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IUTsL OIHOHYKJIEOTHAHOTO ToiiMopdizmy rs2583988 (C> Ty
reHi anbga-cunykieina. I[lomimopduuii Hykneotun OyB
0o0paHuii IUIIXOM aHaMli3y 0101HQOPMATHIHUX Ta TCHETUIHIX
JociiukeHb. Mu po3poOwin mapy mnpaiiMepiB Ta yMOBH
PECTPHUKLIIHOrO aHaNi3y IJIsl BHUSBJICHHS PI3HUX ajeliB y
rs2583988. Sk pesynerar, OyB po3poOIECHHH HPOCTHH i
JNOCTYIIHMH  METOJ  BHUSBIEHHS  OJHOHYKJICOTHIHOTO
noniMopdizmy aneniB rs2583988.0udikyeTbes1, M0 MeTONX
BUSIBUTBCS 3pYYHHAM IS KIIHIYHUX Jabopartopiil, 3aBIsSKd
JOCTYNHIM  BaprocTi Ta  OOJaZHAHHIO, a  TaKoXK
BHKOPHCTOBYBATUMETbCS B MOJAQIBLIAX  ACOL[iaTHBHUX
IOCIIIKEHHAX.

KurouoBi caoBa: xBopoba Ilapkincona, ren anbga-
CUHYKJICTHA, OJTHOHYKJICOTHUAHU noTiMOp(i3M, omiMepasHa
JIAHIIOTOBA PEaKIis JOBKUH PECTPUKIIHHUX (PparMeHTiB.

Crarrst Hagiiinnia 18.09.201%.

OJIHOHYKIICOTHIHBIX Tojumopdusma rs2583988 (C> Ty rene
anbda-cuHykienHa. Tekymuil monuMopQHbBIH BapHaHT ObLI
BBIOpaH IyTeM aHamu3a OMOMH()OPMATUYHUX M TEHETUIECKUX
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Increased tone of the flexors and adductor musgléise hip in combination with a decrease in etétgtiand contractile
function of abductors and protractors of the hip ttucontracture of the hip joint leads to imbaésimthe muscles of the pelvic girdle,
which negatively affects the positional adaptatibandoprosthesis components during the surgergamglicates the postoperative
period in patients. The treatment results analgki$l4 patients with diseases of the hip joint sbebwhat in most patients the
manifestations of pelvic girdle muscle deficienftgiahip arthroplasty decreased, but did not disapfor a long time. The study of
vertical posture in patients with normal and redisiee of the total femoral offset after hip arfilesty showed that the reduction of
the abductor shoulder leads to a significant chamgfee main indices of the stabilogram, namelintweased energy expenditure to
maintain vertical posture, therefore energy demheticcurs faster. It is clinically manifested byngtoms of pelvic girdle muscle
insufficiency - lameness, positive symptom of Treledburg, Duchenne, the need to use additionabsygtc.

Key words: endoprosthetics, hip joint, vertical posture,sgaaphy, femoral offset.

The work is a fragment of the research project $tiady the biomechanical features of the standirbvealking function
in humans after hip arthroplasty”, state registi@ti No. 0118U006950.

Owing to the classic works by Yanson Kh.A. [2], Koza N. [7] it is generally accepted that
maintaining the horizontal balance of the pelvisha frontal plane is achieved by the work of tieé¢/ic
girdle muscles, namely the ability to dynamicalbldnce the gravitational, reactive and musculasefer
acting on the joint components in the frontal plansingle-support standby.

The main condition for stable single-support stanigbthe balance (relative to the center of the
hip joint rotation) of the abductor muscles forcements and gravitational and reactive forces, wkich
determined by the so-called abduction mechanishe-work of pelvic girdle muscles, which provide
constant dynamic restoration of the pelvis horiabbalance [11]. To counteract the gravity forcesoies
must develop significant efforts. This is espegi#dlie of dynamic loads, because in these conditipaat
effort is required to maintain a horizontal balan€éhe pelvis. Given that the arm of the abduatoscles
is by 2.2-2.5 times shorter than the arm of grawdyensure the operation of the abduction mecharilse
muscular effort must exceed the body weight bytd 3 times [2, 5].

