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Abstract

The article is devoted to the description of the author’s methodology for determining the loss of stiffness
properties of multi-storey buildings based on the results of instrumental determination of the parameters of natural
vibrations carried out using high-precision laser devices. The proposed studies are relevant in determining the
degree of defectiveness of buildings that have passed a certain period of operation or buildings that have been
subjected to intense impacts of anthropogenic or natural character. Values of stiffness losses are determined on the
basis of solving inverse dynamics problems based on the results of instrumental display of oscillatory processes.

AHHOTaNNA

Cratbs IIOCBAIIICHA OITMCAaHHIO aBTopCKOfI MCTOOUKHN ONPEACICHUA IMOTEPHU KECTKOCTHBIX CBOWMCTB MHOTO-
STaKHBIX 3JaHMWH Ha OCHOBE PE3YJIhTaTOB HHCTPYMEHTAIBHBIX ONpPEACTICHUH MapaMeTpoB COOCTBEHHBIX Komeha-
HI/If/'I, MMPOBCACHHBIX IMPH IMMOMOIIHN BEICOKOTOYHBIX JIA3CPHBIX HpI/I60pOB.

[IpemnaraeMbie UCCIICAOBAHMS AKTYaabHBI MPU ONPEACICHUN CTEICHH NC(PEKTHOCTH 3MaHUM, MPOIICIIINX
onpeneneHHmﬁ nepuoa dKCIuTyaTalqu UJIN KE SHaHHﬁ, OABEPTaBIINXCSA MHTCHCUBHBIM BOB)IeI\/’ICTBI/IHM TEXHO-
TCHHOI'0 WJIU MPUPOJHOTO XapaKTepa. Benuuunner NOTEPb KECTKOCTU OMPLCACIIAIOTCA Ha OCHOBE PCLICHUSA 06paT-
HbIX 3aJa4 JUHAMUKHU 11O pe3yJibTaTaM UHCTPYMCHTAJIbHOT'O 0T06pa)KeHI/IH KoJIe0aTEeIbHBIX IMpOLECCOB.

Keywords: residual rigidity, inverse problem of dynamics, natural frequency, mass distribution, design
schemes.

KiroueBble ci1oBa: ocraTouHas JKECTKOCTD, 06paTHa$I 3aJadya JMHaMHKH, 4aCTOTa COOCTBEHHBIX KOJ‘IGGaHHﬁ,
pacmupeneneHne Mace, paC4eTHbIE CXEMBI.

OnHuM U3 HanboJiee MPOCTHIX BAPUAHTOB 3a/1a41
00paTHOW AMHAMHKH SIBIIICTCS OMPEICICHUE JKECTKO-
CTH MHOTO3TA>XHOTI'0 34aHUsA 110 (l)aKTI/I‘IeCKI/IM BCIINYU-
HaM COOCTBCHHBIX KOJICOaHMI, 3aMEPCHHBIX MPH IO-
MOIIH BRICOKOTOYHBIX MPHUOOPOB.

Cpenu pa3in4HbIX 331249 00paTHON TUHAMUKH | 1-
3] onpeaeneHne KECTKOCTHBIX CBOMCTB 3aHHS SIBJIS-
ercsi, 0€3yCIOBHO, YCTOHYHMBBIM B BBIYHCIIUTEIHBHOM
TUTaHE W HE OTHOCHUTCS K KATETOPHH HEKOPPEKTHBIX 3a-
nad [3-5].

OpHaKo [UIS OIPEICIICHHS apaMETPOB KECTKO-
CTH T10 Pe3yJIbTaTaM ONPECIICHUS YaCTOTHI OCHOBHOT'O

TOHA MTPUXOIUTHCS MOJIH30BATHCS HEKOTOPHIM TPUOITH-
KEHUEM PACUETHOW CXEMbI, BHOCSIIMM MOTPELIIHOCTH
B OIIpe/ieieHne COOCTBEHHBIX MapaMeTpoB 3aaHus [4,
6].

Heo0xoanmo 3aMeTuTh, 4TO OINpE/eICHUE BEH-
YUHBI TIOTEPH JKECTKOCTH XapaKTEepU3yeT KoJIude-
CTBEHHYIO OIIGHKY HAaKOIUICHUS Je(eKTOB 31aHus,
MIOJIBEP’)KEHHOT0 HEKOTOPOMY ITIEPHOJY IKCILTyaTalnuu
[4, c. 55-67] uto OKa3BIBaCT BIMSHIE HA (DYHKIIMOHAIb-
HbIC CBOMCTBa HeCymuX KOHCTpykiui [7, c. 47]. Tlo
9TO# MpUYKMHE HEOOXOAUMOCTH OMPEICICHUSI YacTOT
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CcOOCTBEHHBIX KOJIEOAHHI OCHOBHOTI'O TOHA 31aHUS 005~
3aTe’bHa I CEHCMHYECKUX PETHOHOB IO YCIOBHAM
roCy/apCTBEHHBIX CTaHIapTOB [8, c. 23].

Mertoabl TakoW OIIEHKH HA OCHOBE JUHAMUYECKUX
UCTIBITAHUN UMEIOT SIBHBIC MPEUMYIIECTBA, TOCKOJIBKY
UCKJTFOYAIOT HEOOXOTUMOCTh JIEMOHTaXKa OTPa)Iaro-
MIMX KOHCTPYKIUH 1J1st 00CIeJ0BaHUS BHYTPCHHUX HE-
CYIIUX KOHCTPYKITHH 3/TaHUS.

Pemenne oOpaTHOW 3aaun TUHAMUKH SIBIIICTCS
HE eIMHCTBCHHON MPUINHOMN, OIIPeIeISIONIeH moTpeo-
HOCTB B OIICHKE TOYHOCTH OIPECIICHIs] COOCTBEHHBIX
JUHAMAYECKUX I1apaMeTPOB; CTOUT IPHUBECTH IPH-
MepBI HEOOXOIMMOCTH TaKOM OIIEHKH TIPH BHIOOPE JHC-
KPETHOM DPACUETHOW CXEMbl M OIPEIECICHUS YpPOBHS
JUCKPETH3AI[MH, KOTOPBIH B OOJIBIIMHCTBE CIIy4acB
ObIBaeT U3MUIIIHE BBICOKHM [6, 9, 10].

[onmasnsromee mpeoOiagaHue 3aBHINICHUS pa3-
MEpPHOCTH 33J]1a4 JTUHAMUKU B PACUCTHOHN MpPaKTUKE HE
UCKJTFOYAET BO3MOXKHOCTEH (hOPMHUPOBAHUS THHAMUYC-
CKHX MOJIENIeH «MaJioi» pa3MepHOCTH, HE OTpaKkaro-
IIUX C JOCTATOYHOW TOYHOCTHIO HEOOXOIUMBIE THUHA-
MHYECKHE CBOMCTBA pacCUUThIBaeMOro oobekra [11].

Cpenn mpouymx 3afad OIEHKH IIOTPENTHOCTEH
OTIpe/IeIeHNsI COOCTBEHHBIX NHHAMHUYECKHAX apameT-
POB MHOTO3Ta)XKHBIX 3[JaHHH, HanOoJIee aKTyaJIbHBI 3a-
Jlaq¥l OIpeeNeHus] TOTPEITHOCTeH MPHU HMCIOIb30Ba-
HUHM MPOCTEUIIIMX PACUCTHBIX CXEM C COCPEHOTOYCH-
HBIMH Maccamu [6, 11].

PaccMoTpuM BapHaHTBI PacUETHBIX CXEM KOH-
CTPYKTHBHBEIX JJIEMCHTOB B 33JjadyaX JWHAMHUKH COO-
CTBCHHBIX KOJICOAHMIA:

1. KoHcompHas cucTeMa C IMOJABJISFOIIUAM Ipe-
obOmamanveM nedopManuii CIBUTA M PABHOMEPHBIM
pacripenielieHneM Macc. TaKuMH KOHCTPYKTHBHBIMH
JJIEMEHTAMH SIBIISIOTCS THapparMbl 5KeCTKOCTH 1 HECY-
[IHe CTEHOBBIE KOHCTPYKIMH MAaJOATAXHBIX 3IaHUN
[6].

C MCr0JIp30BaHUEM METOIa TUHAMUYCCKHX TIepe-
MereHui [ 14] pacdeTHas cxema Takoro KOHCTPYKTHB-
HOTO 3JICMEHTA MOXET OBITh MPEICTABIICHA B BUJIC BEP-
TUKaJIBbHOTO CTEP)KHS C paclpelesieHHON Maccoil uH-
TEHCUBHOCTBIO p, JUIHHOM | U CABUTOBOI KECTKOCTHIO
ceuenns GF, rae G — Moayms casura, F - miomaap mo-
HepevHoro ceueHwus (puc. 1).

|

/

|
SO

Puc. 1. Pacuemnas cxema snemenma ¢ noOagsiouum
npeobradanuem depopmayuil cosuea u pacnpeoeneH-
HbLM XAPAKMePOM UHEPYUOHHBIX RAPAMEMPOS P —
macca edunuywl onunsl, GF — dcecmxocms cevenus
NEeMEHMA HA COBUL

VYpaBHeHUE COOCTBEHHBIX KOJIEOaHHI TAaKOTO dJie-
MEHTA SIBJISIETCS] YPAaBHEHUEM B YACTHBIX IIPOU3BOIHBIX
U UMECT BU/.

pd?v  3%v
o) +§-GF=0, (D)
I'ne V-

rOPU30HTAJIbHbBIE [TepeMellleHUsI TOYEK 3JIEMeHTa
B TIpoliecce COOCTBEHHBIX KoyieOaHui, t — mapaMmerp
BpeMeHH. JIomycTHM, 4TO COOCTBEHHBIC KOIeOaH s Ta-
KO CHCTEMBI OCYLIECTBIIIIOTCS ¢ HEKOTOPOM 4aCTOTOM
.

Torma ¢ UCHIONB30BaHUEM ITPHEMa Pa3ICICHUS Tie-
peMeHHBIX [15], MoxeMm 3amucarh:

v(t,x) = y(x) - sin( &t) )

[Tpu moxcranoBke (2) B (1) uMeeM 0OBIKHOBEHHOE
muddepeHianbHOe ypaBHEHHUE:

—p - w? - y(x) - sin(wt) + GFy" (x) - sin(wt) = 0.
ITocie ynpomeH:s: KOTOPOro MOMydaeM CeayIo-
1Iee YpaBHEHHUE:

mx) _ sz . _
y 2 y(x) = 0 )
Xapakrepructudeckoe ypaBHeHne i (3) umeer
BU]I:
) _ Po?

W-Gp=0

KOpHH 5TOro ypaBHEHHSI HMEIOT BHI:
= P = —o [~
= w\IGF Ha w\'GF'

Hi = WU Uy =

= £

OO6mee pemienue ypaBHeHUs (3) MPEACTaBISACT
c000ii THHEWHYF0 KOMOMHAIINIO ABYX JITHCHHO HE3aBH-
CHUMBIX YaCTHBIX PEIICHUHA, 00pa3yomux Oa3uCHYIO
BEKTOP-(PYHKIIHNIO:

501078
—w- U,
rac

h(x) = [sin(wux), cos (wux)].
B arom ciyuae penieHue uMeeT BUA:
y(x) = C; - sin(wux) + C, - cos(wux),

rae Cq, C, - k03hdOUIHEeHTH THHEHHOW KOMOWHA-
U, OTIPECIISIONINECs KPACBBIMH YCIOBUSIMH ypaBHE-
aust (3) [16]. IIpu X = 0 mmeem paBeHcTBO C), -
cos(wpx) = 0, orkyna C, = 0.

TakuM 00pa3oM, ¢ y4eTOM 3aKperuleHHs y3ia B
Touke X=0, MeeM pelIeHne

y(x) = C; - sin(wux).

[Mockonbky QyHKIMS KOJIeOaTeNBHOM (hOPMBI ITPH
COOCTBEHHBIX KOJCOAHMSIX OMpEICNICHa C TOYHOCTBHIO
J10 MHOXUTEJIS, TO MokeM C; MOJ0XuTh paBHOil 1, TO-
raa
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y(x) = sin(wux).

IIpu nepemerieHny TOYKU B Ha HEKOTOPYIO BEJIU-
4YUHY 4 UMeeM PaBeHCTBO:

sin(wul) = A.

B uvactHocTH, pu A = 1 monyyaeM paBEHCTBO

BHJIA:
C, - sin(wul) = sin <w\/§- l) =1.

Ecnu Ha Touky B, mepeMeIeHHyI0 Ha BeTNYUHY 4
= 1, HAJIO)KUTh TOPU3OHTAIBLHYIO CBS3b (pHC. 2), TO B
STOM CBSI3U BO3HUKAET peakiys [, paBHas:

EI- ayix) | =1 = cos(wul) - EI - wpu.

0.
ﬂH%_*HB

2mml

Puc. 2. Pacuemnas cxema 0ns onpeoeieHust peakyuu
Hp 6 nuneiinoii céaszu éepxnezo y3na snemenma AB

IIpu BO3AEHCTBMM €AMHUYHOW CHJIBI IO HAMpaB-
JICHUIO CBSI3W aMIUINTY/1a TAPMOHHYECKOTO TIepeMeIie-
aus y(l) onpenesnsieTcst BRIpaKeHUEM:

1 _ VGF
cos(wpl) -EI - wp cos(wul) - EI - a)\/ﬁ

y() =

1
B cos(wul) - w/Elp )

IIpu BenmuuMHE pe30HAHCA aMIUIUTYAa JOCTHTa-
€TCs IPU 3HAMEHAaTeN e BhIpaxeHus (4) paBHOM HYIIIO.
IIpu sTOoM

cos(wul) = 0.

Husmas yactora COOCTBEHHBIX KOJICOaHHUI orpe-
ACJIACTCA B 9TOM CJIy4dac U3 paBCHCTBA:

yiul =

NS

Takum 00pa3oM, yacToTa y; KOJeOaHHI HU3IIETO
TOHA TAKOU CHCTEMBI ONPEENAETCS BBIPAKEHHEM:

T T GF

C2ul 20 | p

BOCHOJ‘IL3OBaBHII/ICI) OTUM BBIPAXKCHHUEM, OLICHUM
OTHOCHUTCJIIBHYIO BCIMYHUHY OCTaTOqHOﬁ KECTKOCTU
3AaHUs, MOJTYUYCHHYIO B PE3yJIbTaTC WHCTPYMCHTAJIb-
HBIX 3aMEpOB, ONPEACTUBIINX YaCTOTY Y4, COOCTBEH-
HBIX KOJIe6aHI/II>'I OCHOBHOTI'O TOHA.

V1

Ecmu vy, — ucxonnas (IpoeKTHas) 4acToTa coo-
CTBEHHBIX KOJIeOaHWH 3[1aHHs, TO OTHOIIEHHE ( OCTa-
TOYHOW >KECTKOCTH K W3HAYAIBHON OIpENeNseTcs B
BHJIE:

0=G5)*.
Yip

OrnpenenuM OTHOCHUTENBHYIO BEJIUUHUHY OCTaTOY-
HOHM »ECTKOCTH 3[aHHMsS B alMPOKCHUMAIMH MOJCITH
KOHCTPYKIIUH C MacCaMH, COCPEIOTOUYCHHBIMA B YPOB-
HSX TIePEKPBITHH.

PaccmoTpuM mpuOMIKEeHHE HamOojee MPOCTOH
JTMHAMUYECKON CHCTEMBI, MPECTABIEHHON IBYX3TaX-
HBIM 37aHHeM. YacToThl COOCTBEHHBIX KOJICOAHUN Ta-
KO CHCTEMBI MOTYT OBITh ONPEACNICHbl TOCTATOYHO
mpocTo. PacyeTHas cxema JBYX3TaXHOH KOHCTPYKIIMA
€ MaccaMH, COCPEJOTOYCHHBIMU B YPOBHE IIEPEKPBITHIH
n3obpakeHa Ha puc. 3.

O O
mzb—%O
|

mi .O-%OI

O)O,

MY

Puc. 3. Jlunamuueckas modenv 08yxXamasicHozo 30a-
HUSL CO CMEHOBbIMU HECYUUMU KOHCTPYKYUSIMU - HO-
Mepa ceszell

J71st mocTpoeHus CUCTEMBI YpaBHEHUN TUHAMUYe-
CKOT0 PaBHOBECHS HCIIOJIB3YEM METOJ MepeMelIeHUN
[6], nnst yero Ha epeMeleHrs TOYEK COCPEOTOUEHUS
Macc HaJOXUM JIMHEWHbIE CBSI3M B T'OPU30HTAIbLHOM
HaTpaBJICHUH (CM. puc. 3).

CocpenoTaunBas Macchl 3/IaHUS B TOYKax, 000-
3HAYMM BEJIMYMHBI Macc 4epe3 My u M.

Martpuiia R eIMHUYHBIX peaKIii TaKOH CUCTEMBI
HAMEET BUJ:

[ 2GF GF

l l

GF GF

L ] l
Matpunia D nuHaMHUYECKUX pPEakIuil Mozenn
HMeEET BUI:

[ 2GF GF
_ I'mq I'mq
D= GF GF (5)
I'm, l'm,

[Tpu My = My = M 9acTOTH COOCTBEHHBIX KOJieha-
HUIA MOTYT OIIPE/ICIICHBI U3 YCIOBUS

ID— 1-E| =0, (6)

rae A — coOCTBEHHbIE 3HAUEHUs, F — eqUHHYHAS
Marpuia.
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B pazsepHyTOM BHzE ypaBHEHUE (6) MOXKET OBITH
3aIlUCaHO CIIEIYIOLIMM 00pa3oMm:

(- AE-2)- () =0

Kopnu ypaBuenus (7) onpenenstorcs B BUIE:

GF

Taxum 06pazoM, MUHUMaJIEHOE COOCTBEHHOE 3Ha-
YeHUE:

GF
21 = m (3 - 2\/5),

a MUHHUMAaJjbHasg 4acToTa COOCTBEHHBIX KoJyeOa-
HUM Y, olpeneneHa B BUJE:

V= E=J§-ﬂ/(3—2ﬁ)- ®)

B »TOoM ciiyyae oTHoleHHE (] OCTATOYHOM KECT-
KOCTH K M3HAYAJIbHOM, TaK)Ke KaK U AJI1 MOJEIH € pac-
MIpEeNEICHHBIMU MapaMeTpaMU MacC ONpENENsIeTcs B
BUJIE:

a=C)>. 9
Yip

KommoneHTs! BekTopa A1 COOCTBEHHBIX KoJieha-

HUH ONPENEIUM U3 PELIEHUS] CUCTEMbl YPABHEHUM:

(D_ Al'E)A:O,

rne A = (a; a,)T - cobcTBeHHBI BEKTOp JBYX-
MEpPHOW NTUHAMHYECKONW CHUCTEMBI, COOTBETCTBYIOIIUN
COOCTBCHHOMY 3HAUCHHIO V.

Ecnu B BeIpaskeHu# (5), OMpeIensoneM MaTpPHILy
D xectkocTh GF BBIHECTH MHOXKHUTENEM, TO OCTaBIIM-
ecst K03()PUIMEHTH MaTPHIIBI ONIPEEISIFOTCS TOJBKO
yepe3 TeOMETPUYECKHe W WHEPIIMOHHBIC MapaMeTphI
3nanus. CauTas 3TH apaMeTpsl HEM3MEHHBIMHA B TIPO-
[[ECCe DKCIUTyaTal[My 3MaHMs, IS BBIPAKCHHS BEJIH-
YUHBI (| TOTy4aeM HEU3MEHHBIM paBeHCTBO (9).

BbINosHSS aHAJOTHYHBIC MPE0Opa30oBaHUs ISt
3/1aHUs OOJIBIIICH STAXKHOCTH P YCIOBUU COXPAHCHHS
TCOMETPUYECKUX M HHEPIIMOHHBIX TAPAMETPOB 3IaHMUS,
MPUXOJMM K HEU3MCHHOCTH BBIPAKCHHSI OTHOCHUTEIb-
HOW BEJIMYMHEI OCTATOYHOH JKECTKOCTH B Bue (9).

Takum 00pa3oM, YCIIOBHE COXPAHCHHS TCOMETPH-
YECKUX W WHEPIMOHHBIX MapaMETPOB 3[aHHS B TIPO-
[eCCe er0 IKCIUTyaTalny SBISETCS JOCTATOUYHBIM IS
ONPEIENIEHNSI OTHOCUTEIBHON BEIIMYMHBI OCTATOYHOM
JKECTKOCTH B BHIIE (9) MpU HATMYWUH KOHCTPYKTUBHBIX
3JIEMEHTOB C paclpe/IeJICHHBIMU U COCPEIOTOUCHHBIMHU
mapaMeTpamMH Macc.
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This article conciders with the famous theater critic, Professor Ashirbek Sygay’s other research works,
devoted to the problems of national stage art. In his works "Tolgam™ and "Stage world" development modern
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Currently, in the field of art studies were published
huge number of research works, popular science
materials, reports, analytical works. These searches are
of great importance for clarifying the place of our
multinational people in the world. Therefore, art studies
still need to be filled with deep formulations. At the
same time in the modern theatrical art criticism the lack
of original researches about creativity of theaters which
make a part of art criticism science of Kazakhstan is
shown.

People who hold the key to the great profession of
theatre and theatre-specialists who theoretically and
journalistically study the history of the country's
theatres, orientation, various searches for creative
character, winners and players. The main aim of this
profession - the preservation of the relationship
between audience and stage, bringing performances to
the public with the performances analysis, to popularize
them in the media. In this regard, there is a need to
determine Ashirbek Torebayevich Sygay’s creative
appearance, critical activity on the basis of his works
by and one of the Kazakh theatrical science founders.

During a quarter of a century there was a lot of
research about the state of the Kazakh stage art and
criticism of the Kazakh drama. A. Sygay is a popular
name in the category of elegant critics, denoting today
and tomorrow, showing knowledge, skills, convincing
what is said, what is shown by the conclusions. He has
some writings, deeply and comprehensively analitical
decisions as a Director and the actors’ play, comparing
the artistic integrity of the performances and creative
portraits, rich in diverse samples about the actors,
Directors published in the pages of the periodical.

The theater science development in Kazakhstan is
inextricably linked with the writer’s name of theater
and art, laureate of the state prize of Kazakhstan,
independent platinum award "Tarlan", owner of the
"Kurmet" order Professor A. Sygay. In this area, he has
asked for more than half a century of his creative life,

grown up together and seethed together. As a
prominent educator in this field, many cases were
brought. He became a master of the Kazakh theater,
made a great contribution to culture. He was one of the
great citizens who loved his nationality.

Criticism - is an analysis conducted to evaluate
something, to correct shortcomings. "Observation,
testing, verification in connection with the performance
of a certain case" [1. 389]. As you know, theater
criticism in Russia was born with the advent of
professional public theater in the middle of the 18th
century. As a result, theater criticism began to be
closely associated with the socio-political situations in
the country in the 18th and 19th centuries. According
to V. G. Belinsky "the main goal of theater criticism is
to assess the role of theater in society, which has
become a reflection of important events in society" [2.
145].

Theatre critic A.Sygay devoted half of his life to
investigate the Kazakh theatre; especially he could
build a golden bridge between the spectator and the the-
atre. Reading his about 15 newspaper and magazine ar-
ticles and investigative works and his thoughts during
the tours and festivals, we can understand that he was
well-educated and had very literary speech. A.Sygay
was one of the out standings because he could say eve-
rything open and directly, he made acute critics about
the performances and about players too using scientific
terminologies, because to use literary speech made his
speech charismatic nevertheless using simple words.In
this regard, the theater has critical articles written by A.
Sygay about the Kazakh theater.

Various theatre festivals, celebrated at the
international or national level - it's the holidays that
inspire criticism of thoughts and inspiration. After
another festivals together has become a usual habit for
the audience and other professionals of the theatrical
sphere.
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Questions about the Kazakh theater will be
covered in the author's work "Tolgam". This book
consists of three parts, the topical issues of Kazakh
drama and theater are widely covered. People, cultural
and aesthetic, spiritual and social outlook, their taste-
not everyone knows that the theater art in the education
of the importance of visual perception. So, leaving to
the world the real scene in an uncontested tender
tegersee sherter labor cleos their readers. In this work,
where the creative destinies of the authors of plays and
performances are analyzed quite interestingly. As well
as well-known figures of culture and life of various,
included in the collection of literature humor, jokes-
liked more to relate to a common find.

The first part, called "Bastau", consists of a large
research article called "ancient genre". The critic
received the main core of this article-the genre of
drama. The legendary Shakespeare tells about drama,
which is complex in comparison with other branches of
literature, limited in scope and directly connected with
the stage. The first part, called "Bastau”, consists of a
large research article called "ancient genre". The critic
received the main core of this article-the genre of
drama. The legendary Shakespeare tells about drama,
which is complex in comparison with other branches of
literature, limited in scope and directly connected with
the stage. Chekhov, who has "never seen", and the
scene honored by Shakespeare's dramatic drama "frus-
trated" by the tragedy, highly appreciated Griboyedov's
"Wise Thoughts" by fossilized works into a single piece
of the story. The number of real writers, both in us and
in other nationalities, is in the interest of dramatists. For
the first time he developed a conceptual formulation
about the playwright. Critics say, "... If we only want
one drama to be readily available, any material and
spiritual may be in crisis. The only person who can en-
dure the difficulty can only deepen the mystery genre.
However, one thing to remember is that the laws of dra-
matic art itself, the lack of understanding of its stage
systems - a sign of patriotism. And it was not easy for
Miller and Schiller to ride on the page that he had built.
"[3.5]. He also criticized the directors who could not
create the stage setting, accusing the Kazakh drama-
turgy of being simply eye-catching, too dim, acting
stubbornly in a motionless, plastic manner. Thus, the
dramaturgical community is justified. As the critic
writes, the name and merits of Mukhtar Auezov, the
classic of our literature, the trace of our national dra-
matic art, can not be regarded as separated from the so-
cio-political and spiritual life of the Republic. The first
half of the twentieth was the beginning of the Kazakh
professional drama theater and the theater, which was
the basis of the national culture, the process of growth,
the famous art figure, the healthier. The critic, in the
course of the article, has also cited the strange truths
that we have never had before. For example, it is not a
secret that most of us do not know that M.Auezov's
"Alua", written in 1953, has not been staged yet. It is
true that even though we do not know that there is such
a work of the playwright. A.Sigay said about this play:
"... The academic theater, which was named after the
Magnificent artist, took a few steps in this world and

was inexperienced. "Alua" is distinguished by the na-
ture of Auezov's famous epic or historical-biographical
theme included in the golden fund of Kazakh literature
and art, such as "Abay", "Karakoz", "Enlik-Kebek",
"Koblandy", "Aiman-Sholpan" , an artistic aesthetic
power, a unique work that does not duplicate the afore-
mentioned works on the subject. "[3.6]. Thus, by ana-
lyzing the publicly-familiar "Alua" play, it leaves valu-
able information about the work. The author also tests
the rhetoric, slogans, and sounds of the rhythmic tone,
which are perceived by the poster's pope and some of
the characters in the narrative. We hope that the newest
data in this book will be a great deal for future theater
teachers. The reason for this is to add the A.Sigay’s
opinion to the idea of a particular non-staged play that
will increase the value of any research work.

In addition, during the analysis of the work, in
comparison with other books by A. Sygay, it is possible
to notice the priority of critical activity through this
collection "Tolgam". Because the theater critic in this
work reveals the opinion of the Kazakh theater about
their primary sides. The names of the Director Zhanat
Khadzhiev and Bulat Atabayev, who became critics of
the Kazakh theater direction, are often called. "It is no
secret that these days begin Hobbies of his brothers
aksakal A. Mambetov. It is the law of time. In
particular, he noted that currently Kazakhstan is
actively working on the development of small and
medium-sized businesses, including the development
of small and medium-sized businesses. Theatre without
direction-orchestra without conducting. Both Directors
are people who deserve the attention of the country with
their work. We experience a little abstained steps, love
success. "We believe that they are looking to the future,
not that they will love a guy who is proud of the
country. "[3.13], - say the Directors about the progress
of work in the theater, as well as confidence in the
future. In the analysis of dramaturgical works, the
dramatists who made these works on paper do not
remain without attention.

The second part, called "Exploration," tells about
the success of the Kazakh theater of the M.Auezov
Academic Drama Theater "Karashanyrak™. Bearing in
mind the spiritual heritage of the history of the theater,
aesthetically subtle property, it acknowledges that the
values of spiritual and cultural demands are embodied
in the embodiment of the wonderful world of theater -
the immortal law of life. It is well-known that there are
few intellectuals who have not expressed sympathy for
the bright future of this main theater since the first days.

One of the main innovations in A.Sigay's work is
not only to analyze the past, but also to define future
goals in the theater production team as a plan for the
future. The goal of the future is to demonstrate that we
have a civilian duty: "The number of viewers decreases,
and on the other hand it is impossible to fill the rooms.
The person who wants the theater wants it. There is also
a small need to do more. It is good to take into
consideration the next hall of the theaters "[4. 193] - the
fear of the future of the theater. It is no secret that in a
modernized cultural society there are different opinions
about the future of theater art. One suspects the future
of theater art, while the other one proves that the theater
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works as one of the purest art. In this context A.Sigay
notes that in the future theatrical art will be modernized,
and even the scenes will reduce the size of the former,
and will share their thoughts on the future trends in the
Kazakh theater, its shortcomings and gaps: "From the
European elements entering our art We should simplify
the procedure. Even though we all did, the British did
not give us the Shakespeare, the Frenchman Miller, the
Germans Shiller and the Russian Tolstoy. It is true that
we can not master the art of their art. We respect uni-
versal classics, but nevertheless, we have to study the
great tradition of Auezov and Musrepov not to go be-
yond the borders of the nation, to criticize the nation.
We Learned. We could. What kind of model do we
have from us? "Cried the author.

It is well-known that there are many world classi-
cal works on the stage of today's Kazakh theater. This
issue has been underestimated in the critique of the crit-
icism. "Modernization of the stage image, classic and
artistic features of the classical world with the present
visual, modern feeling is a requirement of life and the
present. Not every performance will be heard, not for
the audience, but for the audience. That's why I'd like
to elect your repertoire, and I'll tell you about the drama
drama. "[3.193].

One of the most up-to-date issues in the book is
called "Professional Skills in Actor Art". Through this
article, the author reviews five key issues in current
Kazakh actor schools. First, the author points to the
student youth texture that comes to actor art. The actor's
world, the general scene, is that beauty is just a matter
of beauty, and it turns out that beautiful young people
have come to this kind of art. Secondly, the actors who
have been trained are suggesting that the movies they
are watching are flawed. While reading this article, it is
good to see that some of the above-mentioned issues
are improving. It is known that at the present time the
walls of the halls of art are raised by well-off guys and
beautiful girls, as well as domestic television series and
films. As athird criterion, the fact that the kindergartens
were destroyed, as many puppet theaters as before,
point to the absence of artificial light in the teens'
consciousness. Today, this issue has been coming to an
end thanks to the systematic policy of the Head of State.
As for the state puppet theatre in Almaty, it is possible
to lay the Foundation for the annual international
puppet festival and a theatrical stage with the audience.
At the end of the article, the Author noted that the first
is to increase the prestige of the acting profession,
secondly, not to increase the number of low-quality
actors from the earth, thirdly, holding various festivals
to improve the experience of young dramatic artists,
fourth, improving the quality of national theaters, fifth,
holding problem conferences dedicated to the work of
the actor by research institutes.

In the work of the author "stage world" [5]
collected articles about the diversity of the scene"”, "art,
expanding the field", " on theatrical recordings." The
author feels the breath of the received object well. The
collection contains a large number of its own
conclusions,  conclusions,  achievements  and
shortcomings, substantive problems. Everything that

deserves that the growing art was on tomorrow, on the
way to its future.

For a quarter of a century, a lot of thoughts about
the state of the Kazakh stage art and criticism of the
Kazakh drama. She is known in the category of elegant
critics who define today and tomorrow, show
knowledge and qualifications, whatever, stopping,
convincing persuades. He compares the artistic
integrity of performances, rich problem critical
publications on the pages of periodicals, creative
portraits of actors and Directors, playwrights, a lot of
competent records, deeply and comprehensively
analyzed the decisions of the Director and the play of
actors. In this regard, in accordance with the Law of the
Republic of Kazakhstan "on religious activities and
religious associations", as well as in order to implement
the Law of the Republic of Kazakhstan "on religious
activities and religious associations", the Government
of the Republic of Kazakhstan decides: 1.to approve the
attached Rules for the organization and conduct of
religious events aimed at strengthening religious
tolerance and interfaith harmony. Since most of the
monographs are collected from articles published on
the pages of the media.

He understood well that from critical articles
which write about science, the nature will be allocated,
to be guided by an independent orientation, one object
of research. Therefore, all the problems associated with
folk art and Kazakh theatrical art were
comprehensively studied in the works of A. Sygay. In
his works, the Author comprehensively analyzes the
shortcomings and features of modern Kazakh theater
and drama, problems with high elegance, elegance,
justice.

One of the distinctive features of critical works is
the consideration of performances in a professional
theatrical attitude, evaluation of the work of the
Director and playwright, actor, study of their first sides,
as well as consideration within the framework of the
nation and society. This is one of the problems that has
remained without the attention of professionals in many
industries. Each person for the purpose of creation and
realization of the work can independently think, work
unilaterally. Thanks to the formed ideology, despite the
political position, the problems of public, social nature
do not concern them at all. To think about it does not
enter into your consciousness. Later they think only
after the statements of journalists and critics. This
shows how heavy the critical service load is.

This book is mainly devoted to performances
staged in the academic drama theatre. Thus, the creative
field of the theater can be recognized clearly and
clearly. Here the author presented a summary account
of the spiritual existence of great art, about which he
spoke and wrote. During the meeting they discussed the
main directions of the Message of the President of the
Republic of Kazakhstan N. and. Nazarbayev to people
of Kazakhstan "Nurly Zhol-path to future", as well as
the implementation of President's instructions voiced in
the address to the people of Kazakhstan "Kazakhstan's
way-2050: common goal, common interests, common
future”. In the end, this is not the quality of works
written about this theater. In the Kazakh theater.S.
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Seifullina held a solemn meeting dedicated to the Day
of the First President of the Republic of Kazakhstan,
which was attended by akim of the region Archimedes
Mukhambetov, akim of the region Archimedes
Mukhambetov, Chairman of the regional branch of the
party "Nur Otan" Nurlan Nogaev, akim of the region
Archimedes Mukhambetov, Chairman of the regional
branch of the party "Nur Otan" Nurlan Nogaev. One
value of the book is that the author is fluent in the
material, is able to describe the object he has received
in a more skilful and skilful way.

"The theatrical performance, which founded the
dramatic text, is a kind of socio-historical context of
society. And the reality in the theater as a process of
transformation increases several times. Life, based on
the text, needs the image of the theater, the viewer,
especially in the artistic decisions made by the theater
critic. Under the artistic solution we include acting,
scenography, lighting, musical choreography, which
reflects not only the realities of life, but also introduces
a new artistic idea" [6.56], - says the Russian theater
critic D. Litvinova in his work " the role of theater

criticism in the education of the audience." In
connection with the above analysis, theater critic A.
Sygay, as one of the few people who have gone down
in history as a specialist in the theater industry, meeting
all the requirements set out by the researcher, especially
in the field of art criticism.
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Abstract
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Currently, more than 1 billion people are suffering from vitamin D deficiency worldwide. According to tra-
ditional estimates and the recommendations of the Institute of Medicine of the USA (IOM), vitamin D deficiency
is defined as a concentration of 25 (OH) D in serum of less than 20 ng / ml, severe deficiency in a concentration
of less than 10 ng / ml. Vitamin D deficiency is a concentration of 25 (OH) D in the range of 21-29 ng / ml. Based
on these definitions, it was estimated that 20-100% of the elderly in the United States, Canada, and Europe live in

conditions of vitamin D deficiency.

Keywords: vitamin D, heart failure, metabolic syndrome

For a long period, heart failure and osteoporosis
were independent pathologies from each other, but re-
cent scientific data indicate common mechanisms and
common risk factors (RF) for these diseases. The fol-
lowing RFs can be distinguished: chronic kidney dis-
ease, hypogonadism, metabolic syndrome, diabetes
mellitus, low levels of vitamin D, smoking, anorexia,
postmenopausal women, and age. You can also note
some mechanisms for the development of osteopenia
that accompany the course of heart failure. It is known
that an increase in the level of aldosterone is one of the
key components of heart failure, and aldosteronism
contributes to increased excretion of calcium in the
urine and, as a result, an increase in the level of para-
thyroid hormone (PTH), which helps to reduce the bone
mineral density. Also, drugs, mostly loop diuretics (fu-
rosemide) have an effect on bone loss in CHF.In heart
failure, osteoporosis occurs in 8-10%, and osteopenia
in 40-50% of patients with terminal stage of the disease,
requiring a heart transplant. The risk of femoral frac-
tures increases by 6 times if the patient has a history of
cardiovascular diseases accompanied by heart failure,
in contrast to patients with cardiovascular disease with-
out heart failure. Recently, there has been an increasing
interest of researchers in vitamin D deficiency not only
in cardiovascular pathology, including heart failure, but
also in obesity, metabolic syndrome, type 2 diabetes
mellitus and other socially significant diseases, in order
to determine the common pathogenesis and develop ef-
fective therapy aimed at increasing the duration and
quality of life.  Objective: to study the frequency, se-
verity of vitamin D deficiency, and to compare the re-
sults with body weight (MT), glomerular filtration rate

(GFR), calcium, magnesium and parathyroid hormone
(PTH) in patients with heart failure and metabolic syn-
drome. Tasks: to determine the level of vitamin D,
PTH, calcium, magnesium in the blood, GFR in pa-
tients with CHF 2 A and 2 B stages, in patients with
overweight and metabolic syndrome. Materials
and methods. The study was conducted on the basis of
the BUZ UR “City Clinical Hospital No 9 MZ UR”
among patients admitted on an emergency basis with
symptoms of congestive heart failure. 16 people were
examined, of which 14 people (87.5%) with heart fail-
ure 2 stage B, 2 people (12.5%) with heart failure 2
stage A, 14 people (87.5%) had metabolic syndrome.
The study group included 11 women (68.75%) and 5
men (31.25%). The average age was 70.0 years. Pa-
tients were tested for vitamin D levels (in 100% of
cases), PTH (75%), calcium (93.75%), magnesium
(93.75%), objective status assessment, MT, GFR in
100% of cases. Calculation of the norm of magnesium
and blood calcium for people living in our region, ac-
cording to studies of L. T. Pimenov and O. B. Sanni-
kova.
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Fig.1 GFR levels in severe vitamin D deficiency
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Results. Vitamin D deficiency was detected in 9
(56.25%) patients, severe deficiency - in 6 (37.5%) pa-
tients. In severe vitamin D deficiency, the following
pattern was determined: the lower the GFR, the lower
the level of vitamin D (Fig. 1). This pattern is not ap-
parent when vitamin D levels are above 10 ng / ml. Itis
known that the progression of chronic kidney disease is
accompanied by a decrease in the number of vitamin D
receptors and parathyroid Ca receptors with a decrease
in the sensitivity of glands to the action of vitamin D
and Ca 2+. The rate of magnesia for people liv-
ing in our region was 0.82-1.02 mmol / L, the rate of
calciumemia was 2.24-2.44 mmol / L. In 5 cases
(35.7%), an increase in blood magnesium levels was

detected. The level of calcium went beyond the norm in
40% of the studied. Both excess of the blood calcium
norm and its decrease were observed in 3 cases (20%).
An increase in PTH levels was determined in 4 (33.3%)
patients, two of whom had a vitamin D deficiency, two
severe vitamin D deficiency. When calculating the
body mass index (BMI), there was a weight deficit in 1
patient (6.25%), normal body weight in 2 patients
(12.5%), overweight in 1 patients (6.25%), and grade |
obesity in 2 patients (12.5%), grade Il obesity in 5 pa-
tients (31.25%), grade IlIl obesity in 5 patients
(31.25%). Among patients with a BMI> 25 kg / m2, se-
vere vitamin D deficiency was detected in 5 subjects
(31.25%), deficiency - in 7 patients (43.75%) (Fig. 2).

