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BBEJAEHUE

OOBbeMHBIE HAHOCTPYKTYPHBIE U YIIbTpaMesko3epHUcThie (YM3) MmeTalibl u
CILJIaBBI - MMEPCIEKTUBHBIE KOHCTPYKIIMOHHBIE M ()YHKIIMOHAIBHBIC MaTEepHaJIbl

H]—I)Ke]-lep]-lble IOAX0AbI IMOJYYCHUS
00beMHBIX YM3 MeTa1i10B

MeToabl HHTEHCHUBHON
HODOLIKOR IIACTHYECKOM
P negopmanuu (UILIX)

KOMHaKTHpOBaHHe

CBoiicTBa METAJIOB, ITOTYYEHHBIX METOIaMU UHTEHCUBHOM IIACTUYECKOMN JIeopMaliiu:

ITOBBIIICHHAA B HCCKOJIBKO Pa3, 110 CPABHCHHUIO C KPYIIHO3CPHUCTBIMHA dHAJIOI'aMHU,
IMPOYHOCTb, COUCTAOIIAsACS C XOpOHIGﬁ INIACTUYHOCTBIO,

HHU3KOTCMIICPATYPHAA U BBICOKOTCMIICPATYPHAA CBCPXINIACTUYIHOCTD,

IMUKINYCCKAA U paaruallMOHHAA CTOMKOCTb.



BBEJAEHMUE. /lnunamMuuyeckoe KaHAJAbHO-YIJ10BOe npeccoBanue (JAKYII)

O0masa  cxema  ycraHoBku g JAKVYII
(mpemiioxena u peanuzosana B POAL-BHUUTD,
r. CHe:)KHHCK).

1 — cTBOJI, 2 — MOpLIEHB, 3 — 00pa3ew, 4 — MaTpUILIA,

5 — HanmpaBasOIIAsA BTYJKAa, 6 — KOJIbIO, 7 — MOPOXOBOH
3aps.

INPEUMYUIECTBA JNHAMHNYECKOI'O
METO/A:

*pa3Mepbl 3aroTOBOK MOI'YT ObITh 3HAYHUTEIbHO
o0oJuabmie, yeM B PKVYII;

*He TpeOyeTcsi JAOPOroCcTosimiee IMPeccoBOe
o0opyaoBaHue;

*IpoIecC YIJOBOI0 NMPECCOBAHUSI MPOMCXOAUT

E: ///‘ 3HAYUTEIbHO ObICTpee, YeM B CTATHYECKHX

LP/
e

VLA s yCJI0BUSAX.

: e OcHoBHoe mnpeumyinectso Meroxa JAKYII mo
O6paser: @=16 mm, L=65 mm cpaBHennio ¢ PKYII cocrour B TOM, 4TO
Ckopoctb gedopmanum o06pas3ios: 104 —10° ¢!, yBeJUYHUBAETCA  CKOPOCTH  IJIACTUYECKOIO
HavanbHas ckopocts: 100 — 500 m/c. nepopmupoBaHusd, a Takike o0aBisiercs
MakcumaibHoe nasinenue: 7 I'Tla. yAAPHO-BOJIHOBAS nedopmanus, KoTOpasi

yBeJIMYUBAECT 001U pe3yabTAT BO3ACHCTBHS.



BBEJAEHHUE. /lunaMu4yecKkoe KaHAJIbHO-YIJIOBOE NIPEeCCOBaAHME

IIpumepsbl NoJIyYeHHbIX 00Pa31L0B MOCJIe JUHAMUYECKOM HHTCHCUBHOU
IacTu4eckou negopmanuu

Turan BT-1-0
8 2 348 8
IlTopoxos E.B., ’Kruiaes U.H., Xomckasa U.B. u 1p. BHemnuii Bua oopasua us AMi nmocJie
BricokockopocTHOE 1€ OPMUPOBAHNE METAITITHIECKUX
4 NpoX00B Yepe3 KAHAJbI OCHACTKH

MaTeprajlIoB METOAOM KaHAJIbHO-YIJIOBOT'O IMTPECCOBAHUA JJIA

MOJTyYEHUS YIbTPAMEIKO3EPHUCTOM CTPYKTYPHI
Jeppopmayus u pazpywenue mamepuanos.- 2009.- Ne2 .- C. 36 - 40.