This makes it clear what an important factor in tiegmal functioning of the hip joint is the
functional state of the abductor muscles, i.evtbek of the abduction mechanism of the hip joineétsure
the horizontal balance of the pelvis [4].

The work efficiency of the hip joint is determinbg two main factors: the anatomical parameters
of the joint elements and the condition of the jwebirdle muscles, which are closely related. Ttibs,
change in the anatomical parameters of the hig:jdieéformation of the femoral head, its protrusion,
elongation of the trochanter major, impairmentha& proximal femur torsion, which are caused byoussi
orthopedic diseases and injuries, lead to a chantfee force arm of abductor muscles, which advgrse
effects the abduction mechanism’s operation annifgigntly slows down the process of the patient’s
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rehabilitation after arthroplasty [1]. In the coxttef the above, the question arises about theesaasd
mechanism of the abduction mechanism’s dysfunc@relopment (which manifestation is an impairment
of the patient's standby) after total hip arthrepla

Prolonged pain and contracture of the hip joind lEacontractile spasm and reduction in the length
of the adductor and flexor muscles of the hip anthe relative overstretching of the abductor mescl
which leads to a decrease in their elasticity angdaired contractility, and subsequently, to strradtu
muscular changes and significant loss of strenfjtheoabductor muscles.

Reducing the length of the flexors and adductor alesscomplicates the installation of the
endoprosthesis components, which requires in somses¢ the performance of adductors myotomy,
excision of the joint capsule. Sometimes excessigél tissue tension causes the installation of
endoprosthesis components with a decrease in thkefémoral offset - (distance from the centerlod t
femoral head rotation to the line of the abductasates action) [10].

Thus, the working concept of the study can be fdated as follows: the presence of long-term
flexion- adductor contracture of the hip joint complicates positional adaptation of the endoprosthesis
components reducing the total femoral offset (afabaluctor muscles), which in its turn negativefgets
the abduction mechanism and slows down the prarfgssstoperative rehabilitation in patients.

The purposeof the study was to determine the cause and mesthasf the abduction mechanism
dysfunction development and slow down the recopeogess after hip joint arthroplasty.

Materials and methods.The study group included 114 patients aged 29 tge#Bs (mean age -
(5618) years) with diseases and consequences bil@int injuries, who were performed total certess
hip arthroplasty during 2012-2017. The study wa$opmed on the basis of Joint Pathology Clinic #mel
archive of the Sytenko Institute of Spine and JBiathology, NAMS of Ukraine. 47 men (41.2%) and 67
women (58.8%) were examined.

Clinical examination and study of the musculoskalsystem function in patients were performed
according to the classical method of the traumeepgs examination.

Functional results of endoprosthetics were assassammpliance with the Harris rating scale [6],
based on clinical trial data and subjective assessiof the patient's condition, the severity ofnpaias
assessed by a visual analog scale (VAS), functionuscles responsible for maintaining postural teda
was assessed, according to our improved methodtf®gfficacy of maintaining a vertical posturédve
and after the surgery - using protocol indicestabiographic study, namely the amplitude and eperg
parameters of standby for two-support and singfgestt standing.

The studies comply with the principles and provisiof the Declaration of Helsinki, adopted by
the General Assembly of the World Medical Assoomation the ethical principles of scientific medical
research with human participation (1997-2000).

The study data were processed statistically: detsegi statistics was used with the calculation of
the mean (M) and its standard deviation (SD), #rege of values. The data analysis for the distidbut
normality was performed using the Kolmogorov-Smuriest. Comparisons between groups of patients
were performed using the T-test for independentpéesn The analysis was performed using the software
package IBM SPSS Statistics 20.0. Preliminary gaggaration was performed using the Microsoft®
Excel® 2013 software package of the Microsoft Gffierof. + 2013.

Results of the study and their discussionAlmost all the patients at the time of consultation
complained of pain in the hip joint. At the sammdi 39 patients (34.5%) noted moderate pain in the
compromised joint, 75 (65.8%) - severe.

After surgical treatment, the severity of the palranged. The complete absence of pain in the
operated joint was noted by 104 patients (91.2%s)hey noted mild intermittent pain or discomfayine
patients (7.9%) reported moderate, often intermtigp@in, which was rated at 3-5 points for hip {girAnd
only in one case (0.9%) the patient complainecewére pain, which he rated as 7 points accordifng\s.

