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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE
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YHUCJO CIHEKTPOB B3AUMO/IEMCTBUS ®PAKTOPOB B BUHAPHOM OTKJIMKE

Ha ocHoBe OyneBoii Mojenu OMHAPHOW TEOPUH JOCTATOYHBIX NPUYHH BBEJACHO MOHATHE Ya-
CTUYHOTO B3aUMOJICHCTBUS (haKTOPOB B JAHHOM OMHAPHOM OTKJIMKE W IMOHSTHE CIICKTpa B3a-
UMOJICHCTBUS (haKTOPOB B JAaHHOM OTKJIMKE. McciaemoBaHbl HEKOTOPHIE CBOWCTBA CIICKTpa
B3alMOJICHCTBUS.

Knroueewie cnosa: 6ynesa anrebpa, qeiicTBre TPYIIbL, Tpad), HHBAPUAHT JEHCTBHS TPYTIIIHIL.

Yu.V. Nagrebetskaya, V.G. Panov
Ural Federal University, Yekaterinburg,

Institute of Industrial Ecology of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg
NUMBER OF SPECTRA OF INTERACTION OF FACTORS IN BINARY RESPONSE
On the basis of the Boolean model of the binary theory of sufficient causes, the concept of
partial interaction of factors in this binary response and the concept of the spectrum of inter-
action of factors in this response are introduced. Some properties of the interaction spectrum
are investigated.

Key words: Boolean algebra, group action, graph, group action invariant.

BBenenue. [lonsTie B3anMOmEHCTBUS NEHCTBYIOMMX (PAKTOPOB SIBISIETCS OJHHAM W3 Ba)XKHEHUITHX
[P OLEHKE PE3yIbTaTa UX COBMECTHOI'O AEUCTBUA. BaXKHOCTh 3TOrO MOHATHS CBsI3aHA, OYEBHUIIHO, C TEM,
YTO COBMECTHOE ACHCTBHE HECKOJIBKUX areHTOB MOXET OBITh COBCEM HE TAaKUM, KAKUM €ro MOXHO ObUIO
OBl O)XKMJATh HA OCHOBE 3HAHUS X M30JIMPOBAaHHOrO AeiicTBus. [103TOMY, B 4aCTHOCTH, B ONIMCAHUAX BCEX
JICKApCTBEHHBIX CPEJICTB 00S3aTENIFHO yKa3bIBAETCS MX B3aUMOACUCTBHE C APYTMMH JICKAPCTBEHHBIMU H
HEJIGKAPCTBEHHBIMHU areHTamu (cM., Hampumep, [1]). Ognako ¢opmarbHO-MaTeMaTHYECKOE ONMHCAHUE
3aJladl OIEHKH COBMECTHOTO JEWUCTBUS (B3aMMOJEHCTBHS) TNPEACTABISET 3HAUMTENbHBIE CIOKHOCTH,
CBSI3aHHBIE C MHOT000Opa3neM M pa3HOPOJHOCTHIO BUJIOB JeicTBYONMX (pakTopoB. OgHAKO IJIsl CpaBHU-
TEJBHO TPOCTOTO CIIy4asi COBMECTHOTO JICHCTBHSI IByXyPOBHEBBIX (PaKTOPOB U IBYXYPOBHEBOTO OTKITHKA
(pe3ynbTHpylomIel QyHKIMK) Takas MOJEIb MOXKET ObITh MMOCTPOEHA, H OHA OKa3bIBAETCSl OTHIOJb HE Ta-
KOM TIPOCTO#i, Kak MOXHO ObLIO ObI OXHIATh & Priori [2-8]. BaxxHO Takke OTMETHTbh, YTO CIydail AByX-
YPOBHEBBIX MIEPEMEHHBIX SABJISIETCSI HE HCKYCCTBEHHBIM YIPOIEHHEM pealbHOM CUTYAINH, & OTHOM U3 TeX
MoJIeJIel 00IIero OnMuCcaHusl MPUIMHHOCTH, KOTOPhIE PACCMATPUBAIOTCS B duaeMHuonoruu [9-12] u ¢umo-
codun [13, 14].

B pamkax 3T0# MOjeny, OCHOBHBEIM MAaT€MAaTHYECKUM aIapaToM KOTOPOH sSBIsIeTCS Teopus OyJie-
BBIX ayireOp U OyieBbIX (YHKIIWH, 3a/1a4a ONMCAHUs B3aUMOJICHCTBISI OMHAPHBIX (haKTOPOB ObLIA MOCTaB-
JIeHa KaK MaTeMaThdecKas mpoodliieMa, a Takke TOIy4eHO e€ pellieHHe B BHJIE MPOIEAYPbl OCTPOCHUS
OTIpEJIENICHHBIX AreOpanvecKux 00beKToOB [2-4]. OTMETHM, YTO MOCTPOEHHAS TEOPHS ONUCHIBAET, B YaCT-
HOCTH, THIIOJIOTH3AIIMIO B3aMMOACHCTBUS 6cex NEHCTBYIOMMX OMHAPHBIX (DaKTOPOB B JTAHHOM OIIBITE.
'mOKOCTh TOCTPOEHHON TEOPHH TMO3BOJISIET MOCTABHTH MPOOJIEMY OIMCAHHSI COBMECTHOTO IEHCTBHS B
OoJsiee IUPOKOM KOHTEKCTE. A MMEHHO, KpOME IMOHSATHS B3aMMOJEHCTBUS gcex (HaKTOPOB B JAaHHOM OT-
KJIUKE B PaMKaxX IMOCTPOCHHOro (popMan3Ma MOXKHO OIPEEeNTUTh IOHATHE B3aUMOJCHCTBUS IJIsl HEKOMO-
PO20 MHOdHCECmBA (haKmopos B 3TOM OTKIIMKE, KOTOPOE MO3BOJISIET MOHITH CTPYKTYPY B3aUMOJCHCTBUS
(akTOpOB B OTKJIMKE O0JIEe MOJTHO.

Heo0xonnmble moHsiTust M ompeneseHusi. bynesa anre6pa QyHKIMA 0T OyJIEeBBIX MEPEMEHHBIX

Xiy.eey X, OyzeT 0003HaUATHCS B(Xl,. e X, ) [locrosnuble OyneBbl PYHKIUH, TOXICCTBEHHO PaBHbIC

0 u 1, 6yayr o6o3nauatecst @ u 1 coorBercTBeHHO. B paGortax [5—7] GbIIO BBEIEHO M HCCIEIOBAHO

6
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TIOHATHE CTEMEHU Ll , COBMECTHOrO JCHCTBUA K OMHApHBIX MEPEMEHHBIX U3 Xj,..., X, B OMHapHOMH
(GYHKLIUY OTKIIMKA fe B(X1 yeeor X ) . Ha ocHOBE 3TOr0 MOHSTHSA €CTECTBEHHO BBOJUTCS CIIENYIOIIEE
Omnpenenenne 1. Crexrpom CcOBMECTHOro JedcTBus  (GakTopoB  Xj,..., X, B OTKIHKE

fe B(Xl,...,Xn) Hasosem HaGop M =(uf’1,...,uf’n).

Tak Kak cTeneHb Mf K HWHBAapHaHTHA OTHOCUTCIILHO I[eﬁCTBPIﬂ Tpynnbl CI/IMMeTpI/Iﬁ OKCIICpUMCHTA,

n
KOTOpast SIBJSICTCS TPYIION Gn aBTOMOP(HU3MOB OyneBa KyOa B [4], To u ciekTp M ¢ sBISIETCSA TaKUM
ke mHBapHaHTtoM. [Ipm 3TOM B pamkax paccMmarpuBaemMoro OyieBa (opManm3mMa TEOPHUH TOCTATOYHBIX
MPUIHH OpOUTHI eiicTBus rpymmnsl G, Ha B(Xl, ceey Xn) SIBIIAIOTCSA MUNAMy COBMECTHOTO JEWCTBUS OH-

HapHbIX (akTopoB. CiaenoBarTenbHO, CEKTp My KOPPEKTHO OIpenesieH Ha THIIaX COBMECTHOTO JEHCTBUS
U SIBIISICTCS MOJHOM XapaKTEPUCTUKOW COBMECTHOTO ACHCTBHSA ()aKTOPOB B JAHHOM OTKJIMKE.
B [8] mpuBeneHo crieqyromiee CBOWCTBO AIEMEHTOB CIIEKTPA JAHHOTO OTKITHKA.

Teopema 1. [ns nro0oro oTKIMKa fe B( Xiseoes Xn) CyLIECTBYET E€IUHCTBEHHOE YHCIIO
m, e {1, ceny n} TaKOE, YTO BBIMOJIHAIOTCS HEPABEHCTBA

(1) s =1 s m06oro ie{o,l,...,mf};

(2) Ky SHy g uismoGoro je{mf +1,...,n}.

IIpu sToM noapasymesaercs, uro npu My =1 HepaBeHCTBO (2) BHINOIHAECTCA aBTOMATHYECKH,

TaK KaK B 3TOM ClIy4ae MHOXKECTBO {mf +1,..., n} MyCTO.

OcHoBHBIE pe3yJbTaTbl. PaccMOTpUM MOCIEA0BAaTENBHOCTH, yIOBIETBOpAONINe cBolicTBaM (1)—
(2) u3 Teopemsr 1.

Omnpenesienue 2. bynem TOBOpUTH, 4YTO IOCIEAOBATEIBHOCTD M = (ml, very mn) qucell
1< m < N o0namaer CBOWCTBOM CIEKTPA, €CIIM CYIIECTBYET €MHCTBEHHOE unciao M € {1,. ey n} Ta-
KO€, YTO BEITIONHSIOTCSI HEPAaBEHCTBA

@ m =1 s mo6oro | E{O,l,...,m};

(2) ijmj_l UL JTI000T0 je{m+1,...,n}.

Teopema 2. [Insa nroboro N € N uucno Sn I0CJIEAOBATEILHOCTEH, O0JIaaroIMX CBOMCTBOM

CIIEKTpa paBHO
n-1 k+1

Sn = chliﬂcr:jel +1

k=0 I=1

i o . . b
3necs C; —uncio couerannit u3 j 1o i. Ilpu cuntaem, 4ro Ca =0, ecma<h.

J
Ipumep 1. 11 N = 2 umeeM claenyromui CIMCOK CIIEKTPOB OTKIUKOB!

Kiaccel oTKIIHKOB M Kiacce! oTKIImKOB Mg
(x%,) w2 | (%), (avx) @0
(XX vV %%,) w1y |10 0, 0)
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Ipumep 2. /s N = 3 umeeM CcIeayromuid CIUCOK CIIEKTPOB OTKIUKOB:

Kiacce! oTKIIMKOB M; Kiaccel OTKIMKOB M;
<x1x2x3> 1,2,3) <X1X2X3 v EY273> (1.2,2)
<X1X2X3 4 71Y2X3>’<X1X2X3 Vv 71?2> <X1X2>, <X1X2 ) X3>
X X
(X XoXs v KR Xy v KX, ) (1,2, 1) (X% v 6) (1,2,0)
<X1X2 V X X5V X2X3>
<X1X2X3V¥1X2V7173> <X1X v XX >
2 3
<X1X2X3 VXXX VXXX Vv X1Y2Y3> <X1X2 ’ X1X2>
STt (LLDY | (XX VIR,V X) (1,1,0)
<X1X2X3VX1X2VX2 3VX1X3> _
<X1X2 VXX, vV X1X3>
() (X VX0 ), (v X v X))
X Xg V X X5 V X X, VXX, V @00 |10 (0,0,0)
VX X5 VX X

U3 Teopem 1-2 cregyeT OCHOBHOM pe3yNbTaT HACTOSIIEH paboTHI.

Caencreue. Jlns modoro N € N umcio BceBO3MOXHBIX CIIEKTPOB IS OTKJIMKOB, 3aBUCAIIMX OT N
(haKTOpPOB MEHBIIIE WU PAaBHO Sy,

Ipumep 3. /It n = 2 gucno 32 MOCJIeI0BATENILHOCTEH, 00J1aIal0IIUX CBOWCTBOM CIIEKTPa PAaBHO

1 k+1 1 2
5,380l CL 3+ 3 CICl 43 GOt L CICY+ (CI00 - CIC+ 14
k=0 1=1 =1 I=1

CrnenoBaTesbHO, YHCIIO BCEBO3MOKHBIX CIIEKTPOB Ut N = 2 MEHbIIE WM PaBHO 4, YTO BIIOJIIHE CO-
riacyercs ¢ pesyiabratoM u3 [Ipumepa 1.

pumep 4. /I n = 3 gucio 53 MOCJICI0BATEILHOCTEH, 00JIaJat0IIUX CBOMCTBOM CIICKTPa PABHO

2 k+l 1 9 3
S;=Y.>CiCiyi +1=D>CiC, " +> C,C + D CiCyt +1=
k=0 I=1 1=1 = =)

=C;Cy +(C;C/ +C;C})+(CiCy +CiCy +C3C; ) +1=8

CrnenoBaTesbHO, YHCIO BCEBO3ZMOXKHBIX CIIEKTPOB Il N = 3 MEHBIIIE WM PaBHO 8, UTO TOXKE COTa-
cyercs ¢ pesynpTatamu u3 [Ipumepa 2.

Oocy:xxaenne. Kax Bunno u3 [IlpuMepoB 1—4, 4ncino BCEBO3MOKHBIX CIIEKTPOB ISl OTKIMKOB, 3aBU-
CAIIMX OT OBYX WJIM TpeX ()akTOpOB, COBMAAET C YMCIOM IOCJIEAOBATEIbHOCTEH IJIMHBI J1Ba WM TPH
COOTBETCTBEHHO, 00JIaZalONINX CBOMCTBOM crieKTpa. M3 TeopeMsl 2 oTcroza cieayert 4to st N = 2 win N
= 3 ans ar06oii mocnenoBarenbHocTH M, o0nanaromeil CBOMCTBOM CIIEKTpa, HalUAeTCst XOTs ObI OJIMH OT-
kiuk f tako#t, uto My = M. Drot ¢daxT npoaemonctpupoBan B [Ipumepax 1, 2. Ha ocHOBaHMU 3THX pac-
CYKIACHHI MOYKHO BBIIBUHYTH CJIEIYIOIIee MPEAOI0KEeHHE.

T'unotesa 1. Jins moGoro N € N u s mo6oit nocnenosarensuoctn M =(M,...,M.) uucen

1< mi <N, oGnajarlieil CBOMCTBOM CIEKTPA, CYLIECTBYET XOTA ObI 01H OTKIKK f Takoi, uto My = M.
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Ecmu T'unotesa 1 CIIpaB€JIiBa, TO MOXXHO HE€ TOJIbKO OLCHUTH CBEPXY, HO U TOYHO BBIYUCIUTH
YHCJIO CIIEKTPOB, 4 UMCHHO, 6yzxeT CIIpaBCaJIMBa

T'unoresa 2. Jins mo6oro N € N umcno BceBo3MOKHBIX CIIEKTPOB JUIS OTKITMKOB, 3aBUCAIINX OT N
(hakTOpoB paBHO Sn.

3akaouenue. PasButne OyieBa GpopmanniMa OMHAPHON TEOPUHN JOCTATOYHBIX IPUIHH MO3BOJISET:

1) BBECTH MOHSTHS CIIEKTpa JTAHHOTO OTKIMKA, 3aBUCSIIETO OT N (aKTOPOB, BIIOIHE XapaKTepPHU3y-
folee B3auMOoJICHCTBIE ()aKTOPOB B TAHHOM OTKITUKE;

2) ToKa3aTh, YTO MOHATHE CIEKTPa HHBAPHAHTHO OTHOCUTENIBHO IPYIIIBI CHMMETPHUI 9KCIICPHMEH-
Ta ¥ KOPPEKTHO OTIPEJICIICHO JIJIsl TUTIA B3aUMOJICHCTBHS,

3) MpOU3BECTH OILICHKY CBEPXY YKCJA BCEBO3MOXKHBIX CIICKTPOB B3aWMOJICHCTBUS B OTKIUKAaX, 3a-
BUCSIINX OT JAHHOTO YrcIia (haKTOpPOB.

4) chopMynHpOBaTh TUIIOTE3Y, B CIIydYae CIPABETUBOCTH KOTOPOH MOXKHO TOYHO MOJCUYUTATD YHC-
JIO CIIEKTPOB OTKJIMKOB, 3aBUCSINUX OT JAHHOIO YKcia (pakTopos.
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AJITOPUTMbI BBIYACJIEHUS CHEKTPA B3AUMOJENCTBUS ®PAKTOPOB
B BUHAPHOM OTKJIMKE

[IpennoxeHs! alMrOPUTMEI 17151 BEIYUCIEHUS CIIEKTpa B3aUMOIEHCTBHS ONHAPHBIX (DAKTOPOB B
OMHapHOM OTKJIHKE. [IpWBeIeHbI OICHKA WX BPEMEHHOM CIOKHOCTH M CPaBHUTEIBHOU d(-
(heKTUBHOCTH.

Knrouegwie cnosa: 6yneB xy0, OyneBa pyHKIHS, BeC XOMMHHTA, PEHIETYATO-YITOPSIOUCHHOE
MHO’KECTBO, BPEMEHHASI CII0KHOCThH aTOPUTMa, CIOBAPb, XOII-(DYHKITUS, KOJUTU3HS, OTKIIUK.

Y.V. Nagrebetskaya, V.G. Panov, E.A. Vasilko, E.E. Vakhitov, G.V. Ageev
Ural Federal University, Yekaterinburg,

Institute of Industrial Ecology of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg
ALGORITHMS FOR CALCULATING THE SPECTRUM OF INTERACTION OF FACTORS
IN BINARY RESPONSE
Algorithms for calculating the spectrum of interaction of binary factors in binary response are

proposed. Estimates of their temporal complexity and comparative efficiency are given.
Key words: Boolean cube, Boolean function, Hamming weight, lattice-ordered set, time
complexity of the algorithm, dictionary, hash function, collision, response.

BBenenne. B pabdorax [1-5] ObUI0 BBEIEHO MOHSATHE CIEKTpa B3auMOJICHCTBUSI OMHApHBIX (aKTo-
POB B OMHApHOM OTKITHKE, KOTOPOE MO3BOJISET UCUEPITBIBAIOIIMM 00pa30M OMKCATh COBMECTHOE JISHCTBUE
OuHapHBIX (pakTOpoB B OMHApHOM OTKIIMKe. PaccmaTpuBaemble B 3TMX pa0dOTax MaTeMaTHYECKUE KOH-
CTPYKIIUU SIBISIIOTCS DJIEMEHTaMH OyJeBoil Mojienin OWHApHOW TEOpHH JOCTATOYHBIX MPUYHMH, KOTOpas
WCTIONB3YeTCsl B AMUAESMHUOJIOTHH JUIS TIPEICTABIICHHS] IPUYMHHBIX CBsi3el (PaKTOpOB, ACHUCTBYIOHMIMX Ha
JAHHBIA OTKIMK. Hrbke MpesioxKeHbl TpU alTopuTMa JJisl IPAKTUYECKOTO BBIYMCIICHHUS CIIEKTPa B3aUMO-
JEUCTBUS.

Heo0xonnmbie mousiTus U onpeaeaenusi. Bce HeoOXoauMbie 0003HAUCHHS U OTIPEICTICHHST MOXK-
HO HaiiTH B [1-4], a Taxke B Te3ucax [S] qaHHOTO COOpHUKA.

B nanHoii pabote MBI OylieM paccMaTpUBaTh pa3iMiHbIC AITOPUTMBI BBIYHCICHUS CIIEKTPa B3aUMO-
neiicTBUS PaKTOPOB B TAHHOM OTKJIMKE M CPABHUBATH UX BPEMEHHYIO CIIOKHOCTh. BXOJIOM JJIst BCeX 3THX

aNropuTMOB siBNseTcs MHOXKecTBO ¢ —Hocurens Oynesoit Gpynkuuu f, a BeIxozoM - ciekTp M £
[lepBblii adropuT™M OCHOBAaH Ha OINPEIECIICHUH CIIEKTPA B3aUMOACHUCTBHS (PAKTOPOB B OTKIHKE (B
OyneBoit pyHKIHNN) f , saBucsimenm ot n (hakTOpoB (OyIEBBIX IEPEMEHHBIX ).

Aaroputm 1.

1. Coznate OyieB Ky0 B".

2. Beinenuts B OysieBoM KyOe Bce rpaHH TeKyiel pa3mepHocTH K (HayanbHOe 3HadeHue K = n).

3. 3aduKcHpoBaTh HEKOTOPYIO K-rpaHb B'? , tie | —k-amemenTtHOE MoaMHOXECTBO MHOXe-
crea {l,..n}, B € B/,

4. Brruucnurs creneHsb },lfl P B3aumoieiictBus K hakTopo asist OyneBoit GyHKIHH fl Y, (BEI-

upcleHne npon3BoauTes 1o Muoxkectsy C M B'Ig ).

5. [ToBTOpUTH MyHKTHI 3 U 4 U151 Bcex K-rpaneii.
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6. BbiOpaTh MakCHMalbHYIO CTETEHb B3auMOAEHCTBUS K (akTopoB 1o BceM K-rpansm. D10 u

OyzIeT HCKOMOE 9UCIIO Ly .

7. VYMeHbmuTh yncio K Ha equnuily. Ecnu monmydyenHoe 3HaueHue K Oombliie HyIIsI, TO IEPEUTH K
OYHKTY 2 ¢ T[ONYYEeHHbIM 3HayeHWeM K, WHaue BbIJaTh BCE BBIYUCICHHBIC 3HAUCHUS

M, =(u;, 1o Mg ’n) — HCKOMOE 3HauCHHUE CIIEKTPA.

I[J'I}l AJ'II‘OpI/ITMa 1 MMPpOU3BCACHA UMIIJICMCHTAIIUA HaA A3BIKE Java.

Juis ycxopeHust paboThI IpOrpaMMBbl Bce OMHApHBIE BEKTOPBI-BEPITUHBI KOAUPYIOTCA WX IECATHY-
HBIMH TIpeicTaBIeHIsIMA. KpoMe TOro, HCIOMB3YIOTCS CIIOBAPH, 3HAYEHUSMHU KOTOPBIX SBISIOTCS CITUCKH

BepimH u3 MuoxkectBa C £ M ij , @ KJII0YaMU — APYTHE CI0BapH, KIFOYAMHU KOTOPBIX ABIIAIOTCS HOMEpa

1T -k
U3 MHOXCCTBa I 1 3HAYCHUSIMH — COOTBETCTBYIOIIHNE KOMIIOHEHTBI BEKTOpPA ﬂ S B’l . Eme B po-

rpaMMe HCIIOIb3YIOTCS CIOBApH AJISl PACCTOSHUNA OT JaHHOW BEPIIMHBI A0 KaXIOW BEPILMHBI U3 TaHHOTO
MHOXecTBa BepIIuH. CyIIECTBEHHBIM SIBJISETCS TO, YTO X3UI-(DYHKLINH, UCTIOJIB3YIOIINECS A BCEX ATUX
CJIOBapel, HE UMEIOT KOJUTU3UH.

r n
Teopema 1. Bpemennas cnoxuocts Anroputma 1 e Gosee, uem O(6").
n
JlokaszaresnbeTBo. B n.1 anroputma 3a Bpems O(n2 ) BCe OMHAPHBIE CTPOKU-BEPILIMHEI OysieBa
n
KY6a B KOONPYETCA LCJIbIMU 3HAYCHUAMU, UX NCCATUYHBIMHA NPCACTABICHUAMU. Hocutennb Cf 6yﬂe-
BOi (yHKIMH (OTKIIHKA) f peanuzyeTrcs TOrJa KaK CIHMCOK pa3MUYHBIX HENbIX W3 MHOXECTBa
n
{0,...,2" —1} — x010B COOTBETCTBYIOMIIX BEPIIMH.
I 6 2: (k-1 k BZ
oJicunTaeM Bpemsi paboThl B 1. 2: (K-1)-rpanb MoxHO nomy4uth u3 K-rpanu By, duxcupys nepe-

. . . n-k ~k
MeHHyI0 X, | € |, u npunasas eii 3sHauenne 0 mmm 1. Yncno Beex k-rpameit pasHo 2 Cn [12], xax-

nasi BepiinHa OyseBa Ky0a mpe/icTaBisieT co00i OMHAPHBINA BEKTOP UTHHBI N, U B KAXI0# K-rpaHl POBHO
k
2 BepmnH.  CrlemoBarenbHO, 1. 2 BBHINOJNHSETCS 32  BpeMs  He  Oonee,  4eM

O(Zk n2nk C: ) =0 ( n2" C: ) ITo onpenenenuto 3HaueHue [ fs (1. 3, 4) BbIUKCHSIETCS 32 BpEeMs, He
6onee, uem O (4k ), a sHasenme Mg (m. 3-5) 3a  Bpems He Oomee, ueMm

O(4k2n_k C: ):O(ZkZHC;). CrnenoBatenbHo, 1. 1-6 BBIIONHSIOTCA 3a BpeMs He Ooliee, 4eM
of 2'[ n>ck + Y 2¢c <0(2'(n2"+3"))<0(6")
k=0 k=0

B pa6ote [13] npusezaen 6oiee 3 HEKTUBHBIN AJITOPUTM 2 BRIYUCIICHUS CIIEKTPa B3aUMOICHCTBHS
(akTOpOB B JIAHHOM OTKITUKE U JIOKa3aHa CIEAYIOIIast

Teopema 2. Bpemennas cioxxnocts Anroputma 2 He Oosee, uem O(n24”).

Anroput™m 2 pacnagaetcs Ha 18a 3tana [13]: (1) peanuzanus OyneBa kyba B" kax pemeTyaTo ymo-

n. .
PAAOYEHHOTO MHOXecTBa  (P.y.M.) <B ,S> ; (II) HemocpencTBeHHOE  BBIYMCICHHE Habopa
M ¢ = (],tf 1ree Mg n) (t.e. crexTpa otkiuka f). BpeMeHHAs CI0KHOCTH IEpBOTO JTana He Oojee, yeM

2 . 2
O(n 4" ), a BPeMEHHAs CII0’KHOCTh BTOPOTO — He OoIee, ueM ‘C ; ‘O(n 2" )
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B Anroputme 3 wucronbdyetcs Oonee dhdeKTHBHAs peanm3anys MEepBOro 3Tara, OCHOBaHHAS Ha
WCTIOJb30BaHHUH CIIOBAPS U XAII-(PYHKIMH, HE UMEIOIIEeH KOJUTU3HH.
Aaroputm 3.

1. Cosnats muoxectBo B" BepIIHH OyieBa Kyoa.

n.
2. Peann3oBarh OTHOIIEHUE MMOKPBITUSA B P.y.M. <B ,S> .
3. Hoctpours cnucox U ={Uk} CCBUIOK Ha BEPIIMHBI, HAXOJALIMXCS Ha K-M ypOBHE B p.y.M.

<Bn ; S> , T.. Ha BEpIIMHBI OyieBa Kyoa Beca XommuHra K.

OcranbHble TYHKTHl aHAJTOTUYHBI TyHKTaM (1)-(5) anroputma u3 [13].
Hns Anroput™a 3 mpou3BeeHa UMITIEeMEHTalus Ha si3bike CH#.

. 39N
Jlemma. BpemenHas cnosxkHocTs 1. 1-3 Anroputma 3 He Gonee, 4eM O(n 2 )
9 n.
BunHo, 4TO OIleHKa BPEMEHHON CIO0XHOCTH Peaau3alyy p.y.M. <B ,£> AnropurMa 3 3HaUYNATENb-

“ “ . 3A~n
HO MEHbIIIe BPEMEHHOM cloKkHOCTH 5Toi peanusaumuu (I-ro stana) B Anropurme 2: O(N°2" ) nporus
2 gn
O(n*4").
Jloka3zaTebeTBo. B 1. 1 MHOXECTBO BepIuH OyneBa KyOa pealn30BaHO Kak CJIOBaph CO 3HAUCHU-
SAMH — 6I/IHaprIMI/I BCKTOpaMH JJIMHBL N 1 KJIIF0OYaMu — COOTBCTCTBYIOIIMMU ACCATUYHBIMHA 3AIIUCAMUA 3TUX

BEKTOPOB. DTHU JECATUYHBIE I[EJIble MOXKHO CUUTATh X3UI-cyMMaMH. BpemeHHas cioxHOCTh B 1.1 onpene-
JICHHsI 3HAUCHHS TO KoYy (MepeBOJ| NECITUYHOTO B JBOMYHOE) WIIM OOpaTHO — KJIOYa MO 3HAYCHUIO

(n1BOMYHOE B JECSATHUYHOE) paBHA O(n) B 1. 2 oTHouIeHHE MOKPBHITHS pPean3yrTCsl KaK CChUIKM Ha

-~ n
kmodax. [IpocMmarpuBas kaxablil kiou & ciaoBaps 3a BpeMs 0(2 ), 3a BpeMs O(n) HaXOAHM €ro

3HAYCHUC — 6HHapHLIﬁ BCKTOp . 3ameHss MOCJICA0OBATCIIbHO B BEKTOPC a KaXXAYH0 €AWHUIY HAa HOJIb

(TO)KC 3a BpEMs O(n) ), IoJIy4acM HE 60]'[66, YyeM N HOBBIX 6I/IHapHI>IX BCKTOPOB ﬂ, MOKPBIBACMBIX BCK-

n.
TopoM & B <B ,S>. Haxoxum kmou D 3uauenus ﬂ (3a Bpems O(n)), CTaBUM CCBUIKY C Krouya da
b , 32n
Ha ko4 0. Takum 06pa3oMm, BpeMEHHAs CIOKHOCTH 1. 2 — He Gonee, vem O( N . AHanorunso,

n ’
BpPEMEHHAs CJIOKHOCTD I1. 3 — He 0oJiee, ueM O(nz ) CrnieioBaTeNIbHO, BPEMEHHAS CIIOMKHOCTH 1. 1-3 —

He Gosee, 4em O(n32” )

TeopeMa 3. Ha xmacce tex OTKJIMKOB, MOITHOCTb HOCHUTCJISI KOTOPBIX OIpaHUYCHA CBCPXY JIMHEH-
o o . 39n
HOI QyHKIMe OT N, BpeMeHHAs cloxkHOCTh Aroput™a 3 He Gonee, uem O ( n°2 )

Jloka3aTeabCTBO CIEAYeT U3 JIEMMBI H TOTO, YTO BPEMEHHAs CIOKHOCTH 3Tana |l Anroputma 2 He
2~n
Gosee, deM | Cf |O(n°2").

O6cy:xaenune. Bo3aMOXHOCTD peanu3aiiuil OWHAPHOW TEOPHUH JOCTATOYHBIX NMPUYMH KaK MPHUIIOXKeE-
HUS TeopuH OyNeBbIX anreOp u OyneBbIX (GYHKIMN obecrieunBaeT BO3MOKHOCTh MocTpoeHus 3 dekTus-
HBIX TPOTrPaMMHO-BBIUYUCIUTENBHBIX MPOIEIYp JJIS BBIYUCICHUS Pa3IMYHBIX 00BEKTOB 3TOW Teopuu. B
YaCTHOCTH, ANTOPUTM 1, OCHOBaHHBIN HETIOCPECTBEHHO Ha OMpPEIEIECHNH CIIEKTpa B3aMMOAEUCTBUS On-
HapHbIX (AKTOPOB B JaHHOM OHMHAPHOM OTKJIMKE peajn30BaH Ha s3bike Java. [l yckopeHusi paOoThI
MIPOTPaMMBbI HCIIONB30BAIIMCH CJIOBApH M XAII-QYHKIMH, HE UMelomue Koyumm3uid. Onucanuslii B [13] 60-
nee 3G PEKTUBHBIM ANTrOpUTM 2 peann3oBaH Ha si3bike CH# M MMeeT BpPEMEHHYIO CIOXKHOCTh HE Ooee,

24N o
yeMm O(n 4 ) 3aMeTHM, UTO €ro ONTHMH3AIMsA CTalda BO3MOKHOH 6nar0;[ap$1 HMCIIOJIb30BaHUIO CJIOBAPs
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1 X3m-QYHKINN, HE UMEIOMIeH Koyum3nid. Ha kitacce Tex OTKIIMKOB, MOIITHOCTh HOCHTENS KOTOPBIX Orpa-
HUYEHA CBepXY JUHEWHOI (yHKIIHEH OT N, JOMOTHUTENbHAS ONTUMHU3ANNs ANTopruTMa 2 TIO3BOJISET 3HA-
YUTETHFHO TIOHNU3UTH BEPXHIOIO OIIEHKY BPEMEHHOHN CIIOKHOCTH 3TOTO alTOPHUTMA 10 CPABHEHHIO C paHee

2 3
omucannpv B [13]: ¢ O(N 4”) mo O(n 2”). [Tony4yeHHBIE pe3yabTaThl IOKA3bIBAIOT, YTO BO3MOKHO

HC TOJIBKO q)OpMaJ'H)HO-MaTCMaTI/I‘IeCKOG Pa3BUTUC TCOPUHU NJOCTATOUYHLIX ITPUYNH, HO U pan3alud 1mojy-

YCHHBIX TCOPCTUUCCKUX PE3YJILTATOB B BUAC 3(1)(1)CKTI/IBHI>IX AJITOPUTMOB U IIPOrpaMMm.

10.
11.
12.

13.
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

1 . .
Jlanvregocmoynblil HayuHbLL YeHMP QUIUOI0UL U NAMOAO2UL OIXAHUS,
2 . .
@I'EOY BO «Amypckuti eocyoapcmeentblil yHugepcumemy, bnazosewenck

M TUKOMIIOHEHTHASI MOJEJIb JIETOYHOI'O T'A3OOBMEHA C YYETOM
PETMOHAPHOM HEPABHOMEPHOCTHY BEHTWISIHUOHHO-NTEP®Y3UOHHBIX
OTHOUIEHUM

Lens paboTsl — pa3paboTka MOJIENH JIETOYHOTO Tra3000MEHa C YI€TOM PETHOHAPHON HepaB-
HOMEPHOCTH BEHTHIISIIUOHHO-TIEp(Y3UOHHBIX OTHONICHUH JUIS HAYYHBIX HCCIIEIOBaHUI Me-
JTUKO-OMOJIOrHUECKOM HAIIPaBICHHOCTH.

Knrouegwle cnosa: matemMatnieckasi MOJIETb, JIETOUHBINA Ta3000MeH, nud dys3us, ¢pusnomorus,
[TaTOJIOTHSI.

N.V. Ulyanychev, V.F. Ulyanycheva, A.G. Prikhodko
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Amur State University, Blagoveshchensk
FIVE-COMPONENT MODEL OF PULMONARY GAS EXCHANGE TAKING INTO
ACCOUNT REGIONAL NON-UNIFORMITY OF VENTILATION-PERFUSION
RELATIONSHIP

The aim of the work is to develop a model of pulmonary gas exchange taking into account
the regional non-uniformity of ventilation-perfusion relations for scientific research of bio-
medical orientation.

Key words: mathematical model, pulmonary gas exchange, diffusion, physiology, pathology.

[Ipennaraemass MOJEeh OCHOBBIBACTCS HAa MPEICTABICHUHM O JIETKMX KaK O COBOKymHocTH N 30H,
KaxJas U3 KOTOPBIX COCTOMT U3 TPEX Pe3epByapoB: MEPBBIN pe3epByap — HIEATbHOTO ra3000MeHa, rie
BEHTHJISILIMOHHO-TIEP(Y3MOHHOE OTHOIIEHHE ONTUMAIBLHO, @ CKOPOCTh TU(PQYy3un OECKOHEUHO BEIHKA,
BTOpOH pe3epByap — BEHTWIMPYEMBIH, HO He nepdy3upyeMblii (abBEOISIPHOE MEPTBOE MPOCTPAHCTBO);
TpeTuil pesepByap — nmepPy3upyeMsblid, HO He BEHTHIMPYEMBbIH (KanMWUIAPHBIA IIyHT). [a3000MeH B Kax-
JIOW 30HE ompesensercs o0beMaMi BEHTHIISIMN, KPOBOTOKA, BEHTWISIIIMOHHO-TIEP(Y3HOHHBIM OTHOIIIE-

unem (V, /Q); u mddy3uonnoii criocoGHOCTBIO alTbBEONOKAMHILIAPHON MeMOpaHbl. [T0CIETHIO0 MOK-

HO BBIPA3UTH YCPE3 BCIIMIUHY (VA /Q)J , IIOCKOJIBKY €€ YMCHBIICHUC HUJICHTUYHO YBCIIMYCHHUIO TPCTHECTO
pe3epByapa, T.C. JICTOUHOI'0 KalmUJIJIAPHOI'O IIyHTA.

Bcsakoe oTKIOHEHHE OT UIEAIHLHOTO (V A / Q) j CBA3aHO C HECOOTBETCTBHEM JIOJIH 00I1IETO JIEFOYHO-
ro KpOBOTOKa, MPUXOJASIICICS Ha 30HY Q j» 1 J0JH oOrmieit BeHTHISAIUK. [IOHATHO, YTO BCE BapHUaHThHI

TAKOI'0 HECOOTBCTCTBUA MOTYT OBITh MNpeACTaBJICHBI B3aUMOCBA3aHHBIMH WU3MCHCHUSAMU Qj nu (VA /Q)J .
Haan/IMep, peruoHapHasd 6pOHXI/IaJ'H>Ha$I O6CprKLII/I$I, COIMpoOBOXJacMas MOJIOMOM MCEXaHHU3MOB CaMOpC-

TYJISAIMKE PETHOHAPHBIX (YHKIMIA Jlerkux, 6yeT mpuoauth K ymenbinenuto (V, / Q) j TIPU COXPaHEHHOM
Q j - BocnanuTenbHbIe IPOLECCH B HHTEPCTHIHAIBHOM TKAHH JIETKUX C IPCHMYIIECTBCHHBIM TOPAKCHH-

€M JICTOYHBIX COCYZI0B XapaKTCPU3YIOTCA YMCHBIICHUCM Qj " YBCIMYCHUCM (\/A /Q)J U T.O. OTO 103BO-

JIACT UCIIOJB30BATh MOJCJIb HE TOJIBKO B (1)I/ISI/IOJ'IOI‘I/ILICCKI/IX HCCICAOBAHNAX, HO U IIPU aHAJIN3C TaTOJIOTU-
YECKHUX COCTOSHHUM.

KpOMe YKa3aHHbIX PE3€PBYapOB, B CUCTEME JICTOYHOI'O razooOMeHa UMEIOTCS TaKKe OTACIbI, HCIIO-
CpPCACTBCHHO HC YYaCTBYIOIIUC B razoo0MeHe: aHATOMHYECKOE MEPTBOC NPOCTPAHCTBO U aHATOMHYCCKHI
ITYHT. O0BbeM aHATOMHYECKOTO MEPTBOr'o MpOCTPaHCTBA 0003HaAYUM VD . YBeIn4ueHue VD MNpUBOAUT K
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

HEOOXOMMOCTH yBENUYEHUs 00MIell BEHTHISIAK s moepkanust Hopmansaoro (V, /Q) j» @ IIPA TOM
e ypoBHE BeHTWIsiMK Bbi3biBaeT cHmwkenue (V, / Q) j BO BCex 30HaX. JIoJ0 KPOBOTOKA, COOTBETCTBY-

IONIyI0 00beMy BEHO3HOW IPUMECH 3a CYET aHATOMHYECKOro IIyHTa, o0o3HaunM Qg . OueBHIHO, 4YTO
N . .

2.Q+Qs=1.

j=1

Veennuenne Q j BEIET K HAapacTaHUIO COAepKaHus B aprepuanbHoi kpoBu CO; M yMEHbIICHHIO
0.

Bo Bcex 30Hax BBINOJIHAETCS 3aKOH COXPAHEHMsI BEIIECTBA KaKJ0TO M3 ra3oB, yUYaCTBYIOIIUX B ra-
3000MEHE, B COOTBETCTBHH C KOTOPBIM KOJUYECTBO I'a3a, MOCTYMUBILETO U3 aTMOC(EPHI B aJbBEOSAPHBIH
pe3epByap, paBHO KOJIMYECTBY rasa, NepeIIeAlero U3 Hero B COOTBETCTBYIOIINH KallWJUISIPHBIN pe3epBy-

ap, IUTIOC KOJIMYECTBO Tra3a, BEIBEICHHOTO B arMocdepy. B ¢opme ypaBHEHHI 3TOT 3aKOH BBIpa)KaeTCs
CIIETYFOINM 00pa3oM:

Vs’ PO, _VA -P,0, = Q'k'(ccoz -C,0,), 4) (1)
V.':' -P.CO, _VA -P,CO, = Q'k'(cccoz _C»’Coz)’ B)
Vi'Psz_Z'RiNz:Q'S(Pch_Psz)' ©

Homep 30HEI j, It KOTOPO# BBIMIMCAHA CHCTEMa YPaBHEHHUIA, 37I€Ch U Jajiee JJIs MPOCTOTHI OMYIICH.

B sTHx ypaBHeHuUsAX V, — anbBeolsipHas BEHTWIALMS Ha Baoxe (1/MuH); PiO,, PiCO,, PiN, — mapuuansHeie
JaBJICHUA T'a30B BO BIbIXaCMOM BO3ILYXC (MM pT.CT.), VA — aHBBeOHHpHaH BCHTWJISILIUA HA BBIJOXC

(n/Mun); PAO,, PACO,, PAN, — maprmanbHbie JaBieHus Ta30B B albBeOJIIpHOM Bozayxe, Q — cpemmss

00BbeMHasi CKOPOCTh KaIMIUIIPHOrO KpoBOTOKa (J1/MuUH), K — ko3 duimeHT, CBSI3aHHbIi ¢ TPUHATOMN CH-
cremoii equnnir (K = 0,863); C.0,, C.CO, — comeprxanue ra3a B KamuuiapHoit kposu (mMi/100Mi1 KpoBH);
C,0,, C,CO; — conmepxanue ra3a B cMemaHHoi BeHo3HOU kpoBu; PN, PyN, — mapumansHoe naBieHue
a30Ta, COOTBETCTBEHHO, B KAMMJUISPHONW W CMEIIAHHOW BEHO3HOM KPOBH, S — pACTBOPUMOCTH a30Ta B Kpo-
B (5=0,0017 mu/100M31 KPOBU/MM PT.CT.).

OtHoueHne npaBbiX vacTel ypaBHeHHH (4) U (B) mpeacTaBiseT co00H IpIXaTelbHBIA KO3 uIu-
€HT KPOBH, TO €CTh OTHOIIICHHE KOJMYECTBA BBIICIIEMOr0 M3 KPOBU B anbBeosipHbIid Bo3ayx CO; k Ko-
JnuuecTBy noriomfaemoro Oy:

_ CVCO2 — CCCO2
b = .
c:c Oz —CV02
OTHOIIeHHE JIEBBIX YacTell TeX K€ ypaBHEHHUU MPEJCTaBIISICT COOON ra30BBIN JBIXaTENbHBIN KO3 (-

(uIUeHT, TO ecTh OTHOIICHHWE KOJUYECTBAa BhIAeNsieMoro u3 ambBeodl B atMochepy CO, k KomuvecTBy
notpebnsiemoro O,:

Q :v'i : PCO, —\{A .P,CO, | )
’ Vi ' P:Oz _VA ’ PAOZ

Eme pa3 OTMETHUM, YTO BCC BBIKJIAJIKU U PACCYKIACHUA KaCatOTCs JIMIIb OTHGHLHOﬁ 30HBI JICTKHUX.

Bripazum \/i u3 ypaBaenus (C):

V. = Q-S- (PN, —RN,)+V, -P,N,
| PN,

®)
Y TIOJICTaBUM B (2):
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

Q‘S '(Pch - Psz)' PiCOZ +vA ) PANz ) Picoz

-V, -P,CO
R RN, RN, S
’ Q'S'(Pch_Psz)'Pioz +VA'PAN2'Pioz —V.A'PAOZ
PN, RN,
PasjieiM YHCIUTENb U 3HAMEHATENb Ha A
g S '(PCN?_ _PVNZ)' PICOZ + PANZ ) PICOZ _ PACOZ
R :_VA _ I:)INZ PINZ . (4)
’ Q S'(Pch_Psz)'Pioz PANz'Pioz
- + -P,0,
Va PN, PN,
Haiinem cymmy
A:M_PACOZ'
PN,

Hns Beex rasos P=F(R; =B, ;) rne F — xonuentpaums rasa, Ps — armocdeproe napnenwue,
PHZO — TapIuaNbHOE ABJICHUE TapoB BoAbL. Torma
FA N 2° Picoz
EN,
VYuurteisas, uro FO, + FCO, + FN, =1,
IMoJIy4acM BBIPAXXCHHUC I HCKOMOM CYMMBI:
_ rPCO, -P,CO, -P,0, -FCO, + P,CO, - FO, .
1-FO, -FCO,
J1st aHamoruyHO#M CyMMEI B 3HaMeHaTese (4) OyIeM UMeTh CIIEAyIoIee BhIpaKeHHUE:
P.N, - PO, _pPO. - PO, -P,0, -P,CO,-FO, + PO, - FCO,
AM2 ™ :
PN, 1-FO, -FCQO,
Bripazum oTHOIIEHHS MTapiUaibHBIX TABJICHUN Ta30B BO BIBIXaEMOM BO3/IyX€ Yepe3 OTHOIICHUS X
KOHLICHTpaLU:
PiOZ _ FiOZ . PICOZ _ FiCOZ
PN, 1-FO,-FCO, PN, 1-FO,-FCO,

Us6asumcst or PyN,, P,N, =P, —P,0, - P,CO, - B, ,, rne B, , =47 mm pr.cT., nockonbky

A= ~P,CO,.

A

BO3/YX, JOLICIIINI 10 Ta3000MEHHOTO MIPOCTPAHCTBA, MPAKTUYECKH ITOJTHOCTHIO HACKHIIEH ITapaMu BOJBI
U UMEET TeMIIepaTypy Teja.

[loxcrasiss mony4eHHbIC BEIpaXKeHHS B (4) , UMeeM:
R - S(k; -P,0, -P,CO, -PN, —47)-FCO, +(PCO, -P,CO, -P,0, - FCO, + P,CO, - FO,) - (\/'A /Q)
’ S(PB - PAOZ - PACOZ - Psz _47) ) Fioz + (Pioz - PAOZ - PACOZ ) FiOZ - PAOZ ’ FiCOZ) ) (VA /Q)

ITpupasuuBas Ry u Ry, moiaydaem nepBoe ypaBHEHHE CHCTEMBI, ITOUIEKAILEH PEIIEHUIO IS ONpesese-
Hust nckoMbix mapameTpoB (C.0,, C.CO,). st momydeHust BToporo ypaBHeHus mojactasum V, B Gopme
(3) B ypaBuenue (B). B pesynbrate umeem:
Q ‘S (Pch - Psz) -RCO, +VA -PuN, -RCO,
PN, PN,

-V,-P,CO, =Q-k-(C,CO,-C,CO,),
)50)0%1
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

Q -S '(Pch — Psz)' PiCOZ +vA : (PiCOZ - PACOZ — PAOZ ) FiCOZ)
PN, PN,
[Tocne oueBUAHBIX IPeOOpa3OBaHUM MOJIy4a€M BTOPO€E YpPaBHEHUE CUCTEMBI:

Q PCO,-P,CO,-P,0,-FCO, +P,CO,-FO,

-Q-k-(C,CO,-C,CO,)

=k -(C,CO,-C,CO,)-

vV, 1-FO, -FCO,
_$-(P,—P,CO,-P,0,-RN, -47)- FCO,
1- RO, - FCO, '

B atux ypasaenusx FiO; u FCO, — KOHIIeHTpaIluu KUCIOPOAa U YTIICKUCIIOTO T'a3a BO BJILIXaeMOM
BO3/yX€e — SBJISIFOTCSI BXOJIHBIMU TTapaMeTpaMu. C HUMU 0JTHO3HAaYHO cBsizaHbl PiO,, PiCO, u PyN,:

PN, =(-FO, - FCO,)- (P, —47).

CrneoBaTenbHO, B 3THX YpaBHEHHUAX Hem3BecTHBIMU ocTaroTcs: C,O,, FAO,, C.CO,, PACO,, C,0,,

C,CO,. B ycnoBusix ycTOHYNBOTO COCTOSIHHS LIS UeaTbHOTO ra3000MeHHOT0 pesepByapa P,O, = PO, u
PACOZ = PCCOZ.

Cesi3b Mmexny PO, u C.O, 3amagum TpeTbuM ypaBHEHHEM OKOHYATEITHHON CUCTEMBI, a CBSI3b MEXK-
oy P.CO, n C.,CO, — ueTBepThIM ypaBHEHUEM. [IJI1 KPAaTKOCTH B HIDKECIEAYIOMUX (DOPMYIIax COOTBET-
CTBYIOIIME NaplUaIbHble JaBJICHUS ra3oB 00o3HaunM F, a ux cogepxanue — C. Toraa s kuciopoga:

C =0.0134-Hb-Z +0.0029P,

rae Hb — konuentpaims remornoouna B 100 mu kpoBu (B Hopme 14 1%). Beipakenue aiist Z 3aBu-
cuT ot BenuuuHsl P, eciu P > 10, To

a X+ a, X+ apx’ +x*
o, + A X+ ogX, + o X+ Xt
Ecan P <10, To
Z =0,0036838x + 0,0005848x,

\
rne X=P-10", T — temneparypa tena, pH — KOHCTaHTa KUCIIOTHO-OCHOBHOT'O PaBHOBECHSI,

o, =—8532.2289, o, =2121.401,

o, =—67.073989, o, =935960.87,

o, =-31346.258, o =2396.1674, o, =—67.104406,

Y =0.024-(37-T)+0.40- (pH —7.4) + 0.0260576 - (3.6888-In P.CO,)
Jlns yroekucioro raza C = [1— @-9- Hk]- C’, rae Hk — rematoxpur (B Hopme — 40%),
B=p+pL,

S, =0.664+0.2275- (7.4 — pH) —0.0938- (7.4 — pH )?,

S, =0.590+0.62913- (7.4 — pH) —0.0844 - (7.4 — pH)?,
C'=q-P-[L+10PHPR],

a =0.0682 +0.00127 - (37 —T) +0.00004 - (37 —T)?,

pK =6.086 +0.042- (7.4 — pH) + (38—T)-[0.0047 + 0.0014 - (7.4 — pH)].

Takum oOpas3oM, monydaeM cucTteMy U3 4 ypaBHEHHUH, KOTOpas MOXKET OBITh pellieHa, ecili U3BeCT-
HO COZAEp)KaHHE KUCIIOpOJa M YIIIEKHUCIIOro ra3a B cMemaHHoil BeHo3HoM kpoBH (C,0, u C,CO;). Kak
MPaBUIIO, 3aJal0TCs MapUUaibHbIE JABJICHUS KHCIOPOAa M YIJIEKHCIIOro ra3a B CMELIAHHOW BEHO3HOU
KpOBH, OIpeesisieMble TUIIOM U YpOBHEM MeTa0ou3Ma, a y>Ke 110 HUIM Ha OCHOBE TPETHET0 M YETBEPTOTO
YPaBHEHUI CUCTEMBI PACCUUTHIBAIOTCSI COOTBETCTBYIOIINE COACPKAHHS Ta30B. DTO MO3BOJISIET HOIYYUTh
3aMKHYTYIO CHCTEMY YEThIpEX HEJIMHEWHBIX YPAaBHEHHH OTHOCHTEIBHO YETHIPEX HEU3BECTHBIX, KOTOpas
MOKET OBITh PeLIeHa COOTBETCTBYIOLIIMMHU YHCICHHBIMA METOAAMHU.

7 =
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AJITOPUTM pellieHUus 3a1a49U

BxogHBIME TapaMeTpaMu 3afadi SBISIOTCS: KOHIIEHTpAIs KKCIopoaa Bo BasixaeMoM raze (FO,),
KOHIICHTpAIUS YTIICKHCIoro ra3a Bo BiabixaeMoMm rase (FiCO,), mapruaibHbie TaBICHUS KHCIOpOJa U
YIJIICKUCIIOTO ra3a B cMelanHoi BeHo3Hou kposu (P,O,, P,CO,), atmocdeproe nasinenue (Pg), komude-
CTBO 30H, Ha KOTOphIe pa3ouBaroTcs Jerkue (N), BEHTWISIMOHHO-TIEP(Y3MOHHOE OTHOIICHUE TS KakK-

noii soust (V, /Q) j» 001l KPOBOTOK, PaBHBINH MUHYTHOMY 00beMy kpoBooOpamienus Q , noss obuero
KpoBOTOKa sl Kaxaoi 30mbl  (Q j), 70711 00IIero KpoBOTOKA, MAYIIAs Yepe3 aHATOMUYECKHUH IIyHT

(QS) , a Taroke Temrnepatypa tena (T), rematokput (HK), koHnienTpanus remornoousa (Hb), pH kposu.

Perrast ist KaX<moil 30HBI BBIMMCAHHYIO PaHEe CHCTEMY YeThIPeX YPaBHEHHH, IMOJydaeM COJepiKa-
HHE 110 30HaM KHUCIIOPOJa U YIJIEKHCIOro ra3a B KamuusipHoil kposH (CiO,, CCO,), a Takxke mapiyas-
HbIE JABJICHUS KUCIOPOAA U YIJIEKUCIIOro ra3a B anbBeossipHOM Bosayxe (PajO,, PjCO,. Otu Bennuunsl
MO3BOJISIFOT ONPEIEIUTh Fa30BbIi COCTaB CMEIIAHHOM apTepHaIbHON KPOBU:

. N .
C,CO, =Q, -C,CO,+>°Q,-C,CO, ,

i1
. N -
C.0,=Qs-C,0, +2Qj 'choz :
i1

[TapuuansHble NaBiIEHUS KUCIOPOJA M YIVIEKMCIIOIO ra3a B CMEIIAHHOW apTepualbHOW KPOBH
(P4O,, P,COy,) paccuntsiBatorcst Ha ocHoBe C,0; 1 C,CO, myTeM COBMECTHOTO PEIIeHHs TPETHEro M YeT-
BEpPTOro ypaBHeHH cuctembl. OO0I1Iee moTpeOICHHE KUCIOPOIa ONpeAeIseTcs mo GopMmyie:

DO, =C,0,-C,0,.

OOniee BhIJICICHHUE YTIICKUCIIOTO ra3a paBHO:
TCO, =C,CO, -C,CO,.

OO TbIXaTeNbHBIA KOAPPHUIHCHT:

TCO,

DO,

R =

Oo6mias Bentwrsaus (V ), koTopas HeoOXoauMa JUIS MOAAEPIKAHUS 3aJaHHBIX BEHTHIIAIIHOHHO-
nepy3MOHHBIX OTHOIICHUH TPHU 33JaHHOM KPOBOTOKE B KaXJI0Oi 30HE, OyIeT CKIa/bIBaThCA U3 abBEO-

aspHO# BeHTHwIsAuuHK (V, ) M BEHTIIALNK aHATOMUYECKOro MepTBoro mnpocrpanctsa (V).

Jlerko coobpasuTh, 4TO

. N . . . .
Vi :ZQ'QJ '(\/A/Q)j

=1
u
V=V, +V,.
AHAaJOTMYHO MOKHO PAacCUMTATh MaplHalIbHBIE JABICHUS KUCIOPOJA M YIJIEKUCIOro rasa B cMe-
IIaHHOM anbBeosIpHOM Bo3ayXe (PAO2, PACO,):

N . . . . .
PAOZ :ZQ'QJ '(VA/Q)j ) PajOZ/VA’
j=1

N . . . . .
P.CO, :ZQ'QJ '(VA/Q)j ) PajCOZ IV,
=L

HOJ’Iy‘{aeMBIC Ha BBIXOIEC paBpa60TaHHOﬁ MOICIIN razooOMeHa B JIETKMX 3HAYCHUS napaoyuajbHbIX OaB-
JICHHM KHCJIOpOJa U YIJTICKUCIIOrO ra3a B apTepHaHLHOfI KpOBH ABJIAKOTCA KIHOYEBBIMU B CUCTEMC 06paTHOI>i
CBs3H, 06GCHe‘lHBaIOHlCﬁ MMOAACPIKAHUC I'a30BOI'0 roMe0CTa3a B OpraHnu3me. Onu OIpeACIAOT CTCIICHL BO3-
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

OyXKIEHHS XEMOPEIECNITOPOB M, CIICJAOBATEILHO, UHTEHCUBHOCTh CTHMYJA, TOCBHUIAEMOTO JIbIXaTebHBIM
IEHTPOM K JIbIXaTeJIbHBIM MbIIIaM. Heo0Xo Mo yIHUTHIBaTh OJHAKO, YTO WHCHHPATOPHBIA CTHMYJ 3aBHU-
CHT HE TOJBKO OT CHUTHAJIa C XeMOPEIIEIITOPOB, a TaKiKe OT CHTHAJIOB C 0apoperenTopoB, PELCITOPOB pac-
TSODKEHHS, PELETITOPOB, PEarupyroNuX Ha TEMIEPaTypy BIBIXaeMOro Bo3ayxa. Kpome TOro, OH 3aBHCHT OT
(DYHKITHOHATLHOTO COCTOSTHHS CAMOT'O JIBIXaTEIbHOTO [IEHTPa, B YaCTHOCTH, OT €0 BO30YAUMOCTH.

Takum oOpa3omM, Monens razooOMeHa MO3BOJSIET CPOPMUPOBATH TPeOOBaHUS K HEOOXOAMMOMY
YPOBHIO BEHTWJISAIIMM U KPOBOTOKa Jjisi oOecrieueHus 3agaHHbix P,0,, P,CO, mpu 3amaHHBIX BHEUTHUX
yenoBusix (Pg, FiO,, FiCO,) u cymecTByrommx HapylICHUAX B JICTKUX, U TIEpeaaTh UX B BUJIC MUHYTHOTO
o0beMa AbIXaHUS B IOJCUCTEMbBl BEHTUIISILIMA M MEXAHUKHU JIbIXaHHUS C LEIbI0 (POPMHUPOBAHUS ONTHUMAJIb-
HOTO MAaTTepHA JbIXaHUS. ITO JTACT BO3MOKHOCTh PACCUUTATH SHEPTETHUECKYIO CTOMMOCTh HEOOXO MO~
T'0 YBEJIUYCHHS BEHTWISAIUN ¥ CMOJEIUPOBAThH APYTHe CIOCOObI 00eCIeueH s Ta30BOr0 TOMEOCTa3a Kpo-
BH, HalpUMep, MMyTeM N3MEHEHUS] PETHOHAPHBIX BEHTHISIIMOHHO-TIEP(Y3HOHHBIX OTHOIICHHA, perHOHAp-
HOTO KPOBOTOKA U T.II.

CyIlecTBEeHHOE MPEUMYIISCTBO pa3pabOTaHHON MOJEIH Nepe]] U3BECTHRIMH COCTOUT B BO3MOXKHO-
CTH aHaJIM3a JISTOYHOT0 ra3000MeHa ¢ Y4ETOM CKOJIb YTOJHO OOJBIIOTO KOJUYECTBA 30H C Pa3IMYHBIMU
(hYHKITMOHABHBIMU XapaKTEPUCTHKAMH, YTO UMEET 0c0o00e 3HAUCHUE MPU WU3YUYCHUH JICTOYHOW MATOJI0-
ru. Kpome Toro, Oaromapst BBEJACHHUIO B KQUeCTBE BXOJHOIO IMapaMeTpa NapluaibHOTO JaBJICHUS a30Ta
CYIIECTBCHHO IMOBBIMIACTCS TOYHOCTh aHAJIM3a HEPABHOMEPHOCTH BEHTHIIALIMOHHO-TICP(PY3HOHHBIX OTHO-
menuid. HakoHerl, B pa3paboTaHHOM MOJIENH, B OTJIMYKE OT Psijia U3BECTHBIX, yuuThiBaeTca Hanmnuue CO,
BO BJIBIXa€MOM BO3JyX€, YTO 3HAYUTEIBHO PACIIUPSIET BO3MOXHOCTH HMCCIICIOBAHUS ra3000MeHa B YCIIO-
BUSIX H3MCHEHHOM ra30BOM CPEJIbl, HAIPUMED, TIPY BO3BPATHOM JIbIXaHHH.

E-mail: nik123455@mail.ru
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COOTHOHWEHHWE MEXY AJIBBEOJIAPHBIM JABJIEHUEM, CKOPOCTBIO IIOTOKA
U PASMEPAMM JBIXATEJBHBIX IIYTEN UEJIOBEKA

Henb paboThl — pazpaboTKa MOJENH a3pOAMHAMHKH (POPCHPOBAHHOTO BBIIOXA MPH U3MEHE-
HUM Pa3MepoB KaK BHYTPH-, TaK U BHETPYIHBIX JIBIXaTENbHBIX MyTEH JJIsl HAYYHBIX HCCIe0-
BaHHM MEIUKO-OMOIOTUYECKON HATIPAaBIEHHOCTH.

Knrouegole cnoea: anbBeosIpHOE JTaBIECHUE, BO3AYXOHOCHBIE IYTH, a3pOJUHAMHUYECKOE CO-
MPOTHUBJICHNE, TOJI0COBAs ILIEIb.

N.V. Ulyanychev, V.F. Ulyanycheva, A.G. Prikhodko
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Amur State University, Blagoveshchensk
RATIO BETWEEN ALVEOLAR PRESSURE, FLOW RATE
AND THE SIZES OF THE HUMAN AIRWAYS

The aim of the work is to develop a model of forced expiration aerodynamics with a change
in the size of both intra- and extrathoracic airways for scientific research of biomedical orien-
tation.

Key words: alveolar pressure, airways, aerodynamic resistance, glottis.
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

Iloacucrema MEXaHMKH IbIXaHUs BKIIIOYAET B ce0s JBa TUIA ABMKCHMS: NEPBOE — 3TO ABMKCHHE
IPYIHOM KIJIETKH, JIETKMX W a0JOMHHAJIBHBIX CTPYKTYp HOJ ACHCTBHUEM ABIXATEIbHBIX MBIIII U BTOPOE —
9TO ABWXEHHE BO3yXa 110 BO3AYXOHOCHBIM IyTSAM BCJIEACTBUE Pa3HHULIBI MEXIYy aTMOC(HEPHBIM U aJIbBEO-
JISIPHBIM JIaBJIEHHEM, CO3IaHHOM B pe3ysbTaTe NEepBOro ABMXKEHUS. A3pOoAMHAMHUUYECKas 3aa4a O JIBHKeE-
HUH BO3AyXa UTPaeT 3/1€Ch IOJUNHEHHYIO POJIb, IOATOMY PEIIUM €€ IIEPBOH.

N3000beMHbBIE KpHUBBIE NOTOK-AABICHHE (DOPCHPOBAHHOIO BBIAOXA XapaKTEPU3YIOTCS HAJIUYHUEM
IUIaTO, OTPAKAIOLIEr0 IPEKpalleHUe NaJbHEHIIEro HapacTaHWs CKOPOCTH IOTOKAa IPU YBEIUYECHUH
TPAHCIYIbMOHAJIBHOIO [ABJICHHS CBBILIE ONPENEIeHHOro ypoBHs. CyIECTBYIOIIHE MOIETH MEXaHUKH
IBIXaHUSI OOBSACHIIOT 3TOT (PEHOMEH YBEIMYEHHEM a’pOJMHAMUYECKOTO CONPOTHBICHUS B PE3YNbTaTe
JUHAMUYECKOH KOMIIPECCHU BHYTPUTPYAHBIX IbIXaTENbHBIX IyTEeH B Ipolecce Belgoxa. B 1o sxe Bpems B
pabotax [4, 5] yOenuTenbHO MOKa3aHa CyIIeCTBEHHAs POJIb IEHTPAIbHBIX IbIXaTeNbHBIX MyTeH U TOJI0CO-
BOM I€JIM B U3MEHEHUHU a3pOJUHAMUYECKOro conpoTuBieHus. [IonpiTka yuecTs BIMsSHUE TOJI0COBOH Ie-
i Oblia cAenaHa Takoke B [3], re ycTaHOBJICHA JIMHEHHAs 3aBUCHMOCTh MEXAY pa3MepaMH roJ0COBOI
eau 1 00beMoM Jierkux. OHAaKO CYIIECTBYIOLINE MOJENHN PEIIAOT 3Ty 3a/a4y IIyTeM BBEICHUS B ypaB-
Henus: bepuymm wnn Popepa smmmpudeckn mofoO0paHHBIX cBa3eil u koddduimentoB. Jlo HacTosmero
BPEMEHH OTCYTCTBYIOT MOJXO/bI, TO3BOJISIOLINE MOACINPOBATh a3POIMHAMUKY (POPCUPOBAHHOTO BBIIOXA
[P U3MEHEHUH Pa3MEPOB KaK BHYTPH-, TAaK U BHETPYIHBIX JbIXaTeNbHBIX MyTel. B nmpennaraemoii padote
BBIBOAMTCSI COOTHOIIEHHE, KOTOPOE CBA3BIBACT AJIIbBEOJSIPHOE AABICHHE, CKOPOCTh IOTOKAa M Pa3MeEphI
IBIXaTENbHBIX IyTEeH HA PAa3IMUHBIX YPOBHIX TPaxeOOPOHXUANBHOIO JIepeBa U roJIocoBoi mienu. B vact-
HBIX CJIydasdaX 3TO COOTHOIICHUEC MPUBOJIUT K M3BECTHBIM, IEPCUNCICHHBIM BBIIIC, MOAC/IbHBIM IIPCACTAaB-
JICHUSM.

PaccmoTpum maccy rasa, KoTopasi B MOMEHT BpeMeHHU t 3aHMMaeT 00beM V, OKpYKEHHBIH NPOU3-
BOJIBHO ITOBEPXHOCTEIO S. JIBIKEHNE 3TOM MacChl ONMMCHIBaeTCs ypaBHeHueM (1):

0 o s
E:JKdV+£TdS, (1)

— —

rac I — UMITYJIBC I'a3a Kak 1ejoro, K — 00bEMHEIE CHIJIBI, T - MOBCPXHOCTHBIC CUJIBI. YuuteiBas
MaJIOCTh IMOBCPXHOCTHBIX AUCCUIIATUBHBIX CHUJI, MOXXHO CHUTATh, YTO

jde:jPNds, jKdV:—ﬁ“,
S S \%

— -

rac P - JaBJICHUC Ha S, N — BHCHIHAA HOPMAJIb K S, Ftl’ — CyMMapHasd Cujia TPEHUA B CUCTCMCE.

I[J'IH pacueTa UMCIOIINXCSA UHTCIPAJIOB IPEACTABUM ITOBEPXHOCTDH SB BHUJC, ITIOKa3aHHOM Ha PUCYHKE 1.

VYin)

Pa ucn) v
Sy | ven UCid v (8),Uo, So

5(1i)

Puc. 1. Cxemamuueckoe u3o6pa:)fceuue USMEHEHUA 6EJIUHUUHBL NOBEPXHOCMU JIECKUX 6
3asucumocmu om Homepa cenepayuu (I’lOﬂCHeHue 0b03HaueHUll 8 mekcme).

3)1605 OHa p8,36I/ITa Ha 3 COCTAaBJIAIOMUX: MONCPEUHOC CCUCHHUEC BBIXOJHOT'O OTBECPCTHUA — SU, CyM-
MapHO€ MOICPEYHOC CCUCHUEC HAa YPOBHC aJIbBCOJI — SA u OOKOBast MOBECPXHOCTDb — Sg. BOKOBYIO MOBCPX-
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

HOCTh MOXXHO TIPEJICTABUTH B BUIE€ HAaOOpa CTyINeHeH, MpuieM Kakaas CTYIeHb COOTBETCTBYET IEPEXOIY
OT OJTHO reHeparui OpOHXOB, XapaKTepU3YIOIIeHcS CyMMapHBIM 00beMOM V), CYMMapHBIM ITOTIEPEYHBIM
ceyeHueM S; i ITHHOM lj, K cremyrorieil, XxapakTepu3yroencs: [pyruM HabopoM mapameTpoB (i H3MeHsIeT-
cs1 ot 1 10 N, T/Ie N — KoaumdecTBo TeHepartuii). Torma

[ PNds = [ PNds + [ PNdS + [ PNdS . @)

s Sa Se S,

B aT0i1 cymme

[PNds =-P,s,7,

SA

rac f — CIUHUYHBIN BCKTOp B HaIlpaBJICHUU IIOTOKA, PA — Cp€aHeC AJILBCOJIAPHOC OAaBJICHUC, a

IPNdS =0, nockoneky BHelHee naBiIeHHE PaBHO atMocdepHoMy. Muterpan mo S; pasOueaercs Ha
So

CYMMY HHTETPaJIOB 110 TOPU30HTAIBHBIM M BEPTUKAIBHBIM YacTsAM cTyneHeil. CyMMa MHTETpajoB MO To-
PU3OHTAJIBHBIM YacTSAM paBHA HYJIO BCJIEICTBHE CHUMMETpUHU cucTeMbl. CymMMa MHTErpajioB IO BEpTH-

KaJIbHBIM 4acTsIM OyJeT paBHa J‘ PNdS = P.(S,+S,)7.
S

o

Torna ucXoqHbIA HHTErpail NPUHUMAET BU;

[PNds =P,S,7.
SO’

W3meHeHnue uMIynbca paccMaTpUBaeMOM MaccChl BO3AyXa CKJaJbIBaeTcd M3 JIByX dacTeil: ‘Jso u

—

Jv , WIH
dt - SD + Vo (3)
B cBoro ouepenp J s, COOTBETCTBYET UMITyJIbCY, IPHHOCUMOMY B CUCTEMY MIIM YHOCUMOMY M3 Hee,
COOTBETCTBEHHO, IPUXOAAILIEH WIH YXOJA1Iel Maccol rasa. JIerko nokasars, 4to
T _ =2
J So puo S0 !
rne U, — cpeaHss MaccoBasi CKOPOCTh ABMKEHHS ra3a B CEUEHHHU Sy, O — IIIOTHOCTh BO3/yXa, paB-

nas 1.3 kr/mM° (npu Temneparype 37°C u oTHocuTenbHO# BnaxsocTH 100%). Bropoe craraemoe B (3)
COOTBETCTBYET U3MEHEHUIO UMITYJIbca Taza B o0beme V:

- d
3, =2 [ pav .
y dthu

VuuTeIBas MaJoOCTh M3MCHEHHS IIJIOTHOCTH BO3aYyXa BAOJIb BO3JYyXOHOCHBIX HyTefI, BBIHECEM O 3a

—

3HaK MHTerpana u uddepenimana. 3atem, packiaasBas Jy, 1o Vi, momydaem:

E d

Jo=pg V{U°dv°+v{ﬁldvl+"'vjﬁidvi+"'VIU“dV” ,

1 n

rae Ui — CpelHsss CKOPOCTh IBMXKCHHUS ra3za B ceueHuw S;. [locie HeCI0XHBIX IpeoOpa3oBaHUi

MNpUXOJUM K CICAYIOIIEMY BbIPAKCHUIO:

- d .
Jy :p~a(UOSOL),
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e L — cpensia mivHa BO3MyXOHOCHBIX myTel. Yurem, uto UyS, = Q7 , rue Q — o6bemuas cko-

pOCTh IBWXKEHUS BO3ayxa. Takum o6pazom j\, =p- E(Q L)f' ,

AHAJIOTUYHO

Huddepenumpys, nonyqaeM

7 , 4Q
i Vo pQ

Hoxcraensem J's, u jv B (3)

T 2
d_l — pLd_Q+ d_L+ ’DQ
dt a <t s,

MoO>XHO TIOKa3aTh, YTO BTOPOE CllaraéMoe MPEHEOPERKNMO Majo 10 CPAaBHEHHIO C TPETHHM (MEHee
0.1%) . Torna ucxomHoe ypaBHeHue (3) IPUHUMAET BUL:

2
QA _ps, -F,
dt s

[lepeiineM K BBIYHMCIICHUIO CUJI TPEHUs. M3BECTHO, 4TO B Tpaxee M KPYHMHBIX OpPOHXaX IMOTOK HOCUT
TypOyJICHTHBIN XapakTep, B MEJIKUX — JaMuHapHbIil. [losTomy pa3obbem Fi Ha ABe YacTH: JIAMHUHAPHYIO
(Fy 1) u TypOynenthyto (Fy ) 1 HalimeM, B KaKOH 9aCTH BO3AYXOHOCHBIX IMyTEH MPOUCXOIHUT MEPEXO. OT
OJHOTO TUIA TEYCHHS K APYromy. MOXXHO CUMTaTh, YTO €CIM 4YUCIO PeifHonmpaca Ha TaHHOM y4yacTKe
6oxpire 1000, To MOTOK 371eCh TypOYJIEHTHBIN, €CITi MEHbIIe — TaMuHapHbIid. Yucno PeiiHonmbica B pac-
CMaTpUBAaEMOM CITy4ae UMEET BU/I:

(4)

0

Re=—<_
vmD
1.25-107° w2 °
T/ie vV — KHHEMaTH4ecKas BsI3KOCTh BO3ayxa, paBHas 1.20- M“/c (mpu Temneparype 37°C u ot-
HOocuTeNnbHOU BiIaKHOCTH 100%), M — KoM YeCcTBO BETBEH B NaHHOM reHeparmu, D — nuaMmerp BETBH.
HUcnonb3ys nanueie Beiioenst ans 3Hauenuid m u D, monydaem, 94To cMeHa THIIOB TEYCHUI TPOUCXOTUT HA
YEeTBEPTOM-BOCHKMOM (B 3aBUCUMOCTH OT CKOPOCTH MIOTOKA) FeHEePaNUsIX OPOHXOB.

N 8rlQ
JlaMUHApHYIO CHITy TPeHHMs Oy/IeM PacCUMTHIBATH, Mcxoss 3 popmynsl ITyaseiing AP = et
5
e 77 — IMHAMMYECKas BA3KOCTh Bo3ayxa, paHas 1.98-107 xe/m-c, | — nnmuna mumuaapuye-

CKOM NpsIMOJIMHEHHOH TpyOkH, R — ee panuyc, AP — pa3HocTh gaBineHuii Ha KOHLAX, Q — CKOPOCTh MOTO-
ka. Cuia TpeHus B MOTOKE OINpENEIseTCa BENIMUMHON CKOPOCTH U HE 3aBUCHUT OT TOTO MMEET MOTOK CTa-
LUOHAPHBINA WM HeCcTauMOHApHBINA XapakTtep. [loaTomy 6e3 orpanndeHus: OOIIHOCTH PACCMOTPUM CTallU-
OHApHBIN cnyqaﬁ. VYcioBue cTallmoHapHOCTH UMEET BUJI:

AP=F,, /S,

rac S— MOonepeYHOC CCYCHUC TPY6KI/I. Torua CuJia TpCHHUA HAa JaHHOM Y4YaCTKEC JaHHOT'O 6pOHX3, 6y—
ACT paBHaA:

F,, =8mlQ/S.

CYMMI/II)YH CHJIbI TPCHUS BHAYAJIC 10 BCEM 6p0HX3M ,I[aHHOﬁ reHepaluru, a 3aTEM 110 BCECM I'C€HCpa-
OusAM, Haﬁ,[[eM 06]]_[66 JIAaMUHApPHOC TPCHUEC, BO3Z[efICTBYIOHle€ Ha BECh IIOTOK:

F,, =8mQAk,

trI
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rae A = Lj/S; — cpennee oTHOmEHHe CyMMapHOW JUTMHBI OPOHXOB B JAHHOM T'€HEPAIHU K HX CyM-
MapHOMY MONEPEYHOMY CEUEHHIO, K — KOJMYECTBO TeHEPAIHii, I/Ie CYIIECTBYET JJAMUHAPHBIN TTOTOK.

Bripaxkenue i CHITBI TpeHHS TYpOYJISHTHOTO TIOTOKA OyAeT 3aBUCETh OT TOTO, SBISIETCS TPyOKa
TJIAJIKOY WITM IIepoXoBaTod. Pacder B COOTBETCTBHH C M3BECTHOU (hopMyIoil [2], MpOBEACHHBIH HaMU C
YYETOM XapaKTePHBIX Pa3MepOB HEOTHOPOIHOCTEH MOBEPXHOCTH OPOHXOB IMOKA3hIBACT, YTO MOYKHO IOJIb-
30BaThCS MPUOJIMIKCHUEM TJIaIKOH TPYOKH:

A(Re)l 2
AP = (_5) PR |
D 2
rae
0.3
A(Re) = :
YRe
[IpoBons nanbHeIINE pacueThl AHATIOTUYHO CIY4aro JAMUHAPHOIO MOTOKA, MOIy4aeM
4 Q7
NO

rae S; — cpeqHee CyMMapHOE MONEPEYHOe CeYEHHUE MO TeHEPaLUsIM C TypOyJIEHTHBIM IOTOKOM,

B:iLﬁ/ﬁj,
j=0

rae M — xonuuecTBO TeHeparuii ¢ TypOyIeHTHBIM MOTOKOM, Lj — cymmapHast airHa GpOHXOB B J-0i
reHepanuy, Dj — cpequuii quaMetp OpoHXa B j-0if FeHepaLuy.

Fiee = 0.34\/V-pB-

[Tocne moacTaHOBKY MOTYYEHHBIX BhIpaXKEHUN ypaBHeHUE (4) IpUHUMAET BU:

2 4/07
pLd_Q+,0Q :PASO—87z77QAk—O.3‘{/V-pB- Q

dt S, Js

B TEPMHUHAX A3POJUHAMUYCCKUX COHpOTI/IBJ'IeHI/Iﬁ OHO BBITJIAAUT CIICAYIOINM

oOpa3zom:

pL dQ
——4+1rQ=P
S, dt Q ’

0

rue
_ R 8wk +o.:s“\N-pB-‘{/§

S°2 SO S0 ’ \/S>13

B 3TOM BBIpa)keHHU MEpPBOE CllaraeMoe — COMPOTHBIIEHUE, CBA3AHHOE C HEOOXOANMOCTBIO yCKOpe-
HHUS BHELIHETO BO3/yXa, BTOPOE — CONPOTUBIIEHUE JAMUHAPHOMY IIOTOKY, TPEThE — COIIPOTUBIIEHUE TYp-
OysieHTHOMY TTOTOKY. [lapameTp S, — momnepevyHoe ceueHne roJI0COBOM ey (Ui CONMOCTABIIEHHS C DKC-
MIEPUMEHTOM BCE€ PacyueThl MPOBOIMINCH MPHU JBIXaHUW Yepe3 MHEBMOTaxorpaduieckyto TpyOKy, TO eCTh
4epe3 poT), A — BelmurHa 00paTHAs MOTIEPEYHOMY CEUSHHIO MEJKHX JIbIXaTelbHbIX MyTel, S; — moneped-
HOE CeYeHHe KPYIHBIX JIbIXaTeNbHBIX MyTei. B obmem ciyuae 3a S, ciieyeT NpuHUMAaTh CyMMapHOe TI0-
[IEPEYHOE CEYECHHUE TOI'O YUaCTKA JIbIXaTENbHBIX IIyTEH, I/1€ OHO IPUHUMAET HAMMEHbIIIEE 3HAUCHNE.

r

[Nony4yeHHble ypaBHEHUS TO3BOJISIIOT peliaTh NIMPOKUN KPYT (PU3HOJIOTHYECKUX 337ad B 00JacTu
MEXaHUKH JIbIXaHMs. B yacTHOCTH, 1O HACTOSAIIErO0 BPEMEHU 3HAYMTEIBHBIE TPYAHOCTU IPEACTABISIET
WHTEPIIPETAIU KPUBBIX TIOTOK-/IaBJIeHNE. B cOOTBETCTBHY C pa3paboTaHHOI MOJIENbI0 OCHOBHOHN (hU3HO-
JIOTUYECKUH MEXaHU3M, O0yCIIaBIMBAIOMINNA XapakTepHyIo (opMy KPHBBIX, — 3TO M3MEHEHHE pa3MepoB
JBIXaTEIbHBIX ITyTEH BO BpeMs BbI0Xa. MIcXOHbIE NaHHBIE AJI PacYETOB BO3BMEM COTJIacHO [1]:

L=03mA=4-10° v2B=0,08 m-m"*, S, =310 M2
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Ha pucynke 2 m300pakeHa pacCUUTaHHAs 3aBUCHMOCTH MEXIY alTbBEOJSIPHBIM JaBICHUEM H CKO-
POCTBIO TIOTOKA MPH (OPCHPOBAHHOM BBIZIOXE W IMOCTOSHHBIX pa3Mepax IbIXaTelNbHBIX ImyTei. Heznaun-
TEJIHHO YMEHBIIAIOTCS TOJNBKO TIOMEPEYHbIE CEUeHHS ATbBEOJISIPHBIX XOJ0B B KOHIIE BBIOXa. Kak BHIHO,
MeTJISI TTOTOK-AABIIEHHE MMEET HCYE3arollee MaNylo IMIMPUHY, YTO MPOTHBOPEUYUT IKCIIEPUMEHTATHHBIM

JaHHBIM.
e e
- 5
o o
@] ~
g 5 |
D <
5 e s .
~ 0 (S
= 2
= =
N -
] T T T I T T T T T T 1 5 T T v T T 1 T T | !
0. 29. 1a. 60. 8a. 192, 2. 20. 4a. 68. 8@. 100.
ANIbBEOITAPHOE OABNEHME (CM H20) AJILBEOIIAPHOE [ABNEHME (CM HZ20)
Puc. 2. 3asucumocmo CKopocmu nomoka om Puc. 3. 3asucumocmo CKopocmu nomoka oni
albBeOJIAPHO2O oasienust npu qupCMpOGClHHOM AlbBEOIAPHO2O oasjieHus 8 cuyuae, Ko20a
8b100X€ U NOCMOSIHHBIX pasmepax ObIXAMENILHBIX 60 6pems (j)opcupoeaHHoeo 8b100XA 6 CeMb pas
nymez]. YyMervulaemcs nonepedrnoe cederue

YEHMPANbHBIX 8030YXOHOCHbIX NYMel.

Ha pucynke 3 npezncraBieHs! JaHHBIE, pACCUMTAHHbBIE [T CITydasi, KOrzia Bo BpeMs (popcupoBaHHO-
IO BBIJIOXa B CEMb Pa3 YMEHBIIAETCS CpellHee CyMMapHOE MONEPEYHOe CEUCHNE Ha YPOBHE TPAaXxeu U Tpex
MEPBBIX TeHepaluii OpoHX0B. BUaHO, YTO NETiIsl MOTOK-IABIEHUE PACIIUPSACTCS, HO HE HACTOJIBKO, YTOOBI
OOBSICHUTH YIOMSIHYTBIE SKCIIEpUMEHTANbHBIE JaHHble. Ha prcyHke 4 m300paxkeHa MeTis, pacCUuTaHHAas
JUIsL Cy Karolencsi Bo BpeMsi (POpCHPOBAHHOTO BBIIOXA TOJIOCOBOH Imesin. Pa3mep ee momnepedHoro ceue-
HUS yMEHbIIaeTcs B 5 pa3, ot 2 cM 10 0.4 cM 3a Bpems, paBHOE 3/2 BpEMEHH JTOCTHKEHUSI MAKCUMAaJIbHOTO
anbBeoJsIpHOTO MaBneHus. OcTaibHBIE pa3Mephl AbIXaTENbHBIX MyTeH BO BpeMsl MaHEBpa HE MEHSIOTCS.

w

MOTOK  (J1/CEKD

= T - T T T T T 7 1
a. 20. 5@, 6a. 82. 1ea.
AJLBEOJIAPHOE [ABIEHAE (CM HZO)

Puc. 4. 3asucumocmo ckopocmu nomoka om aib8eoIsAPHO20 0AsjleHUs 8 cyiae, K020d 60
epemst hopcuUpoBaHHO20 BbIOOXA 8 NAMb PA3 YMEHbULAETCS NONEPEUHOe CeUeHUE 200CO80U
wienu npu NOCMOAHHBIX PA3MepPax HYMpuspyOHsIX ObIXAmeabHbIX NYmel.
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W3 pucynka BHIHO, 4TO TMETIs MpHOMIMKAeTcs 1Mo GopMe K PETUCTPUPYEMBIM B IKCIEPHUMEHTE,
MIprYeM MaKCHMYyM TIOTOKA OTepeKaeT M0 BPEMEHH MaKCHMYM JaBJICHUS. DTO Jy4Ille BUTHO Ha PHCYHKE
5, TIIe AaBlieHNE U IOTOK M300pa’KeHBI B 3aBUCHMOCTH OT BPEMEHH.

g_
—
~~
(@]
o
Il
5 87
~
Lu)
0] = T
4 =
~ Ll
>~ O .
g5 g9
S | 5
L1l
5o 2x-
5~ SR
=
a_J -
() = 1

BPEMA (CEKD

Puc. 5. 3asucumocmov anveeonsipnozo 0asnenus (ChAOWHAS TUHUSA) U CKOPOCHU ROMOKA
(NYHKMUPpHAs TUHUS) OTh 8DEMEHU NPU YCLOBUAX pUc. 4.

H3MeHeHne anbBeOISPHOTO JaBIECHHsS OT BPEMEHH ammpoKcHMHupoBaiock (yakmueit sin(t) mpu t,
Menstroteiics ot 0 10 3/2 BpeMeHH JTOCTHKEHUS] MaKCUMaIbHOTO JaBJICHUS, a 3aTeM CIaJarolei SKCIo-
HeHTo#. CliegoBaTelbHO, MOKHO TOBOPHUTH, YTO IIMPHHA KPUBOW MOTOK-AaBicHUE (TUIOMIAAb METIN) U
C/IBUT MEXJy MaKCUMyMaMH JIaBJICHUS M CKOPOCTU IpU (OPCHPOBAHHOM BBIJIOXE MPAKTUYECKH MOJHO-
CTBIO ONPEIENSIOTCA CTENEHBI0 U CKOPOCTHIO CYXEHMS TOJIOCOBOH IIENM BO BpeMs MaHEBpa. DTHUM XKe
MEeXaHU3MOM MOXKHO 0OBSICHUTH 00pa3oBaHMe IIATO Ha M3000BEMHBIX KPUBBIX JaBICHHE-TIOTOK.

Kak nokaszaHo BbllIe, BIMSHHE KOHTPAKTALIUH TPAXEH M KPYIHBIX, a TeM 0osiee MeTKuX OpOHXOB Ha
pasmep u GpopMy NETIN NPAKTHYECKH OTCYTCTBYeT. OHAKO, €CIIM MBI IO TEM K€ UCXOTHBIM JaHHBIM I10-
CTPOMM 3aBUCHMOCTBH COIIPOTHBJICHHUSI OT BpeMeHH (puc. 6), To oOHapykum, 4To ee (opma HE COOTBET-
CTBYET 3KCIIEPUMEHTAIILHBIM JAHHBIM.
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Puc. 6. 3asucumocmov aspoounamuueckozo conpomugneHusi 030yXOHOCHbIX nymel
Om @pemeny npu ycaosusx puc. 4.
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BBens B pacdeT KOHTpaKTaIMIO TPAaXeH W KPYIMHBIX OPOHXOB, MOIYYHM COTIACHE C SKCIIEPHUMEHTOM
Y TI0 TIOBEJIEHUIO KPHBOW a3pOIMHAMIYECKOTO conpoTuBiieHus (puc.7) . IleTns moTok-maBieHne mpu ToM

MPAKTUYECKHU HE MCHACTCH.

2. . 8. 5. 6t 2. 82
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Puc. 7. 3asucumocmsv aspoounamuueckozo conpomugneHusi 6030yXOHOCHbIX Hymeti om
epemen 6 cyuae, Ko20a 80 8peMs (hopCcUpOBAHHO20 BbIO0XA 8 NAMb PA3 YMEHbULACICA
nonepeyHoe ceverHue 20A0Co80U Weau 6 Hadane U 6 CeMb pasz NoNepesHoe cedenue
YEHMPAIbHBIX 6030YXOHOCHLIX Nymell 6 KOHYe.

Takum 00pa3oM, MBI TIOKa3aJd, YTO ONpeJeNstonlce BIusHue Ha (opMy KPHBOH IMOTOK-AaBJICHUE
OKa3bIBaCT CYy)KEHHE TOJIOCOBOH IIeH B Havasie (JOpCHpOBaHHOTO BbIIOXa. YeM 3HaYUTENbHEE TO CyXkKe-
HUE U YeM JIOJIbIIIE JJTUTCS, TEM IIHUpe TEeTs U TeM BhIpRKECHHEE 3ara3/bIBaHie MaKCUMyMa JIaBJICHHS 110
OTHOIIIEHUIO K MaKCUMyMy NOTOKa. Bce 310 0e3yciioBHO BEpPHO | I CIOKOWHOTO jAbixaHus. Ha ocHoBe
M3JI0’)KEHHOT'O MOYKHO TIPEATIONIOKHTD, YTO ONPENSISIFOIINM MEXaHN3MOM HU3MEHEHHs ()OPMbI KPUBOU T10-
TOK-00beM (POPCHPOBAHHOTO BBHIIOXA SBISIETCS HE HM3MEHEHHE Pa3MepOB JBIXaTENbHBIX IMyTe, a pediek-
TOPHOE NU3MEHEHUE IMOBEICHHUS TOJI0COBOM IIIEIH.

PazpaboraHHasi MOJIEb MOJKET OKa3aThCs MOJIE3HOM MPHU aHaM3e HEe TOJLKO (POPCUPOBAHHOTO BbI-
JI0Xa, HO U CIIOKOWHOTO JBIXaHWS, B TOM YHUCIIE Ta3aMH Pa3InIHOM IUIOTHOCTH, a TAKXKe JieYb B OCHOBY
MOCTPOCHUSI IMATHOCTUYECKUX KPUTEPUEB U AJITOPUTMOB.
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AHAJIN3 BO3JEHCTBUA BUOMHCEKTHUIIUIA SHTOMO®TOPUHA HA OPTAHU3M
O TUHAMMKE B3AUMOCBSA3EN IIOKA3ATEJIEA TPEX CUCTEM
B XPOHUYECKOM 9KCIIEPUMEHTE

AHanu3 AUHAMUAKHA KOPPEIIIni MmoKa3aTeneld IMMYHHONH CHCTEMBI, ayTO(MIOPHl KUIIIETHHUKA,
MMOBEICHYECKNX ¥ BET€TATUBHBIX pPEaKIMiA KPBIC BBIIBWI HW3MEHEHHWS B3aMMOCBS3EH
MOKa3aTeNell y MHTAKTHBIX KPBIC U UX TEPECTPONKY B 3aBUCUMOCTH «103a-BpeMI-3PPEeKT» y
MTOJIOTIBITHBIX KPBIC.

Kntouegvle cnosa: OWOWMHCEKTHIII, KpBICH, IUHAMHKA MEKCUCTEMHBIX KOPPEIISIIUH,
TUTHCHUYECKAs periaMeHTaIIUS.

© 2021 L.N. Orlenkovich, Dr.med.
«Labour Medicine, Ltdy, Riga Stradins University Occupational and Environmental
Medicine Department, Riga, Latvia
BIOINSECTICIDE ENTOMOPHTHORIN EXPOSITION ANALYSIS ON THE ORGANISM OF
3 SYSTEMS INDICES CORRELATIONS DYNAMICS IN THE CHRONIC EXPERIMENT

The analysis of rats immune system, intestinal microbiota, behavioral and autonomic reac-
tions indices correlations dynamics revealed of intact rats indices correlations changes and
their rebuilding in dependence «dose-time-effect» of experimental rats.
Key words: bioinsecticide, rats, intersystem correlations dynamics, hygienic rating.

BHeapenne HOBBIX OMOMHCEKTHLMIOB JUIS 3AIIUTHI CEIbCKOXO3SHCTBEHHBIX KYJIbTYp TpeOyeT OT
TOKCHKOJIOTOB MX TMTHEHHYECKOM perjaMeHTalud ¢ ACTANbHBIM aHAJIM30M BIIMSHHUSA Ha TEIUIOKPOBHBIH
OpPTraHu3M B YCIOBHSX OKCHEPHUMEHTa. AHaIU3 CHEUU(PUUYECKUX W HHTErPAIbHBIX IOKa3aTelel 1o
JUHAMHUKE MEXCHCTEMHBIX KOPPESIIUN B XPOHHYECKOM SKCHEPHUMEHTE AaeT BO3MOKHOCTH KOPPEKTHOI
OLIEHKM COCTOSIHUSI OpraHM3Ma C BBIIBICHHEM MEXaHHM3MOB 3alllMThl TOMEOCTa3a OT BO3ACHCTBHSA
AHTUT€HOB MMKPOOHOIO HPOUCXOXKICHHSA. ODTH HMCCIENOBAaHMS HEOOXOAWMBI Ul OLIGHKH MeXaHH3Ma
pa3BUTHS aJAaNTHBHBIX M KOMIIEHCATOPHO-TIPHCIIOCOOUTENBHBIX PEAKLUl OpraHu3Ma BHE aHTUTECHHOMN
Harpy3KH U IIpH  BO3JICHCTBUM OMONpenaparos.

Henb paboThl - M3ydeHUE BIUSHMS OMOMHCEKTHIIMAA SHTOMOPTOPHMHA B 3aBUCHMOCTH «J103a-
BpeMs-3pdekT» Ha opraHu3M MOAONBITHBIX KPBIC aHAJTM30M KOPPEISIMN MEXy NOKa3aTesIMU TIOBEICH-
YECKHX W BEreTaTHBHBIX PEAKIUH KPBIC B TECTE «OTKPBITOE MOJIE€», HMMYHHOHW CHUCTEMbI M ayTO(IOpHI
KHIICYHHKA.

Matepuan U MeToabl ucciaegoBaHui. OOBEKT H3Y4YeHHUS - OMOMHCEKTULMI 3HTOMO(TOPHH,
cOo3IaHHbI Ha ocHOBe rpuba Entomophthora thaxteriana. B ombiTax mpu 4-MecSsYHOM MHTSIIMOHHOM
MIOCTYIUICHUH Tpenapara Ha ypoOBHE HEIEHCTBYIOLIEH, TOPOTOBOM, JEMCTBYIOIIEH KOHLIEHTPALMI UCIIONb-
30BaHbl Oenble OecropofHble KpbIChi-camibl Maccoil 180-220 r, cogepkaBIMecss B CTaHAAPTHBIX
YCIIOBUSIX BHBapus M MUILEBOro panuona. Craructudeckas rpymma - 16 ocoOeil. OnbITbl MpOBEICHBI
COTJIACHO METOAMYECKHM pekoMeHgaumusaM [l] ¢ coOmroleHneM MPHHIMUIOB ATUKKA EBponeiickoii
KOHBEHLIMH 10 3alUTe MMO3BOHOYHBIX XKUBOTHBIX (CTpacOypr, 1986). Ilepen Hauanom uccienoBaHusi Me-
TOJIOM «OTKPBITOE T10JIe» [2] MCKIIFOUMIN M3 UHTAKTHBIX M ONBITHBIX TPYIII XKHBOTHBIX C ITACCHBHBIM TH-
oM THoBeAeHus. V3yueHne NoBeIeHYECKUX U BEreTaTUBHBIX peakiuid MpoBOAMIM B TeueHue 10 MUHYT,
co0Jroiast MpaBUiIO TOOYEPEIHOTO TECTUPOBAHMS KPBIC M3 MHTAKTHOM M MOJONBITHOM rpynmsl. B ayrto-
¢iope KWIIeYHHKa BBISBISUIM aHa’dpoOoB, a’spoOoB, OudumobakTepuii, takrodanmsl, 6akreponaos, E.
coli, cradunokokkos, nporees, rpudos poxa Candida [3]. it oueHKH COCTOSHHUS MMMYHHOH CHCTEMBI
HCTIONB30BAJIM PEAKLHUIO ayTopo3eTkooOpazoBanus (ayro-POK) Ha TuMonuTax, crieHonurax u aumdo-
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[UTaX KPOBH; BBISBILUTN (haroUTapHYIO PEeakInio HEUTPO(HUIOB KPOBH, B CBIBOPOTKE KPOBH OIPEIEISITH
TUTP QHTUTEJ], AaKTUBHOCTh KOMILUIEMEHTA, COJACPXKAHUE JIM30LUMA, Oj-, Op-, Y-TI00yauHOB [4].
Perucrpammro mokaszareneit npoBommm depe3 1, 2, 3, 4 mecsma ombita. [lapHbie KOppesuym MeXIy
MOKa3aTesiMA  BBISABISUTH, HCIONB3Yys TaKeT MNPUKIAmHBIX mnporpamm «Statistica 10». Hcxoxs w3
KOJIMYECTBA KUBOTHBIX B rpymie, BeBIsLH cutbHbIE (0,7<R<1,0) u cpemnne (0,497<R<0,699) B3aumo-
cs3u (P<0,05), omeHrBas ux JTOCTOBEPHOCTH ¢ ToMoIibio y2-tecta (Pearson Correlation, SPSS for Win-
dows 16).

Pe3yabTaThl Hcc1eq0BaHUN U MX 00Cy:KAeHre. AHATN3 B3aMMOCBS3EH HE BBISBWII MX HaIUYHE Y
WHTAKTHBIX KpbIC B 1-i Mecsn uccrnemoBanus. Yepe3 2 Mecsla ONBITAa BISIBICHBI MPSMbBIE KOPPEISLIUH:
maktobammmmn ¢ ayro-POK B Ttumyce (APT), Bces-mumdonmramu cenesenku (Bces-mumbonutsl) u
KoJmuecTBOM smu30/0B HemoaBmkHOcTH (KOH); aspoboB ¢ ayro-POK B cemezenke (APC) m KOH;
JIAKTOOAITMILT M aHa’pOOOB C coaepxkaHueM Ju3oiuMa B ceiBopoTke KpoBu (CJICK) m KOH; anaspo6oB ¢
y-rmo0ynuHOM 1 KOH, a Takke pa3HOHAIpaBIIEHHBIE KOPPEISIME aHa3pOOOB C 0p-Tiio0ymmHOM, KOH.
OOpaTHbIle KOpPPENSIUU BBISIBICHB Yy TIPOTEEB C 04-TIIOOYJIMHOM U BEPTUKAIBHOW IBUTATENBHOM
aktuBHOCTEIO (BJIA). OTO yKka3piBaeT Ha HapacTaHue Bo3OyxaeHus (Topmoxkenus) B [{HC, cBszanHOTO C
MOBEICHHEM CMEIIEeHHOW aKTUBHOCTH W3-3a CTpaxa HE3HAKOMOW OOCTaHOBKH, COIPOBOXKIABIIETOCS
OTHOHATIPABJIEHHBIMA cABuUraMu B T-, B-cuctemax uMMyHHTETa, TyMOpalbHBIX (haKTOpax
HeCTeM(UIECcKOi 3aIUTHI OpraHu3Ma i ayTo(Iope KUIISYHHKA ¥ HapacTaHueM OeITKOB OCTpoi ¢a3bl co
CHIDKEHHEM 3aIIUTHBIX (JOPM MPOTEEB.

Uepes 3 wMecslla HCCIENOBAHUS BBISABICHBI MpsIMble KOPPEISIIUHM 3aIIUTHON aHa’dpoOHOMH
ayroduiopbl (aHa’poboB, OupuaodakTepuii, Jakrodammn) ¢ APT u KOH; oudunodakrepuii ¢ APC u
KDH; naxrobarmmt, anaspobos, E. coli ¢ Bez-mumbponuramu u KOH; nakrobanumn ¢ CJICK n KBH, a
TaKKe Pa3HOHANPABJICHHBIC B3aMMOCBSI3M aHa’poOoB, E. COli ¢ aKTUBHOCTHIO KOMIUIEMEHTa B CHIBOPOTKE
kpoBu (AK), ap-rmobynunom u KOH. DTi u3MeHeHus yKa3pIBaloT Ha OJHOHANPABICHHBIC CABUTH B T- 1
B-cucremax WMMMyHHTETa, TYMOpPaJbHBIX ()aKTOpax 3alluThl OpraHu3Ma M ayTodiope KHIIEYHHKA;
AKTHUBAIlUM MEXaHW3MOB AJIEPTU3AIUH 110 KOMIUIEMEHT3aBUCUMOMY THITY C TIOSIBIIEGHHEM BOCIIAJICHUsS B
OpraHu3Me B OTBET Ha Bo30OyxaeHHe nin Topmokenue B [IHC.

B KkoHIIe ombITa YCTaHOBJICHBI MpsIMBIE KOppelsuuu Ouduaodakrepuii, anaspodbos ¢ APT u ux
obpatHble B3anMmocBs3u ¢ KOH; mpsmeie xoppensiimu jakrobammnt, oudunodakrepuii ¢ APC, Bcs-
mumdonuramu 1 ux odpaTHbeie cBsa3u ¢ KOH; mpsimele koppensiuu 6aktepousioB ¢ Bes-mumdonuramuy,
APT ¥ ropu3oHTaIbHOW JBUraTelIbHOM aKTUBHOCTHIO. Pa3HOHANpaBICHHbBIC KOPPEISIIIMU JTAKTOOAIMIT C
AK u KOH u obparHbie koppensuuu nakTodamwni, anaspoboB ¢ AK u 03-, op-rno0ymuaamu u KOH
yKa3pIBatOT Ha TopmoxkeHue B [{HC, cBs3anHOE ¢ amanTaiinOHHON MepecTPOUKON OpraHnu3Ma o Mepe ero
crapeHus [5, 6], conpoBokIaBIIeecs OTHOHATIPABICHHBIME CABUTAMH B UMMYHHOM cUCTeMe B ayTodiope
KHIICYHUKA, 00 ajulepru3alydyd W BOCMAJeHWH B OpPraHU3ME B OTCYTCTBHE 3K30I'C€HHOW aHTUTCHHOM
Harpy3KH.

