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MN3BJEYEHHUE METAJIJIOB U3 30JIbHBIX OTXO10B T31]

Abstract

AxmeroBa ML.A.

Mazucmpanm axyivmema ecmecmeeHHbIX HAYK;
HAO «Topaiievipos ynugepcumempy,

Pecnybnuxa Kazaxcman, e. I[lasnooap.
Macaxk6aeBa C.P.

K.X.H., npogheccop,

HAO «Topatievipos ynusepcumemy,

Pecnybnuxa Kaszaxcman, e. [lasnooap

The article provides a brief literary review on acid and alkaline methods of leaching metals from ash waste

from thermal power plants. The chemical composition of ash formed during the combustion of Ekibastuz coal in
the Pavlodar region has been investigated. The possibility of using this ash as a source of metals has been studied.
As a result of the research, it has been shown that the extraction of valuable elements is possible and relevant at

the moment.
AHHOTAUUA

B cratbe mpuBeieH KpaTKUid TUTEPATYPHBIA 0030p MO KUCIOTHBIM U IIEJIOYHBIM METO/IaM BBITIETauBAHHS
METaJUIOB U3 30JbHBIX 0TX010B TOLI. MccnenoBan XUMUYECKUI COCTaB 30J16I, 00Pa3YIOIIUICS B POIIECCE CHKU-
raads DKuOAcTy3CKOro yriisi Ha tepputopun [laBrmomapckoit oOmactu. M3ydeHa BO3MOXKHOCTh HCITONB30BAHMUS

,I[aHHOﬁ 30JIBI B KAYE€CTBE HCTOYHUKA METALII0B. B

pe3ysbTaTe I/ICCJ'IG,I[OBaHI/Iﬁ TOKa3aHO, YTO M3BJICUCHHS LCHHBIX 3JIECMECHTOB BO3MOXKHO U ABJIACTCA aAKTyaJlb-

HBIM Ha ,I[aHHLIﬁ MOMCHT.

Keywords: ash waste, rare earth elements, thermal power plant, acid leaching, alkaline leaching, mineral

acids.

KutioueBble cj10Ba: 30JIbHBIE OTXO/IbI, pEKO3eMeENbHbIE d5ieMeHThI, TOLl, KHUCIIOTHOE BhIlIeTIaunBaHue, II1e-

JIOYHOC BbIIIC/IAYUBAHNE, MUHEPAJIbHBIC KUCIIOTHI.

B Hacrosmiee BpeMs TP MPOMBIIUIEHHOCTH TETl-
n0BbIX sekTpoctannuii (TOLL) Kazaxcrana ocHOBHBIMU
OTXOJIaMH SIBJIAIOTCS 30JIbHBIE OTXOMBI. B cocTaBe 301161
coziepkatcs okcuibl MetauioB. Takue kak Al,Os, SiOy,
Fe203, MnO u npyrue, KOTopble MOTYT OKa3bIBaTh OT-
pHLIATENbHOE BO3JEHCTBHE Ha COCTOSIHUE OKpPYKarOIEH
Cpezbl, COCTOSIHUE MOJ3EMHBIX U IPYHTOBBIX BOA. 301b-
HBIE OTXOJIBI XPaHATCS Ha 30JI00TBAJIAX U He Tepepada-
TBIBAIOTCS, TEM CaMBIM 3aHUMAIOT OTPOMHYIO TEPPHUTO-
puto 3emiu[1, 2].

Ha nannblii MOMEHT UMeEETCs LIEIbl sl TEXHO-
JIOTHYECKUX PEIICHUH, IO3BOSIOMHX IPPEKTHBHO
YTUIU3UPOBATh HEKOTOPBIE BUABI 30JIbHBIX OTXOA0B U
U3BJIEKAaTh U3 HUX MOJIe3HbIE KOMIOHEHThI. Hanpumep,
C MOMOIIBIO BBIIIENAYUBAHUS MOXHO HU3BJIEKATh 30-
JIOTO, JTUTHH, BaHAJUH, BOMb(PaM, UTTPHUH, peaKo3e-
MEJIBHBIE U Jp. 3JEMEHThI. Tak, U3 30JIbHBIX OTXOJOB

9HEPreTUYECKHX yIileil BO3MOXKHO H3BJieKaTh 710 40—67
% tutana, 45-77 % 6epwntus, 70-87 % menu, 50-81
% wmapranua, 74-84 % wmpimbsika, 48—60% BaHagus u
62—83 % rammus [3]. B maneHeimem u3-3a CHUKEHUS
COJIEp>KaHUsl MOJIE3HBIX KOMIIOHEHTOB B pyJax, U3BJie-
YEHHSI METAJUIOB M3 30JIbHBIX OTXOJIOB OyIIET aKTyallb-
HBIM.

ChIppéM 711 MICCIEIOBAHUS SBISIIOTCS 30JIBHBIC
OTXOZBI. 30JIbHBIC OTXOIBI — 3TO MHUHEPAIHHOE TEXHO-
TeHHOE CHIpbe, KOTOPOE TMPENCTaBIsAeT coO0il MuHe-
PATBHYIO 9aCTh YT U SIBIISICTCS OCTATKOM ITOCIIE CXKH-
TaHusl MUHEPATbHBIX BEIIECTB, MO JICHCTBHEM OKHC-
JINTEJIbHBIX MPOLECCOB U BHICOKUX TEMIEPATYP.

CoznepxaHusi XUMHUYECKUX JIEMEHTOB IPU CXKUTa-
HUH yriiei nu3o0pakeHa Ha pucyHke 1.
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XUMH9eCKHe »PJISMEHTEI 1 COCOMNHCHH,
COIEpIKAIMMECA B IPOAYKTAX CHKHUTaHUA

MCKoTMaeMBIX YIJICH

TBép/ple NPOAYKTHI (30JI6I H IIUIAKN):
Ga, Ge, Re, Y, Yb, Sc, Li, Al, Ti, Nb Hg,

Be, Sr, Cd, V, Th, U, K, Cr, Mo, As,Sb,
Se, Te, Pb, N1, Co

I"'azoo00paznkle OpOIyK-
TeI(HeKoHTeHcHpyronmecs npn 100 °C:
Re, SO,, SO; Hg, F, Cl

Pucynox 1 — Codeporcanus xumuyeckux 31eMeHmo8 NPu CHCULAHUY Yeaell.

ExxerogHoe yBenu4eHHe pa3IuYHOTO pojia OTXO-
JIOB TIPH CXKUTAHUM YIJIA Ha TEMJIOIEKTPOCTAHIUIX
(TOL), pacmonoxeHHBIX Ha Tepputopuu IlaBiomap-
CKOTO paifoHa, B TOM 4HCIIe U o0nacTu ( T. Ikubacrys,
T. AKCY) aKTyaJIM3UpYeT 3a7ady nepepaboTKH 30JIbHBIX
OTXO0JI0B TEXHOTE€HHOTO IIPONCXOXKICHHSI.

OOBEKTOM HCCIENOBaHMA SIBISACTCA 307bI AK-
CYCKOW TOCyapCTBEHHON pallOHHON 3JIEKTPOCTAHLIUU
('PAC). OcHOBHBIMH KOMIIOHEHTAaMH 30JIbI SBIISETCS:

[IJIaK Ceporo, YepHOTro, OEI0BATO-CEPOro LBETa, IIOT-
HOM M IIOPHUCTOM TEKCTYpbI; KyCOUKaMU DPa3MEpOM
0,01-3,00 mm [4].

Axkcyckitit  POC wucnone3yer yromp Oxuba-
cTy3ckoro Oacceiina. CienoBaTeNbHO, B paboTe OyayT
paccMaTpUBaThCS IIEHHBIC KOMIOHEHTHI 30JIbHBIX OT-
XOJIOB TIOCIIE CYKHTaHUU YISl DKHOACTY3CKOTO MPOU3-
BOJICTBA.

Pa3H000pa3HbIil XUMUYECKUI COCTaB 30716 YHOCA
Axcyckoit 'POC npencrapnena B tabnuue 1[4].

Tabmuna 1
Xumuyeckuit coctas 305161 yHOca Akcyckoii [POC
CopepxaHre KOMIIOHEHTa, %
SiO Al,O3 Fe,O3 Cao MgO TiO K>O Na,O P,0s MnO- SO3 TITII1
15 27,4 5,65 1,17 0,49 1,49 | 0,42 0,32 0,52 0,17 0,57 5,1

Penxue Metansipl UIMEIOT HaNOOJIBIIYIO TOTEHIIN-
AJIBHYIO LIEHHOCTb, [IOTOMY 4TO OHH HE 00pa3yIoT CBOU
COOCTBEHHBIE MECTOPOKACHHA. DTa 3071 COJCPXKUT
CJIE/TYFOIIIHE TPYIITBI PEAKUX METAJIJIOB!

- paccesiHHBIC — Ga;

- tyromnaskue — Ti, Zr, V;

- peaxosemensubie — Y, Yb, Tb, La, Ce, Dy, Sm;

- paguoaktusaeie — U, Th [4].

Kpome penkux MeTaysioB, B 305l COIEPKATCs
00JIBIIOE KOJMYECTBO PACIPOCTPAHEHHBIX METAILIOB,
TaKMX Kak aJIOMUHUH U xkene30. M3BnekaTh IaHHbIE
AJIEMEHTBI OYET aKTyaJbHO, TaK KaK HPUPOJIHBIE pe-
CYpChl C KaXAbIM TOJIOM HCTOLIalTCs. V3BiedeHue
[IEHHBIX KOMIIOHEHTOB M3 30JBbHBIX OTXOJOB MOXHO
OCYIIECTBIISITH KUCJIOTHBIM U IIEJIOYHBIM CIIOCO0aMHU.

Jnst KUCIOTHOTO W3BJIEYEHUs MCIOJB3YIOT pac-
TBOpPBI MUHEpanbHBIX KucoT (H2SO4, HCI, HNO3) [5].
CkaHauit ¥ UTTPUHA MOTYT OBITH M3BJICUCHBI U3 30JIBI
yIIIel pacTBOpaMH COJITHOM KUCIIOTHI. JJaHHBIM cIioco-
60M mepexoaiT B pacTBop 95-96 % urrpus u 85-90 %
CKaHJ#s. DTO OYEHb BBICOKHE MI0KA3aTeNN U3BICYCHUS
MHUKpPOKOMITOHEHTOB M3 MPOIYKTOB C TAKUM CJI0KHBIM
COCTaBOM.

W3 paccMOTpEHHOro nmpuMepa clieyeT, BO3MOX-
HOCTb M3BIICUCHHSI PEIIKUX U PEIKO3EMENbHBIX 3JIe-
MEHTOB M3 30JIbI 3KnbacTy3ckoro yris [5]. [Ipu obpa-
0OTKE 30JIbI CEPHOM KHMCIOTOH CTENeHb W3BJICUCHUS
penkux MetayuioB Huszkas: Ce — 0,35 %, Ga— 1,2 %, V
—4,6 %. IIpu yBenuuenuu temnepatyps! 10 85 °C cre-
MIEHb M3BJICYCHUS! ITHX METAJIOB YBEIMYUBACTCS MO

82; 16,3; 5,8 %. DPdexTuBHON TEXHUKOUN SBISETCS
BBezienue 100aBku NaCl. [Tpu 06paboTke 30161 CEpHOI
KHCJIOTOW BBIIIETAYNBAIOTCS W PaJHOaKTUBHBIE 3Je-
MEHTBI, TAKHE KaK ypaH 1 TOpH. B aTnX ycnoBusx cre-
NeHb U3BJIedeHus cocTaBisieT 87 % nnst ypana u 86 %
Uit TOpHsi. MOXKHO TIOBBICHTH CTEINICHb W3BIICUCHUS
PEIKO3EeMEIIbHBIX 3JIEMEHTOB M3 30JIbl B CEPHOKUCIION
cpeze IyTeM 3JIEKTPOXMMHYECKOrO BBIIIEIauuBaHuUs,
IJIe CTeNeHb M3BJICYCHUS PEIKO3EMENBbHBIX JIEMEHTOB
cocrasisieT 89 % [5].

leno4ynoe uzBneueHue. s SKCTpaKMu MUKPO-
9JIEMEHTOB KUCJION M aM(pOTEPHOH MPHUPOIBI UCTIONIb-
3YIOTCSl pa3iiMuHbIE IIENOYHbIE PACTBOPBI, TaKHE Kak
NaOH, Na,COs, NaHCO3, NH4OH. Takum o6pazom,
MOJYy4YaroT JOPOrOCTOSIIUN METaIIMYECKU CKaHAUN
13 IPOMEKYTOUHBIX IIPOYKTOB MIepepadOTKH OOKCHTa
B okcun amomuHust. CyTh Ipolecca BhIIIENaunBaHue
3aKJIF0YaeTCs B TOM, 4T0 5—12 %-HBIM pacTBOpPOM Kap-
OoHaTa HaTpusl WiIM OMkapOOHaTa HATpHs, 00paboTKy
MIPOBOJIAT HE MEHEE TPEX pa3 B ONPEAeICHHBIX COOTHO-
LICHUSIX U OTpeJIeNICHHOW TeMIIeparype, B TeYCHUH He-
CKOJIBKMX 4acoB. B pe3synbTare B pacTBOp BBOJHUTCS
THIPOKCHA aM(OTEPHOTO METATMYECKOTO KOJUIEK-
TOpa (pacTBOp OKCH/IA aTIOMUHHS HJIH OKCH/IA LIMHKA B
THIPOKCH/IE HATpHs), a 3aTeM OCaJ0K (QMIBTpyeTcs,
IIPOMBIBAETCs, BBICYIIMBAeTCsl U npokanuBaercs. Co-
JIep)KaHWe OKCHJA CKAaHAMS B IPOJYKTE COCTaBIISIET
26-27 % [6].

Taxoke cylecTByeT MeToJ1 'HAPOLIEeTI0YHON 00pa-
OOTKM 30JIbHBIX OTXOJOB, P KOTOPOW H3BIIEKAETCS
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KpeMmHHi# 1 rayuuil. [Ipu onTUManbHBIX YCIOBUSAX CTE-
TIeHb W3BJICYCHHS KpeMHUs cocTaBisieT 49,3 %, aimo-
muHHS — 5,5 %, raumidi — 56 %. V3BecTHBIE CXEMBI,
BKITIOYAsT DKCTPAKI[UIO WM HOHHBIA OOMEH, MOTYT
OBITH MCTOJIB30BAHBI AJISI MOCTEAYIONIETO U3BJICUEHUS
rayuus. [TodTH Bech rajuivii MOYKHO M3BJICYb U3 3016l B
TpH dTana BhlleIadYuBaHus. [6].

Mertop 1IeI0YHOTO U3BJICUYECHUS 30JIBI MTO3BOJISET
MIOJTHOCTBIO TIepepadoTaTh 30JIy U MONyYUTh P LIEH-
HBIX TIPOAYKTOB: TJIMHO3EM, OCIUTOBBIA MIIaM, KOH-
[EHTPAT PeIKO3eMENbHBIX 3JIEMEHTOB U APYTHE, HO 3TO
JIOPOTO M TpeOyeT BRICOKUX KAIUTABHBIX U YHEPTETH-
YyecKux 3arpar [7,8].

CnengyeT OTMETHTh, YTO KakK IMpoOlEcC Mepepa-
OOTKM IIENIOYHOMN 30JIbI, TAK U MPOLECC KUCIOTHON
30J161 TIPUBOJAT K OOPa30BaHHUIO HEPA3JIOKUBIICTOCS
0CTaTKa 30JIbl, KOTOPBIF MOYKHO HUCIOJIb30BaTh B CTPO-
WUTENbCTBE TMOCIE COOTBETCTBYIOIIEH TOJATOTOBKH
[9,10].

Taxum 00pa3zom, MpoBeAEHHBIE UCCIICIOBAHMUS T0-
Ka3bIBAIOT, YTO M3BJICKATh METAJUIBI U3 30JIbHBIX OTXO-
JIOB IpoMbIIUIeHHOCTH TOL[ BO3MOXHO, U paccMOT-
PCHHBIE METOJBI MOTYT MPHUMEHSATHCS B KA4eCTBE HC-
TOYHHKA PEIKO3EMENTbHBIX U I[BETHBIX METAIUIOB. [1pn
STOM TOJyYeHHBIE pe3yAbTaThl IOKA3BIBAIOT, YTO
HanOoJiee BHITOAHBIA METOM, C TOUKH 3PEHHSI BHICOKOM
CTCIICHM W3BJICUCHHMSI LICHHBIX KOMIIOHCHTOB M Hau0o-
niee OBICTPBIN 10 BPEMEHH, SIBJISIETCSI BhINIETIauUBaHNE
COJISTHOM KUCJIOTOM.
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Abstract

The demand for high-performance computer systems, capable to solve scientific and practical problems of
linear algebra during reasonable time and with specified accuracy, is annually increasing. However, the most wide-
spread design technologies of such systems do not provide efficient performance increasing, and frequently need
to use new hardware components.

At the same time, there is an alternative. We can use reconfigurable computer systems (RCS) and a paradigm
of structural-procedural organization of calculations. According to this paradigm, a method of parallelization by
iterations is developed for solution of linear algebra tasks. Owing to this method, it is possible to ramp the RCS
performance with linear extension of hardware resource without use of new hardware components. Here, no con-
tinuous data exchange among computational nodes and external memory is needed during task solution.

However, our research proved that the existing method of parallelization by iterations has some shortcomings
which lead to inefficient use of the available RCS hardware resource.

The paper deals with description of a modified method of parallelization by iterations for solution of linear
algebra tasks on RCS. Owing to this method, it is possible to increase the performance and specific performance
of the computer system. We have obtained the solutions, which provide increasing of the RCS performance for
LU-decomposition (the main task of LinPack Benchmark) by 36%. Here, the hardware costs were decreased by
50%.

AHHOTAIHSA

E)KGFOILHO YBCJINYIUBACTCS HOTp€6HOCTI) B BBICOKOTTPOU3BOAUTEJIbHBIX BBIYUCIUTEIIbHBIX CUCTEMAX, croco0-
HBIX pCHIaTh HAYYHBIC U IIPAKTUYICCKUEC 3a/1a9UN JIMHEHHOH aﬂl"€6pr 3a IPpUCMJIEMOC BpEMS C 3aﬂaHHOI>'I TOYHOCTBHO.
OHHaKO HaunboJiee paCHpOCTpaHéHHI)Ie TEXHOJIOTMU CO3J1aHUs TaKUX CUCTEM HE TOJBKO HE MO3BOJIAIOT Onepa-
TUBHO HapallyuBaTb BbIYHUCIUTCIbHBIC MOIIHOCTHU, HO U 3a4acCTYyIO TpeGYIOT MepexoJia Ha HOBYHO DJICMCHTHYIO
6a3sy.

B TOXe Bpems cyliecTByeT aJbTepHATHBA, KOTOPasi OCHOBaHA HAa IPUMEHEHHH PEKOH(DHUTYPHPYEMBIX BEIUHUC-
mutenbHbIX cucteM (PBC) m mapagurMel cTpyKTypHO-TIPOIIETyPHOH OpraHU3aIiy BEIYHCICHNH. B paMkax maH-
HOW TapaJIuTMBbI JUTA PEeUIeHHs 3a7ad THHEHHOH anreOpsl pa3paboTaH METO]] paclapauIeIMBaHus 10 HTEPaIsiIM,
MO3BOJISFOINMI JTMHEHHO HapamluBaTh Mpon3BoAuTeNbHOCTS PBC mpu nuHEHOM yBeTHYEHHH almapaTHOro pe-
cypca 6e3 iepexo/ia Ha HOBYIO dJIeMeHTHYI0 0a3y. [Ipu 3ToM B miporiecce penieHus OTCYTCTBYEeT HEOOX0IMMOCTh
[IOCTOSIHHOT'O 0OMeHa JAAaHHBIMU MCEKAY BbIYUCIUTCIIBHBIMU y3JIaMU U BHEIIIHEH ITaMATBIO.

OHHaKO IMMPOBEACHHBIC aBTOpAMHU I[aHHOﬁ CTaTbHu UCCJICJOBAaHUA ITI0OKAa3aJIu, YTO CymeCTByIOHII/Iﬁ METOA pac-
napajieJ;iuBaHus Mo UTEpalusaAM HUMECT HEAOCTATKU, KOTOPLIC MPUBOIAT K HGS(I)(I)CKTI/IBHOMy HCIIOJIb30BAHHUIO
uMmerouierocs anmnaparHoro pecypca PBC.

I[aHHaS[ pa60Ta IIOCBAIIICHA OIIMCAaHUIO MOIII/I(l)I/IIlI/IPOBaHHOFO METOAa pacnapauieIMBaHusA MO0 UTCpALlUAM
JUTSI pelieHns 3a1a4 JInHeiHoi anreOpbl Ha PBC, Giaromapst KoTopoMy 00ecTieduBaeTCs Kak YBEIHUEHUE TIPOH3-
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BOJIMTEJIEHOCTH, TaK M YBEIWYCHHE YACIBHONW MPOU3BOAUTEIHLHOCTH BEIYUCIUTEILHON CHCTeMBl. B xone nccie-
JIOBaHUM aBTOpaMH IOJIYYCHBI PEIIeHUs, KOTOphIe 00ecTieunn pocT nponsBoautenbHocTH PBC Ha 3amaue LU-
pasinoxenust (ocHOBHas 3a7a4a tecta LinPack Benchmark) wa 36%, npu 5ToM anmapatHbie 3aTpaThl ObLTH CHH-
skeHbl Ha 50%.

Keywords: Reconfigurable computer system, LU-decomposition, method of parallelization by iterations

KiaioueBble ciioBa: PeKOHqJI/IprI/IpyeMLIe BBIYUCIIUTCIIBHBIC CUCTCMBI, LU-pa3no>1<eHMe, METOA pacrapal-

JICJIMBAHUA 110 UTCpalruAM

C kaxIpIM TOAOM B 3a/la4axX HAYKH M TEXHUKH
BO3pacTaeT 3alpoC Ha BBINOJIHEHUE TOYHBIX BBIUUCIIE-
HUH, OCHOBHAs J10JI1 KOTOPBIX OTHOCUTCS K JTMHEHHOMN
anrebpe. [y pemeHus TakKuxX 3aa49 CO3/Aat0TCS CICTIH-
aJIM3UPOBAHHBIE BEICOKOMPOU3BOAUTENbHBIEC BEIYUCIIH-
TeJbHbIE KOMIUIEKCH — CYMEPKOMIbIOTEPhl. DTU BBI-
YUCIUTENbHbBIE CUCTEMBI, UMEIOT BO3MOXKHOCTh Hapa-
UIMBaTh MPOU3BOAUTENBLHOCTh 32 CUET YBEIMUYCHUS
TAKTOBBIX YAaCTOT WIM IMyTEM MIPUMEHEHUS MHOTOSIIEP-
HBIX U MHOTOINOTOYHBIX BBIYHCICHHHA. OAHAKO Mpo-
OIIeMBI MEXITPOIIECCOPHOTO 0OMEHA MPH 3TOM HE pe-
IAI0TCS, TOITOMY [T 00eCTIeUeHHS JTMHEIHOTO pocTa
MIPOM3BOIUTEIHHOCTH C BEIXOJIOM 00JIee COBEPIICHHBIX
MPOIIECCOPOB TpeOyeTcs IMONHasl IEepecTpoika CH-
CTEMBL.

[IpuHIMNHMaNEHO HHOM MOAXO K PEIIEHUIO 3aa4
JUHEHHOW anreOpbl BO3MOXEH Ha PEKOH(HUTYpHpYe-
MBbIX BeIMUCIUTENbHBIX cucTemMax (PBC) Ha 6aze mpo-
IrpaMMHPYEMBIX JTOTHYECKUX MHTErpajbHbIX cxeM [1].
B ocHOBe NPUHLIMIOB peIIeHuUs ITUX U JPYTUX CIOXK-
HeIX 3a1a4 Ha PBC nexut mapagurmMa CTpyKTypHO-
IPOLEAYPHOM OpraHu3allid BBIYUCIEHUH, KOTOpas
o0ecrieunBaeT aanTaluio K CTPYKType peraeMoit 3a-
JlauM ¥ MPAKTUYECKHU MOJHOCTHIO HUBEJIUPYET MOTEPU
TIPH MEKITPOIIECCOPHOM OOMEHE.

Sk-li<ak-lij>

Ski<akij> Sk+1i<ak+lij>

I'pymmo#t yu€HbIX ObLT pa3paboTaH METOJ CHHTE3a
TapauIeNbHO-KOHBEHEPHBIX MPOTPaMM PELICHUs 3a-
nauu nuHeiHoH anredps! Ha PBC [2], B oTiinume oT pa-
00T, TAC pEeKOH(PUTYPHPYEMBIE CHCTEMBI HCIIONB3Y-
I0TCA b Kak BcioMorareibHbie [3]. [Tockonbky oc-
HOBHBIM CIIOCOOOM OIICHKH IIPOU3BOIMTEIHLHOCTH
BBICOKOIIPOU3BOIUTENBHBIX BEIYUCIUTEIBHBIX CUCTEM
TIPY peLIeHHNH 3a1a4 JMHEHHO! anreOpsl sIBISIETCS TECT
Linpack Benchmark, mo pe3ymnsraram xotoporo ¢op-
mupyetcs TOP-500 cynmepkoMnbroTepoB, TO amnpoba-
st Pa3pabOTaHHOTO METO/Ia BBHITIOHAIACH HA 3a/1aue
LU-pa3okeHuss MaTpHIIBL.

JaHHBIl MeTox mo3BosIseT peanm3oBath LU-
pa3JIoKEHUE MaTpUIpl 0001 pasMEpPHOCTH B TEMIIE
TIOCTYIUICHNS! JAaHHBIX O€3 HCIOJb30BaHUS BHEUTHEH
TIAMATH TS XpaHEHUsI IPOMEXKYTOYHBIX 3HAYCHHUH.

Ha xaxnoil cTyneHu BbIYMCIUTEILHOIO KOHBEW-
epa, peanusyromero nHGopManMoHHbIH Tpad 3amaun
LU-pa3ioxxeHus1, BBIOJIHACTCA OJHA UTEpalus ajiro-
put™Ma (puc.l). IIpu 3TOM BRIYHCIHTEIbHAS CTPYKTYpa
CTYIIEHH TOJIHOCTBIO COOTBETCTBYET 0a30BOMY IOJI-
rpady 3amauu.

Puc. 1. Boruucnumenwnuiii kongetiep, peanuzyiowuti LU-paznosicenue mampuyor

Bo Bpems urepamuu K Ha Bxox noarpada p-Y
npuxoaut Bektop S¥Y, cocrosumii u3 snementos akl
CTPOKH i, KOTOpBIE ObLIH CHOPMUPOBAHBI HA UTEPALIU
k-1. Beixozuoii Bektop SY noarpada npezacrasiser co-
00ii >1eMeHTHI Xij CTPOKH i, BBIYUCIIEHHBIE BO BPEMSI
Tekyled urepauun K. Micnonb3oBaHue AaHHON CTPYK-
TYpPBI IPY HAIMYHHU JIOCTATOYHOTO pecypca Juisl pa3me-
mieHus N-1 6a3oBeIx moArpados mo3BossieT 06padaThI-
BaTh MaTPHIIBI TFOO0H pazMepHOCTH N 63 HCIOIH30Ba-
HHSI BHELTHEH MaMsITH JUIsl XPaHEHHUS IPOMEKYTOYHBIX
3HayeHud. B mnpoTuBHOM cnydae pemdTh 3anavy
MOJKHO TTyTEM PeIyKINH HH(POPMAIIMOHHOTO Tpada 1o
YHCITy TOATPadOB B COOTBETCTBHUH C alllapaTHBIM pe-
CYPCOM C IOJKIJIIOUYEeHHEM OIIOKOB maMsTH [4].

BeruucnurensHas CTpyKTypa 6a3oBoro moarpada
3agaun LU-pasmokennst paccmarpuBaeMoro Merona
npezcTaBieHa Ha puc. 2. [IpoBeaéHHbIe MccieaoBaHns
MIOKAa3aJly, YTO MCHOJIB30BAHNE JAHHOM BBIYHCIUTENb-
HOW CTPYKTYpPBI NPHBOJIUT K HM30BITOYHBIM armapar-
HBIM 3aTpaTaM ¥ cHIDKeHuto 3¢ ¢extnBHocTH PBC.
3TO CBA3aHO C TEM, YTO paccMaTpUBaeMasi CTpyKTypa
COJEpXHUT B cebe BCe omepary, HEOOXOTUMBIE IS
BBITIOJTHEHHS aJropuT™Ma. B To ke Bpems camasi pecyp-
COEMKasi B 3TOM BBIYMCIUTENIBHON CTPYKTYype olepa-
nus JeNieHusl 3aHnMaeT okojo 50% ammapaTHbIX 3a-
Tpat, Ipu 3ToM pabotaer MeHee 1% OT obmero Bpe-
MEHH PeUICHHS 3aa4uu.
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Ski<akij>

Puc. 2. Basosviii nooepagh LU-paznoscenua mampuywsr Linpack Benchmark

Jnst penieHust TaHHOW TPOOJIEeMbl OBUIO MpEasIo-
JKEHO MoAM(UIMPOBaTh MH(POPMAIMOHHBINA rpad 3a-
JlauM MyTEM NEKOMITO3UILIMH OTEepaLiy JeIeHus u3 O6a-
30BOro mojarpada 3ajauyr ¥ BBIIEICHUS B OTICIBHYIO
noj3agadyy HOPMHPOBAHUS BEAYIIUX CTOJOLIOB IS
BCEH BBIYMCIUTENBHON CTPYKTYpBl C OpraHu3alueil
KOMMYTAIIMOHHBIX KaHAJIOB JUI KaKI0ro KOHBeHepa.
CornacHo anropuTMy 3aadu, ONepanys IejeHHs BbI-
HOJTHSIETCSL HaJl IAaHHBIMU MEPBOTO CTOJIONA (CTPOKH)

MaTpUIlBl, NOCTYIIGHHE KOTOPBIX Ha BXOJ KaXKAOTO
noArpaga pazHeceHO BO BPEMEHH, YTO UCKIIIOYAET BO3-
HUKHOBEHHE KOJUTM3UH NpH 00IeM AOCTyIe K eIUH-
CTBEHHOMY JAEIHTENI0. B pe3ynpTare n3MeHeHus ducia
(YHKIMOHAIBHBIX YCTPOIMCTB M BHELIHUX HH(pOPMAIH-
OHHBIX KaHaJI0B 0a30BOro noarpada MoKHO MOIYIUThH
CTPYKTYpY NOJIHOTO HH(POPMAIIMOHHOTO rpada 3agadn
LU-pasnosxeHus, mpeACTaBICHHYIO Ha pucC. 3

§<a >  SM<d™,
-—» P \—»/ \—» — \W’
/ [ ! \ Uy ij
D <m k, / p » p n-1
; 1 ; 1 . S
.
( divLU \

Puc. 3. Moougpuyuposannwiii evruuciumenvusiti Konseuep, peamuszyiowui LU-paznoscenue

BeruucnurtenbHas CTPYKTypa MOAU(DHIMPOBAH-
Horo 0a3zoBoro moarpada 3agaun LU-pa3noxenus mpe-
o0pasyercs K BUAY, IPEACTABICHHOMY Ha pHC. 4

p K .k
k k Z5<m"i>
D“<m"..> i ki
1 ki . ? L 4 ;’
kK .k
- - <gf.>
gLk 1ij> Shi<a’j
® »| RG1 RAM
L re2 X<y >
K _ok ok >
Ty 5>,

Puc. 4. Moouguyuposannuiii 6azoswviii noocpag sadavu LU-pasznooscenus

B nanHO# cTpyKType pe3ybTaThl JENEHUS IOCTY-
MaT B BujAE BekTopa DY , KOTOpBIA COmepXkuT 3e-
MEHTBI My = ai/akk U1 BCEX pean30BaHHBIX 0a30-
BBIX noarpadoB. Pe3ynbTarhl, npuHauIexamme aaH-
HOMY noarpady, UCIOIb3YIOTCS B €r0 BEIYHCIICHUSAX, &
OCTaJIbHBIE 3JIEMEHTBI Mk i BBLAAKOTCA TPAH3UTOM B ClIe-
Ayroumii moarpad B BUIE BBIXOAHOTO Bektopa ZK.
Taxke, n00aBMINCH WH(POPMAUMOHHBIE CBS3M IS

TpaH3WTa ONEPAH/IOB JEIUTENS (BXOIHOW U BBIXOIHOM
BekTopsl T4 u XK).

