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AHoTanisi. BUBYCHO TOKa3HUKH 3aILUTiIHEHOCTI BiBIIEeMaTOK 1 Buxoay sArHAT Ha 100 Matok y mepiox 2005...2012p.p. sxi BiAmosina-

IOTh CTaHIapTaM MOPOAH. 3a OCTaHHI 4 POKM CIOCTEPEKECHb BCTAHOBJICHO 3HAYHE 3HIDKCHHS BiJTBOPIOBAJIBHUX SKOCTEH (Ha

2,5...5,9%), o 00yMOBIICHO HECTIPUATIIMBUMY KIIMATHYHAMH YMOBAaMH, BiIIOBITHO 3MECHIIVIIUCH TOKA3HUKHU JKUBOI MacH SITHSIT.
Knrwowuoei cnosa: sisuapcmeo, nopooa, maspiticokuii mun, pepmuibHicmy, 8UXiO ASHAM, 6NAUE KIIMAMY .

Beryn. BrimmB MeTeoposorivHuX yMOB Ha IPOLIECH OBO-
TeHe3a BiJOMi MTPAaKTHKaM BiBUapcTBa. I3 ormsay Ha ocob-
JUBOCTI TIOTOJU Ta Ha 3aXOJH, IO 3aI00iraroTh meperpi-
By OpraHi3My MAaTO4YHOTO MOTOJIB'S, TepenoBi yabaHu
3MEHIIYIOTh SJIOBICTH OBELb 1 OTPUMYIOTH y HaMideHi
TEPMiHHU 3710pPOBUI MOJIOJHSIK.

Orasa my0Jikamiii 3a TeMoro. 3a pe3ynbTaTaMu J10C-
nmimkens H.B.Hexxnykuenko [1,c. 504, 2, c¢.17] minsuiie-
Ha TeMIlepaTrypa MOBITps Yy MO€JAHAHHI 3 HU3BKOI Macolo
TBapuH NPHU3BOJIUTH A0 3MEHIICHHS YHCEIBHOCTI MPUII-
Joxy.

VY mocmiKeHHSIX NPUIUICHO yBary O3HaKaMm, IO Xapa-
KTepU3yIOTh PEMPOAYKTHBHI sikocTi oBerpb [3,c. 304].
BinTBOproBabHi SIKOCTI OBEIb 3aJ€XKaTh BiJl TCHETHIHUX
(dakTopiB 1 yMOB 30BHIIIHBOrO cepezoBuma [4,c.7]. o
TEHETUYHUX (aKTOPIB BiJHOCITHCS MIKIIOPOAHI BiIMiH-
HOCTI [[0J10 0araTOIUIIAHOCTI Ta ii MIHJIHUBICTh y MEXax
cTaja, siKa, B CBOIO Yepry, 3aJIS)KUTh Bijl BIKy, )KUBOI Macu
MaToK, yMOB T'O/IiBJIi 1 yTPUMAaHHSI.

[Toat04iCTh TBAPUH BIAHOCHUTHCS 0 CKIIAJHUX O3HAK 1
Ha ii TIPOSIB CYTTEBO BIUIMBAIOTH IApaTUMOBI (hakTopH [5,
¢.198]. Hanpuknaza, iHTEHCHBHICTh BH3PiBaHHS (OIIKYI i
KUTBKICTh YTBOPIOBAaHHMX SHUIEKIITHH TiCHO IIOB’s3aHI 3
(i310JIOTIYHAM CTaHOM BIBIIEMATOK. 3a JaHUMH TypuH-
cekoro B.M. [6, ¢.120] mioarodicTh € CeJIEKIiHHOK O3Ha-
KOIO, III0 BH3HAYa€ Yy BIBYAPCTBI piBEHb MPOIYKTHBHOCTI
Ta IHTEHCUBHICTD CEJIEKIIii.

Bynb-sika TEXHOJIOTIsI BHpOILYBaHHS 1 eKCILTyaTamii
TBapuH 0a3yeThCsi HA BUKOPUCTAHHI X IPUPOJHUX 0CO0-
nBocteil. KoxHuil opranisMm Mae yHIKaJbHUH T'€HOTHIL,
SIKM OOYMOBITIOE TIPOIIECH HOTO POCTY i po3BUTKY. On-
HaK y MeXax IOpOJM TBapHUHAM IpUTAMaHHI 3arajbHi
MOKa3HUKHM PIBHA O3HAK NIPOIYKTHBHOCTI, TOOTO, BOHHM
MAalOTh OJHAKOBI I'€HHU B IHIMBIIyalbHUX reHOTUNAX. Bi-
JMIHHOCTI MIOAO IOKA3HUKIB MPOJYyKTHBHOCTI TBAapHH,
10 HAJISXKATh JI0 OJHIET TOPOJH, IOSICHIOIOTHCS 1HIUBI-
IlyaJTbHUMHU KOMOIHAIISIMU T'¢HIB OCOOUH.

YuncenbHUMH €KCIIEPUMEHTAMU BH3HAUEHO OCOOJIMBO-
CTi BIUTMBY pi3HMX MapaTHIIOBUX (AaKTOpPiB Ha picT i po3-
BUTOK OBellb Ta (popMyBaHHS IX HPOJYKTHBHHUX 1 pernpo-
IYKTUBHUX sikocTe [7,c.24, 8, ¢.30, 9,c.52, 10,c.11,
11,c.14]. BruuB 30BHIIIHIX (pakTOpiB OCOOIMBO MIPOSBIS-
€ThCS Y PAHHBOMY BiIIi.

7

Mera gocaigzkeHb BUBUYUTH OCOOJMBOCTI MOKA3HUKIB
BITBOPEHHS OBelb B yMoBax [liBaHs YkpaiHu, BU3HAUH-
TH BIUIMB TOTOJHHX YMOB Ha IIOKa3HWKHM YHCEIHHOCTI
TIPUILIONY.