TakuM 00pazoMm, y MHTAKTHBIX KPBIC BEISBICHO HapacTaHHE BO30YXKICHUS MU TOPMOXKEHHUS B
IHHC, compoBoskaaBiieecss OAHOHAINIPABICHHBIMU cABUraMy B T- n B-cucremax MMMyHHTETa, T'yMOpalib-
HBIX (aKTopax Hecnelu(pUIEecKOl 3alUThl OpraHu3Ma W 3allUTHOW ayTodIope KHUIICYHUKA, a TaKKe
HapacTaHWE TPOLECCOB BOCMAJICHHS W aJUIEPTU3alld OpraHu3Ma. JTO yKa3blBaeT Ha B3aWMOJICHCTBUE
cucreM ¢ (GOPMHPOBAHKMEM aJIalITUBHBIX PEAaKIMi B OpraHW3Me BHE aHTUTCHHON HArpy3KH C rpeobiajna-
HUEM BHYTPHUCHUCTEMHBIX PEAKIINI HaJ CHCTEMHBIMH [6].

BosgeiicTBue HemeHCTBYIOIIEH A03bI SHTOMOPTOPHHA BBISIBIIIO MCUE3HOBEHHE O0Jiee TOJOBHHEI
B3aMMOCBS3eH 3-X CHCTEM B Pa3HbIE CPOKH ONBITA 110 CPAaBHEHHUIO C KOHTpOJeM. B rpymme koHTposs uepes
MeCsIII ONbITa HE BBISIBICHO B3auMOCBs3ed 3-x cucteM. llpu Bo3nmeiicTBUM mpenapaTa BBISBICHBI HOBBIC
npsiMble kKoppessiiu adpoboB ¢ TA u OP, E. coli ¢ APT, TA u ux xe ooparnsie cBsizu ¢ BJIA u KOH;
pasHoHanpasiieHHbIe Koppemauuu a3pobos ¢ TA u KOH. D10 yka3eiBaeT Ha HapacTaHHe BO30YXKIEHHS B
HHC, HeratuBHOM SMOIMOHAIBHOCTH U3-32 CTpaxa HE3HAKOMOW 00CTaHOBKH M BO3JICHCTBUS Mpenapara u
COIIPOBOXKAETCA aKkTHBauueil T-cHCTeMbl MMMYHUTETAa M AHTHUTEJIOTEHE3a C HapacTaHWEM 3allUTHOM
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Mukpodopel. Uepe3 2 Mecsa OmbITa BEIIBICHO COXpaHEGHHE MPsAMOM Koppemsmuu a’dpoboB ¢ APC u
K3H; nosiBnenne HOBOW pasHoHampasieHHO# B3anMocBszu E. coli ¢ CJICK u BJIA. Dto yka3biBaeT Ha
nosiiieHne 3ammutHoro topmokeHuss B LIHC ¢ aktuBamumeit B-cuctempsr mmMmmyHHTETa, (DaKTOPOB T'yMO-
paNbHOM 3alIMTHl OpraHU3Ma U HapacTaHWe 3aIlUTHON ayTOoQuIophl KuIIeyHnKa. Yepe3 3 mecsa ombita
COXpaHEHHE TPSMBIX Koppelsuuidi oudumodaktepuii, makrobammmt ¢ APT, APC, Bes-mumdonnuramu n
K3H; makrobarmmmt ¢ CJICK n KOH; mosiBieHre HOBBIX pa3HOHAIIPaBICHHBIX B3aNMOCBsI3el Ondumodak-
tepuii ¢ TA, CJICK u OP cBugerenscTByeT 0 Hapactanuu TopMmoxkeHus B LIHC u BereratuBHO HEpBHON
CHCTEMe, COIPOBOXKIaBIeecs akTupanued T-, B-cmcreM W TymMOpallbHOTO MMMYHHTETa, TyMOPaTbHBIX
(hakTOpoB Hecrenn(pUIECKO 3aNUTH OpraHu3Ma M HapacTaHHUEeM 3allUTHON ayTOo(IIOphl KUIIeYHHKa. B
KOHIIE OIbITa COXpaHEHHWE pPa3HOHANPABIEHHBIX KOppesimuid JakToOamu ¢ Bceg-mumdormramu, o-
riobynmuaoM 1 KOH, mosiBieHne mpsiMbIX B3aUMOCBSI3e# CTa(pHIIOKOKKOB H 0-TJIO0YJIMHA C TPYMUHTOM U
KOH ykassBaer Ha TOopMOxeHue B LIHC, mosBieHne TPeBOKHOCTH, COMPOBOXKAABIIUXCS CHUKCHHEM
aKTUBHOCTH B-cucTeMbl HUMMYHHUTETA, BOCIIAJICHUEM B OPraHU3ME, CHUKCHUEM 3aHIHTHOI>'I " HapaCTaHHUEM
YCIIOBHO-TIATOTEHHOH ayTO(IIOPHI KUIICYHUKA.

Takum 00pa3om, BO3JCCTBYE MpenapaTta B MUHUMAIIbHOM J103€ BhI3biBasio B030ykaeHue B [[HC,
topmoskeHre B LIHC u BereraTuBHOW HEpBHOM cucTeMe ¢ akTuBaiueil T- u B-cucremM uMmyHuTeTa, aHTH-
TenoreHes3a, pakTOpoB TyMOPANbHOW 3allUThl OPraHU3Ma W HapacTaHWEM 3aIIUTHON MHKpPO(IOpHl KH-
meyHuka. B koHe omnbita BeisiBieHo TopMmoxkenue B [IHC, coctosiHue TpeBOKHOCTH, CHI)KEHUE aKTUBHO-
CTU B-cuctemMbl IMMYHUTETA, MOSBICHUE BOCIAICHUS B OPraHU3ME, CHUKEHUE 3al[UTHOW U HAapacTaHHE
YCIIOBHO-TIATOTEHHOM ayTO(IIOPHI.

Bo3spelicTBiue noporoBoi A03bl IIpenapara 4epe3 MeCALl OIbITA BBI3BIBAIIO  IIOSBICHUE Pa3HOHa-
MPaBJICHHBIX B3aUMOCBs3eil aHa’po0OB C Y-roOynuHOM M OP; mpsMbeIX Koppemsiuuii a’poOoB ¢ Bces-
TUMQOIUTAMH B TPYMUHTOM. DTO YKa3bIBaeT Ha COCTOSIHUE TPEBOXKHOCTHU, BO30YK/ICHUE B BETETATUBHOMN
HEpBHOM CHUCTEMeE, COIPOBOXKAABIINXCS aKTUBalMeld B-cucTeMbl NMMyHHTETa, CHUKEHHEM TYMOPaIbHBIX
(akTOpoB HecrenupUIecKoil 3aluThl OpraHu3Ma, CHIDKCHHEM aHa’pOoOHOW M HapacTaHWeM a’dpoOHOM
MuKpoduiopsl. Yepes 2 Mecsia onbiTa TMOSBICHUE pa3HOHATPABICHHBIX KOppessiui Oudumodakrepuii u
E. coli ¢ Beg-mumdornmramu, op-rno0ynuHoM, TA ¥ rpyMHHIOM yKa3blBaeT Ha COCTOSIHHE TPEBOXKHOCTH
CO CHIDKEHHEM aKTHBHOCTH B-cucTeMbl UMMYyHUTETA, aHTUTENIOTE€HE3a, HApaCTaHHUEM BOCTIAJICHUS U CHU-
KEHHEM 3aIIuTHOH Mukpodiopel. Uepes 3 mecsia onbiTa COXpaHeHHE MPSIMOH CBsI3n OndumodakTepuii ¢
APT u KOH; nosiBinenue pazHoHanpaBiIeHHBIX Koppessiiuii ctadhuitokokkoB ¢ AK, op- 1 y-rnoOynuHamu
ykasbIBaeT Ha Bo30yxacHue B [{HC, cHmKeHMe aHTUTEIOreHe3a U aKTUBHOCTH T-CUCTEMBbI HMMYHUTETA,
AIJIEPTU3aI[MI0 ¥ BOCIIAJIEHWE B OpPraHHW3ME, CHIDKEHHE 3aIMTHOM M HapacTaHHWE YCIOBHO-TIATOT€HHOMN
ayroduiopbl. B KOHIle ombiTa 00paTHAs B3aUMOCBS3b JAKTOOAIIMILI ¢ Op-Tiio0ynuHoM U KOH, a Taxke
pa3HoHamnpaBieHHas koppessus nporeeB ¢ APT u rpymunrom ykaspiBaer Ha TopMmoxenue B [IHC, co-
CTOSTHHE TPEBOXKHOCTH, CHHXKEHHE AaKTUBHOCTH T-CHCTEMBI MMMYHHUTETa, BOCHAJCHHE B OpPraHU3ME H
CHIDKEHHE 3aIUTHON MUKPOQIIOPHL.

Takum 0Opa3om, Bo3/ieiicTBIE Npernapara B IIOPOTOBOIT J103€ B HaYaJle ONbITA BBI3BIBAIO COCTOSIHHUE
TPEBOXKHOCTH M BO30YKIICHHE B BEreTaTHBHOW HEPBHOW CHUCTEME, aKTHUBALMIO B-cHcTeMBbl HMMYHHTETA,
CHIDKEHHE T'YMOPaJIbHBIX (PAaKTOPOB 3aIMTHI OPraHU3Ma, CHI)KEHHE aHapOOHON M HapacTaHUe a3poOHOM
MuKpoguiopsl. B ocraBimecs cpoku ombita Bo30yxaenue u Topmokernue B LIHC, cocTosiHue TpeBOXHO-
CTH CONPOBOXKIAIUCH CHW)KEHUEM aKTUBHOCTH T-, B-cucreM nMMyHHTETa M aHTUTEJIOTeHE3a, aJlIepru3a-
LUel U BOCHAJCHUEM B OpPraHU3Me, CHIDKCHHEM 3alllUTHOM M HapacTaHHEM YCJIOBHO-IATOT€HHOH ayTo-
¢opsl. [eiicTByommas 1o3a mpenapaTa BbI3bIBaja MOJHOE UCUE3HOBEHNE KOPPEISLUA OT Havyaja 10 KOH-
1[a OIBITA TI0 CPAaBHEHMIO C TPYMIONW KOHTPOJIS C 3aMEHOM MX HOBBIMH. IMMYHOTOKCHYECKOE JeiCTBHUE
Oouonpenapara Ha T- u B-cucremMbl IMMyHUTETa, TYMOPAJIbHBI HIMMYHUTET, KIIETOYHBIE ¥ TYMOpPaJbHbIE
(akTOpBl 3aIIUTHl OpraHu3Ma COIPOBOXKAAIOCH BO30ykaeHneM u Topmoxkenuem B LIHC, cocrosnuem
TPEBOXKHOCTH, COCTOSIHHEM KOH()JIMKTA C IOBEACHUEM CMEIIEHHON aKTUBHOCTH, Ha KOTOPble MUKPOOHOTa
KHLIEYHUKA OTpearupoBaja CyIeCTBEHHBIM CHIDKCHHEM 3aIlllUTHOM M HapacTaHHEM YCJIOBHO-NIATOT€HHOMN
ayTo(I0pHI.
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AHanu3 THHAMUKA KOPPENAIUNA MEXIy TOKa3aTeIs M 3-X CHCTEM TTO3BOJIWII BBISIBUTH BIIMSIHAE JH-
ToMO(pTOpHHA Ha OPTaHU3M MOAOMBITHRIX KPBIC B 3aBUCHMOCTH «103a-BpeMI-3({(HeKT» ¢ yCTaHOBICHHEM
MEeXaHHW3Ma Pa3BUTHS aTANTHBHBIX U KOMIIEHCATOPHO-TIPUCIIOCOOUTETHHBIX PEAKITHIA.
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CUCTEMHBII AHAJIN3 TATOT'EHE3A CTAPEHUS: POJIb CHHIPOMOB
CTAPEHUS U IEPCIEKTUBBI AHTUBO3PACTHOM TEPAIIUM®

CucTeMHBIN aHaJIN3 MMAaTOTEHE3a MPOIECCOB CTAPEHUS OMOJOTMYECKHUX CHUCTEM IOKa3bIBaeT
BO3MOXKHOCTh OOBEIMHEHHS MEXaHU3MOB CTapEHHUs B TPYIIIHI IO MATOTEHE3Y — B CHHPOMBI
CTapeHusi, KOTOPbIE aHAJIOTHYHBI CHHIPOMaM OOBIYHBIX 3a00JIeBaHUI: CHHAPOMBI THIIOKCHH,
CKJIep03a, TUCTPOhUU, IMMYHOEPUIINTA, Ae3aAallTalllH, MaThaICOPOIIMH U JIp. DTO OTKPHI-
BaeT BO3MOXKHOCTH BJIMATH HA MPOIECC CTAPEHHUS OOBIYHBIMHU (HapMaKOJIOTHIYECKUMHU CPE-
CTBaMH.

Knroueegnle cnosa: crapeHue, CUICTEMHBIN aHAIIN3, CHHAPOMBI CTAPEHHUs, aHTUBO3PaCTHAs Te-
pamusi.

V.N. Krutko, V.I. Dontsov
Federal Research Center “Computer Science and Control” of Russian Academy of Sciences
SYSTEMIC ANALYSIS OF THE PATHOGENESIS OF AGING: THE ROLE OF AGING
SYNDROMES AND PROSPECTS ANTI-AGING THERAPY

A systematic analysis of the pathogenesis of the aging processes of biological systems shows
the possibility of combining the mechanisms of aging into groups of pathogenesis-in the syn-
dromes of aging, which are similar to the syndromes of common diseases: syndromes of hy-
poxia, sclerosis, dystrophy, immunodeficiency, maladaptation, maladsorption, etc. This opens
up the possibility of influencing the aging process with conventional pharmacological agents.
Key words: aging, system analysis, aging syndromes, anti-aging therapy.
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Beenenmue. brictpoe yBenudueHne JOIM HNOXKUIIBIX JIFOJEH B OOLIECTBE U pa3BUTHE PSAAA THUIINYHBIX
BO3PACTHBIX 3a00JIEBaHUI IPUBENIO K 3HAUNTEIBHOMY POCTY MHTEpeca K IPUYMHAM M MEXaHU3MaM cTape-
HHUS C METBI0 JOCTIKEHUS aKTUBHOTO M 3I0POBOTO moiroietus [1]. 3aMeTHBIN mporpecc B JICYCHUH BO3-
pacT-3aBHCHMBIX 3a0oieBaHuil B XX Beke U o0Iee ylydllleHHe KadecTBa >KU3HH 3HAYMTEIbHO CHU3WIN
OO0IIyI0 CMEPTHOCTh M YBEJIWYMIIM MPOJOKUTEIBHOCT KHU3HU. ONHAKO OCTaeTCs HESACHBIM, BIUSET JIH
3TO Ha CKOPOCTh COOCTBEHHO CTapEHUS MJIM TOIBKO Ha OOIIYI0 CMEPTHOCTb.

Less uccienoBanusl — CHCTEMHBIH aHANN3 TIpOLiecca CTapeHUs] OMOCHUCTEM C BBIACTICHUEM Hepap-
XMYECKHX YPOBHEW CTPYKTYpBI AaTOreHe3a CTapeHHs, CXOJHOTO C MAaTOreHe30M OOBIYHBIX 3a00JIeBaHHH,
YTO /aBajio Obl BO3MOXKHOCTH BIMSHHUA HA MPOLECCH CTAPEHHUS C UCTIOJIb30BAaHUEM OOBIYHBIX (hapMaKoso-
THYECKHUX CPEJICTB.

MarepuaJbl 1 METOAbI

OOwieli MeTonoNOTHel COBPEMEHHOTO HAayYHOTO aHAJIN3a SIBIISIETCS METOJA CHCTEMHOTO aHallu3a,
KOTOPBIN U OBLT IPUMEHEH B HCCIIENOBAHMUH [2, 3], YTO MO3BOJSAET MOHATH CYITHOCTh ()eHOMEHA CTapeHHMs
1 OCHOBHBIE 3aKOHOMEPHOCTH, HEPAPXUUECKYIO CXEMY IIaTOTCHE3a CTAPEHUS OMOJIOTMYECKUX CUCTEM.

J1J1st OLIEHKH CKOPOCTH CTapeHHs MTPOBOJUIICS AeMorpadUueCcKiii aHaIN3 TEMITOB CTapeHuUs Hacee-
HUS pa3nuuHbIX cTpad 3a mnepuoj 1800-2010 rogsl ¢ ucmoibp3oBaHHMEM 0a3bl JaHHBIX CMEPTHOCTH
(http://www.mortality.org) ¢ pacueTHBIMU 3HAYCHUSIMU UHTEHCUBHOCTH CMEPTHOCTH («M»), YTO MO3BOJIs-
€T BBIYUCIIITH MPUpPAIICHHE WHTEHCUBHOCTU cMepTHOCTH («d(My»), u TabiauiaMyu BBDKHMBA€MOCTH CTaH-
naptaoit koropTsl u3 100 000 yenoBek, 4TO MO3BOJISIET BEIYUCIATH 3HAUCHUSI KOI(DQUIIMEHTOB (HOPMYIIBI
INomniepia-Melikema, Kak moIpoOHO onucaHo panee [4, 5].

1. CucreMHbIii aHATU3 U KOHUENTYAJIbHAS MOJeJIb CTAPEeHUs

CoBpeMeHHBI HAay4HBIA MeTOJ| (MIPUHIMII) CUCTEMHOTO aHalu3a MO3BOJISIET MPHMEHITH METO/BI
aHaJM3a sSBJICHUN Ha aOCTPAKTHOM YPOBHE M 3aMEHSTh PACCMOTpPEHHE CTPYKTYpBl MaTepHUaIbHON CHCTe-
MBI PAaCCMOTPEHHEM CYILECTBEHHBIX B3aUMOCBS3EH €€ CTPYKTYPHBIX YacTel, OOLIMX 3aKOHOB U IPUHLIU-
nos [2, 3].

Tax, npuHIHMI eduncmea yeroeo TpedyeT, YTOOBl pACCMOTPEHHE OCHOBBIBATIOCH HA ONpeIeIeHHON
LEJIOCTHOW CaMOJIOCTATOYHON CHCTEME T.€. IIOJIHOE PACCMOTPEHHE CTAPEHUS] BOBMOXHO TOJILKO HA YPOBHE
BCETO OpraHu3Ma.

[punnun yuusepcanvnvix 63aumocesaseti ONpenensieT OrpOMHOE KOJIMYECTBO BO3JEHCTBUI Ha pe-
QIBHYI0 CHCTEMY M €€ (PyHIaMEHTaNbHYIO YS3BUMOCTb, KOTOpas, Oyqy4YH NpUMEHEHa K KOHKPETHBIM
BHYTPEHHHM CTPYKTypaM OHOCHCTEMBI, PAaCKpHIBA€T BAKHOCTh CTOXAaCTHYECKOTO MEXaHU3Ma CTapeHHs
CHCTEM.

[punnun cmpyxmypHoli uepapxuu TOKa3bIBaeT peabHOE MHOTOYPOBHEBOE CTPOEHHE OOBEKTa,
HaJIMYKE OTJEIBHBIX OPraHOB M CHCTEM OCO0O0W CTPYKTYpHI U (QYHKIHMH, ONpe/ielstoniell crenupuiecKue
MEXaHU3Mbl CTAPEHUSI OTACIBbHBIX YPOBHEH: MOJIEKYJ, KJIETOK, OPraHOB, CHCTEM OpraHnW3Ma (MHOTHE W3
KOTOPBIX HE SBISIOTCS CaMOOOHOBISIOIUMUCS (HEPBHBIE KIETKH, HE()POHBI, AlTbBEOJBI, 3yOBl U T. 1.).) U
BECh OPTaHM3M C €r0 OOIUMHU PETyJISITOPHBIMHA CUCTEMaMHU.

Obwetl npuuunotl Iepexoaa OT TOPAIKA K Xa0Cy SABIISETCS 3aKOH BO3PACTAHUS DHTPOIUH IS BCEX
€CTECTBEHHBIX TIPUPOJIHBIX PEaKIMid. ITO U €CTh NPUYNHA ¥ OCHOBHOU (CTOXaCTHYECKHI) MEXaHHU3M CTa-
PEHHSI CUCTEM, M3BECTHBIH B TEPOHTOJNIOTHU Kak 3akoH Gompertz, ONMHUCHIBAIONINN CIIOHTAHHYIO MTOTEPIO
KHU3HECTIOCOOHOCTH OpPTaHM3Ma NPH CTApEHHUH, TPOSBISIONIYIOCS B KCIIOHEHIIMAILHOM YBEINYCHUU WH-
TEHCHBHOCTH CMEPTHOCTH C BO3PAaCTOM. DTO Takxke 1-i riiobabHbI MEXaHNU3M CTapeHUs] ONOIOTMUYECKIX
CUCTeM: cmoxacmuueckas 2ubens snemenmos. CaMOOOHOBJICHHE OMOJIOTHYECKOI CHCTEMBI HOCHT PeryJisi-
TOPHBIM XapakTep W MPH €ro CHIDKEHUH YA3BHMOCTHh BCEW CHCTEMBI Bo3pacTaeT (2-if rimo0anbHbI Mexa-
HU3M CTapEHHS: Pe2yImopHOe CHUNICEHUE CAMOOOHOBNICHUSL).

PerynsaropHas Teopus crapeHust ABISETCS BTOPOH 10 3HAUMMOCTH U OOBIYHO CBS3aHa C MPOLECCaMu
Pa3BUTHS OpPTaHU3Ma U 3aBepIICHHEM MporpaMMm pocrta U pa3Butus. CamooOHOBIEHHE TpeOyeT MPUTOKa
BHEIIHEH 3HEPruM M BELECTBA W HAJIMYMSA METa0OJM3Ma, KOTOPBIA BBI3BIBAET 33JEPXKKY M HAKOIUICHHE
HEKOTOPBIX BHELIHUX U BHYTPEHHMX MHTOKCHKAHTOB (3-i IT0OAIIbHBIA MEXaHU3M CTAPEHUS: KYMYAAMUs-
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Houl). I'100abHBIE MEXAHNU3MBI CTAPEHUS CBOISTCA K PSIy crenn(pUIecKuX MposiBICHUN, KOTOPBIE, OfHA-
KO, TPYIIUPYIOTCS B clieu(UIecKne CHHIPOMBI CTAPEHUs 10 OOIINM IaTOTCHETUYECKUM MEXaHU3MaM U
3aHUMAIOT CPEeIHEee MOJIOKCHIE B HEpapXUH MEXaHU3MOB CTapeHus [2, 3, 6].

CuHIpOMBI cTapeHHs] CXOJHBI ¢ CHHAPOMaMH OOBIYHBIX 3a00JIeBaHUM, TaK Kak OpraHu3M Bcerna
OJIMHAKOBO pearupyeT Ha Jro0ble BHEIIHUE W BHYTPEHHUE BO3JCHCTBU: TUIIMYHBIE TATOJOTHYECKHE MTPO-
LECCHl MM CHHAPOMBI: TUCTPO(GUH, THIIOKCHH, OKUCIUTENFHOTO CTpecca, CKIIepo3a TKaH!, IMMYyHO1e(u-
1UTa, Je3alanTaiun, Majabadcopoumu u T. 1. B 3TOM cityuae peskoe ynydmieHue B 20-M BeKe BO3MOMKHO-
CTell MEIWIMHBI B JICUCHUH OCHOBHBIX XPOHHUYECKHX 3a00JieBaHUN, CHHAPOMBI KOTOPBIX CXOIHBI C CHH-
JpOMaMH CTapeHHsl, TaKKe OJLKHO MOBIHTH Ha CKOPOCTh MHAMBUAYAILHOTO cTapeHus. s mpoBepKu
MOCJIC/IHEeH TUTOTE3bl MBI MpoBeH Jaemorpaduueckuii aHanmus (popmyna Gompertz-Makeham) Temmon
MHAUBHUIYaJTBHOTO CTApEHUs B pa3nuyuHbIX cTpaHax B 1800-2000 rogax [7].

2. CMepTHOCTDb M TeMIIbl CTApeHHs HACeIeHUSsI

HcnonszoBanue rpadukoB MHTEHCUBHOCTH cMepTHOCTH GopMyisl Gompertz-Makeham 6e3 mocto-
SIHHOM KOHCTaHTBI, OTPaXKAIOIICH BHEIIHUE BO3ACUCTBUS Ha CMEpTHOCTH (“M-A), u rpaduka npupocra
MHTEHCUBHOCTU cMepTHocTd (’d(mM)"), moka3piBaeT (haKTHYECKUE TEMITbI COOCTBEHHO CTApPEHUSI M TOT
(akT, YTO OHU B IEJIOM HE M3MCHWIHCH B UCTOPUH W MOYTH OJWHAKOBHI JJISl Pa3HBIX CTPaH BIUIOTH JIO
cepennnbl XX Beka. OnHaKo ¢ cepennHbl XX Beka 00a MoKazaTelsi CHIKAIOTCS, T. €. CHIYKCHNE WHIIUBU-
IOyanbHOW ckopocTu crapeHus (Puc. 1, HmkHHE KpuBble quarpamm, st rpadgukoB ¢ 1960 mo 2010 rox
CIBUTAOTCSl BHU3 OZiHA 32 IPYyroil.

1 T T T T
20 40 60 80 100

0.1

0,01

0,001

0.0001

Puc. 1. Yposenv cmapenus nacenenus @panyuu, 1820-2000 200w
Bepmuxkanvnas oce — noeapugm npupawenus cmepmuocmu ("d(m)”), eopuzonmanvras —

6o3pacm 6 2o0ax. Ceepxy enu3z: 200wt 1850-1870-1890-1900-1910-1920-1930-1940-1950-
1960-1970-1980-1990-2000-2010 (nocre 1950 2. ommeuervl nyHkmupom).

B 12-tu crpanax (benbrus, Hanus, Aurnus u Yanec, Ouansuaaus, Opannus, Ucnanaus, Utanus,
Hunepnannel, Hopserus, lotnangus, [Benus u LlBeiinapust), 1o KOTOpeIM uMmeroTcs ganHsie ¢ 1900
roja, cHmxkeHue mapamerpa "Mm-A" s 70-netHux i 3a 100-netHuit nepuon g0 2000 roga cocTaBmIio B
cpeanem 2,83 paza (¢ 0.547 = 0.0106 no 0.0193 + 0.0028; P < 0.001); oy mapametpa "d(m)": B cpenHem B
3.05 paza (ot 0.00565 + 0.00252 no 0.00185 + 0.00060; P < 0.001).
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CBsI3p MEXy CTapeHHUEM U OOJIE3HSAMU SBISIETCS AaBHEH MPOOIEMOii, KOTOpast BHOB ObLITA MOIHSATA
HelaBHO. B menom Bce aBTOPBI CXOISTCA BO MHEHHH, 4TO 3a00J1€Ba€MOCTbh, PUCK 3a00JI€BAEMOCTH U IIO-
JUMOPOHUIHOCTh BO3PACTAIOT C BO3PACTOM, YTO BIIOJIHE OOBSICHUMO, YUUTHIBAsI, YTO CTApPEHHE — 3TO CHH-
XKeHre o0mel xKu3HecrnocoOHoCTH. CHHAPOMBI CTapeHHsI 3aHUMAlOT Ba)KHOE MECTO B MEPapXHUM HaTore-
He3a crapeHus. [Ipu 3ToM OHM Takue ke, KaK ¥ NPpH OOBIYHBIX 3a00JI€BaHMUAX, TAK KAK OPraHU3M pearupy-
€T CTaHJapTHBIM 00pa30M Ha BO3JEICTBHE MATOTCHHBIX (PaKTOPOB COBCEM Ipyroi mpupoasl. B atom ciy-
yae pe3Koe yJIy4IICHHE BO3MOXKHOCTEH MEIWIMHBI B JICYEHHH OCHOBHBIX XPOHHYECKHX 3a00JCBaHHUH,
CHUHIPOMBI KOTOPBIX CXOAHBI C CHHIPOMAMHU CTapeHMs, TAKXKe JOJDKHO MOBIMTH Ha CKOPOCTb CTApEHUs,
YTO U 3aPErHCTPUPOBAHO AeMOTrpapUECKUMU METOIaMH.

3akmouenue. C cepequubl XX Beka HAOMIOMACTCS CHIDKCHHE TEMIIOB CTApeHHS HACEIEHUS, UTO
CBSI3aHO C 3aMETHHIM YIIYYLICHHEM MEIULIMHCKOTO U COLMANBHOrO oOciyxuBaHui. CTapeHHE MOXKHO
paccMaTpuBaTh Kak IOCIEAOBATEIbHOE PA3BUTHE PSAAA CHHAPOMOB, CXOAHBIX C CHHAPOMAaMH BO3PACTHBIX
3aboneBanuii. Bo3aelicTBre JeueOHBIX W MPOPUIAKTHIECKIX BO3JEHCTBHI HA CHHIAPOMBI XPOHUYECKUAX
3a00J1eBaHuil, O-BUOAUMOMY, aHAJIOTUYHO BO3ACHCTBUIO HA OCHOBHBIE CHHIAPOMBI CTapeHHsA. DTOT 0000-
LICHHBIN MOIXO0J MO3BOJISIET BIMATH HA CTApPEHHUE, BO3AEHCTBYS HA €r0 CHHAPOMBI, CXOIHBIE C CHHAPOMA-
MU BO3PACTHBIX 3200JICBaHH.
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AJITOPUTM KOMIIVIEKCHOI'O UCCJUIEAOBAHUS KAYECTBA )KU3HU CTYAEHTOB

PaCCManHBaeTCH KOMILICKCHBIN noAaxona K M3y4CHUI0 KauCCTBaA KU3HU CTYyACHTOB, KOTOpLIfI
BKJIFOYACT UCCICAOBAHUC PA3JIMYHBIX MAPAMETPOB UX KUSHCACATCIBHOCTH, OKA3BIBAIOIINUX
BO3,I[€ﬁCTBHe Ha (bOpMHpOBaHI/Ie YAOBJICTBOPCHHOCTBIO JKU3HBKO MOJIOABIX J'HO)IGIZ.
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Kntouegvle cnoea: WMHTETpanbHBIA IOKa3aTeNbh KadecTBa JKU3HH, KOMIDIEKCHBIN ITOAXO,
HOPMHPOBaHHUE TOKazaTelnell KadecTBa >KM3HH, NMPHUOPUTETHBIE (DaKTOpHI KadecTBa >KHU3HU
CTYICHTOB.

E.l. Budanova, cand. med. sci., senior lecturer,
L.K. Tushnova cand. tech. sci., senior lecturer, N.V. Erkin
Central Russian Institute of Humanities and Technology, Obninsk; State Research Testing Institute
of Military Medicine, Saint Petersburg; School No 2117, Moscow
THE ALGORITHM OF A COMPREHENSIVE STUDY OF THE QUALITY

OF LIFE OF STUDENTS
A comprehensive approach to the study of the quality of life of students is considered, which
includes the study of various parameters of their life activity that have an impact on the for-
mation of life satisfaction of young people.
Key words: integral indicator of quality of life, integrated approach, normalization of quality
of life indicators, priority factors of quality of life of students.

Beenenue

Ceromus B Poccun yuamuecs sIBJISIOTCS HanOojIee TUHAMHYHOW OOIECTBEHHOM TPYIION, COIH-
IbHO AKTUBHOHM YacThIO MOJIOAEKH, Haxojsieiics B nepuoje GopMHUpOBaHUS COLMATBHON U (HU3UOIO-
THYECKOH 3pENIOCTH, XOPOIIO BOCIIPHHUMAIOIIEH KOMIUIEKC (PaKTOPOB COIMAIBHOTO ¥ IPUPOTHOTO OKPY-
KEHHUs ¥ BMECTE C TeM, B CHIIy psJia MPUYUH, MOJABEPKEHHOW BBICOKOMY PHUCKY HapyIICHHH 3/10pOBBS.
Bricokast yMCTBEHHass M ICHXOAMOLMOHAJIbHAs HArpy3Ka, BBHIHYXJICHHbIE HapyIIEHUS pexuma Tpyna,
OTJbIXa U MUTaHUsI, KpU3UC HPABCTBEHHBIX LICHHOCTEH, HEYBEPEHHOCTh B CBOEM OYIyIlleM U MHOTHE JIpy-
rue (akTopbl TPEOYIOT OT ydalMXCcs MOOWIM3ALMU CHJI JUIS afalTaldyd K HOBBIM YCIIOBUS OOYYCHHS,
(hopMHUPOBaHUS MEKIIMYHOCTHBIX OTHOIIEHHUI U MPEOJIONICHHUS CIIOKHBIX JKM3HEHHBIX cutyanuil. [Ipomecc
00yYeHHs 4acTo CBSI3aH CO CMEHOW MPHUBBIYHOI'O Kpyra 3HAKOMCTB, N3MEHEHHUEM CIIOKUBILIETOCS CTEPEO-
THTIA, COLMAIILHOTO CTaTyca JIMYHOCTH, HEJIOCTATOYHBIMU ()YHKIMOHAIBHBIMH M MaTepUATbLHBIMH BO3-
MO>KHOCTSIMH JIJIS Y/IOBJIETBOPEHHUSI CBOMX JIYXOBHBIX H APYT'HX MOTpeOHOCTEH [4].

OpHON M3 XapaKTEpUCTHK, KOTOPAasl MO3BOJSAET OLEHHUTH PA3JIMYHBIE CTOPOHBI KU3HU yYaluXcs,
spisiercss kagectBo xu3HMU (KOK), ciokHast u mpoTruBOpeunBasi KaTeropus, OXBAaTHIBAIOLIAs HE TOJBKO
YPOBEHb SKOHOMHMYECKOTO Pa3BUTHUS OOILECTBA, HO M ONPEAEIISIONIAsl PAacKpbITHE AYXOBHOTO M HpaB-
CTBEHHOT'0 MOTEHIIMANA IMYHOCTH, COMATHIECKOE U MCUXO(DU3HOIOTHUECKOE 3I0pOBbe UenoBeka [2].

KoMiuiekcHbIi 10AX0 K OLleHKe (paKkTOpoB, (GOPMHPYIOIIUX KAYeCTBO KU3HU CTYI€HTOB

st KOMIUIEKCHOTO M3ydeHHsi ocoOeHHocTel (opmupoBanus camoorieHkn KXK cTyaeHTOB, MBI
MIPOBEJIM CPABHUTENBHBIN aHAIN3 CTENEeHU yAoBiIeTBOpeHHOCTH KK ydwammxcs ¢ pasiudHBIM COIHalb-
HBIM CTaTycoM (BbICIIee yueOHOE 3aBe/IeHUE, KOJUIEK).

B cootBercTBUU ¢ pa3paboTaHHBIM anroputmMoM uccienoBanus KK ywamuxcs nis onpeneneHus
B3aUMOCBsI3U Mexay camoonenkoi KXK m ¢opmupyrommmu ero dakropamMu OBUT UCIIONB30BaH METOJ
MHOTO(aKTOPHOTO JTUCIIEPCUOHHOTO aHAIIN3a, KOTOPBIH IMO3BOJSET OOBSICHUTE OOJBIIYIO YaCTh BapHaIUi
B 3HAYEHUSX UCCIIEyEMBIX JAHHBIX C MOMOIIBIO HEOOIBIIOT0 YUCIIa TUIIOTETUIECKUX (aKTOPOB, OIICHUTD
UX POJIb B 0OBSICHEHUH 00IIeH Jucriepcun (aKkTHUECKHX MoKazaTesiel. Mcnoiap3oBaHue JaHHOTO METOo/a
MIpenrnoiaraeT KOJIMYECTBEHHOE BBIpaKEHHE HaOmofaeMbIx mpu3HakoB. COriacHO THITy BBIOPaHHOTO
CTaTUCTUYECKOTO aHaJi3a BKJIAJl OTIENBHBIX (JaKTOPOB M3MEPSETCS BHE 3aBUCUMOCTH OT JPYTUX (akTo-
pos [1,5]. BeinonHenue aHanu3a JaHHBIX U UX UHTEpIpeTanys ObUTM MPOBEACHBI C IPUBJICYEHUEM CIICIIH-
QJIMCTOB 10 MPHUKJIAAHON CTATUCTUKE W CPOPMUPOBAHHOM IPYIIIBI IKCIIEPTOB.

Hanee MbI paccuuTagy OO BIUSHHUSA Ka)XIOTo OTAECIBHOTrO (akropa Ha (HOPMHPOBAHHE CaMO-
oneHkn KK cTyaeHTOB B IpOLIEHTHOM COOTHOLIEHNH. Ha OCHOBaHMM aHHBIX, OITYYEHHBIX HAMHU B XOJI€
aHaJM3a M PaCCUUTAHHOM JOJM BIMSHUS TOTO MM MHOTrO (hakTopa Ha GopmupoBaHue camooleHkn KK
y4aluxcsi, Mbl IPOBENH PAHKUPOBAHUE CTATUCTUYECKU 3HAYMMBIX (DAKTOPOB M OBUTH BBIJIENICHBI YETHIPE
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Benynmx (pakropa mHTerpanpHoro nokaszarens KOXK. B mepsiit (haktop Bomuty mokazaTtenu (GOpMHUpPYIO-
mue «odpa3 )KM3HW» CTYINEHTOB — crenn(uka yueOHON AEATeNIbHOCTH, YPOBEHb MaTePHAIbHOTO IIOJI0XKe-
HUSI, Ka4eCTBO NHTaHMA, WH(GOPMHPOBAHHOCTH, KyJbTypa M OYXOBHOE OOIICHHE, yIOBICTBOPEHHOCTH
CeMEHHBIMU OTHOLICHUSIMH, YAOBJIECTBOPEHHOCTh BpPEeIHBIMHU IpuBbIUKaMu. OH MMeeT HauOoNbLINK Bec
(maHpOPMATHBHOCTH) U ONMUCHIBaeT 39% nucnepcuu Bcex M3ydaembIx mokasarenein KOK.

Bropoit daxTop, crpynmupoBaBIInii OIEHKH, KOTOPhIE XapaKTepu3yIoT Takoi mokaszarens KK kak
«OKpY’Karolias cpena, IpeAcTaB/IeH KOMIIOHEHTAMU COLIMAIBHON Cpelibl — B3aUMOOTHOIIEHHUS B KOJIICK-
THUBE, IPOU3BOJCTBEHHON Cpelbl — COLMAIbHO-OBITOBBIC YCIOBHUS KU3HH yUaIIUXCS U YJICHOB HX CEME,
YCJIOBUSI M XapakTep y4ueObl, 0€30MacHOCTh MPUPOAHON Cpeibl — SKOJIOTHUECKOE COCTOsIHUE paiioHa pac-
MOJIOKEHUST Y4eOHOTO 3aBeleHHsI. JTOT (aKTOp MMEEeT MEHbLIYI0 HH(POPMAaTHBHOCTh U omuchiBaeT 25%
JUCTIepCuH UHTerpanbHoro nokasarens KK ctyneHTos.

Tpetunii GpakTop, XapaKTEPU3YIOLINA COCTOSIHUE 3JOPOBbS 00CIETOBAHHOTO KOHTUHICHTA YUaIIUXCS
BOIIUTH TTOKA3aTeNN yIOBICTBOPEHHOCTH CBOUM COCTOSTHHEM 310pPOBbsI (CYOBEKTHBHAS COCTABIISIIONIAs) U
MICUXUYECKOT0 cTaryca (TICUXOJOTHYEeCKUHA KOMIOHEHT). [lomyueHHble pe3ynbTaThl MOKa3bIBAIOT 3HAUU-
TENBHBIN BKJIaJ] B MHTETPAIbHBIN IMOKa3aTellb KAadecTBa JKU3HU CyOBEKTHBHOM COCTaBIAIONICH OIEHKH
COCTOSIHUSI 3[I0POBbS U TICUXOJIOTHYECKUX OCOOCHHOCTEH TMYHOCTH. Ero MHPOpPMATHBHOCTH OIpeesseT
24% nucriepcuy KOMIIOHEHTHOT'O COCTaBa.

YetBepThlit hakTOp BBISIBUI, YTO YPOBEHb MEIUIIMHCKOTO 00ECIEUYCHNS MEHbLIE BIUAET Ha yOBJIe-
TBOpeHHOCTh yuamumuca KOK. OTo ykaspiBaeT Ha TO, YTO MOJIOIBIC JIIOOM YIOBIETBOPEHBI YPOBHEM
o0ecriedeHus] MEIULIMHCKON TOMOIIM OOJIbIIe, YeM JIIOAM B CTapIIEM BO3pacTe. YPOBHH yIOBIETBOPEH-
HOCTH BCEMHM aCHEKTaMHU XHM3HH, KPOME 3[0POBbSl YBEIHUMBAIOTCS BMECTEe C Bo3pacToM. MHpopmaTus-
HOCTh (paKkTOpa «3ApaBoOXpaHeHne» cocTaBmia 12% usydaemoro nokasarens KK.

[Tony4yeHHsle pe3yapTaThl Jajee COMOCTABISAIOTCS C OLEHOYHOM WIKAOH, U AenaeTcs BeiBoI 0 KK
YYalluXxcsl, KOTOPBIM MOXKET UMETh cienyromue ypoBHu: 10 0,4 — Huzkoe KXK; no 0,8 — cpennee; no 1 —
BbICOKOE. B cOOTBETCTBHU C 3TUM JMana3oH 3HaYyeHUuH 10 0,8 COOTBETCTBYET BHICOKOMY PUCKY CHIDKEHHS
KoK u npuHuMaetcs pelieHre o NpoBeACHUN COOTBETCTBYIOIIMX MEPONpUsTUi [3].

[pu nzyuennn KXK pecrioHIeHTOB pa3IHyYHBIX COIMATIBHBIX TPYIIT KPOME 3TOTO HEOOXOIMMO Y4H-
TBIBaTh, YTO MPHU HCCIICIOBAHUU BCEH COBOKYMHOCTH cocTaBistomux KK, ciemyer menmaTs akieHTH Ha
MPUOPUTETHBIE (PAKTOPHI, KOTOPHIE B IAHHBIII MOMEHT BPEMEHH UTPAIOT HauboJiee CYIeCTBEHHYIO POJb B
¢dopmupoBanun camoomymenus KXK. [puoputernsie dhakropsl, okassiBatomue Biusaue Ha KK crynen-
TOB, MBI Pa3JIeNIWIM Ha JIBa OJI0Ka: O0IIKE — POJIb KOTOPHIX HEM3MEHHA B KaXKJIOW U3 00CIIeyEeMbIX TPYIII
" 4aCTHBIC, KOTOPBIC OKAa3bIBAIOT BJIHUAHUC B OHpe,Z[eJ'IéHHOM, KOHKPETHOM Cliy4dac. B YaCTHOCTH, IIPH MPO-
BeneHuu oreHku KXK cTyneHTOBR mepBoro Kypca HEOOXOAMMO YUYMTHIBATH OCOOCHHOCTH OOYYCHHS — OT-
PBIB OT MPHUBBIYHBIX YCIOBHUH JKU3HENEATSIBHOCTH, OOJBIION 00beM MH(OPMAIMK BHI3BIBAIOT OOJIBIIOE
SMOLIMOHAJIFHOE HANPSHKEHHE, KOTOPOE OKa3bIBAET BIMSHUE HAa COCTOSTHUE UX 310poBhs 1 KOK.

Crnenyetr OTMETHTH TO, UTO COIOCTABICHUE CYOBEKTUBHBIX 0aTbHBIX Ol1IeHOK KOK ¢ 00beKTHBHBIMHI
KOJIMYECTBCHHBIMU I1IOKAa3aTCIAMU IIO3BOJISIET BbBIABIATH U 60J1ee FJ'Iy6OKO n3ydatb IPHUIYUHHO-
CIJICZICTBEHHBIE CBSI3M MEXAy (aKkTopaMu, BIHSIONIMMHU Ha (hopmupoBanue 370poBbs U KX pecrionienra.
HOBTOMy HanboJiee ONTUMAILHBIM U 3HAYMMBIM JJ11 U3y4YCHUSA KX OTACIBbHBIX COOMAJIBHBIX T'PYIII pe-
CIIOHACHTOB SABJISICTCA UMEHHO KOMIIIEKCHBIN Ioaxon, KOTOpBIﬁ JOJI’)KEH BKIIFOYATh B ceos HNCCJICJOBAHUC
Pa3NMYHBIX TPYII MapaMeTPOB >KU3HHU, OKa3bIBAIOLIMX Bo3zeiicTBHEe Ha Gopmuposanne KK pecnionaen-
TOB. B TO ’ke BpeMs, B CBA3M C TE€M, YTO B Pa3IM4YHBIX COLMAIBHBIX I'PYNIAX JAaHHbIE MapaMeTPbl UMEIOT
HEOJJMHAKOBBIN BEC, KOHKPETHBI HA0Op METOJOB M MHCTPYMEHTOB MX HCCIIEOBaHMS IOJDKEH OBITH pas-
mnaHbIM. Takum o6pazom, u3yuenue KK yuameiicss Monoaéxu JOIKHO OCYHIECTBIATHCS C MCIOIB30Ba-
HHUEM KaK IpyIIOBOT0, TaK U HHAMBHIyaJIbHOTO ITOAX0/0B, HAIIPABJIEHHOTO HA AETAIbHOE U3yUEHHE POITU
Kaxaoro gaxkTopa B GOPMUPOBAHUN CAMOOLIEHKH Ka4eCcTBa KHU3HHU KaKIOTO 00CIIeayeMOro PecroHACHTa
U BCEH IPyNIbI B IIEJTOM.

3akmarouenue. [IpoBeneHHOE HecieI0OBaHKE MTO3BOJISIET CENATh BBIBOJ, 4TO JUIs HccaenoBanus KoK
CTY/ICHTOB CJIEyeT MCIIOJIb30BaTh EAMHBINA aNTOPUTM, HO IIPU 3TOM JIeJaTh aKLUEHTHl Ha 0oJiee JeTalbHOe
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M3y4eHHEe TOTO WJIM WHOTO MapaMeTpa B 3aBUCHMOCTH OT COI[MAIIEHOTO CTaTyca PecroHIeHTOB. FiMeHHO
MTOKAa3aTeNH, TIOJTyYeHHBIE B pe3yIbTaTe KOMIDIEKCHOTO MOIX0a K OlleHKE OOIINX ¥ Crieu(puIecKux (pak-
TOPOB B MX B3aWMOCBSI3M M B3aUMO3aBHUCHMOCTH, U OyAyT MPEACTaBIATh COO0H OCHOBY AJISI pa3padOTKU
MEIINKO-TICHXOJIOTO-TIeITaTOTHIECKUX M COIHATHHO-)KOHOMHYECKUX IPOTPaMM COXPAHCHHUS 3I0POBBS U
ONITUMU3AIINH YCIOBUH KU3HEEATENIEHOCTH MOJIOJBIX JIFOIEH.
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MATPUYHAS JEMOI'PAOUYECKASA MOJEJb U JIUHAMUKA
PACITIPOCTPAHEHHOCTHU TYBEPKYVY.IK3A

Pa3paborana maTpuyHas MoJenb pacnpocTpaneHus TyOepkynésa B Poccuiickoii deneparum.
[ToryueHbI MOJIETIbHBIE OLIEHKU BEPOSTHOCTH 3a00JIeBaHUS TyOSpKYIE30M U BBI3OPOBIICHUSL.
Paccunran ko3 unmeHT xn3HecnocoOHOCTH OOTHHBIX.

Knioueswvie cnosa: TyOepKynés, MaTpuuHas MOJEINb, TMHAMUKA 3200J1€BaCMOCTH.

A.A. Yakovlev, A.l. Abakumov
Institute of Automation and Control Processes, Far East Branch of RAS, Vladivostok
MATRIX DEMOGRAPHIC MODEL AND DYNAMICS
OF TUBERCULOSIS PREVALENCE
A matrix model of the spread of tuberculosis in the Russian Federation has been developed.
Model estimates of the probability of contracting this disease and recovering have been ob-
tained. The coefficient of viability of patients was calculated.
Key words: tuberculosis, matrix model, morbidity dynamics.

BBenenne
[IpoGiiemb! 3a00eBaHus TyOEPKYIE30M U KauecTBa MEIUIIUHCKOM ITOMOIIH B JIEYCHUU ITOH O0IIe3-

HU SIBJISIFOTCS 00BEKTOM MTOCTOSHHOTO BHUMaHHS YU€HBIX pa3iuHbIX oOnacteit Hayku [1, 2, 3]. Ilpu uc-
CIIeIOBaHMH 3aKOHOMEPHOCTEH M CBSA3€Hl 3THX MPOIECCOB ¢ AeMOrpapUIecKUMHU, COLMAIBHBIMUA U YKOHO-
MHYECKUMH (PaKTOpaMH HCIIOJIB3YIOTCS MaTEMaTHYECKHE METO/Ibl, B TOM YHCIIE U MaTeMaTHYECKOE MOJIe-
nupoBanue [4, 5].
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B nmanHoif paboTe paccmaTpuBaeTCs MaTpUIHAS MOJETh JHHAMUKH 3200J1eBaeMOCTH TyOepKyIE30M
B Poccum, kotopas pazpaborana Ha ocHoBanuu MaTpui Jlecin-JIepkosuya [6, 7, 8, 9].

Pa3pa6oTka MaTpuIbl IEpexoaa

B namreii Mmogenu AUCKpeTHOE BpeMsl paccMaTpuBaeTcs B rojax. MHaekcoM t 0003HaYMM TEKYIITHIA
takT BpemeHu. CoryacHo Mmetonuke denepanbHON CIIy)KObI TOCYIapCTBEHHOW CTATUCTHKH Pa3feiiuM
HACEJICHUE MYKCKOTO U )KEHCKOTO TI0J1a pa3ziesicHo Ha N=15 narwierHux rpymi. VcKiIroueHne cocTaBisieT
nmocieausist Tpynmna. B Hel cobpansr moau ot 70 ger u crapiine [10]. BekTop YHMCIEHHOCTH MY)XYHH B

. n n
Ka)KIIbIi TaKT BPEMEHH 0003HAYNM KaK yt eR , BEKTOP YHCIICHHOCTH >KCHIIMH KaK Zt e R" . B Bexro-

T T
pax Y = [yl, Yo,een yn] uzZ= [Zl, Zyyiny Zn] KOMIIOHEHTBI Y; W Z; NOKa3bIBAlOT HOMEP BO3paCT-

HOM IpyHIibl B ThICAYax YE€JIOBCK. I[J'IH OruCaHusA YUCJICHHOCTU MY>KYUH U XCHIINH B KaXK101 B03paCTHOﬁ

Yi

rpynne o6pasyem BEKTOp X, =
VA
t

2n
€ R“". B rakom cnyuae nomydaem, uto X;j — 9TO YHCICHHOCThH

ocobeif u3 Bo3pacTHOM rpymisl | (I =12,.., n) B MOMeHT t.

O603HaUNM di cpenHee 3HaueHUE KO QUIEHTa CMEPTHOCTH MO KaXKI0i BO3pacTHOM Tpymre i B

KaKIBIN TAKT BpeMeHH {.
[To nanneiM PoccTara Bo3pacT GpepTHIBHOCTH )KEHIIMH HaYMHAeTCs B 15 1 3akaHuuBaercs B 49 ser.

Ilycts bl, b ,...,bn — 3TO CpeIHHUE 3HAYCHUS BO3PACTHOCIIEHU(DUIECKUX KOAPPHULNEHTOB POKAAEMOCTH.
CootBercTBeHHO ¢ 15 10 49 et momydaem 7 MATHIETHUX BO3PACTHBIX MEPHOJOB. Torma Ko huIeHThI
b5 - bll OyAyT MOJOKUTENBHBIMHU, OCTANBHBIC PABHBI HYIIIO.

OpranuzyeM K03(hGHIUSHTH POXKIAEMOCTH OT/ICIbHYI0 KBajapaTHyto matpuily F (fertility) pasmep-
HOCTBIO (n X n) , Y KOTOpPOM TOJIBKO MepBasi CTPOUKa UMEET HEHYJIEBBIE AIIEMEHTHI CPEIU bl, b2 yerey bn ,a
Ha BCEX OCTAJbHBIX MECTaX CTOSAT HYJIH.

OGo3naunm 3a ) (I =12,..., n) K03 GUIMEHT OCTAIOIINXCS 0c00eH B i-0f BO3PACTHOM IpyIIre.
Tax kak Bce TPYHIIBI 110 5 JIET, TO CIEeNYIOIIYI0 IPYIITY MepeXxoauT 1/5 oT KojaryecTBa TPYIIBI B OCTa&Tcs

4/5. CnenoBatenbHO, BO BCEX IPyIIAX, KpOME MOCHENAHEH, [ = 0.8. B nocnenneii rpymme moxu HAKy1a

HE MEPEXOJIAT, O3TOMY B Hel Kodpduument P, = 1- dn .

CocTaBuM KBajpatHyio Matpuiy P ( nx n) , B KOTOPOH 3JIEMEHTHI [)j MOCTaBUM I10 TJIABHOM JHa-
TOHAJIY, & Ha BCEX OCTAIIbHBIX MECTaX CTOAT HYJIH.
P=diag(p, P,,.-r P ).
Hasosém ko3 puureHToM BbiKMBaHUA S; 10J110 0COO€H M3 BO3PACTHOM Ipymmbl i, BBLKMBLIUX 32
OJIMH TAaKT BPEMEHHM U MEPEIIECIINX B CIEAYIOIINA BO3PACTHOM Kilacc.
s =1-d;—p;.
re S; — 1o BRDKMBIIUX B i-if BO3pacTHOM rpymie, di — CMEpPTHOCTH B I-ii BO3PACTHOM TpyIIIe.

T[IoCTpOUM KBAJPATHYIO MATPUIY O (n X n). B Heill HEHyEBBIE IIEMEHTHI (Sl, Sopeens sn—l) pac-

IOJIOKEHBI 10/ TJIABHOM THArOHAJIBIO.
MonuuiupoBaHHbIE MATPHIIBI, OMMUCHIBAIOIIAE TUHAMHUKY BO3PACTHOW CTPYKTYPBI MYKUWH, KEH-
IIMH U MaTPUILy POKAAEMOCTH, COCTABIIIOTCS CIICTYIONUM 00pa3oM:

e  MaTpHLA U1 MY>KYUH M=P+S;
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e  MaTpula AJA )KEHIIUH W=P+S+06F, rne 0 — 10 monst neBouek cpelud HOBO-
POXIIEHHBIX;
e MaTpPULA POKIAEMOCTH JUIsl MyXCKON 4aCTH HACEICHUS B= (1— o ) F . rue (1 -0 ) -

ATO JTOJISI MAJTBYUKOB CPEIH HOBOPOXKICHHBIX.
Martpuria nepexoaa K HOBOMY TakTy BpeMeHU G UMeeT CIeAYIONIHiA BUT;

Martpunia G HeoTpuIlaTeIbHa, UMEET JOMUHAHTHOE COOCTBEHHOE YucCiio, papHoe 0,9938.

Junamuka 3a601eBaeMoCTH Ty0epKyaé30M

Pacnpenennm nannbie mo 3a001€BaeMOCTH TYOEpKYIE30M MO MY)KYMHAM W KCHLIMHAM Ha TSTH-
JICTHUC I'PYIIIBI 10 METOJUKE, OINMMCAHHOM BBIIIIE.

yt,l 2n . yt,2 2n
[ycte X; 1 = eR - BEKTOP 3JI0POBBIX 0co0eif, a X , = eR" - BEKTOp 0O0JIb-
t1 Zi

HBIX oco0ell B t-M roxy. UHUCIEHHOCTh HaceNeHUs KaXXI0i BO3pacTHOM IPyMITbl COCTOUT M3 30POBBIX U
OOJIBHBIX WHANBUAYYMOB.

X =X1+X% 2.
[IprMeHUM TOJYYCHHYIO MaTpHily mepexoga G sl MOICTMPOBAaHHS YUCICHHOCTH OOJBHBIX TYy-
OEpKYNE30M B CIIEMYIOIEM TAKTE BPEMEHH

X111 =0X 4
t+§,1
e &
X2 = 706X 4
t+=,2
2
[TpomexxyTounbie 3Hauenns X ¢ ©u X |  TOJYYMM M3 OTHOLIECHHH:
t+=1 t+=,2
2 2
t+§,l
: (2)
X = (1_13))(1,2 +aX,
t+=,2
2
re o — JI0Js 3200JIeBAOIINX CPEIN 30POBHIX;
[ — 10JIst BBI3JIOPABIIUBAIOIINX;
y — K03 pUIIMEHT KN3HECTIOCOOHOCTH OOIBHBIX MO0 CPABHEHHUIO CO 3/I0POBBIMH.
[oncrasus (1) B (2), momyunm
Xip11 = (1_ a)GXt,l + BGX, , @

X0 =yGX g + (1— ﬂ)?”GXt,z
Hnst HaxoxaeHus: KodpPHUIUEHTOB a, f, ¥ BBEAEM (PYHKIHIO CD(a ) ﬁ 4 ) 1 HalaéM eé IKCTpe-

MyM:
@ _ m k 2 H
(a,8,7)=2|x" = x| — min,
t
m
rae Xt — MOACJIbHBIC 3HAYCHHA YHCIICHHOCTH HACCIICHUA,
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k
X; — HaOmoJaeMble 3HAYE€HUS YUCTEHHOCTH HACENICHHUS.
m k
Bekropel X; u X; - 3T0 MojenbHble U Habmonaemble (nanubie Poccrara [8]) 3Hauenus BekTopa

R
X, = . , TJIe BEKTOPHI Xt,l u Xt,2 OIMCaHbI BHIIIIE.
t,2

Jlunamuka HaOIFOIaEMOM YUCIIEHHOCTH OOJBHOTO U 3I0POBOTO HACEJICHUS IMpecTaBieHa ¢ 1995 r.
1o 2018 r. IIpu MonenMpoBaHuy HavaabHBIM BEKTOPOM B3AT BEKTOp X; HalOmogaeMbIx 3HaueHui 1995

roza. BeKTopbl nocnenyomux roqos Mody4eHbl B pe3yIbTaTe MOAEIUPOBAHUS.

IMocne BeIMOHEHMsT cKpunTa B nporpamme MatlLab momyuaem crneayromue 3nauenus: 0=0.0005,
£=0.03, y=0.9443. Takum 00pa3oM, yCpeTHEHHAs JIOJsl 3a00JICBAOIIIX CPEU 3/IOPOBBIX B TCUCHHE Toja
coctasisieT 0.05%. Ilo nannsiM PoccTara 310 3Hauenune paBHo 0.07%, 4TO GIM3KO K MOJAENBHOMY 3Haue-
HUIO. YCpenHeHHas 10JIs1 BBI3AOPABIMBAOLINX CPEeIH OOJIBHBIX B TedeHUE roga coctasiser 3%. XKuzne-
cnoco0HocTh 60sbHBIX Th coctaBisier 94% 1o cpaBHEHHUIO CO 3A0POBBIMH.

3akino4eHue

B pabore npuBeneHa MaTpuyHas MOZAETb ITUHAMUKU 3a00JIEBAEMOCTH TyOEpKyJIE30M HaceJIeHUs
Poccuu. ABTOpBI CKOHCTPYHpPOBAJIM MAaTpUIly NEpPeXoAa K HOBOMY TakTy BpeMeHH. /loMuHaHTHOE cOO-
CTBEHHOE YHCIIO MAaTPHUIIBI Tiepexo/a OMm3Ko K eauHUIe U paBHo 0.9938. D10 ToBOpHUT 0 crame 3aboneBa-
emoctu TyOepkynészom. Koaddumment xuzHecnocoOHOCTH OONBHBIX IO OTHOIICHHIO K 370POBBIM CO-
craBisier 94%. MopaenpHbIEe OLIGHKM BEPOSITHOCTU 3a00J1€Th TyOepKyJIe30M B TEUCHHE rofa COCTABISET
0.05%, a BeposiTHOCTH BBI3AOPOBETH — 3%. [lomydyeHHBIE XapaKTEPUCTUKU COIJIACYIOTCS C OPYTUMHM IaH-
HbIMH Poccrara.
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HOUTOKHNHBI KAK UHANKATOPBI HHOEKIIMOHHOI'O 3ABOJIEBAHU S

BrisiBiIeHBI OCOOCHHOCTH BO3JICHCTBUSI JICYCOHBIX MPEIApaToB HAa IITAMMBI, BBI3BIBAIOIINC
HO30KOMHUAJIbHYIO TMTHEBMOHUIO. [IpeiokeH METOoJ] OIICHKH COCTOSHUS 3apaXEHHOTO Opra-
HU3Ma.,

Knwuesvle cnosa: IMTOKUHBI, HO30KOMHAIBHAS THEBMOHUS, UMMYHOMOJIYJIATOPBI, PACCTOS-
Hue Xaycaopda.

A.A. Yakovlev, A.l. Abakumov
Institute of Automation and Control Processes, Far East Branch of RAS, Vladivostok
CYTOKINES AS INDICATORS OF INFECTIOUS DISEASE
The features of the effect of medicinal preparations on the strains causing nosocomial pneu-
monia have been revealed. A method for assessing the state of an infected organism is pro-
posed.
Key words: cytokines, nosocomial pneumonia, immunomodulators, Hausdorff measure.

Beenenue

[Ipu 3a60neBaHsIX YeIOBEKa B Pe3ysbTaTe OaKTEPHATbHOTO 3apayKeHUs TSl HAOMIOACHUS 32 X0I0M
0O0JIE3HN UCIIONIB3YIOTCS Pa3MuHbIC XapaKTEPUCTUKU OpraHu3ma. B Hacrosiee BpeMsi OOHMM U3 TaKUX
WHAWKATOPOB MIPUHUMAETCS TUHAMUKA KOHLIEHTPAlUi IUTOKMHOB, BHIPA0AThIBAEMBIX, B OCHOBHOM, KJIET-
KaMU HMMYHHOH CHCTEMBI, KOTOpasi ABJSIETCS ONHON M3 Hanbosee OBICTPO pearupyromux npu MHGEKLIu-
OHHBIX 3a00s1eBaHUsX. LIUTOKMHBI BBIACIAIOTCS AKTUBUPOBAHHBIMU KJIETKAMH UMMYHHOW CHCTEMBI U SIB-
JSIIOTCS MHIUKATOpoM e€ coctosiaus [1, 2]. MccnenoBaHue IMTOKMHOB UMEET BaKHOE 3HAYCHUE TSI MH-
TepIpeTali HapymeHnH (QyHKIMOHAILHOW COCTOATENFHOCTH UMMYHHON CHCTEMBI OPraHM3Ma, OICHKU
CTETIeHH TSHKECTH, MOHUTOPUHTa 3(Pp(PEeKTUBHOCTH MPOBOJMMON TepamuH, MPOTHO3a TEUCHUS M HCXO7a
JICYECHHUS.

Hame nccnenoBanue cokycupoBaHO Ha OZHOM U3 IIMPOKO PACHPOCTPAHEHHBIX 3a00JIeBaHUN —
ITHEBMOHMH, IPHUUYEM B TaKOH TsDKeNol popMe KaKk HO30KOMHUanbHas (rocnuTaibHas) mueBMoHus (HIT).

CxeMa 3KcniepMMeHTa

B pabote npeacTaBneHsl pe3ysibTaTbl 00padOTKH AAHHBIX HKCIIEPUMEHTOB, IPOBEACHHBIX Ha J1a00-
PATOPHBIX MBIIIAX, O JUHAMUKE [IUTOKHHOB TPH OaKTEPHATbHOM 3apa)KCHHHU C Pa3BUTHEM THEBMOHHHU [3].
OmnerTel npoBoauiKch K.M.H. Koctromko A.B. n 1.M.H. Mapkenosoii E.B. Ha 6a3e TuxookeaHckoro rocy-
JApCTBEHHOI0 MEAMIIMHCKOTO YHUBEpCHTETA, I'. BiaguBocTok. Llenbro mpoBeIeHHOr0 UCCIIEOBAHNUS SB-
JIIE€TCSl CPABHUTENBHAS XapaKTEPHUCTHKA BO3ACUCTBUSA MMMYHOTPOIHBIX IMPENApaToB C 3aMECTHUTEIBHO-
VHULMHMPYIOIIUM JEHCTBUEM HA JWHAMHUKY JIOKAJIbHBIX JETOYHBIX LIUTOKMHOB M LIUTOKMHOB KPOBH B
YCIIOBUSIX Pa3BUTHA SKCIIEPUMEHTANBHONW OaKTepHaabHON MTHEBMOHUH, BBI3BAHHON MOCHHUTANIBHBIM LITAM-
MOM MHUKpoOpranusma [4]. DkcriepiMeHTHI BBIIOIHEHBI Ha O€JbIX HEIMHEHHBIX MbIax Maccoi 18-20 r.

B xaxmoit cepuu 3KCIEpUMEHTOB YYaCTBOBAJIO 1O 5 MbImeil. B uccnenoBanusax ObUTH MCTIOIB30BAa-
Hbl MAaTOreHHbie mTaMMbl Staphylococcus aureus, BbineneHHbIE M3 OPOHXOAIBBEOJIIPHOW KHUIAKOCTH
OOJIBHBIX C YCTAaHOBIECHHBIM uarno3oM HII. B xadecTBe MMMYHOMOAYIHPYIOMIKX MPENapaToB UCIIOIb30-
Banuch «Poukoneiikuny (A), «Jleiikunpepon» (B) u «Tunpoctum» (C). B xoxe skcriepuMenTa cpaBHHUBA-
JIOCh TPU CXEMBbI IPUMEHEHUs] IMMYHOTPOIIHBIX TpernaparoB: JieueOHas cxema Nel (mpodunakrudeckas)
(Hauamo BBeJEHMS Tpernapara — 3a 2 CYTOK J0 3apakeHHS MHUKPOOPTaHM3MOM, BBI3BIBAIOIINM pa3BUTHE
MTHEBMOHHMH ), JiedeOHas cxema Ne2 (mpemapat BBOAMTCS B TOT K€ JIeHb, B KOTOPBIH MPOU30IILIO 3apaKe-
Hue), Jeuebnas cxema Ne3 (mpemapaTr HaYMHAIOT BBOAWUTH CIYCTS 2 CYTOK C MOMEHTA 3apayKEeHUs).

WNnpexcupyemslit B Hammx skcnepumentax MJI-10 oTHocuTCs K NmpoTMBOBOCHANHUTENBHBIM. U3
[IPOBOCHAJIUTENBHBIX IUTOKMHOB MBI HccineayeM WDHy. /lanHble 0 KoHIEeHTpauuax quTokuHoB UJI-10 u
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NOHYy m3mepsmich B [UHAMHKE Tociie 3apaxeHus. [Ipu kaxxqoM m3MepeHnn (UKCHPOBAJINCh JaHHBIE O
KOHI[EHTPAIUAX IUTOKMHOB B CYIIepHATAHTE JIETKUX M KPOBH IJIS1 5 MBIIIEH, TAKUX U3MEPEHUH B TeUEeHUE
IBYX HEJIleNb OCYIIEeCTBISUIOCH mecTh (yepes3 1, 3, 5, 7, 10, 14 cyrok mocie Bo3aeicTBus). [ pynmmbl MbI-
el mpu KaXI0M crocobe 3apakeHus U JieueHus: OymeM o0o3Ha4yaTh Kak jedeHsie - JI. Takum oOpaszom,
TPYTITBI JIEYSHHBIX MBIIICH pa3InyaroTcs JiedeOHOM cxeMol 1 JedeOHbIM TpenapaTtoM. [laHHbIe 0 cocTos-
HUU OpraHu3Ma Pa3IndaroTcs eIle MeCTOM MX cOopa — CyIIepHATaHT TKaHH JIETKHX (Jajee — JIeTKHe) WIIn
CBIBOPOTKA KPOBH (Z1ajiee — KPOBB).

Jisa cpaBHEHUS ¢ 9KCIIEPUMEHTAIBHBIMHI JAHHBIMH TI0 JIEYEHNI0 OONBHBIX c(POPMHUPOBAHBI MHOXKE-
cTBO 13 30 3IOPOBBIX MEIIIEH, KOTOPHIX HE 3apakayli U He BBOAMIIN JIeUeOHBIN mpemnapar (310poBeie — 3).

Kpowme Toro, 10 cxeme 3KCIepruMeHTa OTCIICKHBAIOCH MHOKECTBO 3apaKCHHBIX W HEJIEYCHBIX MBI-
meit (0opHBIE 0€3 Tepanuu — b).

Koncrantras rpymnma 310poBsiX (3) u AMHAMUYHAS TPYIA 3apaKCHHBIX U HelledeHbIX Mbliei (b)
COCTaBJISIOT OMOPHBIE TaHHBIE B JABHEHIINX cCXeMax 00paOoTKH.

B3aumHas nmHaMuka rpynn ocooeit

Crieru¢mka SKCIIEpUMEHTa COCTOUT B TOM, YTO M3MEPEHUS B pa3Hble THU OepyTCs Y pPa3HBIX MEI-
medl. XOoTs OHM MPOHYMEPOBaHBI, HO OJMHAKOBBIE HOMEpa OTHOCSTCA B Pa3HbIE JHH K COBEPIICHHO HE
CBSI3aHHBIM JIPYT C APYroMm opranuzMaM. Kaxmas ocoOb yHHWKallbHA W HET OJUHAKOBBIX XapaKTEPUCTHK
MMMYHHOH CHCTEMBI. MBI MOMBITAIMCE CO3JaTh CXEMY aHAJIN3a JAHHBIX, B KOTOPOH MBIIIH OJHOTO THS
coOpaHbI B HEYMOPSIOYEHHBIE MHOKECTBA. JTO MPUBENO K 3ajaue BBEIYHCICHUS PACCTOSHUIN MEXy MHO-
’KECTBaMH, U MbI HCIIOJIb30BaIN paccTosHus o Xaycaopdy [5].

n
B IPOCTPaHCTBE R pacCTossHUC p MCKAY DJICMCHTAaMM X M Y BBIYMCIIICTCS KaK CBKIHWIO0BO:

p(xy)=x=yl, me |X]|=

X2, (X P
2% (X; — xommoHeHTa BekTOpa X). PaccrostHue Mexmy AByMs

MHOXECTBAMH BBIYUCIIACTCA 110 (I)OpMyne

p(D,G)=max<supp(x,G),supp(D,y);. (1)
xeD yeG

rae

p(x,G)= inf_p(x,y)p(D,y)= inf_p(x,y)
yeG xeD

B namem CJIydya€ MHOXCECTBA D, G KOHCYHBI, BCC YKAa3aHHBIC OIICpalliy KOPPEKTHO BLIITIOJIHUMBI.

I/I?)yquHe AUHAMUKU KXKXJ0I0 MUTOKUHA B OTACJIBHOCTU IIPU 3a00JIEBAaHNHN HE MOKET AaThb MMOJIHYTO
KapTUHY MPOIIECcca, NPOMCXOIANIEr0 B OpranusMe. Psi aBTopoB [4, 6] B CBOMX HCCIIEOBAHUAX OIIEPUPY-
0T IIOHATUAMHN «CUCTCEMA LHUTOKHUHOB), «HI/ITOKI/IHOBI:Jﬁ HpO(l)I/IJ'H)». TpaI[I/ILII/IOHHHﬁ aHaJIn3 AUHAMHWKHU
KOHIOCHTpAIUU NUTOKUHOB, TEM HEC MCHCC, MMOAPAa3yMEBACT UCCICAOBAHNC NUHAMUKHU OJHOI'0 HHUTOKHUHA.
Taxon noaxon, K COKaJICHHUIO, YITYCKACT U3 BUJA KOMILIEKCHBIN B3TJIA/ Ha OLICHKY COCTOSIHUSA OpraHu3Ma,
MMO3TOMY aBTOPLI INpeAjiaratoT METOM, OCHOBAHHBII Ha paCIIéTe paCCTO}IHI/Ii/'I MCKAY HECYNOPAAOUCHHBIMU
MHOXECTBAMU.

Huske aHAIM3UPYIOTCS JaHHBIE 171 cxeMbl siedenust Nel (npodusiaktudeckoit), mpoba u3 cynepHa-
TaHTa JIErkoro. JlaHHbIE 10 PACCYUTAHHBIM PACCTOAHUAM Xaycaopda npeacTasieHs! B Tadi. 1.

[pynmy 3 OyaeM CYHUTATh HTAJOHOM 310POBbsi. OTMETHM MPEXKIE BCETO, YTO PACCTOSHHUE MEKILY
«ITAJIOHHBIMY» MHOKECTBOM 3 3A0POBLIX U «3TAJIOHHBIM» MHOXECTBOM b HeneueHHBIX 6OHBHBIX C Kax-
JObIM ,Z[HCM YBCINYHNBACTCA, YTO MOKET T'OBOPHUTH 06 O6H.[eM YXYAUICHUU COCTOSIHHA OpraHu3Ma IpUu OT-
CYTCTBUHU JICUCHHA. BBCIZ[CHI/IC KE He‘{e6H0r0 npenapara s MBIIIER TpyIIIbL JI Cpa3y MCHSCT KOHIICH-
Tpalu HUTOKWHOB, MMIPUYCM 3TU KOHLUCHTPAIWU MOKHO OLICHNBATL KaK CHeL[I/I(i)I/I‘IHLIe JJId KaXKA0T0 IIpe-
napara.

41



CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

Tabnuya 1

Paccmosnue Xaycoopga ons uccaedyemvix npenapamos npu cxeme jevenus Nel (npoghunaxmuueckotl),
npoba u3 cynepHamanma 1é2Kko2o

JeHn 1 JIeHb 3 JIeHb 5 JeHb 7 nens 10 neunb 14
Poroneiiun (A) 3-J1 124,84 136,17 134,23 131,71 133,79 131,06
B-J1 67,85 68,39 58,55 96,34 21,86 13,73
Jletikuadepon 3-J1 82,62 82,04 81,83 83,84 99,32 91,95
(B) B-J1 69,85 39,64 36,64 51,06 99,41 98,34
Tunpocriny (C) 3-J1 280,63 326,91 286,35 316,64 300,84 266,74
B-J1 341,79 321,41 281,98 277,92 321,12 359,11
3-b 66,53 71,34 81,62 86,39 115,72 123,66

U Bce xe, s Oonee TOYHOM opreHTaMH TPy JI OTHOCHUTENFHO «3TaJOHHBIX)» rpynn 3 U b Hmke
CKOHCTPYHMPYEM PACCTOSIHUS OTHOCHUTEJIBHO 3THX TPYIII TaK, YTOOBI B 3TUX OTHOCHUTENIBHBIX PACCTOSIHUAX
YUYUTBIBAJIOCh U3MEHEHHUE PACCTOSHUN MexAy rpynnamu 3 u b.

JlMHAMHUKA B OTHOCHTEJILHBIX PACCTOSTHUAX

Hwxe npuBeneH npuMep TUHAMHKH TSl cxeMbl Jiedenns Nel (mpodumaktudeckoit), mpoda u3 cy-
nepHaTanTa Jérkoro. KomnakTHoe nmpezacraBieHle AMHAMUKYA KOHLEHTPAUUH HUTOKWHOB OCYIECTBIICHO
cieayromuM oopa3zoM. st KaKaoi rpynibl SKCIIEPUMEHTOB BBIUNCIISIOTCS 1Ba OTHOCUTEIBHBIX PACCTOS-
HUSA: OTHOLLEHUE paccTossHUi oT rpymisl JI o rpynmel 3 u ot JI 1o b k paccTosiHuio Mexay rpynnamu 3 u
b. Ha puc. 1 no ropu3oHTaIbHOM OCH OTJIOKEHBI OTHOCUTEIIbHBIE paccTOsIHUSA OT JI 10 3, a Mo BepTUKab-
Ho¥t ocu — ot JI mo b. Cunss nmuHMS (KOPOTKUN IMyHKTHP) 0003HAYAET NTWHAMHUKY TPU JICYCHHUHU Tpenapa-
TOM A, KpacHast JIMHUSA (CIUIONIHAS) — IperapaToM B, 3enéHas nmuHUS (IyHKTHP C TOYKOI) — IpenapaToM
C. XKénras nuHHS — 3TO OHUCCEKTprca IEPBO KOOPAMHATHOW YeTBepTH. Unciia Ha MapKepax yKa3bIBarOT
JHU CHATHUA Hp06. "3 OMpeACICHUA OTHOCUTCIIbHBIX paCCTOSIHI/Iﬁ CJICOYCT, YTO MMO3UTHBHAA 30HA C TOYKH
3pEHHs] BBI3JIOPOBIICHUSI HAXOJIUTCS BBIIIE OMCCEKTPUCHI MEPBOI YeTBEPTH KOOPAMHATHOM MIOCKOCcTH. B
3TOM citydae rpymma JI pacnosioxkeHa Ommke K rpymnmne 3 340pOBbIX 0co0el M0 cpaBHEHHIO ¢ rpymmoil b
OOJIEHBIX 0COOCH.

3 - Al
2,75 - :
2,5 -
2,25 -

2 -
1,75
15
1,25 -

1]
0,75 -
05 -
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Puc. 1. JJunamuka KonyeHmpayuii yumokuHo8 6 OMHOCUMENbHbIX PACCIOSHUAX OISl CXeMbl
neyernusa No 1, nézrkue.

Ha pucynke BugHO, 4TO IO CBOMM BO3AEHCTBHAM IpenapaTtsl A u B mocratouno 61u3ku, a nmpena-
pat C uHbIM 00pa30M BO3JCHUCTBYET HA OPTaHU3MBI.
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CUCTEMHBIN AHAJIN3 B ®YHIAMEHTAJIBHOH U KJIMHUYECKOH MEUIIMHE

3akioueHue

IIpy u3MeHEHUN COCTOSIHUS OpraHu3Ma, HanpuMep, MHYEKINOHHOM 3a00JIeBaHUN, KOHLIEHTPALUT
LUTOKMHOB B Opranu3Me n3Menstorcsa. Ha npumepe 3a0oneBanus 6akrepuanbHON THEBMOHKEH MbI MOIIbI-
TAJINCh BBIABUTH BO3MOXKHBIE 3aKOHOMEPHOCTH, IIPUMEHSIS CTaHIApTHBIC M HECTaHJapTHBIE METOIbI 00pa-
OOTKH U IPEACTaBJICHUS JAHHBIX.

OCo0EHHOCTH 3KCIIEPUMEHTOB CBSI3aHBI C BBICOKOW BapHaOEIbHOCTHIO KOHIEHTPALMM [UTOKHHOB
OT OJIHOHM 0COOM K APYroi W HE3aBHCHMOCTBIO OCOOEH NP pa3HBIX M3MEPEHHSIX. JTO MPUBOIUT K HIee
paccMOTpeHus1 00BEKTOB HKCIIEPUMEHTOB B BHUJE HEYNOPSIOYEHHBIX MHOXKECTB MBIIIEH, CKOMIIOHOBAH-
HBIX II0 Pa3HbIM NpHU3HaKaM. MBI [TOJy4YHIN HEyNopsaodeHHbIe MHOXecTBa 3, b, JI 1 npuMeHmwIn K 3TUM
MHOXECTBAaM XapaKTEPUCTHKY B3aHMMHOI'O PACIIONOXKEHHUs, MIMEHYEeMYIo paccTosiHue 1o Xaycnopdy. B
pe3yibTaTe Mbl IOJIyYMIIM KapTUHBI B3aUMHOTO IBM>KEHHsI MHOXecTB 3, b u JI oTHOCHTEeNnbHO Apyr npyra,
XapaKTepU3YIOLINE ASHCTBUS IPUMEHAEMBIX JIe4eOHBIX IPEnapaToB.

B sTOM mpencTaBieHMH AOCTATOYHO ONPEAEICHHO MPOSIBUIOCH BIMSHHUE MpenapatoB «PoHKomeH-
Kkuny», «Jleikuadepon». B oTHOCHTENBEHBIX paccTosHUSX (puc. 1) 3Th mpemaparbl 00ecnedrnBaloT 0OJb-
mryto O1u30CTh K rpymme 3 mo cpaBHeHuIo ¢ rpymmoil b. [Ipenapar « TuHpOoCcTHMY OOINBIIE TOANEPKUBACT
BBICOKME KOHLIEHTPAllMU LUTOKUHOB U yIaJeHHOCTH OT rpymnn 3 u b. [lanpHeiiue uccneqoBaHust MOIyT
MO0Ka3aTh YCTOMYMBOCTH 3THX OCOOEGHHOCTEH W HPUBECTU K BBIBICHUIO 3aKOHOMEPHOCTEH AMHAMHKH
KOHLIEHTPALMH IUTOKMHOB IIPH PA3JIUYHBIX BO3ACUCTBHUAX HA OPTraHU3M.
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CHUCTEMbBI KOMITbIOTEPHOMU ITOANEP)KKH HAYYHBIX HCCJIEJOBAHUNI
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O EHKA D®®EKTA JIMTTAHAOB TRPMS C IOMOIIBIO
MEXKMOJIEKYJISAPHOI'O JOKHMHI'A

B  pabore Obula coBepiieHa  TOMBITKA  ONCHHUTH  3(QQEeKT  B3aMMOACHCTBUS
HU3KOMOJICKYJISIpHBIX JMraHnoB kK TRPM8 ¢ wucnomb3oBaHWEM METOJOB THOKOTO
MEXMOJICKYJIIPHOTO JTIOKWHTa. MeXaHH3Mbl JKECTKOTO JOKHMHra H CO(TOB JUIsl €ro
npoBeneHus, Takux kak AutoDock, mo3BoasioT mpeackasaTh W ONMPEACTHTh BO3MOXHOCTD
o0pa3oBaHUs KOMILIEKCA MEXKIY PElenTOPOM M HU3KOMOJICKYJISAPHBIM JuranaoM. OJHAaKO,
JAHHBI METOJl HE CMOXKET OTBETHUTHh Ha BOMPOC SBISCTCS JIA BEIICCTBO arOHHCTOM WIIH
aHTaroHucToM. J[ns perieHus 3TON 3amauu TpeOyeTcs HUCHOJIb30BAHME METOIO0B THOKOTO
nokunra. Kommuiekc mporpammuoro obecneuenust Galaxy7TM mo3BosiseT pemmTth 3Ty
3ajlayy I[OKa3blBas, C KakOH U3 aMHHOKUCJIOT B aKTHMBHOM IICHTPE IPOUCXOMIUT
B3aMMOJICHCTBYS, TEM CaMbIM JiaBasi OTBET Ha BOMPOC, YEM SIBJISICTCS JIMTAH]I.

Kntouegwie cnosa: TRPMS, bnonnpopmarrka, THOKHIT TOKUHT.

P.D. Timkin, E.A. Timofeev, E.A. Borodin
Amur State Medical Academy, Blagoveshchensk
EVALUATION OF THE EFFECT OF TRPM8 LIGANDS USING
INTERMOLECULAR DOCKING

In this work, an attempt was made to evaluate the effect of the interaction of low-molecular-
weight ligands to TRPM8 using flexible intermolecular docking methods. Hard docking
mechanisms and software for its implementation, such as AutoDock, allow predicting and de-
termining the possibility of complex formation between the receptor and the low molecular
weight ligand. However, this method will not be able to answer the question of whether the
substance is an agonist or antagonist. To solve this problem, the use of flexible docking
methods is required. The Galaxy7TM software suite solves this problem by showing which of
the amino acids in the active center interacts with, thereby giving an answer to the question of
what the ligand is.

Key words: TRPMS, bioinformatics, flexible docking.

Hns pemieHue 3amadn — pa3pabOTKM HOBBIX JIEKAPCTBEHHBIX IMPENapaToB, BaXKHBIM SIBISICTCA HE
MIPOCTO HAWTH HU3KOMOJIEKYJISIPHBIX JIMTaH[, KOTOPBIM B3aUMOJICHCTBYET C LIEJIEBBIM PELENITOPOM, HO H
ornpenenuTs 3G HEKT Mrania, ABIseTcs I OH arOHUCTOM HJIM aHTOTOHUCTOM. [l 0TpaboTKM METOAMKH
ObLJT IOCTABJICH PsiJ] OCIEI0BATENbHBIX 3a1a4 (pHc. 1).

B kadecTBe MOTCHIMANBHBIX JUraHa ObUTH BbIOpaHbl 50 KaHIUIATOB KOTOPBIE 00Pa3yrOT KOMILIEKC
U SIBISIFOTCS. uppuTaHtamu. Mupopmatms o 3D crpykType nuranioB Obiia B3sTa W3 0a3bl AaHHBIX Pub-
Chem [1]. OrobpanHble KaHAXAATHI OBUTH 00PAaOOTAHBI ¢ TOMOIIBI0 KOMITIEKCA MOIETHMPOBAHUSI MEKMO-
JeKyJSIpHBIX B3aumoseiictBuii AutoDock. 13 50 kananmaToB ycrenrHo oOpa3oBaid KOMIUIEKC JIMIIb 9.
st pabotsr B copre B Galaxy7TM 6wuin mMoCieI0BaTeIbHO 3arpysKEHBI JIMTAHIBI, OJHAKO, JIUIIL 7 W3
HUX YCIIENHO OBUIM Paclio3HaHbl B MPOrpaMMHOM OOecriedeHre, OCTalbHbIe 2 He ObUIH MPOaHaTH3UPOBa-
HBI TPOTPaMMOii, BBHTy HEKOPPEKTHOCTHIO WX M3HAYAIBHON TOMOJOTHH [2]. AHamU3 caMOro perenrtopa
BBI3BAJI OOJBIINE 3aTPYAHEHUSI BBUYy €T0 OONBITNX pa3MepoB, KOTopsie cocTapiseT coiiie 4000 amuHO-
KHCIIOT, IpU AomycTUMOM 3HaueHne B 1000 aMMHOKHCIIOTHBIX OCTAaTKOB.

Jns pewenns 3Toit 3agaun B komiuiekce AutoDock, Oputa coBepiiieHa momsiTKa pelakTHPOBAHUS
Oenka. V3BecTHa 1leTIb aMUHOKUCIIOTHBIX OCTaTKOB 00pa3yIOIMX aKTHBHBIA LIEHTP Oelka, 1aHHas mmocie-
noBarenbHOCTh VAL733-LEU747 (puc. 2). JlaHHas mocienoBaTeIbHOCTh COJIEPKUT KIIOUEBYIO aMHUHO-
KucoTy Y745, KoTopas BHIIONHSET POJb KPUTUIECKOH TOUKH CBS3bIBAHUS.
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Puc. 1. Brnok-cxema ¢ onucanuem 3a0a4 u ux nocied08amenrbHOCmbio.

JInst moydeHusl TaHHOW TOCIIENOBATEIbHOCTH M OOJIErdeHUs] BBIYHCIUTEIBHOTO Iporecca Obuia
OTpEIaKTHPOBaHA IIEMb W TONy4eH (pparmeHT ¢ mocnemoBarenbHOCThI0O PHE715-ALA900. B mannyro
IeTIb BXOJUT aKTUBHBIHA [IEHTP, YTO MO3BOJIUT KOPPEKTHO YCTAHOBUTH I'PAHHUIIBI €TI0 PACHIOIOKEHHUS B CO]-
te (puc. 3).

Puc. 2. Busyanuzayus amunoxuciom VAL733- Puc. 3. Busyanuzayus yenu PHE715-ALA900.
LEU747 na ompeoaxmuposannoii yenu.

Penaktuposanue Oenka TRPMS8 mo3Bosinio onTHMHU3MPOBATh MOJIEKYIY JJjisi 0OJiee MPOCTOro W
OBICTPOTrO BBIYMCIICHUSI 10 CPABHEHUIO C WCXOJHON MOJEKYJIOH C COXpaHEHHEM IOCIe0BATENILHOCTH
AKTHBHOTO LIEHTPA, KOTOPBIK HEOOXOIUM JIJIsl CBSI3bIBAHUS.

I'nOkuii OKMHT Tpou3BeneHHbIH B codre Galaxy7TM, mo3Bosinl ONpeaeauTh aMUHOKHUCIOTHYIO
MOCJIEI0BAaTENILHOCTb, C KOTOPOH MPOMCXOAUT CTHIKOBKA. JlaHHBIE TMOKOrO JOKHMHIA TOKa3aid Kakue
AMHUHOKHUCIIOTHBIE TIOCIIEIOBAaTEIbHOCTH B3aMMOJICHCTBYIOT C JIUTaHIoM (puc. 3).
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Puc. 3. 2D Busyanusayus axmusrozo yenmpa TRPMS u 00wnoii uz npeononazaemvix
KoHpopmayu auearnoa nod unoexcom AMG-333.

AHanM3 NOJXYyYEHHBIX IAHHBIX IOKA3bIBA€T, YTO JIMTAHJ B3aUMOJCIHCTBYET C aMUHOKHCIOTHBIMH
OCTaTKaM{ HaXOISIIUMHUCS PAIoM ¢ Y745, HO TIpu 3TOM HE B3aMMOJICHCTBYET C HEH W HaXOsICh B OJHOM
MOJIEKYJISIPHOM KapMallike, OJIOKHPYsI JOCTYII K Hel, TeM CaMbIM SIBIISLSICH aHTaroHucToM. [Ipumenenue 3toi
METOJUKH B JIONIOJHEHUE K HEMPOCETSIM, AJIsl CKPHHUHTA, ITO3BOJIUT HE MPOCTO HAXOAUTH OONBIINE KOJIHYe-
CTBa MOTEHIUATBHBIX JTMT'AHIOB HO M 3apaHee BhUICHATH 3 deKT, KOTOpbIi OHM OYyayT OKa3bIBaTh [3].

Hcronp30BaHHEe METOI0B MMOKOTrO OKHWHra MO3BOJIUT B KOPOTKHE CPoKH iN SiliCO mpenckaspiBath
3¢ exT mpeanonaraeMoro JMranaa sl TOro Wik HHOTO PeLenTopa.
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IN SILICO MOJIMPUKALMSA JIMT'AH/IOB K TRPMS8 U OLIEHKA UX AGOUHHOCTHU

B nannoit paboTe Obiia MpennpuHSATA MOMBITKA OCYIISCTBICHHS MOAWGUKAIMN W3BECTHBIX
HU3KOMOJIEKYJIIPHBIX JIMTaHAOB K HOHHOMY KaHaiy TRPMS ¢ momMormisio cienuansHoro rpa-
¢uueckoro uHctpymeHtapus PyMOL. Drta mporpamma mo3Boisier mpocMmarpusats 3D
CTPYKTYPY Pa3JIMUHBIX BEIIECTB U NPUCOEAUHATH aTOMBI U ()YHKIMOHAIBHBIE TPYIIBI K pa3-
JUYHBIM TOYKaM MOJIEKYJbl. beina ocymiecTBieHa MOAU(UKALUS JTUTAHAOB ¢ IPUCOSAHHE-
HUS K HUM aToMOB (hTopa M MOJIeKyJ nukiorekcana. [locine moandukanum Obiia npoBeaeHa
OLIEHKA KOMIUIEKCOB OEIOK — JIMTaH[ METOAOM >KECTKOTO JTOKHMHIA C MIOMOIIBIO CIIeLHallb-
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Horo codra AutoDock mst cpaBHeHust apPUHHOCTH M CTAOMIBHOCTH CBSI3U MEXITy aKTHB-
HBIM IIeHTpoM perenitopa TRPMSE u Mmoaudukaros.
Knioueevie cnosa: TRPMS, bnonadopmaTika, KeCTKANH JOKUHT, MOTH(PUKATHI.

E.A. Timofeev, P.D. Timkin, E.A. Borodin
Amur State Medical Academy, Blagoveshchensk
IN SILICO MODIFICATION OF LIGANDS TO TRPM8 AND ASSESSMENT
OF THEIR AFFINITY

In this work, an attempt was made to modify the known low-molecular-weight ligands to the
TRPMB8 ion channel using a special graphical PyMOL toolkit. This program allows you to
view the 3D structure of various substances and attach atoms and functional groups to
different points of the molecule. The ligands were modified by attaching fluorine atoms and
cyclohexane molecules to them. After the modification, the protein - ligand complexes were
evaluated by hard docking using a special AutoDock software to compare the affinity and
stability of the bond between the active center of the TRPMS8 receptor and the modifications.
Key words: TRPMS8, bioinformatics, hard docking, modifiers.

KomnbroTepHslii Au3aiiH JeKapcTB, UCMONb3yss DBM, mo3BOJSIET ¢ BCOKOM TOYHOCTBIO OCYyILIE-
CTBUTH OTOOp KaHIWJATOB Ha OCHOBE WX COOTBETCTBHSA MHUIIEHH. OJHAKO €CTh BO3MOXKHOCTh HE TOJBHKO
moxoOpaTh HEOOXOAUMBIE TUTAHIBI, HO M OCYIIECTBUTH UX MOJTU(MHUKAIIUIO ITyTeM BHECEHUSI N3MEHEHHUH B
WX CTPYKTYpYy, TEM CaMmbIM CO3/1aBas HOBBbIE MOIU(HUIIMPOBAHHBIE BEIIECTBA — MOIU(UKATHI, KOTOPHIE
OynyT 6ornee 3(h(peKTHBHBIME 32 CYET BBHICOKOW aKTHBHOCTH W BO3MOYKHOCTH CO3/1aBaTh Oojiee CTaOMIIb-
HbIE KOMIUIEKCHI C aKTHBHBIM IIEHTPOM OeJKa.

Brin ocymiecTBiieH BEIOOp BEIECTB, KOTOPBIE SBISIOTCS U3BECTHBIMU JIUTAaHAAMH K OEIKY TETIOBO-
ro moka TRPMS. U3 uux orobpano 9 monekyn (AMG-333, AMTB, Borneol, Cannabidivarin, Cubedol,
Eucaliptol, Riluzole, Riparin, Rotundifolone), Hax xoTopbiMu GBLIO BO3MOKHO MPOBOAWUTH MOM(HKA-
0. ITocime orbopa ¢ MOMOIIBIO CIICNHAIBLHOrO mporpaMMHoro makera AutoDock [1] 6sut mpoBeaeH
KECTKUI MEXMOJIEKYISIPHBIA IOKWHT JIJIS OIEHKH a(UHHOCTH U CTAOUIBLHOCTH KOMIUIEKca OeI0K — JIH-
raf. CreayroniiuM 3TaroM OBLT MPOIECC CO3/IaHus MOAU(DHUKATOB ¢ OMOIIBI0 HHCTpyMeHTapus PyMOL
[2]. B manHO¥ mporpamme BOCIPOU3BOAMIIACH MH(DOPMALIKS O MPOCTPAHCTBEHHOM CTPYKTYpE BEIECTBA,

3anucanHoi B opmarte .SAf u penakTrpoBanue 3Toi CTPYKTYphI (puc. 1).
-]
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Puc. 1. Humepdeiic cneyuanvnozo cogpma PYMOL ¢ omkxpvimuim uncmpymenmapuem
Mooupukrayuu.
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B xagectBe cTpPyKTyp, KOTOpBIE MOJDKHBI OBLIM TOBBIIIATH HEOOXOAMMBIE XapaKTEPHUCTUKH, HC-
MOJIL30BAJIMCh aTOMBI (hTopa W MoJieKyibl TukIorekcana. K monekynam AMG-333 u AMTB 6w tipu-
coe/leHeHHbI aToMbl (ropa (puc. 2), a K OCTaJIbHBIM 7 BEIIECTBaM —MOJIEKYJIbI IUKIOTeKcaHa (puc. 3).
Tax kak mobasneHne Gropa nano xemaemMblil 3(GEKT TOTBKO B CIydae MEPBBIX JABYX BEIECTB, a B CIIyJae
Ipyrux Qe OBLT MPSMO IPOTHUBOTIOIOKHEIHN JKeJTaeMOMY.

IToce monyueHHbIe MOAMGHUKATHI OBUTH TaK)Ke MOABEPTHYTHI MPOBEpKe mocpeactsom AutoDock.
Beutm 3amanbl Takue ke mapaMeTpbl ¥ HACTPOMKH, YTO W MPU JOKHHIC MCXOJHBIX JIUTAHI, TO €CTh CThI-
KOBKa K Y745 nenu B (aMUHOKHUCIIOTa TUPO3UH C MOPSIKOBEIM HOMEPOM 745, KOTOpasi pactojioxkeHa Ha
BTOpO# CyOBEIMHUIIE), CETKA CTHIKOBKH PACIIOJIOKEHA 10 KoopauHatam: X — 182.677, Y — 134.094, Z —
224.764, KOTUYECTBO CO3/]aBACMbIX KOMIUIEKCOB OBLIO PaBHO 5.

Puc. 2. Cpasnenue cmpyxmyp ucxoonou monexynst AMG-333 u eco moouguxama c
OMMeUeHHbIMU amomamu hmopa.

Puc. 3. Cpagnenue cmpyxkmyp ucxoonoti moaexyaw: Cannabidivarin u eco moouguxama
¢ OMMEUEeHHBIM YUKTIO2EKCAHOM.

B pesynbrate npoBepku ObLIN MONTyYeHBIE JaHHBIE O a((UHHOCTU U CTA0MIBHOCTH BCEX KOMILUIEK-
COB, KOTOpBIE OBUIM aIaNTHPOBAHHBI U TPECTABICHBI B BHE TaOmuIb! (Tadm. 1).

AHanu3 MOJyYeHHBIX JaHHBIX IMOKa3bIBaeT, yTo a(pPuHHOCTH MOAM(HUKATOB K PELENTOPY BHILIE,
YeM y HCXO/HBIX JIMTaHA0B, OJIHAKO CTaOMIBHOCTH PH MOAX(UKALMY Naana, U3 5 yCTaHOBJIEHHBIX MPO-
Oexek y Moau(dukaToB ObLIO paBHO 1, B TO e BpeMsl y MCXOAHBIX JUraHi 4 M3 5 KOMIUIEKCOB ObLIH
YCTOWYMBBI M CTA0MIIBHBI, YTO CBUAETENBCTBYET O TOM, YTO MOAUGUKANXs (TOPOM U LHUKIIOTEKCaHa MO
XOAMT TONBKO AJsl moBbleHUs aduHHOCTH. Takke B COBOKYNHOCTH C TNTyOOKOH HEHPOHHOH CeThIO
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MOKHO OYJIET C BBICOKOM TOYHOCTBIO M CKOPOCTBIO MPEICKa3bIBaTh CBOMCTBA MOJU(DUKATOB, CO3aHHBIX
Ha OCHOBE paHee 00HAPYKECHHBIX ATOM )K€ CEThIO MOJIECKYT [4].

Tabauya 1
Munumanvras snepeus cés3u eandos u ux moouguxamos ¢ TRPM8

JIuranapl MunuManbHas Monuukater Monudukanus MunumanbHas

SHEPTHUsl CBSI3U SHEPrus CBsI3U
AMG-333 -2.82 AMG-333.M ¢dTop -2.95
AMTB -3.66 AMTB.M ¢drop -3.84
Borneol -3.58 Borneol.M IUKIIOTEKCaH -4.33
Cannabidivarin -3.40 Cannabidivarin.M [MKJIOTeKCaH -3.93
Cubebol -4.43 Cubebol.M [MKJIOTeKCaH -5.29
Eucaliptol -3.44 Eucaliptol.M [UKJIOTeKCaH -4.89
Riluzole -2.90 Riluzole.M [UKJIOTeKCaH -3.81
Riparin -3.75 Riparin.M [UKJIOTEKCaH -3.76
Rotundifolone -3.39 Rotundifolone.M LIMKJIOTeKCaH -4.76
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IHOCTPOEHME OHTOJIOI'MU CTAPEHUSA YEJIOBEKA HA OCHOBE
MEHTAJIBHOM KAPTHI “THE BRAIN”

[IpencraBnen onuH U3 BO3MOXHBIX BApHAHTOB MIOCTPOEHUS] OHTOJIOTHH CTAapEHHUS YeJOBeKa,
OCHOBAaHHBIN Ha MPUMEHEHUH MEHTaNbHOH KapThl “The Brain”. Co3nanubiii Bapuant “OHTO-
norust ctaperus denoBeka’” (Bepcust 1.37.08) comepxut 3406 OCHOBHBIX MOHATHH BMECTE CO
BceMH ux cyOmoHsTusaMu u 1174 unaTepHeT-cchikaMu, a Taxke 4881 cBs3el MeXIy HUMU C
yKazaHueM win 0e3 yka3aHusd WX HampasiieHus. [lokazaHa mepcrnekTuBa IPUMEHEHHUS 3TOTO
MOIXO0/1A IS JTYYILEero MOHMMaHUs MEXaHU3MOB CTapeHHs YeJIOBeKa Ha Pa3HBIX YPOBHSIX €ro
OpTaHu3aIMy U MONCcKa d3PPEKTUBHBIX CIIOCOO0B BO3JICHCTBUS HA HUX C TENBI0 MPOQIIAKTH-
KH MIPEKIEBPEMEHHOTO CTapEHUSI.

Knrouegole cnosa: cuCTEMHBIN aHANN3, CTAPEHUE YEIIOBEKA, OHTOJIOTHS CTAPEHUsI, MEHTAIb-
Has kapra “The Brain”.
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B.A. Kaurov
Research Center for Advanced Technologies, Moscow
BUILDING AN ONTOLOGY OF HUMAN AGING BASED ON THE MENTAL

MAP “THE BRAIN”
One of the possible variants of constructing the ontology of human aging, based on the use of
the mental map “The Brain”, is presented. The created version of the " Ontology of Human
Aging” (version 1.37.08) contains 3406 basic concepts together with all their sub-concepts
and 1174 Internet links, as well as 4881 links between them with or without indicating their
direction. The prospect of using this approach for a better understanding of the mechanisms
of human aging at different levels of its organization and the search for effective ways to in-
fluence them in order to prevent premature aging is shown.
Key words: system analysis, human aging, anthology of aging, mental map “The Brain”.

