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BeposiTHOCTHBIH pacyeT HA MPOYHOCTH NPH NEPEMEHHBLIX BO BPEMEHH
HATIPAXKCHUAX
2.1. Onpeaenenue kod¢pumHeHTA 3aTIaca NPOYHOCTH JETAJH MPH

PETYIAPHOM ACHMMETPHYHOM HAT'PYRECHHH

Koa¢pduimenT 3anaca ycTamocTHOM NMpOYHOCTH 72, Aad 0a30BOM

;
JOJITOBCYHOCTH, Kak rpasuiio 10 HuKIOB, mpu perysipHOM HATPYKCHHH B
MAIIMHOCTPOSHHH ODBIYHO ONPEAETSIETCS 1O H3BECTHOH  (opmyne

Cepencena-Kunacomsuau [7]:

o]
n, = - ) 2.1)
K, o +¥ o,

TTOJTYUCHHOW HAa OCHOBAHHWH Pas3BUTHA HacH padotsl [9]. B dopmyme (2.1)
TIPUHSATH CAEAYIOMNE 0003HAMCHHS:

O , - Opeaen BBIHOCIHMBOCTH TIaJKOro 1adopaTopHOro odpasua
MPH CUMMETPHYHOM UK/ A1 0a30BOM JOATOBEIHOCTH;

O , O_ - XapakTCPUCTUKH pabodyero LHKIA H3MCHCHHS

a m

HANPSIKCHHI,

Y - xosdrmeHT 4yBCTBHTEIBHOCTH K ACHMMETPHH LIHKIIA;

K_, - cymmapueii KO3(hGUIHEHT, VYUTHIBAIOIMUIN BIHIHHE

KOHLICHTPAIIMH HAIPSLKCHHE, MACIITAOHOI0 U TEXHOJOIHYSCKUX (DAKTOPOB
OMPEACISICTCS U3 CICAYVIOLIECTO VpaBHEHUSI [S]:

K 1 1 1
et —t——1)—,
80 KF ﬁ KV

K =( (2.2)

rae Ko3(pHUIHECHT, VIUTHBAIOMAN BIMIHUE KOHICHTPAITHH HAMPSHKEHUH H

MacmTabHoro a¢ddekTa  ompeAcnIeTea  Kak  OTHOIICHHE —TIPEACTa

BBIHOCTMBOCTH J1a00OpaTOpHOro obpasua O _; K NPEACTY BBIHOCIMBOCTH

Jctaml O 1o HOpH CHMMCTPHYHOM LHKJIC H3MCHCHUI HaHpH)KeHI/Iﬁ H3



CIECOYIOIIEr0 VPaBHEHUS B COOTBETCTBHH C TEOPHEH  moA00Hs

VCTATOCTHOTO pa3pyIeHus |S]:

]icr _ C—l 2'“,5
- - I 2.3)
(1,946-1g=) °
&, O 11 v, (1.946-1g2)

K. - xoatdouuncHr coctosHms moBepxHOCTH, K, - kodduumcHT
VIOPOUHCHHUS, [3 - KOI(DHUIMCHT, YUHUTHIBAKOIIMHA COCTOSHHUS CPCIBI
WK KO3 HULHEHT KOPPOZHOHHOTO BO3ACHCTBHS, f, - TCOPETHUCCKHI

KOB(I)(I)I/IHI/ICHT KOHLCHTPalUuH 4JIA IICPBOr'o INIABHOI'O HAIIPsLKCHHUA B

30HC KOHUCHTPALHK PACCUHTHIBACMOM JCTANH, V - HAPAMETP HAKIOHA

ypaBHeHust noxobus, Ig g - mapaMeTp noA00Us IS JCTAIH.

JlerarpHOE  HWCCIEIOBAHWE METOMOB  OMPEACACHHA — 3aracoB
MPOYHOCTH MPU ACHMMETPUYHOM HATPYKCHHH COACPIKHUTCS B padoTe
[10].

@opmyna (2.1) BeIBEACHA B  OPEANIONOKEHUH JTHHCHHOH
3aBHCHMOCTH MCKAY TIPCACTBHOH aMIUTHTYIOW H CPCIHUM HAMPSKCHHCM
OUKIa Kak Ans  o0pasuoB, Tak HW i JACTAlH, NPUONHKCHHO
CXCMATHU3HPVIOIICH ACHCTBHTEIBHYIO AMATPAMMY MPEIACITbHBIX AMILUTHTV,
a TaKXKC MPH TMPOTOPLHMOHATHHOM BO3PACTAHUU AMILTUTYIBI H CPCTHETO
HaIPsDKCHHST padouero MHKIA BIUIOTH A0 HACTYIUICHHUS TPCACIBHOIO

cocrosiHu. Beison dopmynet (2.1) wrtroctpupyercs pucyHkoM 2. 1.



o, e ligen="Y_)

Puc.2.1. K BeiBoxy ¢opmymner ko3 umucHTra 3anaca

Ha pucyake 2.1 kpuBas NIHUHHS OPCACTABIACT COOOH ICHCTBUTCIBHYEO
auarpaMMy — TPEAETbHBIX — aMIUTHTYA.  BepxHsSsg  nOpsaMas  JTUHHA
AnMmpoOKCHMHUPYET KPUBYK) JAHArpamMMBl NPESACIBbHBIX aMIUIMTYA  AJs

1abopaToOpHBIX OOpPasNoOB, HIDKHAA TpaMas — JId Jactaau. Touka A

(o, .0 ,) Ha pucyHke 2.1 xapakTepH3yeT pabouuii HUKA ACHCTBYIOMHX Ha

JAcTank HampsKCHUH, B TO BpeMs Kak Touka B (o, .0, ) onpeaecaser

mo
MPCACABHVIO AMIUIATYAV MM JACTAJIH. JTH TOYKH B COOTBCTCTBHH C
TIPUHATHIM JOMYICHUEM JekaT Ha ogHoM jmyue. Koaddumuent 3amaca

OonpcAacACTCA U3 CICAYIOLICTO YPABHCHHA .

o] (o]
n =—%2—_"m (2.4)
G(l Gm

B coorBercTBUM ¢ mpUHATOM CXeMaTH3alMEH AuUarpaMMbl TPEACTBHBIX

AMILTUTYA IMPAMBIME THHHAMH, HMCCM .



ol Y,
c,=c,-%VY, o, 0, :K—l, Y = z (2.5)
oD cD

[Toacrasass cootHoweHus (2.5) B (2.4), monyanm:

n,-o,=—————>=—-n_-0 (2.6)
K

OTKYJa IOCIIC HECTOKHBIX Tpeobpazopanuii momyuactcs opmyna (2.1).
IKCIEPHMECHTAIBHBIC JAHHBIC CBHACTCIBCTBYIOT O TOM, 4TO (hopma
AUarpaMMbl MPSACTBHBIX AMILTHTY CYIICCTBCHHO OTIHYACTCS OT MPSMOH
muHud. B pabore [11] Ha oCHOBaHHMH aHaM3a HW3BCCTHBIX YPABHCHUU
auarpaMM MOPEACIbHBIX AMIUIMTYA C IPHBICYCHHEM OOIBIIOrO YHCIA
OMBITHBIX JAHHBIX YCTAHOBJACHO, YTO HAHUMCHBIIEH MOrPEITHOCTHIO

o0nazacT CIeayIImee KOPPEIIMHOHHOS YPABHCHHC

o

o)
e =|1-2& (2.7)
071 GB

o}

rac GB - BPCMCHHOC COIIPOTHBJICHHUC,

o =0,63 - 111 aTIOMHHHACBEIX CIIJIABOB,
o =0,831 - 1719 THTAHOBBIX CILIABOB;
o =0,82 - amms crancH.

Heckompko 0onbIIy0 MOrpeMIHOCTE IMEET MOACTs XeHByaa [12],
MOJAYUYCHHAS HA OCHOBE JCTAJIBHOIO aHAIW3a BIMSHUS CPEIHUX
HaOpsDKEHUH LHUKIA HA MPEAE] BBIHOCIMBOCTHU CTaldeH U aTFOMHHHEBBIX

CILIABOB IPH OCEBOM HAI'PYKCHHH

2 o
SCIEy [ —
1 - [ +y( -] 2.8)

o

B

rac F'uy - mapameTpsl (G 5 8 MIa).