B xone BeimonmHeHHs paboThI OBLT IPOBEAEH aHa-
JIM3 OCHOBHBIX almapaTHBIX 3aTpaT, 3aHUMAaeMbIX HC-
XO/IHBIM 0a30BbIM moJrpadoM 1 6a30BBIM HOArpadhom
TI0CJIE BHIITOJTHEHHBIX Mo uKanuii. Pe3ynbrars! nan-
HOTO aHaJm3a oToOpaxkeHs! B Tabnuie 1.

Tabuuma 1
OrieHKa anmapaTHBIX 3aTPaT Ha peaan3aliio 0a30BbIX MOATPA(OB U AETUTEIIS
FF LUT DSP BRAM
VicxomHblii 6a30BbIi oArpad ¢ AeauTeneM 12901 6289 6 16
Mo audunrpoBaHHbIil 6a30BbIi moarpad 6e3 aeaures 6598 3106 6 16
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BhruncianTenbHble CTPYKTYPhl UCXOAHOTO M MO-
IuUIIpoBaHHOTO MeToqoB LU-pasnoxxeHuss Obutn

peamm3oBansl Ha HPK «Tepumycy (pucyHOK 5), TexHH-
YECKHUE XaPAKTEPUCTUKU KOTOPOTO MPE/CTABICHBI B
Tabmuie 2.

Puc. 5. Hacmonvhutii pexonghueypupyemoiii komnviomep « Tepyuycy

Tabmuma 2
TexHHYEeCKHe XapaKTePUCTHKN HACTOIBFHOrO peKoH(urypupyemoro komnstotepa «Teprmycy
Yucio ITJIMC Kintex UltraScale XCKUOQ095, T 4
O0beM onepaTHBHOM mamsTH, ['0 8
[Tpon3BOANTENBFHOCTD BRIYUCIHTENBHOTO NOJIs, Tdhiomc 2,5
[otpebnseMast MOIIHOCTB, BT 500
["abapuTHBIE pa3Mepsl, MM 428x310x86

AnmnapaTHple 3aTpaThl Ha peaU3aluI0 3aaduu
LU-pasznoxeHuss UCXOIHBIM M MOJIU(DUIIMPOBAHHBIM

Metogamu Ha HPK «Tepunyc», a Takke COOTBETCTBY-
IOLIEE UM KOJIMYECTBO BBIUMCIIMTEIbHBIX KOHBEHEPOB
NIpe/ICTaBIICHbI B TabHLE 3.

Tabmuna 3
3annmaemsle pecypcsl 3aaun «LU-pasnoxenne» B HPK «Tepunyc»

OpraHIxBauHsi 6asoBoro  moj- | Uwmcio KOHBEH- Yacrora, FE LUT DSP | BRAM
rpada\koHBeiiepa €poB MHz
Jlenutenb B KXKI0H CTYIICHH 74 500 954674 | 465386 | 1184 a4

88 % 86 % 70 % 57 %
OOmmii menuTeNnb IS BCeX CTyIe- 103 500 694527 | 307424 | 1660.5 618
Hel 64 % 57 % 98 % 80 %

DKCIIepUMEHTANBHBIC PEe3yNIbTaThl pPEIIeHUs 3a-
naun LU-paznoxkeHust MaTpunbl pasMEpHOCTbIO N=
10* ¢ uucnamu crannapta FP64 IEEE754, nonyuen-
Hble Ha BeruuciuTenbHOM O1oke PBC «Tepruyc» Ha
gactote padotel 500 MHz, npencrasiieHsl B Tabuie

4. JInsa cpaBHEHHMS B TAOJIUIIE TaKXKe NPUBECHA MPOU3-
BOJMTEIBHOCTB YeThIpéxbsineproro CPU Intel Core i5-
7500 3,40 GHz, RAM 32 I'6 B 3amaue LU-pa3noxxenus
MaTpHIBI TOH e pa3MepHOCTH.

Tabmuma 4
Pe3ynbTaThl BBIYHCIIUTEIBHBIX KCIIEPUMEHTOB penreHus 3anaun LU-pa3noxeHust
Yacrora, | Kommuectso cryneneii | Iponssoan- TTponssomTe EHOCTE
MHz kongeiiepa B IIJINC TEIbHOCTh HPK «Tepuuycy
(4 TUINC)
MoudunrpoBaHHEIH
weron(TUTUC) 500 103 82 I'pnonc 227 I'oric
Hcxonnbliii MeTo
(TLJINC) 500 74 60 I'pnonc 315 I'bnomc
Intel Core i5-7500 3800 - 71 Tronc .
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BeiBoabl

ABTOpamMH cTaTbu ObUT MOAW(MHULIHPOBAH METOJ
CHHTE3a MTapauIeNbHO-KOHBEHEPHBIX IIPOTPaMM pele-
HUS 33724 JIMHeHO# anreOpel Ha PBC. Monudunmpo-
BaHHBIH METOJ MO3BOJIHI CYIIECTBEHHO ONTHMH3HPO-
BaTh anmapartHele 3aTpaTsl PBC Ha peammzanuio 3a-
maun  LU-pasmoxxenms.  anHas  mommdukanus
MO3BOJIMIIA PA3MECTUTH HA TOM K€ CAMOM aIapaTHOM
pecypce OorbIiee KOTUYECTBO CTYICHEH KOHBelepa,
9TO NPHUBENO K CYIIECTBEHHOMY POCTY IPOU3BOIU-
TENBHOCTH Kak oTnenbHoro kpuctamia [TJIUC, tak u
BBIYHCINTENIBHOTO O10Ka «Tepruycy. Ilpu aTom npo-
BE/ICHHBIH aHAJIN3 IIOKA3aJl, 9YTO B CHIIY OTCYTCTBUS HH-
TEHCUBHBIX OOMEHOB C BHELIHEH NaMATHIO TIPH BBIIOJN-
HEHUM BCEX UTEpALMi aaropuTMa, BO3MOXKHO JIMHEH-
HOE HapalllUBaHUE BBIYMCIMTENBHBIX CTyINEHEH W,
COOTBETCTBEHHO, IPAKTUUECKHU JIMHEWHBII pOCT IPOU3-
BOJUTCIIBHOCTH. PC3yHLTaTLI OKCIICPUMCEHTAJIbHBIX UC-
CJICIOBAaHUH TOKa3alld, YTO MPUMEHEHHE pa3paboTaH-
HOTO aBTOpaMH MeToja MpHu peanusauuu 3anaun LU-
PasNOKEHns I MAaTPUIBI pasMepHocThio N = 104 ¢
yuciamu cranaapra FP64 IEEE754 obecnieunno yBe-
muuenue npousBogutensHoctd Ha HPK «Tepuuyce» Ha
36% u cokpalieHue anmapatHeix 3atpar Ha 50% mo
CPaBHEHHIO C HCXOIHBIM METO/IOM.
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YBEJIUWYEHUE 3O PEKTUBHOCTU MACCOOBMEHHBIX ITPOIIECCOB
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Mass transfer processes play a significant role in petrochemical production. In this regard, the issue of in-
creasing the efficiency of mass transfer processes becomes relevant. This article discusses the main directions of
increasing the efficiency of mass transfer processes, in particular packing devices.

AHHOTAIHUSA

MaccooOMeHHBIM nponeccaM OTBEICHA 3HAYUTEC/IbHAA POJIb B HG(I)TGXI/IMI/I‘IGCKOM IMPpOU3BOACTBE. B cBs3u ¢
OTHUM AKTYaJIbHBIM CTAHOBHUTCA BOIIPOC MOBBIIIICHUSA 3(1)(1)€KTI/IBHOCTI/I MacCOOOMEHHBIX IMMpO1LECCOB. B IlaHHOﬁ cTa-
Th€ PACCMOTPCHBI OCHOBHBIC HAIIPABJICHHWS MOBBILICHUSA 3(1)(1)CKTI/IBHOCTI/I MacCOOOMEHHBIX MMpo1EeccoB, B HaCTHO-

CTH HacaJI0uHbIE YCTPONCTBA.

Keywords: mass transfer processes, efficiency, particular packing devices.
KuioueBble cjioBa: MaccooOMeHHBIE TIPOIECChl, 3P PEKTUBHOCTD, HACAOTHBIE YCTPOHCTBA.

[Tpu nepepaboTke HE(DTH, PA3IUUHBIX YIIIEBOJO-
POJHBIX U IPYTUX cMecell OYeHb BajkHasl pOJib OTBE-
JIeHa MacCOOOMEHHBIM Ipoueccam. Hanpumep, pexru-
(ukanumit u3 HEPTU MOTYYAIOT PA3IUYHBIC TPOTYKTHI:

OEH3UH, KEPOCHH, JN3EJIbHOE TOIUTUBO, Ma3yT, Macis-
HblEe (pakiuu, y3kue (10 TeMIepaTypaM KHUIICHUs)
OeH3MHOBBIE (DPAKLMH, a IPH PEKTH(QUKALIMN CHKHMIKEH-
HBIX T'a30B MOJKHO BBIJICNIUTH ITWIECH, 3TaH, IPOIaH,
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OyTaH W Jpyrue KOMIIOHGHTHI. BakyyMHOW TieperoH-
KOH TOJTy4aroT CrienraibHbie Maca. [1]

Taxoke, mporeccsl abcopOuuu U aacopOIuu Hc-
MOJIB3YIOTCS [Tl U3BJICYEHUS! MIPOTIaH-TIPONNICHOBOH,
OyTaH-OyTHJICHOBOH, OCH3MHOBOW (pakuuii U3 mpu-
POZHBIX M IOIYTHBIX I'a30B, U3 ra3oB Hedrenepepada-
TBHIBAIOIUX 3aBOJIOB, KOTOPBIE CIIy)KaT CHIPEM IS
HepTeXMMHUYEeCKOW TPOMBIIIIEHHOCTH. A Tpoliecc
9KCTPAKIUHU IIHPOKO HPUMEHSETCS NPH H3BICUCHUU
apOMaTHIECKUX YTIIEBOIOPOIOB M3 OCH3MHOBHIX (Ppak-
IIMH MIPY NPOM3BOJICTBE Macel M OYHCTKE Hedrempo-
IYKTOB.

3T0 JaneKo He MOJIHBIN NepEeYeHb NCTIOJIb30BAHMS
MacCOOOMEHHBIX MPOIIECCOB B HedTenepepadaThIBaro-
el 1 HepTEXMMUYECKOH MPOMBIIIUICHHOCTH.

OnHako, B HACTOSILEE BPEMsI, COBDEMEHHBIE TEX-
HOJIOTUYECKHE MpOLEeCChl B HEYTEeXMMHUYECKOH U
He(renepepabaTbIBalOIIEil  MPOMBIIUICHHOCTH — Tpe-
OyIOT MCIOJIb30BaHMs BBICOKOA((EKTHBHBIX ammapa-
TOB, K KOTOPBIM NPEIBABIAIOTCS BBICOKHE TPEOOBaHUS
10 3PTOHOMHYHOCTH, 3KOHOMUYHOCTH, TEXHOJIOTHYHO-
CTH U HaJeKHOCTH [2-5].

Tak, Kk TpeOOBaHUSIM HPEABSIBIAEMBIM K COBpE-
MEHHOMY IMPOMBIIIICHHOMY (MaccOOOMEHHOMY) 000-
PYZOBAaHUIO OTHOCATCA: YHU(DHKAIWS; HUHTCHCU(HKA-
1MsT; TOBBIIICHNE HAJIGKHOCTH; )PrOHOMUKA; YKPYITHE-
Hue obopynoBanus. [1]

B HayudHO-TEXHMYECKON JHUTEpaType paccMoT-
PEHBI pa3IMyHbIe BAPHAHTHI MOAEPHU3ALNHT YCTAHOBOK
C LENbI0 UX MHTEHCH(UKAIWH, OJHAKO IPAKTUUECKH
HEe JaeTcs OOOCHOBAHHBIA aHAIU3 MPUYUH HX HEI(-
(exTUBHON pabOTH, HE CHOPMYIHPOBAHBI IEIH U
HaIpaBJIeHUs PEKOHCTPYKIUH, HE IPUBEICHBI II01PO0-
HBIE PE3yJIbTAaThl 00CIEAOBaHUS YCTAaHOBOK ITOCIE pe-
KOHCTpYKIMH, HO B 11eTOM MOXXHO BBIJICTUTH OCHOB-
HBIC HATPaBJICHUS WHTCHCH(UKAIMH YCTaHOBOK [6]:
MPUMEHEHHE  BBICOKOA((HEKTHUBHBIX  KOHTAKTHBIX
YCTPOHMCTB B PeKTH(UKAIMOHHBIX KOJOHHAX; 3aMeHa
yCTapeBILIEro TEXHOJIOTUYECKOrO O0OPYIOBaHUS; M3-
MEHEHHE CXEM M TEXHOJIOIMYECKUX PEKHMMOB KOJIOHH,
COMYTCTBYIOIIECH anmmapaTyphl, OJIOKOB ¥ YCTAHOBOK B
L[ETIOM.

Bospacratomue TpeboBaHUS K HAAEKHOCTH U 3(-
(heKTHBHOCTH PabOTHI MacCOOOMEHHBIX aIlaparoB, K
CHIDKEHHUIO UX METAIJIOEMKOCTH M TadapuTOB 3aCTaB-
JSIIOT TIOCTOSIHHO COBEPILIEHCTBOBATh KOHCTPYKINHU
KOHTaKTHBIX ycTpoiicTtB. Tak, Hanpumep, oT >ddek-
TUBHOCTH pabOThl PEKTU(HUKALMOHHBIX KOJOHH BO
MHOTOM 3aBHCSIT Ka4eCTBO BbIPa0AaThIBAEMOI MPOAYK-
[[MH U TEXHUKO-DKOHOMHYECKHE MOKa3aTeH IKCILTya-
TaIMK YCTAHOBOK M 3aBOJIOB B IIEJIOM. [7]

B cBsI3M € 3THM, aKTyaJIbHBIM SIBJISIETCS] UCTIOJB30-
BaHHE BBICOKOA(P(EKTUBHBIX KOHTAaKTHBIX YCTPOWi-
CTBaxX C HU3KUM THJIPABINYECKUM COIPOTHUBIICHHEM, B
YaCTHOCTH TapesibyaTble M HAcaJO4YHble KOHTAKTHBIC
YCTpOIMCTBa.

K nocromHCcTBaM Tapenp4arhlX KOHTaKTHBIX
YCTPOMCTB MOYKHO OTHECTH BBICOKYIO 3()()EKTHBHOCTS,
JUISL PETYJIMPOBAaHUs KauecTBa MPOAYKTOB PasJIeiIeHUs
BO3MO’KHO HCIIOJIb30BaHHE MHOTOYPOBHEBOTO 0TOODA,
OTHOCHUTEJIHO HH3Kas METANIOEMKOCTh U CTOMMOCTh
KOHTAaKTHBIX YCTPOWCTB.

ITpu oneHKE KOHCTPYKIUH OOBIYHO YIUTHIBAIOTCS

CIIEAYIOIINE XAPAKTEPUCTUKH: ITPOU3BOAUTEIBHOCTD,
TUIPABIMYECKOE COTIPOTHBIICHHUE, 3PPEKTUBHOCTD IPH
pa3IMYHBIX Harpyskax, Auana3oH pado4MxX Harpysok,
MIPOCTOTa KOHCTPYKLIUU, MPOSBISAIONIAsCS B CIOXKHO-
CTH M3TOTOBJICHUSI, MOHTa)Xa M 00CITY )KUBaHHUS

OpfHako TapeloK YHMBEPCAIbHBIX KOHCTPYKIIMH
He cyllecTByeT. B Hacrosmiee BpeMsi pa3paboTaHo U
HCIONB3YeTCs] MHOXECTBO Pa3IMYHBIX KOHCTPYKLUI
TapesioK, KOTOPbIE XOTS M OTIUYAIOTCS OTAEIBbHBIMH
JJIEMEHTaMHU, B IPAKTUKE UMEIOT PABHOLICHHBIE OCHOB-
HBIE TIOKa3aTelNH.

Tak, B xummyeckorr npomeinuieHHOCTH CCCP B
OCHOBHOM HCIOJB30BAINCh CTaHAAPTHBIE KOHCTPYK-
MM TapeloK, KoTopble Obumn paspadborans BHU-
NHE®TEMAIllem (x1anaHHble OPSIMOTOYHBIE, U3 S -
9JIEMEHTOB, CUTYATBIE U3 TPOCEYHOTO JIUCTA C OTOOM-
HUKaMH, peleTyarsle IpoBalbHbIE, )KeN00UaThIe KO-
nauxkoBele) 1 YKPHUUXMMMAIllem (xosmaykoBbie
KaIlCyJbHbIC, IMPOBAJIBHBIC peIIeTYaThle, CHUTYATHIC,
KaIO3UHHO-KIananHeie). [Ipu aTom, no 50-x romos B
HedrenepepabOTKe B OHOBHOM IIPUMEHSIINCH KOJNad-
KOBBIC TapeNIKH PA3HBIX KOHCTPYKTUBHBIX MOANU(HKA-
LUH, HO UHOT'1a MPUMEHSINCh U CUTYAThIE TAPEINKH.

B Hacrosimmee Bpems Oosibiiee pacrpocTpaHEHHUE
MOJTyYHIIU TAPENIKH HOBBIX KOHCTPYKIIMH, B 4aCTHOCTH,
CTpyHHBIE TapeJKH C BEPTHUKAIBHBIMHU IIEPETOPOAKAMH,
KOMOMHHUpPOBAHHBIE CUTYATO- KJIALIAaHHbIE M CHUTYATO-
MIPSIMOTOYHBIE TAPENIKU; TAPEIKU ¢ OTOOMHUKAMHU U3 S-
00pa3HbIX 3JIEMEHTOB; TAPEIIKH C MPSIMOTOYHBIMHU KJIa-
naHamu u3 S-o0passbeix snemeHToB (TSK); pemerua-
ThI€ TapelKU C OTOTHYTBIMH KpPOMKaMH Iieneil mpo-
BaJbHOIO THIA; PEIIETYATBIE TAPENIKU MPOBAIBHOIO
THNA W3 TPyO; CTpyHHbIE Tapenku ¢ KOMIICHCAIei
MIPSIMOTOYHOTO JIBVO)KEHHS (a3 U T.JI.

BonbIIMHCTBO TapenoK HOBBIX KOHCTPYKIHUH 00-
JIalaeT CyHIeCTBEHHBIMY IpeumyiecTBaMu. OQHaKo, B
HNPOMBIIIJICHHOCTH JIKCIUTyaTHPYIOTCSI HE TONBKO Ta-
PEJIKH ¢ CaMBIMU COBPEMEHHBIMH KOHCTPYKIMAMH, HO
U TapesiKu JIPYyTrux BUAOB(kenobuareie U 1p.), KOTO-
pBIe, XOTh ¥ 00€CIIeYrBalOT MOITy4eHHEe HEOOXO0MMbIX
HNPOAYKTOB, HO HE MOTYT OBITh PEKOMEHAOBAaHBI IS
COBPEMEHHBIX ITPOU3BOJICTB.

3HaunTEIbHOE pa3sHOOOpa3yne Tapenb4yaThiX KOH-
TaKTHBIX YCTPOWCTB CYIIECTBEHHO 3aTPyIHSET BBHIOOP
ONITUMAJILHON KOHCTpyKIMH. Tak Kak, Hapsamgy c o0-
UMK TPeOOBaHMSAMH (BBICOKAsh MHTEHCUBHOCTD €IM-
HUIBI 00beMa arnapara, ero CTOUMOCTb H T.11.), MOXKET
OBbITH BBICTaBJICH DSl AOTIOJHUTEIBHBIX TPeOOBaHUH,
KOTOPBIE OMPEACIAIOTCS CTeIU(PUKON TPONU3BOACTBA.
Hanpumep, GompImM HHTEpBaIOM yCTOWYHMBOH pa-
00THI IPX U3MEHEHNH HArpy30K 10 ¢a3am, 3¢ hHexTus-
HOCTB TapejKu paboTaTh B Cpeae 3arpsA3HEHHBIX JKUJ-
KOCTEM, BO3MOKHOCTb 3aILIUTHI OT KOPPO3UH U T.1I1. J{o-
CTaTOYHO YaCTO, HMEHHO J3TH XapaKTEePUCTHKH
CTAHOBATCA NPEBAIUPYIOIIMMHU, IPH OINPEACICHUN
MPUTOJHOCTH TOM WM HMHOW KOHCTPYKLMM AN HC-
MOJIb30BAHMUS B Ka)KJJOM KOHKPETHOM IIPOLECCE.

OmHako HEOOXOMMO IIOMHHTE, YTO 3TOM 3 dek-
THBHOCTh pabOTBl MacCOOOMEHHBIX aNmnapaToB 3aBH-
CHUT TaKXK€ M OT YCJIOBUH IPOBEACHUS TEXHOJOTHYE-
CKOTO TIporecca, (M3MYECKHX CBOHCTB KOHTAKTHBIX
(a3, yuuThIBas IPUPOAY U KOJTUIECTBO MEXAHUUECKUX
TIpUMeECel, HIUPKYJIUPYIOIIKX B 3TOM cucteme. B cBsizu
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C 9TUM olleHuBaHuE () (HEKTHBHOCTH PaOOTHI Macco00-
MEHHBIX aNlaparoB ¢ Pa3iHYHBIMH THIIAMU KOHTAKT-
HBIX YCTPOMCTB, C IEBI0 BBIABICHUS UX ONTUMAIbHBIX
TEXHOJOTUYECKUX M KOHCTPYKTHBHEIX [TAPAMETPOB SB-
JSIETCSI CITOKHOM MpaKkTHUYeCKO# 3amaueii. [6]
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VJIbTPA®LIbTPALIIMHI MEMBPAHU HA OCHOBI LIEJIIOJIO3U TA ii MOXITHUX
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Water purification for human use, ecosystem management, agriculture and industry is becoming a top global
priority. Membrane technologies for water purification have been actively used for decades. A widely used class
of organic membranes are materials based on cellulose and their derivatives. The article is devoted to a review of

such membranes for ultrafiltration.
AHoTauis

OuuieHHs BOAY /1JIsi BUKOPUCTAHHS JIIOAMHH, YIPABIiHHS €KOCUCTEMaMH, ClIILCHKOTO OCIIOIapCTBa 1 po-
MHCJIOBOCTI CTa€ TOJIOBHUM TJ100aIbHUM IpiopuTeToM. MeMOpaHHI TeXHOJIOTIT [JIsl OUHUILEHHS BOJIU AaKTHBHO BH-
KOPHUCTOBYIOTBCS IIPOTATOM JeCATHIITh. IIIMPOKO pO3MOBCIOPKEHUM KJIACOM OpPraHiYHUX MeMOpaH € MaTtepiaiu
Ha OCHOBI IIEIIOJIO3H Ta 1X MoXigHNX. CTaTTs NPUCBSIYCHA OTIIAY TAKUX MEMOpaH il yabTpadiieTpartii.

Keywords: water purification, ultrafiltration membranes, cellulose and derivatives.
KaiouoBi ciioBa: ouninenHs Boau, ynbTpadinaspTpariiiini MeMOpaHu, HelIo3a Ta HoXi/IHi.

3pocTaHHs MOMUTY Ta HeCTadya YUCTOI BOAM BHA-
ciiok mBuAKoi ypOaHizaiii, 3poCTaHHs YUCETBHOCTI
HACEJICHHS, HEMIPABMWJIBHOTO BUKOPUCTAHHS Ta KiliMa-
THYHUX TOPYIICHb CTAJIM HATAJbHUMHU CBITOBHMH ITH-
TaHHsIMHA. KpiM [PSIMOTO CITOKUBAHHS Ta BHKOPHC-
TaHHS BOAH, MpuOnn3HO 70% TpicHOI BOIM Y BCHOMY
CBiTI MpUNaJae Ha CiTbChKE TOCIOJAPCTBO Ta 3pO-
meHHsl, gocsaratodu 10 90% y neskux npoMHUCIOBO PO-
3BUHYTHUX KpaiHax [1].

OuuIieHHs BOIU 338 CyYaCHUMH TEXHOJOTISIMU €
JIOPOTHUM Ta €HEPro€EMHUM MpoliecoM. IcHye HaraibHa
notpeba B HOBHX JTOCHIIKCHHSX, 11100 BU3HAYUTH HOBI
TiXOAH 10 OYWIIICHHS BOJY ISl 3MEHIIIEHHS BUTpAT 1
MiHiMi3allii BIUINBY Ha HABKOJIUIITHE CEPEIOBHIIIE.

BriponoBx KiIbKOX AECATHIITH JUIS OYHIIEHHS
BOJIM BUKOPUCTOBYIOTH MeMOpaHHi TeXHOJOTii. 3a meit
4ac BOHHM JIOBEJIH CBOIO €(DEKTHBHICTh Ta €KOHOMIid-
micts [1 —4].

MewmOpanu 11 yasTpaduIbTpaIiiiHuX yCTaHOBOK
MalOTh XapaKTepU3yBATHUCS IEBHUM KOMIUIEKCOM (i-
3UKO-XIMI9HHX, MEXaHIYHHUX, CTPYKTYPHUX 1 KCIUTya-
TaI[IIfHAX BIACTUBOCTEH (TIOPUCTICTIO, MILIHICTIO, CTil-
KicTIO 10 TemneparypH, pH, arpecuBHHX cepenoBHI
tomo). Lli BracTMBOCTI MEMOpaH BH3HAYAIOTHCS B 3a-
rajJbHOMY BHJI MOJIEKYJSIDHOIO i HaJMOJICKYJISIPHOIO
CTPYKTYpOIO IMOJIIMEPIiB, HA OCHOBI SIKHUX BOHHU OTpH-
MaHi, a TaKOK X MaKpOCKOIIIYHOO CTPYKTYporo [3].
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MemOpaHu MOKYTh OyTH BUTOTOBJICHI 3 pi3HOMa-
HITHUX MaTepianiB. HalBaXIUBIHM KJIAcCOM MEM-
OpaHHUX MaTepialiiB € OpraHiyHi MOJIMEpH, ajie JInIe
oOMexeHa KUIbKICTh T0JIiMEepiB MOKe OyTH BUKOPHC-
TaHa Ha npaktui. Cepesl OpraHivHUX MMOJIMEPHUX Ma-
TepialliB IIMPOKO BUKOPUCTOBYBAaHUMHU € MaTepiaiy Ha
OCHOBI IIENIONO3U, IO MAlOTh IOPHCTY CTPYKTYpPY
(puc. 1) ta rigpodineHi Bractusocti. CaMe MOPUCTI
MeMOpaHu BUKOPHUCTOBYIOTH JUISI MiKpoQuIbTpamii
(M®) ta ynerpadinsrpanii (Y®). CenekTUBHICTD
NOPUCTUX MeMOpaH B OCHOBHOMY BH3HA4aeThCA

. 4

Puc. 1. Cxema po3dinenns komnonenmie cy-
Miwi Ha nopucmux Y D-membpanax

[epmi Y®-memOpanu Oynu BUTOTOBIICHI 3 HITPO-
[EI0JI037 Ha caMoMy modaTtky 20-ro cromitrsa. OcHO-
BHUM IIPOPHUBOM Y IIiif Taxy3i craixa po3poOka aHi30T-
pornHuX MeMOpaH 3 aneraty 1eroao3u (CA) y 60-x po-
kax 20-To cTOMITTS. AIeTaT i HITPAT IEJII0JIO3H 1 3apa3
BIZIHOCSTBCS IO HAWO1IIBII IIMPOKO BUKOPUCTOBYBaHUX
OpraHiyHUX MEMOpaHHHMX MaTepiajiB MepLIOro MOKO-
minus [1, 5-6]. CA-acumetpruna MeMOpaHa 3acTOCO-
BYETBCS B MIMPOKOMY [iarma3oHi mporeciB QimbTparii
(Bix 3BOpOTHOTO OCMOCY 10 MikpodinpTparii). O0ymo-
BJICHO II¢ BiIHOCHO HU3BKOIO BapTicTI0O CA, OCKUIBKH
[EITI0JI03a € HAHTIOMNPEHIIINM IPUPOTHAM OioMaTepi-
anom Ha 3emui (6mu3pko 700 MimesapaiB T / pik) [8] Ta,
JIO0 TOTO X, TiApoQimsHIM [9]. 3MIHIOIOYHN CTYIIIHB 3a-
MimIeHHs edipy, MOXKHA B MIMPOKHUX MEXax BapilOBaTH
HOTO0 TiIpOGIIBHICTS.