¥ Pomenn. savanan 1

0 ) 10 15

Conclusion It has been established that chronic
heart failure is accompanied by a deficiency of vitamin
D. A pattern of progressive decrease in GFR with se-
vere vitamin D deficiency has been identified. Signifi-
cant changes in the level of calcium and magnesium in
the blood have not been identified in CHF 2 Aand 2 B
stages. Low serum vitamin D levels are associated with
overweight and metabolic syndrome.
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Abstract

Purpose: to evaluate the experience of using abdominal CT with 3D modeling in preoperative planning in
patients with portal hypertension syndrome. 40 patients were examined. All patients underwent abdominal CT
with a modified protocol. CT data was segmented and 3D modeled. CT allows you to: identify the cause and level
of the block in the portal system; identify characteristic changes in the liver and spleen; visualize collateral in
patients with portal hypertension syndrome. Using the system for modeling and combining the phases of the study
allows you to choose the best method of surgical intervention for decompression of the portal system.

Keywords: portal hypertension, preoperative 3-D modelling, CT.

Portal hypertension - increased pressure in the por-
tal vein of any etiology over 12 mmHg or 160 mm. wa-
ter st .. Traditionally, portal hypertension is classified
into four groups: 1. The suprahepatic form - with
thrombosis or stenosis of the hepatic veins, inferior
vena cava, right ventricular failure 2. The intrahepatic
form - for various causes of damage to the liver paren-
chyma 3. The subhepatic form - with portal vein throm-
bosis or branches, squeezing them from the outside 4.
Hyperdynamic form - with various variants of arterio-
venous fistulas [1].

In Russia, the largest number of patients with por-
tal hypertension are patients with cirrhosis. Portal hy-
pertension causes life-threatening complications: in
90% of patients with cirrhosis, varicose veins of the
esophagus occur, which in 30% of cases is manifested
by bleeding. Such bleeding even after the first episode
in 30-50% of cases ends fatally [2].

Computed tomography with bolus contrast is one
of the leading places in assessing the pathology of the
abdominal organs, [3].

Computer simulation based on MSCT data is a
technique that allows you to combine all four phases of
visualization with volumetric transformation on a sin-
gle integrated image that provides information about
the anatomical features of the abdominal organs along
with the features of arterial and venous blood supply
[2]. Segmentation is the division of the image into areas
for which a certain uniformity criterion is fulfilled [4].

The question of choosing the optimal tactics of
palliative surgery for decompression of the portal sys-
tem is still open [5]. Thus, the endovascular TIPS oper-
ation to create an intrahepatic anastomosis between the
hepatic vein and portal portal vein, despite its relative
effectiveness, is contraindicated in hepatic encephalo-
pathy due to a sharp decrease in hepatic blood flow. Ac-
cording to the literature, TIPS is technically feasible in
97.3% of cases. The most common causes of failure to
create a shunt are portal vein thrombosis, damage and

hepatic vein thrombosis, liver fibrosis, as well as severe
ascites. The frequency of lethal complications averages
1.4-3.0%, depending on the size of the sample [6].

Purpose: to evaluate the experience of using ab-
dominal CT with subsequent segmentation and 3D
modeling in preoperative planning in patients with por-
tal hypertension syndrome.

We studied data from 40 patients with presumed
portal hypertension syndrome. All patients underwent
abdominal CT scan with bolus contrast enhancement.
The arterial phase was performed for 10 s after reaching
the threshold density level (120-150 HU) in the aorta.
The difference in the technique was the execution of the
venous phase at 55 seconds after reaching the threshold
(approximately 70 seconds from the start of administra-
tion of the contrast medium, on average 20 seconds
later than the standard venous phase). This approach is
somewhat different from the technique described by A.
Kudryavtseva [7], in which the study was carried out at
60 and 120 seconds from the start of the administration
of the contrast mediu

The delayed phase scan was carried out for 6
minutes. Next, segmentation, modeling and analysis of
a three-dimensional model were carried out in the
Avtoplan system.

Avtoplan is a hardware-software complex that was
developed for preoperative planning and intraoperative
navigation [8]. After loading the data in the DICOM
format into the system, semi-automatic segmentation of
parenchymal organs was carried out on the basis of
“medium” models, segmentation of arteries and veins
by installing one point in the lumen and further thresh-
old processing.

Results and discussion.

In the study group of patients, various changes in
abdominal CT scan were identified that are the cause or
manifestation of portal hypertension syndrome. Their
list and frequency of detection are presented in table 1.
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Table 1
Signs detected during CT in patients of the study group
Sign %
Portal vein enlargement 90
Splenal vein enlargement 60
Cirrhosis 25
Ascites 30
Splenomegaly 65
Hypervascular lesion 7,5
Splenorenal anastomosis 7,5
Portocaval anastomosis 10
Caput medusa 10
Portal vein thrombosis 12,5
Splenal vein thrombosis 7,5
Mesentheric vein thrombosis 10
Hepatic vein thrombosis 7,5
Esophageal vein enlargement 20
Cavernoma of portal vein 17,5

In most cases, the study allowed not only to sug-
gest the presence of portal hypertension, to determine
its forms, but also to speak out about its causes. The
most common cause of the intrahepatic form was liver
cirrhosis, which was manifested by a decrease in the
size of the liver, a change in its configuration (sickle
shape or hypertrophy of 1 segment) with a bumpy out-
line. With the subhepatic form, various causes of the
block were revealed: portal vein thrombosis, compres-
sion from the outside with pseudocysts, calcifications
in the structure of the pancreatic head, and lymph
nodes.

After segmentation in the Avtoplan system, polyg-
onal models were obtained, on which structures accu-
mulating contrast medium at different phases of the
study were visualized on one image. Such a model
made it possible to evaluate the area of the proposed
intervention.

When planning the application of an H-shaped
splenorenal anastomosis, it was necessary to evaluate
the distance between the left renal and splenic veins,
their course and tortuosity, the presence of large arterial
trunks and the tail of the pancreas between them (Fig.
1).

Fig. 1. 3D model. The veins are marked in blue. A parallel course of the splenic and left renal arteries is shown,
which is an indication for choosing the tactics of applying an H-shaped splenorenal anastomosis.

Planning for such an operation was carried out in
10 patients. A favorable variant of topographic relation-
ships was revealed in 5 patients. In two cases, the sim-
ulation allowed to abandon the H-shaped anastomosis
due to the close location of the veins. They were

hemmed directly to each other. In three cases, the prox-
imal overlap of the splenorenal anastomosis was cho-
sen due to the significant distance between the vessels
and the location of the pancreatic tail.
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Conclusions.

1. CT with bolus contrast enhancement is effective
in detecting signs of portal hypertension, its shape, and
evaluating portocaval anastomoses.

2. In patients with suspected portal hypertension,
it is necessary to change the protocol for conducting
multiphase scanning due to a slowdown in blood flow.
If necessary, supplement the standard phases with a late
venous phase.

3. Using the system for modeling and combining
the phases of the study allows you to choose the best
method of surgical intervention for decompression of
the portal system;

4. After surgery, CT with modeling allows you to
visually assess the patency of shunts and anastomoses
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Abstract

Family, where a patient with endogenous mental disorder lives, experiences deep psychosocial stress; changes

in patient’s behavior and social losses, caused by the disorder, lead to the disruption of inter-family interaction and
increased emotional tension; attitude of the family to the disease and their perception of the patient depend on
clinical and psychopathological features of mental disorder, which determines the type of family response to the
diagnosis and affect its ability to cope with stress; self-stigmatization of family, social isolation, lack of psycho-
logical support increase disadaptation of family.

Family caregivers of patients with endogenous mental disorder often lack adequate information about mental
disorders, as well as appropriate medical-psychological support services.

Taking into consideration above listed, there are four aspects of family interventions included into complex
medical-psychological support system:

1) psychoeducation;

2) stress management and development of adaptive coping behavior;

3) mastering effective communication skills;

4) activation of resource components and adaptive potential of individuals.

The work model, described in this article, is based on interactive thematic groups, using integrative approach,
combining the following methods:

- cognitive-behavioral psychotherapy;

- mindfulness-oriented cognitive therapy;

- psychotraining;

- art therapy.

Keywords: medical-psychological support system, psychoeducation, family caregivers, endogenous mental
disorders, family burden.
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Introduction. In current biopsychosocial model
of therapy and rehabilitation of patients with endoge-
nous mental disorders (EMD), pathogenesis of EMD is
considered as a result of complex interaction of biolog-
ical, psychosocial and behavioral factors [1, 2]. This ap-
proach involves flexible combination of psychophar-
macotherapy to provide effective control of psycho-
pathological symptoms and preserve cognitive and
social functions, as well as psychosocial interventions
aimed at expanding the repertoire of coping strategies
of patients and their family caregivers [3, 9, 10].

Development of mental disorder in one of the fam-
ily members affects all aspects of family life as it is a
severe psycho-emotional stress due to the situation of
the beginning of the disease, loss of short-term and
long-term family plans for the future, difficulties of
daily care of the patient, additional financial burden,
constriction of social network, stigmatization and self-
stigmatization [8, 12,13, 16, 17,20]. With the duration
of EMD up to 4 years, the impact of the disease is due
not only to the fact of having a diagnosis of mental dis-
order in a family member, but also to significant
changes of the whole system of previous intrafamily in-
teraction in response to changes in behavior and per-
sonality of the patient.

Materials and methods. As a part of the study, in
2015-2019, 243 family caregivers (FC) of patients with
paranoid schizophrenia and affective disorders were
examined on the basis of informed consent according
to the principles of medical bioethics and deontology,
using specially designed questionnaire and psycholog-
ical testing tools. Inclusion criteria to the study were:
informed consent for clinical-psychological examina-
tion and psychological testing, no prior requests for
help from a psychiatrist, no traumatic brain injury in
anamnesis. Control group included 55 mentally healthy
persons, in whose families there was no mentally sick
patient, and who never sought for the help of a psychi-
atrist.

The study was performed in three stages: at first
stage we examined the respondents in order to study in
depth social-psychological, individual-psychological,
interpersonal-communicative and behavioral predictors
of family disadaptation. At the second stage of work we
performed substantiation, development and
implementation of appropriate system of medical-
psychological support for families, where patients with
EMD live, based on data obtained during the previous
stage of work. At third stage, the efficiency of
implemented system was evaluated.

Strategies and principles of medical-
psychological support system for FC of patients
with EMD. Proposed medical and psychological
support system for families is intended to help FC to
integrate the experience of having a family member
with EMD, and is focused on four key positions:

1. installation of hope;

2. maintaining self-identity;

3. determining the new sense of life;

4. accepting responsibility for the recovery pro-
Cess.

The purpose of family interventions is to refocus

the family from fixation on losses caused by the dis-
ease, to the preserved sides of patient's personality, psy-
chosocial support, restoration of life quality, positive
aspects of interpersonal interaction. This opens up new
goals for the family, activates search for new models of
interaction with the patient, facilitates adaptation and
re-socialization.

In these circumstances, family is ready to cooper-
ate with specialists and is able to provide patients with
the support they need.

Thus, the system of medical and psychological
support is based on four main strategies:

1) learning skills of overcoming stress and under-
standing patient's behavior in context of understanding
symptoms of the underlying mental disorder;

2) developing adaptive coping behaviors and en-
hancing activities towards personal goals (by combina-
tion of psychoeducation with stress management skills
training, cognitive correction and problem-solving
techniques).

3) mastering skills of effective interpersonal com-
munication for adequate interpersonal interaction in
family;

4) creation of preconditions for the formation of
value-based attitudes, aimed at preserving health and ac-
tivation of personal adaptive capacity.

In implementing this process, the following prin-
ciples must be followed:

- early inclusion of FC into the system of medical
and psychological support;

- differentiated approach, considering the type of
family response to the fact of presence of the disease;

- family orientation on the psychoprophylactic na-
ture of rehabilitation;

- strengthening the adaptive capacity of each fam-
ily member's personality;

- mastering experience of helping to a family
member, who is suffering from EMD.

The system of medical and psychological support
is aimed at enhancing the family competence in under-
standing the essence of endogenous mental disorders,
expanding the arsenal of constructive coping strategies,
developing the skills of effective interpersonal commu-
nication and effective intrafamily interactions, that will
lead to:

- reduction of family burden, associated with the
disease and problems of care;

- overcoming the loss reaction;

- reduction of emotional tension in family relation-
ships;

- building therapeutic alliance with health care
professionals, who treat the patient;

- formation of adequate ideas about the disease;

- reduction of excessive emotional involvement in
life and affairs of the patient;

- adequate perception of the patient;

- understanding of patient’s capabilities and ade-
guate expectations of the family;

- formation of an adequate attitude to the need for
long-term therapy;

- understanding the nature of patient’s behavior
and developing the effective response skills;

- strengthening of existing structural elements of



Norwegian Journal of development of the International Science No 37/2019 17

inter-family interaction and ways of solving problems;

- reduction of self-stigmatization;

- communicative competence in interactions in-
side and outside of the family system;

- family consolidation, determination of new val-
ues, goals and meaning of family life;

- restoring and expanding family’s social network.

Implementation of the system of medical and psy-
chological support includes the following steps:

1. Identifying the potential program participants.

2. Detailed study of medical records of patients of
the specified group, interviews with doctors.

3. Initial interview of FC.

4. Providing medical and psychological support in
the format of thematic interactive group sessions.

5. Setting booster group sessions.

Format and methodology of thematic groups.
Groups should be homogeneous by nosological affilia-
tion of patients (separate groups for FC of patients with
paranoid schizophrenia and for FC of patients with af-
fective disorders), but heterogeneous by social charac-
teristics (gender, age, education, etc.), types of response

of FC to the fact of disease and duration of the disease
in family member. This increases the therapeutic poten-
tial of the group. If patient's parents are divorced, both
are invited to participate in the group.

Contraindications to joining the group sessions
are:

- refusal of FC to participate in group work;

- aggressive or hostile attitude towards the lead-
ers and other members of the group;

- presence of mental disorder or severe somatic
disease in FC of the patient;

- age under 18 years old.

FC with the contraindications for group work,
should be offered individual sessions.

The system of medical and psychological support
for FC of patients with EMD is provided in closed
groups with a number of participants from 8 to 12 peo-
ple.

The system consists of 10-12 sessions (table 1).
Total number of sessions varies depending on the needs
of the participants. Frequency is 1 time per week. The
duration of one session is 90 minutes.

Table 1

Indicative structure of the recommended system of medical and psychological support for families
where patients with endogenous mental disorder live

No Aims

Means, techniques, exercises Form of work

1 2

3 4

Module I - psychoeducational.

(2 meetings).

Task: psychoeducation on the problem of mental disorders, motivation for further group work

Primary individual meeting
- building therapeutic contact

One-on-one inter-
view, semi-struc-

Analysis of medical records
Motivational interview

sions

chological support, its goals and potential benefits
- motivation to participate in group thematic ses-

! - identification of specific problems and targets Introducing the main princi- | tured interview
of work with the family ples of CBT
Introducing and involvement into medical-psy- | Psychoeducation General meeting
chological support system Active listening technique

2 - presentation of the system of medical and psy-

Module Il - Cognitive interventions.
Tasks: development of self-regulation skills, creation of conditions for activation of personal adaptive potential,
activation of communicative resources of personality, formation of communicative competence and effective

coping behavior.
(6 meetings).

Causes of mental disorders, myths about mental | Psychoeducation Thematic  group
illness, prognosis in mental disorders. STEB-analysis of family sit- | session
3 - identification and correction of false beliefs uations
about the nature of mental disorders Technique of diary of
- reducing self-stigmatization of the family thoughts.
Symptoms of mental disorders. The technique of distancing | Thematic  group
- information about depression and mania, infor- | Thought testing technique session
4 mation on manifestations of thinking disorders, de- | Behavior modeling tech-
lusions and hallucinations; nique
- strategies for effective response to unusual or
aggressive behavior in patient
Effective response to manifestations of mental | Technique for evaluating the | Thematic  group
disorders; signs of exacerbation and “safety net” | usefulness of worries session
5 actions in case of relapse.
- signs of disease recurrence
- strategies are developed for the behavior of the
FC in the acute situation
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Methods of treatment; recovery from mental | Techniques for dealing with | Thematic group
disorders; stigma and self-stigma in mental dis- | anxiety session
orders. Cogpnitive restructuring
6 - information about the principles of psychophar-
macotherapy in mental disorders
- understanding strategies of actions in the situation
of refusal of the patient from medical treatment
Social and legal aspects; choice of medical insti- | Psychoeducation Thematic  group
tution and problem of trust to the doctor Problem solving technique session
7 - discussing legal aspects Decision making technique
- information on organizations that provide various
forms of assistance in mental disorders (medical in-
stitutions, public organizations, social services)
Solving problems of daily life (organization of Communication skills train- | Thematic  group
leisure, rest, holidays; problems of employment | ing session
8 and finances) Decision making technique
- developing strategies for effective interaction | Mindfulness
with the person experiencing EMD Art therapy
- mastering communication skills

IIT module - behavioral activation.

Objectives: enhancing constructive behavioral coping strategies, increase of stability, determination of priority
life goals, activation of personality adaptation resources (4 meetings).

Stress management and psychological resilience | List of resource activities Thematic  group
- mastering skills of stress management Behavioral activation tech- | session
9 - discussing ways of relaxation and relieving nigue with a weekly activity
psycho-emotional stress schedule form
Mindfulness
Quality of life, values and goals for a family with | Group discussion Thematic  group
10- | a mentally sick family member Art therapy session
11 | - installation of hope Mindfulness
- awareness of values and goals of the family
Summarizing the group work Feedback Thematic  group
12 |- evaluation of the effectiveness of the program Psychological testing session
" | - discussion of results, planning further booster
group meetings

Primary individual meeting. With the consent of
FC to participate in group sessions, the leaders have an
initial one-on-one meeting with them. The objectives of
this meeting are:

a) identification of specific targets for work with
the family;

b) building a therapeutic alliance with the family.

Specific targets for work with the family are iden-
tified in a semi-structured interview format, which in-
cludes three blocks of questions.

First block allows the assessment of level of
awareness about mental disorders and reveals the rela-
tives' perceptions of mental disorders. These include
the following issues: knowledge of manifestations of
mental disorders; understanding causes of mental dis-
orders; prognosis of disease (short and long term);
knowledge of current approaches and methods of treat-
ment; knowledge of medical institutions, where psychi-
atric care is provided; previous experience of commu-
nication with people with mental disorders; sources of
information about the disease; perceptions, that are dif-
ferent from the medical model.

Second block is focused on assessing the impact
of mental disorder on the family system and includes
questions about the objective and subjective aspects of
family burden.

Third block of questions focuses on identifying
leading coping strategies and family resources in cop-
ing with family crisis. These include the question of
what coping strategies family has used before and
which uses now, how effective these coping strategies
are in the current situation, what are the strengths and
resources of the family.

Analysis of specific family problems, based on the
initial interview, is supplemented by the analysis of
medical records (medical history, outpatient card, re-
sults of additional examinations, psychologist's find-
ings, psychological testing, etc.), as well as the follow-
ing set of scales and questionnaires:

1. Experience of Caregiving Inventory (ECI) [1],
developed by G. Szmukler et al. to assess the level of
family burden;

2. Structured Interview Scale of Family Mem-
bers' Attitudes toward IlIness (psychiatric diagnosis) in
a Relative by V.A. Abramov, I.V. Zhigulina, T.L. Rya-
polova to study the subjective attitude of FC towards
patients with EMD;

3. "Analysis of Family Anxiety" questionnaire
(AFA) by E.G. Eidemiller and V. Yustitskis [6] to as-
sess family anxiety level and components;

4, PANSS scale for evaluation of dynamics of
psychopathological symptomatology of the patient;

5. Hamilton Depression Rating Scale (HDRS)
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for evaluation of psychopathological symptoms in af-
fective disorders.

At the same time, the initial conversation with FC
is aimed at building therapeutic alliance, motivating
family members to participate in group sessions. Often,
this meeting enables family members to talk about their
experiences and ideas about the illness for the first time.
Recognition and support of family strengths are the ba-
sis for developing partnership between professionals
and the family. However, there may be difficulties in
involving FC into group work. They are due to personal
characteristics and the type of family response to the
illness. Reactions, such as denial of the disease, lead to
the refusal to participate in group work due to underes-
timation of problems. In the hyperbolization reaction,
self-stigmatization, unwillingness to interact with other
relatives of patients complicate the inclusion of FC into
the group program. Some families need time to under-
stand the changes, that are happening and to embrace
the need to participate in groups. A number of factors
may be related to lack of knowledge about psychologi-
cal interventions, their value and goals. Relatives are
anxious to share their experiences with professionals
and other group members. Clarification of possible rea-
sons for failure, constructive discussion of goals and
methods of group work help FC to overcome the re-
sistance to participation in the program.

The main stage of family intervention in proposed
medical-psychological support system is implementa-
tion of thematic group sessions.

The style of conducting thematic group sessions is
directive, with active guidance of the leaders. At the
same time, it is important to maintain partnerships with
group members, and to use a person-centered approach
that considers the needs and expectations of partici-
pants.

Thus, the following guidelines should be fol-
lowed, when conducting thematic group sessions for
FC of patients with EMD:

1. providing information, corresponding to the
needs of the group.

2. information should be based on the type of fam-
ily response to the development of mental disorder;

3. separation of disorder manifestations and psy-
chological reactions of the individual;

4. structured leadership style of the group with ac-
tive guidance;

5. gradual transition from directive style to active
intragroup interaction;

6. prohibition of criticism and judgmental state-
ments;

7. encouraging participants to practice new coping
and communication skills;

9. stimulating relatives to expand social network;

10. motivation of FC to receive information and to
share experience after completion of group program.

The last stage of the system involves attending
booster groups for FC. Duration of booster group is up
to 1 year. Frequency of meetings is once a month. Du-
ration of session - 90 minutes.

Structure of the thematic group session. The-
matic group session includes traditional session stages
in group psychotherapy:

1. Introductory part:

a) discussing homework;

b) sharing current mood, achievements, worries
and expectations;

c¢) formulation of the topic and agenda of the ses-
sion;

d) formulating the needs of the participants within
the topic of the session.

2. Main part:

a) discussion of the topic of the session;

b) gaining new skills by practicing tecniques;

¢) summary of the session made by the leader

d) feedback from the participants of the group ses-
sion.

3. Home task.

Length of each part of the session may vary de-
pending on the needs of the participants and the topic
of the session.

The purpose of the introductory part of the session
is to identify the needs of the participants within the
topic. This allows to adjust the session to the needs and
experiences of each participant, to motivate them to
participate actively in group work. To do this, each par-
ticipant speaks a few words about what issues are most
important to him or her in today's topic.

The main part of the lesson is devoted to the topic
of the session and is a thematic interactive group dis-
cussion. The information delivery model consists of
several steps:

1. At the first stage, leaders invite the participants
to express their views on the topic of the session.

2. The members of the group express their own
views on the subject.

3. Leaders provide information, using techniques
of cognitive restructuring, helping to form alternative
thoughts on the problem in group members.

In addition, the main part of the session includes
practicing techniques of problem-oriented coping, be-
havioral training, stress-management and mindfulness.
One of the main strategies is correction of relatives' be-
havioral patterns in situations involving patient interac-
tion. This section examines existing family interactions
as well as the desirable behaviors, that family members
expect from each other. Based on the material obtained,
correction of ineffective interactions is performed
through techniques of cognitive restructuring and be-
havioral experiments. At the end of the session, partic-
ipants are given home task to consolidate new skills.

Developing problem-solving skills is necessary to
provide families with a structured approach to dealing
with the issues of daily interaction with the patient. It
involves several stages: formulating the problem, di-
viding the problem into smaller ones, identifying spe-
cific tasks, finding different ways to accomplish these
tasks by a group in a “brainstorm” format.

One of the peculiarities of family interventions is
work with coping behavior of FC. It involves investi-
gating the coping strategies that FC use most often in
stressful situations, to the extent that they are construc-
tive and effective in this situation. The following dis-
cussion focuses on alternative ways of coping with the
expansion of coping strategies.

Thematic plan of interactive group sessions.
The program includes the following thematic sessions:

1. causes of mental disorders, myths about men-
tal illness, prognosis in mental disorders;
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2. manifestations of mental disorders, consider-
ing how the patient is subjectively experiencing symp-
toms of mental disorder;

3. effective response to manifestations of mental
disorders; signs of exacerbation and “safety net” ac-
tions in case of worsening of the patient;

4. methods of treatment; recovery from mental
disorders; stigma and self-stigma in mental disorders;

5. social and legal aspects; choice of medical in-
stitution and problem of trust to the doctor;

6. solving problems of daily life (organization of
leisure, rest, holidays; problems of employment and fi-
nances);

7. stress management and psychological resili-
ence;

8. quality of life, values and goals for a family
with a mentally sick family member.

In essence, each session is a logical continuation
of the previous one. The sequence of presentation of the
material varies depending on the needs of the group
members. The material under study is supported by vis-
ual presentation. To do this, notes on the board or
slides, handouts, self-help books, guides for FC patients
with mental disorders, videos are widely used.

During all sessions, the leaders stimulate develop-
ment of constructive patterns of behavior and commu-
nication inside and outside the group. To do this, they
use home tasks, that involve performing collabora-
tively, meeting participants, communicating on the
phone or the Internet. Thus, group members should see
the possibility of support, including emotional or infor-
mational, from other FC of patients with mental disor-
ders. It will reduce the feeling of isolation, helplessness
and, at the same time, this kind of communication can
further form the basis for mutual support groups or par-
ent associations.

As a result of the program, FC should receive the
following insights:

1. The patient's family is not impotent, it is able to
help the patient to recognize exacerbation in the early
stages, thus reduce the risk of re-hospitalization and
other negative effects of exacerbation.

2. Effective treatment and rehabilitation of the pa-
tient requires active collaboration of the family and
mental health professionals.

3. Mental disorders have a clear and demonstrable
biological component. Family members are not the
blame of relatives being ill.

4, Typical symptoms in mental disorders are
known, described, can be recognized and successfully
treated.

5. Processes, that occur in the patient's family are
caused by the disease, not the other way around.

6. The disease often leads to social isolation not
only of the patient, but of the family as a whole, which
complicates the process of re-socialization of the pa-
tient.

7. In the situation of occurrence and detection of
mental disorder, stress is experienced not only by the
patient, but by the whole family.

8. Stress can be managed by using effective and
adaptive coping strategies, enhancing psychological re-
silience and internal resources of family members.

9. Emotional state of family is reflected in patient's
recovery process; whereby family members should be
attentive to their needs and actively use existing forms

of care (including medical and psychotherapy) to sup-
port their own adaptive resources and to provide psy-
chological resistance in the presence of a patient with
EMD in the family.

The effectiveness of proposed system of medical-
psychological support for families of patients with
EMD lies within the increase of family awareness of
various aspects of mental disorders; reducing family
burden, family members' denial, hyper-involvement
and dominance; empowering families to adapt to fam-
ily crisis situation; reducing the incidence of exacerba-
tions; maintaining compliance; restoring social func-
tioning and quality of life for the patient and the family.
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B3AWMMOCBSI3b ®YHKIIAW IIIATOBUIHOM KEJE3bI 1 PA3BBUTUEM AHJIPOTEHHOI'O
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Abstract

Resume. Background. The results of modern researches specify on the role of thyroid hormones, metabolic
disbalance, psychical stress, participating in maintenance of general and hormonal homoeostasis. At the same time
interrelation between thyroid and sexual hormones in men with hypothyroidism remains the article of discussions.
Research aim — to study frequency of clinical and laboratory signs of androgenic deficiency, as well as influence
of insufficient level of thyroid hormones on an androgenic function in men with primary hypothyroidism. Material
and methods. Under a supervision there were 55 men with primary hypothyroidism aged from 36 to 60 years, and
also 25 practically healthy men. Results. In patients with hypothyroidism was significant decreased concentration
of sex steroid-binding globulin(SSBG), total testosterone, and also free and bioaccessible testosterone, in relation
to healthy men. In patients with hypothyroidism the serum concentration of free thyroxine positively correlates
with SSBG. Negative correlations of middle degree of expressiveness are educed between SSBG and free and
bioaccessible testosterone. Conclusions. For the men of middle age with hypothyroidism determination of andro-
gens content is recommended for the exposure of syndrome of androgenic deficiency.

AHHOTALMA

PeSy.l'[BTaTBI COBPEMCHHBIX I/ICCJ'IG,HOBaHI/Iﬁ YKa3bIBAKOT Ha POJIb TUPCOUJIHBIX TOPMOHOB, METa00INYECKOTO
I[I/IC6aJ'Icha, INCUXHUYECKOI'0 CTpECCa, Y4aCTBYIOIIUX B MIOAACPIKAHNHU 06H161“0 U rOpMOHAJIBHOI'O romMeocTasa op-
raHu3My.Y TO e BpeMs B3aUMOJEHCTBUE TPYAHBIX U TIOJOBBIX TOPMOHOB MPH THIIOTHPEO3€ Y MY>KUYUH OCTACTCA
MpeaMETOM TUCKyccHid. Llenms rceaenoBanns - H3y4YUTh YaCTOTY KIMHUYECKUX U JTa0OPATOPHBIX MPU3HAKOB aH/-
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POreHHOTro JeduIKTa, a TAKKE BIUSHNAE HEJOCTATOYHOI'O YPOBHS TUPEOUIHBIX TOPMOHOB Ha aHJPOTCHHBIIO (Y-
HKIIMIO Y MY>KYUH C TUTIOTHPeo30M. Matepuran u metoasl. [1oa HabmoaeHneM HaXoIuIoCh 55 My>KUWH C TIEPBH-
YHBIM TUIIOTHPEO30M B Bo3pacte oT 36 mo 60 neT, a Takke 25 NpakTUYeCKu 30POBBIX MY>K4YUH. PesynbpTatu.y
0OJIBHBIX THIOTHPEO30M HAOJIFOAIOCH JOCTOBEPHOE CHIDKCHHE COACPIKaHUsI TNIOOYJIHHA, CBSI3BIBAIOIICTO IO-
noBsle Topmonsl (I'CIIITY), 061ero TecTocTEpoHa, a TaKKe CBOOOIHOTO M OMOAOCTYITHOTO TECTOCTEPOHA 110 OTHO-
IICHUIO K 3JJOPOBBIM MYXYHUHAM. ¥ OOJBHBIX THIIOTHPEO30M CHIBOPOTOYHAS KOHIICHTPALUS CBOOOIHOTO THPOK-
cuHa nonoxurenbHo koppenupyet ¢ ['CIIT. BrIsBieHbI HeraTUBHBIE KOPPEISAIIUN CPETHEH CTETICHU BBIPAKEHHO-
ctu Mexxny I'CIII" u cBOOOHBIM M OMOIOCTYITHBIM TECTOCTEPOHOM. BBIBOMBI. Y MY»KYMH CPEIHETO BO3pacTa
TUIIOTHPEO30M PEKOMEHYeTCs OIIpeIeIICHIE COACPKAaHMs aHPOTEHOB B KPOBH ISl BBISIBIICHUSI CHHAPOMA aH/-

POTEHHOTO NeHIIHTA.

Keywords: hypothyroidism, androgen deficiency, testosterone, sex hormone-binding globulin.
Kiio4eBble ¢JI0Ba: THUITOTHPEO3, AaHAPOTEHHBIN JeQHUINT, TECTOCTEPOH, TI00YIINH, CBA3BIBAIOIINIA TOJIOBBIE

TOPMOHBI

BBenenune

3aboneBanus mwuToBUIHOM Kene3sl (LK) 3anu-
MAIOT OJIHO M3 BEIYIIUX MECT B CTPYKTYPE BCEX CHIO-
kpuHonaruii [1, 2]. 3a mocnenHue roabl oTMEYaeTcs
pocT 3a0071eBaEMOCTH THPEOUAHYIO ITATOJIOTHIO, B TOM
qucie y My»X49rH [3]. AKTHBHBIN CKPUHHWHT TaTOJIOTHH
MIUTOBUIHOM JKeJIe3bl B PETHOHAX HOMHOTO JeUITa
W PaInOAKTUBHOTO 3arpsi3HEHHS, BHEIPEHUE YIBTPa3-
BYKOBOTO METOJIa MCCIIEAOBAHS 1 IyHKIIOHHOH 01O~
TICHH, JTa0OPaTOPHO-TOPMOHAJIBHEIE NaHHBIE CYIIECT-
BC€HHO YBCJIMYMWJIA BbISABJICHUA 9TOM MAaTOJIOTHH. XO-
pOIIO WM3BECTHO, YTO METAa0OIMYECKHE CIBHUTH,
KOTOPBIC BO3HHKAIOT IMPU HEJOCTATOYHOM COJCpIKa-
HUM TUPEOUIHBIX TOPMOHOB B OpPTraHU3MeE, TIPUBOJIAT K
U3MEHCHHSIM MOP(}OIIOTHYECKOr0 U (YyHKIIMOHATLHOTO
COCTOSIHUSI MHOTHX OPTaHOB M CHCTEM, B TOM YHCIIC U
B I0JIOBOM cucteme [4, 5].

[IpencraBureny pa3aMIHBIX MEAUIUHCKHUX CIIe-
IHATBHOCTEH MPOSIBISIIOT OOJIBIIION WHTEpEC K HU3yde-
HUIO BO3PAcTHOTO AcHIINTa aHIPOTEHOB Y MYXKYHH.
CortacHO OTIpeACNICHUIO, CHHIPOM Je(DHUIINTA TECTOC-
TEPOHAa- CBS3aH C YBEJIUUCHHEM BO3pPAcTa MY)KYUH CH-
HIPOM, HpOHBHHmmHﬁCﬂ KIMHUYECKUMU CUMIITOMaMU
U OMOXMMHYECKMMH TPU3HAKAMH CHWKEHHS YPOBHS
TECTOCTEpOHa HIXKE pedepeHTHBIX 3HayeHuil [6]
JM3BecTHO, uTO Mocine 30-neTHero Bo3pacTa y My KUUH
HabromaeTcs nocrenenyoe (mpumepHo Ha 1-3% B rop)
CHIDKEHHE YPOBHEH 0OIIEero W CBOOOIHOTO TECTOCTE-
POHYB KPOBH C TIOBBIIIICHHEM BEPOSTHOCTH TOSBIICHUS
KIMHAYCCKIX TIPU3HAKOB AaHIPOTECHHOTO IeUINTA
[71.

CpoK# pa3BUTHSI ¥ BBIPAKEHHOCTH CHMIITOMOB 3a-
BUCST OT HHINBUAYAIBEHBIX 0COOCHHOCTEH CEeKpeui 1
MeTabonmu3ma TectoctepoHna [8]. OgHOBpeMEHHO ¢ po-
CTOM YaCTOThI THIOTHUPEO3a Y MYKYMH HAOIIOAaeTCs
MIPOTPECCUBHBIN POCT 3a00JICBAEMOCTH CEPIEYHO-CO-
CYJUCTYIO TTATOJIOTHIO, & OJTHUM U3 O0IIHMX MaTO(hU3NO-
JIOTHYCCKUX MEXaHU3MOB BBICTYHACT JACHUIUT MYXK-
CKHX TIOJIOBEIX TOPMOHOB (AQHAPOTCHHBIA Je(UINT),
KOTOPBII IPETCHAYET Ha PO HOBOTO BaJKHOTO KOMIIO-
HEHTa MeTabOJINIECKOT0 CHHAPOMA Y MYK4YHH [9].

[Tatorenes cekcyallbHBIX PacCTPOMCTB, OCHOB-
HYIO POJIb B KOTOPBIX UTPAIOT aHAPOTEHHBIE TUCYHK-
UH y MYXYMH, CTPAAONNX THUIOTHPEO30M, Upe3-
BBIYAMHO CJIO)KEH U HE IOJIHOCTHIO BBISICHEH. Pe3yib-
TaThl COBPEMEHHBIX HCCIEIOBAaHUN YKa3bIBAaIOT Ha
POJIb THPEOMIHBIX TOPMOHOB, METa0OIUIECKOTO TUC-

OarnaHca, ICUXMYECKOT0 CTPECCa, YIaCTBYIOIIHX B TO/I-
JIepKaHUK OOIIEro ¥ TOPMOHAIBFHOTO TOMEOCTasa op-
ranu3Ma. JlaHHBIC TIUTEpaTypPhl, OCBAIICHHBIC H3yYe-
HUIO MTATOTEHE3a MOJIOBBIX PACCTPONCTB, HEPEAKO TIPO-
TUBOPEYMBBIC, a  OTCYTCTBHE  OOIICIPUHITOTO
MOJIX0/1a, KOMIUIEKCHOTO OOCIIEA0BaHUS HE JaeT YeT-
KOTO TPEICTABICHHUS O XapakTepe HapyIIeHUS I10-
JIOBBIX TOPMOHOB, B TOM YHCJI€ BO B3aUMOCBSI3H C TH-
PEOMIHBIMA TOpMOHAMHU. V3ydeHue 3THX BOIPOCOB
TTO3BOJIMT BRIpa00TaTh T HEepeHIMPOBAHHBIN TOIXO0T
K MPO(HIAKTHUKE 1 JICUSHHUIO TIOJIOBBIX HAPYIICHUH PU
TUIIOTUPEO3€E Y MY>KUHH.

Iens uccnenoBanus - U3y4UTh YaCTOTY KJIMHUYE-
CKHX M JIA0OPaTOPHBIX NMPHU3HAKOB aHJPOTCHHOTO Je-
¢unmTa, a TaKKe BIUSHUE HEOCTATOYHOTO YPOBHSI TH-
PEOUIHBIX TOPMOHOB HA AHAPOTCHHBIM (YHKIHIO Y
MY>KYHH C THIIOTHPEO30M.

Martepuajbl H METOIbI

HccnenoBanue MpoOBOAUIOCH B 9HJAOKPUHOIOTH-
YECKOM OTJCICHUH YHHUBEPCUTETCKON OOJBHUIIBI.
Tepromnons. [Tox HaOMIOAEHIEM HAXOAMIOCH 55 MYyX-
YHH ¢ IEPBUYHBIM THIIOTHPEO30M B BO3pacTe oT 36 10
60 net, a Takxke 25 MPaKTHYECKH 3I0POBBIX MYKYHMH,
KOTOpbIe c(hOPMUPOBATIM KOHTPOJIBbHYIO rpymmy. [ua-
THO3 TUIIOTUPE03a OCHOBBIBAJICS HAa XapPaKTCPHBIX KITH-
HUYECKUX CUMIITOMAX W PE3yJbTaTax rOPMOHAIBLHOTO
uccnenoBanus. [lanmeHTs! MoTydanu 3aMeCTUTENBHYIO
TEPaIUIO TperapaTaMu JCBOTHPOKCHHA B WHIUBUIY-
aJBHO MOOOPAaHHBIX JT03aX.

Jis XapaKTepUCTHKH aHIAPOTECHHOTO CTaTyca y
MAIMEHTOB OIIEHUBAIN COEPKAHNE B KPOBU UMMYHO-
(hepMEHTHBIM METOZIOM THPEOTPOITHOTO TOpMOHa (pe-
¢depentnbrit uaTepsan 0,3-4,0 MME / M), obmiero te-
CTOCTepOHa (HOpMAaTHBHBIC BeIWYHMHBI - Oojee 12,0
HMOJIB / JT), @ TaKXKe ITI00YInHa, H ""CBA3bIBAET MOJIOBBIE
ropmonbl (I'CIII, HOpmaruBHBIE BenmuuHbl 13-71
HMOJB / 11). JI71st 9TOr0 MCHONIb30BaIn HAOOPHI I UM-
MyHO(GepMeHTHOr0 aHanu3a (upmbl «Bekrtop-bect»
(Poccmiickas ®enepanus). HccnenoBanue mpoBOaU-
JIOCH C MOMOIIBI0 WMMYHOJIOTHYECKOTO aHaIH3aTopa
Multiskan FC.

