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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
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INVESTIGATION OF RELIABILITY OF THE SCREW UNIT
OF THE COAL-ROLL PRESS BT-3M

Abstract. In the article we propose the method of calculation of parameters of stress state and rigidity of screw
blade at bending in one plane, screw-piston press of BT-3M grade for production of coal briquettes is simultaneously
mixing, transporting and pressing unit. The blade is regarded as a thin axially endless helicoid shell rigidly attached
to the shaft along an internal helical boundary. Considering that the presence of the blade does not affect the
deformation of the constant-section shaft during bending, we examine the effect of the presence of the blade on the
bending stiffness of the screw. Invention covers the problem of screw blade deformations at preset displacements at
inner boundary caused by shaft bending considering that its axis has curvature.

In the second stage of calculation we construct a compensating solution, which eliminates inconsistencies in
differential equilibrium equations and static boundary conditions, and on the inner contour of the shell we set
conditions of rigid pinching. As a result, the screw was calculated using the developed method. Blade is calculated
with parameters rl = 0.04 m, r2 = 0.1 m, r3 = 0.03 m, screw blade thickness d = 0.005 m, L = 0.2 m, total length of
hollow shaft 1, 2 m. Calculations have shown that at such screw parameters and created specific pressure of material
on the screw Ore = 8.5 - 10° Pa, the rigidity of the blade is the stiffness 11% of the tubular shaft.

Keywords: screw, press, calculation, briquette, extras, equations.

Introduction. For a number of years, the company Briquette Technologies LLC (Barnaul, Russian
Federation) has been manufacturing equipment, improving and introducing it [1]. In particular, BT-type
equipment is manufactured for the production of coal briquettes (figure 1).

The operation of this equipment was studied taking into account the technological parameters of its
knot. The screw is at the same time a mixing, conveying and pressing knot. The screw knot (figure 2)
consists of a tubular shaft and a helical tape of welded construction.

Figure 1 - Industrial screw piston press BT - 2.5-3 t/h
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Figure 2 - To the calculation of the screw knot: a) design scheme, b) auger in the trench

In this case, the screw knot experiences bending of the shaft during operation, wear of the helicoid
tape and alternating loads caused by the uneven density of the mixed mass. In these cases, it can be argued
that the blades and shaft of the screw will always be under high voltage.

We propose a method for calculating the parameters of the state under voltage and rigidity of a screw
blade of auger during bending in one plane. We consider the blade as a thin helical shell endless in the
axial direction, rigidly fastened to the shaft along the internal helical boundary (figure 2b).

Assuming that the presence of the blade does not affect the nature of the deformation of the shaft of
constant cut during bending, we study the effect of the presence of the blade on the bending rigidity of the
screw.

Consider the problem of the deformation of a screw blade for a given displacement on the inner
boundary due to bending of the shaft, assuming that its axis has a curve 1/p.

Middle surface of the helicoid shell is assigned (figure 1) to the coordinates », ¢pwhich define the
orthogonal coordinate lines system on it (figure 2), with Lame parameters [6]:

A=1, B=/r2+ (0,5L/n)?,

where L - is the step of the helicoid.
The unit vectors t; and t, of the coordinate lines r and the normal n to the middle surface [5] (see
figure 2) are related to the unit vectors of the Cartesian coordinate system by the formulas:

ti=cos@ it sin@ j;
=" (_sinpitcos@j)+ L k; (1)
B 2B

n= L(sin¢ i-cos@ j)+ rk.
2B B

The next is to determine the displacements of the points of the interface line between the shell and the
shaft. When the shaft bends in the YOZ plane, the movement of its points along the directions of the X, Y,
Z axes is

z
£ =0; 77=—05~i;§ =Yz, 2)
P P
_ S ¢
x=ricos@Q; y=risin@ ; z=05L —
T

wherer; is the radius of the shaft, and passing using formulas (1) to the projections of displacement on the
axis of the local basis of the shell, we obtain

2

u=-Cyp ;v=Cn : ® ; 3)

2 sin -——-| @-sing —-—-cos
5 sing B, {(0 2 5 ¢’J
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2
w=C| L ¢ 2z . ,
| ———-cosp+——@-sin
[272'31 2 ¢ LBI ¢ ¢

where C = (0,5L/m)?/p; B is the value of the Lame parameter of the ¢ -line at the inner boundary of the
shell.

