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PEOEPAT
Crp. 32, puc. 3, rada. I.

OcraTouHHe HAIPAXKEHUA; [OKPHTUA CTepxHeldl, IIACTHHOK X
IMIVHIPAYECKIX OGOJI0YEeK; TEOPHA HKCIEPHMEHTANbHHX METOINOB;
METONH 3aMepa KPWBM3HH U JefopManmy; IEePEMEHEOCTE NapaMeT-
POB YIDPYyTOCTH; aNNpOKCHMAIMSI SKCIEPUMEHTANPHHX NAHHHX aHa-
JuTEYecKuV PopMmysaMu; TACaMUH QYHKIUA; OporpavMa I BhH-

ypcJaeHua napameTpoB Ha OIBM,

Paspadorann TeopeTMyeCKHe OCHOBH SKCIEDAMEHTAJBHHX Me-
TONOB ONpEIEJeHNs OCTATOYHHX HANDAXEHUT B IOKPHTHAX crepxHei
(nonoo), OJACTUHOK ¥ IMJIMHIPAYECKHX OCOJOYEK C yIEeTOM Iepe-
MEHHOCTM TapaMeTpoB YIPYyTOCTH IO TOJMUHE. PACCMOTDEHH: Me-
TON 3aMepa KPUBU3HH (MM npornda) 1 mMeTon 3amepa IedopMaimmu
IJIA CBOGOIHHX ¥ XECTKO BalleMIEHHHX CTepkHe} ¥ IVIACTHHOK;
MeTOL 3amepa nedopvarmm IS IIMHHOM cBOGOIHOfl TOHKOCTEHHOM
OGOJIOYUKH ,

Tla DOBHUEHNS HANEXHOCTM PACYETOB IPENJOREHO NaHHHE
U3MEpeHNsl KPUBM3HH I Tedopmanuy annpoKCHMAPOBATE AHAMMTIIEC—
KM (POPMYJIaME, TapaMeTpH KOTOPHX OEpElesanT M3 YCJOBAfA Hau—
Jyumero MpUONUKEeHN,

Ha DIBM cocTaBleHH Tad/muE (YHKIME, yOpowamomue BHYIC-
JleHNe OCTATOUHHX HAUDAXEHUIT B MOKPHTHAX CBOCOIHHX CTEPRHeH
7 mIacTnHOK. Ha asuxe "MAJT'OJ" cocraBieHa OporpavmMa IJid BH-

QUCJIeHNA NapavM@TpoB (GOPMYJH, alNpoKCHMUpYWilled sKCIEPEMEH-
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TAIBHHE BHAUEHUA INefopMalmy TOHKOCTEHHOR IMIMHIPUIECKOR
0GoJOUKY . JIpMBEeNeHH 3HAUEHNA [apamMeTpoB, BHUNCJEHHHE IJIA

XEJE3HHX IajlbBaHNUYECKNX NOKpHTHE Ha OUBM "Muncrk-32".
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IepedvueHs COKpPpameHIUHR

TOJIMHA TONJIOXKHA ( NOJIOCH, IVIACTUHKA, OGOJIOYKM);
TEeKymas TOJINHA TOKPHTUM;

TOJIIMHA HOKDHTUA;

DPACCTOAHNE OT BEPXHETO OCHOBAHUA TOIJIOKKINS
HAIPAREHNE B noﬁerHoc-rHOM cloe TOoKpHTHA (HAYAIb-
HOe HATPAKEHNE );

OCTATOYHOE HaNPAKEHNE B IIOKPHTHU;

paccTosanre HejiTpanrbHOE MIOCKOCTH n3ruda OT IJIOCKOC—
TH CONDSXEHAS MOIJNOKXKA U IIOKPHTHA;

KPUBM3HA NOIJIOKKY;

medopMalms Ha CBOCOTHOM CTOPOHE MONIONKH,
NepeMeHHyf Mo TOMIMHE MOILYJb YIPYTOCTHS
nepeMeHHHA 1Mo ToMMHE KOs(@UIMEeHT [lyaccoHa;
mepeveHHE] O TOJ/MHE TIapameTp YUpyrocTd, £ *(z)=
= E(z) mnA CTEPKHA U E*(z)=£(z)/[1 —u(2)] s
IJACTAHKY U OOOJIOYUKH ;

MOIYJb YIPYT'OCTH HOTJIORKM ({=1) u NOKDPHTUSI (i =2) H
ros(pumuenTt lIyaccoHa IONIOXKU (¢ =4) 7 TOKPHTHA
(i=2) ;

NOCTOAHHHT mapameTp yIPYyT'OCTH, Ef= E; 1nd CTepE-
HA U EL-*=EL- /( 7—-}25) I8 IJIACTHHKY X OCOJIOYUKH
OTHOWEHTE TAPAMETPOB YIpyTocTH, V==£,/E;
GespasMepHAS TERymas TONIUHA TOKDHTHA, 7=/7/h, s

GespasMepHoOe DaccTosHme, & =Z /m .




§ - GespasvepHas TOJmEEA TOKpHTESE, b=, /h, ;
6,(0) - HANpSKEHEE B TIOBEPXHOCTHOM CJIO6 (HAYAIBHOE HAIpA-

#eHe) IpH 7=0 3
Z- - GeapasMepHH IapameTp, OUPENeJAOlNf XapakTep usMe-

HeHUA HAOPAXEHHS B NOBEPXHOCTHOM CJIOE TIOKPHTHA 4




I. BBEIEHRRE

OcTaTouHHe HAIPAXEHUS BOBHAKAOT NpY HAPaUWMBAHUY NOYTH
BCeX BUIOB HOKDHTHU} 7 NOCTUTET YaCTO BHAYUTENBHO! BEJMUMHH.
3BECTHO, HANpEMED, YTO IIPU ONPENEJIEHHHX YCHIOBUAX BJAEKTPOJA-=
88 OCTATOYHHE HAIPAKEHHA B XPOMOBHX ¥ XeJe3HHX IOKPHTUAX
MOTYT CTQHOBATLCH HACTONBKO COJNBIMME, 4YTO NOKPHTUE pPacTpec—
KNBAETCH.