JI1s cTabHBIX rI1aJKHX 00Opa3LoB:

 1+0,0038(1g N)*

F .
1+0,008(1g NV)

(2.9)

c (2+0
y = m' m/GB). (2.10)

3GB

st 06pa31os U3 aNFOMHHHEBBIX CILVIABOB:

4
|, 0.0031(g V)

| +0,0064-
F= ’ 5 2.11)

1+0,0031(lg N)*

(o)
y = 1 . (2.12)

4
114 (Ce g N
B 2250

Caenyer obparuTh BHHMAaHHE Ha OmHUOKY B popMmyie AastL ¥ B

o)

pycckoM miepesoae padboter [12].

Jpyrue H3BECTHBIE MOJAEIH B PANE CIIYYACB HE YIOBICTBOPSIOT
TPAaHUYHBIM  VCJIOBHAM, 0071a7aroT  OONBIION  NOTPEIIHOCTBIO IO
OTHOIICHHID K HMCIOIIUMCS PE3YIbTATAM JKCICPUMCHTOB W TMO3TOMY B
HACTOAINCH paboTe HE PpacCMaTPHUBAIOTCA.

OueBnaHO, 4TO KO3((HULHCHT 3amaca YCTATOCTHOH MPOYHOCTH

asiercd (pyHKuuen monropeuHocTd. [Ipu 3TOM BCe TEXHOIOrHUECKHE U
SKCIUIYATALIMOHHBIC (akTOpsl, BXomimme B Gopmyay mas K_, (o
ypaBHeHue (2.2)) Takke, CTPOrO TOBOpS, SBIBIIOTCS  (PYHKIHSIMH
nonroeeuHocTH. (OOOCHOBaHHME 3THUX 3aBHCHMOCTCH TPOU3BOIUTCSH, Kak

MPaBHIO, TIO JAHHBIM 3KcnepuMmeHTOB. B pabotax [6,8,13], Hanmpumep,

00OCHOBaHBI ClAeAYIOIIHE (HOPMYIBI I yY€Ta 3aBUCHMOCTH HAKIOHA



VPaBHCHHS TOAOOHMA YCTAIOCTHOTO paspyllcHHA V., H KO3(pQpHLHCHTaA

YYBCTBHTCIIBHOCTH K ACUMMCTPHH OHKIIAa \POfV oT BC/IHYIHHBbI

JOITrOBCHHOCTH N MPUMCHHUTCIBHO K JICTKHM CILTaBaM:

O 1y
Vav =V5 i (2.13)
O_
107
O_1y
Yoy =", — (2.14)

TIC O |, - IPCACT BEIHOCAMBOCTH MPH CUMMCTPHYHOM ITHKJIC HATPY KCHHUS
JUIs JaHHOM Oaser N

o 1., T npeacia BBIHOCIIMBOCTH IIPH CHUMMCTPHYHOM LHKIIC HAI'PYXKCHHS
10

o 7
1u1st 6azoBoit goaroseudocty N =107 1nukinos;

v_,¥., - copaBounbie 3HauCHHS XapakTepUCTHK Al 0a30BOH

porroseusoctd N =107 muxios.

Hisi  yCTAHOBJICHHS 3aBUCHMOCTH TMpPEAEIa BBIHOCIMBOCTH OT
JAOITOBEYHOCTH O _;,, HEOOXOAMMO pacnosaraTh NapaMeTpaMH anpHOPHOH
KPHBOM YCTaJO0CTH MaTepHana IpH CHUMMETPUYHOM LUKIE ACHUCTBUS
IIEPEMEHHBIX HAITPSKEHUI.

Hns aehopMupyeMBIX aTIOMHHUCBBIX CIUIABOB MPHUMCHUTCIBHO K
riagkuM  gadoparopHelM oOpasuam auamerpom 7.5-10 MM anpuopnas

KpHUBas YCTAJOCTH MOXKET OBITh IOCTPOCHA HA OCHOBAHHMH CIEAYIOMIHX

VPaBHEHUH B OOLIEM CIy4ac acUMMETPHUYHOIO HArPYXKEHHUS C O, =CONSst

[14,15]:

c,=(c,—0c,)" - [1,57+941-(IgN) "] (2.15)



ISl ICPEMEHHOTO M3ruda;
c,=(c,-0c,)" [1,43+857-(IgN) "] (2.16)

JUISL TICPCMECHHOTO PACTSKCHHSI-CKATHSL,

B dopmymax (2.15),(2.16) o, npeacrasmrger coOoif OpAMHATY TOUYEK

MEIAMAHHOH KPHBOH YCTAlIOCTH, BBIPDAKCHHYK) B MEramackamix; Op

VCIOBHBIH NPEACII IPOUYHOCTH B TOH JKC Pa3MEPHOCTH.
JIJist THTAHOBBIX CIIJIABOB, MPEACT MPOUYHOCTH KOTOPBIX HAXOIUTCS
B aumanazone 700-1300 MIla, amnpuopHele KpPHBBHIC VCTaJIOCTU

OTIPEACIIOTCS MO CACAYIOLUM YpaBHEHUIM [ 16]:

a

o,=(c,—0c,)" [1,40+370-(IgN) "], (2.17)

c,=(c,—c,)" [1,43+26-(N) "] (2.18)
IUTS TIEPEMEHHOTO H3ruda;

o, =(c,-0c, )" [L16+310-(IgN) "], (2.19)

c,=(o,—oc,)" - [L19+22-(N)""] (2.20)

IUTS TICPEMCHHOTO PACTSDKCHUS-COKATHSL.

B pabGote [8] amnsa G0MpIIOH TPVIIIEI ATFOMUHUCBEIX H MAarHUCBHIX JINTBIX M
AC(hOPMHUPYEMBIX CIJIABOB OOOCHOBAHO YPaBHCHHEC OOOOIICHHON KPHBOM
VCTAJIOCTH, CHPAaBCATIMBOC Kak [ OOpaslioB, Tak W A JICMCHTOB

KOHCTPVYKLHH NPU CUMMETPHYHOM HarpyKeHHUH:
o, =0, -[045+2695 (IgN)"] (2.21)

Jna ypaBHCHHMH guHarpamMM npeaeabHex ammautya (2.7), (2.8) ¢
yuetoM  ypaBHeHmit  (2.13)-(2.21), ycTaHaBIMBANOIUX  3aBUCHMOCTh

IapaMeTpoB AMarpaMMbl OT JOATOBEYHOCTH, MOXHO YTOYHHTH (POpMyTy



(2.1) ana xosdduuucHTa 3amaca. PaccMoTpuM 3TV MCTOAMKY HA HPUMEPE
moaenu CrenmnoBa (2.7) ¢ yrounenuem [11] Ha Ha/mMuue KOHULEHTpaUHUH

HAMPSDKCHAH (CM. puc.2.2):

k o )
c,=—|]1_Zn —m | (2.22)
GB

rae koadduument £ onpenessercs U3 CASAYIOMNX YPABHEHHH:

B *
Gm
o, npu o, <—,
aG
- - . (2.23)
0,2 “m
k,=|1+a, (a,—1): — npu G, >——,
ac ) 00,2 Gm c
1 npu c,,>06,,
sk
a HAMPSDKCHUE O, OMPCACIICTCS M3 CACAYIOMCTO YPABHCHUS!
G*
>I<
c, +o_  (1-—)" =0,, . (2.24)

GB
Hpe,unonoan AAJICC, UTO TICPCXOoAd B MPCACIbHOC COCTOAHHUC TTPOUCXOAUT

10 CTENICHHOM 3aBUCHUMOCTH
o,=a-(c,) (2.25)
a m » :
a kod(hdHuIMCHT 3amaca YCTATOCTHOM TPOYHOCTH OMNPEACIACTCS Kak

OTHOIICHHUE TPESACTBHON aMIUIUTYABL JCTAlId K aMIUTHTYAC padodero

[HKIA:

o4
Gao G—lN km ) Gmd
n_= = 1 - 2 me

c, K,-o

(2.26)
GB

a

B cootBeTcTBHE ¢ ypaBHCHHEM (2.25) s IPSACTBHON aMITTUTY,TBI HMCCM

c,=a(c,,) . (2.27)



