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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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INFLUENCE OF APPENDIX POINT LOAD TRAINING
ON MAGNITUDE OF SIDE POWER

Abstract. An alternative method of restoring the force factors acting on the rail during operation is proposed.
The method is based on the use of influence matrices that bind the forces acting on the rail with stresses in the places
where the strain gauges stick. As elements of the basic set of power factors restored by the proposed method, the
vertical force (FZ), lateral force (FY) and moment (M) from the displacement of the vertical force away from the
center of the rail head are selected.

Key words: rail, stress, strain, vertical and lateral forces, stress-strain state, influence matrix.

In the general case, the resultant force acts on the rail head on the wheel side at the point of contact,
which is usually laid out on the vertical, lateral and longitudinal components. The method of measuring
(restoring) lateral forces acting from a wheel on a rail, stated in [1], does not specifically describe the
positions of the contact point on the surface of the head, i.e. points of application of vertical force relative
to the center of the rail head, thereby implying the independence of the values of lateral forces on the rail
obtained by the Schliimpf method from the position of the conditional center of the contact patch on the
rail head.

This paper outlines the method for determining the force factors (including lateral forces) acting on
the rail during operation, allowing you to perform the appropriate field tests at any position of the contact
point in a pair of "wheel-rail". In the course of the work, mathematical models of a fragment of a rail-
sleeper grid on sleepers with elastic intermediate rail fastenings in a ballast layer, models for carrying out
virtual gauge (calibration) rail loads were built. The constructed computational models allow, by
computation, to obtain mathematical matrices (influence matrices) necessary to restore vertical and lateral
loads from the wheel to the track, as well as to obtain the value of the displacement of the contact point in
a pair of “wheel-rail”.

Calibration tests were carried out by stepwise loading of the rail section of the track with vertical and
horizontal jacks (rods). During the tests, the readings of strain gauges (figure 1), mounted directly on the
rods of the loading jacks, and the readings of the strain gauge circuit on the rail neck (figure 2), collected

by the Schlumpf method, were recorded.The rail was loaded with a vertical force @ in the middle of the
head and when the point of application of force was displaced from the center of the head inward (force

I&) and out (force £ 2) by 25 mm in the path curve. A comparison of the experimental values of the lateral

forces LY in the rods with the restored values of the lateral forces according to the Schlumpf method is
presented in figure 3.

As a result of the experiments, graphs of the lateral force on the rail head were obtained obtained by
the Schlumpf method and directly from the loading jacks (figure 1-3), with a different position of the point
of application of vertical force on the rail head.

—— 148 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2020

From the results obtained in the experiment:

- when a vertical force is applied in the middle of the rail head a relatively acceptable degree of
deflection of the restored lateral force is observed according to Schlumpf’s indications;

- when a vertical force is applied with a deviation from the center of the rail head and in the absence
of lateral force, a non-zero lateral force is restored according to the indications of Schlumpf's scheme;
- when a vertical force is applied with a deviation from the center of the rail head by 25 mm in/out of

the curve, there is a substantial discrepancy between the lateral force restored by the Schlumpf method and
the lateral force applied.

Vertical force in the middle of the rail head Vertical force is offset from the middle of Vertic‘al force is offset from the middle of
12+ 12, the rail head by 25mm outward the curve qp. e rall head hy 25mm inaide the curve.
|—— Vertical force

—— Vertical force —— Vertical force
—— Horisontal force

3 —— Horisontal force | “\ ——— Horisontal force

10/ / o

Force, tf
L]
Force, tf

/

0 il LU mE| 1

21 ) \ X ! -2l l . i | ! L
0 50 100 150 200 250 0 50 100 150 100 150 200 250
Time, s Time, s Time, s
Figure 1 — Change of forces in loading rams jacks at different positions of the point
of application of vertical force, tf
Vertical force in the middle of the rail head Vertical force is offset from the middle of Vertical force is offset from the middle of

