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TRENDS IN INTEGRATION OF TRANSPORT OBJECTS TO THE CITY BUILDING
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TEHJEHIII B IHTETPAIIi OB’EKTIB TPAHCIIOPTY Y MICBKY 3ABY/IOBY

Abstract. The integration of transport facilities in urban development aims to combine the functional and
aesthetic qualities of the urban environment, which are the main factors for its harmony. That is why the
importance of transport facilities, places of temporary stay of citizens that meet physical needs when passing a
certain path and reproduce a certain aesthetic perception of the urban environment is increasing. Such integration
is associated with a specific place and specific features of urban development; therefore, there are several main
solutions: the primary development approach; primary transport approach and an integrated approach.

AHoTaunis. [aTerpamnis 00’ €KTiB TPAHCHIOPTY Y MICBKY 3a0y/IOBY Ma€ Ha METi MOETHAHHSA (PYHKI[IOHATBHUX
Ta €CTETUYHUX SIKOCTEH MICTOOYIIBHOTO CEpEIOBHUINA, SIKi € TOJIOBHUMH YHHHUKAMH HOTO TapMoHiitHOCTI. Came
yepes Iie MiABHUIIYEThCS 3HAUYCHHS TPAHCHOPTHHUX 00’ €KTiB, MICIh TUMYACOBOTO IepeOyBaHHS T'pPOMAJSH, SKi
BIINOBINArOTh (Pi3MUHIM MOTpedaM i Yac MPOXOKEHHS IMEBHOTO MUISXY Ta BiATBOPIOIOTH IIEBHE SCTETUYHE
CHPUIHSTTS MICTOOYAIBHOTO cepeloBHIIa. Taka iHTerparlis moB’s13aHa 3 KOHKPETHAM MICIIeM Ta CTICIU(PIIHUMEI
pucamu MicbKoi 3a0yJOBH, TOMY iCHY€ J€KijbKa OCHOBHHX IIUISIX1B BUPIIIECHHS — ITiXiJ IEPBUHHOCTI 320y 10BH;

MIJIX1]] TEPBUHHOCTI TPAHCIIOPTY Ta KOMIUIEKCHUI MiAXiN.

Keywords: transport facilities, urban development, trends in the integration of transport facilities.
Kmouoei cnosa: mpancnopmui 06'ckmu, micmoodydisna 3a6y006a, meHOeHyii inmespayii mpancnopmHux

00'exmis.

HocTranoBka mpodaemu. ['apMoHi3aIlis MiCBKOTO

cepelloBHINA  Iependavyae  HasSBHICTH  BHCOKOTO
€CTeTHYHOro PpIiBHA IOTr0 KOMIIOHEHTIB Ta iX
TapMOHIHHE  CHOJIydeHHS y  TO€OHaHHI 3

¢yHKIiOHANMBHICTIO. B mpoMy ceHCi  Ba)KJIMBOIO
CKJIQIOBOIO JIM3aifHy MICBKOTO CEpeOBHIa CTalOTh
Miclsl CIIOJy4eHHs 00’€KTIB TPaHCIOPTY i3 MiCHKOIO
3a0yIOBOI0  HAacaMmIepea 4Yepe3 BaXIMBICTh IIi€d
JoKamii Juis  KHUTENiB MicTa SIKI  KOPHUCTYIOTBCS
IPOMaJICbKMM TPAHCIIOPTOM.

3arajoMm, 100yZOBa TPAHCIOPTHUX CHUCTEM
CHIJIBHO 3  apXiTeKTypor y  MicToOy/iBHOMY
CEepeNIOBHINI € HEOOXiJHOI CKIIaJOBOIO 3arajbHOTO
npouecy po3BUTKY MicT. 3a PynHHMIBKHUM —«npHu
MPOEKTYBaHHI cucTeM TPaHCIIOPTHOTO
00CIIyroBYBaHHSI CyYaCHHUX MICT HOTPIOHO KPUTHYHO
OIIIHIOBATH BECh HAKOITMYCHUI MICTOOYHIBHHI OCBI]
1 ITyKaTH ONTHMANbHE PIlIEHHS HA OCHOBI HAyKOBOTO
aHamizy IBOTO JOCBiy B CBITJII Jil0YMX 3aBIaHb
CY4YaCHOTO PO3BHUTKY MICT», a «TPAHCHOPTHE PillICHHS
MicT Maii0yTHROTO Tpeba roTyBaTH 3a3majieriapy. [5, C.

27]. Taxkum YUHOM rpaMOTHE MO€THAHHS
TPaHCIIOPTHOTO BY3Ja i3 apXiTEeKTYpPHOI OyIiBIEIO
Hajga€  KpiM  3pYy4YHOCTI B HOBCSKACHHOMY
BUKODHCTaHHI Ime #  0coOiMBOi  BHpPA3HOCTI

apXiTeKTYpHOMY cepefoBHIly. Micbka cucTeMa pyxy

TPOMa/ICBKOTO TPAHCIIOPTY Iiepeadadae JISTHKH, /1€
MOJKJIBA TTOCajIKa 1 BHcaaKa jmozeil. Came Il 3yHKH,
a TakoX BY3JIM CTHKOBKH pI3HMX TPaHCHOPTHHUX
CHCTEM «€ KIIIOUOBHMH €JIEMEHTaMH Yy MPOEKTyBaHHI
KOMIUIEKCIB TPOMAJICEKOTO TPAHCIIOPTY 3 TOYKH 30Dy
iHTEpeCiB JrOIeH, SKi 3MIHCHIOITH MOi3aKY» [5, C. 29],
(byHKIIOHaJIbHA Ta €CTETUYHA OPraHi3allisi IUX By3JIiB
BIUIMBA€E Ha SKICTh MICHKOTO cepeaoBuina. OmHIE 3
HEBMPILICHUX 33]]a4 3arajbHoi Mpo0ieMu rapMoHiiHOT
noOy/lOBH  TPAHCIIOPTHUX  CHCTEM  CHUIBHO 3
apXIiTEKTypol y MICTOOY/IBHOMY CEpEelIOBHIII €
BIJICYTHICTh aHaJli3y pOJIi 1CTOPUKO-KYJIBTYPHOTO
MOTeHIialy c()OPMOBAHOTO ICTOPUYHOTO sapa Micra
JUIsl  BUpilICHHA (YHKIIOHANBHOI Ta E€CTETHYHOI
OpraHizarii MiCIlsl CIIOJYYCHHS 00’ €KTIiB TPAHCIIOPTY i3
MICBKOIO 3a0y/ZIOBOIO Ta aHai3y HOBHX WiIXOMIIB B
MO€JIHAHHI ~ TPAHCIOPTHHX  BY3MiB 3  MICBHKOIO
CTPYKTYPOIO.

AHani3 ocTaHHIiX AocCJiXKeHb Ta myOJiKamii.
JlocmimKeHHIM CHHTE3Y TPaHCIOPTHHX 00 €KTIB i3
MiCBKOIO 3a0yJOBOIO NMPHUCBAYCHI POOOTH 3apyOiKHUX
HaykoBIiB: bpaitan Exsapmc (Brian Edwards), Vimn
Ixouc (Will Jones), 1. €. Cecekin Ta in. B po6ori
«ApXITEKTypa TpPaHCHOPTHHX CIOPYA»  aBTOPH
I. €. Cecokin Ta b. I'. IBaHOB BHUCBITIIOIOTH B3a€EMOJIIO
KOHCTPYKTUBHHMX DpilleHb CIIOPYJ TPaHCHOPTY 3
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apxiTeKTypHUMH (opMaMu, a TakoX YB'S3Li iX 3
apXiTeKTYpHHUM  CEpEelIOBUINEM 1  HPUPOJHUM
naamuagtom [1]. OmHak Ha ChOTOAHI HEMae

(yHAaMEHTAILHOTO HAyKOBOT'O JOCHTI/DKEHHS, IO
po3kpuBano 6 crneuudiky moegHaHHS TPaHCIIOPTHUX
00’€KTiB 13 MICHKOIO 3a0yIOBOIO SIK OJTHOTO 3 3aCO0iB
TapMOHIi3aIii MiCBKOTO CepeIOBHINA.

Meta cratTi. POo3kputm cremudixy cuHTE3y
TPAHCHOPTHUX O0’€KTIB i3 MICBKOIO 3a0yJOBOIO ISt

BU3HAUYCHHS OCHOBHHX INIXOMIB OO  PIIICHHS
IHTETpaIlil TPAaHCTIOPTY B MiCBKY 3a0yIOBY.
OcHoBHAa uacTMHa. 3aBIsJKH TOMY, IO

TPaHCIIOPT € HEBiA €MHOIO YaCTHHOIO MICHKOT CHCTEMH
CIIOJIyYEeHHS, IiJBUIIYETHCS 3HAUCHHS IHTerpamii
00’€KTIB IIbOTO THITy B MICbKY 3a0yJOBY, OCKUIBKH
BOHHU (HOPMYIOTH IapMOHIl{HE MicbKe cepenoBuine. B
IIbOMY CEHCI IpUBEPTAIOTh yBary OyaiBii Kuesa, siki Ha
NEBHOMY iCTOPHYHOMY €Talli MPUIHSIIN TPaHCIIOPTHY
(yHKIIFO — B SKOCTI BXIMHUX BECTHOIONIB
METpOTIOJNIITEHY, MiCOb  BHXOAY 3  IIJ3eMHO-
ypOaHiCTUYHOTO MPOCTOPY METPO HA3OBHI.
Tax OynuHOK 10 ByI1. ['opogenskoro, 13 (apx. B.
B. l'oponenpkwmit, 1895-1897 pp.), mo OymyBaBcs sik
puGyYTKOBHIi GyIMHOK 3 TOProBuM 1oMoM Hocuda
Kimaepa, OyB pe3yabTaToM CHUIBHOT Ipalli pa3oMm 3
BIJJOMUM Ha TOH yac TexHikoM Mapturom Kiyrom.
ITix wac apyroi cBiTOBOI BiliHM OYyIIiBJISI CHIIBHO
MoCTpakaana — 30epircst 4acTKOBO JIilie
MoHyMeHTanbHu# dacan. [Ipu pexoHCTpyKLiT y
1965p., yepes I’ATh POKIB MiCI BIAKPUTTS CTAHIIIT
MeTpo" Xpermatuk", nepmuii moBepx OyaiBii 0yio
o0agHaHHO Tif "BepXHil" a00 CXiTHUNA BUXI]
METPOTIOJIITEHY, SIKHI 3IHCHIOETHCS 0e3MOCepeTHBO
CKpi3b iCTOpUYHY OYIiBIFO NILTEHO 3a0yI0BaHOL
Bynuii apxitekropa ['opoaeuskoro /3] (Puc. la).
CraHuis merponoJiiteny "3oJi0Ti BopoTa”, wo
O0yJa mnoOyaoBaHa 3a NPOEKTOM apXiTeKTOpiB
B. Kexépuna, B. Kewxépuna, @. 3apémon,
A. Kpymiiacekoro Ta Bigkpura y 1989 p., 3a
Bepcierw raseru "The Daily Telegraph™ seiitiuia xo

CINHCKY 22 HalirapHimmx craHuii Merpo €ppomnm.
Bepxniii BecTHOI01b cTaHUii 3HAXOAUTBHCH B
icropuuniii Oynisai Ha posi ByJ. Bomogumupcebkoi,
4 Ta 3omotoBopiTchkoro mpoisay, 3. Ii icropis
noynHaerbess Hanpukinmi XIX cr., koim mio
JABOIIOBEPXOBY OyIiBJI0 N00YI0BYBAB apXiTeKTOp
B. Hikonaes y 1880-1881pp., a y 1931-my
apxitektop b. IleTsin npuiamryBaB Mancapay. Y
1944-my ii Oyso mepegano J[epxiaiTBHAAHHIO
Ykpainu, 3rogomM BHIABHMUTBY «/lnimpo». B
3B'S13Ky 3 OyAiBHHITBOM MeTPOMOJIITEeHY YacTHHA
OyniBJuii 3 6oky aBopy OyJia po3idpana, a cama BoHa
Ha0yna HoBoi ¢QyHkumii: 1989 poky OyaiBas crae
BXO/I0M /10 BEPXHBOT0 BecTHOI0JI0 MeTpo "3oJoTi
BOpOTA", AKMii 3MilICHIOETHCA Ge3mocepeTHbO Yepe3
nepIIdii MoBepx, Npu4omMy 3 ABOX ByJauusb (Puc. 1b).

CXO0Xi aHaJOTH ICHYIOTH TaKOX 32 KOPJIOHOM.
Aute 3 orysIy Ha T, 0 METPOMOIITEH B €BPOIII BUHUK
3HaYHO paHille HiX B YKpaiHi, HEpimZKo CyMikHA
¢yHKIig B OyaiBmi 3akiamanack Bimpasy. [Ipukmamom
MOXYTb OyTH  Jedki CTaHmii  JOHZOHCHKOTO
METpOTIONiTeHy Taki sk "bekkep cTpit' Ta "Mypreit
creiima” (Puc. 1c¢, d). Tak craHimis METPOIOJIITEHY
"Bekep cTpit" e HaiimaBHimol B cBiti. Bona Oyna
BizkpuTa y cknami minii Metropolitan Railway (MR) 10
ciunst 1863 poky y ckiani mepuioi B CBIiTi JIiHIT METpO.
BecTu6ronb craHiii METPO 3HAXOJUTHCS y BpaXkarouii
cropyai Ha Mepin6on-Poyn, Cropy/a ckiaiaeTbes 3
I’STH TOBEpXiB OQICHUX IIOBEPXiB MiJ aTUKOM Ta
BEJMKO{ ABOTIOBEPXOBOI MaHCAPIH.

"Mypredr creWmH" € He MeHw BHU3HAYHOIO
LETJISTHOIO IIECTUIIOBEPXOBOIO OYMAIBICI0 3 BEIMKHAM
(¢poHTOHOM Ta KyTOBOKO Bexkero (apx. @. irric,
1900p.). s cnopyna Oyna moOymoBaHa ojpasy sK
CTaHIlil METPO 3 Mara3uHoM. Kam'sHHii IOKOJbHUH
NOBEpX 3 MAacCHBHMMH apKOBUMU CErMEHTaMH

OpraHiYHO MICTHTh BECTUOIOJIb Ta KACOBHIA 3aJ1 CTAHLII1.
ByniBis migaaBanacs ASKIIbKOM PEKOHCTPYKIISIM, aJie
30eperia CBOIO NEPBUHHY BUPA3HICTb.



https://uk.wikipedia.org/wiki/The_Daily_Telegraph
https://uk.wikipedia.org/w/index.php?title=Metropolitan_Railway&action=edit&redlink=1
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Puc. 1. Buxoou 3 mempononimeny inmezposani @ 3a6y008y: a — eepxuitl 6uxio 3 mempo “Xpewamux” 6 m. Kuesi;
b — 6uxio 3 mempo “3oromi Bopoma” ¢ m. Kuesi; ¢ — 6uxio 3 mempo ‘“Mypeeiim cmeiiuin’’¢ m. JIonooui;
d — 6uxio 3 mempo “Bexxep cmpim” ¢ m. Jlonoowui.

AHai3 HOBITHIX TEHJICHIIIH Ta CBITOBOTO IOCBiTy
BJIAIITYBaHHA MICBKOTO TPAHCIIOPTY IOBOIUTH, IIO
mepeBara B MicTax HaJae€Tbcd CcaMe PO3BHUTKY
Ha3eMHOTO TPAHCIIOPTY, 30KpeMa peiikoBoMy. SIKImo
PO3IIIsATH CydacHI NPUKJIAAN iHTerpamnii Ha3eMHOTO
TPaHCIIOPTY B MiCbKy 3a0ymoBY, TpeOa Big3HAYMTH
BOK3aJIbHI, 3YIHMHOYHI Ta TpPaH3UTHI TOEIHAHHS
CTaHIi# i3 3a0y0BO0. 3rimHo «PexoMeHaaIiiii momo
NPOEKTYBaHHA  CYCIHUIBHO-TPAHCIOPTHUX  IIEHTPIB
(By31iB) Y BENMKHX MicTax», mo po3podneni LTHIIIT
microOyayBauns  epxOyny, npu  ¢dopmyBaHHI
TPOMaJICBKO-TPaHCIIOPTHUX LEHTPIB moTpidHO
OJIOKyBaTH TPaHCHOPTHI OyMiBIi 3 3aralkHOMICEKAMHU
00'eKTaMH KyJIbTYypHO-ITIOOYTOBOTI'O 3HAYEHHS (TOTEIb,
TPaHCIIOPTHE AreHTCTBO, pecTopaH, Kade, TOproBuit
HEHTp, pigme — KiHO-KOHIEPTHI KOMIUICKCH,
pecTopaHM Ta iH.), a TAaKOXK IHMI GopMH 00'€ THAHHS B
3aJIXKHOCTI BiJl MiclIeBUX yMOB [4].

Hoguit Bok3an y Kpaxosi, 1110 3HaX0UThCS TIOPYY
i3 Oy[miBJICIO CTapOro KpakiBChKOTO Bok3any (apx. I
Pozenbaym, 1844-1847 pp.) 3a JaHUMHU MOJBCHKHX
nepxkaBHux  3amisHunp  (PKP) e  ommum 3
HalcyJacHIINX 3aTi3HAYHUX cTaHIii €Bporu. 3 2014
POKYy TOJOBHMH 3aJl BOK3QIy pPO3TALIOBYETHCS
Oe3mocepelHFO MMiJ 3aMI3HHIHUMH TEPOHAMHU 1 Mae
BuXiJl 10 KpakiBCbKOTO IIBHUAKICHOTO TpamBas, IO
BXOJUTH 10 Mepexi KpakiBchbKOro KOMYHIKaTHBHOTO
HeHTpy. Bei mpuMIleHHs BOK3aly 3HAaXOISAThCS IIiJ|
3eMJIer0, TOXK IpH OyIiBHUITBI Oylo peami3oBaHO
Oarato cyJacHuMX pimeHsb. Y Iiif cmopyxai cami
1aThOpMH HACTUIBKM BIYYHO IHTETPYIOTHCS B
OaraToQyHKIIOHATHPHAA KOMITJIEKC, 10 3BUIHOI MEXi
MiX OaraToyHKIIOHATPHUMHU KoMmIulekcamu Galerea
Krakowska i BnacHe Bok3anom Bxe He icHye (Puc. 2a).

[MpomoBxkyroun aHami3 iHTErpamii 00’€KTiB
MICBKOTO Ha3€MHOT'O TPAHCTIOPTY i3 3a0y10BOIO, BAPTO
MIPUILIATH YBary MiCbKOMY TpaMBato. Bimowmi mikasi ta
apXITeKTypHO BUpPa3HI MPUKIAANA TaKOTO CHMOio3y B
MicTax €Bpomm, 30KpemMa TpaH3HWT TpamBaio B Ilpasi
Kpi3p OymiBmio Ha mepexpecti Bymunps Karlova-
Krizovnicka ta Tpansut TpamBaro B ["'aasi kpi3b odicHy
I’ ITUIOBEPXOBY OyniBmo Muzentoren y cydacHii
yacTuHi nentpy micta (Puc. 2b, ¢). B 060ox Bumaakax
WAeThCs caMe MPO TPAH3UTHHH MEperiH TpaMBal0 MiXk
3ynuHKamu. TakoX IIKaBUM € MOEIHAHHS 3YIHHKH
icropuyHoro TtpamBato Cathedral Junction B wmicti
Kpaiicruepu (Hosa 3enmannis). 3ymiuHKa po3TamroBaHa
BCEpPE/INHI CBOEPITHOTO TacaKy — TOProBOi apKau 31
cxisiHuM axoM (Puc. 2d). [lyxe BaxIIHBO, 1[0 CKOPO
B VYkpaiHi Mae 3’SBHTHCS OO0’€KT 31 CXOXHM
TIO€THAHHSAM TOPTOBEINBEHO-PO3BAKAIBHOT Ta
TpaHCIIOPTHOI (YHKIIT B OHOMY piBHIi: Ha MPOCIEKTI
Jlecs Kypbaca B KueBi akTHBHO BeIeThCst Oy IIBHUIITBO
TOPTOBEJIbHO-pO3BaXaibHOro Komiuviekcy «APRIL
MALLy, ske miaHyoTh 3akiHuutd y 2020 poky.
KomIuieke po3TamioBaHuii Ha TPAHCIOPTHOMY BY3JIi
CTaHIii MBHUAKICHOTO TpamBaio «Kinbmesa moporay.
Tox KiHIIeBa 3yITMHKA TPAHCIIOPTY Oyze 3HaXOAUTHCS
MPaKTUYHO nocepen TPL, a nacaxupu
MOTPAIUIITUMYTh 3 IUTATPOPMHU 0/IPa3y 10 KOMIUIEKCY.
VY mpumimenni TPL[ «APRIL MALL» po3MicTsiTh
CYNepMapKeTH, pECTOpaHH, MarasuHd, IUTIYUH
pO3BaKaNbHUHN IEHTP, KiHOTEaTp, PyA-KOPTH, TAPKIHT
ta L{eHTp agMiHicTpaTUBHHUX MOCTYT CBATOIIMHCEKOTO
paiiony [7]. Bapto 3a3nauutn, mo TPL] mHakpuBaTn™Me
BEJHKY METIII0 PO3BOPOTY TPAaMBAHHUX KO y dopmi
kona (Puc. 2x).


https://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%B5%D1%82%D0%B5%D1%80_%D0%A0%D0%BE%D0%B7%D0%B5%D0%BD%D0%B1%D0%B0%D1%83%D0%BC&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%B5%D1%82%D0%B5%D1%80_%D0%A0%D0%BE%D0%B7%D0%B5%D0%BD%D0%B1%D0%B0%D1%83%D0%BC&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%9F%D0%B5%D1%82%D0%B5%D1%80_%D0%A0%D0%BE%D0%B7%D0%B5%D0%BD%D0%B1%D0%B0%D1%83%D0%BC&action=edit&redlink=1
https://uk.wikipedia.org/wiki/1844
https://uk.wikipedia.org/wiki/1847
https://uk.wikipedia.org/wiki/2014
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D1%96%D0%B7%D0%BD%D0%B8%D1%87%D0%BD%D0%B0_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0
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Puc. 2. Inmeepayis mpancnopmy i3 3a6y006010 y 00HOMY pigHi: a — inmep €p HO8020 ok3any y M. Kpaxosi
(Ilonvwa); b — mpansum mpameaio kpizv 6ydisnio na nepexpecmi gyauyv Karlova — Krizovnicka 6 m. Ilpasi
(Yexin); ¢ — mpanzum mpameaio kpize 6yoisnio Muzentoren y m. I'aasi (Hioepranou),; d — synunxa mpamearo
Cathedral Junction ¢ m. Kpaticmuepu (Hoea 3enandis ); e — mopaosenvho-possadicanvhuil komniexc «APRIL
MALL» 6 m. Kuesi (6y0yembcs).

[ligBHIIeHa IIIBHICTH 3a0YyI0BH, PO3BUTOK Ta
HOBe  OyJIBHMITBO MicT  moTpedye  HOIIyKY
ANBTCPHATHBHHUX PIMICHh PO3TAIlyBaHHS CUCTEMHU
TpaHCIIOPTY B MicToOyAiBHOMY cepenoBumi. Tax
MiJ3¢MHE TPACyBaHHS TPAHCHIOPTHUX KOMYHIKaIliii He
€ €IMHUM pamuioHaNbHUM PpilICHHSM.
A. M. PymHunpkuid  Hamojsrae, IO «HA  CTanii
MOYAaTKOBOTO OCBOEHHS TEPUTOPIl MOXKHA BIHCATH B
apXiTEKTYpHY CTPYKTYpY MICTa TPaHCIIOPTHY JIiHIO,
NpoKIageHy Ha  ecTakaai, abo,  HampHKIian,
3alpOEKTYBaTH KOMYHIKaIliiiHy MaricTpajib Tak, 1100
BOHA MPOHM3yBaJia MICbKY 3a0yJOBY HAacKpi3b uepe3
crneniajgbHi 0TBOpH B OyniBii Tomo» [5, c. 35].

Pimenns 1momo moenHaHHA — 3a0ynoBH 3
TPAHCIOPTOM, IO MPOXOAWUTH BUILE PIiBHSI 3eMJIi BiKE
ICHyIOTb B CBiTi, Hacammepen B A3il. He3Buuaiinmit
TyHENb, IO NEPETHHAE >KATIOBUH OyIWHOK, OyIo
nodynoBano B Kwuradicekomy Yynnmui 2017 poky.
Micto-iopt UyHIHHE, OO0 pO3TalIOBaHE Ha maropbax
B3IOBXK pIiukd SIHIB3HM, € OOHHUM 3 YOTHUPHOX
MyHinunaniteTis Knrato . UyHninas Mae HaceneHHS 49
miH. Ta oxomutoe 31 000 KBaapaTHUX MUIb, TOMY
MicTOOYAiBHUKAM OBOIUTHCS MIPOSIBIISATH
BUHAXIUIMBICTh y BHpILICHHI mpobieMu Opaky
npocropy. CreuianbHy 3anmizHuuHy craHiioo Jliziga
Oyno iHTerpoBaHo B 070K 19-moBepxoBUX OyIWHKIB
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(Puc. 3a). Illym 3ami3HMII THOIJMHAETBCS 32
JIOTIOMOT'O10 CIeHiabHOTO 00J1aHAaHHS.

B Ocaui (Smonis) takox € OyniBns Gate Tower
Building, B siky iHTerpoBaHO TPaHCIIOPTHY apTepito, B
IbOMY BHIIQJIKy aBTOTpacy. llloce mpoxoauts nmpocto
Kpi3b odicHy 16-moBepxoBy Oynimo Gate Tower
Building Ha piBHi 3 4€TBEpTOTO 110 CHOMHI ITOBEPXH. Y
1989-my poui B Smonii Oyno NPUITHATO pilllCHHS
OyxmyBaTu O6araTopiBHEBi aBTOMOOIIBHI IIIOCE TSI TOTO,
mo0 pPO3BaHTAKUTH BEJNIHWKI MiCTa BiI MpobiIeM
tpadixy. OdicHa Oymnisis, OymiBHHUITBO sKOI Oyio
3aIJAaHOBAaHO B IIBOMY MICIIi, Todaimu OyIyBaTH BKe
micliss TOro, sk nmopora Oyna moOymoeana. 11[o0 He
BTpayaTd AOXOAHM, ii BIACHUKaMH OylIO BHpILICHO
nporyctutd moce kpisb Gate Tower Building (Puc.
3b).

"W W — E
T § 1 L. ‘
[T . | '!

CyyacHWi TpaHCHIOPT — MiChbKa MOHOpEWKa,
yacTimie 3a Bce pO3MillyeThcs 3a  abo  mix
KOHCTPYKILISIMM OIOp YM €cTakal, 1 TOMY TaKOX
MEPETUHAETHCS 13 3a0yIOBOIO BHIIE PiBHA 3emiti. Tak,
HalpuKiaJg, MOHopeiika y Micti Bymmeprani
(HimeuunHa), mo Kypcye MicTOM Ie 3 IOYaTKy
XX €T., NOpOXOAWTH HAJ KBAapTaJIaMH pHUHKY Y
[eHTpasbHil yacTiHH Micta (Puc. 3c).

Momopeiika Jlac-Beraca  (Hesama, CIIIA)
00CITyTOBY€ YHCIIEHHI TOTENi Ta Ka3WHO 31 CXiTHOTO
6oky Bymumi Jlac-Berac-Ctpin Ta Mae CIOIy4YeHHS 3
TOTEISIMH y BiAMITKaX IX CepeIHiX MOBEpXiB.
[Ipukinaay Takux CIOIYYEHb € YHIKAIBHUMH 33 CBOEIO
apXiTeKkTypHOIo BupasHictio. (Puc. 3d).

Puc. 3. Haozemna inmezpayis mpancnopmy i3 3a0y006010.; a — MPan3um 3aii3HUYL KPizb HCUmioeuil OyOuUHoK
6 m. Yynyuno (KHP); b — mpansum asmoodopoeu kpize 6yodiemo Gate Tower Building 6 m. Ocayi (Anonis);
C —moHopetika y m. Bynnepmanw (Himewuuna); d — monopeiixa y m. Jlac-Bezac (Hesaoda, CLIIA.)

Po3rnsHyBIIM YHCICHHI TMPUKIANi, MOXEMO II0-
mepie  BHUPI3HUTH — Pi3HI  MIAXOMU  TOETHAHHSI
TPAaHCHOPTY 3 MICBKOKO 3a0yIOBOIO: 32 BHIOM

TPaHCIIOPTY, 3a (QYHKIII€I0 NpuIIeriiol Oy/IiBI a Takox
32 BUCOTHHMM PiBHEM TPaH3UTY — RiO3eMHi, Had3emHi,
6 pieni 3emni (Puc. 4).


https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B2%D0%B0%D0%B4%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://uk.wikipedia.org/wiki/%D0%9B%D0%B0%D1%81-%D0%92%D0%B5%D0%B3%D0%B0%D1%81-%D0%A1%D1%82%D1%80%D1%96%D0%BF
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Puc.4. ITioxoou y noeonanui mpancnopmy 3 MicbKoio 3a6y008010 3a 6UCOMHUM pigHem mpanzumy: I — niozemHi,
1I- 6 pieni nosepxni 3emni, Il — naozemui (1-06 'exm mpancnopmy, 2-mparcnopmuutl mpansum, 3- 3a06y0osa,
4 —30na noeonanns mpancnopmy ma 3a0y0086u).

[Mo-npyre, 3Baxatoun Ha cneuudiky iHTerpamii
00’€KTIB TPAaHCHIOPTY B MiCbKY 3a0y/IOBY SIK Cy4acHOTO
MICTOOYIIBHOT'O SBUINA, CBITOBUHN JOCBIJ Ta PO3BUTOK
Cy4acHOI TPaHCHOPTHOI CHCTEMH, MOXKHA 3a3HAYUTH
HACTYIIHI TPH Miaxoau iHTerpamnii. Komm apxiTekrypHa
3a0y/10Ba BXKE iICHY€ Ta BUKOHYE CBOXO (QYHKIIiO OaraTo
POKIB, a Ha TIEBHOMY €Talli BHHUKA€E MoTpeda B HOBOMY
TPaHCHOPTHOMY IUIAXY, € HEOOXiNHICTh BKIOYUTH
TpaHCHOPTHY (hyHKIiO B 3a0yIOBY, HE 3MIHIOIOYH ii
ICTOpUYHMIA ~ BHIVISL,  BHKOPUCTOBYIOTH  RIOXi0
nepeunnocmi 3a0yooeu (Buxomu 3 metrpo "3oJioTi
Bopora” 6 m. Kuegi). Ilioxi0 nepeunnocmi
mpancnopmy niependadae CTBOPSHHS 00’ €KTY MiCBhKOT
3a0yZI0BM HaBKOJIO BXE€ ICHYIOUOi TpaHCHOPTHOI
¢ynkuil. "TlignamryBanHs" BinOyBaeThCs rapMOHIHHO
i He pyliHye€, a JIOMOBHIOE Ta PO3KPHBAE BXKE iCHYIOUY
ocHoBHy ¢yHKIito. (TPL] Galerea Krakowska B M.

Kpakosi, TPLI «APRIL MALL» B ™. Kuesi.
Komnnekcnhuii  nioxi0  nepenbayae  OpraHigyHe
noenHaHHSA 3a0yqoBH 3  00’€KTOM  TpaHCHOPTY
OJTHOYAaCHO Ta  3a3jajierinb, BXe Ha  erTami

MIPOEKTYBAaHHS, BPaXxOBYIOUM B3aeMHy crernudiky. B
KHUTTEBUX DPEATISIX II€ MOXE CIPAIIOBATH JIMIIE 3a
YMOBH, II0 TPAHCHOPTHHH TPaH3WT Ie HE ICHYE, a
TIIBKH ~ TIPOGKTYEThCA  (PO3BUTOK  HOBOI  TUIKH
3aJli3HUIN, METPO, TpaMBaio Tommo). Jly>ke BUpa3HUM
MPUKJIAOM TaKOTO TMiAXOAy € CTaHIlis 3aji3HuIl,
iHTerpoBaHa y 6araTornoBepxosi OyiBii B M. UyHIHHB.
TakuM 4YHHOM, SKIIO BHAIMH CHHTE3 00 €KTIB
3aKJIaZieHuH Bipasy, TO MOAAIBIINI PO3BUTOK MicTa
Oyne BianoBigatu Horo motpedam mpotsrom 10-20
POKiB.

BucHoBkM. AHami3 TpaHCIOPTHUX 00’€KTiB, IO
BXKE IHTETPOBaHI B MICBhKy 3a0yJOBY CBITYHTH IO
aKTyaJbHICTh TapMOHIWHOI iHTerpamii sK 3acoly

MOKPAIIeHHS KOM(OPTHOCTI MicToOyIBHOTO
CepeIOBUIIA. Posrmsin cnenuiku CUHTE3Y
TPaHCIIOPTHUX OO0’€KTIB i3 MICHKOIO 3a0yZ0BOIO Ja€
MOJKJIMBICTh BH3HAYMTH OCHOBHI MiAXOMU IHTErpaiiii,
JI0 SIKMIX HAJIeXKATh: IMiJXi] IEpBUHHOCTI 3a0yI0BH, IPH
SIKOMY ICTOpWYHa Oy[IiBIS aJanTyeTbCs 10 HOBUX
BUMOT; HiJXiJ MEPBHHHOCTI TPAHCIOPTY, MPU SKOMY
nepeabavyaeTbest OyIIBHUITBO CHOPYJ HAaBKOJO BKE
ICHYIOYOrO TPAHCIOPTHOTO LUISIXY; KOMILICKCHUI
migxig, w0 nependadae  OJHOYACHE — OpraHiuHe
noeHaHHs 3a0yZI0BH 3 00’€KTOM TpaHcropTty. Micra
VYKpaiHu MBUAKO 1 MOTY>KHO PO3BHUBAIOTHCS TaK CaMO
SK 1 TPaHCIOPT, TOMY IIPH INPOEKTYBaHHI HOBHX
TPaHCIIOPTHUX BY3JiB HEOOXiJHO BHKOPHUCTOBYBATH
Cyd4acHi CBITOBI TeHAeHMIl. Y mpioputeTi 6axkaHo MaTH
KOMIUTEKCHUIM TIiIXiM M0 iHTerpamii TpaHCIOPTHUX
00’€eKTiB y MiCBKY 3a0yIOBY, KUl dyepe3 KOMPOPTHY
eKCIUTYaTallif0 IIbOro 00’ €KTY CTBOPHUTD MiAIPYHTS IS
MOAANBILIOTO CTATIOr0 PO3BUTKY MicTa.

Cnucok gitepatypu:

1. ApxuTexTypa TpPaHCHOPTHBIX COOPYKEHHUH !
YyebHOE  mocobme  qIA  CTYAGHTOB  BY30B
xesesnopopoxkuoro tpancmopra / U. E. Cecokun, b. T,
WBanoB ; MHuUHHCTEPCTBO IyTell  CcOOOIICHUS
Poccuiickoit ®@enepanuu, JlenapramMeHT KaipoB H
yueOHpIXx  3aBemeHuidl.  Camapa Camapckas
roCyapCTBeHHAs akaneMus myteil coodmenus, 2004.
[Seskin | E Architecture of transport facilities. Samara,
SamGAPS; 2004. (In Russ).]

2. Bymuni Kuesa. oBimHuk / 3a pen. A. B.
Kynpunpkoro. K., «YkpaiHcbka eHIUKIONEAis» iM. M.
I1. Baxana; 1995. [Vulitsi Kieva: catalogue. Kyiv:
Ukrainska entsiklopedia; 1995. (In Ukr).]
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Summary. The experiment was conducted on 15 white male rats 1.5 months of age of the Wistar line. The
intact group consisted of 7 rats. Experimental periodontitis in 8 rats was reproduced by oral administration of a
solution of pelentan at a dose of 10 mg / kg of rat body weight 5 times a week for 60 days.

AnHOTamu. B ombIT Obu B3sTHI 15 Oenbix Kpbic-camIoB 1,5-Mec. Bo3pacta JIMHUM Bucrap cragHoro
pa3BeneHusl. VIHTakTHYIO TpyIHIy COCTaBWJIM 7 KpbIC. OKCIEPUMEHTAIBHBIA MNapOJOHTUT y & KphIC
BOCHPOU3BOJAUIIN € TIOMOIIBIO NIEPOPAILHOTO BBEJICHNA PACTBOPA MCJICHTAHa B 103€ 10 Mr/kr mMacchl Teaa KpbIC 5
pa3 B HEAEIIO B MPOJoJKeHUH 60 JHEM.

Key words: periodontitis model, pelentan, fragmentation of periodontal connective tissue structures,
osteocalcin, sulfhydryl compounds, oxidative modification, rats.

Kuroueswvie cnosa: mooenw napoaonmuma, neJjleHman, pa306u4euue COCOUHUMENIbHOMKAHHBIX cCmpyKmyp
napoooHma, OCMeOKaAIbYUH, CYabpeuopuibHble COeOUHEHUS, OKUCTUMENbHASE MOOUPDUKAYUS, KPBICDL.

HocTranoBka mpodsembl. B  maroreHese  cBsA3aHBI C OCOOEHHOCTSIMH €€ CTPOEHHS, B KOTOPOI
NapOJOHTUTA IMPOUCXOJUT NECTPYKLUS MMAPOJOHTA, B MEXKKICTOUHBIN MAaTpPHUKC (MKM) 3aHUMAET
T.4. W TAaTOJOTHYECKass pPe30opOIMsi €ro KOCTHBIX  3HAUUTENBHO  OONBIIUA  00BeM, YeM  KIIETKH
CTPYKTYD. (pubpobnactsl, TyuHble KIeTKH, Makpodaru). MKM

Tkann mnapomoHTa OOraThl COEAMHHUTENFHOH  COCTOMT W3 BOJIOKHHUCTBIX CTPYKTYpP, NPOCTPAHCTBO
tkanpto (CT), mpomecchl MerabosM3Ma KOTOPOH — MEXAY KOTOPHIMH 3aIllOJJHEHO OCHOBHBIM BEILIECTBOM,
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coAepKalM reKCO3aMHUHOCOAeprKalue
OronoIMMephI - TIIMKO3aMUHOIIUKAHBI "
TJIMKOTNPOTenHBI. BonokuucTteie komnoHeHTs! MKM B
OCHOBHOM COCTOSAT U3 O€JIKOB — KOJIIareHa U 31acTHHA
[1,2].

Jdnst HOpManbHOrOo (yHKUMOHHMpoBanus MKM
HeoOxomuMm BuTamuH K, KOTOpbId oOmamaer 1o
OTHOIICHHI0O K HEMy aHaOOIMYecKnM [eicTBHEM.
Kpome Toro, kak kogakrop, Butamua K ydacTByer B

MOCTTPaHCISIIIMOHHOM KapOOKCHUITUPOBAHHU
TITyTaMAHOBBIX OCTaTKOB (Glu) KaJIBITUI-
CBS3BIBAOIINX OeKoB [3].

AHATW3  TOCHETHUX  WCCIETOBAHHI W

nyoJukanui. J{nuTensHOe BBEACHHUE AHTaroHHUCTa
BuramuHa K — nenenrana (HeoIUKyMapHHa) YTHETAaeT
aKTHBHOCTb (hepMeHTa IIItoKo3aMuHocuHTeTasbl (KO

5.3.1.19), xoTopas Karamu3upyer oOpa3zoBaHHE
TIIIOKO3aMUHO-6-(pocdaTa, SIBIISTIOIIIETOCS
NpeaIIeCTBEHHUKOM BCEX a30TcoIePIKAIINX

MOHOCaXapuI0oB, BKIIOYas CHAJOBBIE KHUCIOTHI [4].
Kpome Toro, mementan Omokupyer K-BuramuH-
penykTasy, Hapymraet OuocuaTe3 daxropos II, VII, IX
u X CBepThIBaHUSA KpOBH B TicdeHHU. [leneHTaH
OTHOCHUTCS K aHTUKOAryJIIHTaM HENpsSMOTO JEeHCTBUS,

o0namaeT KyMyJSATHBHBIMH CBOWCTBAMM, CHIDKAET
CBEPTHIBAIOLLY IO aKTUBHOCTb npoTpomMOuHa,
MOBBINIACT  MpoOHHUIaeMocTs cocynoB. Ilpm K-
aBUTAMUHO3€¢  HAOIIOmaeTcsi  pe3koe  yTHeTeHHe
FEKCO3aMUHOCUHTETA3HOM AaKTUBHOCTU II€YEHU U
OJIHOBPEMEHHO YMEHBIICHHE YPOBHS
TeKCO3aMUHOCOAEPKALLIUX OroToIMepoB B

pa3IMYHBIX TKaHAX. B ycioBusx amumenrtapHoro K-
ABHTaMHUHO32 Hapyaercs b depeHunpoBKa
(ubpoOIacToB, pa3pymaroTcs KOJUIATCHOBBIE U
3JIACTHHOBBIE BOJIOKHA, HaOmonaerca otek CT xoxu
[4].

BoiesieHne HepellleHHBIX paHee YyacTeil o01ei

npoodJIeMbl. Bce BBILICIIEPEUHNCIICHHOE
HPEJONpPEeeIIO  HCHONb30BaHWE  AHTarOHUCTA
BUTaMHUHaA K IICJICHTaHa npu MOACJIMPOBAHUN

9KCIIEPUMEHTAILHOTO MapOJOHTHUTA.

JpyruM KOMIIOHEHTOM TIIpH BOCIIPOM3BEICHUH
SKCIIEpUMEHTANBHON Momenn Obut m30pan DATA
(3THNEHAMAaMHUH-TETpaaNeTar), KOTOPbIH OTHOCHUTCS K
Tpynne KOMIUIEKCOHOB, CIIOCOOHBIX 00pPa30BBIBATH
KOMIUTEKCHBIE COETUHEHHS C Pa3INYHBIMH KaTHOHAMH,
B T.4. U C HIOHAMH KaJIbIUI.

Hean CTaThH. PaszpaboTtka MOJIEITHN
OKCIICPUMEHTAJIBHOTO IMapoaOHTHTA, KoTOpast
BOCTIPOU3BOJNT HapyIIeHHsI MeTabom3mMa

COCIMHUTENIbHON TKaHW TMAapOJOHTa B  YCJIOBHAX
JleiicTBUS aHTaroHucra ButamuHa K, a Takxe mortepro
MUHEPANBHBIX ~ KOMIIOHEHTOB  KOCTHOW  TKaHU
napoJIoHTa noJ aAercTBueM komiuiekcona DJTA.

HN3noxeHne 0CHOBHOTO MarepuaJia.
MaTepI/IaJ'IbI U MCTOJbI
B ombiTax ucnons3oBaid 15 6easix KpbIC-CaMIIOB

1,5-mec. Bo3pacta JmHMM Bucrap  cragHOTrO
pa3BeieHus. VIHTaKTHYIO TPYIIY COCTaBHJIM 7 KpBIC.
DKCrepHUMEHTaNbHBIT ~ MAPOMOHTHT Yy 8  KPBIC

BOCITPOHM3BO/IMII C TIOMOIIBIO TIEPOPAITEHOTO BBEICHUS
pactBopa nenenrtana (Jlexusa, Yexwns) B mo3e 10 Mr/kr
Maccel Tesla KpbIC 5 pa3 B HENEM0 4epe3 ACHb B
YTpeHHHE dYackl B mpojoipkeHmn 60 mHel. Bmecto
MIUTEEBON BOJBI JXKMBOTHBIC MOIydanun 2% pacTBOp
DJTA ad libitum.