Berpaskast mapamerp a u3 ypaBHenus (2.25) u moacrasmss (2.27) B (2.26),

HOJTYIHM:

1\ %
n_ = Gle 1 - km ) Gm ) (nﬁ); ‘

o
Ko Op

a

(2.28)

AHanoruyHas METOIWKA, TPUMCHCHHASI K VPABHCHHUIO XCHBYAA, MPHUBOIUAT

K CIEAYIOMEMY VPAaBHEHHIO IS ONPEACTICHNS KO3 (PHUITHECHTA 3aaca;

po—— % || _Cultch [F+a-Fy-y]- (2.29)

an O, Cp

rae mapametp [ onpenensiercst o ypasaeHusm (2.9), (2.11), a mapamerp

Y ¢ yuetom ypaBHeHuH (2.10)(2.12) ompeaensercs u3 CACIYIONHX

VpaBHCHHI:
1 1
c_ n J[2+0c -n, /cr ]
y =12 ( )Z i ( )x B~ _ qna cranei, (2.30)
3o

B

1
y = Tm -(ng )x - J71s QTEOMHUHHUEBHIX CILIABOB. (2.31)

4
o . 1_|_ M
B 2250

N3 ypasucHmit (2.28)-(2.31) 9uCACHHBIM METOAOM HETPYAHO OMPCACTHTH
k0> PULIUCHT 3amaca #, And 33JaHHBIX HANpsLKCHHH padodero LHMKIA,
XapaKTEPHCTHK MEXaHWYECKHX CBOMCTB MaTepHalla AETaIH, IapaMeTpPOB
JUATPAMMBI OPCACTbHBIX aMITIUTYA U Ko3(hdUIHMEHTA ¥ , OMPEACSIFOIICTO

WHTEHCHBHOCTh TEPEX0Ja B MNPEACIBHOE COCTOSIHHE B COOTBETCTBHHU C
ypaBHeHHCM (2.25). COOTBETCTBYIOITHE KPUBBIC MPCACTBHBIX AMILTHTY

st o0pasuoB (kpuBas ), Aetanu 0€3 yuera u3MeHEHus koddduimeHTa

k_(k_ =1) (xpuBas b) w ;s geramu ¢ yuerom Kk, (kpuBas c),

10



TpeaCcTaBJIcHB Ha pucyHke 2.2. Tam jke mokazaHa KpuBas TIEPEX0Ja B
MPEICABHOC COCTOsIHUE (KpuBas d).

Ha ocHoBaHHMM MONTYYCHHBIX YpaBHCHHH (OPMYJIBI ISl pacucta
k03 pULIECHTA 3amaca C YYCTOM BJIHMSHHUS JOJITOBCYHOCTH OYAYT HMCTh

CICAVIOIWN BHA!

O
Ny = ¥ , (2.32)
Ky 0, +%5 -0,
N, = O v 1 K O [naN]Z i (2.33)
Koy 0, Op
1
N, =—0= 1—"m'[”GNH JF+(1-F)-y]- (2.34)
Ky-o, Op
2-x 1 1 1
Koy = ——t—t——1)— (2.33)
v (1946 — 1e=) K K
1410 o Ke P ’

st moaenei  Cepencena-KunacoBmsumu (2.32), Crenuoa (2.33) u

Xeiiyaa (2.34).

11



TFpa = o,

Puc.2.2. K BeiBoay yrouHcHHOH dopmyiel Kod¢duireHTa 3amaca

Bun ypaBHCHUIH, ONMPEICASIOMUX 3aBUCHMOCTh KOHCTPYKITHOHHBIX
U JKCIUTYaTaUMOHHBIX  (AKTOPOB  VCTATOCTHOIO  Pa3pyLICHHSA  OT
JOJITOBCUHOCTH A1 JCTaACH W3 ATIOMUHHCBBIX, THTAHOBBIX CIUIABOB U
cranci B ypaBHCHHAX (2.32)-(2.35) MOXKET VYTOYHATBCA IO MEPC
HAKOILUIEHHS 3KCIEPUMEHTANBHBIX JAHHBIX U Pa3paboTKH TEOPETHUECKHUX
MOJCICH.

[lpuvep 2.1. B xauecTBe mpuMepa pPacCMOTPUM  pacueT

k03¢ (PUIMEHTOB 3amaca s 3JIEMEHTA KOHCTPYKIWH W3 ATHOMHHHECBOTO

cIlaBa B amamasoHe gomroeseunocreir 10° —5-107 numxmos. Pacuers
BBITIOTHCHBI 11 TpeX Moaenei (2.32), (2.33) u (2.34) mpu caeayrommx

3HaYeHHAX xapakrepuctuk: O, =150 Mlla; o, =550 Milla;

0o, =300 MIa; &, =50 MIa; ¥, =0.3; v_=0,2; &¢ =0,63; x =2, qs

JBYX  3HAYCHHH  TeopeTHdeckoro  KoadduumeHTa  KOHLICHTPALHH

12



HanpspKCHUHA acranu O . =2,3 u 1,5, [lapamerp noaodus npuHAT PABHBIM -

L

lgﬁ =4 . Ko>puuueHtsl COCTOSHHUS MOBCPXHOCTH, YIPOUHCHHSL,

KOPpPO3WH TIPUMEM PaBHBIMH CAWHHUIE. PacucTHOC 3HAUCHUC HATPSKCHHS
* ~r
o, And pasHbX 0a3oBRIX gonrosedHocTted B mogenn Cremnosa (2.33)

OMPEACIICTCS. HAa OCHOBAHWM VpaBHCHUA (2.24) ¢ y4ucTOM VpaBHCHHS

KpHBOH ycramoctH (2.21):

o, (N)+o_ -[045+2695 (IgN) "] 1- TnN) | _ Gy, (2.36)
10 Q"B ’
B Tabmumax 2.1, 2.2 npeactaBACHBI PE3VABTATHL  pacucTa
ko3¢ duucHTa 3anaca yctamocTHoH npouHoctd. Kak BuaHO u3 TabmuLbl

2.1, paccyMTaHHOM JUIsI 3HAYCHHSI TCOPCTHYCCKOTO KO3(PuIucHTa
KOHIIEHTpaIMy HanpspkeHud o, =2,3, mozneas Cepencena-Kunacomsunn
(2.32) mact Ooapmme 3HAYCHHS KO3(p(HUIMCHTA 3amaca MO CPAaBHCHHIO ¢
dopmynoii (2.33), mony4ueHHOH HA OCHOBAHUH MOAETH CTEMHOBA C YUETOM

U3McHEHHS Kod(pdunucHTa A . B cpeaHeM Ha 3-5% BO BCEM IHANA30HE

m
HCCIICAOBAHHBIX AOITOBCYHOCTEH M aMIIuTyA HanpspkeHud ot 20 ao 100
MITa. UckaroueHUE COCTABIISIOT UL 3HAUCHUSI OpH Majaod ammuryac 20
MIla u Huskux 6azoeeix gomroseunoctedt 10° w 10° mwmkmos, mms
koTopbIx ko3¢ durmeHT 3amaca o popmyne (32) mennine Ha 1-3%. Ecou B
dopmyne (2.33) He yunteiBare 3HauCHUS Kk, , TO €CTh mpuHITH &, =1, TO
ko3 durueHT 3anaca B Moaenu (CTEMHOBA OKA3bIBACTCS BBHIIIC, YEM B
dopmyme Cepencena-Kunacomsmmm. [praem 3to ommwame mocturact 10-

18% mpu MaapIX aMIIMTYAaX M JOITOBEYHOCTIX M CHIDKaeTes a0 1-8%

mpH  BO3pacTaHul PadouCH AaMIUTUTYABI ©  VBCIWUCHHH  0Oa30BOH

zomroseunocty g0 5-107 wpkmos. ®opmyma (2.34), momyucHHas Ha

13



OCHOBAaHHH MOJEeTH XeHByaa maet Ooipiiue 3HaueHHUS kodhduimeHTa

jamaca 1o CpaBHCHHIO C APYIrHMH MOACIIAMH BO BCCM PACCMOTPCHHOM

AUAIA30HEC aMILTUTYd H ﬂOHFOBeqHOCTGﬁ. ITO OTIHUYHE MO CpPaBHCHHUIO C

dbopmynoit (2.32) Tem OoONBIIC, YCM MCHBINC AMILIUTYIA H HIDKC OaszoBas

JOJATOBEYHOCTh, U HAXOAHUTCS B CpeaHeM B quanaszone 15-35%.

