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Annomayusi. PaccmarpuBaeTcd ~ MareMarM4ecKoe€ — MOJAEIMPOBAaHUE  HANPSKEHHO-
1e(GOpPMUPOBAHHOTO COCTOSIHUS IHMJIMHIPUYECKON apMaTyphl, HAarpyXEHHOH pacrpeneieHHON
Harpy3kol B pa3iIu4HbIX HamnpaBicHUsIX. OCHOBHOE BHUMAaHHUE YIEIAETCA OIPENCICHUIO
BHYTPEHHEIO HaIPSDKEHUS M 3aKOHA €ro pacHpelesIeHUs IJIs apMaryphl, CO3JaHHOW Ha OCHOBE
0a3anbpTOBBIX TOPHBIX MopoA. [locTpoeHa Mmaremarndeckas MOJENb, BKIIOYAIONIAS YpPaBHEHHS
JBYDKEHHUS, YCIOBUS IIPOYHOCTH, a TAK)KE CBSI3b MEXKAY HAIPSDKEHUEM U Jie(opMauei.

Abstract. Discusses the mathematical modeling of the stress-strain state of cylindrical fittings
loaded with a distributed load in various directions. The main attention is paid to the determination
of internal stress and the law of its distribution for fittings created on the basis of basalt rocks.
A mathematical model is constructed that includes equations of motion, strength conditions, and
the relationship between stress and deformation.

Kniouesvie cnosa: MareMarndeckoe MOJEIMpPOBaHME, 0a3aibToBas apMarypa, HalpsKEHHO-
ne(pOopMUPOBAHHOE COCTOSHUE, HArpy3Ka, ypaBHEHUS IBUKEHUS, YCIOBHSI IPOYHOCTH.

Keywords: mathematical modeling, basalt reinforcement, stress-strain state, load, equations of
motion, strength conditions.

B coOBpeMEHHBIX CTPOMTENbHBIX TEXHOJOTMAX apMaTrypa Ha OCHOBE 0a3ajbTOBBIX TOPHBIX
nopoa npuoOperaeT Bce Oojblliee 3HAUYEHHE M3-32 BBHICOKOW MPOYHOCTH M KOPPO3UOHHOU
ycroiunBoctd. OnHako g 3¢G(GEKTHBHOTO HCIOJIb30BaHUS TaKUX MaTepuaoB HEOOXOAMMO
CO3/laHHME MaTeMaTU4YeCKOe MOJETUPOBAaHUE WX MOBEIEHHUs MOJA JeWCTBUEM Harpy3ok. [laHHas
paboTa HampaBieHa Ha pa3pabOTKy MaTeMaTHYeCKOH MOJAETH HaIpsDKEHHO-Ae()OpMUPOBAHHOTO
COCTOSIHMSI LIMJIMHJIPUYECKON apMaTypbl, HarpyKEHHOW pacHpeeIeHHON Harpy3Koi B Pa3IMUHBIX
HanpasieHusX. [lockonbky pa3paboTka apMaTypHBIX MaTepuaioB HAa OCHOBE 0a3ajbTOBBIX TOPHBIX
MOpOJl U HMX TNPUMEHEHHE B CTPOUTENHCTBE M HH)KEHEPHBIX KOHCTPYKLMSIX CTajll IPEIMETOM
aKTHBHBIX MCCJIEJOBaHUM B mocienHue necsruierus. basamsroBas apmarypa, Omaromaps CBOUM
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YHUKaJIbHBIM CBOMCTBAM — BBICOKOW MPOYHOCTH, YCTOMYMBOCTH K KOPPO3HM M JIOJITOBEYHOCTH,
CTAHOBHUTCS Bce OoJiee MOMYISIPHON albTEPHATUBOW TPAAUIIMOHHOW CTabHOW apmarype. OmHako
IIMPOKOE TPHUMEHEHHUE JaHHOTO Marepuana TpeOyeT ITyOOKOro MOHMMAaHHS €ro MOBEICHHsS ITOJ
pa3NUYHBIMM BHUJaMM Harpy3ok. Pa3zpaborka u mnpuMeHeHue 0a3ajabTOBOH apMarypel B
CTPOUTENIbHBIX KOHCTPYKIUSAX MPECTABIAET COO0N aKTyaJbHYIO HAy4YHYIO POOJIEeMY, CBSI3aHHYIO C
HEO0OXOUMOCTBIO MOJAETUPOBAHUSl TIOBEJACHHUS Marepuaja T[Oj pa3jIMYHbIMH  Harpy3KaMu.
CylecTByIOIUE HCCIEAOBAHUSA COCPEAOTOYEHBl HA pPAa3IMUHBIX acleKTax MOJEINPOBAaHNUS,
IIPOYHOCTHBIX XAPaKTEPUCTUKAX, KPUTEPUSIX pa3pyLICHUS U METOAAX HEpa3pyLIAIOUIEro KOHTPOJIS
KOMIIO3UTHBIX MAarepuajgoB, YTO 3aKJIaJbIBAET OCHOBY J/JII MaTeMarHM4e€CKOro MOIECIMPOBAHUS
HaNPsDKEHHO-Ie(hOPMUPOBAHHOTO COCTOSHUS 0a3anbTOBOM apMarypbl. [l perieHus 3TUX 3ajad
HEoOXonuMBbl 3(P(PEKTUBHBIE MaTeMaTU4YEeCKHE MOJAETH, KOTOpPhIE MOTYT ONHCAaTh HANpPSKEHHO-
ne(GOopMUPOBAHHOE COCTOSTHUE apMaTyphl IIPHU BO3ACHCTBUH PA3IMYHBIX CHII.

B cymectByromeld mreparype NPEACTAaBIECHbl Pa3IMUHBIE IMOAXOAbl K MOAECIUPOBAHUIO
MOBEACHUS apPMUPYIOLIUX MAT€PUAIOB MO/ BO3IEUCTBUEM HArpy30K.

P. K. Karsh, T.Mukhopadhyay, S. Dey mnpoBenu npoCTpaHCTBEHHbBII aHAIU3 YI3BUMOCTH
KOMIIO3UTHBIX CJIOEB Ha MPEIMET MX pa3pylIeHHs NpU MEpPBUYHON HaArpyske, BKitodas 3(hdext
paccioenusi [1]. ABTOpbI HCIOJB3YIOT COBPEMEHHBIC TOAXOAbl K MOJCIMPOBAHHIO M aHAJIU3Y
HANpPSDKEHHOTO COCTOSIHUSL KOMIIO3HTHBIX MAarepuajoB, YTO MOXET ObITh aJanTUPOBAHO IS
MWIMHAPUYECKOW 0a3anbToBOM apmarypsl. B ux pabore momyepkuBaeTcs Ba)KHOCTh YydeTa
3pPEeKTOB pPACCIOCHUS B MOJCIUPOBAHHM IMPOYHOCTH KOMIIO3HTOB, YTO SBIISETCS KITFOYEBBIM
(dbakTopoM MpH aHaIu3e MOBEICHUS 0a3aIBTOBON apMaTyphl MO/ Harpy3KOi.

S. Gholizadeh B cBoem 0030pe MeTOMIOB Hepa3pyLIAIONIETO KOHTPOJS KOMITO3UTHBIX
MarepuajoB pPacCMaTpUBAaeT TaKHE MOAXOABI, KakK YIBTPa3BYKOBOH, TepMoOrpapuuecKku,
pentrenorpaduueckuit u apyrue [2]. [laHHbBIH 0030p yKa3blBaeT Ha BaXKHOCTh HMCITOJb30BAHHUS
METOJIOB HEpa3pyLIAOIIETr0 KOHTPOJIS Uil aHAJIM3a CTPYKTYPHBIX XapaKTEPUCTHK apMarypbl. JTOT
aCTeKT BaXKEH IMPHU OLIEHKE HaMpsHKEeHHO-AS(POPMHUPOBAHHOTO COCTOSIHHS 0a3ajJbTOBOM apMaTyphl,
IIOCKOJIBKY OIIpEJEICHUE COCTOSHHUS MaTrepuaja IpHU Ppas3IMYHbIX BUIAX HArpy30K IO3BOJISET
co3zaTh 00Jiee TOUHbIE MaTEMaTUYECKUEe MOJIEIIH.

I'OCT P 51372-99 onpenenser MeTOnbl YCKOPEHHBIX MCIBITAHUM MarepualioB IIpU
BO3ICHCTBUH PAa3IMYHBIX arpeccuBHbIX cpen [3]. [laHHbIA CTaHmapT akTyaleH I[pU aHAIU3e
JIOJITOBEYHOCTH 0a3aIbTOBOM apMaTyphl, OCKOJIBKY OHA MOJIBEPraeTcsl BO3IEHCTBUIO arpeCCUBHBIX
cpel B Ipolecce JKcIulyaranuu. lcronb3oBaHuE CTaHAAPTHBIX  METOIOB  HCHBITaHUH,
npenycMoTpeHHbIX ['OCToM, 1o3BoseT Mnosydars SKCIEPUMEHTAIbHBIE JaHHBIE ISl IPOBEPKU U
YTOYHEHHUSI MAaTeMaTUYeCKUX MOJIeNed, ONUCHIBAIOLINX HAMPSKEHHO-1€(OPMUPOBAHHOE COCTOSIHHUE
apMarypsbl.

J. Zheng, C. Maharaj, J. Liu, H. Chai, H. Liu, J. P. Dear npoBenu CpaBHUTCIbHBIN aHAIIN3
KPUTEPHEB pa3pyIICHUs] JUIS BOJOKHUCTBIX KOMIIO3UTOB [4]. ABTOpBI MOKa3ald, YTO Pa3IHYHbIC
KPUTEPUH pa3pylIEHUs MPUBOAAT K OTIMYAIOIIMMCA IPOTHO3aM OTHOCHUTEIBHO Hadasa
MOBPEXJICHUH. DTH pa3nnuus OOYyCIOBIECHbl KOMIUIEKCHBIM XapaKTepoM B3aUMOJECUCTBUI B
apMUPOBaHHBIX MaTrepuaiax, yTo TpeOyeT OoJyiee AETaTBbHOTO MOJEIUPOBAHUS U yUeTa pa3InyHbIX
(haKTOPOB MpH CO3TAHUH MOJENIeH HAPsHKEHHO-Ie()OPMUPOBAHHOTO cocTosiHUS. st Ga3aibToBOM
apMarypsl BBIOOp MPaBHIIBHOTO KPUTEPUS pa3pyLIeHUs, MPEAI0KEHHOIO B TaHHOH paboTe, MOXET
CrocoOCTBOBATh 00JI€€ TOUHOMY ONPEAETICHUIO HArPY30UHBIX XapaKTePUCTHK.

BaxkHpIM »reMEHTOM aHaliM3a HaNpsKEHHO-Ae(OPMUPOBAHHOTO COCTOSIHHUS  SIBJISIETCS
HCIIOJIb30BaHUE KOMIIBIOTEPHBIX MeTofoB pacueta. B. WM. Eropos omuceiBaer npumenenue 3BM
IUIsL pelieHus 3axad TerionpoBogHocTH [5]. Hecmotpst Ha TO, yTo maHHas pabora MOCBSIIEHA
TEIIONPOBOIHOCTH, METO/IbI UNCIIEHHOTO MOZEINPOBAHNUS, IIPEJICTABICHHbBIE ABTOPOM, IPUMEHUMBI
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U JUIs 33724 IPOYHOCTH MaTepHalioB, BKIIOUas 0a3abTOBYIO apMarypy. YncieHHbIe METOIbI, TaKHe
KaK METOJ KOHEYHBIX OJJIEMEHTOB, MO3BOJISIOT MPOBOAUTH NIIyOOKUH aHalu3 pacrnpeneneHus
HanpspKeHui U gedopmaliiii B KOMIO3UTHBIX MaTepHaax.

Uccnenoanus [[. B. I'puneBny, H. O. fxosneBa, A. B. CinaBuHa KacaroTCsi KpUTEPUEB
paspyIeHusl MOJUMEPHBIX KOMIIO3UTOB, BKJIFOYas apMUPOBAaHHbBIC BOIOKHaMHU Matepualbl [6]. B ux
paboTe omucaHbl pa3jMyYHbIE IOAXOABl K OLIEHKE KPUTUYECKOTO COCTOSIHHSI KOMIIO3HTHBIX
MarepuasoB, a TaKKe PacCMaTPHUBAIOTCS METOMbI MPOTHO3MPOBAaHUS paspylieHus. JlaHHbIi 0030p
aKTyaslleH JUIsi 0a3aJbTOBOM apMaTypbl, MOCKOJIBKY IPAaBHJIBHOE OIpEJeIICHUEe KpUTEepHUs
paspylieHusi IMo3BoyiseT Oojiee TOYHO OIKCaTh HANPSHKEHHO-A€(POPMUPOBAHHOE COCTOSIHHE
apMaTryphbl IPU paclpeiesIEeHHON Harpy3Ke.

BaxxHblil acneKkT UCMOIb30BaHUs 0a3aJbTOBBIX BOJIOKOH — 3TO MX CTOMKOCTH B Pa3iUYHBIX
cpenax. B. H. [epesuxo, JI. B. Camamaxa, E. I. Kymnup, E. C. Ulyapo, A. I Cmoruit
HCCJICIOBAJIM CTOMKOCTh 0a3ajbTOBOIO BOJIOKHA B Pa3jIMYHBIX YCIOBHAX M cperax [7]. ABTOpSI
OTMEYAIOT BBICOKYI0 XHMHMYECKYI0 MU TEMIIEPaTypHYI0 CTOMKOCTh 0a3ajbTOBBIX BOJIOKOH, YTO
IIOBBIIIAET HAJEKHOCTh U JIOJITOBEYHOCTh apMaTrypbl Ha UX OCHOBE. AHaJIM3 CTOMKOCTH BOJIOKHA
IIO3BOJISIET y4YUTHIBaTh JIOJITOBEYHOCTH apMarypbl IIPM MOJECIMPOBAHHHM €€ HaIPSIKEHHO-
ne(OpMUPOBAHHOTO COCTOSTHUSI.

Pa6ora C. A. MunoanoBa, B. b. Mapkun nocpsiiieHa IpUMEHEHUIO0 0a3aJbTOBBIX BOJIOKOH
IUISL CO3/IaHMsI COCAMHEHUH «MeTayI-koMno3ut» [8]. ABTOpBl paccMarpuBalOT OCOOCHHOCTH
0a3ambTOBBIX BOJIOKOH, WX MEXaHHMYECKHWE CBOWCTBA M CIOCOOBI NPUMEHEHHUS B Pa3IHYHBIX
KOHCTpyKUMsX. MccieqoBaHue 53THX CBOWCTB BaXHO IPU MOJAEIUPOBAHUM HANPSDKEHUM U
nedopmarlinii 6a3anbTOBOM apMaTypbl, 0COOEHHO MPH BO3AEHCTBUN KOMOWHHUPOBAHHBIX HATPY30K.

OnHako, HECMOTpPSI HA MHOXXECTBO HCCIICJIOBAaHHMI B TOW 00JACTH, OCTAIOTCA HEpEIICHHBIE
BOIIPOCHI, CBSI3aHHBIE C ONTHMMU3ALKMEN MapaMeTpOB apMaTypbl U Oojiee TOYHBIM OIMCAHUEM €€
MOBEIEHUs 101 KOMOMHUPOBAHHBIMH BUAaMH Harpy3ok. CyliecTByIOIe MaTeMaTH4YeCcKiue MOJeNn
3a4acCTyl0 OPHUEHTHPOBAaHbl HA YAaCTHBIE CIIydyal W HE YUYUTHIBAIOT BCEH CJIOXKHOCTH peajbHBIX
YCIIOBMM OKCIUlyarauuu apmarypsl. Hanpumep, pacnpeneneHHas Harpyska B PasiIMYHBIX
HaIpaBJIEHUSAX, BO3HUKAIOLIAs B MPOLECCe DKCIUTyaTalluu apMaTypbl, TpeOyeT Oojiee IeTaabHOro
aHanu3a 1 pa3paboTKU YHUBEPCATbHBIX MATEMaTHIECKUX MOJIEICH.

[Menpr0o HACTOALIETO MCCIEIOBAaHUSA  ABIIACTCS  CO3JAaHUE MaTeMAaTMYeCKOM  MOJIEIU
HaNpsHKEHHO-€(POPMUPOBAHHOTO COCTOSIHUSL LMJIMHAPUYECKON apMaTypbl, W3rOTOBJICHHOW Ha
OCHOBE 0a3aJIbTOBBIX TOPHBIX MOPOA, MPU BO3JIEHCTBUU paCHpEAeIEHHOW HAarpy3Ku B Pa3IMYHBIX
HanpaBneHusix. l[Ipeanmaraemas Mopens OyaeT y4YWTHIBATH OCHOBHBIE MEXaHHUECKHE CBOWCTBA
Marepuaia U 0COOEHHOCTH €ro MOBEACHUs IM0J] KOMOMHUPOBAHHBIM Harpy>K€HHEM, YTO MO3BOJIUT
MOBBICUTh TOYHOCTh PACYETOB M IPPEKTUBHOCTh MPUMEHEHHUsS 0a3aJbTOBOM apMarypel B
CTPOUTEIIBCTBE.

OcHosHvle ypasHeHus

s uccnenoBaHus HaMpsKEHHO-e(OPMUPOBAHHOTO COCTOSIHHSI apMaTypbl pacCMOTPUM
LHWINHAPUYECKUN SIIEMEHT JUIMHOW dX, HaXoAsIuiics moj AeWCTBUEM paclpeieleHHOM Harpy3Ku
q(x,t). [Ipu 3TOM KacarenbHbIC HANPSDKCHUS HA BHEIIHUX MOBEPXHOCTSIX IMJIUHIPA OTCYTCTBYIOT, @
YpaBHEHUs JIBUKEHUS MO>KHO 3aIMCATh B BUJE:

1
8_M+Jpa_a): ()
OX ot
ON ov
Z4tRq=pF—
ox A= PE S
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rae M — m3rubaronmii MOMEHT, J — MOMEHT WHEPIIUHU MTONIEPEUHOTO CEUYCHHUSI, P — yAeabHas
TUIOTHOCTh MacChl CHUCTEMBI, , — YIJIOBas CKOPOCTh BpAIICHUS AJIEMEHTA YacCTHI[ OT JEHCTBHUS
n3rudaromero MmoMeHta, N — mornepeunas (nepepessiBaroias) cuia, R — paauyc munuHapa, ( —
BHEIIHSS Harpy3ka, F — muomaas monepeyHoro ceueHus, ,— COCTABIISIONIAsi CKOPOCTH.

Yenosue npounocmu npu uzeube
[Tpu u3rube apmarypsl B UHTETpajJIbHOM BUJIE YCIOBUE IPOUHOCTH MOXKHO 3aITUCATh:

; ()
!

M =2zR| 0,zdz

R 3
N= ZﬂRj 7,,dz, ®)

rie 0, — HOpMalIbHOE HampshkeHue, 7, — KacarelibHOe HANPSHKEHHE B TIONIEPEYHOM CEUCHHE.

B apMarype, HCIBITBIBAIOIIEM ,I[e(l)OpMaI_II/IIO Kpy4dCHHs, B IIONCPCUHBIX CCUCHUAX BO3HUKAIOT

KacareJIbHbIC HAIPSKEHUS Ty, .

Ces3b medncoy HanpsaxceHuem u degpopmayuelt
CBs3b MEXK]Ty HANPSHKEHUEM U JeGopMaIiieid MOXKHO MPEICTAaBUTh B BUJIC:

—Eza—w _ 99, +EK‘(1+ v)o, 2udz (4)
ox ot 3
G(a—u—a)):%ﬂﬂXZ 2dz, ©)
OX ot
rne E — wmonyns KOura, G — wmoayns casura, V — xkoddduiment Ilyaccona, K —

¢du3nveckas KOHCTaHTa MaTepuaa.
Ilepenuwem ypasuenus c yuemom ycinosuit npounocmu: Gopmyisl (4) u (5) ¢ ydeToM yCJIOBUH
npovHocTH (2) u (3) mepenuiieM B BUE:

—2Ez%dz o _20 (20, zdz) + 4 x(1+v)o,zdz
ox ot 3

(20— wy2dz = 2 (2 dz) + 267 dz
OX ot

NN
3
R 1o 2 M
3 o&x #Rat 3 7R
6 pr= LN N
OX 7R ot 7R
4
_27zRE8_a):8_M+EK(1+V)M
3 ox o 3
226R*(2L — ) = N4 N
OX ot
_Da_a’za_M+EK(1+v)M,r11e DZ”R4E
oX ot 3 3

B(a—u—a))Za—N-i-ld\I, 31ech B =27GR?
OX ot
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Takxum o6pazom, M +Jp (e =N
OX ot
OX
_D8_a) = oM E/<(1+ v)M
OX ot 3

B ) =N N
oX ot

HX 3TMX ypaBHEHUH UMeEEM:

ow oM (7)
—=—-a—+oN
ot OX
ov ON
=B —+y(xt
™ ﬁax 7(x,t)
M__pom_
ot OX
N _g% _pyom
ot X
1 Rq 27ER?
l — " —__ 2 D_ 2
, - — . - = — 1 - B:2 GR
rae, o 3 B F) /4 Fp X 3K( +v) 3 i

Pewenue 3aoauu
Jlns pemieHust cucteMbl ypaBHeHMH (7) ycTaHOBMM HayajbHble M I'DaHUYHBIC YCIIOBHS IS
JTAHHOH 3a/1a4u:
Hauansnble ycnosus: npu t=0 o =0o=N=M=0
I'pannunsie ycnoBus, npu z=0 =0 x=b o=0

v=0 v=0
M=M, () M=M(t)
N=N;() N = N(t)

3nech: @(X) =1 j w(x, t)e *dt
0

v(X) = A]c v(x,t)e " dt M(y) = /ITM(X, t)e *dt N(x) = ATN(x,t)e‘“dt y(X) = /”LT;/(X, t)e “dt

Dopmynuposka pewieHus
Wcnonk3ys mnoaxoabl pemieHus JIUHEHHbIX AuddepeHINalbHbIX YpaBHEHUH, pelleHue

< 8a) 8M ov ON
aBHenwus (7) umeeT BUI: |6 M (— +a — —aN dt=0 [e*(=-p8——%»)dt=0
yp (7) j (5+ ) j (P

J'e’“(aM D@, ZM)dt =0 Ie’}“‘( N_gov, Bw+xN)dt =0
0 ot OX : X

OTCroKa MOTYHM: j e‘“%)dt:[a)(x,t)e‘“ j w(x,t)de™ = a(x, 0)+,1j w(x,t)e " dt =z (x)
0
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Tak kak w(x,0)=0 u ﬂ,j o(x,t)e 'dt = @(X) , To noxy4nm
0

[ 22D gag - 2 [ ox,tyeat =+ 02
o OX OX g A dx

o0 -
—e Mdt =v(x
!at o(x)

20 ag 100

5 OX A Ox
Me-igr =N (x) = j—eaM gy 2OM
o Ot o OX A OX
Nerat =N = [Dear=-2N
o Ot ) OX A OX
Takum oGpazom, numeem
i (8)
+Za—M—aN:O
A 0
5 BON 7 _
A 0x A
_+26—w+1M=0
X
N-Bdv B o XN-0
Adx A A

M 2 aN=0
oX «
a_N_i[):o

ox f

9@ A+7) 1;§%i-0
OX
d—U—w—/1+KN=O
dx B

HpeécmaeﬂeHue u32u6ar0u;ux MOMEHMOB U CUJl.

Bemuunnsl M, N, @ , v U » MOryT ObITh BHIpaXKEHHI uepe3 pemieHue (6) M yCIOBHS

Harpy)XeHusi apMarypbl. Takum o0pa3oMm, CHCTeMa YpaBHEHHWMH, OIMCHIBAIONIAS HAMPSIKEHHO-
neOpMUPOBAHHOE COCTOSIHUE IWIMHIPHUYECKOW apMarypbl TOJA HAarpy3koid, MpPHHUMAET

cexyromuii Bua: M = Ae™

— — X —
NIAzer 7,:A5epx ZU:Axep U=A4€px
Torma u3 cucremsl ypaBHeHUH (7) MOTyduM:
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PA+ 2 A -1A =0 ©)
o

A
PA, -2 A, =0
AZﬂAA

PA, +—1;Z AA =0

A+x
B

PA - A-""5A =0
Tlocmpoenue mampuyul pewienus
Jnst  manpHEWIero aHanu3a 3aJadd  COCTaBUM Marpuly Kod(O(HUIIMEHTOB M HaWaeM
COOCTBEHHBIE 3HAYEHUS] CUCTEMBIL:

p a2 0 (10)
o =0
0 p o -2
B
Yx, 0 P 0
D
0 Atk 4 p
B
A A
A 0 0o —— 0 ——
P 0 5 ; P B
1+ y All+y
P —_ =
P 0 P 0 +/”L—D A 0 ++a 5 A 0 0
A+K c -1 P Atk
A 4 p 0 5 P

=p(P:-Z P)+ 5B B S

A A+K /1_31+;(+i 1_21+)(/1+K_P21+;(l
s B f D «

i _p2 A(A+K) N 220+ ) N A0+ (A +x) _p2 A1+ y) _

=P 0

BS Dg afDB aD

2 3
Pt _ A +k) +/1 1+ y) P2+ﬂ 1+ y)(@B+A+k) 0
Bp aD affDB

h, h,

Torna nomy4um:
[P*—h,P?+h, =0 (11)

Pemenue gaHHoro YpaBHCHHUA 6y,[[eT HUMCETHb BU/:

R = 2 =, &
= 3 e )
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1 (14)
%:\/E[hl—a/hf—mﬁ
1 (15)
P4=—\/E[hl—a/hf—4h2}
— :lz(l+;()_/1(/1+lc) h :f’(l+;()(aB+/1+K) — 1 ﬂ—i-
LT 4D B 2 ;DB ‘=3 “Fp’

4
2ZER - B=27GR?, ~ = Qu3uyeckas KOHCTAHTa Mareprasa

;(z%/((lﬂ)); D=

Bobi600wi
[IpemnoxkeHHas MareMaTHueckas MOJCNb II03BOJISICT aHAJM3UPOBaTh  paclpeiciicHUue
HanpsoKeHUH ¥ neopManuii B MUJIMHAPUYCCKON apMmarype u3 0a3ajibTOBBIX TOPHBIX IOPO ITOJ
JNCHCTBHEM pacTpelC/ieHHOW Harpy3kd. YpPaBHCHUS JBUKCHHS W YCJOBHS IMPOYHOCTH,
MIPEIICTABIICHHBIC B JJAHHOW CTAaThe, MOTYT OBITh MCIOJIB30BAHBI JIJIS YHCICHHOTO MOJCITUPOBAHUS
ONITUMAJILHBIX MTAPAMETPOB apMaTYpPhl M OIICHKH €€ HaJIS)KHOCTH.
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Annomayus. W3ydeH mporiecc oOpa3oBaHMsI KPHCTAUIOTHIpara MEIHOTO Kyrmopoca
(CuSO4x5H,0) B BOmHOH CyCHEH3MHM MPH IIOJaYe HAMNPSOKEHHS Ha MEIHBIE DIIEKTPOJIBI.
PaccmarpuBatorcs (GakTopbl, BIMSIONIME HA MHTEHCUBHOCTH 00pa3oBaHHUS MEIHOTO Kylopoca,
BKJIFOYAsl TIPUJIOKCHHOE HAMPSHKCHHUE, PACCTOSTHUE MEXIY O3JICKTPOJAaMH W COCTaB BOABL. B
SKCHEPUMEHTAX HCIOJIb30BAIIUCh MEIHBIE 3MIEKTponabl pasmepoMm 10x2 cm. PacctosHue Mmexny
ANEKTpOoaMH BapbHpoBasnock oT 2 10 10 cm. Ha anekTpozs! monaBagoch HampsHKEHHE B JUAMa3oHe
oT 2 o 29 B. IlpuBeneHsl pe3ynbTarbl SKCIEPUMEHTOB, aHAIN3 BIUSHUS Pa3IMYHBIX MapaMeTpoB
Ha TPOIECC KPUCTATUIM3AINH, a TAKXKE 00CYKIEHUE BO3MOKHBIX MEXaHU3MOB PEAKIUU.

Abstract. This article studies the process of formation of copper sulfate crystallohydrate
(CuS04x5H,0) in an aqueous suspension when voltage is applied to copper electrodes. The factors
influencing the intensity of the formation of copper sulfate, including the applied voltage, the
distance between the electrodes and the composition of the water, are considered. Copper electrodes
measuring 10x2 cm was used in the experiments. The distance between the electrodes varied from 2
to 10 cm. The electrodes were supplied with a voltage in the range from 2 to 29 V. The results of
experiments, an analysis of the influence of various parameters on the crystallization process, as
well as a discussion of possible reaction mechanisms are presented.

Kniouesvie crosa: MCIOHBIC  OJJICKTPOAbI, JJICKTPHUYCCKOC II0JI€, BOJAHAA CYCIICH3UA,
Z-)HCKTpO(I)I/IBI/I‘-ICCKaSI WOHMH3alus, MEIHBIN KYyImopocC, Murpanus HOHOB.

Keywords: copper electrodes, electric field, aqueous suspension, electrophysical ionization,
copper sulfate, ion migration.
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Mennsiii kynopoc (CuSO4%x5H,0) mpencraBnser co0oil OAHO M3 BaKHEHIIUX COCTUHEHUN
MeH, IIUPOKO NMPUMEHSIEMOE B CEIBCKOM XO3SMCTBE, XMMHUYECKOW MPOMBIIIJICHHOCTH U JPYTUX
oTpacyiaix. MeToj JIEKTPOXMMHUYECKOTO OCAXIECHHUS MEIHOIr0 Kylnopoca Ha KaTroje IpH Iojaye
BHEIIIHET0 HANPSKEHHUS B AJIEKTPOJIMTAX, COACPXKAIIMX HOHBI MEOU M Cylb()aToB, U3BECTEH YKe
JOCTaTOYHO JaBHO. PaHee uccienoBareny yAensyld BHUMAaHUE H3YYEHHUIO SJIEKTPOXHUMHUYECKHX
MPOLIECCOB HAa MEIHBIX 3JEKTPO/ax, OCOOCHHOCTSM 3JIEKTPOJIM3a BOJABI U 00pa30BaHUS JIBOIHOIO
anekrpuueckoro cios (A3C) [1-3].

Hexkoropeie paboTsl [4, 5] yka3siBallu Ha BAXKHOCTh BHEIIHETO HATPSHKEHUS U AJIEKTPUIECKOTO
0JIsL B IIPOLIECCaX ANEKTPOIIUTUUECKOTO OCAKICHUS MEIU U Ipyrux MeTtayyioB. OQHAKO BOIMPOCHI,
CBsI3aHHBIE C OOpa30BaHMEM KpPUCTAIIOTHUIAPAaToB, Takux kak CuSO4x5H,0, B amekrponurax Ha
OCHOBE NHUTHEBOH BOIBI, TPeOYyIOT Oojee AeTalnbHOTO HCCIeAOBaHMA. M3BECTHO, 4TO MEIHBIN
Ky[lOpoC TPAAULHMOHHO IIOJYyYarOT NYTEM B3aWUMOACHCTBUS MEIU C CEPHOW KHUCIOTOW U
nocienyomei kpucramimzanud. OJHAKO 3TOT METOJI HMEeT CBOM HEJAOCTaTKH, BKIIIOYAs
noTpebiieHue KOHIIEHTPUPOBAHHOW KHCJIOTBHI, 3HAUUTENbHBIE SHEPreTHYECKHe 3aTparbl H
OKOJIOTUYECKYI0  Harpy3Ky, CBS3aHHYIO C TOOOYHBIMH  mpoaykramu.  IIpemmaraemsbiii
WHHOBAIIMOHHBIA METOJI AMEKTPOPU3NICCKON HOHU3AIUHU(IIEKTPOIIH3), UCIOIB3YIOUIHA MUTHEBYIO
BOJLY, IPEJICTABIISIET 3HAYUTEIbHBIA HHTEPEC MO CIACAYIOUINM MPUIHHAM:

1. DKOMOTUYHOCTh U AOCTYMHOCTH ChIphsi: [IuTheBas BoJga JAOCTYyIHA MPAKTHUYECKH B JIFOOOM
PETHOHE U yXK€E COIEPKHUT HEOOXOMUMBIC IS MTPOIlecca HOHBI, BKIItoUas Cynbgar-aHnoHbl (SO427).
DJEeKTPOIN3 B BOAHOM cpesie MO3BOJseT U30eKaTh UCIIONIb30BaHUSI KOHIIEHTPUPOBAHHBIX KUCIOT U
JIPYTUX XUMUYECKU arpeCCUBHBIX PEAreHTOB, YTO JIeJaeT MPOLECC IKOIOTHUECKH YHUCTHIM.

2. VrpouieHre TpOU3BOACTBEHHOTO MPOLECCca: MCIOIB30BaHUE MHUTHEBOW BOJBI B Ka4eCTBE
ANIEKTPOJIUTA TMO3BOJSIET TPOBOAUTH TMPOLECC B OTHOCHTENBHO TMPOCTBIX YCIOBUAX 0e3
HEO0OXOUMOCTH TOATOTOBKU CIEIUATM3UPOBAHHBIX PACTBOPOB. ODTO MOXKET CIIOCOOCTBOBATH
OpraHM3alyi MallbIX MPOU3BOJCTB MEAHOTO KyNopoca B JIOOBIX paioHaX, e HCIOIb30BaHUE
CJIO)KHOTO XMMHUYECKOT0 000pY/I0BaHMsI 3aTPYIHEHO.

3. CHukeHue 3arpar: METOJ JJIEKTPOJu3a Ui IOJIyYeHUS MEIHOro Kyrnopoca TpelyeT
OTHOCHUTENILHO HEOONBIIUX YHEPTETUUYECKUX 3aTPaT U HE HY)KJAETCS B TOPOTOCTOSIINX XUMHUKATAX.
OTO MO3BOJIAET CHHU3UTH CE0ECTOMMOCTh KOHEYHOro mnponaykra. K ToMy jke BO3MOXKHOCTb
peryaupoBaTh yCIOBHUS JJEKTposin3a (HANpsDKEHHE, PAacCTOSTHUE MEXAy dJIEKTpoJaMH) JaeT
KOHTPOJIb HaJT IPOIIECCOM U BBIXOJIOM TPOTYKTA.

4. BoO3MOXHOCTH TMepepadOTKM MEIHBIX OTXOAOB: OJIEKTPOIUTUYECKUNA METOJ JaeT
BO3MOKHOCTb MCIOJIb30BaTh OTXOJbl MEIHBIX U3/AEIMNA B Ka4eCTBE JIEKTPOJOB. ITO CIIOCOOCTBYET
BTOPHYHOH TIepepabOoTKe MEI M CHUYKEHUIO TIOTPEOJICHHS TPUPOIHBIX PECYPCOB.

5. Ob6oraiieHue NMUTHEBOM BOABI MHUKpoOdneMeHTaMu: OAHOM M3 NMEPCHEKTHB NPUMEHEHHS
JAHHOTO MeTo/a SBISETCS OOOTralleHHe NUTHEBOW BOJAbI HMOHAMU MEIW B KOHTPOIHUPYEMBIX
Konmu4ecTBax. MeaHbIil Kynopoc 001anaeT aHTUCENTHUYECKHUMH CBOMCTBaMHU, W J0OaBICHUE €T0 B
MUTHEBYIO BOJIY MOXKET UCHOJB30BaTbes Uisl Je3uH(EKIu U o0oramieHuss BOABI MEIbIo,
He00XOJMMOM U1 3I0pOBBS UEJIOBEKA B MaJIbIX /103aX.

Taxkum oOpa3oM, mosyueHHuEe MEAHOTO Kyrlopoca METO/IOM 3JIEKTPOIN3a U3 MUTHEBON BOJBI HE
TONBKO AaKTyalbHO C TOYKH 3pPEHUS HAy4YHBIX HCCICOBaHUNW B 00JaCTH DJICKTPOXUMUU H
MarepuasoBeCHUsl, HO U obradaem CywecmeeHHbIM NPUKIAOHbIM NOMEHYUaiomM. ITOT METOA
MOXET CTaTb OJKOHOMHUYECKH J(PPEKTHBHONM W HSKOJOTHYECKH O€30MacHOW allbTePHATUBOU
TPaJAULIMOHHBIM CIIOCO0aM MPOU3BOJCTBA METHOTO KyIopoca.

Hacrosimmast pabora HampapiieHa Ha u3ydeHue mexanm3dMoB oOpaszoBanus CuSO,-SH,O mpu
nojiade HaNpsDKCHUsST HA MEIHBIE JJIEKTPOJbl B BOJHOW CYCIEH3MH, a TaKXe Ha BBIABICHHE
OCHOBHBIX (DaKTOPOB, BIHSIONINX HA ITOT MPOIIECC.
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Mamepuan u memoowt ucciedosanus

1. Xapakrepuctuka oOpa3ioB BOIbI: B KadecTBe 3JIEKTPOJIUTA WCIOIB30BANACH IMHTHEBAsS
BOja, cojepxamas Tummumsle nonsl: HCOs, SO4%7, CI°, Ca**, Mg®*. Kouuentparms cyibdar-
nonoB (SO42-) cocrassuia mpumepHo 50 Mr/i1.

2. YCTpOMCTBO M D3JIEKTPOAbI: B 3KCIEepUMEHTax HCIOIb30BAIUCh MEIHBIC 3JICKTPOJIBI
pasmepom 10x2 cm. PaccTosiHue Mexy 3JeKTpoiaMu BapbrpoBaiock oT 2 10 10 cM. Ha snektpoabt
M10/1aBAJIOCh HAIPsKEHUE B Auana3zoHe ot 2 10 29 B.

3. Metonst u3mepenwii: [IpoBonuimch U3MepEeHUsT HAPSHKSHUSI, CUITBI JICKTPUYECKOTO TIOJIS,
HOHOB  MEIH (Cu2+) u  cynbGar-uoHOB (SO427) C  WCIOJB30BAaHMEM  CTAHJAPTHBIX
MOTCHIMOMETpUYecCKuX  MeTonoB.  OOpazoBanme  CuSO,x5H,O  omneHuBanock  MeTOIOM
rpaBUMETPHUH U peHTreHo(}a3oBeIM aHamu3oM (PDA).

4. DKcriepuMeHTaNIbHAs TIpolielypa: B BOIHYIO CYCIICH3HIO TIOMEIAINCH MEITHBIC IIEKTPOIBL,
ocjie 4ero K HUM MOAKIYANoch peryiaupyemoe Hampspkenue [6, 7]. Ilocime ompeneneHHOro
BPEMEHH KCIIEPUMEHTA OIICHUBAIOCH KOJIMYECTBO OCAXKICHHOTO MEAHOTO KyIIOpoca.

B naHHOM HCClIeIOBaHMM OCHOBHOE BHUMAHHUE YIEISIIOCH AJIEKTPOXUMHUYECKAM IPOIIeccaM,
MPOUCXOMAIIMM TIPH TOJa4ye HAMPSIKCHUsT HA MEIHBIC SJICKTPOABI B BOJHON CYCIICH3MH, M HX
BIIMSHUIO Ha 00pa3zoBanue Meanoro kymopoca (CuSO4x5H,0). [lyis 3TOro mpoBOAMINCH HECKOIBKO
ATANoOB 3KCIEPUMEHTA, B XOAE KOTOPHIX OIEHWBAIWCH PA3IMYHBIC TMapamMeTpsl M HaOIIONAI0Ch
Kpuctaumdeckoe ocaxaeHne CuSO4x5H,0.

Iloozomoska mamepuanos u 06opyoosarus

B kayecTBe 3J7€KTpOJIMTAa MCIIOJIL30BAJaCh MHUTHEBAs BOJAA, COICPIKAIIAs PA3THMYHBIC HOHBI,
BKJIEOUast cyibdar-nonsl (SO4%), rumpokapbonars (HCO®), noust kanbums (Ca2*), marums (Mg?*)
U Apyrue coiu. BaxxHO OBLIO YIOCTOBEPUTHCS B JOCTAaTOYHON KOHICHTpAIMU CYIb(aT-HOHOB
(oxomo 50 mr/im) st obecneueHust yenoBuid (GOpMUPOBAHUS CyIb(para Meu.

Hcnonb3oBanuck 1Ba MEAHBIX 3JEKTposa pazmepoM 10x2 cM, 3aKperIeHHBIX Ha JepKaTeIsax
B DJICKTPOJIM3HOM siuelike. PaccTosHre MEXTy AIIEKTPOIaMu BapbHUpoBaiioch oT 2 1010 cMm.

JIns mofavuM HampsOHKCHUS HUCIOJIB30BAJICS PETYIUPYEMbIH HMCTOYHUK IOCTOSHHOTO TOKa,
MO3BOJIAIOIIMI U3MEHATH HANpsKEHKE B Auanas3oHe ot 2 10 29 B ¢ Tounoctsio 10 0,1 B.

Yemanosxa napamempos u nposedenue snexmponuza

MenHble 3IEKTPObl MOMEIIAINCh B COCY[ C MHUTHEBOM BONOM, MpHU 3TOM obOecrednBanach
BO3MOYKHOCTb PETrYJUPOBKH PACCTOSHUS MEXKAY 3JIEKTPOAaMU. IJNEKTPOIbl TMOAKIIOYAINCh K
MCTOYHHMKY IIOCTOSTHHOTO TOKAa, KOTOPBIH 110/1aBajl peryaupyeMoe HanpsiKeHUe.

DKCIEPUMEHTHI TPOBOAMWINCH TIPU PA3IMYHBIX 3HAYCHUAX Hampspkenus (2, 5, 10, 15, 20, 25, u
29 B) ¥ pa3NUYHBIX PACCTOSIHUAX MEXAy anekTpopaMu (2 cM, 4 cm, 6 cM, 8 cm u 10 cm) ans
WCCIIEIOBAHUS BIUSHUS 3TUX MapaMeTpoB Ha oOpazoBanue CUSO4x5H,0.

Hanpsbxenue nogaBanock Ha 3JIEKTpO/ibl B T€UeHHE (PUKCUPOBAHHOTO BpeMeHu (Harnpumep, 30
MUHYT) JUIsl KaX/I0T0 SKCIEPUMEHTA. 3a 3TO BpeMs MPOUCXOANIIN AIEKTPOXUMHUECKHE PEaKIIMKU Ha
MIOBEPXHOCTHU JIEKTPOJIOB.

Memoovl usmepenuii u ananuza
Hsmepenue nanpsasxcenus u cunvl snekmpudeckoeo noad. IIpu KakIoM 3SKCIIepUMEHTe
(UKCHPOBANIOCh HAMpPSDKEHUE, MOJABAEMOE Ha AJIEKTPONbI, U H3MEpSAach CUja AIEKTPUUYECKOTO
nonist (E), paccunThiBaeMast kKak OTHOIICHHE MPUIIOKEeHHOTo HanpshkeHust (U) K pacCTOSHUIO MEKIY
anektpomamu (d): E=U/d. D10 mo3BOMSIO OIEHHUTh HWHTEHCHBHOCTH JIIEKTPHUYCCKOTO TIOJIT B
AIEKTPOIIUTE.
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I'pasumempus. Tlocne 3aBeplICHUsS] AIEKTPOIU3a PACTBOP OCTABJSUTM HAa HEKOTOPOE BpeMs
it o0pazoBanus KpuctawioB CuSO4x5H,0. 3arem ocaxaeHHBIM MEIHBIA KyIOpoC coOupascs Ha
(buIBTpe, BHICYIIUBAJICS W B3BEIIUBAJICS C MCIOJIB30BAHUEM aHAIMTHYECKHX BEeCcOB. [lomydeHHBIE
JaHHBIE MCIOIH30BAIMCEH JJI OIEHKH MacChl 00pa30BaBIIETOCS MEIHOTO KYMOpoca MpPU Pa3HBIX
YCIIOBHSX SKCIICPUMEHTA.

Penmeenogazosviii ananuz (P®A). Jns moaTBepkacHUs cocTaBa U (Pa3oBOM CTPYKTYpPHI
00pa30BaBIINXCS KPUCTAIIIOB MCIOIB30BAICS PEHTIeHO(A30BBIA aHAIN3. DTOT METOJ| MO3BOJISLI
UACHTUPUIHUPOBATh a3y KPUCTAJUIMYECKOTO BEIIECTBA M YOEAMTHCS, 4YTO OOpa30BaBIIUECS
KpUCTAILIBI cOOTBETCTBYIOT CUSO4%x5H,0.

DKCHEPUMEHTHI TPOBOAMIINCH B HECKOJIBKO CEPHii, TPU 3TOM M3MEHSIUCH TOJIBKO OTIEIbHBIC
napaMmeTpsl (HampsDKEHUE W PACCTOSIHHE MEXKIY O3JCKTPOAaMHu) Ui M3YYCHHs] WX BIUSHUS Ha
mporecc o0pa3oBaHus MEIHOTO Kymopoca. Kaxmasi cepusi SKCIIEPHMEHTOB MOBTOPSUIACH TPHIKIBI
st obecrieueHrss JIOCTOBEPHOCTH  TOJIYYCHHBIX PE3yJabTaroB. B MpoMEXyTKax MExIy
AKCIIEPUMEHTAMH U3MEpsIach TeMIeparypa 3JIeKTpoiauTa U pH pacTBopa, Tak Kak U3MEHEHHE dTHX
MapaMeTPOB MOXKET BIIHSITH HA MIPOIECCHI KPUCTAUIU3AINH U JICKTPOXUMHUYECKHUE PEAKITUH.

IToce  3aBepmieHWS  DKCIICPUMEHTOB  pPE3YJbTaThl  TPaBUMETPHUYECKOTO  aHaIM3a
HCIIONIB30BAIMCH I TTOCTPOCHHMS 3aBHCHMOCTEH Macchl oOpasoBaBmierocsi CuSO,x5H,O or
MPUIOKEHHOTO HANPSOHKEHHs] M PACCTOSIHHUS MEXAY JJlekTpoiamu. JlaHHble u3MepeHwHi
koHIeHTparuii nonos Mean (Cu’) u cynsdaros (SO,°) Gbur 06paGOTAHBI IS ONPENCICHHS
W3MEHEHUsSI WX KOHIIEHTpAIlMi B Tporecce AekTponusa. Pesymbrarel POA ObutH cOMOCTaBICHBI C
STAJIOHHBIMU 3HAYEHUSIMH JJIsi MOATBEPKIACHUS (a3bl KPUCTAIIOB, YTO 00ECIEYHBAIIO BHICOKYIO
TOYHOCTB OIPEeIeTICHUsT 00pa30BaBIIETOCS COCTUHCHHMS.

Pezynomameut

B pesynbrare mpoBeneHHUS AAHHOTO HCCIENOBAHMS OBLIO BBISABICHO, YTO HAa 0Opa3oBaHUE
menHoro kymopoca (CuSO4x5H,0) cylecTBEHHO BIHUSIOT IMapaMeTPbl 3IEKTPUYECKOrO OIS
(HampsDKeHHE M PACCTOSIHUE MEXAY DJIEKTPOJaMH) M COCTaB JJIEKTPOJIHUTA. DKCIEPUMEHTAIbHbIC
JTaHHBIE TOATBEPAWIIM, YTO YBEIMYCHHE HANPSHKEHUS ¥ YMEHBIICHHE PACCTOSHUS MEXIY
ANIEKTPOJIaMH MPUBOJAT K YCKOpPEHHUIo mporiecca kpuctammzanun CuSO,x5SH,0 BOnmM3u katona.

Takum 00pa3oM, 3TOT SKCHEPUMEHTAJIbHBIA MOAXOA TIO3BOJWI H3YYUTh YCJIOBUSA,
CTIOCcOOCTBYIOIIKE 00pPa30BaHUIO MEIHOTO KYIIOPOCa, M MPEIIOKUTh ONTHMAIBHBIE ITapaMeTphl s
€ro MEKTPOIUTHYECKOro ocaxaeHus. Ha Pucynke 1 mpencrapieHa 3aBUCHMOCTh MacChl OCaJKa OT
PacCTOSHUS MEX/1Y IEKTPOAAMHU.

m, gr 100
80
60

40 39 32

29
20

d, cm

Pucynox 1. 3aBUCHMOCTEL MacChI OCaJIKa OT PACCTOSHUS MEXKIY DJICKTPOIaMHU
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Ha Pucynke 2 mpuBeneHa 3aBHCHUMOCTh Macchl oOpasomaBinerocss CuSO,-5H,O or or
HAMPSKEHHOCTHU 3JICKTPUUECKOTO TIOJISI MEXKTY JICKTPOIaMHU
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Pucynok 2. 3aBHCHMMOCTh MaccChl OCagKa OT HAaNpsSHKEHHOCTH JJIEKTPUYECKOTO TONS MEXIy
NIEKTPOAAMHU

AHnanus nonyyeHHvix pe3yiomamos

W3 rpaduka 3aBucumoctu 1 criemyer, uto Macca oOpasoBaBmierocsi CuSOsx5H,0
YBEIMYMBACTCSI C YMEHBIICHUEM PACCTOSHUS MEXKAY 3JIeKTpofaMu. [Ipu BBICOKMX HaNpsKEHUSX
(10-15 B) u manom paccrossHuHU (2 cM) DIEKTPUYECKOE TOJIE JOCTUTACT 3HAYUTEIbHBIX 3HAYCHUIA,
YTO YCHJIMBAET MUTPAIIMIO MOHOB ME/IM K KaTOIy U yBEIHMUYMBACT JOKAIBHYIO KOHIleHTparmio Cu?’.
3TO0, B CBOIO OYepellb, CIIOCOOCTBYET KPHCTALTU3AIMA MEIHOTO KyIOpoca B HEIOCPEACTBEHHOU
0aM30CTH OT Karoja. Takue pe3ynbTaTbl COIIACYIOTCS C JaHHBIMM B JIUTEparype, I7ie yKa3bIBaeTcs,
YTO MHTEHCUBHOE JIEKTPUUECKOE MOJIE MOXKET YCKOPSTH NEKTPOXUMHUYECKHE MTPOLIECCHl Ha KaTOJIE,
CIOCOOCTBYsI 00Pa30BAHUIO PA3TUYHBIX KPUCTAIIOTHIPATOB [4].

OnHako, B OTVIMYHE OT MPEIBIAYIINX MCCIeIOBaHUH, TaHHas paboTa IeMOHCTPUPYET IPSIMYFO
3aBUCUMOCTh MEXJy pAacCTOSHHEM MEXIy JJIEKTPOJAaMH U  KOJIMYECTBOM OCAXKAEHHOTO
CuSO4%x5H,0. Takxke HabarOIa€TCS BIUSIHUE COCTaBa BOJbl, 0COOCHHO HANYUS CYIb(paT-HOHOB, HA
nporecc 00pa3oBaHMsl MEIHOTO Kyrmopoca. B xome KCrepuMeHTOB OBIJIO YCTAaHOBJIEHO, YTO TPU
OTCYTCTBHH JJOCTAaTOYHOTO KomuyecTBa SO4>” B pacTBOpE MPOLECC KPUCTAUIM3AIMN 3aMeUIsIeTcs,
YTO MMOJYEPKUBAET UX BAKHYIO POJIb.

Jnist aHanmM3a 3aBUCHMOCTH MAacChl 0CajJKa OT HAMPSHKEHHOCTH AJIEKTPHYECKOTO TIONS MEXKITY
ANEKTPONAMH CIIEIYET PACCMOTPETh OCHOBHBIE TEHICHIMH, KOTOphIE OOBIYHO HAOIIOMAIOTCS Ha
Pucynke 2. W3 rpaduxa 3aBucumoctd 1 BHAHO, UYTO NpPU YBEIMYCHHM HANpPsSKEHHOCTH
anekTpuyeckoro mong ¢ 3 B/em gmo 15,5 B/cm macca ocagka pacTeT NpakTHUECKH IPSIMO
MPONIOPIIMOHAIFHO HamnpshkeHHOCTH. OJHAKO NMpH JaldbHEUIIEM POCTe HANpsHKEHHOCTH TOJS JI0
32,5 B/cMm macca ocajka METHOTO Kynmopoca Ha KaTroje 3aMeUIIeTCs, TO €CTh P ONPEIeICHHON
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HANPSHKEHHOCTH AJIEKTPUYECKOTO TIONIS YBEIMYCHHWE MAacChl OCajKa 3aMeIUIsieTCsl WM JTOCTHUTAeT
J1aT0. ITO CBHJECTEIBCTBYET O TOM, YTO DJIEKTpUUecKoe moje 10 15,5 B/cMm ycunuBaeT Murpaiuio
nonoB wmemu (Cu?*) K Karogy W YCKOpSICT MPOLECCHl KPUCTALIM3ALUU MEIHOrO Kymopoca
(CuS04x5H,0) B HEemocpeacTBEHHOM OJM30CTH OT Karofa. Takike 3TO yKa3bIBaeT HA JOCTHIKEHHUE
ONTUMAIILHBIX ~ YCIIOBHH JUISI KPUCTAJUIM3AIMU, TI0CIE€ KOTOPBIX JIajbHEUIIECe YBEIHMYCHHUE
HANpSsDKEHHOCTH HE TMPHUBOAUT K 3HAYUTEIHLHOMY MTPHPOCTY MACCHl OCajKa, YTO MOXKET OBITh
CBSI3aHO C OTPAHUYCHHOUN CKOPOCTHIO MUTPAIIMK MOHOB WJIM HACBHIIIICHHEM PacTBOPA.

W3 Pucynka 1 BHIHO, YTO C YBEIMYCHHUEM PACCTOSHUS MEXIY 3JICKTPOJaMH Macca Ocajlka
YMEHBIIIAETCS, TO €CTh OOJbIIEe PACCTOSIHHE CHWXAeT Y(PPEKTHBHOCTH MpOIECcCa OCAKICHHS,
MTOCKOJIBKY IEKTPUUYECKOE MOJIE CTAHOBUTCS MEHEE MHTCHCUBHBIM. JTO MPOSIBIIICTCS HA rpaduke B
Buje OoJiee HU3KOM MAacChl OCajKa MPU OJUHAKOBON HAMPSHIKCHHOCTH DJIEKTPHUYECKOTO TOJIS JUIS
Oosbiero pacctosiHus. Ha ocHoBe rpaduka MOXKHO OMNPEICITUTh ONTHUMAIBHYIO HANPSHKCHHOCTD
ANEKTPUYECKOTO TIONS JIUII MaKCHMAaJbHOTO OCAXKICHHUS MEIHOTO KyIopoca, YTO MOXET OBITh
OCOOCHHO TIOJIE3HO MJIsI MPOMBINUICHHBIX TMPUIOKEHUH C 1EIbl0 00ecredeHruss MaKCHMalTbHOTO
BBIXOJa mpoaykrta. Jis Gonee AeTambHOTO aHaidwW3a CIEAYyeT PacCMOTPETh YHCICHHBIC 3HAYCHUS,
TPEH[IbI, TOYKU Tepernda W OIEHHWTh, KaK M3MCHEHHUE IMapaMeTpoB BiUsAeT Ha 3()(HEKTUBHOCTH
nporiecca.

3axnmouenue

1. Hacrosiiiee uccienoBatue mokasaio, 4to oopasoBanue meanoro kymopoca (CuSO4x5H,0)
BOJIM3M METHOTO Karoja B BOJHOM CYCIIGH3MM 3aBUCUT OT HECKOJIbKUX (DAKTOpOB, BKIIKOYAs
MIPHJIOKEHHOE HANPSDKEHUE, PACCTOSTHIE MEXKITY AJISKTPOJIAMH M COCTAB BOJIBI.

2. DKCnepUMEHTaIbHBIC JaHHBIC JEMOHCTPUPYIOT, YTO HAWOOJbIIAs Macca OCAKICHHOTO
CuSO4x5H,0 pocrturaercs mpu BbICOKOM HampspbkeHUM (15 B) m manoMm paccTOsSHUM Mexay
aneKkTpoaamu (2 cMm). D10 00yCIOBICHO YCUIIEHHBIM IEKTPUUYECKUM I0JIEM, KOTOPOE CIIOCOOCTBYET
YCKOPEHHOMN Murpamuy noHoB Menu (Cu’) k katojy, yBeImduBasi BEPOSTHOCTb HX B3aHMOICIHCTBHS
¢ cynb(haT-uoHAMU (SO427) Y TIOCIIEAYIOUIEH KPUCTAIUTM3AIMN METHOTO KyTopoca.

Pe3ynprarel uccnenoBaHMS YKa3bIBAIOT Ha ONTHMAJbHBIE YCIOBHUS JUIS MPOMBIIIIEHHOTO
npousBoAcTBa MeaHoro kymopoca (CuSO4x5H;0) meromom snekTpodu3nueckol HOHU3ALWUU B
BosHOM cpene. Hanbonbiias 3(eKTUBHOCTh OCaXKIEHUS MEIHOro Kylopoca JOCTHraeTcsl Mpu
nojaye BbICOKOro HampspkeHus (15 B) u momaepkaHuy Mamoro pacCTOSHHS MEXIYy MEIHBIMU
anekTpogamMu (2 cM). DTH yCIOBHUS CO3/al0T YCHIIGHHOE OJIEKTPHUYECKOE TOoJEe, YCKOpsIolee
MUTPAIMI0O HOHOB MEIH (Cu2+) u ux B3auMojeicTBue ¢ cynbdar-uoHamu (SO4*7), UTO
CHOCOOCTBYET 00pa30BaHUIO KPUCTAIIJIOB METHOTO KyIOpoca.

Jlns BHeOpeHWs [aHHOM TEXHOJOTHMH B TIPOU3BOJACTBO PEKOMEHIYETCS HCIOJIb30BaTh
MMUTHEBYIO BOJAY, OOOTANICHHYIO Cyib(par-noHaAMH, W PETryIupOBaTh MapaMeTPhl AJIEKTPOJIHA3A
(HampsDKEHWE H  MEXKIICKTPOTHOE PACCTOSHUE) I OOCCIeUeHUS MaKCHMAaTbHOTO BBIXOJA
CuS0O4x5H,0. Takoil moaxox MO3BOISET MPOU3BOAUTH MEIHBIA KYyIIOPOC YKOJIOTHYECKH YUCTHIM U
HKOHOMHUYECKH 3PPEKTUBHBIM CIIOCOOOM.
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AREAS AND RESOURCES OF THE Satureja L. GENUS IN NAKHCHIVAN
(AZERBAIJAN)

©Suleymanova Sh., ORCID: 0000-0003-2986-3996, Nakhchivan State University,
Nakhchivan, Azerbaijan, shefige.suleymanova@gmail.com

Annomayus. Vi3ydensl apeaisl U pecypenl 4 BumoB yabepa: Satureja hortensis L., S. laxiflora
K. Koch, S. macrantha C. A. Mey. u S. mutica Fisch. et C. A. Mey. u3 cemeiictea Lamiaceae. Ouu
SIBJISIIOTCSL  [IEHHBIMH  3(DUpOMACIMYHBIMU pacTeHHsAMHU. Satureja macrantha — eauHUYHBIC
AK3eMIUISIPBl ObUTH HalaeHbl B ropax Kemseuikas, Herpam-Jlopomam. B 2018 r. BeIsiBIeHBI MecTa
obutanuss B oOkpecTHOCTax TI. JMapeimar (/Dxkynbduackuii paiion). Onucanbl 4 HOBBIX
MecToHaxoxaeHus: Mamaneiin, r. Keneku, r. Jamup, 1. Jlanacu Opaybanckoro paitona (1400-2800
M). 3nechk yabep KpYyIMHOIIBETKOBBIN 00pa3yeT /10 CUX TMOp HEONMHMCAHHbBIE (hOpMAITUN U aCCOIMAIIHH,
OXBAaTBIBAIOIIME OOIIMPHBIC CKAMCTO-KAMEHUCThIe TeppuTopun. Satureja laxiflora u S. mutica —
HOBOBBISIBJICHHbIC BHJbl. B pa0oTe ONMUCAaHBl SKOJOTHYECKHUE YCIIOBHS MECT OOUTaHHUS, POJIb
JaHHBIX BHJIOB B CKaJIbHO-OCHIITHOH pACTUTEILHOCTH PETMOHA, XO3SHCTBCHHOE 3HAuCHHE,
palMoHaIbHOE HCIONB30BAaHUE M OXpaHa. PekoMeHayeTcs Ielecoo0pa3sHoe U IUIAaHOBOE
WCIIOJIb30BAaHUE PECYPCOB dYalepa pHIXJIOIBETKOBOTO, Yabepa KpPYIMHOI[BETKOBOTO, a TaKke
pacIiMpeHue MoceBoB KyJIbTYpHOro Buaa — Satureja hortensis L.

Abstract. The study of the habitats and resources of 4 species of Satureja: Satureja hortensis
L., S. laxiflora K. Koch, S. macrantha C. A. Mey. and S. mutica Fisch. et C. A. Mey. from
the Lamiaceae family being a valuable essential oil plant. S. macrantha previously, single
specimens were found in the Kyzylkaya and Negram-Dorosham mountains. 2018 we managed to
identify the mountains of Darydag of Julfa district. In 2018, we managed to develop the Darydag,
then 4 new locations in Mamadein, Keleki, Damir and Lalali mountain in the Ordubad district
(1400-2800 m). Here Satureja grandiflora forms hitherto undescribed formations and associations
covering vast rocky areas. S. laxiflora and S. mutica are newly identified species. It has been
established that this species is a spinning, essential oil, medicinal and anti-erosion plant. We studied
environmental conditions, the role in the formation of rock-talus vegetation in the region, economic
importance, rational use and protection. We recommend expedient, planned and reasonable use of
natural resources, the species of Satureja laxiflora, S. grandiflora, will expand crops, plantations of
the cultivated species S. hortensis L.

Kniouesvie crosa: qa6ep, CKaJIbHO-OCBIIIHAA pPACTUTCIIBHOCTb, KYJIBTYPHBIC PaCTCHUA,
XO035MCTBEHHOE 3HAUCHUE.

Keywords: Satureja, rocky-talus vegetation, cultivated plants, economic importance.
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Nzyuenuem sapupomacimunoit pimopsr HaxubiBanckoit ABToHOMHON PecnyOnuky 3aHUMaInCh
UCCIIEIOBATENN, KOHUEHTPUPYsSs BHUMaHHE B OCHOBHOM, Ha OTIENbHBIX 3¢upoHocax. Haubonee
paHHAA SKCHEeTUIM 06CIeI0BaBIIas CEeBEPO-BOCTOUHYIO YacTh Pecmybnuku otHocuTes k 1933 1,
xorna H. JI. I'ypeuu u U. FO. IN'amxuesa obcienoBanu okpectHoctH c. boit-Axmen, Hropriot, bucr,
[ypyT, ckinonsl T. Alpeiaar u Jlskarar J[xynduHckoro paiiona [7, §].

B mocneanue ropl MpoBOASTCS CUCTEeMaTH4eckue o0cienoBanus Tepputopu HaxubiBaHCKOM
ABronomHoi PecriyOnuku c. Komanbl, c. buuenak, ypounma barabar, c. ApsiHIK, ¢. HrxHHBIHI
Pemerien, r. Krokto, c. Kromtoc, ¢. Keunnu, . Opay6an, c. Hiochroc, c. Korawm, c. Iaiibi3, c. by3ros,
c. Bepxnuii bysros, . by3ros, c. [{u3a, c. ['am3anu, c. Axypa, r. AByu, r. Mauinxan, r. Opay6an, c.
[Tapara, [Taparauait — r. ['ammymxuk (3906 m), ¢. Apadca, c. JIakarax u ap. [3]

Mamepuan u memoouxa

Jlis  NpoBeAEHUs  MCCIEAOBAaHMS  UCHOJIB30BIM  OOTaHUYECKHE, Ie000TaHHYECKHE,
GiiopucTUYECKUE, CUCTEMAaTUYECKUE, PECYPCOBETUECKHE, ITHOOOTAHNYECKHE METO/IBI.

Ananu3 coOpaHHBIX repOapHbIX MarepuaioB (onma MHcTHTyTa OOTaHUKM MHHHCTEPCTBA
HayKM M TpocBemeHun AsepOaiixanckoii PecryOnukn, HaxdpIBaHCKOTO TOCYZapCTBEHHOTO
yHuBepcutetra u MHcrtutyra OuopecypcoB HaxubiBanckoil aBroHomHOM PecnyOnuku nanu
BO3MO)XHOCTb YTOUYHHUTbH BUJIOBOM cocTaB yabepa, pacClpOCTPAHEHHBIX B 3TOM PErvoHe.

YTouHCHHS Ha3BaHUH MIPOBEACHO MO Psiiy UCTOYHUKOB ['poccreiim, 1936; Cepebpsikos, 1964;
dnopa Asepbaitmxana, 1950 -1961; Uepemanora C.K.; World Flora Online].

Mecra mpoumspactaHusi BHAOB  Satureja L. omnpenenmsuii  peKOTHOCHHUPOBOYHBIM
o0clieloBaHMEM, a 3amachl ycTaHaBiauBanuch 1o meroauke JI. M. Kpeiosa u A. U. Hlperep.

Craructrueckyro o6padoTrky npoBoauiu o P. M. Kueiin u . T. Kneiina, a¢upHsie macna u3
paCTeHHIA MOJTyYaIi TUAPOIUCTIILIAIUEH o [ MH30epry.

Pezynomamot u ux obcyscoenue

HccnenoBanne u u3ydeHne 3(QUPOMACIUYHON (IIOpHI B LEJIOM, BBISIBICHHE IOJE3HBIX
CBOMCTB OTHEIbHBIX 3(UPHBIX Maces, HCHOJIb3YEMBIX YEJIOBEKOM Ha MPOTSHKEHHH BCEro €ro
HCTOPUYECKOTO Pa3BUTHSI U B HACTOSILIEE BPEMS HE TOJIBKO HE YTPATHIIO CBOEH OCTPOTHI, HO TAKKe
ABJIAETCS NEPCIEKTUBHBIM U aKTYyalIbHBIM [2, 7].

OcHOBHOHM 3afauell MCCIENOBAaHUS CTall0 ONPENENIEHHWE MEePCHEKTUBHBIX I(PUPOHOCOB HaA
tepputopun HaxubiBaHnckoit ABToHOMHOW PecnyOnuku. OnHUM M3 TakuX 3(UPOHOCOB SIBISIETCA
pox dabep. Satureja L., cem. Lamiaceae L. nacuuteiBaet okono 30 BugoB. Pacmpoctpanenue ero
oXBaThIBacT Bce ceBepHoe CpennzemHoMopbe oT Mpana yepes FOrocnasuto, CpeIHIOI U CEBEPHYIO
Uranuto no Ilpumopckux Anen u Ucnanuu. B onmuanom Bume Bctpewaetcs, B Uuauu, HOxHoi
Adpuxke, Ce. Amepuke. B xynbrype Buabl yadep pasBoasarcs B Cpeaneid u OxHoii EBpone, Ha
Leitnon, B CIIA. B 6sBieMm CCCP pacmpoctpanen 21 Buja, u3 Hux 13 — Ha KaBkaze. Apean
JUKOPACTyIIUX BHUIOB 4abepa OXBaThIBAECT CPEIHIO M I0OXKHYKO IOJIOCHl EBpomnelckoll 4acTty,
Kpeim, Cpegnroro Azuro. KaBka3z un 3akaBkasse [8, 13, 16].

Ha teppurtopun Pecriyonmuku pactipoctpaneHo 4 BuaoB: Satureja hortensis L., S. laxiflora C.
Koch, S. macrantha C.A. Mey., S. mutica Firch. et C.A. Mey. (S. confinis Boiss.). Buasr Satureja
hortensis L., Satureja laxiflora C. Koch u S. macrantha C.A. Mey. umeroT 3amacsl Ha YpOBHE
IIPOMBIIUIEHHOTO MCIOJIb30BaHUS.

Yabep camoBbiii — Satureja hortensis L. KymsTypHBI BWA, IIUPOKO pPa3BOTUTCS Ha
npuycaaeOHbIX ydacTKax BO Bcex pailoHax HaxubiBanckoit ABToHOMHOM Pecnyonuku. CoOpaHHbIN
yabep ca/loBbIi MpeACTaBiIsieT co00i HeOObIINE OJPEBECHEBIINE KyCTAPHUYKU C PACKUAUCTON, HO
KOMITaKTHOH IIBETOHOCHOM KpoHO#i (B cpenHeM ot 30 10 50 cwm).
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Yabep camoBBI SBISETCS TMEPCHEKTHUBHOW MPOMBINIJICHHON 3(QUPOMACINYHON KYIBTYpOH,
BbIpalBaHNe, KOTOPOI0 MOKET 00eCleuHuTh HYXKIbl MUIIEBONW MPOMBILIUIEHHOCTH PEeCcyOInKu
(Pucynok 1).

Pucynoxk 1. ITnotueie 3apociu Satureja hortensis L. wa ¢ase nserenne

Satureja hortensis L. (3kcTparupoBaHHbIe J(HPHBIE Macia W IKCTpakThl). Beicota
nonykyctapHuukoB 20-35 cMm, cTe0iaM MHOTOYHUCIEHHBIE, OT OCHOBAaHHS BETBHUCTHIE, TOHKHE,
MPYTHEBUIHBI-TOJIBIE WM KOPOTKO-OIyIIEHHBIC. JIMCThsS OyiecTsIiue, ¢ 00€uX CTOPOH TOYCUHO
KENe3UCThIe, JIMHEHHO-TAHIETHBIE, Ha BEPXYIIKE 3a0CTPEHHBIC, IEIHHOKpAHbIE IO Kparo
pecuutuathie. L[BeTku coOpaHbl B 3-4 IBETKOBBIX MYTOBKaxX, 00pa3yroIIne KUCTEBUAHBIE COIIBETHS
ronyboBaroro nera. Yamneuka 3-4 MM ATUHBI, ceMeHa Opemiku 1,5 MM B auamerpe sSHIEeBUIHON
(dbopMeI cepo-Oyporo 1BeTa. CBexue JUCThs pacTeHue cogepxats 0,1% s¢upHoro macna. 3,4% 6e3
a30TUCTHIX YKCTPAKTUBHBIX BemiecTB. B cocraB adupHoe macino umeercs 30-42% ¢enoin, Tumon u
JpyTHE BEIECTB.

Hexkoropeie 6otanuku Satureja hortensis L., canranu Satureja laxifjora C. Koch. Hamu 65110
JIOKa3aHbl, YTO 00€ OHU UMEIOT CTaTyC CaMOCTOSTeNIbHOrO Bua. Yabep casoBblii MOXKET C YCIIEXOM
BBIpAlIMBaTLCS JUIA TNPOMBIIUIEHHBIX Lenei. VccnenoBaHus TMoOKa3alu MEpPCIEKTUBHOCTh
pasBeneHUs yabep cajoBoro Ha teppuTopun HaxubsiBanckoir ABToHOMHOU PecmyOnmuku rae, mpu
XOpoIlIeM yXoje MOXKHO cobOpath oT 35-50 1/ra cblpoit Haa3eMHOM Macchl M MOMyduTh 20-22 Kr
3(UPHOrO Macia, HYKIAIOMIUNACS ISl HILIEBON MPOMBIIUICHHOCTH B 11€JIOM, U B YaCTHOCTH, JJIs
MsconiepepabareiBatoteit orpaciu (Tadmwuima 1). B Hekotopsix crpanax (Ykpauna, Kpeim, Cpenusis
Aszust, Cpen3zeMHOMOPCKHE 00J1aCTH) BRIPANTUBAIOT C ycrexom [11].

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 30



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108
Tabnuna 1
3AITACHI Satureja hortensis L. TIO AAMUHUCTPATUBHBIM PAVMIOHAM
Paiionwl S, ca Bec Yucno  Vpoorcai, 3anacwel, m
pacmenus,  Haca ke/za buonozuueckuii  Ixcnnyamayuonnwiti 1000601
2
Camapax 950 65 1500 97,50 92,63 37,5 9,26
Tapyp 832 61 1100 67,10 55,83 22,33 5,58
Kenrepmu 1025 59 3900 230,10 235,85 94,34 23,59
[[Tax0y3 1132 68 2780 189,04 213,99 85,60 21,40
Babex 1100 74 4745 341,64 375,80 150,32 37,58
Joxymnbda 1260 72 1200 88,80 111,89 44,76 11,19
Ordubad 1058 70 3827 267,89 283,43 113,37 28,34
Bcero: 7357 - - 1747,17 1792,7 717,09 179,27

Satureja laxiflora C. Koch — wuabep pbixioinBeTkoBbiid. OpHONIETHEE pacTeHHe, CTeOeh
NpsIMOM  KOPOTKO ONYLIEHHBIW, PBIXJIO W IIUPOKO BETBUCTBIM, 15-30 cM BbicOTHI. JIMCTh
Y3KOJAHIIETHbIC WM JIMHEHHO-JIAHIIETHBIC, OCTPHIC C HEMHOTOYHCICHHBIMA TOYCYHBIMU
xkene3kamu. [IBeTku B 1-3 I[BETKOBBIX MYTOBKaX, PAaCHOJIOKCHHBIX B Ma3yXaX BEPXKUX JIUCTHEB.
Yarreuka KOJOKOJbYaras 3-4 WH JJIMHBI, CEMEHa OpelleKk Oyporo IBera, TdaMeTpoM B 1 MM
(Pucynok 2).

Pucynok 2. Satureja laxiflora C.Koch https://ydoo.info/product/chaber.html

B okcnenunuoHHBIX moe3akax —mpenasiaymux set  2020-2021  rr. apean  uabepa
PBIXJIOIIBETKOBOTO HaMU OBUT BBISIBIEH B ceBepo-3amaaHoi dvactu IllaxOy3ckoro paiiona Ha
CBITyYMX TMECUAHBIX CKIIOHAX B OKpecTHOCTsAX ¢. Kpmmurak. B skcnenmumuoHHBIX 00CIen0BaHUIX
2023 1. yalGep pBIXJIOLBETKOBBIM ObLI BBISIBIEH B I0ro-BoctouHoil yactu IllaxOy3ekoro paiioHa Ha
MecyaHbIX KAMEHUCTBIX CKJIOHaX rop BOimM3M c. Kromoc. 31ech yabep phIXJIOLBETKOBBIM 3aHUMAET
TUTOIIAb, TOPU3OHTAIBLHO PACTSHYTYIO B JUTMHY B HHTEPBAaJie BBINICYKAa3aHHBIX TeorpaduIecKux
BbIcOT (1400-1600 M Haz y.M.).

Ha oGcnenyemoit TeppuTopuu Npou3pacTaeT OAMHOYHBIMU SK3EMIUIIPAMHU, KaK Ha OTKPBITBIX
y4acTKax, Tak M B pacilelrHaX MOoJ KaMEHUCThIM MPHUKPHITUEM. BX0oIUT B (DUTOIEHO3 CKabHO-
CTEMHOW PacTUTEIbHOCTH, BKItoUaromuii Thymus collinus Bieb., Th. kotschyanus Boiss.ct Hohen,
Th. fominii Klokov & Des.-Shost., Stachys inflata Benth., S. aspera Michx., S. arvensis L., Coisinia
macroptera C. A. Mey, ex DC. Ziziphora tenuior L., Teucrium polium L., Amygdalus communis L.,
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Atraphaxis spinosa L. IIpoekTrBHOE TOKpBITHE TpaBocTost 60-65%, 13 Hux Ha noibpto S .laxiflora
npuxoautcs 15-18%.

TTozicyeT 3amacoB MPOBOMIA HA YIETHBIX IUIOMAAKAX B | M2, 3a/I0KEHHBIX B IATHKPATHOMN
nosTopHoctu. Ha onHo#l yderHoM miomaake pasmemaerca no 12-14 sk3emmisipos, Bec 1
sK3eMIuIsipa B cpennem 15-20 r. Beixoa ceipoit HajzeMHoOM macchl ¢ 1 kB.M — 235 1, ypoxkaii ¢ 1 ra
— 235 1, B mepecuete Ha 3¢upHOe Maciao — 20-25 kr/ra.

ITpu nonepbix uccnenoanusx BugoB Satureja laxiflora C. Koch va S. macrantha C.A. Mey,
B 3 MOBTOPHOCTSIX HA OMBITHBIX MIOMAAsxX (rromanku 1-1,5 m) paccunransl 3amackl (Tabmuna 2).

Tabmuma 2
3AITACEI ITO PETUOHAM Satureja laxiflora C. Koch

Pationwt S, ca Bec Yucno Vpoorcai, 3anacel, m

pacmenusd, e Haed ke/ea buonoeuuecxuti  Ixcnayamayuonnwviii.  100o6ou
Canapak 46 460 659 303,14 139,44 83,66 8,37
[apyp 182 750 812 609,00 110,84 76,50 7,65
Kenrepmu 242 475 3420  1624,50 747,27 464,56 46.46
[[Tax0y3 359 573 3823 2190, 58 786,4 471,85 47,19
Bbabexk 236 614 2600  1596,40 376,75 226,05 22,61
Ixynepa 358 648 4190 271512 972,01 583,21 58,32
Opnyban 460 820 1700 1394,0 337,35 202,41 20,24
Bcero: 1883 - - 3470 2108 211

Satureja macrantha C.A. Mey. - Habep KpyITHOI[BETKOBBIi ObLT OOHAPY)KCH HAMHU Ha KPyTOM
ckioHe ropsl ¢. Crapsiit Kotam u okpyskatomue Bbicokue ropsl Opaybajckoro paiioHa. 3aech OH
3aHuMaeT Oosbiyro miomanas B 150-200 ra, pacrer KypTuHKamuHa pacctossHuu oT 28-50 cm 110
1,5-2 M gpyr oT apyra cooOIIeCTBE CO CKaJIbHO-OCHIITHOW PaCTUTEIbHOCTBIO.

MHorosieTHee OJMYKyCTapHHKOBOe pacreHue. Crebau MHOTNOYMCICHHbIE TOHKHME, HpU
OCHOBAHUU JI€PEBSHUCTBIE, NPYThEBUAHbBIC, MPOCThbie WK ciaabo BeTBUCTbIE 30-50 cM BBICOTHI.
JIMCThsl MHOTOYHCIIEHHBIE, MyTOBYATHIE, JIMHEHHO- WIIM MPOIOJITOBATO-JIONaTYaThIe, Tymble. [[BeTkn
B 1-3 IBETKOBBIX MYTOBKaX, 00pa3yloIluX phIXJble KOJecooOpa3Hble colBeTus. Yameuka okosio 5
MM JUIMHBI, TpYO4aTO-KOJIOKOJIbYaTasi, clerka ABYry0as, KOpbTKO M PacCcEesHHO BOJIOCHCTast; 3yOIlbl
ee LUIMJIOBHJIHBIC, B 3 pa3za Kopode TpyOOUKH, HIKHME 2 3yOla HeMHOro Oosiee JIMHHbIE. BeHunk
12-I5 MM yTUHBI, PO30BOTO I[BETA; TPYOOUKAa BEHUYHMKA JJIMHHAS, y3Kas 3HAYUTEIHHO BBINACTCS W3
gameykn. CeMeHa-opemku okoio 1,5 MM umHBL, sdneBUaAHbIe, Oypble. LlBerer uabep
KPYITHOLIBETKOBBI B HMIOHE-aBIyCT€ MEIKUMHU (DUONETOBBIMU LIBETKAMH, IJIOAOHOCHUT B HIOJIe-
ceHTsope.

Satureja macrantha C.A. Mey. BkitoueH B 1ieH030B Hypericum scabrum L., Prangos uloptera
DC., Thymus collinus M. Bieb., Iris imbricata Lindl., I. lycotis W., Phlomis orientalis Mill.
(Phlomis caucasica Rech.fil.), Phlomoides tuberosa Moench (P. tuberosa L.), Phlomoides
laciniata (L.) Kamelin & Makhm. (Eremostachys iberica Vis.). [IpoekTHBHOE OKPBITHE TPABOCTOSI
60-65%. 13 mux S.macrantha C.A.M.- 40%; Tymus collinus B. — 15%, Phlomis orientalis Mill. —
3%.

B HEKOTOpBIX TEPPUTOPHSX, KOTOPBIE MBI TOJIBKO 4TO oOHapyxuau S. macrantha C.A. Mey. ¢
oOMIBHBIM pa3BuTHEM oOpaszyer dopmamum Saturejeta macranthae m accoumammio Saturejetum
macranthosum (Pucysox 3).

C nenplo ompezeneHus: 3amacoB Ha 00OciaenyeMol TeppUTOpPUU ObUIM BBIJIETECHBI YUYETHbIE
TIomaaky o 1 M B ISTHKPATHO TOBTOPHOCTH.
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B cpeaneM Ha y4yeTHOH Mtoniagke pa3MemaroTcs no 5-6 3K3eMIUIIpOB, BEC HAA3EMHOM YacTH
Kaxoro sx3emiuisapa B cpenaeM — 500-800 r. Beixon ¢ 1 M2 BO3IYIITHO-CYXOM MacChl B CPETHEM —
3,6 kT, ipu 3TOM ypokaii ¢ 1 ra coctaBut 36 T.

Pucynok 3. @parmenr ¢Qopmarmu  Saturejeta macranthae (r. Jlamamu.  Oparoanm)
https://ydoo.info/product/chaber.html

Jlnst mosydeHust 3pUPHOTO Macyia W JJIsl MUIIEBBIX [IeJel MCIONb3YIOTCSA TOJIBKO JIHCThS U
[[BCTKH, BCIICACTBHE 3TOTO OHMOJOTMYCCKHi 3amac yabep KPYIMHOIBETKOBOro okojio 500 kr/ra.
(Tabmuma 3).

Tabmuua 3
3AITACEI ITO PETUOHAM Saturejeta macranthae
Paiionw S, Bec Yucno  VYpoorcaii, Banacwr, m
ea  pacmenus, e Ha ea ke/ea buonozuueckuii  Ixcnmyamayuonnsiti 1 000801
Jxynedpa 40 740 25 19 0,76 0,304 0,076
Opny6an 960 820 5700 4674 4674 1870 468
Bcero: 900 - - 4693 4750 1871 469

Apean uyabep KpYyNHOIIBETKOBOIO MOXET SBJIATbCA HMCTOYHMKOM cOopa pacTeHHMs,
OuoJIOTMYecKHe 3amackl KOTOPOro IO3BOJIIOT MOJy4yarh 3(QUPHOE Macio B JOCTAaTOYHOM
KonuyecTBe. Yabep TYNOKOHEUHBIH U 4abep PBIXJIOIBETKOBBIN MPEACTABISAIOT HAYYHbI MHTEpeC
KaK SIPKO BBIpa@KE€HHBbIE 3(UPOHOCHI [UIsl ONpPENENeHHUs] HUX IPUPOMACTUYHOCTH, XUMHUYECKOTO
COCTaBa U BBISBJICHHS OCHOBHBIX MKOPHBIX KOMIIOHEHTOB d(upHOro Macia [9-12].

Satureja mutica Fisch. et C.A.Mey. Habep TyrnoKOHEUHbIIi — MHOTOJIETHUI MOJNYKyCTApHUK,
BCcTpedaercss B ropHoM TypkmeHucrane, Ha KaBkaze, B Mpane. IIpomspacraer Ha KaMEHHUCTBIX,
CYXHMX CKJIOHaX B cpenHeil monoce rop. Cte0iau MHOTOYHMCIEHHBIE, MPsIMbIE, CUILHOBETBUCTHIE, Y
OCHOBaHHUS JepeBsHUCThIE, BbIcOTOM 30-50 cm. BerBu TOHKHME, mnpyTbeBHIHBIE. JInCThs
IIPOJOJITOBATHIE — JIAHLICTHBIEC WIIU JIMHEHHBIE, K OCHOBAHUIO IIOCTEIIEHHO CY)KEHHBIE, HA BEPXYILKE
TyNble WJIH OCTPOBaThle, BEPXYIIEUHBbIE JUCThS Toiible, OnenHo-3enéHble. COLBETUS PBIXJIBIE,
KUCTeBUAHBIE. [la3yniHble, MaJIOLBETKOBBIE, HA KOPOTKUX LBETOHOCAX. [IpMIIBETHUKHN JIMHENHBIE.
Yameuka 1Byryoas, AnuHod 5 MM. BeHuuk onyméHHbIN, MHOW okomo 7 MM. Opemku
AULEeBUIHbIE, HA BEPXYLIKE Tymlble, JMuHON 1-1,5 mm, mupunoi 1 MM, GypoBaro-kopuuHeBsie. Ero
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CBEXHME WJIM CYIICHBIE JINCThS HCIOJB3YIOTCS B IPUTOTOBIEHUU OJION, HACTOEK U JIEKAPCTBEHHBIX
cOopoB. HoBOBBISIBIIEHHBIN peikuii BuI. 3amacos HeT [ 1, 4-6, 14-16].

B xocmeronoruu wucnonb3yercss 3dupHOe Macio wiud Hacto dabepa. Hacrom wabepa
YCTPAHSIOT BBICHIMIAHUS ¥ TIOKPACHEHUE JINIIA, 3KUBIISIOT PAHbI, a TAKXKE, OH CIIOCOOEH YKPEILISTh
JYKOBUIIBI BOJIOC, IUTATh UX MO BCEW /UIMHE, IpUaBasi MIEIKOBUCTOCTh U €CTECTBEHHBIH Oeck.

OO6pa3ipl repbapuu ObuT TiepenaH B repOapHblii GoHA HaxublBaHCKOTO TOCyIapCTBEHHOTO
yauBepcureta u Muctutyra buopecypcoB HaxuueBanckoii ABronoMHOM PecnyOmmku.

Buvioowl u pexomenoayuu

1. B pesynabrate NpOBEACHHBIX HCCIEIOBAHUNA BBIIBICHO 4 HOBBIX MECTOHAXOXICHUS
(popmanmm, HEKOTOpBIE AaCCONMAIMHM, MHOTOYUCIICHHBIE MaKpo- ¥  MHUKPOTPYIIUPOBKH,
OXBaTBIBAIOIINE OTPOMHBIE TEPPUTOPUN).

2. BrpisiBIIeHa MEepCIEKTUBHOCTD pa3Be/ieHusl yabepa cajioBoro Ha Tepputopun HaxubiBaHCKoOM
AroHomHOU Pecryonuku. [Tpu xopomrem yxoze MoxHO coOpath oT 35-50 1/ra chipoii Ha3eMHOM
Maccel W monyduTh 20-22 kr >¢uUpHOrO Macia IS MUNIEBOM MPOMBIIIICHHOCTH U JUIS
MsiconepepadaTbIBaIOLIEH OTpaciu.

3. Satureja laxiflora C. Koch. — mmpoxwuit apean, oomuit yuactok — 1883 ra., ypokaifHOCTh
— 1394,0; Guonoruueckuit 3anac — 337,35 T.; skcruryaraunoHHbd 3anac — 202,41 1., 00béM
rogoBoH 3aroroBku — 20,24 T.

4. Satureja macrantha C.A. Mey. M3yd4eHbl T0JIe3HbIC CBOMCTBA, YCTAHOBIICHO, YTO PACTCHHE
SBIISIETCS TMPSAWIBHBIM, 3(HUpOMacIMUHBIM, JIEKAPCTBEHHBIM U IMPOTUBOIPO3UOHHBIM. CBexue
HaJ3E€MHbIE YaCTU PACTEHHUS YHOTPEOISIOTCS MECTHBIM HAcCeJICHHEeM KakK IpuIipaBa. 3aroTOBISIOT
CyXHi¢ HaJ[3eMHBIC OpTraHbl IS JajbHEHIero ymorpeOnenus. ViMeeT NmpoMBINUIEHHOES 3HAYCHUE.

O6mwmit ygactrok — 900 ra., Ypoxkaii — 4693 kr/ra, Ouomormyeckuii 3amac — 4750 T,
SKCIUTyaTallnoOHHBIN 3arnac — 1871 1. O6peM rogoBoit 3arotoBku — 469 T.
5. Satureja mutica Firch. & C.A.Mey. — HOBOBBISIBACHHBIH pEIKAN BHI. 3amachl —

HEIOOJIBIIINE, HO SIBJISIETCS LIEHHBIM 3()UPOHOCOM.

6. Pexomenayercst nenecooOpa3HOe U IUIAHOBOE HCIOIb30BaHUE IPUPOAHBIX PECYPCOB
vyabepa PhIXJIONBETKOBBIN U KPYIHOIBETKOBOTO. PacimpeHne moceBoB KylIbTypHOTO Buja Satureja
hortensis L. st odecrieuenns: 3GHUPHBIM MACIOM HYXK POMBIILICHHOCTH.
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Abstract. Rosaceae spreading in mountain-xerophytic and steppe vegetation of Shahbuz
district flora, is presented in the article. Information is given on the taxonomic composition, life
forms, ecological groups, geographical area types and classes of woody species of the family.
According to the researches conducted by us, when we characterized the woody species of
the mountain-xerophyte and steppe zone of the Shahbuz district flora belonging to the Rosaceae
family by genera, it was found that Rosa — 21 (37.5%), Crataegus — 7 (12.5%), Pyrus — 7
(12.5%), Prunus — 6 (10.71%), Sorbus — 5 (8.92%), Cotoneaster — 4 (7.14%), Rubus and
Spiraea — 2 (3.57%), Malus and there is — 1 (1.78%) species of the Pyracantha genus. Shrub
plants, especially woody species of the Rosaceae family, occupy an important place in the structure
of Shahbuz district flora. They are part of the bush steppes, form independent groups and form
unique formations.

Annomayus. IlpencraBnensl Rosaceae, pacnpocTpaHeHHbIE B TOPHO-KCEPOMUTHOM U CTEITHOM
pacturensHOocTH (uopbl [llaxOy3ckoro paiiona. I[IpuBomsTcs cBeAeHHS O TAKCOHOMHYECKOM
COCTaBe, J>KM3HEHHBIX (OopMax, IKOJOTUUECKHX Tpymnmax, reorpapuyeckux THUIAX apeajoB U
KJIaccax JPEBECHBIX BHJIOB cemelcTBa. [lo MaHHBIM TPOBEAEHHBIX MCCIEIOBAHUN IPEBECHBIX
BUJIOB TOPHO-KCEpOUTHOU U cTemHOM 30HBI ¢uopsl [1laxOy3ckoro paiioHa yCTaHOBIIEHBI POIBI U
BUIbI cemeiictBa Rosaceae: Rosa — 21 (37,5%), Crataegus — 7 (12,5%), Pyrus — 7 (12,5%),
Prunus — 6 (10,71%), Sorbus — 5 (8,92%), Cotoneaster — 4 (7,14%), Rubus u Spiraeca —
2 (3,57%), Malus u ap. — 1 (1,78%) Bun poma Pyracantha. B crpykrype duopsr 11lax0y3ckoro
palioHa Ba)KHOE€ MECTO 3aHUMAIOT KYCTAPHUKOBBIE M JIPEBECHBIE BUJIbI CEMEHCTBA PO30LIBETHBIX.
OHHU BXOIAT B COCTaB KyCTapHUKOBBIX CTETel, 00pa3yloT CaMOCTOSTENbHBIE TPYIIIbI, 00pa3yroT
YHHUKaJIbHbIE COOOLIECTRA.

Keywords: ecological group, life form, steppe, taxonomic composition.

Knroueswvie cnosa: skronormyeckast Tpyima, XU3HCHHAas (1)opMa, CTCIIb, TaKCOHOMUYECKHM
COCTaB.

Due to its rich flora, Nakhchivan Autonomous Republic has always attracted interest by being

different from other botanical-geographical regions of Azerbaijan and the Caucasus. As a result of
the fact that the Autonomous Republic is a typical mountainous country, vegetation is divided into
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distinct zones. One such zone is the territory of Shahbuz district, which differs from other places
due to its vegetation and fertile soil. There are many studies on the composition, structure and
dynamics of the vegetation of Shahbuz district. However, little attention has been paid to the
characteristics of mountain-xerophyte and steppe vegetation in the region. The research conducted
by allows us to determine the important features characteristic of the woody species of the
Rosaceae family of the mountain-xerophyte and steppe zone flora of Shahbuz district. In the
structure of the mountain-xerophyte and steppe complex, shrubs, especially woody species of the
Rosaceae family, occupy an important place.

Material and research methods

Research has been carried out since 2019. The mountain-xerophyte-steppe zone of the flora of
the Shahbuz district of Nakhchivan MR was chosen as the study area, and tree species belonging to
the Rosaceae family were chosen as the object of study. To clarify the species, we used the books
by A. M. Askerov “Flora of Azerbaijan” [1], A. Sh. lbragimov, M. Z. Piriev, D. Sh. Ganbarov
“Trees and shrubs of the Rosaceae family on the territory of the Nakhchivan Autonomous
Republic” [15] and M. Seidov, S. Ibadullaeva, Kh. Gasymova “Flora and vegetation of the Shahbuz
State Nature Reserve” [9].

Discussion and conclusions of the study

Rosaceae family is one of the main families spread in the flora of Nakhchivan Autonomous
Republic. The trees and shrub plants of the season were represented by 116 species belonging to 23
genera. As a result of the conducted research, it was found that the woody species of the Rosaceae
family of the region are characterized by 79 species belonging to 12 genera of the family. As a
result of the processing of personal field research materials, it was determined that the woody
species of the Rosaceae family of the mountain-xerophyte and steppe zone of Shahbuz district flora
comprise 56 species belonging to 10 genera of the family. The systematic composition and floristic
analysis of the woody species of the Rosaceae family spreading in the mountain-xerophytic and
steppe vegetation of the studied area is given in Table 1 [3, 4, 6, 8, 10-14].

Table 1
SYSTEMATIC COMPOSITION AND FLORISTIC ANALYSIS OF WOODY SPECIES OF THE
Rosaceae FAMILY SPREADING IN THE STUDIED AREA

MNo Species name Life forms Ecological groups Geographical area
Classes

1. Cotoneaster integerrimus nanophanerophytes xerophytes Europe

2. C. melanocarpus nanophanerophytes xerophytes Palearctic

3. C. multiflorus nanophanerophytes xerophytes Central Asia

4. C. suavis nanophanerophytes xerophytes Central Asia

5. Crataegus caucasica microphanerophytes  xeromesophytes Atropatene

6. C. cinovskisii microphanerophytes ~ mesophytes Atropatene

7. C. meyeri microphanerophytes ~ mesoxerophytes Front Asia

8. C. orientalis microphanerophytes ~ mesoxerophytes Eastern Mediterranean

9. C. pontica microphanerophytes ~ mesoxerophytes Northern Iran

10.  C. pseudoheterophylla microphanerophytes ~ mesoxerophytes Front Asia

11.  C. szovitsii microphanerophytes  xerophytes Caucasus

12.  Malus orientalis microphanerophytes ~ mesophytes Caucasus

13.  Prunus communis microphanerophytes ~ mesophytes Front Asia

14.  P.divaricata mesophanerophytes mesophytes Eastern Mediterranean
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MNo Species name Life forms Ecological groups Geographical area
Classes

15.  P.fenzliana microphanerophytes  xerophytes Front Asia

16. P.incana nanophanerophytes xerophytes Iran

17.  P.mahaleb microphanerophytes ~ mesophytes Mediterranean Sea

18.  P.nairica nanophanerophytes xerophytes Atropatene

19.  Pyracantha coccinea nanophanerophytes mesophytes Eastern Mediterranean

20.  Pyrus medvedevii mesophanerophytes xerophytes Atropatene

21.  P. oxyprion mesophanerophytes xerophytes Atropatene

22.  P.raddeana microphanerophytes ~ mesoxerophytes Atropatene

23.  P.salicifolia mesophanerophytes mesophytes Iran

24.  P.syriaca mesophanerophytes mesophytes Eastern Mediterranean

25.  P.voronovii mesophanerophytes mesophytes Atropatene

26.  P.georgica mesophanerophytes xerophytes Iberia

27.  Rosa buschiana nanophanerophytes mesophytes Caucasus

28.  R. boissieri nanophanerophytes mesophytes Asia Minor

29. R.canina nanophanerophytes mesophytes Western Palearctic

30. R.corymbifera microphanerophytes ~ mesophytes Europe

31. R.floribunda nanophanerophytes mesoxerophytes Asia Minor

32.  R. hemisphaerica nanophanerophytes xeromesophytes Front Asia

33. R hracziana nanophanerophytes xerophytes Atropatene

34. R.iberica nanophanerophytes xerophytes Asia Minor

35.  R. karjaginii nanophanerophytes mesoxerophytes Atropatene

36. R. marschalliana nanophanerophytes mesophytes Caucasus

37.  R.nisami nanophanerophytes mesophytes Atropatene

38. R.orientalis nanophanerophytes xerophytes Atropatene

39. R.sachokiana nanophanerophytes xerophytes Albania

40.  R. soshovskyana nanophanerophytes mesophytes Caucasus

41.  R.rapinii nanophanerophytes xerophytes Front Asia

42.  R. spinosissima nanophanerophytes mesoxerophytes Southern Palearctic

43.  R. pulverulenta nanophanerophytes xerophytes Atropatene

44.  R.teberdensis nanophanerophytes mesophytes Caucasus

45.  R.tomentosa nanophanerophytes mesophytes Europe

46.  R.tuschetica nanophanerophytes xeromesophytes Caucasus

47.  R.zangezura nanophanerophytes mesophytes Atropatene

48.  Rubus caesius nanophanerophytes mesophytes Western Palearctic

49. R.ibericus nanophanerophytes mesophytes Caucasus

50.  Spiraea crenata nanophanerophytes mesoxerophytes Pontic Sarmatian

51. S hypericifolia nanophanerophytes mesoxerophytes Pontic Sarmatian

52.  Sorbus graeca microphanerophytes ~ mesoxerophytes Eastern Mediterranean

53.  S. persica microphanerophytes ~ mesoxerophytes Iran

54.  S. luristanica microphanerophytes  xeromesophytes Iran

55.  S.roopiana microphanerophytes  mesophytes Iran

56. S.turcica microphanerophytes xerophytes Atropatene

Life forms, as types of adaptation structures, demonstrate on one hand the ways in which
different types of plants adapt to the same conditions, and on the other hand, the possibilities of
similarity of these ways in unrelated plants belonging to different species, genera and families.
Therefore, the classification of life forms cannot be compatible with the usual classification of
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systematics based on the structure of reproductive organs and reflecting the common origin of
plants. The classification of life forms is based on the structure of vegetative organs.