Ilocne  3aBepiieHUst  3KCIEpUMEHTa  KpBIC
3a0MBaIM TOTAJBbHBIM KPOBOILYCKaHHEM H3 COCYIOB
ceplua MmoJ HapKo3oM (THOmeHTal HaTpus B fo3e 40
Mmr/kr).  IlpeaBapuTenbHO — OTHENUB  CIM3HCTYIO
o6oouky nosxoctu pra (COIIP) Beinensum yenocTu 1
TIOJIBEPTAI MX MOP(OMETPHUECKOMY HCCIECAOBAHUIO
[5].

OObekTaMu ~ OMOXMMHYECKHX  HCCIEIOBaHMI
CITYKHJIF CBIBOPOTKA KPOBH, TIEUCHB, OCIpEHHAs! KOCTb,
COIIP u KOCTb aJIbBEOJISIPHOTO OTPOCTKA.

Vposenp IIOJI oueHuBamM 1O COAEPKAHUIO
ammurgaponepekucein  (AI'TI)  [6],  AMEHOBBIX
KOHBIOTaToB [7] u ManoHoBoro nuansaeruaa (MJIA)
[8]. CocrosiHre (hU3HOIOTHUECKON aHTHOKCUIAAHTHON
cuctembl (PAC) oOleHMBAIM 1O aKTHUBHOCTH
(depmeHTOB — KaTtanasbl [9], TIyTaTHOH-pEAyKTa3bl
(I'P) [10], rayrartuon-nepoxcumassl (I'TIO) [11] u
COCTOSIHUIO  THON-AMCYTbOUAHOW cuctembl [12].
OmnpeneneHne MeXaHWYECKOW IPOYHOCTH KOJUIAreHa
CYXOXKHITHH XBOCTa KpBIC TIPOBOANIN
IPaBUMETPHYECKAM METO/IOM COTJIaCHO
pexkomenpauusm [13]. Pacyersl npoBoauiu MeToI0OM
Bunkokcona [14].

PesynpTarhl  OMOXMMHUYECKHX  HCCIEIOBaHUN
obpabareiBayii  OOIENIPUHATHIMU ~ METOJAMH  C
oTpeieNIeHHeM t-KpUTEepHUeB JOCTOBEPHOCTH Pa3IHUIUil
o CTBIOJICHTY.

Pe3yabTaThl M 00CyKIeHUS

Tokcuueckyro KaJdbIUi-IepUIUTHYIO MOJEIb
MIapOJJOHTUTA BOCITPOHM3BOAMIN COYETaHHBIM
BBE/JICHHEM aHTaroHucra BuTamMuHa K meneHrana u
3aMEHOM  mNuTbeBOM  Bomel  pactBopoM  OITA.
BoJBIIMHCTBO JKMBOTHBIX IIEPEHOCHIIM yKa3aHHBIE
YCIIOBUSI YZIOBJIETBOPUTEIHHO — JINIIL K KOHILY OIBITa
2 KpBICHI ANK (MCKIIFOUYEHB! U3 HAOIIOIeHHH).

CoBMecTHOEe BIHsHHME TieneHTaHa u  JJITA
3HAYUTEIBHO YCHIMBAJIO Pe30pOTHUBHBIE IPOLECCH B
KOCTHOM TKaHM NAapOJOHTa — Ha HIDKHEH 4YeNIOCTH
pe3opbuus ycmmuanacs sasoe (p<0,001); Ha BepxHei
— B 1,4 paza (p=0,04). Cpennee ycuneHre pe3opOIruu
Uil AByX 4emroctedl coctaBmwio 70% (ot 100% B
uHTaKTHOH rpynme; p<0,001; Tabmn. 1).
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Tabuumna 1

IMoka3zaTesu pe3opOUMHU KOCTH AJIbBEOJISIPHOT0 OTPOCTKA KPbIC B YCJIOBHUSAX MOAeTUPOBAHUS
nmapogontura (M+m; p)

IMokazarenu pe3opOrwu (%)

I'pymniisl ®KUBOTHBIX
HUKHSIS YETIOCTh BEPXHsIs YCNIOCTh CpeHee 3HAUCHUE
MHTakTHas 31,620 28,8+2,2 30,2+2,1
Mojtestb napooHTHTa 62,8+1,3 40,0£3,1 51,4422
p<0,001 p=0,004 p<0,001

HpI/IMeLlaHI/Ie. B tabm. 1-4 nokasarens JAOCTOBCPHOCTU P paCCUUTAH IO CPAaBHCHUIO C WHTaKTHOM I‘pyHHOﬁ.

B CBIBOpOTKE KpOBH, ICYCHH U CIH3HCTOU
000JI0YKe TMOJOCTH PTa YCHIMBAIUCH MEPEKHCHBIC
nporieccs (Tadu. 2).

Tab6muma 2

Coaep:xanue npoaykroB I1OJI B cbIBOPOTKE KPOBH M TKAHAX KPbIC B YCJIOBHAX MOIeTUPOBAHMSA
napogoutura (M+m; p)

Conepxanue
Tpymmei KHBOTHBIX Ag}_{( EZ?{?E‘;Z?A)H) MIA (HMOJIB/MJI, HMOJIB/T)
CBIBOPOTKA KPOBH
WHTrakTHas 1,49+0,040 17,7£5,90
Mogens napogoHTUTa 2’1?33[’%’8 13 0 19,4+0,26
neyeHb
WHTrakTHas 0,21+0,015 45,2+4,48
Mogenb napoaoHTUTA 0,34£0,044 54,7+6,93
p=0,012
COIIP
WHTrakTHas - 36,7+2,71
Mogenb napoaoOHTUTA - 64,245,19
p<0,001
KOCTb aJIbBEOJIIPHOTO OTPOCTKA
WHrakTHAas 0,18+0,013 10,2+1,88
Moienb TapoIOHTUTA 0,20+0,027 12,3+1,27
OenpeHHast KOCTh
WNHTrakTHas 0,21+0,032 10,4+1,74
Moienb TapoIOHTUTA 0,25+0,053 14,6+4,89
Tak, B CBIBOPOTKE KpOBH KpbIC IIpu  cojepxkanue MJIA yBelIMYHBAIOCh HE3HAYMTENIBHO
MOJETUPOBAHUU MapoJOHTUTA conmepxanne  (p>0,05; Tabm.2).

nepBuuHbIX npoaykros I[IOJI amunruaponepexuceit
CYMMapHO# (hpakIiy JIMIIONPOTENIOB YBEININBAIOCH
Ha 36% (p<0,001); B meueHn cojaepkaHUe TUCHOBBIX
KOHBIOTaHTOB — Ha 62%. (p=0,012; Tabn. 2). YpoBeHb
MIA B ciu3ucToii  000JIOUKE TOJIOCTH — pTa
yBenmuuBazucs Ha 75 % (p<0,001). B xoctHo# TkaHu (B
OenpeHHOH W KOCTH aJbBEONSIPHOTO OTPOCTKA)

IIpy MOAENUPOBAHWHM TATOJIOTHH IApPOJOHTA
H3MEHSIACh AKTHBHOCTb AQHTHOKCHIAHTHBIX
(epMeHTOB, B OONbIIcH cTeneHd (epMEHTOB 0OMeHa
BHYTPHTKAHEBOTO aHTHOKCHJAHTA TJyTaTHOHA —
[IyTaTHOH-PEAYKTa3bl W  DIIyTaTHOH-NEPOKCHAA3BI
(Ta6x.3).
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Tabmuna 3

AKTHMBHOCTb AaHTHOKCHIAHTHBIX ()¢épMEHTOB B CHIBOPOTKE KPOBU U TKAHAX KPbIC B YCJIOBHUIX
MoaeaupoBanns napoanonrura (M+m; p)

['pynmnbl )KUBOTHBIX
IToka3zarenu
WHTaKTHas | MOJIeJIb NapOJOHTUTA
CBIBOPOTKA KPOBH
Karanaza (Mxat/m) 9264289 | 550+161
TIeYeHb
I'P (MkMoiIb/c T) 0,10+0,06 0,020+0,008
4,89+0,79
I'TIO (MxMomnb/c-T) 23,0+3,68 p<0,001
COIIP
I'P (MkMoiIb/c T) 0,080+0,030 0,090+0,004
I'TIO (MKMoIb/c-T) 11,2+0,89 10,440,050
KOCTb aJIbBEOJISIPHOT'O OTPOCTKA
Karanaza (Mkat/im) 56,0+6,40 46,0+4,00
0
I'P (Mxmonb/c T) 0,13+0,002 <0001
2,10+0,53
I'TIO (MxMomB/CT) 6,99+1,05 =0.,003
OeapeHHast KOCTh
Karanaza (Mkat/im) 60,0+7,20 64,0+4,50
I'P (MKMOJTB/C'T) 0,24+0,090 0,24+0,070
2,47+0,68
I'TIO (MxMomB/CT) 5,68+1,05 p=0.03
[on BoszgeiictBuem mneneHraHa u  OATA  cynb(QTUAPUIBEHBIX U JUCYIb(QUIHBIX TPYIIIT BO3POCIO

akTuBHOCTh I'TIO B medeHu cHuxanoch B 4,7 pasza
(p<0.01); B 6enpenHoii koctu — B 2,3 paza (p=0,03).
AKTHBHOCTB YKa3aHHOTO (bepmeHTa npu
MO/ICTIMPOBAHUH MapoJIOHTHUTA 3HAYUTEIBHO
CHMXKAJIACh TAK)XKE JIOKAJBbHO, B KOCTH aJbBEOJISIPHOTO
orpoctka (B 3,3 pasza; p=0,003). B kocTHOW TKaHU
MapoJiIoHTa  CHIJKAJIaCh  aKTHBHOCTH  JPYTroro
AQHTHOKCHUJIAHTHOTO (hepMEHTA — Iy TATHOH-PEYKTa3bl
(p<0,001; Ta6n.3). B ciusuctoit 00oy0YKe MOIOCTH
pTa aKTHBHOCTH ()EPMEHTOB OOMEHa TIIyTaTHOHA HE
npeTeprieNna CTaTUCTHYECKH 3HAUYUMbIX HW3MEHEHHH
(Tabmn.3). AKTUBHOCTB KaTaja3bl B CBIBOPOTKE KPOBH U

U3YYCHHBIX TKaHAX HM3MEHSIaCh  HEJOCTOBEPHO
(p>0,05;  Tab6n.3). IloxydeHHBIE  pe3yNBTATHI
CBHJIETEILCTBYIOT 0 HEJI0CTaTOYHOM

(HYHKIIMOHUPOBAHUK (HEPMEHTATHBHBIX KOMIIOHCHTOB
DAC.

Ilpu MoOAEIMPOBAaHUH MMAPOJOHTHTA YPOBEHB
CyIbOTUAPUITHHBIX u JTUCYTBGUTHBIX
BOJIOPACTBOPHUMBIX COCAMHCHUIA MOBHIIIAICS B IEYCHU
1 OCIpeHHOW KOCTH, B OTIMYHUE OT TKaHEH mapooHTa
(Tabm.4). Tak, B MeYeHU cojiepKaHue

B YCIOBHSX MonenupoBaHus B 1,9 pasza (p<0,001 u
p=0,06), dYTO mWpaKTUUECKH HE OTPaswiIoCh Ha
cootnoureHnd SH/SS. B GenpeHHO# KOCTH ypOBEHb
SH-rpynn ysenmuusaincs Brpoe (p<0,001). U3sectHo,
YTO  BBICOKas  KOHLEHTpauusi  CyJIb(pUAPHILHBIX
COC/IMHEHUI, KOTOpble HAXOIITCS B KIETKE B
CBSI3AaHHOM C OelKaMM COCTOSIHMM, BakKHa IS
MO IePKAHUS OydepHoii OKHCITUTEIIHHO-
BOCCTaHOBHUTENIBHOM  CHCTEMBI, AHTHOKCHJIAHTHON
aKTHBHOCTH, MOYJISIINY CHIENN(HIECKON aKTHBHOCTH
HEKOTOpBIX OenkoB [15].

B cimsucroir 00oiouke IMOJOCTH pTa M KOCTH
QJIbBEOJIIPHOTO OTPOCTKA HaOIII01a710Ch
CYIIECTBEHHOE CHIDKEHHE COZIepKaHUs
CynbOrUAPUILHBIX TpyNIL: Ha 66% (p=0,004) 1 Ha 76%
(p=0,04), CcOOTBETCTBEHHO, BEPOSITHO, 3a CUET
YCUJIEHHs OKHUCIMTENIBHBIX MpoleccoB. I[lpu 3TOoM
YPOBEHb NHCYIb(OUAHBIX COCAMHEHUIT JOCTOBEPHO HE
usmensiics. Coornomenne SH/SS rpymm 3HauuTeIEHO
CHWXAJIOCh TOJBKO B MSTKHX TKaHIX I1apojIOHTa
(Tabm.4).
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Tabnuua 4

CocTosiHUEe THOJI-IUCYJIL(UIHON cUCTEMbI B TKAHIX KPbIC B YCJI0BHAX MOJAeTMPOBAHUS
nmapogontura (M+m; p)

Copepxanue
SS -
I'pynmsl &KHUBOTHBIX SH —rpynn — SH/SS
(MMOTIB/T)
(MMOJIB/T)
MeYeHb
WurakrHas 8,37+0,64 3,07+0,74 2,73
16,3+0,53 5,83+1,08
Moiens mapoJOHTHTA p<0,001 p=0,06 2,80
COIIP
MuraxTHas 6,25+0,53 5,04+1,06 1,24
Mozens 4,];310,32 4.77+0.32 0,87
MapoJOHTUTA p=0,004
KOCTb AJIbBEOJSIPHOTO OTPOCTKA
WurakTHas 3,34+0,21 9,33+2,12 0,36
2,54+0,24
Moens mapoJOHTHTA =0,04 8,27+0,53 0,31
OenpeHHast KOCTh
WurakTHas 2,81+0,53 5,25+0,53 0,54
8,89+1,06
Moens mapoJOHTHTA 1<0,001 10,1+3,18 0,88

B nmanpHeHmmx wccienoBaHUAX Oblla M3ydeHa
MPOYHOCTh KOJUIATCHOBBIX  BOJIOKOH — CYXOKHIIUH
XBOCTA KPBIC, HCXOJIS1 U3 OTHOCUTEIBHOM OOIIIHOCTH UX
cTpoeHus. Tak, H3BECTHO, YTO KOJUIATCHOBHIC BOJIOKHA
MapoIOHTa, MEKITO3BOHOUHBIX THUCKOB M CYXOXKHIIHUI
COCTOSAT TMPEHUMYIIECTBCHHO M3 KojuiareHa | Tuma
(95%) u B MeHbiei crenenn u3 koyvtarena |l Tuma
(5%) [15]. UccnenoBanust OKA3aId, YTO Y MHTAKTHBIX
JKUBOTHBIX IIPOYHOCTHh CPEIHUX BOJIOKOH CYyXOXKHIIUH
XBOCTa cocTaBujia 565 r, a y *KMBOTHBIX C MOJEJBIO
MapOJOHTUTa OHA CYIIECTBEHHO CHWXXalach |
nmocrurana 391 t (p=0,038).

BbiBoABI 1 MpeNJIOKEHNS.

Hcnonb3oBanne aHTaroHucra ButamMuHa K
MEeJeHTaHa W BOCIPOM3BEACHHE  KAJIbIIMEBOMH
HEJ0CTAaTOYHOCTH ¢ TIOMOIIbI0 KoMiuiekcoHa DJ[TA B
YCIIOBUAX MOACINPOBAHUA OKCIICPUMEHTAJIBHOTO
MapoJIOHTUTA CIocoOCTBOBAJIO YCUJICHUIO
BBIPOKEHHOW  pe30pOIMU  KOCTH  aJbBEOJSPHOTO
orpoctka Kpbic. OnmHako 3T W3MCHEHHS B

3HAYHTEIEHOW Mepe He OBLIM CBS3aHBI C YCHICHHUEM
MIEPEKUCHBIX IPOIIECCOB, MOCKONBKY B KOCTHON TKAHU
MapoJIOHTA HEe HAOJFOIAIaACh CYIIIECTBEHHAS AKTUBAIUS
T1IOJI. Anrtaronuct ButamuHa K mejeHTaH BBI3BIBANI
pa3o0rieHue YHOPSAOYEHHBIX
COCIMHUTENIbHOTKAHHBIX CTPYKTYpP MapoJIOHTa IyTeM

YTHETEHUS CHHTE3a TIIMKO3aMUHOITMKAHOBOM
MaTpHIlbl KoJlareHa u djactuHa. Kpome ToOrO,
MeJIeHTaH CHIKAJ CHHTE3 OCHOBHOTO
HEKOJUIAar€HOBOTO OeJKa KOCTHOM TKaHM MapojOHTa —
OCTEOKaNbIIMHA, CBs3bIBarOliero wuoHel Ca?* ¢
IIOMOIIIBIO OCTaTKOB Y-KapOOKCHUTITyTAMUHOBOM
KHUCJIOTEI.

K HeratwBHBIM MOCHECACTBUSIM MOJICIUPOBAHUS
IKCIEPUMECHTAIBHOTO TApOJIOHTUTA CIEAYET OTHECTH
HEIOCTaTOYHOS  (YHKIMOHHMPOBAaHHE B  TKaHAX
nmapojioHTa (pepMeHTOB oOMeHa TIIyTaTHOHA, a TaKkKe
3HAYUTEJBHO CHHXXEHHE YPOBHS CYJIb(TUAPHIBHBIX

COCIUHECHUH B OKHCIINTSIEHONU
MOIU(pUKAIHAH.

B pesyinbTate nmpoBeeHHBIX HCCIIEIOBaHUN Obliia
CMOJIeJIMpOBaHa MOJIHOIICHHAsI KapTHUHA MapOoJJOHTHUTA,
BOCTPOU3BOISIIAS HAPYIIIEHHUs] OOMEHHBIX MPOIIECCOB,

XapaKTePHBIX VIS JAHHOTO 3a00JIeBaHUs.
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MEXAHM3MbI HAPYINEHUS METABOJIM3MA JIMIINOB B MUOKAPJIE
B YCJIOBUSAX 'NITOKCHUMN.

MECHANISMS OF VIOLATION OF LIPID METABOLISM IN MYOCARDIUM UNDER
CONDITIONS OF HYPOXIA.

Summary. In this article, hypoxia is given as the most universal pathological condition. It arises and
determines the severity of the most diverse human diseases: any form of respiratory and cardiovascular failure,

blood loss, myocardial ischemia.

AHHOTanusi. B naHHON cTaTH NMPHUBOJATCS YTO TMIIOKCHUS — IIPEJICTaBIseT coO0i Hanboliee yHUBEpCaTbHOE
narojornieckoe cocrossHue. OHa BO3HHMKAeT M ONpENeNseT TSHKECTh TEUSHHs CaMbIX Pa3HOOOPas3HBIX 3a-
OoneBaHMi denoBeka: JTOObIe (GOPMBI ABIXATEIBHOI U CEPAEeUHO-COCYAUCTON HEOCTAaTOYHOCTH, KPOBOIOTEPH,

HIIEMHA MHUOKapaa.

Key words: hypoxia, phospholipases, phospholipids, acidosis, oxidative stress, lipid peroxidation (LPO),

liposomes.
Kniouegvie cnosa: tunokcus, ¢ocdonmmnas,
nepekucHoro okucienus aununos (IT0JI), mumocom.

BBegenue. ['MMOKCUsI KUCIOPOAHOE TOJNOJAHUE,
SIBIISIETCS HEOThEMJIEMOM 4acTblO JKU3HU
YEeJIOBEYECKOW  NOMyJsLIMM  BO  BCEM  MHDE.
BonpmHCTBO N3BECTHBIX 0O0JIE3HEH U IKCTPEMaTbHBIX
COCTOSTHUH psAMoO NN KOCBCHHO CBS3aHBbI C
JeUIUTOM KHCIIOPO/Ia. ITarorenernueckas
YHUBEPCATBHOCTh  KUCJIOPOJHONW HEJO0CTaTOUHOCTH
BKJIIOUAET BOIIPOCHl TMIIOKCUYECKUX HapylIeHUH B
chepy HHTEPECOB NIMPOKOTO KpPyra CIICIHAJIFCTOB

dbochomumuos,

anuaos3a, OKUCIUTEIIBHOTO CTpeEcCca,

OKCIIEPUMEHTATBHON WM KIMHUYECKOM MEIHIIUHEL
MyJIMOHOJIOTOB, ~ HEBPOJIOTOB,  PEAHHUMATOJIOTOB,
TPAHCIIAHTOJIOTOB,  KapAHOJOrOB W JPYIHe.
He3aBuCUMO OT 3THOJIOIMU T'MIIOKCUUECKUX COCTOSTHUIM
cepala B UX Pa3sBUTUM M HUCXOJE PEIIAIOmas poiib
HpI/IHaHHe)KI/IT CTCIICHU HACBILICHUA TKaHeI\/’I
KHCIIOPOJOM M €r0 Y4YacTUIO B METa0OIMYECKUX
npoteccax. [1; ¢. 363-364, 2; ¢.187-206]
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HccnenoBaHusiMu, INPOBEICHHBIMH B HAy4HBIX
LEHTPaX MHUpa YCTaHOBJIEHO, YTO TMIIOKCHS SIBIISIETCS
COCTOSIHHEM aCCOIMMPOBAHHBIM C CYIIECTBEHHBIMHU
M3MEHEHHMH B CEePJIeYHO-COCYANUCTOH cucreme, doiee
TOTO OHa CIY)XUT OCHOBOH  IaTOJIOTHYECKHX
MpPOIIECCOB MPU HAaHHBIX cocTosHusX. CepaeyHo -
COCyIWCTHIe  3a00JIeBaHUS  OCTAIOTCSI  BEAyIIe
NPUYMHOM CMEpPTHOCTH BO BCEM MHpE, OHH
OTBETCTBCHHBI €XKETOMHO 3a 17,3 MIIH. JIeTaabHBIX
ucxomoB [3; ¢.2118-2194] — 31,5% Bcex cMepTeNbHBIX
ciy4aeB HaceneHus I1aneTsl. B EBporne ot cepaeyHo -
COCYIMCTHIX 3a00JI€BaHUI €KErOJHO YMHpAIOT Oolee
4 MITH. yenoBekK, u3 Hux 1,4 MJH. B Bo3pacte a0 75 Jer,
— 910 45% Bcex cmepreit (40% cpenu myxumH U 49%
cpenu sxeHmuH) [4;¢.1-6.].

3a mocnenHue TOIBI B MHUPOBOH JHMTEpatype
MOSIBUJIOCH HEMaslo 0030pOB, B KOTOPBIX JAETaJbHO
AHATTU3UPYIOTCA HapyIICHUSI HOpMAaIJIbHON
NESATETPHOCTH OpPTraHOB YEIIOBEKAa W JKUBOTHBIX,
MOJIBEPTaBIIUXCS JCHCTBUIO THIIOKCHH. Y CTAHOBIICHO,
YTO B YCIOBHSAX HEAOCTaTKa KHCIOPOAa IIEPBBIM
CTpamaeT »JHepreTmdeckmii oOMeH KieTok. Ero
HapylmieHWs TPHUBOAAT K  Pa3BUTHIO  alU03a,
OKHCIIUTEIBHOTO CTpecca, aKTHBALMIO SHIOT€HHBIX
dhochonunas u pacnanxy MeMOpaHHBIX HOCHOTHUITHIOB,
YBEIIMYCHUIO TEKYy4ECTH MeMOpaH 51 )50,
IMPpOHUIIAEMOCTHU, BCJICACTBUC YCTO KJICTKA TEPACT
nonsl K* u meperpysxkaercs nonamu Ca?*, Na* [5; c. 7-
9, 6;c.79-81, 7; c. 343].

HecmoTps Ha TO, 9TO K HACTOSIIEMY BpPEMCHH
HaKOIUICH JOCTATOYHO OONBIION MAacCHB JaHHBIX IO
s dexram u MeXaHU3MaM THITIOKCHYECKUX
BO3ACUCTBHIA HA CEPIACYHO-COCYIUCTYIO CHCTEMY,
KOHIICTITYaTlbHOE ~ OCMBICIIEHHE OSTHUX CBEICHUH,
3a49aCTyr0 IMPOTUBOPCUMBBIX, 3aTPYAHCHO B CBA3U C
TE€M, YTO 3TH JIaHHbIE MOJY4YEeHHI B Pa3sHOOOPA3HBIX
MOJCIISIX THIIOKCHUU. 41 MO2TOMY, MOJYYCHHBIC B 3TUX
paboTax naHHBIE HE Bcerja cornacyroorcs. Tpedyercs
MOCJIEIOBATEIbHOE W KOMIUIEKCHOE  M3y4eHHe
3¢ (}HEeKTOB 1 MEXaHU3MOB TUITOKCUH Ha OJJHOW MOJETH
W Ha BCEX YPOBHSX, BKJIFOUYAs MOJEKYIIpHBIE. OCOObIi
WHTEpPEC B MJAaHHBIX HCCICIOBAHUAX IIPEACTABIICT
COCTOSIHHE  JUIHTHOTO  OOMEHa,  IIOKa3aTelei
nepekucHoro  okucieHuss JsmnupoB  (IIOJI) wu
AHTHOKCHJIAHTHOM CHCTEMBI, HTPAIOIIHX BaXXHYIO POJIh
B ITaTOTCHE3€ THUIIOKCHICCKUX COCTOSTHUN. B kadecTBe
yAOOHOW  DKCHEpUMEHTANbHOH  MOJENbI0  JIA
Mo100HOTO pona HUCCIIETOBAHUMN CITY)KUT
runobaprdeckas (BRICOTHAST) THITOKCHS, CO371aBaeMasi B
Gapokamepe, MTOCKOJIBKY OHa SIBIISIETCSI
(l)H?:HOJ'IOFI/I‘-IeCKI/I AICKBATHBIM BO3HCﬁCTBHeM
(BCTpe‘IaeTCﬂ B €CTECTBCHHBIX YCIIOBUAX ITPU MMOABEME
Ha BBICOTY ), JIETKO KOHTPOJIMPYETCS U JO3UPYETCS, UTO
CO3/]aeT BO3MOXKHOCTM JUIsL €€ TIPUMEHEHUs B
pasiMYHbIX pexumax|8; c. 256-74-107, 9; ¢.145-147].

Heab padotbl. Llenpio uccienoBanus sBIsSETCS
OIPE/ICTICHUEKOJIMUECTBEHHBIX M KaueCTBEHHBIX
W3MEHEHN cocraBa (docho-TIMKOIHUITHAOB,
cocrostHus cucteMsl [TOJI n AOC cepreyHOl TKaHU B
YCIOBUSIX OKHCITUTETILHOTO cTpecca,
WHIYIUPOBAHHOTO THITO0APUYECKON THUIOKCHEH, s
YCTaHOBJICHHS 3aKOHOMEPHOCTEH OHOJIOTMYECKOTO

OTBETa u pa3paboTku HOBOTO MeToJa
(hapMaKOKOPPEKIMN Ha OCHOBE HAHOTEXHOJIOTHH.
Marepuansi U MeTOABbI. O0bexkToM
UCCIIEIOBAHMS SIBIIIOTCS CTPYKTYPHBIC JIMIUABI U
cucrema IIOJI u AOC xyeTok cep/ia MoJI0BO3PEIBIX
KpBIC ~ CaMIIOB  HOABEPrHYTHIX ¢cy0 - u
JEKOMITCHCHPOBAaHHOH THII00apUIeCKO THITOKCHH.
Jlns BBIIONHEHMS TOCTABICHHBIX 3a/ad OBUIH
HalaKeHBI CIIeyFoIIHe METOJIBI: METOJ
MOJIETTMPOBAaHMS THUIIO0APUUECKON THIIOKCHH TpPH
momommy Oapokamepsl (co3maBaeMoe B Oapokamepe
pa3pspKEHHE BO3JyXa COOTBETCTBOBANO «IIOJBEMY Ha
BoicoTy» 4000 M 1 7000M Hag ypoBHEM MOPSI), METOJ

XpoMaTorpaduieckoro pa3zneneHus (dpakumii
¢dochonnnuaos u 1epeOpo3uIOB; METOoJ
KOJIMYECTBEHHOTO  ompefeieHus  (HOCOTHITHIOB;
KOIMYECTBEHHOE  OmIpefeleHHe  LepeOpo3uioB;
KOJIMYECTBEHHOE ompesieNicHIe TaHTJINO3UIIOB.
KonnuectBeHHOE OIIpe/IeNICHUE XOJIeCTepHHA.

Omnpenenenne konueHTpauuu TBK-AIl; onpenenenue
AKTUBHOCTH KaTaja3bl; OIpEHeICHHE aKTUBHOCTH
COJl; meTomsI TperapaTUBHOTO BBIICICHUS JIUIIHIOB
W UX OYUCTKY OT HEJHIHIOHBIX MPHUMECEH; METOIBI
KOHCTPYHUPOBAHUS JINTIOCOM.

PesyabTraThl U o0cy:kaenue. HempepwiBHOE
CHa0)XeHHE  OpraHu3Ma  KHUCIIOPOAOM  SIBIISIETCS
a0COJIIOTHBIM YCJIOBHEM CYIIECTBOBAHUS UEJIOBEKa U
JKUBOTHBIX. HapyiieHue KHCIOPOJHOTO —peXHuMa
OpraHOB W TKaHEl B MEpPBYIO OYepeb BBHI3BIBAET
MeTabonuueckue W3MEHEHHS B HHUX. B opranusme
yenoBeka ©Oomee 90 % Bcero motpedmsemMoro
KHCJIOpPOAa  BOCCTAHABIIMBACTCS C  yd4acTtuem
LUTOXPOMOKCHIAa3bl MHUTOXOHApUH, W jumb 10 %
KHCJIOPOAa METa0OIH3UPYETCS B TKAHIX C y4acTHEM
okcureHnas. JlpIxatenmpHas  Iemb Kak  eauHas
(byHKIHOHAIBHO-MeTaboarYecKas cucTeMa
UCIIOJIHACT POJIb peryisaropa u  Moauduraropa
HOTpeOICHHUS KUCIIOPOJIa M CKOPOCTH €T0 MOCTYIUICHUS
U3 BHEKJIETOYHOW cpenbl K MuToxoHapusMm. Ilpu
TUTIOKCHH ~ CTPaJIaloT JHEPro3aBUCHMBIE PEaKIIHH,
Takue Kak popMupoBaHHe MEMOPAHHOTO TTOTCHIINAIA,
TPAHCIIOPT HOHOB, DJIEKTPOTEHHAsT (PYHKIHUSA KIETOK,
MBIIIIEYHOE COKpAaIIeHHe, (QYHKIUS PEHenTOpOB W
npyrue [10; c. 897-904, 11; c. 259].

CopmepxaHue  KHBOTHBIX W TPOBEICHHE
SKCIICPUMECHTOB IIPOBOAMJIM B COOTBETCTBHU C
MexayHapoaHeiMu mpaBunamu «Guide for the Care
and Use of Laboratory Animals». PaGora BbimojHeHa
Ha B3pOCIBIX OECIOPOJHBIX caMmIlaXx Kpbic Becom 220-
240 r., comepkamuxcs B CTAaHAAPTHBIX YCIOBHAX
(Temnepatypa  okpyxaromieil  cpempt  22-25C0,
4epeloBaHNe CYTOYHOH OCBEIIEHHOCTH, CBOOOIHBIN
JOCTYTI K BOJIC W TIHIIIE).

Jost MPOBEICHUS JKCIIEpUMEHTA OBLTO
ucnosib3oBano 600 kpbic: O 12 KMBOTHBIX B Ka)AOH
SKCIIEPUMEHTAIBHOM IpylIie Ha KaXKJIOM BPEMEHHOM
CPOKe; B KOHTPOJBHBIX IpyIIax ObUIO Takxke mo 12
Kkpbic. KoHTpObHAS TpyMIia )KUBOTHBIX — KHUBOTHBIE,
MTOMEIICHHBIE B 0OapokaMepy Ha COOTBETCTBYIOIEE
BpeMs 0e3 u3MEHEHHs aTMOC(HEPHOTO JaBJICHNUS.

B IKCIIEPUMEHTAX MTOCBSIIIICHHBIX
(hapMaKOKOpPEKITUU TUTIOKCHUH O-JTUTIOJIEBOI
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KHCJIOTOM KMBOTHBIM BHYTPUMBILIEUHO BBOAMIU
npenapat «bepmutron-300 E/I» B mo3e 10 mMr/kr onux
pa3 B cyTku. KOHTpOIBHOM IpyIIe >)KUBOTHBIX JAHHOTO

9KCIIEpPUMEHTA MHTEPHO3aJbHO
(u3HONIOrMYECKUI PacTBOP.
KuotHbIx nexanutupoBanu uepe3 10, 20 u 30

BBOJWJIN

JKCIICPUMEHTA BHYTPHUMBIIIEYHO BBOJWJIA  SKCIO3ULMH THIOKCHUH, Uyepe3 24 1 mocie MociaeIHero
(hU3HOTIOTHYECK U pactBop.B SKCIepuMeHTaX  ceanca. Jlamee npu Temmeparype +4 °C  GwicTpo
MOCBSIIIEHHBIX (hapMakoKOppeKIMU TUNIOKCUH  HU3BJIEKAIH cepe, OBICTPO TIPOMBIBAJIH

JUIIOCOMAMH JKUBOTHBIM HHTEPHO3AJIbHO BBOJIUIIN
JUIOCOMBI B 03¢ 2MI/KI OOWUH pa3 B CYTKH.

OXJIQKACHHBIM  (DU3MOJIOTUYECKHIM  pacTBOPOM U
MIOJJBEPTAI TOMOT€HU3ALNH B )KUIKOM a30Te.

KonrponsHoii

rpyIme

JKHUBOTHBIX

JaHHOTO

JAu3aiiH 3KcniepuMeHTAa

KonnuecTBo sxcrio3unuii 10 e 20 nHeit 30 mmeii
TUITIOKCHUH
JIMATETHHOCTD YKCIIO3UITHH (Jac)
KonTponbnas rpynna
JInnn et K-1, n=12
IIOJI u AOC K-2,n=12
KontponpHas rpymnma GpapMakoKOppEeKIHHA OSpINTHOHOM
4-x yacoBasi THIIOKCHS Kb4-1, n=12 Kb4-2, n=12 Kb4-3, n=12
8- yacoBas rumokcus KB8-1, n=12 KBb8-2, n=12 KB8-3, n=12
KontponpHas rpymnma GpapMakoKOpEeKINHIATIOCOMaMHU
4-X yacoBasi THIIOKCHS KJI4-1, n=12 KJI4-2, n=12 KJI4-3, n=12
8- yacoBasi THITOKCHS KJI8-1, n=12 KJI8-2, n=12 KJI8-3, n=12
CyOxoMIIeHCMPOBAHHAS] THIIOKCHUS
4-x gacoBasi THIOKCHUS OI1IC4-1, n=12 OIIC4-2, n=12 OI1C4-3, n=12
8- yacoBas rUIOKCHSA OIIC8-1, n=12 OIIC8-2, n=12 OIIC8-3, n=12
DapMaKOKOPPEKIHICYOKOMIICHCHPOBAHHOH THITOKCHH OSPIIMTHOHOM
4-x gacoBasi THIOKCHUS BbC4-1, n=12 BC4-2, n=12 BC4-3, n=12
8- yacoBast rUITOKCHSs BC 8-1, n=12 BC8-2, n=12 BC8-3, n=12
DapMaKOKOPPEKIHICYOKOMIICHCUPOBAHHOM THUIIOKCHH JTUITOCOMAaMH
4-x gacoBasi THIOKCHUS JIC4-1, n=12 JIC4-2, n=12 JIC4-3, n=12
8- yacoBas runokcus JIC8-1, n=12 JIC8-2, n=12 JIC8-3, n=12
JexoMIeHCHPOBAHHAS THNOKCHSA
4-x gacoBas THIOKCHUS OI14-1, n=12 OI14-2, n=12 OI1/14-3, n=12
8- yacoBas runokcus OIlJ18-1,n=12 OIla8-2, n=12 OIl/J8-3, n=12
DapMaKOKOPPEKITHsI JEKOMIICHCHPOBAHHON THIIOKCHH OSPIUTHOHOM
4-x qacoBasi TAIOKCHUS bJ14-1, n=12 bJ14-2, n=12 bJ14-3, n=12
8- yacoBas runokcus BJI8-1, n=12 BJ18-2, n=12 BJ18-3, n=12
DapMaKOKOPPEKIHs JeKOMIIEHCHPOBAHHON THIIOKCHH JIMTIOCOMAMHU
4-x qacoBasi THIOKCHUS JIJ14-1, n=12 JIJ14-2, n=12 JI[14-3, n=12
8- yacoBas runokcus JIJ18-1, n=12 JIJ18-2, n=12 JIJ18-3, n=12
I'mmoGapuyeckass rtumokcuss — rtunokcudeckoe ['OCT 4401— 81 HIIK M3parenscTBO CTaHAApPTOB,

BO3JCHCTBHE, BBI3BIBAEMOE  OOIMUM  TAJCHUEM
JIaBJICHUS B OKpYyXaromieil atmocdepe. Berpeuaercs B
€CTECTBEHHBIX YCIIOBHSIX IIpH TIOABEME B TOPHI.
Co3maBaemass B Oapokamepe  rumodapmyeckas
THIIOKCUSI MOXKET PacCMaTpUBATHCS KaK WMHUTAILUS
MOABEMa Ha COOTBETCTBYIOLIYIO BBICOTY. B paboTe MbI
UCIIONIb30BAJIM THIIO0ApHUYECKYI0 THIIOKCHIO B JIBYX
pexxumax - CyOKOMITIEHCUPOBaHHHYIO u
JIEKOMIIEHCUPOBAHYO.

Jnst co3panust yCloBril CyOKOMIIEHCHPOBaHHHOM
THUIMOKCUM KWBOTHBIX TIOMEIand B Oapokamepy
MPOTOYHOTO THNA NpH JaBieHnu 462 mm.pr.ct. ( 61,6
k[la), aTo cooTBeTCTBYeET MOABEMY Ha BEICOTY 4000 M,
Ha 4 u § gacoB [ATMmoc¢epa crangapTHas [lapamerpsr

2004]. TlompeM Ha COOTBETCTBYIOIIYIO BBICOTY
npou3BoIvIM, HauuHasg ¢ 760 mMm.pT.cT. CKOpPOCTH
KOMIIpECCHMM U Jekommpeccun cocraBuiaa — 0,5
klla/mun.  JlaHHBIA cmoco® moabeMa  MOMOTal
n30exarb PpEe3Koro mepenaja JAaBIeHWs U JaBall
BO3MOKHOCTb KpbICaM a/1alITUPOBATHCA.
OZHOBPEMEHHO  OCYIIECTBIIAIM HPOAYB  KaMepbl
BO3YXOM JuIst HpeJOTBPALICHUS pa3BHUTHS
runepkanHuu. KomuuecTBO S5KCHO3MLMN COCTaBUIU
10, 20, 30 B 3aBUCUMOCTH OT IPYMIIBL.

C menp0  cO3MaHMA  JACKOMIIECHPOBAHOTO
BO3JICHCTBUS THUIMOOAPMYECKOW THIIOKCHH >KHBOTHBIX
moMemniany B OapokaMepy MHPOTOYHOTO THIIA MpPH
naeienue B 6apokamepe 308mm pr.cr. (41,1 klla), 8%



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #4(56), 2020 19

O, 4TO COOTBETCTBYET moabeMy Ha BbicoTy 7000M,
MPOJIOJDKUTENILHOCTE BO3AEHUCTBHS cocTaBisuia 4, 8 4,
exenHeBHo. KonndecTBo skcrnosuumii cocrasunm 10,
20, 30 B 3aBUCUMOCTH OT TPYIIIHL.

O xonmuectBe oOmux ¢(ochomunuuoB U ux
OTAEJBHBIX (PpaKUUi CyAWIN MO COJCPKAHUIO B HUX
thocdopa, KOTOPBIi OTIpE NeIISIITH nocJie
MUHEpanu3aniuu o0pa3loB OOMHUX JHIUAOB M WX
(pakiuid, ¢ MOCIEAYIOUINM KOJIOPUMETPUHIECCKAM
HU3MEpPEHUEM KOJINYECTBA 00pazoBaBIIErocs
Heopranmdeckoro (ocdopa mo peakum pearecHTOM
BacbkoBckoro. B Hamre#t paboTe MBI TPUMEHMIN
MeToll, mpeasiokeHHblt BacbkoBckum B.E[12;c.27-
30].

Ha nepBoMm 3Tame Hammx HCCIeIOBaHUN OBLIO
MPOBEZICHO CPABHUTEIBHOE M3YyUeHHE KaueCTBEHHOTO
U KOJNUYECTBCHHOTO  cocrtaBa  (ochonumumon
CepACYHOH TKaHM KpbIC B HOpPME H  TpH
runo0apuyeckol  runokcuu.  DpakIHOHMpOBaHUE
¢ochomumuIOB € TOMOIIBIO  TOHKOCIOWHOH
XpoMaTorpaduy, MO3BOJIMIO MOIYYUTH pPa3leliCHHuE
tdhochomumunos Ha 8 dpaxuuit (puc. 3.1.1).

N3zyuenne $ochoaumumIHOro cocTaBa cepiedHoi
TKaHH TIpH OSKCIEPUMEHTAJIbHON THUIobapHuecKon
MEePHONIECKON THITIOKCHUU BBISIBUJIO
pa3HOHAIpaBJICHHBIE CIBUTH, KaK B CyMMapHOM
COJICP)KaHWH, TaK ¥ BO (PAKIMOHHOM COCTaBe
dbochonumuIoB B 3aBUCHMOCTH OT HMHTCHCHUBHOCTH,
JUIMTEIBHOCTH M TEPHOIUYHOCTH  TUIOKCHU.4-X
yacoBas CyOKOMITEHCHpOBaHHAsTUIIOOapHuIecKast
TUIOKCUS Tpu atMochepHOoM amaBinermun 61,66 xlla
COIPOBOXKIATACh HE3HAYUTEILHBIM YMEHBIICHHEM (B
CTaTHCTHYECKN HE/I0CTOBEPHBIX npeenax)
comepkanuss cymmapHeix @®JI Ha 10 cyTkm
OKCIIEPUMEHTa U COXPAHSJIMCh B MIpe/enax HOPMbI B
ocTanbHbIe CPOKH (Tabamma 3,1).

