKa3aM.

CucremMbl MOTYT BKJIIOYaTh 3JIEMEHThI, I3MEHEHUE MapaMeTPOB KOTOPHIX OIpe-
JeIgeT OTKAa3 CUCTEMBI MJIM BIUSET Ha pabOTOCHOCOOHOCTh APYTUX 3neMeHToB. K atoii
rpyIe OTHOCUTCS OOJIBIIMHCTBO CUCTEM IMIPU PACCMOTPEHUH UX 10 apaMEeTPUUECKUM
oTka3zaM. Hampumep, oTKa3 NpEeUU3HOHHBIX METAIOPEXKYLIUX CTAaHKOB IO MapameT-
PUYECKOMY KPHUTEPHIO - MOTEPE TOYHOCTH - OMPEAEISAETCS COBOKYITHBIM M3MEHEHUEM
TOYHOCTH OTJIEJIBHBIX 3JIEMEHTOB: IIMUH/IEIBHOIO y3/1a, HAMPaBISIOMINX U JIp.
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B cucreme ¢ napajuICJIbHbIM COCIMHCHUCM JJICMCHTOB IHPCACTABIISICT MHTCPCC
3HAaHHUC BCPOATHOCTU 0e30TKa3HOU pa6OTBI BCEH CUCTEMBI, T. €. BCCX €€ DJICMCHTOB,
CHCTEMBI 0¢3 OJHOTIO, oe3 ABYX U T. I. 3JICMCHTOB B IIPCACIAX COXPAaHCHUA CHCTEMOM
pa6OTOCHOCO6HOCTI/I XOT$I OBI C CUJILHO TTOHKEHHBIMU ITOKA3aTEIIIMHU.

CoxpaHeHHe pa6OTOCHOCO6HOCTI/I CUCTCMBI C TIIapaJUICIIBHBIM COCINHCHHUCM
OJMHAKOBBIX 3JICMCHTOB OIIPCACIIACTCA C IIOMOIIBIO OMHOMHATLHOTO PacipCcaciaCcCHus .

PaccmarpuBaroT OMHOM
[P(t)+Q(t)™

rIe M - TMoKasaTellb CTETICHU paBHSACTCS OOIIeMy YHCITy apaieIbHO PaboTarOIINX
AJIEMEHTOB;
P(t) u Q(t) - BeposTHOCTH 6e30TKa3HOH PaBOTHI M COOTBETCTBEHHO OTKA3a
KaXKIOTO U3 SJIEMEHTOB.
3anmcaB pe3ynbTaThl Pa3I0XKEHUS OMHOMOB C TTOKa3aTeNISIMH CTeTieHu 2, 3 u 4
COOTBETCTBEHHO JISl CUCTEM C JBYMS, TPEMsI M YETBIPbMsI, MapajieIbHO PadOTarOIIN-
MU 3JIEMEHTaMHU, MOIy4al0T BBIPAXKEHHUS, IO KOTOPBIM MOXHO ONPEIEIIUTh BEPOSIT-
HOCTb 0€30TKa3HOM pabOThI BCEX AIIEMEHTOB, BEPOSITHOCTh OTKa3a OJHOIO 3JIEMEHTA
1 0e30TKa3HON pabOThl OCTAJIbHBIX, BEPOATHOCTh OTKa3a He Oojiee OHOIO JIEMEHTa
(OTCyTCTBHE OTKa3a WJIM OTKa3 OJHOTO 3JEMEHTAa) U T.J., BEPOSTHOCTh OTKa3a BCEX
AJIEMEHTOB.

Hane:kHOCTh CHCTeMBI M3 TIOCIIEIOBATEIHHO COSMHEHHBIX 3JIEMEHTOB, TIOAYH-
my my
. _t /o1 _t /102
HSIONMXCA pacnpenenenuto Beibymna Py(t) =e u Py(t)=e , TAKKE

m

0
t , TIe mapaMeTpel mu t sB-

OTUHMHSETCS pacipeaencHuio Beibymma P(t) =e
JAIOTCS CIOKHBIMU (DYHKIUSIMH apryMEHTOB My, M,, ty; u t,.

[Tokazarenn HanE€KHOCTU CHUCTEM MOTYT OBITh pacCUMTaHbl TAK)KE METOJIOM
CTaTUCTUYECKOrO (MMUTALIMOHHOI'0) MOJICIIMPOBAHUSL.
4.2. Hapé:KHOCTB NOCJIe10BATEIbHOM CUCTEMBbI

Ecnmu paccesHue Harpy3ku IO cucTeMaM HpPEHEOPEeKUMO Majo, a HECyIlue
CIIOCOOHOCTHU 3JIEMEHTOB HE3aBUCHMBI JIPYT OT JAPYra, TO OTKa3bl 3JIEMEHTOB CTATHU-
CTHYECKH HE3aBUCHMBI 1 103ToMy BepostHocTh P(R > Fq) 6e30TkasHoit paboTs! mo-
CIIEZIOBATEIBHON CUCTEMBI C HECYHIEH CITOCOOHOCTBIO R mpu Harpyske Fg paBHa mpowus-

BEJICHUIO BEPOSTHOCTEN 0€30TKa3HOM pabOThI 37IEMEHTOB:
n n
P(RZF0)=HP(Rj 2F0)=Hb—FRJ- (FO)]’ (1)
j=1 =1
rae P(R j2 FO) - BEPOATHOCTH 0€30TKa3HON paboTHI J-TO AIIEMEHTa IpH Harpyske Fq;
N - YUCIIO PJIEMEHTOB B CUCTEME;
FRj (Fo) - dynkmus pacmnpeneneHus Hecylield CHOCOOHOCTH |-TO dJIEMEHTa IpU

3HAYCHHH CIy4aiHO# BemunHbl Rj=Fg.