Our particular interest was drawn by clinical irefiof postural imbalance (in this case wwe speak
about the abduction mechanism of the hip joint,clvhprovides horizontal balance of the pelvis) ia th
form of lameness, the use of additional supportwhelking, symptoms of muscle failure, limited
movement and contractures in the hip joint. Ingabtlinical signs of limb dysfunction in patielsfore
surgery and 6 months after surgery are presented.

Thus, after surgery - total hip arthroplasty - phesence of the abduction mechanism insufficiency
signs in the form of the pelvis horizontal balads®rder decreased significantly. In particulae, tlumber
of patients with pelvic girdle muscles insufficignsuch as lameness and the use of additional stippo
decreased by approximately 20%, such as the Tremiolelg symptom and the Duchenne symptom - by
50-60%.
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Table 1
Signs of the hip joint abduction mechanism dysfunddn, which ensures the horizontal balance
of the pelvis, before surgery and 6 months after sgery

. . . . Number of observations (n = 114)
Signs of the pelvis horizontal balance disorder
Before surgery 6 months after surgery

Lameness 85 (74.6 %) 61 (53.5 %)

Use of additional support 37 (32.5 %) 15 (13.1 %)
Trendelenburg's symptom 103 (90.4%) 49 (43.0 %)
Duchenne's symptom 103 (90.4%) 34 (29.8 %)
Contracture 97 (85.1 %) 7 (6.1 %)

Hip-spine syndrome was detected in 47 patients2¢4),. mainly in patients with bilateral
coxarthrosis, and mostly these particular patibatssigns of incompetence in muscles responsibliaéo
operation of the abduction mechanism in the postatpve period.

In 97 patients before surgery, adduction-flexiontcactures of varying severity were identified,
in 58 cases (59.8% of the total number of detectedractures) the magnitude of hip flexion excegdin
20°, and the magnitude of adduction -10°, havingadl manifestations in the form of relative steming
of the diseased limb, pelvic tilt, hyperlordosis;.dn 28 cases (28.9% of the total number of detec
contractures), the amount of hip flexion exceedgl 8nd the amount of adduction - 15°.

Thus, it can be stated that in most patients ther®a pronounced adduction-flexion contracture
of the hip joint, which was clinically manifestegt bhortening of the limb on the affected side, fetit
to the “healthy” side and forward, hyperlordosisd aconcomitant lesions, which together formed
“pathological” movement strategy.

These clinical indices are usually associated fuitictional changes in the muscles and determine
the musculoskeletal function disorder in the limi aegatively affect the maintenance of posturkirze,
lead to the development of new motor strategiexdibge standing is a dynamic type of posture
maintaining).

After hip arthroplasty, almost all the patients wlad a marked improvement in musculoskeletal
function, in addition, over time, most patients\sikd positive dynamics of improving the functiontioé
muscles responsible for the pelvis horizontal badan

Functional results of the patients’ treatment vessessed according to the standard Harris method.
Before the endoprosthetics surgery by Harris, thadition of each patient was assessed in points. Th
functional status of the hip joint before surgeveraged (32.6 + 7.1) points. Then the resultsedttnent
for each patient were assessed in points approgiyn@tand 12 months after the surgery and, comgarin
the point scores before the surgery and afteruhgesy in different terms, determined the dynaroicthe
recovery process over time.

For further analysis and comparison of treatmesuilts for the study group in total, the mean value
and the standard deviation were calculated.

Comparison of mean scores permitted to determiaestticacy of treatment, and comparison of
the standard deviation values in the same ternmaified to assess the uniformity of the study group.

The results presented in the
120 diagram (fig. 1) show that after 6
months from the moment of surgery

100 . .
[ the mean index of functional

, 80 I — recovery was (69.6+14.4) points,

£ 60 l J anpl up to 12 months. - (77.6+20.4)
< 77.6£20.4 points.