N3zyuenue (pakMOHHOTO cocTaBa
¢dochoaunuIoB cepaeyHONl TKaHW B OJTOW Ccepuu
9KCIIEPUMEHTOB BBISBUIIO JOCTOBEPHOE YMEHBILCHHE
nomu docharuaunxonuna (OGX) na 13,6 % B nepsoi,
14,4% BO BTOpPOH M CTaTUCTHYECKU HEAOCTOBEpHEE
yMmeHblIeHue Ha 5,2% B Tperbed rpymnmax. Taxoke
HAOIIOaJOCh JWHAMHKA YMEHBIICHHS (paKIuu
KapAWOMUNNHA, cocTaBuBiiee 24,9% B mepsoi, 29,5%
BO BTOpOIi 1 32,3% B TpeTheit rpymnmax. Habmroganocs
yBenmmueHHe  (pakmmid  Jm30QochaTHIMIKOTHHA
(J19X), docharummicepuna (PC) u docharunnoi
kucinotel  (PK). Tak MomsipHOE  conepKaHHe
au30QochaTUINIIX0IMHA Bo3pacTayo Ha 2,76 pa3z Ha 10
CyTKH, Ha 2,8pa3a Ha 20 cyTtku u 3,1 pa3za Ha 30 cyTku
9KCIIEPUMEHTA.

Kak w#3BeCTHO, IJMIIOCOMBI - HCKYCCTBEHHO
CO3/]aBaeMble JIMMUAHbIC HAaHOBE3HKYJIbI, COCTOSILIHUE
U3 OXHOTO WM HECKONbKHX  (pochommmuaabix
OuciioeB, pa3eNeHHBIX BOAHOHW (pa3oif, n OHM MOTYT
ObITh HCIIOJNIB30BAaHBl B KAauyecTBE HOCHUTENCH W
TIEPEHOCYNKOB (PU3NOJIOTHUECKH AKTUBHBIX BEIIECTB, B
TOM YHCIIE JEKapPCTBEHHBIX MPENapaToB B pa3IndHbIC
Opranbl W TKaHW. MMMOOMIM3amust Ha HMOBEPXHOCTH
JIMIIOCOM OIPENICNICHHBIX BEKTOPOB (OEJIKH, TOPMOHBI,
AHTHUTCJIA, FJ'II/IKOJ'II/IHI/II[I)I) TMO3BOJIACT OCYLICCTBJIATH
aJIpeCHYIO JOCTaBKy JIEKAPCTBEHHBIX NPEINapaToB B
OpraH-MUIICHb. HCXOZ[SI N3 BBINICCKA3aHHOI'0, HaMH
Obula pa3pabOTaHO  ONTHMAJIbHOC COOTHOIICHHUE
JIMNUJI0B BXOAAIINX B COCTAB JIMTIOCOM MMPUMECHACMBIX
JUIL  HampaBJICHHOTO TPAHCIIOPTa JIEKAPCTBEHHBIX
CpeZIcTB B cepane (tadbmuma 1) .

[IpennoxxeHHbIN HaMu B KauecTBe
KapJIMOTNPOTEKTOpa JIMITIOCOMHBIN IIpernapar HMeeT
CJICTy O COCTaB:

Tabmuma 4.2.1.

«KuaKoKpHCTaITHUECKUE)
Ne HanMeHoBaHME KOMIIOHEHTA JIUIIOCOMBI + 11epebpo3uIs U
ranrano3usl (%)
1 Dochoaunuiapl U3 cepia KPymHOro poraroro CKOTa 7
2 XoJIeCTepHH M3 cep/ilia KPYITHOTO POraToro ckora 2
3 ["aHrIMO3KIBI 3 CepAlla KPYIHOTO pOraToro cKora 0,5
4 I{epebpo3uibl U3 cep/iia KPYIMHOro pPOraToro CKora 0,01
5 Bona 90,49

dochonumuasl U XOJECTEPUH, BBIJCICHHBIX W3
cepila KPYMHOTO pOratoro CKOTa, SBISIOLIETOCs
0orateIM  HMCTOYHHMKOM  JAHHBEIX  COEIMHEHMIH,
UCTIONB3YeTCS IA(POPMHUPOBAHUN OCHOBBI JIHITHIHOM

BU3UKYJIbl. V3BECTHO, 4YTO INpU B3aUMOACHCTBUU
JUIIOCOM € KJIETKOH  HabOmomaercss  oOMeH
¢dochonunugaMn  Mexxy MeMOpaHOH KIETOK |
MeMOpaHoii tunocom.

Tabmuma 4.2.2.

@pakuUOHHBIA cocTaB pocdoMnuI0B BXOAAUIUX B COCTAB JUIIOCOM NMPUMEHSIeMBbIX
JJIs1 HATIPABJIEHHOT0 TPAHCIOPTA JIEKAPCTBEHHBIX CEPALIAB CPeACTBO.

Dpaxumu pochonunuion %
Cdunromuenun 53
DocharuauinxoauH 41,4
DocharuaicepuH 3,4
DochaTHIUIHHOZUT 53
DocdaTuauadTaHOIAMUH 30,6
Kapanomunuia 14,0
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[pu ITOM MIPOUCXOTUT MO UKAIIHS 1. OO0pa3oBaHuEe  JIMIIOCOM M3 CMECH

dbochonmumunHOoro cocraBa MeMOpaH KIETOK C  (POCGOIMITHUAOB U XOJIECTEPUHA;

MOCJCIYIONUM H3MEHEHHEeM ¢€ (PYHKIMOHAIBHBIX 2. IlepBuuHas  ynbTpa3BykoBas 00paboTka

CBOMCTB

(Mmanxomxaes
dochomunupl,

BXOAIHUC

TM. u

Ap.,
cOCTaB

1993).
JIATIOCOM,

JIOJDKHBI 00ecrednBaTh PEKOHCTPYKLUIO JIMITUIHOTO
cocTaBa MEMOpaH KJIETOK CEpIEYHON TKaHH, YTO B

CBOIO

ouepens,
BHYTPHKJICTOUHBIE

OKasbIBas
OMOXUMHYECKHE

BIIMSTHHE
peaxkuun

Ha
n

peryiupyromue npouecce. XolecTepUH, BKIFOUEHHBINH
B COCTaB JIMIIOCOMHOTO TIpemapaTa, 00ecredrBacT
CTaOMIIBHOCTE W YCTOWYMBOCTH MeMOpaH JHIIOCOM
(JIrobemkun A.B., 1994).

Cama npouenypa Mmoiy4eHHs JHUIOCOM COCTOsIA
U3 CIIEIYIOIINX 3TAIOB:

nunocoM npu urcrore 22 kI’ B TedeHuu 30 cexyH.

3.CMemmBanie JIMIOCOM, TIIOJNyYCHHBIX Ha
TIEpPBOM 3Tarle C TIIMKOIUIHaMU.
4. BropwuHas ymnpTpa3BykoBas —obOpaboTka

nurocoM mpu grcrore 22 k[ 11 B Teuennu 30 cexyH.

Cnemyer OTMETHTh, 4YTO MOCBOMM (DU3UKO-
XMMHYECKUM CBOHCTBAaM JIUIIOCOMBI OTHOCWJINCH K
KHUJKOKPHCTAJUIMYECKHM, TO €CTh COOTHOIICHHE
(dochommmmIoB K X0JIECTEPUHY COCTABIISIIO 7:2, KpoMe
TOTO JIUIIOCOMBI OBLIM TOKPHITHI LiepeOpo3unamMu 1
TaHTJMO3UIaMH M3 CEpJCYHOM TKaHU KpPYIHOI'O
poraToro ckora.

Ta6muma 4.3.1.

HN3menenne cogep:xanus pocdoannuios B TKaAHAX cepAua npu papmako-koppekuuu 4-X 4acoBoii
cyOKOMIIEHCMPOBAHHOM rUNno6apuvecKoii ruNoOKcHu depauTuoHoM.(atMocepHoe aBiaeHue 61,66 klla,
«BbIcOTa» 4000 M HAJ1 YPOBHEM MOPSI,MMOJIb JIMIUAHOTO ocdopa /Kr Tkanu, N=12)

Konrponbrie I'pynmnsl ¢ runokcueit I'pymmst ¢ papmMakoKoppeKImen
rpymsl (K)
Aoc. Aobc. % Aobc. %
3HAYCHUS 3HAYCHUS otH. K T 3HAYCHUS otH. K T T
10 sxcrmo3uInii 4-X 4acOBOM T'HIOKCHUU
Kb4-1,n=12 OIlC4-1, n=12 bC4-1, n=12
JIOX 046 <+ 002 | 1,27 + 0062753 | -134 | 094 + 0,04 | 204,2 | -10,13 | 4,68
CoOM 186 <+ 009 ] 202 <+ 0091087 | -129 | 194 + 0,08| 1040 | -0,61 | 0,71
DX 1452 + 0,64 |1258 + 0,37 | 86,6 2,63 12,76 + 0,57 | 87,9 2,05 |-0,26
oC 121 + 005]| 134 + 0,06 1104 | -162 (135 + 0,06 1116 | -1,80 |-0,16
)71 190 + 009 ]| 181 + 0,08| 954 0,73 1,76 + 0,08| 924 1,21 | 0,51
DDA 10,74 + 0,48 | 10,66 =+ 0,48 | 99,3 0,12 |1082 + 049| 100,8 | -0,12 |-0,24
Jor 490 =+ 0,23 | 3,70 + 0,18 | 75,6 4,06 421 + 0,13| 85,9 2,59 |[-2,22
®K 041 <+ 001057 + 0031388 | -584 | 0,74 + 0,03|1795| -9,76 |-4,08
Cymma |36,00 += 161 |3395 =+ 1,34 | 943 098 [3451 + 1,49| 958 0,68 |-0,28
20 3Kcno3unui 4-X 4aCOBOM TMIIOKCHUU
Kb4-2, n=12 OIIC4-2, n=12 bC4-2, n=12
JIoX 048 =+ 002 128 =+ 0,08 | 2674 -9,7 1,13 + 0,07 236,3 | -9,46 | 1,44
CoM 191 + 008 | 191 + 0,25| 99,8 0,01 199 + 0,09 1044 | -0,70 |-0,33
X 1452 + 0,65 1250 =+ 0,25| 86,1 290 (1329 + 0,60| 91,5 1,39 |-1,22
oC 1,19 + 006 | 1,74 + 0,25 | 1464 | -2,15 | 1,28 + 0,06 | 107,5| -1,08 | 1,80
)7} 189 + 009 | 20 <+ 0,25|1105| -0,74 | 213 + 0,10 1129 | -1,85 |-0,17
DDA 10,72 + 0,50 | 11,28 + 0,25| 1052 | -1,00 [11,02 + 0,49 | 1028 | -0,42 | 0,47
Jor 491 <+ 023 343 + 025 69,9 4,36 408 + 0,15| 831 3,04 |-2,25
OK 041 <+ 00108 + 025]2033| -169 | 093 =+ 0,04| 226,2 | -12,18 | -0,37
Cymma | 36,03 + 1641|3506 + 0,25| 97,3 058 [3586 + 159| 99,5 0,08 |-0,50
30 sKcro3uImii 4-X 9aCOBOM THITOKCHH
KBb4-3, n=12 OIIC4-3, n=12 BC4-3, n=12
JIoX 046 <+ 002 142 + 0063086 | -143 | 1,44 <+ 0,06 | 312,7 | -14,34 |-0,21
CoM 18 + 0,07 207 + 0,09|1100| -162 | 203 + 0,11 108,1| -1,18 | 0,24
DX 1457 + 0,64 |1381 + 0,62 | 94,8 0,86 |14,02 + 0,63| 96,3 0,61 |-0,24
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oC 120 + 006 | 167 =+ 0071391 | -489 | 153 + 0,09| 1276 | -3,17 | 1,21
®U 186 <+ 008 ] 219 =+ 0,10 |1180 | -2,64 | 221 + 0,10]| 1186 | -2,73 |-0,09
DDA 10,75 + 0,48 | 10,69 + 0,48 | 99,5 0,09 10,17 + 0,46 | 94,6 0,87 | 0,78
Jaor 487 + 023 334 <+ 016 | 68,5 543 | 3,71 + 0,16| 76,1 4,16 |-1,63
®xk 041 + 001 084 =+ 0,04|2039 | -11,02 | 0,88 =+ 0,04 | 2144 | -11,87 |-0,80
Cymma | 36,00 =+ 159 |3602 + 163]1001| -001 |36,39 + 165|101,1| -0,17 |-0,16

T — 3navenns koappunnenta CThIOAEHTA MEXIy 3HAYCHUSIMH )KUBOTHBIX KOHTPOJIBHON IPYTIIB M TPYIIIIAMH C

THITIOKCHEH, papMaKOKOPPEKITUEH COOTBETCTBEHHO.
T1 - 3Hauenns CThIOACHTAa MEXy TPYIIIaMH C THIIOKCHEH U ¢ (hapMaKOKOPPEKITHEH.

% - 3a 100% MpOIICHTOB MPUHATO COJIEPKAHNE ITAPAMETPOB OTHOCHUTEIHFHO KOHTPOJIEHOU TPYIIIIHL

Tabmuna 4.3.2.
HN3menenne cogep:xanus pochonnuioB B TKAHIX cepana npu papmMakoxkoppekunu 4-x 4acoBoii

cyOKOMIIEHCMPOBAHHOMH rMNMO0APUYECKOli THIIOKCHS JTUIIOCOMAMM.
(atmocdepnoe naBiaenue 61,66 klla, «BbicoTa» 4000 M Hax YpoBHEM MOPSA,MMOJIb JUNUAHOTO docdopa
/Kr TRanu, n=12)

Kontpomhsie I'pynmnsl ¢ runokcueit I'pymmst ¢ papmMakokoppeKmen
rpymmst (K) py py p PPEKI
Aobc. Aobc. % Aobc. %
T T T
3HAYEHMUS 3HAYEHMUS otH. K 3HAYCHUS otH. K
10 skcrmo3uInii 4-X 4acOBOM T'MIOKCHUU
KJI4-1, n=12 OIIC4-1, n=12 JIC4-1, n=12
10,
JIDX 0,49 + 0,02 1.27 + 0,06 | 258,55 | -12,9 0,67 + 0,02 | 1359 -5,87 07
COM | g0 + 008 2024 009 | 1066 | -1,03 | 1% 1 o008| 1031 | -054 055
12,58 14,79 i
dX + 0,66 + 0,37 | 86,9 2,51 + 0,70 | 102,2 -0,33 (2,8
14,48 0
®C Lig * 006 134 L 0061132 | -185 | Y* + 005| 1045 | -070 153
U Lgg + 009 181 L o008| 974 | 039 | 18 1 008| 958 | 065 oéz
10,66 10,91 -
DDA + 0,52 + 0,48 | 100,1 | -0,01 + 0,56 | 1025 -0,34 |0,3
10,65 4
3,70 4,47 -
Jor + 0,22 + 0,18 | 75,3 4,24 + 0,10 90,8 1,86 [3,6
4,92 2
DK s = 001 057 4 0031323 | 510 | %°7 + 003| 1316 | -475 oéo
Cymma + 1,66 + 1,34 | 94,6 0,92 + 1,61 | 101,3 -0,20 (11
35,91 33,95 36,38 6
20 3KCcHO3UINH 4-X YaCOBOM T'MIIOKCHHU
KJ14-2, n=12 OIIC4-2, n=12 JIC4-2, n=12
2,2
JIOX 0,47 + 0,02 1.28 + 0,08 | 2731 | -9,8 0,94 + 0,13 | 199,3 -3,59 9
1,91 1,93 -
CoOM + 0,08 + 0,25 | 100,9 | -0,06 + 0,10 | 102,2 -0,33 |0,0
1,89 9
12,50 13,97 -
dX + 0,66 + 0,25 | 86,0 2,89 + 0,59 96,1 0,65 2,3
14,54 0
®C L1 * 006 L4 L 0251476 | 219 | ¥ 1 005 1004 | -1.37 167
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2,09 2,09 _
U + 008 L 0251117 | -083 + 008| 1119 | -1.95 |00
1,87 2
11.28 11.42 -
DDA L 049 L 025 1050 | -0,98 + 047 1063 | -1,00 |02
1074 6
3.43 424 -
T L 022 L 025 706 | 429 + 013| 872 | 245 |28
4,86 8
DK oup * 001 083 . 0925|1085/ -165 | 2" + 005| 1728 | -6.15 0é4
Cymva 1,62 L 025| 975 | 055 + 159 | 1017 | -028 |09
35,97 35,06 36,60 5
30 skcro3uimii 4-X 4acoBOM I'MIIOKCUU

KJ14-3, =12 OIIC4-3, n=12 JIC4-3, n=12
43
NOX | gas * 002 | 14, = 0063098 | 143 | | o + 005 2344 | 1183 %
COM | o * 009 207 009 | 1211 | -162 | 1% + 009 1046 | -069 0219
1381 13.01 -
X L 067 L 062 948 | 083 + 064| 955 | 071 |01
14,57 1
®C Lg * 006 167 L 0907|1397 | 507 | ¥ L 006| 1108 | -281 2214
on Lgg * 009 219 | 0101166 | -235 | 2% 4 009| 1005 | -141 160
@A | ggs 051 1089 | 48| 995 | 008 |19% L 046| 976 | 038 Of
3,34 4,28 _
ficos L 024 . 016 | 67,7 | 556 L 016| 867 | 230 |41
4,93 >
DK oap * 001 084 . 004 2097|1231 | %81 + 004 2034 | -922 0214
0.0
Cymva | ga0q = 168 | gg0p * 1683|1000 | 001 | oo+ 160 999 | 002 |5

T — 3nauenus ko3¢ dunnenta CTpioA€HTa MEXy 3HAUSHUSIMH )KUBOTHBIX KOHTPOJIBHON TPYTIITBI M TPYIIIIAMHU

C TUIOKCHEH, (hapMaKOKOPPEKINEil COOTBETCTBEHHO.

T1 - 3Hauenns CThIOACHTA MEXKIy TPYIIIAMH C TUIIOKCHEH U ¢ (hapMaKOKOPPEKITHEH.
% - 3a 100% npoleHTOB NPUHATO COAEp>KaHUEe ITapaMeTPOB OTHOCHTEIEHO KOHTPOJIbHON TPYIIIBL.

Coneprxanue docharuannxoanna npu
(hapMakOKOppEKIIMU  OEpIUTHOHOM XOTS W HE
IIOCTOBEPHO, HO HHXKE YPOBHS  KOHTPOJIBHBIX
rokasareje He3aBUCUMO OT JIIATCIIBHOCTHU TUIIOKCHH, IMOJIYYCHHBIC
0JTHAKO BOCCTAHABJIMBAJIOCH IO KOHTPOJIbHBIX BEIMUMH  COAEPIKAHUS

pu
pyroi

KpYIHOHI

KOHTPOJILHOTO YPOBHS BO BCE CPOKH HCCIIEIOBaHUS
HE3aBHCUMO OT cII0c00a KOPPEKLIUH.

3acoyKuBalOT 0COOOr0 BHUMAHMS PE3yJIbTATHI,
UCCIIEI0BAaHUH

HU3MEHEHHS
bpakiun

IIpyu BBCIACHUU nmnocom. 13 MMPEACTABJICHHBIX JTaHHBIX
BUJAHO, 4YTO COJACPKaHUC J'II/I30(1)0C(1)3TI/IﬂI/IJ'IXOJ'H/IHa
3HAYUTCIIbHO BBIII€C KOHTPOJBHBIX BO BCEX ONBITHBIX

rpynnax. OpfHaKo TPH KOPPEKIMH THIOKCHH C
UCTIOJIb30BaHUEM JUIOCOMAJIBHOTO npenapara
npociexuBaercss 3(QGEKT B CTOPOHY CHIDKCHUS

conepxanus nu3opocharunmixomuna. Kpome Toro,
MoJisipHas — noyis  Ju3odocdaruamixonuHa  Oblia
MPUMEPHO HAa OJMHAKOBOM ypoBHe mociie 20(Tpymma
JIC4-2) u 30 ceancoB (rpymma JIC4-3) rumokcun Ha
(hoHe BBEACHHS TUTIOCOM.

Conepxannie  ¢GocPaTuIHOW  KUCIOTHI  MPH
KOPPEKIMH THIIOKCUM HE WMENO TECHICHIHI K
CHIDKCHHIO OTHOCHTEIBHO ONBITHOH TPYHIBI  C

FI/IHOKCI/ICﬁ, OJITHAKO OCTaBaJIOCh 3HAYUTCIBHO BBIIIC

dbochomunuaoB — audocharugunriavmneposa. 31ech
MPOCIIC)KUBATIOCH YBEIHUYCHHUE COJCPKAHUS JTaHHOTO
¢dochonununa BHE 3aBUCHMOCTH OT KOPPEKIHH U
JUINTCIFHOCTH  CPOKOB  THIIOKCHH.  BBejeHue
OCpIIMTHOHA U JIMIIOCOMATIFHOTO Mperapara He BIHLIIO
Ha KOJHMYECTBEHHOE COACp)KaHUE CHUHTOMHEIHMHA, U
OKa3bIBAIO CXOXUH JPPeKT Ha  comepiKaHUe
(dbocharununcepruna u GocharunauInHO3UTA.

Cxoxme pesynpTata OBUIM  TIONYy4YeHBl B
SKCHEpUMEHTaX ¢ (HapMaKOKOPPEKIUU COICep KaHUSI
dbochomunumon npu 8-uacoBoit
CyOKOMITEHCUPOBAaHHOW THUMIOOAPUUECKON THITOKCHU.
3mecs  Takke ~— HAOmIOAAamach — BOCCTAHOBIICHHE
cogepxanuss AP u cyMMapHOro KOJIUYECTBA
¢bochomumuor HE3aBUCHMO oT T
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(apmakokoppeknuu, Ha (OHE BOCCTAHOBIICHUS
¢dpaximu ©X npu BBEACHUH JTUIIOCOM.

THUITIOKCHA

HOpMa

Mt

dhocdarumHas kucmora

I ochaTHARITIUICPOIT

(dhochaTuarIdTAHOIAMUAH

hochaTnANITHHOZUT

dochaTuauncepus

dochaTHIUITKONUH

Cdunromuenux

JInzodocharununxonun

Puc. 3.3.1. Toukocnoiinas xpomamozpagus gpocgoaunudos cepoya

3HauuTeNbHO BO3pacTana u Jons QocharunHoi
KHCIIOTBI, KOTOpas yBeIMYHBAJIacCh B HEPBOH rpyIie
42%, Bo BTOpoO#i Ha 109,1% u B Tperbeir Ha 109,7%,
cootBeTcTBeHHO (p<0,05). AGcomoTHOE coaepkaHue
dbocharuaniceprHa JAOCTOBEPHO OTIHYAIOCH OT
HOpMbl Jmmib  Ha  20(yBenuuenume Ha 145,8%
otHOcuTensHO HOpMEI) 30 (yBennuenue Ha 139,7%
OTHOCHTEJIbHO ~ HOPMBI)  CYTKH  OKCIEpPHMEHTA.
ConepkaHue OCTalIbHBIX (Gpakuuu (HochHOTUIHI0B
b0  ocTaBaloch B Ipenesiax  HOPMBI - JMOO
MIOJIBEPTAJIOCH HE3HAUNTEIbHBIM H3MEHEHUSIM.

B skcniepuMenTax MpoBeJeHHBIX MPH 4-X 4acOBOH
JIEKOMIIEHCHPOBAaHHOH THII00ApUYECKON THIIOKCHU
ObUIO  YCTaHOBJIEHO  YBEJIMYCHHE  CYMMapHOTO
KOJINUECTBa M OONBIIMHCTBA Qpakiuii pochonunugon
(tabnuua 3.1.2.). Kak BumHO U3 TabnuIpl cyMMapHOe
KOJIMYeCTBO (POCPOIUNHUIOB B CEPIlE IKHBOTHBIX
MOABEPTHY ThIX CyOKOMITEHCHPOBaHHOM
TUIO00APUUYECKO THUIOKCHUHM, HMENO BBIPKEHHYIO
TEHJCHIMIO K YBEJIUUYCHHUIO, XOTS 3TH U3MEHEHHsS He
BCeraa ObLIM CTATUCTHYCCKH 10CcTOBepHBIMHE (p>0,05).
Tak  cymmapHoe  coxepxkanue  (ochonunumos

JIOCTOBEPHO OTIMYAIIOCh OT KOHTPOJIS TOJIBKO 1ocie 20
u 30 skcmosumuit rumokcuu (36,07 MM/Kr chIpoit
TKaHU B KOHTPOJBbHOM, mpotus 42,15 MM/kr mpu 20
sKkcrio3unuii runokcun u 42,91 MM/kr Ha 30 cyTku
9KCIEPUMEHTA, COOTBETCTBEHHO).

W3 mpencraBieHHbix Ha Tabnwuie 3.1.2. maHHBIX
BUJIHO, YTO CoJepkaHue Iu30(ochaTuIMIXONuHa U
¢docdaTHaHON  KUCIOTBI ~ 3HAYUTENBHO  BBIIIE
KOHTPOJIBHBIX BO BCEX ONBITHBIX TIpymmax. Tak
MOJSIpHOE ~ cozpepkaHue  Jm3odochaTHaMIXOIHHA
Bo3pacTayio B 3 pa3 Ha 10 cytku, Ha 4,6 pa3a Ha 20
cyrku u 5,4 pasa Ha 30 CyTKHM OSKCIEpHUMEHTA.
3HaunTeNbHO BO3pacTana W jpous  QocdaTuaHON
KHCJIOTBI, KOTOpasl yBEJIMYMBAJIACh B IEPBOM rpyIIe HA
3,2 pa3a, Bo BTOpod 3,8 m B Tperbeil Ha 4,3
paza(p<0,05). Taxoke Ha0JI0 1aJICs TIPUPOCT
aOCOJIOTHBIX 3HaYeHui cunromuenuna(ua 10-20%),

¢bocoaruanncepuna(ua 19-29%) u
¢bocoarnannrHozuToNA(HA 30-56%). B
KOJIMIECTBEHHOM COZIepXKaHuU bpaxumii

¢docharuannxonnHa HaAOIIOMAINCH HE3HAYUTEIbHBIC
mmMeHenus. Copepxkanue audocharuamiriniepoa
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YMCHBIIAJIOCK B CTAaTHCTUYCCKHU
Mpeenax BO BCe CPOKH DKCIIEPUMEHTA.

3acoykHBalOT 0COOOr0 BHUMAHUS YBEIHMUYCHHE
COJICpKaHUS PYTOH KPYITHOW (ppakiui HEUTpaIbHEIC
¢dochonaunuaos - (docoaruannsTaHOIAMUHA.
IIpocnexuBanocy yBETUUCHHE COACPKAHUS IaHHOTO
dochomumuma BHE 3aBHCHMOCTH  UINTEIBHOCTH
cpokoB runokcud. Kak BumHO 13 Tabmmmel, Ha 10cyTKH
SKCIIEPUMEHTA cofiepkanne GpochaTHIIIITaHOIAMIHA
HaXOJMJIOCH B

mpenenax 13,6+0,61 MM, Ha 20 u 30 cytkm
15,15+0,68 u 14,46+0,59 MMCcOOTBETCTBEHHO.

IIpun 8 4acoBOH
CyOKOMITEHCHPOBAHHOWTUITOOAPUYCCKONH  THIIOKCHH
TaK ¢ KaKk W B MPEABIIYIIUX CIyYasx, 3HAUUTCIHHO
Bo3pactaer conepxkanue JIOX wm DK, Ha QonHe
nocrosepHoro cHmkenus nonu JI®I (1,3 pasa Bo Bce
CPOKH WCCIICIOBAaHWI) W TOBBIIICHHS CyMMAapHOTO
kommaectBe (pochomumumor (Tadbmumer 3.1.3.). Kak
BUAHO W3 Tabmuiel 3.1.3, abcomroTHOE coiepiKaHue
JI®X Opmo moBemeno B 4,1; 4,2 u 4,3 paza mo
CpaBHEHMIO ¢ KOHTpoJsieM; DDA- ysenndeno B 1,1; 1,2
u 1,2 paza; ®K- B 2,2; 2,4 u 2,8 paza OTHOCUTEIBHO
HopmMel Ha 10, 20 wu 30 CyTKH THIIOKCUH
COOTBETCTBEHHO. YPOBEHb JETrKOOKHucisieMbix @JI
Bo3pacTai Toyibko Ha 20 u 30-e CyTKH dKCIepUMEHTA!
®U —na 11%; 16% ; DC - 21%; 45% COOTBETCTBEHHO.
BrIsiBIEHO HENOCTOBEpPHOE H3MEHEHHUE COJEpKaHUs
dbocharuanIxoouHa B TEUEHHE BCEro IMepuoja
HaOJroIeHUs W COUHTOMUETNHA B HadaJbHBIE CPOKHU
HCCIIEJOBAHUMN.

B crmenyromeil cepum AKCIEPHUMEHTOB OBLIO

JAOCTOBCPHBIX

YCTAaHOBJICHO, 4qTo 8 qacoBas
HeKOMHCHCI/IpOBaHHaﬂFHHO6apI/I‘I€CKa$[ TUIIOKCHA
BBI3BIBACT TOTAJIBHOC OTKJIOHCHHC JIMITUIHBIX

MokaszaTeield OT KOHTPOJBHBIX 3HAYEHHUil, KOTOpbIE
ClIelyeT OLIEHUTh KaK pe3yJbTaT CyOJeTalbHOIO
BO3JICHCTBHSI THIIOKCHYECKOTO MOBPEXK/ICHUS] MeMOpaH
KJIETOK — YyMEHBIICHHE KOJIMYECTBa CTPYKTYPHBIX
JIUIHJIOB, B CJIEACTBUE YTUIN3AIMU IOCIEHUX .

[Tpn naHHOW MOJENM TMIIOKCHH OBUIO BBISIBICHO
KPUTHUYECKOE CHIKEHHE Kak CYMMapHOTO
COJIep)KaHMs, TaK M  OCHOBHBIX  (ppaxumit
(ochonumuIOB COYETAHHOTO C YBEJIMUCHHEM JOJHU
JIOX u OK. MousipHoe coJiep KaHue
mm3odocharnauxonuHa Bo3pacTaio B 3 paza Ha 10
cyTkH, B 4,4 pa3a Ha 20 cytku u 4,9 pa3za Ha 30 cyTKH
SKCHEPUMEHTa. 3HAYUTENbHO YBEINYHMBAIACH M JOJ
dbocharuanoit xkucnotel (3,8-4,6 pasza (p<0,05)). Kak
BUAHO W3 Tabmuipl 3.1.4, abCOMIOTHOE CcolepKaHue
®X Ob110 IOHMKEHO Ha 15; 26 11 29% 1m0 cpaBHEHHIO
¢ koutponem; IPI - na 42; 49 u 49,5%; ®U- na 29; 31
u 34% mna 10, 20 u 30 cyTkm OSKCIEepHUMEHTa
COOTBETCTBEHHO. BBIsIBIEHO HENOCTOBEPHOE

CHIDKEHHE coJiepKaHus
(ocharnannsTaHOIaAMIUHA B TEUYEHHE BCETO IMEpHoja
HaOmoznenust, a COM n ®C B HavyaidbHBIE CPOKH
HCCIIEIOBaHUM.

Kak mnoxa3zanu Hamu pe3ynbTathl,
CIOCOOCTBYET 3HAYUTEITHEHOMY
KOJINYECTBEHHOTO
mudochaTuIUITIUIEepoIa B

TUTIOKCHSI
CHIKEHUIO
COZlepKAHUS
TKaHIX  cepaua,

MIPEAIIONOKUTEBHO  3TOT  (aKT yKasblBaeT Ha
yCUJIEHHE Aerpaflalluidl MUTOXOHJPUAIIBHBIX CTPYKTYP
KJIETOK CepJilia MpH TUIoKcHu. B HekoTopbIx paborax
OBLIO MOKA3aHO, YTO B yCIOBHSX AUPHUINTA KHCIOPOIa
Been 3a Gpa3oBbIM yBeaHueHHeM cynepokcuaa u H2Oz
MOJKET HapacTaTb YpPOBEHb TMAPOKCUI paaukana [13;
c.2-4], omHOW W3 OCHOBHBIX MHIICHEH KOTOPOTO

SIBIISIETCSI MHUTOXOHAPHATBHBIN KapIHOJIUIINH,
dbochomunua,  comep)kamIMii  YETBIpE  OCTaTKa
JIMHOJIEBOA KUCIOTHI[ 14 c.1864-1884].

[IpeanonoXuTeTsHO CXOKUE TMPOIIECCHl IPOUCXOIIT U
TIPY THITOKCHYECKOM TOPAKSHUN CepACIHON TKaHU.

CyMMI/IpyH IMOJYUYCHHBIC pPE3yJIbTaTbl, HaMH
CJACJIaH BBIBOJ O TOM, 4YTO FI/IHOGapl/IquKaﬂ TUIIOKCHA
COIIPOBOXKIAACTCA Ka4uyCCTBCHHBIMH u

KOJINUYECTBEHHBIMU H3MEHEHUSIMH KaK CYMMapHOTO,
TaK ¥ (PaKkUHOHHOTO cocTaBa (POCHONUNHUIOB KIETOK
CeplIeYHONH TKAaHM M CTENEHb J3TUX HAPYIICHUH
HaXOJHTCS B MPSAMOH 3aBUCHMOCTH OT HHTCHCUBHOCTH
1 JUINTETHHOCTH THIIO0apHIECKOH THIIOKCHH.

BuiBoabI.

1.BiiepBrie HCCIIEJOBAaHO HU3MCHEHHE
¢paknroHHOTO cocTtaBa (OCHONUIUIOB CEepACIHOM
TKaHM B 3aBHCUMOCTH OT HMHTEHCUBHOCTH U
NPOJOJDKUTENILHOCTH  THINOOApPUYECKOil  THITOKCHU.
BeisBieno 3HAYHUTEILHOE U3MCHEHHE
KOJIMYECTBEHHOI'O cocTaBa (HOoc(OIUITUIOB, KaK B
YCIIOBUSAX CyOKOMIIEHCHPOBaHHOM, TaK u
JIEKaMIICHCUPOBAHHOM T'MIIOKCHH. Y CTaHOBJICHO, YTO
CyOKOMIIEHCHpOBaHHass THIIOKCHS 4-X  49acoBOH
TIPOIOIDKUTENEHOCTH XapaKTepU3YIOTCsI HapacTaHUEM
kommgectBa Jm3odopmer ®X, ®C u ®K Ha ¢one
ymenbineHnd ppakmuit @X u IOl npu Hen3sMeHHOM
konmuectBe cymmapueix  @JI, nocroBepHO  He
OTJIMYAIOIIMXCS OT KOHTPOJSI BO BCE CPOKH
HaOJIFOAEHMUSL.

2.Cxoxast CcHTyaus
CyOKOMITEHCHPOBAaHHON
HPOJODKUTEILHOCTH.

Habmomamach M TIpH
TUIIOKCUH 8-gacoBoit
IIpyu  nEeKOMIIEHCUPOBAHHOM
rUnodapuIecKon TUIIOKCUH 4-x 4acoBOM
MPOAOIDKUTEIBHOCTH  HAaOJIONANIOCh  TOCTOBEPHOE
cHmkenue copepxkanust OX, P u Bo3pacraHus
ypoBHst JI®X, OC, OU, DK, ®OA Ha doHe
YBEIMYEHUS CYMMapHOTO KOJIIYeCcTBa (POCOIHITHIOB.

3. OnHako npu 8-4acoBOHM JEKOMIIEHCUPOBAHHON
TUIMO0AapHYECKON THIIOKCHH  OBIIO  YCTaHOBIICHO
yBenuuenue cojepxkanus JI®X u DK npum
CYIIECTBEHHOM CHIDKEHHE COJEP)KaHHS OCTaIbHBIX
(bpakiuii 1 cyMMapHOTO coJiepkaHus GOoCHOTUTIHIOB.

4. ®apMaKOKOPPEKIMH TPH THIIOOAPUIECKON

TUIIOKCHUM JINTIOCOMAaJIbLHBIM pernapaToM
colepkaniuM, oOecrevYnBaeT HOPMAIM3AINI0 Kak
CyMMapHOTO  COJIEp)KaHusl, TaK U  OTAEIbHBIX

¢dpakroHHOro cocraBa (GocoIMIUIoB cepaeyHOH
TKaHH.
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ADAPTIVITY OF PLANTS IN STAGE IN VITRO-EX VITRO
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AJANITUBHICTD POCJIMH HA ETAIII IN VITRO-EX VITVO

Abstract. The results of studies on generalization of ways to improve the adaptation of test tubes in vitro-ex
vitro are presented. The causes of stressful situations that cause changes in metabolism, anatomically-
morphological, and restructuring of the whole organism in the process of growing under in vitro conditions are
described, which ultimately influences the postseptic healing of plants. Taking into account the biological
characteristics of the studied cultures, different approaches have been tested to reduce material loss in the in vitro-
ex vitro. The possibility of using to increase the adaptability of test tubes to the state of their dormancy has been
proved, which will allow the regenerating plants to "prepare" for stress. This was confirmed in experiments with
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potatoes, hostas, raspberries, blueberries and other crops. Considering that the success in plant engraftment in the
postaseptic period is largely due to the presence of a well-developed root system, plants in vitro should successfully
shape it. For this purpose cultivation on depleted mineral nutrient solutions is used, depending on the needs to
adjust the concentration of phyto-alexins and to select those that would contribute to the greatest effect. In working
with individual cultures, positive results are obtained by adding activated carbon to the culture medium. Often the
better engraftment of test tube plants is facilitated by the use of mycorrhizal fungi, although this technology is
often complicated. The use of antiseptic chemicals also has a positive effect on reducing losses in the process of
engraftment of test tubes.

AHoTauis. HaBeneHi pe3yibpTaT AOCIIIKEHB 3 y3aralbHEHHS CTI0CO01B MOIMITUTH afanTamii mpoOipKoBHX
pociHH Ha eTari in Vitro-ex vitro. Omicani MPUYHHA CTPECOBHUX CUTYAITiH, SIKi 00YMOBITIOIOTH 3MiHH MeTaboITi3My,
aHATOMO-MOPGOIOTiuHi, TIepeOyI0BM BCHOTO OpPraHi3My y TIPOIIECi BHUpPOIIYBaHHS B yMoBax in Vitro, mo B
KiHIIEBOMY pE3yJbTaTi BIUIMBA€ HA IMOCTACENITHYHE IPIKUBICHHS POCIHHH. 3 ypaxyBaHHSAM OiONOTIYHHX
0cO0JIMBOCTEH AOCIKYBAaHUX KyJIBTYp BHIIPOOOBYBAJIHMChH PI3HI MiAXOIM Ul 3HW)KEHHS BTpaT Marepialy Ha
erami in Vitro-ex vitro. /loBeneHa MOMITHBICTh BUKOPHUCTAHHS ISl MiJBHINCHHS aJanTHBHOCTI MPOOipKOBHX
POCIIMH CTaHy iX CIIOKOIO, IO J03BOJMThH POCIMHAM-PEreHEpaHTaM «IIiJArOTOBHTHCH» 10 cTpecy. Bukmanene
MiATBEPAWIOCH Y EKCIIEPUMEHTax 3 KapTOIUIel0, XOCTOI, MAaJMHOIO, JIOXMHOK Ta IHIIMMH KyJIBTYpPaMHu.
3BaXkalouM, IO YCHiXH B IPWKUBJIECHHI POCIMH Yy HOCTACENTHYHUN MEpiof BEIMKOI MIpOI0 O0yMOBIEHI
HAsBHICTIO 10Ope PO3BHHEHOI KOPEHEBOI CUCTEMH, POCIUHY N Vitro moBuHHI ycmimHo GopmyBaTH ii. st nporo
BUKOPHCTOBYETHCS KyJIBTHBYBaHHS Ha 301MHCHHX MIHEPaJIbHUX IOKMBHUX PO3YMHAX, 3aJICKHO BiJ mMOTped
KOPUTYBATH KOHIICHTPAI[i0 (iTO alleKCHHIB Ta MiIOMPATH TaKi, sKi O CIpUsUI HAUOIMBIIOMY edexTy. Y poboTi 3
OKPEeMHMH KyJIbTypaMH IO3UTHBHI pe3ylbTaTH OTPUMYIOTh, IOJAI0YH B JKUBHJIBHE CEPEIOBHINE aKTHBOBAHE
ByTiLIA. YacTo KpamoMy IPIKUBICHHI MPOOIPKOBUX POCIHH CIIPHsIE€ BUKOPUCTAHHS MIKOPHU3HUX TPHOIB, X04a
151 TEXHOJIOTis Hepiako OyBae CKIagHO. BUkopucTaHHS XIMIYHHX TIperapaTiB-aHTHCENTHKIB TAKOXK TO3UTHBHO
BILUIMBA€E Ha 3MEHIIICHHI BTPaT y NPOLEC] MPUKUBJICHHS POOIPKOBHUX POCIIHH.

Keywords: in vitro, ex vitro, adaptation, dormancy, plants, phyto-alexins, nutrient composition, chemicals.

Keywords: in vitro, ex vitro, adanmayisn, cman cnokow, pociunu, imo arexcunu, cKiad HCUSUILHO20
cepedosuwa, XiMiuni npenapamu.

IMocranoBka mpoGjemn. He3Baxaroun Ha  NPUCTOCYBAaHHS 3a JABOX THIIB afanTauii: 1 - BeneHHs
MONIYKA  paIliOHAIBHUX IUTSXiB BUKOHAHHS  MEpPUCTEM 3 HATHBHHX YMOB B TMpoOipkoBi; 2 —
JOOCIIDKEHb 3  MIKPOKJIOHAIBPHOTO PO3MHOXEHHS  IOCTacelTHYHA aJanTamis. SIKIIo B epioMy BUIAAKY

POCIHH i 0 HUHIIIHBOTO Yacy iCHy€ YUMajl0 BUCOKO
3aTpaTHUX MPOIIECiB, OB’ I3aHUX 3 HAM, HE BHPIIICHO
NUIIXA ~ ONTUMI3amii oOKpeMHXx 3 HHX. Hasits,
MOPIBHIOOYH 13 BBENCHHSM B KymbTypy in Vitro
JIOCIIIJDKYBAHOTO Marepiany, aJanTHBHICTh POCIUH-
pereHepaHTiB 70 yMOB €X Vitr0 Oimbin ckiajgHa
npobsiema 3actocyBanHsi merony [1, 2]. Biomoriuni
0COOJIBOCTI KyJIbTYP HE J03BOJISIOTH MIOBHOK MipOIO
BUKOPHCTOBYBaTH PO3POOKH CTOCOBHO 30€peieHHs
pociuH Ha erami in Vitro — ex vitro (HectepuibHi
YMOBH), a TOMY YHCICHHI JOCIITHUKA BiIMI4alOTh
BEJIMKI BTPAaTH MaTepiay caMme B Iie nepiox [3, 4].

AHaJii3 oCTaHHIX AOCJiIKeHb Ta MyOJiiKauii.
Jlo HHUHIOIHBOTO dYacy 3alpOINOHOBAaHO YHMAJO
Croco0iB MiIBUIIEHHS aJanTaIlil pociuH B mepiox in
vitro — ex vitro [5, 6]. 3a ix BUKOpHCTaHHS POOHUTHCS
crpoba BpaxyBatu (i3i00ro-aHaTOMIYHI OCOOIMBOCTI
npobipkoBuX pocnuH [7], cTaH iX PO3BHTKY,
MPOBEJICHHS MiATOTOBYMX MPOIIECIB J0 MepecaKEHHS
ex vitro.