B GonbmHCTBE CllyyaeB Harpy3ka UMEET CYIIECTBEHHOE pacCesHue MO CHCTe-
MaM, HallpuMep YHUBEpCAJIbHbIE MalIMHbI (CTAaHKU, aBTOMOOWIM M Jp.) MOTYT JKC-
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IUTyaTUPOBATHCS B pa3HbIX ycioBusx. [Ipu paccessHuM Harpy3Ku Mo CUCTEMaM OLCHKY
BEPOSITHOCTH 0e30TKa3HOM paboTel cuctembl P(R>F) B oOmem cinywae ciemyer
HAXOJUTh MO (OpMYyJie TMOJHOW BEPOSTHOCTH, Pa30UB aUAMa30H PACCESHUS HArpy3Kd
Ha MHTEpBaIbl AF , HalAsS Ui Ka)K0ro MHTEpBaia Harpy3ku MpoU3BEIACHUE BEPO-
ATHOCTH 0€30TKa3HOU pabOThI P(R j 2 Fi) y J-TO 3neMeHTa mpu (PUKCHPOBAHHOM

Harpy3ke Ha BEPOATHOCTb dTOM HAarpy3Ku f(Fi )-AF , 3aT€M, IIPOCYMMHPOBAB 3TU

HpOI/I3Be,Z[eHI/I}I I10 BCEM HHTepBaJIaM,
n
P(R>F)=3 f(F;)-AF - [] P(R; > Fo)
j=1
niu, HepeXOILSI K I/IHTerI/IpOBaHI/IIO,

P(RzF)::j:f(F)-_]D[lb— FRj(F)]-dF, (2)
j=

rne T (F)- mmoTHOCTH pacnpenencHus Harpy3KH;
FRJ- (F) - (YHKIUS pacrpeeiiCHHs HeCyIeld ClIOCOOHOCTH |-TO 3JIEMEHTa MPH

3HaUYECHHUH Hecyllen cnocodnoctu Rj= F.

Pacuetsl o dopmysie (2) B o01ieM citydae TPYJOEMKH, TaK KaK MPeAroiararoT
YHCJICHHOE MHTErPUPOBAHUE, & TOITOMY IPH OOJILIIIOM N BO3MOXHBI TOJBKO Ha DBM.
YToOBl HE BHIYUCIISTH P(R > F) o ¢hopmyre (2), Ha MPaAKTUKE YaCTO OIICHUBAIOT Be-

POSTHOCTB Ge30TKasHOH paboTel cicteM P(R > Fpyax ) TpH Harpyske Fpay Makch-
MaJbHOI U3 BO3SMOXKHBIX HAarpys3ok. IIpuHumarot, B yacTHOCTH, Fpax = ME (L1+3VvE),
rae Mg - MaTEMaTHYECKOE 0XKUJAHNE HATPY3KH U VE - €€ KOI((UIMEHT BapHalliH.
Or1o 3HaueHue Fy 5% COOTBETCTBYET HaMOOJNBIIEMY 3HAUEHHIO HOPMAIBHO paclpere-

JICHHOM CITydailHOM BeTM4MHBI F Ha MHTEpBalie, paBHOM IIECTH CPEIHUM KBajipaTHye-
CKUM OTKJIOHEHUSIM Harpy3ku. Takoi MeTOJ OLIEHKH HaJEKHOCTH CYIIECTBEHHO 3aHU-
’KaeT PacUETHBIN MOKA3aTENb HAIEKHOCTH CUCTEMBI.

Hwxe npemuaraercss OCTaTOYHO TOYHBIM METOJ YIPOIICHHOM OLICHKH HAJEeXk-
HOCTH TIOCJIEZI0BATENILHOM CUCTEMBI JUISl CIy4ast HOPMAJIBHOTO PacIIpeIEieHUs] Harpy3Ku
o cucreMam. Miest MeToaa coCTOUT B alllpOKCUMAIIMK 3aKOHA PACTIPEAETICHUsT HECYIIEH
CHOCOOHOCTU CHUCTEMBI HOPMAJIbHBIM pacHpe/leIEHUEM TaK, YTOObl HOPMaJIbHBINA 3a-
KOH OblI OJIM30K HMCTMHHOMY B JMAara3oHe MOHWKEHHbBIX 3HAYE€HUI Hecyllel crnocoo-
HOCTH CHCTEMBI, TaK KaK UMEHHO 3TH 3HAUEHUs OMNpPENEISIOT BEIMYMHY MOKa3aTess
HAJICKHOCTU CUCTEMBI.