OpHak, TIpy BCix cBoix nepeBarax, CA-meMOpaHu
HE MaloTh JOBrOTPUBAJIOI XiMiYHOI, TepMi4HOI Ta 6io-
JoriuHOi CTaOUIPHOCTI (HANPHUKIAL, HE IEPEeHOCATh
XJIOp, MAIOTh OOMEXeHi Jiana3oHu poOOYNX TeMIepa-
Typ Ta pH, 3 yacom MarTh TEHJEHIIIO 10 TiIpoIi3y).
Jist 3MeHImeHHs ux HeoikiB CA 9acTo 3MilTyroTh 3
IIMPOKO BUKOPHCTOBYBAHUMHU TiApO(OOHUMH ITOJTiMe-
pamu, Harpukiaj nojiedipcynsponom (PES), momicy-
naedonom (PSF), nonisinininendropunom (PVDF) nns
OTpPHUMaHHS KOMIIO3UTHHX MeMOpaH, Takux sk PES /
CA, PVDF / CA ta PSF / CA [10 — 12]. YUepe3 BUCOKY
rigpodinsricTs CA, Hanpukian, rinpodobuuit PVDF
(ImMpoOKO BUKOPHUCTOBYBaHA MeMOpaHa, M0 JTEMOHCT-
PY€ TePMOCTIHKICTh Ta XiMI4HY CTIHKICTB) 3MIIIyIOTH 3
CA st ycyHeHHsI Hu3bKo1 ipoHukHocTi PVDF Ta mo-
raHoi 31aTHOCTI IpoTH oOpocranHs. Cepen MarepialiB
Ha OCHOBI IIEJTIOJIO3U — HAHOBOJIOKHA Iiemio03u [13],

CITIBBITHOTIEHHSAM PO3MIipy MOP 1 pO3Mipy HaCTOK,
o0 po3AiNAThCA. ['iApodiNbHI MOJiMEepH MarTh
3HAYHY IepeBary mnepeja rigpogoOHuMHU — ciaabky
TEHJCHIIFD J0 ancopOIii, amke came ancopoOiis
PO3YMHEHUX PCUYOBUH YHUHHUTH HETATHBHUI BIUJIUB
Ha MOTIK, OCKUIbKH a/JCOPOLiHHNN map BHKIMKAE
JOJaTKOBUH otip Maconepenocy. Kpim Toro, anco-
pOLiiiHI apu BUKIUKAIOTH TPYIHOIII i 4ac OYH-
menHs MeMOpan [2]. CubHI TigpodineHi BilacTH-
BOCTI IIEJIFOJIO3H Ta 11 MOXiTHUX 00YMOBJICHI BEIH-
KOIO KiJBKICTIO TiIPOKCIIBHUX TpyH (pHC. 2)

CH,OH

H
OH

H OH

Puc. 2. Cmpyxmypua nanka monexynu
yenrono3u

10 OTPUMYIOTh 3 PI3HHX HNPUPOTHMX IKepel (aepeB-
HOi Ta 0aBOBHSHOI IENIOJI031) a00 B YMOBAax KYJIbTH-
ByBaHHSA (0akTepianbHa MEF0II03a), sIKi Oy BU3HAHI
YHIKQIbHUMU TUM, I1I0 BOHH MaIOTh CTPYKTYPY 3 UyJI0-
BUMHU MEXaHIYHUMH BIIACTUBOCTSIMH (HAIIPUKIAL, MO-
nyns FOHra 6akTepianbHOI IEN0I03U CTAHOBHUTH TO-
Han 15 I'Tla) [14]. [puknaau HEAAaBHIX OCIIIHKEHB
LIEITIOJIO3HUX HAHOBOJIOKHUCTHX MEMOpaH BKIIIOYAIOTh
BUTOTOBJICHHS! HAHOBOJIOKHUCTUX KoMmo3uTHHX CA
Y ®-membpan (ipu nbomy CA M®-MeMOpaHa BUKOPH-
CTOBYBAJIach SIK OCHOBA) 3 HA/IBUCOKOIO BOJONPOHUK-
HicTio (oTik 3540 avm%/(M?-ron)) Ta e)eKTUBHUM PO3-
JineHHsM (3arpumanss peputuny 90,7%) [7], HaHOBO-
JIOKHO IIEJIIOJIO3M (BUTOTOBJICHE 3 JIEPEBHOI MacH, 3
BukopuctanHaM cucremun TEMPO / NaBr / NaClO 3
MOJJAVTBIIIOI0 MEXaHIYHOI O00pOOKOI0), KOMIIO3WTHI
Y®-memOpanu (11e71107103HE HAHOBOJIOKHO STK BEPXHIN
mrap, nomaxpuinoriTpua (PAN) gk cepenHiit map, mo-
nietunenrepdranar (PET) ax onopuuit map), mo ae-
MOHCTPYE B II'SITh pa3iB OUThIMI TOTIK, HIX Y®-
MemOpanu PAN10, BUTOTOBJIEHOT 3 TUMH X MOJIMEp-
HUMH KOMIIOHEHTaMH, ajie 0e3 IeJIF0JI03HOT0 HaHOBO-
JIOKHUCTOTO Oap’e€pHOro I1Iapy, a TakoXX BUILY 3aTpH-
MYBaJIbHY 31aTHICTH (TIoHam 99,9%) [14].

3MiHa MOJIEKYJISIPHOT MacH BHXIJJHOTO TIOJIIMEPY B
LIMPOKUX MeKaxX MaJlo BIUIMBAE Ha PO3JIIOBI BIACTH-
BOCTi MeMOpaHH, OJTHaK 32 HU3BKOTO CTYIICHS TOTiMe-
puzamii (< 150), HampukIam, ameTaTIeNioIo3HI MeM-
OpaHW MarOTh HEBHUCOKI MEXaHiuHi BJIACTUBOCTI, TOA1
SK 3a BHCOKOrO CTymeHs nosiMepusamnii (> 600-700)
3HAYHO MiJBUIIYETHCS B'SA3KICTH PO3YMHIB, IO YTPYI-
Hsie popmyBaHHs MeMOpaH [1].

Kpim auerary nemronosu, 1uist popmyBanus Y O-
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MeMOpaH BUKOPHUCTOBYIOTh TAKOX 1HIIII ITOXI/THI IO~
703U, HalpHKIaJ, TPUANeTaT Ta TPHUIPOIIOHAT Iie-
JI0JI03H, ETHIILEINI0NO3Y, HITpaT Ta OyTUpaT Heito-
7031, TAKOXK 3MilIaHi edipH, TaKi, Ik anerar-0yTu-
pat wuentono3u. OpHAaK, 32 BUCOKMX 3aTPHUMYIOUHX
BiactuBocteit (10 99,9 % no NaCl), BoHu MarOTh JIykKe
HHU3bKY IPOHMKHICTS [2, 3].

Po3pobuieni MeToau onepkaHHS MeMOpaH 3 Kap-
OokcuMeTmerono3u [3] Ta MomudikoBaHOI IEIIO-
7034 [15], o MaroTh 3apsiz MOBEPXHi i TOMY € TOCHTh
MEePCTIEKTUBHUMH JJIs1 BUJAJICHHS 3 PO3YMHIB 10HOTCH-
HHX PEYOBHH.

BucnoBku. ledinuT gncToi BoAu € MaCOBUM Ta
3pOCTalOYMM 3aBIAHHIM Y BCbOMY CBITi; IEpEa0Bi Te-
XHOJIOT1] OYMIIEHHS BOAU CTaHYTh HE3aMIHHOIO OIIO-
POr0, HEOOXITHOKO ISl 3aI0BOJICHHS HE JIMIIE MOTPeO
CHOTOJICHHSI, a 1 U1l MalOyTHIX TOKOJIIHb.

Jnst ouMIIeHHs BOJM JOCUTH TOIIUPEHUMHE € Oa-
poMeMOpaHHI METOTH, 30KpeMa yabTpadinpTpartis. 3a-
rajJbHUMH BUMOTaMH 10 Y @-MeMOpaH €: BUCOKa Ipo-
IYKTHBHICTh T4 CEJICKTUBHICTH, MEXaHIYHA, XiMIiYHA,
TEpMiYHa Ta THUMYAcOBa CTAOUIBHICTH, TEXHOJOTIU-
HICTh Y IPOMHCIOBHX MacIITabax; cKOHOMIYHICTh Ta
HU3bKa 3a0pyIHIOBaHICTS [1].

3aBISIKH CBOIM BJIACTHBOCTSM, IIEJII0JI03a Ta 11 110~
XiJJHI HIUPOKO BUKOPUCTOBYIOTHCS /IS BUTOTOBJICHHS
Y®-memOpaH [yt O4MIIeHHS BOAM. 3a 6aratbMa rmoka-
3HMKaMHA MEMOpaHH Ha OCHOBI IHIIMX e]ipiB IEIto-
JI03U TIOKH HE MOXYTh KOHKYPYBATH 3 alleTaTLer0II0-
3HUMH, IO BiAPI3HAIOTHCS BHCOKHMH DO3JALIOBHMH
BJIACTHBOCTSIMH 1 MTOPIBHSHO IIPOCTUMH METOAaMU (o-
pMmyBanHs [3].

[omitHuit mporpec OYB TOCATHYTHIA Y CTBOPECHHI
HOBHX METO/IB BHTOTOBJICHHS JUIS CTBOPEHHS MEM-
OpaHHUX NMOPHUCTHX CTPYKTYP, BIACTHBOCTEH IIOBEPXHI
ta Mopdoorii. He3pakaroun Ha HemogaBHI JOCST-
HEHHS y CHHTe31 HOBUX MEMOpaHHHX MaTepiaiiB, Me-
tomax moaudikamii / GyHKIioOHATI3AMIl TOBEPXHI Ta
ONTHUMI3allil eKCIuTyaTalliifHOro qu3aiiHy Ta yMOB, 3a-
JIMIIAETHCSl HarajbHa NMoTpeda y BUPOOHHIITBI HaJii-
HUX MEeMOpaH 3 33JaHMHU XapaKTepHUCTUKAMH, 3 MOX-
JIMBOCTSIMH JIETKOTO YCYHEHHs 3a0pyaHeHb (01000poc-
TaHHS, HAaKWIly, OpPraHiYHUX Ta  KOJIOITHHX).
3amo0iranHs 3a0pyIHEHHIO 3aIUIIAETHCS HEBHpIIIe-
HOIO IIPOOJIEMOIO0 PH OYHIIEHHI BOAH, 1110 IPU3BOAUTD
JI0 BUCOKHX €KCIUTyaTallifHUX BUTPAT Ta HU3BKOI ede-
ktuBHOCTI. 1100 3a0e3neuyntn MaiOyTHI MOKOJIHHS
BOJIOIO0, 3HAJOOJIATHCS IHHOBAIlIi{HI MEMOpaHHI TEXHO-
JIoTii MOBEPXHi Ta COCOOIB BUTOTOBJICHHS JIJIST PO3PO-
Oku OararodyHKITIOHATLHIUX MeMOpaH i3 BHHATKO-
BHUMH NIPOTHOOPACTAIOYNMH, aHTUMIKpOOHUMHE Ta (o-
TOKATAIITUYHUMH BJIACTUBOCTAMH. Y 3B'SI3KY 3 1M
MEPCHIEKTUBHAMH € KOMITO3HIIiHHI MeMOpaHHi MaTepi-
aiu [1, 16], ocobamBo Ti, B IKMX (QYHKI[IOHAJIbHI HAHO-
Marepiany BKJIIOYEHO B "po3yMHY" TOJIIMEpHY Mart-
puiio. HeoOXximHo 1 mami moryimOiIIoBaTH pO3yMiHHS
MeXaHi3MiB TPaHCIIOPTYBaHHS BOJAU Ta PO3YMHEHOT pe-
YOBHHM B MEMOpaHi Ta BIUIMBY MIKPOCKOIIIYHHX BJlac-
THUBOCTEH MeMOpaH Ha iX MaKpOCKOMIYHI OKA3HHUKH.
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A solution is given to the system of equations for the creation of fundamental particles from the information
of the physical vacuum based on the equations of the expanding Friedman Universe and quantum teleportation

according to the Planck dependence for "black radiation™.
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MaTeMAaTUYCCKUC TPEACTABJICHUA; MATCMATHYCCKHUC
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HOE U3JIy4eHHe», «O0IIBIION B3PhIBY, KBAHTOBAS TEIEMOPTAIIHS.

Ilo coBpeMEHHBIM Hay4dHBIM BO33PEHUSIM Hallla
Bcenéunast ¢ MmomeHTra Bo3HHKHOBeHMs 13,77+0,059
MWIIHAPIOB JIeT Ha3ax u3 o0béma pasmepom 0,003-
0,004M HenpepbIBHO pacUIMpsIETCSi BO BCE CTOPOHBI
paBHOMepHO. HauansHoe cocrostane Beenénnoit (mep-
BOHauayHast cepa BeenenHoit), xapakrepuzyromnieecs
CBEPXIUIOTHOCTBIO, Ha3bIBACTCSl CHHTYJISPHOCTBIO, a
pacmmpenue Beenénnoil Ha3pIBalOT «OOIBIINM B3pBI-
Bom». Teopurto pacmmupenus Bcenénnoit paszpaboran
®puaman [22] Ha OcHOBe 00IIEH TEOPUN OTHOCUTEIb-
Hocti (OTO) DOitnmreitna [3]. DxcnepuMeHTaNbHO
Teopusi paclmupeHuss BceneHHON mnoaTBepx aaeTcs
HaJIMYAEM KPacHOTO CMENICHHS TAIEKUX TaJIaKTHK, OT-
KpbiToro Xab6mom. KpacHoe cmenieHne oObsICHACTCS
OOJIBIION CKOPOCTBIO YAAJIEHHs NAIEKUX TaJaKTHK,
BBI3BaHHBIX pacumpeHueM Bcenénnoit. Jpyrum nog-
TBEP)KACHUEM CUHTYIIIPHOTO COCTOAHUS Beenénnoit B
Hayajle pacIlIupeHus siBisieTcss oOHapyxkenue I'amo-
BbIM [5] PEIMKTOBOrO pajuOU3IydEeHUs, KOTOPOE B
MIEpBOM TPHUOJIKEHNH W30TPOITHO M COOTBETCTBYET
temneparype 3K. Jlanpreimee uccnenosanus ae Cut-
TEepoM OOJIBIIOTO B3pHIBA MPHUBENIO K BBIBOLIY, UTO O
momenta Bpemenu t=10"%c npoucxonuno paznysanue
(uszrueckoro Bakyyma (COCTOSHHS ¢ OOJBIION IJIOT-
HOCTBIO DHEPTUH - IIy3BIPh»), B X0/€ KOTOPOTO pa3-
mep Bceenénnoii cocrasun 101w, Bo Bpems pasaysa-
HHSI KBAaHTOBBIC (IIOKTyaluu GO30HHOTO MOJIS, HEU3-
0EXHO NPHUCYTCTBYIOIIME B BAKyyM€, PAaCTSITHBAIOTCS
BMECTE C paclIMpeHueM BceneHHOM, 4To mopokaaer
HEOJHOPOAHOCTHU IJIOTHOCTH, NMOPOKAAIOLINE B Jallb-

HEWIlIeM MeTaralakTHKH. 3aTteM 13 GU3MYeCKOro BaKy-
yMma myTéM ($a3oBOro mepexoga o0pa3oBajucCh peaib-
Hble (pyHIamMeHTanbHbie yacTuipl (PY): ¢poToHsl, rpa-
BHUTOHBI, HEHTPUHO, KBapKH, a TAKXKe MyTeM (pa30BOTrO
mepexoaa 00pa3oBaMCh «aepHbIe ABIpe»[15],[9],[18].

C apyroil CTOpOHBI, COTJIACHO KBAaHTOBON KOCMO-
JIOTHYECKOW KOHIICTIIUU TI0 TEOPHH JEKOTePEHIINU
[16], [11], [13 ]Bech KIaccu4ecKuit MUpP CO BCEMH 00b-
€KTaMM U B3aUMOJICHCTBUSAMHI MEXITy HUMH BO3HHK M3
HEJIOKAJIbHOTO MCTOYHHMKA PEajJbHOCTH, U COTJIACHO
KBAaHTOBOM TEOPHH, HE SIBIAETCS OCHOBOW PEaNbHOCTH.
CoBoKyIHas KBaHTOBas PeaJbHOCTH ropas3io Ooraue u
IMpe: BKIFOYaeT B ce0s Kak Maccy, TaK U YHEPTHUIO, U
nHpopmanuto [10]. Kiraccuueckuit Mup — 3T0 JHIIB
BHEIIIHEE [IPOSBICHUE OJHON U3 CTOPOH KBAHTOBOM pe-
QJIBHOCTH (B KOTOPOM HAIl MHUpP COAEPIKUTCS B MOTEH-
uuajibHOM BuJe). HenmokanbHbI UCTOYHHMK pPeabHO-
CTH, U3 KOTOPOT'0 «IPOELUPYETC» HAIll IUIOTHBIA MUP
— 9TO JIOBOJILHO TTyOoKOe noHsiThe. KBantoas Heo-
KanbHOCTH [16], [11], [8] BoOOIIE HE MOKET OBITH OTIH-
caHa KJjaccuyeckoi ¢usnkoi. HemokambHBIA KBaHTO-
BB HICTOYHUK PEATBHOCTH — 3TO MHP, B KOTOPOM BO-
o0I1e HeT HUKAKOH Macchl M MOTOKOB IHEPTHUHU. JTO
ITyCTOTa, KOTOpasi, TEM HE MEHee, COJIEPKUT B ceOe BCIO
MTOJTHOTY KJIACCHYECKUX (TBapHBIX - BO3HUKAIOIINX U3
nH}opManum) SHEPruil ¥ Macc B HEJIOKAJIBLHOH cyrep-
MO3UIKY (B MOTCHIIMAIBHOM BHJIE).

Bce TBapHbIe 3HEpruu (B TOM YHCIE HAa TOHKHUX
YPOBHSX) KOMIIEHCUPYIOT IpYT Apyra ¥ B CBOEH COBO-
KynHocTH 00pasyioT BceeoOwsemumomnyto IlycTtoTy-
YHusepcyM. IlycToTy nuiib B TOM CMBICIE, YTO 3TOT
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MHp HEBUAMM B CBOe 1enoctHoctu. Ha ypoBHEe YHU-
BEPCyMa OCTAeTCs TOJIBKO OJHA BO3MOXKHOCTH — OTIe-
pHpOBaTh KBaHTOBOW MH(oOpManueil, kKpome KOTOpOi
TaMm Hu4ero Oojplie U HeT. MOXKHO Ha3BaTh €ro eIu-
HBIM MH(OPMALMOHHBIM T10JIEM, KOTOPOE COAEPKHT B
ceOe MHpOPMAIHIO 0 BHYTPEHHEH CTPYKType YHUBeEp-
CyMa, a JEKOTepeHIUsl — 3TO NPOSABIECHUE ITON HH-
(opmariy B BUsie TOW WIIM MHOW KJIACCUYECKOH pealib-
HOCTH (TIPOEKLINH), KOTOPOE COMPOBOXKIACTCS IIOTO-
KaM{ TBapHBIX SHEPTWii W Macc (B TOM dYHWCIIe Ha
TOHKHX YPOBHSX, TJI€ BBIIIE Mepa KBAHTOBOH 3aITyTaH-
HoctH) [11].

Takum o0Opas3om, B YHHBEpCyMe Macca, SHepTHs,
nHpopManus HaxoAATCs B HepasnelieHHoM Buze. I1pu
JICKOTepEHIIUH BCIIEICTBHE MOSBICHUS BPEMEHH U IIPO-
CTpaHCTBa MH(OpMAIMs, SHEPTHUs U Macca pasiels-
I0TCSL.

IlonTBepxkaeHNEM HENOKaJbHBIX CBOMCTB YHH-
BepCcyMa SIBIISICTCS CYLIECTBOBAaHHE «UEPHBIX IBIP», B
KOTOPBIX BpeMs IO JeHCTBUEM IPaBUTAIHA OOJBIIHX
MacCc OCTaHaBIIMBACTCSA, a MPOCTPAHCTBO IpEBpalla-
eTcs B TOUKY (T. €. B MuHHyHUBepcyM). Jpyrum mon-
TBEP)KACHHEM HEJIOKAIBHBIX CBOMCTB YHHBEpPCYMa SB-
JSeTCsL HyJIeBO€ COOCTBEHHOE BpPEeMs M HYJIEBOE COO-
CTBEHHOE MIPOCTPAHCTBO (DOTOHA.

Ou3nyecKuil BaKyyM MPEICTaBIsACT COOOM HH-
dopmarmonnoe none. ITostomy g0 1033 Bo Beenen-

HOW TIPOMCXOAWIHM JHIIG HWH(POPMAIIMOHHBIE TIPO-
1ecchl. B cooTBETCTBHE C KBAaHTOBOU (DM3HMKOM B KOHIIE
ATOTO MEepUoJia MPOU30MLIa KBAHTOBAS TEICHOPTAIUS
WH(POPMAIIMOHHOTO COCTOSHHS MATCpUU 3a TPEACIbI
IpaBUTAIIMOHHOTO paauyca BceneHHON ¢ o0Opa3oBa-
HUEM pPEalbHBIX (DYHIaMCHTaJIbHBIX YACTHI[, a 3aTEM
n3 @Y obpaszoBanuck sneMeHTapHble yacTuusl (OY).

IIporpamma, 3amucaHHas B WHGOPMAIIMOHHOM
oJie B HaYaJbHBI MOMEHT 0Opa3oBaHus BceneHHOH,
OTIpeIeNTIa BeCh X0 NaNbHEHITNX coOBITHI: 00pa3o-
BaHUE TaJlaKTHK, 3BE3/I, TUIAHET.

JlaHHas cTaThsl UCIIONB3YeT IepepabdOTaHHBIE H
JOTIOTHEHHBIE MaTepuanbl ctatbu[14] ¢ yderom pe-
3yJIBTaTOB, MOJIYUYCHHBIX B padote [2].

Jns uccnenoBaHus WH(POPMAIMOHHBIX IPOLEC-
coB [20], MPOUCXOAAIINX B «IIY3bIPE», HEOOXOAUMO
HCIOJB30BaTh MAaTEeMATHYCCKUI ammapaT BTOPHUYHOTO
KBaHTOBaHUs, U3NOKEHHBIH B pabote [20]. Ilomnyto
“HpOPMAIIUIO 0 Tpoleccax poxkacHus DU, ux pacces-
HUS M aHHUTWIAIUHA BO BHEIIHEM IIOJIE COACPIKUAT B
cebe omepaTop HpeoOpa3oBaHUSA, CBS3BIBAIOIIHN CO-
CTOSIHUSI TIOJII B OTHAIIEHHOM MPOIUIOM M Oyaymiem
(MH-M ayT-COCTOSIHHS) ¥ IIOJIyYWBIIEM Ha3BaHUE S-
MaTpuIEl. PaccMOTpHM KpaTKo pas3lioKEHHE BOIHO-
BOTO ypaBHEHUS U1 CKaMApHBIX OY (ME30HOB U

np.)[20]

(D+m% )p=0, V7, <z, 0<Xx’ <0, p=123 1)

62
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R, (11)

POXKICHNUS YaCTHIl B COCTOSHUH U,
Taxum o0Opa3oM, ypaBHeHHE (5) CTABUT B COOTBET-
CTBHE ONEpaTopy POXACHUs (YHUUTOXKEHHS) YacTHI]

BB oneparop muotHocTH /3(5)('[) M SIBIISICTCS

0 OMpeJeNIeHUI0 TpeacTapnenuem [2], [21],

Ontponus no HeliMany, sBusromedica Mepoit
KBaHTOBOM HH(OpMAalMU Uil 3alyTaHHBIX CHCTEM,
OIIPEIeTIUTCS IO (opMYyJIe

H(p) =-Tr(plog,p) (6)
Marpuia II0THOCTH O HM3MEHSETCs [0 ypaBHe-
HUIO dBoTTOTIHHA[ 19]

5(8) .

s)

C HaYaJIbHbIM YCJIOBHUCM ﬁ(s)(t = tO) = /30

Ot0 ypaBHeHHEe Oonee obmee, yem ypasHenue Illpe-
JUHTepa U1 YUCTOro coCTOsHU. OHO HOCHUT Ha3BaHUE
ypaBHeHus (GoH Hefimana s MaTpHIlbl IUIOTHOCTH
[71.

Pazpaborannbie Metonsl pemienus [20] mpuse-
JICHHBIX ypaBHeHUi! (1-7) MO3BONAIOT HAWTH YUCIIO Ya-
CTHL, TEJENOPTUPYEMBIX BO BpeMsl «OOJBLIOTO
B3pBIBay. J{s 3TOr0 HEoOXOAMMO 3HaHUE KO3 PHIH-
€HTOB oTpaxkeHHs Ry u nornonierns T BOJHOBBIX Ma-
KETOB «ITy3bIpeM». [IJIsi MX HaxXOXICHHUS HEOOXOANMO

I
- a . T
(), exp(w,/0,)-1" *
T K,

—X = - XOKHMHIOBas TEM-

:O-(x

rae: 6, =1 /27 =

nepaTypa «I€pHOTO M3IyUYeHH», T, - TEMIIepaTypa 1mo
KenwBuny; e-3apsn snektpoHa; Tq - K0odpumment mno-
IJIONIEHHS BOJIHOBBIX MTAKETOB Vg «ITy3bipem»; 2 | @H-
YTJI0Bask CKOPOCTh BPALICHHUS M IIEKTPUICCKHN TIOTCH-
nuan ; Je=+-1;

o, =sign(w; —-mQ").
f =c®/4k,M;

- Hal'lpﬂ)KéHHOCTL FpaBI/ITaHI/IOHHOFO T10JIs1
BOJIM3M TIOBEPXHOCTH, (@ - YacTOTa BOJHOBOH (PyHK-
mun; M —macca Bceenennoit; Kg- rpaButanmonHas mo-
cTosinHast; Kg —mocrosunas boibimana.

Pesynbratsl pacuéra o 3aBucuMocTH (9) moKa3bI-
BAaKT, 4YTO COCTaB HBHy‘IaeMBIX qaCcTul 3aBUCUT OT
Macchl M. [Tonoxum Taxxe £21=0.u @"=0.

HUcxons w3 nHPOPMAITMOHHON TEOPUH «OOIBIIOTO
B3pBIBaY, MOTyYSHHBIH pe3yJIbTaT MOYKHO HHTEPIIPETH-
pOBaTh Kak KBaHTOBYIO Tejiemnoprainuo OY m3HyTpH
«ITy3BIPS» HAPYIKY TOPU3OHTA COOBITHIA.

B npanpHeitmem w3 ®U  (kBapK-TIOOHHON
1a3Mbl) 0OpazoBaMch DY, aTOMBI 1 MOJIEKYJIBI.

Bo3MOXHOCT KBAaHTOBOH TelemopTanuu ObLia
paccMoTpeHa B paboTe[6] U moaTBepKIeHa dKCIEPH-
MeHTaJIbHO B paboTte [1]. Bo3moxHOCTh MH(MOpMALIN-
OHHOTO CTPOCHHUS MAaTepUH HE MPOTHBOPEUUT MacCo-
JHEPreTUYECKOMY, HO JIOMOJHSIET €ro, TaK Kak Jrobas

2
Ta

TOJIy9HTh penieHue ypaBaenus (1) B merpuke Keppa;
JUISL OJIHOMEPHOI 3a7a4yu pelieHns MOTYT ObITh 3aIH-
CaHbI B BUJIC

1 1

v Im — eii(mwa)lm(r)Ylm (01 ¢)1
" Nz Jr? +a?
rae Wm|m (r) YAOBIETBOPSET PaJUalbHOMY ypaB-
HCHUIO ~
d 2
dr_*z Wmlm + U mImeIm = 0’

1 CJICAYIOINUM I'PaHUYHBIM YCJIOBUSAM!

—ar

+R,,. e, r" > oo,
1/2

T

e

e’ 5 —o0.

wlm

B

B cooTBeTcTBHM ¢ KBaHTOBOW (PHU3HMKOH CpeaHee

3HaYEHME YHCIIa JaCTUL] OTIPEEIUTCS 110 (hopMyIie
<na>p :Tr(pana)' (8)

Pewienus 3Toro ypaBHeHus ompezensercst Gpop-
myaso# [lnanka qis «daepHoro uznyuenus» . [20], [17].

ITycTs mepBOHaYaIbHO CHCTEMa HAXOANIACH B Ba-

KYYMHOM COCTOSIHHUHM. B COOTBETCTBHMH C pelieHHeM
ypaBHeHHi (1-7) mocie BOZHUKHOBEHUS «ITy3bIps» OHA
CTaHOBUTCS] HCTOYHHKOM H3ITy9EHHS, CO CPETHAM UHC-
JIOM YaCTHII, H3ITy4aeMbIM B Mozie o= @lm u peructpu-
pYeMbIX OTHaNEHHBIM HaOMIogaTesneM, paBHBIM II0
¢dopmysie [Tnanka[20]
o, =w,—mQ" —q,leg@", 9)
@Y obmamaer ompeneneHHOH HH()OPMOEMKOCTHIO H
MOJKET paccMaTpHBaThCsA KaK CIIOXKHAs CHCTEMa, CO-
CTOSIIIast U3 SHEPTETHIECKUX CTPYKTYP, HAXOSAIIUXCS
BO B3aUMOJEHCTBHUH.

Pacuer mo ¢dopmyne (9) Tpebyer 3HaAHHE MAacCHI
Bceenennoit M. [lns HaxoxaeHus: macchl BceneHHOM
peInM ypaBHEHHS €€ pacIIUpeHHs Mo Teopuu OifH-
mreiiHa [22].

Heo6xonumast st BeraucieHus msnydeHus Y
BEIMYMHA METPUYECKOTO TEH30pa B IPOM3BOJIBHBIN
MOMEHT BPEMEHH OTIpeIeNIeTCs Yepe3 3HauCHUe paau-
yca KpUBU3HBI BceneHHOH, KOTOpBII MOXeT OBITh
HaiineH u3 Gopmynst [17]

a=2a,(1-cosn), (10)
A€ 1) HAXOAUTCA U3 YPAaBHCHUA
a, .
t=—"(n-sinn). (11)
C

MakcumanabHOE 3HaUYCHHUE a:2ao JOCTUTaCTCA
na,

mpu t = . [nuna |; B MOMeHT BpeMeHH t BIpa-
KaeTcs uepe3 chepuiecKyro KoopauHary I mo gop-
MyJie
T r .1
|, =a.arcsin—. Orkyma — = Sin—.
a a a

[Tpumewm, uto pasmep pacmupsitomeiica Beenen-
HOM ompeersieTcss B COOTBETCTBUH C O0IIeH Teopuei
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OTHOCHTENBHOCTH 110 popmyite |/=ct, rie: t Bpems o
Hagaya O0JBIIOT0 B3PHIBA, € - CKOPOCTh cBeTa. [Ipu
t=13*10%em=4,111*10"c momyuum l,=
3.108m/c.13.10°.366.24.60.60c= 123,3.10%n. meem
[17]

2k M

2 )
3nc
: kg=6,67*10"0/(k2.c?) -
rae: Kg=6, M>/(Kke.c®) - TpaBUTALIMOHHAS
MOCTOSIHHAS;, C - CKOPOCTB CBETA B Bakyyme; 1=3*10
2BnoTHOCTE MaTepur Bo BeelleHHOI B HacTosIee
Bpems. 13 (12) momygaem M

a, M = pe27%a°, (12)

3ac’a
M="—"0 (13)
2k,
[Moxacrasinss (10), momydaem
2
M — a, 37C _ a .37zc _ 127%a°. (14)
2k, 1-cosn 2k,
ct(1—cosz)

N3 (10) u (11) HaxomuMm g = _

n—singy

Torna u3(14) nomyyaem npu U3BECTHOW IUIOTHO-
CTH i B HACTOSIIIUH MOMEHT

(1-cosp)® 3
(n—sinn)? 4kg,wzt2

Haiing u3 atoro ypaBHeHus 77, BerauciseM u3 (12)
ao 1 M. YpasHenue (15) umeeT pelieHue mMpu MHUHH-
ManbHOM 3Hadenun 1=4,705.10%7 x2/u®. Yro Ha nops-
JIOK TIPEBBIMIAET OTBITHOE 3HAYEHHE, MOTYYCHHOE W3
ACTPOHOMMYECKMX HAOJIOICHUH, U CBUAETEILCTBYET O
HaIIM4IAW BO BceneHHOH HeHaOmromaeMoi — YepHOH —
marepuu.  [loxcTaBisis  HaliieHHOe — 3HAYCHHE
1=4,705.10"%" kr/m® nonyuaem maccy Beenennoii pas-
Hy10 M=2,496.10%ke (B pabote [12] npuBoauTcs 3Ha-
uenue paauyca Bcemennoit Ry=1.235752*10%m u
macchl Beenennoit My=1.66408*105%r ).