Hjine nmocaimkennsi. BuxopucroByounm pi3Hi
MiAXOMW, WIJBHIINTH AaJaNTUBHICTh MPOOIPKOBHX
POCIIHH Ha eTarti in Vitro-ex vitro.

PesyabTaTn pociuimskeHHsi Ta 0O0roBOpeHHS.
OcHoBH MIPUCTOCYBAIBHOTO MeTtaboizmy,
AHATOMIYHUX, MOP(OJIOTIYHIX 3MIH OKPEMHUX OpPTaHiB,
opratiamy, y IJIOMy, 3aKJIaJalOThCsl B amiKaJIbHHUX
MepucTeMax. BOHH, B CBOIO 4epry, € pe3ylbTaToM
MPOLIECIB, 110 IHAYKYIOThCS YMOBAMH KYJIbTHBYBaHHS.
Ha namy gymky, caMe 11i 0COOIMBOCTI CTaHy MEPHUCTEM
1 MBHAKICTE 3MIHM B HHX BIUIMBAIOTh HAa

010TeXHOJIOraM JOBOAUTHCS BHUPINIYBATH MPOOIEMY 3
HEBEJIMKOI0 YacTHHOIO MaTepially, TO B OCTaHHbOMY
e(eKTHBHICTh aJIalTallii BIUIMBAE HA KOMEPIiai3amiro
CaJIMBHOrO Marepiany. TEeXHONOIiYHO aKTHUBHICTh
MepucTeM (0anaHC TOPMOHIB, aHATOMO-MOPGOJIOTiUHI
0COOJIMBOCTI, TOILIO) HEOOXIAHO «Iepe3aBaHTaAXKUTI.
Y nmpupoxi Bigomi aHajorm Ttakoro mpouecy. Lle
BXOJDKEHHS POCIIMH y CTaH CIIOKOIO, IO JI03BOJISE 1M
HOJI0JIaTH HECIIPUSATIIMBI YMOBHU 1 TOYaTH KUTTEBUA
OUKJI 3 TMOYaTKy Yy BHIVISAI HOBOTO OpTraHi3My:
HaciHUHH, YW OPTaHy BETETaTHBHOTO PO3MHOXKEHHS.
[Momyk MeTomiB BHUKOPHCTaHHS CHOKOIO POCIHH-
pereHepaHTiB, ki O JO3BONMIIM  TIOKPAIIUTH
MOCTACENTUUHY aJalTalilo, YacTo € aKTYaJIbHOIO
METOI0 JIOCIHIIKEHb I KOMEPUIHHUX TEXHOJOTIN
MIKPOKJIOHAJILHOTO PO3MHOXKEHHSI.

[Ipopocranus HaciHUHY, 200 OyIHLOH, MOYMHAIOYN
3 TMEepuIoro eramy OpraHoreHe3dy, 1 BIPOJOBXK
JKUTTEBOTO IMKITY, Y POCIHH BiZOyBa€ThCS amamTariist
JI0 yMOB HaBKOJMIIHBbOrO cepefosuiia. e B
MuHyjiomy ctomitti @.M. Kynepman [8] BcraHoBmIIa,
10 HABKOJMIIHI yMOBH IiJl 4Yac OHTOTCHE3y
BU3HAYaIOTh O0COONMMBOCTI (OpPMYBaHHS OprafiB i
TKaHWH OpraHi3My, B SKHX Y CBOIO 4Yepry,
3aKJIaJaf0ThCsI MPUCTOCYBAHHS /10 HUX. TaKUM YMHOM,
JIOYipHIH OpraHi3M: HaciHHs, Y1 OpraH BEreTaTHBHOTO
PO3MHOXXEHHS  TOTyeThcs 10  Oii  (akTopiB
HaBKOJIMIIHBOTO CEPE/IOBHIA IIe B TI'€HEPaTUBHOMY
Tepiosii MaTePHHCHKOT POCIIFHH.

3okpema, HamuM padime Oyno  yCIIIIHO
BHUKOPHCTAHO BBEJCHHS POCIHMH y CTaH CIIOKOIO, SIK
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croci6 amamrarii pocnuH in Vitro, mis kaprorun Ta
xoctd [9]. 3a BHcamKXyBaHHS B 3aKpUTUH IPYHT
po3canu Ta MikpoOyJIb0 BUSBJIICHO BiIMIHHOCTI B POCTi
pocnuH Kaprorii. Po3cany BucampKyBaiau B 3aKpUTHH
IpYHT Bxke i3 c(popMOBaHOIO (IariH 3 JIUCTKAMH)
HaJ[3¢MHOI0 YaCTHHOIO, a ISl MIKpoOysIb0 HEoOXiqHO
Oymo 18 pmHIB [Id TOABH NepmAX CXOmiB. Y
BHUCADKCHAX  PEreHEPaHTIB  BCTAaHOBJICHO  pi3HY
KUTBKICTh TOJIOBHHX CTEOEN Y POCIHHI Ta HEOJHAKOBY
TMOWHY  3aKjIaJaHHA CTOJIOHIB. HacamkeHHAM,
c(hOopMOBaHUM i3 po3cajy, BIACTHBE OTHE CTEOIIO 1 HE
rmOoKe 3aKiamgaHHsa croioHiB (1,5 cMm), a pocnuHH
KapToIUTi, IO BHUPOCIH 3 MiKpoOyns0, Mamu 1Ba i
OinblIIe MaroHis.

MeHIIa KiJgbKICTh CTOJIOHIB 'y HAaciHHEBOTO
Marepiany 3 po3caly TaKoX ITOB’s3aHa i3 MOKIIUBUMH
MOCTACeNTUYHOTO TPHUCTOCYBaHHSA pociuH. Tak,
po3cani HeoOXiTHMI TeBHUK Tepio] I PKABAHHS,
M Yac SKOTO 3HMKYETHCS TYpProp, W0 € CHJIBHHM
CTPECOBHM YHHHUKOM. SIK BiTOMO, CTpeC CTPIMYE PicT
1, BIIMTOBITHO, TAEMY€ YTBOPEHHS OLTBIIOI KiTBKOCTI
BEreTaTHBHUX OpTaHiB ( B T.4. i (JOTOACHMITIOIOUHX,
Bil AKX 3aJIC)KUTh TPOMYKTUBHICTH), a TaKOXK
CKOpOYY€E BEreTallilo, 10 B CBOIO Yepry MMO03HAYAETHCS
Ha MPOAYKTHBHOCTI POCJIMH. Y HAIIOMY JOCHiJIi B 000X
COPTIB KapToIUli B 3aKPUTOMY TIPYHTI YTBOPHJIOCH
Oinpmie  MiHIOYNBO y PpOCIMH, IO BHUPOCIH 3
MiKpoOyJIB0, Hixk 3 po3caau. OTxe, BBEICHHS KapTOILI
in vitro B cniokiii (yTBOpeHHs MiKpoOyJIp0) MOKpaIye
MOCTACeNTYHY aIarnTalliio.

[qmum  OoTaHIYHMM — BHIOM, Ha  SIKOMY
JIOCTI[DKYBAITH BILTMB BBEIEHHS POCIIHH iN VItro B ctan
CIIOKOIO, Oy pereHepaHTH [BOX COPTIB XOCTH.
Haii6isnpIua KiJbKiCTb POCIIHH, SKi IIPHKUITUCE €X Vitro
Oyna y BapiaHTi, ¢ BOHH MPOMIILIM CTaH CIOKOI0. 3a
60 nHIB  KyJbTHBYBaHHS B ILbOMY  BHIIQJKY
chopMyBasach HaiOijblIa KUIBKICTh MAaroHiB, maca
POCIIMH, HE3BaXXAlOuu Ha Te, L0 B HepIIi JHI pOoCTy Y
HUX OyJM JMIIe HEBEJNWKI Ta 3rOPHYTI IJIACTHHKH.
IIpote, pociuHM 000X COpPTIB I[OrO BapiaHTy 3a
po3MipaMH 1 Macowo TepeBakaly iHII BapiaHTH B
JeKibKa pa3iB. 30KpeMa pOCIHMHH, BHpPOILICHI 3
Marepiany, 1[0 HE TNPOMIIOB CTaH CIIOKOI0, MalH B
cepenHpoMy Macy y copry “Ilarpior” 0,5 r (po3cana

6e3 kopens) 1 0,9 (po3cana 3 KOpeHeM), IPOTH 3,6 Tpam
y POCIIHH, IO IIPOMIIUIN CTaH CIIOKOIO.

Iopsim i3 MopdoreHe3oM MaroHiB Ta KOPCHIB
OCHOBHHMM IIOKa3HMKOM IIOCTaCETHYHOI ajanTauii €
NIPYWKUBIIEHHS POCIUH. SIKIO B KapTOILL  MiX
po3camor i MiKpoOyiap0aMHu HE BIAMIYAIOCh YiTKOT
pI3HUII B TPWXUBICHI aCeNTHYHOTO MaTepiamy, a
BUSIBJICHA DPI3HULS JIMIIE 32 PO3BUTKOM, TO B XOCTH
MPYKUBJICHHS POCIHH IN VItro myxe Bifpi3HAIOCH 32
BapiaHTamMH 3 IHAYKIi€0 1 6e3 iHmyKmii KopeHeBoi
CHCTEMH ayKcWHaMH. 30kpema, B copty “ Ilaymsc
I'mopi ” 3 po3cagu 6e3 xopens nprkuiaocs 37,8 %
POCTHH, a 3 KOpiHHIM — 56,6 %. Hait0inpmmii BiicoToK
MIPW)KUBAHHS CTAHOBHMB Y BapiaHTi 3 POCIWHAMH, SIKi
mpoiinm  craH  cnokoro  — 87,2, Ilonibna
3aKOHOMIPHICTh BCTaHOBIICHA i B copty “ [laTpiot .

TakuMm yMHOM, y JOCIIiAaX 3 pOCIMHAMH KapTOILTIi
Ta XOCTH BCTAHOBJIEHO, IO BBEJAEHHA IN Vitro
pEeTeHEepaHTIB y CHOKIH MMOKPAITy€e iIXHE IIOCTACEITUIHE
KyJIbTYBaHHs, TOOTO, 3a TakMX YMOB Kpalle
BimOyBaeThes amanTamis [9].

Otpumani  pe3yIbTaTH
pociuHax ex Vitro mamuau (coptd “ Bpyceana 7,
Octavia », “ Maravilla », temneparypa +2-4°C),
noxunu ( coptu “ Patriot ”, “ Bluecrop ”, temneparypa
+6-8°C), ¢dyunyka (copr Bapcenoncvruii, +4-6°C).
[Taronu pocnuH iepeB’ siHINM, OpYHBKU 301IBITYBaITHCS
B pO3Mipax Ta BKpUBAIHMCS 3aXHCHHUMH KPHIOYHMH
JIyCKaMH, JIUCTS CTapijio ¥ omaaano. 3a MiJABHUIICHHS
TeMITepaTypH BiAMidaaoch MpoOyKEeHHS OpYHBOK Ta
CIOCTEpiraBcsl BHPIBHSHHUHA PICT POCIHH IICIA CTaHy
CIIOKOIO.

lamonenko M.b. Ta P.B. IBanmnikoB [10]
MMOCTACENITUYHY aJIalTAIli0 CiTHIIIB ANacamptismorio 3
pomunu opxineitnux (Orchidaceae) posmouwnnanu 3
TOrO, L0 KOJOM 3 pereHepaHtamu, sKi pOCIH Ha
YKMBUJILHOMY CEPEJIOBUIL, IEPEHOCKIIN B ITPOXOJIOIHE
Miclie, IMITYI0UH YMOBH TIEPEXOAY JI0 MEPioy CIIOKOI0
Ta 3 METOI0 IXHBOT'O 3arapTyBaHHS.

B nmanwii yac Hamu B ymoBax ®@I' " Beppi ®apm
IOkpeiin " BuUpomlyeThCS CaiMBHMH  Marepiai
NaBJIOBHI{ 3 BUKOPHCTaHHIM HETPHUBAJIOTO
JOpOoLIyBaHHS €X Vitro Ta BBeleHHs HOro B CTaH
criokoto (puc. 1). YMoBu 30epiranHst pociauH B CTaHi
crokoro: Temneparypa +8 °C; Bonoricts 45-55%.

MATBEPIKCHI  Ha

113

Bonoea kamepa onss nocmacenmuunoi aoanmayii

Pecenepanm nasnosnii uepez muoicoens nicis
aoanmayii' y 60102ii Kamepi




28

Biopocmanns 6pynvox 6 bazanvhiil yacmuni (pecenepanmu nasio8HIL NiC/isL MPbOXMUICHe80I adanmayii ma
APOX0ONCEHHSL CNOKOIO)
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Puc. 1. [locmacenmuuna adanmayis nagnosHii

Ilepen  BBeOeHHAM B CHOKIH
JOPOLIYBAIACH Ha TepiiToBomy cyOctpari. Ile
JIO3BOJIMJIO YHUKHYTH YpaXeHHS IX KOMIUIEKCOM
XBOp0oO, 30kpema ¢yzapiozom [11]. 3a Bucagku Ha
MepIIiTOBUM cyOCTpaT 3 NOAANBIIMM BBEJICHHSAM B
CIOKiii  BCTaHOBJEHI ~ Taki  OCOONHMBOCTI: B
pereHepaHTiB, SKi mepel IEPEeHEeCeHHSIM B CTaH
CIIOKOIO JIOPOIIYBJIUCh JIMIIE TPU THXHI, BiIMHUpaia

POCINHA

BCs HaJI3eMHa yacTtuHa. [IpoOymkeHHs BiIOYyBajIoCh 3
BipocTaHHs OPYHBOK 3 0a3albHOi YaCTHHH IaroHa. B
pEereHepaHTiB, MIO JOPOLIYBAIKChH YOTHPH THXKHI —
Bi]MUPAJIO  TPETHHA-TIOJIOBUHA YaCTHH  [1aroHa.
[loBHOMIHHI MiKpoJepeBa BIAaOCh OTPHMAaTH 3a
BBEJ/ICHHSI B CTAH CIIOKOIO PEreHEPAHTIB JIOPOLICHHX €X
vitro (puc. 2).
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Biopocmanns nicist cnoxoto pecenepanmis, wjo npoxoounu
adanmayiro 8nPOO06I’C MPbOX MUICHIS.

29

«Mixpooepesay, siki ymeoproomucs
nio Yac cnoKo 3 pOCIuH, Wo
npoxodunu d0sa micsayi adanmayii.

Puc. 2. Cman pocaun niciisi npoxo0xcentsi Cmamy CNOKOR 3a1edCHO 8I0 nepiody adanmayil

Ha ocHoBI apanTarnii i3 BBeIGHHSM B CTaH CIIOKOIO
mikpopociuH y TOB «HBII Iu Bitpo ITnant (Ykpaina,
M. Opeca) 3apeecTpyBanu BJAacHy TOPrOBY MapkKy
«MicroTrees», abo «MikpoznepeBa». 3a iHpopmariero
po3poOHUKiB [12] 1€ «..MPOAYKIIist HOBOTO HOKOJIIHHS,
sKa TMpeAcTaBisie co0OI0 HOBY OKpEMY KaTeropito
M0CaIKOBOTO Marepially, 0 3HaYHO CIIPOIILY€E eTanu
foro popoliyBaHHs, 30epiraHHs Ta KOHTpoJIto. B imkii
BUPOOHMITBA  POCIAMH  BIJICYTHIH  KOHTakT i3
HABKOJIMINHIM CEPEIOBUIIEM. BHPOOHHUIITBO gaHOT
KaTeropii Marepiany BigOyBaeThCsi 0€3 BUKOPUCTAHHS
TEIUTMIb, OJHAK TMPOYKINsS TOBHICTIO TOTOBa M0

BUPOIIYBaHHS B yMOBax HaBKOJIMIIHBOTO
CepeIOBHILIAY.

Sxmo 3 pI3HUX  TEXHOJIOTIYHMX YU
OpraHi3alliiHUX  TPUYUH, KOJIM HE  BJAETHCS

«Iepe3aBaHTAKUTHY MPOTPaMy OHTOTEHE3Y POCIUH €X
vitro, migOuparoTh YMOBH, 3a SKHUX Taki 3MiHH
BiZI0OYBaIOThCs 0€3 BXOPKEHHS POCIIMH B CIIOKIH.

EdexTuBHICTH MOCTaCeNTUIHOL ajanraiii
3HAYHOIO MIpOIO 3JIEXKHUTH BiJ| TOKA3HUKIB PHU30TEHE3Y
pereHepanTiB. Y OUIBIIOCTI MPOTOKOJIB TEXHOJOTIN
MKP iHAyKIIisl KOpPEHEYTBOPEHHS € OKPEMHUM €TaroM i
piamie MOEAHYETbCS 3 MYJbTUIUTIKAI€w — abo
BiZIOyBaeThCs i vac afantanii. Pocnunu in Vitro He
MaroTh MOTPeOH (OpPMyBaTH PO3BUHEHY KOPEHEBY
CHCTEMY BHACJI/IOK PO3MIIEHHS KOPIHHS y IITyYHHX
JKUBUITBHUX CepeIOBHUINAX, 3a0e3neueHnx
JIETKOJIOCTYIHUMU ~ BOJIOTOK0 ~ Ta  EJIEMEHTaMHu
skuBieHHs [13].

[HayKIis pU3oreHe3y Moke OyTH: CHOHTaHHOIO,
mi Yac eramy MyJIbTHIUTIKAIl, 3a OCTAHHBOI'O
JKMBIFOBaHHS B yMoOBax iN Vitr0 Ha 3MiHeHHX
JKMBWIBHUX CEpENIOBUINAX — IUTOKIHIHAYKCHHOBHI

IHJIEKC Ta PO3MOYMHATHCH 3 BUPOILIYBAHHS BHXITHHX
JUIL OKWBILIOBAaHHS POCJIMH Ha CEpeJOBHINAX, IO
IHAYKYIOTb YTBOPEHHS KOPECHEBOI CHCTEMH, a00 MAIOTh
MaJHiil BMICT IIUTOKIHIHIB, IO 3a0e3ledye pH30TeHe3
ITi/1 9ac afanTarii Ta MoCTaCeNTUYHOTO JKUBIIOBAHHS.

30KkpemMa, HaMH B JOCIIJDKEHHAX 3 ACETTHIHOIO
KyJIBTYporo XocTH [14, 15] BcTaHOBIIEHO IHAYKYIOUHH
BIUIMB  YMOB  BHPOILIYyBaHHS  POCIHH-IOHOPIB
eKCIJIAHTIB Ha pPH30I€HEe3 pereHepaHTiB MiJ uac
KyJIbTHBYBaHHS Ha CEpeJIOBUIIAX 3 BUCOKUM yMiCTOM
ayKcuHIB. PereHepanTy 3 €KCIUIAHTIB 130JbOBAHUX 13
JIOHOPIB, BHPOIICHHWX 3a JOBroro (¢oromepiony,
LIBHJIIE  PO3IOYMHAIM  KOPEHEyTBOpeHHsA. Tak,
CTOCcOBHO copTy Ilatpior pi3Huns craHoBwia 7,1 nHiB,
a copry Ilaynsc I'nopi — 5,8 nuiB. Llelt YnHHMK TakoX
BIUIMBAaB Ha KUIBKICTh Ta JOBXHHY KOpEHIiB. Y
perenepantis copty [larpioT nepa 3pocrana 3 1,2 1o
3,7 ITYK HA POCIUHY, a JI0BKHHA 3011bIyBanacs 3 4,3
10 8,9 Mm.

YMoBU 0€3M0CepeIHhOT0 BHPOIIYBAHHS CaMHX
pereHepaHTiB 00yMOBITIOBAIIH 1ie OLTBIINI BIUIMB Ha
pusoreres. 3a mOBIIOro (hOTOMEPiOAy pereHepaHTH
LIBH/IIIIE YTBOPIOBAIN KOpPEHi Ta GBIy X KUIBKICT.
Mix pociauHamu copty [laTpioT pi3HHIS 32 TOYATKOM
YTBOPEHHSI KOPEHIB CTaHOBWJa 8,3 IHIB, a B COPTY
Maynsc I'mopi - 9,1 nmiB. BigMiHHOCTI B PO3BHTKY
KOpPEHEBOI CHCTEMH, 3aJIe)KHO BiJl YMOB OCBITJICHHS,
OyJa OUIBIIOIO, HIXK MK 1HINMMH BapiaHTaMH.

3rinno 3 mpaBmiom  Ckyra-Mumiepa, Ha
KHUBUIBHOMY cepenoBHIIi KOPEHEYTBOPEHHS
Bi/IOYBa€ThCSl 3a IEpeBaKaHHS ayKCHUHIB  HaJ

nMTOKiHiHaMK. BoTaHiuHi BUIM, HABITH KJIACH, MalOTh
CBOi BHMMOTI'M /IO AayKCHHIB a00 iX CHHTETHYHHX
aHayoriB. 30KpeMa, 3a HANIUMH CIIOCTEPEKECHHSIMHU,
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OibLIICTE  ONHOAOJIBHUX POCIHMH, HOPIBHSHO 3
JIBOZIOJILHUMH, TIOTPeOYIOTh ayKCUHIB Oibuie. Takox
BUSICHEHI BHMOTH 10 BUAY aykcuHy. Hanpukman, y
mporieci MKP  XocTu  iHAONIJIONTOBAa  KHUCIOTA,
MOPIBHSAHO 13 1HIOJIIMACISHOK KHUCIIOTO (zmami
IMK), BusBmmack Mano  e(eKTHBHOIO s
KOpEHEYTBOPEHHS B 000X copTiB [15].

Iopiaroroun aykcuau IOK, HOK Tta IMK, sk
IHIYKTOPH PH30TEHE3y Yy PI3HUX KOHICHTpAIlis
BCTAHOBWJIM, IO KpaIllUM BapiaHTOM OyJIO0 JOJaBaHHS
1,5-2,0 mr/n IMK. 3a mmux yMOB JTOBXXKHHA KOpPEHEBOT
cuctemu Ha 30 JCHP KyJbTHBYBaHHS CTaHOBWIA 64-
171 wmm. JlomaBanmHs B Takii kimbkocti HOK
CTHMYJIIOBAJIO IHTCHCHUBHE KalIOCOYTBOPEHHS B
OazanmpHiit uwacTuHi marona. J[lomaBamns I[OK B
koHueHetpanii 1,5 1 2,0 MI/a1 BUKJIMKaJIO YTBOPEHHS
KOPEHIB, OJTHAK, TIEPII 3 TOBKUHOIO 3-5 MM BiIMiueHO
Ha 22-30 OeHp 3a MOPIBHSHO TOBIIBHOTO PO3BHUTKY
pereHepaHTiB.

Jst 6araTboX KyJnbTyp YMHHUKOM, OOMEXYIOUNM
pHU30TEHE3, € 3MEHIICHHS KOHIIEHTpamii eIeMEHTIB
MiHEepaIbHOTO KUBJICHHS B cepenoBuii [ 16]. Hamu me
MiATBEP/KEHO B TMpOIeci KyJIbTUBYBAaHHS XOCTH.
CepenoBuiie i3 NMOJOBHHHUM BMICTOM MiHepajbHOT
(MS) ocHOBH, HOPIBHSIHO 3 KOHTPOJIEM, CTUMYJIIOBAIIO
picT kopeHeBoOi cuctemu. Ha 1ibomMy cepemoBuiii ist
aykcuniB (IMK) nposBisinack, sik 3 BUCOKOIO (3 Mr/i)
Tax 13 HU3bKOIO KOoHIeHTpatlieto (1 mr/in). Perenepantu
Ha CEPEIOBHILI 3 BHIIOIO KOHIICHTPAIIIE€I0 ayKCHHIB 3a
KUTBKICTIO KOPEHIB TOCTYHNAIUCh pPOCIHUHAM, IO
BUpociH Ha cepemoBuli 3 1 mr/i IMK aine mepeBaxamu
3a JOBKHHOIO KOPEHIB.

3a MKP ciuBH TOpiBHIOBANIH [0 iHIYKTOPIB
kopeneytBoperHs (IMK, HOK, IOK). BcranorieHa
Bucoka edekrusnicte [OK, ane y Bemukux
KOHUEeHTpauisx — 6,0 mr/xn [17]. i iHmoi KictoukoBoi
KyJIbTYpH — BUIIHI KpallM iHAYKTOPOM YyTBOPEHHS
kopeniB 6yB aykcuH HOK. Iporte, 3a #ioro nonaBanHs
Ha Oa3anbHid JISHII  BigOyBajloch IHTEHCHBHE
pO3pocTaHHs KaJIocy, 110 YCKJIaTHIOBAJIO
MepeHECEeHHs pereHepanTiB B yMoBH €X Vitro [18]. Ha
pereHepantax maBnoBHiI HOK Ttakoxk crpuanHsIB
YTBOPEHHS TiNepTpo(pOBaHUX KOPEHIB, a 3a BHCOKHX
KOHIICHTpAIiii BOHM (opMyBalu IHIIE KOPEHEBY
cucteMy 0e3 YTBOPECHHS ITaroHiB.

IIpo nerepmiHyroumii BIUIMB Ha pHU30TEHE3
3MEHILIEHHS! KOHIEHTpalild MiHepaJbHUX  coJeit
(MSy2) cBimunTH YTBOpEHHSI KOpIiHHS, HaBiTh, 3a
3HIKEHOTO BMICTy ayKCHHIB, IO HE BigOyBasoch 3a
MoBHOI MiHepanbHOi oOcHOBH. OJHAK, BiACYTHICTH
aykcuHiB  (IMK) y cepemoBumi 3 IOJIOBHHHOIO
KOHIICHTPAIII€I0 MiHEPATbHUX PEYOBHH, CIPUIMHAIO B
pEereHepaHTiB MPUTHIYEHHS POCTY 1 PO3BUTKY, B TOMY
Yucli # pu3oreHesy.

OxpiM BIIOMHX JIETEPMIHAHTIB pPU3OTECHE3Y
BUKODHCTOBYIOTh ~ JIOJlaBaHHS B CEpEJOBUILE
akTuBOoBaHoro Byrumid. Ilpumyckarore, mo 1e
MIOB’S13aHO i3 3B’A3yBaHHAM HHUM iHTi0iTOPiB TOPMOHIB,
3aTiHeHHSIM Ta JIOJaTKOBOK aepali€o CcepeJoBHIla
[19]. HAnsa maBnmoBHII OoNTHManbHOIO Oyia KUTbKICTBH
AKTHBOBAHOI'O BYTULIS B KMBUJILHOMY CEPEAOBHILI
2,0-2,5 r/n. BapiaHTH 3 MEHIIOI KOHIIEHTpAIi€

MOCTYIAJIUCh LBOMY, SIK 32 II0YaTKOM YTBOPEHHS
KOpEHiB, Tak 1 JOBXMHOIO iX Ta KijbKicTio. 3a
30UIBIICHHST KOHIIEHTpalii aKTHBOBAaHOTO BYTLLISA 10
3,0 r/n momiTHI 03HaKM ()ITOTOKCMYHOTO BIUIMBY Ha
3arajbHUI CTaH pPEereHEepaHTiB, B T. 4. BUCOTY HaroHy,
LIBHJKICTH POCTY Ta KOPEHEYTBOPEHHSI.

Kopenesa cucrema, copmoBana in vitro, gacro
XapaKTepU3y€eThCS BiACYTHICTIO KOPEHEBUX BOJIOCKIB
Ta KOPEHIB Npyroro mopsanky. Sk HacIiloK, KOpeHi
MalTh HEBEIHMKY IUIONlY KOHTaKTy 3 >KUBHJIBHHM
CepemoBHUINeM i CTa0Ky MOTIMHAJIBHY 3JaTHICTH, IO
TaKOX HETATHBHO IPOSIBIIIETHCSA HA €Talll iX ajanTartii
JI0 HOBUX YMOB pocTy. BojHouac, BiTHOBIIOETbCS Psif
3B’5I3KiB, SIKI POCIIMHU HaOyJIM BIIPOIOBIK €BOJIIOLIT.

OyHKIiI0 KOPEHEBUX BOJIOCKIB B IIEHO31 BUKOHYE
Mmikopuza. Came  3aBmsikm  iif  BigOyBaeTbcs
HaJIXOJDKEHHsI TIO)KUBHUX PEYOBHUH i3 cyOcTpary, 1o
00yMOBIIOETHCSI ACOMIAIIEI0 KOPIHHS BHIIUX POCIHH i
HEMaToreHHOro rpuba. 3a Takux B3a€MOBITHOCHH Tpud
JoloMarae  pOCIMHI y  3aCBOEHHI  BOOM 1
BO)XKOJOCTYIIHUX PEYOBHH IPYHTY. Takox CBO€IO
(epMEHTaTUBHOIO NiSTTBHICTIO TPHO, CIpHse OOMiHY
BYIJTICBOMIB, AaKTHBi3y€ MisUTBHICTE  (pepMEHTHHX
cucteM BHIIMX pociauH [20]. Mikopu3Hi Ta iHII
pusochepHi MIKpPOOPTaHi3MH YacTO, BHCTYIMAIOYH
KOHKYypEHTaMH TIaTOTeHIiB, BOEpIraroTh POCIMHU BiJ
3arubenni.

Hepinko micnsi mepecaikd pOCIAMH Y IPYHT
BiZIOYBalOTHCS ix BTpaTH, OB’ si3aHi i3
HECTIPOMOJKHICTIO KOPIiHHS IIOBHICTIO BHWKOHYBAaTH
acuMUTANiHI (QyHKIii. ToMy, DOLITBHO Ha TPETHOMY

4qH YETBEPTOMY eTamnax KJIOHAJILHOT'O
MiKpOPO3MHOXKEHHS 3aCTOCOBYBATH IITYYHY
MiKOPH3AIIi0 pociuH (mms MiKkOTpo(HHUX),

BPaxoBYIOUH il IO3UTHBHY POJIb Y IOCTa4aHHI POCINH
MIHEpaJIbHUX Ta OPTaHiYHHUX EJIEMEHTIB >KHBJICHHS,
BO/JIOIO, 010JIOTTYHO aKTMBHUMHU PEYOBHHAMH, & TAKOIK
y 3aXHUCTi POCIIUH BiJ] MaTOreHiB. MikopH3a A0moMarae
HE JIMIIE B acHUMUIAMII ajne W 3MEHINye CTpec,
MOB'SI3aHUN 13 TMEPecaKo0, IMMiJABUIIYIOYH, TaKUM
YHHOM, ITPHKUBITIOBAHICTH POCIIHH.

OcTaHHIM 9acOM HaKOIMYeHa 3Ha9HA iHpOpMaIis
mpo Mikopu3arito psaxy pociud 3a MKP. I'peuanuk P.
M. Ta iH. [2]1] AN Kpamoro NPYOKUBICHHS POCIUH

BHKOPHCTOBYBAIIN IHOKYJISAIIO MiKOPU3HUMH
rpubaMu, Xo4a Iel CcHocid IOOCUTH TPyIOMIiCTKUH.
ABTOpH JIOBETIH MOXITUBICTh CYMICHOTO

KyJbTUBYBAaHHS MIKpO Ca/KaHIIB TiOpuaHOi hopMu
OCHKH B yMOBax IN Vitr0 3 BHJIJIEHO YHCTOIO
KylIbTypOI0O BHIIMX TpuUOIB Ta  BHPOIILYBAaHHS
iHOKymoMy Tpuba-cuMOioHTa 3a MeTomoM Marx et al.
Taka Mikopu3ailis B yMoBax iNn Vitro BUSBHIIACH JOCHTH
e(PEKTHBHOIO TEXHOJIOTIEI, X04a 1 CKIIAJHOK0, IO JUIS
MIPAaKTHYHOTO 3aCTOCYBaHHS € JIOCUTh
npobnemMarnyHuM. Llel MeTo HaWOUIBIIE MMiIXOAUTh
Juist nabopaTopHUX ¢izionoriyHnX Ta
010TEXHOJIOTIYHHUX JIOCITI/PKEHb, TOMY aKTyaJlbHUM
3aJMIIAETHCS  TMOIIYK KOMEPLIHHWX  TEXHOJIOTiH
MiKOpH3allii Ha eTari MOCTaCeNTHYHOI afanTariii.
Baanocst mocArTH MiABUINEHHS TPHKHUBICHHS
npoOIpKOBMX ~ POCIMH  Ha  erami  €X  Vitro,
BHKOPHCTOBYIOUH OOPOOKY X KOPIHHS MiKOpHU3HUH
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iHokymsat ~ MycoApply  Super  Concentrata B
KoHueHTpaii 2,6 % (Ha 6,2 %), abo po3uuH
HiTpodocku — 50 r/n (Ha 6,8 %), xoua cymicHe ix
BUKODHCTaHHS ~HE TIPUBEJIO [0  IOKPAIICHHS
NPYOKUBIICHHS IPOOIPKOBUX POCIMH y Terutuii [14].

BaxxnuBum Jutst agamnTaiiii pociaMH €X Vitro e
IIBUJKE BIJHOBJICHHS B POCIMH BOJOOOMiHY. VY
CKJISTHIH Tapi, 3a CTaOLIPHUX BOJIOTO-TEMIIEPATYPHIX
YMOB POCIUHH (POPMYIOTH JIETKO YPa3lIHBI HEBEIHKi
JUCTKH, B SKAX TOCTIHHO BIOKPUTI MPOAMXH, TOHKI
cTeOma Ta c1abOpO3BHHEHY KOpPEHEBY cuctemy [14,
22]. Bommmii crpec TUPU3BOAWTH IO 3HEBOAHEHHS
TKaHWH 1 pyHHyBaHHS MeMOpaH. BpaxaioTh, w10
PO3BUTOK  MEXaHi3My  3aKpUBaHHS  HPOJHXIB
3aIlyCKaeThCsl MIPU 3HIDKEHHI BojiorocTi 0 65% [23].
Are 3a Takoi BOJOTOCTi OiNmbLIicTH POCITHH N Vitro
THHE, a 32 BUCOKOI BOJIOTOCTi, 0OCOOIMBO B MOEIHAHHI 3
BHCOKOIO TEMIIEPATYpOI0 Ta HAasBHOCTI TPaBMOBAaHHX
JIISTHOK TKaHWH, BiIOYBA€THCS IIBUIKE MTOLIKOIKCHHS
pOCIuH canpoiTHUMH Ta  IIKOJAOYMHHUMH
MikpoopraHiaMamMu. Tomy, OLIBOIICTE TEXHOIOTIH
nependavyae CTBOPEHHS BIPOJOBXK MEPIINX JHIB
BOJIOTOCTI B MeXax 95-99 % 3 HacTyNHUM 3HIKCHHAM
mo 50-60 % [13, 14]. YV okpemMux BHUIaAKaX
3aCTOCOBYIOTh aHTHTpaHcmipanTH. Hampukman, s
3ano0iraHHs BOJHOMY CTpeCcy Ta IOLIKOJKEHb
rpubamMu  pociauH €X Vitr0 akTHHiAli HaMH BOHH
OONpHCKYBaJIKCh PO3YMHOM mpuimmnana Jlimocam Ta
¢ynrinumom Ipesikyp Enmepmxi 840 SL. [14, 24].
3enensHcrka H. M. Bctanosmia [25], mo 0,3 1 0,5 %
koHmeHTpanii Vapor Gard Ta 0,4 % KoHHmeHTparmil
npenapaty EITAA crnpusimu 3HIDKEHHIO TpaHCIHipariil
Ta MOKPALICHHIO aJIanTalii pocIuH BUHOTpay in Vitro.

[Mix wac aganranii [uIg psxy KyJabTyp, 30KpeMa,
KapToOIUli, MABJOBHII, MAaJIMHH Ta IH. 3aBISKH
FOBCHIIBHOCTI POCIMH €X Vitr0 yCHmiliHO MOXKHA
MPOBOUTH MMOCTACCIITUYHI JKkuBIfoBaHHs [11, 14, 26].
Hanpuknan, y poCiMH MaBiOBHIT micmst in Vitro
IOBEHIJII3allis MTPOJOBXKYBAJIACh KibKa MOKOJIHb 3a
MOCTACeNTUYHOrO >kMBLIOBaHHs. [licns  Bucanku
pereHepaHTiB, BUPOLICHUX «HA arapi», iXx MoXkHa e 2-
3 pasm okuBmIoBatd. [licns  4-5 KuBIIOBaHB
BTPavYaeThCS FOBCHUIBHICTh, a OTXKE, i pereHepamiiHi
BIIACTHBOCTI, B T.4. YTBOPEHHS a/IBEHTUBHUX KOPEHIB.

1. 3a  Opyroro-TpeTboro  MOCTACENTHYHOTO
JKUBIIOBAHHS CAPKaHIIM BJIACTHUBI IepIi MOPiBHSHO
BeJIMKI JMCTKH. Taki pereHepaHTH MaroTh Kpaiii
aJanTamiifHi BJIACTHBOCTI 1 MeHIIy co0iBapTiCTh,
MOPIBHSHO 3 POCITMHAMH BUCQ/PKEHUMHU BiJlpa3y 3 YMOB
in vitro [11].

Bilpmr 1OCKOHAIMM METOLOM ITOCTACEIITHYHOL
ajanramii Ta MOPUCKOPEHOTO  PO3MHOXEHHS €
¢oroaBroTpotne  MKP. V¥V ocHoBI mporo wmeromy
TIOKJIaJICHO iHTEHCHBHE HAKOITMUYCHHSI pereHepaHTaMu
IUIACTUYHUX PEYOBMH 32 pPaXyHOK iHTeHcHQikamii
(dotocuHTE3y, a came, 30UIBIICHHS B pa3d CBITIOBOT
eneprii Ta Bmictry CO: [14, 27]. 3a Takux ymoB
pereHepaHTd Ha/J3BHYaiHO IIBHJKO HAKONUYYIOTh
PEYOBHHH, SKi 3HAYHOIO MipOIO BUKOPUCTOBYIOTHCS, SIK
OyniBembHUI Marepiai. 3a HalllUMHU
CIIOCTEPEKEHHSIMH, 3aCTOCYBaHHS METOJY JI03BOJISIE B
JIBa pa3u MPUIIBHUIIIMTH PicT, HiX iN Vitro [14]. Takox

pOCIMHM  CTalOTh  NOBHICTIO  ajganToBaHi  J0
aBTOTPO(HOTO KMBJIECHHS. 3aCTOCOBYIOUH LIEH MeTO[,
HaM BJAJIOCsl BKOPIHUTH XuBLI pyHayka [14, 28], ski
3a 3BMYAWHOIO BEreTaTUBHOTO PO3MHOMKEHHS IyKe
CKJIQ/THO BKOPIHIOBaJIaCh.

Hust  kpamoi amamrairii  pociamH  in - Vitro
CTBOPIOIOTh KOHTPOJBOBaHI yMOBH 3 IIiIBUIIEHOIO
TEMIIEPaTypoI0 Ta BUCOKOIO BOJIOTiCTIO MOBiTps. Taki
YMOBH BOJHOYAC € CHPUSTINBHAMH 1 I IHTEHCHBHOTO
PO3BHUTKY MIKpOQIIOpH, 30KpeMa W MIKpOCKOIIYHHX
canpoiTHUX rpudiB, MO MOCEIAIOTHCSA HA OCTIa0ICHIX
IiJ] 9ac aJanTaliifHOTO CTPeCcy POCIHHAX. 3a HAIINMA
CIIOCTEPE)KEHHSMH, LI  OpPraHi3MH  MalepyrouH
TKaHWHH 3HUIYIOTH POCIMHU 3a 1-2 TwxkHi [14]. ¥V
BHIIQJIKy IIONIKOJPKCHHSA TMABJOBHII 1 HAsABHOCTI
crniopoiTiB pereHepaHTu rUHYJH 32 1-2 100u.

3 MeTow 3axuCTy BiJ 3raJlaHoro sBUIIA
3aCTOCOBYIOTH 010JNOTiYHI Ta XIMi4HI MeTomu. 3
010JIOTIYHNX BIATUM NPUKIAIOM € OONPHCKYBaHHS
POCTIHH PO3YNHOM MiKpOOIOJIOTIYHHX TpemapariB, Ha
OCHOBI KOpHCHUX OakTepiii [29].

XiMigHi MeTOAM TmependavdaroTh SK 0OpOOKy
TEIUTMYHUX CyOCTpaTiB, TaK i 00POOKY caMUX POCIHH.
Ha pocnmHax XocTH HamMH MOPIBHSHO €(EeKTUBHICTh
00poOku cyOctpaTiB (Ha ocHOBI TOpdy) IBOMa
pedoBuHaMu: GyHIa30a (I.p. OSHOMIT) Ta PHU30JICKC
(Tonkmodoc-mMeTHi) Ta 0OpPOOKY poO3Caaud HITPaToOM
cpibna, Makcum Popre 050 FS t.x.c. — Syngenta i
[pesixyp Enepmxki 840 SL, B.p.x. — Bayer Garden [14,
15]. Haiibinpme pocnmuu (89,47 %) HPMWKUIOCH y
BapiaHTi i3 3aMOYYBaHHSAM iX TIepel BHCAIKOI B
Ipesixyp Enepmxi 840 SL, mopisasiHO 3 35,61 % B
KoHTpodi [15].

AHanmizyroun ckian Mikpoduiopu, sKa 3aceisia
pereHepaHTH OXKHHM B yMOBax €X Vitro, BcTaHOBMIH,
10 KOHTAMIHAHTH BiJIHECEHI IEPEBAXHO JI0 LBUIEBUX
rpubiB, 30kpema mpezacTaBHEKam pozay Aspergillus.
JlekoHTaMiHy[O4Ya aKTUBHICTH (YHTILHIIB CTOCOBHO
3raJlaHuX MIKPOOPIaHi3MiB 3ajie)kaja BiJl BOJIOTOCTI
HOBITPs, IIpenapary Ta crnoco0y Horo BUKOPHCTAaHHS.
BimmiueHo, ™o B KOHTpoNi 0e3 3acTOCYBaHHS
(GYHTIOUAIB  ypakeHHS POCIMH 3 IOAAJbIIOK  iX
3arubesumio craHoBmia 86 % 3a HU3BKOI BOJOTOCTI
TIOBITPsI, @ B YMOBaX BHCOKOI BOJIOTOCTI 3arMHYJIH BCi
pocnuHM. Y BapiaHTI i3 3aCTOCYBaHHSAM KOHTAaKTHOTO
¢yHrinuay QyHma30ry BTpaTH POCITUH 32 000X PiBHIB
BOJIOTOCTI MOBITPst OyJiM OJIM3BKUMH 1O KOHTPOIIIO.
3acrocyBanHa ¢yHrinugy Tomcim M, mopiBHSHO 3
KOHTPOJIEM, JTO3BOJIUIIO 3HU3UTH BTPATH, 3AJIEKHO BiJ
croco0y 3actocyBanHsi, Ha 17-24 %. 3a 100 %
BOJIOTOCTI Yy BapiaHTi i3 3rajaHuM QYHTIOHIOM
JKUBUMU 3aJIUIIAINCh 5-7 % pocnuH. Y 1uX BapiaHTax
TaKOX BiIMIY€HO NPUTHIYEHHS POCTY POCIIHH, 30KpeMa
MeHII OioMeTpuuHi po3mipu maroHa. HaWOimbm
e(eKTUBHMM BHSBWIIOCH 3aCTOCYBaHHS IIpenapary
[pesixyp Enepmxi y no3i 1,5 /1 3a oOnpuckyBaHHS
BIIPOJIOBX KYyJIbTHBYBAHHS 4epe3 I’ SITh JHIB, OCKUIBKH
B I[bOMY BapiaHTi TPWXKHUBAHHSI pErCHEPAHTIB
CTaHOBHJIO Maitke 98% 3a HU3BKOT BOJIOTOCTI MOBITPS,
ta 79-85% — 3a Bucokoi [14].