In addition to displacement (3), the values of the angle of rotation of the normal n or, equivalently, the
unit vector t; in the plane perpendicular to the boundary of the shell border must be specified. When the
shell is rigidly bonded to the shaft, its unit t1 rotates with the shaft transverse cross of shaft through an
angle

z

0=—i.
P

It follows that the rotation angle in the plane n, t; is equal to

~91=«9tz=i'tzL(p =7C2mﬁ1 @ -sing . (4)
272',0 LBI

So, the kinematic boundary conditions on the inner edge of the shell are established. There is no
voltage on the outer free edge.

To calculate the helicoids the equations of the general theory of shells [6], [8], [9] written in the
orthogonal system of curvilinear coordinates of the surface that do not coincide with the lines of the main
curvatures are used. In this case, we take into account that the curvatures of the normal cross of the
helicoid passing through the r - and ¢ - lines are equal to zero, and the surface torsion is

1 L

Ry 2482

As a result, we obtain the following system of equations:

— equation of equilibration:

oBR], o, My) r.  BO 0 M| or, r(. M,) BO (5)
—+—|S—=|-—1 ——%+Bq; =0, — 21 vi2 Ml g M2 | P¥1 =0:
or +@fﬂ( Ro ) B2 Ry TP Ry )| o0 "B S Ry ) Rp +Ba2 =0,
—0- _r oH _ —0N-
ABQ) 20, , B s,y TBan=0s0BM) — —p, T 22 -BO:=0;
5 + o +E[2S74 IRJIZ 2] o B o9
a(BH) L H+67H—B'Q2=O’
or 7
— geometric ratio:
. — . ou o(v) 2w .
{;‘lza—ua 82_ ov s Y12 = +B—|—|-—
or er? B@(p or\ B R12
g =Y _Ow; sz—i—ﬂ s = L[o(By) ou |V =06 _Q (6)
YRy o Ry BOp “""2B| or o o Rpy
% _ 9% +r01+Q” ;=000 _rf, &
2" Bop B2 Ryy Tt
» B 12 Bop B2 Rp

— ratio of elasticity:
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T=— <2); S= Eh :
1 B - B
2 (&1 +vex) ( 20+ 2
| %)
Mi=D (4, +v z,) 1 €2:H=D(1-V )7 .
We write the static boundary conditions on the external contour of the helicoid in the form [8]
. H ; TlZ:S—ﬂZOQQT:QIJFaiH:O; M;=0. ()
==, 70 Rip Bop

In this screw bending problem, the distributed loads ¢, g2, ¢. are absent, all blade turns are in the
same stressed state, so internal forces and deformations are periodic coordinate functions. Displacements
u, v, w and rotation angles 9, J,, {2,, have no periodicity property.

The blade is calculated in two stages.

First, we set an approximate law for changing the movements of the blade points assuming that its
radial sections passing through the horns t;, n (figure 2) do not deform. It is assumed that kinematic
boundary conditions (3) and (4) are satisfied.

In the second stage of calculation we build a compensating solution, which eliminates inconsistencies
in differential equations of equilibrium (5) and static boundary conditions (8), and on the inner contour of
the shell we set conditions of rigid pinching.

Thus, all components of stress-strain state are represented as sums f = f/ + f?, where f -
components of approximate solution satisfying kinematic boundary conditions of shell with shaft, and 7 -
components of compensating solution.

