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TEHJAEHIII B IHTETPAIIl 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. [aTerpauis 00’€KTiB TpaHCIIOPTY Y MiChbKy 3a0yJOBY Ma€e Ha METI O€THaHHS (YHKIIOHATBHUX
Ta €CTETUYHHX SIKOCTEH MICTOOYIIBHOTO CEpeIOBHINA, SIKI € TOJIOBHUMH YMHHUKAMH Horo rapMoHiiHocTi. Came
yepe3 Iie MiABHUIIYETHCS 3HAUYCHHS TPAHCHOPTHHUX 00’ €KTiB, MICIb THMYAacOBOTO MepeOyBaHHS T'POMAMISH, SIKi
BINOBINafOTh (Pi3MUHIM MmoTpedaM Tix Yac MPOXOMKCHHS MEBHOTO NUIAXY Ta BiATBOPIOIOTH IEBHE SCTCTUYHE
CHPUIHSTTS MICTOOYAIBHOTO cepeloBHIIa. Taka iHTerparlis moB’13aHa 3 KOHKPETHUM MICIIeM Ta CTICIU(PIIHUMEI
pHucaMu MichKO1 3a0yJOBH, TOMY iCHY€ JIeKiTbKa OCHOBHHX IUISXiB BUPIMICHHS — MiAXiJ IEPBUHHOCTI 3a0yI0BH;

MiAX11 TePBUHHOCTI TPAHCTIOPTY Ta KOMIDICKCHHH TTi X1

Keywords: transport facilities, urban development, trends in the integration of transport facilities.
Kniouosi cnosa: mpancnopmui 06'exkmu, micmobyoigna 3a6y006a, meHOenyii inmespayii mpancnopmuux

00'cxmis.

IMocranoBka npodsaemu. 'apMoHi3allisi MiCbKOTO

cepelioBUINA  repeadayae  HAasABHICTH ~ BHCOKOTO
€CTETHMYHOr0 PiBHA HOro KOMIIOHEHTIB Ta iX
rapMoHiiHE  CHOJyYeHHS Yy  MO€IHAHHI 3

¢yHKIiOHaNMBHICTIO. B mpOMy CceHCI  BaXIIMBOIO
CKJIA[JOBOIO JTM3aiiHy MICBKOI'O CEpeIOBHIIA CTAOTh
MICIISI CITONYYCHHSI 00’ €KTIB TPAHCIOPTY i3 MICBKOIO
3a0yJIOBOI0 HacamIiepell dYepe3 BaXIUBICTh i€l
JoKamii Juis  KHUTENiB MicTa SIKI  KOPHUCTYIOTBCS
IPOMaJICbKMM TPaHCIIOPTOM.

3arajoMm, 1OO0yZOBa TPAHCHOPTHUX CHUCTEM
CHUIBHO 3  apXiTeKTypow Yy  MicToOyJiBHOMY
CEpe/IOBHINI € HEOOXITHOI CKIAJOBOI 3arajbHOTO
MpOIleCy PO3BUTKY MICT. 3a PyaHuIBKUM «IIpH
NPOCKTYBaHHI CHCTEM TPAHCIIOPTHOTO
00CIIyroBYBaHHSI CyYaCHHUX MICT HOTPIOHO KPUTHYHO
OIIIHIOBATH BECh HAKOIIMYCHUI MICTOOYMIBHUHN JOCBI
1 IIyKaTH ONTUMAaJbHE PIIEHHS Ha OCHOBI HAyKOBOTO
aHali3y IOrO JIOCBIMy B CBITJII JIIOYMX 3aBJaHb
CY4YacCHOTO PO3BHUTKY MICT», a «TPAHCHIOPTHE PillICHHS
MicT Maif0yTHROTO Tpeba roTyBaTH 3a3majieriapy. [5, C.

27]. Taxkum YUHOM rpaMOTHE MO€THAHHS
TPAHCIIOPTHOTO BY3/1a 13 apXiTEKTYpHOK OyIiBIEIO
Hajga€e  KpiM  3pydyHOCTI B  TOBCSAKISHHOMY
BUKOPHUCTaHHI me © 0co0nMBOi  BHPa3HOCTI

apXiTEKTYpHOMY cepefoBHIly. Micbka cucTeMa pyxy

rPOMaJIChKOr0 TPAHCIOPTY mepeadavae IiISHKH, 1€
MOXJIMBA [T0CA/IKa 1 BUCcaIKa jrojei. Came 11i 3yHHKHY,
a TaKkoX BY3JIM CTHKOBKH pI3HMX TPaHCHOPTHHUX
CHCTEM «€ KIIFOUOBMMH €JIEMEHTaMH Yy MpPOEKTYBaHHI
KOMIUIEKCIB TPOMAJICBKOTO TPAHCIIOPTY 3 TOYKH 30Dy
iHTEpeCciB NroIeH, SKi 3MIHCHIOITH MOi3aKy» [5, C. 29],
(yHKIIOHATIbHA Ta €CTETHYHA OpraHi3allis IUX BY3JiB
BIUIMBA€ Ha AKICTh MiCBKOTO ceperoBumma. OmHie0 3
HEBHPILICHUX 33JIa4 3aralbHOi Mpo0IeMH rapMoHiitHOT
noOy/lOBH  TPAaHCIIOPTHUX  CHCTEM  CIUIBHO 3
apXIiTEKTypol0 y MICTOOYJIBHOMY CEpEelOBHILI €
BIZICYTHICTh aHAJi3y pOJi ICTOPHKO-KYJIHTYPHOTO
HOTEHLialy COPMOBAHOTO ICTOPHYHOTO sjpa MicTa
JUisi  BUpilIeHHs (YHKIIOHANBHOI Ta eCTeTHYHOI
opraHizarii MiCIls CIIOYYCHHS 00’ €KTIB TPaHCIIOPTY i3
MICBKOIO 3a0yZIOBOIO Ta aHai3y HOBHX WIiIXOIIB B
MOEJIHAHHI ~ TPAHCIOPTHHX  BY3MiB 3  MICBHKOIO
CTPYKTYpOIO.

AHaJi3 OCTaHHIX AOCHIIKeHb Ta MyOJiKauii.
JlocmipKeHHIM CHHTE3y TPaHCIOPTHUX 00 €KTIB 13
MiCBKOIO 3a0yJOBOIO NMPHUCBAYCHI POOOTH 3apyOiKHUX
HaykoBIiB: bpaitan Exsapmc (Brian Edwards), Vimn
Ixouc (Will Jones), 1. €. Cecekin Ta in. B po6ori
«ApXITEKTypa  TpPaHCHOPTHUX  CIOPYI»  aBTOPH
I. €. Cecpkin Ta b. I'. IBaHOB BUCBITIIIOIOTE B3aEMOIIIO
KOHCTPYKTUBHHMX DpilIeHb CIIOPYJ TPaHCHOPTY 3
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apxiTeKTypHUMH (opMaMu, a TakoX YB'S3Li iX 3
apXiTeKTYpHHUM  CEpEelIOBUINEM 1  HPUPOJHUM
nammagprom [1]. OmHak Ha ChOTOJHI HeEMae
(yHAaMEHTATLHOTO HAyKOBOTO JIOCHI/DKEHHS, 110
po3kpuBaio 6 crnenudiky ImoegHaHHS TPAaHCIIOPTHUX
00’€KTiB 13 MICHKOIO 3a0yIOBOIO SIK OJTHOTO 3 3aCO0iB
TapMOHIi3aIii MiCBKOTO CepeIOBHINA.

Meta cratTi. Po3kputm cremudixy cuHTE3y
TPAHCHOPTHUX O0’€KTIB i3 MICBKOIO 3a0yIOBOIO IS
BU3HAUYCHHS OCHOBHHX INIXOMIB OO  pilIeHHS
IHTETpallii TPAaHCTIOPTY B MICBHKY 3a0yIOBY.

OcHoBHa 4YacTHHA. 3aBIIKH TOMY, IO
TPaHCIIOPT € HEBiA €MHOIO YAaCTHHOIO MICHKOT CHCTEMH
CIIOJIyYEeHHS, IiJBUIIYETHCS 3HAUCHHS IHTerpamii
00’€eKTIB IIbOTO THITy B MICbKY 3a0yJOBY, OCKUIBKH
BOHHU (hOpPMYIOTH TapMOHIil{HE MiChKe cepenoBuiie. B
IIbOMY CEHCI IpUBEPTAIOTh yBary OyaiBii Kuesa, siki Ha
MICBHOMY ICTOPHYHOMY eTalli IPUIHIN TPAHCIOPTHY
(yHKIIFO — B SKOCTI BXIMHUX BECTHOIONIB
METpOTIOJNIITEHY, MiCOb  BHXOAY 3  IIJ3eMHO-
ypOaHiCTHYHOTO MPOCTOPY METPO HA30BHI.

Tax OynuHOK T0 ByI1. ['oponenrkoro, 13 (apx. B.

B. T'oponenpkwmit, 1895-1897 pp.), mo OyayBaBcs Ik
npuGyTKOBHil GyIMHOK 3 TOProBuM nomoM Mocupa
Kimaepa, OyB pe3yabTaToM CHUIBHOT Ipalli pa3oMm 3
BIJJOMUM Ha TOH yac TexHikoM Mapturom Kiyrom.
ITix wac apyroi cBiTOBOI BiliHM OyIIiBJISI CHIIBHO
MoCTpakaana — 30epircst 4acTKOBO JIilIe
MoHyMeHTanbHui dacan. [Ipu pexoHCTpyKIii y
1965p., uepes I’ ATk POKIB MiCI BIAKPUTTS CTAHIIIT
MeTpo" Xpermatuk", nepmuii moBepx OyaiBii 0yio
o0agHaHHO Tif "BepXHil" a00 CXiTHUNA BUXI]T
METPOTIOJIITEHY, SIKHH 3IHCHIOETHCS 0e3M0CepeHbO
CKpi3b iCTOpUYHY OYyIiBIFO ILTEHO 3a0yI0BaHOL
Bynui apxitekropa ['opoaeuskoro /3] (Puc. la).

CraHnuis merponoJiiteny "3oJi0Ti BopoTa”, wo
O0yJa mnoOyaoBaHa 3a NPOEKTOM apXiTeKTOpiB
B. Kexépuna, B. Kewxépuna, ®@. 3apémon,
A. Kpymiiacekoro Tta Bigkpura y 1989 p., 3a
Bepcierw raseru "The Daily Telegraph™ Beiitiuia 1o

CIMUCKY 22 HalirapHimmx craHuii Merpo €ppomm.
Bepxniii BecTHOIO1b cTaHUili 3HAXOAUTBHCS B
icropnuniii Oynisai Ha po3i ByJ1. Bonogumnpcebkoi,
4 Ta 3omoToBopitchkoro mpoisay, 3. Ii icropis
no4ynHaerbess Hanpukinmi XIX cr., koim mio
JBOIIOBEPXOBY OyIiBJII0 N00Yy/I0BYBaB apXiTeKTOp
B. Hikonaes y 1880-1881pp., a y 1931-my
apxitektop b. IleTsin npuiamryBaB MaHcapay. Y
1944-my ii Oyso mnepegano J[lepxiIiTBHAAHHIO
Ykpainu, 3rogom BuIaBHMUTBY «/duimpo». B
3B'SI3Ky 3 OyAiBHHITBOM MeTPOMOJIITEeHY YacTHHA
OyniBJii 3 6oky aBopy OyJa po3idpana, a cama BoHa
Ha0yna HoBoi ¢yHkumii: 1989 poky OyaiBas crae
BXO/I0M /I0 BEPXHBOT0 BecTHOIOJI0 MeTpo "3oJoTi
BOpOTA", AKMIi 3MilICHIOETHCA Ge3mocepeTHbO Yepe3
nepIInii MoBepx, Npu4omy 3 ABoX ByJuusb (Puc. 1b).

CxO0Xi aHaJOTH ICHYIOTH TaKOX 3a KOPJIOHOM.
AJIe 3 OTJISILy Ha Te, [0 METPOIIOJITEeH B €BPOIIi BHHUK
3HaYHO paHille HiXX B YKpaiHi, HEpiZKo CyMikHA
¢yHKIig B OymiBii 3akiamanack Bimpa3sy. [Ipukimamom
MOXYTb OyTH  JedKi CTaHmii  JOHIOHCHEKOTO
METpOTONiTeHy Taki sk "bekkep cTpit' Ta "Mypreit
creiima” (Puc. 1c¢, d). Tak craHmis METPOIOIITCHY
"Bekep ctpit" e HaiimaBHimowo B cBitTi. Bona Oyna
BizkpuTa y cknami minii Metropolitan Railway (MR) 10
ciunst 1863 poky y ckiani mepuroi B CBIiTi JIiHIT METpO.
BecTu6ronb craHilii METpO 3HAXOJMUThCS y BpaXkarouii
cropyai Ha Mepin6on-Poyn, Cropya ckianaeTbes 3
I’ITH TOBEpXiB OQICHUX IMOBEPXiB IIiJi aTUKOM Ta
BEJIMKO{ ABOIIOBEPXOBOI MaHCAPIH.

"Mypredt crTeWmH" € He MeHw BHU3HAYHOIO
LETJISTHOIO IIECTHUIIOBEPXOBOIO OYMIBICI0 3 BEIHKHUM
¢poHTOHOM Ta KyTOBOIO Bexkero (apx. @. irric,
1900p.). s cnopyma Oyna moOymoBana onpasy sK
CTaHIlil METPO 3 MarasuHoM. Kam'sHuil IOKOJIbHUI

MOBEPX 3 MAacCHBHHMH AapKOBUMH CETMEHTaMH
OpraHiYHO MiCTHTh BECTHUOIOJIb Ta KACOBHIA 3aJ1 CTAHIII1.
ByniBis migaaBanacs ASKIIbKOM PEKOHCTPYKIISIM, aie
30eperiia CBOO NEPBUHHY BUPA3HICTb.



https://uk.wikipedia.org/wiki/The_Daily_Telegraph
https://uk.wikipedia.org/w/index.php?title=Metropolitan_Railway&action=edit&redlink=1

Puc. 1. Buxoou 3 mempononimeny inmezpogati 6 3a6y008y: a — 6epxHitl 6uxio 3 mempo “Xpewamux” ¢ m. Kueei;
b — 6uxio 3 mempo “3or0mi Bopoma” ¢ m. Kuesi; ¢ — 6uxio 3 mempo ‘“Mypeeiim cmeiiuin’’e m. JIonoowui;
d — 6uxio 3 mempo “Bexxep cmpim” ¢ m. Jlonoowui.

AHai3 HOBITHIX TEHJICHIIIH Ta CBITOBOTO TOCBiITy
BJIAIITYBaHHS MICBKOTO TPAHCIIOPTY JOBOIUTH, IIO
mepeBara B MicTax HaJae€Tbcd CaMe€ PO3BHTKY
Ha3eMHOTO TPAHCIIOPTY, 30KpeMa peiikoBoMy. SIKIo
PO3IIIsATH CydacHI NPUKJIAAN iHTerpamnii Ha3eMHOTO
TPaHCIIOPTY B MiCbKy 3a0ymoBY, TpeOa Big3HAYMTH
BOK3aJIbHI, 3YNHMHOYHI Ta TpPAH3UTHI MOEIHAHHSI
CTaHI# i3 3a0yq0BO0. 3rimHo «PexoMeHaaIiiii momo
NPOEKTYBaHHA  CYyCIHUIBHO-TPAHCIOPTHUX  IIEHTPIB
(By31iB) Y BENMKHX MicTax», mo po3podneni LTHIIIT
microOynayBauns  epxOyny, mpu ¢dopmyBaHHI
TPOMaJICBKO-TPaHCTIOPTHUX LEHTPIB moTpibHO
OJIOKYBaTH TPaHCHOPTHI OyMiBIi 3 3arallbHOMICEKAMHU
00'eKTaMH KyJIbTYypHO-TTIOOYTOBOTI'O 3HAYECHHS (TOTEIb,
TPaHCIIOPTHE areHTCTBO, pPecTopaH, Kade, TOpProBuit
HEHTp, pigme — KiHO-KOHIEPTHI KOMIUICKCH,
pecTopaHH Ta iH.), a TAaKOXK IHII GopMH 00'€ THAHHS B
3aJIeXKHOCTI BiJl MiclieBUX yMOB [4].

Hoguit Bok3an y Kpakosi, 1110 3HaX0JUThCS TIOPYY
i3 Oy[iBJICIO CTapOro KpakiBChKOTO Bok3any (apx. I
Pozenbaym, 1844-1847 pp.) 3a maHUMH MOJBCHKHX
nepxkaBHux  3amisHunp  (PKP) €  omnum 3
HalicyJacHIINX 3aTi3HAYHUX cTaHIii €Bporu. 3 2014
POKYy TOJOBHMH 3aJl BOK3QIy pPO3TALIOBYETHCS
Oe3mocepelHO MMiJ] 3aMi3HHIHUMH TEPOHAMHU 1 Mae
Buxil n0 KpakiBCcbKOTO IIBHAKICHOTO TpamBas, IO
BXOJUTH 10 Mepexi KpakiBChbKOro KOMYHIKaTHBHOTO
HeHTpy. Bei mpuMIIIeHHsT BOK3aly 3HAXOISITHhCS IIiJ|
3eMJIe0, TOX TpH OyIIBHUUTBI OyJo peani3oBaHO
Oarato cywJacHuMX pimeHb. Y Il cmopynai cami
1aThOpMH  HACTUIBKM BIYYHO IHTETPYIOTHCS B
OaraToQyHKIIOHATHPHIA KOMITJIEKC, 10 3BUIHOI MEXi
MiX OaratodyHKIIOHATPHUMHU KoMmIulekcamu Galerea
Krakowska i BnacHe Bok3aiom Bxe He icHye (Puc. 2a).

IIponoBxyrounn aHami3 iHTerpamii  00’€KTiB
MICBKOTO Ha3€MHOT'O TPAHCIIOPTY i3 3a0y10BOIO, BAPTO
MIPUILIATH YBary MicbKOMY TpaMBaro. Bimowmi mikasi Ta
apXITeKTypHO BUpa3Hi MPUKIAANA TaKOTO CHMOio3y B
Mictax €Bpomm, 30KpemMa TpaH3WT TpamBaio B Ilpasi
Kpi3p OyniBmo Ha mnepexpecti Byiuubs Karlova-
Krizovnicka ta Tpansut TpamBaro B ["'aasi kpi3b odicHy
I’ ATUMOBEPXOBY OyniBmo Muzentoren y cydacHii
yacTuHi neHtpy micta (Puc. 2b, ¢). B 060ox Bumagkax
HAeThCsl caMe MPO TPAH3UTHHH MEperiH TpaMBaK0 MiX
3ynuHKamu. TakoX WiKaBUM € TMOEIHAHHS 3YIHHKH
icropuyroro TpamBato Cathedral Junction B micti
Kpaiictuepu (Hosa 3emannist). 3ynmuHKa po3TamoBaHa
BCEpE/IMHI CBOEPIAHOTO MacaKy — TOProBoi apKaau 31
cxisiHuM axoM (Puc. 2d). [lyxe BaxIIHBO, 1[0 CKOPO
B VYkpaiHi Mae 3’sBHUTHCS OO0’€KT 31 CXOXHM
TIO€THAHHSAM TOPTOBENBEHO-PO3BAKAIBHOT Ta
TpaHCIOPTHOI QyHKIIi B OHOMY pIBHI: Ha IMPOCIIEKTI
Jlecs Kypbaca B Ku€eBi akTHBHO BeIeThCsl Oy IIBHUIITBO
TOPTOBEJIbHO-pO3BaXaibHOro Komiviekcy «APRIL
MALLy, sike miaHyoTh 3akiHuutd y 2020 poky.
Komruiekec po3TanioBaHuii Ha TPAHCIOPTHOMY BY3JIi
CTaHIIi mMBUAKICHOTO TpamBaro «KimbreBa goporay.
Tox KiHIEBa 3yITMHKA TPAHCIIOPTY Oyae 3HAXOMUTHCS
MIPaKTUYHO nocepen TPL, a nacaxupu
MOTPAIUIITUMYTh 3 INTATPOPMH 0/IPA3y 10 KOMILIEKCY.
Y mpumimenni TPL[ «APRIL MALL» po3mictsTh
CYNEepMapKeTH, pEeCTOpaHH, MarasuHd, IUTSIYUH
PO3BaXaNIbHUI HEHTP, KiHOTEaTp, Oy I-KOPTH, NapKiHT
Ta LlenTp agminicTpaTBHUX MOCITYT CBATOMINHCHKOTO
paiiony [7]. Bapto 3a3nauutn, mo TPL] mHakpuBaTnme
BEJIMKY METITI0 PO3BOPOTY TPAaMBAMHUX KOJIH y dopmi
xona (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 3a0y006010 y 00HOMY pieHi: a — inmep €p HO8020 ok3any y M. Kpaxosi
(Ilonvwa); b — mpansum mpameaio kpizv 6ydisnio na nepexpecmi gynuyv Karlova — Krizovnicka 6 m. Ilpasi
(Yexis); ¢ — mpanzum mpameaio kpizv 6ydienio Muzentoren y m. I'aasi (Hidepranou); d — synunka mpameaio
Cathedral Junction ¢ m. Kpaticmuepu (Hoeéa 3enanois ); e — mopaosenvho-pozsadicanvhuil komniexc «APRIL
MALL» 6 m. Kuegi (6ydyemubcs).

[ligBuieHa NIUTBHICTH 3a0yJ0BH, PO3BUTOK Ta
HOBe  OyJIBHMITBO MicT  moTpedye  HOIIYKY
ANBTCPHATHBHHUX PIMICHh PO3TAIlyBaHHS CHUCTEMHU
TpaHCIIOPTY B MicToOyAiBHOMY cepenoBumi. Tax
Tij3eMHE TpacyBaHHs TPAHCIIOPTHUX KOMYHiKallii He
€ €IMHUM pauioHaIbHUM PpilIEHHSM.
A. M. PymHunpkuid  Hamojsrae, IO «HA  CTajii
MOYaTKOBOTO OCBOEHHS TEPUTOPIl MOXKHA BIHCATH B
apXITeKTypHY CTPYKTypy MicTa TPaHCHOPTHY JIiHiIO,
NpoKIaNeHy Ha  ecrTakaai, abo,  HampuKian,
3alpOeKTyBaTH KOMYHIKalliiiHy MaricTpajib Tak, 1100
BOHA NMpPOHM3yBaJia MICbKy 3a0yJOBY HAacKpi3b uepe3
cremiajabHi 0TBOpH B OymiBii Tomo» [5, ¢. 35].

PimenHs 11040 MO€QHAHHS  3a0ymOBH 3
TPaHCIIOPTOM, IO NPOXOJUThH BUIIE PIBHS 3eMIIi BXXE
ICHyIOTh B CBiTi, Hacammiepen B A3ii. He3Buuaitnmit
TyHENIb, L0 TIEPETHHAE >KUTIOBHH OyAWHOK, Oyio
nobynoBano B Kwradicekomy Yynnmai 2017 poky.
MicTo-nopt YyHLHMHSB, 110 PO3TAIIOBaHEe HA Haropdax
B3JIOBX piukd SHIBH, € OJHUM 3 YOTHUPHOX
myHiunaniteriB Kuraro . UyHuuap Mae HacesaeHHs 49
MiH. Ta oxommoe 31 000 xBaapaTHUX MHIb, TOMY
MICTOOYIIBHUKaM JIOBOJIUTHCS MIPOSIBIISATH
BUHAXIUIMBICTh y BHpILIEHHI mpobjemMu Opaky
npocropy. CreuianbHy 3anmizHuyHy cradiuioo Jliziga
Oyno iHTerpoBaHo B 0J0K 19-moBepxoBUX OYyIMHKIB
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(Puc. 3a). Illym 3ami3HMII NOIJMHAETBCS 32
JIOTIOMOT'010 CIIeHiaNbHOTO 0018 JHaHHS.

B Ocaui (Smonis) takox € OyniBns Gate Tower
Building, B siky iHTerpoBaHO TPaHCIOPTHY apTepito, B
[bOMY BHIIQJIKy aBTOTpacy. llloce mpoxoauts nmpocro
Kpi3b odicHy 16-noBepxoBy Oynimo Gate Tower
Building Ha piBHi 3 4eTBEpTOTO 110 CHOMHI IMOBEPXH. Y
1989-my poui B Smonii Oyno NPUITHATO pillICeHHS
OymyBaTu O6araTopiBHEBi aBTOMOOLIBHI IIIOCE TSI TOTO,
mo0 pPO3BAaHTAKUTH BEIHWKI MiCTa BiI MpobiIeM
tpadixy. OdicHa Oymnisis, OymiBHHUITBO sKOI Oyio
3aITAHOBAHO B IIBOMY MICIi, To4Yaimu OyIyBaTH BKe
miclisi TOro, sk mopora Oyina moOymoBaHa. 1100 He
BTpayaTd AOXOAHM, ii BIACHUKaMH OylIO BHpILICHO
nporyctuty moce kpisb Gate Tower Building (Puc.
3b).

|2

L
| W —
. .

L .y

CyyacHWi TpaHCHIOPT — MiChbKa MOHOpEWKa,
yacTile 3a BCE pO3MINIyeThcss 3a abo  mif
KOHCTPYKILISIMH OIOp YM €CTakal, 1 TOMY TaKOX
MIEPETUHAETHCA 13 3a0yIOBOIO BHIIE PiBHA 3emii. Tak,
HalpuKial, MOHOpeika y Micti Bynmeprani
(HimeuunHa), mo Kypcye MicTOM Ie 3 IOYaTKy
XX €T., NpOXOAWUTH HAJ KBAapTaJIaMH pHUHKY Y
[eHTpasbHi# gacTuau Micta (Puc. 3¢).

Momopeiika Jlac-Beraca  (Hesama, CIIIA)
00CITyTOBY€ YHCIICHHI TOTETl Ta Ka3WHO 31 CXiTHOTO
6oky Bymumi Jlac-Berac-Ctpin Ta Mae CIOIy4YeHHS 3
TOTENSIMH Yy BiAMITKaX IX CepeIHiX MOBEpXiB.
[Ipuknaay Takux CHOIy4eHb € YHIKATBHUMH 33 CBOEIO
apXiTeKkTypHOo BupasHicTio. (Puc. 3d).

Puc. 3. Haozemna inmezpayis mpancnopmy i3 3a0Y006010. a — MPAH3Um 3a1i3HUYL KPi3b HCUMA08UL OYOUHOK
6 m. Yynyunv (KHP); b — mpansum asmoodopoeu kpize 6yoiemo Gate Tower Building 6 m. Ocayi (Anownis);
C —monopetika y m. Bynnepmane (Himeuuuna); d — monopeiixa y m. Jlac-Beeac (Hesaoa, CILLIA.)

PosrnsHyBIIM YHCICHHI TMPUKIANi, MOXEMO II0-
mepie  BHUPI3HUTH  Pi3HI  MAXOMH  TOETHAHHS
TPAaHCHOPTY 3 MICBKOKO 3a0yIOBOIO: 32 BHIOM

TPAHCIIOPTY, 33 (DYHKIIEIO MIPUIIETIIol Oy IiBIIi a TAKOXK
32 BUCOTHHMM PiBHEM TPaH3UTY — RiO3emHi, Had3emHi,
6 pieni 3emai (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

[ |
EESY |

East European Scientific Journal #4(56), 2020 9

1 17

I

Puc.4. ITioxoou y noeonanui mpancnopmy 3 Micbkoio 3a6y008010 3a 6ucomHum pighem mpansumy: 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-mpyre, 3Baxatoun Ha cneuudiky iHTerpamii
00’€KTIB TPAaHCIIOPTY B MICbKY 3a0y/JOBY SIK Cy4acCHOTO
MICTOOYIIBHOT'O SBHINA, CBITOBUH JOCBII Ta PO3BUTOK
Cy4acHOI TPaHCHOPTHOI CHCTEMH, MOXKHA 3a3HAYUTH
HACTYIIHI TPH Miaxoau iHTerpamii. Komm apxitekrypHa
3a0y10Ba BiKe iICHY€ Ta BUKOHYE CBOO (YHKIIiO OaraTo
POKIB, a Ha IEBHOMY €TaIli BHHUKA€ 1MoTpeda B HOBOMY
TPaHCHIOPTHOMY IUIAXY, € HEOOXiNHICTh BKIIOYHTH
TpPaHCHOPTHY (hYyHKIiO B 3a0yIOBY, HE 3MIHIOIOYH ii
ICTOpUYHMIA  BHIVISL,  BHKOPUCTOBYIOTH  RIOXi0
nepeunnocmi 3a06yooeu (Buxonu 3 metrpo "3oJioTi
Bopora” 6 M. Kuegi). Ilioxi0 nepeunnocmi
mpancnopmy niependadae CTBOPSHHS 00’ €KTY MiChKOT
3a0yZI0BM HaBKOJIO BXE€ ICHYHOUOi TPaHCIOPTHOI
¢ynkuil. "TligmamryBanHs" BiiOyBaeThCs rapMOHINHHO
i He pyliHye€, a JIOMOBHIOE Ta PO3KPHBAE BXKE iCHYIOUY
ocHoBHy ¢yHKIito. (TPL] Galerea Krakowska B M.

Kpakosi, TPILI «APRIL MALL» B ™. Kuesi.
Komnnekcnuii  nioxio  mepenbadae  OpraHigyHe
noefHaHHS 3a0ynoBH 3  00’€KTOM  TPaHCIIOPTY
OJHOYAaCHO Ta  3a3fajeriip, BXe Ha  erami

MPOEKTYBaHHs, BPaXxoBYIOYM B3aeMHy crienudiky. B
JKUTTEBUX DeEaNisX L€ MOXKE CIPALIOBATH JIMIIE 3a
YMOBH, IO TPaHCIOPTHUH TPaH3UT Ie HE ICHye, a
TIIBKH ~ TIPOEKTYEThCA  (PO3BUTOK  HOBO  TUIKH
3aJli3HUII, METPO, TpaMBaio Tomo). Jyke BHpa3HUM
MPUKJIAIOM TaKOTO TMiAXOAy € CTaHIlis 3aji3HuIl,
iHTerpoBaHa y 6ararornoBepxosi OyziBii B M. UyHIIMHB.
TakuM 4YHHOM, SKIIO BIAIAH CHHTE3 00 €KTIB
3aKJIaJeHUH BiJpasy, TO TOJAIBIINI PO3BHTOK MicTa
Oyne BimmoBimaTu #oro moTpebam mpotsrom 10-20
POKiB.

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

MTOKpAIIeHHS KOM(OPTHOCTI MicToOYIBHOTO
CepeIOBUIIA. Posrmsin crerudiku CHUHTE3Y
TPaHCIOPTHUX OO0’€KTIB i3 MICHKOIO 3a0yIOBOIO Ja€
MOJKJIMBICTh BH3HAYMTH OCHOBHI MiJAXOMU IHTErpaliii,
JI0 SIKMIX HaJIeXKAaTh: MiJXiJ HIepBUHHOCTI 3a0yA0BH, IPH
SIKOMY iCTOpW9Ha OYIiBIS aNanTyeTbCs 0 HOBUX
BUMOT; MiIXiJ TMEPBUHHOCTI TPAHCIIOPTY, NPU SKOMY
nepe6ayaeTbesi OyNIBHUITBO CHOPYA HAaBKOJIO BXKE
ICHyIOUOTO TpPAHCIIOPTHOTO MUISAXY; KOMIUIEKCHUH
miaxin, mo nependavyae  OJHOYACHE OpraHiyHe
Mo€eIHaHHs 3a0y/10BU 3 00 €KTOM TpaHcropTy. Micra
VYKpaiHu MBUAKO 1 MOTYKHO PO3BHUBAIOTHCS TaK CaMO
SK 1 TPaHCHOPT, TOMY IpH MNPOEKTYBaHHI HOBHUX
TPAHCIIOPTHUX BY3JiB HEOOXiTHO BHUKOPHCTOBYBATH
CydYacHi CBITOBI TeHAeHLIii. Y mpioputeTi 6axkaHo MaTH
KOMIUTEKCHUHA TIiIXil OO iHTerpamii TpaHCIOPTHHX
00’€KTiB y MiChKY 3a0yIOBY, KUl dyepe3 KOMPOPTHY
eKCIITyaTallifo [bOro 00’ €KTy CTBOPHUTSH IIAIPYHTS IS
MOJIAJIBIIIOTO CTAJIOTO PO3BUTKY MicTa.
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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.

AnHoTanu. B ombiT Obutn B3sTHI 15 Genbix kpbic-camioB 1,5-mec. Bo3pacta JuHUM Bucrap ctagHoro
pa3BeneHus. VIHTaKkTHYIO TpYIIy COCTaBWJIM 7 KpBIC. OKCIHEPUMEHTAIBHBIM TApOJOHTHT y 8 KpBIC
BOCIIPOM3BOJIMIIU C TIOMOILBIO IEPOPATLHOTO BBE/ICHHS PAacTBOpa IelieHTana B 1o3e 10 MI/Kr Macchl Tesa Kpbic 5
pa3 B HEAEIIO B MPOJOJLKEHUH 60 JHEM.

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

Knroueswie cnosa: MO()@JZb napoc)OHmuma, nejleHman, pa3o6meﬂue coe()uHume/szomKaHHblx CmMpyKmyp
napoooHma, 0CMeOKaIbYUH, CYabheudpuibHble COeOUHEHUs, OKUCIUMENbHAS MOOUDUKAYUSL, KPbICDL.

HocTranoBka  mpodsembl. B  maroreHese  cBsf3aHBI C OCOOEHHOCTSIMH €€ CTPOEHHSA, B KOTOPOil
NapOJOHTUTA IMPOUCXOJUT NECTPYKLUS MMAPONOHTA, B MEXKKIETOUYHBIN MAaTpPUKC (MKM) 3aHUMAET
T.4. W TAaTOJOTHYECKass pPe30opOIMsi €ro KOCTHBIX  3HAUUTENBHO  OONBIIHA  00BeM, YeM  KIETKH
CTPYKTYD. (¢pubpobnacTel, TyuHble KIeTKH, Makpodarm). MKM

Tkanm mapogoHTa OOraTsl COETUHHWTENBHOW  COCTOUT W3 BOJOKHHUCTBIX CTPYKTYp, HMPOCTPAHCTBO
tkanpto (CT), mpomecchl MeraboiM3Ma KOTOPOH — MEXAY KOTOPBIMH 3aIllOJJHEHO OCHOBHBIM BEILIECTBOM,
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coAeprKalM FeKCO3aMUHOCOIepIKalue
OronoIMMephI - TJIMKO3aMUHOTTMKAHBI u
TJIMKOTNPOTenHBl. BonokuucTteie komnoHeHTs! MKM B
OCHOBHOM COCTOSAT U3 O€JIKOB — KOJIIareHa U 31acTHHA
[1,2].

Jdnst HOpManeHOrOo (yHKUMOHHMpoBanus MKM
HeoOxomuMm BuTamuH K, KOTOpbIi oOmamaer 1o
OTHOIICHHI0O K HeMy aHaOOIMYecKHM [eHCTBHEM.
Kpome Toro, kak kogaxrtop, sutamua K ygacTByer B

MOCTTPaHCISIIIMOHHOM KapOOKCHUITUPOBAHHU
TITyTaMUHOBBIX OCTaTKOB (Glu) KaJIBITUI-
CBS3BIBAIOIINX OeKoB [3].

AHATW3  TOCHETHUX  WCCIETOBAHHI W

nyoJukanuid. J{nurensHOe BBEACHHUE AHTaroHHUCTa
BuramuHa K — nenenrana (HeOIUKyMapHHa) YTHETAET
aKTHBHOCTb (hepMeHTa IItoKo3aMuHocuHTeTassl (KO

5.3.1.19), xoTopas Karamu3upyer oOpa3zoBaHHE
TIII0OKO3aMUHO-6-(ocdaTa, SIBIISTIOIIIETOCS
HpeIIIeCTBEHHUKOM BCEX a30TCOJCPIKALINX

MOHOCaXapuI0oB, BKIIOYas CHAJIOBBIE KHCIOTHI [4].
Kpome Toro, mementan Onokupyer K-BuramuH-
penykTasy, Hapymaet ouocuaTe3 daxropos II, VII, IX
n X CBepThIBaHUS KpOBH B TicueHHU. [leneHTaH
OTHOCHUTCSI K aHTUKOAryJIIHTaM HENpsSMOTO JIEeHCTBUS,

o0namaeT KyMyJSTHBHBIMH CBOWCTBAMM, CHIDKAET
CBEPTHIBAOLLY IO aKTUBHOCTb npoTpoMOuHa,
MOBBIIACT  MpOHHUIaeMocTh  cocymoB. llpm K-
aBUTAaMHMHO3€  HAOJIONAETCs  pe3Koe  yrHEeTeHHe
FEKCO3aMUHOCUHTETA3HOM AaKTUBHOCTU II€YEHU U
OJIHOBPEMEHHO YMEHBIICHHE YPOBHS
TeKCO3aMUHOCOAEPKALIUX OnoroaMepoB B

pa3IMYHBIX TKaHAX. B ycioBusax amuMenrtapHoro K-
ABHTaMHUHO32 Hapyaercs I hepeHInpoBKa
(ubpoOmacToB, pa3pymaroTcs KOJJIareHOBHIE U
3IIACTUHOBBIE BOJIOKHA, HaOmomaerca orek CT xoxu
[4].

BoiesieHne HepellleHHBIX paHee YyacTeil o01ei

npoodIeMbl. Bce BBILICIIEPEUHNCIICHHOE
HPEIONpPEeaeIIO  HCHOIb30BaHWE  AHTarOHUCTA
BUTaMHUHaA K IICJICHTaHa npu MOACJIMPOBAHNN

9KCIIEPUMEHTAILHOTO MapOJOHTHUTA.