OUBUKO-MATEMATHYECKASA MOJEJIb
Mojaeab yIPYromiacTHYeCKOM MOBPEXKIAEMON Cpeabl
Cpena xapakTepu3yeTcsi HATMYUeM MUKPOIOJI0CTeN (TIOp, TPEILHH).
OOt 06beM cpesibl W cOCTaBIISIIOT HEMOBPEXKAEHHAs 4acTh cpelibl W ¢ INIOTHOCTBIO P,
1 MUKponosiocTd W,, B KOTOPBIX INIOTHOCTh IPUHUMAETCS HYJIEBOIL.
CpenHsis IIIOTHOCTb CPENIb p=p. (WJ/W)
CrerneHb MOBPEXKIEHHOCTH CPEIbl XapaKTePU3yeTCs yACIbHBIM 00BEMOM MUKPOIIOBPEKICHUIA
V.=W/(W:-p)

Cucrema ypaBHeHuUIl, ONKUCHIBAIOIIAS HECTAIIMOHAPHBIE auadaTuueckre (Kak Ipu yIpyrom, Tak u rnpu
IJIACTUYECKOM J1Ie(OPMUPOBAHUM) NBUKEHUS MPOYHON CKUMAEMOW CpPENbl C YUETOM 3apOXKICHUS U
SBOJIFOIIMM MUKPOIIOBPEXKIACHHUIN COCTOUT U3 YPABHEHU HePA3PbIBHOCTH, IBUKEHUSI, JHEPTHU:

| 1 do.
1 dp-l—al)l :O, &: 1 GU’ pd—E:G..g..,

I'ZI€ P - IIIOTHOCTD, t — BpEMs, U - BEKTOP CKOPOCTU ¢ KOMIIOHEHTAMH V;,
G; = -Po,+S; — KOMIIOHEHTBI TEH30pa HAPSHKEHUI,
E — ynenbHast BHyTpEHHSA DHEPIUs,

€; — KOMIIOHEHTBI TEH30pa CKOPOCTEH epopMartui,
P =P (p/p,) — cpenHee napieHue,

0, — cumBOJI KpoHekepa,

S;; — KOMIIOHEHTHI JICBUATOPA HANIPSIKCHHU,

P. — naBienue B CIUIOIIHON KOMIIOHEHTE BEILIECTBA.



OPUZUKO-MATEMATHYECKASA MO/JEJIb 6

JlaBneHre B HENMOBPEXKACHHOM BEILECTBE SBISACTCS (YHKLIHMEN yIeTbHOro o0ObeMa, YAENbHOW BHYTpEHHEH
SHEPTUH, yJIeIbHOr0 00beMa MUKPOIIOBPEXKICHUN U BO BCEM JMANA30HE YCIOBUI HArpy>KeHUsI ONpeAeIaeTcs
C IIOMOIIBIO YPaBHEeHUS cOCTOsTHUSA TUNa Mu-I'proHaiizena:

P, = poa’p+pga[l1-79/2 +2(b—1)] u* +
+p0aZ[2(1—70/2)(b—1)+3(b—1)*] u> +yopoE

rae p =V /(V-V) - 1, v, - koobpunuent I'pronaiizena, V,u V — HavaJIbHbIA U TEKYIIUHA yJEIbHBIE 00BEMBI,
a U b - KOHCTaHTHI anuabarel ['TOrOHMO, ONMMCHIBAEMON JIMHEHHBIM COOTHOLICHHEM U, = a + bu,, T1e u; -
CKOPOCTb yJIapHOMW BOJIHBI, U, - MACCOBAask CKOPOCTh BEIIECTBA 38 PPOHTOM yIaPHOI BOJIHBI.