9.0 ) 9.0 the rail head by 25mm outward the curve P Uthe rail head by 25mm inside the curve
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70 7.0|
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Figure 2 — Change of lateral forces restored by the Schlumpf method at various positions
of the point of application of vertical force, tf
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Vertical force in the middle of the rail head Varticel force is offset from the midche of Vertical force is offset from the middle of
the rail head by 25mm outward the curve

g.0 9.0 2.0 the rail head by 25mm inside the qu.'ve
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Figure 3 — Change of forces in the jack, creating lateral loading of the rail, and lateral forces reconstructed by the Schlumpf
method at different positions of the vertical force application point

The findings of the results of experimental studies require the establishment of the limits of
applicability of the Schlumpf method as a means for restoring forces from the wheel to the rail. For this

purpose, calculated finite element models of a rail loaded with vertical (£Y_ = 120 kN ) and lateral

(w) concentrated forces in various combinations in sections above the support and between the
supports were developed.

The stress-strain states of the rail were studied at different positions of the point of application of
vertical force to its head: along the axis of the rail and displaced from the axis by d=24.5 mm. The values
of stresses in the control points on the rail neck, corresponding to the installation sites of strain gauges for
determining lateral forces from the wheel to the rail in accordance with GOST 55050-2012, were
recorded. A diagram of the rail section with the location of the points of application of concentrated forces
and control points is shown in figure 4.

o
@
C \

Figure 4 — Scheme of the rail section with the location of points of concentrated
application forces and control points
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The data obtained show a clear dependence of the distribution of the bending moment along the
height of the neck both on the position of the point of application of the vertical force and on the factor of
the presence of a support under the loaded rail section.

The stress values at the control points for loading the rail between the supports at the same time with

vertical force without displacement and lateral force made the difference (S1-S2) - (S3-S4) = 8.6MPa

Considering the value of 51.3MPa , it can be concluded that relatively close values of bending moments
in the control sections of the neck, i.e. close values of lateral force. In this case, the lateral force was
absent in the loading scheme.

Table 1 shows the stress values at the test points on the rail neck in accordance with GOST 55050-
2012. Changes of the bending moment along the rail neck height, in general, can be associated with the
application of a lateral force to the rail head or with a displacement of the vertical force on the rail head
away from the rail axis. Therefore, the method of restoring lateral forces from the wheel to the rail by the
Schlumpf method can be used only in cases of absence relative to a significant displacement of the center
of the contact patch from the rail section axis.

Table 1 — Values of normal vertical stresses (MPa) at the control points on the rail neck for
various design schemes

Control points S1-S2-
Design parameters S1-S2 S3-S4 S3454
S1 S2 S3 S4
=0
=0 -35.1 -35.2 -17.7 -17.7 -0.003 0.002 -0.01
y between supports d =0
Iﬁz * 0]
— 7.1 -115.2 1.2 -101.8 122.4 102.9 19.2
y =0 above the support d|; 0
lﬁz * 0}
— 24.9 -95.7 16.8 -52.5 120.6 69.3 51.3
y =0 between supports d|; 0
between supports d‘; 0 -54.1 -15.7 -61.1 26.1 -38.4 -87.1 48.6

In this case, it is necessary to choose the cross section of the rail above the sleeper as the measuring
one. The data and conclusions obtained as a result of computational and experimental studies are in
complete agreement [2-9]. The identified limitations of the Schlumpf method for restoring lateral forces
from a wheel to a rail require the development of a more universal method that takes into account possible
deviations of the center of the contact patch from the axis of the rail section.

The need to introduce an additional factor that takes into account the displacement d of the point of
application of forces from the contact of the wheel with the rail is shown by the experiment described

above. It would be logical to associate this factor with the difference in the values of the forces FB and ﬂ
- by the vertical forces when the point of its application moves inwards and outwards of the path curve,
respectively. Taking into account the deviations from the center of the rail head d, we obtain the physical

meaning in the form of the momentuml M= (Fs — Fu) * @ The vertical force applied at any point of the

rail head over the cross section with load cells can be replaced by a force l& in the middle of the rail head
and a moment M.