2. Ille GimpIn paguKaJbHAM METOJOM 3aXHCTY
pocnuH Bix HebGakaHOi MIKpOGIOpH € CTBOPEHHS
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YMOB, 3a SKHX I O0’€KTHM HE MOXYTh POCTH.
Hanpuknan, na  Topdocydcerpari  BHnpoOyBaHO
00poOKy (QyHTimUAaMHU 3 METOK 3aXHUCTy BiJ
KOMIUTECKY XBOpoO. OJHaK, JIMIle 4acTKOBO BIAJIOCh
CTPUMYBATH TIOIIUPEHHS 'PUOiB, 3HIKYIOUH BOJIOTICTh

cyOcTpary Ta 0OpoONsSOuYM HOro KOXHI S5 JHIB
[pesixyp Enepmxi 840 slB.p.k 2-3 M Ha JIITp BOAM.
3actocyBaHHsl K cyOcTpary arpomepiity (puc. 3),
JIO3BOJIMJIO YHUKHYTH BUIIE 3rajjanux rnpooiuem [11].

Puc. 3. Cman pecenepanmis nagnosuii na pisnux cyocmpamax

Bucnosku.

3Bakaroun Ha Oi0JIOTIYHI OCOOIMBOCTI POCIHH, 3
skuMu ipoBoanuThcsi MKP, BHCOKY eeKkTHBHICTH Ha
eTari in Vvitro-ex vitro mano BBEJECHHS POCIMH Yy CTaH
CIIOKOIO, 3aCTOCYBAaHHs ayKCHHIB, CIENiaJIbHOTO
¢doromnepioy, KOHUEHTpalii MiHEpalbHOi OCHOBH
cepenosuia, CO», 10/1aBaHHA B HHOTO aKTHBOBAHOTO
BYriuis,  3aCTOCyBaHHS  MIKOpH3H,  XIMIYHHX
npernapariB, a Takok cyOcTpary, Ha SKOMY
BiZI0YBAETHCS MPMIKUBIICHHS NPOOIPKOBUX POCIIHH.
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RELEVANCE OF COPROLOGICAL STUDIES IN CHICKENS
The study was carried out at the expense of the federal budget on the order of
the Ministry of Agriculture of Russia in 2020

HAxumenrko Huna Hukonaesna

Kanouoam 8emepuHapuvlx HayK, OOyenm

Kagedpa axywepcmea, Xupypeuu u He3apasnvlx OonesHell
Q@I'BOY BO Hsanoscxasn ' CXA, e. Hsanoso

Mannoea Mapus Cepzeesna

Kanouoam Ouon02u4eckux HayxK, OOYyeHm

Kagedpa axywepcmea, Xupypeuu i He3apaznvlx Ooaesnet
DI'BOY BO Usanosckas 'CXA, 2. Usearnoeo

Knemuxkoea JTIvoomuna Bhaoumuposna

O00KMop Ouon0UYecKux HayK, npogeccop

Kageopa akyuiepcmea, Xupypeuu u He3apasHvix oone3Hell
DI'BOY BO Usanosckas 'CXA, 2. Useanoeo

AKTYAJIBHOCTH KOIMPOJIOTMYECKUX UCCJEJOBAHUM Y LBIIIAT
Hccneoosanue epinonneno 3a cuem cpeocme (hedepanbHozo 6100icema no 3aKaszy
Muncenvxoza Poccuu ¢ 2020 200y

Summary. In chickens against the background of used biologically active substances, the functional activity
of the digestive tract changes with age, as a result of which the physical and chemical properties of feces change.
Standard clinical laboratory methods were used for coprological studies. As a result, 35-day-old chickens have a
small amount of neutral fat in feces, pH = 6. Large amounts of intra- and extracellular starch, coconut microflora,
leukocytes and erythrocytes were found in the intact group. In the group of chickens receiving the probiotic
Zoonorm, a large amount of coconut and iodophilic stick microflora, single intestinal epithelium cells, erythrocytes
and leukocytes were detected. In chickens that received the treatment of a polymethylsiloxane polyhydrate
(PMSPG) was not found in extracellular starch and digestible fiber, intestinal epithelium cells and formed elements
of blood. The enterosorbent reduced the risk of developing an inflammatory reaction when growing chickens, the
effect remained for 10 days after the drug was cancelled.

Pe3iome. Y OBIIIJISAT HA (I)OHG TIPUMEHACMBIX OMOJIOTHYECKH aKTHBHBIX BEOICCTB C BO3PACTOM HU3MCHACTCHA
(l)yHK[H/IOHaIIBHaS[ AKTUBHOCTH IMUIICBAPUTEIIBHOIO TpaKTa, BCJICACTBHUEC YEro HN3MEHAKOTCA (1)PI3I/I‘IGCKI/IG u
XUMHUYECKHE CBOMCTBA Kasa. I[J'IH IIPOBEACHUA KOIIPOJIOTHUUCCKUX I/ICCHe}lOBaHHﬁ NMPpUMEHAIN CTAaHIAPTHBIC
KJ'II/IHI/IKO-J'Ia60paTOpHBI€ METOAbI. B wutore y 35-CyTO‘IHI)IX OBIIUIAT B KajJI€ HNPUCYTCTBYCT HE3HAUYUTCIBHOC
KOJIMYECTBO HEWTpanbHOTo sxupa, pH=6 en. B nHTaKTHOI rpymie oOHapy» eHO OOJbIIOE KOJMYECTBO BHYTPU- U
BHEKJICTOYHOTO KpaxMaja, KOKKOBOW MMKPOQUIOPHI, JIEHKOLMTOB W SPUTPOLMTOB. B Tpynme wbIumsT,
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MOJYYHMBIIUX HpO6I/IOTI/IK 300H0pM, BBISIBJIEHO OOJIBIIOE KOJINYECTBO KOKKOBOM U ﬁOﬂO(bHHbHOﬁ HaHO‘IKOBI/IL[HOﬁ
MHKpO(l)J'[OpLI, CAVMHUYHBIC KJIICTKU KHUIICYHOI'O SIUTEINA, SPUTPOLUTLI U HeﬁKOHHTH. vy OBIIUIAT, MOJYYUBIINX
sHTepocopOeHT nonumMeTuicuiokcana nonuruapar (IIMCIIT), He oOHapyKeHO BHEKJIETOYHOTO Kpaxmaia M
nepeBapI/[Moﬁ KJICTYAaTKH, KJICTOK KHIICYHOT'O SIIUTCIINA U (bOpMeHHI)IX JJICMCHTOB KpPOBH. N UBITLIAT, OperiapaTbl
B KOMIIJICKCC B KaJIC OTMCUCHBLI CIMHHUYHBIC KICTKH KHIICYHOI'O OJSIIHMTCIIHA, J'IeﬁKOHP[TLI u ﬁOHO(bHHLHaH
MHUKpO(dII0pa. DHTEPOCOPOEHT CHHU3MJ PUCK PAa3BUTHS BOCTIAIMTEIBHOW PEaKUMH MPU BHIPALIMBAHUM LIBITUIAT,
3¢ ekt coxpanmics B TedeHue 10 gHEH mocae OTMEHBI Ipenapara.

Key words: chicken, age, probiotic, enterosorbent, coprogram.

Knrouesvie cnosa: yvinnama, 6o3pacm, npoouomux, sHmepocopoerm, Konpocpamma.

BBenenne. IltunesoactBo B Poccuiickont
Denepanun SIBIISIETCSI Ba)KHEHIIIUM
JKU3HEOOECIICUNBAIOIIMM CEKTOPOM OTCYCCTBEHHOTO
arponpOMBILUIEHHOTO KOMILIIEKCa CTpaHsbl,
OKa3bIBAIOUIUM 3HAYUTENIbHOE BIUSHUE Ha YpPOBEHb
MPOJOBOJIBCTBEHHOT'O 00CCIICYCHHUS M OTPEACISIOIINM
3mopoBbe  poccusiH.  Ha  kpynseiitiem  dopyme
ntuueBosioB Poccun u CHI', cocTosiBiiemcs 27 ssHBapst
2020 r B Mockse, otMedeHo, uTto Poccus npousBoaut
5 000 000 Tonn msaca nituubl ¥ 45 000 000 000 mTyk
a1, T.e. 34 kr Maca ntunsl ¥ 306 SuIl Ha YeJIOBEKa B
TOJI, TIOJTHOCTBIO caMOO0eCIIeunBasi CTPaHy .

Cetiyac B P® paboraet 486 ntumedadpuk, 170 u3
HUX OOBEAMHEHBI B arpoXOJJUHTH, KpPOME TOTO
¢ynkponupyer 6osiee 100 MaibIX NTHIEBOJYECKHX
OpeanpusATUd. I peleHus TEXHUYECKUX BOIIPOCOB
coJiep KaHus, KOPMJICHUS, CIICIIMAJIBHOTO
o0cmy)KMBaHUSI Ha  OTPAaHUYEHHOH  TEPPUTOPUU
NOTUIENPEANPUATANR  COCPEAOTOUEHO 3HAUUTEIbHOE
ITOT'0JIOBBE MITHIBL. B TIEPHOT paHHero
MOCTAMOPHOHAIGHOTO  Pa3BHTHA Y COBPEMEHHBIX
BBICOKOITPOJIYKTHBHBIX ~ KPOCCOB,  OTJIHUYAIOIIAXCS
BBICOKOH MeTab0InIeCKOM aKTUBHOCTBIO,
CENICKIIMOHHON IIACTUYHOCTBI0O M TEXHOJIOIHYECKOI
NaOUIFHOCTBI0, IMMYHOJIOTUYECKAsT PEAKTUBHOCTD H
CKOpOCTh (OPMHUPOBAHUS OHMOIUICHKH MHKPOOHBIX
cooOmiectB cHmkeHol [2; 5]. B cBs3u, c uem
aKTyaJIbHBIM SIBJISIETCS CHCTEMAaTHYeCKOe HaOI0IeH e
Y KOHTPOIIb 32 TIOBEJICHUEM TNTHUIIBI U €€ COCTOSHHUEM.
OIHMM W3 BaXHBIX I[IOKa3aTejIeH, IMO3BOJISIFOIIUX
OIICHUTH 3I0POBKE, ABISICTCS U3yICHUE KOTIPOTPAMMEI.

Komnporpamma MpEACTaBISAET coboit
nmabopaTopHOE HCCIEIOBaHUE Kalla IJIs OIpeIeICHUS
XUMHYECKHX H (U3NYECKAX CBOKWCTB IIPOIYKTOB
JKA3HEACATEILHOCTH. DKCKPEMEHTHI coziepxKar
pa3MYHbIC KOMITOHEHTHI, KOTOPBIE MOTYT HWMETh
pasHoe mpoucxoxiaeHue. Komporpamma, onHa u3

COCTaBJIAIOUINX JAWArHOCTHKM HapylIeHHH (QyHKIUU
KETyAOYHO-KHIIETHOTo TpakTa y nTul. C MoMoIsio
KOIPOJIOTUYECKOT0 HUCCIEN0BaHHUA MOXHO OIICHUTh
NepeBapUBaIOLIYI0 CHOCOOHOCTB, AKTUBHOCTh
(epMEHTOB KHILEYHHKA, IIOJKEIYJAOYHON J>Kelesbl,
9BaKyaTOPHYIO CIIOCOOHOCTH JKENyJIKa U KUIIEYHHKA,
HaJIMYMe BOCHAIUTENBHBIX IPOLECCOB M IMapa3HTOB
(TenbMMHTBI ¥ UX WA, SHMEPHH U UCTHI), COCTOSIHUE
KUIeqHo Mukpodiops [1; 3; 4].

Ieap — aHanmM3 KOmporpamMMbl HBIUIAT Kpocca
Dekalb B gunamuke Ha (oHE IPUMEHEHHS
MPOOHOTHKA, SJHTEPOCOPOCHTA M X KOMOHMHAITHH.

Ycaosus, MaTepHabl " MeTO/bI
ucciaenopanms. Vcciaenosanue BeimoigHeHo B 2020 r
Ha kadenpe akyuepcTBa, XMPYprud M He3apasHBIX
OoJie3Hel JKMBOTHBIX. B BuBapuu xadeapsl LbIuisTa
coJiepxaiuchk rpynmnamu mo 10 royioB, ¢ coOI0ICHUEM
peXuMa M HOPMBI KOPMJIGHHS, TeMIepaTypHO-
BII&XKHOCTHOTO  pexxuMa. [loeHue upisar — 6e3
OTPaHWYEHNH W3 TPYNNOBBIX MOWIOK KHIISTYCHOH
BooM TemnepaTypoit 20-22°C. B kayuecTBe OCHOBHOI'O
pammona (OP) ucmonp3oBaH KOMOWHIPOBAHHBIA KOPM
«Comuapimko» (AO «Kanuran-ITPOK», Poccus).

[t mpoBeieHus oIbiTa ChOPMUPOBAIH 4 TPYTIITBI
5-CyTOYHBIX IBITUIAT-aHAIOTOB 10 40 TOJOB B KaXKOH,
1 rpynma ciayXwuia KOHTpojieM, 2, 3 u 4 rpymnnsl —
OTIBITHBIE.

LlpimnisiTa ~ ONMBITHBIX ~ TPyNN  [PUHAMAIH
npenapaTsl B TeueHue 20 nHel, mpobroTuk 300HOPM B
cMmecu ¢ kopmoM B fo3e 0,2 T Ha TOJIOBY B IEepBOe
KOpPMIJICHUE, 0,3% B3BECH SHTEpOCcOpOeHTa
rmomuMeTiIciIokcana nonuruapata (IIMCIID) mytem
BBIIIOMKHM € BOJOM 4Yepe3 2 yaca IOCie MOCIEIHEro
kopmierus (tabmn. 1). I[IpeameroM mms uccineoBaHUSL
MTOCTY XM Kall HBIuT 5-, 15-, 25- u 35-cyrounoro
BO3pacrTa.

Tab6muma 1

Cxema IMMPOBEC/ICHUA IKCIICPUMEHTA

I'pynna upimst YcnoBus
1 OP
2 OP + npo6uotuk 300HOpM
3 OP + suTepocopbent IIMCIIT
4 OP+ mpo6uotuk 300HopM + sHTEpOocopbenT IMCIIT
s JIOCTHKEHUS Lenu IpUMEHEeHbl ~ MuKpockoma Mukpomen 3Bap3-20 un Bumeokameps! ¢
0OIIeTTpUHATHIC KIMHAKO-TabopaTopHble  mporpamMMHBIM — obecrieuennem  Microscope  Color
KOIIPOJIOTHYECKHE METOJIMKH uccnenosanus:  Digital Camera Levenhuk C 1400 NG, o0wektus

MHKPOCKOINSI HATHUBHBIX IIPENapaToB, IPernapaToB C
peaktuBamu Jlioronst m Caarroda; MHKPOCKOINHUS
Ma3KOB, OKpalleHHbIX 10 PomaHoBckomy-I'umse.
UccnenoBanne Ma3koB IpPOBENM MHpHU  MOMOIIU

SP40X/0.65 u SP10X/0.25 u oxyaspWF10X/22.
PesyabTarhl. Ipu MaKpPOCKOIIMYECKOM

WCCIICIOBAHUH Kajla S5-CYTOYHBIX IBIIUIAT IIBET OBLI

KOPHYHEBBIH, 3amax Crenu(UIecKuil, TeCTOBATON
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KOHCHUCTCHIIUM, O(QOPMIICHHBIH, 0€3  BUAUMBIX
MPUMECEH, CHapY K MOKPHIT Cin3blo. KoHmeHTparus
BOJIOPOJHBIX ~HOHOB BaphbHpOBajla B  IIMPOKHUX
npegenax — ot 6,5 mo 8,5 en. B 100% mpo6 B
CAMHUYHBIX  OSK3EMIUIApax  OOHapyKeHbl  3cpHa
BHEKJICTOYHOTO KpaxMaJia, KarIi HEHTPAILHOTO KHpa
W TiepeBapuMasi paCTUTeNIbHas KiieT4aTka. BT HbIe
3epHa BHYTPUKIETOYHOTO KpaxMaia BeIIBICHH B 15%
mpo0, HemepeBapuMasl PACTHTENbHAS KIeTdaTka B
yMepeHHOM KojmdecTtBe B 60% mpo6. Bo Bcex mpobax
oOHapykeHa  Mukpodiopa ¢  mpeoOiamaHueM
MAJIOYKOBUAHBIX  (GopM B KOIHYECTBE  OT
HE3HAYUTEIBHOTO JI0 YMEPEHHOro U OOJIBIIOro,
KOKKOBasi — OT HE3HAYMUTEIBHOTO JI0 YMEPEHHOTO.
Cpenu  #onomibHOH  MHKpPO(DIOPHI  BBIIBICHO
HE3HAYHUTENIbHOE KOJMYECTBO NaJOYKOBUIHBIX (hOPM.

Y 15-CyTOYHBIX IBIUIAT IBET Kaja MPHOOpen
CBETJIO-KOPUYHEBYIO OKPacKy, KOHCHCTCHIHIO OT
)uakor (B 1 m 2 rpymmax), 1o mactoodpasHoi (B 3 u

: N | 5 d"'f Y
N g e
i P

|
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. @

Puc. 1. Henepesapumas
pacmumenvHas K1emuamxa 6
Kaze, HamugHbLll npenapam,
x160.

B 1 u 2 rpynmax oOHapyeHbI € TMHATHBIC KIIETKH
kumregHoro smutenus. B 100% mnpo6 1-4 rpymm
BEISIBIICHa KOKKOBAs W MAJTOYKOBHIHAS MUKPO(DIOpa B
YMEPEHHOM M OOJIBIIOM KOJHMYECTBE, HOAO(DHIbHASL
Mukpoduiopa B 1, 3 m 4 Tpynmax mpejcTaBiIeHa
KOKKOBOW M TAJIOYKOBHUAHOW (opmMaMu B paBHBIX
nponopuusx. Jlefikonutsr 1-2 B mone 3perus B 100%
ciiydaeB OOHapyeHbl y UplUIAT | u 2 rpynn. [lpu
MOTITaHUU MOYH B KaJOBBIE MacCHI, Ha (DOHE KaJIOBOTO

JeTpHuTa oOHapyKHUBaeTcs HE3HAUUTEIbHOe
KOJIMYECTBO CTPYBHUTOB (pHC. 3).
Y 25-cyTOYHBIX IBIUIAT I[BET Kama OT

KOPUYHEBOTO JIO0 CEPO-KOPHYHEBOTO, O(GOPMIICHHBIN,
TecTooOpa3HbIii. KoHIIEeHTpamys BOJOPOIHBIX HOHOB B
100% mpo6 B 1 rpymme cocraBwia 7,5 ed., B 3 u 4
rpymmax 8,5 exa., B 50% mpo6 2 rpynmer pH=8,0 en.
Kpome He3HauuTenbHOro KOJIMYECTBAa CJIM3M Ha
MOBEPXHOCTH Kajla Y UBILIAT 1-4 Tpym, TSHKH CIU3U
oOHapy>xeHsl B 100% npo0 Bo 2 rpymre. [lepeBapumas
pacTuTenbHAasT  KJIeT4aTka U BHYTPUKIETOUYHBIN
KpaxmaJl OTCYTCTBOBJIM Y LBITUIST 4 TPYIIIbL, @ KIETKU
KHINEYHOTO MUTENHSI y UBILIIAT 2 1 3 Tpymi. bornbioe
KOJIMYECTBO KOKKOBOM u MajJ0YKOBUAHON
MuKpodopsl BeisiBIeHO B 100% ciydaeB Bo 2 u 4
rpymmnax, y et 3 w 4 rpymn HomodwibHas
MUKpOQIIOpa TpeAcTaBlIeHa €IUHUYHBIMU KJIETKaMHU
MaJOYKOBUAHON (opMbl. EuHMYHBIE JIEHKOIIMTHI
BCTPEYAIOTCS B KaJle ¥ UBIIUIAT 3 TPYTIIIEL, B OTIHYHE OT

Puc. 2. Kanau netimpanvrozo
arcupa. Tpenapam kana ¢
peaxmugom Caameogha, *160.

4), pH xana B 1 rpynmne cocraBwia 8,5-9,0 en., B3 u 4
rpymnax — 7,5 en.

Bce mpoObl Kaja MHOKPHITH HE3HAYUTEILHBIM
KoJmuecTBOM ¢z, B 50 % npo6 2 u 4 rpynn ciu3b B
HeOOJIBIIIOM KOJIMYECTBE BCTPEYAECTCSI B CMECH C
KaJIOM.

B 1 rpynme eauHW4YHBIE 3€pHA BHE- U
BHYTPHKJIETOYHOTO Kpaxmaina oOHapyxeHsl B 100 %
nmpo0d; BO 2 — BHYTPHUKJIECTOYHBIH  Kpaxmal

mpucytcTByeT B 50% 1mpob; B 3 rpymnme oOHapy KeHBI
eIMHUYHBIC 3epHa BHEKIIETOYHOTO Kpaxmana B 50%
po0; B 4 rpyIme — 3¢pHa BHE- U BHYTPUKICTOTHOTO
KpaxMana OTCYTCTBYIOT. He3HaunTenpHOe KOJTHUECTBO
nepeBapuMoOil M HemepeBapUMOM  pacTUTEIbHOMN
KieTyaTKu 00HapyxkeHbl B 100% mpo6 B 1 u 2 rpymmax.
B 3 u 4 rpymmax B 50% npo0O oOHapyxkeHa
HelnepeBapuMas KIIeT4aTKa (puc.1). Kammm
HeliTpansHOTO Xkupa BeisiBIeHHE B 100% u B 50% 1po0,
COOTBETCTBEHHO, B 1 1 3, 1 Bo 2 1 4 rpynmax (puc. 2).

Puc. 3. Ha gpone xanogozo
oempuma Kpucmaiivi Cmpysumos.
Hamuenwviii npenapam, x160.

nmpo6 y 1 wm 2 rpymm, rae Kpome JICHKOIMTOB
00HApY>KUBAIOTCS M SPUTPOLUTHI 710 2 KIETOK B ITOJIE
3pEHUsI MUKPOCKOIIA.

YV 35-cyrounsix upimist 1-4 rpynn pH coctasuna
6,0 en. Ouenp OonblIOe KU OOJBIIOE KOJIUYECTBO,
COOTBETCTBEHHO, BHYTPH- U BHEKJIETOYHOTO Kpaxmaia
obHapykeHo B 1 rpymme. EnuamdHble 3epHa
BHYTPHUKJICTOYHOTO Kpaxmana oOHapykeHsl B 100%
npo6 B 3 u 4 rpynmax, BO 2 Tpymme KpaxMmaa He
BbIsBIICH. He3HaunTensHOE KOJMUECTBO MEpEeBapUMO
KJIETYATKH YCTaHOBJIEHO B 1 W 2 rpymnmax. YMepeHHoe
KOJIMYECTBO HEMEPEBAPUMOM paCTUTEIBHOMN KIIETYATKU
U CIUHUYHbIE  Kalllld  HEUTPaJbHOTO  KHUpa
PEeruCTpUpOBATNCh y UBIIIAT 1-4 Tpynn. Exnandanse
KJIETKU KHIIEYHOTO SIIUTEINHS IIPUCYTCTBYIOT B IPOOAX
Kaja y opiuiaT 2 u 4 rpynn. @opMeHHBIE 3JI€MEHTHI
KpOBH — 10 4-6 KJIETOK B IOJI€ 3PEHUSI MHUKPOCKOIIA
OoTMe4YeHHl B | rpymme, 10 2 KJIETOK BO 2 rpymme. B
100% crnydaeB oueHb OOJBIIOE M YMEpPEHHOE
KOJINYECTBO, COOTBETCTBEHHO, KOKKOBOM u
MAJIOYKOBUIHOW MUKPODIOPH BBIABICHO B | m 2
rpymnax; eIWHAYHBIE KOKKH M 0OJNbIIOe KOJIHYECTBO
MAIOYKOBUAHOW ¢uiopel B 3 m 4 Tpymmax.
NonodunbHas MuKpodIopa, NIpeCTaBICHHAS
MaJoYKaMU M KOKKaMHU, B yYMEPEHHOM KOJINYECTBE
oOHapykeHa B | rpymie, KOKKOBasi — BO 2 TpyTIe,
MAIOYKOBUIHBIC (POPMBI B €IMHIYHOM KOJIMIECTBE —
B 3 u 4 Tpymnmax.
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O6cy:xnenue pe3yJbTatoB. B mepwosa ot 5- 1o
35-cyTOYHOTO BO3pAacTa Y UBILIAT 1-4 rpyIi [BET Kajia
W3MEHHIICS OT KOPHUYHEBOTO JI0 CEpO-KOPHUYHEBOTO U
COXPaHUIOCh HE3HAYUTEIbHOE KOJIMYECTBO
HEUTPaIBHOTO JKHpPA.

Kpome n3meHennii, CHHXpOHHO MPOUCXOUBIIHX
BO  BCeX  TIpymmax  IBIUIAT,  yCTAHOBJICHEI
cnenupuveckue w3MeHeHUs. Tak, KOHIIGHTpAIUs
BOZOPOJTHBIX MOHOB B 35-cyTouyHOM Bo3pacte B 1-4
rpynmnax cocraBuia 6,0 exa., Ho B 1 rpynmne B 15- u 25-
cyTouHoM Bo3pacte pH BapsupoBaina ot 8,5 mo 7,5 en.,
Bo 2 rpynne ot 8,0 no 7,5-8,0 exn., B 3 u 4 rpymnmnax ot
7,5 mo 8,0 ex.

B 1 rpynme ¢ BO3pacTOM UBILISAT MOBBICHUIOCH
KOJIMYECTBO BHYTPH- M BHEKJIETOYHOTO Kpaxmaja I0
OoJIBIIOTO W OYEHb  OONBIIOTO  KOJIMYECTBA,
COOTBETCTBEHHO. Bo 2 rpymnme B 15- u 25-cyTouHOM
BO3pacTe BBISBICHHI €IUHUYHBIE 3€pHAa BHYTpU- U
BHEKJIETOYHOTO Kpaxmalna, y 35-CyTOYHBIX IBITUIAT
oHU OTCyTCTBOBaiu. B 3 m 4 rpymmax y 25- u 35-
CYTOYHBIX IBIUIAT IPUCYTCTBOBAIH €IHHIUYHBIC 3€pPHA
BHYTPUKJIETOYHOTO Kpaxmana.

BHekneTouHBII  Kpaxmal H  IIepeBapuMas
KJIeTYaTKa y UBIIUIAT 4 TPYNIbl OTCYTCTBOBaIU ¢ 15-
CyTOYHOT'O BO3pacTa, y UbIuAT 3 rpynmsl ¢ 35-
CyTouHOro Bo3pacTa. HemepeBapumas pacTuTenbHast
KJIeT4aTKa B yYMEPCHHOM KOJMYECTBE BBIIBICHA HA
MIPOTSKEHUH BCETO DKCIIEpUMeHTa B 1-4 rpynmax.

KokkoBass m mamoukoBumHass Mukpodiopa B 1
rpynne B 15-25-cyTouHOM BoO3pacTe OTMEYECHa B
YMEpPEHHOM U He3HAUHUTEJIILHOM KOJIMYECTBE, U B OYECHb
0ONBIIOM M YMEpEeHHOM B 35-CyTOYHOM BO3pacTe,
COOTBETCTBEHHO. Bo 2 rpynme kokkoBas MUKpoduiopa
B YMEPECHHOM KOIJIMYECTBE BEHISBICHA B 15-CyTouyHOM
Bo3pacte, B  OombmioM B 25-35-CyTOYHOM,
MAJIOYKOBUIHAS — B YMEPEHHOM KOJIMYECTBE B
nepuon ¢ 15 mo 35 cyrku. B 3 rpymnme KokkoBas H
MAJIOYKOBUIHAS MHUKpoduopa oOHapyxeHa B 25-
CYTOYHOM BO3pacTe B HE3HAUUTEIHHOM KOJINYECTBE, B
35-cyTo4HOM — B YMEpeHHOM KojimdecTBe. B 4
rpynne y 15-25-CyTOYHBIX LBIILIIAT KOKKOBas |
MAIOYKOBUIHAS MUKPO(DIIOpa BEISABICHBI B OOIBIIOM 1
OuYeHb OOJBIIOM KOJIMYECTBE, K 35 CyTKaM OTMEUYECHBI
€IMHUYHBIC KOKKU U OOJBIIOE KOJMIESCTBO MAIOUCK.

MonoduibHble KOKKH B 1 TpyIIe 0GHAPYKEHBI B
HE3HAYUTECIFHOM KoimdecTBe B 25-35-cyTouyHOM
BO3pacte, majgouku — B 15-35-cyrounom Bo3pacte. Y
UBIUIAT 2 TPYHIITE HOTO(QHIBHBIE KOKKH BBISBICHBI B
25-cyTOYHOM BO3pacTe B YMEPEHHOM KOJIMYECTBE,
MAJOYKHU B €IMHUYHOM U YMEPEHHOM KoJinyecTse B 15-
u 25-35-cyTOYHOM BO3pacTe, COOTBETCTBEHHO. B 3
rpymnme B 15-35-cyTouHOM BO3pacTe B CIUHHYHOM
KOJIM4eCTBE OOHapyKeHbl Naloukd. B 4 rpymme
Homo(uIbHBIE KOKKH BBISIBICHBI JIHIIB B 15-CTOYHOM
BO3pacTe, €JUHUYHbIC Manodku B 15-35-cyTouHom
BO3pacTe.

Knetkn kwumewyHoro osnutenus B 1 rpymme
BBISIBJIEHBI B 25-CYyTOYHOM BO3pacTe, BO 2 rpymie B 15-
25-cytouyHowMm, B 4 rpymrne B 25-35-cyTouHOM BO3pacre.
B 1 rpymme nefikonuTtsl oOHapyxeHel B 15-35-
CYTOYHOM Bo3pacte OT 2 10 6 KiIeTok, B 25-35-
CYTOYHOM — BPUTPOLMTHI (2-4 KIETKH), BO 2 TpyIIIe,

1o 1-2 neiikonmTa U 3pUTPOIUTA B TToJIe 3peHus. B 3 u
4 rpynmax — B 15-25-cyTo4HOM BO3pAacTe BBISIBICHEI
JMEWKOUUTHI TI0 1-2 3K3eMIuispa.

3akiodyeHne. B xone dKCHepuUMEHTa y LBILIAT
kpocca Dekalb KOHTpOIBHOM TIPYIIBI  BBIABIEHO
OOJIBIIIOC KOJIMYECTBO BHYTPU- M BHEKICTOYHOTO
KpaxMmayia, KOKKOBOW MHKpPOQIOPHI, JCHKOIMTOB H
SPUTPOLIUTOB.

Bo 2 rpynme HBIUIAT, MONMYYHBIINX MPOOHOTHK
300HOPM, B Ma3Kax Kaja YCTaHOBJICHO OOJIbIIOE
KOJINYECTBO KOKKOBOH " HomouITbHOK
MAJOYKOBUIHON MUKPOGIIOPHI, CIUHUYHBIC KIICTKU
KHIIEYHOTO MUATENHNS, SPUTPOIUTHI U JICHKOINTHL.

B 3 rpyre IBITUIAT, MOJTY YMBIITUX
SHTEPOCOPOCHT MOJMMETHIICHIOKCaHA TIONUTHAPAT, K
OKOHYAHHUIO JKCICPUMEHTa B Kaje HE OOHApyKEHO
BHEKJICTOYHOTO KpaxMaja W IepeBapruMoil KIeTYaTKHY,
SMUTEIHS U POPMEHHBIX IJIEMEHTOB KPOBH.

B 4 rpynme nrwi, MONyYUBIIAX MPOOHOTHK H
SHTEPOCOPOCHT B KOMILUICKCE, HA MPOTSHKEHUH BCETrO
MIEPHO/Ia UCCICOBAaHUI HE BBISBICHO BHEKJICTOYHOTO
Kpaxmaia, IepeBapuMoON pacTUTEIbHON KJIETYaTKU U
SpUTPOIMTOB. B Kaje oTMedann eIUHWYHBIC KICTKH
KUIICYHOTO 3MUTEIHUS, JCUKOIMTHI U TPEACTABUTCIH
HomopUILHON MUKPOQIIOPEI.

Takum oOpa3oMm, TpPOBEJEHHOE HCCIEAOBaHNE
TOKAa3aJio, YTO MPUMEHEHHE YHTEPOCOPOCHTa CHUKACT
PUCK pa3BUTHS BOCHAJIMTCIBHOM pEaKIMU TPU
BEIPAIIMBAHUY IBIIUAT U COXPAHIETCS MOCIEC OTMEHBI
npemnapara.
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ASSESSING GREEN AND BLUE WATER UTILIZATION IN WHEAT PRODUCTION OF
TAJIKISTAN: A SURVEY OF REGIONS, 1980-2015

OLIEHKA IIOTPEBJIEHUME 3EJIEHOM U I'OJIYBOM BO/Ibl B IPOU3BO/JICTBE INIIEHUIILI B
TAJKUKUCTAHE: Ob30P PEI'MOHOB, 1980-2015

Abstract. The water footprint (WF) of national wheat production has been previously estimated for Tajikistan
in regional (Central Asia) and global-scale studies. However, due to the large scale, these reports may provide a
general view of the country's wheat production water usage, which cannot fully identify the regional demand on
water resources. The aim of this study is to estimate the green and blue WF and the total water use of wheat
irrigated crop in Tajikistan (1980-2015). The results were evaluated by comparison with previous documented
results for the WF of wheat production in Tajikistan. We compared the water use for product (t/ha) among four
regions and analyzed the water consumption by dehkan (peasant) farms, households and agriculture enterprises in
2015. The national average WF of wheat production for the period 1980-2015 were approximately 990.6 Mm3/yr
(34.3% green and 65.7% blue). There is a notable difference in the WF among different regions: the WFP is low
in the eastern region, while it is relatively high in the Khatlon region i.e. in southern Tajikistan. The major portion
of WF (61.4%) comes from dehkan farms, while agriculture enterprises with households are share 39.6% of the
country total water utilization. Blue water (BW) dominates in the four regions, whereas highest BW proportions
are found in the districts located in central and eastern Tajikistan. Productivity plays an important role in food
production by reducing the WF wheat production. Due to the low irrigation efficiency, more water is needed per-
hectare in farmlands of Sughd region.

Annoranus. Bonusrii cnen (BC) HanmoHaTFHOTO TPOHW3BOACTBA MIICHAUIBI OBUT MPEABAPUTEIHLHO OICHEH
JUIA Ta,Z[)KI/IKI/ICTaHa B PEruOHAJIbHBIX (HeHTpaﬂLHaﬂ A3I/I$I) U TI00AIBHBIX HCCIICAOBAaHUAX. O,I[HaKO Hn3-3a
0O0JIBIIIOTO MacIITada 3TH OTYETHI MOT'YT AaThb 06]1[66 NpeaACTaBJICHUC 00 UCITOIb30BaHUHU BOJBI AJIA1 IPOU3BOJACTBA
MIIEHUIBI B CTPAHC, KOTOPOC HE MOKET HOJHOCTBIO ONPCACIUTH peFI/IOHaJ'ILHHﬁ CIIPOC HAa BOAHBIC PECYPCHI.
L[CJ'ILIO JaHHOI'O HCCJIIEAOBAHUA SABIKICTCA OLCHKaA 3€JICHOI'O W CHHETO BC u 061.].[61"0 BO,I[OHOTpG6J'ICHI/I$I
opoluIaeMbIX KyJabTyp muieHunsl B Tajpkukucrane (1980-2015). PesynbTaTsl OblIM OLIEHEHBI ITyTEM CPaBHEHUS C
NpeAbIAYIIUMU  JOKYMCHTAJIBHO TOATBEPXKACHHBIMU PE3YyJIbTaTaMU JJId BC MpOn3BOJICTBA IMIICHUIILI B
Tampkukucrane. Mbl CpaBHHIM BOJOINOJB30BaHUE ISl TPOAYKTa (T/Ta) MEXAY YEThIpbMS PETHOHAMH H
MIPOAHAIM3UPOBAIH MOTPEOICHNE BOMIBI IEXKAHCKUMH (KPECThIHCKUMHU) (epMaMu, TOMAITHUMH XO035SHCTBaMU U
CEJICKOXO035IIiCTBeHHBIMU  npennpuatusivMu B 2015 romy. CpenHeronoBoif HAaIMOHANBHBIM IOKa3aTelb
MPOM3BOJICTBA MIIEHUIIBI 32 ieprox 1980-2015 cocraBun npudmusurensHo 990,6. MM3 / rox (34,3% 3eneHoro u
65,7% cunero). CymecTByet 3aMeTHas pasHuna B BC mexxay paznuuasivu peruonamu: BC Hu3ka B BOCTOUHOM
peruoHe, B TO BpEMsI KaK OHa OTHOCUTCJIbHO BBICOKA B XaTIOHCKOH O6J'IaCTI/I, TO €CThb Ha KOIc Ta)I)KI/IKI/ICTaHa.
Bospmas wacte BC (61,4%) mocrymaer M3 JEXKaHCKUX XO3MHCTB, B TO BPeMsl KakK CEIIbCKOXO3SHCTBEHHBIC
MOPEINPUATHS ¢ JOMAITHUMHE XO035HCTBAMH COCTABIIOT 39,6% 0T obmiero BogonoTpedieHus B crpane. ['ory0as
BoJa (I'B) noMuHHNpYeT B 4eThIpeX pernoHax, Torja Kak caMmble Beicokue npornopimu I'B o6HapyskeHsI B paiioHax,
PacCmioJIOKCHHBIX B HEHTPAJIbHOM W BOCTOYHOM TaJI)KI/IKI/ICTaHe. HpOI/ISBOJII/ITeJ'IBHOCTB HUI'pacT BaAXXHYIO POJIb B
MPOM3BOJICTBE MPOAYKTOB MNHTaHHWA 3a cdeT cokpameHunss BC mpomsBoicTBa mimeHHUNBI. M3-3a HH3KOH
3¢ (HEeKTHBHOCTH OpOIIeHUsT TpeOyeTcsi OOoJbIlie BOABI HAa TeKTap CENbCKOXO3IHCTBEHHBIX yromui Corauiickoit
obnactu.

Keywords: Water Footprint, Households, Collective Farms, Agriculture Enterprises, Tajikistan.

Kniouegvle cnosa: Boouwiti cneod, Xossaticmea nacenenus, /lexxauckue xozaicmea, Cenvxo3 npeonpusmusi,
Taoxcuxucman.
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Wheat as a stable source of food is historically the
most important crop, which is largely consumed by the
country's population in Tajikistan [1]. According to
national statistics, the consumption of bakery products
is defined as 155 kg/person and the demand over the
past 20 years has increased by 12% [2]. The problem of
satisfying the population’s need for food is one of the
priorities in terms of ensuring food security, which is
what the policy of the Government of the Republic of
Tajikistan is oriented to after independence [3,4]. Over
the past 25 years, the sown area throughout the country
has increased by almost 1.2 times, and the crop
occupies 84% of the total grain area. Along with the
expansion of the area, there is also an increase in grain
production, but the vyield largely depends on the
climatic characteristics of the year, and the national
average varies from 1.4 to 2.1 t/ha [5,6].

Tajikistan by its surface character is typically a
mountainous country with absolute elevations from 300
to 7495 meters, 93 percent of its territory is occupied
by mountains belonging to the highest mountain
systems of Central Asia, the Tien Shan and Pamir. The
climate of Tajikistan is determined by its geographical
position within the subtropical and temperate zones. Its
characteristic features are high intensity of solar
radiation, aridity, low cloud cover, long duration of
sunshine, sharp fluctuations in daily and seasonal
temperatures. Agriculture is the largest water user in
Tajikistan, accounting for more than 80% of the total
water withdrawal [7]. Meanwhile, irrigated agriculture
is the most productive sector of agricultural production.
The yield of irrigated wheat is greater than that of
naturally moistened land for rainfed wheat [8]. The
growth rate of irrigated agricultural land under wheat is
significant in the arid zone of central and southern
Tajikistan. The main consumers of water are
agricultural enterprises and collective farmers.
However, in the Khatlon region, where the majority of
the rural population lives, household water
consumption is higher than that of collective farmers.
Currently, due to the backwardness in technology and
poor management, agricultural irrigation water is used
with low efficiency and is significantly wasted [9,10].
It is important to reduce the use of water in crop

production to solve the problems of fresh water that
Tajikistan may face in the future [11,12].

Water footprint (WF) is an approach/method for
assessing water use in agricultural production [13]. The
WF of a crop product is defined as the volume of water
consumed in the crop process. WF consists of three
components: green, blue and gray water. Green and
blue water (GW and BW) refers to the efficient
consumption of rainfall and irrigation, and gray water
can be defined as an indicator of water pollution by
fertilizers and pesticides. The total WF is the volume of
direct and indirect use of water resources, and the GW
and BW of one production reflect the regional
efficiency of water apply [14].

Based on the growing season, wheat can be
divided into spring and winter species. Winter wheat is
planted in most regions of Tajikistan, and spring wheat
mainly in the Badakhshan region. Several scholars
quantified and analyzed the wheat WF in Tajikistan
[13,15]. However, due to the large scale, these reports
may provide a general view of the country's wheat
production water usage, which cannot fully identify the
regional demand on water resources.

In this study, we focused on the WF of spring and
winter wheat (irrigated). The main objective was to
assess the regional use of GW and BW in wheat
production from the perspectives of WF. In addition,
we aimed to estimate the volume of water consumption
among land owners/types (i.e. households, collective
farmers and agricultural enterprises) in four regions of
the country.

2. Materials and Methods

2.1 Study area

The research area is focused on all four regions of
the country, namely: Khatlon, Sughd, Districts of
Republican Subordination (DRS) and Badakhshan
(Fig. 1). The climate of the regions is classified as dry
subtropics. Winters are mild and short, with the
exception of the Badakhshan region, where winters are
severe and long. The regions are advanced in
agriculture, and wheat is one of the three (cotton and
potato) most important crops.