CpaBHurenbHble pacyerbl Ha OBM mno ¢dopmyne (2) (TouHOE pelieHue) U Mo
[IPEIaracMoOMy YIIPOIIEHHOMY METOAY IMOKAa3aJld, YTO €ro TOYHOCTh JOCTAaTOYHA JUIS
MH)KEHEPHBIX PacyeTOB HAJECKHOCTH CUCTEM, Y KOTOPBIX KOA(PQUIIMEHT BapHUalliy He-
cymient criocooHocTr He mpebitiaet 0,1...0,15, a yncIo 37€MEHTOB CUCTEMBI HE MPEBHI-
maet 10...15. MeTton 3akitodaercst B CIEAYIOLIEM:

1. 3aparorca nByms 3HaueHussMu Fp u Fpg QuxcupoBanHbix Harpysok. Ilo
dbopmyne (3.1) mpoBOAST pacyeT BEPOSITHOCTEM O€30TKa3HOM pabOThl CUCTEMbI MpHU
ATUX Harpy3kax. Harpysku nmoapOuparoT ¢ TeM pacueToM, 4ToObl IPU OLIEHKE HaJIeKHO-
CTH CHUCTEMBI BEPOSITHOCTh O€30TKa3HON pabOThl CHCTEMbI MOJYYHJIACh B MIpenaenax
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P(R>Fp)=0,45...0,60 u P(R>Fg)=0,95...0,99, T. e. oxBaTbIBa)IU ObI IIpE/ICTaB-

AAomMN MHTepec uHTepBal. OpHUEHTUPOBOUHbIE 3HAYEHHS HArPY30K MOXKHO IPHHU-
Math Ommskumu 3HadenmaM Fp = (1+3ve )Jmg, Fg =(1+VvE )mg.

2. Ilo Ta6J'II/ILIe Haxo4sAT KBAHTHJIIM HOPMAJIBHOI'O paclpeaciacHus U pA uu pB
COOTBCTCTBYIOIIUC HaﬁHeHHBIM BCPOATHOCTAM.

3. ANNpOKCUMHUPYIOT 3aKOH PACIpEeesICHUs] HECYIIeH COCOOHOCTH CHCTEMBbI
HOPMAJIBHBIM PACIpPENEICHUEM C TapaMeTPAMU MaTEMAaTUYECKOrO OKUAAHUA MR U

ko3¢ ¢uuuenra Bapuanuu VR. Ilycte Sp - cpeaHee KBaipaTndeckoe OTKIOHEHHE
anmnpokcuMupytomero  pacnperenenus.  Torma MR —-Fa+uppaSgp=0 =

MR —Fp +Upg SR = 0. U3 npuBeCHHbIX BBIPAKCHUN [OIy4aeM BbIpaxe-

SR .
HUS U1 MR U VR =
R
Fg—F
mR:FA_M'U A (3)
p
Fg —Fa

(4)

VR = .
Faups —FgUpa

4. BepostHOoCcTh Oe30TKa3HOM paboThl cuctembl P(R>F) mns ciydas Hop-
MaJIbHOTO pacrpeeieHus Harpy3ku F 1o cuctemam ¢ mapamerpamMyu MaTeMaTHYeCKO-
r0 OKHIaHUA MpE ¥ KO3 HIMEHTa BapHalii VE HaXOAAT OOBIYHBIM CIIOCOOOM I10
KBAHTHIIA HOPMAIILHOTO pactpenenenus Up. KBauTuimb U pBBMHUCISIOT 10 (opmy-

Jie, OTpaXKarolei GaxT, 4To pa3HOCTh JBYX PaclpeieiICHHBIX HOPMAIbHO CITy4aiHbIX
BEJIMYMH (HeCylel cnocOOHOCTH CUCTEMBI M Harpy3KH) pacipeesieHa HOpMaJIbHO C
MaTEMaTUYECKUM OKUJAHWEM, PABHBIM PA3HOCTH MX MAaTEMATHYECKUX O0XKUIAHUU, U
CpPEIHUM KBaJpATUYECKUM, PaBHbIM KOPHIO U3 CYMMBI KBAaJIpaTOB MX CPEIHUX KBaJ-
pPaTUYECKUX OTKIOHEHUM:

n-1
\/ (VR )® + VE
— MR o o
rae N =—— - YCJIOBHBIN 3a11aC MPOYHOCTH IO CPEIHUM 3HAYCHHUAM HECYIIEH CIIO-
Mg

COOHOCTH M HArpy3KH.

5. KonTpoJsbHbIe BONPOCHI

1. Kakue MoryT ObITh CUCTEMBI C TIO3UIIUNA HAJIEKHOCTHU?

2. Kakue cucTteMbl OTHOCATCS K MOCJIEIOBATEILHBIM?

3. C mOMOIIBIO YEeT0 ONPEACISIETCS COXpPAaHEHHE pab0TOCIIOCOOHOCTH CHCTEMBI C T1a-
pajUIeIbHBIM COSIMHEHUEM OJIMHAKOBBIX AJIEMEHTOB?

4. KakoMmy pacnpeneseHuI0 MOAUYUHIETCS HAJEKHOCTh CUCTEMbI U3 MOCJIEI0BATENb-
HO COEIMHEHHBIX AJIEMEHTOB, TIOTUMHSIONINXCS pacnpeneneHuto Beitbymma?

5. Kak MoryT OBITh paccunTaHbl OKa3aTeIN HAJAEKHOCTH CUCTEM?
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3aganusa

1. TpeOyeTcsl OLIGHUTh BEPOSATHOCTH OE30TKa3HON PabOTHI OAHOCTYIEHYATOrO pe-
TYKTOpa, €CIIM MU3BECTHO CIICAYIONIee. Y CIIOBHBIC 3amachl MPOYHOCTH MO CPEIHUM
3HAYEHMSIM Hecyllell ciocOOHOCTH U HAarpy3KH COCTaBIIAIOT: 3y04aTol nepeaadu iy

= ; HOALIMITHUKOB BXOJHOIO Bajia Ny = Ng = .....; HOJLIMIIHUKOB BBIXOJHOTO
Bana Ny = Ng = ...., BBIXOJHOTO U BXOJHOIO BaJlOB Ng = N7 = .... DTO COOTBET-
CTBYET MaTEeMaTHUYECKUM O>KUJAHUSIM HECYIIEH CITOCOOHOCTH 3JIEMEHTOB:

Mg =N -Me=.....,

Mg, =Mgy =N, -M-=.....,

Mg, =Mgs =N, Mg =.....,

Mgg =My, =N -M-=......