JpyruM KOMIIOHEHTOM TIpH BOCIIPOM3BEICHHUHU
SKCIIEpUMEHTANBHON Monenn Obum m30pan DATA
(3THNEHAMAaMHUH-TETpaaneTar), KOTOPbIH OTHOCUTCS K
Tpynmne KOMIUIEKCOHOB, CIIOCOOHBIX 00pa30BBIBATH
KOMIUTEKCHBIE COETUHEHHS C Pa3JINYHBIMH KaTHOHAMH,
B T.4Y. U C HIOHAMH KaJIbITUSL.

Heasn CTaThbH. PaszpaboTtka MOJIEIHN
AKCIIEPUMEHTAIHLHOTO MapoJIOHTHUTA, KoTopas
BOCIIPOU3BOJNUT HapYIICHHUS MeTaboIr3mMa

COEIMHUTENILHON TKaHW TMapoJIOHTa B  YCJIOBHAX
JiericTBUS aHTaroHucra ButamuHa K, a Takke morepro
MUHEPATBHBIX ~ KOMIIOHEHTOB  KOCTHOW  TKaHU
napoJIoHTa NoJ AeicTBueM komiuiekcona D TA.

HN3noxenne 0CHOBHOTO MarepuaJia.
MaTepI/IaJ'IbI 1 MCTOJbI
B onbiTax ucnonab3oBanu 15 6enbix KpbIC-CaM1IOB

1,5-mec. Bo3pacta JmHMM Bucrap  cragHOTrO
pasBeseHus. VIHTaKTHYIO TPYIIy COCTaBHJIU 7 KpBIC.
DKCrepHUMEHTANbHBIIT  MapOJOHTHT y 8  KPBIC

BOCITPOM3BO/IMIIN C TIOMOIIBIO IIEPOPAIEHOTO BBEICHNUS
pactBopa nenenrana (Jlexusa, Yexwus) B no3e 10 mr/kr
Maccel Tesla KpbIC 5 pa3 B HEAENI0 4epe3 ACHb B
yTpeHHHE dYachl B mponoipkeHun 60 mHei. Bmecto
MIUTBEBOM BOJBI XKUBOTHBIC MoOdydanun 2% pacTBOp
OATA ad libitum.

Ilocne  3aBepiieHUst  3KCIEPUMEHTa  KpBIC
3a0MBaM TOTAJBbHBIM KPOBOIIYCKaHHEM H3 COCYIOB
ceplua MmoJ HapKo3oM (THOmeHTal HaTpus B go3e 40
Mmr/kr).  IlpeaBapuTenbHO — OTHENHB  CIM3HCTYIO
o6oouky nosoctu pra (COIIP) Beinensum yemocTu u
MOJBEPTAN X MOP(OMETPHIECKOMY HCCIECIOBAHUIO
[5].

OObekTaMu  OMOXMMHYECKHX  HCCICHOBAHUH
CITYKHJIM CBIBOPOTKA KPOBH, IIEUCHB, OCIpEHHAst KOCTh,
COIIP 1 KOCTh aJIbBEOJISIPHOTO OTPOCTKA.

Vposenbp IIOJI oueHuBamM 1O COAEPIKAHUIO
amuruaponepekuceir  (AT'TI) [6], nueHOBBIX
KOHBIOTaToOB [7] U ManoHoBoro auanpiaeruaa (MJZIA)
[8]. CocrosiHre (PU3HOIOTHUCCKON aHTHOKCHUIAHTHON
cuctembl (DPAC) oOleHMBAIM 1O aKTHUBHOCTH
(depMeHTOB — KaTtanasbl [9], TIyTaTHOH-pEAyKTa3bl
(I'P) [10], rayraruon-nepoxcumassl (I'TIO) [11] u
COCTOSIHUIO ~ THON-AUCYTbOUAHOW cuctembl [12].
OmnpeneneHne MeXaHWYECKOW MPOYHOCTH KOJUIareHa
CYXOXKMITHH XBOCTa KpBIC MPOBOIMIIN
IPaBUMETPHIECKAM METO/IOM COTJIaCHO
pexkoMenaauusm [13]. Pacuersl npoBoauin MeTOIOM
Bunkokcona [14].

Pe3ynpTarhl  OMOXMMHUYECKHX  HCCIEIOBaHUN
obpabarbiBaii  OOIENIPUHATBHIMU ~ METOJaMH  C
oTpeJieNIeHNeM t-KpUTEepHUeB JOCTOBEPHOCTH Pa3IHIUM
1o CTBIOJICHTY.

Pe3yabTaThl M 00Cy:KAeHUS

Tokcuueckyro KaJdbIUi-IepUINTHYIO MOJEIb
MIapOJJOHTUTA BOCITPOM3BOIMIIN COYETaHHBIM
BBE/ICHHEM aHTaroHucra BuTamMuHa K meneHrana u
3aMEHOM nuTbeBOM  BoAbel  pactBopoM  OITA.
BoNBIIMHCTBO JKMBOTHBIX IIEPEHOCHIIM yKa3aHHBIE
YCIIOBUSI YZOBJIETBOPUTEIHHO — JIMIIL K KOHILY OIIBITa
2 KpBICHI AN (MCKIIFOUYEHBI U3 HAOIIOICHHH).

CoBMecTHOE BiusiHUe mneneHtaHa u JJTA
3HAYUTEJIBHO YCHWJIMBAJIO PE30POTHBHBIE MPOLECCH B
KOCTHOM TKAaHM IAapOJIOHTa — Ha HWKHEH 4YEIICTU
pe3opOimst yeunupanach Basoe (p<0,001); Ha BepxHe
— B 1,4 paza (p=0,04). Cpennee ycuseHue pe3oponun
U1l AByX demroctedd coctaBmwio 70% (ot 100% B
uHTaKTHOH rpynme; p<0,001; Tabmn. 1).
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Tabuumna 1

Iloka3zaTesu pe3opOUMHU KOCTH AJIbBEOJISIPHOI0 OTPOCTKA KPbIC B YCJIOBHUSAX MOAeTUPOBAHUS
nmapogontura (M+m; p)

IMokazarenu pe3opOrwn (%)

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

[Ipumeuanue. B Tabmn. 1-4 nokasarenb JOCTOBEPHOCTH P PACCUMTaH MO CPABHEHHIO C MHTAKTHOM IpymIou.

B CBIBOpOTKE KpOBH, ICYCHH U CIIM3HCTOU
000JI0YKe TMOJOCTH PTa YCHIMBAIUCH MEPEKHCHBIC
nporieccsl (Tadur. 2).

Tab6muma 2

Conep:xanue npoaykToB I1OJI B cbIBOPOTKE KPOBH M TKAHAX KPBIC B YCJIOBHAX MOIETUPOBAHUSA
napogoutura (M+m; p)

Conepxanne
Tpynmi KHBOTHBIX Ag}_{( EZ?{?E‘;Z?@H) MJIA (HMOJIB/MJT, HMOJIB/T)
CBIBOPOTKA KPOBU
WHTrakTHas 1,49+0,040 17,7+£5,90
Mopens napogoHTUTa 2’1?33[’%’8 13 0 19,4+0,26
neyeHb
WHTrakTHas 0,21+0,015 45,2+4 .48
Mogenb napoaoHTUTA 0,340,044 54,7+6,93
p=0,012
COIIP
WHTrakTHas - 36,7+2,71
Mogenb napoaoHTUTA - 64,25,19
p<0,001
KOCTb aJIbBEOJIIPHOTO OTPOCTKA
WurakTHas 0,18+0,013 10,2+1,88
Moiesib TapoJOHTHTA 0,20+0,027 12,3+1,27
OenpeHHast KOCTh
WHTrakTHas 0,21+0,032 10,4+1,74
Moienb TapoIOHTUTA 0,25+0,053 14,6+4,89
Tak, B CBIBOPOTKE KpPOBH KpbIC IpH  cojepxkanue MJIA yBeIMYHBAJIOCh HE3HAYMTENIBHO
MOJETUPOBAHUHU MapoJOHTUTA conmepxanne  (p>0,05; Tadm.2).

nepBuuHbIX npoaykros I[IOJI amunruaponepexkuceit
CYMMapHO# (hpakIiy JIMIIONPOTEUIOB YBEININBAIIOCH
Ha 36% (p<0,001); B meueHn coaep>kaHUe TUCHOBBIX
KOHBIOTaHTOB — Ha 62%. (p=0,012; Tabn. 2). YpoBeHb
MJIA B cim3ucToif  000JI0OYKE IONIOCTH — pTa
yBenmuuBazucs Ha 75 % (p<0,001). B xoctHo# TkaHu (B
OenpeHHOH M KOCTH aJbBEONAPHOTO OTPOCTKA)

[Ipy MOACTUPOBAHWHM TATOJIOTHH IApPOJOHTA
U3MEHSIACh aKTHBHOCTb AQHTHOKCHIAHTHBIX
(depMeHTOB, B OoNbIIeH cTeneHn (epMEHTOB 0OMeHa
BHYTPHTKaHEBOTO aHTHOKCHJAHTA TJyTaTHOHA —
[IyTaTHOH-PEAYKTa3bl W DIIyTaTHOH-NEPOKCHAA3BI
(Ta6m.3).
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Tabmuua 3

AKTHMBHOCTb AaHTHOKCHIAHTHBIX ()¢epPMEHTOB B CHIBOPOTKE KPOBU U TKAHAX KPBIC B YCJIOBUIX
MoaeaupoBanns napoagoatura (M+m; p)

['pymiisl )KUBOTHBIX
Ilokazarenu
HMHTaKTHAas | MOJIEJIb TAPOJIOHTHUTA
CBIBOPOTKA KPOBH
Karanaza (Mxat/m) 9264289 | 550+161
reyeHb
I'P (MkMoiIb/c T) 0,10+0,06 0,020+0,008
4,89+0,79
I'TIO (MxMonb/c T) 23,0+£3,68 p<0,001
COITP
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
KOCTbh aJIbBEOJIIPHOTO OTPOCTKA
Karanaza (Mkat/im) 56,0+6,40 46,0+4,00
0
I'P (Mxmoib/c T) 0,13+0,002 <0001
2,10+0,53
I'TIO (MxMomB/CT) 6,99+1,05 p=0.,003
OepeHHast KOCcTh
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  cynsQTrUAPUIBEHBIX U JUCYIb(QUIHBIX TPYIIT 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 MapoJIOHTUTA 3HAYUTEIBHO
CHMYKAJIaCh TaKXKe JIOKAJIBbHO, B KOCTH aJbBEOJISIPHOTO
orpoctka (B 3,3 pasza; p=0,003). B kocTHOW TKaHU
MapoJiIoHTa  CHIDKaJIachb  aKTHBHOCTH  JPYTroOro
AQHTHOKCHUJIAHTHOTO (hepMEHTA — Iy TATHOH-PEYKTa3bl
(p<0,001; Ta6n.3). B ciusuctoit 000M0UYKE MOJIOCTH
pTa aKTHBHOCTH (PEPMEHTOB OOMEHa TIyTaTHOHA HE
npeTeprieNna CTaTUCTHYECKH 3HAYUMbIX HW3MEHEHHH
(Tabmn.3). AKTUBHOCTB KaTaja3bl B CBIBOPOTKE KPOBH U

U3YYCHHBIX TKaHAX M3MCEHSIaCh  HEJOCTOBEPHO
(p>0,05;  Tab6n.3). IloxydeHHBIE  pe3yNBTATHI
CBHJIETEILCTBYIOT 0 HEZ0CTaTOYHOM

(HYHKIIMOHUPOBAaHUH (HEPMEHTATHBHBIX KOMIIOHCHTOB
DAC.

Ilpu MoOAEIMPOBAaHUH MMAPOJOHTHTA YPOBEHB
CYJIb(MTUAPUITBLHBIX u JTUCYITb(UTHBIX
BOJIOPACTBOPUMBIX COCIUHEHHI MOBBIIIANCS B MIEYCHU
1 OeJpeHHON KOCTH, B OTJIHYKE OT TKAHEH MapooHTa
(Tabn.4). Tax, B TICYCHH coJiepKaHue

B YCIOBHSIX MonenupoBanus 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 ysenuuusaics srpoe (p<0,001). U3eectHo,
YTO  BBICOKas  KOHLEHTpauus  Cyab(pUAPHIBHBIX
COC/IMHEHUH, KOTOpbIE HAXOIITCS B KIETKE B
CBSI3AaHHOM C O€lKaMM COCTOSIHMM, BakKHa s
HOAJEPIKAHUS OydepHoii OKHCJIUTEIBHO-
BOCCTaHOBHUTEILHOM  CHCTEMBI, AHTHOKCHJIAHTHON
aKTHBHOCTH, MOYJISIINH CHIENN(PHIECKON aKTHBHOCTH
HEKOTOpBIX OenkoB [15].

B cmmsucroii 00010YKe TOJIOCTH PTa M KOCTH
QJIbBEOJIIPHOTO OTPOCTKA Ha0II01a710Ch
CYIIECTBEHHOE CHIDKEHHE COZIepKaHUs
CynbOrUApUILHBIX TpyHIL: Ha 66% (p=0,004) 1 Ha 76%
(p=0,04), CcOOTBETCTBEHHO, BEPOSITHO, 3a CUET
YCUJIEHHs OKHUCIHMTENIBHBIX MpoleccoB. [lpu 3Tom
YPOBEHb NHCYJIb()UAHBIX COCAMHEHUI NOCTOBEPHO HE
mmensiicsa. Coornomenune SH/SS rpynm 3HaunTensHO
CHM)XAJIOCh TOJBKO B MSTKHX TKaHAX I1apoJIOHTa
(Tabmn.4).
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Tabnuua 4

CocrosiHUe THOJI-IUCYIb(UAHON cUCTEMbI B TKAHSIX KPbIC B YCJI0BHSAX MOJAeIHPOBAHUS
nmapogontura (M+m; p)

Copepxanue
SS -
I'pynmsl &KHUBOTHBIX SH —rpynn rpyrn 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
WurakrHas 6,25+0,53 5,04+1,06 1,24
Mozens 4,];310,32 4774032 0,87
MapoOJOHTUTA p=0,004
KOCTb AJIbBEOJSIPHOTO OTPOCTKA
HWurakTHas 3,34+0,21 9,33+2,12 0,36
2,54+0,24
Monens mapoJOHTHTA =0,04 8,27+0,53 0,31
OeapeHHast KOCTh
WurakTHas 2,81+0,53 5,25+0,53 0,54
8,89+1,06
Mopens mapoJOHTHTA 1<0,001 10,1+3,18 0,88
B npanpHeHImMX uHccieNoBaHUAX ObUla U3ydYeHAa  COCAMHEHUH B  pe3ysibTare MX OKUCIHTEIbHON

MPOYHOCTh  KOJUIATCHOBBIX  BOJIOKOH — CYXOKHIIUH
XBOCTA KPBIC, HCXO/IS1 U3 OTHOCUTEIBHOM OOIIIHOCTH UX
cTpoeHus. Tak, H3BECTHO, YTO KOJUIATCHOBHIC BOJIOKHA
MapoIOHTa, MEKITO3BOHOUHBIX THUCKOB M CYXOXKHIIHUI
COCTOSAT TMPEHUMYIIECTBCHHO W3 KojuiareHa | Tuma
(95%) u B MeHbIneit crenenu u3 kojutareHa Il Tuma
(5%) [15]. UccnenoBanust HOKA3ad, YTO Y MHTAKTHBIX
JKUBOTHBIX IIPOYHOCTH CPEIHUX BOJIOKOH CYyXOXKHIIUH
XBOCTa cocTaBujia 565 I, a y )KMBOTHBIX C MOJEJBIO
MapOJOHTUTa OHA CYIIECTBEHHO CHWXKalach |
nmocrurana 391 r (p=0,038).
BobiBoaBI 11 MpeNJIOKeHNS.

Hcnonb3oBanne aHTaroHucra ButamuHa K
MEeJeHTaHa W BOCIPOM3BEACHHE  KAJIbIIMEBOMN
HEJ0CTATOYHOCTH ¢ TIOMOIIbI0 KoMiuiekcoHa DJ[TA B
YCIIOBUAX MOACIMPOBAHUA OKCIICPUMEHTAJIBHOT'O
MapoJIOHTUTA CIocoOCTBOBAJIO YCUJICHUIO
BBIPOKEHHOW  Pe30pOIMUd  KOCTH  aJIbBEOJISIPHOTO
orpoctka Kpbic. OnmHako 3TH U3MCHEHHS B

3HAYHTEIEHOW Mepe He OBLIM CBS3aHBI C YCHICHHUEM
MIEPEKUCHBIX IPOIECCOB, MTOCKOIBKY B KOCTHON TKAHU
MapoIOHTA HEe HAOJIFOIaach CyIIeCTBEHHAS aKTHBAIUS
I1OJI. Anrtaronucr ButamuHa K mejleHTaH BBI3BIBAIT
pa3o0rieHue YHOPSITOYCHHBIX
COEIMHUTENLHOTKAHHBIX CTPYKTYP MapoJIOHTa IMyTeM

YTHETEHUS CHHTE3a TIIMKO3aMUHOTTMKAHOBOM
MaTpHIlbl KoJlareHa u djactuHa. Kpome TorO,
MeJIeHTaH CHIDKAJ CHHTE3 OCHOBHOTO
HEKOJUIAr€HOBOTO OeJKa KOCTHON TKaHM MapojiOHTa —
OCTEOKaNbIIMHA, CBs3bIBarOllero uoHBl Ca?* ¢
IIOMOIIIBIO OCTaTKOB Y-KapOOKCHTITy TAMUHOBOM
KHUCJIOTEI.

K HeratwBHBIM MOCHECACTBUSIM MOJICIUPOBAHUS
IKCIEPUMECHTAIBHOTO TApOJIOHTUTA CIEAYET OTHECTH
HEIOCTaTOYHOe  (YHKIMOHHPOBAaHWE B  TKaHAX
nmapojioHTa (pepMeHTOB oOMeHa TIyTaTHOHA, a TaKkKe
3HAYUTEIBHO CHI)KEHHE YPOBHS CyIb(OTHIPUIBHBIX

MOIU(PUKAIIHH.

B pesynbTare mpoBeaCHHBIX UCCIICAOBAHUNA OblTa
CMOJIEIMPOBaHa MOJIHOLIEHHAsI KapTHHA MAapOJOHTHTA,
BOCIIPOU3BO/ISAINIAS HAPYIIEHUSI OOMEHHBIX MPOIIECCOB,
XapaKTEePHBIX JJIS1 JAHHOTO 3a00JIeBaHUSI.
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MEOUYUHCKUTL UHCTRUMY

MEXAHM3MbI HAPYINEHUS METABOJIM3MA JIMITUI0OB B MUOKAP/IE
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 TMIIOKCHS — TIPEJICTaBIsAeT coO0i Hanboliee yHUBEpCaTbHOE
narojornieckoe cocrossHue. OHa BO3HHMKAaeT M ONpENeNseT TSHKECTh TEUSHHs CaMbIX Pa3HOOOPas3HBIX 3a-
GosieBaHUH 4yenoBeKa: M00bIe (POPMBI IbIXATEIBHON U CEPAEUHO-COCYJUCTON HENOCTATOUYHOCTHU, KPOBOIIOTEPH,

HIIEeMHusa MUOKap/Ja.

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

liposomes.
Kniouesvie cnosa: rtunokcust, (ocdonumnas,
nepexucHoro okucienus aununos (ITOJI), munocom.

BBegenune. ['MMOKCUSI KUCIOPOAHOE TOJNOJAHUE,
SIBIISIETCS HEOThEMJIEMOM YacTblO JKU3HU
YEeJIOBEYECKOW  NOMyJLIMM  BO  BCEM  MHUpE.
BonpIIHCTBO N3BECTHBIX 0O0JIE3HEH U IKCTPEMaTbHBIX
COCTOSTHUH psAMoO NN KOCBCHHO CBS3aHBbI C
JeUIUTOM KHCIIOPO/Ia. ITarorenernueckas
YHUBEPCATBHOCTh  KUCJIOPOJHOW HEJ0CTaTOYHOCTH
BKJIIOUAET BOIIPOCHl TMIIOKCUYECKUX HapylIeHUH B
chepy HHTEPECOB LIMPOKOTO KpPyra CIICIHAJIFCTOB

dochonmunumos,

anuaos3a, OKUCIUTCIIBHOTO CTpecca,

OKCIIEPUMEHTATBHON WM KIMHHYECKOM MEIHIIUHEL
MyJILMOHOJIOTOB, ~ HEBPOJIOTOB,  PEAHHMATOJIOTOB,
TPAHCIIAHTOJIOTOB,  KapAHOJOrOB W JIPyIHe.
He3aBUCUMO OT 3THOJIOTMH TMIIOKCUYECKUX COCTOSHUN
Cepala B MX PAa3BUTUM M HMCXOJE DPEIIAIOIast poIb
HpI/IHa}]He)KI/IT CTCIICHU HaCBhIICHUA TKaHeI\/’I
KHCIIOPOJIOM M €r0 Y4YacTUIO B METa0OIMYECKUX
npoteccax. [1; ¢. 363-364, 2; ¢.187-206]
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HccnenoBaHusmMy, NPOBEICHHBIMH B HAy4HBIX
LEHTPaX MHUpa YCTAHOBJIEHO, YTO TMIIOKCHS SIBIISIETCS
COCTOSIHUEM AaCCOLMUPOBAaHHBIM C CYLIECTBEHHBIMU
M3MEHEHHMH B CEepJIeYHO-COCYANUCTOH cucreme, doiee
TOTO OHa CIY)XUT OCHOBOH  IaTOJIOTHYECKHX
MpPOIIECCOB MPU HAaHHBIX cocTosHusX. CepaeuHo -
COCYIWCTBIE  3a00NeBaHMs  OCTAlOTCS  BeAyIiei
NPUYUHOM CMEPTHOCTH BO BCEM  MHpE, OHH
OTBETCTBEHHBI €XKETOMHO 3a 17,3 MIIH. JIeTaabHBIX
ucxomoB [3; ¢.2118-2194] — 31,5% Bcex cMepTeNbHBIX
ciy4aeB HaceneHus 1aneTsl. B EBporne ot cepaeydHo -
COCYIUCTHIX 3a00JI€BaHUI €KErOJHO YMHpAIOT Oojee
4 MITH. 4eloBek, u3 Hux 1,4 MJIH. B Bo3pacte 10 75 JeT,
— 9310 45% Bcex cmepreit (40% cpenu myxumH U 49%
cpenu sxeHmuH) [4;c.1-6.].

3a mocnenHue TOIBI B MHUPOBOH JHTEpatype
MOSIBUJIOCH HEMallo 0030pOB, B KOTOPBIX JAETaJbHO
aHATM3UPYIOTCSA HapyUICHUS HOPMaJbHON
JESTEIBHOCTH OpPraHOB YEJIOBEKa M JKMBOTHBIX,
MOABEPTABIINXCS JEHCTBHUIO THIIOKCHH. Y CTAHOBIICHO,
YTO B YCJIOBHSAX HENOCTaTKa KHCIOPOAa MEPBBIM
CTpamaeT SHepreTmdeckuii oOmeH kimetok. Ero
HapylIeHWs TPUBOAAT K  PasBUTHIO  aIMI03a,
OKHCIIUTEIBHOTO CTpecca, aKTHBALMIO SHIOT€HHBIX
dhochonunas u pacnanxy MeMOpaHHBIX HOCHOTUTHIOB,
YBEJINYEHUIO TEKY4YECTH MeMOpaH u ux
MPOHUIIAEMOCTH, BCJEACTBHE YEro KIETKa TepseT
nonsl K* u neperpysxkaercs nonamu Ca?*, Na* [5; c. 7-
9, 6;¢c.79-81, 7; c. 343].

HecMoTps Ha TO, YTO K HAcCTOSIIEMY BpPEMEHH
HaKOIUICH JOCTATOYHO OOJIBIIONW MAaCCHB JAHHBIX IO
addexram u MeXaHU3MaM THITOKCHYECKUX
BO3JICHCTBHH Ha CEpACYHO-COCYIHUCTYIO CHCTEMY,
KOHIIETITyaIlbHOE ~ OCMBICTICHHE 3THX  CBEJICHHMH,
3a4acTyl0 MPOTUBOPECUUBBIX, 3aTPYJHEHO B CBSA3H C
TEM, YTO 3TH JaHHbIE TOJIyYeHbl B Pa3HOOOPa3HBIX
MOJIETISIX THUIOKCHU. Y T03TOMY, HONy4YeHHBIE B 3THX
paboTax naHHBIE HE Bcerja cornacyrorcs. TpedOyercs
MOCJIEIOBATEIbHOE W KOMIUIEKCHOE  M3y4eHHe
3 (eKTOB 1 MEXaHU3MOB TUIIOKCHU Ha OJTHOI MOJIEeNH
Y Ha BCEX YPOBHSAX, BKIIIOYast MOJIEKYJIsIpHbIe. OcoObIi
MHTEpeC B JAHHBIX HCCIIEIOBAHUSIX IIPEICTABIACT
COCTOSIHWE  JIMIIMJIHOTO  OOMeHa,  ITOKa3aTrelei
nepekucHoro  okucieHuss JsmnupoB  (IIOJI) wu
AQHTHOKCHU/IAHTHON CHCTEMBI, UTPAIOIINX BAXXHYIO POJIb
B [TaTOT€HE3€ TMIMOKCHYECKNX COCTOSHHUNA. B kauecTBe
yAOOHOW  JKCHEpUMEHTANbHOH  MOJENbI0  JJIA
MoJ00HOTO pona HCCIIeIOBaHUN CITy>KUT
runobapudeckas (BBICOTHAs) THIIOKCHS, CO3/1aBaeMast B
6apoxamepe, MOCKOJIBKY OHa SIBJISIETCS
(hM3NOTIOTHUECKH a/IeKBaTHbIM BO3JIEiCTBHEM
(BcTpedaeTcsi B €CTECTBEHHBIX YCIOBHSX MIPHU MOIbEME
Ha BBICOTY ), JIETKO KOHTPOJIMPYETCS U JO3UPYETCS, UTO
CO3/]aeT BO3MOXKHOCTM JUIsI €€ TIPUMEHEHUs B
pasiuYHbIX pexumax|8; c. 256-74-107, 9; ¢.145-147].

Heab padotbl. Llensio uccienoBanus sBISETCS
OIPE/IETICHUEKOJIMUYECTBEHHBIX M KauyeCTBEHHBIX
W3MEHEHNH cocraBa (bocho-TIMKOMHUITHAOB,
cocrostHus cucteMsl [TOJI n AOC cepreyHOl TKaHU B
YCIIOBUSIX OKHCITUTEIILHOTO cTpecca,
WHIyIHPOBAHHOTO THITO0APUYECKON THIOKCHEH, I
YCTaHOBJICHHS 3aKOHOMEPHOCTEH OHOJIOTMYECKOTO

OTBETa u pazpaboTku HOBOTO MeToJa
(hapMaKOKOPPEKLMN Ha OCHOBE HAHOTEXHOJIOTHH.
Marepuansi U MeTO/IbI. OObexkToM
UCCIIEIOBAHMS SIBIIIOTCS CTPYKTYPHBIE JIMIUABI U
cucrema IIOJI u AOC xyeTok cep/ia MoJI0BO3PEIBIX
KpBIC ~ CaMIIOB  HOABEPrHYTHIX Ccy0 - u
JEeKOMITCHCHPOBAaHHOH THII00apUIeCKO THITOKCHH.
Jlns BBINONHEHMS TOCTABICHHBIX 3a/ad ObUIH
HaJlaKeHBI CIIEAYIOIIHE METOJBI: METO
MOJEIMPOBAaHNS THUIIO0ApUUECKON THIIOKCHH TpPH
momommy Oapokamepsl (co3maBaeMoe B Oapokamepe
pa3pshKEeHHE BO3/IyXa COOTBETCTBOBAJIO IIOJBEMY HA
BoicoTy» 4000 M 1 7000M Hag ypoBHEM MOPSI), METOJ

XpoMaTorpaduueckoro pa3zaeneHus (bpakimii
¢dochonnnuaos u 1epeOpo3uIOB; METOJ
KOJIMYECTBEHHOTO  ompefeieHus  (HOoChOTHITHIOB;
KOIMYECTBEHHOE  OmIpefeleHHe  LepeOpo3uioB;
KOJIMYECTBEHHOE olpeieNieHe TaHIJINO3UIOB.
KonnuectBeHHOE OIIpe/ieIICHUE XOJIeCTepHHA.

Omnpenenenne konueHtpauuu TBK-AIL; onpenenenue
AKTUBHOCTH KaTajasbl, ONPEIEIICHUE aKTHUBHOCTH
CO/I; MeTonpl penapaTUBHOIO BBIAEIEHUS JIUIHIOB
U UX OYHUCTKY OT HEJUIUAHBIX NPUMECEH; METOIbI
KOHCTPYUPOBAHUS JTUTIOCOM.

PesyabTaTtel M o0cyxnenme. HemnpepsiBHOE
CHa0)KGHHE  OpraHu3Ma  KHCIIOPOJIOM  SIBIIACTCS
a0COJIOTHBIM YCIIOBHEM CYIIECTBOBAaHUS YeJIOBEKa U
JKUBOTHBIX. HapyiieHue KHCIOPOJHOTO —pexuMa
OpraHOB W TKaHEHl B MEPBYIO OYEpeb BBHI3BIBAET
MeTabonMuecKkue W3MEHEHHS B HHUX. B opranusme
yenoBeka ©Oomee 90 % Bcero moTpebisemMoro
KHUCIIOpoAa BOCCTaHAaBJINBACTCS C y4JacTHeM
LUTOXPOMOKCHIAa3bl MHUTOXOHApUH, W mumb 10 %
KHCJIOPOAa METa0OIM3UPYETCs B TKAHIX C y4acTHEM

OKCHUI'CHA3. III)IXﬁTe.]'H)HaH b KakK CAHasA
(bYHKIMOHAIBHO-MeTaboarYecKas cucTeMa
UCIIOJIHAET pONIb peryisitopa W Moauukaropa

HOTpeOICHHUS KUCIIOPOJIa M CKOPOCTH €T0 MOCTYIUICHUS
U3 BHEKJIETOYHOW cpenbl K MuUTOXOHApusaM. Ilpu
THIOKCHM CTPAJAlOT 3HEPro3aBUCHMEBIC PEaKIIMH,
Takue Kak popMupoBaHHe MEMOPAHHOTO TTOTCHIINAIA,
TPAHCIIOPT HOHOB, DIIEKTPOTEHHAsT (PYHKIHUS KIETOK,
MBIIIIEYHOE COKpAaIIeHHe, (QYHKIUS pPEHenToOpoOB W
npyrue [10; c. 897-904, 11; c. 259].

ConmepxkaHue  KHBOTHBIX W TPOBEICHHE
SKCIICPUMECHTOB TIPOBOAMJIM B COOTBETCTBHU C
MexayHapoaaeiMu mpaBunamu «Guide for the Care
and Use of Laboratory Animals». PaGora BbimosiHeHa
Ha B3POCJIBIX OECIOPOIHBIX caMiiax Kpeic Becom 220-
240 r., comepkamuxcs B CTAaHAAPTHBIX YCIOBHIX
(Temnepatypa  okpyxaromeii  cpempt  22-25C0,
4Yepe0OBaHNe CYTOYHOM OCBEIIEHHOCTH, CBOOOIHBIN
JIOCTYTI K BOJIC U TIHIIIC).

Jns  mpoBeseHMs ~— OKCIEpUMEHTa  OBIIO
rcnoib3oBaHo 600 kpbIc: O 12 KMBOTHBIX B Ka)I0H
AKCICPUMCHTAIBEHOW TPYIINE HA KaXKJOM BPEMEHHOM
CpOKe; B KOHTPOJBHBIX TIpyMIax ObUIO Takxke mo 12
Kkpbic. KOHTpOJIbHAS TPyIIa KHBOTHBIX — KUBOTHBIE,
MTOMEIICHHBIE B OapokaMepy Ha COOTBETCTBYIOIIEE
BpeMms 6e3 H3MEHEHHs aTMOC(HEPHOTO JaBIICHHUS.

B IKCHEPUMEHTaX MOCBSIIICHHBIX
(hapMaKOKOpPEKINH TUIIOKCUHT O-JIUTIOJIEBOI
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KHCJIOTOM KMBOTHBIM BHYTPUMBILIEYHO BBOAMIU
npenapat «bepmutnon-300 E/I» B mo3e 10 mMr/kr onun
pa3 B cyTku. KOHTpOIBHOM IpyIIie >)KUBOTHBIX JAHHOTO

SKCIEepUMEHTa BHYTPUMBIILIEYHO BBOJIHIIH
(usnonornueckuit pactBop.B JKCIEpUMEHTaX
MOCBAIICHHBIX (hapMaKoKOppeKIHN TUIIOKCUH

JUIIOCOMAaMH JKUBOTHBIM HHTEPHO3AJIHHO BBOJMIN
JUIIOCOMBI B 03¢ 2MI/KI OOWUH pa3 B CYTKH.
KonrponsHoii rpymnmne JKUBOTHBIX JTaHHOT'O

9KCIIEPUMEHTA MHTEPHO3aJbHO BBOJIMITN
(du3HoIOrMYECKUI PacTBOP.

’KuBotHbIX nexanutupoBanu uepes 10, 20 u 30
9KCIO3UINI TUIIOKCHH, Yepe3 24 4 1ocie MocIeJHEero
ceanca. Jlanee mpu Temmeparype +4 °C OwlcTpo
W3BJIEKAIN cepaue, obIcTpO MIPOMBIBAJIN
OXJIAXICHHBIM  (U3HOJOTHYECKUM  PacTBOPOM H
MIOABEPTaJId TOMOTCHU3ALNH B )KUIKOM a30Te.

JAu3aiiH 3KkcniepuMeHTAa

KonnuecTBo 3xcrio3unuii

10 gueit
TUITIOKCHUH

20 nHewn 30 gueit

JIMATETHHOCTD YKCIIO3UITHH (Jac)

KonTponbnas rpynna

JInnn et K-1, n=12
IIOJI u AOC K-2, n=12
KonrponbHas rpymmna GpapMakoKoppeKuuu OEpIuTHOHOM
4-X yacoBasi THIIOKCHS Kb4-1, n=12 Kb4-2, n=12 Kb4-3, n=12
8- yacoBas rUIOKCHsA KB8-1, n=12 KBb8-2, n=12 KB8-3, n=12
KonrponbHas rpymia GpapMaKOKOPEKIMUINIIOCOMAMHU

4-Xx yacoBast THIOKCHUS KJI4-1, n=12 KJ14-2, n=12 KJI4-3, n=12
8- yacoBas runoKcus KJI8-1, n=12 KJI8-2, n=12 KJI8-3, n=12

CyOKoMIIeHCMPOBAHHAS] THIIOKCHUS

4-x qacoBas THIOKCHUS OI1IC4-1, n=12 OIIC4-2, n=12 OI1C4-3, n=12

8- yacoBas TUIOKCHSA OIIC8-1, n=12 OIIC8-2, n=12 OIIC8-3, n=12
DapMaKOKOPPEKIHICYOKOMIICHCHPOBAHHOM T'MIIOKCHH OEPIIMTHOHOM

4-x qacoBas THIOKCHUSI BC4-1, n=12 BC4-2, n=12 BC4-3, n=12

8- yacoBasl rUIoKcHs BC 8-1, n=12 BC8-2, n=12 BC8-3, n=12

dapmakokoppeKLusicy OKOMIIEHCUPOBAHHOM IT'MIIOKCHH JINTIOCOMaMHU

4-x gacoBas TAIOKCHUS 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
JekoMIeHCHPOBAHHAS THIMOKCHSA

4-x qacoBasi THIOKCHUS OI14-1, n=12 OI14-2, n=12 OI1/J14-3, n=12

8- yacoBas runokcus OIlJ8-1,n=12 OIla8-2, n=12 OINlJ8-3, n=12
DapMaKOKOPPEKITHsI JEKOMIICHCHPOBAHHON THIIOKCHH OSPIUTHOHOM

4-x gacoBas 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
DapMaKOKOPPEKITHSI JEKOMIICHCHPOBAHHON THIIOKCHHU JINIOCOMaMHU

4-x gacoBas TAIOKCHUS JIJ14-1, n=12 JIJ14-2, n=12 JIJ14-3, n=12

8- yacoBas runokcus JIJ18-1, n=12 JIJ18-2, n=12 JIJI8-3, n=12

I'mnobGapuyeckast runokcust — runokcuueckoe ['OCT 4401— 81 UIIK HM3parenbcTBO CTaHIApTOB,

BO3JCHCTBHE, BBI3BIBAEMOE  OOIIMM  MAaJCHUEM
JIaBJICHUS B OKpYyXaromieil atmocdepe. Berpewaercs B
€CTECTBEHHBIX YCIIOBHSX IIpH TIOABEME B TOPHI.
Co3maBaemass B Oapokamepe  rumodapmyeckas
THIIOKCHSI MOXKET PaccMaTpUBATBCS KaKk WMHUTALUs
MOABEMa Ha COOTBETCTBYIOLIYIO BBICOTY. B paboTe Mbl
UCIIONIb30BAJIM THIIO0ApUUYECKYI0 THIIOKCHIO B JIBYX
pexxumax - CyOKOMITIEHCHPOBaHHHYIO u
JIEKOMIIEHCUPOBAHYO.