2.2. Data collection
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Statistical data on the annual crop yield, productivity and total seeded area (1980-2015), as well as on the
distribution of agricultural land between households, collective farmers and agricultural enterprises in four
regions, were referenced from the country statistical yearbooks (FIG. 2) [5,6]. Crop coefficients (Kc) [16],
planting and harvesting dates for the different regions (Table 1) are obtained from FAO [17]. The meteorological
data on temperature, precipitation (1980-2000), humidity, wind speed and sunshine (SD) duration (2000-2015)
of four regions for 1980-2015 were provided by the National Hydrometeorology Agency (NHA)
(http://meteo.tj). The average annual crop yield, productivity and total seeded area of four regions for 1980-
2015 are illustrated in FIG. 2.
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FIG. 1. Locations, terrain elevations and climate station locations of the four administrative divisions in
Tajikistan.
2.3. Perfomance of the crop water requirements
The crop water requirements (CWRsS) is the key component for calculating production WF. To simulate
the CWR of winter and spring wheat, the CROPWAT model-decision support tool was used [18]. For the daily
reference evapotranspiration (in CROPWAT), the Penman-Monteith equation was utilized [19]. The total CWR,
effective rainfall (ER) and irrigation requirements (IR) in regions have been calculated using the CROPWAT
model according to the crop phenology and Kc (from FAO)[20]. The calculations were performed (separately)

using climatic data from four stations.
Crop yield Productivity Seeded area
5.5

0 0 100 200 300 400 500
0 Badakhshon
mDRS
U Sughd
u Khatlon

FIG. 2. The average annual crop yield (t/ha), productivity (1000/t) and total seeded area (1000/ha) of four
regions for 1980-2015.
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2.3.1 Water Footprint estimation
The GW and BW of winter and spring wheat production were calculated using the methodology
described by Hoekstra et. al., 2011[14]. The GW of the crop (m3/ton) has been calculated as the ratio of the
GW use (GWU) (m3/ha) to the crop yield (YY) (ton/ha), where total GWU is obtained by summing up green
water evapotranspiration (greenETo) over the growing period. GWU is calculated based on the CROPWAT
model outputs, as the minimum of crop evapotranspiration (ETc) and ER with a time step of ten days.

ETo =

GWU = MIN (ETc & ER)
{WF:qreen =——=10+% ==
WF, = !
Product IWR EToppe = Y.(IR)
WFpye = v ° 0* ueY

The blue water (BW) of the crop considered to be
equal to the ratio of the volume of irrigation water
consumed/requirement (IWR) to the Y. The IWR is
taken equal to the IR as estimated with the CROPWAT
model. When the ER is greater than the CWR the IR is
equal to zero. The total evapotranspiration of irrigation

water is obtained by summing up the blue water
evapotranspiration (blueETo) over the growing period.
CWRs are assumed to be always fully satisfied[21]. In
addition, the total WF of product has been estimated by
summing the green and blue components.

Table 1.

Regional WF of wheat production (1980-2015)
Region CWR Yield GW BW WF
mm t/ha m3/t m3/t m3/t
Khatlon 716 2.1 917 2693 3610
Sughd 463 1.6 1316 1582 2898
DRS 699 1.6 1800 2573 4373
Badakhshan 352 1.4 358 2161 2519
Average 557 1.7 1098 2252 3350

Results and Discussion

The WF of wheat were simulated with
CROPWAT. For the all four stations, due to the lack of
climatic data, for the period of 1980-2000, reference
evapotranspiration was calculated from temperature
(other data estimated) data. On the other hand, for the
period 2000-2015, ETo Penman was calculated from
climatic (including temperature, humidity, wind speed
and sun duration) data. For the planting and harvesting
dates, we opted to choose 15" October and 10" Jun
respectively. However, due to the long and cold
winters, majority in the eastern districts grow spring
wheat. Therefore, the planting and harvesting dates in
Badakhshan (only/alone) opted to be 25" March and 5%
August, respectively.

The calculated national WF value in this study was
compared to that reported in the literature. The WF,
CWR, Y, proportion of GW and actual irrigation of
wheat in previous studies, which was calculated at the
country scale are listed in the Table 2. Chapagain and
Hoekstra (2004)[13] obtained a WF of approximately
6629 m3/t, which is much higher than that in any other
study. The WFP of wheat from 1997 to 2001 can be
higher because of the low Y. The WF in this report was
3350 m3/t, which is approximately the same as the WF
of the wheat product as estimated by Aldaya and
Hoekstra (2010)[15]. The national wheat Y increased
overtime in the last two decades and reached up to 2.9
t/ha in 2015. The national CWR of wheat ranged from
357 to 716 mm (with the average of 557 mm) which is
agree with Aldaya and Hoekstra (2010).

Table 2.
Comparison of this study with documented results for the WF of wheat production in Tajikistan.
Reference WF Yield CWR . Irrigation
Proportion of GW
m3/t t/ha m3/ha
This study 3350 1.7 557 32.8% -
Government of Tajikistan 2017 - 2.9 - - 2200
Aldaya & Hoekstra 2010 3931 1.4 552 45.5% -
FAO & EBRD 2006 - 1.8 - - 3500
Chapagain & Hoekstra 2004 6629 1.1 779 - -

Similar to our study, Aldaya and Hoekstra (2010)
also applied the CROPWAT model but did not include
Badakhshan inputs. Among the previous studies, only
this study distinguished between the GW and BW.

Thus, the proportions of GW at the country scale in that
report was approximately 45.5%, which is 690 m3/t
higher. Our CWR proportion was lower than (28.7%)
the values from Chapagain and Hoekstra (2004). It is



[ |

42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #4(56), 2020 EESIL

necessary to note that the reports of the government on
actual irrigation in wheat production may be counted as
BWI[22]. However, only BW value cannot fully
represent the amount of water utilization in wheat
production. On the other hand, the results of FAO &
EBRD (2006) can be counted as an overestimated[23].

3.1 Water Footprint of wheat production

In the period of 1980-2015, the average national
WF of wheat production can be considered
approximately 990.6 Mm?3/yr. The average annual
water consumption for 4 regions is shown in FIG. 3.
During the period of 45 years, the spatial difference of
the WF was obvious among all of the regions of

Tajikistan. A region with large WF values is
concentrated in the Khatlon, while that with low WF
values aggregated in east of the country.
Approximately 65.1% of the wheat product and 50.8%
of the WF are contributed by the southern region in
contrast to 1.6 and 1.2% by the eastern. The average
WFs of Khatlon, Sughd and DRS are estimated for
501.0, 262.6 and 213.7 Mm?, respectively. These three
regions together contribute to 98.1% of the national
total sown area, 98.3% of the wheat production, and
98.7% of the wheat production-related WF.
Consequently, Badakhshan constitutes only 1.9% of the
national seeded area.
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FIG. 3. The green, blue and total WF of wheat production in Khatlon (a), Sughd (b), DRS (c) and Badakhshan
(d) for the period 1980-2015.

The average national GW in wheat cultivation during period 1980-2015 was calculated to be 340.1
Mm3/yr. The largest GW was observed for Khatlon (131.3 Mm3/yr) and Sughd (121.7 Mm3/yr). These two
regions together account for 74.1% of the total BW related to wheat production. The GW in DRS estimated to
be 86 Mma3/yr, and the smallest GW were in eastern Tajikistan (1.3 Mm3/yr). The average BW related to wheat
production was 648.4 Mma3/yr in the studied years. The largest BW in wheat cultivation was also found in
Khatlon (370.0 Mm3/yr). Sughd and DRS BW, calculated to be 141.1 and 127.1 Mm3/yr, respectively. These
two regions alone account for approximately 41.3% and Khatlon for 57% of the national BW related to wheat
production. The region with small GW and BW in wheat production is Badakhshan. The results of GW and BW

also shown in FIG.3.
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FIG. 4. Consumption of total WF in wheat production in the regions of Tajikistan by years.

The national average WFP in 1980, 2000 and 2015  Sughd have a lower water-use efficiency (13.5%).

was 638.3, 1267.6 and 847.9 Mm3 respectively. The
results (in Fig.4.) demonstrate a great variation among
regions. Badakhshan region is lower in WFP, while

These two regions together produced 73, 162 and 317
thousand ton of wheat, accumulatively contributing to
27.1, 30.5 and 22.8 percent of the total output of
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Tajikistan in 1980, 2000 and 2015 respectively. Thus,
increasing harvest from the regions with low WF
improves the water productivity (WP) of the country.
In contrast, Khatlon and DRS, averagely have a WF
greater than 3350 m3/t. Khatlon is the largest wheat
producer of Tajikistan and one of the most promising
and pressing regions reducing the WF. In Khatlon the
WF of wheat production was 3603, 4488 and 1792 m3/t
in 1980, 2000 and 2015. The total WF of wheat

production for the 1980, 2000 and 2015 are illustrated
in FIG.4.

3.2 Water utilization among land owners/types

The importance of wheat for dehkan (peasant)
farms is clearly seen from Table 3, which presents the
wheat production structure for farms of each type
separately. Thus, total production of wheat account for
17% in farm enterprises, 60% in dehkan farms, and
fully 23% of sown area in household plots.

Table 3
Wheat production structure by different farm types (2007-2015).
Farm types
Regions Total Enterprises Householders Dehkan farms
ha % % %

Khatlon 190204 12.9 35.6 51.5
Sughd 53849 16.9 17.7 65.4
DRS 69322 20.9 24.9 54.2
Badakhshan 4685 19.2 12.6 68.2
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FIG. 5. Distribution of WF in wheat production for the households (a), agriculture enterprises (b) and
dehkan farms (c) in the regions of Tajikistan for 2015.

Distribution of WF in wheat production among
land owners/types in four regions of Tajikistan for 2015
is demonstrated in FIG. 5. The WF of wheat
production, in 2015, was mainly consumed by dehkan
farms (DF). For the four regions the WF of DF ranged
from 4.1 to 190.7 Mm?®yr. About 98.8% of the total
DFs WF related to wheat production is related to
Khatlon (54.4%), DRS (26.6%) and Sughd (17.8%)
regions. Similar, for households, the lion’s share of the
WF was calculated to be in the Khatlon (62.3%) region.
Agriculture enterprises (AE) with households share
39.6% of the country total water utilization. The largest
WF among AE belongs to the DRS (37.5 Mm?3/yr). The
remainder of regions along estimated to be 49.2
Mm3/yr.

4. Conclusion

CROPWAT model was applied in this study to
estimate the WF of regions, along the volume of water

consumption among land owners/types. The results
were evaluated by comparison with previous
documented results for the WF of wheat production in
Tajikistan. Results reviled that estimating the WFs
crops at a global or national scale frequently suffer from
limitations in terms of data availability and quality.
Therefore, by accounting the winter and spring wheat
at the microscale (regional), the WF of wheat
production in Tajikistan was estimated. The results of
BW in this study was comparable to those reported by
government. However, some previous reports on WF of
wheat production can lead to biased estimates of total
volumes of this crop water usage. Also, this study
agrees with some previous studies in terms of the CWR
importance of water-use efficiency in Tajikistan’s
wheat production. In addition, estimated WF of wheat
production was mainly related to dehkan farms.
Whereas the Khatlon region consider to be a primary
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consumer. In contrast, Badakhshan accounts for the
lowest consumption of the country’s total WF related
to wheat production. Although we admit that the
accuracy of our results is subject to the quality of the
input data, it is difficult to attribute the differences in
assessments of various studies to specific factors and
evaluate the quality of our new assessments relative to
the quality of previous estimates.
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METO/] PELLIEHUS 3AJTAYH COIJIACOBAHMSI 30HBI CPABATBIBAHUS
PAJITMOB3PBIBATEJISI C IIOJIEM PA3JIETA IMTOPAKAIOIIUX SJIEMEHTOB PAJIHAJIBHO-
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A METHOD OF RESOLVING COMBINATION BETWEEN THE FIELD OF VIEW OF RADIO
SEEKER FUZE AND THE FRAGMENT BEAM OF DIRECTION ENERGY WARHEAD

AnoTtanus. B manHo#l paboTe paccMaTpuBaeTcs BaKHOCTh M HEOOXOAMMOCTh KOMIUIEKCHOTO PEIICHHS
3aJa4y COTJIacoBaHUs 30HBI cpabaThiBaHus paauoB3peiBatess (PB) ¢ mojem pasnéra mopaxaromux 3JeMeHTOB
pamuanpHO - HampaBieHHOW OoeBoit wactu (PHBY) 3enutHOlN ympaBnaemoit paketsl (3YP) c membio
MaKCHMaJIbHOTO TMoOBbIeHUsT € 3d¢dexTuBHOCTH. 3ydaroTcs MaTeMaThdeckue MOoJeld (OPMUPOBAHHS
HEOOXOTUMBIX U JIOCTAaTOYHBIX ycioBHil cpabatsiBanus PHBUY B nunamuke asmkenus 3YP oTHocuTenbHO €€
TCIIn. Hrorom pa60T51 ABJIAAIOTCA PE3YJIbTAThl MAaTEMATUYECKOI'0 MOACJIMPOBAHUA IO OICHKE 3(1)(1)6KTI/IBHOCTI/I
nopaxenust ueau 3YP u pekomengauus no npumeHenuto PB HoBoro tumna.

Abstract. In this article, researchers present the importances and the necessaries for manner of resolving
combination between the Field of View of radio seeker fuze and the fragment beam of direction energy warhead
of homing guidance surface-to-air missile to enhance effectiveness of target killing. The content of this paper gives
out the mathematic models that establish the necessary and sufficient conditions to ignite direction energy warhead
when the missile and the target are in relative motion. The result of article is the simulations to estimate
performances of surface-to-air missile attached direction energy warhead on it and the some recommendations
about ability of application.

Kniouesvie cnosa: @aso-oonneposcrkuii paduosspwisamensv (@IPB); paduanvho-nanpasiennas 6oesas
uacms, 3eHUMHO-ynpaeisaemas pakema, L;wzqupuquKa}z cucmema Koopduﬁam.

Key words: phase-doppler radio fuse; radial-directed warhead; surface-to-air missile; cylindrical coordinate
system.

IlocTanoBka 3agaun

W3zBectHo, uto s moboit 3YP, BeposTHOCTH
MOpaXeHHsl LETH 3aBUCUT OT ABYX HE3aBUCHUMBIX
clydalHbIX — coObrtmit  [1,9],  XapakTepu3yembIx
pacnpesieneHneM npomaxoB  HaBenenus (h) u
TUIOTHOCTBIO TIOPQKAIONIUX DJIEMEHTOB (p;) B 30HE
nopaxkenus 6oesoit wactu (bY). [Ipu 3ToM MIOTHOCTH
pacrpeienieHus MOPakaroINX IEMEHTOB 3aBUCHUT OT
pana mapamerpoB bY, a B OCHOBHOM OT Macchl
B3pBIBHOTO BemiecTBBa (C), Macchl OCKONKOB (M) u OT
addexTuBHOrO paguyca mopaxeHus (Rsq).

OpmHoit w3 ocobenHocreir 3YP cpemnedd u
Oonpmol nanepHOCTH sABiseTcs Hanmmane PB B coctaBe
b4, KOTOPBIi obecrieurBaeT  JUCTAaHIIMOHHOE

cpabatpiBanue BU BOJM3M TOYKM BCTPEUH C LEIBIO.
Kpowme toro, B cnyqae 3YP npumenser PHBY, To PB
U3MepsieT He TOJBKO IUCTAHIUIO 1O LEJNU, HO U eé
panuaibHOE MECTOIOJIOKEHHE, 4YTOOBI 00ecneyuTh
CO3/1aHME HaMpPaBJIEHOTO MO OCKOJIKOB.

Cnemyer  pemmuTh  3aJady  COTJIACOBAHHSA
JUHAMUYECKOTO  TOJS  HANpaBIEHHOTO  pasjera
OCKOJIKOB ¢ 30HOH cpabareiBanus PB  mpm
npoektupoBanuu  PHBY  gnms 3YP.  Crenens
COIJIACOBAaHUS  JIByX OTHX  30H  OTpa)kaercs
3¢ pexTHBHOCTRIO TOpaxkeHws 11eau ogHoi 3YP.

VYcnoBusMH pelieHus] JaHHOM 3aauM SIBISIOTCS
clenyromue OTHoeHus, [1]:
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L m

{h < Te6n. < Raqb (1)
Gpe(t) ~ ecpaﬁ

Ipu 3TOM: Ocpas, Gpe(t) — yrom cpabarsiBaHus H
TeKyImii u3Mepenusiii yron PB cootsercTBenno; h,
reon(t), R.p — mpomax, Tekymias wusmepsiemas PB
JanbHOCTh 10 wenu u 3¢ddexTuBHBIA paguyc BY
COOTBETCTBEHHO.

Kpome »stux ycmoeuil, B PB nomkHO OBITH
ONpEeNeNeHO pajualbHOE MECTONOJOXKEHUE IeNu
otHocutesibHO 3YP 10 MoMeHTa cpabaTbiBaHuS,
KOTOpOE XapakTepu3yercs YrioM nomiera (Y1) B
KapTUHHOU MJIOCKOCTH, NEPIEHIUKYISIPHOMN
npopossHON ocu 3YP. D10 BecbMa ciiokHas 3ajadga,
KOTOpast Oblla pEIIeHa aBTOPOM B MPEABITyIICH
pabore, [3].

Pemenne 3anauun

3amaya cornacoBaHus 30HBI AeiictBus PB ¢
nuHamuueckuM nosnem PHBY pemaercs no stanam u B
JUHAMHUKE OTHOCUTENbHOTO nBmxkeHus 3YP u nenu.
BaxxHo mpu 3TOM OYIyT ONpEACTCHBI HMapameTpbl U
XapaKTePUCTUKU 3TUX 30H. PaccMOTpUM HU3XKE Kak
(hOpMUPYIOTCS ¥ OIPENEISIOTCS 3TH HapaMeTpsl H
XapaKTEPUCTHUKHU.

1. Cnocob onpedenenus npomaxa h

Omnpenencaue LUJIMHAPUYECKON CUCTEME
koopauHaT (LICK): momiocHas cumcremMa KOOpPIWHAT,
obpasyeMass MWIMHAPOM paaMyca mpoMaxa h u
npoaonbHoi och (OXyus), COBIMANAOIICH C BEKTOPOM
OTHOCHUTENLHOM CKOPOCTHU (Vo) M IPOXOISILEH LIEHTP
maccel PB, Ha3piBaeTcst unuHapuyueckoit (puc.1).

Puc.1. K nosicnenuto oopazosanus L{CK u onpedenenus koopounam

Koopaunaramuy, OTIPEACISIOUIMMHU
Mmectononoxxenue 1enu B LICK, sBmstroTcs Texymuit
pagryc COMMKEHHS K HENHU [ (t) M HAKIOHHBINA yToJ
Op(t) aTOTO pammyca k mpomoipHOit ocu LICK. Dtu
napaMeTpel  u3MepsioTcss B PB (asoBeiM  wiu
JIOTIIEPOBCKUM METOAOM, [1,5,7].

B cBsi3u ¢ Maiol MPOI0IKUTEIBHOCTHIO PA0OTHI
PB (menpme 1 cek.), MOXHO TMPEIUIOKHUTH, YTO
BEKTOPBI OTHOCHUTEILHOU CKOpOCTH (Vomy) M MpOMaxa
(h) B Teuennu pabotsl PB He MEHSIOT CBOHM BEJIUUHHY
Y HaIrpaBJIeHHUE.

Ilo onpemenennto I[CK na puc.l, BmomHe
OIIpeIeIIsIeTCs IPOMaX BhIPAKEHUEM:
h= Voru(T1—T2) Sin 01 sin 6, (2)

sin(92—61)

[Tpu stom, 61, G2 — 3Ha4YeHHs yria HaKJIOHEHUS
pamuyca cOmmxeHus re K ocn OX,, B MOMEHTHI

BPEMEHHU 71, T2 COOTBETCTBEHHO; Vomy — BEIMYHMHA
OTHOCHUTEJIbHOW CKOPOCTH.

2. Onpedenenue napamempos u xapaxKmepucmux
30Hb1 Oeticmeus PB

[Ipennonaraem, uro coBpemenHass 3YP c nenbio
TIOBBIIIICHUST TTOMEXO0-3aIIUIIEHHOCTH ocHamaeT dazo-
Homneposckuit PB (©/IPB). Takoit PB 00praHO mMeeT
rmapy IPHUEMHBIX aHTCH B OJJHOH IUTOCKOCTH CBSI3aHHOU
cucrembl koopauHAT (CCK).

Juarpammel HampaBneHHocTH DJIPB o6pazyior
30HY, MMEIOIILY IO KOHHYECKO-BPALIAOIIY IO
MPOCTPAHCTBEHHYIO POPMY, IPEICTABICHHYIO Ha puc.2.

®JIPB mnocpencrteom daszoBoro casura Ap B
CHUTHaJIaX, MPUHUMAEMbIX B Mapax aHTCH B OJHOM
IUVIOCKOCTH ~ WJIM  IIOCPEJICTBOM  JIOIUIEPOBCKOTO
u3MeHeHus Af namepser yroi comumkeHus G,.(t) 3YP k
LIeITH.
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Puc.2. K noacnenuro odopazosanus 3onvt @PB

B (@azoBom pexnme, NPUMEHIEMOM TPOTHB
IIYMOBBIX AKTHUBHBIX TIOMEX, OIPCACIACTCA YIOJI
cOmmKeHus cienyromnei hopmyioi [6]:

6,5 (t)=arccos (1- A;T(];)) 3)

I'ne: Ap — ¢dazoBblii ciBur curHama B mapax
npueMHbIXx aHTeH; D — (da3oBoil moxasarens,
OIPECIAIONIMN KOJIMYECTBO HECYLIHX KOJeOaHUUH B
CUTHaJIaX MEXJIy NapaMu IPUEMHBIX aHTEHH. OTOT
MOKa3aTelb ONPEeNsIeTCs OTHOIIIEHUEM, [5,6]:

D=5 (4)

Ine: d — poccrosHue MEKAy MPUEMHBIMU
aTeHaMH B OJIHOM IUIOCKOCTH; A — JUIMHA Hecylien
BOHBI OTPAKEHHOTO CUTHAJIA.

B nomnepoBckoM pexxume, MPUMEHSIEMOM MTPOTUB
MaCCUBHBIX TIOMEX, OIPEACIACTCA YIOJ CONMKEHUS
CJIeIyIOIINM COOTHOIIIeHUEM [5]:

i
s (t)=arccos (I-Afn V—) (5)
OTH
I'ne: Vomn — BEIMYMHA OTHOCHTEILHOU CKOPOCTH;
Afy — IOIUIEPOBCKMH  CIBUI 4YacTOTBI, KOTOPOE
ONPEIENAETCS BHIPAKEHUEM:
p— p— VOTH
Af=fo, -ty = =" (1-cos6,,) (6)
C = Hom o0 6 i 6
YHETOM, UTO f = — C0S0,,; K GOMBIIOH O,
2,
u fo. = /‘1"“ IPH MAaJIOM e, TO €CTH les>>h (cMm.

Puc.2).

Ha ocHoBe (6) onpenemstoTcst XapaKTepHBIC YTIIbI
JUIS peleHus BeIpakeHus (2)

0, = arccos (1 —Afy V;l—D)

6, = arccos (1 — Af, #) e
6,=arcos (1—%) ;
6,=arcos (1- %) 0

Bennuunnt Af; (Ag,) u Af, (A@,) onpenenensl
¢dopmynamu  (3) wm (6) B
COOTBETCTBEHHO.

3. Onpedenenue napamempos u xapakmepucmux
Ounamuyeckozo nopascaroujeeo nois PHFY

JuaamudeckuMm mopaxaromuM  momem  (JI1IT)
SIBIISIETCS TIOJIE pa3JieTa Mopakarolux 31emenToB bY ¢
yaeToM ckopoctu commkenus 3YP k memu. Ecnm B
MOMEHTE B3pbiBa bY, 1ie€1b 0Ka3bIBA€TCs B 3TOM IIOJIE,
TO OHa OyZeT MopaxkeHa C 3alaHHON BEPOSITHOCTHIO.

IIpu onpeneneHny mapamMeTpoB U XapaKTEPUCTUK
JIIII, y9uTeIBarOTCS CAESAYIONINE OCOOSHHOCTH:

- [Nopaxkatoriee noste TecHo cBs3aHo co CCK paxeTsr;

- Bextop oTHOCUTENBHOW CKOPOCTH  Vomy
HAaKJIOHSIET OTHOCHUTENILHO MpoJoJibHOM ocu 3YP Ha
HEKOTOpHI HEOONBIION yTroll & B BEPTUKAILHOW
TUTOCKOCTH, ¥ HA yTOJ # B TOPU30HTAJILHO HaKJIOHHOM
TUTOCKOCTH, KaK TI0Ka3aHo Ha pHc.3;

- JIIII B mpomoNbHOW IIOCKOCTH 00Opa3yercs
NEPEHOCOM  CTALlMOHAPHOTO MOPaXKaIOIIEro IoJie
(CIIIT) ma HEKOTOPBIH yrom (@ro,p20 W @120) B
HAIPaBJICHUH IIETH B 3aBHCHMOCTH OT OTHOCHUTEIEHON
CKOPOCTH Vo, KaK TIOKA3aH HA PHC. 4.

MOMCHTBI 71, 72
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Zoo

priioi

Puc.3. K onpeoenenuro CIII1 Puc.4. K onpeoenenuro JIIIT

U3 puc.3, puc.4 u 1o [9], MOKHO ONPEIEIUTH:
a) IMapametpsr CIIII (cMm. puc.5): @,=arctg (RBLR“P) 9)
- YroJ HaKkJIOHA NepeHel rpaHuLIbl: h

Ro 4R - Yro HaKJI0Ha OMCCEKTPHUCHI:
_ BH ' N\Hap
(p,=arctg (l—) (8)
2
— (#1+0,)
N Pin="7% (10)
- Yro1 HakiI0Ha 3aHCHU I'PAHUIIBI:
Vo AVo Vo
5 A -
slele] QOLO00 (OO0 000000000
211 @2 @iz
U 0; Rs)e Rm_p
Esssssssssri*sssss@ss@sssﬁissstssss y
L=12 /t L=L?
i

JletoHatop / [

Puc.5. K noacuenuro onpenenus napamempos CIII1

I'me: Rei, Rugp — BHYTpeHHHMH W HapyXHOH W 3agHero ceueHuid BY cooTBeTCTBEHHO.
pamuycbl 000J04KK B3pbIBHOTO Berectsa; L, li. I — 6) [Mapamerpsr AIIIT (cMm. puc.6):
umHa bY 1 paccTostHUS OT AeTOHAaTOpa 10 MepeIHero

Puc.6. K onpedenenuro yaia
cpabamvieanus O.pqs

Cornacuo onpenenennto, JAIIT popmupyercs kak ~ Vy=Vy+V,,,, 6bUI0 mapaaiensHo HIH COBIAAEHO C
nepenoc CIIIT B cTOpPOHY Lie/iM Ha HEKOTOPBIA yroJl, — BEKTOPOM CKOPOCTH COMMKeHHs V.5, Kak MOKa3aHO Ha
3aBUCHMBIN OT BEKTOPA OTHOCUTEILHOU CKOPOCTH. puc.6. U3 3TOro pucyHKa W TaKkke JOIMYINEHHS O

VYcnosuem, obecnevnBarommum BCTPEYM  MAJIOCTH YIJIOB € U 7], CIIEAYET CYMMHUPOBATH MPOEKIIUU

nopaxatouiero snementa ¢ uensto B I, aensercs  pexropos Ha ocn OXi (mpomonbHoii ocu 3YP) CCK n
PacCIiOJIOKEHHUE BCKTOpa CYMMapHOﬁ CKOpOCTH OIIPCACIUM:
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- Yrox cpabarbiBanust PB — Ogpas.:

Vo €oS@y + V1, COSE=V 5,050 105

Vocos@, +Vorycose
COS@Cpa6 = v
cbn
Vocos@, +Vorpcose (11)
0 pag=arccos (—————
pa Veon

- OTHOCHUTETBHYIO CKOPOCTH Vo

[Vc6n. - VE) COS((p1 'Hcpa6)] = VOTH. Cos(ecpaﬁ "9)1
YVYHTBIBAA MaJIOCTh & 4TO

MOy YUM:

v _ Vc6n.'V0005(‘P1'ecpaﬁ) ~ VCGJL'VOCOS((pl'ecpaG) (12)
oTH: cos(ecpa6'5)

c0s0cpas

I'ne:Ves,. — ckopocth cOommkenus 3YP x memnw,
m3mepsiemas OJIPB;

Vo — cranmonapHasi ckopocts pasiera [19 B CIIII,
onpezensercs hopmyroit Gurney [2,6,10]:

1 C,
— R V2EV3
e pa

 [m/c]

(4&) ( 1&)
Mpa)\' Mpa

Vo = (13)

Ine: Ry, L — reomerpuueckue mapametpbl bU,
ompenemnsiembie 1Mo puc.5; Cpa, Mpa — Hcnonp3yemas
Macca BB u otBommmas macca IID cooTBeTCTBEHHO;
V2E - mocrosnnas Gurney, 3aBucsmias ot tumna BB.

4.  Onpedenenue paduanvHoco yena X1 8
xkapmunno niockocmu, [3,9]:

a) Koncrpykuus PHBY (puc.7):

)12

Puc.7. Koncmpykyus PHEY
(BB — 83pwignoe sewjecmso, 119 — nopascarowuii anemenm, [1+3 — demonamopuwt, C1+9 — 63pvigHvle cexmopbi)

Kﬂp'l'[»ﬂﬂﬂﬂ: IIIOCKOCTD

Puc.8. Omuocumenssoe

pacnofoiceriie yeiuu 8 ceKkmopax
PHEY

6) Pacriosioxkenue 1ieny B KAPTUHHOW IIJIOCKOCTH
OTHOCHTEJIFHO B3pBIBHBIX cekTopoB PHBY (puc.8):

Xi=arctg (y1u>

ZlI_[

(14)

I'ne: y11, Z11 - KOOPJMHATEI IEJIH ONPENIETEHBI B
CCK MeT0J10M 3KCTpanojsiiuy TpackTopuu 1enu [3].

5. Bulbop 63pbl6HbIX CEKMOPO8 8 3A8UCUMOCHIU OM
Vera pAcnonoANCeHUst Yeau 1.

bouio  ycrawoBneno B [9], uro mpum
OJHOBPEMEHHOW  JETOHALMH  IOCIeA0BaTEIbHO-
PACIOJIOKEHHBIX B3PBIBHBIX CEKTOPOB B YIJIOBOM
guanazone 120°, paauaneHblil yrom pasnera I10
cocraisieT oT 40° 10 45° U 3TOT yroJyl paclupsieTcs
MIPU YMEHBIIEHUH CEKTOPHOTO yTia.

[MpumennB 9-cekTOpHBI BapuaHT (CM. pwuc.7),
MOYXHO yCTaHOBHUTH CBSA3b MHACKIMHN B3PBIBHBIX CEKTOPOB
C 3HaYEHHEM PaJNabHOTO YIJIa y1, KOTOpas MOKa3aHa B
Tabmure 1.
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Tabmuna 1.
IIpaBuso BbIGOPA B3PHIBHBIX CEKTOPOB 10 3HAYEHUIO PAINAIBLHOIO YIJia
Ne B3pbIBH. cekTpopa 1-2-3 | 2-3-4 | 345 | 4-56 | 5-6-7 | 6-7-8 | 7-8-9 | 8-9-1 | 9-1-2
3nauenue Pax. Yrna s, 110+ | 150+ | 190+ | 230+ | 270+ | 310+ | 350+ | 30~ 70 +
[rpaz.] 150 190 230 270 310 350 30 70 110

[Tpumep oxHOTO BEIOOpa NpHBeAeH Ha puc.9. [Ipu sToM paauansHbIi yron okasaics B auanazone (190+230)
rpaj, OyayT BeiOpanbl ceKTopbl No3, Ned i Ne5 ¢ cekTopHBIM yrioM y1=120yen.epao.

A Y1

Puc.9. Ilpumep o svibope 63pbi6HBIX CEKMOPOE.

6. Anzopumm npuseoenus PHEY 6 Oeticmeue MO/JICITUPOBAHHUA, HCTIONB3YIOTCS IpUMEpHBIE
Jns TOTO, YTOOBI uccnenoBare  ucxonHsle qanHsle PHBY B TabGnuiie 2 u nporpaMMHbIil
¢yakmnornpoanue PHBY mytem mMareMaTHYecKOro — ajlrOpUTM HCCIEIOBaHHSA, TIOKa3aHHBIN Ha puc.10.

Tab6muma 2.
IIpumepnbie napamerpsl PHBY
[Tapamerps PHBY 3HaueHue
CymmMmapnast macca [19 - M(kxr) 62.2
Cymmapnas macca BB - C(kr) 59.9
OTtBogHas Macca - Mpa(kT) 102.1
HWcnonp3oBanHast Macca BB - Cpa(kr) 20
Hapyxuslii paanyc 060504k BB — Ryqp (M) 0.230
BHyTtpennuii paguyc o6nouku BB — Ry, (M) 0.196
JmuHa 60eBoit yacty - L(m) 0.8
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Puc.10. Aneopumm npuenoenus PHBY 6 deticmaue.

MaremaTndeckoe MoaeJMpoBaHue U oneHka 3¢pdexrusuoctu PHBY
1. JaHHBIE ¥ IPEANOCHUIKH Ut MoaenupoBanus (Tabmuma 2 u 3):

Tab6muma 3.
Hapamerpsi 3YP u nemau.
HcxonHble mapaMmeTpsl Lenb 3VYP 3ameuaHus
HavanpHBIC MECTOTIONOKEHHUS Xo, Yo, Zo (M) 4000 1000 0 BCEM KOOpIMHATAM
CkopocTs, (M/c) 450 850
eperpysxxu B Manespe - W, Wy, (M/c?) 0; 40; 80 - 3 ypoBEHb
Bun maneBpa nenu 1p. Oouka IPOCTPAaHCTBEHHAs
Bpewms caMoHaBeACHUS — Ty, (C) - <2.5
Bpewms pabotel PB — 1, (€) - <1
Oddexrunbiii paguyc BY — Rsy, (M) - 60
Merto 1 caMOHaBEAECHUS - p. con

2. AITOpUTM UCCIEN0BaHUS: allrOPUTM Ha puc.10

u popmynsr (1)+(14).
3. Pe3ysbTaThl HCCIEROBAaHUI:

miockoctH (puc.11)

a) Tpaexropus 3YP u menm B BEpTHUKAOBHOW

6) BeposTHOCTH MOpaXKeHUS 1IETTU B 3aBUCIMOCTH
oT mpomaxoB (puc.12, Tabn.4).
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TpaewTopwua 3¥YP 1 uenm
% : l— LLEJ'ib HEMEHE:BDEHHEH
j— |le1b MBHEEPEHHEA
o — 3YP
- e =
g .......................... o BepoATHOCTE MO paMeHHa .u,enn
Eg| in
18 A g
8
8/ R e g
a
&
(=] u
§ ________________________________________________________________________________ g
o | | | | | o | | | | |
0 1000 2000 3000 4000 5000 6000 0 10 20 30 40 50 60
X-[m] Npomax — [m]
Puc.11. Tpaexmopuu 3YP u yenu Puc.12. Beposmnocms nopasicenust yeau
Tabnuna 4
BeposAITHOCTH MOpaKeHHsI EeJTH 3aBHCHMOCTH OT MPpoMaxa
ITpomax h, (M) 10 20 30 40 50 60
BeposTHOCTB OO6krunas BY 1 1 0.989 0,896 0,816 0.786
NIOPAXKECHUSL PHBY 1 1 1 1 1 1
B) Brixonusie napametpsl 3YP u PHBY (Ta6nuua 5).
Tabmmma 5

Beixognsbie napamerpsl 3YP u PHBUY

IIeperp Uctunnbiii Dkc. B3priBH YrioBasi CKOpOCTh
. . CkopocTb CONMMKEHUS
y3Ka paauaibHbIN pan. BN BpaIIEeHNs THHUH B MIoCKOCTAX, (M/C)
eNn yrou,(Tp.) yrou(tp.) | cexTop BH3HUpPOBaHUs, (Tp/c) ’
Wy (m/c? ] ]
) Aluc A1 Ne Op oy VeonB VeonH
0 26.150 27.456 8-9-1 -0.0008 0.0002 902.13 880.47
40 21.762 23.831 7-8-9 0.5791 -0.8804 766.37 735.57
80 -4.340 -7.677 7-8-9 1.6771 -3.6144 616.51 541.69
BeiBoabl: 113 NOCTaHOBKM, pEHIEHUS H 3aki04eHue:
Pe3yNbTaTOB MCCIENOBaHMI B JaHHOH paboTe MOKHO Teoperndyeckn 3ajada  COTJIACOBAHHUS  30HBI

CeTaTh CIEAYIOIINE BBIBOBL.

a) 3ajmaua CoOracoBaHMsl 30HBI cpabaThIBAHHS
®J1PB c nonem nopaxenuss PHBY pemaercs cnoxxnee
no00HoN 3amaun mpu 00buHOW BY. CroXHOCTH
3aKJIFOYAETCS B ONPEACICHWH paJHualbHOTO yIiia
mojyieTa el y1 otHocutenbHO 3YP m B BEIOOpE
B3pBIBHBIX CEKTOPOB, o0ecreunBaronmx
HaInpaBJIeHHBbIN pa3neT Bcex [1D B HampasieHue 1enu
U TE€M CaMbIM IOBBIIIAET BEPOATHOCTh MOPAKEHUS
uenu (puc.12).

6) Bricokas BeposiTHOCTB opaxkenus e PHBY
JIOCTUTAeTCS COCpeIoTOYCHEM SHEPTUU u
MOBBIIIEHHEM ITUIOTHOCTH 110 B cTOpoHy meny.

B) AJNTOPUTM pEUICHHs ITOCTAaHOBJICHHOW 3a/1a4n
MOXET OBITh pealn30BaH Ha OCHOBE OJHO3HAYHO
n3BecTHBIX mapametpoB 3YP, PB, PHBY u 60pToBBIX
nHpOpMaIHii.

cpabateiBanus PB ¢ nonem nopaxenust PHBY pemena.
Ona BecbMa akTyallbHAa M TIPakTHYHA B IIpoliecce
npoektupoBanus 3YP. 3HAUMMOCT, M HAYYHOCTh
JaHHOH pabOThl 3aKIOYaeTcsi B  KOMIUIEKCHOM
pelIeHu:d psiJl BOMPOCOB B TEIJIOBOM B3PBIBHOM
JUHAMHUKE, paJdoJIOKalMi U JWHAMHUKE T[oJieTa
JIETaTeJIbHBIX amnapaToB.

Pesynbrarel pemieHus 3agaud pEeKOMEHAO0BATh
UCIIONIB30BaTh B y4eOHOM U HCCIIEA0BATEIbHOM
rpoueccax.
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THE EXPERIMENTAL RESEARCHES OF REVERSIBLE HEAT PUMP "WATER-AIR" AT THE
LABORATORY STAND "SOLAR-HEAT PUMP STATION".

Koponu Mexpua Aneaposna,
K.M.H., 0oyeHm,

Tawxenmckuii I'ocyoapcmeennviil Texnuueckuil Yuueepcumem,

2. Tawkenm, Pecnyonuxa Y36exucman

Heanucosa A., Taybanoues A., Ycmanos K. , I'agpyposa M

Mmazucmpanmot, Tawl TY ,Y30exucman

9KCHEPUMEHTAJIbHBIE UCCJIEJOBAHHUSI PEBEPCUBHOI'O TEIIJIOBOI'O HACOCA
«BOJIA-BO3/1YX» HA IABOPATOHOM CTEH/IE «COJIHEYHO-TEIIJIOHACOCHAS
CTAHIMSI».

Summary. It's shown, the results of experiments of the heat pump “Water-Air” with using solar photovoltaic
panels to drive a compressor and other heat pump equipment. The circuit diagram and operation modes of the heat
pump are considered. The results of experiments are compared for different modes of the heat pump.

AHHOTa].[l/Iﬂ. TTokazaHbl pe3yJIbTaTbl OIIBITOB TEIUIOBOI'O HACOCAa «BOJAA-BO3AYX» C€ HCIHOJB30BAHUECM
COJIHCYHBIX (I)OTOBJ'IeKTpI/I‘ISCKI/IX HaHeJ‘IefI, JIA TIpUBOJAa KOMIIpECCOpa U ApYyroro 060py2[0BaHI/I$I TCIJIOBOI'O
Hacoca. PaccMOTpeHBl NpUHIMMNHMANBHAS CXeMa M PEXUMBI pabOThl TEIIOBOro Hacoca. CpaBHHBAIOTCS
Pe3yIBTATHI ONBITOB IPH Pa3HBIX PEKUMax pabOTHI TEIUIOBOTO HAcoca.

Key words: heat pump, solar photovoltaic panels, operating mode, efficiency, heating coefficient, energy

resources.

Knouesvle cnosa: mennosoi Hacoc,

COJIHeYHble ¢0m09ﬂekmpuqea<ue naweau, pestcum pa60mbl,

aghghexmusrocms, omonumenvhvll KOIPPuyuenm, suepeopecypcul.

Brenenne. Hcnonp3oBanue COJTHEYHBIX
TEIUIOBBIX HACOCOB B TEIIOXJIAJIOCHA0KEHUH 3JaHUH U
MPOMBIIIICHHOCTH PECIyOIMKH C KaXIBIM TOAOM
CTaHOBUTCS MEPCIICKTUBHEE U aKTyallbHEe, I03BOJIICT
MOJy4YaTh TEIUIOBYK JHEPIUI0 C HAMMEHBIIUMH
3aTpaTtaMu U 0e3 Bpema A OKpyKaromeld cpeapl. A
TaK)X€ B COBPECMCHHBIX YCJIOBUAX IMOBBIIICHUA IICH HA
OHEPropecypchl W DIEKTPUYECKYI0  SHEPrHio

WCIIONI30BAaHNE  TEIUIOBBIX ~ HACOCOB  SIBISIETCS
SKOHOMHUYECKH (P PEKTHBHBIMHU.
B HayuHO-WMccienoBaTenbCckol  1abopaTopuu

«COJHEYHO-TEIUIOHACOCHAsT CTaHIMS» IpH Kadeape
«TepmoMHaMKKa M TEIUIOTEXHHUKa» TalllKeHTCKOTO
T'ocynapctBenHoro  TexHUUECKOTO  YHHUBEpPCUTETA
BIIEPBBIE B peciryOiMKe B J1a0OPATOPHBIX YCIIOBHAX
CO371aHa YCTaHOBKAa C COBMECTHBIM HCIIOJIb30BaHUEM
COJIHEYHBIX KOJUIEKTOPOB, COJIHEUHBIX
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(hOTORNICKTPUYECKUX TIAHEICH U TEIUIOBOrO HACOCa B
CMHOW CHCTEME COJIHCYHOTO TEIUIOCHAO0KEHUS.
JlaHHOC KOMOWHHMPOBAaHUE COJHEYHOTO KOJICKTOPA,
COJTHCYHBIX  (POTOINEKTPUYCCKUX  MaHeNeH |
TEIJIOBOTO Hacoca MO3BOJISICT MOBBICHTH
JHEPTETUYCCKYI0 A(PPCKTHBHOCTh CHCTEMBI; TaKKe
IpU 3KCIUTyaTallud CHCTEMbI, CHHMAETCsl BONPOC O
cHKeHHH d(dekTuBHONW paboOThI B MEXKCE30HBE,
MOTOMY KaK KOMOWHUpOBaHHAs CHUCTeMa (COJIHSYHBIN
TEIJIOBOW  HACOC) MPEIOCTABISET  MOCTOSHHYIO,
CTaOMIIBLHYTO pabOTy Ha MPOTSKEHUH BCETO TOJIa.
XOTenoch OTMETHTh, YTO HECMOTpPS Ha IIUPOKOE
pa3sBUTHE NAHHBIX TEXHOJIOTHIA 3a pyOexoM, st
VY306ekucrana TpeOyeTcs pa3padoTka X TEXHUYECKHUX
peIlicHHWI B BHJIC pAIMOHAIBHBIX CXEM H pacyera

OIITUMAJIBHBIX napamMmeTpoB ux OKCITyaTalluu.
OTcyTCTByeT TaKK€ COOTBCTCTBYMOIIAsA HAay4HO-
TCXHUYCCKAasds  OJOKYMCHTAIHA  NPHUMCHHUTCIBHO K

YCIIOBUSAM PECITYOJINKH.