40 - 69.6114.4 Sl The mean scores indicate that,

20 L on average, in the study group most

32.617.1 of the patients had good functional

0 outcome of treatment 6 months after

Before surgery 6 months after 12 months after surgery. And over time (after 12

T fob ti months) the number of patients with
erm ot observation good results only increases. For

Fig. 1. Diagram of the mean indices’ dynamics @ fthnctional state recovery in example_' 6 months. after surger_y,
the operated hip joint and the value of the stamdbeviation 6 and 12 months afterthe maximum score by the Harris

surgery. scale was 84.14 points, and a score
exceeding 80 points,which corresponds to an exaealésult, only four patients had. After 12 montihes
maximum score by the Harris scale was 86.54 poamd,a score exceeding 80 points was recorded in
19 patients.
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It should be noted that the increase in the mearesno the study group was insignificant, and the
difference was statistically unreliable. Howevdre tvalue of the standard deviation has signifigantl
increased. An increase in the standard deviatite oy almost a third reflects a greater variation i
treatment outcomes in the group as time passediecrgase in the group uniformity. This means 12at
months after surgery, most of the patients hadlkxteesults compared to those after 6 monthsitist
does not mean that in all the patients the rebeiteame betterl2 months after the operation.

The obtained results of treatment in the patiehtsnvsthat the total hip arthroplasty permits to
reliably relieve patients of pain and quickly restcormal household activity. However, muscular
incompetence of pelvic girdle occurs even 12 moafter surgery. This is evidenced by the presefice o
lameness, a positive symptom of Trendelenburg arahBnne signs, which are identified in some patient
i.e. indirect signs of abduction mechanism impaitmehich provides horizontal balance of the peris
is determined by equality of the gravity force manend the force moment of hip abductor muscles. Th
force moment of the hip abductor muscles is deteethby the product of the size of the arm of faraleie
by the value of muscle power, which depends omthsence of pain, tone and contractility of the cfeus

However, it is not possible to assess the funatibthe pelvic girdle muscles using the Harris
assessment method, as it focuses on the analyie giiality of life and the household adaptatibthe
patient. Therefore, we have proposed and tesechaigue based on the principle of maintainingtiigis
horizontal balance while standing and walking duthe muscles of the torso and pelvic girdle.

Details and principles of using this technique gixen in the literature [9], so we will only focus
on the results obtained.

According to our data, before the surgery all tiuglied patients had an unsatisfactory condition of
the muscles, which are responsible for the workhef abduction mechanism, i.e. for maintaining the
horizontal balance of the pelvis. Even conservatieatment of coxarthrosis for 6-12 months does not
significantly improve the function of the hip abtlucmuscles, although the tendency to restore thecla
function after surgery is more pronounced in pasigvho received such preoperative conservativéness.

Hip arthroplasty improves the function of the aliduenuscles by restoring the geometry of the
joint, eliminating (or significant reducing) themtoacture, and relieving the patient of pain. Alibb in
most patients the recovery of muscle function cgguithin a year after surgery, but in a numberaifgnts
the function of the abductor muscles is never cetapt restored.

What is the reason for the impairments? We haveyaeé the causes of such complications and
concluded that it is due to a disorder of the biptjabduction mechanism, which is determined by tw
indices - the arm of force length and the maximwwer of the abductor muscles. The product of these
parameters determines the magnitude of the abduatscles’ force moment, which counteracts the
moment of gravity. Given this, a very importanteémds the size of the abductor muscles’ arm ofdoprc
and the condition of the muscles before and attegesy.

The magnitude of the hip abductor muscles’ armoofd after arthroplasty is determined by an
index called the total femoral offset. If the valofethe total femoral offset after hip arthroplagyequal
to the length of of a healthy joint abductors’ asfrforce, as it is the case in most patients, dstoration
of muscle function occurs in a short time. But inrmthan 30% of patients according to our datd 1T,
the value of the total femoral offset decreases afirgery.

We have studied the effect of this factor on musgatestion by means of stabilographic studies,
which are objective evidence of the abduction meigma dysfunction in clinical settings [11].

According to the archival materials of the laborgtof biomechanics at the Sl “Sytenko Institute
of Spine and Joint Pathology, NAMS of Ukraine” tnevere selected stabilogram protocols of 30 patient
with coxarthrosis before and after hip arthroplastywhich 15 had the total femoral offset equathe
arm of force length of abductors on the oppositke,sand 15patients had a lower total femoral offset
according to measurements in radiographs.