Jnst co3panust yCloBril CyOKOMIIEHCHPOBaHHHOM
THUMOKCHUM KMBOTHBIX TIOMEIand B Oapokamepy
MPOTOYHOTO THNA NpH JaBieHuu 462 mm.pr.ct. ( 61,6
k[la), gaTo cooTBeTCTBYeET NMOABEMY Ha BEICOTY 4000 M,
Ha 4 u § gacoB [ATMmoc¢epa crangapTHas [lapamerpst

2004]. TlompeM Ha COOTBETCTBYIOIIYIO BBICOTY
MpOU3BOAMIN, HauuHast ¢ 760 Mm.pT.cT. CKOpOCTh
KOMIIpECCHH U Jekommpeccun cocraBuiaa — 0,5
k[la/mun. [laHHBIA cmoco® moabeMa MOMOTal
n30exarh Ppe3Koro Iepenaja JaBIeHHs W JlaBajl
BO3MOKHOCTb KpbICaM a/1alITUPOBATHCA.
OZHOBPEMEHHO  OCYIIECTBIISIIM IPOAYB  KaMepbl
BO3IYXOM Juist NpeJOTBPaIECHHS pa3BHUTHS
runepkanHuu. KoauuecTBO S5KCHO3MLMN COCTaBUIU
10, 20, 30 B 3aBUCUMOCTH OT IPYMIIBL.

C menpl0  cO3MaHHSA  JAEKOMIIECHPOBAHOTO
BO3ICHCTBUSI THUIOOAPMYECKOW THUIOKCHU >KHBOTHBIX
IoMeIany B OapokaMepy NPOTOYHOTO THMHA TIPH
naenenue B 6apokamepe 308mm pr.cr. (41,1 klla), 8%
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O, 4TO COOTBETCTBYET moabeMy Ha BbicoTy 7000M,
MPOJIOJDKUTENILHOCTh BO3AEUCTBUS cocTaBisuia 4, 8 4,
exeqHeBHo. KonudecTBo 3xcno3unuii coctasuinu 10,
20, 30 B 3aBUCUMOCTH OT TPYIIIHL.

O xonmuectBe oOmuXx ¢(ochomunumoB U ux
OTAEJBHBIX (PpaKUUi CyAWIN MO COJCPKaHUIO B HHUX
thocdopa, KOTOPBIi OTIpE eI mocJie
MUHEpaTu3anuu o0pa3loB OOMHUX JHIUAOB M WX
(pakuid, ¢ MOCIEAYIOUINM KOJIOPUMETPHHIECCKAM
U3MEPEHUEM KOJINYECTBA o0pa3zoBaBIIerocs
Heopranmdeckoro (ocdopa mo peaknum pearecHTOM
BacbkoBckoro. B Hamre#t paboTe MBI TIPUMEHMIN
MeToll, mpeasiokeHHbl BacbkoBckum B.E[12;c.27-
30].

Ha nepBoMm 3Tame Hammx HCCIeIOBaHUN OBLIO
MPOBEIECHO CPaBHUTENBHOE H3yUeHHE KaueCTBEHHOTO
M KOJIMYECTBEHHOro  cocraBa  (ochomunumos
CepACYHOH TKaHM KpBIC B HOpPME H  TpH
runo0apuyeckol  runokcuu.  PpakIHoOHMpOBaHUE
¢ochonumuIoB €  TOMOIIBIO  TOHKOCIOWHOH
XpoMaTorpaduy, MO3BOJIMIO MOIYYUTH pPa3leliCHHuE
dhochomumunos Ha 8 dpaxuuit (puc. 3.1.1).

W3zyuenne $pochoanummmIHOro cocTaBa cepaedHoi
TKaHU TP DKCIICPUMEHTAJIbHOW TUIIo0apuuecKoi
MEepUOTUUECKON THITIOKCHUU BBISIBUJIO
pa3sHOHANpaBlIeHHBIE CABHUIHM, KaK B CyMMapHOM
COJICP)KaHWH, TaKk M BO (PAKIMOHHOM COCTaBe
dbochonumuIoB B 3aBUCHMOCTH OT HMHTCHCHUBHOCTH,
JUIMTEIBHOCTH M TEPHOIUYHOCTH  THUIOKCHHU.4-X
yacoBas CyOKOMITEHCHpOBaHHasTUIIOOapHuIecKast
TUIOKCUS Tpu atMochepHOM amaBinernn 61,66 xlla
COIPOBOXKIATACh HE3HAYUTENILHBIM YMEHBIICHHEM (B
CTaTHCTHYECKU HEI0OCTOBEPHBIX npezenax)
comepkanuss cymmapHelx @®JI Ha 10 cyTkm
HKCIEPUMEHTa U COXPAHSUIUCh B Ipeesiax HOPMEI B
ocTanbHbIe CpPOKH (Tabnmmna 3,1).

N3zyyenue (hpakMOHHOTO cocTaBa
¢dochoaunuaoB cepaeyHOl TKaHW B OJTOW Cepuu
9KCIIEPUMEHTOB BBISBUIIO JOCTOBEPHOE YMEHBILCHHE
nomu docharuaunxonuna (OPX) na 13,6 % B nepsoi,
14,4% BO BTOpPOH M CTaTUCTHUYECKH HEAOCTOBEpHEE
yMeHblleHue Ha 5,2% B TpeTbell rpymnmax. Takke
HAONIOMaJOCh JWHAMHKA YMCHBIICHHS (paKIuu
KapAHONMUINHA, cocTaBuBiiee 24,9% B mepBoi, 29,5%
B0 BTOpOii 1 32,3% B TpeThelt rpymmax. Habmrogamocs
yBennueHne — Qpakmuii  nm3odochaTHANIXOTIMHA
(JIDX), docharunmncepuna (PC) u dochaTtunnoi
kuciaotel  (PK). Tak MomsipHOE  comepKaHue
n30¢ochaTHANIK0IMHA Bo3pacTano Ha 2,76 pa3z Ha 10
cyTkH, Ha 2,8pa3a Ha 20 cytku u 3,1 paza Ha 30 cyTku
JKCIEPUMEHTA.

Kak wu3BeCTHO, IJMIIOCOMBI - HCKYCCTBEHHO
CO3/laBaeMble JIMMUAHbIE HAaHOBE3HMKYJIbI, COCTOSILIHUE
W3 OJHOTO WM HECKONBKHX  (OChHONMUITHIHBIX
OucioeB, pa3eNeHHBIX BOAHOW (pa3oif, u OHM MOTYT
ObITh HCIIONIB30BAaHBl B KAauecTBE HOCHUTENCH W
TIEPEHOCYHNKOB (DU3UOJIOTHYECKH aKTUBHBIX BEILIECTB, B
TOM YHCIIE JIEKAPCTBCHHBIX MPENAPaTOB B pa3IndHbIC
OpraHbl M TKaHW. MIMMOOMIM3amust Ha HOBEPXHOCTH
JIUTIOCOM OIIpEeNICHHBIX BEKTOPOB (O€NKH, TOPMOHBL,
AHTHUTCJIA, FHI/IKOHI/IHI/II[I)I) TMO3BOJIACT OCYLIECTBJIATH
aJIpeCHyI0 JOCTAaBKYy JIEKapCTBEHHBIX IpETapaToB B
OpraH-MUIICHb. HCXOZ[SI N3 BBINICCKA3aHHOI'0, HaMH
Obula pa3pabOTaHO  ONTHMAJIbHOC COOTHOIICHHE
JIMIIA 0B BXOJAIIUX B COCTAB JIMIIOCOM NNPUMCHACMBIX
JUIL  HaNpaBJICHHOTO TPAHCIOPTa JIEKAPCTBEHHBIX
CpeZIcTB B cepaue (Tadbmura 1) .

[IpennoxxeHHbIN HaMu B KauecTBe
KapIHONPOTEKTOpa JIMIIOCOMHBIN IIperapar HMeeT
CJICTyOIINI COCTaB:

Tabmuma 4.2.1.

«KuaKoKpHCTaITHUECKUE)
Ne HanMeHoBaHME KOMIIOHEHTA JIUTIOCOMBI + 11epebpo3uIB U
ranrano3usl (%)
1 Dochoaunuiapl U3 cepa KPymHOro poraroro CKOTa 7
2 XoJIeCTepHH M3 cep/ilia KPYITHOTO POraToro ckora 2
3 I"aHrIHO3MIBI M3 CepAlla KPYIHOTO pOraToro cKorta 0,5
4 I{epebpo3uibl U3 cep/iia KPYIMHOro pOraToro CKora 0,01
5 Bona 90,49

(DOC(i)OHI/IHI/IL[LI U XOJICCTCPUH, BBIJACJICHHBIX W3
cepAla KpPYHOHOTO poraroro cCkKoTa, SABJIIHOLICTOCH
OoraTeIM HCTOYHHUKOM JaHHBIX COCHHHeHHﬁ,
HCIOJIb3YCTCA ,IlJ'IS[(bOpMHpOBaHI/II/I OCHOBBI JII/IHH,I[HOﬁ

BU3UKYJbl. M3BECTHO, YTO IpU B3aUMOJEHCTBUU
JUIIOCOM € KIETKOW  HaOmomaeTcs  oOMeH
dochomumumamMu  MeXAy MeMOpaHOH KIETOK U
MeMOpaHoii munocom.

Tab6mnmma 4.2.2.

@pakuUOHHBIHA cocTaB pocdoMnuI0B BXOAALIMX B COCTAB JUIIOCOM NMPUMEHSIeMBbIX
JJIs1 HATIPABJIEHHOT0 TPAHCIOPTA JIEKAPCTBEHHBIX CEPALIAB CPeACTBO.

Dpaxunu pochonummion %
Cdunromuenun 53
DocharuauixoauH 41,4
DocharuaicepuH 3,4
DochaTHIUIHHOZUT 53
docdaTuauadTaHOIAMUH 30,6
Kapanomunuia 14,0
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IIpu

¢ochonumuHOTO

9TOM
cocCTaBa

MIPOUCXOUT
MeMOpaH

MO UKATIHS
KIJIETOK

C

MOoCJaCAyromuUuM H3MCHCHHUCM eé q)yHKIlI/IOHaJ'ILHI)IX

CBOMCTB

(Mmanxomxaes
dochomunupl,

BXOAIHUC

TM. u

Ap.,
cOCTaB

1993).
JIUTIOCOM,

JIOJDKHBI 00ecrednBaTh PEKOHCTPYKLUIO JIMITUIHOTO
cocTaBa MEMOpaH KJIETOK CEpIEeYHON TKaHW, YTO B

CBOIO

ouepens,
BHYTPHUKJICTOYHBIE

OKasbIBas
OMOXUMHYECKHE

BIIMSTHHE
peaxkuun

Ha
n

peryaupyromue npouecce. XolecTepuH, BKIFOUEHHBINH
B COCTaB JIMIIOCOMHOTO IIpemapara, oOecHnednBacT
CTaOMIBHOCTF M YCTOWYMBOCTH MeMOpaH JHIIOCOM
(JIrobemkun A.B., 1994).

Cama npouentypa Mmojy4eHHs JHUIOCOM COCTOsIIa
U3 CIIEIYIOIINX 3TAIOB:

EEST |

1. OO0pa3oBaHue  JIUIIOCOM W3 cMecHu
(dhochonunuIoB U X0JICCTEPUHA;

2. TlepBuuHas ynbTpa3sBykoBas o00paboOTKa

nunocoM npu uucrote 22 kI'n B redennu 30 cexyH.

3.CMemmBaHie JIMIOCOM, IIOJNyYEHHBIX Ha
TIEPBOM 3Tarle C TIIMKOJIUIHIaMU.
4. BropwuHas ymnpTpa3BykoBas obOpaboTka

sunocoM npu uucrote 22 kI'n B TeueHnu 30 cexyHI.

Cnemyer OTMETHTh, 4YTO MOCBOMM (DU3UKO-
XMMHYECKHM CBOMCTBaM JIMIIOCOMBI OTHOCHIINCH K
KHUIKOKPUCTAJUIMYECKHM, TO €CTh COOTHOIICHHE
(dochommmmIoB K X0JIECTEPUHY COCTABIISIIO 7:2, KpoMe
TOTO JIUIIOCOMBI OBUIM TOKPBITHI LiepeOpo3unamMu 1
TaHIJMO3UIAaMH M3  CEpJCYHOM TKaHU KpPYIHOTO
poraToro ckora.

Tabmuua 4.3.1.

N3menenne coaepxanus ¢pocdoaunuioB B TKAHAX cepana npu papMako-KoppeKuu 4-xX 4acoBoii
cyOKOMIIEHCMPOBAHHOM rHNo0apu4ecKoii TUNOKCHHU OepauTHOHOM.(aTMOC(pepHoe naBiaeHue 61,66 klla,
«BbIcOT2» 4000 M HAJ YPOBHEM MOPSI,MMOJIb JIMIUIHOTO ocdopa /Kr Tkanu, N=12)

Konrponerre I'pynmnsl ¢ runokcueit I'pymms ¢ papmakokoppeximeit
rpymmsl (K)
Aoc. Aobc. % Aobc. %
3HAYCHUS 3HAYCHUS otH. K T 3HAYCHUS otH. K T T
10 sxcrmo3uInii 4-X 4acOBOM T'MIOKCHUU
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
X 1452 + 064 |1258 + 0,37 | 86,6 2,63 12,76 + 0,57| 87,9 2,05 |-0,26
oC 122 + 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| 1008 | -0,12 |-0,24
Jor 490 =+ 023 | 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
)71 189 + 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| 83,1 3,04 |-2,25
OK 041 <+ 00108 <+ 025]2033| -1,69 | 093 =+ 0,04 226,2 | -12,18 | -0,37
Cymma | 36,03 + 1643506 + 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 |11381 + 0,62 | 94,8 0,86 |14,02 + 0,63| 96,3 0,61 |-0,24
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oC 1,20 + 006 | 167 + 0,07|1391| -489 | 1,53 + 0,09 1276 | -3,17 | 1,21
on 186 =+ 008 219 <+ 0101180 | -264 | 221 + 0,10| 1186 | -2,73 |-0,09
DDA 10,75 + 048 (1069 + 0,48 | 99,5 0,09 (10,17 + 0,46 | 94,6 0,87 | 0,78
Adr 487 + 023 ] 334 + 016 | 685 543 | 371 + 0,16| 76,1 4,16 |-1,63
dx 041 + 001|084 =+ 0042039 -1102 | 088 + 0,04 | 2144 | -11,87 |-0,80
Cymma |36,00 + 159 (36,02 + 1631001 | -0,01 |36,39 + 1,65| 101,1| -0,17 |-0,16

T — 3navenns koappunnenta CTpIOAEHTA MEXIy 3HAUYCHUSIMH )KUBOTHBIX KOHTPOJIBHON IPYIIIB M TPYIIIIAMH C
THITIOKCHEH, papMaKOKOPPEKITUEH COOTBETCTBEHHO.
T1 - 3Hauenns CThIOEHTAa MEXTy TPYIIIaMH C THIIOKCHEH U ¢ (hapMaKOKOPPEKITHEH.
% - 3a 100% pOIICHTOB MPUHATO COJIEPKAHNE ITAPAMETPOB OTHOCHUTEIHFHO KOHTPOJIEHOU TPYIIIIHL

Tabnuna 4.3.2.
HN3menenne cogep:xanus GpocdoannuioB B TKAHIX cepaua npu papMakokoppekuuu 4-x 4acoBoi
cyOKOMIIEHCUPOBAHHOM rMNMO0APUYECKOli THIIOKCHS JTUIIOCOMAMM.
(atmocdepnoe naBiaenue 61,66 klla, «BbicoTa» 4000 M Hax ypoBHEM MOPSA,MMOJIb JUIUAHOTO docdopa
/Kr TRauu, n=12)

Kontpomsie I'pynmnsl ¢ runokcueit I'pymms ¢ papmakokoppeximeit
rpymmst (K) py py p PPEKI
Aobc. Aobc. % Aobc. %
T T T
3HAYEHMUS 3HAYEHMUS otH. K 3HAYCHUS otH. K
10 sxcrmo3uInii 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 000 | 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 Lg * 006 134 L 0061132 | -185 | ¥* + 005| 1045 | -070 1;33
U Lgg + 009 181 L o008| 974 | 030 | 18 1 008| 958 | 065 oéz
10,66 10,91 -
DODOA + 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 3Kcno3unui 4-X 4aCOBOM TMIIOKCHUU
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 025| 1476 | 219 | ¥ 1 005 1004 | -1.37 167
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2,09 2,09 _
U + 008 . 0251117 | -083 + 008 1119 | -1.95 |00
1,87 2
11.28 11.42 -
DDA L 049 + 025 | 1050 | -0,98 + 047 1063 | -1,00 |02
1074 6
3.43 424 -
T L 022 . 025 | 706 | 429 + 013| 872 | 245 |28
4,86 8
DK sy * 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'MIIOKCUNA

KJ14-3, =12 OIIC4-3, n=12 JIC4-3, n=12
43
MOX | g4 = 002 | g, = 0063098 | -143 |, o & 005 2344 | 1183 |7
COM | oo * 009 207 009 | 1211 | -162 | 1% & 009 1046 | -069 0219
1381 13.01 -
X L 067 . 062 | 948 | 083 L 064 955 | 071 |01
14,57 1
®C Lg * 006 167 L 0071397 | 507 | ¥ L 006| 1108 | -281 2214
on Lgg * 009 219 | 0101166 | -235 | 2% 4 009| 1005 | -141 160
@A | o0s 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 s * 001 084, 00420971231 | %81 & 004 2034 | -022 0214
0.0
Cywma | g0y % 168 | go0n * 1631000 | 001 |00+ 160| 999 | 002 |

C THITOKCHEH, (JapMaKOKOPPEKINEH COOTBETCTBEHHO.

T1 - 3HaueHns CThIOACHTA MEXKIy TPYIIIAMU C TUIIOKCHEH U ¢ (hapMaKOKOPPEKITHEH.

% - 3a 100% npoleHTOB NPUHATO COAEp>KaHNEe TapaMeTPOB OTHOCHTEIEHO KOHTPOJIbHON TPYIIIBL.

T — 3nauenus ko3¢ dunnenta CTpioeHTa MEXy 3HAUYSHUSIMH )KUBOTHBIX KOHTPOJIBHON TPYTIITBI M TPYIIIIAMHU

Coneprxanue docoarnannxonuHa IpU  KOHTPOJBHOTO YPOBHA BO BCE CPOKH HCCIIEIOBAHUS
(hapMaKOKOppEeKIMH  OEpIUTHOHOM XOTSI M HE  HE3aBUCHUMO OT CIIOc00a KOPPEKIIHH.
JIOCTOBEPHO, HO HI)KE ypPOBHA KOHTPOJIBHBIX 3acaykMBalOT 0COOOr0 BHUMAHHS Pe3yJIbTATHI,
MoKa3aresel He3aBUCUMO OT JJIUTETIbHOCTH THIIOKCHH, — TIOJNyYeHHbIE  IPU  HCCIEIOBAaHUH
OJTHAKO BOCCTAHABJIMBAJIOCH 0 KOHTPOJBHBIX BEJIMUUH  COJEPKaHUSA JpyTOit KPYIHOM

HU3MEHEHHS
bpakiyn

IIpyu BBCIACHUU nunocom. 13 MMPEACTABJICHHBIX JTaHHBIX
BUJAHO, HYTO COJACPIKAHUC HI/ISO(I)OC(l)aTI/IZ[I/IHXOJ'II/IHa
3HAYUTCIIbHO BBIIIC KOHTPOJBHBIX BO BCEX ONBITHBIX

rpynnax. OpHaKo TPH KOPPEKIUH THIOKCHH C
UCTIOJIb30BaHUEM JUIOCOMAJIBHOTO npenapara
npociexuBaercss 3PQGEeKT B CTOPOHY CHIDKCHUS

conepxanus nm3opocharunamixomuna. Kpome Toro,
MoJisipHas — noyis  Ju3odocdaruamixonuHa  Oblia
MPUMEPHO HAa OJMHAKOBOM YypoBHe mociie 20(rpymma
JIC4-2) u 30 ceancoB (rpymma JIC4-3) rumokcun Ha
(hoHe BBEACHHS TUTIOCOM.

Conepxanvie  ¢GocPaTuIHOW  KUCIOTHI  MPH
KOPPEKIMH THIIOKCUM HE WMENO TECHICHIHI K
CHIDKCHHIO OTHOCHTEIBHO ONBITHOH TPYHIBl  C

FI/IHOKCI/ICﬁ, OJITHAKO OCTaBaJIOCh 3HAYUTCJIBHO BBIIIC

dbochomununo — audocharuauaraunepoa. 31ech
MIPOCIICKUBATIOCH YBEIHYCHHUE COJCPIKAHUS TaHHOTO
¢dochomumnuma BHE 3aBHCHMOCTH OT KOPPEKIUH U
JUINTEIFHOCTH  CPOKOB ~ THIIOKCHH.  BBeneHue
OCpIIMTHOHA U JINIIOCOMATBHOTO Mperapara He BIHLIIO
Ha KOJIMYECTBEHHOE COJiepXKaHhe ChUHIOMHUENNHA, U
OKa3bIBAIO CXOXUH JIPPEeKT Ha  CcomepiKaHUe
dbocharununceprna u pochaTuaUINHO3UTA.

Cxoxue pesynprata ObUIM  MOJNYy4YeHBI B
JKCIEepUMEHTaX € (HapMaKOKOPPEKLUH COIEPKaHUs
dbochomunumon pu 8-uacoBoit
CyOKOMITEHCUPOBAaHHOW THUTIOOAPUUECKON THITOKCHU.
3mecs  Takke — HAOMIOAAaNach — BOCCTAHOBJICHUE
cogepxanuss AP u cyMMapHOro KOJIUYECTBA
¢dochomumumon HE3aBUCHMO oT T
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(apmakokoppeknuu, Ha (OHE BOCCTAHOBIICHUS
¢dpakimu ©X npu BBEACHUH JTUIIOCOM.

THUITIOKCHA

HOpMa

Mt

dhocdarumHas kucmora

T ochaTHAMITIUICPOIT

(dbochaTuanIdTAHOIAMUAH

hochaTnAUIMHOIUT

dochaTuauncepus

dochaTHIUIKONUH

Cdunromuenuu

JmodocharnaunxonuH

Puc. 3.3.1. Toukocnoiinas xpomamozpagus gpocgoaunudos cepoya

3HaunTeNbHO Bo3pactana u goist QocdaTuaHoi
KHCIJIOTBI, KOTOpasi yBEJIMYMBAJIach B IIEPBOU TpyIIie
42%, Bo BTOpO# Ha 109,1% u B Tperbeid Ha 109,7%,
cootBeTcTBeHHO (p<0,05). AGcomoTHOE coxepkaHue
dbocharuaniceprHa JAOCTOBEPHO OTIHYAIOCH OT
HOpMbl Jmmib  Ha 20(yBenuuenune Ha 145,8%
oTtHOocuTensHO HOpMBI) U 30 (yBennuenue Ha 139,7%
OTHOCHTEJILHO ~ HOPMBI)  CYTKHM  OKCIEPHMEHTA.
Conepxanue OCTaJbHBIX (pakuun (Hochoaunuaos
o100  ocTaBalock B Ipenesiiax  HOPMBI 0O
MIOJIBEPTAJIOCH HE3HAUYNTEIbHBIM H3MEHEHUSIM.

B skcniepuMenTax MpoBeJSHHBIX MPH 4-X 4acOBOH
JIEKOMIIEHCHPOBAaHHOH TUIO0ApUYECKON THIIOKCHU
ObUIO  YCTaHOBJIEHO  YBEJIMYEHHE  CYMMapHOTO
KOJINUEeCTBa M OONBIIMHCTBA Qpakiuii Gpochonunuaon
(tabnuua 3.1.2.). Kak BUIHO M3 TaOIUIBI CyMMapHOe
KOJIM4eCTBO (HOCGHOIUNUAOB B CEpALE IKUBOTHBIX
HO/IBEPTHY ThIX CyOKOMIIEHCHPOBAaHHOMN
rHN00apUYecKOd TI'MIIOKCHH, MMENO BBIPAKEHHYIO
TeHACHLHUIO K yBEJINYCHUIO, XOTS 3TH M3MEHEHUS He
BCeraa ObLIM CTATUCTHYCCKH 10cTOBepHBIMHE (p>0,05).
Tak cymmapHoe  cojepkanue  (hochoaunumoB

JOCTOBEPHO OTIMYAIIOCH OT KOHTPOJIS TOJIBKO rocie 20
u 30 sxcmosumuit rumokcuu (36,07 MM/Kr chIpoi
TKaHU B KOHTPOJBHOM, nmpotus 42,15 MM/kr mpu 20
sKkcrio3unmii runokenn u 42,91 MM/kr Ha 30 cyTkn
9KCIEPUMEHTA, COOTBETCTBEHHO).

W3 npezcraBieHHbIX Ha Tabmuie 3.1.2. maHHBIX
BHUHO, YTO COJepKaHue Ju30(ochaTuauixonnHa u
¢dbocharunHO  KHCAOTBI  3HAYUTEIBHO  BBIIIE
KOHTPOJBHBIX BO BCEX OMNBITHBIX Trpynmax. Tax
MOJSIpHOE  copaepxkaHue  Jm3ohochaTHaUIXoNuHa
Bo3pactaso B 3 pa3 Ha 10 cytku, Ha 4,6 pa3a Ha 20
cytku U 5,4 pasa Ha 30 CyTKHM DSKCHEpUMEHTA.
3HauUMTEeNbHO BO3pacTaia W Jaois  QocdaTuHON
KHCJIOTBI, KOTOpast yBEJIMYMBAJIACh B IEPBOM IPYIIIE Ha
3,2 pa3a, Bo BTOpodM 3,8 um B Tperheil Ha 4,3
paza(p<0,05). Taxoke HaOJIFoTasICs TIPUPOCT
aOCOJIOTHBIX 3HaYeHui cunromuenuna(ua 10-20%),

bocoaruanncepuna(ua 19-29%) u
¢bocoarnannuHo3uToNa(HA 30-56%). B
KOJIMIECTBEHHOM COZIepXKaHuU bpaxuuit

¢docharuannxonnHa HaOIIOMAINCh HE3HAYUTEIbHBIC
mmeHenns. Copepxkanue nudochaTuamIrmIepoa
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YMEHBIIAIOCh B CTaTUCTUYECKHM  JOCTOBEPHBIX
MpeJienax BO BCe CPOKH DKCIIEPUMEHTA.

3acnyHBalOT 0COOOr0 BHUMAHUS YBEIHUYCHHE
COJICpXKaHUS PYTOH KPYITHOW (ppaklui HEUTPaIbHEIC
¢dochoaunuaos - ¢docoaruannsTaHOIAMIHA.
IIpocnexuBanoch yBelIWdeHHE COACPKAHUS JAaHHOTO
dochomumuma BHE 3aBHCHMOCTH  UINTEIBHOCTH
cpokoB runokcud. Kak BumHO 13 Tabmmmel, Ha 10cyTKH
SKCIIEPUMEHTA cosiepkanne GpochaTHIIIITaHOIAMIHA
HaXOJMJIOCH B

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

IIpun 8 4acoBOH
CyOKOMITEHCHPOBAHHOWTUITOOAPHYCCKONH ~ THIIOKCHH
TaK ¢ KaKk W B MPEABIIYIIUX CIyYasx, 3HAUUTCIHHO
Bo3pactaeT conepxkanue JIOX wm DK, Ha Qone
nocroBepHoro cHmkenus noau JPI" (1,3 pasza Bo Bce
CPOKH WCCIICIOBAaHMI) W TOBBIIICHUS CyMMAapHOTO
komaectBe (pochomumumor (Tadbmumer 3.1.3.). Kak
BUAHO W3 Tabmuisl 3.1.3, abcomroTHOE coiepiKaHue
JI®X Opmo moBwmmeno B 4,1; 4,2 u 4,3 pasza mo
CpaBHEHMIO ¢ KOHTposieM; DDA- yBenndeno B 1,1; 1,2
u 1,2 paza; ®K- B 2,2; 2,4 u 2,8 paza OTHOCUTEIBHO
HopMel Ha 10, 20 wu 30 CyTKH THIIOKCHH
COOTBETCTBEHHO. YPOBEHb JETrKoOKucisieMbix @JI
Bo3pacTais Toybko Ha 20 u 30-e CyTKH dKCIEpPUMEHTA!
®U —na 11%; 16% ; DC - 21%; 45% COOTBETCTBEHHO.
BrIsiBIEHO HENOCTOBEpPHOE H3MEHEHHUE COJepKaHUs
dbocharuanIxoouHa B TEUEHHE BCEro IMepuoja
HaOJroIeHUs U COUHTOMUETNHA B HadaJbHBIE CPOKHU
HCCIIEJOBAHUMN.

B crmenyromeil cepum AKCIEPHUMEHTOB OBLIO

YCTAaHOBJICHO, 4qTOo 8 qacoBasa
HCKOMHGHCI/IPOBaHHaﬂFHHO6apI/I‘I€CKaﬂ THIIOKCHUA
BBI3BIBACT TOTAJIBHOC OTKJIOHCHHC JIMITUIHBIX

MoKaszaTeied OT KOHTPOJBHBIX 3HAYEHHUil, KOTOpHIE
ClIlelyeT OLIEHUTh KaK pe3yJbTaT CyOJeTalIbHOIO
BO3JICHCTBHSI THIIOKCHYECKOTO MOBPEXK/ICHUS] MeMOpaH
KJIETOK — YMEHBIIEHHE KOJIUYECTBA CTPYKTYPHBIX
JIUIHJIOB, B CJIACTBUE YTUIH3AIMU TOCIEIHNX .

[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
mm3odocarnauaxonmuHa Bo3pacTaio B 3 pasza Ha 10
cyTkH, B 4,4 pa3a Ha 20 cytku u 4,9 pa3za Ha 30 cyTKH
9KCIEPUMEHTA. 3HAYUTENbHO YBEINYMBAIACh M JOJ
dbocharuanoit kucnots (3,8-4,6 pasza (p<0,05)). Kax
BUAHO U3 TaOuuIipl 3.1.4, abCONIOTHOE COICpIKaHUE
®X 6b110 IOHMKEHO Ha 15; 26 11 29% 1o cpaBHEHHIO
¢ kontponem; DI - va 42; 49 u 49,5%; ®U- na 29; 31
u 34% mna 10, 20 u 30 cyTkm OIKCIEepHUMEHTa
COOTBETCTBEHHO. BBIsIBIEHO HENOCTOBEPHOE

CHIDKEHHE coJiep>KaHus
(ocharnannsTaHOIAMHUHA B TEUYEHHE BCETO IMEpHoja
HaOmoznenust, a COM n ®C B HavaldbHBIE CPOKH
HCCIIEIOBaHUM.

Kak mnoxaszanu HamM pe3ynbTarhl,
CIOCOOCTBYET 3HAYUTEITHEHOMY
KOJINYECTBEHHOTO
mudochaTuIUITIUIepoaa B

THUTIOKCHS
CHIKEHUIO
COZIepKAHUS
TKaHSIX  cepaua,

MIPEAIIONIOKUTEIBHO  3TOT  (aKT yKasblBaeT Ha
yCUJIEHHE Aerpaflalluil MUTOXOHJPUAIIBHBIX CTPYKTYP
KJIETOK CepJilia MpH TUIIOKCHU. B HEeKOTOpbIX padoTax
OBLIO NOKA3aHO, YTO B yCIOBHSX AUPHUINTA KHCIOPOIa
Bees 3a pa3oBbIM yBeIHueHHeM cynepokcuaa u HoO»
MOJKET HapacTaTb YpPOBEHb TMAPOKCUI paaukana [13;
c.2-4], omHOW W3 OCHOBHBIX MHIICHEH KOTOPOTO

SIBIISIETCSI MHUTOXOHAPHATBHBIN KapJHOJIUIIHH,
dbochomunua,  comepXKamMii  YeTHIpe  OCTaTKa
JIMHOJIEBOA KUCIOTHI[ 14; c.1864-1884].

[IpeanonoXuTeTsHO CX0KUE TMPOIIECCH IPOUCXOIAT U
TIPY THITOKCHYECKOM TOPAKSHUN CepACIHON TKaHU.

CyMMI/IpyH IMOJYYCHHBIC pE3yJIbTaTbl, HaMHU
CJACJIaH BBIBOJ O TOM, 4YTO rnnoGapnquKaﬂ TUIIOKCHA
COIIPOBOXKAACTCA Ka4uyCCTBCHHBIMU n

KOJINYECTBEHHBIMU H3MEHEHUSIMH KaK CyMMapHOTO,
TaK ¥ (PPaKUHOHHOTO cocTaBa (POCONUIHUIOB KIETOK
CEepIeYHOM TKAaHM M CTENEHb OSTUX HapylLIeHUH
HaXOJHTCS B MPSAMOH 3aBUCHMOCTH OT HHTCHCUBHOCTH
1 JUINTETIHHOCTH THIT00apHYECKO THIIOKCHH.

BruiBoabI.

1.BniepBrie HCCIIEIOBAaHO N3MCHEHHE
¢paknroHHOTO cocTaBa (OChHOIUIHIIOB CepIeIHON
TKaHM B 3aBHCUMOCTH OT HMHTCHCHUBHOCTH U
MIPOJODKUTENFHOCTH — THIIO0ApYECKOH  TUIIOKCHH.
BeisBieHo 3HAYNUTEIbHOE U3MEHEHHE
KOJIMUECTBEHHOr0 cocraBa (ocdonunuaos, Kak B
YCIOBUAX CyOKOMITIEHCHPOBaHHOM, TaK u
JIEKaMIICHCUPOBAHHOM TI'MIIOKCHU. Y CTAHOBJICHO, YTO
CyOKOMIIEHCHpOBaHHass THIIOKCHS 4-X  49acoBOH
TIPOJIOJDKUTENFHOCTH XapaKTepU3YIOTCsI HapacTaHUEM
kommgectBa Jm3odopmer ®X, ®C u ®K Ha done
ymenbmernn Qpaknauit X u IO npun Hen3MeHHOM
konmmuectBe cymmapueix  @JI, gocroBepHO  He
OTJIMYAIOIIMXCS OT KOHTPOJS BO BCE CPOKH
HaOJIFOAEHUSL.

2.Cxoxast CHTyaus
CyOKOMITEHCUPOBAaHHON
HPOJIODKUTEILHOCTH.

Habmomamach M TIpH
TUIIOKCUM 8-gacoBoit
IIpyu  nEeKOMIIEHCUPOBAaHHOM
runodapuIecKon TUIIOKCUH 4-x 4acoBOM
MIPOJIOJDKUTEEHOCTH — HAOJI0AIOCh  JIOCTOBEPHOE
cHmkenue coaepxkanust OX, P u Bo3pacTaHus
ypoBHst JI®X, OC, OU, DK, ®OA Ha doHe
YBEIMYEHUS] CYMMapHOTO KoJIndecTBa OCQOINIHIOB.

3. OnHako npu 8-4acoBOM JEKOMIIEHCHUPOBAHHON
TUIO0apUYECKO  TMIIOKCHH  OBUIO  YCTAHOBIICHO
yBenuueHue  cogepxkanus JI®X u DK npum
CYILIECTBEHHOM CHIDKEHHE COJEP>KaHMS OCTAJIbHBIX
(bpakiuii 1 cymMMapHOro copepkanus GochoaunmmoB.

4. @®apMakOKOPpPEKIMHA TMpH THUIOOAPUIECKON

TUIIOKCHUH JINTIOCOMAJIbHBIM nmpemnapaToM
colepkaniuM, oOecrevYnBaeT HOPMAIM3AINI0 KaK
CYMMapHOTO  COJIEp)KaHusl, TaK U  OTAEIbHBIX

¢dpakironHoro cocraBa (ochorunuaoB cepaeyHoOH
TKaHH.
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ADAPTIVITY OF PLANTS IN STAGE IN VITRO-EX VITRO
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AJANITUBHICTDb 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 OCIIIKEHB 3 y3aralbHEHHS CTI0CO01B MOJIMIITUTH afanTamii mpoOipKoBHX
pocCIHH Ha eTarti in Vitro-ex vitro. Omicani MPUYHHA CTPECOBHUX CUTYAITiH, SIKi 00YMOBITIOIOTE 3MiHH MeTaboITi3MYy,
aHATOMO-MOPGOIIOTiuHi, TIepeOyI0BM BCHOTO OpPraHi3My y TIPOIIECi BHpPOIIYBaHHS B yMoBax in Vitro, mo B
KiHIIEBOMY pE3yJbTaTi BIUIMBA€ Ha IMOCTACENITHYHE IPIKUBICHHS POCIHH. 3 ypaxyBaHHSIM OiONOTIYHHX
0cOOJIMBOCTEH AOCIKYBAaHUX KYJIBTYp BHIIPOOOBYBAIHMCH Pi3HI MiJXOMM JUIS 3HWKEHHS BTpAT Marepiany Ha
erami in vitro-ex vitro. JloBeneHa MOMIIHBICTh BHKOPHCTAHHS ISl MiJBHINCHHS aJanTHBHOCTI MPOOipKOBHX
POCIIMH CTaHy iX CIIOKOIO, IO J03BOJMTH POCIMHAM-PEreHEpaHTaM «IIirOTOBHTHCH» 10 cTpecy. Bukmanene
MiATBEPAWIOCH Y EKCIIEPUMEHTax 3 KapTOIUICl0, XOCTOI, MalWHOIO, JOXWHOI Ta IHIIMMHU KyJBTYPaMH.
3BaXKalouM, IO YCHiXH B IPIKUBJIECHHI POCIMH Yy HOCTACENTHYHMH MEpiof BEIMKOI MIpOl0 OOyMOBIEHI
HAsSBHICTIO T0Ope PO3BMHEHOI KOPEHEBOI CHCTEMH, POCIMHY IN Vitro moBuHHI yemimHo GopmysaTw ii. Jist 1150T0
BUKOPHCTOBYETHCSI KyJNbTHBYBaHHS Ha 301MHCHHMX MiHEPAJbHHUX IOXXMBHUX PO3YMHAX, 3aJEXKHO BiJ MOTped
KOPUTYBaTH KOHIICHTPAI[i0 (iTO alleKCUHIB Ta MiIOMPATH TaKi, sKi O CIpUsUI HAUOIMBIIOMY edekTy. Y podoTi 3
OKPEeMHMH KyJIbTypaMH IO3UTHBHI Pe3yJlbTaTH OTPHMYIOThH, IOJAIOYH B JKMBHJIBHE CEPEIOBHUIIE AKTHBOBAHE
ByTULIA. YacTo KpamoMy IPIKUBICHHI MPOOIPKOBUX POCIHH CIPHsIE€ BUKOPUCTAHHS MIKOPHU3HUX TPHOIB, X04a
151 TEXHOJIOTis Hepiako OyBae CKIagHOK. BukopucTaHHS XiMIYHHX TIperapaTiB-aHTHCENTHKIB TAKOXK TO3UTHBHO
BILUIMBA€E Ha 3MEHIIICHHI BTPAT y NPOLEC NPHKUBIICHHS IIPOOIPKOBUX 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 HCUBUILHO20
cepedosuwa, XiMiuki npenapamu.