Yacro B penykropax Mg U N; ¥ COOTBETCTBEHHO MR, ¥ MR, CYIIECTBEHHO
Oosbie. 3aJaHo, YTO HECYIIHME CIIOCOOHOCTU MepeAayd, MOALIMIHUKOB U BaJIOB
HOPMaJbHO paclpeiesieHbl ¢ OJWHAKOBBIMH Kod((HIMEeHTaMu BapHaluu
VR, =VR, =--=VR, = ..., @ Harpyska Io PeayKTopaMm paclpe/e/ieHa TaKKe
HOPMAJIBHO ¢ K03(h(pUIIMEHTOM Bapualuu Vg = ...... .

2. J1ns1 yciioBUs pacCMOTPEHHOTO BBIIIE MTPUMEpPA HaiieM BEPOSTHOCTh OE30TKa3HOM
pa6OTBI PCAYKTOPA I10 MaKCHUMaJIbHOMN Harpy3k< B COOTBCTCTBUU C MGTOI[I/IKOﬁ, IIpu-
MEHSBILEWCS paHee I MPAKTUYECKUX pacueToB. MakCUMalbHYIO Harpy3Ky IpUHHU-
MaeM Fpyay = Mg (1+1,3vE ) =13mg.
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IIpakTuyeckoe 3ansaaTue Ne§
HAJIEXKHOCTB PE3bBOBBIX COEJIUHEHUM

1. Heap 3aHATHSA: U3y4YCHUE METOJIOB OLICHKH HAaIEKHOCTH PE3bOOBBIX COCTUHEHMIA;
prOoOpETEeHNE HABBIKOB BHITIOJHEHHUS pacYETOB MPH PEIICHUH 3a]1a4 HAIEKHOCTH.
2. IlopsiioK BHINIOJIHEHHSI PA0OTHI:

1. I3y4nTh TEOPETUUECKYIO YaCTh.

2. 3amucarb OTBEThI HA KOHTPOJIbHBIE BOIPOCHL.

3. IlomyunTh HHAMBUAYAIBHOE 3aaHUE.

4. BBINOJIHATH PAaCUETHI.
3. Yka3anus 1o opopMJIeHHIO 0TYETA

OT4€T NOKEH CONIePKATh:

- Ha3BaHUE PadOTHI.

- 1Ie/Th PaOOTHI.

- OTBETHI HAa KOHTPOJIBHBIE BOIPOCHI.

- 3aJJaHNE, PACUETHI.
4. TeopeTnueckasi 4acThb.
4.1. O01mme cBegeHNs

Bomnpoc o HagexxHOCTH pe3b0OBBIX COETMHEHNH BO3ZHUKAET B OCHOBHOM B CBSI3U
C paccessHMEM Harpy3oK, IpeJesia BBIHOCIMBOCTH OONTOB, Pa3OpOCOM HX YIApHOM
IIPOYHOCTH NP HU3KUX TEMIIEPATYPaX U C HEJOCTATOUHOM HAJEKHOCTHIO MHOTUX PU-
MEHSIEMBIX CPEACTB CTONOPEHUSI.

PaccMoTpuM HaZ€KHOCTH OOJITOB MO KPUTEPHUIO MPOYHOCTHU MPU CTATUUECKUX U
nepeMeHHbIX Harpy3kax. Crnenuguka pacyera pe3bOOBbIX COSAMHEHNH Ha HaJIe)KHOCTh
MOJKET OBITh CBEJIEHA K YUETY pPacCesiHUsl HayalbHOM 3aTSHKKU U K YTOUHEHHOMY yYe-
Ty paccesiHus KOHLIEHTPALMU HanpspKeHUuW. B pacuere nmpuHMMaeM CiaydaliHbIMU Be-
JUYMHAMU BHEIIHIOK Harpy3Ky, CUITy Ha4aJIbHOM 3aTSKKU, TIPEIENT BBIHOCIMBOCTH Ma-
Tepuana 1 3hGeKTUBHBINA KO UIIMEHT KOHIEHTPAIIMN HAIPSDKEHUH B CBSI3U C pas-
OpOCOM pajiyca BBIKPYKKH PE3bOBbI.

4.2. HanpsizkeHus1 B 00J1T€ OT CHIIbI 3aTSKKH.

CunbHas 3aTsKKa MOBBIIIACT HA/IEKHOCTh padOThl pe3bO0OBOr0 COEIUHEHMS,
TaK KaK MPU 3TOM MOBBIIIAETCS )KECTKOCTh CThIKA U CYIIECTBEHHO MOHUXKAETCS J0JIs
MEepEeMEHHON Harpy3Ku, NpUXoAsiieiics Ha O0IT.

YroObl 00ecreunTh TpeOyeMyIo 3aTsKKY OO0ITOB, CUITY 3aTSKKH KOHTPOJIUPYIOT.
MeToabl KOHTPOJISi OCHOBaHBI Ha 3aMepe: yIJIuHEeHus1 0oita (IMUIbKH), YIiia MOBO-
pOTa raiiku, KpyTsIIEro MOMEHTA ITPH 3aTSHKKE TalKu.