To obtain a connection between the readings of the load cells and the loads, calibration experiments
are carried out. From a technical point of view, four loading options would be appropriate: 1) A vertical
force in the middle of the rail head; 2) Simultaneously with the vertical force in the middle of the rail head

‘Land the lateral force FL 3) A vertical force shifted d outwards from the center of the rail head ‘L

4) Vertical force, shifted by d inward from the middle of the rail head ‘FJ the results of the load cells are
recorded in table 2. Using linear superposition, we obtain the matrix [G] for the desired strength factors
(table 3).
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Table 2 — Indications of strain gauges

Number of the strain 51 = tf ng = tf ;3 = tf ZTd{:'"tf
gauge F;? = tf ] B
1 sT1 572 sT3 T4
2 STt 572 573 T4
3 s3t 512 53 514
4 e 512 sa3 514

Table 3 — Matrix coefficients [G] with 4 calibration experiments

I\L‘:fa‘ﬁle;;’igtge IF, = 1¢f Fy = 1tf M =1tf mm

1 911 =si'/F;' Y921 =(SIZ_911'F::T2)/F;2 931=(51TB/F2?_5{4/F;:)/¢U2
2 91, = 53" /F;" 922 = (53° — 912" ) /R* 932 = (53°/Fjs — 53" [F1s)/d/2
3 913 =3 /F7" 923 = (53° = 913 B )/F® | 933 = (53°/Fzs — 53" /F33)/d/2
4 914 = 54" /F7" 920 = (si” = G1a" B )/F® | gsa = (si°/Fzs —si'[Fz2)/d/2

In matrix form, we can write:

s1(t) 911921931 F, ()

S2(6) | _ |912922932| B .
s3(t) | |913923933 Fy(t) ¢ = [G] - {F ()}

s4(t) 14924934 M(e)

S} =

[61* = (6] "x[G]) *x[G] "

By calculating the pseudo inverse to [G] matrix obtain the possibility

of determining (restoring) force factors according to the indications of strain gauges:

E®)
F(©)} = {Fy(t) ¢ = [G]" - {S(D)}.
M(t)

In case of technical difficulties in loading the rail with a vertical force on the inside of the head, the
first three calibration tests are sufficient. Then the coefficients of the matrix [G] will be made of table 4.

According to the results of the performed computational studies, a technique is proposed for the
experimental determination (restoration) of the force factors acting on the rail during operation.

Table 4 — Matrix coefficients [G] with 3 calibration experiments

Number of th IFi
s]'tllfilinel:g;)ugee z = 1tf EY = 1tf p"_f = 1tf -mm
1 J11 = SII/F? J21 = (SIZ — 911 'FzTZ)/FEZ 031 = (SIB/F;I-? - g11)/d
2 J12 = 3;1/15';1 J22 = (5;2 —J12° FZTZ)/F,TZ J32 = (5';3/“?;“3 = g12)/d
3 J13 = S;FI/F? 23 = (ng — 13" P}TZ)/FJZ 033 = (3§3/F§H3 — g13)/d
4 J14 = 531/F§"1 J24 = (SIZ — Ji1s° Fsz)/FrTz J34 = (5'33/1‘?;3 — g14)/d

At each instant of time t, the power factors to be restored are determined by the formulas:
| Fz(t) = 0.009582 - s5,(t) + 0.007845 - s5(t) + 0.009878 - s3(t) + 0.00804 * 54 (t),
|Fz(t) = 0.00123 - 51(t) + 0.002916 - s,(t) + 0.001529 - s3(t) — 0.00275 - 54(¢),
|M(t) = 0.182746 - 5, (t) + 0.038209 - s5(t) — 0.18386 - 53(t) — 0.04411 - 5,4(2).

wheres,, sz, s3, S4, are the readings of the strain gauges.
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Figure 5-6 show the recovered proposed method of implementing the vertical and lateral forces
superimposed on the recording of the load cells on the loading jacks (rods). It can be seen that the method

gives errors in determining the lateral force (at the time of reaching the maximum values of the
experiment) with the application of vertical force:

- In the middle of the rail head 0.28%;

- With a deviation from the middle of the rail head by 25 mm outwardly, the curve path is 4.22%;
- With a deviation from the middle of the rail head by 25 mm inside the curve path 2.58%.