Hcnonb3yeTcs MpeanoaokKeHue, YT0O Ha U3MEHEHUE MOPUCTOCTU (KaK pocTa MOp, TaK M MX CXJIOMBIBAHUS)
BJIMSIET TOJIBKO IIApoBas KOMIIOHEHTA HAIpPsHKEHUM (JaBIE€HHE), a KOMIIOHEHTHI JI€BHATOpa HAIpPSKEHUN
OrpaHUYEHbI HE3aBUCUMOW JIEBUATOPHOM (DYHKIIMEN TEKYUECTH:

0
1 dS? Ine dS i dt npoussoanas no Sdymany,
2G gij —_— 81{1{8 i J = J + 7\,81 G - Mmoayab capura. ITapamerp A TOXKIECTBEHHO
3 dt J paseH 0 ipu yripyroi aedopmanuu, a npu
. HAJIMYMU [TACTUYECKON UCKITIOYAETCS C TIOMOLIBIO
dSl-j B dS,-j S w —S o ycaoBuda Tekydectd Museca:
d - d ik ™ jk Jjk ik

2 2
Sljslj = —0
Xeppman B. Onpenenstoniue ypaBHEHUS 3

VIUIOTHSAIOIIMXCA MOPUCTHIX MaTepuanos // IIpobnemsl

TJI€ G - IMHAMUAYECKNAM MPEJEII TEKYUYECTH.
TE€OPUU IJIACTUYHOCTH.- M.: Mup, 1976.- C. 178 - 216



OPUZUKO-MATEMATHYECKASA MO/JEJIb 7

Kunernveckasi Moje/ib pa3spyuieHusi AKTUBHOI'0 THIIA

MopenupoBanue paspyuieHuil «OTPBLIBHOI0» THIIA TPOBOAUTCA C IIOMOLIBIO KHHETHYECKOW MOJENIN
paspylLICHHUs AaKTUBHOIO THUIA, ONPEACIAIONICH POCT MUKPOIIOBPEXKACHUN, HENPEPBIBHO H3MEHSIOIINX
CBOMCTBA MaTepuaja U BbI3bIBAIOIIMX pellakcalvio HanpsbkeHud. Monens Obia paspadorana B UIIX®D PAH
(UepHOronoBka) Ha OCHOBE JKCIIEPUMEHTAJIBHBIX JaHHbIX. lIpenmomnaranock, 4To B MaTepualie UMEIOTCA
NOTEHIMAJIBHBIE OYard pa3pylIeHUs OJWHAKOBBIX HAYAJIBHBIX pPa3sMEPOB C I(P(PEKTUBHBIM yAEIbHBIM
00beMOM V,, Ha KOTOpBIX 00pa3yloTcs M pacTyT TPEIUMHBI WU MOPBI IPHU MPEBBIIIEHNN PAaCTATMBAIOIINAM
naBieHueM P_ HexkoTopoll KpUTHYECKON BeauWuMHbl P°, KOoTOpas yMeHbIIAeTCs II0 Mepe pocTa
oOpa3oBaBIIKUXCs MukponospexaeHuil. Koncrantel V,, V,, P,, K. noxbupamuce myreM conocTaBieHUs
pe3yJIbTaTOB PacyeTOB U SKCHEPUMEHTOB IO PETUCTPALMM CKOPOCTH CBOOOJHOM MOBEPXHOCTH IIPH
Harpy>)keHMM oOpa3la IUIOCKUMH HMITyJbcamMu cxkaTuss. OOuH M TOT K€ HaOOp KOHCTAHT Marepuaa
UCIIOIB3YETCs IIPU pacyeTe KaK pocTa, TaK U CXJIONBIBAHUS TPELLUH WX I1I0P B 3aBUCUMOCTH OT 3HaKa P..