[IpoBeneHne SKCIIEPUMEHTAIBHBIX HCCIICA0BAHNI
Ha TpeJiaracMoi 1a00paTopHO YCTaHOBKE MO3BOJIUT
000CHOBATH TIPEATIOKEHUS W) BO3MOKHOCTH
HCIIOJIB30BaHMs coiHeuHOol cucTteMbl I BC coBMeCTHO
c TEIUIOBLIM HAcoCoM u MIPENTI0KUTh

MOJEPHU3UPOBAHHYI0O U  YCOBEPILIEHCTBOBAHHYIO
MIPUHIMIHAIBEHYIO CXEMY TeINIOCHA0KEHHSI.

OcHoBHas 4acTb. /i1 mogpoOHOTO OnMcaHus
MpUHOMIA PabOTHl TEIUIOBOTO HAacoca pPacCMOTPUM
MIPUHIMIHANBHYIO CXeMy, H300pakeHHy1o Ha Puc.1

OCHOBHBIM (BeIyIIMM) HUCTOYHHUKOM 3HEPruM B
JTOM CXEMe CITy’KUT TEIUIOBOH HACOC «BO3YX-BOAAN,
KOTOpPbI B 3aBUCHUMOCTM OT THOIOJHBIX YCJIOBHUH
paboTaeT B PEBEPCHBHOM PEXHME AT TEIJIO- WIH
XOJIOMOCHAOKEHUS 3MaHWi. B 1maHHOW Momenn
TETIIIOBOM Hacoc IpeAHa3HAYCH JuIst
KOMOWHHPOBAHHOM CHCTEMBI TEIUIOCHAOXKCHHS B
COUYETaHUH C JONOJIHUTENIBHBIM HCTOYHUKOM TeILIa,
TaKMM  KakK  oJJeKkTpudyeckuit  koren.  JlroGoi
JIOTIOJTHUTENBbHBIM ~ MCTOYHUK MpeJHa3HadeH s
TIOKPBITHSL «IHKOBBIX» HAarpy30K B PeXHME PaOOTHI
TEIUIOBOTO HAacOCa Ha OTOIUICHUE.

Jns  mpuBoma  KoMIIpeccopa M IPYToro
JJIEKTPUYECKOTO O00OPYNOBaHMS, TEIJIOBOIO HAacoca,

UCTIONB3YIOTCSI ~ COJHEYHBIE  (DOTORICKTPHUECKHE
maHenmu  (Oarapen). Takum 00pa3oM  yCTaHOBKa
«TETJIOBOW  HAcOC»  CTAHOBUTCA  eme  Oosee
SKOHOMHYHOM.
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—[>— Harpee (Tennosom Hococ)
—— OxnaxaeHqe

PucyHOK 1 Hpunqunuaﬂbuaﬂ cxema menjioeoco Hacocda.

Bcro cuctemy MOXKHO pa3fenuTth Ha 3 KOHTYpa, a - MJIaCTUHYATBIN TEIUI00OMEHHUK Nel
TAaKXkKe BBICTHTH 3 pexkuMa pabOTBl CHCTEMBI  (HCHApUTENh);
COJTHEYHOT'O TEIUIOCHA0KECHUS Ko II-y xoHTYpy OTHOCSTCS:

KoHcTpykTUBHBIMEI 0COOCHHOCTSIMHU I-oro - MJIaCTUHYATBIN TEIUIO0OMEHHUK Nel
KOHTYpa SIBJISIETCS TO, YTO B HETO BXOJAT: (ucnapurens);

- BO3YIIHBIN TEIJI00OMEHHUK; - OTAETUTEINb KUIKOCTH;

- IUPKYJISIIMOHHBIA HACOC; - KOMIIpeccop;

- JIEKTPUUYECKHUI HAarpeBaTelnb; - peccusep;
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- IJIACTHHYATHIN TEII000MEHHUK N2
(xoHzmeHcatop).

I11-# KoHTYp BKIIOYAET B ceOsi:

- IUIAaCTUHYATHIN TEIIO0OMEHHUK Nel
(xoHeHCaTOD);

- AJIEKTPUYCCKUI KOTEI;

- MOTpeOUTENb(PaTuaTOPHI);

- TEINIOOOMEHHHK «BOJIA-BO3IYX)

- IUPKYJIAIHOHHBINA Hacoc Ne2.

Kaxmprii KOHTYp HMeeT cBoe (YHKIIMOHAIHHOE
Ha3BaHHE:

I-i1 kKOHTYp mepemaun Temaa xmamareHry; ll-oi
KOHTYp HW3BECTEH, KaK KOHTYp  LHUPKYJISIUA
xnagarenta; [11-if kKoHTYp momaun Temna moTPEOUTEIIO
(B KauyecTBe noTpeouTeNs HCTIOB3YETCS
OTOTHTENBHBIA  PAaguaTop). ODKCIEePUMEHTAIbHBIC
HCCIICIOBaHUS IPOBOIIUCH B KaXKIOM KOHTYE.

Hear padorbl - moOKa3aTh JHHEKTHBHOCTH

UCTIONB30BaHMs TEMJIOBOIO HAacoca B  CHUCTEMax
TETJIOCHAOKEHNS B YCIOBHUSX PECITy OJIKH.

B JaHHOU nmabopaTopHOit YCTaHOBKE
TCIJIOHOCUTENIEM  TEPBOTO  KOHTYpa  SIBIISIETCS
aHTU(PU3, TONYYMBIIMH  TEIUIOBYIO  HHEPTHIO

MOCPEJICTBOM 3JleKTpudeckoro Harpesarens (OH).
TemnoHocuTens  MOCTyMaeT B IUIACTHHYATHIN
termooomennuk  (I1T1), kotopwlii u  sBIIsieTCS
UCTapHUTeNeM,  IOCPEACTBOM  [HUPKYJIIIIMOHHOTO
Hacoca (HII1). 3arem, oxnaxpasch B BO3AYIIHOM
terooomennuke (BT), mocrymaer obparHo B OH.
[Ipouecc moBTOpsieTCH.

Bo BTOpOM KOHType TEINIOHOCHUTENEM SBILIETCS
XJIaJareHT, KOTOPBIH HAYMHAECT HCIApAThCA B
ucmapurene (I1T1). Tlpoiins oTnemuTens >KUIKOCTH
(OX), mapel xJagareHTa MOCTYNAIOT B KOMIIPECCOP
(KM), rne ob6pazoBaHHBIE Mapbl UMEIOT TEMIIEPATYPY
80-85°C, BcieacTBHE MOBBIIICHUS IaBICHUSA. 3aTeM,
mpoiing  IulacTHHYAThIi  TermoobMenHuk  (I1T2),
KOTOPBIH SABJSIETCS KOHIEHCATOPOM, M OTJaB TEIUIOTY
TEIUIOHOCHUTENIO TPEThero KOHTypa, TIOHajgaer B
nuHelHbI pecuBep (PJI), oTkyma HampaBmsiercss B
UCTIApUTEIb.

B TperbeM KOHType TEIUIOHOCHTENb MOIYyYUB
TEIUIOTY B IDIACTHHYATOM TerurooOMeHHuke (I1T2)
OTHpaBiIsieTcsl K NOTpeOuTeno (B JaHHOM ciydae
panuaropy OTOIUICHHS). [poiins 4epes

Q« = Gy * ¢ty — tos) = 0.363
riae Gi — MaccoBBIH pacxo/] TEIIOHOCHTES Yepe3
KOHJICHCATOP, KI/C;
- TEOPETHYECKUIA OTONUTENBHBIN K03 (DUITHEHT:

+ T 205 _
Ut = T =70 =5.125

rae (x — YAEIbHOE KOJIMYECTBO TEIUIA, OTBEEHHOE
B KOHJIeHcaTope, K/K/Kr;

| — ynenbHast paboTa cxarusi, 3aTpadyeHHas B
Kommpeccope, KJK/Kr.

- BBIUMCIIEH JEWCTBUTEIBHBLIA OTOMMUTEIbLHBINA
Ko unenT:

TEII00OMEHHHUK BOJa-BO311yX (BO) u
pacumpurensubiii 6ak  (BP) mocrymaer B IIT2
MIOCPEACTBOM HUPKYJsiMoHHOT0 Hacoca (HI2).

st Gonbluei netanu3alyuy U IOHMMaHUS HaMHU
ObUT paccMOTpeH NPHHIMI pPabOTHl  COJHEYHOTO
TEIUIOBOTO HAacoca B 3 pexuMax:

1) Pexwum TtemmoBoro Hacoca. J[aHHBIA pexXuM
MIPeAyCMaTPUBAET PabOTy CHCTEMBI OTOIHUTEIBHOTO
pagmaTtopa TpH  HEOOXOIUMOCTH  TEMIIEPaTypbl
TerIoHocHTeNns B mpenmenax  50-65°C.  Pexum
TETIJIOBOTO HACOCA TO3BOJIIET MOBBIIIATE TEMIIEPATYPY
BO3/lyXa B IIOMEIICHNN B XOJIOJHOE BpeMs roaa (naxe
IIpU TeMIeparype OKpyxaromiero Bosayxa -5 °C) u
MOJKET HCIIOJb30BaThCSl KaK OTOMHTENIBHBIA MpHUoOop.
[IpuHIMO paboTHI ATOTO pekrMa HISHTUYHO padore
o0ObryHOTrO TerioBoro Hacoca [2]. Ilpu ucnbeITaHuU
YCTQaHOBKM B JIaHHOM peXHMe, 0co0oe 3HaueHHe
NIPUABAIOCH  CPAaBHEHHUIO  JACHCTBUTENBHOTO U
TEOPETHYECKOTO  OTOMHUTENFHOTO  KO3((uumeHra
TETIJIOBOTO HACOCA.

B xome »skcrepuMeHTa
CJICTyTOIIHE TTapaMeTphl:

vty = 53.5 °C (Temmeparypa OpsMoro fmoToKa);

ObLIN JAOCTUTHYTBI

v te = 53.1 °C (temmeparypa oOpaTHOroO
MIOTOKA);

v t, = 58 °C (temmepaTypa KOHIEHCAIMU
XOJIOIMIBHOTO areHTa);

v tt = 12 °C (remmeparypa KuIEHUs
XOJIOIMIBHOTO areHTa);

v twr = 70 °C (TeMmeparypa HarHeTaHus
XOJIONMIBHOTO areHra);

V' tun = 12 °C (Temmepatypa
HU3KOIIOTECHIIMAJIbHOTO UCTOYHHKA Ha BXOJE);

v po = 273 6ap (naBieHHe KUIEHUs
XOJIOIMIBHOTO areHTa);

v p« = 14 0ap (naBieHue KOHJEHCAIMU

XOJIOIMIBHOTO areHTa);

v N = 6111 BT (MOIHOCTH 3aTpaueHHas B
KOMIIpeccope).

Ha ocHOBaHWH 3KCTEPUMEHTAIBHO MMOJIYYECHHBIX
3HAYEHHI TapaMeTPOB:

- OBbLI OCTPOCH UK pabOThI TEIJIOBOIO HAcOCa
B auarpamme lgp-i (puc.2).

- BBIYMCIICHO KOJIMYECTBO TEIlIa HAPABICHHOE HA
OTOIUICHHE:

% 3253.6(53.5 — 53.1) = 472.4 Bt

Q. 4724
A= =——=0.77
S TS EW)
2) Pexum oxmaxnmeHus. PaccmarpuBaeMbIi

PEXHUM TIpelycMaTpuBaeT paboTy Mpu HEOOXOIUMOCTH
OTpPHUIATENILHOM TeMIepaTyphl TEIUIOHOCUTEIIS, TO €CTh
JUIL  CHIDKEHMS TeMIlepaTypbl BO3JyXa BHYTPH
TIOMEIICHNH B )KapKoe BpeMsi rojja U KpYIJIoroM4HO B
MOMEIICHUSX, TAe oOpa3yercs HW30BITOYHOE TerIo
(MH(pOPMAIIMOHHO-BBIYNCIIUTEIbHBIC LEHTPHI,
ayJMTOPHH, 3pUTEIIbHBIE 3aJIbl U T. JI.) WIN TpeOyercs
TIOJACPKaHHE ONpeeIIEHHOM TEMIIEPATYPBI
(MIpOaYKTOBBIE  CKJIAIBI, OTIEPALIHOHHBIE). Huxe
MpuBeACH TpaduK W3MEHEHHS pabOYuX TeMIEpaTyp
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(puc.3), cpenuuit xo3pduLMEHT paboyero BpEeMEHH,

YuuThbiBasgd BCC IOTCPU, BO3HUKAIOIIHC IIPU pa60Te

JCHCTBUTENBHYIO  XOJOAONPOM3BOJUTEIBHOCT U KOMIIpECCopa.
JEWCTBUTENBHBIA  XONOAWIBHBIA  KoddduimeHt,
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ENTHALPY (kJ/ka) E
Pucynox 2. Lukn pabomer mennogozo nacoca 8 ouazpamme lgp-i

- CpenHuii K03pdUIIEHT padovero BpeMeHH:

_ ZTpa6 _ 152

h=—"=
ZT06 305

= 0.498

- HeﬁCTBHTCHBHaﬂ XOJOAOIIPOU3BOAUTCIIBHOCTD!

Qo = Gy * ¢, (t, — t;) = 0.306 * 2948(14 — 13.3)
= 631.5 Br

- JleficTBUTEIBbHBIN XOJOAMWIBHBIN KO3 duimeHT:

Q, 6315
Az——=——=119
& TN, T 531
3) Pexum HU3MEHEHUS TeMIIepaTypbl

TEIUIOHOCHUTENS C MOMOIIBIO 3JIEKTPUUECKOro KOTIIA.
HavanbHble ycnoBHS CXOXH C MEPBBIM PEKUMOM —
U3MEHEHNE TeMIEPaTyphl TEMNIOHOCUTEIS IPOUCXOAUT
C TOMOILBIO TEIUIOBOrO Hacoca. JlaHHBIM peXuM
aKTyaJeH TpH  HEOOXOINMOCTH  TeMIepaTypbl
TerutoHocuTena 6osee 65°C Ha BXOA€ B OTONUTENBHBIN
paauaTtop. B ciiyuae BOSHUKHOBEHHUS TAKOW CUTYalluH,
TEIUIOHOCUTENb MOJOTPEBAETCSI HA  BBIXOAE U3
TEIJIOOOMEHHHKA  TEIUIOBOTO Hacoca  IyTeM
SNEKTPUUECKOr0 KOTJA, IMOCJE 4Yero TEMJIOHOCUTEIND

HAalpaBJsIeTCsl B OTONUTEIBHBIA paguaTop, B KOTOPOM
MBI MOXEM TIPOCIECIUTH TEIUIOOTHAdy TETIOBOM
SHEPTHUH.

[MonyueHHsie pe3yJbTaThl
3¢ (GEKTHBHOCTH TEIIOBOI'O HACOCA, €T

TEIIONPOU3BOIUTENLHOCTD npeBbICHIA
TEIUIONPOU3BOAUTENILHOCTE KoTia Ha 0.06 kB1/u u
pacxoi BIEKTPOIHEPrMH TEIUIOBOTO Hacoca OblI
MeHbIlle, yeM y KotTia, Ha 0.232 kBr/4; BenmunHa
OTOIIMTENBHOTO KOo3(uIMeHTa TemIoBoro Hacoca
cocraBmia — 0.58 | a y anekrpudeckoro kotina — 0.18.

BbIiBoabI: TakuM 00pa3oM aHAIM3 pE3YJIbTaTOB
MIPOBEJCHHBIX JKCIIEPUMEHTAIBHBIX HCCIEOBAaHUN B
nabOpaTOPHBIX YCIOBUAX MOKa3zan 3()(HEeKTHUBHOCTH
TEeIJIOBOTO ~ Hacoca. ABTOpBI  IIPOJOJDKAT  CBOH
UCCIIEJIOBAHMSl W HAJEIOTCS,  4YTO  HAYYHO
00OCHOBaHHBIE CXEMbl U TEXHHYECKHE I1apaMeTpbl
71a00paTOPHBIX IKCIEPHUMEHTOB CTaHYT OCHOBOM ISt
pa3paboTKy Hay4yHO-TEXHMYECKOH NOKyMEHTAIluH I10
BHEJIPEHHIO MPEJIaraeMbIX TEXHOJOTUI Ha 00BbeKTax
I'VIT «Toshissiqquvatti». 3To mMO3BOJMUT JTOOUTHCS
CYIIECTBEHHOTO CHWD)KEHHMS MOTPEOJICHUSI TPUPOTHOTO
rasa IpH BBIPAOOTKE TENJIOBOW SHEPTUH, IOBBICHTH
3G (QEKTUBHOCTh II0/1a4M  TeIUIa IOTPEOUTEIsIM |
YIYYIIUT KOMMYHAaJIbHBIE YCIYTH HOTpeOuTeIeH.

MOATBEPANIN
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Pucynox 3. I'pagux usmenenust pabouux memnepamyp ¢ AHaiu3oM pexrcuma pabomol.

Jlocrok 1O. A JlabopaTopHbie pabOTHI Ha CTCHC
Jlutepatypa Tennossie Hacocel Munck: BHTVY, 2013. — 50 c.
B.B.I'anaran. Meroauueckue peKOMEHAALUU 110
M3Y4YCHUIO PEBEPCHUBHOIO TEILIOBOTO Hacoca: Opedn
I'TY, 2019.-9%c.

YK 519.673
I'PHTU 27.35.33
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PA3PABOTKA MATEMATHYECKOM MOJIEJIA 3ABUCUMOCTH JIEKTPUUYECKOI'O
COINPOTHUBJEHUS YITIPOUHEHHOI'O CJIOSI METAJJIMYECKHAX U3JIEJIAA OT PASMEPOB
3EPEH KPUCTAJJIMYECKOM CTPYKTYPbI
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1 Senior lecturer of the department of Technology and Machine-Building Equipment,
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Baranovichi State University,

the Ministry of Education of the Republic of Belarus,
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+375 (29) 5612888

MATHEMATICAL MODEL DEVELOPMENT OF METAL PRODUCTS ELECTRICAL
RESISTANCE HARDENED LAYER DEPENDENCE ON THE SIZES OF CRYSTAL STRUCTURE
GRAINS

AnHoTanusi. B cratee omuceiBaeTcs  pa3paboTka  MaTeMaTHYeCKOW  MOJIENH  3aBUCHUMOCTH
3JIEKTPOCONIPOTHBIICHHS YIIPOYHEHHOTO €051 OBICTPOPEKYIIEr0 HHCTPYMEHTa OT KOJHYECTBA 3ePeH CTPYKTYPHI
MeTajula, KOTOopas W3MEHSeTcs M0 JeWCTBHEM MAarHHUTHO-MMITYyJICHON o00paboTku. Paspabortannas
MaTeMaTH4YeCcKasi MOJETb IMOJy4YeHa B pe3ysibTaTe pPacCMOTPEHHs YNPOYHEHHOTO CIIOs, KaK HaHOMAaTepHaia C
PSZIOM M3BECTHBIX 3aBHCHUMOCTEH. Takoe cpaBHEHHE NPUHSTO B CBs3M C TeM, 4yto coryacHo ['OCT 19265-73,
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T'OCT 5639-82 pasmep 3epHa CTPYKTypbl MeTalla OBICTPOPEKYIIETO0 HHCTpyMeHTa (ctanb PO6MS) yxe
COCTABJIICT CAUHULIBI MHUKPOMETPOB, a B MpoOLECCEe 06p360TKI/I MAarumTHO-UMITYJIbCHBIM BO3L[CﬁCTBI/ICM
YMEHBIIACTCA 1O HAHOMCETPOBOI'O AraIa3oHa.

YucnoBoe MOAEIUPOBAHUE PEANTU30BAHO C MPUMEHEHHEM Martemarnueckoro makera MATLAB R2019b, a
pe3ysibTaT MOJYYC€H B BHIC r‘paq)mca 3aBUCUMOCTH. YTO I1103BOJIMIIO YCTaHOBUTH BJIMAHUEC KOJIMYECTBA
MCIK3CPCHHBIX T'pAaHUIl pa3gCyiOB Ha 3JICKTPOCONPOTUBJIICHUE, MPECACTABIIAIOIINX coboii COBOKYITHOCTb I'paHHUIL
3¢peH W TPOMHBIX CTHIKOB. Tak, HAMOONBIINH MPUPOCT ICKTPOCOIPOTUBICHUS POUCXOAUT B HAHOMETPOBOM
Jara3oHe pa3MepoB 3epeH CTPYKTypsl Metainta ot 0,2 aM g0 0,01 HM.

Abstarct. The article describes the mathematical model development dependence of the hardened layer
electrical resistance of a quick cutting tool on the number of the metal structure grains, which changes under the
influence of magnetic pulse processing. The developed mathematical model is obtained by considering the
hardened layer as a nanomaterial with a number of known dependencies. Such a comparison is taken due to the
fact that, according to GOST 19265-73, GOST 5639-82, the grain size of the metal structure of a high-speed tool
(P6M5 steel) is already a few micrometers, and it decreases to the nanometer range in the process by magnetic
pulse exposure.

Numerical modeling is implemented using the mathematical package MATLAB R2019b, and the result is
obtained in the form of a dependency graph. This made it possible to establish the effect of the grain boundaries
number of the partitions on the electrical resistance, which is a combination of grain boundaries and triple joints.
So, the largest increase in electrical resistance occurs in the nanometer range of the metal structure grain sizes
from 0.2 nm to 0.01 nm.

Kutouesvie cnosa: MatLab;, mamemamuueckas mooenb, OblCIPOpedCYuuli UHCIMPYMeHm, YNpOYHeHUue
uzoenuti; P6MS5; evicokosnepeemuueckue memoosi;, MAZHUMHO-UMNYIbCHAS 00pAbOmMKA, CMPYKMypa Memaid,
dJeKmpoconpomuesieHue, cpanuya 3epen memaiid, pasmep 3epHa memaiid.

Keywords: MatLab; mathematical model; high-speed tool; hardening of products; P6M5; high energy
methods; magnetic pulse processing; metal structure; electrical resistance; metal grain boundary; grain size of
the metal.

BEJAEHUE OCHOBHAS YACTbD

[Ipu MPOBEICHUH MarHUTHO-UMITYJIbCHOM 3a  OCHOBY yIOOOHO B3Th  3aBUCHMOCTb
o6pabotkn (MHO) Ha TOBEPXHOCTH CTAJBHOTO  BJIEKTPOCONPOTHBICHHUS OT KOJIMYECTBA MEXK3EPCHHBIX
u3genus  oOpasyercs MOAWQUIMPOBAHHBIM CIIOH  TpaHUI pa3iernoB 1mo gopmye [2]:
TOMmUUHOW 10 70 MKM (A7s1 HEKOTOPHIX METaIOB U
Oonee). B atom crnoe ycrpaHsrorcs AedekTel B R =Ry +Rpp 5,
KPHUCTAJUTHYECKOH pemieTke, BBIPABHUBAIOTCS (1)
BHYTpEHHHUE HaTpSKECHNUS, MN3MeNbYaeTCs u
CTaHOBHUTCA 0ojiee OJHOPOJHOM CTPYKTypa MeETajia, rue Ro - 3NIEKTPOCONPOTUBIICHHE

YTO BEJET K IOBBIIIEHHIO IIPOYHOCTHBIX MMOKa3aTelei
u3lenus, a B Ciy4ae oO0pabOTKH  PexyIero
MHCTPYMEHTA K HOBBIIIEHHIO ero cToiikocTH [1].

W3mMenbueHne CTPYKTypbl (pa3mepa  3epHa)
HAMpSIMYI0 BIIMSIET HA BEJIMYMHY JJIEKTPHUECKOTO
CONPOTHUBIICHHST YIPOYHEHHOTO CJOsl. A Tak Kak
TOJII[MHA YIIPOYHEHHOT'O CJIOSI COCTABISIET €IMHUIIBI U
JICCATKH MHKPOMETPOB, a Pa3Mep 3epHa UMEEeT MUKPO
M HAHOMETPOBBI JMANa30H, TO HCCIEIOBaHUE
BIIMSIHHSL pa3Mepa 3epHa Ha 3JIEKTPOCONPOTHBICHHUE
ynoOHO  paccMaTpuBaTh IO  3aKOHOMEPHOCTSIM,
MPUMEHSIEMBIM /I HAHOMATEPHAJIOB.

B cBs3u ¢ 9THM, Lenbl0 pabOThl SBISIETCS
MOJIyYeHHE MaTeMaTHYeCKOH MOJENH 3aBUCHMOCTH
ANIEKTPOCONPOTUBIICHHSI ~ YIIPOYHEHHOTO  CJIOS  OT
KOJIMYECTBA 3EPEH CTPYKTYypbl MeTaijia, KOTOpoe
M3MEHSIeTCsl 10/ AEHCTBHEM MAarHUTHO-MMITYJIbCHOM
o6pabotku. [IpoBeseHne YNCIIOBOTO MOAEINPOBAHUS
aKTyaJIbHO OCYIIECTBUTH c IIPUMEHEHNEM
Maremaruueckoro makera MATLAB R2019a, a
pe3yJbTaT IMOJyYHUTh B BUjE rpaduKa 3aBUCHMOCTH.

MOHOKPHUCTA/UIMYECKOTO MaTepuaia ¢
COJIepXKaHUEeM MpuMeceit u 1e(heKToB;

Rrp — 2JIEKTPOCONPOTHUBIICHHE HA MEK3CPEHHOM
rpaHuIIe;

S — IomIa b MEXK3EPEHHBIX MPAHHUII;

V — 00BeM.

W3 »sTOoii 3aBHCHMOCTH cJeayeT, 4To ofiuee
COINPOTHUBIICHHUE YMPOUYHEHHOTO CJIOSI OyJET COCTOSThH
u3 Ro — JIIEKTPOCOMPOTUBIICHHS

3a1aHHbIM

MOHOKPHUCTAJIINYECKOTO Rrp é
AIEKTPOCONPOTHUBIIEHNS], BBI3BAHHOTO YBEIMYEHHUEM
KOIMYECTBA  MEK3EPEHHBIX  TpaHMI]  pasjena
CBSI3aHHOTO C yMEHbBILIEHHEM pa3Mepa 3epHa D mnpu
ynpouynernu MUO.

Jng Hauanma paccMOTpUM pa3Mep CKHH-CIIOS
(mpUHMMaeM, 4TO OH PaBeH TOJNILUHE YIMPOYHECHHOTO
CJI0s1) OTHOCHTEIHHO pa3MepoB IENbHOTO obpasia
(pucyHok 1), KOTOPBIl BOZHUKAET NPH MPOXOKICHIH
TOKa BBICOKOH 4acTOTHI [3].

Mmarepuana H
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Pucynox 1 — Tornwuna ckun-cios d 6 yervrnopasmeprom obpasye
Figure 1 — Skin-layer thickness d in solid sample

W3 pucyHka ciexyer, 4TO IUIOIIAAb CEYCHMS
CKHH-CJIOS TOJNIIMHOW 0 MOXXHO HAalTH Kak pa3HOCTh
uIomIazel oOpa3oBaHHBIX PAIIycaMHu I 1 7.

S=8S-S,=n-ni-nn=nm-m?-(m—-d)?=
=n-(n? —-m?-2rn-d+d*))=n-2-1r-d—d?. 2)
A 00BeM CKMH-CII0S JUTHHOI | B TakoM cirydae GyieT paBeH:

V=rmnl- n>-nd=n-l-n?>-n*-2n-d+d*))=n-1-2-r-d—d?. 3)

Toraa 3MeKTPOCONPOTHBICHHS MOHOKPUCTAJUTHYECKOrO MarepHana Rg ¢ y4eToMm (2) MOXHO HalTH 1O
thopmye:

_pl_ pl _ p-l _ p-l _ p-l
Ry=—= e T 2 r2 2 (2 o 2 (27 -d—d2y) (4)
S 51—-S; T 4—T T2 m(r14—(r1—2-11-d+d*)) n(2:r1-d—d*)

TAC p — YACIBHOC 3JICKTPUICCKOC COIMPOTHUBICHUE MaTEpHralia.
IIJ'IF[ YCTaHOBJICHUSA BJIUSAHUA KOJIMYCCTBA

MEK3ECPEHHBIX T'PaHUIl Ha DJIEKTPOCOIPOTHUBJICHUE AVpp =1 — [(DT_S)]3, (6)
(Rrp 5) HEoOXomuMO HaWTh S —  IUIOIIAIb
MeK3epeHHbIX TIpaHun. OHa OylIeT CcoCTaBIsTh TJie S — TOJIIMHA IPaHHUIL pasziena (opsika 1
3aKOHOMEPHYIO JIOJIFO OT OOIIEeH MIOIIAIH 3ePeH: HM),
D — xapakTepHBsIii pa3Mep 3epHa WK
S =AVpp- Sy, (5) KPHUCTaJUIUTA.

CyMMapHyI0 IUIONIAh 3€PeH Sy MOXKHO HAWTH,
paccMOTpeB MENIKOJUCIIEPCHOE CTPOSHUE Marepuala,

rae AVrp — 00beMHast J0JIs TPaHHI] pa3iena; o
P P ’ cBoiicTBeHHOE nocie ynpouHeHus MUO (pucyHoxk 2).

Sy — cyMMapHas I1oma/b 3epeH.
OObEMHYIO [IOJI0 TpaHMI[ pasgena MOXKHO
OLICHUTH 110 popmyie[2]:
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Pucynok 2 — Cmpoenue canu P6M5 nocne MHO
Figure 2 — The structure of steel P6M5 after magnetic pulse processing

Torma, paccmarpuBasi 3epHO IIapooOpa3HOM
dbopmer quamerpa D, cymmapHyro Mmommaas 3epeH Sy
MOJKHO HaWTH 1o popmyiie:

Sy =m-D? N, (7
rae D — pa3smep 3epHa;
N — KOJTHYECTBO 3EpeH.

KonuyectBo 1mapoobpasubix 3epe pasmepa D B
o6beme V (3) ckuH-citost ToMIMHOM 0 paBHO:

S . =m-Ir

vV _ wl(r?-r?) _ 6l(2rd-d?)
D3 - D3 ) (8)

6

N_

Vaepua

rae D — pasmep 3epHa;

| — nimHa ckuH-cios (oOpasna);

d — ToIIMHA CKHH-CIOS.

Torma c¢ yuerom (8) ypaBHenue (7) s
OIpeeICHUs CyMMapHO# IJIOIAAN 3epeH Sy MpUMeT
BUJ:

B D

C yderom (6,9) ypaBHeHue (5) g TUIONIANA
MEX3CpEHHBIX TpaHHIl S MOXHO TIPEICTaBHUThH
CIEIYIOIIIM 00pa3oM:

6-1-(2-5,-d-d) =ﬁ-?£-f-(2-}‘._ -d—d")

S=AVFP'SE=(1_[

D
9)
(D—s)]3).6~7r~l~(2~7‘1~d—d2)=
D D
_ (D3-(D=9)%)-6-m-1-(271-d—d?)
- D4 ) (10)

Taxum o6paszom, nojcrasiss popmysl (3, 4, 10)
B YpaBHEHHE 3aBHCUMOCTH 3JIEKTPOCOIPOTHBIICHUS OT

KOJIMYECTBA MEX3CPEHHBIX Tpanun paszznena (1),
IOy 4UM:

1_[(DES)]3)_6'T['I'(21')T1'd—dz)

S p-l
R_R0+RFPV_1T~(2~r1~d—d2)+RrP Tl (2-1,-d—d?)
pl (D*-(D-5)*-6-m-1-2-1-d=d*)

Rrp

ST Cond-d)

D* mw-l-(2-1-d—d?

__ D*12-p+Rrp-6-m1-(D3—(D-5)3)-(2:74-d—d?)

D*-1-1-(21,-d—d?)

rJie p — YIACIbHOE dJIEKTPUIECKOE COIPOTHBIICHUE
MaTepuaa,;

D — pa3mep 3epHa;

| — una ckuH-cnos (o6pasia);

Rrp — 2/1€KTpOCONPOTURIIEHHE HA MEXK3EPEHHOU
rpaHuUIIE;

, (11)

S — TOJIIIMHA TPAHUIL] Pa3aena;

r1 — paguyc obpasmua;

d — TomMHA CKMH-CIIOS (YIIPOYHEHHOTO CITOS).

Jannyio 3aBucumocts (11) MOXHO cuuTaTh
MaTeMaTH4ecKOr MOJIEIIBIO 3aBUCHMOCTH
JIEKTPUYECKOTO CONIPOTUBIIEHHS YIIPOUYHEHHOTO CJIOS
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METAJNIMYECCKUX I/I3I[€J'II/II7I oT pasMepa 3€pHa ,Z[J'ISI MpoBEACHUA YHUCICHHOI0 MOJACIIUPOBAHUSA
KpPICTaJ'IJ'IPI‘-ICCKOﬁ CTPYKTYPBI. HCIOJIb3YEM 3aBUCUMOCTD (1 1) JJIs1 aHaJIn3a BJIUAHUA

Yucnosoe ModeﬂupoeaHue 3aesucumocmu pasMepa 3€pHa D Ha DJICKTPOCOIIPOTUBJIICHUC
INIEKMPUHECKO20 CONPOMUBTIEHUS YNPOUYHEHHO20 CI05 YIOPOYHEHHOI'O CJI0A R, HUCXOoas u3 JaHHBIX,
memaludecKux uzoenui om  pamepoe 3€PEH NPUBCICHHLIX B Ta6m/me 1.

KpUCMAanIuyeckou cmpyKkmypbl
Tab6muma 1
Hcxoanble JaHHBIE VI pacyeTa
Table 1

The source data for the calculation

HanMeHoBaHme BeITMUIMHBI

3HaueHne

p — YIAETBHOE DJIEKTPHIECKOE
COIPOTHUBJICHUE MaTepHasa

Jus cranu P6MS nopsanka: 5,4-107[OM-M]

D — pa3mep 3epHa

Juanason: 0,01 [am] — 10 [Mxkm] = 1-10"1 - 1-10° [m]

Rrp — a5eKTpoCONpOTHBIICHUE
Ha MEXX3EPEHHOM I'PaHULE

Tunosoe Juis HAHO ¥ MEKPOCTPYKTYP: 3-1071 [Om-M]

S — TOJIIIMHA FPaHUIl pa3ziena

TunoBoe JUis HAHO ¥ MUKPOCTPYKTYp nopsijka: 1 [amM] = 1-10°[m]

I, — paauyc obpasua

Tunosoe ans ceepa u3 ctanu P6MS o 'OCT 10902-77: 0,005 [m]

| — Ha ckuH-cy10s1 (00pasia)

Tunosoe ast cBepat u3 cramu P6MS mo 'OCT 10902-77: 0,133 [m]

d — TonmMHA CKUH-CII0A

[Mombupaercst paBHBIM TOJNIIMHE YIIPOYHEHHOTO CJIOSI U PACCUUTHIBACTCS C

yuetoM yacToThl f mo gpopmyite [4]: d = 503 #';f, TJie p — yIeIbHOE
/ .

DJICKTPHUICCKOC CONMPOTUBIICHHUEC MaTCpHraJia, Mo OTHOCHUTCIIbHAA

MAardvMTHas OpOHUIIAEMOCTb; f — vacrora curgana

/.lm — OTHOCHUTCJIbHAs1 MarHuTHast

MMPOHUIIACMOCTH

Jlns yrnepoauctoit cramu: 100

f — gacrora cursana

J1J1s TIOBBILIICHHS Pa3peIIaoIIel ClIOCOOHOCTH BhiOpaHa: 5 [MI'] =

5-10°[T'n]

d — TommMHA CKUH-CIIOH C
yuetom fu p

1,65-10°[m] =16,5 [mKMm]

MozenupoBaHue BbITOIHEHO ¢ omoInbio mporpammbel MATLAB R2019b B okue Editor Ha si3sike Matlab

(pucyHok 3).
D 0.01e-9:1e-12:10e-6;% mmanazOH M3MEeHEeHUsS 3epHa
f = 5*%¥1076; % uyacTOoTa 30OHOMPYKIETO CUIT'HAaJa
h = 0.133; % mnuHHa oOpasua
rl = 0.005; % pammyc obpasua
g 3e-14; % 3JeKTPOCONPOTHUBIIEHME TPaHMLE 3epHa
s = le-9; % ToNmmMHa TPAaHUIE pas3nesa
q = 54e-8; % ymespHOE BJIEKTPOCOIPOTUBIIEHME CTaju P6M5
m = 100; % oTHOCHUTENbHAas MaT'HMTHAS MPOHUIAEMOCTH YIJIEPOAMCTOM CTaJiu
d = 503.*(qg./ (m.*f)).~0.5; $ TosmMHA CKUH-CJOS
V1l = 1-((D-s)./D)."3; % oObemMHas IoJid TPaHMul pasmesa
V2 = (pi.*D."3)/6;% 0o0BbeM mWapoobpasHOTO 3epHa
nl = (pi*h*(2*rl1*d-d”2))./V2; % KOJIMUECTBO MAapPOOOPa3HEIX 3E€peH B obbeMe
CKMH—CJIOA
Sl = pi.*(D."2).*nl;% myjomane BCex MAapOOOpasHHIX BepeH B OObeMe CKUH-—
cJosa
R = ((D.”4)* (h"2)*g+g*6*pi*h.*(D."3-(D-s) ."3)* (2*rl*d- d"2))
./ ((D.”4) *pi*h* (2*r1*d-d"2)) ;% 3aBUCKMMOCTbL DJIEKTPOCONPOTUBJIEHUS OT
pasMepa 3epHa D
loglog (D, R) % BeHIBOO TrpadmkKa =3aBUCUMOCTM B JoTapudMmueckoM MacuTade

Pucynox 3 — Mamemamuueckas Mmooenb 3a6UCUMOCTIU SJIEKMPUHEeCKO20 COnpomueieHus R YNPOHYHEHHO20
Cos uz0enull u3 Memanioe om pasmepa sepha D kpucmannuueckot cmpykmypul ¢ cpede Matlab
Figure 3 — A mathematical model of the dependence of the electrical resistance R of the hardened layer of
metal products on the grain size D of the crystal structure in Matlab
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Pe3ynbTaThl MOAENMPOBAaHUS, OCYLIECTBIEHHOIO
¢ momomiplo mporpammel  MATLAB  R2019b,
Npe/ICTaBIICHbI B Buje rpaduka (pucyHok 4). Tak kak

HU3MCHSACTCA B JUANa30HC U3MCHCHUA pa3dMepa 3€pHa,
TO 3aBUCUMOCTb y,HO6H0 pPacCcMOTpETh, €Clin
HUCIIOJIB30BATh J'IOFapI/I(l)MI/ILIeCKI/Iﬁ Macirab JJIsL 00eux

BCIIMYMHA OJICKTPOCONPOTHUBIICHU MHOTOKpPaTHO ocei KOOpAHWHAT.
10% T ke TS m T T T
D 1e-11
R 17470
10* E
5
3k == |
o 10
g
5 D 3.4e-11
=1 R 121.6
E .5 .
5 10°F E
g
3
2
£ oL i
2 10 E
m
D 1.1e-10
R 1.007
10° 1 3
D 2.07e-10
\ R 0.1883 D 3.879e-09 D 2.828e-08 D 8.152-06
e R 0.1386 R 0.1385 R 0.1385
——
| L L L il il ool ' |

107!

10" 10710 10

k 10 10

108 10°

Pa3mep zepra D, m

Pucynok 4 — I'pagux 3asucumocmu snekmpuueckoeo conpomusienus R ynpounennoeo cnos uzdenui
u3 memannoe om pasmepa sepua D kpucmannuuecxoti cmpykmypol
Figure 4 — Graph of the electrical resistance R of the hardened layer of metal products
on the grain size D of the crystal structure

Pe3ynbraThl MOAENMpPOBAaHUS IOKa3bIBAIOT, YTO
CHJIbHBIN pUpoCT JIEKTPOCONPOTUBIICHUS
XapakTepeH B HaHOMETPOBOM Jjuama3zoHe. Tak,
HanpuMmep, npu ymeHblieHuu 3epHa ot 0,2 um 10 0,01
HM, 3JIEKTpoconpoTuBiIeHne n3mensercs ot 0,1883 Om
1o 17,5 kOM cooTBeTcTBEHHO. A Ha auamna3oHe ot 10
MKM J10 0,2 HM 3JI€KTPOCONIPOTUBIICHHE IPUPACTAET HE
3HaunTenbHo oT 0,1385 10 0,1883 Om.

Takum obpasom, npu nposeneHnn MO u3nenmii
U3 METaJuIoB, KOTOpPOE€ B YACTHOCTH MPHUBOAHUT K
W3MENBUCHNIO  3€pHa JI0 HAHOMETpPOB, Oyner
MPOUCXOJUTh POCT 3JIEKTPUYECKOTO CONPOTHBICHUS
YIPOYHEHHOT'O CIIOSI.

3AK/IIOYEHHUE
Pazpaborana MaTeMaTH4eCcKas MOJEIIb
3aBUCHUMOCTH 3JIEKTPUYECKOTO COIIPOTHUBJICHUS

YOPOYHEHHOTO CJIOS METAJUIMYeCKUX W3IeIHHd OT
pa3sMepoB 3€peH KPUCTAJUIMIECKOH CTPYKTYpHl U
nmpou3BeleH aHanmmu3 B auama3one ot 0,01 am mo 10
MKM. Pe3ynbTaTbl MOJENUPOBAHMS MMOKa3bIBAIOT, YTO
CHJTBHBIH MIPUPOCT 3NIEKTPOCOIIPOTHBIICHHS
XapakTepeH B HAHOMETPOBOM JHama3oHe. Tak,
Hanpumep, npu ymensienuu 3epHa ot 0,2 um go 0,01
HM, 3JIEKTpoconpoTuBieHue uaMensercs ot 0,1883 Om
1o 17,5 kOM cooTBeTcTBeHHO. A Ha nuamna3oHe otT 10
MKM J10 0,2 HM 3J1€KTPOCOIPOTUBICHUE IPUPACTAET HE
3HauuTesnbHO OT 0,1385 o 0,1883 Om.

Takum  00pazoMm, OCYIIECTBISITH  KOHTPOIb
W3MEHEHUsI CTPYKTYphl MeTaula TpU TPOBEICHUU
MarHUTHO-UMITYJIbCHOH 00pabOTKH OBICTPOPEKYIIETO

WHCTPYMEHTa MOXXHO HE TOJIBKO C TpPUMEHEHHEM
MHKPOCKOIIMM, HO M C HCIOJb30BaHUEM METOJa
KOHTpPOJIS, ~ OCHOBBIBAIOIIETOCSI Ha  M3MEPEHHH
JJIEKTPOCOIIPOTUBIICHHUS TOBEPXHOCTHOTO cios. Yto
HPUBEIET K COKPAIICHUIO BpEMEHH KaK Ha MOJATOTOBKY
u3fenus K U3MEPEHUI0, TaKk M Ha caM [polecc
U3MEpPEHUsL.
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WASTE OF CERAMIC BRICK AS A RAW MATERIAL FOR THE PRODUCTION OF
RESTORATION MATERIALS OF ARCHITECTURAL MONUMENTS

AHHOTALUA.