14 7

Restored lateral force Restored lateral force Jﬁf
10 Vertical force s ™ — Vertical force

2 1 IJr
| -
2 1
(1] 50 100 150 200 250 1] 50 100 150 200 250
Time, s Time, s
12
E —— Restored momentum
3 8
E
2 4
o
E
=]
=

Preset momentum 0.0 tF*mm

0 50 100 150 200 250
Time, s

Figure 5 — Calibration loading T1. Power factors and reconstructed using the influence matrix
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\
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E 250 Restored momentum
E
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Figure 6 — Calibration loading T2. Power factors and reconstructed using the influence matrix

Conclusions can be drawn from the results of the above studies:

- When a vertical force is applied in the middle of the rail head, the applied lateral force is restored
according to the indications of the Schlumpf scheme;

- When a vertical force is applied with a deviation from the center of the rail head and in the absence
of lateral force, a nonzero lateral force is restored according to the indications of the Schlumpf scheme;

- When a vertical force is applied with a deviation from the center of the rail head by 25 mm inside /
outside of the curve, the lateral force is not restored according to the Schlumpf scheme indications.
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B.T. Cononenxo!, H. M. MaxmeroBa!, B. A. Hukosnaes?,
M. 4. Kpamnun', U. A. Bazanosa', K. K. /Izxoagacosa’

'M. ToinbimGaes aTeinaars Kazak Keiik joHe KOMMyHHUKAMSUIAD aKkaaeMuschl, AnMarel, Kazakcran;
2OMOBI MEMJIEKETTIK %OJ1 KaThIHAChl yHHBEpcHUTETi, OMOBI, Pecei

MOE3]] CAJIMAK KYIIIHIH TYCY HYKTECIHIH BYAIP KYIITIH IIIAMACBIHA 9CEPI

Annoranusa. [lalimamany Ke3iHAe pelbCcKe TYCETiH KYII (DaKTOpIAaphlH KaNIbIHA KENTIpyAiH Oamama omici
YCBIHBUTFAH. OJIIC TEH30PE3UCTOP JKETIMACITCH OPBIHAAPAAFbl PEIbCKE TYCETIH KEPHEY MEH KYIITi OaiIaHbICTHI-
paThIH acep €Ty MaTpPHUIlaChIHA HETi3AereH. ¥ ChIHBUIFAH 9/1ic OOMBIHIIA KaIIbIHA KENTIPY/e, Kyl (haKTOpIapbIHbIH
0a3uCTIK JKUBIHTHIFBIHBIH 3J€MEHTI peTiHme TaHmanabl: keameHeH kym (FZ), oyitipaik kym (FY) jxoHe peinbc
OachlHaH KeJIIeHEeH KYIITIH OpTaiaH IIeTKe Kapai aybICybIHaH makjaa 00yaTeiH MOMEHT (M).

Byn sxymbIcTa «IOHFalaK- PeJIbe» JKYITaca OTBIPBII TYHiCy HYKTECIHIH Ke3 KeJTeH XKepiH/Ae Jajla ChIHAKTapbIH
OTKI3yre MYMKIHIIK OEepeTiH j>koHe MalijanaHy Ke3iHJIe pelibCKe dcep eTeTiH, Kyl (akTopiapbiH (COHBIH ilIiHAe
OYHipJIiK KYIITEP) aHBIKTAY JICTEMECIH CUIIATTAIA b

JKbmKBIMAITBI KypaM pesibCTiH OOMBIMEH KO3FalaFaH Ke3/le dKYKTeMeNep i ayra (KaablHa KeaTipyre) apHaaraH
om0beban Tocin a3ipieH/i. ¥ ChIHBUIFaH TACUIAET] KYKTEMeNep penbe AedopManysuiapbiMeH aHbIKTala bl (KajlblHa
KenTipineni). 3epTrey HOTHXKEIEPIH PebC XKOJBIHBIH JKYKTeldyiH Oaranay »oHE HOPMATHBTIK-KYKBIKTHIK Oa3aHbl
JKaKcapTy YIIIiH nakiaananyra 001a bl

JKympic GaprichiHIa OamacTel KaOaTTaFbl CepIiMIi apablK OeKiTmenepi Oap mmanrgarsl PeIbC- MIMal TOPHIHBIH
(parMeHTTEpiHIH MaTeMaTUKAIBIK YJATUIEPi, PEIbCTi BHPTYaAIAbl KaIHOpiey (Tapanay) KYKTeyre apHalFaH
MOZEINbAEP JKacaJIbL.