In the first solution, the movement functions according to the conditions (5) have the form:

2
2 7 . @ 2 2
u=-Co~ . . v=C-L _Z w=C| L ¢ 27 1.9
L _sing> @sme CcosQ | » . ¢, T L ..
B Bl 7 278, 2 cos @ B @ -sin @
Using ratios (6), we find membrane deformation components
. . 1
gl(l):():ggl)zc.%.sin¢) s 7/(12)20 (10)
B
and parameters for changing the curvature and torsion of the middle surface )(il) =0;
2
O__c. 2% 127 | cosor 20— 2 o (11)
using elastic ratios (7) we determine internal forces and moments Tl(l) =v- Tz(l);
2 .
M§1)=—D-C-2—ﬂ-- 1+% -cos@’ (12)
L-B B
j28% :—D-Co(l—v)~ L-r2 ~sin¢);
7B

from the fourth and fifth equations of equilibrium of moments from (5), we get transverse forces

2
O _D-C-r | 4mr L ;
= ————1|-cos
9 BS [ L 2r i

(13)
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2 2
W _DC 127 o) 2T sing
0 = 2 {L(I+sz+(l V) 2 B 1||-sing

By substituting the forces found into the first three equilibrium equations (5), we find surface loads

2
o _ ERC v oL
¢ =——|(1+Vv)-— —— |-sing
bon Bt B

M _ _ ERC r ; (14)
gy’ = ————= —=:COSQ
2 1-v2 B2
DCL LY '
qgl) =—— 161 +(3v—1{) -cosg ’
27B 2z

In the expressions for loads ql(l) and qg) and omitted the components having order (h/B)*.

As can be seen from the dependencies (12), forces exist on the outer contour of the blade

sy v-EWC ry . . 2 ’ (15)
Tl()ziz.%-sm(p Tl(zl)z_‘/ DC |y, 15 -cos @
1-v2 B3 B3 B3

2 2

*1) _DCr 4z ry L s ﬁ n . >

Ql — Bij [L_(?,_zv)z” - COSQ Ml vDC LBZ 1+B§ COSp
2

Where r;— is the outer radius of the blade; B; - is the value of the Lame parameter at this radius.

Thus, the inconsistencies in equilibrium equations generated by approximate solutions are established.

Let 's look at the problem of finding a solution that compensates for mischief. This solution must
satisfy equations (5) - (7) at loads

2 D. (2 n. @ __ d
¢ =—qV: ¢ =0 ¢ =4, (16)
boundary conditions of the specified rigid fixation on the inner contour
2
u@ =y =@ = 191( ) =0, (17)

and conditions of specified loading on external circuit free in relation to displacements

*2 *(1 2 1 *(2 *(1 2 1
Tl( )Z_Tl(); Tl(z)z_Tl(z); Ql( )Z_Ql();Ml( )Z_Ml()'
(18)

The formulated task allows for the separation of variables. This procedure differs from the same
procedure in the related task of calculating rotation shells.

Accepting that functions
u(2), 81(2), €§2), Tl(z)’ T2(2), 191(2), /((2), H(2)’ ng)

change along helical lines » = const by the law of the sinus, i.e.

2= f(r)-sing, (19)
Where /¥ — is any of the functions listed.
Each of functions
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imagine in the form
g(z) =g-COSQ . (20)
Unlike the shells of rotation in the helicoid, normal forces and bending moments are functions of
different parity. The same can be said of shear forces and torques. As a result of substitution of

expressions (19), (20) in equations (5) - (7) and separation of angular coordinate ¢ functions, we obtain a
system of ordinary differential equations, which can be represented as

dY=FY+GZ+g; Z=MY, 1)
dr

where
Y= e e g -~ ~ g - .
{ 5w 3 B(Tl _H], B[s M) B[Ql Jf], BMI}
Ryip Rpp B

A vector of basic variables (order 8), Z ={g,, 7'} - a vector of complementary variables (order 2); F,

G, M — are coefficient matrices.