KoHuenTpamuto Tecroctepona ke 8,0 HMOJIb /
J paclEHHMBAIM KaK MPU3HAK TOTAIBHOTO THIIOTO-
Haau3Ma, 8,0-12,0 HMOJIb / JT - KaK MPU3HAK YaCTHYHOM
aHJIPOT€HHOW HEOCTATOYHOCTH COTJIACHO PEKOMEH/Ia-
musiM, ISSAM [10]. TecrocrepoH LUPKYIUpYeET B
KpoBH B (hopMe TpeX OCHOBHBIX (DPaKI[Hii: CBOOOIHBIN
tectocTepoH (BT) (2-3%), cBsi3aHHBII ¢ anbOyMUHOM
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(20-40%), cumbrO cBsizan ¢ I'CIIT (60-80%) [11]. Te-
CTOCTEPOH CBOOOJHBIM M CBSI3aHHBIN C ATbOYMHHOM
NPUHAJIEKAT K OMOJIOTHYECKUM aKTUBHBIX U (hopMHu-
pytor 6uonoctynusiii Tectoctepon (bBH). Omnpenene-
HHE CBOOOIHOTO TECTOCTEPOHA IIPOBOJIMIIN PAaCYETHBIM
METOIOM C HCIIOJIb30BAaHHEM CIICIIUATEHOTO KATbKYJIS-
TOpa Ha caifte MexayHapoaHOTro 00IIecTBa M0 U3yde-
HUIO Tpo0JeM MYXKYHMH MOXHIOro Bo3pacta ISSAM
(www.issam.ch; HOpMaTHBHEIC BEIMYMHEI - OoJyee
0,250 amous / 11).

Bcem 00cie1oBaHHBIM TPOBOIMIN OOIIEKITNHH-
4yeckuil 0030p C M3MEpEeHHEM AHTPOIOMETPUUECKUX
nokKasaTesell U OmpejelieHHeM HHIEKCa MacChl Tela
(UMT). CocrosiHue KOMIEHCAIIUHN THIIOTHPEO3a yCTa-
HaBJIMBAJIM 110 pPe3yJibTaTraM OOILEero ocMOTpa C Bpa-
YaMU-9HJOKPHHOJIOTaMH.

Kputepun uckitoueHUsT OONBHBIX U3 HCCIIEA0Ba-
HUS: HAJIMYHE COMYTCTBYIOIMUX HH()EKIIMOHHBIX U OH-
KOJIOTHYECKUX 3a00JeBaHMH Ha MOMEHT 00cIienoBa-
HUSI, HATTMYKME BPOXK/ICHHBIX 3a00JICBAHUIA, COMTPOBOXK-
JIAFOIIMXCS TUIIOTOHAN3MOM; IPUEM HHTUOUTOPOB S5-
anb(ha-peyKTa3bl U MPernapaToB TECTOCTEPOHA 3a IM0-
ciieaHne 6 MecCsIIEB.

CrarucTuieckyro o0paboTKy pe3yabTaToB IPOBO-
TN C MCTIOB30BaHUEM IIPOTpaMMEI «Statisticay v.7.0

(StatSoft, CIIIA). BennuuHbI HCCIETOBaHHBIX MTOKA3a-
Tesiell peCcTaBIeHbl B BUE CPEIHUX BEIMYMH U UX
cranaaptHoi ommOku (M £ m). J{ns cpaBHUTENBEHOTO
aHaJIM3a KOJHMYECTBEHHBIX 3HAYCHUH MPU3HAKOB HC-
M0JIb30BANIM KpUTepuil MaHHa-YUTHU, TPU CPaBHEHUU
YAaCTOTHBIX XapaKTEPUCTHK NPHUMEHSUTH KPUTEPUH ¥2
WK TOYHBIN kpuTepuil @umepa. Mexrpynmnossle pas-
JIMYMSI CYUTANIU JOCTOBEpHBIMU 1ipH p <0,05.

PesyabTaThbl

[IpoBenena KIMHUYECKAst 1 TOPMOHATIBHAS XapaK-
TEPUCTHKA MAIMEHTOB C TUITOTUPEO30M IO CPAaBHEHHIO
CO 370pOBBIMU My kuuHaMHU. [Ipu uccnenoBanum cozae-
pKaHHUS THPEOMIHBIX T'OPMOHOB BBISIBICHO IOBBIIIE-
Hue koHueHTpauuu TTI' B rpymnmne My»X4uH ¢ TUIIOTH-
pPEO30M NpU CHWXEHHU THPEOUIHBIX TOPMOHOB, UTO
COOTBETCTBYET TOPMOHAJIBHON XapaKTepUCTHKE 3THX
3a0oneBannii. HOCHTEIECTBO aHTUTEN K TUPEOHUTHON
NIepOKCcHIa3e TaKkke ObLIo OosIee BEIPaXKeHHBIM y 00JIb-
HBIX MYXYUH IO CPaBHEHHUIO CO 370POBBIMU MY>KUH-
HaMH.

CpaBHUTENbHAs XapaKTEPUCTHKA COAEPKaHUS
MIOJIOBBIX TOPMOHOB B KPOBH Y JIMII 0OCIIETOBAaHHBIX
TPYIII IIPEACTaBICHA B TaOJIHIIE.

Tab6numa
CpaBHHTEIbHASI XAPAKTEPHUCTHKA COMEPIKAHNUS MOJOBBIX TOPMOHOB B KPOBH Y JIMIX
00cJIeJOBAHHBIX TPYIII
[TapameTpsl IpynIbel 00Ciea0BaHHbBIX P
T'unotupeos (n=55) KouTtponsras (n=20)
OOl TECTOCTEPOH, HMOJIB/TT 11,64 [9,6;15,9] 23,17 [19,3;31,5] <0,001
CBOOOTHBIN TECTOCTEPOH, IIMOJIB/JT 20,6[17,2;24,1] 44,9 [37,5;48,3] <0,001
Broa0CTyHBINH TECTOCTEPOH, HMOJIB/JT 6,8 [5,6;8,0] 13,4 [12,4;15,1] <0,001
I'CIII", uMoIIL/1 37,3 [31,4;49,3] 48,6 [42,4,62,1] <0,05

Y GOJBHBIX TMIIOTUPEO30M HAOJIOAAIOCH J0CTO-
BepHOe cHmkeHue coaepxkanus ['CIITT, obmero Tecto-
CTEpPOHA, a TaKke CBOOOJHOrO M OMOMOCTYITHOTO Te-
CTOCTEPOHA 0 OTHOIIECHUIO K 3I0POBBIM MYXYHHAM.
Konnenrpanus I'CIII" 6pu1a HOHMKEHHON Y MYKUYUH C
THUIIOTHPEO30M II0 CPaBHEHHUIO C KOHTPOJIBHOHN TpyT-
oM.

[Tpu oreHKe copepKaHUs JIUIHUIOB Y MAIIIEHTOB
00cCeJ0BaHHBIX TPYIII BBISIBIEHO JOCTOBEPHOE ITOBBI-
IEHHE YPOBHSI OOILETO XOJIECTEpPUHA B KPOBU MY>KUYNH
C TUMOTHUPEO30M IO OTHOIIEHUIO K MY>KYMHAM KOH-
TposbHO# rpynmsl (p = 0,008) 1 noBbIIEHUE CoIEpkKa-
HUS XOJIEeCTepUHa JIMIONPOTEMHOB HU3KOM MIIOTHOCTH
(XC JIIHIT) y nanueHToB ¢ runotupeo3om (p = 0,
0032) mo oTHOMICHHU!O K 3T0POBBIM. [Ipr 3TOM X0IIECTE-
pUHA JHIONPOTEHHOB BBICOKOW moTHOcTH (XC
JITIBIT) ObLT JOCTOBEPHO CHIDKEH Y ITAIUCHTOB C THITO-
tupeo3oM (p = 0,003) Mo OTHOIICHUIO K MY)KUYHHAM
KOHTPOJIbHOM T'PYTIIIHI.

[TyTeM KOppeAIMOHHOT O aHAII3a HAMU H3y4eHa
B3aMMOCBSI3b COJCPKAHUS THUPEOHIHBIX M TOJOBBIX
TOPMOHOB Y MY>X4HH C THIIOTHpPEo30M. B rpymme 310-
POBBIX JIMII BBHISBIE€HA HE3HAYUTEIHHOE KOJIUYECTBO
B3aUMOCBSI3€i TPYAHBIX U IIOJIOBBIX F'OPMOHOB. Tak,
YCTaHOBJIEHBI TOJOXKUTENbHBIE KOPPEISAUH CpeaHen
CIITBI MeX Ty cBOOOTHBIM THpOKcHHOM U ['CIIT.

VY GOJBHBIX THIOTHPEO30M CHIBOPOTOYHAS KOH-
HEHTpalus CBOOOJHOTO THPOKCHHA IOJIOKHUTEIHHO

koppenupyet ¢ I'CIII". BeisgBieHs! HeraTHUBHBIE KOppe-
JISILMU CpeHeN cTeneHu BeipaxkeHHOCTH Mexay I'CIIT
U CBOOOIHBIM M OMOJOCTYIHEIM TecTocTepoHoM. Kak
BHJMIM, BO BCEX IpymIax, 00CIeIOBaHHBIX COJEpXkKa-
HHUE CBOOOTHOTO THPOKCHHA TIOJOKHUTEIIEHO KOPPEIH-
pyer ¢ I'CIIT".

B rpynme OOXBHBIX THIIOTHPEO30M COACpIKaHUE
0011ero TecTocTepoHa HUXkKe pedepeHCHBIX 3HAYCHHM
6611 0OHapyxeH y 32 (58,2%) myxuun. Cpeau 310po-
BbIX MYXXYUH CHUKCHUC COACPIKAHUA TCCTOCTEPOHA HE
O0TMEYaJIOCh. Y MAaIMCHTOB C THIIOTHPEO30M IIPH CHH-
YKCHHUHU YPOBHS TECTOCTEPOHA HAOJIIOJAITUCH PA3JINIHS,
XapaKTePHBIC ISl LIEJIOH IPYIIIbL, @ TAKXKE OBLIH OTpe-
JIeJICHHBIC 0COOCHHOCTH BHYTPH IpyMIibl. [103TOMY MBI
pacTpeieiiIN MalUeHTOB ¢ KIIMHUYECKOW U TOPMO-
HAIBHOW XapaKTePHCTUKOW Ha JBE MOATPYIIBL: C
YPOBHEM TECTOCTEPOHA B Ipefieiax peepeHCHBIX 3Ha-
YeHHH W yPOBHEM TECTOCTEPOHA HIDKE HOPMBI, M CPaB-
HUJIM X MEXTy COO0H M KOHTPOJILHOM TPYIITION.

ITo pe3ynbraTam nccne0BaHus ypPOBHS IOJIOBBIX
TOPMOHOB Y OOJBHBIX THIIOTHPEO30M B MOATPYIIIE C
MTOHMKCHHBIM YPOBHEM TECTOCTEPOHA BBIIBICHO [0O-
CTOBEPHOE CHIDKEHHE KOHIEHTpaIuu obiero (p =
0,002), coboauoro (p = 0,0001), buomoctymuoro (p =
0,0001) TecTocTepoHa ¥ CTATUCTUYECKU 3HAYMMOE T10-
Beiienne conepkanus ['CIIT (p = 0,02). ITo anTpoIo-
METPUYECKUM JAHHBIM Pa3IH4YUil B OATPYIIIAaX CPaB-
HEHUSI HE BBISBJICHO.
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Oo0cy:xxaenne

T'unmoTupeos - OJHO M3 CaMbIX YacTHIX 3a00JieBa-
HUH IIUTOBHIHOM >KeJIE3bl: PacIpOCTPaHEHHOCTD, IO
MaHHBIM Pa3INYHBIX HCCIEI0BaHui, cocTaBiseT ot 0,2
110 2%. Exxeronnas 3a0071€Ba€MOCTh IIEPBUYHBINA THITO-
THpeo3 pocturaeT 3,5 Ha 1 Teic. XKenmua u 0,6 - Ha 1
TBIC. MYy>XunH. B Bo3pacTHOM monyisiiuu crapiie 60
JIET TUTIIOTUPEO3 BUABISAIOTBY 6-12% ciydaes, yarie y
skennuH [12, 13].

Pe3ynbTaThl uccienoBaHus aHAPOreHHOH (QyHK-
LMY MY>KYHUH C THIIOTUPEO30M HO3BOJISIOT PACIINPHUTE
CYIIECTBYIOLIUE MPEACTABICHNS O B3aUMOCBS3H THPE-
OUJIHBIX U IOJIOBBIX TOPMOHOB. B0O3MOKHO, 94TO COCTO-
sIHAE THIIOTHPEO3a CIocOoOCTBOBaNI 00JiIee pPaHHEMY
MIPOSIBJICHUIO AHAPOIreHHOro aeduIuTa y Ipeapac-
MTOJIOXKCHHBIX K HEMY MY»4HMH. OJIHAKO CpeAHHUI BO3-
pAacCT MaIMEHTOB, IPUHABIIMX YYaCTHE B HAIIIEM MCCJIC-
JIOBaHHH, cocTaBisI 42-43 roma, a COCTOSSHUE aHIPO-
May3H, 10 MHEHHIO CIIEL[HAIMCTOB B 00JIaCTH U3YUEHUS
AH/IPOTCHHOTO JeGHINTa, OTMEYACTCS Y MYXYHH CO
cpenHuM BozpactoM 60 et [14].

Hapymenune GyHKIIUN IMUTOBUIHON JKEIE3BI MO-
5KHO PaccMaTPHUBATh Kak (HakTop, BIUMIOIIMI Ha aHJ-
POTreHHBIM (QDYHKIIUIO TOHA Y MY>K4uuH. [1o JaHHEIM pe-
3yIbTATOB HcclenoBaTenaeid [15], komOuHMpoBaHHAs
Tepamnus Y MY>K4YMH C HapyIIEHUIMU (DYHKIUH IIIUTO-
BUIHOH KeJe3bl U aHAPOTr€HHBIM Ae(UIIUTOM I103BO-
JITFOT PEKOMEHI0OBATH €€ C IE/IbI0 BOCCTAHOBJIEHUS (Y-
HKIMYM I[IATOBUIHOM JKee3bl U aHAPOTreHHON (yHK-
mud.  JIOMHMHHpYIOIIMM  OCTaeTCcsd  MpHMEHEHHUE
MpenapaToB TECTOCTEPOHA C MOMEHTAa JUATHOCTHKHU
aHJIPOreHHOro Ae(hUIUTa, KOTJa Ha3HAYCHUE TAKOH Te-
panuu Haubosee sdbdektuBHOE [16].

Takum 00pa3oM, HaIllA Pe3yJIbTAThl IOKA3EIBAIOT,
YTO aHAPOreHHAs (DYHKIHSI TOHAT y MYXXUHH CHIIKAc-
TCS IIPY HAJTMYUU THIIOTHPEO03a.

IlepcnekTuBol HadbHEHUIIMX HCCICIOBAHUNA MO-
JKHO CUMTATh U3ydcHHE Y(PPEKTHUBHOCTH MpEnapaToB
TECTOCTEPOHA B JICUCHUH TAKUX OOJIBHBIX.

BrIiBOABI

1. ¥V My>X4HH ¢ THIOTHPEO30M HaOJIIOIaI0TCs pa-
3714 B COJEPKAaHUHU ITOJOBBIX TOPMOHOB B KPOBH 110
CPaBHEHHMIO CO 3I0POBBIMHM MYXKYHMHAMHU. Y OOJIBHBIX
THIIOTUPEO30M YCTAHOBJICHO JOCTOBEPHOE CHHIKCHHE
comepxxanust ['CIIIT, oOmiero TecTocTepoHa, a TaKKE
CBOOOJTHOT'O ¥ OMOJIOCTYITHOT'O TECTOCTEPOHA IO OTHO-
HICHUIO K 3/TOPOBBIX MYKUKH.

2.V My>XKYHH ¢ HOPMaJILHOM U MOHUXKEHHOHN QyH-
KIIMEH IMTOBHIHOM >Kele3bl YCTAHOBJIEHBI OOIME
OTJINYUTEIIbHBIE B3aHMOCBSI3H IOJIOBEIX U TUPCOUTHBIX
ropmMoHoB. OrmpeneneHbl MOJ0XKHUTEIbHBIE B3aMMOC-
Bs1i3U cBOoOoaHOro tupoxcuna ¢ I'CIIT, He3aBuCHMBIE
OT (PYHKIUU IMUTOBUIHOMN Kelie3bl. Y OONBHBIX THIIO-
TUPEO30M OMNPEIEISUTUCH JOCTOBEPHBIE OTPHIIATEIh-
Hele B3anMocBs3u I CIII™ ¢ TectocTepoHOM.

3. V MyX4uH CpeJHEro Bo3pacTa C TMIIOTHPEO-
30M PEKOMEHIYETCS OIPeIeIICHUE COIePKaHUs aHIPO-
T'€HOB B KPOBU JIs1 BBISIBJIICHUS cmmpoma aanoreH-
HOro JedHIuTa.

KoH}aukT nHTEPECOB OTCYTCTBYET.
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Abstract

To understand the structure and morphology of the Puumala hantavirus (PUUV), the Hantaviridae family,
using electron microscopy, observed a population of the Puumala virus virions present in the infected VVero E6 cell
culture. The resulting images showed a wide range of size and morphology of the Puumala virus. The size of the
observed particles is from 105 to 185 nm, the average is 146.5 nm. Virions are mainly represented in a spherical
shape, however, particles of an elongated ellipsoidal form were also observed.

AHHOTAUMSA

Jlnist moHuMaHus CTPYKTYPHI ¥ Mopdooruu xantasupyca [lyymana (Puumala,), cemeiicteo Hantaviridae, ¢
IIOMOIIIBIO BHGKTpOHHOﬁ MHKPOCKOIINH Ha6m0)1ann IOoMmyJIsINUKO BUPHUOHOB BHUPYyCa HYYMaJIa, MNPUCYTCTBYIOIIUX
B 3apaKCHHOM KIIeTouHOH KynbType Vero E6. [lonydeHHbIe M300pakeHUs TOKA3aIH IIUPOKUH CIIEKTpP pa3Mepa u
Mopdonoruu Bupyca [lyymana. Pazmep Habmogaemsrx gactur ot 105 1o 185 HM, cpennuii mokaszarens — 146,5
HM. B OCHOBHOM BHPHOHBI IPE/ICTABICHBI B Mapo0Opa3HON popMe, OTHAKO HAOIFOJATUCh TAKXKE YaCTHIIBI BBITSI-
HYTOTO 3JIHATICO00PA3HOTO BHIA.

Keywords: Puumala; Hantaviridae; electron microscopy (EM); Old World hantaviruses
Kawuesnie cioBa: Bupyc [lyymana; Hantaviridae; anekrporHas mukpockonus (OM); xantaBupycel Cra-
poro ceera

XanTaBupychl, pon Orthohantavirus, cemeiicTo
Hantaviridae, orpsg Bunyavirales mmpoko pacmopo-
CTpaHEHbl B NPHUPOJE M ObUIM OOHApYyXXEHBI Ha BCEX
KOHTUHEHTax, kKpoMe ABcTpanuu u AHTapkruisl. Ho-
CUTEIISIMH XaHTaBUPYCOB SBISIOTCS TPHI3YHBI, JICTY4HE
MBIIIeH, 3eMiiepoikn 1 KpoThl [1]. HekoTopbie BHIBI
XaHTaBUPYCOB, TIEPEHOCHMEIE TPBI3YHAMH, BEI3BIBAIOT
TSDKEIbIe 3a00JI€BaHUS y IOACH. XaHTaBUPYCHI, DHIE-

MuyHble B EBpasun otHocATcs k xaHtaBupycam Cra-
pOTo CBETa M BKJIIOYAIOT MATOTeHbI, BHI3BIBAIOIIIUE Te-
MOPParuyecKyo JIMXOPaAKy € MOYEUHbIM CHHAPOMOM
(I'JITIC), Torma Kak XaHTaBHPYCHI, YHICMHYHBIC IS
CesepHoit 1 FOxHOIT AMEpHKU, HA3BIBAIOTCS XaHTABU-
pycamu HoBoro cBeTa W BKITIOYAeT MAaTOTEHBI, OTBET-
CTBEHHBIC 33 XaHTaBUPYCHBIH JIETOYHBI CHHAPOM
(XJIC). CmeptrOCTS OT cirygaeB I'JITIC u XJIC coctas-
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nsiet ot 10 1o 40%, mprraem Bupycel CTaporo cBera Me-
Hee jeTtanbHel. OTHAKO, HET HU BAaKIMH, HUA MTPOTHBO-
BUPYCHBIX TPENapaToB JUisl JEYSHUS WM Npoduiak-
tuku [JITIC u XJIC. ECTh C10XKHOCTH U B KYJIBTHBHPO-
BaHUM XaHTABUPYCOB BUPYCOB (OYCHb HU3KUU BBIXOJ]
BUPYCHBIX YACTHII), YTO 3aTPYTHICT paObOTy C HUMU U
3aMeJUISeT MPOIECCHl TUArHOCTUKU B Pa3pabOTKH BaK-
[IUHHBIX MpenaparoB. HecMoTps Ha TO, YTO HAET ak-
THBHOE U3y4YeHHe BUpycoB HoBoro cBera, a Takke BH-
pyca Craporo cBera — Xanraan (Hantaan, HTNV)
[2,3], mouTH HET AAHHBIX IO CTPYKTYpe U MOP(OIOTHH
npyrux BupycoB CTaporo cBera, Takux kak [lyymana u
JoGpasa.

JHeranpHoe nzyuenue (opmbl BHpyca, MOJIEKY-
JISIPHOM OpraHU3aIMM ero MOBEPXHOCTH, PACIONIOXKe-
HUS B KJIETKE B COUCTAHUU C PA3THYHBIMU OHOXHMHUYEC-
CKUMHU, IUTOXUMHUYCCKHMH METOJaMHU HCCIEOBAHUS
(HM®A, UDA, MOOE) no3BosstoT CyJUTh O COCTaBE
U (QYHKIUH CTPYKTYPHBIX 3JIEMEHTOB KIIETOK U BHPY-
cOB. MeToBI 2IeKTpOHHON MUKpOocKoniH (OM) MOTYT
TIPAMEHSATCS B TUATHOCTUKE BUPYCHBIX HH(MEKIHH T.K.
TO3BOJISIOT A PepeHINPOBATH BUPYCHI U OTIPEACIIT
WX KOHIICHTpanuio. lcrmonp3oBanue HMMyHHOH DM,
OCHOBaHHOH Ha B3aUMOJICHCTBUH CHEITM(PUICSCKON ChI-
BOPOTKH (QHTHUTEN) C BUPYCHBIMH YaCTHIIAMH TI03BO-
JSIeT pa3iiuyuaTh BHPYCHI, NPUHAIJIEKAIINE K OJHON
TaKCOHOMHUYECKOH TpyTIIe.

B nmanHO# paboTe MBI pemIWIN 3alOJHUTH ITOT
npoOel, ¥ MpoJIUTH cBeT Ha Mopdosoruto Bupyca Ily-
yMaja, 4TO UMeeT MPaKTHYeCKOoe MPUMEHEHHE JIIS CO-
3IaHUSl U TECTUPOBAHUS BaKIUH U JUATHOCTHYECKUX
npenapatoB npotus ['JIIIC. Msl Takxke oCylIeCTBHIN
noA0op yCIOBUil POCTa KIETOK/BUPYCOB M IPUTOTOB-
JICHHUS TIPENapaToB U MOTYYCHUS HAMIYYIIEero H300-
paskeHmUsL.

Martepuajbl H METOIBI

Jnst paboThl ObUIM HCTONB30BaHbl BUpYC Ilyy-
mauta mramm [TYY-TK/I/Vero, munus kinerok Vero E6.

g pa3MHOXeHHS BUpPYCOB KieTku Vero EO6,
KJICTKM TTOYKU 3CJICHOW MAapTHIIIKK, BHIPAIIUBAINA B
nBoitHoM cpene Mrima MEM ¢ no0GaBieHueM Telsdbei
ceiBOpoTKH (5%) W renramuimna (20 MKr/mi) npu
37°C, 5% CO; B Teucuue 7-10 gHeit.

Juis 3apaskeHUs CYCHCH3HIO KJIETOK M KYJIBTYPEI
Bupyca (1:1) BeimepxkuBamu mpu 37°C B TeueHme 1
gaca. 3aTeM KJIETKH ¢ BUPYCOM pacTwid B 25 mi dia-
koHax B TeueHue 10 auaei. [To ucteyeHnu 3TOTO Cpoka
KJIETKH C BHPYCOM CHHMAJH JINOO TPUTICHH-BEPCEHO-
BOM cMeChI0, TMO0 IMyTeM COCKaOIMBAaHUS IIMATEIeM.

3apakeHne KJIETOK KOHTPOJIMPOBAIU HEMPSIMBIM
metonoM Quoopeciupyromux anturen (HM®DA) [4].
st aTOTO CycneH3nu MHOUIIMPOBAaHHBIX KJIETOK HAHO-
CHIIM Ha mpeaMeTHble cTékia. [Ipemaparsl BhICyIIH-
Bayy, pukcuposan B anerone npu -20°C B Teuenue 20
MUH, ¥ BBICYIITBAJIN TP KOMHATHOM TeMmepaType. Ha
(huKCHpOBaHHBIC KIETKH HAHOCHIIN TIOJIHKIOHATBHYIO
ceIBOpoTKY B pazBeaennu 1:200. Ctekia ¢ mpemnapa-
TaMH MHKYOMpOBaIM BO BiaxkHo# kamepe (37°C, 30
MUH), TIareapHo npoMeiBainu 3X 10 mun 0,9% NaCl n
1X10 mun H20, BrICyIIMBaIu IpH KOMHATHOHN TeMIIe-
parype. Ha npenapar HaHocuian MedeHHbIe (IIH00pO-
xpomoMm (PUTII) aHTHreH aHTUBHIOBBIC aHTHTENA B

passenenuu 1:100. [Tocne nHKyOauy Bo BIaXKHOH Ka-
mepe (37°C, 30 MuH) mpemaparhl TIIATENLHO OTMBbI-
BaJIM, KaK ¥ B IIEPBOM cliy4yae, (GHU3pacTBOPOM M BOJIOM,
MOJICYIITMBAITU HA BO3[IyXE U MCCIICIOBAJIH B JIIOMUHEC-
IIEHTHOM MHUKpockorne. J[si mpocMoTpa mpernapaToB
HCIIOJIH30BAH BOJHO-UMMEPCHOHHBIN 00beKTUB 40X.

Jis momydenust o06pasios s DM ucciejoBaHus
BHpYCa, KIIETKU 00padaThIBaIN 110 METOIUKE, OITUCAH-
Hoii B uTepatype [5]. OOpasIpl U cpe3bl TaKKe TOTO-
BHJIM 110 MeTouke [S] Ha yaprpatome LKB Bromma.

M3o6paxkenue kietok Vero u Bupyca Ilyymana
MOJTy4YaJld TIPH IIOMOINX 3JEKTPOHHOTO MHKPOCKOIIA
JSM, dupma "Jeol", Anonus. MopdomeTpuio BHUpHO-
HOB IIPOBOJIWIIM B iporpamme BioVision (ABcTpust).

Pe3yabTaThl u 00CyxKAeHUS

Harneii 1ienpro ObUT0 M3yYUTH BUPHOHHYIO CTPYK-
Typy Bupyca [lyymana u cpaBHUTE C APYTUMH XaHTa-
BHpycamu. B kauyecTBe oOBeKTa HCCIEHOBaHHS OBLI
B3t BHpyc [lyymana, mramm ITYY-TK//Vero. dus
MIPUTOTOBJICHUST 00Pa3I[0B MOHOCION KiIeTok Vero E6
(3x cyrouHas KyJibTypa) 3apaxkanu BHpycoM I[lyym-
mana u pactuay npu 37°C. Cnycrs 7-10 cyTok KieTku
MpOBEPSIIN Ha 3apaxeHHOCTh MeTogoM HM®DA. Ilpu
3apakeHnu Oonee 80% KIETKM CHUMAIN M TOTOBIIIN
00pasisl (yneTpaToHkue cpesbl, YC) mist OM.

OnHO# 13 33124 CTaJI0 COXPAHESHUS MAKCUMAITLHO
HaTtuBHOM opmbl kieTok Vero E6 mis makcumanb-
HOT'O COXPAHEHHUS BCEX CTPYKTYp KJICTKH M BuUpyca. B
JUTEpaType HUCCICAOBATCISIMH IPH TMPHUTOTOBICHHH
00pasoB aiust DM B OCHOBHOM PEKOMEHJJOBaH TaKoi
METOJ CHSTHS KIJIETOK, KaK COCKaOJHMBaHUE KIIETOK
IIITaTeNIeM C OBEPXHOCTH pocTa. OTHAKO TIPU UCTIONb-
30BaHUH HAMH TaKOTO METOJIa CHATHS (KJIETKU COCKa0-
JUBAJIA CTEPWIIBHBIM CTEKJITHHBIM IIITaTeIeM) KICTKH
nehOpMHUPOBANIMCH U TIPH HAOIIOJICHUN B MUKPOCKOTI
HAMEJH TUTOCKYIO OJIMHOOOpa3Hyto GpopMy, Ha cpe3ax —
BEepPEeTEHO00pa3Hy0 (GopMy KIETOK (pUC. HE MpHBE-
JICHBI), YTO MPUBOIUIO K HEKAUYCCTBCHHO MPHIOTOB-
JICHHBIM 00pasiiaM U HCKaKCHHIO PE3YJIbTaTOB.

C 1enpro yIydIIeH!s] KaueCTBa, JUIs JOCTOBEPHO-
CTH TIOJy4aeMOT0 U300paKCHUSI HAMU ObLIa HCIIOJIB30-
BaH METOJ CHATHS KIIETOK, 00SCIIeUNBAIOIINI COXPaH-
HOCTh HaTHBHOW OKpyTioi (opmer kietok Vero E6 -
CHSTHE KICTOK TPHUIICUH/BEPCCHOBOW cMechro. s
9TOTO BEIPOCIIHE KJICTKH MOCTIE YIAICHHS CPEIBI pOCTa
MOKpHIBaNIU cinoeM Temtoit (37°C) TpHucHH-BepceHo-
BOH CMECBIO U MHKYOHpoBaiH 5-10 MuH. 3aTeM myTeM
BCTPAXUBAHUA KJICTKH CHHMAalH C TIOBEPXHOCTH.
KiieTku rmpu TakoM Crioco0e MmoJIy4yaroTcs POBHbIC, Ia-
poob6pasnsie. Benencreue atoro obpasusl u YC st
OM nosry4aroTcst KaueCTBEHHBIE.

Jlis mpUroTOBNICHUS 00Pa3IOB KIETKU (PUKCHUPO-
Bamu b0 B mapacdopMmanbaeruae (4% B pacTBope
Xenkca), muO0 cMechio mapadopmanpaeruaa (2%) u
riotapoBoro anpneruaa (2%) B pactBope XeHKca.
OkpamuBaid OKCHIOM OCMHS W ypaHIIAIETaTOM
(1%). OcoObIxX pa3muuuii Ipu MOTYyYSCHUH HU300pake-
HUS BEPYCa IPH BEIOOpE PUKCHPYIOLIETO PacTBOpa 3a-
MEYeHO He OBLIO.

Ha nzob6paxenusax kinetok Vero E6, 3apakeHHBIX
BupycoM Ilyymama, mojgydeHHBIX C MoMolsio OM
(puc.1, A, b), oT4ETINBO BUICH Cpe3 KIETKH C BUPYC-
HBIMHU YaCTHIIaMHU. BUPYCHBIE YaCTHIIBI IPUCYTCTBYIOT
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B Pa3MUYHBIX YacTAX KIETKH, a TAKKe BHE ee. B 0cHOB-
HOM BHUPHOHBI TIPEACTaBICHHl B BHUAE OKPYIJION
(hopmbl. OJHAKO BCTPEUYAIOTCS M BBITSAHYTHIC, JIUIICO-
oOpasnbie CTpyKTyphI (puc.l, B). D10 cormacyercs ¢
JAaHHBIMH, TOJIYYCHHBIMHU JIJISI IPYTUX XaHTABUPYCOB
[2]. dnst Bupyca XaHTaaH, MCCIeI0BATEH HAOTFO1aTH
TaKXKe BUPUOHBI Pa3HOW (POPMEI, KOTOPHIC OHH XapaK-
TEPHU30BAH Kak Kpyriyio (65%), tpybuaryio (30%) u
Heperyispayo (5%) [2]. Bupuons! Bupyca Ilyymana,
BBIXOAMINE W3 KICTKH W HAXOISIIHECS BHE KICTKH
HMeJTH CPepUIeCKyIo popMy.

Ha ocHOBaHMH MONyYeHHBIX DM-H300paskeHuit
HaMH OBbUI MPOM3BECH MOACYET YACTHIl U MTPUOIH3H-
TETBHBIA CPeHUN pa3Mep BUPYCHOHM uactuiiel Ilyy-
Mana (puc.2). MakcumanbsHBIH pasmep HaOIromaeMoi
yacTuilel — 186 HM, MuHUMAITBHBIN — 105 HM. CpemHuii
nokasareib — 146,5 Hu.

Ilo manHBIM Apyrux uccnenoBaHuil [2] cpennuit
pasmep BupuoHa Bupyca AHmec (Andes, ANDV) co-
crasisieT mpuMepHO 104 HM (0T 75 10 140 HM). Pa3zmep
BHUPHOHA BHpyca XaHTaaH CHIBLHO KOJICONIETCS B 3aBH-
CHUMOCTH OT CII0C00a IMPUTOTOBIICHHUS 00Opa3ma i uc-
cJIeoBaHus U cocTaBisieT oT 76+10 HM 10 176+3 1 HM).
Bupuon Bupyca Black Creek Canal (BCCV) umeer

I5 aagen

MPEUMYILECTBEHHO BBITSAHYTYIO (hopMy, ero cpeaHuit
pasmep 79x239 um (kosebnercs B mpenenax 50-90 um
Ha 140—430 uM). Panee ObUIO MOKa3aHO, YTO pa3Mep
supyca Tyna (Tula, TULV) Tak e 3HaYUTENHHO Baph-
upoBan [3], Habmronanuce u chepudeckue (120-160
HM) ¥ TipostoiroBaTbie yacTuis! (80x350 HM).

Takass pa3sHooOpa3Hass MOpP(]OJIOTHS XaHTaBUPY-
COB He JI0 KOHIA sicHa. VccaenoBaHus MOKa3bIBAIOT,
YTO CYHIECTBYIOT Pa3JIHUKsl B MPOHOPILHUIX OKPYIIOW,
BBITSHYTON U HENpaBHIbHBIC (DOPMBI CPEIN XAHTABH-
PYCOB H Ja)ke MEX/y IITAMMaMH B TpeJesiaX OJHOTO
BHa. Tak cormacHo JIUTEpaTypHBIM JIaHHBIM y XaHTa-
aHa U AHjec BUpyca HaOIOaM B 1Ba pa3a OOJbIIIe
KPYIJIBIX YacTHIl, YeM y CEeBEPOaMEPUKAHCKUX XaHTa-
BUPYCOB.

[TepBuuHbIe HccienoBaHUs MOPQOJIOTHH XaHTa-
Bupyca [Tyymarna nmoJHUMaroT HOBbIE BOTIPOCHI: UTO OT-
BEYAET 3a pa3nuune B MOP(OJIOrHH, CBA3AHBI JIK Pa3-
JIYHsE B MOP(HOJIOTUH C BUPYIIEHTHOCTHIO, 3aKPETIEHBI
JIM 9TU W3MEHEHUsI reHeTuvecku. MccienoBaHus mo-
nmoOHOTO poma OymyT IMONIE3HBI B M3YYCHHH DPACIIpPO-
CTPaHCHHOCTH, pa3pabOTKH METOAOB IPOPHUIAKTHKH U
snedyenus supyca [lyymana.
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Puc. 1. Hz06pasicenue supyca Ilyymana wmamm I[1VY-TK//Vero, nunus kniemox Vero E6 (4, b, B).
Cmpenkamu yKazamuvl GUPYCHbIE YACTHUYDL.
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Puc. 2. Pacnpedenenue supychvix yacmuy Ilyymana no pazmepy
(Oannsie npu noocueme eupycHuix yacmuy no IM-uzobpasicenuro).
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Abstract

Kidneys are one of the main targets for hypertension, which increases the risk of complications from the

cardiovascular system and worsens the prognosis.
AHHOTAUMS

Ilouku sBISAIOTCS OZ[HOﬁ W3 TIIABHBIX MUIICHEHN opu FI/IHCPTOHI/I‘ICCKOﬁ 6OJ'I63HI/I, YTO YBCINYMUBACT PUCK PaA3-
BUTHUS OCIIOXKHCHHI CO CTOPOHBI CCPHGIIHO—COCY,I[HCTOI}‘I CHUCTEMBbI U YXYAIIACT MMPOTHO3.

Keywords: chronic kidney disease, arterial hypertension, nephrosclerosis
KuroueBble cjioBa: XpoHHUIeCcKas 00JIe3Hb MMOUYEK, apTepHalbHast THIIePTEH3Us, He(hpOCKIepOo3.

OcHoBHasl YacThb

Aptepuanbsaas runeptonus (Al') sBnsercs Bexy-
mmM (HakTOpOM pHCKa Pa3BUTHS CEPICYHO-COCYIH-
cThIX (MH(papKT MHOKapaa, uacyiabT, UBC, xpoHunde-
CKasl cepJieuHasi HeJOCTaTOYHOCTB ), IIEPeOPOBACKYIISP-
HBIX (MIIEMAYCCKUN WA TeMOPPAru4ecKuil HHCYIBT,
TpPaH3UTOPHAS UIIEMUYCCKAs aTaKa) ¥ MOYCUHBIX 3200-
nesanuit [1-8]. Cepaeuno-cocyauctsie (CC) u niepe6-
POBacKyJSIpHBIE 3a00JIEBaHUS, SBISIOTCS BEIYITHMMH
MPUYIMHAMU CMEPTHOCTH HacelleHHs B Poccum, Ha mx
JOJI0 B YKCJIC YMEPHIINX OT BCEX MPUYUH NPUXOIUTCA
6osee 55% cmepretii [3, 4]. B coBpemenHOM 00111€CTBE
HaOJIF01aeTCs 3HAUUTEINIbHAS PACIIPOCTPAaHEHHOCTh AT,
coctasisiga 40% no maHHeIM Poccuiickux uccienoBa-
Huii. C pa3BUTHEM THIICPTOHUYCCKOTO HEPpoaH-
THOCKIIepo3a, Y 00JbHBIX Al', pUCK pa3BUTHS OCIOXK-
HeHul co cropoHbl CC 0CI0KHEHUI 3HAYUTENBHO BO3-
pacTtaer [5, 6]. YuuTsiBas, 4To NOpakKeHUE MOYEK MPHU
ATl mmuTenpHOE BpeMs MPOTEKAaeT JIATCHTHO, OYCHB
BaYXHO 3HATh CTPYKTYPHO— (PYHKIIOHAIEHBIC U3MEHE-
HUS, TPOUCXOJAIINE B TIOYKAX IPH THIIEPTOHUYECKON
0oJe3HN, 0OCOOCHHOCTH WX TMATHOCTUKH Y JICUCHHUS |5,
6].

Iesn MccjieN0BaHNS: YTOYHUTE XapaKTep CTPYK-
TypHO—(YHKIIMOHAJIBHBIX N3MEHEHHH, IPOUCXOISIIUX
B MIOYKAX MPU TUIICPTOHUYECKOHN OOIC3HHU.

Martepuajbl 1 MeTOIBI: ObLI TPOBEICH AHAIN3
COBPEMEHHON MEIUIIMHCKOW JIMTEPATyphbl, CTaTei,
HAYYHBIX UCCIICIOBAHUN 110 YKa3aHHOU TeMe.