Cucrema ypauenwuii (1) - (15) ectb mo onpenene-
Huo[2], [23] ¢yHKTOp, CTaBsIIMiIl B COOTBETCTBHUE
MPEJCTAaBICHUIO MaTPHUIIBl IUIOTHOCTU IO YPAaBHEHHIO
(5) mpencrasienne KoamyecTBa TenenopTupyeMsrx @Y
o ypaBHEeHHIO (8).

AHAJOTUYHO TEOpHH TIPEACTaBICHUI B (DU3MKe
o pyHKTOpOM[23], 33aJaHHOM Ha HEKOTOPOM MHOJKe-
CTBE NPE/ICTABICHUH, MOXXHO TOHMMAaTh COOTBETCTBHUE
KaXOMY IIPEJCTAaBICHHUIO U3 STOrO MHOXKECTBA OIpe-
JIEJICHHOE TIpeJicTaBleHne (BOOOIIEe TOBOps, HE U3
3TOTO0 MHOXKECTBA).

«UepnHoe uznyuenuey» OU nmpoucxoauT Kak U3Iy-
YeHHUe ¢ TemMIeparypoii XokuHra 6.

Bpems ucnapenus, onpeneinéHHOE B pe3yiIbTaTe
pemenus ypasHeHni(1-9) pasHo [20]

T, < 9.10-27c.(—1000'\/I )
Ixe

(15)

(16)

JlanHO€E BpeMs JaHO B CHCTEME KOOPAWHAT CTO-
ponHero HaOmoaatens. Tak kKak B HadyaIbHBIA MOMEHT
CTOPOHHETO ITIPOCTPAHCTBA M CTOPOHHETO HaOJoja-
Telst HeT, To cobcTBeHHoe BpeMst @Y u , 00pazoBaHHOM
n3 ®Y Bcenennoit, ompenenurcs 10 (Qopmyie

drzlql— Jgodt.
c

B 3aBucHMOCTH OT TOUKH «ITy3bIpSi», U3 KOTOPOU
Tenenoptupyetcss OYU, MmeTprudeckuii TeH30p OyIeT pa-
BEH

, 2k,M
Qg =|C ——— (17)
r

1

Torma Ot = F —1dt, (18)

- r 2Mk,
rne F =—, I’g = 2 -
rg C

IPaBUTAIIMOHHBIN PaJUyC «ILy3bIPS».

Tak kak 3Heprus, yHOCHMas MAacCOH YacCTHUIIbI
pasia E=7w, a @ =,/—Qy®,, 10 ocHoBHas
sHeprus ¢ ydetoMm (18), yHOCHTCS YacTHIIaMH, Tele-
HOPTHPYEMBIMHU U3 cepbl, olpeesieMoil 0 COOTHO-

@ .
wennio (mpu P = — ) HeomnpeneneHHocTH [eif3en-
C

Oepra 1w, 3HAYCHUH
Ar =r, Ao = 2@, , naxonum

/] fic hic c

OpUHAMas, 4YTO pazdpoc

f =—= = = =T.
A Ao hoy2 @2
Pemwas, nonyyaem
3
~ C
r=——mmm. (19)
202k Ma,
WnTterpupys (18), nmeem
1
T = [=—1eT,. (20)
r
IToncraBiss 3HAYCHUS
- r 2mk

u Ti, HaxomuMm BpeMmst

Te,c TeNenopranuy 4YacTUIBI C SHEpPruen E= ha)o .
[Ipy  WCXOOHBIX  TAHHBIX M=2,496.10%k2;  wq
=0,40463596314823357551.10®  pad/c, mnomyuaem

BpEMsi MCTIAPEHUS JUTsSl CTOPOHHETO HAabo1aTes
T:1=9.10?7.1000M=1.8972.10%¢;, maccy Tenemnop-

" _ 047420 e

2
C

TUPYEMOil yacTulpl M =

[Tpubim>keHHO BBIYHCISIEM MHHHMAIBHOE COO-
CTBEHHOE BpEMS TENETIOPTUPYIOMHNXCS YaCTHI, U3 KO-
TOpbIX 0Opa3zoBanach BcesneHHas M, COOTBETCTBEHHO,
MHUHHUMaJIbHOE COOCTBEHHOE BpeMst Beenennoi

Taxxe nomygaem Tx=0,19425*10"2K.
JlaHHBIN pe3ynbTaT COINACyeTcsl ¢ JaHHBIMU IO
BpeMeHH 00pa3zoBaHus BceeneHHON M3 «Imy3bIps», MO-
JIydeHHBIMH APYTUMHU aBTOpamu [12].

CTOJIb MaJIoe 3HAYCHHUE IIUKINUECKOM 9aCTOTHI (g
=0,4046.10"81/c u maccsl m=0,469.10%°kr cBunerenn-

CTBYET O TOM, UTO TEJIEHOPTUPYIOTCS YaCTULbI, UMEIO-
e HyJIEBYIO MacCy MOKOS THITA HEUTPHUHO.
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BeiBoabl.

[lepBonauansHas cepa Bcenennoii coneprkana
nHdopmanuio o ctpoeHnn BceeneHHoil, 3anucanHoOl B
MaTpulle IUIOTHOCTH YUCTOTO COCTOSHHS, HaXons-
mieiics B KOTEpEeHTHOM (HecenepabenbHOM) COCTOs-
HUM.

VYpasuenusi(1)-(9) cytb GyHKTOpP, ONUCHIBAIOIINI
npeBpaleHne MHPOpPMaIWH, 3aliUCaHHON B MaTpHIle
IUIOTHOCTH TI0 YpaBHEHHUIO (5), B peanbHbIe QyHIaMeH-
TaJbHBIC YaCTHIIBI 110 ypaBHEHHIO (9)

B MomeHT BO3HMKHOBeHUs1 Bceenennoil marepust
HaXONIWIack B BHAe MHGOpManwu B cepe pazMepoM
0,003M. B nanepHeiieM B pe3yabTaTe KBAaHTOBOM Tene-
MOpTallMy TPOW30LIET IMepexoa HH(POPMaIuOHHOTO
COCTOSIHUSI MaTEpUH B MAaCCO-3HEpPreTuyeckoe. ITo Mo-
JIOXXEHHE KOHKPETH3UpYeT IoJIoKeHHe Teopun J[le
Cuttepa o (pa3oBoM mepexoae GpU3NUECKOro BaKyyma
B MOMEHT BO3HHUKHOBEHHUs BCElIeHHOU B peasbHbIE
(yHmaMeHTaIbHbBIEC YaCTUIIBI.

OOHapyXeHHE Ha ONBITE TAKNX YaCTHII (PEITHKTO-
BbIX ®Y) Ob10 OBI MOATBEPKACHUEM pa3padOTaHHOM
TEOpUH «OOJBIIOTO B3PHIBAY.
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METO/] TIOUCKA CONPS)KEHHBIX TOYEK B CUCTEME CTEPEOMETPUYECKHNX
MU3MEPEHUM

Abstract
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Tomcxuti I'ocyoapcmeennvitl Yuusepcumem
yauya 19-u I'sapoetickoii [Jueuzuu, 19

The paper considers a solution to the problem of image depth estimation that arises in a wide class of appli-

cations.
AHHOTaLUA

B pa60Te pacCcMaTpuUBACTCA BAPUAHT PCIICHUSA BOBHHKa}OHleﬁ B IIMPOKOM KJlacce HpI/IJ'IO)KeHI/Iﬁ 3aga4u

OIICHKH TITYOHHBI H300paKeHIH.

Keywords: stereometry, conjugate points, image depth detection algorithm.
KiroueBble cioBa: CTCPCOMETpPUA, CTepeOCKOHI/I’-IeCKI/IfI 6331/10, COMMPAXKCHHBIC TOYKH, IapaJulakC, AUCIia-

PaHTHOCTb.

[ToTpeOHOCTE B peIICHHM 3aJaddl OICHKH IITy-
OMHBI M300paXEHHUS BO3ZHHKAET BO MHOXECTBE IPH-
KJIaIHBIX 00JIaCTAX, TAKMX KaK: OECITMIIOTHOE yIIpaBIie-
HHE, OMOMETPHUYECKHE IaHHBIE, METCOPOJIOTHYECKUE
naHHbIe 1 11p. I HeoOXoauMast TOUHOCTh BapbUPYETCs
B 3aBHCUMOCTH OT NOCTABIICHHBIX 33/1a4 U UCHOJb3ye-
MBIX, JUISl BBIYHCIICHHS TIIyOHHBI, METOHOB.

OfHUM W3 TaKHX SBISETCS CTEPEOCKONUYECKUI
metoJ. CyTh METO/Ia 3aKJIF0YAETCs B CJIEAYIOLIEM: AT
Ka)KJJOM TOYKH Ha OJIHOM H300pa)KEHHH BBIIIOJIHIETCS
MONCK MAapHOM el TOYKU Ha APYroM H300pakeHHUH; IO

= MiX. Y. Z)

(7

mape COOTBETCTBYIOIIMX TOYEK MOJXKHO BBINTOJHUTH
TPUAHTYJISLHUIO U ONPENEIUTh KOOPAMHATHI UX MIPO00-
pasa B TPEXMEPHOM IIPOCTPAHCTBE; 3Hasl TPEXMEpPHBIC
KOOpJMHATHI NpooOpasa, IiIyOMHa BBIYHCISETCA Kak
paccTosTHHE 10 TUIOCKOCTH KaMepsl. 1JIst KaKIoro MHK-

! !
CeJIsl JIEBOTO M300pakeHHsI C KOOPAMHATAMH (X VY )
BBINOJIHACTCS TOMCK IHKCENs Ha MPaBOM H300paxe-
14 14
HUMU. (X Y ) (Puc.1). ITo aTuM mapaMeTpam OICHHU-

BaeTcA IITyOnHbBI n300paxkeHus [1].

F

m'(x’, ¥

2
N

o Lo S
/ L L

m" ", vt

4,

o
i

u
Mo

+

Puc. I Ilpoexmuenas modenv pomoxamepvl u CMmepeocKkonudeckol Cucmembl
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TIpoeKIst TOUKH TPEXMEPHOTO mpocTpancTea M
¢ xoopauHaTamH (X, Y, Z), tne Z — pacCcTOsIHHE, SIBJIS-
€TCsI TOUKa M ¢ KOOpAUHATAMH (X, Y), IPU 3TOM BBIIOJI-
HSIOTCSI CIIEYFOIIIE COOTHOIICHUS:

X= f_x Y = f_Y ) (1)
YA YA
roe f - dokycHOe paccTOsiHUE ONMTHYECKOH CH-
CTEMBI (KaMephl).
B pesynbraTe npocThIx mpeoOpa3oBaHHid OLEHKY
TITyOHHBI (PacCTOSIHUS 0 Z) ONpeelisieTcsi COOTHOLIe-
HHEM

7 - fLX” | )

rrae, L — BenmamHa 6a3sl (pacCcTOSHUE MEXKIY OII-
TUYECKUMH OCSIMH Kamep), X' u X" - KOOpJUHATa
00BeKTa B IIOCKOCTH M300pa’keHUs HA IIPAaBOM H JIe-
BOM CHHMKaX CTEpeoIapbl COOTBETCTBEHHO, a HX pa3-
HOCTbD - CMEIIIEHNE 00BEKTA B INIOCKOCTH H300PaXKEHUS
Ha TEPBOM M BTOPOM CHHMKAaX CTEpEONaphl COOTBET-
CTBEHHO.

LlenTpanbHO# PoOIEMOii METO/Ia M KOMIIBIOTEP-
HOTO CTEPEO3PEHUs B LIEJNIOM SIBJISIETCS MOMUCK CONpPS-
JKeHHBIX ToueK. M 3amaga aBTOMaTH3MPOBAHHOIO MO-
HCKa COTPSDKEHHBIX TOYEK COCTOUT B CIEIYIONIEM: Ha

OIHOM H300pakeHMH BEIOpaHa Touka M', sBiIsIO-
nieiics MpoeKLUed HEKOTOPOU TOYKU M TpEXMEPHOIo
MPOCTPAHCTBA, HEOOXOIMMO Ha BTOPOM H300paKeHUH
HaUTH TOYKY m” — IIPOEKLIMIO TOM ke TOukU. Pemenue
9TOH 33724y CBSI3aHO C pa3peIICHUEM ABYX MPOOIEM.
[epBas, rae Ha BTOPOM HM300paXEHUN MCKATh COIPS-
JKEHHYIO 10 KOOpAuHaTaM nepBoi Touku? Bropas, yto
OyzeT MCIOIb30BaThCS B KAYECTBE KPUTEPHS «CXOXKe-
CTH» TOYeK?

EcTecTBEHHBIM KPHUTEPHEM «CXOXKECTH» TOUYEK
SBIISICTCA «BEIMUMHAY MTUKCENIa H300pakeHNsI B aHAJIH-
3UpyeMol Touke. B HacTosdinee BpeMs UCIONb3yeTCs
60110 OLEHKH Mep OJIM30CTH TOUEK:

— MeTtpuka MSE [ ]
1 m-1n-1
MSE Z—ZZ Xi"j —Xi,fj‘, rome m, n — pas-
N-Mi% o
MEpbI OKHA [TOKCKA;
— Mertpuka PSNR [ 1.
MAX/
PSNR =1OIg ——L |, roe MAX;— MakcuMaJIb-

HOE 3HaueHHE, TPHHUMAEMOE TUKCEJIEM H300pasKeHHSI.

-Hrmn

[Tono6HBIE MEpBI TOAXOST ATl CPaBHEHUS N300-
pakeHHH B [IEIIOM, HO HE TI03BOJIIET C/IENaTh BBIBOJIOB
0 TOM, HACKOJIBKO XOpOIIO JAaHHBIE METPHUKH pEIaeT
3aj1a4y MOMCKa CONPSIKEHHBIX TOUECK.

Hambonee mpruemieMbIM B IPOCTHIM B peajm3a-
UM U3 Mep OIM30CTH ABISIETCS JIOKATBHBIN OMHAPHBII
mabIoH.

JloxaneHblil OnHapublid mabnon (JIBI) mnpex-
CTaBJIsIe€T COOOH ONHCAaHWE OKPECTHOCTH IHKCEIS
N300paKEHHsI B IBOMYHOM IpeAcTaBiIcHUH. ba3oBblii
onepatop JIBILI, npuMensiemblii kK MUKCceo n3o0paxe-
HUSL, UCIIOJIB3YET BOCEMb MUKCENEeNH OKPECTHOCTH, PU-

HUMas 3HAYCHUE WHTEHCUBHOCTH LICHTPAIBHOTO IHK-
cerst B KauecTBe nopora. [Inkcenn co 3Ha4EHHEM HH-
TE€HCUBHOCTHU OOJNBIINM UM PaBHBIM 3HAaUEHUIO HHTEH-
CHBHOCTH IIEHTPAJIbHOTO MUKCEN NPUHUMAIOT 3Haue-
HUS paBHbIE «1», OCTaJbHBIE NPUHUMAIOT 3HAYEHUS
paBubie «0». Takum 00pa3zoM, pe3yabTaTOM NpHUMEHe-
Hust 6asoBoro oneparopa JIBII k nukcento n3odpaxe-
HUSI SBJISIETCSI BOCBMUPA3PSAHbIA OMHApHBIA KOJ, KO-
TOPBIHA ONMUCHIBAET OKPECTHOCTH ITOTO MHUKCE. [2]

BbesycnosubiM mmtocom JIBII siBnsieTcst ckopocTh
n mpoctoTa peann3anuu. OCHOBHBIM HEZOCTATKOM
9TOH MepHl SIBISIETCSl TOT (PakT, 9TO B KOAMPOBAHHUHU
ITUKCEISI HCTIONB3YIOTCSI OTHOCHTEINBHBIE (Pa3HOCTHBIE)
3HAYEHMs TIMKCEJICH W HE YUHUTHIBAIOTCS X a0COJIOT-
HBIE 3HAUYEHUSL.

OT OTMEUCHHBIX BBIIIE HEJIOCTAaTKOB H30aBlICH
METOJ| TIOMCKA COIPSDKEHHBIX TOYEK HA3bIBAETCS MH-
JICKCOM CTPYKTYpHOTO cxoacTBa uiu SSIM. SSIM — un-
JEKC — 3TO METOJ IIOJIHOTO CONOCTaBIICHHUS.

OTnHYUTENFHON 0COOCHHOCTHIO METOIA SIBIISIETCS
TO, YTO METO]] YUUTHIBAET «BOCIIPHATHE OIIHOKM Oa-
rogaps yuéTy CTpyKTYpPHOTO H3MEHEHHS HH(POPMAIHH.
JlaHHBIE 3aBUCHMOCTH HECYT BaXKHYIO HH(POPMAIHIO O
CTPYKTYpE OOBEKTOB H O CIICHE B IIETIOM.

SSIM meTpuka paccuMTaHa Ha pa3IHYHBIC Pa3-
Mepbl OKHa. Pa3HuIa Mex 1y 1ByMsl OKHaMU X U Y UMe-
IOLIMMU OJIMHAKOBBIN pazmep N xN:

(Z,ux,uy +Cl)(20xy +C2)
(1 + 1 +¢,)(02 + 07 +¢,)

TJIe Ux — CPEIHEE X; [y — CpesiHee Y; 0.2 — aucrep-
CHsl X; 0 — NUCTICPCHUS Y; Ty, — KOBAPHALIS X U Y; €1 =
(kiL)?, c2 = (k2L)? — nBe mepemenHbix: L — nunamuue-
ckuii auana3on mukceneit; k1 = 0,01 u ky = 0,03 — koH-
CTaHTHI.

[Monyuennsiii SSIM - UHAEKC JEKHUT B Mpeenax
ot —1 mo +1. 3Hauenue +1 mocTuraercs TOIBKO MPH
HOJIHOW ayTEeHTHYHOCTH 00pa3ioB. MeTpuka paccuu-
TaHa Ha OKHO Pa3MepoM 88 MUKCeNed, HO ero MOXHO
peryJmMpoBarth B 3aBUCHMOCTH OT TpeOyeMol BpeMeHH!
pabotsl anroputmMa. OKHO MOXET CMELIAaThCs uepe3
MHUKCeIb, HO CHELHATUCTBl PEKOMEHIYIOT HCIONB30-
BaTh TPYIIbl OKOH I YMEHBIICHUS CIIOXXHOCTH BBI-
yucieHun [3].

Merton SSIM (MHZIEKC CTPYKTYPHOTO CXOJICTBA)
CIIO)KHEE B peallM3alliH, YeM METOJ| JOKaJbHOTro Ou-
HapHOro 1a0JIoHa, HO TO3BOJIIET HMPOBOJIUTH MOUCK
cpa3y IO TpeM MapaMmeTpam: SIPKOCTH, KOHTPAcCTy H
crpykrype. Toraa kak JIBIII mpoBOAUT MOUCK JIUIIB IO
CTPYKTYPHOMY MapameTpy, M03TOMY yCTYHaeT B TOY-
HOCTH.

Vcxozst U3 KpUTEpHsi «BBIYHUCIUTEIbHAS CIIO0XK-
HOCTB/TOYHOCTBY KpHTepuii SSIM Hamboiee npuem-
JeM JUIl  OIpEeJeNeHUS CONPSDKEHHBIX TOYEK JUIst
OLICHKH TIIyOWHBI H300paKEeHUsL.

()

SSIM (x,y)=
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The heat transfer phenomena in electron beam plasma (EBP), generated in air, was investigated. Some sug-
gestions to improve the agreement between some available semi-empirical models and the experimental data were
proposed. As a result, we have concluded two models, which can better predict radial distribution of temperature

in EBP with various pressures.

Keywords: Plasma, Electron beam, electron-beam plasma, EBP, Temperature distribution, heat transfer

1-Introduction

Electron beam (EB) have wide field of applica-
tions in modern scientific investigation and new tech-
nologies. For example, the diagnostics of gaseous
streams of low density[1], generation of laser me-
dium[2], generation of radicals for chemical reactions
investigation[3], reduction gaseous pollutants from
combustion flue gases in industrial facilities[4], depo-
sition of thin films from gas mixtures for microelec-
tronics and optoelectronics[5], coherent radiation gen-
eration by intense electron beams, as in magnetrons,
free electron lasers, and cyclotrons masers[6], heating
of plasma in thermonuclear fusion reactors[7], surface
microanalysis and images[8], and materials processing
and treatment[9].

Generally, in the most above mentioned applica-
tions, we must deal with different kinds of plasma, gen-
erated as a result of the interaction of electron beam
with working gases or materials. As well as, the plasma
generated by injecting of an electron beam into a gas,
or so called electron beam plasma (EBP), have many
advantages compared to the conventional techniques of
plasma generation by gas discharge: 1)there are no lim-
its for the density of gaseous mixture, 2)solid-powders,
liquid droplets and large-size body can be inserted into
the plasma bulk, 3)generation of stable plasma flows by
EB, 4)generation of hybrid plasma (by gas discharge
preliminary and EB), etc. During the interaction of
electron beam with gas, many physical and chemical
processes can take place; excitation, ionization, heat-
ing, diffusion, convection, radiation (about the proper-
ties of EBP see [10-11]).

One of the relevant industrial applications of EBP
is plasma chemical treatment and surface modification
of materials and parts of machine for many technologi-
cal purposes. The heat transfer from the EB in EBP, ex-
plicitly temperature distribution (TD), plays an influen-
tial role on the quality of treatment. To completely
solve the problem of heat transfer in EBP, one must
take into consideration all types of heat transfer (con-
duction, convection and radiation) on the one hand and
the complicated properties of EBP (heterogeneity,

strongly non-equilibrium state, chemical activity, com-
plex composition, etc.) on the other hand. For these rea-
sons, one can understand the significant disagreement
between the experimental data and the available theo-
retical models (see our work [12]). In our work [13], we
have tried to elucidate our experimental data qualita-
tively using our geometrical intuition about the propa-
gation of heat in the EBP, but a rigorous solutions of
heat transport problem is still deeded.

In this article, we have tried to reduce the gap be-
tween experimental and theoretical data, by suppres-
sion some deficiencies in the available models. A de-
tailed critical review of some available semi-empirical
models and our suggestions to improve these models
are presented in the Sec. I1. Our results on the tempera-
ture distribution are compared with experimental data
and previous calculations in Sec. IlI.

2-Theoretical models

Firstly, it should be mentioned that generated
plasma obeys the quasi-stationary conditions, under
which the space charge is compensational and the den-
sity of secondary electrons equals to the density of ions.
This state of plasma can be easily realized using an
electron beam of density of current

10° < j, <10° A/cm?, and working gas with

pressure P ~1—100 Torr; or by the continuous in-
jection of electron beam, that leads to balance in for-
mation and annihilation of charged particles by many
physical mechanisms (basically by diffusion) [11].
The above mentioned conditions are completely
approved by the steady distribution of temperature in
EBP obtained experimentally by us [12], in addition to
the ability to use steady-state equation for heat transfer.
One can write the steady-state equation of heat
transfer in cylindrical coordinates, in the section,
placed at a distance z along the axis of the beam:

li(r;t(T)d—Tj+ N(r,z,P,T)=0 (1)
r dr dr
where A(T) is the thermal conductivity of the

air, N(r,z,P,T) the energy going to heating from
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the EB at coordinates (r,z) in plasma with pressure
P and temperature T (see figure 1).

Working chamber

EB
injection j-
aperture

Chamber wall

EBP cloud

e O .._..__’

Figure 1: EBP geometry.

The simplest model, so called canal model [14],
supposes that the EB does not expand, and the electron
beam here behaves as a cylindrical constant heat source
of power:

Jyo | dE
N(rlzyplT):M —= (2)
e, L dz
where j, the initial EB current density, €, the

absolute value of the charge of electron, and dE, / dz
stopping power of electron beam in air.

In this model, thermal conductivity of air A(T)
can be expressed as a linear dependency of tempera-

ture:
AT)=a+pT (3)
Hence, by using a supplementary boundary condi-
tion, in which heating of the gas stops at certain radial
distance R, where the temperature of the gas equals to
room temperature (T2):

T2 ,T (4)
Therefore, one can easily obtain:
Nr/ . R
T?=T+—>In— for r>r, (5)

r

where I is the initial radius of the beam.

In [15], Bychkov, Vasiliev and Koroteev had tried
to obtain the radial distribution of temperature in EBP
taking into account the expansion of the EB due to the
collisions with the molecules of the gas. For this pur-
pose, they had employed, as a heating source, the fol-
lowing relation:

N(r,z,P,T)= ‘b(r’Z’P’T){dEb} ©)

CH dz

where J, (r,z, P, T) the radial distribution of the

current’s density at the section z in EBP cloud with
temperature T and pressure P.

According to [15], radial distribution of the cur-
rent density locates between the Gauss and Bessel dis-
tributions, hence we can write:

2
i(nzP.T)= (2 P,T){1-exp(-r—2ﬂi (7)
r’)le-1
where jb (z,P,T) is the current’s density and
the radius of the electron beam at the distance z along
the axis of EBP with temperature T and pressure P,
and I, is the radius of electron beam at the distance z

To solve the equation of heat transfer (1), we need,
in addition to the above mentioned boundary condition
(4), to a second one. Owing to the fact that heating takes
place symmetrically around the axis of the EB, By-
chkov et al. had supposed that:

dT
— =0 8
dr|,_, ®)

Additionally, the thermal conductivity of the
plasma had been approximated by the following rela-

=T o

Therefore, one can easily find the radial distribu-
tion of temperature:

1

_079K§+DR2NF(Ljhf
AT, R

Tzn@ (10)

where
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2 2 r/R 2

F(L) 0308+ LR [ 200 Ly,

R 2R 5 X

which can be approximated by the following rela-
tion:
F(p)=-0.1017 +0.0116 p —0.0793p° + 0.169 p°

Unfortunately, there is a significant disagreement
between the experimental data and the two above de-
scribed models (see our work [12]). We can summarize
our critiques to the these models in the following
points:

1-The assumption that the heating should be
ceased at a certain radial distance R is not physically
reasonable (see (4)). As well as, one of the major defi-
ciencies of these models is the determination of R,
which is possible only experimentally, and this requires
the measurement of temperature at many radial dis-
tances, which is evidently impractical and render these
models useless. Hence, the most proper alternative is,
that, the temperature of the gas equals to the room tem-

perature at the infinity, ie. T ————>T,. As the
EBP is enclosed in some chamber, one can replace the
last condition by T ——"2—>T_ where R, is the

dimension of working chamber in the radial direction.

2-From mathematical point of view, the symmet-
rical heating of the gas doesn’t necessary impose the
condition (8), and one can replace this condition by the
following:

d_T r;())
dr

from intuitive reasoning the constant C(z, P, T)

becomes close to zero when the pressure of the gas is

so high, also at great distances (high z) from the point

of injection of electron beam. At the moment, determi-

nation of the constant C(z, P, T) is the main difficulty

of our approach, it is obvious that this constant can be
determined experimentally from the slope of the tan-

gentat I' = 0, but, as we will see, there is no need to
evaluate this constant.

3-In the second model, the author have supposed,
without any justification, that the distribution of current
locates between Gauss and Bessel distributions as dis-
played in (7).

4-In the tow above mentioned models, authors
didn’t have taken into consideration the formation of
new medium, plasma, which is very different from air,
and used the thermal conductivity of air.

C(z,P,T) (11)

2 2 2
T =T,+ 2 (e -r?)+ 22 Ei| -2 g -2 o 2m| =
42 42 r, r, R,

Now, if one supposes that the distribution of cur-
rent is Gaussian, then the heating power becomes:

2
N(r,z,P,T)=6(z,P,T)exp (—%} (16)

z
The radial distribution is:

In order to improve the agreement between theory
and experiment, we have tried to tackle this problem
using another approach. In our approach, we will con-
sider this problem as a simple process of heat transfer,
where the distributed electrons in air play the role of
constant bulk heat source. Hence, the conduction is the
single mechanism of heat transfer from the EB to gas,
neglecting the other mechanisms of transfer, as radia-
tion and convection, and neglecting the dependency of
the thermal conductivity on temperature.

For the sake of simplicity, we introduce the func-
tion&(z, P, T), defining as following:

H(Z,P,T)zjb(z’P’T){dEb} (12)

&, dz

Therefore, one can rewrite the heating power, in
the case of distribution (7):

N(r,z,P,T) = 6(z. P,T){l—exp[—r—zﬂi (13)

r e-1

z
In this case, solutions of heat transfer equation (1)
take the following form:

2 2
T=-t0 RO
44 44 r

Where C, and C, are constants of integration,

2

] +C, In(r)+C,(14)

and Ei(X) is the well-known exponential integral
function defined as following:

Ei(x) = [ 22 g - [ 220
St st

Where the principal value of the integral is taken
(about the properties of this function see [16]).

Notice that, the second and the third terms in equa-
tion (11) are infinite in the neighborhood of I = 0,
which is the major deficiency of this equation. If one
takes into consideration the condition (11), it is easy to
write:

2 2
ar __19_19 exp[—r—zj+&:C(z,P,T)
r r

dr 22 2ar

in the neighborhood of I = 0, and one can deduce the
r’e

24

Also, at I = R, temperature should equal to T,

hence one can write the radial distribution of tempera-
ture as following:

z

value of C, =

(15)

r’e
42

where B, and B, are constants of integration.
It is easy to see that:

T(r)=

2
.Ei(— :_ZJ + B, In(r)+ B, 17

z
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2 2 2
T =T,+ 29 &l -= | &l -Ba |2 =
42 r, r, R.,

(18)

3-Results and Discussion

The energy’s losses or stopping power at the dis-
tance z can be evaluated by the following semi-empiri-
cal relation [14]:

{dj } E, {1_i]m [3_2%{_MLH (19)
dz L L 4 L

p p p

where Lp is the projection length of the electron

beam in the gas, and Ebo is the initial energy of the

electron beam.
Applying the method of Monte-Carlo, used by us

in [12], we can approximate the value of Lp by the fol-
lowing formulae:

_TIK] fie
L,[cm]=2,75.10"° ——E;’[kev] (20
oLcm] P[Torr] oo K€V] (20)

The radius of the EB I, at a distance z along the

axis of plasma cloud can be calculated by the following
semi-empirical equation [17]:

2 B 35.1 P[Torr] .5, (21)
v Ebo[kev](l_ Ebo[keV]jV TIK] 2 oml

341
Concerning the thermal conductivity of air, we
have used the experimental data at atmospheric pres-
sure (1 bar) published in [18, 19], and fitting them ac-
cording to the equations (3) and (9). So we obtained the
following results for the coefficients, entered in these
equations:

a =7,4317 mW / mK
p =0,0641 mW /m
A(T,) =26,3930 mW / mK
& =0.7932

About the values of thermal conductivity of air at
low pressure, we have used the data, published in [20],
where the value is given by

A=0.1W/mK at 0.00lbar and 1500K .