TaGmuma 2. 1. Pesynbratsl pacuera koddduimenta 3anaca

VCTAIIOCTHOH MPOYHOCTH

o, =23
n, N O, .Mlla
20 | 30 | 40 | 50 | 60 | 70 | 8 [ 90 [ 100
(252) 10° | 2354 | 1703 | 1.334 | 1.096 | 0.931 | 0.808 | 0715 | 0.640 | 0.580
10° | 2053 | 1469 | 1,144 | 0937 | 0793 | 0.687 | 0,607 | 0.543 | 0.491
107 | 1846 | 1311 | 1017 | 0.830 | 0702 | 0.607 | 0.536 | 0.479 | 0.433
5-107 | 1737 | 1220 | 0951 | 0776 | 0.655 | 0.567 | 0.499 | 0.446 | 0.403
G 10° | 2416 | 1688 | 1.301 | 1.060 | 0.895 | 0776 | 0.684 | 0.612 | 0.554
10° | 2063 | 1436 | 1.105 | 0.899 | 0759 | 0.657 | 0.579 | 0.518 | 0.469
107 | 1835 | 1274 | 0978 | 0795 | 0.670 | 0.580 | 0.511 | 0.457 | 0.413
5-107 | 1718 | 1.190 | 0913 | 0.742 | 0.625 | 0.541 | 0.476 | 0.425 | 0.385
k(mi) 10° | 2776 | 1.887 | 1.432 | 1.154 | 0967 | 0.833 | 0731 | 0652 | 0.588
" 10° | 2350 | 1595 | 1200 | 0974 | 0816 | 0.702 | 0616 | 0549 | 0.496
10" | 2072 | 1405 | 1.064 | 0.857 | 0717 | 0.617 | 0542 | 0.483 | 0.435
5-107 | 1930 | 1308 | 0.990 | 0.797 | 0.667 | 0.574 | 0.504 | 0.449 | 0.405
(234

5
10 3,171 | 2,166 | 1,647 | 1,331 | 1,117 | 0,962 | 0,846 | 0,754 | 0,681

6
10 2,645 | 1,804 | 1,371 | 1,106 | 0,928 | 0,800 | 0,702 | 0,626 | 0,565

7
10 2,313 | 1,577 | 1,198 | 0,967 | 0,811 [ 0,699 | 0,614 | 0,548 | 0,494

5-107 | 2168 | 1.478 | 1123 | 0907 | 0,761 | 0,655 | 0.576 | 0,513 | 0.463
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Tabmuua 2.2. Peayastarsl pacucta k03¢ HIMCHTA 3armaca yCTaIOCTHOH

MPOYHOCTH
o, =15
n, N O, . Mila
20 [ 30 [ 40 [ 50 [ 60 [ 70 80 [ 90 [ 100
(2.32) 105
3,207 | 2.394 | 1,909 | 1,588 | 1,360 | 1,188 | 1.056 | 0.949 | 0,863

6
10 2,837 | 2,089 [ 1,653 | 1,368 | 1,166 | 1,017 | 0,901 [ 0,809 [ 0,734

7
10 2,577 1 1,879 [ 1,479 1 1,219 | 1,037 | 0,902 | 0,798 | 0,716 | 0,649

7
5-10" | 2437 | 1769 | 1388 | 1,142 | 0970 | 0,843 | 0.746 | 0.668 | 0,606

(233) 10°
3,877 | 2,684 | 2,058 | 1,671 | 1408 | 1217 | 1.072 | 0958 | 0,867

6
10 3311 | 2283 | 1748 | 1,417 | 1,193 | 1,030 | 0,907 | 0,810 | 0,733

7
10 2,936 | 2,020 | 1,544 | 1,251 | 1,052 | 0,908 | 0,800 | 0,714 | 0,645

7
5-10" | 2743 | 1.886 | 1.440 | 1,166 | 0981 | 0.846 | 0745 | 0.665 | 0.601

(233) 5
10 4150 | 2.834 | 2,156 | 1,742 | 1462 | 1,260 | 1,108 | 0,988 | 0,892

m 6
10 3,521 | 2,401 | 1,824 | 1,472 | 1,235 | 1,064 | 0,934 | 0,834 | 0,752

7
10 3,109 | 2,116 | 1,607 | 1,296 | 1,087 | 0,936 | 0.822 | 0,733 | 0,661

7
5-10" | 2899 | 1,971 | 1.496 | 1206 | 1011 | 0.871 | 0765 | 0682 | 0.615

(2.34) 5
10 4700 | 3237 | 2471 | 2,001 | 1,682 | 1,452 | 1277 | 1,140 | 1,030

6
10 3938 | 2,701 | 2,059 | 1,666 | 1,400 | 1,208 | 1,062 | 0,948 | 0,856

7
10 3445 | 2361 | 1,800 | 1,457 | 1224 | 1,055 | 0,928 | 0,829 | 0,748

7
5-107 | 3228 | 2213 | 1687 | 1365 | 1,147 | 0.990 | 0.870 | 0,777 | 0.702

HpI/I CHHMXKCHHH CTCIICHH KOHLCHTPALHH HaHp}DKeHI/Iﬁ B ACTAJIH

(em. Tabmuny 2.2, ¢ =1.5) u ToM >ke 3HAYEHUH MapameTpa MoAoOus

L

lg==4, PACCMOTPCHHBIC CPaBHUTECIBHBIC 3aKOHOMEPHOCTH

G

mmenstores. @opmyna (2.33) maer Oompmue 3HaUCHWsT KO3(PUIHUCHTA
3amaca 1o cpaBHEHHIO ¢ (2.32) mpakTUYECKH BO BCEM JUAIMA3Z0HE AMILTHTY
W JOITOBCYHOCTCH, HO 3TO oTiuune gocturact 13-20% mpu mamerx, 2-5%

MIPH CPEOHUX AMIUTHTYAAX U (PAKTHUYECKH PABHO HYIIO NPH BO3PACTAHWUH
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ammmatyapl o 100 MIla. Kak u B Tabmume 2.1 dopmyma (2.34) mact
OombIIHe 3HAYCHHS KO3 (DHUIIHCHTA 3amaca o cpaBHCHHIO ¢ (2.32) u (2.33).
Kak mokazami pacueTsl, M3MCHCHHE PabOodYero CPEeAHErO HANpSKEHHUA HE
BIHSICT CYLICCTBCHHO Ha PacCMOTPCHHBIC CPaBHHUTCIIBHBIC
3aKOHOMEPHOCTH.

Takum oOpazoM, HA OCHOBAaHHH CYIOCCTBYIOLIMX VPABHCHHMH
auarpaMM MPEACAbHBIX AMIUTATY IOJIYYCHBI (POopMyJsl I pacdera
ko3dduiuenta 3anaca  yCTAJTOCTHOH MOPOYHOCTH TIPH  PETYISIPHOM
HATPYKCHHH, TO3BONSIOIIHC MPOU3BOIUTH pacucThl KodddummenTa 3amaca
B IIMPOKOM JHAIA30HC PadOYHX aMIUIMTYA, CPCIHHUX HAMPSDKCHHH U
0a30BbIX 3HAYECHUH JONTOBEYHOCTH A0 PA3PYIICHHUS. Y CTAHOBIEHO, HUTO
HAWIYYIIEE COOTBETCTBHUE OINBITHBIM JaHHBIM HMeeT Gopmyna (2.33),
MOJYUCHHAS HA OCHOBAHHH YPABHCHHSI THATPAMMBI TIPSACIBHBIX aMIUTHTYT
CrerrHoBa  (2.22), xopomo  anmpoOHPOBAHHOTO IS ATIOMHHUCBBIX,
TUTAHOBHIX CIUIABOB U KOHCTPVKIMOHHBIX CTAJICH.