Taking into account the above, the life forms of the woody species of the mountain-xerophyte
and steppe zone of the Shahbuz district flora, which are included in the Rosaceae family, are
grouped into 3 subtypes of phanerophytes. Mesophanerophytes are trees up to 8-30 m tall,
microphanerophytes are trees and shrubs up to 2-8 m tall, and nanophanerophytes are shrubs less
than 2 m tall. Of the woody species of the mountain-xerophyte and steppe zone of the Shahbuz
district flora, 31 are nanophanerophytes, 18 are microphanerophytes, and 7 are mesophanerophytes
(Figure 1), [5].

m Mesophanerophytes
m Microphanerophytes

Nanophanerophytes

Figure 1. Life forms of woody species belonging to the Rosaceae family of the mountain-xerophyte
and steppe zone of Shahbuz district flora

Water is important as an ecological factor in spreading plants over wide areas under different
climatic conditions, spreading them in different areas and forming different groups. Plants are
divided into different ecological groups. Spreading of woody species of the Rosaceae family of
Nakhchivan MR by ecological groups was carried out according to Shennikov’s classification
system.

Mesophytes occupy an intermediate position between hydrophytes and xerophytes in their
relation to moisture and their requirements. Mesophytic plants are mainly forest, shrub, subalpine,
alpine plants. Xerophytic species are plants that spread mainly in dry areas and have acquired
various adaptations to moisture deficiency. This group of plants includes desert, dry steppe, thorn
sparse forest, rocky, etc. refers to the plants common in the areas. There are also plants that are
mesophytic in origin and lead a relatively xerophytic lifestyle by adapting to their ecological
environment. These plants are mesoxerophytic plants. Xeromesophytes occupy an intermediate
position between xerophytes and mesoxerophytes. They are mostly found in forest clearings and
sparse bush areas, and especially in the north-west and south-west of the mountain slopes [2].

Xeromesophytes [N
Mesexecptyis |
Kerophytcs | /;
vesopycs | :-

Figure 2. Ecological groups of woody species belonging to the Rosaceae family of the mountain-
xerophyte and steppe zone of Shahbuz district flora
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From image 2, it is known that in the studied area there are 22 mesophytes, 18 xerophytes, 12
mesoxerophytes, and 4 xeromesophytes (Figure 2).

Avreal types of species reflect the relationship between the flora of the studied region and the
flora of large areas surrounding this region, leading to the study of species' migration routes from a
historical point of view. Based on available literature sources and our personal field research, it was
determined that the woody species of the Rosaceae family of the mountain-xerophytic and steppe
zone of Shahbuz district belong to different areal types and classes, which allows us to determine
the migration routes of the species to the area.

Based on zonal and regional principles, the woody species of the family spreading in the
studied area were analyzed in 4 types of geographical areas and 15 areal classes [7].

Desert 2
Boreal
Caucasian 10

Xerophilic 37

Figure 3. Areal types of woody species belonging to the Rosaceae family of the mountain-xerophyte
and steppe zone of Shahbuz district flora

As can be seen from the given diagram, the Xerophilic areal type includes 37 species,
the Caucasian areal type — 10, the Boreal areal type — 7, and the Desert areal type 2 species
(Figure 3).

Thus, as a result of the conducted research, the taxonomic composition of 56 woody species
of the mountain-xerophytic and steppe zone of the Shahbuz district flora included in the Rosaceae
family was determined and grouped according to their life form, ecological group and areal classes.

The result of the research was considered an important scientific base for studying the flora of
the mountain-xerophyte and steppe zone of Shahbuz district flora.

Conclusions

1. As a result of the conducted research, it was determined that the flora of Shahbuz district is
characterized by 56 species belonging to 10 genera of woody plants belonging to the Rosaceae
family of the mountain-xerophyte and steppe zone.

2. When the woody species of the Rosaceae family of the studied area were characterized by
genera, it was found that Rosa — 21 (37.5%), Crataegus — 7 (12.5%), Pyrus — 7 (12.5%), Prunus
— 6 (10.71%), Sorbus — 5 (8.92%), Cotoneaster — 4 (7.14%), Rubus and Spiraea — 2 (3.57%),
Malus and Pyracantha — 1 (1.78 %) type is found.

3. The analysis of life forms shows that woody species belonging to the Rosaceae family of
the mountain-xerophyte and steppe zone of Shahbuz district flora are grouped into 3 subtypes of
phanerophytes. It was found that mesophanerophytes are represented — 7 (13%),
microphanerophytes — 18 (32%), and nanophanerophytes — 31 (55%) species. According to their
ecological groups, mesophytes are represented — 22 (39.28%), xerophytes — 18 (32.14%),
mesoxerophytes — 12 (21.41%), xeromesophytes — 4 (7.14%) species.
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4. Among the woody plants belonging to Rosaceae family of mountain-xerophyte and steppe
zone of Shahbuz district flora, Xerophyll areal type — 37, Caucasian areal type — 10, Boreal areal
type — 7, and Sahara areal type include 2 species.
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AHHomauuﬂ. 3arp;13HeHHe 01<py>1<a10me171 CpCAabl BPpECAHBIMHU BCILICCTBAMHU 3aHHUMACT BCAYIICC
MCCTO Cpeaun MI00AJIBHBIX YKOJOTHYECKUX HpO6J'IeM. OTO0 SABJIEHHE TECHO CBA3aHO C aHTpOHOFeHHOﬁ
JACATCIBbHOCTHBIO, 0COOEHHO B ropoaax. HpOI/ICXO)K}leHI/Ie U XUMHUYCCKasd NMprupoaa BPpECAHbIX BEIICCTB
Ppa3jInuHbI, HO oco0oe MecTo Cp€au HUX 3aHUMAIOT TAXKCIIbIC MCTAJIIBI. 3a IIOCICAHHUE NECATH JIET
SHAYUTCIIBHOC PA3BUTHUC TNOJYYUIIM HUCCIICAOBAHUA, HAIIPABJICHHBIC HA HU3YUYCHUC PACHPCACICHUA
TSXKEIIbIX MCTAJIJIOB B 0pr>KaIOH16ﬁ CpCAC U HUX HAKOIUICHHA B PACTCHHUAX. HOTOMy qTo I_ICJ'II/I
ycroiunBoro pas3sutus, npuHsateie OOH B 2015 rony, npenycmarpusaior k 2030 1. yMEHBUIUTH
HETAaTUBHOC 3KOJIOI'MYCCKOC BOSHGﬁCTBH@ ropoaoB B IIEPECUCTC Ha AYIIY HACCJICHUS, B TOM YHCIIC
MOCPEACTBOM YACIICHUS 0c000ro BHUMAaHUS Ka4ueCTBY BO3yXa U YAAJICHUIO TOPOACKUX U APYTIHUX
OTXOO0B. HCJ'IBIO I/ICCJ'IeJ_IOBaHI/II\/'I OBLIO OIIPCACIINTDH 0COOEHHOCTH HAKOIUIEHUS TSHKEIIBIX METAJIIOB B
JUCTBSIX JIEPEBBEB M KYCTAPHUKOB, MPOM3PACTAIOIIUX B MapKoBbIX 30Hax L. Om. B kauecte
oObekTOoB ObUTM BBIOpaHbl jepeBbss Salix babylonica L., Acer pseudoplatanus L., Populus
xcanescens (Aiton) Sm., Platanus orientalis L., Juniperus virginiana L., mocaxeHHbIE B TApPKOBBIX
30Hax BOJHM3HM aBTOMOOMIBLHBIX HAOPOT. KOHI.[CHTpaI_II/IIO TSOKCJIBIX MCTAJUIOB OHNPEACIIAIN aTOMHO-
abcopOLMOHHBIM METOZOM B TrocyaapcTBeHHOM mpenmnpustun «llenTpanbHas maboparopusi» mnpu
MuHuCTEpCTBE MPUPOAHBIX PECYPCOB, SKOJIOTMM M TEXHUYECKOTO KOHTpossi KbIprei3ckoi
PeCHy6J'H/IKI/I. KomnuecTBEHHEBIM aHaiW3 BBIIBUI HAJIWMYHE HCKOTOPBIX TSXKEIBIX METAJIJIOB!
MapraHna, MCIu, CBHUHIIA, CTPOHIHUA W HHUHKA BO BCCX PACTUTCIBHBIX npo6ax. Ha6opaTopHLIe
aHaNU3bl TMOKa3aJu OOJIBIIYI0 KOHIeHTpanuio Meau, npesbimaromyto IIJIK. Ilo pesynsraram
I/ICCJ'Ie)IOBaHI/II\/'I OoTMEHaeEM HGO6XOI[I/IMOCTB IPOAOJDKECHUS N3YYCHH BIIMAHUSA TAXKCIIBIX METAJIJIOB HA
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¢bu3nonornyeckue MpOIECcChl Pa3IMYHBIX BHIOB JiepeBbeB B Omie W pacuipeHus reorpapuu
HCCIIEIOBAHUI B MUKpPOpPailoHaX ropoja.

Abstract. Pollution of the environment with harmful substances occupies a leading place
among global environmental problems. This phenomenon is closely related to anthropogenic
activity, especially in cities. The origin and chemical nature of harmful substances are different, but
heavy metals occupy a special place among them. Over the past ten years, research aimed at
studying the distribution of heavy metals in the environment and their accumulation in plants has
significantly developed. Because the Sustainable Development Goals adopted by the UN in 2015
provide for by 2030, to reduce the negative environmental impact of cities per capita, including by
paying special attention to air quality and the removal of urban and other waste. The purpose of our
research was to determine the characteristics of the accumulation of heavy metals in the leaves of
trees and shrubs growing in the park areas of Osh. The trees selected as objects were Salix
babylonica L., Acer pseudoplatanus L., Populus xcanescens (Aiton) Sm., Platanus orientalis L.,
Juniperus virginiana L., planted in park areas near highways. The concentration of heavy metals
was determined by the atomic absorption method in the Central Laboratory State Enterprise under
the Ministry of Natural Resources, Ecology and Technical Control of the Kyrgyz Republic.
Quantitative analysis revealed the presence of some heavy metals: manganese, copper, lead,
strontium and zinc in all plant samples. Laboratory tests showed a high concentration of copper,
exceeding the MAC. Based on the research results, we note the need to continue studying
the influence of heavy metals on the physiological processes of various tree species in Osh and
expanding the geography of research in the city’s microdistricts.

Knrouesvie crnosa: OIH, TSKEJIBIC METAJJIBI, APCBCCHBIC PACTCHUC.
Keywords: Osh, heavy metals, wood plants.

Hakonnenue TBepapix mMetaiuioB B Ouocdepe cTaHOBHUTCS 0CO00i MpoOIieMON B YCIOBHSX
ypOaHU3auu ¥ WHAYCTpUATU3AlUU. ODTU 3arpsa3HUTENd OTPHUIATETIbHO BIHUSIOT Ha 370POBHE
YeNoBeKa, )KUBOTHBIX U pacTeHuid. B ropockoii cpee npeBecHbIe pacTeHUsI CIOCOOHBI Yepe3 CBOU
OpraHbl aCCUMWJIALMU (JIMCThs) MOMIOIIATh U3 BO3[yXa HauOOJIbILIEe KOJIMYECTBO aTMOC(EpPHBIX
pUMeceii, He TI03BOJISIS TSDKEJIBIM METAJIaM PACIIPOCTPAHSATHCS B OKPYKAIOIIYIO CPENY.

OnHMM U3 OCHOBHBIX MCTOUHUKOB 3arpsi3HEHUS] OKpYXaroliei cpeasl B ropoae Ol sBisercs
aBTOMOOWJIBHBIN TPaHCTIOPT. TspKeNble METAIITBl MOTYT HAKATUTUBATHCS B OKPYKAIOIIEH cpelie Kak B
pe3yibrare SKCINTyaTalldd CaMoro TPAHCIIOPTHOTO CPENCTBA, TaK M B pe3yJbTare HUCTHPAHUS
MTOBEPXHOCTHOTO CJIOSl IOPOTH. B pe3ynbrare B OKpyXarolei cpeie HaKaruInBaloTCsl IIMHK, HUKEI,
CBUHEI], AIIOMUHUNA, KaaMUH, jkelne30 U Apyrue MmeTamnsl. Hanbonee TOKCHUYHBIMU BEIIECTBAMU
STOW TPYMIBI SBJSIOTCS CBUHEI] M IIMHK. BONBINYI0 yrpo3y /Ui pacTeHMid MpeacTaBiseT Oonblias
KOHIICHTpAIUS TsDKEIbIX MeTauioB. CBeIeHUH O BIUSHUU aBTOTPAHCIIOPTA HA OKPYKAIOIIYIO CPedy
B ropofie Our B HayuyHBIX MCTOYHUKAX HE OOHapyXeHO. XOTS TPaHCIOPT B OBPEMEHHBIX Tropojax
SIBJIIETCS OCHOBHOW MPHYMHOW YXYIIICHHS Ka4eCTBa BO3AyXa, TO MPEIACTABISICT OMACHOCTH IS
3JI0POBbSI YEJIOBEKA M MOXKET MTPUBECTHU K pa3BUTHIO 3a0osieBanmii [1].

Llenpto wWccneqoBaHMUS JaHHOM pPa0OTHI CTaNoO OMpeAeNieHHe OCOOCHHOCTEH HAKOIICHUS
TAXKEJIBIX METAJIJIOB B JIUCTBAX OCHOBHBIX BUJI0OB ACPEBHEB U KYCTAPHHUKOB, paCIIOJIOKCHHBIX BOIM3H
aBTOMOOWJIBHBIX JAOpor Tropoza Orir.
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bnarogapst crocOOHOCTH HaKaluIMBaTh YacTUIBl MbUIM Ha IOBEPXHOCTH JIMCTHEB BKJAl
JICPEBBEB B IMPOLIECC OYMILNEHUS BO3Ayxa BeNHK. IIplip 3amepikuBaeTcs Ha JIMCTBAX AEPEBBEB H
KyCTapHHKOB H ee Macca gocturaer 23,0 r/m” [2].

JlepeBbsl MOMIOIIAIOT W HAKAaIUIMBAIOT TSDKENbIE METAUIbl YEpPEe3 CBOM KOPHU M JIUCTbS U
UIPalOT Ba)XKHYIO POJIb B CHWDKEHUM 3arps3HEHMs Bo3lyxXa W 1ouBbl. CIOCOOHOCTH J€pPEBHEB
HaKalUIMBaTh TSDKEJIble METAJUIbl 3aBUCUT OT TAKMX (DAaKTOpPOB, Kak CTPYKTypa JHUCTHEB, ILIOIIA]b
IIOBEPXHOCTH JIUCTHEB, CKOPOCTh TPAHCIIMPALMM U XapPAKTEPUCTUKU KOPHEBOM cUCTEMBI. JIUCThS U
KOpa JIepeBbEB TAKKE HCIOIb3YIOTCSI B Kaue€CTBE HWHAMKATOPOB JUISI OLEHKU BO3JAEHCTBUS
3arpsI3HEHUS TSDKEIBIMU METaJlJIaMM M1 MOHUTOPHMHIA KauecTBa Bo3AyXa. C LEIbI0 OLIEHKH BBICOKOTO
YPOBHSI aHTPOIIOI€HHON HAarpy3kH Ha TOPOICKYIO Cpely, COBPEMEHHOIO COCTOSIHUS OKPYXKaroUIeH
Cpelbl U NEPCIEKTUBHBIX TEHACHLUN pa3BUTHSI SKOJIOTMYECKON CUTYallMu UCCIEI0BATEIN IIPOBEIU
OLIGHKY 3arps3HEHMs] OKpYXKarolled Ccpelabl TSKEIbIMHM METaUIaMM B HECKOJIBKHX TIOpojax
Kazaxcrana Ha OCHOBE JIUCThS I€PEBbEB M KYCTAPHUKOB. YCTaHOBJIEHBI OCOOCHHOCTH HAKOILUICHMS
TSDKEJIBIX METAJIJIOB B JINCThSIX Pa3HbIX BUJIOB pacTeHuu [3].

®daxTOpbl OKpYXKalOIIeH cpebl B ypOaHU3UPOBAHHBIX pallOHaX CYLIECTBEHHO OTIIMYAIOTCS OT
(bakTOpPOB OKpYXAaOIIEH cpelnbl B €CTECTBEHHOW cpere. PacTeHust B Topoackoil cpene 0COOCHHO
YA3BUMBI K Pa3JIM4YHbIM CTPECCOPaM, B TOM YHCJIE 3arpA3HAIOLIMM BELLECTBAM, [IOCKOJIBKY BCE BUIbI
TOKCHKAaHTOB MOIIOLIAIOTCd M3 arMocdepbl depe3 HUX JIMCTbs. 3arps3HEeHus, MOIVIOLIaeMble
pacTeHHEM U3 OKPY)KaIoIlel Cpefibl, HAKAIJIMBAIOTCS B KJIETKaX U TKaHSIX U CYILIECTBEHHO BIIUSIOT
Ha (U3UOJIOTMYECKOE COCTOSHHE M MOP(OJIOTHIO PACTUTENHHOTO OpraHu3Ma. MHoroieTHHe
pacTeHust Haubosee ysI3BUMBbI B 3TOM OTHOLIEHUH, TaK KaK TOKCHHBI HAKAIUIMBAIOTCS B OpraHU3Me
HEIPEPHIBHO B TEUEHUE HECKOJIBKUX JIET.

Haxorutenue BpeHBIX BEIIECTB B PACTUTEIILHOM OPraHU3MeE TaKKe BIUSET Ha (DEHOJIOTHIO U
capuraetT Havyano (enodas B Ty WIM HHYK CTOpOHY. B dacTtHOocTH, HaOmomaeTcss paHHEe
IIOJKEJITEHUE U OIIaJICHUE JINCTHEB U3-3a HAKOIUICHUS B JIMCTBEHHBIX PACTECHUSAX SIOBUTBIX BEILECTB.
B pesynbrare BereTaloHHBIN I€pUO PACTCHUM 3HAYUTEIBLHO COKPALLIAETCs.

Mamepuan u memoowl uccieoosanus

PacTenust sBISIOTCS €CTECTBEHHBIMH OMOAKKyMYNISTOPAMHU MHKPOADIIEMEHTOB, B TOM YHCIIE
TSKEIBIX METAJJIOB. YBEJIIMUEHHUE KOHLUEHTPALMU TSKEIbIX METAJIOB B TKaHSAX pPACTEHHM
OTPHUIIATEIHHO BIUSAET HAa UX CTAOMJIBHOCTH [4, 5].

OOBbeKTOM Halllero MCCIIEeIOBaHMsI CTaJId JIpeBecHble pacTeHus ropoga Omia. MccnenoBanus
npoBoxuikch Ha Bumax Salix babylonica L., Acer pseudoplatanus L., Populus xcanescens (Aiton)
Sm., Platanus orientalis L., Juniperus virginiana L.

Marepuansl ajis aHanu3a B3sSThI B cepenuHe aBrycrta 2024 ., B mepuon MaKCHMaJIbHOU
aKTUBHOCTH (DOTOCHHTETHUYECKOTO amrapara JpPeBECHBIX pacTeHUM. JIMCThs U XBOsI OBLIN B3SITHI U3
CpeIHUX dYacTeld CTBOJIOB CPEIHEBO3PACTHBIX JepeBbeB, M3 mapkoB [lobenst u ToxTorym,
PacmoI0KEHHBIX BOIM3H aBTOAOPOT TOPO/Ia.

KoHIEeHTpaIio TSKENbIX METAIOB ONPENENssId  aTOMHO-a0COpOIIMOHHBIM METOJIOM B
rocynapcTBeHHOM mnpeanpustuu LlentpanpHas maboparopust mpu MHHHCTEPCTBE MPUPOTHBIX
PECYPCOB, SKOJIOTUHU M TEXHUUYECKOro KOHTpoisi Keipreisckoit Pecniyonuku.

Martemaruueckass 00paboTka JaHHBIX  MPOBOAWIACH  OOIICTIPUHATBIMH  METOJaMH
BapHAIIMOHHOW CTaTUCTHKU C UCIIOJIb30BaHUEM MakeTa mporpamm Microsoft Excel.

Pesynomamet u oocyscoenue

KonuuecTBeHHBIN aHAIN3 IIoKa3aj, 4TO BCEC O6pa3I_U>I paCTCHI/Iﬁ COACPIKAT ONPCACICHHOC
KOJIMYCCTBO TAKCIIBIX MCTAJJIOB: MapraHiid, M€, CBUHIIA, CTPOHIIUA U ITUHKA.
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MaxkcuMasbHas KOHIEHTpAIHs CTPOHIHsS Yy Populus xcanescens (Aiton) Sm. comepKuTcs B
muctbax — 30 mr/kr. (Pucynok), B aucthsax Acer pseudoplatanus L. maGmiomanocs comepikaHue
CYXOTO BemecTBa 24 MI/KT.

MuHuManbHOE coJiepikaHre CTPOHIMS B aucThsax Platanus orientalis L., Juniperus virginiana
L. — 16 mr/kr u B juctesax Salix babylonica L. — 18 Mr/kr. oTMEYEHO B CYXOM BEIIECTBE.
HopmanbHoe conepskanue CTpOHIUS B pacTeHusx coctanisgeT 113,0 Mr/kr cyxoro Bemiectsa [6], y
n3ydaeMbIX BUJ0B B O1iie N30BITKA CTPOHIUS HE BBISBIICHO.

HccnenoBanus MoKa3bIBaloT, YTO B YCJIOBHX ropona O 6ojblle BCero MeAu HabIoaeTcs B
mucthsax Platanus orientalis L. — 90 mr/kr 1 Juniperus virginiana L. — 70 mr/kr, B auctbax Salix
babylonica L. — 50 mr/kr cyxoro BeriectBa (PucyHoK).

MeHnbiee konu4ecTBO Meau npucyrcTByet y Acer pseudoplatanus L. u Populus Xcanescens
(Aiton) Sm. B mucteax — 40 mr/kr. B padore H. B. Ilpoxoposoii, H. M. Marseea, B. A.
[TaBiOBCKOrO MpeAeNbHO JA0MyCTUMAsi KOHIIEHTpAIMs MEIU B pacTeHHsX cocTamiser 15-20 mr/kr
[6].

B ycnoBusix ropona O BeISIBJICHO, YTO KOHIIEHTpAIXs Meau B 4 pa3a Bbiiie y BuaoB Platanus
orientalis L., Juniperus virginiana L. u B 2 pa3a Beime y BumoB Salix babylonica L., Acer
pseudoplatanus L., Populus %canescens (Aiton) Sm.

= cgunen (Pb) ® IQunk (Zn) mr/kr = Mapraner; (Mn) mr/kr B mens (Cu) mr/kr B Ctporuituii (Sr) Mr/kr

Juniperus virginiana L. | =24 30
———— ] - 70
Platanus orientalis L. 40
3 90
1§}
—3 30
Populus x canescens (Ait.) Smith. 75
40
30
5
Acer pseudoplatanus L., . A8
40
24
Salix babylonica L. . ! i ! 4% 50

Pucynok. Ilokazarenu crponums (Sr), meau (Cu), mapranna (Mn), ceunna (Pb) wu mmuka (Zn) B
JIMCTBSIX APEBECHBIX pacTeHnH ropoaa Om

Kak moka3ano Ha PucyHKe, KOHIIEHTpalMs MapraHia Obuta Oosee Bbicokoi y Populus
xcanescens (Aiton) Sm. Mo cpaBHEHHIO C IPYTMMHU BHIAMH U COCTaBHUIIA 75 MI/KT CyXOTro Beca.

[TAK mapranua Juisi pacTeHUN YETKO HE YCTAHOBJIEHA, KOHIEHTpauued (PUTOTOKCUYHOCTH
AJIEMEHTa JUIsl IPEBECHBIX pacTeHui mpuHsaTo cuntath 500,0 mr/kr cyxoro Bemectna [6, 7], 1 3TOT
MoKa3arelib He ObLJI MPEBBIIIEH HU B OJHOM M3 UCCIIEA0BAaHHBIX PACTCHHM.

Konuentpanus nuHka B oobeme 30 MI/Kr oOHapyXeHa B JIUCTBhSIX TOJBKO JIBYX JI€PEBbHEB:
Populus *canescens (Aiton) Sm. u Juniperus virginiana L. Drtor moka3arenb HE MPEBBIIIACT
npezen AOMyCTUMON KOHIICHTPAIMH, TTOCKOJIBKY PEKOMEHIyeMOe KOJMYECTBO IIMHKA B PACTEHUSX
cocranisger 150-300 mr/kr.

B mnocnennee BpeMmsi ypoBeHb KOHIIGHTpAallMM CBHHIIA B TPUPOJE YBEIMUYMBACTCA H3-3a
AHTPOIIOTEHHBIX HArpy30K. HamOompas KOHIEHTpAIusi CBUHIIA B BO3IYIITHOM CJIO€ HAOIIOIAeTCsI
0COOEHHO 3UMOA, YTO CBS3aHO C 3MMHHM OTOILICHHEM B TOPOJIE.
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Kak mokaszano na Pucynke, Salix babylonica L., Platanus orientalis L., Populus xcanescens
(Aiton) Sm. mokasagu CIOCOOHOCTh BHMIOB K HAKOILUICHHWIO CBHHI[A HHXE, 4YeM y BHAOB Acer
pseudoplatanus L. u Juniperus virginiana L.

KoHlleHTparysi CBUHIIA B JIUCThIX OSTHX BHJIOB COCTaBWJIa 3 MI/KI CyXOro Beca.
Konnenrpanus cBuHIa B ucThax Acer pseudoplatanus L. cocraBuia 5 mr/kr, Juniperus virginiana
L. — 7 wmr/kr. MoXOKEeBEIbHUK BUPTUHCKUHN IMOKa3ajl CaMbli BBICOKHM TMOTEHIIMAT HAKOTUICHHS
CBHHIIA 110 CPAaBHEHHUIO CO BCEMU U3yYCHHBIMU BUAMHU JCPCBHEB.

3axnouenue

Y CTaHOBNIEHO, YTO OCOOCHHOCTH HAKOIUICHUS TSDKEIBIX METAJIOB B JIUCTBSAX JIPEBECHBIX
pacTeHU, UCIIOJIB3YEMBIX B 03€JIeHEHUH ropoja O1i1a, HaKaruIMBaoTCs B pa3HbIX KOJUYECTBAX, KaK
[I0KAa3aJIi Pe3yJbTaThl UCCIIET0BAHUM.

Cpenu TspKenbix MeTamioB 1 rpynmsl onmacHOCTH Pb u Zn oOHapyXeHbl y H3y4yaeMbIX BUIIOB B
konudecTBe, He npepbimatomeM [TJIK. A mens (Cu), KoTOpass OTHOCUTCS K 2 TPYIIIE OMACHOCTH, Y
BuzioB Platanus orientalis L., Juniperus virginiana L. npepbimaer I1JIK B 4 pasa, a y ocTanbHbIX
BUJOB — B 2 pa3a. Takas BbICOKas KOHIIEHTpalMsi MEIM TOKCHUYHA, OHA MOXET IPUBECTH K
OTPaBJICHUIO PACTEHUI, YTO MPHUBOJUT K CHUKCHHMIO aKTHMBHOCTH psla (DEpMEHTOB, a TaKkKe K
HapYIICHUIO MEXaHU3Ma BCachlBaHUSA OMODUIBHBIX 3JIEMEHTOB. Majoe KOJTU4eCTBO KOHIIEHTPAlUU
oOHapyxkeHHble Mn u Sr cpeau MeTauioB 3 Kilacca OMAacHOCTH HE MPEACTABISIET YIPO3BI LIS
JPEBECHBIX MTOPOJ.

[To pe3ynbTaTraM uccieqoBaHUi OTMEYaeM HEOOXOIUMOCTD MPOIOJIKEHHS U3yUSHUS BIUSHUS
TSOKENBIX METANIOB Ha (PU3MOJIOTHYECKUE MPOLECCHl Pa3IMYHBIX BHUJIOB JIEPEBHEB TOPOACKUX
YCIIOBHSIX M pacIIupeHus reorpaduul HCCIeI0BaHUI B MUKpopaiioHax ropoaa Om.

bnazooapnocmu:  aBroppl  OmaromapHbsl  OUICKOMY  pErHOHAJIbHOMY  YIIPABICHHUIO
MuHucTepcTBa MPHUPOTHBIX PECYPCOB, SKOJIOTUM W TexHuuyeckoro Hagzopa KP 3a neHHble
PEKOMEH/IAlNH 110 HAITMCAHUIO CTAThH.

Qunancuposanue. padoTa BHINOIHEHA B COOTBETCTBUM C TEMAaTHMYECKUM IUIAHOM HAy4YHO-
uccieioBaresibckol  paboTel  OIICKOrO TOCYAapCTBEHHOIO ME€Iarorn4eckoro  yHUBEPCUTETA.
CpenctBa, peayCMOTPEHBI B peciyOIMKaHCKOM OropkeTe Ha (DMHAHCUPOBAHUE PA3BUTHUS HAyKU U
TexHuKkU. OUHAHCHPOBAaHUE MpeAocTaBiIeHo0 MuHucTepcTBOM oOpa3oBaHMsl U HayKu KeIpreizckoit
PecnyOnuku B paMKax Hay4HBIX IPOTPAMM.
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Annomayus. VI3ydenne (eHONIOTHN TOPOJACKUX JEPEBHEB M KYCTAPHUKOB B MOCIIEIHUE TOIBI
PE3KO BO3POCIIO BO BCEM MHpE, OCKOJIbKY U3MEHEHHUS B (DEHOJIOTMM PaCTEHUI MOT'YT yKa3blBaTh Ha
MOCJIE/ICTBUSL U3MEHEHUS KJIMMaTa B pa3yInyHbIX MacwmTabax. Llenp uccnenoBanus — onpeaeauThb
3aKOHOMEPHOCTH CE€30HHOTO PUTMa OTJENBHBIX BUAOB, MPHHAIISKANIMX K poay Salix, B yCIOBHAX
r. Om. HccnenoBanus nposomwmmck B nepuon 2019-2023 rr. Ha kadeape OMOIOTUHM, XUMHH U
IIPUPOIONONb30BaHNus OIICKOro rocyJapCTBEHHOIO MeNarornyeckoro yHusepcurera. IIpenmerom
uccnenoBanus cranu 4 Buga poma Salix: Salix babylonica L., Salix turanica Nasarow, Salix
wilhelmsiana M. Bieb. u Salix tenuijulis Ledeb. ®enonornyeckue HaOMOICHUS MPOBOAMINCH B
TE€UEHHE 5 JIeT Mo OOLEnpUHSITHIM (PEHOJOTHYECKUMHU MeTofaMu. Pesynbrarsl (heHonornueckue
HaOmonenus B 2019-2023 rr. mMOKa3bpIBaIOT, YTO MPOAOKUTEIBHOCTh BET€TAIIMOHHOTO MEPHoJia B
TOPOACKUX YyclIoBUsAX cocrasiuser 240-245 nHel, mpuueM OHTOT IIOKa3areiab BapbUpyeT B
3aBUCUMOCTH OT KJIMMAaTHUYECKUX YCJIOBUH. Y HaOIOIaeMbIX BHUJIOB HAOIIONAIOTCS Pa3lUyuus B
MOCJIEZIOBATEIbHOCTH  IIBETEHMs, Hayajle W  HPOAOCJDKUTENBHOCTH  1BeTeHusd.  OoOmias
MIPOJIOJKUTEHFHOCTD IIBETEHUSI Y U3YUEHHBIX BUAOB cocTaBisieT 25-35 nueii. Ce30HHBIN TUIT pocTa
U (PCHOJIOTHUYECKOTO pa3BUTHUsI pacTeHuit poa Salix xapakTepusyercsi paHHUM HadalioM H MTO3HAM
3aBEpILICHUEM BEreTaluy, CTa0MIBHOCTBIO CPEIHHUX (DEHOJIOIMYECKUX CPOKOB. Takoil deHopuT™M
U3y4YCeHHBIX BHJIOB poja Salix mo3BosisieT cuuTaTh NEPCIEKTUBHBIM BBIPAIIMBAHUE B JIEKOPATUBHBIX
1 DKOJIOTMUECKHX IIeJIIX B TOPOJCKUX YCIOBHUSX.

Abstract. The study of the phenology of urban trees and shrubs has increased dramatically
worldwide in recent years, as changes in plant phenology may indicate the impacts of climate
change at different scales. The aim of the study is to determine the patterns of the seasonal rhythm
of individual species belonging to the Salix genus in Osh. The studies were conducted in the period
2019-2023 at the Department of Biology, Chemistry and Nature Management of Osh State
Pedagogical University. The subject of the study is 4 species of the genus Salix: Salix babylonica L.,
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Salix turanica Nasarow, Salix wilhelmsiana M. Bieb. and Salix tenuijulis Ledeb. Phenological
observations were carried out for 5 years using generally accepted phenological methods. The
results of phenological observations in 2019-2023 show that the duration of the growing season in
urban conditions is 240-245 days, and this indicator varies depending on climatic conditions. The
observed species have differences in the flowering sequence, the beginning and duration of
flowering. The total duration of flowering in the studied species is 25-35 days. The seasonal type of
growth and phenological development of plants of the genus Salix is characterized by an early onset
and late end of vegetation, stability of average phenological terms. Such a phenological rhythm of
the studied species of the genus Salix makes it possible to consider cultivation for decorative and
environmental purposes in urban conditions promising.

Knroueswie cnosa: ropoackas cpcenaa, OH_I, HBa BaBWJIOHCKasd, HWBa TypaHCKasd., HBa
BHJ’IBFCJ’IBMC&, HBa TOHKOCEpE)KUIaTas.

Keywords: urban environment, Osh, parks, Salix babylonica, Salix turanica, Salix
wilhelmsiana, Salix tenuijulis.

HeGnaronpustHbele YCIOBHSL TOPOJICKOM Cpeabl M COBpPEMEHHBbIE IOTEIJICHHE KIUMara
HanpsIMylO0 BIIMSIOT Ha JAEpeBbS M KYCTapHUKH, KOTOpBIEC SIBJISIOTCS OAHMM U3 OCHOBHBIX
KOMIIOHEHTOB ropoja. l3MeHeHue kimMara BIMSET Ha CE30HHbIE LMKIBI pAacTeHUH, a
(deHonornyeckue M3MEHEHUsT PACTeHUH OOBEKTMBHO OTPAXAOT MX pEaKIUI Ha HM3MEHEHHUE
kiuMara. MDeHOIOrnYecKue MCCIENOBaHUS CIY)KAaT BAYKHBIM IIOKA3aTeIeM aJalTalud JpEeBECHO-
KYCTapHUKOBBIX PACTEHUN K HM3MEHSIOIIMMCS SKOJOTHYECKUM YCIOBUSAM ropoaa. deHonorus —
WHCTPYMEHT, JAlomMid HMHPOPMAIMI0 O MOTPEOHOCTAX OpraHu3Ma B  3aBUCHMOCTH  OT
KJIMMaTHueckux ¢axkrtopoB. Temmeparypa BO3qyxa MrpaeT pEeHIAloLIyl0 pojib B (EHOIOTMYECKHX
HaOIIOCHUAX, TAK KAK MOXKET YCKOPSTh WM 3aMeUIsATh pa3BuTHe pacTeHuid. [lostomy, ecinu Mbl
XOTHM OLIEHUTH BIIMSIHUE M3MEHEHUS KJIMMaTa Ha pa3BUTHE TOPOACKUX JEPEBHEB U KYCTAPHHUKOB,
HaM HeoOXOIUMO TOHATh, KaK METEOpOJOrHveckue (hakTopbl BIMSIOT Ha CPOKHM HACTYIJICHUS
¢deHonornyeckux (a3 pacTeHUH B OTAENbHbIE Toibl. Temmeparypa sBISETCS BaKHEUIINM
METEOPOJIOTHIECKUM (PaKTOPOM, BIUSIOUIMM Ha (eHosIoruto pacteHuid. [ToBblieHue Temneparypsl
CYLIECTBEHHO BIIMSET Ha paHHee MNpOOYyKIEHHE BeCEeHHEH (DEHOJIOTWH TOPOACKUX pacTeHUN u
3aJIep’)KUBAaET OCEHHIOI (DEHOJIOTHIO, Y/UIMHSISI BEreTallMOHHBIA mepuoj] pacteHuid. B HayuHolt
JUTEpaType BBIABICHO, YTO CYOTPONHUYECKHUM DPACTCHUSIM HEOOXOJUM XOJIOJJOBOM IIOK, YTOOBI
BBIBECTH MX U3 COCTOSHUS MOKOS. YCHUJIEHHE XOJIOI0OBOTO IIOKA YBEJIMUUBAET KOJIMUECTBO JIUCTHEB U
YCKOpSIET BpeMsl UX MosiBieHus [1].

Ha ocHoBanuu uccnenoBanuii, 0OHapyXEHHbIX B HAay4HOM JIUTEpaType, BIUSHUE BECEHHEN
Temneparypsl Ha (eHodasy pacTeHHH HOCHUT Kak IOJIOKUTEIbHBINA, TaKk M OTpULATENbHBINA
XapakTep: C OJHOM CTOPOHBI, MOTEIUIEHUE KiIMMara oOecrneyuBaeT TEIUIyI0 3UMY U IPUBOIUT K
OTCYTCTBHMIO XOJIOZOBOTO IIOKa. JTO YBEIMYMBAET MNOTPEOHOCTh pAacTEHHH B HAaKOIUJICHHOH
TeMIlepaType, TeM CaMbIM 3aJiepKHUBasi HAacTymyieHue BeceHHed (eHonmoruu. C Apyroid CTOPOHBI,
Oonee TEIUIBIM KJIMMAT NPUBOAUT K Oosee OBICTPOMY HAKOIUIEHHIO TeIUla, 4YTO ObIcTpee
YIOBJIETBOPSIET MOTPEOHOCTh PACTEHMH B HAKOIUIEHHOM TEMIIEpaType U YCKOpSIeT NOSBICHUE
BeceHHel (enonoruu [2].

Lenbto uccnenoBanust ObLIIO HAOMIONEHHE 32 CE30HHBIM PA3BUTHEM HEKOTOPHIX BUIOB poja
Salix B ropozae O ITockonbKy pe3ynbrarsl (CHOIOTHYECKHX HAOIIONECHHA 32 HBAMU B TOPOJICKOM
cpene OyayT crnocoOCTBOBaTh MOBBIMEHHIO S(PQPEKTUBHOCTH 3E€JIEHBIX HACAKICHUHN, YITY4IIUTh
KauecTBO OKpPYKaIOIIEeH Cpelbl U 37J0pOBbe ropokaH. MccnenoBaHusi CriocoOCTBYIOT JTOCTHKEHUIO
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cnenyronux lLlemeir yctoiunBoro passutusi, npuHATHIX Opranuzanueit O0bennHeHHBIX Haruii B
2015 romy: nens 3: OGecriedeHue 310POBOTO 00pa3a KU3HU M COACHCTBUE OIaronoaydnio I BCeX
B JII0OOM Bo3pacTte; 1enb 11: YcroliuuBeie ropofa u noceneHus; nenb 13: boprba ¢ u3meHeHHEM
KJIMMara.

B 2019-2023 romax ¢eHomornueckue HaOIIOACHUS MTPOBOJWIKNCH 3a CICAYIOIIUMH BHIAMH
UB B TOpoAcKkux mapkax (mapk ITo6ensr u mapk Monozgexu) u 6oranudeckoM cany: Salix babylonica
L., Salix turanica Nasarow., Salix niedzwieckii Goerz, Salix wilhelmsiana M. Bieb., Salix tenuijulis
Ledeb. [lepeBbsi 1 KycTapHUKHA CEMEHCTBAa MBOBBIX OTHOCSITCSI K TPYIIIIE CBETOIIOOMBBIX PAaCTCHUH,
OHM TOJICPAHTHBI K YCIIOBHSIM OKPY)KArOIIEH Cpelbl, Y HUX XOPOIIO pa3BUTa KOpPHEBas CHCTEMA.
JlepeBbsl M KyCTapHUKH CEMEMCTBAa WMBOBBIX IIHPOKO PACIPOCTpPaHEHBI B mapkax ropoga Omr.
HekoTtopeie BUJIbI, OTHOCSIIMECS K 3TOMY POAY, B BECEHHUU CE30H MOTYT OKa3aTh HEraTWBHOE
BIUSHUE HA 3/I0POBbE YENIOBEKAa C XPOHHUYECKHMH aJUIepruuecKuMu 3aboneBanusMu. [loatomy
0O0JIBITIIOE TTIPAKTUYECKOE 3HAYCHHE UMEET TOYHOE MPOTHO3UPOBAHNUE MX BECEHHUX (PEHOJOTHUYECKHUX
craguii. Kpome TOro, MBBI 3aHUMAalOT OYCHb BBICOKOE MECTO B HAPOJHOM XO3siicTBe. M3 WBBI
M3TOTaBIMBAIOT BCEBO3MOXHYIO MeOelb, W3 UBBI U3TOTABIUBAIOT FOPTY. VIBEI OTHOCSTCS K TpyIe
paHHEUBETYIINX PACTEHUN W UMEIOT BaXKHOE 3HAYCHHE I MmueioBoicTBa. IIbuiblia MBBI Oorara
MUHEpajaMd M OPraHUYECKUMH BEIICCTBAMHU, KOTOpPHIE HEOOXOAMMBI MEIOHOCHBIM ITYCIIaM.
YpoBeHb Kanus B mbUIbIle UBBI coctaBisier 10,06 r/kr, maraus — 1,52 r/kr, dochopa — 5,3 r/kr,
Kanmpiust — 3,57 1/kr. MuHepalbHBIC BEIIECTBA B HMBE, OCOOCHHO PAHHEH BECHOM, SIBISIOTCS
BOKHEUIIMMU MaKpOJIeMEHTaMu JJis muedn [3].

Mamepuan u memoowl ucciedosanus

WccnenoBanusi poBoauiauch B ropoge Omi, B OCHOBHOM ITyTeM HAOIIOACHHS 32 BHIAMU
JICpPEeBbEB CEMEWCTB MBOBBIX. HaOIOnCHHS POIOIHKAIMCH B TEUCHUE TISATH JIET, IPH 3TOM 0CO00€
BHUMaHHE YIEISUIOCh (ha3zaM JIepeBbEB, TAKUM Kak OyTOHM3allWs, [IBETECHHE, IUIOJOHOIICHHE W
OTaJICHUE JINCTHEB.

deHonornueckre HaOIOACHHS TPOBOAMINCH B mapkax ropoga Om. KimMar ropoga sxapkuit
Y CyXOH JIETOM M XOJOJHBIN 3umoii. Temmneparypa Bo3ayxa o0baHO Kosebnercs ot -5°C no 32°C B
TEYeHHE BCETo roa, HHoraa oHa ObiBaeT Huke —11°C wiwm Boie 35°C (PucyHok 1).
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Pucynok 1. Pactipenenenne MakcUMaabHON, CpeAHEW M MUHUMAIBHOHN TeMiiepatypsl r'. Ol B TeUeHHe
roja

BriOpannbiMu Busiamu fepeBbeB spisitoTcs Salix babylonica L., Salix turanica Nasarow, Salix
wilhelmsiana M. Bieb., Salix tenuijulis Ledeb. Bce onu ortHOCsTCS K cemeiicTBy Salicaceae u
€CTEeCTBEHHO MPOU3PACTAIOT B IKHBIX pernonax Keipreiscrana kpome Salix babylonica L.
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Weer (Salix L., 1753) — mIMpOKOIMCTBEHHBIE JE€PEBbSI U KYCTAPHUKH CEMEHCTBA HMBOBBIX.
Jluctest 1enpHBIE OuepenHble YeperikoBble. Pacrenus onHomosnble, aBynoMHbIE. CouBeTHs —
cepexXkH. LIBeTKH CHAAT B ma3zyxax MPHUIBETHUKOB. [[BETKM JTHUIIEHBI OKOJIOIBETHHUKA, THIYMHOK 1—
12 (y GonmpmmHCcTBa — 2), THHELEH U3 JABYX-4ETHIPEX IUIONOIUCTUKOB. 3aBs3b BepxHssd. [lnox —
MHOTOCEeMsIHHasi KOpoOoUka, ceMeHa JjieTyune Mmenkue (1-2 mMm), mpopacTtatoT ObICTpO, MHOTAA B
TEUCHUE HECKOJbKMX 4YacoB, HO OBICTPO TEpSAIOT BCXokecTh (uepe3 3—4 wemenm). [llupoxo
UCTIONB3YETCS B O3€JCHEHUH Ojaromapsi ObICTPOMY POCTYy M KpacoTe, a TaKKe YCTOWYMBOCTH K
TOPOZICKUM YCIIOBHUSIM.

Salix babylonica L. ornocurcs x pomy Salix cemeiictBa Salicaceae. IllmpokoaucTBeHHOE
nepeBo 10 18 M BBICOTOM, C TOHKMMH W TOHUKAIOIMIMMH BETBAMH. JIFOOMT SPKMMA, TEIUIBIA M
BIIQXXHBIM KIMMAar. YCTOMYMB K XOJIOAY, OYEHb YCTOWYMB K BOJE M BIlare, MUMEET XOPOLIYIO
MPONYKTUBHOCTh, UMEET XOPOIIO Pa3BUTYIO KOPHEBYIO CUCTEMY M ObICTpoMY pocTy. BeTpedaercs
rpynmnoBsie mocaaku B napke [lodensr, A. HoBau u B mapke Momomexu.

Salix babylonica L., mupoko u3BeCTHas Kak MBa ILIaKydas, IPEACTaBIsIeT COOOH APEBECHOE
pacTeHue, paclpoCTpaHEHHOe N0 Bcel EBpasuu M UCHOIb3yeMOE B 03€JIE€HEHMHM TOpOJIOB.
OCHOBHOM HHTEpeC IJsi IKOJOrOB IMpeACTaBisieT (EHOJOTus JaHHBIX PACTEHUN B YCIOBUAX
AHTPOIIOr€HHOTO BO3/elCcTBHs. [IoHMMaHNe CE30HHBIX M3MEHEHUH B (eHomornyeckux (aszax Salix
babylonica L. no3BossieT npenckas3arh BIMsSHHE TOPOJICKOM Cpebl Ha €€ POCT U Pa3BUTHE, a TAKKE
OLIEHUTh, KaK TOPOJACKHE (DaKTOpBI, TaKMe KaK YpPOBEHb 3arps3HEHHOCTH M A(PQPEKT IMOTOIHI,
pacrpenenstores o ¢a3am pocTa ¥ IBETCHHUS PACTEHHIA.

Salix turanica Nasarow — kycrapHUK, npuHauIexaiiee K poay Salix cemeiictBa Salicaceae,
BcTpeuatouiics B LlentpanbHoit Asum, Bkitouyas Kazaxcran, Y30ekuctaH u Jpyrue peruoHbl C
apUIHBIM KIMMaToOM. BeTpedaercsi eCTeCTBEHHBIX YCIIOBHSIX B IOKHBIX pernoHax KeIprei3crane B
o3epe Capwi-Uenek B Oacceiinax pek ['ympua, Jlony3-Too, Kapa-Anma, Yanrer, ['aBa, Akrepek,
Yarkan, Ypymbamu, Canpanami. [locaxkeH B kauecTBe SKCIIEpUMEHTa B OOTAaHMUECKOM CaJly ropoja
Om.

Salix wilhelmsiana M. Bieb. — nepeso, npunamiexamiee k poxay Salix. MiBa Buibrenbsmca
BcTpeuaercs: Ha Kaskaze, B Typuuu, Hpane, a Ttakxe B CpenHell A3uu, 1€ OHa NPEANOYUTAET
Mo¥MEHHBIE YYaCTKM U BJIa)KHbIE JOIMHBI peku. B npuposne roxHoro Kelpreiscrane pacnpoctpaHeH
B noiimMax pek Kapa-Zlapsu, AdnaryH, Ke3sui-Cyy, Keiprez-Ata, I'ynsua, Koxa-Ara. BricaxkeH B
O6oTaHnueckoMm cany r. Om.

Salix tenuijulis Ledeb. — BbIcOKuii TpeBOBUIHBIH KyCTapHUK, TPUHAIICKAIIMN K poxy Salix.
B npupone roxHoro Keipreiscrane mpouspacraetr Ha Oeperax pek Yarkai, Keizpui-Yakyp, Kbi3bii-
Cyy [4]. IlocaxeH B KauyecTBe IKCIIEpUMEHTa B O0TaHWYeCcKoM caay I. Oml.

®denonoruyeckre HabmoneHus npoBogunch B TedeHne 2019-2023 rr. mo oOmenpuHATHIM
(heHoorn4ecKkuMu MeToaami [5, 6].

Ompenenenbl  denodaspr BumoB Salix babylonica L., Salix turanica Nasarow., Salix
wilhelmsiana M. Bieb., Salix tenuijulis Ledeb.

Pesynomamet u o6cyscoenue

Kpacora Bi10B UBBI B COUETAaHUH C BHICOKON CKOPOCTBIO MX POCTa YCIEUIHO HCIONb3YEeTCs B
o3eneHeHnu TI. Om. OcoOeHHO pachpoCTpaHEH B MapKOBBIX 30HAX, PAclOJIOKEHHBIX Ha Oeperax
pexu Ax-byypa. YactHblii can mocaxkeHHblii B 1878 romy renepan-ryOepHaropoM Muxaniom
EdpemoBruuem MOHOBBIM C Mepexo1oM COBETCKOM BJIACTH OBLI MPeoOpa30BaH B TOPOACKON MapK, a
B 1934 rony emy mpucBoeHo ums Toktoryma CaThIITaHOBA U € T€X IMOP CIYXKHUT TopoxaHam. B
HaCTosIIIee BpeMsl ero IuIommab coctapisieT 9 ra. B 1924 rony 6b11 OCHOBaH Mapk UMEHU AUIepa
HaBowu, B Hacrosiiee Bpems €ro Iuiomaas cocrasisier 6 ra, a B 1980 rony B Mukpopaiione fOro-
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Boctok B BepxoBbsix peku Ak-bypa Obu1 opranm3oBaH mapk [loGeas! wromanpio 15 ra. OmgHako
IJIOIIAab MapKa COKpaTHiIach B 2—3 pa3a Ha OCHOBAHUHU CTPOUTEIBCTBA COOPYKEHUH [7].

boranunueckuit caa npuHamiexkuT OUICKOMY TOCYIapCTBEHHOMY YHUBEPCUTETY UM 3aHUMAECT
wiomanpk 5,8 ra. DeHoNOrMYecKHue HAOMIOACHHUS TMOKA3bIBAIM, YTO, B HCCIEAYEMbIE TOIbI
COKOJIBMKCHHE HAONIOaeMbIX BHIOB HWB Hadajdoch OT 25-28 deBpansi. COKOABMKCHHE UX
HaYMHAETCs TpU cpelHecyTouHo Temmeparype +5°C. [loBblllieHHE TeMIepaTrypbl MNPUBOIUT K
yCKOpeHHI0 Bererauuu WBbl. COITAaCHO apXWBHBIM JAaHHBIM [0 KIMMAaTHYECKUM IOKa3aTessiM,
cpenusst Temreparypa B I Om  3a mnocnennue 100  nmer Beipocma Ha o (,7°C
(https://ru.weatherspark.com/) (Pucysoxk 2).

B ropone ObIBaroT rompl, KOTJa BETETAIMOHHBIM TMepuon anutcs a0 8 mecsueB (235-240
JTHEH), BEreTallMOHHBIN MIEPUO]] HAUMHAETCS KaJeHIapHO, C Ha4aJloM Mecslla MapT U 3aKaHYUBaETCA
B KOHIIC HOSIOPSI.
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Pucynok 2. IloBeimenue cpenHeil Temmeparypsl B ropoxe Om 3a mocnemnue 100 ner
(https://ru.weatherspark.com/)

bnaronpusaTHele TIpaxyco-IHM Uil pOCTa — OTO €XKErOJHOE HAKOIUIEHHE TEIUIa,
UCIIOJIb3YEMOE Ui MPOTHO3UPOBAHUS PA3BUTHUS PACTEHUN M KUBOTHBIX, OINPENEIAEMOE KaK BCE
MPEBBILICHNUS] 33JaHHOM MHHUMAJIbHOM TeMIlepaTyphl, WCKIIIOYasl IMPEBBIIIEHUS MaKCUMaJbHON
TeMmeparypsl. B 3Tom onucanun MuHHMaibHas Temmneparypa coctasiser 10°C, a MakcumanbHas
— 30°C. B . Om Gonee sipkuii mepuoj roxa jmtcs 3,2 mecsna, ¢ 22 mas 1no 28 aBrycra, co
CPEAHECYTOYHOM MAJAKOIIE KOPOTKOBOJHOBOW JHEPIUEN HA M’ Bpime 6,8 kBT, u. Camblii SPKUN
Mecan B Onie — uroinb co cpenHuM 3HadeHueM 8,0 kBT 4. bonee TemusIil nepuon roga ainures 3,7
Mecsina, ¢ 31 oktsa6ps mo 20 deBpans, co CPeIHECYTOUHOM MaJA0IIeH KOPOTKOBOJTHOBOW SHEPTHEH
Ha M Hike 3,2 KBra. CaMbIil TeMHBIH Mecs B . O — Jiekadpb co cpeHuM 3HaueHueM 2,0 kBru.

VBBl — paHHEUBETyIIME pAcTEHMs], LIBETEHHE HauyMHaeTcs ¢ 6 Mmapra no | ampens, 1o
pacniyckaHusi nuctbeB. PeHonornyeckue ¢aspl HaOMIONAEMbIX MB IpezcTasieHsl B Tabnuue. B
XOJIe MCCIeqoBaHus omnpezaencHa uro ¢enomorus BumoB Salix babylonica L., Salix turanica
Nasarow HauyMHaeTcsl B OAHO U TO e BpeMs, TO €CTh IEPHUO/I LIBETEHUSI HAaYMHAETCs B HaYaJle MapTa
u amunes ¢ 10 mapra no 15 anpens. Pacmyckanue nuctbeB Habmonanocs 4-5 ampens. Co3peBanue
CeMsIH y 3TUX BHJI0B Hadasock ¢ 21 no 30 anpens. Jluctonan Havancs 25 okta0ps u 3akoHumics 15
HOos0psi. A y BumoB Salix wilhelmsiana M. Bieb. u Salix tenuijulis Ledeb. ¢enosnorus Hauamach
HECKOJIBKO Mo3ke. DEeHOTOTHYEeCKHE MPOIIECCH Hayaluch 18 mapra, a mepuo HBETEHUS JIAJICS C
10 anpens no 1 mas. Pacnyckanue aucTbeB Hayanock ¢ 5 o 26 anpens. Co3peBaHUe CEMSIH y 3TUX
BUJOB Tipopospkaiock ¢ 30 ampens no 15 mas. Jlucronax Havancs 30 okTsOps u 3akoHumiIcs 20
HOSIOPS.
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Tabmuma
OEHO®A3BI JIEPEBLEB U KYCTAPHUKOB POJIA Salix (r. Om)
Buow Becemayuounviti  Pacnyckanue Ijsemenue  Cospesanue  Jlucmonaod
nepuoo JUCbEs

H K H K H K H K H K
Salix babylonica L. 6/03 15/11 5/04 26/04 10/03 16/04 24/04 30/04 26/10 15/11
S. turanica Nasarow 5/03 15/11 4/04 20/04  6/03 15/04 21/04 30/04 25/10 15/11
S. wilhelmsiana M. Bieb. 18/03 20/11 8/04 26/04 10/04 1/05 30/04 15/05 30/10 20/11
S. tenuijulis Ledeb. 20/03 25/11 10/04  21/04 14/04 27/04 10/06 20/06 25/10 28/11

ITpumeuanue: H — Hauvano, K — xonen

[To pesynbraTam Mcclie0BaHUs €CTh OCHOBAHUS C/IEIaTh CIEIYIOIINE BHIBOIBI:

[Ton BamsiHMeM mporecca ypOaHu3auuu (PEHONOTHUS TOPOJACKUX PACTEHHM OTIMYaeTcs OT
npuponHoil cpenbl. 3a nocieanue 100 ner mio0anbHOE MOTEIIEHWE YCKOPUIIO BECEHHIOH
denonoruto pactennii. B xome wuccnenoBaHuss ObUTM  BBUICHEHBI  (heHO(A3bl HEKOTOPHIX
npezacraBureneit poaa Salix B yciosusix ropoaa Omr. JIaHHBIX 110 (HEHOTOTHYIESCKUM HCCIICTOBAHUSIM
JPEeBECHO-KYCTAPHUKOBBIX pacTeHuil B ropoae Omr HET. YCTaHOBJIEHO, 4TO (PeHOIOrHYecKue
MPOLIECChl Y M3YYCHHBIX BUIOB HAYMHAIOTCS MpH Temreparype Bosayxa +5°C. BereranmoHHBIHM
nepuon Salix babylonica L., Salix turanica Nasarow, Salix wilhelmsiana M. Bieb., Salix tenuijulis
Ledeb. B . Om B cpeanem paBen 240245 mHSM U 3TOT TIOKa3aTellb BAPbUPYETCsl B 3aBUCUMOCTH OT
KIIMMaTU4eCcKuX (akTOpOB.

Ceson userenus BuaoB Salix babylonica L., Salix turanica Nasarow, Salix wilhelmsiana M.
Bieb., Salix tenuijulis Ledeb. B ropome naumnaercs ¢ 6 mapra U npomoipkaercs a0 20 ampers.
Kutensm, UMEIOLUM aJJIEPrUI0 HA TbUIbIYY UBbI, PEKOMEHAYETCSI COKPAaTUTh MOCELICHHE IMapKa
[ToGeapr B ropoie B Mapre-ampene. B stom mnapke momuuupyer Salix babylonica L. He
pexomenayem mnocemieHue ocooenno auem ¢ 11:00 go 18:00, Tak kak B 3TO BpeMsi KOHIICHTpaLUs
MBUTBIIBI CaMast BBICOKAS.

Qunancuposanue. HAyYHOE HCCIEAOBAaHHE IMPOBEIACHO IPU MOAAEPHKKE HAydHOIO TIpaHTa
MunuctepctBa o6pa3oBanus u Hayku Keipreizckoit Peciyonuku (rpant MOuH KP Ne240013).
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W3YYEHHUE POJA Teucrium L. BO ®JIOPE ABEPBAMJIZKAHA
(IIO 'EPBAPHBIM MATEPUAJIAM)

©rl'aoscuesa C. @., Hucmumym 6omanuxu Munucmepcmea Hayku u 06pazo6anus
Asepbaiidacanckoul Pecnyonuku, e. baxy, Azepbatioscan
©Canumos P. A., kano. ouon. nayx, Cymeaumckutl 20Cy0apCcmeeHHblil YHUGepcumen,
2. Cymeaum, Azepbatiodican, shajiyevadss@gmail.com

ASTUDY OF THE Teucrium L. GENUS IN THE AZERBAIJAN FLORA BASED
ON HERBARIUM MATERIALS

©Hajiyeva S., Institute of Botany Ministry of Science and Education of the Republic of Azerbaijan,
Baku, Azerbaijan
©Salimov R., Ph.D., Sumgait State University, Sumgait, Azerbaijan, shajiyevab55@gmail.com

Annomayus. B 1957 rogy SI. M. HcaeB onmcan 8 BumoB poma Teucrium L. Bo duiope
Azepbaiimkana. B T'epbapuom ¢onne BAK Opuio mpoanammsmpoBano oxono 620 repOapHBIX
o0pasnoB pora. B xoxe peBusum repOapHBIX 00paslloB M3ydalIMCh MECTO W BpeMsi cOopa BHIIOB
poma, a TaKke JiMia, coOpaBiMe W omnpenenusie ux. CormacHo pe3yibTaram, MOJy4YeHHBIM B
pesynbrare aHaimsa repbapHoro (oHma, JUTEpaTypHBIX JAaHHBIX W 0a3 maHHbIX WHTepHeTa,
HN3MCHCHHA B HOMCHKJIATYpPC BHYTPH poaa Tpe6YIOT COBPCMCHHBIX I/ICCJICILOBaHI/Iﬁ TaKCOHOMUU
BUJIOB, PaCIPOCTPAHECHHBIX B A3epOaiipKaHe.

Abstract. In 1957 Ya. M. Isayev described 8 species of the Teucrium L. genus in the flora of
Azerbaijan. About 620 herbarium specimens of the genus were analyzed in the Herbarium Fund of
the BAC. During the revision of the herbarium specimens, the place and time of collection of
the species of the genus, as well as the persons who collected and identified them, were studied.
According to the results obtained as a result of the analysis of the herbarium fund, literary data and
Internet databases, changes in the nomenclature within the genus require modern studies of
the taxonomy of species common in Azerbaijan.

Knrouesvie cnosa: nyOpoBHUK OOBIKHOBEHHBIH, A3epOaiikaH, pacpocTpaHeHue, repoapuu,
TaKCOH.

Keywords: Teucrium, Azerbaijan, herbaria, taxa.

Bupl, Bxozsie B pon Teucrium L., 1753 — MHoOrONETHHE, OY4SHD PEAKO OJJHOJICTHUE TPABBI,
NOJYKYCTAPHUKH WM KyCTapHHKH, 4YacTO C apOMaTHYECKHM, pPeXe C HENPUSTHBIM 3alaxoM
(https://www.gbif.org/species/2926895). Jluctbs uaiie Ha KOPOTKHX 4Yepellikax, IeIbHOKpaiiHue,
ropoayaro-3yovareie, WM TEPUCTONONACTHBIC, WM pa3jieibHbie. L[BeTKM Ha SBCTBEHHBIX
[[BETOHOXKKaX WM u3penka cuasdue, codOpanHbie B 1-3(10)-1[BeTKOBbIE IHMMO3HBIC COIBETHS,
pacHONIOKEHHBIE B TIa3yXaX KpOKOUIMX (TPHIBETHBIX) JIUCTHEB, HE OTIMYAMONIMXCS HIH Majo
OTJIMYAIOIIUXCS OT CTEONIEBBIX JIMCTHEB, U 00pa3yroIIUe BEpXyLICYHbIC, Yalle OTHOOOKHE JI0KHBIC
KHACTH WJIH KOJIOChS, PEKE TOJIOBYAThIC WJIM 30HTUKOBHUJHBIC COIBETHS; Yallleuka TpyOdaTas WK
KOJIOKOJTBYATasi, 9acTO M30THyTas, 0 10 KWJIKaxX, ¢ MATHIO MOYTH OJUHAKOBBIMH TPEYTrOJbHBIMU
3yOllaMU MJIM C PACIIMPEHHBIM BEPXHUM 3yOILIOM M TOTJa IBYryOas; BEHUMK 4Yallle OINaJarolini, C
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3aKJIIOYCHHOM B YaIlICUKy, peKe HECKOJIBKO BBICTABICHHOW KOPOTKOM TpyOKOH, 6€3 KoJblla BHYTPH
ee, CHapYK1 HepeJlKO OMYyIICHHBIN; BEpXHsA I'y0a Kak Obl OTCYTCTBYET, TaK KaK paclierieHa HaJIBOe
TaKUM 00pa30oM, YTO MOJIOBHHKH €€ OTOABHHYTHI K HIXKHEH ryde, KOTopasi IPeACTaBISeTCS T03TOMY
IATWIONACTHOW, C KPYIHOM OKpPYINIEHHOM WJIM  IPOAOIIOBaTOM  LIEJBHOKPAaWHEW WIH
MEJKO3yOuaToi, yarie BOrHYTON HIKHEH JIOMAacThio, YaCTO OTOTHYTOW KHHU3Y, U MEHee KPYIHBIMU,
MIPOAOJITOBATHIMU, TAK)KE YaCTO OTOTHYTHIMU WJIM MPSIMOCTOSILIUMHU OTTONBIPEHHBIMU OOKOBBIMU
JIOTIACTSAMU; THIUMHKM B YHCJIE YEThIpEX IMPUIOAHUMAIOIIMECS, 4Yallle JaleKO BbICTABIICHHBIE,
JBYCUJIbHBIE, C HEOOJNBIIMMHU pACXOISAIIMMUCA, IIOJ KOHEIl CIMBAIOLIMMHUCS Ha BEpXYLIKE
MBUTBLEBBIMU THE3/IaMU; CTOJIOUK C IByMsI KOPOTKUMH, IOYTH OJMHAKOBBIMU BETOYKAMU; OPELIKU
00paTHOSMIICBUIHBIC, CKOIIICHHBIC TP OCHOBAHMH, CETUAThIC WM MOPIIUHUCTHIE [15].

Pon nyOpoBHHKa, OTHOCAIIMKCS K CEMEHCTBY SICHOTKOBBIX, HacuuTbiBaeT 100 BuUIOB,
pacrpoCTpaHEHHBIX B YMEPEHHBIX M CYOTPONMYECKMX pPErHOHax MHpa, OCOOCHHO B CTpaHax
Cpennu3eMHOMOPBA.

B Aszepb6aiimkane u3 8 Bugos Teucrium orientale, Teucrium polium, Teucrium chamaedrys L.
— BH/IbI O0JIee IIHUPOKO PaCIpOCTPAHEHBI.

Teucrium chamaedrys L. — nau6osnee momumopdHbI BUJ B TPeeIax poja, XOTs 10 CTECIICHU
omyuieHus, (GopMe U pasmepaMm 3yOILOB Ha yalleyke U Ta3yxaxX JHCTbeB MMEETCS MHOXKECTBO
MOJBUJIOB U BHUJOBOIO Pa3HOOOpasus, HO CTaTyC HEKOTOPBIX M3 HHUX A0 CHUX IOp SBISETCS
criopHbIM [1].

Mamepuan u memoouxa
[lpn w3ydeHWHW TPAAWIIMOHHOW TAaKCOHOMHHU pOJla OCHOBHBIMH MOP(OJIOTHICCKUMU
MpU3HAKAMHU, Ha KOTOPBIX OCHOBBIBAIHMCH CEKIIMH pOJa, ObUTHM >KU3HEHHAs (opma, CTPYKTypa
YalIeyKd M BEHYHMKA, ()OpMa IBETOUYHOW TPYIIbI, BEPXHSS MMOBEPXHOCTh 3peMa, B HAYaJIbHBIN
MePUOJT HEKOTOPbIC U3 HUX OBbUIM YKa3aHbI KaK CaMOCTOSATeNbHBIE poasl [2-8, 10-12, 16].
. I. MelbHUKOB, HECMOTPSI Ha TO, YTO 3T CEKLUHMH OTIMYAKOTCS APYr OT Apyra, mpeajaral
paccMaTrpuBarh MX HE KaK CaMOCTOSITEIIbHBIHN POJI, a MpHIaBarh UM craryc moapoaa [9,1-12].

Pezynemamul u ux oocysxcoenue

Bo ¢nope Asepbaiimkana mpeacTaBieHO 8 BHMJOB, OTHOCAIIMXCA K JaHHOMY poxay. M3 8
BumoB. Teucrium orientale L., Teucrium scordioides Schreb., Teucrium polium L.
pacripoctpansiercs. [1o Bcemy AsepOaiimkany, Teucrium parviflorum Schreb., Teucrium taylorii
Boiss. Toneko B ropHoii Haxmuesanm, Teucrium chamaedrys L. B ropubix paiionax, Teucrium
canum F. et Mey. B ['oGycrane, Ha KypuHckoii paBHHHE (BOocTOK), B KyOMHCKMM rOpHBIM MaccuBe
Bbonpmoro KaBkaza (Oro-BocTok), CTEMHOM IUIOCKOropbe, Teucrium hircanicum L. Camyp
JluBuunHCKOM HU3MeHHOCTH, B KyOuHckum ropHeiM MaccuBe bonbmoro Kaskaza, Ha Bocroke
bonbmoro Kaskasza, 3amage bonpmoro KaBkasza, crenHoM muiockoropee, AjazaHb-ODWpH4aicKoi
nonuue, LlenTpansHoii yvactu Manoro KaBkasa, B ropHoii 1 Hu3MeHHO# Jlenkopanu [13].

Pacnipocrpanenue Buga Teucrium taylorii Boiss. mpuseneno mo manaeiM A. A. I'poccreiima.
Hecmotps Ha To, uTO B repbaproM ¢pounne MHcturyra 6otanuku BAK umerorcst obpasiper  Teucrium
taylorii Boiss. u Teucrium parviflorum Schreb. coopannbie B 1931 u 1936 rogax B T. 7 «Dmnopa
AzepOaiimxaHa» OTMEUYEHO OTCYTCTBHE 00Pa3I[OB ITHX BHUJIOB.

B tpyne «®nopa CCCP» ykazan 21 Bun, a B T. 7 ¢aopsr AzepbaiikaHa nepedncieHsl 8
BUJIOB, OTHOCSIIMXCS K poy ayopoBHuKa [13, 15].

B 1899 rony B. U. Jlunickuit nan cBox ceeaenuit o piaope Kaskaza 3a 200-netuuit mepuon. B
3TON paboTe yIMOMHHAIOTCS 7 BHIOB poja Teucrium L., HO /Ui HEKOTOPBHIX BHIOB YKa3bIBAE€TCS
HEJIOCTaTOYHO TOYHBIN apean [14].
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Hus Buma 1. scordioides Schreb. ykaseiBacTcst apeanm TOABKO Ui 3aKaBKasbsi, HO OH
BcTpeuaercs 1o Bcemy Kaskasy; T. hircanicum L. pacnpocTtpaneH He Tonbko Ha KaBkase, HO U B
Harecrane u 1. a. T. orientale L., T. chamaedrys L., T. polium L. — mo Bcemy KaBka3zy, T.
parviflorum Schreb. — Tonbko B Apmenuu T. hyrcanicum L., T. scordium L., T. scordioides Schreb.,
T. chamaedrys  canum Boiss. PactipocTpanensl Ha 3akaBkasbe [14].

[Tpu u3yveHHH BHUIOBOIO COCTaBa M TAKCOHOMHHU poja Teucrium L., BcTpewaromierocs Bo
¢diope A3zepbaiipkaHa ObLT MPOBEAEH aHAIM3 HE TOJIBKO (UIOPHI M JIPYTUX JIHMTEPaTYPHBIX
MaTepUaJioB, HO M JIAHHBIX dTHUKETOK IrepOapHBIX dK3EMIUIIPOB, XpaHsAImuxcs B repbapaom DoHe
BAK HWuctutyra Ooranmku MunuctepctBa W OOpazoBaHus. MHOTrHe YYCeHBIC ChHITPAIH
HEOILICHUMYIO POJib B COOpE, ONpe/esIeHnH U repOapu3aluy pacTeHui, OTHOCSIIMXCS K BUJIaM PoJa,
Teucrium L. Bctpeuatomiumes Bo ¢uope AsepOaitkana, i JurenbHoro xpanenus. Y. Kapsrus,
A. Tpoccreiim, JI. Tlpununko, M. Illesmsxos, T. Xeitneman, M. ®. Caxkcokus, A. Ackepos, C.
MycaeB, M. I'aceimoB, P. P3azane, 3. Xammios, U. I'amkues, H. I'ypuu, @. Axmenszane codpaim
oOpasmpl pactreruit (PucyHok).

B nocnennue roasr 60bIast 4acTh 00pa3loB paCTEHUM, OTHOCSIIUXCS K POy, OblIa coOpaHa
H. MextueBoii, a apyras yacts: C. 3eitHanoBou, A. 3eitnanoBoii, H. MoBcymoBoii, A. JlagaimioBoii.
BonbiHCTBO 00pa3iioB pacTeHmii BUaoB poma Teucrium L. B 'epbaprom dorme BAK cobpano B
pasHble TOMbI, HO B OJJHH U T€ € MECSIbl, 0COOCHHO B MIOHE U Hioje. TeM He MeHee, UMEIOTCS
o0pa3iiel pacTeHU, COOpAHHEIC B allpelie, Mae, aBrycre, CCHTIOpe U Jaxke OKTIOpe.

bbb coOpanbl Takke 00pa3iibl pacTeHUH, OTHOCSIIUXCS K BuaaMm Teucrium canum Fisch. &
C. A. Mey., Teucrium orientale L., Teucrium hircanicum L., Teucrium parviflorum Schreb.,
Teucrium scordioides Schreb., Teucrium chamaedrys L., Teucrium chamaedrys var. pubescens
Popov, Teucrium polium L. CoOpanubie u uaAeHTH(OUIMPOBAHHBIC B pa3Hbie TOfbl repOapHbIe
sKk3eMIUIIpsl Teucrium chamaedrys L. mo3aHee ObUTH TOBTOPHO Hcce1oBanbl Pupys3oii AxMaazaie
U 3aMEHEHBI TAKMMHM Ha3BaHUsAMH Kak Teucrium nuchense K. Koch, Teucrium multinodum (Bordz.)
Juz. u Teucrium trapezunticum (Rech. fil.) Juz. (Kapra 1-10).

TI'epbapnviii hono BAK Euro+Med PlantBase
Teucrium nuchense K. Koch Teucrium chamaedrys subsp. nuchense
Teucrium multinodum (Bordz.) Juz. Teucrium chamaedrys var. multinodum (Bordz.) Juz.
Teucrium trapezunticum (Rech. fil.) Juz. Teucrium chamaedrys subsp. trapezunticum
Teucrium taylorii Boiss. Teucrium orientale subsp. taylorii (Boiss.) Rech.
Teucrium chamaedrys var. pubescens Popov Teucrium % alexeenkoanum Juz.
Teucrium scordioides Schreb. Teucrium scordium subsp. scordioides
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Kapra 1. Teucrium canum Fisch. & C. A.

Mey Kapra 2. Teucrium x alexeenkoanum Juz.
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(=Teucrium chamaedrys var. pubescens Popov)

Kapra 5. Teucrium chamaedrys subsp. nuchense Kapra 6. Teucrium orientale L.
(=Teucrium nuchense K. Koch)
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Kapra 9. Teucrium orientale subsp. taylorii  Kapra 10. Teucrium scordium subsp. scordioides
(=Teucrium taylorii Boiss.) (=Teucrium scordioides Schreb.)

Teucrium scordium subsp. scordioides ... 28
1
Teucrium polium L. me s 212
Teucrium parviflorum Schreb. 1 2

Teucrium orientale L. o 109

Teucrium hircanicum L. s 59
Teucrium chamaedrys L. moasssssssssssssms 08
Teucrium * alexeenkoanum Juz...1 2

Teucrium canum Fisch. & C. A. Mey. mmmm— 39

Pucynok. KomrdecTBo repOapHbIX 3K3eMILIIpoB poxa Teucrium L., xpausuuxcs B ['epbaprom donze
BAK Bborannueckoro MacTuTyra MuHHCTEpCTBa HAyKH U 00pa3oBaHus A3epOaiimkaHckoil PecrryOmmkm.

Ox3emmuisip Buaa Teucrium scordium L., coOpanubiit ['ypuitckum B 1926 romy, B
nocieayroIre Topl ObuT mepeumenoBad ['poccreiivom u @. Axmensamnoii B T. chamaedrys L. u T.
nuchense K. Koch. Bua, coOpannbiii kak Teucrium orientale L, mo3xe Obul MeperMEHOBaH
I'poccreiimom Teucrium taylorii Boiss. u Teucrium pruinosum Boiss. wiau Bix Teucrium pruinosum
BIIOCJICZICTBUH ObLT IeperMeHoBaH B Teucrium orientale L.

Bovi6oo
JlaHHBIE, MOJIyYEHHBIC B pe3yJIbTare HCCIEAOBAaHWN, MPOBEICHHBIX HA OCHOBE TepOapHBIX
MaTepuayioB, TpeOyeT HEeOOXOIUMOCTh THIATEIBHOTO W3y4eHHUS poJa HOBBIMH METOJaMHU
(MHKPOCKOTIMUECKHE W MOJEKYIIpHbIe aHanu3bl). Cpeau MpeACTOsIUX padoT BaKHBIM BOIIPOCOM
SIBIISIETCSl yTOUHEHNE TAKCOHOMUYECKOTO CTaTyca CIIOPHBIX BUJIOB.

Cnucok numepamypbot.
1. AckepoB A. M. PactutensHocTh A3epOaiimkana (Briciune pacrenus-Embryophyta). baky,
TOAC-IIpecce, 2016. 346 c.
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XUMHNYECKHUI COCTAB 3PEJIBIX IIVIOIOB Solapum kieseritzkii C. A. Mey.,
IMPOU3PACTAIOIIETO B ABEPBAUJI)KAHE

©Hoepysoe 3. H., ORCID: 0000-0003-0436-4891, ResearcherID: S-2147-2016, Hncmumym
bomanuxu Munucmepcmea nayxku u oopasosanus Azepbatiodcanckou Pecnybnuxu,
2. baxy, Azepbaiioscan, eldar novruzov@yahoo.co.uk
©fIycuesa A. M., ORCID: 0000-0002-2213-6369, ResearcherID: S-6207-2016, Hncmumym

bomanuxu Munucmepcmea Hayku u odpazosanusi Azepoatiodcanckou Pecnyonuxu,
2. Baxy, Azepbaiioscan, aydan.zeynalova.az@gmail.com
O©Hmannwt I A., ORCID: 0009-0000-4012-2852, Uncmumym 6omanuxu Munucmepcmea Hayku u
obpazosanus Azepoaiioxcanckou Pecnyonuku, e. baxy, Azepoatioscan, imanli.hilal77@gmail.com

CHEMICAL COMPOSITION OF RIPEN FRUITS OF Solanum kieseritzkii C. A. Mey.,
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Annomayus. TlpencraBieHbl pe3yiabTaThl M3YYEHUS XMMHUYECKOTO COCTaBa 3pEIbIX ILIOI0B
naciena Kusepurkoro (Solanum kieseritzkii C. A. Mey.), nmpouspacratoriero B Azep6Oaiimpkane. B
pe3yJsbTaTe uCcClieJOBaHUM ompeieneHo conepxanue cyxux BemiecTs (18,4-21,3%), cymmbl caxapoB
(3,8-4,5%), opranmyeckux kucnot (0,91-1,19%), nekrunossix BemectB (0,61-0,78%), sxupHoro
Macna (2,8-3,6%), acxkopbunoBoii kucnorel (312,1 mr%), xaporunoumoB (38,7-43,6 mMr%),
¢naBononoB (504,3-596,3 mr%), karexunos (202-212 mr%). Merogom xpomartorpaduu Ha
Oymare B Turofax mnacieHa KH3epHIIKOTO yCTaHOBJICHO HalMuWe TIFOKO3BI, (PPYKTO3BI, caxapos3sl,
JMMOHHOH, STHTAPHOH M sIOJIOYHOW KHCIIOT, O-, -, Y-KapOTHHOB, 3€aKCAHTUHA, KCAHTHHA, JINKOIINHA,
pUTHHA, KBEpIETPMHA, KaTeXWHAa W OIUKaTexuHa. M3 Ccyxoro joma TOCIe TMOJy4eHHS COKa
BbiienieHo 23% kupHOro wmacnia, cogepxaimiero 217 mr/100 r kaporuHouaoB u 185 mr/100 r
TOKO(epooB. Pe3ynbsraTsl HCCIieOBaHMS TO3BOJIIOT PEKOMEHIOBATh KHPHOE MACIIO W3 OTXOJOB
TUI0/10B macieHa Kuzepuiikoro 1ist momydeHus (yHKIIMOHAIBHBIX MTPOIYKTOB.

Abstract. The article presents the results of the study of the chemical composition of ripe
fruits of Solanum Kkieseritzkii C. A. Mey. growing in Azerbaijan. As a result of the research,
the content of dry substances (18.4-21.3%), total sugars (3.8-4.5%), organic acids (0.91-1.19%),
pectin substances (0.61-0.78%), fatty oil (2.8-3.6%), ascorbic acid (312.1 mg%), carotenoids (38.7-
43.6 mg%), flavonoids (504.3-596.3 mg%), catechins (202-212 mg%) were determined. Using
the paper chromatography method, the fruits of Solanum kieseritzkii were found to contain glucose,
fructose, sucrose, citric, succinic and malic acids, a-, B-, y-carotenes, zeaxanthin, xanthin, lycopene,
ritin, quercetin, catechin and epicatechin. From the dry pulp after obtaining the juice, 23% of fatty
oil was isolated, containing 217 mg/100 g of carotenoids and 185 mg/100 g of tocopherols.
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The results of the study allow us to recommend fatty oil from the waste of fruits of Solanum
kieseritzkii for obtaining functional products.

Knrouesvie cnosa: nacnen Kuzepuikoro, OMOJIOrMueckyd aKTUBHBIE BEIECTBA, MUTATEIbHBIC
BEIECTBA, KOM IIJIOHOB.

Keywords: Solanum kieseritzkii, biologically active substances, nutritional substances, fruit
pulp.

Pon ITacimen (Solanum L.) u3 cemeiicta IlacinenoBsie (Solanaceae Pers.) comepXuT 0KoOJIO
1500 BHIOB pacHpOCTpaHEHHBIX B TPOMUYECKUX, CYOTPONMUYCCKUX M YMEPEHHBIX 007acTix, B
ocHoBHOM B IOHO# Amepuke [1].

B AzepOaiimkane nmpouspacTaeT 8§ BUIOB, U3 HUX 2 BUJa B KyabType [2]. IIpu ncciaenoBanuu
Hamu BuI0B pona [lacien s ¢umopsl A3epOaiimkana BeIssBICH HOBbIM Bua Solanum dulcamara L.
[3, 4].

Bux Solanum kiezeritzkii pacripoctpanen Tonbko B Tanbliie B HMKHEM TOPHOM TIOsiCE B
TEHHCTBIX Jiecax MMoj mojoroM ayba kamranoiuctHoro (Quercus castaneifolia C.A.M.), nyba
BOCTOYHOTO (MM KpymHONbUIbHHKOBBIH) (Quercus macranthera F. et M.), rpaba KaBKa3CKOro
(Carpinus caucasica Grossh.), a3enpkBa rupkanckoii (Zelkova hyrcana Grossh.), Oyka BocTouHOTO
(Fagus orientalis Lypsky). Paziauunbie BHIbI pOjia TaBHO MPHUBICKAIOT BHUMAHUE MCCIICI0BATEICH
KaKk HWCTOYHUKH JUISI TOJNYYCHHS DIIMKOAIKAIOMIOB, HCIOJB3YeMbIX IPH TPOM3BOJICTBE
TOPMOHAJIBHBIX TIpenaparoB (KapTU30H, IPOreCTEPOH U Jp.) [5, 6].

YCTaHOBJICHO, YTO HE3HAYMTEIHHOE KOJIMYCCTBO TIIMKOAIKAIOWIOB B IHUIIE CIOCOOCTBYET
BBIJICTICHUIO JKETTYIOYHOTO COKA M YAYUYIICHHIO TIEPUCTAIBTUKHY KEITyITOYHO-KUIIICYHETO TpakTa [7].

Buzabl poma macieH OTHOCATCA K 4MCIY SAJOBUTBIX pacTeHuil [8, 9]. D10 cBsizaHO C
COJIEpP’KaHUEM B HUX IIIMKOAJIKAJIOWIOB M CTEPOUIHBIX CAllOHMHOB. Bce BHIIBI MacieHa coiepikar
TTMKOATKAIOUIBI, UCTIOJB3yeMbIC JIJIsl MPOU3BOJICTBA KOPTH30HA, IMPOTECTEPOHA U JICKAPCTBEHHBIX
npenaparoB [10]. [Ipenapar romMmeonaTu4eckoe CpeaCTBO AYTbKaMapUT CAllOHUH, TIIMKOAIKOJIOMU
(comamynbIyu, coTaMapriH).

[Ipn uccnenoBaHUM BHUAOB TaclieHa, MPOM3pACTAIONIMX B A3sepOailjpkaHe Ha colep)KaHue
TJIMKOATKAJIOUIOB YCTAHOBJICHO, YTO OHA 3aBHCHUT OT BHJIOBOW MPHHAICKHOCTH PACTCHHMA, OT
OpPraHoB, a TaKKe OT MOYBCHHO-KIMMATHYSCKHUX YCIOBUSAX, (azaX pa3BUTHSA U IPYTUX (HaKTOPOB.
HauGonpiiee KONMWYECTBO TIHMKOANKAIONAOB HAKAIIUBACTCS B MOJOABIX JHCTBSIX M HE3PENbIX

mogax [3].
B nuteparype OTCYTCTBYIOT JJaHHBIE O XMMHMYECKOM cocTaBe maciieHa Kuszepuukoro. [[ers
Hacmosuyeli pabomvl — W3y4YEHUE XUMHUYECKOTO cocTaBa IUIOAOB nacieHa Kwuszepuikoro s

YCTAHOBJICHUS BO3MOXKXHOCTH UX UCIIOJIB30BAHUS.

Mamepuanvi u memoowl uccnedosanus

PactuTenbHblil MaTepuan 6611 coOpaH ¢ Tepputopun JleHkopaHckoro paifoHa AsepOaiiikaHa
2 KM OT CeBEpO-BOCTOK BOIOXpaHuiuIe XaHOyaH B (ha3e MoHOM 3penocTu mioaoB B 2023 1.

ConepxaHue CyXOro BELIECTBAa, CyMMBI CaxapoB, OPraHUYECKHX KHUCIIOT, >KHPHOTO Maclia
onpenensu no merony A. M. Epmaxosa u zip. [11].

s onpenenenrs Ka4eCTBEHHOTO COCTaBa CaxapoB MCIONIb30Bald MeTonuKy I M. 3aliueBoi,
T. I1. AdanaceeBoii [12], oprannueckue kucnotsl o C. B. Connarenkosoii, T. 1. Ma3zyposoii [13],
KapOTHHOUIBI, (pr1aBOHOUIBI U KaTexuHbl o O. H. HoBpy3osy [14-16],

ConepxaHue acKOpOMHOBOW KUCIIOTHI ONPEAEIIUIN HogoMeTpruuecKkuM Meroom [17].

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 66



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108

Pe3zynemamol u ux oocyscoenue
Pesynbrarhl TIpOBENEHHBIX aHAIW30B IMMOKa3ayM, 4YTOo IUioabl 1. Kwusepurkoro O6orars
Pa3IMYHBIMU MTUTATEILHBIMUA M OMOJIOTMYECKH aKTUBHBIMU BEIIIECTBAMH, KOTOPHIE MIPEICTABICHEI B
Tabmuue 1.

5 Tab6muma 1.
XUMUYECKUHN COCTAB 3PEJIBIX IVIO1I0B Solanum kiezeritzkii,
IMTPOPACTAIOUIEI'O B ABEPBAUJI)KAHE (B Mr % OT Macchl ChIPBIX IJI0/I0B)
Bewecmeo Cooepoicanue noo noioeom aeca Cooepoicanue Ha nosme
Cyxoe BelecTBo 18,4+0,33 21,3+0,35
CymmMa caxapoB 3.8+0,38 4,5+0,30
OpraHnndecKkne KUCIOTHI 1,19+0,14 0,91+0,12
IlexTna 0,61£0,13 0,78+0,13
JKupnoe macio 2,8+0,20 3,6£0,31
AcKopOMHOBAS KHUCIOTA 288.,4+0,34 312,1+0,40
Kapotunoubet 38,7+0,13 43,6+0,17
®D1aBOHOUIBI 564,3+0,12 596,4+0,13
Karexunnl 202,4+0,16 202,2+0,17

W3 pgannbix Tabmuuel 1 BUOHO, UTO cojepkaHHE MUTATEIbHBIX U OMOIOTUYECKH AKTHBHBIX
BeIIecTBa B Iuiofax . Kuzepuiukoro 3aBUCHT OT MecTa IpOM3pacTaHus pacTeHuid. B 3aBucumoctu
OT MeCTa MPOU3PACTaHUsI COJEPKAHUE CyXOro BElIEeCTBAa U3MEHseTcs B penenax 18,4-21,3, cymma
caxapoB 3,8-4,5, oprannueckue kuciorsl 0,91-1,19, nextun 0,61-0,78, xupHoe macna 2,8-3,6%,
ackopOouHoBas kuciora 188,4-212,1, kaporunousr 38,7-43,6, dnaBoHou sl 564,3-596,4, KaTeXUHBI
203,2-212,4 Mr%. D3T0 CBS3aHO C KOJIOTHYECKUMH YCIOBUSMHU MECTA MPOU3PACTAHUS PACTCHU.

Tak, B OTKPBITBIX MeCTaX — JIECHOW MOJISTHE 110 CPaBHEHHUH IO MOJIOTOM JIEPEBBEB LIEIBII
JICHb MaJIaeT COJTHEYHBIN CBET U 0oJiee BHICOKAs TeMIIEpaTypa 1 HIKE BIaXKHOCTH BO3/LyXa U MOYBHI.
OTH (BakTOphI 6IArOMPUATHO BIUSIOT Ha COJEPKaHHE CYXOro BEIeCTBA, CYMMbI CaXxapoB, NEKTHHA,
KapOTHHOHMJIOB, ()TABOHOMAOB M KATEXWHOB, M OTPHUIATENIFHO BIHMSIOT Ha COJCpIKaHUE
ACKOPOMHOBOM KHCIIOTHI, OPTaHUYECKUX KUCIIOT, U )KHPHOTO Macla.

HccnenoBaHne KayeCTBEHHOTO COCTaBa YIVIEBOJOB IUIONOB macieHa Kuszepuikoro mMeronom
OyMakHOM Xpomarorpaduu MoKa3ajo HaJMYUe B UX COCTABE IIIOKO3bI, ()PYKTO3bI M Caxapos3bl.
VYCcTaHOBJIEHO, UTO B CyMME CaxapoB COZEp)KaHUE INTIOKO3bI cocTaBiseT 32,4, Gppykro3sl — 64,3 u
caxapo3bl — 3,3%. M3 3TOro BBIXOAUT, YTO MJI0bI NacieHa Kuzepuikoro MoxHO ynoTpeOisTh npu
caxapHOM auadeTe.

BkycoBble kauecTBa U MUILEBas IIEHHOCTb IJI0JIOB, IO U OBOILEH CBSI3aHbI C HAJIMYMEM B UX
COCTaBe OPTraHWYECKHX KHUCIOT. Tak Kak OpraHMYeCKHe KUCIIOTHI CIIOCOOCTBYIOT MHUIIEBAPEHUIO,
YCUJIMBAIOT BBIJICJICHUE MMUIIEBAPUTEIBHOTO COKA U MIEPUCTAIBTUKY KuIleuHHnKa [18].

HccnenoBaHue Moka3ano, 4YTO CyMMa OPraHWYECKUX KHCJIOT COCTOUT W3 JIMMOHHOM,
A0JI0YHOM M SIHTapHON KHUCIOT (mpeoOsanaroT sf6J04HbIM kuciaoTa). [TummeBas 1EHHOCTh 3penbIX
IONOB TacieHa Kwu3epuioro moBbIIaeTCs Onaromapsi COIEpKaHWI0 B HUX 3HAYUTEIBHOTO
KOJIM4YeCTBa acKopOMHOBON KUCIOTHI (288,4-312,1 Mr%). Ilo conepkannio acKOpOMHOBOM KUCIIOTHI
TI0/1bI nacieHa Kuzepuikoro mpeBocXonsT psil H3BECTHBIX II0I0BO-SATOIHBIX pacTeHuil. B 3penbix
wionax 1. Kuzepuikoro o6HapyxeHO 3HAYMTEIbHOE KOJMYEeCTBO KapOoTHUHOUIOB (38,7-43,6 Mr %).
[To comepkaHWIO KapOTHHOHMJIOB IUTONBI TacieHa KW3epHIIKOro MpeBOCXOIST IO COMCPKAHUIO
KapOTHHOMJIOB Takhe pacTeHus kak MopkoBb (Daucus L.), teixkBa (Cucurbita pepo L.), mmomgos
obnenuxu (Hippophae rhamnoides L.), psounsr (Sorbus aucuparia L.).
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B cymme kapoTuHOMIOB OOHapykeHO 6 KOMIIOHEHTOB. XpoMmoTorpaduueckuii u
CHEKTPaJIbHBIN aHaJIN3 CYMMBbI KapOTHHOUIOB MOKa3aj, YTO U3 HUX 3 OTHOCATCS K KapoTuHam (o -,
B -, v — xapotuH) U 3 K KcaHTOQWIAM: JIMKOIHH, 3CaKCAHTHII, KCaHTWH. KoimdecTBeHHOE
COZIep’)KaHNe M KOMIIOHEHTHBIH COCTAaB KapOTWHOW0A MOKA3bIBACT, YTO 3peJble IJIOABI IacieHa
Kuzepuikoro MOryT ciy>KuTh HCTOUHUKOM TOJYYEHHs] KOHIIEHTpaTa KapOTHMHOUAOB, O0JIaJatoIINX
BBICOKMM TMPOBUTAMHUH A U aHTHOKCHJIAHTHOW aKTUBHOCTHIO. Tak Kak OCHOBHYIO Maccy CyMMBbI
KapOTHHOMJIOB COCTAaBIISIOT KapoTHHBI (Oosiee 70%).

B cBsa3u ¢ Tem, uro rwionsl macieHa Kuzepuukoro comepikar 3HaYMTENbHOE KOJIHMYECTBO
KapOTHHOMJIOB M UPHOTO Macjia ¢ BBICOKUM COZIEp>KaHHEM TOKO(Eeposia U JTUHOJICHOBOM KUCIIOTHI
UMEIOIIUE ®-3 aKTUBHOCTHIO HaMH pa3paboTaH crnocol MojyuyeHus: KOHLIEHTpaTa KapOTHHOUIOB.

KoHIleHTpar KapOTHHOHIIOB — TYyCTasl, MACISIHUCTAsl JKUAKOCTh WHTCHCHUBHO OPaH)XEBOTO
1Bera, 6e3 3anaxa, D20, 0,9128, nD20 — 1,4439. KonuenTpar kapotuHou 0B copepxut 80 mr/100
r kapotuH, 142 mr/100 r Tokodepon. KoHlleHTpar KapOTHHOHMIOB KaK IMHUIIEBON T0OABKH MOXKHO
UCIIOJIb30BaTh B IHIIEBBIX M JIEKAPCTBEHHBIX IMeisiX. C TMOMOINBI0 BHHTOBOIO mpecca (Turma
MSICOPYOKa) OT CBEKHX, 3pEJbIX IUIOJOB MacieHa Ku3epuIkoro mojaydeH COK C 3amaxoM 3pesioro
wioaa (Beixox — 42%). XuMU4ecKuil cocTaB MOJy4€HHOTO COKa npezcTasiieH B Tabnuue 2.

Tab6numa 2
XUMUYECKHU COCTAB COKA TJIOAOB ITACJIEHA KU3EPULIKOI'O

Cyxoe BemecTBo, T 11-14

Cymma caxapos, T 1,6-2,4
Opranundeckue KucinoThl Mr/100 r. 0,7-0,9
AckxopbunoBas xucnora Mr/100 r. 135-152
Kaporurnonmos mr/100 r. 3,849
dnasoronast Mr/100 r. 125-144
Kartexun mr/100 r. 58-69

ITony4deHHBIH COK KOHLIEHTPHUPOBAIM IOJ BaKyyMOM IpU TeMIeparype 40°C HOTY4HIIH
KHCJIO-CIaIKMil KOpPUYHEBO-KPACHBIN CUPOI ¢ conepkaHneM 75% cyxoro Bemectsa. [lomyueHHbIi
CHUPOI MOKHO UCHOJIb30BaTh B KAUE€CTBE HAYMHKHU I TUPOTOB U KOH(ET.

Cyxoil koM ToCiie TMoiydeHus coka couepkut 23% sxupHoro wMacia. Cyxoi KoM
HKCTparupoBaiu H-rekcaHoM B anmapare Coxcneta. [Tonyunnu 20% >kupHOro macia, opaH>KeBOH
okpacku, 6e3 moctoponHero 3amaxa (an20 — 0,9203, nD20 — 1,4340, kucmotHoe uyuciao — 1,23,
yrcio ombiieHus — 180,8, oaHoe unciio — 106,5, HeombutsieMoe BemiecTBo — 1,33%).