[lepBbiii MeTOA HanOoJiee TOYEH, TPEeTUH — Haubosiee pachpoOCTpaHEH BCIICH-
CTBHE IMPOCTOTHI U MPUCIIOCOOJIEHHOCTU Il KPYIMHOCEPUIHOrO Npou3BojcTBa. KoH-
TPOJIb B 3TOM CIIy4yae IMMPOU3BOAST C IOMOIIBIO JMHAMOMETPHUUYECKOTO KITFOUA.

Cunraetcs, 4yToO MPH 3aTSHKKE AUHAMOMETPUYECKUM KIIFOUOM pa3dpoc CHUJIBI 3a-
TsDKKU cocTaBisgeT + (25...30) %, npu 3aTskke Ha ONpeNeNCHHBIN Yrojl MOBOpPOTa
raiiku = 15%, nmpu KOHTpPOJIE 3aTsHKKH 110 ehopMaliuy TapupOBaHHOM YIIPYTOH Iaii-
ob1 £ 10%, npu KoHTpoJe yamuHeHus 6omira £ (3...5) %. D1tum 3HadeHusM pasdpoca
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COOTBETBYIOT MPHUOIN3UTENBHO CIEIYIONINE KOAPPHUIMEHTHI BAPUAILIIH CUJIbI 3aTSKKU:
0,09; 0,05; 0,04; 6,02.

4.3. Hanipsizkenusi B 00J1T€ OT BHELIHEH HATPY3KH
Hanpspkenust B 6onTe OT BHEIIHEH HArpy3KH B 3aTSHYTOM Pe3b00BOM COEAMHEHUU
OTIPEICTISIIOTCA C YUYETOM TOTO, UTO JIUIIb Y -5 YaCTh HArPYy3KH MepeaaeTcss Ha OONTHI.

Benuuuna y , HazpiBaemast KO3 (HUIIMEHTOM OCHOBHOM HAarpy3KH, paBHa

x= o
Ay +Ag
rae A;, A, — NOJATIMBOCTb OONITA U AeTaseH.

B pabGodem nmamazoHe BHEIMIHWX HArpy30K MPHU JOCTATOYHBIX CHJIAX 3aTSHKKU
00JITOB JJIsl CTAJIbHBIX M YYT'YHHBIX jAetaneil oobruno y = 0,2...0,3. Ilpennonaras,
YTO CTBIKM JIOCTATOYHO CHJIBHO 3aTSIHYTBHI W, MO3TOMY KOHTAKTHAsl )KECTKOCTh Majo
MEHSIETCSI OT JaBJICHUs, IO CHEIUAIBHOTO U3YUYEHHUS PACCESIHUSI KOHTAaKTHOM >KECTKO-
CTH MOXHO MPUHUMATH ¥ JACTEPMUHUPOBAHHOW BeMWYMHOM. OTcrofga Ko3(p(UUMEHT
BapHalid HOMUHAIBHBIX HAMPSOKCHWA B OOJITE, BHI3BAHHBIA PACCESTHHEM BHEITHEH
Harpy3KH, IojiaraeM paBHbIM KO PHUIMEHTY BapuaIiiy BHEITHEH HATPY3KH.

4.4. KoaddunmeHT KOHIEHTPALMHU B pe3ble

KoadduimeHt koHIeHTpaImu B pe3n0e B MEPBYIO ouepeb onpeaessiercs: Gopmoit
BMAIMHBI Pe3b0bl. DOpMa MOKET ObITH HEOTOBOPEHHOMW UJTH 3aKPYTIECHHOM.

JIJ1s1 OTBETCTBEHHBIX BBICOKO HArPYKEHHBIX COCAMHEHUN MPHU MEPEMEHHBIX U
JTUHAMUYECKUX HArpy3Kax JIOJDKHA MPUMEHSTHCA pe3b0a C 3aKpYTrJICHHOW BIAJAHHOM.
VY aT0l pe3bObl paguyc KPUBU3HBI BIAJIUHBI HE JoikeH ObiTh Menee 0,1P, rie P —
miar pe3nObl. PaccessHue paamyca BhaauHbl 3akiroueHo B npezaenax (0,1...0,144)P
HE3aBUCHUMO OT CTENIEHU TOYHOCTU PE3BHOBI.

OddexTrBHBIN KO3DOUITUEHT KOHIICHTPAIMK B pe3b0€ ONpeIesiFOT SKCIIEPHUMEH-
TAIBHO WM Yepe3 TeOpeTHUeCKUi KOA(D(MUIIMEHT KOHIICHTpAIlMU HANpPSOKCHHH U KO-
3¢ PUIMEHT 4yBCTBUTENBLHOCTH. TeopeTruuecKuii KOA(POUIMEHT KOHLIEHTPALUU JUIs
HanOoJIee pacPOCTPAHEHHOTO COMPSIKEHUS 00JITa ¢ raiikoil, padoTaroliei Ha cxxaTue,
CBsI3aH C 11arom P 1 pajinycoM BEIKPYKKH R 3aBUCHMOCTBIO

o)
a:1+1,1\/%. (1)

Orcrona cpennee 3HaYeHHE O M Kod(duImeHT Bapuanuu V, Kod(hduuueHra
KOHIIEHTPAIINU HAMPSKECHUH