IMocranoBka mpoGjemun. He3Baxarounm Ha  NPUCTOCYBAaHHS 3a JABOX THIB afanTauii: 1 - BeleHHs
MONIYKA  paIliOHAIBHUX IUISXIB BUKOHAHHA  MEpPUCTEM 3 HATHBHHX YMOB B TMpoOipkoBi; 2 —
JOOCIIDKEHb 3  MIKPOKJIOHAIBPHOTO PO3MHOXEHHS  IOCTacelTHYHA aJanTamis. SIKIIo B epioMy BUIAAKY

POCIHH i 10 HUHIIIHBOTO Yacy iCHy€ YUMajl0 BUCOKO
3aTpaTHHX MPOLECIB, OB’ I3aHHUX 3 HUM, HE BUPILICHO
OUIIXA ~ ONTUMi3amii OKpeMHX 3 HHX. HaBits,
NOPIBHIOOYH 13 BBENCHHSIM B KymbTypy in Vitro
JIOCIIIJDKYBAHOTO Marepiany, aJanTHBHICTh POCIUH-
pereHepaHTiB 70 yMOB €X Vitr0 O6imbinr ckiagHa
npobsiema 3actocyBanHsi merony [1, 2]. Biomoriuni
0COOJIBOCTI KyJIbTYP HE J03BOJISIOTH MOBHOK MipOIO
BUKOPHCTOBYBaTH PO3POOKH CTOCOBHO 30€peeHHs
pociuH Ha erami in Vitro — ex vitro (HectepuibHi
YMOBH), a TOMY YHCICHHI JOCIITHUKA BiIMI4alOTh
BEJIMKI BTPAaTH MaTepiay came B Iiei nepiox [3, 4].

AHaJii3 oCTaHHIX AOCJiIKeHb Ta MyOJiiKauii.
Jo HMHIOIHBOrO dYacy 3ampoNOHOBAHO YHMAJo
CroCo0iB MiIBUIIEHHS aJaNTallil poCiuH B mepioa in
vitro — ex vitro [5, 6]. 3a ix BUKOpHCTaHHS POOHUTHCS
cnpoOa BpaxyBatu (i3i0J0ro-aHaTOMIuHI 0COOTHUBOCTI
npoOipkoBux pociuH [7], craH iX PO3BUTKY,
MPOBECHHSI MMiJIrOTOBYHX IIPOLECIB JI0 NEepecaKeHHS
ex vitro.

Hine nmocaimkennsi. BuxopucroByounm pi3Hi
MiAXOMW, WIABHIINTH AaJaNTUBHICTh NPOOIPKOBHX
POCTIHH Ha eTarti in Vitro-ex vitro.

PesynbTaTH pociuimskeHHsi Ta 0O0roBOpeHHS.
OcHoBHn MIPUCTOCYBAIBHOTO MeTtaboizmy,
AQHATOMIYHUX, MOP(OJIOTIYHIX 3MIH OKPEMHUX OpPTaHiB,
OpratiaMmy, y IJIOMy, 3aKJIaJaloThcs B amMiKaTbHHUX
MepucTeMax. BOHH, B CBOIO 4epry, € pe3ylbTaToM
MPOLIECIB, 110 IHAYKYIOThCS YMOBAMH KYJIbTHBYBaHHS.
Ha namry gymky, came 11i 0COOIMBOCTI CTaHy MEPHUCTEM
1 MBHAKICTE 3MIHM B HHX BIUIMBAIOTh HAa

010TEeXHOJIOTaM JOBOAUTHCS BHUPINIYBaTH MPoOIeMy 3
HEBEJIMKOI0 YacTHHOIO MaTepialy, TO B OCTaHHbOMY
e(EeKTHBHICTh alaNTalii BIUIMBAaE HA KOMEPIiai3amio
CaJMBHOrO Marepiany. TeXHOJOTIYHO aKTHUBHICTH
MepucTeM (0asaHC TOPMOHIB, aHATOMO-MOPGOJIOTiUHI
0COOJIMBOCTI, TOILIO) HEOOXIZAHO «IEePE3aBaAHTAKUTI).
Y nmpupoxi Bigomi aHajorm Ttakoro mpouecy. Lle
BXOJDKEHHSI POCIIMH y CTaH CIIOKOIO, IO JI03BOJISE 1M
MO/I0JIaTH HECIHIPUSATIMBI YMOBH 1 IIOYaTH KHUTTEBUIA
OUKJI 3 TMOYaTKy Yy BWIVISAI HOBOTO OpTraHi3My:
HAaciHUHH, YW OPraHy BETeTaTHBHOTO PO3MHOXKEHHS.
[Momyk MeTomiB BUKOPHCTAHHS CHOKOIO POCIHH-
pereHepaHTiB, sAKi O JO3BONMJIA  TOKPAIIUTH
MOCTACENITUYHY aJalTalilo, YacTo € aKTyaJIbHOIo
METOI0 JOCHIKEHb I KOMEPLiHHUX TEXHOJOTIH
MIKPOKJIOHAJILHOTO PO3MHOXKEHHSI.

IIpopocTanus HaCIHUHE, 800 OYIHOH, TOYMHAIOYH
3 TMEepuIoro eramy OpraHoreHe3y, 1 BIPOJOBXK
JKUTTEBOTO IIMKILY, Y POCIUH BiZ0OYBa€ThCs ajanTaris
JO YMOB HaBKOJMIIHBOro cepenosuma. llle B
MuHynomy ctomitti @.M. Kynepman [§] BcTtaHoBmMIIA,
10 HABKOJMIIHI yMOBH TiJl dYac OHTOTEHE3y
BU3HAYalOTh O0COOJMMBOCTI (OpPMYBaHHS OprafiB i
TKaHWH OpraHi3My, B SKHX Y CBOIO 4epry,
3aKJIaJaf0ThCsI MPUCTOCYBAHHS 10 HUX. TaKUM YHHOM,
JIOYipHIH OpraHi3M: HaciHHs, Y1 OpraH BEreTaTHBHOTO
PO3MHOXKEHHSI ~ TOTyeTbcs 1o nii  akropiB
HaBKOJIMIIHBOTO CEPEOBHIA 1€ B T€HEPATUBHOMY
Mepiosii MaTePHUHCHKOT POCIIFHH.

3okpema, HaMHM padime Oyno  yCIIIIHO
BHUKOPHCTAHO BBEJCHHS POCIHMH y CTaH CIOKOIO, SIK
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croci6 amamraiiii pocnuH in Vitro, mis kaprorut Ta
xoctd [9]. 3a BHcamKXyBaHHS B 3aKpUTUH IPYHT
po3canu Ta MikpoOyJIb0 BUSBJICHO BiIMIHHOCTI B POCTi
pocnuH Kaprorii. Po3cany BucampKyBaiau B 3aKpUTHH
IpYHT Bxke i3 c(popMoOBaHOIO (IariH 3 JIUCTKAMH)
HaJ[3¢MHOI0 YaCTHHOIO, a JJIsl MIKpoOysIb0 HEoOXiqHO
Oymo 18 pmHIB [Ig TOABH NepmAX CXOmiB. Y
BHUCADKCHAX  PEreHEpaHTIB  BCTAHOBICHO  Pi3HY
KUTBKICTh TOJIOBHHX CTEOEN Y POCIHHI Ta HEOJHAKOBY
TMOWHY  3aKjIaJaHHA CTOJIOHIB. HacamkeHHAM,
c(hOopMOBaHUM i3 po3cajy, BIACTHBE OIHE CTEOIIO 1 HE
rmboKe 3aKiamgaHHsa crojoHiB (1,5 cMm), a pocnuHH
KapToIUTi, IO BHUPOCIH 3 MiKpoOyns0, Mamu 1Ba i
OinblIIe MaroHis.

MeHIIa KiJgbKICTh CTOJIOHIB 'y HAacCiHHEBOTO
Marepiany 3 po3caly TaKoX ITOB’s3aHa i3 MOKIIUBUMH
MOCTACeNTUYHOTO TPHUCTOCYBaHHSA pociuH. Tak,
po3cani HeoOXiTHII NeBHUK Tepio]] NI MPYKABAHHS,
I Yac SKOTO 3HMKYETHCS TYpProp, W0 € CHIEHHM
CTPECOBHM YHHHUKOM. SIK BiZIOMO, CTpEC CTPUMYE PiCT
1, BIIMTOBITHO, TAEMY€ YTBOPEHHS OLTBINOI KiTBKOCTI
BEreTaTHBHUX OPTaHiB ( B T.4. i (JOTOACHMITIOIOUHX,
Bil SAKUX 3aJIC)KUTh TPOMYKTUBHICTH), a TaKOX
CKOpOYY€E BEreTarlilo, 10 B CBOIO Yepry MMO03HAYAETHCS
Ha MPOAYKTHBHOCTI POCJIMH. Y HAIIOMY JOCHTil B 000X
COPTIB KapToOIUli B 3aKPUTOMY TIPYHTI YTBOPHJIOCH
Oinpimie  MiHIOYNBO y PpOCIMH, IO BHUPOCIH 3
MiKpoOyJIB0, Hixk 3 po3caau. OTxe, BBEICHHS KaPTOILI
in vitro B cnokiii (yTBOpeHHst MiKpoOyJIp0) MOKpaIye
MOCTACeNTYHY afarnTalliio.

[qmum  OoTaHIYHMM — BHIOM, Ha  SKOMY
JIOCIT[DKYBAITH BILTMB BBEIECHHS POCIHH iN VItro B ctan
CIOKOIO, OYyJHM pEreHepaHTH [BOX COPTIB XOCTH.
Haii6isnpIna KibKiCTh POCITHH, SIKi IIPHKUITACEH €X Vitro
Oyna y BapiaHTi, ¢ BOHH MPOMIILIM CTaH CIOKOI. 3a
60 nHIB  KyJbTHBYBaHHS B  ILIbOMY  BHIIQJIKY
chopMyBaiach HaiOiiblIa KUIBKICTh MAaroHiB, Maca
POCIIMH, HE3BaXXAlOUu Ha Te, 10 B HepIIi JHI pOCTy Y
HUX OyJM JMIIe HEBEJNWKI Ta 3rOPHYTI IJIACTHHKH.
IIpote, pociuHM 000X COpPTIB I[OrO BapiaHTy 3a
po3MipaMH 1 Macowo TiepeBakalyl iHII BapiaHTH B
JeKibKa pa3iB. 30KpeMa pOCIMHH, BHPOIIEHI 3
Marepiany, 1[0 HE NPOMIIOB 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 TIPOMIIUIN CTaH CIIOKOIO.

Tlopsin i3 MopdoreHe3oM MaroHiB Ta KOPCHIB
OCHOBHHUM IIOKa3HMKOM IIOCTAaCETHMYHOI ajanTtamii €
NPWOKUBIICHHS POCIUH. SIKIO B KapTOILL  MiX
po3camor i MIKpoOyJap0aMH HE BIAMIYAIOCh YiTKOT
pI3HUII B TPWXHBICHI acCeNTHYHOTO MaTepiamy, a
BUSIBIICHA DPI3HUII JIMIIE 32 PO3BUTKOM, TO B XOCTH
TIPYKUBJICHHS POCIHH IN VItro myxe Bifpi3HsITOCH 3a
BapiaHTaMH 3 IHAYKIi€r0 1 0e3 iHIyKIii KOopeHeBOi
CHCTeMH ayKCHMHaMu. 30kpema, B copTy  Ilaymbec
I'mopi ” 3 po3cagm 6e3 xopens mprkmiaocs 37,8 %
POCTHH, a 3 KOpiHHIM — 56,6 %. Hait0inpmmii BiicoToK
NIPW)KUBAHHS CTAHOBMB Y BapiaHTi 3 POCIMHAMH, SIKi
npoinu  crtaH  cnokoro  — 87,2, IloxiGHa
3aKOHOMIPHICTh BCTaHOBIICHA 1 B copty “ [laTpiot ”.

TakuMm 4YMHOM, y JOCIIiAaX 3 pOCIMHAMH KapTOILIi
Ta XOCTH BCTAaHOBIIEHO, WIO BBEAEHHA N Vitro
pEeTeHEepaHTIB y CHOKIH MOKpPAIIye iXHE ITOCTACEITHIHE
KyIbTyBaHHs, TOOTO, 3a TakMX YMOB Kpaiie
BimOyBaeThes amanTamis [9].

OtpumaHi  pe3yJbTaTH
pocinuHax ex Vitro mamuau (copta “ Bpyceana 7,
Octavia », “ Maravilla », temneparypa +2-4°C),
noxunu ( coptu “ Patriot ”, “ Bluecrop ”, temneparypa
+6-8°C), ¢dyunyka (copr Bapcenoncvruii, +4-6°C).
[Taronu pocnuH AepeB’ siHLIN, OpYHBKU 301TBIITY BATHCS
B pO3Mipax Ta BKpUBAIHMCS 3aXHCHHUMH KPHIOYMMH
JIyCKaMH, JIUCTS CTapijio i omaaano. 3a MiJABUIICHHS
TeMITepaTypH BiAMidaaoch MpoOyKeHHS OpyHBOK Ta
crocTepiraBcs BUPIBHSHUI PICT POCIHH IICTS CTaHy
CIOKOIO.

Tanonenko M.b. Ta P.B. IBanmHikoB [10]
MTOCTACEeNITUIHY aIalTallifo CITHIIB ANacamptismorio 3
pomuuu opxineinux (Orchidaceae) posmouwnHanu 3
TOro, W0 KOJOM 3 pereHepaHTamu, sIKi pOCIM Ha
YKMBUJILHOMY CEPEIOBUILl, IEPEHOCKIIN B ITPOXOJIOIHE
MIiCIIe, IMITYIOYH YMOBH MIEPEXOY 10 MEPIOTy CIOKOIO
Ta 3 METOI0 IXHBOT'O 3arapTyBaHHsL.

B nanuit yac Hamu B ymoBax ®I' " Beppi ®apm
IOkpeiin " BHpomIyeThCS CalMBHMH  Marepian
NaBJIOBHI{ 3 BHUKOPHCTaHHSIM HETPHUBAJIOTO
JIOpOLIyBaHHs €X Vitr0 Ta BBeleHHs HOro B CTaH
cnokoro (puc. 1). YMoBH 30epiranHsi pociavH B CTaHi
crokoro: Temmnepatypa +8 °C; Bosoricts 45-55%.

MITBEPIKCHI  Ha

113

Bonoea kamepa onss nocmacenmuunoi aoanmayii

Pecenepanm nasnosnii uepez muosicoens nicis
adanmayii' y eonozii kamepi
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Biopocmanns 6pynvox 6 bazanvhiil yacmuni (pecenepanmu nasio8HIL NiC/IsL MPbOXMUICHe80T adanmayii ma
NPOXOOIHCEHHSL CHOKOIO)
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Puc. 1. [locmacenmuuna adanmayis nagiosHii

Ilepenr  BBeIEGHHAM B CIOKiHd
JIOPOIIYBaIMCh Ha TMepiiToBoMy cyoOctpari. Ile
JO3BOJIHMJIO YHUKHYTH YypakeHHS I1X KOMIIIEKCOM
XBOp0oO, 30kpema ¢y3apiozom [11]. 3a Bucagku Ha
MEepPIITOBUI CyOCTpaT 3 IMOAANbIINM BBEICHHSIM B
CIOKiii ~ BCTaHOBJEHI  Taki  OCOOJHMBOCTi: B
pereHepaHTiB, SKi Mepel IEPEeHEeCeHHSIM B CTaH
CIIOKOIO JIOPOLIYBJIUCh JIMIIE TPU THXHI, BiIMHUpaia

POCINHHA

BCs Ham3eMHa yacTtuHa. [IpoOymkeHHs BiIOyBajIoch 3
BipocTaHHs OPYHBOK 3 0a3aibHOI YaCTHHU HaroHa. B
pEereHepaHTiB, IO JOPOIIYBAIUCh YOTUPU THIKHI —
BiJIMUPAIIO  TPETHHA-TIOJOBUHA YaCTHH  [1aroHa.
[loBHOIIHHI MiKpoJepeBa BIAJNOCh OTPHMAaTH 3a
BBEJ/ICHHSI B CTAH CIIOKOIO PErCHEPAHTIB JIOPOLICHHX €X
vitro (puc. 2).



|/
[EESY] |

Biopocmanns nicist cnoxoro pecenepanmie, ujo npoxoounu
adanmayiro 8nPOO0EI’C MPbOX MUNCHIE.

«Mixpodepesay, siki ymeoproomucs
nio Yac cnoKow 3 pOCiuH, Wo
npoxodunu d0ea micsayi adanmayii.

Puc. 2. Cman pocaun niciisi npoxo0icentsi Cmamy CnoKoR 3aledCHO 8I0 nepiody adanmayil

Ha ocHoBI apanTariii i3 BBeIGHHSM B CTaH CIIOKOIO
mikpopociuH y TOB «HBII In Bitpo ITnant (Ykpaina,
M. Opeca) 3apeecTpyBanu BJAacHy TOPrOBY MapKy
«MicroTrees», abo «MikponepeBa». 3a iHpopmariero
POo3poOHUKIB [12] 1€ «..MPOAYKIIiSI HOBOTO MOKOJIHHS,
sgKa TIpEACTaBIsI€ COOOI0 HOBY OKpPEMYy KaTeropito
MOCaIKOBOTO Marepiaiy, IO 3HaYHO CIIPOILY€E eTaIln
foro popoliyBaHHs, 30epiraHHs Ta KOHTpoJIto. B imkii
BUPOOHMITBA  POCIAMH  BIJICYTHIH  KOHTaKkT i3
HABKOJIMIIHIM CEPEJOBHIIEM. BHPOOHHUITBO gaHOT
KaTeropii Marepiany BiAOyBaeThCsi 0€3 BUKOPUCTAHHS
TEIUTMIb, OJHAK TMPOYKINsS TOBHICTIO TOTOBa M0

BUPOIIYBaHHS B yMOBax HaBKOJIMIIHBOTO
CepeIOBHILAY.

Sxmo 3 pI3HUX  TEXHOJIOTIYHMX  4YH
OpraHi3alliiHUX  TPUYUH, KOJIM HE  BJAETHCS

«TIepe3aBaHTaXUTH» MPOTPaMy OHTOTE€HE3y POCIHH €X
vitro, migOuparoTh YMOBH, 3a SKHUX Taki 3MiHH
BiZI0YBaIOThCsl 0€3 BXOPKEHHS POCIIMH B CIIOKIH.

EdexTuBHICTH MOCTACEITHYHOL ajanramii
3HAYHOIO MIPOFO 3aJICKHUTh BiJ] TOKA3HHUKIB PU3OTCHE3Y
pereHepaHTiB. Y OUIBIIOCTI MPOTOKOJIB TEXHOJOTIN
MKP iHayKIIisl KOpEHEYTBOPEHHS € OKPEMHUM €TaroM i
piamie MOEAHYETbCS 3 MyJbTUIUTIKAIi€ — abo
BiZIOyBaeThCs Mmija vac afantanii. Pocnunu in Vitro He
MaloTh IMOTPeOHW (OPMYBaTH PO3BHHEHY KOPEHEBY
CHCTEMY BHACJI/IOK PO3MIIEHHS KOPIHHS y IITyYHHX
KUBUITBHUX CepeIOBUINAX, 3a0e3neueHnx
JETKOJOCTYITHAMU  BOJIOTOK0 ~ Ta  €JIEeMEHTaMU
skuBeHHs [13].

[HayKIis pu3oreHe3y Moke OyTH: CHOHTaHHOIO,
mig 4ac eramy MyJIBTHIUTIKAIl, 3a OCTAaHHBOTO
JKMBIFOBaHHS B yMOBax IN Vitr0 Ha 3MiHeHHX
JKMBIWIBHUX CEpENIOBUINAX — IUTOKIHIHAYKCHHOBHM

IH/IEKC Ta PO3MOYMHATUCH 3 BHUPOIILYBAaHHS BHXITHHX
JUISL OKWBIIOBAaHHS POCIMH Ha CEpeJOBHUINAX, IO
IHAYKYIOTb YTBOPEHHSI KOPEHEBOI CUCTEMH, a00 MAIOTh
MaJril BMICT IIUTOKiHIHIB, 10 3a0e3edye pru3oreHe3
i yac afanrarii Ta HOCTaCENTHYHOTO KUBIIFOBAHHS.

30kpemMa, HAMH B JOCIIKCHHAX 3 aCENTHYHOIO
KyJNbTYporo XocT [14, 15] BcTaHOBJICHO IHAYKYIOUNH
BIUIMB ~ YMOB  BHPOILIyBaHHS  POCIHH-IOHOPIB
eKCIJIAHTIB Ha pPH30I€HEe3 pEereHepaHTiB MiJ uac
KyJIbTHBYBaHHS Ha CEPEOBHUINAX 3 BUCOKUM yMiCTOM
ayKcuHIB. PereHepanTy 3 €KCIUIAHTIB 130JIbOBAHUX 13
JIOHOPIB, BHPOIICHUX 3a JOBroro ¢oromepiony,
IIBHJIIE PO3IOYMHAIN  KOpPEHeyTBOpeHHsA. Tak,
cTocoBHO coprty Ilarpior pi3HuIst cranosmna 7,1 aHiB,
a copry Ilaysnsc I'opi — 5,8 nuiB. Llel YnHHHMK TakoX
BIUIMBAaB Ha KUIBKICTh Ta JOBXHHY KOpEHIB. Y
perenepantis copty [larpioT nepia 3pocrana 3 1,2 10
3,7 ITYK HA POCIUHY, a JI0BKHHA 30LIbIIyBanacs 3 4,3
10 8,9 Mm.

YMoBHU 0e3nocepeHboro BHPOIILYBaHHS CaMHX
pereHepaHTiB 00YMOBIIIOBAJIM Il OUIBINININ BIUIMB Ha
pusoreHes. 3a oBioro (orornepioJy pereHepaHTH
LIBHJIIIE YTBOPIOBAIN KOpPEHi Ta OLIbIIY 1X KUIBKICTB.
Mix pociaunamu copty [laTpioT pi3HHIS 32 TOYATKOM
YTBOPEHHSI KOpPEHIB CTaHOBMWJIa 8,3 1HIB, a B COpPTY
Maynsc I'mopi - 9,1 nmiB. BigMiHHOCTI B PO3BHTKY
KOpEHEBOI CHCTEMH, 3aJIe)KHO BiJ] YMOB OCBITJICHHS,
OyJa OUIBIIOIO, HIXK MK 1HIIMMH BapiaHTaMH.

3rinno 3 mpaBmwiom  Ckyra-Mumiepa, Ha
KHUBUIBHOMY cepeoBHILI KOPEHEYTBOPEHHS
BiZIOYBa€ThCSl 3a IepeBaKaHHS  ayKCHUHIB  HaJ

HMTOKiHiHAaMK. BoTaHiuHi BUIM, HABITH KJIACH, MAlOTh
CBOI BHMMOTH [I0 AayKCHHIB a00 IX CHHTECTHYHHX
aHayoriB. 30KpeMa, 3a HAIIUMH CIIOCTEPEKECHHSIMHU,
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OibLIICTE  ONHOAOJBHHMX POCIHMH, HOPIBHSHO 3
JIBOZOJILHUMH, TOTPeOYIOTh ayKCUHIB Oibiie. Takox
BUSICHEHI BHMOTH 10 BUAY aykcuHy. Hampukman, y
nporieci MKP  XocTu  iHAONIJIONTOBAa  KHCIIOTA,
MOPIBHSAHO 13 1HAOJUIMACISIHOIO KHCIOTOM  (#ai
IMK), BusBmmack Mamo  e(eKTHBHOIO IS
KOpEHEYTBOPEHHS B 000X copTiB [15].

Iopiaroroun aykcuau IOK, HOK Tta IMK, sk
IHIYKTOPH pPH30TEHE3y Yy PI3HUX KOHICHTpAIlis
BCTAHOBWJIM, IO KpaIllUM BapiaHTOM OyJI0 JOJaBaHHS
1,5-2,0 mr/n IMK. 3a miux yMOB JTOBKHHa KOpPEHEBOI
cuctemu Ha 30 JCHP KyJbTHBYBaHHS CTaHOBWIA 64-
171 wmm. JlomaBanHs B Takii kimbkocti HOK
CTHMYJIIOBAJIO IHTCHCHUBHE KalIOCOYTBOPEHHS B
OazanmpHiil uwacTuHi marona. J[lomaBamns I[OK B
koHueHerpanii 1,5 1 2,0 MI/a1 BUKJIMKaJIO YTBOPEHHS
KOPEHIB, OJTHAK, TIEPII 3 IOBKUHOIO 3-5 MM BiIMiueHO
Ha 22-30 1eHp 3a MOPIBHSHO TOBLTBHOTO PO3BHUTKY
pereHepaHTiB.

Jast 6araTboX KyJnbTyp YMHHUKOM, OOMEXYI0UNM
pHU30TEHE3, € 3MEHIICHHS KOHIIEHTpamii eIeMEHTIB
MiHEepaNbHOTO KHUBJICHHS B cepenoBuii [ 16]. Hamu me
MiATBEP/KEHO B TMPOIECi KyJIbTUBYBAaHHA XOCTH.
CepenoBuiie i3 NMOJOBHHHUM BMICTOM MiHepajibHOL
(MS) ocHOBH, HOPIBHSIHO 3 KOHTPOJIEM, CTUMYJIIOBAIIO
picT kopeHeBoi cuctemu. Ha 1ibomMy cepemoBuiii st
aykcuniB (IMK) nposBisinack, sik 3 BUCOKOIO (3 Mr/i)
Tax 13 HU3bKOIO KOHLeHTpawi€eto (1 mr/i). Perenepantu
Ha CEPEIOBHILI 3 BHIIOIO KOHIICHTPAIIIE€I0 ayKCHHIB 3a
KUTBKICTIO KOPEHIB TOCTYHNAUCh POCIHHAM, IO
BUpociu Ha cepepoBuli 3 1 mr/i IMK ane mepeBaxamu
3a JOBKHHOIO KOPEHIB.

3a MKP ciwBu TOpiBHIOBANIH [0 iHIYKTOPIB
kopereytBoperHs (IMK, HOK, IOK). Bcranosmena
Bucoka edekrusnicte [OK, ane y Bemukux
KOHUEeHTpauisx — 6,0 mr/n [17]. s iHmof kictoukoBoi
KyJbTYpH — BUIIHI KpallM iHAYKTOPOM YyTBOPEHHS
kopeniB 6yB aykcuH HOK. Iporte, 3a #ioro nonaBanHs
Ha Oa3anbHid JISHII  BigOyBajoch IHTEHCHBHE
pO3poCTaHHs KaJIocy, 110 YCKJIaIHIOBAJIO
MepeHECEeHHs pereHepanTiB B yMoBH €X Vitro [18]. Ha
pereHepantax maBmoBHII HOK Ttakoxk crpuanHsSB
YTBOPEHHS TinepTpo(pOBaHUX KOPEHIB, a 3a BHCOKHX
KOHIICHTpAIiii BOHM (opMyBaiu IHIIE KOPEHEBY
cucTteMy 0e3 YTBOPECHHS ITarOHiB.

IIpo nerepmiHyroumii BIVIMB Ha PH30TEHE3
3MEHILEHHS! KOHIEHTpAllii  MiHepaJbHUX  CoJed
(MSy2) cBimunTH YTBOpEHHSI KOpIiHHS, HaBiTh, 3a
3HM)KEHOTO BMICTY ayKCHHIB, IO He BifOyBanoch 3a
NMOBHOI MiHepaibHOi ocHOBH. OpHaK, BIJCYTHICTh
aykcuiB  (IMK) y cepenoBuii 3 I0JIOBUHHOO
KOHIICHTPAIII€I0 MiHEPATbHUX PEYOBHH, CIPUIHHSIO B
pEereHepaHTiB MPUTHIYEHHS POCTY 1 PO3BUTKY, B TOMY
Yuci # pu3oreHesy.

OxpiM BIIOMHX JIETEPMIHAHTIB pPHU3OTECHE3Y
BUKODHCTOBYIOTh ~ JIOJlaBaHHS B CEpEJOBUILE
akTBOoBaHOro Byrumid. Ilpumyckarore, mo 1e
OB’ S13aHO 13 3B’ A3yBaHHAM HHUM iHTi0iTOPiB TOPMOHIB,
3aTiHeHHSM Ta JOJaTKOBOK aepali€lo CepeJoBHUIla
[19]. HAnsa maBnmoBHiI ONTHMaIbHOIO Oyia KiTbKICTh
AKTHBOBAHOI'O BYTULIS B XKMBUJILHOMY CEPEAOBHILI
2,0-2,5 r/n. BapiaHTH 3 MEHILIOIO KOHIIEHTPALi€

MOCTYNAJIMCh LBOMY, SIK 32 IIOYaTKOM YTBOPEHHS
KOpEHiB, Tak 1 MJOBXMHOIO iX Ta KUIBKICTIO. 3a
30UIBIICHHST KOHIIEHTpalii aKTHBOBaHOTO BYTLLIS 10
3,0 r/n momiTHI O3HAaKM (ITOTOKCHYHOTO BIUIMBY Ha
3arajJbHUI CTAaH pereHepaHTiB, B T. 4. BUCOTY IaroHy,
LIBHUJKICTh POCTY Ta KOPEHEYTBOPEHHSI.

Kopenesa cucrema, copmoBana in Vitro, gacro
XapaKTepU3y€eThCS BIACYTHICTIO KOPEHEBUX BOJIOCKIB
Ta KOPEHIB JPYTroro MopsaKy. SIK Haciigok, KOpeHi
MalTh HEBEIHKY IUIONly KOHTaKTy 3 >KUBHJIEHHM
CepeloBUINeM i CIaOKy MOTIMHAJIBHY 3JaTHICTH, IO
TaKO)X HETaTUBHO MPOSBIIETHCS HA €Tl iX amanTarii
JI0 HOBUX YMOB pocTy. BojgHouac, BiTHOBIIOETBCS Pl
3B’5I3KiB, SIKI POCIIMHU Ha0yJIM BIIPOJIOBIK €BOJIIOLIIT.

OyHKIiI0 KOPEHEBUX BOJIOCKIB B IIEHO31 BUKOHYE
Mmikopuza. Came  3aBmsku il BigOyBaeTbes
HaJIXOJUKEHHs TIO)KUBHUX PEYOBHUH i3 cyOcTpary, 1o
00yMOBIIOETHCSI ACOMIAIEI0 KOPIHHS BHIIUX POCIHH i
HENaTOTEHHOTO rpruda. 3a TAKUX B3a€MOBITHOCHH TPHO
JoloOMarae  pOCIMHI y  3aCBOEHHI  BOOM 1
BO)XKOJOCTYIHUX PEYOBHH IPYHTY. TakoX CBO€IO
(epMEHTATUBHOIO NiSUIBHICTIO TPHO, CIpHse OOMiHYy
BYTJICBOMIB, AaKTHBI3y€ MisUTBHICTE  (pepMEHTHHX
cucteM BHIIMX pociauH [20]. Mikopu3Hi Ta iHIH
pusochepHi MIKpPOOPTaHi3MU  YacTO, BHUCTYMAIYH
KOHKYpEHTaMH NaTOreHiB, BOEpIraloTh POCIMHHU BiJ
3aru0enni.

Hepinko micisi mepecaiku pOCIAMH Y IPYHT
BiZIOyBalOTHCS ix BTpaTH, OB’ si3aHi i3
HECIIPOMOJKHICTIO KOpIiHHS IIOBHICTIO BHKOHYBAaTH
acuMULAMiiHI (yHKIii. ToMy, JOMITEHO Ha TPETHOMY

qH YETBEPTOMY eTamnax KJIOHAJILHOT'O
MIiKpOPO3MHOXKEHHS 3aCTOCOBYBATH IITYYHY
MIKOPH3aLIi0 pociuH (mms MiKkOTpo(HHUX),

BPaxOBYIOYH ii HO3UTHBHY POJIb Y IOCTa4aHHI POCINH
MIHEpaJIbHUX Ta OPraHiYHUX EJIEMEHTIB JKUBIICHHS,
BO/JIOI0, 0i0JIOT1YHO aKTMBHUMHU PEYOBHHAMH, a TAKOXK
y 3aXHUCTi POCIIUH BiJ] MaTOreHiB. MikopH3a A0roMarae
HE JIMIIE B acHUMUIIAMII ajge W 3MeHIIye CTpec,
NOB'SI3aHUN 13 TMEPecajKo0, IMiJABUIIYIOYH, TaKUM
YHHOM, IIPUKHUBITIOBAHICTh POCIIHH.

OcTaHHIM 9YacOM HaKOMMYeHa 3Ha9Ha iHpOpMaIis
po Mikopu3alito psaxy pociaud 3a MKP. I'peuannk P.
M. Ta iH. [2]1] AN Kpamoro MPYOKUBICHHS POCITUH

BHKOPHCTOBYBAIH IHOKYJISIIIIFO MiKOPH3HAMHU
rpubaMu, Xo4a Ie CHocid IOOCUTH TPYyIOMIiCTKUH.
ABTOpH JIOBETIH MOXITUBICTh CYMICHOTO

KyJbTUBYBaHHS MIKpPO Ca/DKaHIIB TiOpuaHOi Qopmu
OCHKA B yMOBax IN Vitr0 3 BHIIIICHOW YHCTOIO
KyJIbTypOIO  BHUIIUX TpubiB Ta  BHPOILYBaHHS
IHOKYJIFOMY TpHrOa-cMMOioHTa 3a MeTosioM Marx et al.
Taka Mikopu3ailis B yMoBax iNn Vitro BUSBHIIACH JOCHTh
e(PCKTHBHOIO TEXHOJIOTIEI, X04a 1 CKIAJHOK0, IO JUIS
MIPAKTHYHOTO 3aCTOCYBaHHS € JIOCUTh
npobnemarnaHuM. Lleit MeTo HalOUIbIIE MiIXOAUTh
JUIst nabopaTopHUX ¢izionoriyHnX Ta
010TEXHOJIOTIYHUX JIOCITI/PKEHb, TOMY aKTyaJbHUM
3aJMIIAE€THCS  TOIIYK  KOMEPLIHHUX  TEXHOJIOTiH
MiKOpH3allil Ha eTari MOCTaCeNTHYHOI afanTariii.
Baanocst f0CArTH MIiABUINEHHS IPHKHUBICHHS
npoOIpKOBMX ~ POCIMH  Ha  eram  €X  Vitro,
BHKOPHCTOBYIOUH OOPOOKY X KOPiHHS MIKOpHU3HUH
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iHokymsat ~ MycoApply  Super  Concentrata B
KoHueHTpamii 2,6 % (Ha 6,2 %), abo po3uuH
HiTpodocku — 50 r/n (Ha 6,8 %), xoua cymicHe ix
BUKODHCTaHHS ~HE TIPHBEJIO [0  IOKpalICHHS
NPYOKUBIICHHS IPOOIPKOBUX POCIHH y Terutuii [14].

BaxknuBuMm Jutst amanTaiiii pociaMH €X Vitro e
IIBUJIKE BIJHOBJICHHS B POCIMH BOJOOOMiHY. VY
CKJISTHIH Tapi, 3a CTaOLIPHUX BOJIOTO-TEMIIEPATYPHIX
YMOB POCIUHH (POPMYIOTH JIETKO YPa3lIUBI HEBEIHKi
JUCTKH, B SKAX TOCTIHHO BIOKPUTI MPOAMXH, TOHKI
cTeOma Ta cabOpO3BHHEHY KOpPEHEBY cuctemy [l4,
22]. Bommmii cTpec NUPU3BOAWTH OO 3HEBOAHEHHS
TKaHWH 1 pyHHyBaHHS MeMOpaH. BpaxaioTp, M0
PO3BUTOK  MEXaHi3My  3aKpUBaHHS  HPOJHXIB
3aIlyCKaeThCsl MPU 3HIDKEHHI BojiorocTi 0 65% [23].
Are 3a Takoi BOJOTOCTi OiNmbLIiCTH POCITHH N Vitro
THHE, a 32 BUCOKOI BOJIOTOCTi, 0COOIMBO B MOEIHAHHI 3
BHCOKOIO TEMIIEPATYpOI0 Ta HAasBHOCTI TPaBMOBaHHX
JIISTHOK TKaHWH, BiIOYBA€THCS IIBUIKE MTOIIKOIKCHHS
pOCIuH canpoiTHUMHA Ta  IIKOJAOYMHHUMHU
MikpoopraHiaMamMu. Tomy, OLIBOIICTE TEXHOIOTIH
nependavyae CTBOPEHHS BIPOJOBXK MNEPIINX [HIB
BOJIOTOCTI B MeXax 95-99 % 3 HaCTyNHUM 3HIKCHHAM
mo 50-60 % [13, 14]. YV okpemMux BHUIaAKaX
3aCTOCOBYIOTh aHTHTpaHcmipanTH. Hampukmazg, s
3ano0iraHHsT BOJHOMY CTpeCcy Ta IOLIKOJKEHb
rpubamMu  pociauH €X Vitr0 akTHHIiAli HaM# BOHH
O0NpHCKYBaJIKCh pO3YMHOM mnpwinnana Jlimocam Ta
¢ynrinumom Ipesikyp Enmepmxi 840 SL. [14, 24].
3enensacrka H. M. Bctanosmia [25], mo 0,3 1 0,5 %
koHmeHTpanii Vapor Gard Ta 0,4 % KoHHIeHTparmil
npenapaty EITAA crpusimu 3HIDKSHHIO TpaHCIHipariil
Ta MOKPALICHHIO aJanTauii pocJIrH BUHOTpay in Vitro.