Macino copepxur 217 mr/100 r kaporunonos, 185 mr/100 r Tokodeposnos.

Pesynprarel ncciaenoBaHus MO3BOJSIOT PEKOMEHOBATH KMPHOE MAcilo U3 OTXOJIOB IUIONOB
nacneHa Kuzepuikoro i noiaydeHus: GyHKIHMOHAIBHBIX IPOJYKTOB.
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ANTHROPOGENIC FACTOR AS A RELIEF-FORMING FACTOR OF THE COASTAL
ZONE OF THE BLACK SEA COAST OF THE KRASNODAR TERRITORY (ON THE
EXAMPLE OF THE TUAPSE-ADLER COASTLINE)
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Annomayus. YcunuBarouiasicsi TEXHOTEHHas M aHTPOIOIeHHAss Harpy3ka Ha Oepera mopei,
CYIIECTBEHHBIM 00pa3oM BIHMAIONIAs HA TPUPOTHBIE OEperoBbie MPOIECCHl, BCE HHTECHCHBHEE
HAYMHAET BBICTYNATh B POJH OINPENENAIONEro peiabedooldpasyromero ¢axropa. Bo3Boaumeie B
OeperoBoif 30HE COOPYXKEHHs JBOSKO OKa3blBAIOT BIUSHUE HA MPOTEKAIOIIME TPUPOAHBIE
OeperoBeie mporecchl. C OAHOH CTOPOHBI OHHM CaMH SIBJISIOTCS HCKYCCTBEHHO CO3JaHHBIM
penbedoM, a ¢ IPYroil — BO3BOAMMEBIE COOPYKEHHSI OKa3bIBAIOT BIMSHUE HA TIPUPOIHBIE OEpPETOBbIC
nporieccel. Ha mpumepe ywactka moOepexxbs Mexay Tyamnce u AIuiepoMm, pacrloNOKEHHOTO B
npenenax YepHoMopckoro mnobepexbs KpacHomapckoro Kpasi, MCHBITHIBAIOIIETO KOJOCCAIbHYIO
TEXHOTCHHYIO U aHTPONOTEHHYI0 Harpy3Ky Ha Oeper, MOoKa3bIBaeTCs HEOOXOIMMOCTH BBIJICICHUS
AHTPOIIOTEHHBIX OEPETOBBIX TMHAMHYECKUX CUCTEM, KaK CAaMOCTOSITEIBHOTO perbeoo0pasyromero
daxTopa. I[Ipu aTOM, TOKHA OBITH JaHA OIEHKA KaK MPoIeccaM, MPOTEKAIOIINM BHYTPU CHUCTEMBI,
TaK U ee BIUSHHUE Ha TMPUPOAHBIE MPOIIECCH, MPOTEKAIOIINE Ha MPUJIETAIOIUX yJacTKax Oepera.

Abstract. The ever-increasing techno genic and anthropogenic load on the seacoasts, which
significantly affects natural coastal processes, is increasingly beginning to act as a determining
relief-forming factor. Hydraulic structures erected in the coastal zone have a dual effect on
the natural coastal processes. On the one hand, they themselves are an artificially created relief, and
on the other hand, the structures being erected have a significant effect on natural coastal processes.
The example of the coastal section between Tuapse and Adler, located within the Black Sea coast of
Krasnodar Territory, which experiences enormous technogenic and anthropogenic load on the coast,
shows the need to identify anthropogenic coastal dynamic systems as an independent relief-forming
factor. At the same time, an assessment should be made of both the processes occurring within
the system and its impact on the natural processes occurring in the adjacent coastal areas.

Kniouesvie cnosa: anTponoreHHoe Bo3aeicTBrE, OeperoBas 30Ha, OeperoBble aHTPOIIOTEHHbBIE
JUHAMHYECKHE CHCTEMbI, OEpero3amiTHbIE COOPY)KEHHUS, BIOJbOEPEroBoil TMOTOK, IUISIK,
penbedoobpasyromuii haxTop.

Keywords: anthropogenic impact, coastal zone, coastal anthropogenic dynamic systems,
coastal protection structures, alongshore flow, beach, relief-forming factor.
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HccnenoBanne mpoTeKaronmx B OEperoBoi 30He MOPEH MPUPOTHBIX MPOIECCOB M OIEHKA UX
HAIpaBJIEHHOCTH HMEET Ba)XKHOE HAayyHOE M IpakTudeckoe 3HaueHue [l]. Ycunmparomeecs c
KaXIbIM TOJIOM OCBOCHHE OEperoBOil OJIOCH MOpPEH MPEAONPEILSIISIeT YBEIHUCHUE aHTPOIOTEHHON
U TEXHOTeHHOW Harpy3ku Ha Oeper. OcBoeHue OeperoBod 30HBI, KaK MPaBWIIO, MPUBOIUT K
BO3BEJICHUIO B HEHM pa3jIM4HOTO poJa COOPYXKEHHIl, B YaCTHOCTU Oepero3amiuTHBIX, KOTOpHIE
OKa3bIBAIOT BIMSHUE HA MPHUPOAHBIE OeperoBbie mporuecchl. CleayeT OTMETHTh, YTO K HACTOSALIEMY
BPEMEHHU MPUPOAHBIE MPOLECCH, MPOTEKAONe B OeperoBoil 30HE, BCIEACTBHE HMX CIOKHOCTH,
HEJOCTAaTOYHO H3y4YeHbl. D(PPEKTUBHOCTh BO3BOAMMBIX B OEperoBoi 30HE THUIPOTEXHUYECKUX
COOPY)KEHHUH M OLIEHKa MX BIHUSHUS Ha MpWIerarouiye ydacTd Oepera OyaeT oIpeneisiThes
MPAaBUJIBHBIM YUETOM Ha CTAAMU Pa3pabOTKH MEPONPHUSATHIA MPOTEKAIOIINX MPUPOIHBIX OEpPETrOBhIX
IIPOLIECCOB M MX MU3MEHEHUS 0] BIUSIHUEM BO3BEJCHHBIX KOHCTPYKLUUN. COOpYyXeHUSs, B YaCTHOCTH
Oepero3aniMTHbIE, BO3BOAMMBIE B OEpEroBoi 30HE, MOXKHO paccMaTpuBaTh KaK HCKYCCTBEHHbIE
dbopmbl penbeda, MPUBHECEHHBIE YEIOBEKOM B IMPUPOAHYIO CpEAy, OKa3bIBAalOIIME BIMSHHE U
YCIIOXKHSISI €CTECTBEHHBIE OeperoBble Mpolriecchl. Bo3BoamMble B OeperoBoil 30HE COOPYXKEHHS
MPUBOAAT K (POPMUPOBAHUIO B HEH 000COOIEHHBIX MPUPOIHO-AHTPOIIOIEHHBIX CUCTEM, BIIUSIOLIUX
Ha (hopmHpoBaHue penbeda Oepera.

Ilenpr0 HACTOSIIETO WCCIENOBAHUS SIBIETCA OOOCHOBaHHME M BbIACIIEHUE OEpPEeroBbIX
AHTPOIIOTEHHBIX TMHAMUYECKUX CUCTEM.

B kauectBe mpumepa BbIOpaH ydacTok Oepera UepHOTo MOps, PacHOIOKEHHBIH MEXIy
Tyarice u AnjaepoM, UCTOPHUYECKH B CHIIY CBOETO reorpauyeckoro MOJOXKEHHS U Pa3BUTHSL
TPAHCIOPTHBIX MAarucTpajield, UCMbITHIBAIOIINNA MHTEHCUBHYIO AHTPONOI€HHYI0 U TEXHOI'CHHYIO
Harpy3ky. beper or p. Tyarce, Bnanaromeii B Mope BocTouHee TyallCHHCKOIO IopTa, 10 YCThS P.
M3bimMTa, pacnonoxkeHHoro B AjnepckoMm paiione I. Couu, npotrsbkeHueMm 105 km, moasep:keH
KOJIOCCAJIbHOM aHTPONOTeHHOW Harpy3kd, OOYyCIOBIEHHOM C OAHONH CTOPOHBI WHTEHCHBHBIM
pa3BuTHEeM OEperoBbIX pPEKPEallMOHHBIX 30H, a C JAPYyrod — HAyled BIOJIb BCETO
paccMarpuBaeMoOro ydacTtka Oepera jkele3Hod moporoil. B manHoit pabore HmepernHckas
HU3MEHHOCTb, PaCIIOIOKEHHAs B MexXaypeube M3bpiMra-IIcoy He paccMarpuBaeTcs.

[ToGepexbe Mexny Tyance um AmyepoM mpeacTaBiseT co0oil uepeaoBaHHE MBICOBUAHBIX
Y4YaCTKOB, M€Ky KOTOPBIMH PACIIOIOKEHbI OTHOCHTEIBHO POBHBIE (parMeHTHl Oepera M OyXThl
pa3Hoil MPOTSHKEHHOCTH U IIyOuHBbI Bpe3a. Panee no 1914 r. paccmarpuBaemblii yyacTok Oepera
MOYTH HA BCEM CBOEM TMPOTSIKEHUU ObLI a0pa3vOHHBIM, 32 HMCKJIOUEHHEM HEOOJNBIIUX €ro
(parMeHTOB, MPEICTABICHHBIX aKKyMYISTHUBHBIMH BBICTYIAMU, IPUYPOUCHHBIMU K YCThSIM TaKHUX
pex kak Ame, Ilcesyamnce, oryactu Coun. B peke Illaxe, He cCMOTps Ha 3HAUUTENBHBIN CTOK
KpPYMHOOOJIOMOYHOTO MaTrepHalia, yCThbeBOro aKKyMyJIsITABHOTO BBICTYIIA HE (POPMHUPOBAIOCH.

XapakTepHON OCOOEHHOCTHIO OTHOCUTENIBHO HENPOTSHKEHHOTO PaccMaTpHUBAaEMOro y4yacTKa
Oepera sBISi€TCS HalMyMe OOJBIIOrO YMCIAa KPYMHBIX PEK, K KOTOphIM MOXHO oTHectH lllemncw,
Ame, Ilcesyarnce, Illaxe, Coun, Xocra, M3siMTa. B 3HaunTEeNnsHO OOINBIIEM KOJIUYECTBE B MOpE
BIIa1a0T Oojiee MeJIKue BOAOTOKH, Takue kak Kynerncra, Manecra, Ilcaxe, [laromsic, JIoo, Xo03a u
pSa IPYTHX.

[Iepuon Bpemenn 1o 1914 r., xorna Ha ydactke Tyarce—Coun Hadaiau BO3BOAMTH JKEIE3HYIO
JOpOry, MpPOKJIaIbIBAEMYI0O B IOJHOXXbE€ HArOpPHBIX OEPEeroBbIX YCTYNOB, MOXHO OTHECTH K
MUHHMaJbHOMY BO3ICHCTBUIO YEJIOBEKa Ha MPUPOAHBIE MPOLECCHl, MpOTEeKarolue B OeperoBoi
30He. [1nsmkeoOpasyromuii Mmarepual, B OCHOBHOM, BBIHOCHUMbIN MHOTOYUCIIEHHBIMH BOJIOTOKaMHU U
0TYAaCTH MOCTYMHAIOUINM B pe3ynbTare abpa3uu AHAa U OEperoBOro ycTyma, rmoj Bo3/leHCTBUEM BOJH
nepemeraics BAoib Oepera, GopMUpys TajeyHble IUISKH, IpeAoXpaHsole Oeper oT pa3MblBa
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BoHaMH. [lodT Ha BCeM MPOTSHKEHUHM a0pa3MOHHBIX YYacTKOB WX IMOJOIIBA ObLTa MPUKPHITA
TUBSDKaAMH Pa3HOW IIUPHHBIL.

[TonoxxeHue JTMHUU ype3a MOpPS B MPOLECCE UCTOPUUYECKOTO PAa3BUTUSL OEPErOBBIX MPOIECCOB
IpeTepIieBaIo 3HAYMUTENIbHBIE M3MEeHeHusl. Ha aOpa3noHHBIX ydacTkax Oepera moj BO3/IEHCTBHEM
BOJIH ype3 MOpsI OTOJBHUTajcs BIIYOb CYIIW, a Ha aKKyMYJISITUBHBIX — B CTOpOHY Mops. Eciu
MOJIOKEHUE TIOJIOIIBBI OEPErOBOTO yCTYIa M3MEHSJIOCh OUYE€Hb MEIJICHHO W €T0 TEMITbl 3aBUCEIIH OT
MPOYHOCTH CIIAraloIUX IMOPOJ, TO INIMPHHA TUBDKHOW IMOJOCHI, JieKalas Meper yCTynoMm, Obuia
MOJIBEpIKEHA CYIIECTBEHHBIM KOJIeOaHUsAM, 00YCIIOBIEHHBIX Pa3HBIM BOJIHOBBIM BozzeicTBUeM. /o
BO3BEJICHUS JKEJIE3HOW JOPOTH Ha PacCMaTpHBaeMOM ydacTKe Oepera B €CTECTBEHHBIX YCIOBHSX
HaOJTIOAIOCh OTHOCHUTEIBHOE JIMHAMHYECKOEC pPaBHOBECHE B CHCTEME «peka — Oeper.
[TnspxeoOpasyromuii Marepuan, BBIHOCHMBIH B OOJBIIMX KOJIWYECTBAX PEKaMH U BPEMEHHBIMHU
BOJIOTOKAaMH, TIO/I BO3JICHCTBHMEM BOJH IEepeMeuiayicss BAOJIb Oepera, (GopMHpys BIOIbOEpEroBoin
MOTOK HAHOCOB, HAIPABICHHBIM B FOT0-BOCTOYHOM HAIPABICHHUH, TOAICPKHUBACMBIA TUISKH.
Cpenusisi mMpHHA HAJIBOJHOM YacTH TaJICYHOTO IUISDKA Ha ydacTke Oepera ot Tyarce 10 ycThs p.
Msbeivta B 1914 1. cocraBmsna 32,0 m. [lpu 3ToM Hambosbmas cpeaHss BennurnHa paBHas 44,3 M
HaOJIo/1aach Ha ydacTke Oepera mexay ycthsamu pek [llaxe m Coum, a HamMmenbmas — 24,6 M —
Mexny Tyarnce u yctbem p. Amre. Ha akKyMyNmsATUBHBIX ydacTKax IIMPHUHA MX HAJBOIAHON 4acTH
nocturaina 50-60 m [2].

Mamepuansl u Memoovl ucciedo8anus
[Ipy BBIMONHEHUM HCCIEAOBAHUN HCHOIB30BaHbl MaTEpUalbl, MOJYYCHHBIE aBTOPOM IPHU
aHaJIM3€ TPOTEKAIONIMX Ha TAJICYHBIX IUBDKaX OCpPEroBbIX IPOIECCOB ¥ BBLICICHUS
JUTOIMHAMUYECKHUX CHCTEM C YYETOM IIOCTYIUIEHHS M3 PEK IUBDKeoOpasyrolleroMarepuana u
u3MeHeHus KoHpurypaiuu 6eperooit tunuu [3].

Pesynomamot u obcyscoenue

B ecrecTBeHHBIX YCIOBHAX BOJBOEPETrOBOM MOTOK rajleYHbIX HAHOCOB, HAUMHAIOILUMCS
BocTouHee TyarncuHckoro nopra, goxoawi g0 mbica [Mumynna [4]. Umenno no 1914 1. GeperoByto
30Hy ot Tyarmce n0 w™eica [lumyHma MOXHO OBUIO  paccMarpwBaTh Kak — APUPOOHYIO
JUTOIMHAMUYECKYIO CUCTeMY. VI3MeHeHNe BeIMYMHBI BIOJIHOEPErOBOro MOTOKA rajleuHbIX HAaHOCOB,
3aBUCAIIEH OT O0O0BEMOB TMOCTYIJICHHMS IUISDKEOOpasylollero Marepuaiga M3 BOAOTOKOB U
KOHQUrypanuu OeperoBoi JHMHMM, BHYTPU €€ BBIJIEISIOTCS Oosiee JpOoOHBIE MPUPOIHBIE
JIUTOAMHAMHAYECKHE sTIeiikm [3].

HauOonee cymiecTBeHHOE BMENIATENLCTBO 4YEJIOBEKA, OKa3aBlIee HEraTMBHOE BIMSHHUE Ha
NPUPOAHBIE NPOLECCHl, MPOTEKaloIIUe B OEperoBoil 30He MOps, MOXXHO OTHECTH K Hadaly
CTPOMTENBCTBA JKEIIE3HOM TOPOTH, IPOJIOKEHHOM BAOJb Oepera 110 IMOIONIBE HArOPHOTO CKJIOHA.

Bo3BesenHas TpaHCHOpPTHas MarucTpaib HapylOIWia €CTECTBEHHBIM XOJ CKJIOHOBBIX
nporeccoB. PaGoTel, BBINOMHSEMblE B MpeAeiax OINOJ3HEBBIX YYacTKaX, BO MHOIHMX CIy4asx
Hapylwid MX YCTOMYMBOCTh, 4YTO TMPHUBEIO K AaKTUBU3ALMM  OIOJI3HEBBIX IPOLECCOB.
Xene3sHomopokHBIE MOCTBI CY3WJIM pycClla peK, YTO CKa3aJoCh Ha BEJIWYMHE UX TBEPAOIO CTOKA.
AXTUBHU3AIMS OIOJI3HEBBIX MPOIECCOB M OTCTYMAHWE IOJ[ BO3JICHCTBHEM BOJHEHUH B CHIIBHBIX
IITOpPMAax IOOIIBEI OEPETOBOTO CKJIOHA, XOTS W MEUIEHHOE, CO3[aBaJld OMACHOCTh IKCIUTyaTaluu
KEJIe3HOAOPOXKHOMY TPaHCIIOPTY. DTO MOTPeOOBAIO MPOBeIeHHE Oepero3auTHBIX MEPOIPUATHIA U
B IIEPBYIO OUepeab BO3BEICHHS MOAIOPHO-BOJIHOOTOOMHBIX CTEH, 00ECIIEUNBAIONIMX YCTOMYMBOCTh
KEJIE3HOAOPOKHOTO TIOJIOTHA, MPOJIOKEHHOTO B HECKOJIILKUX METPax HaJ YPOBHEM MOpS. AKTHBHO
CTPOMIIMCH TTPOTHBOOIIOJI3HEBBIE COOPYKECHHSI.

HeoOparumoe BiusiHuE Ha IPUPOHBIE OEpEroBbie MPOLECCHl 0Ka3aJlo CTPOUTENHLCTBO B 1936
r. COYMHCKOTO MOPCKOTO TMOpPTa, IMOJHOCTBIO MPEPBABLIETO BAOJBLOEPEroBOM IMOTOK TajedHbIX
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HAHOCOB M CTaBIIETO NMPUYMHON MHTEHCHUBHBIX HU30BBIX PAa3MbIBOB IUISKEH, paclipoCTPaHUBIINXCS
Ha MHOTHE KUJIOMETpBI, MPUBEAIINX K Pa3pylIeHUI0 Oepera U pacroilOkKEHHbIX Ha HEM OOBEKTOB.
JlJiss TUKBHIAIIMU TIOCIICACTBHI CTPOUTENLCTBA TOPTA yke HaunHas ¢ 1945 1. Ha yuyacTke Oepera,
pPAacIoJIOKEHHOM BOCTOYHEE TOpTa, Hadald BO3BOAUTH IUIHKEYIEP)KUBAIOLIUE COOPY>KEHUS:
O0eToHHbIE OyHBI M BOJHOJOMBI. [IpoBOAKMMEBIE MEpONPUATHS IMO3BOJIUIIM, XOTS M HE MOJHOCTHIO,
BOCCTAaHOBHUTH yTpAu€HHBbIE IUIDKU, U YCTPAHHUTh YrpOXKaollee IOJOKEHWE IOYTH Ha CEMHU
KWJIOMETPOBOM yuacTke Oepera [5].

CoBMecTHOE BIHSIHHE HA COCTOSIHHME TaJeUHBIX IUISDKEH M Oepera mopra, Kak MOMEPEYHOTrO
COOPY)KEHHS, TIOJHOCTBIO MPEpPBaBUIETO0 BAOILOEPErOBOM TMOTOK TaJledHbIX HAHOCOB, U B
MOCJIEAYIONIEM BO3BEIEHHOTO 332 HUM Oepero3aiuTHOr0 KOMILJIEKCa, MOXKHO CYMTAaTh TEXHOTCHHBIM
penbedoobpasyrommm paktopoM. B cepenrHe BOCEMUICCATHIX TOMOB JJIsI 00CCIICUCHHS JIETHUX
OJIMMITUHACKUX WUTp rokHee COYMHCKOTO MopTa B ycThe p. b3yry ObuT BO3BeIeH MapyCHBINH LEHTD,
OTpaKJAIOIIMEe MOJbl KOTOPOTrO JOIMOJHUTEIBHO HEraTUBHO TIOBIUSUIM Ha BAOJIBOEPEroBOe
nepeMenieHue KpymHOOOJOMOYHBIX HAHOCOB M COCTOSHUM IUIsDKed. OgHuM u3  (PakTopoB,
CKa3aBIIUMCS HA YMCHBIIICHUW IIMPUHBI TUIsDKA Ha ydacTke Oepera ot Tyarice mo p. M3bimTa, ObL1O
U3BATHE MaTepHuaia C IUHKEH U pycell peK, 0COOCHHO YCHIIMBIIEECS B MOCIEBOEHHBIE To/ibl. O0BeM
IUISHKeoOpa3yollero Marepuana, BbIBE3eHHBIH ¢ YUepHOMOpckoro modepexbs, kK 1955 . cocraBun
okoJ10 20 MiH. M° [6].

B pesynbrare u3bATHI IUISHKHAS TOJI0OCA HA MHOTHX ydJacTKax Oepera Hadaia JIerpaJupoBaTh
U ee cpenuss mupuHa K 1955 1. coxparunace 10 17,0 m [2].

B nocnenyromue roapl B CBA3M C HEKOHTPOIUPYEMBIMU H3BITHIMH IUIHKEOOPa3yrOImnX
HAHOCOB IIMPHHA IJIsHKA MPOI0JIKAJIa COKPAIIAThCS M K CepeInHe MIECTHIECATHIX TOA0B MPOILIOro
CTOJIETHS B LIETIOM JIJIsl pacCMaTpUBaeMoro ydactka oepera ona cocrasuia 12,5 m (Tabmuma 1).

[Tociie MpUHATHS MPABUTEIHCTBCHHBIX TTOCTAHOBJICHHUI O 3allpeTe M3bSTHS HAHOCOB TUISHKU
HayaJld BOCCTaHABJIMBAThCSA U MX cpefHsas mupuHa K 1977 r. yBenmumnack 1o 21,1 M. OnHako, B
JIEBSHOCTBIX TO/aX BHOBb BO300OHOBUJIMCH BBIOOPKHM HAHOCOB, B OCHOBHOM, M3 pycel peK,
MIPUBEIINX K COKPAIICHUIO UX TBEpAOro cToka. M kak crnexctue k 2017 . cpeHss MUpHUHA TUDKA
yMeHbIIuIack A0 16,9 M. B mocnenytomeM oTMedanocs HEKOTOPOE yBEIMUEHUE MMPUHBI TUIsDKA. B
tabmuue 2 Ha 2017 1. mpeacTaBineHbl AAHHBIE MO MPOTHKEHHOCTU TUISHKEH pa3HOM IIMPUHBI
(Tabmuma 2).

. Tabmuma 1
M3MEHEHUWE CPEAHEN IIMPUHBI I'AJIEUHOI'O ITJISIDKA
HA YYACTKE BEPET'A TYAIICE-AIJIEP

1914 1955 1966 1977 1999 2017 2018

[upuna mspka, M 32 17 12,5 21,1 21,0 16,9 19,8

5 5 Taomuua 2
IMPOTSDKEHHOCTD TAJIEUHBIX ITTVISIDKEW PA3HOU HIMPUHBI
MEXOY TYAIICE U AJJJIEPOM

wupurna niiasca, m

>15 15+5 5+1 <1
npomscennocmys, %  npomsascennocmo, %  npomsasxcennocms, %  npomsgcennocmo, %
KM KM KM KM
56,6 53,9 245 233 94 90 145 13,8

W3paTHS HAHOCOB C IUIDKEH U pycesl peK, NpuBCAIINX K YMCHBUICHUIO IIHUPHUHBI T'aJICHHBIX
l'[J'ISDKCfI, TOCITY XU HpH‘-IHHOﬁ pa3sMbIBa 6epera, qTo HOTpe6OBaJ'IO MMPOBCACHUA NOPOTOCTOANIINX
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MEpONPUATHIA 10 MPOBEJCHUIO OEpero3aliuTHbIX paboT. PaccMOTpeHHBIE BbIlIE U3bSITHS HAaHOCOB
ABJISIIOTCSL  @HTPOIOI€HHBIM BMEIIATENILCTBOM B MPOTEKAIOIIME MPUPOAHBIE IPOLECCHI, HO
00paTUMOTO XapakTepa, TaK KaK IOCIe MPEKpalleHUH M3BATHA NPUPONHAs CUCTEMA, XOTS M
MEJIEHHO, HO BOCCTaHOBUTCSL.

VYrpo3a HapylleHHs [BHKEHHS I[I0€3]10B M3-3a BO3HUKHOBEHMS AaBapUMHBIX CHUTYyalluH,
OOyCIIOBJIEHHBIX ~BCIIEICTBUE COKpPALIEHUs IIUPHUHBI IUIDKEH BOJHOBBIM BO3JEiiCTBHEM Ha
OeperoBoil ycTym W OCHOBAaHUS MHOTOYHMCICHHBIX OIOJ3HEH, MOTpeOoBaIo MpPOBEICHUS
Oepero3alIuTHEIX MEPONPHUSATHA, 00BEeMbl KOTOPHIX HEYKJIOHHO BO3pacTald W3 roaa B ron. s
3alUThl Oepera oT BOJHOBOTO BO3/EHCTBHs HauboJiee MHTEHCUBHO O€pero3aliuTHbIe COOPYKEHUS
Ha yuyacTke Oepera Mexay Tyarnce n AyiepoM Hayald BO3BOAUTHLCS € Hadala MATHIAECATHIX TOJOB.
K coxanenuto, npu JOCTAaTOYHOM YK€ B TO BpeMsi 000CHOBAHWU OCHOBHOMW POJIM TUISDKA B TallICHUN
SHeprud BONH [7], Oeperozamura MoONUIA IO IYTH TPOTUBOCTOSHUS BOJHAM OETOHHBIX
KoHCTpykUMi. He paccmarpuBas myTH COBEpIIEHCTBOBaHMS O€pEro3alllUTHBIX KOHCTPYKLUH U
TEXHOJIOTHMH UX CTPOUTENIbCTBA K HACTOALIEMY BpeMEHU Ha ydactke Oepera ot Tyarce 10 ycTbs p.
Msbivra Bo3BezeHo: 80,1 kKM OETOHHBIX BOJTHOOTOOWHBIX CTEH PAa3MUYHON KOHCTpyKumu (PucyHOK
1); 745 6yn, u3 Hux 490 GetoHHBIX M 163 KameHHOHaOpocHbIX (Pucynok 2); 5 I' — oOpa3HbIx
OETOHHBIX BOJHOJIOMOB (BOJIHOJIOM ¢ TpaBepcoil) (Pucynok 3); 2,5 KM BOJIHOJIOMOB «KaBKa3CKOI'0»
Tuna (BOJIHOJIOMBI, YCTaHOBJIEHHBIE IO «rojoBam» OyH (Pucynok 4); 2,7 KM HpepbIBUCTBIX
BOJTHOJIOMOB  (BOJIHOJIOMBI, BO3BEIEHHBIE M3 MAacCCHBOB, YCTAaHOBJICHHBIX C IPOMEKYTKOM,
CKOIIIEHHOM TpaHbio B Mope) (PucyHok 5); n1Ba mopra; 1Ba MOJMUIoHa B BHJI€ OETOHHBIX TUIOMIA/I0K C
BEPTUKAIbHBIMM MOPCKUMHM T'PaHSIMM, paHEE UCIOJIb3yeMble Uil M3TOTOBICHHs Oepero3amuTHbBIX
KOHCTPYKLMH M UX MOTPY3KU Ha IJIaBKpaHbl. Kpome Toro, B10Jb MHOTHX Y4acTKOB Oepera Juis ero
3al0IMTHl OT pa3MbIBa BOJIHAMH, B Ka4eCTBE IPOTHBOABAPUIHBIX MEPONPUATHI, BBIIIOITHEHA
HaOpoCKa OCTOHHBIX OJIOKOB, TETPAIIOIOB 1 KamHel (PucyHoOK 6).

§) B

Pucynok 1. IloanopHo-BomHOOTOOWHBIE CTEHBL: a — OETOHHBIE MOHOJHTHBIE; O — cOOpHOU
KOHCTPYKIMH; B — OTKOCHO-CTYIIEHYaTOr0 THIIA
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Pucynoxk 3. I'-00pa3Hblii BOJIHOJIOM C TpaBepcoi

Pucynoxk 4. BonHONIOM «KaBKa3CcKOT0» THIA
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Pucynok 6. BonHoracsimast HaOpocka, 3aluinaronias 6eper oT pa3MbiBa BOJHAMY, BBITIOJHEHHAS H3:

a — OeTOHHBIX OJIOKOB; O - TETPANoOAOB; B — KAMHS
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Bberonnsie GeperozamuTHbie COOPYKEHHS U BOIHOTACSIINE MJISHKU HaAJIeXKaluM 00pa3oM He
SKCIUTYaTUPYIOTCS U HE PEMOHTHUPYIOTCS, BCIEACTBUE TOTO, YTO UX PEKOHCTPYKIHUS WIM PEMOHT
00 HEBO3MOXEH, JIMOO SBISETCS OUYEHBb JOPOTOCTOSIUM. M3-3a CIIO)KHOCTH MX JIEMOHTAXKa,
3a4acTyi0 pa3pylICHHbIE OCTOHHBIC COOPYXKCHHSI TaK M OCTAIOTCS B OEperoBoi 30HE, BBICTyMas
YacThIO €€ HCKYCCTBEHHOTO pefbeda, BIUAIOIIEr0 Ha MPoTeKatolue 6eperoBbie MpoIeCChl.

N3 105 kM mpoTSEHHOCTH PacCMaTpUBAEMOI0 y4acTKa BOJIHOOTOOIHBIE CTEHBI Pa3InYHBIX
KOHCTPYKLMI Bo3BeAeHbl Ha 76,3% ero nnuubl. TONbKO B Tpenenax MPUYCTHEBBIX YYaCTKOB
KPYITHBIX PeK U 00Jiee MEITKUX BOJOTOKOB BOJTHOOTOOHWHBIX CTCH HET, 32 UCKIIIOYCHHUEM COBEPIIICHHO
HENpPOTSHKEHHBIX (parMeHTOB Oepera. ByHBI pa3ivuHBIX THUIOB, B CpPEeIHEM, MOCTPOEHBI uepe3
kaxaeie 141 M. B mMope Bmosnb Oepera BO3BEACHO OKOJIO 7,5 KM BOJIHOJIOMOB. [IpOTsbKeHHOCTH
Pa3HOTO BU/Ia HAOPOCOK, BHIIIOJIHEHHBIX B PaMKaX IMPOTUBOABAPUNHBIX MEPONPHUITHIA, TPAKTHUECKH
HE TMOJIIAETCS YUETY.

B cBs3u ¢ yem, BBIOOpKAa HAHOCOB U3 PEK U IUISDKEH, ¢ BO3BEIEHHWEM B OEperoBoil 30HE Ha
yuacTtke Oepera mexzay Tyarnce u ANJIepoM Takoro KOJIMYECTBA COOPY)KEHUU, paMKaIbHBIM
o0pa3oM BIHSIOT Ha MPOTEKAONIUE MPUPOIAHBIC THAPOIUTOIUHAMUYCCKUE MPOIECCh. B mepByro
odepenb ITO CKa3bIBaeTCs Ha O0beMax Marepuaia, MOCTYIAroIIero B OEperoByr0 30HY, W Ha
MOCJIEAYIONIEM €r0 TOMNEPEYHOM M BIIOJILOEPEroBOM IepeMelieHue. B cBsi3u ¢ yem, BO3BEICHHbBIC
Oepero3alMTHhIE COOpPYKEHHUs, MO HX BIUSHUIO HA ECTECTBEHHBbIE OEperoBble MPOIECCHI,
BEICTYIIAIOT B PO peibedoodpasyromero ¢akropa, MNPUBHECEHHOTO B OEpPEerOBYIO 30HY
yesoBeKoM. B HacTosiee BpeMs OeperoByr0 30HY, PACIOIOKEHHYIO Mexay Tyarce u Amiepom,
MOXKHO paccMarpuBaTh Kak OEperoByld aHTPOMOTEHHYIO JWHAMUYECKYIO) CHCTEMY, OeperoBbie
MIPOLIECCHI B KOTOPOH YIPaBISIOTCS TEXHOTCHHBIM (haKTOPOM.

beperoBasi aHTpOIIOTeHHAs JMHAMHUYECKAsh CHCTEMa JOJDKHA BBIICISITBCS C yUETOM MeECTa
pPacTONOKEHHUST THUAPOTEXHUYECCKHMX M OEpero3amuTHBIX CcoopykeHud. OJHAKO BIHMSHHE Ha
MPOTEKAIOLIe OeperoBple MPOLIECCHl BBIIETICHHOW CHUCTEMBI HAOMIOAAeTCs HE TOJNBKO B €€
npeJenax, Ho U paclpoCcTpaHsIeTcs Ha COCEAHHE YIacTKu Oepera, pacrojoKEeHHbIE KaK BhIIIe, TaK U
HUKE 110 X0y BIOJIEOEPErOBOTO IOTOKA HAHOCOB. BiusiHuEe BO3BEACHHBIX COOPYKEHHUI Ha y4aCTKU
Oepera, pacroJIOKCHHBIC BhIIIE (OTHOCUTEIHHO HANpPAaBICHUS MOTOKAa HAHOCOB), MPOSBISCTCS, B
OCHOBHOM, B aKKyMYJSIIMM MaTepuana, a Ha HH)XXE DPACIOJIOKEHHBIX — B 0Opa3oBaHUM 30H
HU30BBIX Pa3MbIBOB. Takum 00pa3om, OeperoBast aHTPOTIOT€HHAs JUHAMHUYECKAsl CUCTEMA BKIIIOUAET
HETOCPEJICTBEHHO y4acTOK Oepera ¢ BO3BEICHHBIMU COOPYXKEHUSMHU, BEPXOBOU YUACTOK, TJIE Mepes
BO3BEJICHHBIM OEpET03alUTHRIM KOMITJICKCOM HAaONIOAeTCs aKKyMYISIHS IUISHKHOTO Mareprayia u
HU30BOM — JJIMHA KOTOPOTO OMpeAeTseTCs M0 MOCIEeACTBUSM HU30BBIX Pa3MBIBOB. YUacTok Oepera
Mexnay Tyarmce u AyiepoM, Ha MPOTSHKEHHUH KOTOPOTO BO3BEIEH MPAKTUYECKU HEMPEepPhIBHBIN
Oepero3anMTHRI KOMIUIEKC, MOXXHO BBIJCIUTh B €IHHYIO Tyarce-M3BIMTHHCKYIO OeperoByro
AQHTPOTIOTCHHYIO JTUHAMHYECKYIO CHCTEMY.

B aHTpomoreHHo#l AMHAMUYECKON CHUCTEME MOTYT OBITh BBbIAETEHBI OoJiee NPOOHBIE STUSHKH,
TPaHUIBl KOTOPBIX MPUYPOUYCHBI K PE3KUM H3MEHEHUSM MPUPOIHBIX WM TEXHOTEHHBIX YCIOBHUH.
Tak, nanpumep, enunas Tyance-M3bIMTHHCKasE OeperoBasi aHTPOIIOT€HHAs IMHAMUYECKas cucTeMa
CoOunHCKHM TIOPTOM (TE€XHOTEHHBIH (DaKTOp), KOTOPHIH IMOJIHOCTHIO HAPYIIAET XOJ €CTECTBEHHBIX
OEperoBbIX MPOIECCOB, MOXET OBITH pasjelieHa Ha JaBe mojacucTteMbl: Tyarnce-COUYMHCKYIO W
CounHCKO-M3BIMTHHCKYIO.  Bbienenne  OeperoBbIX  aHTPOMOTCHHBIX  MOACHCTEM  MOXKET
OCHOBBHIBAaThCSI Ha JIOKATHHOM KOMITAKTHOM pACIIOIOKEHUN OEpero3aluTHBIX COoOpyXeHuid. B
npeesiax aHTPONOTEHHBIX TOJICUCTEM, MO TIOCTYIUICHUIO B OEPETOBYIO 30HY IUISKEOOPa3yIOIIero
Marepuana M3 peKk M KoHQUrypauuu OeperoBoil JMHMM (NPUPOAHBIN (aKTop), MOTyT OBITh
BBIJICTICHBI PAiOHBI U 00JIE€ MEIKUE JTUTO-TUHAMHUECKHE STUCHKU.
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BBII[CJ'ICHI/IC AHTPOIIOTCHHBIX 6CpCFOBI>IX SAYCCK ITO3BOJIMT KOMINJIICKCHO OLCHUTH 6eper013He
IMPONLECChI, MPOTCKAIOIIUE B HUX, N BJIUAHNUEC BO3BECICHHBIX COOPY)KCHHﬁ.

Buvisoo

Pe3ynbprarel BBINOJHEHHBIX MCCIEIOBaHUI MOKa3aliM, YTO BO3BEIEHHBIE B OEperoBoil 30HE
Oepero3anuTHbIC (TUAPOTEXHUUYECKUE) COOPYKEHUS, IPEACTABISAIOT COOON UCKYCCTBEHHBIE (POPMBI
penbeda, BIUSIONME HA MPOTEKAIONIME B HEW MPUPOAHBIC MPOIECCHl. BIHsSHHE MPOTSKEHHBIX
Oepero3anMTHRIX KOMIUIEKCOB Ha (opMupoBaHue penbeda OeperoBoil 30HBI MO3BOJISECT BBIICITUTH
TH y4yacTKHW Oepera B AaHTPONOIeHHYIO OEperoByr0 IUHAMHYECKYI0 CHCTeMy. BbraeneHHas
aHTPONIOTEHHAsI CHCTeMa IO BIUSHUI0O Ha (opMHUpOBaHUE pelbeda MMeeT BHYTPEHHHE CBSI3H,
MPOSIBIISIONTNECS B (OPMHUPOBAHUH pelibeda BHYTPH CHCTEMBI U BHEITHHUE, OKA3bIBAIOIINE BIUSHUE
Ha penbed NpUIIETAIUX Y4acTKOB Oepera. C BEpXOBO CTOPOHBI BBIICICHHOW aHTPOMOTCHHON
CUCTeMbI (OTHOCHUTEIHHO HAIpaBJIEHUS BIOJIHOEPErOBOrO IMOTOKA HAHOCOB) 3TO MPOSBISIETCS B
aKKyMYISIIHMH [ISHKe0Opasyrollero Marepuana, a ¢ Hu30BOi — B pa3BUTHH HU30BBIX Pa3MbIBOB.

Ha cramuu pa3pa®oTku MeponpusaTHii (Hampumep, Oepero3amuTHRIX) HEOOXOAMMO OIEHUTH
BO3BOJMMBIE COOPY>KEHHUS OYIyT SBISTHCA CaMOCTOSTEIBHBIM (OTACIBHBIM) KOMIIJIEKCOM, WIJIH KE
OH COCTaBHOH 4YacThl0 BOWIET B paHee cyllecTByrouuil. He3aBUCHMO OT MPOTSKEHHOCTH
3aIMIIAeMOTr0 y4acTka Oepera Ha CTauu pa3paboTKu MEpONpUITUI OepEroBbie MPOLECChH TOMKHBI
OBITH PAacCCMOTPEHBI B TPEIEIIaX BCEH MPOTSHIKEHHOCTH aHTPOIOTSHHOW JMHAMHYECKOW CHCTEMBI,
BKJIIOYAsi pAaCCMOTPEHHE €€ BHYTPEHHMX CBA3€H M BHelIHee BiausiHue. lIpu sTom cieqyer MMeTh
BBH/LY, UTO, MPUPOAHBIE (DAaKTOPHI (HApUMeEp, BEIMYMHA BAOIHOEPETOBOr0 MOTOKAa HAHOCOB) MOTYT
IpeTepneBarb U3MEHEHHsI 0] BIUSHUEM aHTPOMOreHHoro (akropa (HampumMep, BEIOOPKH HAHOCOB
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Abstract. The presented article provides information on specially protected natural areas of
Nakhchivan Autonomous Republic. The environmental strategy implemented under the leadership
of Heydar Aliyev since the 70s of the last centuries is successfully continuing in Nakhchivan
Autonomous Republic today. The article also pays special attention to the beauty of the nature of
Nakhchivan and the potential of ecotourism. As a result of the research, it was found that in the past
period, in order to improve the environmental situation and protect biodiversity, the negative impact
on the environment was minimized, and modern technologies were used in economic development.
Specially protected natural territories have been created to protect the flora and fauna species of the
territories that fascinate with aesthetic beauty, ecological balance, protection and restoration of
biodiversity, the uniqueness of the natural environment, rare and endangered species. The article
also contains detailed information about the territories of the Ordubad State Nature Reserve,
Ordubad National Park, Shahbuz State Nature Reserve, Arpachay State Nature Reserve and
Arazboyu State Nature Reserve, their geographical position, flora and fauna species listed in the
Red Book. also reflected. Created and protected reserves, reserves and parks are also of particular
importance in terms of visibility when conducting production experiments for high school students.

Annomayus. TlpencrasieHa uHpopMaius 06 0co00 OXpaHSIEMbIX MPUPOIHBIX TEPPUTOPHIX
HaxuueBanckoii ABroHOMHOW PecmyOnmuku. Dxoimoruueckass CTparerus, peaguzyemas Iof
pykoBozcTBoM [etimapa Anuesa ¢ 1970-x rofoB, yCIENTHO MPOJOIIKACTCS U CeroiHs. B pesynbrare
MIPOBEICHHBIX HCCJIENOBAHUM BBIICHUIIOCH, YTO B NPOLIEANIMA NEPHOA B LEIAX YAyULIECHUS
HKOJIOTHYECKON Cpefibl U 3aluThl OMopa3zHOooOpa3usi HEraTUBHOE BO3JCHCTBHE HA OKPYKAIOIIYIO
cpeny OBUIO CBEIEHO K MHHHMYMY, a B SKOHOMHYECKOM Pa3BUTHU MPUMEHSIIUCh COBPEMEHHBIC
texHosorun. Oco0o oxpaHsieMble TPUPOIHBIC TEPPUTOPUHU CO3TAHBI TSI COXPAHEHUs BUOB (PIIOpbI
U (ayHbl TeppUTOPH, OOMAAIOMIUX ASCTETHUUYECKOW KPACOTOW, SKOJOTHYECKUM DPaBHOBECHEM,
3alIUTOM W BOCCTAHOBJIEHHEM OMOpa3zHOOOpa3usi, YHUKAJIbHOW MPUPOAHON Cpeloi, peAKuMHU H
ncyesarommmu Bugamu. [lpencrasnena mompoOHas mHbopmarus o tepputopusx Opay0aackoro
roCyIapCTBEHHOIO MPUPOIHOTO 3anoBeqHuKa, Opaydanckoro HallMoHaIbHOTO napka, [1lax0y3ckoro
TrOCYJapCTBEHHOTO MPUPOJHOTO 3aMOBEAHHMKA, ApPIa4aiiCKOro TOCyJapCTBEHHOTO MPUPOIHOTO
3aloOBEIHUKA W TOCYIapCTBEHHOTO MPUPOIHOTO 3amoBeqHHKAa Apa3z00r0, uX TreorpadudeckomM
MOJIOKeHHH, BUax (iopsl U (ayHsl, 3aHeceHHBIX B KpacHyto kHury. Co3iaBaeMbie U OXpaHsSeMbIe
3aMOBETHUKH, 3aKa3HUKU U TAPKU TaKKe WUMEIOT 0COo00€ 3HAUYeHWE C TOYKH 3PEHUS HAIJSITHOCTH
MPOBEICHUS MPOU3BOJACTBEHHBIX SKCIIEPUMEHTOB IS CTY[IEHTOB BY30B.
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The rich xerophytic flora of the Nakhchivan Autonomous Republic has historically developed
and was formed in close genetic connection with the flora of the Mediterranean Sea, Western Asia
and Iran. The main goal of studying the flora of our republic was to study the current state and
natural resources of plants distributed in regions and natural areas, mapping their distribution zones,
their effective and at the same time effective use. determine ways to protect rare species.

Nature protection and efficient use of natural resources is one of the most important problems
of humanity and our country. One of the important issues is the study of various ecosystems,
vegetation and species, the number of which in the region is constantly declining as a result of the
natural geomorphological structure of the Nakhchivan MR. In accordance with the environmental
policy of national leader Heydar Aliyev, important measures have been taken to prevent the threat
of destruction of plants, animals and microorganisms in the country, and a number of nature
reserves and national parks have been created.

To preserve and effectively use the vegetation of a particular region, the attention of scientists
is drawn to the need for a comprehensive study of its flora and vegetation and the identification of
economically important plants.

Material and research methods
Based on the available literature data and conducted research, specially protected natural areas
of the Nakhchivan Autonomous Republic were identified, which gave impetus to the study of the
ecology and nature of Nakhchivan [3].

Discussion and conclusions of the study

The Nakhchivan Autonomous Republic has always aroused interest due to the richness of its
flora, differing sharply from other botanical and geographical regions of Azerbaijan, as well as the
Caucasus. The formation of the biodiversity of the flora of the region is associated with elements of
the Mediterranean, Asia and especially the Iranian-Turanian flora. One of the important issues is the
study of various ecosystems, vegetation and species, the number of which in the region is constantly
declining as a result of the natural geomorphological structure of the Nakhchivan Autonomous
Republic.

In modern times, a special place is occupied by the development of applied ecology and
botany, the organization of long-term global and regional forecasting and control over the
components of the natural environment. Recently, environmental protection, protection of
ecosystems and natural resources have increased at a high level. Deforestation due to a lack of
energy resources and especially fuel, unplanned grazing of farm animals in the territories, as a result
of the merciless anthropogenic impact on nature, has led to the destruction and destruction of soil
and vegetation cover, in other words, degradation. . In particular, due to the use of trees for furniture
and fuel, the process of erosion has intensified as a result of the plunder of forests and the
destruction of the water-retaining role of landscapes. For this reason, in order to protect the flora
and fauna of the republic, study and predict anthropogenic changes in the environment and
biosphere, it is necessary to carry out environmental monitoring, create state reserves and national
parks for the purpose of conservation. Of particular importance is the preservation of existing
natural complexes and their transfer to future generations, as well as strict compliance with the
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special operating regime characteristic of these territories.

Due to the fact that the autonomous republic is a typical mountainous country, the vegetation
is clearly divided into noticeable zones. One of these zones is the territory of the Shahbuz State
Nature Reserve, which differs sharply from other places in soil and vegetation. When studying the
flora and vegetation of the area, you can come across many interesting things. So, there are rare
plants not only for Azerbaijan, but also for the Caucasus, whose habitats are found only here. The
irreplaceable elements of the region create the basis for maintaining its rarity in natural populations.

In order to preserve, protect and restore natural complexes located on the territory, protect rare
and endangered species of flora and fauna characteristic of the slopes of the Zangezur and
Darelayaz ridges, prevent erosion processes occurring on the slopes of the mountains, and
scientifically study biological objects of value for this region. The current state of the flora and
vegetation of the Shahbuz State Nature Reserve, the administrative area of which is 3139 hectares,
has been studied and ecologically assessed.

The Shahbuz State Nature Reserve was created on July 16, 2003 by order of national leader
Heydar Aliyev. The main territories of the reserve are located in mountainous areas at an altitude of
2200-2400 m above sea level, near Lake Batabat and the Bichenak Pass. The arid climate of
Nakhchivan region has very rich natural resources. It covers the southern slopes of the Darelaez
ridge and the western slopes of the Zangezur ridge. Alpine, subalpine meadows are formed in the
highlands.

The diversity of relief, vegetation and soil cover on the territory of the Shahbuz State Nature
Reserve allows us to distinguish a number of natural landscape zones here. 85% of the area is
occupied by oak, 5% by juniper, sharp juniper, Araz oak, 7% by hawthorn, and the remaining 3% by
apple, cherry, oriental oak, van, stone pear, bitter almond and various shrubs. There are also many
ornamental plants on the territory of the reserve. Among them you can find beautiful, colorful and
fragrant endemic species of irises growing in the lowlands, oriental tulips, fragrant wild carnations,
mountain tulips, orchids, paradoxical irises and others. The area is also rich in medicinal plants.

As a result of the study of literary materials and collected herbariums, it was established that
the flora of the Shahbuz State Nature Reserve consists of 1575 plant species belonging to 504
genera of 116 families (Table 1). This is 21.00% of the flora of the Caucasus, 35.00% of the flora of
Azerbaijan and 55.56% of the flora of the Nakhchivan Autonomous Republic.

Table 1
SYSTEMATIC STRUCTURE OF THE RESERVE FLORA
No Departments and Seasons Gender Species
classes of plants Number ~ %-with  Number  %-with  Number %-with
1 Bryophyta 19 16,38 34 6,76 39 2,48
2 Equisetophyta 1 0,86 1 0,20 2 0,13
3 Polypodiophyta 3 2,59 6 1,19 8 0,51
4 Pinophyta 2 1,72 2 0,40 5 0,32
5 Gnetophyta 1 0,86 1 0,20 1 0,06
6 Magnoliophyta 90 77,58 460 91,25 1520 96,51
A Liliopsida 20 17,24 68 13,49 204 12,95
B Magnoliopsida 70 60,34 392 77,76 1316 83,56
Total: 116 100 504 100 1575 100

The territory of the reserve is completely mountainous, and therefore has complex terrain. In
this area, the slopes of the Susendag ridge, facing Nakhchivanch, are steep slopes with intensely
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broken rocks and cliffs. Due to the poor development of vegetation in these areas, the soil cover in
many places has been largely or completely washed away. Towards the source of Nakhchivanchay,
the slope of the mountains gradually decreases. The Batabat depression is located in the south of
Mount Eirigar. The area between the Batabat plateau and Nakhchivanchay is hilly and slightly
sloping [1, 5-7].

When studying the local flora, the families represented by the largest number of genera and
species were studied. From table No. 2 it can be seen that the first place in the flora of the region is
occupied by the (Asteraceae Martinov) family with 64 genera and 223 species. The next places in
terms of the number of genera are occupied by (Brassicaceae Burnett) 42 genera, 107 species,
(Poaceae Barnhart) 37 genera, 94 species, celery (Apiaceae Lindl.) 34 genera, 67 species, beans
(Fabaceae Lindl.) 21 genera, 129 species. Roses (Rosaceae Juss.) dominate, with 22 genera and 110
species. As can be seen from the table, 16 families number 1158 species, which is 73.59% of the
flora of the reserve, the remaining families number only 417 species, which is 26.41% [2, 4, 8, 10-
12].

Table 2
THE FAMILIES WITH THE MOST GENERA AND SPECIES IN THE FLORA OF THE RESERVE
No Seasons Number In % of the total Number of In % of the total
of sexes number species number

1 Asteraceae Martinov 64 12,72 223 14,16
2 Brassicaceae Burnett 42 8,35 107 6,79
3 Poaceae Barnhart 37 7,36 9 5,97
4 Apiaceae Lindl. 34 6,76 67 4,32
5 Lamiaceae Martinov 24 477 90 571
6 Rosaceae Juss. 22 4,37 110 6,98
7  Boraginaceae Juss. 21 4,17 43 2,73
8 Fabaceae Lindl. 21 4,17 129 8,19
9 Caryophyllaceae Juss. 20 3,98 72 4,57
10 Scrophulariaceae Juss. 15 2,98 62 3,94
11 Ranunculaceae Juss. 12 2,39 45 2,86
12 Polygonaceae Juss. 7 1,39 28 1,78
13 Rubiaceae Juss. 6 1,19 26 1,65
14 Cyperaceae Juss. 4 0,80 19 1,21
15 Campanulaceae Juss. 3 0,60 22 1,40
16 Alliaceae J. Agardh 1 0,20 21 1,33
Total: 333 66,20 1158 73,59

The western slopes of Mount Salvarti are highly fragmented rocky terrain with trench-shaped
valleys and glacial trails. Rock samples of severe physical erosion were collected in narrow and
deep valleys and flat areas. Rock samples from the Paleogene and Neogene periods are widespread
in the area. Pilocene deposits are found closer to the source of Nakhchivanchay. Initially, the relief
formation occurred during the Lower and Middle Oligocene periods. There has always been an
urgent need to systematize and clarify the spectrum of the flora of the Shahbuz State Nature
Reserve, protect the gene pool by determining the status of rare and endangered species, and also
publish scientific literature on the areological, floristic-systematic, botanical-geographical
ecological characteristics of the species.
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As a result of the research, it was established that the presence in the formation of the territory
of the reserve of elements belonging to the Quaternary period was important in the formation of the
flora of the region and determined the appearance of plants bred on their basis to this day [9].

Ordubad State Nature Reserve — created in July 1969 in the Ordubad region of the
Nakhchivan Autonomous Republic. By decree of the President of the Republic of Azerbaijan dated
June 16, 2003, 12,131 hectares of the administrative territory of the Ordubad region were declared a
National Park. The national park was named after academician Hasan Aliyev. Currently, the
prohibited area is 27,869 hectares. The purpose of creating the reserve is to protect and increase the
rare and valuable animals of the territory. Common juniper, grandiflora tulpa, prominent cypress,
etc. grow on the site. There are plant species.

The area is home to the bezoar goat (Capra aegagrus), Caucasian sable (Rupicapra
rupicapra), rock squirrel (Martes foina), gray wolf (Canis lupus), common jackal (Canis aureus),
common fox (Vulpes vulpes) and other mammal species include common turaj (Francolinus
francolinus), common pheasant (Phasianus colchicus), common freckled partridge (Perdix perdix),
common quail (Coturnix coturnix), flounder (Columba palumbus) and other species of birds [9, 13-
15].

The territory of the Ordubad National Park is distinguished by rare plants. Thus, out of 202
species of rare plants growing on the territory of the autonomous republic, 77 species are found in
the territory of the national park. Among them are naked dorema, Vanatur cypress, Araz oak, tender
iris, Grossheim iris, beautiful ribbon, Mishchenko emerald flower, alpine aster, etc. The names of
most of the 77 species of rare plants are listed in the Red Book. The territory of the Ordubad
National Park is rich in fauna and flora, and is also a land of natural and historical monuments.

In order to protect the environment, its effective use, conservation of rare and endangered
species of plants and animals, development of a network of specially protected natural territories of
the Azerbaijan Republic and Article 8 of the Law of the Azerbaijan Republic “On Specially
Protected Natural Territories”. Protected natural areas and objects" According to Articles 2 and 21,
on November 25, 2009, by order of the President of the Republic of Azerbaijan Ilham Aliyev, the
territory of the Ordubad National Park of the Azerbaijan Republic, the territory of the Ordubad
National Park of the Azerbaijan Republic, the Shahbuz State Nature Reserve (3139.0 ha), as well as
the Nakhchivan Autonomous Republic A total of 30,666 shown on the map were added
administratively to the state forest fund register (396.4 hectares) shown on the map. The territories
of the Julfa, Ordubad districts and summer pasture lands (27,131.0 hectares) located in the
administrative territories of the Shahbuz, Julfa, Ordubad districts were expanded , by 4 hectares and
the area increased to 42797.4 hectares. By the same decree, the name of the national park was
changed to Zangezur National Park named after academician Hasan Aliyev. The territory of
Zangezur National Park is distinguished by rare plants. Thus, out of 202 species of rare plants
growing on the territory of the autonomous republic, 115 species are found in the territory of the
national park [1].

Arpachay State Nature Reserve was created on June 22, 2009 by the Decree of the Chairman
of the Supreme Assembly of the Nakhchivan Autonomous Republic. The main purpose of creating
the reserve was to protect existing natural complexes or their components, as well as maintain
ecological balance. This reserve is located in the territories along the Darelai ridge — in the
administrative districts of Sharur, Kengerli, Babek and Shahbuz districts. Its area is 68911 hectares.

The vegetation of the reserve includes beautiful St. John's wort (Hypericum formosissimum),
bellflower (Campanula ciliata), iris (Iris lycotis), Ixiolirion tataricum, heavy juniper (Juniperus
foetidissima), akaka onion (Allium akaka), single onion-grain wheat (Triticum monococcum),
ribbon-flowered wheat (Himantoglossum formosum), naked dorema (Dorema glabrum), emerald-
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flowered Pushkinia (Puschikinia scilloides), South Caucasian wolfberry (Daphne transcaucasica),
etc. are found.

Animals include leopard (Panthera pardus), common safari (Vormela peregusna), bezoar
ibex (Capra aegagrus), Asian mouflon (Ovis orientalis), rock squirrel (Martes foina),
Mediterranean tortoise (Testudo graeca), bearded vulture (Gypaetus barbatus), Caspian bear
(Tetraogallus caspius), brown bear (Ursus arctos), lynx (Lynx lynx), red lentil (Rhodopechys
sanguineus) and others. Registered.

The Arazboyu State Nature Reserve was created on September 23, 2005 by the Decree of
the Speaker of the Supreme Assembly of the Nakhchivan Autonomous Republic. The main purpose
of its creation was the protection of natural complexes or their components, maintaining the
ecological balance, as well as the preservation of historical, cultural, archaeological and
architectural monuments (Gulistan Tomb, Julfa Bridge, etc.). This reserve is located in the
administrative territories of Sadarak, Sharur, Kengerli, Babek, Julfa and Ordubad districts, which
are Arazboyu districts. Its area is 9118 hectares.

The reserve has a number of rare and endangered species of flora — Caucasian mountain
sedum (Celtis caucasica), Grossheim spurge (Euphorbia Grossheimii), elegant iris (Iris
elegantissima), vinegar hemlock (Zygophyllum atriplicoides), common fig (Ficus carica), common
pomegranate (Punica granata) and fauna species — Mercury and Linden dragonflies, Bolivaria
brachyptera, curly-haired pelican (Pelecanus Crispus), pink pelican (Pelecanus onocratalus),
common pelican (Platalea leucorodia), common blue pelican. (Oxyura leucocephala), little swan
heron (Cygnus bewickii), marbled duck (Marmaronetta angustirostris), white-tailed eagle
(Haliaeetus albicilla), bearded vulture (Gypaetus barbatus), imperial eagle (Aquila heliaca), jungle
cat (Felis chaus), Pallas's cat (Otocolobus manul), Lesser Asian lizard (Parvilacerta parva), Syrian
garlic lizard (Pelobates syriacus) are under protection.

Conclusions

1. As a result of the study of literary materials and collected herbariums, it was established
that the flora of the Shahbuz State Nature Reserve consists of 1575 plant species belonging to 504
genera of 116 families. This is 21.00% of the flora of the Caucasus, 35.00% of the flora of
Azerbaijan and 55.56% of the flora of the Nakhchivan Autonomous Republic.

2. The territory of the Ordubad National Park is also distinguished by rare plants. Thus, out
of 202 species of rare plants growing on the territory of the Autonomous Republic, 77 species are
found in the National Park, and most of these rare plants are listed in the Red Book.

3. A number of rare and endangered species of flora are found in the Arpachay and
Arazboyu state nature reserves. The main purpose of creating reserves was to protect existing
natural complexes or their components, as well as maintain ecological balance.
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Abstract. The article considers global and local climate change, and the problems associated
with these changes. The increase in drought in the world and in Azerbaijan. The influence of
various types of anthropogenic impact on the environment is studied. Measures to reduce their
negative consequences are proposed. 52.4% of the total land fund of Azerbaijan is suitable for
agriculture. The bulk of the soil is in arid areas (Kura-Araz lowland, including the Salyan, Mil,
Mugan, Shirvan and Karabakh plains). Drought is also observed in the foothills of the Lesser
Caucasus. Growing crops without irrigation is impossible. Problems arise in irrigating crop areas in
dry years. The presence of drought in the summer months and a decrease in water resources
negatively affect agriculture. The total water deficit in Azerbaijan in 2020 amounted to more than
0.2 km®. The water deficit may increase to 1.3 km® in 2030 but may amount to 4-5 km® in 2050. It is
proposed to use current technologies in the country's natural resource management system.

Annomayus. PaccMOTpeHbl TNIOOANbHBIE W JIOKaJIbHbIE W3MEHEHHUS KiIMMara W IMpoOJIeMBI,
CBSI3aHHBIE C ATUMH H3MEHEHMsIMU. PocT 3acyxu B Mupe W Ha Tepputopuu AsepOaiimxkana.
Hccnenyercs BIUSHUE PA3NIMYHBIX BUJOB aHTPOIOTEHHOI'O BO3ACHCTBHS HA OKPYXAIOLIYIO CpPERy.
[Ipennararorcs Mepbl IO CHUKEHUIO UX HETaTUBHBIX MociencTBuid. 52,4% Bcero 3eMenbHOro (GoHaa
Azepbaiipxkana npurofHsl Juisl 3emienenus. OCHOBHasE 4acTh MOYB MPUXOJUTCS Ha JIOJIO
3acynutuBbIx Teppuropuil (Kypa-ApakcuHckass HU3MEHHOCTh, BKItouas CanbsHCKY0, MHIIbCKYIO,
Myranckyro, HIupBanckyto u Kapabaxckyro paBHHHBI). 3acyxa HaOJNIOfaeTCsi U B NPEIrOPHBIX
gactax Manoro KaBkaza. BrlpamuBaHue CelnbCKOXO3SIMICTBEHHBIX KyJAbTYp 0€3 OpoOIIeHHUs
HeBO3MOXHO. Co3JatoTcss mpoOieMbl B OPOIIEHMM IOCEBHBIX IUJIOLIAJE€H B 3aCyIUIMBBIE TOAbI.
Hanuune 3acyxu B JE€THHE MECALBI U YMEHBIIEHUE BOJHBIX PECYPCOB HETATUBHO CKa3bIBAIOTCA Ha
cenbCKoM Xxo3siiicTBe. O0muit neguuut Boasl B Azepbaiimkane B 2020 rogy cocraBuin 6osee 0,2
kM. Bennuuna nedunmrTa BoIbl MOXKET yBenHnauThes A0 1,3 kM3 B 2030 roy, HO MOXKET COCTaBUTh
45 xm® B 2050 rony. Ilpemyaraercss WCMOAB30BAaHUE AKTYyaJIbHBIX TEXHOJOTHM B CHCTEME
IIPUPOJIONIONIB30BAHNS CTPAHBI.

Keywords: drought, global climatic changes, water deficiency.

Kniouesvie crosa: 3acCyxa, KIIMMaTU4YCCKUC U3MCHCHU A, Ile(l)I/II_II/IT BOJEI.
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Drought, water erosion, deflation, acidity, more moisture, alkalinity, stony, man-made
destruction, structure loss, humus decrease, strong insufficient of phosphorus are factors which
restrict plant productivity.

The name is a long period of low precipitation, relative air humidity below 30%, and daily
temperature 4-5 degrees above normal (from some month to some years). As a result of drought, the
necessary water insufficient is formed for the human’s life and economic activity, the inconvenient
condition is created for plant development, the drinkable water sources are drying up. Drought
occupies large zones. Drought is an incentive force of desertification. A main reason of droughts
creation is climate factors, especially increase of temperature.

In the last account of the Group of Non-Governmental Experts on climate changes it is shown
that the average annual temperature reaches 0.8°C on the earth for last 100 years. Water insufficient,
desertification, drought problems, an analysis of its creation reasons, decrease of negative effects
and prevention issues have great importance, because approximately 50 % of the zone are located in
the arid zone which is characterized with the type of desert and dry field.

Approximately 80% of the tillage areas of the world exposed to drought, decrease of
vegetation, soil salinization degradation. Only soil erosion affects one fifth of the agricultural soils
in the whole world. The soil degradation negatively affects 40% of the world population. According
to the prognosis, the soil degradation will decrease global food productivityl2% and it will be a
reason for increase of 30% food price till 2040 (UNEP, 2023) [4].

Modern state of the problem

Unusual warm winter seasons in Azerbaijan, risk of re-drying of rivers and water reservoirs in
summer, decrease of water electrical energy production, increase of air temperature mean that
droughts will become more frequent. In the last 30 years an average annual temperature of the air
increased approximately 0.6-1.2 degrees compared to the long-term climate norm and a quantity of
rains decreased 10-20 mm. As a result, drought strengthens, but the soils degradation accelerates.
Increase of temperature and decrease of precipitation create great problems in different areas of
agriculture. The assessment of carried out by means of global climate models indicate that the
climate changes will mostly condition lack of water in Azerbaijan. It can be continuous character in
drought repetition as observed from 2011 till now. A need of economy to water in drought years can
be reached the crisis threshold [2, 3].

4780.6 thousand hectares from 8660.0 thousand hectares, i.e. 52.4% of the total soil fund of
Azerbaijan soils are suitable for agriculture. A main part of these soils falls on the share of arid
areas (Kur-Araz lowland, including Salyan, Mil, Mughan, Shirvan and Garabagh plains). The
definite drought is observed in the foothill parts of the Little Caucasus. It is clear that it is
impossible to grow agricultural crops without irrigation. The surface water resources decrease,
water reduces or fully dries, and this leads to water lack and creates problems in irrigation of the
sowing areas in the drought years. Taking into account these, an issue of rational use of the
available soil and water resources is always relevant.

The driest zones of Azerbaijan — Beylagan, Imishli, Saatli, Sabirabad, Salyan, Neftchala,
Ujar, Bilasuvar and others are main agricultural regions of our country. We consume more than our
existing water sources provide them, more part is used for irrigation. The additional irrigation is
required in the hot times of summer because more parts of the sowing areas are located in the arid
zones. The presence of drought in the summer months, when the plants grow faster and decrease of
water resources negatively affect agriculture.

Desertification process is characteristic for Azerbaijan and it is one of the terrible processes.
Today, this process is very intensive in Azerbaijan and it occurs with its special characters. One of
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the main reasons is that up to 60% of the country’s territory belongs to arid climatic conditions. The
drought coefficient in 40% of the zone has a similar character in deserts. Predominance of drought
throughout the year causes degradation and desertification of soils in the arid zone where about 4.5
million people live.

Every year desertification rises in our country and this is a great concern among scientists.
Azerbaijan is currently on the 20™ place in the list of countries that may face water shortages in
2040. Though Azerbaijan is the “poorest” country of South Caucasus according to the bulk of
drinkable water resources and limitation of water resources in the country, Azerbaijan is ahead of
many countries in the world in terms of the amount of water per capita.

The agricultural areas in the drought condition and less fertile soils are studied, the works are
performed in the direction of cultivation and development of the new sorts of the agricultural crops,
enlargement of the researches on cultivation of the drought-resistant plants are planned in the
scientific-research institutions. It is necessary to enlarge directions of the agriculture which require
less water. When very serious problems exist in connection with surface water resources because of
shortage of water sources, the pure and fully usable underground sources can be used in the future.

Besides, fight against drought, the measures about reforestation has many advantages in order
to restore and increase the soil fertility. The forest keeps crops moist, reduces evaporation. Presence
of great green zones decreases air temperature, and this creates condition for water circulation.

An area of the forests in Azerbaijan diminished 3 times in the last 100 years. This decreases
20 percents of the local water resource in the country. Beginning from 1930 years the forests were
cut with different purposes, the industrial and construction needs were provided. Deforestation
affects bulk of the waters running from the mountains of the Great and Little Caucasus to the Kur
and a water level of the river decreased. And this is a reason for drought in the Tugay forests of the
Kur valley.

Last years, as a result of long drought in Azerbaijan flow of the Kur and Araz rivers strongly
decreases. Some rivers fully dried in the country. It is difficult to provide the agricultural plants with
irrigation water as their water demand reaches the maximum limit in the hot months of the year
(July, August). It is expedient to grow drought-resistant plants gradually, as a result of rainfalls
reduction.

This process continues as a result of unplanned human economic activity and covers up to 15
% of soil area. Every year 50 000 km? zone is deserted under the anthropogenic influences.
Deforestation, cutting of bushes, irregular grazing of the cattle and other reasons causes destruction
of sod layer, formation of the shell layer on the surface. Sand hardening, construction of the
protective forest stripes, application of the phytomeliorative measures, fulfillment of the crop
rotation and other measures are available in order to prevent this process [1].

Taking into account the climatic changes, mainly drought-resistance, the specialized crop
rotation system should be determined, cultivation technology possessing high adaption ability
should be applied for each region of our country. Adequate amount of organic and mineral
fertilizers should be applied, the soil must be correctly cultivated and necessary ameliorative
measures must be fulfilled. There is a water deficit in the water balance of Azerbaijan, the average
annual water discharge coefficient fluctuates within the range of 0.07-0.44. The highest runoff
coefficients (0.55-0.62) are observed in the western part of the southern slope of the Greater
Caucasus, in the Ganykh River basin, and the lowest (0.07-0.15) are in Gobustan, the Ajinohur
Plain, Jeyranchol and the South Caucasus [5]

Since 2000, statistics show an increase in air temperature of 0.8°C and little periodic
precipitation. The area of mountain glaciers on the peaks of Bazardiizli, Shahdag, Bazaryurd,
Tufandag and Kapicik has decreased sharply. The flow of rivers has decreased accordingly.
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In 2021 alone, the consumption of water from Kur, the main water artery of Azerbaijan,
decreased from the long-term norm of 575 m®/sec to 245 m*/sec.

Table
SOME INFORMATION ON WATER USE IN AZERBAIJAN [5]

Tokaszamenu 1990 2015 2021
Water taken from natural sources 16176 12285 13743
Water per capita m*/person 2293 1289 1372
Water consumption, (total) bin. m* 12.477 8,567 10,526
Area of irrigated land, min. yes 1,4228 1,4345 1,4849
Water consumption, m3/ha 6063 4222 5101

Melting of mountainous glaciers is very dangerous for Azerbaijan like all the countries of the
world, the main rivers of the region are nourished with them. In the last 50-60 years, an area of the
glaciers decreased approximately 30%. According to the prognosis, the glaciers can lose 50% of
their bulk because of increase of 2°C average annual temperature, but 78% of the bulk because of
4°C heat increase. Such melting of the glaciers can be a reason for shortage, deficiency of the pure
water. According to the assessments, decrease of flow in the Kur and Araz rivers from 5% to 15% is
expected. A total water lack in Azerbaijan was more than 0.2 km® in 2020. A quantity of water
insufficiency can be increased till 1.3 km® in 2030, but it can be 4-5 km® in 2050.

Due to lack of water, the situation is dire because Azerbaijan’s water resource depends on
neighbor countries. Therefore, Azerbaijan conducts water management relations with neighboring
countries both at the multilateral and bilateral level — in the form of bilateral commissions and
working groups on issues of joint use of water.

Last years, unusable condition of the farm and intra-farm irrigation network leads to
deterioration of the irrigated soils state during periods of low water, which are often observed and as
a result it causes them to leave the agricultural cycle. Beginning from 1990, the irrigated soils more
than 5000 hectares in the country left the agricultural cycle. Besides, increase of drought in a
situation of climatic change and continuation of ineffective irrigation methods application can be
deteriorated taking into account the dependence of agriculture on irrigation.

An application of the new technologies based on drop method in irrigation is an important
stipulation. This method is applied in Azerbaijan, but today a main irrigation method is still a non-
mechanized surface irrigation method, which results in huge water loss. Our scientists see the way
out of this situation in the economical use of our water resources. When the snow melts in spring,
the melted waters collect in the water reservoirs and then can be used. Desalinated water of the
Caspian Sea, unconventional waters, including waters of the collector-drainage network, purified
sewage waters, waste waters of the industries and farms, the underground waters located in the deep
layers can be used in irrigation and technical areas.

Scientific-research works are performed in the direction of use of sea and collector waters in
irrigation, long use of the unconventional irrigation methods in connection with drought and water
insufficiency in the “Water and Amelioration research Institute”, as a result, important, rich
scientific and practical materials, scientifically grounded measures are worked out.

Since the first years of the new century, an interest in rational use and protection of waters
increased and this tendency has become stronger last years. Process of the integrated management
of water resources, continuous restoration, distribution and use monitoring of water resources
should be provided considering the social, economical and ecological problems.
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Regular control to the technical state of the water farm objects is fulfilled, monitoring of the
water supply systems, hydro-technical devices, objects of the water and water farm, surface and
subsoil water resources is performed by the state.

The new technologies should be used to prevent the water loss, rational use of drinkable water
and irrigation. The irrigative water should be economized, the irrigative canals must be renewed.
The concrete canals should be preferred. Modern irrigation methods should be used so that water is
lost less. The exact norms in irrigation must be followed. Consistent supply of water for irrigation
should be ensured.

Last times, constant measures, meetings in connection with the 29™ session of the (COP 29)
Conference of the Parties to the Framework Convention on Climatic Change of UN is being held in
Baku. Our main priority is to perform basic, flexible and sustainable activities in the direction of
emissions decrease, in order to keep temperature increase lower than 1.5°C and global warming in
control, to bring all parties together under this initiative. Therefore, the countries of the world
should take joint steps, cooperate and mobilize all their forces to solve the problem.

Azerbaijan is determined to become one of the leading countries in the field of renewable
energy and uses its rich wind and solar potential for this purpose. This is an important component
part of 40% decrease plan of the greenhouse gas emission The country diversifies an available
energy system in order to be a leader in the 30% till 2030. Azerbaijan is an exemplary country in
this area, it will renew its national targets within the contributions document determined in the next
National Standard according to 1.5°C target.
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Annomayus. PaccMOTpPEHBI BOIIPOCH YIYYIIEHUS SKOJIOTHYECKOW CUTyaluu, (POPMHUPOBAHUS
O7aronpuaATHONW Cpebl AJs 370pOBbS M B CBSI3M C 3TUM HEOOXOIMMOCTU OOpbOBI ¢ mMaronoruei
pacteHuil KpynHbIXx TropogoB  Keipreicrana. IIpoananu3upoBaHbl NIpUEMBbl  MOBBILICHUS
YCTOMYMBOCTH H TPEAJIOKEHBI PEKOMEHJAIMH M0 TIOBBIMICHUIO AS(PPEKTUBHOCTH CHCTEMBI
TOPOJCKUX 3€JIEHBbIX HacaxaeHui. Mcxons M3 3TOro Lenbio paboThl ONPENENICHO HUCCIIEAOBaHHE
BO3MO)KHOCTEH YIyUIIEHHUS 3KOJOTMUECKOr0 COCTOSIHME TOPOJIOB B COBPEMEHHBIX YCIOBUAX ITyTEM
60pbOBI C BpeAUTENIIMU TOPOACKHUX pacTeHui. croab30Baaich METO/Ibl KaU€CTBEHHOI'O BBISIBIECHUS
M aHaimM3a W BpeOUTeNed TOpOACKHX pacteHui. MHpopManmoHHO-3MIIUpHYecKoil 0Oa3oi
WCCIIEIOBAHMS TTOCITYXKIIIM COOCTBEHHBIE JaHHBIE JTAOOPAaTOPHBIX MccienoBannii. HayuHast HOBu3Ha
3aKJIIOYAETCsl B BBISIBIIEHUU U ONPE/IETICHUU BpeIUTeIe MOCaKEHHBIX IPEBECHBIX, KYCTAPHUKOBBIX
U JIeKOpaTUBHBIX pacTeHuid B rTopoge Om. Ha ocHoBe aHanM3a BpenuTesel IO0CaKEHHBIX
JPEBECHBIX, KYCTAPHUKOBBIX M JIGKOPAaTUBHBIX pacTeHwil B ropoxe Omi, MpeayiokeHO YCHICHHE
060pb0ObI. HeoOXonuMo mpOBOIUTH HCCIENOBATENbCKUE padOThl B 00sacTU (DUTOMATOIOTHH IS
YIy4LIEHUs TOPOJICKON Cpeibl IyTeM O3€JE€HEHHs] TOPOACKHUX TEPPUTOPUH YCTOWYMBBIMH K
BBISIBICHHBIM MATOJOTUSM JPEBECHBIX, KYCTapHHUKOBBIX U JJIEKOPATHBHBIX BUAOB PACTCHUN BHJIAMHU.
Ob6ocHoBaHa HE00XOAUMOCTb (OPMHUPOBAHUSL CHUCTEMBI OOpPHOBI € BPEAUTENSMU PACTEHUH U
3alIUTHI KOJIOTHH TOPONIOB. B pe3ynbrare vicciaeioBaHus ONpeesieHbl OCHOBHBIC BUIBI BPEAUTEICH
MOCAKEHHBIX JIPEBECHBIX, KYCTAPHUKOBBIX M JEKOPATUBHBIX PAaCTEHUI Ha FOPOJICKUX TEPPUTOPHUIX
r. Omr.

Abstract. The article discusses the issues of improving the environmental situation, creating
a favorable environment for health and, therefore, the need to combat plant pathology in large cities
of Kyrgyzstan. Methods of increasing sustainability are analyzed and recommendations for
improving the efficiency of the urban green space system are proposed. Based on this, the purpose
of the work is to study the possibilities of improving the ecological condition of cities in modern
conditions by controlling pests of urban plants. During the research, methods of qualitative
identification and analysis of pests of urban plants were used. The information and empirical base
of the study was our own laboratory research data. The scientific novelty lies in the identification
and identification of pests of planted woody, shrubby and ornamental plants in Osh city. Based on
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the analysis of pests of planted woody, shrubby and ornamental plants in the city of Osh, it is
proposed to strengthen control and research in the field of phytopathology to improve the urban
environment by greening urban areas with resistant species to the identified pathologies of woody,
shrubby and ornamental plant species. The necessity of forming a pest control system for plants and
protecting the ecology of cities is substantiated. As a result of the study, the main types of pests of
planted woody, shrubby and ornamental plants in urban areas of Osh were identified.

Knrouesvie cnosa: Toponckas cpena, 03eJIieHEHUE, BPEAUTEIN PACTCHHM, 00JIe3HN pacTEHUH.
Keywords: urban environment, landscaping, plant pests, plant diseases.

OnHOM U3 COBPEMEHHBIX PKOJIOTMUECKUX IPOOJIEM rOpOI0B Ha CETO/IHS SIBIIAETCS YXYALIEHUE
COCTOSIHME BO3AyXa. B menmsax yiaydiieHusl 3KOJOIMM TOpOJIOB IPOBOJATCA pabOThl MO MOCAAKE
IPEBECHBIX, KYCTapHHKOBBIX M JI€KOPATUBHBIX pacTeHud. HecMmoTpss Ha NpuHATBIE MEpHI, K
COYKAJICHUIO, TI0CAJIKA PACTEHUI HE AAeT 0XKHUAAEMbIX pe3ysibTaToB. OCHOBHON NMPUYMHON SIBIISETCS
HeoPPeKTHBHOCTH OOpHOBI C TaToyioTHMEll pacTeHWil. B CBs3W ¢ 3THUM, BO3HHKAIOT BOMPOCH O
HEOO0XOAMMOCTH OpraHuzanuu pabdor no ¢urtonatonorud. PUTOMATOTeHBI — 3TO TIpyIIa
MHUKPOOPIraHu3MoB (rpu0oB, OakTepuii, BUPYCOB), KOTOPbIE PEryJUPYIOT YUCICHHOCTD MOMYIISLIHNY,
a TAK)K€ OKA3bIBAlOT HETATHBHOE BIIMSHUE HA DKOCUCTEMY B LIEJIOM, OTPULATEIBHO BIMSASA HA
COXPAaHEHHE PACTUTEJIBHOTO pa3HOO0Opa3us Kak BUJA, YPOKAMHOCTh, BbI3bIBAsl B HACTOSIIEE BPEMS
pa3nuyHble 3a00JIeBaHUS U MPHUBOJS K 3KOJIOIMYECKHM, SKOHOMHUYECKUM IOTEPSAM M CHUKECHUIO
ACTETUYECKOM LIEHHOCTH pacTeHuil. DUTOMATONOTUs TECHO CBA3aHA C aHATOMMEH M (u3noIoruen
pacTeHuii, MUKpOOHOJIOTHEH, BUPYCOJIOTHEH, TEHETUKOH, CelleKInel, XuMuen, GU3NKON U ApyruMu
€CTECTBEHHBIMU HayKaMHM, a TaKXe C 3TUOJIOTUEH, U3ydalouleil Mpu4yuHbl 00JI€3HEN NpU peleHun
npobaeM, (UTOMMMYHOJIOTHEH, SHUPUTOTHONOIHEH, H3ydalolell YCTOWYMBOCTb PAcTEHUH K
00JIe3HAM, TaKUMHU O0JACTAMHU 3HAHUM, KaK 3aKOHOMEPHOCTH IpPOSBICHUS OOJE3HEH M M3yueHue
IIPUYUH UX MAaCCOBOT'O Pa3BUTHS. IPUBEIIO K U30JIALIHUH.

[Ipu xnaccudukanuu O60je3HEN pacTEeHUI MO 3KOJOTHYECKOMY MPHUHIUILY OHU JAENSATCS Ha
JB€ TpYINIbl: HEWH(PEKIUOHHble U HH(pekuuoHHble. C TOABICHMEM HMIOpPTa IOCAJOYHOTO
MaTepHaia HaOlro/1aeTcs CI0XKHOe pa3HooOpa3ue (pUTOmaToreHoB, 4to Tpedyer Gosee riryOboKoro
M3Yy4EHUs X COCTaBA M POCTA B MECTHBIX dKOCUCTEMaX. KOJIM4eCTBO HOBBIX BU/IOB YBEIIMUMBAETCS
C KaXXJbIM I'OJIOM, YTO MOXET MPUBECTH K OOHAPYKEHHUIO TMHAMUKH B3aMMOJEHCTBUS pacCTEeHUN U
UX IIaTOTEHOB.

B xone nabopaTopHbIX HccienoBaHui MH(EKINUHA ObUTH BISIBIIEHBI HHMEKIIMOHHHBIE 00JIe3HN
JPEBECHBIX, KYCTApHUKOBBIX W JI€KOPAaTUBHBIX pacTeHui. BpenoHocHble BUABI (PUTONATOTEHHBIX
3a00JIeBaHU{ NMPUBOAUT K YHUUYTOXKEHUIO OOJbLIOro KosnuyecTBa pacteHuid. [loaToMy, Ha ocHOBe
UCCIIEIOBATENIbCKUX paboT ObUIM  OIpEeNesieHbl BO3MOXHBIE IIYTH COKpAIEHUS BIMSHUSA
BO30yauTeNnel Ooye3He pAacTeHMH Ha OSKOJOTMI0O M YIYYIIEHUS TOpPOJACKONM OOCTaHOBKH B
KJIIMMaTHYECKHUX yclaoBUsIX KbIpreizcrana.

Memooonozuueckue ocHogul ucciedosanus
NzBectHo, uto ¢ XVIII Beka MHOrmMM 3apyOeXHBIMH M OTE€YECTBEHHBIMH YYEHBIMU
M3y4YaINUCh IPOOIEMBI, CBSI3aHHBIE C BO30OyauTensiMu Oonesneil pactenuit. JJo XX Beka OCHOBHBIMU
METOAaMH TIOJJaBJICHUS BO3OYIUTENS OOJIE3HU SIBISLICH X MMHUYECKHE METOIBI 3aIUTHI PACTCHHIA.
Tpynsl  y4eHBIX-QUTOMATONOTOB pa3AeieHbl 10 OHTOTEHETHYECKOMYy U Mop¢oioro-
cHUCTeMaTUYecKOMy HampaBieHusM. K 4uciny 3THX y4eHBIX-pa3pabOTUYHMKOB METOJ0B OOpHOBI C
BO30yauTeNsIMU Oonie3Hel pacteHnid MoxxHO oTHectH M. B. Beiiepunk (1851-1931 rr.), M. C.
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Boponnna (1838-1903 rr.), A. A. Suesckoro (1863-1932 rr.), H. H. Haymon (1888-1959), A. C.
bonnmapues (1877-1969), H. 1. Basunosa (1887-1943 rr.), I1. M. XXykosckwuii (1888-1975 rr.), C.
Y. Mepenut (1904-1971 rr.) u ap. [1-12]. Kak moka3piBaeT MpaKTHKa, WX HCCIIEIOBATEIIbCKAS
JESTeTbHOCTh B OCHOBHOM OBLIM HAIIPaBIICHBI HA U3yUEHHE MPUYHMH MOSBICHHS (PUTOMATOTEHHBIX
rpuboB u Oaktepuil. Bo Bcex wuccrnegoBaHUAX UCHOIB30BAINCH BH3yaldbHble 3((EKTHl U
KJIACCUYECKHE METO/IBI.

Mamepuan u uccnedyemvie memoovl

B nensx ymydmieHus: 3KOJIOrMYECKOW OOCTaHOBKH M O3JIOPOBIICHHS 310pOBbsI HACENCHHS B
ropojie Our TerIibl MyHUIIUIAIBHOTO MpeanpusaTis «Ouickuii KoMOMHAT 1o 6J1aroycTporucTBy U
3eJIEHOMY XO034iCTBY» 00€CIeyrBaloT 0CaJOYHBIMHU MaTepHUaIaMHu.

B nporecce nccnenoBanus ObUIM ONpeesieHbl BUIbI JEKOPATHBHBIX M JPEBECHBIX PACTECHHM
UCTOJIb3yeMbIe Ha 03€JICHAEMBIX TEPPUTOPUSAX ropoga Our (1o yaumaM U 0ObeKTaM):

1. V. um. H. Mcanosa: Ne4888-O Petunia, Ne5282-O Pelargonium, 5469-O Acer negundo,
Ne5275-O — Ulmus.

2. Yn. um. A. Hlakuposa: Ned887-O Salvia splendens.

3. Vu. um. Y. Monyesa: Ne4890-O Tagetes orang.

4. B npupogHom napke uMm. AnsimOeka natku: Ne5277-O Tagetes (scenmoiti yeem), Ne5274-O
Celosia plumoza (kpacuwiii yeem), Ne5281-O Celosia plumoza (scenmviti yeem), Ne5279-O Zinnia
angustifolia, Ne5280-O Zinnia angustifolia (haageana), Ne5276-O Ageratum.

5. V. um. A. Macanmea: Ne5284-O Acer platanoides, Ne4592-O Platycladus orientalis.

6. Y. um. Kypmamxkan natku: Ne5283-O Quercus.

7. Y. um. T. KaceimOekoBa: Ne5278-O Paulownia.

B cBsi3u ¢ 3THM, B X0/1€ UCCIIE0OBAHUS HAYYHBIMH M X035 ICTBEHHBIMU paboTHUKamMK HaydHo-
HCCIIE/IOBATEIbCKOI0  MHCTUTYTa OMOJIONO-MEMIMHCKMX TPOOJIEM FOXKHOIO oTaeneHust HarponanbHoi
akanemun Hayk Koiprenckoit PecryOmiku, Omickoil nabopaTopuul MO KapaHTHHY pPacTEHUM
JlemaptameHTa KapaHTHHA pacTeHHl MUHUCTEpCTBa  CEJIBCKOTO  XO3SHCTBA, MHUIIEBOM
MPOMBIIIICHHOCTH ¥ Menuopanuu KeIpre3ckoil PecmyOnuku ¥ MyHHIMOAIBHOTO TPEATIPHUSITHS
«Omickuii KOMOMHAT TO OJaroyCTpOMCTBY M 3€JICHOMY XO3SIMCTBY» BBISBJICHO MATOJIOTMYECKOE
COCTOSIHME BBIIIEYKA3aHHBIX PACTCHUH.

B mnpomecce wuccnenoBaHMs —HMCHOJIb30BAIMCH  CIEAYIOLIME HEOOXOIMMBbIE CpEICTBa:
neHtpudyra-k240  Ne3196, wunB. Ne236, Tepmoctar Ne4020075, OMHOKYISpHBIM U
crepeockonuyeckuii Mukpockon MBC-1, Meramnnueckue MNHUHIETHI, MpernapaTUBHAs MWIJIa,
ckaibnenb, yamka Ilerpu, konba, NMpeAMETHOE W 3aKPhIBAIOIIEE CTEKIJIO, JIUThE Pa3IMYHbIX
pa3MepoB, MUIETKa, IEKTPOHHBIC BEChI U pyrue cpeacrsa (1-18).

B npouecce uccnenoBanust B LeNsIX OOpbObI ¢ OONE3HSIMU M BPEOUTEISIMHU JIPEBECHBIX U
JIEKOPAaTUBHBIX PACTEHUI NMPUMEHEHBI METObI, pekoMeHoBaHHbe M. B. I'opienko (1974), H. A.
Haymoseim (1937), T'. P. JlenneBwim, b. A. bopucossim u I'. B. Mutuno# (2003) u P. A.Humber
(1997). Ha ocHoBe HMX METOIOB IPOBEAEHBI JAOOPATOpHBIE HCCIENOBaHUS BpeauTenend (u
0os1e3Hell) IPEeBECHBIX U JEKOPATUBHBIX PACTEHUH, UMEIOIIMXCS Ha O3€JCHSIEMBIX TEPPUTOPUIX
ropoaa Omr [1-12].

Peszynomamur uccneoosanus
[TonydeHHbIe pe3ynbTaThl B X0/I¢ 1a00paTOPHOTO UCClIeA0BaHus BHeCeHbI B Tabmuus! 1, 2. B
XOJIe HWCCIEIOBAaHUSI pacCMaTpPUBAINCh WHQPEKIMOHHBIE W HEWH(EKIIMOHHBIE 3a00JIeBaHMS,
BBI3BIBAEMbIC (DUTOMAr€HHBIMH MUKPOOPTaHU3MAMH IO PA3IUYHBIM SKOJOTUYECKUM MPUUHNHAM:
OakTepro3, Qy3apuo3, cyxas W BIaKHAS THUJb, HAJTHUYWE TSATEH HA JIMCTHSX, S3BBI, MOXKEITEHUE
JUCTHEB, YBSJAHUE, YCbIXaHWE M Xxjopo3. Ha oOcCHOBaHMU BbIIIE€YKa3aHHBIX CHMITOMOB BCE
pacTeHur OBLTH TPOTECTUPOBAHBI B JTAOOPATOPHH.
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Tabnuna 1
PE3VIJIETATEI IABOPATOPHOI'O UCCJIEJOBAHU S JEKOPATUBHBIX PACTEHUI

Mecmo obumanus Memoouxa Memo Hmoe sxcnepmusbl
uccnedo8ansl Obl
Dianthus chinensis var. Heddewigii 22.07.2024
Temnuma Omckoro KOMOMHATA 10 M. B. T'opnenxko (1974), b Staphylococcus aureus
0J1aroyCTpOUCTBY U 3eneHoMy Xo3sarictey  H. A. Haymos (1937) T M Fusarium solani
K. I'pam (1887)
Salvia splendens 22.07.2024

Temmuma O1IcKOro KOMOMHATA 10 M. B. T'opnenxko (1974) b CT
OIaroyCcTpONCTBY U 3€JICHOMY XO3SHCTBY, M Ascomycota Erysiphales

yi. A. lllakuposa, 108

Tagetes Orange Flemme 22.07.2024

Temnuma Omckoro KOMOMHATA 10 M. B. T'opnenxko (1974), b Pseudomonas aeruginosa
0J1aroyCTpPOWCTBY U 3eleHOMYy Xo3saiicTtBy, H. A. Haymos (1937) T Staphylococcus aureus
yi. Monyesa, 50 K. I'pam (1887) M Phyllosticta
Tagetes (acenmorii ysem) 05.08.2024
Temnuma Omckoro KOMOMHATA I10 H. A. Haymos (1937), T. b Cladosporium
0aroyCTpONCTBY 1 3ejeHoMy xo3siicTBy, K. I'pam (1887) cucumerium,
mapkK OTJBIXa UM. AITBIMOEK JaTKa Pseudomonas syringae
M CT
Petunia 22.07.202
yi. H. Ucanosa, 73 H. A. Haymos (1937),T. b Corynebacterium
K. I'pam (1887) insidiosum,

Pseudomonas fluorescens

Celosia plumosa (kpachuuii yeem) 05.08.2024

Temnuma Omckoro KOMOMHATA 10 M. B. I'opiienko (1974) M Fuzarium oxysporum

OIIaroyCTPONCTBY U 3€JICHOMY XO3SHCTBY, b CT
IapK OTJbIXa UM. AnpiMOex 1aTka

Pelargonium 05.08.2024

Temnuma Omckoro KOMOMHATA 1O H. A. Haymos (1937), T b Corynebacterium fascians,
0aroyCcTpotCTBY | 3ejeHoMy xo3siicTBy, K. I'pam (1887) Streptomyces
yin. H. Ucanoa M CT

Celosia plumose (xcenmvrii yeem) 05.08.2024
Temnuma Omckoro KOMOMHATA 1O H. A. Haymos (1937), T b Corynebacterium
0aroyCcTpotCTBY ¥ 3ejeHoMy xo3siicTBy, K. I'pam (1887) insidiosum
MapK OTAbIXa UMEHH AJBIMOEK aTKa M CT

Zinnia angustifolia 05.08.2024

Temnuma Omckoro KOMOMHATA 1O H. A. Haymos (1937), T b Ralstonia solanacearum
01aroyCTpONCTBY | 3ejeHoMy xo3siicTBy, K. I'pam (1887) M CT

MapK OTABIXa UM. ATTBIMOEK JaTKa

Zinnia angustifolia (haageana) 05.08.2024

Tennuua Omckoro KOMOMHATA 110 H. A. Haymos (1937), T b Ralstonia solanacearum

OaroycTpotCTBY ¥ 3ejeHoMy xo3siicTBy, K. I'pam (1887) M CT
MapK OT/AbIXa UM. AJTBIMOEK JTaTKa

Ageratum 05.08.2024

Tennuma Ouickoro KOMOMHATA 110 M. B. I'oprnienko (1974), b CT

OnaroycTpoicTBy U 3eneHomy xo3saicty, H. A. Haymos (1937) M CT
napK OT/bIXa MM.AJIBIMOCK J1aTKa

Ilpumeuanue: b — GakTepuooTHYECKOE HcciaeaoBanne, M - Mukojorndeckoe ucciaenonanme, CT -
COOTBETCTBYET TPEOOBAHUSIM
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_Tabnua 2
PE3VJIbTATBI IABOPATOPHOTI'O UCCIIEAOBAHMA JIPEBECHBIX PACTEHUU
(05.08.2024)
Mecmo Mecmo uccredosanus / memoouka Mem Hmoe sxcnepmusol
obumanus 00bl
Quercus
V. Kypmamkan — Omickast nabopaTopusi 10 KapaHTHHY pacTeHUH b Pseudomonas quercus
JaTka / H. A. Haymos (1937), I'. K. I'pam (1887)
Acer platanoides
Vi A. Omickas aboparopus 0 KapaHTHHY pacTeHuii b Pseudomonas syringae
Macanuesa / H. A. Haymog (1937), T'. K. I'pam (1887) Pectobacterium caratovorum

Acer negundo

V. H. UcanoBa  Omckast taboparopwust o kapantuny pacreanii M Phyllosticta lacerans
/ M. B. T'opnienko (1974)

Paulownia
Y T. Oriickas 1abopaTopus MO KapaHTHHY PaCTCHUN b Pseudomonas syringae
KacrsimbexoBa /H. A. Haywmos (1937), I'. K. I'pam (1887) Staphy|ococcus Saprophyticus
Ulmus

Vin. H. UcanoBa  Omickas nabopaTopusi o KapaHTUHY pacTeHuii b Xanthomonas gardneri

/H. A. Haywmos (1937), I'. K. I'pam (1887) Pseudomonas Syringae

Platycladus orientalis

Yo Ormrckas maboparopus 1o KapaHTHHY pacTeHuid M Planococcus vovae
A.MacanueBa / M. B. T'opnierko (1974) Cylospora pini

Ipumeuanue: b — 6GakTeprOIOrUUECKOE HCCICI0BaHIE, M - MUKOJIOTHYECKOE UCCIICIOBAHUE

PesynbraThl uccienoBaHus Tepputopuii ropoma Ol B HCCIEAYEMbIX JPEBECHBIX U
JEKOPATHBHBIX PACTECHUSX BBISBICHBI CIICAYIOIIUC:

baxmepuu: otmen Gracilicutes, kmacc Scotobacteria, cemeiictBo Pseudomanadaceae,
HpEICTaBUTENIM KOTOPOTro OTHOCATCsA K poay Pseudomanada: Pseudomonas quercus Schem —
BO30YyIHTENb MOMEPEYHOT0 HAIJIOMOBHIHOTO paka jayba (Quercus); Pseudomonas syringae van
Hall — cupeHeBbIii IICeBIOMOHAJ, BCTPEUACTCS Y BHIOB: KIEH OCTPOIHCTHEIH (Acer platanoides),
KIeH siceHenucTHbI (Acer negiindo), masnosuus (Pauléwnia), Bst3 (Ulmus), 6apxatis! (Tagetes)
(>KenToro 1BeTa) — IBET JINCThEB JKEITOBATHIN, ¢ MsATHamMu. Pseudomonas aeruginosa Bo30yaureins
CHHETHOWHass manmouka — Oapxarubel (Tagetes) opaHkeBOro IBeTa — JIUCThSI CTAHOBSITCS
KOPUYHEBATO-XKEITHIMU, HAUYMHAIOT YBsIaTh U COXHYTh, Pseudomonas fluorescens — ueno3us
mwrymo3a (celosia plumosa) (kpacHbldi 1BET), JIKCT, CTEOJHM KOTOPOTO MPHOOPETH KOPHUYHEBBIN
OTTEHOK W Hayald THHTh BO BIaXHOM coctosHud. Ralstonia solanacearum — nuHHHS
y3konucTHas (opamkesas) (Zinnia angustifolia), muanus y3konuctras (6enast) (Zinnia angustifolia
(haageana) — oOaxtepuansHoe yBsgaHue;, pox Xanthomonas: Xanthomonas gardneri — Bs3
(Ulmus), TUCTBSI CTaIM KOPHYHEBBHIMU U HAYAIM COXHYTH; OTAEN Firmicutes, rpaMmonokuTensHoe
cemerictBo Micrococcaceae Tuma Staphylococcus saprophyticus, mnpeacraBisomiee pon
Staphylococcus — naBnoBHust (Paulownia); 30J0TUCTBIN cTaQUIOKOKK — OOHApY)KEH B CeMEHaxX
reo3auku  l'emmeBura w  jucths  Oapxatusl  (Tagetes) (opankeBoro I1BeTa) pacTEHUSA
Streptococcaceae wm3 cemeiictBa Streptococcaceae mopaxkaer pacteHHs pojaa Streptococcus:
Streptomyces — repanb (Pelargonium), mnpencraButens poxa Corynobacterium B kiacce
Tallobacteria: Corynebacterium fascians — mpu mokenTeHHH ¥ BBICHIXaHUU JIUCTHEB PACTCHHUS
repanu (Pelargonium); Corynebacterium insidioSum — mpu MOKENTEHUHM ¥ BBICBIXaHWH JIUCTHEB
pacrenus nenosus mwiymosa (Celosia plumosa) (kpacHsiii mBer), nesxo3us mrymosa Celosia plumosa
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(>KeNThIN 1BET) HEOOIBIIOE KOJMYECTBO JMCTHEB YBSIaHUE C TIEPEX0I0M Ha KOPUYHEBBI OTTEHOK;
npeacraButenb poaa Pectobacterium kmacca Tallobacteria: Pectobacterium caratovorum — kien
ocTposHCTHBI (Acer platanoides) JIACTbs KeNThIe C MATHAMH.