It should mentioned here that, in all our calcula-
tions, we have proposed that R, =T, , because we sug-

gested that conduction is the unique heat transport
mechanism, which can take place only in EBP cloud,
where the energy carriers (electrons) are present.

The procedure of calculation is very simple and
consists of the following steps:

1-Calculation of I, Lp from the equations (20)

and (21) at T=300K and various pressures and distances
z.

2-Calculation of stopping power dE, /dz and
J,(z, P, T)at various P and z.
3-Calculation of @ and N .

4-Evaluation of T(r) for every model.

Experimental setup is described in detail previ-
ously [12]. In this arrangement the electron beam of in-

itial radius I;, enters the working chamber, where it can
generate the EBP. We have two set of experimental
data at various sections of EBP cloud (see the table 1).

The results of our calculations and experimental
data are represented in the figures 2 to 6.
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Table 1
Some parameters of EBP, used in our calculations
z=130 mm z=210 mm
Pressure P [torr] 2,6 8 0,66 1,1 2,6
Initial energy E, , [keV] 25 25
Initial current 1., [MA] 10 10
Initial radius I, [mm] 0,5 05
R [mm] 14 14 40 40 40
r, [mm] 25,71 34,05 26,15 29,71 36,84
L, [cm] 54,72 17,79 215,68 129,35 54,72
dE, /dz [eV /m] 78939,30 80545,57 20536,72 36918,15 71742,88
o [SI] 380285,64 221207,57 95641,99 133178,16 168337,75
T(K) O Experimental data
1800 - Canal model (eq.5)
z=210mm Bychkov, Vasiliev and Koroteev model (eq. 10)
P =0,66 torr
1600 - = Qur model with Bessel distribution (eq. 15)
= = Qur model with Gauss distribution {eq. 19)
1400 -
1200 -
1000 -
goo | ©
1
600 -y
\
S
400 -
200 -
0 T T T T T
0 10 20 30 40 50 r(mm)

Figure 2: Radial distribution of temperature at distance 210mm and pressure 0,66 torr.
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T(K)
O Experimental data
7 = 210mm Canal model (eq. 5)
2500 + =
P=L1torr Bychkov, Vasiliev and Koroteev model (eq. 10)
= Qur model with Bessel distribution (eq. 15)
2000 - = = Qur model with Gauss distribution {eqg. 19)
1500 -
|
|
1000 + \
\
A
500
Q
0 =
0 10 20 30 40 50 r(mm)
Figure 3: Radial distribution of temperature at distance 210mm and pressure 1,1 torr.
T(K)
O Experimental data
| Canal model (eq. 5
3500 z=210mm (ea.5)
P=2,6torr Bychkov, Vasiliev and Koroteev model (eq. 10}
= Qur model with Bessel distribution (eq. 15)
3000 -
= = Qur model with Gauss distribution (eq. 19)
2500 +
2000 -~
1500 -
|
\
\
1000 +
\
)
o]
500 +
o]
o
0 r(mm)

Figure 4: Radial distribution of temperature at distance 210mm and pressure 2,6 torr.
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T(K)
O Experimental data
3000 z=130mm Canal model (eq. 5)
P=2,6torr Bychkov, Vasiliev and Koroteev model (eg. 10)
= Qur model with Bessel distribution (eq. 15)
2500 = = QOur model with Gauss distribution (eq. 19)
2000 -
1500 -
A
A
1000 - \
o]
o]
500 - =
0 T T T T T T T
0 2 4 6 8 10 12 1q  rlmm)
Figure 5: Radial distribution of temperature at distance 130mm and pressure 2,6 torr.
T(K)
O Experimental data
2 = 130mm Canal model (eq. 5)
3000 P=8torr —— Bychkov, Vasiliev and Koroteev model (eq. 10}
= Qur model with Bessel distribution (eq. 15)
= = Qur model with Gauss distribution (eg. 19)
2500 -
2000 -
1500 -
1000 -
500 -
0 T T T T T T T
0 2 a4 6 8 10 12 14 r(mm)

Figure 6: Radial distribution of temperature at distance 130mm and pressure 8 torr.
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As we see from the figures 2-6, the canal model
fails to predict the values of temperature in all cases,
and the discrepancy was larger at high pressures, be-
cause the expansion of electron beam is more signifi-
cant. Apparently, canal model is unrealistic, because
the processes of ionization and excitation, which can
talk place along the path of electron couldn’t be ne-
glected, and these processes lead to the divergence of
EB.

The radial distribution of temperature in EBP ob-
tained using our suggested models are in good agree-
ment with experimental data, comparing with the
model Bychkov et al., especially at large distances from
the injection point of EB.

At large distances our model with Bessel’s distri-
bution (equation 15) demonstrates better agreement
with experimental data comparing with that with
Gaussian distribution (equation 19).

Although our approach improves the prediction of
temperature distribution in EBP, comparing with the
previous studies, but all these models, ours and others,
suffer from several limitations:

-All these models neglect the other mechanisms of
heat transfer, like radiation and convection;

-Many physic-chemical processes (ionization, ex-
citation, diffusion, chemical reactions ... etc.) been ne-
glected as well;

-Non-homogeneity of EBP didn’t taken into con-
sideration;

-The thermal conductivity of air was used in place
of thermal conductivity of EBP.

So, to draw the correct picture of heat transfer in
EBP, one should take into consideration all these fac-
tors, and our future researches should direct attention to
it.
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Abstract

Our aim in the present work was to investigate the relationship between human hematological parameters and
pathological changes in the body, in opposition to the relationship with biological age. Correlation analysis has
been performed using a dataset of general blood analysis of patients and their calendar age. We have built regres-
sion models to predict biological age based on hematological parameters. The low accuracy of the models suggests
that hematological parameters can be considered as markers of the rate of aging.

AHHOTaNUA

B nmanHoif paboTe paccMaTpuBaeTCs THIIOTE3a O CBS3M I'€éMaTOJIOTHYECKIX TOKa3aTeleil YemoBeKa ¢ maToJio-
THYCCKUMHU U3BMCHCHUSAMHU B OPpraHU3ME, a HE C OHMOJIOTHYECKHUM BO3pAacTOM KaK TaKOBBIM. MGTOHaMI/I MAaIInHHOTO
06y‘l€HI/I$I IMPOBEACH aHAJINU3 KOPpEIAIUn nokasaTejeH 06H161"0 aHaJin3a KpOBU MMANUCHTOB € UX KaJICHAAPHLIM
BO3pacTOM. CTpOHTCS[ MOJ€CJIM MTPOTrHO3UPOBAHUA OHOJIOTHYECKOTO BO3pacTa 1Mo reMaToJIOrn4eCKUM IMOKa3aTeIsAM.
Huskas Tounocts Mo,ueneﬁ MO3BOJIACT MPCANOJIOXKUTL, YTO I'EMATOJIOTMICCKUE MMOKa3aTeJIn MOT'YyT pacCMaTpu-
BAaTbCA KaK MapKEphbl TEMIIOB CTAPCHUA.

Keywords: machine learning, biological age, aging rate, regression problem, feature selection.
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KaroueBble ci1oBa: MalHHOE 00yueHHe, OHMOJIOrMYECKUIT BO3PACT, TEMII CTAPEHUSI, 3a1a4a PerpecCuH, OT-

0Op MPU3HAKOB.

Beenenne

[TpuunHaMu GONBIIMHCTBA 3aMETHBIX PA3IIMYUNA B
CTETEHHU CTapEeHUs Cpeau JTroAel OJUHAKOBOIO XPOHO-
JIOTHYECKOTO BO3pacTa SIBISIOTCS 00pa3 »KHU3HH, MPH-
BBIYKH M TIOCJICICTBUS 3a00JICBaHUil, a HE Pa3IN4Hs B
camom Tiporiecce crapenus [1]. Takum o6paszom, xpo-
HOJIOTHYECKUH BO3pAacT MMEET OTPaHWIECHHOE 3Hade-
HHE C TOYKH 3pEHUS 3J0pOBbsL. B TO BpeMst Kak 6noio-
THYECKUH BO3PacT OOBEKTHBHO OTpa)KaeT (PYHKIIHO-
HaJbHBIC BO3MOKHOCTH opranusma [2].

B Hacrosiiiee BpeMsi Ha pakTHKe HanboJee pac-
MPOCTPaHEHBI COCOOHI OIpeeIeHne OHOIOrHYECKOT0
BO3pacTa, OCHOBaHHbIE HA OLIEHKE METUJIMPOBAHUS
JHK [3]. B pabote [4] wucciemoBaTenan MOCTPOMIH
MPOTHO3UPYIOUIYI0O MOJETIbh CTapeHUs C HCIOJIb30Ba-
HHEM MHOTOMEPHOI perpeccuu co mrpadamu, H3BecT-
Ho#t kak Elastic Net. OnTuManpHas MOIETh ColepKaa
71 pasnuunslii Mapkep MmetwnupoBanus JHK. Tou-
HOCTh Mojenu 6b11a Beicokoit (R? = 0,96) u c.a.o co-
craBuna 3,9 rona.

TeM He MeHee, onpeseieHHe MEXaHHU3MOB METH-
mupoBanus JJTHK — noctaTouHo TpyaoeMkuii npouecc,
TPeOYIOIIHMHA CHEeNHaTbHOT0 000pYJI0BaHUS U peareH-
ToB ans Beigenenus JHK u3 kpoBu u manbpHeifero
usydeHus [5], m03TOMy BemyTCs MOUCKH APYTHX TOU-
HBIX OMOMapkepoB Bo3pacta. OIMHUM W3 HANpaBJICHUN
HCCIICIOBAaHUHN SIBIIIETCS UCIIOIb30BaHUE T'€MaTOIOTH-
YeCKUX ToKa3aTesel IJ1sl MOCTPOeHHs Moiesieit 61oo-
THYECKOT0 BO3pacTa.

B pabore [6] mpoBoaMIOCH HPOrHO3UPOBAHHUE
6uoBO3pacTa METOJaMH MAIIMHHOTO OOYYeHHs |
HEHUPOHHBIX ceTel ¢ UcToiab30BaHueM 62 419 aHOHUM-
HBIX OMOXUMHYECKHUX 3anuceil Kposu (46 cTaHIapTHBIX
MapKepoB KpOBH), BO3pacTa M Iojla MarueHToB. Me-
TOJIBI MAIIMHHOTO O0y4YeHHs (FPagueHTHbIN OyCTHHT,
CIIy4yalHbIN Jiec, penlarouue 1epeBbs, JIUHEUHYIO pe-
TPECCHI0, METOJI OMMXKAUIINX COCee M METO OTop-
HBIX BEKTOPOB) TIOKA3aJIM MaKCUMaJlbHOE 3HadeHue R2
paBHoe 0,72. JIydmiasi 0fuHOYHAS TTyOOKas CEeTh MOKa-
3ana pesynpTar ¢ R? = 0,8 co cpemHeil aGCcoMOTHOM
omuoKoii (c.a.0) = 6.07. AncamOib u3 21 HEHPOHHBIX
cereit moctur R? = 0,82 u c.a.0 = 5,55 ner. OxHAKO B
ucclienoBaHuu [/] mokasaHo, YTO TOYHOCTH ATOH MO-
JIeTIN CHIKAeTCs Ha JaHHBIX UL IPEACTaBUTeNeH pas-
HBIX PETHOHOB.

Psx paboT NEeMOHCTPHPYIOT YYBCTBUTEIBHOCTD
MoJjiernield OHOJIOTHYECKOTO BO3pacTa K HaJIMYHIO 3a00-
neBanuii y manuenToB. Tak B pabore [8] 6butn o6cie-
JOBaHbl 587 manMeHToB ¢ ocTpoill (ha3ol WHCYIbTA.
OueHnBascss OMOJIOTMUECKUH BO3PACT € MOMOILIBIO 5
Pa3INYHBIX METOAOB, OCHOBAaHHBIX Ha METHIIMPOBAHUU
JHK. [TanmeHTH! OBUTH pa3AesicHbl Ha IBE TPYIIIBL: T¢,
y Koro HabJromasncs penuaus, u 6e3 Hero. buonormnde-
CKMI BO3pAacT MAMEHTOB C PEUUANBOM ObLT Ha 2,7
rofia cTaplie MarueHToB 0e3 pennanBa.

I'pynna uccnenosanuit [9], [10] Beimensitor Map-
Kepbl CKOPOCTHU CTAPEHUS, KOTOPBIE JOJIKHBI SIBJIATHCS
MPEJUKTOPAMU  OCTaBIIEHCS  MPOJODKUTEIIEHOCTU
KHU3HU.

Hannuue HeomHO3HAUHBIX PE3yIbTATOB IO IPO-
THO3MPOBAHHIO OMOJIOTHYECKOTO BO3pAcTa IO IeMaTo-
JIOTHYECKUM TIapaMeTpaM, W MPpHUMEpBl Mozeiel Ono-
JIOTHYECKOTO BO3pacTa, YyBCTBUTENIBHBIX K 3a00J€Ba-
HUSIM, TIOBBIIAIONINM  BEPOATHOCTH CMEPTH Yy
MAIMeHTa, BAOXHOBWJIM HAac PacCMOTPETh THIIOTE3Y,
MIPEATIONAraonlyo, 4T0 I'€MaTOJIOTHYECKHE II0Ka3a-
TEU KOPPENUPYIOT ¢ OCTATOYHOH NPOJOIDKUTEIBHO-
CTBIO )KM3HM M TEMIIOM CTapeHus, T. €. C IaTaJoruye-
CKUMH U3MEHEHHUSAMH, a He ¢ OMOJOTMYeCKUM BO3pac-
TOM KaK TaKOBBIM.

Hadop naHnbIxX

JlaHHbBIE TOJy4EeHbl U3 MEIULIMHCKON OpraHu3a-
uun [AY3 CO «COKII locnurtans 1uis BETEpaHOB
BoitH» 32 1995 — 2014 rr. B 006eMe 6440 3ammceii. 3a-
MIICH BKJIOYAIOT KaJEHAAPHBIA BO3PACT, MACCy MAIH-
€HTa, I0JI, pe3yJIbTaThl 00IIeTo aHaIn3a KposH (12 ma-
pameTpoB): ckopocTb 1B, ckopocTh ocenanms 3puTpo-
mutoB (COD), SpUTPOLUTHI, IBETOBOW ITOKa3aTelhb
KPOBH, COIEP)KaHUE CPEeIHEMOJIECKYISAPHBIX MENTHIOB
(CMI1), xarana3a, mepoKCUIa3a, MOKa3aTeNb MEPEKUC-
HON pe3ucTeHTHOCTH 3putpouutoB (IIPJ) m moxasa-
TEJIb OCMOTHYECKOH PE3UCTEHTHOCTH SPUTPOIUTOB
(OPD), oOmmit Oenok, OOIIME JUMUIBI, JUESHOBAS
xoHbtoranus (JK).

JanHBIe comepxaT HHPOPMALHIO 0 2525 >KeHIIH-
Hax 1 3915 myxunHax Bo3pactoMm oT 17 mo 93 ner
(Pucynok 1). YucneHHblii niepeBec Cpein MAIUEHTOB
MYXCKOT'0 T0J1a CBSI3aH CO CHEIU(PHUKOI MeTUIIMHCKOM
OpraHu3aliy, IPEAOCTaBUBLIEH JaHHBIE.
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Pucynox 1 — I'ucmoepamma napamempa «8ospacmy»

HHcTpyMeHTBI H MeTOABI

BeisBiIeHHE KOJUIMHEapHbIX Npu3HakoB. Koppe-
JSIIUS] NPU3HAKOB MEXIY CO0O0H U C 1IeTIeBOil IepeMeH-
HOHM OLICHMBAJIACh C TIOMOIIBI0 K03 durnmenTa koppe-
msiumu [Tupcona. DToT mapamMeTp NpUMeHseTCs UIs Be-
IIECTBEHHBIX JIAHHBIX, TOKA3bIBAET CHUITY CBA3H MEXKIY
npusHakamu. Ilpumenser 3nayenust ot —1 go 1, rae
3Ha4YeHMs ONM3KHe K —| CBHICTENBCTBYIOT O CHIIBHOM
oOpartHo# cBs3H, Onm3kue K 0 — o ciaboit cBs3m, OIn3-
Kue K | - 0 CHIbHOH TONIOKUTENbHOM cBsi3u. [Ipu 3Ha-
YyeHuH ko3 duIrieHTa paBHOM | IPU3HAKK MOJTHOCTHIO
B3auMo3aMeHsieMbl, a koadduiment pasubiii 0 roBo-
put 06 otcyTcTBHH CBsi3u [11].

Hcnonb3oancs meron kinacca DataFrame corr ¢
aTpubyToM method='pearson' u3 OubmHoTeKH pandas
[12].

[penobpaboTka manHbx. Tak kKak Owmomormye-
CKMH BO3pacT OJM30K K peajbHOMY KaJeHAapHOMY
BO3pacTy B CiIydae OTCYTCTBHUS 3a00JI€BaHNH, U3 MOy~
YEHHBIX JaHHBIX JUI1 OOy4YeHUS ¥ TECTHPOBAHUS MO-
Jien ObUTH BBIJICNICHBI MOKa3aTell MalueHTOB, MPH-
HICALINX BIEPBbIC Ha 0OCIIEOBAHUE M HE MMEIOLINX
natojioruii. beuta mpoBesieHa mpenBapuTenbHas oopa-
00TKa MHPOPMAITUH, 3aKITIOYAIOMIAACS YAAJICHUH MPO-
nylieHHbIX 3HaueHud. [lepen moctpoeHueM Mozenu
nmapamMeTps! OBIIM MOJABEPTHYTH MacIITabUpOBaHUIO C
nomotneio StandardScaler kimacca preprocessing w3
6ubanoreku sklearn [13].

O100p npusHakoB. [lns orOopa NMPH3HAKOB HC-
nonb3oBanock Tpu Merona: ADD-DEL, Boruta, RFE
JUISL 38]Ja9¥ PETPECCHUH.

Meton ADD-DEL sBnsieTcsi aqropuTMOM, OCHO-
BaHHBIM HAa I10CJIEA0BATEIILHOM JOOABICHUH U Yaje-
HUHM TPHU3HAKOB B Mojenb. Ecnm mobaBisieMbril mpu-
3HAK MOBBILIAET KAYECTBO MOJIEIH, TO OH OCTaBIISETCS
B Habope, eciu MOHWXKAeT, TO yaausercs U3 Habopa
[11]. B paboTe mcmosp30BaHa pean3amusi Ha SI3bIKE
Python [14].

Merton Boruta ocHOBaH Ha Ba)KHOCTH HEPECTAHO-
BOK mpu3HakoB [15]. CyTs anroputma 3aKi09aeTcsi B
TOM, 4TO Ha Ka)XOW UTEpPaLlUH YAAISIOTCS TPU3HAKH,
Y KOTOPBIX 3HAYMMOCTh MEHbBIIIE MAaKCHMAJILHON 3Ha-
YUMOCTH CPEAM IepeMeIlaHHOW Komuu Habopa naH-
HBIX (TaK Ha3bIBAGMBIX TEHEBBIX MPH3HAKOB). Mcomb-
30BaHa peaau3aiusi ’Toro merona boruta_py [16].

Meton pEeKypCHBHOTO HCKITIOYECHHUS HPU3HAKOB
RFE wuckirouaeT Npu3HAKM B HOPAIKE YBEIHUCHUS
3HAYMMOCTHU JUI1 MOJENH (MCTIONb30BaHa pean3alius
ISt 3aa49u perpeccu) [17].

Jna cpaBHeHHs KauecTBa pabOTHI METONOB Ha
uMeromumMcst Habope NMaHHBIX ObUIM MOCTPOEHBI pas-
JIMYHBIE MOJIENIN PErPECCHU Ha BHIOPaHHBIX ITPU3HAKAX
1 TTOCYUTAHBl NX METPUKHU KadecTBa.

ITocTpoeHne perpeccHoHHBIX MoJjienell OGnoBo3-
pacta. J[5s moCcTpoeHUs IMHEHHOW MOJENIN PErpecCUr
ucnonp3oBajcs  kmace  LinearRegression() u
SGDRegressor(), aist rpebennoi perpeccun — Ridge(),
st ee moudukarmu — BayesianRidge() [18], s me-
Toza onopHbix BekTopoB — SVR() [19] u3 6ubmanorexkn
scikit-learn. [l BBITOMHEHUST KOMITO3UIMNA aarOpuT-
MOB HCII0JIb30BaHbI Kiaccsl RandomForestRegressor ()
[20] u3 momynst ensemble u XGBoosting() [21].

3HAYMMOCTbH MOJIEeJIeH OLIEHMBAJIACh IO KPUTEPHUIO
@uriepa: BBIYMCICHHOE 3HAYCHHUE KPUTEPHUSI CPaBHH-
BaeTcsl ¢ TaOJNMYHBIM, B3ATBHIM ISl YHCIIA CTENeHEH
cB0OO/BI MoJsien Ha ypoBHe 3HaunMmocTH 0.05. Ecim
paccunTaHHbIM KpuTepuii durepa BeiIe, 4eM Tadnny-
HBIH, TO MOJIEJIb SIBIISIETCS] 3HAUNMOH.

PesyabTaTsl

BrigBiienue xosmHeapHbIx npusHakoB. Ha mep-
BOM JTalle UCCIIETOBAaHUH BBIICIISUTUCH IPU3HAKH, IME-
OIIIE KOPPEISINI0 MEXTy COOOH BBIIIE, YeM C IeNe-
BOM nepeMeHHOM. L{eneBoit mepeMeHHOM B HccieoBa-
HUU CIY)XWI KaJeHZApHBIH BO3pacT MaIMeHTa.
Pe3ynbTaThl OIIEHKH KOPPENSIUN MPU3HAKOB C IeNe-
BOU mepeMeHHO# npuBeaeHsl Hinke (Tabmunal).
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Tabmuma 1

OIIEHKA CHJIbI JIMHEITHOM B3aWMOCBSI3M NIPU3HAKOB C 1[EJI€BOM EPEMEHHOM

IIpu3nak Koadpdunuent xkoppeasiunu [Iupcona
COD 0,313
JIK 0,177
oOmwmii Oeox 0,173
CMII 0,144
oO0IIMe JTATHIBI 0,140
Macca 0,137
CB. CymMMa -0,095
ckopocts [1B 0,095
I1PD -0,086
Karajgasa 0,078
reMOTrIOOMH 0,057
OPD -0,037
nepoKcuiasa -0,013

OreHka CTaTUCTUYECKON 3HAYMMOCTU KOppess-
UMHA TPU3HAKOB C LIEJIEBOM MEPEMEHHOW C MOMOUIBIO
kputepus CThIOZICHTa MOKa3aja, 4TO BCE MPU3HAKU
HUMEIOT CTATHCTHUYECKH 3HAUMMYIO KOPPEISIHIO ¢ Lie-
neBoii nepemennoi. Kak BunHo (Tabnuia2), Haubosb-
IIYI0 KOPPEISLHIO C [IEJIEBON IIEPEMEHHON UMEIOT TPH
nokazarest: COD, K u obmuit 6enok . Cpean npu-
3HAKOB €CTh TPy B3aNMOCBA3aHHbIX:

1) remMorno0OuWH, IIBETOBO# MOKa3aTelb KPOBU
(BBIpa)kaeT OTHOCHUTEINILHOE COJIepKaHHe TeMOTIo0nHa
B OJIHOM 3PUTPOIUTE);

2)  o6mue mumuael u JIK (BBIpaKeHHOCTH MPO-
LIECCOB MEPEKUCHOTO OKHMCIICHUS JIUITHIOB).

CTOWT 0KUAATH, UTO TIOKA3aTENN BHYTPH KaXKIOH
TPYIIITEL KOPPETHPYIOT MEKAY cO00i JTydIe, ueM ¢ 11e-
neBoit nepemenHoi (Tabmmma3).

Tabmuma 2
MaTtpuia Koppemsiuii IpU3HAKOB
2 2
s | 8| = | §] £ E| | E g Bz
g @ S = © o = e = e =

S 3 = g 2 g 5

) - = 'S S
BO3pacT 0,095 | 0,313 | 0,057 | 0,144 | -0,095| 0,144 | 0,078 |-0,037 | 0,173 | 0,140 | 0,177
Macca 0,063 | 0,003 | 0,325 |-0,009 | 0,039 | 0,161 | 0,006 |-0,124 | 0,067 | 0,077 | -0,057
ckopocts ITB | 1,000 | 0,092 | 0,027 | 0,003 | 0,049 | 0,064 | 0,090 |-0,113 | 0,045 | -0,216 | -0,298
CO3 0,092 | 1,000 |-0,246 | -0,030 | -0,098 | -0,072 | 0,060 | 0,080 | 0,092 |-0,022 | -0,032
reMorJI00MH 0,027 | -0,246 | 1,000 | 0,143 | 0,055 | 0,127 |-0,333 | -0,074 | 0,223 | 0,086 | 0,020
us.nokaszareian» | 0,003 |-0,030 | 0,143 | 1,000 | -0,123 | 0,047 | 0,327 | -0,111 | -0,129 | 0,154 |-0,046
CB. CymMMa 0,049 | -0,098 | 0,055 |-0,123 | 1,000 | 0,403 |-0,323 | 0,169 | -0,300 | -0,401 | 0,173
CMII 0,064 | -0,072 | 0,127 | 0,047 | 0,403 | 1,000 |-0,084 | -0,037 | -0,019 | 0,052 |-0,055
KaTaJjasa 0,090 | 0,060 |-0,333| 0,327 | -0,323 | -0,084 | 1,000 |-0,254 | -0,063 | 0,209 | 0,026
OPdD -0,113| 0,080 | -0,074 | -0,111 | 0,169 | -0,037 | -0,254 | 1,000 | 0,013 |-0,198 | -0,030
oomwmii 6etox | 0,045 | 0,092 | 0,223 |-0,129 | -0,300 | -0,019 | -0,063 | 0,013 | 1,000 |-0,189 | -0,086
oomme mmuawr | -0,216 | -0,022 | 0,086 | 0,154 |-0,401 | 0,052 | 0,209 |-0,198 | -0,189 | 1,000 | 0,806
AK -0,298 | -0,032 | 0,020 | -0,046 | 0,173 | -0,055 | 0,026 | -0,030 | -0,086 | 0,806 | 1,000

Kak Bugno (Tabmumal u Tabnwma 2), CHIBHYIO
KOPPEIISIIIO MEXTy COOOH, MPEBHIMAONIYIO KOPPEIIs-
LUUIO C LIeJIEBOM NEepeMEHHOM, UMEIOT BCe MPU3HAKU
kpome COD.

IIpenobpaboTka ganHbiX. [locne ymaneHus: mpo-
MYIIEHHBIX 3HAYEHUN U 3a1UCEl O COCTOSIHUM MaIueH-
TOB C MATOJIOTHSIMH UTOTOBast BEIOOpKa coneprkana 10
YHUCIIOBBIX MPHW3HAKOB K 126 3ammceit. JlanHble ObUTH
HOpPMAaJIM30BaHBbI.

OT160p npusHakoB. B HavansHOM Habope npH3Ha-

KOB €CTh KOJJIMHEapHbIE MapaMeTpbl, HAJIMUKUE KOTO-

PBIX B MOJEISAX MOXET HPUBOIMUTH K MEPE00yUEHHIO.

YUT00BI 3TOTO N30EKATH MPOBOJMIICS OTOOP PU3HAKOB.

B xone cpaBHeHHsT MeTOZOB O0TOOpa MpU3HA-

koB (Tabsmnal) sydmme pe3yabTaThl IOKas3all ajro-
put™m ADD-DEL.
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Ta6numa 3

OrneHka cpenHeil abCONMFOTHON OMMOKY JIJIsl pe3yIbTaTOB pabOTHl METOJIOB OTOOPA MapaMeTpOB

Mones Merton oTrdoopa
Boruta ADD-DEL RFE
LinearRegression 11,471 9,682 11,116
Ridge 11,47 9,677 11,219
SGDRegressor 11,476 9,677 11,321
BayesianRidge 11,47 9,727 11,923
SVR 12,076 9,06 11,255
RandomForestRegressor 11,246 7,506 11,145
XGBRegressor 10,527 8,237 11,045

[Mpumenenne ADD-DEL mnokasaio, 4to ai1s nmpak-
THYECKH BCEX JIMHEHHBIX MOJENEH SBIISETCS OITH-
MaJIbHBIM HKCIOJB30BaHUE CICAYIOIIUX BOCHBMH MPH-
3HAKOB: Macca, ckopocTh [IB, reMorioOuH, karanasa,
nepokcunasa, OPD, obmuii 6enok, 00IIe TUMHIHL.

IlocTpoeHme perpeccMoHHBIX MOJENe OuoBO3pacTa.
Tak kak MpU3HAKK UMEIOT HU3KUI YPOBEHBb KOpPpEIs-
LIUY C LIEJEeBOM MEPEMEHHOM, MOKHO 0XKHJIATh, YTO JIH-
HEWHBIE MOJIEITH TIOKAXYT HU3KYIO ToUHOCTH (Tabmuna
4)

Tab6muua 4
TouHOCTH MOZIENEH TTOCKIe 0TOOPa MapaMeTPOB
TouHocTh MOAeeit
Mones R2 na TecroBoii uactu | R2 Ha oOyuaromieit gacT Cpenuss abcomoTHas
omnbka
LinearRegression 0,361 0,291 9,682
Ridge 0,36 0,291 9,677
SGDRegressor 0,362 0,291 9,677
BayesianRidge 0,279 0,186 9,727
SVR 0,413 0,241 9,06
RandomForestRegressor 0,537 0,67 7,506
XGBRegressor 0,495 0,633 8,237

Kak BUIHO, B cpelHEM BCE MOJCIH OIIMOAIOTCS
Ha 9,2 rona. Ilpu sTom R2 He momHumaercs: Gomblie
0.54, yTO TOBOPUT O HHU3KOM TOUHOCTH Mozelnei. Bece
MOJIENIN 3HAYMMBI 10 Kputeputo Pumrepa. Jlydmryro
TOYHOCTH TOKa3zanma Mmojnenb RandomForestRegressor
JUTSL KOTOPOH CpeHsist aOCOMOTHAS OINOKA COCTABUIIA

7.5 net, a R2 pasen 0.537 (pacuerHslii kpurepuii Pu-
miepa paseH 17.24, npu tabimyHoM 3Hauenuu 2.01 mpu
ypoBHe 3HaunMOCTH o = 0,05).