According to the comparative statographic analytbisre were some differences in the standing
characteristics of the patients in whom the sizéhefabductor muscles’ arm after arthroplasty reduc
compared to similar indices of the patients in whddranges in the abductor muscle arm’s length did no
occur. It has been established that after arthsppl@duction of the abductor muscle arm’s lengtdk to
a significant change in the shape and size oféhtec of mass projection (during single suppostahdby),
namely: to its sagittal size increase and the &losize reduction in the center of mass displacémen
projection spot, which indicates a greater ampétofl body oscillations in the sagittal plane. Itsvadso
found that reduction in the length of the abduataiscles arm after arthroplasty leads to an incrieeite
speed and frequency of oscillations in the ceritenass projection (table 2).

Under these conditions, energy expenditures sigifly (more than by 2 times) increase to
maintain a vertical posture. Thus, energy depleticcurs more quickly, which is clinically manifedtey
the symptoms of pelvic girdle muscle incompetentameness, a positive symptom of Trendelenburg,
Duchenne, the need to use additional support,etc.
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Table 2

Analysis of statograms spectral characteristics ipatients with reduced (group 1) and unchanged (grop Il)

total femoral offset 9-12 months after hip joint athroplasty

7 2 Before treatment After treatment
c S F(Hz) [3F(Hz)| PW) ZP(W) F(Hz) | ZF(Hz) P(W) 2P W)
(min+max)] (Mo) | (min+max) (M, SD) (min+max) | (Mo) (min+max) (M, SD)
= 1 X1 0.1+0.8 50+250 0.1+0.5 25+75
8 | 0.2 464+101 0.2 129446
g |n=15| v1 0.1+1.1 130+690 0.13+0.7 60+200
>
¢ I X1 0.1+1.0 50+250 0.1+1.0 20+50
o - 0.2 544+104 0.3 269124
e n=15| v1 0.1+0.9 200+480 0.2+0.5 200+28(
S T-test t=-1.744 t=-8.570
(t, p) X p=0.098 X p=0.001
X1 0.1+0.5 250+550 0.12+1.1 240+270
1 n=15 0.5 1013+£238 0.7 1122+29
- Y1 | 0.1+1.0 400+1000 0.2+1.1 800+100D
2ol X1 | 0.2+0.6 180+240 0.2+0.6 150+175
3 E| 0.4 1041+271 0.5 494+10
£=|n=15| v1 0.1+0.7 380+1040 0.1+0.7 320+35(0
T-test X t=-0.244 X t=65.135
(t, p) p=0.810 p=0.001
X1 | 0.12+0.6 30+70 0.1+0.8 70+90
2 &1 n=15 0.3 150157 0.3 288116
S E Y1l | 0.350.6 50+150 0.04+0.4 160+22(
OS>l m | X1 | 0.2+0.9 45+80 0.2+0.9 50+70
55| _ 0.2 145165 0.3 230+10
S =|[n=15| v1 0.3+0.9 130+160 0.3+0.9 100+240
O &[ T-est . t=0.169 . t=3.714
(t, p) p=0.867 p=0.065

Hip joint arthroplasty in the long-term course aixarthrosis permits to effectively relieve the
patient of pain, to restore range of motion, sigaiftly improve the quality of life in patients. Binere is
a study which says about reduction of the hip jsistipport and kinematic function, which is obseria
a long time after surgery. In particular, accordiaghe performed meta-analysis of the literat\Missers
et al. [12] showed that the strength of the abdscte not restored in the next 6 months after hip
arthroplasty. Similar conclusions were made by othehors [3], who studied the postural stabilify o
patients after the above surgeries.

Unfortunately, researchers focus on the muscleditimm when assessing the stability of standing in
the postoperative period, but almost do not talkedncount the condition of the muscles beforeesyrdexperts
who study the support and kinematic function ofekieemities after hip arthroplasty believe thatificiently
rapid recovery of muscle activity and soft tissoeetis the result of inadequate restorative treatimethe
postoperative period [8]. We suggested that thgdiip contracture, in the long-term course of atixasis
is one of the important factors influencing the kvof the hip joint’s abduction mechanism. Accordiog
our data, the vast majority of patients with colessis - more than 85% - had hip contractures,raost
of them (almost 60% of all patients with contraei)rhad a severe degree of contractures.