JaHHOoe cooOIeHNe SIBISETCS JTOTMYECKUM TPOJODKEHHEM TPEIBIAYIIET0 MOEro COOOIIeHUs Ha
3Ty TeMy [1], B KOTOPOM pacCMOTPEHBI pa3Hble BO3HUKAIOIINE OCIOKHEHHS MPU CO3JaHUU (OpMaIn30-
BaHHBIX CXEM CTapeHHS UYENOBEKa C HCIIONB30BaHUEM Oouplioro oobema mHpopmarmn. s ux obxona
HE0OXO0MMO pa3BHBATh HOBEIE JOTMOIHUTEBHBIE TIOJXOABI K CO3AaHMI0 TakuX cxeM. OJHUM U3 HUX MO-
JKET OBITh CO3/IaHNE OHTOJIOTHH CTAPESHHUS YeJIOBEKa.

B mpocreiimem Buie 6€3 MpUMEHEHUS CHEIMaIbHBIX TEPMUHOB OHTOJIOTHS 3TO (hOpMaIbHOE OIH-
caHHe HEKOTOPOH IMpeIMETHON OOJACTH B BHJIE €€ TOYHOH CIEIU(UKAIUN, CTPYKTYPH3AINHA 3HAHUHN O
Heit. OHa co3aeT caoBapb TePMUHOB (0A30BBIX MOHITHIH, 0OBEKTOB) IS MPEACTABICHUS U OOMEHa 3Ha-
HUSIMH 00 3TO MPEeAMETHOH 00JacTH C OMMCAaHUEM CBOMCTB U CIIOCOOOB M3MEHEHHS KaK CaMUX O0BEKTOB,
Tak ¥ cBsized Mexay HUMHU. OJTHUM U3 MPEUMYIIECTB HCII0JIb30BaHUsI OHTOJIOTMI B Ka4eCTBE MHCTPYMEH-
Ta MO3HAHUSI SIBIISIETCS CUCTEMHBIN TIOJXOJ K U3YUEHHIO MPEIMETHON 00JacTH. DTO MO3BOJISIET IOCTUTATh
eIMHOO0OPAa3HOCTh MPEJICTABICHUSI JTAHHBIX U BO3MOXKHOCTb YCT@HOBJICHHSI HEJIOCTAIONIMX JIOTUYECKUX
CBSI3EH MEX Ty 6a30BBIMH MOHATUSAMU [2].

B nacrosmee Bpems 00beM HaKOIIJIEHHON BO BCEM MHpe WH(GOPMAITUH TI0 MTPOo0IIeMe CTapeHUs KH-
BOTHBIX H YEJIOBEKA YK€ JJABHO ‘‘3aIllKajiBaeT’ B IJIaHE BO3MOXKHOCTH €T0 TOJTHOIIEHHOTO OCMBICIICHUS U
JIOTUYECKOTro aHanu3a. Tem Ooiee, 4To, K OONBIIOMY COXKaJCHHIO, B HEM COJIEpPXKHUTCS OOJbIas macca
MIPOTUBOPEYHBON HH(OPMAITUH, B KOTOPOH TPYAHO OTAEIUTH TJIABHOE OT BTOPOCTETIEHHOTO, MPUYUHY OT
CJIEJICTBHS, 3aKOHOMEPHOE OT cirydaifHoro. Kak ykas3aHo BbIIlie, TOMOYb BBIXOJIy U3 3TOTO CHTYaIlldd MO-
JKET CO37aHHe OHTOJIOTHUHU CTapEeHHA. 3a pyOeKOM YK€ €CTh OT/ENbHBIEC MOMBITKA CO3/IaHUS TAKHX OHTO-
sorui [3, 4], HO UX MIPAKTUYECKOE MPUMEHEHUE MHE HE U3BECTHO.

Tak kaxk 3HaHUS HOCST BO MHOTOM JIMYHOCTHBIM XapakTep, TO MPEJAMETHYIO 00JIaCTh MOYHO OIH-
caTh pa3HbIMH OHTOJIOTHSIMH H C UCTIOIB30BAHUEM PA3HBIX MPOrpaMMHBIX cpeacTB — CYB/I, anekTpoHHBIX
TabJINI, MEHTAJIbHBIX KapT, CHCTEM MCKYCCTBEHHOT'O MHTEIUIEKTA, CIEIHATU3NPOBAHHBIX SI3bIKOB U JIPY-
rux. Co3/laHie OHTOJIOTHH B pa3HBIX OOJACTSIX JIEATENIbHOCTH YeJIOBEKa IMOCTETIEHHO CTAaHOBUTCS TPEH-
oM. TobKO B 001acTH OMOMEIUIINHEI X YK€ CO3[IaHO CBBIIIE IBYXCOT [5].

B nHacrosimem cooOrieHny st MONbITaJICs NPEICTaBUTh CBOM padouMii BapHaHT OHTOJIOTMH CTapeHus
Ha Ka4yeCTBEHHOM YpOBHE, UCXO/Is U3 CBOETO MMOHMMAaHUsI JaHHOH 1poOieMbl. B Hell s He TpUMEHSII0 THITHY-
HYI0 OHTOJIOTHIO aHaJM3a JaHHBIX C MCIOJIh30BAHHEM KOJIMYECTBEHHBIX aJTOPUTMOB B BHJIE MareMaTHde-
CKOM CTaTHCTHUKH, D3BOJIFOIIMOHHOTO MOJICIUPOBAHUS (TCHETHUECKUX aJTOPUTMOB M HCKYCCTBEHHBIX
HEHPOHHBIX CETEH pa3HOr0 THIIA) ¥ MAIIMHHOTO 00y4YeHHs (IOCTPOCHUS JIEPEBbEB PEIICHUS] PA3HOTO TUTIA).
Kak mokasaHo B psijie HCCIIeIOBaHUiA, HX aKTUBHOE ITPUMEHEHHE, HECMOTPSI Ha BCKO OTPOMHYFO ITPOTPaMM-
HYIO MOIIIb, K OOJIIIIOMY COYKAJICHHIO, TI0KA HUKAK HE TIOBJIMSIIO HA TIOMCK HOBBIX MEXaHW3MOB CTApEHUS U
cosnanne 3(pPEeKTUBHBIX repoNpPOTEKTOpOB. Hanmpumep, pyKOBOIUTENb OJTHON K3 BEIYIIMX MHPOBBIX KOM-
naHuii B oonactu ononnpopmaruku crapenus Insilico, Boznarasimii panee o4eHb OOJIbIIME HAJICHK/IBI HA €€
BO3MOKHOCTH B IIOUCKE CPEJCTB 11 OOPHOBI CO CTapEHUEM, B OJJHOM M3 CBOMX IOCJIECHUX HHTEPBBIO Pa3o-
YapoOBaHHO CKa3all, YTO OH OOJIbIIIE HE BEPUT B BO3MOXKHOCTH JKUTh 110 150 neT B 3ToM Beke [6].
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B cBoei OHTOIOTHH 51 UCXOXKY U3 €€ ONpeesIeHHs], KOTOPOe CYIIECTBYET B HH(POPMAIIMOHHBIX TEX-
HOJIOTHSIX, T/I€ MOJ] OHTOJIOTUEH MOAPa3yMeBaeTCsl TAKCOHOMHYECKOE OIMHMCAHHE MHOKECTBa OOBEKTOB U
cBsi3eil Mexy HUMH. [1og 00 beKTOM B MOEH OHTOIOTHH TOHUMAETCS JI00ast CyIIHOCTh, HallpUMep, Belle-
CTBO, IIPOLIECC, COCTOSIHUE U T.[I. C €€ CBOWCTBAMHU M CIOCO0AMM UX U3MEHEHHUS.

CrapeHue 4esoBeKa — 3TO PACTAHYTHIH BO BPEMEHH IPOLIECC BO3PACTHBIX M3MEHEHUH OpraHu3Ma,
00yCIIOBIMBAIOIINX CHI)KEHHE 00Iel KM3HECIOCOOHOCTH, TIPUBOJSIIEE B UTOTE K COCTOSHHIO, HE COB-
MECTHMOMY C kM3HbI0. Ha (hopmanbHOM ypoBHE OH IpeACTaBiIseT coO0M CUCTEMHBII EpexXoa OpraHu3Ma
U3 OJHOTO COCTOSIHHMSA B APYroe Kak MTOTOBBIM pe3ylbTaT Mepexoia MHOKECTBa YACTHBIX (JIOKAJIbHBIX)
MIEPEXOJIOB €r0 COCTaBHBIX YaCTEW HA BCEX YPOBHSX €r0 OpraHM3aluy. JIOKaIbHBIE IEPEXOIbI OCYILECTB-
JISIIOTCS B PE3yJIbTaTe OTBETHBIX PEaKIHii pa3HbIX 00BEKTOB Ha COOTBETCTBYIOLINE UM HECOOTBETCTBYIO-
M€ UM BO3JICHCTBUS. DTH PEAKLUH ONPEEIIIOTCS CBOHCTBAMU OOBEKTOB, 3aKPEIUICHHBIX HA FeHETHYe-
CKOM ypoBHe. OHTOJIOTHS TO3BOJISIET (POPMATH30BATh OMMCAHHUE 3TUX BO3PACTHBIX U3MECHEHUH.

Beck nmeromeiics ceifuac orpoMHbI 1 MHOTOOOpa3HbIH MaccuB HH(GOPMALIMHN O CTAPECHUN YeIOBe-
Ka MOYKHO CTPYKTYPHPOBATh IO pa3HbIM OCHOBaHMSM. B 4aCTHOCTH, Ha NaHHOM 3Talle B KadeCTBE I10-
CJIEAHMX MHOW ObUIM BBIOpAHBI CJIEAYIOIINE OCHOBHBIC MOHSATHA: SBOJIOLMS CTApeHHs, NPUYHUHBI CTape-
HUS, MEXaHU3MBbI CTapeHHsl, BO3pacTHbIE HM3MEHEHHs (IIPU3HAKW), BO3pACT3aBUCHMBIC 3a00JeBaHUS,
MIPEXAEBPEMEHHOE CTapeHHUE, OJITr0KUTEIbCTBO, OMOIOXKEHHUE, (DAaKTOPBI BO3AECHUCTBHSA, 00BEKTHI BO3ICH-
CTBHS, YPOBHM BO3AEWCTBUA (JIOKAJIM3allMM) W BCIIOMOTaTelbHOE MOHATHE “‘TipuiioxkeHue”. Ilpu stom
BHYTPH TIOHATHS “O0BEKTHI BO3ICHCTBUSA OBLIN BBIJEICHBI CICIYIOIINE CAMOCTOATEIBHBIE CYOITOHSITHS:
COOBITHSI, COCTOSIHHSI, MPOILIECCHI, CBOMCTBA, CTPYKTYpBL, (QYHKIHH, METaOOIUTHI, pernepHble OOBEKTHI,
omomonenn. BHyTpu moHATHS “‘npuiiokeHHe” OBLTH BBIJECICHBI TaKWe CyONMOHSTHSA: METKH (PUIBTPOB
(“rern”) muis MOHATHA, 0a3bl JaHHBIX (3HAHMIA) IO OMOJIOTHH CTApEHHUS, JINTEpaTypHbIE UICTOUYHUKH, MO/Ie-
JUPOBAHUE CTApCHMA. 3aT€M BHYTPH Ka)IOTO BBIACICHHOTO MOHSATHS OBUIM COCTABJIEHBI CBOU CIIMCKH
OCHOBHBIX CyONOHSITHI pa3HOW MepapXUUeCKOoW MOAYMHEHHOCTH. B UTOTE Ha TaHHOM dTare ObUIO BhIJe-
nieHo 3406 OCHOBHBIX MTOHATHH BMECTE CO BCEMH MX CyONnOHATHAMU U 1174 MHTEpHET-CChUTKAMU, a TaKXKe
4881 cBs3eii MeXKIy HUIMH € YKa3aHUEeM WK 0e3 yKa3aHus UX HalpaBJICHUsI.

Ha sTom sTare npex/e Bcero crosuia 3aaada mocTpouTh 0OIIYI0 KOHCTPYKIIMIO JAHHOW OHTOJIOTHH.
[ToaToMy mONMy4YEHHBIE CIIUCKU W CBA3H, Pa3yMeEETCs, €lIe OYEHb JAJIEKH OT CBOETO MOJIHOIO COBEPIICH-
CTBa W 3aBEpIICHUS, TaK KaK OO0Iee YUCIO 3HAYUMBIX MMOHATHI MOXET JIOCTHraTh JeCATKOB Thicsd. He-
CMOTpPsSI HA MHOTOYHCJIEHHOCTh BBIJCIEHHBIX MMOHATHH, B MIPAKTHYECKOM IIAHE MX BCE MOXHO CBEPHYTh
BCETO B JIBA UTOTOBBIX TMOHSITHS — (P)AKTOPBI, YMEHBIIAIONIHE TPOJIOJKUTEILHOCTD KHU3HU (YCKOPSIIOIIUE
cTapeHue), 1 (pakTopsl, yBeIMUMBAIOIIKE TOCIEIHIO (3aMEeANISIOIINE CTapeHHE).

B kauecTBe nmporpaMMHOro CpeicTBa JUIsl CO3AAHMS KOMIBIOTEPHOIO BapHUAHTA TaHHOW KOHCTPYK-
UM OHTOJIOTHM CTApEHUs YeJlOBeKa Oblla BeIOpaHa MeHTanbHas (MHTEWIeKT) Kaprta (mind map) “The
Brain” [7]. Ee cyliecTBEeHHBIM OTJIIMYHEM OT JPYTMX THIIOB MEHTAJIbHBIX KapT SBJISETCS TO, YTO B HEH B
KauecTBe “pojuTeNss” MPU YCTAaHOBJIEHUH BHYTPUCHUCTEMHBIX CBSI3€H MOXKET BBICTYNATh JI000H ee 00BeKT,
C KOTOPBIM, KPOME HPSIMBIX MPEIIECTBYIOMINX U MOCJIEAYIOMNX CBA3EH C IPYrUMH OOBEKTaMHU, MOKHO
yCTaHaBIUBATh C MOCIEIHUMH U KOCBEHHbIE (aCCOLMATHBHBIC) CBA3H. DTO MO3BOJISIET B PEXHUME TOMCKA
JIETKO yCTaHABIMBATh JIOTHYECKHE CBSI3U, B TOM YHCJIE HEOUYEBHIHBIC, MPH MX HATUYUU MEXIY BCEMHU
HUCXOIHBIMU TOHSATHAMHU M CYOIIOHATHSIMHM HE3aBUCHMO OT MX KOJMYECTBA U 1O Pa3HBIM HAIPABICHUSIM
(“kooparHaTaM”), YUCIIO KOTOPHIX HE OTPAaHHYECHO, U MPOCIICKHUBATH MOCIEIOBATEILHOCTh UX 00pa3oBa-
Hus. [laHHas MeHTanbHas KapTa MO3BOJIAET HPUKPEIUIATh K JIOOBIM MOHATUSAM M CYOIOHSTHSIM MHOKe-
CTBO Pa3HBIX METOK JJIi MHOTOCTOPOHHETO MOMCKA, BKIIOYAs MMOMCK aCCONMATUBHBIX MOHIATHN. DTO JAeT
BO3MOHOCTbB OCYILECTBIISITh M30UpaTENbHBIN TTOUCK JIF0OOOH COBOKYITHOCTH OOBEKTOB (OHATHH U CyOIIO-
HATHUIT) B COOTBETCTBHHU C JIF000H BBHIOpaHHON KOMOMHAIIMEH METOK, T.€. BBIACNATh M aHAIU3UPOBATH JIO-
KaJIbHbIE CEMaHTHYeCKue ceTu. B urore ato cozpaer mnardopmy A NpeAcTaBiIeHUs B OyrynieM JTaHHOH
KOHCTPYKIIUH B BUJIE XOPOIIO CTPYKTYPUPOBAHHOM, MHOTOMEPHOM, CEMaHTHYECKOM, rpad)MueCKOM CXEMbI
CTapeHus C LIMPOKUMH BO3MOKHOCTSIMH €€ CUCTEMHOIO aHaJIH3a.
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JlanHas crctemMa mo3BoJIsIeT J00YI0 HOBYIO HH(POPMAIIHIO 1T0 OTHOIIEHHUIO K CYIIECTBYIOMIEH OHTO-
JIOTHH pa3deluTh (pa3BecTH) Ha OTACIBbHBIE COCTAaBIIONINE (‘““KOOpAMHATHI , OCHOBAHHS), BBISICHUTH UX
B3aMIMOCBSI3b C YK€ HMEIOIUMIUCS TaHHBIMU U TIPH HEOOXOJMMOCTH JTOTIOTHUTHh MU UCXOJHYIO CUCTEMY.
WNuave roBopsi, OHa MpeACTaBIsIeT cOO0H MOCTOSHHO Pa3BUBAIOIIYIOCS CHCTEMY 3HaHHUH (“‘MO3r”) 1Mo mpo-
OreMe cTapeHHs ¢ YAOOHBIM U MPOCTHIM HHTEPHEHcoM.

B Hacrosmee BpeMs B KOMITBIOTEPHOM BapHaHTE 3TOW cHCTeMbI “OHTONOTHS CTapeHUs YesloBeKa”
(Bepcus 1.37.08) ucnons3yetcst mporpamma “The Brain” (epcust 12.0.64) u u3ydaeTcsi BO3MOXKHOCTh €€
COTIPSDKEHHUS ¢ paHee CO3MaHHOM rpadudeckoit cucremoit “AgeMap” [1].

Ha pucynke 1 m3oOpaxkeH ofwH (parMeHT BU3YaJlbHOTO IPEJCTABICHUS OTAEIHHBIX OOBEKTOB
JAHHOU OHTONOrM4eckou cucremsl. Ha HeM crnpaBa moka3zaH CIMCOK HNOHATHN, CBSI3aHHBIX C UCXOAHBIM
MTOHSTHEM, KOTOPOE HaXOIUTCS BBEPXY.

AR A A =N o | '
OHTONOMMA CTAPEHINA YENOBEKA, ver. 1.37.08 (BK Soft, (C) 10.2021) oA [T Oburnui B 7/ F [v|@ trosni|=
i |

~ KneTouHble MexaHM3Mbl CTapeHusa
00bwme MexaHu3Mbl CTapeHia

-(Dmsmonomu... IR CExis
Knero*—lele ? L MOP‘?O"OW'--» T 06LMe MexaHW3Mbl CTapeHus
Ewoxnmmuec , 4 oI"eHemuecxm... - (I\ﬂwstgnormuecme MeXaHWaMbl CTapeHus
- Mopdonoruyeckne MexaHuambl CTapeHns
® {KﬂeTO‘-{Hble MeXaHWU3Mbl C}
KHETOHHEIE 0. A e MOHEKV"QPH'" — TeHeTU4YECKIMe MeXaHU3MbI CTapeHus
I — ’CMCTEMHbIe — MonekynsapHble MexaHW3Mbl CTapeHus
e — CHCTEMHbIe MexaHU3Mbl CTapeH1a
] )] MVIKPO6MW

- MukpoburoTiyeckue MexaH13Mbl CTapeHus
s CtapeHue MEXKNETOUHOIH cpe... oHapyLuemne Me)KKJIETOl-IHOVI K... ~ Knetounble dakTopsl, ymeHbitiatoLiye MK

o/ 0 . ~ BroxnMuyeckme MexaHuaMbl CTapeHuA
% ~ KnetouHble MaMeHeHUs (MpUaHaKm) Npy cTapeHni
*YMeHbLUeHMe K Koanecma cTB... °Hapywenue HyBCTBVITEJleOCT s ~— KneToutible MpUimHb! CTapeHns
CTapeHue MeXKNeTo4HoM cpefpl
HakonneHue BHyTpUKNeToYHoro “mMycopa”
YMeHbLUEeHWe KONMYeCTBa CTBOMOBbIX KIETOK
YmeHblueHre akTvBHOCTH CTBONOBbLIX Knetok
Knetourbiit numut Xerbnuka
YMeHblueHne akTuBHocTu BHyTpuKneTouHoii Aytodaruu
HapyLueHne MeXKNETOYHON KOMMYHUKALIMN
YBenuuenune Konuyectea CeHecLeHTHbIX (cTapbix) Knetok

o HakonneHue BHyTpVIKJ'IETOlIHO... o YBeanueHune KOJ‘IW—IECTBB CeHe...

e

oYMeHbleHKe aKTMBHOCTVI CTB... OHOBpE)KAEHME MVITO)(OHApVIVI
V| KJ'IETO'-iHbIM ﬂMMMT Xeddan... eYmeHblueHune LMTOKMHB OMEHT...
eYMeHblLeHue aKTVIBHOCTM BHy.. & yBenVI\-IEHVIE KOMMYecTea U...

e e e e

4 D> OHTONOTWA ... & 1-TpuunHbl ..  KneTouHbie np...  KNeTouHbie Me... 1

Puc. 1. Knemounvie mexanuzmvl cmapeHusl.

[Tpu BEIOOpE TFOOOTO HOBOT'O UCXOTHOTO TIOHSTHS U3 ATOTO CIMCKA MM BHE €r0 10 3aliCH B TIOUC-
KOBOMW CTPOKE C pa3HbIM YHCIIOM TIEPBBIX OYKB (MCIIOJIL30BaHUE MOHSTHS C PA3HOW CTENEHBIO ero hepap-
XHMH) CUCTEMA TYT K€ MOKAa3bIBAET CBS3M ATOTO MOHATHS C IPYTMMH B BUJE aHAJOTMYHOM KapTHUHBI. JTO
JTaeT BO3MOXKHOCTH B yJOOHOU (hopMe “IyTemecTBOBAaTh TIO Pa3HBIM HAIIPABICHUSM B paMKax BCed CO-
3IaHHOM CHUCTEMBI, 00paIasich MPU HEOOXOAMMOCTH K IIEPBOMCTOUHUKAM B HHTEPHETE, CBA3AHHBIX C 3TUM
MIOHSTHEM.

JlaHHasi KOHCTPYKUUSI IPU €€ JOCTATOYHOM HAIOJHEHUH, JaJbHEHIEM yCOBEpPIICHCTBOBAaHUU U
BbIOOpE TIPOdEeCcCHOHANBLHOM, CIIeUATU3UPOBAHHON MPOTPAMMHON TIATGOPMBI MOKET CIIYKUTh HCTOY-
HUKOM JIJIS1 BBIABJICHUS MMOTEHIMAIBHBIX CHCTEMHBIX OHTOMATOTeHEeTHYecKux reponpotrextopos (COIID).
Heiictere COINl" Ha mporiecc cTapeHUs] MOKET CYIIECTBEHHO OTIMYAThCS OT JICHCTBUS OOBIYHBIX Tepo-
MIPOTEKTOPOB ¥ OBITH O0Jice PU3HOIIOTUUECKH (ITATOr€HETHIECKH) COBMECTUMBIM C OPTaHU3MOM YellOBEeKa
[0 CPaBHEHMIO C JCHCTBHEM CYIIECTBYIOIIMX XUMHUYECKHX IepolpoTeEKTOpoB. Jlaxe uMeromascs ceifuac
BepcHUs JTaHHOM OHTOJIOTUHM MO3BOJIAET BBIXOJUTH Ha HEOUEBHIHBIE ACCOLMATUBHBIE CBSI3U MEXIy pa3HbI-
MH O00BEKTaMH, OOBACHAITH WX WM CTPOUTH JIOTHUECKHE MPEANOJIOKEHHS B OTHOLICHUH MX BO3MOKHBIX
MEXaHM3MOB U TIAHUPOBATh COOTBETCTBYIOIINE 3KCIIEPUMEHTHI JUIsl UX POBEPKH.

OTa OHTOJIOTHS YK€ MOXKET MCIOJIB30BaThCS B Ka4eCTBE aHAJIora SKCIIEPTHON CHCTEMBI, B YaCTHO-
CTH, TTOTEHIMAIBHO HAaXOAUTh M OOBSICHATH B3aMMOCBSI3U MEXAY OTACIbHBIMH JJIEMEHTAMH Pa3HbIX Me-
XaHU3MOB CTApPEHMS YEJIOBEKa M CBOWCTBAMH COOTBETCTBYIOIIMX KOMIIOHEHTOB B IHINIEBBIX MPOIYKTAaX,

52



CHUCTEMbBI KOMITbIOTEPHOMU ITOANEP)KKH HAYYHBIX HCCJIEJOBAHUNI

pacTeHMsIX ¥ HEKOTOPBIX JIEKapCTBaX, a TaKkke 0COOEHHOCTSAMH CaMOT0 MUIIEBOTO PEKUMa U 00pasza jKu3-
HU. JTO JaeT BO3MOXKHOCTh Ha OCHOBE HAy4YHO OOOCHOBAHHBIX PEKOMEHMAIMI MCIIOIH30BATH ITONTYYCH-
HBIE Pe3yJIbTATHI IS YBEIHUEHHUS Tepruo/ia aKTUBHOW JKM3HM YelIOBEKa W OTOABHUTaTh HACTYIUIEHHE €T0
BO3pACTHBIX 3a00JIeBaHUi Ha 00JIee MTO3THUH CPOK.

Haxonern, KOMITBIOTEpHBI BapHaHT 3TOM CHCTEMBI MOXET UMETh M OOJBIIOE CaMOCTOSTEIbHOE
3Ha4YeHHUE B KauecTBe CBOe0Opa3HOro aHanora “Bukuneann” kak o4yeHb y10OHOTO U MHOTO(YHKIIMOHAIb-
Horo (“MHOTOMEpPHOT0”) CHpaBOYHHKA IO MpobjeMe CTapeHusl uYelioBeka. bojee TOro, B 4eM-TO Aaxe
MPEBOCXOISAIIETO M0 CBOeMY (QyHKIMOHaNy opuruHai. Hampumep, amepukanen Ixeppu Muranky 3a 18
JIET WCTIOJIB30BaHus mporpamMmsel "The Brain® co3man cBoi mepCOHANbHBIN «ITU(PPOBOI MO3M» ¢ HH(POpMa-
IIHeH W3 pa3HBIX 00JIacTel AeATEIBPHOCTH YelloBeka, B KoTopoM Ha 2015 rox 6pu10 281 ThICSYaA 3ammceit
("mprcneit") ¢ 184 662 unTepHeT-ccbuikamu 1 506 THICSY cBszel Mexay HumH [8]. Ceifqac 3TOT camblit
OompImIoli B Mupe "Mo3r" comepkutT 0omee 420 THICSY 3amuced, CBI3aHHBIX 0oJjiee YeM MIUIIMOHOM CCHI-
JIOK, BKJTFOYAs TUTIEPCCHUTKY, M YK€ UCTIONB3YeTCS B KOMMEPYECKIX IIEIAX.

Ha wmoii B3rmsin, JaHHBIN MOAXO0/ K U3YYESHHIO TIPOIECCOB CTAPEHHS YeIOBEKa MOXKET UMETh 0OOJb-
I0€ TEOPETHUECKOE U TPAKTHIECKOe 3HAUCHHE, a TOTOMY 3aCIy’KUBAET CAaMOTO MPUCTATHHOTO BHUMAHU
¥ COOTBETCTBYIOMIEH (PHHAHCOBOU MTOICPIKKH.
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BA3A 3HAHUH JIEYEHUSI MUOKAPJIUTA: IIPEJICTABJIEHUE 3HAHUI
JJIS1 JA®OEPEHIIAPOBAHHOM STUOTPOITHOM TEPAIIUW®

B pabote onucaHa BO3MOXHOCTD JAU(HEepEeHIIMPOBAHHOTO MOAX0/Ia K STHOTPOIIHON Teparnuu
MHOKapJUTa Ha OCHOBAHUH JTAHHBIX MEAWIIMHCKON KapThl marmenTta. MaopmamonHslii pe-
cypc pasmeiieH Ha miardopme IACPaaS. Ilpu dpopmupoBaHHuN 3HAHUN HCITONB3YETCs OOIIIe-
npuHATas MEAULIUHCKAsA TCPMUHOJIOT M.

Knwouesvie cnosa: oHTONOTYS, IeUEHUE, STUOTPOITHAS Teparus, 6a3a 3HAHUH, MHOKAp/IHT.

2 Heenedosanue 8bInoIHeHo npu 4acmuuroi unancosoii noddepicke PODH & pamkax nayunozo npoekma
Ne 18-29-03131.
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Dmitry Okun, Ph.D, Roman Kovalev
Institute of Automation and Control Processes Far Eastern Branch of RAS
MYOCARDITIS MANAGEMENT KNOWLEDGE BASE: PRESENTING KNOWLEDGE
FOR DIFFERENTIATED ETIOTROPIC THERAPY
The article describes the possibility of a differentiated approach to the etiotropic therapy of
myocarditis based on the data of the patient's medical record. The information resource is
hosted on the IACPaaS platform. Generally accepted medical terminology is used in the for-
mation of knowledge.
Key words: ontology, treatment, etiotropic therapy, knowledge base, myocarditis.

MHOKapIuT — 3TO COBOKYIHOCTh KIMHHYECKHUX M MOP(OIOTHUECKHX M3MEHEHMH TKaHeH cepaua
(KapAMOMMOLIMTEI, KJIETKU IIPOBOISILEH CHCTEMbI, COeIMHUTEIbHOTKAHHON CTPYKTYPHI U T.1.) B CIIy4asx,
KOIJa /J0Ka3aHO Wid OOOCHOBAHHO IPENIOJaraeTcsi Hajluuue BOCHAIMTEIbHBIX W3MEHEHUH MHOKapna
WH(EKIIMOHHON, TOKCHYECKOW MM IMMYHHOH Tipuposl. HecMoTpst Ha TO, 9TO MHOKapIUT OBLT BBIABIICH
B KayeCTBE CaMOCTOSTENILHONH HO30JIOTMUYECKOH eauHuIbpl Oomee 200 nmeT Hazaa, A0 CHUX MOP OCTaeTCs
0O0JBIIOE KOJTMYECTBO OTKPHITHIX BOIIPOCOB JHMATHOCTHUKU U CIIEHU(QHUYECKON Teparuu 3TOro 3a001eBaHusl.
[1]. OcobeHHOE BHUMAHWE B IMOCJICHUE TOABI YSISICTCS BRIICHCHHIO TOYHON STHOJIOTHH MHOKapauTa. B
HACTOsIIlee BPEMsI M3BECTHO, YTO BUPYCHbIC MH(EKIMH SIBISIOTCS CaMOM YacTOH MPUYUHON pa3BUTHSA
MH(GEKIIMOHHOTO MUOKapauTa [2, 3]. B TeueHne nocnequux AecITUICTUH OBUIO TIOKa3aHO, YTO MOPakKeHUE
MHOKap/ia MOKET BO3HUKHYThH TOCJIE BO3ACUCTBHS MPAKTHYECKH BceX MH(EKIMOHHBIX BO3OYIHTENEH,
MaTOTeHHBIX JJIs YeloBeka. bakrepuu: rpamorpuuarenbable 0auuibl, [pynma A cTpenToKoKKH, cTadu-
JIOKOKKH, MHKOOakTepuu u Ap. IlapasutHele uHdekunun — TpuxuHeiuia, ameOuas, TOKCOIIa3MO3 U [p.
I'pnOkoBbIe HHEKIMK: 0IaCTOMUKO3, KAHANA03, KOKIUINOJOMHUKO3bI, THCTOIIA3MO3. Y UUTHIBasK Pa3HO-
o0pa3re HH(QEKINOHHBIX areHTOB, BCTAET BONPOC O MPOBEICHUU 3THOTPOIHOM Tepanuy HampaBieHHOU
Ha YHUYTOXXEHHE WH(EKIHH, YTO BO MHOI'OM OIpEJeIsieT AalbHelIee BeIeHHE MAEeHTa U YCICITHOCTb
JIe4eOHBIX MEePONPUATHiA B 11esioM [4]. CTOUT OTMETUTb, YTO IPH HECBOEBPEMEHHOM TaKOM JICYEHUH PHCK
BO3HUKHOBEHHS OCJIO)KHEHHH BEJIMK M OHU HEMpPEICKa3yeMbl U Ype3BbIUAiHO CEPbE3HBl: apUTMUH, TaXHU-
Kapaus, Opaaukapaus, [HaHo3, OJIbIIIKA.

Hesabio pagoTsl siBiseTCss POPMUPOBAHHE HOBOTO WHPOPMAIIMOHHOTO Pecypca, OTPayKaroIlero co-
BpPEMEHHBIE TPEJICTABIICHUS O JICUSHHH MHUOKAPJUTOB C BO3MOXHOCTBIO TU(PEepPEHIIUPOBAHHBIX PEKOMEH-
Tl pa3IMYHBIX BUJIOB T€PAIHH, Ha IPUMEPE 3THOTPOITHON Tepanuu.

dopmManbHOE MPEACTaBICHUE 3HAHUK O MPOBEICHUN MEAMKAMEHTO3HOH Tepanuyu MUOKapANTa, BbI-
MIOJTHEHO B COOTBETCTBHM C TEXHOJIOTMEH MpEICTaBICHUS 3HAHUI COTJIACHO ONMCAaHHOW paHee OHTOJIOTHU-
ell 3HaHWI 0 JIeYeHHH 3a00NIeBaHU [5], KOTOpast MPEeACTaBIsIeT CUCTEMY TIOHATHH, CBSI3eH U OrpaHUYeHUI
11 (hOpPMAJIBHOTO ONMCAHUSI MEIMKAMEHTO3HOTO JIeUeHUs 3a00JIeBaHUN B COOTBETCTBUM C WHAWBUAYaIb-
HBIMH OCOOEHHOCTSIMM nanueHTa. OnucaHue 3HaHMN peann3oBaHO Ha oOnauHoW miardopme IACPaaS
(Intelligent Applications, Control and Platform as a Service).

MeauKaMeHTO3HOE JICUCHHE BKJIFOYAET: ITHOTPONHYI Tepamnuio uHbekiuu (puc. 1), moareep-
KJICHHON 0AKTEPUOJIOTMUYECKIMHU U CEPOJIOTHIECKUMH HCCIIECTOBAaHUAMH (aHTHOAKTEPUAIBLHYIO, TPOTHBO-
BHPYCHYIO); CHMIITOMaTHYECKYIO TepaIuio: JiedeHne cepaednoit Hepoctarounoctu (CH) (cormacho kmu-
HUYECKHUM PEKOMEHJAIVSIM IO Tepanuu ocTpoil u xponndeckord CH); mHIMBUAYyaIbHO 0OOCHOBAHHYIO
MATOreHETHYECKYIO TEPaInio: TPOTUBOBOCTIANIUTENBHYIO (MMMYHOCYNIPECCUBHYIO), aHTH()EPMEHTHYIO,
AQHTUKOAryJISIHTHYIO, I€3WHTOKCUKAIIMOHHYI0, UMMYHOTEPAIIHIO.

baza 3nanus BKIIIOYAET pas/esnbl: STHOTPOITHAS TEPAIHsl, ATOreHEeTUYeCKasl Tepanus, CAMITOMAaTH-
YecKas Teparusi, COrIacHO CTPYKType paHee pa3paboTaHHON OHTOJIOTMH 3HAaHUH O JIeYeHHUH 3a00JIeBaHUM
[5]. Anst upeHTUUKAIMKA CUCTEMBl JAaHHOTO 3a00JI€BaHUS NPEAJaracTcsi BHECEHHE KOJIOB COTJIACHO
«MKB-10» Haxoasmuecs B HCTOpUX OOJIE3HH WM MHOM MEIUIIMHCKOM JOKyMeHTe. B MexayHapomaHoi
knaccuduranuu oonesneit 10-ro mepecmorpa MKB-10 muokapauram cOOTBETCTBYIOT pyOpuku 140.-,
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141*.- n 151.4, npu HEOOXOAMMOCTH UAECHTH(OUINPOBATH HHPEKIMOHHBIA areHT UCTIONB3YIOTCS JOTIOJTHH-
TeNnbHbIe KOABI [6]. ba3za 3HaHMIA BKIIOYaeT OMMCAHUE CXEM TEepalny COTJIACHO LIeNeH Tepamuu, I Kax-
JIOTO BUJAA TEPalMH HCIHOJIb3YS BO3MOXKHOCTH (hOPMHUPOBaHMsI MHOXKECTBa pas3zienoB — «biok anpTepHa-
tuBHBIX MHH», KOTOpBIE B 0a3e 3HaHUS peanu3yeTcsl Kak MepedyeHb pa3IM4YHbIX TPYIH JEKAPCTBEHHBIX
CPEACTB, CIPYNITUPOBAHHBIX COTIACHO MX (PapMaKOIOTUIECKUX CBOUCTB.

9THOAOTHYECKOE AEHEHHE MHOKAPIHTA

3aTHonorua NEYEHMUE
Bupycel repneca, InwreiiH-6app, | Auvknoeup B/B; FaHuWknoBmMp B/B (Npwu
UMTOMEranosu1pyc LMTOMEranoBUpYCcHOMH MHBEKUHK)
BHUMY-uHPpeKymA 3npoByArH (cam MOMET BbI3BaTL M.)
PHUHKETCHM, XNaMUAHH DOHCHUUKAMH
Borrelia burgdorferi (Naiimckan UedTpuaKkcoH; peTapneH, amoKcHumanuH. Npodunaktuka
6onezus) B rpynnax pucKa: BaKUuWHa
Awndrepua AB u MpotueoaudTepuiiHan CbIBOPOTKa
Tpubbi AmdoTepuumH B
CyucTemHan KpacHaA BONYaHKa, TNIOKOKOPTHKOCTEPOUADI,
PEBMaToMAHbIA apTpUT npu MX HeapHEKTUBHOCTH — HMMYHOLENPECCAHTBI
Anneprudeckue peakuMm YcTpaHeHHe gedcTBMA anneprexa.

AHTMrMCTamuHHbIE cpeacTsa, NTKC

OTTopMeHHe TpaHcnaauTara Boicokue go3ssl NKC 8/ nAKM BHYTPL

CradpMnoKOKK BaHkomHymrH ([0 nonyyeHwuAa pesyavTata nocesa)
Tpunanocomos (GonesHs Yaraca) | HE PASPABOTAHO

D HarHocTiKa i ASYEHHE MWOKADAWTOR. KAWHWISCHKE pekoMeHaalWMK. 2019

Puc. 1. Omuonozuuecroe neuenue muoxapouma.

Jns peanuzanuu NauveHT OPUEHTUPOBAHHBIX PELIEHUH U ONTUMH3ALUU PEKOMEHIYEMOW 3THO-
TPOMHOUN Tepanuu (puc. 2), Kak ¥ TEPAHU B [EJIOM, IPEITyCMOTPEHO HCIIOIb30BAHUS YCIOBUH, TO3BOJIS-
IOIUX PEKOMEHIOBATh JaHHBIN BUJ| TEparuy. Y CIOBUS HA BUJ TePAITUK BKIIOYAOT Pe3yIbTaThl HE00X0-
JTUMBIX METOJOB HCCIIEIOBAaHWS, JOKA3bIBAIONINX IMPHYACTHOCTh MH(EKIMOHHOTO areHTa B Pa3BUTHHU
MHUOKap/IUTa ¢ IPaBUIOM BHIOOpA.

Hasnauenne nepcoHnpUIMPOBaHHBIX PEKOMEHIAIINIA OCYIIECTBIISIET UHTEIIEKTYAIbHBIN CEPBHUC
nevyeHus: peann3oBaHHblil Ha matdopme IACPaaS [7]. JlanHbIl cepBHC, HA OCHOBE OHTOJIOTOOPUEHTPO-
BaHHOTO TOAX0/a [8], Mpou3BoAUT 00X07 MepcoHanbHOM MeaunnHcKoi kapTel (II9MK) nmanmenTa u co-
OTBETCTBYIOIIEH 0a3bl 3HAHUI U OCYIIECTBIAET MONCK HeoOxonuMbIx kputepues B [IDMK. 3anaga takoro
«00x0/1a» 3aKIII0YaeTCsl B aHAJIM3€ HAOMIOJeHWH (MpU3HAKaMH, pe3ylbTaTaMH aHAJIM30B U OCMOTPOB U
1.1.) B [IDMK u cpaBHEHHE MX 3HAYCHMI C JUANa30HAMH 3HAYCHHH COOTBETCTBYIOLIMX HAOJIIOJICHUIN B
0a3e 3HaHUi O JieueHuH. [lociae MOATBEPKICHUS HEOOXOAMMOCTH MPOBEICHUS ATHOTPOIHON Teparuu
OCYIIECTBIISIETCS TIOAOOHBIN aHaN3 KPUTEPUEB caMOTro HH(EKIIMOHHOTO areHTa U BBIOOp crieluduIecKoi
Teparuu C Y4ETOM IMePCOHATBHBIX JAaHHBIX CAMOTO TAIMECHTA.

[Ipu onucanuy 3HaHWH MEIUKAMEHTO3HOW TepallM HUCIOJb3YyeTCs OOILICTPUHATAs MEIUIIMHCKAS
TEPMUHOJIOTHS, TaHHBIE O MPOBEACHUHN KOHCEPBATHBHO-MEINKAMEHTO3HON TEPAITHH MUOKAPINTa, PE3YITh-
TaThl UCCIIEIOBAHUMN, KAJIOOBI U JPYyTHe MEAWIIMHCKHUE TEPMHHBI, KOTOphIe (OpMaabHO MPEIACTaBICHBI B
cOOTBeTCTBYIOIINX 0a3ax miargopmsl IACPaaS.

3akauenue. B padore npeacraBieHa GopMallbHOE MIPEICTABICHNE 3HAHUH O JICYCHUH MUOKap -
Ta C BOBMOXXKHOCTBIO €TI0 UCIIOJIh30BAHUS B MHTEIUIEKTYAILHBIX CHCTEMaX MOJICPKKU MPUHITHS Bpadeo-
HBIX PEIICHU Ha OCHOBE OHTOJOTOOPUEHTUPOBAHHOIO MOAX0A.
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¥ U Baza 3HaHui 0 neyeHuun 3aboneeanuii 2020 (M) [OHTonorMa nedeHus 2aboneeaxdunin_2019]
okdmi@iacp.dvo.ruMoi Pong/Bassl sHanwiTevenmwe B3/Basa sHaHwi o nevernn sabonesanwi 2020 (M
¥ Mwokapaut [3abonesaHue]

¥ Koawl MKE

0 140 [koo MKB (copT: cTpokoBog)]

0 141 [kon MKB (copT: CTpoKoBog)]

0 151.4 [kon MKE (copT: cTpokoeoe)]

¥ KnuHnueckme pekomergauum Muokapautsl 2020 [Mogens Tepanim]
- CChinka Ha UCTOYHMK 3HaHUA

¥ 3TuoTponas Tepanua [Bua Tepanuu]

» Ycnoeue AnA gaqHoro Buaa Tepanuu

¥ BupycHeiin areHT [Llens Tepanuu]

» YCnoBuA ANA Ha3HaYeHNA JaHHOW Lieni NeYeHnA
» [pU3HaKW onpenenAlWMe Lienk Tepanui

- 1 [Cxema Tepanuu]

¥ BaktepuansHblid areHT [Llens Tepanuu]

» YCNoBUA ANA HA3HAYEHNA LaHHON Lieni nevyeHnnA
» [pU3HaKK ONpefenAloLMe LieNs Tepanum

- 1 [Cxema Tepanuu]

pudKoean wHbekumna [Llens Tepanuu]

» YCnoBuA ANA Ha3HaYeHNA LaHHON Lieni NeYyeHnnA
» 1 [Cxema Tepanuu]

Pukketcnos [Llens Tepanum]

» YCnoBuA ANA Ha3HaYeHNA LaHHON Lieni NeYyeHnnA
» [pU3HaKW onpefenAlowMe Lienk Tepanui

» 1 [Cxema Tepanuu]

» Spirochaetales [Llent Tepanuu]

» [NpocTteiwwve [Llens Tepanuu]

» [Napa3nTsl [Llens Tepanum]

» [NatoreHeTueckans Tepanua [Bua Tepanum]

» CumMnTomatnyeckan Tepanua [Bug Tepanun]

<

«4

Puc. 2. Cxpunwom gppacmenma 6a3vl 3Hanuil, SMUOMPONHASL MePaAnusl.
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JEKJAPATUBHAS BA3A 3HAHHMI1 BOCIAJIUTEJIBHBIX 3ABOJIEBAHUI CEPJIIA®

ChopmupoBana mekimapatuBHas 0a3a 3HaHWN «BocmamuTenpHBIC 3a00JIEBaHMS cepAray B
TEPMUHAX OHTOJIOTMH TUATHOCTHYCCKUX 3HAHMN W CUCTEMBI MEJAMIUHCKHUX TOHATHH. CUM-
MTOMOKOMIUIEKC 3a00JICBaHUsI BKIIFOUAET OMKCAaHUE Kall00, 00bEKTUBHOTO UCCIICAOBAHUS, Jia-
0OpaTOPHBIX U MHCTPYMEHTAIBHBIX METOJOB UCCIIEAOBAHUS B 3aBUCUMOCTH OT TIEpUOJIA Te-
YyeHusi 00Je3HU. 3HAHUS WCIOJB3YeTCs JIJIs TUCTAHIIMOHHOM JAuarHocTuku U auddepeHiu-
QIBHON JMAarHOCTUKY 3a00JICBaHUM Ceplla Ha MEIUIIMHCKOM ITOpTaie 00JauHOl miaTdhopme
IACPaasS.

Knwouesvie cnoea: 6aza 3HaHMI O 3a00J€BaHUAX, BOCTAIMTENbHBIE 3a00J€BaHUs CEpALa,
CEPBUC NOJIEPIKKU IPUHATUS PEILICHUN.

Petryaeva Margarita Viachislavovna
Institute for Automation and Control Processes, Far Eastern Branch of the RAS
DECLARATIVE KNOWLEDGE OF INFLAMMATORY HEART DISEASES
A declarative knowledge base "Inflammatory heart disease™ has been formed in terms of the
ontology of diagnostic knowledge and the system of medical concepts. The symptom com-
plex of the disease includes a description of complaints, objective research, laboratory and in-
strumental research methods, depending on the period of the course of the disease. The
knowledge is used for remote diagnosis and differential diagnosis of heart diseases on the
medical portal of the IACPaaS cloud platform.
Key words: knowledge base, inflammatory heart disease, diagnostic Internet-service disease
knowledge base, decision support service.

WntennexryanbHelid cepBuc «/lnarHoctuka u anddepeHnnanbHas JUarHoCTHKY 3a00J1eBaHuil cep-
JIeYHO-COCYANCTON CUCTEMBL», pa3MelleHHbI Ha oOnaynoil matdgopme IACPaaS [1] obecnieunBaer mpo-
LIeCC TIOCTaHOBKH JMArHo3a Mo JaHHbIM 00CJeI0BaHuUs NMAlMEeHTa M SKCIIEPTHBIM 3HAHUSM, a Takxke (op-
MHUPYET AJIS TI0JIb30BaTelsi 000CHOBaHUE MPHHATOTO pemieHus. C ero moMouIblo, UCTIONb3Ys BO3MOXKHO-
CTH YAAJIEHHOT0 JOCTYIa, MOXKHO NMPOBOIUTH TMArHOCTHUKY XpOHUYECKUX 3aboneBanuii cepaua. s cep-
Buca Obuia paspaborana «ba3a 3HaHUI 3a00M€BaHUI CEPIEUHO-COCYIUCTOH CHCTEMBI», KOTOpasi BKIIOYa-
eT (opMaIM30BaHHbBIE ONMUCAHUS TaKUX 3a00JIeBaHUM Kak: MIIeMHuyecKas 00Je3Hb cepala, HHPapKT MHO-
Kapza, CTEHOKapAus HaNpsDKeHUs, HecTaOWibHAas CTEHOKapAWs, TMIIEpTOHMYecKas Oone3Hp U 1p. [2].
JMarHocTrka BOCTIAIUTENBHBIX 3a00J€BaHUI CepALla OCTaeTCsl OJHUM W3 HauOoJiee CIOXKHBIX Pa3esioB
paboThl TEPaleBTOB U KapAMOJIOTOB H3-32 HEOAHOPOJHOCTH M HECTIEHU(PUYHOCTH KIMHUYECKUX MPOSB-
neHuid. Jluarnos Bcerjga CTPOUTCS Ha KOMILIEKCE MPU3HAKOB, Ui OLEHKH 3HAYUMOCTH KOTOPBIX HPEAsIo-
KEH LIEJIBIHA Psii JUarHOCTUYECKUX adropuTMoB. JluddepennunansHas TMarHOCTHKA BBI3BIBAET TPYAHOCTH,
0CcOOEHHO TP JIATEHTHOM, XPOHUYECKOM U HE OYEHb TSDKEJIOM TeueHHH. 3a0oJieBaHUsI MOTYT OBITh Kak
CaMOCTOSITEIbHBIMHU, TaK U MPOSBICHUSIMH WM OCJIOKHEHMSMH Ipyrux mHpekunid. B pamkax mocruen-
HUX MCCIEIOBAHUNA MOJyYeHO MOP(OIOrHYECKOE U UMMYHOTUCTOXHMHYECKOE TOATBEPKICHHE BO3MOXK-
HOCTH Pa3BUTHs JuMdoruTapHoro supycHoro Muokapauta npu COVID-19 [3]. OcoGeHHOCTAMU MHO-
kapauta npu COVID-19 sBnsitoTcst Hanu4yue KOPOHApPHUTa W BO3MOXKHOCTH COYETAHHS MHOKapAWUTa
¢ TUMQOLHUTAPHBIM YHJ0- U IEPUKAPIUTOM.

Juis pacimpeHus IMarHOCTHYECKMX BO3MOYKHOCTEW CepBHCAa W TMOJHOLEHHOH auddepeHnransb-
HOW JINarHOCTUKH BO3HUKJIA HEOOXOJMMOCTh TIOMOJIHEHHE ero HH(POPMAIMOHHBIX PECYpPCOB 3HAHUSMH O
3a00JIeBaHUSX, OTHOCSIIIIUXCS K BOCIIAJIUTEEHBIM 3200JICBAaHHUSM CEPICYHON MBIIIIIBI.

® Paboma evinonnena npu wacmuynoti unarcosoi noddeprcke PODU, npoexm 19-29-01077.
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Heab padotel: chopmupoBats 0a3y 3HaHMIT WH(GEKINOHHBIX 3a00JI€BaHUI CepAeIHO-COCYANCTOM
CHCTEMBI JUISI BO3MOXXHOCTH JIMATHOCTUKU U NU(PEepeHIMANEHOW JTUArHOCTHKKM 3a00JIeBaHUN cepila,
WCTIONB3Ysl 00JaYHbIi CePBUC MOCPIKKH IPUHSITHS PEIICHUH 111 KApAHOJIOTHH.

K BocmamuteapHbIM 3a00JCBAHUAM CEPALIa OTHOCATCS BOCHAJICHHS CEPJACYHON MBIIIIbI, KOTOPHIC
KJIacCH(DUIMPYIOTCS B 3aBHCUMOCTH OT YPOBHSI MOPaKCHHS CEpIla CICAYIOIIUM 00pa3oM: SHIOKap-
1T (MOpakeHHEe BHYTPEHHEH SIHUTEIHATBHOW O0OJOYKH cepila), MHOKapAuT (MMOpaKEHUE CPEIHEH,
MBIIICYHON O0OJIOUKH CEp/la), MePUKApIUT (MMOpaKeHHE HApPYKHOM, CEpO3HON 00OJIOUKH Cepila), maH-
KapauT (MOpaKEHHe BCEX CIOEB Ceplla, KpailHe TsDKEeNIoe COCTOSIHME, KOTOpPOE Yallle BBICTYIACT, Kak
OCJIOKHEHHE SHIOKAPIUTa, MHOKAPIUTA WK MepUKapanTa). B o0bemMe Bcell perucTpupyemMoit Kapamono-
THYECKON TMATOJIOTHH J0JIT MHOKAPIUTOB cocTaBisieT 5-10%, nepukapautor 4-5%, WHPEKITMOHHOTO JH-
nokapaurta 3,7-4%. Yare 3a0oeBaroT Juia TpyrocrnocooHoro Bo3pacrta (20 — 50 net) , 25% Bcex ciy4a-
eB (pUKCHpYeTCsl B BO3pacTHOM Trpymie oT 60 JeT u crapiie.

Onmcanne KaXI0ro 3a00IeBaHus BKIFOUYAeT: K00 3abonesanus no MKb-10, npuuunsl 3a601e6anus,
Gaxmopwl pucka, KIUHULECKYI0 KapmuHy 3a001e8aHus, 0emaiu3ayuo OudeHosa.

Bosmoorcnvie npuuunbl 3a601e6anus PENCTABICHBI COOBITHAMU WIN STHOJOTHYECKUMH (PaKTOpa-
MU, KOTOpbIC MPHUBEIH WM CIIOCOOCTBOBAIM pa3BUTHIO 3aboneBanus. OHH OMKUCHIBAIOTCS BPEMEHHBIMU
XapaKTepUCTUKAMH, KOTOPbIC B CBOIO OYepe/lb BKIHOYAIOT MHTEPBAJ 10 Havyajaa 3a00JIeBaHUS M MPOJOI-
KHUTEINBHOCTH COOBITHS. Hanpumep, B OOJBIIHHCTBE CIIyYacB MPUUNHON HH(DEKIIMOHHOTO SHAOKApANTA Y
B3pOCIIBIX SIBIISIIOTCS: Streptococcus viridans, S. aureus, Streptococcus bovis, Enterococci u peako BcTpe-
yaroruecss Oakrepun u3 rpynnsl HACEK (Haemophilus, Actinobacillus, Cardiobacterium, Eikenella u
Kingella); xnuHn4eckn 3abosieBaHHE HAUYWHAET MPOSIBIATHCA 4epe3 2 HeAedd OT MOMEHTAa BHEIPEHHUS
HHQEKITMOHHOTO areHTa U JUTUTCS OT 2-X 10 6 MECSIIEB, TPUMEp ONMUCAHUS TPEACTaBlIeH Ha puc. 1.

¥ MHGEKUMOHHBIA 3HOOKapawT [3abonesaHue]

¢ 133.0 [xog no MKE (CopT: CTPOKOBOE)]

¥ [pu4MHbl 3a00nNeBaHnA

¥ OaxTopbl NPUYMHEl UNK PUCKA

¥ CTpENTOKOKKOBAA MHPEKLMA [MaTonora]

¥ BpemMeHH'blE XapaKTepPUCTHRK

¥ MiHTepean go Havana sadonesaHna

0 14.0 [HIKHAA rpaHuLa (COPT. BELLECTBEHHOE)]
{ 16.0 [BEpXHAA MPEHALA (COPT: BELUECTEEHHOE)]
{ CyT [EOMHMLE M3MEPEHHA (COPT: CTPOKOBOE)]

¥ [poAom«MTeNnsHeCTL BO3AEHCTBHA

0 60.0 [HIKHAA rpaHnLa (CopPT. BELLECTBEHHOE)]
¢ 180.0 [BEpXHAA rPpaHKLA (COPT. BELLECTBEHHOE)]
{ CyT [EBOMHMLE M3MEPEHHA (COPT. CTPOKOBOE)]

Puc. 1. Dpacmenm 6asvi 3nanuii 3a601e6anus UHGEKYUOHHBIL IHOOKAPOUNL.

Knunuueckas kapmuna 3a007€BaHUS - 3TO CUMIITOMOKOMIUIEKCHI, KOTOPbIE BKIIOYAIOT ONHMCAaHUE
KOMIUIEKca Kajo0 M OOBEKTUBHOTO WCCIIEOBAHMS M KOMIUIEKCA J1a0OpaTOPHBIX W HHCTPYMEHTAIBHBIX
WCCIIEIOBAHNH, KOTOPBIE, B CBOIO OYepellb, BKIIIOYAIOT OIMCAHNE TATOTHOMOHUYHBIX, CIICIU(PUUECKUX H
HeCTIeU(PUUECKIX TPU3HAKOB 3200JICBaHUSI C OIpeJelieHHEM MOJAANBHOCTH. CHMITOMOKOMITIEKCHI
copMHPOBaAHBI IS CIEAYIOIINX KAaTEroprii manueHToB: B3pocibie (17-60 meT), MOXWIBE U J0JITOXKHUTE-
mu (61-100 ner). CornacHO KIMHUYECKUM peKOMEHIAIMsM [4, 5, 6] 3a0oneBanns KiacCu(UIUPYIOTCS TIO
(hopme, BapuaHTy TeUEHUs], CTENICHH TSKECTH, CTAJUH, STHOJOTHH, HATMIHUIO OCIIOKHEHUH.

B paznene Jemanuzayus ouacno3a onucanbl 0COOEHHOCTH KIIMHUYECKON KapTHHBI KaXXI0H (hOpMBI,
BapHaHTa WK cTenenu, puc.2. Hanpumep, npu popMuUpoBaHNN CHMITOMOKOMIUIEKCOB 3a00JI€BaHUS UH-
(DEeKIMOHHBI MHUOKapIUT AJIS 3JIEMEHTOB auarHo3a «®dopmay omucaHbl JaHHBIE SHAOMHOKapAHaIbHOU
Ouoncuu, nmpusHak «buonTaTel MHOKapaa». Xpouuueckuu nepcucmupyrowull MUoKapoum: COYeTaHue
BOCTIAJINTEJILHBIX HHPUIBTPATOB PA3IMYHON CTETICHN BBIPAXEHHOCTH C HEKPOTUYECKUMHU U3MEHEHHUSIMH U
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nonsiMu Gudpo3a; [ ueanmoriemoynwlii MuoKapoum: TUTAaHTCKUE MHOTOSIZICPHBIE KIIETKH, 30HbI BOCIAU-
TENBHBIX UHPHUIBTPATOB C MPU3HAKAMYU aKTUBHOTO BOCIAJICHHS, OYard HEKpo3a, O4ard pyOIl0BOi TKaHWU;
Doszunopunbnbiil Muoxapoum: o4aru HEKpo3a, 203MHODMIEHOE JOMHHUPOBAHNE, (DOPMHUPOBAHUE TIPUCTE-
HOYHBIX TPOMOOB. IIpu paboTe ¢ CepBUCOM HAIMYKE THX JAHHBIX B 0a3e 3HAHWN JAFOT BO3MOXKHOCTb
MOJIL30BATEITIO (Bpady) ONPEICIUTh HE TOJLKO MPEBAPUTEIbHBIN IHMAarHO3, HO M MPHU BHECEHUH JaHHBIX
CHeM(UUSCKUX UCCIIC0OBAaHUH MMPOBECTH OoJiee MIyOOKYIO TUArHOCTHKY M BBICTABJISATH MOJHBIA pa3Bep-
HYTHII TUarHO3, COTJIACHO 3JIEMEHTAaM JTUarHo3a.

¥ MHEeKUMOHHBI MUOKapaWT [3abonesaHue]
140.0 [koa no MKE (CopT: CTpOKoBOE]]
» HEKLMOHHEIR MrokapauT (Bapocnele 17-60 neT) [CHMATOMOKOMNNEKC]
P MHEKLMOHHEIR MroKapauT (Toxunble W gonroxuTenn 60 neT n Gonee) [CMMNTOMOKOMMMEKC]
¥ [leTanu3auua ouMardosa
¥ Dopma
- MonHueHocHaA opma [3NeMeHT anardosal
»- ofocTpan opma [SNeMeHT guarHosa)
P XPOHMYECKWA NEPCUCTHPYHOLWWA MUOKaPOWUT [SNeMEHT AHarHo3a)
P XPOHMYECKWA aKTMEHBIN MUOKapAUT [SNEMEHT OMarHo3al
P TMFAHTOKNETOYHEBIR MUOKAPOUT [SNeMeHT AMarHosa)
P 303MHOMDUMBHBIA MMOKaPLWT [SNeMeHT guarHosal)
[ IneMeHm OUasHo3a |
¥ o CTENEHW TAKECTH
# Jlerkan cTeneHb TARECTH [SNeMEHT AuarHosa)
P CpeAHAA CTENEHL TAKECTH [SNEMEHT WarHosa]
P TAKENAA CTEMEHE TAXKECTH [SNEMEHT AMArHo3a)
[ Snemesm OuazHo3a |
¥ 3THONOTHA
P MHEBMOKOKKOBLIA MUOKaPAMT [3NemMeHT guardoaal
» CTahMNOKOKKOBBIA MUOKApAMT [3MeMeHT QWarHo3a]
» TyDepkynesHbiil MMOKapOWMT [3NeMeHT guarHosa)
P BUpYCHbIA MHOKapOMT [SNeMeHT auarHo3a)
P PHKETCHO3HBIA MUOKADAKT [SNeMEHT JUarHo3a)
P XNaMUOWOZHBIA MHOKAPAWT [NEMEHT AWarH03aj
P TpHXMHENEe3HBIR MUOKaPaUT [3NeMeHT AWarHoaa]
- TOKCOMNMA3MO3HBIA MUOKaPAUT [SNEMEHT Anardosa)
» TOKCWYECKWA MWOKapOMT [3MeMeHT guardo3a]
B ANNepriyeckti MUOKapauT [SNeMeHT Auariosa)

Puc. 2. @pazmenm demanuzayuu ouacrnosa « MngexyuonHulit MUuokapoum»y.
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OCOBEHHOCTH WHXXEHEPHO-TICUXOJIOTMYECKUX UCCIETOBAHUM
B3AVMMO/JIECTBUS B CHCTEME «JTETUYHUK-BEPTOJET» ITPU IPUMEHEHUH
JETHBIM COCTABOM OUYKOB HOYHOI'O BUJIEHU '

[IpeacTaBiaeHsl 0OCOOEHHOCTH MHXCHEPHO-TICUXOJIOTHYECKHX MCCIEIOBAaHUI B3aMMOICHCTBHS
B CHUCTEME «JIETYHK-BEPTOJIET» MPH MPUMEHEHUHN JETHBIM COCTABOM OYKOB HOYHOT'O BUJICHUS C
MPUMEHEHUEM OPUTHHAIIBHOTO YCTPOHCTBA U alroputMa o0paboTKu HHPOPMAIIKH.

Knrwowuesvie cnosa: aBuallioHHas MEIUIMHA, aBUAIIMOHHAsl SPrOHOMUKA, IICUXOJIOTUS TpyIa
JIETYNKA, TICUXO(PU3UOIOTHIECKOE COCTOSTHHE JIETUMKA, TICUXO(U3UO0TIOrnIecKas MOAr0TOBKA
JIETYHKA.

G.A. Khabibullin, S.O. Koronkov
State Flight Test Center of the Ministry of Defense of Russia, Akhtubinsk, Astrakhan Region
FEATURES OF ENGINEERING AND PSYCHOLOGICAL STUDIES OF INTERACTION
IN THE PILOT-HELICOPTER SYSTEM WHEN THE FLIGHT CREW YPS USE
NIGHT VISION GOGGLES

The features of engineering and psychological studies of interaction in the "pilot-helicopter"
system when the flight crew uses night vision goggles using the original device and infor-
mation processing algorithm are presented.

Key words: aviation medicine, aviation ergonomics, psychology of the pilot's work, psycho-
physiological state of the pilot, psychophysiological training of the pilot.

B Hacrosiiee Bpemst He BBI3BIBAET COMHEHHI, YTO TPAMOTHOE ITPUMEHEHHUE JIETYMKOM aBHALlHOHHON
TEXHUKHU U JOCTHXEHHUE UM BBICOKOTO MPOGECCHOHANBHOTO MAaCTepCTBAa CTAHOBUTCS NP 3TOM Bce Ooiee
JOPOTOCTOSIILICH U CIOKHOHU 3amayeii [1, 2]. DTo cBsi3aHO ¢ yBenuueHHEM 00beMa TpeOyeMbIX AJIs yCIell-
HOW AEATENIbHOCTH MPO(ECCHOHANBHBIX 3HAHUI M HEOOXOIMMOCTBIO BRIPAOOTKH, 3aKPEIUIEHHS U HOCTO-
STHHOT'O COBEPILEHCTBOBAHUS HABBIKOB B pab0OTe ¢ OOPTOBBIMH aBUAILIMOHHBIMU KOMILIeKcamHu [3, 4]. 3aua-
CTYIO BBIIIOJIHEHHE JIETYMKOM ITOCTaBJICHHBIX 3a/1a4 MPOUCXOIUT 32 CUET N30BITOYHOrO HANPSKEHUS CUII,
paboThl Ha Mpezene MCUXUYECKUX U MICUXO0(PHU3HOIOTHUECKUX BO3MOXHOCTEH, YTO HETaTUBHO CKa3bIBacT-
Cs1 HA KQUeCTBE BBINOJHEHUS ITOJIETHOTO 3aJaHus U 0e3011acCHOCTH HoeTa. [5, 6].

Hdns  mpoBeAeHMs TakuX  HCCIENOBaHMM  pa3paboTaHO  yCTPOMCTBO  AJsl  WHXKEHEPHO-
MICUXOJIOTHYECKUX MUCCIEI0BAHUM B3aMMOJEHCTBUS B CUCTEME <JIETYMK-BEPTOJIET» MPU IPUMEHEHUH JIET-
HBIM COCTaBOM OYKOB HOYHOT'O BHJEHUS. Y CTPONCTBO COAEPKHUT OUKHM HOYHOTO BHJEHUS CO BCTPOEHHBI-
MU OatapesiMl aBTOHOMHOI'O INHTaHHMS, 3aKPEIJICHHBbIE HAa KPOHILITEHHE, YCTAaHOBIEHHOM Ha IepelHel
YacTH 1IJIEMA JIETYUKA; y3€Jl IIPOTUBOBECA C JKeJI000M U KOHTEHHEPOM C IPy30M, 3aKpEIJICHHBIH Ha 3aThl-
JIOYHOW YaCTH IUIeMa. DHEPTOEMKHE KOMIIOHEHTHI YCTPOICTBA MOAKIIIOYEHBI K OOPTOBOI CETH BEpTOJIETA.
KownTeitaep ¢ rpy3aMu U3roToBIEH U3 MaTEpYaTOTO MOJIOTHA C KapMaHaMH JUTs pa3MeIIeHrs B HUX TPY30B
(C BOBMOXXHOCTBIO MIX U3BSITHA) M 3aKPETIeH Ha BHEIIHEH CTOPOHE KapKaca.

B koprryc 04KOB HOYHOTO BHJIEHHS BCTPOCHBI MHUKPOIPOIIECCOP, MHUKPOQOH, OHOPaIHOIIOKATOD,
aiitpekep 1 0s1ok OecripoBoHOTO HHTEpdeiica. bropannonokarop BcTpauBaeTcs TaK, YTO €ro U3IydaTenb
W TPUEMHHUK HANpaBlIeHbl HA JIOO JIeTYMKa, aliTpekep BCTPOEH TaK, YTO €ro M3Iy4areinb U MPUEMHHUK
HaIpaBJIeHbI B TJ1a3a JIETYHKA.

MukpodoH UMeeT JIEIECTKOBYIO JHarpaMMy HalpaBlIeHHOCTH U BCTPOEH TaK, YTO OPHEHTHPOBAH B
HaIpaBJIeHUN pTa JETUHKA.

* Heenedosanue svinonneno npu gunancosoti noddepacke PODH & pamkax nayunozo npoexma Ne 20-013-003086.
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Muxkporporeccop BEITIONIHEH ¢ BO3MOKHOCTBIO 00paOOTKH OMOpaarOIOKAITMOHHBIX CHTHAJIOB, pe-
YEBBIX CHTHAJIOB M CHUTHAJIOB OT aiiTpekepa. MukpodoH, OnopaanoiokaTop, aiTpekep u 0ok Oecrpo-
BOZIHOTO MHTep(eiica COeIMHEHBI ¢ MUKPOIPOLIECCOPOM U IOJIKIFOUEHBI KO BTOPOMY KaOelro yepes3 pas-
PBIBHBIE 3JIEKTPUUECKUE PAZHEMBI.

Ilepen HayamoM moseTa B KapMaHbl Pa3MEIIAIOT IPY3bl, KOIMYECTBO U MacCy KOTOPBIX IOAOHPAIOT
IUIS1 KQKJO0T0 JIETYMKA B COOTBETCTBUU C OCOOEHHOCTSIMU €T0 I'OJIOBBI M KOHCTPYKLUH LIJIEMA.

B mporecce TpeHaxkepHO# MOATOTOBKH MUKPO(OH PETUCTPUPYET PEUEBOM CHUTHAJ, OMOpaaAnoIoKa-
TOp — PaIuOJIOKAMOHHBIN CUTHAN, OTPAKEHHBIH OT J10a JIETUYMKa, alTpEeKep — CUTHAJIbl ABMKCHHUS TJia3
JIeTYHKA.

Muxkporporeccop ympasisieT paboTold MEUKpoQoOHa, OHOpaanoIoKaTopa, anTpekepa n 6joka Oec-
MIPOBOAHOTO MHTepdeiica (obecreynBaeT UX BKIIOYCHHE/BEIKIIOUCHNE, YITPABICHUE PEXUMAMU PaOOTHI,
KOHTPOJIb UCIIPAaBHOCTH U T.I1.).

Mukpornpolieccop BBIIIOTHEH ¢ BO3MOXKHOCTBIO 00pab0OTKH OMOpPaAHOIOKAIIMOHHBIX CUTHAJIOB, Pe-
YEeBBIX CUTHAJIOB U CUTHAJIOB OT alTpekepa, 3aKIIOYarolleiicss B BbIIEICHUN NPU3HAKOB CUTHAJIOB, WH-
(hOpMaTUBHBIX JJIsl AUATHOCTHKH MCUXO()U3HOTOTHUECKOTO COCTOSHHS JIETUHKA.

BrinenenHble IpU3HAKA CUTHAIOB MUKPOIIPOIIECCOp nepeaaeT B 010K OecripoBogHOTO HHTEepdeiica,
KOTOPBIiA, B CBOIO O4epe/ib, lIepeAaeT MX Ha BHEIIHEE YCTPOUCTBO AJIs AalbHEHIIeH 00paboTKH U aHaTn3a
(kaKk mpaBUIIO, UTS «YBA3KH» NCUXO(U3NOIOTHUECKUX MIOKa3aTeNel ¢ 3aa4eid, pemaeMoi JIETYUKOM MIPH
UX PErUCTPAIMK) C TIOMOIIBIO U3BECTHBIX aaroputmoB [7-10].

[lonmy4yeHnHble pe3ynbTaThl 00ECIEUHMBAIOT BO3MOXKHOCTh MHKEHEPHO-TICUXOJOIMYECKHX HCCIEN0-
BaHUH B3aUMOJCHUCTBHS B CHCTEME <JIETYHK-BEPTOJICT» MPH MPUMEHEHUH JIETHBIM COCTaBOM OYKOB HOY-
Horo BuzeHus. IlomyyeHHble pe3ynbTaThl MOTYT OBITh PACIPOCTPAHEHBI HA JIOO0YIO IPYIIY ONEPaTOpPOB
9PraTuv4ecKux CUCTEM.

JIMTEPATYPA

1. UYynatyn A.B. Dxunax B COBPEMEHHBIX M NEPCIEKTUBHBIX CUCTEMaX aBTOMAaTH3alUH 1oyieToB // Tpy-
as1 ['ocHUMAC. Cepusi: Bonpocs! aBuonuku. 2020. Ne 4 (50). C. 37-45.

2. Macnos C.B., EceB A.A. CucteMHbIil aHaIH3 3aTPYAHCHUH JIETYMKA BEPTOJIETa NIPH MHIOTHPOBAHUH
o npudopam // I[podaemsl 6e30macHocTH moneror. 2010, Ne 11. C. 17-21.

3. VmakoB U.b., Boromonos A.B. [luarnoctrka (GyHKIMOHAIBHBIX COCTOSHUN 4YeJIOBEKa B MPUOPUTET-
HBIX HCCJICJIOBAHUAX OTEUCCTBCHHBIX (DU3MOJOTHMUSCKUX MIKOJ // MeIuKo-ONOJOrHUECKUE U COLUalIb-
HO-TICUXOJIOTUYECKHE MPOOIIeMbI O€301IaCHOCTH B Upe3BbIYaifHbIX cuTyanusix. 2021. Ne3. C. 91-100.

4. Ty3mit AT., Kykymkun 10.A., Jlymkun A.M. KoMmnbroTepHast TEXHOIOTUSI IPOTHOCTUYECKOTO OLle-
HUBaHMS (QYHKIHMOHAJTBHON Han&KHOCTH nuitoTa // IIporpaMMHbIE CHCTEMBI U BEIYMCIIUTEIbHBIE Me-
tonsl. 2018. Ne 2. C. 84-93.

5. Cepérun C.®., XapuroHoB B.B. AkTyaiibHbIe BOIPOCH! COBEPIIICHCTBOBAHMSI CUCTEMbI 0€30IIaCHOCTH
nosietoB // [Ipo6aemer 6e3onacHocty monetoB. 2016. Ne 10. C. 30-48.

6. ConmaroB C.K., I'ysmit A.I'., boromonos A.B., llumos A.A., Kykymkun I0.A., Illep6akos C.A.,
Kupuii C.B. AnpuopHoe orieHnBaH#e MpodecCHOHANBHON HaIeKHOCTH JIETYMKA Ha 3TAIe MOATOTOB-
k1 K nosieram // [IpoGnemsr 6e3onacnoctu monetos. 2007. Ne 8. C. 33.

7. YmakoB W.b., Kykymxkun FO.A., boromonor A.B. ®u3nonorus Tpyna U HaIeKHOCTh AEATEITHHOCTH
genoBeka. M.: Hayxka, 2008. 317 c.

8. Uynrtyn A.B. Dpronomuueckoe obecrieueHHe pa3pabOTKH COBPEMEHHBIX U MEPCIEKTHBHBIX CHCTEM
"sxunax-seproner-cpena” // Iproauzaiin. 2019. Ne 4 (6). C. 147-155.

9. Kykymkun lO.A., boromonoB A.B., I'y3uii A.I'. [IpuHUMIIBI TOCTPOCHHS CHUCTEMBI OOECIICUEHHS
KHU3HEIESITEIBHOCTH OIIEPaTOPOB CUCTEM "deJIOBEK-MalIiHa", aJalTUBHBIX K UX (YHKIHOHATBHOMY
coctosiHUIO // MexaTtpoHuka, aBToMaru3anusi, yrnpasieaue. 2005. Ne 3. C. 50-54.

10. YmakoB U.b., boromonos A.B., Kykymkuna F0.A. TlaTTepHbl QyHKIIMOHATBHBIX COCTOSHHUIA Orepa-
Topa. M.: Hayka, 2010. 390 c.

E-mail: s.koronkov@yandex.ru

61



CHUCTEMbBI KOMITbIOTEPHOMU ITOANEP)KKH HAYYHBIX HCCJIEJOBAHUNI

© 2021 r. C.O. Koponkos
Tocyoapcmeennulii iemno-ucnvimamensHulii yenmp Munoboponst Poccuu, Axmyounck,
Acmpaxanckas obracme

TEXHOJIOJITUA UCCJIIEJOBAHUA PE3EPBOB BHUMAHMUS JTETUYNKA BEPTOJIETA
IPY IPUMEHEHUH OUKOB HOYHOI'O BUJIEHUS®

[IpencraBneHa TEXHOJOTHS WCCICIOBAaHUS PE3CPBOB BHUMAHMS JIETYMKA BEPTONETA TPHU
MPUMEHCHUU OYKOB HOYHOTO BUJICHHS C MPUMEHCHHEM OPUTUHAILHOTO YCTPOWCTBA M AJIr0-
put™Ma 00paboTKH HHPOPMAITHH.

Knwuesvie cnosa: aBnaniioHHasi MeIUIMHA, PE3¢PBBI BHUMAaHISI JIETUYMKA; paboyvas Harpy3ka
JIETYMKA; ICUXO(PHU3HOIOTHUECKAS TOJITOTOBKA JICTUHKA.

S.0. Koronkov
State Flight Test Center of the Ministry of Defense of Russia, Akhtubinsk, Astrakhan Region
TECHNOLOGY OF RESEARCH OF RESERVES OF ATTENTION OF THE HELICOPTER
PILOT AT APPLICATION OF NIGHT VISION GLASSES

The technology of studying the reserves of attention of the helicopter pilot when using night
vision goggles using the original device and information processing algorithm is presented.

Key words: aviation medicine, reserves of attention of the pilot; pilot's workload; psycho-
physiological training of the pilot.

Kak cBuaeTenbCcTBYIOT MHOTOYHCIICHHBIE MCCIICIOBAHUS aBHALIMOHHBIX Bpadel W MCHXO(U3UOII0-
TOB JIETHOTO TPYAa, IPUYMHON MHOTHX 3aTPYAHEHUH ONEPaTOPOB B CIOXKHBIX dPraTHYeCKUX CHCTEMaX, B
TOM YHCIIE U aBUALIMOHHBIX, SIBJISIETCS] HECOTIIACOBAHHOCTh TEXHHUYECKUX XapPaKTEPUCTHK CPENICTB TPy/a C
XapakTepucTUKaMu yenoBeka. [loaTomy Bompoc uccinenoBanust pe3epBOB BHUMAHUS, KaK OJTHOTO U3 IJIaB-
HBIX KOMIIOHEHTOB JUISI MCCIIEOBaHUs pabodyell Harpy3KH JIETYMKA BEPTOJIETa B 3TOIM CUTyallud BBIXOJUT
Ha nepBbIi miaH [1].

Jns mpoBeleHrsl TaKUX HCCIEAOBAaHMN pPa3pabOTaHO YCTPOMCTBO Ul MCCIIEOBAaHUS PE3EPBOB
BHUMaHHMs JIETYMKA BEPTONIETA IPH IPUMEHEHUH OYKOB HOYHOTO BUieHMs [2].

YCTpoHCTBO BKITIOYAET KOPITYC, BHIMOJHEHHBIH B BUIE YEPHOTO IHJIMHIPA C PAJANYCOM OCHOBAHHUS
or 500 mo 600 MM, B JMIEBYIO 4YacThb HIDKHEH TIpaHM KOTOPOTO BCTPOEHBI KHOIKA BKIIIOYE-
HUSI/BBIKIIFOUEHUSI TMTAHUS, THAUKATOP UCIIPABHOCTH M KPEIUICHHE, HA JINIIEBYIO YaCTh BEPXHEH rpaHH 110
panuycam, pasJelnsIoNiM BEPXHIOI I'paHb KOpIyca Ha TPU PaBHBIX CEKTOpa, HAHECEHBI OeMble JTHMHUN
TOJILIMHOM OT 1,5 10 2 MM, a B JIMIEBYIO YaCTh BEPXHEW I'PaHN BCTPOEHBI TPH 00ECIIEUNBAIOLIE CBEUCHHUE
KpacHOTo, KEJITOr0 U CHMHETO IBeTa MHIUKATOpa, TUaMeTpoM oT 5 10 10 MM, pa3MelIeHHbIE B IIEHTpax
pannycoB, ABJSIIOIIMXCS OMCCEKTPUCAMHU CEKTOPOB BEpXHEH rpaHu KOpILyca, IpUYeM MHAMKATOPBI COSAM-
HEHBI MPOBOJAMH C MHKPOIIPOLIECCOPOM, PACIIOJIOKEHHBIM BHYTPU KOPIIyca, K KOTOPOMY C IOMOLIBIO
MIPOBOJIOB TAK)Ke TOJIKIIIOUCHBI PACIIOIOKEHHbIE BHYTPH KOPITyca MCTOYHHK MUTAaHUs, OJI0K OecrpoBo/I-
Horo wHTepdelica U HAKOMUTENh C YHEPrOHE3aBUCHMOW MaMSTHIO, OTJIMYAIONIEECs TeM, UYTO B KOPITYC
BCTPOCH M COEJAMHEH C MUKPOIPOIIECCOPOM alTpeKep, U3IydaTellb U IPUEMHUK KOTOPOTO OpUEHTHUPOBA-
HBI B HANPABICHHUH TJIa3 JIETYMKA, & MAKPOIPOIIECCOP BBHITIOJIHEH C BO3MOXHOCTBIO 00pabOTKH CHUTHAJIOB,
MPUHSTHIX aHTPEKEPOM.

[Ipu mpoBeeHNH HCCIEAOBAaHUN KOPITYC YCTPOHCTBA 3aKPEIUIAIOT B KaOMHE TpeHa)Kepa BEpTOJIeTa,
OPHEHTHPYS TakK, YTOObI OMH CEKTOP OBbLI «LEHTPAIBLHBIM», IPYTOH — «JIEBBIM» U TPETUH — «IIPABBIM».
HcTounuk nuranus oOecrieunBaeT JEKTPONUTAHINEM BCE KOMIIOHEHTHI ycTpoiicTBa. [lepen BeimonHeHrEM
yIpaKHEHHS Ha TPEHAKEPE BKITFOYAIOT AIEKTPOIUTAHUE, HHCTPYKTUPYIOT 00y4aeMoTo JIeTYHKa:

- IIpU 3aropaHvu UHAUKATOPAa CUHETO LBETA, HE3ABUCUMO OT TOI'0, B KAKOM CCKTOPE OH 3aropeii-
Cs, MOPIrHYTb JICBBIM TIJ1Ia30M;

® Heenedosanue svinonneno npu gunancosoti noddepacke PODHU & pamkax nayunozo npoexma Ne 20-013-00306.
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- IIpU 3aropaHvuy MHAWKATOpaA KEJITOr0 IBETA, HE3aBUCUMO OT TOI'O, B KAKOM CEKTOPE OH 3aro-
Ppeics, MOPrHYThb ABYMs I'Jla3aMH OJHOBPEMEHHO,

— IIpW 3aropaHu¥ UHAWKATOpPA KPACHOTO I[BETA, HE3aBUCHMO OT TOTO, B KAKOM CEKTOpEe OH 3aro-
peJics, MOPTHYTh MIPaBbIM TJIa30M.

[Ipu BBITIOTHEHUH T0JICTA JICTYHMK BBIMOJHSACT TOJIETHOE 3a/IaHUe U, KaK JIOTIOJHUTEIBHYIO 3a/1a4y —
pearupyer Ha 3aropaHue JaMmIl [0 U3JI0KEHHOMY aJiTOpUTMY.

Muxkpormporieccop obecreunBaeT ciiydaifHoe 3aropaHrie HHIUKATOPOB CO CIIyYalHBIM U3MEHEHHEM
WX IIBETa C allPpHOPHO 33JJaHHBIM TEMIIOM (TIPHYEM OJMH U TOT K€ MHIWKATOpP OJHOTO I[BETa HE JOJDKEH
3aropaThCsl 1Ba pasza MOApA), oOpabaTeiBasi CHTHAN alTpeKepa pacro3HAaeT MHUTaHUs ria3, (GUKCHpYeT
BpeMsl peaKIuy JICTYMKA Ha 3aropaHue WHAMKATOPOB, KOJUYECTBO MPABWILHBIX H OMIUOOYHBIX PEAKIIHA.
Orta uHpOpMaIus NepelacTcss Ha MyabT YIPABICHUS TPEHAXKEPOM C IOMOIIBIO0 OJI0Ka OECIPOBOIHOTO
nHTepdelica U 3aMKUChIBAaCTCSA B HAKOUTEbh C YHEPTOHE3aBUCUMON TaMSThIO.

Pacuer nmoka3zaTenst pe3epBOB BHUMAHHS BBHIITOJHACTCS 110 OJHOMY M3 M3BECTHBIX aJITOPUTMOB: KaK
JISL BCETO TIOJIETa, TaK M JJIsl OTACIBHBIX €ro 3TaroB [3-5].

Takum oOpa3om obecriedrBaeTcsi BO3MOKHOCTD ONpEeNiCHUs] pe3epBOB BHUMAHHS JISTINKOB Bep-
TOJICTOB B TIPOIIECCE TPEHAXKEPHOH MOArOTOBKH. [lomydeHHbIe pe3ylbTaThl MOTYT OBITh PACHpPOCTPaHEHBI
Ha JII00YIO TPYIITY OePaToOpOB IPraTUYECKUX CUCTEM.
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TKAHEMHXKEHEPHOE IPOEKTUPOBAHUE OPTAHOB U TKAHEM YEJIOBEKA
KAK CUCTEMBI CUCTEM

[IpoexTrpoBanne GMONCKYCCTBEHHBIX OPTraHOB YeJIOBEKa (TKAaHEHMHXEHEPHBIX KOHCTPYKITHIA)
MPeNICTaBIsIeT COOOH MOKa ele Maio pa3paboTaHHYI Hay4dHYHo oOnacts. CeromHst paccMmart-
PHUBAIOTCS TIOJIXOBI IO OMOWH)KCHEPHH OPTaHOB UM TKaHEH myTeM MoauQuKaiyu (QyHKIHO-
Haja KIETOK M CBOMCTB MaTepuanoB. B Hacrosmield paboTe mpejiaraercs peryKIMOHHBIA
MOAXO0J K NPOEKTUPOBAHUIO JKUBBIX TKAaHEU KaK “CUCTEMBI-CUCTEM .

Knioueevle cnosa: wimxeHepHash OWOJIOTHS, MATOJOTHYECKass (HU3MOJIOTHS, CHUHTETUICCKUN
Mopdorenes, CHHTeTHYECKast OUOJIOTHS, CUCTEMHAst OMOJIOTHSL.
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SYSTEM-OF-SYSTEMS APPROACH FOR TISSUE-ENGINEERED DESIGN
OF HUMAN ORGANS

The design of human bio-artificial organs (tissue-engineered structures) is still an
underdeveloped scientific field. Up-to-date, approaches to bioengineering of human organs
and tissues are considered by modifying the functionality of cells and properties of materials.
The present paper proposes a reductive approach to the design of living organs and tissues as
""system-of-systems".

Key words: engineering biology, pathological physiology, synthetic morphogenesis, synthetic
biology, systems biology.

Beenenue. BriepBeie TepMUH “uroicenepras duonozus” B KOHTEKCTE IICJICHANPABICHHOTO MPOCK-
TUPOBaHUs (DYHKIUH KIETOK ObLI MCIOJB30BaH B paboTe DHAPIO DHIU, PYKOBOIUTEIS CICIUAIBLHON
MOJATrPYNIBI IO CHHTETHYeCKOH Ononoruu npu MununctepctBe oboponsl CILA [1]. Hakomnenue cBene-
HUM 0 €QUHUYHBIX OMOOJOKAaxX Al KOHCTPYHPOBAHUS CIOKHBIX T€HHBIX CETeH MPHUBEIO K CO3JAaHHIO B
2002 r. mepporo katanora DARPA BioComp [2], HacuuTsiBaBIIero okono 300 cTaHIapTHBIX TeHETHYe-
CKHX 3JIEMEHTOB — IPOMOTOPOB, CAWTOB CBSI3bIBAHUS, TEPMHUHATOPOB M T'€HOB (HIyOpEeCLEHINH, KOTOPbIE
WCCIIeIOBATEIIN MOTIIH MCTIONB30BaTh B CBOEH padore. Mcmonb3ys Takne OMOOIOKH, ONOMHKEHEPHI MOTITH
OBICTPO MPOEKTUPOBaTh M CHHTE3UPOBATh YYACTKH IeHOMa OaKTepHil-AETEKTOPOB, KOTOpBIE HAYMHAIH
¢ryopecuupoBaTh B OTBET Ha MOSIBICHHE ONMACHOTO XMMHUYECKOTO COeqUHEHUs. B nanpHeliieM Ha OCHOBE
aTOrO Katajora Obiia chopmuposana oubnmorexka IGEM Registry Part B cocTaBe perynsiTopHbIX 371€MeH-
TOB U T€HOB, U3 KOTOPOW HMCCIEIOBATENIM MOTJIHM BBIOMpaTh Hanbolee MOIXOMSIINE U 0XapaKTepU30BaH-
HBIC DJIEMEHTHI U IeNbIe pemeHus-mpoekTsl [3]. Ceroansi cTaHmapTU3aLUs SJIEMEHTOB IJIsi KOHCTPYUPO-
BaHUsI OMOMH)KEHEPHBIX OPraHOB YEJOBEKAa PEIIAeTCs B paMKaX Hay4HBIX HccienoBaHuil [3], umxeHep-
HBIX NOAXO0A0B [4], 1 OpraHU3aMOHHBIX peleHui [5].

O6c¢yxmaroTcs pa3inIHbIe TIOJXO0/IbI K TIPOCKTUPOBAHHIO TKAHEWH)KEHEPHBIX KOHCTPYKIMIA OPraHOB
W TKaHel 4YeJoBeKa, OCHOBAHHbIC Ha OOBIKHOBEHHBIX AU((epeHMaIbHbIX YPaBHEHHUSIX M YPABHEHUSX B
YaCTHBIX MPOU3BOJHBIX [6, 7, 8]. OTMEUar0TCsl MOMBITKY UCIIOJIB30BaHUS MTOJOOHBIX HHXEHEPHBIX MOIXO0-
JIOB JUIS IPOEKTUPOBAHUS KAPKACOB PA3IMUHBIX 00pa30BaHUM M CTPYKTYp, HAIPUMEDP >KEIIHOTO MPOTOKA
[9] u nepudepruueckoro Hepra [10]. CunreTHUecKuii MOp(HOTeHe3 CTal COBEPIIEHHO HOBBIM MOAXOI0M K
3aMEIICHUI0 YTPau€HHbBIX B3POCIBIM OPraHW3MOM TKaHEW, OPraHoB M (YHKLHMH KIIETOK, IIyTeM HHIYLH-
POBaHUS JIOKAILHOT'O MMOBTOPEHHS HOPMAILHOT'O OHTOTeHe3a, TH00 — GOPMUPOBaHUS OPTaHOB C MPUHIIH-
MUATBFHO HOBBIMU QyHKIMsiMu [11].

OpHAaKO 10 HACTOSIIEr0 BPEMEHHU MPo0JieMa MHKEHEPHOTO MPOSKTUPOBAHUS OMOMHKEHEPHBIX Op-
raHOB U TKaHEW YeJIOBeKa OCTACTCs HEPEIICHHOM 3a/1aueii OMOI0rH Pa3BUTHSL.

1. IlpoexTpOBaHUE KAPKACOB TKAHECUHKEHEPHBIX KOHCTPYKUMIA

[IpencraBnenne O TKaHEWH)XEHEPHBIX KOHCTPYKIMSX OCHOBAHO Ha KOMIIO3WIIMM KapKacoB-
HOCHUTENEH C KJIeTKaMu U OMOJIOrMYECKH aKTHBHBIMU COEIUHEHUSIMU. [IpoeKTHpOBaHNE TaKUX KapKacoB-
HOCHUTENIEH MpeACTaBIsIeT COOOH KJIACCHYECKYIO 3a/lauy XMMHUH MOJIMMEPOB, CBA3aHHYIO ¢ 00ecreueHueM
JOCTaTOYHOTO AMAana3zoHa MEXaHHMYECKOH MPOYHOCTH, YIPYTOCTH M TEMIIOB OMOAETpagalluy PH UMILIaH-
Tauuu B opraHu3Mm [9]. HekoTopble MexaHWYecKHe CBOMCTBAa MOTYT AOCTUraThCs MPU HCHOIb30BAHUU
KOMIIO3UTHBIX MaTE€pUAJIOB B COCTaBe KOHCTPYKIIMOHHOTO KapKaca U MaTepuala-HaroJIHUTEIS.

OpHako cBoOWcTBA OMOCOBMECTHMBIX MAaTEpPHANIOB OTIMYAIOTCS T€TEPOr€HHOCTHIO TIPH MMILIAHTa-
[IM{ B OPTraHU3M, YTO MPUBOAMT K PA3IWYHBIM TeMIlaM OWOJerpajalnuy, MUTPALUU KJIETOK B TIIyOWHY
MaTepuana, U MakpodaraisHol peaknuu [12]. JlanHbIe pa3nuins MOTYT OKa3bIBaTh BIUSHHE y)Ke Ha cTa-
UM TECTUPOBAHUS IMTOCOBMECTHMOCTH MaTepHalia MPH MCIIOIIb30BaHWHU CTAHIAPTHBIX TECTOB JUIS OLICH-
KM JKU3HECIIOCOOHOCTH U METa00IMUECKOM aKTUBHOCTH KJIETOK [13].

CrenoBatesibHO MPOEKTUPOBAHNE KAPKACOB TKAHEHH>KEHEPHBIX KOHCTPYKINI N3 OMOCOBMECTUMBIX Ma-
TEpHAIOB HEBO3MOXKHO 0€3 y4eTa KOTMUYECTBEHHBIX (PM3UOIOrMIECKHX PEaKLUi B OTBET HA MMIUIAHTALHIO.
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2. IIpoekTUpOoBaHNe (PU3MOJTOTHUECKUX PeaAKIUA

B Hacrosiiiee BpeMs KoJIHMUeCTBeHHAS (DH3HOIOTHS YeI0OBEKa MPEACTABIIIET COO0H MAON3ydEeHHYIO
00JacTh, ypoBEHb KOTOPOH IMOKa HEIOCTATOUEH ISl TPOTHO3UPOBAHUS (U3NOIOTHIECKHUX peakuuit [14].
Jlematorcsi MOMBITKA JAOCTIKEHUSI HEOOXOAMMON peakiMi OpraHu3Ma B OTBET HA MMIUIAHTAIMIO MTyTEM
WCTIONTF30BaHMS OMOJIOTHYECKH aKTHBHBIX COSIMHEHUHN U “‘cMapT-ckadQomaoB” ¢ peryimpyeMbIM BEICBO-
00X/IEeHHEM IIeNIEBOTO COENWHEHUS, TUO0 MMMOOMIN30BAaHHBIMU MOJIEKYJISPHBIMH KOMITIEKCAMH HJITH
CeKpeTopHbIME KieTkamu. [lokazaHo, 9TO MPOIIOHTHPOBAHHOE BHICBOOOXKICHHE OMOIOTHYECKH aKTHBHBIX
COEIMHEHHNI MOXET TOCTUTATHCA TP OMOAETpafallii UMIUTAHTUPYEMBIX MaTE€PHaOB WM MOCPEICTBOM
CEKPETOPHON aKTHBHOCTH MMMOOWMIIM30BAaHHBIX Ha Kapkacax KJIEeToK [15]. YBenwdeHHe KOHIICHTpAITUH
OHMOJIOTHYECKH aKTHBHBIX COETMHEHUI B 30HE MMIUIAHTAIINN MOXKET OKa3bIBaTh 3apaHee 3aporpaMMHPO-
BaHHBIA (hU3HOIOTHYECKHH AP (eKT Ha TKAHU, MPEUMYIECTBEHHO MPOTUBOBOCTIAIMTEIHFHON W aHTHOTEH-
HO¥ HampaBJieHHOCTH [16, 17].

B Hacrosiiee BpeMsi CHHTETHYECKIE TeHHBIE KOHCTPYKIIUU PEaTM30BaHbl TSl Y3HABAaHUS KIETOYHO-
rO THMA, METabOINIECKOTO CTaTyCca U OMOXUMHYECKUX CUTHAJIOB, H3MEHAS (OPMY KIIETOK, TIOJBHKHOCTh
u muddepernupoBky [11]. CuHTETHUECKNH MEKKIETOUHBIH CUTHAIWHT TIO3BOJISIET HAPABUTh KIIETKHU I10
3alaHHOMY TTyTH (D PepeHIIMPOBKY WIIM MUTPAIUH, OJHAKO CHHTETHYECKUI MOP(OTreHe3 IIeJIoro opraHa
C WCTIOJB30BAHHUEM JUINb JIOTHYECKUX TeHHBIX KOHCTPYKIIMU MMOKA OCTAeTCs HEepeIIeHHOH 3amayeil mpu-
KIJIATHON MOJEKYJISIPHOW OMOJIOTHH.

CrnenoBaTennsHO OMOWHKEHEPHUSI OPTAaHOB M TKaHEH 4YelloBEeKa HA COBPEMEHHOM JTare JOJDKHA OC-
HOBBIBATHCSI HA KOMITO3UITNH OTAEIHHBIX JIEMEHTOB OHOIOTHYECKOTO KOHCTPYKTOpAa — OMOMH)KEHEPHBIX
YCTPOKCTB € MPOTrHO3UPYEMBIMU CBOMCTBaMU.

3. MeT010J10THsl TKAHEUHIKEHEPHOT'0 MIPOEKTHPOBAHUS

Cno)XHOCTh MMPOEKTHPOBAHUS TKAHEHHKEHEPHBIX KOHCTPYKIMN, KaK TPATUIIMOHHBIX CUCTEM, OTpa-
HUYEHa MPoOJieMaMi MOAETUPOBAHUSI CIIOXKHBIX KHUBBIX CTPYKTYp C OOJBIINM YUCIOM CTEMEeHe cBO0O-
ne1. OTHAKO TIOHUMAaHKE OTAEIBHBIX CBOWCTB JKUBBIX OPraHOB M TKaHEW IMO3BOJISIET IMOJOUTH K UX MPOEK-
THPOBAHHUIO, KaK K IK30THYECKOMY OOBEKTY CHCTEMHOTO MHKHHUpHUHTA - “cucteme cuctem” (System-of-
Systems). CuctemMa-CUCTEM IPEACTABIAETCS KaK KOMIIO3HUIINS U3 OTIEIbHBIX B3aMMOJIEHCTBYIOIINX Pa3-
HOPOJIHBIX CHCTEM, MPOEKTHPOBAHNE KAXKJIOW M3 KOTOPBIX OCYIIECTBISETCS OTAebHO. [Ipu 3ToM ympas-
JICHUE TaKOM KOMITO3UITHEH MTpeICTaBiIsieT co00i 3a1ady, OJIM3KY0 K KoonepaTuBHOW Teopuu urp [18].

[IpoexkTpoBaHne CHCTEMBI-CUCTEM OTJIMYAETCA OKCIUIyaTallUOHHON HE3aBUCHUMOCTBIO, 3Mep-
JUKEHTHOCTBIO, 3BOJIIOLIMOHHBIM Pa3BUTHEM, CAMOOPraHu3anuei u aganrauuei [19], To ecTb HEKOTOPHIMU
CBOMCTBaMH, COOTBETCTBYIOIIIUMHU OCOOEHHOCTSIM JKUBBIX crcTeM. [10100HbII MOIX0/] MTO3BOISIET MOHOH-
TH OT IPOTHO3UPOBaHUS (U3NOIOTUIECKHIX PEAKIUK U CBOWCTB UMILIAHTATOB K MTPOEKTUPOBAHUIO KOMIIO-
3WIUN U3 OTIENbHBIX ONOMHKEHEPHBIX YCTPOMICTB.

3axumouyenue. Pa3BuTre METOIONOTHN MPOSKTHPOBAHHS OMOMHKEHEPHBIX OPTaHOB U TKAHEW 4eJo-
BEKa CBSI3aHO KaK C COBEPIIEHCTBOBAHUEM METOJIOB MH)KCHEPHON OMOJIOTHH, Tak U anpobarueii MeToa0-
JIOTHH TIPOCKTHPOBAHMS KHUBBIX OMOMHKEHEPHBIX YCTPOHCTB. Takue ycTpoiicTBa MOTYT OBITh MpECTaB-
JICHBI KaK KOMMO3UIHs (“‘CUCTeMa cucTeM’’) OTACIBHBIX B3aWMOJICHCTBYIOIUX MEXKIY COOON OMOWHXKe-
HEepHBIX ycTpoHcTB. [logxon k OMOMHKEHEPHBIM OpraHaM, KaK K CHCTEME CUCTEM, SIBIISICTCS yIPOIIEHUEM
3aJauy, OJJHAKO B OTCYTCTBUE KOJIMUECTBEHHOW TEOpUH MopdoreHesa sBisercs: 6e3aIbTepHATHBHBIM IS
JTOCTH)KEHHS TIePEIOBBIX HayYHBIX pyOexkei onomeauimnsl [20, 21, 22].
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0.0. KotoBa
Janbnesocmounwiil yenmp ghusuonoeuu u namono2uu Ovixanus, brnazosewenck

MMPOTHO3UPOBAHUE HEKOHTPOJIUPYEMOI'O TEUEHUS BPOHXUAJBHOM ACTMbI
C YYETOM KIIMHUKO-®YHKIIMOHAJIBHBIX U TEHETUYECKUX NPEJUKTOPOB

Pazpaboran coco® mporHo3upoBaHUs MOTEPH KOHTPOJS Hall OpOHXHATBHOW acTMOH B Tie-
PHOJ OBBILICHHOW OTHOCUTENFHON BIaKHOCTH aTMOC(EPHOTO BO3AyXa y MALMEHTOB C yde-
TOM TSDKECTH 3a00JeBaHusl, HATHYKsI TeHOTHIIa AA 110 OAHOHYKJICOTHIHOMY HOJIUMOPHU3MY
rs7217735 rena TRPV2, a Takke BBIpaKEHHOCTH PEAKLUKN CO CTOPOHBI IBIXaTENbHBIX MyTeH
B Buje crenenu cHkeHnss O®B; B oTBeT Ha OPOHXONPOBOKAIMOHHYIO MPOOY ¢ MHTATSIHEH
TMCTHIUTHPOBAHHON BOJIBL.

Kniouesvie cnosa: OpoHXHanbHas acTMa, THIOOCMOTHYECKas TUIEPPEaKTHBHOCTb JIbIXa-
TENBHBIX MyTEH, OMHOHYKICOTUAHBIN onumopduzm, TRPVZ.