0, ecmu [P,|<P” wm (P, > P u V; =0)

dVy
dt

N

— Sign (Pc ) Kf (‘Pc‘ —-P )(VZ + Vf )9

ecmu P, < —P" i (P, > P u Vi > 0)

rne P"=P,V /(V+V));
V,, V,, P, K. — 3kcriepuMeHTaIbHO onpenesieMble KOHCTaHThl Matepuaia (P> 0)

Kanens I'.1., lllep6ans B.B. ITnactuueckas nedopmMaiius 1 OTKOJILHOE pa3pyIlIeHUE
xene3a «ApMko» B ynapHo# Bose // @I'B.- 1980.- T. 16, Ne 4.- C. 93 - 103.



OPUZUKO-MATEMATHYECKASA MO/JEJIb

Moayne cipura G 1 AMHAMUYECKUAN MIPEAET TEKYYECTH ONMPEACIISIOTCA COTJIACHO COOTHOIIIEHUSIM

v | I (A
G=gG, KT[1+C(1+I;L)”3) 7 -|-3V3) 5—) %0 K [1 +C(1+M)1/3j(1 V4J ,ecm V<V,

0,ecmu V; >V,
rae ¢, V,, V,, T, — KOHCTaHTHI MaTepuana

TunuuHbie 3aBUCUMOCTH MOJTYJISI CABUTa U TMHAMUYECKOTO TIpejieiia TEKYUYeCTH 0T 00beMa
MUKPOIIOBPEXACHUN V

GG, o/0
[ :

1

087

0471

0271

0 02 0.4 0.6 08 ! 0 0.15 03 045 0.6



-

KT =1

OUSNKO-MATEMATHUYECKASA MOJIEJIb

1, ectn Tp<T<Tj

0, ecm T2T,

Im =1 , ecmn Tj <T < Ty

Ty — T 3neck T - TeMIepaTypa IUIaBIeHus

BELICCTBA,
T, — xoHcTanTa matrepuana, T, —

HadaJbHasg TEeMIIepaTypa.

0871

067

0471

0271

Br100op GhyHKIIMK OCYIIECTBIISIICS C
LEIbI0 MOJIEJIUPOBATh B pacyeTax
ATEPMHUYECKUI XapaKTeP MIACTUYECKOTO
nehopMUPOBAHUS TIPU CKOPOCTAX
nedhopmupoBanus 104 ¢! u BeIIE.

0.6

0.7 08 09 1



OUSUKO-MATEMATHUYECKASA MOJIEJIb 10

I[JISI BBIYUCJICHUA TCMIICPATYPhI UCITIOJIb30BaJIACh TCIIOBAA COCTABIIAIOIIAA YHCHBHOﬁ BHYTpCHHGfI OHCPIHUH:

(d(E-Egy)/c,, ecru T < T,
dT =<0, ecn T =T,
d(E-Eox —AH)/c,, ecmn T>T,

XOJIOZHAs COCTABIAIOLIAsA YACIbHOW BHYTpeHHEN dHepruu E | onpeznensaercs BEIpaKEHUEM :

Eq , ecimt ¢ <0
EO :%

X

Eo+EBE+E 6% +B3E° +E &% | ecm £20
rac E) = 1 — p% AHm - YACJIbHAsA TCIUIOTA IIJIaBJICHUA, TO - Ha4YaJIbHAsA TCMIICpaTypa,
C

EO = _TO Cg El = YOEO Ez = (az +'}/(2)E0)/2 E3 = (4b32 +'Y8EO)/6

E4 = (_2’Y0 baZ + 1832 b2 4 yg EO) /24 Cg , C]I; - KOHCTaHThl MaTepHaa.



OUSUKO-MATEMATHUYECKASA MOJIEJIb 11

Y aenbHask TEMII0EMKOCTD €, BO3PACTACT JIMHEHHO C POCTOM TEMIIEPATypPhI 10 TEMIICPATyPbI

IIJIaBJICHUA BECILICCTBA.