)
v 0 0o L=v 0 0 0
B2 B EhB
L S T () R £)
B Bz Ri> EhB EhBRy»
0 _L 0 -1 0 0 0 0
Ryp
_(1—2v) (1-v)r v l=v vr 0 21+v) 0 L
BRy B*R, B* Rh B’ EhBRy; BD
Ehr* Ehr w 1 (1-2v)
. -= 0 0 — — 0
3 3 B B BRy
_Ehr Eh 0 o vz L v
B2 B B B Rp B“Ry»
0 0 0 o0 2 0 Lz‘l;zv
o Ry B* R
0 0 0 0o 0 0 1 vr
32
) ) ).
o o o000 _2D(1 v) D(l v)r D(l_vz L;Jri D(i=v)-r
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The edge problem for the system of equations is solved numerically by the method of orthogonal
Godunov run. With known blade deformations, its effect on screw bending stiffness can be determined by
Lagrange 's theorem. For this purpose we calculate deformation energy of one blade turn [5]

Eh 2 7122
= 2(1 - Ll
" ) (61 +e2)" +2( V)[ 4 «9182H+ (22)
17227
U:EI ) Bdgdr
o0y D[(K1+K2)2+2(1—V)(12—K1-K2)]

Each deformation component in expression (22) defines the superposition of two solutions, for
example: g, = ggl) T g%z) etc. In so much as the deformations are proportional to either sin or cos, in you

(22) it is necessary to calculate only a one-dimensional integral by the pen r, in which the deformations are
replaced by their amplitude functions.

Bending stiffness of the blade is found by formula K = 29—12], where 6 = %

- Mutual rotation angle of shaft sections spaced apart by screw L pitch.

When calculating the screw as a bending rod, the rigidity of the blade (23) is added to the stiffness of
the shaft EI/L. Figure 3 shows the dependence of the bending stiffness of the blade K/(Eh) 3 on the pitch
L, mm.

5 3 w n
2,5 _‘/';_
2
u':
5 1'5 f
b= 1 // n
H'4
a5 f/
o -
S0 100 150 200
Lmm
b n o

Figure 3 - Graphic dependence of bending stiffness of blade K/(Eh) 3 on pitch L, mm of screw line

Conclusion. According to the developed method, the screw of the auger press BT-3M for the
production of coal briquettes was calculated. Calculation of the blade with »,=0,04m parameters of m,
ri=0,04 M, r>=0,1 M, r3=0,03 M, thickness of the screw piston 5=0.005 blade of m, L=0.2 m, total length of
a hollow shaft 1, 2 m is executed.

Calculations have shown that at such screw parameters and created specific pressure of material on
the screw Ore = 8,5-10° Pa, the rigidity of the blade is the stiffness 11% of the tubular shaft. Reliability by
capacity criterion P = 0.667, which is structurally insufficient.

In order to increase reliability, one-piece version of the screw with the developed casting technology
can be offered.

E.C. A6apaxmanos!, 5.T. Epmaramber?,
ZK.M. Kacenosa?, M.K. Kazankanosa?, A. Caiipanoex’

! «C. Topaiirbipos aTeiHaars! [1aBogap MEMIIEKETTIK yHUBEPCHUTETI», [laBnonap, Kasakcran;
2 «Kemip XuMusichl %aHe TexHONOTHS MHCTUTYTh JKIIC, Hyp-Cynran, Kaszakcran