0.0. Kotova
Far Eastern Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk
PREDICTION OF AN UNCONTROLLED COURSE OF ASTHMA TAKING INTO
ACCOUNT CLINICAL, FUNCTIONAL AND GENETIC PREDICTORS

A method has been developed for predicting the loss of control over asthma during a period
of high relative humidity atmospheric air in patients, taking into account the severity of the
disease, the presence of the AA genotype for the single nucleotide polymorphism rs7217735
of the TRPV2 gene, as well as the severity of the respiratory tract in the form of a decrease in
FEV1 in response to bronchoprovocation test with inhalation of distilled water.
Key words: asthma, hypoosmotic airway hyperresponsiveness, single nucleotide polymor-
phism, TRPV2.

W3meHeHne mapaMeTpoB aTMoc()epHOTO BO3/1yXa MOTYT OKa3blBaTh CYIIECTBEHHOE BIHSHUE Ha
(YHKIIMOHANBHOE COCTOSTHHE ABIXaTeNbHBIX MyTel npu OponxuansHOU actMe (BA). B mupoBoii nutepa-
Type OINHMCaHBI CIIydau MOSBIEHUS CUMITOMOB BA, a Taxke motepw KOHTpPOJSL U OOOCTPEHHS JTAHHOTO
3a00JIeBaHMs MPH KOHTAKTE HE TOJNBKO C XONOAHBIM [1, 2], HO M BIaXHBIM WIIM CYXHUM BO3AyXoMm [3, 4].
g uccnegoBaHusl OCMOTHYECKON TMIIEppeakTUBHOCTH AbixaTtenbHbIX myTelt (I'PIIT) ucmons3yioT cran-
JapTU3UPOBAHHBIE METOANKN — OPOHXOIPOBOKAIIMOHHBIE TECTHI ¢ MHTANALMEH TuepToHndeckoro (4,5%
NaCl) conesoro pactBopa (UI'P), muctumnuposanHoit Boasl (M/IB), nHcyddusue myapsl MaHHUTOIIA,
THITEPBEHTHIISIMEH CYXUM BO3yXOM HIIH J03UPOBaHHOM (usudeckoi Harpyskoi (JIOH) [5, 6].

Wzyuenne Bo3meHCTBHSA BIAXXKHOTO BO3AyXa Ha TeueHne BA sBisiercss Haubojee akTyalbHBIM B
ycnoBusX peruoHoB JlanmbHero BocToka ¢ MyccOHHBIM KiauMaToM. [Ipy MOBBIIIEHMM OTHOCHUTENHHOM
BJI&KHOCTH BJIBIXa€MOI'0 BO3JyXa HMPOMCXOAUT CHIDKEHHE OCMOJIIPHOCTH HA IMOBEPXHOCTH CIU3UCTOM
000JIOUKH PECIUpPaTOPHOro TpakTa. biarogaps BO3HMKAIOIMIEMY OCMOTHYECKOMY TI'PAJAMEHTY MOJICKYJIBI
BOJIbI YCTPEMIISIOTCS M3 TIPOCBETA JIBIXATENbHBIX TyTel BHYTPh KJIETOK, BBI3bIBAsI YBEIHMUCHHE X 00beMa
W pacTsHKeHHE MUTOIUIa3MaTHIeckol MeMOpaHs [7, 8]. MexaHu3mbl, Oiarogapst KOTOpbIM B HOpME IPO-
WCXOIHT PETYJSAIMS aJanTalliOHHOTO OTBETa B JAHHOM TIPOIIECCE, SIBIISIOTCSA CIOKHBIMH U 3aTParuBaioT
pa3IMYHbIe CUTHAIBHBIE IIYTH C Y9acTHEM MUTOTeH-akTHBHpyeMbix nporenHknHasz (MAPK) [9], a Taxxke
¢axropa tpanckpunuud NFATS [100], crtoco6HOro ympapisiTh aKTHBHOCTBIO Pa3IMYHBIX OCMOIIPOTEK-
THUBHBIX TeHOB. Ecii 1o Kakoii-To mpu4nHe JaHHbIE MEXaHW3MbI HapyIIaloTCs, TO OCMOTHYECKOE BO3CH-
CTBUC MMPUBOJNT K PA3BUTHUIO OCMOTHYECKOTO U MeXaHMIecKoro cTpecca [111], B pe3ynbrare 4ero mpowc-
XOJTUT 00pa30BaHNE W CEKPEIUs MPOBOCIAIUTENBHBIX MEAMATOPOB, CIOCOOHBIX MPOBOIMPOBATH COKpa-
IIEHHE TJIaJKOMBIIICYHBIX KJIETOK OpoHxoB [122].

B kadectBe penentopoB, COCOOHBIX BOCIPHHAMATh HU3MEHEHHUS OCMOJIIPHOCTH B CTOPOHY €€
YMEHBIIEHHS, paCCMaTPUBAIOTCSI KATUOHHBIE KaHAJIbl C TPAaH3UTOPHBIM PELENTOPHBIM MMOTEHLIUAIOM Ba-
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HIutonaHOTO moacemeiictea — TRPV2 u TRPV4 [133]. /lanHbie KaHaIbl OOHAPYKEHBI BO MHOTHX KIICT-
Kax JIBIXaTeIbHOW CHCTEMBI YejoBeka U KUBOTHRIX. Porb TRPV2 HanmMeHee n3ydeHa B pa3BUTHH pecIin-
paTopHO# maToioruu. BeposTHee BCero BaXXHYIO pojb B (DYHKIIMOHUPOBAHUH JAHHBIX KaHAJIOB WUTPAIOT
MMEHHO MX TeHeTH4eckre ocoOeHHocTH. Hamm npensimyue ucciieJoBanus MPOAeMOHCTPHUPOBAIH B3an-
MOCBSI3b HEKOTOPBIX OJHOHYKICOTHUIHBIX momumopduszmoB (OHII) rena TRPV2 ¢ passutuem I'P/II B
OTBET Ha OpPOHXOMpPOBOKAIMOHHYI0 TTpo0y ¢ M/IB [144]. Takke ObUIO YCTaHOBJIEHO, YTO Y MAIHEHTOB C
BA, nmeromux runoocmoruueckyto ['PJII1, yBenuuena skcrpeccust TRPV2 va yposae M-PHK B OGponxu-
apHOM srmTennn [155].

YunThiBas CE30HHYIO TUHAMHUKY M3MEHEHHS OTHOCHUTEIFHOW BIIAXXHOCTH aTMOC(HEpPHOTO BO3IyXa,
AKTyaJIbHBIM SIBIISIETCSI BBISIBJICHHE C LIENBIO TPOQIIIaKTHKN 000CcTpeHui BA manneHToB, MEIOMHX BHICO-
KW PHUCK MOTepH KOHTPOJIS HaJl 3a00I€BaHUEM B TIEPHOIBI BRICOKOH BIIAKHOCTH.

Heabio manHOM paboTH OblIa pa3padoTKa crocoba MPOTHO3WPOBAHMS MOTEPU KOHTPOIIT Hax BA
MIPU BO3JICHCTBUU BBHICOKOH BIaKHOCTH aTMOC(EPHOTO BO3AyXa, HCIOJb3Ysl HECTIOXKHBIEC U TOCTYITHBIE JIIS
MOJTYYEHUS MapaMeTphl — KITMHUKO-(DYHKIIMOHAIBHBIE U TeHETUUECKHE.

MaTtepuansl 1 METOAbI

B uccnenoBanue ObUIM BKIFOUEHO 147 OOJIBHBIX C IUAarHO30M BA Jierkoii v cpeHei CTeneHu TsxKe-
cti. CpeiHui BO3pacT ManuueHToB cocTtaBuia 38,5+0,85 ner.

C uensto onenku runoocmorndeckoit ['P/II1 O6buta nposenena 3-MuHyTHass OpOHXOIMPOBOKAIIMOH-
Has npoda ¢ M/IB ¢ momorisio yabTpa3BykoBoro unrajgstopa Thomex L-2 (Ionwia). J{ns uaTepripera-
IIMH PEe3yJIbTATOB MAI[eHTaM MPOBOAMIACH ciupoMeTpus Ha anmaparte Easy on-PC (ndd Medizintechnik
AG, IlIBeiiiapusi) ¢ onpeneieHUuEeM OCHOBHBIX IMOKa3aTesiel OPCHPOBAHHOTO BBIOXA 10 OPOHXOIPOBO-
KaLMOHHOH 1poObl, a Taxoke yepe3 1 u 5 munyt. I'P/III ycranasnuBanu npu camxkenun O®B; na 10% u
0ojee OT WCXOOHOTO. YPOBEHb KOHTPOJIS Haj acTMOW OMpPEAeNsuiCS ¢ MOMOINBI0 BOMpocHHWKa Asthma
Control Test (ACT).

VY Bcex ManueHToB, BKIIOYEHHBIX B JaHHOE HCCIEN0BaHNE, POU3BOAMIN 3a00p neprudepruecKoit
BEHO3HOW KpoBU B 5 mi mpobupkwu, cogepxamue IATA. JIHK Boiaensiu u3 JeHKONUTOB C MOMOIMIBIO
Habopa «IHK-Okcrpan-1» (3A0 «Cunton», Poccust). IlonyueHHbIH reHETHUECKUI MaTepuall 3aMOpakKu-
Banu mipu -80°C 10 MOMEHTa HCIIONb30BaHus. Ha OCHOBaHWMH TpeIBapHUTEIHHBIX CTATUCTUYECKUX pacde-
TOB OBLI OMpenesieH KaHAuAaTHbIN nmomumopdusMm TRPV2 rs7217735, cBs3aHHBIA C ypOBHEM KOHTPOJS
Haj BA. I'enotunupoBanue rs7217735 npousBoanIn METOAOM aCUMMETPUYHOU MOIUMEPAZHON IEMHOU
peaknuu (I1LP) c anann30M 11aBIeHusi HEMEYEHOTO OJIMTOHYKJIEOTHIHOTO 30H/1a.

Cratuctuueckyro 00pabOTKy MOJYYEHHBIX JaHHBIX TMPOHM3BOIWIA C TOMOIIBIK) MPOrPaMMHOTIO
obecnieuenus Statistica 10,0 (StatSoft, Inc. 2011). B xone aHanmm3a pe3ynbTaToB UCCIEAOBaHUS OBLTH HC-
MOJIb30BaHBI KaK MapaMeTpUiecKue, TaK U HelapaMeTpHUecKHe METOJIbl CTaTUCTUKU. B kadecTBe J0CTO-
BEPHOTO KPHUTEPHs 3HAYMMOCTH cuuTanu 3HadeHue p<0,05. [TocTpoeHne MpOrHo3HOro ypaBHEHHS OCY-
HIECTBISIIN C ITOMOIIBI0 OMHOMHATIBHOM JIOTUCTHYECKOH perpeccur. KauecTBEHHYIO OIICHKY MPOU3BOIH-
mu npu nposeaeHnn ROC-ananm3a ¢ moctpoeHrneM rpaduka ¥ BBIYMCICHHEM IUIOMAIU 1O/ KPHUBOH
(AUC). Takxe onpeaeuin CreupuIHOCTb, YyBCTBUTEIBHOCTh U TOYHOCTH MOJYYEHHOTO CIOC00a Mpo-
THO3UPOBAHUS TIOTEPU KOHTPOJISL.

PesyabTaTsl

Bce maruenTs! ObITH pa3jiefieHbl 0 YPOBHIO KOHTpoJsi BA Ha jiBe TPyNIBI — JIMIIA ¢ HEKOHTPOJIH-
pyembiM TeueHreM (ACT<20 0a/utoB) M JIMIIA C MOJIHOCTHIO MM YaCTHYHO KOHTPOJIHMPYEMbIM TCUCHHUEM
(ACT=25 nnu 20-24 6amioB, COOTBETCTBEHHO). B pe3ynbrare Mccieq0BaHust OMpeaecHbl TPY TepeMEH-
HbIC, OKa3bIBAIONINE BIMSHUE Ha YPOBEHb KOHTpPOJIS HaJ BA — TsbkecTh 3a00ieBaHusl, HATMYUE TEeHOTUTIA
AA nio OHII rs7217735 TRPV2, a Taxxe crenensb runoocmorudeckoit ['PJII1, BelpaskeHHast B CHH)KEHUHU
ODB; (AODB,, %) nocie nmpoost ¢ UIB.

[Honmy4yeHHOE TPOTHOCTHYECKOE YPaBHEHHE TIOIYYHIIO BU:

F=-0,627725+1,091917 xmsocecmv BA+0,764803 xrs7217735-0,164064 xAODB;, (1)
rJie TsOKeCcTh BA — mepeMeHHasi, oTpakaromas CTeleHb TshHKeCcTH bA, nipu 3HaueHun «1» — cpeaHsis
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TsDKECTh, «0» — nerkas; rs7217735 — nepemennas mo OHII rs7217735 rena TRPV2, npuHuMaromias 3Ha-
yerue «1» — npu renorune AA, «0» — npu rernotune AG wm GG; AODB; — KoTuYecTBEHHAS ITepEMEH-
Has1, oTpaxaromas n3Meneane OPB; mocite 6poHXONMPOBOKAITMOHHOM TTPoOsI ¢ MJIB.

Brruncnenre BepOSTHOCTH BO3HHUKHOBEHMS PUCKA MOTepU KOHTposis Han BA mpoussoautcs 1o

hopmye:
P=1/(1+e"), (2)
T/ie € — OCHOBaHHUe HaTypanbHOTo Jorapudma (2,718), F — 3nHaueHune, monydeHHOE BEIYHCICHHEM 10
tdhopmyme (1).

Jia mommydeHHON BeposiTHOCTH P orpeneneno rpannyHoe 3Hadenne, pasaoe 0,77. B coyuae, ecom P
6ompme 0,77, puck moTepu KOHTPOJsI Hag BA cunuraercst BRICOKHM, eclid MeHbIe 0,77 — pUCK BO3HHKHO-
BEHUSI HEKOHTPOJIMPYEMOTO TeueHHsI BA Tpy MOBBIIIIEHUH BIXKHOCTH aTMOC(EPHOTO BO3/yXa — HU3KHUH.

3navyenue momany noxa kpusoi (AUC) coctaBumno 0,87 95%/U (0,80; 0,92) (puc. 1). UyBcTBu-
TeJIbHOCTh MeTo/1a paBHa 80%, cieuupuanocts 79,2%, Tounocts 80%.

ROC Curve of C13
100% 4——— L e e e L e e
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Puc. 1. ROC-kpusas ypasnenus 0151 RPOSHOZUPOBAHUSL PUCKA HEKOHMPOTUPYEMO20 MedeHUs!
FA 6 3asucumocmu om cmenenu mascecmu bA, cenomuna no OHII rs7217735 cena TRPV?2,
a maxoice svipadicennocmu AODB1 nocne bponxonposoxayuonHot npoowst ¢ HJ/IB.

3akaouenue. B pesynprare nccienoBaHus yaaloch pa3padoTaTh coco0 MPOTHO3UPOBAHMS TIOTE-
pu KOHTpoJI Haj BA mpu BO3I€HCTBUN BIAXKHOTO aTMOC(HEPHOTO BO3/yXa Yy MAlUEHTOB, UCIIONIb3Ys JTaH-
HbIE O TsDKeCcTH 3a0oneBaHus, Hanmuus reHotuna AA mo OHII rs7217735 rena TRPV2, a Takxe Bbipa-
YKEHHOCTH PEaKIIMU CO CTOPOHBI JIBIXaTEeNbHBIX MyTer B Buje u3MeHeHuss ODB; B oTBeT Ha OPOHXOMPOBO-
KarnnoHHyI0 1ipoOy ¢ M]JIB. 3HaueHus: BBIYUCIECHHBIX MTaPaMETPOB MOXKHO OIICHHUTH, KaK XOPOIIUE, a caM
METOJT cCUnuTaTh 3()(HEKTHUBHBIM Ha JJOCTATOYHOM YPOBHE.
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HU3KOMOJIEKJISIPHAS THK IIJIA3MbI KPOBHU Y TAIIMEHTOB C BPOHXOJIETOYHOM

MATOJIOTUEM: BJIUSHUE HACJEICTBEHHOCTHU U BO3PACTA

HUccnenoBanue mokasano, yTo ypoBeHbs Huzkomonekyssipuoit JJHK mnasmer kposu (HaMJHK)
y OonbHBIX XOBJI B COCTOSHMN pPEMHCCHMH MEHBIIIE, YeEM Y 370POBBIX JTOHOPOB M OOJBHBIX
XPOHUYECKUM HEOOCTPYKTUBHBIM OpOHXUTOM. YpoBeHb HMIHK KpOBHBIX pOACTBEHHHKOB
OOJIBHBIX HE OTJINYAJICA JOCTOBEPHO OT 340poBBIX JoHOPOB. Coneprkanne BHAHK y 6onbHBIX
XOBJI crapiiero Bo3pacrta ObUIO BBIIIE Y€M Y CPEIHETO BO3PacTa.
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Knrouegwle cnosa: xponndeckasi 0OCTpyKTUBHAS OOJIE3HB JIETKUX, XPOHHUECKUH HEOOCTPYK-
THUBHBIN OpOHXHUT, BHEKIIeTOUHas Hu3KoMounekyisipHas JJHK, anornros.

I.N. Vasilyeva, PhD, Ivanov, Sc.D.
N.N. Petrov National Medical Research Center of Oncology, Ministry of Healthcare
of the Russian Federation
LOW MOLECULAR BLOOD PLASMA DNA IN PATIENTS WITH BRONCHOPULMONARY
PATHOLOGY: THE INFLUENCE OF HEREDITARY AND AGE

The study showed that the level of low-molecular-weight DNA in blood plasma (ImwDNA)
in patients with COPD in remission is lower than in healthy donors and patients with chronic
non-obstructive bronchitis. The IMwDNA level of first-degree relatives of patients did not
differ significantly from healthy donors. The content of ImMwDNA in older patients with
COPD was higher than in middle age.

Key words: chronic obstructive pulmonary disease, chronic non-obstructive bronchitis, extra-
cellular low-molecular-weight DNA, apoptosis.

XpoHundeckas o0cTpykTuBHas 0omnesHb Jerkux (XOBJI) - aTo pacnpocTpaneHHOe, TPEeAOTBPATUMOE
U MOJAAIOLICECs JIEUCHUIO 3a00J€BaHue, KOTOPOE XapaKTEPHU3YyeTCs CTOMKUMH PECIHPATOPHBIMH CHMII-
TOMaMH M OIPaHMYCHUEM BO3IYIIHOIO IOTOKA M3-3a aHOMAaJUil IbIXaTeNbHBIX IyTeH W/WIM anbBeol,
OOBIYHO BBI3BIBAEMBIX 3HAUNTEILHBIM BO3JICHCTBIEM SIOBUTHIX YACTHIL WJTH ra3oB [1].

Ponp nacneactBeHHoil mpenpacnoniokeHHocTd K XOBJI cuurtaror gokazanHod. Hapyienus rena
SERPINAI1 BeBBIBalOT A€PHUINT O-TPHUIICHHA, BIUSIONIETO HA 3JacTa3dy JIETKHX, JIOKychl TeHOB TNSI,
GSTSD, AGEF, HTR4, TDSD4 umeroT oTHOIIEHHE K CHIDKEHUIO (DYHKIIMU BHEIIHETO JBIXaHWS, HAPY-
menns okyca reHa KANSL1 BEI3BIBAIOT alleTHIMPOBAHHUE W CBS3aHBI C SMIUTCHETUYECKON peryIsiueit
resoma [2].

IMarorene3 XOBJI — cnoxHBIH Mpoliecc, B OCHOBE KOTOPOTO JIEKHUT MPOTEa3HBIH/aHTUIIPOTEA3HBIN
nucOaiaHC, UMMYHHBIE HapYIIeHHS, OKUCIUTEIbHBIN CTPECC, XPOHUYECKOE BOCIHAICHHE IbIXaTeIbHBIX
MyTel, TopaXKeHne SHAOTEIHS COCYJOB JIETKHX, JUCPEryisinus armonrto3a [3]. Amonto3 mMeer ocolyro
ponb B matoreHe3ze XOBJI, Tak kak UMEHHO B pe3ysbTaTe aKTUBAIMH arloNTO3a MPOUCXOAUT THOEIh IIH-
TEJTHAIBHBIX U ME3EHXUMAJIbHBIX KJIETOK JIETKUX, B UTOT€ MPUBOJAIIAS K AECTPYKIIMHU JIETOYHON TKaHU U
pa3Butuio 3mMpusemsl. OHaKo HHrHOUpoBaHUe anonto3a y 6oabHbIXx XOBJI sBseTCs 3aUTHON PeaKIly-
el MpoTHB AeCTPYKIMHU JEeTKuX [4].

Omnpenenenue BHEKJIETOUHBIX HYKJIEMHOBBIX KHCJIOT SIBISETCS MaJOWHBa3UBHBIM METOJIOM M CTa-
HOBHTCS Bce 0ojiee MPUMEHSEMbIM B Pa3IMYHBIX 00JAaCTAX MEOULMHBI, TaKUX Kak IuddepeHurnanbHas
JTUArHOCTHKA WHCYJbTa [5], MMarHOCTHKA M OIEHKA JICYCHHs 3JI0KAa4eCTBEHHBIX HOBOOOpa3zoBaHU [6],
crapenue [7]. MHTerpansHbpIM MOKa3aTesleM anonTo3a CiayXuT HuzkoMonekysapHas JJHK mia3smel kpoBu
(amIHK), xoTopas oObluHO ompenensiercsa B Buae HykieocoMmHol ¢pakuuu [8]. Conepxanne HmMIHK
YBEJIMYUBACTCS PH YCUIICHUH MIPOLIECCOB alloNTO3a M YMEHBIIAETCA PU UX MHIHOMpoBaHuH [9].

Heas padotbl — uccinenoanne HMJIHK kak mokazarens rubenu kiretok y 0ompHBIX XOBJI 110
CPaBHEHHIO C OOJIBHBIMU XPOHHYECKHM HEeOOCTpYKTUBHBIM OponxuToM (XHB) B cocrostHuu pemuccuu u
CO 37IOPOBBIMH JJOHOPAaMH, B Pa3IMYHBIX BO3PACTHBIX TPYMIAX W POJCTBEHHUKOB NEPBOM JTMHUH MAIMEH-
toB XOBbJI u XHb.

MartepuaJibl 1 MeTOABI

UccnenoBanne BbmonHeno Ha ©6aze HUW nynsmononormn ®I'BOYBO Ilepsriii  CaHkT-
[leTepOyprckuit TocyIapcTBEHHBIM MeAMIMHCKUAN yHuBepcuteT uM. akan. W.II. IlaBnoBa Mwun3znpasa
Poccun. B uccnenosanue 6putn HaOpansr 110 yyactHHKOB: 17 310pOBBIX 10HOPOB, 31 GonmsHON XOBJI, 20
6o1pHBIX XHB, 19 310poBBIX poscTBeHHUKOB TepBoil TuHUN O00nbHBIX XOBJI, 23 310pOoBBIX POACTBEH-
HUKOB IepBoit miuHUU O0nbHBIX XHB. /Inarao3sl nanueHToB ObLTH XOPOIIO BepHU(PHUIIUPOBAHEI, TOCKOIBKY
OHH HAOIIOJANKCh B KIIMHHUKE OT 7 10 25 snet. B rpymnmax 310poBeIX J0HOPOB, 60abHEIX X OBJI 11 601hHBIX
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XHb 6bun TOIBKO MyK4KHBI. B rpymnmne poactBeHHNKOB 0onbHBIX Kak XOBJI, Tak u XHbB Obumn Mmyxuu-
HBI ¥ KEHIIMHBL. KpoBHBIE POACTBEHHUKH OOJBHBIX O0EHMX TPYII HE UMENH MPU3HAKOB JIETOYHOHN MaTo-
soruu. CpemHuil BO3pacT 370pOBBIX TOHOPOB, 00ibHBEIX XHB, poncteenHukoB OonbHbix XOBJI 1 XHB
OBLI CpaBHUMBIM ¥ cocTaBisut ot 53,0 mo 64,5 ner.

[TanmeHTs! M 300pPOBBIE JIFOJM BO BCEX CPABHUBAEMBIX IPYINIAX OBLIM COINOCTaBUMBI 110 YCIOBUSIM
TPYAOBOH AEATEJBHOCTH M COLUAIBHO-3KOHOMUYECKOMY cTaTycy. lIpomomxuTtensHOCTh 3a00jeBaHuUs
naruedToB B rpynmax 60onsHBIX XOBJI n XHbB coctaBnsina ot 7 mo 20 ner. Bee 6ompabie XOBJI u XHbB
BO BpeMs 3a00pa kpoBu s onpeneiacHus HMIHK Haxoqmmmcs B meproae KIMHTIECKONH PEMHUCCHH.

KpoBb B konmyectBe 3 M Opanu myTeM BeHemyHKIHHU B BakyTeiiHepsl ¢ DJITA. [Tnasmy otnensiu
nentpudyruposanuem B Teuenue 10 mun npu 810 g u remmeparype 4°C B 6aker-porope. st ynaneHust
OCTaTKOB KJIETOYHOTO Jepbuca mia3my HeHTpudyrupoBanu naxasl npu 2200 g. Beinenenue u onpene-
nenne comepxkanus HMHK ocymecTsisimm cormacuo omwcanHoi panee meromuke [10]. HykmenHoBBIE
KHCJIOTHI BBIACISUIN IyTeM SKCTpakuu (heHoI0M/XI0podopMOM U ocaxaanu 3TaHoaoM. Ocaaku HyKIeu-
HOBBIX KHCJIOT PacTBOPSUIM B ICMOHU3UPOBAHHOW BOZe U3 pacyera 1 MK Ha | MJI I1a3Mbl KPOBH U Xpa-
HWIK JUIs JansHeimmx ucenenosanuii npu — 70°C. Iocnie pasmMopakuBaHust 00pasibl HyKJIEHHOBBIX KHC-
sot obpabareiBain PHKazom. JIHK anamusupoBanu snextpodope3oM B 2/16% rpaareHTe MOJUaKpHiIa-
muna. s unentudukanmu dpakuuit aMJIHK ucnonszoBanu mapkepsl — pectpuktel PBR322/BspR1 u
MAlul. DnextpodoperpamMmbl GpoTorpadupoBalivd B IPOXOIAIIEM YIbTPadhUOIETOBOM CBETE.

JlanHbIe TIpeaCcTaBlIeHbI Kak cpenHee = SEM (cTaHmapTHas ommOKa CpeHero). AHaIU3 MPOBOIMII-
csl TIpH oMo iporpaMmuoro obecniedenus: GraphPad Prism 7, 3Ha4UMOCTE pa3nuymii OlleHUBANIACH 110
t-kputeputo CTbrofeHTA.

Pe3yabTaThl u 00CyKIEHHE

Panee Hamu Obi10 ycTanoeneHo, uto y 6omsHBIX XOBJI conepxanne um/IHK cocrasmsuio 7,8+2,0
HI'/MJI, CTAaTUCTUYECKH JIOCTOBEPHO B 3,9 pa3a meHsie, yeM 30,24+6,6 HI/MII y 30pOBBIX JOHOPOB U B 3,0
pa3a menbiie, yeMm 23,5+5,4 ur/mn y 6onsubix XHB [11]. Conepxanue aM/IHK y Gonbabix XHB He 0T-
JIUYAJIOCh JIOCTOBEPHO OT 370pOBBIX J0HOpoB. Huskoe cogepxanne HMIHK y Gompubpix XOBJI cBupe-
TEJILCTBYIOT O CHIKCHMU (MHTMOMPOBaHMHN) MPOLIECCOB aIloNTo3a, Toraa kKak y 6oibpHbIX XHbB mponeccsr
aronTo3a MPOTEKAIOT C TOH K€ MHTEHCUBHOCTBIO, YTO Y 30POBBIX JAOHOPOB. 3HAYMMOE OTIMYHE COAEP-
xanust HMIHK y manuentos ¢ XOBJI u XHbB B cocTossHMM peMuccuy mo3BOJISAET UCTIOIB30BATh ONpENe-
nenne HMJIHK B nudpepernmansroit quaraoctuke XObJI u XHBb [2, 11].

Cuamxenne conepxkannst HM/IHK y manmentoB XOBJI B peMuccuu COMPOBOXKIACTCS CHIDKCHHUEM
YPOBHSI HEUTPODMIIOB [12] M COOTBETCTBYET COBPEMEHHBIM IMPEJCTABICHUSIM O MPOUCXOKJICHHN 3HAYH-
TEJBHOMW €€ YacTH U3 HEUTPO(UIIOB B pe3yJibTaTe HET03a B OTBET Ha MPOBOCTIANIHUTENbHBIE areHThI [13].

W3BecTHO, 4TO HacieACTBEHHOCTH sBisieTcs (akTtopoM pucka XOBJI, n cHMXeHue mpoieccos
arnonTo3a, Kak 1 Hu3kuid yposenb HMJIHK moxeT nmers HacnencTBeHHyIo npupony. OQHaKo y KPOBHBIX
poactBeHHHKOB 60JbHBIX Kak XOBJI, tTak u XHbB, yposens HM/IHK He oTnnyancst 1octoBepHO OT 340po-
BBIX JJOHOPOB ¥ cocTaBuia 22,9+6,2 Hr/mi, 28,4+6,8 ur/mn u 30,2+6,6 Hr/MII, COOTBETCTBEHHO.

U3zBecTHO, uTO BO3pacT Takxke sBisercs ¢akrtopom pucka XObBJI, oqHako n1aHHBIE O BIMSIHAU BO3-
pacTa Ha MPOLECCH allONTO3a BECbMA NPOTUBOPEYMBEI. bbljla MpeanprHATa MONBITKA OLEHUTH BIHUSIHNE
Bo3pacTa Ha ypoBeHb HMIHK y Gonbabx XOBJI B cpaBHEHHH CO 3I0POBBIMU JOHOPaMH pa3HOIO BO3pac-
Ta. MccnenoBanue mnokasano, 4yto cpegHee conepkanue HMJIHK mpakTthdecku He pa3nuyanochk MEXIY
rpynmaMu 370poBeIX JoHOPoB 34—59 netr u 60—74 net u coctaBiso 31,5+11,3 ar/mn u 30,2+5,8 Hr/mo,
coorBercTBeHHO. Cpennee conepkanue HMIHK y Gompabix XOBJI B Bo3pacte 45-59 net cocrasisiio
4,4+1,4 vr/mi, B 2,3 pasa menbiie, yem 10,2+2,6 ur/min B Bo3pacte 60—80 net. [lo cpaBHEHHUIO C mMOaX0-
JSIIMMH BO3PacTHBIMH IPYIINIaMH 340pOBBIX A0HOPOB conepxanne HMHK y 6onpuapix XOBJI cpennero
Bo3pacTa (4559 neTr) craTUCTUYECKH JOCTOBEPHO MEHbIIE B 7,2 pa3a, yeM Y 3/0pOBBIX JIOHOPOB, a y
6onbHbBIXx XOBJI crapmero Bo3pacta (60-80 net) — B 3,0 pa3a. MOXHO NpennoiaoKuTh, YTO C YBEIUYCHU-
eM Bozpacta y 6oabpHbIX XOBJI naxke B cocrostnuu pemuccuu ypoBeHb HMJIHK u amonrosa pacrer, uto
CBSI3aHO C NMPOrpEecCHpOBaHUEM 3a00JieBaHus, a y 340pOBBIX Jroned yposens HMIHK u amonrosza He me-
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HSIOTCSI, ¥ Ha TIPOIIECCHI alloNTo3a BIUSIOT aCCOIMHUPOBAHHBIC C BO3PACTOM 3a00JICBaHUs, & HE CaM BO3-
pact [14]. Bo3pactabie yBennuenns BHekneTouHon JJHK ormeuenst apyrumu aBropamu [14, 15].

3aknaouenue. Camkenne koHneHtpannn HM/IHK y 6ompapx XOBJI B COCTOSHUN peMHCCHU IO

cpaBHeHHUIO ¢ OombHBEIMH XHB mo3Bomser mcmonb3oBath ompeneneane HM/IHK B muddepenmumansroi
muarHoctuke XOBJI u XHB. Yposens aM/IHK kpoBHBIX pomcTBeHHHKOB 00abHBIX XObJI 1 XHb HE oT-
JIUYAJICs JOCTOBEPHO OT 370poBEIX qoHOPOB. Conepxanne HMIHK y 60mpHBIX XOBJI crapmiero Bo3pacra
OBLIIO BHIIIE Y€M CPEIHETO BO3PacTa, B TO BPEMS Y 3[IOPOBBIX TOHOPOB coaepxanne HMIHK npaktnaeckn
HE Pa3nvaIoch MEX/Ty BO3PACTHBIMH TPYIITaAMH.
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14.

15.

JIMTEPATYPA
Global Initiative for Chronic Obstructive Lung Disease (GOLD) // Global Strategy for Prevention,
Diagnosis and Management of COPD. 2017.
Bacunwesa U.H., becnanos B.I'. Huskomonekymsipras JJHK mmazMer kpoBH y O0TBHBIX XpOHHYECKOH
o0cTpyKTHUBHOM 00se3HbI0 Jlerkux // TepaneBtuueckuit apxus. 2017. T. 89, N 3. C. 24-28.
Vijayan V.K. Chronic obstructive pulmonary disease // Indian Journal of Medical Research. 2013. V.
137, N. 2. C. 251-269.
Apoptosis and Bcl-2 family proteins, taken to chronic obstructive pulmonary disease / H.Zeng,
X.Kong, H.Peng et al. // European Review for Medical and Pharmacological Sciences. 2012. P. 16,
N. 6. P. 711-727.
Differential dynamics of the levels of low molecular weight DNA fragments in plasma of patients
with ischemic and hemorrhaging strokes / 1.Vasilyeva, V.Bespalov, A.Baranova et al. // Basic and
Clinical Neuroscience. 2020. V. 11, N. 6. P. 805-810.
BnusHue nuokcansta Ha TUHAMUKY U3MeHeHu BHekseTouHor JIHK mima3Mbl v KIIETOYHBIX CTPYKTYP
acuuTa Ha MOJEIHM TepeBHBaeMoro paka simuHuka y kpeic / W.H.BacumbeBa, B.I' becnanos.,
A.JI.Cemenos u ap. // Marepuansl Xl mexxayHapoanoit HayuHoit koHpepeHnn «CHCTEMHBIH aHa-
3 B MeauiuHe» (CAM 2019) nog pen. B.I1.Konocosa. Biarosemenck, 2019. C. 103-106.
Cell-free DNA plasma levels differ in age-specific pattern in healthy rats and castrates with testos-
terone-induced benign prostatic hyperplasia / 1.N.Vasilyeva, V.G.Bespalov, J.D.Von et al. // Interna-
tional Journal of Genomics. 2019. doi.org/10.1155/2019/ 8173630.
Bacunbesa U.H., [Togropuas O.U., becnanos B.I'. Hykneocomuas ¢pakuus BHekneTounoi JJTHK kax
rmokasatens aronTo3a // Lutonorus. 2015. T. 57, N 2. C. 87-94.
BacunbeBa U.H., Vpuuk T.B., Bo3urok N.A. Pons HH3KOMONEeKymsipHOH ¢pakumu JJHK B nuarHo-
CTHKE MAaTOJOTHMYECKOTo Mpoliecca NMpU PaJualliOHHOM MOPAKEHHUH M HEKOTOPBIX 3aboJeBaHusX //
MonekynspHast meauiaa. 2011, N. 5. C. 132-135.
Bacunsesa U.H., Bosntok U.A., becnianos B.I'. Conepxxanne nuszkomonekyasipaoil JJHK B mmasme
KPOBH U 1epeOpOCTMHATIBHON KUAKOCTH OOJBHBIX C OCTPHIM HApYIIEHHEM MO3TOBOTO KpoBOOOpa-
menus // Kypuan nesposioruu u ncuxuatpun uMm. C.C. Kopcakosa. 2015. T. 9, Bem. 2. C. 50-51.
BacwibeBa 1.H., becnanos B.I'. Huskomonekynspnas JJHK mia3smel KpoBU B IHarHOCTHKE MATONO-
rHYecKoro mporecca / Marypuansl X MexXIyHapo HoOH HayuyHOW KoH(pepeHimn «CUcTeMHbIH aHa-
3 B MmeauiuHe» (CAM 2016) / mox pen. B.I1. Komocora. biarosemienck, 2016. C. 94-97.
Advanced role of neutrophils in common respiratory diseases / J.Liu, Z.Pang, G.Wang et al. // Journal
of Immunology Research. 2017. 2017: 6710278.
Neutrophil extracellular traps are associated with inflammation in chronic airway disease /
T.K.Wright, P.G.Gibson, J.L.Simpson et al. // Respirology. 2016. V. 21, N. 3. P. 467-475.
Cell-free DNA as a biomarker of aging / Y.V.Teo, M.Capri, C.Morsiani et al. // Aging Cell. 2019. V.
18, N. 1. P. €12890.
Characterization of the role of distinct plasma cell-free DNA species in age-associated inflammation
and frailty / J.Jylhdavéd, T.Nevalainen, S.Marttila et al. // Aging Cell. 2013. V. 12, N. 3. P. 388-397.

Irina N. Vasilyeva, E-mail: iravasilyeva@hotmail.com

73


mailto:iravasilyeva@hotmail.com

COBPEMEHHBIE METO/IbI CHCTEMHOI O AHAJIU34 1 BO3MOKHOCTH ...

©2021 r. JI.B. Bepemuyk, 1-p. 6uon. vayk, T.W. Butkuna, 1-p. 6uon. HayK,
E.E. MuHeeBa, KaHJ. MeJl. HAYK
Braousocmoxcxuil ¢unuan J{anbhegocmounoco HayuHo20 yeHmpa Gu3uoiocuu U namoaocuu ObIXanus —
HUU meduyunckoll kKnumamonocuu u 60CCManHo8UmeIbHo20 jevenus, Biaousocmok

BBIIEJIEHUE KPUTEPUEB KPATKOCPOYHOM PEAKIIMY UMMYHHOMN CUCTEMBI
MNAIMEHTOB C BPOHXUAJBHOM ACTMOM B YCJIOBUSIX MYCCOHHOI'O KJIMMATA

Hcnonb3oBaHue CHCTEMHOTO WHTEIPAIbHOTO TOKA3aTedsl MO3BOJIMIO OLICHUTh HHTCHCHUB-
HOCTBh KPaTKOCPOUYHOH OTBETHOM METEOpEaKIMU MOoKa3aTeJe MMMYHHOU CHCTEMBI U OIpe-
JIEIUTh TAANA30HbI UX U3MECHCHHUS.

KuaioueBble c10Ba: MeTeOpeakus, KPUTEPUH H3MEHEHUS TapaMeTPOB IMMYHHTETA.

IDENTIFICATION OF CRITERIA FOR THE SHORT-TERM RESPONSE OF THE IMMUNE
SYSTEM OF PATIENTS WITH BRONCHIAL ASTHMA IN A MONSOON CLIMATE
The use of a system integral indicator made it possible to assess the intensity of the short-
term response meteoreaction of the immune system indicators and determine the ranges of
their changes.

Key words: meteoreaction, criteria for changing the parameters of immunity.

Onnum u3 Hanbosee 3 PpeKTUBHBIX MEXaHU3MOB 3allIUTHI OpPraHu3Ma OT BO3JICHCTBUS HEOIAronpu-
SATHBIX (PAKTOPOB CPEbl SBISIETCS KOMIUICKC MPUCIIOCOOUTENBHBIX PEaKIMid, OCYIIECTBISIOMMUNC KOM-
MOHEHTAMHU CUCTEMbl UMMYyHHUTETa. B opranusme GopMHUpYIOTCS U3MEHEHHUs, KOTOPHIE C OJHOW CTOPOHBI
SIBIISIIOTCS OMOMapKepaMy KadecTBa CpeAbl, a ¢ IPyroi - 00eCIeYuBalOT OCHOBY XPOHH3ALUH WU YTsDKe-
JICHHSI YK€ UMCIOIIMXCS 3a00JICBaHUi, B TOM YKCJIEe OPTaHOB AbIXaHHs. Peakuus B 3HAYMTEILHOM YUCIIE
CllyyaeB BO3HHMKAeT Ha CMEHY TOTOJ WM Ha HeCTaHJapTHhIe MeTeoycnoBus. FOxuoe modepexne [lpu-
MOPCKOTO Kpasi OTHOCHUTCSI K MOPCKOMY MYCCOHHOMY THITy TOTOJBI, XapaKTepU3YIOIIEMYCsl CE30HHOM
MUPKYISIeld aTMocdepsl, pe3KUMH CMEHaMH TOTOTHOTO peskuMa. BoszzelicTBie n3aMeHeHuil MeTeodax-
TOPOB Ha OMOJIOTHYECKHE CUCTEMBI - Ba)KHAsl TeMa B CBSI3U C INI0OAILHBIM W3MEHEeHHeM KinMmara [1, 2, 3,
4, 9]. Lenpto uccneIOBaHUs SBUJIOCH ONpE/ICICHHE AUaa3oHa W3MEHEHHH MapaMeTpoB UMMYHHOMH CH-
CTeMBbI Ha BO3/IEMICTBHE MTOTOTHOTO PEeXUMa y 3I0pOBOT0 HaceneHus I. BnaauBocToka u nui ¢ 6poHxoe-
TFOYHOH NaTOJIOTHEN.

MartepuaJibl U METOABI

3a mepuox (2015-2020 rr.) obcnenoBano 374 manuenTa: 60 denoBeK — KOHTPOJbHAS rpymma, 136 ¢
XPOHUYECKOW 00CTpYKTHBHOMU Oone3Hbo nerkux (XOBJI) crabunpHOro Teuenus u 178 ¢ OpoHXHAIbHOM
actmoit (BA) yacTH4HO KOHTpOJIHMpyeMoro TeueHus. CpeIHuil BO3pacT MAIMeHTOB C cOcTaBmi 56,5+4,8
roga. MccnenoBanue oCylecTBISAIIOCH B COOTBETCTBUHU C TPEOOBaHMAMHU XEIbCUHKCKOM JeKnapanuu (Ie-
pecmotp 2013 1.) ¢ 0100peHHs JIOKAIBHOTO DTHYECKOI0 KOMUTETa Ha YCIOBUAX 10OPOBOJIBLHOTO HHPOP-
MHUpOBaHHOTO corjacus. Onpenensuid mapamerpbl kieroyHoro ummyHutera (BD Multitest 6-color
TBNK), ypoBeHb PO M MPOTHBOCHIAIUTENBHBIX IUTOKUHOB (TecT-cuctema Cytometric Bead Array BD,
USA), Hecnenuduyeckoii pesucTeHTHOCTH. MeTeonapaMeTpbl 0TOOpaHbl 1Mo JaHHBIM «DenepanbHOi
CIIy’)kOBbl IO THIPOMETEOPOJIOTMM M MOHHUTOPUHTY okpyxaromeil cpeas» (IIpumopckoe YIMC)
[https://primpogoda.ru/weather/vladivostok/.today]. YuurtsiBamuce ««cinemnoBsie» (3a 1 geHb 10 00cieno-
BaHUs) U «curHaibHble» (1 AeHp mocne aHS oOcieoBaHMs NalWeHTa) METeOJaHHBIE M0 TeMIepaType
BO3/1yXa, CKOPOCTH M HAIpaBJICHUs BETPa, aTMOCPEPHOMY JaBIICHHIO, OTHOCUTEILHON BIaKHOCTH BO3AY-
xa 1 ocaakaM. CTaTHCTHUECKYI0 00pabOTKy JaHHBIX MPOBOAMIIM C HCIOJIB30BaHMEM MOAyna «MHOxe-
crBeHHas koppensiuus» [lupcona B mporpamme STATISTICA 10 (mapHble M 9acTHBIE KOPPEJSLIMM).
OrneHka MHTEHCUBHOCTU CHHEPTHYECKOW PEaKIMM MMMYHHOM CHCTEMBI Ha BO3JEHCTBHE KIMMATHUECKUX
(haKTOPOB OCHOBaHa Ha HCIIOJIB30BaHMHM MHTErpanbHOro mnokaszarens D%. Pacuer D% Bkmtouan otGop
craTuCcTHYeCKH 3HaYUMBbIX (p<0,05) mapHBIX KOPPEISLUOHHBIX CBsA3eH (I'), COOTHECEHHBIX K MAaKCHUMAIIbHO
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BO3MOXKHO# cymme cBszeit mpu R=1,0. B pesymprare D%=) /> R*x100 mo3Bonumn oneHUTH (hopMHUpPOBaHNE
KOMITCHCATOPHOH peaki(ii KIMMYHHOM crcTeMbl. J{unana3ons! u3MeHenust (M+m) UMMyHHOH CHCTEMBI 11O
BO3/IEMICTBHEM KOHTPACTHBIX METEOYCIOBHI OMPEIEISIN C UCIIONb30BaHeM MoayIis «llapHblie 1 yacTHBIE
Koppemsimuny. KoppensaiuonHas cBs3b MEXIy KIMMATHYECKAM MapaMeTpoM U MOKa3zaTelieM UMMYHHOM
CHCTEMBI pacCMAaTPUBANIACH B ICTATH3UPOBAHHON MaTpPHIIE.

Pe3yabTaThl M 00CyKIEHHE

Ha ocHoBanmM mpOBEACHHOTO aHAIM3a YCTAHOBJICHO PA3lIMYHe BEMYHHBI AHAlla30Ha M3MEHEHHH
MapaMeTpoB UMMYHHOW CHCTEMBI B OTBET Ha BO3JICHCTBHE METEOKOMIIOHEHTOB (Tabm. 1). YBemnueHnue
3HaueHnid D% yKa3pIBalo Ha TOBBIMIEHHBIH YPOBEHb PEAKIMH KOMIIEHCATOPHOTO COMPOTHBIICHHUS HM-
MYHHOH CHCTEMBI OpTaHHW3Ma Ha BHEIIHEe BO3/CWCTBUE W, HA00OPOT, MEHbIINE BeMnInHbl D% xapakTte-
pU30BaNIK OCNabiieHNe Peakilii OPTaHN3Ma U yCHJICHHE ITaTOTeHe3a B OpraHu3Me. Y 3I0pOBBIX JIAIl OTMe-
YeHa OoJiee aKTHBHAS CHCTEMHAs PeakIys, OTBeT (hopMUpyeTcs Ha OONbIINNA KOHTPACT METe0(aKTOPOB,
4eM y TaIeHToB ¢ bA. AHan3 HHTErpaNIbHOTO TOKa3aTelsl oKa3all OYeBUIHYIO Pa3HUILY JaHHBIX ITOKa-
3aresiel B 3aBUCUMOCTH OT COCTOSIHUS 3[JOPOBbBS TAIIMEHTOB. Y 3IOPOBOTO HAceNeHus T. BimamuBocToka
KOMITIEHCATOpHBIe BO3MOXKHOCTH (D %) WMMMyHHOU CHCTEMBI B 3HAUHTEIHHON CTEIIEHU NPEBHIMIAIOT WH-
TEHCUBHOCTH peaknuu y 001bHBIX BA.

Tabnuya 1
Kpumepuu kpamxkocpournotl peakyuu noxazamenei UMMYHHOU CUCEMbL HA 8030€UCMEUe
Memeoghakmopos
M=Emy CucreMHas
Ioxazarenu . Bnusinue mereodakTopoB B
UMMYHHTETA foxasare/icH MeTeopeaxii KpPaTKOCPOYHOM PAacCMOTPSHUU
HMMYHHTETA (D, %)
KonTpoJsibHas rpynmna
Hamnpasnenue Betpa -1 (ciemoBast)
CD16, % 15.0740.83 1.87/0.020 Hampasnenue Betpa +1 (curHasabHas)
Temnepatypa -1(ciemoBas)
KoaunuyecTBo ocagkos -1(cnenoBas)
Cxopoctb BeTpa +1 (curHasibHast)
R x WJT, aGe 169,25+34,50 2,04/0,030| L CmepaTypa 1 (curnazbiias)
BrnaxxrocTs Bo3myxa -1(ciemoBas)
Baxxaocth Bo3myxa +1 (curHanbHas)
JaBienue Bo3ayxa -1(ciemoBas)
Cxopocthb BeTpa +1 (curHanbHas)
HLA-DR, % 11,00+0,89 2,18/0,031BnaxnocTh Bo31yxa -1(cnenosas)
JaBienue Bo3ayxa -1(ciemoBast)
NaBiaenue Bo3ayxa +1 (curHaabHas)
BponxunanbHas actma
CD4, % 39,9+1,2 0,37/0,03| Temnieparypa -1(cnemoBas)
CD4/CD8 y.e. 2,0+0,1 1,09/0,01|Tyman -1(ciaenoBas)
Rx W 2,% 12,2+1,6 0,46/0,03| Temneparypa -1(cnemoBas)
CD3, abc¢ 1105,6+51,7 0,52/0,04| Temniepatypa -1(cnemoBas)
CD, 8% 22,0+0,8 1,03/0,02|KosinuecTBo ocaakos +1 (curHaigbpHas)
OUP, y.e. 1,3+0,02 0,23/0,02|Baa:xxknocTs Bo3ayxa-1(cienoBas)

Ipumeuanue - XUpHBIM IWPUGTOM BbIACIEHB METEO()AKTOPHI, UMEIOIINE CBSI3b C IMMYHHBIM ITOKa-
3aresieM npu r>0.29

B xavecTBe MUIIIEHEH Y 3I0pPOBBIX JII] B TIEPBYIO OYEPE/ib BHICTYNAOT U3MEHEHHE (PYHKIIMOHAb-
HOW aKTUBHOCTH 3PPEKTOPHBIX KJIETOK aJalTUBHOrO IMMYHHUTETA, IIPH OPOHXUAIILHOW acTMe U3MEHEHHUSI
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3aTparvBalOT COJCPKAHUE KICTOYHBIX MYJIOB, OCYIICCTBISIFOIIUX PETYJIATOPHBIC MEXaHU3MBI U KOMIIO-
HEHTH Hecnenuduaeckoi pesucteHTHOCTH. [IpoBen€HHOE MCCeoBaHNe 3aTparuBaeT BOMPOCH ajanTa-
LMW HACEJICHUS C XPOHUYECKIMH 3a00JIeBaHISIMA OPTAHOB JBIXaHHUA K KPATKOCPOYHBIM M3MEHEHUSIM Me-
TeomapameTpoB. BoznelicTBre MeTeo(hakTopoB, BRIXOZIEE 3a MpeAesbl ONTUMyMa, HaPUMEpP BBICOKHX
Y HU3KHAX TEMIIEpaTyp CBI3aHO C yBEIHMUEHHEM 3a00JI€BAEMOCTH M CMEPTHOCTH, OCOOEHHO CpEeH YsI3BU-
MBIX Tpynn HaceneHus [5]. OqHako OMOIIOTHYECKIe MEXaHN3MBI, OTBETCTBEHHBIC 32 HAOIOTaeMYI0 acco-
[MAINIO, B JOCTATOYHOW CTENEHN He BBIICHEHHL. Ha MaHHBI MOMEHT CYyIIECTBYIOT JOKa3aTeIhCTBA TOTO,
YTO aJpeHEepruIecKre CUTHAIBHBIE Ty TH, CBSI3aHHBIE C TEPMOTEHE30M, (DOPMUPYIOT QYHKITUIO UMMYHHBIX
KJIETOK. B psime uccnenoBaHuil MOKa3aHO, YTO PE3KUE M3MEHEHUS TEMIIEPAaTyphl BIIBIXa€MOI'O BO3IyXa
OBUIH CBsI3aHBI C BBICBOOOXKJICHUEM MEIUATOPOB BOCHAJICHUS TYYHBIMH KJIETKaMHU [6.] ¥ MOTYT BBI3BATh
BOCIAJTUTENbHBIC peakiuu [7].

W3 mmeromuxcsi pa3po3HEHHBIX HCCIENOBAHUA MEXaHM3Ma OTKIIMKA BBIACISIOTCS TaHHBIE, MO/I-
TBEPKIAIOIINE TPSIMYIO POJIb HOpPAMHUHE(DPHHA W €T0 B3aUMOJIEHCTBUS C B-aapeHopenenTopaMu Ha M-
MYHHBIX KJIETKaX KaK OCHOBHOTO MeXaHU3Ma MMMYHOMOIYJISIIIUY TIOJT BO3ICHCTBHUEM XOJIOIOBOTO CTpecca
B OKpyXamiei cpene. HemaBaue nccinenoBanns AeMOHCTPUPYIOT PEMIAIONIYIO POJb Tiepeadn CUTHAIOB
B-apeHEPrUUecKUM PEIENITOPOM C MOMOIIBI0 HOpANMHE(PUHA )11 KOHTPOJISI BhIX0Ja JTUM(OLUTOB U3
JUM(PATHYICCKUX Y3JI0B U MOIYJISIHK MPOIYKIMK U nposindepanuu utokuHoB B CD8 + T-kierkax na-
Mty [8]. UTo kacaeTcs MHBIX aclEKTOB, TPEOYIOTCS JOMOJHUTEIbLHBIC MCCICIOBAHUS MEXaHHU3MOB, OT-
BETCTBEHHBIX 3a CBA3b KPAaTKOCPOUHBIX U3MEHEHHUN MOTOJAHBIX YCIOBUM C HUMMYHHOW CUCTEMON y NallUEH-
TOB C XpOHUYECKOUN pECIUPATOPHON MATOIOTHEH.

3akaouenue. OnpeneneHne xapakTepa KPaTKOCPOUHONH METEOPEAKIMH MMOKA3ai0 HEOTHOPOTHYIO
pEeaKIINIo OpraHu3Ma B 3aBUCHMOCTH OT BPEMEHHOTO PaCCMOTPEHHUS M COCTOSTHUS 3[I0POBbs. XapaKTePHOM
O0COOCHHOCTBIO MAlMEHTOB C OPOHXHMAJIBLHOW aCTMOH SIBUJIACH aHEPrHUYEeCKas peakius Ha MeTeo(aKTOpEI,
YTO OTPaXKaeT HU3KUI YPOBEHb aIalTAIIMOHHOTO MOTEHIIMAIA U HETATUBHO BIUSICT HAa TCUCHHE 3a00JIeBa-
Hus. CpaBHUTEIBHBIA aHAIN3 HHTETPAIILHOTO ToKa3ateis meteopeakiuu (D %) mo3Boiui o1eHuTs ypo-
BEHb KPaTKOCPOYHOW MATOT€HHOCTH JEHCTBUS OTACIHHBIX METEONapaMeTPOB B CIEIOBOM M CUTHAIHHOM
pexuMe Bo3AecTBUA. bl paccMoTpeHa JieTalbHasi CTPYKTypa MapHBIX CBs3eil () MEXIly MOKa3aTels-
MU MeTeo(haKTOpOB 1 UMMYHHOTO crartyca (ripu p<0,05), To3BOIUBIIAS ONPEIEUTh KOHTPACTHBIE KPHUTE-
pUU TPUTTEPHBIX (HaKTOPOB BHEUTHETO BO3JCHCTBUA. Y CTAaHOBIEHO, YTO MPU OPOHXUATHHON acTME H3Me-
HEHUS 3aTParMBalOT COACPIKAHUE KIIETOYHBIX ITYJIOB, OCYIISCTBIISIONIUX PErYJISITOPHBIE MEXaHU3MbI U
HeCHEeIU(PUUECKYO 3allUTY.
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MMPOTHO3UPOBAHUE KOHTPO.151 BPOHXHAJBHOM ACTMbI B 3ABUCUMOCTH
OT YCJOBHUM ITPOKUBAHUS U KAUECTBA JKU3HU

[IpoBeneH KOppeSIMOHHBINA M PErPEeCCHOHHBIN aHAIN3 B3aMMOCBSA3H KOHTPOJISI OpPOHXHATb-
HOH acTMBI ¢ MOKa3aTesIMU KaueCTBA KU3HU Y JKUTENEH FOPOICKON U CENbCKONW MECTHOCTH.
Pa3paGoransl ¢opMann3oBaHHBIE TPOTHO3HBIE MOJENH IS OIEHKH Pa3IMYdil B KOHTPOJIC
3a00/1€BaHus.

Kntrouegwle cnosa: xauecTBO XU3HHA, KOHTPOIh OPOHXHATBLHON aCTMEI, TPOTHO3UPOBAHKE.

N.L. Perelman
PREDICTION OF ASTHMA CONTROL DEPENDING ON LIVING
CONDITIONS AND QUALITY OF LIFE
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Blagoveshchensk, Russia

Correlation and regression analysis of the relationship between the asthma control and the in-
dicators of the quality of life in urban and rural residents was carried out. Formalized predic-
tive models have been developed to assess differences in asthma control.
Key words: quality of life, asthma control, prediction.

BBenenne
Bponxuanbnas actma (BA) siBisieTcs oTHOM U3 TTIO0AIBHEIX MPOOJIEM PECTHPATOPHON METUIIHHEIL.

Ee pacmpoctpaneHHoCTh Kosebinercst B mpeaenax ot 1 go 18% nacenenus pasubix crpas [1]. BA cymie-
CTBEHHO CHIkaeT kadecTBO n3HU (KXK) mauneHToB, 0coOEHHO MpH HEKOHTPOJIMPYEMOM TeueHHH 3a00-

JICBAHUA. CY6’LCKTI/IBHOG BOCIIPUATHUC CBA3AHHOTO CO 30POBHBEM KX umeer Oombloe 3HAaYCHHE JUISL

OIICHKH TCUYCHHA U MCXOO0B BA. O6H_II/IpHBI€ HCCICAOBaHUA IMOKa3aln FJ'IY60KOC BIIMAHUC He6HaFOHpI/I$IT-

HBIX 3KOJIOTHYECKHX, COLIMANBHBIX U MOBEJACHUECKUX YCIOBHH Ha 370pPOBbE YEJIOBEKA, OJYEPKHYB BaXK-
HOCTh COLMAIIBHBIX JETEPMHUHAHT 370POBBS. BhIACHEHHE 0COOEHHOCTEW CBA3aHHOIO co 370poBheM KOK
MOKET PacKpbITh COLUAIBHO JETEPMUHUPOBAHHBIE IPUYMHBI CYLIECTBYIOLINX pa3inuuil B TeUeHUH BA y
KUTENIEH TOPOJICKOM U CEIbCKOH MECTHOCTH.
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Lenp HacTOSAIIETO HCCIEIOBAHUS 3aKIII0YANIach B pa3padOTKe MPOTHO3HBIX MOJENEH MoaIepKaHus
KOHTpoJIA 3a005eBaHrs y OONBHBIX JETKOW U cpenHeTshkENon BA, MOCTOSHHO MPOXXKUBAIOIIMX B TOPOJI-
CKOH U CEJIbCKOM MECTHOCTH.

MatepuaJ u MeTOAbI HCCJIEI0BAHMS

OmpormeHsl B o0ciaenoBanbl 351 O60IBHBIX JETKOW M cpeaHeTsDKenmoit bA B Bo3pacte or 18 mo 68
JIET, BIIEPBBIC B3ATHIX IO HAOIOICHUE U HMEBIIHNX JIATEIHHOCTD 3a001eBanus oT 1,5 mo 28 net. M3 Hux
222 roponckux xxutens u 129 xxureneit cenpckoit MmectHOocTH. Cpeu peCIOHACHTOB MYXYHHBI COCTaBHIIN
38%, skeHIUHBI 62%.

Knuanveckyro quarHoctuky BA ocyniecTBIsiIM B COOTBETCTBUU C MEXAYHAPOIAHBIMUA PEKOMEHa-
uusivu [1]. Kputepusmu uckirodeHust SBISUTMCh HHBAIMAMZUPYIOIIAs KOMOPOUIHAS MATONOTHSI ¥ HaJIU-
4re NICUXHYECKUX 3a00IeBaHNH.

O6miee KK uzyyanu ¢ ucnonp3oBanueM BonpocHruka MOC SF-36 — «Kpatkoro BOonmpocHHKa OIIeH-
KH CTaTyca 3[I0pOBbs» [2] MO cIeayrommM ToMeHaM: (hu3udeckasi akTuBHOCTE (DA), pob Qu3ndecknx
mpo0iieM B orpaHmdeHNn xusHeaestensHocTH (PD), 6oimb (b), obmee 3m0poBbe (O3), :KU3HECTIOCOOHOCTH
(°KC), conmanpras aktuBHOCTH (CA), pOJIb SMOIMOHAIBHBIX MPOOJIEM B OTpaHUYEHUH KU3HEACITCIHHO-
ctu (PD), ncuxugeckoe 3nopoBbe (I13). Cnemmduaeckoe KK onenuBamm mpu momorm «BompocHrka
KadecTBa KU3HH OOJILHBIX OPOHXUAIBHON acTMOI», SBISIFOIIETOCS aBTOPU30BAHHON PYCCKOS3BIYHON BEp-
cueit BonpocHuka Asthma Quality of Life Questionnaire (AQLQ) [3], mo JoMeHaM: OrpaHUYCHHUE aKTHB-
Hoctu (A), cumnromatuka (C), sMormoHanbHas chepa (D), okpyxatomas cperna (OC), odmee KK
(OKX). s omieHKHM KOHTPOJIS Hafl 3a00JIeBaHUEM OOJIbHBIC 3aIOTHSIIN BAIMAN3UPOBAHHBIN TECT IO KOH-
Tpoito Hax actMori — Asthma Control Test (ACT) [4]. Uunekc kypenus (MK) paccunthiBaics Kak 4ucio
CUTapeT, BRIKYPUBACMBIX B JICHb X KOJMYECTBO JIeT Kypenus/20.

CraTucTuyecKkuil aHanu3 pe3yabTaToB MCCIEAOBAHUS ITPOBOAMIIN C TIOMOIIBIO CTAHIAPTHBIX METO-
JIOB BapUAIIMOHHOW CTATHCTHKHU C XapaKTePUCTHKON BapHAIMOHHBIX PSIOB Ha HOPMAIIBHOCTH pacrpesie-
neHus. J{as omnpeneneHust TOCTOBEPHOCTH Pa3IUYUiA MEXAY CPEIHUMH 3HAYCHHUSMH CPaBHHBAEMBIX ITa-
pPaMETpOB B CIIy4asx HOPMAIBHOTO DPACIPEEICHNs MCIOIb30BAIA HEMapHbIA t-kputepuil CThIONIEHTA.
[IpuarMany Bo BHUMaHue ypoBHHU 3Ha4nMOocTH (p) — 0,05; 0,01 u 0,001. s HaXoxkIeHUS P 110 HETapHO-
My KPHUTEPHIO t MPHHUMAIH YUCIIO CTeTeHel cBoOombI f=n;+N,-2. B ciy4yae HerayccoBbIX pacrpe/elieHui
HCIIOJIb30BAJIM HEMapaMeTpUIECKUl KpUTEpUH CpaBHEHHs Y WIIKOKCOHAa-MaHHa-YUTHU. AHaIu3 pacrpo-
CTpaHEHHOCTH TIPU3HAKA B CPAaBHUBAEMBIX TPYIMaX (4acToTa allbTEPHATUBHOTO paclpeielieHus) MPOBO-
i 1o kputeputo x> (kputepuii [Iupcona). C menbio onpeneneHnus CTENEHH CBSI3H MEXKIY ABYMS CIy-
YaHBIMHU BEJIMYWHAME TIPOBOJIMIIA KOPPEISIIUOHHBIA aHanu3 1o [Iupcony, paccuuTsiBamy KO3QQUIIHEHT
Koppensiiu (r) ¥ ero JOCTOBEPHOCTH. J[Jsl TOCTpOeHuUsT IPOTHO3HBIX MOJEIIEH HCITOIb30BAH PETPECCH-
OHHBIW aHAJU3.

Pe3ysabTaThl HCcIe10BaHUS

Jliia aHanm3a B3aMMOCBSI3U TIOKa3aTeliell KauecTBa )KU3HU U KOHTPOJIST aCTMBI UCTIOIh30BaIId KOppe-
JSAIAOHHBIA aHanu3. B Tabmuiax 1 u 2 mpuBeAeHBl MaTpHIIBI Koppersiuii nokazateneit KK mo Bompoc-
nukam SF-36, AQLQ c yposaem kouTpoiisi (ACT) u uHAEKCOM KypeHus. Y O0ibHBIX BA, nmpoxuBarommx
B ropojie, KOJIM4ecTBO B3anMocBs3el napameTpoB KK kak mexmy coboit, Tak 1 ¢ ACT Obuto cymiecTBeH-
HO BBIIIIE, YeM Y XKHUTENeH CeIbCKOW MECTHOCTH. Y TOpoXkaH (haKTop KypeHHUs: OKa3bIBal 3HAYMMOE BITHSI-
HHE KaK Ha TIoKa3aTeau oTAeapHBIX JoMeHoB KK, Tak u Ha ypoBeHb AKT, B oT/imune OT CENBCKUX KHUTE-
JIEH.

[TomaroBblii perpecCHOHHBIN aHANN3 BBISIBUJI 3HAYMMBIE PETPECCHOHHBIE 3aBUCHMOCTH, O3BOJIMB-
LIMe TOCTPOUTH (POpPMaIM30BaHHBIE MOAEIH POTHO3a YPOBHS KOHTPOJISI aCTMBIL:

JUJIS1 TOPOJICKUX JKUATENEn

ACT =42 + 1,.9XOKK + 0,047 DA — 0,12 xUK 1)
JUIS CEJILCKUX JKUTEIEH

ACT = 6,9 + 0,41 xOKX + 1,1 xC + 0,41xOC )
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Tabnuya 1

Mampuya xoppensyuii noxazameneii K2K, unoexca Kkypenusi u yposHs KOHMPOAs acmmbl
Y 20pOOCKUX Hcumeneu

Iloka- | ®A | PD b O3 | XKC | CA | PO | II3 A C C) OC |OKX| UK | ACT
3aTClIb
DA + + + + + + + + + + + + + - +
P® + + + + + + + + + + - +
b + + + + + + + + + +
03 + + + + + + -
KC + + + + + + + + +
CA + + + + + + + +
P2 + + + + + + + +
113 + + + + + + +
A + + + + + +
C + + + + +
€] + + + +
oC + + +
OKX + +
HK + -
ACT +
Tabruya 2

Mampuya xoppenayuii nokazamenei KK, unoexca KypeHus u ypoeHs KOHMPOIS aCMMbl
Y cenbCKux Jcumenetl

Ilokaza- | ®A | PD b O3 | XC | CA | PO 113 A C 2 OC | OKX| UK | ACT
TEIIb

DA + + + + + + + + + +

PO + + + + + + + + +

b + + +

03 + +

XKC +

CA +

P> + + + +

113 + + + + + +

A +

C + + + + +

D + + + +

oC + + +

OKK + +

UK +

ACT T

Kak crmemayer w3 MpOTHO3HBIX MOJIEJICH, BIMSHUE OOIIEro KadecTBa XKU3HU HA YPOBEHB KOHTPOJIS
ACTMBI CYIIECTBEHHO BHINIC y TOPOJCKUX KUTEJIEH TI0 CPABHEHHUIO C CETbCKIUMH, O Y€M CBHJIETEIHCTBYET
Moyt B 5 pa3 Oounbiiuit ko3ddumment perpeccun OKXK B ypaBHenuu (1). OOpaiiaer Ha ce0s1 BHUMaHUE
3HaYUMOe BiMsHHE (hakTopa KypeHus B (OPMUPOBAHHUM HEKOHTPOJIHMPYEMOro TeueHus BA y xutenei
ropojia, B TO BpeMsi KaK y HUTeJICH cejla OHO MOIIOIIASTCS OOIINUM BIMSIHUEM OKPYIKAIOIICH Cpelibl.

3akaruenne. KoHTposib OpOHXHATHLHON aCTMBI MOXKET OBITH COITMANIEHO JETSPMUHUPOBAH U acCO-
IUUPYETCS C OOIIMM U CIIeU(pUISCKUM KaueCTBOM JKU3HU. Y CTaHOBJIEHHI jgomeHbl KK, mo3Boistonue
G hepeHIMPOBaHHO POTHO3UPOBATh YPOBEHb KOHTPOJII BA y TOPOACKHX M CEIbCKHUX JKUTENEH Ha OC-
HOBaHUU MPEAJIOKEHHBIX PETPECCUOHHBIX MOJIEIIEH.
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Hanvrneeocmounsiii nayuHvlii yenmp usuonocuu u namoao2uu ovixanus, brazosewenck

MOAXO/JIbI K OHEHKE I'TFOKOKOPTUKOUJIHOM PET'YJIAIIMU PEAKTUBHOCTH
JIBIXATEJBbHBIX ITYTEA HA TUIIOOCMOJISAPHBII CTUMYJI Y BOJIbHBIX
BPOHXHAJBHOM ACTMOM ITPU IPOTUBOBOCIHAJIMTEJIBHOM TEPATIMA

[IpencrarieH MoaAXo/ K U3yYCHHUIO TJIFOKOKOPTHKOUIHON PEryJIsIuy Yy OOJbHBIX OpOHXHAb-
HOM acTMOM C Pa3HBIMHU THIIAMHU PEaKIIMU JBIXAaTEIbHBIX MyTeld Ha OPOHXOMPOBOKAIUIO JTH-
CTWIMPOBAHHOHN BOJOH B MPOIECCE JICUSHHUSI, YTO CIIOCOOCTBYET JIy4IlIeMy TTOHUMAaHUIO I1a-
TO(PU3NOIIOTUICCKIX MEXaHU3MOB M BEIOOPY TAKTHKH JICUCHHUS OOJIC3HH.

Knrwuesvie cnosa: nuarnoctika, OpOHXHANIBHAS aCTMa, OCMOTHYECKAs PEAKTHBHOCTD JbIXa-
TEJILHBIX MyTeH, TOPMOHBI, CTATUCTUYECKUE METOIbI HCCIICIOBAHHS.

A.B. Pirogov, A.G. Prikhodko, J.M. Perelman
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Blagoveshchensk
APPROACHES TO ASSESSMENT OF GLUCOCORTICOID REGULATION

OF AIRWAY RESPONSIVENESS TO HYPOSMOLAR STIMULUS IN

PATIENTS WITH ASTHMA AT ANTI-INFLAMMATORY THERAPY
An approach is presented to the study of glucocorticoid regulation in asthma patients with
different types of airway response to bronchoprovocation with distilled water during treat-
ment, which contributes to a better understanding of the pathophysiological mechanisms
and the choice of treatment tactics for the disease.
Key words: diagnostics, asthma, osmotic airway responsiveness, hormones, statistical re-
search methods.

Bompoc 0 B3auMOCBSI3M MEXAY CTPECC-TMMHUTUPYIOLIEN aKTHBHOCTHIO KOPBI HAJIOYEUHUKOB U
a/1IanTallMOHHBIMU U3MEHEHHUSIMUA TOMEOCTa3a JIbIXaTelbHBIX MyTel 00NbHBIX OpoHxHadbHOM acTMoit (BA)
MIPU OCMOTHYECKOM CTpecce, COMPOBOKAAIOLIEMCSI OPOHXOCIACTUYECKUM CHHAPOMOM, B HAacTOAIIee Bpe-
Ms HE U3YyYEH.

Henb padorsl. M3yunTh MOAXOAB! K OLIEHKE TNIIOKOKOPTHKOMAHON PETYNSALMA OCMOTHYECKOTO
cTpecca MO KPHUTEPUSM COACP)KaHHA KOPTH30Ja M LHUKIMYECKOro aaeHo3nHoMoHodochata (HAMOD) y
0onbHBIX BA ¢ runeppeakTHBHOCTBIO JBIXaTENBHBIX IMyTEeH Ha TUIIOOCMOJISIPHBIA CTUMYJ Ha ()OHE MPOTHU-
BOBOCTIAJIMTEILHON TEPAIUH.
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Matepuan u MeToabl. Y BKIIOUYECHHBIX B HCCIIEAOBaHME MAalKEHTOB (n=96) ¢ qMarHO30M Mepcu-
crupytomieid BA neamnepruyeckoro genoruna (GINA, 2021) [1], npoBoanIK OLEHKY YPOBHSI KOHTPOJIS
Haj 0OJIe3HBIO IO JaHHBIM Banuau3upoBaHHoro BompocHuka Asthma Control Test (ACT, 6amisr), npu
CIIMPOMETPHUH OLIEHUBAIHN 0a30BbIC MapaMeTphl BEHTWIALIMOHHONW QYHKIMH JIErKuX: 00beM (opcHpoBaH-
Horo BbImoxa 3a 1 cexkynmy (O®PBj, % momk.), otHomenne ODB;/KEJT (%), cocTosiHie MPOXOAUMOCTH
Menkux 6porxoB (MOCsy, MOC7s, COCys.75, %, M0JIK.) M peaknuio apixatenbHbix mytei (AODB g, %)
Ha BBEJCHUE OPOHXONIUTHKA ([,-arOHUCT KOPOTKOTO AEHCTBHUS), IO CTAHAAPTHON METOIMKE HCCIIET0BATN
peakiuo apxatenbHbIxX mytei (AODB),,,, %) Ha 3-Munymuyo yIbTpa3ByKOBYIO HHTAJSIIUIO AUCTHILIH-
posannoii Bomoit (M/IB) [2]. Ha mporsxennn 24 Henenb OOMbHBIC MOMyYad CHCTEMATHYECKYIO Oa3mc-
HYI0 TPOTHBOBOCTIATUTENHHYIO TEpamHio OEKJIOMeTa30Ha TUIPONHOHATOM B cpemHei mose 715,4+17.,6
MKT/CyTKH (3-5 CTYyIIeHb TE€parun), 0 TPeOOBAHMIO ISl KYMHPOBaHHS OPOHXOCIa3Ma MPUMEHSIICS Cellek-
THUBHBIA aroHuCT ,-aApeHopernenTopoB canp0yTamon 10 8 103 (100 MKr/mo3a) B a3p030I5HOM HHTAISATO-
pe B cyTku. McxonHo u mocie 24 Helenb JeUeHHs B CBIBOPOTKE KPOBU METOJIOM TBEPAO(a3HOTO XEMH-
JIOMHHECIICHTHOTO UMMYHO(EPMEHTHOTO aHaji3a ONpeNeisiii KOHIICHTPAIMI0 KOPTHU30Jia (HMOJIB/I); B
JIEHKOIUTaX KPOBH PaJUONMMYHOJIOTHYECKUM METOJIOM OIpeNesuin KoHUeHTpaluo HAM® (B mukomo-
T5X), pacu€t copepxanusi TAM® npoBoaAwIN HA 10° knetox (iMosB/ 10° JIEHKOIIUTOB).

CraTucTHyecKuil aHaNM3 MOMYYSHHOTO MaTepuaja MPOBOIWIN Ha OCHOBE CTAaHAAPTHBIX METOIOB
BapHallMOHHON CTaTHCTHUKU C MCIIOJIb30BaHUEM IPOTpamMMbl «ABTOMATH3MpPOBaHHAsI CHCTEMa JUCIIaHCEe-
puzaumy» [3]. IIpu HOpMalIbHOM THUIIE paCIpeAeSICHUs UCIIOIB30BaIN HEMAPHBIA U MAPHBIN KPUTEpU t
(Crpromenta). OnucatenbHas CTATUCTHKA KOJTHMYECTBEHHBIX MPU3HAKOB MPEACTABIICHA C TIOMOIIBIO CPE-
HEro apu(pMETUYECKOro, CTAaHAAPTHON OMUOKK cpeanero apupmeruyeckoro (M=m). C menbio onpeserne-
HUS CTETICHU CBS3W MEXKIY JABYMS CIIy9alHBIMU BEIHYMHAMH WCTIOIB30BANICS KIACCHYECKUN KOPPEIAIH-
OHHBIN aHanm3 o Ilupcony (r). Jns ycraHoBieHUs GOPMBI 3aBUCUMOCTH MEXAY CIYYaiHON BETMINHON
Y 3HAYEHUSMHU HECKOJIbKHX MEPEeMEHHBIX HE3aBHCHMBIX BEIMYHH MPOBOIIINA PETPECCHOHHBIN aHAIH3 C
[PUMEHEHUEM IOLIArOBOM U MHOXECTBEHHOU JIMHEHHOHN perpeccuu. CTpOWIN YpaBHEHUE PErPECCUU CO
3HAYUMOCTEI0O He MeHee 95%. s Bcex BEMWYMH MPUHUMAIKNCH BO BHUMaHHE YPOBHH 3HAUYUMOCTH (D)
menee 0,05.

Pe3yabTaTthl. [lo pesynpraram peakuuu OpOHXOB Ha OPOHXOMPOBOKAIMOHHYIO Mpody MJIB 6oms-
HbIe OBUTH pacIpe/ieNieHbl B IBe Tpymmsl: B 1 rpynmy (N=18) Bouum mia ¢ THNeppeaKTHBHOCTRIO OPOH-
xoB Ha UJIB, BO 2 rpymmy (N=78) — ¢ oTpHIaTeIbHOM peakIMeil AbIXaTe/IbHbIX MyTeH Ha TUITIOOCMOJISP-
Helid ctumMyd (AODB,,= -18,3+2,1 u -1,6+£0,47%, p<0,00001, cooTBeTcTBeHHO). bonmbHbie 1 1 2 rpymnm
XapaKTepU30BAINCh HEKOHTposupyeMbIM TedenneM bA (ACT= 15,0+1,61 u 16,7+0,68 6amnos, cooTBeT-
cTBeHHO). Jluma 1 rpynmsr uMenn Oojiee HU3KHE 3HAYSHUS IMapamMeTpoB (DYHKIIMU BHEIIHETO JBIXaHUS U
OoJiee BBIPAXCHHYIO JTaOWILHOCTH OPOHXOB IMPH MCCIEIOBAHUN CKOPOCTHBIX mapaMeTpoB (AODB ;) Ha
00paTUMOCTh OOCTPYKIIMH IO CPaBHEHHIO €O 2 Tpymmoi (Tadm. 1).

Tabruya 1
OcHoghbie Kiunuyeckue u GyHKYuoHaivhvie napamempul y 60abHulX bA ¢
PasHuIMU munamu peaxyuu Ha npooy HJ[B
[Tapametp 1 rpynmna AN 2 rpymnmna an p
Bospacr, aet 37,843,1 6,63 36,7+1,24 2,48 0,62
ACT, 6amnsl 15,0+1,61 3,58 16,7+0,68 1,37 0,29
ODB;, % momKHOM 88,2+5.3 11,24 98,5+1,7 3,36 0,018
O®DB/KEJI, % 70,7£2,5 5,24 73,6+0,86 1,72 0,19
MOCsq, % momKHOM 57,0+£5,5 11,60 73,2426 5,25 0,009
MOC75, % momKHOM 46,1+4,7 9,87 62,6+2,5 4,90 0,004
COCys.75, % mOIDKHOM 61,2+7,1 15,50 71,44+3,3 6,65 0,22
AODB5, % 17,7+£5,1 11,05 8,2+1,0 1,98 0,0002

[Ipumeuanmue: p - 3HAUUMOCTD PAINYIMN MToKa3aTend Mexay 1 u 2 rpynnamu. W - noBepuTenbHbIN
WHTEPBaJ.
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Konnentparms koptrzona y 60IpHBIX 00EUX TPy A0 Havaja JISUYeHHs TPEeBhIana BepXHUHA mpe-
nen pedepeHCHOro MHTepBajia, cocTaBisist 588,7+32,0 umons/n B 1 rpynme u 610,5+20,1 amMons/n1 BO 2
rpynme (p=0,64). OuennBas 6a30BbIi ypoBeHb TAM® B KpOBH, OBUIH IMOIYYEHBI 00JIee HU3KHUE 3HAYCHUS
mokazatenst B 1 rpymnme oTHOCHTENsHO BTOopoi rpymmsl (61,7+5,1 u 76,2+2.2 mvons/ 10% p=0,008, coot-
BETCTBEHHO), UTO CBUAETEIHCTBOBAIO O OoJee BhIpakeHHOW yTrnu3anuu TAM® y GonpHBIX 1 TpymImel 1
O CBSI3W TIOBBIIIIEHHOTO BHYTPUKJIETOYHOTO TOTPEOICHNST KOPTH30J1a C PETYJIISAIIe OCMOTUIECKON THIIeP-
PEaKTUBHOCTH JIBIXaTeNbHBIX ITyTel. Habmromanich TecHble KOPPEISIIIMOHHBIE B3aNMOOTHOIICHUST MEKIY
0a30BBIMU TTapaMeTpaMu (DYHKITNH BHEIIHETO JBIXaHHS, PEAKTUBHOCTHIO OPOHXOB HA OCMOTHYECKUN CTH-
MyJI, KOHIIEHTpanrei koptu3ona u TAM® B kpoBH (Tabdi. 2).

Tabnuua 2
Koppenayuonnvie 63aumocesnzu y 601bHbIX OPOHXUATLHOU ACMOUL
[Tapametp HcxonHo Uepes 24 Henenu
Koptuzon, TAMO, Koptuzoan, TAMO,
HMOJIB/JT nmoss/10° HMOJIB/JT vmosb/10°
O®DB,, % nomxHOM r=0,23; p=0,005 r=0,23; p=0,033 - r=0,25; p=0,032
COCys.75, % mommkHOMI r=0,22; p=0,016 r=0,23; p=0,033 - -
AODB s, % - r=-0,23; p=0,02 - -
AODB,,5, %0 - r=0,34; p=0,004 - r=0,34; p=0,018
KOPTH30J r=0,48; r=0,53;
p<0,00001 p<0,00001

[locne 24 Hexenb Tepamuu MBI HE HAIUTH 3HAYUMOTO YIYYIICHUS OpOHXHAJIBHOW MPOXOAUMOCTH
MIPU CPaBHEHHH C UCXOAHBIMH AaHHBIME (Tab:. 3). OneHuBas noBeaeHue OMOXMMHUYECKUX MOKa3aTeseh B
CBIBOPOTKE KPOBH, B 00€UX TPYINax, B OTBET HA JICYCHHWE MPOUCXOIWIO YMEHBLICHHE KOHICHTPAIUMA
KopTH3ojia A0 495,0+48,7 u 522,2+15,6 uMonb/n, B 1 U 2 rpymnme COOTBETCTBEHHO, YTO yKa3bIBAJIO Ha
CHIDKEHHUE HANPSHKEHUSI TJFOKOKOPTUKOUIHOW (PYHKIIMK KOPBI HAAMOYCYHUKOB B JOCTH)KCHUH aJanTaliuu
K XpOHHYECKOMY cTpeccy, oOyciorieHHomy BA (puc. 1). Ilocie JiedeHus y MalMeHTOB PEruCTPUPOBA-
JIOCh TIOBBIIICHHWE TIOKA3aTele BHYTPUKIETOYHOTO cojepkanus TAM®D mo 76,5452, u 90,6£2,5,
mots/10°, B 1 1 2 rpymime, cootBeTcTBeHHO (puc. 1).

Tabauya 3
Ocnosnvie ghynkyuonanvhvie napamempsl y 60abHuIx BA ¢ pasnvimu munamu peaxyuu
Ha npooy HUJ[B nocne 24 nedenv mepanuu

ITapamerp 1 rpynma N p 2 rpynmna AN p

O®DB;, % nomxHON 98,5+5,7 12,84 0,59 101,4£2,5 4,96 0,82
ODB,/XKEJ, % 76,1+2,8 6,18 0,15 73,1+1,0 1,99 0,09
MOCsg, % noixHOM 70,7£9,1 20,3 0,16 75,5+3,9 7,86 0,34
AODB;5, % 8,6+2,7 6,21 0,68 7,8+1,5 3,08 0,85

[Ipumeuanue: p — 3HAYNMOCTH PA3TUIUNA ITOKA3ATENS 110 CPABHEHUIO C HCXOJHBIMHU JaHHBIMH (T1ap-
HBI METO).

O6pamraer Ha ce0s1 BHUMaHKe, YTO Y JIML, He pearupoBaBimux Ha npody N/JIB (2 rpynmna), mo cpas-
HEHMIO C OOJBHBIMH C THIIEPPEaKTUBHOCTBHIO HA OCMOTHYECKUH cTuMy (1 rpymma) yepe3 24 Henenu Te-
PareBTUYECKOro BO3AEHCTBHUS MPOCIIEKHUBANACh TEHACHIU K OolplieMy HakoruieHuto tAM®, cuHTes3n-
PYIOLIETOoCs MO/ BIUSHUEM Ha KIJIETOYHBIE PELENTOPHI IITIOKOKOPTUKOMIOB M TPAHC(HOPMUPYIOIIETO CHUT-
HaJIbl HE TOJIBKO KOPTH30J1a, HO U OekiioMeTa3oHa. [JaHHoe 00CTOSTENBCTBO MOKHO OOBSICHUTD € TIO3ULMH
CONPSKEHHOCTH YCUJIEHHOTO PAacXOAOBaHMSA M3HAYaJIbHO BBICOKMX KOHIEHTpauuid nAM®, omnocpexnyto-
mux 3¢ (PEKTH KOPTH30JI1a B KIETKaX-MULICHSX.
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[Ipumenenne 6a3uCHON MPOTHBOBOCTIAIMTENBHOM Tepanun y 00IpHBIX BA ¢ ocMoTH4eckoi rumep-
PEaKTUBHOCTHIO JBIXaTENbHBIX ITyTeH MPUBOAMIIO K CHIDKEHUIO YPOBHS SHIOTCHHBIX TIIOKOKOPTHUKOHIOB
3a c4€T Cylpeccruu BocmaneHus: OekiomerazoHoM. [Ipu sTom m3menenust ypoas nAM®, 3apeructpupo-
BaHHBIE Yy TAaKMX MAI[EHTOB TOCJE JICYCHUS, CBUAETENBCTBOBAINA O mpoioHranmn nAM®-3aBucuMoro
CUTHAJIBHOTO ITyTH, HHIYIIMPOBAHHOTO KOPTH30JIOM, YTO TOATBEPKAATIOCh TECHOW CBS3BIO MEXIY IBYMS
sTMHu napamerpamu (Tabm. 2). Kpome Toro, mpociexuBanach TeCHas CBSI3b MEXKY PEaKIFeld OpOHXOB Ha
ocmotruecknii ctumyn (AODBy,,;) u cogepxanneM TAM® B KpOBH IpH MOBTOPHOM OOCIEIOBAHUHU

0OJBHBIX Ha dTamne 24-HelenbHOr0 HAOMIOMAEHsS, a TakKe MeXOy coxepkaHueM TAM®P u HMCXOAHBIM
O®B; (Tabm. 2).

p=0,0009
600
400
200 p=0,002 p<0,00001

—— —
0 e

1 rpynna 2 rpynna
M KOPTH30JI HCXOTHO 588,7 610,5
KOPTHU30J uepe3 24 Henenu 495 522,2
B gAM® ucxomHo 61,7 76,5
B tAM®O® uepes 24 Henenu 76,5 90,6

Puc. 1. Konyenmpayus xopmuszona (vmonv/n) u yAM® (nmoaw/1 0°) & Kposu 6onvubix bA
€ pasHvlMu munamu peaxyuu Ha npooy UJIB ucxoono u nocie 24 neden» mepanuu.

Tpumeuanue: p — 3HAUUMOCMb PAZIUYUL NOKA3AMENS NO CDABHEHUIO
C UCXOOHBIMU OAHHBIMU (NAPHBIL MemOo0).

Jnst Toro 4toOBl MOKa3aTh XapakTep M CTENEHb 3aBUCUMOCTH MEXAY KIMHUYECKUMH, (YHKIHO-
HJIBHBIMU M OMOXMMHUYECKUMH NPU3HAKaMH, (POPMHUPYIOIIMMH TSDKECTh COCTOSIHUSL OOJNBHBIX BO B3aHMO-
CBSI3U C peaklueil OpOHXOB Ha OCMOTHYECKHUI CTHMYJI, Ha BCEH COBOKYITHOCTH MCCIIEIOBaHHBIX IIapameT-
POB OBLI MPUMEHEH TOIIATOBBIN 1 MHOKECTBEHHBIH PErPECCHOHHBIN aHAIN3, OTOOpaHbl HanOoJIee 3HAYH-
MBIE, ITOCTPOEHBI ypaBHEHMs. IIpu HCIIONB30BaHMU IOLIATOBOTO PErPECCHOHHOIO aHAJIW3a YpPaBHEHHE
MIPUHUMAJIO BUJL:

AODB 55 =-21,4+0,226 xyAM D,

rne AODB,,,;,, — cTeneHb BRIPAKEHHOCTH PEAKIIMU JIBIXaTeNbHBIX MyTeil Ha npody UJIB, tAM® — 6a3o-
Bas KOHILEHTPAIHs B JIGHKOLMTAX KPOBH LHKIMYECKOro aneHo3uHMOoHO(ochara (mvons/10° meitkorm-
toB). [IpencraBnennas nomarosas perpeccust Obuia 3HauuMa ¢ BEpOATHOCTBIO 99,97%.

[Ipu BKIIFOUEHUH B YpaBHEHHUE TP MHOXXECTBEHHOM PEIPECCHOHHOM aHAJIN3e APYTUX MEPEMEHHBIX,
takux kak ODB; (% momk.), 6a3oBas koHIeHTparus koptu3ona (K, HMob/J1), OHO IPUHUMAIIO BHI:

AODB 5, =-26,0 + 0,064 xODB; (%) + 0,006 %K + 0,16 XyAMD,

CO 3HAYMMOCTEIO perpeccuu 10 98,3%.

HpI/IMCHCHI/IC CUCTCMHOI'0 aHaJIn3a B U3YUCHUHN FJIIOKOKOpTI/IKOI/IILHOﬁ peryjidanuun y 6onpHBIX BA ¢
Pa3HbIMU TUIIAMU PCAKIUU AbIXATCIbHBIX HYTefI Ha 6pOHXOHp0BOKaLII/IIO ,Z[HCTHJIHHpOBaHHOﬁ BOﬂOfI B
MpoLCCCC JICUCHUA CHOCO6CTBy€T JIyqymIeMy InoHUMaHUo HaTO(l)I/BI/IOJ'IOI‘I/I‘-ICCKI/IX MEXaHU3MOB OCMOTHYC-
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CKOIl THUIIEppPEaKTUBHOCTH JBIXATENbHBIX IyTeH U Oojiee 0OOCHOBAHHOMY BBIOOPY TaKTHKHU JiedeHHUs: 00-
JIC3HHU.
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Hanvnesocmounviii Hayunwlil yenmp guzuonouu u namono2uu ovixanus, baraeosewenck

CIIOCOB IUATHOCTUKHA BAPUAHTA XOJOJ0BOM T'MITEPPEAKTUBHOCTH
JBIXATEJBbHBIX IYTEX ¥ BOJBHBIX BPOHXUAJIBHOI ACTMOM

[penyoxkeH Al MIMPOKOTO BHEAPEHUS B KIMHUYECKYIO MPAKTHKY MPOCTON Croco0 AUarHo-
CTHKH BapHaHTa XOJOAOBOW TMIIEPPEAKTUBHOCTH JBIXATEILHBIX MyTeH Y OONBHBIX OPOHXH-
QILHOW acTMOHM, OCHOBaHHBIN Ha OIICHKE PEaKIMH JbIXaTelIbHBIX IMyTeH HAa OPOHXOMPOBOKA-
LIUOHHYIO MPOO0Y ¢ M30KAMTHUYECKON THIIEPBEHTIIISIIMEH XOIOAHBIM BO3YXOM U HCCIIEI0Ba-
HUM 0a30BOT0 COJEPKAHUS B CBIBOPOTKE KPOBH KOPTH30JIA.

Knruegvle cnoga: IMArHOCTHKA, XOJIONOBAas TUIEPPEAKTHBHOCTH IBIXATEIBHBIX ITyTEH,
OpoHXHaNbHAs acTMa.

A.G. Prikhodko, L.G. Nakhamchen
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Blagoveshchensk
METHOD FOR DIAGNOSTICS OF THE TYPE OF COLD AIRWAY
HYPERRESPONSIVENESS IN PATIENTS WITH ASTHMA

A simple method for diagnosing the variant of cold airway hyperresponsiveness in patients
with asthma, based on the assessment of the airway response to a bronchoprovocation test
with isocapnic hyperventilation with cold air and the study of the base content of cortisol in
blood serum, was proposed for widespread introduction into clinical practice.
Key words: diagnostics, cold airway hyperresponsiveness, asthma.

JleiicTBHe HU3KOM TeMIlepaTyphl BO3yXa MOXKET COMPOBOXKAATHCA YPE3MEPHOM CITACTHUECKOM pe-
aKiuel OpOHXOB, ONMpeeIIoNIelcsl Kak (eHOMEH XO0JI0A0BOW TMIIEPPEaKTUBHOCTH ABIXATEIbHBIX IMyTeH
(XTAIT) [1]. beuto moka3aHo, YTO pearnpoBaHUE ABIXATENBHBIX IyTEH HA XOJIOJI MOKET HOCUTD ITIOCTOSTH-
HBIA 1100 (rrokTyupyromuii xapakrep [2]. Beiaenenne AByX SHIOTUIOB B pamMKax (eHoTuna OpoHXH-
anpHOM actMbl (BA) ¢ XI'[II1 oTkphIBaeT MEPCHEKTHUBBI IEPCOHU(PHUIIMPOBAHHOTO MMOA00PA CPEACTB MPO-
THUBOBOCTIAJIMUTENBHON TEPanuu ¢ Henbio 3)(HEKTUBHOTO TOCTHKEHHS KOHTPOIIA 3a00JIeBaHMsL.

Panee Obin omucaH crmoco0 AMAarHOCTUKU HECTIEHU(PHYECKOH THIIEPPEaKTUBHOCTH JBIXATEIbHBIX
nyTeil myTéM pasrpaHuueHHs e€ Ha MOCTOSHHYIO H ¢uokTynpylomyo ¢Gopwmsl [3]. [Ipenioxkennsiii cro-
co0 OCYIIECTBISUICS Ha OCHOBAaHMM JJIHMTENBHOro (rof u OoJiee) eKEeMECSYHOr0 M3MEPEHHs pPEeaKiuu
OponxoB Ha uHramsauuio 0,1%-ro pacrtBopa auetunxonuHa xjaopuna. [loctosHHblil BapuanT Hecneunu-
YEeCKOH TMIEePPEeaKTUBHOCTH JAbIXaTEIbHBIX MyTeH NUArHOCTHPOBAICSA MO YBEIMYCHHIO OPOHXHAILHOTO
COIIPOTHBJICHUS TOCJE WHTAISALUHN, U3MEPEHHOTO MOCpPEeACTBOM OomumierusMorpaduu, Oonee yeM Ha
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25% OT MCXOAHOTO W/WIIHN 10 yMEHBIIeHUI0 00hEMa (hopcrpoBanHoro Bhioxa 3a 1 ¢ (ODPB;) Ha 15% u
Oosiee pu BCeX MPOBEAEHHBIX M3MepeHUAX. DIIOKTYUPYIOIUI BapUaHT THIIEPPEAKTUBHOCTH AbIXaTelb-
HBIX IIyTeH AUarHOCTHUPOBAJICS TIPHA OTCYTCTBHU M3MEHEHUH OPOHXHAIHHOTO CONpOoTUBIeHUs n/mmm ODPB,
BO BpeMs OfHOro wiu Oosnee m3MmepeHuil. HemocraTkamMu IaHHOTO croco0a SIBISIMCH JOJITOCPOYHOCTD
HaOmroneHs 3a 00JIbHBIMU M HEOOXOANMOCTh PETYJISIPHOTO MOCEIIEHUE KIIMHUKHU C IIETIbI0 €KEMECIIHOTO
[IPOBEIEHHSI HHCTPYMEHTAJIBHBIX UCCIICIOBaHUH.

Hesas uccaenoBanusi — pa3padboTaTh CHOCO0 AUATHOCTHKH (OPMUPOBAHMS MOCTOSHHOH M (ITIOK-
tyupyromen ¢popmer XI'I1 y 6onmpHBIX BA ¢ 11enbl0 ONTUMH3auK TPOTHUBOBOCTIAUTEIFHON Tepaniu 1
YIIy4IIE€HUs] KOHTPOJIS 3a001€BaHusl.

Matepuan u mMeToabl uccieaoBanus. lccienqoBanne HOCHIO PETPOCIICKTHBHBIN HAaOMIOAATENb-
HBIN XapakTep. B nccnenoBanum npuHsM yyactrue 60ibHBIE B Bo3pacte 18-65 ser, 000ux mojos, ¢ JOKY-
MEHTaJIbHO MOATBEP)KIAEHHBIM KIMHHYECKHM JMAarHo3oM mepcuctupymomeil bA, oTcyTcTBHEM OCTpBIX
3aboneBanuii, c OPB; Ha MOMeHT TecTrpoBaHus 6osee 70% AOHKHON BENWYMHBI U BEpUPHUIMPOBAHHOM
MHCTPpYMEHTaIbHBIMU MeToAamu uccnenoBanus XI['JII1. Bce uccrnenoBanus ObUiM MpOBEIEHBI Ha Oasze
nabopatopuu (GyHKIMOHAIBHBIX METOJIOB HccnenoBanus deaepanbHOro rocyAapcTBEHHOTO OFOKETHOTO
HAy4YHOTO yUpexaeHus «JlambHeBOCTOUHBINM HAYYHBIN HeHTp (pu3uonoruu U natonoruu apxanusy (JHL]
®I1J]). Jduzaiin BkIto9an B ce0s 00bEKTUBU3AINIO KIIMHIYECKUX TaHHBIX 10 BompocHUKy Asthma Control
Test (ACT, Quality Metric Inc., 2002), orierky 6a30Boii (pyHKIIMU BHEUTHETO IBIXaHUS C U3ydeHHEM 00-
paTuMocTH OpOHXHAIBHONH OOCTPYKLMH IPHU HCIIOIb30BAHUM [2-arOHHCTa KOPOTKOTO NEHCTBUS, OLCHKY
napamMeTpoB OPOHXHUAIBHOW MPOXOAMMOCTH JI0 W TIOCJE BBIMOJHEHUS OCTPOH OPOHXONPOBOKAIMOHHOM
po0OBI 3-MUHYTHOW M30KATHUYECKOH rumiepBeHTWIsIIIN XonoaaeM (-20°C) Bozayxom (MUI'XB) [1], 3a60p
KPOBH JJIsl IPOBEACHUS OMOXMMHUYECKUX UCCIECIOBAHHM.

bazoBoe uccrnenoBanne BeHTHISAIMOHHOW (yHKInK nérkux (ODPB; % momk.; ODB,/KEJI %,
MOCsp, % momxk., COCys.75, % IOMIK.), a TaKKe OIEHKA peakiuuu IexaTelbHBIX MyTed (AODB) iy,
AMOCs0,x;) B oTBeT Ha MI'XB BeImonusiuch Ha crnupomerpe Easy on-PC (nddMedizintechnik AG,
[lIBetitiapusi) B COOTBETCTBUU C peKOMEHAalMsAMU EBporielickoro pecriuparopHoro odiiectsa [4]. 3abop
KPOBH OCYILIECTBIISUICS U3 KyOWUTalbHON BEHBI JJIsl M3y4eHUs ypoBHsS KopTuzona (K, HMOnb/1) MeTomomM
TBepA0(ha3HOTO UMMYHO(PEPMEHTHOTO aHaIM3a («CIHIBUY»-METOJ) C HMCIIOJIb30BAaHHEM HaOOpPOB CIICIH-
(uUecKuX peareHTOB.

B uccnenoBanne Obin BkIroueHs! 68 O6onbHBIX nepcuctupyomeit BA (ACT — 15,0+0,41 Gannos;
O®B; — 90,6+1,4%, ODB/2KEJI —71,2+0,76%, COCys.75 — 62,3+1,9%, K — 591,4 amons/n). AuHamude-
CKOe HaOIoJIeHNe 32 OOJIBHBIMHU OCYIIECTBIISIOCH B MpoMexyTke 2011-2019 rr. ¢ mOBTOPHBIM IpOBeEIe-
HUeM criupomerpun 1 mpoosl UT'XB. Bee GonbHble Nodyvann 0a3ucHyIO Tepanuio B cooTBeTcTBrH ¢ Gl-
NA [5], ocHOBaHHYIO Ha CTYIIEHYATOM HJIH ITOIIAarOBOM TOIXO/IE.

Brimonnennas paboTa mpoBOAMIIOCH C COOJIOACHUEM ATUYECKHUX IMPHUHIMIIOB MPOBEACHUS MEAH-
LUHCKHUX HCCIIEOBAaHUN C yyacTHeM YeJloBeKa B KauecTBe cyOnekTa nmpu ogobpennu Komurera mo 6uo-
meaunuHckoi stuke JHILL I,

CratucTHYEeCKHH aHANM3 MOJyYeHHOTO MaTepHana MPOBOIWJIM HA OCHOBE CTaHAAPTHBIX METONIOB
BapHAIlMOHHON CTaTUCTUKHU C HCIIOJb30BAHUEM NPOrpaMMbl «ABTOMATH3MPOBAHHAs CHUCTEMa JAWCIaHCe-
puzauun» [6]. OHeHKy COOTBETCTBHS NpH3HAKA 3aKOHY HOPMAIBHOTO paclpelesieHHs] MPOBOAWIN TI0
kpurepusm Konmoropoa-Cmupnosa, Ilupcona-Museca. Ilpn HOpMalbHOM THIIE pacmpelesieHHs Hc-
noJnb3oBaiu Kputepuil t (CthiogenTa). OnucarenbHasi CTaTUCTUKA KOJMYECTBEHHBIX NMPHU3HAKOB IMpenl-
CTaBJICHa C MOMOIBIO CPEAHEro apupMeTHIecKOro, CTAHAAPTHON OMIMOKU CPENHETO apU(PMETHIECKOro
(M£m). Ha ocHOBe METOJOJOTMH HMCIOJIb30BaHMs AMCKPUMHUHAHTHOTO aHajM3a JAJsl MOCTPOSHMS IPO-
THO3HBIX MOJIEJEH ONpeaensuiach IMCKPUMUHAHTHAA (QYHKIHMS C BEPOSITHOCTBIO Paznuyuuil He MeHee 95%,
C IOCTPOEHUEM JUCKPUMUHAHTHOTO YpaBHEeHus [7,8].