Spayenne IPOGIEMH OCTATOUHHX HANpSXeHW#, BOBHUKAKMZX
IPY Hapam@Ba:HMM OOKPHTHAR C IEJB0 BOCCTAHOBICHUA neraneit va-
IMH, ONpenesaeTCA NpEexNe BCETO CJeIyomuMa 06CTOATEJECTBAMI ¢

I. MeTonw pacyera Ha NPOYHOCTH, OCHOBAHHHE HA TUIIoTE3€E
0 HEHaIpAXEeHHOM COCTOSHMN, UPY HaNMYMM OCTaATOYHEX RANPAREHNHA
CTQHOBATCS YCJOBHHMM ¥ HE OTPaXanT IefiCTBATENBHOT'O IOBENESHM
neraJeii,

2. BO3MOXHOCTEH PETYJIMPOBAHAA OCTATOYHHX HanpsreHui c.
IeJTB0 YMEHBNEHUA WM DpeIHAMEPEHHOTO COSNAHMA BHT'OMHOT'O pac-
IpENENEHAS UX SABJNAETCA PaIMOHANBHEM I BECHMA NepCIeKTUBHEM
UICTOYHMKOM YBEJMYEHNS NPOYHOCTY BOGTEHOBJIEHHHX neranei.

BaxHOCTE: HPOGJEMH OCTATOYHHX HampaxeHit o6ycJoBANIE DPas-—
pPaGoOTKy PABJIMUHHX SKCIEPMMEHTANBHHX METONOB onpeneJe s mX
BEJIMYMEH. CYWHOCTH STUX METONOB 3aK/0YaeTCA B TOM, 9TO ACC—
JleTyeMoe MOKPHTIE HAPamMBAETCA HA TOHKOCTEHHYD TOIJIORKY Oll—
penesneHHof HOPMH, BOBHUKAWMUE NPH STOM TepemMemne s Wi Je-

dopmaly 3aMepANTCHA 7 70 HUM 3aTeM BHUUCJHSOTCS OCTATOYHHE

HalpSReHUA,

S—
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B macToAmeM oTYeTe HpPEICTABJIEHH OCHOBHHE DPE3YyJIbTATH
HIP, BHIIOMHEHHO} KCIOJHUTENEM B OTYETHOM IIEpHOne ‘I97I -
1975 r. mpu Kadempe CTPOUTENBHO! MEXaHMKN IJCT. C.—X. aKa-—
IeMI¥ IO PASBUTIO TEOPHU HEKOTODPHX HKCIEDPEMEHTAJBHHX MeTo-
OB OIpeNeJeHUs OCTATOYHHX HANDPAKEHUA B MOKDHTHAX.

B oTyeTe IPUBUIEHH TEOPETUYECHKAE OCHOBH ONpEIeeHUA
OCTATOUHHX HANpAXeHW# B NOKPHTUAX CBOCOTHHX U XECTKO 3ameM-
JIEHHHX CTEpXHeil ¥ NJIACTVHOK METOINOM 3amMepa KDPUBMBHH (WM
npormda) 7 MeTOIOM 3amepe Iefopmalmy, a TaKxe B noanTHﬁ
IMUIMEIPUYECKOl OGOJIOUKE MeTOIOM 3amepa medopMalmu. YKe3aHH
rTarke POPMYJH IS Caydasd, KOIla OCTATOYHHE HANPAREHHAA B INOK-
DPHTASX YKAB3aHHHX NOLJOXEK ONpelesT0T METOIOM 3amepa MNOBepX-—
HOCTHOT'O HANPSKEHNA,

TjapHEME OCOGEHHOCTSAMI BHITOJMHEHHO# padoTH DO CPaBHEHH®
C paHee OIyCJUKOBAHHEMEA DacOTaMK [I—I4] ABIAOTCA y9IeT Iepe-
MEHHOCTH DapamMeTpOB YHNPYT'OCTH N0 TOJIIMHE HOIJIOXKM ¥ TOKDH-
TUS, & TaKke ANNpPOKCHMAIAS SKCIepUMEeHTANbHOE MHpopMAIAn
QHAJUTHYECKAME (PopMyJIavM C IeJb MOBHIEHAS HANEXHOCTH DPE3yJIb-

TATOB BHUNCJICHUSA OCTATOYHHX HANPAXRSHU,




2. OIPEIEIEHNE OCTATOYUHHX HAITPSREHMI
B IOKPHTHAX CBOBOIHEX CTEPEHEN 1
[IJACTVHOK

[IycTe TNOKpHTHE HAPAMWBAETCA Ha NOIJIOKKY KOTOpas MMEeT
Gopmy crepxHa (TOJOCH) MPAMOYT'ONBHOTO CEYEHUS WM IVIACTUH-
KM IPOU3BOJNBHON (opMH. I[lpemmosaraercd, YTO KOHUH CTEDRHS
WM KOHTYD IJIACTHHKN CBOGOIHH,

OcTaTounHe HAIPAXEHWA, BO3HUKAWIAE B OCHOBHOW 30HE
NOKPHTUA (HOCTATOYHO IAJNEKO OT KOHLOB I ROHTypa), dynem
cunTaTh NMEePEeMEeHHHMI TOJBKO IO TOJIMAHE IOKDHTHA,

IonycTnM, YTO B NOKDHTHM CTEDXHA BO3HUKAET ONHOOCHOE
HaIpAXEHHOE COCTOAHUE, 4 B HOKPHTUN IVACTVHKM — IBYXOCHOE,
IpAYEM OCTATOYHHE HANPAKEHMA B IJIOCKOCTU IVIACTMHKM ONMHAKO-
BH BO BCEX HaIpaBJeHUAX.