=1+11 2P =4,15; (2)
(0,144+0,1)R

va:i_(amax—amin):i_l,l P _ P =0,023. (3)
6a 6a Riin Riax

Bontel ¢ pe3ndoit, paauyc Brnaauusl KoTopbix (0,15...0,18)P nuMeroT moBbIIieH-
HBIA Npeelt BbiHoCauBOCTH. [l oToli pe3sosr o = 3,70 m v, = 0,011.
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BeposTHOCTHBIN pacueT paboTOCTIOCOOHOCTH M HAIEKHOCTH OOITOBOTO COEIH-
HEHHsSI CBOJIUTCS K OIICHKE BEPOSITHOCTH P Ge30TKa3HOM pabOThl COCTUHEHMS, B TIPO-
CTEHIIEM IPEINOI0KEHNN paBHON npoussenenno P =P, - P, - P, -... BeposaTHOCTEH

0e30TKa3HOI pabOThI IO OCHOBHBIM KPUTEPHUSM: HEPACKPHITHIO CTHIKA, HECIABUIaeMO-
CTH CTBIKA, IPOYHOCTH OONTOB H T. A. KOIM4eCcTBO yUUTHIBAEMBIX KPUTEPUEB OIpEE-
JSETCS B 3aBUCUMOCTH OT UX 3HAYMMOCTH.
4.5. BeposiTHOCTb 0€30TKa3HO# pad0THI 10 KPUTEPHIO HEPACKPBITHS CTHIKA
BepositHoCTh 6€30TKa3HOM PabOThI TI0 KPUTEPHIO HEPACKPHITHS CThIKAa P1 COOTBET-
CTBYET BEPOSITHOCTU TOTO, YTO HAaUMEHBIIIEE HANPSDKEHUE CKATHUs B CTHIKE I1OCIIE MPU-
JIO’KEHUS BHEIIHEW Harpy3Ku OOJIbILIE HYJIS.
Jljis mpocTeniero ciyyvas, Korjaa eIMHUYHOE OOJITOBOE COEIMHEHNE HATPYKEHO
LIEHTPAJIbHOM OTpbIBatolel cuiiol F (BennunHa ciydaiiHast), BEposiTHOCTh P1 orpene-
JSIIOT U3 yCIIOBUS

P, = Bep Fﬂ>(1—x)-F ,

rae Fs.m — cuna 3atsxku; (1—x) — MHOHTEJNb, XapaKTEPUIYIOIIUN JIOJIIO BHEIII-
Hell Harpys3kd Ha cTblK; B.= 1,1 — koa(duipeHT, yunThIBaromuii BO3MOKHOE OCI1a0-

JICHHUC 3aTsKKH BCJIICACTBHC OOMSTHS CTBHIKOB.
BepostHocTts P1 6€30TKa3HOM pabOTHI ompesesseM 1Mo Tadaulle B 3aBUCHMO-

CTH OT KBAHTHUJIN
npl - 1

- =2.,2 2
\/nplvsam+VF

rac ﬁpl — KOB(l)(l)HHI/IGHT 3allaCa HCPACKPLITHUA CThIKA I10 CPCIHUM Harpy3kam

Up

1

: (4)

F

n, =——24"
i BCF(l_X)

3necs F VF — cpenHue 3HaueHusl U K03 (PUUMEHThl Bapuauuu

3am’ F n V3am !

CIIy4YalHbIX CUI Fzum 1 F COOTBETCTBEHHO.

4.6. BeposiTHOCTB 0€30TKA3HOM Pa0OTHI 10 KPUTEPUIO HECIBUTAEMOCTH CTHIKA
BepositHOCTE 0€30TKa3HOM PabOThI MO0 KPUTEPHIO HECIBUTAEMOCTH CThika P, enu-

HUYHOTO 3aTSHYTOT0 OOJITOBOTO COSIUHEHHS, HAarpy>KEHHOTO CIABUTAFOIICH crion F,

f-F
P, = Bep ——= > F |,

C
rae T — koaddurmeHt TpeHmus.
[To Tabmwuie onpenensoT P2 B 3aBUCUMOCTH OT BEJIMYHUHBI KBAHTHIIH
nP2 - 1

uP2 = — ’ (5)
=2.,2 2
Ve, Viim +VE

rac KOBCI)(l)I/IHI/IeHT 3arraca HECABUTI'aCMOCTH CThIKA IO CPCAHHUM HArpy3Kam

n2 = 3['%’" ; Vlim = Vv3am +Vf ;
B,
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rne f m v; — cpenHee 3HaueHHe u KOXPPUIMEHT Bapuanuu KodpPHUIueHTa Tpe-

aus f.

4.7. BeposITHOCTH 0€30TKA3HOI pa00ThI 10 KPUTEPHUIO CTATHYECKOH MPOYHOCTH
BepositHOCTH 6e30TKa3HOM PabOThI MO KPUTEPUIO CTATHYECKOW MMPOYHOCTH paBHA
P; = Bep(o' >0,

pac

rac Gpac — PaCUCTHOC HAIIPAKCHHUC B OIIACHOM CCUCHHH 6OJITa, BCJIIMYHMHA CJIY‘I&I?I-

Haid, O, — IIPCACII TCKYYCCTH MaTCpuaJla 6OJ'IT3., BCJIMYHWHA CﬂyqaﬁHaﬂ.