Pe3yabTaThl

AT sBisieTcss BaKHEHIIMM (DaKTOPOM pHICKa pas-
BUTHS ¥ TIPOTPECCHUPOBAHMUS XPOHUIECKOI O0JIE3HH 1O~
gek (XBIT) mo6oi stronoruu. Hamboitee xapakrep-
HbIe MOP(HOJIOTHYECKHE U3MEHEHUSAMH B MOYKaX pas-
BuBatoTcs npu Al' B pesyiprate HEIOCTaTOYHOTO
KPOBOCHAO)KEHUSI M THIOKcHH. KaHanbreBas d9acTh
OoJbIIMHCTBA HEPPOHOB aTPOPUPYETCS U 3aMEIACTCS

COeIMHUTENBHON TKaHbIO, KOTOpas paspacTaercs
TaKXe BOKPYT Norudmux kiryboukos. Ha moBepxHocTH
MTOYEK MOSBIISIOTCS MEIKHE MHOKECTBEHHBIC OYary 3a-
nageHusi. HepoHbI, COOTBETCTBYOIINE OTHOCUTEIHHO
COXPaHHBIM KITyOOYKaM, THITEPTPODUPYIOTCS U BBICTY-
MAIOT HaJ IMOYCYHOW MOBEPXHOCTHIO. [loukm pesko
YMCHBIAIOTCA B pa3Mepe, CTAHOBATCS Oojee IUIOT-
HBIMH, TIOBEPXHOCTh WX MEJIKO3EPHHCTAs], TapCHXIMa
PaBHOMEPHO HMCTOHYEHA, OCOOCHHO KOPKOBOE BeIIe-
cTBO. Macca rmouek YMEHBIIaeTCsI U MOXKET TOCTUTATh
50-60 rpamm. Takue MOYKM Ha3bIBAIOT MEPBUYHO-
cMopieHHbIMU. Enie oHO Ha3BaHHWe TOYEeK ‘‘apTe-
PHOJIO-CKICPOTHUYCCKUI He(POCKIepo3” MOKa3bIBaCT,
YTO B OCHOBE OOJIC3HU MEPBOHAYAIBHO JICXKHT MOPaXKe-
Hue aptepuon [1, 2, 3].

B Hacrosmee Bpems XBII sBisieTcss BaXXHBIM He-
3aBHCHUMBIM (haKTOPOM PHUCKA PA3BUTHS U MPOTPECCH-
poanus CC 3aboneBaHuii, B TOM guciie (haTaabHBIX [4,
5]. ITox XBII B HacTosee BpeMs MOHUMAKOT HAJTHYHE
MIPU3HAKOB TIOBPEKACHUS TOYEK, (BBIABICHHBIX NpPU
KITMHUKO-JIA00PAaTOPHBIX M HHCTPYMEHTAIBHBIX HCCIIe-
JIOBaHUAX), CYNICCTBYIOIINX B TCUCHHUE 3 MECSICB U
6osee. B Hacrosiee Bpems paznudaror 5 craguit XbI1
B 3aBUCHUMOCTH OT BEJIMYMHBI CKOPOCTH KIIyOOUKOBOM
¢unbrpanuu (CK®). CK®D na yposue 90 mu/mun/1,73
M2 IPUHAT B KQU€CTBE HUKHEH rpaHuIlbl HOPMBI. 3Ha-
yerane CK® < 60 ma/mun/1,73 M2 (yMepeHHOE CHUXKE-
HUE) COOTBETCTBYET rudenu 6onee 50% HedhpoHOB.

UccnenoBanus nocnennux jer [7, 8] cBuaerenb-
CTBYIOT, YTO MapKepoM MUCQOYHKIUH SHIOTEIHS IO-
YEYHBIX COCYHOB SIBISIETCS MHKpPOATBEOYMUHYPHUS
(MAY). MAY xapakrepu3yeT HeclelupuIeckoe Boc-
najieHue y OOJBHBIX apTepHANbHON TUIICPTEH3HEH, Ha
YTO YKa3bIBa€T IOBBIIMICHHBI ypoBeHb C—peakTHB-
Horo Oenka. IIporecchl HecneupUIecKoro Bocmane-
HUS YBEIMYMBAIOT IMPOHUIIAEMOCTh albOyMHHA depe3
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OazanpHYI0 MeMOpaHy KiIyOouka B OTBET Ha TOBBIIIIE-
HUE apTepuaabHOro nasieHus [7, 8]. UnuciaoBoe 3Have-
nue MAY xonebiercsa B quanasone oT 30-300 mr/m, k
HEMy [0 3HAUYUMOCTH MPUPABHUBAETCS OTHOIICHUE
anpOymuHa k kpearununy (30-300 wmr/r; 3,4-34
MI/MMOJIb, TPEIIOYTHTEIEHO B YTPEHHEH MOPIUU
mouu. Hammuue MAY, canxenue CK® ot 60 no 30
wi/muH 1,73 M2 (popmyna CKD-EPI) unu cBuaeTeNs-
ctByrOT 0 pazButuu XbII 3 cragumn. Caemxyer oTme-
TUTh, 9TO TOpakeHUe movek Ha (pone Al Ha cragum
MAY sBisercs 00paTUMBIM, 9YTO HECOMHEHHO HE00XO-
JIUMO UCTIONB30BaTh ISl TUATHOCTUKU PAHHHUX CTaIHA
TUTIIEPTOHNYECKOTO HedpoaHrrockieposa. Eciim CK®
nwke 30 mi/mun/1,73 M2 M y manueHTa BBIABJIACTCS
npoteunypus (>300 Mr B CyTKH), IPUHATO CUUTATh,
gyto Al ocnoskaunacek XbII 4 ctaguu [4, 5].

C XbBII 4 craguyn B OMOXMMHYECKOM aHAJIM3E
KpOBH TOBBIIIAETCS YPOBEHb MOYEBHHBI, KpEaTHHUHA
W MOYEBOH KHUCIIOTHL. B 00IeM aHain3e MOYH MOBBI-
maeTcs CoAepKaHue Oelka, MOXKET MOSBIATHCS MHK-
poreMaTypusi, OTHOCHUTEIbHAs IJIOTHOCTh MOYH CHH-
Kaetcs. B kimHImgeckoM miane y 60mbHBIX ALY, ocox-
nennoii XBII 4 craguy, MOCTENEHHO IOSIBIISIIOTCS K
HapacTaloT MPU3HAKKA YPEeMHIECKOH HHTOKCHKAIINH.

[To maHHBIM yIIBTPa3BYKOBOTO UCCIIETOBAHUS 1O~
YeK MOXET OTMEYaThCsl YMEHBIIEHHE pa3MepoB MOYEK
(Hedpockiiepo3), yMEHBIICHHE TOJIIUHBI OYSUHON
MapeHXuMBbl, HapylieHue nuddepeHnInanmu Mexmy
KOPKOBBIM U MO3TOBBIM CJIOSIMH.

OcHoBHas 1enb JeueHus 00mpHBIX Al cocTouT B
MaKCHUMAaJIbHOM CHMXEHHH PUCKA Pa3BUTHS OCIIOKHE-
aHuit AI': CC ocnoxuenunit u XBI1. s aToro HeoOx0-
Mo cHkeHue A/l 1o 1eneBbIX ypoBHEH, KOPPEKLIMS
BceX MOAH(PHUIMPYEMBIX (aKTOPOB PUCKA TAKUX, KakK
KypeHHue, AUCIUITUACMUS, THIIEPTINKEMHUS, O)KUPCHIE
W JIp, 3aMeIJICHHE TeMIla TPOTPECCHPOBAHUSA W/WITH
YMEHBIIIEHHE BBIPAXXEHHOCTH MOPAKEHUSI OPTaHOB MU-
IICHUH, a TaKOKe JICUSHHE NMEIOIINXCS CepAeUHO-COCY-
JUCTBIX, IepeOPOBACKYIISIPHBIX U ITOYEYHBIX 3a00J1eBa-
HUi [4-6]. LleneBbIM 17151 BceX KaTeropuii OOJIBHBIX SIB-
nsiercst ypoBenb AJl <140/90 mm pr.ct. Ilpn Hamn4amum
nuabeTnueckor Hedpomatun — <140 mm pr.cT. [pm
HAJIMYAN TPOTEHHYPHH MOXET OBITH [IEIeco00pa3HbIM
camkenne CAJl mo 6onee HI3KUX 3HA4YeHUH (<130 MM
pt.cT.). IlpenapaTsl Tpynn MHTHOUTOPOB AHTUTCH3H-
npeBpamaroniero Gepmenta (n—AIld), 6i1okaTopsl pe-
nentopoB k anruoreH3uHy (BPA) »sddexrtuBHee
YMEHBIIAIOT NMPOTEHHYPHUIO, YeM APYTHE JIEKapCTBEH-
HBIE [TPeTapaThl, KPOME TOT0, OHH MPEIOTBPAILAIOT MO~
spiaenue MAY. [lpenaparamu BbIOOpa SIBISIIOTCS W—
AII® nnn BPA ¢ BHemo4e4HBIM ITyTeM SJIMMHHAIIH.
Jna noctuxkenus nenesoro ypoHa AJl mpu nopaxe-
HHH TIOYEK 4acTo TpedyeTcss KOMOMHUPOBaHHAs Tepa-
U, BKJTIOYAIOIIAS JUYPETHK (TIPH HApYIICHUH a30TO-
BBIICIATEIIEHOW (PYHKIIMH TMOYECK — METICBON JHype-
THK) W/WIH aHTATOHUCT KNI, J[aHHBIC TUTEepaTyphI

CBHJIETENIBCTBYIOT, 4TO KoMOuHarus u—Alld c amio-
IUIHHOM OoJiee 3¢ (GeKTHBHA, YeM KOMOMHAIKS C THA-
3UI0TIOIO0HBIMU TUYPETUKAMH, OHA JIY4Ie CHHXKAET
MPOTCHHYPHUIO, MPEIOTBPAINACT MOBBIIICHUE YPOBHS
KpeaTHHUHA B KPOBH. XOTSA KOMOUHAIMS ABYX OJI0Ka-
TopoB PAC 0ornee 3¢ (heKTHBHO YMEHBIIAET IPOTCHHY-
pHI0, UCTIONB30BaTh €e He pekoMeHnaoBaHo. [1pu XBII
HE PEKOMEHI0BaHbl aHTArOHUCTHI aJIbJ0CTEPOHA, OCO-
OCHHO B KOMOWHAITMH C OJIOKATOPOM PEHUH—aHTHOTCH-
3UH—aJIbICCTEPOHOBOM CHCTEMBI, B CBSI3H C PHCKOM
pe3KOoro yXyIureHus (pyHKIUW MOYEK W Pa3BUTHS T'-
nepkanueMur. Y O0onbHBIX Al', HaxomAmuMcs Ha Te-
MOJAMAIN3e, MOKHO Ha3HAayaTh BCE TPYINILI THITOTCH-
3MBHBIX IPENapaToB, KPOME AUYPETHKOB, IIPU 3TOM HX
JI03BI 3aBUCSAT OT CTA0OMILHOCTH T'€MOIUHAMUKH U CIIO-
COOHOCTH KOHKPETHOTO IpernapaTra MpOXOIUTh depe3
JHanu3Hble MeMOpaHsl [3—6].

MOoXHO ToiaraTh, 4To MPEICTABIICHHBIC JaHHBIC
0 CTPYKTYPHO—(YHKIIMOHAIBHBIX H3MEHEHUAX, TIPOHUC-
XOJIANINX B TIOYKaxX Ha GoHe nmepBuuHO Al', 0coOeH-
HOCTSIX VX THArHOCTHKH M JICYCHHUS MOTYT OBITH ITOJIE3-
HBIMH B paboTe Bpayeil pa3HBIX CHEIHAILHOCTEH U B
MEPBYIO OYepeas — Bpaueii— He(h)pOIOTroB, TEPANIeBTOB
1 Bpadei oOImIei mpaKTHKH.
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Abstract

The multidisciplinary Study of 90 patients with episodic paranoid schizophrenia (F20.01, F20.02, and F20.03)
was conduct. The approach of differentiated clinical evaluation of patients, the level of antibodies to HSV-1 and
2, EBV, CMV, multidimensional indicators of cellular and humoral immunity, MRI - signs, MR-angiographic
signs were used. The connection between survey data allows schizophrenia to be considered as atypical infectious
encephalitis with the important etiological role of Herpes viruses.

AHHOTaNNSA

IIpoBeaeHO MEKAMCIUIUTHHAPHOE uccaenoBanue 90 6oapHBIX npucTynHOM musodpenueii (F20.01, F20.02
n F20.03): knuHrYecKas OlleHKa MaMeHToB, ypoBeHb anTuTeln Kk BIIT-1 u 2, BOB, IIMB, noka3zaTtenu KI1eTOYHOTO
U ryMopasibHOro uMmyHuTeTa, MPT, MP-anrunorpadus. BeisiBieHHbIe B3aMMOCBSI3U MEXKLy UCCIIEIOBaHHBIMU MO~
Ka3aTeJsIMU TTO3BOJISIIOT ONPEENIUTh MIN30(PPEHUIO KaK aTHITUYHBII HHPEKIMOHHBIH YHIIE(PaTUT C BaXKHOW 3THO-
JIOTUYECKOM POJIbIO0 BUPYCOB Tepreca.

Keywords: schizophrenia, Herpes viruses, immunity, MRI
KiroueBble ciioBa: m3ohpeHns, IMMYHHUTET, BUpYcH repneca, MPT, MP-anruorpadus

B Hacrosiiee Bpemsi HAKOIUICHBI MHOTOYHCIICH- VX uHTErpamyu AOJITHE TOJbl MPEMsSTCTBOBAIO
HbIE JIAHHBIC O MATOTCHETHYECKOM 3HAYCHUH B IIU30-  MPEJCTABICHHE 00 MMMYHHOH MPHBEIMIMPOBAHHOCTH
(peHryeckoM Mpoliecce Kak HMMYHHOW CHCTEMBI — TOJIOBHOTO MO3ra, 00eCHeYMBaeMOil B 4YHCIE MPOYUX
[1,8,9], Tak 1 HH(PEKIMOHHOIO KOMIIOHEHTA, U, B 4aCT-  (haKTOPOB OTCYTCTBHEM JIMM(ATHUCCKOTO IPECHAXKA H
HOCTH, BUPYCOB reprerndeckoit rpymms [4,5,11]. On-  QyHKIMOHMPOBaHHWEM r'eMaTOdHIIE(aTHIeCKOro 0aphb-
HaKO, WCCIICIOBaHM, oObeauHsAtomme oba Hampasie- epa (I'DB). OmHako coBpeMeHHBIE HAaydYHBIC JaHHBIC
HUS, TPAKTUYECKH OTCYTCTBYIOT.
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OTIPOBEPTaIOT ATH MpeAcTaBleHs. B wactHOCTH, IpO-
HHUIIAEMOCTh BBIMOIHSIOMIETO OapbepHy0 (QyHKLIUIO
SMUTENUS 1IepeOPATBHBIX COCYA0B MOXKET U3MEHSTHCS
B 3HAYHUTEJIBHBIX MTPE/IeIIaX MO I BIUSHIUEM MHOTHX BOC-
MAUTEIBHBIX, TOKCHYCCKUX W MHBIX (DaKTOPOB, H, B
YaCTHOCTH, B CBSI3U C HIMMYHOJIOTHYECKAMU JTUCHYHK-
USIMU U BociajienueM [2].

B mocnenHue roapl B TOJIOBHOM MO3T€ YelIOBEKa
oOHapyxeHa JuMdaTHIECKas CHCTEMa, HAIMPSIMYIO
CBSI3aHHAS C TMEPUPEPUISCKON UMMYHHOH CHCTEMOMH
[12], 9To oOecrieuynBacT MpsSMOE pPEarupoBaHHUE HM-
MYHHOW CHCTEMBI OpraHH3Ma Ha LepeOpaibHbIE HH-
(heKIIMOHHBIE TPOLECCHl M TO3BOJSET HCIOIH30BATH
uccienoBaHue nepudepuveckod KpoBH JUIs JAHArHo-
CTHKH YKa3aHHBIX HHPCKITHIA.

Hama pa®ora B 11e710M OCTPOEHA Ha BBISIBIICHUN
3aBEPIICHHBIX CMBICIOBBIX (DParMEHTOB U OmMpeelie-
HUHM POJIM KaXIIOTO CEPOJIOTUYCCKOTO U MMMYHHOTO
mokazaressl B MyJbTHKOMIIOHEHTHON KapTHHE HEWpo-
OMONIOTHYECKUX B3aUMOCBsI3eH y OONBHBIX MH30(pe-
HHUEH.

Lenp ucciieqoBaHus — BELSIBUTH B3aHMOCBSI3H
MeEXXy IMMYHOJIOTHIECKAMH, CEPOIOTUIECKUMU, KITH-
HUYECKAMHU U MOP(OIOTHIECKIMH TTapaMeTpaMy IpH
30 PEHUH.

MaTrepuaJjibl 4 METOAbI

O6cnenoBanbl 90 GOMBHBIX MAPaHOUTHOHN ITHU30-
(peHuel ¢ TeHAEHIMEH K MPHUCTYMHOCTU (COTIIACHO
muarHoctuke mo MKB-10, 60 (66,7%) denosek -
F20.01-02 u 30 (33,3%) — F20.03): 41 myxuuna
(45,5%), 39 xenmun (44,5%), cp. Bo3pact 31 + 9 jer,
Cp. MPOJODKUTEIHFHOCTH 3a00JIeBaHUSA OT MaHU(ECTa-
mun — 6 + 6 jer. J{is MCUXOMETpHH UCIOJIE30BANTACh
mkana BPRS. TIpoBeneno ceposornmdeckoe oodcieno-
BaHHE IO CIICAYIOINM TapaMmeTpam: conepxkanue IgM
u IgG k Bupycam mpocroro reprmeca 1 W 2 THIIOB
(BIII'1, BIII'2), mutomeranosupycy (IIMB) u Bupycy
Onreiina-bapp (96B) B nepudepuueckoii kposwu;
MMMYyHOJIOTHYEeCKoe - 21 TokasaTenb HWMMYHHOTO
ckpuHrHTra «OLEHKa HMMYHHOTO cTatyca». 82 0oJb-
HBIM M3 JaHHOW BBIOOpKHM cnenana MPT romosHoro
Mo3ra ¢ 0ECKOHTpAcTHO# anrnorpadueii. CraTuctuye-
cKkasi 00paboTKa JaHHBIX ¢ IPUMCHEHHUEM HemapameT-
PUYCCKUX METOAOB (pacuer kKodduimeHTa paHroBon
koppensaun CriupmeHa u U-kpurepus MaHHa- Y uTHH)
npoBoOAMIAck B mporpamme Statistica 10.0 mias Win-
dows (StatSoft, CIIIA).

Pe3yabTaThl U HX 00CYy:KIeHME:

VYV Bcex ManueHTOB BHIOOPKH OTMEYAIIUChH MOBBI-
nrenHsie nmokasatenu 1gG k BIIT-1 u ObB. Ux cpeanue
YPOBHH MPEBbIIIAIN peQepeHTHbIC 3HAYCHUA B 1,5 1 B
3,8 pa3 cooTBeTcTBEHHO. Y 22 G0sbHBIX (24,4%) ObLTH
nosbIeHsl 1gG k [IMB, ¢ npeBblllieHHEM CpeHEro

3HaYeHHs OTHOCHTENbHO pedepeHTHOro B 1,5 pasa.
IgM ko BceM mcCiIeIOBaHHBIM BHPYCaM BBISABIISUINCE B
pedepenTHOM HMHTepBaie (OMMmKe K ero BepXHeu rpa-
HUIIE).

[Noka3zaTenu ryMOpaabHOro U (harouTapHoro mno-
Ka3areneld IMMYHHOTO CTaTyca B BEIOOpKE OBLIH HOP-
MaTUBHBIMH. [loKa3aTemu KJIETOYHOTO HWMMYHHTETa
OKa3zaluch pasHopoAHbeiMu. Tak, y 32 (35,6%) 60mb-
HBIX OTMEYAJICS OTHOCHTENBHEIM muMdormro3. Y
OOJBITMHCTBA W3 HUX BBHISBIJIACH TCHCHINS K ITOBBI-
IICHUIO TIOKazaTenell T-KIeTOYHOro 3BeHa MMMYHH-
tera. Y 28 (31,1%) manmeHTOB mOKa3zaTeNn MMMYH-
HOro cKpuHHHMHTA ObuTH HOpMaTuBHBIMHU. 30 (33,3%)
YeNIOBEK OOHApY)XWJIM CHIKCHHbIC YPOBHH T-Xei-
MEPOB ¥, OONBIIMHCTBO M3 HUX, HEIOCTATOYHOCTHh U
JpyTHUX mokazareneit T-nmumdonuros.

Kakue-m6o anomanuu crpykrypaoid MPT u MP-
anTrorpadun OOHAPYKHMBAJKCH TPAKTUYCCKU Y BCEU
001bHOI BEIOOpKH. C HAMOOMBINEH YaCTOTOH BCTpeda-
JUCh PACHIMpPEHHE ITEPUBACKYILIPHBIX IPOCTPAHCTB
(65%), B ToM umcne, B 6a3zanbHBIX saapax (49%), pac-
mmpeHne CcyOapaxHOMOANbHBIX KOHBEKCHTATBHBIX
mpocTpadcTB (68%) M aHOMAJIMK CHUCTEMBI JKEIyI04-
KOB (58%).

KoppensiimoHHslif aHanu3 CEepoOJIOTHYECKUX U
KIMHHYECKHUX [TapaMeTPOB BCeil BEBIOOPKHU BBISIBHIT KOP-
PEIALINI0 YPOBHEH UMMYHOTTIOOY TMHOB K DBB ¢ «Mo-
TOPHOH 3aTOPMOXKEHHOCTBIO»: OTPHUIATENbHYIO ISt
IgM k OBB c¢ (r=-0,33 mpu p<0,005), I0JI0KUTEIBHYIO
—nist 1gG k DBB (r= 0,3 mpu p<0,05).

VYporuu 1gG x [IMB oTpuiiatensHO KOPPETUPYIOT
pu P<0,005 ¢ TakumMu nokazareasiMu IMMYHHOTO CTa-
Tyca, Kak o0Imee KoJaMdecTBo JeikouuTos (r=-0,32),
mamporutoB (r=-0,37) T-mamdouurtos, T-xenmepon
(r=-0,38), murorokcuyeckux Kierok (r=-0,32) u B-
mumporuToB (r=-0,33). YkazaHHbIC KOPPEIAIIH OTpa-
JKAIOT CBA3b HAPYIICHUN JTUM(OIUTAPHOIO 3BCHA HM-
MYHHTETA IPHU MH30(PPEHUH C BIUIHHEM I[ATOMETAIIO0-
BHpYyca.

VYka3zaHHbIC TaHHBIC OTPAKAIOT HAJIMYUC Y OOJb-
HBIX BBIOOPKU MH(EKIUH ¢ YIaCTUEM TePIIECBUPYCOB.
Hesbicokue 3HaueHUs KOIDOUIUCHTOB KOPPEISAIUU
CBSI3aHBI C TETEPOTCHHOCTEI0 BEIOOPKU OTHOCUTEIHHO
BHUPYCHBIX AaCCOIMANAN M COCTOATEIBHOCTH HMMYH-
HOTO OTBETA, IOKa3aHHOH B OoJice paHHEM HCCIIeI0BaA-
UM (cr.JInmbonnTo3) U oTpakaroT olmmue Uit Beel
BBIOOPKHU TEH/ICHIINH.

MexrpynmnoBoe cpaBHEHHE YPOBHEH MMMYHOJIO-
THYECKUX U CEPOJIOTMYCCKHX MOKa3aTeseh y OOIbHBIX
C HaJIM4YMEM U OTCYTCTBHEM BbIABICHHBIX HAa MTP u
MP-anruorpaduy aHoMaluii CTPYKTyp MO3ra U HX
KPOBOCHA0XCHUS, MOKA3AJI0 UX B3aMOCBS3b.
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Tabmuma 1

ConpsizkeHHOCTHh aHOMaJIMi cTpyKTypHOii MPT u MP-anruorpadum c ceposioruueckumu
W HIMMYHOJIOTHYECKHMH MOKa3aTeasiMu. *

Yacrota Cpennuii ypoBeHb mokasza-
BCTPEHACMO= NmmyHONMornueckuit e
MP-npusnak CTH B BhI- [ceponoruyeckuii napa- 1IpH IIPH OTCYT-
6opke MP- HAJIAYHA
METp ctBuu MP-
IIpU3HAKa MP- DH3HAKA
(%) IIpU3HaKa P
pacuupeHue MepruBacKyIIpPHBIX 65 o0l11ee KOJIMYECTBO 34+ 11 4+ 13
IIPOCTPAHCTB HEeWTpoHIOB T -
pacmuperue cybapaxHOMIaIb- 078+
HBIX IPOCTPAHCTB B JOOHBIX J0- 55 IgM x OFB 0108_ 1+ 0,6
JSIX '
pacmupeHue cybapaxHOUIab- HPOLEHTHOE COIepKAHHE
HBIX MIPOCTPAHCTB B TEMEHHBIX 60 ToxeIenos 40+4,3 38+ 3,8
JTOTISIX P
pacuipernue 60po3/1 KOpbl 21 1gG x BIII2 3+4 0,8+2,7
JloxanmpHOE pacmmpenue 60po3n 17 NPOLEHTHOE CONCPIKAHME | 1o\ /1 14+ 41
KOPBI B JIOOHBIX JOJISIX HATYPaJbHBIX KWLICPOB - -
Jlokamsnoe pacumpenne 60posa | 44 obuwmit 19G 15,2432 | 12,6+338
KOpBI B TEMEHHBIX JIOJISIX =" =
aHoMaluu (paciiupeHue, cyxe-
Hue, Aeopmalum) B cucrteme xe- | 58 19G x ObB 4,4+ 2,2 3+25
JIyTOYKOB
W3meHenue pa3mepa 3aJHUX po-
+ +
OB OOKOBBIX JKEITYTOYKOB 17 lgA 24409 18409
ocia0JieHHe CUTHAIIA JIEBBIX Ca- 12 NPOLEHTHOE CONEPKAHUE | o1 o2 L 24 | 953437
TUTTAJIbHBIX CHHYCOB LATOTOKCHUYECKHUX KJIETOK T =

*MeXrpyImnoBoe pa3inyue JaHHBIX Ta0aunbl 1 craructuyecku goctosepHo (p<0,05).
b

IToka3zannas B Tabyuie 1 cBS3b MOKa3aTeNel cre-
nU(pUIECKOro (MPOTUBOTEPIIETUIESCKOT0) U HECTICIIH-
(bryeckoro IMMyHHUTETA C MOP(POJTOTHICCKUMH H3ME-
HEHUSMH B TOJIOBHOM MO3Te OTpaXkaeT IepeOpaIbHbIi

HOW MH(EKITHH.

BOCIIAJIUTENBHBIN Mporecc MH(PEKIMOHHOTO TeHe3a C

y4acTHEM TepIIeCBUPYCOB (HIE(ATUT). 3HAYNMOCTD
JUIE MOP(OJIOTHYECKUX M3MEHEHUH TOJOBHOTO MO3ra
IgM x OBB rosoput 06 ocTpom xapakTepe nepedpaib-

Tabuuna 2

ConpszkeHHocTh aHoMaIuil cTpyKTypHOoit MPT u MP-anrnorpadgun ¢ KIMHAYeCKUMH XapaKTepPHCTH-

Kamu mu3odpenun. *

YacToTta Cpennuii ypoBeHb Mokasza-
BCTpeYae- Tems
MOCTH B Knuunyeckuit mapametp (BPRS,
MP-nipusnak BBIOOpKE Be Ty CHEIpOM) TIpY HaJu- TIpU OTCYT-
MP- g MP- ctBun MP-
MpU3HAaKa MpU3HaKa MpU3HaKa
(%)
pacumpenue 6oposn kopsl | 21 [MapanosutsHbIH pakTop BPRS 9,8+2,7 8,7+ 3,8
aHOMATH (pacImIperue «MaHEPHOCTb U 1103a» 3+14 2+0,9
’ «HEOOBIYHEIE MBICIIIDY 4,4+ 1 4+ 0,9
nehopMalnn) B CHCTEME 58 Bex = .
AETYZIOKOB YIIHE NapaHOM/HEIH 1 KaTa 745 333
TOHO-TIAPAHOHUTHBIN cHHAPOMEI (%)
M3menenue pasmepa re-
PEIHUX POTOB OOKOBBIX 34 «TAJUTFOLIMTHALIAN 4+13 34+ 14
KEITYTOYKOB
paceTpoiicTsa nepeGpah- «BO30YIKICHUCH 24+172 3,3+15
HOTO KPOBOOBpAMCHI 19,5 «MOTOPHAs 3aTOPMOYKEHHOCTEY 2,8+1 1,9+1,3
«coMarnyeckas 03a004YE€HHOCThY 2,8+15 1,4+ 0,8
OciabaeHue curgana ca- «HUJIEY BEIMYHS 3+1,2 1,8+1,3
THUTTAIBHBIX CHHYCOB 12 «BPaXKICOHOCTE 39+15 24+1.3
gﬁgf)HMymeCTBeHHo e «TaJUTIOLMHALIAN 2,7+1.2 3,7+1,3

*MeXrpymmoBoe pa3inune TaHHBIX TaOIHIbI 2 CTATUCTHYECKHU TocToBepHO (p<0,05).
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ITokazannas B TabiuIle 2 COMPSKEHHOCThH MATO-
MOP(OJIOTHYECKUX M KIMHIYECKUX JaHHBIX TOBOPUT O
TOM, YTO MMEIOLIMIA MECTO Y OOJIbHBIX BBHIOOPKH HMH-
(heKIIMOHHBIA TIpOLIECC C y4YacTHEM TI'E€pIIECBHPYCOB,
BBI3BIBAIOIIUI BOCIAJICHUE MO3TOBBIX TKaHEH (IHIlE-
(hanut) U epeOpaTHHBIX COCYIOB, TIPOSIBISCTCS CHMII-
ToMaTHKOW mmm3odpenun. OTCyTCTBHE B BBIOOpPKE
KJIaCCHYECKHUX HEBPOJOTMYECKUX CHMIITOMOB HIE(a-
JUTa MOXXHO OOBSCHUTH MapIIHAFHON HECOCTOSITEIh-
HOCTBI0O UMMYHHOH CHCTEMBI P N30 PCHAN.

Takum 00pazom, pe3yIbTaThl HCCICIOBAHUS, TIPO-
BEJICHHOT'O Ha JJOCTaTOYHO MHOTOYHCIIEHHOH BEIOOPKE,
OTPaXaIOT 3THOMATOTCHETHYECKYIO CBSI3b IOBPEXKIE-
HHH TOJIOBHOTO MO3Ta M 11epeOpalibHBIX COCYIOB, CBS-
3aHHBIX C TICHXONATOJOTHYECKUMH CHMIITOMaMH, CO
CMEUIaHHON WH]EeKIuel, BKIOYAIoIIeil TeprecBu-
PYCBI, ¢ IpeuMyIIecTBEHHOH poisto ObB, a Takke cy-
npeccuBHoe BiusiHue [IMB Ha kneTouHOe 1 rymopab-
HOE 3BEHbS] IMMYHHTETa Y OOJIBbHBIX MIH30(pPEHUEH.

[lomryueHHbIE AaHHBIC TOATBEPKIAIOTCA PE3yIIhb-
TaTamu Hammx OoJiee paHHUX paboT. Tak, A mpucTy-
1moo0Opa3Ho — MPOrpeINEeHTHON MHM30(ppeHnH ObLTH 00-
Hapy’>K€HBl B3aUMOCBS3H MEXIY YPOBHAMH AHTUTEI
K TepIIecBUpycaMm, TI0Ka3aTeIsIMA HIMMYHHOTO CTaTyca,
MCUXOMNAaTOJIOTHUYecKuMU napamerpamu U1 MPT- npu-
3HaKaMU HeWpoJereHepaluyl U HapylIeHUH Lepe-
OpasbHON MUKPOIMPKYIsiun [3].

Pe3synbraTsl HacToAmIeH pabOTHl MOATBEPKIAIOT
JTaHHBIE TATOMOP(OJIOTNIECKUX HCCIIEAOBaHUH Ha I10-
CMEPTHOM Matepuaje, BBIIBIIONINX Y OOJIBHBIX IIH-
30(peHHell yIbTPaCTPYKTYPHOE MOBPEXKICHNE Kallnl-
JSPOB U CHWIKEHUE KPOBOTOKA B MpPePOHTATBHON U
3puTenbHON Kope [13] u U3MEHEHUSIMU OJIUTOJAEHAPO-
TJIHOITUTOB, PACIIONATAIONTUXCS TEPUKATTMILIAPHO [7].

YV 6onbHBIX mHU30ahHEKTHBHBIM PACCTPOHCTBOM
OBLTH BBISIBJICHBI KOPPEISIIUN HOPMATHBHBIX IIPOTHBO-
repretndeckux IgM c ypoBHSIMH ayTOAHTHTEN K HEPB-
ot Tkanu (GFAP, S-100 u MBP), uro roBopur o
CBSI3U TEPIETUYECKON MH(EKIUH C MPOIeCCaMu aKTH-
BallUM acCTPOLIUTApHONW TIJIMH, HelpojereHepanuu u
JUC(hYHKIMH HEWPOHHBIX CETEH IIyTaMaTdpru4ecKon
cucteMsl. KoppensuoHHbIN aHaIN3 CBUAETEIBCTBO-
Bal O TPONHOCTH OTAEIBbHBIX I'EPHECBHPYCOB K TEM
WIA WHBIM CTPYKTYpaM HEPBHOH TKaHH. Tak, ypOBEHb
IgM x IIMB oka3ancs cBs3aHHBIM ¢ ypoBHEM ayTo-AT
k MBP u 6enxam S-100, Ig k BIIT-2 - k GFAP, IgM k
OBB - k rmytamMaTHbIM perienropam [6,10].

OO6pamaer Ha ceOs BHUMaHHWE TOT (akT, 4TO B
YCIOBHSIX TMOKA3aHHOT'O B HMCCIECIOBAHUU LepeOpab-
HOTO MH(EKIIMOHHOTO Mpoliecca, 3HAYSHUs psizia cepo-
JIOTHYECKUX M MMMYHOJIOTHUECKMX IOKa3arenei, co-
NPSDKEHHBIX C IICUXOIATOJIOTHYECKUMH 1 Mopdosoru-
YECKHMH HApYIICHUSMHU, SBISIOTCS HOPMATHBHBIMH (B
TOoM grcie, ypoBHU IgM Kk repniecBupycam).

B mpencTaBneHHOM KOHTEKCTE YKa3aHHAS HOpMa-
TUBHOCTh JIA0OPATOPHBIX IAHHBIX OTPa)kaeT MapIlu-
ANBHYI0 HEJOCTaTOYHOCTh WMMYHHOI'O OTBETa NpH
mu3odppeHnn. Takum 00pa3oM, TpaauIMOHHAs J1a0o-
paTopHasi TUArHOCTHKA WHOEKIWA Tpu mu3odpeHnn
MIPEICTABISAETCS HECOCTOSTEIHHOM.

BriBogbI.

[TonmyuyeHHbIe TaHHBIE TOATBEPIKIAIOT, YTO IIHU30-
(peHnst UMeeT B OCHOBE XPOHHYCCKHIA MOJUMH(EKIIH-
OHHBIHN Mpolecc, B KOTOPOM T'epIIeCBUPYCHI SBISIOTCS
3HAUYUMBIM ATHOJOrn4YecKkuM ¢axropoM. [locienuuit
OPOABJIACTCA BOCIHAIUTCIBHBIMA U ACTCHCPATUBHBIMUA
IpoIeccaMy B TKaHSIX MO3Ta, HepeOpaIbHBIX cCOCyaax
U KOJJIGKTOpHOH cucreme. LluromeranoBupyc sBis-
€TCsl 3HAYMMBIM JIIS HApyIICHHHA JTUMQOIUTAPHOTO
3BeHa UMMYHHUTeTa (hakTopoM. JlehuurapHOCTh mpH-
00pEeTeHHOT0 MMMYHHUTETa W CTEPTHIN XapakTep HH-
¢dexknuu TpH MH30PPEHUN OMPENCISIOT HEOOXOIH-
MOCTh Pa3pabOTKH HOBBIX KPUTEpUEB J1aOOPaTOPHOU
UATHOCTHUKH JUTSI 9TON KaTeTOpPUH OOJIBHBIX.

3axItoYeHue.

WHTerpaTuBHBIN aHaIU3 pe3yIbTaTOB JaHHOU pa-
6OTI)I 1 HalIUX IMMPEKHUX I/ICCHCZ[OBaHI/Iﬁ BBIABIISICT CJIC-
Jylomye ToyoxeHus:: MMMyHonornyeckue rmokasa-
TEJH, UX CBSI3b C CEPOJIOTHUECKUMH, KITMHHYCCKUMHU U
MOP(OJIIOTHYECKUMH  TTOKa3aTeNsIMH  0OOCHOBEHIBAET
MIPEJCTaBIICHHE O MM30(QPEHUN, KaK WHPEKIMOHHOM
Tporecce.

OmHUM U3 3HAYMMBIX ITATOTCHETUIECKUX 3BCHBCB
m30()PEHNN SBIIETCS PACIIPOCTPAHEHHBIN BACKYJIHT
CO CTEepPTOM KIMHUYECKON KapTUHOW, BHOCSIIIUMA BKJIA]T
B M3MeHeHue npoHuraeMoctd ['9b. JIpyruM BaKHBIM
3BEHOM SIBJISIETCSI IATOJOTMYECKUN mpoyuecc B nepu-
BACKYJISIPHBIX IIPOCTPAHCTBAX, [0 KOTOPBIM IIPOUCXO-
JOUT TOK J'[I/IM(I)I)I C I/IH(l)eKI_II/IOHHI)IMI/I aréeHraMm U UM-
MYHHBIMA ()aKTOPaMHU B YCIIOBUSIX BOCIIATICHUS.

Takum 00pazoM, mpencTaBisieTCs Lenecoodpas-
HBIM PacCMaTpPUBaTh IMU30(PPEHUIO KaK XPOHHYECKOE
CHCTEeMHOE 3a00JIeBaHNe C MOTMUH(EKINOHHOH 3THO-
JIOTHEH, TPOSBISIONICECS CHUCTEMHBIM BaCKYJIHTOM,
BOCIIAJINTEIGHBIMA U JIETCHEPATUBHBIMU W3MCHCHH-
SIMHA B MO3T€, ¥ Pa3IMYHBIMU TIPOSBICHUSIMHE JeHUIH-
TapHOCTH MIPHOOPETEHHOTO CIIEIU(UISCKOTO B HeCIe-
muduyeckoro ummyHurera. llenecooOpasHa paspa-
0oTka 1abOpaTOPHBIX MapKepoB HMHGMEKIMH NpU
mu3oppeHnd U UG PEepeHIIMPOBAHHBIX AITOPUTMOB
MYJIbTHANCIUILUTHHAPHOTO TEPAIIEBTHYECKOTO BEICHUS
U IPOHUIAKTHKH.
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ENDOSCOPIC DOUBLE STENTING OF THE BILIARY SYSTEM AND DUODENUM IN THE
TREATMENT OF UNRESECTABLE CANCER OF THE HEAD OF THE PANCREAS,
COMPLICATED BY OBSTRUCTIVE JAUNDICE

Bezrodnyi B.
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Slobodjanyk V.
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Filatov N.
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Abstract

A comparative analysis of the clinical efficacy of double stenting of the biliary system and duodenum in the
treatment of inoperable pancreatic head tumors, complicated by obstructive jaundice and duodenal obstruction,
open surgical operations, and endoscopic stenting of the biliary system and duodenum was made in the article.

The advantages of minimally invasive surgical interventions are shown, their place in choosing patient treat-
ment tactics is determined, the results of both surgical technologies types are evaluated.

Keywords: pancreatic cancer, obstructive jaundice, duodenal obstruction, bile duct endoscopic retrograde

drainage, double stenting.

Introduction

Only palliative surgical treatment, aimed at elimi-
nating cholestasis, is performed for about 80% of pa-
tients with pancreatic head cancer (PHCa) complicated
by obstructive jaundice.

However, in 5-8% of such patients, even during
initial treatment, signs of a violation of the evacuation
from the stomach due to the duodenum being damaged
by tumor are detected.

In 10-20% of patients undergoing biliodigestive
bypass, 4-6 months after correction of cholestasis, a du-
odenal tumor obstruction develops with progression of
cachexia and gross metabolic disturbances, which does

not allow to follow chemotherapeutic treatment proto-
cols, worsens the quality of patients’ life and requires
repeated, draining stomach interventions [1,2,5].