Tpubw:  ortnen  Myxomycota, «kmacc Deuteromycetes, mnpeacTapisoliee  OTPsA

Hyphomycetales: Fusarium solani — u3 cemsH TBO3AMYHOrO pacTeHHMs reaaeBura; Fuzarium
oxysporum —merynust (Petunia) — d¢ysapuo3; Kiacc Ascomycetes, mnpeacraBuTelb poja
Aspergillus:  Ascomycotakysiphales — mandeit cepkatommii  (Salvia Splendens); Kiacc

OOMMIICTOB sIBIIsieTCs mpeactaButernieM poaa Phytopthora: Phyllosticta — oapxatusr (Tagetes)
(opaHXkeBOTO 11BeTa) — 00pa30BaHUE MATEH HA JIMCTHIX.

Wtak, B pe3ynpTare HPOBEICHHBIX HCCIICAOBAHUN OINpPEAETICHBl BPEIUTEISIMU TOPOJCKHX
3eNeHbIX HacaxJeHud. Ha ocHOBe pe3ynbTaToB a0OPATOPHBIX MCCIEAOBAHUN ISl MOBBILLICHUS
3¢ GeKTUBHOCTH OOPHOBI MpeIaraeTcsi CBEBPEMEHHO MPUHATH HEOOXOIUMBIE MEPBI TI0 KOHTPOIIIO
3a BPEIOMTENIIMH JIPEBECHBIX M JIEKOPATUBHBIX pacTeHuil. Ha cerommsmumii neHp 6opsda ¢
BPEIUTEIIIMH BKJIIOYAET PA3IMYHBIX OHOJOTMYECKMX W XHMHUYECKHX METOJIOB, CBSI3aHHBIX C
NPUMEHEHHEM NpPEnapaToB W OpPraHMYecKux ymoOpeHwid. I[Ipn MCHONB30BaHUM OpraHMYECKHX
METOAOB OOpbOBI HEOOXOAWMO MPHUMEHUTh KOMIUIEKCHBIH TOIXOA C  HCIOJIb30BAaHHEM
OMOJIOTMYECKHM AaKTHBHBIX BEIIECTB, OPraHWYECKUX YIOOpEHWH M NPOU3BOAUTH CAHUTAPHYIO
00pe3Ky MOBPEKACHHBIX YIaCTKOB.

PexomeHaytoTCS XMMHYECKHE€ METOJBI  3amUThl. [IpeMMyInecTBOM  HCIOJIb30BAHHUS
XUMHAYECKOTO METOAA 3allUThl SBISETCS BO3MOXKHOCTH 00paOOTKH OONBIIMX TEPPUTOPHIA,
NOBBIIICHHAs 3((EKTUBHOCT, M JIOKAIbHOE JAeWCTBHE. VIMEIOTCS HEZOCTaTKH XHUMHUYECKOTO
BO3/ICHCTBUSI HA PACTCHHWHU: HETATHBHOE BIMSHHWE HA BO3AYIIHOE MPOCTPAHCTBO TOPOJOB U
MOSIBIICHHE PE3WCTEHTHBIX K TIECTUIMIAM BHJIOB BPEAHBIX HACEKOMBIX, (UTOMATOTCHOB H
COPHSKOB.

Hemounuku:

(1). Areparym. Ceun. KapantunHoi ¢urtocanuraproi sxcreptusbl KG Ne0060958. Omickas
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10.07.2024.

(4). T'sozamka TIemmeBura. Csua. KapantunHOW (urocanutapHoii skcreptusbl  KG
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(6). Jluctes Bsiza. Ceun. Kapantunuoil ¢urocanutaproil skcneptussl KG Ne0060957.
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(8). Jluctes nmyba. Ceua. KapantunHoit ¢urocanutaproit skcneptussl KG Ne0060965.
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(9). Jluctes xiena ocrponuct. CBua. Kapantunuoit ¢utocanutapHoit skcneptussl KG
Ne0060966. Omickas maboparopust mo kapantuHy pactenuid. [Ipot. Ne 5284-0. 05.08.2024.

(10). JIuctest xmena sicenenmuct. CBua. KapantunHOW ¢utocanuTapHoi skcneptussl KG
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(11). JTuctes maBnoBHus. Ceua. Kapantuunoit purocanutapuoit sxcrneptussl KG Ne0060960.
Ormickas maboparopust o kapantuHy pacteHuit. [Ipot. Ne 5278-0. 05.08.2024.

(12). Jluctest 1mHHUA y3KOnMMCTHOW Oemoi. Ceua. KapaHTHHHON —(HUTOCAaHHTAPHOMN
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5.08.2024.
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skcrieptusbl KG Ne0060961. Omickas nmaGoparopusi mo kapantuHy pacteHuid. [Ipot. Ne 5279-0.
5.08.2024.

(14). Ulangeir ceepkatommii. Ceua. Kapantuaaoi ¢urtocanurapHoii skcrneptussl KG
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(15). Tarerec xentoiit. Ceua. Kapantunuoit ¢purocanurapuoit sxcreptusbl KG Ne0060959.
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nabopatopus 1o kapanTuHy pacteHui. [Ipot. Ne 4888-0. 22.07.2024.
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Annomayus. B coBpeMeHHOE BpeMsl OJHMM U3 ONACHBIX IIPOLECCOB 3arpsi3HeHHs Orocdepsl
SBJIIETCSL 3arpsi3HEHUE TSKEIBIMM METaJlJIJaMH, OHM UYpPE3MEpPHO HAKaIUIMBAIOTCS B arMocdepe U
nenocdepe. 3arpsizHeHUe 10 MacluTabaM U CTENEHU BO3JEHCTBUS Ha OMOJIOTHYECKHE OOBEKTHI, B
TOM 4YHCJI€ U Ha 4YeJOBEKa, TsDKEJIble METallbl 3aHMMAlOT 0CO00€ MECTO Cpelu 3arpsA3HSIOLIMX
BeniecTB. Cpenu TSKENbIX METaIOB, OCOOEHHO OMNACHBIMU 3arps3HSIOUIMMH  BEIECTBaMU
CUMTAIOTCS CBUHELL, PTYTh, KaIMUN. VICTOUHMKOM 3arpsi3HEHUs TSXKEJIBIMU METalJIaMUd B OCHOBHOM
ABJISIETCA aBTOTPAHCIIOPT, HPEANPHUATHS YEPHOH M LBETHOM MeETalIypruu, OTXoisl. OTXOIbl
aBTOMOOMJIBHOTO TpaHCIOpTa 4epe3 arMocdepy MomajgaroT B MOYBY M PACTECHHS M MPEACTaBIISIOT

peabHYIO Yrpo3y JUIsl OKPYXKAIOLIECH CPeIIbl.

Abstract. In modern times, one of the dangerous processes of biosphere pollution is pollution
by heavy metals, they accumulate excessively in the atmosphere and pedosphere. Pollution by scale
and degree of impact on biological objects, including humans, heavy metals occupy a special place
among pollutants. Among heavy metals, especially dangerous pollutants are lead, mercury,
cadmium. The source of pollution by heavy metals is mainly motor transport, ferrous and non-
ferrous metallurgy enterprises, and waste. Waste from motor transport through the atmosphere gets
into the soil and plants and poses a real threat to the environment.

Knroueswvie cnosa: IMo4Ba, IMPOMBITIIJIICHHBIC OTXOAbI, TAXKCIIbIC MCTAJIJIBI.
Keywords: soil, industrial waste, heavy metals.

Tsoxenslie METaJlJIbI pacnpoCTpaHCHBI Ha TCPpUTOPpUU Hamero HUCCICA0OBaHUA
CUCTCMATU3HUPOBAHBI B 3aBUCHUMOCTU OT XaAPAKTCPUCTUK OIACHOCTH. HpOBCI[CHa OKOJIOTHYCCKasa
OKCIIEpTHU3a II04YB, 3arpsA3HCHHBIX TSXKCIBIMHU MCTANIaMH, W OINPCACICHBI OTKIOHCHHA OT
HOHyCTHMOﬁ BCJIIMYMHBI KOHICHTpPAalWH. B Pa3BUTHIX CTpaHAX OXpaHa ITOYBCHHBIX PECYPCOB,
COXpaHCHHUC IIIIOAOPOAHA, PCKYJIbTUBALIUA W IMOBTOPHOC HUCIOJB30BAHUC IIOYB SABJIAOTCA OYCHDb
AKTYaJIbHBIM BOIIPOCOM. HerCpBIBHBII‘/’I POCT HACCIICHHA MHpPAa U OTPAHUYUCHUC IMPOAYKTHBHBIX
3EMCJIBHBIX PECYpPCOB ACIAOT UX B(I)(I)CKTI/IBHOC HCIIOJBb30BaHUC CIIC Ooiee AKTYyaJIbHbIM. 32[H.II/IT8.
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MOYBEHHBIX PECYPCOB—OCTpasi M1o0abHas MpodjIeMa COBPEMEHHOCTH, KOTOPasl HANPSIMYIO CBsA3aHa
c oOecneyeHMEM IPOJOBOJILCTBUEM pACTYIIETO HACeleHUs Hamled IulaHeTsl. B psge
MEX1YHapOIHBIX MPOTpaMM U JTOKyMEHTOB OTMEYAETCs Ba)KHAs POJIb 3€MEJIb KaK HE3aMEHHMOIO U
obmero OorarcTBa oOmIECTBa, a TaK)KE YKa3bIBACTCS HAa BAXHOCTh HMX COXPAHEHHUS BO MM
071aronoay4usi HbIHEIIHEro U OylyluX HNOKOJEHHH. B To *ke Bpems 3TO BaXKHO C TOUKH 3pEHHS
3alIUThI )KUBBIX OPraHU3MOB, B TOM YMCJE U 310pOBbs yenoBeka. [louBa — 3TO0 U OCHOBa, U LEIb
Hameit sxu3Hu. Ha ¢opmupoBanue mouBbl yXoAsT TeicsauH JieT. [louBa oOpasyercst B pesynbTrare
BBIBETPUBAHUSA 3€MJIM [IPU YYaCTUU BO3AyXa, BOABI, TEIUIA, PACTUTEIbHBIX M IKUBOTHBIX
OpPraHu3MOB, 0COOEHHO MUKPOOpPrann3MoB. [TouBa — 310 c10ii 3eMiIH, Ha KOTOPOM PACTYT PaCTEHHUS.
YenoBek KOCBEHHO BO3JCHCTBYeT Ha IOYBY, YJajsdsd W3 IIOYBBl IUTAaTeNbHbIE BELIECTBA IPU
BBIpAIIMBAaHUH PACTEHHM, BHOCA yNOOpeHMs AJIsi MOBBIMICHHUS TUIONOPOAMS MOYBBL. B HacTosimee
BpeMs HacelleHHe 3eMiH yBenuuuBaeTcs. JIIoIsM HyXHO Bce Oofblne u Oonblie eapl. MHOTO ebl
MOXHO KYITUTh, TOBBICUB MPOAYKTUBHOCTB 3eMiId. [IoaTOMY Jfon ynoOpsIitOT 1OYBY, YTOOBI yposkai
c Hee yBenuuuBaiics. Ecau 1 ra uncToit mouBsl JaeT 2 TOHHBI MIIEHUIBI, TO YIOOpEHHas! 10YBa 1aeT
5-6 TOHH MILIEHUIBl. YIOOpEHUN HE ClIeyeT BHOCUTh B IIOYBY CIMIIKOM MHOTO. YIOOpEHMS TaKKe
cofiepaT MHOT'O BPEIHBIX BELIECTB. JTH BEIIECTBA XOTSA W MOBBIIAIOT IUIOJOPOJME MOYBBL, HO U
3arps3Hs0T ee. OnacHo ecTh (PYKThI U OBOILIM, BhIPALLCHHBIE HA CHIIBHO yIOOpeHHOH nmouse. OT0O
BbI3bIBAET MHOXKECTBO 3a00JIEBaHUM Cpeu JTHOCH.

3emMiid  BOKPYI KpYNHBIX MPEANPHUSATHH TakKe CHJIbHO 3arpsi3HeHbl. lcnonbp3oBaHue
IUTACTUKOBOW Tapbl B IOCIEAHMUE TOJbl TaKXKe NPHUBOAMUT K 3arpsA3HEHUI0 NOYBBL. [lmacTukoBbIe
OTXO/Ibl HUKOIZIa HE PA3JIaratoTCcsi U OCTAI0TCA B IIOYBE.

OH cioxeH u3-3a cocTaBa MouBbl. OCHOBHOM XapaKTEPUCTUKON U MPU3HAKOM KayecTBa OYBBI
aBisercs ee mionopoaue. daxkropamu, HUIrparOlUMU OOJNBLIYIO pOJIb B JKU3HU IIOYBBI HU
YAOBJIETBOPSIOLIMMU €€ CYLIECTBOBAaHHE M MOTPEOHOCTH, SIBISAIOTCS Boja M nuia. [Ipu Gonbiiom
KOJIMYECTBE BOJbI B IOYBE IOBBIIIAETCS YPOBEHb IPYHTOBBIX BOJ, OHA IpeBpalaercs B 00J0TO,
HapylaeTcs MpolLecc aspalluy B I0YBE, OHA 3aCOJIAETCsI, CTAHOBUTCS HEIIPUTOAHOM [u1 00paboTKHy,
YXY/IIACTCs] MEJTMOPATUBHOE COCTOSIHUE MOYBHI [4].

ImaBHOIT OCOOEHHOCTBIO TOYBBI SBJISIETCS €€ IUIOOPOAME, OHAa OOECIEeYMBAET pPACTEHUS
BOJIOM, MUTATEIILHBIMU BEIIECTBAMU U BO3YXOM. 3alUTa 3€MJIM U INOBBIIIEHUE €€ TUIOJOPOIUS —
JONT KaKIO0Tro Ipa)kJIaHWHA, OCOOEHHO TPYXEHUKOB CeNbCKOro Xo3siicTBa. ITouBa, kak CIIOKHBIN
OpraHu3M, TIIOCTOSHHO pa3BUBACTCSI U MEHSETCS. OTO IOCTOSHHBIM MpolecC CO3JaHus U
pacTBopeHMs. PacueTbl MOKa3bIBAlOT, YTO /s OOpa30BaHUs TMOYBBI TONIIMHOW 2-3 cM IpH
OnaronpuaTHeIX ycnoBusax TpeOyercsa 200-1000 ner. OpHako BeTep M BOjAA pa3pyllaloT IOYBY,
¢dbopmHpoBaBIIyIOCS ThicsYeneTusaMu, 3a 20-30 net. [To cBoeMy cTpOEHUIO0 U XUMHUYECKOMY COCTaBY
IIOYBA JIETKO BIUTHIBAET M HAKAIIJIMBACT BPEAHbIE BEIECTBA, MOMNAJAI0IINE B OKPYKAIOILYIO CPEAY
[0 KaKUM-TMOO MpUYMHAM. B CBSI3U ¢ TeM, 4TO MEPHOA PA3JIOKEHUS 3TUX COEIUHEHUH JOJIbIIE,
4YeM y IOYBBI, BO3JlyXa M BOJBbI, MPOOJIEMY 3arps3HEHUS MOYBbI MOXKHO HE 3aMedarb TOAAaMHU.
ITockonbKy 3eMilsl, B OTJIIMYKME OT BOABI M BO3yXa, MOXKET OBbITh OOBEKTOM YaCTHOM COOCTBEHHOCTH,
3TOT (aKkTop B psAe CIy4aeB YCIOXKHSET MPOBEIACHHE TEeX WIM MHBIX HPUPOJOOXPAHHBIX
MEpPOMPUATHH, TOCKOJIbKY HEOOXOAMMO pa3pelleHne COOCTBEHHHMKAa 3€MJIM WM JIMla, ee
ucnone3ytomero. [Ipu HerpaMOTHOM M 4Ype3MEPHO HMHTEHCHBHOM HCIIOJIb30BAaHUM  3€MJIS
IIOJBEPraeTcs dKCIUTyaTallii U yXyAlaeTcs ee kadyecTBo. Cienyer npuiararb MOCTOSHHBIE YCUIIHS
1 3a00Ty, 4TOOBI 3TOr0 HE MPOU3O0IILIO0, UHAYE, €CIM HE MPEJOTBPATUTH MPOLECC pachajia MOYBHI,
OHA HE CMOXET JIOJIKHBIM 00pa30M BBINOJIIHATH CBOM (GyHKIMU. OCHOBHBIE TPOOIEMBI OXpaHbl TOYB
CBs3aHBI C OOpbOOI ¢ 3po3Meid, 3acOICHHEM, YIIJIOTHEHHEM W 3aTBEPJCBAaHHEM. DpO3Us TOYB
JIETKUX 110 MEXAaHWYECKOMY COCTaBY HJIM HE CJEyeT KyJIbTUBUPOBAaTh 0€3 MPUHATHUSA KOHTpMep. B
pe3ynbTare 3pOo3Un MPOLYKTHUBHOCTH CEJIbCKOXO3SIMICTBEHHBIX KyNbTyp cHuxkaercs Ha 20-40%. Ha

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 104



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108

ATOM HETaTMBHOE BO3JICUCTBHE PO3WMM HE 3aKaHUMBaeTCs. B BepxHeW 4acTu MOuYBBI 00pa3yroTCs
OBpard W BIAIUHBI, YTO 3aTPYyIHSET OOpaOOTKy IMOUYBBI M COOp ypokas. Dpo3us paspyiiaet
TEPPUTOPUIO MHUTAHUS PACTCHHUM, OTPULIATEIBHO BIMSIET HA PACTEHUS W KUBOTHBIX, HapyIIaeT
Oouonornueckoe paBHOBecHue. llociaeacTBHs SpO3UM MOXKHO MHUHHMH3HPOBATH IMPUMEHEHHEM
BBICOKMX arpoTeXHUYecKkux wmeponpusatuid. [lng OopbObl € 3po3uell Ba)XKHO HCIOJIB30BATh
MIPaBWIbHBIE  CEIbCKOXO3SMCTBEHHbIE MeTOAbl. [IpOTHBOAPO3UOHHBIMU MepaMu  SABISIOTCA
YCTPOWCTBO 3aIIUTHBIX IOJIOC B JIECY, BCIIAIIKA MOYBHI 0e3 ee 00pabOTKU, CTPOUTENHCTBO 3AIIUTHI
OT HaBOJHEHUH, PErYJIMPOBaHUE BbITIACa KUBOTHBIX. VICOIb30BaHNE TPABSIHBIX KYJABTYP Ha CKJIOHE
TaK)kKe€ OTHOCHTEIFHO MPEJOTBpaIlaeT 3po3uto. Vcrnonb3oBanrue ceBooOOpOTa U yIOOpeHU Urpaet
BaXXHYIO POJIb B COXpaHEHUM MoyBhl. [locanka OAHONETHUX W MHOTOJIETHUX TPaB B CEBOOOOPOTE
3alMIIAET IOYBY OT JAOXKIEBBIX Kallelb W IIPEeJOTBpAIAET I1aBOJKOBBIE IaBOJKH. BHeceHue
yIoOpeHHuil BIMsET Ha pa3BUTHE KOPHEBOM M HAA3EMHOM YacTH pPACTCHHH W MPHUBOIUT K
0o0pa30oBaHMIO MOIIHOM BereTalyu. OJTO 3alllMIIaeT MOYBY OT BOAHOM M BETPOBOM 3pO3UHU.
Jlecomenuopatiysi UrpaeT BaXKHYIO pOJb B KOMIUIEKce OOpbObI C 3po3ueil. ['maporexHuueckue
COOPY)KEHUSI CTPOSITCS JUIsl NMPENOTBPALICHUS] pa3MblBa CKJIOHOB M HAKOIUIEHHS MABOJKOBBIX BOJI.
JIisi TIOATOTOBKM W TPOBENCHUS] MEPOIPHUSATHNA MPOTUB IPO3UH HEOOXOAUMO MPOBECTH PSi
X034KiCTBEHHBIX paboT. [louBoBeAbl U 3eMIIEyCTPOUTENTN COBMECTHO C arpOHOMamH OINPEAEISIOT
KaTeropuu IMOYB, TMOJBEPKEHHBIX BOIHOM M BETPOBOM d3po3uu, s pa3paboTKu IUIaHa
MIPOTHBOAPO3UOHHBIX paboT. boprba ¢ apo3meit — 310 He KpaTkocpouyHas kKamnanus. OHO JOIKHO
OCYLIECTBIIATbCA IOCTOSIHHO, TOCIEA0BareNbHO U 1o Iuia”y. [Ipouecc spo3um, ero npupona u
MPOJIODKEHUE CBSI3aHbI C )KU3HEESTEIbHOCTRIO JIFoaei [2].

HenpasunbHoe 3emiiefiennue BbI3bIBAET 3p03ui0. CelbCKOX03SICTBEHHbIE PAOOTHUKHU JTOJIKHBI
3HATh, YTO MPEAOTBPATUThH 3PO3HIO0 Jierye, 4eM OOpoThbCs ¢ HEW. 3acOJeHHE MOYBbI TAKXKE IJIOXO
BJIMSIET Ha €€ KaueCTBO. 3aCOJICHUE BO3HUKAET B PE3YJIbTATE IMOBBIILIEHUS YPOBHS I'PYHTOBBIX BOJ
IIpU HETPaBUIBHOM HCIOJIB30BaHUM OpoOLIeHHs. B 3T0 BpeMsi rpyHTOBBIE BOJIbI MOAHUMAIOTCS
BBEpX MO KaMWuIgpaM M COJU TMOCJe HCIapeHus OCTAaroTcs B mouBe. s mpemoTBpaieHus
3acoJIeHUsl cienyeT CcoOonaTh IMpPaBUIbHBIE HOPMBI OPOLIEHMS, IMPOMBIBATh IIOYBY 4Yepe3
JPEHaXHYI0 CUCTEMY, YAAJIATh T'PYHTOBBIE BOZABI JPEHAMH, COAEPKAaTb OPOCUTEIBHYIO CUCTEMY B
YUCTOTE, NPHUMEHATh MPHU I[IOJHUBE MPOTPECCUBHBIE METOMbI. 3acCOJIEHHE PE3KO CHHKAET
npoayktuBHOCTh. [lpu 3acomenuu 0,5-0,7% ypoxkaitHOCTh xjomka cHmkaeTcs Ha 40-50%.
Menuopanus 3eMens UMeeT 0oJbIIoe 3HaYeHue. Ecnu 1esaTenbHOCTh YelnoBeka B MPOMBIIUIEHHON
cdepe He CB3aHA ¢ TPEOOBAHMUAMU OXpaHbl MPUPOBI, OHA BBI3BIBAET 3arpsi3HEHUE OKpPYKarolen
Cpellbl, B TOM YHUCJIE MOYBHL. B OTIM4YMe OT MPUPOIHBIX PECYPCOB, BOABI, GIIOpHI U (dayHbl, TOYBa
HEBO300HOBIIIEMAa M CO3/aTh MCKYCCTBEHHYIO IOYBY HEBO3MOXHO. [loaTomy Oomblnoe 3HaueHHe
MMEET POCT YUCIIEHHOCTH HAaceJIeHUs, €ro NOTPEOHOCTh B ChIPbE, a TAK)KE BOIIPOCHI OXPaHbI MIOYB C
1[eNIbI0 00eCTIeYeH s CTPAHbI ChIpbeM B OynyiieM. Bornpocsl oxpaHbl IOYB B OCHOBHOM COCTOSIT U3
CBOEBPEMEHHBIX U MPABUJIBHBIX Mep OOpHObI, pa3paboTaHHBIX HA HaydHOH OcHOBE [3].

KommuiekCHBIMM ~ MEpONPHUATUSAMUA TIO OXpaHE 3€Mejb SBISAIOTCS: YYET 3€Mellb, HUX
b deKTHBHOE W TPABUIBHOE HCIOIB30BAaHHE, KOHTPOJb 32 HUMH, 3aCTPOMKA CYIIECTBYIOIIUX
JIECHBIX MOJIOC, OXpaHa 3eMellb OT 3arpsA3HeHHs (0TX0JaMH U BPeIHBIMU XUMUKAaTaMH), TpaBUIIbHAS
OpraHu3aIys BbIaca KUBOTHBIX. , OPTaHU3AINS TPOTUBOIPO3UOHHBIX MEPOIIPHUSATUIN, MPUMEHEHHE
CHEIUAJbHONM  TEXHUKH, OCYIIKAa HACAKJICHUW, TNpaBWIbHAs  OpraHU3alMs  OPOILIEHUS,
MpeA0TBpAIEHUE NONaJaHusl MeCKa, KOHTPOJIb BOJHOCTH, BBIIIOJHEHUE MEPONPUITHII CAHUTAPHO-
TUTHCHUYECKOW 3alllUThI, TPEABUICHUE CYIIECTBYIONINX PEKOMEHAANNN B CTPOUTENBHBIX H
JTOPOKHBIX paboTax, MPUMEHEHHE XWMHKATOB, OOprOBI C copHsikamMH u T. n. Korma 3emis
UCMOJIb3yeTcsl OECIUIaHOBO, HE KOHTPOJIMPYETCS U 3arpsi3HACTCS, OHA 00s3aTelIbHO UCHOPTUTCS U
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notepsier cuniy. [lpu obcmyxuBanun 3emun kaxasie 100 ra 3emMin MOTYT 00€CTIEUYUTh 3€pPHOM B 5-
10 pa3 6osnbIie roaei [5].

Tsoxenple MeTaIbl MMEIOT yAEIbHBIM Bec Ooznee 4,5 r/cm® um obwvenuusitor Oomnee 40
XUMHAYECKHX AJIEMEHTOB. DTHU 3JI€MEHTHI BCTPEUAIOTCS B IPUPOJIE B BU/I€ YCTOWYMBBIX COCTUHEHUH,
TaKMX KaK KapOOHaThl, CWJIHMKAaThl U Cylbdarbl. OCHOBHBIMH TSDKEIBIMH — METallJIaMH,
obOHapyXeHHBIMHU B OKpY»Karoieit cpene, sastorcs: Pb, Hg, Cd, As, Ni, Cu, Zn, Mn, Cr, Sb, Bi, Ba.
HekoTopble M3 TSKEIBIX METAJUIOB SBISAIOTCS HEOOXOIMMBIMU 3J€MEHTaMH JUIl HOPMaJbHON
KHU3HEJEATSTPHOCTH B HHU3KMX KOHIIEHTpauusax. lloaToMy He cymiecTByeT YEeTKOH TIpaHHIIbI,
OTIpE/ICTISIONICH BasKHbIE U BPEIHbIE CBOMCTBA HEKOTOPHIX BEUIECTB. B cocTaB TSAkKeNbIX METAIIOB
BXOJST METaJUIbl, BaKHbBIC JJISl KU3HEACSITEIbHOCTH YeloBeKa (LMHK, YKeJie30, MOIUOJEH, Meb,
ceneH, Maprasen u jp.). ConepUT TOKCHYHBIE IJIsi OpraHn3Ma BelecTBa (KaJMui, pTyTh, CBHHEL,
HUKEJb, XPOM, MBIIIBIK U JIp.). DTU METAJUIBl B BRICOKUX KOHIICHTPAIMSIX OKa3bIBAIOT CEPHE3HOE
BO3/ICMCTBHE HAa PACTEHUS U KUBBIE OPraHU3Mbl U MPHUBOAST K BO3HUKHOBEHHUIO psiia MpoOIieM.
Crnenyer OTMETUTh, YTO K€J€30, Melb, IIMHK, MOJIUOJEH, MapraHen W JAp. 3JI€MEHT HEeoOXOIuM
OpraHu3My TOJBKO B MHKPOA03aX, B IPEBBIIICHUH /03Bl OH KpaiHe omaceH. CBHHEN, pPTYTh,
KaIMUH, MBIIIBIK TYOUTEIHHO JICHCTBYIOT Ha JKHUBBIC OPraHU3MBbI B JIFOOBIX KOHIIEHTpANUAX. Tak
BOT, IIPU TIOMAJaHUM ATUX DJIEMEHTOB B OPraHU3M Jla)Ke B BUJEC KOMOMHAIIMI MPOUCXOAUT CUILHOE
orpaBieHre. OHU O0Opa3ylOT CIOXKHYIO KOMOMHAIIMIO C AaMHHOKHCIOTaMHd, (GepMeHTaMu |
BUTAMHHAMHU B KPOBU M OKAa3bIBAIOT CEPhE3HOE BIHMSIHUE HA JKU3HEACATEILHOCTh opranuiMa. [lpu
3arps3HEHUH TSDKEJIBIMUA METaJlllaMi COOpaHHBIE B TIOYBE BHICOKHE KOHIIEHTPAIMH MTOTAIAI0T Yepe3
pacTeHus B MUILEBYIO IIeTb U, KaK CIEICTBUE, BBI3BIBAIOT Pa3INMYHbIC MATOJOTHYECKUE COCTOSIHUS B
OpraHM3Me S>KUBOTHBIX M uyenoBeka. C 9SToi TOYKM 3pEHHUs, €CIM OLEHUBATh 3arps3HEHUE,
BBI3BAHHOE TSDKEJIBIMH METAUIaMH, OSTOT yImepd HE MOXET OBITh BBIPAXKEH KaKUM-JIH00
HSKOHOMHYECKHM TI0Ka3aTelieM, 1 B KOHEYHOM HTOT€ MPOJODKEHHE CHTYallud MOXKET TMPUBECTH K
pa3pyIIeHHIO OPraHUYECKOTr0 MHUpa MoYBHI [7].

B HexoTOphIX cHcTeMax MeXaHW3M JCHCTBHSI TSDKENBIX METaJUIOB BapbUpyeTcs B
3aBHCUMOCTH OT KOHLEeHTpanuu. CIlieyeT y4YuTHIBaTh KOHIIGHTPALMIO METAUIOB B TaKUX
opranusmax. UpesMepHble KOHIEHTPAIMH TSHKEIBIX METAJUIOB OKa3bIBAIOT TOKCHYECKOE JIeHCTBHUE.
B ominume ot 3T0ro0 00111eT0 Mporecca, TSHKENIble MeTaJlIbl AEUCTBYIOT HE TOJIBKO B 3aBUCHUMOCTH OT
KOHIIEHTpaIuu, 3h(}eKT 3aBUCHT TakKe OT BHJA XHBOTO OpraHM3Ma M CTPOCHHs HOHA MeTasuia
(XMMHYECKOTO  CTPOCHHMS,  OKHCIUTEIbHO-BOCCTAHOBUTEIBHON M  KOMIUIEKCOOOPAa3yroIIeH
CrocoOHOCTH, POPMBI BCaChIBaHUSI B OPraHU3M), BEPOATHOCTh HAKOIIEHUSI B OKpYXalolle cpene,
JoKajbHOE 3HayeHue pH u t. 1.).

OmnpeneneH mpeaen KOHIIGHTPAIMM TSHKETBIX METANIOB B TMHTHEBOW BOAE M MHUIIEBBIX
NPONYKTaX, W HEOOXOJMMO OpraHM30BaTh KOHTPOJb 332 OJTHMH HOPMAaMH CO CTOPOHBI
COOTBETCTBYIOIIMX YUpPEXKICHUA. TspKelble MeTalyibl Kak IIoOaNbHBIA (pakTop 3arps3HEHUs
MPEJICTABIISIFOT OMACHOCTh U PUCK IS JKU3HH YeJIOBeKa U BCEro KMBOTO. B 3aBHCHMOCTH OT TakuX
(hakTOpoB, KaK HKCHO3MIIMOHHAS 1032, T€HETUYEeCKas CTPYKTypa, UMMYHHas CHCTEMa 4YellOBEKa,
COCTOSIHHE 3/IOPOBBSI, BO3PACT, YPOBEHb MUTAHUS, OH BBI3BIBACT Yy JIIOJCH pa3audHble 3a00eBaHus,
npex/ie Bcero pak. [locTyruieHne TsoKeNNbIX METaJUIOB B OPraHU3M YeJIOBEeKa MPOUCXOIUT HE TOIBKO
Yyepe3 MUIIEBYIO IeTb, HO TAK)KE Yepe3 OpraHbl IbIXaHHs U 9epe3 KOXKY.
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Annomayusa. B HacTosiee BpeMs paclpOCTpaHEHHE MHUKPO- M HAHOIUIACTHKA B IMHIIEBOMN
LEeNH U OKpPYXaroIlel cpesie CTajlo akTyalbHOH M colManbHOM TeMoil. B opranusm uenoBexa oHU
[ONaJal0T TMPEUMYLIECTBEHHO Yepe3 IMHINY, BOAY M HAlNWUTKH, YNAKOBAHHBIE B pa3IMYHbIC
TUTACTUKOBBIE MaTepPHalIbl, OYTHUIKH MIJIM KOHTEHHEPHI. YCTaHOBIICHO, YTO OOJBITMHCTBO TOPOJCKUX
MCTOYHUKOB BOJIbl 3arpsi3HEHBl MHUKPOIUIACTUKOM H3-3a2 CTOYHBIX BOJA. OCHOBHas Iiefib CTaTbU
3aKJII0Ya1ach B U3y4E€HUH OCBEIOMIIEHHOCTH 00 MCTOYHMKAX MUKPOIUIACTHKA, YPOBHE BO3CHCTBUS
Y MOTEHIMAJIBHBIX PUCKAX JUIS 37J0POBbS, CBA3AHHBIX C 3arpsS3HEHMEM IPONYKTOB MUTAHUS U BOJbI
MUKpOIUJIACTUKOM IyT€M aHKETUPOBAaHUS TE€TEPOTreHHOW ayIuTOPUH HWHTEpPHET-T0JIb30BaTeseH.
[Tpodumnaktuyeckass HaMpaBICHHOCTb AHKETHPOBAHMs BKIOYana: 1) MpoBeAEHUE aKLUMU Ha
menunuHckoM ¢akynstrere KPCY  «Jlenp 0e3 miactukay; 2) pa3paOoTKy, NyONUKalUi0 U
pacnpocTpaHeHrne HHPOPMALMOHHOTO JIMCTKA B HHTEPHET-COOOIIECTBE MO KIIOYEBBIM UCTOYHHUKAM
MoNa/laHusl MUKPOILJIAaCTHKA B €XKEJHEBHBIM pallloH 4esoBeka. TecToBas rpymnmna cocrosuia uz 502
MHTEpPHET-NI0JIb30BaTeNel. ABTOpPCKas aHKeTa BKJoyana 26 BONPOCOB: aHKETHBbIE JaHHBIE (5
BOIIPOCOB), pa3Mepbl MHUKPOIJIACTUKA, MCTOYHHUKM IONy4eHHUs HH(POpMallUU, OLEHKa (akTOpoB
pHUCKa MoMNajaHusl MUKPOIUIACTUKA B OpraHM3M, €ro COJEpKaHWE B NMHILIE M BOAE U BIMSHHE Ha
37I0pOBbE UeNOBEKa (MPUBENEH CIHUCOK 16 3a0oiieBaHUil, CBS3aHHBIX C MHKPOILIACTHKOM).
Craructuueckas o0pabOTKa MOJYYEHHBIX PE3YyJIbTaTOB IPOBEAECHA C IMOMOIIBIO MPOrPAMMHOIO
obecnieuenust SPSS Bepcus 28.0.1. Ankersr 502 pecnioneHTOB B Bo3pacte 14—50 et nomy4yeHsl ¢
MIOMOIIIBIO OHJIAWH-0Mpoca B niepros ¢ okTsiopst 2023 mo stuBappb 2024 rr., ucnons3ys Google forms.
Jlemorpaduueckyto CTpyKTypy OTpa)kayuo npeoOnaJaHue MpelCTaBUTEIbHMII KEHCKOro moja —
52,4%, myxxunnbl coctaBisiii 47,6%. 1o ypoBHIO 00pa3oBaHUs cpeld CyObEeKTOB TOMUHUPOBAIU
CTYAEHTHI, HemoiHoe Bhiciee (67,3%), 3arem cpennee (14,8%), Boiciiee (9,9%) u HavanmpHOE
oOpaszoBanue (8,8%). BonbIIMHCTBO aHKETHUPOBaHHBIX JHIl MpokuBaiun B ropoae (80,3%), mo
CPaBHEHHIO C celabCKoi MecTHOCTHIO (19,7%). IlockonbKy B aHKETUPOBAaHUH Y4acTBOBAIN MOJIO/IbIE
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moau, 10 49,8% pEeCOHIEHTOB BEPHO OTBETWJIM HA BOIPOC O TOM, YTO MHMKPOIUIACTHK — 3TO
MeJIKHE YacTUIlbl pasmepoM 5 MkM. HenpaBuiibHO oTBeTnun 50,2% ONpOIIEHHBIX, YKa3aB pa3Mephl
10 u 15 MxM. PecrioHAEHTBI OTMETHIIM, YTO MUKPOIUIACTHK Yallle COACPKUTCS B OyTUIMPOBAHHOU
Boje (29,5%), vaiinbix makerukax (17,3%), npupoanoit Bozae (10,3%), pride (8,1%), conu (6,3%),
Mopernpoaykrax (5,5%) u mene (4,5%). Bce Bolenepeunciennoe otMeTuian 29,5% OnpoIIeHHBIX.
BONbIIMHCTBO PECMOHJAECHTOB HA BOIPOC: KaKHe OBOLIM Yalle BCEro 3arps3HSIOTCS
MUKPOTUIACTUKOM, OTBeuyaynu, 4ro Hukakue (38,5%), mamee xopuemnonsr (30,4%), nyk (13,1%),
kamycra (9,7%) u 606oBbie (8,3%). Cpeau mpeAcTaBIeHHOW BBIOOPKH IMPABWIBHBIA OTBET —
KOPHEIUIO/bI HauboJiee MoBEP:KEHbI 3apakeHu10. M3 pe3ynbTaToB aHKETUPOBAHUS CIIEAYET, YTO B
obITy 45,8% OIpOLIECHHBIE Yallle BCETO HCIOIb30BAIHU IIACTUKOBBIC TAKeTHI (55,7%), yIIakoBKy IS
nuuieBslx NpoaykToB (18,7%), 3areM kocMeTHKY M rurueHudeckue cpeacrsa (17,4%), urpymxu
(5,9%) u cromossie ipuOOpPHI (2,3%). JKHBS B «IJITACTHKOBOM MUPE», HHTEPHET-IOJIL30BaTEIN, €r0
KaK-TO HE 3aMEYaloT, Ha BOIPOC HACKOJIBKO YaCTO aHKETHUPOBAHHbBIE JIMIA HCIIONB3YIOT U3ACTUs U3
mactuka, 64,7% W3 HUX OTBETWIM, YTO €XeAHEBHO, 26,7% — wuHorma, 8,6% — penko. Kak
MOKa3ajdl pPe3yJbTaThl AHKSTHPOBAHMS, dYalle BCero HMH(MOPMANHMIO O Bpele MHUKpPOIUIACTHKA
WHTEPHET-TIOJB30BATEIN TMOJIyJall W3 CONHMAIBHBIX cereid 26,5%, nouckoBuka ['yrm — 20,7%,
HayuHbIX ctateii — 18,9%, HoBocteit — 17,1%, Bo Bpemst 00I1IeHUS ¢ IpYy3bIMH, ceMbeld — 5,5%.
B 10 )e Bpems 11,3% pecnonaeHToB mpobiema He uHTepecoBana. llpu cpaBHEHUU OIICHKHU
WH()OPMUPOBAHHOCTH O TIPSMOM M KOCBCHHOM BIIMSIHUM ITUTACTHKA Ha 3JI0POBbE HYEIIOBEKA IPHU
MIPOM3BOJACTBE IUIACTHKA W IMOTPEOUTEIHCKOM HCIOIB30BAaHUM ILIACTMACC OBLIM OCBEIOMIICHBI
(46,0% u 37,1% cooTBEeTCTBEHHO), HEMHOTO ocBeaoMieHbI (31,9% u 37,8%) u He 3namm (22,1% u
25,1%). Puck, KOTOpBIH, MJIACTUKOBOE 3arpsi3HEHHE MPEICTaBIsIeT I AUKOM MPHUPOJbI, a TaKKe
JUTSL 3[I0POBbSI, OJIATONOMYYHS M TPOIBETAHUS YEJIOBEKA, PECIIOHICHTHI OIEHWIH KaK CpeaHuil. 3a
AKTUBHOE COKpAIIEHWE MCIOJIb30BAHUS W3JEINN U3 TulacTHKa BhICTYNUIU 34,6% pecrnoHICHTOB.
33,7% y4acTHUKOB OMNpOCa HAXOASTCS IOKAa HAa YpPOBHE OCO3HAHHUS MPOOIEMBI U TOMBITKU
COKpaleHus: noTpedienuss 1iactuka. 31,7% 3arpyaHsitoTCS C OTBETOM, IMOCKOIBKY HE BUIAT
aJBTEpPHATUBBL. B Bompoce, KacarommMcsi OCBEIOMIICHHOCTH O BIIMSSHUHA MUKPOILIACTHKA («THUXUN
yowuiiiiay) Ha pa3BUTHE 16 KOHKPETHBIX 3a00JEBaHUN, PECHOHACHTHI 0OOJiee BCEro 3HAIU:
3a00NIeBaHUs MUIIEBAPUTETHHON CHCTEMBI, allJIEPTUU, XPOHHUUECKOEe BOCHAICHUE, PECITUPATOPHBIC
MPOOJIEMBI, PaK ¥ PENPOAYKTUBHBIE TPOOIIEMBI.

Abstract. Currently, the spread of micro- and nanoplastics in the food chain and the
environment has become a relevant and social issue. They enter the human body mainly through
food, water and drinks packaged in various plastic materials, bottles or containers. It has been
established that most urban water sources are contaminated with microplastics due to wastewater.
The main objective of the article was to study the awareness of microplastic sources, exposure
levels and potential health risks associated with microplastic contamination of food and water by
surveying a heterogeneous audience of Internet users. The preventive focus of the survey included:
1) holding an action at the medical faculty of KRSU “Day without plastic”’; 2) development,
publication and distribution of an information leaflet in the Internet community on the key sources
of microplastics in the daily human diet. The test group consisted of 502 Internet users. The author's
questionnaire included 26 questions: personal data (5 questions), the size of microplastics, sources
of information, an assessment of the risk factors for microplastics entering the body, its content in
food and water and the impact on human health (a list of 16 diseases associated with microplastics
is provided). Statistical processing of the obtained results was carried out using SPSS version 28.0.1
software. Questionnaires of 502 respondents aged 14-50 years were obtained through an online
survey from October 2023 to January 2024 using Google forms. The demographic structure
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reflected the predominance of female representatives - 52.4%, men accounted for 47.6%. In terms
of education level, students dominated among the subjects, incomplete higher education (67.3%),
then secondary (14.8%), higher (9.9%) and primary education (8.8%). Most of the respondents
lived in the city (80.3%), compared to rural areas (19.7%). Since the survey involved young people,
49.8% of respondents correctly answered the question that microplastics are small particles
measuring 5 microns. 50.2% of respondents answered incorrectly, indicating sizes of 10 and 15
microns. Respondents noted that microplastics are most often found in bottled water (29.5%), tea
bags (17.3%), natural water (10.3%), fish (8.1%), salt (6.3%), seafood (5.5%) and honey (4.5%).
All of the above were noted by 29.5% of respondents. Most respondents to the question: which
vegetables are most often contaminated with microplastics, answered that none (38.5%), followed
by root vegetables (30.4%), onions (13.1%), cabbage (9.7%) and legumes (8.3%). Among the
presented sample - the correct answer is - root crops are most susceptible to contamination. The
results of the survey show that in everyday life 45.8% of respondents most often used plastic bags
(55.7%), food packaging (18.7%), then cosmetics and hygiene products (17.4%), toys (5.9%) and
cutlery (2.3%). Living in a “plastic world”, Internet users somehow do not notice it, to the question
of how often the respondents use plastic products, 64.7% of them answered that every day, 26.7% -
sometimes, 8.6% — rarely. As the results of the survey showed, most often Internet users received
information about the harm of microplastics from social networks 26.5%, Google search engine —
20.7%, scientific articles — 18.9%, news — 17.1%, while communicating with friends, family —
5.5%. At the same time, 11.3% of respondents were not interested in the problem. When comparing
the assessment of awareness of the direct and indirect impact of plastic on human health during
plastic production and consumer use of plastics, they were aware (46.0% and 37.1%, respectively),
slightly aware (31.9% and 37.8%) and did not know (22.1% and 25.1%). The risk that plastic
pollution poses to wildlife, as well as to human health, well-being and prosperity, was assessed by
respondents as average. 34.6% of respondents were in favor of actively reducing the use of plastic
products. 33.7% of survey participants are still at the level of awareness of the problem and
attempts to reduce plastic consumption. 31.7% find it difficult to answer, since they do not see an
alternative. When asked about awareness of the impact of microplastics (the silent killer) on the
development of 16 specific diseases, respondents were most aware of: digestive diseases, allergies,
chronic inflammation, respiratory problems, cancer and reproductive problems.

Knrouesvle cnosa: ankerupoBaHUE, PECHOHICHTHI, OCBEIOMIIEHHOCTh, MUKPOILJIACTHK, BOJA,
MU, ICTOYHUKHU MTOCTYIUICHHUS, 3arpsA3HEHUE MUIIIH, 310POBbE YETOBEKA.

Keywords: survey, respondents, awareness, microplastics, water, food, sources of intake, food
contamination, human health.

B Hacrosmiee BpeMs paclnpoCTpaHEHME MHUKPO- M HAHOIUIACTMKA B IHUIIEBOM LENHU U
OKpY)KaIOLIEH Cpele CTall0 aKTyaJlbHOM U COLMAIBHOM TeMOW. B opraHusm ueimoBeka OHMU
MOMAIAI0T MPEUMYIIECTBEHHO  4Yepe3 THINY, BOAY M HAIUTKH, YIAKOBAaHHBIE B pa3JINYHbIC
IJIACTUKOBBIE MaTepHralibl, OyThUIKH WM KOHTeHHepH! [1].

YCcTaHOBJIEHO, YTO OOJNBITUHCTBO TOPOACKUX HCTOUHUKOB BOJABI 3arpsi3HEHBI MUKPOTLIACTUKOM
HU3-3a CTOYHBIX BOA. IlomararoT, 4TO MOBHIIICHHE OCBEOOMICHHOCTH HACEICHUS SBIISECTCS OJHOM U3
Han0oJiee aKTyalIbHBIX JOJITOCPOYHBIX CTPATETUN MO COKPAIICHHUIO 3arps3HEHUS] MUKPOIIJIACTHKOM
cpenbl oOuTaHus 4yesnoBeka. [1macTuk sBIIEeTCS MOBCEMECTHBIM M OE3TpaHUYHBIM 3arpsI3HUTENIEM B
pa3IMYHBIX cpelax OT MOYBBI MO0 BOABI U armocdepsl. bonbllas 4acTh MiIACTHKA CYIIECTBYET B
OKpYKalolllel cpelie B BHUJIE MUKPOIUIACTUKA (pa3Mep MEeHee 5 MM) U3 MEePBUYHBIX U BTOPUYHBIX
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HMCTOYHUKOB. 3a TOCIEIHEE MECATHICTHE YBEIMYHIIOCh YHCIO HWCCIEAOBAaHHMN O HaJU4He
MHUKPOIUTACTHKA B PA3INYHBIX IPOAYKTAX MATAHMs U HarmuTKax [1-4].

[TumeBoe BO3AEHCTBHE SIBISIETCS BaXKHBIM IYTEM 3arpsi3HEHUs] YEJIOBEKa MHUKPOILIACTUKOM
[5].

[InacTukoBOE€  3arps3HEHHUE  SBISIETCS  OCHOBHBIM  (JAaKTOpPOM, KOTOPBIH  HAHOCHUT
HeTonpaBuMbIi yiiep0 npupoze. [TmaBHas mpobiieMa — He caM IJIACTHK, @ MbI, TPOU3BOIUTEIH H
norpedurenu. Kaxapiit U3 Hac, )KUTENEH MIaHEeThI, OTBETCTBEH 3a BEIOpOC Oosee 50 THICSY YaCTHIL
MUKpoIiacTuka B rof. Ilomcunrtano, 4ro mroau, BeImUBaromue ot 1,5 A0 2 11 BOABl B JIEHb U3
MJIACTUKOBBIX OyThUIOK, rmoydaroT 90 000 m1acTUKOBBIX YacTHIl B Tojl. B CBSI3M C aKTyaabHOCTHIO U
COIIMAIPHOM  3HAUMMOCTBIO, 3aWHTEPECOBAHHBIC JIFOAW MPOBOASAT  HAIMOHAIBHBIC  JTHU,
MOCBSIICHHBIE MHKporutactuky. Accambness OOH mo okpyxkatomeit cpene B 2022 1 Obuia
MOCBSIIICHA MPOOJIeMe TUTACTUKOBOTO 3arpsi3HeHUs. [0 cUX Top HEW3BECTHO, HACKOJIBKO MUKPO- H
HaHOIUIACTUKU BPEIHBI IS 3/I0POBbsl. YCTAHOBJIEHO, YTO HE TOJBKO HACEJICHHE, HO M PaOOTHUKH
OOIIIECTBEHHOTO  3APaBOOXPAaHEHUs HEIOCTAaTOYHO HHPOpMUpPOBaHEI O dddexre nehcTBUs
MHUKPOIUTACTHKA Ha 3710pOBbE ueiioBeka [6—8].

OcHoOBHasg 1e/Ib CTaThbU 3aKio4yajgach B HM3YYEHHH OCBEIOMJIEHHOCTH OO0 MCTOYHHMKAX
MUKPOIIJIACTHKA, YPOBHE BO3JCHCTBUS U TMOTEHIUANBbHBIX PUCKAX MJS 370POBBS, CBSI3aHHBIX C
3arpsi3HEHUEM MPOAYKTOB MUTAHUS U BOJbI MUKPOIUIACTUKOM ITyTEM aHKETHUPOBAHUS T€TePOreHHON
ayIUTOpPHH HWHTEpPHET-ToNb3oBaresield. [IpodumakTryeckass HamMpaBICHHOCTh AHKETUPOBAHUS
BKJIIOYana: 1) mpoBenenne akuuu Ha MenunuHcKoM (akynsrere KPCY «/lens 6e3 mimactukay; 2)
pa3paboTKy, MyOIUKaIMIO U paclipocTpaHeHre HH(pOpMalmoHHOro iucTKa B THTepHeT-coob1iecTBe
10 KJIFOYEBBIM HCTOYHHMKAM TIOTAIaHUsI MUKPOIIACTHKA B €KETHEBHBIN PAIIMOH YEIOBEKa.

Mamepuan u memoowl ucciedosanus

Meron c6Gopa uHpopmauuu: aHkeTUpoBaHue. CUHMTAIOT, YTO XOpollas aHKeTa J0JDKHA
cozepxarb oT 25 1o 30 BompocoB U 3armojHeHa B TeueHue 30 MUHYT, YTOOBI COXpaHUTh UHTEPEC U
BHUMaHHE aHKETHpyeMbIX. s TocCTaBIEeHHBIX Iieneil Oblia pa3paboTaHa aBTOPCKas AaHKETa,
BKJTFOUAOIIasi 26 BOMPOCOB: aHKETHBIC JaHHBIE (5 BOMPOCOB), 0Opa3oBaHHE, OIIEHKA pPa3MEPOB
MHUKpPOIUIACTHKA, (DaKTOPOB pHCKa MOMAJaHHUs MHUKPOIUIACTUKA B OpPraHU3M M €ro BIUSHHE Ha
3/I0pOBbE YeJoBeKa (MpHUBeJeH cUCOK 11 3a0oneBaHMid, CBSI3aHHBIX C MUKPOIIACTUKOM). OTBETHI
ObuUTM  pa3OUTHI HA YPOBHH OCBEIOMIIEHHOCTH: HEMHOTO OCBEJOMJICH; OCBEJIOMJICH U HE 3HAI0 U
OLIEHEHBI HCTOYHUKH TomydeHus: nHdopmanmu. LleneBas rpynmna ncciieoBaHus BKIFOYaia aHKETHI
502 pecrioHIeHTa reTepOreHHOro BO3pacTa.

Craructuueckass o0paboTka mHpoBeleHa C IMOMOIIBI0 IporpaMMHoOro obecrnedeHuss SPSS
Bepcust 281.0.1.

Pesynomamot u obcyscoenue

Amnketsl 502 pecrioHAEHTOB B Bo3pacTe 14—50 jieT momydeHsl ¢ MOMOLIBIO OHJIAWH-0IIpOCca B
nepuof ¢ okta6ps 2023 no suBaps 2024 rr. Kenmumn — 52,4%, myxuud — 47,6% (Pucynok 1).

[To ypoBHIO 00pa3zoBaHusl cpeA CyObEKTOB JOMHUHUPOBAIM CTYIEHTHI, HEMOJHOE BbICIIEE
(67,3%), 3arem cpennee (14,8%), Boiciiee (9,9%) u HauanpHOE oOpa3oBanue (8,8%) (Pucynok 1).
[TonynsipHOCTB Cpear CHEHMATBLHOCTEH TO Ke ONpeNeNsaan cTyneHTHI (64,3%).

BoNbIIMHCTBO aHKETUPOBAHHBIX JMIl NpoxkuBanu B ropoae (80,3%), mo cpaBHEHHUIO B
cenbckoir MecTHOCcTH (19,7%). B aHkeTHpoBaHMM Y4acCTBOBAJIM MOJOJBIE OOpa30BaHHBIC JIFOIH,
nosToMy 49,8% pecrnoHACHTOB BEPHO OTBETHJIM Ha BOIMPOC O TOM, YTO MHUKPOIUIACTHK — 3TO
MeJKHUE YacTullpl pasmepom 5 MkM. HenpaBunbHo ykazanu 50,2% pecnionaeHToB: pasmepsl 10 u 15
MKM.
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52,4
47,6/ 67,3/

= Henonrxoe BrICIIES
= CpenHee

® )Kenckuit mon ™ MyXCKOi TOJ
Pucynok 1. OuieHka OTBETOB PECIIOHACHTOB 10 MOy U YPOBHIO 0Opa3oBanus, %

OTMeueHo, 9TO MUKPOILIACTHK Yallle COACPKHUTCS B OyTuirpoBaHHOU Boze (29,5%), yaltHbIX
naketukax (17,3%), npuponnoit Bone (10,3%), pride (8,1%), conu (6,3%), Mmopernpoaykrax (5,5%)
u meze (4,5%). Bee Boitenepeunciennoe otMetin 29,5% omnpoineHHbix (PUCYHOK 2).

N3BecTHO, UTO BCEro OAMH IJIACTUKOBBIM YaWHBIM MAaKETHK MOXET BBIIETUTH 11,6 Mipa.
MHUKPOIUTACTHKAa M 3 MIpJ. HaHOIUIACTHKA («HEMONMEOUMbI HaHoyOuiima»). Ilo mocnenHum
JTAHHBIM, OJTUH JIUTP OyTUIUPOBAHHOM BOABI BKIIFOUAET MOYTH 250 ThICSY MeTpYaliuX GparMeHTOB
wiactuka. Ilogcunrano, uro 1 kr comu conepkuT 212 yacTull MUKPOIUIACTHKA, YUCIIO KOTOPBIX
BapbUpYyeT B pa3HbIX cTpaHax. CpeaHss KOHLEHTpalus MHUKporuiacTuka cocraBmia 314+353 (0-
1280) wactum/kr B 32 mpoaHaNM3MPOBAaHHBIX oOpasmax Mena B Typuuu. beutnm oOHapyXeHBI
MHKPOIUIACTHKH C 4YeThIpbMs paziaudabiMu nonumepamu (EVA, PE, PP u Nylon-6), nByms
pa3nuuHbIME (popMaMu (BOJIOKHA U (PparMeHThI) U IIECTHIO PA3NUYHBIMU I[BETaMH (UEpPHBIA,
KOPUYHEBBIA, 3€JCHBIM, KpacHBIM, JKENTBIA W Mpo3payHbiii). EjkegHeBHoe moTpebiIeHHE
MUKPOIUTACTHKA NP NOTPEOICHHH MOHO(DIOPHOTO U MHOTO(IOPHOTO Meza ObIIO PACCUUTAHO Kak
1,20 u 0,85 wyactuin/meHs cooTBeTcTBeHHO. CpeaHHMI HHIEKC OMAcHOCTH MOJIUMEPa U YPOBHU
MH/IEKCA HArpy3kKu MHKpPOIUIACTHKA JAJs BCEX MPOAaHAIM3MPOBAHHBIX OOpPa3llOB Mela COCTABHIIU
16,7 16 u 6,70 1,0 coorBeTcTBeHHO [9].

Kpowme Toro, B 90% OGenkoBoi MUINU, HAlIEH MUKPOILJIACTUK: MOPETIPOTYKThI, KYpUHOE MSICO,
TOBSIMHA, TO(Y U BETraHCKUE KOTJIETHI JUIs Oyprepos.

" OYTHIIMPOBAaHHOW BOJE
29,5 ¥ yaiiHBIX MAKETUKAX
" IPUPOJHOH BOJE
= pbIOe
" conu
MOPEIPOIYKTax

17,3 " Mmene

Pucynok 2. OrieHKa OTBETOB PECIOHICHTOB O 3HAHUSAX, /1€ COACPIKUTCS MUKPOILIACTHK.

BONBIIMHCTBO PECTOHACHTOB Ha BOIMPOC: KaKWe OBOIIM Yalle BCEro 3arps3HSIOTCS
MUKpOIUIACTUKOM, OTBeyanu, uto Hukakue (38,5%), nanee xopuemnonsl (30,4%), nyk (13,1%),
kamycta (9,7%) u 0o6oBbie (8,3%). Cpenu mnpencTaBlIeHHON BBIOOPKHM — MPABHJIBHBIM OTBET
KOPHEIUTO/IbI, HIMEHHO OHU HauboJiee MmoaBepKeHb! 3apaxenuto (Pucynok 3).
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PI/ICYHOK 3. OI.ICHKa OTBETOB PECCIIOHACHTOB O TOM, KaKMC NNPOAYKThI 3arpA3HAIOTCA MUKPOILIACTUKOM

YcraHoBieHO, 4TO B OBITY 45,8% pPECHOHIEHTOB 4Yallle BCETO HCIOJIB30BaIM TIACTUKOBHIE
nakeTsl (55,7%), ynakoBKy AJisl IUILIEBBIX NPOAYKTOB (18,7%), 3aTeéM KOCMETHKY U I'MTHEHUYECKUE
cpenctsa (17,4%), urpymiku (5,9%) u ctosoBbie mpudopsr (2,3%) (Pucynok 4).

55,7 B [1)1aCTUKOBBIEC TAKETHI
B VakoBKa ISl TUIIEBBIX TPOIYKTOB
18.7 174 KocMeTHKa ¥ TMTHEHHYECKHE CPECTBA
1 [l

. 59 23 B Urpymku
— — B CroJ10BbIE IPUOOPHI

PI/IcyHOK 4, OIICHKa OTBETOB PECCIIOHACHTOB 00 MCIIOJIE30BAHUH UMHU I/I3I[eJ'II/II71 n3 IJ1aCTHUKa, %

[TorpeOuTenu 00s3aTeABHO JODKHBI 3HATH O THUIE IUIACTHKA ISl YHAKOBKH MHIIEBBIX
IPOAYKTOB, U O €ro BIMSHUM Ha 3/0pOBbE, TAK KaK XMMHUYECKHE BEIIECTBA U3 Hee MNPSMO
MUTpHUPYIOT B nuiy. Hampotus, eBponeiickoe mupokomacitabHoe anketupoBanue 1000 xureneit
B 2021 r oTpa3uio B IEPBYIO OYEPEb HUCIIOIB30BAHUE MUMHU YIAKOBKH Ul MHILEBBIX IPOAYKTOB,
KOCMETUKH M TUTMEHHYECKHUX cpelcTB [6]. Ha Bompoc HAcKoNbKO 4acTO aHKETHMPOBAHHbIE JIMIIA
WCIIONB3YIOT U3JENHs U3 IuacTuka, 64,7% w3 HUX OTBETWIIM, YTO €XEIHEBHO, 26,7% — HHOTIMA,
8,6% — penxo (PucyHok 5).

64,7

= EsxeTHeBHO
= UHornma

26,7 PeI[KO

Pucynoxk 5. OrieHka OTBETOB PECIIOHICHTOB O YaCTOTE MCIIOJIb30BAHUS UMH M3JICIMIA U3 TIACTHKA

[TorcKkoBBIE 3alPOCH PECITOHICHTOB MOKA3bIBAIOT WX PACTYIIUHA MHTEpeC K WHPOPMAIHHA U
pEKOMEHIAIMSIM O TOM, KaK OHH MOTYT W3MEHHTH TEKYIIYI0 CHUTYaIlUI0 10 MUKPOIUIACTHKY. Kak
MOKa3ajgl pe3ylabTaThl AHKETHPOBAHMs, 4Yalle Bcero HMH(POPMALMIO O Bpele MUKPOIUIACTHKA
WHTEPHET-TIONb30BaTeIN TOJy4Yald M3 COLMANbHBIX ceTeil 26,5%, mouckoBuka ['yrnm — 20,7%,
Hay4yHBIX cTare — 18,9%, HoBocreit — 17,1%, Bo Bpems oOIIeHUS ¢ APY3bsIMH, ceMbelt — 5,5%. B
T0 e Bpems 11,3% pecnonaeHToB npobieMa He nHTepecoBaa (PucyHok 6).
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PI/ICYHOK 6. OHGHKa OTBETOB 00 MCTOYHHKAX MMOJIy4YCHUA I/IH(I)OpMaLII/II/I O BpcA€ MHKPOILIaCTHUKa

IIpu cpaBHEHUM OLEHKH UH()OPMHUPOBAHHOCTHU O MPSIMOM M KOCBEHHOM BIIMSIHUHU IUIACTHKA Ha
3I0pPOBBE YEJIOBEKA IIPU IPOU3BOJCTBE IJIACTHKA M MOTPEOUTEIHCKOM HCIIOJIb30BaHUU IJIACTMACC
obutH ocBemomiieHbI (46,0% u 37,1% cooTBeTcTBeHHO), YacTuuHO ocBenomiieHsl (31,9% u 37,8%)
u He 3Hau (22,1% wu 25,1%). Jlrogm MOryT WCHBITHIBATH OKHUCIUTENbHBIA CTpecc,
LUTOTOKCUYHOCTb, HEHPOTOKCHMYHOCTh, HApyIIEHME HMMYHHOH CHUCTEMbl U  IIONAJaHUS
MUKpOILUIACTHKA B IPYrHe TKaHU mocie ux BozaencTsus [10].

B Bompoce, kacaromuMcss OCBEIOMIIEHHOCTH O BIMSHUM MHUKpPOIUIACTUKA ((TUXUI yOMiilia»)
Ha pa3BuTHe 16 KOHKpETHBIX 3a0o0jieBaHMi, aHKETHPOBAHHBbIE JMIA Oojee BCEro 3HAIM: O
[aTOJIOTUM IUILEBAPUTEILHOW CUCTEMBI, ajIePrusiX, XpOHUYECKOM BOCHAJIEHHH, PECIUPATOPHBIX
npobieMax, pake U penpoayKTUBHBIX npobnemax (Tabmua).

Tabmuma
OCBEAOMJIEHHOCTB PECITOHAEHTOB O BJIMSIHM MUKPOITJIACTUKA HA 3JI0OPOBBLE

Ne Boszoelicmsue muxponiacmuxa Ha KOHKpemHbvie Ocgedomnen, Yacmuuno He 3naio,
sabonesanus % % ocsedomaer Yo %
1  3abosieBaHus MUIIECBAPUTEIBHON CUCTEMBI 36,7 31,3 31,9
2  Amneprudeckue 3a00JeBaHUS 36,6 28,1 35,2
3  XpoHmueckoe BOCTIaJIeHHE 36,6 20,8 25,8
4 PecnupaTtopHble TpOOIeMBI 36,0 30,8 33,2
5  CepaeuHo-cocyaucThie 3a00JIeBaHUs 35,8 29,4 8,1
6 Pak 35,5 27,1 37,5
7  PenpomykTuBHBIE TIPOOIEMBI 34,5 33,9 31,5
8 BocnamurensHele 3a001€BaHNUS KAIIIEYHUKA 33,8 31,2 35,0
9  3aboseBaHuUs HMIMTOBHIHOMN JKeIE3b 33,1 31,3 39,9
10 AyrouMMmyHHBIE 3a00JICBaHHS 32,3 31,5 36,3
11  JlepmaTo3sl 32,9 28,7 38,4
12 Hucyner 31,5 26,9 415
13 JImabGer 31,0 27,8 41,2
14 Tlcuxuyeckoe 3/10pOBbE 30,3 28,7 41,0
15 TIloBpexneHue 3peHus U Ciryxa 29,3 29,1 41,6
16 PasButume ocreornoposa 27,8 32,0 40,2

PecrionieHTHI B €BpONENCKOM aHKETUPOBAHUU TECHO CBSI3BIBAIM IJIACTUK U €r0 >KU3HEHHBIN
LUK C PAaKOM, 32 KOTOPBIM CIEAYIOT PECHUpPATOPHbIE M PENPOAYKTHBHBIE MPOOJIEMBI, a TaKXke
CEepACYHO-COCYIUCThIE U AyTOMMMYHHbIE 3a00neBanus [11].

B HacTosiiee Bpemsi HEIOCTAaTOYHO JAHHBIX ISl TOYHOM OIICHKM PHUCKA, CBSI3aHHOTO C
BO3/I€MICTBHEM MUKPOILIACTUKA Yepe3 palvoH nutanus [12].
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BnusiHue MHKpOIUIacTHKa Ha JKEIYIOYHO-KHIIEYHBIH TPAKT yelOBeKa Mocie MOTpedieHus
OTHOCUTENIbHO HeoObsicHuMmo. Ilpeamornaraercs, yTo mocie MOTpeOieHHUs HauOOoNbIIAs YacTh
MHUKpO- ¥ HAaHOIUIACTUKA BBIBOAUTCA ¢ KajloM (>90%). Ilomionienre MUKpPOIUIACTUKA KUIIEYHBIM
SIUTENINEM, BEPOATHO, IPOUCXOIUT TOJIBKO C MUKPOIUIACTUKOM pa3mMepoM 10 150 MKM, IIOCKOJIbKY
OH mpucyTrcTBoBaN B jumde. YacTuipl Oojiee KPYMHBIX pa3MEpPOB MOTYT BbI3BIBATH TOJIBKO
nokanbHble 3G (GEeKThl Ha UMMYHHYIO CUCTEMY (HampuMmep, BoclalieHue KulleyHnka). Hanmenbas
¢dpakuus Mukporuiactuka (<1,5 MKM) MOXKET IPOHUKATh IITYOOKO B oprausl [13].

[IpencraBieHHble pe3ysbTaTbl aHKETUPOBAHUS OTPa)Kar0T MHTEPEC MHTEPHET-II0JIb30BATENIEH
K npobineme Mukporuiactuka. [lockonbKy 3TO MpoAosIKaroliee aHKETHPOBAaHHE, TO Mbl MOXKEM
KOHCTaTUpPOBaTb POCT OCBEJOMJICHHOCTH HACEJIEHUs O HEraTMBHOM IIPSIMOM M KOCBEHHOM
BO3/ICHCTBUM IIACTHKA, HO W3-32 yAOOCTBA, MPUBBIUKA U OTCYTCTBHUS AJIBTEPHATHUBBI, OHH ITOKa
I10JIB3YIOTCS TJIACTUKOBBIMU U3EIUSAMU.

B uenom, pesyabrarhl aHKETUPOBAHUS OTPAKAIOT CYOBEKTHBHO HMHTEPIPETUPOBAHHYIO
nH(pOpMaIMIO, HO y HAC HAKOIJICHO 3HAUMTENIbHOE YHCIO aHKeT. BriOopka pempe3eHTaTuBHA,
BaJIM/IHA U NPABUJIBHO [TOCTABJIEHHBIE BOIPOCHI CIIOCOOCTBYIOT OLIEHKE YPOBHS OCBEIOMIIEHHOCTH
PECIIOHJIEHTOB O MPOOIEMATHKE COAECPKAHUSI MUKPOIUIACTUKA B IIUIIIE U BOJE.

B mapte 2024 r mpoien mepBblii che3n coro3a «3A0pOBbe 3M0pOoBBIX». HoBas koHuenmus
BO3BpallaeTcs K «IpO(IIAKTHKE U TEKYIIEeMY KOHTPOJIIO pe3epBa 370POBbs». bblI cenaH akieHt
Ha MPEBEHTHBHBIN XapakTep 3HAHUI O MHUKPOIUIACTHKE M IPOBEITH HAa MEAUIIMHCKOM (aKylIbTeTe
KPCY akmuto «/lens 6e3 miactuka», pa3paboTaid U paclpoCTPaHIIA B UHTCPHET MPOCTPAHCTBE,
BKJIIOYAs pa3lInyHbIe COOOIIECTBA U COLMANIbHBIE CeTH, HH(GOPMAIIMOHHYIO JIUCTOBKY 10 KIIOYEBBIM
MCTOYHUKAM IOIaJJaHNs MUKPOILJIACTUKA B €KEAHEBHBIN PallMOH YEJIOBEKA.

Axmmst «Jlenp 0e3 tutactukay. Axnus « rons 6e3 MIacThkay MPOXOJUT BO BCEM MHPOBOM
coobmiectBe. Ho B KbIpreizctane oueHb jkapko M OyAeT TPYAHO HMPOXKUTH B YKazaHHOE BpeMs 0e3
MIPUBBIYHOM BOZBI B TUIACTUKOBBIX OyThUIKax. [IpeanaraeM oTka3aTbCsi OT OJJHOPA30BBIX BELICH MM
XOTsI Obl COKpaTuTh WX HCIIONB30BAaHUE B TEUEHHE JHSA 3 ampels — HE MOKymnaTh Kode B
TUTACTUKOBBIX CTaKaHYMKaX, BOAY B IUIACTHKOBBIX OYTBUIKaX, HE TIOJB30BaTbCsl BIAKHBIMU
canderkamu. M He ykpamiaTh CBOM IPa3IHUKHU BO3AYIIHBIMH IIapaMu, KOTOpPbIE OynyT pa3iararbcs
MHOTO JECATUIIETUI, HAHOCS OTPOMHBIN BpEZl OKPYKAIOIIEH CpeLe.

Buvisoowi:

1. Tompko 49,8% peCnOHAEHTOB NPEUMYIIECTBEHHO CTYIEeHTOB (64,3%) I1oHOIIECKOTO
BO3pacTa MPEACTABIISIIOT UCTUHHBIE pa3Mepbl MUKPOIUIACTHKA.

2. CyOBeKThl OTMEUAIOT, YTO MHKPOIUIACTUK MOXKET BCTpPeYarbCcs B BOAE U MPOAYKTAX
MATAHUSI, Yale oTMevasi OyTHIIMPOBAHHYIO BOJY, YaHbBIE TTAKETUKH U PHIOY.

3. Yamre Bcero nHGOpMAIIUIO O Bpee MUKPOIUIACTUKA WHTEPHET-TI0JIb30BATEH MMOTyYald U3
COLMAJIbHBIX CETEH, MOMCKOBUKA ['yIII, HAyUyHBIX CTaTed U HOBOCTEM.

4. Puck, KOTOpBIM IJIACTUKOBOE 3arpsi3HEHUE MPEICTABISAET AJIs 30pPOBbS YEJIOBEKa M IS
OKpYXKarolen cpeibl pECIIOHICHTHI OLICHUIN KaK CPEHUN.

5. PecnioHIeHTHI 3HAIOT, YTO MUKPOIUIACTHK MOXKET HAKaIUIMBAThCS BO BHYTPEHHUX OpraHax
YeJIOBEKAa M KMBOTHBIX, OTMEUAIOT CBS3b MUKPOIUIACTHKA U DPsiji 3a007€BaHUN MHUIIEBAPUTEITLHON
CUCTEMBI, aJUIepTHH, XPOHUYECKOE BOCMAJIEHWE, pECIUpATOpHbIE MpOOJIIeMbI, paK U
PENPONYKTUBHBIEC TPOOIEMBI.

6. OcBenoMIIEHHOCTh 00 MCTOYHMKAX BO3JIEHCTBHS MHUKPOILIACTHKA M €r0 OMACHOCTH IS
3II0pPOBBs O0JIEe PaCIIPOCTPAHEHBI CPEIH JKEHIITUH U JIFOJIEH U TOPOACKOTO HACETICHUSI.
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YUCJEHHOE HCCIIEJOBAHHME CJOKHOI'O TEIINIOOBMEHA
N ADPOIMHAMUKH B TPYBYATOM NEYX TP HACTHJIBHOM
PEXXUME C)KUT'AHUSA TOIIVIMBA

©Ab6oynnun A. M., SPIN-ko0: 2852-7982, kano. mexw. nayx,
Kaszanckuii nayuonanvuwlil ucciedosamenbcKull MexHOI02UYECKUll YyHugepcument,
2. Huorcnexamck, Poccus, amabdullin@mail.ru

NUMERICAL STUDY OF COMPLEX HEAT TRANSFER AND AERODYNAMICS
INATUBE FURNACE WITH AFLAT FUEL COMBUSTION MODE

©Abdullin A., SPIN-code: 2852-7982, Ph.D., Kazan National Research
Technological University, Nizhnekamsk, Russia, amabdullin@mail.ru

Annomayus. OOBEKTOM HCCIENOBAaHUS SBISETCS TpyOdaras Ie€yb NapoOBOMl KOHBEPCHUU
npuponHoro raza. CTEHKH KaHajga oOpa3oBaHBI OTHEYIOPHOH (PyTepOBKOW M TPyOUAThIM 3KPAHOM
C U3BECTHOI TeMneparypoil. O0beM KaMephl 3all0JHEH CEJIEKTUBHO W3yYarolel, MonIomaroIen 1
ci1abo pacceuBarolleil cpeaoi IPOIyKTOB CropaHus ra3o00pa3Horo Toriauea. MeTon uccienoBaHus
OCHOBAH Ha YHCJICHHOM PELICHUH CUCTEMBI IBYXMEPHBIX HHTETPO-Au(depeHInanbHbIX ypaBHeHUN
pasvaloOHHON Ta30BOM JUHAMMKHU, 3aMKHYTOH JByXIapaMeTpUUECKON MOJeNbio TypOyJaeHTHON
KoHBeKLMH. [loka3aHO, YTO MpH PACHOJIOKEHUU I'OPEJIOK Ha OOKOBBIX CTEHAaX KaMepbl paaualuu
IIPOMCXOUT CYLIECTBEHHAs IE€pPecTPOiKa paclpesieleHuss TEIUIOBBIX ITOTOKOB. YMEHbIICHHE
LIMPUHBI KaMepbl COMPOBOXKAAETCA POCTOM KaK JyYUCTOIrO, TaK M KOHBEKTUBHOTO IOTOKOB TEIUIA K
TpyO4aToMy SKpaHy.

Abstract. The object of the study is a tubular furnace for steam reforming of natural gas.
The channel walls are formed by a refractory lining and a tubular screen with a known temperature.
The chamber volume is filled with a selectively radiating, absorbing and weakly scattering medium
of gaseous fuel combustion products. The research method is based on the numerical solution of
a system of two-dimensional integro-differential equations of radiative gas dynamics, closed by
a two-parameter model of turbulent convection. It is shown that when burners are located on
the side walls of the radiation chamber, a significant restructuring of the heat flux distribution
occurs. A decrease in the chamber width is accompanied by an increase in both radiant and
convective heat fluxes to the tubular screen.

Kniouesvie cnosa: TpyOdaras medb, PeakLHMOHHBIE TPYOBI, IOpeiKa, HU3JIy4yeHHE, TENIOBOM
MIOTOK.

Keywords: tube furnace, reaction tubes, burner, radiation, heat flow.
Xapakmepucmuxa o6beKxma uccied08aHus.
Ha NpEANpUATUAX I10 nepepa60TKe YINICBOAOPOAHOIO ChIpbA BOAOPO IMOJIYYAOT METOAOM

MapoBOil KOHBEPCHM MPUPOAHOTO ra3a B TpyOuarbix rnevyax. CMech MPUPOIHOTO Ta3a U BOASHOIO
rapa HarpeBaeTcs B peaKIIMOHHBIX TPyOax paJuallMOHHON KaMepbl TpyOJaToi meyu 3a cuer Teria,
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MOTJIOIIEHHOTO0 OT TMPOAYKTOB CrOpaHMsI TOIUIMBA W pAaCKaJCHHbIX CTeHOK mneuyn. CocTaB H
TeMIeparypa MOJIy4aeMoro NpOAyKTa, TeMIleparypa Hapy)KHOH CTEHKH pEaKIHOHHBIX Tpyo
OTIPEEIIAIOTCS YCIOBUSMHU IPOTEKAHUS MPOLIECCOB KaK BHYTPH TPYyO, Tak U B 00beMe pauaHTHON
kamepbl. [leub mapoBoii KOHBEPCUH SABIISETCS OCHOBHBIM alllapaToM Ha CTaJUM MOATOTOBKU ra3a u
npeIHa3HaueHa ISl MOJy4YeHUs KOHBEPTUPOBAHHOTO Tra3a METOIOM MapoBOM KaTaluTHYEeCKON
KOHBEpPCHUU YITIEBOAOPOAOB MPUPOIHOTO rasa.

HccnenoBanue 3aKOHOMEpPHOCTEN TEMIOOOMEHA U a9POAUHAMUKHY ITPU HACTUIILHOM CKMTaHUU
TOIUIMBA BBIMIOJIHEHBl HA TPHUMEPE PAJMAHTHOW KamMepbl TpyOuaTol Meud MNapoBOM KOHBEPCUU
npuponnoro ra3za BIIK-6K. KoHcTpykius paguaHTHOW KaMmepbl COCTOMT W3 JABYX CEKIIUH,
pPacloiIOKEHHBIX ~ CHUMMETPHUYHO  OTHOCHTEIBHO  OJHOPSIIHOTO  TpPyOuaToro 3MeeBHKa C
BEPTHUKAIILHBIM pacrioyiokeHuem Tpyd. KomruectBo TpyO B 3meeBuke 28, muametp 134X12 mm, mar
mexay HuMu 300 MM, oborpeBaemast mymHa Tpyo 10 M. lllupuna u anuHA paguMaHTHOW KaMepbl
coctaBisitoT coorBerctBeHHO 3 u 10,5 M. PagmanTHas kamepa ¢yrepoBaHa OTrHEYIOPHBIMU
MarepuanaMy. 3HAYE€HUS TEIUIONPOBOJHOCTH (DyTEPOBAHHBIX CTEHOK IO JaHHBIM padoThl [1],
BBIUHCJICHHBIE C YUETOM MX MHOT'OCJIIOMHOCTH, PaBHBIL: JJIsl HACTHIIbHOM (00KOBOI) cTeHbl A = 0,356
BT/™m * rpan, ceoma — 0,237 BT/m * rpan, moga — 0,349 BT/m - rpan.

TpyOuarslii 3kpaH 000TrpeBaeTcs ¢ MOMOIIBI0 TOPEIOK HACTUIIBHOTO IUIAMEHU B KOJIMYECTBE
40 wtyk (4 spyca mo 10 ropeiok) pacrmolOKeHHBIX Ha OOKOBBIX CTE€HAX pPaJUaHTHON KaMephl.
Cocras TormuBHOTO rasza (B % 00.):

CH4—-25,0 H, -52,0
C,He - 8,74 N, — 0,40
C3Hg - 6,50 CO-0,03
C4sHip—-6,0 C0O,-0,03
CsHy, - 1,3 Bcero — 100%

Pacxox TorumBHOTO rasza B paauanTHyio kamepy B,= 0,4 HM3/C, HU3IIas TEIIOTa CropaHusd
Qp = 35452 KZl’*‘/HMB. , TeMIeparypa TommBHoro rasa 220°C, Temmeparypa BO3/yXa, OaBaEMOTO B

TOPEJIKH, 180°C. Kosdpdunuent nzbpiTka Bo3nyxa a,= 1,1. Crenenp BeIroOpaHus TOIUIMBA IO JJIHHE
¢axena 3agaBanach mo ¢popmyse [2]:

2=1—exp [—A (i)ﬂ] (1)

riae A, N — SMIOMpUYECKUe KOdDPUIUEHTDI, [, — JuTiHA (akena.

[IpunsATEIi B pacyeTax XapakTepHbI mpoduiab TeMmeparypbl HapyXKHOH CTEHKH
peakIMOHHBIX TpyO npeacTasieH Ha Pucynke 1.

t°C

200

800

0 2 4 6 8 Lo

Pucynok 1. TemmepaTypa HapyXHOH CTEHKH PEaKLIMOHHBIX TPYO MO IIMHE
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HHTerpanpHas 1Mo CHEKTPY CTEIEHb YEPHOTHI PEaKIIMOHHBIX TPyO mpuHsATa paBHOU € = 0,9
3]. DddexTuBHas CTENEHb YEPHOTHI €,4¢ MOBEPXHOCTH Harpena WTHIBAIOIIAs AHAMETp U
bb )
PacCCTOAHUC MCXKAY PCAKIINOHHBIMU pr6aMI/I, BBIYUCIISIETCA 110 (1)OpMy.He:

g — (pra(z - (OB)E (2)
A R

rae € I — CTENeHb YEpPHOTHl U OTpa)karejbHash CHOCOOHOCTh TPYyO, ¢, — YIVIOBOH
K03(pPUIIMEHT, 3aBUCAIIUI OT AUaMETpa U PACCTOSHUS MEXKAY TpyOaMu.

3HaueHUs CTENEHW YEepHOTHl OOKOBBIX CTEHOK paBHbI 0,42, momga W CBOJAa pPaJMAHTHOU
kamepbl 0,67. Pe3ynbrarel pacuera psijia napaMeTpoB 10 HOpMaruBHOMY MeTony [3] mpuBeneHs! B
Tabmuue 1. DTu naHHBIE WCMONB30BAaHBI B KA4eCTBE HMCXOAHBIX IS pacdera TeruiooOMeHa u
a’pOJIMHAMHUKU T'a30B B pPaIMaHTHOM KaMepe.

Tabmuna 1
HNCXOIHBIE JAHHBIE

Haszsanue napamempa Yucneunoe
Pacxon Bo3myxa 3,93 am’/c
Pacxon TonnmmBoBO3AyIIHON CMeCH 4,33 am’/c
O0BbeM IBIMOBBIX I'a30B 11,01 oM/ BMe
OOBEMHBIC JJOJM KOMIIOHCHT B COCTaBE MPOYKTOB CrOPaHUs
P 0,709
0, 0,017
H,O 0, 190
CO, 0, 084
TemtoBbielIeHNE B 00bEME paUAHTHON CEKIIUU 5672,32 kBt
[IpomonbHast COCTaBIAIONMIAS CKOPOCTH Ta30B HA BXOJE B paguaHTHYIO 1,76 mic
TemnepaTypa ra3oB Ha BXOZIe B PaJIHAHTHYIO CEKIIHIO 656°C

Memoouka pacuema
Maremarudeckass MOZENIb CIOXHOTO TEIUIO- M MaccooOMeHa B KaMepe paJualud IeyH
BKJIIOYAET JBYXMEPHOE YPaBHEHHUE IEpeHOca W3Iy4eHHs B NPUOIMIKEHHMM METONA JUCKPETHBIX
opavHar (3), ypaBHeHHUs 3Hepruu (4), ypaBHEHMH Ta30BOM JUHAMHMKH U JByXIapaMeTpHUECKOM
k — e Mozenu TypOyJI€HTHOCTH, IPEJCTaBIEHHBIX 00O0IIEHHBIM yYpaBHEHHEM (5), HEpa3phIBHOCTU

1 COCTOSTHHS Ta30B (6):

ol ol Yo (3)
/um a)r(n +‘fmam:0db_(a+lg)lm+£mz_:llm’wm’;
Gl L. - (4)
cppu&+cppv5:d|v[(k+kT)grad T [+ Q+divdp;
oo 00 (%)
U—-+pVv—r=div|[' ograd® [+S :
il a5,
6
8(pu)+8(pv) _o: p:BRT. (6)
OX oy H
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3nech |l — crmexkTpanbHas WHTEHCUBHOCTh W3JyYEHHUs BIOJIb JUCKPETHBIX HaIlpaBiICHUM,
3aaHHBIX YNIOBBIMU KOOpIMHATaMH {u,., &, ;m = 1.N,}, [, — CIEKTpaJIbHAas WHTECHCUBHOCTH

M3IYYEeHHUs] YEPHOTO TeNa; o, [} — CcpeIHue MO CIEKTPaTbHOHN Mojoce Ko3(pPHUIMEeHTH! MOTIOIIeHHUS
U paccestHusl U3Ty4aromie cpeipl; w,, — BecoBble Kod(hdunueHntsr; Q — oObeMHas MIOTHOCTH

. 3 =
TemnoBblIeneHni B obnactu akena (B1/M°), g, — BEKTOp IIOTHOCTH PE3YJIBTUPYIOIIETO MOTOKA

JYYUCTON dHEPTUH, A_— KodPIUIUEHT TypOyIeHTHON TeIIoNnpoBoAHOCTH. B ypaBHenuu (5) @ =
(u, v, k, €) — o0oOuienHass nmepeMeHHasA. 31ech k — KHHETHUYECKas >HEPrusi TypOYICHTHBIX
NylIbCalliii, € — CKOPOCTh JAWCCUMALMU TypOYIEeHTHBIX myiabcanuid, ['d — o0000meHHbIH
ko3 dunmert nuddy3un, Sp — UCTOYHUKOBBIA UJICH.

W3nydeHrne W TOIIOUICHHWE TPOJYKTOB IMOJHOTO CrOpaHUs TOIUIMBA PAacCMaTpPHBAJIOCh B
paMKax MOJENH LIMPOKOM MOJIOCHI, YUYUTHIBAIOLIEH CHEKTpaidbHble mosockl 1,5; 2,7; 6,3; 10 Mkm
u3nydeHus BogsHoro napa HoO u 2,7; 4,3; 15 Mxm nByokucu yriepoga CO;. YpaBHeHHe niepeHoca
usnydeHus (3) pemaercs UIsl KaKI0# MOJIOCH OTACIBHO, 3aT€M HHTErPAIbHBIC JIYYUCThIE TIOTOKU
OTIPENENISIOTCS. CYMMHUPOBAaHUEM 0 CHEKTPaJIbHBIM IOJI0OCaM. AJITOPUTM YHCICHHOTO pPEUICHUS
cucrembl ypaBHeHH#H (3)—(6) ¢ COOTBETCTBYIOUIMMH T'PAHUYHBIMH YCIOBHSMH ITOJPOOHO
paccMoTpeH B paborax [4, 5].

Peszynemamul pacuemos

HccnenoBaHo BiIMSHUE UIMPUHBI PAJUAHTHOM CEKIMM Ha a’pOJMHAMUKYy M TEIIOOOMEH.
Pacuerbl BBINOJHEHBI IPU PaBHOMEPHOM pACIpPENETICHUM TOIUIMBHOIO ra3a Io sipycaMm TOpelok,
YUUTHIBAJIACh 3aBUCUMOCTH TEIJIOPHU3UYECKUX U ONTUYECKUX CBOICTB MPOIYKTOB CrOpaHUSI OT
Temrneparypsl. [{ns MonenupoBaHHs HACTUIBHOIO XapakTepa C)KMIMaHWd TOIUIMBA HAa BXOJHOM
CEUEHMM B KaMepy 3a/aBajach KacaTellbHas COCTaBJSIOLIAs CKOPOCTH, BEIMYMHA KOTOPOM
ONpENENsUIach M3 YCIOBHMS PAaBEHCTBA MAaCCOBOIO pacxoAa ra3oB 4Yepe3 CYMMapHYHO ILIOIIAb
ceueHui amOpaszyp ropesioKk OJHOTO sipyca W 4epe3 IUIOIagb MPOEKIMH MPUHSATOrO B pacderax
BXOJHOTO CEYEHUS Ha MJIOCKOCTh, MEPIEHAUKYISIPHON HAIPABIECHUIO TOIUIMBOBO3AYLIHOMN CTPYH.

PacueTsl cienansl s 3HaYeHUH MUPUHBI paguanTHoi cexumu H=0,75 m; 1,0 m; 1, 5 M; 2,0 m
IIPU 110/1a4€ TOTIJIMBOBO3IYIIHOM CTPYH BHU3.

Ha Pucynke 2 mnpeactaBieHbl MOJA TEMIEPaTypbl W CKOPOCTH JBUKEHHS TMPOIYKTOB
cropanus, paccuutanseie npu H=1,5 m u H=0,75 m. Ilpu pacnonoxkeHuu ropenok Ha OOKOBBIX
CTEHaX paJMaHTHOM KaMepbl adpOJMHAMUKA TOMOYHBIX T'a30B U MPOCTPAHCTBEHHOE paclpesiesieHue
TEIUIOBBIX XapaKTEPUCTUK YCIOXKHAIOTCA. OOJacTb TEUEHUsT MOXKHO pa3lelMTh Ha JIBE 30HBI:
IPSIMOTO M 0OOPAaTHOTO TOKOB. 30HA MPSIMOTO TOKA PacIoIOKEHa B HEMOCPEACTBEHHOM OIM30CTH OT
HACTHJIBHOM CTE€HBI U XapaKTePU3yeTCsl OTHOCUTENHHO OONBITMMH 3HAYEHUSIMH CKOPOCTH JIBHKEHUS
U TEMIIepaTypbl NMPOAYKTOB CrOpaHMs. 3HAUUTENbHYI0 YacTh TOIOYHOIO OObeMa 3aHMMaeT 30Ha
00paTHOTO TOKA, paCIOIOKEHHAs! BOJIM3HM MOBEPXHOCTH HarpeBa. 30Ha 00OpaTHOTO TOKa UMeEET OoJiee
HU3KYIO TEMIIEpaTypy, 4YTO OOBSCHSETCA, C OAHOM CTOPOHBI, OXJAKIAIOIIMM JIEHCTBUEM
MOBEPXHOCTHU HArpeBa W, C JIPYroi, 3HAYUTENbHOW YHAJIEHHOCTHIO OT OONACTH TEIIOBBIACICHUSI.
[Ipyn yMeHbIIEHHH HIMPUHBI PAJUAHTHON CEKIMU MPOUCXOAUT CYLIECTBEHHas MEpEeCcCTpOMKa IMOJs
TedyeHHus. B y3kol TOmKe, MOJ BO3ACHCTBHEM HCTEKAIONIEH M3 HHUKHEro sipyca TOpEIoK
TOTUIMBOBO3/YIIIHON cMecH 00JacTh BO3BPATHOTO TEUEHUS paclleIuisieTcs Ha JABe Oosee MalleHbKHe
o pasmepaM OOJIACTH BO3BPATHOTO TEUEHUS, PACIIOIOKEHHbIE Ha YpOBHE spycoB ropeiok. Ilpu
ATOM HU3MEHSETCS XapaKTep KOHBEKIMU MPOAYKTOB CropaHus. BOMM3M MOBEpXHOCTH HAarpeBa Ha
YpOBHE MEXJy spycaMd TOpEIOK IPOUCXOAUT TOPMOXKEHHE TEUEHHUs, YTO TPUBOAUT K
pacnpeeNieHuI0 TJIOTHOCTH KOHBEKTMBHOTO IIOTOKA Terjia K IMOBEPXHOCTH HarpeBa C JBYMs
MaKCUMyMaMH, MOKa3aHHOMY Ha Pucynke 3.
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Pucynoxk 2. Uzotepmbr n muanm Toka ipu H = 1,5 m(a) u H = 0,75 M (6) (Wo= 0,173 xr/m -C)

AHajoru4yHOe pacupeleeHUe TEIUIOBBIX IOTOKOB coxpansiercs u npu H=1,0 M.
HaGmronaemoe B pacuetax HEOOJbIIOE YBEIMYEHHE IUIOTHOCTH KOHBEKTHBHOIO IOTOKA TeIula
BOJIM3U BBIXOJJHOTO CEYEHUS OOYCIOBICHO YMEHBILICHHEM CEUEHMSI TIOTOKA U €r0 YCKOPEHHUEM.
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Pucynok 3. BiusiHue mmpuHbl paJuaHTHONH KaMephbl Ha pacrlpe/ielieHue TUIOTHOCTH JyducToro (1) u

KOHBEKTHBHOTO (2) MTOTOKOB TEIUIa K peakMOHHBIM TpyOaMm. O0o3Hauenns: — - H=0,75m; - -—H =1 m;
---—H=1,5m

[Ipy yMeHBIIEHUWH IIUPUHBI KaMepbl Ha YpPOBHE SPYCOB TOpENOK HaOJI0aeTcsi poCT
JYYUCTBIX TMOTOKOB TEIJIa K MOBEPXHOCTH HArpeBa, HUKE MO TEUEHHI0, HA00OPOT, HIMPOKask TOMKa
obecrieqnBaeT Oosiee BBICOKME 3HAYEHHs IUIOTHOCTH JYYHCTOro mnoroka Temuaa. OObscHeHue
3aKJIIOYaeTCcsl B TOM, YTO Ha (POPMUPOBAHHME JYYMCTHIX MOTOKOB TEIUIa K IMOBEPXHOCTH HarpeBa
3HAUNTENIHOE BIIMSHUE OKa3bIBAET 30HA BO3BPATHOIo TeueHHs. VMimes Oosiee HU3KYIO TEMIIeparypy,
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OHa OKa3bIBaeT JKpaHMpPYIOIee BIMSHUE, a TAaKKe OTTECHSET BBICOKOTEMIIEPATYpHYIO 00JacTh
MPSIMOTO TOKa OT ITOBEPXHOCTH HarpeBa. lIpy yMeHbIIEHMM WIMPUHBI PAaJUAHTHOM CEKIIUH
BCJIEZICTBHE OCTA0IeHNUs SKPaHUPYIOWIETO BIMSHUS 30HBI BO3BPATHOTO TEUSHHsI HAabIrogaeTcs 6oee
WHTEHCUBHOE OXJIaxkJaeHue (akena, M, Kak clieayeT w3 PucyHka 2, B y3KOH TOMOYHOW Kamepe
CrOpaHusi HUKE YPOBHS SIPYCOB TOPEJIOK MPOAYKTHI CTOpaHUs UMEIOT Oosiee HU3KYIO TeMIepaTypy
10 CPAaBHEHHUIO C IIMPOKOM Kamepoi. B pe3ynbprare HUXKe ypOBHS SIPyCOB FOPEJOK IIPU YBEIMYECHUH
LIMPHUHBI ITIOTHOCTH JIYYHCTOrO MOTOKA TEIIA K TIOBEPXHOCTH HArpeBa BO3pacTacT.