Marepiann Ta Metomm aocaimkens. Ha mincrasi
OTPUMaHUX TOKa3HHKIB )KUBOI MacH SIPOK i3 CeMH JIiHIH-
HUX TPYI JOCIIKYBAIHCS 3aKOHOMIPHOCT] IHTEHCUBHOC-
Ti IX POCTY, [0 OOYMOBJICHO HEOOXITHICTIO MMiABHIICHHS
TOYHOCTI OLIIHKH IUIEMIHHOI I[IHHOCTI TBapHH 3a MPOJIYK-
THBHICTIO B PaHHbOMY OHTOTEHE3l. 3BaXKyBaHHS IPOBO-
JWIIOCS BpaHIl Mepen roaisieio. Pe3yabraTn 3BaKyBaHHS
SIPOYOK HaJaHO B TaOmmuHii Gpopmi. Takuii migxin 03Bo-
JIsI€ CKOPOTUTH OOCST 1 CTPOKHM JOCIIIKEHHS MOJIOHSKA,
TIPUCKOPHUTH TEMIT 3MiHM IIOKOJiHb, IO TEOPETHYHO 3a-
Oesrneuye BUCOKMH edekT cenekuii. OTpumani Marepianu
LI0/I0 KHMBOI Macu CIYryBajd MOKa3HHMKAMHU 3MiH BeEIH-
YHMHY TiJIa TBAPUH 32 BIKOM SIPOK OJIMHIIIB i JBOEH.

Pe3yabTaTi Ta iX 00roBopeHHs. 3a JaHUMH JMHAMI-
KU KHMBOI MacH sipok (oAuHII, [BiiHI) 10 12-MicsuHOTO
BiKy BM3HA4€HO, 1110 BiKOBa 3MiHa I[bOI'0 MOKa3HHUKA IPO-
XOIHTH 3T1THO JIOTICTUYHOI KPUBOi, TOOTO popMa KpHuBOI
PO3BUTKY Tija POK HE 3aJICKUTh BiJl KITBKOCTI iX y TIpH-
IUTOAL 1 IPOXOIUTH 3aKOHOMIPHO, 3TiTHO S-pyHKIil. AJe
IpyU BiOOWBII STHAT Bil BiBIEMAaTOK BOHHU IIEPEHOCSTH
CyTTeBHU (Di310JNIOTIYHHUN CTpEC, SIKMI BIUTMBAE HA 1HTCH-
CHBHICTH iX pocTy. B nmaHoMmy BuIagky AOMiHYIOUMMH
CJIiI BBAKAaTH NapaTuIoBi (pakTopH, TakKi sSK HEMiArOTOB-
JICHICTh CHCTEMH TPAaBJICHHS 0 CAaMOCTIHHOTO BXKHWBaHHS
STHATaMU TPYOMX KOPMIB, KJIIMaTH4HI W 300Triri€HiuHi
YMOBH B TIe€piojl BiIOMBKH STHAT (JIITHI Micsili) 1 HasB-
HICTB MOBHOLIIHHOT KOPMOBOT 0a3H Ta SIKICTh KOPMIB.

Jist cipudHSITTS. 3aKOHOMIPHOCTI POCTY JKHBOi Macu
SIPOK OJIMHIIIB 1 IBIHHAT TpeacTaBiIeHo puc. 1 1 2.

OTpuMaHi MaTepiaiu 3acBi4yIOTh, IO SPKU-OJHHII
MaloTh OiIbIIy JKMBY Macy Yy IOpIBHSHHI 3 SIpKaMu-
JBIMHSIMH HPOTATOM BCHOTO IEPIONy AOCIIUKEHb. SpKu-
OJIMHIII BCIX JIHIN XapaKTepU3YIOThCS iICHTUYHOIO 3aKO-
HOMIPHICTIO — 10 BiJUTy4€HHS BiJ BiBIIEMAaTOK 3a YKHBOIO
Macolo BOHH JELIO TepeBaXkalu SIPOK-JBOEH, ajie B Ha-
cTynmHi Micsani (mo 12-micsgHOTO BiKY) BiZOyBaeThCs
3HMKCHHS I1HTEHCHBHOCTI IX pOCTY y TMOpiBHSHHI 3
SIPOKAMU-IBIHSIMH.

[Tpu BiTy4eHH] IPOK-OIMHIIB CEMH JIHIMHUX TPYI iX
Cepe/Hs KHMBa Maca 3MiHIOBanacs y Mexax Bin 21,4 kr
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(stipxm minii 8.31) mo 24 kr (sipku JiHii 100, KOHTpONBEHA
JniHis), To0TO Ha 2,6 Kr abo Ha 12,2%, a B 12-MicsuHOMY
Billi MaKCUMalibHA pi3HUIs ctaHOBWiA 4,8 kr abo 14,1%
MK sipkamu JiHiT 1444 i ninii 100. Cnix 3ayBakuTy, 10
PI3HML MK SpKaMH JIIHIHHUX I'pyN TaBpiHCHKOTO THITY
Oyma jmemio MEHIIOK0 i He nmepeBumryBana 4,4 xr. Makcu-
MaNbHI 3HAYeHHS JKMBOI MacH TIPUTaMaHHI sSpKam-
onuHIpIM JiHIT 2.29 (38,6 Xr), MiHIMaNBHI — TBapHUHAM
muii 1444. TTosgCHEHHSIM LBOTO € BIUIMB CITaIKOBOCTI Oa-
THKiBCBKUX TIap.
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Pucynok 1. )KuBa Maca sipoK-0MHIIIB Pi3HUX JiHIIHUX TPy
IPY HApOKEHHI, Bi/UTy4eHHI i y 12-MicsiaHOMY Billi

Spku-aBiiiHI BCIX JIHIHHMAX IPYI HPOTATOM YChOTO Iie-
piomy nocnimxens Ha 5,1% mocTymanucst 3a pO3BUTKOM
SIPKaM-OIMHIPIM JIHII 5, SIKUM 3a >KHBOIO Macoro IIpHTa-
MaHHI CITaJKOBI O3HAKH aCKaHIHCHKOI TOHKOPYHHOI IIO-
pomu. Ilim wac BiMOWBKY pi3HHIIA 32 i€ O3HAKOKO 3Mi-
HroBanacs Big 1,3 kr mo 2,1 xr a6o 1Mo BiIHOLIEHHIO 10
3HAYCHHS JKHUBOI MAacH sSPOK-OJUHIIB CTaHOBHJIA BIAIO-
BifHO 6,1% 1 9% ( minis 5). YV 12-micsiuHoMy Bini ix pi3-
Hullsl 3MiHoBanacs Big 0,9 xr go 1,5 kr. Spxu-aiitai
micis BiutydeHHs (noaaTok B) Manum Takuit Temn pocry,
[0 70 PIYHOTO BiKYy PI3HUIIS 3a KUBOK MAacCOK Y IOpiB-
HSIHHI 3 SIPKaMH-OJMHISIMU CTaJla HE3HAYHOIO.
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Puc. 2. XKuBa maca IpoKk-IBOEH pi3HUX JIHIHHUX TPYN MTPH Ha-
POJUKEHHI, BIUTYYeHHX 1y 12-MicIIHOMY BiIli