PesyabTaThl ucciaenoBanus. [lo pesynpraram TUHAMHUYECKOTo HaOMIOACHHS M OLIEHKH PEaKLUU
oponxoB Ha U['XB Bce 00cie0BaHHbIE PETPOCIIEKTUBHO OBbIIIM OOBEAMHEHBI B JIBE IPYIIIBI B 3aBUCHMO-
ctu ot Bapuanta XI'JIl — mocrosnHo mpucyrtcTBytomeil (1 rpynma) u ¢uoktyupytomeid (2 rpymnmna)
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(tabm. 1). JIuna 1 rpynmer nmenn 6oiee HU3KUE MCXOMHbBIE 3HAYSHHS TTOKa3aTeNeil MPOXOANMOCTH JIbIXa-
TENBHBIX IMyTEH OTHOCUTEILHO 2 TPYIIIIHI.

st onpenenenus kpurepueB GopmupoBaHusi Bapuanta X[ J[[1 Obl1 MCHONIB30BaH IUCKPUMHU-
HaHTHBIN aHanu3. M3 Bcell COBOKYIMTHOCTH M3MEPEHHBIX MMOKa3aTeNiel, OTPpaXaroluX TOPMOHAIBHBIN CTa-
TYC MalUEHTOB, COCTOSIHUE BEHTIWISIIUOHHON (DYHKITUH JIETKUX U PEaKTUBHOCTD JBIXAaTEIbHBIX MyTEH, IPU
MTOMOIIY JUCKPUMHUHAHTHOTO aHAJIM3a BBIJICIICHO TPH OCHOBHBIX MapaMeTpa, KOTOPhIe HAWIYYIIIUM 00pa-
30M pazaenstoT 60bHbIX 1Mo TUIy X1 I AODB,; AMOCs0,xs (%) 1 kKOpTH301 (K, HMOIB/N). [TocTpo-
€HO JUCKPUMHUHAHTHOE YPaBHCHUE!

D =-2,146 x AOD®B,..s + 0,860 x AMOCsg,..s — 0,118 X K,

rae D — auckpumuHaHTHaS QYHKIUS ¢ TpaHUYHBIM 3HadyeHueM -61,12. [IpencraBneHHoe ypaBHEHHE JieT-
JI0 B OCHOBY pa3paboTku crocoba aumarHoctuky BapuanTta XI'JII1 y 6onpHbIX BA [3a2s1BKka Ha mateHT PO
Ne2021122036].

Tabauya 1
OcHogHule KnuHuvecKue u GyHKYuonaibhvle napamempul y 601bHbix BA ¢ pasnvimu munamu peaxyuu
na npooy UI'XB (M+m)

[Tapametp 1 rpynna an 2 rpynna an p
Bospacr, ner 34,8+1,3 2,52 37,1+1,3 2,50 0,20
ACT, 6amibt 14,9+0,6 1,16 15,3+0,6 1,19 0,69
ODB;, % momKHOH 87,7£1,9 3,75 93,6+2,0 4,09 0,037
O®B,/XKEJ, % 70,1+1,1 2,24 72,4+1,0 2,0 0,14
MOCsg, % momxHOU 58,4+2.4 4,78 65,8+2,7 5,46 0,041
COCys.75, % momxHOM 61,2+7,1 15,50 71,4£3.3 6,65 0,22
AODB 5, % 15,0+1,7 3,42 13,6+1,8 3,55 0,57

[Ipumeuanue: p — 3HaUUMOCTD pazinnuuii Mmexay 1 u 2 rpynmnoit; AODB g, - H3MeHeHHe MoKa3aTens
nocJje BBEACHUS [,-aroHMCTa KOPOTKOTo AeiictBus. AW - noBepuTeIbHBINA HHTEPBAIL.

Crioco0 coiep KuT CIEAYIONINe IPUEMBI:

- y 6osbHOrO BA B yTpeHHHE Yachl OCYIISCTRIISIOT 3a00p KPOBU U3 KyOUTAIbHOI BEHBI;

- OTIPEMIETISIIOT COAEPIKAHNE KOPTHU30JIa B CHIBOPOTKE KPOBU (HMOIIL/J), HAPUMEP, METOJIOM
TBeprodazHoro nMmyHodepmenTHoro aHanmza (MDA, «CoHIBUY»-METOJ) C UCIONIB30BaHHEM HabOpOB
cnenu(uIecKuX pearcHToB;

- TIpU TIOMOIITN MeToa ciupomeTpun onpeneistior ODB; (B 1);

- MIpH ITOMOIIH MeToj1a crimpoMeTpun onpeaenstoT MOCs, (B 11/¢);

- MPOBOIST B TEUCHUE 3 MUHYT OPOHXOIIPOBOKAIIMOHHYIO MTPOOY BO3IYyXOM, OXJIAKIEHHBIM JI0
-20°C, conepxkarmum 5% COy;

- paccuutbiBatoT BeMUUUHY AODB,;1xp;

- paccuuThiBatOT BeMHIUHY AMOC 50,45,

- OTIPECTSIOT BEIIMYNHY IUCKPUMHHAHTHOW (yHKIMM D ¢ MOMOIIBI0 JUCKPUMHUHAHTHOTO
ypaBHEHUS

D =-2,146 X AODB,.,s + 0,860 x AMOCsg,..s — 0,118 X K,

rne D — nuckpumuHaHTHAS QYHKIMS C TPAaHUYHBIM 3HAYCHHEM, paBHbIM -61,12;

- CPaBHHUBAIOT BEJIMUYMHY JTUCKPUMUHAHTHON (DYHKUIMH C €€ TPAaHUYHBIM 3HAUYCHHEM PaBHBIM -
61,12: mpu D paBHO#H uiau OoJbIlle TPAHUYHOTO 3HAYECHUS TUCKPUMHHAHTHOHN (pyHkumu y 6oipHOro BA
IMarHOCTUPYIOT mocTostHHBIA Bapuant X', a mpu D MeHblIe rpaHUYHOTO 3HAYECHUS! AUCKPUMUHAHT-
HOW (YHKUUH - QIIOKTYHPYIOIINH BapHAHT.
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O¢ddexTHBHOCT TpUMEHEHHUS B KIMHUYECKOW IMPAKTHKE OIMCAHHOTO CIoco0a WILTIOCTPHPYIOT
CIIEYTOIINE TIPUMEDHI.

[Ipumep 1: bonpnas K., 45 ner. Knuandeckuit auarno3: bpouxuanpHas actMa, cMeradHas Gopma,
CpemHssl CTENEeHb TSHKECTH, YaCTHYHO KoHTpodupyemoe Teuenue, JJHO. XomomoBas runeppeakTHBHOCTh
IBIXaTEeTbHBIX Ty TEH.

Bonpaa B Teuenne 7 net. OTMeuaeT MOsABIEHHE B IMOCIEAHIE 2 TO/Ia IBIXaTebHOTO AUCKOM(pOpTa,
HapacTaHWE OJBIIIKKA W yBEIWYCHHE YacTOTHl WCIOJB30BAHMS [3,-aTOHHUCTOB KOPOTKOTO NEHCTBHA TPHU
HACTYIUICHHH XOJOIHON MOTOB (OTpHUIATENbHBIE TEMIIEpaTyphbl Bo3myxa). O0parniack ¢ kamobamu Ha
pa3BHUTHE YAYIIbA IPU KOHTAKTE C XOJOAHBIM Bo3myxoM. llepen mposenernem npodsr UI'XB y 6oxpHOMN
MpoBeEH 3a00p KPOBU M3 KyOWTAIbHOW BEHBI IS OMpeAeNieHus coaepxaHus koptuzona. Coaepikanne
KOpPTH30J1a B CHIBOPOTKE KpoBH - 601,0 HMOIB/1. BeimonaHeHna OporxornpoBokarnuoHHas mpoda WMI'XB.
[Tocme mpoOs1 3apeructpupoBano ymensineane ODB; Ha 16,0%, MOCs, Ha 24,0% (11poba moI0KUTENb-
Hasl), YTO MOATBEepkAaeT Hamuane y 6ompHON X IL.

Jaiee ObLTO peneHo TUCKPUMUHAHTHOE YPaBHEHUE!

= 2,146 x (~16,0) + 0,860 x (-26,0) — 0,118 x601,0

rae D — muckpumuHaHTHasT QYHKITUS, TPaHUYHOE 3HaYeHHE KOTOpoi paBHO -61,12. Tak kak Bemu-
yiHa D, moirydeHHas mpy pemieHu: JUCKPUMUHAHTHOTO ypaBHEHUs (-58,942), Oomnbllie TpaHUYHOTO 3HA-
YeHus1, y 00JbHOM quarHoCTUpoBaH moctosHHbIN BapuanT X1 JII1.

B nmanpHeiieM npu mocemeHuy myJJbMOHOJIOTa KaKAble 6 MecsleB C 1eTbi0 HaOM0JeH s 3a 3200-
JIEBaHWEM B IMHAMUKE M KOPPEKUUHN Ha3HAYCHHOW Teparuy Ha MPOTSHKEHUH HECKOJIBKHX JIET Y OOJIbHOM
npu nposenernn npoosl MI'XB peructpupoanocs naaeane ODB; Ha 13,0%; 53,2%; 45,0%; 16,4%;
18,2, 18,0%; 22,0%, 9TO CBUIIETEIHCTBYET O HATMYUH TIOCTOSSHHOTO BapHaHTa XOJI0JI0BOM THIIEpPEaKTHB-
HOCTH JIBIXaTENIbHBIX MyTEH.

[Ipumep 2: bonbuas b., 48 ner, Knunuueckuii nuarnos: bponxuansHas actMa, cMelanHas ¢opma,
CpelHssl CTEMEeHb TsDKECTH, YacTUUHO-KOoHTposmpyemoe TeueHue JJHO. XomomoBasi runeppeakTHBHOCTD
JIBIXaTENbHBIX MyTeH.

Bonbua B Tewenue 9 net. B mocnennue 3 roma oTMedaeT HapacTaHUE OBIIIKH U YBEJIWYEHHE Ya-
CTOTBI UCTIOJIb30BaHHUS [3,-aTOHUCTOB KOPOTKOTO JICHCTBHS B XOJIOJHOE BpeMsi rojia (OTpHIATEIbHbIE TEM-
nepaTypbl Bo3ayxa). OOpaTuiach ¢ xanobamMu Ha pa3BUTHE YAYUIbS MPU KOHTAKTE C XOJOIHBIM BO3AY-
xoM. [lepen nmposeaenuem npoOsr UT'XB y GonbHON TipoBeaéH 3a00p KPOBH U3 KyOUTaIbHOW BEHBI JIJIS
orpeeNieHus cojepkanusi koptuzona. CojepkaHue KOPTHU30Jia B CHIBOPOTKE KpoBH - 607,0 HMONB/M.
Beinoninena OponxonpoBokanuoHHas npobda WI'XB. Ilocie mpoObl 3aperucTpupoBaHO YMEHbIIEHUE
O®B; Ha 15,0%, MOCsy Ha 27% (mpo0a MOJIOKHUTENbHAS), YTO MOATBEPIKIACT HAIMYKE Y OOJIbHOM
XTI AIl.

Hanee ObUTO pellIeHO TUCKPUMHHAHTHOE ypaBHEHUE!

= 2,146 x (-15,0) + 0,860 x (-27,0) — 0,118 x 607,0,

rae D — nuckpuMuHanTHas GYHKIMS, TPAHUYHOE 3HAUYCHHE KOTOPOH paBHO -61,12. Tak kak Benu-
yrHa D, mony4eHHas npu pelieHnr JUCKPUMHHAHTHOTO ypaBHEHHs (-62,656), MeHbIle IpaHUYHOTO 3Ha-
YeHus1, y 00JIbHOM quarHocTupoBal (QarokTyupyommii Bapuant XTI

B nanpHeiieM npu MOoCENeHNH TyJIbBMOHOJIOTA € LEeJbI0 HaOM0AeHHs 3a 3a00JIeBaHUEM B TUHAMHU-
ke (1 pa3 B roa) Ha MPOTSKEHUH HECKOJIBKHX JIeT y OonbHOM npu nposenernnu UI'XB peructpupoBanoch
nageane OOB; Ha 11,0% 3,8%; 12,7%; 18,0%; 4,2%, TO ecTh, UMeN MecTO (DIIOKTYHPYIOIIUH BapUaHT
XTAII.

3asBnsieMblil criocob anpoOupoBan B 68 knnHUUecKkux HaOmoaeHusx y 6omsHbIX BA ¢ XT'III. Ha
OCHOBaHMM HaONIOJICHHS 3a 3TOW KaTreropueil mauueHTOB ObUIM paccuMTaHbl [9] 4yBCTBUTENBHOCTH -
88,2%, cneruduanocts - 82,4% 1 TOYHOCTSH - 85,3% NMAarHOCTUKYU MOCTOSIHHOTO WIIH (DIIFOKTYUPYIOIIETO
BapuanTa XI'II1 y 6osnbHbIX BA.
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3akaouenue. [Ipuvenenne B KITMHNYECKON MPAKTHKE CIIOCO0a AMATHOCTUKY BapHaHTa XOJIOA0BOM
TUIEPPEAKTHBHOCTH JBIXATEeIBHBIX ITyTeH MMO3BOJIUT OOOCHOBAHHO M3MEHSTh TAKTHKY JICUEHHS OOIBHBIX
BA.
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BJIUAHUE CTATYCA KYPEHUA U XObJI HA METABOJIMYECKHUE OCOBEHHOCTH
COCTABA CJIIOHBI ITPH PAKE JIEI'KOTI'O

IIpu pasmenbHOM yuete dakropa Kypenus u Hanuuusi XOBJI npu pake nerkoro nHpopma-
TUBHBIMH SBJISIFOTCS Pa3HbIe TPYNIBI OMOXMMUYECKUX MapKepoB citoHbl. [Ipu ogHOBpeMeH-
HOM yueTte (pakropa KypeHus u Hanuuusi XOBJI npuopuTeTHBIMU SIBISIOTCSE OMOXHMMUYECKHE
MapKepbl, COOTBETCTBYIOLINE HATMUNIO/OTCYTCTBHIO U cTenenu Tsbkectn XOBJI. M3menenus,
MpoucxXosiue Ha (JOHEe KypeHHs HOCST BTOPOCTENEHHBIN XapakTep, MaKCUMAIbHO MPOSIB-
JSSICh TIPHU cTaxe Kypenus oosnee 30 ser.

Kntouegwie cnosa: pax nerxkoro, XOBJI, kypenne, ciitona, Onoxumusi.

Omsk State Pedagogical University, Omsk
INFLUENCE OF SMOKING STATUS AND COPD ON METABOLIC
CHARACTERISTICS OF SALIVA COMPOSITION IN LUNG CANCER
When the factor of smoking and the presence of COPD in lung cancer is taken into account
separately, different groups of biochemical markers of saliva are informative. With the simul-
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taneous consideration of the factor of smoking and the presence of COPD, biochemical
markers corresponding to the presence / absence and severity of COPD are priority. The
changes occurring against the background of smoking are of a secondary nature, being mani-
fested as much as possible with a smoking experience of more than 30 years.

Key words: lung cancer, COPD, smoking, saliva, biochemistry.

Pak nerkux sBnsieTcs OAHUM W3 TPEUMYIIECTBEHHO AUATHOCTUPYEMBIX BUIOB paka (11,6% ot 00-
mero 4ymcia ciydaes), B 2018 romy oH SBISUICS OCHOBHOM NMPUYMHON cMepTHOCTH OT paka (18,4% ot 00-
LIETO YMCIa CIy4aeB cMepTH oT paka) [1]. ApyruM pacnpocTpaHEeHHBIM 3a00JIEBaHUEM JIETKUX SIBISCTCS
XpoHuueckasi o0cTpykTtuBHas 6onesns jerkux (XOBJI) [2]. M3BecTHO, YTO OOJBIIMHCTBO MALUEHTOB C
pPaKoM JIETKOTO, UMEIOIIE B COMyTCTBYOMMX 3a0oneBanusx XOBJI, SBust0TCS KypHIbIIMKAMH M PUCK
Pa3BUTHS paka JIETKUX BO3PAcTaeT ¢ yBeJIHMUeHHEM cTaxa KypeHus [3]. Panee Hamu BoisiBieHb! 34 Onoxu-
MUYECKHUX TOKa3aTeNs CIIOHBI, KOTOphle CTATUCTUYECKH 3HAYMMO MEHSIOTCS MPU pake JIETKOro pa3HbIX
TUCTOJIOTUYECKUX THUIIOB 110 CPAaBHEHHIO CO 37A0pOBBIM KoHTpoJieM [4]. [lokazano, yto Hamuure XOBJI kak
COIYTCTBYIOIICH MAaTOJIOTUH NMPUHLIUIHAIBHO HE MEHSIET METaOOIMUECKUI MPOGUIIb CIIOHBI, HO YBEIH-
YHBACT JUANa30H M3MCHEHUH COOTBETCTBYIONIMX OMOXMMHUYECKUX MOKazareiei [S]. B Hacrosmeit pabore
MPOBEICHO CpPaBHEHHE METaOONMYECKUX MPOQUIIEH CIIOHBI BHYTPH T'PYIMIBI OOMBHBIX PaKOM JIETKOTO B
3aBUCUMOCTH OT Hanuuus wiu oTcyTcTBUs XOBJI ¢ 0THOBpEMEHHBIM YUETOM cTaTyca KypeHusl.

MarepuaJ 1 METOAbI

B uccnenosanne BKiIro4eHBl 392 manueHTa TOPAKaIbHOTO OTHENEHNsT KIIMHNYeCKOoro OHKOIOTHYe-
ckoro aucnancepa r. Omcka 3a nepuoa 2014-2017 rr. Kpurepuu Bxnrouenus: sozpact 30—75 net, oTcyT-
CTBHE KaKOTO-TMOO JICUEHHS, B TOM YHCJIE XHUPYPrUYECKOro, XMMHOTEPAleBTUYECKOTO WM JIy4EBOTO.
Ilocne rucronoruueckol BepuUKaluM y BCeX HMALUEHTOB ObUI MOATBEPKICH PaK JITKOTO Pa3IHMYHBIX
TUCTOJIOTHYECKUX THIIOB, B ToM umcie: 189 — amenokapumHoma (AK), 135 — mIOCKOKIIETOUHBINA pak
(ITPJI) u 68 — HelpOIHIOKPUHHBIHA pak Jerkoro. Y 169 manueHToB B Ka4eCTBE COIyTCTBYIOILETo 3aboie-
BaHus BbisiBiieHa XOBJI paznuunoil ctenenn TsokecTd. B nanHOM paboTe paccMarpuBaiy IpyIIIbI Mald-
enToB 0e3 XOBJI (n=223), ¢ XOBJI nerkoii (N=114) u cpenueii crenenu tsoxectu (N=51), 0003HaUeHHBIE
cootBerctBeHHO NO COPD, COPD | 1 COPD Il. [{nst xa10#f 13 BbIIEICHHBIX TPYI POBEACHO pa3ou-
€HHME Ha MOJATPYIIIBI B COOTBETCTBUHU C HAIMYUEM/OTCYTCTBUEM KYPEHHS U €r0 CTAXKEM: HE KypHUT, KypHUT
menee 20 ser, 20-30 net, 6onee 30 ser. dus rpymmer NO COPD gucno manuentoB paBao 160, 16, 42 u
25, st rpymiel COPD | — 54, 18, 36 u 15, nns rpynmet COPD 1l — 26, 4, 12 u 16 yenoBek mjs HEKYpS-
mwmx, Kypsmmx MeHee 20, 20-30 u 6osee 30 €T COOTBETCTBEHHO.

CO6op 00pa31oB CIOHBI OBUT POBEJIEH CTPOTO 0 Hadana jedeHus. O0pasibl CIOHBI HeHTpU]yTH-
poBasiu nipu 7000 006/MuH., aHATU3UPOBATIH MO 23 OMOXMMHUYECKMM IOKa3aTeNsiM Ha IOJyaBTOMAaTHYe-
ckoM OmoxummueckoMm aHanmuzatope StatFax 3300. CratucTrdeckuil aHanu3 MOJYYEHHBIX JAHHBIX BBI-
MOJIHEH TIpW ToMoInu nporpamm Statistica 10.0 (StatSoft) HemapaMeTpUYECKUM METOJIOM C HCIIOJIb30Ba-
HUEM B 3aBHCHMBIX TpyINax Kpurepusi BunkokcoHa, B HezaBUCHMBIX rpynmax — U-kputepuss ManHa-
YurHu.

PesyabTaTsl

Ha nepBom 3tane uccnexyemas rpymnmna Obuia mojeieHa 1o NpUHLIUIY KypHUT/He KypuT. bruoxumu-
YEeCKHUI aHaJIU3 CJIIOHBI [TOKa3all, YTO CTATUCTHYECKH 3HAYMMO Pa3IMyaroTcs JBa IapaMeTpa: coepKaHue
XJIOPHZIOB M aKTHUBHOCTH KaTajasbl. lIpu 3TOM coiepikaHHe XJIOPHIOB B IPYIIE HEKYPAIIMX 3HAYMMO
Hmke (26,7 [21,2; 33,7] vs. 29,4 [22,9; 37,6] mmonb/n, p=0,0163), Tora Kak aKTHBHOCTh KaTalla3bl BBIIIE
(2,79 [2,12; 4,30] vs. 2.53 [1,96; 3,58] mxat/n, p=0,0343). Kpome xmopuoB u katanas3sl sl aHAIIN3a Me-
togoM PCA Obutn oToOpaHsl B kadecTBe 3HaUMMbIX cooTHomeHue ACT/AJIT u aHTHOKCHIaHTHAST aKTHUB-
HOcTh (AOA). YcranosieHo, uro AOA B rpynne kypsmux Boiie (1,83 [1,45; 2,10] vs. 1,67 [1,45; 1,85]
mmouts/i, p=0,0591), a cootnomenne ACT/AJIT nao6opor mmxke (1,22 [0,88; 1,59] vs. 1,32 [1,03; 1,73]
y.e., p=0,0577). Ilpu pa3aeneHun rpynmsl KypsIKUX Ha HOATPYIIBI B COOTBETCTBUH CO CTa’KeM KyPEHUS B
KadecTBe MH(OPMATHBHBIX BBIOpAHBI IOKAa3aTeNd, XapaKTepU3YIOLIHE SJICKTPOJMTHBIN OanaHc (Kanui,
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dhocdop, Ca/P, Na/K), coornomenne ACT/AJIT u aktuBHOCTE CO/] (puc.la, 6). g PC1 orMedeHBI BBI-
cokne ko3 durmenTsr Koppemsauu ¢ kanreM (1=0,83) u dhocdhopom (1=0,80), miss PC2 — ¢ koadhpummen-
toM ACT/AJIT (r=0,73). Kak BuaaO Ha nuarpamme (puc.la), pazaeneHue IpOUCXOIUT HA TPYIIIBI CO CTa-
xeM Kyperns MeHee 20 net u 20-30 ser, a Takke TPYIITy o cTakeM Kypenus 6omnee 30 ner.

Crnenmyrommm 3TanoM UCCIIEJOBAHUS SBIISIIOCH BBISIBICHUE PA3IUUIHiA MEXITy OONBHBIME PAKOM JIET-
koro 6e3 XOBJI u ¢ XOBJI pa3noii cremenn TsoxectH (puc.lB, T). CorntacHo kputeputo Kpackenma-
Yomnuca paszmmuust Mexmy Tpems rpymmnamu 3HauuMmbl o pH (p=0,0037), comepikaHWIO KabIUs
(p=0,0117), cuanossix xkucaot (p=0,0459), akrusnoctu JII" (p=0,0100) 1 ypoBHIO AHEHOBBIX KOHBIOTa-
ToB (p=0,0465). [1pu 3TOM ¢ yBenmuuenueM ctenenu Tsokectu XOBJI pacter 3Hauenue pH CitoHBI, CHUXKa-
eTcs cofiepKaHue Kaiublys U akTUBHOCTH JIJAT'. JIist cHanoBBIX KUCIOT U JUCHOBBIX KOHBIOTaTOB HAOMIO-
naetcst ipko BelpaskeHHbIH MuHuMyM a71st COPD |, Toraa xak anst rpynnel COPD |l 3Hadenus npaktude-
cku coBrnagarT co 3HadeHusMu Ui rpynmel NO COPD. [lng ananuza ganaeix merogom PCA momonHu-
TeNbHO 0TOOpaHbl TOKazaTenu co 3HaueHusMHU p<0,1000 nmo xputeputo Kpackena-Yosmca (Maraui, Ka-
tanasza, ocHoBanusa udda, coornomenue ACT/AJIT). dns PC1 momydeHsl BBICOKHE KOAPPHUIUEHTHI
koppemsanuu (p=0.001) tomeko s JIAL (=0,71), cpemneit cumel s karanasel (r=0,61), mMaruus
(r=0,53), xanpuus (r=0,44) u pH (r=-0,47). Jnst PC2 BbicokuX K03()(PHUIIMEHTOB KOPPEIAIIUU HE BBISBIIC-
HO, KOPPEJISIMK CPeIHEH CHIIbI OATBEPKICHBI i Katanassl (1=0,57), pH (r=0,52), JIAT (r=0,41), ocHo-
Banuii [ludda (r=0,35), kanpuus (r=-0,38) u cuanoseix kuciot (r=-0,57). [lepeunciieHHbie moka3aTein
OMOXMMHUYECKOTO COCTaBa CIIFOHBI MO3BOJISIFOT MU (EPESHIIMPOBATE MEKY COOOM BCE TPHU TPYIIIBI, OJTHAKO
MakcuMaibHO oriauuarorcs rpynnsl NO COPD u COPD Il (puc. 1 B, T).
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Puc. 1. PCA - @axmopnas niockocms u coOmeemcmsyiouwjuil KOppeuisiyuoHHbild Kpye OJisl
SPYNN NAYUEHMO8 ¢ paKom aecko2o. a, 6 — oe3z yuema XOBJI monvko Kypsawue ¢ yuemom
cmaoica Kypenusi; 8, 2 — ¢ yuemom naaudus/omcymemeus u cmenenu maxcecmu XOBJI.

Kaxnas uz 3 rpynmn (NO COPD, COPD | u COPD Il) 6buta mojienieHa B 3aBUCHMOCTH OT CTaryca
KypeHus «aa/net» (puc. 2). IlokazaHo, uro BeptukaibHas ock Aenut Ha XOBJI na/Her, a ropu3oHTanbHas
— no crenenu TsbkectH XOBJIL. I'pynma NO COPD nenutest Ha 2 wactu, Kypsiuue 6mmwke k COPD I,
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Hekypsimue — k COPD 1. JIns PC1 BbIisIBIEHBI KOppeNsSuu cpeiHeit cuibl ¢ xiopuaamu (r=0,69), TTT
(r=0,66), cnanoseiMu kucmotamu (r=0,56), JIIT' (r=0,52), pH (r=-0,52), moueBoii xucmoroit (r=0,39) u
kanpiueM (r=0,37). dna PC2 yctanoBneH BbICOKHI K03 dummeHT koppemsuuu ¢ karamazon (r=0,82) u
cpenneii cuiel ¢ JIAT (r=0,68) u cuanoBeivu kuciotamu (r=-0,36). TIpu 0IHOBPEMEHHOM y4eTe CTEICHU
Tsoxectd XOBJI 1 craxa KypeHus: pa3jiejieHUue TPy MPOUCXOJUT B MEPBYIO 0YEePEIb 110 MPHHAIICIKHO-
ctu x rpymmnam COPD | u COPD Il. Tak, Bce rpynmer COPD | He3aBUCHMO OT cTaka KypeHHUs pacioio-
JKEHBI MpaBee BepTHKAIbHOU ocH, Torna kak rpynmsl COPD Il — nesee. ['opu3oHTalIbHAS OCh pa3leliseT
TPYIIIBI O CTAXKY KYPEHUsI: MAKCUMAaJIbHBIC OTIIUYHUS BBISBICHBI JJIsl TPYIIT CO CTakKeM KypeHus meHee 20
net u 6onee 30 jer, Torga Kak Uil HEKYypAINIUX ManyueHToB He3aBucuMo oT Ttuma XOBbJI ycraHoBiIeHBI
npoMexxyrounbie 3HaueHus. Jis PC1 mokasansl Beicokue koddduimentsr koppessuun ¢ pH (r=-0,65),
xmopupamiu (r=0,63) u kansiuem (r=0,61), mus PC2 — ¢ quenossiMu koubroratamu (r=0,77), pH (r=-0,52)
n katanazoit (r=-0,39) u coornomenunem ACT/AJIT (r=0,31). B memom, ciemyer OTMETHTH, YTO IS
COPD | paznuuns Mexay mOATPYIaMi ¢ pa3HBIM CTaKeM KYPEHHUS BHIPAKEHBI B MEHBIIIEH CTETIEHH, YeM
i COPD Il.

i A
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v g ( ,f/ 0 //E/ / ™
I I‘| \\1\ .—-"E‘ - )
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Puc. 2. PCA — @axmopuas nrockocmo (a) u Koppersyuonusiii Kpye (6) oas pazoenenus
2PYNN KypAWUX U HEKYPAWUX nayuenmos c pakom aezkozo u XOBJI pasnoii
cmeneHy max}cecmu.

3axmovyenue. CiioHa SBJISIETCS MMOAXOAALICH OMONOTMYECKON KUAKOCTBIO AJIsl U3yUeHHs MeTado-
JIMYECKUX MPOLIECCOB MPH pake Jerkoro. IIpu pasaensHoM ydere daktopa Kyperus 1 Hannuus XOBJI npu
pake JIerkoro, B KauecTBe MHPOPMAaTHBHBIX MOKa3aTeslell OTOMPaloTCsl pa3Hble TPYIIBI OMOXUMHYECKHX
MapKkepoB CItoHbI. [Ioka3zaHo, 4TO B 3aBHCHMOCTH OT CTaTyca KypeHHs MEHSETCS B MEPBYIO OYEPEb aK-
TUBHOCTb @HTHOKCHIAHTHBIX (PEPMEHTOB CIIOHBI, Torga kak npu XOBJI u3ameHeHus kacaroTcsi yKe ak-
TUBHOCTH METa0OJMUYECKUX (EPMEHTOB, YTO MOJATBEpKIAeT Oosiee TIIyOOKMil XapakTep M3MEHEHHH Ha
¢one XOBJI. Ilpu ognoBpemenHoM yuete (akropa Kypenus: 1 XOBJI npuopureTHpiMu SBISIOTCS OHO-
XMMUYECKHE MapKephl, COOTBETCTBYIOIINE HAIMYHMIO/OTCYTCTBUIO U creneHu Tsxectn XOBJI. M3mene-
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HUS, TIPOUCXOAAIINE HA POHE KypEeHHsI, HOCST BTOPOCTEIICHHBIN XapaKTep, MAKCHMAJIBHO TPOSBIISSCH IPU
cTaxke Kypenus oonee 30 neT.
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INPOI'HOCTUYECKOE 3HAYEHHUE KYPEHHUSA B I'PYIIITAX BOJIBHBIX PAKOM
JET'KOI'O ¥ XOBJI PA3JIMYHOM CTENNEHU TAKECTH

Jlyis manueHToB, Kypsmux MeHee 20 JieT He3aBUCHUMO OT Hanuuus/oTcyTcTBus v Trra XOBbJI
rmokasareyii oOIIel BbDKMBAEMOCTH JIOCTOBEPHO Jiyuiie. [Ipu Hainyuu B Ka4yecTBE COIYT-
crBytomiet matonorun XOBJI oTka3 oT KypeHHs He OKa3blBaeT BIMSHHUS Ha IOKa3aTeln 00-
el BBKUBAEMOCTH TIPH PAKE JIETKOTO.

Knroueswie cnosa: pak nerkoro, XObJI, anann3 BEBDKUBAEMOCTH, IPOTHO3, CITIOHA, OMOXUMUSL.

L.V. Bel’skaya, PhD in Chemistry
Omsk State Pedagogical University, Omsk
PREDICTIVE VALUE OF SMOKING IN GROUPS OF PATIENTS WITH LUNG
CANCER AND COPD OF DIFFERENT SEVERITY

For patients who smoke less than 20 years, regardless of the presence / absence and type of
COPD, the overall survival rates are significantly better. In the presence of COPD as a con-
comitant pathology, smoking cessation does not affect the overall survival rate for lung can-
cer.

Key words: lung cancer, COPD, survival analysis, prognosis, saliva, biochemistry.

Curapetnslii 15IM copepxkut 6onee 1000 okucnuteneld u cBoOOAHBIX paankaioB U 4700 peakTHB-
HBIX XHMHYECKMX COCTUHEHUH, BKIJIIOYAs albACTHIbl, XMHOHBI, CEMHUXWHOHBI, HUTPO3aMHUHBI, O€H-
30(a)IMpeH W Ipyrue KaHIEpPOTeHbl, U OH ABJsETCs (PAKTOPOM PHUCKA PA3BUTUSI XPOHHUUECKOW OOCTpYK-
TuBHOM O0ne3nu serkux (XOBJI) u paka nerkux [1]. B maHHO# paboTe OICHEHBI TIOKa3aTenu OOIIeH BbI-
XKHUBaeMOCTH OONBHBIX pakoM Jierkoro 1 XOBJI B 3aBucuMOCTH OT cTaxka Kypenus. Llenbro uccnegoBanus
SBIISUIACH IPOBEpKa ruroTe3bl, yTo Hannune XOBJI B Oosnblieli cTeneHy BIUSET Ha MMOKA3aTel BEDKHBA-
€MOCTH P pake JIETKOT0, YeM KypeHHeE.
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Marepuaj u MeToAbI

B uccnenoBanue BkIoueHB 392 marmeHTa TOpaKaIbHOTO OTAeNeHUs KIIMHIMYecKoro OHKOIoTHYe-
ckoro aucmancepa r. Omcka 3a nepuos 2014-2017 rr. Kpurepun Brimtouenus: Bo3pact 30—75 ner, oTcyT-
CTBHE KaKOTO-THOO JICUCHHS, B TOM YHCJIEC XHPYPrUYECKOr0, XHMHOTEPANICBTUYECKOTO WM JYYEBOTO.
[ocne rucronoruyeckol BepuUKauy y BceX MAMEHTOB OBUT MOJATBEPXKIICH PaK JIETKOTO Pa3THYHBIX
THUCTOJIOTHYECKHUX THITOB, B ToM umciie: 189 — anmenokapmmaoMa (AK), 135 — MIOCKOKIETOUHBIA pak
(ITPJI) n 68 — HEHPOIHIOKPHUHHEIH pak Jerkoro. Y 169 manueHToB B Ka4eCTBE COMYTCTBYIOMIEro 3aboie-
BaHus BeisaBiieHa XOBJI pasnuunoil creneHn Tsoxkectn. B manHOW paboTe paccMaTpWBaIH TPYIIIEI MMAIlH-
enToB 0e3 XOBJI (n=223), ¢ XOBJI nerkoit (N=114) u cpenneii crenenn TsvKecTH (N=51), 0603HAYCHHBIC
cootrBerctBeHHO NO COPD, COPD | u COPD Il. [Ins xaxxaoi u3 BblJIeIEHHBIX TPy IPOBEIEHO pa30ou-
€HHe Ha TMOATPYIILl B COOTBETCTBUU C HAJTMUMEM/OTCYTCTBHEM KypEHHS M €ro cTakeM: He Kyput (Non-
smokers), kyput menee 20 et (Smokers I), 20-30 net (Smokers II), 6osee 30 ner (Smokers I1I). [lerans-
HOE OITMCAaHUE TPYIIILI MPUBEACHO B Ta0M. 1.

Tabnuya 1
Onucanue ucciedyemoil epynnol
Craryc Moxroviia Ymucno manueHToB
Kypenne ATPY NO COPD COPD | COPD II
n (%) 147 (65.9) 49 (43.0) 23 (45.1)
Non-smokers o oacr.mer  60.0 [55.0; 64.5]  57.0[53.0;61.0]  63.0 [58.0; 65.0]
0,
SmoKers | n (%) 14 (6.3) 16 (14.0) 4(7.8)
Bospact, tet 57,5 [48.0;60.0]  54.0[52.0;59.0]  59.5 [54.5; 65.5]
0,
smogers 1] 1% 39 (17.5) 35 (30.7) 10 (19.6)
Bospact, tet  62.0 [55.0;63.0]  59.0 [54.0;64.0]  60.5 [55.5; 63.5]
0,
smokers 11 (% 23 (10.3) 14 (12.3) 14 (27.5)

Bo3zpacr, ner

63.5 [61.0; 68.0]

62.0 [59.0; 66.0]

65.0 [61.0; 69.0]

O6mee Bpemst HaOMrOeHUS cocTaBwio 5 set. O0mias BepKuBaeMocTh (OB) manmenTa oneHuBanach
OT JIaThl TOCHHMTAIH3ANK 0 JAThl MMOCIEIHEro HabmroaeHus (Censored) mim gaThl CMEpTH MAlMeHTa
(complete). Onenka OB mpoBezieHa ¢ momoIsio Merona Kammana-Maiiepa ¢ mpencTaBiIeHHEM KPUBBIX
BBDKMBAEMOCTH M pacu€ToM 3HaUYMMOCTH paznuumii mo Log-rank (Statistica 10.0, StatSoft). Koppekuust Ha
HEPaBHOMEPHOCTPH paclpeesieHHs TI0 OCHOBHBIM MCXOJHBIM KPUTEPHSIM (TI0JI, BO3PACT, TUCTOIOTHUECKUI
BapHaHT, JIOKATH3AIIHS, CTa/IUs OITyXOIIH, METO/I JICUSHHsI) TPOBEIeHa C TIOMOIIbI0 perpeccuu Cox.

PesyabTaTsl

Paznuumst B 001Ieli BEDKUBAEMOCTH B 3aBUCUMOCTH OT KYPEHHS BBISBICHBI TONBKO Juist rpynm NO
COPD (puc. 1a), npu 3tom Menuana OB jyist HEKypsIIUX ManueHToB coctaBmia 20,7 Mecsies, Ui Kypsi-
mux — 14,8 mecsmes (OP=1,45; 95% M 0,83-2,52; p=0,07368). Jlns mammentoB ¢ XOBJI pazmmuans
MEX]y KYpAIIMMH W HEKYPSIIUMHU MAIMEHTAMH OTPKAIOTCS TOJIBKO Ha S-JIeTHEeW BBKHBAEMOCTH, MEJIU-
aHa OB mng Hekypsmumx cocrtaBuia 16,8 mecsues, amsa Kypsammx — 20,5 mecsues (OP=1,27; 95% AU
0,69-2,31; p=0,54182) (puc.16).

Hns namentoB NO COPD Ttakske BbIpaskeHBI OTIMYHUS MEXIY TPYIIAaMH C Pa3HBIM CTaXeM Kype-
Hus (puc. 10). Taxk, xypsmue menee 20 net umerot Mmeauany OB 28,2 mecsina, 20-30 net — 14,9 mecsues,
oonee 30 et — 12,8 mecsiues, OP st rpynmst co craxxem Kypenus 20-30 set cocraBun OP;.,=1,75 (95%
I 0,55-5,49, p=0,36863), nis rpynmsl co ctaxeM Kypenust 6onee 30 ner - OP1.3=4,67 (95% AU 1,01-
21,13, p=0,03838). Jnsa naunrentoB ¢ XOBJI pa3nuuuns Mexay rpyImInon co cTaxeM KypeHus MeHee 20 jet
U OCTaJbHBIMU BBIPaXKEHBI MakcUMasbHO (puc. 11). OB mist kypsimux menee 20 ner coctaBuia 32,0 me-
csana, kypsmue 20-30 nmer wmenu memuany OB 16,9 mecsues (OP1,=3,73; 95% /AW 1,31-10,39;
p=0,01956), kypsue 6onee 30 net — 15,1 mecsna (OP1.:=4,43; 95% AU 1,40-16,38; p=0,00956).
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[Ipu ydaere crenenu Tsoxectrn XOBJI coxpansieTcs Ta )e TeHASHIUSA: KypAmiie MeHee 20 JIeT IMeoT
meanany OB 32,0 u 35,6 mecsues anst COPD | u COPD Il coorBercTBenHo (puc. 1, e). [Ipu craxe kype-
uus 20-30 ner menuana OB pesko cHmxkaercs 10 17,7 u 16,9 mecsma (OP1.,=3,42; 95% U 0,89-12,96;
p=0,09723 1 op1,=3,67; 95% AN 0,18-75,31; p=0,27084). IIpu craxxe kyperns 6oxee 30 ner mennana OB
coctaBmna 14,2 u 16,0 mecsmeB (OP1.5=3,67; 95% 1AW 1,18-11,22; p=0,06377 u OP13=2,83; 95% JIU
0,19-40,95; p=36018) (puc. 1z, e).

Ecmu cpaBanBate XOBJI Hekypsmux (0) u co ctaxxem xypenus (1, 2, 3), to OPy,=0,45 (95% AU
0,18-1,13), OPy.=1,69 (95% AN 0,76-3,71) u OPy5=2,01 (95% AN 0,79-5,03). Ecnu cpaBHHBAThH HE KY-
psammx 6e3 XOBJI u ¢ XOBJI, To OP=1,16 (95% AU 0,68-1,98); xypsmmx menee 20 jer 6e3 XOBJI u ¢
XOBJI, To OP=0,64 (95% 11 0,19-2,19), 20-30 nger — OP=1,36 (95% U1 0,53-3,43), Gomnee 30 mer —
OP=0,81 (95% 111 0,21-3,07). Bce pa3nmuuus craTUCTHYECKU He 3HAYUMEI (p>0,05).

Cumulative Proportien Surviving (Kaplan-Meier) Cumulative Proportion Surviving (Kaplan-Meier) Cumulative Proportion Sunviving (Kaplan-Meier)
Complele + Censored Complete - Censored Complete + Censored
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Puc. 1. Obwas eviocusaemocmo (A) NO COPD + xypernue oa/nem: xpusas 1 — ne xypswue,
kpusas 2 — kypswue; (5) NO COPD + cmaoic kypenus. kpueas 1 — Smokers I, kpusasi 2 —
Smokers I, kpusaa 3 — Smokers I1; (B) COPD I+Il + xypenue oa/nem: kpusas 1 — ne Kypsi-
wue, kpusas 2 — kypswue, (I') COPD I+l + xypenue cmaoic: kpusas 1 — Smokers I, kpusas
2 — Smokers I, kpusas 3 — Smokers I11,; (Z]) COPD | + kypenue cmaoic: kpusas 1 — Smokers
1, kpusas 2 — Smokers I, kpusas 3 — Smokers 1l1; (E) COPD Il + kypenue cmaoic: kpusas 1 —
Smokers I, kpusas 2 — Smokers 1, kpusas 3 — Smokers 111.

OO0cy:xnenune pe3yiabTaToB. (1 ManueHToB, KypAmmx MeHee 20 JIeT HE3aBHCUMO OT HaJU-
yust/otcyreTBus U tna XObBJI nokaszarenn oOmell BepkuBaemoctu OB nocroepHo myumie. Cam ¢axT
Hannuus XOBJI mpuBOAUT K OTCYTCTBHIO pa3nuuuil B mokaszarensx OB Mexny KypsimyuMu U HEKYPSIILIUMU
MAlMEHTaMU C pakoM Jerkoro. IIpu 3ToM puck yMepeTb OT paka JIETKOTO y MalUeHTOB, KypsIIUX MEHee
20 ner ObUT HIXKE, YeM Yy HEKYpsALIUX BooOie He3aBucuMo oT Hannuusd XOBJI, yTo HaxonuTcs B HEKOTO-
POM MPOTHBOPEUYUH C JIUTEPATYPHBIMU TAHHBIMHU, COTJIACHO KOTOPBIM KypEHHUE B LIEJIOM CHIKAET MOKa3a-
Tenu o01eil BEDKUBAEMOCTH.
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Iloxa3zano, 4yTO B TpyNIe MALMEHTOB C PAKOM JIETKOTO OOJBLIYIO YaCTh COCTABIISIIOT HEKYPSIIIUE 11a-
uueHTs (243 genoBeka, 57,2%). IHTepecHO OTMETHTb, YTO TPYIIIHI KyPSIIUX W HEKYPAIINX MAIeHTOB
HEOJHOPOJHBI II0 CBOEMY COCTaBy. Tak, B Irpymme Kypsmux Bcero 7 sxeHuwmH (8,0%) u 175 myxuun
(51,9% ot obmero yncna myxuuH). COOTBETCTBEHHO Ha TPYIITy HEKYPSIIUX MAllMeHTOB mpuxoautcs 81
xeHmuHa (92,0%) n 162 myxunssl (48,1%). OTMedeHo, 4TO B TPyMIe HEKYPAIINX MPeoOIaIaronium
THCTOJIOTMYECKUM THUIIOM paka JIETKOTo SIBJISETCS aJJleHOKapLUHOMa, IIPU 3TOM COOTHOIIEHHE Yucia 00Jb-
HBIX aJICHOKapLHOMOH U IUIOCKOKJIETOYHBIM pakoM cocTasiser 1,63. st rpynnsl Kypsiux A0Jd aje-
HOKapITMHOMBI M IUIOCKOKJIETOYHOTO paKa COIMOCTaBHUMBI, COOTHOIICHHE paBHO 1,16. [lomst HelposHIO-
KPUHHOTO paKa AJIsl HEKyPSAIIMX MAlMEeHTOB BHILIE.

Crnenyet oTMeTHTh Tpeobiaganue nepudepudeckoir GopMbl pocTa OIMyXOIH HAJ EHTPATHHON IS
HEKypsILUX MAlUeHTOB. JIuTepaTypHble NaHHbIE MOATBEPKIAIOT, YTO PAK JIETKOI'O CPeAH HEKypSIIuX
MIPOSIBJIICT OTIIMYUTENbHBIE KIMHUYIECKUE XapaKTEPUCTUKH, Yallle BCTPEYaeTCsl Y KEHIIUH, JUarHOCTUPY-
eTcs Ha 0oJjiee MO3AHUX CTaausIX, U MPeo0IaJarolM THCTOJIOTHYECKUM THIIOM SBJISIETCS! aACHOKApLMHO-
Ma. Torza kak KypeHue Tabaka CBS3aHO C IUIOCKOKJIETOUHBIM M MEJIKOKJIETOYHBIM THIIAMH paKa JIETKOTro, a
TaKke ¢ 6onee paHHUM BO3PACTOM HAa MOMEHT IIOCTAHOBKH JAMArHO3a, YTO 0OYCIIOBIMBAET B LIEIOM Ooiiee
IUIOXOM MPOTHO3 /ISl MAlMEHTOB AAHHOW IpyNIbl. BBIABICHHBIE pasnuuus MEXIy NpeobiaJaroluMu
THCTOJIOTMYECKMMHU TUIIAMU PaKa JErKOro M T'€HAEPHBIM COCTaBOM KYypSIIMX M HEKYPSIIUX MaleHTOB
00YCIIOBJIEHBI, TO-BUAMMOMY, YMEHBIICHHEM DPACIPOCTPAHEHHOCTH KYpPEHHMS, a TaKK€ COKPAILCHUEM B
Ta0aYHOM JBIME CUTapeT CONEPKAHUS CMOJIBI M KAHLIEPOT€HHBIX BELECTB.

UzBecTHO, UTO pa3phiB MEXIYy YHOTpeOJieHHeM Tabaka W pa3BUTHEM paka JIETKOTO MOXKET COCTaB-
15176 10 30-40 net [2]. [Tockonbky Kypenue oTHocuTcs K paktopam passutusi XOBJI, uto y mannueHToB ¢
OONBIIMM CTa)KEM KypEHHs JOJDKHBI BBIBISATHCS Oojee Tsokenbie ctaguu XOBJI. Tak, rpynma COPD Il
Kypsitue MeHee 20 JIeT cOCTOUT TosibKO U3 4 uenoBek (11,4% oT Bcex KypsIIux), TOrga Kak JUis TPYIIbL
COPD | — u3 20 yenosek (25,3%). Torna kak kypsimue 6omee 30 ner B rpynne COPD Il cocrasistor 19
yenosek (54,3%), B rpynmme COPD | — 19 yenosexk (24,1%). Paznuuust Mexxay rpynmamMu ¢ OJHHAKOBBIM
CTa)KeM KYpEHHs 110 BO3pAacTy HeE BBISBICHBI. TakuM 00pa3oM, OJHOW W3 MPUYMH JIyYHIUX MOKa3aTelen
OB B rpymnmne manueHToB, Kypsmux MeHee 20 yer, MOKeT OBbITh MEHBIINK BO3pAcT MAIMEHTOB JAHHOM
rpynmsl. TeM He MeHee, ecni He MpUHUMaTh B pacder Hanmune XOBJI w/unm kypeHus, To 3aBUCUMOCTb
OB ot Bo3pacTa BeIpakeHa o4eHb ¢i1abo (p=0,33350). [Ipu 3TOM TOJIBKO JIsE BO3PACTHOM IPYIIIBI CTapIIe
70 net otmedeno yBenmuenue OP=1.77 (95% AU 0.37-8.27), KoTopoe TakKe CTAaTUCTHUECKH HE3HAYHMO.

3aknarouenue. [Ipyn Hannuny B kauecTBe conmyTcTByromei narosorud XObJI oTka3 oT KypeHus He
OKa3bIBACT BIMSHUS Ha TIOKa3aTeN 001Iel BBHKHBAEMOCTH TIPU PaKe JIETKOTO.
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0O.A. A0y1iinHOBa
Amypckas eocyoapcmeentas meouyunckas axademus, brazoseuenck

CPABHUTEJIbHBII AHAJIN3 TEYEHUSI IOCTKOBUIHOI'O CUHIPOMA
YV JIUL[ PA3BHOM BO3PACTHOM KATETOPUHA

B mayuHO#i cTaThe M3MOKEHBI PE3YNbTATHl CPABHUTEIBHOTO aHAIN3a TEYEHHUS IIOCTKOBHTHO-
r0 CHHAPOMA Y JIUI Pa3HOW BO3PACTHOM KaTETOPWH, MOIYJAIOIINX IOMOIIh B aMOYIaTOPHBIX
YCIIOBUSIX.

Kntouegvle cnosa: xopoHaBHpYyCHash MH(EKIUSA, MOCTKOBHIHBIA CHHAPOM, amOylaTopHas
MEIUIIMHCKASI TOMOIIIb

O.A. Abuldinova
Amur State Medical Academy, Blagoveshchensk
COMPARATIVE ANALYSIS OF THE COURSE OF POST-COVID SYNDROME
IN PEOPLE OF DIFFERENT AGE CATEGORIES
The scientific article presents the results of a comparative analysis of the course of Post-
COVID Syndrome in people of different age categories receiving outpatient care.
Key words: coronavirus infection, Post-COVID Syndrome, outpatient medical care.

Beenenue. IToctkoBunnbiii cuaapoMm (anri. Post-COVID-19 syndrome), Takke H3BECTHBIN Kak
Long Covid — mocnenctBust koponasupyctoit uupekiuu (COVID-19), npu xoropoii 1o 20% moaei,
MEPEHECIINX KOPOHABUPYCHYIO MH(EKIHUIO, CTPAJAIOT OT JOJATOCPOYHBIX CUMIITOMOB, JJIAIIUXCSA 10 12
Hezenb U Ooee.

[MocTkoBumHBIA cUHApPOM BHecEH B MexayHaponubli Kmaccudukarop bonesneit MKb-10 [1] B
¢dopmynuposke «Post COVID-19 condition».

B nexabpe 2020 roma HammonamesHbiM MHCTHTYTOM 3m0poBbsi BenmnkoOpurtanuu (NICE) Opiia
MpeJIoKeHa CIIeyroImas Kiaccu(uKamnus MOCTKOBUIHBIX COCTOSHUI:

—  Ocrtpsrit COVID-19 (cuMIITOMBI, JUTSIIITAECS IO YETHIPEX HEJEIb)

— Ipomomxkatomuiics cumntomarundecknii COVID-19 (cumnTomsl, mpogospkaromuecst oT 4 1o
12 Henenn)

—  TlocTKOBUIHBINM CHHIPOM (CHMIITOMEI, JUISIIHECS CBBIIE 12 Henenb, He 00BSICHUMEIE albTep-
HATUBHBIM JIMaTHO30M, CIIOCOOHBIE MEHSTHCS CO BPEMEHEM, MCUe3aTh U BHOBh BO3HUKATH, 3a-
TparnBas MHOTHE CHCTEMBI OPraHu3Ma).
K »TuM 10ATOCPOYHBIM CUMIITOMAaM OTHOCSIT TIPOOJIEMBI, BOSHHKAIOIIE BOJTHOOOPA3HO WM HA TI0-
CTOSTHHOM OCHOBE:

—  napanusyroas caabocTs [2], obIIIKa, HENOIHBIH BAOX, alHOD, TSHKECTh 3a TPYIHHOM [3];
—  TOJIOBHbBIE OOJIH, MUAJITHYECKUe OOJIH B MBIIIIAX, CycTaBHbIE 0o [4];

- noTepAa 06OH$IHI/I$I, (baHTOCMI/IH (BOSMO)KHO, CBS3aHHBIC C IOPAKCHUCM OOOHSTEIHLHOTO HepBa),
HCKa)XCHHUC 3anaxa/BI<yca;

—  IOTeps BOJIOC, BBINAJCHNE 3y00B, KUCTO3HbIE 00pa30BaHMs B IIOJIOCTU YENIIOCTEI];

- COCYIUCTBIE W BACKYJIMTHBIC IPOSABIICHUA Ha KOXE, MPOYHE KOXHBIC PCAKIIUN (O6IHI/IpHBIe
KpalMBHUIIbI, KalTUJIJIAPHBIC CeTKI/I);

—  pE3KHe CKayKH JaBJICHUS U MyJbCa, apUTMUH, TAXUKAPAUH (B TOM YUCIIE OPTOCTATHYECKAs Ta-
XHKapAaus) [5], FOTOBOKpYKEHUS;

— KOTHUTHBHBIC HapylIeHUs (MOTeps MaMATH, «TyMaH B TojioBe» [6], Ie30pHeHTalus B Mpo-
CTPAHCTBE, TPEBOTA U MTAHUIECKUE aTaKH);
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—  PAacCTPOWCTBO JKEIyOYHO-KHIIIEYHOT'O TPAKTA, JUApesi, BO3HUKAIOIIAs BOJHOOOPA3HO U HE 3a-
BHUCSINAS OT TUETHIL, JINOO MpréMa JICKapCTB;

— TPOIOIDKHUTENbHasl cyOeOpmibHas TeMieparypa, JJH00 TUIIOTePMHES, THOO0 CKaYKH TeMIlepa-
TYpHI;
— B peakux ciydasx cuaapom | uiterna-bappe [7]

—  IIpyrue MHOTOYHWCIIEHHBIE CIeIM(PHIECKHUE CHMITTOMEI.

Lenb ucciaenoBanus: mMpoBeeHNUE CPABHUTEIHFHOTO aHAIHM3a OCOOEHHOCTEH TEYEHHS MOCTKOBH/I-
HOT'O CUHApPOMA Y JIHI] pa3HON BO3PACTHOU IPYIIIIBL.

Martepuaisl U MeToabl. B xone riccnenoBanms Opumr 00caeoBanbl 59 MarMeHToB B BO3pacTe OT
18 mo 59 ner u 32 mammenta B Bo3pacte ot 60 1o 79 ner, mepeHECIINX KOBUA-aCCOIIMUPOBAHHYIO ITHEB-
MOHHIO M OOpaIaBIINXCs 32 aMOYJIaTOPHON MEIWIMHCKON MOMOINBIO ITTOCHE MPOBEAEHHOTO JIEYECHUS.
[IpoBoannack oreHKa kano0, JAHHBIX 00BEKTHBHOTO OCMOTpPA, Pe3yIbTaTOB KIMHUYECKOTO U OMOXUMH-
geckoro aHann3oB kposu (o6mmii 6emok, ACT, AJIT, I'TT, CPb, pubpunoren).

Pe3ysbTaThl Mcc/lel0BaHUs U UX 00cyxkaeHue. Bee oOcienoBaHHbIe MAMEHTH! pa3AesieHbl Ha 1BE
BO3pacTHbIE TPyMIsL: oT 18 10 59 met (cpemuuii Bo3pact 43,2+7,7), cpeau HUX KEHIHH — 39, My»K4YHH —
20; ot 60 mo 79 net (cpemuuii Bozpact 66,8+4,14), sxernmua — 20, My>x4auH — 12.

JlaHHBIE MALMEHTHI MEPEHECTH KOBUI-aCCOLMMPOBAHHYIO THEBMOHHMIO B TeueHHE 1-3 MecsleB 10
oOparteHus 32 aMOyIaTOPHON METUIIMTHCKON TTOMOIIIBIO.

Bbbut npoBenéH aHanu3 4acTOTH Pa3IMYHBIX KIMHUYECKUX MPOSBICHUI ITOCTKOBHIHOIO CHHAPOMA
y JIMI pa3HbIX BO3pPAcTHBIX Ipymnn (Tab.1), B X01e KOTOPOTo BBISBISETCS BBIPAKEHHOCTh PECITUPATOPHBIX
MIPOSIBJICHUH Y JIMI] MOJIOIOTO M CPEIHETO BO3PAcTa, B TO BPEMS KaK y JIMII IIOXKAJIOT0 BO3pacTa Ha psAy C
penupaToOpHBIMU >ka100aMHi Ha TIEPBOE MECTO BBIXOIUT cIa00CTh, TOJIOBHAS 0OJIb M HOBBILICHUE apTEPH-
asnpHOrO naBieHusi. CoxpaHeHne cyOheOpuIIbHON TeMIepaTypsl AJIUTENBHOE BPEMSI OTMEUaeTCsl MPaKTU-
YECKH C OJMHAKOBOM 4acTOTOH B 00eMX BO3pACTHBIX rpymiax. Takxke B CTapliedl BO3PAaCTHOM IpyIe
BCTPEYAIOTCS MPOSIBIICHHUSI CYCTaBHOIO CHHIPOMA, KPAallMBHHULBI U 3HAYMTEJIBHO Yallle, YeM Y MOJIOIBIX
MAIMEHTOB PACCTPOHCTBO pabOThI XKeNyJOYHO-KUILIEYHOT'O TPAKTA.

Tabauya 1

Knunuuecxue nposiénenus noCmKo8UOH020 CUHOPOMA Y TUY PASHBIX B03PACHHBIX SPYNN

Cumitom 1 rpymma (18-59 ner) 2 rpynma (60-79 ner)
yenoBek (%) yenoBek (%)
Onpinika 59 (100%) 26 (81,3%
Crnabocth 56 (94,9%) 30 (93,8%)

OH_IyH_IeHI/IC HCIIOJIHOI'O BAOXa

44 (74,6%)

32 (100%)

[IponomxurenpHas cyoheopubpHas
TemIieparypa

33 (55,9%)

20 (62,5%)

JaBJICHUS

T'omnosHas 60116 18 (30,5%) 22 (68,8%)
PaccrpoticTBa xenympodHo- 7 (11,9%) 13 (40,6%)
KHUILIEYHOIO TPAKTa

CycraBHble 601 0 9 (28,1%)
KpanuBuuia 0 2 (6,3%)
[ToBsIIIeHHE apTEPUATBHOTO 0 22 (68,8%)

[ToMuMO KJIMHMYECKHX MPOSIBICHUN OLIEHUBAIUCH PE3yJIbTaThl JaOOPAaTOPHBIX METOJIOB HCCIIEN0-
BaHUs: B NepBoi rpynne y 16 naunentoB (27,1%) orMeuascsi yMEpeHHBIH JIEHKOLUTO3, B TO BpeMsI KaK
BO BTOPOU TPYIIIE MPOICHT MAIlMeHTOB C JIeHKonmuTo30M coctaBuia 62,5 (20 manueHToB); B OMOXUMUYE-
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CKOM aHaJIn3€e KPOBHU y MAIMEHTOB MepBoil Tpymibl y 57,6 % (44 yenoBeka) BHISABICHO TIOBBIICHUE TPaH-
caMHHa3, BO BTOPOU TPYIIIIE JaHHbIE W3MEHEHUs oTMedatores y 87,5% (28 manueHToB).

[To naHHBIM 0OBEKTUBHOTO OCMOTpA Y Psijia MAIMEHTOB BBISIBISUIHCH CYXHE CBHCTSIUE XPUITHI HAJ
nérounpiMu nossivu (17 gemosexk (28,8%) — B mepBoii rpynme u 11 genosek (34,4%) — Bo BTOpO#); y JIHIL
cTapieil BO3pacTHOM TPYIIIBI TAKXKE OTMEYAIOCh MOBBIMICHUE apTEPHATIBHOrO JaBJcHUs (22 yeloBeKka —
68,5%), B TO BpeMsI KaK y MAIleHTOB MOJIOJOTO U CPEJHETO BO3pacTa Ha MOMEHT IpruémMa (GUKCHPOBAIOCH
HOPMaJIbHOE apTEPUATBHOTO JIaBJICHHE.

BoiBoabl. TakuM 00pa3zoM MOXKHO CZeNaTh BBIBOJ, YTO CYIIECTBYET PsJI pa3IMIMid B TPOSIBICHUSIX
MOCTKOBHJTHOTO CHHAPOMA Y JTUII Pa3HbIX BO3PACTHBIX TPYIIIL:

1. VY iui Monomoro W CpeaHEro Bo3pacTa B OOJBINEH CTETICHH MPOSBISIOTCS PECIUPATOPHBIC
HapYIICHUs, B TO BPeMs KaK Y MOXKIIBIX MAIIMEHTOB OTMEUYAIOTCS MMOJMCUCTEMHBIC TPOSIBIICHUSL.

2. Tlaromoruueckue WU3MEHEHUS MO JAaHHBIM JIA0OPATOPHBIX METOMOB HCCIICIOBAHHS TAKXKE B
OOJIBIIMHCTBE MPOIICHTOB CITy4acB BEIPAKEHBI Y MAIIMEHTOB CTaplIeld BO3pACTHOW KATETOPHH.
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HEBPOJIOTHYECKHE OCJIOKHEHUSA ITPU COVID-19

Hesponoruueckue ocinoxuenus: y 60npHbIX COVID-19 pa3zHooOpas3Hbl ¥ pacrpoCTpaHEHBL,
HO, K COXKaJICHHIO, 3a4acTyl0 HEeIOOIeHHBaloTcA. HoBble KIMHWYECKHE JaHHBIE CBUICTEIb-
CTBYIOT, YTO HEBPOJIOTMUYECKHE OCJIOXKHEHHS SIBIISTIOTCS BaXKHBIM aclieKToM Oolne3Hu. B mx
MPOUCXOXKICHUN YYaCTBYIOT MHOTOTPAHHBIC MEXaHMW3MbI, BKJIFOUYAOIIHNE KaK MPSAMYIO MHBa-
3MI0, TaK W JIe33JalTUBHBIN BOCIAJIUTENBHBIA OTBET. HeoOXoquMo mpoBeieHue JOTOTHH-
TENIbHBIX KIMHHUYECKAX U IKCIICPUMEHTAIBHBIX MCCIICIOBAHUIN JUIS JajdbHEHIIEr0 U3y4YeHHs
PO HEBPOJIOTUYECKUX TPOSBICHUI B TPOTrPECCHPOBaHUM 3a00JIeBaHHUS U JICKAIIUX B €r0
OCHOBE MEXaHM3Max.

Knrwouesvie cnosa: COVID-19, SARS-CoV-2, HEBpOIOTHYECKUE OCIIOKHEHUSI.
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P.E. Borodin, postgraduate student
Amur State Medical Academy, Blagoveshchensk
NEUROLOGICAL complications IN COVID-19

Neurological compliations in patients with COVID-19 are varied and common, but, unfortu-
nately, are often underestimated. New clinical evidence suggests that neurological complica-
tions are an important aspect of the disease. Their origin involves multifaceted mechanisms,
including both direct invasion and maladaptive inflammatory response. Additional clinical
and experimental studies are needed to further explore the role of neurological compliations
in disease progression and underlying mechanisms.

Key words: COVID-19, SARS-CoV-2, neurological compliations.

[lepBoHayanpHO MaHAEMHUsI pacCMaTpHUBalIachk B OCHOBHOM Kak pecnuparopHoe 3abomnesanue [1]. B
HacToslIee BpeMs CTallo O4eBUAHO, 4To BUpyc SARS-COV-2 riMeeT TpOMHOCTh K pa3IMyHBIM OpraHaM H
TKaHsIM | BBI3bIBaET UX noBpexacuue, a COVID-19 npencrasiser co0oit monuopraHHoe 3adoieBanue. Y
tpetn 6onpHBIX COVID-19 BeTpedaroTcss HEBPOJIOTHIECKHE OCIOKHEHHS, 3aKITFOYAIONINECS B HAPYIICHH-
sIX co cTOpoHbI IeHTpanbHoi cucteMbl (LIHC) (romoBHast 60b U TOJOBOKPYKEHHE, OCTPOE HapyIICHHE
MO3TrOBOTO KpoBOoOOpameHus, dHIedaronaTus, HedanuT, OCTPHIi MHUEIHT), TIOPaKeHUHU Tiepudepude-
CKOM HEpBHOM CHCTeMbI (aHocMust, cuHapoM I uiteHa-bappe) u ckeeTHbIX MbII [2-5].

Hesbio padoThl BUIOCH 00001IEHUE PE3YIHTATOB HECKOIBKIX METAaHATH30B U CUCTEMaTHUECKIX
0030poB, oyOnnkoBaHHbIX B iepruoy 2020-2021 ro0B 1 TOCBSIIEHHBIX TTOPAXCHUIO HEPBHON CUCTEMBI Y
narenToB ¢ COVID-19 [6-13]. W3 28910 nyb6aukanuii (paHIOMH3HPOBAHHEIE KOHTPOJIHUPYEMBIE HCCIIe-
JOBaHMs, HEPAHIOMHU3UPOBAHHBIE KOHTPOJIMPYEMbIE HCCCIENOBAHMS, MCCIEAOBAHMS CIy4ali-KOHTPOIb,
KOTOPTHBIC HCCIIe0oBanust, Cross sectional studies, case series, and case reports), BKJIFOUCHHBIX B 3JI€K-
tpouHbie 0a3bl manubix PubMed, MEDLINE, Web of Science, Scopus, EMBASE, Google Scholar, EB-
SCO, Cochrane Library, WHO database, ClinicalTrials.gov) mis meraananusa ObUTH OTOOPaHBI TOJBKO
COOTBETCTBYIOIIME KPUTEPHUSIM BKIItOUeHHUs. Vcmonb3yeMblie TEpMUHBI 1 Kilto4ueBbie ciioBa MeSH Bkiroua-
mu: «COVID-19” OR “COVID 19” OR “SARS-CoV-2” OR “2019 novel coronavirus” OR “2019 nCoV”
AND “Neurological” OR “Brain” OR “CNS features” OR “central nervous system features” OR “periph-
eral nervous system features” OR “neuropathy” OR “skeletal muscle” OR “myositis” OR “neuromuscular
junction” OR “headache” OR “anosmia” OR “olfactory” OR “ageusia” OR “cranial neuropathy” OR “sei-
zures” OR “encephalitis” OR “meningitis” OR “stroke” OR “cerebrovascular disease” OR “cerebral hem-
orrhage” OR “intracerebral hemorrhage” OR “cerebral infarct” OR “cortical venous thrombosis” OR
“deep cerebral venous thrombosis” OR “impaired consciousness” OR “confusion” OR “weakness” OR
“Guillain-Barre’ syndrome” OR “Miller Fisher syndrome” OR “ataxia” OR “myopathy” OR “myelitis”
OR “myelopathy ¢ 10omOJHUTENBEHBIM QUIBTPOM CHCCIICIOBAHUS HA JTIOAIX' .

Hesponoruueckue nposisiaenus npu COVID-19 nensarcs Ha Tpu kareropuu: (1) HeBposorndeckue
3aboneBanusi, komopouaueie ¢ COVID-19, (2) necneunduueckue HEBpOJOTHUECKHE NposBIeHHUs, (3)
crienn(pUIecKue HEBPOJOTHYECKHE CUMITOMBI M 3aboneBaHusa. Huke peub MOiAET TOJIBKO O JABYX IO-
CIIEAHMX KaTeropusx HeBponorniyeckux nposisieHuii COVID-19.

Hecnennguyeckue HeBpoaorndeckue nposiiaenus npu COVID-19 Bo3HUKAIOT B Hayaie WH-
(EeKIKM U MOTYT CIY)KHTh OCHOBHBIM M €JJMHCTBEHHBIM CHMIITOMOM IPU TOCIUTAIN3AINY TAlUEHTOB C
COVID-19, yame BcTpe4aroTcsl y MAIMEHTOB C TSDKEIBIM TeueHHEeM OOJIe3HH M MOTYT NPHBECTH K Jie-
TanbHOMY Hcxoay. K HecrnenupuuecKuM HEBPOJIOTHUECKUM IPOSBICHUSIM OTHOCSATCSI TOJIOBHBIE OOJIH,
MHUAJTHH, YTOMIIIEMOCTD, TOIIHOTA M PBOTA, CIIyTAHHOCTH CO3HAHMS, TOJIOBOKPYKEHUS, TUCTTHO3. [Ipeol-
NaAI0MIMMH SBJISIIOTCS YTOMJISIEMOCTD, JUCIIHOY/AbIXaTeNbHas HEI0CTAaTOYHOCTh, HEIOMOTaHHe, BCTpE-
Yarommecs nMpuMepHo y Tpetu namuerToB ¢ COVID-19. fsnsercs mu qucnHO3/AbIkaTenbHas HEIOCTa-
TOYHOCTh HEBPOJOTMYECKHM CHUMITOMOM? DTOT BOIPOC OCTAETCS NPEAMETOM CHOPOB. AHTMOTEH3HMH-
npeBpamarommit pepment 2 (ATID-2), pernenrop SARS-CoV-2, skcrpeccupyercsl B KapAHOpPECIIHPaTop-
HOM IIEHTpPE IMPOJOATroBaTOro Mo3ra. JIOrmuHo mpeanoiaoxuTs, 4To SARS-CoV-2 MoxeT urparh pojib B
BO3HUKHOBEHHH JHMCITHOY/IBIXaTENbHOW HEIOCTATOYHOCTH, BO3ICHCTBYS Ha JIBIXATENILHBIN IIEHTP MPOJIOJI-
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rOBaTOro M03ra, OCOOCHHO Yy MalMeHTOB ¢ OBICTPBIM MporpeccupoBanueM 3aboneBanus. Takum oOpas3om,
JMCITHOD/ABIXaTEIbHYIO HEOCTATOYHOCTh MOXKHO PAacCMaTpHUBaTh KaK OJHO M3 HEBPOJOTHUYECKHX MPOSB-
JICHWH, U 3TO OJIMH U3 HanboJee pacupocTpaHEeHHBIX HEBpoIornieckux cumnromoB mpu COVID-19.

Cneuuduyeckue HeBpPOJOrMYeCKHe MPOSIBJIEHHMSI M 3a0ojeBaHus, cBszannsie ¢ COVID-19
BKJIIOYAIOT CUMIITOMBI, CBSI3aHHBIE C IIOBPEXIECHHEM WIN BOBJICUEHHEM B naTosnorudeckuii nmpouecc LIHC
(HapyiieHHe CO3HaHUS, OCTpoe IepeOpOBacCKyISIpHOE 3a00JeBaHUE, aTaKCHsS U CyJOpPOTH), CHMIITOMEI,
CBsI3aHHbIE ¢ nepudepudeckoil HEpBHOW CHUCTEMOH (HapylleHue BKyca, OOOHSHMSA, HapyLIEHHE 3PEHUS U
HelponaTmdeckasi 60J1b), a TakyKe TPaBMBI OMTOPHO-ABUTATENBHOTO ammapara. O6oHATenpHAsS AUCHYHKITUSL
U BKYCOBBIE paccTpoicTBa Habmoaatores y 30-80% namnuenTos ¢ nerkoit ¢popmoit COVID-19. Hespoo-
rudeckue 3aboseBaHusl, OOYyCIIOBIEHHBIE aceNTUUECKUM HelpoBocmaienueM mpu COVID-19, BrirouaroT
cuaapom ['mitena-bappe, cunapom Mwumnepa-®Oumepa, mMuenut, MeHUHTUT U SHOedamut. Tecter TTLIP
CIIMHHOMO3TOBOH JKMUAKOCTH MPU 3TOM B OOJBLUIMHCTBE CIy4aeB OTPULATEIbHbIC, 1 MEXaHU3M Pa3BUTHSI
HelpoBocmanenns y nanperaToB ¢ COVID-19 e BmonHe siceH. Bo3mMoxHO, HapymeHne reMaTosHIedann-
YeCcKoro Oaprepa MpH LUTOKUHOBOM IITOPME MOXKET OBITh OCHOBHOM HNPUYHMHON JHUCCEMHUHHPOBAHHOTO
HEKpO3a MO3ra U KPOBOU3IUSHUS B MO3T.

Joka3zatenbcTBa nopa:kenusi HepBHoii cucremsl npu COVID-19. Hammm npexacraBienust o mo-
paxenuu HepBHOU cuctembl pu COVID-19 orpanudensl. [Ipyn maTosoroaHaTOMUYECKOM HCCIEIOBAaHUU
naruenta ¢ COVID-19 Bupycusle yacTuisl pazmepom npumepHo 80-110 HM, uneanbHO COOTBETCTBYIO-
mme CTpyKTypHbIM ocoberHocTsiM SARS-CoV-2, 6butn oOHapyskeHbI B JIOOHOH J01e Mo3ra. Mx mokanu-
3alusl 3aKJII0YaNach He TOJNBKO B IUTOIIa3MAaTHYECKUX BaKyOJSIX HEHPOHOB, HO U B HEOOJBIIUX TY3bIPb-
Kax 3HJIOTENHAIBHBIX KJIETOK. JTO MO3BOJISIET MPEAIONI0KUTh, YTO MPSIMOE HEHPOUHBA3UBHOE MOMAAaHUE
yepe3 reMaToreHHbIe MyTH MOXKET OBITh OCHOBHOW MPUYMHOM OBICTPOro MPOrpecCHpPOBaHUSI HEBPOJIOTHU-
geckux cuMnToMoB. SARS-CoV-2 Taxxke Obl1 OOHApPYXEH B CIIMHHOMO3TOBOH JKHIKOCTU C TIOMOIIBIO
[IIIP y mamumenra, cTpafamoLIero HapyLICHUEM CO3HAHUS M MPEXOISIINMH I'€HepalIu30BaHHBIMU CYAO-
POXHBIMH TIPUTIaKAMH, C THIIMYHBIMU XapaKTEPUCTUKaMU MEHHHTHTA U SHUedanuTa. JJonoTHUTENbHbIE
JI0Ka3aTeNbCTBA BOBJIEUEHHUS] HEPBHOM CHUCTEMBI BKIIIOYAIOT HCCIEIOBAaHHE CIIMHHOMO3TOBOW JKHUIKOCTH,
ANIEKTPOPU3NOIOTHIECKUE U PaIUOJIOrHYecKre JaHHble, a Takke pesynstarel MPT u KT. XapakrepabiM
M3MEHEHUEM B CTUHHOMO3r0BOM sxuakocty rociie COVID-19 spisercs HeOOIbIIOE YBEIHUSHUE KOJTUYEC-
CTBa KJIETOK M YpOBHEH Oeinka, ocobeHHo nMMyHOrnoOynuHoB. [lo qanaeiM D31 1 DHMI Habmoganuich
(okanbHas SMHM-aKTHUBHOCTH, 33/E€P’KKa HEPBHOM NPOBOIMMOCTH, OCJIa0JIEHHE aMIUTUTYAbl MMOTEHIHAaa
NeUCTBUS U OTCyTCTBUE F-BOJH, CBA3aHHBIE C MOBPEXKICHUEM MHUEJINHA U aKCOHOB Ipu cunapome [ wuiie-
Ha-bappe. Y manuenToB ¢ nuarHosaMu sHuE(aNUT, MUEINT, MEHUHTUT U cuHapoM | nitena-bappe yBenu-
YEeHbl YYaCTKH MOPAYKEHUs MO3TOBBIX 000JIOUEK, TOJIOBHOI'O MO3ra, CIIMHHOI'O MO3ra U HEPBHBIX KOpEIl-
koB. MMeercs cooOlieHrne 00 YHUKAJIBHOM CiIydae OCTPOM reMOppardveckoil HeKpOoTUYeCKol 3HIehano-
natuu, cBs3anHon ¢ COVID-19.

Bo3MoxkHBII MexaHH3M pa3BUTHS HeBpoJsiornyeckux nposisaenunii COVID-19. SARS-CoV-2
MOXKET MOpaXKaTh HEPBHYIO CUCTEMY ABYMS MOTEHIMAIBHBIME IyTsMH (puc. 1). OCHOBBIBasCh Ha TEKY-
LIMX JaHHBIX, CYLECTBYET ABa MyTH HeBposorniyeckoro nopaxenus COVID-19: 1 — SARS-CoV-2 moxer
HaNpsAMYI0 HHQUIMPOBATH HEPBHYIO CUCTEMY Yepe3 T'eMaTOr€HHbIC U HEPBHBIE PETPOTpagHbIe MyTH; 2 —
SARS-CoV-2 akTuBUpyeT HMMYHHYIO CHCTEMY, & BTOPUYHBIC IUTOKMHBI 1 MMMYHOTJIOOMHBI HApyLIaioT
HepBHYIO cuctemy [13].

SARS-CoV-2 moxer oka3biBaTh Biausinue Ha [[HC mocpeacTBOM reMaToreHHOro U PeTporpaaHoro
HelipoHambHOTO MyTei. AIID-2 axcnpeccupoBan B kietkax 3upotenus [IIHC, 1 Bupyc MoKeT IpOHUKATH
B HEPBHYIO TKaHb, 3apakas sHAoTenuanbHble KieTku ['Ob u ['Ob B cocyaucrom crerennu. Hekotopsie
HCCIIEI0BATENN CUMTAIOT, YTO [eMaTOTeHHBIH MyTh - HE €IWHCTBEHHBIH, U peTporpagHas HeHpoHaJIbHAas
nepeaaya CIyXHUT elle OAHUM HOTeHIUAIbHBIM MexaHu3MmoM. [Ipu stom SARS-CoV-2 moxer cHauana
MIPOHMKHYTH B Nepudepuyeckre HepBHBIE OKOHYaHUs U perporpanHo uapumuposats LHHC. Uccnenosa-
HUS Ha XUBOTHBIX Tokazanu, 9To SARS-CoV u OC43-CoV BHpyC MOXET NPOHHKHYTH B MO3T Hepes
Ha3aJbHBIN 3MUTENNH C MOCIEAYIOUINM PacIPOCTPaHEHUEM Cpenr HEHpOHOB. M3-3a GONBIIOrO CXOJCTBA
mexay SARS-CoV, SARS-CoV-2 u OC43-CoV, BrojHE BEPOSITHO, YTO 3TOT K€ MyTh paboTaeT B cliydae
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COVID-19. HeaganTtuBHbIE BOCHATUTENbHBIC PEAKIMH TaKKe MOTYT CHOCOOCTBOBATH HEBPOJIOTHYECKHM
nposiiieHrsiM COVID-19, oco0eHHO y ManueHToB, B CIMHHOMO3IOBOM JKHUAKOCTH KOTOPHIX HE OOHapy-
skena supycHasi PHK. Ha panneii cranuu COVID-19 noBbIieHHast ceKperus NpoBOCHAIUTEIbHBIX IUTO-
kuHOB (IL-1a, IFN-y, TNF-a. IL-4. IL-10) siBiseTcst xapakTepHOW 4epTOii, BEI3BAHHOW OBICTPOH perUInKa-
LUel BUpyca U BTOPUYHBIM MOBPEXICHUEM KICTOK. LIUTOKMHOBBIN IITOPM MOXKET BBI3BIBATh PA3IHMUHbIC
HEBPOJIOTHYECKHE CUMITOMBI, pa3pymaTts [’ Db u BeI3pIBaTh HelipoBocmaieHne npu cemncuce. Heifrpanm-
3yromue aHTutena (aHTH-S-0enok Ig(G) Takke MOTYT BBI3BIBATH TSDKENBIC BTOPHYHBIC MOBPEKICHUS,
BIIMSISE HA BOCTIAJIMTENbHBIC peakiun. AHTH-S-0enok [gG crmocoOCTBYET cepbe3HOMY MOBPEKICHHUIO TKa-
Hell Jpyrux opraHoB, HAPUMeEp, JETKUX.

Immune System
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Puc. 1. Bozmooicnvlii mexanuzm, aexicawjuii 8 OCHOGe HeBPOI0CULeCKUX NPOSGTeHUL
CQVID-19.: (1) npsmoe emopocenue 8 HepeHyio mKakb u (2) 0e3adanmueubie
60CHAIUMETIbHbLE PEaKYUU.

BeiBoabl. HeBponorunueckue nposisnerns y 6onbabix COVID-19 pazHooOpasHbl U pacnpocTpaHe-
HBI, HO, K COXXaJICHUIO, 3a4acTyl0 HeIOOLeHHBaOTCsS. HoBble KIIMHMYECKHE AaHHBIE CBUAETEILCTBYIOT,
YTO HEBPOJOTHUYECKHE OCIOKHEHHUSI SIBIISTIOTCSI BAYXKHBIM aCIIEKTOM OO0JIe3HU. B MX poHCXOKIeHNN yJacT-
BYIOT MHOTOTPaHHbIE MEXaHU3MBI, BKJIIOUAIOIIHE KaK MPSAMYI0 UHBA3WIO, TaK U JIe3a1allTUBHBINA BOCTIAIH-
TenabHBINH OTBeT. HeoOxoaumo mpoBeneHne JOTOTHUTENbHBIX KIMHUYECKHE W AKCIEPUMEHTAbHBIX HUC-
CIIEIOBaHMN JJIs AAJbHEHNIIEro U3y4YeHHs PO HEBPOJOTHYECKUX MPOSIBICHUN B MPOTPECCHPOBAHUU 3a-
0oJieBaHMsI U JISKAIIHUX B €I0 OCHOBE MEXaHU3MaXx.
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JTAHAMHWKA U3MEHEHHUA YPOBHS HU3KOMOJIEKYJISIPHOM JIHK B IIA3SME KPOBU

BOJIBHBIX MITEMWYECKUM U TEMOPPATHTYECKUM UHCYJIbTAMU

NmeMuyecknii U reMOpparud4ecKuil MHCYJbThI PA3JIMYAIOTCS II0 BPEMEHHON JUHAMUKE
HakoruieHus1 BHekineTouHoi JIHK. Oty nanHbie onpeaensoT onTUMaIbHBIE OKHA JUATHOCTH-
KM U MO3BOJIIIOT Pa3jinvaTh UCXOJ UHCYJbTA: YBEIUUEHUE coAepkaHusa BHekieTounor JJHK
yepes 24-48 gacoB mocie cOOBITHS, €CIT WHCYJIBT HINEMHYECKAN U KaK MOXKHO OJIFKe K MO-
MEHTY FOCHUTAIN3ALUH, €CJIU UHCYJBT T€MOPPArnyeCcKuil.

Kntouegvle cnoga: octpoe HapylleHHE MO3TOBOTO KPOBOOOPAICHHS, WIIEMHS TOJOBHOTO
MO3Ta, reMopparuieckuid HHCynbT, BHekieTouHas JJHK, amonros.

I.N. Vasilyeva' PhD, I.A. Voznyuk® M.D., S.D. Ivanov', Sc.D.
N.N. Petrov National Medical Research Center of Oncology, Ministry of Healthcare of the

Russian Federation, “Saint-Petersburg I.1. Dzhanelidze Research Institute for Emergency Medicine,

Ministry of Healthcare of the Russian Federation.

DYNAMICS OF LOW-MOLECULAR DNA LEVEL CHANGES IN BLOOD PLASMA
OF PATIENTS WITH ISCHEMIC AND HEMORRHAGIC STROKE
Ischemic and hemorrhagic strokes differ in the temporal dynamics of the accumulation of ex-
tracellular DNA. These data determine the optimal diagnostic windows and make it possible
to distinguish the outcome of stroke: an increase in the content of extracellular DNA 24-48
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hours after the event, if the stroke is ischemic, and as close as possible to the time of hospital-
ization, if the stroke is hemorrhagic.

Key words: acute cerebrovascular accident, cerebral ischemia, hemorrhagic stroke, extracel-
lular DNA, apoptosis.

OcTpblil MHCYJBT SBISIETCS] BEAYLIEH NPUYMHON 3a00JIeBa€MOCTH M CMEPTHOCTH BO BCEM MHpE,
tonbko B CIIA exeromgno perucrpupyercst 6omee 750 000 cmyqgaeB u 140 000 cmepreit oT nHCynbTa [1].
WHcynbT - 3T0 deHoTHnMUeckn pazHooOpasHoe 3aboieBaHre. BONBIIMHCTBO MOpaKCHWH BO3HUKAET B
pe3yiabpTaTe 00pa3oBaHMs CTYCTKOB B KPOBEHOCHBIX COCYJaX, MEPEKPHIBAIOIINX KPOBOTOK B YaCTH MO3Ta,
JIpyTHe BBI3BaHBI KpoBoTeUeHHEM. Kpome TOro, MHCYJIbT MOXKET MOpa)KaTh pa3iWyHbIE Y4aCTKH MO3Ta,
YTO NPUBOJUT K Pa3sHOOOpa3uio CUMNITOMOB [2]. Afmanrtanus Teparul BO BpeMsi ocTpoil ¢asbl, ¢a3sl Boc-
CTAaHOBJICHHUSA U BTOPUYHON MPOQHUIAKTHKH, a TAKKE MOCTUHCYJIBTHOTO JIeUeHUs! TpeOyeT pa3paboTKu U
MIPOBEPKH OMOMAapKepOB, NOAXOMAIINX ISl paHHEH OLEHKH CTENEeHU MaTOo()U3MOIOrHYECKUX MPOLECCOB,
CBSI3aHHBIX C MHCYJIbTOM. KaHOMAATOM Ha poNb TAKOTO Mapkepa paccMaTpuBaeTcs: BHekineroyHass JITHK
(Ba1HK).

®parmentsl BHekIeTouHOH JIHK BBICBOOOXKIAIOTCS M3 alIONTOTHYECKUX U HEKPOTHUYSCKUX KIICTOK
W [UPKYJIHPYIOT B KPOBHU JIO T€X TOP, MOKa He ruaponusyercs pepmentamu [3]. Ecnu uucno moruOmmnx
KJIETOK IPEBHIIIAET BOZMOKHOCTH MEXaHHU3MOB OYHCTKH, 7071 BHekineTouHoi /IHK xonmudecTtBeHHO yBe-
nnuuBaercs [3]. B ciyyae ocTpbIX HIIEMHYECKHX COOBITHI 3TO MPOJEMOHCTPHUPOBAHO B IKCIIEPUMEHTE Ha
XKUBOTHBIX [4]. C MEXaHUCTUYECKOW TOYKH 3pEHUs, YeM OoJbile pazMep 001acTH, MOPaXKeHHONH HHCYIb-
TOM, TeM OOJIbIIIe TIOTHOHET KIETOK W, CIEeI0BaTeIbHO, yBennunBaeTcs BeicBoOOkaeHre BKIHK. B mna3z-
me BkJIHK mpencraBnena ¢parmMeHTamu pasiMdHOro pasMepa, IMpudeM Haubosiee paclipoCTpaHEHHas
JUIMHa (parMeHTa COOTBETCTBYET pa3Mepy HYKJICOCOMBI M OTpa)kaeT ee amonTOTHYECKOe MPOMCXOXKIe-
Hue. B ciyuae Hekpo3a nmpenmyIiecTBeHHO oOpa3ytoTest JuHHble pparmenTsl JJHK mmmnoii okono 10000
.H. [5]. Ilpenpiaymiue uccienoBanus Moka3ail, 9To ypoBeHb BHekiIeTouHou JIHK sBisieTcst mporuocTu-
YeCKHM JIJISl KICXO/I0B MHCYJIbTa NIPU M3MEPEHNH YXKe depe3 6 Heaenb mociie coobitus [6, 7, 8], u Oonee
BBICOKMI1 YPOBEHb YKa3bIBa€T Ha BO3MOXKHYIO CMEPTHOCTD MJIM Ha BBIPAKEHHOCTh HUIIEMHUYECKUX MOCIE-
ctBuil [9]. C mpyroil CTOpPOHBI, MOCTENEHHOE CHIDKEHHE ypoBHs BHekineTouHoil /IHK ykaseiBaer Ha
yIIy4dIIeHHE U MOXET OBITh HCIIOIB30BaHO Kak OMoMapkep BbI3noposieHus [10].

Henb pabdoThl - cpaBHHUTENbHOE HccieqoBaHue ypoBHS HuskomonekymspHod JHK (am/IHK) B
wiazmMe u nepedpocnuHaipHoi xkuakoctd (LICXK) mamueHToB ¢ reMOpparn4ecKUMH U HIIEeMHYECKUMH
MOpaXeHUAMHU TOJIOBHOTO MO3Ta B pAaHHHE MOMEHTHI BPEMEHH TI0CJIe HHCYJIIbTA.

MartepuaJibl U METOABI

Hccnenoanus BBITIOJHEHBI B KIIMHUKE HEPBHBIX Oosesnelt BMenA um. C.M. Kupogra. O6cienona-
HUS CTallMOHAPHBIX OOJBHBIX, MYXXYWH U JKEHIIWH, B Bo3pacte 46-67 JeT ¢ OCTPBIMU HapYIICHUSIMH MO3-
roBoro kpoBoobpamenus (OHMK) uepes 3, 6, 12, 48 u 72 9 mocie Hadanga ocTporo nepuoaa. bompHbie
ObUIH pa3zelieHbl Ha 2 Tpyiisl, 7 yenoBek ¢ OHMK uiemMuueckoro Turia u 5 4ej0BeK — reMopparudecko-
ro. HCX nonywanu npu 1roMOasHON MyHKIMHU 0T 38 OonpHBIX ¢ nmemudeckuM tuiom OHMK, nocty-
MUBIIKX B Pa3lWYHbIE CPOKU OT Haudaia 3aboseBanus (2-24 4, 2-7 cyT, 2-3 Henenu, 6onee 3 Hexpens). Ilo-
Ka3aTeJrd HOPMBI IOIyYeHBbI IPH 00ClIeI0BaHUU 17 340POBBIX JOHOPOB, MYXKYHH U >KEHILUH, B BO3PACTe
34-74 rona. 300poBBIe JOHOPBI OBUIM pa3AesieHbl 0 BO3pacTHBIM rpymnnam: 34-44 roga — 7 obcnenoBaH-
HBIX, 46-67 neT -9 genosek u 69-74 roga — 4 ydacTHHKA.

[Ipu BenenmyHkumu oTOMpanu oOpasipsl KpoBu o0beMoM 3 Mi B BakyTeiHeps! (BD, CILA), conep-
xamue D/ITA. B coOpanHbIx oOpasnax minazmy otaensuin ueHrpudyruposanuem npu 810g B reuenue 20
MuH 1pu 4°C B OakeT-poTope. UToOBI rapaHTHPOBATh MOJHOE YAAJCHUE KIETOK, 00pasLbl MIa3Mbl 3aTeM
nBakapl neHTpudyruposanu npu 2200g B teuenue 10 mun. HyknenHoBble KuCiOTHI BeiAensuid u3 200
MKIJI TUTa3MBbl 00pasia ¢ ucrosb3oBanueM Habopa QIlAamp Blood Kit (Qiagen, Frederick, MD) B cooTBet-
CTBUH C PEKOMEHJAIMAMH Hpou3BoanTeNs. DKcTparupoBannabie o0pa3is! JJHK obpadarsisanun PHKaszoi,
aHAJIM3MPOBAJIU 3JIEKTPOoGope3oM B TpaaueHTe noymakpuiamuaa (2/16%) 8 0,04 M TPUC-0ydepe (ate-
tat, pH 7,7) ¢ 0,1 M DJITA. HmIHK skcTparupoBany u3 refei ¢ TOMOITLI0 HA0OPOB IS DKCTPAKITHH
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reneit QIAquick® (Qiagen, CIIIA) 1 KOTMYECTBEHHO OIICHUBAIU Ha cniekTpodoromerpe NanoDrop (ND-
1000; Thermo Fisher Scientific, CIIIA).

[lony4yennsle nanHele ObUIM MpeAcCTaBiIeHBl B Buae M+m. /s omHOMEpHOro aHanM3a MCHOJIb30-
Basics t-kputepuil CThIOJIEHTa, a U1 CPaBHEHHS KaTerOpHAJIbHBIX MEPEMEHHBIX - KPUTEpUIl XU-KBaapaT
nin TouHbIM Kkputepuit ®dumepa. Bce craructudeckue aHanu3bl MPOBOAMINCH C HCIIOJIB30BaHUEM
GraphPad Prism6 (GraphPad Software, CIIIA).

Pe3yabTaThl M 00CyKIEHHE

Cpennee conepkanne Huskomolnekysipuo JIHK B mmasme 17 370pOBBIX JOHOPOB COCTaBUIIO
30,2+6,6 Hr/mi. Mexay TeM, eciH pa3leliuTh 3J0POBBIX JOHOPOB MO COOTBETCTBYIOIIMM BO3PACTHBIM
rpymnmnam: monoasie Jroau (34-44 rona), cpeauuit Bospact (46-67 ner) u noxunsle moau (69-73 roaa), To
B TpYIIIE CPEIHETO BO3PACTa, COOTBETCTBYIOILIETO BO3PACTy OOCIIEIOBAaHHBIX OOJBHBIX MHCYJIBTOM, CO-
nepxxanne HMJIHK coctasuino 20,16+7,27 Hr/mil, HECKOJIBKO HUXe, ueM 37,42+14,39 Hr/mi B oarpyIe
MOJNOIBIX, B 35,58+6,01 HI/MJ B moArpyIIe JOAEH MOXKUIOTO BO3pacTa, OJHAKO Pa3Inius He ObLIH J0-
cToBepHBI. B rpymnmne cpaBHenus ¢ 6onmpHpiMu OHMK ucnons3oBano 3HadeHue AJisi Bcel Tpymilbl 370po-
BBIX JJOHOPOB.

Ypoens HE3KOMONEKyIsipHOU JIHK ObLT ompenenen B mia3Me KpoBHW 8 MAIMEHTOB C HIEMHYeE-
CKHM H 5 HaleHTOB ¢ reMopparndeckuMm UHCyinbToM. IIpu remopparnueckom OHMK yposens M/ IHK
OBLT 3HAYUTENHHO BEIIIE, YeM Yy 30POBEIX IOHOPOB, B MEPBHIN IeHb 00JNIE3HH, KOoTaa gqocturan 72,8+17,6
Hr/mi 9epe3 3 4 u 61,8+16,5 ar/mi gepe3 6 1 (p<0,015) mocie Hagama OCTPOTO MEPUOJA, CHUKAIICS 10
35,6+7,5 vr/mi gepe3 12 9 u go 28,0+6,9 Hr/Mi yepe3 24 4, yman HIKE HCXOTHOTO 3HAUYEHUS depes 48
(7,1£2,1 ar/mn) u 72 9 (4,7£1,5 ar/mn). B cnydae nmemnyeckoro OHMK 3HaumMoe yBenmdeHne KOHIICH-
tparmu HMJIHK Oputo oOHapykeHo depe3 3 4 moclie Hadaja OCTPOro Meprona, KOTJa OHa JOCTUTIA
40,2+7,8 Hr/™Mi1, B 2 paza Oombire, yeM 20,16+7,27 HT/MT y 310pOBBIX JOHOPOB COOTBETCTBYIOIIEH BO3-
pactrO# Tpymmsl (p<<0,025). Uepe3 6 1 xonnentparus HMIHK neckompko ymenpmmmtace mo 33,0+£11,8
HT/MII, C TIOCJIENyroImuM moBbitieHneM A0 50,24+5,1 ur/mr depes 24 4 u 54,7+£10,1 Hr/mr yepes 48 4
(p<0,02). [Tocne 72 u ypoenb HM/IHK mocrenenHo cuusmics a0 24,7+5,0 Hr/mil, MpakTUYECKU HE OTIIHU-
Yasch OT MCXOAHOro 3HaueHus. Pazmep BbiObopok B rpynmax OHMK kak 1o umieMuueckoMy, Tak U IO
reMOpparnueckoMy THUIY OBUIM JIOCTATOYHBI JUIS JOCTIDKEHHS CTaTHCTHYecKoH momHoctH 80 % s
ypoBHs toctoBepHocTH 0= 0,05.

[Iposeneno uccnenosanue LICXK y nanuentoB ¢ OHMK umemMuyeckoro tumna, mocKoJIbKy HU3BECT-
HO, YTO B 3TOM Cllyyae OTCYTCTBYyeT npumech kpoBu B Hed. Anamu3 LICXK B pasnbie nepuos! 3a0oneBa-
Hus io3Boa BeLIBUTh HM/IHK B kommuectBe 71,9+£16,9 Hr/mn ciryctst 24 4 miociie Hadalia OCTPOro IepH-
oga OHMK wumemunueckoro tuma. IIpoGsl, B3ATEIE OT MAalMEHTOB Cpa3y, Yyepe3 2 4, U CIYCTs AJUTEIbHOE
BpeMs ocie Havyana, oT 2 aueu 1o 3 neaens, HMIHK He coneprkanu.

Ces13aHHOE ¢ HHCYJIBTOM ToBBIIIeHUE ypoBHEH BK/HK Op110 oTMeueno panee [6, 7, 8, 11, 12, 13].
[IpenmMy1iecTBO HACTOSIIETO MCCIETOBAHMS 3aKJIIOYaeTCsl B TOM, YTO OHO, BO-TIEPBBIX, OIpPENEJICHHO
npodpunupyer HMIHK U3 kieTok, yMuparonmx B Xo/ie aronTo3a, HO He U3 HEKPOTHYECKHX KIIETOK, U, BO-
BTOPBIX, [P T€MOPPATMYECKOM MHCYJIbTE HauaiabHOE yBenuueHue ypoBHs HMJIHK, ckopee Bcero, orpa-
JKaeT CTENEHb OBPEXKACHMS TKaHU, TOI/IA KaK y NallMeHToB ¢ uiemueil yposenb HMJIHK yBennuuBarorcs
MapajuIeTIbHO C TIOBPEXKICHUEM, BBI3BAHHBIM THITOKCHEN U TIOCIIEyIOIEel KOMIIEHCATOPHOH pernepdy3neit.
DT JaHHBIE O BPEMEHHOM 3aBUCHMOCTH JIOTIOJHSIOT paHee OITyOIMKOBAaHHBIE JaHHBIE 00 YPOBHE BHEKIIE-
tounoit /IHK B mna3zme mocne urcynpra [11, 12, 13] myrem ompenenenns OKHa OIEHKH ¢ MaKCHMaJbHON
UG hepeHIUPYIOIICH CITOCOOHOCTHIO JIJIst UCX0/1a MHCYJIBTA, TO €CTh uepe3 24—48 4acoB 1Mociie UIIEMHUU U
KaK MOKHO OJFbkKe K MOMEHTY TOCIUTAIU3aIlMH TI0 MTOBOTy reMopparuu. Jlanee, oOHapy>keH OTHOCHUTEINb-
Ho Beicokuit ypoBeHb HMJIHK B LICXK uepe3 24 waca mocie ocTporo Hadaia HIIEMUH B TOJIOBHOM MO3TE,
HO B Oosiee mo3auue MoMenThl 3Ta JJHK oTcyTcTBOBaia. DTH pe3yabTaThl MOTYT OBITh MOJIE3HBI PETPO-
CIIEKTHUBE.

IIpn paccMOTpeHMH KOTOPTHI KOHTPOJIEH Takke OOHApYKEHbl 3HAUMTENbHbIE WHIMBUIYaJbHbBIC
pasnmununsa ypoBHs HMIHK B mnasme kpoBu. OHHM yKa3bIBalOT Ha BO3MOXKHBIE (pU3MOIOTHUECKHE KoeOa-
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Hua ypoBHs HMJIHK B miasme KpoBH, Ha BaKHOCTb ydeTa €€ WHAWBUIYAJIBHBIX UCXOJHBIX YPOBHEH U
HEOOXOIMMOCTH €€ aHajn3a B 3J0POBBIX KOrOpTax.

10.

11.

12.

13.