Bu1600wb1
[IpuBeneHbI pe3ynbTaThl pacdeTa CyMMapHOTO TEIIOOOMEHAa B 3aBHCUMOCTH OT IUPHHBI
panuanTHO# cexkuuu (Tabnuma 2).

. Tabnuna 2
BJIMAHUE INWPUHBI PAJJUAHTHOM CEKITM
HA XAPAKTEPUCTUKU CYMMAPHOI'O TEINIOOEMEHA
Hlupuna Cpeonee 3nauenue niOmMHOCMU MENI08020 NOMOKA K Temnepamypa 2a306 na 6bixo0e
cexyuu, H, m mpyouamomy peaxmopy, kBt / M u3 paouanmnuoi kamepwl T, K
Jlyuucmas Koneexmuenas Cymmapras
0,75 49,48 2,74 52,22 1233
1,0 47,25 2,22 49,47 1245
15 46,84 1,56 48,40 1270
2,0 44,29 1,43 45,72 1287

YMeHblIeHHEe MIUPUHBI PaJIMAHTHON CEKLIMU COMPOBOXKIAETCS POCTOM KakK JY4YHUCTOrO, TaKk U
KOHBEKTHUBHOTO ITOTOKOB TEIlIa K MOBEPXHOCTU Harpesa. [Ipu naMenenun mupunsl ot 2 M 110 0,75 M
Jy4yucTas TeIulooTrnada Bo3pactaeT Ha 12%, KOHBeKTHMBHas TemiooTaada Ha 91%, npons
KOHBEKTUBHOW COCTAaBJIAIOIIEH B CyMMapHOM TEIUIOBOM OajlaHCe MpH 3TOM u3MeHsercs ot 3,1% no
5,2%. O0paiaeT BHUMaHuE BOJIHOOOpPA3HOE paclpeieleHne IOTHOCTHU JIyYUCTOro MOTOKa Tera K
MOBEPXHOCTH HArpeBa, 4To OOBSICHSACTCS IBYXBSPYCHBIM PACIIOIOKEHUEM TOPEIIOK.

[Ipn yBenu4eHMM IMPUHBI PAJAMAHTHOW CEKLUH, BCIEIACTBUE YMEHBIIEHUS ONTUYECKON
MPO3PaYHOCTH TOIIOYHOM CPEJIbI, pacIpeesICHHE IYIUCTHIX TTOTOKOB TEIIa K TPyO4aTroMy peakTopy
CTaHOBUTCS 00jiee paBHOMEPHBIM.
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DIGITALIZATION OF ADJUSTMENT AND MAINTENANCE PROCESSES FOR
OPTIMIZING ENERGY CONSUMPTION IN THE OIL AND GAS SECTOR
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HNUPPOBU3ALINA NTPOLHECCOB HAJTAAKHU U OBCJIYKUBAHU A
A1 OITUMU3ALIUU DHEPTOIIOTPEBJIEHUSA B HE@TEI'A3OBOM CEKTOPE

©Cmenanos M., ORCID: 0009-0000-8988-7282, Uysauickuii cocyoapcmeerHblll yHUBEpCUmMem
um. U.H. Ynvanoea, e. Yeboxcapwi, Poccus, maxim.varandey@rambler.ru

Abstract. This article examines the impact of digitalization on adjustment and maintenance
processes in the oil and gas sector aimed at optimizing energy consumption. Modern technologies
such as big data analysis, the Internet of Things (IoT), and Machine Learning (ML) algorithms are
discussed, highlighting how they assist companies in reducing energy consumption and enhancing
operational efficiency. Examples of the implementation of these solutions in major companies are
provided, demonstrating significant reductions in energy costs and equipment downtime.
The advantages of contemporary approaches over traditional adjustment and maintenance methods
are emphasized.

Annomayus. B cratbe paccMaTpuBaeTcs BIMSHHUE LU(PPOBU3ALMU HA MPOLECCHl HATNAAKU U
oOCIy)KMBaHHS B He(TErasoBOM CEKTOpe C MEeJbI0 ONTHUMHU3AIMH DHEPronoTpeOIeHusI.
OOcyx/matoTcsi COBPEMEHHBIE TEXHOJIOTHH, TAKUE KaK aHaJi3 OOJIBIINX TaHHBIX, MHTEPHET BEHICH U
QJITOPUTMBI MAIIMHHOTO OOy4€HUs!, KOTOPbIE TOMOTal0T KOMITAHUSM CHUXATh 3HEPronorpedneHue
U TmoBbIIaTh 3(p¢deKkTuBHOCTh onepanuil. IlpuBeneHsl mpuMepbl BHEAPEHHUS 3THUX pPELICHUH B
KPYIHBIX KOMIaHMSX, JEMOHCTPHUPYIOIINE 3HAYUTEIbHOE COKpAILEHHE IHEPro3arpar U BpEeMEHU
npocrost oOopynoBanus. [lomuepkuBaroTCs MNpeUMyIIeCTBA COBPEMEHHOIO IMOAXOJa Iepen
TPaJUIMOHHBIMU METOAAMH HAJIAJKU U 00CITYKHBAHUS.

Keywords: digitalization, oil and gas sector, energy consumption, optimization, big data,
maintenance, sustainable development.

Kniouesvie cnosa:  uuppoBuszanus,  HedTerasoBblii  CEKTOp,  HHEPromnoTpedieHue,
ONTHUMHU3ALIUS, OOJIBIINE JAHHBIE, TEXHUUECKOE 00CTyKUBAaHUE, YCTOHYMBOE Pa3BUTHE.

Digitalization, as an important trend in contemporary development, profoundly influences all
sectors of the economy, including the oil and gas sector. Amid global climate change, increased
ecological demands, and the necessity for improved resource utilization, optimizing energy
consumption has become a particularly relevant task.

The oil and gas sector are one of the most energy-intensive in the global economy. The
processes of extraction, processing, and transportation of hydrocarbons require significant energy
volumes, driven by the complexity of technological operations and the scale of production facilities.
Optimizing energy consumption in this industry is directly linked to improving companies'
economic performance, reducing operational costs, and minimizing environmental impact. In this
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context, digitalization plays a central role in modernizing and optimizing equipment adjustment and
maintenance processes, allowing for a significant reduction in energy costs and an overall
enhancement in production efficiency. The purpose of this article is to examine the current aspects
of digitalization and analyze the impact of the implementation of modern technologies on energy
consumption optimization.

Main part. Challenges of energy efficiency and process optimization in the oil and gas sector

The oil and gas sector are one of the largest consumers of energy in the world. According to
the International Energy Agency (IEA), in 2022, the oil and gas industry accounted for over 30% of
the total global primary energy consumption (Figure 1).

40% m Natural gas
m Other

® Nuclear energy
m Hydro resources
= Oll

24% Coal

Figure. Global primary energy consumption, 2022 [1]

The primary energy costs are associated with the processes of extraction, processing, and
transportation of hydrocarbons. A significant portion of energy expenditures occurs during the
adjustment and maintenance of equipment, negatively impacting the overall efficiency and
sustainable development of the sector. Traditional methods of equipment adjustment and
maintenance in the oil and gas sector often prove ineffective. Many processes are performed
manually, increasing the likelihood of errors and slowing response times to emerging issues.
Without constant monitoring of equipment condition, it is challenging to quickly identify and
rectify faults, potentially leading to prolonged downtimes and losses. Often, companies lack clear
information on the status of their assets, complicating the planning of preventive work and
increasing the risk of accidents. Fragmented management systems and the absence of a unified
database hinder analysis and decision-making, further detracting from process efficiency.

Ineffective adjustment and maintenance processes in the oil and gas sector have serious
implications for both the economy and the environment. From an ecological perspective, high
energy consumption is linked to increased greenhouse gas emissions and other pollutants. The
economic consequences of process inefficiencies are also significant. Rising energy costs amidst
fluctuating oil and gas prices can lead to decreased profitability for companies. Thus, addressing
issues related to the inefficiencies of adjustment and maintenance processes becomes not only an
ecological but also an economic necessity for the oil and gas sector. In this situation, the
introduction of digital technologies can be an important factor in improving aspects, significantly
increasing efficiency and reducing the negative impact on the environment.

Digitalization of processes: the main aspects

Digitalization in the oil and gas sector involves the integration of advanced digital
technologies into the processes of extraction, processing, and maintenance of hydrocarbons. This
includes automation, data collection and analysis, as well as the use of intelligent systems to
enhance efficiency and reduce costs. The goal of digitalization is not only to optimize production
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processes and reduce energy consumption but also to improve safety, service quality, and minimize
environmental impact. Digitalization in the oil and gas sector covers a wide range of technologies,
each of which makes a significant contribution to process optimization, efficiency improvement and
safety. One of the main technologies is Internet of Things (10T). This concept includes a network of
interconnected devices equipped with sensors that collect and transmit data over the Internet. In the
oil and gas industry, lIoT allows continuous monitoring of equipment, which helps to quickly
identify and eliminate malfunctions [2]. For example, sensors can monitor the operating parameters
of pumps and compressors, transmitting information to a central control system, which ensures
more efficient resource allocation and reduces downtime.

Another important technology is big data analysis. In the context of a constant increase in the
volume of information produced in the process of extraction and processing, traditional methods of
data processing are becoming insufficient. Big data analysis allows oil and gas companies not only
to process huge amounts of information, but also to extract valuable insights from them. For
example, you can analyze data on productivity, costs, and working conditions, which contributes to
more accurate forecasting and planning.

Acrtificial intelligence also plays a significant role in the digitalization of the oil and gas sector.
Using Machine Learning (ML) and deep learning algorithms, it can analyze data and identify
patterns that are not visible in normal analysis. This allows you to automate many processes, such
as inventory management, maintenance planning, and optimization of equipment operating
parameters.

Cloud solutions provide flexibility and scalability, allowing companies to store and process
large amounts of data without the need for significant capital investments in infrastructure. Cloud
platforms allow teams to work together, share data and analytics in real time, which is especially
important for international companies with distributed assets. This simplifies project management
by providing access to the necessary information at any time and from any place.

Real-time analytics is becoming important for the oil and gas sector, as it allows for rapid
response to changes in production processes. Thanks to this technology, companies can not only
monitor the condition of equipment, but also instantly analyze data, which increases safety and
reduces the risk of accidents. For example, if anomalies are detected in the operation of the
equipment, you can immediately take measures to fix the problem [3].

Digital twins represent another cutting-edge technology in digitalization. These are virtual
models of physical objects or processes that reflect their state and behavior. Digital twins allow
engineers and operators to conduct simulations and analyze how changes in operating conditions
can affect the performance and reliability of equipment. This helps in planning upgrades and
optimizing maintenance, which in turn helps to increase efficiency and reduce costs.

According to the author, digitalization in the oil and gas sector is an important factor
contributing to improving the efficiency and sustainability of the industry. The introduction of
technologies allows companies to optimize processes, reduce costs and minimize risks. It also
contributes to more accurate forecasting and rapid response to changes, and digital twins provide in-
depth analysis of equipment performance. Together, these technologies help not only improve the
financial performance of companies, but also reduce the negative impact on the environment, which
makes digitalization an important step towards the sustainable development of the oil and gas
industry.

The role of digitalization in adjustment and maintenance

Traditional methods of equipment adjustment and maintenance in industrial sectors, such as
oil and gas, are based on manual processes and intuitive approaches. Maintenance is usually
conducted according to predetermined schedules, which do not always correspond to the actual
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condition of the equipment. This includes regular checks performed by operators based on standard
procedures, but such inspections are often limited to visual assessments and may not cover all
possible defects. Documentation of inspections and maintenance is done manually, increasing the
likelihood of errors and complicating access to historical data [4]. As a result, traditional adjustment
and maintenance methods can be ineffective and do not always ensure reliable equipment operation,
highlighting the need to transition to more modern and digital approaches.

Digitalization significantly changes the approach to adjustment and maintenance in the oil and
gas sector. It brings improvements in productivity, reliability, and efficiency of processes, which in
turn contributes to cost reduction and enhanced overall operational efficiency. In the adjustment
process, digitalization helps optimize energy consumption through more precise and rapid analysis
of equipment performance. The use of programmable logic controllers and automation systems
allows for the adjustment of equipment based on its energy characteristics, minimizing excess
energy consumption. Virtual testing and simulations help determine optimal operating parameters
before the equipment is launched, preventing inefficient energy consumption during operation.

Real-time data analysis also plays an important role. Modern monitoring systems allow for
tracking energy consumption at each stage of equipment operation and promptly adjusting settings
to achieve optimal performance. This enables the identification and elimination of sources of excess
energy consumption, such as inefficient operating modes or faults that could lead to additional
costs. In the maintenance process, digitalization provides tools for predictive maintenance and
remote monitoring. Predictive maintenance allows for planning maintenance and repairs based on
data analysis, helping to prevent unexpected breakdowns and reduce inefficient energy consumption
related to faults [5]. Remote monitoring enables the tracking of energy performance metrics in real-
time and allows for optimization measures to be taken without the need for physical presence.

Intelligent support systems based on artificial intelligence can analyze large volumes of data
on energy consumption and suggest solutions for optimization. These systems assist not only in the
adjustment of equipment but also in planning long-term improvements aimed at reducing energy
costs. Digitalization of adjustment and maintenance processes represents an important step toward
increasing the efficiency and reliability of equipment operation in modern conditions. The
implementation of digital technologies allows not only for the optimization of current processes but
also for their transformation, making them more flexible and adaptive to changes in the production
environment. The transition from traditional methods to digital solutions brings significant
advantages (Table).

Digitalization of adjustment and maintenance processes offers significant advantages over
traditional methods, including improved accuracy and speed of adjustments, more effective
forecasting and prevention of failures, and optimization of energy consumption. These changes not
only contribute to cost reduction and increased productivity but also create more sustainable and
environmentally friendly processes. In an environment of increasing competition and demands for
efficiency, the implementation of digital technologies has become an integral part of the successful
development strategies of enterprises across various industries [8].

An example of successful implementation of digitalization in adjustment and maintenance
processes for optimizing energy consumption in the oil and gas sector is ExxonMobil. The company
actively utilizes digital technologies to optimize its energy processes. The introduction of big data
analytics and 10T systems at its refineries enables the company to effectively collect and analyze
data, allowing for prompt responses to potential issues, significantly reducing equipment downtime.
As a result of these changes, ExxonMobil reported a 10-15% reduction in energy consumption at
some of its production facilities, which translates to savings of up to $100 million per year. This is
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also associated with an overall productivity increase of 5-10%, ensuring not only cost savings but
also increased production volumes [9].

Table
COMPARISON OF TRADITIONAL ADJUSTMENT AND MAINTENANCE METHODS
WITH DIGITALIZATION [6, 7]
Advantages Digitalization Traditional methods
Accuracy and speed  High accuracy thanks to automated Errors are possible due to the human
of adjustment systems. Fast setup using real-time data factor. Long-term processes requiring
manual intervention
Fault predictionand  Data analysis and problem prediction. The reaction to malfunctions only after
prevention Prevention based on data analysis they occur. Scheduled repairs, without
taking into account the actual condition

Optimization of Intelligent control systems No analysis, fixed operating modes
energy consumption
Data access Centralized databases and cloud Limited access, information is scattered

technologies
Team coordination Improved interaction through digital Difficulties in the exchange of

platforms information
Cost reduction Saving on repairs and energy resources Higher costs for emergency repairs
Big data analysis The ability to perform deep analytics and Limited analysis capabilities

identify trends
Environmental Reducing the carbon footprint through Lack of focus on  sustainable
sustainability process optimization development

Another example is Chevron, which actively implements intelligent management systems.
These systems analyze data in real-time, optimizing equipment performance and minimizing energy
consumption. The adoption of these technologies has led to a 10-20% reduction in energy costs in
certain operations due to optimized equipment performance. ML algorithms assist not only in
forecasting but also in improving maintenance planning. This allows Chevron to identify potential
issues in advance and minimize risks associated with failures. As a result, the company has been
able to reduce maintenance costs by 25% [10]. Thus, digitalization not only contributes to
significant energy savings but also enhances overall operational efficiency, marking an important
step toward sustainable development for companies.

Conclusion
The digitalization of adjustment and maintenance processes in the oil and gas sector is
becoming an essential tool for optimizing energy consumption and improving operational
efficiency. The adoption of modern technologies such as big data analytics, the 10T, and ML
algorithms enables companies to not only reduce costs but also enhance the resilience of their
business processes. In light of global challenges related to climate change and resource depletion,
digitalization is becoming not just a technological trend but a necessary condition for ensuring the
sustainable development of the oil and gas sector. Investments in digital technologies and
innovative solutions will open new horizons for process optimization, helping the industry adapt to

changing conditions and demands of the modern world.
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Aunnomayus. B paboTe paccMoTpeHa JUHAMHUYECKas OKCIEpUMEHTajdbHas YCTaHOBKa,
pa3zpaboTtanHast aBropamu. IlpuBeneH KpuUTHUeCKHii aHanu3 paOOTHl JaHHOW YCTAaHOBKU  C
yKa3aHHEM OCHOBHBIX HEIOCTAaTKOB M MyTeW €€ ycoBeplIeHCTBOBaHUS. OIHUM W3 HEJIOCTATKOB
YCTAHOBKH SIBJISIETCSI HEBO3MOXKHOCTD TOJJIEP)KAHUS TMOCTOSTHHOTO JIaBJIEHUs B TIEPBOM COOpPHUKE
JKCTPAKTa, YTO HE MO3BOJIsAET (PpaKIMOHUPOBATH OMpeAeTeHHbIe KOMIOHEHThl cMmecu. C IIenbio
yCTpaHEHUsS] ITOr0 HEIOCTaTka B CXEMY YCTAaHOBKH ObUIM BKJIIOYEHBI: PEIYKIIMOHHBIN KIlamaH,
KJIallaH BBICOKOTO JaBieHus. [Ipu 3TOM SKCTpakiMoHHas suyeika OblIa COeAMHEHA C TIEPBBIM
COOpHUKOM DJKCTpakTa 4Yepe3 KJamaH BBICOKOTO JJABJICHHS W 4Yepe3 PEeIyKIMOHHBIN KIaraH
COEMHEHa CO BTOPBIM COOPHUKOM HKCTpakTa. B pesymprare ymamoch AOCTHYH Ooliee TOYHBIN
pacxoq CK® Onaromapsi ycTaHOBKE KIallaHa BBICOKOTO JaBIEHUS W PENYyKIMOHHOTO KIamaHa,
MTO3BOJISAIOILETO TOJIEPKUBATh HEOOXOIMMOE ITOCTOSHHOE JaBJIEHUE B IEPBOM COOPHHUKE IKCTPAKTa
st paKIMOHUPOBAHUS OMPENEICHHOTO KoMIloHeHTa cMecu. Kpome Ttoro, B xome CKO
AKCTPAKIIMOHHOTO Tpoliecca ¢ ucrnoib3zoBanueM CO;, MoaU(PUIIMPOBAHHOTO COPACTBOPUTENIEM,
HMMEIOIIMM CBOMCTBO KpPHUCTAJIM30BATHCA IMPU TEMIEparype IUOKCHUIA YIIepoja, HarHeTaemoro
HAacOCOM BBICOKOTO JaBJIEHUS, BO3HUKAET IMpobiiemMa caMoil peajn3aluu JaHHOTrO mpouecca. Ha
BcachIBaHHE Hacoca nogaercs xuakuil CO; , oxnaxaeHHbIN 10 Temieparypsl —15°C, nocne Hacoca
CO, narsHeraercsi 4yepe3 TPEXXOAOBOM BEHTHJIb B LEHTPAJIbHYIO MarucTpalb, Tyda K€ MOJaeTcs
COpacTBOPUTENb. TaM COpPacTBOPUTENh OXJAXJAETCS N0 TeMIleparypbl JHOKCHIA yriiepojaa u
KpUCTATU3yeTCs, OJOKUpPYS MarucTpaib, YTO MPUBOIUT K cpbiBy peanusanuun CKDD-mporecca.
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Jlannast mpobnema Oblla pelieHa IyTeM 3aMEHbl TPEXXOJOBOTO BEHTHJIS Ha MPOMEKYTOUHBIN
o0orpeBaeMblil COCYI JUIsl IPEABAPUTEIHHOIO CMEIICHUS TMOKCHIA YIIIepoa C COPACTBOPUTENEM U
HarpeBa CMECH A0 3aJaHHOW TEMIIepaTypbl IEpel MoAadeld MX B SKCTPAKUMOHHYIO S4YehKy. B
pe3yJsibTare 3TOro MOsIBUIACh BO3MOKHOCTH peanu3auuun CKDI-npouecca ¢ ucnonszoBanuem CK
CO7, ™Momu(dUIHUPOBAHHOTO COPACTBOPUTENIEM, KOTOPBIH MOXKET KpPHUCTaJUIM30BaThCS IPHU
TeMIleparype IUOKCUIa yIiepoa, HarHeTaeMoro HaCOCOM BBICOKOT'O JIaBJICHHUSI.

Abstract. The paper describes an experimental setup for studying the solubility of substances
in SCF media and the implementation of a supercritical fluid extraction process using a pure and
modified polar solvent additive. The advantages and disadvantages of this installation are analyzed,
ways of improving it are indicated, leading to achieving a more accurate GFR flow rate,
maintaining the necessary constant pressure in the first extract collector for fractionation of a certain
component of the mixture and eliminating multiple regulation of the GFR flow rate.

Knrouesvie cnosa:  cBEpXKpUTHUECKUH  (UIIOMJ, PacTBOPUMOCTb, OKCIIEPUMEHTAJIbHAS
YCTaHOBKa, SKCTPAKIIHS, CTUPOIL.

Keywords: supercritical fluid, solubility, experimental setup, extraction, styrene.

OnHUM U3 pa3/enoB TEPMOJUHAMUKY SIBIISIOTCS MPEICTaBICHUS O (a30BbIX PABHOBECHUAX B
Pa3IMYHBIX MO cocTaBy cucTemax. [Ipu u3ydenun ¢a3zoBbIX paBHOBECHH 0C000€ MECTO 3aHMMAET
Takoe IMOHSATHE, KaK PacTBOPUMOCTb BEUIECTB, B TOM 4YHCIIEe, B CBEPXKPUTHUECKHX (IIFOMIHBIX
cpenax. 3HaHus O (Da30BbIX DPABHOBECHUAX B CHUCTEMaX, HAXOJAIIMXCS B CBEPXKPUTUUYECKOM
(IIIOUTHOM COCTOSIHMH, WU COCTaBleHHBIX ¢ yuactueM CK® cpen, HEOOXOMMMBI ISl TOHUMAHHUSI
mpokoro crnekrpa mnporeccoB (CK®-skcrpakums, CK®d-xpomarorpadusa, cymka mno CKO-
tpaektopur, CK®-umnpernamusi, CKO®-nucneprupoBanue, peakuun B CK®-cpenax),
COCTaBJISIOIIMX OCHOBY HWHHOBALIMOHHOTO TEXHOJOTMYECKOIO HAIPaBJIEHUS, WMEHYEMOI'O
«CBEPXKPUTUYECKUMHU (DITIOMIAHBIMU TEXHOIOTHAME [1].

DKCHepUMEHTAIbHbIE METO/IbI, TPUMEHSIEMBIE JIJIsl UCCIIEIOBAHUS PACTBOPUMOCTH BEUIECTB B
3aBUCUMOCTM OT cCrmoco0a HachIIEHWS pacTBOpa MOXKHO pa3ielMTh Ha CTaTHYECKHUE,
LHUPKYJIAIMOHHBIE U IUHaMu4ecKue [2].

B nmamnoit pabore paccMoTpeHa JMHAMHYECKAas OJKCIEpPUMEHTajbHas  yCTAHOBKA,
pa3zpaboTtanHast aBropamu. I[lpuBeneH KpUTHUECKHMil aHanu3 paOOTHl JAaHHOW YCTAaHOBKU  C
YKa3aHUEM OCHOBHBIX HEJIOCTATKOB M ITyTEH €€ yCOBEPILICHCTBOBAHMUS.

Mamepuan u memoowt ucciedosanus

Jlnia  uccnenoBanuss — pactBopumoctH  BemiectB B CK®-cpegax w  peanuzanun
CBEPXKPUTHYECKOTO (IIIOUAHOTO SKCTPAKLIMOHHOTO Tpollecca C HCHOIb30BAHUEM YHCTOTO U
MOJU(PHUIIMPOBAHHOTO MOJIIPHOM n00aBKOM pacTBOpUTENs/AKCTpareHTa  paspaboTaHa
JKCIEepUMEHTabHas ycTaHoBKa (Pucynok 1), 3amunienHas nareHtamu PO Ha mose3Hylo Monesnb
[3,4].

[InymxepHblii Hacoc BBICOKOTO JaBieHuss wMapku “Waters P50A”  obecneunBaet
(UKCHPOBAHHYIO CKOPOCTh MOAAYN PACTBOPHUTENSI B CBEPXKPUTUUYECKOM COCTOSIHMM B Tpeaenax 1-
50 r/mun nox masnenueM 10 60 MIla. [Ins HOpManbHOM pabOTHI HacOca HEOOXOAMMO 0OECTICUNTh
nojavy >KHMJKOTO IMOKCHIA yIJepoAa Ha KOHType BcachlBaHUA. CKIKEHUE raza MpPOUCXOAMUT B
XOJIOMJIHUKE M HEMOCPEICTBEHHO B Hacoce W obOecneuuBaeTcs LMPKYIALUEH XJagareHra B
pyOalke OXJaXJEeHUS Hacoca W MEXTPyOHOM MpPOCTPAHCTBE XOJOAMJIbHHMKA. Temmeparypa, 10
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KOTOPOM XOJOMWJIBHBIN arperar 4 oxnaxnaer xmamareHT (-5°C), KOHTPOIMPYETCS C MOMOIIBIO
XpOMeJb-KOIEeJIeBON TEpMOMaphl, yCTAHOBICHHON B XOJOJMIbHHUKE.

[lomaua copacTBOpUTENSl U3 EMKOCTHU OCYILECTBISETCS IIYHXEPHBIM HAcOCOM BBICOKOTO
nasienus Mapku “LIQUPUMP 312/1” uepe3 Tpexxo0BOi BEHTHIb B 00IIyI0 MarucTpaib. Hacoc
MO3BOJISIET PEryIMpOBaTh Mojady copactBoputens B nuanazone 0,01-9,99 mu/mMuH, TeM cambiM
yCcTaHaBlIMBas HeoOXoauMyro KoHUeHTpauuto (2-10%) monuduxaropa B cBepxkputrudeckom COs.
Jns npenorBpamenus Bo3Bpara COz W copacTBOpuTeNns OOpaTHO B HACOCHl HCIOJIBb3YIOTCS
oOparHbIC KIIaNaHbI.

Pucynok 1. Cxema »SKCHEpHUMEHTANbHOH YCTaHOBKH [UIsi HCCIECJOBAaHUS PACTBOPUMOCTH U
xapakrepuctuk CK®D npornecca: 1 — 0ammoH ¢ yriaeKUCIbIM Ta30M, 2 —XOJOAWIBHUK, 3 — HACOC BBICOKOTO
naBnenust «Waters P5S0A», 4 —  XonoaunbHBIA arperar, 5 — €MKOCTb IJIsl COpacTBOpUTENs, 6 - Hacoc
Bbicokoro AaBieHUuss«LIQUPUMP 312/1», 7 — Tpexxol0BOW BEHTWIb, 8 — 3KCTpaKIMOHHAs suciika, 9 —
Ter1000MeHHUK, 10 —aekTpoHHBIH m3MepuTenb-peryasTop 2TPMI, 11a, 116 - cOopHuUKHM dKcTpakTa, 12 —
TepMOCTaTHUYECKasl BaHHA, 13 — apoccenbHble BEHTUIN

DKCTpaKLMOHHAs siYelika § mpescTaBiseT co00i Cocy/ BHICOKOTO JaBlICHUs, pa3/ieleHHbINH Ha
1Be yacTu. B ofHOM yacTh OCylIeCTBISETCS HKCTPAKLUS TBEPIBIX BELIECTB, B APYrod 4acTH —
AKCTPAKIMS KHUJKUX BEUIECTB. Sdeiika ycTaHOBIIEHA B TEMJIOOOMEHHUK 9, IPECTaBISIIOIINN cOO0M
TOJICTOCTEHHYIO METHYI0 TpyOy, Ha KOTOPYIO TIO CIHUpajdd B CHEIHaJIbHBIE Na3bl YIOKEH
HarpeBaTeNbHbIA KalOellb 1 TPpyOOIpoBOJ, Ii€ MPOUCXOIUT HPEABAPUTEIbHbIN HArpeB MoAaBaeMoro
JUI SKCTPaKLMU pacTBOpuTens. Sdelika cHaOXeHa IBYMsS JaTYMKaMU TeMIepaTypbl, OJUH U3
KOTOPBIX PACIIONIONKEH HETIOCPEIACTBEHHO Ha KOPITyce STYeHKH, IPYroil — Ha TEIUIOOOMEHHUKE.

COOpHHKHM DKCTpaKTa, NPEACTABIAIONINE COOOW COCYIbI BBICOKOTO JaBICHHS, BHYTPH
KOTOPBIX PACHOJI0KEHBI CMEHHBIE I'MJIB3bI [Tl KCTPAKTa, Pa3MElLIeHbl B TEPMOCTAaTHYECKOM BaHHE.
JlpoccenbHbIE BEHTHIIM, BBINOJHSIOMME (YHKIUU DPECTPUKTOPA, MO3BOJIAIOT (PPaKIMOHUPOBATH
CMECH ITyTeM M3MEHEHUS JIaBJICHUSI.

Jlnst onpeneneHusi CTETIEHN HM3BIICUEHUS MPOMYKTOB YIUIOTHEHUS MPOU3BOIAT B3BEIIMBAHHE
0TpabOTaHHOIO KaTaju3aropa /0 M Mocje dKCIepuMeHTa Ha 3ekTpoHHbIX Becax «CAPTO BJIT-
150-I1» ¢ morpeutHocThIO U3MepeHuit +10-6 Kr.

OCHOBHBIMHU 3JIEMEHTaMH SKCIIEPUMEHTAIBHON YCTAHOBKH SIBIISIFOTCS JBE SKCTPAKIIMOHHBIC
STYEHKH BBICOKOTO JABIICHUSI, OJHA M3 KOTOPBIX MPEAHA3HA4YEHA IS MCCIIeIOBAHUS PAaCTBOPUMOCTH
TBEPABIX BEUIECTB M JUIS OCYHIECTBICHHS IIpOIlecca pereHepalii TBEpAOTo KaTain3aropa, Apyras
— JIJIS1 OKCTPAKLIMKU KUJKUX BEIIECTB, MPEICTABIAIONIas COOON cOCy/l paBHOBECHUS ¢ KalMJUIIPHON
TpyOKkoii. B cocyn ycraHaBiamMBaeTcsi cTakaH C HMcCileqyeMbIM BemecTBoM, npu 3toM CK duronn
MIPOXOUT Yepe3 KaNMWUIIPHYI0 TPYOKy 10 JTHA W JBMIKETCS BBEPX Uepe3 MCCIeNyeMblid oOpaserl,
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Hacklmas ero ¢uirongoM. B m1aHHOW siUelike B OTAMYHE OT TMEPBOM YIUIOTHEHWE KaIMMIISPHBIX
TPYOOK C KOPIIyCOM SUEHKH OCYILECTBIISETCS 110 CUCTEME «KOHYC-KOHYC».

OnHuM U3 HEJOCTAaTKOB JAHHON YCTAHOBKH C MOJOOHBIMHU SYCHKAMHU SIBIISICTCSI OTCYTCTBUE
BO3MOYKHOCTH HCCIIEJOBAHUSI PACTBOPUMOCTHU BEIIECTB B CBEPXKPUTHUUYECKOM TUOKCHJIE YITIEpoaa
IIPU NIEPEXOJIe U3 TBEPJOr0 COCTOSHUS B JKUJAKOE, TaK KaK U3MEPEHHs] paCTBOPUMOCTH KUAKHX U
TBEPBIX BELIECTB MPOBOJATCS B Pa3HbIX YAacTAX HKCTPAKLUMOHHOM suelku. C eNbl0 UCKITIOYEHUs
3TOTO HEJOCTaTKa YCTaHOBKA OblIa yCOBEPIICHCTBOBAHA 33 CUET YCTAHOBJICHHUS B SKCTPAKIIMOHHYIO
SAYENKY MOJEPHU3UPOBAHHOTO LIMJIMHAPUYECKOIO CTaKaHa, a MMEHHO, CTaKaHa C IIYXHUM JIHOM, B
BEPXHEH 4YacTH KOTOPOrO0 HUMEIOTCS OTBEPCTUS JUIsl BBIXOAA CBEPXKPUTHYECKOro Quirouaa ¢
pPacTBOPEHHBIM B HEM HCCJIEyEMbIM BEIECTBOM, CETUYaThlid (DMIIBTP U HHUIIIEINb, B KOTOPBIA 4epe3
pe3p00BOE COCAMHEHUE BCTaBlIeHa TPyOKa IS TOAa4l CBEPXKPUTHUYECKOTO AMOKCHIA YIIepoaa Ha
JTHO CTakaHa IIOJl MCCIEAYyeMOE BEIIeCTBO. biiaromaps Takoll KOHCTPYKLMHU LMIMHAPUYECKOTO
CTaKaHa W HUNINENs IPU TOBBILIEHUH TEMIIEpPaTypbl IO TeMIepaTypbl IJIaBICHHUS BEIECTBa
UCKJIIOYAeTCs €ro BbITEKAaHHME M3 CTakaHa M O00ECleYMBaeTCsl MAKCUMAJIbHBIM  KOHTaKT
CBEPXKPUTHYECKOTO JIMOKCHAA YIJIEpOAa C HCCIEIyeMbIM BellecTBOM. JlaHHOE TexXHUYecKoe
peuieHue 3amuieHo nareHroM P® [5], rme cxemarmyecku M300pakeHa YCOBEPLIEHCTBOBAaHHAs
KOHCTPYKLMS LMJIMHIPUYECKOrO CTaKaHa ¥ HUIIIENs B cOope.

K npyrum HepocTarkaM JaHHOW yCTAaHOBKHM MOYKHO OTHECTH CJIEAYIOIIEE:

- HEBO3MOYKHOCTb IMOJIACPKAHUSI TIOCTOSHHOTO JABJICHUS B IEPBOM COOPHHMKE SKCTpaKTa, YTo
HE M03BOJISIET (PPAKIIOHUPOBATH OMPECICHHBIE KOMITIOHEHTBI CMECH;

- OTCYTCTBUE BO3MO)KHOCTH MOAJEPKAHUS U KOHTPOJISL TOYHOTO PacXoja CBEPXKPUTHYECKOTO
¢dmonga (CK®D), npoxozsiiero yepes ucciaeLyeMblii oOpasel], 4To He MO3BOJISIET MPOBOIUTH OoJiee
KaueCTBEHHYIO 3KcTpakiuio. Kak m3BecTHO, nMeHHO ompeneneHHbii pacxon CK® obecneunBaer
HEOOXOIMMYIO CTETIEHb HACKHIIICHHUS CBEPXKPHUTHYECKOTO PACTBOPUTENS B MCCIIEAYEeMOM OOpasIie.

C wmenblo YCTpaHEHHMs 3TUX HEJOCTAaTKOB B CXEMY YCTAaHOBKUM OBUIM BKJIFOYEHBI:
peNyKIMOHHBIN KianaH, KJIanaH BBICOKOTO JaBJICHMS U CUETYMK rasa. Ilpum 3ToM 3KcTpakuuoHHas
suyeiika ObUla COEIMHEHA C IEPBBIM COOPHHMKOM 3KCTpaKTa 4epe3 KialaH BBICOKOTO JIaBIEHMS U
yepe3 peAYKIHMOHHBIM KJamaH COEJUHEHAa CO BTOPBIM COOPHUKOM OHKCTPaKTa, Ha BBIXOJE W3
KOTOPOT'O YCTaHOBJIEH CUETYMK rasza. B pesynmprare ypanoch AocTuub Oonee Tounblii pacxon CKD
Onarojapsi yCTaHOBKE KJallaHa BBICOKOTO JaBJEHHUs, a Takke Npubopa ydera pacxoja rasa,
MPUBOASAILIETO 00BEM HArpeToro rasa K o0bemMy raza B HOPMaJIbHBIX YCIOBUSIX, U PEAYKLHOHHOTO
KJIaniaHa, MO3BOJISAIOLIET0 MOIJIePKUBAaTh HEOOXOJMMOE OCTOSTHHOE JaBlIEHUE B IIEPBOM COOPHUKE
AKCTpaKTa JUIsl PpaKIMOHUPOBAHNUS ONPEIEIIEHHOTO KOMIIOHEHTA CMECH.

CraenyrounM HEIOCTaTKOM JIaHHOM YCTaHOBKH, KaK OBLIO OTMEYEHO BBIIE, SBISUIOCH
HE0OXOUMOCTh MOCTOSSHHOTO perynupoBanus pacxoga CK® nns noanepkaHus 3aJaHHOTO
JABJIEHUS C TIOMOIIBIO JPOCCEIBHOTO BEHTWJISA, B CBSA3M TEMIEPAaTypHBIMU KOJIEOAHUSIMU
II0JaBaEMOT0 PACTBOPUTENSI HAa BCAaC HAcoca BBICOKOro AasiieHUsA. C LENbI0 yCTpaHEHMs] 3TOTO
HEJIOCTaTKa YCTPOMCTBO OBIJIO CHAOXKEHO YMIIEPOM, XJIaIar€HT KOTOPOTO OXJIAXKIAeT XOJIOMIBHUK
U TOJIOBKM HAacOCOB BBICOKOTO JaBlieHHs. braromapsi ycraHoBKe umiiepa, 00eclednBaroIIero
MOBBIIIEHHYIO MPOU3BOIUTENBHOCTh TEIJIOOOMEHa U MUHHMAJIbHYIO MHEPIHOHHOCTh KojeOaHus
TEeMIIEpaTyphl XJIaareHTa, B OTIMYME OT XOJOJMIILHOTO arperara Ha 6a3e ObITOBOTO XOJIOAMJIbHUKA
, YAaloCh JOOUTBCS JTOCTHKEHHS MOCTOSHHOTO 33aJaHHOTO JIABJIEHUS B SUEHKe U YCTpaHEHHS
MHOT'OKPATHOTO perynupoBaHus pacxona CKO.

YcoBepilieHCTBOBaHHAsI SKCIIEPUMEHTAIbHASl YCTAHOBKA 33 CUET YCTAaHOBKHU PEAYKIIMOHHOTO
KJIallaHa, KJiariaHa BBICOKOTO JIaBJICHHsI, CYeTUHKA T'a3a U Yuiijiepa ObUla Takke 3araTeHToBaHa [6].

Kpome Toro, B xome CK® »3KCTpakMOHHOIO MHpolecca € HCIOIb30BAHUEM JHOKCHA
yriaepoaa, MOAU(UIIMPOBAHHOTO COPACTBOPUTENIEM, UMEIOIIMM CBOMCTBO KPHUCTAIIIM30BATHCS MPU

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 136



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108

TeMIepaType [UOKCHAA YIIepoAa, HArHeTaeMoro HAcOCOM BBICOKOTO JIaBJICHHS, BO3HHUKAET
npoOiemMa caMoi peanu3anuu JaHHOTOo Tporecca. Ha BcackiBanue Hacoca mogaetcs xuakuii CO;
OXJIaXAECHHBI 110 TeMmmeparypel -15°C, mocine Hacoca CO; HarHeraeTcssi 4epe3 TPEXXOI0BOM
BEHTWIb B LIEHTPAJbHYI0 MarucTpalib, TyJa ke MOAAeTCsl COPACTBOPHUTEINb. TaM COpacTBOPUTEIb
OXJIXKAAeTCs IO TEMIIepaTyphl TMOKCHA YIIIEPOAa U KPUCTAIIU3YeTC s, OJIOKUPYST MarucTpaib, YTO
MPUBOIUT K CpbIBY peasnm3aniuun CKDD mpouecca. JlanHas nmpobieMa ObuTa pelieHa myTeM 3aMeHbI
TPEXXOMOBOTO BEHTUJISI Ha TIPOMEKYTOUHBIM OOOTpeBaeMbI COCYH Ui MPEIABAPUTEIHLHOTO
CMEIICHUsI TUOKCUJIA YIJIEpo/a C COPACTBOPUTEIEM M HArpeBa CMECH JI0 3aJaHHOM TeMIleparypbl
nepen mojayeil MX B IKCTPAKLUMOHHYIO sueiiky. B pesynprare 3TOro mosiBUIach BO3MOKHOCTh
peamuzanmn  CK®D3- mpomecca ¢ ucnonb3oBanueM CK  CO,, wmomudumupoBaHHOTO
COpPaCTBOPUTENIEM, KOTOPBII MOXKET KPUCTAJUIM30BaThCS MPH TeMIEparype IUOKCHIAa YIIIEepo.a,
HarHeTaeMOI0 HAacCOCOM BBICOKOTO JaBieHus. Cpeau cOpacTBOPUTENCH, MMEIOIIUX TEMIEpaTypy
KpUCTAJTU3AKH BhIIIE -15°C, MOKHO BBIICTUTH CIICAYIONINE BEIIEeCTBA: ATHICHIIIMKOIB (-12.6°C),
tper-ammioBbiii - coupt  (-9.1°C), ammmmu  (-5.98°C), kamponoBas kuciaora (-3.9°C), 1-
xmopHadranud (-2.3°C), 1.8-uuneon (1.3°C), 6enson (5.53°C), nuxinorekcan (6.55°C), mypaBbuHas
kucnorta (8.25°C) u ap.

Ha pannyro ycraHoBKy Takyke ObLI MOJIy4eH MaTeHT Ha u3oopetenwue [7], rae Oonee moapoOHO
OMHCaHa CYHUIHOCTh H300pETEeHUsT W CXEMAaTWYeCKh H300paxkeH OoOlMi BUJ OMUCHIBAEMOU
YCTaHOBKH.

Pesynomamot u obcyscoenue
JlJis moATBEpKIIEHUSI JOCTOBEPHOCTH MOJNYyYaEMBIX PE3YNbTATOB BBIOJHEHBI KOHTPOJIBHBIE
U3MEpPEHUsS] PacTBOPUMOCTU CTHpPOJa B CBEPXKPUTHUUECKOM JIMOKCHJAE YITIEpOJa IMPH pa3IMYHbIX
nasieHusix (Pucynox 2). Kpome TOro, pactBOpuMOCTh CTHUpOJia, H3MEpPEHHAs B paMKax
KOHTPOJIBHBIX HWCIBITAHUA HAa CO3JaHHOW OSKCIIEPUMEHTAIBHON yCTaHOBKE, ONHUCaHa C
UCIONIb30BaHUEM YpaBHEeHHs cocTosiHus [lenra-PobuHcoHa 1 Tpex MOArOHOUHBIX apaMeTPOB.

0,07

0,06 ! |
0,05 ! |

0,04 1 1
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o
o
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Pucynok 2. Pesynbratsl pactBopumMoctu ctupoisia B CK-CO, npu T=323 K: 1 nannsie padotsr [8]; 2 —
SKCTIEPUMEHTAITLHBIE JJAHHBIE HACTOSIIEH paboThl; 3 — SKCIIEpUMEHTAIILHBIE JJAHHBIC, ONICAHHBIE COTJIACHO
ypaBHeHuto coctosinus [lenra-Poouncona
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Kak BuIHO M3 rpaduka, 3HaU€HUS PACTBOPHUMOCTH CTHUPOJA, IMOJYYEHHbIE B HACTOAIIECH
paboTe, KOppEIMpYIOT B IpeAeiax CyMMapHOH MOrpPEeNIHOCTH pPEe3yJabTaTOB H3MEPEHUH ¢
9KCIEPUMEHTAJIbHBIMU JAHHBIMU, ITOJIyY€HHBIMH IPYTUMU aBTOpamMu B padote [8].

3axnouenue

B pabGore omucaHa sKcHepUMEHTalbHAs YCTAaHOBKA JJIsl HCCIEIOBAHUSA PacTBOPUMOCTHU
BemectB B CK®-cpemax u peanm3alud CBEPXKPUTHYECKOTO (MIIOUIHOTO HSKCTPAKIIMOHHOTO
IpoIecca ¢ UCTOIb30BaHUEM YUCTOTO U MOJU(PHUIMPOBAHHOTO MOJSPHON 100aBKOW paCTBOPUTEIIS.
IIpoananu3upoBaHbl JOCTOMHCTBA W HENOCTATKUW JAHHOW YCTAaHOBKHM, YKa3aHbl IIyTH €€
YCOBEpLICHCTBOBAHUS, IPUBOAIIME K JOCTIKEHUIO Oosee ToyHoro pacxonaa CK®, moanepxanuio
HEOOXOIMMOTO TMOCTOSIHHOTO JIaBJICHHUS B IEPBOM COOPHHUKE SKCTpakTa s (PpaKOHUPOBAHHUS
OIIpPEICIEHHOT0 KOMIIOHEHTa CMECH M YCTPaHEHHIO MHOTOKpATHOTO perynupoBanus pacxona CKO.
A Take 3aMeHa TPEXXOJOBOIO BEHTWISI Ha IPOMEXKYTOUHBIH oOOrpeBaeMblii cocyn s
IPEIBAPUTEIBHOIO CMEIICHUs AMOKCHIA YIJIEpOoJa C COPAacTBOPUTENEM M HarpeBa CMecH [0
3aJJaHHOI TeMIeparypsl Mepea Mojadeid X B HKCTPAKIUOHHYIO SYCHKY TO3BOJIAJIA PEaTU3AIHIO
CK®D-npouecca ¢ ucnonb3zoBanueM CK CO,, MonupuuupoBaHHOTO COPAaCTBOPUTENIEM, KOTOPBIN
MOXET KpHCTaNIM30BaThCsl IpPHU TeMIepaTrype IUOKCHAA YIVIEpOAa, HArHeTaeMoro HacoCcoM
BBICOKOTO JIaBJ€HHUsA. Pe3ynpTarbl KOHTPOJIBHBIX H3MEPEHUHl pacTBOPUMOCTH CTHUpOJia B
CBEPXKPUTHUYECKOM JUOKCH/IE YIIIEPOa PH PA3IHUHBIX JTABICHUSIX OATBEPKAAIOT JOCTOBEPHOCTD
MOJTy9aeMBbIX PE3yJIbTAaTOB Ha JAHHOW yCTAHOBKE.
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CPABHUTEJIBHOE UCCJIEJOBAHUE IOAXOA0B K YIIPABJIEHUIO PECYPCAMHU
B KUBERNETES U DOCKER SWARM: DOPEKTUBHOCTD
N MACHITABUPYEMOCTD
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Abstract. This article presents a comparative analysis of resource management (RM)
approaches in two popular container orchestration platforms, Kubernetes and Docker Swarm. The
key differences in RM, scheduling, and scaling are discussed, with a focus on the flexibility and
granularity of Kubernetes compared to the simplicity and ease of use of Docker Swarm. The
advantages and disadvantages of each tool are also analyzed to provide a more complete
understanding of their applicability.

Annomayus. TlpencraBieH CpaBHUTENBHBIM aHAIU3 TOAXOIOB K YIPABICHHIO PECypcaMu B
IBYX TOMYISpHBIX IUargopmax opkectpauuu KoHTelHepoB Kubernetes m Docker Swarm.
PaccmarpuBaroTcsi  KIIIOUEBBIC  pa3jMuds B YIPABICHUU peCypcaMu, IUIAHUPOBAHUU U
MacmTaOupOBaHKUH, TIPU 3TOM 0CO00E BHUMAHHUE YIeNsIeTcsl THOKOCTH U Aetanu3ainuu Kubernetes
10 CPaBHEHUIO C MPOCTOTOM U ynoOCTBOM ucmonb3oBaHus Docker Swarm. Takke aHanu3upyroTcst
npeuMymeCcTBa M HEAOCTATKHU KaXIOro HWHCTPYMCHTaA JJIA 0ojee MONHOrO ITOHHUMAHHUSI HX
PUMEHUMOCTH.

Keywords: resource management, Kubernetes, Docker Swarm, efficiency, scalability,
containers, orchestration.

Knioueswvie cnosa: ymnpasnenue pecypcamu, Kubernetes, Docker Swarm, 3¢¢exTuBHOCTS,
MaclTabupyeMoCcTb, KOHTEHHEPBI, OpKeCTpalus.

In the realm of modern software development and deployment, container orchestration has
emerged as a key solution for managing the complexities of large-scale, distributed systems.
Containers, by virtue of their portability and consistency, have become the preferred method for
packaging and deploying applications. Managing containers at scale demands a robust orchestration
tool, and Kubernetes and Docker Swarm have risen to prominence in this space. Both tools aim to
simplify the deployment, scaling, and operation of containerized applications, yet they do so with
distinct philosophies and methodologies, particularly in their approaches to RM.

Kubernetes, developed by Google, is renowned for its robust and flexible architecture, which
enables efficient scaling and resource utilization across large clusters. In contrast, Docker Swarm,
which is developed as part of the Docker ecosystem, emphasizes simplicity and ease of use. The
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aim of this study — to present a comparative study of RM approaches in Kubernetes and Docker
Swarm in terms of efficiency and scalability.

Comparison of Kubernetes and Docker Swarm characteristics
and features as containerization tools

The rise of containerization has reshaped software development and deployment by offering
an efficient, consistent approach to packaging applications and their dependencies. As organizations
continue to adopt containerized environments, managing and orchestrating containers across
distributed systems presents new challenges [1]. Resource efficiency and scalability are key
concerns at the application level in today's various IT sectors [2]. Tools like Kubernetes and Docker
Swarm have emerged to address these problems, providing automated solutions for scaling
containerized applications.

Kubernetes, often abbreviated as K8s, become the standard for container orchestration,
largely due to its rich feature set and extensive community support. Kubernetes was inspired by
Google's internal system, Borg, which was designed to manage and scale containerized workloads
efficiently across its vast data centers. According to statistics (https:/lyl.su/PNIM), in 2023 it
became the second most used containerization tool in the world after Docker (Figure 1).

Figure 1. Leading containerization technologies market share worldwide in 2023, %

Docker Swarm is a native clustering and orchestration tool for Docker containers. It was
created to provide an easy-to-use, integrated solution for orchestrating containerized applications.
Unlike Kubernetes, which was designed as a standalone orchestration platform, Docker Swarm is
tightly integrated with the Docker ecosystem, making it a natural choice for users already familiar
with Docker’s command-line interface (CLI) and tools (https://docs.docker.com/engine/swarm/).
Docker Swarm's simplicity and ease of use have made it popular among small to medium-sized
teams and projects that require quick setup and straightforward management of containerized
environments (Figure 2).

While Kubernetes and Docker Swarm share the common goal of orchestrating containerized
applications, they differ significantly in their design philosophies, feature sets, and operational
complexity. Kubernetes is designed to support large-scale, multi-tenant environments. Its
sophisticated RM and autoscaling mechanisms make it suitable for managing complex workloads
across diverse infrastructures. According to IBM specialists
(https://www.ibm.com/think/topics/docker-swarm-vs-kubernetes), Docker Swarm, while capable of
handling sizable clusters, is generally considered more suitable for smaller-scale deployments or
scenarios where quick setup and ease of management are priorities (Table).
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Figure 2. Distribution of worldwide companies that use Docker Swarm based on company size by
revenue for the years 20162023 (https://lyl.su/rXj6)

Table
ADVANTAGES AND DISADVANTAGES OF KUBERNETES AND DOCKER SWARM
Aspect Advantages of Disadvantages of Advantages of Disadvantages of
Kubernetes Kubernetes Docker Swarm Docker Swarm
Scalability High, with autoscaling. Requires more Suitable for smaller Manual scaling.
resources. clusters.

Resource Granular control. Requires detailed Simple resource Less granular
control configuration. reservation. control.
Ecosystem Extensive tools and Complex to Seamless Docker Limited

plugins. integrate. integration. extensibility.
Complexity Advanced features, Steep learning Easy to set up. Limited advanced

flexibility. curve. features.

Kubernetes offers a more complex and feature-rich environment, providing advanced
capabilities such as custom resource definitions (CRD), role-based access control (RBAC), and
intricate scheduling policies. This complexity allows for fine-grained control over container
orchestration but also introduces a steep learning curve. Docker Swarm, in contrast, emphasizes
simplicity and ease of use. Its straightforward setup process and Docker-native CLI make it more
accessible to teams with limited orchestration experience, albeit at the cost of some advanced
features.

A vast ecosystem of tools, plugins, and integrations is available in Kubernetes, supported by
an active open-source software development community. Its extensibility allows users to customize
their orchestration environment, integrating tools for logging, monitoring, and security. Docker
Swarm, being more opinionated and tightly integrated with the Docker ecosystem, offers fewer
customization options but provides a cohesive experience for users who prefer a more
straightforward, out-of-the-box solution.

Analysis of various approaches to RM in Kubernetes and Docker Swarm
Resource allocation is an important aspect of container orchestration, as it directly influences
the efficiency, performance, and reliability of containerized applications. Both Kubernetes and
Docker Swarm provide mechanisms to manage resources, but they differ significantly in their
design philosophies and implementation.
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Kubernetes adopts a declarative approach to RM, allowing users to define the desired state of
the system and letting the platform ensure that the actual state matches the desired one. This is
achieved through several key components.

Namespaces are used in Kubernetes to partition the resources of a cluster into separate, virtual
sub-clusters. It provides a mechanism to isolate assets within a cluster, making it possible to
organize and manage capacity for different teams or projects efficiently. By setting asset quotas and
limits at the namespace level, Kubernetes can ensure that no single namespace monopolizes the
cluster's resources, thereby promoting fair capacity utilization.

In Kubernetes, requests and limits are the key mechanisms for managing the CPU and
memory usage of containers. These requests specify the minimum amount of computing power
needed by a container to operate, ensuring that the Kubernetes scheduler assigns the pod to a node
with enough available capacity. Limits, on the other hand, define the maximum amount of
computing resources a container can consume, preventing it from using more than its allocated
share. These controls help maintain the overall health of the cluster by avoiding contention and
over-utilization.

Advanced resource scheduling capabilities are provided in Kubernetes through node affinity
and taints/tolerations. Node affinity allows users to specify rules for pod placement based on node
labels, ensuring that pods are scheduled on nodes that meet specific criteria. Taints and tolerations,
conversely, enable nodes to repel certain pods unless they have the appropriate tolerations. This
mechanism helps in creating dedicated or specialized nodes within the cluster, optimizing resource
usage according to the requirements of different workloads [3].

Kubernetes supports both horizontal and vertical autoscaling to dynamically adjust resource
allocation based on current demand. Horizontal Pod Autoscaling (HPA) adjusts the number of pod
replicas in response to CPU or memory usage, allowing the system to scale out or in as needed.
Vertical Pod Autoscaling (VPA) modifies the resource requests and limits of individual pods,
adjusting their CPU and memory allocation to match the observed resource usage patterns. These
autoscaling mechanisms enhance the efficiency of resource utilization and ensure that applications
remain responsive under varying loads.

A simpler and more streamlined approach to resource management is offered in Docker
Swarm, with a focus on ease of use and rapid deployment. While it may not provide the same level
of granularity as Kubernetes, Docker Swarm’s RM features are effective for many use cases.

Docker Swarm, like Kubernetes, allows users to set resource limits and reservations for
services. Resource reservations define the amount of CPU and memory a service requires, ensuring
the scheduler places it on a node with adequate resources. In contrast, resource limits cap the
maximum CPU and memory a service can use, preventing it from overloading the node. Together,
these settings help distribute workloads evenly across the cluster.

Placement constraints and preferences are used in Docker Swarm to control where services
are deployed within the cluster. Placement constraints allow users to specify conditions that a node
must meet to run a service, such as node labels or node roles. Placement preferences enable a finer
degree of control by specifying rules that influence the placement of services, such as spreading
services evenly across different nodes or preferring nodes with specific characteristics. These
features facilitate efficient resource utilization by ensuring that services are deployed on the most
suitable nodes.

Unlike Kubernetes, Docker Swarm does not have built-in autoscaling features for services.
However, it can be achieved through external tools and custom scripts that interact with the Docker
Swarm API. For example, users can implement a custom autoscaler that monitors service metrics
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and adjusts the number of replicas accordingly. While this approach requires additional setup and
maintenance, it offers flexibility in how autoscaling is implemented within a Swarm cluster [4].

In summary, Kubernetes’ use of namespaces, resource requests, and limits, along with
advanced scheduling features like node affinity and taints/tolerations, enables fine-grained control
over resource allocation and ensures optimal utilization of cluster resources. Kubernetes’ built-in
autoscaling capabilities allow for dynamic adjustment of computing resources in response to
changing demands, enhancing both efficiency and scalability, which ultimately improves user
satisfaction [5].

In contrast, Docker Swarm’s RM is more straightforward, catering to users who prioritize
simplicity and ease of use. Its reservation and limits system, combined with placement constraints
and preferences, provide essential control over resource distribution. The lack of native autoscaling
in Docker Swarm means that achieving dynamic resource adjustment requires additional effort and
external tools.

Conclusion

The choice of a container orchestration platform is a significant decision for organizations
aiming to optimize the deployment, management, and scaling of their applications. Kubernetes and
Docker Swarm, as two of the most prominent solutions, represent different philosophies in RM and
operational complexity. The selection between these two platforms hinges on an organization’s
specific needs regarding scalability and RM. As containerization continues to shape the future of
application development and deployment, understanding the fundamental strengths and trade-offs
of Kubernetes and Docker Swarm will remain essential for making informed decisions about
infrastructure design.
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Annomayusn. TlpeacTaBieHbl pe3ynbTaTbl YCKOPEHHBIX HCHBITAHUN TEYeHbsI CIOOHOTO ¢
MaccoBoil nosieir xupa 17%, xpanuBmierocs mnpu aByx temieparypax: +40°C u +50°C, ¢
€)KEeMECSIUHOW oOlLleHKOH mokazareneil. Llenplo skcrepuMeHTa ObLJIO YCTaHOBJIEHHWE KPUTHYHBIX
OPraHOJENTUYECKUX U (PU3MKO-XMMHUYECKUX MOKa3aTesel, Mo3BOSIONIMX 00bEKTUBHO OLIEHUBATh
IIPOLIECChl OKHMCIUTEJIBHON MOpYM B KOHAWUTEPCKUX u3nenusx. Hapsany co cranaapTHbIMU
nokazarensiMu, ycraHoBiieHHbIMU ['OCT P 70412, nononHuTENbHO ONPEAEsUIA KUCIOTHOE YNUCIIO U
OPraHOJIENTUYECKHE XapaKTEePUCTUKHU IO pa3pabOTaHHONW METOIUKE C MPUMEHEHHEM OallIbHOMN
IIKAJIBI.

Abstract. The article presents the results of accelerated tests of pastry biscuits with a mass
fraction of fat of 17%, stored at two temperatures: +40°C and +50 °C, with a monthly assessment of
indicators. The aim of the experiment was to establish critical organoleptic and physico-chemical
parameters that allow an objective assessment of the processes of oxidative spoilage in
confectionery products. Along with the standard indicators established by GOST R 70412 (1), the
acid number and organoleptic characteristics were additionally determined according to the
developed methodology using a point scale.

Knroueswie cnosa: KOHOAUTCPCKUEC U3ACIMA, ITICYHCHLBE CI[O6HO€, OKHCIIMTCJIIbHAA I10p4a,
YCKOPCHHOC CTapCHHUEC, OPIraHOJICITUYCCKUEC I10KA3aTeCIIu, CI)I/I3I/IKO'XI/IMI/I‘ICCKI/IG ImoKa3arcJiiv,
KOMIIJICKCHAasA OIICHKA Ka4CCTBa

Keywords: confectionery, pastry, oxidative spoilage, accelerated aging, organoleptic
parameters, physico-chemical parameters, comprehensive quality assessment

[Ipn XpaHeHHMM NUIIEBBIX NPOAYKTOB, B TOM YHCIE, KOHAMUTEPCKUX H3JEIHM, MPOUCXOAAT

(UBUKO-XUMUYECKHE W MHUKPOOHOJIOTHYECKHE TPOIECChl, O0yCIaBIMBAIOIINE YXYIIICHUE WX
OpraHoJIEITUYECKUX XapaKTepUucTuk [1].
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Ecnu HampaBneHue #  CKOPOCTh (U3WYECKUX M MHUKPOOHMOIOTMYECKHX H3MEHEHUI
KOHAWTEPCKUX U3JEIUN B IIPOLIECCE XPaHEHUS OIpPEACNAIOTCS B OCHOBHOM TEXHOJIOTHEN
MIPOU3BOJCTBA, TO XapaKTep OKHUCIMTEIbHBIX M3MEHEHHH OOYCIIOBIIEH, MPEXIE BCEro, KaueCTBOM
HCIOJIb3YEMBIX JKUPOB M KHUPOCOJEPKALIEro chipbsi. Kpome TOro, MMeer MecTo ruJpoIuTUYECKOE
MIPOrOpKaHue, KOTOpOE IOYTH BCErla CBsI3aHO C JeiicTBUEeM (epMEHTOB, OCOOEHHO JHMma3, |
00yCJIOBJIEHO HMHIPEAMEHTAMHU, HE IOJBEPIIIUMUCS JOCTaTOYHOW TEepMUUYECKONH 00paboTke.
CHOXXHBINM MEXaHU3M MPOIIECcCa OKUCICHUS 03HAYaeT BOZMOXKHOCTh OJIHOBPEMEHHOTO 00pa30BaHUS
LIEJIOT0 psAJia MPOAYKTOB, TUIl U KOHUEHTPALUs KOTOPBIX 3aBUCAT OT JAEHCTBUS Pa3IMYHOIO poja
MHUIMATOPOB OKUCIIEHUS. JTO MOTYT ObITh SHEPTHsI CBETA WM JIPYTHX TUIIOB U3JIy4EHUs, TEIIOBas
SHEpIUs, KOHLIEHTPALMs KHCIOpOAa B  OKpyXaroued cpeae, IUIOMAAb I[OBEPXHOCTH,
IIOJBEPrarolIeiicsl BO3IEHCTBUIO KHUCIOPOAA, COCTAaB JKUPHBIX KHUCJIOT JIMIUJIOB, YPOBHU
coiepKaHUsI SHJOT€HHBIX AHTHUOKCUAAHTOB WM KaTaJln3aTOPOB OKUCIIEHUS, TEMIIEpaTypa XpaHEHUs
npoaykra [2].

[Iponieccpl OKHMCIMTENBHONW IOPYM IPOBOLUPYIOT MOSABICHHUE IOCTOPOHHUX IPHUBKYCOB,
IIPOrOPKJIOCTH, B KOHEYHOM HTOr€ MPUBOAAT K IOJHOW OPraHoJEeNTHYECKOM HENpUeMIEMOCTH
MIPOYKTa HE3ABUCUMO OT €ro (QPU3XUMUH.

[Iponiecchl  OKMCHAMTENBHOW MOPYA MOXKHO 3aMEIJINTh, HCIHOJIB3YSd B pelenTypax
KOHAMTEPCKUX M3EIUN KUPbI, COAEPKAILME HACHIIICHHBIC KUPHBIE KUCIOTHI. /[omoIHUTENbHBIE
PEKOMEHJAMU 10 YBEJIMYEHUI0 XPaHUMOCIOCOOHOCTH KOHAWTEPCKUX U3JCIUN BKIIOYAIOT
YBEIMYCHUE TPENENbHBIX BEIMYMH WHIYKIIMOHHOTO IEPHOJA >KUPOBOW (paKIMW, YMEHBIICHHE
MEPEKUCHOTO YKCIIa JKUPa B ChIpbe U Noiyhadpukarax, BBeJCHUE aHTUOKCUIAHTOB [2].

B ocHoBy Meromonoruu ompeneneHus COXPAHHOCTH MHOTOKOMITOHEHTHBIX KOHIUTEPCKUX
CUCTEM 3aJI0KEH KOMIUIEKCHBIN IOJX0Jl, OCHOBAHHBIM Ha M3y4YE€HUH 3aKOHOMEPHOCTEH IpPOLEeccoB
OKHUCJIUTEIbHON MOPYU U MUIpaluu XKUpoB. V3MeHeHue KayecTBa KOHJIWTEPCKUX HU3ACIUN INpU
XpPaHEHUM MPOUCXOAUT 1O TPEM  B3aUMOCBS3aHHBIM  HANpPABICHUSM:  OKHCIIUTEJIbHBIE,
MUKpPOOHOIIOTHUYECKHE U (PUBNYECKHE TTPOIECCHI.

MyuHble KOHAWTEPCKUE U3ENUs TPYyNNbl IEYEHbS OTHOCATCA K U3ICIUSAM C HU3KON
BIQXHOCThIO (MaccoBasi gons Biaru  MeHee 10%). B Takoli TpoOAyKIMu MPOTEKAIOT,
IIPEUMYIIECTBEHHO, IIPOLECCHl OKUCIUTENBbHON mopuu kupoB [3, 4]. [loBeleHne Temmeparypbl
XpaHEHUs TMpPUBOAUT K YBEIMUYEHUIO CKOPOCTHM JTuUX mporeccoB. CrenoBarenbHo, Ui
MOJIEIUPOBAHMSI U3MEHEHUI KadecTBa 3a Oosiee KOPOTKHM Mepuoj] XpaHEHUs, yeM (aKTUUEeCKUI
CPOK T'OIHOCTH, MO’KHO IIPUMEHSTH METOJT YCKOPEHHOTO CTapEHMUSI.

MeTon yYCKOPEHHOTO CTapeHMsl BKJIIOYAET HCCIECJOBAHUE IPOAYKTAa IPU MOBBIILIEHHBIX
Temreparypax, IpHU 3TOM MPOAYKT MPOXOAUT CBOW (CKU3HEHHBIM IMKI» 3a CYIIECTBEHHO Oosee
KOPOTKMI TMepuoJ BpEeMEHM, 4YeM INpU HaTypHOM XpaHeHuu. llomydeHHble pe3yinbTaThbl
AKCTPAIOJIMPYIOT Ha OOBIYHBIE YCIOBHSI XpaHEHHUs], UCTIOJIb3Yysl ypaBHEHUE AppeHuyca.

Mamepuanvt u memooul

HeitctBytomuit 'OCT P 70412 «U3nenust konautepckue. PykoBoxsiiue ykasaHusl IO
YCTAHOBJIEHHMIO UM MOJATBEPKIEHUIO CPOKOB rogHocTu» (1) mpeamnonaraeT npoBeleHNE YCKOPEHHBIX
UCTIBITAHUNA Kak YacTb paldoT s YCTaHOBIIEHHS CPOKOB TonHOCTH. B kauecTBe Hamboiee
nH(OPMaTUBHBIX MTOKa3aTele paccMaTpuBaIOTCS: COJEpKaHUE CaIbMOHEI B IEPBOM U MOCeIHeN
KOHTPOJILHOM TOUYKE SKCIIEPUMEHTA, OpPraHOJIENTUYECKHE XapaKTePUCTUKH, TepekucHoe yucio (ITH)

OOBEeKT wuccieoBaHUs: IE€YeHbe CA0O0HOe M3 MYKM IIIEHWYHOH BBICIIErO copTa C
conep:xanuem xupa 17% u cpokom rogHoctu 18 mec.

JUis BBISBICHUSI KPUTUYHBIX OPraHOJENTHYECKHMX U (U3MKO-XMMUYECKUX IIOKa3aTesei,
MO3BOJIAIOIIMX OOBEKTHBHO OILIEHHWBAaTh MpPOLECChl OKucauTenbHoi mopun, B OI'BY HUUIIX
Pocpesepsa ObL1a pazpaborana «MeToAMKa YCKOPEHHOTO CTapeHUs ISl KOHIUTEPCKUX U3JIeNuil», B
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KOTOpOM HapsiAy C€O CTaHAapTHBIMU IOKa3arensiMu, YycraHoBieHHbiMH [OCT P 70412,
JIOTIOJIHUTENBHO omnpenesuii kucinotHoe yucino (KY) u opraHonentuyeckue XapakTEpUCTUKH IO
OPUTHHAIILHOW METOJMKE C TPUMEHEHUEM OQJIITbHOW IITKAJIHI.

MukpoOuonoruyeckue UCIIBITaHUS MPOBOAMIIN o CTaHJIaPTHBIM METO/aM.
OpranonenTtudeckue nokasarenu omnpenesian mo 'OCT 5897 (2) u no paspaborannoii B I'BY
HUUIIX «Meronuke OpraHoJICNTHYECKOW OICHKM KOHJIUTEPCKUX H3ACIHI € IPUMEHEHUEM
OaTbHOW IMIKaJbl». Hapsay ¢ OpraHoNeNTUYEeCKON OICHKON ompeaensuin (U3UKO-XUMUYECKUE
MOKa3aTeiy, XapaKTepU3yIolue HW3MEHEHHE XHMHYECKOrO0 COCTaBa M MHIIEBOW IIEHHOCTH
npoaykToB npu xpaneHun: KU u [T4 — mo MU 2586, n. 7 u 1. 8 coorBeTcTBeHHO (3).

Ha navanbHOM »5Tame SKCIEpUMEHTa Mepel 3akJIaKod Ha XpaHEHHe ObLIU IPOBEACHBI
WCIBITAHUS OMBITHBIX O0Pa3IOB KOHAMTEPCKUX m3aenuii Ha coorBerctBue TP TC 021/2011 (4),
I'OCT 24901 (5). B mHauanme »SKCIEpUMEHTa ONBITHBIE OOpa3Ibl COOTBETCTBOBAJIM BCEM
YCTaHOBJICHHBIM TPEOOBAHUSIM.

B oskcnepumeHTe 10 YCKOPEHHOMY CTapEHHMI0 XPAHEHHE KOHJIUTEPCKUX — U3IEIHI
OCYIIECTBIISIOCH TIpH IByX Temrieparypax: +40°C u +50°C, ¢ exxeMecsYHOM OIEHKOM MoKa3aTee.

Pezynemamur uccneoosanuil

OnHMUM U3 KpUTEpUEB TOATBEPXKACHUS KauyecTBAa KOHJIUTEPCKUX W3JEIUM  SBISETCS
BBIPAKEHHOE COXpaHEHHE TpeOyeMbIX OpPraHoJIENTHYECKUX CBOWCTB. OpraHoientuyeckas OLEHKa
ABJISIETCA OOIIMM IOKa3aTeeM, OTPaXaroluM KOMIUIEKC U3MEHEHUH JTUMUIHON U OeNKOBOM yacTu
npoaykra [5].

B pabore ans ompeneneHus KauecTBa  II€YEHbS  MCIIOJIb30Bajlach  KOMILJIEKCHAs
OpraHOJIETITUYECKAs OL[EHKA KaK CyMMa CpelHeapu(PMETHUECKUX OLEHOK MO KaXJIOMY OTIEIbHOMY
MI0KA3aTeN0 ¢ y4eToM KO3((UIIMEHTOB BECOMOCTH. MakcuMaibHble KO3()(UIHEHTH BECOMOCTHU
ObUIM YCTAHOBJIEHBI JUIsi HauOosiee JTaOWIBHBIX W 3HAYMMBIX IIOKa3aTeiled — BKyca M 3araxa
(Tabmuma). CymmapHasi opraHojenTHYecKas OlleHKa paccuuThiBajach 1mo 100-0amibHON MIKae.
Kputnueckum, cormacHO METOIMKE, IPUHATO CUUTATh CHU)KEHUE CyMMapHOW OajuIbHOM OIIEHKHU Ha
15% wunu cHrxeHne OamIbHON OLEHKH 110 MHIUBHIyalbHOMY MoKazaTelnto Ha 20%.

Tabnuua
KO2OOUITMEHTBI BECOMOCTUA JIA OPFAHOHEHTHqECKOﬁ OLIEHKUM
KOHAUTEPCKUX U3IEJINN
Opeanonenmuueckue noxazamenu  Koagguyuenm eecomocmu Maxcumanvhas oyenxa ¢ yuemom
K03 puyuenma ecomocmu
Bkyc 10 50
3amax 5 25
LBer 3 15
[ToBepxHOCTH 1 5
Bun B nznome 1 5

Ha Pucynke 1 npezacraBieH rpaguk AWHAMHKH KOMIUIEKCHOW OPraHOJENTHYECKOW OLIEHKU
MeyeHbs! CI00HOTO, XPaHUBILEroCs MpU MOBBILICHHBIX TeMIeparypax B TeueHue 7 mecsues. [lpu
+40°C nepBble PU3HAKKU YXYIUIEHUS] OPraHOJENTHUECKUX XapaKTepUCTHK HaOIronanuch nocie 3-
ro Mecslla XpaHEeHHs C MOCJIEAYIOMUM OBbICTPBIM CHM)KEHHEM KOMIUIEKCHOW OaylIbHOW OLEHKH.
VYXyalIeHue OpraHojIenTUKY IIEYEHbs BBIPAXKACTCS B IOSBICHUM CHayaja JIETKOTO MOCTOPOHHETO
MOCIIEBKYCHUSL M CJIa00r0 HECBOWCTBEHHOTO M3/IENUIO 3aMaxa, KOTOPhIe 3aTeM MEPEXOIsiT B MPUBKYC
ropeur M 3amax MPOrOpKJIOCTH € HApacTaHWMEM WHTEHCHBHOCTHM Ipu3Haka. Ilocine 6 Mecsues
HKCIEPUMEHTA ATO CHIKEHUE MPAKTUYECKU JOCTUIVIO MpeNebHbIX 3HAUYeHUH, To ecTh Oonee 15%
CyMMapHO# 0aIbHON OLIEHKH.
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[IpomomKUTETPHOCTh XPaHEHHUs, MEC.

=&—xpanenue npu + 40 ° C == xpanenue npu + 50 ° C

Pucynok 1. Opranosientuueckas OLEHKa MeUYeHbs CIOOHOTO MPH XPaHEHUU B YCIOBHUSX MOBBIIICHHBIX
TeMIIepaTyp

Xpanenue nedeHbss mpu Temmneparype +50°C  BbI3bIBa€T aHAJIOTUYHbICE HM3MEHEHUS B
OpPraHoJITITUKE MPOAYKTa, HO YXYyALICHHME KauecTBa IMPOHMCXOAUT 3HAYUTENBHO OBICTpEE H C
Oosplieid MHTEHCUBHOCTRIO. CymMMapHast 0ayuibHasi OIEHKA JOCTUTAST MPEAeIbHOTO 3HAYCHUS yKe
nociie 4 Mecs1eB YCKOPEHHOro cTapeHus, nocie 5 mecsna [14 crpemurensHo pacTeT U K 7 Mecsany
SKCIIEPUMEHTA B 2 pa3a NpeBbIlIaeT KpUTHIECKyIo Beanuuny (PucyHok 2).
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HpOI[OJ'DKI/ITeJ'ILHOCTI: XpaHCHUA, MEC.

=¢=xpaHeHue npu + 40 ° C == xpanenue mou + 50 ° C
Pucynox 2. [lepekucHoe 9rCIo MeUeHbs MPU XPAaHEHUH B YCIIOBHUSIX MOBHIIICHHBIX TEMIIEPATYP

[IY orpaxkaeT HaKOIUICHWE INEPBUYHBIX IPOAYKTOB OKHCJIEHUS KUPOB, IEPEKUCEN H
rujponepekuceil. B nponecce xpanenus nedenbs [14Y oOHapyXuBaeT TEHIEHIMIO K YBEIUYEHHUIO,
YTO CBMJIETENBCTBYET O HApAaCTaHUM OKHUCIMTENbHBIX IpoueccoB. KputuuHoro 3HaueHus 10
MMouth2O/kr [TY mocturio mocie 5 MecsieB XpaHeHus, K CeIbMOMY MECSILY 3TOT MOKa3areib ObLT
BBIIIIE HAYaJILHOTO 3HaYeHUs Oojiee yeM B § pa3 st Temmeparypsl +40°C u Gonee yem B 12 pa3 s
temneparypsl +50°C. C stumu naHHbiMH KoppenupyeT usMeHenne KU (Pucynok 3). KY xwupa B
MUIIEBBIX MPOAYKTaX SBISAETCS MEPOM T'MIPOJHM3a TPUIIIMLEPUIOB M XapaKTEPU3yeT KOJINYECTBO
CBOOOJHBIX KUPHBIX KHUCIOT. CKOPOCTh OKHCIIEHUSI CBOOOJHBIX KHUPHBIX KHCIOT 3HAUUTEIBHO
BBIIIIE, YEM TPUIIIMLEPHUJIOB, B COCTAB KOTOPBIX KHUCIOTHI BXOJAT B CBSI3aHHOM COCTOSIHUU, TO3TOMY
TUIPOJN3 KUPOB, TPOTEKAOIUNA B IPOLECCE XPAaHEHUS, CONPOBOXKIAETCS HNHTEHCUBHBIM
okucineHueM. 3HaueHue KUY ombITHBIX 00pa3loB MpH 3aKajJKe Ha XpaHEeHHe ObUIO paBHO 2,8 Mr
KOH/I, 4yTO CBHIETENHCTBYET O HEBBICOKOW CTEMNEHH THMIPOJUTHUYECKUX H3MEHEHHUH >KUPOBOU
¢pakuuu. 3a BpeMsl 3KCIIEpUMEHTa OTMEUYeHa TeHAeHUMs pocra yBenumueHus KU yxke mocre
MepBOro Mecsma yckopeHHoro crapenus. Ilocme 4-5 mecsaueB poct KUY craHoOBUTCS OYEHB
OBICTPBIM, 4YTO CBHJIETENLCTBYET 00 YCKOPEHHMH TNIPOIECCOB pA3JIOKEHHUS TPHUIIHUIEPUAOB U
okucieHus xkupoB. JnHamuka 3HadeHnit KU B uccrnemyeMbix oOpasnax MedeHbsi KOppeTupyer C
JUHAMHUKOM OpraHOJENTUYECKUX II0KazaTeseld, TaKk Kak JECTPYKIUS >KUPOB COIMPOBOXKIACTCS
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HAKOIJICHWEM TMPOAYKTOB pacmaja M OKHCIEHHUS, YTO OTpPaKaeTcs Ha OpraHOJIEITUYECKUX
XapaKTepUCTUKAX MPOAYKTA.

20
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Kucnotnoe umcio,
MrKOH/r
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O T T T T T T
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IIpooIKUTENBHOCTD XPaHEHUS, MEC.

=&—xpanenue npu + 40 ° C = xpanenue npu + 50 ° C
Pucynok 3. KucinotHoe 4ucio nedeHbs Ipyu XpaHEHUH B YCIOBUAX MOBBIIIEHHBIX TEMIIEPATYP

Cornacio I'OCT P 70412 xpaHeHwe KOHIUTEPCKUX wu3fenuii npu Ttemmeparype +50°C
YCKOPSIET OKUCIIUTENBHBIE MPoIecchl B 3-4 pa3a. YUWThIBas, 4TO MOCIE 5 MECSIEB XpaHCHHUS MPU
arrpaBUpOBaHHOM  TeMIlepaType IMEYeHbe MOKHO TMPHU3HATh HEIOOpPOKAYECTBEHHBIM IO
OpPraHOJIEITUYECKUM U (PU3UKO-XUMUYECKUM TOKa3aTesiM (IIpOropKIIbIi 3anax, roppkuit Bkyc, [TH
6onee 10 mmonb'20/Kr), a CPOK TOJHOCTH, YCTAHOBIICHHBIM M3rOTOBHTEIEM, paBeH 18 mecsiawm,
MOYXHO TPUHATH KO3()(DUITUEHT CTapeHHs paBHBIM 4.

[Ipu 5TOM UM OpraHojenTHYECKHUE, U (PUIUKO-XMMHUECKHE MOKA3aTeNu XOPOIIO KOPPEIUPYIOT
Mexay coOo0l, 4TO CBUIETENBCTBYET 00 UX HECIy4aHOCTH U MHPOpPMATUBHOCTH. Takum oOpazoM,
CUMTAaeM I1eJecoo0pa3HbIM B KayeCTBE HMHIMKATOpAa OKUCIUTENBbHOW mopuyn Hapsgy c¢ [14
ucnonb3oBarb KU kak oJMH M3 KPUTHYHBIX MOKa3aTeNlell 1eCTPYKIUU TPUTITHLEPUIOB, HAKOTLICHHS
CBOOOHBIX )KMUPHBIX KUCIOT U MPOLIECCOB EPBUYHOTO OKUCIICHUS KUPOBOH (ppakiuu.
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THE EFFECT OF EXAM STRESS ON AGE DYNAMICS
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©Rustamova T., Ganja State University, Ganja, Azerbaijan, rustamovatukezban72@mail.ru
©Bayramova Ye., Institute of Physiology named after academician Abdulla Garayev
of the Ministry of Science and Education of the Republic of Azerbaijan,
Baku, Azerbaijan, bayramova.physiolog@gmail.com
©Aliyeva L., Ganja State University, Ganja, Azerbaijan
©Pishnamazzada F., Ganja State University, Ganja, Azerbaijan

BJIUAHUE DK3AMEHAIIMOHHOI'O CTPECCA HA BO3PACTHYIO IMHAMHUKY
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Abstract. The aim was to find out the effect of the higher nervous activity on the post-exam
autonomic nervous system indicators during the emotional stress of the exam process in students
with a choleric temperament type of the age limit of 17 (1st year). Physiological indicators of
different states of excitement and temperament type were first studied in the experiment. In order to
comprehensively assess the effect of emotional stress on students of different ages and courses, we
measured arterial pressure and the number of heart beats per minute, which are the main
hemodynamic indicators. The research was conducted 2 months before the exam, 30 minutes before
the exam and 30 minutes after the exam. Before starting the research, the temperament types of the
young people were studied after the nervous examination. The situational anxiety of young people
with different temperament types was determined by post-test scores in three different situations: on
regular days, before the exam and after the exam. The results of the conducted research show that
there are differences in the activity of the autonomic nervous system in students of different ages.
The analysis of the results of the hemodynamic changes that we obtained from the effect of exam
stress on groups also shows that the autonomic index of the credo is in a state of dominance of the
sympathetic tone on an ordinary day and before the exam. The characteristics of the autonomic
nervous system after the exam have a direct effect on the adaptation of a person. An increase in the
level of the agitation process caused by one or another influence of ASF temperament types
indicates the exacerbation of the credo's vegetative index in all groups. An increase in the level of
excitement correlates with an increase in the activity indicators of the sympathetic branch of the
autonomic nervous system.

Annomayus. 1lenpro paGoThl OBLIO BBISICHUTH BIMSHUE BBICIICH HEPBHOM JEATEIHLHOCTH HA
MOCJIEIK3aMEHAI[MOHHbIE TOKAa3aTeIM BEreTaTUBHOM HEPBHOM CHCTEMBbI MPU 3MOLMOHAIBLHOM
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HaNpsHDKEHUU SK3aMEHAI[MOHHOTO TIPoIlecca y CTYACHTOB C XOJEPHUYECKUM THIIOM TEMIIEpaMEHTa
Bo3pacTHOro orpanuueHus 17 ner (1 kypc). B skcmepuMeHTe BIepBbie OBLIM H3YYCHBI
(bU3NONIOTHYECKUE TOKA3aTeIN pa3IMYHBIX COCTOSHUN BO30OYXKIeHHS M Tuna temnepamenrta. C
O CIbIO KOMITIIEKCHOM OLCHKHU BJIMAHHA OSMOIHWOHAJIBLHOI'O HAIPSKCHHUA Ha CTYACHTOB PpPAa3HBIX
BO3PAaCTOB M KYPCOB MBI M3MEPSUTH apTEPUANBHOE NABJICHHWE M KOJIMYECTBO YyIapoB cepana B
MUHYTY, KOTOPBIC SBJISIOTCS OCHOBHBIMH TE€MOJMHAMHUYECKMMH IOKa3areisiMu. lVccienoBaHue
IIPOBOJIMJIOCH 3a 2 Mecsla 10 dK3aMeHa, 3a 30 MMHYT A0 3k3ameHa u depe3 30 MHUHYT mocie
sk3ameHa. [lepes HavagoM HMCCIeOBaHUS MOCIE HEPBHOTO OOCIIECAOBAHMS OBLIM HM3YYEHBI THIIBI
TeMIIepaMeHTa MOJIOABIX Jitoniel. CUTYaTHBHYIO TPEBOXKHOCTH MOJIOJIBIX JIFOJICH ¢ pa3HBIMU THIIAMH
TEMIIEpaMEHTa OTIPEIEIISLTN 110 TOCTTECTOBBIM OalljlaM B TPEX Pa3HbIX CUTYAIIMsIX: B OOBIYHBIC JTHH,
nepes 9K3aMEeHOM U TOcIe dK3aMeHa. Pe3ynbTarhl MPOBEACHHOTO MCCIIEIOBAHUS MOKA3BIBAIOT, YTO
CYIICCTBYIOT pa3jiniusad B JCATCIbHOCTU BEreTaTuBHOM HepBHOﬁ CUCTCMbI y CTYACHTOB pa3HoOro
BO3pacTa. AHAIM3 pE3yIbTaTOB TI'eMOIWHAMHYECKAX M3MCHEHHH, TOJIYYCHHBIX HaMH OT
BO3JICHCTBHSI AK3aMEHAIIMOHHOTO CTpecca Ha TPYIIbI, TAKXKE IOKA3bIBACT, YTO BETETATUBHBIN
HHIACKC KPCA0 HAXOAUTCA B COCTOIHUN JOMHHHUPOBAHUSA CUMITATUYCCKOTO TOHYCAa B OOBIYHBIH JACHb
u mnepen sk3ameHoM. COCTOSIHHE BETeTaTHBHOM HEPBHOM CHCTEMBI IOCIE JK3aMEHA OKa3bIBAIOT
npsiMOe BIMSHME Ha aJanTaluilo 4YejoBeka. [loBbIIIEHHWE YpPOBHS Iporecca BO30YXKICHUS,
BbI3BAaHHOE TEM WJIM UHBIM BIMsSHUEM TUIIOB Temnepamenta AUC, cBuaeTenbCcTByeT 00 060CTpeHuI
BETETAaTUBHOTO MHJEKCA KPeao BO BceX rpymmax. [loBeiieHrne ypoBHs BO30YKACHUS KOPPEITUPYET C
YBCIIMUCHUCM MoKa3aTrejer akTHBHOCTH CUMITAaTHIECKOTO oTAaciia BEreTaTUBHOM HepBHOﬁ CHUCTCMBI.

Keywords: choleric, emotional stress, temperament, autonomic nervous system after exam.

Knroueswie cnosa. XOJICPpUK, OMOLMOHAJIBHOC HAIPSAKCHUC, TCMIICPAMCHT, BCICTAaTUBHAA
HCPBHAA CUCTEMA ITIOCJIC DK3aMCHA.

The problem of excitement in psychology is complemented by a number of social and socio-
psychological factors, increasing interest in it. In modern society, intensive social, political and
technological changes are taking place, which intensify personality disorders, increase the demands
placed on a person, and increase the feeling of uncertainty and excitement in a person [9. etc. 3].
Thus, the symptom of anxiety is the most widespread mental phenomenon. The range of
manifestations from the range of excitement varies from adaptive excitement to neurotic
excitement, to pronounced mental states of endogenous origin, accompanied by anxiety disorders.
This shows that these symptoms occur both in everyday life in most ordinary people and in patients
of general therapeutic and psychiatric diseases [8].

The feeling of excitement among high school students currently remains the main factor
affecting the quality of life of young people, as well as the qualitative mental and emotional
development of young people's personality [3].

Among adolescents with high arousal, the ratio between the processes responsible for affect
and inhibition is observed to be disturbed. The imbalance in a person's sense of harmony has an
emotional nature, which can now be corrected by transmitting information and exerting pressure
from society and social groups [1].

The aim of the study was to determine the changes in vegetative indicators due to the
influence of the examination process in 17-year-old choleric students, depending on the typological
characteristics of the nervous system.
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Materials and methods

The students participating in the research were practically healthy, they joined the research on
a voluntary basis. Experiments on those students were carried out taking into account the proposal
of the Bioethics Committee of the European Convention (Strasbourg, March 18, 1986).

In order to study arterial blood pressure during all tests, on a normal day, before and after the
exam, systolic arterial pressure, diastolic arterial pressure and the number of heartbeats in 1 minute
were recorded by the N.S. Korotkov method using a manometer pressure device (Turkey) Microlife
BP 3BTO-2 from the automatic brachial area. Vegetative tone was determined based on the results
of these obtained indicators. That is, vegetative tone was calculated based on Kerdon's vegetative
index

Research results and their dimtahandan sonracussion

On an ordinary day, in 17-year-old choleric students, blood pressure is 111.0+4.8 mmHg,
diastolic arterial pressure is 76.0+£3.5 mmHg, the number of heart beats in 1 minute is 91.2+ 91.2
after the exam. 4.7 was the emphasis. the vegetative index of credo, calculated based on the
indicators obtained on a regular day, was 17. At this time, before the exam, sell 7.2% or 8
mm.c.milk. rising to 119.0+£2.2 (p<0.05) mm.c. column, diastolic arterial pressure 7.2% or 5.5
mm.c. rising to 81.5+1.6 (p<0.05) mm.c.milk. has arrived accordingly. In that group of students, the
number of heart beats in 1 minute increased by 5.7% or 5.2 units to 96.4+6.1 (p<0.05) (Figure).

Credo's vegetative index, calculated based on the hemodynamic indicators obtained before the
exam, was =16. The analysis of the results of hemodynamic indicators obtained from the effect of
exam stress by groups shows that systolic arterial pressure after the exam decreased by 2.1%
(p<0.05), diastolic arterial pressure by 1.4% after the exam compared to the usual school day.
Meanwhile, the number of heart palpitations decreased by 8.7% (p<0.05) after the exam. \egetative
index of credo, calculated based on hemodynamic indicators, shows the superiority of the usual day
and before the exam.

107,2 107,2 1057
100 100
97,9
91,3
systolic arterial pressure diastolic arterial pressure the number of heart beats per
minute

Figure. Comparison of the dynamics of heart rate and blood pressure in 17-year-old choleric students
due to emotional stress during the exam after the exam (%)

After the exam, the systolic arterial pressure significantly decreased from before the exam to
after the exam and was 108.7+4.2 (p<0.05) mm.c.milk. is, meanwhile, the diastolic arterial pressure
further decreased (8.1%), i.e. it decreased to the normal daily level, i.e. 74.9+1.8 mm.c. The number
of heartbeats in 1 minute decreased to the pre-exam level compared to the post-exam level (13.6%)
and came close to the normal daily level, corresponding to 83.3+2.5 (p>0.05) heartbeats. According
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to the noted hemodynamic indicators, Credo's vegetative index was =10, which indicates that the
systolic pressure is still in a state of dominance, as in other groups. It should be noted that we
compared the results obtained from the study by groups. due to the effect of exam stress, it changes
in two phases. so the systolic arterial pressure increased after the exam compared to the usual day.
This indicator is 7.2% less than before the exam.

Although the diastolic arterial pressure indicator tends to return to the normal daily level after
the examination, certain differences are still not detected. However, its indicator is much lower
(8.1%) than the level before the exam. Credo's vegetative index, calculated based on hemodynamic
indicators, shows that it is superior in all three cases. Credo's vegetative index proves this
superiority of sympathetic tone. There is an honest change in the number of heart beats per minute.
The changes in situational and personal arousal level after this examination indicate that the tone of
the somatic nervous system has an advantage over the autonomic nervous system indicators.

In those students, there are certain differences between temperaments and age periods in the
number of heartbeats before and after the exam, and the number of atolic and diastolic arterial
pressure after the exam, that is, there are sharp increases and decreases between these indicators.
The dynamics of changes in hemodynamic parameters during the examination characterizes the
tense state of the regulation mechanisms of the blood-vascular system after the examination [4-6].

In the CNS, there may be an acceleration of the retardation processes, the development of the
body's pre-defense reactions and the full activation of the adaptive processes. According to the
vegetative indicators and the Kerdo index, the advantage of SSS was observed in students, which is
the result of how important the exam is for young people, the responsible approach to the exam and
the activity of adaptation processes [2].

It is known that the increase in the activity of the sympathetic branch of the thymus after
cardiovascular surgery activates the adaptive response of the hypothalamus-pituitary-adrenal gland
after surgery. The results of the research show that there are differences in the activity of the
autonomic nervous system in students of different ages. The analysis of the results of the
hemodynamic changes we obtained from the effect of exam stress on groups also shows that the
autonomic index of credo is in the state of dominance of the sympathetic tone during the normal
day and before the exam [7].

Conclusion

1. Although Credo's autonomic index shows the predominance of the sympathetic tone of the
autonomic nervous system on a normal day and after the exam, this indicator is in the predominance
of the parasympathetic tone before the exam.

2. After the exam, students' autonomic indicators tend to return to their usual level due to the
removal of the stress factor, the main reason for which is the decrease in autonomic nervous system
tone associated with fatigue.

3. The vegetative index of students' credo after the exam proves that this advantage is
sympathicotonia. it shows the superiority of SSS throughout the post-exam period.
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Annomayus. 1lo nanHeiM nokiiaga BecemupHOW opraHuzanuu 31paBoOOXpaHeHus Ha 31 uroins
2023 ron, TabayHasi AMUIAEMUSL OCTAETCS OIHOW M3 OCHOBHBIX YI'PO3 3J0POBBSI HACEJIEHUS BCETO
3eMHOTO IIapa, OT BO3ACHCTBHs Tabaka ymMupaeT Oojee 7 MHJUIMOHOB YeNOBEK W 1,3 MunIMoHa
cMepTell 00ycIoBIIEHBI BO3JICHCTBIEM BTOPUYHOrO TabayHoro japiMa. B LlentpanpHoit A3uu camoit
MOMYNISIpHOW  (OopMOM  HCTONB30BaHUA Oe3IbIMHOTO Tabaka, sBiseTcss HacBail. M3yuuth
TUCTOJIOTUYECKHUE U3MEHEHUS CIIM3UCTOM 000JI0UKM POTOBOM IOJOCTU Y JIAOOPATOPHBIX KPbIC NPU
Bo3zeiicTBuM HacBas. st uccrnenoBanus Obuin oTOOpaHbl 40 camMIOB J1a0OpaTOPHBIX KpPBIC C
Maccoi 170-240 r. JKMBOTHBIX, y4acTBYIOIIMX B JKCIEPUMEHTE, PA3NEIWIN HAa ABE TPYIIIBL:
OTBITHYI0O M HMHTAKTHYIO, C JBAJIATbI0 O0COOSMH B KaxaoW. BoccTaHoBieHWe METOAONOTHH B
ONBITHOM TpyMNIE€ BKJIKOYAJIO 3allledHOe pa3MElleHUuEe HacBas, /1032 TabayHbIX U3AEIUN
OTIpe/IENsIACh B 3aBUCMMOCTH OT MAacchl Teja JaboparopHbIX KpbIC. [ phI3yHOB KOPMUIIM OOBIYHBIMU
KOPMOBBIMU T'paHyJlaMU M COJEPKall B BEHTHJIUPYEMBIX KJIETKAX C PETYIHPYEMOMl BIaXKHOCTBIO U
Temneparypoil. HacBail pasmerniany B pOTOBOM IOJOCTH MEXAY LIEKOM U IECHOM OIWH pa3 B JICHb
3a 1Ba 4aca 210 easl. CormtacHo EBponeiickoil KOHBEHIIMM O 3alIUTe O3BOHOYHBIX KUBOTHBIX ETSN
Nel23, mnocne 30-gHEBHOrO SKCIIEPUMEHTA JIaDOpPaTOpHbIE KUBOTHBIE BBIBOAMIUCH U3
AKCIIEPUMEHTA TyTeM TMEPEeIO3UPOBKH 00I1Iero Hapko3a. OOpas3libl TKaHEW pPOTOBOM IMOJOCTH
u3Bnekanuch W (QurcupoBanuck B 10% pactBope dopmanuHa ¢ AaNbHEUIINMH PYTHHHBIMU
MeTofamMu O0e3KUpHUBAHMUS W JAeTHAparanuud. B Xoie AanbHEWIIero sTama 3KCIEpUMEHTa ObLIN
MIOJTOTOBJIEHBI CPE3bI TOJNIIMHON 7 MKP ¥ IPUMEHSIOCHh OKpAIIMBaHUE TeMaTOKCHIINH-303UHOM JUIS
BBISIBJIEHUSI OCOOEHHOCTEW TKaHeH pOTOBOM MOJIOCTH IyTeM MpoBeneHus Mukpockonuu. [Ipu
U3YyYEHHE TUCTOJIOTUYECKON CTPYKTYphI CIHM3MCTONH OOOJIOYKHM POTOBOHM IMOJOCTU J1AOOPAaTOPHBIX
KpBIC B PE3yJbTare BO3IECUCTBUSI HACBAsl BBISIBICHBI SBHBIE NMPU3HAKA WMMYHO-BOCHAIUTEIHLHOTO
rpolecca 1 runepKeparosa.