( L 0
0. °p Sp
Cp+ (T-Ty), ecm Ty <T <T,
T -T
C 2% m 0
p
cL ecciu 1 =T
L p Y — - m
Cp

| To Tm



OUSNKO-MATEMATHUYECKASA MOJIEJIb 12

Moaeas /IxkoHcoHna — Kyka

( )

\
Seq

(-1
“0 )\ Sty )

c'=lo, +Be,, | 1+ Cln

3mech e, — SKBUBAICHTHAS MIIACTHYECKas eopManusi, €,, — SKBUBAIICHTHAsE CKOPOCTh
IUIACTUYECKON JaedopMaru, €, — HA4YAJIbHOE 3HAYEHUE HKBUBAJIEHTHOM CKOPOCTH
mactuyeckon gepopmammu (¢,=1.0 c¢'), T, T, T, — HavanmpHas, TeKyuas

TEMIIEpATypbl U TEMIIEpaTypa IUIABJICHUS, COOTBETCTBEHHO, B, C, n, r — KOHCTaHTHI
mozenu JlxoncoHa-Kyka. Takxke G, — KOHCTaHTa MaTepuaia, CTaTUYECKUN Ipere

TEKYUYECTH.
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A CONSTITUTIVE MODEL AND DATA FOR METALS SUBJECTED TO LARGE
STRAINS, HIGH STRAIN RATES AND HIGH TEMPERATURES

Gordon R. Johnson
Honeywell Inc.
Defenss Systems Division
Hopkins, Minesota 55343 USA

William H. Cook
Air Force Armament Laboratory
Eglin Air Force Base, Florida 32642 USA

This paper presents a constitutive model and data for materials subjected td large

strains, high strain rates and high temperatures. The basic form of the model is well suited for
computations because it uses variables which are readily available in most of the applicable
computer codes. The materials considered are OFHC copper, Cartridge brass, Nickel 200, Armco
iron, Carpenter electrical iron, 1008 steel, 2024-T851 aluminum, 7039 aluminum, 4340 steel, S-7
tool steel, Tungsten alloy and DU-.78Ti (depleted uranium). The data for the material constants
are cbtained from torsion tests over a wide range of strain rates, static tensile tests, dynamic
Hopkinson bar tensile tests and Hopkinson bar tests at elevated temperatures. The model and
data are evaluated by comparing computational results with data from cylinder impact tests.

INTRODUCTION

During recent years there has been a great deal
of effort directed at computations for intense impulsive
loading due to high-velocity impact and explosive dato-
nation. The capabilities of current computer codes have
been extended to the point that the limiting factor is
often that of adequately defining material charactar-
istics for both strength and fracture. A common ap-
proach is to simply repeat the computations with dif-
ferent material characteristics until agreement with ex-
periment is obtained. Clearly it would be desirabla to be
able to characterize materials with a limited number of
laboratory tests so the initial computatiens could be
used with more confidence. This would result in a more
efficient design cycle and would also give increased in-
sight into understanding the complicated processes
which ocrur during intense impulsive loading condi-
tions,

This paper presents a constitutive model which is
primarily intended for computations. It is recognized
that more complicated models may indeed give more ac-
curate descriptions of material behavior. Similarly, vari-
ous models may give better descriptions for various ma-
terials. In many instances, however, the computational
user cannot readily incorporate complicated and diverse
models. The regult is that'a constant “dynamic flow
stress” is often used.

In the following sections test data will be pre-
sented and the approach used to extract the appropriate
material constants from the data will be explained. This
will be done in detail for three materials (OFHC copper,
Armco iron and 4340 steel). Results for the other nine
materials will be included, but with limited discussion.
Finally, the model and data will be evaluated by com-
paring computational results to data from cylinder im-
Pact tests,

TEST DATA

The test data are primarily obtained from torsion
tests over a wide range of strain rates (quasi-static to

541

ahout 400 s=1) and dynamic Hopkinson bar tengile tests
over a range of temperatures. Static tensile test data are
also used. The specific torsion testing apparatus is de-
acribed in (1] and a representative Hopkinson bar ap-
paratus is described in [2].