IIpm HapoxkeHHL

TaxkuMm 4rHOM, JUIsl BCIiX JIIHIHHUX I'PyITyBaHb TEMII pO-
CTy SAPOK-IBOEH BiJ HAPOPKEHHS 10 PIYHOTO BiKy IPOXO-
JUTHh IHTEHCHBHINIEC Yy MOPIBHSIHHI 3 SPKaMH-OJUHIISIMH.
3a pesyapTaTaMu JOCTIPKEHbh MOXHA KOHCTATyBaTH
Kpamuii po3BUTOK SPOK-OJUHINB YIIPOJOBX POKY HOPIB-
HSHO 3 SIpKaMU-IBIHHAMH. SITHSATAa 3 OUNBIIOI0 KHBOIO
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MacCOI0 TMPH HAPOKCHI, HE3aJEeKHO BiJ| JIIHIHHOI HaJICK-
HOCTI, 30epiraloTh CBOIO IepeBary y HacCTYIHI Micsii (10
OJTHOTO POKY).

Jist miHIHHUX TPpYN TaBpificbKOTO THUITY cepesiHi 1000Bi
MIPUPOCTH >KUBOI MacH SIpOK-OAMHIIIB 3a MEepioj BiJ Hapo-
JUKEHHS 10 BIIJIy4eHHS KONMMBAIWCH y Mexax 1442 -
168,3 1, HU3BKI 3HAYEHHS ILHOIO IOKA3HHKA HaJEKaIN
minisM 8.31 1 1444 (o 144,2 r), MaKCUMaJIbHI — JIiHISIM
2.291 100 (BigmoBigHo 168,31 165,0 1), 110 CBiTYNTH TIPO
YCIaaKyBaHHS SPKaMH TaBPIHCHKOTO THITY Ii€l 3aKOHO-
MIpHOCTI Bix OaTbKiBChKHX map. s sIpOK-IBOEH 3aKo-
HOMIPHOCTI 3a/IMIIAOThCs aHajoriyanMu. CepenHi 1060-
Bi IPUPOCTH XKHUBOI MacH SPOK 3a Mepioj BiJ HAPOHKEHHS
JI0 BIJUTy4EeHHS JJIsl JIHIHHMX TPYH TaBpiHCHKOTO THUILY
3MiHtoBanucs Big 135,8 r (ninig 8.31) mo 150,8 r (Jinis
374).

OTpuMaHi pe3yabTaTH CBIiqYaTh IPO 3HAYHI MOKIIUBO-
CTI PO3BHUTKY SIPOYOK TaBPIHCHKOTO THUIy B TEpion Bif
HapOJKEHHS J10 BiUTy4eHHSI.

YCTaHOBIIEHO TaKoXk, IO 3a JABOMICSYHUA rmepioxn (3 4
o 6 MICSIIb) YKHUTTS TIOMITHO 3aTPUMYETHCS PICT K SPOK-
OIIMHIIIB, TAK JBOEH YCiX NiHIHHUX TpyIyBaHb. Lle mosc-
HIOETBCSI HAsBHICTIO (Di310JIOTTYHOTO CTpecy B SIPOK, KM
3MIHIOBABCS Y JOCIIUKYBaHUI BIKOBUI Nepioj NPOTAToM
1 - 2 MicsaIiB 1 MATBEPIKYETHCS 3HIKCHHIM CEPEIHIX
JOOOBUX MPUPOCTIB KHUBOI MAcCH SPOK-OUHIIIB 3a MEPiO
micis BiutyueHHs (3 4-ro mo 6-it micsi), Bin 45r (JiHis
374) no 88r (minii 5 i 100). Cepenni 1000Bi mpUpPOCTH
JKIBOI MacH BiJ BiIUTydeHHS A0 12-MiCSYHOTO BiKy 3HAY-
HO 3HIDKYIOTBCA Binm 2,63 pasiB (spku niHii 5) mo 3,21
pasiB (miHig 374) mopiBHAHO 3 TEpioJOM Bin iX Hapo-
JUKEHHS 70 BiUTYYeHHS. Y Iei BIKOBHI mepioj cepemHi
JI000BI IPHUPOCTH JKMBOI Macu SIPOK-IBOEH 3MiHIOBAICS
y mexax Bixg 133,3 r (tBapunu niHii 1444) nol50 r (minii
100) 1 150,8 r (TBapunu niniit 374 1 631).

SIKIIO mpy HAPOJKCHHI ¥ BiUTydeHHI OJUHII BipOTija-
HO NEPEeBHIIYBaJIH JBOEH 33 I[UM MOKa3HHUKOM, TO B pid-
HOMY BIlli 1151 pI3HHILIS CTaJIa HE BIPOT1IHOIO.

PesynpraT cBimuaTh, 110 3aKOHOMIpHA PI3HHLS 32
JKHBOIO MAcOI0 MMPH HAPOKEHHI MIXK OJMHI[IMY Ta IBiii-
HSIMH KOMITCHCYETBCS 3 BIKOM, TOMY MOXKHA BBa)KaTH, LIO
po3Mip MacH TOTOMKIB MPH BiIUTy4eHHI BiJl BIBIIEMaTOK
MOJKE CITyTYBaTH KpUTEpieM iX BimOopy.

Bemuke 3HaueHHs y (opMyBaHHI IPOAYKTUBHUX Ta
BIATBOPIOBAJIbHUX SIKOCTEH OBEIb TaBPIifCBKOrO THILY
aCKaHINCbKOT TOHKOPYHHOI MOPOIH BIJITPalOTh T€HOTH-
NoBi (JTiHIHHE TOXOJPKEHHS) Ta OHTOTEHETHYHI (akTopu
(Bik BiBIEMaTOK). [lepeBakHMIA BIJIMB Ha BiJTBOPIOBAIIb-
Hi SIKOCTI Mae€ BIK, JiHIiHA HAJIEKHICTh Ta B3a€MOJIig ’BiK
X IHTEHCHBHICTh pOCTY” .