Abstract. According to a report by the World Health Organization on July 31, 2023,

the tobacco epidemic remains one of the main threats to the health of the world’s population, more
than 7 million people die from tobacco exposure and 1.3 million deaths are caused by exposure to
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second-hand tobacco smoke. In Central Asia, the most popular form of smokeless tobacco use is
nasvai. To study histological changes in the oral mucosa in laboratory rats when exposed to salt. 40
male laboratory rats weighing 170-240 g were selected for the study. The animals involved in
the experiment were divided into two groups: experimental and intact, with twenty individuals in
each. The restoration of the methodology in the experimental group included protective placement
of tobacco, the dose of tobacco products was determined depending on the body weight of
laboratory rats. The rodents were fed with ordinary feed pellets and kept in ventilated cages with
controlled humidity and temperature. Nasvai was placed in the oral cavity between the cheek and
gum once a day two hours before meals. According to the European Convention for the Protection
of Vertebrates ETSN no. 123, after a 30-day experiment, laboratory animals were removed from the
experiment by overdosing on general anesthesia. Oral tissue samples were extracted and fixed in a
10% formalin solution with further routine degreasing and dehydration methods. During the further
stage of the experiment, sections with a thickness of 7 microns were prepared and hematoxylin-
eosin staining was used to identify the characteristics of the tissues of the oral cavity by microscopy.
When studying the histological structure of the oral mucosa of laboratory rats, as a result of
exposure to nasvai, obvious signs of the immuno-inflammatory process and hyperkeratosis were
revealed.

Knrouesvie cnosa: maboparopHbIE KUBOTHBIC, O€3IbIMHBIC Ta0ayHbIC W3ACIUS, POTOBAS
10JIOCTh, HacBal, BOCMaJIEHUE, KEPATO3.

Keywords: laboratory animals, smokeless tobacco products, oral cavity, nasvai, inflammation,
keratosis.

B mocnennee BpeMsi momynsipHOCTh HAOWMPAIOT HUKOTHHCOIEPIKAIINE MPOIYKTHI OPaJIbHOTO
notpebnenus (Hacpaif). OcoOEHHOCTh JAHHON MPOAYKLMHU 3aKIIOUAETCS B TOM, YTO JIIOAU HE
BIBIXAIOT Ta0auyHbIA JbIM, KOTOPBI TaK)Ke€ OKa3blBAET HETaTUBHOE BIMSHUE Ha MapEeHXUMY
JIETOYHOM TKaHH, a PaccachIBalOT B POTOBOM monoctH [ 1].

[lo nanHbIM goknana BcecemupHoM opranuszanuu 3apaBooxpaHeHus Ha 31 urona 2023 rog,
TabayHas SMUAEMHUS OCTAeTCs OJHOM M3 OCHOBHBIX YIpO3 370POBbSl HACEIEHHUS BCEro 3€MHOTO
mapa, OT BO3JCUCTBHUS Tabaka ymupaer Oosee 7 MIIJTMOHOB 4eloBeK W 1,3 MuIMOHA cMepTen
00yciIoBIIeHBI Bo3ielicTBHEM BropuyHoro Tabaunoro aeima (https:/lyl.su/sJPU).

JIromn BO MHOTHMX pErHMoHax M CcTpaHax, BkIwodasd CesepHyro Amepuky, CeBepHyto Epormy,
Wuanio u MHOTHE cTpaHbl A3UM, a TakXKe HEKOTOpble pailoHbl A(QpPHKH, H3APEBIE HCIOIB3YIOT
Oe3npIMHBIC TabadHbIe u3enus [2].

B LlenTpanpHoil A3um camoil momynsipHOW (opMOH HCHOIB30BaHUS O€37BIMHOTO Tadaka,
seisiercst HacBait (https://lyl.su/u7tM).

Kak u3BecTHO, MOTpeOIeHUsT HEKYpUTEIbHBIX TaO0AUHBIX WU3JEJIUN TPaJUIMOHHO NMPHUHITO B
crpanax Cpennet Asuu eme ¢ XVIII Beka, HO B mocieaHue rofbl TEHACHIUS MOTpeOIeHus cpeau
HACEJICHUs YBEJIMYMIach, BOBMOXKHO JAHHBII POCT CBSI3aH C MPHUHSITHIM paHee 3aKOHOM O 3alpere
KYpEHHUs B OOIIECTBEHHBIX MECTAX U YBEJIMUYEHUEM CTOMMOCTU CHUTAapET, YTO JIeJaeT JaHHBIN ToBap
MeHee J0CTYIMHBIM Jjis OonbinmHcTBa HaceneHus (https://lyl.su/hgmu).

JleTn co BpeMeHeM, KOTJla 3HAKOMSATCS ¢ MUPOM, MOTYT IPUOOPETaTh MOJIOKUTEIBHBIA OMBIT
B3aMMOJICUCTBUSI C HUM, OJHAKO OHHM TAaK)KE CTAJIKUBAIOTCA C MEPBBIM OMNBITOM YIOTPEOIEeHUS
ankoronsg, Tabaka u HapkoTukoB. Illupokoe pacmpocTpaHeHHE CpeAd UIKOJIBHUKOB TaKOTO
BEIIIECTBA, KaK «HAacBail», MPEACTaBIsIET CEPbE3HYI0 MPOOJIeMy B COBPEMEHHOM MHpE H3-3a €ro
Jerkoro HapkoTuueckoro Boszaericteus (https://lyl.su/9GJd).
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B omnumuuu ot kyputenbHOro Ttabaka, Oe3IbIMHBIA sBIsSETCS HauOoliee MOMYISPHBIM U
yAOOHBIM TPOIYKTOM MJis YHOTpeOieHus, 0COOEHHO pacHpOCTPaHEHHBINH CPEau JIMI IIKOJIBHOTO
BO3pacra [3].

Hacpaii cran mnomynspHbIM Cpeau CTaplIeKIacCHUKOB B crpaHax Cpeaneil Asum 3a
MOCJIEIHUE HECKOJIBKO JIET, €ro MpoJal0T Ha MECTHBIX pPBIHKaX, KMOCKax M mnpuiaBkax. OH
JIEIIEBBIM, TAKETUK HACBasi CTOMT 15 COMOB, YTO NPUMEPHO paBHSAETCA 6 LUEHTaM MO TEKYILIEMY
obMeHHOMY Kypcy 1 mommap = 85 com [4].

B nocnexanue ronmel yuciio 3a00JIeBaHHM SI3bIKA W IMOJIOCTU PTa YBEIUYMBACTCS B CBS3U C
oOmieil TeHAEHLMEH CTapeHHs] W YXyALIEHHEM COMAaTHYECKOro CTaTyca HAceJeHHs, MOSBICHUEM
HOBBIX  CHUCTEMHBIX  3a0O0J€BaHMiIl,  DKOJIOTMYECKH  HEONarompusTHOH  0OCTaHOBKOM,
npodeccHoHabHBIMU (haKTOpaMu, MEPCUCTEHIUEH 3a00JeBaHNU, BPEIHBIX MPUBBIYEK, HETAaTHBHO
BIMSIONMX HA MOJOCTh pTa. DTOT (PaKTOp MPHUBOAUT K PA3BUTHIO UCCIEIOBAHUMN TOJIOCTH PTa MO
BO3/ICMICTBHEM HOBBIX HEraTUBHBIX (DaKTOPOB, TaKUX Kak MoTpeOieHue Oe3IbIMHOrO Tabaka —
HacBail. [lo nuTeparypHbIM AaHHBIM H3BECTHO, YTO HEKYpPHUTENbHbIE TaOayHbIE W3JEIHUSI — 3TO
Ta0aYHBIH MTPOIYKT, MOTPEOICHUE KOTOPOTO MPOUCXOAUT Oe3 nuposu3a [5].

CylecTByIOT HECKOJBKO BHJOB 0€3AbIMHOrO Tabaka Tak, HalpuMep, >KEeBaTeNbHbIN,
cocaTelnbHbII ¥ HIOXaTeIbHbIH [ 6].

[Ipu xponuueckoM ymnorpebreHun Oe3nbIMHBIX ¢GopM Tabaka, HapyllaeTcs OapbepHas
(byHKIUST CITM3UCTON O0OOJOYKH POTOBOM IMOJIOCTH, TEM CaMbIM CTAHOBSICh «BXOIAHBIMH BOPOTAMMU»
JUIS Pa3IMYHbIX MATOTEHHBIX MHKPOOPTraHU3MOB, MPUBOJIALIMX K BOCHAIUTEIBHOMY IpOLIECCY U
pa3ButTHIO 3a00neBaHmil. PaHee yxke ObLJIO YyCTaHOBJIEHO, YTO OCHOBHBIM COCTABHBIM KOMIIOHEHTOM
moboro Bujaa 0Oe3AbIMHOTO Tabaka SBISETCS HUKOTHH, KOTOPBIA MPOBOIMPYET POCT 4YHCIa
KPOBEHOCHBIX COCYJIOB B CJIM3MCTOM OOOJIOYKH M BCACBIBAETCSA 4epe3 TKAHU HENOCPEACTBEHHO B
KPOBb, OTKY/Ia IIOCTYIIAET MPSIMUKOM B TOJIOBHOW MO3T, YTO BBI3bIBAaCT NpUBbIKaHuE |7, 8].

Kpome TOro, HHUKOTMH JOJbIIE OCTaeTcsi B KpOBU H coxpaHseT d>(pdexr Oomnee
MPOJOJDKUTENILHOE BpeMsl y TOTpeduTeneit 6e31pIMHOro Tabaka, 4eM y KypHUIbIIHKoB [9].

Panee npu n3yuyeHNH XUMHUYECKOTO COCTaBa HAcBasl, Oblila BHISIBIICHA BBICOKAst KOHIICHTPAIIUS
TUJIPOKCHJIA KaJIbLIMS, KOTOPBIN YIydIlIaeT BCachIBaHUSI HUKOTHHA B KPOBb, HO IPU 3TOM BBI3BIBAET
XUMHYECKHUHT 0)KOT CIIM3UCTON 000J104KH poToBoii monoctu [10].

Taxoke OBUIO BBISIBIEHO 28 XMMHUYECKHX BEIIECTB, KOTOPHIE BBI3BIBAIOT PA3IUYHBIC BHJIBI
oryxojieBoro mporecca. Haubonee onacHeIMH KaHIIEpOT€HaMH, COAEpXKAIIMMHUCI B JaHHOM
MIPOAYKTE, ABJSAIOTCS crienuduyeckue g Tabaka HUTPO3aMHUHbI, KOTOpble 00pa3yloTcsl B MpoIecce
BBIpAIMBaHUS, OTBEPXKICHUS, (epMEHTAIlMU U cTapeHus Tabaka. Jleryume 1M-HUTpO3aMUHBI,
HU3KOE UX COJIepKaHUEe B HAacBae OOYCIIOBJICHO KOPOTKMMH IMPOLECCAMU CYIIKU U (EepMEHTAIUH.
HccnenoBanusi MOKa3bIBalOT, YTO HEKOTOpPbIE U3 ATHUX crieuupuyeckux 1M-HUTpPO3aMUHOB, TaKue
Kak N-HUTPO30OHOMHUKOTHH M 4-(METHIHUTPO3aMHUHO)-1-(3-mupuaun)-1-0yTaHOH, MOTYT OBITH
MOTCHIIMATBHBIMU KaHileporenamu [11].

Y4eHble OOHAPYKUIHM, YTO YPOBEHb HUTPO3AMHHOB HAMPSMYIO CBSI3aH C PUCKOM DPa3BUTHS
paka [12].

[ToMMMO pa3nUYHBIX HUTPO3aMUHOB, JPYrHe BBI3BIBAIOIINE PAaK BEIIECTBA B O€3LIMHOM
Tabake BKIOUAIOT TOMOHWI-210 (palMOaKTHBHBIA JIIEMEHT, COAEpXKAIMUKACA B TabaYHBIX
ynoOpeHHsX) W MHOTOSZIEpHbIE apOMaTHYecKHe YITIeBOAOPOAbl (TAaKKe H3BECTHBIE Kak
MOJHUIMKINYECKHE apoMaTudyecKhe YIieBolopo/bl). be3apIMHBIN Tabak B OCHOBHOM CBfI3aH C
3a00J1€BaHUSIMU TIOJIOCTA PTa, BKIIOYAS JICUKOTUIAKUIO, SPUTPOIUIAKHIO M TOJCITU3UCTHIN (uOpo3
nosoctu pra [13].
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JleWkorutakusi, SpUTPOIUIAKUS U MOJICIU3UCTBIN (PUOPO3 MOJIOCTH pTa CBSA3aHBI C KJIECTOYHBIMHU
W3MEHEHUSIMHA, TAKUMU KaK OpPOTOBEHHME, YBEJIMYEHHOE $AIpO, AaTHUIMsI, MHOTOSIEPHOCTh H
BOCIAJIUTEIbHAS PEaKLIUsL.

Bce BbIeykazaHHbIC W3MEHECHHSI, BHI3BAHHBIC HEKYPUTEILHBIM Ta0aKOM, PaccMaTPHBAIOTCS
KAaK XapakTEepPUCTHKM KaHLEpPOreHe3a M MeTacTa3upoBaHusA.B Hacrosiiee Bpemsi OCTAE€TCsl OYEHb
MHOI'O OTKPBITBIX BOIIPOCOB 10 U3YYEHHUIO TMCTOJOTMYECKUX M3MEHEHUH TKaHEW POTOBOM MOJIOCTH
MIPU BO3JCHCTBUM HE KYPHUTEIbHBIX TAOAUHBIX HM3MCIHI, a TAKXKE HE M3YYCHBI IMAaTOTCHETHUYECKUE
MEXaHU3Mbl Pa3BUTHS BOCIAIUTENBHBIX 3a00j1eBaHmil Ha (OHE yrmoTpeOiieHus: HacBas. B cBs3u ¢
BBIIIICH3JIO)KEHHBIM BO3HHKAET HEOOXOAMMOCTh MCCIEIOBaHMS TKaHEH POTOBOW MOJIOCTH Ha (oHe
noTpebieHusl HacBasg Ha BceX MOP(OIIOTUYECKUX YPOBHAX M KaTETOPHU3AIMH MOJIYYEHHBIX JaHHBIX
W3MEHECHUM.

Llenv uccnedosanus: M3y4UTh THCTOJOTHMUECKUE M3MEHEHUS CIM3UCTON 00OJIOYKH POTOBOM
MIOJIOCTH Y JTaOOPATOPHBIX KPBIC MPH BO3JICHCTBUU HACBASL.

Mamepuan u memoowl ucciedosanus

Jnst uccnenoBanust Obuti 0ToOpanbl 40 caMiioB JabopaTopHBIX Kpbic ¢ Maccoi 170-240 r.
JKMBOTHBIX, yUaCTBYIOIIUX B IKCIIEPUMEHTE, pa3/ieIMiIl Ha IBE TPYIIbI: ONBITHYIO U MHTAKTHYIO, C
JBaJIUaTbl0 0co0sMU B Kakaod. Bocco3gaHue MeTOHONOrMHM B OINBITHOM TIpymnie BKIHOYAIO
3alIeyHOe pa3MeIIeHUe HACBas, /1032 Ta0aYHBIX M3/CNUI ONpeAessuiach B 3aBUCHMOCTH OT MacChl
Tena 1ab0opaToOpHBIX KPBIC. | PHI3YHOB KOPMHIIM OOBIYHBIMH KOPMOBBIMH TPaHYJIaMH U COJEPKAIIU B
BEHTHJIMPYEMBIX KIIETKaX C PErylupyeMoil BIaKHOCTbIO U Temmeparypoil. Hacail pasmemanu B
POTOBOI MOJOCTH MEXIy IIEKOM M JeCHOM OIMH pa3 B JEHb 3a JBa 4aca a0 eabl. CornacHo
EBpomneiickoii KOHBEHIIMM O 3amuTe MO3BOHOYHBIX >KUBOTHBIX ETSN Nel23, mocne 30 mHeBHOTO
SKCTIIEpPUMEHTa Ja0opaTOpHbIE XKUBOTHBIE BHIBOAWIMCH M3 DKCIIEPHUMEHTa IYTeM Iepel0o3UPOBKU
o011ero Hapko3a.

OOpa3ubl TKaHell pPOTOBOM MOJIOCTH H3BIEKaIMCh U ¢ukcupoBamuch B 10% pactBope
dbopmanrHa ¢ AaTbHEWITMMH PYTHHHBIMH METOAaMHU OOE3KHpWUBAHHS M AeTHaparanuu. B xome
JaTbHEHIIEero dTana dKCIepUMEeHTa OBUIH MOJATOTOBJICHBI CPE3bl TOIMIMUHON 7 MKP W TPUMEHSIIOCH
OKpaIllMBaHUE TeMAaTOKCHUJIMH-03WHOM Il BBISBIEHHS OCOOEHHOCTEH TKaHel pOTOBON MOJOCTH
IyTeM IPOBEAECHUS MHUKpPOCKOMMH. VIcronb30BaHHE OKpPackM TI€MarOKCUIMHOM U J03MHOM B
aHaJIM3€ COCTOSHUS CTPYKTYp POTOBOM IOJIOCTHM M TKaHEW INpeacTaBisieT cOO0OW CTaHIapTHYIO
METOUKY B OMOJOTMYECKUX U MEAMIIMHCKUX MCCIIEOBaHUAX. [ eMaTOKCHIIMH OOBIYHO OKpANINBaeT
A]pa KJIETOK B CMHUN WM (PUOJETOBBIN I[BET, TOTJa KAaK 303UH MPHJIAET PO30BBIN MM KPacHBIN
[[BET LUTOIUIa3ME€ M BHEKJIETOYHBIM CTPYKTypaM. OTOT METOA OKPAacKH IMO3BOJSET JAETaabHO
M3y4aTh MUKPOCTPYKTYPY TKaHEW, ONPENeNATh THUIBI KJIETOK U UX COCTOSIHHE, a TaK)Ke BBISBISATH
MaTOJIOTHYECKNE W3MEHEHHs, TaKhe KaK BOCIAJICHHWE WM JIereHepaTHBHBIC Tpolecchl. BakHO
OTMETHUTh, YTO THCTOJIOTMYECKHM aHalIW3 ¢ MPUMEHEHHEM OKPAcKH IeMaTOKCHIIMHOM M 303HMHOM
SBJISIETCS BaXKHBIM METOJIOM JUISl TMarHOCTMKM PA3IMUYHBIX 3a00JIEBaHMM M OLEHKH CTENEeHH HX
TSAKECTH.

Pesynomamet u oocyscoenue
IIpy mnpoBeneHHH T'MCTOJOTMYECKOTO MCCIEIOBAaHUS O00pa3loB TKaHEW MOJy4YeHHBIE
pe3ynbTaTtel OT JIAOOPAaTOPHBIX KpbIC TIpynmnbl 1 (KOHTpoJibHAs Tpymnmna), CpaBHUBAIU C
pesynbraramu, OuoMarepuana jJab0paTOPHBIX KPBIC C OMBITHOW rpymmbl 2. B uHTakTHON Tpymme
clu3MucTasi 00O0J0YKa OIHUCHIBAeTCSd Kak OJeHO-pO30Basi, BIaXKHash M 4ucTas, 0e3 MpHU3HAKOB
KPOBOM3JIUSHUN WJIM KPOBOTEUEHHH MNP IPUKOCHOBEHMM IINATelIeM. OJTO YyKa3blBaeT Ha
HOPMaJIbHYIO BJIQXKHOCTh U KPOBOOOpAIIEHNE B TKAHAX. DMUTENNI pOTOBOM MOJIOCTH MPEACTaBIIEH,
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KaK MHOTOCJIOMHBIM IUIOCKMM SMHTENNH, YTO TAKXKE SBISIETCS HOPMAJIbHBIM COCTOSHUEM JUIS
naHHO#M o6yacTu. OpOTOBEBAIOIINN SMUTEIIMA TPUCYTCTBYET JIUIIb B OMPENEIECHHBIX 001acTsIX, 4TO
TaK)Ke COOTBETCTBYET (hHU3HOIIOTHUECKOMY CcOCTOsIHUIO. COOCTBEHHAsi IUIACTUHKA COCTOUT U3
AIIACTUYECKUX BOJIOKOH 0€3 MPHU3HAKOB HMX JECTPYKTHUBHBIX HM3MEHEHHH, TaK JX€ OTMedyaercs
OTCYTCTBHE BOCHAIMTEIbHBIX MPOLIECCOB WIM WHGUIBTPATOB B TKaHsX. [Ipu rucromornyeckom
UCCJIEIOBAaHUU OBbUIO BBISIBICHO IOJHOKPOBHUE COCYIOB MHKpPOLUPKYIATOPHOTO pycia, 0e3
IIPU3HAKOB COCYIMCTBIX IaTOJIOTUN U KOCTHO-JECTPYKTUBHBIE IIPOLIECCH] TAKXKE HE HAOI0aI0TCA,

IIpu wuccienoBaHuM IpynIbl >KUBOTHBIX, KOTOPBIM B IIPOLECCE SKCIIEPUMEHTA ITPOBOAUIIN
BBEJICHUSI HacBasg B pPOTOBYIO o0OnacTh (ombiTHas rpynmna 2) Ha 30 geHb, Oblla BBHISBICHA
MCTOHYEHHAs CIM3UCTasi 000JI0YKa MOJIOCTH PTa, KOTOpasi Oblia JIETKO paHUMa, MECTaMU OTE€YHA U
KpOBOTOUMJIA, KOTJa €€ KacaJluch MImareaeM. MHOTOYHMCICHHbIE TOYEYHBIE HPO3UU  ObUIH
oOHapyXeHbl B 00jacTu IeKH U AecHbl. ClenyeT OTMETHUTh SIpKHE IMPH3HAKH TUIEepKepaTosa,
KOTOpbIE TMPOSBISIOTCS YTOJIIEHUEM POTOBOrO cliosi Ha (OHE CHIAKEHHOCTH, HCTOHYEHUS
3€pHUCTOrO U IIUIOBATOro cioeB. bazanbHas MeMOpaHa Obula HEPAaBHOMEPHO YTOJIIEHA U KOe-T/e
oréyHa. PeTuKynnHOBBIE BOJIOKHA M Oa3ajbHasl IUIACTUHKA OBLIM OJHOPOJHO YIUIOTHEHBI IPHU
OKpacKe T'eMaTOKCHJIMHOM M 303WHOM. [IpM MHKpOCKONHH 00pa3loB TKaHEH POTOBOW MOJIOCTH
OTMEYANIOCh  3HAYUTENIBHOE KOJIMYECTBO BOCHAIUTENbHBIX HMH(UIBTPATOB, JAOCTUTAIOIIUX
COCOYKOBOTO CJIOS J€PMBbI M Takke ObUIM OOHApYXKEHbl HHTPAIIUTEIUANIbHO. BONbIIMHCTBO
MHQUIBTPATOB COCTOSIIN M3 CKOTUICHHIA JTUM(OIIUTOB.

OOpamaer Ha ce0si BHMMaHHE OOJIBILIOE KOJMYECTBO BOCHAIUTENIBHBIX WHQUIBTPATOB B
COOCTBEHHOW TIACTUHKE, KOTOpBIE MPEICTABICHBI OOJBIIMM KOJIUYECTBOM KIIETOK, BKIIIOYAs
Makpodaru, TMMQOLHUTHI, TKaHEBbIE 0a30(PHIIbI U TYYHBIE KJIETKUA. DTU BOCMAIUTENIbHBIE 3JIEMEHTHI
pacIpoCTPaHUIIMCh 10 BCEMY COCOYKOBOMY CIIOI0 COOCTBEHHOW IJTACTUHKM M WHOT/A JOCTUINIA
I[J1a/IKOMBIIIEYHBIX BOJIOKOH.

Kpome Toro, 6bpu1 0OHapy>keHbI JIUM(]OIIa3MOLUTapHbIe HHOUIBTPATHl B IEPUBACKYISIPHOM
MPOCTPAHCTBE, a TaKkke OTEK, HAOyXIIME U PE3KO YTONIIECHHBbIE CTEHKHU COCYAOB. DTH HU3MEHEHUS
HaAOIIOAIMCh HA yJ4acTKax CIM3HCTOM, Iyie Halmomanack Hanbosee BBIpaXKCHHAs! BOCHAINUTEIbHAS
muMmbomiazMoruTapias  MHQuibTpauus. B mectax  HamOONbIIEro  CKOIUIEHHS — JAaHHBIX
MHOWIBTPATOB HaOIIOJAaCh OCOOCHHO BBIpAXKEHHAs BOCHANUTENbHAs PEAKIMsS COCYIUCTON
CTEHKM, KOTOpas TMposiBisiga ceds oTekoM M HaOyxaHueMm. OTMeuaeTcs, BaKyoJlu3alus |
TOMOTEHH3AIMs [IUTOIUIa3Mbl, TUCTPO(US MBIIIEYHBIX BOJIOKOH.

Bovi6oo

[Ipy u3y4YeHUH THUCTOJIOTHYECKON CTPYKTYphl CIM3UCTONH OOOJOYKH POTOBOM TOJOCTH
a00paTOPHBIX KPBIC B PE3yNIBTaTe BO3JCHCTBHUS HACcBasl BBISABICHBI SIBHBIC TPU3HAKH HUMMYHO-
BOCHAJIUTEIILHOTO Tmporecca. Kak HaM W3BECTHO, MMMYHO-BOCHAIMTEIBHBIA MPOIECC — 3TO
CIIO)KHAs peakiusi OpraHu3Ma Ha BO3ICHCTBHE pPa3IMYHBIX CTHUMYIOB, TaKUX Kak HHQEKIUH,
TpaBMbI, aJNIEPT€Hbl W JAPYrHe pa3ApakKUTeNd. DTOT MPOIEcC BKIOYAaeT B cels aKTHUBAIUIO
MMMYHHOHW CHCTEMBI H MOCIEIYIOIIee Pa3BUTHE BOCTIATICHUSI.

Bocmanenne — 3TO KOMIUIEKCHBIM TPOIECC, BKIIIOYAIOIINN pacIIUPEHHE KPOBEHOCHBIX
COCYZIOB, MUTPAIIMI0O UIMMYHHBIX KJIETOK K MECTY BOCHAJICHHS, KaK ObllIa YCTAHOBJICHO paHee, MPH
THCTOJIOTUYECKOM  HCCIIEZIOBAaHHWE BBISIBICHO OONBIIOE KOIUYECTBO  JICUKOMUMDOIUTAPHBIX
AIIEMEHTOB, YTO TIOATBEPKAAET JAHHBIN (PaKT.

Bakyonu3zanus IUTOIIIA3MBI MOXKET IPOHMCXOJUTH B OTBET HA pa3jMYHBIC CTPECCOBHIC
YCIIOBHUS, TaKWE KaK BIWSHAE TOKCHYHBIX BEMISCTB (HACBas) Ha TKAHW POTOBOW IMOJOCTH. DTOT
MPOLIECC SIBIICTCS BAKHBIM MEXAHH3MOM PETYISAIHUU KJIETOYHOTO TOMEOCTaza M afamnTalud K
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pasnuyHBIM TOBpekAcHUsAM. Ha paHHeM »Tame Bakyonu3alMs LUTOIUIA3Mbl IPEIOTBpAIAET
MOBPEX/JICHUE KJIETKH U HOPMaJIU3yeT €€ (PyHKIIMOHAJIBHOCTD B YCIOBUSX CTpecca.

l'unepkepaTo3 CAM3UCTOW OOOJIOYKHM POTOBOW IMOJIOCTH — 3TO COCTOSIHUE, NMPH KOTOPOM
MPOUCXOAUT YTOJIMICHUC W YBCIMYCHUC CJIOA POIroBOro SIIUTCIIMA Ha IMOBCPXHOCTHU CIIM3UCTOM
000JIOYKM HOJOCTH pTa. DTO 4YacTO HPOMCXOOUT B OTBET Ha PA3JIMYHBIE pa3IpaXUTENH U
noppexjaromue (GakTopbl, Takhe Kak HOTpeOsieHHe HEKYypUTENIbHBIX TabadyHble, XPOHHYECKOE
BOCIaJICHHE U MH(EKINH.

Taxkum 06pa30M, BCC BBIIICTICPCUUCIICHHBIC ITATOJIOTMYCCKHUE TIPOLUECCChI IPUBOAAT K
HapyLEHUIO 3aIMUTHOM (YHKUIMU POTOBOM IOJIOCTH, MPUCOETUHEHHE BTOPUYHOM HH(EKUHH U
Pa3sBUTHIO MHOTOYMCIIEHHBIX TOYEYHBIX 3PO3MH CIU3UCTOH, KOTOpbIE B JajJbHEHUIIEM MOXKET
IMPUBCCTHU K HGOGpaTI/IMBIM IIOCICACTBUAM.
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Annomayus. IIpoBeieHO OMHOMOMEHTHOE TonepeyHoe uccienoBanue aereit or 0 go 18 xer
Ha Oa3e HamnuoHanbHOrO IEHTpa OXpaHbl MaTrepUHCTBA M JIeTCTBA Hpu MUHUCTEPCTBE
3apaBooxpaneHus Keipreisckoit PecnyOnmuku. IM3ydeHa pacnpoCTpaHEHHOCTb ayTOMMMYHHBIX
3a00JIeBaHUN HIMTOBUAHON Kene3bl y OOJIbHBIX caxapHbIM auabeToM | THma AJs yTydlIeHUs
KOMIICHCAIIMU YIJIEBOJAHOTO OOMEHa y JeTed W MOAPOCTKOB. AYTOMMMYHHBIH TUPEOUIUT YaCTO
COIIPOBOXK/IAET M OCJIOXKHSET CaXxapHbIi Auader 1 Tuma y AeTel W MOAPOCTKOB, YTO, MO-BHINMOMY,
00yCIIOBICHO ayTOMMMYHHOMW MPUPOJON TaHHBIX 3a00seBaHuil. JIMCHYHKIUS IIUTOBUTHOM KeIe3bl
y HeTed ¢ caxapHbM nuaberoM | Tuma MOXET HETaTMBHO MOBIMSTH Ha pa3IUYHbIE OO0JIacTH
MeTaboIMueckoro KOHTpols. B nanHoe uccienoBanue ObUIO0 BKItodeHO 60 neTeil ¢ caxapHbIM
nuaberoM 1 Tuma u ayTouMMyHHBIM TuUpeouguToM. Cpenu Hux Obuio 24 neBouku (40%) u 36
ManbaukoB (60%). Cpennee 3HaueHue + SD 11 nx Bo3pacTa Ha MOMEHT 00CII€IOBaHUE COCTABIISIO
11,6+4,1 roga, B quanaszone ot 1 go 17 net. Cpeau nereit ¢ caxapHbiM quadbetom 1 Tuma, KOTOpbie
MMEJH TOJIOKUTENbHBIE PEe3YNIbTaThl aHAIM3a Ha aHTUTeNa K Tupeornepokcuaase, y 30 uz aux (50%)
ObL1 siBHBIN runotupeos. M3 30 gereit ¢ pegepeHCHBIMU 3HAaYEHUSIMU THPEOTPOITHOTO TOPMOHa y 4
nereit (13,3%) ObuM TpU3HAKH CYOKJIIMHUYECKOTO THITOTHPEO3a, Torna Kak y 26 nmereit (86,7%)
HaOJIIONAJICsl DYTUPEO3.

Abstract. A single-stage cross-sectional study was conducted on the basis of the National
Center for Maternal Health in the Kyrgyz Republic, children aged 0 to 18 years were examined. To
study the prevalence of autoimmune thyroid disease with type 1 diabetes mellitus to improve
the compensation of carbohydrate metabolism in children and adolescents with type 1 diabetes.
Autoimmune thyroiditis often accompanies and interferes with type 1 diabetes mellitus in children
and adolescents. Thyroid dysfunction in children with type 1 diabetes mellitus can negatively affect
various areas of metabolic control. This study included 60 children with type 1 diabetes mellitus
and autoimmune thyroiditis, 24 of them girls (40.0%), 36 boys (60%). The average value of +SD
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for their age at the time of examination was 11.6+4.1 years, ranging from 1 to 17 years. Of
the children with type 1 diabetes mellitus who tested positive for antibodies to thyroid peroxidase,
30 children (50%) had obvious hypothyroidism. Of the thirty children with normal TSH levels,
4 children (13.3%) showed signs of subclinical hypothyroidism, while 26 children (86.7%) had
euthyroidism.

Knrouesvie cnosa: caxapublii 1uadber 1 Tuma, ayTOMMMYHHBIH THUPEOMJIUT, ITIMKHPOBAHHBIN
reMOorI00MH, TUPEOTIEPHOKCH1a3a, TUPEOTPOIHbII TOPMOH, AETH U MOAPOCTKH.

Keywords: type 1 diabetes mellitus, autoimmune thyroiditis, glycated hemoglobin,
thyrooperoxidase, thyroid stimulating hormone.

Coueranne ayroummyHHoro tupeouauta (AWT) m caxapuoro muabdera 1 tuma (CJ1)
SBJISIETCA CaMbIM YacThIM IPOSBICHUEM ayTOMMMYHHOIO IMOJUIIAHAYISIPHOTO CHUHApOMa 3 THIa
(AIIC3). PacnpocrpanenHocts 3a0oseBanuii mutoBuaHou xene3nl (IL[2XK) B merckom Bo3pacte ¢
ayTOMMMYHHOH 3THOJIOTUEN NPEICTaBISET CEPbE3HYI0 MPOOJIEMY B IIEAUAaTPUU U cocTaBiseT 3% c
ITUKOM 3a00J1€BA€MOCTH B IIOJPOCTKOBOM Bo3pacte [1].

[TyGnukanuyu nNoOCIeIHUX JIET CBUJCTEIbCTBYIOT O 3HAUUTEIBHOM MHTEpece YYEHBIX K
BonipocaM AUT, B TOoM umncie k npobiemMaM KOMOPOMJHOCTH BHYTPU THUPEOHUIHOM IaTOJIOTHH.
Takoe coderaHue NATONIOTUHA HEPEOKO MOTYT MAaCKMpOBaTh JPYr Jpyra MW yXYAUIMT I[POTHO3
Ka)XJI0T0 U3 HUX. DTUM OOBACHSETCA HayYHO-NPAKTHUECKUN MHTEpeC M BHUMAHUE UcclieoBaresiei
K KIMHUYECKUM OCOOCHHOCTSIM KOMOPOMJHBIX marosioruil. JlokazaHo, 4To Jake MUHHMMAalbHas
TUPEOHIHASL HEJOCTATOYHOCTh B JIETCKOM BO3PACTe HEONArompHsITHO OTPAKaeTcsl Ha (U3NIECKOM,
MOJIOBOM PA3BUTHHM, MEHTAIBHBIX (YHKIUAX, UMMYHHTETC M HAa COCTOSHHH JPYTUX CHCTEM
pactyuero opraiusma [1].

B pa6ote C. O. Ilnoesoii [2] mns quarnoctuku AUT yka3anbl B KadecTBe 00s3aTeabHOTO
CKpMHMHIa YIIbTpa3BykoBoe ckaHuposanue (Y3W), onpenenenue anturen Kk tupeorioOynuny (AT-
TI') m ToukouronpHas acnupauuronHass Ouoncus (TAB) LK. B nwiorHom wuccienoBanun
SH/IOKPUHOJIOTHUECKOTO OTJENeHHUs] YHUBEpCUTEeTCKoW OonmbHMIIBI MeccuHa (MTanus) BBIsSBIEHO,
4YTO ypoBHM aHTUTEN K Tupeonepokcuaase (AT-TIIO) orpaxaror oOIIyr0 aKTHBAILMI0 UMMYHHOU
CUCTEMBl U BHOCST CYILIECTBEHHBIM BKiax B maroreHe3 AWT, akTuBupys KOMIUIEMEHT- WIIU
AHTUTEJI03aBUCUMYIO KJIETOUYHYIO LUTOTOKCHYHOCTb, MPUBOAALIYI0 K amonto3y kietok IIDK u
MOCTENEHHOMY pa3pylueHuto ¢posuukynos B LK [3].

CJl sBnsieTcs NMPUOPUTETHBIM HAIPABIECHUEM B CHUCTEMAX 3APABOOXPAHEHHUS IPAKTHYECKU
BCcex cTpaH mupa, B ToM uncie Keiproizckoil Pecnyonuku (KP). Yncno manueHTOB ¢ caxapHbIM
TuabeToM BO BCEM MHUpPE MporpeccuBHO yBenuuuBaercs. [1o qanasiM Becemuphoit Jlnabernueckoit
@enepauun (International Diabetes Federation, IDF) Ha ceromusmnuii aenp Oomnee 371 muH.
YeJIOBEeK 0O0JIEI0T caxapHbIM AMAa0ETOM, UYTO COCTaBIIAET OKOJO 7% HaceleHHs 3eMHOro mapa. ¥
NAIMEeHTOB C caxapHbIM AuabeToM cHukeHHas ¢yHkiusa DK Biuser Ha minkeMuueckuit KOHTPOIIb
yepe3 cienyromnye 3G(GeKThl: CHIKEHHE IIIOKOHEOreHe3a, a TakXke M3MeHeHue nepudepuueckoit
YTWJIN3ALHUU [JII0KO3bI, B pe3yJbTaTe Yero BO3HUKAIOT 00siee YyacThle TunornkeMun [4].

B wuccnemoBanuu [5] mokazaHa 3aKOHOMEpPHOCTb 0Oojieeé YacTOro BO3HHUKHOBEHHS
TUITOTIIMKEMHH MIPU PA3BUTHUH CYOKIMHMYECKOTO TUIIOTHPEO3a y JAeTel U MOJPOCTKOB.

B MupoBoil nuTeparype HE ONMUCAHO YETKHE MEXAaHW3Mbl Pa3BUTHSI THUIOITIMKEMHUH MPHU
CYOKIMHHYECKOM rurnotupeose. C ydeToM NaToreHeTHYeCKOl POy yKa3aHHBIX aHTUTEIN, CKPUHUHT
UX YPOBHS B KPOBH CIIOCOOCTBOBAJIO ObI MPAaBUIIbHOM 1 cBOeBpeMeHHo auarHoctuke AUT npu ero
paHHeM BO3HMKHOBeHMHM Yy OonpHBIX CJ/I1 Tuma. Takke namno Obl BO3MOXKHOCTH OOOCHOBAaTh
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eJIeCO00Pa3HOCTH HAa3HAYCHUS THPEOUTHBIX IMPENapaToB W OOBEKTUBU3UPOBATH KOHTPOIbL 32
3¢ (HEKTUBHOCTHIO MEAMKAMEHTO3HON TEPAITHH.

Llenv  uccnedosanus. VI3yuuTb pacnpoCTpPaHEHHOCTh ayTOMMMYHHBIX —3a00JeBaHUI
LHHTOBHI[HOﬁ JKCJIC3bI Y GOHBHBIX C CaxapHbIM ,Z[I/IaGGTOM 1 tuma JJIs1 JOCTHUXKCHUS KOMIICHCAIlun
YIJIEBOJHOTO OOMEHA Y JIETEH U MOIPOCTKOB.

Mamepuanvl u Mmemoovl

[IpoBeneHO OJHOMOMEHTHOE MONEPEYHOE UCCIIEAOBAHNE KIMHUYECKOT0 cocTosiHus 60 nereit
U ToJIpOoCTKOB c couetanueMm pguarHo3oB CJI1 m AWT B HamumonanbHOM IEHTpE OXpaHbl
MaTepuHCTBa M JAeTcTBa Hpu MuHnucrepctBe 3apaBooxpaHeHuss KP. Kpurepusimu uckiroueHus
SBUJIUCh ~ COMYTCTBYIOIIUE COCTOSHUSL  (XpOHMYECKHE BHPYCHbIE HWHQEKIHUH, COCTOSHHE
MMMYHOCYIIPECCUN); COCTOSIHUSA, TPEOYyIOIME OIEPaTUBHOIO BMEIIATENbCTBA HA IIUTOBUAHON
KeJle3e; OCTPOe BOCHATICHHUE IIUTOBUAHOM JKeJIe3bl.

OneHka (QU3NYECKOrO pa3BUTHUS HPOBOAMIACH IO MOKAa3aTeNsiM «BEC-BO3PACT» U «POCT-
Bo3pacT» ¢ yderom Tmona pedenka. Cocrosame komrieHcaruu CJ[1 y peOcHka Ha MOMEHT
UCCJICJIOBAHMS OIpeAessiack 10 YPOBHIO DiHKUpoBaHHoro remoriooun (HDALC). Ouenka
(GYHKIMHM MIMTOBUAHON JKeJie3bl OCYIIECTBISUIACH MYTEM OMNpPENCNICHUS YPOBHEW THPEOTPOITHOTO
ropmoHa (TTI'), cBoOonHOM (pakiuu TupeougHoro ropmona TupokcuHa (T4 c¢o6.) u AT-TIIO u
MPOBEJCHUS YIbTPAa3BYKOBOTO HccienoBanus LK.

Craructuueckyro 00paOOTKy MaTrepuaioB MCCIEAOBAaHUS MPOBOAWIM MpPU  [TOMOLIU
nporpaMMmbl «SPSSy, Bepcus 16.0 s Windows. JlaHHbIe peacTaBIeHbI U IPOAHAIN3UPOBAHBI KaK
aOCoNIIOTHBIE 3HAYEHMs, a pe3yJbTarThl MpEACTaBIeHbl Kak cpenHee 3HaueHue. CpenHee u
cTa”zapTHoe oTkioHeHue (SD) win Meanana u MexkBapTWiIbHbIM pazMax (IQR) Obun oneHkamu
KOJINYECTBEHHBIX JAHHBIX, TAKUX KaK BO3pACT M JIaOOpaTOpPHBIE MapaMeTphbl, B TO BpeMs Kak
4acToTa U MPOLEHT ObUIM OLIEHKAMM Ka4eCTBEHHBIX JTaHHBIX, TAKUX KaK MOJ M COMYTCTBYIOIIUE
ayTOUMMYyHHbIE 3a0osieBaHus. Pa3nuuuss B TOPMOHANIBHBIX XapaKTEPUCTUKAX MPOBEPSUIUCH C
nomotibio t-kputepusi CterofeHTa. 3nauenue P<0,05 cyuTanoch CTaTUCTUUECKU 3HAYMMBIM.

Pesynomamot u ux obcyscoenue

JlanHoe wuccienoBaHue BKIo4ano 60 nereil ¢ KOMOpPOMIHOW maronoruel - caxapHbIM
nuaberoM | TuIa U ayTOMMMYHHBIN THpeouIuT, B ToM uucie 24 nesouek (40,0%), 36 mManbunkoB
(60%). Cpennee 3nauenue += SD st X Bo3pacta Ha MOMEHT oOcienoBanue coctaBuio 11,6441
rona, B nuanazoHe or 1 mo 17 ner. Y OonpmmHcTBa neteit 46/60 (76,7%) mnoxazarenu
JIMKUPOBAHHOTO TeMornoouHa Obpiu Oonbie 7,5% u 14/60 (23,3%) rmukupoBaHHBIN reMOorToOnH
Menbie 7,5%. Haubonee pacnpocTpaHEHHBIMH CHUMITOMAaMH TPH TOCTYIUIGHUM JCTeH OBLIN:
nabMIBHOCTH caxapa KpoBu (70%), yrioTHEHHE KOKU B MecTax HHbeKIuu (46,7%), 6011 B )KUBOTE
(13,3%), BolpaxkeHHass cnabocth (46,7%), Bsmocts (33,3%), xaxma (41,3%), dacroe
mouencnyckanue (31,7%), pesxoe nmoxynanue (15%). V 5 nanuentos (8,3%) B ceMeitHOM aHaMHE3e
ObUTH BBISIBIICHBI ayTOMMMYHHBIE 3a00NieBaHUSI y ONMMKaMIIUX POACTBEHHUKOB, BKItouas CJ{1 u
AUT. U3 uncna nabmomaembix nereit ¢ CII1, KoTopsie UMENU MOTOKUTENBHBIC PE3YIbTaThl aHATN3a
Ha AT-TIIO, y 30 nereit (50%) Obln siBHBIM runotupeos. M3 Tpuanaru aeteil ¢ HOpMalbHBIMU
ypoBHsimu TTT y 4 nereit (13,3%) Obutn ipu3HaKku CyOKIMHUYECKOTO THIIOTHPE03a, TOra Kak y 26
nereii (86,7%) Habmomancs 2yTUpeos.

C nenpto ckpunuHTa Ha conyTcTByOmmi AUT Bcem marmentam ¢ CI1 ObLIM BBITOTHEHBI
ananmus3bl Ha T4 cBo6., TTI, AT-TIIO. B Tabmuue 1 npuBenens! pesynbTarsl npoduis LK,
BHITIOJTHEHHBIE BceM manueHTtam. l[lokazaHo, yto y 26 mnarnueHToB (43,3%) OBUIO BBHISBICHO
yBenuuenue 1K na Y3U. U3 26 mauuentoB ¢ anomanusmu paszutus LK, y 12 nereit (46,2%)
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ObUT NMarHOCTUPOBaH fABHBIN Tunotupeol3. Jpyrue 14 (53,8%) mamueHTOB, y KOTOPBIX ObLI
JIUarHOCTUPOBaH 3yTupeos, y 3 (21,1%) u3 Hux ObL1 CyOKIMHUYECKHM runorupeos. [lanueHTs! ¢
CA1 u AUT cpaBHMBaNMCh MO KIMHUYECKUM U JJAOOPATOPHBIM JAHHBIM B 3aBUCUMOCTH OT I10JIa
(trabmuma 1). Y3 Bcex KIMHUYECKUX TMOKa3areliei, eIMHCTBEHHBIM MOKa3aTellb, YKa3bIBAIOIIUN Ha
CYOKJIMHHYECKHI TUIOTUPE03, ObUT Mmoka3arenb T4 cBoO., 4TO OBLJIO CTATUCTUYECKU 3HAUYUMO (p =
0,004) HIKe y ACBOYEK IO CPAaBHEHUIO ¢ MaIbuMKamMu. Kak u 1pyrue ayrouMMyHHBIE 3a00JI€BaHuUs,
CI1 moxer OBITH CBSI3aH C OJHUM WM HECKOJIHKMMH ayTOMMMYHHBIMH PAacCTPOMCTBAMH, Kak
opraHocrnenupuyecKkuMy, TaK W HE OpraHocrnenupuyeckuMu. Pa3nnuyHble WCCIeI0BaTeIn
onenuBaiu yactory acconuauu AUT u CI1, AUT u ayroumMmyHHBII renaTut [6].

Tabmuma
ITOKA3ATEJIN POCTA, BECA U HABOPATOPHLI’)IX ITAPAMETPOB
Y OBCJIIEJOBAHHBIX JETEU
Hokazamenu Iesouxu (N-36) Manvuuxu (N-24) P-3nauenue
Poct, cm 1,43+0,03 1,43+0,05 0,999
Bec, kr 37,6+2,2 39,6+3 .4 0,613
TTI, ME/Mn 7,7£1,8 8,1+2.2 0,906
T4 cB0O, TMOJIB/JT 9,04+0,9 12,8+0,8 0,004
AT-TIIO, Ex/mn 328,8+72,9 288,7+108,1 0,760
XoJIeCTeprH, MMOJIB/JT 5,02+0,25 4,89+0,24 0,699

B wmeraananuze, BxirouaBmiem oxojio 3000 geredt um moapoctkoB M 800 B3pOCIHBIX,
coobmaercs, uto y 25% nereit ¢ CIA1 O6pumu nonoxutensubie ayroantutena k [IDK. Taxxke Obuio
OTMEYEHO, YTO OHHU Yallle BCEro MOSIBIISIIUCH B IEPUOJ MOJIOBOrO co3peBaHus (crapue 12 jmet unum
nocie 9 ner 0ose3Hun), ¢ mpeodsiaganueM y aeBoyek [7]. B maHHOM uccieoBaHUU TaKkKe CPEIHUM
Bo3pact nereit ¢ C[1 u AUT cooTrBeTcTBOBaIM NEpUOy TOJIOBOTO CO3PEBAHUS, HO MPeodIagaiu y
MAaJIbYHKOB.

BonbumHCTBO MccnenoBaHui TUpeouaANTa XalluMoTO B (pa3e rUIOTUPEO3a U €To BIUSHUSA Ha
HbAlc yka3pIBaloT Ha TEHACHLMIO K JOCTH)KEHHUIO 0ojiee BHICOKMX 3HAYEHUN 10 CPABHEHMIO C
netbMu U nozapoctkamu ¢ C/I1 m HopmanbHOM (GYHKIMEH THPEOUAHBIX T'OPMOHOB. XOPOIIUM
IpUMEpPOM Takoro nosezeHus siBisercs 16-netHee (2001-2016) mpocnekTuBHOE HAOIIOACHHUE 32
rpynmnoi u3 6onee yem 250 nereit B Bo3pacte o0 18 ner ¢ C/I1, rae 3nauenus HbA1C y nereit ¢
AUT O6butn 3HAUMTENBHO BBIIIE IPOTUB 0e3 AUT [7].

B naHHOM HccieoBaHUM TakKe MOATBEPXKAAETCS JEKOMIIEHCAllUsl YIJIEBOAHOTO OOMEHa y
nereii ¢ CIA1 u AUT. V¥ 50% nauuentoB ¢ AUT umeno Mecto rumoTupeos, B To Bpemst kak 13,3%
JeTed UMenu CyOKIIMHUYECKUN TMIOTHUPE03. DTU JIaHHBIE MOT'YT CBHJIETEIBCTBOBATh O BaKHOCTHU
ckpununra Ha AUT y nammentoB ¢ CJI1, gake eciin HET CUMIITOMOB, YKa3bIBAIOIIMX HA TOPAKEHNE
X, nockonbKy y OOJBIIMHCTBA NAIIMEHTOB OBUIO COCTOSHUE 3YTHpeo3a. AHAJOIMUHBIM 00pa3zoM
oOHapyXeHa BakHOCTb ckpuHUHTa Ha AUT y mauuenToB ¢ CI1 [8].

OOHapykeHO, 4TO CYLIECTBYET CTAaTUCTMUYECKU 3HAUYMMasl FeHJepHas pa3iuyuus B COACpPKaHUU
cBoOoHOTO T4 B KpOBU - OH Y A€BOYEK HIKE, UeM y ManbduKoB (p = 0,004).

3akntouenue
AyTOouMMYHHBIE 3a00JIeBaHUS IIUTOBUIHOM >KeJe3bl YacTO COMPOBOXKIAIOT M OKAa3bIBAIOT
BiausiHue Ha TeueHue CII1 y aerell u moapocTKoB. B cBsi3u ¢ CyOKIMHUYECKUM T€UeHHEM OOJIe3HU
perynsipabiii  ckpuHuHT Ha AWUT y pereit ¢ C/I1 sBrnsercs BaXKHBIM HCCIEIOBAaHUEM IS
JOCTH)KEHUS] KOMIIEHCALIMU YIJIEBOAHOTO OOMEHa, MPEenyNnpekAeHUs MO3IHUX OCIIOKHEHHUH, YTO
HECOMHEHHO YIYYIIUT IOKa3aTeld KauyecTBa XKHU3HHU y JeTed ¢ caxapHbiM auabetom. Ilpu sTom,
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TUCHYHKIMS ITUTOBUIHOMN JKeJIe3bl y MAIlMeHTOB C CaXapHbIM AUa0eTOM JOJKHA PacCMaTpUBaThCs
MHIUBUAYAIBHO MPU KaXKJI0M KOHKPETHOM ClIydae.
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FEATURES OF COMPUTER STATIC PERIMETRY IN PRIMARY
OPEN-ANGLE GLAUCOMA IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
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Annomayusn. O6cnenosano 110 mas (55 6onbbx) ¢ [IOYT u caxapubiM guabeToMm 2 THMa;
40 a3 (20 6ompHbIX) ¢ [IOYT Ge3 caxapnoro auabera u 60 a3 (30 GOJBHBIX) C CaxapHBIM
nuaberoM 2 tuma Oe3 riaykoMel. J[nabetnueckas peTuHoOMaTusi HempoiudepaTuBHas — 73 riasa
(66%), npenponudeparuBuas — 24 maza (22%) u nponudeparusHas — 13 a3z (12%). Hapsay ¢
STHM KOHTPOJIBbHYIO rpymiry coctaBmid 40 a3 (20 6onpHbIx) ¢ [IOYT 6e3 C/ 2 tuna. bonpHbIe 11O
CTaJuAM paclpeieNsuiuch ¢ HadanbHOW cramued 22 tmaza (11 GompHBIX) — 55%, 18 ma3 (9
OONBbHBIX) C pa3BuUTOM craaued — 45%. Hapsny ¢ oOmenpuHATHIME METOAAMU HMCCIIEIOBAHUS
MPOBOAMWINCH TiepumeTpust (cratruueckas Octopus), odrambmockonus ¢ JuH30M [onpamana,
OouHOKYIsIpHBIA  odTambMockon (Schepensa), u smn30i1 Volk-90,0D (USA), roHuockomus c
mua3amu  (KpacnoBa, Goldmann), ToHomeTrpuss mo MakinakoBy, nHeBMoToHOMeTpusi NT-2000
¢upmser Nlidek (SImonus), Tonorpadus (Glau test-60). OCT muicka 3pUTENBHOTO HEPBa U JKEITOTO
natHa (Carl Zeiss Cirrus, HD OCT Model 4000/5000 Germany), OCT cocynoB ceTyaTKu C
kanmuopomerpuet (Cirrus HD-OCT Carl Zeiss), ynprpasBykoBasi auarHoctuka (Y3Jl) cocymos
[EHTPAJILHON apTepuu U BeHbI ceTdarku (Y3-cucTeMa SKCIepTHOro kiacca Sono Scapesq), Y3U
ma3a. [lonydeHHble JaHHbBIE MOJBEPIHYTHI CTaTUCTHUYECKOM 00paboTke. BhIsBIEHO JOcTOBEpHOE
yBenudeHue mokazaresnst MD mpu HavanbHOM M pa3BUTOM cramusmu miaykombl ¢ CI| 2 tuma.
[IpoBeneHHble UCClEAOBaHUS cTaTHueckol mnepumerpun y mnauumeHtoB ¢ [IOYID u caxapHbiM
nrnabeToM 2 TUMa CBUETENbCTBYIOT O BIUSHUU CTETIEHU TSHKECTH AHMAOETHUECKON PeTUHOMATHH Ha
TEUEHHE U MPOTPECCHUIO TITAYKOMBI.

Abstract. Examined 110 eyes (55 patients) with POGC and type 2 diabetes mellitus; 40 eyes
(20 patients) with POGC without diabetes mellitus and 60 eyes (30 patients) with diabetes without
glaucoma. In addition to the generally accepted methods of research, the following were carried out:
perimetry (static Octopus), ophthalmoscopy with Goldmann lens, binocular ophthalmoscope
(Schepensa), and lens \olk-90,0D (USA), gonioscopy with lenses (Krasnova, Goldmana),
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tonometria by Maccov, Nlidek (Japan) NT-2000 pneumometry, Tonography (Glau test-60). OCT
disc optic nerve and yellow spot (Carl Zeiss Cirrus, HD OCT Model 4000/5000 Germany), OST
retinal vessels with calibre meter (Cirrus HD-OCT Carl Zeiss), ultrasonic diagnosis (UZD) of
central artery vessels and retinal vein (UZ-system of expert class Sono Scapesq), ultrasound of
the eyes. Conducted studies of static perimetry in patients with POGC and type 2 diabetes suggest
the influence of the severity of diabetic retinopathy on the course and progression of glaucoma.

Knrouesvie cnosa: moxazarein MepuMETpPUN, II1aykoma, I[I/IaGGTI/ILIeCKaSI PETHUHOIIATHA.
Keywords: indicators of perimetry, glaucoma, diabetic retinopathy.

B coBpemeHHOI 0pTaNTbMOJIOTHH MPOBEIECHHE KOMIBIOTEPHON MEPUMETPHH SBISIETCS OTHUM
U3 HEOOXOIUMBIX, OCHOBHBIX METOIOB UCCIICAOBAaHUS IS BBISBICHUS MaTOJOTHHM JIUCKA
3pUTENBHOTO HEpBa U ceTyaTKu. HeoneHumyro posib MMeeT NaHHBIM METOHA HUCCIEAOBaHUs MpU
paHHE AMArHOCTHKE, MPOTrpPeccCHH, YPPEKTUBHOCTH JIEUEHMS ITIAYKOMbI, & TAK)K€ B BBISIBICHUU
CTPYKTYpHO-(YHKIIMOHATBHOTO cooTHOIIeHus [1-3].

B psnme cnydaeB koHcTaranusi (yHKIIMOHAJbHBIX HapyIICHUN oOlepekaeT 0COOEHHOCTH
KJIMHUYECKUX TPOSBICHUI KaK MPH ITayKOMe, TaK U MPH AMadeTHUECKOH peTuHomnaTuu [4, 5].

[lo maHHBIM JMTEpaTypbl, BBISIBICHO METOAOM MEPUMETPUU IPOrpeccus NayKOMaTo3HOMN
ontuueckor Heripornaruu (I'OH) B 9,8% cnydaes [6].

Hapsiny ¢ 5Tum, oTMedaeTcs MOHMKEHHE CPEHEr0 OTKIIOHEHUS CBETOBOM UYBCTBUTEIBHOCTH
nokazarens MD na 0,43% u 0,46% y manueHTOB ¢ IVIAyKOMOW NMPHU MOPAKEHUU KAlUJUIIPOB B
MEePUTIANMIUIIPHON W Maky/IsipHO oOnactu [7], a Takke MpU MOPAKEHHH BHUCOYHBIX COCYIOB
[IEHTpaIbHOM apTepun cetyarku [8-10].

Cornacuo kinaccudukanuu B. B. BonkoBa mo orkiioHeHuto mokaszareiass MD y GoibHBIX C
iaykoMo MokHO kinaccuduuuponars ctaauu [IOYT: ¢ HawanbHO#M cranued mokazarens MD
pasen ot 2,0 10 6,0 dB, ¢ pa3suroii -6,0 -12,0 dB, naneko 3ameameii-12,0-20,0 dB. Hapsiay ¢ atum,
HUMEIOT OOJIBIIIOE 3HAYCHUE MTOKA3aTeNId CPeIHeH CBeTOBOM uyBcTBUTENbHOCTH —MS (25,0-32,0 dB)
U BapuaOelbHOCTb JOKaIbHBIX AedekToB — nmokaszarenu SLV u kpusas bebwe [11].

[To manHBIM oOcoOOeHHOCTEW W3MEHEHHH Ae(EeKTOB IIEHTPATbHOTO TONS 3pEHUs MpHU
MPUMEHEHHH KOMIIbIOTepHOH niepumetpur OCtOPUS IpeIioKeH CKPHHUHTOBBIN METO] BU3YaJIbHOTO
dbopmupoBanus kBaapantos LI13 [12].

bonpioe 3HavueHHe NMpOBEIECHHWE ABTOMATH3WPOBAHHOM KOMITBIOTEPHOW NMEPUMETPUU HMEET
npu quddepennunansaoit quarnoctuke [IOYT ¢ nogo3pennem Ha raykomy [13].

B rmmaykomHON mporpamme cieayeT OTpakaTb BHHUMAaHME Ha BBIPAKEHHOCTH JIOKAJIbHBIX
nedextoB mois 3peHus (SLV), Hapsay ¢ 3TuM, B KpuBoM beObe mocienoBaTellbHO OTIIOXKEHA
CBETOUYBCTBUTEIHHOCTh BCEX TOYEK OT HAMOONBIIUX K HAaUMEHbBIINM, KpuBas beObe oTpaxkaeT
nuddy3HOe CHUKEHHE CBETOBOM UYBCTBUTEIBHOCTH C OTKJIOHEHHEM MPABOTO Kpas KHU3Y. OaHUM
13 BOXHEWIIMX MPU3HAKOB MPOTPECCUPOBAHUS ITIAYKOMATO3HOTO IMPOILECCa SBISIOTCS U3MEHEHUs
nmokazarenis MD B Teyenume roma: mpu ymenbmicann MD  wmensine 0,04dB/rox  muHammuka
crabunmsupoBanHast, ecau 0,05-2,0 dB/rog —meanenno nporpeccupyroiias, eciu 6ombiie 2,0 dB —
ObICTpO Tporpeccupyroras [14].

Takum 00pa3oMm, TOJBKO CBOEBPEMEHHOE MPOBEACHUE KOMIBIOTEPHON MEPUMETPUH MOXKET
CHOCOOCTBOBAaTh PaHHEW MAarHOCTUKE IIAyKOMbl M MPOQMIAKTHKHU CIENOTHl U CIabO0BUICHHUIO
naHHOM marosioru [15].

IIpn caxapHoM nuabere HapylleHHWE pPETUHAIBHONW TeMOAWHAMHUKMA Ha (oHe ammmo3a u
TUMOKCUU JIGKUT TOPKEHHE KAMWUIAPOB M MOCTKANMWULIPHBIX BEHYIT C TMOCIEAYIOUINM
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BOBJICYCHHEM COCYZIOB OoJiee KPYIHOTO Kajaubpa ¢ pa3BUTUEM MHKPOAHEBPHU3M, KPOBOMIIHUSIHUNA U
pasBUTHEM AMA0CTUYECKON PETUHOMATHH C TIOPAKCHUEM TaHIIIMO3HBIX KICTOK ceTyarku [16-18].

B Hacrosiee BpeMst 10Ka3aHo, UTO HeHpoAereHepalus raHNIMO3HbIX KJIETOK SBIISETCS OJHUM
W3 paHHUX MPU3HAKOB, IPUBOSIINX K Pa3BUTHIO THa0eTH4YecKoi petuHonaruu [19].

B coorBeTcTBMM ¢ ueM, TMpOBEIEHUE MEPUMETPUU CETYATKU MMEIOT OOJbIlIoe
JUArHOCTUYECKOe 3Ha4eHHe. B CBA3M C BBIIIEH3IIOKEHHBIM IIOCTAaBJIEHA LEdb: W3YYHUTh
0coOeHHOCTH cTaTHuecKor nepumerpun y 6oibHbIX ¢ [IOYT u caxapubiM quadetom 2 Tuna.

Mamepuanvl u memoovl

IIpoBeneno o6cnenoBanue 110 mma3 (55 OOMBHBIX) C TEPBUYHOM OTKPBHITOYTOJBHOU
raykomoir (ITOYT') ¢ caxapusim aumaberom 2 tumna, 40 a3 (20 GonbHBIX) ¢ TIaykoMoil 0e3
caxapuoro auadera u 60 a3 (30 OOMBHBIX) C caxapHBIM TuadbeToM 0e3 IITayKOMBI.

Cpennuii Bo3pact 1o rpyrmam B 1ejiom coctaBui 62,0+0,46 mner.

JlnmuTenbHOCTh TeueHHs caxapHoro auadera 2 tmma ¢ IIOYTD cocraBun: po 5 mer — 11
yenoBek (20%); ot 6-10 metr — 16 yenosek (30%); ot 11 g0 20 et — 16 yenosek (30%), Boitre 20
aetr — 12 yenosexk (20%).

ITo Buy jieueHus:: Ha TabIeTUPOBAaHHOM pexrMe — 27 uenoBek (49%), HHCYIMHO3aBUCHMBIX
— 28 uenosek (51%).

Komnencanust C/{ 2 Tuma oneHuBaiach MO YPOBHIO TIUKMpOBaHHOTO remoriioonna HBAIC:
KOMITCHCUPOBaHHBIH 110 6,5% — 15 GompHBIX (28%); cyOkommneHCHUpoBaHHBI — 20 OOJBHBIX
(36%); nexomnencupoBanbiii — 20 6onbHBIX (36%).

bonwubie ¢ ITOYT u C/] 2 tuna pacnpeaessuiuch Mo CTaAusaM: ¢ Ha4aJIbHOW cTaauei — 68
a3 (62%), ¢ pazsuroit ctagueit — 39 a3 (36%).

CornacHo knaccudukanuu, auaderudeckoit perunonaruu ([IP) mo E. Kohner u M. Porta
OosbHBIE ¢ caxapHbIM quadetoM pacnpeaensuinch: AP | cragun — nenponudeparuBuoit — 73 a3
(66%); AP Il craguu — mnpenponudeparuBHoii — 24 mnaza (22%): AP Il cragum —
nponudeparuBroit — 13 a3z (12%).

[MarmenTs! ¢ CII 2 Tuna 6e3 miaykoMbl 60 mia3 (30 O0NbHBIX) pacnpeAessiiIiuch MO CTAAUSIM
nuabeTnyeckoil petuHonatuu: ¢ HenpoiudeparuHoi [P | ctanun — 34 masa (19 60sbHBIX) —
62%, npenponudeparuBHoit — 15 a3 (8 6onbHBIX) — 28%, npomudeparuBHoit — 11 a3 (3
6ompHbIX) — 10%. Cpennuii Bozpact 64,0+0,47, myxunHbel — 13 4YenoBek, >KeHIIMHBI — 17
yenoBek. Ha TabnetupoBanHoM pexume — 17 mamueHToB, Ha MHCYyIMHe — 13 manmenTtos. [lo
YPOBHIO TIIMKONM3UpoBaHHOTrO remorioonua HbAIC — kommeHcupoBanHbie 10 6,5%, 9 GONBHBIX
— 30%, cyoxkommencupoBanbiM — 7,5%, 10 GonbHBIX — 33%, ¢ HEKOMIICHCUPOBAHHBIM (BBIIIIE
7,5%) 11 60npaBIX — 37%.

Hapsiny ¢ atum koHTpONbHYIO Tpymmy coctaBuia 40 mia3 (20 6ompHbx) ¢ [TIOYT 6e3 CH 2
TUmna. bonmpHBIE MO CTagusAM paclpenessuIuch. ¢ HadajdbHOW cTaawe — 22 mmasa (11 GombHBIX,
55%), 18 a3 (9 GonbHBIX, ¢ pa3BuTO# cragueit, 45%). Myx4unH — 9 manueHToB, keHImMH — 11
narueHToB. Cpennuii ypoBeHb B.I.J. Ha 10,0 T cocraBun mpu HadanmpHOUM cramuu — 23,7+0,45
MM.PT.CT, IpH pa3BuTou craauu — 25,6+0,45 mm.pT.cT. Cpen NarueHTOB JaHHON KOHTPOJIBHOMU
TPYIIBl  UCKITIOYAUCh COMYTCTBYIOIIME W3MEHEHUS CO CTOPOHBI IJIa3: AaHTHOPETHHOIIATHH,
UIIeMHYECKas ONTHKONATHS, ONEPUPOBAaHHAS OTCIIONKA CEeTYaTKH, KOCOTJa3ue W TPaBMBI I7a3a B
aHaMHe3€ U COMYTCTBYIOIIAs TsDKENas COMaTu4ecKast HaTojJorHsl.

Hapsiny ¢ oOUICIpUHATBIMH ~ METONAMH  WCCIICIOBAaHHUS TPOBOAMJINCH. BH30METPHS,
nepumeTpus (cratuueckuii apromepumerp Haaq Streit Interzeaq Octopus Perimetr, Germany)
orampmockonus ¢ nuH30M [onbaMaHa, OMHOKYISApHBIA odranmpmockon (Schepensa) u JuH30U
\Volk-90,0D (USA), ronuockonuss ¢ JmH3amu  (KpacnoBa, Goldmana), TtoHomerpus
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naeBMoToHOMeTpust NT-2000 dupmer Nlidek (SImonms), mmasuoi Tonorpad Glau test-60, OCT
J¥McKa 3puTenbHOro Hepsa u skenroro mstaa (Carl Zeiss Cirrus, HD OCT Model 4000/5000
Germany), OCT cocynoB ceruatku ¢ kamubpomerpuerr (Cirrus HD-OCT Carl Zeiss),
yabTpa3BykoBass auarHoctuka (Y3Jl) cocynoB LEHTpajlbHOM apTepuu U BeHbl ceTdarku, (Y3-
CHCTEMa DKCIEPTHOTO Ki1acca SON0 Scapesq), Y3U miaza.

CTaTUCTHYECKUI aHAJIN3 MCCIICIOBAHUS TPOBOIMIICS COIVIACHO OOIICPHUHSATHIM METOJUKAM C
noMoIeio mporpammubix cpeacts Microsoft Office 2010 ans onepannonnsix cucrem Windows XP
u nporpammsl Statistica.

JlaHHbIC MPEACTABICHBI CPeAHEH apudMETHIECKON 1 ee CTaHJaPTHRIM OTKIOHeHHeM (M+m).

3a 10CTOBEPHBIN MMOKa3aTellb MpUHUMalachk pazHnuia BenuuuH P<0.05.

Obcyaicoenue pe3ynbmamos

VYyurtbiBas oOHIMI MMATOT€HETUYECKUIN TeHEe3 MOPaKEHHs TaHIIMO3HBIX KJIETOK CETYAaTKH MPHU
[IOYI' um nuabeTHdeckod pETUHOMATHM, TMPEACTABISICT HMHTEPEC OCOOCHHOCTH HW3MEHCHHUS
MoKa3areyel CTaTH4ecKor TIepUMETPUH ITpU JaHHOo# narosioruu. (Tabmuna 1).

Kak Bugno u3 Tabmuuet 1 u 2 y nanuentoB ¢ IIOYT B coueranuu ¢ caxapHbIM nuabeTom 2
TUMa B OONbIIEH CTENEHW HUMEEeT MEeCTO JIOCTOBEPHOE YBEIWYEHHE II0Ka3aTels CBETOBOU
yyBcTBUTEAbHOCTH MD mpu HavanbHOW W pasBUTOW CTagusx mimaykoMel a0 5,0+£0,17 dB wu
6,12+0,17 dB nporuB mnokasarencii mpu IIOYI 06e3 caxapuoro mmabera-mo 2,14+0,25 dB u
5,17+0,17 dB (P<0,05) u KI' — 2,0+0,26 dB (PucyHnoxk 1).

. Tabmuma 1
MMOKA3ATEJIM CTATUYECKOU IMTEPUMETPUN
Y BOJIBHBIX C TIOYT C CAXAPHBIM JIUABETOM 2 TUITA
Cmaouu 110YT THokazamenu ceemosoul uyscmeumenvriocmu 6 (0B
MD MS sLV Kpusas bebve
Hauvanwsnast cragust N=68 ria3 5,0+0,17 22,6+0,57 16,6+0,59 1,5+0,22
PasBuras cragus N=42 ra3 6,12+0,17 A 19,0 £0,55A 18,7+£0,55 A 6,5£0,37 A
KT (3mopossie suia) n=40 ria3 2,0+0,26 26,0+0,6 2,5+0,3 0-5
. Tabnuna 2
ITOKA3ATEJIM CTATUYECKOU [NIEPUMETPUN
Y BOJIbHBIX C ITOYT BE3 CAXAPHOI'O JIMABETA 2 TUITA
Cmaouu 110YT Toxkazamenu ceemogoii uyscmeumenviocmu ¢ 0B
MD MS sLV Kpueas bebve
Havanwsnas cragus n=22 riasa 2,14+0,26 24,6+0,55 9,8+0,63 1,5+0,22
PasBuras cragus n=18 rna3 5,17+£0,17 AA 20,0 £0,55 A 17,0£0,55 AA 3,0+£0,26 A
KI" (3mopossie nuria) =40 ria3 2,0+£0,26 26,0+£0,6 2,540,3 0-5
BTIOVT pass.ct. MIIOVYTI Hau. crT.
KT 5
npu I[IOVYT 6e3 C/ 2 Tuna
6,12

[OVYT ¢ CA 2 tuma

Pucynok 1. Cpenumii gedext cBetouyBcTBUTENbHOCTH ceTdaTku «MD» nipu IIOVYT ¢ C/I 2 Tumna
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Hapsiny ¢ atum, ipu couetanuu [IOYT ¢ caxapabiM nuaGeToM 2 TUIa OTMEUYaeTCs B OONIbIIIEH
CTETeHHU MOTEPs] CBETOBOW UYBCTBUTEIBHOCTU CETUATKU M BBIPAKEHHOCTh BEJIMYUHBI JIOKAJIBHBIX
nedexToB — mokasarenb SLV kak mpu HavanbHOU CTAaIUU TIIAYKOMBI, TaK U TPU PA3BUTON CTaIUU
1o 16,6+0,59 dB u 18,7+0,55 dB nporus 9,8+0,63 u 17,0+0,58 dB 6e3 caxapHoro nuabera 2 Tuma.
(P<0,01 u P<0,05) u KI" (P<0,001)

Cymmapnast moporoBass 4yBCTBUTEIBHOCTH (MS) B Oosbliell cTeneHW CHIKEHA TIPH
HA4YaJbHOM M Pa3BUTOM CTaIUsIX IIAYKOMBI C caxapHbIM jaumaberom 2 Tuma go 22,6+0,57 dB u
19,0+0,55 dB nporus KI" 26,0+0,6 dB (P<0,05), a Takxe moBsiiiieHue KpuBoii beObe mpu pa3BuTOi
craguu IIOYT no 6,5 +0,3 dB nporus KI" (0-5), P<0,05 u y manueHToB 6€3 caxapHOro auadera 10
26,0+0,6 dB (P<0,01).

Kak Bumno u3 Tabmuuer 3 Oojee BBIpaKCHHBIE OTKJIOHEHHS IIOKa3aTelieil CBETOBOM
YYBCTBUTEIHHOCTH TIPHU MPOBEACHUHM CTAaTHMYECKOW MEPUMETPUU Yy OONBHBIX C IUAOETHYECKOU
perunonarueit 6e3 [IOYI koHcTarnpoBaHbl pH MpOoTHQEPATUBHON CTaIUU: 1O MokazareasM MD u
MS cocraBmstor 5,5+0,18 dB wu 23,3+0,54 dB, koTOpble CTATHCTHYECKH HEIOCTOBEPHBI K
nokasaressM npu paszsutoit craguu [1OYT ¢ caxapubim auaderom. (P>0,05) MD pasuo 6,12+0,17
dB; MS pasno 19,0+0,55 dB, nporus KI' coorBercrBento -2,0+0,3 dB u 26,0+0,6 dB (P<0,01;
(P<0,01).

. Tabnuua 3
INOKA3ATEJIM CTATUYECKOU ITEPUMETPUN
[MPU IMABETUYECKOU PETUHOITATUU BE3 I'NTAYKOMBI
Cranuu 1P [Toka3zarenu CBETOBOM 4yBCTBUTEIbHOCTH B (1B
MD MS sLV KpuBas beOne

Henponudeparupnas craaus N=34 riaza 3,9+0,55 A 23,9+0,55 A  15,5£0,27 AA 0,4+0,14

[IpenponudeparuBuas cragus N=15 rmaz  5,0+0,17 AA  23,3+0,55A  24,840,55 AA 1,1£0,17

[IpomudeparusHas Cramus n=11 rmaz 5,5£0,18 AA  21,0+0,54 A 26,0+£0,6 AA 1,1+0,17

KI" (3mopossie nuia) =40 rmnas <2,0+0,3 26,4+0,6 <2,5+0,3 0-5

Hapsimy ¢ 9THM, BBISBIEHO JOCTOBEPHOE YBEJIMYEHHE IIOKA3aTeNs JUCIIEPCHU IOTEPH
CBETOYYBCTBUTEIbHOCTH — SLV mpu mpe u nposudeparuBHON TrHabeTHUECKO peTHHOMATHH 0e3
ITOVT nmo 24,8+0,5 dB u 26,0+0,6 dB mpotus 18,7+0,55 dB mpu pa3suToii craauu ¢ caxapHbIM
muaberom 2 tuma u KI' — 2,5+0,3 dB u 17,0+£0,55 npu passutoit craguu [TOYT 6e3 caxapHoro
muabera. (P<0,001; (P<0,001) (Tabnuna 3, Pucynok 2).

BIIOVYT pazs.ct. BIIOVYI Hau.cT

KT

ITOVYT 6e3 C/] 2 Tuma

I[MOVYT ¢ CA 2 tuna 18,7

Pucynok 2. ITokazarens nokansHbIX AedexroB «sLV» npu IIOVYT ¢ caxapabiM quabetom 2 Tuna
Takum 006pa3oM: 1o JTaHHBIM IMOKa3aTelel cTarnyeckoi nepumerpuun y 6onpHbIX ¢ [IOVYT ¢

CaxapHbIM I[I/Ia6eTOM 2 TUIIa BHISABJICHO AOCTOBCPHOC YBCIIMYCHUC ITOKA3ATCIIA CpC,Z[HCﬁ noTepu
CBETOBOI YYBCTBUTCIIbHOCTU —MD; MOKa3areiisl BBIPAKCHHOCTU JIOKAJIBbHBIX ,[[C(I)GKTOB —SL\/, a
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Takke kKodpdunuenta kpuBoii bebbe mo cpaBHeHuto ¢ mammeHtamu ¢ [IOYID 6e3 caxapHoro
nuadera.

[Ipu npomudeparuBHoii auabernyeckoil peruHonaruu 6e3 IIOYI mokasarenu cpeaHuit
nedext cBeTouyBcTBUTENbHOCTH —MD © cymmapHas moporoBas 4YyBCTBHUTEIBHOCTH —MS
JIOCTOBEPHO HE OTIIMYAIOTCS OT pa3Butoi ctaauu [IOYT ¢ caxapHbim grabeTom.

[Ipu npe u nponudeparnBHo nuadberndeckoit perunomnaruu 6e3 [IOYI mmeer mecto B
OOJbIIel CTETICHU MOBBIIMICHUE TOKA3aTeNsl CyMMapHOW TOTEPH CBETOYYBCTBUTENBHOCTH — SLV 1Mo
cpaBHEHHUIO ¢ pa3Butoit ctaaueit [IOYT ¢ caxapHbIM TruabeToM.

[IpoBenenHbie uccaenOBaHUs CTaTUYECKOW nepuMerpur y nanueHToB ¢ [IOYI ¢ caxapHbim
nuabeToM 2 TUMa CBUIETENIbCTBYIOT O BIMSIHUM CTEIIEHU TSHKECTH AHMa0eTHUeCKO peTHHONaTuu Ha
TEYCHHUE U MPOTPECCHIO TIIAYKOMBI.
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Abstract. It is well known that acute destructive pancreatitis, pancreonecrosis is accompanied
by severe endogenous intoxication, often leading to the development of multiple organ failure
syndrome, liver failure is one of the important links in this process. The mortality rate of patients
with pancreonecrosis related to liver failure is as high as 83%, and approximately 5% of patients
with pancreonecrosis have fulminant liver failure. Proven: liver function is closely related to the
progression of purulent-necrotic complications in patients with acute destructive pancreonecrosis.
The authors present the data of literature on the importance of liver failure in the course and
prognosis of acute destructive pancreatitis. The pathogenetic role of lipid peroxidation processes are
especially emphasized. The controversial issues of portal and systemic bacteremia and toxemia in
the development of pancreatogenic abdominal sepsis are discussed, as well as the involvement of
the lymphatic system. The authors’ research aims to analytically dissect and summarize
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the processes underlying the clinical manifestations of liver failure in pancreatic necrosis and their
underlying mechanisms, which may provide new insights for further understanding and better
management of liver failure in patients with pancreatic necrosis and abdominal sepsis.

Annomayus. VI3B€CTHO, 4YTO OCTpPbIA JAECTPYKTHBHBIM IMAHKPEATHT, [aHKPEOHEKPO3
COMPOBOXKJIAETCA TAKEIOU SHIOTCHHON MHTOKCUKALMEH, YaCTO MPUBOIALLEH K PA3BUTUIO CUHJIPOMA
IIOJIMOPTaHHOM HENOCTATOYHOCTH; IEYEHOYHAs] HEJOCTATOYHOCTh SIBJISIETCSI OJHUM M3 BaKHBIX
3BEHBEB ATOTO IMporecca. JIeTanbHOCTh OOJBHBIX MAHKPEOHEKPO30M, CBS3aHHAs C TEYCHOYHOMH
HEJ0CTAaTOYHOCThIO, HocTuraer 83%, a npuMepHo y 5% OOJIbHBIX MaHKPEOHEKPO30M HaOII0maeTCs
GylnbMHUHAHTHAs TEYEHOUHAsh HEJOCTAaTOYHOCTh. JlokazaHo: (YyHKUIMS TEYeHH TECHO CBsi3aHa C
MPOrPECCUPOBAHUEM THOWHO-HEKPOTUYECKUX OCIOKHEHUH y OOJNBHBIX OCTPBIM JI€CTPYKTHBHBIM
MMaHKPEOHEKPO30M. ABTOpPHl NPUBOAST JIAHHBIE JIMTEPATYphl O 3HAYCHUHM IEYECHOYHOM
HEJOCTAaTOYHOCTH B TEYEHHE M NPOrHO3E€ OCTPOro JIeCTPYKTUBHOro mnaHkpearuta. Ocobo
[IOTYEPKMBAETCSI  [aTOT€HETUYECKass POJb IPOLECCOB MEPEKUCHOTO OKHUCIEHUS JIMIHUAOB.
OOcyx/1atoTcst CIIOPHBIE BOPOCH MOPTATLHON U CHCTEMHON OaKTepHEMUH M TOKCEMHUHU B Pa3BUTHU
MAHKPEaTOreHHOTo a0IOMUHAIBHOTO CEIICHCa, a TAKXKE YJacTHEe JIUM(ATHIECKON CHCTEMBI.

Keywords: acute destructive pancreatitis, liver failure, lipid peroxidation, kallikrein-kinin
system, endogenous intoxication, bacteremia.

Knroueswie cnosa. OCTpBIfI I[eCTPYKTI/IBHHﬁ IMaHKpPEAaTUT, IICPECKUCHOC OKHCICHHUC JIMIIUJOB,
KaJUIMKPCHUH-KMHUHOBAA CUCTCMA, DOHIOI'CHHASA MHTOKCUKAIIHA, 6aKTCpI/IeMI/I${.

According to modern concepts, severe purulent-necrotic forms of acute destructive
pancreatitis (hereinafter referred to as ADP), including secondary purulent pancreatogenic
peritonitis, retroperitoneal pancreonecrosis, septic phlegmon and retroperitoneal abscesses, are
qualified as abdominal sepsis (AS) with multiple organ dysfunction syndrome (MODS) and septic
shock [1].

In ADP in the reactive phase of the disease, the outcome depends on the accession of infection
and the development of various purulent complications up to sepsis [2-4], which is observed in 40-
70% of cases, and mortality is 70-85% [3-8].

The spread of the purulent process to the retroperitoneal fibre significantly aggravates the
course of the disease and increases mortality from pancreatic shock and purulent-septic
complications [9]. However, the main cause of mortality in this case is dysfunction of one or more
organs/systems [4, 10, 11] due to the development of abdominal sepsis [12, 13].

There are review articles on the significance of liver failure in ADP and its significance in
increasing the severity of the disease and mortality [14, 77], pancreonecrosis in 41.5% [7].

It is the cause of death in 40% of cases, and in destructive forms - in 90-95.2% [19-21, 69,
78]. In ADP, extra-organ complications are present in 60-95% of patients [15, 16]. Therefore, the
study of mechanisms of liver failure development in destructive forms of pancreatitis, their role in
the development of abdominal sepsis is an urgent task for surgeons.

Purpose of the study: to investigate and summarise the results of researchers for the last 10
years, devoted to the search and study of the pathogenesis of liver failure development in patients
with destructive form of pancreatitis (pancreonecrosis).

Search Strategy of the study: we conducted a review of scientific papers of researchers for the
last 10 years, using search resources of publications from journals in Europe, Canada and the USA
(PubMed, Medline, Scopus, as well as CIS and RK countries).
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Influence of liver failure in acute destructive pancreatitis and its significance in increasing the
severity of the disease and lethality: the characteristic feature of acute ADP is a high level of
endogenous intoxication almost immediately during the transformation of acute pancreatic oedema
into haemorrhagic/fatty pancreonecrosis [22, 23], in the structure of which the liver is present in
56.1% of cases [24, 25] and largely determines its severity [26-28].

In ADP, like pancreatogenic shock, MODS is formed during the first week of the disease
(enzymatic phase) against the background of severe intoxication and marked haemodynamic
disorders [29].

In acute destructive pancreatitis (ADP) the frequency of functional liver failure ranges from
18% to 83.9% [30-32] and is the main cause of death in 12.6-40% of cases [17-20].

According to the data of S. A. Alekseev et al. [33], based on 89 autopsies of persons who died
from acute destructive pancreatitis, in 52.8% of cases there was hepatic failure with outcome in
hepatorenal syndrome. In pancreonecrosis, the onset and development of acute HF often
predetermines the severe course and prognosis of the disease, since it is the liver that is the first and
the main barrier to the toxins coming through the portal vein from the pancreas and from the
peritoneal cavity [34, 35].

The role of activation of lipid peroxidation (hereinafter referred to as LPO: endogenous
intoxication is of a specific nature in ADP due to the fact that in the tissues of the pancreas, due to
marked alteration and predominance of catabolic processes, there is a decompensation of regulatory
systems with the accumulation of high concentrations of effector products. The amount of
proelastase decreases, histamine, phospholipases are released in the presence of kallikrein and bile
acids (in cholangiogenic pancreatitis), bradykinin and kallidin release occurs under the action of
pancreatic kallikrein. The pathogenesis of liver cell damage is based on the activation of lipid
peroxidation processes, electrolyte balance disorders, cascade enhancement of fat-dependent
processes with the inability of cells to compensate for the necessary energy expenditure [25, 36].

In infected pancreonecrosis (abdominal sepsis), increasing metabolic disorders are
accompanied by hypoalbuminemia, increased intoxication, immune system depression and
bacteraemia [2,, 3, 68].

Damaging factors alter cell membranes with disruption of intracellular homeostasis and
release of toxic products of incomplete and perverted metabolism with their entry into the
interstitial space and blood [38, 39].

The amount of proelastase decreases, histamine and phospholipases are released in the
presence of kallikrein and bile acids (in cholangiogenic pancreatitis), bradykinin and kallidin are
released under the action of pancreatic kallikrein. Most authors believe that in pancreonecrosis
activated pancreatic and lysosomal enzymes, biologically active substances, toxic decay products of
pancreatic tissues at necrobiosis and activation of the kallikrein-kinin system enter the liver via the
portal vein [25, 37, 41]; the result is hepatic failure. Although, V.S. Tarasenko et al. [42] indicate
that in acute pancreatitis, exo- and endotoxins from the systemic circulation enter the liver.
According to A. N. Plekhanov and D. N. Reshetnikov [19], significant changes in destructive
pancreatitis occur in porto-hepatic haemodynamics. This is manifested by a reliable decrease in the
diameter of the portal vein and linear velocity and volume blood flow in it. Similar data are
established in relation to the superior mesenteric vein, whereas the volume blood flow in the hepatic
artery does not significantly change. Moreover, the degree of reduction of porto-hepatic
haemodynamics was in direct correlation with the severity of PH.

Cytokine and inflammatory cascade, inflammatory mediators: as a result of increasing
endotoxicosis and direct action of toxins already at early stages of disease development they interact
with endothelial cells of hepatic sinusoids and lead to a decrease in blood flow due to pre-capillary
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contraction due to increased production of alpha-actin by smooth muscle cells [44-46]
microcirculatory disorders occur [47, 48, 72, 73].

At the same time, the production of pro-inflammatory cytokines increases, capable of
releasing a large amount of H, O, and active oxygen radicals. The latter, acting on the cell
membranes of hepatocytes, disrupt their integrity, i.e. have a cytolytic effect. In addition, the
activating effect of cytokines leads to an increase in the procoagulant activity of the endothelium
and intravascular hypercoagulation with aggravation of intrahepatic haemodynamic disorders [49].
According to V.S. Tarasenko et al. [42]: this subtle regulatory mechanism is aimed at temporary
isolation of the liver parenchyma from the extraordinary stimulus. However, the state of hypertonus,
which probably takes place in pancreonecrosis, from protective can become the basis for the
development of pathological process as a result of ischaemia and hypoxia.

Studies of a number of authors testify: during the period of functional insufficiency of
parenchymatous organs final and intermediate products of catabolism and other substances of toxic
action accumulate. There is a disorder of macro- and microcirculation, which leads to a violation of
virtually all types of metabolism: carbohydrate, fat, water-electrolyte, bile formation, protein-
synthetic, detoxification, haemostatic. As well as reticulo-endothelial system, endocrine
metabolism, immunological, etc. [43, 50], which leads to a sharp disturbance of blood circulation,
hypoxia and morphological changes in the liver [42, 51].

Microcirculation disorders of the liver and pancreas: research results proved that gross
microcirculatory disorders occur as a result of a decrease in the linear velocity of blood flow in
capillaries, disturbance of blood rheological properties due to the aggregation of formate elements
and platelets, thrombosis and haemocoagulation, the consequence of which is initially circulatory
and then circulatory-metabolic hypoxia [35,52] with activation of lipid peroxidation (LPO) [53,].

Lefkowitch J. H., Saveliev V. S. in their works proved that as the inflammatory-destructive
process in the PG progresses with the formation of necrotic and purulent forms, the second stage of
intoxication development begins with the appearance in blood and lymph, mainly products of
proteolytic and lipolytic necrosis. In the period of haemodynamic disorders (enzymatic phase), the
main pathogenetic mechanisms are enzymeemia, activation of the kallikrein-kinin system and
arachidonic acid cascade with the formation of prostaglandins and leukotrienes. A pronounced
endotoxicosis syndrome - pancreatogenic toxaemia syndrome is formed [54].

There is an "evasion” of toxins into the portal vein tributaries into the blood and lymphatic
vessels [54-56].

Thus, multicomponent pacreatogenic toxaemia, in the path of which the liver is the first
target, is carried out due to highly toxic and aggressive pancreatic and lysosomal enzymes,
biologically active substances, and decay products of PU tissues as a result of necrobiosis and
activation of the kallikreinkinin system [15, 57, 58]. In half of the cases of PU develops against the
background of functional inferiority of the liver. Endogenous intoxication, microcirculation
disorders, decreased linear blood flow velocity in capillaries, deterioration of blood rheological
properties, as well as sharp activation of catabolic processes increase tissue oxygen demand, which
leads to the development of circulatory-metabolic hypoxia and intensification of lipid peroxidation
processes not only in the liver, which is very sensitive to all types of hypoxia [59, 60], but also in all
parenchymatous organs [18, 48, 52]. In this case, a significant role belongs to the sharply increased
activity of the kallikreinkinin system in blood and lymph [52, 54, 61].

The lymphatic hypertension observed in this case increases the concentration of toxic
products and protease activity in lymph [50].

There is an insufficiency of compensatory capabilities of the antioxidant system in the liver as
a result of its degeneration, which leads to an increase in necrotic processes with the development
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of acute liver failure [15, 62, 71]. Steadily increasing endotoxaemia is accompanied by disturbances
of macro- and microdynamics not only in PD itself, but also in the whole organism [18, 48], as it is
believed to be a result of sharply increased activity of the kallikreinkinin system in blood and lymph
[52, 54, 61].

Discussion

Thus, the leading mechanisms of functional liver disorders in acute pancreatitis are deep
microcirculatory disorders, degenerative-dystrophic changes of hepatocytes and decompensation of
reparative capabilities. There is purulent and putrefactive decay of the liver and adjacent
retroperitoneal fibre with formation of phlegmon and abscesses.

So according to A. N. Plekhanov and D. N. Reshetnikov [19], the clinical and biochemical
syndrome of PN includes: frequent hyperbilirubinaemia, increased activity of cytolytic enzymes,
discoordination of carbohydrate and protein metabolism. Patients have jaundice (in 100% of cases),
skin itching (in 43,3%), hepatosplenomegaly (in 41,6%), hepato-cerebral syndrome (in 5%).
Diagnosis of PN is based on biochemical indicators of cytolysis (ALT, AST, LDH), cholestasis
(bilirubin, alkaline phosphatase), synthetic liver function (total protein, albumin, triglycerides) [37,
40, 41].

However, according to M.A. Nartaylakov et al. [7], in infected pancreonecrosis there is a
pronounced hypercatabolism syndrome, so the level of total protein and its fractions in blood serum
IS not an adequate marker of acute PN. In addition, in some patients laboratory indicators of
cytolysis can remain above normal values for a long time - up to a month. In this regard, the
authors, as well as other researchers [27, 37, 74.], consider the concentrations of total bilirubin,
alkaline phosphatase and triglycerides in serum to be the most reliable.

According to V. I. Filin [63], in experimental acute haemorrhagic pancreatitis in the first 6-12
hours in the liver tissue there is irregular hemorrhage with congestion in some lobules, focal
necroses around vessels, in some places focal destruction of cells with pronounced discomplexity.
Already at early stages in patients with acute pancreatitis there are changes in the histological
structure of the liver (hepatocytes and reticuloendothelial elements) - morphological picture of acute
hepatitis [22, 30, 42, 54, 64].

Apoptosis of hepatocytes is observed. As a number of studies have shown - it is also one of
the factors leading to liver failure [75, 76].

It is worth agreeing with the opinion of a number of authors: apoptosis is observed in the
endoplasmic reticulum (ER) in cells. The endoplasmic reticulum is the largest membrane organelle
in the cell and it controls the processing, modification and synthesis of a large number of proteins in
the cell. When the environment in the ER, which is characterised by oxidation and high calcium
concentration in severe endotoxicosis, it breaks down - this leads to the accumulation of misfolded
proteins in the ER, resulting in severe ER stress. In patients who died as a result of acute
pancreonecrosis at microscopy of liver tissue, dystrophic and degenerative changes (toxic fatty,
protein, granular dystrophy), foci of necrobiosis and necrosis, infarcts are often found [22, 54, 63].
According to S. A. Alekseev et al. [33], there is edema of the interstitial space of hepatocytes (in
76.6% of cases), lymphoid-neutrophil infiltration of portal tracts (65.9%), centrilobular necrosis of
hepatocytes (75.7%), microcirculatory channel disorder (75%). All dystrophic and degenerative
changes of hepatocytes in pancreonecrosis are associated with massive apoptosis processes. Toxic
damage to organs/systems (liver, kidneys, adrenal cortex, as well as nervous, cardiovascular,
respiratory and immune systems) forms the MOD syndrome [17, 23, 50, 63, 65, 66].

In general, extra-organ complications in patients with DLD occur in 60.8-96.5% of cases [39,
54, 67, 70].
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Summarizing the research results, we can highlight the following points in the pathogenesis of
the development of liver failure in abdominal sepsis:

1. Activation of lipid peroxidation processes plays an important role in the development of
functional and structural disorders of pancreatocytes and the organism as a whole. The level of
antioxidant activity of pancreas tissue is one of the lowest in the organism.

2. Functional liver failure significantly aggravates the course of acute pancreatitis and
worsens the prognosis of the disease.

3. Excessive intensification of lipoperoxidation processes is an important pathogenetic link in
the mechanism of damage to cell membranes and lysosomal structures in the development of
cytolysis, which determines the severity of destruction in the liver.

4. In infected pancreonecrosis, abscesses and septic retroperitoneal phlegmon, i.e.
complicated acute destructive peritonitis or abdominal sepsis, acute liver failure is accompanied by
immune system depression, so-called secondary sepsis-induced immunodeficiency and bacteraemia.

5. Moreover, systemic toxaemia and bacteraemia may occur earlier or simultaneously with the
breakthrough of the protective hepatic barrier, located on the path of microorganisms and their
toxins to the liver via the portal vein. Since from the retroperitoneum resorption of infected and
toxic exudate occurs in the retroperitoneal veins, which are tributaries of the inferior vena cava
(lumbar, lower diaphragmatic veins, etc.) or superior vena cava (unpaired and semi-unpaired veins).
In addition, in secondary purulent pancreatogenic disseminated peritonitis, everything that is
absorbed into the blood vasculature by the parietal peritoneum is also transported into the systemic
venous channel, bypassing the v. hornblende. Lymphatic vessels, which in the parietal peritoneum
are located closer to the surface than blood vessels and perform purely drainage function. Lymph
passing through the lymph nodes eventually flows into the thoracic duct and then into the left
venous angle.

Main results

1. Activation of lipid peroxidation processes plays an important role in the development of
functional and structural disorders of pancreatocytes and the organism as a whole. The level of
antioxidant activity of pancreas tissue is one of the lowest in the organism.

2. Functional liver failure significantly aggravates the course of acute pancreatitis and
worsens the prognosis of the disease.

3. Excessive intensification of lipoperoxidation processes is an important pathogenetic link in
the mechanism of damage to cell membranes and lysosomal structures in the development of
cytolysis, which determines the severity of destruction in the liver.

4. In infected pancreonecrosis, abscesses and septic retroperitoneal phlegmon, i.e.
complicated acute destructive peritonitis or abdominal sepsis, acute liver failure is accompanied by
immune system depression, so-called secondary sepsis-induced immunodeficiency and bacteraemia.