HaunOonsimme Beca, mocie oOydeHHs MOAETEH,
HOJYYMIIH CJIEYIOIIHe IpU3HaKu: ckopocTs 1B, kara-
naza, OPD, o6muii 6ok (Tabaumas).

Tabmuma 5
KoaddunneHts BeCOB perpecCHOHHBIX MOJIENEH
Beca ¢pakTopos
Moaeian vacca | CKOPOCTB L o6un| xaranasa| TEPOKCH- OP? obmmit | obmume
T11B nasa 0€eJIOK | JIMIUIBI
LinearRegression | -0,589 | 4,554 -0,543 2,333 -0,743 -2,106 1,184 0,767
Ridge -0,576 | 4,494 -0,529 2,325 -0,733 -2,092 1,163 0,745
SGDRegressor -0,583| 4,531 -0,54 2,328 -0,75 -2,126 1,166 0,74
BayesianRidge -0,198| 2,669 -0,202 1,753 -0,463 -1,498 0,563 0,273
SVR 0,379 5,372 -0,602 1,722 -1,784 -0,941 2,291 1,981
RandomForest | n76 | 257 0,077 0,104 | 0,5 0,113 0,084 | 0,137
Regressor
XGBRegressor 0,104 | 0,212 0,001 0,142 0,145 0,125 0,133 0,138
O6cy:xnenue c1abo CBsI3aHBI C BO3PACTOM 4YENIOBEKa, a 3aBUCAT OT

MuHuMaNbHast CpeiHss aOCOOTHAS OLIMOKa MO-
JIeIIH, JIOCTHraeMasi MCCIEeJOBaHHBIMH METO/IaMH Ma-
IIMHHOTO O00yd4eHus, cocraBmwna 7.5 mer, mpu R2 =
0.537. Huzkast TOoUHOCTH MOZEIH (BCE MOJTYI€HHBIE MO-
JIeNW 3HAYMMBI M0 Kpurepuio Pwuiiepa) MO3BOIIET
yTIBEpXkKIaTh, 4YTO T'eMaTOJIOTHYECKUE I1apaMeTphbl

MMEIOIINXCS MaTOJIOTUH.

3akJoueHue
B pa6ote Ob110 IPOBEICHO KICCIIEAOBAHNE 7 METO-
JIOB TIOCTPOCHHS PETPECCHOHHBIX MOJeeH (JInHerHHas
perpeccusi, METOJI CTOXaCTHYECKOTO TI'PaJUCHTHOIO
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crycka, rpeOeHHas perpeccusi, baiiecoBckas rpeOeH-
Hasl perpeccus, MeToJl OTIOPHBIX BEKTOPOB, KOMIIO3H-
1Usl ITOPUTMOB CITyYalHBIH JIeC U KOMIO3UIIHS aJlro-
PUTMOB cToXacTHdeckuii OyctuHr). s oréopa mpu-
3HAKOB  OBUIO  BBIOJHEHO  CpPaBHCHHE  TpeX
anroputmoB: ADD-DEL, Boruta, RFE. Jlyumue pe-
3ynbTarhl nokaszan metox ADD-DEL. HauGonburyro
TOYHOCTH MoKa3ana Mojens RandomForestRegressor.

Huskas TOYHOCTH MOJIyYEHHBIX MOJEJNEH MO3BO-
JSIET pacCMaTpPUBATh THITOTE3Y O CBSI3M TeMaTOJIOTHIe-
CKHX IOKa3aTesiel NalMeHTOB ¢ OCTaTOYHOM MpoIoJI-
JKUTEITHHOCTBIO KHU3HH.
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Abstract

DOI: 10.24412/2701-8369-2021-10-1-37-39

We examined 40 patients (26 women, 14 men) by a clinical method aged 60 to 70 years with a diagnosis of
F4 according to ICD-10 to study the clinical and psychopathological features of anxiety disorders in old age, the
dynamics of their development. For this purpose, a clinical method was used using psychometric scales: the Ham-
ilton scale for assessing the severity of anxiety (HARS) and depression (HRDS). As a result of the work, four main
syndromes were identified in elderly patients, each of which is based on an obligate symptom - anxiety, which
prevails at the beginning of the development of the disease. Their clinical and psychopathological structure was
determined. It was found that the addition of other psychopathological symptoms to anxiety, such as depression,
hypochondria, phobia, contributes to the aggravation and the formation of a more complex syndrome in structure,

and increases the duration of the disease.

Keywords: old age, anxiety syndrome, depression syndrome, hypochondria, phobia

Relevance. According to WHO, the most com-
mon neuropsychiatric disorders among the population
aged 60 and over are dementia, which affects about 5%
of the elderly population, depression, which is observed
in 7% of the elderly, and anxiety disorders, which ac-
count for 3.8% of the elderly. The prevalence of anxiety
states, according to numerous research results, is grow-
ing and covers over 50% of the elderly population [1].
According to various sources, due to late and unquali-
fied diagnosis in the primary care setting, patients do
not receive timely and adequate treatment, as a result of
which individual symptoms of anxiety and depression
are gradually getting worse and worse. Hypodiagnos-
tics of anxiety-depressive states in elderly people at the
initial visit to general practitioners is due to the lack of
certainty of the characteristics of the psychopathologi-
cal structure of anxiety and depression in this category
of patients [3, 4]. Diagnosis is also complicated by the
fact that anxiety-depressive states are often "masked"
by various somatoneurological complaints, which are
more attractive to specialists, while disorders of the
mental register are left unattended [2,6]. Late seeking
medical help or late detection of anxiety states by doc-
tors is often the reason for hospitalization of patients in
psychiatric hospitals. The lack of timely and adequate
therapy for anxiety-depressive disorders leads to a de-
crease in the quality of life of the elderly [5]. The study

of psychopathological features of anxiety-depressive
disorders, their clinical and dynamic characteristics
will help to identify early diagnostic criteria and opti-
mize medical and social measures for this category of
patients.

Purpose of the study. To study the clinical and
psychopathological features of anxiety disorders in old
age, the dynamics of their development.

Material and research methods. 40 patients (26
women, 14 men) were examined by clinical-anamnes-
tic and clinical-follow-up methods at the age from 60
to 70 in the conditions of the Tashkent city psychiatric
hospital. For the study, patients were selected whose di-
agnosis was qualified by the F4 heading according to
ICD-10. The study did not include patients with mod-
erate and severe dementia, with hallucinatory-delu-
sional syndromes, with dependence on psychoactive
substances, and also suffering from schizophrenia. To
assess the mental status of patients, a clinical-psycho-
pathological method was used, which was supple-
mented by the use of psychometric scales: the Hamilton
scale for assessing the severity of anxiety (HARS) and
depression (HRDS). All patients underwent somatic
and neurological examinations. Statistical methods
were used to analyze the results.

Results and discussion. In the group of examined
patients, the average age among women was 63.2 + 6.8
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years, among men - 60.3 £+ 6.4 years. The average age
at the onset of the disease was 51.4 £ 6.2 years. The
duration of the disease averaged 12.5 + 8.7 years. The
results of the study of hereditary burden for somatic pa-
thology stated its presence in 59.8% of patients, for
mental pathology - in 37.4% of patients. The relation-
ship between the frequency of anxiety states and the
factor of hereditary burden turned out to be weak (Pear-
son's contingency coefficient C = 0.10; p> 0.05). 32.6%
of patients had a higher education, 46.8% of patients
had a secondary special education, and 20.6% of pa-
tients had a secondary education. 57.8% of patients had
a family, 20.4% of patients were divorced, 21.8% of
patients were widowed. Chronic somatic diseases were
observed in 89.8% of patients, the correlation for this
feature with the incidence of anxiety-depressive disor-
ders turned out to be statistically significant and could
be assessed within the framework of the average con-
nection strength (C = 0.40; p <0.001). In the course of
the study, in the overwhelming majority of patients, the
dominance of anxiety symptoms in the clinical picture
of diseases, less often of depression, which determined
the severity of the condition, was established. Attention
was drawn to the low syndromic and nosological spec-
ificity and significant polymorphism of anxiety-depres-
sive states in the elderly. Anxiety, as an obligate com-
ponent, from mild to moderately expressed and severe
in various variations, was combined with asthenia, de-
pression, senestopathies, phobias, hypochondria, cog-
nitive impairments that did not reach the degree of de-
mentia, and somato-vegetative dysfunctional disorders.
To determine the severity of anxiety disorders, anxiety
and depression were assessed using the Hamilton scale.
Among the surveyed, the level of anxiety (HARS) in
15% of patients ranged from 5 to 12 points, which in-
dicated a state of mild anxiety, in 31% of patients this
indicator reached 25 points, revealing a more pro-
nounced anxiety state, in 42% of patients the level of
anxiety varied from 26 to 32 points, confirming the
presence of panic disorders and in 12% of patients it
approached the maximum mark from 35 to 50 points,
revealing severe anxiety disorders. Analysis of the as-
sessment of the level of depression revealed the pres-
ence of mild depressive symptoms in 65% of patients
from 8 to 16 points on the HDRS scale, in 23% of pa-
tients this indicator ranged from 17 to 25 points, reveal-
ing moderate depressive manifestations, in 7% of pa-
tients the level of depression reached 30 points, indicat-
ing more pronounced depressive disorders and only in
5% of patients this indicator did not exceed 7 points,
which indicated the absence of depressive symptoms.
Within the surveyed group of anxious patients, the in-
dicators for assessing the level of anxiety and depres-
sion according to the Hamilton scale in women turned
out to be higher than in men, however, the reliability of
differences was not found. Analysis of the symptoms of
mental disorders and the assessment of the severity of
the level of anxiety and depression using the Hamilton
psychometric scale made it possible to conditionally di-
vide the anxiety states of the elderly into several
groups. Anxiety, as an obligate symptom, was the basis
for the classification of syndromes. The picture of anx-

iety states changed depending on the degree of its se-
verity. Another component was the presence and sever-
ity of an additional psychopathological symptom (de-
pression, hypochondria, phobia). Thus, the main 4 syn-
dromes were identified: 1) simple anxiety syndrome:
anxiety prevailed, the rest of the symptoms were insig-
nificant or mild; 2) anxiety-depressive syndrome: anx-
iety of varying severity was combined with symptoms
of depression; 3) anxiety-hypochondriac syndrome:
anxiety of different levels was combined with symp-
toms of hypochondria; 4) anxiety-phobic syndrome:
anxiety was combined with various phobic disorders.
In accordance with the identified syndromes according
to the clinical and psychopathological structure, simple
anxiety syndrome was observed in 18% of patients,
anxiety-depressive syndrome - in 60% of patients, anx-
iety-hypochondriac syndrome - in 15% of patients, anx-
iety-phobic syndrome - in 7% of patients. The clinical
picture of simple anxiety syndrome was characterized
by symptoms of mental and somatic anxiety of moder-
ate severity. Most often, patients complained of anxiety
and burden with certain "painful thoughts"”, uncertainty
about the future, "expecting something bad", internal
tension, feeling of helplessness, restlessness, sweating,
characteristic tremors, difficulty falling asleep, insom-
nia, unpleasant sensations in the region of the heart ,
chest, epigastric discomfort, feeling of "lack of air",
dizziness, headaches, palpitations, increased blood
pressure or its drops, nausea, decreased appetite. Ele-
ments of depression in the form of depressed mood
were present, but did not determine the severity of the
condition of patients with simple anxiety syndrome. In
anxiety-depressive syndrome, symptoms of both anxi-
ety and depression were present in various combina-
tions. Anxiety was complemented by such symptoms
of depression as feelings of longing, loneliness and
hopelessness, low self-esteem, psychomotor retarda-
tion. Patients complained of “loss of the ability to enjoy
life,” “lack of desire to do anything,” suicidal thoughts,
feelings of guilt, and their own worthlessness. Patients
reported decreased concentration, cognitive impair-
ment, fatigue, difficulty falling asleep, insomnia, and
shallow sleep with awakenings. In the first half of the
day, the manifestations of depression prevailed in the
patients: depressed mood, melancholy, ideational and
motor inhibition, poor appetite, anxiety grew during the
day, and by the evening the patients became more rest-
less, capricious, irritable, presented numerous com-
plaints of a somatic nature. Anxiety-hypochondriac
syndrome manifested itself as symptoms of obsessive
or overvalued hypochondria. The patients experienced
fear and confidence in the presence of a serious, incur-
able disease, despite the receipt of the results of objec-
tive examinations, indicating the absence of any pathol-
ogy. In all elderly patients with anxiety-hypochondria-
cal syndrome, hypochondria was associated with pre-
existing anxious depression, complicating its psycho-
pathological structure with the formation of a positive
feedback. The increased level of anxiety drew the at-
tention of patients to various sensations arising in the
body or internal organs, subjective misinterpretation of
"revealed new symptoms" reinforced hypochondriacal
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ideas, in turn, hypochondria intensified anxiety and de-
pression. Patients, presenting numerous complaints of
a somatic nature, meanwhile, did not complain of de-
pressed mood, anxiety, melancholy, despite the high
level of anxiety and depression, confirmed by objective
psychological examination methods. With anxiety-
phobic syndrome against the background of increased
anxiety, fears for their own health, their own life, vari-
ous kinds of fears were noted: fear of contracting any
disease, fear of cardiac arrest, fear of death, fear of los-
ing self-control, fear of going crazy, etc. Phobic anxiety
in certain situations, significant for patients, was ac-
companied by anxiety, palpitations, feeling of light-
headedness, in intensity it varied from mild discomfort
to horror. Low mood and other elements of depression
were often associated with phobic anxiety. Considering
the frequency of occurrence of one or another variant
of anxiety disorder depending on gender, it should be
noted that simple anxiety, anxiety-depressive and anx-
iety-phobic syndrome was more often observed in
women, in 64.5%, 77.6% and 79.2%, respectively. %
of cases. Anxiety-hypochondriac syndrome was more
common in men in 67.3% of cases (p = 0.003). The av-
erage duration of the disease (5.9 + 6.8 yearS) was the
shortest in patients with simple anxiety syndrome. The
average duration of the disease in patients with anxiety-
depressive (14.3 &+ 13.7 years), anxiety-hypochondriac
syndrome (14.6 & 11.2 years) and anxiety-phobic (14.8
+ 12.3 years) was significantly higher (p = 0.047). The
longer duration of the disease with an indication of the
last three syndromes makes it possible to explain the
follow-up study of the dynamics of anxiety states in el-
derly patients. They all have a certain similarity in clin-
ical manifestations, which are based on an obligate
symptom - anxiety, which prevails over all other psy-
chopathological disorders. Depending on the addition
of additional psychopathological symptoms, an aggra-
vation of anxiety disorder gradually occurs and the for-
mation of more complex syndromes in structure, such
as anxiety-depressive, anxious-hypochondriac and anx-
iety-phobic. However, in the clinical picture of almost
any anxiety syndrome, elements of depression, as well
as other psychopathological symptoms, can be ob-
served in varying degrees of severity.
Conclusions:

1. The study of clinical and psychopathological

features of anxiety states in elderly patients allowed us

to conditionally distinguish four main syndromes: 1)
simple anxiety syndrome; 2) anxiety-depressive syn-
drome; 3) anxiety-hypochondriacal syndromes; 4) anx-
iety-phobic syndrome.

2. At the heart of each of these syndromes is an
obligate symptom - anxiety, which prevails at the be-
ginning of the development of the disease.

3. The addition of other additional psychopatho-
logical symptoms, such as depression, hypochondria,
phobia, contributes to the aggravation and the for-
mation of a more complex syndrome.

4. The long duration of the disease demonstrates
the presence of more severe and structurally complex
anxiety syndromes.

5. In elderly patients, anxiety-depressive syn-
drome occurs with a higher frequency.

6. In elderly female patients, simple anxious, anx-
ious-depressive and anxiety-phobic syndrome is more
often observed, in male patients - anxiety-hypochondri-
acal syndrome.
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The aim of the work was to study the effect of ozone therapy on the dynamics of the timing of wound healing
in children with purulent-inflammatory diseases of the head, face and neck. 580 patients with purulent-inflamma-
tory diseases of the head, face and neck were under observation. The patients, taking into account the applied
therapy, were randomized into two groups: the main group - 271 patients, in whose complex treatment ozone
therapy was included, and the comparison group - 309 patients, in whose complex treatment medical ozone was
not used.Complex treatment with the inclusion of ozone therapy contributed to the positive dynamics of clinical
manifestations, the normalization of indicators of the course of wound healing, a change in the types of cytograms
from degenerative-inflammatory to regenerative in terms determined by the biological regularities of the course
of the wound process. This led to a decrease in the time for relief of the purulent-inflammatory process by 3.4 +
0.45 days, in comparison with traditional methods of treatment.

Keywords: purulent-inflammatory diseases of the head, face and neck, ozone therapy, children.

Relevance. Purulent-inflammatory diseases of the
maxillofacial region and neck in children are the most
common nosology in the hospital of children's maxillo-
facial surgery (from 40 to 55 %) [1, 3, 6]. For inflam-
matory diseases of the maxillofacial region, there is
seasonal activity in the spring and autumn period [2, 4].
Most often, inflammatory processes occur in the age
group from 2 to 9 years, with the most pronounced clin-
ical manifestations. The severity of inflammatory pro-
cesses in the maxillofacial region is due to the anatom-
ical and physiological features of the tissues of the face
and neck in children and the age-related features of the
child's body, namely, the immaturity of the nervous,
immune and neuroendocrine systems [5]. In recent
years, there has been not only an increase in the number
of children with inflammatory processes of the maxil-
lofacial region, but also a change in the nature of their
clinical course [2, 4, 5]. The number of cases of pro-
longed course of inflammatory processes, chronization
and development of local and general complications
has increased. The reason for this may be changes in
the immunological reactivity of the child's body due to
eating disorders, adverse environmental conditions,
stress, concomitant diseases, etc. [6]. The successful
use of ozone therapy in the treatment of purulent

wounds was made possible by numerous experimental
and clinical studies that revealed a variety of biological
effects of medical ozone, however, the issues of its in-
fluence on the dynamics of wound healing in children
with purulent-inflammatory diseases of the head, face
and neck, have not been sufficiently studied, which led
to the purpose of this study [5, 6].

Purpose of the research: to study the effect of
ozone therapy on the dynamics of wound healing time
in children with purulent-inflammatory diseases of the
head, face and neck.

Materials and methods of the research: This re-
search is based on the analysis of the results of the ex-
amination and treatment of 580 patients with purulent-
inflammatory diseases of the head, face and neck,
treated in the 2-clinic of the Samarkand State Medical
Institute for the period from 2010 to 2020. There were
301 boys and 279 girls. Thus, children with purulent-
inflammatory diseases of the head, face and neck of pri-
mary school age (6-11 years) they made up 47.2%
(294), middle school age (12-15 years) - 31.6% (183)
and older age (15-18 years) - 21.2% (103). The major-
ity of children, 85.1%, were admitted no later than 3
days after the onset of the disease. In 176 (30.3%) pa-
tients, adenoflegmon of the submandibular region was
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diagnosed, and adenoflegmon of the chin region was
found in 141 (24.3%) children. Pseudofurunculosis of
the scalp was diagnosed in 183 (31.6%) children, boils
of various parts of the head, face and neck occurred in
80 (13.8%). The patients, taking into account the ap-
plied therapy, were randomized into two groups: the
main group — 271 patients, whose complex treatment
(surgical aid, antibacterial, detoxification therapy) in-
cluded ozone therapy (local treatment of a purulent
wound with an ozone-oxygen-gas mixture at an expo-
sure of 5 minutes, using the medical ozonizer "OTRI-
1"), and the comparison group — 309 patients, in whose
complex treatment medical 0zone was not used.
Research results and their discussion. After 1-2
sessions of ozone therapy, all patients showed improve-
ment in their general condition, reduction of pain, nor-
malization of pulse and temperature. The main dynam-
ics of local changes in the comparison group was rec-
orded by 8-9 days, in the main group - by 4-5 days,
which corresponded to the conduct of 2-3 procedures.
The use of ozone therapy contributed to the early, in
comparison with traditional treatment, relief of collat-
eral edema, the disappearance of soreness and hypere-
mia of the parotid zone, and a decrease in the amount
of purulent discharge. The first signs of the appearance
of granulation tissue were recorded on the 5th day after
surgical treatment in 77% of patients of the main group,
and the height of granulation-in 97% of patients on the
8th day. In 68% of patients of the main group, the pos-
itive dynamics of the wound process was the basis for
applying secondary sutures on the 10th-11th day, which
is 3-4 days earlier than in the comparison group. The
results of bacteriological studies obtained by us con-
firm the pronounced bactericidal effect of ozone on var-
ious types of microorganisms. After the first procedure
of ozone therapy, 68% of patients had sterile crops, and
94% had them on the 7th day of the study. In the com-
parison group, on day 10, sterile cultures were detected
in 43% of patients. Prior to treatment, the microbial
landscape of the purulent wound was dominated by
staphylococci (81%). After the first ozone therapy pro-
cedure (day 3 of the study), staphylococci were seeded
in 14% of cases, and on day 7-in 2% of cases. On the
10th day, staphylococci and other bacteria were not
seeded. By acting on the bacterial envelope, ozone
breaks the associative links between microorganisms,
destroys the resistance factors associated with the bac-
terial cell membrane, thereby increasing their sensitiv-
ity to antibiotic therapy. With standard treatment, the
seeding rate of staphylococci on the 3rd day of the
study was 32%, on the 7th-29%, on the 10th-16%. After
the first procedure of ozone therapy, microbial associa-
tions were detected in 28% of cases, on the 7th day-in

5%, on the 10th day, microbial associations were not
detected in the wound. In the traditional treatment
group, microbial associations were detected in 62%,
48% and 24% of cases, respectively. Cytological exam-
ination of smears-prints from the wound surface on the
10th day of the study showed clear differences in the
course of the wound process in patients of the compar-
ison groups. The inclusion of ozone therapy in the com-
plex treatment of purulent-inflammatory diseases of the
head, face and neck, promotes the activation of the
macrophage reaction and the stimulation of reparative
processes.

Conclusions. Complex treatment with the inclu-
sion of ozone therapy in children with purulent-inflam-
matory diseases of the head, face and neck, contributed
to the positive dynamics of clinical manifestations, nor-
malization of wound healing indicators, change of cy-
togram types from degenerative-inflammatory to re-
generative in terms determined by the biological pat-
terns of the wound process, which led to a reduction in
the time of relief of the purulent-inflammatory process
by 3.4+0.45 days in comparison with traditional meth-
ods of treatment.
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One of the most urgent problems in newborns is purulent-inflammatory diseases, which occupy the second
place in the structure of the morbidity of newborns, after hypoxia. Pseudofurunculosis is most common in this
category of patients, and the latter has a tendency to rapid abscission and the development of sepsis. In the 2-clinic
of the Samarkand State Medical Institute for the period from 2016 to 2020, 136 newborns with localization of
purulent elements on the head and neck received inpatient treatment. All patients underwent complex surgical
treatment. In addition to traditional methods of treatment, the drug Baneocin (zinc bacitracin with neomycin sul-
fate) and Tyrosur (tyrotricin) were used as local treatment. The use of baneocin and tyrosur in the complex of local
treatment had a positive effect on the results of the treatment, which allowed to reduce the time of normalization
of body temperature and the time of stay of patients in the hospital.

Keywords: pediatric surgery, pseudofurunculosis, newborns, complex treatment, perinatal infection

Relevance. Currently, there is an increase in the
frequency of intrauterine infections in newborns, which
is associated with an increase in the number of infected
women. According to the literature, the prevalence of
intrauterine infections reaches 22.0% [1]. The main eti-
ological causes of intrauterine infections are cytomeg-
alovirus, chlamydia, mycoplasma, herpes, toxoplasma,
and others. Conditionally pathogenic microflora and
bacteria are also important, which is associated with the
suppression of aerobic flora when using antibiotics [2,
3]. Intrauterine infections affect the health of newborns,
lead to high mortality, but also disability [4]. One of the
most urgent problems in newborns is purulent-inflam-
matory diseases, which occupy the second place in the
structure of the morbidity of newborns, after hypoxia.
Pseudofurunculosis is most common in this category of
patients, and the latter has a tendency to rapid abscis-
sion and the development of sepsis [5].

Purpose of the research. To analyze the results
of surgical treatment of psedofurunculosis of the head
and neck in newborns.

Materials and methods of the research. In the 2-
clinic of the Samarkand State Medical Institute for the

period from 2016 to 2020, 136 newborns with localiza-
tion of purulent elements on the head and neck received
inpatient treatment. There were 57 urban areas (41.9%),
and 79 rural areas (58.1%). The gender distribution was
almost equal — 70 (51.5%) male patients and 66
(48.5%) female patients. In the age aspect, they were
distributed as follows: 21 (15.4%) patients were under
28 days of age, 67 (49.3%) patients were under 3
months of age, and 48 (35.3%) patients were over 3
months of age. All patients received appropriate treat-
ment, which consisted in opening purulent foci, rational
antibiotic therapy, vitamin and immunostimulating
treatment, physiotherapy procedures, if necessary, in-
fusion - detoxification therapy, as well as post-syn-
drome treatment.

Such treatment tactics were carried out in all sick
newborns treated in the period from 2016 to 2017, from
2018 to 2019, in addition to traditional methods of
treatment, the drug Baneocin (zinc bacitracin with neo-
mycin sulfate) was used as a local treatment, and in the
period from 2020 to 2021, Tyrosur (tyrotricin) was
used locally (table 1).
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Table 1
Distribution of patients depending on the treatment method
Age
. . . Older
Groups Boys Girls city countryside | Upto 28 | 28 days- than 3
days 3 months
months
Traditional treatment 37 32 27 42 (60,9%) 11 32 26
(n=69) (53,6%) | (46,4%) | (39,1%) o7 (15,9%) | (46,4%) | (37,7%)
Traditional
. 22 23 20 o 5 21 19
”eatmf(’r?t:’;gf’;“eoc'“ (48,9%) | (51.1%) | (44,4%) | 2> 5% g1 106) | (a6.79) | (42,20)
Traditional
11 11 10 o 5 14 3
"eatm(f]“:tgz?’ OSUr 1 (50,006) | (50,0%) | (455%) | 24 | 2270) | (63.7%) | (13,6%)
_ 70 66 57 0 21 67 48
Total (n=136) (515%) | (485%) | (41.9%) | "0 B | (15496 | (493%) | (35,3%)

As can be seen from the table above, the ratio by
age, place of residence and gender in the groups was
almost the same. It should be noted that about half of
the patients were aged from 28 days to 3 months — 67
(49.3%), less often were aged over 3 months — 48
(35.3%) and up to 28 days — 21 (15.4%).

Results of the research and their discussion.
During the complex treatment of this pathology, a bac-
teriological study of the contents of purulent foci was
carried out in parallel to correct the antibacterial ther-
apy HpI/I 3TOM HanboJjiee 4acTO BBICEHMBAJICS 30JI0TH-
croiii cragunokokk — B 102 (75,0%) streptococcus — 21
(15.4%), escherichia coli — 9 (6.7%), klebsiella-4

(2.9%) cases. The seeded flora was most sensitive to
cephalosporins, aminoglycosides, and macrolides.
Given this, the starting drugs were cephalosporins, if
necessary, aminoglycosides were added to the complex
of antibacterial therapy in age-related dosages.

One of the results of the treatment is the timing of
a decrease in body temperature, the absence of new pu-
rulent foci, the phenomena of intoxication of the body,
which are manifested in the improvement of the general
condition of the sick child and serves as indications for
discharge from the hospital. Table 2 below shows this
data by group.

Table 2
Terms of reducing body temperature and finding patients in the hospital
Groups Terms of reducing body temperature (day.) Bed days (days)
Traditional treatment 6,7+0,6 16,6+0,5
Traditional treatment+baneocin 5,8+0,4 13,5+0,2
Traditional treatment+ tyrosur 5,1+0,8 12,8+0,3

As can be seen from table 2, on average, normali-
zation of body temperature occurred 4-5 days after hos-
pitalization of patients, the time spent in the hospital
was 16-17 days. It should be noted that the use of bane-
ocin and tyrosur in the complex of local treatment had
a positive effect on the results of the treatment, which
allowed to reduce the time of normalization of body
temperature and the time of stay of patients in the hos-
pital.

After comprehensive treatment in the hospital, all
patients were sent for outpatient observation by a pedi-
atric surgeon at their place of residence.

Conclusions. Thus, pseudofurunculosis of new-
borns is a formidable disease and requires urgent hos-
pitalization of patients in a hospital. Treatment of this
pathology should be comprehensive, including in addi-
tion to surgical treatment, antibiotic therapy, immuno-
modulators, vitamins and physiotherapy. The inclusion
of modern drugs in the complex of local treatment al-
lows to improve the results of the therapy.
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Technological processes at enterprises of the textile industry are very diverse, in connection with which the
concentration of impurities contained in the production of wide-ranging and industrial.

The main role in the process of flotation is played by bubbles released at the cathode (the main flotation
processes flow with the participation of water). By means of electric flotation they clean the waste water of textiles.
Simultaneous action on contamination of coagulants (iron or aluminum hydroxides) and gas bubbles ensures high

efficiency of wastewater treatment.

Keywords: electrokinetic potential - ECP, destruction, efficiency, electroflotator, PAA - polyacrylamide,
adsorption, bentonite, concentration, dye, surface-to-surface.

Waste water is formed during processing of raw
materials (wool, flax, cotton), bleaching and dyeing fi-
bers, their strengthening with adhesive substances,
chemical processing and cleaning, etc. Waste water
from textiles contains fiber residues, dirt particles, rea-
gents, surface-active substances, dyes [1-2]. The

amount of pollutants in the wastewater depends on the
type of fabrics produced (natural or synthetic), the color
technology, the solubility of the dye reactants in the wa-
ter. The characteristics of the waste water of textile en-
terprises are presented in table. 2.

Table. 1

Permissible values of the concentration of pollutants in the composition of industrial waste water of textile enter-
prises discharged into water bodies

COD, mg | BOD 5, mg Suspended Total _Total Ammonlum Sulfithion,
pH I dm? I dm? substances, | phosphorus, | nitrogen, nitrogen, mg/mg/
mg / dm® mg/dm?® | mg/dm?® | mg/dm? dm?®
from 6,5
085 25 160 35 3 20 10 1
A separate problem associated with the Some of the dyes are not subject to biological de-

wastewater disposal of textile enterprises is their color.
At the present time, more than 100 thousand types of
synthetic dyes are presented on the world market with
a total production of about 700,000 tons, a significant
part of which are also used in textiles.

contamination, and to reduce the color of wastewater
may also require the use of methods of physical and
chemical cleaning.