VY tabnuui 1 HaBeAEHO NMOKA3HUKHU 3aILIiTHEHOCTI BiB-
meMarok i Buxoay srHAT Ha 100 MaTok ymponoBx 8 cy-
MDKHUX POKiB. 32 OCTaHHI 4 POKHM YCTaHOBJIEHO 3HAa4YHE
3HW)KEHHSI BiJTBOPIOBAIBLHHUX SIKOCTEH, Ha Halll IOTJISA,
00YMOBJIEHHX HECHPHATIMBUMH KIIMAaTHYHHUMH YMOBa-
MU, 110 BIUIMHYJIM Ha 3MEHIIEHHS JXMBOI MacH i IOXHB-
HocTi KopMiB Juis araAT. Came y nepiox Bin 2009 poky
BiIOYBa€ThCS MiABHUIICHHSA CEPEIHBbOMICSYHOI TemIepa-
TYpH Yy cepIHi — BepecHi Micsii Ha 0,5...1,2°C.
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Ta6aunsa 1. /luHaMika MOKa3HHUKIB BiITBOPIOBAIBHIX SIKOCTEH OBelb, X £5_ ,n=40
X

Pix
Osnaxa 2005 2006 2007 2008 2009 2010 2011 2012
Bamnimnenicts matox, % | 83,5+2,86 | 83,0+2,21 | 80,1£1,57 | 80,3+1,33 | 78,5+2,09 [ 80,132,42 | 74,5+1,64 | 77.6£1,71
BUXizt ATHAT, TOIL. 122,9+3,94 | 124,8+4,08 | 120,23,66 | 121,144,17 | 114,5+4,65 | 111,4+3,34 | 104,5+3,29 | 105,4+3,78

Crix BiAMITHTH HU3BKY YCHAJIKOBYBaHICTH IUIOAIOYOC-
1i oBenpb — 0,15 - 0,20 i MOBTOPIOBAHICTH IIi€i O3HAKH,
TOOTO 37ATHICTH TBApPWH HAPODKYBATH OTHAKOBY KiJIb-
KICTh STHAT y Pi3Hi ATHIHHSA (Ta01.2).

AJie mpaKTHKa PO3BEJICHHS OBCIb PI3HUX MOPiX MOKa-
3y€, 10 TUIOIOYICTh € CIAJKOBO 00YMOBJICHOI O3HAKOIO
1 CeJeKwisl OBelb 32 ILI€I0 03HAKOI MOXE OYTH IOCHTh
e(eKTUBHOIO, TPO IO CBigYaTh PE3yJIbTATH CENEKLil
OBEIb TaBPIMCHKOTO THIY AaCKaHIMCHKOI TOHKOPYHHOL
mopou. IcHyrodi BiIMiHHOCTI, 3HAYHA BHYTPIITHEOIIOPO-
JTHA MIHJIMBICTB y MeXaX IOPOAH i CTaja BKa3yIOTh, IIO
BiITBOPIOBAJIBHI SKOCTI CIIAJKOBO OOYMOBJICHI 1 32 HUMH
MOJKJIMBA YCITIIITHA CETICKIIisl.

Mix BiBIIeMaTKaMH 3-pigHOTO BIKY, SKi IOXOMIATH 3 Pi-
3HUX JIiHIH, YCTAHOBJCHO BIJMIHHOCTI 3a MOKa3HHKAMU
PIiBHS BIATBOPIOBAJIbHUX sIKOCTEH (Tabi.4).

MiHiMaIbHI 3HAYCHHS 3a 3aIUIIHCHICTIO BIiBI[EMATOK
MpUTaMaHHI TBapuHaM JiHid 5 ta 100, BignosigHo 77,2 i
76,1 %; makcuManbHI — BiBIeMaTkaMm i 374 1 2.29,
BiamoBigHo 82,6 Ta 84,4 %. SIKIIO 3a UM TOKa3HUKOM
mopiBHIOBaTH TBapuH JiHil 100 3 TBapuHamu IHIIKX Ji-
Hili, TO 3aIUTiAHEHICTh BiBIIEeMATOK JiHii 631 Ta 8.31 Oymna
nemro mHmk4e (Ha 0,7 - 0,2%), Hixk y TBapuH miHii 100, mo
HE € JoCTOBipHOIO pizHuUIEe (P>0,05).

AHayoriydi BiAMIHHOCTI BHABJIEHO 34 ITOKa3HHUKOM
”BuXif SATHAT’. MiHIMaNBHI 3HAYEHHS CHOCTEPIralucs y
BiBIIEMATOK JiHii 5, 1444 ta 100 i 3MiHIOBaNIKCS y MEXax
110,2 - 114,3 roxis Ha 100 BiBIIEMATOK, a MaKCHMAajbHI

HaJIe)ali TBapruHaM JiHii 374, 631 ta 2.29 i cranoBWIN
BignosigHo 122,8, 121,9 i 120,1 romiB. Y mopiBHSIHHI 3
BiBmemaTkamu JiHii 100 BiporimHi pi3HUII MOKa3HHUKA
”BUXIJ] ATHAT” Y BIBIIEMATOK LUX JIiHI CTAHOBHJIM BiAIO-
BimHo 10,9 (P<0,01), 10 (P<0,05) ta 8,2 romie Ha 100
BiBieMaTok (P<0,05).

Ta6muus 2. BigTBoproBaibHi SKOCTI BiBIIEMAaTOK TaBPiCHKOTO
THUITY aCKaHIiCbKO1 TOHKOPYHHOI HOPOAH 3aJIeKHO Bi JTiHIKHO-
ro Moxo/ukeHHs, X +5_ ,n=40

X

.. Iloka3Huk
JIiHis TBapHH - % -
3aIlIIJHCHICTD, A) BUX1J ATHAT, I'OJI.
5 77,242,87 110,2+2,83
374 82,6+1,66* 122,8+1,91**
631 75,4251 121,9+3,61%*
1444 79,7+3,08 114,3+£3,06
2.29 84,4+2.12* 120,1+£2,28*
8.31 75.943.17 119,242.97
100 76,1+2,88 111,9+3,11
BucnoBku. BcranoBieHi po30ixkHOCTI 00yMOBIICHI

NEePEBAKHO TCHETHYHUM HOTEHLIAJOM BIBIEMATOK KOX-
HOi JOCHIJKYBaHOI JiHII, WO MiATBEPIKYE CMAJAKOBY
00YMOBJICHICTh O3HAK 33 BiATBOPIOBAJBHUMH SKOCTSIMH 1
TOMY CeJIEKI[isl Ha paHHE STHIHHA cTae edekTHBHOW0. s
MIEPCIIEKTUBHOT CEJeKIii MepuIoYeproBuM CTae Biadip
0araToruliIHIX MaTOK y SIKOMOTa PaHHbOMY BIlli.
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Influence of meteorological factors on the reproduction of farm animals
T. 1. Nezhlukchenko, N. V. Nezhlukchenko, M. V. Arkhangelska T. S. Kovalenco
Abstract. The indices of fertility of sheep and goat lambs and the yield of lambs on 100 moths during the period of 2005 ... 2012r.
which meet the breed standards. During the last 4 years of observation, a significant decrease in reproductive qualities was observed
(by 2.5 ... 5.9%) due to unfavorable climatic conditions, respectively, the indicators of live weight of lambs decreased.