JIMTEPATYPA

Knight-Greenfield A., Nario J.J.Q., Gupta A. Causes of Acute Stroke: A Patterned Approach // Radi-
ological Clinics of North Americas. 2019. Vol. 57, N. 6. P. 1093-1108.
Differential dynamics of the levels of low molecular weight DNA fragments in plasma of patients
with ischemic and hemorrhaging strokes / Vasilyeva I., Bespalov V., Baranova A. et al. // Basic and
Clinical Neuroscience. 2020. Vol. 11, N.6. P. 805-810.
BacunseBa U.H., [Togropnas O.U., becnanos B.I'. Hykneocomnas ¢pakuus BHekneTounoit JJTHK kax
rmokasatelnb aronTo3a // Llutomorus. 2015. T. 57, Ne2. C. 87-94.
Cell-free DNA — a marker to predict ischemic brain damage in a rat stroke experimental model /
Boyko M., Ohayon Sh., Goldsmith T. et al. // Journal of Neurosurgical Anesthesiology. 2011. Vol.
23, N. 3. P. 222-228.
Vasilyeva 1., Bespalov V., Baranova A. Radioprotective combination of a-tocopherol and ascorbic
acid promotes apoptosis that is evident by release of low-molecular weight DNA fragments into cir-
culation // International Journal of Radiation Biolology. 2015. Vol. 91, N. 11. P. 872-877.
Prognostic use of circulating plasma nucleic acid concentrations in patients with acute stroke / Rainer
T.H.,Wong L. K. S., Lam W. et al. // Clinical Chemistry. 2003. VVol. 49, N. 4. P.562-569.
Plasma DNA as a prognostic marker for stroke patients with negative neuroimaging within the first
24 h of symptom onset / Rainer T. H., Wong L. K. S., Lam W. et al. // Resuscitation. 2006. Vol. 68,
N.1.P.71-78.
Nucleosomes in serum of patients with early cerebral stroke / Geiger S., Holdenrieder S., Stieber P. et
al. // Cerebrovascular Diseases. 2006. VVol.21, N. 1-2. P. 32-37.
BacunbeBa 1.H., becnanos B.I'. Huskomonekynsipras JHK mia3mel KpoBU B TUAarHOCTUKE MATOJIO-
ruyeckoro mnpouecca // Mar. X mexayHap. Hayd. KoH(. «CucteMHbIi aHanu3 B MeauuuHe» (CAM
2016) / mox pen. B.I1. Konocosa. bnarosemenck, 2016. C. 94-97.
Bacunwsesa 1.H., 3unkun B.H. 3nauenne HuzkomonekynsapHoi JJHK rurasmsl kpoBU B JUarHocTHke
MATOJIOTUIECKHUX MPOIECCOB pa3InuHOro reHesa / buomenumuackas xumus. 2013. T. 59, Bem. 3. C.
358-373.
Circulating extracellular DNA levels are acutely elevated in ischaemic stroke and associated with
innate immune system activation / O'Connell G.C, Petrone A.B., Tennant C.S. et al. // Brain Injury.
2017. Vol. 31, N. 10. P.1369-1375.
The value of serial plasma nuclear and mitochondrial DNA levels in patients with acute ischemic
stroke // Tsai N.-W., Lin T.-K., Chen S.-D. et al. // Clinica Chimica Acta. 2011. Vol. 412, N. 5-6. P.
476-479.
Comparison of predictive powers of S100B and cell-free plasma DNA values in intensive care unit
patients with intracranial hemorrhage / Dilek A., Alacam H., Ulger F. et al. // Journal of Critical Care.
2013. Vol. 28, N.5. P. 883.e1-7.

E-mail: iravasilyeva@hotmail.com

105


mailto:iravasilyeva@hotmail.com

COBPEMEHHBIE METO/IbI CHCTEMHOI O AHAJIU34 1 BO3MOKHOCTH ...

©2021r. E.A.JleBkoBal, I-p. men. Hayk, C.3. CaBl/lHZ, KaHJI. TeX. HayK
YPoccuiickuii ynusepcumem Opyacovi napodos, Mocksa;
Tuxookeanckuii 2ocyoapcmeeHHblll yHugepcumem, Xabaposck

CHUCTEMHBII NOJAX0/ K UCCJIEJOBAHUIO KOMOPBUJHOCTHU JENPECCUBHbBIX
PACCTPOMCTB HA IPUMEPE [ICOPHUA3A®

PaGota mocBsIena CHCTEMHOMY HCCIIEIOBAaHHIO KOMOPOHMIHOCTH PACCTPOMCTB IEIPECCHUB-
HOTO CIIEKTpa Ha MpuMepe rcopuasa. [IpomeMoHCTpUpOBaHbI TPEUMYIIIECTBA KOMITJIEKCHOTO
MOIX0/a K OTMPEAENICHUIO IICUX0IO0T0-KIMHIYECKUX, METNKO-COIIHABHBIX, STHOKYJIBTYPalh-
HBIX W COILMAIBHO-TICHXOJIOTHYECKUX 3aKOHOMEpPHOCTEH (hopMupoBaHUS (HaKTOPOB PHCKA
pacnpocTpaHeHHs COLMAIBHO 3HAYMMBIX 3a00JIeBaHUi Ha IpUMeEpe JCMPECCUBHBIX HapyIIe-
HUM.

Knrwouesvie cnoga: cicTeMHBIH TOIX0/, MOJIENb, KOMOPOUIHOCTD, IEMPECCUBHOE PAaCcCTPON-
ctBo (/IP), cyurun, moapocTok, rncopuas.

E.A. Levkova, S.Z. Savin
Peoples' Friendship University of Russia, Moscow;
Pacific State University, Khabarovsk
SYSTEMIC APPROACH TO STUDYING COMORBIDITY OF DEPRESSIVE
DISORDERS BY THE EXAMPLE OF PSORIASIS

The work is devoted to a systemic study of the comorbidity of the depressive spectrum disor-
ders using the example of psoriasis. The advantages of an integrated approach to the defini-
tion of psycho-clinical, medico-social, ethnocultural and socio-psychological regularities of
the formation of risk factors for the spread of socially significant diseases are demonstrated
by the example of depressive disorders.

Key words: systems approach, model, comorbidity, depressive disorder, suicide, adolescent,
psoriasis.

CamoybOwmiicTBAa W CYWIHUIATBHOE TIOBEICHHWE TMPEACTABISIIOT CO0OM CEephEe3HYI0 MEIUKO-
CoLMaIbHYIO TIPO0JIEMy BO MHOTHX CTpaHax mupa [1, 2, 3, 4]. MacmiTal siBiieHUs, TPAJUIIMOHHO CBSI3aH-
HOTO C JITIPeCcCHeH, TSHKEIbIE TICUXOCOIUATBHBIE TOCIEICTBUS IEUCTBUN CyHITMAATbHON HAPABICHHOCTH
BBI3BIBAIOT MPHUCTAIBHOE BHUMAHKE BEAYIIUX CIEIMATUCTOB, U MOOYXIAI0T K U3yUYEHUIO CYHIHIAITBHOTO
TTOBE/ICHUS U JIETTPECCUBHBIX PACCTPOICTB BO BCEX MPOSBICHHUSX M COYETAHUH C IIPOYNMH 3a00JI€BaHUSIMHU
[5, 6,7, 8, 9]. 3HaunTenbHAS YACTh COBPEMEHHBIX HCCIEAOBATENEH CKIIOHHA CUUTATh, UTO CYMIIMIaJIbHbIE
TEHICHIINU B OOJbIIIEH CTEMEHH MPHUCYIIN JIUIAM, CTPAJAIONINM TEMH WM WHBIMHU JIEIPECCUBHBIMU pac-
cTpoiicTBamu. Pe3ynbTaThl WMCCIEeOBaHUN, TOCBSIIEHHBIX JIEMPECCUIM W CYWIUAAIHLHOMY TOBEIEHHIO,
BeCbMa HEOJIHO3HAYHBI: IMEETCS MHOYKECTBO TEOPHUH KOTOPBIC MPENYCMATPUBAIOT y4aCTHE TICUXOJIOTHYIe-
CKUX, COIHMAJBbHBIX, DHIIOKPHHHBIX, UMMYHOJIOTHYECKUX, OMOXMMUYECKUX M TE€HETHYECKUX (aKTOPOB.
Metoapl CUCTEMHOrO aHajiu3a MO3BOJIMIIM BBISIBUTH B3aUMOCBSI3U MEXAY KIMHUYECKUMH XapaKTEepPUCTH-
KaMH JISTIPECCUi U JepMOHEUPOryMOpaIbHBIMU (DaKTOpaMu, BKITIOYAsl TICOPHA3, aJUIEPTHIO, aTOIHIO U TIp.
[10, 11,12, 13, 14, 15, 16, 17]. [Icopna3 — XpoHU4ECKOE BOCIATUTEIHLHOE 3a00JIeBaHIE KOKH, B UMMYHO-
MaTOr€HEe3¢ KOTOPOro UrPAIOT POJIb KIETKU BPOKICHHOTO U aJaNTUBHOTO UMMYHUTETA, B3aUMOJICHCTBY-
omue ¢ kietkamu koxxu [18, 19, 20, 21, 22]. IIpu 3ToM coueTaHue «Aenpeccus — CTpecc — Icopuasy mpe-
BpalaeTcs B MOPOUHBIA KPYT, KOTJIa OJJHO CTaHOBUTCS mpHuuHOit apyroro [20, 23]. Bee 310 He pasperiia-
€T MAlUUEHTy NPUUTH B HOPMAJBHOE COCTOSIHUE, OH HAXOAMUTCS B MOCTOSIHHOM CTPECCE U HEIOBOJBLCTBE
coboii u xu3nHbto [11, 17, 20, 21]. HecmoTps Ha To, 4TO TICOpHA3 SABISETCS OJHUM W3 Haubojee N3ydeH-
HBIX COCTOSIHMI W3-3a WX aKTYaJIbHOCTH W TPYIHOCTU TEpaIliy, MaTOTeHe3 ATHX 3a00JICBaHUN U CBSI3U C

® Heceneoosanue svinonneno npu gunancosoii noddepacke PODH & pamkax nayunozo npoexma Ne 19-013-00018.
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MICHXHUYECKAMH PacCTpOMCTBAMH 0 KOHIIA ITOJHOCTRIO He BeisscHeH [9, 13, 15, 16, 19, 22, 23]. ITarorenes
Icopra3a UMEeT B BUAY CIIOKHBIE B3aWMOJICHUCTBUS MEXIy KepaTHHOLUTAMH, NEHAPUTHBIMHU KIETKAMH,
T-nmumdormramu (Th-17, Th-22, T-reg), neiirpodunamu u TYIHBIMH KJIETKAMHU, KOTOPBIC OMOCPEAYIOTCS
XeMOKHHAMHU W ApyruMu IuroknHamu [17]. CymecTByeT KOHIENIH, YTO MCOpHa3 — 3TO THIIEPUyBCTH-
TEJIHHOCTh 3aMEJIEHHOTO THIIA WJIM KJIETOYHO OMOCpEeIOBaHHAs CEHCHOMIM3AIUS C BBHICOKON BEPOSTHO-
CTBIO (OPMHUPOBAHIS COUYETAHHBIX (HOPM UMMyHOMAToIoTuu [23].

Ha npenBapurensHOM 3Tane HaMu ObUT BBIIIOJHEH PETPOCIICKTUBHBIN aHANN3 COMAaTHUECKOW OTS-
TOIIEHHOCTH Y MAIlMEHTOB C MICOPUAa30M U BBISBIJIM YaCTOE COYETAaHHE TAaHHOTO 3a00JieBaHHs C HEBPOJIO-
THYECKUMH, TICUXUATPHUUECKUMH, aJNIEPrHUeCKUMHU 3a00JICBaHUSAMH C Pa3IMYHBIMH CHHIPOMAaMH: PECIIU-
paToOpHBIM, JAEPMATOJOTMYECKMM M TaCTPOMHTECTUHAIBHBIM. 3aTeM OBLIM pPacCMOTPEHBI COYETAHHBIC
(bOopMBI Jlenpecchy U TIcopHasa ¢ auIepruuecKUMHU 3a0osieBaHusIMU | Tuma mo kiaccudukamuu [24] u
pa3paboTaHbl MPOTHOCTUYECKHE KPUTEPUH AUATHOCTUKU. MaTepualioM I MCCIICAOBaHUS CIY)KWIa Be-
HO3Hasl IepuQepuuecKasl KpoBb, B KOTOPOM OLIEHHBAIHCH JICHKOLIUTHI, TUM(OIHUTHI, HEUTPOPHIIBI M WH-
JeKc uxX cooTHomenus (B Hopme (72/37) = 1,94), ummynorno0ynunsl (Habopst BEKTOP BECT) knacca
1gG, IgA, IgM, IgE. Ouenka creneHu TSHKECTH U PaCIPOCTPAHEHHOCTH aTOMMUYECKOTO AepMaTuTa OLCHH-
Banuch o mkaine SCORAD. Oomias cymma 0ajljioB IO IIKAJIE MOXET COCTaBIATh OT 0 (KIMHHYECKUE
MPOSIBJICHUSI TTOpakeHUsI Koxku oTcyTcTBytoT) 1o 103. Ilpu 3nauenun ungexkca SCORAD no 20 6amnos
teuenune AT/l ompenenstoT kak serkoe, ot 20 mo 40 06amioB Kak cpelnHel TsbkecTH, Beimie 40 0ayioB -
Tspkenoe. [1o crenenu TshkecTH nmanueHThl ¢ JIP ObLIM pactpe/iesieHbl CISAYIONUM 00pa30M: MalueHTHI ¢
JISTKUM Te4YeHHe ncopuasa — 54%, MarueHThl CO CPEeIHETIKENBIM TeueHue 3a00eBanus — 37% u naiueH-
ThI C TSOKEJIBIM TeUeHUEM 3a0oneBanus — 19%.

Janee 0bmn mpoaHanu3upoBaHbl 1406 KapT ManMeHToOB B BO3pacTHOM nuamna3one ot 18,5 mo 52
JieT. Y BCeX MAlMeHTOB IMOyYeHO JOOPOBOIBHOE COTJIACHE HAa OCMOTP M uccienoBanus. CTeneHb TsKe-
cTH 3a0oneBaHUs oneHWBalOT ¢ nmomomisio nHaekca PASI (Psoriasis Area and Severity Index). Mumexc
pacnpocTpaHEHHOCTH U TSDKECTH Icoprasa onpenensercs B 6amuiax (0-72). PASI naet Bo3MOKHOCTB 0Xa-
pakTepu30BaTh COCTOSIHUE 00JbHOTO. MHIEKC KOMOPOUIHOCTH (4acTOTa COMATHUYECKOM OTATOIICHHOCTH
Ha OJTHOTO MarmeHTa) coctasuia 3,2. JlabopaTtopHble TapaMeTphbl paclpeesUTUCh Y TAMEHTOB CIEAYIO-
MM 00pa3oM y MalMeHTOoB ¢ JIETKUM TeueHHEM 3a00JIeBaHUs KOJIMUECTBO JICHKOMTOB ObLIO HE M3MEHe-
HO, COOTHOIIIEHHE JTUM(OIUTOB U HEUTPO(DUIIOB cocTaBisuio 1,93, ypoBHH HMMYHOTTIOOYJIMHOB TaKKe HeE
MMENH TEeHICHIIMU Ha u3MeHeHus. 3naueHus IgE cocrasuno 34,51+2,85 ME/mit.

V HALMEHTOB CO CpeHETIKETBIME (GOPMAMHI YPOBEHb JIEHKOIUTOB cocTaBmi 8,25+0,73x10° coot-
HOIIIEHUE HEUTPOPUIOB U JIMM(MOIIMTOB COCTABIIIO 2,15, MPOU30ILIO U3MEHEHHUE MapaMeTPOB TyMOpPallb-
HOTO 3BeHa MMMYHUTETA C TeHJeHuuel Ha yBenndyenue IgA no 3,62+0,31 u IgG no 17,41+1,68 1/1, a ypo-
BeHb IgE cocraBun 278+25,43 ME/mn. Yposens neikonutoB coctaBun 11,05+0,94, cooTHOmIEeHnE
HEHUTPODUIIOB U JIEHKOIIMTOB OBLIO 3HAYUTENHHO CMEIIIEHO B CTOPOHY HeUTpodminoB u cocrasui 2,8+0,19.
BripakeHa AUCHMMYHOTIIOOYIMHEMHS — 33 CUET IMOBBIIICHHS BCEX MMMYHOTIIOOYIHHOB ypoBeHb IgE
coctaBuil 536+49,57 ME/mi1.

UccnenoBanust cpey rpymiibl IOAPOCTKOB € paHee MOATBEPKIESHHBIM Auarao3oM JIP, B T.4. keH-
ckoro nona 6 (46,15%) genosek, myxckoro 7 (53,75%) denoBek, BBISIBUIIO CIEIyIOIINE TTOKa3aTeNu: JIeH-
kouuThl — 11,315+1,385; mumdoruter — 27,79+4,875; neritpoduist — 59,5+5,158; IgE — 167,7+119,49. B
KOHTPOJIBHOH BBIOOpKE M3 15 OAPOCTKOB MOKA3aTeNH COOTBETCTBOBAIN HOPME: JIEHKOITUTHI — HOPMBI JIJIS
MYX4MH U KeHmuH 4,0-9,0; muMQpOInThl — HOPMBI JUIsi My>KYHH W xeHnmH 18,0-40,0; HelTpoduisr —
HOPMBI JUIsl MY>KYUH M KEHIIUH 47-67; SpUTPOLUTHI — HOPMBI JUTSI MY>KUUH — 4,3-6,2x10"/71, ay1st KeHmmH
— 3,8-5,5%x10"%/n1; st mereii — 3,8-5,5x10"/.; IgE — netu 1-15 et — He 6onee 50 ME/min, aetu ot 15 net
u ctapie — He 6omee 100 ME/mu.

Taxkum obpas3oM, aHaIM3 KIMHUYECKUX (PopM Imcopuasa y nauneHToB ¢ J[P mo3BonsieT BricKazaThCs
B MOJIb3y BO3MOXKHOT'O COUYETAHUS JAHHOTO 3a00JIeBaHUS C IPYTMMH UMMYHOJOTMYECKHMMU CHHAPOMA, B
4acTHOCTH, ¢ | THIIOM uMMyHonorud. I1pu 3TOM aBTOpBI OTMEUAOT, YTO JAHHOE COUETAHHUE SIBIISICTCS 3HA-
YUMBIM JIMIIb NPH CPETHETSDKENBIX U TsoKesnblx gopmax. [lo mMepe m3meHneHus TsxecTd 3a0oieBaHMS,
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YTSDKEIICHSI, HAPACTAIOT HAPYIICHHUS B JTA0OPATOPHBIX IMapaMeTpax MOSBISIFOTCS MapKepbl BOCIAJICHHS —
OTHOCHTEIHHOE YBETMYCHNE HEUTPOPHIIOB, CIBUT HEUTPODUIHHO — INM(OIMTAPHOTO WHAEKCA — OOJIbIIe
2, mucuMMYyHOTIIoOynnHeMus, 3a cuyer yBenumdeHus IgA, IgG u IgM. Yposensr napactanms IgE Taxxke
MIPOTIOPITMOHAJICH CTETIEHHU TSDKECTH Icoprasa u pocturai 536+49,57 ME/mn. O6HapykeHHas TTOBBIICH-
Hasl TPEBOXKHOCTh M CKIIOHHOCTb K JICTIPECCHU BEJIET K CTOWKHUM PacCTpOMCTBAM JIMYHOCTH U CHUXKECHHIO
KayecTBa KH3HU OOJBHBIX BO Bcex cdepax. [TokazaHo, UTO MCHXHUECKOE COCTOSHHE OKAa3bIBaeT JOCTO-
BEpHOE BIIUSHHUE HA YPOBEHb KA4eCTBA KU3HH 00CEPBHPYEMBIX OOJBHBIX. BBISBICHBI OCOOCHHOCTH TSDKE-
CTH KOXKHOW TIATOJIOTHH, YaCTOTHI, BBIPAYKEHHOCTH W CTPYKTYPHI MCUXHYECKHX PACcCTPOMCTB, KadyecTBa
JKHU3HH y TIAIIEHTOB C TICOPUA30M, TIOTYYAIONINX Pa3IMIHbIC OPraHU3alMOHHBIE POPMbI TOMOIITH.

10.

11.

12.

13.

14.

15.

16.

JIUTEPATYPA

Hemuea H.K., SI3goBckas A.B. O6mas 3a001eBaeMOCTh IICHXUYECKUMH paccTporicTBaMu B PO u
benepanpabix okpyrax B 2017-2019 rr. // BecTHHK HEBPOJIOTHH, IICUXHATPUH U HEHPOXUPYPTHH.
2021. Nel. 2021. C.1.

Kpacno B.H. [lenpeccust kak cornuanpHas ¥ KIUHHYECKas MpobdiaemMa COBpEeMEHHON METUITUHBI //
Poccwuitckmii ncuxuarpuueckuii xxypHai. 2011, Ne6. C. 8-10.

[onoxwuit b.C. CyunuaansHas CUTyalus Cpelu JeTei U moapocTkoB B Poccuu // Poccuiickuii nicu-
xuarpuiaeckuit xxypHai. 2012. Ne4. C. 52-56.

Cadyano @.C., CounuBko O.U. Ilcuxosoruveckas OICHKA CYHIIUAAIBLHOTO PUCKA: COOTHOIICHHE
NpO- U AHTUCYWUIUIANBHBIX JIMYHOCTHBIX (aktopoB // [lcuxomorus u npaso. 2019. Tom 9, Ned. C.
211-224.

Brent D.A., Weersing V.R. Depressive disorders in childhood and adolescence // Rutter's Child and
Adolescent Psychiatry. Oxford, England: Blackwell Publishing Ltd., 2008. P. 587-613.

Calear A.L, Christensen H., Freeman A. A systematic review of psychosocial suicide prevention in-
terventions for youth. European Child and Adolescent Psychiatry. 2016. Vol. 25, Ne5. P. 467-482.

Carrellas N.W., Biederman J., Uchida M. How prevalent and morbid are subthreshold manifestations
of major depression in adolescents? A literature review // J Affect Disord. 2017. Vol.1, Ne210. P.
166-173.

World Health Organisation. Mortality Database. World Health Organization. Available from:
https://www.who.int> healthinfo> mortality data (11.03.2021).

Wesselhoft R.T. Childhood depressive disorders // Dan. Med. J. 2016. VVol.63, Ne10. P. 52-90.

Woodberry K.A., Shapiro D.I., Bryant C., Seidman L.J. Progress and Future Direction in Research on
the Psychosis Prodrome // Harvard Review of Psychiatry. 2016. Ne24 (2). P.118-23.

benoycosa T.A., JIeBoB A.H., Jopoxenok N.IO. Ho3orenHsle nmcuxuueckue paccTporcTBa, 00y-
CJIOBJICHHBIE JIEpPMAaTOJIOTHIeCKOi maronoruel // Poccuitckuii menummackuii xxypHan. 2006. Ne6. C.
15-18.

Hopoxenok W.IO., [Tymkapes J[.®. [Icuxudeckne paccTpoicTBa, 0O0YCIOBICHHBIE CTPECCOTCHHBIM
BhusHEEM Ticopuasa // [lcux. paccrporictsa B o6mei menuiuae. 2010. Ne 3. C. 16-21.

Kacumona JI.H., Kutaesa W.U. Ilcuxomornvyeckrie OCOOEHHOCTH M CIEKTP IICHXOIMATOJIOTHIECKUX
paccTporcTB y OOJIbHBIX, CTpagaronux ncopuasom // [lcux. paccrporictea B o0rier meaummue. 2008.
Ne 1. C. 18-22.

ITerposa H.H., Cmupnosa W.0O., Jluxonoc JI.M. CpaBHuTenbHasI OIIEHKA PAa3JIMYHBIX MOIXOAOB K
Tepanuu OOJNBHBIX 1copra3oM // O003peHne ncuxuaTpuy U MeauuuHeKon neuxonoruu. 2013. Nel. C.
63-70.

Cwmynesuu A.b., sanos O.J1., JIeBoB A.H., lopoxxenok N.IO. Ilcuxonepmaronorusi: COBpEMEHHOE CO-
crosHue rpobnems! // XKypnain nesponoruu u ncuxuarpun uM. C.C. Kopcakosa. 2004. T. 11. C. 4-14.
TepentseBa M.A., bemoycoBa T.A. Ilcuxorennsie (HO30T€HHBIE) PACCTPOICTBA MPHU XPOHHUYECKUX
nepmaro3ax // [lenxuatpus u ncuxopapmakoreparnus. 2004. Ne6. C. 270-272.

108



COBPEMEHHBIE METO/IbI CHCTEMHOI O AHAJIU34 1 BO3MOKHOCTH ...

17.

18.

19.

20.

21.

22.

23.
24.

Tpodumora U.b., bapaenmreiin JI.M., Boponuna f1.10., Cyckosa B.C. Hekotopblie acrnekThl narore-
He3a IcopHuasza U 0COOEHHOCTH KOMILIEKCHOTO JiedeHHst O0NbHBIX // BeCTHUK AepMaToll. U BEHEpOIl.
2006. Nel. C. 32-35.
Feldman S.R., Menter A., Koo J.Y. Improved health-related quality of life following a randomized
controlled trial of alefacept treatment in patients with chronic plaque psoriasis // Br. J. Dermatol.
2004. Vol. 150. P. 317-326.
Lee Y.W., Park E.J, Kwon I.H., Kim K.H. Impact of psoriasis on quality of life: relationship between
clinical response to therapy and change in Health-related Quality-of-life // Ann. Dermatol. 2010. Vol.
22, Ne4. P. 389-396.
Mease F.J., Menter M.A. Quality-of-life issues in psoriasis and psoriatic arthritis: Outcome measures
and therapies from a dermatological perspective // J. Am. Aced Dermatol. 2006. VVol. 54. P. 685-704.
The effect of adalimumab on reducing depression symptoms in patients with moderate to severe pso-
riasis: a randomized clinical trial / Menter A., Augustin M., Signorovitch J., Yu P., Wu E.Q. et al. // J.
Am. Acad. Dermatol. 2010. Vol. 62. P. 812-18.
Zachariae R., Psychoneuroimmunology: A biopsycho-social approach to health and dis. // Scandina-
vian Journal of Psychology. 2009. Vol. 50, Issue 6. P. 645-651.
Walker C., Papadopoulos L. Psyhodermatology. Cambridge Univ.Press. 2005. 158 p.
Gell P.G.H., Coombs R.R.A. Clinical aspects of immunology. London. Oxford: Blackwell. Blackwell
Scientific Publications, 1963. 883 p.

E-mail: savin.sergei@mail.ru

© 2021 r. O.A. Tanuyenko, kauj. Mez. Hayk, C.B. HapblmkuHa, 1-p MeJ. HayK
DI'OY BO Amypckas eocyoapcmeennasn meOuyunckas axademusi, brazosewenck

HEPCOHUDOUIIUPOBAHHOE ITPOI'HO3UPOBAHUE SOPEKTUBHOCTU JIEYEHUSA
HEAJIKOT'OJIbHOM ’KUPOBOM BOJIE3HU ITEYEHH Y BOJIbHBIX
METABOJIMYECKUM CHUHIAPOMOM

Pazpaborana maremarndeckas MoAeidb NEPCOHUPHUIMPOBAHHOTO MPOTHO3UPOBAaHMA 3Pdek-
TUBHOCTH JICUEHUS] HEAIKOTOJILHOM KUPOBOM 0O0JIE3HH MEUEHH y OOJIIBHBIX METa0O0INYECKUM
CHUHIPOMOM Ha OCHOBE IIyT€M MHTErPAIbHON OLIEHKH MapKepoB (YHKLUH II€YCHU, MAPKEPOB
JUIMKAIHOTO CIEKTPa, MapKepa MHCYJIMHOPE3UCTEHTHOCTH, MapKepa COCYAMCTOrO BOcHase-
HUSl, TeMOIMHAMUYECKHX JAHHBIX.

Kniouesvie cnoea: mporHo3upoBaHUE, METAOOIMUYECKUIl CHHIPOM, HHCYIMHOPE3UCTEHT-
HOCTb.

O.A. Tanchenko, PhD, S.V. Naryshkina, Doctor of Medical Sciences
Amur State Medical Academy, Blagoveshchensk
PERSONALIZED PREDICTION OF THE EFFECTIVENESS OF TREATMENT
OF NON-ALCOHOLIC FATTY LIVER DISEASE IN PATIENTS WITH
METABOLIC SYNDROME
A mathematical model of personalized prediction of the effectiveness of treatment of non-
alcoholic fatty liver disease in patients with metabolic syndrome has been developed based
on an integral assessment of liver function markers, lipid spectrum markers, insulin resistance
marker, vascular inflammation marker, and hemodynamic data.
Key words: prognosis, metabolic syndrome, insulin resistance.
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B Hacrosimee BpeMs onpeensonyM B pa3BUTHA MHCYJTUHOPE3UCTCHTHOCTH M OCJIOKHEHUH OXKH-
peHHsl ABJSIOTCA Tomorpaduyeckue n MeTaboIMYecKne 0COOCHHOCTH a0AOMHHANBHON JKUPOBOH TKaHH.
BricBoOopatommecs: BcaeICTBHE MHTEHCHBHOTO JIMIIONHM3a B a0JOMUHAIBHBIX aJWUNOLUTAX, CBOOOIHBIC
KUPHBIC KUCIOTHI B OOJBIIOM KOJMYECTBaX MOCTYMAIOT B BOPOTHYIO BEHY W MeuyeHb. J[aHHBINA mporecc
CIIOCOOCTBYET YMEHBILICHHIO CBS3BIBAHUS TENATOLMTAMM HHCYJIMHA, €r0 Pa3pyLICHHI0 U YCYI'yOJICHHIO
HMHCYJIMHOPE3UCTEHTHOCTH IIEUCHH, a TAKXKe K CUCTEMHON TMIIEPUHCYIMHEMHUH U IepU(pepHIecKOil HHCY-
JIMHOPE3UCTEHTHOCTH, SBJLIIOIIMMUCS MOILIHBIMH CTUMYJIATOPAMH aTEPOCKICPOTHYECKOrO MOPaKEHUS
COCY/IOB M Pa3BHTHIO HEATKOTOJILHOH KUPOBOi Oosiesnu meueru [4, 5]. Takum 00pa3oM, MOKHO TPEIIIO-
JIOXKUTD, YTO TEMAaTONPOTEKIHS SBISETCS OJHUM U3 CIIOCOOOB JieueHHs OOJBHBIX C META0OINIECKUM CHH-
apomoMm (MC). Ha cerofHsmiHuii A€Hb aKTUBHO HCHOJIB3YETCS T'eaTONPOTEKTOPHBIN MpenapaT — ypco-
JIeOKCUXOJIeBas KucioTa. BeiOop mpemnaparta He ciydaeH, Tak KaKk Y PCOACOKCUXO0JIEBasi KUCIIOTa OKa3bIBa-
eT BIMSHUE Ha naroreHerndeckre mexanmsmbl MC [1, 3]. VpconmeokcuxoneBas Kuciora o0jiaiaet rema-
TOIIPOTEKTUBHBIM JCHCTBHEM, AHTUOKCHUAAHTHBIM, T'MIIOXOJECTEPUHEMUYECKUM, MPOTHBOBOCIIAINTEIb-
HBIM (CHMDKAeT CHHTE3 IPOTHBOBOCIAJIMTEIBHBIX IUTOKUHOB, TAKUX KaK MHTEPIEHKUH-6 U (JaKTOp HEKPO-
3a OITyXOJIH-(l, KOTOPbIE CIIOCOOCTBYIOT Pa3BUTHIO MHCYIHMHOPE3UCTEHTHOCTH).

Lean pa6oTsl - pazpaboraTh crocod NepcOHUPULINPOBAHHOIO MPOrHO3UPOBAHUS FPPEKTUBHOCTH
JIeYeHHsI HEAJIKOTOJILHOM KUPOBOHM O0JIE3HH MEYCHU Y OONBHBIX METa0OJMYECKUM CHHIPOMOM Ha OCHOBE
MIyTE€M MHTETPaJIbHOM OLIEHKH MapKepoB (YHKLUH MEYEHH, MAPKEPOB JIUIHUIHOTO CIIEKTPa, MapKepa HH-
CYJIMHOPE3UCTEHTHOCTH, MapKepa COCYAUCTOr0 BOCTIAJICHUS], TEMOANHAMUYECKUX JAHHBIX y IMALUEHTOB C
HEaJIKOT0JIbHOM KMUPOBOH 00JIE3HU TICUCHHU.

MarepuaJibl U METOABI

[IpoBenena oreHKa M3MEHEHU MOKa3aresei anannaaMuHoTpancdepassl (AJIAT, ex/m); yposas C-
peaktuBHoro Oenka (CPb, mr/m); ypoBHs kodddunmenta ateporennocty (KA); mHIEeKca WHCYIHMHOPE3H-
crearHoctr (MHWP); ypoBHS THACTONHYECKOTO apTepruanbHOTO AaBneHus (A, MM pT.CT.) y AIlUEHTOB C
METa0OIMYECKIM CHHIPOMOM M M3yY€Ha UX B3aMMOCBSI3b C HHAEKCOM MHCYJIMHOPE3UCTEHTHOCTH. B KOM-
IJICKCHOE MCCJICJIOBAaHUE BKIIIOUEHO 53 maiueHta B Bo3pacte oT 38 1o 69 jieT ¢ MeTaboJIMYeCKUM CHH-
npomoM. C HCIONB30BaHUEM WMMYHO(MEPMEHTHOIO METO/Ia B IMHAMHUKE y OOJIbHBIX OIBITHOW I'PYIIIIBI
HU3y4ajiuCh MOKA3aTCjii UMMYHOPCAKTUBHOT'O MHCYJIMHA, ONPCACIIAINCh, 3HAYCHUA TTIMKEMUYCCKOI'O, JIU-
nuaHoOro mpoduiei. KoinuecTBeHHBIM METOIOM C HCIIOJIb30BaHHEM peakTuBoB «Biochemmack» ompe-
neneHo coaepkanne C-peakTuBHOrO OenKa.

CymHOCTh H300pETeHUS 3aKITI0YACTCs B MTOBBIIIEHUH TOYHOCTH MTPOTHO3UpOoBaHUs 3P PeKTHBHOCTH
JIeYeHHs HEAJIKOTOJIbHOM >KUPOBON O0JIe3HU NMEUYEHU Y OONBbHBIX META00JIMYECKUM CHHAPOMOM (HEaJKo-
roJIbHAS XKUPOBas O0JIE3Hb MEUEHH, AUCIUIUIEMUS, PE3UCTEHTHOCTD K MHCYJIMHY, SHAOTEINaIbHAs AUC-
(YyHKLUS, PE3UCTEHTHOCTh K MHCYJIMHY, OKHPEHHE MO a0JOMHMHAIBHOMY THITY) IyTE€M HOAKIIOYEHHUS K
TPaJULUOHHON CXEMe JIEUeHHUS Y PCOACOKCUXOIIEBOI KHCIOTOM B coueTaHuu ¢ PozyBactaTuHOM.

[IpenioxkenHblii ciocod nepcoHUPUIUPOBAHHOTO MPOrHO3UPOBaHUS 3PHEKTUBHOCTH JICUCHHS HE-
QJIKOTOJILHOHN KMPOBOH 00JI€3HM MEYEHHU Y OOJIBHBIX META0OIMYECKHM CHHAPOMOM, BKIIIOYAET IPUCOEIU-
HEHME K Tepalyy HEalKOroJIbHOW >KHPOBOW OO0JIe3HU MevyeHH Ha (oHe MeTaboIMuecKoro CHHApoMa Yp-
COJEOKCHUXO0JIEBOM KKCIIOTOM Po3zyBactaTtuHa. [Ipu 3TOM mpeniokeHHast J03UpOBKa Y PCOJIEOKCUXOIEBOM
KHCJIOTHl Ha3HA4YaeTcsl B KarcyllaX B CyTOYHOM JIO3UPOBKE 15 Mr Ha Kr Macchl Tena, pasJieliecHHOH Ha 3
npuema (Imocje 3aBTpaka, mocjiae ooena 1 mocie ykuHa), a PosyBacrtatuna B Tabmerkax — 10 Mr B cyTKH
(Tmocre y)xuHa) B TeUeHUE 6 MECSITICB.

3areM, ¢ 1160 MPOTHO3UPOBAHUS 3PPEKTUBHOCTH MEPCOHUPUIIMPOBAHHOTO KOMILIEKCHOTO Jieye-
HUS YPCOJEOKCHXOJEBOW KUCIOTOW W Po3yBacTaTHHOM HEaJIKOTOJIBFHOW JKHPOBOHM OOJE3HM TMEYEeHU Y
OOJIBHBIX META0OIMYECKUM CHHIPOMOM, MTPOBOJIMTCSI MHTETPAIbHAS OIlEHKa Mapkepa JUCOYHKIUH Tieue-
HHU, MapKepa COCYAMCTOI'O BOCIAJICHHs, MapKepa aTepOreHHOCTH JHMIHUIOB, MapKepa HHCYJIHMHOPE3U-
CTEHTHOCTH, ToKa3aTenst Al myTeM pelieHus] JUCKpUMHUHAHTHOTO ypaBHeHus (/1)

H=0,157XAJIAT+0,127xCPBE+0,286XKA+0,515XHUHUP+0,034xAJouacm.-10,948,

rne /| — nuckpuMuHanTHas QyHKIWS, TPaHUYHOE 3HAUCHHE KOTOPOW paBHO HYIIIO.
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[Tpu [ MeHblle WM PaBHO HYJIIO MPOTHO3UPYETCS MOJIOKUTEIBHBIN Pe3ybTaT OT MepCOHUPUIIH-
poBanHoOrO Jedenus Ha |l aTane YpcoaeokcuxoaeBoil KUCIOTOW B CyTOUYHOH AO3UPOBKE 15 MT Ha KT Mac-
CBl TeMa, pa3elieHHOH Ha 3 mpueMa (Iocje 3aBTpaka, mociie odefa U Tocie y)KuHa) B codetanuu ¢ Po-
3yBacTaTMHOM 10 MT B CyTKH B TeUeHHE 6 MecsIeB, a npu [l Oobie HyJIsS TPOrHO3UPYETCs HEIIeIeco00-
Pa3HOCTh Ha3HAYEHHWS KOMOWHAIIMH TPEnapaTroB Y PCOACOKCHXOJIEBOW KUCIOTH M Po3yBacTraTHa M3-3a
OTCYTCTBHUSA TOJIOKUTETHHOTO PE3yJIbTaTa OT JICYEHUS B CyTOYHOM JO3WPOBKE 15 Mr Ha Kr Macchl Tena,
pasneneHHoi Ha 3 mpuema (TIocie 3aBTpaka, rmociie obena u mocie y)KhHa) B coueTannu ¢ PozyBacTtarn-
HoM 10 Mr B cyTKm (TIocie y)kuHa) B TedeHne 6 mecsmeB. [IpeamaraeMsrii cioco0 mporren KIMHAIECYI0
anpoOanuio Ha 6aze KapAHOIOTHUECKOTO OTAEICHUS U FaCTPOIHTEPOJIOTHUECKOT0 OTCNEHHS C KOMKaMu
sunokpuHoiorun 'AY3 AO Amypckoit o6JacTHOW KIMHUYECKOW OONBHHIIBI U TEParieBTHYECKOTO OT/Ie-
nenus 'AY3 AO BnaroBenieHCKoW TOPOACKON KIMHUYECKOW OOIBHUIIBI.

Hwxe npuBoauTes 1Ba KIIMHUYECKUX TIPUMEPa UCTIONB30BaHUs 3asBICHHOTO CIIOco0a.

Ilpumep 1. bonpro# 11, 54 roma, mocTymun Ha oOcienoBaHNe B KIMHUKY ¢ quarHo3om: Heamko-
roJbHAs )KUpoBasi 00Je3Hb mevyeHu. [lepBruuHOe OKHMpEeHUe 2 CTeneHH, abJOMUHaNbHBIN Tun. Juciumnu-
nemus. YKanoObl MpH MOCTYIUICHWH Ha NPUOABKY B Bece 3a MOCISAHUE 6 MecsieB 10 12 Kr, TSXKeCTh B
mpaBoM Tojpedepbe. MaonoABHKHBIA 00pa3 KU3HU. AJUICPTOJIOTHYECKUI aHaMHe3 He oTsromeH. [Ipu
00BEKTHBHOM OCMOTpE - COCTOSIHAE CpPEeJHEH CTeNeH! TshKecTH. [I0BBIIIEHHOTO MUTaHMS: MHIEKC MacChI
Tena - 38,6 KF/MZ, oowem taiuu (OT) - 108 cm, 06vem Oenep (Ob) - 97 cm, OT/Ob - 1,1. Al 115 u 85 mm
pT.cT. Ilynec putmuussiil. YCC 72 ynapoB B MUHYTY. JKUBOT yBEIHUYEH B pa3Mepax 3a CUET BBIPaKEHHO-
r'0 TOAKOXXHO-)XHPOBOTO CJIOSA, MATKWN, YMEPEHHO OOJIE3HEHHBIN MPH MaJbIalliy MIPABOTO MOAPEOephs.
[lewenp BeICTymaeT Ha 1,5 cM wu3-TIojg HWXKHETo Kpas pebepHoit ayrm. Pasmepor mo Kypioy
11cmx9cmx8cm. CHUMIITOM MOKOJAYMBAHUS 10 MOSCHUYHOW 00JaCTH OTPUIATENBHBIN ¢ 00E€UX CTOPOH.
[epudeprudecknx 0OTEKOB HET.

JlaHHbBIE TOTIOTHUTENBHBIX METOJIOB UCCIIEIOBAHUS (TIPH MOCTYIUICHHN):

— TOpPMOHANBHBINA aHAIN3 KPOBU: MMMYHOpPEaKTUBHEIN nHCYNMMH — 12,7 MkE/I/Mn (HOpMa — 0,7-8
MKE/JI/MIT); HHIEKC MHCYJIMHOPE3UCTEHTHOCTH cortacHo Mojenu romeoctaza HOMA-IR — 5,7
(mopma — 110 2,86);

— OMOXMUMHYCCKHMI aHaIM3 KpOBHU: ramma-rinoramuirpancnentuaaza (I'TTID- 53,4 en/n; mie-
nouHas ¢pocaraza (I[D) — 169,1 en/n; AJIAT - 15,8 en/m; ACAT — 16,4 en/in; xosdduiiueHT
aTeporeHHoCTH — 5,6;

—  yJIBTPa3BYyKOBOE UCCIICJOBAHUE: TICUCHb BHICTYMAET Ha 1,5 CM W3-T10]1 HIXKHETO Kpasi peOepHOit
nyrd, nudQy3Hble H3MEHEHUs TIEYeHH 110 THITY cTeaTo3a. Cele3eHKa He yBelInueHa.
C nenbio onpezeneHus 1enecoo0pa3HOCTH Ha3HAUEHUS MTePCOHU(UITMPOBAHHOTO JICYSHHST HEAIKO-
TOJILHOW KHPOBOW OOJIE3HH TMEYeHH y OOJMBHBIX META0O0IMYECKUM CHHIPOMOM Y KOHKPETHOTO TaI[MeHTa
pElIeHO TUCKPUMHHAHTHOE YPaBHEHHE:

/=0,157x18,1+0,127x1,54+0,286x3,2+0,515x5,6+0,034x63-10,948=-1,97

[Mockonbky qUCKpUMHHAHTHAS (DYHKIIMSI MEHBIIIE TPAHMYHOTO 3HAYEHUS - HYJIS, IPOTHO3UPOBAJICS
MOJIOKHUTENBHBIA PE3yJIbTaT OT NMEePCOHU(UIMPOBAHHOTO JIEUEHUSI Y PCOIACOKCHX0IEeBOM Kucnoroir (Yp-
COCaHOM) B CYTOYHOMH JO3UPOBKE 15 MIr Ha KI Macchl Teja, pa3JelieHHON Ha 3 mpuema (Tociie 3aBTpaka,
nocye o0ea M Mocie yuHa) B couetannu ¢ PozyBactarnHoM 10 Mr B CyTKH B TeueHHE 6 MecALEB.

UYepes 6 MecseB JieueHHs NMPeIOKEHHBIM CIIOCOO0OM OTMeUallach MOJIOKUATENbHAs TUHAMUKA CO
CTOpOHBI Moka3zatened nuroautuueckoro cuaapoma: AJIAT u ACAT yMeHbIIMINCH COOTBETCTBEHHO 10
8,4 en/nn 9,2 en/n. OTMeueHo yiyuiieHHe KodppHUIMEeHTa aTepOreHHOCTH 10 3,5; MOBBILICHUE aHTHATE-
porenHnoii ¢pakmuu - JIIIBIT no 1,7 mMouns/n. MHIIEKC MHCYTMHOPE3UCTEHTHOCTH COTIIACHO MOJEH I'0-
meoctaza HOMA-IR ymensmmics no 2,7.

Ilpumep 2. bonwsHo# H, 64 rona, moctynun Ha oOcie0BaHNE U JIEYCHHE B KIIMHUKY C TAArHO30M:
HeanxoronpHast >xupoBasi Oosie3np mnedeHd. llepBuunoe oxupeHue 2 creneHW, aOJIOMHHAIBHBINA THIL
Hucnununemust.
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7KanoOs!l ipu MoCTyIIIEHUHN Ha IPUOaBKy B Bece 3a MmociieHre 6 Mecses 10 12 Kr, TSHKeCTb B mpa-
BOM TToApeOephe. MamomoaIBMKHBIA 00pa3 KU3HU. AJITEpPTroIorHIecKuii anaMHe3 He oTsaromieH. [lpu 00b-
€KTHBHOM OCMOTpE - COCTOSIHHE CpelHEH CTeTeH! TshKeCTH. [10BBIIIEeHHOTO MUTaHNA: HHIEKC MaccChl Tela
- 38,6 KF/MZ, OT - 108 cm, OB - 97 cm, OT/OBb - 1,1. AJl 115 u 85 mm pr.ct. [lynbe purmuunsiii. YCC 72
yaapoB B MUHYTY. JKHBOT yBeNIHYeH B pa3Mepax 3a CUET BBIPAKEHHOTO ITOJKOXHO-)KHPOBOTO CIIOS, MST-
KHiA, yMEpEHHO OOJIE3HEHHBIN TIPH MajbIaliy IpaBoro noapedepps. Iledens BeicTymaer Ha 1,5 cM u3-iof
HIKHETOo Kpas pebeproit ayru. Pazmepst mo KypmoBy 11cmx9cmx8cm. CHUMITOM MOKOJIAYMBAHUSA TIO TI0-
SICHUYHOHN 00JIaCTH OTPHIATENbHEIN ¢ 00enx cTopoH. [leprndepndeckux OTeKOB HET.

JlaHHBIE TOTIOTHUTENBHBIX METOJIOB UCCIICIOBAHUS (TIPU MOCTYIUICHUN )

—  TOPMOHAJBHBIA aHAIN3 KPOBU: UMMYHOPEAKTUBHBIN uHCYIHH — 12,7 MKEJ]/Mn (Hopma — 0,7-8
MKE]]/MiT); MHIEKC MHCYJTUHOPE3UCTCHTHOCTH COTJIacCHO Mozenu romeocraza HOMA-IR — 5,7
(Hopma — 110 2,86);

—  Owmoxmumuueckwii ananmu3 kposu: I'TTII — 53,4 en/m; LD — 169,1 en/m; AJIAT — 15,8 en/n;
ACAT - 16,4 en/m; ko3 dunreHT aTeporeHHOCTH — 5,0;

—  yIbTPa3BYKOBOE MCCIIEIOBAHUE: TIEYCHD BHICTYIAET Ha 1,5 cM M3-TI0J] HWIKHETO Kpast pedepHOH
nyru, audQy3Hble H3MEHEHHUS TIEUeHH 110 THITYy cTeaTo3a. Cene3eHka He yBeInueHa.
C nenbto omnpeaeneHus 1enecooOpa3HOCTH Ha3HAUCHHS MEPCOHU(UIIMPOBAHHOTO JICUSHUST HEAIKO-
TOJIBHOM KMPOBOW OOJIE3HU MEYEHH Y OOJBHBIX METa0O0NIMYECKUM CHHAPOMOM y KOHKPETHOTO MallieHTa
pelIeHo TUCKPUMHHAHTHOE YpaBHEHHE:

/=0,157x24,9+0,127x3,91+0,286x5,21+0,515x8,3+0,034x86-10,948=2,14

[Nockonbky nuckpuMHHAHTHAS (QYHKIHS OOJbIIEe TPAHUYHOTO 3HAYCHHS - HYJISI, IPOTHO3UPOBAJICS
OTPHLATENBHBIN Pe3yNbTaT 0T MEePCOHUPHUINPOBAHHOTO JICUCHHUST Y PCOICOKCHXOJIEBOH KUCIOTOH (Ypco-
CaHOM) B CyTOYHOMI J03UpoBKe 15 Mr Ha KT Macchl Tena, pa3/ieJIeHHON Ha 3 mpuema (rmocie 3aBTpaka, mo-
cie obema U mociie y)KrHa) B coueTanuu ¢ Po3yBactatuaoM 10 Mr B CyTKH B TeueHHE 6 MECSAIICB.

Uepes 6 MmecsimeB JieueHUs] TPEATIOKEHHBIM CIIOCOOOM OTMeYanach OTpPHUIIATeNIbHAsSI JHHAMHKA CO
CTOPOHBI MoKazarenei nuronutuueckoro cuaapoma: AJIAT u ACAT yBenTUUMIUCh COOTBETCTBEHHO JI0
15,3 en/n u 14,1 ex/n. OTMeueHO yXYJIICHUE TOKA3aTENCH JTUIMIHOTO CTATyCa: BBISBICHO MOBBIIICHUES
coJiepkanus xojecrepuna o 6,8 mmons/n, JIITHIT no 4773 monw/n, TI' no 1,7 mmos/n, ko3dduimenta
aTepOreHHOCTH 10 5,4; cHIXeHue aHThareporeHHoi ¢pakumu - JIIIBIT mo 2,1 mmons/n. YBenuuuics
MoKa3aTe)ib IMMYHOPEAKTUBHOTO MHCYJIMHA, cocTaBuB 16,7 MKEJl/Mi. MHIeKC MHCYIMHOPE3UCTEHTHOCTH
cornmacHo Mojaenu romeoctaza HOMA-IR yMmenpmuics no 2,7. YBEIUUIIINCH TIOKa3aTENH X0JeCTaTHIe-
ckoro cuaapoma: I'TTII no 37,2 en/nm u LD no 117,4 en/m, 9To CBUIETENHCTBYET O POTPECCHPOBAHUH
HEaJIKOToJIbHAsI YKUPOBOW OOJIE3HU MEeYeHU Ha OHE METa0OIMYECKOTO CHHAPOMA.

C momo1pto coco6a NpoBEACHO MPOrHO3UpoBaHKue 3()PEeKTUBHOCTH NEPCOHUPULIMPOBAHHOTO JIe-
YEeHUS! HEAJIKOTOJIbHOM >XKMPOBOW 00JIe3HM medeHU y 53 OOJIBHBIX C METa0OoIMYecKuM CHHIApoMOoM. Pe-
3yJIBTaThl MPOBEPKH 3asABJICHHOTO criocoba mokasanu ero 3¢ ¢exTuBHOCTb. [IpaBuibHBIN NPOrHO3 onpese-
nsncs B 86,8% ciydasix.

TexHUUECKUI pe3yNbTaT UCIOIb30BaHHS HM300pETEHHsI COCTOUT B CBOEBPEMEHHOM IMEPCOHUDUIIH-
POBaHHOM NPOTHO3UPOBaHUU 3(H(HEKTUBHOCTH JIEUCHUS] HEAIKOTOJILHOW >KUPOBOH OOJIE3HU TMEYEHH Y
OOJIBHBIX C METaOOJIMYECKUM CHHAPOMOM, HAlpaBJIEHHON Ha MPEeJOTBPALICHUE PA3BUTHSI M IPOrPECCUPO-
BaHUsI METa0OINYECKOr0 CHHAPOMA U €ro CEepAeYHO-COCYAMCTHIX OCIOXKHEHHMH, NPUBOIIIINX K PaHHEH
WHBAJIMIM3aUH U CMEPTHOCTH JIFO/IEH TPYAOCIIOCOOHOTO BO3pacTa.

PaspabotanHslii crioco0 3aiuiineH nareHToM Ha u3ooperenne Ne2737503 [2].

Taxum o0pa3zom, mpeasaraeMplii ciocod MOKeT OBbITh A(P(GEKTUBHO WCHOIB30BAH IS TOBBIILICHUN
TOYHOCTH HEPCOHU(PHULINPOBAHHOTO MPOTHO3UPOBaHUA 3()(HEKTUBHOCTH JIEUCHUS! HEAIKOTOJIBHON KHPO-
BOI 00JIE3HN TEUYEHH Yy OONBHBIX META0O0NIMYECKUM CHHAPOMOM IyTeM IMOJAKIIOYEHHUS K TPaIULMOHHOM
cXeMe JIeYeHHs1 Y PCOACOKCHXOJIEBOM KHCIIOTOH B coueTaHnu ¢ Po3yBacTaTHHOM C LIEJIbIO MPOBEICHUS
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CBOEBPEMEHHON NPO(OHIAKTHIECKON 1 JIeYeOHOM Teparuy, HalpaBIeHHON Ha IPEIOTBPAIICHIE Pa3BUTHS
Y TIPOTPECCUPOBAHUS META0OINIECKOTO CHHIPOMA M €r0 CepAeYHO-COCYANCTHIX OCIOKHEHUU, TPUBOIS-
X K paHHEH MHBATUAW3AINA U CMEPTHOCTH JIIOJIEH TPYAOCIOCOOHOTO BO3paCTa.
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UMMYHO-TOPMOHAJIBHBIE MTPEJUKTOPHI XPOHUYECKOM IJIAIIEHTAPHOM
HEJOCTATOYHOCTHU Y )KEHIIIUMH C OBOCTPEHUEM
IUTOMET AJIOBUPYCHOM MHO®EKIINU

[Tokazano yBenmuenue coaepxanus IL-6 u cHMXeHHe 3CTpHUOIa BO BTOPOM TPUMECTpE Te-
CTallMM Y JKEHIMH ¢ O0OCTPEHHEM ITUTOMETAIIOBUPYCHON MH(EKINH, TPUBOJSIEH K (Hop-
MHPOBAHUIO XPOHHUYECKONM KOMIICHCHUPOBAHHOM IUIALICHTAPHOW HEIOCTATOYHOCTH, a TAKXKE
poct IL-6 Ha ¢oHe nanenus koHuentpauuu IL-4, sctprona n geruaposnHaHAPOCTEpOHa-
cynbdara — Ipu pa3BUTHH XPOHUYECKOW CYyOKOMIIEHCHPOBAHHOH IJIallEHTapHON HEJ0CTa-
TOYHOCTH, XapakTepu3ylomiencs 0onee CHIbHOW 00paTHOW KOPPEISIIMOHHOM CBSA3BI0 MEXKTY
ypoBHeM |L-6 u neruaposnuaHapocTepoHa-cyibdara.

Knioueevle cnoea: WHTEPNEUKUH-6, WHTEpICUKUH-4, 3CTPUOIN, IETHIPOSMUAHIPOCTEPOH-
cynbdar, nuToMeranoBupycHas HHGEKIHs, OepeMEeHHOCTb, XpOHHUYECKasl IUIalleHTapHas He-
JIOCTaTOYHOCTb.

I.N. Gorikov, A.V. Bushmanov
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Amur State University, Blagoveshchensk
IMMUNO-HORMONAL PREDICTORS OF CHRONIC PLACENTAL INSUFFICIENCY
IN WOMEN WITH EXACERBATION OF CYTOMEGALOVIRAL INFECTION
An increase in the content of IL-6 and a decrease in estriol in the second trimester of gesta-
tion in women with exacerbation of cytomegalovirus infection, leading to the formation of
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chronic compensated placental insufficiency, have been shown. An increase in IL-6 against
the background of a decrease in the concentration of IL-4, estriol and dehydroepiandrosterone
sulfate with the development of chronic subcompensated placental insufficiency, character-
ized by a stronger inverse correlation between the level of IL-6 and dehydroepiandrosterone
sulfate also have been revealed.

Key words: interleukin-6, interleukin-4, estriol, dehydroepiandrosterone sulfate, cytomegalo-
virus infection, pregnancy, chronic placental insufficiency.

Pa3Butne mnnaneHTapHOM HEAOCTATOYHOCTH YAcTO AaCCOLMUPYETCS C HapylIeHHEeM HMMYHO-
TOPMOHAJIBHBIX OTHOIIEHHH, peaau3alysl KOTOPBIX OCYIIECTBIAETCS OCPEICTBOM: 1) MOBBIILIEHUS aKTHUB-
HOCTH CTEPOUIANPOAYLUPYIOMINX KIETOYHBIX 3JIEMEHTOB; 2) CTUMYIALMHN (PYHKIHOHAIBHOTO COCTOSHUS
KJICTOK-MUIICHEH MOJ| BIUSHAEM BBICOKOW KOHLEHTPALMU FTOPMOHOB; 3) y4acTusl IMTOKWHOB B peann3a-
UM TOPMOHOMOAO0HBIX peakiuil 1 npaimMupyromux 3pQeKkToB Ha KICTKU-MHIICHHU, MOBBIMAIOIINX HX
CIOCOOHOCTH pearnpoBaTh Ha TOpMOHaIbHOE BoszekcTue [3]. Mutepneiikun-6 (IL-6) sBisercs oqHuM 13
MapKepoB BHYTPUMATOUYHOW MH(EKIINK ¥ aHTEHATAILHO Pa3BHBAIOLIETOCS XOPUOAMHHOHHUTA [4], a UHTEp-
neiikud-4 (IL-4) oTHOCHTCS K MPOTHBOBOCHIATUTENBHBIM [IMTOKAHAM - @HTATOHHCTaM MPOBOCIIATUTEIb-
HBIX MapKepoB CUCTEMHOT'0 BOCHAIUTENBHOTO oTBeTa [2]. KoHIeHTpalus scTprosia B CBIBOPOTKE KPOBU Y
OepeMeHHBIX 3aBUCHT OT MOCTYIJICHUS! B CUCTEMHBIN KPOBOTOK MpEANICCTBEHHUKA €r0 CHHTE3a - JACTH/I-
poanuanapocrepoHa-cyibdara (JJIAC-C) B kope GpeTambHbIX HAANOYSUHUKOB [1].

HecMmotps Ha M3BECTHYIO pOJIb HUTOKMHOB B PETYJISALUU CUHTE3a JKEHCKUX ITOJIOBBIX TOPMOHOB JI0
HACTOSILETO BPEMEHU HE MOKa3aHa WX B3aUMOCBS3b MPH (POPMUPOBAHHUU XPOHHYECKOH ILIallEHTapHOM
HEJI0OCTaTOYHOCTH Y JKEHIIMH ¢ 000CTpeHrneM uroMeranoBupycnoit uapekuun (LIMBU) Bo BTOpOM TpH-
MeCTpe OEpEMEHHOCTH.

LeJb - BbLIENUTE UMMYHO-TOPMOHAJIBHBIE TIPEAUKTOPBI XPOHUYECKOH IJIAlleHTAPHON HEeloCTaTou-
HOCTH Y KCHILUH ¢ 000CTPEHNEM LIUTOMETAIOBUPYCHON HHDEKLINH.

Jist TOCTHXKEHUSI TOCTaBICHHOM LIeNH PeIIaluch CIeIyONIe 3a1auu:

1. UccnenoBats copepixanue IL-6, 1L-4, scrpuona u ADAC-C, a Takxke KOPPEISLIHOHHYIO 3a-
BHUCHUMOCTb MEXIy HUMHU Y JKEHIIUH ¢ oboctpenneM LIMBU Bo BTopoM TpumecTpe OepeMeHHOCTH, IpHU-
BOJISIIIAM K Pa3BUTHIO XpoHWYecKkor komrieHcupoBaHHOH (XKITH) n cyOkoMneHCHpOBaHHO# TUTalieHTap-
Hoit HenocTaTourocTH (XCIIH).

2. C momomiplo MeToJla anmpoKCUMAIMK KPUBOW JIaTh TpaHUUYecKyl0 U MaTeMaTHYECKYIO Xa-
PaKTEepPUCTUKY MU3MEHEHUSIM UMMYHO-TOPMOHAIBHBIX CBSI3€H Y MAIlMEHTOK BO BTOPOM TPUMECTpE recTa-
UK mpu octpoit (haze xponudeckoit [ IMBU, npusoaseii k popmuposannto XKITH u XCITH B TpeThem
TpUMECTpe OEpPEMEHHOCTH.

MartepuaJibl 1 METOABI

[IpoBoausiock omnpenesieHue B chiBopoTke KpoBu 1L-6, IL-4, actpuona u IDAC-C y 90 xeHIIuH B
nepuoJ; OepeMEHHOCTH, HEOCIOXHEHHONW U OcCJIoKHeHHOW obocTpeHneM [IMBU Bo BTOpOM TpumecTpe
recraiui. B 1 rpymmy Bonumn 30 cepoHeratuBHBIX 10 1uroMmeranopupycy (LIMB) sxenmun Ha 21-24
HeAenax (QU3MoIornuecKon 0epeMeHHOCTH, BO 2 rpymmy - 30 manueHTok ¢ odoctpenuem [IMBU Ha 21-
24 Henensx recraiuu, npusoasiieii k popmupoannio XKITH, a B 3 rpynmny — 30 skeHIuH ¢ octpoi da-
30#f xponndeckoit [IMBU Bo BTOpOM TpuMmecTpe OGepemeHHOCTH, mHHULMUpYytomei pa3sutie XCIIH B
TPEThEM TPUMECTPE T€CTAIHH.

Bepudukanus oboctpenus LIMBU ocymecTBisuiack MocpeCTBOM MOJUMEPa3HON HEMHOM peak-
UM 1 IMMYHO(EPMEHTHOTO aHanu3a. B chIBOpOTKe nepreprideckoil KpoBU HCCIEI0BANIOCH COJIEpKaHUE
IL-6 (“Llutoxun”, Cankr-IletepOypr, Poccus) u IL-4 (pearents! “Unrepnetikun 4- UOA-BECT”), a tak-
xe actpuona (“Crepounn UDPA- sctpuon” (OO0 ¢pupma “Ankopbno”) u I3AC-C “Crepoun UDA- IDA
cynbdar’(0O00 “Ankopbuo”) (r.Cankt-IletepOypr).

[Ipu craructuyeckoit oOpaboTke MaTepHaia HCIOJIb30Banack nporpamma Statistica 10.0. 3naun-
MOCTh pa3iINyYuil OLIEHHMBAaJach C MOMOIIBIO0 HEMapaMeTpudeckoro kpurepus ManHa -YutHu. Ilpu ycra-
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HOBJICHWH 3aBUCHUMOCTH MEXIY TOKa3aTeIsIMH HCIIOIB30BAH KOPPEIAINOHHBIN aHAIN3 C BBIYMCICHUEM
ko3 durmenTa panrosoit koppemssaun Crimpmena (r). Pa3nmnyams cauTanuch CTaTUCTHYSCKH TOCTOBEPHEI-
MU TIpY JOCTUTHYTOM ypoBHe 3HaunMoctd p<0,05.

Pesynprarer nccienoBaHus OIEHHBAIUCH C TIOMOIIBIO alIIPOKCUMAIINH KPUBOI CEPHH TOYEK, ITOIIY-
YEHHBIX M3 IKCIIEPUMEHTATbHBIX JaHHbIX (makeT nmporpamm CurveFitting (Maple) [5].

Pe3yabTaThl u X 00Cy:KAeHUE

Bo Bropoii rpynme y xenmuH ¢ oboctpernem LIMBU, mpenpacnonararomeii k passutaro  XKITH,
B CBIBOPOTKE KpoBM KOHIeHTparmms IL-6 cocrasmsiza Me 5,25 (3,6-7,40) ur/mi, IL-4 — Me 26,4 (24,2-
40,2) rir/mi, actpuona — Me 10,8 (9,2-23,5) amons/mit u JIDAC-C- Me 9,8 (5,9-13,8) Mkmomas/Mi (B TIep-
Boii rpymme — 1,9 (1,40-3,30) nr/mi, p;=0,000001; 26,3 (20,3-51,3) nr/mi, p;=0,741; 15,4 (12,4-34,2)
uMoJb/Mi, P1=0,0136 u 11,4 (8,7-14,7) mxmoins/mia, p1=0,0877, COOTBETCTBEHHO). Y MallMEHTOK TPEThEH
TPYMITBI IO CPABHEHUIO CO BTOPO# Bo3pacrtaio conepxanue IL-6 B 1,66 paza (p,=0,00353), a Taxke orme-
yano cHmwkenune IL-4 B 1,84 paza (p,=0,00002), scrpuona — B 1,35 paza (p,=0,0037) u I2AC-C — B 1,75
pasa (p,=0,0022).

Mexny conmepxkanuem IL-6 u IDAC-C oOHapyKuBanach yMepeHHass 0OpaTHas KOPpEIAIUOHHAS
cBs3p Mexay 1L-6 u JIDAC-C (r = - 0,68; p<0,001), orpakaromasi WHrHOMpYIOIIee BIMSHAE MPOBOCIIA-
JMUTENFHOTO IUTOKWHA Ha CTEPOMJOTeHE3 B KIIETKaX KOpbl (peTaimpHBIX HaamodedHukoB. Octpas ¢aza
xponnueckoir [ IMBU, nannmupyromas GopMHpPOBaHHE XPOHUYECKOH CyOKOMIIEHCHPOBAaHHOH ILIalleH-
TapHOW HEJOCTATOYHOCTH, XapaKTepPH30BaIach yCUICEHUEM 3aBHCUMOCTH Mexay IL-6 — mapkepom nHdpu-
LHUPOBaHUS MpoBU30pHOTO opraa [4] u konuentparueit JOAC-C (r = - 0,82; p<0,001), yka3siBaroreit Ha
Y4acCTHUC IMPOBOCHAIUTCIIBHOI'O HUTOKMHA B YTHETCHHUU (I)YHKHI/IOHaIH)HOFO COCTOAHUA aAPCHOKOPTUKOIN-
TOB KOPHI HA/IMOYEYHNUKOB BHYTPUYTPOOHOTO MaIMEHTA.

VY naunueHTok ¢ octpoil ¢azoit IMBU nHa 21-24 Hemensx recralMy MPEIUKTOPHBIM (HaKTOPOM
XKIIH sBnsiercs 3aBucumocth L-6, IL-4, sctpuona u JIDAC-C B Bune kpuBoii (puc. 1), oTpaxkaromieit
OoJyiee BBICOKHE TOKAa3aTeNM MPOBOCIAJIUTENEHOTO IUTOKUHA W CHIDKCHUE YPOBHS 3CTPHOJA, KOTOpPHIE
MOKHO MMPEACTABUTL YPABHCHUCM!

F= 8.699*x"3-73.4775*x"2+186.1265*x-115.915

[Ipu o6octpennu Bo BTopoM TpuMecTpe bepemennoctn LIMBU, npenpacnonaratomnieii K pa3BUTHIO
XCIIH, poct conepxaHus MPOBOCHAIUTEIILHOTO [IMTOKUHA PErHCTPUPOBATIOCH HA (DOHE CHUKECHHUS IMPO-
THBOBOCTIAJIUTEIFHOTO IUTOKUHA, >KEHCKOTO IT0JI0BOTO TOPMOHA U MPEIIECTBEHHUKA €r0 CHHTE3a B Kope
(heTaIbHBIX HAIOYSUYHUKOB U 0003HAYANIOCH B BUEC KPUBOU (pHUC. 2), a MAaTeMaTHUECKUA WILIFOCTPUPOBA-
JIOCh YpaBHEHUEM:

F = 3.319*x"3-28.6575*x"2+73.2765*x-40.395

H3meHeHne BbIIEyKa3aHHBIX KOPPEISIMOHHBIX CBSI3eH, a Takke rpaduyeckux ¥ MaTeMaTHYECKHX
MapamMeTpoB y MAIMEHTOK C 000CTPEHHEM IIUTOMETAIOBHUPYCHON HHPEKIIUH BO BTOPOM TpuMecTpe Oepe-
MEHHOCTH, NPUBOAIIMM K pa3Butuio Ha 30-34 nenenax rectauun XCIIH, B cpaBenun ¢ XKIIH, otpa-
KaeT CyILEeCTBOBaHHE OoJiee TECHON B3aMMOCBS3HM MEXIY akTHBHOCTHIO Th-1- KjeTouHOro 3BeHa UMMY-
HUTETAa M CHHTE30M KJIIOUEBOIO MpEAIIECTBEHHHKa MOJOBBIX ropMoHoB ([IDAC-C) B cucreme “math-
IIaneHTa-IuIon .

3akmo4yeHue

V xenmuH ¢ oboctpenreM LIMBU Bo BTopoMm TpumecTpe GepeMEHHOCTH OCHOBHBIMHU KIIFOUEBBIMHU
¢akTopamu, npenpacnonararomumu K passutuio XCIIH, no cpaBuenuto ¢ XKIIH sBnstoTcs: yBennueHue
cogepxxanusi I1L-6, camxenne IL-4 1 ypoBHA dcTpHona; cuiibHas oOpaTHasi 3aBUCUMOCTb MEXIY POCTOM
konenTpauun 1L-6 n nagennem yposus JIDAC-C, yka3bIBaiomas Ha y4acTHe MPOBOCHAIUTEIBHOTO LIUTO-
KHMHA B MHTHOMPOBAaHUH CTEPOUIOTeHe3a B Kope (peTalbHBIX HAAIIOYEUHHKOB.
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Puc. 1. Bzaumocesnsw IL-6, |L-4, scmpuona u Puc. 2. Bzaumocessw IL-6, IL-4, scmpuona u
J[2AC-C 6o smopom mpumecmpe cecmayuul y J[D2AC-C 6o smopom mpumecmpe cecmayuul y
arceHuun ¢ obocmpenuem L{MBH, npusooswetl k arceHuun ¢ obocmpenuem LIMBU, npugoosweli k
dopmuposanuro XKIIH. gopmuposarnuro XCIIH.
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POJIb AKTUBALIMU KJIETOYHOI'O UMMYHUTETA B IATOI'EHE3E
XPOHUYECKOM IJTAIIEHTAPHOM HEJOCTATOYHOCTH ITPU OBOCTPEHUH
IUTOMET AJIOBUPY CHOM MHO®EKIINN

VY KeHIHH ¢ 000CTPEHHEM BO BTOPOM TPHMECTPE OEPEMEHHOCTH ITUTOMETAIOBUPYCHOW HH-
dexiun, THAUHAPYIoIed GopMUpOBaHHE XPOHHUYECKOH KOMIIEHCHPOBAHHOH IJIalleHTapHON
HEJ0CTAaTOYHOCTH, OTMedaercsi moBbimieHue KoHieHtpamuu IFN-y, IL-1B, TNF-o u IL-2,
MaKCHMaJIbHO BBIPRKEHHOE COJIEp’KaHUE KOTOPBIX PErHCTPUPYETCS MPU Pa3BUTHU CYOKOM-
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MIEHCHUPOBAaHHOH IIIAIIEHTAPHON HEIOCTaTOYHOCTH Ha (pOHE YCTaHOBJICHHA Ooyiee CHIHHON
koppemsinn Mexay IFN-y n [L-2, a taxke mexay IL-1p u TNF-a.

Knrouegwle cnosa: npoBOCNIAIMTEIBHBIC ITUTOKUHBI, IUTOMETAIOBUPYCHAs UH(EKIUs, Oepe-
MEHHOCTb, XpOHHYECKas TUIALleHTapHAs! HEAOCTaTOYHOCTb.

I.N. Gorikov, A.V. Bushmanov
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Amur State University, Blagoveshchensk
ROLE OF CELL IMMUNITY ACTIVATION IN PATHOGENESIS
CHRONIC PLACENTAL INSUFFICIENCY IN EXACERBATION
OF CYTOMEGALOVIRAL INFECTION

In women with an exacerbation of cytomegalovirus infection in the second trimester of preg-
nancy, which initiates the formation of chronic compensated placental insufficiency, there is
an increase in the concentration of IFN-y, IL-1B, TNF-a and IL-2, the most pronounced con-
tent of which is recorded with the development of subcompensated placental insufficiency on
the background of the establishment of a stronger correlation between IFN-y and IL-2, as well
as between IL-1p8 and TNF-a.
Key words: pro-inflammatory cytokines, cytomegalovirus infection, pregnancy, chronic pla-
cental insufficiency.

Wndexnronnslie 3a00neBaHNs XapaKTepPU3YIOTCSl Pa3BUTUEM CUCTEMHOI'O BOCIIAIUTENIFEHOIO OTBETA
(CBO) [3]. O6octpenne nuromeranoBupycHoi wH(ekmun (LIMBU) y >xeHIIWH BO BTOPOM TPHMECTpE
OepeMeHHOCTH XapakTepusyercs runepaktuBanueid Th-1-kneTouHOro 3BeHa HMMYHHTETA, IPUBOISIICH K
cunresy uatrepdpepona-ramma (IFN-y), natepneiikuna-1- 6era (IL-1PB), dakropa Hekpo3a omyxomnei —a
(TNF-a), obnagaronmx 3HAOTEIUTPONTHBIMU cBolicTBamu [1]. B kackane peakimit CBO Bo3pacraer posib
unrepneiikuna-2 (IL-2), ycuimBaromero mnposupepanio U aKTHBAIUI HMMYHOIIMTOB (HATYpaJbHBIX
KWJUIEPOB, LUTOTOKCHMYECKMX T-muM(OLHMTOB), a TaKke HHULOUMpPYIomero mnpoiudepauuto B-
TUM(OIMTOB M CHUHTE3 IJIa3MAaTUUYECKUMH KJIETKaMH HUMMYHOTrI00ynuHOB [4]. Ilpu stom ormeuaercs
CTUMYJISIIMA BBIPAOOTKM KJIETKaMU UMMYHHOH cucteMsl nepgopunoB u IFN-y, a Takxe mosblieHne ak-
TUBHOCTH MOHOIITOB M MakpodaroB, onpeesonux ypennaenne koamnenrpamua TNF-o u 1L-10 [2].

HecmoTtps Ha u3BecTHy0 poib peakruBanuu LIMBU B ycTaHOBIEHHHM WHTETPAaTHBHBIX B3aMMOOT-
HOIIEHWH MEXIy akTMBHpOBaHHbIMU T- B- mumdonuramu n Makpodaramu, 10 HACTOSIIETO BPEMEHH He
pacKpeITa 3HAYMMOCTh AKcOaIaHca MPOBOCHAIUTENbHBIX UTOKMHOB NMPU (JOPMHPOBAHUHM XPOHHUYECKON
IUTALEHTAPHON HEIOCTATOYHOCTH PAa3InYHON CTETIEHH TSDKECTH.

Lesb - ouEHUTH POJb AaKTHBALMH KJIETOYHOTO MMMYHHTETa B IaTOT€HE3E XPOHWYECKOH IIaleH-
TapHOH HEeJ0CTATOYHOCTH MpH obocTpenuu [IMBU.

B pabore pemanucs cieayromue 3a1auu:

1. Omnpenenuts konnentpauio IFN-y, IL-1B, TNF-o u IL-2, a Takke KOppemsIHOHHYIO 3aBHU-
CHUMOCTh MEXIYy HUMH y JXKeHITUH ¢ obocTtperrneM [IMBU Bo BTOpoMm TpumecTpe GepeMeHHOCTH, MTPUBO-
JSIUM K (POPMHPOBAHUIO XpoHHUYeckoi komrieHcupoBanHoi (XKITH) n cyOkoMIieHCHpOBaHHOM TiIaIieH-
TtapHo#t HemocTaTouHocTH (X CITH).

2. Jatp BU3yaJdpbHYI0O W MaTE€MaTHUYECKYIO OILEHKY MPEIUKTOPHOW B3aMMOCBS3U HSHIOTEIHO-
TPOITHBIX W WMMYHOPETYIHPYIOMUX TPOBOCTIAIUTENbHBIX IUTOKHHOB B pa3Butnu XKIIH u XCIIH y
YKEHIIMH, IEPEHECHINX ocTpyio a3y xponndeckoit LIMBU Bo BTOpoM TpuMecTpe 6epeMEeHHOCTH.

MartepunaJibl © METOABI HCCJIEAOBAHUS

VY 90 sxeHIIMH ¢ OEPEMEHHOCTHIO, HEOCIOKHEHHOW M OCJIOXHEHHOH OCTpoi (ha30if XpOHUYECKOi
LIMBH Bo BTOpOM TpUMECTpE recTaluu, B epuepruieckoil KpoBH omnpeaessiach KonueHtrpauus IFN-y,
IL-18, TNF-a u IL-2. IlepByto rpynmy coctaBuiau 30 cepoHeraTuBHBIX 1O nutomeranoBupycy (LIMB)
JKEHIMWH Ha 21-24 Hepensx OepeMeHHOCTH (KOHTpousib). Bo Bropyro rpymmy Bomnwmd 30 manueHTOK C
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000CTpEeHNEM ITOMETANOBUPYCHON WH(EKInH, acconuupoBanHoi ¢ popmuposanrem XKIIH, a B TpeTpio
- 30 mammenTok ¢ oboctpernem LIMBU, mannmupytomeit popmupoBanne XCIIH B TpeThem TpumecTpe
recTaiuu.

Huarnoctuka oboctpenuss LIMBU ocymecTBisiack ¢ MOMOLIbI0 MOJEKYISIPHO-TEHETUYECKOTO U
umMMmyHo(hepMeHTHOro ananusza. [lpu onpenenennu B kpoBu y 6epemennsix IFN-y, IL-13, TNF-a ucnons-
30BasinCh Habopel: “ramma-Uuatepdepon- UDA-BECT”, “Untepneiikun 1-f UDA-BECT” u “anbda-
OHO-UDA-BECT”(3A0 “Bektop-bect”), a npu uccnemoBanuu |L-2 — naGopsl ¢upmer “Llutoxkun”
(Cankrt-IlerepOypr, Poccus),

Hacrosimast pa6ota npoBoaniack ¢ y4eToM KOAEKCa ITHYECKUX NPUHIUIOB XeIbCHHKCKOM IeKia-
panny BeceMupHOH MEAUITMHCKOM acconuanuu ¢ monpaBkaMu 2013 1. 1 IpaBmT KIIMHAYECKON TTPAKTHKH B
P®, yreepxkaennsie npukazom Munzapasa PO No200u ot 1 anpens 2016 roxa.

Jlyis cratucTrueckoi o0pabOTKM MaTepualia UCIojb3oBajach mporpamma Statistica 10.0. Orenka
3HAYMMOCTH Pa3IHYMid MEXIYy TPYyIIaMH OCYIIECTBISUIACH C MOMOIIBI0 HEMapaMeTPUIeCKOr0 KPUTEPHS
ManHna-YutHu. Cunna ¥ HanmpaBJIE€HHOCTh CBSI3EM MEXIY MOKA3aTEISIMU OLIEHUBAIUCH MTOCPEICTBOM KOp-
pemsmuoHHOTO ananu3a (r). Pasnuans Opiw craTricTrdecku 3HaduMbIMu Tipu p<0,05.

B3anMocBs3bp MeXIy IPOBOCTIATUTEIBHBIMU TATOKUHAMU B UCCIIEAYEMBIX TPyIax OICHUBAIACH C
MOMOIIIBI0 METO/Ia anmnpoKcuMalu kpuoi (mporpamma CurveFitting (Maple)) [5].

Pe3ysbTaThl 1 HX 00CYy:KIEHUE

VY nmanueHToK BTOPOH TPYIIBI ¢ OCTPOH (a3oil XpOHUUECKON UTOMETAIOBHPYCHON MH(EKINH, ac-
coruupoBanHoii ¢ ¢popmupoBanuem XKITH, comepxanue IFN-y paBusuioce Me 237,3 (191,4-318,6)
nr/mi, IL-1B — Me 87,3 (55,6-98,2) nr/mn, TNF-a — Me 85,1 (46,9-99,6) nr/mn u IL-2 - Me 77,1 (58,6-
92,3) nr/mn (B mepsoii rpymme — 134,4 (114,2-151,3) nr/miu, p;=0,000001; 18,0 (13,4-36,3) nr/mu,
p1=0,000001; 16,1 (13,2-30,3) ur/mx, p;=0,000001 u 27,9 (18,2-38,0) mr/mia, p;=0,000001, cooTBeT-
CTBEHHO). B TpeTheil rpyrmie B COMOCTAaBICHUU CO BTOPOM OTMEUanioch yBeInueHne KoHIeHTpanuu [FN-
v B 1,38 paza (p,=0,000015), IL-1B — B 1,67 paza (p,=0,000001), TNF-a. — B 1,11 pasa (p,=0,0081) u IL-2
—B 1,36 paza (p,=0,0080).

Bo BTOpOIi rpymie ycraHoBieHa cinabdas mpsmast cBsi3b IFN-y u IL-2 (r = +0,42; p<0,05), IFN-y u
TNF-a (r = +0,43; p<0,05) npu OTCYTCTBUM 3aBHCUMOCTH MeXy coniepxanneM TNF-o u ypoBaem IL-1(.
B Tpetbeii rpynme HaOIHOIANOCh YCUIICHHE KOPPESIIUOHHOW cBsizu Mexnay IFN-y u IL-2 (r = +0,74;
p<0,001), coxpanenune 3aBucumoctu IFN-y u TNF-a (r = +0,42; p<0,05) u ycraHoBIIeHHE TeCHON COMpSI-
sxennoctu kourentparuu TNF-a u IL-1p (r = +0,51; p<0,01).

B cnyuae npenpacnonoxxenHocty k pazsutuio XKIIH y 6onbHEIX ¢ 06ocTpennem [IMBU Bo BTO-
POM TpuMecTpe OEpEeMEHHOCTH POCT BBIIEYKa3aHHBIX POBOCTIAMTENILHBIX IMTOKWHOB BU3YaJIH3UPYETCSI
B BHJIe KpuBoH (puc. 1). Matemarnuecku B3aumooTHorenne Mexay IFN-y, IL-1B, TNF-o u IL-2 y mamnu-
€HTOK ¢ ocTpoil (hazoii xponudeckoit [[IMBU na 21-24 Henensx recranmu, accormmposanaoro ¢ XKIITH,
BhIpaXkaeTcs GOpPMYJIIOi:

F= -27.08 x"3 +245.31x"2 -713.62 x + 740.79

[Ipenukropuas 3HaunMocTh B3auMocBsizu |IFN-y, IL-13, TNF-a u IL-2 Ha 21-24 Henmensx recraiuu
B popmupoannu XCITH y sxenmumn ¢ oboctpenrem LIMBU Beipaxkaetcs B Bujie KpuBoii (puc. 2). Mare-
MaTHYeCKH OHa MPEJICTABIIACTCS (GOPMYJION:

F =-11.68*x"3+133.14*x"2-498.36*x+709.3.

3axkioueHue

1. KiroueBbimu npeaukropamu XKITH, accormupoBanHoii ¢ oboctpennem LIMBU Bo BTOpOoM
TPUMECTpE TeCTaluH, ABISIOTCA: yBenuueHue koHuentpanuu IFN-y, IL-18, TNF-o u IL-2; ycraHoBieHue
npsamoii 3aBucumoct Mexay IFN-y m IL-2, oTpaxkaromeil ux ydacThe B pealu3aldl MeKCHUCTEMHBIX
OTHOILIEHU.
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2. VY xeHmUH ¢ ocTport (pazoit xponndeckoit [IMBU na 21-24 Hemensx OepeMeHHOCTH K (ak-
TopaMm, TpeapacmoyararormuM K pa3sutuio XCIIH B TpeTbeM TpHMecTpe recTallid, OTHOCSTCS: Oojee
BeIcokoe copepxanne [FN-y, IL-1p u TNF-a u IL-2; Gonee TecHas mpsaMast KOppEIALNOHHAS CBA3b MEXIY
IFN-y u IL-2, a Taxoke mexny IL-1B u TNF-o. DTo yka3piBaeT Ha HapyIIEHHE PETYISIUN KIETOYHOTO
3BeHa MMMYHHUTETa, MPHUBOZsIIEEe K Ooyee BHIPAKEHHOW WMMYHOCYIIPECCHU, TeMOIMHAMHUYECKHIM pac-
CTpOICTBaM IMpH IUTANIEHTAPHON TUCHYHKIIHU.

2401
2201 3007
200
180- 2507
160+
2001
140+
1201 1501
100+
801 ﬂ 1001
1 2 3 4 1 2 3 4
X x
Puc. 1. HUzmenenue 3aumocesasu IFN-y, IL-1p, Puc. 2. Hzmenenue ezaumocssasu IFN-y, IL-1p,
TNF-a u IL-2 npu gpopmuposanuu XKIIH y TNF-o u IL-2 npu ¢popmuposanuu XCIIH y
arcenugun ¢ obocmpenuem LIMBH 6o emopom arceHwyun ¢ ooocmpenuem LIMBH 6o emopom
mpumecmpe bepeMeHHOCHU. mpumecmpe bepeMeHHOCHU.
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CIIOCOB ITPOTTHO3UPOBAHUS YI'PO3bI IPEPBIBAHUSA BEPEMEHHOCTH
PAHHUX CPOKOB ITPY OGOCTPEHUM IIUTOMET AJIOBUPY CHOM MTH®EKIIUA

[Ipennoxen crmocod MPOrHO3WPOBAaHUS YIPO3BI IPEPHIBAHNS OEPEMEHHOCTH Ha PaHHHUX CPO-
Kax Mpu 000CTPEHUH ITUTOMETAJIOBHPYCHOW MH(EKITNH, OCHOBAHHBIN Ha ONpEeIeHUH B TIe-
pudeprIecKoil KPOBH IDIAIIEHTAPHOTO (PaKTOpa poCTa M apaxuIOHOBON KHUCIOTHI.

Kntouegvle cnosa: yrpos3a TpepblBaHHS OepEeMEHHOCTH, ITUTOMETaIOBHpPYCHAs WHQEKITHS,
IUIAleHTapHbIN (PaKTop pocTa, apaxuAOHOBAs KHCIOTA.

N.A. Ishutina, I.A. Andrievskaya, K.K. Petrova, N.G. Prikhodko
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Blagoveshchensk

METHOD FOR PREDICTING THE THREAT OF EARLY INTERRUPTION OF

PREGNANCY IN EXACERBATION OF CYTOMEGALOVIRAL INFECTION
A method is proposed for predicting the threat of early termination of pregnancy during exac-
erbation of cytomegalovirus infection, based on the determination of placental growth factor
and arachidonic acid in the peripheral blood.
Key words: threat of termination of pregnancy, cytomegalovirus infection, placental growth
factor, arachidonic acid.

B HacTosiee BpeMsi ycTaHOBIIEHO, 4To IuToMeranosupycHas (LIMB) uHdekuus siBisiercs oHON
13 HanOoJjee 4acThIX NMPUYMH BOSHMKHOBEHHUS akyllepckux ocnokHeHuil. [lox BozneiictBuem LIMB wnH-
(deKIuu pa3BUBAIOTCS TAKHE aKyIIEPCKHE OCIOKHEHUs, KaK yrpo3a NpephIBaHus, KPOBOTEUCHHUS BO BPEMs
O0epemMeHHOCTH, TOKCHKO3HI | 1 || momoBHHBI, MHOTOBOTHE, HEPA3BUBAIOMIAsICS OEPEMEHHOCTD, HEeJIOHAIIIN-
BaHUE, aHOMAJIMK Pa3BUTHS IJ10/1a, MepTBopoxkaeHus [9]. [Ipu saTom moauepkuBaercs, 4To yrpo3a npepsl-
BaHUs OEPEMEHHOCTH CYIIECTBYET Y KaXKJJOW YeTBEPTON KEHIIUHBI C 00OCTPEHHEM IIUTOMETaJOBUPYCHOM
uHekuu [14].

BaxHo otmeTuTh, uto [IMB 001aiaeT BBICOKOM TepaTOreHHOCThIO, YTO CIIOCOOCTBYET HAPYIICHUIO
porieccoB MopgoreHesa IUIAICHTH U SMOPHOHAIBHBIX CTPYKTYp, MPOJOTHUPYIOIIUX HpEpbIBAHUE U
HEBBbIHAIIMBaHUE OepeMeHHoCcTH [7, 12].

B nuteparype mocienHux jieT 0OJbLIOE 3HAYEHHE OTBOIUTCA (PaKTOpaMm, BIMSIOMIMM Ha MOpQo-
(yHKLIMOHANBbHBIE 0COOEHHOCTH BOPCHHYATOTO JiepeBa. Pa3BuTHE MIalleHTHI B X0JI€ TeCTAlUHN XapaKTepu-
3yeTcsl YHUKAIBHO OBICTPBIMH TEMIIAMH POCTa, B PEryJISLUH KOTOPOTO NMPHUHUMAIOT Y4acTHE MHOTOYHC-
JIeHHbIe (PaKTOPBI POCTa, UX PELENTOPbI, OHKOT'€HBI, IMTOKUHBI U Ap. Bce OHM SIBISAIOTCS BaKHBIMHU 3BEHb-
SIMU MHOT'OKOMITOHEHTHON CHUCTEMBI aHrvoreHe3a deranbHbiX cocyoB [4, 11]. KimoyeBbiMu dakTopamuy,
PEryIUPYIONIMMH aHTHOTeHE3 TeCTAIMOHHOTO TIEPHO/Ia, SIBISIFOTCS. COCYUCThIA SHIOTEHANBHBINA (haKkTop
pocra u mianeHTapusiii hakrop pocra (PIGF) [1, 2, 19].

PIGF — onun 13 GenkoB cemeiicTBa akTOPOB pOCTa SHAOTENUS COCYIOB, KOTOPBIH BhIpadaThIBacT-
cst TpododaacTom u 061agaeT BEIpAXKEHHBIM aHTHOT'€HHBIM OTeHIHaIOM. JlaHHBIH (haKkTOp pocTa BOBIIE-
YeH B CTHMYJISIHMIO aHTMOTEHE3a MPH MAaTOJIOTHYECKUX COCTOSHUSIX IMOCPEACTBOM MEpeiadd CUTHAJIOB
peuenTopy-1 ¢akropa pocra sngorenus cocynos. Dkcnpeccusi PIGF mnnynupyercs rumokcueid u npo-
BOCHAJIMTENILHBIMU CTHMYJIaMu. Tarke mokazaHo, uro skcnpeccusi PIGF xontponupyercs NF-kappa B
[18].

Cexpeuust PIGF rurantckumu kietkamu Tpo¢o0acta, Kak MOKa3bIBAIOT MCCICAOBAHMS, SIBIISETCS
CUTHAJIOM, WHULUHUPYIOIUM M KOOPAHMHUPYIOIINM BacKyJSIpU3alMI0 B ACLUAyaTbHOH 000JOYKe M Tiia-
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LIEHTe BO BpeMs paHHero smoOpuorenesa [16, 21]. HeanekBatHoe dhopMupoBanue U qUCHYHKIHS COCYIOB
IJIAEHTH MPUBOJIAT K Pa3BUTHIO HEIOCTATOYHOCTH MIEPBOM BOJHBI HHBAa3HH TpoobiacTa u 00yCIIOBICH-
HOM ATHM pPEIyKIMH MaTOYHO-TUIAIEHTAPHOTO KPOBOOOpAIEHUS, THITOIUIA3UH IUIAIICHTH U 33JEePIKKE
BHYTPUYTPOOHOTO pa3BUTHs SMOproHa [8].

CrnenoBaTelibHO, OT aJCKBATHOTO (PYHKIIMOHUPOBAHMS CUCTEMBI COCYTUCTO-3HIOTCIHAIBHBIX (aK-
TOPOB B 3HAYUTEIHLHOW CTEICHU 3aBUCHT >KM3HEOOCCIICUCHHE MAaTOYHO-ILIAIICHTAPHO-IIOOBOTO KOM-
IJICKCA, B COCYIUCTOM CUCTEME KOTOPOTO, a UMEHHO B Y4aCTKE WMIUIAHTAIUH, 3alTyCKaeTCsS aHTUOTEHES.
HMeHHO ¢ aHTMOTeHEe30M CBS3aHbl HOPMAJbHOE Pa3BUTHE COCYAUCTOW CHCTEMBbI M (hOPMHUpPOBAHHE TLIA-
HEHTHI [5, 6].

B mocnenHee BpeMsi yCHIIWICS MHTEPEC MCCIICNOBATENCH K U3yUeHHUIO posik (DaKTOPOB pOCTa ILia-
LEHTHl B PETYJISIIMHA T€CTAI[MOHHBIX MPOoneccoB [15]. YuureiBas, 4to a1 0OECIICYCHUS ONTUMAIBHOTO
TeueHHsT OCPEMEHHOCTH HEOOXOIUMO HOPMaJbHOC (DYHKIMOHMPOBAaHHE (DETOIUIAIEHTAPHOW CHCTEMBI
[13], posib marieHTapHBIX (PAKTOPOB POCTAa CTAHOBHUTCS OYCBHUIHOW. YUacTBYs B IMPOIECCaX PEryJIAIIUU
aHruoreHe3a (Ha stane (GOpMHPOBAaHUS IUIAIICHTHI), OHU OOCCIICUMBAIOT TOJHOICHHOE CYIIECTBOBAaHUE
CUCTEMBI «MaTh-IIAIICHTA-TUION». HapyllieHne aHrnorenesa conpoBOKAACTCS HEAOCTATOYHOCTBIO TICPBO
Y BTOPOH BOJIHBI MHBA3UW MUTOTPO(OOIACTA U MPUBOAAT K (POPMUPOBAHHUIO PATMYHBIX OCIOKHEHHH [2,
6, 10].

Takum oOpazom, HemoctatouHas poAyknus PIGF Moxer SBIATHCS OMHOM U3 MPUYXUH CaMOTIPOU3-
BOJIBHOTO TIPEPBIBaHUSI OEPEMEHHOCTH, TaK KaK OH SIBIIIETCSA BaXXHBIM (DaKTOPOM IUIANEHTANN U UHBA3UU
Tpoobnacra.

B nacrosmmee Bpems OSBHIINCH INTEPATypHBIC JaHHBIE O BOBJICYEHUH B MPOIECC aHTUOTEHE3a ®-3
JUTHHHOIICTIOYEYHBIX DHKO3AIIEHTACHOBON M JIOKO3ar€KCACHOBOW TOJMHEHACHIIIEHHBIX KUPHBIX KUCIOT U
nx MetabomutoB [22]. Taxke AoKa3aHa PONb APYTUX KUPHBIX KUCIOT, KOHTPOIUPYIOMIUX aHTHOTEHE3, B
TOM 4HCIe ®-6 cemeiicTBa — apaxunonoBoi kucnoThl (AK) [20, 24] n ee MeTabONMUTOB-TIPOCTATIIAHANHOB
[23, 25].

3apyOexHble aBTOPHI MOKA3aJId, YTO JIMMUAHBIC MEAMATOPHI — MPOCTATIAHNHBI, TTOJYYCHHBIC U3
AK (snokcusiiko3aTeTpacHOBast, THIPOKCUINKO3aTETPACHOBAs KUCJIOThI), MOI'YT CIIOCOOCTBOBATh CHUHTE3Y
AHTMOTEHHBIX ()aKTOPOB W/WJIM HANPSAMYIO PEryJIMPOBAaTh (DYHKIIMU SHAOTEIHUATIBHBIX KJIETOK. YCTaHOB-
JICH TakXKe BKJIaJ (PEPMEHTOB, KaTAIM3UPYIOIINX Kackay npesparienuii AK (LMKI00KcUreHasa-2, JIUMOK-
cureHasa-5 u nuroxpom P-450-mMoHOOKCH1a3a) B KOHTpOJe (PyHKIUN SHIOTENHATBHBIX KIETOK, KaK MPH
(hM3UOIOTHYECKOM, TaK W IPH MATOJIOTUIECKOM aHTHoreHese [23].

JlunuHbIe MEAMATOPBI MOTYT CIIOCOOCTBOBATH AHTHOI'CHE3Y 3a CUET aKTUBAI[UM CUTHAJIBHBIX ITyTCH
MAPK wu PI3 kunasbi/Akt, n B HeKoTOpO# cTernenu myTh eNOS [26].

CornacHO COBpPEMEHHBIM HCCIEIOBAHUSAM BBICOKOE COJIEp)KAaHUE apaxHJOHOBOW KHCIOTHI, 00Y-

CJIOBJICHHOE aKTuBaIuei ¢ocdonumazpel A2 B yCIOBUAX BUPYCHONW MHTOKCHKAIUH [3], CBA3aHO C HU3KHM
yposaeM PIGF [17].

Brienepeuncnennsie GakTopbl Kak U30JIMPOBAHO, TAK U B COUYETAHUHU JPYT C APYTOM MOTYT CBH-
JIeTeIbCTBOBATH O HAPYILICHUH NPOLecCOB (POPMHUPOBAHUS (DETOIUIALIEHTAPHOTO KOMILJIEKCA.

HoBu3Ha 3aaBJseMOro cnocofa 3akIrovyaeTcs B ONPEAeICHHH C yUYeTOM 3HAYSHHU apaxHuI0HOBOM
KHCJIOTHI ¥ IJIAllEHTapHOTO (DakTopa pocTa B CHIBOPOTKE KPOBH y OEPEMEHHBIX JKEHIIWH C BBISIBICHHOM
LIMB wundexnueit, mporaoctudeckoro naaekca [1M, mo oTHOMIEHUIO KOTOPOTO K TPAaHUIHOMY 3HAYCHHUIO
JUCKPUMHUHAHTHONH (DYHKIIMM TPOTHO3WPYIOT YTPO3y IMpephIBaHMs OEPEMEHHOCTH PAaHHUX CPOKOB NP
oboctpernn [IMB nnbekmmm.

Panee coBOKymHOCTB yKa3aHHBIX MPU3HAKOB B IPOTHO3WPOBAHUH YIPO3BI MPEPhIBaHMS OepeMEeHHO-
CTH PaHHHX CPOKOB mpH oboctpennn LIMB nHexnyn He HCTIONb30BaNIACh.

3agauveii uccer0BaHMs sIBUJIAach pa3paboTKa crocoda MPOrHO3UPOBAHUS YTPO3bI IpephIBaHus Oe-
PEMEHHOCTH Ha paHHUX cpokax mpu oboctpernn LIMB nH(eKkuu, OCHOBAaHHOTO Ha ONpENEIeHUH B IIe-
pudepuueckoit kposu PIGF n AK.
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Cnoco0 ocyuiecTB/IsieTcsl ciaeaylomuM odpa3om. s morydeHus: JTUarHOCTHIECKUX KPUTEPHEB
ObL1a HccnenoBana nepudepudeckas KpoBb 38 KEHIIHH ¢ 000CTpEeHNEM [IUTOMETAIOBUPYCHON WH(EKITUN
u 34 [IMB-cepoHeraTuBHBIX KEeHIMUH. Y 00CIIeAyeMBIX KESHIIMH MPON3BOIMIN 3200p KPOBU B CTaHIAPT-
Hble pobupku. Ilocine orcranBanns u neHTPU(PYTHUPOBAHUS KPOBH, CBIBOPOTKY HCIIOJIB30BAJIH JIJISI BBISIB-
neruns AK (%) MeTomoM ra30KHUAKOCTHONW XpoMaTorpaduu ¢ MOMOIIBIO MPOrpaMMHO-aNIIapaTHOTO KOM-
mwiekca Xpomardk AHamutuk 2,5 (Poccust) mo BpeMeHH yAep)KMBaHHS C HCIIONB30BAHWEM CTaHIAPTOB
KUPHBIX KUCIOT pupMbl «Supelco» (CILIA). KonmenTpamuio mianeHTapHoro ¢akropa pocta (IIr/min)
MCCIIeIOBATH METOIOM MMMYHO(GEPMEHTHOTO aHaln3a ¢ UCmojb3oBanueM Habopos Quankine PIGF Hu-
man (CILIA). C moMompo AMCKPUMAHAHTHOTO YPABHEHHUS OTIPEAEIISUTA IPOTHOCTHIECKU HHIEKC

I11= -39,656-39,934xAK+2,698 xPIGF,

rae [T1 — quckpuMuHaHTHAS QYHKIINS, TPAHUYHOE 3Ha4YeHHEe KOTopoii (-36,026).

[Tpu 11 paBHOM WM MEHBIIIE TPAHUYHOTO 3HAYCHUS, MPOTHO3UPYIOT YIpo3y MpephiBaHUs Oepe-
MeHHOCTH Tipu oboctpennn LIMB undexuun B pannue cpoku. [lpu 11 Gosbie rpaHUYHOTO 3HAYEHUS
MPOTHO3UPYIOT OTCYTCTBUE YIPO3bl MpepbiBaHUs OepeMeHHOCTH mpu oboctpennu L[MB wHbpexnun B
paHHHE CPOKU. BeposATHOCTh MPaBUIIBHOTO MPOTHO3a cOCTaBsAeT 87%.

[IpaBunBbHOCTH BHIBOJIOB ObLIA TIOATBEPK/ICHA CICAYIONINMH IPUMEPaMHU

Ilpumep 1. bepemennas [l., 22 1., HaX0IWUJIaCh Ha CTAlMOHAPHOM JIEYCHUU B THHEKOJOTUYECKOM
otneneHnu ['opojackoii kKinHudecKou OonbHuUIs! (T. briarosemienck). [loctynuia ¢ 60IMU BHU3Y JKUBOTA
U KPOBSIHUCTBHIMH BBIJICICHUSMH M3 TIOJOBBIX IMyTeil. ' MHEKoNIOrnuecknii aHamHe3 OCJIOoXHeH: | menu-
nuHCKuid abopt 6e3 ocnoxuenuil. [Iposenen ananusz kpoBu Ha TORCH-undexumu, comepxkanne AK,
PIGF, Y3U opranos maioro ta3a. [To UDA BeisiBiens! anturena IgM k LIMB, tutp anturten 1gG cocra-
un 1600, namexc asugnoct — 92%.

[To Y3U: B monmocTy MaTKu IUIOAHOE STUAIIO0 ¢ SMOproHOM 6 Henmenb 4 nHs. CepanedueHne orpee-
nsaerca. ['uneproHyc no 3aaHeil creHke MaTku. BHyTpeHHMi 3¢B comMKHYT. Huke mogHoro sifiia rema-
TOMa HEOOJIBIINX Pa3MePOB (OTCIIONKA BOPCHHYATOTO XOPHOHA).