PacuetHoe HaIIPsAKCHUC B oonTe CAMHHUYHOTI'O 00ITOBOrO COCAUHCHUA, HAI'Py-
KCHHOI'O HCHTpaHBHOﬁ OTpBIBaIOHICﬁ CPIJ'IOﬁ, OIIpCACIBICTCA BBIPAKCHHUCM

4
Gpac:n.dg(k'F3am+x'F)’
p

rjae d, — pacueTHbIN AuaMeTp pe3bObl 0onTa; K — KO3 dHIIMEHT, YIUTHIBAIOLIUIA
KpydeHue Oosnra (eciau KpyueHHe MPH 3aTSDKKE MCKITIoUeHo, K = 1, B OCTaJIbHBIX CIIy-
gasx kK =1,3).

CpenHee 3Ha4YCHHE HANPSIKEHHUS G . OLPEJEIISIEM M0 3aBUCUMOCTHU IS G

B KOTOpYI0 B7MecTO F_,, 1 F mozacrasnseM ux cpennue 3navenuns F o, u F .

3am

pac’

Cpe;[Hee KBaJAPaTHICCKOC OTKIIOHCHUEC PACUCTHOT'O HAIIPAKCHUA

— 4 2 2 2 2 =2 2
Spaczo-pac'vpac:n dz \/k 'V3am'|:3am+x -F Vg .
Hp

Pemasi ypaBHEHHE OTHOCUTENBHO KO3 PUIMeHTa Bapraiuu vV

pae TIOTTydaeM
Vpac :Vwmm l+a V2 ; 31€Ch a=F

3am 3am
BcrnenctBre OTHOCUTENBHOM MajOCTH BEJIMYMHBI @ U COM3MEPUMOCTH KO3 du-
OUCHTOB BapHallMK VF U Viem TCXHUYCCKHUX PACUCTaX MPUHUMACM V . =V, .

BepostHOCTh 0€30TKa3HOI pabOThl MO KPUTEPHUIO CTATUYECKOM MpPOYHOCTU P3
HaxOJUM IO KBaHTUJIU

np, —1
Uo, === 2 ' (6)
\/npsvct Ve
rae ko3 PUIueHT 3anaca MPOYHOCTH MO CPETHUM HAMPSIHKEHUSM
R R S )
e 4-(k-Fpp+2-F)
30eCb Gy M V, — CPelHEe 3HaYCHHE M KOO(DGULIMCHT BapHaliy Mpejena TeKy4eCTH

Marepuana 0oJra.
4.8. BeposiTHOCTB 0€30TKA3HOM Pa00ThI 10 KPUTEPHIO COMPOTUBJIEHUA Yy CTAJIOCTH
BepositHOCTh 6€30TKa3HOM PAOOTHI IO KPUTEPHIO COTTPOTUBIICHHS YCTAIOCTH PABEH
P, = Bep(csa < 0'_1,,),
rIe G, —/ICHCTBYIOIINE HAPSKEHUS, IPUBEICHHbBIE K CHMMETPUYHOMY LIMKILY;
G_,, — Mpeae BBIHOCIUBOCTHU 00JITA.
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Cpennee 3HaueHHE IEHCTBYIOIIMX HAMPSLKEHUM ONpeiesisieM 1o hopmyiie

G, = 42 05-%-F++(F,, +05 -F-x)|, (8)
7t'dP kc

rne F — cpemnee (yuuThiBas ClydaifHBIA XapakTep CHIbI) 3HAYEHHE MAKCHMAJbHOM
Harpysku mukina; 0,5F — cpenHee 3HaueHHe aMIUIUTY/IbI HATPY3KH; ¥ — Kod(du-
LIMEHT YyBCTBUTELHOCTH MaTepuaia K aCHMMETpHM 1KIa; K, — cpenHee 3HauecHHe
addexTrBHOr0 K03(pPuIreHTa KOHIIEHTPAUK HAMPSKEHUH, MPUHUMAIOT 110 TaOJIuIIE B
3aBHCHMOCTH OT IIpeJielia IPOYHOCTH MaTepruana G, .

c,, MIla 400 600 800 1000

Ky 3,0 3,9 4.8 5,2

I BBIYMCIIAIOT 10 Gopmyne: K =1+ q(& — 1), rae J — ko3 GUIHEHT YyBCTBU-
TEJTBLHOCTH MaTepuaja K KOHIEHTpaluu HanpsbkeHui, paBubiid 0,5...0,6 s yriaepo-
mucthix cranen u 0,7...0,8 1is JerupoBaHHBIX CTale; o — cCpeHee 3HaYCHUE TeOo-
peTudeckoro ko3 uimenTa KOHIIEHTPAIMK HAMPSHKECHUH.

KoadduurenTt Bapuanuy HanpsKeHUs G, MOKHO NIPUHHUMATh PaBHBIM KO3(-
(buIMeHTy BapHallii Harpy3k VF, TaK Kak BIUSHUE Ha COMPOTHUBIIEHUE YCTaJOCTU
CpPEeOHEN COCTABJIAIONIEH HANPSXKEHUN MAJIO 110 CPAaBHEHUIO C [IEPEMEHHOM.