Keywords: sheep breed, breed, Tauride type, fertility, lamb yield, climate impact.
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AHoTauis. B cTaTTi po3misgaeTbes posib CUCTEMH MILMIOXITHUX Ta TPAHCIIOPTHUX KOMYHIKamlil MicTa SIK OCHOBH HOTO CTPYKTYpPOYT-
BOpeHHA. B sfKOCTI MpUKIagy UIs AOCTiKEeHHS 1 pOpMyJIIOBaHHS BUCHOBKIB BiliOpaHo icTopuuHe utaHyBaHHA Kuepa 3 X mo XIX
CTOJITTS BKITIOYHO. AHANI3 iCTOPHYHOTO PO3BHUTKY IUTaHyBaHHS KueBa 10BiB, 0 KOMYHIKAIIl € TOJIOBHOIO CKJIAJJOBOIO CTPYKTYpH,
110 BA3HA4Ya€ MOJIENb ii HOAAIBIIOTO 3pOCTy, Ta BiIOMBA€E BIUIMB MONITHIYHO-eKOHOMIYHUX Ta KYJIBTYPHHX YMOB Ha IUTAHYBaHHS Mic-

Ta.

Kniouogi cnosa: cmpyxmypa nianysanns micma, komynikayii, icmopuuni nianu Kuesa, gpynxyionanvhi 36 ’s3ku, ingpopmayiino-

8I3YANIbHI 36 SI3KU.

Beryn. KuiB i3 ioro HeopIHHAPHOIO iCTOPIEI0 ICHYBaHHS
€ YHIKaJbHHAM MICTOM 3a €TallaMd TePUTOPiaJbHOIO PO3-
BUTKY 1 CTPYKTYpPOIO, MOJIETIb SIKOT BIIPOAOBXK yChOTO ic-
HYBaHHS CTOJUII HAIoi JepKaBH 0araropa3oBO 3MIHIO-
Bajiacsi, TOMY Hallla CTOJHMIII 3acCIyroBy€ Ha BUBUCHHS
cnenudiku ii GopMyBaHHS IS CIIOCTEPESIKCHHS TUHAMIKH
npouecis i1 3pocTaHHs Ta (HOPMYTIOBAHHS BUCHOBKIB IIIO-
JI0 poJi HUISAXIiB, IO iICTOPUYHO CKJIANUCA Ta HOBUX, Y
CTPYKTYPOYTBOPEHHI MiCBKOTO IIPOCTOPY.

B opranizanii nianyBajabHOI CTPYKTYPH 3HA4YHY DPOJIb
BiJITparOTh NUITXH — IIIIOXiTHI Ta TPaHCIOPTHI KOMYHi-
Kalii, sKi € NEeBHUM KICTSAKOM OyIb-SKOTO IUIaHYBaHHS 1
3a0e3MeYyrOTh 3B S3KH MiX MIiCTOM Ta iHIIMMH TIOCEINICH-
HSIMH, MK MICTOM Ta OKPEMHMH 00’€KTaMH M03aMiChKO-
ro MpocTopy abo MiX YacTHHaMH camoro micra. Came
KOMYHIKaIlil 3a0e3NeuyloTh >KUTTEIISUIBHICT, MicTa Ta
aKTUBHICTD Horo HaceneHHS. KomyHikarlii, IpoHH3YOUYH
TEPUTOPI0 nepeOyBaHHs JIFOJIEH, YTBOPIOIOTh CTPYKTYPY
TIOCEJICHHS, HOTO MOJEJNb, fKa Y IOJAJIBIIOMY PO3BUBaA-
€ThCS 1 3MIHIOETHCSI 3aJICIKHO BiJl CyCHuUTbHUX mOTped [1].
Pospocrarounce TepUTOpiabHO 3 IIMHOM 4acy, MiCTO
Ha0yBae yCKJIaJHEHOI CUCTEMH LUISXIB, JOAATKOBHX PO3-
rajxy’keHb, OHOBJIEHUX (DYHKIIH, 110 BUHUKAIOTH 3aB/ASKH
CYCHIJILHOTO PO3BHUTKY, ()OPMYBaHHIO HOBHX MOTped co-
[iyMy B OpraHisaiii Micbkoro mpocropy. OTxe, Mix ILIa-
HYBaHHSIM MicTa, HOTO CTPYKTYPOIO i CHCTEMOIO HUISXIB -
BHYTPIIIHIX i 30BHINIHIX TIO BiJHOIICHHIO IO TEPUTOPIil
MicTa — € nupsmuii 3B's130k. 1[0 BIUIMBaE Ha PO3BUTOK
IOUIAXIiB Ta IXHIX HANpSMKIiB, Ha iX MiCHETON0XEHHS Ta
KoH(piryparrito, siki (yHKIIi BOHU 3a0€3Me4yrOTh, 1 4Yu
BIUIMBAIOTh i (QYHKLIT Ha IUIAaHYBaHHS LUIAXIB, a uepe3
HUX Ha KOMIIO3UIIif0 3a0ynoBu? B miif craTti y sKOCTI
MIPUKIIaAy I TIOIIYKY BiANOBIeH Ha MepepaxoBaHi BH-
1€ MUTaHHS oOpaHe icTopuYHe TulaHyBaHHs KueBa, ske
JIO IILOTO Yacy HE BUBYAJIOCSA HA MpeaMeT crerudika ¢Gpo-
PMyBaHHS HOro KOMYHIKalliifHOT cuctemMH Ta i BIUIMBY Ha
CTPYKTYpY MicTa.