Juaruos3: 6epeMeHHOCTh 6-7 Heaelb. YTPOoXKaloMUi CaMOIPOU3BOIBHBIA BHIKUABIII. XPOHUYECKas
LIMB unbeknus, craaus 000CTpeHusl.

[lo 3asBneHHOMY CriocO0y TIpH TAOOPATOPHOM HCCIIEAOBAHUH CHIBOPOTKH KPOBH TOJTYUYEHBI CIEY-
torue nokaszarenu: conepxanne AK — 3,64%. PIGF — 52,80 nir/mu, TIporHocTHYECKHI UHICKC, PACCYUHU-
TaHHBIA 10 (hopmyiie, coctaBui (-42,566), 4TO CBHIETEILCTBOBAIO O BHICOKOM PHUCKE MpEphIBaHUs Oepe-
MEHHOCTH, B CBSI3H C UeM ITallMEHTKA OTHECEHA B TPYIILY PUCKa IO peaju3allii HeBbIHAIIMBAHUSA B PaH-
HUE CPOKHU.

Ha 4eTBepThIii IeHb CTAIIMOHAPHOTO JICUCHHUST YCUIMINCH OO BHU3Y KUBOTA U KPOBSHUCTHIC BBI-
JIEJICHUs] U3 II0JIOBBIX IyTei. BhICTaBIEH IMAarHo3 caMOIIPOU3BOJIBHBIN BBIKMABIII B X0y IIpU CpOKe 7
HeJlelIb OEPEMEHHOCTH.

[IporHo3 1o 3assBNeHHOMY CIIOCO0Y MOTBEPIHICS.

Ilpumep 2. bepemennas JI., 24 1., HAXOAWJIACh HA CTAI[MOHAPHOM JICUCHUH B THHEKOJIOTHIECCKOM
ornencHun [opoackoit KIWHWYeCKOW OonpHUIEI (T. braroBemenck). ['mHeKoormYeckuwii aHamHe3
ocliokHeH: 1 MemuuuHCKUi abopt Oe3 ociiokHeHui. [IpoBeneH aHanu3 chIBOPOTKH Kpou Ha TORCH-
nHdpekmn, conepxkanne PIGF, AK, Y3U opranos manoro taza.

Mo UDA tutp anturen 1gG — 800, unnexc aBugnoctd — 93%. Jlnarno3: bepemeHHOCTh 7 HE/IENb.
Xponndeckas [IMB nnbexuus, naTeHTHas cTaaus.

[To Y3U: B monocty MaTKu TUIOAHOE SIUI0 ¢ 3MOproHOM 7 Henenb 4 aus. CepauebueHue omnpee-
nseTcs. BHyTpeHHMI 36B COMKHYT.

Huarunos: bepemennocts 7-8 Henenb. Xponndeckas LIMB nndexuuys, naTeHTHas cTagusl.

[lo 3asBieHHOMY criocoOy mpH J1abOpaTOPHOM HCCIEOBAHHH CHIBOPOTKH KPOBH IOIYyUYEHBI CIIEIy-
rforue nokasatenu: coxepxanne AK — 2,94%, PIGF — 71,34 nr/mi. TIporHOCTHYECKHI HHICKC, PACCUU-
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TaHHBIA IO Qopmyre, cocTaBul — (35,42). OTCyTCTBHE yrpo3bl MpephIBaHNs OEPEMEHHOCTH paHHUX CPO-
KOB.

[Iporuo3 1o 3asBIeHHOMY CTIOCO0Y MTOATBEPAMICS.

Takum 006pa3zom, MpencTaBIeHHBIE PE3YIBTATHI TO3BOJSIOT YCTAHOBUTH BAXKHYIO POIIb HAPYIICHHH
conepxanust AK, PIGF B nmporao3upoBaHuu yrpo3bl MpepbIBaHus OEpEMEHHOCTH paHHUX CPOKOB y Oepe-
MEHHBIX JKeHITUH ¢ [IMB mH(ekmmei, 9To MOXeT ObITh OCHOBOHM JIS pacIIPeHUS AMATHOCTHYECCKOW U
nedeOHOM 0a3bl MPU TAHHON IaTOJIOTUN OCPEMEHHBIX.
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W3MEHEHUE BEJTOKCHUHTE3UPYIOIEN U JINIIUJACUHTE3UPYIOLIEN
®YHKIWI NEYEHA Y HOBOPOXKXJIEHHBIX OT MATEPE C OBGOCTPEHUEM
XPOHUYECKOI'O ITIPOCTOI'O BPOHXHUTA U XPOHUYECKOM
IJIAITEHTAPHOM HEJOCTATOYHOCTBIO

Y HOBOPOXKIEHHBIX OT MaTepel ¢ 00OCTPEHUEM XPOHHYECKOI'0 MPOCTOro OPOHXUTA BO BTO-
pOM TpuMecTpe OEPEMEHHOCTH M CYOKOMITEHCUPOBAHHOH TUIAIIEHTAPHON HEIOCTATOYHOCTHIO
B CBIBOPOTKE MYIOBHHHON KPOBU PETHCTPUPYETCS CHIDKEHUE COIepKaHus oOIIero Oelnka,
anp0yMHHOB, OOIIETO XOJECTePUHA, JIMTIOMPOTEUIOB BBICOKOM IIOTHOCTH U POCT KOHIICH-
Tpalyy TPUTIUIEPUIOB MO0 CPABHEHHIO C JCTBMU C OTATOIICHHBIM aHTEHATAJILHBIM aHAMHE-
30M, Pa3BUBAIOIIUXCS HAa (DOHE KOMIICHCUPOBAHHOH IUTAIICHTAPHOW HEIOCTATOYHOCTH.
Knwouesvie cnosa: OeNOKCHHTE3UpYOIAs W JHUINWIACUHTE3UPYIONMas (YHKIWU IIEYCHH,
000CTpeHNe XPOHUYECKOTO MTPOCTOTO OPOHXUTA, OEPEMEHHOCTD, XpOHWYECKAs TIIalleHTapHAs
HEJ0CTAaTOYHOCTb.
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N.A. Ishutina, I.N. Gorikov, L.G. Nakhamchen, A.N. Odireev, E.V. Egorshina
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Amur State Medical Academy, Blagoveshchensk
CHANGE OF THE PROTEIN-SYNTHESIZING AND LIPID-SYNTHESIZING
FUNCTIONS OF THE LIVER IN NEWBORNS FROM MOTHER WITH
EXCERVATION OF CHRONIC SIMPLE BRONCHITIS AND CHRONIC
PLACENTAL INSUFFICIENCY

In newborns from mothers with exacerbation of chronic simple bronchitis in the second tri-
mester of pregnancy and subcompensated placental insufficiency, a decrease in the content of
total protein, albumin, total cholesterol, high-density lipoproteins and an increase in the con-
centration of triglycerides in umbilical cord blood serum is recorded as compared with chil-
dren with a burdened antenatal history, developing against the background of compensated
placental insufficiency.
Key words: protein-synthesizing and lipid-synthesizing functions of the liver, exacerbation of
chronic simple bronchitis, pregnancy, chronic placental insufficiency.

Ob6ocTpeHne XpOHUUECKOTO POCTOT0 OPOHXUTA Y JKEHILUH B IIEPHOJ OEPEMEHHOCTH COMPOBOXKIa-
eTcs M3MEHEHHEM (QYHKIMH OPTaHOB M CUCTEM HX MoToMcTBa [3]. Y HOBOPOXKIEHHBIX C OTATOIICHHBIM
aHTEHaTaJbHBIM aHAMHE30M Ba)KHasl POJIb OTBOJUTCS U3MEHEHUIO CTPYKTYPHO-(DYHKIIMOHATIBHOTO COCTO-
SIHUS UX TenatoOmimmapHoi cucteMsl [4]. [Ipu pa3BuTM MH(EKIIMOHHO-BOCIIAIUTEIHLHOTO MpoIecca y
MaTepeil B Mepuoj recTaldy BUPYCHI, THIIOKCUYECKUH U TOKCHYECKHM (akTOphl HAPYIIAIOT HE TOJBKO
AKTUBHOCTD €€ (DePMEHTHBIX CHCTEM, YIaCTBYIOIINX B CHHTe3e Oenka u aumuaos [1, 2], Ho m Mopdoro-
ruyeckoe crpoeHue remnatoqutos [3]. HecMoTpst Ha M3BECTHYIO POJIb OCIOXKHEHHOI'O T€UEHUS OepeMeH-
HOCTH Ha ()OPMHMPOBAHHE HEOHATAIHLHOM IelaTOOMIMapHOM CHUCTEMbI IO HACTOSIEr0 BPEMEHU HE Hcclie-
JoBanach QYHKIMS MEUYEHH y JETEH MPU POXKACHUHM OT Marepel ¢ XpPOHHUECKUM MPOCTHIM OPOHXHUTOM B
craguu obocTpeHust, uHuIMIpoBaHHOM rpuriioM A(H3N2) Bo BTOpoM TprMeCTpe recTalyy.

Heab pa6oThl — N3YYNTh U3MEHEHUE OCIOKCHHTE3UPYIOIICH W JINMUACUHTE3NPYIONIeH (yHKITHA
MIEYEHN Y HOBOPOXAEHHBIX OT MaTepeil ¢ 000CTpEHNEM XPOHHUYECKOTO MPOCTOr0 OPOHXHUTA W XPOHHYeE-
CKOMH MJIalleHTapHON HEJOCTaTOYHOCTEIO.

Matepuana 1 MeTOAbI MccienoBanus. M3yyanock (yHKINOHANBHOE COCTOSIHUE IenaToOMIHapHON
cucrteMbl y 80 JOHOIIEHHBIX HOBOPOXKICHHBIX OT MaTepeil C HEOCIIOKHEHHOW OepeMEeHHOCThIO U Oepe-
MEHHOCTBIO, OCJIO)KHEHHOW 000CTPEHHEM XPOHUYECKOrO MPOCTOr0 OPOHXHTA IPUIIIO3HON STHOJIOTUH BO
BTOPOM TpHUMecTpe rectauuu. [lepByro rpyniy cocTaBisuid 28 3J0pOBBIX JOHOIIEHHBIX HOBOPOXKIEHHBIX
oT Marepeil ¢ (PU3MONOrHYecKoil OCPEeMEHHOCTBIO, BTOPYI0 — 27 IeTel, MaTepu KOTOPBIX MEePEHECIH
o0ocTpeHre XpoHr4YecKoro mpocroro 6ponxuta npu rpunne A(H3N2) u xpoHH4eckyro KOMIIEHCHPOBaH-
HYIO TUIAIEHTAPHYIO0 HEOCTaTOYHOCTh, @ TPEThIO — 25 HOBOPOKJEHHBIX OT MaTepei ¢ XpOHMYECKUM IPO-
CTBIM OPOHXHUTOM B CTaJIu¥ 000CTpeHus, HHUIMUpoBaHHoro rpunmnoM A(H3N2), u ¢ pazsutnemM XpoHHYe-
CKOH CyOKOMIIEHCHPOBaHHOM IUIALIEHTAPHOH HEJOCTATOUHOCTH.

Kpumepuu exnrouenusi:

1. HoBopoxneHHbIE OT MaTepeil ¢ 000CTpeHHEM BO BTOPOM TPHUMECTpPE reCTalMyd XPOHHYECKOTO
mpocToro OpoHxHTa, acconnupoBanHoro ¢ rpunmnom A(H3N2), mpuBoasmiero Kk XpoHHIECKOH KOMIIEHCH-
POBaHHOI 1 CyOKOMIIEHCHPOBAHHOM IJIAIIEHTAPHON HEJJOCTaTOYHOCTH.

2. HoBopoxaeHHbIE, KOTOpbIE HE UMEIOT B aHTEHATATHPHOM aHAMHE3€ CPETHETSIKENION M TSKEIOiH
COMAaTHYECKON M aKyIIepCKON MaTOJIOTHH, OKUPEHHS U JUCIUITUAEMHAN y UX MaTepeil B mepruoj OepeMeH-
HOCTH.

3. OTcyTCTBHE Y HOBOPOKJIEHHBIX BPOXKACHHOM MAaTOJIOTHH.

Kpumepuu uckmouenus:

1.HoBoposkaeHHbIE OT MaTepeil ¢ KIMHUYECKMMHA CUMIITOMAaMHU T€PIIECBUPYCHOM M LIMTOMETaJIOBH-
pycHOH MH(eKIMd, ¢ 3a00JIeBaHUSIMHU, NEPENAIOIINMHUCS IOJIOBBIM IyTeM (XJIaMHIU03, MUKOILIa3MO3,
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KaHOWI03), ¢ HCTMUKO-LICPBUKAIIEHOW HEJOCTATOUYHOCTHIO, @ TAKXKE C TeHETHUECKH- 1 TOPMOHAIBLHOO0Y-
CJIOBJIEHHOH YIpO30ii HEBBIHAIIMBAHUS.

2.HoBopoxxaennsie ¢ Maccoii Tena 6onee 4500 rpaMmoB.

3. JleTu paHHETO HEOHATAIBHOI'O BO3PACTA C AHOMAIHIMH Pa3BUTHUA.

IIpu nccnenoBanny HyHKIMOHAIBHOTO COCTOSIHHSA IEYEHU B CHIBOPOTKE IYIIOBUHHOM KPOBH OIIpe-
JISJISTUCH: cofiepkanue oOriero Oenka (1/11), ambOyMuHOB (T/11), 001IeTro XoyecTepruHa (MMOIIB/IT), JTUTIO-
npoTtennoB Bbicokod miaoTHoctu (JIIIBII) (Mmomnw/;m), mumomnporennoB Huzkoi tiotHocty (JITTHIT)
(MMOJIB/JT) ¥ TPUIMUEPHIOB (MMOJB/JT) Ha OMoXMMHYecKoM aHaim3atope ¢upmbl «Beckman Coulter,
Inc» (CLLIA).

JIOCTOBEpHOCTh pa3nu4Mi 3HAUYCHUH CPAaBHUBAEMBIX I[1apaMETPOB MEXIY Pa3HBIMU BBIOOPKaMU
OLIEHMBAJIACh C MIOMOILBIO HenapHoro t kputepust CTbloeHTa.

Pe3yabTaThl HCCI€T0BAHUS U UX 00CYKIEHHE

VY JOHOIIEHHBIX HOBOPOKIEHHBIX BTOPOW TPYIIBI B CHIBOPOTKE MYMOBUHHOH KPOBU OTMEYAIOCh
najieHne coAep kanus oomero Oenka g0 57,8+1,69 /i (B mepBoit — 63,2+1,44 1/1, p1<0,05). Ans0yMUHBI
coctaBmsma  35,0£1,19 r/n ( B mepBoit -37,1£1,13 r/m, p>0,05). D10 yKa3siBaeT Ha yTHETEHHE BHIPAOOTKH
Oenka B yCIOBHAX aHTEHATaJIbHOW TMIIOKCHU U TOKceMuH [2, 4]. B TpeTweit rpymie y neteil B cOmocTas-
JICHUU C HOBOPOKACHHBIMH IIEPBOM U BTOPOH I'PYIN OOHAPYKUBAIOCh CHHKEHUE KOHLECHTPALUU OOILETo
oenka 1o 53,1+0,88 /i (p1<0,05 u p,<0,001) u ansO6ymunoB 1o 31,8+0,54 r/n (p1<0,05 u p,<0,001, coot-
BETCTBEHHO). Brlilieyka3zaHHble OMOXMMHUYECKUE U3MEHEHUs OTpa)kaiu Ooliee BHIPAKCHHOE TOJIABICHUE
OeNoKCHHTE3UpYIoIeH QYHKINH CUCHH.

Bo BTOpOI#i rpymne B COMOCTaBIEHUM C NMEPBOI HE BBIIBISIMCH JOCTOBEPHBIE Pa3jinuvs KOHIICH-
Tpamuu obmero xonecrepuna, JIITHII u TpurnmumepuoB B CBIBOPOTKE MYMOBHHHOM KpoBH (Tadm. 1). Ox-
HaKoO JHAarHOCTUPOBAIOCH noBbitieHne coxepskanus JIIIBII B 1,14 paza (p;<0,05), 9T0 TOKyMEHTHPOBAIO
W3MEHECHHUE JTUMHUATPAHCIIOPTHON (PYHKIIMK KPOBH M OBUIO HAIIPABJICHO HA aalTAllMI0 K HEOJIaronpsTHEIM
YCIIOBUSIM BHYTPHYTPOOHOTO pa3BuTHA [2, 5].

Y HOBOPOXIEHHBIX TPEThEH TPYIIIIBI 10 CPABHEHUIO CO BTOPOY HAOJI0IAIOCH Ta/ICHUE COJICPIKaHUS B
CBIBOPOTKE KPOBHU 001Iero xojecrepuna B 1,16 pasa (p,<0,001) u JIIIBII — B 1,30 paza (p,<0,001). Peru-
CTPUPOBAJIOCH YBEIMUYSHNE KOHIIEHTpAIMK TpuraumepuoB B 1,17 paza (p,<0,001). Ilepectpoiika munumHo-
IO CHEKTpa IyMOBUHHOM KpoBH Obljla 00YCIIOBIEHAa HETAaTUBHBIM BO3ACHCTBUEM TMIIOKCHYECKOTO U TOKCH-
4ecKkoro (akTopoB, a Takke Bo30yauTened MHPEKIMHM Ha TelaTOLMTHl BHYTPUYTPOOHOTO IUIOAA MPH
00ocTpeHnH OPOHXOJIETOYHOM MMATOJIOTHH BUPYCHOTO TEHE3a Y X MaTepell BO BTOPOM TPUMECTPE I'eCTAIlUH.

Tabauya 1
Cocmosnue nunudcunmesupyroujeti YyHKyuu neveHu y HogOpOICOEHHbIX Om Mamepeti ¢ 06ocmpeHuem
XPOHUYECKO20 NPOCmo2o bpouxuma 6 ucciedyemuix epynnax (M+m)

IToxazarenn HccnenyemMbie rpyibl

[lepBas Bropas Tpetbs

OO0muit xonecTepuH, 1,99+0,07 2,09+0,03 1,80+0,05
MMOJIB/JI p>0,05 p1<0,05
p,<0,001

JITIBII, 1,28+0,05 1,47+0,06 1,134+0,04
MMOJIB/JI p1<0,05 p1<0,05
p,<0,001

JITTHII, 0,50+0,04 0,48+0,03 0,61+0,03
MMOJIB/JI p1>0,05 p1<0,05
p2>0,05

Tpurnuuepusi, 0,42+0,03 0,46+0,02 0,54+0,02
MMOJIB/II p:>0,05 p1<0,01
p2<0,05

[Ipumeuanue: p; — ypOBEHb 3HAUMMOCTH Pa3IMYUN C MOKA3aTENIAMHU MIEPBOM I'PYMIIBI; P, — TO XK€ C
[TOKa3aTeJIIMA BTOPOU T'PYTIIIBI.
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3axkioueHue

1. VY JOHONIEHHBIX HOBOPOXKICHHBIX OT MaTepeil ¢ 000CTpeHHEM XPOHHUYECKOTO MPOCTOTrO
Oponxwura, odycnosneHHoro rpunnoM A(H3N2), npu pa3BUTHH XpOHHYECKOH KOMIIEHCHPOBAaHHOH IIa-
LEHTapHON HEAOCTATOYHOCTH, B CHIBOPOTKE MYMOBUHHON KPOBU PErHCTPUPYIOTCS Oojiee HU3KUE 3Haue-
HUs ob1ero Oenka u 0oJiee BHICOKHE TIOKa3aTeNN JIUMOMPOTEUI0B BEICOKOW IOTHOCTH B COTIOCTABICHUH
C IETbMH OT >KEHILH ¢ (PU3HOIIOTHUECKUM TeUEeHHEM OepeMEHHOCTH.

2. N3menenuns: O€JIOKCHHTE3UPYIONIEH 1 JIUIMUACHHTE3NPYIONel (QYHKINH TedeHN ¥ HOBOPOXK-
JEHHBIX OT MaTepell ¢ XPOHWYECKUM IPOCTHIM OPOHXUTOM B CTaAMH OOOCTPEHUS, aCCOLMUPOBAHHOIO C
rpunmnoM A(H3N2) u pazButreM XpoHHUYECKOH CYOKOMIIEHCUPOBAHHON TUTALICHTAPHONW HETOCTaTOYHOCTH,
XapakTepu3yloTcsl 0oiee HU3KOH KOHIEHTpauued oOIIero XojiecTeprHa | JIMIOMPOTEUAOB BBICOKOM
IUIOTHOCTH, & Takxke 0oJiee BHICOKUMH 3HAYCHUSMH JUIONPOTEUIOB HU3KOW IUIOTHOCTH M TPHUIJIMLEPU-
J0B. DTO OTpaskaeT WHTMOMpYIOIIee BIMUSHUEC XPOHUYECKON aHTEHATalIbHOW TMIIOKCHU SHIOTOKCEMUHU H
BUpYyca Ha (pepMEHTHBIC CUCTEMBI, YUACTBYIOIINE B CHHTE3€ OCJIKOB U JIUIHIOB.
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POJIb IUPKYJIMPYIOIIIUX UMMYHHBIX KOMIIVIEKCOB B UBMEHEHUN
KPOBOTOKA B MATOYHBIX APTEPUSAX ITPU OBOCTPEHUN
M TOMET AJIOBUPYCHOM MH®EKIIMHA Y BEPEMEHHBIX

Octpast daza XpoHHMYECKOH IUTOMETajJOBUPYCHOM MH(PEKIUH BO BTOPOM TPUMECTpPE recra-
UM, TPUBOIAIAS K (JOPMUPOBAHUIO XPOHMUYECKOH CYOKOMIICHCHPOBAHHOM IUIALlCHTApHON
HEJO0CTaTOYHOCTH, MO CPaBHEHHMIO C KOHTPOJIEM M XPOHMYECKOW KOMIIEHCHPOBAaHHOW IIa-
LIEHTApPHOM HENIOCTATOYHOCTBIO, XapaKTEpU3yeTCsd 3HAUMMBIM YBEJINYEHHEM IHPKYJIHPYIO-
IIMX UMMYHHBIX KOMIUIEKCOB M CHCTOJIOIMACTOIMYECKOE OTHOIIEHUE B NIPAaBOM U JIEBOW Ma-
TOYHBIX apTEpPUsX, a TAKKE YCTAHOBICHUEM YMEPEHHOH NPAMOI KOPPEIALUN MEXTY IIUPKY-
JUPYIOIIMMHA UMMYHHBIMH KOMIUIEKCAMH M CHCTOJIOJUACTOIMYECKUM OTHOIIEHUEM B Ipa-
BOM MaToOuHOW apTepuu U cIaboi MONOKUTENFHON 3aBUCMOCTH MEXIY LUPKYJIUPYIOLMMHU
MMMYHHBIMH KOMILIEKCAMHU U CUCTOJIOANACTOINYECKUM OTHOLIEHHEM B JIEBOM MaTOYHOM ap-
TEpHUH.
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Kntouegvle cnosa: MUPKyTUPYIONIHE WMMYHHBIE KOMIUIEKCHI, CUCTOJOJHUACTOINIECKOE OT-
HOIIIEHWE B MATOYHBIX apTEPHsIX, IIITOMETaIOBUPYCHAs MHQEKIHs, OepeMEeHHOCTh, XPOHHUYE-
CKas TUTalleHTapHasi HeTOCTaTOYHOCTb.

I.N. Gorikov
Far Eastern Scientific Center of Physiology and Pathology of Respiration,
Blagoveshchensk
ROLE OF CIRCULATING IMMUNE COMPLEXES IN CHANGE
BLOOD FLOW IN THE UTERINE ARTERIES IN EXCERNATION
CYTOMEGALOVIRAL INFECTION IN PREGNANT WOMEN

The acute phase of chronic cytomegalovirus infection in the second trimester of gestation,
leading to the formation of chronic subcompensated placental insufficiency, compared with
control and chronic compensated placental insufficiency, is characterized by a significant in-
crease in the circulating immune complexes and systolic-diastolic ratio in the right and left
uterine arteries, as well as by moderate straight correlation between the circulating immune
complexes and the systolic-diastolic ratio in the right uterine artery and a weak positive corre-
lation between the circulating immune complexes and the systolic-diastolic ratio in the left
uterine artery.
Key words: circulating immune complexes, systolic-diastolic ratio in the uterine arteries, cy-
tomegalovirus infection, pregnancy, chronic placental insufficiency.

dopMUpOBaHUE ITUPKYIUPYIOMUX UMMYHHBIX KoMiiekcoB (LIUK) sBisieTcst oHO#M M3 3aIUTHBIX
peaxiuii )KEHCKOro OpraHu3Ma, 00ecTeYNBaIONINX YTUMHUHAIIMIO AaHTUTEHOB M BUPYCOB, aKTUBAIIMIO KOM-
IUIEMEHTA, arrJloTHHAIMIO, a TAK)KE TOBBIIICHUE (ParoUTapHOi akKTUBHOCTH MakpogaroB u HedTpodu-
soB. OnHoBpemenHo [IMK cTuMynupyroT peakiuio mutonu3a, nHayiupoBannyo T-mumdornuramu, NK-
KJIETKaMu 1 Makpodaramu [2].

[Mpu mHEKIMOHHBIX 3a00NeBaHUsIX Y OEpeMEHHBIX BO30OYAMTENb SBISETCS TPUITEPOM PA3BHUTHUS
ayTOMMMYHHBIX IporieccoB [1], mpu koTopsix pocT koHueHTpauuu L{IUK mpoucxoaut B pesynbrate cTH-
MYJISIIIMMA MEXaHU3MOB UX 00pa30BaHMs Haj CKOPOCTHIO JIIMMHUHAIINH U3 OpPraHW3Ma, CHUKEHUS COfIepIKa-
HUS KOMIUIEMEHTa, a Takxke JAedektoB daronurosa. Hecmorps Ha yuactue LIUK Bo B3anmonetictBum ¢ Fc-
pelenTopaMy KJIETOK SHAOTENUS KPOBEHOCHBIX COCYIOB [4], 10 HACTOSIIEro BpEMEHH HE MOKa3aHO MX
3Ha4YeHUE B M3MEHEHHU COCYAHMCTOI'O COIMPOTHBIICHHUSI B OacceiiHe MaTOYHBIX apTepuil mpu ocTpoi daze
XPOHHYECKOW muTOMeraioBupycHoi nadpexuuu (LIMBU), naummupyroiei pa3BuTHe XpOHUUESCKOI T1a-
LIEHTapHOM HEJOCTATOYHOCTH.

Henpb - oUeHUTH poJIb HUPKYJIUPYIOIMIMX UMMYHHBIX KOMIUIEKCOB B U3MEHEHHHM KPOBOTOKA B Ma-
TOYHBIX apTepUsIX IPU 0OOCTPEHNH LIUTOMETANIOBUPYCHON HH(EKINHU Y OEpEMEHHBIX.

MartepuaJibl 1 METOABI HCCJIETOBAHUSA

VY 93 sxeHIIUMH ¢ OEPEMEHHOCTHIO, HEOCIOKHEHHOW M OCJIOKHEHHOH OcTpoi (a30il XpOHUYECKOI
LIMBMU Bo BTOpOM TpHMeCTpe TecTaiuu, B nepudepudeckoil KpoBu onpeaemnsuiocs coaepxxanne LUK u
KPOBOTOK B MPaBOH W JIeBO MaTo4HbIX apTepusix. [lepByto rpymmy coctaBmim 30 cepoHETaTHBHBIX 110
[IATOMETAIOBUPYCY JKEHINWH Ha 21-24 Hexensax 6epeMeHHOCTH (KOHTPOIb). Bo BTOpyIo Tpymmy Borum 32
naiueHTku ¢ oboctperreM 1IMBU, acconmupoBaHHOW ¢ (OPMHUPOBAHHEM XPOHUYECKOW KOMIICHCHPO-
BaHHOU TutanieHTapHoit Henmoctarounoctd (XKIIH), a B petbio — 31 nanuentka ¢ obocrpenuem [IMBU,
VHUIIHPYIOMEH pPa3BUTHE XPOHUYECKON CYOKOMITIEHCHPOBAHHOW IUIAIIEHTAPHOM HEJO0CTAaTOYHOCTH
(XCIIH) B TpeTbeM TpUMECTPE TeCTaIINH.

Huarnoctuka oboctpenuss LIMBU ocymiecTBisiack ¢ mOMOLIbI0 MOJIEKYISIPHO-TEHETUYECKOTO U
nMMyHo(depmenTHoro ananmm3a. Onpexnenenue yposas LIUK (ex. om.mut.) ocymectsisuiock mo M. Digeon
et. al. (1977). UccnenoBanne KpoOBOTOKA B MPABO# U JIEBOM MATOYHBIX apTEPHUsIX MPOBOAMIOCH C MTOMO-
mplo garyuka 5 MI'm wa ammapate “ALOKA SSD -1700” (SAmonus). [ns pacdera cucTomo-
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muactonnyeckoro otHomenus (CO) ycTaHaBIMBAIOCh OTHOIIEHHE MEXKIY MaKCHMalbHOW CHCTOJIHMYE-
ckoif (A) m MakcUMaJTbHOH aractoiamdeckoit (B) ckopoctrio kpoBoToka (CIO = A/B).

Cratuctuueckasi 00paboTKa MaTeprana OCyIECTBILIACh C MMOMOIIBI0 TporpamMmbl Statistica 10.0.
[Ipu omeHKe 3HAYMMOCTH Pa3IMUMil MEXIy TPYyNIIaMu Hcmoib3oBanmu t- kpurepmii Cteiofenta. Cuna u
HAIMpPAaBJICHHOCTh CBSI3EH MEX/y MapaMeTpaMi OIIEHUBAIUCH MOCPEICTBOM KOPPEIAIIMOHHOTO aHamu3a (r).
Paznuaus OpUTH cTaTUCTHYECKH 3HAYMMBIMHA TIpH p<<0,05.

Pe3yabTaThl u X 00Cy:KAeHHE

Bo BTOpOM TpEIMECTpe recTanny y KeHIIUH BTOpoi Tpymisl ¢ oboctpennem LIMBU, npenpacmona-
raromeit k passutaio XKIIH, B ceiBopoTke kpoBu conepskanue LUK cocrapmsio 0,161+£0,003 exn. om. 1.,
CHCTOJIOAMACTOINYECKOE OTHOIIIEHUE B TIPaBoi MarouHo# aprepun — 2,81+0,11 oTH. ex., ¥ B JeBOH Ma-
To4HOH aptepuu — 2,74+0,10 otH. en. (Tabn. 1). B Tperseil rpymnme B COMOCTaBIEHUH C TIEPBOM B CHIBO-
POTKe KpOBH AMAarHOCTHpOBasioch noBkimieHue ypoBHs LUK B 2,07 paza (p;<0,001), cuctonoanacronnde-
CKOTO OTHOIIIEHUS B IpaBoi MaTouHOU apTepuu B 1,61 paza (p1<0,001) u B neBoif MaTOYHOM apTepuu — B
1,58 paza (p;<0,001).

Tabnuya 1

Cooepoicanue LUK u CHO 6 npasoii (IIMA) u nesoii mamounvix apmepusix (JIMA) y socenwun
60 8MOPOM mMpuMecmpe OepeMeHHOCU 8 UCCAEOYEMbIX SDYNRAX

IToka3zarenu Hccnenyemsle rpynmnsl
IIepBas Bropas Tperbs
UK, 0,091+0,005 0,161+0,003 0,189+0,007
€Jl. OIl. L. p:<0,001 p:<0,001
p»<0,01
CHAO B IIMA, 2,04+0,05 2,81+0,11 3,29+0,15
OTH. €]1. p;<0,001 p:<0,001
p2<0,05
CAO BJIMA, 1,97+0,06 2,74+0,10 3,13+0,11
OTH. €I. p:<0,001 p:<0,001
p2<0,05

[Ipumedanue: p; — ypoBEeHb 3HAUMMOCTH PA3IUUMIl C MMOKa3aTeIsIMUA TIEPBOM TPYIIIBL; P2 — TO K€ €
[TOKAa3aTeNsIMA BTOPOM TPYTIIIBI.

[IpoBenenne KOppeIIMOHHOTO aHaIK3a MoKasaio, uro mexay LIUK u conporuBneHnem Toky Kpo-
BU B TIPaBOW MaTOYHOU apTepuu OoOHapykuBaiach ciabas mpsimas 3aBucumoctb (I = +0,49; p<0,05), a
Mexay LIUK u cocyaucTbIM COMPOTHBICHHEM B JIEBOW MATOYHOW apTepuu — ciadas MOJOXHUTEIbHAsS
cBs13b (r = +0,39; p<0,05). IIpu comocTaBiieHUH MOKa3aTeJIed TPEThe U BTOPOH IPyII OTMEUYAIOCh YBE-
nuuenne LUK B 1,17 paza (p;<0,01), BeTMUUHBI CHCTONIOIMACTOIMYECKOTO OTHOIIIEHHS B MPABOM MaTo4-
Ho#t aptepuu — B 1,17 pasza (p,<0,05) u B neBoii matounoit aprepun — B 1,14 paza (P,<0,05). IIpu sTom
koHueHTpanust [IUK B cbiBOpoTke nepudeprudeckoil KpoBH KOPPEIHpOBaia ¢ BEJIWYHHOW CHUCTONO/NA-
CTOJIMYECKOTO OTHOIIIEHUS B MpaBoi MarouHoi aprepuu (r = +0,53; p<0,01) u ¢ pe3uCTEHTHOCTHIO JIEBOM
MatouHoi aptepuu (r = +0,37; p<0,05). 30 ykazpiBasio Ha Oonpimit anruorporusm [{UK B oTHOIIEHUH
SHIOTEINANBHOW BBICTUJIKM IPABOM MAaTOYHOM apTEpUH, YYWThIBasl €€ JTOMUHUPOBAHHUE B NOJJEPKaHUU
KPOBOTOKA B OacCEfHEe MaTOIHBIX apTEPHIA.

ITokazano, uro LUK mpu BupycHBIX HHPEKIHAX 00JIAMAI0T CIIOCOOHOCTHIO BO3IEHCTBOBATH HE
TOJIBKO Ha SHIOTEIUOLUTHI [4], HO ¥ HHUIMUPOBATH CUHTE3 uHTepIeiiknHa-6 (IL-6). DTo cBs3aHo co cro-
coonocthio LIUK, B cocTaBe KOTOPHIX BBISABISINCH HIMMYHOTTIOOYMHHBI G, TUTHpOBaTh FC - perentopsl
Ha IUTOJIEeMMe U aKkTuBHpoBaTh Makpodaru [3]. [loBeimenne konnentpanuu [[UK B nepudepnyeckoit
KPOBHU y OEpEMEHHBIX COMPOBOKAAETCS CTPYKTYPHBIMH M3MEHEHUWSIMH DHJIOTEIUAILHONW BBICTHIKU H
MHUOIINTOB CTEHKH IYMOBHHHBIX KPOBEHOCHBIX COCYNIOB [5], a Takke MMMYHOAECTPYKTHBHBIMH TPOIIEC-
caMHM Ha ypOBHE reMaToIianeHTapHoro oapeepa [4].
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3akiaoueHue

1. VY mamuenTtok ¢ oboctpennem LIMBU Bo BTOpOM TpuMecTpe recTallid B CPABHEHHHU C KCH-
IIMHAMH C (PU3HOJIOTHYECKUM TeYeHHEeM OepeMEHHOCTH, NPU yBeTWYeHHH B chiBOpoTke kKpoBu LMK B
1,76 pa3a, oTMeuaeTcs pOCT COCYIUCTOIO COIPOTUBIECHUS B MPaBoil MaTouHOW aprepuu B 1,37 pa3a u B
neBo# — B 1,39 paza, uto ununuupyet passutue XKIIH B TpeTheM TpuMecTpe GepeMEeHHOCTH.

2. Octpas ¢aza xpormdeckorr [IMBU na 21-24 Hemensx OepeMeHHOCTH, MpUBOAAIIas K (op-
mupoBaauio XCIIH B ommmune ot XKIIH, mposBisercs mossimenneM conepskanns [IUK B 1,17 paza,
CHCTOJIOIMACTOJIMYECKOTO OTHOILIEHUS B MPaBO MaTOYHOM apTepuu - B 1,17 pasza, a B 1eBoil MaTOUYHOMU
aprepun - B 1,14 pa3za, a Takke yCTaHOBIIEHHEM TECHBIX KOPPEIIIIMOHHBIX cBs3ert mexay LIUK u cocynn-
CTBIM COIIPOTUBJIEHUEM B MPAaBOK MAaTOYHOH apTepuu. VI3MEHEHUE BBILICYKA3aHHBIX IMOKA3aTENEH U yCH-
JICHUE KOPPEJISILIMOHHOM CBA3U PACCMATPHUBAETCS KAK YCUICHHE POJIM ayTOUMMYHHBIX PEaKLUNA B PEryJis-
LAY T€MOJIMHAMHUYECKHUX PEaKUI MAaTOYHBIX apTEpUIL.
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CUCTEMHBIN AHAJIN3 IETEPMAHAHT 3MUJIEMHAOJOT MUECKON
CUTYAIIMH 110 COVID-19 B CTPAHAX MUPA’

[IpencraBieHsl pe3ynbTaThl paCUETOB, MOKA3BIBAIOIINE CBSI3H 3200JIEBAEMOCTH H CMEPTHOCTH
or COVID-19 B cTpanax Mupa ¢ MOTECHITHAIBHBIMA COIHATBHO-DKOHOMHUYECKIMH JTCTCPMHU-
HaHTamMu. [Toka3aHo, YTO BaKIUHALNS CTATUCTHYCCKH 3HAYMMO CHIDKACT CMEPTHOCTh, HO HE
3200JIeBaEMOCTh, a CBSI3U TMOKAa3aTeJIeH SMHUIEMHUOIOTHYECKOT0 IpoIlecca ¢ YPOBHEM JKU3HU
HEOJIHO3HAYHBI,

Knrouesvie cnosa. COVID-19, crpanbl Mupa, 3a0071€Ba€MOCTh, CMEPTHOCTh, BaKIIMHAIIU,
Ka4eCTBO XXU3HHU, IPOJOJKUTEIBHOCTD )KU3HU, BHYTPEHHUN BaJIOBBIA ITPOIYKT.

T.M. Smirnova’, V.N. Krut'ko"?, Doctor of Technical Sciences
! Department of Medical Informatics, Federal Research Center “Computer Science and Control”
of Russian Academy of Sciences, Moscow, Russia;
2 Sechenov First Moscow State Medical University, Moscow, Russia
SYSTEM ANALYSIS OF DETERMINANTS OF THE EPIDEMIOLOGICAL
SITUATION OF COVID-19 IN THE COUNTRIES OF THE WORLD

The results of calculations showing the links between morbidity and mortality from COVID-
19 in countries of the world with potential socio-economic determinants are presented. It is
shown that vaccination statistically significantly reduces mortality, but not morbidity, and the
relationship of indicators of the epidemiological process with the standard of living is ambig-
uous.

Key words: COVID-19, countries of the world, morbidity, mortality, vaccination, quality of
life, life expectancy, Gross domestic product.

Beenenue

Junamuka snunemuonorndeckoi cutyanuu no COVID-19 B cTpanax mupa KpaiiHE HEOJIHOPOIHA.
B cBsi3u ¢ 9TUM aKTyaJIbHO HCCIIeI0BaHUE ITOKa3aTesel, KOTOpble MOIIIK Obl OOBSICHUTD 3TH Pa3IUyusl.

Baxnoil nerepMuHaHTON MHQEKIMOHHOTO MpoLecca SBISETCS IUIOTHOCTh HACENICHMS, TOCKOJIBKY
MPONOPLIMOHAIBHO 3TOMY IIOKa3aTeJI0 PacTET BEPOSITHOCTh 3apaskeHHs BCJIEACTBHE KOHTaKTa ¢ MHpUIHU-
POBaHHBIM YEJIOBEKOM. B TO e Bpems, HHU3Kas IUIOTHOCTb HACEJICHMS 3aTPYIHSET U yIOpPOXKAaeT MeIu-
LUHCKOE obecnieueHrne. B yacTHOCTH, yBETHMUEHHIO PACXOA0B HA AMATHOCTUKY U JIEYEHHE CIOCOOCTBYET
HEJI0CTAaTOYHAsl TPAHCIOPTHAS JOCTYIHOCTh JieueOHbIX yupexnaeHuid [1]. Ilosromy BiusiHHE NaHHOTO
(akTOpa Ha SMUIEMHOJIOTHYECKYIO CUTYALHIO0 MOXKET ObITh HEOHO3HAYHBIM.

He sBnsercs on1HO3HAYHO MOJIOKUTENBHON AETEPMUHAHTON MOMYJISAILIMOHHOTO 37J0POBbS U YPOBEHb
KU3HU. B cTpaHax ¢ BBICOKMM YpOBHEM JI0XO0Jla U «3alaJHBIM CTHUJIEM JKU3HW» pacTeT JO0JIsI HACEJICHUS,
BEAYLIEro HE3AOPOBBIA 00pa3 >KU3HU, BCIEACTBHE YEro pacteT W 3aboieBaeMocTh. HekoTopble aBTOpEHI
MpeJIaraloT pacCMaTpUBaTh POCT HEKOTOPBIX BUAOB OHKOJOIMYECKOM 3a001€BaeMOCTH KaK MapKep KO-
HOMUYECKOro repexoja [2] (IIpu 3TOM B CTpaHax C BHICOKUM YPOBHEM JI0XOJa CPEAHX JIHII, BEAYIIUX 3/10-
POBBII 00pa3 KM3HU, 3a00JIEBAEMOCTb HIKE, YEM B CPEJHEM B MOMYJIALMH Il MEHEEe Pa3BUTBIX CTpPaH).
Kpome Toro, B cTpaHax ¢ BBICOKMM YPOBHEM H3HHU BBICOKA JOJISI MOKUIIOTO HACEJIEHUS, ST KOTOPOTo
XapakTepHa MOBBIILIEHHAS! YyBCTBUTEIBHOCTD K JIIOOBIM HEOJIArONPHUSTHBIM BHEIITHUM (haKTOpaM.

7 . .
Hccnedosanue suinonneno npu yacmudHou Qunancosoil noooepoicke PODU, epanm Ne 19-29-01046.
Asmopul 3as61510m 06 OMCYMCMEUU KOHPIUKMA UHMEPECO8.
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IlocTanoBka 3a1a4u Uccae10BAHUS

Henp HacTosmeil paboThl — OLEHNUTH CBSI3U MEXKAY MOKa3aTeNsIMU SHIEMHOIOTHYECKON CUTyaluu
no COVID-19 B cTpanax Mupa u MoKa3aTeIsIMH, KOTOPbIE XapaKTepU3yl0T KauyecTBO JKU3HU U OCOOCHHO-
CTH CTPYKTYPBI HACEJICHHsI U TOTOMY SIBJSIFOTCS MOTEHUIHAIbHBIMH JACTEPMUHAHTAMHU SHHIEMHOJIOTHYC-
CKOT0 Ipoliecca.

MarepuaJj u MeTOABbI

ExxenHeBHbIe ¢ Hayala MaHAEMUHU JaHHbIE M0 3aboimeBaeMoctd UM cMmeptHOocTH oT COVID-19 (B
pacdere Ha 1 MITH. HaceJeHHS) U 10JIe BAKIIMHUPOBAHHBIX B CTPaHaX MHpa ObBUTH MOIy4YeHBI U3 OTKPBITOTO
OHJIAITH-MCTOYHMKA [3], TTOKa3aTeN Ka4ecTBa )KU3HU B CTPAHAX MHpPA: HHEKC YEJIOBEYECKOTO Pa3BUTHS
(UYP), oxumaemas npomonkutensHocTh xku3HN (OI1K), BanmoBsiii BHyTpeHHMt npoaykT (BBII) Ha mymry
HaceneHus1, — u3 Aokinaga OOH mo passuturo denoBedeckoro noternuaia 2020 r. [4]. [Tockonbky mis
CYTOYHOTO YHCJIa HOBBIX CIIydaeB MH(OUIMPOBAHUSI U CMEPTH XapaKTepHa OYEHb BBICOKAsl BapHadelb-
HOCTB, JIJISl 3TUX TOKa3aTesel ObIIIM MCIIONb30BaHbl X CTJIaKCHHBIC 3HAYCHUS, TIPUBE/ICHHbIC B [3] Hapsi-
NIy C UCXOJHBIMHU 3HaYeHHsMHU. [[i1s1 aHaM3a OBUIM MCIIOJIb30BaHbI 2 Ccpe3a JaHHBIX Mo 193 crpaHam —
yiaenaM OOH: 3a 18.06.21 u 18.08.21, - a Takke CABUTY 3MUACMHUOJIOTHYSCKUX MTOKa3aTeaeH 3a COOTBET-
crBytomue 2 Mecsna. O0e 3TH JaThl HAXOHASATCS BHE JHANa30HOB CE30HHOTO TOABEMA PECHHPATOPHBIX
3a00s1eBaHnil. MOKHO MPEANON0KUTh, YTO Y BCEX, MOMYYUBIINX XOTs Obl 1 103y Bakiuubl K 18.06, ciy-
cTs 2 Mecsia nmeetcst umMmynuteT k COVID-19.

Jisa aHanw3a MaHHBIX OBUIM WCIIOJNIB30BaHBI METOMBI KOPPENSIIMOHHOTO M (haKTOPHOTO aHaJw3a.
Brruncnenwnst BermonHeHs! ¢ momortpio makera STATISTICA 12.

Pe3yabTaTsl

[Mockonbky MoOKa3zaTeNu KauecTBa KH3HH TECHO CBSI3aHBI MEXAY cOO0O0, paBHO Kak M MOKa3aTelH
BaKIIMHUPOBAHHOCTH, B IENSX COKpAIlEHHS Pa3MEPHOCTH M OOecledeHUs] B3aMMHOW HE3aBHCHMOCTH
Habopa moka3zaTelneil — MOTEHIIHABHBIX JEeTePMUHAHT 3MUANpoIecca ObLT BRIIOTHEH (haKTOPHBIA aHAJH3
(Meton BpamieHus (hakTopoB — BapuMakc). B pesynbrarte BeieneHo 5 (akTopoB, Ha KOTOPBIE IPUXOIUTCS
97% cymmMapHOi Bapuanuu AaHHBIX. ©aKTOpHBIE HATPY3KH NPEACTaBICHBI B Ta0. 1.

Tabnuya 1.
ITepuon IToka3arens DakTOopsI
1 2 3 4 5
18.06.21 | % BakIMHUPOBAHHBIX XOTs ObI 1 pa3 0,890 0,040 0,188 0,326 0,202
18.06.21 | % BakIMHUPOBAHHBIX TTOJTHOCTHIO 0,921 0,073 0,175 0,176 0,158
18.08.21 | % BakIMHUPOBAaHHBIX XOTs ObI 1 pa3 0,765 0,068 0,213 0,486 0,219
18.08.21 | % BaKIMHUPOBAHHBIX TTOJHOCTHIO 0,858 0,100 0,201 0,359 0,232
2019 r. | IInmoTHOCTH HacelEeHUs 0,071 0,989 0,066 0,068 0,089
2019 r. | BBII Ha ayury HaceneHus 0,415 0,175 0,287 0,341 0,772
2019r. | OIK 0,380 0,102 0,237 0,853 0,175
2019 r. | TUYP 0,433 0,052 0,329 0,752 0,295
2019 . | % ropoAcKOro HaceJIeHHUs 0,261 0,086 0,894 0,293 0,195
% oOBsiICHIEMOH BapHaIUH: 39,4 11,7 13,4 22,3 10,3
Bcero: 97,0

B Tab:. 2 npeacrasieHs! paHroble KOAQPUIMEHTH Koppesiunn CIUpMEHa MEXIy BbIICIIEHHBIMH
(hakTOpaMu ¥ MOKAa3aTeIIMH SMUANPOoLecca.

@axTop 1, Ha KOTOPBINA MPUXOIUTCS MaKCHMaJbHAas 0JiI CyMMapHOW BapHalliyu, Hanbojee TECHO
CBSI3aH CO BCEMH 4 XapaKTEPUCTUKH BaKIIMHUPOBAHHOCTH HaceneHHs. [lookuTenbHas KOPPEsIIys MeX-
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Iy 9TUM (hakTOpOM M TOKa3aTeIsIMH 3a00JIeBA€MOCTH M HAKOIUIEHHOW CMEPTHOCTH OOBsICHseTCs Ooiee
BBICOKOW MOTHBAIMel K BAKIIMHUPOBAHUIO B HanOoJiee TIOCTpaiaBiiuX crpanax. KosddummeHt koppens-
UK 3TOr0 (GakTopa W MPUPOCTa CMEPTHOCTH 32 2 MECsIa CTATHCTUYECKU 3HAYUM M OTPHIATEIICH, YTO

TOATBEPKIaeT 3P EKTUBHOCTD BaKITMHAITIH JIJIs1 CHIDKCHHS CMEPTHOCTH (HO HE 3a0071€Ba€MOCTH).

Tabnuya 2.
ITepuon IToka3arens ®DakTopsl
1 2 3 4 5
18.06.21 | HoBbIx ciy4aeB Ha MIIH., 0,478*** | -0,462*** | (0,329*** | (0,398*** -0,063
BCETO
HoBbIX ciryyaeB Ha MITH. 0,223** | -0,348*** | (0,220** 0,241** -0,143
3a CyTKH (CTJI.)
CMepreii Ha MJTH., 0,359*** | -0,459*** | (,297*** | (0,453*** -0,135
BCETO
CMepreit Ha MITH. 0,097 -0,306*** 0,181* 0,213** -0,229**
3a CyTKH (CTII.)
18.08.21 | HoBbIxX ciy4aeB Ha MIIH., 0,489*** | -0,471*** | 0,315*** | 0,407*** -0,078
BCETO
HoBrix ciyuaeB Ha MITH. 0,297*** | -0,325*** 0,146 0,422%** -0,041
3a CyTKH (CTII.)
CMepreii Ha MJTH., 0,341*** | -0,461*** | 0,260*** | 0,451*** -0,164*
BCETO
CMepreit Ha MITH. -0,040 -0,187* 0,136 0,196* -0,276***
3a CyTKH (CTI1.)
CaBurn HoBbix cnyyaeB Ha MIIH., 0,293*** | -0,343*** | (0,222** | 0,314*** -0,125
3a2 BCEro
MecsIa HoBrix cryuaeB Ha MITH. 0,081 -0,140 0,030 0,373*** 0,163*
3a CyTKH (CTI1.)
Cwmepreit Ha MIIH., 0,030 -0,195* 0,088 0,181* -0,305***
BCETO
Cmeprelt Ha MIIH. -0,184* 0,145 -0,061 0,035 0,003
3a CyTKH (CTI1.)

[Mpumeuanwue: * - p<0,05; ** - p<0,01; *** - p<0,001.

[IpoTuBomonoxHasi HaNPaBICHHOCTh CBS3eH XapaKTEPUCTHK SMumpolecca ¢ gakropamu 2 u 3,

HanboJiee TECHO CBSI3aHHBIMH, COOTBETCTBEHHO, C IUIOTHOCTHIO HACEJIEHUS U JOJIei TOPOJCKOTO Hacee-
HUS, TTOATBEPKIACT HEOTHO3HAYHOE BIMSHHE pasMernieHus HaceneHus. C OgHOW CTOPOHBI, POCT JIOJIH
HaceJIeHUSs, MPOKUBAIOIIETO B YCIOBUAX FOPOJICKON CKYUYEHHOCTH, TTOBBIIIAET PUCK 3apa>KeHUS, C IPYTron
CTOPOHBI, BEICOKAS TUIOTHOCTH HAceJeHUs o0JIerdacT NpodUIakTHKY, THaTHOCTHKY U JICUCHUE.

[NapamokcaiibHasi, Ha EPBbIA B3I, IPSIMast CBSI3b 3a00JIEBAEMOCTH U CMEPTHOCTH ¢ (pakTopom 4,
ceszanHbiM ¢ MUP u OIDK, 00bsicHsAETCS, CKOpee BCEro, TEM, YTO B CTPaHaX C BHICOKUM KadeCTBOM KH3-
HHU BBICOKA JIOJISI TIOKUJIBIX, JJIT KOTOPBIX TTOBBIMICHBI PUCKU 3apayKEHUs, TSHKEIOT0 TeUSeHUS 3a00IeBaHUs
U CMEPTH.

@axTop 5, HanboJee TeCHO CBA3aHHBIN ¢ aymeBbiM BBII, nmeeT craTucTryeckn 3HaYNMBbIE OTPH-
LATEJIbHbIE KOA(P(GUIIMEHThl KOPPEJSILMKA C MOKa3aTesIMM CMEPTHOCTH, YTO IMOATBEPXKIACT BaXKHOCTh
YPOBHSI pa3BUTHS CTPaH JJIS MOBHIIICHIS BEDKHBAEMOCTH HACEIICHUS B YCIOBUSX IMAHICMHH (B TOM YHUCIIE
3a CYEeT BO3MOXKHOCTEH pa3pabOTKH M IMPOM3BOJCTBA BaKIMH, Pa3pabOTKH W BHEIpeHHS 3((EKTHBHBIX
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MeToA0B JieueHus). OqHako KO3PGUIHEHTH KOPPEISIHHA 3TOTO (haKTopa ¢ OOJIBITMHCTBOM ITOKa3aTeIIeH
3a005I€eBa€MOCTH CTATUCTHYECKH HE3HAYMUMBI, a TPHUPOCT 3aboileBaeMOCTH 3a 2 Mecsla, HadyhmHas C
18.06.21, nMeeT MOJOXKHUTENHHYIO KOppemsmuio ¢ 3TuM (aktopoMm. Takoil pe3ynapTar MOATBEPIKIAET
HEOJTHO3HAYHBIN XapaKTep BIUSHUS YPOBHS )KU3HU HA TOMYJISIIIMOHHOE 37I0POBBE.

3akia0ueHue

Pesynbrarhl aHanm3a Mo3BOJIMIIM BBISIBUTH PsiJl 3aKOHOMEPHBIX CBsI3eH 3a0071€BAGMOCTH U CMEPTHO-
ctu ot COVID-19 B cTpanax Mupa ¢ IOTCHIHATLHBIME COITHATBHO-D)KOHOMHYCCKUMH IeTePMUHAHTAMHI
HHOEKITMOHHO# 3a001eBaeMocTH. [1oka3aHo, 4TO BaKIMHAIMS CTATUCTHYECKH 3HAYNMO CHIIKACT CMEPT-
HOCTh, HO HE MPEJIOTBPAIIIACT POCTa 3a00JI€BaEMOCTH, @ CBS3U TIOKa3aTelNei SIHUIEMHOIOTHIECKOTO TPO-
1ecca ¢ ypoBHEM JKU3HU HEOTHO3HAYHBI.
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KIIACCUOPUKALIIA PETHOHOB JAJIBHET'O BOCTOKA 110 BA30OBbIM
IHOKA3ATEJISIM PAZBUTUSA OTPACJIN 3IPABOOXPAHEHUSA C IOMOIIIBIO
METOJOB MAIIIMHHOI'O OBYYEHMUA

PaccmarpuBaeTcs 3a1a4a MOCTPOEHUsT MOJeNH Kiaccudukaryu peruoos PO ¢ moMoribio
QITOPUTMOB MAIIMHHOTO OOYYEHHsI — METOJI CTOXAaCTHUECKHX BJIIOXKEHHWH cocelei ¢ t-
pacnpenenenuem (tSNE) u camoopranmsytommecs cetu (SOM). Jlnsg kinaccudumkanum uc-
MOJIB3YIOTCSl TIOKA3aTeNll pecypcHoro obecredeHusi orpacnu 3apaBooxpaneHus ¢ 2000 mo
2020 rr.

Knrwouesvie cnosa: 3npaBooxpanenue, quddepeHnnanus, MeTo CTOXaCTHYECKUX BIIOXKEHUH
coceliell ¢ t-pacnpesieleHueM, CaMOOPTraHU3yIOLIUECs] CETH.

E.V. Polyanskaya, N.S. Bezrukov
Far Eastern Scientific Center of Physiology and Pathology of Respiration, Blagoveshchensk
CLASSIFICATION OF REGIONS OF THE FAR EAST ACCORDING TO THE BASIC
INDICATORS OF THE DEVELOPMENT OF THE HEALTHCARE INDUSTRY
USING MACHINE LEARNING METHODS
The problem of constructing a model for classifying the regions of the Far Eastern Federal
District using machine learning algorithms is considered - the method of stochastic invest-
ments of neighbors with t-distribution (tSNE) and self-organizing networks (SOM). For clas-
sification, indicators of the resource provision of the healthcare industry from 2000 to 2020
are used.
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Key words: healthcare, differentiation, method of stochastic investments of neighbors with t-
distribution, self-organizing networks.

Beenenue

Bomnpock HepaBeHCTBa 00eCTIEUSHHOCTH CUCTEMBI 3[JpaBOOXPAHEHUS pECYypCaMH B Pa3HBIX CyObeK-
tax Poccuiickoii @enepanyn HAXOOUT CBOE OTpakeHHE B paboTax BEAYIIUX OTEUECTBEHHBIX HCCIIEIOBA-
teneii. [Ipu 3ToM, IpuuMHa 3HAUUTENFHON nU(depeHInanu B 00eCIIeUeHHOCTH CHCTEM 3ApaBOOXpaHe-
HUSl 00BSICHACTCSI HE PA3NUUYUsIMH B YPOBHE MOKa3aTeNei 00IIECTBEHHOTO 3/[paBOOXPAHEHNs], 8 HEPABEH-
CTBOM B 3KOHOMHYECKOM Pa3BUTUU TeppuTOopuid [3].

[To manaeM ['.0. YnymOekoBoi «(hakTHdeckue pacxo/sl Ha 3PaBOOXpPAHEHHE CYIIECTBEHHO pas-
HATCA 0 cyObekTam PO B pacyere Ha Aymry HaceneHus. Pa3Huia B rocyJapCTBEHHOM (PMHAHCHPOBAHUH
3apaBooxpaHeHus Mexay 10 camMpiMu obecriedeHHBIME B 10 caMBIMH MajooOecTie4eHHBIMU PEerHOHaMHU
cocTaBisieT moutu 2 paza» [1, ctp. 89].

B JlanpreBocTouHOM (hemepanpaoM okpyre (maiee JJPO) dhakruueckue pacxoapl Ha METUITTHCKYTO
MIOMOIIh Ha AYITy HaceleHus pasHsaTcs B 3 pasa. [Ipu sTom Oonee yem B monoBuHE pernoHoB (6 3 11)
3TH pacxobl MEHbIIE CpeAHeH BenuunHbl. Takoe mojaoxkeHue o0yclaBIUBaeT 3HAUYUTEIbHYIO AuddepeH-
LUALMI0 B YPOBHE JOCTYIHOCTH MEIUIMHCKON IMOMOILY B paMKaX MPOrpaMMbl TOCYAapCTBEHHBIX rapaH-
TUH OKa3aHWA IpaxkaaHaM O0eCIUTaTHOW MEAUIIMHCKOM moMonta [2].

[Momumo aucniponiopuuii B prHAHCHPOBAaHUM 37PAaBOOXPAHEHUsI BeCbMa OCTPON MPOOJIEMON SIBIIS-
eTcs TeppuTopHaibHas auddepeHimranys B ypoBHe 00eCICUeHUS MEIMIIMHCKAMY KaJIpaMU B Pa3IMYHbBIX
cyobekTax PO.

Tak, pernoHanbHbIe PA3IUUUs MEXAY (QelepanbHbIMU OKPYraMyd B 0OECIIEYEHHOCTH BpadyaMH CO-
crasiser 20,4 %, a Mexny cyobekramu P® 3TOT mokasarenb MOXKET OTIu4YaThes B 2,7 pasa [4].

B 571011 cBsI3U BecbMa aKTyallbHOM CTAHOBHUTCS aAHAIM3 PECYPCHBIX BO3MOKHOCTEH pErMOHAIBHBIX
CHCTEM 3[paBOOXPAHEHHS B KOHTEKCTE PAHXHPOBAHUS PErMOHOB IO CPABHUTEIBHON XapaKTEpUCTHKE
(PMHAHCOBBIX, TPYAOBBIX, MATEPUATBHBIX PECYPCOB.

Lesbio nccjief0Banus SBISETCS pa3padOTKa TEOPETHUECKOTO MOIX0/Ia K PAHKHPOBAHUIO CYyOhEK-
TOB JlanbHEBOCTOUHOTO (eIepaJbHOTO OKPYra B 3aBHCUMOCTH OT PECYpCHOH 00eCIeueHHOCTH CHCTEMBI
3/IpaBOOXpaHEHHSI.

OcHoBHasl YacTh

B kauectBe Marcpuajia UCCICA0BaHNA BLICTYIIAIOT PETHOHAJIBHBIC CTATUCTUYCCKHUE NaHHBIC CY6T)-
extoB [1®O 3a nepuox ¢ 2000 mo 2020 rr.

OCHOBHBIE CTAaTUCTHYECKHE MOKa3aTe I, Ha 0a3e KOTOPHIX MPOBOAMIIOCH HCCIIEIOBaHUE TPEACTaB-
JieHo B Tabmmme 1.

Tabnuya 1.
Tepeuenv nokazameneii pecypcrho2o obecnedetiust Ompaciu 30pasooXpaHeHus.

No i/m I'pynme! mokasareseit 00ecriedeHHOCTH CHCTEMBI 3IPaBOOXPAHEHUS

[

ObecnieueHHOCT HACEJIEHUSI BpayaMH BeeX crienuaibHocTel no cyonsextam PO
Harpyska B cdepe 3npaBooxpaneHust (41ciIo HaceIeHus1 Ha ogHoro Bpaua) DO
ObecnieueHHOCTh CPeTHUMH MEIUIMHCKUMH padoTHUKaMH 1o cyorsextam PO
UmncneHHOCTh HAaCeNIeHNsI Ha OJJTHOTO CPEeTHEr0 MEAUIIMHCKOTO Pa0OTHHKA
ObecnieueHHOCTh HaceIeHUsI OOBPHUYHBIMU KOWKaMu 110 cyobekTam PO
Uucno HacesleHUs Ha O/IHY OOJNBHUYHYIO KOHKY 1o cyosekTam PO

MomHocTh aMOyIaTOpHO-TIONUKIMHAYECKUX yupexaeHuit o cyorsextam PO
Pacxonpl 0r0K€TOB Ha 3/paBOOXpaHEeHUE, (HPU3NYECKYIO KYJIbTYPY U CHOPT

OO NOO OB~ WN

PaCXO,Z[LI TCPPUTOPUATILHBIX (I)OH):[OB 00513aTEeNBLHOrO MCIUIUHCKOI'O0 CTPAaXOBAHUA

=Y
o

WNuBecTrmmu B 00J1aCTH 31PaBOOXPAHECHIS M COITUATBHBIX YCIYT 10 cyobekTam JJPO
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PecypcHoe obecrieuenne 3apaBooxpanenus umeet 10 mokasaTtenei, 9To TOCTaATOYHO MHOTO ISl BU-
3yaJbHOTO aHalN3a Ha BO3MOXKHOCTH KIIACCU(DMKAITIH JaHHBIX.

st coxparieHus okaszarteneil BOCIOIb30BaIiCh METOJOM CTOXaCTHUECKMX BIIOKEHHN COCenei C
t-pactipenenennem (t-distributed Stochastic Neighbor Embedding, tSNE). JlaHHBI anropuT™M MaIIimHHOTO
00y4JeHHs UCIONB3YeT TEXHUKY HEJIMHEWHOTO CHIDKEHUS pPa3MEepPHOCTH. ANTOPUTM MpeodpaszyeT Kaxablil
00BEKT HAOIIONEHHSI BRICOKOW Pa3MEPHOCTH B OOBEKT M3 ABYX WM TPEX MOKa3aTesei, KOTOpble 3aTeM
JIETKO TIpeAcTaBuTh Ha rpaduke. [Ipruem, moxoxue oOBEKTHI 3aMEHSIFOTCS Ha OJIM3KO PacIoNIOKEHHBIE
TOYKH Ha TpaduKe, a HEMOX0XKHe 0OBEKTHl TOUKAMH, PACIIONIOKEHHBIMHU 1AJIEKO APYT OT ApyTa.

Ipu ucnonp3oBanuu Metoaa tSNE oxuaanoce, 9To TOUKK OHOTO perHOHA 1O ToAaM OYAyT TPyII-
MMPOBATHCS B OAHOM MECTE, OHAKO ATOTO HE Mpou3onuio (puc. 1, a). Bce maHHbBIe BHITAHYINCH Ha Tpa-
(vKH B IpsMYTO, @ PETHOHBI HE (OPMHUPOBAIN SBHBIE IIEHTPHI. ITO OOBSICHAETCS TEM, YTO BO BPEMEHHBIX
JMAHHBIX CYIIECTBYIOT HUKIBI (ce30HHOCTH) U TpeH sl (nHbsAws i poct BBII). [Toatomy Obuto mipen-
JI0’)KEHO 3aMEHUTH peabHbIe 3HAUEHUS Ha PAaHTOBBIE TI0 PETHOHAM IO aHAJIOTHH ¢ paboToii [5]. Pernonam
B OINPEACNICHHBIN Toj] M0 Ka)XJAOMy MOKa3aTento npucBowid padr ot 1 no 11. Ecnu peanbHOe 3HaUeHUE
HMMEJI0 HauMeEHbIIlee 3HaYeHHe CTaBUau 1, ecau HauOobIiee, To 11.

[Ipu ucronb3oBannu merona tSNE 1t paHroBeIX 3HAYEHHWH MMOKa3aTeneld TOUYKA OJHOTO pernoHa
TI0 TO/IaM CTPYIITHPOBAIUCH B OHOM MecTe (puc. 1, 0). Yike 1o 3TUM AaHHBIM TPOQUIEHBINA CIISITHATACT
MOJKET BBIJIEIUTH TPYIIIHI U HANTHA AUCKPUMHUHAHTHBIE YPAaBHEHUS IS KITaCCU(PUKAITIH.
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Puc. 1. Pesynromam ucnonvzoganus memooa tSNE 0ns peanvuvix snauenuti noxazamerneti (a)
U paneo8uvlx 3Havenull noxazameinelti (6) pecypcrozo obecneyeHus
ompacau 30pasooxparenus pecuonog JJDO.

B nanHoii paboTe mj1s Kiaaccu(UKaUyM PErMOHOB, UCIIONB3YETCsl caMoopranu3yomuecs cethb (Self-
orginizing map, SOM), koTopasi SBISIOTCS YCOBEPIICHCTBOBAHHON MOAM(PUKAIUCH CII0S KOHKYPHPYIO-
mx HerpoHoB (cnmosi Koxonena) [6]. B 3Toi cetwm HEWPOHBI pPacHpENeISIFOTCS HEKOTOPHIM IMPOCTpaH-
CTBEHHBIM 00pa3oM. Mcronb3ys paHroBbie 3HaYeHHs ¢ moMolbio SOM, omnpesenseTcs: MPUHAIICHKHOCTh
kaxgoro peruona IdO k ogHOMY U3 Tpex kiaccoB. Ha puc. 2 mokasaH pe3ynbraT paboTsl caMOOpTaHu-
3ylolieics cetu B koopauHarax meromaa tSNE.

Ha puc. 3 moka3an pe3yibTaT paOOThl CaOpraHHU3YIOIICH CeTH B (JOpME T'MCTOrpamMMbl. PerHoHbI
MNPpUEMYHICCTBECHHO IIPpUHALJICKAT OAHOMY M3 TPEX KJIACCOB, 3a HCKIIFOYCHUEM Kamuarckoro Kpasa u
EBpeiickoii aBTOHOMHOM 00JIaCTH, KOTOPBIC B pa3HOE BpeMs MPUHAIJICKAT TO 2, TO 3 KIlaccy.
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OeneHune c nomowbio SOM
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Puc. 2. Pesynemam knaccugpuxayuu pecuoHo8 ¢ NOMOWbIO CAMOOP2AHUZYIOUeUCcs cemu
1O PAH2OGbIM 3HAYEHUAM NOKA3amenel pecypcHo2o obecneyenus
ompacau 30pasooxparenus pecuornog JPO.
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Puc. 3. Fucmoepamma uacmomul NONAOAHUS pecuorna 6 00UH U3 KIACCO8.
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B pesynbTaTe CpaBHUTEIBHOTO aHAIN3A PECYPCHOTO 00ECIIeYeH s CUCTEM 3IpaBOOXPAaHEHUS BCE pe-
rioHbl [lanbHEeBOCTOUHOTO (hefiepalibHOro OKpyra ObUIM PaH)KUPOBAHBI M OTHECEHBI K OJTHOMY W3 TpeX
KJIaCCOB — PETHOHBI C BBICOKUM PECYPCHBIM IMOTCHIHAIOM, PETHOHBI CO CPEAHUM PECYPCHBIM IMOTCHIIMA-
JIOM, JIETIPECCUBHBIC PETUOHHI (Ta0I. 2).
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Tabnuya 2
Panocuposanue pecuonog PO na ocnose KOMIAEKCHOU OYeHKe PecyPCHO20
obecneuenus 30pasooXpaHeHust
Knacc 1 Knacc 2 Knace 3
Peruonsl ¢ BEICOKUM pecypcHBIM | PernoHBI cO CpefHUM pPECYPCHBIM JlenpeccuBHbIE pErMOHBL
MOTEHIIUAIOM MOTEHI[UAJIOM
3abalikanbCKUH Kpaid, EBpeiickas aBToHOMHas oOnacth, | Maraganckas 00JacTh
Pecny6nuka Bypsarus, Amypckast 001aCTh, UyKOTCKUI aBTOHOMHBII OKpYT
XabapoBcKuil Kpaii, Pecnyonuka Caxa (Skytus), Kamuatckuii kpait
ITpumopckuit kpait CaxanuHckast 0061acTb
3akino4eHue

B pab6ote ¢ momomipro metoma tSNE mokazaHo, 4To kinaccupuKarysi perioHOB TI0 MTOKA3aTENsIM pe-

CypCHOTO oOecIiedeHusi oTpacin 31paBooxpaHeHust pernonoB J[®O B panroBom opmare mpearnodTH-
TeNbHEE HATYPATBHBIX 3HAUYECHUH. DTO MO3BOJSAET yOpaTh TpeHB! (MHMIANI0) BpEMEHHOTO psijia, CoXpa-
HHB 3aKOHOMEPHOCTH MEXIYy PETHOHAMH.

PaHroBbie 3HaYCHHUS KIACCH(HUIIMPOBAHBI C TOMOIIBI0 CaMOOPTaHU3YIOIIUECsS CeTH, 0e3 BMella-

TCIJIBCTBA HpO(l)I/UH)HOI‘O crienuanaucTa, 4To 1MO3BOJIACT MaCHITa6I/IpOBaTL 1 aBTOMAaTU4YCCKU pPEaIN30BLIBATH

JIAHHBIW MOJXO/I B IPYTUX 3a/1auax.

10.
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AHAJIM3 B3AUMOCBA3U SOMOLMOHAJIBHOI'O BBII'OPAHUA MEIUIIMHCKUX
PABOTHHUKOB U CTAXKA IMPO®ECCUOHAJIBHOM JEATEJIBHOCTHU

PaccmaTprBaeTcss CHCTEMHBIA aHAIN3 BBIPAKCHHOCTH CHHAPOMOB W CHMIITOMOB 3MOIIHO-
HaJLHOTO BHEITOPAHUS METUITMHCKUX CIIEITHAIMCTOB C BRICIIUM M CPESIHUM CITCIIHATHHBIM 00-
pa30BaHMEM KIMHHUKO-IHATHOCTHYECKOTO IIEHTPA B 3aBUCHMOCTH BO3pacTa M CTaka mpodec-
CHOHAILHOU JIeSITSIbHOCTH.

Kntouegnle cnosa: HEpBHO-TICUXUIECKOE HAMPSHKEHUE, MPOIIECC MPO(ecCHOHATN3AINH, YSI3-
BHMOCTb K CTPECCOBBIM CUTYAIIHSIM, SMOLIMOHATFHOE BHITOPaHUE METUITMTHCKIX PA0OOTHHUKOB.

E.l. Budanova, cand. med. sci., L.K. Tushnova cand. tech. sci., N.V. Erkin
Central Russian Institute of Humanities and Technology, Obninsk; State Research Testing Institute
of Military Medicine, Saint Petersburg; School No 2117, Moscow
ANALYSIS OF THE RELATIONSHIP BETWEEN EMOTIONAL BURNOUT OF
MEDICAL WORKERS AND PROFESSIONAL EXPERIENCE
A systematic analysis of the severity of syndromes and symptoms of emotional burnout of
medical specialists with higher and secondary specialized education of the clinical and diag-
nostic center, depending on the age and length of professional activity, is considered.
Key words: neuropsychiatric stress, the process of professionalization, vulnerability to stress-
ful situations, emotional burnout of medical workers.

BBenenne. AKTyallbHOCTh MCCIIENOBAHUS JTAHHOW MPOOIEMBbI OOBACHSIETCS TEM 4TO, Mpodeccuo-
HaJIbHAS JEeSITEIBHOCTh MEJUIIMHCKUX PaOOTHUKOB, OTHOCUTCS K TpyIe Mmpodeccuii C MOBBIIIEHHOW OT-
BETCTBEHHOCTBIO 32 3JI0POBBE M JKM3HB JIIOJIeH. DOMOIMOHANIbHAS HACBIIIEHHOCTD, McUxodu3ndeckoe
HaIpsDKEHUE, YaCThle CTPECCOBBIE CUTYAITUH, B KOTOPBIE MOMAJaeT Bpay WM MEIUIIMHCKAs CecTpa B MPOo-
1ecce B3auMOJIEHCTBHS C OOJNIbHBIMH, OKa3bIBAIOT HETATHBHOE BO3/CHWCTBHE Ha 3J0POBbE MEIUIIMHCKOTO
nepcoHana. Ilo gaHHBIM cTaTUCTHKH OKOJIO 88% paOOTHUKOB cepbl MEAUIMHBI OMIYIIAIOT MPH3HAKH
CHUH/IPOMa SMOIMOHATIFHOTO BHITOPAHUS, 10 3TOMY TOKa3aTeN0 MEAWKH YCTYHAlOT JIUIIh pabOTHHKAM
cdepsl KoHCYIbTHpOBaHUS 91% [4].

B kauectBe mpeAnockiok GOpMUPOBAaHUS SMOIMOHAIFHOTO BBITOPAHMS BHICTYMAIOT crenupuye-
CKH€ OCOOCHHOCTH MPO(EeCCHOHATBLHON IEATENIbHOCTHA U JTMYHOCTHBIE 0COOEHHOCTH MEIUIIMHCKUX paboT-
HUKOB. OJTHAKO €CNIM CHEIHAINCT MOXKET OBITh OTOOpPAaH Ha COOTBETCTBYIONIYIO JOJKHOCTH MO JIMYHOCT-
HBIM XapaKTEPUCTHKAM, ¥ 9acTh (DAKTOPOB PHCKa IMOIIMOHAIBHOTO BHITOPAHUS, TAKAM 00pa3oM, MOXKET
OBITh CHAATA, TO (DAKTOP CTaXKa U CBA3AHHOTO C HUM (haKTOpa BO3pAacTa, OTPAKAIOIIUX Mpoliecc mpodeccu-
OHAJM3aIH, MPAKTHYECKH HE yCTpaHUMBL. C OAHON CTOPOHBI, C YBEIWYEHHEM BPEMEHHU BBITTOTHEHUS
po(ecCHOHAIBHOMN IeATeLHOCTH, CIICIHATUCT BCe Jydilie pa3oupaercs B npodeccroHanbHoit chepe. C
JPyToi, ¢ Te4eHUeM MPOoPeCCHOHANN3AINH, PA3ITUIHbIE (HaKTOPbl POPMUPOBAHUST IMOIIMOHATIHHOTO BbI-
ropanus (0COOCHHOCTH MAIMEHTOB, XapaKTep MX 3a00JeBaHUN, YPreHTHOCTh BMEIIATEIHCTBA) UCTOMIAIOT
NICUXMYECKUE PECYPChl MEMIIHCKUX paOOTHHKOB [1].

CBsi3b cTaXka pabOTHI B METUITMHCKON cpepe ¢ mapaMeTpaMy SMOIMOHAIFHOTO BHITOPAHMS 110 JaH-
HBIM MHOTHX aBTOPOB He 0/1HO3HauHa [3]. Bo-mepBhix, cTax paboThl B MEIUIIMHCKOI cepe Beeraa OYeHb
TECHO CBsI3aH C BO3PACTOM, TOCKOJBKY IOJATOTOBKA MEIMIIMHCKOrO Pa0OTHHWKA TpeOyeT JUIMTEIHHOTO
o0OydJeHHs ¥ TIOCIeNyIOIIer CIeau3alui Ha MpakTuke. Bo-BTOPBIX, mepexon u3 Apyrux cdep aesTenb-
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HOCTH B MEJMLMHCKYIO, IPAKTUYECKU HE BCTpedaercs (Torga kKak Hao0opoT, JOBOJIBHO 4yacTo). Iloatomy
MBI MOKEM INPEIIOI0KNUTh C BHICOKOM BEPOSTHOCTHIO, UTO CTa)K U BO3PACT SIBJISIFOTCS CLEIUICHHBIMU (hak-
TOpaMH B OTHOIIEHUHM MEIULMHCKUX PAOOTHHKOB M CTa)K OTHOCHUTCS HIMEHHO K pabote B cdepe 3apaBo-
oxpanenus [2].

OcHoBHas yacTb. MccnenoBanue sMOLMOHAIBHOTO BBITOPaHUs MPOBOIMIIOCH HAa 0a3e KOHCYIbTa-
TUBHO-INArHOCTUYECKOTO IIeHTpa. B HcciaenoBaHuM MPUHSIIN ydacTue 32 MEIULMHCKUX COTPYAHUKOB
(MyX4vHBI ¥ KeHIUHBI): 1-as rpynma — 16 Bpadelt 1 METUIIMHCKUX cecTep B Bo3pacte 35-45 mer, co
cTaxkeM paboThl oT 7 10 15 ner; 2-as rpynma — 16 Bpadeit 1 MEIUIIMHCKIX cecTep B Bo3pacte 45-55 jer,
CO cTakeM paboTHI CBHITIE 15 JTeT.

Ji1sl OLIEHKH MCHONB30BAINCHh MeToauKu: OnpocHuk «OrpeneseHrne HEPBHO-TICUXUYECKOT0 HaIpsi-
xerws» (aBtop T.A. Hemunn). Illkanma omeHKH CTPECCOT€HHOCTH MPO(PECCHOHATBFHO TPYIHBIX CUTYAIUi
(ITTC) na pabouem mecte H. BomonesiHoBoit, E. CrapuenkoBoit. Meroanka «JlmarHocTHKa SMOITHOHATb-
HOTO BBITOpaHUs JTHIHOCTH» (aBTOp B.B. boiiko). [{ist BEISIBICHNS 3HAYMMOCTH Pa3IMINi MEXIY IBYMs
CpyIlIaMy HCHOJb30Bajics Hemapamerpuueckuil U-kputepuil ManHa-YutHH. PacueT craTUCTHYECKUX
KpUTEpHEB IPOBOIUTCS ¢ ucHoib3oBanneM ctaructuieckoro makera STATISTICA.

Pesynprarer onpocanka T.A. Hemuun B cepenuHe pabodero JHS MOKa3alld, YTO B TPYIIE C MEHb-
LIMM CTaXXeM PadOThl y OONBIIMHCTBA COTPYAHUKOB (70%) cmaboe HEpBHO-IICUXUYECKOE HAMPSDKEHUE, a B
rpynmne co craxeMm paborel Oomee 15 ner y 50% cOTpyOHMKOB OTMEYEHO YpE3MEpPHOE HEPBHO-
MICUXUYECKOE HaNpsDKEHHE.

Amnamms orieHku ctpeccorenHoctd [ITC Ha pabodem MecTe moKasal, 9To B TPYIINE CO CTakeM pado-
ThI Ooniee 15 et y GonpLIIMHCTBa COTPYIHUKOB (69%) mpeoliagaer BHICOKAs YSI3BUMOCTh K CTPECCOBBIM
CUTYyaIisIM Ha pabodueM MecTe, OHU YKa3bIBAIOT Ha MHOXKECTBO (DaKTOpOB, Memaroniux padbote. B mepBoit
IpyIIE CIEeUUaNUCThl 00Jiee CIIOKOMHO pearupyroT Ha BHEIIHUE Pa3Apa>KUTENH, BBIITIOIHS 00cIe10BaHue
W JIeYeHUE TanueHToB. Mbl 0TOOpany Hanboiee 4acTo BCTPEUAIOIIMECS peakii MEAUIIMHCKUX paboTHHU-
KOB Ha CHTYal[iH, IPOBOLIMPYIOIINE CTPeCcC Ha pabodyeM MecTe y 00erX TpyIiil, KOTOphIe MPeCTABICHBI B

Tabmure 1.
Tabnuya 1
Cumyayuu, nposoyupyrowue cmpecc Ha paboyem mecme
Curyannn 1 rpynma 2 rpynna
[MpuxoauTcs BHIOMHATE paboTy Kouier, | Heo0XoquMoCTh BBITIONIHATE PabOTy KOJUIET
Cutyauuu | HO cuTyanys 1oJ KOHTPOJIEM JIeTaeT B3BUHYCHHBIM H Pa3ipakeHHBIM
«TIOTEpU» CeepxypouHas pabora paccmarpuBaercsi | CBepxypouHas paboTa OIeHHMBAaeTCS KaKk Me-
KaK IoJie3Has 1aro1as Ka4yecTBy paboThl
Ono3naHus U OTTYJBl COTPYIHUKOB Ma- | OTMO3MaHUsl M OTTYJIBl COTPYJIHUKOB CHIIBHO
Curyamn | 1° 0ecIoKosT _ BO3MYIIAIOT _
«yTpo3HI B c6osix vaa60Te U3-3a TPyIHOCTEN B S60>1x B paboTe M3-3a TPYJHOCTEH B3amMO-
B3aMMO/IEWCTBHUS UyBCTBYIOT Ce€0sI CITO- JIEHCTBHS YyBCTBYIOT, YTO CHUTYaIUsl OCTaeT-
fotepm KOMHO Cs HEU3MCHHOH, MOATOMY HMMEETCS Heo0xo-
JIMMOCTB WCTIPABJIATH CUTYAITHIO
Heraktnunoe noBeaenue pykoBonutens | HerakTuuHoe moBeneHUE PyKOBOAUTEINS BO3-
Curyamuu BO3HUKAET PEJIKO HUKAEeT Y9acTo
«BBI3OBY I'pybocte m HecmepkaHHOCTh KoJjuter | [ pyOocTh M Hecaep:KaHHOCTh KoJuier (00Jb-
(OONBPHBIX) HWKAaK HE OTpPaXKaeTCs Ha | HbIX) MEMIaeT Ka4YeCTBEHHO U B CPOK BBINIOJI-
pabote HSITh CBOIO padoTy

AHanu3 3MOIMOHAIFHOTO BRITOpaHus 1o Metonrke B.B. Boiiko mokazai, 9To COTpyAHUKH C OOJb-
UM CTaXeM paboThl MMEIOT Oojiee YETKO COPMHUPOBAHHBIE CHMITOMBI AMOIMOHAIHHOTO BBITOPAHUSA,
YeM COTPYAHUKH C MEHBIINM cTakeM. Cpenr JOMUHHUPYIOIIUX CHMIITOMOB Y COTPYAHUKOB MEIUIIMHCKOMN
OpraHu3anyy ObLIHN BBISIBICHBI CIEIYIOLIHE.
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Ha craguu «HanpspkeHUE» y MEIMIMHCKUX CICIIMATUCTOB CO CTaxkeM paboThl Oonee 15 nmet pomu-
HUPYIOIINMH SIBISTFOTCS HEYIOBIETBOPEHHOCTh COOOM, MPUCYTCTBYET CHM)KEHHAsh CaMOOILIEHKa, OIIyIIe-
HUE OCCIIOMOIITHOCTH W HEJOBOJIBCTBA, MOBBIIICHHAS YaCTO OSCIIOYBEHHAS TPEBOTa, MOJIaBJICHHOCTD, ara-
THS, OTCYTCTBHE MHTEpeca K JKM3HH, ITepeKnBaHne MpohecCHOHANBHBIX 3a7a4 U YCIOBUH KaK TPaBMHPY-
FOIITUX.

Ha cragum «pe3ucTeHnus» AUarHOCTUPOBaHA CBOCOOpa3Hasi JMHAMHKA BBIPAXKEHHOCTH CHMIITO-
MOB. B paMKax cuMIITOMa «HEaJIeKBaTHOE M30MpATEIHPHOE dMONHMOHAIBHOE pearupoOBaHHEy, IS 00eHX
TPy, 10 HAPACTAaHUIO B 3aBUCUMOCTH OT BO3PACTa, BHISBJICHBI SPKO BHIPAKCHHBIC IMYHOCTHBIE OCOOCH-
HOCTH METUIIMHCKHUX CIHEIMaICTOB, MPOSBISAIONINECS B YAOBIETBOPEHHH IMOTPEOHOCTEH W MHTEPECOB
MalKUeHTOB TOJBKO TOT/A, KOTJA Y COTPYJIHHUKA MMEETCS >KEeJIaHWe WIIM COOTBETCTBYIOIIEE HACTPOCHHUE.
CHMIITOM «3MOIIMOHAIIBHO-HPABCTBEHHAS JI€30PHEHTAINS AEMOHCTPUPYET B UCCIEIOBAHUN WHYIO JTH-
Hamuky. [lepBas rpynma Oosiee ajanTHBHA W aJICKBATHO BBICTPAMBAET CBOC TOBEJCHUE M OTHOIICHUS B
po(hecCHOHATBHBIX CUTYaIUsIX, TOT/Ia KaK JIMIA ¢ OOJBIIMM CTa)K€M 3asBISIOT O TOM, SIBHO HapyIIarOT
MPUHSATHIC 3TUYCCKUE HOPMBI. CUMIITOM «3KOHOMUS SMOIHI» B 00EUX IpyIax spKo MPOSBISICTCSA B paB-
HOIYIINHU K TIEPEKUBAHUAM JIPYTHX JIOACH, He)KEIIAaHUH ¥ HEBO3MOXXHOCTH AMOIIMOHAIBHO BKITFOYATHCS B
ux curyaruud. OTIMYUTEILHON OCOOCHHOCTBIO ATOr0 CUMIITOMA SIBJISICTCS TO, YTO OH 00JIee BBIPAXKEH B
[IEpBO rpymre.

Ha cragmm «uctomenne» Takke BBIABIEHa crenuduyeckas AWHAMHAKA CHMIITOMOB. CHMITTOM
«OMOIMOHAIIBHBIN JIEDUITUT» SPKO MPOSBIACTCS B IIEPBOM IPYIIIE M BHIPAKACTCS B HECIIOCOOHOCTH MEJTH-
IWHCKUX PabOTHHUKOB MOHATH MAIMEHTOB, BCIEACTBHE 3TOTO Y HUX BBIPAKECHBI OOWIBI U Pa3IPasKUTEIb-
HOCTb. CHUMITTOM «3MOIMOHAIbHAS OTCTPAHCHHOCTHY» 110 JaHHBIM MPOBEICHHOTO MUCCIIEI0BaHUS (HOPMH-
pYyeTcsi OTHOCHUTENEHO TIO3/IHO, TOJIBKO Y COTPYIHUKOB CO CTakeM Oojee 15 jer, 9To mposBIIeTCS B paB-
HOJYIIIHOM OTHOIIICHWHU K TAI[MCHTaM, CO CTPEMJICHHEM KaK MOXHO OBICTpee M0 BO3MOXKHOCTU YHTH C
PpaboTHI ¥ TIEPEUTH K PEIICHUIO TUYHBIX MpooiieM. CHMITOM «JTMYHOCTHON OTCTPaHEHHOCTH TAaK)Ke MaK-
CUMAJIbHO BBIPAXXEH B JIAHHOW TPYIIIE, YTO MPOSBISETCS B BOCIPHUITUN C€0s M APYTUX Jitojel (KOJIer u
MAI[UEHTOB) B Ka4eCTBE JIUI] O€3 YyBCTB M AMOIIMH, KOTOPBIE MPENSATCTBYIOT CIIOKOWHOM KU3HHU, OKpYyKa-
IOIIUE TATOTST WX CBOMMHU MOTPEOHOCTSIMHM, MpoOsieMamu. Takas yCTaHOBKA MPHUBOIMT K HapyIICHHUIO
OOIIeHHs, JIeNaeT ero MOBEPXHOCTHBIM, OPUEHTHPOBAHHBIM WCKJIIOYHTEIBHO HA JOCTHIKEHHE COOCTBEH-
HBIX I1ejiell B ymepo apyromy. CHMIOTOM «IICHXOCOMATHYECKHE W BET€TaTUBHBIE HAPYIICHUS TaKXKe 00-
Jiee BBIpaXXEH B CTapIled TpymIe, 4TO NPOSBISIETCS B MCUXOCOMATWKE, HApYIICHHSX CHA, CHIKEHUU
HaCTPOCHHSI.

U-kputepuit MaHHa-YUTHH 1TOKa3aJl 3HAYMMBIE PA3IAYHsl TI0 BCEM IIKaJaM METOINKH MEXIy JIBY-
Ms TpynIaMu Ha ypoBHe 3Haunmoctu p < 0,05.

3akmouenue. CUCTEMHBINA aHATN3 BEIPAXKEHHOCTH CHHAPOMOB M CHMIITOMOB AMOITMOHATILHOTO BHI-
ropaHusl IOKa3bIBAET, YTO OOJiee cTpajaromias TpyIna MeIUIIUHCKUX COTPYIHUKOB B Bo3pacte 45-55 ner,
npopa0oTaBiiue cBhilIe 15 jeT B cdepe 3apaBooxpaHeHus. boyiee ajanTiBHA U COXpaHHA TPYIIA B BO3-
pacte 35-45 ner, co craxxeM oT 7 10 15 ner, A HUX XapakTepHbI TOJIBKO CUMITOMBI, CBA3aHHBIE C IKO-
HOMHBIM PacXOJIOBaHHUEM SMOIIHIA: H30MPaTEeIHLHOE SMOITMOHAEHOE pearupoBaHue, YKOHOMUS dMOIUN 1
AMOIMOHAILHBIN Ae(UIINT.

ITo pe3ynpratamM MpOBEACHHOTO MCCIICIOBAHUS dMOITMOHAIHLHOTO BHITOPAHHUS PEKOMEHIOBAHBI OC-
HOBHBIE HaITPaBJICHUS MPOQUITAKTHYSCKOW pab0Thl. MEAUIIMHCKUM CIICIIHAIMCTaM MIEPBOM IPYIIIbBI HE00-
X0UMO 00ydYeHue croco0aM BOCITOIHEHUS SMOIMOHAIBHEIX PECYPCOB, JUISl Bpaueld U MEIUIUHCKUX Ce-
CTEp BTOPOH TPYIIIHI MPEIT0KEHB BOCCTAHABIMBAOIINE MEPOIPHSITHSI, OPUCHTUPOBAHHBIE HA CUMIITO-
MAaTHUKY SMOILIMOHAJIBHOTO BBITOPAHUS.
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OCHOBHBIE HAITPABJIEHU ST COUMAJIBHO-ITEJAT'OI'MYECKOI'O COITPOBOXIEHU S
3JIOPOBBECBEPEKEHUSA YUAIIIMXCSA CEJbCKOM IIKOJIbI

B paboTe paccMOTpeHBI OCHOBHBIC HAIIPABICHHS COLMATBHO-TIEIArOTMIECKOT0 COMPOBOXKIE-
HUS 37I0pPOBbECOSPEIKCHNS YUAIIUXCS CEITLCKOM MIKOIBL. [IpoaHann3npoBaHbl HCCIeI0BAHHS
aBTOPOB, MTPEICTABICHBI CTATUCTHIECKUE JaHHBIE TI0 JAHHOMY BOIIPOCY.

Kntoueswie cnosa: 3m0poBbe, 310pOBbecOESpeKEHIE, CEIbCKas IIKOJIA, YJalluecs, HarpaBiie-
HUS, 310pOBbecOeperarepHas padora.
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MAIN DIRECTIONS OF SOCIO-PEDAGOGICAL ACCOMPANYING STUDENT
HEALTH RURAL SCHOOL

The paper considers the main directions of social and pedagogical support for the health-
preservation of schoolchildren. The researches of the authors are analyzed, statistical data on
this issue are presented.

Key words: health, health preservation, rural school, students, directions, health-saving work.

AKXTyanbHOCTb IPOOJIEMBI 3I0POBbEcOEpEKEHNUs B CHCTEME 00pa30BaHMs BO3PACTAET C KaXKIbIM I'0-
JIOM ¥ HEOOXOJMMOCTh B TIOMCKE PEIICHUH CTaHOBUTCS BCE Oojiee BocTpeOoBaHHOM. Yka3oMm [Ipesupenra
P® ot 6 utonst 2019 r. Ne254 «O Crpareruun pa3Butus 31paBooxpaHeHus B Poccuiickoit deneparun Ha
nepuoJ; 1o 2025 roja» NMpeaycMOTPEHO MPOTHBOACHCTBHE PAcIpOCTPAHEHUs 3a00JIEBaHUIA Pa3IMIHOTO
XapakTepa, yaydlIeHne yCIOBHU padoThl, a TaKKe OCHOBHbIE MOMEHTHI KacaroIInecs 3paBOOXPaHEHHS,
MO3BOJISIFOIIME KaK MEIMIIMHCKIM paOOTHHUKAM, TaK U HaceJeHuIo ctpaHbl. COCTOsIHUE 3]I0POBbS Hacelle-
Hus Poccunlickoit @enepanny HaX0IUTCA Ha TAKOM YPOBHE, KOTOPBII HE MO3BOJISIET CYIUTh O IIOJHOLEHHO
Pa3BHUBAIOIIEHCS HALIMH, CTIOCOOHON BOCIIUTATh MTOKOJICHHUE 3I0POBBIX, YBEPEHHBIX M CTOWKHX JIFOJIEH.

B mnactosimiee BpeMsi BBI3BIBAET TPEBOTY COCTOSIHME 3A0POBbS IIKONBHHUKOB. Tak, oTMedaeTcs
yXyJIIeHUE ToKa3aTened U3nIeckoro pa3BUTHS IIKOJIHHUKOB, OKOJI0 10% W3 HUX MMEIOT CHUKEHHEIC
AHTPOTIOMETPUYECKUE XaPaKTEPUCTUKHU, HU3KYIO Maccy Tella U ee IeUIMT, OKOJIO 7% IIKOJILHUKOB CTpa-
JAI0T OXKUpeHueM [2].

Jannas nmpo6iieMa akTyaiabHA U IS I€TeH, MPOKMUBAIOLINX B CENIbCKON MecTHOCTH. MouceeBa K.E.,
Konmpatrena 10.B., AnekceeBa A.B., Xapbemus 111.J[. oTMedaroT y Takux IeTel HHU3KYIO CaMOOIICHKY
CBOETO 37I0POBbSI, BRICOKHI YPOBEHB OCTPHIX 3200JICBAaHUHN M YKCIIa JTHEW, IPOITYIIEHHBIX MU 110 0OJIe3HH
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B TeueHHe yueOHoro roaa. Ilo naHHBIM HMX HCCIEOBaHUM yCTaHOBIIEHO, YTO TONbKO 25,1% nereil 3aHu-
MAalOTCSI CIOPTOM U PETYISIPHON (PU3NIECKON aKTUBHOCTHIO [5].

B nacrosmiee Bpemsi, CEIbCKHUE IIKOJIBI COCTABIIIIOT 00Jiee MOJIOBUHBI 00Pa30BaTEIbHBIX YUPEKAE-
HU cTpaHbl. [Ipy 3TOM B HUX 00ydaeTcs TOIBKO OKOJIO YE€TBEPTH BCEX MIKOIbHUKOB. 3HAUUTEIIBHBIN ypO-
BEHb BHOBb BBISIBJIICHHBIX 3a00JI€BaHUN IPU MEIOCMOTPax OOBSICHSAETCS HEMOJIHBIM MX OXBaTOM 3Hauu-
TEJNBHOW YacTH JETCKOI'0 HACENEHUs, IPOXKUBAIOIIET0 B CEJILCKOW MECTHOCTH, a TAKXKE HEJOCTATOUYHBIM
BHUMAaHUEM POAMTEINIEH K IEPBbIM HE3HAUUTEIIBHBIM CUMIITOMAaM, XapaKTEPU3YIOIIUX HE3A0POBbE UX Jie-
Ten.

B coBpemeHHOH negarornueckoil HayKe CylecTBYeT s MOJX0I0B, KOTOpble (POPMHUPYIOT MIOHATHE
3I0pOBbecOEpeXeHUsI B COBPEMEHHOM 00pa3oBaHUH. ccienoBaHHeM COCTOSIHUS 310POBbS IIKOJIBHUKOB
U ero npouIakTUKON 3aHMMaroTcsi MHorue nefaroru. Anapeesa E.C., AdanacbeBa A.A., Beneaukrosa
J.A., Bummnesckuit A.I', ['opmikoBa U.B. nmpoBenu psin ucciempoBanuii B 001aCTH 310pOBbecOCPEIKEHUS
CEJIbCKUX IIKOJIbHHUKOB.

Hesbl0o Hamero Mccjef0BaHMs SIBISUIOCH OOOCHOBaHHWE OCHOBHBIX HAlpaBlICHUH COLMAJIBHO-
[E1arOrnIecKOT0 COMPOBOKACHUS 310pPOBbECOCPEKEHNS YIALTUXCS CEINbCKOM LIKOJIBI.

[Ipobnema coumanbHO-IEAArOTHYECKOr0 COMPOBOXKACHUS 310POBbECOCPEIKEHHS YUAIIUXCS CEJlb-
CKOM IIIKOJIBI SIBIISIETCSI OJIHUM M3 BOKHEHIINX HAIpaBIeHUH pa3pabOTKH MPOEKTOB U MPOrpamMM B COBpe-
MEHHOI cucteMe oOpa3oBaHusl. B CBS3U ¢ akTyanbHOCTBIO TPOOIIEMBI (JOPMHUPOBAHHS LIECHHOCTH 3/10POBbS
u Oe3omacHoro obpasa >KU3HU MOJPACTAIONIETO TIOKOJIICHHS B CENBCKUX IIKOJIaX OBLTO MPOBEICHO MCCIie-
JIOBaHME, HANPABJICHHOE HA BBIIBJIICHUE IICHHOCTCH W MMEIOIIUXCS MpoOyieM, B 00J1acTH 370pOBbecOepe-
KEHUS YHalTuXCs.

MpI npuaepKUBaeMcsi KOHIICTIIUH, YTO 37I0POBbE U 00pa3 KU3HU IIKOJBHHUKOB SIBIISIOTCS LEJIOCT-
HBIMH COIMAJbHO-TICAaTOTMYECKUMU SIBICHUSMH, MPEICTABISIOT COOOW KOMIUIEKCHBIE KPHTEPUH Kaue-
CTBa JKM3HU 4eloBeka. UeM Kpemue 3I0pOBbE YHalIUXCs, TEM MPOAYKTHBHEE 00ydeHHe, U, CIe0BaTeIb-
HO, YeM BbIIlI€ AKTHBHOCTh U TPOTUBOCTOSHNE BO3MOXXHOMY HEraTHBHOMY BO3JEHCTBHUIO, TEM YCIIEIIHEE
MPOTEKAET aJanTalys K yCIOBUSIM CPebl.

Ilox coumanbHO-IIEAArOrMYECKUM COIIPOBOKACHUEM LIKOJIBHUKOB MBI IIOHUMaeM cCHCTeMy Tpodec-
CHOHAJILHOM JIESITETIbHOCTU TI€arora, HalpaBJICHHYIO Ha CO3JaHHE YCJIIOBHH, HEOOXOAMMBIX Ul yCHeIl-
HOTO BOCIIUTaHUS, 00yUCHHMSI, pa3BUTHA U COLIMATHN3ALUH yJaIuXCsl.

Takum 00pa3oM, COIUATBHO-TIEAArOTMYECKOe COMPOBOXKICHHE 310POBbECOEPEKEHUS yUaIIXCS
CEJIbCKOM IIKOJIBI MpEeroiaraeT B3aUMOJEICTBHE Tefarora U y4eHHKa M0 OOECIeYeHHIO YCIIOBHUM, HX
COIPOBOXK/ICHHUIO, 00ECTICUHNBAIOIINX COXPAHEHHE M YKPEIUIEHHE 3/JOPOBbS CEIbCKUX IKOJIHHUKOB.

Ha ocHoBe Te€OopeTHUeCKOro u 3MIMPHUYECKOT0 UCCIIEIOBaHUS HAaMH BbIIEJICHBl OCHOBHBIE HaIlpaB-
JICHHS COLMAIbHO-TIEJarOTHYECKOr0 CONPOBOXKICHHS 310pPOBbECOCPEIKEHHST YIALLMXCSI CEITLCKON HIKOJIBL:
MOTHBAIMOHHO-LIEHHOCTHOE, HH()OPMALIMOHHOE, ONIePallMOHHO-IESTETbHOCTHOE.