Kax mokas3pIBatOT pacueTsl Jisl ASTAICH W3 ATFOMHHHUEBBIX CIIABOB,
¢hopmymna Cepencena-Kunacomsumu (2.32) npu 3HAUCHUSIX

TECOPETHUCCKOrO KO3(P(UIHECHTA KOHLUCHTPALMH HAMPSKCHHH B JICTATH
O, >2 paeT 3aBbIIIEHHBIH 3aMac YCTAA0CTHON NPOYHOCTH MO CPABHEHHIO C
bonee TouHOU opmymoi (2.33), MOMYUICHHOH HA OCHOBAHWH MOACITH
CrennoBa. Ilpn o <2 Heckombko OONBIMMH 3amac MPH MajbIX PabOYHX
ammmaryaax gact dopmyna (2.33), HO NpH aAMIIUTYIAX, COCTABISIFOLIHAX

50-70% or npexema BeHOCIHBOCTH Ha Gase 107 muxmos ormmume
ko3 purecHTOB 3amaca, paccUHTaHHBIX 1o (opmynam (2.32) u (2.33)
HCCVILICCTBCHHO.

Bo Bcex cayuagx dopmyna (2.34), moayducHHas Ha OCHOBAHHH

mMonean XeHByJa, JaeT CYIIECTBCHHO 3aBBILICHHBIH 3amac yCTalOCTHOH
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MPOYHOCTH MO CPABHCHHIO ¢ APYTHMH MOJACISIMH M €€ NPHMCHCHHE AN
LeneH pacuera ko3¢ PHIUCHTA 3a1aca HE PEKOMEHAVETCA.
2.2. PacueTr Ha NPOYHOCTH HPH PeryJsipHOi NepeMeHH ol
HATPY’KEHHOCTH

BeposaTHOCTHASL TPAKTOBKA YCIOBHM MPOYHOCTH ACTANCH MALIUH H
DAEMEHTOB KOHCTPYKLUHMH MNPH PETYIIPHOH MEPEMEHHOH HArpy:KEHHOCTH
OCHOBBIBACTCSI HA CTATUCTUYCCKOH OLCHKE BO3MOMKHBIX CIYYAHHBIX
OTKJIOHEHUHM aMIUIUTY] MEPEMEHHBIX HANPSLKEHUW W BEIMYMHBI MPEAcna
BBIHOCJIMBOCTH HJIM €0 3HAYCHHH, OrPAHUYCHHBIX IO YHCIY LHMKIIOB, €CIIH
paccCMaTPUBAIOTCA YCIOBHSA MPOYHOCTH I JAHHOIO PECypca MO YHUCITY
nuknoB. CayuyalHble OTKJIOHEHHS AMILUIATYAbl PETYISIPHON MNEPEMEHHOU
HATrPY>KCHHOCTH JAETANCH NOPOKAAKOTCS KAaK CIYYAHMHBIMH HApPYLOCHHUSMH
peskuMa  paboThl, CBS3AHHBIMH C BO3ACHCTBHEM pPErYIHPVIONIHX U
VIPABISIOMWX JAHHOM MAIIWHOW CHCTEM, TaKk H©  CIVIauHBIMH
OTKJIOHEHUAMH BCICACTBUE TNPOMU3BOACTBEHHBIX H SKCIIYAaTaLHOHHBIX
BiusHUE. BeposaTHOCTE O€30TKA3HOH padOTHl OMPEASIACTCA TAKKE KaK H

TPU CTATHUECKOM JIEUCTBUHU HArpy3ku. [Ipu 3ToM B KauecTBE TIPEACTBHOTO
HAMPSDKCHHS  OEPeTCs TPEIST BBIHOCIHBOCTH JCTATH S =0, ,, a B

KQUCCTBC JACHCTBYIOIICTO HANPSKCHUA - aMILUUTYAQ JACHCTBVIOIICTO

HANPsKCHUA O — O a Taxxe xak u paHCC CUNTACTCA, YTO 3TU BCIWYIUHEBI

CTATHCTUYCCKH HE3aBHCHMBL [Ipeaen BBRIHOCIHBOCTH OHPEIACIACTCS II0
KPUBOHM VCTAIOCTH IS 3aJaHHOM (0a30Boit) moarosecuHoCTH. [Ipu pacucre
CACAYET  VUHUTBIBATh, YTO  XAPAKTCPUCTHKH  PACCCAHHS  Tpeaena
BBIHOCIIMBOCTH CVINECTBEHHO 3aBHCAT OT 0a30BOH JOITOBEYHOCTH. B
KAucCTBEC TCPBOTO  MPHOMIDKCHHUS  MOKHO — CUHMTATh  TTOCTOSTHHBIM
k03 (PULUHCHT BapHALIUH TTPEaSia BBIHOCIHBOCTH [ 1].

IIpumep 2.2. Omnpeaeaute BEPOATHOCTH OC30TKA3HOH pPadOTHI
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JJIEMCHTA KOHCTPYKIHUHU IPH CHMMCTPHYHOM HHUKIIC, COOTBCTCTBYHOIIYHO
“ 7

6azoBoit goaroseuHoctd 10" HUKIOB (BEPOATHOCTh HEPA3PYIICHHS 0

0a30BOH JOATOBEUHOCTH) MPH JCUCTBHH aMIUIMTYIbl IEPEMEHHBIX

Hanpsbkenit ¢, = 90 MIla. Koadduument sapmammm aeHCTBYIOIIX
amratyx  cocrasater ¥, = 0,01. [Ilpemen BBeIHOCHHBOCTH  mpH

CUMMETPHYHOM IIHKIEC 1Ig VvKazaHHoW 6aser cocraBmger 100 MIla.

Koaddpuument Bapraunm npeaena BEIHOCTHBOCTH cocTaBiset ¥, = 0,03.

[MpumMeM  HOPMATBHBIM  3aKOH  PACTPCACIICHHSA — MPCACHBHBIX M
JCHCTBYIOIIMX aMILTHTYI MEPEMCHHBIX HanpsokeHui. [To ypaBHEHUIO CBA3H
HMCCM .

n-1 10/9-1
VP2, Pyl y0032-(10/9)7 +0,07

=319, R =0,99929

2.3. PacyeT HA MPOYHOCTHL NMPH HEPErYJISIPHOI MepeMeHHOH
HATPYKEHHOCTH

OmpeacneHre AOATOBEYHOCTH MPH HEPETYISIPHOM HArpy>KEHUH
OpoM3BOAUTCS OOBIMHO MO ciaeayromed cxeme. Ha nepsom 3rtame
YCTaHABJIMBAIOTCSA XAPAKTCPHCTUKH VPOBHSA HArPYKCHHOCTH JACTAIM WIIH
37CMEHTA KOHCTPYKIHH B BHAC (YHKINHM pPAcIpeaciCHHS aMILTHUTY]
SKCIUTYATALMOHHBIX ~ HampspbkeHuil. B Hambonee  obmem  ciayuae
ITUPOKOIOIOCHOTO TPOIECCA CXEMATH3AIMIO CIYYaHOro mporecca ¢
IENBI0 TTOCTPOCHHS (YVHKIIMH PACIPEACICHUS AMIUTHTYA HANPSKCHUH,
3KBHBAJICHTHBIX CIVYaHHOMY @pPOLIECCY IO CTEINEHU YCTAIOCTHOrO
MOBPESKACHHUS, MPOU3BOAIT OJHUM W3 U3BECTHBIX METOJOB. MAKCHMYMOB,
AKCTPEMYMOB, pa3MaxoB, MOIHBIX LUKIOB, «JOXKI1» U aAp. [4]. Merox
IOJHBIX UUKIOB, HANPUMEP, JAA€T, KaK IPUHATO CUHUTATh, HAapsay C