HNCCJIEJOBAHHUE HAJJEXKHOCTH HTHEKOBOTI'O Y3JIA
YI'JIEBPUKETHOI'O ITIPECCA BT-3M

AnHoTanusi. Makanana Oip >Ka3bIKTHIKTa My KE3iHJe NIHEKTIH OYpaHAaNbIK allaFbIHBIH KEpHEYNi Kyil MeH
KATTBUIBIFBIHBIH MapaMeTpIiepiH, OipMesriiie apalacThIPII, TACKIMANIAUTBIH JKOHE HBIFBI3IAYIIbl TYHIH OOJBII
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TaObLIaThIH KOMip OpukerTepid enaipy yiriH bT-3M Mapkanbl HIHEK-MOPIISH I NPECTiH MapaMmeTplepiH ecenTey
oziciH ycwhiHamMbI3. [miki OypaHzmasnbl iiexapa OoMbIHIIA OUTIKIIEH KaTThl OEKITLIMeH KajlaKThl, OCHTIK OarbITTa
JKIHIIIKE IIEKCI3 TeIMKOU KaObIK peTiHIe KapacThipambl3. KamakTeiH OOyl Uiy Ke3iHIe TYPaKThl KAMa OUTITiHIH
Jie(OpPMaIUSACHIHBIH CHITATBIHA dCEp CTICHI JIeT eCenTeiMi3, KaTaKThiH 0ap OOJIybIH IMHEKTIH MY KaTThUIBIFBIHA
acepi 3eprrenai. OciHiH 1/p KHUCHIKTBIFBI Oap Aem ecenTeld OTHIPHIN, OLTIKTIH MaWbICybIMEH OaiIaHBICTHI iIIKi
meKapaa OepilreH OpbIH ayBICTRIPYJIap Ke3iHae OypaHaamsl KadaKThIH IehOpMAanrsIChl Typalbl TAalIChIpMa Kapai bl
By perre mHek TopaObI )KYMBIC icTeTeH Ke3ze OUTIKTIH MaHBICYBIH, TEITMKOU]] TACTIACHIHBIH TO3YBIH JKOHE apaac
MacCaHbIH OipKeJKi eMeC THIFBI3ABIFEIMEH TYBIHOATATHIH OENTiCI3MiK JKYKTeMeJepai CBhIHAWABL OpuHe, OyiI
JKaFJaiiapa MIHEKTiH KaJaKTapbl MEH OiMiri opHaiflbIM KOFapel KEpHEYMEH Oojambl AEM alTyra OOJabl.
KapacTeIpsuibl OTBIpFaH TaNCHIPMaZa WUTY ITHEKTIH OOJIHTeH KYKTEMENep i, 2, Jn )KOK, JKAyBIPBIHHBIH OapITBIK
opamaapbl Oipieil KepHeyni Kyiiie, COHIBIKTAH IIIKi Kyl MeH aedopMaimsiap ¢ KOOpIUHATAHBIH MEPHOATHIK
¢yskuusmaps! 60ssn Tadbuansl. JKeunkeiTy U, V, w koHe Oypbuty Oypbimrapbiaia vy, U,, 2, MEp3IMIUIIK KacHeT
*OK. ExiHmi ke3eHme audQepeHIUaNIbIK TCHICYICPIHAC JKOHE CTAaTUKAIBIK IICKapajblK JKarmaiiapaa
TaHFBIITAPBI JKOSITHIH KOMIICHCAIMSIIBIK IICNIM KYpPalIbl, COHBIMCH KaTap KAOBIKTHIH IITKI KOHTYPBIHIA KATTHI
KbICBIMHBIH IIApTTapblH KoHbUAbl. HoTmkecinme o3iprneHreH omicreme OOWBIHIIA IIHEKTI €CENTey KYpri3iiii.
r=0,04 ™, r=0,1 M, r5=0,03 M M mapamerpiep apKbUIBI KaJIAKThl €CENTeYy OpPBIHAAIIBI, LIHEKTi KaJIaKThIH
KaneiHabEel 0=0,005 M, L=0,2 M, Kyblc OUmIKTIiH >kanmbl Y3bIHOBFE 1, 2 M. Ecentey HoTWXecCiHAE, ITHEKTIH
OcnTiieHreH MmapaMeTpiepiHAe »OHE KEH IIHEKTepiHAC MaTepuaiia TMaiaa OONaThIH MEHIIIKTI KBICHIM
PyaIS,SOIOSHa, KaJaKTBhIH KATTBUIBIFBI KYOBIPIBI OUTIKTIH KATTBUIBIFBIHBIH 11% KypaWHTHIHBIH KepcerTi. EH
aNIBIMEH, KalaK HYKTENEpPiHiH KbUDKY ©3TrepiCiHiH jKaKbIH 3aHBIH OenrineliMi3, OYJI OHBIH t; , N OpTajJaphl apKbUIBI
OTEeTIH pajuaiabl KuMaiapbl aedopManmsIanOaysH kepeereni (cyper 2).byr perre KnHeMaTHKANBIK MIEKapabIK,
)argaitmap (3) xoHe (4) xKaHaraTTaHABIphUTANEl. EcenTeymiH ekiHmmmi ke3eHne nud¢epeHINaNablK TeHICYIepiHIe
Tene-TeHaiK (5) jKOHe CTaTHWKAJbIK IIeKapaiblK >Kargaimapaa (8) TaHFBIIITHL JKOSTHIH KOMITCHCAIMSIIBIK IIETIiM
TY3€Mi3, COHbIMEH KaTap KaOBIKTHIH iIIKi KOHTYPBIHIA KaTThl KbICHIM HIAPTTapbiH KOsIMbI3. COHBIMEH, KEpHEYJIi-
nehopManMsUIaHFaH KyHiH GapiaslK KOMIOHEHTTepiH /= /) + 7 KochmabUIaps! TYpiHAE enecTeTemis , MyHna [ —
KaOBIKIIAHBIH ~ OUTIKIIEH  JKaHACYbIHbIH  KHHEMATHKaJbIK IIEKapaJblK IIAPTTapblH  KaHAaFaTTaHABIPAThIH,
KAKBIHIATBLIFAH MIENIIMHIH KOMIOHEHTTEPI, al /7 — KOMIEHCAMAIBIK IIEIMHIH KOMIIOHEHTTEPI.
Tyiiin ce3mep: mIHEK, pecc, ecenTey, OpUKET, Kajlak, TCHJCY.
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HNCCJIIEJOBAHUE HAJIEZXKHOCTH HIHEKOBOTI'O Y3JIA
YIJIEBPUKETHOI'O ITIPECCA BT-3M