IMix wac aganramii U psLy KyJabTyp, 30KpeMa,
KapToIUli, TMABJOBHII, MaJIMHH Ta IH. 3aBISKH
FOBCHIIBHOCTI POCIMH €X Vitr0 yCHmiliHO MOXKHA
MPOBOUTH MMOCTACCIITUYHI JKuBIfoBaHHs [11, 14, 26].
Hanpuknan, y pociuH MaBiOBHIT micmst in Vitro
IOBEHIJII3allis MPOIOBXKYBAJIACh KiIbKa MOKOJIHb 3a
MOCTACeNTUYHOrO >kMBLIOBaHHs. [licns  Bucanku
pereHepaHTiB, BUPOLICHUX «HA arapi», ix MoXHa 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 CA/KaHIIM BJIACTHUBI IepIi MOPiBHSHO
BeJIMKI JMCTKH. Taki pereHepaHTH MaroTh Kparii
aJlanTaniiiHi BJIAacTMBOCTI 1 MeHIIy CcOOIBapTiCTh,
MOPIBHIHO 3 POCIMHAMH BUCAPKCHUMH BiIpasy 3 yMOB
in vitro [11].

Binpmr 1OCKOHAIMM METOLOM ITOCTAaCEHNTHYHOT
ajanranii Ta MPUCKOPEHOTO  PO3MHOXEHHS €
¢oroaBroTportne  MKP. V¥V ocHOBI mporo wmeromy
MIOKJIaJICHO iHTEHCHBHE HAKOITMUYECHHSI pereHepaHTaMu
IUIACTUYHUX PEYOBMH 32 pPaXyHOK iHTeHcHQikamii
(dotocuHTE3y, a came, 30UIBIICHHS B pa3d CBITIOBOT
eneprii Ta Bmictry CO: [14, 27]. 3a Takux ymoB
pereHepaHTd Ha/J3BHYAaHO MIBHJKO HAKONUYYIOTh
PEYOBHHH, SKi 3HAYHOIO MipOIO BUKOPUCTOBYIOTHCS, SIK
OyniBembHUI Marepiai. 3a HalllUMHU
CIIOCTEPEKEHHSIMH, 3aCTOCYBAaHHS METOJY JI03BOJISIE B
JIBa pa3u MPUIIBHUIIIMTH PiCT, HiX iN Vitro [14]. Takox

pOCIMHM  CTalOTh  IOBHICTIO  ajganToBaHi 10
aBTOTPO(HOTO KMBJIEHHS. 3aCTOCOBYIOUH LIEH MeTo,
HaM BJAJIOCs BKOPIHUTH XuBLI pyHayka [14, 28], ski
32 3BMYAWHOIO BEr€TaTUBHOTO PO3MHOMKEHHS IyKe
CKJIQ/THO BKOPiHIOBaJIaCh.

Hnst  kpamoi amamraimii  pociamH  in - Vitro
CTBOPIOIOTh KOHTPOJIbOBaHI YMOBH 3 IIiJIBUIICHOIO
TEMIEepaTypol0 Ta BUCOKOIO BOJIOTICTIO MOBITps. Taxi
YMOBH BOJHOYAC € CIIPUSATIMBUMH 1 71 IHTEHCHBHOTO
PO3BUTKY MiKpoduopu, 30KpeMa H MiKpOCKOIIYHUX
canpoiTHUX rpubiB, IO MOCEIAIOTHCS Ha OCTIa0ICHIX
IiJ] 9ac aJanTamiifHOTO CTpecy POCIHHAX. 3a HAIINMHA
CIIOCTEPE)KEHHSAMH, LI  OpPraHi3MH  MalepyrouH
TKaHWHH 3HUINYIOTH POCIMHU 3a 1-2 TwxkHi [14]. ¥V
BUIIQJIKy IIONIKOJKCHHS TABJOBHII 1 HasABHOCTI
criopoiTiB pereHepaHTn rUHYIH 3a 1-2 100u.

3 MeTow 3axuCTy Bi 3raJlaHoro sBUIIA
3aCTOCOBYIOTH OioNoTiyHI Ta XiMiuHI MeTomwm. 3
O10JIOTIYHUX BIAUM NPUKIAOM € OONPHCKYBaHHS
POCTIHH PO3YMHOM MiKpOOIONIOTIYHMX TIpemapariB, Ha
OCHOBI KOpHCHUX OakTepiii [29].

XiMigHi MeETOOM TependadaroTh sSK 0OpOOKy
TEIUTMIHUX CyOCTpaTiB, TaK i 00POOKY caMUX POCIIHH.
Ha pocnuHax XocTH HaMH MOPIBHSHO €(EKTUBHICTH
00poOKku cyOcTpaTiB (Ha OCHOBI TOpdy) IBOMa
pedoBuHaMU: GyHIa307 (I.p. OSHOMINI) Ta PU30JICKC
(Tonkmodoc-mMeTii) Ta 0OpPOOKY poO3Caayd HITPaTOM
cpibna, Makcum Popre 050 FS t.x.c. — Syngenta i
Ipesixyp Enepmxki 840 SL, B.p.x. — Bayer Garden [14,
15]. HaiibOinpme pocmuH (89,47 %) mpmxUiIocs y
BapiaHTi i3 3aMOYYBaHHAM iX TIepel BHCAIKOIO B
Ipesixyp Enepmxki 840 SL, mopiBasiHO 3 35,61 % B
KoHTpodmi [15].

AHamizyroun ckian Mikpoduiopu, sKa 3aceisia
pereHepaHTd OXKHHU B YMOBax €X Vitro, BCTaHOBWIIH,
10 KOHTAMIHAHTH BiZIHECEHI MEPEBAXHO JI0 IBUICBHX
rpubiB, 30kpema mpezactaBHuKam pozay Aspergillus.
JlekoHTaMiHy[O4Ya aKTUBHICTH (QYHTILHIIIB CTOCOBHO
3raJlaHux MIKPOOPIraHi3MiB 3ajie)kaja BiJl BOJOTOCTI
HOBITPs, IIpenapary Ta Crnocody Horo BUKOPHCTAHHS.
BimmiueHo, mo B KOHTponi 0e3 3acTOCYBaHHS
GyHTIOUOIB  ypaKeHHS POCIWH 3 IOJAJBIIOK  iX
3aruOeumio craHoBmia 86 % 3a HU3BKOI BOJOTOCTI
MOBITPS, @ B YMOBaX BHCOKOI BOJIOTOCTI 3arHHYJIH BCi
pociuHM. Y BapiaHTi i3 3aCTOCYBaHHSM KOHTAaKTHOTO
¢yHrinuay QyHmazory BTpaTH pOCIHH 32 000X PiBHIB
BOJIOTOCTI MOBITPS OyJM OJIM3BKUMHU JI0 KOHTPOJIIO.
3actocyBannsi ¢Qynrinuay TomnciH M, mnopiBHSHO 3
KOHTPOJIEM, JI03BOJIMJIO 3HU3UTH BTPATH, 3aJIEKHO Bij
crioco0y 3actocyBanHs, Ha 17-24 %. 3a 100 %
BOJIOTOCTI y BapianTi i3 3ragaHuM QyHrIIUIOM
YKUBUMHU 3aJIUIIATINCh 5-7 % pocnuH. Y 1ux BapiaHTax
TaKOX BiIMIYE€HO NPUTHIYEHHS POCTY POCIIHH, 30KpeMa
MeHII OioMeTpuyHi po3mipu maroHa. HalOinmbm
e(EeKTUBHMM BHSBWIIOCH 3aCTOCYBaHHS IIpenapary
[pesixyp Enepmxi y no3i 1,5 /1 3a oOnpuckyBaHHS
BIIPOJIOBX KyJIbTHBYBAHHS 4epe3 I’ Th JHIB, OCKUIBKH
B I[bOMY BapiaHTi TPIKHBAaHHSI PpEreHEpaHTIB
CTaHOBHJIO Maiike 98% 3a HU3BKOT BOJIOTOCTI MOBITPS,
ta 79-85% — 3a Bucokoi [14].

2. Ille GimpIn paguKaJbHAM METOJOM 3aXHCTY
pociuH Bix HebaxaHoi MikpodIopw € CTBOpPEHHS
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YMOB, 3a SKHX I[i O0’€KTM HE MOXYTh POCTH.
Hanpuknan, Ha  TtopdocyOcTpaTi  BHIPOOYBaHO
00poOKy (QyHrimuAaMud 3 METOK 3aXHUCTy Bif

KOMILIECKY XBopoO. OJHak, JMIlle YacTKOBO BAAJIOCH
CTPUMYBATH TIOIIUPEHHS 'PHOiB, 3HIKYIOUH BOJIOTICTh

cyOcTpaTy Ta 0OpOOIsitOYM WOro KOXHI 5 JHIB
[pesixkyp Enepmxi 840 slB.p.k 2-3 M1 Ha JiTp BOAH.
3actocyBaHHsl sk cyOcrpary arpomepuiity (puc. 3),
JIO3BOJIMJIO YHUKHYTH BUIIE 3rajjaHux rpooiuem [11].

Puc. 3. Cman pecenepanmis nagnosuii na piznux cyocmpamax

Bucnosku.

3Bakaroun Ha Oi10JIOTIYHI OCOOIMBOCTI POCIHH, 3
skuMu ipoBoanuThcsi MKP, BHCOKY eeKkTHBHICTH Ha
erari in Vvitro-ex Vvitro mano BBeJEHHS POCIHH Yy CTaH
CIOKOIO, 3aCTOCYBaHHS AayKCHHIB, CIELiaJbHOTO
¢doromnepioy, KOHUIEHTpalii MiHEpalbHOi OCHOBHU
cepenosuia, CO», 10/1aBaHHA B HHOTO aKTHBOBAHOTO
BYriuis,  3aCTOCyBaHHS  MIKOpH3H,  XIMIYHHX
npernapariB, a TakoX cyOcTpary, Ha  SKOMY
BiZI0OYBAETHCS MPHMIKUBIICHHS 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

KaHOuoam 8emepuHapHuIX HAyK, OOYeHm

Kageopa axyuiepcmea, Xupypeuu u He3apasHvix bonesHell
Q@I'EOY BO Hsanosckasn ' CXA, e. Hsanoso

Mannosa Mapus Cepzeesna

Kanouoam Ouo102u4eckux Hayk, O0YeHm

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

Knemuxkoea JItoomuna Bnaoumuposna

O00KmMop Ouon02UYecKux HayK, npogeccop

Kageopa axyuwiepcmea, Xupypeuu u He3apasHvix 0one3Hell
DI'BOY BO Usanosckas 'CXA, 2. Usearnoeo

AKTYAJBHOCTH KOIMPOJIOTMYECKUX UCCJEJIOBAHUM ¥ LBITIAT
Hccneooeanue evinonneno 3a cuem cpedcme pedepanviozo 0100x3cema no 3aKazy
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 Q)OHG MIPUMEHACMBIX OMOJIOTHYECKH aKTHBHBIX BEOICCTB C BO3PACTOM HU3MCHACTCA
(l)yHKHI/IOHaIIBHaﬂ AKTUBHOCTH IMUIICBAPUTECIIBHOIO TpaKTa, BCJICACTBHUEC YEro HN3MEHAKOTCA CbI/I3I/I‘IeCKI/Ie u
XUMHUYECKHE CBOWMCTBA Kaja. JIIISI MIPOBCACHUA KOIIPOJIOTHUCCKUX I/ICCHGJIOBaHI/Iﬁ NPpUMEHATIN CTAaHIAAPTHBIC
KJ'[I/IHI/IKO-J'I360paTOpHBIe METOABbI. B wurore y 35-CyTO‘IHHX OBIIUIAT B KaJI€ NPUCYTCTBYET HE3HAYUTCIBHOC
KOJINYECTBO HEHTpasbHOTO *XHpa, pH=6 en. B uaTaKTHO! Tpymiie 0OHAPYKEHO OOJBIIOE KOJMYECTBO BHYTPH- U
BHEKJICTOUHOTO KpaxMaia, KOKKOBOW MMKPOQJIIOPHI, JIEHKOIMTOB M OHPUTPOLMTOB. B rpymie mpIuIT,
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MOJYYHMBIIUX HpO6I/IOTI/IK 300H0pM, BBISIBJIEHO OOJIBIIOE KOJINYECTBO KOKKOBOM U ﬁOﬂO(bHHbHOﬁ HaHO‘IKOBI/IL[HOﬁ
MHKpO(l)J'[OpLI, CAMHUYHBIC KJIICTKU KUIICYHOI'O SIUTEINA, SPUTPOLUTHI U HeﬁKOHHTH. vy OBIIUIAT, NOJYYUBIINX
sHTepocopOeHT monumMeTuiacuwiokcana nonuruapar (IIMCIITY), He oOHapy>KeHO BHEKJIETOYHOIO Kpaxmalia M
nepeBapI/[Moﬁ KJICTYAaTKH, KJICTOK KHIICYHOT'O SIIUTCIINSA U (bOpMeHHI)IX JJICMCHTOB KPOBH. N UBITLIAT, OperiapaTbl
B KOMIIJICKCC B KaJIC OTMCYUCHBLI CIMHHUYHBIC KICTKH KHIICYHOI'O J3IIHUTCIIMA, HeﬁKOHHTbI u ﬁOIlO(bPIHLHa)I
MHUKpo(diIopa. DHTEPOCOPOEHT CHHU3MJ PUCK PA3BUTHS BOCHAIUTENHLHON PEaKIMU MPU BBIPALIMBAHUU LBIILUIAT,
3¢ ekt coxparmics B TedeHue 10 gHEH mocae OTMEHBI Ipenapara.

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

Knrouesvie cnosa: ysvlnjasima, eospacm, np06u0mur<, 3Hmepocop6eHm, Konpoepamma.

BBenenne. IltunesoactBo B Poccuiickont
Denepanun SIBIISIETCS Ba)KHEHIIIUM
JKU3HEOOECIICUHNBAIOIIMM CEKTOPOM OTCYCCTBEHHOTO
arpoNpOMBIIUIEHHOTO KOMILICKCa CTpaHsbl,
OKa3bIBAIOUIUM 3HAYUTENIbHOE BIUSHUE HAa YpPOBEHb
MPOJIOBOJIBCTBEHHOT'O 00CCIICYCHHUS M OTIPEICIISIFOIIUM
310poBhe  poccusiH. Ha  kpynseliem  ¢dopyme
nturieBo1oB Poccun m CHI', cocTosiBmemcs 27 ssHBapst
2020 r B Mockse, otMedeHo, uTto Poccus npousBoaut
5 000 000 Tonn msaca niruubl ¥ 45 000 000 000 mTyk
a1, T.e. 34 kr Maca nTtunsl ¥ 306 SuIl Ha YeJIOBEKa B
TOJI, TIOJTHOCTBIO caMO0O0eCIIeunBast CTPaHy.

Cetiyac B P® paboraet 486 nrumedadbpuk, 170 u3
HUX OOBEAMHEHBI B arpoXOJJUHTH, KpPOME TOTO
¢ynkponupyer 6osee 100 ManbIX NTHIEBOJYECKHX
OpeanpusATUd. I pellleHus TEXHUYECKUX BOIIPOCOB
coJiep KaHus, KOPMJICHUS, CIICIIMAJIBHOTO
o0cmy)KMBaHUSI Ha  OTPAaHUYEHHOW  TEPPUTOPUHU
NTUIENPEANPUATANR  COCPEAOTOUEHO 3HAUUTENbHOE
ITOT'0JIOBBE MITHIBL. B TIEPHOT paHHEero
MOCTAMOPHOHAIEHOTO  Pa3BHTHA Y COBPEMEHHBIX
BBICOKOITPOJIYKTHUBHBIX ~ KPOCCOB,  OTJIMYAIOIIMXCS
BBICOKOM MeTa00InYeCKOM aKTHUBHOCTBIO,
CEJICKIIMOHHON IIACTUYHOCTBI0O M TEXHOJOTHUYECKOM
NaOUIBPHOCTBIO, IMMYHOJIOTUYECKAsI PEAKTUBHOCTh U
CKOpOCTh ()OPMHUPOBAHUS OHMOIUICHKH MHKPOOHBIX
cooOmiectB cHmwkeHol [2; 5]. B cBs3u, c uem
AKTyaJbHBIM SIBJIICTCS CHCTEMATHUECKOE HAOII0CHUE
Y KOHTPOJIIb 32 TIOBEJICHUEM NTHUIIBI U €€ COCTOSHHUEM.
OIHMM W3 BaXHBIX I[IOKa3aTelei, IO3BOJISIOIIUX
OIICHUTH 3IOPOBKE, SBISACTCS NU3yICHIE KOTIPOTPAMMEI.

Komnporpamma MpEACTaBISAET coboit
nmabopaTopHOE HCCIEIOBaHUE Kalla IJIsl OIpeIeICHUS
XUMHYECKHNX H (U3NYECKHX CBOHCTB TPOIYKTOB
JKA3HEACATEILHOCTH. DKCKPEMEHTHI coziepxKar
pa3IMYHbIC KOMITOHEHTHI, KOTOPBIE MOTYT WMETh
pazHoe mpoucxoxiaeHue. Komporpamma, oaHa Wu3

COCTaBJIAIONINX JAWATHOCTHKM HapyHIeHHH (QyHKINH
KETyAOYHO-KHIIETHOTo TpakTa y nTur. C MoMOoIbio
KOIPOJIOTHYECKOT0 HCCIEN0BaHUA MOXHO OIEHUTh
NepeBapUBaIOLIyI0 CHOCOOHOCTB, AKTUBHOCTh
(EepMEHTOB KHIIEYHHKA, IIOJUKEIYIO0YHOM IKeJe3bl,
9BaKyaTOPHYIO CIIOCOOHOCTDH JKENTyJKa M KHUIIECYHHKA,
HaJIM4YMe BOCHAIUTENBHBIX IPOLIECCOB M Iapa3UTOB
(TenbMMHTHI ¥ UX SHIA, SHMEPHH U LIUCTHI), COCTOSIHUE
KumeaHorn Mukpodiopsl [1; 3; 4].

Heap — aHanmM3 KomporpamMMbl HBIUIAT Kpocca
Dekalb B guHamuke Ha (QOHE PUMEHCHHS
MPOOHUOTHKA, SJHTEPOCOPOCHTA M UX KOMOWHAIIHH.

Ycaosus, MaTepHabl " MeTO/bI
ucciaenopanus. Vcciaenosanue BeimoigHeHo B 2020 r
Ha Kadenpe akyniepcTBa, XUPYPrHM W He3apasHbIX
OoJie3Hel KMBOTHBIX. B BuBapum kxadeapsl LbIILIATA
coJiepkanuch rpymnmnamu mo 10 ToyioB, ¢ coboaeHueM
peXuMa M HOPMBI KOPMJIGHHS, TeMIepaTypHO-
BJIQXHOCTHOTO pexuma. [loeHue umwlusT — 6e3
OTpaHWYEHNH W3 TPYNNOBBIX MOWIOK KHISTYCHOH
BoJoM TemnepaTypoit 20-22°C. B kauecTBe OCHOBHOTO
pammona (OP) ucmonp3oBaH KOMOWHIPOBAHHBIH KOPM
«Comuapimko» (AO «Kamuran-ITPOK», Poccus).

[ mpoBeieHus ombiTa chopMupoBany 4 rpyIibl
5-CyTOYHBIX IBITUIAT-aHAIOTOB 10 40 TOJOB B KaXKIOH,
1 rpynma ciyXuia KOHTpojieM, 2, 3 u 4 rpynnsl —
OTIBITHBIE.

LlpimnsiTa  ONMBITHBIX ~ TPYNI  NPUHUMAIH
npenapaTsl B TeueHue 20 nHel, mpobnoTuk 300HOPM B
cMmecu ¢ kopmoM B no3e 0,2 T Ha rojoBy B IepBOE
KOPMIJICHUE, 0,3% B3BECH JHTEpOCOpOEHTa
mouMeTmiciIokcana monuruapata (IIMCIID) mytem
BBIIIOMKHM C BOJOW 4Yepe3 2 yaca IOocie MOCIEIHEro
kopmierus (tabn. 1). [Ipeamerom mist mccineqoBaHUS
MOCTYXKIJI Kall OBt 5-, 15-, 25- u 35-cyrounoro
BO3pacrTa.

Tabnuna 1

Cxema IMMPOBEC/ICHUA IKCIICPUMEHTA

['pynna upmisT YcnoBus
1 OP
2 OP + npo6uotuk 300HOpM
3 OP + suTepocopbent IIMCIIT
4 OP+ mpo6uotuk 300H0pM + sHTEpOocopbenT [IMCIIT
s JIOCTHKEHUS Leu IpUMEHEeHbl ~ MuKpockoma Mukpomen 3Bap3-20 u Bumeokameps! ¢
0OIIeTTpUHSATHIC KIMHAKO-TabopaTopHble  mporpammHbIM — obecrieuennem  Microscope  Color
KOTIPOJIOTHYECKUE METOIUKH uccnenosanus:  Digital Camera Levenhuk C 1400 NG, o0wbexTuB

MHUKPOCKOIUSI HATHBHBIX ITIPENapaToB, IPENapaToB C
peaktuBamu Jlioronst u Caarroda; MHKpPOCKOITUS
Ma3KOB, OKpalleHHbIX 10 PomaHoBckomy-I'umse.
UccnenoBanne Ma3koB TMPOBEIM NpU  MOMOIIU

SP40X/0.65 u SP10X/0.25 u oxyaspWF10X/22.
PesyabTaThl. Ipu MaKpOCKOIIMYECKOM

WCCIICIOBAHUH Kajla S5-CYTOYHBIX IBIIUIAT IBET OBLI

KOPHYHEBEIHM, 3amax Crenu(UYecKuil, TeCTOBATON
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KOHCHUCTCHIIUM, O(GOPMICHHBIH, 0€3  BUIUMBIX
MPUMECEH, CHapY K MOKPHIT Cin3blo. KoHmeHTparus
BOJIOPOJIHBIX ~HOHOB BaphbHpOBajla B  IIMPOKHX
npegenax — ot 6,5 mo 8,5 en. B 100% mpo6 B
CAMHUYHBIX  OSK3EMIUIApax  OOHapyKeHbl  3epHa
BHEKJICTOYHOTO KpaxMaJia, Karii HEHTPAILHOTO KHpa
W TiepeBapuMasi pacTUTeNbHas KieT9aTka. EqnandHbIe
3epHa BHYTPUKIETOYHOTO KpaxMaia BeIIBICHHI B 15%
mpo0, HemepeBapuMasl PACTHTENbHAS KieTdaTka B
yMepeHHOM KommdecTtBe B 60% mpo6. Bo Bcex mpobax
oOHapykeHa  Mukpodiopa ¢  mpeoOiamaHueM
MAJIOYKOBUAHBIX  (GopM B KOIHYeCTBE  OT
HE3HAYMUTEIBHOTO JI0 YMEPEHHOro U OOJbIIOro,
KOKKOBasi — OT HE3HAYMUTEIBHOTO JI0 YMEPEHHOTO.
Cpenu  #ionomibHOH  MHKpPO(MIOPHI  BBIIBICHO
HE3HAYUTEIFHOE KOJUUSCTBO MaJOYKOBHIHBIX (HOPM.

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

k

§
gl

Puc. 1. Henepesapumas
pacmumenvHas Kiemuamia 8
Kaze, HamugHblll npenapam,
x160.

B 1 u 2 rpynmax oOHapy»eHbI €TMHUIHBIC KICTKH
kumegHoro smutenus. B 100% mnpo6 1-4 rpynm
BEISIBIICHa KOKKOBAs W MAJTOYKOBHIHAS MUKPO(DIOpa B
YMEPEHHOM M OOJIBIIOM KOJHMYECTBE, HOAO0(MHIbHASL
Mukpoduiopa B 1, 3 m 4 Tpynmax TpejcTaBlicHa
KOKKOBOW M TaJIOYKOBHUAHOW (opmMaMu B paBHBIX
npornopuusix. Jleiikouurtsr 1-2 B nose 3penus B 100%
ciiydaeB OOHapyeHbl y UplUIAT | u 2 rpynn. [lpu
MIOTITaHUU MOYH B KaJOBBIE MACCHI, Ha (DOHE KaJIOBOTO

JeTpHuTa oOHapyKHUBaeTcs HE3HAUNTEIbHOe
KOJIMYECTBO CTPYBHUTOB (pHC. 3).
Y  25-cyTOYHBIX IBIUIAT I[BET Kama OT

KOPUYHEBOTO /IO CEpO-KOPHYHEBOTO, O0(OPMIICHHBIH,
TecTooOpa3HeIi. KoHIleHTpanys BOIOPOIHBIX HOHOB B
100% mpo6 B 1 rpymme cocraBwia 7,5 ed., B 3 u 4
rpynmax 8,5 exa., B 50% mpo6 2 rpymmel pH=S8,0 en.
Kpome He3HauuTenbHOro KOJIMYECTBA CIIM3M Ha
MOBEPXHOCTH Kajla Y UBILIAT 1-4 Tpym, TSHKH CIU3U
oOHapy>xeHsl B 100% npo0 Bo 2 rpymre. [lepeBapumas
pacTuTeNnbHAasT  KJIeT4aTka W BHYTPUKIETOUYHBIN
KpaxmaJl OTCYTCTBOBJIM Y IBITUIST 4 TPYMIIbL, @ KIETKU
KHINEYHOTO MUTENHSI y UBILIIAT 2 1 3 Tpymi. boikioe
KOJIMYECTBO KOKKOBOM u NaJI0YKOBUAHON
MuKpodopsl BeisiBIeHO B 100% cimydaeB Bo 2 u 4
rpymmax, y et 3 u 4 rpymn HomodwibHas
MUKpOQIIOpa TpeAcTaBlIeHa €IUHUYHBIMU KJIETKaMHU
MaJOYKOBUAHON (opMbl. EuHHYHBIE JEHKOIIMTHI
BCTPEUAIOTCS B KaJle Y IBITUIAT 3 TPYIIIBI, B OTIUYHE OT

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

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

Bce mpoObl Kajga THOKPHITH HE3HAYUTEILHBIM
KoJmuecTBOM ¢, B 50 % npo6 2 u 4 rpynn ciusb B
HEOOJIBIIIOM KOJMYECTBE BCTpEUaeTcd B CMECH C
KaJIOM.

B 1 rpynne eauHu4HBIE 3€pHA BHE- U
BHYTPHKJIETOYHOTO Kpaxmaina oOHapyxeHsl B 100 %
nmpo0; BO 2 — BHYTPHUKJIECTOYHBIH  Kpaxmal

mpucytcTByeT B 50% 1pob; B 3 rpymnme oOHapyKeHbI
eIMHUYHBIC 3epHa BHEKIIETOYHOTO Kpaxmana B 50%
1po0; B 4 rpyIme — 3¢pHa BHE- ¥ BHYTPHUKICTOTHOTO
Kpaxmaja OTCYTCTBYIOT. He3HaunTeapHOe KOJIMYeCTBO
nepeBapuMoOil M  HemepeBapUMOM  pacTUTEIbHOMN
KJeT4aTKy ooHapysxeHsl B 100% npo6 B 1 u 2 rpynmnax.
B 3 u 4 rpymmax B 50% 1npo0O oOHapyxkeHa
HelnepeBapuMas KIIeT4aTKa (puc.1). Kanmu
HeliTpansHOTO Xupa BeIsiBIeHE B 100% u B 50% 1po0,
COOTBETCTBEHHO, B 1 1 3, 1 Bo 2 1 4 rpymnmax (puc. 2).

Puc. 3. Ha gpone xanogozo
oempuma Kpucmaibl Cmpysumos.
Hamuenwii npenapam, *<160.

nmpo6 y 1 wm 2 rpynm, e Kpome JICHKOIMTOB
OOHapYKUBAIOTCSI U SPUTPOLIUTHI JI0 2 KIETOK B I10JIe
3pEHUsI MUKPOCKOIIA.

¥V 35-cyrounsix upimist 1-4 rpynn pH coctaBuna
6,0 en. Ouennr OonbliOe KU OOJBIIOE KOJIUYECTBO,
COOTBETCTBEHHO, BHYTPH- U BHEKJIETOYHOTO Kpaxmasa
obHapykeHo B 1 TrTpymme. EnuHnusBIe 3epHa
BHYTPHUKJIETOYHOTO Kpaxmana oOHapykeHsl B 100%
nmpo6 B 3 u 4 rpynmax, BO 2 Tpymme KpaxMmaa He
BbIsABIICH. He3HaunTensHOE KOJMYECTBO MEpeBapUMOi
KJIETYATKH yCTaHOBJIEHO B 1 U 2 rpymnmax. YMepeHHoe
KOJIMYECTBO HEMEPEBAPUMOI PACTUTEIBHOMN KIIETYATKU
U EIUHUYHBIE KAl  HEUTPaJbHOIO  XKHUpa
PETHCTPUPOBAIKCH Y TBIUIAT 1-4 rpynn. EquHuuHbe
KJICTKH KHAISYHOTO SIHUTEIHS IPUCYTCTBYIOT B MPOdax
Kana y Ut 2 u 4 rpynn. @opMeHHBIE JIEMEHTH
KpOBH — 10 4-6 KJIETOK B IOJI€ 3PEHUS MHUKPOCKOIA
oTMedeHHl B | rpymnme, 1o 2 KJIETOK Bo 2 rpymme. B
100% cinydaeB oOueHb OOJBIIOE M YMEpPEHHOE
KOJIMYECTBO, COOTBETCTBEHHO, KOKKOBOM u
MAJIOYKOBUIHOW MHUKPOMIOPH BBIABICHO B | m 2
rpynnax; eIMHIYHBIE KOKKH M OOJBIIOe KOJIHYECTBO
MAJIOYKOBUAHOW ¢uiopel B 3 m 4 Tpymmnax.
NonodunbHas MHUKpOQIIopa, TpeJCTaBICHHAs
najoykaMd M KOKKaMH, B yYMEPEHHOM KOJHUYECTBE
oOHapykeHa B | rpymme, KOKKOBasi — BO 2 TpyIIe,
MAIOYKOBUIHBIC (POPMBI B €IMHIYHOM KOJIMIECTBE —
B 3 1 4 rpymnmax.
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O6cy:xnenue pe3yJbTatoB. B mepwos ot 5- 1o
35-cyTOYHOTO BO3pAacTa y UBILIAT 1-4 rpymi IBET Kajia
W3MEHHICS OT KOPHUYHEBOTO JI0 CEpO-KOPHYHEBOTO U
COXPaHUIOCh HE3HAUUTEJIbHOE KOJINYECTBO
HEUTPaIBHOTO JKHpPA.

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

B | rpynme ¢ BO3pacTOM UBILISAT MOBBICHUIOCH
KOJIMYECTBO BHYTPH- M BHEKJIETOYHOTO Kpaxmaia J0
OoJIBIIOTO W OYEHb  OONBIIOTO  KOJIMYECTBA,
CcOoOTBeTCTBEHHO. Bo 2 rpymnme B 15- u 25-cyTouHOM
BO3pacTe BBISBICHBI €IMHUYHBIE 3€pHA BHYTpU- U
BHEKJIETOYHOTO Kpaxmaina, y 35-CyTOYHBIX IBITUIAT
oHU OTCyTCcTBOBaiu. B 3 m 4 rpymmax y 25- u 35-
CYTOYHBIX IBIUIAT IPUCYTCTBOBAIN €IHHIYHBIC 3epHA
BHYTPUKJIETOYHOTO Kpaxmana.

BHekneTouHBII  Kpaxmall H®  IepeBapuMas
KJI€TYaTKa Yy UBIIUIAT 4 TPYNIbl OTCYTCTBOBaIU € 15-
CyTOYHOTO BO3pacTa, y UbIuAT 3 rpynmsl ¢ 35-
CcyTouHOro Bo3pacTa. HemepeBapumas pacTuTenbHast
KJIeT4aTKa B yYMEPCHHOM KOJMYECTBE BBISBJICHA Ha
MIPOTSKEHUH BCETO DKCIIEpUMeHTa B 1-4 rpynmax.

KokkoBass m manmoukoBumHass Mukpodiopa B 1
rpynne B 15-25-cyTouHOM BoO3pacTe OTMEYECHa B
YMEpPEHHOM U He3HAUHUTEJILHOM KOJIMUECTBE, U B OYECHb
0ONBIIOM M YMEpEeHHOM B 35-CyTOYHOM BO3pacTe,
COOTBETCTBEHHO. Bo 2 rpynme kokkoBas MUKpodIiopa
B YMEPCHHOM KOIJIMYECTBE BEHISBICHA B 15-CyTOYHOM
Bo3pacTe, B  OompmioMm B 25-35-cyTouHOM,
MAJIOYKOBUIHAS — B YMEPEHHOM KOJIMYECTBE B
nepuon ¢ 15 mo 35 cyrku. B 3 rpymnme KokkoBas H
MAJIOYKOBUIHAS MHUKpoduopa oOHapyxeHa B 25-
CYTOYHOM BO3pacTe B HE3HAYUTEIHHOM KOJIHUYECTBE, B
35-cyTo4HOM — B YMEpEeHHOM KojmdyectBe. B 4
rpynne y 15-25-CyTOYHBIX UBILIAT KOKKOBas |
MAIOYKOBUIHAS. MUKPO(DIIOpa BEISABICHBI B OOIBIIOM 1
OuYeHb OOJBIIOM KOJIMYECTBE, K 35 CyTKaM OTMEUYCHBI
€MHUYHBIC KOKKU U OOJBIIOE KOJMIESCTBO MAIOUCK.

MonoduibHble KOKKH B 1 TpyIIe 0GHAPYKEHBI B
HE3HAYUTECIFHOM KOolH4decTBe B 25-35-cyTouyHOM
BO3pacte, majgouku — B 15-35-cyrounom Bo3pacte. Y
UBIUIAT 2 TPYHIITE HOTO(QHIFHBIE KOKKH BBISBJICHBI B
25-cyTOYHOM BO3pacTe B YMEPEHHOM KOJIMUECTBE,
MAJIOYKY B €IMHIYHOM U YMEPECHHOM KOJUYECTBE B 15-
u 25-35-cyTOYHOM BO3pacTe, COOTBETCTBEHHO. B 3
rpynme B 15-35-cyTouHOM BO3pacTe B CIUHHYHOM
KOJIN4eCTBE OOHapyXKeHbl manodyku. B 4 rpymme
Homo(UIbHBIE KOKKH BBISIBIICHBI JIHIIB B 15-CTOYHOM
BO3pacTe, €QMHUYHbIC Manodyku B 15-35-cyTouHom
BO3pacTe.

Knetkn kwumewdHoro osnutenus B 1 rpymme
BBISIBJIEHBI B 25-CYyTOYHOM BO3pacTe, BO 2 rpymre B 15-
25-cytouyHoMm, B 4 rpymrne B 25-35-cyTouHoM Bo3pacre.
B 1 rpymme nefikonuTsl OOHapyxeHel B 15-35-
CYTOYHOM Bo3pacte OT 2 10 6 KiIeTok, B 25-35-
CYTOYHOM — BPUTPOLHUTHI (2-4 KIETKH), BO 2 TPYyIIIE,

1o 1-2 neikonuTa U 3pUTPOIUTA B 1oJIe 3peHus. B 3 u
4 rpynmax — B 15-25-cyTo4HOM BO3pAacTe BBISIBICHEI
JIGUKOLUTHI TI0 1-2 3K3eMIuIsIpa.

3akmoueHne. B xone dKCepuUMEHTa y LBILIAT
kpocca Dekalb KOHTpOIBHOM TIPYIIBI BBIABIEHO
0OJBIIOE KOJNMYECTBO BHYTPHU- M BHEKICTOYHOTO
KpaxMmayia, KOKKOBOW MHKpPOQIOPHI, JCHKOIMTOB H
SPUTPOLIUTOB.

Bo 2 rpynme mpIuIAT, TOAYYUBIIMX MPOOHOTHK
300HOPM, B Ma3KaX Kajla YCTaHOBJICHO OOJIBIIOE
KOJINYECTBO KOKKOBOM " HomouIbHOK
MAJOYKOBUJHOW MUKPOQIIOPHI, CIUHUYHBIC KIICTKU
KHIIEYHOTO MUATENNS, SPUTPOIUTHI U JICHKOIUTHI.

B 3 rpyre IBITLUIAT, MOJTY YMBIITUX
SHTEPOCOPOCHT MOJMMETHIICHIIOKCaHA TTONUTHAPAT, K
OKOHYAHHUIO JKCICPUMEHTa B Kaje HE OOHApyKEHO
BHEKJICTOYHOTO KpaxMaya U IepeBapruMoil KIeTYaTKH,
SMUTEIHS U POPMEHHBIX IIEMEHTOB KPOBH.

B 4 rpynme nrui, MOTyYUBIIMX TPOOMOTHK H
SHTEPOCOPOCHT B KOMIUICKCE, HA MPOTHKCHUH BCETO
MIEPHO/Ia UCCICOBAaHUI HE BBIBICHO BHEKICTOYHOTO
Kpaxmaja, IepeBapuMoi pacTUTEIbHON KIETYAaTKU U
SPUTPOIMTOB. B Kaje oTMedann eIUHWYHBIC KIICTKH
KHUIICYHOI'O 3IHUTCIINA, HeﬁKOL{I/ITbI u npeaACTaBUTCIIN
HomopUIBLHOH MUKPOQIIOPEL.