5. Moreover, systemic toxaemia and bacteraemia may occur earlier or simultaneously with the
breakthrough of the protective hepatic barrier, located on the path of microorganisms and their
toxins to the liver via the portal vein. Since from the retroperitoneum resorption of infected and
toxic exudate occurs in the retroperitoneal veins, which are tributaries of the inferior vena cava
(lumbar, lower diaphragmatic veins, etc.) or superior vena cava (unpaired and semi-unpaired veins).
In addition, in secondary purulent pancreatogenic disseminated peritonitis, everything that is
absorbed into the blood vasculature by the parietal peritoneum is also transported into the systemic
venous channel, bypassing the v. hornblende. Lymphatic vessels, which in the parietal peritoneum
are located closer to the surface than blood vessels and perform purely drainage function. Lymph
passing through the lymph nodes eventually flows into the thoracic duct and then into the left
venous angle.
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Conclusion
In acute purulent-necrotic destructive pancreatitis acute liver failure is an integral component
of the multi-organ failure syndrome that develops to severe abdominal sepsis.
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Annomayus. OCTpBIN MAHKPEATHT BOSHUKACT B PE3yJIBTATE ayTOJIM3a TKAHSH TOKETYI0OUHOM
KeNle3pl  JINMIOJINTUICCKUMH W aKTHBHUPOBAHHBIMH  TPOTCONMTHYSCKUMU  (EPMEHTAMHU,
MIPOSIBIISIONINECS ITUPOKUM CIIEKTPOM U3MEHEHUI OT OTeKa JI0 0Y4aroBOro M OOIIMPHOTO HEKpo3a U
3aHMMAaeT TPETb€ MECTO B CTPYKTYpe OCTPON XHUPYpPrHuecKOil MaTroloTWH OpPIOIIHON MOJOCTH.
HectpyktuBHbie (popmbl BcTpeuarorcs B 30—60% wnabmroneHuid, a JieTalbHOCTh Kojeobmercs 30—
85%. Yacrora THOWHBIX OCHOXHEHWUU pocTturaer 21%. B crarbe wu3i0K€HA BHEAPECHHAs B
HarmonansHOM XHpPYprHue€cKOM IEHTPE METOAHMKA OMEPAaTUBHOTO JIEYCHHS] OONBHBIX C OCTPHIM
JECTPYKTUBHBIM MaHKPEATUTOM.
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Abstract. Acute pancreatitis occurs as a result of autolysis of pancreatic tissue by lipolytic and
activated proteolytic enzymes, which leads to a wide range of changes from edema to focal and
extensive necrosis and ranks third in the development of the surgical structure of the abdominal
cavity. Destructive forms occur in 30-60% of cases, and mortality fluctuates between 30-85%.
The frequency of purulent results reaches 21%. The article presents a technique for the surgical
treatment of patients with acute necrotizing pancreatitis.

Knrouesvie crnosa: mankpearut, NaHKPEOHEKPO3, OMEHTOOYPCOCTOMUSL.
Keywords: pancreatitis, pancreonecrosis, omentobursostomy.

[Tomxenynounas xeje3a Mo OTHOUICHHUIO K OpIOIIMHE pacnojaraeTcs peTponepruTOHeaaIbHO U
BOCHAIUTEIBHBIA TPOILIECC PACHPOCTpPaHSICTCS B 3a0pIOIIMHHYIO KJIETYaTKy B BHIE (PIErMOHBI
MapaKoJIMYEKOi KJIeTYaTKU U 3a0PIOMIMHHOIO MpocTpaHcTia [1, 2].

BocnanutenbHbIi BBINOT CKAIJIMBAECTCS B CAJIBHUKOBOW CYMKE M TOJIBKO IIPH BBIXOJIE Uepes
BuHCI0BO OTBepcTHE MOMagaeT B OPIOIIHYIO MOJOCTh M HAYMHACTCS KapTHHA NMaHKPEaTOT€HHOTO
neputonura. Ankorosnb U KKbBb cocraBmstor 80% mnpuyuuH pa3BUTHUS OCTPOro MHaHKpearuTa. Y
6onbHbIX JKKB BpeMeHHBIE 3aTpyIHEHHS OTTOKA KEMYH MPUBOAUT K TOBBIIMICHUIO JaBJICHUS U
peduiekchl e€ B MaHKpEaTHUSCKWH TPOTOK. YMOTPEOJCHHME AalIKOTOJIsl BBI3BIBACTCS 3aTpPyIHCHUE
OTTOKa 3K30KPUHHOTO CEKpeTa MOHKENyIOYHOM >Kelie3bl M TOBBIIMICHUE JaBJICHUS B MEJIKHX
npoTokax [4-6].

Llenv: ynydqmiuTh Pe3ynbTaTbl XUPYPrUYECKOTO JICUEHHUS] OCTPOrO  JIECTPYKTUBHOIO
MaHKpeaTuTa ¢ MPUMEHEHUEM ITaKPEaTOOMEHTO-0ypCOCTOMUY, ACTIEPUHTOHU3AINH TOHKETYyT0YHOM
KeJe3bl ¥ JIOKAJTBbHON TUITOTEPMUH IPU OTCYTCTBUU dPPEeKTa OT KOHCEPBATUBHOM TEpaITHH.

Mamepuanvi u memoowl uccnedosanus
B oraenenne Xupyprum SKEIYHBIX IIyTeM M IMOMKEIyAO4HOMW xene3bl HanumoHanmbHOrO
xupypruueckoro nentpa 3a 2021-2023 rr. rocnutanusupoBaHbl 1012 G0JBHBIX € JUarHO30M
OCTpBIM MaHKpeaTuT. M3 HuX npoonepupoBaHo 95 GonbHBIX, 4TO cocTaBigeT 9,4% oT obiero
qucia.

Tabmuna
KOJIMYECTBO I'OCIIMTAJIM3IPOBAHHbBIX BOJIBHBIX
C IUATHO30M OCTPbIU ITAHKPEATUT 3A MIEPMO/ 2021-2023 rr.
Too Bcezo Jlecmpykmuenvie popmol Ilpoonepupogansi
2021 104 23 12
2022 458 53 44
2023 450 44 39

OnuceIBaroTCs PA3IMYHBIC MOAXOAbI TAKTHKO-TCXHHUYCCKUX peHICHI/Iﬁ npu ACCTPYKTHBHBIX
CI)OpMaX OCTpOTO IMaHKpe€aTuTa: AKTHUBHBIN MCTOM, BBDKUAATCIIbHAA TaKTHKA, OIICpalusd B XOJOAHOM
nepuojie ¢ GopMHpPOBaHUEM adciiecca calbHUKOBOM cymku [1, 3, 7].

VY4uuThIBasi BBIIIEU3NIOKEHHBIE METOJbl TAKTUKO-TEXHHYECKHUX pEIIeHWH, Hama KIMHHKA
IMPOBOJUT JICUCHUC I10 OHpelleJ'IéHHBIM IMMOKa3aHUAM B UHAVBUAYAJIbHBIM ITOPSAOKE.

Bozpact GonpHbIX coctaBui oT 20 1o 60 setr, 4Tto ABIsSETCS TPYAOCIOCOOHBIM BO3PACTOM.
ITpu nmoctymineHun OOJMBHBIX C OCTPBIM JAECTPYKTUBHBIM IAHKPEATHUTOM, J€YEHHE HAYMHAETCS C
KOMIUIEKCA KOHCEPBATUBHBIX MEPONPHUATHNA JUIsI KYNHPOBAaHHUS BOCHIAJIUTEIBHOIO Mpolecca B
MOJKENTYyIOUHOM  JKene3e, BbIBeJEHHE OOJIbHOTO M3 COCTOSIHMSI IaHKPEAaTOreHHOIo IlOoKa U
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KOPPEKLHIO CEepJIEYHO-COCYAUCTOM, IbIXaT€IbHOW M TMEYEHOYHO-TIOYEYHOU HEAOCTATOYHOCTH.
[IpoBonuach KOHCEpBAaTUBHAS TEpANUsl: TOJIOM, XOJIO B SIMUTacCTPalIbHYI0 001aCTh, CIIa3MOJIUTUKY,
remMocopO1us, anTuhepMeHTHAS U aHTHOAKTepHAIIbHAS TEPAITHL.

IIpu Hea(h(HeKTMBHOCTH KOHCEPBATUBHOM TEpamuH, a TaK e y OOJBHBIX C Pa3BUTHEM
OCIOXKHEHHUH B BHIC (DJICTMOHBI 3a0pPIOMIMHHOTO IPOCTPAaHCTBa, 4YTo cocTtaBuiao 95 (9,4%)
OO0JIbHBIX, TPOBEICHO IKCTPEHHOE XUPYPrUUECKOE BMEIIATENILCTBO 10 MPEI0KEHHOM METOTUKE.

B nccrnenoBanusx npu XUPYpruueckux BMEIIaTeabcTBaXx 0OHapy:xeHo y 60 6onbHbIX (41,6%)
reMopparuueckuit Hekpo3, y 20 (33,3%) xupoBoii Hekpo3, y 10 (16,6%) cMemanHbIii HEKPO3 Uy 5
(8,3%) rHOIHBIA MaHKPEOHEKPO3. Y HSTUX OOJBHBIX KOHCEPBATUBHOW Tepamuei He Ynajaoch
OCTAHOBHUTH MATOJIOTMYECKUI MPOLIECC, U KapTHHA OCTPOro MEPUTOHUTA MTPOAOIIKANACE.

Eme ¢ 1999 r. B HammonaneHom xupyprudeckom nentpe M3 KP paspaboransl: croco0
JICUEHUSI OCTPOro JECTPYKTUBHOI'O IAHKPEATUTA, PALIMOHATIN3AaTOPCKUE MPETIOKEHUS:

1) A. C.97.0110. 1 KG MIIK 6 A 61. B. 17/50 cnoco0 apeHUpOBaHHMS JIOKa TOHKEITYI0UHOM
KeJe3bl

2) Panmonanuzaropckoe mnpeioxkeHue. YmocroBepenwe # 642 27.06.94. bpuz KI'MU.
Crnioco0 seyeHust 0CTpo AECTPYKTUBHOIO MMAHKpEaTuTa

3) Panmonanu3zaropckoe npezuiokenue: ynocroepenne # 643 Beigan bpuz KIMU 27.06.94.
Crnioco0 mpoBeieHHsI TOKAJIbHON TUIIOTEPMHH

Llenp omepauuu 3aKiIrO4aeTCsl B HAJIOXKEHUHM OTKPBITOM ITaHKPEaTO-OMEHTOOYpPCOCTOMUU,
IIPOM3BENIECHUS JIENEPUTOHU3AIMKN TOPKEIYIOUHOM JKeJe3bl, JIOKalbHAasi TUIIOTEPMHUS U CO37arhb
XOpOIIMA  OTTOK  HEKPOTHYECKUX  TKaHEW  MOMKENyIOYHOM  JKelne3pl U KOHTPOIb
MOCJICOTIEPAIMOHHBIX OCIOKHEHUN (KPOBOTEUCHHE, MaHKPEAaTUYECKUN CBUI, TOJCTO-KHUIIEUHBIH
CBUIII CEJIE3€HOYHOTO OT/IEJ1a TOJCTHIN KUIIKH)

Jletanu3anusi TEXHUYECKOTO PELIEHUS 3aKII0YaeTCsl B CIAEAYIOLIEM: JIAapOTOMUsl, BCKPBITHUE
CaJIbHUKOBOM CYMKH, TPOJOJIBLHOE paccedeHHe NapueTaibHOW OpIOIIMHBI HaJ IOKEITYyI0YHON
Kele3ol ¢ aenepuroHu3zanuen nocienned. [Ipu oGmMpHOM HEKPO3€ MOMKENTYIOYHON Kele3bl He
CO3/1aeT OCOOBIX TPYZHOCTEW U Meron aAuruTokiasuu. llapueranbHas JaenepUTOHHU3ALMS
HeoOXoquMa JUIsl CKOpEHILEro OTTOP)KEHUS HEKPOTHYECKHX TKaHeH B IOcCie ONepalioOHHOM
IIEPUOJIE.

BeiOop  Xxupypruueckoil  TEXHUKHM IS  HEKPCEKBECTPIKTOMHUM M TOCIETYIOLIETOo
MOCJICONEPAMOHHOTO BEICHHS 3aBUCHUT OT WHIUBHIyAIbHOTO OIBITA U MECTHOH MpakTHKH[8].

Onucanue cnocoda. TexHMUeCKHe acleKThl ONEPAaTUBHOTO BMELIATEIbCTBA 3AKJIIOYAIOTCS B
crenytomeM: aeneputoHnszanuu IDK; moOmmmzanum tema u xBocta IDK wu3 3alprommHoro
MPOCTPAHCTBA U IMOCIEAYIOIIee APEHUPOBAHNE PETPONAHKPEATMUECKON 3a0pIOLIMHOM KIIeTYaTKu
HIMPOKOI PEe3NHOBOM MOJOCKOH M MUKPOMPPUTATOPAMH 110 pa3poboTanHoi MeTonuke (PucyHok 1);
MoOunu3anuu 12-nepctHod kumku no Koxepy ¢ mocneayroum JIpeHHUpOBaHHEM 3a0pIOLIMHOIO
npocTpaHcTBa mno3anu roioBku IDK; HapyXHOro apeHHpoBaHHME KETYHBIX IyTed; TOTaJbHOU
IIPOJIAHTMPOBAHHOM HeHpoBeraTaTUBHOM 3a0PIOIIMHHOMN OJI0Ka/bl; KaTeTepu3aliy MyINOYHON BEHBbI
U BHYTPUIIOPTOJILHOE BeJIEHHE aHTHUOMOTHKOB M MOJSPU3YIOLIEH CMecH; aBTOHOMHOIO
MPPUTaTOPHO-TIOIOCOYHOTO JPEHUPOBAHUS OpIOIIHON MOJOCTH U JAPEHUPOBAHUE CaIbHUKOBOU
cyMKH; (OpMHpOBaHHE IIUPOKOW oMeHTOOypcocTtombl (PucyHok 2, 3); mposeneHue B
MOCJICONIEPAIMOHHOM TEPUOJIE PEryISPHBIX CEKBECTPEKTOMUN M CaHAlMi CaJIbHUKOBOM CYMKH
gyepe3 OMEHTOOYpPCOCTOMY 0 TIOJTHOTO €€ 3aKPhITHS.

BonbHBIX ¢ reMopparndeckoi ¥ cMemaHHON popMOii MaHKPEOHEKPO3a C ENIbI0 JIOKATH3AUI
mpolecca Ha 3aJHel MOBEPXHOCTU KeJle3bl M IMapanaHKpeaTH4ecKoil KJIeTYaTKH MPOU3BOJUTCS
MOOMIIM3aLUsl TOKETyIOYHON >Kene3bl M3 3a0pOLIIOHHOrO IPOCTPAHCTBA, TaK Kak y JTOH
KaTeropuu OOJBHBIX MOpaXkaeTcs 3aJHsAs MOBEPXHOCTh MOKENYIOUHOW XKeJe3bl He MOKPBITOU
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OpIOIIMHONW C TPUMEHEHHWEM Ccroco0a JPEHUPOBAHMS JIOKA TOKETyIOYHONM >kene3bl. [locre
MOOUITM3allMU TeJla U XBOCTa MOKENTyI0UHOM KeJe3bl U3 3a0pIOIIMHHOTO MPOCTPAHCTBA B OTINYNE
or wMeronuku B. A. Ko3nmoBa korma kene3a  OKYTBHIBAeTCS — OOJBIIMM  CaJbHHUKOM,
peTporaHKpeaTnueckoe MPOCTPAHCTBO IPEHUPOBATH PE3MHOBOM IOJIOCKOH, KOTOpas yOoupaercs B
MOCJICONIEPAMOHHOM EPUOJIE YEPE3 OTBEPCTHE OMEHTOOYPCOCTOMBI.

Pucynok 1. Cxema peHHpOBaHuUs
PETPONAHKPEAaTHIECKOHN KIIETYaTKH

Léce

5

XA

f&‘}f; =

Pucynok 3. Cxema OTKpBITOrO APEHUPOBAHUS CaJIbHUKOBOW CYMKH W PETPONaHKPEeaTHUeCKOM

KJIICTYaTKH

[Ipy mopakeHUM TOJOBKH MOKENTYIOUYHOM JKeyle3bl MPOU3BOAUTCA  MOOMIM3AIMS

JIBEHAUATUIIEPCTHON KUIIKK 110 Koxepy M mocneayomero JpeHupOBAHUS PE3UHOBOM MOJIOCKOM
S9TOM 30HBI MApPANAHKPEATHUYECKOM KIETYAaTKU. 3aKJIIOYUTEIbHBIM JTalloM  OINEpPaTUBHOTO

BMeIIAaTeIbCTBA  SIBIAETCS  (OPMUPOBAHHE OMEHTOOYpCOCTOMBI ~ MyTEM  MOMIIMBAHUS K
napueTaNbHON OpIOIIMHE U allOHEBPO3Y. BEPXHEH TPeTH JanapoTOMHON paHbl KPaeB pacceueHHOTO
y4acTKa JKeJIyA04HO-000104HOHN CBs3KU. CIeqyroluM 3TaloM SBISETCS JIOKaJIbHAs T'MIIOTEPMUS

MOKEITYIOYHOM JKEJIe3bI.
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B xnmuHuke pazpabortaH crmoco0® JIOKaJTbHOW THUIIOTEPMHUHM TOHKEITYIOYHOM KeJle3bl 4Yepes
TepMETHUYHYIO PE3NHOBYIO EMKOCTh, PACIOJIOKEHHYIO B TIOJIOCTh CAIbHUKOBOW CyMKe (Ha CKBO3HOM
MUKpPOMPPUTaTOpe, KOHIIBI KOTOPOI'O BBIBEAEHBI HapyxKy) (YIOCT. Ha palIpe/UIoKEHUE BbIJAHHOE
bpusz KI'MA # 643 ot 27.06.13:14 94r.). B nocneonepaiiuoHHOM Tniepuojie 2-4 JHs OCYIIECTBICHA
JIOKaJIbHAs TUIIOTEPMUS TOHKETYIOUHOM Kee3bl. DTO MPOU3BOJMIOCH TyTEM 3aOTHEHUS EMKOCTH
B CaJIbHUKOBOH cymKe oxJaxxIEHHBIM 0,9% pacTBOpoM HaTpus XJopuja nepuoanydecku 3-4 pasa B
cyTku Ha 2-4 yaca. OCHOBHOE NPEUMYIIECTBO IAHHOTO CIOCO0a COCTOMT B TOM, YTO IPH 3TOM
JOCTUTACTCST JIOKAJIbHOE OXJIAXKICHUE TOKETYIOYHON jKene3sl 0e3 BBIpAKEHHOW —oOIien
TUIIOTEPMUHU.

BonbHBIM MPOU3BENEHO J1aapOTOMHUS, BCKPHITHE CAJIbHHUKOBOM CYMKH, JIENEPUTOHU3ALUS
MIOJKEITYIOYHOM KeJe3bl, JPEHUPOBAHUE PETPOIIAaHKPEATUUECKOW YacTH, PEBU3US IapaKOJIN4eCKON
00s1acTH 3a0pIOIMIMHHON KIIETYaTKH, APEHUPOBAHUE OPIOMIHOW MOJOCTH, JIOKAIbHAS THIIOTEPMUSL.
[Tociie mpoBeACHHOTO ONEPATUBHOTO JIEYCHHS] Y HEKOTOPBIX OOJBHBIX BCTPEYAINUCh CTaHIApPTHHIE
OCJIO)KHEHUSI TaKhe KaK: HarHOGHUE paHbl, MaHKPEaTUYECKU CBUII, CBUILl TOJCTOTO KUIICYHUKA,
appo3uBHOE KpoBoTedeHHe. OCIOKHEHUS OBUIM YCTPAaHEHBl AKTHUBHBIM YXOIOM, AKTHBHBIM
MECTHBIM JIEYEHUEM U 001Iel KoHCepBaTUBHOM Tepanueil. CpaBHUTENbHbBIE JAHHBIE HAILIETO LIEHTPa
10 CTAaTUCTHKE 32 MOCIEAHHE 5 JIET, JeTaIbHOCTh HA ATOM MeToAuKe cHU3miIachk ot 50% no 28%, o
CPaBHEHHUIO C TPAIULIMOHHBIM METO/IOM JICUCHHUS.

Buvisoowi.

TakTUKO-TEXHHYECKOE pEeIlIeHHE JACCTPYKTUBHOW (OPMBI OCTPOrO IaHKpeaTruTa Mpu
Hed(p(PEKTUBHOCTH OT KOHCEpBAaTMBHOW Tepamuu TpeOyeT OSKCTPEHHOE XUPYPrUYECKOE
BMEIIATEILCTBO.

MeTox  HaJOKEHHS  OTKPBITOTO  TAHKPEATOOMEHTOOYPCOCTOMHUH,  JICIEPUTOHH3AIUS
MOJKEITYIOUHOM KEeJIe3bl, JIOKAIbHAS THUIIOTEPMHUS CO3JIaCT XOPOIIUH OTTOK HEKPOTHYECKON TKaHU
MOJKEITYIOUHOM JKeJe3bl SIBIISETCSI METOJOM BhIOOpA MPH JICUCHUH JIECTPYKTHUBHON (OPMBI OCTPO
JECTPYKTUBHOTO ITAHKPEOHEKPO3a.
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OCTPASI JEKOMIIEHCAIIMSI XPOHUYECKOM CEPIEYHOM
HEJOCTATOYHOCTHU VY JIMII ITIOKUJIOT'O 1 CTAPYHECKOI'O BO3PACTA:
B ®OKYCE JUCOPYHKIUSA IIOYEK
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ACUTE DECOMPENSATION OF CHRONIC CARDIAC
FAILURE IN ELDERLY AND SENILE PERSONS: FOCUS ON RENAL DYSFUNCTION
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Annomayus. Cepale U MOYKH, a TAKXKE UX CHHEPrHs SBISIFOTCS HEOOXOAMMBIMHU YCIOBUSIMU
U TOJIep KaHUsI TEMOJIMHAMUYECKOr0 roMeocTasa B opranusMme uenoseka. C Haganma XIX Beka
ObUIO IPU3HAHO, YTO CEPJIEYHO-COCYAMCThIE M IOYEYHbIe 3a00JIEBaHUS YaCTO COCYLIECTBYIOT U
OKAa3bIBAIOT B3aMMOOTATAINAONIEE IEUCTBUE APYT Ha Apyra. B mpouecce crapeHust HHBOIIOTHBHbIE
U3MEHEHHUs OpraHoB M CHUCTEM OpraHusMma, OCOOCHHO Ha  CEpACYHO-COCYAUCTOH H
MOYEBBIICTUTEIBHON CHUCTEM HPUBOIAT K MHOXECTBY (DM3HMOJOTMYECKUX U (YHKIHMOHAIbHBIX
WU3MEHEHUH, KOTOpPBbIE MOTYT YBEIMUYMBAaTh PUCK PA3BUTHsI OCTPBIX OCJIOXKHEHWM, B TOM YHUCIE U
OCTpOI JeKOMIIEHCAIlMN XpOoHUUecKoil cepreunoit HenocrarouHoctu (XCH). PacipoctpaneHHocTb
XCH yBenuuuBaeTcsi cpeiyd HACEIEHHUS CTaplUIUMX BO3PACTHBIX TIPYyINI BO BCEM MHUPE, UTO
OOBSACHSETCS] HE TOJIBKO HE TOJILKO WHBOJIOTHBHBIMU M3MEHEHHUSIMU KapIUOBAaCKYISIPHON CHCTEMBI
OpraHu3Ma, HO M BBICOKOW YaCTOTOW COIYTCTBYIOLIMX 3a00JI€BaHUI, B YACTHOCTU XPOHHUYECKOM
0ose3Hu mnouek. BozpacTHble M3MEHEHHS] MOUEBBIIECTUTENIBHON CHUCTEMBI TAaK)K€ MIPAIOT BAXKHYIO
poIb B MOAJNEP)KAHMM TOMEOCTa3a OpraHW3Ma, OJHAKO B IIPOLIECCE CTapeHHs HapsaLy C
YMEHBIIIEHUEM KOJIWYecTBa HEe(PPOHOB HAOMIONAETCS CHU)KEHUE KOHUEHTPALMOHHON (YHKIUU
MIOYEK, a TAKXKE W3MEHEHUI0 UX CTPYKTYPHOM LIEJOCTHOCTU. OTH HWHBOJIOTUBHBIE H3MEHEHUS
IIOYEYHOM TKAaHW MOTYT YCJIOXHSTh JUArHOCTUKY W JIEYEHHE COCTOSIHWMM, CBA3aHHBIX C OCTpOM
nexomneHcanueir XCH. IloaTtomy, paccMoTpeHue BO3pacTHBIX M3MEHEHMI KapIHOBacKYJISIpHOU U
MOUYEBBIIEIUTEBHON CUCTEM U UX BKJIaJ B pa3BUTHE OCTpbIX AekomneHcanuii XCH npexacrasnser
co0Ol BaXHyI0 00JacTb JUId JaJbHEHIINX MWCCIEAOBAaHMM M MPAaKTUYECKHX MPUMEHEHUH,
HAIpPaBJIEHHBIX Ha YIy4dIIEHUE MEAMIIMHCKON NMOMOIIM M Ka4eCTBO JKMU3HM INOXKWIBIX JroAei. B
0030pHON cTaThbe paccMaTpUBAIOTCS JaHHbIE HAayYHOW JIUTEpaTypbl MO KapAUOpPEHAIbHBIM
B3aMMOOTHOUICHUSIM IPU OCTPON JIEKOMIIEHCALMM XPOHUYECKOM CEpACYHOM HENOCTaTOYHOCTH Y
JIUI] IOKWJIOTO U CTap4YECKOTr0 BO3pPACTa.

Abstract. The heart and kidneys, as well as their synergy, are necessary conditions for
maintaining hemodynamic homeostasis in the human body. Since the beginning of the 19th century,
it has been recognized that cardiovascular and renal diseases often coexist and have a mutually
aggravating effect on each other. During the aging process, involutive changes in organs and body
systems, especially the cardiovascular and urinary systems, lead to many physiological and
functional changes that can increase the risk of developing acute complications, including acute
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decompensation of chronic heart failure (CHF). The prevalence of CHF is increasing among the
population of older age groups all over the world, which is explained not only by involutive
changes in the cardiovascular system of the body, but also by the high frequency of concomitant
diseases, in particular chronic kidney disease. Age-related changes in the urinary system also play
an important role in maintaining homeostasis of the body, however, during the aging process, along
with a decrease in the number of nephrons, a decrease in the concentration function of the kidneys
is observed, as well as a change in their structural integrity. These involutive changes in renal tissue
may complicate the diagnosis and treatment of conditions associated with acute decompensation of
CHF. Therefore, consideration of age-related changes in the cardiovascular and urinary systems and
their contribution to the development of acute decompensation of CHF represents an important area
for further research and practical applications aimed at improving medical care and quality of life in
older people. The review article examines scientific literature data on cardiorenal relationships in
acute decompensation of chronic heart failure in elderly and senile people.

Kntouesvie cnosa: BO3paCTHBIE U3MEHEHUS, OCTpast JEKOMIIEHCALUS XPOHUYECKON CEpACYHOU
HEIOCTATOYHOCTH, TUCHYHKINS TIOYEK, TOKHIIION M CTapYECKHI BO3PACT.

Keywords: age-related changes, acute decompensation of chronic heart failure, kidney
dysfunction, elderly and senile age.

B HacTosiiiee Bpemsi OTMEUaeTcsl YBEJIMYEHHE KOJIMYECTBA JIMI[ MOXKHIOTO U CTapYeCKOro
Bo3pacta ¢ XCH. V 310poBbIX Ntozel cTapeHHe MPUBOAUT K YBEIHMUEHHUIO YaCTOTHI THIEPTPOhUU
nesoro xenygouka (JDK), cHmxenuto paumactonmueckoil ¢ynkumu JDK, nunaranum s1eBoro
npencepaust (JIII), coxpanenuto ¢pakuuu BeiOpoca neBoro skemymnouka (DBIDK), cHmwkeHuto
TOJIEPAHTHOCTH K (PU3MUECKON Harpy3ke M YBEIHUYEHHUIO PACHPOCTPAHEHHOCTH (GUOPUILIALINN
npencepauii (®@II). Tak, Teixeira A. et al. oTMedaeT, 4TO MOMYNIALMS MAUEHTOB MOXKUIOTO U
CTapueCcKoro Bo3pacta ¢ cepaeuHon Hegocrarounoctbio (CH) yBenuuuBaercst Bo Bcem mupe [1].

Strait J. et al. cuuTaloT, YTO CTapeHUE BBI3BIBAET CTPYKTYpHblE U (DYHKIMOHAJIbHBIE
U3MEHCHUSI CePIICYHO-COCYIUCTOI U MOYEBBIICIUTEIbHON CUCTEMBI [2].

ITo muenuto Coresh J. et al. ecTKOCTb COCYZOB M HPOTPECCHUPOBAHUE aTEPOCKIEPO3a
BBI3BIBAIOT CUCTOJIMUECKYIO M IMACTOIMYECKYIO TUCHYHKITMIO MHOKap/a [3].

Hapymennpie koMIIeHCaTOpHBIE MEXaHU3MBI CHCTEMBI KPOBOOOPAIIIEHHUS TIPUBOAST K OCTPOU
JIeKOMTIEHCAIINH XpOHUYecKol cepaeunoit Henocrarounoctu (OAXCH) [4].

Kpome TOro, crapenue cBsizaHo ¢ mporpeccupyrouieil nuchynkuueit mouex (AI1), uto
yBenuuuBaeT puck pazsutusg OJXCH [3].

Teixeira A. et al. cuurarot, yto OJJXCH siBnsieTcst yacTol MPUYMHON TOCTTUTATU3AINH CPEIU
MOXKWJIBIX MAallUEeHTOB [5].

Mamepuanvl u memooul
Bospacmuvie usmenenus kapouosacKynapHo u MO4esbl0enUmenbHOU CUCEM 8 npoyecce
CMapenust u ux poib 8 pa3eumuu cepoedHol He0OCMAamoyHOCMU U OUCHYHKYUU NOYeK

B uccnenoBanuu Cheng S. et al. y 5004 ygacTHUKOB 06e3 cepAeYHO-COCYAUCTHIX 3a00JIeBaHHM
(CC3) wucnonb3oBalM MarHUTHO-pe30HaHCHYIO Tomorpapuio cepaua (MPT) nmns usydenus
ctpyktypsl U Qynkuuun JDK. OtHomenue maccel MHOKapaa K oObeMy cepila 3aMeTHO
YBEIUYHMBAIOCH C Bo3pacToM (+5 mr/mi/rom). Bo3pacT Takke OBUT CBSI3aH CO 3HAYUTEIHHBIM
CHIDKeHHEM ynapHoro o0bema (—0,4 mu/ron), a Takxke ¢ marrepHaMu J1eopMallui, OTPaKarOIIUMHU
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KaK CHCTOJIMYECKYIO, TaK M TUACTOIMYECKYIO0 TUCHYHKIUMIO MHOKap/aa, HECMOTpPsS Ha CKPOMHOE
yBenmuuenue ®B JIXK (+0,1%/ron) [6].

[To manueiM Nayor M. et al. nuactonudeckast Auc@yHKIUs OblIa peakocThio 10 S0 set, HO
II0CJIE 3TOT0 €€ PacIpOCTPAaHEHHOCTh M TSAKECTh PE3KO BO3pociu. boree mosoBUHBI YYaCTHUKOB
HMeJU TracTolnrdecKyro aucyHkimio k 70 qo <80 net, u Oosee AByX TpeTed umenu ee mocie 80
ner [7].

ITo muenuto Christou D. et al. emie omHO# XapakTepUCTUKON CTapeHUs CePIeUHO-COCYTUCTON
cuctembl (CCC) sABnseTCsl CHUKEHUE MAaKCUMAJIbHON 4acTOThI cepaeunbix cokpamienuit (HCC), uto
oOycnoBineHo cHwkeHneM coOctBeHHOH UYCC u  XpOHOTPOMHOW YYBCTBUTEIBHOCTH K [-
aJpeHEePTUYECKON CTUMYIISIUU [ 8].

Wolsk E. et al. ormeuaror, uto cHmxkeHue MmakcuMmaiapHOoil UCC BMecTe CO CHIDKEHHEM
ynapHoro oobema JDK, HecMotrpst Ha Gosee Bbicokoe AapneHue HanonHeHus JOK u3-3a cHmkeHHs
penakcanuu ¥ nonamiuBoctd JDK [9], mpuBOAST K CHMKEHHIO MaKCHMMAaJIbHOTO CEpPACYHOTO
BBIOpOCA, BBI3BAHHOMY CTApEHHEM, YTO MPHUBOAUT K CHIDKEHUIO PE3EPBHOM €MKOCTH cepjla Io
muenuro Tomas T. et al. [10].

Chadda R. et al. cumraror, 4TO CTaperOmMi MHOKApA TaKke OOJIaAaeT 3HAYUTEIbHBIMU
BHYTPEHHUMH 3JEKTPO(U3HOIOTMUECKUMH U3MEHEHUSIMHU, KOTOPbIE MOIYIUPYIOTCS aBTOHOMHOMN
HEPBHOM CHUCTEMOM cepaua U MpeapacroiararoT MOXKWIbIX MNAalKWEHTOB K Pa3BUTHIO HAPYIICHUM
BO30yIMMOCTH U MPOBOIMMOCTH MHOKapa [11].

Rostagno C. et al. oTMeuaroT, YTO JereHepaTHBHBIC HAPYIICHUS, CBS3aHHBIC C TSHKEIBIM
AOPTAJIBHBIM CTEHO30M, MUTPAIBLHON U TPUKYCHUIAIBHON HEJOCTAaTOYHOCTHIO, OOHAPYKUBAIOTCS
npumMepHo y 10% Hacenenust B Bo3zpacte =75 ner. Takxke, 10 €ro MHEHHUIO, aOPTajIbHbII CTEHO3
4acTUYHO OOYyCJIOBJIEH AaKTUBHBIMM IIPOLIECCAMH, XapaKTEPHBIMHM Ul aT€POCKIEPOTHUYECKHUX
3a00JIeBaHU, TOT]a KaK MUTpaJIbHAs PETypruTaiys 0ObIYHO HOCUT BTOPUYHBIN XxapakTep [12].

ITo muenuto Russo C. et al. o6bem u ¢dynkius JII1 3aBucar ot Bozpacta. MakcuManbHBIA U
MUHUMaNbHBIN 00beM JIIT yBenmuuBaeTcs, 0COOEHHO Y JUI[ C CEPACUHO-COCYAUCTHIMU (PakTOpamu
pucka [13].

Evin M. et al. noka3anu, uro nmponosibHasg aedopmanusg U paguanbHas (Qpakuus IBHKEHUS
YMEHbBIIAJINCh C BO3pacTOM Kak B (a3e paccrnabieHus, Tak M B (¢a3e H3rHAHUS KPOBU U3
npexacepauii [14].

Jalife J. et al. ormeuatot, yto pacmmpenue JIII u Mexanuuyeckas AUCPYHKLUS SBISIOTCS
OCHOBHBIMH (akTopamu pucka pazsutus OII [15].

ITo nanueiM Haddad F. et al. mpaBeiii xenynouexk (IDK) u nerounast cocynucras cucrema
TaKKe MPeTepIreBaoT 3HaYUTEIbHbIE H3MEHEHMs ¢ Bo3pacToM. JlaBieHue B sierouHoit aprepuu (JIA)
U JIETOYHOE COCYJIMCTOE COINPOTHUBICHHE CJIETKAa YBEIMYMBAIOTCS NPU HOPMAIBbHOM CTapeHUH,
BEPOSITHO, BTOPUYHO [0 OTHOIIEHUIO K yBenuueHuto xkectkoctu JIA. ®dpakuusa BeiOpoca DK
OCTaeTcs OTHOCHUTEIBHO XOpOIIO cOXpaHEHHOW ¢ Bo3pactoM, kak u DBJDK. Jlnacronmueckas
mucynkuust [DK pa3zsuBaercst co BpemeHeMm [16].

Wehrum T. et al. ormeuarot, uro M3MeHeHHs cucTonuyeckoro peszepsa DK mpu Harpyske
napajuieTbHbI CHIDKEHHIO CUCToImYeckoro pesepsa JIK [17].

Kpome toro, o6bem mnpasoro npencepaus (I1I1) yBenmuuBaercs ¢ Bo3pacToM, a HapyLUICHHS
kpoBoToka B 11 BcTpeuaroTcs 3HAUUTENBHO Yallle y NOKUIbIX Jtozen [17].

ITo nanubeiM Fang Y. et al. kareropust nui moxkusioro Bospacta 0onee BocnpuuMuuBbl K XbI1
[0 HECKOJIbKMM IpuuuHaM. CTapeHrne MOXeT BbI3bIBaTh aHAaTOMHMYECKHE U (YHKIMOHAIbHbBIE
U3MEHEHHUsl B IOYKaxX, TaKhe KaK YMEHBIICHHE KOJIMYecTBa (PYHKUHOHHPYIOIIUX HEPPOHOB U
CHUKEHHUE TIOYEUHOT0 KpoBoToKa [18].
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Kpome Toro, Soraci L. et al. cumTaror, 4TO HEKOTOpPHIE COCTOSHHS, KOTOPHIE MOTYT
croco0CTBOBaTh pa3BUTHUIO U TporpeccupoBannio XbII, To ecTh runepronus, auadeT, cepaeyHo-
cocynuctbie 3a0oneBanust (CC3) U arepockiiepos, yaile BCTPEUAIOTCS y MalMEHTOB MOXKUIOTO U
cTapueckoro Bo3pacrta [19].

Opnako, Ortiz A. et al. oTmeyaroT, YTO JMIa CTapUIMX BO3PACTHBIX TPYyMI C
MYJIBTUMOPOUAHOCTHIO YaCTO MPUHUMAIOT MHOTO JIEKApCTB, W HEKOTOpble U3 HHX, TaKHhe Kak
HECTEPOUJHBIE TPOTUBOBOCHAIUTENBHBIE MpPENapaTsl ¥ HEKOTOpble aHTHOMOTHUKH, MOTYT
MOBPEIUTH TOYKH, OCOOCHHO €CJIM NMPUHUMATh WX B BBICOKHX 033X HJIU B TEUCHHUE JJIUTEIHHOTO
nepuozaa Bpemenu [20].

I[To muenuro Alfano G. et al. mamueHTHl TOXWUIOTO W CTapuYeCKOro Bo3pacra Oosee
BOCIIPUMMYUBEL K JIEKAPCTBEHHOMY MOPAKEHUIO TIIOYEK M3-32 BO3PACTHBIX M3MEHEHUH B
MeTaboIM3Me U BBIBEICHUH JieKapcTB [21].

bonee toro, Ray N. et al. cuuTaror, 4To BO3pacTHOE CHI)KEHHE IOYEHYHOTO pe3epBa JAeNaeT
MOXKWJIBIX TalMEHTOB 0OoJjiee YSI3BUMBIMH K IOBPEKICHUIO TOYEK, BBI3BAHHOMY HWHQEKIUIMU,
00€3BOKMBAHUEM M XHPYPTUIECKHM BMEIIATEIHCTBOM [22].

Cepneuno-cocynucras cucreMa, XbIl u ee ociokHEHUS MOTYT CYHIECTBEHHO BIUATH Ha
(YHKIIMOHAJIBHOE COCTOSIHME Yy MOXKHIBIX Jitoaei [23], a repuarpudyeckue CHHIAPOMBI (BKIIOYAs
KOTHUTUBHBIA CTaTyC, JENpPEeCcCUI0, HWHBAaJIUAHOCTh, CJIa0OCTh M CApKOMNEHHMIO) BCE Yalle
YUUTBIBAIOTCS MPU OLIEHKE JIMIL NOKuiIoro Bospacra ¢ XbII [24].

Cepoeunas nedocmamouHocms U OUCHYHKYUS NOYEK Y TIUY CIMAPULUX 803PACHHBIX 2PYNA

Bleumink G. et al. cumrarTt, 4TO BO3pacT SBIsIETCS HauOojee BaXKHBIM W HE3aBHUCHUMBIM
dakropom pucka XCH [25]. Kpome Toro, aBropsl ormedaroT, uto XCH HabmromaeTcss mpuMepHo B
2-3% B oOmIel MOMYJISAIMU W 3HAYUTEIBHO yBeiaumumBaercs mocie 75 ser mo 10-20% y 80-90 -
JIETHUX MAIMEHTOB U SBISIETCA BeAyllel npuunHoi rocnuTanu3anuii [25]. [To maenuto Mahjoub H.
et al. XCH sBnsieTcs ogHON U3 OCHOBHBIX MPUYMH CMEPTH KaK MY>KYMH, TaK U KEHIIUH ctapiie 80
JIeT, a X MATHICTHSS BBIKHBAEMOCTh cocTaBisieT Bcero 19% [26]. Owan T. et al. cumrarot, 9To
snuaemuonioruss CH co BpeMeHeM CHUIIBHO MEHSIETCS, JIBUTasCh B CTOPOHY Oo0jee BBICOKOM
pacripoctpaneHHoctd CH ¢ coxpaHeHHOH, a He CHIKEHHOH (pakuueil BoiOpoca [27], mopaxas
Yarie COMyTCTBYIOIIUX OCITa0JIeHHBIX MOKUIIBIX MalueHToB [28].

Gheorghiade M. et al. ormewarT, 4YTO y MAIMEHTOB, rocnuranu3upoBanHeix ¢ CH,
BHYTpUOOJbHUYHAS CMEPTHOCTh OYEHb BBICOKA M cocTaBisieT oT 5 no 15% u Oonee, a cpenu
MALMEHTOB, KOTOPBIE JOXKUBAIOT 10 BBIUCKH, e 10—15% ymuparot B Teuenue 6—12 nenens [29].

B uccnenoBanuu O'Connor C. et al. mokazanu, 4To cMepTHOCTH B TedeHue 60—90 nueit mocie
BBITIMCKH cocTaBuiia §,6%. [1o MHEHHIO aBTOPOB MPEIUKTOPH paHHEH CMEPTHOCTH MOCJE BBITUCKH
BKJTFOYAIOT BO3PACT, CHIBOPOTOUHBIN KPEAaTUHHUH, 3a00JIEBaHHS PECIIUPATOPHON U TernaToOuimapHon
cucteM, 0ojee HM3KOE CHUCTOJIMYECKOE apTepuaibHOE NaBJICHHUE, TMIIOHATpUEMus, Ooyee HU3KHUI
Bec u Jnenpeccuro [30]. Tem He MeHee, IO JaHHBIM JPYrMX HCCIEAOBAaHUMN, KINHUYECKUE
MpOsIBJICHUS, Takue Kak cinabocts [31] wnm cmocoOHOCTh K camMooOCTyXuBaHHIO [32], KOTOpbIE
CTPOTO CBSI3aHBI C TEPUATPUUECKUMHU O0JIACTAMH, TTO-BHIUMOMY, OTPHUIIATEIIFHO BIMSIFOT HA UCXOH Y
MalUeHTOB cTapyeckoro Bo3pacta. Kpome Toro, Gheorghiade M. et al. orMewarot, uTo paHHsA
noBTopHas rocnuranuzanus nocie OAXCH Bcrpeuaercst 4acTo M CHIIBHO BIUsIET HA TPOTHO3 [29].

[To manHbiM Ambrosy A. et al. 3HaYUTENbHOE KOJIMYECTBO MAIIMEHTOB BBIMHUCHIBAIOTCS
ciumkoM paHo mocie OAXCH ¢ ocTaTouHbIM CHUCTEMHBIM M JIETOYHBIM 3acToeM U 0e3
HanpaBJIeHUs] Ha MporpaMMy yxoja mocie octporo cocrostuus [33]. Huerta-Preciado J. ormeuaror,
YTO Y JIMI[ CTapUYECKOr0 BO3pacTa COpaJuyeCcKUe JOKa3aTelbCTBA CCIEI0BAHUIM COCPEOTOUEHBI B
OCTpPBIX CUTyalMsiX mocie snu3ona yxyaumenus CH, M naHHble MOKa3bIBalOT MPOrHOCTHYECKYIO
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IIEHHOCTh TEepPUaTPUYECKUX JIOMEHOB, TAaKMX KaK (yHKIIMOHAIbHas crocoOoHocTh [34]. Jluma
MOKUJIOTO BO3pacTa MPEACTaBIAIOT cO00M BecbMa 3HAYUTEIbHYIO JIOII0 HACENEHUs, CTPaJaoIIero
xpoHudeckoit 6onesnpro mouek (XbIT) [35] u TepmunanpHOM cTaaue 6one3nu nouek (THIT).

Johansen K. et al. Taxke onn ormeuarot, uto B 2017-2020 rogax pacrpoctpaneHHOCTh XbBI1
y NOXWIbIX MMAIIMEHTOB B Bo3pacTe 65 neT u crapuie cocrasisuia 33,2% no cpaBHeHUto ¢ 9% y
B3pocibix [36], a B 2020 roxy 3a6oneBaemoctb THII coctaBuna 1447 cnydaeB Ha MHIJLTHOH Y€JIOBEK
cpelu JuIl B Bo3pacte 75 JeT u crapiue, 1225 ciydyaeB Ha MIJUTMOH YeJIOBEK cpefu 65—74 neTHux u
598 ciiyyaeB Ha MUJJIMOH 4eJloBeK cpeau 45-64 netHux [36].

Ilpoenocmuueckas 3nauumocmo ouchyukyuu nowex npu OAXCH

Madsen B. et al. moka3sayu, BuepBble MIPOrHOCTHYECKOE 3HaUEHNE KOHIICHTPALUU KPeaTHHHHA
B CBIBOpOTKE KpoBH y 60nbHBIX ¢ XCH B cepeaune 90-x ronos 20 Beka [37].

[To maHHBIM HEKOTOPBIX YYEHBIX U3BECTHO, UTO y OKOJI0 TpeTHu nanueHToB ¢ OIXCH umeercs
yXyameHne GyHKIIUU ToYeK BO BpeMs rocnutanu3anui [38, 39].

Shamseddin M. et al. oTMe4aroT, 4T0O MOBBIIIEHHE YPOBHS ChIBOPOTOUHOTO KpearnHuHa (CKp)
Ha panHed orane OJXCH orpaxaer coCTOSSHME HE TOJBKO IIOYEYHOH rumnonepdy3sun Hu
noBpexxaeHus Tkanei [40], HO u, kak momguepkuBaroT Palazzuoli A. et al. reMoKoOHIIEHTpaluy 3a
CUET YMEHBIICHHs 00beMa MIIa3Mbl U YCTPaHEHUS 3aCTOMHBIX sBIeHU [41].

MHuorue yuenble cuutarotr, uro JII wacro Bcrpeuaercs y naunueHtoB ¢ XCH u sBnsercs
MOIITHBIM HE3aBHUCHMBIM IMPOTHOCTHYECKUM (HaKTOPOM HEOIaronpusTHeIXx ucxonoB [42-45]. Ilo
nanHbIM uccnenoBanus Akhter M. et al. Gojee MomOBUHBI MAIMEHTOB, TOCIUTAIU3UPOBAHHBIX C
XCH, uMeT HEKOTOpYIO CTENeHb HapylleHdus (YHKIUHM IOYeK, a YMEPEHHOE WU TSIKEIoe
HapyieHue Obuto 3apeructpupoBaHo B 30-35% cnyuyaeB [46]. ABTOpPBI MOJYEPKHUBAIOT, YTO
rocriutanm3anus ¢ OAXCH cBs3ana ¢ manpHEeWmuM yxymamenuneM ¢(yHkiuu nodek y 30-50%
MAlUEHTOB, YTO MPUBOIUT K Oojee AIUTENbHBIM MpeObIBaHUSAM B CTallOHApe, YBEIHMYECHUEM
pacxofioB Ha 37PaBOOXPaHEHUE, YBEIHMUEHHUEM BHYTPUOOIHLHHUYHON CMEPTHOCTH U 00Jiee BHICOKUM
MOKa3aresisiM TMMOBTOPHOM TocIMTaIu3aluu U cMepTH nocie Bbimucku [46]. Hillege et al. B 2000
roly paccUuTaiu CKOpocTh KiyooukoBoil ¢unsrpanun (CK®) y 6ompHeix ¢ CH OK III- IV
(NYHA) u ®BJIXK wmenee 35% [47]. Taxxe onu mokazanu, uro CK® sBnsieTcss HE3aBHCUMBIM
IOPEIUKTOpOM OOIIed U CepledyHO-COCYIUCTOM CMEpTHOCTH, Jake Oojiee CHIIBHBIM, 4YeM
¢yukuroHanbHbIN Kiacc 1 @BJIDK [47]. B npocniekTHBHOM KOroptHoM uccienoBanuu Leon J. et al.
MoKa3ajau, 4ro U3 obmiero uucia 2514 oOcnenoBanHbIx manueHToB y 1501 (59,7%) mauuenra
nabmonanace ymepennas JI1 (CK® <60 mu/mun/1,73 MZ), B TO Bpems Kak y 221 (8,8%) manuenra
Habmonanace Tsokenas I (CK® <30 mn/mun/1,73 MZ). [TaruenTsl ¢ 6onee HU3KOW (DyHKITHEH
MOYEK Yallle BCEro ObUIM MYXYMHAMH, UMEJHU 00Jiee BBICOKMI CPEIHUN BO3pacT U COOOIIAIu O
6onee BwICOKOM pacnpocTpaneHHocTH CC3 [48]. Hakonen, CK® <30 mu/mun/1,73 m® 6buIa
3HAUUTENILHO CBsi3aHa ¢ 0o0jiee BBICOKUM PUCKOM CMEPTHOCTHU MO cpaBHEHUIO co crarycoM CK® >90
mi/mun/ 1,73 M° (HR: 1,87; 95% MW, 1,10-3,18), maxke mocne OOMMUPHONW KOPPEKTHPOBKU IO
COOTBETCTBYIOLIMM KOBapuaram [48].

[To manapiM uccrnenoBanus Mepait . u coaBTOpoB, re ObLTM BKIIOYEHBI 392 OONBHBIX,
rociimtay3upoBadHbix ¢ kinumHUKOM OJ[XCH, cpegnuit Bo3pact ux cocraBmi 65,2+8,4 nert, Ob110
MoKa3aHo, 4yTo ucxonHoe HapymeHue QyHkiun noyek (CK® <90 mn/mun/1,73 M%) GbiIo
obHapyxeHo y 270 (69%) 6onpHBIX, rocniutanu3zupoBanHbix ¢ OJIXCH, nmpu 3ToM Tsbkenas cTeneHb
noueqroit Henocrarogroctr (ITH) — CK® <30 mu/mun/1,73 M2, BeisiBieHa y 54 (20%), U3 HEX y
11 (4%) umena mecto TepmuHanbhas cragus [TH-CK® < 15 mu/mun/1,73 M [49]. Takke aBTopamu
ObUIO OTMEUEHO yXy/IIeHne QyHKIHHU moyek 3a Bpems rocnuranuzanuu y 120 (30,6%) GoabHBIX U
KoppenupoBaio ¢ amutensbHocThio XCH. B rpynme OonpHBIX € yXyamieHneM (pyHKIMM TOYeK 3a
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Bpems rocnuTanuzanuu ymepiu 13 (10,8%) mauuentos, uro Obuio goctoBepHO Bhimie (p<0,05) yem
B rpymnme 60apHBIX 6e3 nporpeccupoBanus JI1, B koropoit cMepts HacTynuna y 19 (7%) nanuenton
[49]. B uccnenoBanuu 6onpHbIX ¢ JI1 Nufiez J. et al. 6bu10 MOKa3aHO, YTO CPeIHUI BO3PACT ITUX
nagueHToB coctaBuia 72,9+11,4 rona, us xoropbix 51,2% Obutn myxunHamu. [lanuents! ¢ 11 npu
MOCTYIUIEHUH UMeJH 0oJiee BBICOKYIO PacpOCTPaHEHHOCTh IKCTPEMAIbHBIX 3HAUEHUIN KpeaTnHUHA
B JIFOOOM HampabiieHuu (yBenuwdeHue/ymeHblieHue). [lpu HabmoneHnn B TedueHwe | roma ObLIO
3apeructpupoBano 114 (16,2%) cwmepreii [50]. Tlpu MHOropakTOpHOM aHAIHM3E aBTOPHI
OOHAPYKUIU 3HAYUTETbHYI0 Koppemsiuio mexay Il mpu mocrymnenuun u CKp [50]. Takum
obOpaszom, Nufiez J. et al. nmpumu x BwIBOmy, uto y mamueHToB ¢ OJXCH Bnusaue CKp Ha
CMEpPTHOCTbH B T€4eHHE | rofja BapbUPOBAIOCH B 3aBUCUMOCTH OT €ro BenuduHbl U Hanuyus 11 mpu
MOCTYIJICHUHA. ABTOpPBl BBISIBWIM TPaJyMpPOBaHHYIO CBsI3b CO CMepTHOCThIO, korma JII1
IIPUCYTCTBOBAJIAa MpU NocTymieHuu B ctanuoHap [50]. B apyrom uccinenoBanun Mexonos E. u
COABTOPOB OBLIO OIICHEHO MPOTHOCTHYECKOE 3HadeHHe ocTporo mnoBpexaeHus mouek (OIIID) y
6ompHBIX ¢ OIXCH c coxpanennoit (CHc®B), nuskoit ¢ppakuueit Beiopoca (CHHDB) u octpbim
kopoHapHbIM cuHipoMoM (OKC) [51]. ABTops! 00Hapyxwuiu, yto pazsutue OIIII accouunpyercs ¢
HeOmaronpusaTHBIM TporHo3oM y nanuentoB ¢ OJIXCH u CHa®B, OKC ¢ nonsemom cermenta ST,
Ho He y mamnueHtoB ¢ OJAXCH u CHc®B, OKC 6e3 mogpema cermenta ST [51]. Kpome Toro,
Hillege H. et al. ormeuarot, 4to HapymieHue QYHKIHMHA MOYCK HE3ABUCUMO CBSI3aHO C TIOBBIIICHHBIM
PHCKOM CEpICYHO-COCYAUCTON cMepTH U rocnutanu3anuu no nosoay CH y nanuentoB ¢ XCH kak
C COXpaHEHHOM, Tak u co cHmxkeHHo DBJIXK [52].

Damman K. et al. cuurarot, uro B 00ImIel NOMyASIUU, TOCIUTATU3UPOBAHHBIX K3-3a XCH,
Hanuuue dacto BerpedaemocTu [II Obulo mpu3HaHO HEOIArONMPUSATHBIM MPOTHOCTUYECKUM
dakropom [39].

MHOXEeCTBO UCCIIEJOBAHNMN, B KOTOPBIX Habmtonanachk Bbicokas cmeptHocTh npu XCH u 11,
BKJIIOYAJIM TIAIUEHTOB B BO3pacTe > 65 JeT.

B wuccnenoBanuu Fried L. et al., mokasanu, 4TO MOBBINIEHHBIN ypOBEHb KpEaTMHHUHA ObLI
3HAYMMBIM IPEIUKTOPOM CEPAEYHO-COCYIUCTOM M oOmieil cmeptHocTH, a Takxke XCH y 5808
MalMeHTOB CTapiie 65 Jyer, KoTopsle HaOmoganuch B TedeHue 7,3 jer [53]. ABTOpbI Takxke
OTMETHUJIM, 4YTO YBEJIWYEHHE CEpACYHO-COCYIUCTOrO pHUCKAa HAOMIOAAIOCh C  YBEIMYEHHEM
KpeaTtuHuHa [53].

Mogensen U. et al. npu HaOIIONEHNN 32 MAUEHTaMM CTApUECKOro BO3pAcTa OTMETHIIH, YTO
PHUCK CMEPTHOCTH IIPU aHAJIOTMYHOM BPEMEHHU HuccliefioBaHus, kak B padbore Fried L. et al. — o1 6
710 8 5eT y NalMeHTOB, B Bo3pacTe crapiie 85 jer Obul cBs3aH ¢ /[III, HO MMen MeHbLIyIO
MPOrHOCTHYECKYIO 3HAYMMOCTh, 4eM y Oosiee MosIobIX nmanueHTos [54]. B cBoro ouepens, Forman
D. et al. mponemoncTpupoBanu, 4yTo B noarpymnmne mamueHToB ctapiie 80 jer ¢ XCH yxyamienue
GbyHKIIMKU TIOUeK, ompenensieMoe kak moBbimenue ypoBHs CKp> 0,3 mr/an (26,5 Mxmomw/m),
HaOmonanoch y 26,9% u ObUIO CB3aHO CO CMEPTHOCTBIO BO BpeMs TOCIHUTAIM3alUY,
OCJIOKHEHUSIMU U, OoJiee JUIUTENbHBIM PpeObIBaHNEM B cTalinoHape [55].

Sanchez J. et al. ormeuaroT, 4To Ompe/eieHHe Ha aMOyITaTOPHOM dTare (YHKIUH TOYEK
cBs3aHo ¢ yBenudeHueM oobmero BeisiBnenus OIIII ¢ 20,1% mo 33,8% (p < 0,001) u ¢ 3,1% mo 5,0%
uig no3aHux craguit (2-3) (p < 0,001); kpome Toro, 12,5% nanuentoB yxe nmenu kpurepuu OINIT
npu noctymieHun (36,8% cnydaes OIIII). Onnako Hammuue Tonbko OIIII, yxe nmeBlieecs npu
MOCTYIIJICHUH, HA OCHOBaHMM YPOBHSI KpeaTMHHHA Ha JOTOCHHUTAJIBHOM JTare, ObUIO HE3aBUCHMO
CBSI3aHO CO CMEPTHIO M0 JIF0OON NMPUYUHE, B CTAllMOHAPE U TOCJE BBIMHUCKHU, a TAK)KE CO CMEPTHIO
WJIU TIOBTOPHOM rocnutanu3amnueit mo nosony CH npu nocnenyromem Habmonennn: 1 craaus (OP
2,72,95% 1A 1,834,006, p <0,001) u 2—-3 cragus (OP 7,29, 95% AU 3,02-17,64, p < 0,001) [56].

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 207


https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.105.580506#con1
https://pubmed.ncbi.nlm.nih.gov/?term=Sanchez-Serna%2BJ&cauthor_id=32127300

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108

Kpowme toro, Berra G. et al. mokazanu, 4to yxyameHus (GyHKIIUN MOYEK ObUTH TECHO CBS3aHBI
c OoJsiee BHICOKMM PUCKOM CMEPTHOCTH HJIM MOBTOPHOM TOCHHUTANIM3allMU B TedeHue | roga mocie
BBIMIMCKM Yy manueHToB, rocnutanuzupoBanubix ¢ OAXCH (OP, 1,24; 95% U, 1,06-1,45; p =
0,059) [57].

3aknouenue

Takum o6pa3om, u3MeHEHHs] (PYHKUIMU TOYEK HPU OCTPON JEKOMIICHCALHUU XPOHHYECKOM
CEpJICUHON HEIOCTATOYHOCTH Y TOXHWIBIX W CTAPYECKUX IMAlMEHTOB HMMEIOT CYIIECTBCHHOE
MPOTHOCTUYECKOE 3HAUCHWE. YXYAIICHUE IMOYEeYHOH (YHKIMHU, BBIPAKAIOMIEECS B IOBBIIMICHUU
ypoBHsI KpeatuHuHa, MoueBHHBI U CKO®, sBisiercss mpeaBecTHUKOM Oojiee CIOKHOTO TEUEHHUs
3a00yieBaHUsl M YXYyALIEHUS OOIIET0 COCTOSIHMS MalueHTa. TshkecTh AMCPYHKUMU TOYeK TECHO
CBSI3aHBI C TIOBBIIICHHBIM PHUCKOM HEOIArONMPHUATHBIX HCXOI0B, TaKUX KaK HEOOXOIAUMOCTh
WHTEHCUBHOTO JICUCHUS, YaCThle TOCHHUTAIM3AIMA W BBICOKAS CMEPTHOCTh. ((HEKTUBHBIN
MOHHUTOPUHT M DPaHHEE BBbISBICHHE H3MEHEHUIl B (PYHKIMU TMOYEK IO3BOJISIOT CBOEBPEMEHHO
a/1IalITUPOBATh TEPANEBTHUECKHE MOAXObI, YTO MOXKET 3HAYUTEIBHO YIYUIIUTh MPOTHO3 U Ka4eCTBO
KU3HU TanueHToB. [loxBoms WTOTH, MOXKHO OTMETHUThH, YTO HWHTETpAlysl JAHHBIX O ITOYCYHON
(YHKIMHM B KIMHUYCCKYIO TPAKTUKY SIBIISICTCS BaXKHBIM ACTICKTOM YIIPABJICHUS 32 COCTOSHUEM
MAIMEHTOB C OCTPOI JeKOMIIEHCAIe XPOHUYECKOH CepieYHON HEeA0CTaTOYHOCTH, YTO MO3BOJISIET
CHU3UTH PUCK HEONArONPUATHBIX UCXOJOB U MOBBICUTH YPPEKTUBHOCTD JICUCHUSI.
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CTPYKTYPA MEJJUKAMEHTO3HOM TEPAIIMM Y MAIIMEHTOB CO CJIOKHBIMH
NEPEJIOMAMM KOCTEW KUCTH B KBIPTBI3CKOM PECITYBJIMKE

©Tykewos C. K., ORCID: 0000-0002-41382282, SPIN-x00: 7021-8882, xano. meo. nayx,
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STRUCTURE OF MEDICATION THERAPY IN PATIENTS WITH COMPLEX HAND
BONE FRACTURES IN THE KYRGYZ REPUBLIC

©Tukeshov S., ORCID: 0000-0002-41382282, SPIN-code: 7021-8882, MD, Kyrgyz State Medical
Academy named after I.K. Akhunbaev, Bishkek, Kyrgyzstan, argenalymkulov24@gmail.com

Annomayus. PaboTa TOCBSIIEHAa aHAIM3Y CTPYKTYPHl MEIUKAMEHTO3HOW Tepamuu y
MAIMEHTOB CO CIIOKHBIMU TiepenioMaMu Kocted kuctu B Koipreisckoit Pecriyonuke. CrioxHbie
MIEPEIOMbl KUCTH SIBIISIIOTCS PacHpOCTPAHCHHBIMH TPaBMaMH, KOTOpPbIE TPEOYIOT MHOTOATAITHOTO
JICUCHUST W BKJIIOYAIOT XHUPYPTUYECKOE BMEMIATEIhCTBO, HMMOOWIM3AIMI0 H  aJIeKBAaTHOE
MEIMKAMEHTO3HOE COTPOBOXJICHHE. PaccMaTpuBarOTCsl pa3jiMyHBIC CXEMbl MEIUKAMEHTO3HOM
Tepanuy, MPUMEHSIEMbIE Ha pa3HbIX JTalax JICYCHUsS: TIepBas JIMHHUS TEPalud BKIFOYACT
AQHAJIbTETUKU W TPOTUBOBOCHAIIMTEIILHBIC TMpEraparbl, BTOpas JUHHUS JOOABISET TOPMOHAJIbHBIC
mpermaparbl U CTUMYJISTOPBl PEreHEpaliy, a TAaKXKe IBTCPHATHBHBIC METOJbI, BKJIIOYAOIINE
OMOJIOTMYECKH aKTUBHBIC BemiecTBa W ¢usnorepanuio. OneHka 3QPeKTHBHOCTH MPOBOIUIACE HA
OCHOBAaHMU KJIIMHUYECKHX JIaHHBIX, TaKHX KaK ypPOBEHb OOJM, CKOPOCTh 3aKUBJICHUS KOCTEH,
YacTOTa OCJIOKHEHUH M BOCCTAHOBJICHHE (YHKIMOHAJIBHOCTH KHCTH. Takke B CTaThe
AHATM3UPYIOTCS TIOJIOBBIE PA3JIMYMUS B MOIXO/AX K TEpaIlliu, KOTOPhIe TPEOYIOT ydera crienu(uku
(hapMakOKWHETHKN W (DapMaKOIMHAMUKH Y MYKYMH W JKCHIIWH. VcciaemoBaHWE TOAYEPKUBACT
HEO0OXOMUMOCTh Pa3padOTKU YHU(DUIIMPOBAHHBIX MPOTOKOJOB JIEUCHHSI, aJalTUPOBAHHBIX MO
MECTHBIE YCIIOBUS 3PAaBOOXPAHEHUS, C IENbIO MOBBIIIECHUS 3()PEKTUBHOCTH JTCUCHUS U CHIDKEHUS
KOJINYECTBA OCIIOKHEHUM.

Abstract. This article analyzes the structure of medication therapy in patients with complex
hand bone fractures in the Kyrgyz Republic. Complex hand fractures are common injuries requiring
a multi-stage treatment approach, including surgery, immobilization, and adequate medication
therapy. The article examines various therapeutic regimens used at different stages of treatment: the
first-line therapy includes analgesics and anti-inflammatory drugs, the second-line therapy adds
hormonal medications and tissue regeneration stimulants, and alternative methods incorporate
biologically active agents and physiotherapy. Effectiveness was evaluated based on clinical
indicators such as pain level, bone healing rate, complication frequency, and restoration of hand
function. The article also discusses gender-specific differences in therapeutic approaches,
necessitating the consideration of pharmacokinetics and pharmacodynamics in men and women.
This study highlights the need for the development of standardized treatment protocols adapted to
local healthcare conditions to improve treatment efficacy and reduce complications.

Knioueswvie cnosa: clIOXKHBIC MNEepeJIOMbl KHCTH, MCIAUKAMCHTO3HasA TCpalunsd, pCrcHCpanusd
KOCTCﬁ, AHaJIbI'CTHUKH, (1)1/131/10Tepa1114;1, TIOJIOBLIC pa3JInvusl.
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Keywords: complex hand fractures, medication therapy, bone regeneration, analgesics,
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CHoXHBIE TIepeNIOMBbl KOCTEH KHCTH TPEACTABIAIOT cOo00i OnHy M3 Hamboiee YacThiX U
CJIOJKHBIX B JIEYEHUU TPABM OIIOPHO-ABUIaTEIbHOIO ammapara. OTH TPaBMbl CYLIECTBEHHO CHUKAIOT
KaueCTBO XHM3HHU IalMEHTOB, MPHUBOAS K JUIMTEIBHOW HETPYNOCHOCOOHOCTH M HEOOXOIUMOCTH
JUTUTENIFHOTO peabMIMTAaMOHHOTO Mepuosia. BaXXHBIM aCHeKTOM JIEYeHUS] TaKUX TPaBM SIBISAETCS
aJieKBaTHAas MEIUKAaMEHTO3Has Tepanus, HanpaBlIeHHas Ha oOierdeHue OONM, yMEHBIICHUE
BOCHAJMUTEIbHBIX PEAKLUMH, MPEeJoTBpallleHue HH(PEKIMOHHBIX OCIOKHEHUH U YCKOpEeHue
pereHepauuu TkaHed. Ha cerogHsimHMi JA€Hb CyLIECTBYeT MHOMXKECTBO IOIXOJOB K
MEIMKaMEHTO3HOW TEpalmuy IEepeoMOB, OMHAKO A(P(EKTUBHBIE CXEMBbl JICYCHUS MPOAOJIKAIOT
pa3padarbIBaThCSl B 3aBUCUMOCTH OT KJIIMHUYECKUX YCIOBHM M BO3MOXKHOCTEH 3/paBOOXpaHEHUS B
KOHKpeTHbIX peruoHax. B Ksipreisckoit PecnyOnuke npobGnema jeueHMs CIOXKHBIX IEpEeIoMOB
KocTell KUcTU TpeOyeT 0coO00ro BHUMAHUS, YUUThIBas crieUU(BUKY METULMHCKOW UH(PACTPYKTYyphl
U JI0CTYITHOCTh COBPEMEHHBIX JIEKAPCTBEHHBIX cpeAcTB [1].

[To nannpiM BecemupHoil opranuzanuu 3JpaBoOXpaHeHusi, TPaBMbl KUCTH cOCTaBISIIOT 10 10%
BCEX CllydaeB TpaBMaru3Ma B MHpe, NPUUEM 3HAYMTENbHAas 4YacTh TAaKUX TPaBM SBIISETCS
CIIOKHBIMU TIepesioMaMu. B cBsi3u ¢ 3TuM, pa3paboTka M BHeApeHHE 3S(PPEKTHUBHBIX CXEM
MEIMKaMEHTO3HOW Tepanuu Mmpuodperaer ocoOyro 3HaunMocTh. B KeIpreiscrane, kak u B Apyrux
CTpaHax C OTPAaHWYCHHBIMH PECYpPCaMH, KIIFOUEBBIM AaCHEKTOM SBISECTCS BHIOOpP IOCTYIHBIX M
3 PEeKTUBHBIX MpenaparoB, KOTOPbIE MOTYT OBbITh MCIIOJIb30BaHbl HAa PA3JIMYHBIX 3Talax JEYEHUs
MaIMEHTOB C TIepeoMaMu KUCTH [2].

CnoxHble T1epesioMbl  TPeOyIOT  MYIBTUAMCUUIIMHAPHONO  MOAXOAA,  BKJIFOYAIOLIETO
XHPYPrUYE€CKO€  BMEIIATENbCTBO,  MMMOOWJIHM3AIMIO W aJCKBaTHOE  MEIUKaMEHTO3HOE
cornpoBoxieHue. [Ipy 3ToM OCHOBHBIMM 3a/1auaMH MEJMKAaMEHTO3HOM TepaIuu sIBIISIOTCS KOHTPOJIb
00JIeBOTO CHHIPOMA, MPENOTBPAIEHHE BOCHAIUTEIbHBIX HPOLECCOB M HHQEKIMHA, a Takxke
YCKOPEHHUE 3aKUBJICHUSI KOCTEH M MATKUX TKaHed [3]. AnekBaTHash MEIUKaMEHTO3HAas MOJJEPIKKa
MOJKET CYIIECTBEHHO COKPAaTUTh CPOKU pEaOMINTALUU U MOBBICUTH (DYHKIIMOHAIBHBIE PE3YIbTaThI
JICYEHUS], YTO OCOOEHHO BaXKHO B CIy4asx, KOT/a peub UAET O TPYILOCIOCOOHBIX MalUEHTaX.

HccnenoBanus MOKa3bIBaIOT, YTO NPENapaThl, IPUMEHSEMBIE IIPU IIEPEIOMax KOCTEH, JOIKHbI
HA3HA4YaThCsl ¢ YYETOM COCTOSHUS MAllMEeHTa, HAJU4Ms COIYTCTBYIOLIMX 3a00J€BaHUM, TSHKECTH
TpaBMbl M WHIUBUIYaJIbHBIX OCOOEHHOCTEW opraHu3sma. B OOJNBIIMHCTBE CTpaH UIMPOKO
MPUMEHSIOTCSl aHaJbI€TUKH, IMPOTHUBOBOCIAJIUTEIbHBIE CPEICTBA, AHTUOMOTUKM U Mpenaparsl,
CTUMYJIUPYIOLIUE PETEHEPALMI0 KOCTHOW TKaHW. Ba)KHO ydWTBIBAaTh, YTO KaxJaas KaTeropus
IpernaparoB UMeEEeT cBOM ocoOeHHocTu U orpannyeHus. Hampumep, HIIBC (nectepouanbie
MIPOTUBOBOCIIAJIUTENbHBIE CPEJCTBA) IIMPOKO HCIOJB3YIOTCS Ui CHATHS OOJMM M BOCHAJIECHHUS,
OJJHAKO JJIMTEJIBHOE X NPUMEHEHHUE MOXET NMPUBOAUTH K OCIOXKHEHHMSIM CO CTOPOHBI JKEIYJO0YHO-
KHIIEYHOI'0 TPakTa, 4To TpeOyeT TIATeIbHOr0 KOHTPOJIS COCTOSTHUS MaleHTa [4].

Oco0y10 aKTyaJbHOCTh HM3y4€HHE CTPYKTYphl MEIMKaMEHTO3HOW Tepamuu HpuoOpeTaeT B
CBETE YBEJIMUYEHHUS KOJUYECTBA TpaBM, CBS3aHHBIX C MNPOPECCHOHATIBHOU IESTENBHOCTHIO U
CHOPTUBHBIMU 3aHATUSIMU. KHCTh — o71Ha U3 Hanbosee PyHKIMOHAIBHO 3HAYUMBbIX YacTel Tena, u
€€ TpaBMBbl MOT'YT NPUBECTU K 3HAYUTEIIBHBIM COLIMAJIBHBIM M SKOHOMHYECKUM IOTEPSAM Kak s
MaIueHTa, Tak 1 st obuecTsa B 1esoM. B Keipreizcrane ¢ yuérom cneunduku Kimmara, yCIoBUH
Tpyla ¥ JOCTYIHOCTHM MEIUIIMHCKOM TIOMOIIM CYHIECTBYET HEOOXOAUMOCTh pa3padOTKU
YHU(PUIUPOBAHHBIX IIPOTOKOJIOB JIEUEHHUS, BKIIIOYAIOIIUX ONTHMAJIbHbIE CXEMbl MEIMKaMEHTO3HON
Tepanuu [5].
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BaKHBIM acIIEKTOM SIBJISETCA U JOCTYITHOCTh COBPEMEHHBIX IPENapaToB s IIHPOKOH MacChl
HaceneHus. B ycnoBusix HemocTaroyHoro (MHAHCUPOBaHMS 37ApaBoOXpaHeHMs B Kelpreiscrane
BBIOOp IpernaparoB OrpaHUYEH, YTO TpeOyeT OT Bpaueil ONTUMAIBHOTO MCIIOIb30BAHUS JOCTYITHBIX
cpencts. CoueTaHue TPAAULIMOHHBIX CXEM JIEYEHUS C HOBBIMH IOAXOJaMHU, BKJIFOUasi OMOJI0rMUYECKU
aKTHBHbIC IIpernaparbl U COBPEMEHHbIE AHTHUOMOTHKH, I103BOJSET MOBBICUTH 3(PPEKTUBHOCTD
JIeYEHUS MPU MUHUMAJIBHBIX 3aTparax [6].

AHam3 MHPOBOTO ONbBITa MOKA3bIBACT, YTO KJIIOYEBBIMU (DAKTOpaMH YCIICHIHOTO JICYCHHUS
ABJIIOTCS PAHHAS JUArHOCTHKA, CBOEBPEMEHHOE XHUPYPrU4eCKO€ BMENIATEIbCTBO M IPAaBUIIBHOE
MEIMKaMEHTO3HOE CONIPOBOXKIEHUE. B TO ke Bpemsi, MHOTHE CXEMbl MEJUKAMEHTO3HOM TEPAIluU HE
MOryT ObITh BHelpeHbl B KbIpreI3ctaHe B CBSI3U C OTCYTCTBHEM JOCTYIHOCTH HEKOTOPBIX
IpernapaToB WIM BBICOKUMH HX LEHaMHU. DTO TpeOyeT MepecMoTpa IOAXOIOB K JICUYCHHIO W
aJlanTaluy MEXTyHapOAHBIX PEKOMEHAIMM ¢ yU4ETOM JIOKAIbHBIX YCJIOBU [7].

HccnenoBanus MOKa3bpIBaIOT, YTO B CTPAaHAX ¢ HU3KUM U CPEAHHMM YPOBHEM J0XOJa, BKIIIOYAs
KbIpreiscrtan,  CyliecTByeT  3HAYUTEIBHOE  PACXOXKACHHE  MEXAY  PEKOMEHJOBAHHBIMU
MEXYHapOIHBIMU CTaHIapTaMHU JICYEHUS U PeaIbHOM MPAKTUKON NPUMEHEHUsI MEJUKaMEHTOB [§].
OTO CBA3aHO HE TOJNBKO C SKOHOMUYECKMMHU OIPAaHUYEHMSIMM, HO M C HEIOCTaTOYHOU
KBaJM(pHUKaLUEeH MEIULIUHCKOTO IEpCOHala, OrPaHUYEHHOCTBIO PECypcoB, OTCYTCTBUEM
COBPEMEHHBIX JAMArHOCTHUECKUX M JICUEOHBIX TEXHOJOIMH. B TakuX ycloBHSAX BaKHBIM SIBISETCS
nouck Hanbosee 3(P(PEKTUBHBIX U SKOHOMUYHBIX CXEM JICUEHUS, KOTOPbIE MOTYT OBITH BHEAPEHBI B
YCIJIOBUSIX OIpaHUYEHHOro puHaHcupoBaHus [9].

CioxHbIe NEepeaoMbl KHCTU TPEOYIOT HE TOJBKO XHUPYPrHUECKOro BMEIIATeIbCTBA, HO WU
IIPaBWJIBHOTO MEAMKaMEHTO3HOIO CONPOBOXACHUS Ha BCEX ATalax JieueHus. BaxkHyro poib urpaer
aHTHOaKTepHaibHas Tepalus, HalpaBICHHAs Ha MPEJOTBpalIeHHE MH(EKIIMOHHBIX OCIIOKHEHUH,
0COOGHHO B TEX CIydYasx, KOIJa TMPHCYTCTBYIOT OTKPBITHIC TI€PEIOMBI WIJIM €CTh PHCK
MHOUIMPOBaHUS. AHTUOMOTHUKH IIUPOKOTO CIIEKTpa JASHCTBHS 3aHMMAIOT KIIIOUEBOE MECTO B CXEMe
JICYEHUS, OHAKO UX MIPUMEHEHHE JOJKHO ObITh 000CHOBAaHHBIM M KOHTPOJIUPYEMbIM BO M30exkaHNe
pa3Butus pesucteHTHocTH [10].

WccnenoBanusi mocienHuX JIeT YKa3blBalOT HA 3HAUMTENbHOE BIMSHHE MEIUKAMEHTO3HOMN
Tepaluy Ha CKOPOCTb CpallMBaHMs KOCTEH M BOCCTAHOBIIEHHE (QYHKIUHM KUCTHU. [IpumeHeHue
IpenapaToB, CTUMYIMPYIOLINX pPEereHepalnio TKaHel, TakuxX Kak KaJlbLIUTOHUH, OnodochoHaTsl u
BUTaMUH D, 103BOJIsI€T YCKOPUTH BOCCTAHOBIIEHUE U MIPEIOTBPATUTh PA3BUTHE OCIOKHEHUN, TAKUX
KaK OCTEOIopo3 U 3aMeuieHHoe cpaiieHue kocred [11]. B ycnoBusix Keipreiscrana, rae qoctyn
TaKUM IIpernaparaM MOXeT OBbITh OrpaHM4YeH, HeOOXOAMMO YYHMTHIBATh aJbTE€PHATUBHbBIE METOJIbI
CTUMYJISILIUK PETeHEepalluy, TaKue Kak (U3UOTepanusi U MECTHbIe mpemnapatsl [12].

Taxke BaXXHO yUYUTHIBaTH IIOJIOBBIE W  BO3PACTHBIE pa3auuus B  MOAXOJAaX K
MeIMKaMEHTO3HOMY JieueHuto. McciaenoBaHus MOKa3bIBalOT, YTO Y MYXUYHH M JKEHIIUH MOTYT OBbITh
pa3nuuusi B MeTaboJM3Me JIEKapCTBEHHBIX CPEICTB, YTO TpeOyeT MHIAMBHIYaIbHOIo Moadopa
JI03UPOBOK U CXEM JIeueHUsl. ITO 0COOEHHO BaXKHO MPH JICYEHUHN MOKUIIBIX MMALMEHTOB, Y KOTOPbIX
4acTo HaOMoaeTcsl MOMMMOPOUTHOCT M HATMYME HECKOJIBKMX XpOHUUECKUX 3a0oneBanui [13].

Hayunble naHHBIE Takke MOATBEPKIAIOT, YTO TOPMOHAJIbHbIE H3MEHEHHS, OCOOCHHO Y
KEHIIMH B TOCTMEHOINAay3e, MOTYT BIUSATh Ha IMpoOlLlecC 3aXUBJIEHUS KOCTe U TpeOoBaTh
KOPPEKTUPOBKM MeIMKaMeHTO3HOM Tepanuu. B  ycrnoBusix Keipreisckoir Pecnybnuku ¢ eé
crnenn(pUIecKUM KIMMaToOM U STHUYECKUMHU 0COOEHHOCTSAMH HaceleHHs 3TOT (hakTop mpuolOperaeT
JTOTIOJTHUTEIbHOE 3HaueHue [ 14].

B ycnoBusIX OrpaHMYEeHHBIX PECYpCOB BaXKHO pa3pabOTaTh TaKHe CXEMbl MEIUKaMEHTO3HOU
Tepanuu, KOTopble OyayT 5((eKTHBHBIMH, MOCTYMHBIMH W SKOHOMHMYECKH OIpPABIaHHBIMH.
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VYuuTbiBas BBICOKYIO 4YacTOTy TpaBM KuCTH B KbIpreisctane, BakHO oOecneuuTh Bpaueit
HEOOXOAMMBIMH 3HAHUSAMH U pecypcamu Jijisl 2((HEKTUBHOTO JICUEHUS TTAlieHToB [15].

Takum oOpazoMm, H3y4eHHE CTPYKTYPHl MEAMKAMEHTO3HOM Tepanmuu Yy TalueHTOB CO
CIIOKHBIMH TIEpeIoMaMu KocTel KUucTh B KeIproi3ckoit PecnyOmrike siBisieTCsl akTyalnbHOM 3a7avet,
TpeOyromeld JanbHEWIIUX HCCICNOBAaHUM M aJanTallud MEXIYHApOIHOTO OIbITa K JIOKAaJbHBIM
YCIIOBUSM. DTO MO3BOJUT pa3paborars Oosiee 3pPeKTUBHBIE CXEMBI JICUEHUSI, CHU3UTh KOJIMYECTBO
OCJIO)KHEHUH U YAYUIIUTh PE3YNbTAThl JIEUEHMUS.

Mamepuanvt u memoovl

HccnenoBanne mpoBeneHO Ha 0a3e METUIIMHCKHX yupexaeHui Keipreizckoit PecmyOnukw,
CHEIUATU3UPYIOIINXCS Ha TPABMATOJIOTUU U OPTOTICIUH.

B uccnenoBanue BxuiroueHsl 150 manumeHToB B Bo3pacte oT 18 g0 65 neT, momydMBIINX
CJIOJKHBIE TTEPEJIOMbl KOCTEH KHCTH.

[lanmenTsl pas3geneHbl HAa TpPU TPYNNbl B 3aBUCUMOCTH OT TNPUMEHSEMBIX CXEM
MEIMKAaMEHTO3HOW Tepamuu: TiepBas Tpynmna mnoiydana crangaptayio tepanuto (HIIBC,
aHAJbICTUKH, AHTUOMOTHUKH), BTOpas TpyIlla — YCUJIEHHYIO Tepanuio (Cc go0OaBieHHEM
TOPMOHAJIBHBIX MPENaparoB U CTUMYJISITOPOB pereHepaliu), TPeThsl Irpymnna — albTepHATUBHYIO
Tepanuto (OMOJIOTUYECKUE areHThl M (PU3HOTEPAITHS).

Onenka >(pQEKTUBHOCTH MPOBOAMIACH HA OCHOBAaHWU KIMHUYCCKUX U J1aO0OpaTOPHBIX
IoKa3areniel, Takux Kak ypoBeHb Oonu (rmo mkane BAIII), ckopocth cpamiuBaHus Kocted (110
PEHTTEHOJIOTUYECKUM JTaHHBIM), YacTOTa OCJIOXHEHHH U BOCCTAHOBIECHUE (DYHKIUU KHUCTH.
CratucTuueckuii aHaIu3 MPOBOAMIICS C HCIIONb30BaHUEM IporpaMmel SPSS.

Pezynomamur uccneoosanus

I'paduueckoe M300pakeHUE MPEACTABIAET OCHOBHYIO CXEMY JICUCHMs, NMPUMEHSEMYIO0 Ha
HayaJIbHOM JTale MeAMKAMEHTO3HOM Tepanuu CIOXKHBIX IepeloMOB KocTed kuctu. Cxema
BKJIIOYAET TIEPEYCHb IIEPBUYHBIX MEIUKAMEHTO3HBIX CPEICTB, TaKWX Kak 00e300JMBaionue,
MPOTHBOBOCTIAJIMTEIbHBIE W AHTHCENTHYECKHE Tpernaparbl, a TakXe aHTHOMOTHKH IS
NpoGMIAKTUKN WHQPEKIHMOHHBIX OCIOKHEHUH. YKa3aHbl Ha3BaHUS IPENaparoB, UX JIO3UPOBKHU,
ciocoObl  BBeACHUS  (MEpPOpajbHO, BHYTPUMBILIEYHO MJIM  BHYTPUBEHHO), dYacToTa M
MPONOJKUTENBHOCTh TipueMa. [IpuBesieHbl JaHHbIE O PAacIpOCTPAHEHHOCTH MCIOIB30BAHUS ITOU
CXEeMBI B pa3IM4HbIX peruoHax Keipreizckoit Pecriyonuku (Pucynok 1).

[TocnenoBarenbHOCTH JIeUeHHUs] B Clyd4asx, KOrJa IepBas JUHHUS Tepanuud HEAOCTaTOYHO
spdexTrBHA. BriroyeHbl mpenaparsl ¢ 0osee BBIPaKEHHBIM TepaneBTUYeCKUM 3(ddekToM, Takue
KaK CHJIbHBIE aHAJIBI'€TUKH, KOPTHKOCTEPOUIBI WIIM TIpETaparbl, CTUMYIHPYIOIIAE pPereHepaIiio
KOCTHOW TKaHHW, BKIIIOYAs KAJIBIUTOHHWH. [IpencTaBieHBl CXEMBbI Tepexoia Ha BTOPYIO JIMHUIO
Tepanuy, OMUCHIBAIOIINE MMOKa3aHUs K €€ MPUMEHEHHIO, BpeMs IMepexo/la U KOHTPOJIb MOOOUHBIX
sdpdexro (PucyHok 2).

Onucanue NpUBEICHHYIO BO BCIIOMOTaTeIbHYI0 MEINKaMEHTO3HYIO TEPAIUIO0, HAIIPABICHHYIO
Ha TOJJICP)KKY OOIIEro COCTOSHUSI MalueHTa. B cXxeMy BXOIAT BHTaMHHHO-MUHEpAJIbHBIC
KOMIUTEKCBI, TIpenaparbl Ui YIYYIIeHHS MUKPOUUPKY/SIIHA W pPEereHepardil MATKUX TKaHEH.
VKa3aHbl JIEKapCTBEHHbIE CPEACTBA, MPUMEHSEMbIE JJIi KOHTPOJS COMYTCTBYIONIMX 3a00JIeBaHU,
TaKUX Kak caxapHbIi auaber wiu runeproHus. llpencraBieHbl MeTOAbl BBEIEHUS IPENaparos,
oOecneunBaronue 6osuee 3PPEeKTUBHOE YCBOEHUE U MUHUMU3ALINIO TOOOYHBIX APdexToB (PucyHnox
3).

JleMoHCTpanus anbTepHAaTUBHBIX CTPATervyd MEIUKAaMEHTO3HOIO JICYSHHs JJIS MalUEHTOB C
MPOTUBOMNOKA3aHUSAMHU K CTaHIAAPTHON Tepanmuu. B cxemy BKIIOYEHbI OMOJIOTHYECKHE areHThl U
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Metonbl ¢uznorepanuu. [IpuBeneHsr nanubie 00 3PPEKTUBHOCTH U TPUMEHEHUN aJTbTEPHATUBHBIX
MpernapaToB y MAaIeHTOB C HEMEPEHOCUMOCTHIO CTaHIAPTHBIX JIEKAPCTBEHHBIX CPENICTB WM TIPU
OTCYTCTBHUH IOJIOKUTEIBHOTO 3(exra oT ocHOBHOM Tepanuu (PucyHok 4).
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Pucynok 4. AnprepHaTUBHAs JTUHHUS MEAMKAMEHTO3HOW TepamuH IMPU CIIOKHBIX IepesioMax KocTei
KHCTH B perroHax Keipreizckoii PecyOnukw.

Ha Pucynke 5 mnpenacraBineHbl AaHHbIE O TNPUMEHEHUM MEIUKAMEHTO3HBIX CPEICTB B
uccinenyeMblii mepuon. IlpoBeaeHo pazaeneHue mo rpynmnam IpenaparoB B 3aBUCUMOCTH OT
TSKECTH KIMHUYECKOTO COCTOSIHMSI, BO3pAcTa MallMeHTOB M OCOOEHHOCTEH TeUeHUs 3a00JIeBaHMs.
[IpuBeneHa cTaTUCTUKA YACTOTHI HA3HAYEHUSI PA3IMYHBIX JIEKAPCTBEHHBIX CPEACTB, a TAK)KE YCIEXU
Y HEYJaul B MPUMEHEHUH TEX WM UHBIX CXEM TepaIluu.

PucyHok 6 neMoHCTpUpyeT pa3iuuus B MOAX0JaX K MEIUKAaMEHTO3HOHN Teparuu y My>KYUH U
KEeHIIMH. OTMeueHbl pa3iuyusl B JIO3UPOBKaX M CXEMax JICUEHHUS, CBA3AHHBIX C IOJOBBIMU
OCOOCHHOCTSIMH, BIUSIONIMMH Ha (apMaKOKMHETHKY H (apMaKOIUHAMUKY JIEKApCTBEHHBIX
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cpencts. [IpuBeneHs! TaHHBIE O CKOPOCTH BBI3AOPOBIICHHS, YaCTOTE OCIOKHEHUN U TOTPEOHOCTH B
crieupUYeCKUX JCKAPCTBECHHBIX Mpenaparax B 3aBUCUMOCTH OT ToJa mnaipenTa (Pucynok 6.).
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Pucynoxk 5. IIpuMeHeHHE JIEKaPCTBEHHOW COCTABJIAIOIIEH B TEPANIEBTUYECKOM IIPAKTUKE B MEPUOJ
HCCIIEIOBAHN.
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Pucynok 6. OCOOCHHOCTH B MEIAMKAMEHTO3HOM IIOAXOJE Y HCCICIYyeMBIX B acIeKTe IMOJOBOMH
MIPUHAIJICKHOCTH.

Obcyarcoenue pe3ynbmamos uccied0B8aHUs.

Opgpexmusnocmev nepgou aunuu mepanuu. Pe3ynbTaThl TOKa3ald, YTO TepBas JUHHS
MEIMKaMEHTO3HOW TepamnuM, BKJIIOUaromas o00e3001MBatole, NPOTHBOBOCHANUTENbHBIE U
AaHTHUCENTHYECKUE Mpernaparbl, IUPOKO MPUMEHSETCS Ha HavyajJbHOM JTalle JIEYCHUs CIOKHBIX
nepenomMoB. OnHAaKO B 3HAYMTENBHON YacCTH CIy4aeB d3Ta Tepamnusi TpeOyeT KOpPpeKIUH |
JOTIONTHEHUsT 0oJiee CHIIBHBIMU CPEICTBAMH B CBS3M C OCJIOKHEHHSMU WM HEIOCTaTOYHOUN
3P PEKTUBHOCTBIO.

Ilompebnocms 60 emopoti aunuu mepanuu. Bropas JIMHHA MEIUKAMEHTO3HOM Teparuu
MIPOAEMOHCTPUPOBAJIa CBOIO HEOOXOAUMOCTh NpU HeIP(EKTHBHOCTU NEPBUUHBIX IpenapaTos.
[Tpumenenne Oosee CHIIBHBIX AHAIBIETUKOB W KOPTHKOCTEPOUIOB, a TaKKe CTHMYJISTOPOB
pereHepaniMi KOCTHOW TKaHU oOecreuynBaeT OoJiee YCIEIIHOE BOCCTAHOBJICHHE Y MAIUEHTOB C
OCJIOKHEHHBIMU TI€pesioMaMH. IJTO MOJYEPKHBAET BAKHOCTh HWHAMBUAYAJIBHOTO TIOAXONA K
JICYCHHIO.

Hononnumenvuvie cpedcmeéa nodoepicku. JOTONIHUTENBHAS MEIWKaMEHTO3HAs Teparus,
BKJIIOYAIOIIAass BUTAMHHHbIE KOMIUIEKCHI W Tpenaparbl Uil YIYYII€HUS MUKPOLMPKYISAIUH,
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MOATBEPKIAET CBOIO BaXKHYIO POJb B IMOAJEP)KKE OOIIEro COCTOSHHUSA MNaleHTa. DTOT MOIXOJ
CHOCOOCTBYET YCKOPEHHIO BOCCTAHOBJICHUSI TKAHEN U CHMKEHUIO PUCKA OCIOKHEHUH.

Anvmepnamugnvle cmpameauu nedeHus. AJIBTEPHATUBHBIC MOAXOJbl B TEpaIlliM, TaKUE Kak
UCIONIb30BAaHUE OWOJIOTUYECKUX AareHTOB W (U3MOTEPANICBTUUECKUX METOMIOB, IOKa3alld CBOO
3¢ GEeKTUBHOCTh y TAIEHTOB C MPOTHMBOMNOKA3aHHUSAMH K CTaHJAPTHBIM CXEMaM JICYeHHUSA. JTO
CBUJCTEIBCTBYET O HEOOXOIMMOCTH BKJIIOUEHUS albTEPHATUBHBIX METOAOB B MPOTOKOJIBI JCUCHUS
CJIOJKHBIX TIEPEIOMOB, OCOOCHHO B ClTydae WHAMBUIYAIbHBIX OTPAaHHYCHUH.

Ananuz npumenenus npenapamos. CTaTUCTUYECKHE JAHHBIE O NPUMEHEHUHM PA3THYHBIX
JIEKapPCTBEHHBIX CPEJICTB Ha MPAKTUKE BBISIBWIIM 3HAYUTEIbHBIC PA3IMYUsl B YaCTOTE€ Ha3HAUYCHUs
MpernaparoB B 3aBHCHUMOCTH OT TSDKECTH COCTOSIHUS W COINYTCTBYIOUIMX 3a0oiieBaHUil. ITO
MOATBEPXKAACT BaXXHOCTh THOKOrO IMOAXOoAa K BHIOOPY MEAMKAMEHTOB, OCHOBAaHHOIO Ha
KJIIMHUYECKON KapTHUHE MallueHTa.

Ilonosvle paznuyus 6 mepanuu. VlcciaenoBanue moka3ano HaJU4Me pa3iuuMidl B MOIXOIaX K
MEIMKAMEHTO3HOM Tepanuu y MY)KYUH U KEHIIWH. Pa3nuuus B JO3MpPOBKaxX M TUMAX MpenaparoB
CBUJICTEIBCTBYIOT O HEOOXOAMMOCTH YdYeTa TIOJIOBOM MPUHAJICKHOCTH TMpU pa3paboTke
TEPANEeBTUYECKUX CXEM. DTH JaHHbIE MOTYT CTaTh OCHOBOW I JAJIbHEUIIUX HMCCIEIOBAaHUI B
00J1acTu TeHEPHON METUITUHBI.

Bovisoo
HccnenoBanne MpOIEMOHCTPUPOBATIO, YTO CTPYKTypa MEIUKAMEHTO3HOW TEpaluu Ipu
CIIOYKHBIX MTEPEIoMax KOCTEH KHCTU TpeOyeT KOMILJICKCHOTO U MHIUBUIYaIU3UPOBAHHOTO MOJIXO/IA.
KoMOuHaIms cTaHIapTHBIX U aIBTEPHATUBHBIX METOJIOB JICUCHHUS, C YICTOM I10JIa MTAlUEHTa 1
ocoOeHHOCTEN TedeHus 3a0oieBaHUs, SBIAETCA BaXXHBIM  AaCIEKTOM  UIS  HOBBLIMIECHHUS
3¢ GEKTUBHOCTH JICUCHHUS U YMEHBIICHHS PUCKA OCIIOKHEHUH.
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CTPATU®HUKAIIUSA ITEPEJIOMOB KOCTEN KUCTH
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©Tykewos C. K., ORCID: 0000-0002-41382282, SPIN-x00: 7021-8882, xano. meo. nayx,
Kuipevizckoti cocyoapemeennoi meouyurckou akademuu um. U.K. Axynoaesa,
2. buwxex, Kvipevizcman, argenalymkulov24@gmail.com

STRATIFICATION OF HAND BONE FRACTURES IN THE KYRGYZ REPUBLIC

©Tukeshov S., ORCID: 0000-0002-41382282, SPIN-code: 7021-8882, MD, Kyrgyz State Medical
Academy named after 1.K. Akhunbaev, Bishkek, Kyrgyzstan, argenalymkulov24@gmail.com

Annomayusa. Lens uccnenoBaHuss — MPOBECTH CTPATU(PUKALUIO IEPEIIOMOB KOCTEH KUCTU B
Koipreisckoii PecriyOnuke Ha OCHOBE JaHHBIX NAIMEHTOB IO BO3pacTy, MOIY U JAPYyrUM
KJIMHUYECKUM XapakTepuctukaM. [IpoaHann3npoBaHbl TaHHbIC MAIEHTOB, IPOXOIUBIINX JICYCHHE
B 2019 roxny. OneHka Mpou3BOAMIACH MO KJIIOYEBBIM MEIMIIMHCKAM HapameTpaM, BKJIIOYas TUI
IIepesioMa, BO3PACTHYIO U T€HIEPHYIO CTPYKTYpPY, PETHOH IIPOXKUBAHUSA, TPYIILY KPOBH U ApPYrue
nabopaTropHbIe TTOKa3aTesd. MeToIbl BKIIIOYAIN PETPOCIIEKTUBHBIN aHam3 200 ci1y4aeB neperioMoB
KHCTH, KJIaCCH(UIIMPOBAHHBIX I10 PAa3JIMYHBIM KIMHHUYECKHUM U JIEMOTpapuYecKUM KPUTEPHSIM.
BbIBOIBI OCHOBBIBAIOTCS Ha CTAaTUCTHYECKOW 00paOOTKE TONYYEHHBIX JaHHBIX. Pe3ynbTars
IMOKAa3bIBAIOT 3HAYUTCIIBHBIC pa3jIninsa B 4aCTOTC MEPCIOMOB CpCaAn MYKXYWH M KCHIIWH, a TAKXKC
cCpeny pasHbIX BO3pacTHbHIX rpymni. Haubombas yacToTra BeTpedanach y JIIOACH TPYyIoCIOCOOHOrO
BO3pacTa, YTO YKa3bIBaeT Ha HEOOXOANMOCTh YCUIICHUS MPOQUIAKTUIECKUX MEp B 3TOM IpyIIIe.