AnHoTauus. B craTee mpeanaraercs MeTOJ pacyeTa MapaMeTpOB HANPSDKEHHOTO COCTOSHUS M KECTKOCTH
BHHTOBOHM JIONAcTH IMHEKA MPH HW3rHOe B OJHON IUIOCKOCTH, IIHEKOMOPITHEBOro mpecca mapku BT-3M  ms
MPOU3BOJICTBA YTOJNBHBIX OPHKETOB SBISIONICTO OJHOBPEMEHHO CMEIIMBAIONINM, TPAHCIOPTHPYIOMINM ¥
mpeccyromumM y3imoM. Jlomacte paccMarpuBaeM KaK TOHKYHO OCCKOHCUHYIO B OCEBOM HAIPABIICHUH TEIHKOWIHYIO
000I109Ky, JKECTKO CKPEIUICHHYIO C BAJIOM II0 BHYTpPEHHEH BHHTOBOW rpanurie. CuuTas, 4YTO HAJMYME JOMACTHA HE
BIIHSIET Ha XapakTep AedopMaruii Baia MOCTOSHHOTO CEUCHHS MPH U3rHOe, UCCIeAyeM BISHHE HAMYHUS JIOTACTH
Ha W3rHOHYIO JKECTKOCTh IMHeKa. PaccmoTpeHa 3amada o nedopManusx BHHTOBOW JIOMACTH IIPH 3aJaHHBIX
MepeMeNIeHISIX Ha BHYTPEHHEH TpaHuIe, 00yCIOBICHHBIX U3TMOOM Balla, CIUTAs], YTO €0 OCh UMEET KPUBU3HY