Figure 1 shows Hopkinson bar test data at vari-
ous temperatures. The elevated temperatures are ob-
tained by surrounding the in-place test specimen by an
oven such that the temperatures are applied for several
minutes prior to testing. Although it is possible to test
materials to greater strains than those shown in Figure
1, the Hopkinson bar data cannot be accurately eval-
uated after necking begins to occur in the tensile speci-
mens. Futhermore, at large strains the effects of
adiabatic heating can also complicate the results. The
elevated temperatures show a distinct softening effect
on the strength of the materials.

o T
840 571 .
s Lo5mL oo
s . 1 Thoow
i ’ : Tt * Taoom

wr ARMCO IRON

“
E m'/// ¢ THERMAL SOFTENING DATA
a TAKEN AT THESE STRAINS

[ 4
QEHC_COPPER —

o » @

15 E] »
TRUE (ENSHE STRAIN. Zfn [dglel

Figure 1. Stress-Strain Data for Hopkinson Bar
© Tests at Various Temperatures
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e IR (T
[ O oy Al .
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O 05 0 15 T 75 30 3% %0

TRUE TENSILE STRAIN, 2/n (dgld)

Figure 1. Stress-Strain Data for Hopkinson Bar
Tests at Various Temperatures
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Table 1. Constitutive Constants for the Various Materials
SRR T
GESCRIPTION CONSTITUTIVE CONSTANTS FOR
IF1C | MELTING o[- serflecme ]l - 1)
MAIER A HARDNESS DENSITY - $PeC 1 .
CRUEEL) NEAT  [TEMPERATURE A 8 i ; "
(ROCKELL) | txa/nd | (4/xak) (K) (KPa) (MPa)

QFHC COPPER F-30 8960 133 1356 90 292 31 025 1.09
CARTRIDGE BRASS F-67 ' 8520 385 1189 112 505 42 .009 1.568
NICKEL 200 £-79 8300 446 1726 163 648 .33 .006 1,46
ARMCO [AON - Fo72 7890 452 1811 175 380 .32 .060 0.55
CARPENTER ELECTRICAL [RON F-83 7390 452 1811 290 339 .40 ,055 0.55
1006 STEEL F94 7830 452 1811 150 275 .36 022 1.00
2024-T351 ALUMINUM B-7S 2770 875 775 265 426 .34 .015 1.00
7039 ALUM!NUM B-76 2770 875 877 337 343 .4l .010 1.00
4340 STEEL , C-30 7830 477 1793 792 510 .26 014 1.03
§-7 TOOL STEEL C-50 7750 477 1763 1539 477 18 .012 1.00
TUNGSTEN ALLOYG.O7N1..03Fe)l (=47 17000 134 1723 1506 177 - S 016 1.00
0u-.75T: C-45 18600 1nr. 1473 1679 1120 .25 .007 1.00
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Tect Teuopa

16

167 m/c 225 m/c

Meas M1
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IlocranoBka 3aga4u
['paHHYHBIE YCIOBHA HMEKT BH/I:
Tx(t.x.y.z) = 0., Ty(t.x.y.z) =0,
T(t.x.y.z) =P-S; mpm (x.y.z) € R1,

T,.(txy2) =T, (txy.z)= T, (txy.z)=0n0pu(xy.z) € Rz
T, (txy.z)=T_  (tx.y.z) =0, va(t.X.y.z) = 0 mpH (x.y.2) € Ro,

Z HaualbHBIE YCIOBHSA HMEEOT BH]T:

cii(0.x.y.z) = 0, P(0.x.y.z) = 0.