MCTOAOM  «(OOKI5» HauOoICe NpUCMJICMBIC PC3YIBTATBL A1 OLCHKH
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JONTOBEYHOCTU MPH HEPETYBIPHOM Harpy:keHHH. [lomyueHHbIE BETHUIHHBI
aMIJIMTY HApsHKCHUH pacronaraloT B BO3pacTaloIeM Mopsake, odpasys
BapUALIMOHHBIN psif ammummtya. [lo BemuunHaM aMIITUTY] HAIPSDKCHHH U
COOTBCTCTBYIOIIMM OpAMHATaM HAHOCAT TOYKM Ha Tpa(UK H TPOBOAAT
yepe3 3TH Toukd auHHIO. Ha ocHOBaHMHM aHanmM3a OMBITHBIX JAHHBIX,
00padoTKa OCHUJUIOrPaMM CIYYAHHOTO MPOIEcca BEChMA YacTO MPHUBOIUT
K OMIHPUYSCKUM (VHKIUIM PACTIPEACACHUS AMIUIATYI HAIPSLKEHUN
CYIIECTBEHHO OTIHYAIOMIMXCA OT HOPMAJIBHOTO MIIH KaKOTro-THOO0 APYroro
U3 H3BECTHBIX 3aKOHOB  pacnpedcincHus. TeopeTHdeckud — 3aKoH
PaCIIPEACACHHA aMILTHTY HAMPSDKCHUH 3aBUCHT OT METOIA CXCMAaTH3AIIH
AKCIUTYATALMOHHBIX HATPY30K U BO MHOTHX CIYYAsSX OKA3BIBACTCS TPYIHO
onpenemuMbeiM. C TETBI0 TPAKTHUECCKOTO HCMIOTB30BAHUSA TMOTYICHHBIX
SMIIMPHIECKUX (YVHKIUH PACHpPEACICHUS IPH AHATATHYSCKOM PaCueTe
pecypca mpeanaraercs [6] MOIMHOMHANIBHAS anmpoKCHUMauus (QyHKIUH
pacrpeneacHus] aMIUIUTYA HANPSKEHUM, KOTOPYI0 HETPYAHO BBINIOTHHUTH,
HampuMmep, B cpeac Mathead.
2.4. Pacuer A0/Ir0BEYHOCTH NIPH HEPEryJIsIPHOM HAIPYKEHHH

Pacuer Ha nOpoyHOCTE TIPU  HEPETYIAPHOH  MNEPEMEHHOM
HArPY’>KCHHOCTH TPECANONAracT HUCMONB30BAHUC TOH WIH WHOH THIIOTC3BI
HaKoIICHUsT mnoBpexacHui. Hanmpumep, koppekTHpoBaHHas IHHEHHAS
TUTIOTE3a HAKOIUICHUS VCTANOCTHBIX TIOBPSKIACHUM | 1] uMeeT creayiommiil

BHI:

N((T ) , (2.37)

rae dn(o,)- KOIHMYECTBO IMKIOB JCHCTBUS JAHHOM AMIUIATYABI

TICPCMCHHBIX HAMPSDKCHUH O 32 CPOK cayxObl NV,
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N(o_)- ROAroBeYHOCTH 4O Pa3pyLICHHS WIH A0 OOPa30BaHHS

TPCIIMHBI 3aJaHHOTO pasMcpa IpH ,Z[eﬁCTBI/II/I AMIITATYABL O

a
(onpeaeasieTcst O KPUBOH YCTATOCTH JCTATH);,

@ , - KOPPCKTHPOBAHHAS CyMMa TIOBPCKIACHHH MPH ACHCTBHH BCCX

NOBPCHKAANOIINX aMIIIIMTY /A IICPEMCHHBIX HaHpH}KeHI/II‘/’L

3unauenue dn(c,) ompenensercss B 3aBUCHMOCTH OT BHJA

(YHKOMH pacupeAcICHUS ACHCTBYIOIMUX HATPSDKCHHHU 110 CICIVIOUICH
bopmye:
dn(c,)=N,,-dlI'(c,) , (2.38)

rac dF G )- DJIEMECHTApPHAA BEPOATHOCTE MNOMAJaHUA aMILIUTYI B
a Yy

OCCKOHCUHO MAJTBI AUAMA30H;
di’'(c,))=f(o,)-do . (2.39)
F(o,), f(o,)- byHRIME pacnpeencHHs M IUIOTHOCTH PACIIPEACICHHS

,I[GﬁCTByIOH.IHX MNCPCMCHHBIX aMITTUTYA COOTBCTCTBCHHO.

B pabore [1] mony4ena popmyna amst OnpeneneHns BEMMIUHBL O ,

KOTOpasi 3aBUCUT OT OCOOCHHOCTCH CHCKTpa  JKCILTYATALMOHHOH

MEPEMEHHOM HATPY3KHU:

— U
a,= _ou , (2.40)
o] — U

amax

rac o - MAKCHMAJIbHAs AMILIUTY 1A ACUCTBYIOIINX HANPSKCHU

amax
# — TIPEACT BBIHOCTHBOCTH 00pasna OCCKOHCUYHO OOIBIIOTO AMAMCTPA HITH
MPEACTHFHOE TIOBPEIKIAIOIIECE HAPSIKEHHUE, MPUHAUMACMOC MO JaHHBIM [ 1]
PaBHBIM  OPHUONM3HTENBHO  TOJIOBHHE  MPEAENa  HEOTPAHHUCHHOH

BBIHOCITHBOCTH IJIAAKUX J1ab0opaTopHBIX 00pa3LoB CTAHAAPTHOIO pasMepa;
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u=05¢0 (2.41)

—Jaon®

GCI max

| flo,)-0,-do,

—— _ (2.42)

o-amax

|f(o,)-do,

Wurterpupoanue B opmyne (2.37) BEACTCs IO BCEM aMILTUTYAAM
BILIOTh OO MAKCHMAJIbHOH aMILIUTYABI ACHCTBYIOLICTO CIICKTPa WiIH O10Ka

HArpy>KCHH:A, IIPCBLIINAOIMIKMM IIPCACI HGOFpaHquHHOﬁ BBIHOCJIHBOCTH

MaTepHana ACTaau WM 3JEMEHTA KOHCTPYKUMK O, . MaTerpuposanue B

dopmyae (2.42) Beaercsi Mo aMIUIMTYJAM MPCBBIIAKIHAM MPCACTBHOC
noppexaaromee HampsbkeHue u. (Cxema pacuera  JOMrOBEUHOCTH A0
Pa3pyLICHUS HILTIOCTPUPYETCI PUCYHKOM 2.3,

OxoHuatenpHas GopMyaa s ONPCACICHHUS OLCHKH CPEIHCTO
CpoKa CITy>KObI ACTaIM HIH AOITOBCYHOCTH A0 paspylucHus (oOpas3oBaHuUs
TPCIIMHBI 33JaHHOTO pa3Mcpa) UMEET HA OCHOBAHHMH ypaBHCHUU (2.37)-

(2.42) cneayrommit BUA;

4p

N —
0,5 gaim 7(c.) -do, (2.43)

O 1w N(O-a)

Takum  oOpa3oM  And  ONPCACIACHUSA  OICHKH  CPCAHCH

JOMTOBCYHOCTH  TIPH  HEPETY/IPHOM  TIEPEMECHHOM — HArpy:KCHHUU
HCOOXOAMMO BO-TICPBBIX, 3HATH (PYHKLIHIO PACTIPCICICHUS ACHCTBYIOITHX
HAIMPSKECHUM, KOTOpasd OLIEHHUBACTCA MO PE3VIbTaTaM aHAIN3A CHOEKTpa
3KCITVATALMOHHON MEPECMCHHOM HArpy3KH OJHHM M3 U3BCCTHBIX MCTOOB
CXEMATH3aIMH (METO pazMaxa, MAKCHMYMOB, TTOTHBIX [IUKJIOB H T.IT.), BO-

BTOPBIX, UMCTh KPHUBYIO YCTAJIOCTH ACTATH TIPHU PCTYIAPHOM TICPCMCHHOM
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HArpy>K€HUHU IJIsI ONPEACICHUS JOJTOBEUHOCTH, CTOSIICH B 3HAMCHATENE

dhopmyasr (2.43).