Table. 2
Average characteristics of waste water of textile enterprises
pH | CPKmg | BODS5, COD, | Suspended Total Chromium | Chlorides, | Sulfides, | Color,
/dm3 mg/ mg/ substances, | salt con- | hexavalent, | mg/dm3 mg/ hail
dm3 dm3/ mg/dm3 | tent, mg | mg/dm3 dm3
BOD 5, /dm3
mg/
dm3
from | from from from from15to | to 3000 | from 1,0 to from to 50 from
40 | 250to 80 to 2,2t0 8000 4,0 1000 to 50 to
to 1500 12000 5,0 1600 2500
12,0

The essence of electroflotation wastewater treat-
ment consists in the transfer of polluting particles from
the liquid to its surface with the help of gas bubbles
formed during electrolysis of wastewater. Devices in
which the process is produced are called electroflota-

tors. In the process of electrolysis of waste water, hy-
drogen is released at the cathode, and oxygen at the an-
ode. The main role in the process of flotation is played
by bubbles released at the cathode (the main flotation
processes flow with the participation of water). By
means of electric flotation they clean the waste water of
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textiles. Simultaneous action on contamination of co-
agulants (iron or aluminum hydroxides) and gas bub-
bles ensures high efficiency of wastewater treatment.
Such installations are called electroagulation-flotation.
When operating electro-flotation devices, it is neces-
sary to take into account the substantial amount of hy-
drogen and oxygen released during the course of the
process, and take appropriate safety measures.

In the study of the adsorption of flocculants of var-
ious nature and molecular mass, the electrokinetic
method showed that the negative electrokinetic poten-
tial (EKP) of particles in pollution [2].

Analogous dependences of a decrease in the neg-
ative value of the ECP of dispersed contaminants from
the dose of flocculants were obtained during the floc-
culation cleaning of wastewater of 1-year flow of dye-
ing and finishing. These results confirm the electro-
static nature of the particle-flocculant interactions for
both low-molecular and high-molecular flocculants,
based on the adsorbent flask. The reason for the de-
crease in the ECP of particles with the addition of low-
molecular polyelectrolytes NaHSO3, Al2 (SO4) 3 is the
adsorption of macromolecules on separate areas of the
bentonite particles, which reduces the charge of these
particles, which reduces the charge and reduces Such
adsorption is possible, since the size of PAA polyelec-
trolite macromolecules (0.075-0.1 microns) is much
less than the size of particles of dispersed wastewater
pollution, which usually exceeds 5 microns. A high-

molecular flocculant (PAA), the size of macromole-
cules, which are used by several tens of micrometers,
are adsorbed on the surface of the hour, and only a part
of the amount of macromolecules is reduced.

The magnitude of the decrease in the EKP of dis-
persed pollution and the nature of the curves depend on
the dose, type of flocculant and the composition of the
waste water. Suspension of bentonite, which can be at-
tributed to single-sided systems, and when it is pro-
cessed with flocculants, a sharp decrease in the ECP of
bentonite particles is observed (Table 3.). A decrease in
the EKP of bentonite particles from (+48) mV to zero
occurs at concentrations of the flocculant NaHSO3 0.3-
08 g/, Al2 (SO4) 3 0.6-1.2 g/ I, significantly lower
doses (1.5- 10.0 mg /1), commonly used for wastewater
treatment. With a further increase in the dose of floccu-
lants, the amount of ECP of bentonite particles be-
comes positive and grows up to a certain limiting value,
which is the content of the concentration of the adsor-
bent density and the amount of adsorption This limiting
value of the ECP was used in this work to estimate the
real value of the charge of macromolecules of floccu-
lants in aqueous solutions, taking into account their in-
formative state [4].

The optimal dose of the flocculant corresponded
to a certain negative value of the ECP of pollution par-
ticles, which depended on the type of flocculant and the
composition of the waste water, furthermore the
CLEANING was observed, the particles were as well
[5].

Table. 3

Electrokinetic potential of bentonite suspension depending on the concentration of wastewater flocculants 1-
stream

Concentration of flocculants, g/ | EKP,

Amount of bentonite, g /| PAA

NaHSO3

0,25

A|2(SO4)3 mv

-2,0

0,5

49,0

-2,0

+8,0

0,75

-1,0

1,0

+7,0

+30

+34

+29

+32

0,75

+20

1,0

+32

+32

+36

0,5

+48

0,75

+31

0,75

+37

1,0

+22

0,5

0,75

+26

5 0,5

1,0

+36

0,5

0,75

1,0

+38

The degree of filling the surface with macromole-
cules of the flocculant (value 6) was supposed to be cal-
culated by the formula:

0 = (EKP ref - EKP) / EKP.

Where EKP out and EKP con is the electrokinetic

potential of particles in the source waste water and at a
given dose of the flocculant; EKP - charge of the floc-
culant (the value of the EKP, corresponding to the pre-
adsorption of the flocculant on the bentonite particles).
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Characteristics of flocculants and dispersed
contamination of wastewater in the process of

measurements, are presented in table. 4 and serve for a
comparative assessment of various flocculants,

flocculation, obtained on the basis of electrical predicting the effectiveness of their application [6].
Table. 4.
Electrokinetic characteristics of flocculants and disperse contamination of wastewater in the process of flotation
Floculant EKPl Stock type | Dozaoptg/l | EKPiskh, mV EKPkon, 0
mV ’ mV
PAA +34 1-flow 0,5 -16 -11 0,15
NaHSO; +32 1- flow 0,75 -16 -8,0 0,25
Al(SO4)3 +32 1- flow 1,0 -16 -7,0 0,28
PAA + NaHSO; +36 1- flow 0,5-0,75 -14 -6,0 0,22
PAA + Aly(SOs)s +36 1- flow 0,5-1,0 -18 -7,5 0,24
NaHSOs + Al2(SO4)3 +30 1- flow 0,75-1,0 -18 -14 0,13
PAA + NaHSOs + Aly(SOa)3 +38 1- flow 0,5-0,75-1,0 -22 -16 0,16

As follows from the analysis of the literature, the
main results were obtained on the adsorption of poly-
mers on particles of mineral dispersions. Therefore,
studies were carried out on the adsorption of flocculants

300
250
200

150

0, Mg/g

100

50

on particles of the 1st stream, which are the most wide-
spread contamination of wastewater from the
wastewater industry.

1,5 2

Time, hour.

Fig. 1. Kinetics of PAA adsorption during flotation of waste water

Waste water contamination, mg / I: 1-28, 2-36, 3-
48.

The study of the kinetics of adsorption of floccu-
lants on particles (Fig. 1) made it possible to substanti-
ate the conditions for mixing the flocculant with waste
water, which found an experimental confirmation [7-8].
The duration of mixing corresponds to the time of
reaching the maximum amount of adsorption of macro-
molecules of the flocculant on the particles of contam-
inants. With intensive stirring (speed gradient G =
300s-1, the maximum adsorption is reached in 0.5-1.0
hours [9].

Doses of flocculants decrease with an increase in
the amount of charge or the content of ionic groups, re-
gardless of the amount of their molecular weight.

At the same time, a higher correlation coefficient
is found for the dependence of flocculant doses on the
charge than on the content of ionogenic groups, which
is followed by the fact that the charge of the flocculant
appears as a more characteristic indicator, taking into
account the timely and conformational state of macro-
molecules, as well as the content of ionogenic groups
in polymers.
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Abstract

Kanouoam mexuuyeckux Hayx

The article discusses the issues of synthesis copper nanoparticles through reducing with ascorbic acid using

eco-friendly stabilizers.
AHHOTAIHUSA

B cratee PacCMOTPEHBI CII0COOBI MOJYYCHHUA HAHOYACTHULl ME/IU B paCTBOpAX NyTEM BOCCTAHOBJICHUSA AaCKOP-
OMHOBOI KUCIOTOM C MNPUMCEHECHUCM 3KOJIOTUIHBIX CTa6I/IJ'II/IBaTOpOB.

Keywords: nanotechnology, nanoparticles, copper, ascorbic acid, polyvinyl alcohol, gelatin, manutex RS,

antimicrobial properties.

KiiloueBble ¢JI0BAa: HAaHOTEXHOJOTHH, HAHOYACTHIIBI, MEIb, aCKOPOMHOBAas KHUCJIOTA, TMOJWBUHUIOBHIN
CIIMPT, XKeJaTHH, MaHyTeKC RS, anTnOakTepuabHbIe CBOWCTBA.

1. Bsegenne

B HacTosmee BpeMs OTHUM U3 Hauboee pacipo-
CTPAaHCHHBIX CIOCOOOB IOJIYYEHHsS] MEIHBIX HaHOYA-
CTHI ABJISIETCS XUMUYECKUI METO BOCCTAHOBIICHUS U3
PacTBOPOB UX coJie. B ero 0CHOBE JICKUT XUMUYECKas
peaKiys, MPUBOASIIAsS K OOpa30BAHUIO TUCIIEPCHBIX

JacTull ONMpeACJICHHOro CoCTaBa, MOp(bOJ'IOFI/II/I " pas-
MEpOB. OCHOBHLIMI/I JAOCTOUHCTBAMU NJAHHOT'O METOAAa
SABJIACTCA TPOCTOTA armnaparypHoOro O(I)OPMJ'ICHI/IH nu
OKOHOMHYHOCTDL, a TaAKKE€ BO3MOXKHOCTbL KOHTPOJIHUPO-
BaThb pa3Mep o6pa3y}om1/1xcsl HAaHOYACTHUL U UX (bOpMy
[1-10]
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OpnauM u3 HanboJiee MPUMEHSIEMBIX CITOCOOOB TT0-
Jy4EeHUSI HAHOYACTHIl MEIH SBIISIETCS BOCCTAaHOBJICHHE
U3 Cpellbl OpraHMYeCKUX pPACTBOPUTENEH CHIIbHOACH-
CTBYIOIIMMH BOCCTaHOBHUTEJSIMHU, MPEACTABISIONIUMU
OTACHOCTbH ISl 9KOJIOTHH OKpYKarolien cpeasl. B pa-
6otax [1-4] HaHOYACTHIIBI MEIU TIOTYYAIOT IIyTEM BOC-
CTaHOBJICHUS] U3 PACTBOPOB UX COJIEH TaKHMMH BOCCTa-
HOBHUTCIISIMH, KaK THIPAa3UHTHAPAT W OOprHIpUi
HATPHS, SBJLTFOIIUMICS TOKCHYHBIMH BEIIECTBAMH, B
MPUCYTCTBUH CTAOMIN3aTOPOB PA3IIMIHON IPUPOIEIL.

B mocnename romsr BO3poc HHTEpEC K IKOIOTHY-
HBIM METOJIaM CHHTe3a HaHOYACTHUI[ METAJUIOB C IpH-
MEHECHHEM HETOKCHYHBIX M 0€30TMacHBIX I OKpYKa-
Iomiel cpensl BemiectB. B pabotax [5-10] mHanoua-
CTHUIIBI MEJIU CUHTE3UPYIOTCS MYTEM BOCCTAaHOBIICHUS
W3 BOJHOMN Cpellbl aCKOPOMHOBOM KHCIOTOW M TIIFOKO-
3011.

[Iporecc BOCCTAHOBIICHHSI HOHOB MEIA aCKOPOH-
HOBOM KHCIIOTOM MOKHO ONKCaTh yPaBHEHUEM:

CeHgOe+CUSO4+2N&OH—>CUO+N8.2804+C6H307+H20

KucnotHocTh pacTBopa cynbdara Meau BapbUpo-
BaJIH C IOMOIIBIO THAPOKCHIA HATPHUS B MHTEpBase pH
2.8 — 11.5. KomugecTBO 00pa3yromuxcsi HAHOYACTHUI]
Bo3pacTaet ¢ yBenuueHueM pH no 10.3, a nanbHeiiee
yBesnnueHue pH NpuBOIUT K THAPOIM3Y COJeH Meaw,
YTO B HEKOTOPOM CTENEHN CHMUXKAET KOJIMYeCTBO 00Opa-
3YIOIIUXCS] HAHOYACTHII. [5]

JIOCTOMHCTBOM IPUMEHEHHUSI aCKOPOMHOBON KHC-
JIOTHI SIBIAETCSI BO3MOYKHOCTh KOHTPOJHPOBATH POCT,
pa3Mepbl 1 MOPQOJIOTHIO 00Pa3yIOIMXCSI HAHOYACTHUI]
Omaromapst 6oJyiee HU3KOH CKOPOCTH TIPoIiecca KOHBEP-
CHH HOHOB MEIH B HYJIBBAJICHTHYIO (QOpMY, YeM IpH
WCTIONBE30BaHUM 0OJiee CHIIBHBIX BOCCTAHOBHTEIICH.
YacTuibl MeIu JeTKO OKUCISIOTCS KHCIOPOIOM, pac-
TBOPEHHBIM B BOJIEC W COAEpKalIuMCs B Bo3myxe. W3-
OBITOK aCKOpPOMHOBOM KHCJIOTHI MOXKET BBICTYIAaTh B
POJIH CTaOMIN3aTOPA, MPETATCTBYS OBICTPOMY OKHCIIE-
HHUIO HAHOYACTHUI[ MEH KHCIIOPOIOM.

OpHako, BCIIEACTBUE arperaTUBHOI U CeANMEHTa-
IIMOHHON HEYCTOMYMBOCTH OOpa3yIoNIuXcs HaHOYa-
CTHII MEJ TPU KOHLEHTPAIMSIX UCXOMHON COJH, TIpe-
BeImaromux 10~ Monk/11, HaGmomaeTcs 0Opa3oBaHue
arJoMepaToB MEIHBIX 4yacTull. aHHas mpoOiema pe-
IIaeTCs MMyTeM BBEACHHUS B CHCTEMY CTAOMIIH3aTOPOB,
HanpuMep, KeJIaTo3bl.

B pabore [6] onmceiBaeTcs monydeHue chepude-
CKUX HaHouacTul Meau ¢ pasmepamu 60+20 HM, mo-
KPBITBIX TOHKOH (2—3 HM) TUTEHKOM JKeJIaTO3bI, KOTOpast
CHOCOOCTBYET MPEAOTBPAIICHUIO OKMCIICHUS HaHOYA-
CTHII MEJIH ¥ UX arperaruy.

[Ipu aHanmM3e KOJUTOMTHBIX PACTBOPOB CTOUT 00-
paTUTh BHUMaHHUE, YTO ONTHYECKHE CIIEKTPHI THAPO-
30J11 C METANIMYECKUMH HAHOYAaCTHLAMU UMEIOT Xa-
paKkTepHBII MAKCUMYM MOBEPXHOCTHOTO M1a3MOHHOIO

pesonanca (ITI1P). Bua, HHTEHCUBHOCTD U TTOJIOKEHUE
[IITP onpenenstoTest pazMepomM, GOpPMOii i OKHUCIEHHO-
CThIO HaHOYacTuIl. [Ipu aHATN3E KOJUIOMIHBIX PACTBO-
POB OBUIO YCTAHOBIICHO, YTO JJIS CHEPUUCCKUX HAHO-
YaCTHUI] MU TOJIOKCHHUE MOBEPXHOCTHOTO IIA3MOH-
HOTO pe30HaHca cooTBeTCTBYeT 570-590 M.

Ha ocHOBaHMHM TMPOBEACHHOI'O aHAIM3a JUTEpa-
TYPHBIX UCTOYHHKOB OBLIO PEIICHO MCCIIE0BAThH CIO-
co0 TOIyYeHUs] HAHOYACTHI[ MEIU IyTeM BOCCTAHOB-
JICHUS acKOPOWHOBOM KHUCIOTOM, SBIISIOIIEHCS SKOIIO-
THYECKH Oe30MacHBIM BOCCTAaHOBUTEIEM, B BOTHOH
cpellc HEeTOKCHYHBIX CTaOMIN3aTOPOB: MOJIMBHHMIO-
BeIif cupt (I1BC), xxematun, manyTtekc RS.

2. PeakTuBBI

Mens I ceprokucnas 5-Bomuas CuSO415H-0, L-
aCKOpOMHOBAas KHCIIOTA, MOJMBUHUIIOBBIN CIHPT, JKe-
natul, Manytekc RS, runpoxcun Hatpus NaOH nc-
TIOJIb30BATUCH JIJIsl CHHTE3a METHBIX HAHOYACTHLI.

3. Meroabl Hcce10BaHMI

B3BemnBaHue MPOBOAMIOCH HA AHATATHUCCKUX
Becax ¢ TOYHOCTHIO 10 107 1.

3aMepsl ONTHYECKOW IUIOTHOCTH KOJUIOWIHBIX
PacTBOpOB TMPOBOAWIHCH C HCIOJNB30BaHHEM (HOTO-
metpa KOK-3 30M3, npenHa3zHayeHHOro AJIs aHalIn3a
KHUJIKAX PAaCTBOPOB C TUANa30HOM JIIHH BoyH 315-990
HM. VICTOYHUK W3Iy4YCHHS: TaJlOTCHOBAas JaMIia:
KI'M12-10-2.

4.  DKCcHepUMEHTHI

J1yis ToTy4eHus] HAHOYACTHUI] MEM TOTOBUIIH Pac-
tBop CuSO4-5H,0 B 0,1 %-0M BOJHOM pacTBOpE CTa-
ounmszatopa ¢ kKoHueHrpanuei conu 0,0002 Monb/a u
0,0003 moub/1 1 066emMoM 80 mi1. Jlasee ero J0BOIMIN
JI0 KUTIeHUS U BBOIIITH 20 MJI pacTBOpa aCKOpOMHOBOH
KHCIOTHL. B KadecTBe IIEIOYHOTO areHTa BBOIIIIN
KoHIeHTpupoBaHHBIH pactBop NaOH mo kammaM mo
pH 10-11.

B xone npoTekaHus peakuu pacTBOPHI H3MEHSITH
IBET OT OECI[BETHOTO JIO JKEJITOTO, a Jajiee 0 HACHI-
IIEHHO 0OpJ0BOro. MakCUMMyM ONTHYECKOH IIIOTHO-
CTH pacTBOpa pacmosaraercs B quana3one 580-590 uwm,
YTO COOTBETCTBYET XapakTepHoMy Makcumymy IIIIP
HAaHOYACTHI MEJIH.

HccnenoBanne BIMSIHUS COOTHOIIEHHMSI BOC-
CTAHOBMTEJISI U COJIM Meau

Juis ompenereHusl ONTUMAILHOTO COOTHOIICHHS
MEXIy COJILIO MEJIH U BOCCTAHOBUTEIIEM acKOpPOWHO-
BOI KHCIIOTOW OBUIH MPUTOTOBIICHBI PACTBOPEI, CTA0H-
JTU3UPOBAHHEIC KEIATHHOM, C COOTHOIIICHUEM CYIIb(ar
Menu: ackopOmHOBast kuciora = 1:50, 1:75, 1:100,
1:150 u kouuentparmeir CuSO4[15H20 0,0002 mombs/n
u 0,0003 mone/n. [Tocne oxmaxxaeHns: ObUTH 3aMepeHBI
ONTUYECKHE IFIOTHOCTH PACTBOPOB NPHU JJIMHE BOJIHBI

B uHTepBaje ot 530 uM 10 610 M (Tadsm. 1, 2, puc. 1,
2).

Tabuuma 1

OnTryeckre INIOTHOCTH TUCTICPCUH HAHOYACTHI] MEIH IPU UCXOAHOM KoHIeHTpanuu cosr meau 0,0002 Moms/i

CooTtHouleHue cynbhar MeIu: ack. JlHa BOJIHBI
K-Ta 530 540 550 560 570 580 590 600 610
1:50 0,168 | 0,156 | 0,144 | 0,134 | 0,124 | 0,114 | 0,105 | 0,097 | 0,09
1:75 0,754 | 0,731 | 0,718 | 0,719 | 0,711 | 0,648 | 0,526 | 0,413 | 0,327
1:100 0,572 | 0,566 | 0,575 | 0,593 | 0,599 | 0,539 | 0,417 | 0,309 | 0,231
1:150 0,183 | 0,169 | 0,158 | 0,147 | 0,163 | 0,127 | 0,119 | 0,109 | 0,097
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Puc. 1. Onmuueckas nromnocms oucnepcuu HAHOYACMUY Meou NPU UCXOOHOU KOHYEHMPAYUuu Coau Meou
0,0002 monv/n

Tab6muma 2
OnTryeckre INIOTHOCTH TUCTICPCUH HAHOYACTHI] MEIW IPH UCXOMHOH KoHTeHTpanuu conu meau 0,0003 Moms/n
CooTHoteHne cynbhaT MeIu: ack. JlmHa BOJTHBI
K-Ta 530 540 550 560 570 580 590 600 610
1:50 0,411 | 0,403 | 0,401 | 0,407 | 041 | 0,377 | 0,316 | 0,257 | 0,203
1:75 0,655 | 0,657 | 0,676 | 0,708 | 0,729 | 0,657 | 0,505 | 0,359 | 0,261
1:100 1,381 11,391 | 1,432 | 1,518 | 1,619 | 1,599 | 1,379 | 1,073 | 0,827
1:150 0,475 | 0,458 | 0,457 | 0,463 | 0,464 | 0,422 | 0,342 | 0,263 | 0,21
1,8
1,6
14
1,2
1
D
0,8
0,6
04
0,2
0
520 530 540 550 560 570 580 590 600 610 620
A, HM
1:50 1..75 1:.100 1:.150

Puc. 2. Onmuueckas niomnocms oucnepcuu HaHOYACMUY MeOU NPU UCXOOHOU KOHYEHMPAYULU CONU MeOU
0,0003 monv/n

Hcxons u3 KpUBBIX, MPEICTABICHHBIX HA PUCYH-  KOM cCilydae 00pa30BaBIIIHECS HAHOYACTHUIIBI MeIu 00-
Kax | u 2, MOXXHO BUJIETh, YTO IPU HCCICAYEMBIX KOH-  JIC€ YCTOHUYMBBI K OKHCICHHIO. JlanbHeme 3Kcnepu-
LCHTPAIMAX ONTHMAIBLHOE COOTHOLICHHE Cynb(ar  MEHTHl ObUIO PEIICHO MPOBOAMTH MPU COOTHOLICHUH
Meau: ackopouHoBas kuciora cocrasmwio 1:100. B ra-  1:100.
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HcciienoBanuss BJIMSIHASA CTAOWJIM3AaTOpPAa HAa Beutn mpoBeneHbI 3aMepbl ONTHYSCKOW TUIOTHO-
YCTOMYHUBOCTh KOJUIOMAHBIX PACTBOPOB HaHo4Ya-  CTH B Anama3oHe 530-620 HM B EpBBIH, MATHIHN U J1eCs-
CTHII MeIU o1 guu. Konnouausiit pactBop Ha ocHoBe [IBC 0,1 %

B xauecTBe cTrabmm3zatopoB ucrons3oBanu [IBC,  moTepsin cTaOMibHOCTD Ha MATHINA JAeHB. PacTBOpHI Ha
xkenaTuH U MaHytekc RS. Mcxomnast xoHmeHTpaunusi — ocHoBe xenatuna 0,1 % u manyrekca RS 0,1 % coxpa-
CuS0O415H20 - 0,0003 mous/m. HUIK cTaOWIIBHOCTE Ooutee 10 mHe. PesynbraTs mpen-

CTaBJICHBI Ha PUCYHKaX 3 u 4.
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Puc. 3. Onmuueckas niomuocmes oucnepcuu HAaHOYACMUY MeOU, 60CCMAHOBLEHHBIX 8 0OHOM PACEOPe MAHY-
mexc RS 0,1 %
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muna 0,1 %
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Kosmonasslii pacTBOp Ha OCHOBE MaHyTekca RS
nMeeT 0oJiee BBIPAKCHHYIO SKCTHHKITMIO Ha NECSATHII
JIeHb, UeM PAacTBOP Ha OCHOBE >KEJIaTWHA MPU TOU ke
KOHIEHTpauuu. JlaHHbIE PacTBOPHI COXpaHSIIU CTa-
OWIIBHOCTD JIO MECS1a, MAKCUMYMBI OIITHYECKOH MJI0T-
HOCTU cocTaBuiu 1,423 mig Aucrepcuu B BOJHOM pac-
TBOpe MaHyTekca RS u 0,712 mis skenatuHa. Takum
00pa3zoM, MaHyTEeKC 3apeKOMEH/10BaJ cedsl Kak Hanbo-
nee 3 PEeKTHBHBIN CTaOMIH3aTOP.

5. BuiBoabI

[IpoBexeHs! HccIenOBaHUS TPOIIECCa TTONYICHHUS
MEIHBIX HAHOYACTHII ITyTEM BOCCTaHOBIICHHSI 3KOJIOTH-
4ecKH Oe30MacHbIM BOCCTAHOBUTEIEM — acKOpOHMHO-
BOH KHCIIOTOH B mienounoi cpeae mpu pH 10-11. bsiio
OIPEZIeJICHO ONTHMAJILHOE COOTHOLIEHHE CYib(daT
Meau: ackopouHoBas kuciota — 1:100. [Tpu Takom co-
OTHOIICHHH aCKOPOWHOBAs KHUCJIOTA MPOSBIISET CBOM-
CTBa CTa0MJIM3aTOPa, NPEMATCTBYS OBICTPOMY OKHCJIE-
HUIO HSYCTOWYUBBHIX HAHOYACTHUI] MEIH.

[IpoBeneHsI UCcIeNOBaHUS BIHUSHUS CTAOWIIM3a-
TOPOB Ha YCTOWYHMBOCTH KOJUIOMIHBIX PACTBOPOB, CO-
JIEpKAIIINX HAHOYACTHIIEI MEIH, IOyYeHHBIX ITyTeM
BOCCTaHOBJICHUS aCKOPOMHOBOM KHUCIOTOM.

Manytekc RS u xenatun npu koHuenTpauuu 0,1
% Kak cTaOMIIM3aTOPHI MOKa3aIi BICOKYIO (D PEeKTHB-
HOCTh: KOJUIOMJHBIE PAacTBOPHI COXPAHSIHU CTaOMIIb-
HOCTh B TEUEHHUE MECHIIA.
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Abstract

The issues of natural regeneration of spruce forests in Northern Kyrgyzstan, the reasons affecting the repro-
duction of forests, as well as the change of habitats of this tree species, which may further lead to the formation

of new cenoses, are considered.
AHHOTANHSA

PaCCManI/IBaIOTCH BOIIPOCHI €CTCCTBCHHOT'O BO300HOBJICHHUS €JIOBLIX JIECOB B CeBepHOM KLIpFLIBCTaHe,
IMPUYUHBI, BIUAIOIINE Ha BOCIIPOU3BOJACTBO JICCOB U UX yCTOfI‘IPIBOCTB.

Keywords: Tien Shan spruce, natural regeneration, plant stability.
KiroueBble cjioBa: eib TAHb-IITAHCKAaA, CCTCCTBCHHOC B0306HOBJIGHI/IG, yCTOf/'I‘-II/IBOCTL H&CEl)I(Z[CHI/IfI.

EnoBrre nmeca CeBeproro Tsub-lllans o6Gpaszo-
BaHBI €TI0 TAHB-IIAHCKOW W PACIIONATAI0TCs IPEeuMy-
IIECTBEHHO Ha KPYTHIX CKJIOHAX rOp CEBEPHBIX U OJIN3-
KUX K HUM OpPHEHTalMii, Ha a0COJIOTHBIX BBICOTaX OT
2000 o 3000 M. Hag ypOBHEM MOPS C Pa3IMUHOMN CcTe-
MEHBIO YBJIAXKHEHUS U IOYBEHHBIM IUIOA0POAUEM. OTH
HACAXACHUS BBINOJIHIIOT OTPOMHYIO OYBO3ALIUTHYIO
U BOJIOOXPAHHYIO POJIb.

HcTtopruyeckn enoBBIe Jieca BCETAa HAXOAMIIHCH
Ha rpaHu BbDkMBaHUs. boranuk KpacHoB A. moceTus-
it Tsiup-1lane eme B 1888 roxy mmcan 4ro «wieca
Tsanap-1lans eme- ene mMoaAEPKUBAIOT CBOE CYIIECTBO-
BaHHUC M HUYTOXXHOE WM3MCHCHHE OKpPY)KAIOLINX ero
YCIIOBHI MOKET OTO3BATHCS HA HIX BEChMa THOCTHHOY.
Oco0eHHO OHHM TOCTpaJaid BO BpeMs IPOBEICHUS
CIUTOIIHBIX PYOOK B miepBoii mojoBuHe XX Beka. Tak B
1928-1930 rogax exeromHblil pasMep pyOKH NpEBbI-
I1aJ1 NpUpOCT NPUONIN3UTEIBHO B 4 pasa, a B IIoCeny-
rorue 30 Jjer pasMep pyOKM TakKe MPEBBIMIAN PH-
poct. U naxke korzia CriomHble pyOKH MpeKpaTUIINCh,
TUIOIIAIb ©CTECTBEHHBIX JIECOB IPOJOJDKaa COKpa-
matecs. [IpudrHa BceMy - OM0IKOIOTHIECKHAE 0COOCH-
HOCTH €IT1, HeTIPaBIIIbHOE BEACHUE JISCHOTO XO3SHCTBA
1 HEYMEPEHHbIN BhINAc CKOTa [5]

MHorHe HCCIIEAOBATENN EIIOBBIX JICCOB TSHB-
[ITaHst 0TMEUYAIOT UX HEYIOBIETBOPUTEIBHOE COCTOS-
Hue [4].

I'maBHBIMH PHYMHAMH HEYJOBJIETBOPUTEIHEHOIO
BOCTIPOM3BO/ICTBA €JIOBBIX JIECOB, 0COOCHHO B CPEHEM
u BepxHeM mosicax oT 2500 no 3000 M. Hag ypoBHEM
MOPsI SIBIISIIOTCST OMOOKOJIOTHYECKHE OCOOEHHOCTH €lTn
TSHB-IIAHCKOH K KOTOPBIM OTHOCSTCS: ILIOXas ypo-
JKaIfHOCTh CEMSTH ¥ HX HU3KOE KauyeCTBO; PEAKO TIOBTO-
psIIoIIrecs ypoKalHBIE TOABI; CYXOCTh BEPXHUX TOPH-
30HTOB TOYBBI; OUEHb MEIUIEHHBII POCT CaMOCeBa B
HepBBIE TOJBI KU3HHU; BBDKHMaHHE MOPO3aMH CaMo-
CeBa; KOHKYPEHIHUS TPaBSIHUCTOW PAaCTUTEILHOCTH U
AQHTPOIIOTEHHBIE K KOTOPBIM OTHOCSTCS HEperyiupye-
MBI 1 O€CKOHTPOJIBHBIN BBITIAC CKOTA, pyOKH a B TO-
CIIEITHHE TOJIBI U peKpeanus.