E(0.x.y.z) = 0. Vi(0.x.y.z) = 0 ipH (X.y.z) € D1;
(0, X, y.2)=w(0.X.y.2) =0,

v2(0. X, V. Z) = vo IIpH (X.y.Z) € D1;

p(0. X, y, Z) = po IpH (X.y.Z) € D1.

[Ipouecc auHamMuueckoro aAeGOPMUPOBAHUS MOJECIUPOBAICA Ha
npuMepe MeIHBIX o0pasloB pa3MepamMu B ceueHuun 16x16 mMm u
BbICOTOM 65 MM. HawanpHas CKOpOCTh 00pa3lioB BapbUpOBaIaCh B
muanaszone 0 — 200 wm/c, maBnenme P = 0.1 — 1.5 I'Tla. VYron
nepeceyeHus: kaHamoB 90°. B oOsacTd BHENIHEro yriia CTEHOK
KaHAJIOB MaTPUIIbI 3a/laHa HAKJIOHHAS TUIOLIaAKa oA yriiom 45°.
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JKYII B TPEXMEPHOHM MIOCTAHOBKE

KoMnoHeHTHI ckopocTe aedopmanuu
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v,=70 m/c, P=0.5 I'Tla

19



JKYII B TPEXMEPHOHM MIOCTAHOBKE

ITapameTpsl moaean [zkoHcoHa - Kyka

IKBHBAJIECHTHAsI
CKOPOCTh
IJIACTHYECKHUX

negopmanmin
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JKYII B TPEXMEPHOHM MIOCTAHOBKE

IlapameTpsl nmpouecca
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v,=70 m/c, P=0.5 I'Tla
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JKYII B TPEXMEPHOHM MIOCTAHOBKE

IlapameTpsl nmpouecca

ELX <4000 4000 12000 20000 22000 tope

ELx 4000 4000 12000 20000 28000 tops: 0

v,=70 m/c, P=0.5 I'Tla
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Hasnenue P, I'Tla

JKYII B TPEXMEPHOHM MIOCTAHOBKE

Junarpamma npouecca JIKYII megnoro oopasmna
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SAK/IIOYEHHE 24

* PazpaboTana METOMKA YUCIICHHOTO MOACIMPOBAHUS B TPEXMEPHOM IMOCTAHOBKE Ha OCHOBE
METOJIa KOHEYHBIX 3JIEMEHTOB IS UcciaenoBanus npoueccoB JIKYII Mmetammiaecknx
00pa3IloB.

* AJIEKBAaTHOCTb UCHOJIb3YEMOUN (PUZUKO-MATEMATUYECKON MOJIEIN U METOJUKHU pacyeTra
MOATBEPKACHA HA IPUMEPE pellieHUd 3a/1aun Tennopa ¢ MaKCUMalbHbIM OTKJIOHEHUEM OT
DKCIIEPUMEHTAIIBHBIX JAHHBIX B 2,5%.

* CXOIMMOCTh PE3YJIBTATOB PACUETOB MOKA3aHA HA IIPUMEPE UHTETPAIBHBIX MAPAMETPOB
npouecca JIKVYII — kuHeTndeckoi 1 moIHOM sHepruu oopasua. Beidpana ontumanbHas
pacyeTHas CeTKa JJis pelIeHUs ITOCTABICHHOM 3a/1a4MU.

* M3y4yeHbl 3aKOHOMEPHOCTH MHTEHCUBHOTO TJIACTUYECKOTO Ae(DOPMUPOBAHUS METHOTO
oOpa3ua ceyenuem 16x16 MM 1 JauHON 65 MM IIPU JTUHAMUYECKON CXEME HAarpyKEHUS B
IWara3oHe NpUIOKEHHOro K o0pasiy nasienus 1o 1,5 I'lla, ckopoctu oopaszma 0-200 m/c
IIpY BapbUPOBAHUHU pa3Mepa HAKJIOHHOM IJIOMIAJKU B 00JACTH NIEPECCUCHUS KaHAJIOB.
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