Therefore, in recent years, a study has been con-
ducted on the effectiveness of using minimally invasive
endoscopic interventions, involving stenting of the bil-
iary system and duodenum with metal nitinol stents.
Such interventions are justified in case of patients with
serious health conditions, with high surgical and anes-
thetic risk due to complications of the underlying dis-
ease or in the presence of severe concomitant patholo-
gies [4,5,6]. However, the issues of the surgical tactics
choice and features of the technique of such operations
remain unresolved.
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Aim

To improve the immediate results of palliative sur-
gical treatment of patients with unresectable pancreatic
head cancer complicated by obstructive jaundice and
duodenal obstruction by using endoscopic stenting
techniques.

Objectives

1. Clarify the algorithm for choosing the surgical
treatment tactics for patients with obstructive jaundice
due to unresectable pancreatic head cancer with a duo-
denal obstruction by a tumor.

2. To evaluate the effectiveness of using endo-
scopic stenting of the biliary system and duodenum in
the treatment of unresectable pancreatic head tumors
complicated by obstructive jaundice and duodenal ob-
struction.

3. Through a comparative analysis of the results
of open and endoscopic treatment methods for thematic
patients, determine the indications for the use of endo-
scopic stenting of the biliary system and duodenum in
the treatment of unresectable pancreatic head tumors.

Materials and methods

A comparative analysis of the surgical treatment
results of two patient groups (10 patients in the first and
22 in the second) aged 62 to 79 years, among them there
were 29 men (64.4%) and 16 women (35.6%), who
were taken to the surgical clinic of the Kiev clinical
hospital No. 4 for unresectable pancreatic head cancer,
complicated by obstructive jaundice. The diagnosis of
pancreatic head cancer was verified in accordance with
the European Society For Medical Oncology, 2015 (1)
protocol for the pancreatic head cancer treatment and
diagnosis and the recommendations of the National
Comprehensive Cancer Network (NCCN), 2015, 2018
(3). According to the classification of Union Internatio-
nale Contre le Cancer (UICC), 2009, 7th edition, which
corresponds to the classification of the American Joint
Committee on Cancer (AJCC) (revision VII, 2010 and
revision VIII, 2017), all patients suffered from pancre-
atic head cancer of I11-1V stage. According to the inter-
national classification (WHO, 1983, 2000), according
to the histological structure, a cancerous tumor in all
patients was identified as ductal adenocarcinoma. Re-
sectability of PO tumors was determined based on com-
parisons of clinical, laboratory, and radiation examina-
tion methods (multi-detector spiral CT, MRI, endo-
scopic ultrasonography) according to NCCN, 2015,
2018 (3).

The resectability of pancreatic tumors was deter-
mined on the basis of comparisons of clinical, labora-
tory and radiation examination methods (multi-detector
spiral CT, MRI, endoscopic ultrasonography) accord-
ing to NCCN, 2015, 2018 (3).

Considering the ESMO (2015) and NCCN (2018)
guidelines, the study included patients, who due to gen-
eralization of the cancer process, manifestations of he-
patic-renal dysfunction, hemorrhagic syndrome, age,
severe concomitant pathology, neoadjuvant chemother-
apy was contraindicated. Therefore, all of them were
subject only to palliative symptomatic surgical treat-
ment with the aim of biliary system decompression and
elimination of gastric evacuation disorders.

Violations of gastric emptying were evaluated us-
ing a 4-point scale of the Mayo Medical Center Gastric
Outlet Obstruction Scoring System (GOOSS), 2002
[6], which provided for the significance of the clinical

dysphagia manifestations in points: oral ingestion is
impossible - 0 points, only liquids can be taken - 1
point, only “soft” food - 2 points, an adequate diet - 3
points. Scoring allowed a statistical analysis of the ef-
fectiveness of surgical procedures to evaluate the relia-
bility of differences in the results.

The scope of research before the operation in-
cluded: general clinical and biochemical blood and
urine tests, special examination methods: ultrasound,
duplex visceral aortic arteries scanning, CT with bolus
contrast, FGDS with examination of the retrobulbar
section of the duodenum and major duodenal papilla,
and X-ray of the stomach and duodenum, ERCP, trans-
duodenal ultrasound scanning. When performing endo-
scopic transduodenal stenting, the following X-ray en-
doscopic equipment was used: GE OEC Flurostar C-
arm 7900; Olympus Evis Exera TJIF-160VR and Olym-
pus Evis Exera TJF-150 video duodenoscopes. For
stenting the duodenum, stents HANAROSTENT Duo-
denum / Pylorus NDSL20-140-230 manufactured by
South Korea were used. The nitinol stents Boston Sci-
entific WallSTENT Biliary Uncovered 10mm-60mm
manufactured in the USA were used to stent the biliary
system.

Patients of the 1st group (10 patients) underwent
double bilio- and gastrodigestive bypass by sequen-
tially applying a hepaticojejunoanastomosis loop on the
Rough isolated and posteriorly jejunum, and gastrojeju-
noanastomosis on the proximal part of the crossed in-
testinal loop. Patients of the 2nd group (22 patients) un-
derwent endoscopic (staged or simultaneous) double
stenting of the biliary system and duodenum with ni-
tinol biliary and duodenal stents.

In open operations, simultaneous biliodigestive +
gastrodigestive bypass was performed according to ur-
gent indications (within 24-48 hours from the time of
hospitalization). In case of 6 patients with cholestatic
syndrome was complicated by liver failure with symp-
toms of encephalopathy, hepatic-renal and / or hemor-
rhagic syndromes, cholangitis, surgical correction was
carried out in two stages. On the first of them, the bili-
ary system was decompressed by endoscopic transpa-
pillary stenting with a plastic stent with bile culture to
determine sensitivity to antibiotics and holding the
probe in a thin intestine for enteral nutrition. After 5-6
days, after the correction of the phenomena of liver fail-
ure, the planned volume of surgical treatment was per-
formed. Surgical intervention was preceded by a course
of intensive therapy aimed at correcting hypovolemic
disorders, endogenous intoxication, hemorrhagic syn-
drome, preventing erosion and acute ulcers of the gas-
trointestinal tract (proton pump inhibitors, sandostatin),
as well as correcting concomitant pathology. In the di-
agnosis of cholangitis, antibiotic therapy was carried
out taking into account the results of bile culture (in all
cases, sensitivity to carbopenems was revealed).

Endoscopic correction of biliary and duodenal ob-
struction was also carried out according to urgent indi-
cations (within 24-48 hours from the moment of hospi-
talization) and suggested that at the first stage (19 pa-
tients) only transpapillary stenting of the biliary system
with nitinol self-expanding stents was performed with
a probe for enteral feeding with a jejunal probe tube.
This tactic was explained by the severity of cholestatic
syndrome, complicated by the phenomena of liver fail-
ure and cholangitis, as well as the ability of patients to
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take liquid food. After 7-10 days of intensive therapy,
correcting metabolic disorders and cholangitis, trans-
probe enteral nutrition, stenting of the duodenum was
performed. Three patients received stenting of the bili-
ary system and duodenum simultaneously.

The results and discussion

Patients of both groups were initially representa-
tive by gender, age, frequency of concomitant diseases,
and the main indicators of homeostasis.

In patients of the first group, the level of biliru-
binemia was 210+ 18.1 umol/L. The localization of the
obstruction of the duodenum was diagnosed: in the up-
per horizontal part - in 4 patients, in the vertical part -
in 6 patients. To assess the degree of duodenal obstruc-
tion, the classification G. G. Adler, 2002 (GOOSS
score) was used. The severity of duodenal obstruction
in patients of the first group was 1.7 £ 0.19 points.

Postoperative complications in the surgical treat-
ment of patients of the first group were developed in 4
patients (out of 10): 2 patients got pneumonia, 1 patient
got myocardial infarction, 1 patient got liver failure
with progressive hemorrhagic syndrome. Lethal out-
comes were noted in 2 patients, the causes of which
were: myocardial infarction and liver failure. In the dis-
tant postoperative period, the superimposed biliodiges-
tive and gastrodigestive shunts effectively provided
their drainage function to death from the underlying
disease.

The level of hyperbilirubinemia was 216 + 19.3
umol / L in people of the second group (22 patients).
The localization of duodenal obstruction was diag-
nosed: in the upper horizontal part of the duodenum —
2 patients, in the vertical part - 20 patients. The degree
of duodenal obstruction, according to the classification
of D. G. Adler, was 1.65 £+ 0.17 points.

The proportion of postoperative complications in
the treatment of the second group patients was 30.4%,
there was no mortality. Postoperative complications de-
veloped in case of 5 patients: 2 patients got pneumonia,
3 patients got cholangitis. Thus, the endobiliary stent
provided an effective drainage function of the biliary
tract in 86.4% of cases. The cholangitis, that was devel-
oped in case of three patients, was stopped by targeted
antibiotic therapy, taking into account the bile culture
on microflora, intensive care and drainage rehabilita-
tion. Endobiliary stents functioned effectively through-
out the remainder of the patients' lives. After duodenal
stenting, oral ingestion of first liquid and then solid
food began by patients from the second day after the
intervention. Subsequent follow-up found, that duode-
nal stent obstruction did not occur until death from can-
cer, and patients of the second group could drink water
and eat food before death.

A comparative analysis of hospital stay at the in-
patient department showed, that in case of the first and
second groups’ patients, respectively, this period was
17.2 £ 1.74 and 8.4 = 0.94 days. The average life ex-
pectancy after surgical correction of the first group peo-
ple was 71.2 + 6.3 days, the second group - 69.1 £ 7.1
days. Moreover, mortality of the first group people was
20.0% and absent in the second group patients.

Analysis of the duodenal stenting effectiveness in
the second group patients showed clinically significant
success of the procedure in all cases. So, with the initial

severity of duodenal obstruction at 1.65 + 0.17 points
after correction, its level was 2.6 = 0.10 points (p
<0.05), which indicates a significant gastric emptying
improvement. The degree of procedure effectiveness
was different. So, dysphagic and dyspeptic symptoms
were eliminated in case of 19 of 22 patients. In 3 cases,
their severity became less, and patients could eat orally.

Assessing the results, the high cost of consuma-
bles should be noted, but in the future this problem will
certainly be solved.

Conclusions

1. Double endoscopic stenting is the operation
choice in the surgical treatment of patients with inoper-
able pancreatic head cancer complicated by obstructive
jaundice and duodenal obstruction. The procedure
avoids anesthesia, does not provoke the progression of
liver failure, has a shorter duration.

2. Endoscopic double stenting of combined bili-
ary and duodenal obstruction with a pancreatic head tu-
mor has advantages over surgical double gastro and bil-
iary digestive bypass surgery, since it provides faster
recovery of the bile passage and gastric contents, is eas-
ier carried over by patients, is accompanied by fewer
complications, absence of mortality, allows patients on
the second day to start eating naturally, and doctors to
consider the issue about chemotherapeutic treatment.

3. Endoscopic double stenting of combined bili-
ary and duodenal obstruction by a pancreatic head tu-
mor is indicated for patients with common forms of the
cancer process, when the patients have a limited
lifespan, and the anesthetic and surgical risks of opera-
tions are extremely high.
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Abstract

The list of pharmaceuticals used in pediatrics is defined. The preferences of pediatricians were identified
when prescribing pharmaceuticals containing iron for outpatients and inpatients - children under the age of 3.
prices of iron in the pharmaceuticals were analysed in the pharmacy organizations of Pyatigorsk, including pref-
erential leave.

AHHOTALMS

OrnpeneneH nepeyeHb JeKapcTBeHHbIX npemnaparoB (JIIT) jkene3a, UCMOIb3YEMBIX B TICAUATPHH. BhIsSBICHBI
IpCaAIOUYTCHUA Bpaqeﬁ-neaHanOB IIpHU Ha3HAYCHUU JIIT »xene3a JJIs1 aM6yJ’IaTO’pHLIX M CTallMOHAPHBIX ITAITUCHTOB
— nereit 1o 3-x net. [Ipoananusuposansl HeHsl Ha JIIT jkene3a B anTeuHbIX opranu3zanusx ropoaa Ilsturopcka,
BKJIIOYAst JIbTOTHBIA OTITYCK.

Keywords: iron drugs, children, pediatricians, outpatient and inpatient patients, price, preferential leave.
KualoueBnle ciioBa: JICKapCTBEHHBIC IPE€IIapaThl KEJI€3a, A€TU, Bpadu-II€ANaTPhI, aM6YJIaT0pHLIC U CTaIlluo-
HapHI)IC MalIuecHTHI, IICHA, HBFOTHBIﬁ OTl'lyCK

Kenezo sBnsieTcs MUHEpaIoOM, KOTOPBIM ydacT-
BYET B BOXKHEHUIINX QYHKIHMAX opranu3ma. [To JaHHBIM
BO3 miangeHIisl, AeTH 10 3-X JIET IOABEpraTcs 6ojee
BBICOKOMY PHCKY JneduiuTa skenesa. IIpoBeneHHbIH
HaMH KOHTEHT-aHaJIU3 CIIPAaBOYHON MEIUIIMHCKOMN JIU-
TepaTyphl MOKa3aj, YTO MPUYHMHBI Je(UIMTA XKele3a
pa3HOOOpa3HbL: OTCJIONKA IIIAIlCHTHI, HEJIOHOIIEH-
HOCTb, KPYITHBIHA BEC TIPH POXKICHUH, Te(PEKTHI BCKAPM-
JUBAHUSA, HETIEPEHOCHMOCTh KOPOBBETO MOJIOKA, aHO-

Maymu JKKT, omyxosu, relTbMUHTO3bI, TPOMOOITUTOTIC-
HUH, HJOKPUHHEIC 3a00JICBaHUs, TeMaTypus, Tyoep-
KyJ€3, alliMEHTapHas HeJJ0OCTaTOYHOCTS [2, 4].

Jis medeHus 3a0oseBaHUl, CBI3aHHBIX C Jaedu-
IUTOM jKeJie3a B OpraHm3Me peOeHKa, HCIOIb3YIOT Jie-
kapctBeHHbIe ipeniapathl (JII1). JleueHne MOXeET ocy-
MECTBIATECS B aMOYJIATOPHBIX WJIH CTallHOHAPHBIX
YCIIOBHSIX B 3aBUCHMOCTH OT TSDKECTH 3a00JICBaHMUS pe-
OcHKa.
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Lenp mccnenoBaHus 3aKiIiOYaach B OIperelie-
HUU MIepEYHs U NPEANoYTeHUH Bpadyeil-neAnaTpoB npu
Ha3HAUYEHHUM JIEKAPCTBEHHBIX IpEnapaToB jKenes3a Je-
TAM 710 3-X JIeT.

B xone u3ydeHus 0003HAUEHHOT'O HANpPaBIICHUS
WCIOJIb30BAJIM METO/Ibl KOHTEHT-aHaI13a, COLIMOJIOTH-
YECKOT'0 0Ipoca, FPyNIUPOBKY U CPABHEHUS [TOKa3aTe-
nel, neHoBbIx xapakrepuctuk JII sxenesa.

Hccnenosanud BeimonHeHs! B Teuenue 2019 roga
Ha 0a3e opraHu3anui

r. [Isturopcka: Jlerckoit monuknuauku Nel, Ilen-
TPaJIBHOHN TOPOJACKON JETCKOM OOJNBHUIIBI, 4 allTeIHBIX
OpTaHU3aINH, BBITONHSIIOMNAX CONHANBHBIE (OYHKIUN
Y pacroJIOKEHHBIX B pa3HBIX JIOKAIMAX ropoja. B co-
IIUOJIOTUYECKOM OTpoce MpHUHsUIM ydactue 96% Bpa-
Yel-neauaTpoB, paboTAIOMINX B YKa3aHHBIX MEIUIIMH-
CKHX OpTaHM3aIUAX, YTO OOECICUMBACT PEIpe3eHTa-
TUBHOCTb TIOJIYYCHHBIX B XOJI¢ U3yUCHHS PE3YIBTATOB.

Ycranosneno, uro JIII »xene3a kiaccuduuupy-
FOTCS Ha 2 TPYIIIEL: TpenapaTsl 3-X U 2-X BaJCHTHOTO
kenes3a [3]. JlaHHbIC MEAMIIMHCKON JTUTEPaTyphbl CBU-
JIETETHCTBYIOT O JIYUIIIEM YCBOCHHH OPTaHU3MOM YeII0-
Beka JIIT xxene3a 2-X BajieHTHOTO. IHTEpBBIONPOBAHHE
Bpaueii-eAnaTpoB MOIUKINHUKH ITOKA3aJI0, YTO B MO-
ClIeJIHEe BpeMs OHHM YacTO 3aMEHSIOT IpenapaTsl jKe-
nie3a 2-X Ha MpenapaThl HOBOTO MTOKOJIEHUS JKeme3a 3-X
BaJICHTHOTO. DTO O0BSACHICTCS IIPEUMYIIIECTBAMH IIpe-
MaparoB jKeJie3a 3-X BaJCHTHOTO B BUJIE BHICOKOM 0e3-
OMACHOCTH NMPUMEHEHHUSI, OTCYTCTBUSI PUCKA EPE03U-
POBKH, HHTOKCHKAIIMU U OTPABJICHUIT; OTCYTCTBHS IO~
TEMHCHUS IECCH U 3y0O0B; MPUATHOTO BKYCa; OTIUIHOM
MEPEHOCUMOCTH; BBICOKOH KOMILJIAEHTHOCTBIO Jieue-
HUSL.

Ha ocHOBaHMM TIpOBEAEHHBIX HAMHU HCCIICHAOBA-
HUH yCTAaHOBJICHO, YTO TPYTIIA IIPETIapaToB xKeme3a 3-X
BaJICHTHOT'O BKIIo4aeT B cebs 5 MHH JII1, pasperien-
HBIX B TIEIUATPHUU IETAM 70 3-X JieT. [Ipu 5ToM, naHHbIe
MHH JIIT xxene3a uMeroT 33 TOProBBIX HAMMEHOBAHUS
(TH). Tax, nanpumep: JKenesa 3 ruapokcua MoIMMa-
TO3aT BKJIIOYaeT B cebst 17 TOProBbIX HAMMEHOBaHH;
’kenes3a 3 TUIpOKCH]T caxapo3Hblii kommuieke — 10 TH,
JKese3a THAPOKCU copOuTOoIOBEIN Komruieke -3 TH,
JKenes3a mporeuH cykuumHunat- 2 TH, Tonbko xenesa
JEKCTpaHT uMeeT 1 Topropoe HanmeHoBauue [1, 5].

JlekapcTBEHHBIC MIpemaparhl Kele3a IPeACTaB-
JICHBI Pa3IMIHBIMU JIeKapCTBEeHHBIMU (popmamu (JID).
Hawub6omnee pacnpoctpanennoit JI® JXKenesa 3-x payieHT-
HOTO sABIstOTCS pacTBopsl (23 TH), cupomsl (7 TH), na-
nee cienytor tabnerku/kancynsl (5 TH), naumenee
pacnpocTpanensl karmu (3 TH).

IIpoBeneHHOE nanee cpaBHEHHE IOKA3ajio, YTO
rpyIna npenaparoB xeje3a 2-X BaJeHTHOTO BKII0YaeT
B ce0s 4 MHH JIII, kotopeie mpeacrasiensr 12 TH.
JKenesa rmokoHat u xenesa cynbdar umerot o 4 TH,
xkerne3a pymapat — 3 TH, a xene3a XJIOpHA BCETO JIUIIB
1 ToproBoe HaumeHoBauue [1, 5].

I'pymma mpemapaToB jkene3a 2-X BaJIEHTHOTO
MPEJCTaBIICHa TaKkke Pa3HOOOPa3HBIMH JIEKAPCTBEH-
HeIMH (popmamu. HambGonee momynspuoit JID sBiis-
toTcs TabneTku (8 en.), nanee cuponsl (4 ex.), karm (2
en.), cycriensus (1 en.) u pactBopsl (1 exn.). B otinuane
ot rpymmsl JIIT xxene3a 3-x BaneHtHoro, y rpymmst JITT

xKene3za 2-X BaJICHTHOTO €CTh TaKas JIEKapCTBEHHAs
(dbopma, KaK CyCIICH3USL.

JersaM paHHero Bo3pacTa INPEANOYTUTEIBHO
Ha3HauYeHUE HKEIE30COoIePKaIINX MPernapaToB, BbITYC-
KaeMbIX B (popMe Karenb u/unu cuporna [4].

Ha 6a3e ropojckoii 1eTckoi OOJBHULBI OBLIO BBI-
SIBIICHO, YTO HCIIOJIb30BaHHUE MTAPCHTEPATBHBIX Iperna-
paToB KeJe3a OCYIIECTBISIETCS TONBKO B CTAllMOHAPE
MOJT CTPOTHM PYKOBOACTBOM Bpaueil. J[Ba OCHOBHBIX
JITI, ucronp3yeMble B cTaldoHape, 3To: xenesa [I11]
TUAPOKCU caxapo3Hbii komiuieke APC, xxene3o nomiu-
MaJbTO3HOE.

Bonee 25 ner B Poccun neiictByer Iloctanosie-
nue [IpaButenncrBa Poccuiickoit denepamu Ne 890
o1 30.07.1994, B KOTOPOM II€pPEUUCIICHBI JILTOTHBIE Ka-
TErOpHUU TpaXkIaH, UMCIONIMX PAaBO Ha OOecIeucHHe
OeCIIaTHRIMU METUKAMEHTaMH. B CIIHCOK «JIBrOTHOTO
obOecnieueHust aeredt mo 3-x jer» JleTcKoi MmomuKiv-
HUKH T. [I9THrOpCcKa BKITFOYCHBI 3 WHTEPECYIOIINUX HAC
mpemapara: @eppym Jlex cupomn, Manbrodep karmmm,
MansTodep cupor.

JIs BBIIMICKH PEIIETITOB HCHOIB3YIOTCSA OJNaHKH
¢dhopmbr Ne148-1/y-04(1), KOTOpBIE 3aBEPSIOTCS 2 TIeda-
TAMU: Bpada-TiequaTpa u MoJUKINHUKY. Perent BoImH-
CBIBACTCSI B TPEX DJK3EMIULIpaxX: IMEPBBIH SK3EMIUIIP
Bpay BKJIEUBAET B aMOyJIATOPHYIO KapTOUKY MaJbIIla;
BTOPOH U TPETUH 3K3EMIUIAPHI OTAAKOTCS POLUTENAM
s nonyyenust JIIT sxene3a B anTe4HON OpraHu3anuu.

B xope uccnenoBaHus yCTaHOBICHO, YTO BO BCEX
aNTCYHBIX OPTaHU3AIUAX, BBITOTHIIOMIAX COIHATb-
HbIC (DYHKIHH, IMEIOTCS i1 OECIUTaTHOTO OTITyCKa Ta-
nuentam JITT sxene3a. Bee tpu JITT sxene3a (1) rumpok-
CHIa TOJINMATO3aTa, PEKOMECHIYEMBIC BpayaMu JCTIM
JI0 3-X JIET, OTHOCSITCSI KO BTOPOH IIEHOBOK KaTErOpHH.
IIpu atom, cpenusia niena @eppym Jlek, cupona coctas-
nset 137,32 py0., Manbrodep, Kariu B CpeTHEM CTOSIT
235,79 py0., a MansTodep, cupor — 270,71 pyoO.

Hapsiny ¢ OecrutatabiM ormyckom JIIT kenesa,
BpayM JIETCKON MOJUKIMHUKN B OCOOBIX CIydasx Mmpo-
TEKaHUs 3a00JICBaHMsI, MOTYT PEKOMCH/IOBATh POJIUTE-
JIAM IS JICYCHUS] IETCH MPHOOPETEHUE CIICIYFOIINX
JITT xene3a 3a MOJNHYIO CTOUMOCTB: AKTHh)eppuH (Ke-
J1e30 3-X BaJIGHTHOE), cupon Aos ¢ xene3oMm u To-
tema. Hamu ycraHoBneHa cpenuss neHa ganabix JIIT B
anTeyHBIX opraHm3anusax T. [laturopcka. HambGonee
JIOCTYTIHBIM BCEM CJIOSIM HACEIICHUS SBISETCS CHPOII
AJ103 C Kene3oM, ero cpeaHss 1eHa 76,38 pyo., crou-
MOCTh AKTH(EpprHaA HampsMylo cBs3aHa ¢ ero JID.
Tak, Aktudeppus B karcynax Ne20 crour 177,16 py6.,
B (hopme cupona — 273,44 py6. a B karusix — 320,48
pyo.

Takum o0pa3om, Ha (apMareBTUYECKOM PBIHKE
r.Ilaturopcka umerorcs Bce Heooxonumbie JIIT xxenesa
JUTSL JICYCHUS TIAIIMCHTOB B BO3PACTe JI0 3-X JIET B pas-
JnyHbIX JIO 1 pazHON IEHOBOW JOCTYMHOCTH.
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JOCJIKEHHS CHOJYK, IO HIEPETOHSIIOTHCSA 3 BOJSIHOIO IMAPOIO, TUCTS TOMOJII
BOJIOCUCTOILIIIHOIL
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ooyenm Kagedpu hapmaroznosii, hapmaxonozii i Gomanixu,
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Abstract

By the method of gas chromatograpy-mass spectrometry qualitative and quantitative content of substances

distilled whih water vapor of leafs of Populus trichocarpa Torr. et Gray., which grows on Ukraine, determined.
58 components are identified (total content 342,1 mg/kg). Major of them were: B-evdesmol 68,8 mg/kg, salicylic
aldehyde 52,8 mg/kg, y-evdesmol 22,0 mg/kg, bensylsalicylat 17,9 mg/kg, pentacosane 17,3 mg/kg, 1,2-
ciclohexandion 14,9 mg/kg, a-bisabolol 13,6 mg/kg, ar-curcumene 12,5 mg/kg.

AHoTauis

MeTtooM XpOMaTO-Mac-CIeKTpoMeTpii y JimcTi Tomoii Bojocuctorutianoi (Populus trichocarpa Torr. et
Gray.), SIKY KyJIbTHBYIOTh B YKpaiHi, BU3HAYECHHI CKJIa]] Ta BMICT CIIOJYK, [0 MEPETOHSIIOTHCS 3 BOJSIHOKO TAPOIO.
InenTudikoBano 58 cronyk, 3aradpHUM BMicToM 342,1 mr/kr. JJoMmiHyrounmi €: B-eBaecmon 68,8 MI/Kr, caminm-
JOBHH ampaerig 52,8 mr/kr, y-eBmecmon 22,0 mr/kr, 6erswicanimuiar 17,9 mr/kr, nearako3an 17,3 mr/kr, 1,2-

UKIIOTeKcaH-i0H 14,9 mr/kT, a-6icabomoin 13,6 Mr/kr, ar-kypkymes 12,5 Mr/kr.

Keywords: black cottonwood (Populus trichocarpa Torr. et Gray.), leafs, compounds distilled whis water

vapor, gas chromatography-mass spectrometry

Kumouogi cioBa: tonosst Bonocucrorutinaa (Populus trichocarpa Torr. et Gray.), JucTs, COONYKH, IO Tie-
PETOHSIIOTHCS 3 BOJSIHOIO [IAPOI0, XPOMATO-MAaC-CIIEKTPOMETPIst

Beryn.  [lpencraBHuku — poauHu — BepOOBi
(Salicaceae), 3okpema Buau posy tomoss (Populus L.),
JAaBHO TPUBEPTAIOTh YBary JIOCIIAHUKIB, B TMEPIIY
4yepry, SK IIBHIKOPOCTI POCIMHU — JDKEPENo Aepe-
BuHH. [TnanTariiiiHe BUPOIIYBaHHS TOMOJb, IJIs1 BUPO-
OHHMIITBA TBepAOro OiomanuBa (TIENETH, OPHKETH), Y
CBITI BXKe CTaj0 3BUYHKMM sABHUIIEM. 3a maHumu [3, 4]
aigepamu B wii ranysi € Kanana i Kuraii, B €8pori —
Itanis i Himeuuynna. YkpaiHa Ma€e BEIMKUAN MOTEHINA
y BUPOIIyBaHHI EKOHOMIYHO PEHTa0EIbHUX TIAHTAIlIH
€HEePreTUYHUX TOMoJb [4]. 3a JaHUMHU HAYKOBIIIB, YPO-
JKAMHICTh KpaIKX TUIAHTAIId TOMOIb Ha YKPaiHChKUX
rpyHTax Moxe csaraté 20 1/ra ¢itomacu (cyxoi pedo-
BuHH) [8].

Sk mocankoBuii MaTepian, BUKOPHCTOBYIOThH Ca-
JOKaHII pi3HOMAaHITHUX KJIOHIB 1 TIOpUIIB TOIOJb, B
TOMY YHCITI ¥ MibkceKmiiaux [1, 6, 12]. 30uparoTh eHe-
PreTUYHy TOMOJIO MMEPEBAXHO Y 3UMOBHI TIepioj, 10
Jla€ 3MOTY 3aroTOBJISATH JIUCTS Ta OpYHBKH, SIK JIiKap-
CbKY POCJIMHHY CHUPOBHHY Ul BUPOOHHUIITBA JIKAPCh-
KHX 3ac00iB.

JlocBia HapOAHOT MEAUIIMHHM, CydacHi (pITOXiMiuHi
i (hapMaKOJIOTIUHI TOCIIHKCHHAS TOKAa3YIOTh 10 Oaib-
3aMivHI TOMOJI € IMIHHUM JDKEPEJIOM JIIKapChKOi poc-
JUHHOT CUPOBUHU (OPYHBKH, JIUCTS, KOPA, TArOHMU) 3 Pi-
3HOCITPSIMOBAHOIO (hapMaKOJIOTiYHOIO JIi€I0: aHTHOAK-
TEpIaNbHOK,  MPOTH-3aMANBHO0,  AHAJITETUYHOIO,
IiypeTHYHOIO, perapaTHBHOIO [9].

Tomonst Bonocuctorutigaa (Populus trichocarpa
Torr. et Gray.), Hanexurts 10 cekiiii banszamidsi T0-
noii (Tacamahaca). HaiiGinbIne JTUCTSHE IEPEBO TH-
XOOKEaHCHKOTO MmiBHIYHOTO-3ax01y CIIIA (10 68 M 3a-
BBHINKH). B YkpaiHi TOMos BOJIOCHCTOILTIHA 1 11 Ti0-
PUIN KYJIBETHUBYIOTHCS 1 MOXYTh BHKOPHCTOBYBATHCH
JUTs TUTaHTalHOro BUpoInyBaHHs [2, 5, 11, 13].

MeTo10 podOTH CTallO0 TOCHIHPKCHHS CKJIATy Ta
BMICTY CIIOJTYK, [0 IEPETOHSIOTHCS 3 BOJSHOO MApOI0,
JICTSI TOTOJ BOJIOCHCTOILTIIHOT, SIKa KYJIbTHBYETHCS B
VYkpaiHi.

Marepiaiu i Meroau. CupoBUHY IS JTOCII-
JDKEHB 3aroToBysuH y YepBHi 2016 poky, 3 Aepes, 1Mo
poctyTh y JlepkaBHOMY JEHIPOJIOTIYHOMY MapKy
«Tpoctsaneus» HAH VYxpainu (cenume TpoctsHeus,
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lansHCHKIN paiioH, YepHiriBcpka obmacts). Cymmmmm
MOBITPSIHO-TIHHOBHM CITOCOOOM.

KoMnoHeHTHHH CKJIaj CIOJYK, IO MepPeroHs-
IOTHCS 3 BOJITHOIO MAPOI0, TOCIIKYBAIN Ha XPOMATO-
rpacdi Agilent Technologies 6890N 3 Mac-crieKTpomMeT-
puuHuM getekTopoM 5973N, 3a METOAMKOIO HaBeJe-
Hoto y [7]. Cnonykn ineHTH(]IKyBajdu MOPIBHSIHHAM
OTPUMAHUX MAacC-CIIEKTPIB 3 JaHUMH Oi0iOTeKH Mac-
cnekTpiB NISTO05 i WILEY 2007 3 BUKOpHUCTaHHSIM
nporpam i igzertudikanii AMDIS i NIST.

PesyabTaTu. [Ipu xpomaTorpadigHoMy aHami3i y
JIUCTI TOTOJI BOJIOCHCTOILIIIHOT OyJI0 BCTaHOBIEHO
MIPUCYTHICTh 67 CIONYK, IO TEPETOHSIFOTHCS 3 BOJS-
HOIO TIapO¥0, 3araibHUM BMicTOM 360,7 Mr/kT, 58 3 HHX

Abundance

Baasioch imeHrudikysatu (342,1 wmr/kr). Ckimax Tta
BMICT iJeHTH(]IKOBAHNX CIOJIYK HaBEJICHUU Ha PHUCY-
HKY 1 B Ta0JHLIi.

JleTki CHOMYKH JIMCTS TOMOJI BOJIOCHCTOILIIIHOT
MpeaCcTaBiieHl TeprieHoinamu (22 crmomyku — 1497
MT/KT), apOMaTHYHUMU crioiykamu (16 cromyk — 118,1
MI/KT), ByraeBoxHsamu (20 cronyk — 74,3 mr/kr). Ce-
pen imeHTH()IKOBAaHUX KOMIIOHEHTIB — 40 KHUCHEBMIC-
HUX (aJbJETiH, KETOHH, CIIUPTH, eCTepHr) Ta 18 Oe3ku-
CHEBHX CHOIYK (263,1 Mr/kr i 79,0 MI/KT BiZTIOBiTHO).
Cepel TEpIEHOIIB, 32 BMICTOM, 3HAYHO MEPEBAKAIOTH
OIIUKITITHI CIIONTYKH: B-€BAECMO, Y-€BIeCMOJI, o-Oica-
6071071, KypKyMEeH, XiHECOJ Ta KaJaKOpeH.

TIC: 04-LTV.D
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Puc. Xpomamozepama cnonyx, wjo nepe2oHaiomucs 3 6005HOI0 NAPOIo, IUCHSL MONOILI 80A0CUCHIONAIOHOT

Tabmums
CHoJIyKH, 1[0 EPErOHSITHCSI 3 BOASTHOIO MAPOI0, JINCTS TOMOJIi BOJOCHCTOILTITHOT
Ne 3/m1 I Yac yTpyMaHHs, XB I Ha3zpa cnonyku Bwmict, Mr/kr
Tepnenoinu
1 12,35 TPaHC-JTIHATOOJIOKCHU]T 1,1
2 12,91 LMC-TIIHATIOOJOKCH/T 0,6
3 13,34 JIIHAJIO0O0JI 1,9
4 16,83 O-TEepIiHEeOJ 0,8
5 22,83 B-kapiodineH 0,4
6 23,02 a-0epramMoTeH 1,4
7 23,26 repaHiialeToH 1,7
8 23,54 ryMyJieH 0,7
9 23,95 ar-kypKyMeH 12,5
10 24,30 a-dapHeseH 1,8
11 24,64 O-KaaiHeH 1,6
12 24,71 KaJlJaMEHEH 2,3
13 25,08 KaJJaKOpeH 41
14 25,30 HEPOJTI 0N 1,8
15 26,29 KajapeH 3,3
16 26,62 Y-EBAECMOJI 22,0
17 26,74 XIHECOJI 4.4
18 27,08 B-eBaecmou 68,8
19 27,36 0-6icabomon 13,6
20 21,91 -mamackeHOH 1,2
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No 3/m Yac yTprMaHH:, XB HasBa cnoyku Bwmict, Mr/kr
21 29,42 rekcarigpodapHe3nIaneTon 1,4
22 39,94 CKBaJIeH 2,3
ApoMaTH4Hi CIOJTYKH
23 8,60 OeH3aJIbIETI T 1,0
24 9,12 (deHoNn 3,8
25 11,17 OCH3MIOBHH CITHPT 6,8
26 11,55 caiUI0BUI aabJeri] 52,8
27 12,17 areToeHOH 1,1
28 12,82 2-MeTOKCU(EeHO 0,5
29 13,88 B-beninernnoBuil cuupt 2,0
30 15,90 eTw10eH30aT 0,9
31 17,27 €TOKCHOCH3UIIOBHIA CIIUPT 1,0
32 18,40 OEeH3MIAIETOH 4.3
33 21,30 €BI€HOJI 4.4
34 24,04 B-tdheninernn-2-metnnOyTupar 12,2
35 24,12 B-¢eninerumizoBanepat 0,7
36 28,59 OeH3mIdeH3oaT 7,4
37 30,02 OeH3WICAIIAIIAT 17,9
38 31,43 OeH3UII 2-MEeTOKCUOEH30aT 1,3
IHi cnoJiykun
39 4,55 2-METHJIIPUINH 2,0
40 4,85 2-TenTeHallb 0,4
41 5,44 nuc-3-rekcen-1-omn 1,2
42 5,68 TpaHc-2-rekceH-1-o1 0,6
43 5,79 TeKCaHOJI 0,6
44 6,40 IIUKJIOTEINTEH 0,4
45 6,55 IIUKJIOTEKCAHOH 0,6
46 7,62 2-1IUKJI0reKceH-1-01 0,4
47 9,85 1,2-1UKIIOreKCaHI0H 14,9
48 18,97 2-7e1eHallb 1,3
49 22,29 TETpaJIcKaH 1,8
50 22,50 I0JIEKaHAIb 0,7
51 24,20 MeHTa eKaH 2,4
52 27,68 TeTpajJicKaHajb 2,3
53 31,35 eTWINaIbMIiTaT 2,0
54 32,8 ¢biTon 0,7
55 34,91 TPHUKO3aH 11,2
56 35,95 TEeTpaKo3aH 1,9
57 36,99 NEHTaKO3aH 17,3
58 38,90 renTaKo3aH 11,6

BpyHbKHM TOMOMI BOJOCHCTOILTITHOI BiApi3HSI-
IOTHCS BiJl OPYHBOK iHIIIMX BH[IIB TOTOJb JOCUTH BUCO-
KAM BMICTOM y e(ipHiif oJ1ii apOMaTHYHUX CIIONIYK [8],
TaKOX IIe € XapakTepHHM 1 s edipHOi omii nuCcTs
[IHOTO BUIY. 3HAYHO JOMIHYIOYMM 32 BMICTOM Y JIUCTI
BHUSIBHJIMCD: CANIIIMIIOBUH ajbIEril, OCH3UICATIIIAIIAT,
Oen3uiben3oar, B-heninerun-2-MeTua0y THpaT.

Perra i1eHTH]IKOBAaHUX CHONYK MICTHTBCS Y Mi-
HOPHHMX KIJTBKOCTSIX, 3@ BHKIIOUCHHSIM CHCHU(IYHOT
JUISL JIUCTSL 1 KOPU TOTIOJNb PI3HUX BUAIB CHIONYKH 1,2-
nukiorekcanaiony (14,9 mMr/kr) Ta HaCHYEHHX BYTJIE-
BOJIHIB: TPUKO3aHa, MEHTaKo3aHa i renrako3ana (40,1
MI/KT pa3oMm).
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PHYSICAL SCIENCES

MASS OF THE MATERIAL UNIVERSE

Egorov V.
St. Petersburg

MACCA BEHIECTBEHHOI BCEJIEHHOM

Eropos B.A.
Canxkm-Ilemepbype

Abstract

Models of the physical world have the right to exist, if there is an explanation and understanding of the
phenomena, the conclusion of existing laws that are consistent with the experiment. These models include the
kinetic model, where the explanation of the physical world takes place from the standpoint of the existence of a
medium filling the whole space — «supergas». In this paper, we find the mass of the material matter of the Universe
and compare it with the critical mass of the Friedman Universe.

AHHOTAUMSA

MOZ[eJ'H/I (1)I/I3I/I‘-ICCKOFO MHpa UMCIOT ITPAaBO Ha CYIIECTBOBAHUEC, €CJIU €CTh 00BsCHEHNE U OCMBICIIEHUE SIBJIE-
HI/If/i, BBIBO/J] CYIIECTBYIOIIMX 3aKOHOB, COTJIaCYIOIIUXCs C OKCIICPUMEHTOM. K takum MOJCISIM MOKHO OTHECTHU U
KHHETUYCCKYIO MOACIIb, IAC 00BsICHEHNE (bI/IBI/I‘«ICCKOFO Mupa nNpoxXoAauT C MO3UINH CYIICCTBOBAHUA CPEABI 3aI10JI-
HSAIOMIEH BCE IPOCTPAHCTBO — «CBEPXTa3ay. B maHHO# paboTe HalinéM MacCy BeleCTBEeHHOW MaTepun BeeneHHoM

U CpaBHUM €€ ¢ KpuTHueckoi maccoit Beenennoit @puamana.