Hpyroii ocobennoctrio camoceBa enu lllpenka
SBIISICTCS TO, YTO MaccoBasi THOENb €ro MPOUCXOIUT B
HavyalnbHbIH Tepuon pocta. Iloatomy moapoct emu
MOXHO CUUTATh OJAaroHaJeKHBIM IIPH YCJIOBHHU €CIIH
OH gocTrraet BeICOTHI 0,5 M 1 Ooubrre [1].

Pesymerar oueBmnnmen. EnmoBrie neca B OoJbIeH-
CTBE CBOEM BCE IIepecIeNble M B HeJAIEKOM OyIymiemM
OHH MOTYT BOOOIIIE UCYE3HYTh.

HeoObuaiiHast — mecTpoTa  JIECOPAaCTUTEIBHBIX
YCIIOBHH Jaxke B TPaHUIAX OJHOTO CKJIOHA 3TO Kpy-
TU3HA U 4acTh CKJIOHA, PAa3JIM4YHbIe MUKPOIKCIO3ULIUU
CIIOCOOCTBYIOT 00Pa30BaHHIO PA3IMYHBIX THIIOB JiECa.

Paiion ucciieoBaHui HAXOIUTCS B BOCTOYHOM 4a-
cta 03epa MCCHIK-Kyib 10 CEBEPHOMY MAaKpOCKIIOHY
xpe6ta Tepckeit Anma-Too (42°09'41”N 78°16°11”E),
Ha a0COJIOTHBIX BbIcOTax OT 2550 mo 3000 m. Hax
ypoBHeM Mops. OOBEKTOM HCCIICOBaHUH SIBHIINCH
€CTEeCTBCHHBIC HACAXKACHUS €JIH TSHb-ITaHCKOH MPon3-
pacratomue Ha ckioHe CB 3kcno3uuuu, KpyTU3HOM 10
35% u npupycoBLIe HaCAXIEHHS NAHHOM MOPOIBL.

EnoBsle sieca mpou3pacTaioT Ha MMOYBaxX MOJCTH-
JIaeMbIX TPaHUTAMH, HM3BECTHSAKAMH H JOJOMHUTAMH.
[TouBooOpa3ytoras mopoja SBIsEeTCsl OMHUM U3 (ak-
TOPOB, BIMSIONUM Ha INPOU3BOAUTEIBHOCTH APEBO-
ctoeB. [lox enoBBIMU J1ecaMH Pa3BUTHI TOPHO-JIECHBIE
TEMHOIIBETHBIC U CYXOTOP(SIHUCTEIE ITOYBHI [6].

Pesynberath uccnenoBaHmii moKa3am, 9To HacaxX-
JICHUS €N C PE3KO OCIa0IIEHHBIM pocToM. Bo300OHOB-
JICHHE HEYAOBJICTBOPUTEIHHOE WM BOOOIIE OTCYT-
CTBYET, ITOJUTECOK ¥ KAUBOW HATIOYBEHHBIN TOKPOB BHI-
TONTaHbI, TI0YBA YIUIOTHEHA, MHOTHE IE€PEBbS MMEIOT
MEXaHMUYECKHE MOBPEKICHHUS WIU CJIEJbl ACHCTBHS
BpeauTesel, 6one3Hei. 3M0pOBBIX JEPEBhEB B HACAK-
neuustx ot 51 go 70%.

ITo HamM HaOIFOAEHUSIM OCHOBY MOITYJISLIUH CO-
CTaBJISIFOT CTapble U NIEPECTOMHBIE HacaxaeHus. Moio-
JIbIe U CPETHEBO3PACTHBIE OCOOH UTPAOT 31€Ch OUYCHBb
HeOobIIYI0 poJib [3].

CeMeHOIIICHHE eI B BEPXHEM I0sICE €TIOBBIX Jie-
coB — ciaboe. YpokallHOCTB OlleHHBaeTcs 2-3 Oai-
namu o mkane Kammepa. Ha obuine mogoHomeHus
B €JIOBBIX JIECaX BIHAIOT KaK OMOJIOrHYECKUE (haKTOpHl,
a B IIEPBYIO OYepeIb ITO BO3PACT JAPEBOCTOEB TaK
9KOJIOTHUECKNE — HHU3Kasg TeMIeparypa, 3aMOpPO3KH,
MTOBBIIIIEHHAS BIAYKHOCTH BO3TyXa BO BPEMsI IIBETCHUS
TaKXKe He 0JaronpuaTCTBYeT 00pa30BaHHUIO U PA3HOCY
MBIIBIIEI, B PE3YNbTaTe Yero o0pa3yroTcs ITyCThIE ce-
MeHa. 1o HEKOTOpBIM HaHHBIM [2] y cTaphix ocoOei
HaOoaeTcs SIBHOE PACCTPOMCTBO PENPOILYKTHBHOM
(YHKIMH, KOTOPOE BBIPAKEHO MAIOYUCIEHHOCTHIO Te-
HEpaTHUBHBIX OPTraHOB KaK MYXCKHX, TaK M HKEHCKHX.

Tabuuma 1

IToxa3aTenu kauecTBa CEMSIH €U TSHb-IIaHCKOM

Bec 1000 . Dueprus npopactanus 3a 10 nueit | Bexoxects 3a 30 nHel npo- Konunuectso, mr
CEMSIH, TP npopamnmBanus, %% pammBanus % MyCTBIX | 3arHUBIIMX
6,0 12 59 32 9
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B paiione uccnenoBaHuii eCTECTBEHHbBIE HACAX Ie-
HUS €M TSHb-IIAHCKOH MPECTAaBICHBI YETBIPbMS TH-
IaMH yCJIOBUN MECTOIPOU3PACTaHUS — €IbHHUK MOXO-
BB, HanOoJiee paclpOCTPAHEHHBIH THII, KOTOPBIH
BCTPEYAETCs BO BCEX JIECOPACTUTEIBHBIX MOSICAX; €Jlb-
HUK NPUPYCIIOBBI; €JIbHUK CKalIbHBIM U €IbHUK BBICO-
KOT'OPHBIH.

EnbHUK MOXOBBIN — UUCTHIE IO COCTaBY HaCaX/e-
HUSA, onHOApYcHBIE. BricoTta emm ot 20 1o 30 M. u ina-
MeTpoM 10 50 cM. COMKHYTOCTB KPOH OT CBOOOIHOI
o rycroil. KycrapHuKOBBIH sipyc cmabo BBIpaKeH U
COCTOMT U3 xuMosioctu KapenwHa u peako IIMIOB-
Huka. TpaBsHON NOKPOB pEOKUN U COCTOUT U3 TEHEBBI-
HOCJIMBBIX BUAOB — CHBITh, T'€paHb, OPXUAEHU U JP.

EnpHMK NpUpYyCIIOBBI NIPUYPOYEH K MOMME PEKU
You Ke13p11 Cyy U pacTsaruBaeTcs BIOJb PEKH Y3KOi
nojiocoi. JByxsapycHeli. BTopol spyc npezacrasiieH

nBoi. KycTapHUKOBBIH SIpyC COCTOUT U3 KUMOJIOCTH U
LIMITOBHMKA, TAK)KE BCTPEYAETCsl KaparaHa IrpuBacTasi.
TpaBsHON MOKPOB Ha OTKPBITHIX Y4aCTKaX COCTOUT U3
MaH)XETKH, 3JIaKOB U Pa3HOTPaBbSL.

EnbHuk ckanpHelid. Hacaknenus npuypodeHsl K
CKaJIUCTBIM, KAMEHHUCTBIM, KPYTBIM M OY€Hb KPYTHIM
CKJIOHaM. JlepeBbsl MPOU3PACTAIOT B OCHOBHOM OJHU-
HOuHO. Bricota 10 15 M. KyctapHukoBslil sipyc oTcyT-
cTByeT. TpaBsgHOMN NOKPOB pEaKUH.

EnpHuK BBRICOKOTOPHBIA. OTHO M OBYXSPYCHBIM.
Bo BTOpOM spyce BcTpeuaercs uBa. M3 KycTapHUKOB
JKUMOJIOCTh M KaparaHa rpusacrtas. TpaBsiHOW IOKpOB
MIPECTABIEH PAa3HOTPABLEM.

Bo Bcex Tumax ycinoBui MeCTOIPOHM3PACTaHUS
BO300HOBJICHUE MIPOTEKAET HEYJOBJIETBOPUTEIBHO, TO
ecTb OnaroHaaexHoro nogpocra mexee 500 mr Ha 1 ra.
CamoceB OTCYTCTBYET.

Tabmuna 2
KosnuecTBO mopoCcTa M caMOCeBa B Pa3IMYHBIX THIIAX YCIOBHH MECTOMPOM3PACTAHHS
Tun neca BolIcoTHBIE IpyHIIBL, CM Bcero na | ra, mr.
o 20 21-50 Beie 50

ENBbHUK MOXOBBIi -- 200 100 300

EnpHHMK npUpyCIIOBBIi 100 100 300 500

EJlbHMK CKaJIbHBIN -- -- 200 200

EJIbHUK BBICOKOTOPHBIH -- 50 100 150

B enpHHKaX MOXOBBIX, BEICOKOTOPHBIX BO300HO-
BUTENIFHBIC TPOIECCH MpoTeKaroT ciabo. [IpmumHoit
9TOMY CIIY’)KUT MOXOBBIH IOKPOB MEPEXBATHIBAIOIINIA
OCaJIKM, a TaKXKE€ HU3Kas TeMIlepaTypa U HEJOCTAaTOK
CBETa B BBICOKONOJHOTHBIX HacaxjeHusx [7]. Emb-
HUKH IPUPYCIOBBIE IOJABEPKEHBI OOJBIIOMY Ipec-
CUHTY (BBINAC CKOTA, pekpearus). EIpHUK CKambHBIN -
OTCYTCTBHE IUIOJJOPOTHOM MOYBHI, a €IBHHUK BBICOKO-
TOPHBIA XapaKTepU3YEeTCs] KOPOTKUM BETre€TallMOHHBIM
MEPUOJIOM U TTOYTH OTCYTCTBHEM OE3MOPO3HOTO Mepu-
ona.

OTtMmeuaercst TakKe U BHYTPEHHSS SKCIIAHCHS €JIH,
TO €CThb 3aCEJSIIOTCS MPOCTPAHCTBA MAJIONPUIOJHBIE
JUISL IPOU3PACTaHUs JPEBECHBIX MOPOA. DTO KaMEHU-
CThI€ MOAHOXKbS CKJIOHOB. 3/1€Ch OTCYTCTBYET JIyroBast
PaCTUTENBHOCTh U MOXOBBIN IIOKPOB, 1I0CTATOYHOE KO-
JIMYECTBO CBETa U Teruia. Takxke MOSBISIFOTCS KycTap-
HHUKH, KOTOPBIE CITy)KaT 3aIlIUTOH IS MOAPOCTa OT 3a-
MOPO3KOB M y4acTBYIOT B (popmupoBanuu mnoussl. Co-
CTOSIHUE MOJIPOCTA yIOBICTBOPHUTEIHHOE.

[IpoBeneHHBIE HCCIEAOBAHHS IO3BOJISIOT CAETIATD
CIIEYIOIIHE BBIBOBI

1. B paifone nccnemoBaHus YCTOWIMBOCTh (CTa-
OWIIBHOCTB) €CTECTBEHHBIX CIIOBBIX HACAXKICHUHA HU3-
Kasl BCJIEJCTBHE HEYAOBJIETBOPUTEIILHOTO €CTECTBEH-
HOTO BO300OHOBJICHUS W YBEIMYCHHS CPEIHETO BO3-
pacTa.

2. OCHOBHbIE IPUYUHBI HEAOCTATOYHOTO KOJIUYE-
CTBa MOJPOCTA - HEJOCTATOYHOE KOJIMYECTBO CEMSH 1
OYeHb IJIOXas UX BCXOXKECTh, KOHKYPEHIIMS MXOB U
TPaBSHUCTON PACTUTENBHOCTH, KOPOTKUI BEreTallioOH-
HBII TIEPUO/I, & TAKKe OECKOHTPOJIBHBIN U HEPETYIIHPY-
€MBIi1 BBIIIAC CKOTA.
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Abstract

The intensity of inclusion of labeled precursors in cells total proteins and RNA varies at different hours of
the day, and their average daily values along the nervous system axis from the peripheral to the stem and cortical
parts of the CNS, which characterize the spatial organization, are wavelike. Under conditions of continuous con-
stant illumination, the maximal values of daily average positional gradients of H3-uridine and H3-leucine inclusion
decrease from the maximum values observed in the cells of the cerebrospinal ganglia (CSG) and spinal lumbar
intumescence (SLI). Continuous illumination during 1.5 months results in insignificant changes of diurnal rhythms
of H3-uridine incorporation into CSG and cerebellar cortex (CC); and to nearly two times increase of mezor and
total RNA synthesis rhythm amplitude in SLI, suprachiasmatic nuclei of the hypothalamus (SCN) and visual area
of cerebrum cortex (VAC). Rhythm of protein synthesis intensity in CSG, SLI, SCN and VAC is characterized by
a slight decrease in mesor. Amplitude in these cell populations considerably more reduce, which indicates a smooth
rhythm. In the cerebellar cortex the indicators of synthesis transcription and translation significantly increase.
Thus, observed desynchronization of total RNA and proteins synthesis intensity depends on organ location in
nervous system.

AHHOTALUA

MNHTEeHCHBHOCTE BKIIFOUEHUS MEUEHBIX NpeAMICCTBCHHUKOB B CyMMapHbIC oenku 1 PHK m3mensiercs B pas-
HBIC YaChl CYTOK U UX CPEAHCCYTOUHBIC [I0KA3aTCIN BJOJIb OCU HC ot Hepn(bepnqecxﬂx K CTBOJIOBBIM U KOPKOBBIM
ornenam LTHC, xapakTepu3yromue NpocTpaHCTBEHHYO OPTaHU3AIHI0, HOCAT BOJIHOOOpa3HBIH xapakrep. B ycmo-
BUAX HENPEPBIBHOT'O MOCTOAHHOI'O0 OCBCHICHUA MAKCUMYMBI CPEAHCCYTOYHBIX MO3UIUOHHBIX T'PAJIUCHTOB BKIIIO-
YeHHUS H3—yp1/1m/1Ha 1 He-neiiina cHIXAIOTCS ¢ MAKCHUMAJIBHBIX 3HAYEHHH, OTMEUEHHBIX B KJIETKAaX CIIMHHOMO3-
Boro raurausg (CMY) u nosicHUYHOTO yToMeHus: ciinHHOTo Mo3ra (CM). HenpepriBHOE OCBellleHUE B TEUEHHE
1,5 mec. nmpuBoaut B CMY 1 kope Mo3xkeuka (M) K He3HAUUTEIbHBIM H3MEHEHUSM CPEeTHECYTOUHBIX O3UIIHOH-
HBIX TPaJIM€HTOB IOKa3aTejied CyTOYHOrO0 pUTMa BKJIHOYEHUS 3H-yp1/1/:[1/IHa; B CM, cympaxua3MaTHueCcKux saep
runotaiamyca (CXS) u 3purensHoit kopsl (3K) - kK MoYTH ABYKpaTHOMY HOBBIIICHUIO Me30pa M aMIUIHTY/IbI
purMa cuHTe3a cymmapHbix PHK. Putm naTeHCHBHOCTH cuHTe3a 6enka B CMY. CM, CX4, 3K xapakrtepusyercs
HE3HAYUTCJIbHBIM CHMKCHUEM ME30pa. AMHJ‘[I/ITy,ZIa B YKa3aHHBIX MOMYJIAUAX 3HAYUTCIIBHO Oouee CHHUXKCHA, YTO
CBUACTCIILCTBYCT O CIJIAX)KCHHOCTHU pUTMaA. B Cpe3ax KOPbI MO3K€YKa 3HAYUTECIbHO BO3PACTAIOT MMOKa3aTCJIN CUH-
T€3a TPAHCKPUIIINHU U TPAHCIIALIUU. Takum 06pa30M, Ha6mo,uaeMaﬁ JACCUHXPOHU3ANS NHTCHCUBHOCTU CUHTEC3a
CYMMApHBbIX PHK u 6enkoB B TeueHue CYTOK 3aBUCHUT OT IIOJIOKECHHS OpTraHa B HepBHOﬁ CHUCTEME.

Keywords: positional gradients of H3-uridine and H3-leucine inclusion, mezor and rhythm amplitude, desyn-
chronization of total RNA and proteins synthesis

KuroueBble ciioBa: TIO3UITUOHHBIC I'PATMCHTBI BKIIFOYCHUA H3-ypI/UmHa )5 H3-nem/ma, ME€30p U aMIUIMTYJ1a
pHUTMa, IECHHXPOHM3AINS HHTEHCUBHOCTH cuHTe3a cyMMapHBIX PHK 1 Genxos.

[IpocTpaHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH
CTPYKTYPHO-(QDYHKIIMOHAIFHONH OpraHW3aldu  BBISB-
JIEHBI BO MHOT'HX HMCCJIEOBAHHBIX OMOJIOTHYECKUX CHU-
cremax [1,2]. MccnenoBanue NUHAMUKA TKAaHEBBIX M
BHYTPUKIIETOYHBIX TEPECTPOCK HEPBHOM CHCTEMBI
KPBIC B YCJIOBHSIX U3MEHCHHOTO (hOTOpPEKUMA MO3BO-
JUT CYJUTh O COCTOSIHUW KJIETOYHBIX TOITYJISIIHHA OJI-

HOBPEMEHHO BO BpEMEHU M B MPOCTpaHCTBe. M3 maH-
HBIX JINTEPATYPHI CIEAYET, YTO BHEIIHUE AATYUKU Bpe-
MEHHU OKa3blBalOT CHHXPOU3UPYIOIIEe BO3IEUCTBUE HA
BEChb KOMIUIEKC [IUPKaIHBIX pUTMOB [3,4,5,6].

Henbro ucciiejoBaHmid SBISIOCH U3YUEHHE 3aKO-
HOMEPHOCTEH MPOCTPAHCTBEHHO-BPEMEHHON OpraHu-
3aIlMM aKTUBHOCTH TEHOMAa HEHPOIUTOB CITMHAIBHBIX
CTBOJIOBBIX ¥ KOPKOBBIX TIOMYJIALUNA B HOPME, a TaKKe
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B YCIIOBUSIX ITOCTOSHHOTO OCBEIICHUSI WIIM WHBEPCUHU
OCBEILEHHUS

OKcnepUMEeHTHI BhINOIHEHbI Ha 240 kpbIcax-caMm-
nax suaun Wistar Becom 160-200 r. JKuBoTHBIC TIep-
BOM KOHTPOJNBHOM TpYHNIMBI COJEPKATUCh B YCIOBHUAX
YyepeJoBaHus cBeTa U TeMHOTHI (cBeT ¢ 08 o 20uac).
Bropas rpynmna kpsic Haxoaunacek B TedeHue 1,5 mecs-
LIEB B YCIIOBUSAX HEMPEPHIBHOTO OCBEIlEHHs. TpeTbs -
coJieprkaniach B YCIOBHUSIX HHBEPTHPOBAHHOTO OCBEIIE-
Hus (cet ¢ 20 mo 08 gac) B Teuenne 6-7 cytok. Uer-
BepTast - B TeueHue 18-19 cyrok. UHTEHCUBHOCTB OCBe-
LmIeHus coctasisiia 250 k.

[pu 3a60sx (depe3 kaxaple 4 gaca Ha TPOTSKE-
HHE 2-X CYTOK) JUIS MCCIE0BaHus Opay CIMHHOMO3-
roele ra"rmuu (CMY), mOsCHUYHOE YTONIIEHUE
cnuHHOTo Mo3sra (CM), kopy Mo3xeuka (M), cynpaxu-
azmaruueckue sapa runoranamyca (CXS), 3purens-
Hy!0 00macTh Kopsl 6ombmoro mo3ra (3K). Cpessl yka-
3aHHBIX OPraHoB KyJIBTHBHPOBAIH in vitro. YacTs cpe-
30B KaKIOTO OpraHa MHKyOMpoBaan ¢ HE-ypumuaoM,
BTOPYIO HOJIOBUHY - ¢ H3-neiiuaoM. IHTEeHCUBHOCTS
CHHTE3a TEPBHYHBIX T'€HHBIX INPOIYKTOB OLECHUBAIN
METOJIOM JKHJIKOCTHOH CIMHTHIUIIIIMOHHON aBTOpa-
muorpadun. PaccunThiBamy abCONIOTHOE W OTHOCH-
TEJIbHOE BKJIIOYEHHE M30TONOB B cymMMapHsle PHK u
6enku.

VYV XUBOTHBIX KOHTPOJBHON IPYNIbl OTMEYECHBI
MOHO(a3HbIE CYTOYHBIE PHUTMBI. PacueTHble Makcu-
MyMBl HHTEHCHUBHOCTH TPAaHCKpHUNLUHU KieTok CMYVY,
CM, M, CX4I coOTBETCTBYIOT TEMHOBOMY IIEPHONY CY-
tok. B 3K akpoda3za Habm01aeTCS B CBETOBOM MEPUO/T
CYTOK M HAXOJIUTCS B TPOTHBO(daze ¢ akpodazaMu Cru-
HaJIbHBIX M CTBOJIOBBIX MONYJISIUMI HelpoHoB. Mccie-
noBanHbele otaensl HC kpblc pa3nuyaroTcst ypoBHEM
TPaHCKPHITINH U TpaHcIsIuu. CpetHecy TOUHbIE TTOKa-
3aTeny TpaHCKpUNIUK 1 TpaHcmanuun CM coctaBuim
45.3£11.4197.0£13.2, CMY - 100.4£13.5 1 42.7+4.8,
M - 48.6£6.1 n 53.3+2.6, CXI - 31.648.8 u 52.6£5.0,
3K - 46.5+3.0 u 67.7£8.3 coorBercTBeHHO. [IpocTpan-
CTBEHHAsT OPTaHW3alMsl CHUCTEM TPAHCKPHIIMU U
TPaHCISIIMU B HEPBHOW CHCTEME WHTAKTHBIX JKHBOT-
HBIX BBIPA)KAaeTCsI B IPOCTPAHCTBEHHBIX T'PAIUCHTHBIX
W3MEHEHUAX WHTEHCUBHOCTH TPAHCKPHUIIIMH U TPaHC-
JSILMY KJIETOK CPe30B NepuhepuiecKix, CIHHAIBHbBIX,
CTBOJIOBBIX M KOPKOBBIX momyssanuil. Koadduimentsr
KOPPEJSAIIH BPEMEHHBIX PSI0B HHTCHCUBHOCTH BKITIO-
yenns H3-ypuauna knerok CM, CMY, CXS u M ne-
MOHCTPUPYIOT IOJ0XKHUTENBHYIO CBSI3b Pa3HOM CTENIEHU
WHTEHCUBHOCTH, YTO, BUJMMO, CBUAETEILCTBYET 00 HX
ONpeJIeNIEHHOM NPOCTpaHCTBEHHOM B3auMocBsizu. B 3K
MPOCTPAHCTBEHHAs KOPPENIALUOHHAS CBSA3b C YKa3aH-
HBIMH BBIIIE MOITYJISIIASIME UMEET OTpHULIATENIbHBII Xa-
paxTep.

Mexay MakcuMyMaMH MHTEHCHBHOCTH BKITFOYE-
nus *H-ypumuna u *H-neiiunHa 4acTo MOXHO OTMe-
TUTH HHTEpBaJ (0T 2 10 14 ¥), 3aBUCAIINMN, TTO BCel Be-
POATHOCTH, OT JUIMTENBHOCTH TOCTTPACISIIIMOHHBIX
MpoIeccoB. JIMUTENbHOCTh BHYTPEHHUX akpodas Mo-
JKET MEHATHCS B aKTMBHPOBAHHBIX HEPBHBIX KIETKAX
pasubix otaenos HC. Ha 3tom ocHOBaHMU MOXHO cre-
JaTh NPEATNONIOKEHHE O BPEMEHHON 3aBUCHMOCTH CY-
touHoro purMa tpancusauuun PHK ot putma tpan-
ckpunuun JJHK.

HemnpepsiBHOe ocBemienne B TeueHue 1,5 mec.
npuBoauT B CMY u M K HE3HAUYUTENbHBIM H3MEHE-
HUSIM CPEJTHECYTOUHBIX TO3UIIMOHHBIX IPAJUEHTOB MO-
Kazaresell CyTOYHOro puTMa BKiItoueHus SH-ypumuna;
B CM CX4 u 3K - kK mo4YTH ABYKPATHOMY MOBBIIIEHUIO
Me30pa M aMIUIMTYIbl pUTMa CHUHTE3a CYMMAapHBIX
PHK. Put™m uHTeHCHMBHOCTH cuHTe3a Oenka B CMY.
CM, CXJ, 3K xapaxtepusyercss HE3HAYHTEIbHBIM
CHI)KEHHEM Me30pa. AMIUINTY/a B yKa3aHHBIX IOIYy-
JSIIMSAX 3HAYUTETBHO OOJIee CHIDKEHA, YTO CBUJICTENb-
CTBYET O CIIXEHHOCTH pUTMa. B cpe3ax KOpbI MO3-
KEUKa 3HAYNTEIBHO BO3PACTAOT 00a TMOKa3aTels.
MOXXHO TPEATOTI0KUTh, YTO IPOLECC IECHHXPOHU3A-
LIUU CYTOYHBIX PUTMOB TI'€HHOM aKTUBHOCTH MOXKET
OBITH BBI3BAaH OCJIA0JICHHEM IPOCTPAHCTBEHHBIX CBS-
3el KIEeTOUHBIX MOMYJIALUI Ha TKAHEBOM YPOBHE.

Ilony4yeHHble HAaMM JaHHBIE MO U3YYEHUIO KUHE-
TUKH MHTEHCUBHOCTH TPAHCKPHILIUU U TPAHCILILUU B
YCIOBUSIX M3MEHEHHOTO (OTONepHosia IOKa3bIBAIOT,
YTO OTIMYAIOIINECS MO TOJIOKECHUIO MTOIYJIISIIIAN HEPB-
HBIX KJICTOK XapaKTepU3YIOTCS HEOJMHAKOBBIMHU CPO-
KaMH ¥ Pa3lIMYyHON CTENEHBIO NEPECTPOWKN PUTMOB
CHHTE3a IEPBUYHBIX TCHHBIX MPOAYKTOB. Tak B KIeET-
kax CMY, CM, M nocnie 6-7 gHelt poTonHBepcHu da-
30BBIE CIIBUTH aKpodassl - coctaBmi 9 1 29 muH, 8 1 39
MuH, 13 4 58 MUH U1 CYyTOYHOTO pUTMa CHHTE3a CyM-
mapHoii PHK u 5 1 49 muHn, 10 4 08 muH, 5 1 15 Mun
JUIi pUTMa CHHTe3a CYMMAapHBIX OEJIKOB COOTBET-
ctBeHHO. Yepes 18-19 mHeit uaMeHEeHUs: GoTOpeKUMa
HalJeHHbIE BEJIMYMHBI (DA30BBIX CABUTOB ATHX PUTMOB
B OCHOBHOM COXPAaHSIOT CXOJHbIC BEIUIUHBI B YKa3aH-
HBIX opradax (6 4 30 mun, 10 9 39 muH, 8 4 32MuH U 6
q 24 muH, 10 9 10 muH, 9 1 33 mun). CrieoBaTeIbHO,
WHBEPCHS CyTOYHBIX PUTMOB CHHTE3a IIEPBUYHBIX T€H-
HBIX TIPOAYKTOB B YKA3aHHBIX KJICTOYHBIX CHCTEMax
OCYIIECTBIISIETCS] TTyTeM (ha30BOTO CJBUra BIEBO CO
CKOPOCTBIO OKOJIO OJTHOTO Yaca B CyTKH M, BUAUMO, 3a-
BEpIIAETCS B TEUCHHUE HEAETH MPOAOIDKEHUS IKCIIepH-
MmeHTa. B 10 xe Bpems, B CX S u 3K unBepcus ocseme-
HUSI CONPOBOX/IAETCS HEOJUHAKOBBIMH CIBUTAMH aK-
podas purmo tpauckpumiuu (10 u 33 mur u 1 g 08
MUH; 3 4 56 MuH 1 1 94 29 MUH COOTBETCTBEHHO) uepe3
6-7 u 17-18 nmeit ¢oromHBepcuu. BepostHO, mon-
CTpOIKa PUTMOB aKTHBHOCTH T€HOMa KJIETOK 3PHTEIIb-
HON KOpBI OOJIBIIOrO MO3Tra M CYNpaxnasMaTHIECKUX
siep TUroTansiMyca K HoBoMmy Qotoneprosy 3a 18 -19
JTHEW BEpOSITHO €llle He 3aBeplIIeHa.

Taxum 00Opa3omM, cosepkaHue KHUBOTHBIX B yCIIO-
BHSX ITOCTOSTHHOTO M I3MEHEHHOTO OCBEIIECHUS COTIPO-
BOX/Ia€TCsl IEPECTPONKON IPOCTPAHCTBEHHBIX TPajiu-
€HTOB MHTEHCHBHOCTH CHHTE3a MEPBUYHBIX TE€HHBIX
MIPOAYKTOB KJIETOK, CTUHAJIBHBIX, CTBOJIOBBIX M KOPKO-
BeIXx momyisnuit HC; mecuHXpoHM3ammel CyTOYHBIX
PUTMOB UHTEHCUBHOCTH TPAHCKPHUILIUU U TPAHCIISALUH.
CrenoBarenbHO, (POTONEPHOANIHOCTD SIBIISIETCS BaXK-
HBIM JIATYMKOM BPEMEHH JUISi CYTOUHON IMHAMUKH aK-
TUBHOCTH XpOMAaTHHA, OKa3blBas BIUSHHE Ha KIle-
TOYHO-TIONYJSIIMOHHBIE ~ MEXaHWM3Mbl  IPOCTpaH-
CTBEHHO-BPEMEHHOU OpraHu3aIyx cUCTeM
TPAHCKPHUIIIUK ¥ TPAHCIIALMN NEPH(PEPUIESCKUX U LICH-
TpalbHBIX OTACIOB HEPBHOW cucTeMbl. Cucremam
TPAHCKPHUIIUK ¥ TPAHCISIIUHU KIETOK HEPBHOM TKaHU
CBOMCTBEHHA €AWHAs IPOCTPAHCTBCHHO-BPEMCHHAs
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OpraHu3alys, KOTopas sSBJISETCS CaMOCTOSTEIbHON Xa-
pakTepuCcTUKONH MOP(HO-PYHKIIMOHAIEHOTO COCTOSTHHUS
OpraHu3Ma M HAXOJUTCS B MPHUYHUHHO-CIICICTBCHHBIX
OTHOIIICHHUSAX C TAKUMH HHTETPATHBHBIMH €O CBOM-
CTBaMHM, KaK aJalTUBHOCTh K OMNPEICICHHBIM YCJIO-
BUSM CpEJBI, PE3UCTCHTHOCTh K PA3IUYHOTO poja
BHEIITHUM BO3JICHCTBUSM.
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