In our opinion, the presence of flexion-adductiontcacture, which is accompanied by retraction
of the adductive muscles and flexors and relativersiretching of the abductors with a decreaséaaéir t
tone and contractility, has a significant impact positional adaptation of implant components during
surgery, namely in more than 30% of patients iioced the size of the total femoral offset compavetie
arm of force length in a healthy joint’s abductors.

In recent years, works have begun to appear ratbi@gjuestion of the total femoral offset size
effect on the hip abductor muscles strength [9]weleer, the authors have only analyzed the muscle
strength indices mainly of the operated limb, Hdtribt study the effect of the total femoral offsetthe
work of the abduction mechanism, namely on the teasnce of the pelvis horizontal balance. Our
stabilographic studies have shown that reductiothénsize of the total femoral offset leads to aiart
noticeable impairments of the vertical posturgyaiticular, an increase in energy expenditure tmtaig
a vertical posture by more than 2 times. And thigd turn leads to energy depletion of musclessdod's
down the process of postoperative rehabilitatiopdtients.

1. Contracture of the hip joint in the prolongedurse of coxarthrosis negatively affects the
positional adaptation of the endoprosthesis compisn@amely, creates conditions for reducing thke si
of the total femoral offset.

138



| SSN 2079-8334. Ceim meounyunu ma odionozii. 2020. Ne 3 (73)

2. Reduction of the total femoral offset in itsrils a negative factor influencing the hip joint
abduction mechanism, namely the horizontal balafitiee pelvis, which has clinical manifestationgtie
form of lameness, lateral tilt of the pelvis antsty etc. in the postoperative period.

3. Stabilographic studies have objectively proveat teduction of the total femoral offset size has
a negative impact on the hip joint abduction medranand slows down the recovery process after hip
joint arthroplasty due to increased energy expeaneitfor maintaining a vertical posture.
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EHJAONNPOTE3YBAHHS KYJbIIOBOI'O
CYTJIOBA
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[TinBuIIEHHS TOHYCY 3TMHAYiB i NMPUBIIHHX M s3iB
CTETHA Yy NOEJHAHHI 31 3MEHIICHHSM €JIacTUYHOCTI Ta
cKopouyBanbHOT QYHKIT aOXyKTOpIiB Ta pO3rUHAYIB CTETHA
BHACJIIZIOK KOHTPAKTYPHU KYJIBIIOBOTO CYIio0a NpH3BOJUTh
JI0 BUHUKHEHHS JHcOanaHcy y M’ s3aX Ta30BOTO Iosca, 10
HEraTMBHO IIO3HA4YaeThCsd HAa MNO3MLIHHIA  amanTanii
KOMITOHEHTIB €HJOIPOTE3Y Mij Yac onepaii Ta yCKIaaHIoe
TicIsIoNepalifHuil mepiof y XBOpHX. AHaJ3 pe3yJbTaTiB
nikyBanHs 114 namieHTiB i3 3aXBOPIOBaHHSAMHU KYJIBLIOBOTO
cyrioba, TIOKa3aB, IO OUIBIIOCTI TAI€HTIB IPOSBU
nedinuTy M’ s3iB Ta30BOTO MOSCY MICHS €HAONPOTE3yBaHHS
3MEHILWINCS, aj€ He 3HUKAIM TPUBAJIMN 4yac. BuBueHHs
BEPTHKAIBHOI 103 Yy MALi€HTIB 13 HOPMAJBHHM Ta
3MEHIIEHHM pPO3MIpOM 3arajJbHOTO CTETHOBOTO O(CeTy
ITiciIs eHAONPOTE3yBaHHs KYJIBIIOBOTO Cyrioba Iokasalo,
110 3MEHILEHHS IJIe4a a0ayKTOpiB IPU3BOIUTE A0 3HAYHOI
3MiHM OCHOBHHX IIOKa3HHKIB CTa0lIorpamu, a came [0

30iMBIICHHS] ~ CHEPreTUYHHX  BHUTPAT HA  MIATPUMKY
BEPTHKAIBHOT  II0CTaBM, TOMY BHCH@XXEHHsS €Hepril
BiOyBaeThCS IMIBUIIIC, 1€ KIIHIYHO TPOSBISETHCS