HCAR

THOCTH PACcIpe] eNe T
AMITIHMTY]] HATIDTE fHMH

13
| 2 - T

iy
il T,

K EaHTHNIEHAA KEpHEAd YCTAJIOCTH

EIMAHHAA KPHEAA YCTANOCTH NeTans (p=0_5)
N,

N,

b

Puc. 2.3. Cxema k pacdeTy JOATOBCUHOCTH MPH HEPCTVISIPHOM
MIEPEMEHHOM HarpyKEHHH

ITOr0 HEAOCTATOUYHO A ompeiencHUs (YHKIHH PaclpeacicHus
JOJITOBEYHOCTH MPH HEPETYHPHOM HATPYKEHHH, KOTOPAs MPEICTABISIECT

0COOBIH HHTEpEC B CBSI3H C HEOOXOJUMOCTBIO pacdeTa rapaHTHPOBAHHOTO
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pecypca S OTBCTCTBCHHBIX JACTAACH W DJICMCHTOB KOHCTPYKITHH
aBHAITMOHHOH TexHUKH. B pabore [2] mnokazaHO aHATHUTHYCCKH H
MIOATBEPIKACHO IKCICPUMEHTAIBHO, UTO A OLEHKH JOJITOBEYHOCTH TPHU

HCPCTYJIIPHOM HATPY>KCHHH, COOTBCTCTBYIOLICH BCPOATHOCTH PA3PyLICHHS
p. B dhopmyne (2.43) Bmecro meaunanHoi (p=0,5) nonroseunocru N(o )
JOTKHA ~ WMCTONB30BAaThCA — JoiroseuHocts N, (0,)  (KBaHTHIB

JONTOBEYHOCTH), COOTBETCTBYKOIIAsT ~ BEPOATHOCTH P,  KOTOpas
ONPEACIACTCA MO KPUBOM YCTANOCTH 3aJaHHOH BEPOATHOCTH PA3PYLICHMS

(KBAaHTHJIBHOU KPHBOU YCTAIOCTH) (CM. PUCVHOK 2.3.).

N = .
p Gajnax f(Ga)'dGa (2.44)
o N,(o,)
Ilpu BappUpOBaHHU BETUYHHOH P noayuum  GyHKIHIO

pacmpeeiacHs MOATOBCYHOCTH A0 pPaspyIICHUS TPH  HEPETYIISPHOM
MICPEMEHHOM HArpy »KEHHH, O0OIMAH BHA KOTOPOH MPEACTABICH HA PHCYHKE
2.4,

ITpumep 2.3. TTocTpouth QYHKLHIO PacCTIPEASICHUS JOITOBCUHOCTH
J0 Pa3pyWIEHUs AETaTd U3 ATIOMHUHHEBOTO CIUIABA MPH HEPETYISPHOM
HArpy:kKCHUH,  3aJaHHOM  pacOpeNcICHHUEM — aMIUIMTYJ — CIEKTpa

SKCIUTYaTAlIMOHHOM HArPy3KH B COOTBETCTBHH € 3aKOHOM Pares:

2

a
o) (—5)
_ 2.
Jlo)=—e * (2.45)
A
rae mapametp s=30 Mma, makcuManeHas ammmryaa 6, = 100 Mmna.

Jrta PyHKUNA MPSACTABICHA HA PHCYHKE 2.5,

HyCTb MCIAHWAaHHasA KpHUBad YCTAIOCTH ACTAJIH MPH CHMMCTPHYHOM IHKIIC
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HUMEET CAECAVIOIIUU BUM!
c,=0,,+A4-[lg(N)]", (2.46)

II¢ mapaMeTpel O, U A pasubl coorBeTcTBEHHO 50 1 1000 MIla.

oA
0,5
0,01
-
ND.I:II J?I"'Fl:-..'. N,;

Puc. 2.4. I'paduk QyHKIINE pacIpeaeIeHus JOITOBETHOCTH

J0 pa3pyLICHHS NPH HEPETYISIPHOM NEPEMEHHOM HarpyKCHUHA
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fo,)

0,025

0,02

N
Ao N

0.01

0.005 \

N

o}

(73
Puc. 2.5. ®yHKUMS ITIOTHOCTH PACHIPEACICHUS aMILTATY ] CIIEKTPa

DKCILUTYATALUMOHHOH HATPY3KHU.

Hns pacuera MEaMaHbl JOATOBCYHOCTH JOCTATOYHO STUX AaHHBIX. Jlma
MOCTPOCHHSI BCCH (YHKLMM PACTPCACICHHUS HEOOXOIUMO PacIioNaraTh
TAKKC MAPaMETPaMH KBAHTWIBHBIX KPUBBIX YCTAIOCTH, TO C€CTh KPHBBIX
VCTAJIOCTH, MOCTPOCHHBIX MO MAPAMETPY BEPOSATHOCTH paspymicHus. Tak
KaK TOCTPOCHHC CCMCHCTBA TAaKHX KPHBBIX TpeOyeT OOIBIIOrO YHCIA
OKCTICPUMEHTATBHBIX JAHHBIX, YTO HE BCETJa BO3MOXKHO MPH JUTUTCIBHBIX
VCTAIOCTHBIX HCIBITAHUSX, B TICPBOM TPHUOTMIKCHHHM Il BBIUMCICHUS
KBAaHTHJIH JOJITOBCUYHOCTH TIPH PETYISPHOM HArpy>KCHHH BOCIIOIB3YEMCS
W3BCCTHBIM  TPUOMMKCHUEM  (DYHKIIMHA  pacmlpeAciCHus  jorapudma

AOJI'OBCYHOCTH HA OCHOBAHHWH HOPMAJIbHOI'O 3aKOHA.

IgN,=IgN,s+s,y-2,, (2.47)
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roc lg N, 0.5 OMPCACILICTCS IO YPABHCHHIO MCAHAHHOHW KPHBOH YCTAJIOCTH

(2.46), a cpeaHee KBAAPAaTHUYCCKOC OTKIOHCHHC MPHMEM MOCTOSHHBIM H
paBHBIM S, =0,15, 4uro B mCPBOM NPHOTMKCHUH TIOATBEPKIACTCS
OONBINAM  HYHCIIOM JKCIIEPUMEHTAIBHBIX JAaHHBIX [3] yCTaTOCTHBIX
HCTIBITAHUH JCTAJICH, DJIEMECHTOB ABHAKOHCTPYKLHMH H KOHCTPYKTHBHO
MOAOOHBIX 00Pa3sLOB W3 AMOMUHHCBBIX ciaBoe. B dopmyne (2.47) z -
KBAHTHIb HOPMHPOBAHHOI'O HOPMAJBHOTO 3aKOHA  PACHPEIC/ICHHUS,
COOTBETCTBYIOIIAsI BEpPoATHOCTH p. Torma vpaBHenue (2.44) s
onpeacacHus (PYHKIUH PACHPEACICHUA PEecypca TpPH HEPETYIAPHOM

Harpy:KCHUHU PUMET CICAVIOIIUH B!

ap
N, = — , (2.48)
¢ sexp(——)-do
mf’ a00 P~ 15007 9C
o,-50Y"7
50 10{ 1000 J +Zp'0,15

100

[o. fio)-do
25

100

[f(o,)-do,
a = 23

’ 100-25

-25

(2.49)

Pacuer mo Qopmymam (2.48), (2.49), mposeacHHBIN B cpeac Mathcad
(GYHKIUN pacnpeacacHus JOITOBEUHOCTH IIPU HEPETYSIPHOM NEPEMEHHOM

HArpy>KeHUHU MPEACTaBJICH B Tadmmie 2.3.
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Tabnmuma 2.3. Pacuer pyHkumm pactipeaencHus jorapudma 10IroBeUHOCTH

IPH HEPETYILIPHOM HAIPYKCHUH

P 0,01 | 0,05 0.1 0,2 0.3 0,5 0,7 0.8 0,9 0,95 0,99

(2.48) | 5,74 | 5,842 | 5,896 | 5962 | 6,01 | 6,089 | 6,167 | 6,215 | 6,281 | 6,335 | 6,437

231 | 6,45 | 6,552 | 6,607 | 6,673 | 6,72 | 6.799 | 6.878 | 6.925 | 6.991 | 7.046 | 7.148

> H

B tabmuie 2.3. ang npuMepa npeacTaBlICH TaKkKe pacueT JTorapugma
JIONTOBCYHOCTH TIPH TOH KE€ HArPYKCHHOCTH, HO TIO CTCIICHHOMY YPaBHECHHIO
KPUBOM VCTAIOCTH C HYJICBBIM 3HAUCHUEM TMPEACHa HCOTPAHHYCHHOU

BBIHOCITHUBOCTH.