Abstract. The study aimed to stratify hand bone fractures in the Kyrgyz Republic based on
patient data, including age, gender, and other clinical characteristics. Data from patients treated in
2019 were analyzed, with assessments made using key medical parameters such as fracture type,
age, gender, blood group, and other laboratory indicators. A retrospective analysis of 200 hand
fracture cases was conducted, classified by various clinical and demographic criteria. Conclusions
were drawn based on statistical analysis of the data. Results: Significant differences in fracture
incidence were observed between males and females, as well as across different age groups. The
highest incidence was found in the working-age population, indicating a need for enhanced
preventive measures in this demographic.

Knrouesvie cnosa: nepenoMbl KOCTeHl KUCTH, cTparudukanus, Bo3pact, MoJjl, rpynna KpoBH,
AMUAEMUOJIOTHS, KIMHUYECKHUE TaHHBIE.

Keywords: hand bone fractures, stratification, age, gender, Kyrgyz Republic, blood group,
epidemiology, clinical data.

[lepenombl KOCTeM KHCTH MPEACTaBISAIOT COOOM OIHY M3 Hambosiee YacTO BCTPEYAIOIMXCS
TpaBM, OCOOEHHO CpeOu AaKTUBHOIO HACEJeHHs, M OKa3blBalOT 3HAYUTENIbHOE BIUSHUE Ha
TPYAOCTIOCOOHOCTh M Ka4€CTBO >KW3HHM MaMeHTOB. KHUCTh SBISETCS CIOXKHOW aHATOMHUYECKOM
CTPYKTYPOH, COCTOSIIEM U3 MHOXKECTBA KOCTE€H, CYCTaBOB M MATKMX TKaHEH, KOTOpPBIE
o0ecrneynBaloT MIMPOKUNA CHEKTp ABMKEHHMM W MaHunmymsiuuid. TpaBMbl 3Tol 001acTH MOTYT
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IPUBECTH K 3HAYUTENBHOM (DYHKIMOHAJIBHOW IOTEpEe, OCOOEHHO €CIM OHU HENpaBHIBLHO
JTMarHOCTUPOBAHBI WJIU JICYEHBI [1].

AKTyalnbHOCTh HW3y4YCHHsS TIEPEJIOMOB KHCTH OOYCIIOBJICHa BBICOKOH 4YacTOTOW MX
BcTpeuaemocTu. 1lo ganubeiM BcemupHo#t opranuzauuu 3apaBooxpanenus (BO3), TpaBmbl kuctu
3aHMMAlOT OJHO W3 BEAYHNIMX MECT CpeOu BCEX TPABMATUYECKUX IOBPEXKICHUN BEPXHUX
KOHEYHOCTEeH, 0COOEHHO B TPYA0CIIOCOOHOM Bo3pacte [2].

B pa3BuThIX cTpaHax paclnpOCTPaHEHHOCTb TaKUX TPaBM Bapbupyercs oT 5 1o 15% cpenu
BCEX TIIEPEIIOMOB CKeJleTa, MpUYeM OOJBIIMHCTBO CIIy4aeB CBA3aHO C OBITOBBIMH WU
npodeccuoHaIbHBIMHU TpaBMaMH [3].

B KeIpreizcrane, ¢ €ro yHUKaJIbHbIMU TeOrpapUuecKuMu U COLUAIbHO-3KOHOMUYECKUMHU
0COOEHHOCTSIMHM, CTaTUCTHKAa IIEPEJIOMOB KHCTH JO KOHIIA HE HCCIEJOBaHA, YTO M JIEJNaeT
HACTOSIIEE UCCIIEIOBAHNE OCOOCHHO 3HAYMMBIM. DIUJEMHOJIOTMUYECKHE UCCIIEOBAHNS NIEPETOMOB
KOCTE€H KHMCTH IIOKa3bIBAKOT, YTO HauOOjbLIAss A0JNS 3TUX TPaBM MPUXOIUTCS Ha aKTHBHYIO
TPYAOCIIOCOOHYIO YacTh HAceJIeHHs, Bo3pacToM oT 18 mo 45 netr. B aToli rpymme HaunOOIbIIHA
MPOICHT TPaBM CBSI3aH C MPOQPECCHOHATBHON NESTEIBHOCTHIO, 0COOEHHO B CEKTOPaX C BBICOKUM
(Gu3NYeCKNM HaNpsHKEHUEM (CTPOUTENBCTBO, CEIIbCKOE XO3SHCTBO, MPOMBIIUICHHOCT) [4]. YV
MYXUHUH IE€pPeIOMbl KUCTU BCTpeuaroTcs B 1,5-2 pasa vaile, 4eM y JKEHIIMH, 4TO OOBICHIETCS MX
OoJsiee aKTMBHBIM Y4acTHEM B (DPU3MUECKH TSDKENBIX paboTax M CHOPTUBHBIX Meponpusarusx [5].
Cpenu >KeHIIMH CTapUIero Bo3pacTa MepeioMbl KUCTH YacTO CBA3aHbl C OCTEOIOPO30M, KOTOPBII
YBEJIMYUBAET XPYNKOCTb KOCTEH [6].

HccnenoBaHus Takke YKa3blBalOT Ha BIUSHHE COLMAIbHO-3KOHOMHYECKHMX (DakTopoB Ha
4acTOTy M TSDKECTb TPAaBM KUCTH. B pa3BUTHIX CTpaHaxX C BBICOKMM YPOBHEM OXPaHbI Tpyna H
MEAMIMHCKOTO 00CITYKMBaHUSI MIPOLIEHT TSXKEJIBIX MEPEIOMOB 3HAYMTENbHO HUXKE IO CPABHEHHUIO C
Pa3BUBAIOIIUMHUCS CTpaHaMH, TIA€ JOCTYIH K MEIUIMHCKOM rmomomu orpanudedH [7]. B
KsIpreiscrane, riae 3HauMTEIbHAs 4acTh HACEIECHMs NPOKUBAET B CEJIBCKUX M TOPHBIX paloOHAaX,
JOCTYIIHOCTb CIEIUAIU3UPOBAHHON MEIUIIMHCKON IOMOIIM OTPaHUYEHA, YTO MOXKET CKa3bIBAThCS
Ha YPOBHE JUArHOCTHKHU U JICUEHUU TPaBM KHUCTH [8].

[lepenoMbl KUCTH MOTYT BapbUpOBATHCS IO THIY U TSKECTH B 3aBUCUMOCTH OT MEXaHM3Ma
TpaBMbl. Hanbosnee pacnpocTpaHeHHBIMU SIBJISIFOTCS IIEPEIOMBI MACTHBIX KOCTEH U (pajlaHT MasbleB,
KOTOpBbIE MOTYT OBITh 3aKpBITBIMH WM OTKPBITBIMH, cO cMmemieHueM win 0e3 [9]. CrnoxHble
MEPESIOMbl C MOBPEKICHUEM CYCTAaBHBIX IIOBEPXHOCTEM M MATKUX TKaHEW YacTto TpedyroT
XUPYpPruuecKoro BMEILIATeNbCTBA U JuinTenbHON peabunutanuu [10]. [Ipu HecBoeBpeMeHHON Win
HEa/IeKBaTHOM TUarHOCTUKE BO3MOXKHO pa3BUTHE XPOHUYECKOM HECTAOMIIBHOCTH CYCTAaBOB, YTO
3HAUUTENIbHO OrpaHu4MBaeT GyHKuuu Kuctu [11].

CoBpeMeHHbIE METOJbl JMArHOCTUKHM, TaKWe KaK peHTreHorpaguss MU KOMIIbIOTEpHas
ToMorpadus, TO3BOJSIOT TOYHO OINpPENEsATh XapakTep MOBPEXKICHUH W  IJIAHUPOBATh
COOTBETCTBYIOLIEE JieueHne. OIHAaKo B CENIbCKUX pernoHax KbIprel3cTaHa JOCTyn K TAKUM METOJaM
OTPaHHUYEH, YTO 3aTPYNHSET CBOEBPEMEHHOE BBISBICHHE CIIOKHBIX CIIy4aeB U YBEIUYMBAET PUCK
ocnoxHeHu#d [12]. Oto mnomuepkuBaeT HEOOXOAMMOCTb DPa3pabOTKM M BHEAPEHHS MPOrpaMMm
MOBBIIEHUS KBATU(PUKAIIMK JJIsl Bpauel IEPBUYHOTO 3BE€HA B OT/IAJICHHBIX pailoHax.

JleyeHne TmepeNIOMOB KHCTU MOXKET OBITh KOHCEPBATUBHBIM WM XUPYPrHYECKUM B
3aBHCHMOCTH OT XapaKTepa MoBpexaeHui. KoHcepBaTuBHOE JieueHUE, KaK IPABUIIO, TIOKA3aHO IIPU
MPOCTBIX 3aKPBITHIX MepesioMax 0e3 CMeleHHs, KOrJja JOCTaTOYHO HAJI0XKEHUsS! TUTICOBOW MOBSI3KU
WU Ipyrux GUKCUPYIOMIMX yeTpoicTB [13]. Xupyprudeckoe jeueHne MPUMEHSIETCS TIPU CIIOKHBIX
nepesoMax €O CMEIIEHHEM, OTKPBITBIX TepeloMax M MpH MOBPEXACHUSIX CYCTaBHBIX
noBepxHocTeld. COBpEMEHHBIE METOABI OCTEOCUHTE3a, TAKME KaK MCIOJIb30BaHUE CIULI, IJIACTHH U
BUHTOB, TO3BOJIAIOT OOECIEYUTh BBICOKYIO CTAOMIBHOCTh M YCKOPHUTH IMPOIIECC BOCCTAHOBJIECHUS
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[14]. BaxkxHO OTMETHTbH, YTO IJIsi YCHENIHOTO JICYCHUS HEOOXOoAMMa TpaMOTHas peadwhTarius,
HaIpaBJICHHAs HA BOCCTAHOBJICHUE TTOJIBUKHOCTH U CHJIBI KUCTH [ 15].

B Keipreizcrane moaxoipl K JICUESHUIO TEPEIOMOB KHCTH PA3BHBAIOTCS B paMKax OOIIEro
VAYUIIEHUS CHUCTEMBbl 3[PaBOOXPAHECHMS, OJHAKO JO CHUX TOp CYIIECTBYIOT ONpECICHHBIC
TPYIHOCTH, CBSI3aHHBIC C HEXBAaTKOM CIELUATINCTOB U OOOPYIOBAaHUS, OCOOCHHO B OTJAJICHHBIX
paiioHax [16]. DTo TpeOyeT AAIBHEHIIET0 COBEPUICHCTBOBAHUS MEIMUIIMHCKUX YCIYT, BKJIOYAS
BHEJIPEHUE COBPEMEHHBIX TEXHOJOTMH M TOBBIIICHUE JOCTYMHOCTH MEIWLMHCKON MMOMOIIU MJis
BCEX CJIOEB HACEIICHUS.

OpHMM U3 3HAYUMBIX (PAKTOPOB, BIMSIONIMX HA YaCTOTY MEPEIOMOB KOCTEH KUCTH, SBISETCS
3aHATHE (PU3MYECKUM TPYAOM, YTO OCOOCHHO XapaKTEepPHO [UIsl CEbCKMX W TOPHBIX PErHOHOB
Keipreizckoii PecmyOnuku. B 3Tux 00nacTsaX JI0AM 4acTO 3aHUMAIOTCS CEIBCKUM XO3SHCTBOM,
CTPOUTEIILCTBOM H JIPYTUMU BUJAMH JCITCILHOCTH, TPEOYIOIIMMHE BBICOKOW (PH3UYECKOI HArpy3Ku
[17].

[Tomumo 5TOrO, 0COOYI0 pOJb HWrpaeT HHU3KUNA YPOBEHb OCBEAOMIICHHOCTH O MeEpax
MpOQHUIAKTUKHA TPaBM, a TaK)Ke HEJOCTATOYHOE HCIIOJIb30BAHME 3AIIUTHBIX CPENCTB, TAKHX KAk
TepPYaTKU WK CIIEeIUATIbHbIC HHCTPYMEHTHI [ 18].

Kimmarnueckue ycinoBusi Takke MOTYT BIMSATH Ha 4acTOTy TpaBM. B 3uMHMII mepuon B
TOpHBIX palioHax KbIprei3cTana yacTo BCTPEUarOTCs CIyyau TPaBM, CBSI3aHHBIX C TOJIOJNEIULIEH, YTO
MOBBIIIAET PUCK MAJAECHUN U, COOTBETCTBEHHO, nepenoMoB kuctu [19]. Kpome Toro, orpanndeHHbII
JOCTYIl K MEIUIMHCKUM YUYPESXKICHUSIM B 3THX PallOHaX yBEJIIMYMBAET PUCK HEMPABUIBLHOTO HIIU
HECBOEBPEMEHHOI'O JICUEHHUs, YTO MOKET IPHUBECTU K OCIOKHEHMSIM, TaKMM KaK HEIpPaBUIbHOE
CpalieHe KOCTeH Ui XpOHUYecKasi O0Jb.

Mamepuanvt u Memoowl ucciedo8anus.

B uccienoBanny MCNoNb30BAIUCh JaHHBIE O MALMEHTAX, IPOXOAUBILNX JICUEHUE B OJHOM M3
KpPYIHBIX MEAUIHUHCKUX 1eHTpoB Keipreickoit Pecnyonmukun B 2019 romy. Bcero Obuio
npoananu3upoBano 200 ciaydaeB MepeioMOB KOCTe KHCTH. Bce naHHBIe OBUH COOpaHBI
PETPOCHEKTUBHO HAa OCHOBE MEAMIIMHCKUX KapT ManueHToB. KpuTepuu BKIIOYEHHS NAlMEHTOB B
UCCJIEJOBAHNE. HAJIMYUE [UArHo3a <«IIepesioM KOCTEH KHUCTW»; 3aBEPUICHHBIM KypC JIEUYEHHUS C
(UKCUPOBAHHBIMU KJIMHUYECKUMHM M Ja0OpaTOpHBIMU pe3yJabTaTaMM; JIaHHBIE O BO3pacTe, IOJIE,
pErvoHe MPOKUBaHUS U TaOOPATOPHBIX MOKAa3aTENAX.

Kpumepuu  uckniouenus: HeENONHbIE JaHHbIE B  MEIUIMHCKUX KapTax; HaJluyue
COIYTCTBYIOLIMX TpaBM, HE CBA3aHHBIX C KHUCTBIO; OCJIO)KHEHHBIE IIEPEIIOMBI C CHUCTEMHBIMHU
3aboseBaHusAMU. J{J1s olleHKH JeMorpaduueckux U KIMHUYECKUX XapaKTepPUCTUK MallMeHTOB ObUIN
HCIIOJIb30BaHbl clieAyronue nokaszarenu: Bospact (B rogax). [lon (MyxuuHbI/KeHIIKMHBI). Pernon
MpOXXUBaHMUs (HA OCHOBAHMM aJAMMHUCTpaTuBHOro neneHust Koipreisckoit PecnyOnmuku). I'pymma
KpOBHU U pe3yc-daxTop. JlaboparopHsle nmokaszarenu (JeHKOLUTHI, TUM(OLMTHL, SPUTPOLIUTHI U AP.).
[TpoomKUTENbHOCTh TOCIUTAIN3AMHU (B KOMKO-/THSX).

Bce mauuenTsl ObUTH paszienieHbl Ha TPyNmbl MO Bo3pacTy: 1o 18 ser, ot 18 g0 45 ner n
crapuie 45 net. Takke mpoBoAMIIach CTpaTU(UKALUs MO IMOJy, PETUOHY NMPOXXUBAHUS U APYTUM
napaMmerpam, TaKiUM Kak JJIUTEIbHOCTh TOCIUTAIN3ALNN U JIa0OpaTOpHbIe TaHHBIE.

Memoowsr 06pabomku OaHHbIX
Jlns 0OpabOTKH JaHHBIX HCIIOJIB30BAIMCh METOMIBI OIMHCATCILHOW CTAaTHCTUKH, TaKHe Kak
CpelHHEe 3HAYEHHs M CTaHJAPTHBIC OTKJIOHCHHS /I KOJMYECTBEHHBIX IOKa3zarened (BO3pacT,
KOJIMYECTBO JIHEH TOCHUTANU3aluil W T.J.). J[IS KaueCTBEHHBIX MEPEMEHHBIX (IO, PETHOH
MIPOXKMUBAHWUSI) UCIIOJIb30BAIMCH OTHOCUTEIBHBIE YacTOTHI (B %0).
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Craructiuyeckasi 3HAYMMOCTh PA3IUUUI MEXIy TPYNIIaMH OLCHUBAJIACh C MCIOJIb30BAHUEM
kputepueB CThIOIEHTA U %2, ¢ YpOBHEM 3HaUMMOCTH p < 0,05.

IIpoecpammmnoe obecneyenue. [l o6pabOTKH M aHANHM3a JaHHBIX MCIIOIB30BAIACh MPOTrpaMMa
Microsoft Excel. Pesynmbrarel mpencraBneHsl B BHAe TaONWI U TpapuKoOB, YTOOBI HAINISTHO
POJIEMOHCTPUPOBATH BHISIBJICHHBIC 3aBUCUMOCTH MEKIY ITEPEMEHHBIMHU.

Pezynemamut u obcysrcoenue

Anamu3 200 cimydaeB IMepelioMOB KOCT€M KHUCTH BBISSBUI  CIEAYIOIIME TEHICHIUU.
BoNbIIMHCTBO MAllMEHTOB € MEpeIoOMaMU KOCTeH KUCTH HAXOAWJIUCH B TPYAOCIOCOOHOM BO3pacTe
(18-45 neT), uto cocrasisieT 62,5% OT Beex Cliydaes.

Cpenu MyX4YMH JOJsI TIEPEIOMOB OKa3ajach BBIIIC, YE€M CpPEIH >KCHIIUH, OCOOCHHO B
AKTUBHBIX BO3PACTHBIX TPyNIax, YTO MOXET OBITh CBSI3aHO C Ooyiee BBICOKOW (PU3NUYECKON
AKTHBHOCTBIO MY)KYHMH B JaHHoM Kareropuu (Tabmmma 1).

BonbIIMHCTBO MAIMEHTOB MPOKUBAIK B KPYITHBIX TOpoJaxX M LEHTPAIbHBIX PErHOHAaX, TaKUX
kak bumikek u Omr. 3To MOXET yKa3bIBaTh Ha JIYUIIYIO I0CTYIMTHOCTh MEAUIIMHCKON TTOMOIIN B ATHUX
pErroHax 1o cpaBHeHuUIo ¢ nepudepuitpivu (Tadmuna 2, 3).

Ananu3 1a00paTOpHBIX JAaHHBIX IMOKa3al, 4TO OOJIIIMHCTBO IOKa3aTelied HaxOIWIHCh B
npenenax HOpMbl. MHTepecHO OoTMeTuTh, uto Tpymnmna kpoBu [ (45%) u II (30%) oxazamuck
HanboJee pacpoCTPaHEHHBIMU CPEIN TTAIIUEHTOB.

Tabauna 1
BO3PACTHO-TIOJIOBAS CTPYKTYPA ITAIITMEHTOB C ITIEPEJJOMAMU KOCTEN KUCTH
Bospacmnas epynna Myorcuunot (%) HKenwunwt (%) Obwee konuwecmeo cayuaes (%)
Jo 18 et 10 (5%) 15 (7,5%) 25 (12,5%)
18-45 ner 80 (40%) 45 (22,5%) 125 (62,5%)
Crapure 45 ner 30 (15%) 20 (10%) 50 (25%)
Bcero 120 (60%) 80 (40%) 200 (100%0)
. Tabnuna 2
PEI'MOHAJIBHOE PACIIPEJEJIEHUE ITALIMEHTOB C IITEPEJIOMAMMU KOCTEU KUCTU
Pezuon Myoarcuunwt (%) Kenwunwt (%) Bcezo (%)
Burikex 50 (25%) 30 (15%) 80 (40%)
Om 20 (10%) 15 (7,5%) 35 (17,5%)
Jxanan-Abazckas o01. 15 (7,5%) 10 (5%) 25 (12,5%)
Hapsiackas o611 10 (5%) 5(2,5%) 15 (7,5%)
Tanacckas 00u1. 5(2,5%) 5(2,5%) 10 (5%)
Hccrik-Kynbckas o6 10 (5%) 10 (5%) 20 (10%)
Yyiickas o0 10 (5%) 5(2,5%) 15 (7,5%)
Bcero 120 (60%) 80 (40%) 200 (100%)
. Tabnuua 3
JIABOPATOPHBIE IMTOKA3ATEJIN YV TAIMEHTOB C ITEPEJIOMAMU KOCTEU KUCTU
Ilokasamens Hopma Cpeonee 3uauenue Cmanoapmmnoe omxioHeHue
JIeKOIMTEI 4-9 x10"9/n 7,2 15
JlumbouuTsr 25-40% 30,5 42
OPUTPOLUTHI 4-5 x10M2/n 45 0,4
I'pynma kposu (1) — 45% —
I'pynma kposu (2) — 30% —
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Buisoo

Pe3ynbrarel IPOBENEHHOIO MCCIEAOBAaHUS TOKAa3bIBAIOT, 4YTO IEPEIOMBI KOCTEH KHCTH
HamOOoJIee YacTo BCTPEUAOTCS Y MYXXUUH B Bo3pacte oT 18 10 45 et, 9To CcBsI3aHO C UX BBICOKOM
(u3MUYECKOl aKTUBHOCTHIO U TPYIAOBOM 3aHATOCTHIO. boIbINas 4acTh MAIIMEHTOB TPOKHUBAET B
KpPYIHBIX TOopoJax, YTO MOXKET ObITh CBA3aHO C Jy4llled JOCTYMHOCTbIO MEAMIIMHCKHX YCIIYT.
JlaboparopHbie IMOKa3zaTeNld MalMEHTOB B OOJBIIMHCTBE CIy4aeB COOTBETCTBOBAJIU HOPME, UTO
TOBOPUT O CTAOMIILHOCTH OOIIETO COCTOSIHHSI 3I0POBbS y MAIMEHTOB C JAHHON MaTOJIOTHEH.

JlaHHOE MCCIIeIOBAaHKE MMOMYEPKUBACT HEOOXOAUMOCTh Pa3padOTKH MPOTrpamMM MpOPUITaAKTHKA
TpaBM KHCTHU, OCOOEHHO CpeIu TPYAOCHOCOOHOTO HAcCelIeHHs, a TaKKe NaJIbHEHUIIEro M3yuyeHus
BIIMSTHUS KJIMHUYECKUX (PAaKTOPOB HA UCXO/IbI JICUCHHUSI.
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Annomayus.  IlpencraBieHsl  pe3ynbTaTbl  UCCIEAOBAaHMUS — MOJEKYISIPHO-TEHETUYECKUX
(GakTOpOB, BIMAIOIIMX HAa Ppa3BUTHE XPOHMYECKOM cepiaeuyHod HexocrarouyHoctd (XCH),
KoMOpOUHON C caxapHbIM auaberoM 2 Ttuma (CJ 2 Tuma) M OCTEONOpO30M Y JKEHIIUH B
MOCTMEHOIIay3e. YCTaHOBJIEHO, YTo monumopdubie Bapuantel reHoB WJI-18, eNOS wu
AHTMOTEH3MHOI'€HAa acCOLMUPOBaHbl C MOBBILIEHHBIM puckoM pa3zsutuss XCH npu namuuuu CJ1 2
TUIA. BBISBIEHBI aJUIeN U T€HOTHUIIbI, KOTOPBIE MOTYT CIYKUTh IIPEIUKTOPAMHU IIPOIPECCUPOBAHUS
JaHHOW  maronorud. Ha  OCHOBaHMM  NONYYEHHBIX JAHHBIX  IPEJIOKEHBl  CTpaTeruu
NepCOHU(UITUPOBAHHOTO MOAXOAA K JUarHoCTUKe W BropuuHou npodunaktiuke XCH. Pesynsrarst
ITOYEPKUBAIOT 3HAYMMOCTb T€HETHYECKOT0 aHAJIN3a JUIS YIIYUIIECHHs IPOTHO3UPOBAHUS CEPIEYHO-
COCYIUCTBIX OCJIOXXHEHWH U IUIAHUPOBAHUS TEPANEBTUYECKUX MEP.

Abstract. This article presents the results of a study on the molecular-genetic factors
influencing the development of chronic heart failure (CHF) comorbid with type 2 diabetes mellitus
(T2DM) and osteoporosis in postmenopausal women. Polymorphic variants of the IL-1B, eNOS,
and angiotensinogen genes were found to be associated with an increased risk of CHF in the
presence of T2DM. Alleles and genotypes that can serve as predictors of disease progression were
identified. Based on the obtained data, strategies for a personalized approach to the diagnosis and
secondary prevention of CHF are proposed. The results emphasize the importance of genetic
analysis for improving the prediction of cardiovascular complications and planning therapeutic
measures.

Knrouesvie cnosa: cepreuHas HENOCTAaTOYHOCTb, cCaxapHbId AuabeT 2 Tuma, OCTEONopos,
TeHETHKa, TOTUMOP(HU3M.
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Xponuueckasi cepaeuHas HegocrarouHocTh (XCH) sBisiercs ofgHOM M3 BeAyluX HpPUYHH
3200J€Ba€MOCTH U CMEPTHOCTH BO BCEM MHUpE, OCOOCHHO Yy TMOXMIBIX JHofel. Y MalnueHToB ¢
caxapHbiM quaberom 2 tuna (CI 2 tuna) puck pazsutus XCH yBenuuuBaeTcs B HECKOJBKO pas,
910 OOYCJOBJIEHO METAa0OJMYECKUMH HApYLIIEHUSMHU, BIMSIOMIMMHU Ha CEpIEYHO-COCYIUCTYIO
cucremy [1]. B 1o xe Bpems CII 2 Tuna cnocoOCTBYeT pa3BUTHIO OCTEONOPO3a, YTO yCYryOseT
TeueHHe KOMOPOUIHBIX COCTOSIHUM, BHOCS JTOTIOJIHUTEIbHBIN BKJIa/l B MOBBILICHNE 32001€Ba€MOCTH
u neranbHOCTH [2]. [To nanubsiM BeeMupHo# opranu3anuu 31paBoOXpaHeHHs], paClpOCTPAHEHHOCTh
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CJl 2 tuma u ocTeornopo3a B MOCIECIHUE TObl 3HAYUTEIFHO YBEJIMYUIIACh, OCOOCHHO B CTpaHax ¢
pa3BUBAIOIIEHCS SKOHOMHKOW, YTO OOYCJIOBIEHO JeMOrpapuuecKuM CTapeHHUEM HaCEeICHUS H
YBEJIMUYEHUEM NPOJOJDKUTEIBHOCTH XKU3HU |3, 4].

CymiecTBylOT MHOTOYMCIICHHBIE HCCIEIOBAHUSA, IOATBEPKAAIONINE HAIMYUEe OOLIMX
dakropoB pucka misi XCH u ocreomopo3a, TakMX KaK BO3pacT, IOJ, YPOBEHb (pusmueckoit
AKTUBHOCTH M MeTaboimueckue HapymeHus [5, 6]. OmHako TOYHBIE MOJIEKYJISIPHBIC MEXaHU3MBI,
CBSI3bIBAIOLINE JaHHbIE 3a00JI€BaHUS, IO CUX I1OP MOJIHOCTHIO HE U3yuyeHbl. PazButue XxpoHn4eckoi
CeplIEYHOM HEJOCTaTOYHOCTH y manueHToB ¢ CII 2 Tuma u 0cTeonopo3oM CBSI3aHO C U3MEHEHUSIMU
Ha MOJICKYJSIPHOM YpPOBHE, KOTOPBIE€ BKJIIOYAIOT HApPYLICHUS B PETYISIUU I'€HOB, YU4aCTBYIOIIUX B
BOCHAIUTEIBHBIX MPOIECcaxX, OKUCIUTEIBHOM CTpecce U MeTaboInYecKux myTsx [7, 8].

I'enernueckass MpenpacloIOKEHHOCTh HUIPAeT 3HAYUTEIbHYIO pOJb B Pa3BUTHM 3THUX
cocrosHuil. W3yueHwme mOMUMOP(GU3MOB TE€HOB, CBA3aHHBIX C  BOCHAJIUTEIBHBIMA U
MeTabOoIMYECKUMH MTPOLECCaMU, ITO3BOJISIET JIYUIlE MOHSATh MEXaHU3MbI ITaTOTeHe3a U pa3padoTaTh
HOBBIE TTOJIXO/BI K JUArHOCTHUKE M JiedeHUI0 [9]. B wacTHOCTH, Takue T'eHbl, KaK UHTEPICHKUH-1[3
(UJI-1B), snporenmansHass NO-cuntaza (eNOS), anruorensuHoreH (ATI), a taxxe peuentop
anruotensuHa Il tuma 1 (AT2P1) ObuM uaeHTUPUIMPOBaHBI KaK KIIOYEBBIE MOJIEKYJSPHbBIE
MapKephbl, aCCOLUUPOBAHHBIE C MOBBIMIEHHBIM puckoM pa3BuTuss XCH y nmanuentoB ¢ CJ| 2 tuma
[10, 11].

B nocnennue roasl 0co6oe BHUMaHHUE YIENSETCS POJU BOCHAIUTENBHBIX MapKepOB, TAaKUX
kak WJI-1 m c¢akrop Hekposza omyxomu-o (PHO-a), B maroreHese XCH. Dtu monexyms
CHOCOOCTBYIOT Pa3BUTHIO BOCHAIUTEIHHOTO MpOIiecca, KOTOPhIM HEraTUBHO BIUSET HA CEPACYHYIO
GyHKIMIO U TPUBOAUT K pemonenupoBanuio cepaua [12, 13]. HccnemoBaHus mokasanu, 4TO
noBblieHHble ypoBHU WJI-1B u ®HO-0 cBA3aHbl ¢ yBEIMYEHHEM pHUCKAa HEOIAronpHUsITHBIX
CEpAEUHO-COCYIUCTHIX COOBITUM U yckopeHHBbIM pa3zButueM XCH y nanuentos ¢ C/] 2 tuna [14].

OpHMM U3 MEepCHEKTUBHBIX HAMpPaBICHUHN HCCIEIOBAaHUI SBISETCS U3YYCHHE MOITUMOPGHBIX
BapHaHTOB TeHOoB, komupytommx MJI-1B u ero penentopusie antaronuctsl (MJI-1Pa), a taxke
IEHOB, CBSI3aHHBIX C OKHCIMTEIbHBIM CTpeccoM U cocyauctod perymsiuet (eNOS u ATI).
I'eneTnueckre Bapualuy B ATUX I'€HaX MOTYT MOBIUATh Ha YPOBHU MPOIYKLUU COOTBETCTBYIOIINX
O€eJKOB M, COOTBETCTBEHHO, Ha puck pa3zButuss XCH [15, 16]. Ilonumanue cBsI3u MeXAy STUMH
TeHeTUYeCKUMHU (pakTopamMu U KIMHHYEeCKUMH TposiBieHusMu XCH mmeer BaxkHOE 3HAYEHUE IS
pa3paboTKu NepCOHUPUIMPOBAHHBIX METOJIOB TMATHOCTUKU U POQUITAKTUKH.

JIOTIOJTHUTENBHBIM aCIIEKTOM, KOTOPBIN MMOTYEPKUBAET AKTYaJIbHOCTh JAHHOW TEMBbI, SIBISETCS
KOMOpPOMJTHOCTH C OCTEONOpo30M, Koropass ycyryonser TeueHne XCH u moBbIIaeT puck
HeOnmaronpuaTHeIXx ucxonoB [17]. U3BectHo, uto manuenTtsl ¢ CJ] 2 Tuma yacTo CTpagaloT OT
CHIDKEHUSI MUHEpaJbHOW IUIOTHOCTH KOCTEH, 4YTO CBSI3aHO C YXYIAIIEHHEM MeTaboInYecKux
IIPOLIECCOB, BBI3BAaHHBIX JUA0ETOM, a TaK)Ke C IPUMEHEHUEM HEKOTOPBIX MEIUKAMEHTOB, TAKUX Kak
CTaTHHBI ¥ IIIOKOKOpTUKOU B! [ 18, 19]. PaHHee BbIsiBIEHUE MPEAPACTIONOKEHHOCTH K OCTEOIIOPO3Y
y manueHtoB ¢ XCH u CJI 2 Tuna ¢ Mcnonb30BaHUEM I€HETHMYECKOTO TECTUPOBAHUS ITO3BOJIUT
0oJsiee TOYHO OLEHUTh PUCK PA3BUTHUS OCIOKHEHHH M BHIOpAaTh ONTHMAJIbHYI TEPareBTHUECKYIO
ctpareruto [20].

CoBpeMeHHbIE UCCIIEJIOBAHUS TOKa3bIBalOT, YTO MHOTHE W3 NATOr€HEeTHYECKUX IyTeH,
yuacTByromux B pazsutuu XCH u ocreonoposa, nepecekatorcsi. Hanpumep, Mapkepsl BoclaJIeHHUs,
takue kak ocreonporerepuH (OII') u ocreonontun (OIIH), urparor BaxkHyrO pOjib Kak B
PETryIUpOBaHUU KOCTHOTO PEMOJAEIUPOBAHUS, TaK M B IpoLEeccax COCYAMCTON KalblUudUKaluu
[21]. Beicokue ypoBuu OIII' m OIIH accouumpyroTcsi C TOBBIMIEHHBIM PHCKOM CEPICYHO-
COCYAUCTBIX COOBITUH M CHM)KEHHEM IUIOTHOCTU KOCTHOHM TKaHH, YTO JENIAeT UX MEPCHEKTHUBHBIMU
MUIICHSIMH 711 AUArHOCTUKU M Tepanuu [22, 23]. Takum oOpa3oMm, u3ydeHHE B3aUMOJCHCTBUI

m Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 236



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 10. Nel1 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/108

MEX1y STUMHU MOJIEKYJIaMU MOXKET CIIOCOOCTBOBATh CO3/IaHUIO0 HOBBIX KOMOMHUPOBAHHBIX METOJOB
JICYEHU S, HAPABJICHHBIX HA YIIy4llIeHHe cOCToAHMS nmanueHToB ¢ XCH u octeonopo3om.

Hecmotpss Ha  3HAYMTENBHOE  KOJIMYECTBO  HMCCienoBaHWM, mocBsameHHbix — XCH,
koMopOuaHOCTE ¢ CJI 2 THma M OCTEONMOpPO30M IMPEACTABISAET COOOW CIOKHYIO KIMHUYECKYIO
po0iemMy, TpeOyIOIIy0 MYJIBTHIUCIUILTHHAPHOTO Toaxoaa [24]. HeoOXoauMbl JTOTOTHUTEIBHBIC
UCCJIEIOBAHUS, YTOOBbl TOHATH, KakUM O0Opa3oM TeHETHUYECKUE U MOJEKYIsIpHble (aKTOpbI
B3aMMOJICUCTBYIOT MEXKIY COOO0M M OMPECIISIOT MPEIPACIIONOKEHHOCTh K 3TUM 3a00JIeBaHUSM. ITO
OTKPBIBACT HOBBIC BOZMOXKHOCTH JIJISl pa3pa0dOTKH MEePCOHU(UIIMPOBAHHBIX METOIOB JUATHOCTHKU U
JICUEHUs, KOTOPBIE MO3BOJISIT CHU3UTh YaCTOTY CEPACYHO-COCYIUCTHIX OCIOKHEHHUA U YIYUIIUTh
KaueCTBO JKM3HM MalMeHTOB [25].

Mamepuanvt u memoowvt

B wuccnenoBaHMM M3ydaauChb MOJIEKYISIPHO-TEHETHYECKHE JAETEPMHMHAHTBI XPOHUYECKOU
cepaeunoit HepoctarouHoct (XCH) y skeHImmH, cTpagarmux caxapabiM auaderom 2 tuna (C 2
THMa) U ocreonopo3oM. [lanasie codpansl Ha 6aze 178 manmenTok ¢ XCH u 86 310pOBBIX KEHIIUH
B KauecTBe KOHTposibHOM rpynnbl. Ilamuentkn ¢ XCH Obuin pasgeneHbl Ha Tpu TPYIIBL B
3aBUCUMOCTH OT HaJmuus conytcTByrounux 3abdoneanuit: XCH u CJ] 2 tuna (rpynna 1), XCH u
octeonopo3s (rpynna 2), XCH, C/I 2 tuna u octeonopo3s (rpymma 3).

[TanmenTtkn Habmronanuch ¢ 2020 mo 2022 rox. 13 BbIOOpKU ObUIM UCKIIFOUEHBI MMALUEHTHI C
Cepbe3HBIMU 3a00JICBAaHUSMH, TAKUMH KaK KapJIUOMHOIIATHH, OCTPbIE BOCTATUTEIbHBIC MPOLIECCHI,
nuaber 1 Tuma, 3a0oieBaHUS ILIUTOBUIHOM JKeJe3bl, TsKelas [EeYeHOYHas U IOoYedHas
HenocTatouHoCTh. OcHOoBHBIE npuunHbl XCH Britouanu uimemudeckyto 6onesns cepaua (UbC) u
aprepuanbHyro runeprensuto (Al). OOcnenoBanre BKIOYAIO COOp Kano0, KIMHUISCKUNH OCMOTP,
aHamM3bl KpoBH, 3xokapauorpapuio (9xo-KI') m snexrpokapauorpadpuio (OKI). V manmenTok
OLIEHUBAJINCh (DYHKIMM SHIOTENIMS M TEHETHMUECKMH MaTepuan JUlsl aHalu3a HOIMMOP(U3MOB
T€HOB.

OO0pa3ubl KpoBH Opanu HaToulak M3 KyOWTalbHON BeHbl. [l1asmMy M CHIBOPOTKY HOJy4aiu
ueHTpudyruposanueM U xpaHuau npu  -40°C. Ananusbpl BKIIOYAIM HUMMYHO(EpMEHTHOE
OIpeieNIeHNE OCTEONPOTErepruHa U OCTEONIOHTHHA, MPOBOCHANUTENbHBIX TUTOKHHOB (PHO-a, NJI-
1B), a Takke MoKa3arenu JUNUAOrpamMMbl. JIMMUAHBIA Npoduib BKIOYAT YpPOBHHM OOIIEro
XOJIECTEpPHHA, JUIONPOTENHOB BBICOKOW M HU3KOM MJIOTHOCTH, TPUDIMLIEPUAOB. JlOMOIHUTENBHO
paccuMTHIBAJICS MH/IEKC aTEPOT€HHOCTH.

[Momumopdusmbr u3ydanuch ¢ nomoiusto [ILP. Mccnenyemsie rensl Bxitouamu MJI-18,
supotenuanbHyto NO-cuntazy (eNOS), anruorensunoren (ATI) u penentop anruotensuna II.
[TonmuMopdHbIe BapuaHThl MO3BOJISIIM ONPEAEIUTh PUCK HEOIAronpusATHBIX MCXOI0B IIPU HATUYUU
XCH u conyrcrBytomux naronoruii. Hanpumep, annenu T rena WJI-1P Obuin accormmpoBaHbl C
MOBBIIICHHONW CEKpeLUUEeNl IIMTOKWHOB, 4YTO YCWJIMBAET BOCHAJIEHUE M YXYAIIAET CEPIACYHYIO
GbyHKIHIO.

JUIe MarHOCTUKHM OCTEONOpO3a MCIIOJIB30BAIU  ABYXOHEPI€THYECKYI0 PEHTI€HOBCKYIO
abcopOIMOMETPHIO, KOTOpas MO3BOJIAJAa W3MEPUTh MHUHEpalbHYIO IOTHOCTH Kocteil (MIIK)
MOSICHUYHOTO OTJieNa MO3BOHOYHMKA M OenpeHHoil koctu. Ha ocHoBe T-kpuTepusi olEeHUBAIHChH
YPOBHH OCTEOINEHUHM U OCTEONOpo3a. DXOKapAHOTpaduuecKoe MCCIe0BaHUE MPOBOIAMIOCH IS
OLIEHKM pa3MepoB M (QYHKIMH cepAla, TOMIMHBI CTEHOK W COCTOSHHUS  KJIAlaHOB.
OnexTpokapauorpapuyeckoe HCCIeA0BaHUE TIO3BOJSUIO BBISIBUTH ApPUTMUU M HApYyUICHUS
MIPOBOJIUMOCTH.
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Pezynomamut u 0ocysicoenus uccnedosanuti
B Tabnune 1 mpencraBieHbl JaHHBIE O KOHIICHTPALUSAX PAaCTBOPUMBIX PELIENTOPOB (hakTopa
Hekposa omyxonu-o. (TNF-a-SR1 u TNF-0-SR2) y manueHToOB ¢ pa3IMuHBIMH KOMOPOUIHBIMU
COCTOSIHUSIMU M KOHTPOJIbHOM rpynmnoil. Bce 3HaueHus npeacraBieHbl B BUAE CPEAHUX 3HAYEHUU
(M) ¢ ykazaHueM CTaHIAapTHOM OMMUOKH CpeaHEro (+m).

Tabmuua 1
PE3VJIbTATBI CPABHUTEJIBHOI'O AHAJIU3A YPOBHEM TNF-0-SR1 n TNF-0-SR2
B MCCJIEJIOBAHHBIX Tpymnnax (M+m)

Iokazamens I'pynma 1 XCH+C]] I'pynna 2 I'pynna 3 Koumponw
(n=48) XCH+OII XCH+CJI+OI1 (n=37)
(n=93) (n=37)
TNF-a-SR1 (rir/mo) 1512,8+87,6* 1643+85,4* 1943,1+£132,3*# 1198,2+95.4
TNF-0-SR2 (rir/mo) 2876,3+131,2* 1911,4+111,6% 3265,8+154,3*# 2454,5+165,3

Hpumeuanue.*- p<0,01 ¢ kourpoaem; #- p<0,01 ¢ rpynnamu 1 u 2. XCH — xpoHHUeCcKas cepleyHas
HegocratouHocTh, CJI — caxapubiii auaber, OIl — octeonopo3, TNF-a-SR1 — pacTBopuMBIi perenTop
(akTopa Hekposa omyxomu-o 1 Tuma, TNF-a-SR2 — pactBopumelii penentop akTopa HEKpO3a OITyXOIH-0L
1 Tuna

VYpoBau TNF-a-SR1 3HaunTENBHO BBILIE B TPYIIIAX ¢ KOMOPOUAHBIMU cocTOsIHUSIMU (I pymmbl
1, 2 u 3) no cpaBHeHuto ¢ KoHTponsHOU rpynmnoit (p<0,01). Haussicmmii ypoBenbr TNF-a-SR1
Habmonaercs B rpymnme 3 (1943,1£132,3), yro yka3piBaeT Ha YCHIIEHHOE BOCHIAJIEHUE Y TAIIUEHTOB C
couetanueMm XCH, C/] u octeonopo3om.

VYpoBun TNF-0-SR2 Taxke 3HaUMTENBHO BBINIE B TPYMIAX C KOMOPOUIHBIMU COCTOSIHUSIMH,
ocobeHHO B rpymre 3, rae Habmogaercst ypoBeHb 3265,8+154,3, 4yTo CBUACTENBCTBYET O CHIIBHOMN
acCcolMallUU C YXYAIIEHUEM COCTOSHHUS U BBICOKHMM PHUCKOM CEpPIEYHO-COCYAMCTHIX COOBITHIA.
CpaBHEeHHE C KOHTpOJBHON Tpymmnout (2454,5+165,3) moka3bIBaeT, 4TO BCE TPYMIBI MAIMEHTOB
UMEIOT 3HaYMTENIbHO Oosiee Bricokue ypoBHu TNF-0-SR2 (p < 0,01).

JlanHble TaOIUIBl AeMOHCTpHUPYIOT, 4To ypoBeHb TNF-0-SR1 u TNF-a-SR2 3naunTtensHoO
MOBBIIIEH Yy TMALUEHTOB C KOMOPOMIHBIMH COCTOSHUSIMH, OCOOEHHO y TeX, KTO CTpajaer
onnoBpemeHHO OT XCH, CJI u octeomnopo3a. DTO TOTYEPKUBAET BAXXKHOCTHh BOCMAIUTEIHHBIX
MapKepoB B JAMArHOCTMKE M MOHUTOPHHIE MAllMEHTOB C HECKOJIBKUMH XPOHUYECKUMU
3200J1€BaHUSAMH, A TAK)KE X POJIb B OLIEHKE IPOTHO3a U BO3MOXKHBIX OCIOKHEHUH.

Tabnmuma 2 oTpakaeT pe3yabTaTbl aHajiu3a MPOrHOCTMYECKOM 3HAYMMOCTH YpOBHEH
pacTBOpUMBIX perenTopoB (aktopa Hekposa omyxonu-o (TNF-a-SR1 u TNF-a-SR2) mist onenku
pHUCKa Pa3BUTHUS HEONArOMPUATHBIX CEPIEYHO-COCYIUCTBIX COOBITHUH. JlaHHBIE MpPEACTaBIEHbI IO
KBapTWJISM, YTO IO3BOJISIET OLEHUTH CBA3b MEXAY YPOBHSIMM ITHX MApKEPOB U BEPOATHOCTHIO
BO3HHUKHOBEHUS CEPJECUYHO-COCYAUCTHIX OCIOKHEHU.

TNF-0-SR1: OR = 2,40; 95% CI = 0,52-11,00; p-value = 0,2414. B 3TOM KBapTHJIE PHCK
HEeOIaronpusATHBIX COOBITUH HE3HAYMUTENIEH M HE JIOCTHTaeT CTaTUCTHYecKoM 3HaumMoctu. OR =
3,44; 95% CI = 1,09-10,85; p-value = 0,0311. B stom kBapTuiie HaOIMIOAAETCS YBEIMYCHUE PUCKA
Ha 3,44 pa3a 1o CpaBHEHHIO C KOHTPOJIBHOM IPYIIOii, YTO SBJISETCS CTaTUCTUYECKH 3HaYnMbIM. OR
= 3,51; 95% CI = 1,14-10,78; p-value = 0,0251. ¥Ypouu TNF-a-SR1 B Q3 Taxke MOKa3bIBatOT
CTaTUCTHUYECKH 3HAYMMOE YBEJIMYEeHWE pucka Ha 3,51 pasza, moaTBepx aas Ba)KHOCTh JTAHHOTO
mapkepa. OR = 5,40; 95% CI = 1,70-17,21; p-value = 0,0036. HauBsiciuii puck B Q4, rie ypoBeHb
TNF-0-SR1 yBenuuuBaeT BepOSTHOCTb HEOIAromnpusTHBIX coObiTuii Ha 5,40 pa3, ¢ BBICOKOH
CTaTUCTUYECKON 3HAYUMOCTBIO.
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TNF-0-SR2: OR = 1,43; 95% CI = 0,47-4,33; p-value = 0,5198. Puck HeOMaronpusTHBIX
COOBITHH B ATOM KBapTWJIE HE SBJISETCSA cTarucThdecku 3HaunMmbiM. OR = 2,43; 95% CI = 0,50-
11,79; p-value = 0,2527. I1oBbilIeHUE PUCKA B 3TOM KBapTUJIC TAK)KE HE JIOCTUTACT CTATUCTUICCKON
3HauuMocTtu. B Q3 ypoBenr TNF-0-SR2 noka3biBaeT CTaTUCTUUECKU 3HAUMMOE YBEIIMUYEHUE PUCKA
Ha 5,25 pa3, yka3piBasi Ha €ro MPOTHOCTUYECKYIO 1eHHOCTh. HauBwicmmii ypoBeHb TNF-0-SR2 B
Q4 accouunupoBaH ¢ yBeJqM4YeHUEM pucka Ha 7,50 pa3, 4yTO MOATBEPKIACT €ro 3HAYMMOCTh Kak
MIPOTHOCTUYECKOTO MapKepa JIjisi HeOIaronpusTHBIX CEpACYHO-COCYIUCTBIX COOBITHH.

Tabnuna nemonctpupyet, uro ypoBeHb TNF-0-SR1 u TNF-a-SR2 B pa3nuuHbIX KBapTHIISX
3HAYUTEIBHO AaCCOLMHPYETCS C PHCKOM pPa3BUTHS HEOIArompUATHBIX CEPIEYHO-COCYAUCTHIX
coObITuii. OcOOEHHO BBIpakeHA MPOrHOoCTHYECKast 3HaYMMOCTh TNF-0-SR1 B BEICOKMX KBapTHIISX,
B TO BpeMsi kak TNF-o-SR2 Takke moka3blBaeT CBOIO Ba)XKHOCTb, OCOOCHHO B KBapTuie 4. DTu
pe3yJIbTaThl MOAYEPKUBAIOT MOTEHI[MAT MCIOJIb30BAHMS JAaHHBIX MAapKEPOB IJIsi OLEHKH PHUCKA U
YAYYIIEHUS KIMHUYECKOTO MOAX0Aa K MallUEeHTaM C CepACYHO-COCYIUCThIMU 3a00JIeBaHUSMHU.

. Tabnuua 2
IMPOTHOCTHUYECKAS 3BHAUYMMOCTDb YPOBHEU TNF-0-SR1, TNF-a-SR2
B OLICHKE PUCKA Pa3BUTHUS HEOIATOMPHATHBIX CEPICTHO-COCYIUCTHIX COOBITHIA
Toxazamens Keapmuno Odds Ratio 95% ClI p-value
Ksaptuns 1 (Q1) 2,40 0,52-11,00 0,24,14
Ksaprus 2 (Q2) 3,44 1,09-10,85 0,0311
TNF-0-SR1
Ksaptuis 3 (Q3) 3,51 1,14-10,78 0,0251
Ksapruis 4 (Q4) 5,40 1,70-17,21 0,0036
Ksaptuns 1 (Q1) 1,43 0,47-4,33 0,5198
Ksapruis 2 (Q2) 2,43 0,50-11,79 0,2527
TNF-0-SR2
Ksaptuis 3 (Q3) 5,25 1,03-26,82 0,0384
Ksaprus 4 (Q4) 7,50 2,19-25,72 0,0011

[Mpumeuanune. TNF-a-SR1 — pactBopumslii penentop ¢akropa Hekposa omyxonu-o 1 tuma, TNF-o-
SR2 - pactBopuMmEIii penenTop (akropa Hekposza omyxomu-o 1 Tuma, odds ratio - oTHOIIEHHE MIAHCOB,
95% CI - 95% noBepUTEIbHBINA HHTEPBAIL.

Bv16o0wbi

B xome ogaHHOro  HcCClelOBaHUS  yCTAHOBJIEHbI  I€HETHMYECKHE  JETEPMUHAHTBHI,
aCCOLIMMPOBAHHBIE C BBICOKMM PHCKOM pa3BUTUS XPOHUYECKOW CEpIEYHOM HEAOCTaTOYHOCTHU
(XCH) y marueHToB ¢ KOMOPOUIHBIMUA COCTOSHUSIMU, TaKUMHU KaK CaxapHbIi auaber 2 Tuma u
ocTeornopo3. BrisiBnennbie monuMopdusmsl reHoB, Bkirouas WJI-1B, eNOS u aHrnoTeH3MHOreH,
UTPalOT BAXKHYIO pOJIb B NATOTE€HE3E CEpACYHO-COCYIUCTHIX 3a00JIeBaHUM W MOTYT CIIY)KUThb
npenukropamu nporpeccupoBannsd XCH. YcTaHOBIEHO, YTO BBICOKHE YPOBHHM OCTEONPOTETEPUHA U
OCTEONOHTHHA TaK)K€ aCCOLMHUPYIOTCA C YXYAIICHHEM cepledHON (DYHKIUU U 0ojee TSHKEIbIMU
MCXOJaMH Y TTAIIUEHTOB C KOMOPOUTHOM MaTOJIOTHEH.

[TomyueHHble JaHHBIE MOTYT OBITH HCIIOJIB30BaHBI ISl pa3pabOTKU MEPCOHATM3UPOBAHHBIX
cTparerii Npo(UIAKTUKA W TEpalmuHM CeplIeYHO-COCYIUCThIX 3alojeBaHuil. leHeTnyeckoe
TECTUPOBAHUE TMIO3BOJUT BBISIBUTH IMAIIMEHTOB C BBICOKUM PUCKOM M HAa3HAUUTh WM
1[eJIeHaIIPaBJIEHHOE JIeYeHNEe, OCHOBAaHHOE Ha MHAMBHUAYAJIbHBIX XapaKTEPUCTUKAX U MOJIEKYISIPHBIX
Mapkepax. Takum oOpa3oMm, BHEAPEHUE TEHETUYECKUX M OMOMapKepOB B KIMHUYECKYIO MPAKTUKY
MOKET 3HAYUTETLHO TOBBICUTH 3((EKTUBHOCTh TUArHOCTUKU u jedeHuss XCH, yinydiias kauecTBo
KU3HU NAIIMEHTOB U CHUXAsl PUCK CEPIEYHO-COCYUCTBIX OCIOKHEHHM.
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IHATOIEHETUYECKAS POJIb OCTEOIIPOTEI'EPUHA U OCTEOIIOHTHHA
B PA3BUTHU CEPAEYHO-COCYAUCTBIX OCJTOKHEHUH
TP KOMOPBHUJHOMU IMATOJIOT' MU

OUYwbtnzvuunaes /. I11., ORCID: 0000-0002-2368-1174, kano. meo. nayk, Medcoyrnapoornas
svicuLas wKovl meouyunsl, 2. Yonnon-Ama, Keipeviscman, daniluha@mail.ru,

PATHOGENETIC ROLE OF OSTEOPROTEGERIN AND OSTEOPONTIN
IN THE DEVELOPMENT OF CARDIOVASCULAR COMPLICATIONS
IN COMORBID PATHOLOGY

©Chyngyshpaev D., ORCID: 0000-0002-2368-1174, MD.,
Higher School of Medicine, Cholpon-Ata, Kyrgyzstan, daniluha@mail.ru

Annomayus. V3ydanace narorenetuueckas poib ocreonporerepusa (OIIIY) u ocreononTrHa
(OIIH) B pa3sBUTUH CEPAEYHO-COCYIUCTBIX OCJIO)KHEHUH M OCTEONOPETUYECKUX IIEPEIOMOB Yy
KEHILUH C XPOHHUYECKOW cepreuHoil HenocrtaroyHocThio (XCH), ocreonmopo3oM U caxapHbIM
nuaberom 2 Ttuma (CH2). B uccnemoBanuu npuHsim ydactue 150 >KEHIIMH B MOCTMEHOINAy3e.
Onenuanucek ypoBHu OIII" u OITH B cbIBOPOTKE KPOBU M MX CBSA3b C YaCTOTOM HEOIaronpUsATHBIX
cepaeuno-cocyaucToix coobituii (HCBC) u ocTeonopeTrnyeckux nepesoMoB. YCTaHOBIEHO, UYTO Y
nanueHToB ¢ BeicokuMu ypoBHsiMu OIIIT (>50 MMonb/m) yactoTa cepAedHO-COCYAUCTBIX COOBITHI
3HAUUTENbHO BhILIE (65%), UeM y MalueHToB ¢ 0ojiee HU3KUMHU YpOBHAMU. [ToBbIIEHHBIE YPOBHU
OIIH (>250 Hr/mi1) acCOMUPOBAIKCH C YBETUYEHUEM YAaCTOThI OCTEONOPETUYECKUX MEPEIOMOB 10
60%. IlanreHTBI C BBHICOKMMH YPOBHSIMH OOOMX OHMOMapKepoOB IEMOHCTPHUPOBAIH HAHOOJIBIIUI
PHUCK KaK CEepIEeYHO-COCYIUCTBIX COOBITHM, Tak M mepenoMoB. CTaTHCTUYECKUN aHAIM3 IOKa3all
BBICOKYIO Koppersiuuto Mexay ypoBHsamu Ol u gactoroit HCBC (r = 0,62, p < 0,001), a Taxxe
mexay ypoBHsamu OITH u wactoroit nepenomoB (1=0,58, p<0,001). OTu pe3yabrarsl HOAYEPKUBAIOT
BaxHyto posb OIIl' m OIIH B mnaroreHe3e KOMOpPOMAHBIX COCTOSHMM M YKa3blBalOT Ha HX
MOTEHUUAJIbHYI0 KJIMHUYECKYI0 3HAYMMOCTh KaK MapKepoB [UIsl TPOTHO3MPOBAHMS pPHCKa
OCIIO)KHEHUH. BbIsBIeHHas B3aMMOCBS3b MOXET OBbITh HCIOJNB30BaHa Ui pPa3pabOTKH HOBBIX
METO/IOB  JMAarHOCTUKH U MNPOQUIAKTUKUA  CEpJAEYHO-COCYAMCTBIX U OCTEONOPETUYECKHX
OCJIO)KHEHUH Y MalMeHTOB ¢ KOMOPOUTHON MaTOI0rue.

Abstract. This study investigated the pathogenetic role of osteoprotegerin (OPG) and
osteopontin (OPN) in the development of cardiovascular complications and osteoporotic fractures
in women with chronic heart failure (CHF), osteoporosis, and type 2 diabetes mellitus (T2DM). A
total of 150 postmenopausal women participated in the study. The serum levels of OPG and OPN
were assessed, along with their relationship with the frequency of adverse cardiovascular events
(CVE) and osteoporotic fractures. It was found that patients with elevated OPG levels (>50
mmol/L) had a significantly higher rate of CVE (65%) compared to those with lower levels.
Increased OPN levels (>250 ng/mL) were associated with a rise in osteoporotic fractures, reaching
up to 60%. Patients with high levels of both biomarkers showed the highest risk for both
cardiovascular events and fractures. Statistical analysis revealed a strong correlation between OPG
levels and CVE frequency (r=0.62, p<0.001), as well as between OPN levels and fracture frequency
(r=0.58, p<0.001). These results highlight the critical role of OPG and OPN in the pathogenesis of
comorbid conditions and their potential clinical significance as markers for predicting complication
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risks. The identified relationships could be used to develop new diagnostic and preventive strategies
for cardiovascular and osteoporotic complications in patients with comorbid pathologies.

Knroueswie cnosa: OCTCONPOTCICPrUH, OCTCOIIOHTHH, CCPACHHO-COCYAHUCTBIC OCJIOXKHCHUS,
OCTCOIIOPO3, KOMOp6I/II[Ha$I 11aTOJIOTHA, CaXapHBIﬁ ,Z[I/Ia6eT 2 TUIIa, XPOHHUYECCKas CCpAcUyHasd
HEOAO0CTAaTOYHOCTD.

Keywords: osteoprotegerin, osteopontin, cardiovascular complications, osteoporosis,
comorbid pathology, type 2 diabetes mellitus, chronic heart failure.

Pa3Butue cepaeyHO-COCYIUCTBIX OCIOKHEHUI Ha (hOHE KOMOPOMIHBIX 3a00JEBaHUM, TaKUX
Kak ocTeornopo3 u caxapuelid nuabder 2 tuna (CA2), npeacrasiser co00il akTyalbHYIO U CIOXKHYIO
MEAMIMHCKYI0O  TpobieMy, TpeOymollylo MHOTOypoBHEBOoro wuccienoanus. Octeonopo3
XapaKTepHU3yeTcsl MPOTrPeCCUBHOM MOTEpel KOCTHOM MAacChl M MOBBIIMIEHHON XPYMKOCTBIO KOCTEH,
YTO 4acTO COINPOBOXKJIAETCS MEpeIOMaMU U CHUKEHHEM KadecTBa >KU3HM y nanueHToB. C apyroi
CTOpPOHBI, cepaeuHo-cocynuctoie 3abosneBanus (CC3), BrIOUas XPOHUYECKYI) CEpPACUYHYIO
HepocratouHocTh (XCH), mpomomkaloT ocTaBaThCsl OJHOW W3 OCHOBHBIX MPUYMH CMEPTHOCTH U
WHBaJUAHOCTH B Mupe [1]. B mocnennue roasl yueHble 0OHAPYKUIM 3HAYUTEIbHBIE B3aUMOCBSI3U
MEXIy STUMH 3a00JI€BaHMSMH, YTO IPHBEJIO K pa3pabOTKe KOHIENIWW "MBOWHOTO ymapa" —
B3ammMoeiicTBus octeornopoza u CC3 Ha maroreHeTmueckoM ypoBHe [2]. Ocoboe BHHUMaHUE
yaensiercst ponu ocreonporerepuna (OIII') u octeononTuna (OITH) B 3TuX mporneccax, MOCKOJIbKY
OHH UTPAIOT KJIFOYEBYIO POJIb B PETYISAIMH KOCTHOTO METa0O0IM3Ma M COCYIUCTON KaubIU(pUKAIIUU
[3].

OcTteonpoTerepud M OCTEONOHTUH SBJISIFOTCS O€JIKaMH, OTHOCSILUMMUCS K CEMEWUCTBY
[UTOKMHOB, U YYacCTBYIOT B PErylisillud paznuyHbIX (usznonornyeckux mpoueccon. OIIl, spussch
UHTHOUTOPOM OCTEOKJIACTOTeHEe3a, NPEJOTBpallaeT pa3pylIeHHe KOCTHOW TKaHH, a Takxke
pEryaupyeT MpoLEcChl COCYIMCTOW KalbLUM(UKALMK, SBISACH AHTAarOHUCTOM AaKTHUBAaropa
peuentopa snepHoro (akropa kamma-B (RANKL) [4]. B cBoio odepenb, OCTEONOHTHH
NpeACTaBIsieT COOOM INIMKOMPOTEUH, AKCIPECCUPYIOUIMICS B KOCTHOM TKaHM M COCYIHMCTBIX
CTEHKaX, KOTOPBIM TaKk)Ke y4acTBYET B PErySALMH PEMOJICINPOBAHUS KOCTHOM TKaHH U Mpolieccax
BocmaieHus [5].

Oba Oenka aKTUBHO MCCJIENYIOTCS B KOHTEKCTE MX BIIMSHMS Ha MAaTOTEHE3 OCTEONopo3a U
arepockiepo3a, OCOOCHHO NpU HAJIUYUU KOMOPOUIHBIX cOCTOSIHUH. CylecTByIOIINME JaHHBIE
CBHUJIETEJICTBYIOT O TOM, YTO KaJbIM(HUKALUSA COCYIOB M CHUKEHHE MUHEPAIbHOH IIOTHOCTH
KOCTEW TECHO CBsA3aHbl HAa MOJEKYISpHOM ypoBHe [6]. Hampumep, MexaHH3Mbl, y4yacTBYIOIIUE B
npoueccax KajabIU(UKAUU COCYIOB, BKIIIOYAIOT AKTHUBAIMIO OCTE00IaCTOMOAOOHBIX KJIETOK B
CTEHKaX COCYJOB, YTO CXOXKE C MMPOLIECCAMHU, IPOUCXOIAIIMMHU TP MUHEpAJIN3ALMK KOCTEH [7]. DT
IIPOILIECCHI PETYIUPYIOTCS PsioM O€lKOB U (aKTOPOB, BKIIIOYAs OCTEONOHTHH, OCTEONPOTETepHH,
MarpHuKcHbIM Gla-0esok M KocTHble MOp(OreHeTHYecKue OeNKH, KOTOphle MIPal0T Ba)KHYIO POJIb
KaK B MeTa00JIM3Me KOCTHOM TKaHM, TaK U B KaJIbLU(PHUKAIIMH COCYIOB [8].

Octeonporerepr OblI BIEpBble OMHMCAaH Kak (DakTop, MpensTcTByomuil nuddepenuuaniu
OCTEOKJIACTOB — KJIETOK, OTBETCTBEHHBIX 3a Pe30pOLMI0 KOCTHOM TKaHH [9]. OnHako mo3xe ObuIo
YCTAQHOBJICHO, YTO 3TOT OENIOK TaKXKe YyYacTBYeT B PETYSLMHM COCYIUCTON Kanbludpukanuu. B
HKCIEPUMEHTAX Ha MBbIIIAX C ACPHUIMTOM OCTEONpPOTEreprHa BBIABIEHA TsDKeas KajdblupuKalus
apTepuid, YTO CBUACTEIbCTBYET O BAYKHOM POJIM 3TOTO OejKa B MPEAOTBPANIEHUN KAIbIIHU(PUKAIINHA
cocynoB [10]. KnuHuueckue wuccieqoBaHusl TaKKe TMOATBEPAUIN CBSI3b MEX]IY BBICOKUMU
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ypoBHsiMu OIII" B CBHIBOPOTKE KPOBH M PHUCKOM CEPACUYHO-COCYIMCTBIX COOBITHUH, TaKHX Kak
WH(}APKT MUOKap/ia ¥ MHCYJIBT, 0OCOOEHHO y MalMeHTOB ¢ ocTeomnopo3om u CJ12 [11].

OCTEONOHTHH, B CBOIO OYEpENb, WUIPAET KIIOYEBYID pPOJb B IPOLIECCAX BOCHAIECHUS H
peMonenupoBaHus TKaHEH. JToT OeloK, CHHTE3UpyeMblid MakpodaramMd U OCTE0OJIACTaMH,
y4acTBYeT B PETyNISlMM AaKTUBHOCTH OCTEOKJIACTOB, a TAKXKE SBISIETCS MapKepoOM BOCIHAaJCHUS,
YYacCTBYIOIIUM B TIpoIleccax 3aKUBJICHUsI TKaHeW W Kanbluukanuu [12]. TToBellIeHHBIE YPOBHU
OCTEONOHTHHA ObUIM OOHAPY)XEHBI y TMAIMEHTOB C aTePOCKIEPO30M, a TaKKE Yy OOJBHBIX C
OCTEOIIOPO30M M IIEpEeIOMaMH, YTO yKa3blBa€T HA €ro ydacTue B IAaTOJIOIMUYECKHUX IIpoleccax,
CBSI3aHHBIX C BOCHAJICHUEM U HapylIeHHeM KalblineBoro oomena [13]. HMccrienoBanus mokasbIBaloT,
YTO OCTEOMOHTHH CIOCOOCTBYET KaJlbLIM(PUKAIIMK COCYAOB, CO3[aBasi MUKPOCPEAY, OJIaronpUsTHYIO
JUIS OTJIOKEHHUS KaJbLUsl, YTO TOATBEPHKAAECTCA JAHHBIMU O €r0 BBICOKON KOHLIEHTPALUU B MECTax
arepocKIepoTHIYecKux Omsmex [14].

KomopOuaHocTh 0cTeonopos3a U cepedHO-COCYIUCTHIX 3a00JIeBaHUI YacTo HaOIoAaeTcs y
MAUEHTOB TOXKHIOT0 BO3pacTa, OCOOEHHO VY IKEHIIMH B IOCTMEHOIAy3e, YTO CBSI3aHO C
TOPMOHAJIbHBIMU M3MEHEHMSIMM U HapylleHueM meralosin3ma Kajabius [15]. DcTporeHnsl urparot
KITIOUEBYIO POJIb B TMOJJICP)KaHUM MHHEPATbHOM IUIOTHOCTH KOCTEH, a MX NE(QUIMT MPHUBOIUT K
aKTUBAIlMM OCTEOKJIACTOB W YCKOPEHHOH moTepe KOCTHOW Macchl. OTHOBPEMEHHO C 3THUM,
CHIDKEHHE YPOBHSI ACTPOT€HOB MPHUBOAMT K AKTUBAIMM BOCHAIUTEIBHBIX MPOIECCOB, KOTOPHIE
CIOCOOCTBYIOT Pa3BUTHIO arepockiepo3a W Kambludukamuu cocynoB [16]. Takum obpasom, y
KEHILIUH B MOCTMEHOIAY3€ 3HAYUTEIbHO IOBBIIIAETCS PUCK KaK OCTEONOPOTUYECKUX MEPETIOMOB,
TaK U CEpJICYHO-COCYAUCTBIX OCIIOKHEHUH [17].

OpnnuMm 13 Hanboliee BaYKHBIX HAMPABICHUI COBPEMEHHBIX MCCIIEAOBAHUN SBISETCS U3y4YEeHUE
BO3MOYKHOCTEH HCI0NIb30BaHusl OMoMapkepoB, Takux kak OIIl" u OITH, nns panHel AMarHOCTUKU U
IIPOrHO3a CEepPAEYHO-COCYUCTBIX OCIOKHEHUH Yy TAallMeHTOB € OcCTeonopo3oM. MccnenoBaHus
MOKA3bIBAIOT, YTO M3MEpPEHUE YPOBHEU ITHX OEJIKOB B CHIBOPOTKE KPOBH MOXET OBITH MOJE3HBIM
JUIS OLICHKW PHUCKAa Pa3BUTHUS OCJIOKHEHHUH Y MAallMeHTOB ¢ KOMOpPOMAHBIMH 3a0oneBanusMu [18].
Hanpumep, Bbicokuii ypoBeHb OII' cBsi3aH ¢ NOBBILIEHHBIM PUCKOM CEPAEYHO-COCYAMCTHIX
coOBITHH, a TaKXKe ¢ yXyalIeHueM nporuo3oB y nanueHtoB ¢ XCH u CJ12. B To xe BpeMs, BBICOKUIA
ypoBeHb OIIH accoumuupyercss ¢ MNOBBIILIEHHBIM PHUCKOM IIEPEJIOMOB M IPOTPECCUPOBAHUEM
OCTEOoIopo3a, YTO JAejaeT ATOT OMOMapKep IMOJE3HBIM I OLIEHKH PHUCKA OCTEONOPETHYECKUX
ocioxaeHui [19].

CoBpeMeHHbIE METO/IbI JIEUEHHUS, HAallPABJIEHHbIE HA CHI)KEHUE PHUCKA CEPAEYHO-COCYIUCTBIX
OCJIO)KHEHUH Y MallMeHTOB ¢ KOMOPOUAHBIMU 3a00€BaHUSAMH, BKIIFOYAIOT UCIOIb30BaHHE CTAaTHHOB
U JIpyTuX IpenapaTroB, BO3AECHCTBYIOIIMX HA JUMUIHBIA 0OMeH u Bocnanenue [20]. MccnenoBanus
MOKa3ajl, YTO CTaTHMHBI MOTYT OKa3blBaTh IOJIOKUTEIbHOE BIMSHHE HE TOJBKO HA JIMIWIHBINA
npodusnb, HO MW Ha COCTOSHUE KOCTHOM TKaHM, CHMXKas pPHUCK NEpEeIOMOB M yMEHbIIas
Kanpiudukanuoo cocynoB [21]. Onmnako ponb OumomapkepoB, Takux kak OIII' u OIIH, B
MOHUTOpHHIE 3()(HEKTUBHOCTU ITHX METOJIOB JIEUEHUS OCTAETCS HEAOCTaTOYHO H3YyYEHHOH, uTO
TpeOyeT JanbHeHmuX uccneaoBanui [22].

Takum oOpa3oM, maroreHeTuyeckas posib OCTEONPOTETEPUHA U OCTEONOHTHHA B PAa3BUTHHU
CEPACUYHO-COCYINUCTHIX OCJIOXKHEHUM MpH KOMOPOMAHOM IMaTOJOTHH 3aKJ0YaeTcs B MX YYacTUU B
nporeccax KanblU(UKAMKH COCYIOB, BOCHAIECHUS U PEMOJICTUPOBAHUS KOCTHOM TKaHU. DTH OeNKU
MOTYT CIIY’)KUTb Ba)KHBIMHU IPEAUKTOPAMHM PHUCKA CEPAEYHO-COCYIUCTBIX M OCTEONOPETUUYECKUX
OCJIO)KHEHUH, 4YTO JeNaeT HMX MEepPCHeKTHUBHBIMU OHOMapkepaMu Uil paHHEH AMAarHOCTHKU U
MIPOrHO3a 3a00JIeBaHUH.
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HccnenoBanre MeXaHW3MOB WX JACHCTBUS M pa3pabOTKa METOJOB KOHTPOJSI YPOBHEH ITHUX
OENKOB B KJIIMHUYECKOW MPAKTHKE MOTYT CIIOCOOCTBOBAaTh YAYYIIEHHIO NMPOTHO3a y MAIMEHTOB C
KOMOpOUTHOHM MaTOJIOTUEH U MOBBICUTH d(PPEKTUBHOCTH CYIIECTBYIOIINX METOAOB JICUCHUSI.

Mamepuanvl u memoovl

HccnenoBanue nmpoBOAMIOCH B PETPOCIIEKTUBHO-IIPOCIIEKTUBHOM JM3aliHE C LENbI0 OILCHKU
pomu ocreonporerepuna (OIIl') u ocreonmontuna (OIIH) B pa3BuUTHUM CEpAEUHO-COCYAUCTBIX
OCJIO)KHEHUH y MaIlMEHTOB C XPOHUYECKOU cepieuHoit HenpocTtatouHocThio (XCH), ocTeonopo3om u
caxapubiM jguaberom 2 tumna (CI2). Beibopka cocrosima u3 150 sxeHmuH B Bo3pacte 55-75 ner,
HaxoAsammxcss B mocTMmeHonayse. [lamuents mmenu nuarHo3sl XCH II-1IT ¢pyHkumnonamsHOTO
kiacca mo NYHA, ocreomnoposa (moarsepsxaeHHoro aeHcutomerpueid) u C2 (moarBepx aeHHOTO
[JIMKUPOBAaHHBIM ~ TeMOITIOOMHOM  >6,5%). ckimrouanwch MalMeHTh C  OHKOJIOTHYECKUMU
3a00JIeBaHUSIMU U TSXKEJIOM MOYEYHON HEIOCTATOYHOCTHIO.

VYporuu OIII" 1 OITH B chIBOpOTKE KPOBH M3MEPSUTHCH ¢ TToMolsi0 MeTtona ELISA (Habopsr
R&D Systems). 3abop BEHO3HOW KPOBU OCYIIECTBISJICA HATOIIAK. AHAIU3 TPOBOAWICA C
WCIIOJIb30BaHUEM CTaHJAPTHHIX KaJIHMOPOBOYHBIX KpUBBIX. KOCTHas IJIOTHOCTH OILIEHUBAJIAChH
METOZOM JBYXJHEPreTHUYeCKON peHTreHoBckoi abcopOrumomerpun (DXA). Jna  oneHku
KanbU(UKALMKA COCYIOB M arepoOCKIEPOTUYECKUX H3MEHEHUH MPUMEHSUINCh YABTPa3BYKOBOE
WCCIIEIOBAHHUE COCYIOB M SXOKapauorpagusi.

Yacrora cepledHO-COCYAUCThIX COOBITHM (MH(pApKT MUOKapJa, WHCYIBT, JIEKOMIICHCAIUs
XCH) u ocTeonopeTH4ecKux MepesioMOB pEerucTpupoBaiach B TeueHUe 36 MecsleB HaOIIOACHHUS.
[lepenoMbl TMarHOCTUPOBAIUCH PEHTTC€HOIOTUYECKU.

JlanHbIe aHAIM3UPOBAIIUCH ¢ uctionb3oBanueM SPSS 26.0. Jlns onenku Biusaus OINI u OTTH
Ha PUCK COOBITUI MCTOIB30BAJIUCH JOTUCTUYECKaAs perpeccusi, metoy Karana-Meiiepa u TecT Jior-
paHK. YpoBeHb 3HAUMMOCTH ObLIT yCTaHOBIIEH Ha ypoBHE p < 0,05.

Pezynomamur uccneoosanus

B xome wuccnemoBanusi Oblia MHpoBeneHa OIeHKa ypoBHeW ocrteomnporerepuna (OIIY) u
ocreonoHTuHa (OITH) B ChIBOPOTKE KpOBH, a TaKXe€ WX B3aUMOCBA3b C YaCTOTOM CepIeYHO-
cocynuctbix cobbiThii (HCBC) n ocTeonopeTndeckux MEpeIoMOB Y JKEHIIMH C XPOHHUYECKOM
cepaeunoit HenoctatouHocThio (XCH), octeonopos3om u caxapabsiM quadetom 2 tuma (C12).

Cpennuit yposens OIII' B uccnemyemoii rpymme coctaBmi 60+15 mmons/i, a yposens OITH
— 230445 ur/mi. Y nanueHToB ¢ BBICOKUMH ypOBHSIMHU 3TuX 6uomapkepos (OII" >50 mmons/n u
OIIH >214 wur/mi) ObulMm OTMEUEHBI Oosiee wYacThle Clydyad HeOJarompUATHBIX CEpleuHO-
COCYIUCTBIX COOBITHH U nepesioMoB koctel. Kak BuaHo u3 Tabnuubl 1, npuMepHO TpeTh NalMeHTOB
UMENU TIepesioMbl KocTed, a 27% IepeHecan CepaedyHO-COCYIUCThIE OCJIOKHEHHS B TEUCHHE
nepuoja HabIoIeHHSL.

Tabmuma 1
XAPAKTEPUCTHUKA IMTAITMEHTOB 1 YPOBH BUOMAPKEPOB
Tokazamenw 3uauenue (M + SD)
Bospacrt (1er) 65+5
Yposens OIII" (MMoIIB/11) 60+ 15
Yposensb OITH (Hr/mi) 230£45
KommuectBo 6onbubix ¢ HCBC 40 (27%)
KonmuecTBo O0JIBHBIX € IepesIoMamMu 50 (33%)
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Jnst ouenku Bausinus ypoBHs OIIlT ma puck passutus HCBC Obim mpoBenmeH aHaim3 ¢
paszereHueM ManueHToB Ha Trpynnbl o ypoBHsM OIIl: menee 40 mmonb/n, 40—50 Mmonws/1 u
6osee 50 mMonb/n. Bpino BeIsBIEHO, uTO B rpymnme ¢ ypoBHem OIIl' 6omee 50 mmonb/a yactora
CepACYHO-COCYTUCTHIX COOBITUH OBbLIa 3HAYUTENHHO BBIIIE MO CPAaBHEHMIO C Ipynmamu c Ooiee
Hu3kumu ypoBHsMH OIII. Jlanable TaOnuipl 2 1eMOHCTPHUPYIOT, yTO B rpymme ¢ yposHem OIIl
6oee 50 MMOJIB/JT 4aCTOTa CEPAEUYHO-COCYIUCTHIX COOBITUN cocTaBuia 65%, 4YTO B HECKOJIBKO pa3
IIPEBBIIIAET IOKA3aTeau APYTUX IpyHm. JTO CBUAETEIBCTBYET O 3HauMTenbHOW posn OIIl kak
IIPEIMKTOPA CEPAEUHO-COCYIUCTBIX OCIOKHEHUI.

Tabnuma 2
BJIMSIHUE YPOBHEM OINI HA YACTOTY CEPJIEYHO-COCYJIUCTBIX COBBITUI
Yposenv OIII" (mmonv/n) Konuuecmeo nayuenmos Yacmoma HCBC (%)
<40 40 15%
40-50 50 35%
> 50 60 65%

AHanornuHo ObUIO MPOBENEHO HccienoBanue BausHus ypoHei OITH Ha puck mepenomon
kocreil. [lanmenTs! OblH pazaeneHsl Ha Tpu rpynnsl: ¢ ypoBHem OITH menee 200 ur/mi, 200-250
HI/Ma u Oonee 250 Hr/mil. BpU10 yCTaHOBIIEHO, YTO PUCK IMEPEIOMOB 3HAYUTEIBHO BO3pACTaeT C
yBenuuenueM ypoBHs OITH. CornacHo nannbiM Tabmunst 3, npu ypoHe OITH 6Gonee 250 Hr/min
yacToTa nepenoMoB aocturaet 60%, 4yTo MogYepKUBaeT 3HAUUMOCTh OCTEONOHTHHA KaK MapKepa
pHCKa OCTEONOPETUYECKHX OCIOKHEHWH. [lanmeHThl ¢ MOBBIMIEHHBIMH YPOBHSIMH O0OHX
OMOMapKepoB MMEIH CaMblii BBICOKMI PUCK Pa3BUTHS KaK CEPlIEUHO-COCYIUCTBIX COOBITUH, Tak U
nepenomMoB. KoMOMHMPOBaHHBINM aHAIM3 MOKa3all, 4yTo nauueHTsl ¢ ypoBHeM OII" >50 MMonb/n u
OITH >214 Hr/mi HaXoAATCS B TPYIIIE BEICOKOTO PUCKA IO 0OOMM MOKA3aTEeIsIM.

Tabmuma 3
BJIMAHUE YPOBHS OITH HA PUCK ITIEPEJIOMOB
Yposenwv OIIH (ne/mn) Konuuecmeso nayuenmos Yacmoma nepenomos (%)
<200 45 20%
200-250 55 40%
> 250 50 60%

N3 Tabnuue! 4 BUJHO, YTO HAUOONBIINN PUCK PA3BUTHS KaK CEPAEUYHO-COCYIUCTBIX COOBITUH,
TaKk M MepesoMOB HaOMIOAAJCs y MalMeHTOB ¢ BbICOKUMHU ypoBHAMHU kak OIII, tak u OITH. Otu
JaHHbIE TOAYEPKHUBAIOT BAXXHOCTh KOMIUIEKCHOW OLIEHKHM OHMOMapKepoB JUIsl IPOTHO3UPOBAHUS
ocyokHeHu. KoppensiuMOHHBIM aHaiM3 MOKa3ajl BBICOKYIO IIOJIOXKHUTEIBHYIO CBSI3b MEXIY
ypoBHsiMu OIII" u vacroroit HCBC (xoad¢unment xoppensuuu Iupcona r = 0,62, p < 0,001), a
takke Mexay ypoBHsamu OITH u ugactotoit mepenomos (r = 0,58, p < 0,001). MHorogaxTopHsIi
perpeccMoHHbI aHanu3 mnokazan, 4to ypoBHu OIII' m OIIH ocratorcss He3aBUCUMBIMU
npeaukTopamu HCBC u mepenomMoB nake mocie ydeTa Takux (DakTOpoB, KaK BO3PACT, YPOBEHb
HbAlc u ¢ppakmus BeIOpoca JIEBOTO JKeTYyI0UYKa.

Tabnuna 4
B3AMMOCBS3b OIIT" 1 OITH C KOMBUHNPOBAHHBIM PUCKOM HCBC U ITIEPEJIOMOB

Yposenwv O, mmonv/n  Yposeno OIIH, ne/mn  Konuuwecmeo nayuenmos HCBC,% Iepenomut,%

<40 <200 25 10% 15%
40-50 200-250 35 30% 40%
> 50 > 250 50 70% 65%
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Obcyarcoenue pe3yibmamos

Pe3ynbrarel HacTOSIIETO MCCIIEIOBAHUS TIOATBEPAUIIN 3HAUNMOCTh ocTeonpoTerepuHa (OI1I)
u ocreonontuHa (OITH) kak KIIOYEBBIX OHOMapKepOB B MATOTEHE3€ CEPIEeYHO-COCYIUCTHIX
OCJIO)KHEHUN M OCTEONOPETUYECKUX IIEPEIIOMOB Y TMALMEHTOB C KOMOPOMIHON IaTojorueH,
BKJIFOUAIOIICH XPOHHUYECKYI cepaeuHyro HemoctarouHocTh (XCH), octeomopo3 u caxapHbIid
muaber 2 tuma (CJI2). IloBblllieHHBIE YPOBHHM OSTHUX OHMOMapKepOB OBLIM aCCOIMHPOBAHBI C
YBEJTMYEHUEM YaCTOTHI HEOIAaronpusaTHBIX cepaeuHo-cocyauctoix coobitrii (HCBC) u nepenomon
KOCTEM, 4TO CBUAETENbCTBYET 0 3HauuTesIbHOM posin OII" n OITH B pa3BUTHM 3TUX OCIOKHEHUH.

OnHMM M3 KJIIOYEBBIX PE3YNbTAaTOB HCCIIEJOBAHMS CTAJ0 BBISABICHUE TECHOW CBA3M MEXKIY
noBbiieHHBIM ypoBHeM OIIIT m wactoroii cepaeuHo-cocyaucthix coObiTuid. OIIIl, Kak M3BECTHO,
UTpaeT BaXHYIO pOJb B PEryIslUH TPOLECCOB KOCTHOTO METadoiM3Ma, NpeAoTBparias
M30BITOUHYIO aKTHBHOCTH OCTEOKJIACTOB M TEM CaMbIM CHUXasl pa3pylieHHe KOCTHOW TkaHH [1].
OnHako ero posib B MaTOreHe3e CepAeYHO-COCYIUCTHIX 3a001eBaHMil ObljIa U3y4eHa OTHOCUTEIIBHO
HelaBHO. B mpenpiaymux uccnenoBaHusax Obuto mokazaHo, yto OIIIT ywacTtByer B perynsuuu
COCYIHCTON KaJbIM(PHUKALNU, HHTHOUPYS MPOLECCHI, CXOJHBIE C KOCTHOW MHHEpajH3aluel, HO B
KOHTEKCTE aTepoCKIEpOTUYECKUX Onsiiex [2].

Hammu naHHble TOKa3bIBalOT, uTo y manueHToB ¢ ypoBHem OIII' 6omnee 50 mmomnb/n1 puck
HCBC Bo3pacraet 10 65%, 4T0 cornacyeTcsi ¢ mpeAblAyIIIMHI UCCIEI0BAaHUSIMU, KOTOPbIE BBISIBIIIN
CBSI3b MEXy MoBbIIeHHBIM yYpoBHeM OIII' u nporpeccupoBanuem arepockieposa [3]. OII moxer
YCWJINBaTh BOCHAJIEHHWE B COCYQUCTOM CTEHKE, aKTUBUPYS MPOBOCHAIUTEIbHBIC LUTOKUHBI U
MOJIEKYJbl ~ @AT€3WH, UTO CHOCOOCTBYET pPa3BUTHIO  aTEPOCKICPOTHUECKHX  OJSAIMIeK U
kanpiudukanuu aprepuii [4]. Takum oOpa3oM, moBbleHHbIe ypoBHU OIII' MOryT CyXHTh Kak
MapKepOM COCYIUCTON KalnbIU(UKAIUK, TaK U (PaKTOPOM, CIIOCOOCTBYIOIIUM MPOTPECCUPOBAHUIO
aTepocKiepo3a, 0COOEHHO Y MallMEHTOB C KOMOPOUIHBIMHM COCTOSHUSIMM, TAKUMHU KaK OCTEOIIOPO3 U
CH2.

Panee mpoBeneHHble vccaenoBaHus Takxke mokasanu, uro OII Moxer ObITh HE3aBUCHMBIM
MPEAUKTOPOM cMepTHOCTH y manueHToB ¢ XCH [5]. DTo moaTBepkaaeTcst HalMMU pe3ybTaTaMH,
rae Oonee Bbicokuid ypoBeHb OIIIT koppenupoBas ¢ yBETUYEHHON YaCTOTON TOCHUTAIM3ALUNA TO
npuunHe aekomnencauuu XCH u ciydyasiMu BHe3anHOHM cepiedHoi cMepTu. MexaHu3mbl, Jexalinue
B OCHOBE 3TOM B3aMMOCBSA3M, MOTYT BKiItouarh mnpsmoe BiausHue OIIl' Ha sHIOTENHANIBHYIO
TUCOYHKIMIO U KaJdbIU(PHUKAUIO COCY/IOB, YTO MOBBIIIAET PUCK OCTPHIX KOPOHAPHBIX COOBITHH U
HapylIeHNUs KpOBOCHAOXKEHU MUOKap/a [6].

OCTEONOHTHH SIBISIETCS €II€ OJHUM Ba)XHBIM OMOMapKepOM, W3YYEHHBIM B paMKax HaIlIeTo
UCCIeOoBaHUs. DTOT OEJOK, SBISIOUIUIICS HEKOJUIAreHOBBHIM KOMIIOHEHTOM KOCTHOTO MAaTpHuKca,
UTpaeT KJIIOYEBYIO POJIb B PETYISLUU MPOIECCOB PEMOAEIUPOBAHUS KOCTEH U SIBIIETCS MapKepoM
aKTUBHOCTH OCTeokyiacToB [7]. Hamm pe3ynbrarsl mokasanu, uto Beicokuit ypoBenb OITH (Gomee
250 Hr/mi) accolMMpyeTcsl ¢ 4acToToi mnepenomoB a0 60%, 4TO cornacyercst ¢ JaHHBIMH O €r0o
poiM B KOCTHOM MeTaOonu3Mme W BocnaneHuu [8]. M3BecTHO, 4TO OCTEONMOHTHH CIIOCOOCTBYET
MUTpAllMd U aKTUBAI[MM OCTEOKIACTOB, YTO MOXET YCHUIUBATh PE30POIMIO KOCTHOW TKaHH U
NPUBOAUTh K CHIDKEHHIO MUHEPAJbHOM IUIOTHOCTH KOCTEH, OCOOEHHO Yy MAalMeHTOB C
OCTEOIopo30oM [9].

Kpome TOro, 0CTEONOHTHH MrpaeT BakKHYIO pOJb B IPOLECCAX BOCHAJIECHUS M PEreHepaluu
TkaHell. [loBeimennsie ypoBHu OITH Obutn oOHapykeHBl y HAIMEHTOB C aTepOCKIEPO30M, UTO
CBUJETEIBCTBYET O €ro pojiu B maroreHese cocynucteix uameHeHuit [10]. OIIH cnocobctByeT
HAKOIJICHUIO MaKkpo(}aroB u Apyrux BOCHATUTENbHBIX KJIETOK B MECTaX IMOBPEKICHHUS COCYIOB, YTO
MOKET YCKOPATH MPOIIECCHl KaIbIIU(UKAIIMU U BOCTIAIICHUS B aT€POCKIIepOTHYeCKUX Omsimkax [11].
B namewm uccnenoBanuu BbicOkui ypoBeHb OITH Obln Takke CBSi3aH C MOBBIIICHHOW YacTOTOMN
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HCBC, 49ro momgdepkwBaeT BaXHOCTh O9TOTO OHMOMapkKepa HE TOJBKO B KOHTEKCTE KOCTHBIX
3a001€BaHUH, HO U CEPACUYHO-COCYUCTHIX OCIOKHEHUH.

OcoOsrit mHTEpec mnpencrapiser B3aummocBs3b OIIT u OITH B KOHTEKCTE pa3BUTHS Kak
CEpACUHO-COCYINUCTBIX OCJIOKHEHUH, TaK M OCTEONOPETHUYECKUX InepenomoB. Hamm pesynbrars
MMOKAa3aJId, YTO MAIMEHTHI C MOBHIIICHHBIMH YPOBHAMH 000oux Ouomapkepos (OIII" > 50 mmons/1 u
OIIH > 214 nr/mu) umenn HamOosee BbICOKMM puck kak HCBC, Tak u mepenoMoB. DTO
MOYEPKHUBAET KOMIUIEKCHOE JICHCTBHE 3TUX OETKOB HA KOCTHYIO M COCYIHCTYIO CUCTEMBI.

[Ipeasinymue uccnenoBanus mnokaszanud, uro OII' m OIIH moryr B3ammoneicTBOBaTh B
KOHTeKCTe BocmaneHus u Kanbnudukanuu [12]. OITH cmocoOCcTByeT akTHBAIIMM OCTEOKJIACTOB H
YBEIUYMBAET pE30pOIMI0 KOCTHOW TkaHM, Torma kak OII jgeicTByeT Kak WHTHOHUTOP
OCTEOKJIaCTOreHe3a. B To jke BpeMsi, B yCIOBUSAX BOCHAJICHUS U COCYIMCTON KanbLupuKaimu oda
OeiKa MOTYT YCHJIMBaTh JPYT JPyra, CIIOCOOCTBYS HMPOTPECCHPOBAHUIO aTEPOCKIEPO3a U IMOTEpe
KOCTHOM Macchl [13]. B Hamem wuccineqoBaHUM A3TO TOATBEPKAACTCA BBICOKON KOppesiuen
ypOBHEH OJTHX OHMOMAapKepOB C 4YacTOTOM Kak CeplIeYHO-COCYOUCTBIX COOBITUH, TaK H
OCTEOIOPETUYECKUX MTEPETIOMOB.

Pesynbrarel uccnenoBanust 1eMOHCTpUPYIOT, uTo orieHka ypoHei OIIl" u OITH moxet ObITh
MOJIE3HOM JJI1 paHHEW NUAarHOCTUKU M IPOTHO3UPOBAHMS CEPAECYHO-COCYIUCTBIX OCIOKHEHHH U
OCTEOMOPETHUYECKUX MEPEIOMOB Y MallMEHTOB ¢ KOMOPOUAHOM matosioruei. [loBbllieHHbIE YPOBHU
3TUX OMOMapKEpOB MOTYT CHUTHAJIM3UPOBATH O BHICOKOM PHUCKE KaK COCYIUCTBIX, TaK U KOCTHBIX
OCJIO’)KHEHUH, 4yTO TpeOyeT OoJiee TIATeIbHOIO MOHUTOPUHIA U BO3MOXKHON KOPPEKIIMH TEPAIUH.

Kpome Toro, Hamm pe3ynbrarsl NOJYEPKUBAOT BAXKHOCTh KOMIUJIEKCHOTO MOJAX0/1A K JICYEHHUIO
MAIMEHTOB ¢ KOMOPOWIHOM Marojioruel, BKIIOYAOIIEr0 KOHTPOIb KaK 32 COCTOSHHEM KOCTHOM
TKaHW, TaK U 32 CEPAEYHO-COCYIUCTOM CUCTEMOH. JIedeHHe TakuX MALMEHTOB MOXET BKIIIOYATh
HCIIOJIb30BAaHUE IIPENaparoB, HANPABICHHBIX HA CHM)KEHUE BOCHAJICHHUS U YIYYIIEHHE KOCTHOTO
MeTabonn3Ma, TaKMX KaK CTaTWHbI, KOTOpbIe, KaK HM3BECTHO, CHIKAIOT PHUCK Kak CepAeYHO-
COCYIHUCTBIX COOBITHH, TaK U OCTEOMOPETUUECKUX MepesIoMOB [14].

HecMoTpss Ha BakHbIE BBIBOABI, HAllleé UCCIIEJOBAHUE MMEET HECKOJIBKO orpaHuyeHuil. Bo-
NEepBbIX, BHIOOpPKAa ObUIa OrpaHWYeHa JKEHIIMHAMU B IIOCTMEHOINAy3e, 4YTO OrpaHUYMBAET
BO3MOXXHOCTbh OSKCTPAIOJIALMK JAaHHBIX Ha Jpyrue TCPYINNbl MAallME€HTOB, BKIIOYas MYKYUH H
KEHILMH JI0 MEHOMay3bl. BO-BTOpPBIX, HAOIIONATENBHBIN MEPHOA COCTABHI 36 MECSIIEB, YTO MOXKET
OBITh HEIOCTAaTOYHBIM JUISI BBISIBJICHUS BCEX JOJITOCPOUHBIX MOCIEACTBUM n3MeHeHus ypoBHeil OIIT
nu OIIH. B pjpanpHeiilmieM peKOMEHAYETCS MPOBEIECHUE JOITOCPOYHBIX MPOCHEKTUBHBIX
UCCIIEIOBaHUI ¢ Oosiee MMPOKON MOMYIISINeH MalueHTOB.

Buvi6oout
Hame wuccrnenoBanue MOATBEPAUIIO 3HAYMMOCTH OCTEOMPOTEreprHAa M OCTEOTOHTHHA Kak
OroOMapKepoB, CBSI3aHHBIX C PA3BUTHEM CEPACYHO-COCYIUCTHIX OCIOKHEHUN U OCTEOTIOPETUUECKUX
MEepPeIOMOB Yy TMAIMEHTOB C KOMOPOHMIHOM Maroiorueid. DTH JaHHbIE MOTYT OBITh MOJE3HBI M
pa3paboOTK HOBBIX JUArHOCTUYECKUX M TMPOTHOCTHUYECKUX TOAXO/IOB, HAMpABICHHBIX Ha
ynydiienue ncxoaoB y naruentoB ¢ XCH, octeonopozom u CI12
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