CHMIITOMaMH HEAOCTATHOCTI M'sI3iB  TAa30BOro JHA -
KyJIbraBiCTIO, TIO3UTUBHUM CHMNITOMOM TpeHpaeneHoypra,
JromeHHa, HEOOXITHICTIO BHKOPUCTAHHS JOJAaTKOBOI

MiATPUMKH TOLIO.
Kawuosi ciaoBa: EnponporesyBaHHs, KyJIbIIOBUIH
Cyrio0, BepTHKanbHa 1103a, crarorpadis, CTerHoBuUit ocer
Crarrs Hagidinoa 21.08.201%.

OCOBEHHOCTHU PABOTHBI ABAYKIIMOHHOI'O
MEXAHI3MA 10 1 ITOCJIE TOTAJIBHOI'O
OHAOMNPOTE3UPOBAHUS TASOBEAPEHHOI'O
CYCTABA
Tsxenos A.A., Kapnunckas E.JI., Fonuaposa JI.JI.,
KuaumoBunkuii @.B.

[MoBbleHne ToHyca crudareneif U NPUBOISIINAX MBIIIL]
Oempa B COYCTAaHMH C YMEHBIICHHEM JJIACTHYHOCTH U
COKpaTUTENbHOH (yHKLIUHM aOIyKTOpPOB U pasrudaresneii Genpa
BCJIC/ICTBUE KOHTPAKTYPbI Ta300€{pEHHOI0 CyCTaBa IPHUBOIUT
K BOBHHUKHOBEHHIO yicOaaHCca B MBIIIIIAX TA30BOTO I10sICa, YTO
OTPHLATEIBHO CKa3bIBACTCAd Ha IIO3MLIMOHHOM ajanTaluu
KOMIIOHEHTOB JHJONPOTE3a BO BPEMsI ONEPALMH ¥ 3aTPyAHSET
TIOCJICONIEPALOHHBIH ITIepUOA Y OOJIBHBIX. AHAIIM3 Pe3yIbTaTOB
neuerns 114 mammeHTOB ¢ 3a00i€BaHUAMH Ta300€IPEHHOTO
CycTaBa II0Ka3al, 4To y OOJBIINHCTBA MAlMEHTOB NPOSBICHUS
JedunuTa MBI Ta30BOTO MOSICA TI0CIIE YHJOIPOTE3NPOBAHUS
YMEHBIIMIUCh, HO HE MCUE3aJIH JUINTEIbHOE Bpems. M3yueHue
BEPTHKAIBFHOM TMO3bl Yy HAlMEHTOB C HOPMAalbHBIM U
YMEHBIIEHHEIM pa3MepoM o01ero GexpeHHoro odcera mocie
SHIONPOTE3UPOBAHUS Ta300€JPEHHOI0 CyCTaBa MOKA3aJlo, YTO
yMeHbBLICHHE IUieya a0yKTOPOB NMPUBOAUT K 3HAYUTEIBHOMY
HM3MEHEHUIO OCHOBHBIX ITOKAa3aTeNIed CTabmIorpamMel, a IMCHHO
K YBEIMYCHHIO SHEPreTHYECKHX 3arpaT Ha IMOJJepKaHHE
BEPTHKAIBHOM  OCaHKH, MOATOMY WCTOIICHHE DHEPrHU
MPOUCXOANUT  OBICTpee, OSTO  KIMHHYECKH  MPOSBISIETCS
CHUMITOMaMH HEJOCTATOYHOCTH MBI Ta30BOrO JHA -
XpOMOTO#{, TIOJOXXKUTENBHBIM CHMITOMOM TpeHzaeneHOypra,
[romenHa, HEO0OXOIMMOCTBIO HCTIOb30BAHUS
JIOTIOTHUTEIBHOM MOIEPKKU U TOMY HOLOOHOE.

KroueBble cjIoBa: SHIONPOTE3UPOBAHKE, TA300CAPCHHBIH
CyCTaB, BepTHKAIbHAS 1103a, cTaTtorpadus, OeApeHHsIH odceT.

Penensent [enunenko O.B.
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