Takum oOpa3oMm, TpPOBEJICHHOE HCCIEAOBaHNE
TOKAa3aJio, YTO MPUMEHEHHE YHTEPOCOPOCHTA CHUKACT
PUCK pa3BHUTUA BOCHAJIMTEILHON peaKkInuu mpu
BEIPAIIMBAHUH IBIIUBLIT U COXPAHACTCS MOCIEC OTMEHBI
npernapara.
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ASSESSING GREEN AND BLUE WATER UTILIZATION IN WHEAT PRODUCTION OF
TAJIKISTAN: A SURVEY OF REGIONS, 1980-2015

OIIEHKA IOTPEBJIEHME 3EJIEHOM Y I'OJIYBOM BOJIBI B TIPOU3BO/ICTBE NIIIEHUIIHI B
TAJXKUKUCTAHE: OB30P PETMOHOB, 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.

AnHoTanus. Bonusiii cien (BC) HannoHaIBHOTO MPOU3BOACTBA MIIEHUIBI OBUT IPEABAPUTEIHHO OLCHEH
JUIA Ta,I[)KI/IKI/ICTaHa B PEruOHAJIbHBIX (HeHTpaﬂLHaﬂ A3I/I$I) U TI00AIBHBIX HCCIICAOBAaHUAX. O,I[HaKO Hn3-3a
0O0JIBIIIOTO MacIITaba 3TH OTYETHI MOTYT JaTb 061_uee npeacTaBJICHUC 00 UCITOIB30BaHUH BOJbI U1 NPOU3BOJACTBA
MIIEHUIIbI B CTPAHC, KOTOPOC HE MOKET HOJHOCTBIO ONPCACIUTH pCFI/IOHaJ'ILHHﬁ CIIPOC Ha BOJAHBIC PECYPCHI.
L[CJ'ILIO JaHHOI'O HCCJIIEAOBAHUA SABIACTCA OLCHKaA 3€JICHOI'O W CHHETO BC u 06].].[61“0 BO,I[OHOTpG6J'ICHI/I$I
opommaeMbIX KynbTyp nmeHunsl B Tamkukuctane (1980-2015). PesynbraTel ObUTH OLIEHEHBI ITyTEM CPaBHEHUS C
NpeAbI AYIIUMU  JOKYMCHTAJIbHO IMOATBCPIKACHHBIMU PE3YJbTaTaMU JJId BC MNpOU3BOACTBA IIICHUIIBI B
Tampkukucrane. Mbl CpaBHHIM BOJIONONB30BAaHUE ISl TPOAYKTa (T/ra) MEXAy YeThIpbMs PErHOHAMHU U
MPOaHATM3UPOBAIIY TOTPEOJICHHE BOIbI IEXKAHCKHMH (KPECThIHCKUMHE) (hepMaMu, TIOMAITHUMH XO3IHCTBaMH U
CEJICKOXO035IIiCTBeHHBIMU  npennpusatisivu B 2015 rtomy. CpenHeromoBoi HaIMOHANBHBIA MOKa3aTelb
MIPOM3BOJICTBA MIIEHHUIIBI 3a teproxa 1980-2015 cocrasun npubmusutensHo 990,6. MM3 / rox (34,3% 3eneHoro u
65,7% cunero). CymecTByeT 3ameTHas pazHunia B BC Mexay paznuunbiMu perroHamu: BC HHU3Ka B BOCTOYHOM
peruoHe, B TO BpeMs KaK OHa OTHOCHTEJIBHO BBICOKA B XAaTJIOHCKOH OOJACTH, TO €cTh Ha rore Ta/pKuKHUCTaHa.
Bospmas wacte BC (61,4%) moctymaer W3 JEXKaHCKHX XO3SHCTB, B TO BpeMs KaK CEIbCKOXO3SHCTBEHHbIC
HPEANPUSATHS C IOMAITHUMH XO3SIMCTBAMHU COCTaBISIIOT 39,6% oT obmiero BojonotpediaeHus B crpaHe. ['omy6as
BoJa (I'B) moMuHHNpYeT B 4eTHIpEX pernoHax, Torjaa Kak caMmble Bbicokue rpornopimu I'B o6HapyskeHbI B palioHax,
PaCioJIOKCHHBIX B HEHTPAJIbHOM W BOCTOYHOM Ta[l)KI/IKI/ICTaHe. HpOI/I3BOILI/ITeHLHOCTB HUI'pacT BaKHYIO POJIb B
MMPpOU3BOJACTBE IMPOAYKTOB IHTAHUA 3a CYHET COKpalICHHUA BC MMpOU3BOJACTBA IMIIICHUIIBI. W3-3a HuskoM
3(h(HEeKTHBHOCTH OpOIIeHUsT TpeOyeTcs: OOoJbIlie BOABI HAa TeKTap CElbCKOXO3SMCTBEHHBIX yromui Corauickon
obnactu.

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

Kniouegvle cnosa: Booumwiti cneod, Xossaticmea nacenenus, /lexxaunckue xozaicmea, Cenvxo3 npeonpusmusi,
Taoorcuxucman.
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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
WEF 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 (CWRs) 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 FAQO)[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 (Y) (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.

GWuU ETo = MIN (ETc & ER)
{WF:‘]reen =——=10+% ik
WF = Y
Product IWR ETope = Y.(IR)
WFpye = T =10 * 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 mm 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
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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?d/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?3, 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
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

Sughd have a lower water-use efficiency (13.5%).
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/I PEILIEHUSI 3AJTAYH COTI'JIACOBAHMS 30HbI CPABATBIBAHUS
PAJIMOB3PBIBATEJISI C IIOJIEM PA3JIETA IIOPAKAIOIIUX DJEMEHTOB PAJIUAJIBHO-
HAITIPABJIEHHOM BOEBOM YACTHU 3EHUTHOM YIIPABJISIEMOM PAKETBI

Pham Ngoc Van,

PhD. Candidate

Vu Hoa Tien,

As.Prof.-PhD

Cao Huu Tinh,

PhD

Do Van Phan,

PhD

Technical University Le Quy Don, Hanoi, Vietham

A METHOD OF RESOLVING COMBINATION BETWEEN THE FIELD OF VIEW OF RADIO
SEEKER FUZE AND THE FRAGMENT BEAM OF DIRECTION ENERGY WARHEAD

AHOTa].ll/IH. B Z[aHHOP'I pa60Te paccMaTpuBacTCd BAKHOCTH U HCO6XOZ[I/IMOCTB KOMIIJICKCHOTO PCHICHUS
3aJa4yu CorjiaCoBaHHs 30HBI Cpa6aTLIBaHI/I$I paaAnoB3pbIBATCIIA (PB) C IIOJIEM pa3néTa MOpaXXaromux 3JICMCHTOB
pamuanbHO - HanpaBieHHoW Ooeodt uwactu (PHBY) 3enurtHO# ynpaBimaemoii pakerst (3YP) ¢ uenbio
MaKCHMaJIbHOTO TMOBbIeHUsT €€ 3d¢dexTuBHOCTH. M3ydaloTcs MaTeMaTH4ecKue MOJIeNd (OPMUPOBAHUS
HEOOXOMUMBIX M JOCTaTOYHBIX yCioBUi cpabateiBanus PHBY B aunamuke apmwkenust 3YP oTHocuTenbHO e
TCIIN. Hrorom pa60T51 ABJIAKOTCA PE3YJIbTAaThl MAaTEMATUYCCKOI'0 MOACIHMPOBAHUA IO OLICHKE 3(1)(1)6KTI/IBHOCTI/I
nopaxenwus nenu 3YP u pekoMmenaanus no npumeHeHuto PB HoBoro THma.

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 paduosspwisamensy (@IPB); paduanvno-nanpasiennas 6oesas
uacms, 3eHUMHO-ynpaeisaemas pakema, L;wzqupuqecxaﬂ cucmema Koopduﬁam,

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

IocTaHoBKa 3aga4n

W3BectHO, uTo mns moboit 3YP, BeposTHOCTH
MOpaXEHUsT IIeTM 3aBHCUT OT JIBYX HE3aBHCHUMBIX
cryyalHbIX — coObrtmit  [1,9],  xapakTepuzyeMmbIx
pacmpezneneHueM npomaxoB HaeeaeHus (h) wu
TUIOTHOCTBIO TOP@XKAIOIIUX DJIEMEHTOB (p4;) B 30HE
nopaxenus 6oesoii wactu (bY). [Ipn 3TOM mI0THOCTD
pacrpeneneHus MOpakaroX IEMEHTOB 3aBUCHUT OT
pana mapamerpoB bY, a B OCHOBHOM OT Macchl
B3pBIBHOTO BemecTBBa (C), Macchl OCKOJIKOB (M) U OT
addexTuBHOrO paguyca mopaxeHus (Rsq).

OpHoit w3 ocobennocreir 3YP cpemmelt u
Gonpmoit nansHOCTH siBseTcs Hanmmane PB B coctase
b4, KOTOPBIi obecrieurBaeT  JAUCTAaHIIMOHHOE

cpabareiBanne bY BOIM3M TOYKM BCTPEUH C IIETIBIO.
Kpowme toro, B cinyyae 3VP npumenser PHBY, o PB
HU3MEpSIET HE TOJIbKO JMCTAHUMIO JI0 LENH, HO U €€
paAMaNbHOE MECTOIOJIOKEHHE, YTOOBI 00EeCIeYnTh
CO3/IaHH€ HAIPABIIEHOTO TMOJISI OCKOJIKOB.

Cnegyer  pewuTbh  3ajadyy  COIVIACOBaHUS
JUHAMUYECKOrO  TOJisl  HamlpaBJI€HHOrO  pasiera
OCKOJIKOB ¢ 30HOH cpabareBanus PB  mpu
npoektupoBannu  PHBY  gns 3YP.  Cremnens
COTJIACOBAaHUS  JIByX  OTUX  30H  OTpa)kaercs
3¢ pexTHBHOCTRIO TTOpaxeHws 1eau oaHoi 3YP.

VYcnoBusiMHu penieHus: JaHHOM 3a7adul SBJISIIOTCA
CleyroIne OTHOIIeHus, [1]:
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{h < Teon. < Rs([) (1)
Gps(t) ~ 60pa6

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

Kpome »stux ycmoeuil, B PB nomkHO OBITH
ONpENeNeHO pajualbHOE MECTONOJOXKEHUE IIeNU
otHocutesibHO 3YP 10 MoMeHTa cpabaTbiBaHuS,
KOTOpOE XapakTepu3yercst yrioM mnomiéra (Y1) B
KapTUHHOU MJIOCKOCTH, NEPIEHIUKYISIPHOM
npopossHON ocu 3YP. D10 BecbMa ciiokHas 3ajadga,
KOTOpast Oblla pEIIeHa aBTOPOM B MpPEABITyIICH
pabore, [3].

Pemenue 3amaun

3amaya corjacoBaHus 30HBI gecTtBus PB ¢
nuHamuueckuM nosneMm PHBY pemaercs no stanam u B
IWMHAMUKE OTHOCHUTENbHOro ABrkeHus 3YP u menw.
BaxHo mpu 3TOM OYyayT ONpEACTCHBI MapameTpbl U
XapaKTePUCTUKU 3TUX 30H. PaccMOTpUM HU3XKE Kak
(OpMHUPYIOTCS H OIPENEISIIOTCS 3TH MapaMeTpsl U

XapaKTePUCTUKH.
1. Cnocob onpedenenus npomaxa h
Ormpenenenue LMJIMHIPHUIECKOH cHCTEME

koopauHaTt (LICK): momiocHas cumcremMa KOOpPIWHAT,
obpasyemass MWIMHAPOM paaMyca mpoMaxa h u
po0sbHON OCU (OXyun), COBMAAAIONICH ¢ BEKTOPOM
OTHOCHUTEIHHOU CKOPOCTH (Vi) M IPOXOJISIIEH IICHTP
maccel PB, Ha3bIBaeTcs munuHapuyeckoit (puc.l).

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

Koopaunaramuy, OTIPECISIOUIMMHU
Mmectononoxenue 1enu B LICK, sBasroTcs Texymuit
pagryc COMMKEHHS K HENH Fe (t) M HAKIOHHBINA yToJ
Op(t) aTOrO pammyca k mpomoipHoit ocu LICK. Dtu
napaMeTpel  u3MepsioTcss B PB (asoBeiM  wiun
JIOTIIEPOBCKUM METOAOM, [1,5,7].

B cBsi3u ¢ Maiol MPOIOIKUTETBHOCTHIO PA0OThI
PB (menpme 1 cek.), MOXHO TMPEIUIOKHUTH, YTO
BEKTOPBI OTHOCHUTEILHOU CKOpOCTH (Vomy) M MpOMaxa
(h) B Teuernu paboTel PB He MEHSIOT CBOHM BEIHYHHY
Y HaIrpaBJIeHHUE.

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

sin(92—61)

[Ipu sToM, 61, 6> — 3HaYCHHUS yIiia HAKJIOHCHUS
2
pamuyca cOMmKeHUS les K ocw OXy B MOMEHTHI

BPEMEHU 71, T2 COOTBETCTBEHHO; Vouy — BEIMYMHA
OTHOCHUTEJIbHOW CKOPOCTH.

2. Onpedenenue napamempos u Xapaxmepucmux
30Hb1 Oelicmeus PB

[Ipennonaraem, uro coBpemenHass 3YP c nenbio
TIOBBIIIICHUST TTOMEXO0-3aIIUIIEHHOCTH OcHamaeT dazo-
Homneposckuit PB (©/IPB). Takoit PB 00braHO mMeeT
mapy NPUEMHBIX aHTCH B OJJHOM ITOCKOCTH CBSI3aHHOU
cucrembl koopauHAT (CCK).

Juarpammsel HampaBneHHocTH DJIPB o6pazyior
30HY, MMEIOIILY IO KOHHYECKO-BpAIAIOIIYy0
MPOCTPAHCTBEHHYIO POPMY, IPECTABICHHYIO Ha puc.2.

®JIPB mocpenctBom dazoBoro casura Ap B
CHUTHaJIaX, MPHHUMACMbIX B Mapax aHTCH B OHOM
IUIOCKOCTH ~ WJIM  IIOCPEJICTBOM  JIOIIEPOBCKOTO
u3MeHeHus Af uamepser yroi commkeHus G,.(t) 3YP k
TISJTH.
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Puc.2. K nosacnenuro obpazosanus sonvr @/[PB

B ¢aszoBom pexnme, NPUMEHIEMOM TPOTHB
[IYMOBBIX AaKTHBHBIX [OMEX, OMNPEIESIETCS Yroj
cOmmkeHus cienyromei hopmyioi [6]:

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

I'ne: Ap — ¢dazoBblil ciBur curHana B mapax
npueMHbIXx aHTeH; D — (da3oBoil mokasareins,
OIPEEISAIONMN KOJIMYECTBO HECYLIHX KOJeOaHUUH B
CUTHaJIaX MEXJIy MapaMu IPUEMHBIX aHTEHH. OTOT
MOKa3aTelb ONpPEeNIsIeTCs OTHOIIEHUEM, [5,6]:

D=1% (4)

Ime: d — poccrosHHe MEKAYy MPUEMHBIMU
aTCHaMU B OJIHOW IUIOCKOCTH, /A — JJIMHA HecyIuei
BOHBI OTPAKEHHOTO CUTHAJIA.

B nomnepoBckoM pexxume, MPUMEHSIEMOM MTPOTUB
MaCCUBHBIX TIOMEX, OIPEACIIACTCA YIOJ CONMMKEHUS
CJIeIyIONINM COOTHOIIIeHUEM [5]:

yl
s (t)=arccos (I-Afn V—) (5)
OTH
I'ne: Vomn — BEHYNHA OTHOCHTENBHOM CKOPOCTH;
Afy — JOIUIEpPOBCKMH CHBHI YaCTOTHI, KOTOPOE
OTIPENIENSIETCS BHIPAKEHUEM:
p— p— VOTH
Afy=fo, -ty = =" (1-cos6,,) (6)
2\/0Tl"l

C yuetom, uto f; = oS0, TpH GONBIIOH O,

A
u fo. = % IOPH MAaJOM 0, TO €CTh les>>h (cM.
Puc.2).

Ha ocHoge (6) ompenenstoTcst XapaKTepPHBIE yTIIbI
JUIS pelieHus BeIpaxkeHus (2)

0, = arccos (1 —Af) #)

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

Bennmuuner Af; (Ag,) u Af, (Ag,) onpenenenst
¢dopmynamu  (3) mwm  (6) B
COOTBETCTBEHHO.

3. Onpedenenue napamempos u XxapaKmepucmux
Ounamuyeckozo nopascaroujeeo nois PHFY

JuaamudeckuMm mopaxaromuM  monem  (JI1IT)
SIBIISIETCSI TIOJIE pa3JieTa MopakaroIux 31eMenToB bY ¢
yaetoM ckopoctu commkenuss 3YP k memn. Ecmu B
MOMEHTE B3pbiBa bY, Lieab 0Ka3bIBAa€TCs B 3TOM IIOJIE,
TO OHa OyZeT MopaxkeHa C 3aJaHHOI BEpOATHOCTBIO.

ITpu onpeneneHny mapamMeTpoB U XapaKTEPUCTUK
JIIII, y9uTeIBatOTCS CAETYIONINE OCOOSHHOCTH:

- [Topasxaroree mone TecHo cBs3aHo co CCK pakeTst;

- Bextop oTHOCUTENBHOU CKOPOCTH  Vomyu
HAaKJIOHSIET OTHOCHUTENBLHO MpoJosibHOM ocu 3YP Ha
HEKOTOpHIA HEOONBIIONH yroll & B BEPTHUKAIBHOU
IUTOCKOCTH, ¥ HA yTOJ # B TOPU30HTAJILHO HaKJIOHHOM
IUTOCKOCTH, KaK TI0Ka3aHo Ha pHc.3;

- A B mponoipHOW IUTOCKOCTH OOpasyercs
MIEPeHOCOM ~ CTallMOHApHOTO  MOPAXKAIOIIEro  I10Jie
(CIIII) ma HEKOTOPBIH Yyrom (@o,p20 U @120) B
HalpaBJICHUH LIEJIH B 3aBUCUMOCTH OT OTHOCHTEIBHOM
CKOpOCTH Vo, KaK TIOKA3aH Ha pHC. 4.

MOMCHTBI 71, 72
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Puc.3. K onpeoenenuro CIII1 Puc.4. K onpeoenenuro JAI1IT
U3 puc.3, puc.4 u no [9], MOKHO ONpEJEeIUTh:
Ry tR
a) TTapametprr CIIIT (cMm. puc.5): @,=arctg (w) 9)
- Yron Hak/IoHA NepeAHel IrpaHulbl: 1
Ryt Ry - Yrou HakI0Ha OUCCEKTPHUCHL:
=arctg (“) (8)
2
((P1+(DZ)
. Pin="7% (10)
- YTo HaKJIOHA 33 HEeH TPAHUIIBL:
Vo AV Vo
BB PNy
POOBR0 GO0660 GO0 60000000 O
@2 Vi
Il U 0; Rs)e Rm_p
ESSSSSSS3S%SSSSS@SS&ES@SSSEESSS‘ -
L=12 /t L=L?
i
JletoHatop / [

Puc.5. K noacuenuro onpenenus napamempos CIII1

I'me: Rei, Rugp BHYTPCHHUH W HapyKHOU
paamycsl 000JI0YKH B3pbIBHOTO Bemectsa; L, li. > —
nnrHa BY M paccTosHMSA OT JeTOHATOpA 10 HEePEAHEro

M 3aaHero ceyennii bBY cooTBeTCTBEHHO.
6) [Mapamerpsr AIIIT (cM. puc.6):

Puc.6. K onpedenenuro yaia
cpabamvieanus O.pqs

Cornacno omnpenenenuro, I popmupyercs kak
nepeHoc CIIIT B cTopoHy LienM Ha HEKOTOPBIN yTOI,
3aBUCHUMBII OT BEKTOPA OTHOCUTEIBHON CKOPOCTH.

VYcnosuew, obecrieunBaroIM BCTpEYH
Hnopakaromero 3neMeHTa ¢ uensto B JIIII, sBisercs
pacroNoXKeHHE  BEKTOpa  CyMMapHOH  CKOPOCTH

Vs=Vy+Vyy OBLUIO MapalsieNbHO WM COBMAAEHO C
BEKTOPOM CKOPOCTH COMMKeHus V,;, Kak MOKa3aHO Ha
puc.6. VI3 5Toro pucyHKa M Takxke JIOMyIIEHHS O
MaJIOCTH YIJIOB & U 7], CIIEAYET CyMMHUPOBATh TIPOEKIIUH
BekTOpoB Ha ocu OX1 (mponossHoit ocu 3YP) CCK n
onpesIeNnnMm:
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- Yrox cpabarbiBanust PB — Ogpas.:

Vo €os@y + V1, COSE=V,5,C050 105

Vocos@, +Vorycose
COS@Cpa6 = v
cbn
Vocos@, +Vopcose (11)
0. pag=arccos (—————
p 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)
orH: cos(ecpa6'5)

c0s0cpas

Ine:Ves,. — ckopocth cOommkenus 3YP k memnw,
m3mepsiemast GJ1PB;
Vo — cranmonapHasi ckopocts pasiera [19 B CIIII,
onpenensercs popmyrnoi Gurney [2,6,10]:
Cpa

1
——5r—V2EV3——
1%+2Ii‘sﬂ \/—Mpa

 [m/c]

(4&) ( 1&)
M)\ Mpa

Vo = (13)

Ine: Ry, L — reomerpuueckue mapametpbl bU,
ompenemnsiemble mo puc.5; Cpa, Mpa — mcnonp3yemas
Macca BB u otBogmmas macca IID cooTBeTCTBEHHO;
V2E - mocrosnHas Gurney, 3aBucsmias ot tumna BB.

4.  Onpedenenue paduanvhoco yena X1 8
xapmunnou niockocmu, [3,9]:

a) Koncrpykuus PHBY (puc.7):

)12

Puc.7. Koncmpykyusa PHEY
(BB — 83pwignoe sewjecmeso, 119 — nopascarowuii anemenm, [1+3 — demonamopuwt, C1+9 — 83pwigHvle cexmopbi)

Kﬂp'l'[»ﬂﬂﬂﬂ: IIIOCKOCTD

Puc.8. Omuocumenssoe

pacnofoiceriie yeiuu 8 ceKkmopax
PHEY

6) Pacriosioxxenue 1ienu B KAPTUHHOW IIOCKOCTH
OTHOCHTEJIFHO B3phIBHBIX cekTopoB PHBY (puc.8):

X1=arctg (y1u>

ZlI_[

(14)

I'ne: y11, Z1y - KOOPJMHATEI IEJIH ONPENIETEHBI B
CCK MeT0J10M 3KCTpanojsiiuy TpaekTopuu 1enu [3].

5. Bulbop 63pblEHbIX CEKMOPO8 6 3A8UCUMOCTIU OM
Vela PACnONOANCEHUs. Yeau 1.

bouio  ycrawoBieno B [9], uro mpum
OJTHOBPEMEHHOH  JETOHAUH  MOCIEeN0BaTEIbHO-
PACIOJIOKEHHBIX B3PBIBHBIX CEKTOPOB B YIJIOBOM
quanazone 120°, paauaneHblil yrom pasnera 110
cocrapisieT oT 40° 10 45° U 3TOT yroJyl paclupsieTcs
MIPU YMEHBIIIEHNH CEKTOPHOTO yTJIa.

IMpumennB 9-cekTOopHBI BapwaHT (CM. pwuc.7),
MOYXHO YCTaHOBHUTH CBSA3b MHAEKIMH B3PBIBHBIX CEKTOPOB
C 3HaYEHHEM PaJNaJIbHOTO YIJa 1, KOTOpas MOKa3aHa B
Tabmne 1.
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Tabmuna 1.
IIpaBuso BbIGOPA B3PHIBHBIX CEKTOPOB 110 3HAYEHUIO PATHAJIBHOIO YIJja
Ne B3pbIBH. cekTpopa 1-2-3 | 2-3-4 | 3-45 | 456 | 56-7 | 6-7-8 | 7-8-9 | 8-9-1 | 9-1-2
3nauenue Pan. Yrna s, 110+ | 150+ | 190+ | 230+ | 270+ | 310+ | 350+ | 30~ 70 +
[rpaz.] 150 190 230 270 310 350 30 70 110

[Tpumep oxHOTO BHIOOpPa MpHBeAeH Ha puc.9. [1pu 3ToM paananbsHbIi yros okasaics B auanaszone (190+230)
rpaa, OyayT BeiOpanbl cekTopbl Ne3, Ned 11 NoS ¢ cekTopHBIM yriioM y1=120yan.epao.

A Y1

Puc.9. Ilpumep o svibope 63pbi6HBIX CEKMOPOE.

6. Anzopumm npuseoenus PHEY 6 Oeticmeue MOJIeNIUPOBAHHUA, UCTIONB3YIOTCS IpUMEpHBIE
Jnsa TOrO, YTOOBI uccienoBarb  ucxonuble nanusie PHBY B Tabnuie 2 u nporpaMMHBIN
¢yaknnornpoBanue PHBY myTem mMareMaTWdeckoro  ajaropUTM HCCIEIOBaHMSA, 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
OTtBoHas Macca - Mpa(kr) 102.1
HWcnonp3oBanHast Macca BB - Cpa(kr) 20
Hapyxublii pagnyc 06009k BB — Ryqp (M) 0.230
BHayTtpennuii paguyc oonouku BB — Ry, (M) 0.196
JmuHa 6oeBoit yacty - L(m) 0.8
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Cron

Puc.10. Anecopumm npuenoenus PHBY 6 deticmaue.

MaremaTndeckoe MoaeJMpoBaHue U oneHka 3¢pdexrusHoctu PHBY
1. laHHBIC ¥ IPEATIOCHUTKH 11t MofenupoBanwns (Tabmuma 2 u 3):

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

2. AITOpUTM UCCIEN0BaHUS: allrOPUTM Ha puc.10

u popmysl (1)+(14).
3. Pe3ynbTaThl HCCIIEIOBAHUIA:

mwiockocTH (puc.11)

a) Tpaexropus 3YP u menm B BepTHUKAOBHOW

6) BeposTHOCTH MOpaXkeHUs 1IeTTH B 3aBUCIMOCTH
ot npomaxoB (puc.12, Tabn.4).
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TpaewTopwua 3¥YP 1 uenm

(=] H 1
§ p— | ek HEMAHEEPEHHER
j— |le1b MBHEEPEHHEA
o — 3YP
| e —
g .......................... o BepoATHOCTE MO paMeHHa .u,enn
Eg| in
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5
E ---------------------------- L e e g o
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. Beposmnocmsb nopasicenus yeau
Tabnuna 4
BeposiTHOCTH MOpaKeHHsI eJTH 3aBHCHMOCTH OT MPOMaxa
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) Beixoausie mapamerpst 3YP u PHBY (Tabnuua 5).
Tabmmma 5

Beixognsbie napamerpsl 3YP u PHBUY

Ieperp Uctunnubiii Dkc. B3priBH YrioBasi CKOpOCTh
. ., CKOpOCTB CONMIKEHHS
y3Ka panuansHBIH pan. Bl BpaIllCHUs JTHHUN B MI0CKOCTAX, (M/C)
AN yrom,(rp.) yroi,(rp.) | cekrop BH3UPOBaHUs, (Tp/c) ’
Woy(m/c? ] ]
) Aluc A1 Ne Op oy Ve6nB 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: 13  1OCTaHOBKM,  pelIEHUs U 3akJlouenue:
Pe3yIbTaTOB HCCIICIOBAHUHA B JAaHHOW paboTe MOXKHO Teoperndeckn 3afada COTJIACOBAaHHS  30HBI

CeTaTh CIEAYIOIINE BBIBOJBL.

a) 3amaua coriacoBaHMsi 30HBI cpabaThIBAaHHS
®J1PB c nonem nopaxenuss PHBY pemaercs cnoxnee
no00HOoN 3amaun mpu 00buHOW BY. CroXHOCTH
3aKJIOYAeTC B ONPEACICHWH paJualbHOrO yIia
mojyieTa Henu y1 otHocutenbHo 3YP m B BEIOOpE
B3PBIBHBIX CEKTOPOB, o0ecreunBaronmx
HarpaBJeHHbII pasier Becex [ID B HanpaBineHne nenu
U TE€M CaMbIM IOBBIIIAET BEPOATHOCTh MOPAKEHUS
nenu (puc.12).

6) Bricokas BeposiTHOCTB opaxkenust e PHBY
JIOCTUTAeTCS COCpeIoTOYCHEM SHEPTUU u
MOBBIIIEHHEM IUTOTHOCTH [1D B cTOpOHY 1enn.

B) ANTOPHUTM pEUICHHs ITOCTAaHOBJICHHOW 3a/1a4n
MOXET OBITh peaJn30BaH Ha OCHOBE OJHO3HAYHO
n3BecTHBIX mapametpoB 3YP, PB, PHBY u 60pToBBIX
nHpOpMaIHii.

cpabateiBanust PB ¢ nonem nopaxenust PHBY pemena.
Ona BechMa akTyalbHa M TpPaKkTHYHA B IIpoOIEcCe
npoektupoBanusi 3YP. 3HauuMocTh W HAYYHOCTh
JAaHHOM paloThl 3aKioyaeTcs B  KOMIUICKCHOM
pelIeHn:d psJ BONPOCOB B TEIJIOBOM B3pPBIBHOM
JUHAMHKE, pPaJdoJIOKalMd W JIMHAMHUKE [oJeTa
JIeTaTeJIbHBIX annapaToB.

PesynbpraThl pemieHuss 3agaud  peKOMEHIOBATH
UCIIONB30BaTh B y4eOHOM U HCCIIEA0BATEILHOM
rpoLeccax.
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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., O0yeHm,

Tawxenmckuu I'ocyoapcmeennviil Texnuueckuil Yuueepcumem,

2. Tawkenm, Pecnyonuxa Y36exucman

Heanucosa A., Tayoanoues A., Ycmanoe K. , l'agpyposa M

Mmazucmpanmot, Tawl TV ,Y30exucman

9KCHEPUMEHTAJIBHBIE UCCJIEJOBAHHUSI PEBEPCUBHOI'O TEIIJIOBOI'O HACOCA
«BOJIA-BO3/1YX» HA TABOPATOHOM 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» € MCIHOJB30BAHUCM
COJIHCYHBIX (I)OTOSJ'IeKTpI/I‘ISCKI/IX HaHeJ‘IefI, JIA TIpUBOJIa KOMIIpEccopa U Apyroro 060py,I[OBaHI/I$I TCIJIOBOI'O
Hacoca. PaccMOTpeHBl NpUHIMMNHMANBHAS CXeMa M PEXUMBI pabOThl TEIIOBOTO Hacoca. CpaBHUBAIOTCA
Pe3yIbTATHI ONBITOB MPH Pa3HBIX PeKUMax pabOTHI TEIIOBOTO Hacoca.

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

resources.

Kuouesvie cnosa: mennosotl Hacoc,

COJIHe4YHble d)omoaﬂekmpuqecmte naweau, pesrcum pa60mbz,

aghgpexmusrocms, omonumenvhvll KOIPPuyUeHm, snepeopecypcul.

Beenenne. Hcnonp3oBanue COJTHEUHBIX
TEIUIOBBIX HACOCOB B TEIIOXJIAJIOCHA0KEHUH 3JaHUH U
MPOMBIIIICHHOCTH PECIyOIMKH C KaXIBIM TOAOM
CTaHOBUTCS MEPCIICKTUBHEE U aKTyallbHEe, T03BOJIIET
MOJy4YaTh TEIUIOBYH OHEPIUI0 C HAMMEHBIIUMH
3aTpaTtaMu U 0e3 Bpema A OKpy’Karomeld cpeapl. A
TaK)X€ B COBPECMCHHBIX YCJIOBUAX IMOBBIIICHUA IICH HA
OHEPropecypchl W DIEKTPUYECKYI0  SHEPrHio

UCIIONI30BAaHNE  TEIUIOBBIX ~ HACOCOB  SIBIISIETCS
SKOHOMHUYECKH (P (HEKTHBHBIMHU.
B HaywHOo-mccnenoBaTenbckoil  naboparopun

«COJHEYHO-TEIUIOHACOCHAST CTaHIMS» IpH Kadeape
«TepmomHaMKKa M TEIUIOTEXHHUKa» TalllKeHTCKOTO
T'ocynapctBeHHoro  TexHuueckoro YHHUBEpPCUTETa
BIIEPBBIE B peciyOiMKe B J1a0OPATOPHBIX YCIIOBHAX
CO31aHa YCTaHOBKAa C COBMECTHBIM HCIIOJIb30BaHUEM
COJIHEYHBIX KOJUJIEKTOPOB, COJIHEUHBIX
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(hOTORNIEKTPUYECKUX TIAHEICH U TEIUIOBOrO HAcOCa B
CMHOW CHCTEME COJIHCYHOTO TEIUIOCHA0KCHUS.
JlaHHOC KOMOWHHMPOBAaHUE COJTHEYHOTO KOJIICKTOPA,
COJTHEYHBIX  (POTOANEKTPUUYCCKUX  MaHeNeH |
TEIJIOBOTO Hacoca MO3BOJISICT MOBBICHTH
JHEPTeTUYCCKYI0 A(PPCKTHBHOCTh CHCTEMBI; TaKKe
IpU 3KCIUTyaTallud CHCTEMbI, CHHMAETCsl BOMPOC O
cHKeHHH d((eKTUBHONW paboThI B MEXKCE30HBE,
MOTOMY KaK KOMOWHHpOBaHHAs CUCTeMa (COJTHEYHBIH
TEIJIOBOW  HACOC) MPEIOCTABISAET  MOCTOSHHYIO,
CTaOMIIBLHYTO pabOTy Ha MPOTSKESHUH BCETO TOJIa.
XOTenoch OTMETHTh, YTO HECMOTPSI Ha IIUPOKOE
pa3sBUTHE NAHHBIX TEXHOJOTHIA 3a pyOexoM, s
VY306ekucrana TpeOyeTcs pa3padoTka X TEXHUYECKHUX
pellicHHWi B BHJC pAIMOHAIBHBIX CXEM M pacyera

OIITUMAJIBHBIX napamMmeTpoB ux OKCITyaTallnuu.
OTcyTCTByeT TaKK€ COOTBCTCTBYMOIIAsA Hay4HO-
TCXHUYCCKad  JOKYMCHTAIUA  IIPUMEHHUTECIBHO K

YCIIOBUSAM PECITYOJINKH.

[IpoBeneHne SKCIIEPUMEHTAIBHBIX HCCIICA0BAHNI
Ha TpeJTaracMoi 1a00paTopHOH YCTaHOBKE MO3BOJIUT
000CHOBATH TIPEATIOKEHUS W) BO3MOKHOCTH
HCIIOJIB30BaHMs coiHeuHol cucTteMbl I BC coBMecTHO
c TEIUIOBLIM HAcoCoOM u MIPENTI0KUTh

MOJEPHU3UPOBAHHYI0O U  YCOBEPILIEHCTBOBaHHYIO
MIPUHIMIHATBEHYIO CXEMY TeINIOCHA0XKEHHSI.

OcHoBHass 4acTb. /Iyt mogpoOHOTro onmcaHus
NpUHOMIA paboOThl TEIUIOBOTO HAacoca pPacCMOTPUM
NIPUHIMIHANBHYIO CXeMy, U300pakeHHy1o Ha Puc.1

OCHOBHBIM (BeAyIIMM) HUCTOYHHUKOM 3HEPruM B
JTOM CXEME CITyKUT TEIUIOBOH HACOC «BO3IYX-BOAAN,
KOTOpBbI B 3aBUCUMOCTH OT MOTOJHBIX YCJIOBUMH
paboTaeT B PEBEPCHBHOM PEKHME A TEMJIO- WIH
XOJIOMOCHAOKEHUS 3MaHWi. B maHHOM Momenn
TETJIOBOH Hacoc IpeAHa3HAYCH ULt
KOMOWHHUPOBAHHOW CHCTEMBI TEIUIOCHAOXKCHHS B
COUYETaHUH C JONOJIHUTENIBHBIM HCTOYHUKOM TeIlIa,
TaKMM  KakK  oJJeKkTpudyeckuit  koren.  JlroOoit
JIOTIOJTHUTENBHBIM ~ UCTOYHUK MpeJHa3HadeH s
TIOKPBITHSL «IHKOBBIX» HAarpy30K B PeXHME PaOOTHI
TEIUIOBOTO HAacoca Ha OTOILICHUE.

Jns  mpuBoma  KoMIpeccopa M IPyToro
JIEKTPUUECKOTO 00OPYNOBaHMS, TEIJIOBOIO HAacoca,

UCTIONB3YIOTCSI ~ COJHEYHBIE  (DOTORIICKTPHUECKUE
maHenmu  (Garapen). Takum 00pa3oM yCTaHOBKa
«TETJIOBOM  HAcoC»  CTAHOBUTCA  eme  Oosee
SKOHOMHYHOM.
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TennoHoOCUTENE KOHTYPaO [

Koo guaeHer orenT R1340

—[>— Harpee (Tennosom Hococ)
—— OxnaxaeHqe

PucyHOK 1 Hpunqunuaﬂbuaﬂ cxema menjlioeoco Hacocda.