[Ipy HapammBAHHM DJIEMEHTAPHOT'O CJIOA MNOKPHTUA HA pPaCcCTOs-
HAZ ; OT BEPXHETO OCHOBAHUA IMOINJOXKM B HEM BO3HMKAWT HavYalb-
HHE HalpAKeHU éb(h), KOTODHE HA ENUHNANYY IJIMHH KOHTypa OC-—
HOBHO# 3O0HH IOKPHTUA IaT SJIEMEHTADHHE cmnm(%(hhzh . g
OCBOGOXRIEHUS KOHTYPa SJIEMEHTAPHOT'O CJOA OT ®THX CWJI CJAenyer
IPWIOKATH K KOHTYDY CWIH ¢/P(h) Tako# ke MHTEHCUBHOCTH, HO
06paTHOTO HampaBeHNA. ECiM MpemnosioXdTh, YTO HaNpAXEHUA
G,(h) TONOXWTENBHHE, TO CIJIH dP(h) SymyT cxumaommm (puc.
2.1).
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 [lokpsimue L '
7 e e e N i S TR T 1 dP(h)
: o ;
[ dPh) —— e S S— :*«fﬁ(hJ\\
\ - "%_:-“ g G ,
N = O /
e ——-—-%&J— s | <
Nodnox ka leH3odamyuk
Puc. 2.I. Hapammpamue NOKPHTUA Ha CBOCON-

HY©0 TOIJIOKKY .

Cpemem cmin ¢ P(h) ¥ HeiflTpanbHOR INOCKOCTH. B pesyarTa-
T6 NPUXOMUM K 337aue CEATHS INOITIOKKN CHJIaMA
dP(h)=6,(ndh
"7 o6 m3ruée MOMEHTaMI
aAM(h)= G,(h)[h+c(h)]dh.
STy 3amady PewaeM C NpUBIEeYeHHEM HBBECTHHX monymeHni
TeXHIIECKOll TeopUE YOPYTYUX W30TPONHHX CTEPKHEW M IIaCTHHOK

[15]. B pesyJpTaTe NPUXOIUM K CJHENyoINM 38BUCUMOCTAM:

F(h
6,(h)= Fc(h))ac’(h); (1.1)
2
F(h)
6.(h) = 'th). .
)= e o (#2)

3neck
F(h) = B(k)D(h) -CHh) ;
F (h)=h,hB(k)-(h,~h)C(h) = D(h) s
K (h)=hB(m)-Clh),




II

rpe

h
B(h)= B E*(z)dz
h

4

h
cth) = S EXz)zdz ;
_h1
h
Dlt) = g )7z
_h1
€ - DacCTOSHME OT TOBEPXHOCTH MONJOXKM IO OCH NMPOBOJOKK
TEH30JaTINKA.
[lpupameHe HANPAXKEHHA B CJOE TOJMIHON Az OpM HapaumnBa-
HIY NOBEPXHOCTHOTO CJOA
G,(h)
F(h)

IHTErpAPYS 5TO BHPAXEHNE, HAXOMUM HNONOJNHUTENbHHE HANpA-

dGlz)=E"z)| £ (h)= (h+2)F, (/7)]

ReHIA B IOKDHTHU

hy hy
o F(h) £ (h)
6(z)=E"(z) S =0 6, +Z)j F—(h—)éo(h)dh ;
Z Z

OcTaTounHe HanpaxeHNA B IIOKPHTHH onpeneJuM CyMMIDOBa-

HHIEM HaYaJBHHX ¥ IOMOJHATEJBHHX Hanpﬂmeﬂuﬂ:

he b,
62)= G(z)+E"2) g :—((f )) 6,(hdh - (h,+2 )E ;;:;é(h)dh ] (1.3)
Z Z

@opvyna (I.3) MO3BOMAET BHYMCIUTE OCTATOYHHE HANPAKEHNS

B NOKDHTAW IpH METOIE 3avepa NOBEPXHOCTHOTO HANDIREHHA 0 (h) .
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Hewmowus u3 (I1.3) mpu momoum (I.I) HampskeHne G, (h)

[OJIyUMM PacueTHyl JOpMyJy MeTola 3avMepa KPUBI3HH:

h

_ Flz) " g(ﬁ) Y
Olz)= Fz(z_)ac@ +E(z)/J Fz(h)ec(h)d/z—
Z
h
-(ﬁ,+z)g se'(h)dh ] (1.4)
Z

Beom B (I.3) Bupasmrs npi novomw (I.2) HaTpEReHue
6,(h) depes mefopuauo &(h), TPEXOIUM K DacueTHOH Hopmyre

MeToma 3amMmepa IefopMaliy:

by
6(z)= ) c’(Z)+E*(Z)[ g A0 ) th -

R(z)+e5(z) Fi(h)+eF (h)

h

£ (h) ,
- (/7,+z)g 5(h>+66(h)6(/7)dh]. (1.5)