Crucamii orasa my6uikaniii 3a Temoro. Tema B3ae-
MO3JIS)KHOCTI CTPYKTYPH MICTa Ta CHCTEMH LUIAXIB, IO
pO3MIIsIAEThCSl B Wi mMyOiikamii, 10 MEBHOro 4Yacy He
[iKaBWJIa HAYKOBIIIB. PO3yMiHHS 11 BaXKIMBOCTI 10 (haxiB-
[iB HaAIAILIO B cepeanHi XX CTOMITTS, KOJU MiCTa CTaIA

11

TIEPETBOPIOBATUCS HA METAIIONICH, OJHI€I0 3 TIPUUIHH SIKHX
3’sIBUJIaCS. MOXKJIMBICTH JOJIATH BEJUKI MIPOCTOPH 3a JI0-
IIOMOTOI0 IIBHAKICHOTO TpaHcrmopTy. OTXe, HayKOBO-
TEeXHIYHUH TpOrpec, CYCHiIbHI IOTPeOM E€KOHOMIi 4acy,
CTHXIIHI TIPOIECH YIIUTbHEHHS Ta IIOIIYK ONTHMi3amiii-
HUX IUIIXIB INepediry cycmijbHOi MisuibHOCTI i Oararto
IHIINX YMHHUKIB CIPHSIN TOYATKy HAYKOBHX IONIYKIiB B
rajgy3i mpoOjieMu iCHYBaHHs KOMYHIKaliifHOT cucremu
MiCT W aryiiomepamiii Ta i BIDIMBY HAa >KUTTEHISUTBHICTH
JIIOJEN.

IrHacio Apayxo po3IisiiaB NPOCTIp C TOYKH 30py
3B’SI3Ky IHAMBIIYyMY i3 CEpe/IOBHIIEM, a TOMY HPOCTIp
CTPYKTYPOBAaHHUH, Mae NEBHY i€papXil0 4YJICHYBaHb, IO
3YMOBIIIOE 3B’SI3KM MK OKpeMHMU eliemeHTamu [2]. Di-
J0CO(ChKE PO3YMIHHS TPOCTOPY MICTHUTBCSA B YSBI HOTO
K «popMi icHyBaHHs MaTepii, i arpuOyTiB...», KaTero-
pii, MO XapakTepus3ye CIiBiICHYBaHHA 00’ €KTiB, B3a€MO-
Jif0 iX, NPOTSDKHICT Ta CTPYKTYPHICTB (PO3MIpHICTD,
3B’SI3HICTB, 130TpoOIi0 Ta aHizoTporiio) [3, c. 545-546].
CTpyKTYpHICTh apXiTEKTYPHOTO IIPOCTOPY 3YMOBIIIOE
HOTO po3nodin Ha ckaadosi wacmuHu, MO TOETHAHI Ha
OCHOBI MEBHUX CIOCO0IB 3aKOHOMIPHOTO 3B’SI3KY, CYKYH-
Hicmb TIHX CKJIAIOBHX YaCTHH ab0 eJIEeMEHTIB Pi3HHUX PiB-
HIB CTAQHOBHTB CUCHIEMY, BaXJIMBOIO YaCTHHOIO SIKOIO €
KOMYHIKaIlii.

B MuHyloMy cTONITTI HayKOBLI BHBYQJIN (DYHKI[IOHA-
JBHI 3B’SI3KM MK OKpPEMUMH YacTHHAMH MicCTa, SKi HO-
3BOJISIIOTH PO3TAILIOBYBATH MIChKI (DYHKIIT 3a MpHUHIMIA-
MU 30HYBaHH:. 30HIHT € BiJOUTTSAM CHCTEMH UiTKOi opra-
Hi3aIil IIaHyBaHHS, KOTpa ModYajga (pOopMyBaTHCS IIC Y
BennkoOpuTanii Ha nouatky 1950-X pokiB y BUIIISIII CUC-
TeMH IuQepeHIianii MiCbKAX TEPUTOPill 3a OKpEMHMHU
MicTOOYAIBHUMH 00’€KTamMH. 3amo3udeHa PaasHChbKUM
Coro30oM 1181 cucteMa Oyna po3BUHEHA 1 BIIOCKOHAJIEHA SIK
MIPUHITMIT PO3MOAITY MICBKHX TEPHUTOpi Ha OKpemi
00’€KTH, IO MaJM 3B’A30K i3 CHCTEMOIO KYJBTYPHO-
moOyTOBOTO OOCITYrOBYBaHHS, HACTIAKH SKOI MaemMo B
3a0y/10B1 MICT 1 JI0 IIbOTO Yacy.