Kypburran ecenrtey MOIENbIAepl AOHFATAKTaH PEIbC JKOJBIHA TIK JKOHE OYHIPIIK KYKTEeMeIepIi KallbiHa
KEJTIpyre, COHBIMEH KaTap «IOHFAIAK-PEIbC» KYOBIHBIH TYHICY HYKTECIHIH BIFBICY KOJIEMIH alyFa KaKeTTI MaTeMa-
TUKAJIBIK MaTPHIIAIapabl (9Cep €Ty MaTpUIAIAPbIH) aJlyFa MyMKIH/IIK Oepei.

3epTTey HOTHXKeIepi OOWBIHINA KOPBITBIHIBI XKACAIBI: PElIbC OACBIHBIH OPTACHIHIA TIK KYII KOJAAHBLUIFAH
kezne, llmomnd nuarpammachiHa coiiKec KOJAaHBbUIATBIH OYHIpJiK KYNI KajllblHA KeNTIpiIesl; peibc OachIHBIH
OpTachlHaH ayBITKYMEH TIK KYLI KOJIAaHBUIFaHIa jkoHe OyHipnmik kym Oonmmaranna, Lllmomng amarpammachiHa
colikec HeJIIIK eMec OYHipIiK KyIl KaJlblHa KeNTipiiesl; peabc OAChIHBIH OpTachlHaH ilIKe/ CHIPTKA 25 MM aybIT-
KyMeH TiK KYII KOJIIaHbUIFaH Ke3/e, Oyiipnik kym LmroMnd nuarpaMMachiHa colikec KJIbIHa KENTipiIMeii.

Tyiiin ce3mep: penbc, KepHey, nedopMmamus, KONIEHEH KoHe OyHip KyIILKepHeyli-nehopMalusiIbK Ke3eH
(KAK), acep eTy MaTpHUIIacHL.

B.T. Cononenxo!, H. M. MaxmeroBa!, B. A. Hukosnaes?,
M. . Kpamnun', U. A. Bazanosa', K. K. /I:koagacosa’

'Kazaxckas akaseMus TPaHCIIOPTa U KOMMyHHKanuii uM. M. Teinbimnaesa, AnMarsl, Kazaxcran;
2Omckuit ToCyIapCTBEHHBII YHUBEPCUTET TTyTel coobmienus, Omck, Poccust

BJIMSIHUE NOJIOKEHUSA TOUKH MTPUJIOKEHMS ITOE3/THOM HATPY3KH
HA BEJIMUMHY BOKOBOM CHAJIBI

Annortaus. [IpemnoxkeH aapbTepHATUBHBIN CIOCOO BOCCTAHOBIICHHS CHIIOBBIX (DaKTOPOB, NEHCTBYIOMIMX Ha
penbe B xoe sKkciuryatanun. Croco® OCHOBaH Ha MCIIOIB30BAaHUH MATPHI BIFSTHUS, CBSI3BIBAIONINX ICHCTBYIOIINE
Ha pesibC CWIBI C HaNPsDKEHMSIMH B MECTaxX HaKIJIEHKH TeH30pe3UCTOpoB. B kadecTBe a1emeHTOB Oa3mcHOro Habopa
CHJIOBBIX (DAKTOPOB, BOCCTAHABIMBAEMBIX MpeAsiaraéMbIM CIIOcOO0M, BBIOpaHbI BepTHukanbHas cuia (FZ ), 6okoBas
cuna ( FY ) u moment (M) OT cMelieHus! BepTHKAJIBHON CUJIBI B CTOPOHY OT CepPeIMHBI TOJIOBKH PEJIbCa.