Z

[lpy BHUMCJNEHEAX O (Popmysam (1.3) - (I.5) cAemyeT
VUATHBATE, YTO SKCIEPUMEHTAIbHHE BHAUEHU II0BEPXHOCTHOTO
HAOPAKEHNA, KPUBU3HH ¥ JedopMariiy ABIAOTCA ITPUGJIIK S HHEMIT
1 COmepxaT OmOK¥. [l09TOMYy HENOCPENCTBEHHOE NPMMEHEHNE EIo—
coG0OB YUCJIEHHOTO aHa w34, OCHOBAHHHX Ha WMHTEPHOJNAIMOHHHX
dopMyax, He OPMBONUT K YHOBAETBOPHTEJNBHHM De3yJbTaTa.
OCOGEHHO CHABHO CAydaiiHHe OMAGKM B OTHEJNBHHX 3HAUEHUAX (YHK-

it se(h) n 5(h) CKA3HBANTCH IPH BHUNCJIEHWM NPOM3BOIHEX. IUIA
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NOJIYUeHVA HANeXHHX 3HAUeRMit OCTATOYHHX HAIDIREHUY MOKHO IPU
pHUrCHIeHNE PyHKImMA s€(h) m &(h) M UX TPOMSBOTHHX ITPUGETHYTH
K CTJISXVBAHMO ONHTHHX 3HAYEHMI IpH IIoMoWM MeTona HauMeHb—
IMX KBAIPaTOB [I6]. Eme GoJee HalexHHe PE3YJNBTATH TOJyYainT-—
CA TIpU ANNPOKCUMAIWHN SMIVPAIECKAX dyumimit oe(h) n £(h) aHa-
JITUYeCKIM HOpMyJIaMi, TapavMETpPH KOTOPHX ONPENeJsoT Tak, 4TO
HAUJYYIUM B TOM WM MHOM CMHCIE 0CpasoM anlpOKCAMIPOBATE
DKCIEPUMEHTANBHHE TaHHHE .

B ciyuae NOCTOSHHHX IapameTpoB yIpyToCTU HOIJIOKKM W HOK=
DHTHA MOXHO IJIA QNIpPOKCUMAIMN ONHTHHX 3HAUEHNRH NOBEPXHOCTHO-
O HaUpsAxeHWd OPEIJNIOXUTH npodHo—ﬂmneﬁHyw 3aBIICUMOCTD .

Vi
1+ J’VV

[lpn 3aBUCHMOCTH (I.G) 13 (I.B) HONyYuM OJIA OCTaTOYHHX

%M}6w> (16)

HampsareHui GopMyJIy

6()=6,(n) +2v 6,0 [, (vz>]75—3(¢+77>[¢2(7z>]f boan

rme
7Z 8
1+ 32 +3v8%+0 % 1V
¢1(7) S +4vZ +5VZZ+4V4‘3+1)244'7+]_}}§¢;} (78)
0
7
¢( = 1+2£+v%? 1+vZ
77_ ,+4V&+6V€2+4V:3+y2§4 '1 wgdif (79)

lipn sasucmvocts (1.6) u3 (1.1) » (L. 2) TOJIYUIM CIeIyo-

~ mpe dopMyJIH IJA annpoKCuMallill ITaHHHX N3MepeHns KPUBU3HH U

nedopmaln:




I4

66,(0)
2e(7)= W@(v)s (110)
1 '
26,(0)
é(7)= 7 [¢4(7)+m;_(r7)]> (1.19)
rne i
/\==%.

MapemeTp 0,(0) n J~ MOXHO HajiTy ofumuM MeTOoIOM Ompelne-
JeHNs TApAMBTPOB SMIEPIYECKEX Gopwya [I7], UpudYeM UHCIEHHYO
pealn3ano 3amaul U3-38 3HAUMTENBLHOTO O0heva BHUZICJIEHAN CJe-
myer mpoeectz Ha OlBM.

It o6JaeryeHus NPAKTHYECKUX DACYeTOB COCTABJEHH PN
novomz DIBM "Mumcr-22" radmmm dymxmat @,(n) u &, (n) npm
v =0,4; 0,6; ... 2,0; I = I,0; I,2; ... 3,0m 7 =0,I;

0,2 ... I,0.

RameTnM, 4TO HOJyYeHHHe (POPMYJH CIOPABENIUBH TaKke X B

TOM CJyYae, KOTHA I/ ONPENENEHNA OCTATOYHHX HAIDAKESHUH

TIOKPHTNE NOCTENEeHHO CHUMaeTCH.
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3, OUPENEIFHAE OCTATOUHHX HATPSEEHIN
B TOKPHTUAX XECTKO SAIEMIEHHHX
CTEPYHE/ U [TACTHHOK

PaceMOTpUM TOIJIORKY, KoTopad mMeeT GopMy CTEDPXHA (noxo-
CH) HPAMOYT'ONEHOTO CEUEHAA WM IACTHHKN IPOM3BOJBHON (OPMH .
TpenmonaraeTcsa, YTO KOHIH CTEDEHA WM KOHTYD NJACTHHKN 38-
MeMIeHH XEeCTHO (HenoanmHo). Tpedyercss ompenesmMTh OCTATOYHHE
HANPAKEHNA B HADAMBAEMOM HA ONHY CTOPOHY NOLJORKY MOKPHTIN
0 COBOKYIHOCTH 3HAUeHW{t KPUBUSHH WM IedopMarmu Ha cBodon-
Hoft TOBEPXHOCTH HOIJIOXKN, BOSHUKALIMX IIPH O0CBOCOXIEHUN 38-
WEeMIeHHHX KpaeB HOCJE HapamyBaHUs NMOKPHTUA HO 38IaHHHX TOJ-
1170248

Kpaesyo 30HY HMCKIOYIM HAJOTMYHO pacueTHoil cxeme, Npen-
Jnoxeunofr . A, Buprepom [IB] 7 QUpeNeJeHNA OCTATOUHHX Hall-
pAXEHNA B CTEPRHAX, ¥ INIACTMHKAX NIPM CHATHA marepuana. Ocra-
TOUHHE HANpAXEeHNA, BOSHUKAKNEE B OCHOBHON 3OHE TOXpHTHA ABCD
(pnc. B.I), ¢yImeM CuUnMTaTh NEPEMEHHHMM TOJBKO MO TOJMMHE IOK=
PHTHA.