Keywords: gravitational energy of the Universe, total energy of material matter, critical mass of the Universe.
KuroueBble cji0Ba: TpaBUTALMOHHAs 3HEPTUs BceeneHHOH, oJIHAsL 3HEPIys BEIIECTBEHHON MaTepuu, KpH-

THYecKast Mmacca BeceneHHo.

Beenenmne. 3 mnpencraBienuit o «boibioM
B3pbIBE» U BO3HMKHOBeHHMH Bcenennoit [1;2;3] cie-
JIyeT, UTO CyMMa TOJHON SHEPTrUu BEIIeCTBEHHOUN Ma-
TEPUA W TPABUTALMOHHOW SHEPIHH paBHA HYIIIO.
Taroke ycTaHOBICHO, 4TO HaOmromaemas BceneHHas
pacmupsiercs ¢ yckopenueM [2;3;4]. CkopocTb paciu-
peHUs ompeeNseTcs 1Mo 3akoHy Xaoomna [1;2;5]. To-
CTOsTHHasE Xa00ma ompenensercs dKCIEepUMEHTaIbHO
[6], a B kMHETHYECKOW MOJIENH U TeopeTudecku [5;7].
B coBpemenHoli actpodusuke yTBEpKIAETCS, UTO
CTpyKTypa BcenenHo# Bo3HUKIIA U3 HaYaJdbHBIX KBaH-
ToBbIX (hiykTyauuii [8]. B.b. Mopo3oBbiM B padoTe [9]
YCTaHOBJIEHO, YTO TUIOTHOCTh IMYCTOTO MPOCTPAHCTBA
paBHa KpuTH4yecKoit rotHoctn Opupamana, a rpaBuTa-
[IMOHHASI DHEPTHUS STOTO MPOCTPAHCTBA PaBHA SHEPTUU
TEMHOI MaTepuu U TEMHOM SHEPTUH.

CpaBHeHHe IPAaBUTALMOHHOI M MOJHOM IHep-
run BceseHHol. B knHeTHYECKOW MOJIENH YaCcTHI] K
MOJIEH IPOCTO KOHCTPYHUPOBATh BCE M3BECTHBIE (hH3H-
YecKHe SBIICHHUA W3 HAYaJIbHBIX MPEIIONIOKEHUH, a
KOHCTaHTHI B 3aKOHAX CBSI3aHBI Melly coOOM 1 HE SIBIISI-
I0TCS TIPOM3BOJILHBIMU. B paccmaTtpuBaemoi mojenu
[7;10] rpaBuTanimoHHass >Heprusi OyIET COCTOSTh W3
KUHETHYCCKOW SHESPTUH YaCTHI CPE/Ibl BAKyyMa B 00b-
éme V, TaKke ABJISETCA €r0 BHYTpeHHel sneprueii - U,

U, = NyEx =n,VEg D
KomnuectBo wactuiy Ny HaiinéM udepe3 KOHIICH-
TPANMIO YaCTHI CPENbI N, HalneHHoH B [11]:
48mgc?
n, = T' (2)

rJe m, —Macca IpoTOHa, C — CKOPOCTh CBeTa, h —
nocrostHaas [lmanka. B mpemensHOM ciydae, xorna
CKOPOCTH pacUIMPEHUst TOCTUTHET CKOPOCTH CBETA, TO
n3 3akoHa XabOma criemyer, 4to paxuyc BcemeHnHOM
Oynmer paBed R, = ¢/H - pamuyc o6béma XabOia.
3nech mocrosinHas Xab6ma paBHa [5;7]:
32aadh 3)
= —.
3m,(1m?)
Kunernueckas, mosHas SHEprysl YaCTUIIBI CPEbl
Bakyyma Ep maccoit m, [7;12], Belpaxkennas uepes
IPaBUTALMOHHYIO MOCTOSHHYIO ¥ [7; 10], paBHa:

3
ym
— 2 _ P 2
Ex =m,c® = s cs, 4)
aghl
©)

V= 8mmic(im2)’

[Moncrapnsas Bce m3BeCTHBIC BenW4WHEI (2), (3),
(4), (5) B popmymy (1) momydaem «KpUTHUECKYIO» I'pa-
BHTAIIMOHHYIO Hepruto Beenennoit («cBepxraza» Ka-
CTepuHa):

_ 9mpct(1m?) ©)
Y 218g3q20mht

3aMeTnM, 4TO IpaBUTALIMOHHAs dHeprusi BeeneH-
HOH (6) OTIMYAeTCsl OT PHEPTHH, MOJNy4YeHHOH B [12]
JUTSL SIIMHUIBI 00bEMA.

[Tonnas sHeprust BceneHHOM COCTOUT U3 IHEPTUU
MIOKOSI OT/ICJIBHBIX YaCTHI] ¥ SHEPTUH MTOTPAYeHHOH Ha
MIPELIECCHOHHY0 YacTOTy IPH YBEJIMYEHUH CKOPOCTH
BCEX YacTHIl. B 3TOM cirydae cOOCTBEHHBIC M TIperiec-
CHOHHBIC YaCTOTHI YACTHIIBI COBIAIAIOT, a SHEPTHS, IT0-
TpaueHHAas Ha YBEIWICHHUE CKOPOCTHU PaBHA €€ SHEPTHH
mokosA. Takum 00pazom, MOJHAS YHEPTHS BEIIECTBEH-
HoW MaTepnu BceenenHoii Oyner paBHa:
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E, = 2M;,c. 7

CpaBuuBas sHepruu (6) u (7) s maccsl Beenen-

HOM1 M0JTy4aeM BbIPa)KEHUE!

_ 9mpct(1m?)

VT 214q3q20rh4

st Macchl cpeibl «CBEpXraszay, 3aroJHsIOLIEero

Bcenennyro, umeromnyrw paanyc oobéma Xad0ma, mo-

Jy4aeM BEIUYMHY —

MYy =1,2-10%8 kr.

IMonydyennas macca Beenennoii (8), mpuMepHo B

2,7 pa3a npeBbIIIaeT KPUTHUECKYIO Maccy BcenenHoit

(9) ®puamana [7], Ho B 4,87 - 101° pa3 MeHbIIE MacCHI
B obmactu cuaTymsapaoctd (10) B [7]:

=224-10%%kr.  (8)

c
M§ = —— ~ 82 - 1052xr.
V=g ¥ 820 10%k 9)

mhc\2 1
My = <_> Y A 1,09 - 1079 kr. (10)
ymp mp

BuiBoabl. B pabote Halinena mMacca BeIECTBEH-
HOU MaTepun BceneHHON U3 cpaBHEHUS SHEPTUU Tpa-
BUTALIMOHHOTO I10JISI M TIOJTHOW SHEPTUH BEIIECTBEHHOU
Matepud. Macchl MaTepuH — BellecTBeHHOH (8) u B
TOUYKe CHHTYIApHOCTH (10) 3HAUUTENTFHO OTIMYAIOTCS,
9T0 (BO3MOXKHO) CBSI3aHO ¢ aHHUTHILAIIUCH YaCTHUI] Ma-
TepUH, HEYYTEHHOW Maccoil HyIb-TpyOOK Bakyyma [7].
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IPEJIBAPUTEJIbHBIE UCCJIEJIOBAHUSA PACIIPEJIEJEHUA SJEKTPOHHOM IVIOTHOCTHU B
CHUCTEME La:CuixZnxOs: MATHUTHAS ®A3A

InorHuxosa 0.

Cmyodenm

Kasanckuii 2cocyoapcmeennvlii snepeemuueckuti yHugepcumen,
P, 2. Kazanw

®poJoB A.

Cmyoenm

Kasanckuii 2ocyoapcmeennvlii sHepeemuuecKuti yHugepcumen,
P®, 2. Kasans

MlatixyraunHos 5.

Cmyoenm

Kazanckuii 2ocyoapcmeennbiii sHepeemuyeckuii yHugepcumen,
P®, 2. Kazanv

Xgan /I,

Cmyoenm

Kasanckuii 2cocydapcmeennvlii snepeemuyueckuti yHugepcumen,
P®, 2. Kazanw

Horopensues A.H.

Kanouoam ¢huz.-mam. HayK, OOyeHm

Kasanckuii 2cocyoapcmeennvlii sHepeemuuecKuti yHugepcumen,
P®, 2. Kazans

Abstract

In this work, we performed preliminary studies of the electron density distribution in the La,Cuy.xZnxO4 Sys-
tem. The frequency beginning of the phase transition for the La,Cuo.9Zno.104System, which is 12.7 MHz, was used
as a “support”. An analysis was made of the distribution of electron density in the framework of the theory of R.
Bader and the electron localization function. It has been shown that noticeable differences are observed in the
distribution of electron density along the Cu — O and Zn — O bond lines, which, ultimately, can lead to the observed
change in the electric field gradient on lanthanum nuclei.

AHHOTAIUSA

B HaCTOHIIIeﬁ pa60Te MBI IPOBCJIU ITPEABAPUTCIIBHBIC UCCIICAOBAHUA PACIIPEACIICHUSA 3J'IeKTp0HHOﬁ IIJIOTHO-
ctu B cucteme La,CuixZnyOa. B kauecTBe “omopsl’” MCIONIB30BaIM YacTOTY Hadaaa (pa3oBOro mepexoa Jjs CH-
crembl La;CugoeZng 104, xotopas cocramser 12.7MI'n. Bl mpoBeacH aHaIn3 Paclpeac/iCHHs SIEKTPOHHON
IJIOTHOCTH B paMkax Teopuu P.befinepa u GyHKIMU JTOKamu3anuy dIeKTpoHOB. [Toka3aHo, 9To HaOIIOAAr0TCS
3aMETHBIC PA3JIMYKS B PACIPEACICHUH JICKTPOHHOM IUIOTHOCTH 110 JIMHUsIM CcBsi3u CU-O u Zn-0, 4To, B KOHEYHOM
UTOTe, MOXET MPHUBECTH K HabtonaeMomy n3Menenuro ['I11 Ha siipax jgaHTaHa.

Keywords: resonance spectroscopy, nuclear quadrupole resonance, electric field gradient, quadrupole pa-
rameters, ab initio calculations of electronic structure, electron density distribution, zinc doping, electron localiza-
tion function.

KuarueBble ciioBa: PE30HaHCHasA CIICKTPOCKOIIHA, ﬂﬂepHLIfI KBa,Z[pyrIOJIBHBIﬁ PE30HAHC, 'PaJUCHT JJICKTPU-
yeckoro mojsi (I'DI1), kBaapymnosabpHbie mapaMeTpsl, ab iNitio pacyeTsl AIEKTPOHHON CTPYKTYPHI, pacipe/ie/icHue
JNIEKTPOHHOM MUIOTHOCTH, JOIMPOBAHHE IUHKOM, (DYHKIHUS JOKaIH3aIKH 351eKTpoHOoB (ELF).

HccnenoBanue 3aMeneHUs HOHOB ME/IA B COCITH-
HEHMSX Ha 0a3e Kynpata gantaHa La,CuQ, Ha nByxBa-
JICHTHbIE HOHBI 3d METAJIOB BBISABHIIM PSIT 0COOEHHO-
cteit. B yacTHOCTH, OBIJIO SKCIEPUMEHOTAIBLHO yCTa-
HOBJICHO, 4TO AanupoBanue cucteMbr La,;CuO4 riuHKOM
BBI3BIBAET yMEHbIlIeHHE TemmepaTypsl Heens [1,2].
Iluuk sBNsSETCS OMHUM W3 AKTHBHBIX JIOMIAHTOB HE-
CMOTpPS. Ha TO, YTO €T0 MOHBI UMCIOT KOH(MHUTYPAIIIO
3d'°, t.e. HemaruuTHBL. B coenunenuu La,CuO4aToMsl

ZNn 3aMemaroT MapaMarHuTHBIE HOHBI Mean Cu??,
CTIMHBI KOTOPBIX CBSI3aHBI CHJIBHBIM aHTH(eppoMar-
HUTHBIM B3aumoeicTBueM. Ha prucynke 1 mpuBeaeHb
(parMeHThl CIEKTPOB SAEPHOTO KBAAPYIOIBHOTO pe-
sonanca (AKP) **La nns nepexona 5/2 — 3/2 B cucteme
La;,CuixZnyOs st pa3NuYHBIX KOHIEHTpamuid ZnN.
Crneyetr OTMETUTb, YTO BIUsSHUE ZN HA HOopMy JTHHHUN
crexktpos SKP *°La npossnsercs B nepByro odepens B
OTPE/ICIICHHOM YIIIUPEHUHU CIICKTPATBHBIX JTHHHUH.
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Pucynox.1 Cnexmpur AKP *La ¢ cucmeme LaCuyxZnyOy. Ilepexoo 5/2-312.

B Hacrostieli paboTe Mbl IPOBENH IPEIBAPUTENb-
HBIE MCCIIEIOBAHUsl PACIpPEAEICHHUs 3JEeKTPOHHOMN
mwiotHocTH B cucrteMe LaCuixZnOs. B xauectBe
“onopsI” UCTIONB30BAIN YacTOTy Havasa (a3oBoro Ie-
pexona s cucteMsl La;Cuo.9Zng 104, koToOpast coctas-
nsiet 12.7MI'u. YuurteiBas ymmpeHue JTUHUI, MBI OpH-
€HTHPOBAJINCh HA YaCTOTHI HECKONBKO BbIe 12.7MI1,

4TOOBI TOYHO IIONACTh B MAarHUTHYIO 005acTh. OLleHKH
napameTpoB IpajueHTa snekrpuaeckoro moist (I'911)
Ha siipe La mpoBOAMIM KIIACTEPHBIM METOJIOM — HC-
nojip3oBaiicst kiaactep LajoCusaZnOg" (N — 3apsa kia-
cTepa, KOTOpbIi He00X0IMMO 10100paTh) — PUCYHOK 2.

eo °

o @
@G ®SH®
A

“ % ©

e L.
¢ @ ®

Puc.2 Knacmep La1oCusZnQOgq"
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Atom Zn 3amenian arom CU B MeIb-KHCIOPOIHOM
mnockoctr (cM.puc.2). Onenku I'DIT Ha sapax *°La
ObUIM BBIMIOJHEHBI B paMKaxX CaMOCOTJIaCOBAaHHOI'O
orpaHu4eHHOro meroga Xaprpu - Moka ¢ OTKPBITBIMU
obomoukamu (SCF-LCAO-ROHF) (ucnons3oBanack
nporpamma Firefly [3]). 3apsg kiactepa MeHsCs B
muamazone oT -10 go 10. YacToTs! ms nepexona 5/2 —
3/2 moydYanuch peleHUeM COOTBETCTBYIOIIETO CEKY-
JSPHOTO ypaBHEHUs. Jl0CTaTOYHO XOpoliee coriacue ¢

16.07

9KCIIEPUMEHTOM ObLIO mostyueHo it N = 4 (ROHF 6a-
3uc MIDI). B atom ciydyae kBaapymojibHas 9acToTa
vo=12.707MTI'1, a mapametp acummetpuu 1 = 0.0049.
AHaJIU3 pacrpeaecHUs 3JICKTPOHHOW MIOTHOCTH ISt
knactepa LajoCusZnOazs* mpoBoauics B paMKax Teo-
puu P.Beiinepa [4]. Ha pucyHke 3 B kauecTBe npumepa
MPHUBEJICHA KapTa pPacIpeesicHHs JICKTPOHHOM TUIOT-
HoctH (DI1) Ist Meab-KUCIOPOIHOM TUIOCKOCTH.

13577 1

11.48

9.18

6.89

4.59

2,20+

0.00

0.00 9.93

19.87

13. 25 16656 23.18

Length unit: Bohr

Puc.3 Pacnpedenenue s1eKxmponnoti niomunocmu 6 Medb-kuciopoouoii niockocmu. Knacmep LaioCusZnOazg,

W3onmuHum Ha KapTe paclpelneiIeHUs SJIeKTPOH-
HOM IJTIOTHOCTH CTPOMJIUCH C TTepeMeHHBIM 1rarom: 0.0
0.001 0.002 0.004 0.008 0.02 0.04 0.08 ....-0.001 -
0.002 -0.004 -0.008 -0.02 -0.04 -0.08.... (e/Bohr?).
Toukamu 00603HAUEHBI KpUTHYECKHE TOukd (3, -1).
OHH urparoT 0co0yro pojb - COOCTBEHHBIH BEKTOP r'ec-
CHaHa, OTBEYarOUIUH MOJ0KUTEIbHON KPUBU3HE B JIaH-
HOI TOUKe, 3aJ]aeT UCXOHbIC HAIIPABJICHUS JABYX I'pa-
JIUCHTHBIX TPACKTOPHUI, KOTOpPHIC 3aKAHUYMBAIOTCS B
JIByX coceaHux spapax. OHU ONpenensioT JIMHUIO
cBs3u: DI BOoab 9TOM IMHUKM MakCUMallbHA MO OTHO-
MICHUIO K JIFOOBIM MallbiM OOKOBBIM cMmemieHusM. Cy-
[ICCTBOBAHUC JIMHUH CBS3U SBISIETCS HEOOXOIUMBIM
yCIIOBHEM 0Opa30BaHMUs CBA3H MEXAY aTOMaMH B CTa-
OWIBHOHN paBHOBECHOU cucteme. JImHMM, mepecekaro-
pe B To4kax (3, -1) - IMHUU CBA3M, SIBISIOTCS IOBEPX-
HOCTSIMH HYJIEBOTO TOTOKa BEKTOpa IpagueHTa JJIeK-
TPOHHOH TMJIOCKOCTH U OTPEAETSAIOT 0acCeiH KaxKI0ro

aToma. Kak BUIHO W3 PUBEJICHHOTO PUCYHKA, HAOIIO-
JIAIOTCSL OTPEJICNICHHBIC Pa3Nu4usl B PACHpe/IeIeHUN
OIT no muausM cBa3u Cu-O u Zn-0. B yactHoCTH, “Ta-
U’ oO0Imel WM30JMHUM 3JIEKTPOHHON IIOTHOCTH HA
yposae 0.08 e/Bohr® spons numuii cesasu Zn-O 3a-
METHO yxe, deM s cBsizeit Cu-O. MoxHO mpeanosio-
JKHTb, YTO KOJHUYECTBO OOOOIICHHBIX JJICKTPOHOB B
MEKaTOMHBIX 00acTax Zn-O MeHblIIe, ueM IS aHaIo-
rugHbIX obacteit Cu-O, U MPOUCXOTUT OTIPEICIICHHOES
nepepacipe/ieNicHie 3JICKTPOHHON IUIoTHOCTH. JIJist
YTOYHECHHUS MOJYYEHHBIX JAHHBIX MBI IIPOBENU HUCCIIE-
JIOBAHHS TOMOJIOTHU PACHPEACICHHS 3JIEKTPOHHOU
TUTOTHOCTH TSl JAHHBIX TUIOCKOCTEH MeToaMu (DyHK-
UM JoKanu3auu sekTponos (ELF)[5] — pucynok 4.
ELF mmpoxo mpuMeHseTCs s OpeAeICHUsT 0COOCH-
HOCTEH DJIEKTPOHHON CTPYKTYpPBI PA3IUUYHBIX MOJIEKY-
JSAPHBIX CHUCTEM M KPHUCTAIUIOB. 3HAYCHUS ITaHHOU
(GYHKIMH JIeKaT B AMAIa30He



Norwegian Journal of development of the International Science No 37/2019 49

16.07

13.77
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13.25

1.000
[ 0.900
I 0.800
I 0.700

- 0.600

- 0.500

-0.400
0.300
0.200

0.100

0.000

16.56 19.87 23.18

Length unit: Bohr
Puc.4 Kapma pacnpedenenus ELF 6 medv-xuciopoonoii nnockocmu. Knacmep LaioCusZnOag*.

0 <1 (nN<1: B obnactsax mpocTpaHcTia, rae n(r)
— 1, KUHeTHYeCKass SHEPrHs DJICKTPOHOB yYMEHBIIIA-
eTCsl M HaOJI0JIAeTCsl JIOKATU3AIIUS DIIEKTPOHHBIX Tap,
torna kak 1(r) =1/2 cooTBETCTBYET AIEKTPOHHOH Je-
nokanm3anuu. B pamkax ELF Bo3moxxHO npsimoe oOHa-
PYXKCHHE HETMOACNEHHBIX JJICKTPOHHBIX Map W 00Ja-
CTeH XMMHUYECKOTO CBA3BIBaHU:A. Kak BUIHO W3 IpHBe-
JICHHOTO PHUCYHKa, HamOonpmmue 3HavueHus ELF mis
map Cu-O HaGmromarotrcs BIoJb JuHHM cBsizu Cu-O.
st map Zn-O 3nauennst ELF Boos nunuii ces3u 3a-
METHO MEHBINIE, YTO TOBOPHUT O OOJNBIIEH CTETIeHU
SJIEKTPOHHOM AEOKAIHM3AINH B TaHHBIX 00iacTsax. bo-
Jiee TOr0, MOXKHO ITPEATNOI0KUTh HEKOTOPOE mepepac-
npe/ieieHue AIEKTPOHHOI MJIOTHOCTH B 00J1aCTH aToMa
Zn, 4TO MPHUBOJUT K yBennueHunto ELF B mexaTroMHoO#
obnactu 026-018.

Takum 06pa3om, MOXKHO MPEATOI0KUTH, YTO TIPU
JIOTIMPOBAHKH KyIIpaTa JJaHTaHa aToMaMu ZN IPOUCXO-
JIUT ONpE/ICIICHHOE TIepepacpe/ielieHue IeKTPOHHON

IJIOTHOCTH B 00JacTH aTomMa ZN, 4TO, B KOHEYHOM
UTOTe, ¥ IPUBOJUT K HabItoaeMoMy m3meHenuto ['OI1
Ha sJpax JIaHTaHa.
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THE EFFECT OF ELECTRIC DRIFT ON THE MOVEMENT OF A CHARGED PARTICLE IN THE
FIELD OF AN ACCELERATED ELECTROMAGNETIC WAVE
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In this work we considered the possibility of accelerating charged particles in a field of a linearly polarized
electromagnetic wave traveling along a constant magnetic field crossed with an electrostatic one under conditions

close to resonance

Keywords: Autoresonance, Motion of charged particles, Acceleration of charged particles.

Studies of the motion of charged particles in vari-
ous types of electric and magnetic fields are of great
importance for solving a number of fundamental prob-
lems, as well as for numerous practical applications [1],
[2]. Of particular interest are the modes of motion in
which particles acquire significant energy. One of these
modes is associated with the cyclotron autoresonance
mechanism discovered by Kolomensky and Lebedev
[3]. Cyclotron autoresonance is carried out in the case
of a vacuum electromagnetic wave under rather severe
conditions for the injection of accelerated particles. If
these conditions are violated, it is possible to maintain
cyclotron resonance in various ways. One of them is

Source equations

based on the use of crossed static electric and magnetic
fields [4]. In [4], it was shown that it is possible to
maintain cyclotron resonance in a concomitant refer-
ence frame moving with the speed of electric drift in
the case of a slow wave whose phase velocity is less
than the speed of light in vacuum. It was assumed that
the static electric field is weaker than the leading mag-
netic field. In this paper, we consider the possibility of
cyclotron acceleration of charged particles by linear
and elliptical polarizations accelerated by an electro-
magnetic wave in the case when the electrostatic field
is stronger than the magnetic. The conditions of such an
acceleration mode are found.

E. =(E, coséd,E,sin4,0)
B. =(-NE, sin 8, NE, cosé,0)

E, =(E;,0,0)
B,=(0, B,,0)
di:glcos¢9+VQ— PZQ—%cos@
dr 4 y
dP i Ne,P, .
— Y =g,sin0- N2 sing 1)
dr y
Neg, P,
dP, _ Neh, cosd+— > sin 0+&Q
dr 4 4 4
do_NP, _,
dr y
&P
dy _ &k, cosd+ > sin ¢9+VQi
dr  y 4 4
where
eB E
r=ot Q=—""2 - P ek V=220 )
wm,C m,C @myC B,
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Consider the case when the wave is linearly polarized in the direction of the electrostatic field (X)

& =0 @)

NP,

dF, )cos@+Q(V—i)
Y Y

dr

=g@0-

dpP

y

dr
di: mcosg_kig
dr 4 y
dd NP,
dr
d—y: ﬂcos@+VQi
dr y y

-1@

1
If N=— 5
v ®)

Then P, — Ny = Const wm 6— P,=C, (6)

Assuming C; = 0 then the initial parameters of the particle will have to satisfy the condition P,, = % which
will be maintained for the whole particle’s motion.

E
Such a condition means that V = —2 >1
0

. Y P, 1
From the condition P, == follows that — = v (6)
Y
In this case, the equations system (4) takes the form
dP,

dr

= 31(1—i) coséd +QV (1—i)
Vy Vy
dP,

y

dr
dP

z _ glpx

cosH+&Q
dr  Vy %

do P,

- = ()
dr Vy
Then, using (5), the equation for the phases has the form

do 1
dz vz =-C, @)

By Integrating (8), we obtain the expression for the phase in the form

0=0,-C,z ©)

Now system (6) has the form:

Z—P; =C, (g cosd+VQ)
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?

dr

dP, = i(g1 cosé +VQ)
dr Vy

do _

dr

dr = i(gl cosé +VQ)

v

—C, (10)

dr

P, dP
This shows that 7/3—7 =C—X 5 * and P =C,y* -C,
T 0 T

Using (6) and the energy conservation equation 72 = Px2 + Py2 + PZ2 +1

We get the expression for C2 in the form

C, = F'yzO +1then PZ =C,y* - Po—1

X

From where
P?+P2 +1
yh = 11
C,
Now system (10) is rewritten in the form
dP,
d—; =C,¢g cos(d,—C,7)+C,VQ
9 g
dr
dP P
L =2 (gcos(0,~C,7)+VQ)
dr Vy
de
—=-C, (12)
dr
dy
7/d— =P, (g cos(@,—C,7) +VQ)
T
Finally
P, =CVQ7r—¢ sin(0,-C,r)+C,, , C,, =P, +¢sing,
P, =P, +¢&5sing, +C VQr—g sin(@,~C,7) (13)
Py = PyO (14)
P?+Pj +1
P, = s (15)
V-1
0=0,-C,r (16)
P> +P% +1
y=V % 17)
Ve-1
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STABILIZATION OF LED DRIVER CURRENT
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CHUHTE3 PEI'YJISITOPA-KOMIIEHCATOPA B KOMBUHUPOBAHHOM CUCTEME
CTABWJIN3AIIAA TOKA CBETOJMOIHOTI O JIPAUBEPA

Anambae M./I.

KaHOUOam mexHu4ecKux HayK

npogeccop kageopuvl « DNeKMpoHUKa u poObOMOmMexHuKa»
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Abstract

The main stage in the synthesis of an automatic control system is the identification (determination of the
structure and parameters of the mathematical model) of the control object. To determine the characteristics of the
LED driver, an experimental method is used, associated with the supply of typical influences (stepwise, harmonic,
etc.) to the input of an object, as well as a statistical method. Random disturbances acting on the object determine
the stochastic nature of the relationship between the input and output variables of the object.

AHHOTAIUSA

OCHOBHOHM 3Talnl CHHTE3a CHCTEMBI aBTOMATHYECKOTO yYOopaBJICHUA — I/II[CHTI/I(I)I/IK&HI/ISI (onpeaeneHHe
CTPYKTYpPBI W TIapaMaTpOB MAaTEeMAaTHYECKOW MOJeNH) 00bekTa yrpaBieHus. [ ompeeieHnss XapaKTepUCTHK
CBETOJIMOIHOTO JpaiiBepa MPUMEHSIOTCS SKCIIEPUMEHTAIBHBIA METOI, CBA3aHHBIM ¢ MoJadeii Ha BX0J 00BEKTa
THIIOBBIX BO3JCHCTBHN (CTYIEHYATOr0, TApMOHMYECKOTO U T.IL.), a TaKKe cTaTUCTHUecKkuid MeTon. CiydaitHbie
BO3MYIICHHUS, JEHCTBYIOMNE HA 0OBEKT 00yCIaBINBAIOT CTOXaCTUYECKUN XapaKTep CBSA3M MEXAY BXOIHBIMH U
BBIXOJHBIMU NIEPEMECHHBIMHA o61;e1<Ta.

Keywords: identification, automatic control, LED driver, statistical, transient process.
KiroueBbie cJIoBa: I/I):[eHTI/I(l)I/IKaHI/Iﬂ, AaBTOMAaTHUYCCKOC yHapaBJICHUC, CBeTO)IHOZ[HLIﬁ z[paﬁBep,
CTaTPICTPI‘-IeCKHﬁ, HepeXOILHHﬁ mpouecc.

CBeToanop! HYKIAlOTCSl TOJIBKO B IOCTOSSHHOM — ITpeoOpa3oBaHusl NEPEeMEHHOTO TOKa B MCTOYHHK I10-
TOKE JJIs1 HOpMaJIbHOH pabOTHl CBETOJMOMOB, B OTIHM-  CTOSHHOTO TOKA, YTOOBI CETEBOW MCTOYHWK ITUTaHUS
YHe OT IPYTHX CBETAMIMXCS MpUOopoB. [lomomHuTens-  paboTai B coueTaHnu co ceeroanonamu. OHU yIIOMHE-
HBIC DJIEKTPOHHBIE YCTPOWCTBA MCIIONB3YIOTCS IS HAIOTCS B HAYYHOH JIMTepaType Kak CTaOMIM3aTOPHI

WIH ApaiiBepBl CBETOAHO/IOB.
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Pucynox 1 Cmpyxmyphas cxema 011 udenmughuxkayuu cemoouooHo2o opausepa

rae, | — BxonHoe 3aaHHOEe 3HaUYeHue ToKa, I(p) —
TOK OJIOKa pPeryJaupoBKH HampspkeHus, 11(p) — Tok
BHEIITHETO MCTOYHUKA, [2(P) — BEIXOAHOM TOK CBETO/IM-
onmHOTO npaiiBepa, W;(p) — xapakTepUCTHKA PETyIH-
poBKu Hampsikenus, Wy, (p) — XapaKTepuCTHKa BHEII-
HEro UcTouHuka, Wy, (p) - XapakTepucTUKa CBETO/U-
omHoro  jpaiisepa, W, (p) XapaKTepUCTHKA
perynupoBku KoMmieHcanuu, U(p) — HampsbkeHHe
BHEIITHETO HCTOYHUKA.

[Ipu ycioBuH, 4TO BXOAHBIC U BBIXOJHBIE BEJIH-
YHMHBI, ONHCHIBAIOIINE XapakTepucTuku W(p), MOryT
OBITH U3MEPEHBI, 3a]a4a UACHTH(UKAINN CBOJUTCS K
omnpenenenuro onpearopa W(p) [1-2].

790

BbixoaHOM TOK, WA

~] ~] ~ ~ ~J
=y [¥3) [=x} -~ [¢s]
[=] [=] (=] (=] (=]

~J
95}
o

725
720

10

15

1) Hdns XapakTepUCTHUKU CBETOAMOIHOIO Apaii-
Bepa HcTonb3yercs apaiiBep Ha ocHoBe PT4115. Ilpex-
CTaBJsIeT COOOW MHIYKTHUBHBINM MOHIKAIOUIMN TIPe0d-
pa3oBaTeib C HEMPEPBHIBHBIM pexxuMoM pabotsl. [Ipen-
Ha3Ha4YeH IS YIpaBJICHHUS OJHUM WM HECKOJIbKHMH
MOCTIEI0BATENbHO MOJAKIIOYEHHBIMU CBETOIUOJAMH,
MUTAOIIUMICS OT MICTOYHUKA HANIPSDKCHUS BBIIIE, YeM
oOIiee HaNPsDKEHUE TN CBeTOAn010B. MoxeT pabo-
TaTh OT UCTOYHWKA MUTAHUS C HAPSHKEHUEM OT 6 1O
30 B u obecrieunBaeT BEIXOAHOM TOK 10 1,2 A, a BEI-
X0JIHYI0 MomHOCTh Oosree 30 Bt. Ha oTmenbHBIN BXOJ
DIM MO0XHO mo1aBaTh IMOO0 MOCTOSIHHOE HATPSDKEHHE,
100 mupokuii Auanaszon LHIVM.

20 25 30 35

HanpsameHua nutaHua, B

Pucynok 2 Bvixoonoit mok cgemoouoonoeo opaiieepa na ochose PT4115 no skcnepumenmanvHulm 0auHbIM

W3 pucynka 2 BHAHO, 9TO TpaduK BBIXOJAHOTO
TOKa CBETOIMO/IHOTO JIpaiiBepa OMUCHIBACT XapaKTepH-
CTHKY O€3BIHEPIIMOHHOIO 3BE€HA, KOTOPOE UMEET Tepe-
JaTouHyto QyHKUHIO:

W, (p)Ko. )

2) ITpu HINM-peryaupoBKe TOK 4epe3 CBETOTUO]T
repeaeTcs Ha KOPOTKUH MPOMEXYTOK BpeMeHH. Ya-
CTOTA 3TUX OUKJIOB OYAET BHIIIE, YeM YaCcTOTHI, JeTEK-
THPYEMYIO YEIOBEUECKUM I1a30M. B mpoTuBHOM City-
yae, mosBisgeTcs 3(G(GEKT MEpLIaHUs CBETOIMOIHBIX
namn. [IMM-perynupoBka yMeHbIIA€T OTKJIOHEHUS
CBC€UYCHUA CBETOAUOAA, IMTOBTOMY 3TOT METOA HIMPOKO
HCIOJIb3yEeTCsl.
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HanpaueHue Ha AMMMMPYIOLLEM BbiBOAE, B

Pucynok 3 — Pe3ynbmamul pe2ynupoKu HanpajiceHus

PesynbraTsl peryJIupoBKA HAMPSDKCHHS IOKa3bl-
BAaIOT YKCIOHCHIUAIBHBINA 3aKOH (MHEPIIHOHHOE 3BCHO
1-ro mopsimka) 3aBUCHMOCTH TOKa CBETOAMOAA OT
HATPSKCHUSA. XapaKTePUCTUKA PETYIUPOBKU HAIpsi-
JKEHUS Ul JaHHOTO 3aKOHA:

K

W) = )
YToOBI CTAaOMIM3MPOBATh TOK HA BBIXOJE Jpaii-

Bepa, UCIOIb3yeTCs] KOMOMHUPOBAHHBIN METOJ 110 TEO-
pHH BEPOSTHOCTH MHBAPHAHTHOCTH. B BbIIIE epeunc-

120

100

[02]
=]

e
[=]

BbIX0AHOW TOK OT BHELWHEro UCTOYHKUKA,
WMKA
M [=)]
(=] (=]

0 5 10

JICHHBIX CIy9asxX ObUIM PacCMOTPEHBI 3BEHBSI OCHOB-
HOTO KaHaja IJIsl HACHTH(UKAIINN TI0 TEOPUH WHBAPH-
anTHOCTH. OCHOBHOW KaHajl ACWCTBYET HEMOCTpea-
CTBEHHO CaMOH CXeMe.

3) Temepb co3aeTcs AOMOIHUTENBHBIN KaHaJ, MO
KOTOpOMY HaWaeTrcs nepenarouHas (yHKIMs BHEII-
Hero uctouyHuka. BerBog DIM ynpasisiercs BHEIIHUM
HaIpsKEHUEM IOCTOSHHOTO TOKa AJS PEryIupOBKU
BBIXOJTHOTO TOKAa Ha 3HauY€HHE HMXE HOMHUHAIBHOTO
CPEIHEero 3HAYCHMS.

101 102 103
—C- o
15 20 25 30

HanpAaMeHue BHELWHEro MCTO4HKUKA, B

PucyHOK 4 3asucmocmv moka eHeuHe20 UCMOYHUKA OM €20 Hanpsocenus

B »sToMm cityyae, xapakTepucTUKa BHEIIHETO HC-
TOYHHKA TOKE MMEET MepeAaTOIHyI0 (QYHKITUIO HHEP-
[IMOHHOTO 3BeHa |-ro mopsgka (IKCHOHEHIHATbHBINA

3aKOH):
K

w, = : 3

I ») Tipt1 3)
4) JInst TOTO, YTOOBI HAWTH HEN3BECTHYIO XapaKTe-

puctuky W, (p) 1 paccuuTarh cxemy, MOKa3aHHYHO Ha

pucyHke 1, 3a1aHHOe 3HaYEHHE TOKA NPUPABHUBAEM K
Hymo [3-5]. OTcroa BEIXOAHNT:
I +1; =0 (). 4
Torna o HM>Xe NMPUBEACHHOM cXeMe Hal1eM 3Ha-
yeHue [ .
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Pucynok 5 CtpykTypHas cxema i uAeHTHGHUKaIN I

1

L) =U®) - Wi, (0) " T oy

(6)

Bcerasum popmyst (1), (2) u (3) B popmyiry (6), morydnm:

Ky 1

Tip+1 1+ Ky K
(T1p+1)(T2p+1) Tp+1

L(p)=U()"

A 3HaueHue Toka [, onpenensiercs o pucyHky 6.

b

W (p)

Y

() W) N W (p) [ B@,

Pucynok 6 Cmpyxmypuas cxema ons uoenmugpuxayuu I,

Wi(p) Wi, (p)
1+W(p) Wi, ()’

L) =U) W, () (7

Bcrasum (1), (2) B hopmyity (7), momyuum:

_K Kz

_ Tp+1 (T1p+1)(T2p+1)
L) = U()- ka(p) ‘T K L K22 .
"Tp+1 (T1p+1)(Tap+1)

Io Teopun nnBapuanTHOCTH (4) HaxoaMM HeussecTHyo W, (p):

N3 sToro CJICAYCT:

U(p)wi, () U(p) Wy, (0)Wi(@) Wi, () _
1+Wp, () Wi (D) 1+W (@)W, ()

_ W@ Wy, Wi Wi, (), _
=V Cwew,e. 00

11+12:

Ulp) # 0,1+ W (p) W, (p) #0.
Wy, (p) + M/pk(p) Wi (p) - W, (p) =0,

K1
W, (p) =

W .
AN Tipti _  Ki(Tp+1) (8)

W@ WL®) ok, KKy (Tip+1)

IIpoBepum ypaBHeHue (4) K paBEeHCTBY HYJIIO, BCTaBiss (8):

Kq Kq1(Tp+1) K K,
11 + 12 — U(p) .| Tap+1 K-KZ-(Tlplz—l) Tp+1 — 0’
1+K2.—Tp+1

K, K-K,-(Tp+1)—K,"K-K,-(Tp+1) = 0.



Norwegian Journal of development of the International Science No 37/2019 57

]
=

[ ) 4 ]
Time [sec

Pucynox 7 Mooenuposanue cucmemol uoenmupurayuu

Takum 00pa3oM, NpUMEHEHHE Pa3pabOTaAHHOTO
peryisaropa-KoMIeHcaTopa B KOMOMHHUPOBAHHON CH-
CTeMe aBTOMATHYECKON CTAOWITU3AIUU TOKA CBETO/IH-
OJTHOTO JpaiiBepa Mo3BOJISET MPAKTHIECKU UCKITIOYUTh
BIIUSTHUE KOJIeOAHUN HANMpsHKEHMs Ha BEIMIUHY pado-
Yero TOKa, YTO MOBBIIIAET TEXHUKO-IKOHOMHUYECKHE
MOKa3aTesIy CBETOMOIHBIX IIPHOOPOB OCBEIICHHS.
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Abstract

This article deals the problematic of control and diagnostic system parameters adjusting for the ships internal
combustion engine dynamic characteristics, on the two — stroke 6 — cylinders ICE type WARTSILA-SULCER 6
RT-flex 50b example. The example of measuring curves changing of ICE exhaust gas temperature in accordance
with external environment conditions changes, shows the influence of the guaranteed and pilot limits value on the
monitoring system decision acceptance about the control action given to the plant lag (ICE). By analytical method
showed first and second stage errors influence on the automatic monitoring and regulating system, in accordance
with external environment conditions changings. Authors demonstrate the importance of miscalculation and re-
searches of high up pointed admissions influence, as well as measurement patters value during modeling and
criteria’s choosing for ships ICE working parameters control and monitoring system working estimation.