MoTHBaLMOHHO-LIECHHOCTHOE HAIIPABJICHUE B COLUAIBHO-TIEAArOIMYECKOM CONPOBOKIACHUH 3110PO-
BbeCOEpEXKEeHNs BKIIOYAET KOMIUIEKC MEPONPUSATHI HAIlPaBJICHHBIX HA ()OPMUPOBAHKE LIEHHOCTH 30PO-
BbsI, MOTHBALIUH K YKPEIUIEHUIO (PU3MYECKOT0 M NICUXO0JIOIMYECKOTO 310pOBbs, BEIEHHS 3[0POBOTO 00pasa
KU3HU.

NudopmanimonHoe HamnpaBlieHHE B CONMAIBHO-TICATOTUIECKOM COMPOBOXKICHHUHU 3]I0pOBbecOepe-
JKEHUs IKOJILHIKOB OPraHU3yeTCsl B paMKaX CHCTEMHOCTH TEOPETHYECKUX OCHOB 3/I0POBBSCOEPEIKECHUSI.
B pamkax MeXIUCIUTUIMHAPHOTO MOJX0JIa JaHHBIE O 3J0POBbE U 37I0POBHECOCPEIKEHIH TPEIOCTABIISIOT-
CSl HA OCHOBE B3aMMOCBSI3M HIKOJBHBIX IUCIUIUIMH: OHOJOTHH, (DU3MYECKOW KYNbTYphl, XMMHHU, O0IIe-
CTBO3HAHHS, OCHOB 0€30MaCHOCTH JKU3HENEATSILHOCTH. [IpUBIIEKAIOTCS CIIEIUATICTBI U3 pa3HbIX 00Ja-
cteil. JlaHHBINA MOAXOJ OTPAXAET yNOPSAAOUYEHHOCTh CUCTEMBI 3HAHUMN, YYAIIHUXCS 110 OBJIAJIECHAIO METO1a-
MU 037I0pOBJICHHSI OPTaHU3Ma, CIIOCOOHOCTh OTIEPHUPOBATH TEOPETUIECKUMH 3HAHHUSMU B O0JIACTH 370pPO-
BbSICOEPEKEHHSI, YMEHHE ONPEAEIATh MOJIe3HYI0 HH(POPMAIUIO O 3I0POBBE M CIIOCO0AaX €ro COXpaHEHHs
13 MHOTOOOpAa3us JaHHBIX.
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OnepaloHHO-IeATEILHOCTHOE HANPABICHUE B COIUATILHO-TICAArOTMYECKOM COITPOBOMKICHUY 3710~
pOBbecOepex)eHNs OPHECHTHPOBAHO HA (POPMHUPOBAHKE Y CEbCKUX MIKOJHHUKOB YMECHUH M HABBIKOB CO-
XpaHCHUS W YKpeIUICHUs 3J10poBbs. OmepanuoHHO-IeSTEIPHOCTHOES HAIMPABICHUE XapaKTepU3yeTCs
HETIOCPE/ICTBEHHOM 3aBHCUMOCTBIO OT BO3MOXKHOCTEH 00pa30BaTENLHOIO YUPEXKICHHUS U HAKOIUICHHOM
TeOpEeTHICCKON 0a30ii.

Takum oOpazoM, mpoOieMa COUUATBHO-TIEAArOTHYECKOTO COMPOBOXKACHUS 370pPOBhECOCPEIKEHHS
YYaIIUXCsl CEJIbCKOHN IIKOJIBI SBJSICTCS OJHUM W3 NMPUOPHUTETHBIX HAMPABICHUN Pa3BUTHS 00pa30BaTEIIb-
HOM CHCTEMBI COBPEMEHHOM IIIKOJIbI, CTPATETUUECKasl IeIb KOTOPOI — BOCIIUTAHUE W Pa3BUTHE CBOOOTHOM
YKU3HETIOONBOI JTMYHOCTH, OOOTAIICHHOW HAYYHBIMHU 3HAHUSMU O MIPUPOJIC U YEIOBEKE, TOTOBOM K CO3H-
JATeILHOM TBOPYECKON JACATEIHHOCTH U HPABCTBECHHOMY ITOBEACHHIO.
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KOMIIBIOTEPHASA ONITUMU3AIIA HEAEJBHOI'O PAIIMOHA ITUTAHUA
JIJIsI BOCCTAHOBJIEHUS MBIIIEYHOM MACCHI ¥ TIPO®UJIAKTUKHA EE IOTEPU

MeTo/10M KOMITBIOTEPHON JIMHEHHOW ONTHMH3AIMUA pa3padoTaH IOJIHOIEHHBIA 10 HYTPH-
EHTHOMY COCTaBY HeEJIeJIbHBIN MPOILyKTOBBIA HaOOp, MpeIHa3HAYSHHBIN 11 BOCCTAHOBICHUS
MBILIEYHON MAacChl U NMPEIOTBPALICHUS €€ MOTEPH, a TaKKe I NPO(HUIaKTUKN BOCIIAJICHUS
u conyrcrBytomnx HNU3. HabGop coctouTt U3 mMpOKO pacpOCTPaHEHHBIX MPOAYKTOB MHUTA-
Husl. OCOOEHHOCTBIO pallMOHA SIBJIAETCS UCII0Ib30BaHUE IIPOPOLIEHHBIX 3€PEH.

Knrouegwle cnosa: ontumMusanysi IMTaHWs, MbIIIEYHAs Macca, IPOPOIIEHHBIE 3epHAa.

N.S. Potemkina, V.N. Krutko
Federal Research Center "Informatics and Management" RAS, Moscow
COMPUTER OPTIMIZATION OF THE WEEKLY DIET TO RESTORE
MUSCLE MASS AND PREVENT ITS LOSS
Using the linear optimization method, a weekly food set, complete in terms of nutritional
composition, was developed, designed to prevent muscle loss and recovery, as well as to pre-
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vent inflammation and associated NCDs. The set consists of common food items. A feature
of the diet is the use of sprouted grains.
Key words: nutrition optimization, muscle mass, sprouted grains.

Hayunsie nccienoBanus OCIeIHUX JIET MTOKA3bIBAIOT, YTO MHOTHE XpOHUYECKHE 3a00JIeBaHNs MO-
TYT OBITH CITPOBOIIMPOBAHEI, a TAK)KE COMPOBOKAAIOTCS CHCTEMHBIM BOCIIaJIeHHEeM. B yacTHOCTH, H3MeHe-
HUS MUKpPOOMOMa KHIIEYHUKA MOTYT MIPUBECTH K CHIDKEHUIO CHHTE3a MbIIIeyHoro Oenka. [lostomy mist
MPEIOTBPAIICHAS TIOTEPH MBIIIEYHOW MacChl M €€ BOCCTAaHOBIEHHS PEKOMEHAYETCsl CBOEBpPEMEHHas
6oprba ¢ IucOM030M, a TaKKe MOBBIIIEHHOE COMEPIKAHNE 3I0pPOBOTo Oenka B parone [1-6].

Lenbio HacTosIIEro HCCAENOBAHUS SBISETCS pa3padoTKa HEAeNFHOTO MPOAYKTOBOTO Habopa
(pammona), TTOTHOIIEHHOTO TI0O HYTPHEHTHOMY COCTaBY, C TIOBBIIIEHHBIM COJEPKAaHUEM 370pOBOTO Oenka,
C BBICOKHM COZIEp’KaHHEM W pa3zHOoOOpa3meM MpeOMOTHKOB, KOTOPBIE MOANEPKUBAIOT 30POBHE MHUKPO-
O0roMa KWIIEYHHKA, U COCTOSIIETO, B CBOEM OONBIIMHCTBE, W3 IIUPOKO PAaCHpPOCTPAHEHHBIX NOBCETHEB-
HBIX TIPOAYKTOB ITUTAHUSI.

PesyabTathl. s pa3paboTKH TaKoro paiyioHa MBI OTTaJKWBAJINCH OT IPOIYKTOBOTO HaOOpa,
npenoxeHHoro B npukaze M3 P® (ot 19 asrycra 2016 r. Ne 614). HHyTpreHTHBIH cocTaB mpeasiarae-
MOTO palHoHa ONTHMHU3UPOBAJICS C UCIOIB30BAHUEM KOMITHIOTEPHOH crucTeMbl «llutanue mist 3M0poBhs
u ponronetus» [7, 8]. OneHka HYTPHEHTHOTO COCTaBa BHIMONHSAIACH C TIOMOIIBIO POCCUHCKUX U aMepH-
KaHCKUX JIaHHBIX O COJIEPYKaHNH HyTPHUEHTOB B MPOIYyKTaX MATAHHUA U O HOPMATHBAX MOTPEOICHHUSI.

Hwmxe mpuBeneH cmucok NpoOAyKTOB paszpaboTanHOro HabOopa. Ero sHeprermyeckas eHHOCTh—
2500 KKai/CyTKH, 9TO B CpeHEeM OOecledrBaeT dHEprueil JenoBeka BecoM B 60-65 Kr mpu ymepeHHOH
(hm3nUecKoii HaTpy3Ke.

Cnucox HedelbH020 payuoHa.

®@pykmol u 5200061 ceedicue: anenbcunbl — 1000 1, 6anansl — 500 T, Burorpaa — 100 r, rpanar — 200
r, tumMoH — 200 r, xypma — 300 r, ss6;10ku — 1000 .

®@pykmol u 51200b1 cyutenvie: Kypara — 100 r, munosauk - 100 r.

Osowu u epudvl: kanycra 0enokodannas — 500 r, kamycra kBamenHas — 200 T, kapTodens — 500 T,
nyk permmatsiii — 500 T, MopkoBb kpacHast — 700 T, orypusl cBexxue — 1000 1, peapka — 100 T, cBexna — 500
r, moMuopbl — 1000 1, gecHoK — 50 1, maMnuabOHKI cBexkre — 1000 T.

3enens ceexcan: nyk —50 T, merpymika — 50 r, cenpaepeit — 50 T, ykpor — 50 1.

3enens cywenas: 6asunmuk — 30 T, kamycra mopckas 30 r, operaHo — 30 .

Macna: macno onuBkoBoe HepaduHUpoBaHHOE — 50 I, Macio TOACONHEYHOE HepaQUHUPOBAHHOE
— 50 1, macno cmuBouHOE (82% sxupHocTt) — 100 .

3epnosvie npodykmol. Kpyma rpeunenas — 200 r, kpyna oscsHas — 300 1, kpyna nmensast — 100 r,
puc — 100 .

Ilpopocmxu: rpeuka — 100 v, moaconHeunuk — 100 r, yedeBnna — 200 r.

bobosuvie: ropox — 100 1, dacoas — 100 r, yeuesuia — 300 T.

Opexu: MuHIaIb caaakui ceipoii — 50 r, GyHIyK chipoit — S50 T.

Monounvie npodykmei: xehup He xupHbiidi — 700 T, mosoko 3.2% - 200 r, cmerana 20% - 100 r,
TBOpOr He upHbIi — 200 1, cbip KocTpomckoit — 100 1, ceip coBerckuid — 150 T.

Puviba u mopenpodykmor: xansmap — 100 r, nedens Tpecku — 100 T, CKyMOpHs JaJIbHEBOCTOYHAS —
100 r, Tpecka — 300 1.

Msico u siya: nanetika — 300 r, siina — 200 T (4 — 6 mTyK).

llpyeue npodyxkmul: kakao mopormnok -50 r, kode B 3eprax — 50 r, men HarypansHbIi — 100 T, ca-
xap mecok - 200 r, xansa nojconnedHas - 100 r, yaii yepHbIit 6aiixoBbiii — 50 .

Onenka paiuoHa o HyTPHEHTHOMY COCTaBy OTpa)keHa Ha pUCcyHKax 1 u 2.
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[IpennoxeHnprit HAOOP MPOAYKTOB MPAKTHUECKU O€37eUIIMTEH 10 BCEM BXOIAIINM B HOPMAaTHBBI
P® nyrpuenTtam, npeBbIIIaeT 3TH HOPMATHBHI TI0O BCEM BUTAMHHAM M MUHEpajiaM, HO He BBIXOJUT 3a paM-
KU JOITyCTUMBIX 3HAYEHWH. 3aMeTUM, 94TO OTPEOHOCTH COBPEMEHHOTO YEIOBEKa YacTO BHIIIE HOPMATH-
BOB B CBSI3U C HEOJArOMPHUATHON IKOJOTHYECKONH OOCTAHOBKON M HAIMYHMEM XPOHHUYSCKHUX 3a00JICBaHUM,
MIO3TOMY TIOBBIIIEHHOE COJep)KaHMe BUTAMHHOB M MHUHEPAJOB B pa3pabOTaHHOM IPOIYKTOBOM HaboOpe
CJIeTyeT OTHECTH K ero JIOCTOMHCTBaM. Takke cielyeT OTMETHTh, YTO MPH OILEHKE paloHa He YYUTHIBa-
JIACh TTOTEPH TIPH TETHIOBOW 00pabOTKE, T.K. IOTEPH ONPEICIIAIOTCS BHIOM 00pabOTKH.

Oo6cy:xaenue. [Ipemmaraemerii HAOOp MPOTYKTOB MOXKET OBITH JIETKO MOAUGMHUITUPOBAH 0€3 OTepH
KadecTBa. I 3TOr0 MOXKHO BapbUpPOBaTh MPOAYKTH BHYTPH MUMIEBBIX rpymnn. OQHAKO HEKOTOPBIE 0CO-
OCHHOCTH ATOTO paIlioHa HEOOXOINMO COXPAHSTD:

- CBECTU K MUHHMYMY, a JIy4IlI¢ UCKIFOYHUTh MTPOAYKTHI IepepaboTKu Msca,

- OTPaHUYUBATh YIIOTPEOJICHHUE MTPOCTHIX YTIIEBOJIOB,

- OPUEHTUPYACh Ha MpPHUBEICHHBIC BhIIIC IUGPHI, HE COKpalllaTh yNoTpeOsieHue (PYKTOB, SATOJ,
OBoOILIEH, TpUOOB, 3€JICHN U PACTUTENBHBIX Macel (BKII04asi OJJMBKOBOE);

- MIOJIJICPIKUBATh HEOOXOIMMOE KOJIMYECTBO OOOOBBIX OPEXOB, PHIOBI, MOJIOYHBIX MTPOAYKTOB.

CoBpeMeHHBIE UCCIIEIOBaHUS YTBEPKIAIOT, YTO COKpAIEHHE MOTPEOICHUS U JaKe TIOTHBIN OTKa3
oT Msica npegoTBpamaioT HU3 u ynydmaroT sxonoruio mianets [9]. B HameM uccienoBanuu mpu yBe-
nTdeHnr OeNKOBOW COCTaBIISIFOLICH, 3 PalliOHA MOJHOCTHIO UCKIIIOYEHO 00pabOTaHHOE M KPacHOE MSCO
0e3 yXyAlleHUs] aMHMHOKUCIIOTHOTO COCTaBa M MOTepH BUTaMuHa B12.

BaxxHbIM OTIONHEHWEM K paIlMOHy SBISETCS yHoTpebneHune mpopocmmx 3epeH. COamaHCHpOBATh
pamuoH 0e3 MUCTONh30BaHUS PA3HOOOPA3HBIX MPOJAYKTOB U3 BCEX MEPEUUCICHHBIX BBINIE TPYIII, a TAKKe
0e3 ynoTpeOaeHus MPOPOCTKOB, MPAKTUIECKA HEBO3MOXKHO.

Jis yBenuueHwst OMOMOCTYITHOCTH U JIYYIIETO YCBOEHHS O000BEIE M, HHOTJAa KPYIIBI, HAJ0 3aMadu-
BaTh mepea NpurotoBieHueM. Opexu U CEMEYKH yIOTPEOIATh HE JKapeHHBIE U, KellaTelbHO, TOXE 3aMa-
yuBaTh. YacTh Kpyn, HapuMep, 3eIeHYI0 TPeYKy, CEMEHa MOICONIHyXa (M MHOTHE JIpyrie CeMeHa) OUYeHb
TIOJIE3HO MPOPAIINBATh U YHOTPEOISATh B CHIPOM BHJE, HAIPUMEP, JOOABIISIS B CalaThl WU JIPYTYIO e1y.
DTO0 MO3BOJSIET 3HAYUTEINHHO YBEIIMYUTH KOJTMYECTBO O€JIKa, BATAMUHOB, MUHEPAJIOB M IPYTHX OMOAKTUB-
HBIX BEIIECTB B IUIIE, T.K. COCTAB CEMSIH CYIIECTBEHHO M3MEHSETCSl BO BpeMs mpopacrtanus. [Ipopoctku
coniepkat cynbhopadaH, U30THOIMAHATHI, TIFOKO3WHOJIATHI, ()ePMEHTHI, aHTUOKCHIIAHTHI, BUTAMHUHBI,
KOTOpbIe 3P dekTuBHbI B npoduaakruke MHorux HU3 [10].
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OIEHKA KAYECTBA NOCTYIAIUIIEN 3BYKOBO HHO®OPMAIIMU U
MEPEJAYHY PEUEBOI NH®OPMAIIMMU JIETHBIM COCTABOM

[IpoBeneHa orerka 3(h(HEKTUBHOCTH CPEJCTB 3alUTHI T'OJOBbI JICTHO-MIOABEMHOTO COCTaBa
roCy/IapCTBEHHOM aBHAIlMU C TOMOIIbI0 AHKETUPOBAHUE ¥ 0OBEKTUBHOTO METO1a. BhIsSBICHBI
3BYKOHM3O0JIUPYIONINE, KOHCTPYKTUBHBIC, SKCILTyaTAIIMOHHBIE U DPTOHOMUYECKHE HETOCTAT-
K.

Knioueevle cnosa: ankera, CpencTBa WHIWBHUIYyAIbHON 3alllUTHI, aBUAIIMOHHBIE CIICIHAIH-
CTBI, HEIOCTaTKH.

V.V. Kharitonov, Candidate of Technical Sciences,

P.M. Sheshegov, Doctor of Medical Sciences, V.N. Zinkin, Doctor of Medical Sciences
Central Research Institute of the Air Force of the Ministry of Defense of Russia, Moscow
ASSESSMENT OF THE QUALITY OF INCOMING AUDIO INFORMATION AND THE
TRANSMISSION OF SPEECH INFORMATION BY FLIGHT PERSONNEL
An assessment of the effectiveness of the head protection equipment of the flight-lifting per-
sonnel of the state aviation was carried out using a questionnaire and an objective method.

Sound-proofing, constructive, operational and ergonomic shortcomings are revealed.
Key words: questionnaire, personal protective equipment, aviation specialists, disadvantages.

BBe/]eHI/le. Hay‘lHO-TCXHI/I‘leCKI/Iﬁ mporpecc COMmpoOBOKAACTCA HCIIPCPBIBHBIM  YBCIIMUCHUECM MOII-

HOCTEH JBUTaTeNIel U MPOYMX SHEPreTUUYECKUX YCTaHOBOK, YTO MPUBOJUT K POCTY MHTEHCHBHOCTH BpeEl-
HBIX (u3nuecKkux (paxkropos (UryMm, HHQPa3BYK U BUOpaLus), OKA3bIBAIOLUIMX CYIIECTBEHHOE HEOJIAaronpu-
SATHOE JEMCTBUE HA SKUMaKH BO3AYIIHBIX cyoB (BC) n MHXEHEPHO-TEXHUUECKHI COCTaB rOCyJapCTBEH-
HoM aBuanuu [1, 2].

B aBUalliyu MyM KU I/IH(l)pa3By1( 3aHUMAKOT BAXXHOC MCCTO CpC€an BPCAHBIX (baKTopOB TpyAaa. Onu

CIIOCOOHBI CHUKATH pa6OTOCHOCO6HOCTL n CcOo31aBaThb BBICOKHI PHUCK 340POBBIO, YTO Tpe6yeT MMPOBCACHUA
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KOMILJICKCA MEPONPHUITHH 10 NPO(UIAKTUKE BPEAHOTO NEHCTBUS MEXaHUYECKUX (PAaKTOPOB M CHIDKEHUS
pucka 310poBkio [3, 4]. Ocoboe MecTo B 3TOH CHCTEME OTBOAUTCS CPEICTBAM MHIUBUIYAIBHOMN 3alUTHI
(CH3). B nactosmee Bpems sxuniaxkn BC B 00s13aTeIHOM MTOPSIAKE TIPY BEITIOJTHEHHUH TIOJIETHBIX 3aIaHUN
ucnonb3ytoT CU3 ronosel. OHY NpeAHA3HAYEHB! Ul MEXaHUYECKON 3allUThl TOJIOBBL, a TaK )K€ ISl MOJI-
JepKaHMsI CBSI3M C PYKOBOJIMTEISIMU TIOJIETOB M WiICHAMH dKHUMaxa [5, 6].

Hess — BBISIBUTH HemocTaTKu Mpu ucnonb3oBanuu CU3 ronossl skunaxeir BC rocymapcTBeHHOM
aBUAIINH.

Metoabl ucciaenoBanmsi. J1s1 pemieHus: MOCTABIEHHON LEIM HCIOJIB30Bajd aHKETHUPOBAHUE U
00beKTUBHBIA MeToA. brina paspaborana aHKeTa, KOTOpas IO3BOJISTA CYOBEKTHBHO OLICHUTH KadeCTBO
BOCHIPUATHS MOCTyMaromel nHpopMaluu (depe3 HayITHUKH ), Ka9eCTBO Tepeaadn peueBoi nH(popmanuy,
Ppa300pUYMBOCTD PEYU U 3aTPyIHEHHE BOCIPHSTHUS COIVIACHBIX (ITIyXMX M 3BOHKHX) JIETHBIM COCTaBOM B
3aBHICHMOCTH OT YPOBHS ITyMa B KaOMHax pa3nuyHbix BC Ha pa3nuyHbIX 3Tanax padoThl moiera. AHKeTa
MO3BOJIMJIA BBISIBUTH KOHCTPYKTUBHBIC M 9PTOHOMHYECKUE U HEAOCTATKU CPENICTB 3aLIUThI TOJIOBHI.

Bcero B anKeTHpOBaHWY NPUHSIN ydacTe 47 WICHOB SKUTMAXKeH (JISTYMKH W IITYypMaHbl) pa3iind-
HBIX BHJIOB aBUAIUM: AanbHssA aBuanus ([A) — 4 yemoBeka, BoeHHO-TpaHcopTHas aBuarus (BTA) — 13
4enoBeK, onepatuBHo-TakTHIeckas aBuanust (OTA) — 17 genoBek, apmeiickas aBuamnus (AA) — 13 gemno-
BEK.

OOBEKTHBHYIO OIICHKY akycthdyeckoil apdexkrunoctd CU3 ot myma (31 u kommiekra CHU3-1)
MPOBOJMIN METOJOM CpaBHEHHs NapameTpoB Inmyma BHyTpu BC ¢ Hauana ¢ mpenenbHO JOMYCTHMBIM
ypoBHeM (IIJ1Y) B oxraBubIx nosocax g BC cormacno OTT BBC-2015, a 3arem 3Ty pa3HuIly cpaBHU-
BaJM ¢ akyctuieckor adekruBHOCTHI0O CHU3 OT 1IymMa B OKTaBHBIX MOJIOCAX CO CPEAHEreOMETPUIECKOi
gactoToi 125,250, 500, 1000, 2000, 4000 u 8000 I'tt [7].

Pe3ysbTaThl HCCI€TI0BAHUS U UX 00CYKIEHHE

Oyenka kavecmea 80CHpusmus U nepedaiu 36yK06oU U peuegou UuHGopmayuu

B JIA npu nonerax ucnomns3yercs 3L-7, y 75% omnpoiieHHBIX KaueCTBO BOCTIPUSTHS MOCTYIIA0-
el nHpopManuu U pa3ooOpPUUBOCTh pedH He cTpagaeT. KauecTBo nepemayn nHbopManuu (depe3 JapuH-
ro(oHbI) U BocTipusiTHe cornmacHbIX 50% oTMeTwn kKak xopoiee, a 50% — kak yJ0BIeTBOPUTEIHHOE.

B BTA nns 3amurthl MCHIONB3YETCs JIETHBIM LIIEM, a JJI NIEPErOBOPOB — aBuarapHurypa. B 46%
Ka4yecTBO BOCIPUATHS NOCTyHaoMe nHpopMauy, BOCIPUITHE COMIAaCHBIX Xoporee, B 46% - ynoBie-
TBOpHUTENbHOE, a B 8% — 1uioxoe (ucmonb3oBaHue aBuarapHutypsl Ha WMin-76 M/I). Ilpuuem pazbopun-
BOCTh peuu He crpagaeT y 77%, 15% orMeTwiu pa300puMBOCTh PEUH KaK yJIOBJICTBOPUTENBbHYIO, a 8% —
wioxyw (AH-26). KauectBo mepemaun mHpopmanuu (depe3 JapuHroQOHBI) Kak XOpolllee OTMEUYCHO B
31%, kak ynoBieTBoputenpHoe —y 61%, y 8% — xak mmoxoe.

B OTA npu ucnons3oBanuu 311-5A, 311-7A xauecTBo BocipuaTHs HocTynaromeil nadopmanmy,
Ppa30opUYMBOCTh peuM, BOCHPHUSATHE COIJIACHBIX M KayecTBO mepenaud MHQpopManuu xopoiree B 82%,
TOJIBKO 16% ONPOIIEHHBIX 3TH K€ MOKa3aTeNN OUCHWIN YAOBIETBOPUTEIBHO.

B AA ucnonp3yrorcst 31I-7B u 31-7 BC. 69% omnpomieHHbIX OTMETHIIA XOPOoIiee Ka4eCTBO BOC-
MPUATHSI TTOCTyNaroeld nHGopMaIuy, Xopole pa300puUBOCTh PEUH, BOCIIPUITHE COTIIACHBIX U Kade-
cTBO mepenaun nHpopmaiyu Ha Becex tunax BC. B Toxe Bpems 31% OTMETHIIM YIOBIIETBOPHTENBHOE
Ka4ecTBO BOCTIPHUITHS UH(OPMAIMH, BOCIIPUSATHE COTJIACHBIX W Ka4eCTBO Iepeaadd WHPOPMAILUN TpH
MPOTPEBE ABHUTATEINS, TIPH B3JIETE U BO BPEMSI MOJIETA.

Oyenka KOHCMPYKMUBHBIX, IKCHIYAMAYUOHHBIX U IP2OHOMUYECKUX CEOTICIE

Ha nomomnutensHblid Bompoc TpeOyeTcsl M YCOBEPLICHCTBOBAHUE 3alIUTHOTO IIJIEMa OTBETHIIH
«1A» 32 uenoeka (68%). [IpuuemM nouTu Bce BhICKa3alld HE 110 OJHOMY 3aMEUYaHHIO.

Haubonbiee konmuectso JIC BrIcKazany cBOU 3aMeUaHUs MIPU UCIIOJIL30BAHNH 3aIUTHBIX IIIJIEMOB
I'CHI - 18 A (BTA) u 31 - 7 BC (AA). Bece ykazanHble 3amedanusi ObUTH pacipezesieHbl B TPYIIIBL: 110
Ka4yecTBY BOCIPHHUMAEMON WH(POPMAIIUU, 3pUTEIBHBIM BOCIIPUATHSIM, KOHCTPYKTHBHBIM OCOOCHHOCTSIM
W 3PTOHOMHKH.
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1. 3ameuaHus 1O KauyecTBY CBSI3M M BOCHPHUATHIO 3BYKOBOM mHpopmanmu otMerwin 40,4%
OTIPONICHHBIX:

— mpu pabote cucTeMbl KOHAUIMOHUpoBaHus Boznyxa (CKB) mioxoe kayecTBO BOCIPUSTHS UH-
¢dopmarun 3a cuer myma (31-7 BC, aBuarapaurypa);

— IUIOXO0€ Ka4yecTBO mepemadd mH(opMannu, HeoOXOauMO akTUBHOe IrymoroaasneHue (3LLI-7
AITH, I'CIII-18 A);

—  3aJep’kKa B BOCHPOU3BEACHUN PEUH IPH 3aKphITol pamnocsssu (31I-7 BC);

— Hepa30O0pPUYMBOCTH OTIENBHBIX KOMaHJ MO CaMOJIETHOMY IeperoBopHoMy yctpoictBy (CIIY)
(aBuarapaurypa).
2. HenocraTku 1o KOHCTPYKTHBHBIM O0COOEHHOCTSIM OoTMeTHIH 40,4% ONPOIICHHBIX:

— Manas gnuHa mHypa (3L-5A, 311-7AITH).

—  paspylarTcs MpoBoJa B 0OJIACTU 3aroyioBbsl Kpecia, Kabenb 3alleluIieTcsl 3a IOJBECHYIO
mrranary kpecna (3L-7 BC).

—  YIy4IIUTH codeTaHue nuieM-macka (31I-7AITH).

— BeIXog u3 ctpos mukpodon 3L (3UI-7 BC).
3. Y 17% omnpomeHHbIX ObIIIM 3aMEUaHUs [0 3PUTENbHBIM BOCIPUATHAM:

- IMMOABEPIKEH MEXAHNYCCKUM IMOBPEKACHUAM CBeTO(I)I/IHBTp, TIOABJIAKOTCA 6J'II/IKPl;

—  TpeNoMIICHHE H300paKEHUs Yepe3 CBeTOPMIBTPHI.
4. DproHomMuyecKHe HEAOCTATKU OTMETWIH 63,8% ONpOIICHHBIX:

—  yMeHbIIeHHUe Beca u rabaputa 3111;

—  YMEHBIIUTH KonudecTBo nposozos (31I-7AIIH);

— gopabotats B 31 mMsrkoi npoxsiaakoi Ha KperuieHue OYKOB HOYHOTO BUICHUS;
—  ©Oouee ymo6Hoe oronosse (['CII-18 A);

—  Hayimuue markor amOyurtopsr (I'CLL-18 A);

—  JopaboTka KperuteHus Aiis kucnopoanoit macku (I'CIL-18 A);

— CHIDKEHHE JIaBJICHUS HAyITHHKOB HAa BUCOYHYIO M YIIHYIO 00JIacTh, OCOOCHHO TPHU JJTUTENb-
HbIx nonerax (I'CHI-18 A, 3III-5A, 311I-7A, KM-32, aBuarapHutypa).

Taxum o6pazom, ucroib3zyemble CH13 TONOBBI NP BBICOKUX YPOBHSIX IIIyMa HE 00eCleunBarOT Ka-
YECTBEHHOTO BOCTIPHUSATHS W TIiepellaud nepenaBacMoil mHGOpMaluK U, KpOME TOTo, TPeOYIOT KOHCTPYK-
TUBHBIX U3MEHEHUH.

Obvexmuenas oyenka aKycmuyeckoll s¢hgpexmusnocmu cpedcms uHoUsUOYaAIbHOU 3auumsl 20710-
6bl. B cooTBEeTCTBUMU ¢ TPeOOBaHUSIMH IO TEXHHKE 0E30IACHOCTH Ha PabO4YMX MecTax, rjie He yaaeTcs
noouthes cHkeHus myma go 1Y, cnegyer npumensts CU3 ot myma [8]. B kauecTBe mprumepa Mbl
MIPUBOJIUM CpaBHEeHHUE akycTrueckoi agdexruBrHocTr 3111-7B ¢ npeBbillieHnEM YpOBHSI 3ByKOBOTO JIaBJIe-
HUM B KaOWHe dKkumaxei BepronetoB AA [9], uto oTpakeHo B Tabmuiie 1.

B tabmuue 1 nokazaHo, uro 311I-7B obnamaer akyctudeckoit 3 hekTHBHOCTBIO B 3BYKOBOM JTHaria-
3oHe "actor 125-8000 I'y ot 9 o 34 nb. B oGmacTi HU3KMX YacTOT BEIMYMHA 3BYKOMOTJIOIIEHUS HE
npeBbimaeT 9 b, a ¢ yBeIHMUEHHEM YacTOThI OHA BO3PACTaET M JOCTHTAeT MAKCHUMAaJbHOW BETUYHMHBI B
o0xactu BbicOkuX 4acToT (34 ab).

CpaBHuTenbHBIN aHanu3 npesbinieHnit Y3/ ¢ akycruueckoit addextuBrocTH 311I-7B nokasbiBaer,
YTO MOCJEAHUN B 3ByKOBOM auarma3one 125-8000 I'i B mojiHOM 0O0beMe He 3allMIaeT OpraH ciiyXxa oT
BPEIHOTO M TIOMEXOBOTO JeicTBus mryma. Hammensmeit a¢gdexrusaocThio 311I-7B obmamaer mpu mose-
Tax Ha BepTonerax B BTA, ocobenHo Mu-26. Kpome Toro, 3ToT 1ieM HEAOCTaTOYHO d(PQPEKTHBEH Ha
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gactoTtax ot 500 I'n u HIKE IMPAKTHYECKH BO BCEX THUIIAX BEPTOJIETOB, YTO 6yz[eT OKa3bIBaATh IIOMCXOBOC
JICVCTBHUE HA pequoﬁ KOHTAaKT MEXAY YJICHAMU SKUIIAXXKa U PYKOBOJAUTEIIEM I10JIE€TA.

Tabauya 1
Axyctrueckas s¢dextnBHOCTh (1b) 311I-7B B OKTaBHBIX MOJIOCAX CO CPEAHETEOMETPH-
ITapametp YEeCKUMHU YacToTaMu, ['11
125 T 250 I'm 500 I'o 1000 I'g 2000 I'm | 4000 I'm 8000 I'ry
9 8 21 21 26 34 24
[Ipesbimenne Y3/ (A) mag [1/[Y B 3aBUCIMOCTH OT THITa BEpTOJIETA
Mu-8 0 4 5 9 8 0 0
Mu—4 8 11 3 3 0 0 0
Mu-26 7 15 18 22 25 26 17
Ka-52 5 0 0 0 0 0 1
Ka-50 2 3 3 0 1 5 9
Mu-28H 0 12 6 7 0 0 0
[AY (ab) 97 91 87 85 83 81 80

[Ipumeuanwue: 1. I1/1Y — npenensHo momycTumblit ypoBeHb (1b) oT 4 mo 8 9acoB monera coritacHo
OTT BBC-2015. 2. A — mpeBbllIeHHE YPOBHS 3BYKOBOTO JIaBieHUs (1b) B OKTaBHBIX TOJIOCAX CO Cpe/He-
reometrpudeckuMu yactoramu Haj [1J1Y B kabune Bepronera. 3. XKupHbiM miprdToM BBIICICHBI BETUYHU-
Ha A Hag IT/TY.

Takum obpazom, 3111, ucrons3yemslit pu dKCIUTyaTanuy BeproneroB kak CU3 ot mryma, HegocTa-
TOYHO 3((HEKTUBHO 3alIMIIAET OpraH CiIyXa OT HEKOMIICHCHPOBAHHOTO JICHCTBUS BEPTOJETHOTO IIyMa.
Hanneix 1o a¢¢extuBaocty 311 oT nHPpa3Byka HET, Tak Kak padoTa B 3TOM HampaBlieHHU HE ITPOBOIHU-
nacs [9, 10].

3akia04eHue

[IpoBenennsie nccnenoBanus 3¢pdexruBHocTr CU3 ronossl unenos sxunaxkeil BC rocynapcTBen-
HOW aBHAIMM B MPOLIECCE MX IKCIUTyaTallly MO3BOJIMIN BBISIBUTD Psil HEIOCTATKOB: 3BYKOM30JIMPYIOIIKE,
KOHCTPYKTHBHBIE, SKCIUTyaTallHOHHbIE 1 3PTOHOMHYECKHE, KOTOPbIe TPeOyIOT YCTpaHEHUs UX W/WIN yCO-
BEpPIIEHCTBOBAaHMS cymecTByromux CU3.

st moaiepanusi Ha BEICOKOM YPOBHE Pa0OTOCIIOCOOHOCTH JIETHO-TIOABEMHOTO COCTaBa U CHUXKE-
HUS pUCKa MX 37I0pPOBbI0 HEOOXOAUMO UCTIONB30BaTh U IPYTHe MEPOTIPHUATHS 110 PO(UITAKTHKE BPETHOTO
JeUCTBUs aBUAMOHHOTO Tyma [ 11-13].
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REACTION OF THE CELL WALL OF FUNGI TO A TOXIC EXTREME ENVIRONMENT

The man-made waste accumulated after the processing of gravitational gold-bearing concen-
trates is constantly inhabited by microscopic fungi, which are exposed to the combined action
of heavy metal debris associations. Using the example of Penicilium canescenc, it has been
shown that their cell wall, first of all, undergoes serious structural changes.
Key words: ecology of fungi, technogenic waste of gold mining, cell wall.

B.M. Karona, kaHa. MeJl. HayK
Hucmumym zeonoeuu u npupooononvzoganust {BO PAH, bnazogewenck
PEAKIIUA KJIETOYHOM CTEHKA T'PUBOB HA TOKCHYHYIO
IKCTPEMAJIBHYIO CPEQY
TexHOTeHHBIE OTXOJIbI, HAKOIUIEHHBIE TMOCie NepepaboTKH TPaBUTAIMOHHBIX 30JI0TOCOJEP-
KalX KOHIEHTPATOB, MIOCTOSIHHO 3aCelIeHbl MUKPOCKOIIMYECKUMHU IpUOaMU, KOTOpPbIEe TOJI-
BEPraroTcs KOMOMHMPOBAHHOMY BO3IEHCTBHIO TsDKENBIX MeTauioB. Ha mpumepe Penicilium
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canescenc ObLTO MOKa3aHo, YTO Cephe3HbIe CTPYKTYPHBIE H3MEHEHUS MPETEPIIEBACT, PEXKIe
BCEro, UX KJIeTOYHas MeMOpaHa.

Knroueevie cnoesa: sxoiorus FpI/I6OB, TCXHOT'CHHBIC OTXOIbI 30J'IOT0,Z[O6BI‘H/I, KJIICTOYHAasA
CTCHKA.

Introduction. In the traditional sense, fungi (kingdom Fungi or Mycota) are a phylogenetically het-
erogeneous group that is adapted to exist in soil and air, indoors, on plants, in animals and humans [3-5, 8,
11]. The caves are inhabited by representatives of the genera Aspergillusr, Fusarium, Paecilomyces, Rhi-
zopus, Penicilium, Trichoderma, etc. The genera Aspergillus and Penicillium dominate [3]. Aspergillus,
Candida, Fusarium, Geomyces, Mucor, Penicillium, Rhodotorula are common in soils and lands of
mountain systems [5]. But in an unfavorable environment, fungi can go into a dormant state. In any eco-
logical system, fungi perform the most important biospheric functions. They are involved in destroying
rocks and minerals, differentiating chemical elements, decomposing and mineralizing an organic substrate
to simple inorganic compounds. In addition, in the process of evolution, many fungi acquired enzymes and
toxic substances that destroy the tissues of any host. Some representatives of the genera Aspergillus, Can-
dida, Fusarium, Geotrichum, Mucor, Penicillium cause diseases of plants, animals and humans. In addi-
tion, mycota is one of the factors that damage industrial and building materials and structures, corrode
ferrous and non-ferrous metals For example, the development of minerals on the territory of the Amur
Region is not complete without the formation of numerous man-made dumps. These technogenic anoma-
lies pollute the biosphere's depositing media with ore minerals, heavy metal ions, and organic matter.
Among heavy metals, the most dangerous for all living organisms are cadmium, arsenic, mercury, lead
and zinc. These toxicants are able to bind with cellular nucleotides, proteins, coenzymes and other classes
of substances. Despite the obvious danger, microorganisms exist and function constantly in such extreme
environments. This became the reason for a comprehensive study of the effects of different concentrations
of heavy metals in both in vitro and vivo experiments. in the last century However, the currently increas-
ing scale of environmental pollution demanded to expand the study of biological activity, accumulation
and the range of safe exposure of heavy metals [6, 7, 9].

Purpose of the study. To study the nature of changes in the cell wall of the fungus Penicilium ca-
nescenc under the influence of a complex of heavy metals accumulated in the waste of post-gravity pro-
cessing of gold-bearing concentrates at the Sofia gold-bearing cluster (Khabarovsk Territory).

Methodology. The P. canescens fungus was isolated by us from the named man-made waste. Then
it was cultivated on Czapek's medium (carbon source - glucose, nitrogen - NaNO3, initial pH 7.0) together
with the same technogenic samples. The studies were carried out in a closed system at room temperature,
humidity, and illumination. With the onset of mycelium growth, ultra-thin sections were selected and pre-
pared for viewing in a TESLA BS 500 transmission electron microscope.

Research results and discussion. iN waste accumulated after processing gravitational concentrates
a complex composition of valuable industrial components (G / T) is formed: Au - 18.0 + 0.36; Ag-3.0 3+
0,36; Ac - 5800.0 = 800.0; Co - 56.0 £ 6.0; Cr - 3000.0 + 1204.1; Cu 326.0 + 49.08; Hg - 160.0 + 36.7;
Mn 9400.0 + 600.01; Pb - 340.0 = 92.7, Zn - 108.0 + 18.0, etc. According to our results, filamentous fungi
of the genera Penicillium (predominant), Aspergillus and Mucor were conditionally kept in the range of
2.1x104-6.2x104 cells / g. Yeast was isolated less frequently. That is, less fungi were found in the test
material than in soils or other mineral deposits. This is due to the toxicity of the environment, which is
confirmed by experiments with P. canescens. At the ultramicroscopic level (Fig. 1-2-3), the state of al-
most all of its cellular structures is reflected. It is especially noteworthy that the outer layer of the cell wall
is damaged in the first place and is removed in separate fragments. Particles of different sizes and densities
are adsorbed on its remains and underlying layers. lons of heavy metals penetrate into the protoplasm, its
structures down to the nucleus and weakly contrast. Let us recall that the cell wall of fungi is a living,
dynamic system. It is formed by 9-10 fibrillar layers with different electron densities [1, 2]. Glucans make
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up the outer layer of the cell wall of most fungi and form a strong complex with chitin or chitin-glucan
complex [10. 12].

The skeleton is formed by a system of chitin microfibrils, p- (1-3) -p (1-6) -glucans, p- (1-4) -
glucans (cellulose) and a matrix. The inner layer consists of chains of chitin, p- (1-3) -p (1-6) -glucans and
p- (1-4) -glucans (cellulose), which impart rigidity to the skeleton. Being a natural aminopolysaccharide,
chitin is non-toxic, performs structural and diverse biological functions in the tissues of living organisms.
In particular, in humans, it binds food lipids, reduces the absorption of fats in the intestine, lowers choles-
terol and triglycerides, has a positive effect on the mineral composition of bone tissue, etc. Therefore,
chitin can be safely used in the food and pharmaceutical industries. So, microscopic fungi are constantly
live in man-made waste generated after the processing of gravity concentrates, which contain associations
of noble metals with highly toxic components. It is in an environment of this composition that the cell wall
of fungi undergoes structural changes.

Fig. I— the beginning of the detachment of the surface layer of the cell wall (x 22000)).
Fig. 2 — damage to the cell wall and metal staining of cytoplasmic components: (x 9000).
Fig. 3— the cell wall of the apex of the fungus is destroyed, on the surface there are various
organomineral accumulations, the cytoplasm is slightly contrasted (x 30,000).

The outer layer of the cell wall disintegrates and is separated from each previous layer in separate
fragments. In fact, the chitin-glucan complex loses its stability and strength. As a result, the glucan layer
disappears, and particles (formations) of different sizes and densities are formed on its remnants. At the
same time, heavy metal ions penetrate into the cell and contrast with protoplasmic structures. Chances are,
these defective cells are short-lived. Apparently, only conidia isolated from such a toxic environment can
germinate on artificial nutrient media and give new offspring. However, it should be borne in mind that
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the classes, genera and types of microscopic fungi differ in their ability to adsorb various ions of heavy
metals and resist their effects.

10.

11.

12.
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BO3JEVCTBUE AHTPOIIOT' EHHOM JESATEJIBHOCTH
HA DKOJIOTHMYECKHUU ®OH AMYPCKOM OBJIACTHU

AHanu3 nokasarenel 3K0J0rM4ecKOro MOHUTOPHHIA TIOKA3bIBAET, YTO 3KOJIOTMUYECKasl CUTY-
anysa B AMYpCKOH 00sacTu He SBJSIeTCSl YAOBJIETBOPUTEIbHOM. Pa3BuTre X03HCTBEHHOH /1e-
STENBHOCTH MPH HU3KOW 3P PEeKTUBHOCTH aAMUHUCTPATUBHOTO YIPABICHUS SKOJIOTHUECKUM
pa3BUTHEM PErHOHA MPUBOAUT K TOMY, YTO OTXOAaMU MPOHU3BOACTBA U MOTPEOJICHUS 3arpsi3-
HEHBI BCE cpeJibl OMoc(epbl, HaceJIeHNE HE TIOJHOCTHI0 00eCTIeYeHO KayeCTBEHHOM MUTHEBOM
BOJIOM, CHIKaeTCsl NpUpoIHOE Orosiornueckoe pasHoodpasue. boiee Toro, 3arpsisHeHue reo-
rpaduuecKor cpepl CTAHOBHUTCS KIMMATOOOpa3yomuM (GakTopOM, BIUSIOMINM Ha alalTHB-
HBIE PeaKI1H YeJOBeKa 1 KOM(POPTHOCTh €ro XHU3HEACATEIbHOCTH.

Knrwowuesvie cnoga: sxonoruueckasl CuTyalus, TsDKEJIble METaslIbl, OeH3anupeH, Gpopmabe-
TU, aTMOc(epHbIe B3BECH, OTXOJIbI MPOM3BOICTBA U MMOTPEOIECHUSI.
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V.M. Katola
Institute of Geology and Nature Management, Far East Branch, Russian Academy
of Sciences, Blagoveshchensk
EFFECTS OF ANTHROPOGENIC ACTIVITIESON THE
ENVIRONMENTAL BACKGROUND OF THE AMUR REGION

Analysis of indicators of environmental monitoring shows that the environmental situation in
the Amur Region is not satisfactory. The development of economic activities with a low effi-
ciency of administrative management of the ecological development of the region leads to the
fact that all environments of the biosphere are polluted with production and consumption waste,
the population is not fully provided with high-quality drinking water, and natural biological di-
versity is reduced. Moreover, pollution of the geographic environment becomes a climate-
forming factor influencing the adaptive reactions of a person and the comfort of his life.

Key words: ecological situation, heavy metals, benzopyrene, formaldehyde, atmospheric sus-
pensions, production and consumption wastes.

B mponecce x0351iicTBEHHOH NEATEIBHOCTH NPOUCXOAUT (PU3HKO-XUMHUYECKHE N3MEHEHHE COCTaBa
aTMocdepsl, BOABI U MTOYBBI, YTO NPEACTABIACT MOTCHIHAIBHYIO YTPO3Y 340POBBIO YEJIOBEKa, €ro padboTo-
CIOCOOHOCTH, KaueCTBY M MPOAOIDKUTEIBHOCTH X)U3HU. K coxanenuto, mo naHueM LlenTpa 3konoruye-
CKoif ONHTHKHM ¥ npaBa npu Menbckom yunsepcutere (Yale Center for Environmental Law and Policy) B
2018 roxy Poccus mo kiaccugukaIiy HHTErPaabHBIX 3KOJOTHUYSCKUX PEUTHUHTOB 3aHUMaeT 52 mecto |1,
12]. OcobenHo BbIcoKasi pOHOBasI IKOJIOTHYECKAs HArpy3Ka B MPOMBIIIJICHHBIX IIEHTPaX W arjoMepalusix:
pecnyonukax Komu, Kapenus u Caxa (Axyrtus), B Tromenckoit, HoBropoacko#, CepmioBckoii, Kipos-
ckoit u UensOunckoii obnacrsax, XadapockoM, [Ipumopckom u Ilepmckom kpasix [4, 9]. Tonbko 3a net-
Hu#t nepron 2019 rona mo 3xojoruueckoMy peHTHHry MockoBckas o0nacTs 3aHsia 76 mecto, OMckas —
77, KpacHosipckuii kpaii — 78, OpeHOyprckas oosacts — 79, 3abaiikanbckuit kpaii — 80, Huxeropoackas
o0sacte — 81, PecniyOnuka Caxa (SIkytus) — 82, YensOunckas obmacts — 83, CBepasioBckast 001acTh —
84, Upkyrckas obnacte — 85 mecta. M 310 HECMOTpst Ha TO, YTO caMOOYMINEHHE (03/JOPOBJICHUE) ecTe-
CTBEHHOM CpeJibl OT 3arpsi3HsoMMX BenecTs (3B) mporekaer HenpepbiBHO. TeM He MeHee, OHH B U30BITKE
MUPKYJIUPYIOT B cpeie OOWTaHUs, TIOCTOSHHO CO3JlaBasi yrpo3y 00OCTpEHUs CepleYHO-COCYTUCTHIX, Jie-
TOYHBIX, JKETYI0YHO-KUIIIEYHBIX, OHKOJIOTHUYECKUX U MPOYUX 3a00JIeBaHUH, MPUBOAAIINX K POCTY CMEPT-
HocTH HacesieHus. [lpaBaa, nzbexaTh Bpea, MPUYMHAEMOTO MPHUPOJIE aHTPONIOTEHHON JesTEeIbHOCTHIO,
HEBO3MOXKHO. OJTHAKO €T0 cieyeT SKOHOMHYECKH OTIPABJIBIBATH M BCAYECKH MHHUMU3UPOBaATh. [Ipn 3TOM
9KOJIOTHYECKUI MOHUTOPHHT JOJDKEH OBITh MPABAMBBIM U MPO3PAYHBIM.

MecTtHbIe opransl (eeparbHON U UCTIONHUTEIBHOM BIACTH CYMTAIOT YKOJOTHYECKYIO CUTYAIIUIO B
AMypCKO#1 007aCTH, B OTJIUYHE OT IPYTUX PEruoHOB Poccuu, B 11e7I0M yIOBIETBOPUTEIRHOM [5, 6, 8, 10],
XOTsI TI0 SKOJIOTMYECKOMY PEUTHHTY 00JIaCcTh OKa3ayiach Ha 66 mecte cpeau 85 cyobektoB PO [15]. Takoit
BBIBOJI MECTHBIX DKOJIOTOB COOTBETCTBYET JIMIIH ONPENEICHHBIM TPeOOBaHUAM, TOT/Ia KaK reojoram, 3Ko-
JIOTMYECKUM U MEJAMIUHCKHM TeorpadaM, SIKOJOTHYECKUM KIMMATOJIOTaM M JIDYTHM CIICIHATICTaM Tpe-
Oyercs Oonee yriyOnenHast ungpopmanus. Harmpumep, B TUTUPYEMBIX OTYETHBIX MaTepualiaX yKa3blBaloT-
cs1 BBIOpocHl 1 cOpockl 3B B okpyxaromryto cpeny AMypckoit obnactu 6e3 aHanu3a npeodpa3oBaHus Npu-
POIHBIX KOMIIOHEHTOB COBMECTHO C MCKYCCTBEHHO BKJIIOUEHHBIMH B HUX T€XHOTC€HHBIMU M AHTPOIOT'CH-
HBIMHU COCTaBJSIIOIMMU. KpoMe Toro, cymMmapHble OLleHKH Tokasateneil 00bemoB 3B 6e3 ux morpenso-
CTH BBI3BIBAIOT COMHEHUS B HAJEKHOCTH, MOCKOJIBKY MOJYYEeHBl HE MHCTPYMEHTAJIbHBIM, a PACUETHBIM
cnocobom, k Tomy xe B 2008, 2009 u 2010 romax mo cokpameHHO# nporpamme [6]. He yka3wsiBaeTcs
TaKXe Macca MpelesIbHO JIOIYCTUMBIX BBHIOPOCOB M COPOCOB AJIsi CTAlIMOHAPHBIX M MHBIX MCTOYHHKOB,
JOBOJILHO Y3KO MH(OPMHUPYETCSI 0 3arpsA3HEHUH aTMOC(EpBl, BOABI U TIOUBHI TshKeTIbIMU MeTaiuiamu (TM).

Vxe B 1995-1999 rogax o0beMbl BEIOPOCOB CTAllMOHAPHBIMUA U MHBIMH MCTOYHMKAMHU OOJIACTH B
atMocdepy cocraisi 399,717 ThIC. T. TBEpABIX, XXKUAKUX U ra3oo0pasHeix 3B. Ha To Bpems yHuBep-
CaJIbHBIMH 3aTrPSI3HUTEISMH SIBJIUIICH POMBILUIEHHOCT, TOLl 1 KOTeIbHBIEe, KOTOPbIE HE MCIIOIb30BAIN
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MBTEra30yIaBINBAIONINE YCTPOWCTBA, BCE BHIBI TPAHCIOPTA, KIIUIIHO-KOMMYHAIBFHOE XO3SHCTBO,
CBAJIKM OTXO/IOB U JIECHBIE TIOYKapbl. 3HAYNTENBHBIA yIep0 MPUYHHSIIA OTKPBITasi 100b9a Oyporo yri,
POCCHITTHOTO 30JI0Ta M JAPYTUX TIOJIE3HBIX HCKOMAEMBIX, HAPYIIAOMIasi IEJIOCTHOCTh MPHPOIHO-
TEPPUTOPHANTBHBIX KOMILUTeKcoB [13, 16].

Kpymnnreiimmm 3arps3anTeneM cpensl okazancs ropon bmarosemenck, Bomemammuii B 2001 romy B
coctaB roponoB Poccum ¢ HambompIel comepskaHHeM B aTMOC(epHOM BO3JyXe B3BEIICHHBIX YaCTHII,
OcH3(a)mupenHa, GopMambIeTHIa U aleTaablAernaa. Bo BceM MHpe 3TH BEUIECTBA CUHMTAIOTCS Hambolee
OTTaCHBIMHL.

B3BelieHHbIe YacTHLBI MTPEICTABISIIOT COOOW CIIOKHYIO B3BECH: a) MBUIM W CaXH, COAEPKAIINX
TM; 6) atMochepHBIX a’3po30Jieil M YacTHIl, 00pa3yIINXCs B MPOIECCe MPEBPAIIEHUs IBYOKHCH CEpHI,
OKHCIIOB a30Ta W aMMHaKa ¥ HACHIIIEHHBIX OaKTEepPHsIMH, BUPYCAaMH M MHKPOCKOIIMYECKUMH TPHOaAMHU.
[Ipu kpaTkOBpeMEHHO# (B T€UCHHME YacOB WUIM THEH), TaK W JOJTOBPEMEHHOU (B TCUCHHE MECAIICB IIH
JIET) IKCIIO3UIIMU B3BEIIEHHBIE YaCTHIIBI O0YCIOBIMBAIOT PECIIUPATOPHYIO U CEPIEYHO-COCYIUCTYIO Ta-
TOJIOTHIO U POCT CMEPTHOCTH.

[Inpoxko pacnpocTtpaHeHHbI KanneporeH 0en3(a)mupen (bII13) He mMeeT MOPOTOBBIX MapamMeTpoOB
Y COAEPKUTCS B MPOAYKTaX TOpPEeHUs He(DTH, APEeBECUHBI, YT, B Taba4HOM ApiMe. Ocakaasch Ha 4acTH-
1ax, DUPKYJIUPYIOMIUX B BO3AYXE, OH PAa3HOCUTCS HA OOJBIINE PACCTOSHIUS U BBITIAAAET C aTMOC(HEpPHBIMHI
ocankamu. Ilonanas B opraHusM ¢ OUILEH, BOJOM, yepe3 KoKy WM npu nbixanud BII nemonupyercs u
JIOTIOJTHUTENTEHO OKa3bIBAET SMOPHOTOKCHIECKHIA, TEMAaTOTOKCHIECKUN U MyTareHHbINA 3PPEKTHI.

®opmansaerua (®) 1 ero BoAHBIA pacTBOp — (OPMANNH, UCTIONB3YIOTCS B MPOMBIIUICHHOCTH,
MPOM3BOJICTBE CTPOUTENBHBIX MAaTEpPHANOB, B MEIUIMHE (KaK aHTHCENTHK), IPUCYTCTBYET B BO3AYyXE 3a-
KPBITBIX MOMEUICHUH ¢ paboTaromieil Ta30BOH IUTUTOM, B TaOa4HOM JIbIME, BBIXJIOMHBIX ra3ax. SIBisiercs
KaHILIEPOTE€HHOM U DPa3/IpaKUTENIEM IJIa3, KOXKH M BEPXHHUX JbIXaTEIbHBIX IyTeH, MHAYLUpPYET OCTpble
OpOHXUTBI, OTEK JICTKUX.

Aueranbpaeru (ajabIeruj 3TaHONa C YKCYCHOM KUCIIOTOM) MaciuTabHO BCTpedaeTcs B MPHUPOAE U
TabayHOM JipIMe. DTO OeclBeTHAs SIOBUTAs JUIsl BCEX JKUBBIX OPTaHU3MOB JKHJIKOCTh WIIM Ta3 ¢ 3almaxoM
npesbix 070K OKa3pIBacT pa3IpaXkarolie U KaHIIEPOreHHOe JICHCTBUE.

VYka3zaHHbIE TOKCHKAHTHI Hapsay ¢ biaroBemeHCKOM BBIOpAchIBANM B MPU3EMHBIH BO3IYX ropoja
Teiaga, 3es, lllumanoBck, Partunxunck, CBoOoaubiid U benoropek, Treinaunckuii, bypetickuii, CkoBopo-
TUHCKUH, MarnaraunHckuii, TamOoBckuii 1 MiBaHOBCKUil pafioHbl. OJHOBPEMEHHO MOCTABJSUIUCH TSHKE-
JIBI€ METAJIIBI, TTOCKOJIBKY B OOJIACTH HCIIONB3YIOTCS KaMEHHBIA yroilb, HeTh, Ma3yT U JPEBECHUHA, TPH
CKUTAHUHU KOTOPBIX B arMocdepy Boiaensiercs 10% Al, Fe, Co, Mg, Mo, Pb, Se, Ti, Zr, 50% Ni u Cr, 90%
Cd, Sn, Ra, Hg u U [18]. B nmouBax BnaroBeieHckoro paiioHa, B opraHax KpyImHOTO poratoro CKoTa u3
Tam0OoBckOro ¥ 3aBUTHHCKOTO PalilOHOB, B TPOJIOBOJILCTBEHHOM CHIPhE W MPOAYKTaX MUTAHHS CONIEPIKa-
muck TM 1-11 kiaccos omacHocTH, B ToM uncie pTyTh [13]. [louBsl mapkoB, CKBepoB 1 ra3oHOB biarose-
mencka koHrnentpupoanu Co (2-4 I1/J1K), Cr (6-10 IT1JIK), Cu (5-10 I[IAK), Ni (5-10 I[11K), Zn (2-4
K ), Hg. (0,014-0,16 mr/kr) u mp. [14].

B nocnenyromme rogsl konuuecTBo BeIOpocoB 3B B arMocdepy Oyaro Obl ymeHbminoch. Tak, B
2007 romy 6bu10 BBIOpOmIeHO 116,981 THIC. T; 2008 T. — 108,556; 2009 1. — 115,649; 2010 — 118,6. Ont-
HaKO IMOJUTMHHOCTB 3TUX T0Ka3areseil Bei3biBaeT coMHeHue: B 2010 roxy 505 npenmpustuii (80,8%) ocy-
LIECTBIISI BBIOPOCH COTIIACHO HOpMaM MPEAENbHO J0MycTUMOro BeiOpoca, a 111 npennpustuii (17,7%)
BbIOpaceiBaiu 3B 6e3 paspaborku HopMmatuBos [5, 10]. Ilo BugaM SKOHOMHYECKOH eSTEILHOCTH MIEPBOE
MecTo 1o BbIOpocaM 3B 3aHuMMano NpoOM3BOACTBO M paclpelesieHHE >JIEKTPOIHEPIUH, ra3a M BOJBI
(89,581 ThIC. T.), BTOpOE MECTO — TpaHCHOPT | CBsi3b (13,41 ThIC.T.), TpeThe — TOOBIUA TTOJIE3HBIX UCKOTIA-
eMbIX (8,544 ThIC. T.).

[To-npexxueMy BeaylmuMu 3arps3HuTensMu sSBsUIMCh braroeemenckas TOL, OAO «J/lanbHeBo-
CTOYHAs paclpeneiauTeNnbHas ceTeBas kommnanus» U Paitunxunckas ['POC. OcrtanbHble BUABI MPOU3BOJ-
CTBa 3arps3HsUIN BO3AYyX B MeHbIIeH creneHu. [lockonbky B brarosemeHcke cpeTHEr00BbIe KOHIIEHTPa-
mu BIT cocrasmsmu 2,7 TIJIK (2010 r. — 4,1 [TJK), @ — 3,0 [TAK (2010 r. — 3,3 TIJIK), o npomomxan
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YUCIUTHCS B cocTaBe [IpuopureTHoro cnucka ropojao-3arpsizuurenieit Poccuu. ITomumo BIT u @ B uncie
€ro BHEIOPOCOB HAXOMUIUCH (THIC. T.) TBepable wactusl (41, 757), SO, (20,724), NO, (10,518) u CO
(52,668), e npesprmaromue 1 [1/IK. Ha yausnenue, u3 obmero o6sema 0pu10 yTHIN3NPOBaHO Beero 20,
396 TBIC.T. BpEIHBIX BEIIECTB.

B armocdepy 1. 3es mpennpusaTHs 3IEKTPOIHEPTETUKH M aBTOTPAHCIIOPT CyMMapHO BHECIH 5,5
TBIC. T. 3arps3HUTENEH, BKITouas (Teic. T.) TBepasie (0,3), SO, (0,3), NO, (1,0) u CO (3,3). Cpeaneroaosas
koHueHTpanust @. ve npessimrana 3,0 IIAK (2010 r. — 3,3), ypoBeHb OCTalbHBIX pUMecel OblI0 HUKE 1
IAK.

CoBokymHbI BBIOpOC 3B aBTOTpaHCIOPTOM M KOTeNbHBIMH B aTMocdepy T. TerHma coctaBmm 12
ThIC. T., U3 HUX TBepAbIX — 3,3, SO, — 1,1, NO, — 2,0, CO - 5,1. Cpeaneromosoe coaepxanue BII cocra-
Buio 1,5 ITJAK (2010 r. — 1,3), makcumanbroe — 2,9 ITJIK (2010 r. — 2,1 ITJK), cpenHeromoBoe 3HaueHue
@ Bo3pocmo o 1,3 ITJIK (2010 r. — 0,5 ITAK).

Takum 00pazom, HHIEKC CyMMapHOTO 3arpsisHeHust atMocdepsl o U3A B ropone brnarosemienck
coctasmsut 12,0 (8 2010 r. — 15,0), r. 3ess — 6,0 (B 2010 1. — 7,0), . Teraga — 5,0 (8 2010 r. — 4,0). 3arpss-
HEHHEe aTMOC(ephl CUNTACTCS HU3KUM, €Clii TIokaszaTtenb I3A MeHee 5, OBBIIEHHBIM — paBeH 5-6, BBICO-
KHM — HaXOJIUTCS B Ipenienax 7— 13 U oYeHb BBICOKHMM, €CJIM paBeH 14 0o OosblIe.

OnHako eXerogHble CyMMapHbIE pa3Mepbl IBUIEBBIX M I'a3000pa3HBIX BBIOPOCOB B aTMOCQEPHBII
BO3/[yX BCEMH HUCTOYHUKAMU Bceraa Obun HepaBHOMepHBIMA. B 2012 roay onu coctaBwiu 126,9 Teic. T:;
2013 r. - 125,4; 2014 r. - 132,3; 2015 r. — 127,5; 2016 r—135; 2017 r. — 133,2; 2018 r. — 112,6, B TOM
ypciie B3BelleHubie yactuipl — 39,0; CO — 47,9; SO, — 23,6;, NO,— 16,4, Cco?- 42,34; CH, — 73,69; N,O
— 3,33 u gp. Ecim B 2016 TOy BRICOKOW WHTEHCUBHOCTBIO BEIOPOCOB B aTMoc(epy MO-TIPeKHEMY OTIIH-
yanuch ropoaa brnarosemenck, 3es u Toinaa, To B 2017 rony biaropemeHck ymoOMUHAETCs YK€ KaK HC-
TOYHUK MaKCHMaJbHO pa3oBoro BeiOpoca bII [9]. Ho uto crpanno: I1JKc.c hopmanpreruna ¢ 2014 roma
moBBICHIIH Oosiee yeM B 3 pasa [9], Torma xak B 2013-2016 rogax ero cpemnHerofoBoil ypoBeHb B aTMO-
cdepe 001acTr OBUT JOBOJIEHO BHICOKHM.

Beccniopro, 3arps3Henue armocdeps! BiAMAET Ha (YHKUMOHHUPOBAHUE HKOJIOIMYECKOH CHUCTEMBI,
BKJIIO4asl CIIOCOOHOCTh CHMXKAaTh UMMYHOOHOJIOTHYECKYIO CONPOTHUBIISIEMOCTh Y BCEX IOMYJISILUNA Hacele-
HUS U BapbUPOBATh OT HEOOJBIIOrO pa3ApakeHHsI 1 MHTOKCHKAIMU 10 MECTHOIO MO0 00IIero nopaxe-
HUS opraHoB U cucteM. OHAKO 3arps3HEHHs BOIHBIX 00BEKTOB 0Cc000 omacHbl. Bo-mepBbiX, oHU camo-
OUMIIAIOTCS MENJICHHEW, 4yeM BO3IyIHas cpena; BO-BTOpbIX, B 80% ciydaeB depe3 HHUX IepenaeTrcs
0OJIBIIMHCTBO KUIIICUHBIX MH(DEKITHA,

Amypckas o0macTb Oorara MoBepXHOCTHBIMH U IOJI3EMHBIMH pecypcaMi, TeM He MeHee Ipeolia-
JAl0T «OY€Hb 3arpsA3HEHHBIC», «3arpsiI3HEHHBIE» U «TPSA3HBIE)» BOIBL. B HHMX conepxarcs HE TOJIBKO MpH-
poaHoro npoucxoxaeHus F€ u Mn, HO 1 IpUBHECEHHBIE CO CTOYHBIMH BOJAAMHU OPTaHUYECKHE BEIECTBA,
COeAMHEHMs a30Ta, (heHombl, HedTenpoayKTsl 1 TM, 0COOEHHO PTYTh, KOHLEHTPALUs KOTOPOH B peKkax
VYpkan, Cenemmka, ['wiioli, BepxaeMm u HmwkHeM Amype cocraisier 0,0025 mr/n (ITAK 0,0005 mr/n) [8,
13]. B moBepXHOCTHBIE BOJHBIE OOBEKTHI COpaCHIBANIMCH 3HAYUTEIbHBIE 00BEMbI CTOYHBIX BOJ Pa3HOM
CTETICHU OYHCTKHU (MJTH. M3)I B 2009 r. — 89,88 (6e3 ouncTku — 3,54; HeTOCTATOUYHO OuuIleHHbIe — 79,91;
HopMatuBHO uuctbie — 0,23), B 2010 r. — 88,51 (6e3 ountku — 3,27; HEAOCTATOYHO OuMIeHHbIE — 78,99,
HopMatuBHO yucThie — 0,18), B 2011 r. — 84,70 (6e3 ounctku — 3,05; HETOCTATOUYHO OUMIICHHBIX — 76,18;
HOpMaTuBHO urcTsie — 0,13). Boxbimast yacTs cTokoB (86,06 Mia.M%) 0TBOIMIOCH B GacceliH p. AMyp, U3
HHX HEJIOCTATOYHO OYUIIEHHBIX — 77,78 MIIH. M3, HOPMAaTHBHO YUCTHIX — 0,18 MuTH. M.

I'maBHBIME 3arpsi3HUTENSIME BOJJHBIX OOBEKTOB, HE HCIOJIB3YIOIIMX BECh KOMIUIEKC Mep IO OYHIIIe-
HUIO CTOKOB U KOHTPOJIS 32 X XUMHUYECKUM cocTaBoM, ABIsIOTCS OAO «Amypcekuii yrons» (EpkoBerkuit
YTroNbHBIN  pa3pe3), cOpocuBmee 2,06 Thic.T.; OAO «AMypckue KOMMYHAJbHBIE CHCTEMBD)
(r.bnarosemenck) — 4,17 teic.T.; OOO «Bogokanam» (r.bemoropck) — 0,9 teic.T. Hecmotps Ha TO, 4TO B
2017 roxy o6mimii c6pOC CTOYHBIX BOJ YMEHBIIHICS 10 76,66 MiH. M, a B Gacceiin p. Amyp — 10 72,28
MiH.M’, yBenuumics copoc dopmansieruma (236,9 %), medrenpomykros (74,1 %), BIIKun (40,5 %),

158



IIPUKJIAJTHBIE ACHIEKTBI CUCTEMHOI'O AHAJIM3A B 3/[PABOOXPAHEHUH

AIIAB (16,3 %), xupoB (15,5 %) u autpatoB (12,4 %) [8]. CripaBeATUBOCTH pagyd YTOYHUM: XUMHYeE-
CKHUil cocTaB BOAbI peku AMyp B npezaenax AMypckoi obsactu (OpMHUPYIOT NPUPOTHBIE CTOKH U CTOKH
pek 3es u bypes, mpoMBIIUIEHHBIE W XO3SHCTBEHHO-OBITOBBIE CTOYHBIE BOJBI biraroBemieHCKa U XO3sii-
ctBeHHO-ObITOBBIE cTOKH KHP. B pesynbrate B Bosie aie npeobiamatot conu u coeaunenuns Al, Fe, Cu,
Mn, Pb u Zn, KkoTopble NMPEBHIMIAIOT MPEISIbHO TOMYCTUMbIH HOpMaTuB. Hampumep, B ropoae CBo6o-
HbI, bermoropckom, OkTsiOppckoM U brarosemenckom paiioHax (OHOBBIN ypoBeHb Fe xomebancs ot 2,1
no 5 ITJK [8].

Camoe yapyyarolee To, 9YTO Ha IPOTSHKEHUH MOCIEAHUX ABYX JIET KA4eCTBO MUTHEBOM BOJIBI IO Ca-
HUTAPHO-XMMUYECKUM M OAKTEPHOIOTHUECKUM TMOKa3aTeNsiM yXyIIIWiIock B 1,5 pasa, B CBSI3H € 4eM To-
pona Paifunxunck, CBo6oansril u lllumaHoBCK, paiionsl bypeiickuii, [llumanoBckuit, OkTsa6pbckwmii, CBO-
O6omnnenckuii 1 TamOOBCKHMI OBUTH MPUYpPOUYEHBI K TEPPUTOPHUAM pHCKa. B BOZOMPOBOIHON TOPOICKOIM
cetn brmarosemencka comepxarcs Fe, Cu, Co, Mn, Ni, Cr, Pb u Hg, a B kposu xuteneit — Co, Cs, Mn u
Ni pu mebonbiom yposue Co, Fe, Hg, Mg, Zn ap. [14]. Curyaius ¢ TUTHEBOM BOION HE YJIy4IIAIACH U
B 2018 roxy — K TEppUTOPHSIM PUCKA IO TUTHEHUYECKOH 0€30MacHOCTH BOJBI B Pa3BOAIIEH CceTH OTHeCe-
Hbl ropona lllmmanoBckuii, CBoOomHeli M bemoropck, CoOomHenckwii, MBaHOBCKMiA, OKTAOPHCKUH,
Koncraatunosckuii, benoropckuii m TamO0oBckuil palioHBI, a KA4eCTBO BOJBI Ha TeppuTopusax KoHcraH-
THHOBCKOT0, MIBaHOBcKOTO, TaMb0BCcKOr0o 1 Ma3aHOBCKOTO pailOHOB CTaOMIIBHO HEYIOBIIETBOPHUTEIIHLHOEC.
[NoTeHIMaNBHOMY PUCKY HOABEpkKEHO 0K0JIO 400 ThICSY XKUTENICH 00JIacTH, JOOPOKAYECTBEHHOW BOIOH
obecriedeHo Tobko 24,4% >xuteneii [7]. B To ke Bpems Ympaenenue PocnpenHanzopa mo AMypckoid
00JIacTH 3asBJISIET, YTO COCTOSHHE MOBEPXHOCTHBIX BOJHBIX PECYpCOB Ha TEPPHTOPHU OOJIACTH B IEJIOM
yIOBJIETBOPUTENBHOE.

He menpmeit mpobnemoit AMypCKO OOJIACTH SIBISFOTCS OTXOJBI IPOU3BOJCTBA U MOTPEOICHUS,
KOTOpbIe 00pa3yloTCs B IpolLiecce MpeoOdpa30BaHusl BELeCTBA U SHEPIUU IPU IPOU3BOACTBEHHON U OBITO-
BOM AeATeNbHOCTH. Byaydn omHUM M3 caMbIX pacIpOCTPaHEHHBIX BUAOB MpaBOHAPYLIEHUI B cdhepe 3KOo-
JIOTHH, OTXOJI B CBOEM OOJIBIIMHCTBE TOKCHUYHBI — OHHM 3arps3HSIOT CBAJIOYHBIM razoMm armocdepy, a
¢uIbTpaTaMyu — MOYBY M I'PYHTOBBIE BOJIBI, K TOMY XK€ coJiepaT Bo30yauresneii MHPEKIMOHHBIX 0oJe3-
Heit. B obmactu B 2017 roxy nemonuposBano 2 439,022 TeIC. T. OTXOA0B pa3nudHon kiaccHOCTH (B 2016 T.
11,600 t.; 2015 r. — 2,309; 2014 r. — 2,71; 2013 r. — 3,144; 2012 r. — 1,172; 2011 r. — 0,528; 2010 —
0,423) [9]. To ecTb, HaMMLIO HE MPOCTO BO3pACTAIOIIEE 3aXJIaMJICHHE TEPPUTOPHH. DTO YKasbIBaeT Ha
MIOJTHOE OTCYTCTBUE KaKOr0-TMOO yHpaBJIEHUs 3a HAKOIJICHHEM OTXOJI0B ¥ HU3KYIO SKOJIOTHUECKYIO KYJIb-
TYpY, HO 1 0e3pa3nuuue K TpeOOBaHHUIO, YTO COLUATIBHO-3KOHOMHUYECKOE Pa3BUTHE HEOOX0IMMO paccMart-
pHUBATh B IPSIMOM B3aMMOCBSI3H C KAUECTBOM OKPY>KaIOIIeH Cpeibl.

Mexnay TeM, U3 HaKOIUIEHHBIX OTXOAOB yTuiu3upoBaHo Bcero 510,021 teic. T. Ilostomy 3a mo-
cieqaue 1ATh neT (2013-2018 ropl) X03sMCTBEHHOU AESITETFHOCTH MPUPOIHBIE YCIOBHI AMYPCKOH 00-
JIACTU U3MEHMJIMCh HACTOJIBKO (B TOM YHCIIE U 32 CUET JIECHBIX II0KapOB), YTO CPEIU OXPaHIEMBIX BHIIOB
okoJio 1% cumTaroTcs UCUe3HYBIIUMH, 9,5% HaxoasTcs Moj yrpo3oi ucuesHoBeHwus, 25,1% cokpariaroT
YUCJIEHHOCTh, 58% SBIAIOTCS PEAKMMU, TOJIOKEHHE OKOJIo 5,9% He ompeneneHo u Toibko okoio 0,5%
BOCCTAHABIMBAIOT CBOIO YHCIEHHOCTb.

Taxum 00pa3om, MPOBEIEHHBIN aHATN3 JaHHBIX SKOJIOTMYECKOT0 MOHUTOPUHTA, IPEICTABICHHBIX B
JIOKYMEHTaX OpraHOB PEerHOHANLHON (heiepalbHOM U UCTIONIHUTEIHHOM BIIACTH TIOKa3bIBAaET, YTO MpPU3HAa-
HUE DKOJIOTUYECKOW CUTyallul B AMYPCKOW OOJIACTH yJOBIETBOPUTEIHLHOMN SIBISIETCS, TIO CYTH, CTIIaXKHU-
BaHHWEM OMACHOCTH IMOCTEACTBUI MPOIUION M TEKYIIeH XO3SHCTBEHHOW NEATENbHOCTH M OYeHb ciaboit
3G GEKTHBHOCTH aIMUHUCTPATHBHO-XO3HCTBEHHOT'O YIIPABIICHUSI 3KOJIOTMYECKUM pa3BUTHEM. B jeii-
CTBHUTEJILHOCTH K€ 3KOJIOTHYecKasi 00CTaHOBKa B 00JIaCTH HAIpsDKEHHAS (KOH(IIMKTHAS): 3arpsi3HEHBI BCe
cpeabl O6uocepbl, B TOM 4YHCIIE€ OTXOJAaMH INPOM3BOJCTBA M MOTPEOJICHUS, HACEJICHUE HE IMOJHOCTHIO
o0ecrieunBaeTcs Ka4eCTBEHHOW MUTHEBOH BOJIOW, CHU)KAeTCs OMOJIOTHUECKOE pa3HooOpasue u JIp.

HckaxxeHne 5KOJOrMYECKON peajbHOCTH, OT KOTOPOW 3aBHCUT 3KOJIOTHUECKOE O1arocoCTOSHUS
00I1IeCTBa, CBUAETENLCTBYET O HEXEIAHUU MOHATh, Ymo Odadxce Heboabluue YpOosHU, HO NOCHOSHHO Oeli-
CMBYIOWUX 3a2PA3HAIOWUX BEILIECTB BBI3BIBAIOT CEPhE3HbIC HAPYLICHUS B COCTOSHHUM 3[0POBbS y NETEH,
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MOKUIIBIX JIFOCH, OEpEeMEHHBIX KEHIIMH U OOJBbHBIX XpOHMYECKMMHU 3aboneBanusMu. bonee Toro, 3a-
TpSA3HEHHS reorpa@uuecKoi Cpeabl CTAHOBUTCS KIMMATOOOpa3yrmUM (akTOpoM, BIMSIOUIMM Ha ajarl-
THUBHBIE PEAKLUH YEJIOBEKa U KOM(POPTHOCTh €ro JKU3HEAEATEIFHOCTH, UTO TaK XxapakTepHo Ais JlanbHe-
ro Bocroka [3, 11, 17]. iMeHHO B Takoil HeaaeKBaTHOW KOJOTMYECKONW OOCTAHOBKE B pa3HOE BpEMs
MPOXKUBAIA ¥ TIPOKHUBAIOT KUTEIH AMYpPCKOU 001acTu (Thic. uenoBek). ¢ 2010 200y — 834,9; 2014 2. —
811,3; 20152 —809, 9, 2016 2. — 805,7; 2017 . —801,8, 2018 2. —798,4. 11 310 HECMOTpPS HA TO, YTO
Ha OXpaHy OKpYXarolleil Cpeapl, poCT MPOU3BOACTBA, OCBOCHHUSI HOBBIX TEXHOJOTUH U TEXHUKU BKIIAJbI-
BalOTCA HeMaJble JeHeXHbIe cpencTBa (MiH. pyoneit): B 2010 roqy maBectupoBano 116,5; B 2015 rogy —
666,1; 82016 Tony — 638,9; 82017 — 570; 2018 r. — 967,5[2, 9].
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CONTENT OF HEAVY METALS IN DRINKING WATER OF BLAGOVESCHENSK
(AMUR REGION)

It was found that drinking water in Blagoveshchensk drinking water contains heavy metals in
accordance with the norms of Sanitary rules and regulations 2.1.4.1074-01.
Key words: heavy metals, drinking water.
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YcTaHOBIIEHO, YTO COEpKaHUE TSHKEIBIX METAIUIOB B MMUTHEBOW BOJIE T. birarosemieHcka co-
OTBETCTBYET TPeOOBAHUSAM CAaHUTAPHBIX HOpM U mipaBui 2.1.4.1074-01.
Knrouegwle cnosa: Tsoxenple METaIbL, TUTHEBAs BOJA.

Introduction. Technogenic pollution of the natural environment is, to one degree or another, a po-
tential threat to all living organisms, including human health and quality of life. Among the pollutants, the
most harmful are heavy metals and their compounds [1,2]. They have a toxic effect on cells, tissues and
populations, since living organisms cannot secrete these elements. "Metal poisons™ (barium, bismuth,
cadmium, manganese, copper, mercury, lead, silver, chromium, zinc and compounds of some non-metals
(arsenic, antimony) are not biodegradable by logical factors, toxic even at low concentrations, accumulate
in organs and tissues and affect the entire food chain in ecosystems. Most often in the body, heavy metals
block sulfhydryl groups of SH-enzymes, displace biogenic metals from metal-containing complexes, and
also generate reactive oxygen species [1, 2, 4]. Despite numerous expensive, energy-intensive and not
always effective methods of water purification (adsorption, precipitation, ion exchange, reverse osmosis,
electrochemical processing, etc.), drinking water cannot be completely purified from heavy metals. Some
2.1 billion people lack access to safe drinking water, according to a new report from WHO and UNICEF.
This means that drinking water pollution is a serious health problem worldwide [3, 7]. Approximately
90% of human diseases are caused by the use of poor-quality water. With it, 80% of various harmful sub-
stances (microorganisms, heavy metals, phenols, nitrites, nitrates, pesticides, etc.) enter the body. Differ-
ent people react ambiguously to prolonged exposure to heavy metals in drinking water. But it is known
that many of these elements can cause cancer, diseases of the lungs, liver, kidneys, joints, and the central
nervous system. For example, nickel, chromium, cobalt, mercury and molybdenum are common causes of
allergic conditions.

Purpose of the study. Comparative study of the concentration of heavy metals in drinking water
of the city of Blagoveshchensk, Amur region.

Methodology. The gross concentrations of Ca, Cd, Co, Cr, Cs, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb,
Rb and Zn in drinking water from the city water supply network were studied using a Hitachi spectropho-
tometer (Japan ). The Hg content was determined using an AGP-01 gas-vapor mercury analyzer.

Research results and discussion. The table 1 shows that drinking water from the city water supply
and the water of the Amur River near Blagoveshchensk contain the same microelements.

Moreover, the differences available for individual elements are not significant. Consequently, at the
water intake facilities of the city of Blagoveshchensk, the water treatment system provides residents with
drinking water in accordance with the norms and rules "" SanPiN 2.1.4.1074-01 Drinking water [7]. Hy-
gienic requirements for water quality in centralized drinking water supply systems. Thus, heavy metals are
present in drinking water in acceptable amounts. However, it must be remembered that different people
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are not equally susceptible to the same concentrations of heavy metals. Even an insignificant content of
these toxicants, but prolonged intake into the body can lead to their deposition in organs and tissues with
the development of dangerous consequences. In addition, the Amur Region belongs to the region with
substandard waters due to the increased concentration of levels of iron and manganese in the aquifers.

Table 1
Comparative content of chemical elements in river and drinking water
The elements Sanitary rules and Content (mg/l) Avea Average content
Regulations 2.1.4.1074-01 [6] elements in the Amur (mg/1) elements in
MPC standards, Class river in low water period | drinking water Blago-
mg/l danger [5] veshchensk
Ca - - 7,2 0
Cd 0,001 2 0,00011 0
Co 0,1 2 0,001 0,0018
Cr 0,5 3 0,0003 0,001
Cu 1,0 3 0,0034 0,003
Fe 0,3 (1,0) 3 0,10 0,17
Hg 0,0005 1 0,0002 0,0001
K - - 1,30 0
Li 0,03 2 - 0
Mg - - 0,54 0
Mn 0,1(0,5) 3 0,0025 0,029
Na - - 5,06 0
Ni 0,01 3 0,0051 0,0055
Pb 0,03 2 0,0015 0,004
Rb 0,1 2 - 0
Zn 5,0 3 0,0043 0,007

Legend: (-) - item not found, O - no data.
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CONFIDENCE INTERVAL OF BINOMIAL PROPORTION IN ESTIMATING
THE DISCRETE DISTRIBUTION OF PROBABILITIES INVASION OF FISHES
WITH HELMINTHES IN WATER BODIES OF THE SOUTHERN URALS

Presented a model assessment of the discrete distribution of helminthic invasion in the fish
population of crucian carp (Carassius), peled (Coregonus peled), roach (Rutilus rutilus),
perch (Perca fluviatilis), and rotan fish (Perccottus glenii) in water bodies of economic im-
portance of the Chelyabinsk region.

Key words: helminthes, extensiveness of invasion, intensity of invasion, diplostomosis, pro-
teocephalosis, fish.
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JTOBEPUTEJIbHBI NTHTEPBAJI BUHOMUAJIBHOM ITPOITIOPIIMU ITPU OIIEHKE
JUCKPETHOI'O PACIIPEJIEJIEHUSA BEPOSATHOCTEN WUHBA3HUM PhIb
IT'EJBMUHTAMU B BOOJOEMAX IOKHOI'O YPAJIA
[IpencraBieHa MojieNbHas OIICHKA AUCKPETHOIO PACIPEIC/ICHUs TIMCTHON MHBA3HU B TOITY-
nsn peio kapacst (Carassius), nenen (Coregonus peled), mrotssr (Rutilus rutilus), oxyws
(Perca fluviatilis) u porana (Perccottus glenii) B Bogoemax, HMEIONUX XO3SMCTBEHHOE 3HA-
yeHue i YenssOMHCKOM 00I1acTH.
Knrwwuesvle cosa: TenbMUHTHI, 3KCTECHCUBHOCTh MHBA3WHU, HHTCHCHUBHOCTh MHBA3UH, JHILIO-
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Introduction. In Russia, research into the fauna and morphology of animal and human helminths
with zooanthroponosis and zoonotic significance is personified with the works of Academician K.I. Scria-
bin and his scientific school [1], studies of the helminth fauna of synanthropic animals [2, 3].

The important food value of fishery reservoirs on the territory of the Chelyabinsk region of the
Southern Urals is due to high-quality fish products.

However, the achievement and preservation of the commercial quality of products depends on the
veterinary and sanitary welfare of fish helminthiasis [4].

According to the results of research by A.N. Sedinkin [1], diplostomoses (Diplostomoses) is one of
the most widespread trematodes of fish that have significant sanitary significance, inhabiting lakes of all
types in the Chelyabinsk region.

In this regard, the purpose of the work — was a model assessment of the discrete distribution of hel-
minthic invasion in the fish population in water bodies of economic importance in the Chelyabinsk region.

Methodology. Was carried out a study of the infestation by parasitic worms of fish of crucian carp
(Carassius), peled (Coregonus peled), roach (Rutilus rutilus), perch (Perca fluviatilis) and rotan fish
(Perccottus glenii) in lakes Mayan, Kurakli-Mayan and Sugoyak [4]. In the course of the statistical analy-
sis of the data obtained, the methods of descriptive and inductive statistics were used. For qualitative nom-
inal traits (extensiveness of invasion), the absolute and relative (%) frequencies were calculated; the latter
provided a 95% confidence interval (C.I.) calculated by the Jeffreys method [5]. For quantitative traits
(intensity of invasion), the mean was calculated with a 95% C.I. calculated by the nonparametric boot-
strap procedure (BCa method, n = 99999). All calculations were performed in the packages «PAST, ver-
sion 3.20» [6] and «KyPlot, version 2.15» [7].
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Research results and discussion. Have be reported invasive pathologies such as Diplostomoses
and Proteocephalosis. The greatest extent of invasion (E.l.) and intensity of invasion (l.1.) were recorded
by diplostomosis in peled and roach — up to 40% and 60% and 3 ... 25 units, 9 ... 23 units, respectively,
and also in perch underyearlings — 40% and 16 ... 25 units respectively [4]. Earlier, proteocephalosis was
characterized as a significantly less common disease in fish in the South Urals [1]. Fish become infected
with proteocephalosis by eating crustaceans with helminth larvae [1, 4]. Indeed, we recorded proteo-
cephalosis only in peled, while E.I. and I.I. were comparatively low [4]. Rotan was free from helminths
[4].

Conclusion. Thus, in general, the veterinary and sanitary state of fish in the studied reservoirs of the
Chelyabinsk region for helminthic diseases can be considered satisfactory, especially considering the fact
that the registered diseases are not zooanthroponosis. However, a fairly high invasion of fish with dip-
lostomosis certainly affects the potential fishery productivity of hydrobionts.
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Poccuiickoii akademuu nayx (MI'UI1 J{BO PAH), Brazosewenck

METAJIJIBI HOATI'PYIIIIBI IAHTAHA B ITPUPOJHbBIX OBBEKTAX
BJATOBEIIEHCKOI'O PAUOHA AMYPCKOM OBJIACTH

[IpencraBneno pacrpeneneHne 3JI€MEHTOB MOArPYIITbI JJAHTaHA B KOMIIOHEHTaX T€0XUMUYe-
ckux Henei brarosemenckoro paiiona AMypckoit odnacT.
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LANTHANUM SUBGROUP METALLS IN THE NATURAL OBJECTS OF BLAGOVESH-
CHENSK’S DISTRICT AMUR REGION
Distribution of lanthanum subgroup elements in the components of geochemical circuits of
Blagoveshchensk’s district Amur Region is represented.
Key words: rare earth elements, distribution, migration, biological environment.

Beenenmne. [Toarpynmny meramuios nanrtana (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu) 06bI4HO Ha3bIBaeMyr0 peaKo3eMeIbHbIME deMeHTamMu (P3D) cOCTaBISsIFOT XUMUYECKHE JIEMEH-
TeI TI0O0YHOW moarpynmsl |1 rpymmer, nepuonndeckoit cucremsr J[.1. MenneneeBa. DT 31MeMEeHTHI He
SIBIITIOTCS HEOOXOAMMBIME TSI )KU3HU | TIpelICTaBiIeHbl coennHeHusMu |1l kimacca omacHocTH, mpu Xpo-
HUYECKHUX U MOBTOPHBIX OTPABICHHUAX KIJIACC OMACHOCTH MoBkImaeTcs 10 |, ¢ yu€rom mmurenpHOTO Tiepu-
0J1a BBIBEJIEHUS U3 opranusma [1].

Henb ucciaenoBanus. BrisiBneHne pacnpeneneHns XUMAYECKAX IIEMEHTOB IMOATPYIIIBI JaHTaHA B
KOMITOHEHTaX MPUPOTHBIX TEOXUMHUYECKUX IeTieli biaroBemienckoro paiioHa AMypCcKOil 00IacTw.

O0bexThl 1 MeTOAbl. OOBEKTAMH WCCIIEOBAHUS SBIIUTUCH IIOBEPXHOCTHBIC BOJIBI, TTOYBHI, pacTe-
Hus. OtoOpaHHBIE TIPOOBI OBUTM TPOAHATU3WPOBAHBI CTAHJAPTHBIMH METOAWKAMH, Ha aTOMHO-
a0COPOIMOHHBIX CHEKTPOPOTOMETPaX ¢ WHAYKIMOHHO-CBSI3aHHON TUTa3MON MO METOIWKAM, PEKOMEHO-
BarabeIM UCO, I'OCT P, OCT [2].

O6cy:xk1eHue pe3yjabTaToB. MeTaluIbl MOATPYIIEI La SBIAIOTCS aKTUBHBIMH, TIPOSIBIISTIOT CXOXKee
TPYMIIOBOE TEOXUMUIECKOE TIOBEIEHHE, CYIIECTBYIOT B BU/IE COEIMHEHNI CO CTEIEHAMU OKUCIICHUs +3, a
OTJIENBbHBIE AJIEMEHTHI MOTYT MPOSIBIISTH JOTIOJIHUTEEHO CTENICHH OKUCIICHUS +2 U +4.

Haunbonpiryro onacHOCTh JAJIs 3apaskeHHss MeTalylaMd TOATPYMIel La TpencTaBiser a3poreHHbINR
MyTh, CBSI3aHHBIA C MECTAaMHU MEPEePabOTKH Py THOTO MHHEPAIBHOTO CHIPhS M MTPOIIECCaMH COKUT'aHUS Opra-
HUYECKUX TOIUIUB, TIIe TH BJIEMEHTHI MPUCYTCTBYIOT B BHJE MPHMECEH C MACCOBBIMHU JIOJSIMH JIO He-
CKOJIBKUX JIECATKOB T/T. OCHOBHAsI MUTPALIMs TIPOUCXOIUT 32 CUET KOHTUHEHTAILHOTO CTOKA Ha KOTOPYIO
BIIMSIFOT TEXHOT'CHHBIE (DAaKTOPHI MPOLIECCOB JOOBIUU U MEPEepadOTKH MUHEPAIBHOTO CHIPBS, BKIIIOYAS MPO-
LECCHI CKUTAHHSI OPTaHUYECKUX TOIJIMB Ha TEIUIOBHIX dnekTpocTannusx (TOLl) u B 4acTHBIX JOMOBIae-
HHSIX, CO3JIAI0T JONOJIHUTENIbHBIC JIOKAIbHbIC O4aru 3arpsisHeHus [3]. JIaHTaHOUIbI HE SBISIOTCS OMOTeH-
HBIMH JJIEMEHTAMH H CYIIIECTBYET OMOT€OXUMHYECKHI Oaphep MOTJIOMICHUS ATUX METAJUIOB, paBHBIN 3Ha-
yeHussM ko3¢ duitueHToB ouonorundeckoro noryomieHuss KbIT 0,3-0,5. OgHako ObLIO 3aMEYEHO, YTO Me-
TaJJIBl MOJIPYIIBI JJAHTaHA YBEIUUMBAIOT YPOXKaHHOCTh CENBCKOXO3SHCTBEHHBIX KYJIbTyp U B Kurae —
KpyITHeieM B Mupe npou3Boautene P33, oTXo/pl 3THX MPOU3BOJCTB UCIIOJIL3YIOTCSA KaK yI0OpeHUs B
CEeNIbCKOM XO3HCTBE. B MOBBINIEHHBIX KOHIIEHTPAIMAX OHU HAXOJATCS B KaIbIUEBO-POCHOPHBIX yI00-
PEHHSX U 00JIaJal0T BBICOKOH MHUTPAIIMOHHOW aKTHBHOCTBIO C JIETKOCTBIO PACTBOPSISICH B KUCIBIX H IIIE-
JIOYHBIX BOJIAX, XOTSl YACTUYHO YCBaWBAIOTCS PACTUTEIBHOCTHIO.

MaccoBble J0JIM XUMHUYECKUX 3JIEMEHTOB MOJIPYIIEI JIaHTaHa B MPUPOJHBIX 00BeKTax biarose-
HIEHCKOT0 paiioHa MpuBeneHBI B Tabm. 1.

CrnoxHOCTh cucTeMaTHKH P30 cBsizaHa ¢ XUMHYECKHMU Pa3JIMUUsIMH TOBEJICHUS B YCIOBHUSIX 3€M-
HOW KOPBI M KOCMOCA, BCJIEACTBUE WX BBICOKON aKTUBHOCTH, IMOCKOJIBKY TJIABHBIE WHIWBUAYAIbHBIE OCO-
OCHHOCTH HE BCer/ia YKJIAJBIBAIOTCS B TPAIUIIMOHHBIE CBOIcTBA Beel rpymnmbl P3D co cTeneHbio okuce-
HUS +3, 9TO CBSI3aHO C OCOOCHHOCTSAMH 3JIEKTPOHHOTO 3anosHeHus f- u d- ek TpoHHBIX KOH(UTyparmit
XUMHYECKUX DJIEMEHTOB, KOTOPBIE W ONPEACISIOT WHANBHUIyaJbHBIC Pa3INuds HA XHMHUYECKOM YPOBHE.
P33 He uMmeroT 4€TKOM OMOTCOXMMHUYECKOW U TOKCHKOJOTUYECKON OLEHKU U CIIa00 M3YyYEHBI dKOTCOXH-
Mudecku. OOIIenpru3HAHHBIM SIBIIIETCS MHEHUE, 4TO P30 He SIBIAIOTCS HU BBICOKOTOKCUYHBIMU, HU OHO-
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nmorndeckn HeoOxomumbIMu. Benencterue mansix 3Hadenuit KBII pactenns OMoKupyroT UX MOCTYIUIEHHE B
nuiy Joaei. OTMedaercs Takxke, uto npu pH 6-7, XxapakTepHbIX Ui opranusMa sojei, P33 obpasyror
MaJopacTBOPUMbIE COEIWHEHHS W MO3TOMY SIBJISIFOTCSI HHEPTHBIMH ISl deloBeka. Yepe3 KoKy TOKcHUe-
CKOE€ JeWCTBHE OKa3bIBAIOT OKCHUBI, AaJiee CIEeAYIOT HUTPATHl U MOTOM XJopusl. [Ipexne neiictBue P30
OIIEHWBAJM TI0 CyMME MacCOBBIX J[0JIEH BCEX WICHOB T'PYIMIIBI, OJHAKO MO MEpe HAKOIUICHHUS YelloBede-
cTBOM MH(OpMAanny cTamy OOJIbIIe BHUMAHUS YIENATh HHANBUAYATbHBIM JJAHTAHOMIAM U WX CBOWCTBAM,
CTalli TOAPA3JENATh Ha JETKUE W TsDKENBIE, IO TEMIepaTypaM IUIaBICHUS CYIIECTBYIOT IMOATPYIIIBI —
nerkoraBkux nepus (La, Ce, Pr, Nd, Pm, Sm) u tyromnaBkux — utrpus (Eu, Gd, Tb, Dy, Ho, Er, Tm,
YD, Lu, Sc, Y), a TakKe 110 XUMHYECKHM CBOMCTBAM II0 cTereHsM okucienus +2 (Sm, Eu, Yb) u +4 (Ce,
Pr, Th).

Tabruya 1

Maccogvle 0onu s1emenmos nooepynnsl IaHMana nepuooudeckol cucmemsi /{.M. Menoeneesa
8 NPUPOOHbBIX 00Bekmax brnazogeuenckozo patlonHa. 8 NOBEPXHOCMHBIX 800dX,
nouse u pacmenusx @ — me/xe

OnemMeHT ITouBa Pacrenus IToBepXHOCTHBIE BOJBI
JlanTan 5-40 0,1-5 20-400
Hepwmii 10-80 0,3-7 30-600
[Ipazeoqum 0,5-9 0,1-1 5-100
Heonum 4-36 0,1-2 30-400
[Ipomernit 0,8-8 0,1-1 10-100
Camapuii 0,7-7 0,03-0,7 5-100
EBpomuit 0,1-3 0,01-0,1 1-20
Tagonuuwuii 1-10 0,05-0,5 7-200
TepOuit 0,1-1,5 0,01-0,1 2-90
Jucniposwmit 0,8-9 0,03-0,3 10-100
Tonemuii 0,2-2 0,07-0,8 5-60
OpOwmit 0,5-6 0,01-0,5 20-90
Tynuit 0,1-0,7 0,005-0,02 3-50
UtrepoOmii 0,7-4 0,01-0,1 10-100
Jrorenuit 0,1-0,6 0,001-,01 3-40

Ha moneit P33 okaspIBaloT KaHIIEpPOTEHHOE BIMSHUE B OOJNBITNX KOHIIEHTPAIHAX, JIETKO BCACHIBA-
FOTCS JKETYJOYHO-KUIIIEYHBIM TPAKTOM W €IUHCTBEHHBIM 0aphepoM WX PACIPOCTPAHEHUS SIBIIACTCS TIe-
YEHb U CeJIe3€HKA, JIEIOHUPOBAHUE MPOUCXOJUT B CKEJIETe, OTKY/Ia OHHU MEIJICHHO T'OJlaMHU BBIBOJATCS.
WHTansImmoHHbBIH TyTh OTPaBJICHUS IPUHITO CYUTATh OCHOBHEIM, HAKAIIUBAsCh B IETKUX P33 BRI3BIBAIOT
pa3IM4HbIe BOCIAIUTENbHBIE POLIECCHl B JIETOYHOW TKaHU, JIOMOJHUTEIHHO BBI3BIBAIOT CYXOCTh U IIENy-
IICHHE KOKK €€ MUTMEHTAIIMIO U BBIMAJCHUE BOJIOC. Y jeTel U30bITOYHbIC KOHIIEHTpauud P30 BbI3bIBAIOT
3HAYUTEIHLHOE CHIDKEHNE KOd(h(DHUIMEHTa HHTEIUIEKTyaIbHOCTH [4].

3akiIouyenue

OKoJOTHYecKasl CUTyalus MO0 PACIIPEIEIeHNI0 IEMEHTOB TOATPYIINEI JJaHTaHA B U3YYEHHBIX MPH-
POIHBIX cpe/ax — MoYBax, ruapocdepe 1 OCHOBHOM KOMIIOHEHTaX Ouocepbl — paCTeHHSX HAXOIUTCS B
YAOBJIETBOPUTEIHHOM JKOJIOTHYECKOM COCTOSHHH XapaKTepU3yIomuMcs 3HadeHmsIMA <1.0 enquHUI opH-
€HTHPOBOYHO-IOMyCTUMBIX KOHHIeHTpaunid (OLK). A cutyarus, cBsfizaHHas C pa3sBUTHEM TEXHOTEHE3a
MMeET OTPHUIATENbHYIO TUHAMHKY, XapaKTePHU3YIONIYIOCS YBETMUYEHUEM KOHIICHTPAMA XUMHYECKHX dJle-
MEHTOB TTOArPYIIIbI JJAHTaHA B aTMOC(Eepe U CTOUYHBIX BOAAX 110 cyMMapHbIX 3HadeHuid <1.0 OJIK [5].
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BbiBoA: 10 TPOBEPEHHBIM MOKA3aTeNsIM KayecTBa Cpelbl OOMTaHUSI OMOJIOTMYECKUX BHUIOB, CYyM-
MapHOE 3arps3HEeHHe IKOJOTHIECKOl crucTeMbl biarosemenckoro paitora AMypcKoil 00IacTi MeTaiaMu
MIOATPYMIIBI JIAHTAHA OIEHUBACTCS yIOBIETBOPUTEIBHO, BKIIOYAs OTPUIATEIHHYIO TUHAMHUKY TEXHOTEH-
HOTO 3arpsi3HEHUSI.
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