Oro craThs 00 OTXOAAaX KEPaMHUYECKOTO KHUPIMYa KaK ChIpbE I HPOH3BOJCTBA

peCTaBpallUOHHBIX MATEPHUATIOB APXUTCKTYPHBIX IMaMATHHUKOB. HaHHaf{ pa60Ta MOCBAIICHA U3YYCHUIO CBOICTB
0TX04da KCpaMHUYCCKOIro KMpnnuia Kak TEXHOICHHOI'0 MHUHEPAJIBbHOI'O ChIPpbsA I HOBTOPHOI'O HMCIIOJIB30BAHUC B

MMPpOU3BOJACTBE CTCHOBBIX MaTCPUAJIOB.

Abstract. This article is about waste ceramic bricks as raw materials for the production of restoration
materials for architectural monuments. This work is devoted to the study of the properties of waste ceramic bricks
as man-made mineral raw materials for reuse in the production of wall materials.

Knrouesvie cnosa: Kepa/wuttecxml Kupnu4, npomvlidleHHble omxodbz, Cblpbesasl KOMNo3uyus, ciuna.

Key words: ceramic brick, industrial waste, raw material composition, clay.

BBEJEHUE

ITpou3BOACTBO  KEPaMHUYECKOTO  KHUpIU4Ya B
ycnoBusix PecryOnmukn Y30€KUCTaH COMPOBOKAAETCS
00pa3oBaHMEM pSIbl OTXOJOB, BOIPOC YTHIM3ALUH
KOTOPBIX JIO CHX TIOp SIBJISIETCS] HE PEIIEHHON 3a1adeid.
K 4mcny  Takumx — OTXOIOB  OTHOCHTCS — OO#
KEpaMH4YECKOT0 KHpNUYa ¥ IIUIAKH, KOJIMYECTBO
KOTOpBIX Bapeupyercs B npenenax 10-15% u 8-12 %
COOTBETCTBEHHO. MX [0 HAaCTOSIEro BpeMEHH B
OCHOBHOM BBIBO3ST Ha CBAJIKA TBEPIBIX OBITOBBIX
OTXO/IOB, JMOO  CKIIQIBIBAIOT B  CIEHHAILHOE
oTBe/ieHHbIe MecTa. [Ipr 3TOM He TOJBKO 3HAYHUTEIHHO
YBEJIMYHBAIOTCS 00BbEMbI CBAJIOK, TAKKe 0€3BO3BPaTHO

TepSeTCs] MHUHEPAIbHOE CBhIPhE, PECypCHl KOTOPOTO
OTpPaHMYEHBl B YCIOBHAX XOPE3MCKOIO pPETHOHA.
Jannas paboTa MocBsIIeHa H3yYSHNIO CBOMCTB 0TX0/a
KepaMM4YeCKOro  KUpIM4a  KaKk  TEXHOINE€HHOIO
MUHEPAJIBHOTO CHIPbS JUIsl IOBTOPHOT'O HCIOJIb30BAHUE
B MIPOU3BOJICTBE CTEHOBBIX MaTepHUaoB.
AKXTyaJIbHOCTB peleHus TaKo# 3a1aun 00yCIIOBIICHA, C
OJHOM CTOPOHBI, 3KOJOTMYECKHMMH INpodieMamMu
CHIDKEHHS PECYPCOEMKOCTH CTEHOBBIX MaTepHaJioB, C
JOpYyTroil — BOIPOCAMH COLIHAIBEHO-?KOHOMHYECKOTO
Pa3BUTHA PETHOHA.
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METOAUKA DKCIIEPUMEHTA

W3BecTHO, 4YTO MUHEpaNbHO-CHIphEBas 0aza
UCUEPNBIBAETCS  C  BO3pAacTalOUIMMU  TeMIaMU
MPOM3BOJACTBE M SBISETCA HEIOCTATOUHOM  JUIS
YJIOBJICTBOPEHUSI MOTPEOHOCTEl B  MHHEpAIBHBIX
pecypcax,  4YTO  ONpenensieT  HeoOXOJUMOCTh
BOBJICUCHUS B IIPOU3BOACTBEHHBIH IUKI TEXHOT€HHBIX
Matepuainos|1-5]. [pu 3TOM OonpImIMA
BO3MOKHOCTSIMH [UII HMCIIOJIB30BAHUS TEXHOTECHHOTO
CBIPhSI  00JamaeT MPOU3BOJICTBO  KEPAMUUECKOTO
kuprnda [6]. B paborax [2, 5] moxa3zaHa BOZMOKHOCTh
MPUMEHEHUSI Pa3INYHBIX TEXHOTCHHBIX MAaTEepHAJIOB
IOpU TIPOU3BOJACTBE KEPAMUYECKOTO KHUpIHMYa B
KayecTBe J00AaBKHM, a B HEKOTOPBHIX KOMIIO3UIUSX B
KauecTBE OCHOBHOTO ChIpbs [l], 3amelnas 4acTU4YHO
WIM TIOJHOCTBIO HE BO30OHOBIISIEMBIE PECYPCHI
TJIMHKACTBIX IOpoA. bombmioir oO6veM mnpon3BoacTBa
KepaMHU9IECKOTO KHPIUYa TO3BOJIACT YTHIN3HPOBATH
MIPOMBIIIJICHHEIC OTXOJBI B 3HAYATEIBHBIX
KOJIMYECTBAaX W IMUPOKOM IHANA30HE HUX COCTaBa C
WCIIONBE30BAaHUEM  TPAIWIHOHHOW TEXHOJOTHH U
ammapatrypHoro ocHameHus. Kpome Toro, co3maHue
CBIPHEBBIX KOMITO3UIIHY C IPUMEHEHHUEM TEXHOTCHHBIX
MaTepHaJIOB B KadecTBE JOOABKU ABIACTCA OJHUM M3
myTeil pacmmMpeHHs MaciuTaboB  HCIOJIb30BaHUS
HU3KOCOPTHBIX ~ TJIMHUCTBIX  IIOPOJ,  IOBBILICHUS
TEXHUYECKUX CBOMCTB M MOHIKEHUs ceOe CTOMMOCTH
MOJy4aeMoro kepamuueckoro kuprnuda. C  TOYKH
3peHHs PaIOHAIBHOIO IPHUPOJONOIB30BaHUSA OOM
KepaMH9IeCKOTO  KHpIH4Ya MpeAcCTaBisieT  coOoit
HEJIOHCITONB30BAHHOE CBIpBE CTPOUTEIEHOTO
Ha3HAYCHUS, CIIOCOOHOE O0ECTIeYNTh KepaMUYECKYIO
MPOMBIIIJICHHOCTh BBICOKOKaYeCTBCHHBIMU
OTOINAIOMIAMHU  JOOOBKAMH TOIOOHBIMH IIAMOTY.
W3BectHo [7], 4TO ImIaMOT SBISETCS OJHUM U3
HanOoJiee KaueCTBEHHBIX oTommuTesnelt riuH. [llamMoT B
OTIMYHE OT JPYrHX OTOIIMUTENeH He CHIDKaeT
OTHEYNOPHOCTh KEPAMHUYECKOH MAacChl, HO SBIISETCS
JIOPOTHM MaTepHajoM, ¥ MOTOMY €ro He IPUMEHSIOT
JUIA U3TOTOBJICHUS KEpaMUUeCKOro kupnuya. B Hammmx
HCCIICIOBAaHUAX WCIIONBE30BAIM OOH KEepPaMHUYeCKOTO
KApnHYa, 0Opa3ylommiics B KadecTBE OTXOIa IIPH
TIPOM3BOJICTBE KepaMH4YECKOTO KHpIHYa U3
JIECCOBUIHOTO  CyINIMHKa. Mcciemyemblii  0TX0x
paccMaTpuBaICs KaK OTOINAIOMIAst J0OaBKa B COCTaBe
KepaMHU9IEeCKOH MacChI IS OTYYICHUS KEPaMUIECKOTO
KApnu4a. B KkadecTBe  OCHOBHOTO  CBIPBS
WCIIONIB30BAIMCH TJIUHHUCTBIE ITOPOJIBI- JIECCOBHIHBIE
CYTJINHKA l'aBykKysckoro MECTOPOXKICHHS
XUBHHCKOTO  paiioHa  XOpe3MCcKoro  obiacTu.
HcxonHoe chipbe OBUIO MCIBITAHO B COOTBETCTBUH C
TpeboBanusiMU [8]1 HOpMaTHBHBIMU MeToAuKamu [9].
ITo (U3UKO-MeXaHUIECKUM CBOMCTBaM,
OIIpeIeIsIEMBIM YHCIIOM IUIACTUYHOCTH M TI0Ka3aTeseM
OTHEYHNOPHOCTH, OHHU OTHOCATCS K
CPEIHEIIIACTUYHOMY W JIETKOIUIABKOMY TJIMHHUCTOMY
CBIPBIO, @ TI0 FPAaHYJIOMETPUUECKOMY COCTaBY K HHU3KO
U cpenHe aucrepcHoMy. 11o MHHEpanbHOMY COCTaBy
HCCIIIOBaHHBIE B 9KCIIEPUMEHTE 00Pa3IIbl TTHHICTHIX
MOPOJ] OTHOCATCS K MOJMMHUHEPATIHHBIM, B OCHOBHOM
W3 TIMHBI MOHTMOPWUIOHHT. Ilo XuMmIYecKOMy
CcoCTaBy OHH COOTBeTCTBYIOT TpebosanusM [I'OCT

32026-2012 u TOCT 9169-75 k chIppl0 s
KepaMH4YCCKON MPOMBIIIICHHOCTH.
OKCIIepUMEHTAJbHBIC ~ HMCCIICOBaHUS B paboTe
BKITIOYAITU Pa3pabOTKy COCTABOB CHIPHEBOW IIMXTHI U
M3TOTOBJICHHE O00pa3loB KEPaMHUYECKOTO YeperiKa.
CocTaBbl KEpPaMHUYECKHX MAacC pa3padaThIBAIHUCh C

HCTIONIb30BaHIEM METO/IOB CTPOUTENBEHOTO
MaTepHaIOBEACHUS " MaTeMaTHIECKOTO
MonenupoBaHus. CBIPbEBBIE MaTEpHANbl, CMECH,
00pasnpl  MOATOTABIMBAINCH IO  CTAHAAPTHOH

metoanke[10]. Ha cragmm moaroroBku 6o Kupmmda
M3MENBYAIICS CIIOCOOOM CYXOro MoMoJja B IIapOBOM
MEJIBHHUIIE 1O TOHKOCTH [IOMOJIa C OCTAaTKOM Ha CHUTE
Ne008 ue Gosee Smac. %. Orcesuubiii Ha cute Ne008

KUPIMYHBIA ~ TOPONMIOK  (HACBHITHON  IJIOTHOCTHIO
pH=1256 «xr/mM®) B KonmuectBe 5-35mac. %
CMENMBAICA C  JIECCOBUIHBIM  CYIJIMHKOM  JI0

MONyYeHHUsT OJHOpOMHOW Macchl. ChIpheBasl IIHXTa
3aTBOpsUIACh BOJOH 1O 0Opa30BaHUS IUIACTHYHOTO
TecTa. M3 NOArOTOBIEHHON KepamMHUYECKOH Macchl
METOJIOM TUTACTHYECKOTO (dopmMoBaHUA
M3TOTaBJIMBAIHCH TabOopaTOpHEIE 00pa3IlHl B BIIE KyOa
pasmepom 50x50%50 MMm. M3roroBineHHBIE 00pa3Ibl
BBIJICPXKHUBAUCh TpH TemmepaTrype (25+5) °C B
Teuenue 1 cyTok. OOpasipl JOCYNIMBAINCH B
CyHIMIbHOM Hikady B TedeHue 3-5 4 npH TeMieparype
120 °C. O6xur 00pa3IoB MPOBOIUICA B My(eabHON
neyn wmapku SNOL 6,7/1100. Pexum o0xwura
yCTaHaBIUBAJICA C YYeTOM KOMIIOHEHTHOIO COCTaBa
CBIPhCBOM IMXTHL. JIIs HCCIEIOBAaHHBIX COCTaBOB
CBIDhCBOM IMXTHI B  BBIOPAHHBIX HMHTEpBaIax
BapHUPOBAHUS MAaCCOBOI JIOJH MOPOIIKA KHPITHIHOTO
0ost MaKCUMaJbHas TeMIeparypa o0xmura
onpegensinac B mpexnenax 900-950 °C. Ownenxa
Ka4yecTBa M3TOTOBJICHHBIX B JJAOOPATOPHBIX YCIOBHAX
00pa31oB NPOBOIMIACH B COOTBETCTBHE HOPMAaTHBHBIM
TpeboBanusM[11] mo mokazarensiM: BOJOTOTJIONICHHE,
CpeIHSs IUIOTHOCTh, 00BEMHAs BO3IYyIIHAS M OTHEBAs
ycanka[12], MeXaHHYeCcKast MPOYHOCTh npu
ckarun[13], koaddurment termonporogunoctu [14],
Mapka Mo cpegHed mpodHocTH 00pa3noB. OOpasibl
WCTBITHIBAINCE B JTA0OPaTOPHBIX YCIOBHAX. llpu
HCCIICAOBAHIH 3aBHCAMOCTH MEXKIY COICpKaHUEM
MTOPOIITKA KHPITUIHOTO 00sI B COCTABE CHIPHEBOM IITIXTHI
u OCHOBHBIMHU (hU3UKO-MEXaHUIECKIMHU
XapaKTePUCTHKAMHU 00pa3I0B KEPAMHYECKOT0 YepernKa
(BomomorionieHne, CpeAaHsss IMJIOTHOCTh, OOBEMHas
BO3IyIIHAs M OTHEBas yCagka, TEIUIONPOBOIHOCTb,
mpeaesn IMPOYHOCTH TMPH CXKATHH) HCIOJIB30BAJICS
METOA JIMHEHON perpeccuu[15]. CreneHp
HEJIMHEMHOCTH  pacCMaTpUBAaEéMbIX  3aBUCUMOCTEH
yCTaHaBIMBaIaCh OTIpe/ieTICHuEM 3HAYCHHSA
ko3 punmenra JeTepMHUHAIIH R2 npu
annpoKCHMallMy MapaMeTpoB 1 (BOZOIOIJIOINICHHUE,
CpenHsis IUIOTHOCTb, oObeMHast ycazka,
TETJIONPOBOIHOCTD, TPeJe)l MPOYHOCTH TP CXKATHH)
JTUHEHHON MOJEIbI0

Yy=bo+bix.

MO,Z[GJ'H: CTpOnJIaCb Ha OCHOBAHWU PE3YJILTATOB
q)aKTH‘IGCKOFO OKCIICPUMCEHTA u AHAJIUTHYCCKHN
OIMMCBIBACT TIIOJIYYCHHBIC B OIIBITAX 3aBHCHUMOCTH.
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Bricokoe  3Hauenue  koddduiumenta R2 s
3aBHCUMOCTCH  ONpEJCNsAeMbIX  IOKa3aTeleil  OT

COACPIKaHUA B IINHUXTC TMOPOILIKAa KUPIUYHOI'O 0os
06ycn013neﬂo MMPaKTUYCCKU JIMHEHHBIM XapaKTCepoM.
I/I3y‘~leHI/IH BIIMAHUC TaKHUX ;[06a1301<, KaK KaJbIHT,

JOJIOMUT ¥ XJIOPUZA  HaTpusd 1O MHHEpaIoro-
TEKCTypHOMY u (PU3UKO-MEXaHNIECKOMY
COCTaBY ITOBEACHHE TBEPIBIX KHpII4eH,

NpefHa3HAYCHHBIX I HCIOJIb30BAaHMS B KadeCTBE
HOBBIX MAaTEpHAJOB B PECTaBPAIMs HCTOPUIECKHX
3nanuil. [loBenenueckue paznuuus MEXIY
HUMH 00pa3nbl ¢ KapOoHATaMU U 0€3 HUX MOTYT OBITH
OOBSCHEHBl  Pa3IUYHBIMH IBOJIOLMS  TEKCTYPHO-
MHHEPAJIOTHYECKOTO ~ COCTaBa,  CJOXKUBINASCS B
xoze npouecc ooxura. [lokasansl, 9TO HIPHUBOASAT

CONPOTHUBJICHHSI K BBICOKMM  Temreparypam. Coib
YACTUYHO MOAMMDUIUPYET MHUHEPAIOTHIO KUPIIAYH,
BHICTYNAIONIME B KAayecTBE IUIABSAILIErO areHTa,
0COOCHHO IIpU BBICOKOM OOKHIe TEMIIEpaTyphl, M
Janl MmogbeM K OoJjiee yCTOWYMBBIM IPOAYKTaM
KOTOPBIE MOJIXOIUT TSt MPOBECHUS
pecTaBpannoHHBIX padorT. [15]
PE3VJIBTATBI U UX OBCYKJIEHUE

Ananus IKCTIIEPUMEHTAIbHBIX JIAHHbIX,
MPUBEICHHBIX ~HA PHCYHKE, MOKa3blBaeT, 4YTO
YBEJIMYCHUE MO KHUPIUYHOTO TMOPOIIKA B HIMXTE
MIPUBOJUT K HEKOTOPOMY MOBBILICHUIO
BOJOIIOTJIONIEHNS. B To ke BpeMsi  4eTKo
MIPOCTIeKHUBACTCA JMHAMHMKA CHIDKCHUS 3HAYCHUH
oOrIell ycaaku, CpeJHed IUIOTHOCTH, KO3 (UIMEeHTA

Kap6OHaTLI B KMpHH4Yax € pa3IndHbIM MUHEpAJIOIrus, B TENJIONPOBOJHOCTH, MPOYHOCTH 06pa3u013 npu
3aBHUCHMOCTH OT OOXura, HO C YCTONYMBOM CXKaTHH. B COOTBETCTBUU C HOPMAaTHUBHBIMHU
MHKpOCprKTypOﬁ BHYTpH HJHpOKHﬁ Jvana3oH JOKYMCHTAMM JJi1 pPa3HbIX BHJIOB CTPOUTCIBHBIX
temneparyp (800-1000 °C). Oto MoxkeT OBITH  H3AEIHH BOJOIOTIIONICHIE, HE JOIDKHO MPeBhImAaTh 20
NPCUMYIICCTBOM NP HM3rOTOBJICHMM KEpPaMHMKH HO Mac. % ¥ ABIAETCS Ka4eCTBEHHOM XapaKTepI/ICTI/IKOﬁ
3TUM  U3JCIUAM  HE  XBAaTaeT MEXAHHUYECKOT'O npoiecca CrieKaHus.
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PucyHOK 1. Ochoenble nokazamen ONbIMHBIX 06pa31406

Ha rpaduke BOIOMOTIIONICHHUS JaHHOE 3HAYCHHUE

SABJISACTCA JIMMUTHUPYIOUIUM npu OIITUMM3alIMH
KepaMH‘IeCKOﬁ IMUXTBI W TIO3BOJACT OIIPECACIUTL C
yueToOM TOJIYUCHHBIX 3HAYCHHUI YCagO4YHbIX

nedopmanmii, cpemHed MIOTHOCTH, Ko3(h¢uIMeHTa
TEIUIONPOBOJAHOCTA U TPOYHOCTH MpPH  CXKATUU
pallMOHANbHBIN JAMana3oH W3MEHEHHs COJep KaHUs
KUPIHUYHOTO TOPOIIKA B JBYXKOMIIOHEHTHOW IIMXTE
Ha OCHOBE JIETKOIIABKOW TJIHHBI MPH ONpeeICHHON
Temmneparype oOxwura. [lomydeHHBIE pe3yJIbTaTHI
CBUJICTEIECTBYIOT O BO3MOXKHOCTH HCHOJIB30BAHUS
KAPIUYHOTO 00 B JEHCTBYIOIIEH TEXHOIOTUH
KepaMHu4yeckoro kupmnuda mapku M125, M 150 ¢
CONEpXXaHWEM B  JBYXKOMIIOHGHTHOM  MINXTe
KHpIUYHOTO Topomika 10 30 mac. % npu Temnepatype
obxura 10 950 °C, 4TO COOTBETCTBYET HOPMAaTHBHBIM
TpeboBaHusaM. [12]

BbIBO/IbI

OnTuMajbHOE  COJIEPKAHHWE  M3MENbYEHHOTO
MOPOIIIKA B COCTaBE MAacChl KEPAMHUYECKOTO KUpITHYa
20-30 mac. %. Ilpu yBennuenun Gonee 30 mac. %
BBOJMMOM 100aBKH, yMEHBIIAETCS IMPOYHOCTH HpPHU
CKaTMM HW)KE HOPMHPYEMOTO U  IIOBBIIAETCS
BOJIOTIOTJIONIEHUE TIIOJy4aeMbIX 00pasloB, a NpH
YMEHbBIIIEHNH ero cojepkanus meHee 10 mac. % He

HaOIroaeTCst CYILLIECTBEHHOTO CHIKEHUSI
koa¢ppunrenTa TETUIOMPOBOIHOCTH. Wzpenus,
HN3TOTOBJICHHBIC u3 JIECCOBUHBIX CYTJINHKOB C
nobaBkoW B Ipefesnax HW3MEHEHHS B  COCTaBe

KepaMU4YeCKOW MacChl MacCOBOW JIOJHW TOpPOIIKa 00s
KepaMI/IquKOFO Knpm/ma, UMCIOT IIOCTaTO‘{Hy}O
HACBIIICHHOCTH IIBETA U ‘II/ICTOTy IIBETOBOI'O TOHA.
Takum oOpa3oM, B pe3yiabTaTe IPOBEIACHHUS
JKCIIEPUMEHTA YCTaHOBJIEHBI BO3MOKHOCTH
HCIOJIb30BaHUS OTXOJa KEepaMHUUeCKOro KHUpIHuYa B
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Ka4eCTBC OTOLIUTECIIA. ,HaHHOG TCXHOI'CHHOC CbhIPpbE
PCKOMEHAYCTCA MOCJIC COOTBETCTBYIOLICTO MOMOJIA.
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PYBUKO-MATEMATUMECKUE HAYKU

HOnoawesa H., Anues P., Hacupoe M.
Anoudicanckuil 20cy0apcmeentblil yHugepcumen,
Vsbexucman

CTABMJIMBAIIA XAPAKTEPUCTUK KPEMHHUEBBIX COJIHEYHbBIX 9JIEMEHTOB
BHEJAPEHUEM HAHOYACTHUIl HEKOTOPBIX METAJIJIOB

AHHOTalIl/ISI. B pa60Te OIPEAC/ICHBI CCYCHUS (1)0T03MI/ICCI/II/I N3 MCTAJUIMYCCKUX HAHOYACTHUIl U U3YyUCHA
3aBUCHUMOCTb CCUCHUSA OT paGOTLI BbIXOJa 3JICKTPOHOB, OT pasMeEpa HAHOYACTUIL U OT MaTEpHraa. Pa3pa60TaHa
nporpamMMma Ha Visual Basuc-6.0 JUIsL BBIYHCIICHUA CCUYCHUS q)OTOSHeKTpOHHOﬁ OMHUCCHUHU U3 MCTAJLJIMYCCKHUX
HaHOYAaCTHUI B 3aBUCHUMOCTH OT JJIMHBI BOJIHBI ITAAAIOIICTO CBETA. HporpaMMa IIO3BOJISIET BBOOAWTH U U3MCHHUTH
3HauYEHUsl SHEPIUM BbIXona, 3Hepruu depmu, NPUBEACHHYIO MacCy 3JEKTPOHA, MapaMeTPOB IUIA3MOHHBIX
IIPpOIeCcCOB, pasMEPOB HAHOYACTHUI] U T. II. OHpGI[eJIeHLI ONITUMAJIBHBIE PasMEpPbl HAHOYACTHUIBI METAJUIOB IS
JIocTIbkeHus Ooiee 2P PeKTHBHOM peanu3aryn ¢ eKTa HAaHOIUIa3MOHNKH 1 IOKa3aHO, YTO B KAYECTBE MaTepHaia
HaHO4YaCTHUIIbl MOXXECT OBITH HCIIOJIB30BaH HE TOIBKO JAOPOTOCTOAIIMNC 30JI0TO U cepe6p0, HO U MCIb.

Abstarct. Photoemission cross-sections of metallic nanoparticles were determined and the dependence of the
cross-section on the work of the electron yield, on the size of the nanoparticles and on the material was studied.
The program on Visual Basic-6.0 for calculation of section of photoelectronic emission from metal nanoparticles
depending on wavelength of incident light is developed. The program allows you to enter and change the values
of the output energy, Fermi energy, reduced electron mass, parameters of plasmon processes, nanoparticle sizes,
etc. The optimal sizes of metal nanoparticles are determined to achieve a more effective implementation of the
nanoplasmonics effect and it is shown that not only expensive gold and silver, but also copper can be used as a

nanoparticle material.

Kniouesvie cnoea: HaHodacmuya, niasmMoH, cedyeHue (j)omoaMuccuu, erMHMﬁ, CONHEYHbLU oJ1emMenm,

ousnekmpuieckas QyHKyus

Keywords: nanoparticle, plasmon, photoemission cross-section, silicon, solar cell, dielectric function

B¢ dexTUBHOCTD (OTOANEKTPHIECKOTO
npeoOpa3oBaHus SHEPruu npu MOMOLIN
MOJIYIIPOBOJJHUKOBBIX ~ CTPYKTYp WJIM  COJHEYHBIX
dhotosnementoB (CDPD) COCTOUT M3 CyMMHUPOBAHUS
spdextuBHOCTH TornomeHus (OII)  comnHedHoro
n3nyuenusi, sdpdexruBHoctu ¢ororenepaunn (O
HocuTene 3apsaa (H3) u apdexrnBHOCTH cCOOMpaHUS
(3C) HepaBHOBeCHBIX HEOCHOBHBIX H3 [1].
Ompenenenue TIEPBBIX JBYX BUJIOB
cocraBsirommx d¢p¢dexkruHoctH CDD, T.e. «I» n

«3I» HemocpeaCTBEHHO CBS3aHBI C ONTHYECKUMH
CBOMCTBaMHM Marepuana, KoHCTpykuued CPD wu
CHEeKTpPaJbHBIM COCTAaBOM IIaJAlOIIEr0 Ha HEro
m3nydeHus.  [lostomy, HMX  BMecT€  MOXHO
paccMaTpuBaTh B KayecTBe ONTHYECKOH
s dexruBHOCTH CDD.

OrpomHas 4acTh TEOPETHIECKUX u

9KCIIEPUMEHTAIILHBIX HCCIIEI0BATENBLCKUX PA00OT ObLTH
TIOCBSIILIEHBl CHIDKEHUIO PEKOMOMHAIMOHHBIX HOTEPh
Ha ()POHTANILHOH U THIJIBHOW IIOBEPXHOCTSIX, & TAK)XKE B
o0Bpeme kpeMHuUs, T.¢. 1o «IC». beutn co3nansr COD
c BHYTPEHHUMU JNEKTPUUECKUMU MOJISIMU:
MOTEHIMAJIbHO OapbepHBIE CTPYKTYPHI B 3MUTTEPHOMH
obnacTy W W30TUIHBIE (P-p+ WM T-T+) TEPEeXObI
BOJIM3M TBHUIIBHON mHOBepxXHOCTH. Paspabortansr COD,
MMEIOIIHE HJIEKTPOIHBIE CHCTEMBI C TTOIJIETHPOBAHNEM
(p+ wmm mt) m yroyOGneHHBIM pa3MemeHHEeM HX B
KpemHHH, a Takke COD ¢ p-m-mepexogamu,
pa3MELCHHBIMU Ha ThUIBHOM CTOpOHE. YKa3aHHbIE
KoHCTpyKumn C®PD mpeobnajaiim  CyIIECTBEHHO
CHIKEHHBIMHM PEKOMOWHAIMOHHBIMU roTepsivu H3 u,

COOTBETCTBEHHO, BBICOKUMHU 3HAYCHUAMHU
a¢dextuBHOCTH cobupanus H3.

OddexruBnocts (PoTtoreneparuun H3 3aBucur
TOJIBKO OT 3HEPTUH IOTJIOUICHHBIX HOIYIPOBOIHUKOM
(OTOHOB U MO3TOMY, 110 HAIlIEMY MHEHHIO, CEPhE3HBIX
WCCIICIOBAaHUA B 3TOM HAIpaBJICeHUU, T.e. MO «II»,
MOYTH HE TPOBEAEHBHI 10 HenaBHHX BpeMeH. C
pa3BUTHEM HAHOTEXHOJIOTMH M HAayKH O Pa3INYHBIX
HaHOpa3MEpHBIX 3(¢eKTax NPEeICTaABIIETCS BaXXHBIM
paccMOTpeTh  BO3MOKHOCTH — yCOBEPILEHCTBOBAHUS
TIPOIIECCOB (ororenepanuy, CIIOCOOCTBYIOIINX
JanpHeHneMy moBBIIeHNI0 dQdexTuBHOCTH CDD.

Ilouck mytel moBBITIEHUS A(PHEKTUBHOCTU
HOTJIONEHHS COJIHEYHOTO M3IIydeHus, T.€. «O1I» raBHO
BEAETCS YYCHBIMH MHOTHX HAy4YHBIX LIEHTPOB
pa3BUTBIX CTpaH. B mepBylo ouepenp BBI3BIBACT
HMHTEpPEC MAaKCHMaJbHOE CHIKCHHE OTPaKeHHE CBETa
or mnoepxHocth C®PD u mpu 3TOM oObecneyeHnn

nacCUBallUUd  MOBepXHOcTH. [l 3ToM  menu
HCIONB3YIOTCS MHOTOCIOWHBIE  aHTUOTPAXKAIOILUE
nokpeiTuss  (AOII) U COBPEMEHHBIE  IIyTH

TEKCTYpHpOBaHUS ToBepxHocTH. DopMupoBaHHe Ha
MMOBEPXHOCTH KPEMHUS TEKCTYPY WIA HAHOTEKCTYPY C
HAHCCCHHBIM IOIIOJIHUTCIIbHBIM AOH IPUBOJUT K
CYIIECTBEHHOMY CHHMXCHHUIO OTPAXECHHUA HOPMAJIIBHO
TaJIAIONIETO U3ITYUYSHHUSI.

B paborax [2, 3] mpoBeaeH aHaIM3 U
OIITUMH3ALINA TIPOCBECTIIAIOIINX l'IOKpI)ITI/Iﬁ Ha
TIOBEPXHOCTU KPEMHHUEBBIX COJIHCUHBIX OJOJICMCHTOB.
HUccrenoBanst pa3HIHbIC KOHCTPYKIIUU
MPOCBETISIONIUX TOKPBITHIA Il 3alIMTHOTO CTEKJIa
COJTHEYHOH OaTaper W BBIOOP ONTHMANBHOW U3 HHUX.
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Jdns  xaxmoid  KOHCTpyKuuM Obuta paccuntaHa  Co3/aHbI ONTHYECKHE IUIEHKH C KBAHTOBBIMHM TOYKAMHU
MHTETpajbHast 3¢ PEeKTUBHOCTH c yuetom  (KT) u3 HaHowacTHI MeTajsia, KOTOpPbIE MOTYT OBITH
pacrnpeneneHus UHTEHCUBHOCTH COJTHEYHOTO  HAHECEHBI Ha MOoBepxHOCTh CO [5].

M3NIy4yeHUsT 1O  CHEKTpYy W CIEKTPaIbHOH CymiHoctsb TaKOI'0 KBaHTOBO-Pa3MepPHOTO

qyBCTBUTEIBHOCTH COJTHEYHOT'O 2JIEMEHTA.

Jnst ymydieHuns MorJIONIeHUsI CBETa OCOOEHHO B
TOHKHX CJOSIX KPEMHHS TNPHMEHSIOTCS Pa3IndHbIC
WHHOBAIIMOHHBIE TexHOJNOrHH. K HHM OTHOCATCS -
TEKCTYypPHPOBaHHE " HAHOCTPYKTYpHUPOBaHHE
MTOBEPXHOCTH, a Takxke 3(Pp(eKTh HAHOIIIIA3MOHHKH [4,
5].

BemmonaeHHbIC 1o HacTosIIee BpeMs
TEKCTYpPUPOBaHUE u HaHOCTPYKTYpUpPOBaHUE
noBepxHocTd CD MO3BOISUIM 3HAUYUTENIBHO CHU3UTH
OTpakeHHE CBeTa OT IOBEPXHOCTHM M TEM CaMbIM
NOBBICUTHE uX 3ddexktuBHocts [4]. [Ipeanoxen
MEPCIIEKTHUBHBIN CIIOCOO MOBBIIICHUS 3P (PEKTHUBHOCTH
CD 3a cuer peammzanuu >(QeKTa ITa3MOHUKH.

a¢dexTa 3aKIIF0YaeTC B TOM, YTO IMPU MOTJIONICHUU
9HepruM (OTOHOB HAHOYACTHUIIAMH MeETalyla Ha €ro
MTOBEPXHOCTH HabIromaeTcs (doTo37eKTpOHHAS
OMHCCHS.  DIEKTPOHBI,  3MHUCCHPOBAHHBIE U3
HAHOYACTHUIIBI MeTaia 00pa3yeT 3JIEKTPOHHOE 00IaK0
BOKpYT HAHOYACTHUIIBL. TTon IEUCTBUEM
ANEKTPOMArHUTHOTO TOJIsI HabmoaaeTcs
KOJUIEKTUBHOE  KoJieOaHHe OICKTPOHOB H NP
COOTBETCTBYIOIIMX YacTOTaX HaOJI0JaeTcss pe3oHaHC
KoJIeOaHHMsI SIIEKTPOHHOTO 00J1aKa. DTO MOKET BbI3BAaTh
TeHEepaIHIo JIOTIOJTHUTEIBHOTO JJIEKTPOHA
MIPOBOANMOCTH B 00beMe Wi (pOTOHa U TEM CaMbIM
BHECTH BKJaJ] B 00wmmi mpouecc (oToreHepanun
HEPaBHOBECHBIX HOCHTEIEH 3apsa.
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Puc. 1. Pezynomamol pacuema cnekmpanbHol 3a8UCUMOCTU CEYeHUU (POmMOINEeKMPOHHOU IMUccull (o)
Hanouacmuy memania (Au) 6 Kpemuuu 8 3a8UCUMOCMU OM 3HAYEHUL B3AUMHOU PA3HUYLL pabom 8vix00a Si u
Au: A4=0,2 eV (kpusas 1); AA=0,7 eV (kpueas 1); AA=1,2 eV (kpusas 1); AA=1,7 eV (kpusas 1); AA=2,2 eV
(xpusas 1).

B  nmanHOi paboTe ompeneNeHbl  CEYECHUS
(dorosmMuccHMM M3 METAJUIMYECKHX HAHOYacTUI |
M3y4yeHa 3aBHCHUMOCTH CEUCHMSI OT pPabOTHI BBIXOJA
3IEKTPOHOB, OT Pa3Mepa HAHOUACTHUI[  OT MaTepuana.
B pabore [4] paccMOTpeHbI cedeHust POTOAIMUCCHU U3
30JI0TBIX HAHOYACTHII C YYETOM JIOKAIM30BAaHHOTO
M1a3MOHHOTO pe3oHaHnca (JIITP).

Ceuenuss  (OTOIITEKTPOHHOW  HMHCCHH U3
METAJUIMYECKUX  HAHOYACTHUI]  ONIpeAesiercs  u3
BBIPAXKEHUSI
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KpeMHHs B3SATHI W3 paboTel [7]. A mapameTpsl
JJIEKTpUUecKol  QyHKimu Metamia (As Ap, A)
BBIOPaHBI 1O METOAY HAaWMCHIIMX KBaJpaToB,
COOTBETCTBYIOIIUX OJKCICPUMEHTAIBHBIM JIaHHBIM,
B3SITHIM U3 PabOTHI [6].

Ha OCHOBE TIPUBEICHHBIX BBIPKCHUI
cocraBieHa mporpamma Ha Visual Basuc-6.0 mms
BBIUUCIICHHSI CEUYCHMSI (hoTosmuccumn u3
METAJUIMIECKUX HAHOYACTHII B 3aBUCUMOCTH OT JITHHEI
BOJIHBI IAJAlONIeTo cBera. [IporpamMma MO3BOJISET
BBOJIUTh M W3MCHHTH JHEPTHIO BBIXOJA, JHEPTHIO
®depmu, MPUBEICHHYIO MACCY IEKTPOHA, THIA3MOHHBIX
mapaMeTpoB,  pa3MEpoOB  HAHOYACTHI[ H  T.IL
OCOOCHHOCTh MPOTPaMMBI  COCTOMT B TOM, 4YTO
pe3yJIbTaThl PacyeToB B €IWHON MPOTpaMMHON cpeje
skcroptupytorcss Ha MS Excel m BeIpakaroTcs He
TOJIGKO B TaOJIMYHOM, HO U B Tpaduueckom Bujie [8].
PesynbTaThl pacuera NpuBEASHBI B BUIIE TPAPUKOB HA

1 !

(A)= A4, +(A12,)

1+idl 2, 1+(iAlA,)a la+ D
;
:'.i.-“).j. !
-3 3 -3 ]._ 2(A
Fz2(A)In[l = 2 ()] Foz2(A)ln —2 ).
1- e ()

puc. 1 — puc. 3. Pe3ynpTaThl pacyeTa CHEKTpalbHON
3aBUCHMOCTH CEYEHUH (OTOAICKTPOHHOM 3MHUCCHH (G)
HAHOYACTHI MeTaya (Au) B KPEMHHH B 3aBUCUMOCTH
OT 3HAYeHWIl B3aMMHOIl pa3HMIBI paboT BeIxoAa Si u
Au (Puc. 1), rne AA=0,2 eV (kpuBas 1), AA=0,7 eV
(xpuBas 1), AA=1,2 eV (xpuBas 1), AA=1,7 eV
(xpuBas 1), AA=2,2 eV (xpuBas 1) mMOKa3pIBAIOT, 4TO
yKa3aHHbBIN (aKkTop sBISETCS BEChbMa CYIIECTBEHHBIM.
Hawubonee BBICOKOE 3Ha4YeHUe CeueHMUs
(OTORIIEKTPOHHON ~ dMHMCCHM  HaOJojaeTcss  IpH
AA=0,2 eV.

Pesynbrarsl pacueTa cieKTpalbHON 3aBUCMOCTH
ceyeHNH (HOTOINNEKTPOHHON SMHUCCHH (G) HAaHOYACTHII
mertamia (Au) B kpemaun (Puc. 2) B 3aBUCUMOCTH OT
nx pasmepa (npu A=4,8 eV), rae a=5 uM (xkpuBas 1),
10 em (xpuBasg 2), 15 BM (xpuBas 3) MOKa3BIBAIOT,
Hanboee BBICOKOE 3HAaYCHUE CeUeHHs
(hOTORTIEKTPOHHOW MUCCHH JOCTHTACTCS MPH a=5 HM
(xpuBas 1). C pocToM pa3mepa HAHOYACTHIIBI 30JI0Ta
ceyeHne (POTOINEKTPOHHON IMUCCHH CHUKACTCS.
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Puc. 2. Pesynsmamol pacuema cnekmpaibHOU 3a8UCUMOCIU CeYeHUU (POMOINEKMPOHHOU IMUccull (o)
Hanouacmuy memanna (Au) 6 kpemuuu 8 3asucumocmu om ux pasmepa (npu A=4,8 eV): a=5 um (kpusas 1);
10 um (kpusas 2); 15 um (kpusas 3).

Ilo pesynpraram pacyera  CIEKTpPaJIbHOI
3aBUCHMOCTH CEYCHUH (OTOIEKTPOHHO IMUCCHH (O)
Ha”o4dacTun Metamia (Puc. 3, kpusas 1 s Cu, kpuBast

KauecTBe MaTepuaja HAaHOYACTUIBI MOXKET OBITh
HCIO0JIb30BaH HE TOJBKO JOPOTOCTOSIIMN 30J10TO, a U
cepebpo u Menp. [IpudeM HAaHOUYACTHUIIBI MEIU UMEIOT

2 mis Ag, kpuBas 3 s Au) ¢ pasmepom a=10 nMm B Haubosee BBICOKHE 3HAYECHUS ceueHus
kpeMHun (A=4,8 eV) CBHIETENbCTBYET O TOM, YTO B (DOTOIICKTPOHHOI IMHUCCHU.
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Puc. 3. Pe3ynomamul pacuema cnekmpanbHoU 3a8UCUMOCTU CeYeHUU POMOINEKMPOHHOU dIMUCCUU (0)

nanouacmuy memanna (kpusas 1 ons Cu; kpusas 2 01 A
(A=4,8

g, kpusas 3 ons Au) ¢ pasmepom a=10 nm 6 kpemuuu
eV).
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Takum  oOpazom, Hambonee  3HAYMMBIMH  COJHEYHOM sHepruu. // [ennorexnuka, 2018, N5, C. 3-
pe3yibTaTaMu MPOBEJACHHOTO uceinenoBaHus 9.

SIBIISIIOTCS CIIEAYIONIHE:

- Pazpaborana nporpamma Ha Visual Basuc-6.0
JUISL BBIYMCIICHUS CeueHHsT POTORIEKTPOHHOH DIMUCCUU
U3 METAIMYeCKNX HAHOYaCTUI] B 3aBUCHMOCTH OT
JUIMHBl  BOJIHBI TIajaroimiero csera. Ilporpamma
MO3BOJISIET BBOAWTh M W3MCHHTH 3HAUCHMS JHEPTUHU
BeIXO#a, osHeprun DepMu, NPHUBEICHHYIO Maccy
3JIEKTPOHA, IIApaMeTPOB IUIA3MOHHBIX IIPOLECCOB,
pa3MepoB HAHOYACTHI U T. 1. Pe3ynbpTaThl pacueToB B
€IMHOW MPOTPaMMHOI Cpeie SKCIIOPTHPYIOTCS Ha MS
Excel u BeIpa)katoTcsi He TOJNBKO B TaOJIMYHOM, HO U B
rpau4ecKoM BUJE;

- OmnpenesneHs ONTUMAJIEHBIC pa3mepsI
HAHOYACTHIIEI METAJUIOB JUIS JOCTHXKCHUS Oolee
3¢ dhexTUBHOMN peanu3anuu 3¢ dekra
HAHOIUTa3MOHHKH;

- TIloka3ano, 4YT0 B Ka4yecTBe Marepuaia

HaHO4YaCTUIBI MOXCT OBITh HCIIOJB30BAaH HE TOJBKO
AOPOToCTOAIIME 30JI0TO H cepe6p0, HO H MCIb.

[IpudyeM HaHOYACTHIBI MEIM HMEIOT Hauboiee
BBICOKHE 3HAUeHHs CeueHHs (HOTOIIECKTPOHHOMN
OMHUCCHHU.
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