JomycTM, UTO B HNOKDHTWM CTEDEHS BOBHUKAET OLHOOCHOE
HATIPSAXEHHOE COCTOSHNWE, & B NOKDPHTHM IJACTHHKA — IBYXOCHOE,
IpIYeM OCTATOYHHE HANDAXEHUT B NJIOCKOCTH IVIACTHHKM ONUHAKO-
BH BO BCeX HaMpaBJIECHUIX.

Tfpy HApamUBAHUY HJIEMEHTAPHOTO CJOA NOKPHTHUS HA PaCcCTOA-
HIM Z OT BEDXHEro OCHOBAHMA MONMOXKM B HEM MNOABJTOTCHA OCTa—
TOYHHE HANPAKECHUA <%(2), KOTODHE Ha EeJVHUIY IJUHH KOHTyDa
OCHOBHO/ BOHH TOXDHTHA TAlT BJEVEHTADHHE CHIH O,(z)dz . OTH

CUJNH U NX MOMEHT OTHOCHTEJBHO HeﬁTpaJIBHOﬁ IOJIOCKOCTH U3Tuoa
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Puc. 2.I. HapamupaHre OOKPHTHUA Ha HECTKO
3alleMIEHHY NOIJIOKKY

IpE Tekymedl ToJuMHe NOKPHTHA 4 YPaBHOBEIMBAOTCA OTHECEHHH-
M K eUOHAIE IJUHH KOHTYpa MNOIJIOKKM 5JEMEeHTAPHHMUA DeaKTHAB-
HHME CIIaMu dA/(z) T MOMEHTaM! o M(z)-
B TOT MOMEHT, KOTNa MOKPHTHE HapameHO NO TOJMUHH / ,
Ha KOHTYpe NOIJIORKN NEHCTBYOT DEAKTUBHHE CILIH
h
uihi= 6, 2) 2z

0
U DEeaKTHBHHE MOMEHTH

h
M(h)= S 60(2)[0(/7) +z]dz,

0
OcBoGOXIEHNEe TOIJIO¥KH SKBUBAJIEHTHO TpUIOXKEeHMo PeaKTNB—

HHX CHJ X MOMEHTOB OOpaTHOTO HaNpaBJICHUA. Taxum oGpasom,
IPEXOIMM K 337aue O CHATHW TOTJIORKM C TIOKPHTHEM CHJIAMU
N(h) m o6 usrmée MOMEHTavH M(h) . 9Ty Bamauy pelaeMm C IPHB-
JEUEHTeM M3BECTHHX NONymeHUH TeXHuYecKolt Teopuu yupyrix

Y30TPONHHX CTepKHEeil ¥ NIaCTHHOK [IS] .
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CunTas HapamMeTpH YyOpyTOCTE NEePEMEHHHMA IO TOJIKUHE IOIJIOXKY

I TIOKPHTUA,oJyYaeM cienyoure 3aBUCHAMOCTH:

[eth) +2]6,(z) dz = D(h)ae(h) 5 (2.1)

[Lih) +2]6,(z)dz = S(h)e(h), (2.2)

ST Dy

roe
h

S E*(z)zdz
h

1

c(h) =~

h
3 £*(z) dz
-h,

h
D(h)= g E*(Z)[c(h)“rZ]de;‘
_/“

D(h)
A

[h,—c(h)] jE*(z)dz
~hy

L(h)=c(h) -

\oe

D(h)
h,-c(h) '

Sh)=

3aBUCUMOCTH (2.I) U (2.2) IpeICcTaBIANT COCO# HHTETrpalb—
HHE YDaBHEHUA OTHOCUTEJBHO UCKOMOH yHrImY G, (h). 9t ypaB-
HeHns BospTeppa IepBOTO PONA MOKHO DemmTh NyTEeM CBENEHUA K

mnddepeHIMAaTbEHOMY YIPaBJIEHI.
IpopnfhepeHIMpoBas 06e JacTH ypapHeHui (2.1) u (2.2)
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U0 h W TIOJIOXWB B DpesyJbTarax h=0 , moaydunM QOpMyJH IS

OCTaATOUYHOT'O HANUPAXEHHA y HTOBEPXHOCTU HNOIVIORKMN

D()

G, = ! )

2(0) 6(0)96(0) (2.3)
s)

6,(0) = maw)- (2.4)

Nloce[oBATENbHO TpOIMbHepeHIMpPOBas IBa Pasa ypaBHEHUS
(2.I) n (2.2) mo h, mpuxommy K mufdepeHIMaNbHEM YPaBHEHMAM:
G, (h) +P(h) G, (k)= A(); (2.)
6, (h) + U(h)6,(h)=V(h), (2.6)
roe
L 2
h+c(h) clth)
_D'(r)ctr)-DLh)c'th)
— o(m)[hrch)]
20(h)cth)-Dln)c'(h) L) s
c'h[h+c(h)] h+c(h
o 1+21 (/7) :’(b) 3
h+L(h)  L'(A)
SUhIL'(h)-STr)L'H)

st (h) +

"= e e
. 25(h)L (k) - SLG), (e S gy,
L) [h+L(R)] h+ L()