OpHi€lo 3 iIHHOBAIIMHNX TpaIls IO POJIi, THIAX i BUKO-
PHUCTaHHIO KOMYHIKallii B CTPYKTYpi MicCTa € JOCIiJKEH-
Ha 1970-x pokie O.E. I'ytHOBa [4], sSKkuii KpUTHKYyBaB
BU3HAYEHHS! MICHKOTO IUIAHY «3a JOMIHYIOUHUM THIIOM
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(YHKITIOHATLHOTO BUKOPHCTaHHS Teputopii [4, ¢. 120]».
Bin BBakaB CIPOIIEHCTBOM CIIPUIHSATTS MiChKOi TEPUTO-
pii sk craru4HOi Ta iHEPTHOI MPOCTOPOBOI OOOJIOHKH
MIPOIIECIB JKATTEMISUIBHOCTI 1 COPMYIIOBAB BIIaCHY TEO-
pito MicTOOYIIBHOT CHCTEMHU, IO CKJIAJIAETHCS 3 CTPYKTY-
POYTBOpIOIOYOI YacTWHU (KapKacy) sIK KOHIICHTpATy oc-
HOBHUX IPOIIECIB KUTTENISUIEHOCTI HACEIEHHS 3 BUCOKOIO
IHTEHCUBHICTIO TIPOCTOPOBOTO 3aCBOEHHS Ta IHEPTHOTO
OCHOBHOTO cyOcTpaty (Michkoi Tkanuum) [4, c. 116-117].
Kapxkac, Ha #ioro IyMKy, € «IBHTYHOM» «MiCHKOI MaIIu-
HUY», KM BU3HA4Ya€ «KOMYHIKaTUBHY MILIHICTB» MicCTa,
a00, iHaKIIe, «IKiCTh MICBKOTO CITOco0y XUTTs». B mona-
JbIIOMY HHM3Ka (axiBIiB po30OHpaia MeBHi acrekTH (op-
MyBaHHS KOMyHikaniid. ['omy6eB I'.E. BuBuaB mpuHIUIH
(opMyBaHHS MiI3EMHOTO TPOCTOPY, B SKOMY BaXKIHBY
pouts Bimirparots QyHKItioHaNbHI 38 s13kH [8]. BypaBueH-
ko C.I'. 3BepHYB yBary Ha IUBHIKICTb PYXy JIOJAMHH-
IMII0X0/1a, B MICBKOMY 1 aBTOMOOUIFHOMY TpPaHCHOPTI,
KOTpa BIUIMBA€E HA BEIMYHHY MPOCTOPY CHPUIHSATTS OTO-
genHs [5]. ComoB ['.}O. mocmimkyBaB B apXiTeKTYpHii
KOMITO3HLIT MICBKOTO TIPOCTPY JiBa acrekT iHdopmarii -
CEeMaHTHYHHUH K IUIaCTUYHE BHpPaXEHHs 06aratooOpasHo-
ro 3MICTYy 1 CHHTaKCHYHHUH, IO BiIA3EepKalloe B3ae-
MO3B’SI30K PI3HUX KOMITO3HIIHHUX €JIEMEHTIB Ta YMOB
CIIPUAHATTS apXiTeKTypHHX 00’ekTiB [6, c. 24]. Bensepa
E.Jl. BucyHyna NpHHOMN KaApyBaHHSA MOBKULIA JIIOIH-
HOO, 1[0 PYXAETHCSI MICBKMMU NUIAXaMU JIS1 OLIHKH HEIO
eCTeTHYHUX siKocTel mpoctopy [7]. €xos C.B. posrnsae
MOXIIMBOCTI BHKOPUCTaHHS KOMYHIKaliii sk iHpopma-
LiifHUX 3ac00iB y TOProBenbHUX KomIniekcax. Cepenrok
L.I. BuB4aB npotec Ta yMOBY 03HAHOMJICHHS 13 0COOINBO-
CTSIMH apXIiTEKTYpHOTO (OPMOTBOPEHHS PEIHIIIEHTOM,
BpaxoBywoun i#oro pyx [9]. Psam HaykoBO-TEOpETHYHHX
IIpallk € B OJHOTO 3 aBTOPIB CTATTI - 3 pOJIi KOMYHIKAIiif B
CTPYKTYpi apXiTeKTypHOro 00’€KTy, IXHbOI CHCTEMHOCTI,
ix THIiB, c1IOCO0IB Ta YMOB BUKOPHCTaHHS Ha MPHKJIagax
pi3HUX 00’€KTIB — MiZ3€MHOT0 MPOCTOPY, B apXeoJoriy-
Hiif 30HI Cy4acHOro MiCTa, y Cy4aCHOMY BHKOPHCTaHHI
MeMopialiB, y (¢OpMyBaHHI 30H BIIIIOYWHKY Ha OCTPOBaX
B LIEHTpPI MicTa, YTBOPEHHs KOMYHIKalid IJsl TpOMajCh-
KuX (QYHKIIA 3 MIKITIOYEHHSIM TOJATKOBUX (YHKIINA Ta
00’€exTIB 0OOCIYroBYBaHHs, MOEIHAHHS (DYHKIIOHATBHUX
3B’s3KiB, iH(OpMAIll Ta €CTETUYHOCTI CHPUHHATTSI OTO-
genHs tomro [10-14.].

MeTo0 HAayKOBHX MNOMIYKiB B Mill Ipami cTano
3’sICyBaHHSl NPUYMH TIOSIBM TEBHOI CUCTEMM LUISXIB Ha
tepuropii KueBa 3 maBHIX 9aciB 10 CHOTOJCHHS, IO 00Y-
MOBWJIM YTBOPEHHSI HOro IUIaHYBaHHS 32 PI3HUMH MOJIe-
msiMu. Bukopucrana metouka: mopiBHAIBHO-iCTOPUYHUN
aHaJi3 opraHizauii KOMyHiKaliiiHOT CUCTEMH B Pi3HIi Yacu
Ta BHABICHHA ICTOPUYHO-TIONITHYHUX TPHYUH, KOTPi
00yMOBWMIIH 11 TOSIBY 32 IEBHUM THUIIOM.

Martepiann mociaimkeHHsi. Y CTBOPEHHI CHCTEMH KO-
MyHIKaliid QirypyrooTs ABa TOJOBHHMX HANPSAMKH, IO 3a-
JeXaTh BiJl CYCIUJIBHUX MOTped 1 CTaHy HOro PO3BUTKY:
e QyHKIiOHATBbHI NOTPeOH 3B’A3KiB Pi3HUX THHIB (3 Ja-
BHIX YaciB 1€ TOPTrOBeNbHI IIISIXH — 30BHIMIHI po3 KuiB,
BHYTpIIIHI sIK 3aci® peamizamii mpoaykuii Ha pHUHKY) Ta
€CTeTHYHI (32Ul PEenpe3eHTaTHBHOCTI MICHKOTO IPOCTO-
Py 3a IOTIOMOTOIO0 30BHIIIHIX Ta BHYTPIMIHIX IIJISAXIB, IO
3 4acoM CIIpusie BAHMKHEHHIO aHCaMOJIeBOCTi 3a0y/I0BH).
[epuri movanu ¢opmyBaTHCS I HA TPOTOAEPKABHOMY
PiBHI ¥ IHTEHCHBHO PO3BHMBAJIMCS B IOJAJIBIIOMY i Yac
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3pOCTaHHA E€KOHOMIYHOI 1 CYCHUIBHO-TIONITHYHOI poJTi
MicTa SIK OpraHi3alliifHOro MEHTPY AepPrKaBH.