N=|=]| . (2.50)

rae mapavetp m=4, C =10>°. Ha pucynke 2.6 mOCTPOCHBI IPa(UKH 3THX

(GVHKIIMI HA HOPMAJTbHOH BEPOSTHOCTHOM Oymare.

a
N, = L i (2.51)
O exp( O )-do
100 . - )
J‘ 900 1800 !
0 [1(:: J 10 zp 0,15

lj-oaa - f(o,)-do

100

[/, do,
, =0 (2.52)
F 100
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Puc. 2.6. PacucTabic QyHKIIMK pacnpeACIcHHS jJorapudMa J0ArOBCIHOCTH
MPH HCPCTY/SIPHOM HArpy:KeHHH 1o ypaBHCHHAM(2.48) (muams 1), (2.51)

(muHus 2).

OTMeTnM, ¥TO MpH pacueTe Mo YPABHEHUIO (2.48) 3HAMCHNE O, COCTABMIIO

0,283, a mpu pacuere no ypasHeHHUO (2.51)-0,373. KpuBeic ycragoctu A
JBYX PacCMATPUBACMBIX B MPUMEPE BAPUAHTOB MPCACTABICHB HA PUCYHKC
2.7.

OcHOBOM pacucTa JOIrOBCYHOCTH IIPH HEPCTYISIPHOH HATPy3Ke,
KaK BUOIHO H3 paCCMOTpeHHbIX BBIIIIC HpI/IMeI)OB, ABIACTCA 060CHOBaHHe
VpaBHCHUS KPHBOH VYCTAJOCTH JACTAIM IPH PECYISPHOM HArPY:KCHHUU.
Hanbonee nHazexHpiM crmocoOOM OOOCHOBAHHS TAKOH KPHBOW VCTAIOCTH
SBISIFOTCSL MPSIMBIC YCTAJAOCTHBIC HCIIBITAHUS HATYPHBIX JCTANICH C
TOCNICAVIOMCH CTAaTHCTHUCCKOH —oOpaboTko wx pesynpratoB.  Kaxk
MOKA3BIBAKOT pacueThl [6] ANl JOCTHOKCHMSI JOCTAaTOUYHOM TOYHOCTH
OLICHUBAHHUS XapPaKTCPUCTHK VCTATOCTHBIX CBOWCTB MPH VCTATOCTHBIX

ucnbITaHusIX Tpedyercs mnopsiaka 30-50 o0BEKTOB, YTO B  VCIOBHSIX
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HATYPHBIX HCIIBITAHHE SIBIICTCS TPAKTHUCCKH HEpeanbHBIM. B mpaxThke
ABUAITHOHHBIX PACUCTHBIX TOAPA3ACICHUH CIOKHICT KOMOHHHPOBAHHBIN
cnoco0 O0OOCHOBAHMS KPHBOH VCTAJIOCTH HATYPHBIX JACTANCH, CYTh
KOTOPOTO 3aKITI0YACTCs B BRISIBJICHHH OMACHBIX 30H 3JICMCHTA KOHCTPYKIIHN
(PeCYPCOOTrPAaHHYMBAOIINX  30H),  H3YYCHHH  KOHCTPYKTHBHBIX  H
TCXHOJOTHYCCKUX OCOOCHHOCTCH STHX 30H, HX HArpyKCHHOCTH H
MOCICAYIOICTO CO3AAHUS MOJCICH WM TAaK HA3BIBACMBIX KOHCTPYKTHBHO-
nog00HBIX  00pa3ioB, KOTOPBIE MO OCHOBHBIM  KOHCTPYKTHBHBIM,
MacITaOHBIM H IPYTHM XapaKTCPHCTUKAM ObLIH OBl MOAOOHBI ACTAISIM B
OMACHBIX 30HAX 3MEMCHTA KOHCTPYKUHH. McmbITaHHsSIM moasepraroTcs B
JATBHCHINCM 3TH MOJCIbHBIC OOPa3Ilbl, CTOMMOCTh KOTOPBIX HCHAMHOTO
BBIIIE OOBIYHBIX JTAOOPATOPHBIX 00pa3loB. B OCHOBHOM B Ka4eCcTBE TaKHX
MOJACTICH B aBHALUWH MCIMOIB3VIOTCS A UCICH OOOCHOBAHHS KPUBOM
VCTATIOCTH TIOCKUE 0OPA3IBI ¢ OTBCPCTHEM, MOICTHPYIOIMNC MACIITAOHBIH
addexkr U KOHIEHTpAMID HaNpsDKeHHEH HATYpHOH aetand. [lomydeHnas
TakuM 00pa3oM KpHBasl YCTAJOCTH JIHIIb MOPUONMIKEHHO OTPAXKAST
JCUCTBUTCIBHYIO KPHUBYK) VCTATOCTH 3JICMCHTA KOHCTpyKumu. s
VTOUHCHHS TAKOW KPHBOM VCTATOCTH IO BOMOKHOCTH CICAYET TTPOBOTHTH
XOTsi Obl CAMHHUYHBIC MCIBITAHHWS HATYPHOH JCTATd HA OJHOM YPOBHE
peryisipaoit Harpysku. [lpu 3ToM B mepBOM NPUOIMKEHUH MOXKHO CIHTATh,
YTO MOKA3aTCIb CTCTICHH KPHUBOHM YCTAlIOCTH HATYPHOH JCTalmM PaBCH
NOKA3aTeII0 CTENCHH KPUBOH YCTAJIOCTH MOJAEIBHBIX OOpasLoB (TO €CTh
KPHUBBIC YCTAIOCTU SIBJSIOTCS SKBUIUCTAHTHBIMH), HO 3HAYCHHUC BTOPOrQ
mapaMeTpa YPaBHCHHS KPHUBOH YCTATOCTH, OMPCACTMIOMIECTO CABUT OJHOMH
KPUBOM OTHOCHTEIBHO APYTOH, MOXKET ObITh YTOYHEHO.

B nmocicaHHE Trombl  aKTHBHO Pa3BHBAIOTCS  BEPOSTHOCTHO-
CTATHCTHYCCKUEC METOABl ODOCHOBAHUS  PACUCTHBIX  XapPaKTCPUCTHK

BBIHOCIMBOCTH HATYPHBIX JETAJIEH, LIETBK) KOTOPHIX ABJSETCS MOCTPOSCHUE
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KPHUBBEIX VCTAIOCTH HATVPHBIX JCTANCH W DJICMCHTOB KOHCTPYKIHH O¢3
NPCABAPUTCIBHBIX HCOBITAHUN 3TUX ACTAICH, a JHIIb HAa OCHOBC
HEKOTOPBIX KPHTEPHUEB NMOAOOHS YCTATOCTHOTO PAa3pPYLICHHS, TOCTOSHCTBO
KOTOPBIX V MOJCICH M HATYPHOH AcTamu, OOCCIICUMBACT BO3MOKHOCTH
MPOrHO3UPOBAHUS PACUCTHBIX XAPAKTCPUCTHK BBIHOCIHBOCTH HATYPHBIX
JETAJe N0 pe3ynbTaTaM HCIBITAHHA MOJAEIBHBIX o0pasuos. Hroke
paccMarpuBacTCd OAHA M3 TakAX TCOPMH, TMOIYUYHBLIAS HA3BAHHUC

CTATUCTHUCCKOH TCOPHH IMOA00HS YCTAJIOCTHOrO paspylucHus npodeccopa

B.I1. Koraesa.
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Puc. 2.7. Kpusbie ycTanocTu AeTaa NpH CUMMETPUYHOM HArpy>KEHHH,

MOCTPOEHHBIE TI0 YpaBHEHUM (2.46) (kpuBas 1), (2.50) (kpuBas 2).
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