IIpu >TOM IIHEKOBBII y3eJ UCTBITHIBACT MPHU PabOTe M3TMO Bajia, U3HOC TEJIMKOUIHON JICHTHI U 3HAKOTICPEMCHHbBIC
HArpy3KH, BBI3BIBACMBIC HEPABHOMEPHOW IIOTHOCTBIO CMEIIMBAEMON MacChl. ECTECTBEHHO, B PACCMOTPEHHBIX ITHUX
CITy4asix, MOYKHO YTBEPIKAATh, YTO JIOMMACTH M BaJI IITHEKA BCeraa OyIeT HAXOIUThCS MOl BRICOKAM HampsKeHUEeM. B
paccMaTpuBaeMoOl 3ajJade W3ruda IMHEKa paclpe/ieCHHbIC HATPY3KH ¢, ¢2, ¢n OTCYTCTBYIOT, BCE BUTKH JIOTIATKH
HAXOMATCS B OJUHAKOBOM HAMPSHKCHHOM COCTOSHHH, TOSTOMY BHYTPCHHHE yCWIHA W Ac(opMaIiiu SBISIOTCS
MEPUOTNICCKAMHU (PYHKIUIMI KOOPAWHATHL. [lepemenieHus u, v, w ¥ yTibl IOBOPOTa, CBOHCTBOM HEPHOIMIHOCTH
He oOmamaer. Bo BTOpoM sTame pacdera CTPOMM KOMIIGHCHPYIOIIEE PELICHUE, KOTOPOE YCTPaHSIEeT HEBS3KH B
muddepeHInanbHbIX ypaBHEHHUSIX PABHOBECHUS W CTATHYECKUX TPAHUYHBIX YCJIOBHSX, MPUYEM Ha BHYTPEHHEM
KOHTYpe 000JI0UKH CTaBUM YCJIOBHS )KECTKOTO 3alieMiieHus. B pe3ynbrare no pa3paboTaHHON METOMKE TPOBEACHBI
pacueTsl mHeKa. BrimoaHeH pacder nomnacté ¢ napamerpamu 7;=0,04 M, r,=0,1 M, 75=0,03 M, TonmmHa MIHEKOBOH
sonactu 6=0,005 M, L=0,2 M, oOmiast aauHa mojoro Bajma 1, 2M. PacueTsl mokasanu, 4To MpH TaKUX Mapamerpax
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IIHEKA ¥ CO3/1aBAEMOM YIENLHOM JaBJICHUM MaTepuasa Ha mHeK P,y=8,5¢10° [1a , 5KeCTKOCTE JIOMACTH COCTABJISET
11% >ectkoctn TpyOuaToro Bayna. CHauana 3afaeM NpUOIM)KEHHBIN 3aKOH M3MEHEHHUS IEPEeMEILCHUH TOYeK
JIOTIACTH B TPEAINONIOKEHUH, YTO €€ paJualbHbIe CEYEHHUs, MPOXOAAIINe dYepe3 oOpTel t;, n (puc. 2), He
nedopmupytotes. IIpu sToM mpenmonaraercs, YTo yIOBIETBOPSIOTCS KMHEMaTHYeCKUe IpaHU4YHbIe ycioBus (3) u
(4).Bo BrOpOoM »JTame pacyera CTPOMM KOMIICHCHUDYIOIIEE PpEIICHHE, KOTOPOS YCTPAHSACT HEBSI3KH B
mddepeHManbHbIX ypaBHEHHUIX paBHOBECHS (5) M CTaTMYECKUX TPAaHUYHBIX YCIOBHAX (8), MpUYEM Ha BHYTPEHHEM
KOHType OOOJIOYKM CTaBHM YCJOBHUS JKECTKOTO 3amieMieHus. VTak, Bce KOMIIOHEHTBHI HAalpsDKEHHO-
ne(OpPMUPOBAHHOTO COCTOSHUS NpeACTaBUM B Buiie cymm [ = [V + 2 ' rne ) — KOMIIOHEHTBI MPUOITMKEHHOTO
PELIEHNS, YIOBIETBOPAIOIIETO KHHEMATUIECKMM TPAHUYHBIM YCJIOBUSM COTIPSKEHHs OOOJIOUKH ¢ BasioMm, a f@ —
KOMITOHEHTBI KOMITCHCHUPYIOLIETO PEIICHNSI.
KaroueBble ci10Ba: IIHEK, Ipecc, pacyeT, OPUKET, JIONACTH, yPaBHEHUSL.
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