AHHOTAINA

CtaTbs paccMaTPUBAET AUATHOCTUPOBAHHUS IUHAMUYECKUX XapaKTEPUCTHUK CYAOBOIO JBUTATENIs BHYTPEH-
HEro cropanus, aByxTakTHoro mectuinnaaposoro JIBC tuna WARTSILA-SULCER 6 RT-flex 50b. Ha npu-
Mepe KPUBBIX M3MEHEHHS 3HAYEHNH TEMITEPATYPHI BBIITYCKHBIX Ta30B cynoBoro JIBC Bo BpeMst U3MEHEHUS YCII0-
BUI BHeHIHeﬁ Cp€abl, IIOKa3aHO BJIIMSIHUEC 3HAYCHUA I'apaHTHUPOBAHHOI'O U KOHTPOJIBHOT'O JOIIYCKOB Ha IIPUHATHE
pelienus, 00 ynpaBisioEeM BO3aeHCTBUN Ha 00bekT peryaupoBanus (JIBC). AHaIuTHYECKHMM METOIOM ITOKa-
3aHO BJIUSIHUEC OIIII/I60K IIEPBOI'O0 U BTOPOI'0O ypOBHeﬁ Ha pa60Ty aBTOMaTH‘-IeCKOﬁ CHUCTEMBI CIICKCHUA U YIIpaBJIC-
HMI, BO BpeMs U3MEHEHHUs YCIOBUM BHEIIHEH cpeabl. ABTOpaMH MMOKa3aHa Ba)KHOCTH IIPOCYETA M MCCIIEI0BAHUS
BIIASTHUNA BBIIIIC YKAa3aHHBIX JOIIYCKOB, a TaK K€ IIYMOB U3MEPCHUSA BO BPEMSI MOACINPOBAHUS U B},16opa KpUTe-

pHEB OLICHNBAHUS pabOTHI CHCTEMBI U3MEPEHUSI U KOHTPOJIA ITapaMeTpoB paboTsl cynossix JABC.

Keywords: ships ICE parameters control and monitoring system, guaranteed limit, pilot
KJ]lO‘IeBI)Ie CJIOBA: CUCTEMA KOHTPOJIA U I[I/IaFHOCTI/IPOBaHI/ISI napaMeTpOB CyI[OBOFO ,Z[BC, FapaHTI/IpOBaH-

HBII JIOITyCK, KOHTPOJIBHBIHN JOMYCK, OIINOKA H3MEPEHHS.

AKTYyaJbHOCTh B cBsI3u ¢ OecrpephIBHBIM POC-
TOM aBTOMATH3allMM CYJOBBIX Y3J0B M MEXaHH3MOB,
Ba)KHOM CTAHOBHUTCS MPOOJIEMa HOBOTO KOMILIEKCHOTO
IOAX0/1a K 00eCTIeYeHHIO HYKHOH 2 dhexTuBHOCTH (Y-
HKIIMOHUPOBAHUSA  OOOpYIOBaHUSA,  COCPEHOTAYH-
BAIOIIIETO B ceOe pelIeHne Ipo0IeM CBA3aHHEIX C IIPO-
€KTUPOBAaHHUEM, YKCIUIyaTalMel, TEXHUYECKUM O0CITy-
SKHBAaHUEM M DPEMOHTOM 00OpymoBaHus. Pernenuem
YIIOMSHYTBIX IIPOOJIEM B OTPACIIH CYJ0XOACTBA MOXKET
MOCYKUTb MOJXO/I, TPeAsiaraeMblii TEPOTEXHOJIOTUEH
[1].

TepoTeXHONIOrus — TEXHOJIOTHs obecreyeHus -
(bexTUBHOrO (PYHKIMOHUPOBAHUS arperaToB U 000py-
JIOBaHMS Ha NPOTSHKEHHMH BCETO CpPOKa CIYXKOBI €
YYETOM TEXHOJOTMYECKUX, TEXHHYECKMX W OpPraHu-
3al[HOHHBIX (PAKTOPOB, a TAK YK€ B3aUMOCBS3EH MEKIY
HHMMU, OCHOBAaHA Ha HENPEPHIBHOM BBISIBICHUH M YCT-
PaHEHWH TIPHYUH, KOTOPHIE YMEHBIIAIOT I(PQPEKTHB-
HOCTE (DYHKI[HOHHUPOBAHMS.

TTockonbky HOpManabHOE (YHKIIMOHUPOBAHUE
000pyIOBaHUST HEBO3MOIKHO M3-3a YACTBLIX aBapuil, B
3a7a4y TEPOTEXHOJIOIMYECKOTO IOAX0Ja BKIHOYCHA
pa3paboTKa KaK OpraHu3alMOHHLIX, TAK ¥ TEXHOJIOTH-
YEeCKUX MEp, KOTOPBIC HANpaBIICHBI HA MPEAOTBpAILe-
Hue aBapuii. K psgy TakuM MEpONpHATHI OTHOCSAT
MOBHIIIICHUE YPOBHS MEXaHM3alid U aBTOMAaTHU3aI[UH
CYZOBOrO 00OpYAOBAaHHUS;, IOBBIIMICHHE KBaIH(bU-
KAI[HOHHOTO YPOBHS CYIOBBIX SKHIAXEH (00CITyKu-
BAIOIIIETO IIEPCOHAJIA); CTPOTOE COOTBETCTBHE CO CTaH-
JIapTHBIMU YCIOBHUSIMU PEMOHTA CYAOBBIX SHEPTeTHUC-
CKHX YCTaHOBOK; y4YeT 4YeJOBEYECKOro (pakropa BO
BpeMs pabOTHI CY/ICH.

IIpumepom TakoM TUArHOCTUKH CIIY>KUT MOCTOSH-
HOe (DUKCHPOBAHHE M PEryIUpOBaHUE TEMIIEPaTyphI
BBIITYCKHBIX Ta30B cygoBoro JIBC, nmyrem M3MeHEHHS
MPOLIEHTHOT'O COOTHOIICHHUS IIOJaYM TOILIMBA IO IIH-
JIMHJpaM, TIOCKOJIbKY, 3HAYEHUE MOCICIHUX SBIISCTCS
CYIIECTBEHHBIM ()aKTOPOM B OOIIIEM COCTOSIHUU y3JIOB
cynosoro JIBC.

K npob6nemMHubIM 3a1auaM JUACHOCTUKH TaK K€ OT-
HECEM BIIMSIHHME IIIYMOB H3MEPEHHMS, KOTOPhIE BO3MEH-
CTBYIOT Ha BBIIIIC YKa3aHHBIC XapaKTePUCTUKH.

AHAaJIN3 NOCJeAHUX HCCAeJOBAaHUH U NY0JINKA-
muii. Ha cerogusmumii J1eHb TEPOTEXHOJOTHS HE
nMeeT OOJBIIOr0 PacIpOCTPaHEHHMS B CYIOXOICTBE,
OIHAKO, IPUMEPHI €€ YIAYHOr0 MPUMEHEHHS UMEIOT
MecTo. bonee mmpokoe npuMeHeHre JaHHOM TEXHOJI0-
r'dd UMeeT MecTo B Metaiurypruu [2]. IIpuBenen ana-
JIN3 TEXHUYECKOM JINTEPATYPhI U ITyOJIMKAIMI Ha TEMY
BIMSHHS KPHTEPHUEB JIOCTOBEPHOCTH KOHTPOIS IIPH
MPOEKTUPOBAHUY CHCTEM aBTOMATH3alMHd U MOHMTO-
puHra. BecoMBIX yCIIeXoB 0 YKa3aHHOMY BOIIPOCY JI0-
CTHTIIH HWH)KEHEPBI HEMEI[KOTO KOHIIEpHA
«KONGSBERGY, BHEIpUB HEUYETKYIO aIrOpUTMU3a-
U0 MOHHUTOPHHTA TapaMeTPOB CYIOBOTO 3JIEKTPO-
obopymoBanus [2]

ABTOpBI MPOBEIN AHATUTHYCCKOEC M IPAKTHYEC-
CKOE MCCJICAOBAHME, 110 BOIPOCY BIUSHUSI TapaHTUPO-
BAaHHOTO M KOHTPOJLHOTO JOIYCKOB Ha pabOTy CH-
CTEMBI MOHHUTOPUHTA M YIIPaBICHUS (YHKIIMOHUPOBA-
HHEM CYIOBOTO JBHMrarejisi BHYTPEHHETO CrOpaHHs
(ABC). IIpu stom JABC paccMaTpuBaeTcs Kak CIIOXK-
HBIH OOBEKT, COCTOSIINI U3 6 OTAEIBHBIX MOI00BEK-
TOB, KK/ M3 KOTOPLIX MOKET OBLITH MPEACTaBICH
YIIpaBIsSeMbIM YCTPOKWCTBOM IO MapameTpaM MOoJayu
TOILUIMBA, KOJMYECTBA U COCTAaBa BEIXJIONHBIX T'a30B.
Kaxk nepBsIii 3Tan pelieHus yKa3aHHOU IpoOJIeMBbl, Ha
MpUMepe KPUBBIX U3MEHEHHUS 3HAUCHUH TEMIIEPATyPhI
BBIITYCKHBIX T'a30B, OLCHEHO BJIUSHHE BBIIIC YyKa3aH-
HEIX [TApaMETPOB Ha PAOOTY CUCTEMBI, @ TAKXKE BEPOAT-
HOCTH OIIMOOK TEPBOTO U BTOPOTO YPOBHEH BO BpeMs
KOHTPOJIS 3HaYeHUs mapamerpos padotsl (JIBC).

Ha puc.1 npeacrasien rpaduk H3MEHEHUS TEMIIE-
paTypbl BBITYCKHBIX T'a30B 2-TaKTHOTO O-LIMJIUHIPO-
poro JIBC Bo Bpems HM3MEHEHHS BHEIIHUX YCIOBHUH
skcruryatanud. OTMETHM OTPBIB KpUBOH 2 OoT rpadu-
KOB OCTaJIbHBIX LIMJIMHAPOB B YCIOBHAX 3JIEKTPOHHOIO
MOHHUTOPHHTA, TIOAYEPKHYB IIPH 3TOM, YTO MEXaHHYE-
CKHE TEPMOMETPHI BCEX UMJIMHIPOB CTOSAT Ha OJJUHAKO-
BBIX OTMETKAX.
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SHORT TREND ACCESS OVERRIDE
KEY

o1 s 2

Puc.1. I'paghux Kpugwix usmenenus sHaueHUl memMnepamypsl 8uinyckHvix 2azos /[BC
npu usMeHeHUU YCcio8ull HeuHell cpeobi.

MaremaTuueckasi MO/JeJIb PACCMATPUBAEMOI0 MpoIecca.
Hcmosp3yeM MOJIeb KOHTPOIMPYEMOTro Ipolecca B BUJIE:

— 4
X(t)=a,tat’. )
rae ao, di, Y - MyaCCOHOBCKHC HE3aBUCUMBIC cnyqai/'lee BCJIMYHUHBI C I'NTaBHBIMU MaTCMATUYCCKUMHU OXKHJa-
HUAMU U JUCTIEPCUAMU

M[a,]=my; M[a]=m; M[y]=7, @

2
(o)

D[a,]=05; D[a,]=07; D[7/]=O'5, Wymf <<1 3)
1

3€Ch ap COBHNAAACT C Pa3MCPHOCTHIO )(, Pa3MEPHOCTL d1 — 3TO PasMEPHOCTb CKOPOCTU U3MCHCHU )(, BCJIN-
YWHa Y HOpMaJInU3yeT 6e3pa3MepHy10 OTHOCUTCIIbHYIO CKOPOCTb U3MCHCHU X

BwmecTo nBYX COCTaBISAIOMINX OIS Nl (t) u N2 BBEJIEM OJIHY dKBUBAJICHTHYIO cf (t) , KOTOpas 311eCh U
B JlasibHelIeM OyeT MMEeTh 3HaUeHHE rayccoBa CTallIOHAPHOTO CITYyKEOHOTO CUMBOJIA — FayCCOB OEJIBIH HIyM.

HpI/IMeM, YTO B MOMCHT KOHTPOJIA Tk Cﬂyqaﬁﬂoe 3HAUYCHUC KOHTPOJIHMPYCMOTO TapaMeTpa UMECT BU:
— — /4
Y, =x(7)+&(7 ) =a, tat” +£(t) (4)

3TO COOTHOIICHHE PACCMATPUBACTCS KaK MaTeMaTHUECKasi MOJIEIb PACCMATPUBACMOT0 TIPOIlecca MpH THa-
THOCTHKE MTapaMeTPOB.

UKCIOBBIX XapaKTEPUCTHK Yk KaK IIyaCCOHOBCKOH CIIy4aliHOM BEIMYHUHBI TaK XK€ JBE, MaTEMAaTHYECKOE
OJKUJAHUE
= = + /4
M[Y ]=m, =my£mz] 5)
U AUCHEpCUst

) 2 2y 2 2 2
D[Yk]—0'0+alrk +05 =04 +04 (6)

U3 dopmyn (5) u (6) BeITEKAET, YTO MATEMATHICCKUAC OXKUIAHUS X, U Yk HUJEHTUYHBI

MLY (7)) ]=M[x(z) ] =m, =m,, ™
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2 .
a Tucrepcus Yk - OTJIMYACTCS OT TUCTIEPCHH X, HA BETHUUHY o k- Ecinu mryMm sIBIISIETCS] BEIMYMHOMN CTAIHU-
OHApPHOM, TO JUCIIEPCHSI HE 3aBUCHT OT MOMEHTA KOHTPOJIS:
2 2 2
Ge;k_agi_ Iz (8)
PaccMoTpum ycnoBusi pabOTOCIIOCOOHOCTH M OTKa3a CUCTEMbl KOHTPOJIS HapaMeTpoB. Ha puc.2 mokazano

BIMSHHE ITyMOB HA aAeKBaTHOCTH KOHTPOIIS HeCTaOMIbHOTO mapaMeTpa. Kpupas 2 orpaxkaeT nsmenenns X i (t)
KOHTPOJIUPYEMOT'O TTapaMeTpa X s KOHKPETHOTro ] -ro mporecca — 10 CyTH, 3T0 ] -1 peanusanus X (t) .
OTKaS J-FO N3MECHCHUA HACTYyIIa€T B MOMCHT BPEMCHU TJ, Koraa XJ (t) JOCTUTACT TpaHUILBI JOITyCKa

a=Xx

kp » T11€ ka — KpUTHYECKOE 3HAUCHHUE IIapaMeTpa.

a=x

kp

Puc. 2. Brusinue uiymoe na 00cmogepHocms KOHMPOA HeCmabUulIbHO20 napamempa

OTcroza creyer, 9To ycIoBHE paboTOCIOCOOHOCTH JOKHO UMETh BH!
X; (t)> %, ©)
IIpu 3TOM, YCNOBHE OTKa3a
. < . — <
X; (1) <%, X; (1) =%, <0 (10)

Jlormueckoe yciosue (10) ects dyHIaMEHTATFHO-MaTEMaTHYECKIM YCIOBHEM OTKasa mporecca. MOMEHT
oTKa3a mporiecca u3 ycnosus (10) mpu uConbp30BaHNM 3HAKa PaBEHCTBA:

“x Yr;
T = Si %o , (11)

J
CY
raec HOTO‘IHBH\/'I II0Ka3aTecl1b J yKa3I>IBaeT Ha HpI/IHaI[J'Ie)KHOCTL K J 'ﬁ peaﬂI/IBaHI/II/I X (t) .

HccnemyeM BIMsAHME IyMa Ha JIOCTOBEPHOCTh KOHTpons. Ha Puc.3 nokasana | -1 peanmsarms 5 j (t)

ryma f (t) (xpuBas 2). ITpu cymmuposannn X j (t) u 5 j (t) nosisipHast perpeccust Y j (t) (xpuBast 3), KoTO-
past HaOyrogaeTcss B MOMEHT KOHTPOJIS.

PaccMoTpuM YeThIpe XapaKTepHbIX NPUMepa LIyMOB B MOMEHT KOHTPOIS Tyq, Ty o, Tyas Ty - B MOMeHT

T, 3HAueHHE mapamerpa Xl > X, , 3HaueHHe ryma 51 <0, MOTOMY, 4TO Xl — ng < Xl — ka , TIpA

kp *
Yl > X kp 1 OTMETKA OTCYTCTBYET U3-3a «MAJIOro» LIyMa, T.€. IapaMeTp 10CTOBEepeH. B MoMeHT T, ko TepeMeH-

HO€ 3Ha4Y€HUe X2 > X, , HO u3-3a neficTBus myMa Y2 < ka 1 110 pa3pabOTKaM KOHTPOJIS TapaMeTp orpe-

kp >
JISJIICTCS KaK HEJOCTOBEPHBII, TO €CTh COBEPIIACTCS OIIMOKA KOHTPOJIS IIEPBOTO Po/ia.
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B MomeHT BpemeHH T j TIPOLIECC MeEPEIIeN B HEOCTOBEPHOE COCTOSHUE, HTO CIEyeT U3 yCIOBUS (9). Touxa

C xapaxtepusyer nepeceuenmue X i (t) u ka . Ha nurepsane spemern C D uger KOHTPOJIb HETIOCTOBEP-

HOro mpouecca. Ecii oH 0CyIIECTBISICTCS B MOMCHT T 5, TO Y3 > ka 13-3a JIEUCTBHUS LIyMa U IIPOCIIEKUBA-

€TCsI OIMOKa BTOPOTO poaa. PacueTsl MpoBeIeHEI ¢ UCIIOIB30BaHIEM BeIpaskeHHH (9...12).

. Ha Puc.3 nokazana peanmsanus X (t) IIPY YMEHBIIECHUN 3HAYEHUI KOHTPOIMPYEMOTO apaMeTpa, Kpu-

Bas IMECT aHAJIOTHYHEII BUA IpU YBCIIMYCHUN 3HAYCHHI napameTpa. Us TOM, U B IPYIr'OM ClIy4dasix, MOXHO pac-

CMaTpuBaTh UBMCHCHMS, HAIPUMEDP, TAK:

X(t)_xkp m’
2(t)=] M N
ka—X(t)
ka_mo

rie M| (t) = % m, (t) — NIPOU3BOJIHASL;

T - HWHTEPBaJI HAOIIOICHHIS.
A

b

e

n

a,

(t)<0

’ (12)

, M (t)>0, te[0,T]

ay

t T b

v

T, 4 ty

Puc. 3. Brusinue wiyma na Konmpoio.

Hapamerp Z (t) € [0,1], mpu X (t) =m,,
Z(t)=1. mpu X(t)=X,,, Z(t)=0. or-

cloJla CJemyeT, 4YTO B pe3yJbTaTe HOPMHUPOBAHUS

X (t) , TIPOTHBOIIOJIOKHBIE HAMPABJICHHUS U3MECHEHNUS
3HaueHuil mapamerpoB X (t) , CBOAATCSI K CIEIYIO-

meMy: cHauana napamerp Z (t) MpPUHUMAET 3Haue-

HHE, PABHOE SJIMHHMIIE, a TOTOM YMEHBIIACTCS 10 HYJIA.
OTcrofia cieyeT, 4To CpaBeInBO YTBEPIKICHHUE, UTO
PErpeccHy M3MEHSIOTCS TaK, Kak MOKa3aHO Ha pHC.3,
TeM Oosiee, YTO B OONBIIMHCTBE CIIYYAEB, YXYIAILIEHHE
COCTOSIHHMSI M3MEPEHHsI aCCOLMUPYETCS C yMEHbIIe-
HHMEM 3Ha4YCeHU KOHTPOJIMPYEMOTO IapaMeTpa.

Kpome Toro, puc. 3 nokasbiBaeT IIyMbl KOHTPOJIA,
a TaKoKe MoJIs AJIsl OCHOBHBIX MApaMeTPOB pacyeTa JIo-
CTOBEPHOCTH.

Hcnosnp3yst IpoBeJeHHBIE pacyeThl 10 BhIIIe 060-
3HAQYEHHBIM BBIPAXKEHHSM, BO BpPEMs IEPECHACTPOMKH
CHUCTEMBI KOHTpPOJIA TapaMeTpoB cynosoro /IBC Obut

MONTYYCH CIEAYIONIMHA pe3yNbTaT, NPUBEACHHBIA Ha
puc.4.

CleryeT OTMETHUTh, YTO KPHBBIE H3MEHEHHS 3HA-
yeHui TemnepaTypbl nuianHapos JABC npu usmeHenuun
BHEIIHUX YCJIIOBHM JKCIUTyaTalluH, UMEIOT IIpaKTHUe-
CKM HACHTHYHBIM TICPEXOJHOM IIpoIlecC, a TaKkKe
YMEHBIIEHHYIO Pa3HOCThH B IOKA3aHMSIX, IO CPaBHE-
HUIO C MEXaHMYECKUMH TEPMOMETPAMH, yCTAaHOBJICH-
ueiMu Ha JIBC.

JlanHbple TpadUKOB MOJYYEHBI SKCICPHUMEHTAIb-
HEBIM ITyTEM C CYJ0BOr0 IJIaBHOIO JBUraTelIs BHYTPEH-
Hero cropanus Tnma WARTSILA-SULCER 6 RT-flex
50b ¢ 2JEKTPOHHBLIM BIPBICKOM TOIUIMBA, JEHCTBYIO-
mero cyxHa «m/v ER Turku» mpoexra WJZ24, 2009
rojia mocTpoukH [3].

ABTOMATHU3MPOBAaHHAS CHCTEMa MOHHMTOPHHIA WU
xoutpos pupMel «K KONGSBERGY, mo3Bojsier Mexa-
HHKY-0OIIEpaTOPy COBEPIINTH HACTPOHMKH METOAA U Xa-
paKkTepa BOCIPOU3BEAEHHUS ITapaMETPOB KOHTPOIUpPYeE-
MOr0 MEXaHHM3Ma, 110 COOCTBEHHOMY KelaHuio. B maH-
HOM IIPUMEDE UCIIOJIb30BaHa porpamma “Short trend”,
KOTOpasi 1aeT BO3MOKHOCTb B BUJIE KPUBBLIX IIPOCIIE-
JTUTH 332 I3MEHEHUEM 3HAUE€HUI TeMITepaTyphl BHITYCK-
HbIX razos JIBC.
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Puc.4 I'pagux kpuewix usmenenus 3HaweHull memnepamypbl 6vinyckhvix 2azoe JBC
npuU UMEHeHUU YCL08ULL BHeWH el Cpedbl.

I'paduk HacTpoeH Takum 00pa3oM, 4To:

KpuBast 1 — TemnepaTypa BBITYCKHBIX T'a30B IH-
muHapa Nel;

KpuBas 2 — temneparypa BBITyCKHBIX T'a30B IH-
muHapa Ne2;

KpuBas 3 — temmneparypa BBITyCKHBIX I'a30B IH-
muHapa Ne3;

KpuBas 4 — temmneparypa BBITyCKHBIX T'a30B IIH-
nuHapa Ne4d;

KpuBast 5 — Temneparypa BbITyCKHBIX Ia30B ILH-
nuHapa No5;

KpuBast 6 — TemnepaTypa BBITYCKHBIX T'a30B LU~
nmuHpa Neb6;

KpuBast 7 — TemmepaTypa BBITyCKHBIX T'a30B Ha
BXOJIC Ta30BOM TYPOHHEI;

KpuBas 8 — TemmepaTypa BBITyCKHBIX T'a30B Ha
BBIXO/I€ Ta30BOH TypOHHEI,

BrIBOABI

PacueTsl MOKa3bIBAIOT, YTO IIyM HE OKa3bIBAaCT
BITUSTHUS HA PE3yJIbTaThl KOHTPOJIS — IIPU €T0 MaJIoi Be-
JIUYUHE, WK ONIPEICIICHHOM CTCUCHUH OOCTOSTEILCTB,
B JIPYTOM Cllydae BIUSHHUE €ro CYIECTBEHHO, YTO MPO-
SIBIISICTCS. B BUJIC MOSIBJICHUSI OIIMOOK MEPBOTO M BTO-
poro pona.

IMoxazanmsre miockoct X (t) (1), ¢(t) 2)m
f (t) (3), rpaHuIbI OJIEH JIOITyCKOB: rapaHTHPOBAH-
HbIX — d b1 ¥ KOHTPOJIbHBIX — &, , b2 , CDEITHEKBAI-

patuueckoe oTkionenue O, , O - i O, COOTBET-

ys

cteenno, X , Y n & . Harnsiiso mokasaHo nposisiie-
HHE OLIMOKU MEepPBOTO POJa, KOrJa 3HAUCHUE X2 u3-

3a ﬂeﬁCTBHH TOYKH éjz BBIXOJHUT 3a T'PaHULBI UHTEP-
Baja. AHAJOTHMYHO IIOKa3aHO MIPOSABJICHUC OIIHOKH

BTOPOTO POJa, KOTrJa 3HAYCHHUS X3 & [al, bl] u3-3a

JIEHCTBUS IIyMa 53 TNpeBpalIaeTCcs B (0 € [al’ bl] .
B TO e BpeMs, eciu Ha MPOTSHKEHUHM KOHTPONS HC-
I10JIb30BATh JIOIyCKU 82 ) b2 , TOTZla U B TOM, U B Ipy-
IOM ClyyasX 3Hau€HUs IapaMmeTpa OIpeaesseTCs Kak

JOCTOBEPHOE, IMOCKOJIBKY U YZ n Y3 nomnagaroT B CE-

peuHy MHTEpBaja [32 , bz] :

Takum 06pa3zoM, MOJIEIMPOBAHHE MOKA3BIBAET
BIIMSTHUE KPUTEPHEB BEIGOPA rapaHTHPOBAHHOTO U KOH-
TPOJIHLHOTO JIOIYCKOB KOHTPOIMPYEMOTO MapamMeTpa Ha
€ro JI0CTOBEPHOCTb.
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Abstract

IIpaxosa M.IO.
Hoyenm YI'HTY

Vibration monitoring is one of the main methods of non-destructive testing. The article discusses the simula-
tion of the operation of a piezoelectric accelerometer program VisSim. It is shown that neglecting its own vibra-

tions can lead to unreliable measurements.
AHHOTALUSA

BuOpoMOHUTOPHHT ABISETCA OJHUM M3 OCHOBHBIX CIIOCOOOB HEpa3pymIaromiero KOHTpoist. B cratee pac-
CMaTPHUBACTCSI MOJIEITUPOBaHKE PabOThI MEE303JIEKTPHUECKOTO akceaepomeTpa B mporpamme VisSim. Iokasamo,
YTO HEY4eT er0 COOCTBEHHBIX KOJIeOaHHM MOXKET MPUBECTH K HEAOCTOBEPHOCTH M3MEPEHHH.

Keywords: vibration, vibration acceleration, piezoelectric accelerometer, visual programming language Vis-

Sim.

KiaroueBble ciioBa: BI/I6paHI/I${, BI/I6p0yCKOp€HI/IC, HBe3OBJ’IeK’I‘pH‘-IeCKPIﬁ aKceJIepoMETP, BI/I3yaJILHLIﬁ SI3BIK

nporpammupoBanus VisSim

Bubparus sBisieTcss OHOM U3 HanboJiee pacipo-
CTPAHEHHBIX NMPUYMH, OTPAaHUYMBAIOIINX HAJEKHOCTD
POTOPHOTO 00OPYIOBaHUS, HAIPUMEDP, HACOCHBIX HIIH
ra30IMepeKavynBaroOIINX arperaTos. B To ke Bpems BHO-
parust — 3To Hanboyiee MHPOPMATUBHBINA CHTHAII, Xa-
pPaKTepU3yIOUIMH COCTOSIHUS MEXaHMYECKUX YacTedl u
arperara B 11e5i0M. VI3MepeHue u uccieoBaHue CUTHa-
JIOB BI/I6paLII/II/I TMO3BOJIACT peuIaTh TaKWE€ BAXKHBIC 3a-
Jlauu, Kak OCTAaHOB 000PY/IOBaHUS Ha HAYAILHOM JTarle
aBapuy, MPOBEJICHUE PEMOHTA MO TEXHUYECKOMY CO-
CTOSIHHIO, & HE TUIAHOBO-TIPEAYIPEAUTENBHOTO, U T.II.
ITosTomMy BHOPOIMATHOCTHKA SIBIISIETCSI OJHUM U3 OC-
HOBHBIX METOJIOB HEPa3pyLIAIOMIEr0 KOHTPOJIS U TeX-
HUYECKOU TUArHOCTHUKH.

MOHHTOPHHT M JWAarHOCTHKA IO BHOPOCHUTHAITY
OCHOBAHBI Ha TOM, 9TO Kbl TeheKT 000pya0BaHUS
CO3/1aeT BUOPAITHIO Ha XapaKTepHOU JIJIsl HETO YacToTe.
JIis KONMWYECTBEHHON OICHKH BHOPAIMU HCIIOJB3Y-
eTCsl TpU MapaMeTpa — BHOPOCMEIICHHE, BHOPOCKO-
pocth u BUOpoyckopenue. [IepBrlit mapameTp xapakTe-
pHU3YyET MOJIOKECHHE KOHTPOJIUPYEMOTO O00BEKTa, BTO-
poii — OBICTPOTY W3MCHEHHUS 3TOTO IOJIOKCHHS BO
BPEMEHH, a TPETUH — OBICTPOTY U3MEHEHHS CKOPOCTH.
C ¢usndeckoll TOUKH 3pSHHS 3TH TapaMeTpbl MOXKHO
TPaKTOBaTh CIEAYIOIMIMM 00pa3oM: BHOpOIEpeMeIie-
HUE XapaKTepU3yeT BEIIMYUHY JehopMannud 00beKTa,
BHOPOCKOPOCTH XapaKTEPHU3YET UMITYIIEC CHITBI M KHHE-
TUYECKYIO DHEPTHIO, T.€. OTPAXKACT CTEIICHb YCTaJIOCT-
HOW MMPOYHOCTH, a 110 BUOPOYCKOPEHUIO MOYKHO CYAUTh
0 BeNWYMHE KOJeOaTeNbHBIX CHJI, ACHCTBYIOUINX Ha
00BEKT, M OLIEHUBATh €r0 HAAEKHOCTH. [lapamerpsl
BI/l6pOHepeMeLLleHI/IH HU3MEPSAIOTCSA B HU3KOYACTOTHOM

JUaIa30He, BUOPOCKOPOCTH — CPEIHCYACTOTHOM, a
BHOPOYCKOPEHHS — B BEICOKOYACTOTHOM [1].

Bce mapameTpsr BHOpaIiy SIBISIOTCS B3aUMOCBSI-
3aHHBIMH, TTO3TOMY, KOHTPOJHMPYS OJUH W3 HHX, IO-
cpencTBoM AU QPEPSHINPOBAHUS WM HHTETPUPOBA-
HUA MOYXHO JICTKO BBIYUCIIMTH OCTAJIBHBIC 1IBa Iapa-
MeTpa. HawuOosbiiee pacnpocTpaHCHHUE IMOJYUYHIIH
JIaTYMKU BUOPOYCKOpEHUs (aKCeIepoOMeTphl). ITO CBSI-
3aHO C TEM, YTO MpPOIlecC MpeoOdpa3oBaHs BUOpomIepe-
MEIICHHUS B BUOPOCKOPOCTH MM BHOPOCKOPOCTH B BUO-
POYCKOpPCHHE SKBHUBAJICHTCH MaTeMaTHUYCCKOW Orepa-
107071 b bepeHIMPOBaHUS. Ob6paTHOE
npeoOpa3oBaHre BHOPOYCKOPEHUS B BUOPOCKOPOCTh H
BHOPOCKOPOCTH B BHOpPOIECpPEMEIICHUE SBISICTCS IO
cyTH HHTerpupoBanneM. Ha mpakruke, muddepeHm-
pOBaHHE MPUBOANUT K POCTY IIYMOBOM COCTaBIISIFOIIECH
curHana. MHTerpupoBaHue, HAIPOTHB, MOXET OBITH
OCYIIIECTBJIICHO C BBICOKOM TOYHOCTBIO C IOMOIIBIO
IIPOCTBIX AJIEKTPUUECKUX LIENEH.

B Hacrosiiee BpeMs OI[CHKA TEKYIIIErO COCTOSHUSI
OTJICNBHBIX JJIEMCHTOB M MEXAHHUYCCKOW CHUCTEMBI B
I[EJIOM OCYIIECTBISACTCS C TOMOIIBI0 TEXHHYCCKUX
CPEICTB AMATHOCTHKH, COJICPXKAIIUX B CBOCH OCHOBE
YCTPOWCTBAa MHUKPOIIPOIIECCOPHONW TEXHHKH, YTO TO03-
BOJIIET 00pabaThIBaTh OTPOMHOE KOJHMYECTBO MHQOP-
MAIOHHBIX CUTHAJIOB 32 KOPOTKUH MPOMEKYTOK Bpe-
MEHH W TakuM o00pa3oM CYIIECTBEHHO ITOBBIIIATH
HAJEKHOCTh  (DYHKIMOHHPOBAHUS  TEXHHUYECKUX
CPEICTB JUATHOCTHKH U TOJIy4aeMbBIX C UX IOMOIIBIO
pe3ynsTaToB [2].

Bo MHorux paéorax, Hanpumep, [3 — 8], paccmar-
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PHBAOTCSI MATEMAaTUYECKHE MOJIENIM BUOpALIMHU KaK OT-
JIEITBHBIX YacTe CIIOKHBIX MEXaHU3MOB, TaK M CUCTEM
B 11es1oM. [Ipu uccrenoBanuu BUOpanuii pOTOPHBIX Ma-
IIMH UCHOJb3YIOTCS, KaK MPaBUIIO, J€TEPMHHUPOBAH-
Hble MaTeMaTH4YeCKHe MOJENH Pa3lIUYHBIX YpPOBHEH
CJIO)KHOCTH, TIO3BOJISFOIIIME OMUCHIBATH OCHOBHBIC 3a-
KOHOMEPHOCTH BITUSTHHUS KOHCTPYKTHBHBIX M IKCILTya-
TaIMOHHBIX (DAaKTOPOB HA TUHAMHUKY POTOPOB. B TO ke
BpeMs B psJie CIy4aeB OBIBaCT JOCTATOYHO HCIIOIB30-
BaTh HECIOXHYIO MOJENb, MO3BOJISIIONLYI0 HATJISTHO
OIICHUTH BIUSHHE KaKOTO-1100 (hakTopa.

[TokakxeM 3TO Ha pUMeEpPE MBE303TEKTPUIESCKOTO
aKcenepoMeTpa — OJHOTO M3 CaMBIX PAaCIpPOCTPaHEH-
HBIX DJIEMEHTOB JJIsl U3MEpEHUs BUOpoyckopenust. J{is
HCCIIEZIOBAaHUS XapaKTEPUCTUK aKceIepoMeTpa MOXKHO
HCIIOJIb30BaTh porpammy VisSim.

PaccmoTpuM B KadecTBe MpHUMEpa CIEIYHOIIYEO
3amavy. [IpakTHUECKH BCe aKCENEPOMETPHI B KAUSCTBE
YYBCTBUTEIHHOIO 3JIEMEHTa HMEIOT CEHCMHYECKYIO
Maccy, TOTOMY HX COOCTBEHHBIC KOJICOAHHS MOTYT
OKa3bIBaTh BIUSHHE HA KOHCYHBIN Pe3yibTaT u3Mepe-
HUA. B pe3ynpTaTe B MOMEHT AEHCTBHS BHELLIHETO BO3-
MYIIEHHUs MTOKa3aHUSA MOTYT OKa3aThCS HEIOCTOBEp-
HBIMHA. MatemMaTtudeckoe M KOMIIBIOTEpPHOE MOJIEIUPO-
BaHHE aKcelepoMeTpa IMO3BOJHUT OIEHHUTh CTEICHb
3TOTO BIMSHUS.

PaccMoTpuM ycTpOMCTBO W MPUHIUI JACHCTBUSA
aKcelxepoMeTpa Ha IpUMepe OAHOKOMIIOHEHTHOTO JaT-
YHKa C MPY>KUHHBIM [I0JIBECOM UyBCTBUTEJIBHOTO 3J€-
MeHTa (CeHCMHYECKOW MacChl) KaKk Hanbosee pacmipo-
crpaneHHoro [2]. YcrpoiictBo [9] M cTpyKTypHas
cXeMa aKceJepoOMeTpa MPUBEACHBI HAa PUCYHKE 1.

YyBCTBUTEIbHBINA 3JIEMEHT (MHEPTHAsk Macca M)
MOJIBEIIICH B Kopmyce 1 mpubopa mpu MOMOIIH MPYKUH
2. st nemndbupoBanns cOOCTBEHHBIX KOIeOaHUN UyB-
CTBUTENHHOTO 3JIEMEHTA WCIIONB3YEeTCsS BO3MYIIHBINA
nemiidep 4. BeIXOTHOW CUTHAJ, MPOITOPIIHOHATBHBII
U3MEPSIEMOMY YCKOPEHHIO, CHHMAETCSl C Ihe303JIe-
MEHTa 5 C IIOMOIIIBIO AMEKTPOAOB. OChIO0 TyBCTBUTEb-
HOCTH aKcesiepoMeTpa sBisiercs ock OX.

IIpuHUMD neiicTBUS akcenepoMeTpa OCHOBaH Ha
HM3MEPEHUHU CUIIBI MHEPLUH, Pa3BHUBaeMON ceiicMude-
CKOI1 Maccoil Ipy ee JBMKCHHUU C YCKOPCHHUEM.

PaccmoTpuM CHITBI, KOTOpPBIC TIPUKIAIBIBAIOTCS K
ceficMMYecKO Macce TIpU BHOpaluu —arperara.

Hanpasnernne V' yckopeHHs arperara 1o OTHOIICHHIO
K OCH YYBCTBHTCIBHOCTU BBIOEPEM IMPOU3BOIHHBIM
(pucyHOK 2, a). [lepemerieHrne 9yBCTBUTEIBHOTO 1€~
MEHTa M0 OTHOIICHHIO K MCXOTHOMY TTOJIOKESHHIO 000-
3Ha4YUM 4epes3 X.

a) ycmpoticmeo akcenepomempa

3 4
a4 T
A ]
. 4
L —]
0 —AAAA AAAM "X x
AVANVANYA I B A VAAVANTA R
. 57
¢ 7
4 r ?
A kA

Pucynox 1 ITvezoanexmpuyeckuii akceiepomemp
1 — xopnyc; 2 — npysicunvt nodgeca; 3 — celicmuueckas macca; 4 — 6030yunbiil Oemnghep, 5 — nbezonemeHm
6) cmpykmypHast cxema
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a) cmewgenue cetcmMudecKoll Maccol
Pucynox 2 Jleticmsue yckopenus Ha axcenepomemp

[Ipenmonoxum, 9T0 arperat IBUKETCS C TOCTOSTH-
HBIM YCKOPEHHEM.

[pu ABMXKEHHHU arperaTa ¢ yCKOPEHHEM Uy, K Ceii-
CMHYECKOI Macce OyIyT MPHIIOKEHBI CHJIa WHEPIUU
Fu, MpoTHBOACHCTBYIOMIAs YIIpyras cuia aedopmarun
npyxuHbl Fy, u cocraBmsomas cunbsl TshkecTn Gy
BJIOJIb OCH YyBCTBHUTENIbHOCTH OX:

. d?
FH=mvx=md—tf; Q)
Fop = kyx; )
Gy = mg,, (3)

rae m - macca U9; v, - yckopeHue Boib ocu OX;
k, - ko> dunment ynpyroctu npyKuHbL.
CyMMa CHJI B IPOEKIIUAX HA OCh YyBCTBHUTEIHHO-
CTH C yYETOM HarpaBJIeHHsI
Cx_ g - 4
—m—5 —kyx+mg, =0 (4)
OTcrofa ciieyer, u4To MePEMENIEHHE X YyBCTBHU-
TEJILHOT'O DJIEMEHTA PABHO

x=-2(S2-g.) ©)

2
ky \dt

B »TOM BBIpa)KeHHH Pa3HOCTh MEKAY MCTHHHBIM
YCKOpPEHHEM 00BEKTa ¥ IPAaBUTALIMOHHBIM YCKOPEHHEM

d?x
(F_ gx) Ha3BIBACTCH «KAKYLIUMCS» YCKOPEHHUEM;

HUMEHHO €T0 U3MEPSIOT aKCeIepOMETPEI.