OGume pemeHEs ypaBHEHUi (2.5) u (2.6) mocye ompenene-

HUS TIOCTOSHHHX MHTEI'PIPOBAHNA MOXHO pencTaBUTE B BUIE

d,(h)=exp [— §P(z)dzjx
0




I9

zZ

h
X { E Q(z) [exp Sﬁ(z)a’z]a’z +60(0)}5 (2.7)
0 0

h
6, (h)=exp [—EU(z)dz]x
0

h

Z
X { S V(z) [expg U(z)c{zjdz +60(0)J- (2.8)
0 0

PaccMOTDUM 9YacTO BCTpevanumiicd B NPaKTAKE YaCTHHE ciy-

yaft, KoTHa MOIYIM yUpyrocTy ¥ KosfpuuueHTH IlyaccoHa marepua-—

OB TOAJIOXKK ¥ NOKPHTHA NOCTOAHHH. MCmombsys GespasMepHHe
nepemenrne £ u 7, 73 (2.7) u (2.8 c yuerom (2.3) u (2.4)
TOJIY IuM

Ez*hf e(n) w(7)
6 = _
2(7) [Vv(ﬁ) (n)+4 0 at.(7)+
7
+2 S—ZE—;% acCZ)di]; (2.9)
0
| ) ()
G, (7) = &,
7) [ 9”07) e(m)+2 ) e(n)+
7
14
+3(1+77)S 2((25(:)5(;] (2.10)
0

rIe
Oln)=1+4vy +6vp+4vyievin*;
w(n)=1+3p+3n*+vn%
v(n)=1+2n+vn%;
W(n)=1+3n+3vp’+vp?
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IJI7 TOBHIEHMA HANEXHOCTH PE3YJbTATOB BHUMCJIEHNA IIO
dopmyram (2.7) - (2.10) PN HAXOXIEHMM KPWBH3HH U Iedopma-
I ¥ X TPOU3BOIMHHX PEKOMEHIYETCA CIVIAXMBATE ONHTHHE 3HA-
YeHNS METOIOM HaUMEHBIMX KBaIpATOB WH aNOPOKCHMMPOBATE MX
ana/mTHYecKolt dopMmyaoit, mapaMeTpH KOTOPO# ONpemesdonT U3 yC-—
JIOBYUSl HAWJyumero NpuOJaxeHnd,

B ciyyae NOCTOSHHHX NapaMeTpoB YUPYI'OCTH NOIVIOXKA X
TTOKPHTUA (POPMYJH N7 ANTPOKCUMALMY ONHTHHX 3HAUEHUY KPUBU3-
HH ¥ nefopManmy IVIA HEKOTOPHX MOKDPHTU# MOXHO HNONYyYNTDH Ha
OCHOBAHNM NDPEINOJIOXEHUA, YTO DIPA OCTATOYHOT'O HANPAKEHUA
ONICHBAETCA IPACHO-JMHEIHHM BHPAKEHIEM (I.G). Torma m3 ypas-
genmit (2.I) m (2.2) mveem

66,(0)
acU7)= Efﬁf Vza,.slf,(w [fV[W'Z(f“f)+
#v(3p-2)7 [p + (1) 2= v +v(2+
+Zw7)7]1n(%+]v7)j5 (21
6, (0) il
E() = }ET?EafV[z%(ﬂ 37XM7U+

T/ g 2R

i g

+37 X, (77)]}) (2.12)

TIe

X,(n) = 1-3vm*-2v7’s

X, (1) = 7+2wz+1/772.

BywyCIIeHEE [ADAMETPOB ™ U 6,(0) na SUBM olwmM MeTONOM

OTPeNeJeHns NapaMeTpPOB SMINPIYECKUX dopMyI [17] HE IpercTaB-
JeT 3aTPYIHEHHi.

BaMeTHM, UTO HOJNYUYEHHHE 3aBUCHMOCTM COXPAHAOT CUIY
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TAKKe U B CJAyYAe, KOT'na IJIA ONpelneJieHMd OCTATOYHHX HampaKe—
mnft HapameHHOE HA 3AMEMISHHYD NONJOXKY NOKDPHTHE CHAMAETCHA
IO BATAHHHX TONIMH ¥ 3aMepSAeTCS KPUBU3HA WIM mefopmaimsa Ipu
OCBOGORIEHUY TOHNIOXKH,

ComepxaHue 3TOI'O pasnena YaCTHYHO ONyGJIMKOBAHO B CTATEE

[19].
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4, OINPEIEIEHIE OCTATOUHHX HAIIPSFEHMN
B IMOKPHTVAX LUAMHIPUYECKAX OBOJOYEK

C meJspo BHBOIZ pacyeTHEX HOPMYJ DPACCMOTPHM MONJIOXKY
B Jopme TOHKOCTEHHON IMMHIPHYECKOH 0COJOUKE Ha KOTOPYL MOC-

JeroBaTeJbHHMA TOHKUMHE CJOAMHI HapamiBaceTCA OOKDHTHIE ( puc. 4, I> .