Cpennee 3HaueHuUE Mpeiesia BBIHOCIMBOCTH 00JITa

G 1)=0 E_GB : Byn ’ (9)

(o)
rae B — xoddduiment; 11 coeuHEeHUs CTaHIapTHBIMU OoNiTamMu U raiikamu (B = 1,

U1t coenuHeHni Trma cTsokkr B =1,5... 1,6); B yn - K09 PHUIIHEHT TEXHOIOTHYECKO-
ro YIPOYHECHHS; U OOJITOB C Hape3aHHOH pe3b0oit Byn = 1, st GONTOB ¢ HaKaTaH-
HOM pe3pooit PByn = 1,2...1,3; G_, — CpelHee 3HAaYeHHUe Ipeleia BBIHOCIMBOCTH
riIajgkoro oopasua; €, — KO3(QQHUIMEHT BIMAHUA A0COIIOTHBIX pa3MEPOB.
Koaduuent Bapuanun npenena BHIHOCIMBOCTH OonTta V_;, BKIIOYAaeT KOI(-
(GUIMEHT BapHalliy Tpejiesia BBIHOCIMBOCTA CTAJIM OJTHOW MapTUH, MPUOIMKEHHO MPH-
HuMaemoro V,= 0,06...0,08, koaduuueHT cpeaHero npeaena BBIHOCIMBOCTH O Map-
THUSIM CTaJIM, NPUOJIMKEHHO ITpUHUMaeMoro paBHbIM V, = 0,08, u apdexruBHoro ko3g-

(uIMEeHTa KOHIEHTPAlMK HANIPSUKEHAN V, =V, ¥ BBIYUCIIAETCA 110 POPMYyJIe

V_yg =V +VZ +V2 . (10)

BepositTHOCTh 0€30TKa3HOM pabOThI IO KPUTEPUIO COMTPOTUBIICHHUS YCTAIOCTH P4
OTpeieIisieM B 3aBUCUMOCTH OT KBAaHTUJIU

Np, -1 — _ 0.y

- 2 2 2; p, =
\/np4 'V_lo +Va

Up

4 4

ca
5. KoHTpo/1bHBIE BONIPOCHI

1. B cBsI3u ¢ 4eM BO3HUKAET BOIPOC O HAJEKHOCTH PE3HOOBBIX COSAMHEHUN?
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2. K yemy moxer ObITh CBefieHa crneuu¢puka pacyeTra pe3bOOBBIX COEIWHEHHWN Ha
HaJIE)KHOCTD?

3. Uto B pacyere Ha HaJIS)KHOCTb IPUHUMAEM CITy4aliHBIMU BEJIMYMHAMU?

4. Yto noBbIIIAaET HAAEKHOCTh Pa0OTHI pe3b00BOT0 COEAMHEHUS U TOUEMY?

5. Ha 4éM OCHOBaHBI METOJIbI KOHTPOJISI 3aTSKKHU?

6. Kakoli MeToJ 3aTsKKH HauboJiee TOUeH U pacpoCTpaHEH?

7. KakoB pa30opoc CUIIbI 3aTSHKKU?

8. Kak onpeaenstorcss HanpspKeHs B 00T OT BHEIIHEN HAarpy3Ku?

9. YUemy paBeH ko3 PHUIIHEHT OCHOBHOM Harpy3ka?

10. Yem onpenensiercs kKo3hHUIMEHT KOHIICHTPAIUH B pe3b0e?

11. Kak onpenenstot 3¢ hekTUBHBINA KOAPPUIIMEHT KOHIIEHTPALUU B pe3poe?

12. K yemy cBOIUTCS BEpOSTHOCTHBIM pacu€T paboTOCIOCOOHOCTH M HAAEKHOCTH
O0JTOBOrO COEAUHEHUS?

13. Kak yuuThIBaeTcs KOJIMYECTBO YUUTHIBAEMBIX KPUTEPUEB IIPU ITOM?

14. YeMy COOTBETCTBYET BEPOSTHOCTh 0€30TKa3HOI pabOTHl OOJITOBOIO COEAMHEHHUS
110 KPUTEPHIO HEPACKPBITUS CThIKA?

15. Yemy paBHaA BEpOSITHOCTh O€30TKa3HOM pabOTHI GOJITOBOIO COSAMHEHUSI IO KPU-
TEPUIO HECBUTAEMOCTH CThIKA?

16. Yemy paBHaA BEPOSITHOCTh O€30TKa3HOM pabOTHI GOJITOBOIO COSAMHEHUS IO KPU-
TEPHUIO CTATUYECKON MPOYHOCTH?

17. Yemy paBHa BEpOSTHOCTh 0€30TKa3HOM pabOTHI OOJITOBOTO COCUHEHUS 1O KPHU-
TEPUIO CONPOTUBIIEHUS YCTAIOCTH?

3ananue.
JIBe cTayiibHBIE ACTAIU CTIHYTHI OOJITOM ....... (mar pe3sonr P = ...... MM,
BHYTPCHHUU TUaMeTp pe3bObl dp = ........ MM) KJIacca MPOYHOCTH ........
CoenrHEeHNE HATPYKEHO PaCTATHUBAOIICH cuitoi, m3mensrorieiics ot 0 1o F.
Cpenuee 3Hauenue cunbl F = ... H. Koo} uuuenT Bapuaiyu cuiisl Ve =. ...

O1neHUTHh BEpOSTHOCTH 0€30TKa3HOM PabOThI IO OCHOBHBIM KPUTEPHSIM:
HEPaCKPBITHSI CThIKA, CTATUYECKON TPOYHOCTH U COMPOTUBIICHHUS YCTAIIOCTH OOMTA.
KOHTpOJIb 3aTSHKKU OCYIIECTBIISIETCS] IMHAMOMETPUYECKUM KITFOUOM.

[puanmaem:  y = .. ; V= B=..
6't=...MHa; Vsam = ..., Byn:"”
6_1:...MH21; Vo:"’l ﬁC:. .
— . Vo= ..., =
VUt - ! " _ . kcz...;

o T Vg = ...
G,.,=0506,=.... Mlla; € = ...
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