B Hacrosieii pabote m3naracTcs METOIUKA OMPEACICHUS CUIOBBIX (DakTOpoB (B TOM YHCIie OOKOBBIX CHII),
)leﬁCTByIOLLlHX Ha pCJIbC B XOA€ OKCILTyaTallluu, MMO3BOJIAIOIIAsA BBIITOJIHATE COOTBETCTBYIOLIWME HATYPHBIC UCIIBITAHUA
IIpH JIF000M TIOJIO’KEHUU TOYKH KOHTAKTa B TIape «KOJIECO-PEIIbOY.

Bripaboran yHHMBEpCaJIbHBIA MMOIXOJ K IIOJYYEHHUIO (BOCCTAHOBJICHHIO) HAarpy3oK Ha PEJIbCOBBIA IyTh IPH
JBIDKCHUH 110 HEMY MOJIBIKHOIO COCTaBa. Harpysku B mpemiaraeMoM IOJXOJ€ OIpPENelsitoTcsl (BOCCTaHaB-
JMUBAIOTCA) 1O AedopManusM penbca. Pe3ynbTaTel MPOBEACHHBIX HCCICAOBAHMHA MOTYT OBITh MCIIONB30BaHBI IS
MpoBeIeHUs paboT M0 OIEHKE HArpy>KEeHHOCTH PENIbCOBOTO IyTH U COBEPIIICHCTBOBAHUS HOPMAaTHUBHOM 0a3bl.

B xone pa®oThl MOCTpOEHBI MaTeMaTHYeCKHe MOJENH (h)parMeHTa pPelbCOMMANIbHON PEMIeTKH Ha IImajiaxX ¢
YOPYTUMH TPOMEXYTOUYHBIMH PENbCOBBIMH CKPEIUICHHSAMH B OaJTACTHOM CIIO€, MOJEIH Uil IPOBENCHHS BUP-
TyaJIbHBIX KaJTHOPOBOYHBIX (TAPHPOBOYHBIX) HATPY>KEHUN pebCa.
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INocTpoeHHble pacyeTHBIE MOJIEIH, IO3BOJSIOT PACUETHBIM IyTeM IIOAy4aTb MAaTeMaTHYECKHEe MAaTpPHUILIbI
(MaTpHIBl BIMSAHHA), HEOOXOAMMBIE IJISI BOCCTAHOBIICHHS BEPTHKAIBHBIX M OOKOBBIX HAarpy30K OT Kojeca Ha
peHbCOBbIﬂ IMyTh, a TaK XK€ MMOJy4aTb BEJIMYNHY CMCIICHUA KOHTaKTHOM TOYKHU B nape «KOJIECO-PEIbCy.

3 PE3YyJIbTaTOB l/ICCJ'leZlOBaHl/Iﬁ CACJIaHbl BBIBOJbI: IIPHU NPHUITOKECHUN BepTHKaﬂLHOﬂ CHJIbI B CCPEANHE I'OJIOBKU
penbca NpUKIIaIbIBaeMasi OOKOBasi CHjIa BOCCTaHABJIMBAETCS 0 MOKazaHWsM cxeMbl LllmoMnda; npu npuioxeHun
BEPTUKAJIBHOM CHJIBI C OTCTYIUICHMEM OT CEpeIHMHBI T'OJOBKM pElbca W INPH OTCYTCTBHM OOKOBOW CHIIBI TIO
nokazanusM cxembl Ilmomnda BoccTanaBnuBaeTcss HeHyseBas OOKOBas CHiIA; MPU NPWIOKEHUH BEPTHKAIBHON
CHJIBI C OTCTYIUICHHEM OT CEpEeIMHBI T'OJIOBKHM peibca Ha 25 MM BHYTPb/HapyXXy KpHBOH HE BOCCTaHaBJIMBACTCS
OokoBas criia 1o moka3anusaM cxemsl [lmommga.

KaroueBble cioBa: penbC, HamnpspkeHHs, JedopMaiyy, BepTUKaJIbHBIE W OOKOBBIC CHIIBI, HAaIlPsSHKSHHO-
neOPMUPOBAHHOE COCTOSIHIE, MATPHULIBI BITUSHUSL.
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