Bcro cuctemy MOXKHO pa3fenuTts Ha 3 KOHTYpa, a - IUIACTUHYATHIN TEIIO0OOMEHHUK Nel
TAaKXKe BBICTHTH 3 pekuMa pabOTBl CHCTEMBI  (HCHApUTENh);
COJIHEYHOI'O TEIJIOCHAOKEHHS Ko II-y xoHTYypy OTHOCSTCS:

KoHcTpykTUBHBIMEI 0COOCHHOCTSIMHU I-oro - MJIaCTUHYATBIN TEIUI00OMEHHUK Nel
KOHTYpa SIBJISIETCS TO, YTO B HETO BXOJSAT: (ucnapurens);

- BO3YIIHBIN TEIJI00OMEHHUK; - OTAEIUTEND KUIKOCTH,

- IUPKYJISIIMOHHBIA HACOC; - KOMIIPECCop;

- SJIEKTPUUYECKHUI HarpeBaTelnb; - peccusep;
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- MIaCTUHYATBIN TEII00OMEHHHUK Ne2  TemnmooOMeHHHK BOJIa-BO3AYX (BO) u
(xoHneHCaTOP). pacummpurensaelii  6ak  (BP) mocrymaer B IIT2
I11-it koHTYp BKIIFOYAET B ceOs: MOCPEICTBOM IMPKYJISIIMOHHOTO Hacoca (HI[2).
- TUTACTHHYATHIN TEII000OMEHHHUK Nel st Gonbimeit peTanu3alidy U MOHUMAaHUS HAMU
(koHzmeHcaTop); OBUI pPAacCMOTPEH TMPHUHIHUI PabOThl  COJIHEYHOTO

- SIIEKTPUUYECKUI KOTeT;

- MOTpeOUTENb(PaTuaTOPHI);

- TEINIOOOMEHHHK «BOJIA-BO3ITYX)

- IUPKYJIAIIHOHHBINA Hacoc Ne2.

Kaxaplii KOHTYp MMEET cBO€ (YHKIIMOHAIBHOE
Ha3BaHHE:

I-i1 kKoHTYp mepemaun Temaa xmamareHry; |l-oi
KOHTYp  M3BECT€H, KakK KOHTYp  UUPKYJSLUU
xyanarenTa; [11-if koHTYp nogaum Teria noTpeduTeIto
(B KauecTBe noTpeouTeNs UCIIONb3YyeTCs
OTONMTENBHBIA  paguaTop). OKCIEepUMEHTAIbHbIC
HCCIIEI0BaHUS IPOBOMINCH B KaXKI0M KOHTYpE.

Heab padorbl - moKa3aTh J(HHEKTHBHOCTH

UCTIONIb30BAaHMS TEIJIOBOTO HAacoca B  CHUCTEMax
TETIOCHAOKEHNS B YCIOBHUIX PECITyOIIUKH.

B JaHHOU nmabopaTopHOit YCTaHOBKE
TCIIOHOCUTENIEM  TIEPBOTO  KOHTYpa  SIBIISIETCS
aHTU(PU3,  TONYYMBIIMH  TEIUIOBYIO  HHEPTHIO

MOCPEJICTBOM  3yeKkTpudeckoro Harpeparens (OH).
TemnoHocuTens  MOCTyMaeT B IUIACTHHYATHIN
termooomennuk  (IIT1), kotopwlii u  sBisieTcs
UCTapHUTeNeM,  IOCPEACTBOM  IHUPKYJIIIMOHHOTO
Hacoca (HII1). 3arem, oxnaxpasch B BO3AYIIHOM
terooomennuke (BT), mocrymaer obparHo B OH.
[Ipouecc moBTOpsiEeTCH.

Bo BTOpOM KOHType TEINIOHOCHUTENIEM SBILIETCS
XJIaJareHT, KOTOPBIH HAYMHAECT HCIAapAThCA B
ucmapurene (I1T1). Tlpoiins oTmenuTendh >KAAKOCTH
(OX), mapel xiagareHTa IMOCTYNAIOT B KOMIIPECCOD
(KM), rne oOpa3oBaHHBIE Tapbl UIMEIOT TEMIIEPATYpPy
80-85°C, BcieacTBHE MOBBIIICHUS JaBICHUSA. 3aTeEM,
mpoiing  IulacTHHYAThIi  TermoobMenHuk  (I1T2),
KOTOPBIH SABISIETCA KOHIEHCATOPOM, M OTAAB TEIUIOTY
TEIUIOHOCHUTENIO TPEThero KOHTypa, TOmagaer B
nuHelHbI pecuBep (PJI), oTkyma HampaBmsiercss B
UCTIApUTEIb.

B TperbeM KOHType TEIUIOHOCHTENh MOIYyYUB
TEIUIOTY B IDIACTHHYATOM TeruooOMeHHuke (I1T2)
OTHpaBiIsieTcsl K NOTpeOuTeno (B JaHHOM ciydae
pamuaropy OTOIUICHHS). [poiins yepes

Q« = Gy * cp(tp — tos) = 0.363
riae Gi — MaccoBBIH pacxo/] TETIOHOCHTES Yepe3
KOHJICHCATOP, KI/C;
- TEOPETUYECKUI OTOMUTENBHBIN K03 (DUITHEHT:

+ T 205 _
Ut = T =70 = 5.125

rae (x— YAEIbHOE KOJIMYECTBO TEIUIA, OTBEICHHOE
B KOHJIeHcaTope, K/K/KT;

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

- BBIUMCIIEH JEWCTBUTEIBHBLIA OTOIMMUTENbLHBINA
Ko unenT:

TEMJIOBOI'0 Hacoca B 3 pexxumax:

1) Pexum TtemmoBoro Hacoca. JlaHHBIH pEXUM
MIpeAyCMaTpUBAET PabOTy CHCTEMBI OTOIHUTEIHEHOTO
pamuaropa IpH  HEOOXOAMMOCTH  TEMIEPaTyphl
TeroHocuTenss B mpexenax  50-65°C.  Pexum
TEIJIOBOTO HACOCA MO3BOJISIET IOBBIIATH TEMIIEPATYPY
BO3/lyXa B IIOMEIIECHUN B XOJIOJHOE BpeMs rojaa (naxe
IpU TeMIepaType OKpyxaromiero Bosayxa -5 °C) u
MOJKET HCIIOJIB30BAThCSl KaK OTONMTENBLHBIH Mpuoop.
[MpuHOMO paboTHl 3TOr0 pekuMa UISHTUYHO padore
0o0byHOTO TerioBoro Hacoca [2]. Ilpu ucmbITaHuM
YCTQaHOBKM B JIaHHOM peXHMe, 0co0oe 3HaueHHe
NIPUABAJIOCh  CPAaBHEHHUIO  JACHCTBUTENBHOTO U
TEOPETHYECKOTO  OTOIHUTENbHOTO  Kodddummenra
TEIIOBOTO HAcoca.

B xome »skcmepumeHTa
CJICTyTOIIHE TTapaMeTphl:

vty = 53.5 °C (Temmeparypa IpsMoro fmoToKa);

ObLIH JAOCTUTHYTBL

v te = 53.1 °C (temmeparypa o0OpaTHOrO
MIOTOKa);

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

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

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

V' tun = 12 °C (Temmepatypa
HU3KOIIOTCHIIMAJIBHOTO NCTOYHNKA HA BXO/E);

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

v p« = 14 0ap (naBieHue KOHIEHCAIUM

XOJIOIMIBHOTO areHTa);

v Niw = 6111 Bt (MOIHOCTh 3aTpavyeHHas B
KOMIIpeccope).

Ha ocHOBaHWE 3KCIEPUMEHTAIBHO MOJIYYEHHBIX
3HAYEHHI TapaMeTPOB:

- OBUT OCTPOEH MK PabOThI TEIIOBOTO HACOCA
B auarpamme lgp-i (puc.2).

- BBIYHCIICHO KOJMYECTBO TEIJIa HANPABICHHOE Ha
OTOIUICHHE:

% 3253.6(53.5 — 53.1) = 472.4 Bt

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

peXUM TIpelycMaTpuBaeT paboTy Mpr HEOOXOIUMOCTH
OTpHLIATENLHON TEMIIEPATyPhl TEMIOHOCUTENS, TO €CTh
JUIL CHIDKEHHUS TEMIIEpaTypbl BO3AyXa BHYTpHU
MOMEUIEHUH B XKapKoe BpeMsl rojia U KpyTriaoroAudHO B
TIOMEIICHUIX, TAe oOpa3yercs HW30BITOYHOE TerIo
(MH(pOPMAIIMOHHO-BBIYNCIIUTEIbHBIC LEHTPBI,
ayJMTOPHH, 3pUTEIIbHBIC 3aJIbl U T. J.) WIH TpeOyeTcs
TIOJICPKAaHHE ONpeNeIIEHHON TEMIIEPATYPBI
(mpOaYKTOBBIE  CKJIAJIBI, OTIEPALIUOHHBIE). Huxe
MpuBeJeH TpapuK H3MEHEHHs pabouux TemIeparyp
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(puc.3), cpenuuit xo3pduLMEeHT paboyero BpEeMEHH,

YuuThbiBasgd BCC IOTCPU, BO3ZHUKAIOIIHC IIPpU

pabore

JCHCTBUTENBHYIO  XOJOAONPOM3BOJUTEIBHOCT U KOMIIPECCOpa.
JEWCTBUTENBHBIA  XONOAWIBHBIA  Kod(dduimeHt,
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ENTHALPY (kJ/ka) E
Pucynox 2. Lukn pabomsi mennogozo nacoca 8 ouazpamme lgp-i

- CpenHuii K03pdUIIEHT padovero BpeMeHH:

_ ZTpa6 _ 152

h=—"=
ZT06 305

= 0.498

- ﬂeﬁCTBHTeHBHaﬂ XOJOAOIIPOU3BOAUTCIIBHOCTD!

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

- JleficTBUTEIBHBIN XOJOAMIBHBIN KO3 duImeHT:

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

TEIUIOHOCHUTENS C MOMOIIBIO 3JIEKTPUYECKOrO KOTJIA.
HauanbHble ycnoBHs CXOXH C NEPBBIM PEKUMOM —
U3MEHEHNE TeMIEePaTypbl TEMNIOHOCUTEIS IPOUCXOAUT
C IOMOILBIO TEIUIOBOrO Hacoca. JlaHHBIM peXuM
aKTyaJeH TpH  HEOOXOIMMOCTH  TeMIepaTypbl
TerutoHocuTens 6osee 65°C Ha BXO€ B OTOIMUTENBHBIN
paauarop. B ciyuae BOSHUKHOBEHMS TAKOW CUTYALUH,
TEIUIOHOCUTENb  MOJOTPEBACTCI HA  BBIXOLE U3
TEIJIOOOMEHHHKA  TEIUIOBOTO Hacoca  IyTeM
JJIEKTPUYECKOI0 KOTJIA, IIOCIE YEro TEILUIOHOCUTEIIb

HalpaBJsIETCsl B OTONUTEIBHBIA paguaTop, B KOTOPOM
MBI MOXEM TIPOCIEIUTh TEIUIOOTHAady TETIOBOM
SHEPTHH.

[MonyueHHsie pe3yJIbTaThI
3¢ (GeKTHBHOCTH TEIUIOBOTO HAacoca, ero

TEIJIONPOU3BOIUTEILHOCTD MIPEBBICHIIA
TEIUIONPOU3BOAUTENILHOCTh KoTia Ha 0.06 kB1/u u
pacxoa BIEKTPOIHEPTMH TEIUIOBOIO Hacoca ObLI
MeHbIlle, YeM y komia, Ha 0.232 kBt/4; BenuumHa
OTOIMTENBHOTO KOo3((uIMeHTa TEemIoBOro Hacoca
cocraBmia — 0.58 , a y anekrpuueckoro kotna — 0.18.

BbIBOAbI: TakuM 00pa3oM aHAIM3 PE3YJbTaTOB
MIPOBEJCHHBIX JKCIIEPUMEHTANIBHBIX HCCIEI0BaHUN B
ma0opaTOPHBIX YCIOBHAX TOKa3an 3(QeKTHuBHOCTH
TEIJIOBOTO  Hacoca. ABTOpPBHl  TNPOAOIDKAT  CBOHM
UCCIEIOBAaHUS WM HAQJEIOTCSA,  4TO  Hay4dHO
00OCHOBaHHBIE CXEMBl M TEXHHYECKHE IapaMeTphl
71a00paTOPHBIX IKCIEPUMEHTOB CTaHYT OCHOBOM ISt
pa3paboTKu Hay4yHO-TEXHHUYECKOH NOKyMEHTAl[uH I10
BHEJJPEHHIO Mpe/IaraeMbIX TEXHOJIOTHIH Ha O0OBEKTax
I'VII «Toshissigquvatti». 3To MO3BOIUT HOOHUTHCS
CYIIECTBEHHOT'O CHI)KEHHMS MOTPEOICHUS IPUPOTHOTO
ra3a TIpH BBIPAOOTKE TEIUIOBOM JHEPTHH, ITOBBICHTH
(G (QEKTUBHOCTh II0JIa4M  TeIUla IOTPEOUTEIsIM U
YIYYIIUT KOMMYHAaJIbHBIE YCIYT'H OTpeOUTEIeH.

MOATBEPAWIIN
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Pucynox 3. I'pagux usmenenus pabouux memnepamyp ¢ aHAIU30M Perscuma pabomul.

Jlocrok 1O. A JlabopaTtopHbie pabOThI Ha CTCHC
Jlutepatypa Tennossie Hacocel Munck: BHTVY, 2013. - 50 c.
B.B.I'anaran. Meronu4yeckue peKOMEHAALUU 110
M3y4YCHUIO PEBEPCHUBHOTO TEILIOBOTO Hacoca: Open
I'TY, 2019.-9%c.

YK 519.673
I'PHTU 27.35.33
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MATHEMATICAL MODEL DEVELOPMENT OF METAL PRODUCTS ELECTRICAL
RESISTANCE HARDENED LAYER DEPENDENCE ON THE SIZES OF CRYSTAL STRUCTURE
GRAINS

AnHoTanmusi. B cratee omuceiBaeTcs  pa3paboTka  MaTeMaTHYeCKOW  MOJEIM  3aBUCHUMOCTH
3JIEKTPOCONIPOTHBIICHHS YIIPOYHEHHOTO CJI0S1 OBICTPOPEKYIIEr0 HHCTPYMEHTa OT KOJMYECTBA 3ePeH CTPYKTYPHI
MeTajula, KOTOopas W3MEHSeTcs M0 JeWCTBMEM MAarHHUTHO-MMITYyJICHON o00paboTku. Paspabortannas
MaTeMaTH4YeCcKasi MOJETb MOJy4YeHa B pe3yNbTaTe PacCMOTPEHHs YNPOYHEHHOTO CJIOS, KaKk HaHOMAaTepHaia C
PSZIOM M3BECTHBIX 3aBHCHUMOCTEH. Takoe CpaBHEHHE HPUHSTO B CBs3M ¢ TeM, 4to coryacHo ['OCT 19265-73,
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T'OCT 5639-82 pasmep 3epHa CTPYKTyphl MeTamia OBICTPOpEXyLIero WHCTpyMeHTa (cramb PO6MS) yixke
COCTABJIICT CAUHUIIBI MHUKPOMETPOB, a B IIPOLECCC 06pa6OTKI/I MAaruMTHO-UMITYJIbCHBIM BO3[[6ﬁCTBI/ICM
YMEHBIIACTCA 1O HAHOMETPOBOI'O AraIa3oHa.

YucnoBoe MOAEIUPOBAHUE PEANTU30BAHO C MPUMEHEHHEM Martemarnueckoro nmakera MATLAB R2019b, a
pe3ysibTaT MOJYYC€H B BHJIC r‘paq)mca 3aBUCUMOCTH. YTO I103BOJIMIIO YCTaHOBUTH BJIMAHHUC KOJHNYCCTBA
MCIK3CPCHHBIX TI'pPAHUILl pa3gCJiOB Ha 3JICKTPOCOMNPOTUBJIICHUE, MPECACTABIIAIOIINX coboii COBOKYITHOCTb I'PaHUI]
3¢peH W TPOHHBIX CTHIKOB. Tak, HAMOONBIINN MPHUPOCT IIEKTPOCOIPOTHUBICHUS MTPOUCXOIUT B HAHOMETPOBOM
Jrara3oHe pa3MepoB 3epeH CTPYKTypsl Metamia ot 0,2 aM 1o 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
(P6MS5 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;, OblCpOpedCYwull UHCMPYMeHm, YNpOYHeHue
uzdenuti; P6MS5; evicokosnepeemuueckue memoosi;, MAZHUMHO-UMNYIbCHAS 00pAbOmMKA, CMPYKMypa Memasid,
dJeKmpoconpomuesieHue, cpanuya 3epen memaiid, pasmep 3epHa memaiiid.

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 B3iThb  3aBUCHMOCTb
o6pabotkn (MHO) Ha TOBEPXHOCTH CTAJIBHOTO  BJIEKTPOCONPOTHBICHUS OT KOJIMYECTBA MEK3EPECHHBIX
u3genus  oOpasyercs MOIWQUIMPOBAHHBIM CJIOM  TpaHUI pa3ienoB 1o gopmye [2]:
TOMmUUHOW 10 70 MKM (A7s1 HEKOTOPHIX METaIOB U
Oonee). B atom cmoe ycrpaHsrorcs AedekTel B R =Ry+Rpp 5,
KPHUCTAJUTHYECKOH pemieTke, BBIPaBHUBAIOTCS (1)
BHYTpPEHHUE HaIpsKECHNU, HU3MeNbYaeTCs u
CTaHOBHUTCA Oojee OJHOPOJHOM CTPYKTypa MeTaluia, rnie Ro - 3JIEKTPOCONIPOTUBIICHHE

YTO BEJET K IOBBIIIEHHIO IIPOYHOCTHBIX MMOKa3aTeei
u3Nlenus, a B Ciy4ae oO0pabOTKH  PexyIero
MHCTPYMEHTA K HOBBIIIEHHIO ero cToikoctH [1].

W3mMenbueHne CTPYKTypbl (pa3mepa  3epHa)
HAMpPSIMYI0 BIUSIET HA BEJIMYMHY JJIEKTPHUECKOTO
CONPOTHUBIICHHSI YIPOYHEHHOTO CJIOsl. A Tak Kak
TOJIII[MHA YIIPOYHEHHOT'O CJIOSI COCTABISIET EIMHHUIIBI U
JICCATKH MUKPOMETPOB, a pa3Mep 3epHa UMEeT MUKPO
M HAHOMETPOBBIM JMANa30H, TO HCCIEI0BAHUE
BIMSIHHSL pa3Mepa 3epHa Ha 3JIEKTPOCONPOTHBICHHUE
ynoOHO  paccMaTpuBaTh IO  3aKOHOMEPHOCTSIM,
MPUMEHSIEMBIM JIJI HAHOMATEPHAJIOB.

B cBs3u ¢ 9THM, Uenblo paboThl SBISIETCS
MOJyYeHHE MaTeMaTHYeCKOH MOJENIH 3aBUCHMOCTH
ANIEKTPOCONPOTUBIICHHUST ~ YIIPOYHEHHOI'O  CJOSI  OT
KOJIMYECTBA 3€peH CTPYKTYypbl MeTaija, KOTOpoe
M3MEHsIeTCsl 10/ AEHCTBHEM MAarHUTHO-MMITYJIbCHOM
o6pabotku. IIpoBeneHne YNCIIOBOTO MOJEIHPOBAHUS
aKTyaJIbHO OCYIIECTBUTH c IIPUMEHEHNEM
Maremaruueckoro makera MATLAB R2019a, a
Pe3yIbTAT MONYYUTh B BUIE IpadKa 3aBHCHMOCTH.

MOHOKDPHCTA/UIMYECKOTO MaTepuaia C
COJIepXKaHUEM MpUMeceit 1 1e(heKToB;

Rrp — JIEKTPOCONPOTHUBIICHHE HA MEK3CPEHHOM
rpaHuIIe;

S — IomIa b MEK3EPEHHBIX MPAHHII;

V — o0BeM.

W3 51Ol 3aBUCHMOCTH CIEIyeT, uYTo obliee
COMNPOTHUBIICHUE YIMPOUYHEHHOTO CJIOSI OYJIET COCTOSAThH
u3 Ro — AIIEKTPOCOMPOTUBIICHUS

3aJaHHbIM

MOHOKPHUCTAJNINYECKOTO Rrp 5
AJIEKTPOCONIPOTHBIICHHSI, BBI3BAHHOTO YBEIHICHHUEM
KOJIMYEeCTBA  MEK3EPEHHBIX  TPaHHI]  pasfena
CBSI3aHHOTO C YMCHBIICHHEM pa3Mmepa 3epHa D mpum
ynpounenun MUO.

Juis Havama paccMOTpPHM pa3Mep CKHH-CIIOS
(mpuHMMaeM, YTO OH paBeH TOJIIIMHE YHPOYHEHHOTO
CJIOS1) OTHOCHTEIHHO pa3MepoB IENbHOTO oOpasia
(pucyHok 1), KOTOPBIIl BOZHUKAET NPH MPOXOXKICHIH
TOKa BBICOKOH 4acTOTHI [3].

MaTtepuaga H
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Pucynox 1 — Tornwuna ckun-cros d 6 yeavnopasmeprom obpasye
Figure 1 — Skin-layer thickness d in solid sample

W3 pucyHka cienyer, uyTO IUIONIAJb CEUYCHUS
CKUH-CIIOS TOJIIUHOM 0 MOXXHO HAWTH KaK Pa3sHOCThb
Iomaael 00pa3oBaHHBIX paIyCaMu I1 | 2!

S=85-S=n-n*-n-n=n-r:-r-d)*=
=n-(rn?-n?-2-n-d+d*))=n-Q2-r -d—d>. 2)

A 00bEM CKHH-CJIOS JUTHHOM | B TakOM citydae OyIeT paBeH:

V=7r-l-(r12—r22)=n-l-(r12—(r12—2-r1-d+d2))=1t-l-(2-r1-d—d2).(3)

Torma 37EKTPOCONPOTHUBICHUST MOHOKPHCTAIDTMYECKOTO Marepuana Ro ¢ yderom (2) MOXHO HaWTH IO

thopmye:

pl p-l p-l
RO = — = = =
s $1-S;  mr?-mry?

- =L @)

T(r12—(r2=211-d+d?))  m(21-d—d?)’

TAC p — YACIBHOC 3JICKTPUICCKOC COINMPOTHUBIICHUE MaTEpUaa.

HHH YCTaHOBJICHUSA BIIUAHUS KOJIMYCCTBA
MCK3CPCHHBIX T'PaHUIl Ha SJICKTPOCOIPOTUBIICHUC

s N
(Rpp;) HEOOXOIMMO HaWiTH S —  IUIoHmanb

Mek3epeHHbIX rpanull. OHa Oymer COCTaBISATH
3aKOHOMEPHYO JIOJI0 OT OOIIeH MITOMIaIn 3epeH:

S =AVp - Sy,
P "9 (5)
rae AVrp — o0beMHast T0JIsl TPaHUI] pasJiena;
Sy — cymMMmapHas IIomaab 3¢peH.
OOBEMHYIO JIOJIO TpaHMI pazjena MOXKHO
OLICHUTH 110 popmyie[2]:

W =1-[Z23, (g

T7ie S — TOJIIMHA IPaHMIL pa3zena (mopsaka 1
HM)?

D — xapakTepHblii pa3Mep 3epHa HITH
KPHUCTAJUTUTA.

CyMMapHyI0 IUIONIAh 3€PeH Sy MOXKHO HaWTH,
paccMOTpEB MENKOJHUCIIEPCHOE CTPOSHUE Marepuala,
cBoiicTBeHHOE nocie ynpouHeHus MUO (pucyHoxk 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 LIapoOOpa3HOM
¢opmbl muamerpa D, cymmapHyto ruomans 3epeH Sy
MOJKHO HaWTH 1Mo popmyiie:

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

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

S . =m-Ir

vV _ wl(m?-r?) _ 6l(2r-d-d?)
n-D3 - D3 » (8)

6

N_

Vaepua

rae D — pasmep 3epHa;

| — nimHa ckuH-cios (oOpasna);

d — TomnIIMHA CKHH-CIOS.

Torma c¢ yuerom (8) ypaBHenue (7) s
OIpEeeICHUs] CyMMapHOW IUIOMIAAN 3€peH Sy MPUMET
BUJL:

6-1-(2-5,-d-d) =ﬁ-?£-f-(2-}‘._ -d—d")

B D D
9)
C yuerom (6,9) ypaBhenue (5) Il IUTOLIAAA
MEX3EPEHHBIX TPAHUI] S MOXHO TMPEJCTABUTh
CIEIYIOIIIM 00pa3oM:
D—s 6-m-l-(2-1-d—d?
S=aVip 5= (- 5 . (D1 )
_ (D3-(D=9)®)-6-m1-(211-d—d?)
- D4 ' (10)

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

p-l

R = Ry + Rypo =
— o FPV_
p-l

KOJIMYECTBA MEX3CPEHHBIX TpaHun pazzgena (1),

NOJIyUnM:

1_[(Dl;s)]g,)_6~7r~l~(21~)r1~d—d)

n-(Z-rl-d—d2)+Rrp
D*-(D-9-6-m-1-2-1,-d—d?)

Tl (2-1,-d—d?

“r o d—ay R

D* mw-l-(2-r-d—d?

__ D*12-p+Rrp-6m-1-(D3—(D-5)3)-(2:74-d—d?)

D*-1-1-(21,-d—d?)

rJie p — YIACIbHOE dJIEKTPUIECKOE COIPOTHBIICHUE
MaTepuaa,

D — pa3mep 3epHa;

| — iuna ckuH-cnos (o6pasia);

Rrp — 2J1€KTPOCONPOTURIIEHHE HA MEXK3EPEHHOU
rpaHuUIIE;

MaTeMaTHYECKOM
QJICKTPHUUICCKOT'O COIMPOTUBJICHUA YIIPOUHCHHOI'O CJIOA

, (11)

S — TOJIIIMHA TPAHUIL] Pa3ena;

r1 — paguyc obpasma;

d — TomnIMHA CKMH-CIIOS (YITPOYHEHHOTO CITOS).
Hannyio 3aBucumocts (11) MOXHO cuuTaTh
MOJIENBIO 3aBUCHMOCTH
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METAJNIMYECCKUX I/I3I[€J'[I/II7I oT pasMepa 3€pHa I[J'Iﬂ MMpoBEACHUA YUCICHHOI0 MOJACIIMPOBAHUSA
KPUCTAITMYECKON CTPYKTYPHI. HCTONB3yeM 3aBUCHMOCTD (11) i aHanmu3a BIHASHUS

Yucnosoe ModeﬂupoeaHue sasucumocmu pazMepa 3€pHa D Ha DJICKTPOCOIIPOTUBJICHUC
QNIEKMPUHECKO20 CONPOMUBTIEHUS YNPOUYHEHHO20 CI05 YIOPOYHEHHOI'O CJIOA R, HUCXOos1 u3 JaHHBIX,
memaludecKux u3deﬂud om pasmepoes 3€PEH NPUBCICHHBIX B Ta6m/1ue 1.

KpUCMAaniuyeckou cmpykmypbl
Tabmuma 1
Hcxoanble JaHHBIE VI pacyeTa
Table 1

The source data for the calculation

HanMeHoBaHme BeTMUIMHBI

3HaueHne

P — YACJIBbHOC JJICKTPUICCKOC
COIMPOTUBJICHUEC MaTCpHraia

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

D — pa3mep 3epHa

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

R]“p — JJICKTPOCOIPOTHUBJIICHUE
Ha Me)K?;epeHHOﬁ rpaHuue

TunoBoe Juis HAHO ¥ MEKPOCTPYKTYP: 3-1071 [Om-Mm]

S — TOJIIIMHA FPaHUIl pa3ziena

TunoBoe JUIs HAHO ¥ MUKPOCTPYKTYp nopsjka: 1 [amM] = 1-10°[m]

I, — paauyc obpasua

Tunosoe ans ceepa u3 ctan P6MS o TOCT 10902-77: 0,005 [m]

| — Ha ckuH-cy10s1 (0Opasia)

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

d — TonmMHA CKUH-CII0A

[Mombupaercst paBHBIM TOJNIIHHE YIIPOYHEHHOTO CJIOS U PACCUUTHIBACTCS C

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

JJICKTPHUICCKOC COMMPOTUBIICHHUEC MaTCpHraJia, M OTHOCHUTCIIbHAA

MAardvMTHas OpOHUIIAEMOCTb; f — yacrora curgana

/.lm — OTHOCHUTCJIbHAs1 MarHuTHast

MMPOHUIIACMOCTH

Jns yrnepoauctoit cranu: 100

f — gacrora cursana

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

5-10°[T'n]

d — TommMHA CKUH-CITI0A C
yuetom fu p

1,65-10°[m] =16,5 [MKM]

MopenupoBaHue BbITOIHEHO ¢ omolnsio mporpammbel MATLAB R2019b B okue Editor Ha si3pike 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 TPaHULE pPa3nesa
q = 54e-8; % ymespHOE BIJIEKTPOCOIPOTUBIIEHME CTaju P6M5S
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;% 0o0beM mapoobpasHOTO 3epHa
nl = (pi*h*(2*rl1*d-d”~2))./V2; % KOIMUECTBO MApPOOOPAa3HEIX 3epeH B oObeMe
CKMH—-CJIOA
S1 = pi.*(D."2).*nl;% mjomanb BCcex WAPOOBPAaBHEX BepeH B OObeMe CKUH-—
cJosa
R = ((D.7”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 Mooenb 3a6UCUMOCTIU IJIEKMPUHEeCKO20 COnpomueieHus R YNPO4YHEHHO20
Cnos uz0enull uz memanios om pasmepa sepia D kpucmannuueckoi 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 MOAENMPOBaHUS, OCYLIECTBIEHHOIO
¢ nmomomipio mporpammel  MATLAB  R2019b,
Npe/ICTaBIIeHbI B Buje rpaduka (pucyHok 4). Tak kak

HU3MCHSACTCA B JUAaNa30HC U3MCHCHUA pa3dMepa 3€pHa,
TO 3aBUCHUMOCTb yﬂO6HO PaccMoOTpETh, €ClIn
UCIIOJIB30BATh HOFapI/I(l)MI/I‘{eCKI/Iﬁ MaciTad JJIsL 00eunx

BCIIMYMHA QJICKTPOCONPOTUBIICHUA MHOTOKpPaTHO ocei KOOpAHWHAT.
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Pucynok 4 — I'pagux 3asucumocmu 3neKkmpuieckoeo conpomusieus R ynpounenno2o cios uzoeiut
U3 Memannoe om pasmepa 3epua D Kpucmaniuieckou CmpyKmypul
Figure 4 — Graph of the electrical resistance R of the hardened layer of metal products
on the grain size D of the crystal structure

Pe3ynpraThl MOAENMpPOBAaHUS IOKa3bIBAIOT, YTO
CHJIbHBIN pUpoCT JIEKTPOCONPOTUBIICHUS
XapakTepeH B HaHOMETPOBOM jWamnazoHe. Tak,
HanpuMmep, npu ymeHbleHuu 3epHa ot 0,2 um 0 0,01
HM, 3JIEKTpoconpoTuBiIeHne n3mensercs ot 0,1883 Om
1o 17,5 kOM cooTBeTcTBEHHO. A Ha auamna3oHe ot 10
MKM 10 0,2 HM 3I€KTPOCONIPOTUBIICHHE IPUPACTAET HE
3HaunTenbHo oT 0,1385 1m0 0,1883 Om.

Takum obpaszom, npu nposeneHnn MO u3nennii
W3 METaJuIoB, KOTOpPOE€ B YACTHOCTH MPUBOAUT K
W3MENBUCHNIO 3€pHa JI0 HAHOMETpPOB, Oyner
MPOUCXOJUTh POCT 3JIEKTPUYECKOTO CONPOTHBICHUS
YIPOYHEHHOT'O CIIOSI.

3AK/IIOYEHHUE
Pazpaborana MaTeMaTHYecKas MOJIENb
3aBUCUMOCTH 3IEKTPHUUECKOTO COIIPOTHBIICHUS

YIOPOYHEHHOTO CJOS METAJUIMYeCKUX M3JeNuil OT
pa3sMEepoB 3€peH KPUCTAJUIMYECKON CTPYKTyphl U
nmpousBeieH aHanu3 B auamnasoHe or 0,01 mm go 10
MKM. Pe3yipTaTsl MOAETMPOBAHMS MOKA3hIBAIOT, YTO
CHJTBHBIN MPHAPOCT 3NIEKTPOCONPOTHBIICHHS
XapakTepeH B HAHOMETPOBOM [HWama3zoHe. Tak,
Hanpumep, npu ymeHoienuu 3epHa ot 0,2 um g0 0,01
HM, 3JIEKTpoconpoTuBieHue uaMensercs ot 0,1883 Om
1o 17,5 kOM cooTBeTcTBeHHO. A Ha nuamna3oHe otT 10
MKM 710 0,2 HM 3JI€KTPOCONPOTUBIICHUE IPUPACTAET HE
3HauuTesbHO OT 0,1385 o 0,1883 Om.

Takum  00pa3oM, OCYIIECTBIATH KOHTPOJIb
W3MEHEHHS CTPYKTYpBl MeTajula HpH IPOBEACHUH
MarHUTHO-UMITYJIbCHOH 00pabOTKU OBICTPOPEKYIIETO

WHCTPYMEHTa MOXXHO HE TOJIBKO C IPUMEHEHHEM
MHKPOCKOIIMM, HO M C HCIHOJB30BaHUEM METOJa
KOHTpPOJIS, ~ OCHOBBIBAIOIIErOCSI ~Ha  M3MEPEHHH
JIEKTPOCOIIPOTUBIICHHS TTOBEPXHOCTHOTO ciiosd. UTo
HPUBEAET K COKPAIICHUIO BpeMEHH KaK Ha IIOJATOTOBKY
u3enus K U3MEPEHUIo, TaKk M Ha caM MpoLecc
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 KEpPaMHUUECKOro KHpIH4Ya Kak ChIppE A TPOU3BOJCTBA

peCTaBpallUOHHBIX MATCPHUATIOB APXUTCKTYPHBIX IMaMATHHUKOB. HaHHaf{ pa60Ta MOCBAIICHA U3YYCHUIO CBOICTB
0TX04a KCpaMHUYCCKOIro KMpnnuia Kak TEXHOICHHOI'0 MHUHCPAJIBHOTO CBhIPbS JId MOBTOPHOI'O HCIIOJb30BAHUC B

MMPOU3BOJACTBE CTCHOBBIX MAaTCPHUAJIOB.

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: KepaMuHeCKulZ Kupnud, npombvlilleHHbvle omxodbz, Cblpbesasi KOMno3uyust, ciuna.