C ydetoM cuibl JnemrdupoBanus Fj, momomHu-
TeNbHO AeicTBYyIoLEH Ha YD B mepexoaHbIX PeKUMaX,
ypaBHCHHE JWHAMHKH aKCEIIEpOMeTpa MOXKET OBITh
MpeacTaBiIeHo B BUE [3]

d%x dx dzxk
m—+k,—+k,x=m 6
dt? Adt y dt? (6)

rae k; — ko> puuuent aeMnpupoBaHus;
Zxk
dt?
VYpaBHenue (6) sABISIETCS OCHOBHBIM YpaBHEHHUEM
JIUHAMUKH aKCEJIEPOMETPA JIMHEUHBIX YCKOPEHUH C I10-
CTyHaTeJIbHBIM NIepPEMEIIEHUEM TyBCTBUTEIBHOTO 3JI€-
meHra. [Ipu uccnenoBaHuu JWHAMUKA OOBIYHO MC-

MOJIB3YIOT YPpaBHCHUEC B BU/IC:

- «KaXyHIeecCsa» YCKOPCHUC.

G=mg

6) cunbl, Oeticmeyrouue Ha LYECMEUMEbHbIL J/IeMeHM

d?x dx d?xy
— +2dwy— + wylx = —£ 7
dt? 0t 0 dt? ™

’k
Tae wog = zy* COOCTBEHHAs 4acTOTa CHUCTEMBI

(6e3 nemmpupoBaHus);

c )
d= Py Oe3pasMepHbIil kK03 dunmenT nemn-
0

¢upoBaHus (C — CTENICHb 3aTyXaHUs).

[Tpearnonoxum, 4To NPUYUHON BUOpaLUH SIBIISI-
eTcsi HecOaJlTaHCHPOBAaHHBIN pOTOp ra3onepeKaynBaro-
miero arperata (I'TIA). Bo Bpems 3kcIuTyaTanuu B HeM
BO3HMKaeT LeHTpoOexHast cuina Fye, 3aBUCSIas OT He-
PaBHOMEPHOCTHU paclpeAeIeHns] MacChl OTHOCUTENIBHO
OCH BpAIIEHHS U YaCTOTBI €0 BPALICHHUS:

Fys = mrw? 8)

re M — BeInYuHa AucOanaHca, Kr;

I — pacCTOsIHUE OT OCH POTOpa, Ha KOTOPOM pac-
IMOJIOXKEH aucOaTanc, M;

® — KpPYToBas 4acToTa poTopa, ¢,

I{enTpoOerkHast cHiIa BBI3BIBACT BBIHYKICHHBIC
KoJie0aHHUsT KOHCTPYKTHBHBIX COCTABJISIOLIMX JBHUTA-
TeJsl B MONCPEYHOM CEUYCHUU, KOTOPBIC MOTYT OBITH
onucaHbl TU(GPEPEHIMATBHEIM YPaBHEHUEM 2-TO TO-
psanka. B T'TIA nBuwkeHue KOHCTPYKILMH, HA KOTOPOM
YCTaHOBIICH JTaTYWK, OMUCHIBACTCA KaK CyMMa TrapMo-
HUYECKUX KOJIcOaHWA pa3HBIX YacToT, T. €. B BHJIE O-
JTUTapMOHUYECKON BUOpaLnu:

d? . .
dezk = Fp1Sin(wnt + ¢1) + FopSin(wpst + ¢2)  (9)

d?x dx 2. .
P + Zda)o E + (on - FOl-Sln(a)nlt + (pl) +

Fo2Sin(wpat + @3) (10)
(11)

r7ie X — BUOpomnepeMeIieHne, MkM;  — Bpems, C; o
— COOCTBEHHAs 4acTOTa KOJIEOATEILHON CUCTEMBI JaT-
4mKa, ¢ () — (bas3oBbIi CABUT BO3HHUKAFOIIETO KOJIE-

0aHMs OTHOCUTEIHHO BO3MYIIAIONICH CHITBI, pamd;, Fo —
aMIUTUTyJa BBIHYXnatomed cwisl, H; Fys — menTpo-
OekHasl cHiia, BhI3bIBaroIIas BubOparuio, H; M — macca
CHCTEMBI, YYacTBYIOIIEH B KOJNEOAHUSX, KI; On1 — Ya-
CTOTa BBIHYX/IQIOIEH CHJIbI, TO €CTh YacTOTa Bpallie-
HHUsl pOTOpa, C'; n2 —4ACTOTA, KPaTHAs 4aCTOTE Bpa-
IEHKs POTOpPa, C L.

Pemenne ypaBuenus (10) npencrasisier coOoit
CYMMy CBOOOIHBIX 3aTyXaroMX KojeOaHuil y.,(t) u
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BBIHYKIEHHBIX HE3ATYXAIOIMX KOJNEOaHUM Yy, (£):

X(t) = Ve (€) + Vi (£) (12)

IlepBoe cnaraemoe COOTBETCTBYET 3aTYXarOLIUM
KOJICOAHHSIM B 3aBUCHMOCTH OT AEMII(pUPYIONINX CHII 1
YOPYTOCTH CUCTEMBI aaTdnka. Hammume HeOOIbIInX
CHJI COTIPOTHUBIICHUS BBI3BIBACT IMTOCTEIICHHOE YMEHB-
[ICHHUE aMIUTUTYIbI KOJIeOaHUH 1 UX 3aTyXaHHe.

TakuMm 06pa3oM, B YCTOMYMBBEIX CHCTEMAX Yes(t)
3aTyXaeT ¢ TeYeHHEM BPEMEHH, IIOTOMY OIPEACIITh
JBIDKEHUE CHCTEMBI Yepe3 HEKOTOPOe BpeMs Oy Iy T UH-
CTO BBIHYK/ICHHBIE KOJIEOaHUsI, OITMChIBAEMbIE BTOPBIM
cnaraeMbIM. BBIHY)XIEHHas COCTaBJISAIOIIAS OIHCHI-
BA€T YCTAHOBMBILHWCS TPOLECC, COOTBETCTBYIOIIUI
HOBOMY 3HAUEHHIO BHIXOIHOH BEITMYHHBI.

Omnpenenum ypasaenue (10) oTHOcHTenbHO cTap-
el Ipou3BOJHOM:
Z—Z = —2dw, % — w3x + Fy;Sin(wpq t + @1) +

FoaSin(wpat + ¢3) (13)

Co3maauM MoJiellb TUHAMHUKH aKCeJIepOMETpa B
nporpamMmHoM makete VisSim.

3aganum mapamerpsl cucteMbl. O003HAYNM miepe-
MEHHBIE, COOTBETCTBYIOIIME MapaMeTpaM MeXaHHudIe-
CKOM cucTeMsl naTumka: K — kosdduument ynpyroctu
TPYXKAHBL, M — Macca CeHCMHUIECKOTO dIIeMEHTa; C —
CTETIeHb 3aTyXaHHs.

Bpewmsi, B TeueHne KOTOPOTO 3aTyXaeT CBOGOIHAs
COCTAaBJISIONIAsl CUTHANA, 3aBUCHT OT JAEMII(PUPOBAHUS
cucreMbl. IIpy HEOCTATOYHOM JAEMII(PHUPOBAHUHN CBO-
0omHAast COCTABIAOIIAs KOIEOIETCS OKOJIO HYJIEBOIO
3HAYEHUs, MPEXKIE YeM €ro JAOCTUTHYTh. [lpu mocTa-
TOYHOM JAeMI(UPOBAHUK CBOOOIHAST COCTABJISIONIAS

MMEEeT MEePeXOIHYI0 XapaKTEepUCTHKY, KOTOpasi He KO-
nebJeTcs u JOCTUTaeT HyJIEBOTO 3HAUCHHS 3a KpaTJaii-
Iee BpeMsi. JTO SBIISIETCS MACAIBHBIM JUISl aKCellepo-
MeTpa.

YeM BbIIIe KOIPOUIUEHT YIPYTOCTH MPYIKUHBI 1
Macca MHEPIIMOHHOTO JJIEMEHTA, TEM JIOJIBIIE 3aTyXaeT
cBOOOMIHAS COCTABISIONIAs CHTHANA. B To ke Bpems
MIPU CIUIIKOM MAJICHBKOW Macce WHEPIUOHHBIN 3J1e-
MeHT OyzeT cabo BO3ICHCTBOBATH HA ITHE30IIEMEHT.
JI1s TOCTKEHMSI ONTHMANBHBIX XapaKTePUCTHK Tepe-
XOIHOTO TMpoIlecca Macca HWHEPIMOHHOTO JIIEMEHTa
JIoJDKHA OBITH B muamnasone oT 20 mxo 80 rpamm [9].

[Tpumem Maccy 4yBCTBHTENBHOTO HJIEMEHTA JIaT-
yuka 25 1, kK03 GUIKEHT ynpyrocty npyxunsl 15 H/m,
KO3 GHUIMEHT 3aTyXaHus (OH ONpeaesseT MHTCHCUB-
HOCTb 3aTyXaHus KojebaTenpHoro mpoiecca) 0,9.

Ha ocHOBaHWM 3THX JaHHBIX MOJAETHPYETCs OJIOK
MapaMeTPOB MEXaHUYCCKOH CHCTEMBI JaT4nKa (pUCy-
HOK 3).

Jlnst omHO3HAYHOTO pemieHus ypaBHeHus (13)
ITOJDKHEI OBITH OTIpEIeTICHBI HadalbHbIC YCIIOBHSA. 3a/1a-
UM HadalbHBIC YCIOBHUS W3 IPEATIONIOKEHIS, YTO B
JATIUKEe YK€ MMEIOTCS KaKhe-TO KoleOaHus, TO eCTh
X(0) = 0,1 u BHOPOCKOPOCTH B 3TOT MOMEHT BPEMEHH
paBHa HOMHUHAJIFHOMY 3HaYeHUIO0 BUOPOCKOPOCTH KOP-

dx
Tyca arperara, T0 ecTh —- (0) =5. C yuerom >THX maH-

HBIX MOJENHpYeTcsl KojeOaTenbHasi CHCTEMa AaTYnKa
(pucyHOK 4).

UyBCTBUTENbHBIA 3JEMEHT AATYUKA BOCIPUHU-
MaeT BHeIIHee Bo3JelicTBHe (YCKOpeHHe KopIyca
I'TIA), xoTOpO€e OnHCHIBaeTCsA Kak CyMMa rapMOHHYE-
CKMX KOJI€OaHUH pa3HBIX 4acTOT, TO €CTh B BHJIE MOJIH-
rapMOHHUYECKOI BHOpaIvy. 3a1aIuM BHEITHEE BO3/CH-
crBue B Buae Gynkuun F = 3,5Sin(320t) + 3Sin(640t).
Mopenp 070Ka 3a7aHusl BHENIIHErO BO3ACHCTBUS IS
Hee MOKa3aHa Ha PUCYHKE 5.

omegal 19.3649

Pucynox 3 Bnox napamempos mexanuueckoii cucmemul 0amuuka
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4

Parametri OIS ] IS P x| >—

<

Pucynok 4 Mooenuposanue xonebamenbHol cucmemol 0amuuKa

st oToOpaskeHusI TeKyIIei BeMYHHBI BBIXOJHOTO CUTHANA UCToJb3yeTcs 6ok «displayy. lanee 3apatorcs
napameTpsl MojenupoBanus: mar rno spemenu 0,001 c, Bpemst monenuposanus 0,6 c.

+ @ B sin (wt)

Pucynok 5 Brox 3a0anus eneutne2o 6030eticmeus

CrpykrypHas cxema MoienupoBanus BuOpanuu ['TIA npuBeneHa Ha pucyHKe 6, a pe3yIbTaThl MOJIETPOBa-
HUS — HAa PUCYHKE 7.

A

T q s (q——»—

r 3
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| 100
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-100

2

-200
q 0 1 2 3 4
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F 3

&4
|

Pucynok 6 Cmpykxmyphas cxema MOOenuposanus 6ubpayuu
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Pucynox 7 Pesynvmamol Mooenuposanus

Ha BxoJe natunka BUOpaIiu 1efHCTByeT BHEIIHEE
Bo3zelicTBue (uHUS 1). Peakuus (OTKIHK) CHCTEMBI
3aBHCUT OT BBIHYXJAIOIIEH CHIIBI U KOHCTPYKTHBHBIX
ocobeHHOCTeH narunka pubparuu (uaus 3). CBo6o -
Hasl cocTaBlisronas penienust ypasaenus (10) 3aBucut
TOIIBKO OT KOHCTPYKTUBHBIX OCOOCHHOCTEH JTaTUNKa U
OTIpEeNIeNSIeTCS B OTCYTCTBHH BHEITHETO BO3ICHCTBUS
(maMs 4). Takum 0Opa3oM, BEIHYXICHHYIO (peaib-
HYIO) COCTaBIISAIONITY IO BHOPAIIMHA MOXHO ITOTYYIHUTh, OT-
HSB CBOOOJHYIO COCTaBJISIONIYI0, OOYCIIOBICHHYIO
BIIMSTHAEM JIaTYUKa (KOTOPYIO MOXKHO OTIPEIENUTh, TaK
KaK MapaMeTpbl MEXaHUYECKOW CHCTEMBI AaTYMKa U3-
BECTHBI) OT HOJTY4YEHHON peakiuy (OTKIINKA) CHCTEMBI.
B HauanbHbI MOMEHT BPEMEHHU Ha AAaTYMK TOCTyHaeT
MOJUTapMOHMYECKHH CUTHAJI, YTO NMPUBOAMUT K Iepe-
XOJHOMY TPOLIECCY, JIUTENBHOCThIO puMepHo 0,225
c. Ha pucynke 7 BUAHO, 94TO JUHUS 2 (BBIHYKICHHAS
COCTaBJIAIOINAs) COBMAaNa ¢ JUHWUEH 3 (peakmmeit cu-
CTEMBI Ha BHEIIHEE BO3AEHCTBHE), a CBOOOIHAS CO-
CTaBILSTOIIAs (JTHHUSA 4) 3aTyXaeT npuMepHo 3a 0,45 ce-
KYHJI.

[IpoBeneHHBIC UCCTIETOBAHMSA MTOKA3aJIH, YTO COO-
CTBEHHbIE KOJIeOaHHMs1 IaTuiKa a0COIIOTHON BUOpaluu
OKa3bIBAIOT BIMSHUE Ha KOHEUHBIN pe3yNbTaT u3Mepe-
Husl. B pe3ynbrare B MOMEHT I€HCTBHS BHELIHETO BO3-
MYIIEHHS [T0Ka3aHUs OKa3bIBAIOTCSA HEAOCTOBEPHBIMU,
YTO MOXET NPUBECTH K HECBOEBPEMEHHOMY aBapHii-
HOMY OCTaHOBY arperara U IoJIHOMy €ro pa3pyLIeHHUIO.
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Abstract

Yuusepcumem Mupac, Llvimkenm, Kazaxcman
Ypazoaesa I'.T.

mazsucmpanm,

Yuusepcumem Mupac, llvimkenm, Kazaxcman

The article is devoted to an automated information system, that allows comprehensively automating the pro-

cesses of a credit system and distance learning technology. The system has a centralized database, which reflects
all the real events and processes of the university. The development of an information security system for an
application for the automation of work and tasks related to the organization of network educational technologies
has been described.

AHHOTAIUSA

CTaThbs MOCBSIICHAa aBTOMATH3UPOBAHHOW HH(POPMAITMOHHON CHUCTEME, TIO3BOJISIONIEH KOMIUIEKCHO aBTOMa-
TH3UPOBATH MPOIECCHI KPSTUTHOW CHCTEMbI M AWCTAHIIMOHHON TEXHOJIOTHH o0ydeHus. CrucTeMa UMeeT IeHTpa-
JU30BaHHYIO 0a3y JaHHBIX, B KOTOPOH OTpaKaloTCs Bce pealibHble cOOBITHS U poriecchl BY3a. Omnmcano pa3Bu-
THUEC HHd)OpMaHHOHHOﬁ CHCTEMBI 6630HaCHOCTI/I JJIA TIPUJIOKECHUSA TT0 aBTOMAaTHU3allun pa60T 1 3aa4 Ipu opraHu-
3aIMK CETEBhIX 00pa30BaTENIbHBIX TEXHOJIOTHH.

Keywords: automated control system, testing system, educational activity, studying proccess, university

KawueBble ciioBa: ABTOMATU3UPOBAHHAA CUCTEMA YIIPABJICHUS, CUCTEMA TCCTUPOBAHU, 06pa3OBaTeHBHaH

JACATCIBbHOCTD, y‘-Ie6HLIﬁ mpouecc, YHUBEpCUTET

BBenenne. PazButie 00pa3oBaTeIbHBIX TEXHOIO-
THA M CUCTEMBI OOpa30BaHHS B IEIIOM IPOUCXOIHT
HerpepbBHO. OcCyIecTBIseTcs KaK MOJCPHHU3ALNS
y’Ke TIPUBBIYHBIX, TAK ¥ MOUCK HOBBIX HHHOBAITHOHHBIX
METOZOB OOYyYeHHs, MpUYeM BCE ITO HAMpPaBICHO Ha
yIIydIIeHHEe KadecTBa 00pa30BaHUs U €ro 3PQPeKTHB-
HOCTHU. TpeHllOM CECrOAHAIIHEIrO OHS SIBJISICTCS aKTHUB-
HOE HCIOJIb30BAHUE KOMITBIOTEPOB U KOMITBIOTEPHBIX
TEXHOJIOTHI B 00pa3oBaHuu U o0y4yeHuu. Ecnu u3Ha-
YaJIbHO KOMITBIOTEPHI HCIIOIh30BATNCH B KAYECTBE BBI-
YUCITUTEIHHOTO CPEJICTBA, TO B MOCICIHUC JICCATHIIC-
TS, OCOOCHHO C Pa3BUTHEM MYJIBTUMEIUNHBIX TEXHO-
JIOTHA, OHH TPAaHC(HOPMUPOBAIKACH U CTAIH IIHPOKO
MPUMEHSATBCS I paboThl ¢ HMH(pOpMAIMer camoro
pa3HooOpa3Horo cBOCTBa. BOT movueMy oHUM cTaIu ur-
paTh OOJIBIIYIO POJIb U B OpPraHU3allii 00pa3oBaTeiIhb-
HOTO TIPOIiecca, BEIb UX BO3MOKHOCTH OYEHb XOPOIIO
MIPUMEHUMEI IS paboTHI CO BCEM MAacCCHBOM 3HAHHUN U
yMeHHH, yeM OoraTa nctopus yenoBedecTBa. [Ipume-

HCHHE BBIYUCIUTEIHHON TEXHHUKH CIIOCOOCTBYET 3a-
MEHE YaCTH WJIA BCETO PyYHOTO TPpyJa yduTemns pabo-
TOHM KOMITbIOTEpa, KOTOPBIH sBiIsieTcs u Oomee ddpdex-
THUBHBIM, U 0OJIe€ ACTIIEBBIM.

OrpomHoe 3HaYeHUEe HHPOPMAITMOHHBIC CHCTEMBI
pUOOpENU B 00J1aCTH AMCTAHIIMOHHOTO 00pa30BaHMUS.
B cBs13u ¢ pa3BUTHEM KOMIIBIOTEPHBIX CUCTEM U CETEH
JMUCTAHIIMOHHOE 00pa30BaHue, MPeInojararlee mpo-
Iecc OOYYCHHST Ha PACCTOSHHUM, CMOTJIO TEpeaaBaTh
WHGOPMAIIMIO TOYTH MTHOBCHHO. DTO CIOCOOCTBO-
BaJo OBICTpOMY OOMEHY YICOHBIMHU U METOANICCKIUMU
MaTepHuallaMu, YI0O0HOH poBepKe 3HAHUH U YMCHBIIIC-
HUIO W3/ICPKEK Ha CBA3b U TpaHcHopT. Ecim peus uaer
0 CeTSAX M CETEBBIX MpOoIleccax W TEXHOJOTHX, TO, Pa-
3yMeeTcs, OSATH BCETJa Toapa3yMmeBaioT HHTepHeT.
BcemupHas mayTHHA, COSOHMHSIONIAS KOMIBIOTEPHI U
MTOJIb30BaTEIe MMOBCEMECTHO, CIIOCOOCTBYET OpraHH-
3anuu y4eOHOro mporecca B JUCTAaHIIMOHHOM PEXIMe
MTOYTH BE3/I€ U B MAKCHMAaJIBHO KOPOTKHE CpokH. [Tpu-
MCEHCHHNEC MHTCPHET- U CCTCBLIX TEXHOJIOTUH yaydmaeT
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1 o0paszoBaTelbHOE BHPTyaJbHOE 00pa30BaTEIHHOE
MIPOCTPAHCTBO, MMOCKOJBKY Y4eOHBIE MaTEepHANbl M U3
3HaHUA M3 CaMbIX PA3HbBIX HCTOYHHUKOB BO3MOXKHO
MTHOBEHHO IMOJIyYUTh Ha CBOEM paboueM KOMITbIOTEpE
C MOMOIIBI0 TIPOTrPAMMBI-TIOMCKOBHKA. J[aHHBIH (akT
(hopMupyeT TBOPUYESCKHIA TTOAXO0] K 00Pa30BaHUIO, BBI-
BOJIUT CaMOCTOSITEIbHYIO pa0OTy Ha HOBBIA YPOBEHB,
YK€ B BUPTYaJTbHOM MHUPE.

Cpenbl AMCTAaHIIMOHHOTO KOMIIBIOTEPHOTO 00pa-
30BaHMUS B TIPOIIECCE YIYUIICHHS 1 SBOIONNHT TPUHSIIN
caMble Pa3HbIC BUIIBI, COOTBETCTBYIOIUE BO3IIAraeMbIM
Ha HUX 3aga4aM. K UX 9UCITy OTHOCSTCS 3IeKTPOHHBIE
Y9eOHHKH, BKITIOYAIONIHE B ce0s1 JICKINN U 3aJaHUS IS
MPAaKTUKU B TOU (hopMe, KOTopast JIydIlle BCETO MOAX0-
JUT JJIA IPaBUJIBHOI'O BOCIIPUATHA, BKIIOYAad MYJIBTHU-
Meana. Kpome Toro, pa3paboTaHbl TECTOBBIE CHCTEMBI
Y TECTOBHKH IS OLUEHKU U OIpeNIeIeHUs 3HAaHUM CTy-
JICHTOB WJIM YYCHUKOB, BKITFOYAIOIIUE PA3HOOOPA3HEIC
3aianHus. bonbIioe pacnpocTpaHeHHE TOMYUNIA TaKXKe
nmabopaTOpHBIC MPAKTHKYMBL, B KOTOPBIX BO3MOXKHO
HATJISTHO TTONTYYUTh U anpoOMpOBaTh IPUMEHEHHUE T10-
JMyYCHHBIX 3HAHWHM Ha TpakTuke. Bce 3To memaer 3a-
Jady CO3JaHMS CIEIHAIH3HPOBAHHOTO IPHIIOKCHHUS
AKTyaJIbHON M CBOEBPEMEHHOM.

IMocTtanoBka 3agaum W aHaAJIU3 O00beKTa
ucciaenoBanmii. B nporuecce oOyueHus: kpaiiHe Baxk-
HYIO POJIb UI'PAlOT OIleHKa M KOHTPOJh 3HaHHH. O6a
9THUX TMpoIlecca OJHOBPEMEHHO CIYXKaT JJIs paKTHude-
CKOT'O TIPUMEHEHUS! U YCBOEHUS 3HAHUH, MOJIyYEHHBIX
oOyJaromuMucs B mporecce ooydyenus. Ha ceromusimi-
HUW J€Hb MOXXHO BBIJICNIUTH JIBA BHJAa CHCTEM KOH-
TPOJISl U OLEHKHU 3HaHuH [1, c. 68]:

e HampaBJICHHBIC HA BEHIIOJIHECHUE TECTOB B YCT-
HOW WMJIM MMCBMEHHOHN (opMe ¢ TanbHEHIEeH mpoBep-
KO ThIOTOpOM. YaCTHBIM clTydaeM MoA00HOTO TECTH-
POBaHUS BBICTYIAET 3K3aMEH B TPAIUIIMOHHON Qopme;

® CHUCTEMBbI DJJIEKTPOHHOTO TECTHPOBAaHUS CO
CIIeIIMaJIbHO HO}IO6paHHBlMI/I 3aJaHUsIMU.

CucTeMbl IEPBOTO BUJA CYIIECTBYIOT YXKe 10CTa-
TOYHOE BpeMs M 00JIAJal0T PSIIOM HEIOCTATKOB [2, C.
354]: GonbIIoit 00bEM PyTHHHOW PabOTHI, HCBO3MOXK-
HOCTb aBTOMaTHYECKOM MPOBEPKH U aHAJIN3A pe3yiIbTa-
TOB TECTUPOBAHUA, OCYIIECTBISEMBIX OPraHu3aTo-
paMu TeCTHPOBAHUS, HU3Kask CKOPOCTh 00pabOTKH HTO-
TOB TECTHPOBAaHHUSA, BEPOSATHASI HEOOBEKTHBHOCTH
OTMETKH TECTHPOBAHUSI.

Pemrenne mo noBoy OKOHYATEIHHOM OLIEHKH KaK
MPaBWJIO TPAKTHYECKH TOJHOCTHIO BO3JIaraeTcs Ha
YUUTENs, HECMOTPSI Ha CIIOCOOHOCTh YaCTHYHO aBTO-
MaTH3alid JaHHOTO mpoiiecca. [ToBcemecTHOe BHEN-
pCHHE UHCTPYMEHTAIBHBIX MTAKETOB, CIOCOOHBIX aBTO-
MaTU3UPOBATh XOJl MIPOBEPKU HABBIKOB M 3HAHUM, CIIO-
COOHO CHSITh YaCTh BOIIPOCOB CHCTEMBI 00Pa30BaHHS.

B utore, aBTOMaTH3aLus MPOLIECCOB U TIOTOKOB B
cepe IPOBEPKH HABEIKOB W 3HAHUH B 00pa30BaTeIb-
HOM TIPOIIECCE MO3BOJIUT BEICBOOOIHUTE BPEMs IPEIO-
JlaBaTeried M yduTeler Uisl HaydHOUW paboThl, a TaKXKe
COKpATHTb PAaCXOJbI OpTraHU3alnii 00pa3oBaHus.

OOBIYHO aBTOMATH3AINS MPOIIECCOB M TIOTOKOB B
cdepe npoBepKH 3HAHUIT IPOU3BOIUTCSI UHCTPYMEHTA-
pHeM TECTHPOBAaHHWSA, NMPHUYEM HAWOOJIbBIIEe PaCIpO-
CTpaHEHHE TIPHOOPENI0 KOMITBIOTEPHOE TECTUPOBAHHE.

K guciry npenmyIiecTB 3J1eKTPOHHBIX CHCTEM TECTHPO-
BaHMS OTHOCAT [3, c. 117]: aBTOMaTH3amnmo 06paboTKH
UTOTOB; OCBOOOK/IEHHE THIOTOPA OT IPOBEIEHHUS IK3a-
MeHa B TPaJAMIHOHHOW (opme; obecrieueHne Henpes-
B3ATOCTU KOHTPOJIS 3HAHUH; YIy4lIEHUE OllepaTUBHO-
CTH TECTHPOBaHUS; CIIOCOOHOCTH €IMHOT0 aHAaJIH3a Ka-
YecTBa 3HAHWU TECTHUPYIOIIUXCS 110 ITHPOKOMY KPYTY
pa3IMYHBIX HAMPABJICHUH;, YMEHBIIICHUE U3JICPKCK Ha
OCYIIECTBICHUE TECTHPOBAHUS.

®DopMHEpPOBaHUE CUCTEM TECTHPOBAHWUS, IPUMEHSI-
IOINX Ul TIepedadll JaHHBIX ceTh VIHTepHeT, SBIs-
eTcsl aKTyallbHOM M KpaliHel nmepcreKTUBHOM HayYHOMH
3amadeii, IOCKOJIBKY TEePPUTOPHAIbHAS PACIOIOKEH-
HOCTh YUYpeXIeHUI o0pa3oBaHUsI M MEXIyHapOIHas
yHHUKaNWs yaeOHOT0 Mmpoliecca BIEKyT 3a co00il Ma-
7103 (HEKTUBHOCTH JIOKATBHBIX MOJIENICH CpeJ] TECTUPO-
Banusa [4, c. 158]. Ho i mpuMeHEHHsI CHUCTEMBI
BHYTPH OpraHU3alli O0O0pa30oBaHHUS HEOOXOIUMO
MIPEyCMOTPETh JIOKATBHYIO CETh KaK HHCTPYMEHT HC-
MTONTE30BaHMSA T4 Tepenaun nHpopmarmu. K mpumepy,
JIOKAITbHAsI CETh XOPOIIO MOIXOANT JJIsl TECTUPOBAHUS
BO BpeMsI 1a00paToOpHOH pabOTH B KOMIIBIOTEPHOM Ka-
OuHeTe cpady Uil Bcex oOydaromuxcs. [ moOaibHas
CeTh NPUMEHHNMA UIS TeCTHPOBAHUS HABBIKOB W 3HA-
HUH IPH TUCTAaHIMOHHOM 00Pa30BaHUH, TOTyYHBIIEM
IMUPOKOE MPUMEHCHUEC B MOCJICAHUEC T'OJibl, 1JIA KOH-
TPOJIA 3HAaHUN CTYACHTOB, KOTOPLIC IO TEM HUJIM WHBIM
MPUYMHAM HE B COCTOSIHMM NPUCYTCTBOBaTh B oduce
WJIM KOMITBIOTEPHOM KJiiacce [5, ¢. 58]. AKTyaiabHOCTh
MpUMeHeHHs ceTH VIHTepHET Kak cpelibl epeadu HH-
(hopMarmy MOATBEPKAACTCS U €€ JOCTYITHOCTHIO, U TI0-
BCEMECTHBIM pacrpocTpaneHueM. Llenp HacTosmien
paboThl 3akiovaeTcs B pocte 3(deKTHBHOCTH KOH-
TpoJist 3HaHUK oOydaromuxcs. [TocTaBieHHas 11enb pe-
AITM30BBIBACTCS C TIOMOIIBIO AJITOPUTMOB, MOJIEIEH U
CHCTEM KOMITBIOTEPHU3HPOBAHHOTO TECTHPOBAHUS 3HA-
HU.

XapakTepucTuka 00beKkTa HcciaenoBanuii. Ot
MIPOrpaMMHOT0 KOMIUIeKca Tpebyercs obecredeHne
CIIEAYIOIINX OILMIA: CO3JaHHe W HM3MEHEHUE TECTOB
(TecToBBIX HAOOPOB), HACTPOIKA IpOLECCa TECTUPOBA-
HUS;, aJMHHUCTPUPOBAHHE OOYYAIONIMXCS W TPYIII
00yJaroMmXxCcsi, Pa0OTAIOMIUX C COCTABHBIMHU YaCTSIMHU
KOMILTEKCA, MOHHUTOPHUHT WUTOTOB TECTHPOBAHUS 3HA-
HUH, 00YJaIONIXCs; TeHEpaIUs YUYCTHOM 3a1ricu 00y-
YAFOIIUXCSA U MOCIEAYIOMET0 TPOXOXKICHUS IIPO-
1ecca TeCTUPOBAHNUS U IEMOHCTPAINH PE3yIBTATOB Te-
CTOBOTO ceaHca. Takum 00pa3oM, HPOBOIS aHAIU3
cnucka TpeOyeMbIX BO3ZMOXKHOCTEH, HEOOX0IUMO 0Cy-
IIECTBUTH JIOTUYECKYIO JCKOMITO3UIIHUIO I/IH(bOpMaLII/I-
OHHOMW CHCTEMbI Ha M30JIMPOBaHHbIE (YHKIIMOHAIBLHO
MOJTHBIE MTPOTPAMMHEBIC MOJTYJIH: MOJIYJIb BBIBOJIA OTYE-
TOB ¥ aIMUHHUCTPUPOBAHISI, MOTYJIb TIPEIIOIaBATEIS —
MOJIyTTb CO3JIaHHS, HACTPOUKA U PEIaKTHPOBAHUS TeE-
CTOB; MOIyNb TecTUpoBanusi. OH TpeaHAa3HAYCH JUISA
paboTHI ¢ oOydarommMcs. Bee onricaHHBIE BBIIIE MO-
Iynei, camu 1o ce0e, BKITFOYAI0T TTOAMOIYIIH, Peali-
3YIOMIHE Ty WU HHYIO 3a/1a9y.

Monynb penakTupoBaHus, HACTPOMKHU U CO3JaHUS
TECTOB BKJIOYAET B ce0s CIEXyIOIUe ITOJCUCTEMBI:
MOJICUCTEMAa AaBTOPU3AIMK I[OJB30BATENCH; IIOACH-
ctemMa paboOTBl C pasfgenaMH TECTOB; IIOACHUCTEMaA
HACTPOMKH IPOLETYPhl H BBIOOPA TECTOB; MOJCHCTEMA
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HACTPOUKH M BbIOOpA TECTOBBIX 3aIaHMIA; TOJACUCTEMA
PEIaKTUPOBAHUS OTBETOB.

Monyiib TeCTHPOBaHUS OYJET COCTOSATh U3 CIICY-
IOIUX TIOJICUCTEM: TIOJICUCTEMA aBTOPU3ALIMHU T10JIb30-
BaTesIsl; MOACHUCTEMa BhIOOpA TecTa; MOACHUCTEMA Te-
CTUPOBAHUS; MOACHCTEMA MPOCMOTpPA UTOTOB CeaHca
MIPOXOKACHHSI TECTA.

Mopayiib aJMUHUCTPUPOBAHHS BKJIIOYAET B ceOs
crnenyronpe (QyHKIHOHAIbHBIE COCTABJISIOUINE: MO/~
CcUCTEMa aBTOPHM3aLMM O0YdaloIerocs; IMoJCHCTeMa
yIOpaBJICHUS TPYIINaMUd OOYYAIONIUXCS; IMOJACUCTEMA
yIOpaBJICHUS TMOJIb30BATEIIAMHU; MOJCHCTEMAa BBIBOJA
OTYETOB.

IToyueHa cTpykTypHasl cXema CHCTEMBI (pHCY-
HOK 1).

TECTOB

Moayas co3aanus,
PeAAKTHPOBAHUSA M HACTPOIKH

OJIOK aBTOpHU3ALUU
MoJb30BaTeJIch

OJIOK yIpaBJICHUS
pa3nenamMu TECTOB

OJIOK peJaKTUPOBAHUS
OTBETOB

06JI0K BBIOOpA TECTOB U
HACTPOUKH IPOLIETyPbI
TECTHPOBAHMSI

010K BBIOOpA U
HACTPOWKH BOIIPOCOB
TEecTa

Moayibs aAMUHUCTPUPOBAHHUS

OJIOK yrIpaBIICHUS
OJIOK aBTOpHU3aAAU

OJIOK yIIpaBJICHUSI OJIOK BBIBOZA

rpymniamMu
M10JIL30BaTEsI . OJIB30BATEIISIMUA OTYECTOB
noJib30BaTeseH
Moayas TeCTUPOBAHUSL
610K OJIOK IIpOocMOTpa
010K BBIOOpA pe3yiibTaToB 610K

aBTOpHU3ALIUH

TEecTa ceaHca TECTUPOBaHUS
M0JIL30BaTEs

TECTUPOBAHUS

Pucynox 1. Cmpyxmypuas cxema un@opmayuoHHo cucmemsl

Kak crnemyer u3 pucyHKa, BXOAAIINE B CUCTEMY
MOTyJTH IPOTPAMMBI He 00JIaTat0T PYHKIIMOHATEHBIMA
CBSI3SIMH, TIO3TOMY YHIPOIIAETCS CO3MaHME M COIPO-
BOXKJICHHE UTOTOBOTO MPOoyKTa. Jlanee, Kak BUIHO 3
pPHUCYHKa, BO BCEX MOMYIISIX HAJIMYECTBYIOT OJMHAKO-
BbIC OJIOKH, OCYIIIECTRIISIONINE aBTOPH3AIMIO 00yUaro-
HIErocs, 9YTO 00IerdacT pa3paboTKy MOCPEACTBOM ay0-
JUPOBAHUS TOBTOPSIONINXCS YacTeH TPOrpaMMBI.

PesyabTaTnel ucciaenoBanmii. Ha pucynke 2
MPEJCTABIICHA OCHOBHAS (hOpMa JUISl MOJTYJISI TECTHPO-
BaHUs oOyuaromuxcs. M3 puCyHKa SICHO, YTO HHTEP-
(etic moHATeH U npocT. B BepxHe# ob61acTH OKHA TO-
MeIaeTcs 3ajaHve. B HIDKHeW HaxoIsITcs BapUAHTHI
OTBETa, BBOJWMEIC IMONb30BaTeieM. [locie Toro mim

HWHOTO OTBETA Ha 33aJJaHHE TTOJIb30BaTENlb 00paIaeTcs K
caenyrouieMy 3aaanuto. Eciau 310 pomyckaercs, TO
BO3MOXKHO oOOpaleHne K MpeasIaylIeMy 3agaHulo.
KHomkm nanenn HHCTPYMEHTOB TyOIHPYIOTCS KOMaH-
Jamu TiaaBHoro MeHto. [TomoOHOE mocTpoeHne HHTEp-
(eiica MpUMEHSACTCS B OOJIBIIIOM YHCJIE HM3BECTHBIX
porpamMm, Io3TOMy paboTa co31aBaeMoro mporpaMm-
HOT0 KOMILIEKCa OYIeT HECIOKHON NaXe JJIs1 HEOTIBIT-
HBIX ToJib3oBateneid. C 1eNnblo NpeaynpeskaeHus BO3-
MOJKHBIX OINMOOK KJIMEHTA, CBA3aHHBIC, K MIPUMEPY, C
€ro MPekKJACBPEMEHHBIM BBIXOJOM M3 CeaHca MPOXO0XK-
JIEHUs TeCcTa, pealn3oBaH uHTepdeiic nHpopMuposa-
HUS KJIMCHTA.
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Pucynox 2. Ocnosnas popma mecmogozo mooyis

Jis mpenoTBpamieHusT HECAaHKIIMOHUPOBAHHOTO
JIOCTyTIa K MOJYJISIM aJMHUHHACTPUPOBAHHSA M PEIAKTH-
POBaHUS TECTOB KIMEHTOB, HE 00IaJaroIIuX AJIS 3TOTO

npaBaMH JOCTYIa, OCYLIECTBJIEHAa IPHHYIUTENbHAs
ayTeHTH(UKANUI B TOYKE BXOJA B MporpaMmy (pucy-
HOK 3).

A ]

Napann

o

Ten ponpaon

R T T T

B gy Bos

Hidn T Wl ANEsH

CITHaT

Fraapinpad

Pucynox 3. I[lpumep 3anycka mecmosoeo pedaxmopa

BoiBoabl. OcylecTBiieHa pa3paboTKa MpoeKTa
cpensl. CTpyKTypa KOMIUIEKCA COACPIKUT 3 MOIYJIS:
MOJIyJTb aJMHHUCTPUPOBAHHS, MOIYIIb TECTHPOBAHUS
U MOJyJIh PEIaKTHPOBAHU TeCTOB. Bee Moaym Heza-
BHCHUMBEI JIpyT OT fpyra. Co3mansl pabodne arOpuTMBI
paboTHI AIeMEHTOB cucTeMbl. OmnpeaeneHsl TpeboBa-
HUS K cpefe nepenaun nadopmarmn. KomboprHas pa-
00Ta BceX MOAyJied KOMIUIEKCA BIIOJIHE JAOCTUTaeTCs
MPUMEHCHUEM  BBICOKOCKOPOCTHOTO  COCIUHCHUS.
Kpome Toro, BeiieneHsl 3 KaTeropuu noJib3oBaTesnei,
OMEPHUPYIONUX C MOJIYJISIMHU CHUCTEMBI. BO3MOKXHBIM
MyTEM Pa3BUTHS PAOOTHI MOXKET SIBUThCS 000OIICHUE
KITUCHT-CEPBEPHON apXHTEKTYpPhl HA CIIydail MHOTO-
3BCHHOI apXUTEKType IPOrpaMMBbI 0a3 TaHHBIX.
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