L 2275202
N4 1 1 -”;" # /,:/
S N (<% /,.,4,., g
l R
/ ‘.:‘." oA AR
RN
N
—

s .
[Tognoxka ﬁ

lj TeH300amyuK

i ®

;}}}}}3&\\1\\\1\:\}9&\\&\“\&\\ AR AR |

T A A GAAT T T A S A N

T1ok poimue

Puc, 4.1. HapamuBaHue NOKPHTUA Ha

[TUIVHIPIYECKY OCOJOUKY

[Ipemmosaraem, UTO OCTATOYHOE HANDPSXEHHOE COCTOAHUE B
[OKPHTIN 1 B TOIJIOKKE ABIAETCS OCECUNMETDUIHEM, IIDITIEM B
OCHOBHO# BOHE (ﬂOCTaTquO'ﬂaﬂeKO oT KOHHOB) OCTATOYHHE HAll-
DSDREHNA NePEeMeHHH TOJBKO N0 TOJIMHE NOKDHTHA. Kpome TOTO
IIPUMEM OCTATOYHHE OCEBHE W OKPYXHHE HANDPAXEHUSI DABHHMI, &
paIvaTbHHME HAUPAXEHIAMI TpeHeOperaeM.

[fpr HApaNMBAHWA [OKPHTHA OT TeKyme# TOMKHH f; HO OKOH-




23

YaTeJbHON TOMUMHH A, BOBHEKEOT B CJO€ NOKDHTUS TOJMIMHOZ
h,-h OCTAOYHHE HANDIKEHHI G(z) . OTH HAUPAXEHUA 0OpasyoT

C HaUpAxeHuAMHA o’*(z) , KOTODHE BO3HEKANT B IOIJIOXKE M B CJOE€
TOKPHTASA TOJMUHOR /1, CAMOYDPaBHOBEMEHHYWH CHCTEMY, T.E. IIOTOH-

HHE OCEBHE I OKPYXRHHE YCNJHA PaBHH HYJO:

h, h
g 6(z)dz + g 6*(z)dz =0. 4.1)
h -hy

Ha oCHOBAHUM TUIOTE3H O IPAMHX HOpMaJAX, WUCHOJNB3YA 3a-

BUCHMOCTH 3axoHa ['VKa, MOXHO HAIpPMKEeHWA (¥*/z) BHPA3UTH Ye-

pes mpupamerne medopmarmau &(4)=¢& (h,)-<(h) , 3amepseMoit
Ha CBOGONHOI CTOPOHE NOITOKKM:
E(z) _
6*(z)=——(——<3(/7)- (4.2)
1-u(z)

[loncrapnan (4.2) B YCJOBHE ( 4.I) I MHTErpupyd, IOJNyYInM

cJaenmyviiee WHTEr'pajJbHOe yDaBHEHNE OTHOCHUTEJHHO HCKOMBX HalpA-

KEeHuH:
h
S 0(z) dz = C(h)&(h), (4.3)
hZ
e
C(h)= S—f—/%) dz. (4.4)
_h4 '

TuddepeHIIpysa ypaBHEHUE (4.8) no /1, TOJYYNM IJIS BHUUC—
JIEHNST OCTATOUHHX HANPAXEHU# B NOKPHTHM QOPMYJIY
E(h)

h) |
7_/1&)5() (45)

G(h)= C(h) E(h) +
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[lepBuil wien B HopMmye (4.5) OIpenesnsaeT HAUpPAKEHUIE B

TMOBEPXHOCTHOM CJIO€ NOKPHTHSA
6, (h) = CR)E(h). @%.5)

Bropoft WieH COOTBETCTBYET IONOJHUTENBHHM HANPAREHUSAM, KOTO-—
pHE BOBHMKANT B CJOE€ IPY HADSNWBAHWY NOKDHTUSA OT TOJIUHH A
IO OKOHYATEeNBHO# TOJMMHH h, .

YpaBHeHNE (4.6) TO3BBOJIAET BHPABSUTEH IpEpameHue nedopma—

MM 4Yepes HampAxeHNe B NOBEPXHOCTHOM CJOE:
h

_ * 6,(z)
a(h)=—5 C(i
h

$opmy e (4.2) 7 (4.5) NOBBOJISOT BHYUCJHUTE OCTATOYHHE

dz. (4.7)

HaIlpAXeHUs NP MeToUe 3amepa medopmarmvu.
exmouns mpr momomy (4.6) u (4.7) ws (4.5) mpupamerme
neopvamuy, TPUXOOUM K (PopMyJie

b
6(h)=60(h)—j %((j))dz) (46)
h

KOTOpafd MpeICcTaBaAeT coCoil OCHOBHYH DACUETHYO 3aBACEMOCTD
MeToIa 3amepa IOBEPXHOCTHOT'O HAaIpPSKEeHUd.

Buwmonerms mo Gopwynam (4.5),(4.6) cBasans mufdeperrm-
poBaHmeM SKCNEepUMEHTaNbHOR mHfopMarmu, Jra omeparmsa, Kak
U3BECTHO, CBA38HA CO SHAUMTEJNBHHMY NOrDENHOCTAME. HamexHOCTD
pPe3yIbLTATOB BHUMCJIEHUS MOKHO 3aMETHO MOBHCUTE, €CHM IPX Ha-
XOKIEeHIN IefopMalmi ¥ ee NPOU3BONHOZ HMPMOETHYTEH K CIVIAXUBA-
HIO OTNHTHHX 3HAUEHH{ CIOCOCOM HAUMEHBIMX KBAIPATOB [16].