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

BBEJEHUE

[Tpou3BOACTBO  KEpaMHUYECKOTO  KUpIH4Ya B
ycnoBusix PecryOnmukn Y30€KUCTaH COMPOBOKAAETCS
00pa3oBaHNEM pSIbl OTXOJOB, BOIPOC YTHIM3ALUH
KOTOPBIX JI0 CHX TIOp SIBJISIETCS] HE PEIIEHHON 3a1aueit.
K 4mcmy  Takumx — OTXOIOB — OTHOCUTCS — OOM
KEPaMHYECKOT0 KHpNUYa U IIUIAKH, KOJIMYECTBO
KOTOpBIX Bapeupyercs B npenenax 10-15% u 8-12 %
COOTBETCTBEHHO. MX [0 HAaCTOSIIEro BpeMEHH B
OCHOBHOM BBIBO3ST Ha CBAJIKA TBEPIBIX OBITOBBIX
OTXO/IOB, JMOO  CKIQIBIBAIOT B  CIENHAILHOE
oTBe/ieHHbIe MecTa. [Ipr 3TOM He TOJBKO 3HAYUTEIHHO
YBEJIMYHBAIOTCS 00BbEMbI CBAJIOK, TaKKe 0€3BO3BPATHO

TepsAeTCs] MHUHEpaJbHOE CBHIPhE, PECYPCHl KOTOPOTO
OTpPaHHYEHBl B YCIOBHAX XOPE3MCKOIO pPETHOHa.
Jannas paboTa MocBsIeHa H3y4eHNIO CBOICTB 0TX0/1a
KepaMM4YeCKOro  KUpIM4a  KaKk  TEXHOIE€HHOIO
MUHEPAJIBHOTO CHIPbS [UIsl IOBTOPHOT'O HCIIOJIb30BaHHE
B MIPOU3BOJICTBE CTEHOBBIX MaTepHUaoB.
AXTyaJIbHOCTB pelIeHus TaKoii 3a1aun 00ycCIIoBIIeHa, C
OJHOM CTOPOHBI, 3KOJOTMYECKHMMH INpodieMamMu
CHIDKEHHS PECYpCOEMKOCTH CTEHOBBIX MaTE€PHAJOB, C
JPYyToOl — BOIPOCAMH COLHAIBEHO-IKOHOMHYECKOTO
Pa3BUTHS PETHOHA.
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METOAUKA DKCIIEPUMEHTA

W3BecTHO, 4YTO MUHEpaNbHO-CHIpheBas 0aza
UCUEPIBIBAETCS  C  BO3pacTalOIMMU  TeMIaMHU
MPOM3BOJACTBE U SBISETCA HEIOCTATOUHOM  JUIs
YIOBJICTBOPEHUSI MOTPEOHOCTEHl B  MHUHEPaJIbHBIX
pecypcax,  4YTO  OmpenensieT  HeoOXOJUMOCTh
BOBJICUCHUS B TIPOU3BOACTBEHHBIH IUKI TEXHOTCHHBIX
Matepuainos|1-5]. [pu 3TOM OonpmIMH
BO3MOKHOCTSIMHA [UII WCIIOJIB30BAHUS TEXHOTCHHOTO
CBIPhSI  00JamaeT MPOU3BOJICTBO KEPAMUUECKOTO
kuprnga [6]. B paborax [2, 5] moka3zaHa BO3MOKHOCTb
MPUMEHEHUSI Pa3INYHBIX TEXHOTCHHBIX MAaTEepHAlIOB
OpY TIPOU3BOJACTBE KEPAMUYECKOTO KHpIHuYa B
KauyecTBe J00AaBKHM, a B HEKOTOPBHIX KOMIIO3UIUSX B
KauecTBE OCHOBHOTO ChIpbs [1], 3amelnas 4acTU4YHO
WIM TIOJHOCTBIO HE BO30OHOBIISIEMBIE PECYPCHI
TIIMHUACTBIX TOopoA. bompmiol oObeM Npou3BoOACTBa
KepaMHU9IEeCKOTO KHpPIUYa T03BOJIACT YTHIN3HPOBATH
MIPOMBIIIJICHHBIC OTXOJBI B 3HAYUTEIBHBIX
KOJIMYECTBAX W IMUPOKOM IHANA30HE WX COCTaBa C
WCIIONB30BAaHUEM  TPAIWIHOHHOW TEXHOJOTHH U
ammapatrypHoro ocHameHus. Kpome Toro, co3manue
CBIPHEBBIX KOMITO3UIHY ¢ IPUMEHEHHUEM TEXHOT€HHBIX
MaTepHaJIOB B KadecTBE HOOABKU SABIACTCA OJHUM M3
MyTed paciIMpeHHs MaclTaboB  HMCIHOJIB30BaHUS
HU3KOCOPTHBIX ~ TJIMHUCTBIX  IIOPOJ,  IOBBILICHUS
TEXHHUYECKUX CBOMCTB M MOHIKEHUs ce0e CTOMMOCTH
MOJy4aeMoro kepamuueckoro kupnuda. C TOYKH
3peHHsl PaIMOHAIBHOIO IPHUPOJONOIL30BAHUSA OOH
KepaMH9IeCKOTO  KHpIH4Ya MpeAcTaBisieT  coOoit
HEJIOHCITONB30BAHHOE CBIpBE CTPOHTEIEHOTO
Ha3HAYCHUS, CIIOCOOHOE OOECTIEYNTh KEPaMHUYECKYIO
MPOMBIIIJICHHOCTh BBICOKOKaUYeCTBCHHBIMU
OTOINAIOMIAMHU  JTOOOBKAMH TOHOOHBIMH IIIAMOTY.
UzBectHo [7], 4yTO MmaMOT SBISETCS OJHUM W3
HanOoJiee KayeCTBEHHBIX oTomuTesnelt riuH. [1lamMoT B
OTIMYHE OT JPYrHMX OTOLIWTeNed He CHHXKaeT
OTHEYNOPHOCTh KEPAMHUYECKOH MAacChl, HO SBIISETCS
JIOPOTHM MaTepHaioM, ¥ IOITOMY €ro He IPUMEHSIOT
JUIA U3TOTOBJICHUS KEpaMUUECKOro Kupnuya. B Hammmx
HCCIICIOBAaHUAX WCIIONF30BAIM OOH KEepPaMHU4eCKOTO
KApIHYa, 0Opa3yIoHmuiics B KadecTBE OTXOa IPH
TIPOM3BOJICTBE KepaMHYECKOTO KHpIYa u3
JIECCOBUIHOTO  CyrNIMHKa. Mcciemyemsrii  oTXon
paccMaTpuBaCcs KaK OTOINAIOMIAs J0OaBKa B COCTaBe
KepaMHU9IEeCKOH MacChl IS MOTYYICHUS KEPaMUIECKOTO
KApnuya. B KkadecTBe  OCHOBHOTO  CBIPBS
HCIIOJIb30BAIMCh TJIMHHUCTBIE IIOPOJIBI- JIECCOBHIHBIE
CYTJINHKU I"aByKkKynckoro MECTOPOKICHUS
XUBHHCKOTO  paiioHa  XOpe3MCKOro  0o0JacTH.
HcxomHoe chipbe OBIIO UCTBITAHO B COOTBETCTBHH C
TpeboBanusiMU [8]1 HOpMaTHBHBIMU MeToAuKaMu [9].
ITo (U3MKO-MeXaHUIECKUM CBOMCTBaM,
OIIpeIeIsIEMBIM YHCIIOM IUIACTUYHOCTH M TI0Ka3aTeseM
OTHEYNOPHOCTH, OHH OTHOCSTCS K
CPEIHEIIIACTUYHOMY W JIETKOIUIABKOMY TJIMHHUCTOMY
CBIPBIO, @ TI0 FPAaHYJIOMETPUUECKOMY COCTaBY K HHU3KO
U cpenHe aucrepcHoMy. 11o MHHEpanbHOMY COCTaBy
HCCIIEIOBaHHBIE B KCIIEPUMEHTE 00pa3IIbl TIIMHUCTHIX
MOPOJ OTHOCATCS K MOJMMHUHEPATIHHBIM, B OCHOBHOM
W3 TIUHBI MOHTMOPWDIOHHT. Ilo XuMmIUecKoMy
cocTaBy OHH COOTBeTCTBYIOT TpeboBanmsim ['OCT

32026-2012 u TOCT 9169-75 k chIppl0 s
KepaMH4YCCKON MPOMBIIIJICHHOCTH.
OKCIIepUMEHTAJbHBIC  HCCICIOBaHUS B paboTe
BKITIOYAIIU pa3pabOTKy COCTABOB CHIPHEBOW IIMXTHI U
M3TOTOBJICHHE O0OpPa3IOoB KEPaMHUYECKOTO YEpErKa.
CocTaBbl KEPaMHUYECKHX MAacC pa3padaThIBAIKUCh C

HCTIONIb30BaHIEM METOJIOB CTPOUTENBEHOTO
MaTepHaIOBEACHUS " MaTeMaTH4eCcKOTro
MonenupoBaHusi. CBIpbEBBIE MaTEpHaNbl, CMECH,
o0pa3mnpl  MOATOTABIMBAINCH IO  CTAHAAPTHOH

metoanke[10]. Ha cTamum moarotoBku Ood KupIimda
H3MENbYAIICS CIIOCOOOM CYXOro MoMoJja B IIapOBOM
MEJIBHHUIIE 10 TOHKOCTH IIOMOJIA C OCTATKOM HAa CHUTE
Ne008 ne Gosee Smac. %. Orcesuubiii Ha cute Ne008

KUPIMYHBIA  MOPONIOK  (HACBHIMHOM  IUIOTHOCTHIO
pH=1256 «xr/mM®) B «KonmuectBe 5-35mac. %
CMENMBAICA C  JIECCOBUIHBIM  CYIJIMHKOM  JI0

MOTy4eHHUs: OJHOPOIHON Macchl. ChIpheBasi IINXTa
3aTBOPSIACH BOJOW 1O OOpa3oBaHWS IUIACTUYHOTO
Tecta. M3 MOATrOTOBIEHHOM KepaMUUECKOH MAaccChl
METOIOM IUIACTUYECKOTO dbopMoBaHuA
M3rOTaBIMBAINCH Ta0OpaTOpHBIE 00pasIbl B BUAE Kyda
pasmepom 50x50%50 MMm. M3roroBieHHBIE 0Opa3IIbI
BBIICP)KUBAINCH TIpH  Temmeparype (25+5) °C B
TeueHue 1 cyTok. OOpasipl JOCYNIMBATUCH B
cymmibHOM mikady B TedeHue 3-5 4 npu TeMreparype
120 °C. O6xwur o0pa3ioB MpoBOIWICT B My(deapHOI
neun Mapku SNOL  6,7/1100. Pexum o0xura
yCTaHaBIUBAJICA C Y4eTOM KOMIIOHEHTHOTO COCTaBa
CBHIPBEBOM IIMXTHL. [l MCCIEZOBaHHBIX COCTAaBOB
CHIPbEBOM INUXTHI B  BBIOPaHHBIX  HMHTEpBaIax
BapbUPOBAHHUSI MAacCOBOM O MOPOIIKA KHPIUIHOTO
605 MaKCHMaJbHas TeMIepaTypa ob>xura
onpeaensinack B mpenenax 900-950 °C. Ownenxa
KayecTBa M3TOTOBJICHHBIX B JJAOOPATOPHBIX YCIOBHUIX
00pa31oB NPOBOJMIACE B COOTBETCTBHE HOPMAaTHBHBIM
TpeboBanusaM[11] mo mokazarensiM: BOJOTOTJIONICHHE,
CpeIHAs TUIOTHOCTh, 00BEMHAs BO3AYIIHAS M OTHEBAs
ycamka[12], MEeXaHH4YeCKas MIPOYHOCTH npu
okarun[13], koaddurment termtonporognoctu [14],
Mapka 1Mo cpeaHed Hpo4yHOocTH 00pasnoB. OOpasibl
UCTIBITBIBAINCH B J1aOOpaTOpHBIX ycioBusxX. Ilpm
WCCIIEIOBAaHUN 3aBHCUMOCTH MEXIy COJEep)KaHHEM
MOPOIIKA KUPIHYHOTO 005 B COCTaBE CHIPHEBOM IIMXTHI
u OCHOBHBIMH (pU3HKO-MEXaHHYECKUMHU
XapaKkTepuCTHKaMH 00pa3IoB KEPaMUIECKOT0 YepernKa
(BonomoroneHne, CpeaHssi IUIOTHOCTh, OOBeMHas
BO3AYyIIHAasT M OTHEBas ycCajaka, TeMJIONPOBOTHOCTB,
OpeAen MPOYHOCTH TPU  CHKATHUHM) HCHOJIB30BAJICS
METOJ JIMHEHOU perpeccuu[15]. CreneHp
HEJIMHEHHOCTH ~ PAacCMarpUBAacMbIX — 3aBUCHUMOCTEH
yCTaHaBIMBaIaCh OTIpesieIIeHueM 3HAYCHUSA
ko3 punmenra JleTepMHUHALUH R2 npu
annpoKCHMallMy MapaMeTpoB 1 (BOZOIOTJIONICHHUE,
CpenHsis IUIOTHOCTb, o0beMHast ycajxa,
TEMJIONPOBOIHOCTE, TPeJe)l MPOYHOCTH TP CXKATHH)
JIMHEHHON MOJIEIBI0

Vy=bo+bix.
Mopenp cTpouiach Ha OCHOBaHHH PE3YJIbTATOB

(baKTI/I‘IGCKOFO OKCIICPUMCEHTA u AHAJIUTHYCCKHU
OIMMCBIBACT IIOJIYYCHHBIC B OIIBITAX 3aBUCHUMOCTH.
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Bricokoe  3Hauenue  koddduimenra R2 s
3aBHCUMOCTCH  ONpEJeNsAeMbIX  IIOKa3aTeleil  OT

COACPIKaHUA B INUXTC TMOPOILIKAa KUPIUYHOIO 0os
06ycn013neﬂo MPaKTUYCCKU JIMHEHHBIM XapaKTepoM.
I/I3y‘~leHI/IH BIIMAHUC TaKHUX ;[06a1301<, KaK KaJbIUT,

JOJIOMUT W XJIOPUZA  HaTpusd 1O MHUHEpaIoro-
TEKCTypHOMY u (PU3UKO-MEXaHUIECKOMY
COCTaBY ITOBEACHHE TBEPIBIX KHpIIn4eH,

NpefHa3HAYCHHBIX [ HCIOJIb30BAaHHUS B KadeCTBE
HOBBIX MAaTEpHaJOB B PECTaBpalUsi MCTOPHUUECKHUX
3nanuil. [loBenenueckue paznuuus MEXAY
HUMH 00pa3nbl ¢ KapOOHATaMU U 0e3 HIX MOTYT OBITh
OOBSCHEHBl  Pa3IUYHBIMH OBOJIIOLMS  TEKCTYPHO-
MHHEPAJIOTHYECKOTO ~ COCTaBa,  CJIOXKUBILASCS B
xoze npouecc ooxura. [lokasansl, 9TO HPHUBOAAT

CONPOTHUBJICHHSI K BBICOKMM  Temreparypam. Coib
YaCTHYHO MOJU(PHUIUPYET MUHEPAJIOTHIO KUPIHYH,
BHICTYNAIONIME B KAyecTBe IUIABALIETO areHTa,
0COOEHHO IIpU BBICOKOM OOKHI€ TEMIIEpaTypbl, M
Jaoll MmogbeM K Oojiee YCTOHYMBBIM IPOAYKTaM
KOTOPBIE MOJIXOIUT TSt MPOBECHUS
pecTaBpanroHHBIX padoT. [15]
PE3YJIBTATBI U UX OBCYKJIEHUE

Amnanus 9KCTIEPHUMEHTAIBHBIX JaHHEBIX,
NPUBEACHHBIX HA PUCYHKE, IIOKAa3bIBAET, YTO
YBEIWYCHHE MONM KHUPIUYHOTO IIOPOINKA B IINXTE
HPUBOIUT K HEKOTOpOMY MOBBILICHUIO
BOJOTIOTJIONIEHUss. B To ke BpeMs  4YeTKO
MIPOCJIEKHUBACTCS JMHAMHMKA CHIDKCHUS 3HAYCHUH
oOriell ycaaku, CpefaHed IUIOTHOCTH, KO3 hUIMECHTA

Kap6OHaTLI B KMpHH4Yax € pa3JIM4YHbIM MUHEpAJIOIrus, B TENJIONPOBOJHOCTH, MNPOYHOCTH 06pa3u03 npu
3aBHUCHMOCTH OT OOXura, HO C YCTONYMBOM c)KaTuu. B COOTBETCTBUM C  HOPMaTHBHBIMH
MUKPOCTPYKTYpO BHYTPH LUIUPOKUN Jurana3oH JOKYMCHTAMM JJi1 Pa3HbIX BHJIOB CTPOHUTECIBLHBIX
temneparyp (800-1000 °C). Oto MoxkeT OBITP  H3IENHUN BOJOIOTIIONICHNE, HE JOJDKHO MPEBHImIATh 20
NPCUMYIICCTBOM NP  HM3TrOTOBJICHMM KEpPaMHMKH HO Mac. % M sBIAETCS KaYECTBEHHOM XapaKTEPUCTUKOU
3TUM  U3JCIUsIM  HE  XBaTaeT  MEXaHUYECKOIO npoiecca CrieKaHusl.
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PucyHOK 1. Ocnosnvle noxkazamenu ONnvLMHbIX 06]96131406

Ha rpaduke BOIOMOTIIONICHHUS JaHHOE 3HAYCHHE

SABJISACTCA JIMMUTHUPYIOUIUM npu OIITUMM3alMH
KepaMH‘IeCKOﬁ HIUXTBI W TO3BOJIACT ONPCACIUTH C
yueTOM TOJIYUCHHBIX 3HAYCHHUI YCaagO4YHbIX

nedopmanuii, cpemHed IDIOTHOCTH, Ko3(dduimenrta
TEIJIONPOBOJHOCTH M MNPOYHOCTH TIPH  CXKaTUH
pallMOHANBHBIN JAMana3oH W3MEHEHHs COJEp KaHUs
KUPIHUYHOTO TOPOIIKA B JBYXKOMIIOHEHTHOW IIMXTE
Ha OCHOBE JIETKOIJIABKOW TIHMHBI MPU ONpeeNeHHON
Temmneparype oOxwura. [lomydeHHBIE pe3yJIbTaTHI
CBUJICTEICTBYIOT O BO3MOXKHOCTH HCIOJIBb30BaHUSA
KHPIUYHOTO 00 B JCHCTBYIOIIEH TEXHOJOTHUH
KepaMHu4yeckoro kuprnuda mapku M125, M 150 ¢
CONEpXXaHWEM B  JBYXKOMIIOHGHTHOM  IINXTE
KHpIUYHOTO Topomika 10 30 mac. % mnpu Temmeparype
obxura 10 950 °C, 9TO COOTBETCTBYET HOPMATHBHBIM
TpeboBaHusaM. [12]

BbIBO/IbI

OntuMajbHOE  COJCPIKAHHWE  M3MEIBbYEHHOTO
HOPOIIIKAa B COCTABE MAacChl KEPAMHUUECKOTO KUpITHYa
20-30 mac. %. Ilpn yBemmuenun Gomnee 30 mac. %
BBOJMMOiIl 100aBKH, yMEHBIIACTCS HPOYHOCTH IpPHU
CKATHM HWKE HOPMHPYEMOTO ¥  IIOBBILNIACTCS
BOJIOTIOTJIONIEHUE TOJy4aeMbIX 00pasloB, a NpH
YMEHBIIEHUH ero conepxanus menee 10 mac. % He

HaOIro1aeTCst CYILIECTBEHHOTO CHUKEHHUSI
koa¢ppunmenta TETUIOMPOBOIHOCTH. N3 nenus,
HN3TOTOBJICHHBIC u3 JIECCOBUHBIX CYTJINHKOB C
nobaBkoW B Ipefenax W3MEHEHHS B  COCTaBe

KepaMHU9eCKOW Macchl MacCOBOW JIOJHM TOpPOIIKa 00s
KepaMI/mecxoro KI/IpHI/I‘Ia, HUMCIOT JIOCTaTO‘{Hy}O
HACBINICHHOCTH IIBETA U ‘II/ICTOTy IIBETOBOT'O TOHA.
Takum o0pa3oM, B pe3yibTaTe IPOBEICHUS
JKCIIEPUMEHTA YCTaHOBJIEHBI BO3MOKHOCTH
HCIOJIb30BaHUsl OTXO0Jla KEPaMHUYeCKOro KHpIHya B
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Ka4eCTBC OTOLIUTECIIA. ,HaHHOG TCXHOI'CHHOC CbhIPpbE
PCKOMEHAYCTCA MOCJIC COOTBETCTBYIOLICTO MTOMOJIA.
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®H3HRO-MATEMATHYECKHE HRVKH

HOnoawesa H., Anues P., Hacupoe M.
Anoudicanckuii 2ocyoapcmeentulil yHusepcumen,
Vsbexucman

CTABMUVIN3ALINA XAPAKTEPUCTUK KPEMHHUEBBIX COJTHEYHBIX 9JIEMEHTOB
BHEJIPEHHUEM HAHOYACTUI HEKOTOPBIX METAJIJIOB

AHHOTalIl/ISI. B pa60Te OIIPEAC/ICHBI CCYCHUS (1)0T03MI/ICCI/II/I N3 MCTAJUIMYCCKUX HAHOYACTHUI U HU3yUYCHaA
3aBUCHUMOCTb CCUCHUSA OT paGOTLI BbIXOJa 3JICKTPOHOB, OT pasMepa HAHOYACTUIL U OT MaTEpHaa. Pa3pa60TaHa
nporpamMMma Ha Visual Basuc-6.0 JUIsT BBIYHCIICHHUSA CCUYCHUS (bOTOSJleKTpOHHOﬁ OMUCCHUH U3 MCTAJIJIMYCCKHUX
HaHO4YaCTUll B 3aBUCUMOCTH OT JJIMHBI BOJIHBI IMaJAalOIIECIO CBETA. HporpaMMa IIO3BOJIICT BBOJAUTH U U3MCHUTH
3HAUCHHUA DHCPIUU BbIXOJA, SHCPTHUU CDepMPI, MPUBCACHHYIO MACCy DOJJICKTpOHA, MNapaMETpOB ILUIa3MOHHBIX
IIPpOIECCOB, pasMEPOB HAHOYACTHUI] U T. II. OHpGZ[eJIeHLI ONITUMAJIBHBIE PasMEpPbl HAHOYACTHUIBI METAJUIOB IS
nIocTibkeHus Ooiee 3P PeKTHBHOM peanu3anun ¢ exTa HAaHOIUIa3MOHUKH 1 IIOKAa3aHO, YTO B KaUYeCTBE MaTepHaia
HaHOYaCTHUIBI MOXKET OBITH MCIIOJIB30BAH HE TOIBKO AOPOTOCTOAIIHUE 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.

Kmiouesvie cnosa: HaHouacmuya, nia3mMoH, cedeHue qbomoamuccuu, K‘pe}l/lHl/tlZ, CONIHEYHbIU oJlemenm,
ousniekmpuieckas QyHKyus

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

DddexTHBHOCTH (OTOITEKTPHIECKOTO  COOTBETCTBEHHO, BBICOKHMH 3HAYCHUSIMU
npeoOpa3oBaHUAL SHEPTrHU pu momomu  dddexkTuBHOCTH cobmpanus H3.
MOJYIIPOBOJHUKOBBIX ~ CTPYKTYp WM  COJHEYHBIX D¢ dexTuBHOCTh (QoToreHepauuu H3 3aBucuT
¢doroanemenToB (CDPD) COCTOMT M3 CYMMHUPOBAHHUS  TOJIBKO OT SHEPTUH MOTJIOMICHHBIX MOJIYHIPOBOIHUKOM
sapdexkruBnoctu  mornomenust (OI1) comHeyHOro  (OTOHOB M MOATOMY, IO HAIIEMY MHEHHIO, CEPbE3HBIX

n3nyuenusi, sdpdexkruBHoctu ¢ororenepaumn (O
Hocwureneit 3apsna (H3) u addexruBHOCTH coOMpaHus
(3C) nepaBHOBeCHBIX HEOCHOBHBIX H3 [1].
Ompenenenue TIePBBIX JIBYX BHJIOB
cocraBsirommx d¢p¢dexkruHoctH COD, T.e. «3» n
«3I» HemocpeaCTBEHHO CBSA3aHbl C ONTHYECKUMH
CBOMCTBaMHM Marepuana, KoHcTpykuued COPD wu

CIICKTPaJbHBIM ~COCTABOM MAJaloIIero Ha HEro
m3nydeHus.  [loaToMy, WX  BMECTE  MOXKHO
paccmarpuBarth B Ka4yecTBe ONTHYECKOH
s dexruBHOCTH CDD.

OrpomHas 4acTh TEOPETHIECKUX u

HKCIEPUMEHTAIBHBIX HCCIIE0BATENECKUX PAOOT OBLTH
MOCBAIICHBI CHIKEHUIO PEKOMOMHAIIMOHHBIX MOTEPh
Ha GPOHTAIILHON U THUTLHOU MOBEPXHOCTSIX, a TAKKE B
o0Bpeme kpeMHUS, T.€. 10 «9C». beutn cozmansr COD
c BHYTPEHHUMU ANEKTPUUECKUMHU HOJISIMU:
MOTEHIMAJIbHO OapbepHBIE CTPYKTYPHI B 3MUTTEPHOMH
obylacTh ¥ W30THUINHBIE (P-p+ WM II-II+) HEPexXobl
BOJIM3M THIIbHOW moBepxHOcTH. Pazpaboranslr COD,
MMEIOIIHE HJIEKTPOIHBIE CHCTEMBI C TTOIJIETUPOBAHNEM
(p+ wmm mt) m yrayOieHHBIM pa3sMeNIeHHEM HX B
KpemHHH, a Takke COD ¢ p-m-mepexogamu,
pa3MELCHHBIMU Ha TBUJIBHOM CTOpOHE. YKa3aHHbIE
KoHCcTpykumu C®D  mpeobnamanu  CyIIECTBEHHO
CHIDKEHHBIMH PEKOMOWHAIIMOHHBIME ToTepsimu H3 1,

WCCIICJIOBAHWIA B 3TOM HAIpaBJIeHUHU, T.e. MO «OI»,
MOYTH HE TPOBEACHBI 10 HeAaBHUX BpeMeH. C
pa3BUTHEM HAHOTEXHOJIOTHM M HAyKH O Pa3IMYHBIX
HaHOpa3MEpHBIX 3((PEKTax MpPEeACTABISIETCS BAXKHBIM
paccMOTpPeTh BO3MOKHOCTH — yCOBEPIICHCTBOBAHUS
TIPOLIECCOB ¢oTorenepauny, CIIOCOOCTBYIOIINX
JanpHeHeMy moBbIIeHn o 3gdexruBHOCTH CDD.
IMomck myrteit mosbimeHnst 3ddexTuBHOCTH
TIOTJIOIIEHUSI COJTHEYHOTO M3ITy4YeHus, T.e. «I» naBHO
BEAETCS YYEHBIMH MHOTMX HAy4YHBIX LIEHTPOB
pa3BUTBIX CTpaH. B mepBylo ouepenp BBI3BIBACT
HMHTEpPEC MAKCHUMAaJIbHOE CHIKCHHE OTPaKEHHE CBETa
ot moepxHocTd C®PD u mpu 3ToM obecredeHuH

naccuBaluM — IoBepxHocTd. s 3TOM  menu
UCTIOJIB3YIOTCSI  MHOTOCJIOMHBIE — aHTHOTpaXKarolue
mokpeiTust  (AOII) ®  coBpeMeHHBIE  IyTH

TEKCTypUPOBaHUS NOBEPXHOCTH. DOpMUPOBAaHUE Ha
MOBEPXHOCTU KPEMHHUS TEKCTYPY MM HAHOTEKCTYpY C
HaHeceHHbIM pomnoyiHuTenbHbIM AOIl mpuBoaut K
CYIIECTBEHHOMY CHWXXECHHMIO OTPAXEHHS HOPMAaJIbHO
MaJIAr0IIeTO U3ITydICHHSI.

B paborax [2, 3] mnpoBeaeH aHAIM3 U
ONTUMHU3ANMS  TPOCBETIIAIONMINX  MOKPBHITHH  Ha
TMOBEPXHOCTH KPEMHHEBBIX COJTHEYHBIX D3JIEMEHTOB.
Wccaenosansr pasnudHbIe KOHCTPYKIIUH
MPOCBETISIONINX TMOKPBHITHH IS 3aIIATHOTO CTEKJa
COJTHEYHOH OaTaper W BBIOOP ONTUMANBHOW U3 HHX.
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Jns  xaxmoid  KOHCTPYKUMHM Oblla  paccuuTaHa
MHTETpajbHas 3¢ PEeKTUBHOCTH c y4eToM
pacrnpeneneHus HMHTEHCUBHOCTHU COJIHEYHOT O
U3Ty4eHUS 1O  CHEKTpy U CHEKTpaJbHOM

YyBCTBUTEIBHOCTH COJIHEYHOT'O 3JIEMEHTA.

Jnst ymydieHus MoTJIONIeHUsI CBETa OCOOEHHO B
TOHKHX CJIOSIX KPEMHHS TPHUMEHSIOTCA Ppa3lndHbIC
WHHOBAIIMOHHBIE TexHOJOrHH. K HHMM OTHOCATCA -
TEKCTYypPHPOBaHHE " HAHOCTPYKTYpPHUPOBAHHE
MTOBEPXHOCTH, a Takxke 3(Pp(eKTh HAHOIIIIA3MOHHKH [4,
5].

BemmonaeHHbIC 1o HacTosIIee BpeMs
TEKCTypHPOBaHHE u HAHOCTPYKTYpUpPOBaHHE
noBepxHocTH CD MO3BOJSUIM 3HAYUTENBHO CHHU3HUTH
OTpaXEHHE CBETa OT IMOBEPXHOCTH M TEM CaMbIM
NOBBICUTE uX 3¢dexkruBHocts [4]. [Ipeanoxen
MEPCIIEKTHBHBIN CIIOCOO MOBBIIICHUS 3(PPEKTHUBHOCTH
CD 3a cuer peamm3anuu APQeKTa ITa3MOHUKH.

Co311aHbl ONITHYECKHE TUIEHKH C KBAHTOBBIMH TOYKAMH
(KT) u3 HanouacTun merajuia, KOTOPbIE MOT'YT OBITh
HaHeceHbl Ha oBepXHOCTH CD [5].

CymuHoctsb TaKOIro KBaHTOBO-Pa3MepPHOTO
a¢dexTa 3aKII0YaeTC B TOM, YTO MPU MOTJIONICHUU
SHepruv (OTOHOB HAHOYACTHUIIAMH MeTalyla Ha €ro
TTOBEPXHOCTH HaOIrOmaeTCs (doTo37MeKTpOHHAS
OMHCCHUS.  OJIEKTPOHBL,  OMHUCCHPOBAHHBIE U3
HAHOYACTHUIIFI MeTaluIa 00pa3yeT 3JIEKTPOHHOE 00IaKo
BOKpYT HAHOYACTHUIIBL. ITon IEUCTBUEM
JJIEKTPOMAarHUTHOT'O oA HaOJronaercs
KOJUICKTUBHOE  KoJiebaHHe DJEKTPOHOB W IIpU
COOTBETCTBYIOIIMX YacTOTaX HaOI0JaeTcss pe3oHaHC
KoJIeOaHHMsI SIIEKTPOHHOTO 00J1aKa. DTO MOKET BbI3BAaTh
TeHEepaIHIo JIOTIOJTHUTEIBHOTO JJIEKTPOHA
MIPOBOAUMOCTH B 00beMe WK (OTOHA U TEM CaMbIM
BHECTH BKJaJ B 00wmmi mpouecc (oToreHepanuu
HEepaBHOBECHBIX HOCHTENEH 3apsa.
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Puc. 1. Pesynomamul pacuema cnekmpanbHoU 3a6UCUMOCTU CEYeHUU (hOMOIIEKMPOHHOL SMUccuu (o)
Hanouacmuy memania (Au) 6 Kpemuuu 8 3a8UCUMOCMU OM 3HAYEHULL 83aUMHOU Pa3HUybl pabom evixoda 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); 4A=2,2 eV
(xpusas 1).

B  nmanHOW paboTe ompeneneHbl  CEYECHUs
¢oTrosmMuccHM M3 METAJUIMYECKHX HAHOYacTUI |
M3y4yeHa 3aBHCHUMOCTH CEUCHHS OT PabOThl BBIXOJA
3IEKTPOHOB, OT pa3Mepa HAHOUYACTUI] M OT MaTepuaa.
B pabore [4] paccMOTpeHbI cedeHust POTOIMUCCHU U3
30JI0TBIX HAHOYACTHUII C YYETOM JIOKaJIM30BAaHHOTO
M1a3MOHHOTO pe3oHaHnca (JIITP).

CeueHuss  (OTODIEKTPOHHOW  IMUCCHU
METAJUIMYECKUX  HAHOYACTHUI]  OIpeaemseTcs
BBIPAXKEHUSI
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BeposiTHOCTE  OTOIIEKTPOHHON  AMHUCCUH
BBIpakeHUH (1) MOXeT OBITh IPEICTaBICH B BUJE!

M

B



[ |
EESy |

East European Scientific Journal #4(56), 2020 69

e ATV‘

C, = fdx 1+ (ha/V - 1)/ x]" ln{l+cxp{
JT

B KOTOPOM (pyHKLIUH

4 3

]U ()| Ky ()

X

U(x) =

-+ 1) [x+r (1= {(x+ha/ V)" +[r (x+hal/V =1)]"} ’

K, (x)= % (l+& /e,)1+ L= (2x+ heot V = 1))+ %{1 —& le)[x+ha! V)" +i(1-x)" ]

1+r,

YUYUTBIBAIOT cxaqK006pa3Horo HN3MCHCHUA JJICKTPUUCCKOTO MMOJIA Ha T'paHUIIC HAHOYACTHUIIBI. A (byHKHI/II/I
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YUUTBIBAKOT ACMOJAPU3ANMOHHBIC U PAJUAIIMOHHBIC NOTCPHI. HpI/I 9TOM BHA MU pasMepa HAHOYACTULIbI

YUUTBHIBAaETCS BBIPAXKEHHEM (QyHKINU:

Jil r

=272

K oo = |

ro1=r

arcsin(l — )"

“. _112}3."2

B 3aBucumoctu ot JUIMHBI BOJIHBI TAAar0MIETo CBETa AUDJICKTPHUICCKAs (I)yHKHI/IH JJI ME€Tajllla U KpEMHUA,

COOTBCTCTBCHHO UMCCT BHU/:

1 !

(A =g, (A)+(AI1) .
(A) = E s (D) (A1 4, [1+;}1L1J,- 1+(:}1L11-}(ﬂcfn+l]]
Erema(A)= A+ (ATA) ;,
1+idl 4,
. 2 C s s - 1= 7 (A)
e(d)=¢, + : Flar (AIn[1= 7 ()] = F 7 (A) In —=—.
;l_{1 242} ,_ 24 T l - 72(4)
AE TUaE
[TapameTpbt JIURJIEKTPUYECKON ¢yskmun  puc. 1 — puc. 3. PesynpTaThl pacdera CrieKTpaabHOMN

KpeMHHs B3SATHl W3 paboTel [7]. A mapamerpsl
JNIEKTpUUeckol  QyHKimu Metamia (As Ap, A)
BBIOPaHBI 1O METOAY HAaWMCHIIMX KBaJApaToB,
COOTBETCTBYIOIIUX OJKCICPUMEHTAIBHBIM JIaHHBIM,
B3SITHIM U3 PabOTEHI [6].

Ha OCHOBE MIPUBEICHHBIX BBIPKCHUI
cocrampiieHa mnporpamma Ha Visual Basuc-6.0 mus
BBIUUCIICHHSI CeUYEeHMUsI (hoTosmuccumn u3
METAJUIMYECKUX HAHOYACTHII B 3aBUCHMOCTH OT JJTHHEI
BOJIHBI MAJIAlONIeT0o cBera. [IporpamMma MO3BOJISET
BBOJIUTh M W3MCHHTH JHEPTHIO BBIXOJA, JHEPTHIO
®depmu, MPUBEICHHYIO MACCY IEKTPOHA, THIA3MOHHBIX
mapaMeTpoB,  pa3MEpoOB  HAHOYACTHI H  T.IL
OCOOCHHOCTh MPOTPaMMBI  COCTOHUT B TOM, 4YTO
pe3yJIbTaThl PacyeToB B €IMHON MPOTPaMMHON cpejie
skcroptupytorcss Ha MS Excel m BeIpakaroTcs He
TOJIGKO B TaOJIMYHOM, HO U B Tpaduueckom Buje [8].
PesynbTaThl pacuera npuBeeHbl B BUAE TpadhUKOB HA

3aBUCHMOCTH CEYEHUH (OTOAIIEKTPOHHOM 3MHUCCHH (G)
HAHOYACTHUIl MeTauia (Au) B KpEeMHUH B 3aBHCHMOCTH
OT 3HA4YEeHHWIl B3aMMHOI pa3HHUIBI 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) mMoKka3pIBaIOT, YTO
yKa3aHHbBIN (akTop ABISETCS BECbMa CYIIECTBEHHBIM.
Hawnbomnee BBICOKOE 3HaUCHHE CEUCHNUS
(OTORIIEKTPOHHON ~ dMHMCCHM  HaOJo#aeTcss  NpH
AA=0,2 eV.

PesynbraTsl pacueTra CeKTpanbHON 3aBUCUMOCTH
cedeHNH (HOTOCKTPOHHOW IMHUCCUH (G) HAHOYACTHII
meramia (Au) B kpemaun (Puc. 2) B 3aBUCUMOCTH OT
nx pasmepa (npu A=4,8 eV), rae a=5 um (xpuBas 1),
10 em (kpuBasg 2), 15 EM (xpuBas 3) MOKa3BIBAIOT,
Hamnboree BBICOKOE 3HAaYCHUE CEeUeHHs
(hOTO2TIEKTPOHHOW 3MHUCCHH JTOCTUTACTCS MIPH a=5 HM
(xpuBas 1). C pocToM pa3mepa HAHOYACTHIIBI 30JI0Ta
ceyeHue (HPOTOINEKTPOHHON SMUCCUH CHHKACTCS.
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Ilo pesynmpraram pacyera  CIEKTpPalIbHOI
3aBUCHMOCTH CEYCHUH (OTOIEKTPOHHO IMUCCHH (O)
Ha”odacTun Metamia (Puc. 3, kpusas 1 s Cu, kpuBast

KayecTBE MaTepHaia HAHOYACTHIIBI MOXET OBITh
HCIOJIb30BaH HE TOJBKO JAOPOrOCTOSIIMN 30J10TO, a U
cepebpo u Meap. [IpudeM HAaHOYACTHIIBI MEIU UMEIOT

2 mis Ag, kpuBas 3 g Au) ¢ pasmepom a=10 nm B Haubosee BBICOKHE 3HAYECHUS ceuyeHus
kpeMHHH (A=4,8 eV) CBHIETENbCTBYET O TOM, YTO B (DOTORICKTPOHHOI IMHUCCHU.
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nanouacmuy memanna (kpusas 1 ons Cu; kpusas 2 0 A
(A=4,8

g, kpusas 3 ons Au) ¢ pasmepom a=10 nm 6 kpemuuu
eV).
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Taxum 06pa30M, Han6onee 3HAYUMBbIMHU
pe3ysibTataMu MIPOBCACHHOTO HUCCiaea10BaHUA

SIBIISIIOTCS CIEAYIONIHE:

- Pazpaborana nporpamma Ha Visual Basuc-6.0
JUISL BBIYMCTICHUS CeUeHHsT POTORIIEKTPOHHOM IMUCCUU
U3 METAIMYeCKNX HAHOYaCTUI] B 3aBUCHMOCTH OT
JUIMHBl BOJIHBI TIajaromiero csera. Ilporpamma
MO3BOJISIET BBOAWTh W HM3MEHHWTH 3HAUEHHS SHEPIUHU
BeIXO#a, osHeprun DepMu, NPHUBEICHHYIO Maccy
3JIEKTPOHA, IApaMEeTPOB IUIA3MOHHBIX IIPOIECCOB,
pa3MepoB HAHOYACTHII U T. 1. Pe3ynbpTaThl pacueToB B
€IMHOW MPOTPaMMHOI Cpezie SKCIIOPTHPYIOTCS Ha MS
Excel u BeIpakatoTcsi He TOJBKO B TaOJIMYHOM, HO U B
rpau4ecKoM BUJIE;

- OmnpenesneHsl ONTUMAJIbHBIC pa3mepsI
HAHOYACTHIILI METAJUIOB JUIS JOCTHXKCHHUS Oolee
3¢ dhexTHBHOMN peanu3anuu 3¢ dekra
HAHOIUTa3MOHUKH;

- TIloka3ano, 4YT0 B Ka4yecTBe Marepuaia

HaHO4YaCTUIBI MOXXCT OBITh HCIIOJB30BaH HE TOJBKO
AOPOToCTOAIIME 30JI0TO H cepe6p0, HO W MCIb.
Hpnqu HaHO4YaCTHUIIbI MCAW HUMCIOT Hanbosee

BBICOKHME 3HAUeHHs CeueHHs (HOTOIIECKTPOHHOMN
OMHUCCHHU.
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