Ene Gojyee HalexHHE PE3YJILTATH MOKHO NOJYYATH IPY aNNpPOKCHU-
Marme nedopmarmy aHaamTHUecKod gopmysoi, mapameTpH KOTOPO#

OIpPEereJaoT U3 YCJOBUA HAWIYUMEIro MpUOJIKEHII [I?].
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B mpakTHYeCKM BaxHOM CJaydae, Korma NapaMeTpH yOpyrocTH
IOIJMORKZ ¥ NOKPHTHA OOCTOSHHM, DACUYET MOXHO NPOBECTH HA OC—
HOBAHUN NPEIJIOXKEHUSA, UTO U3MEHEHNE HAIDAKEHUS B IIOBEPXHOCT-
HOM CJIO€ BHPa®aeTcAa IPOCHO-INHEeNHOf 3aBUCHMOCTE ( I,G). Tor-
Ia 13 (4.'7) I ONUCAaHWA IAHHHX WM3MepeHusd IefopMarmy MOJyduM
dopmy.ry

4O
&(m)= J’E*m (1+7v77)- (4.9)

2 ,
J1g BHUMCJAEHUS OCTATOYHHX HAUDSKEHN# B NOKDHTUN U3 (4.8)

BHTEKaEeT 38BHCHMOCTD

)= 40 L - Zun U—““f) G
1+ &/ 1+1v7
sl BHGUCJICHAA TapamMeTpoB j~ U 6, ( 0) COCTaBJIEHa TPOTPaM-
ma miasa DUBM "Muuck-3<". Ilporpamma OCHOBaHA Ha METONE CPENHEX
( PaBHHX cyMM) [I'?] 7 COCTABJEHA Ha fA3HKE "MAJITOJ".
B xauecTBe mpumepa B Tadia. 4.1 npuBeNeHH DE3YIbTaTH

BHUCJEHUA TIapaMEeTpOB IJIA XEJIe3HHX HOKpHTMﬁ, HapalleHHEX B

SJIEKTDOJHTE CIeIyoLero cocrasa (B T/X):

XJIOpUCTOE %eJe30 500
XnopucTHit HaTpH I00
XmopucTHE Mapraser &

CBoGonHas COJIAHAaA KHUCJIOTa g,8 - I,0.
TNlaHHHe M3MEpeHUS IedopMalmmn BaﬁMCTBQBaHH n3 padoTH [IB] .
Anamms TprBeNeHHHX NaHHHX (CM. Tas. 4.I) TIOKa3HBaET,
uTO 3HAUEHMA lapaMeTpa f, MIOJIYUYEeHHHE IIPY ONUHAKOBHX PERUMEX,
KOJIEGIOTCA TMPUMEPHO B TAKUX %€ Tpemesax, Kak U MX CPpenHue
SHAUEHNA I PasJNUHHX Dexuvax X MeTasiax xarona. losromy

I MCCAENOBAHHHX YCJOBHH 3JEKTpOJII3a IapameTp f MOXHO IIpH-—
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HUMATH DABHHM CDeMHeMy 3HAYeHmD 7=16 . TlapameTp 0, (0)
NOUTH HEe 3&BWCHT OT IPUPOIH MeTaJIoB kKaTora. C NOBHMEHEM
TEeMIIEPaTYPH SJEKTPOIN3a ¢ IapaMeTp 0,(0) YwmeHbmaercs, a ¢
IIOBHMEHNEM KATONHOf IJIOTHOCTH TOK& [, YBeJNUUBaeTCH.
3aMeTuM, YTO NOJYYeHHHE GOPMYJH IPUMEHHMH X B TOM CJy-
yae, Korma IS ONDPENeJEeHHA OCTATOYHHX HANPMREHUZ NOKDHTUE

IOCTENEeHHO CHHMAETCH.
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nogHNTeNs Ha 1971 - I975 r. BHmoJHEHHO.
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M3MepeHrsl OCTATOYHHX HAIPAXEGHNE B HOKDPHTUAX.
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Pedepar ,mp, 32, puc. 3, Tadm, I

PaspaGoTaHH TEOPETUYEeCKNE OCHOBH BSKCHEPHNMEHTA/b-
HHX METONOB ONPEIEeNEHWA OCTATOUHHX HANDMKEHUV B IOKDHTIAX crepxnei -
(mosioc), IISCTUHOK ¥ IMIMHIPAYECKIX 000JI0YEK C YUETOM IIePeMEeHHOCTH I18-
pavMeTpOB YIUPYTOCTH IO TO/MIMHE. PAaCCMOTPEHH: MeTON 3avepa KPUBU3HH ( WA
Tpor7da) u MeTon samvepa Jnedopvaimy I CBOCOINHEX ¥ XECTKQ 3alemie
cTepxHell ¥ IIacTUHOK; METOI 3amepa medopMaly g ,IEJI]Z[HHO% 03060@0%
TOHKOCTEHHOH OGONOUKH |

TIf TOBHIEHNA HANEKHOCTH PACYETOB HPEIVIOXEHO NQHHHE M3MEDPEHNS KpU-—
BUBHH ¥ IefopMali anmpoKc OBATE AHAJWMTUIECKUMA (opMyJav, NapaMeTpH
KOTODHX ONDPENEeNA0T U3 YCJIOBUS HAWIYYNETO HPUOJIKEHAS .

“Ha BIBM cocTapienH Tadauiy GYHKIMA, yIOpomawomme BHUNCIEHNE 0CTaTOT-
HHX HaﬁRHEGHHﬁ B NOKDHTHAX CBOGOIHHX CTEpKHE 1 INACTUHOK. Ha A3HKe
TVATTON™ cocTapiena IIporpaMva IJis BHYMCIEHHA NapavMerpoB (POPMYyJH, aml-
POKCTVUpYOLeH BKCHEHHMGHTaﬂBHHG'BHaquHH nedopvalmn TOHKOCTEHHON IJIHHI~
PUYECKON OGONOYKW, lpUBEIEHH 3HAUEHUI NapaveTpoB, BHUACHEHHHE IJIA XEJes-
HHX TaslbBaHWuYeCKWX NOKpHTMi Ha JIBM "MuHCck-32".
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