3a CBIOUEHHSAM pOCIHCHKOTO icTOpHKa-apxeosora b.
PubaxoBa KuiB OyB 3acHOBaHMII monssHaMu y Y CTOJITTI
[15], y 482 poui Bxe iCHYBaJO MOCENEHHS HA 3aMKOBiii
ropi. ¥ YIII cromitri KuiB 6yB cromunero Pycpkoi 3emmi
MDKIUIEMIHHOTO  00’€QHAaHHSA  HiBIEHHO-CXITHUX
CIIOB’STHCBKUX TuIeMeH, a y X — crommmero mepkaBu Ku-
iBcbka Pych. IlepBunHe MicTo-¢oprens, sike Ha3MBAIOCS
Bumiropomom (BepXHiM MiCTOM), BUHHKIIO Ha BHCOKOMY
narop0i 1 Bizome Bxe 3 X cromitrs. Lle micto kuszs Bo-
ToguMupa, SKuit oxpectuB Pycs. CTpykTypy MicTa 9acT-
KOBO MOXKHa MPOCITIJKYBaTH MO (QyHIaMEHTax 3a0ymoBH,
SKi 1e moTpeOyIoTh apXeonoriyHux poskomiB. Ha marmi
MOJKHa MOMITHTH TocesieHHs Ouist micta Bonoaumupa, Ha
SIKOMY 3 JacoM OyB yTBOpeHUH MmuxaiiBChKuii MOHAC-
tp. [logony sk moceneHHs pEMICHUKIB ITOKH HEMae, aie
BXKe 30ymoBaHa [TiHChKa IEpKBa, a HETOAAJIK KAITHIIe
Bosoca. Micto Ha Toif wac Oyio 3B’SI3aHO IUIIXaMH 3
IHIIUMHU HaceIeHUMH ITyHKTaMu - Bumropomom, binro-
POJIKOIO Ta TEPUTOPIELO, Jie TPOKUBAIIH MeueHery (puc. 1,
a). 3 kinng X-ro g0 cepemunn XIII ctonith Bxke O0yI0
moOymoBaHo MicTo SlpociaBa, MuxalniBChbKHA MOHACTHD
Ta Ilozin y BUIIIAAI TOCENCHHS 3 HEBIOPSAKOBAHOIO 3a-
OymoBoro. SIpociaBoBe MICTO Majo pomMOOmomiOHe Iia-
HYBaHHS 3 YOTHpPMa BOPOTaMH, B IICHTPI SKOro Oins me-
pexpecTsi TOJI0BHUX BYNUIb posrainoBanuii Codidchkuit
MOHACTUPChKH kKoMIutieke (puc. 1, 6). HiTke miaHyBaHHS
i3 PO3MIIIEHHSIM BYJIUIlh 332 PErYJISIPHOI0 CXEMOIO 1 mepe-
XPECTSIM € TIPOTOTHUIIOM €JLTiHICTHYHO-BI3aHTIHCHKOI cXe-
MU, SIKE CBITYUTH TIPO Te, IO CXeMa PO3TAlLIyBaHHS BY-
JUIHF YTBOpEHA HE TUIBKU LIS 3pYyYHOCTI (pyHKIiOHANB-
HUX 3B’SI3KIB, aJie W JJIs IEMOHCTpAIliil MOPSAKY Ha TepH-
TOpil, [UTA aKIeHTYyaIlil MOTJAiB MEIIKAHIIB i TocTel Ha
HaiikpacuBimoMmy 1entpi micra — Codiiicbkkomy cobopi,
KU criepmry OyB MoOymOBaHHMK y 3alO3MYCHHUX Bi3aH-
Tiiicbkux popmax. Ceigome (hopMyBaHHS IUIAaHYBaHHS Ta
KOMITO3ULIT 3a0y/I0BH BKa3YE Ha CQHOPMOBAHY OpeaHi3a-
Yito Ccycninbcmed, po3eUHeHUll CMAaH eKOHOMIYHUX 8IOHO-
CUH, 8UCOKULL piseHb depaicasnocmi i kynremypu. Ha puc.
1, 6, mo BimoOpaxae mmanyBauas 1400-1600 pokis, mpu-
Ba0JIIO€ cucTeMa BYJIHIIb PEMICHHKIB 10 piuku Ha [Togoui,
10 3B’s13aHO 3 IXHBOKO MPO(]ECciiHOI0 TisSITBHICTIO, Ta TOP-
rOBEJIbHUX J10 Bumropoay, a Takoxx (GopmyBaHHS OKpe-
MHX TOCEIeHb HaBKoJO SpocimaBoBa micra. Bim JIsance-
KOI0 OpamM Toka3aHuii mouyarok nusixy no Iledepcbkoi
¢opremi Ta 3a3HaueHa Xpemara JoJIrHA (MicIe Cy9acHO-
IO LIEHTPY CTOJIUIII) SIK TI0YaTOK 3B 53Ky i3 MicToM Bacu-
mekoBoM. Ha puc. 1, 2 mepiomy 1700-1800 poki Bxke €
yTBOpEHI Ha ToW 4ac Qopreui 1 BigOYyI0CsS pO3MIHPEHHS
TepuUTOpii icTOprIHO chopMoBaHOi yacTHHU Micta i [lo-
Joiny. Mo)KHa MOMITUTH TaKoX NOAAJbIIE 3BEJICHHS 3a-
xucHHUX cTiH KueBa, mo 3axumaTuMyTh noceseHHs Ku-
cuniBky, Koxym’skum ta Kynpssens. B3mosx Oepera
Juinpa yrBopenuii nuisix go Iledepcrka.

Tobro maemo possutok Kuwea 3 Bumropoma — mep-
BUHHOI (opTewi, MoTiM 3 BepXHbOI Ta HWKHBOI YaCTHH
(Bumropoay Ta I[lomony), B mogansmoMy 3 IBOX LEHTPIiB
(mict Bonomumupa-Spocnasa 3 [Togonom ta Ileuepcrky).
3apasku OyIiBHHNTBY B370BX JIHINIpa HU3KH MOHACTH-
piB, 110 BUKOHYBaJH POJIb ()OPTEIb 3 OXOPOHU CTOJIMII],
Ol AKHMX 3 YacOM YTBOpPIOBaJIHUCS moceneHHs, KuiB mo-
BOJI paHO HaOYB Ie # JiHiIHHOT cxeMu po3BHTKY. Ha puc.



2 moxmane 1utanyBaHHS Kuesa Ta fioro oxommms y XII cro-
JTTi, HA SKOMY TIPOTIIAAAETHCS CTPYKTypa Mmicta Spo-
cnaBa, c(OpPMOBaHA TOJIOBHUMH BYJIUISIMH Yy BHIJISJI
mepexpects, 11 3B'I30K 3 IM03aMiCPKUMH MIISTXaMHU 10 MO-
HACTUPCHKUX KOMIUIEKCIB Ta IHIIMX MICT, @ TaKOX PO3-
TaIIyBaHHI CaMOT0 MiCTa Ta MOHACTHPCHKUX KOMIUIEKCIB
B3/JI0BX T'OJIOBHOT'O TOPTOBEJIBHOTO HUISXY - piku J{HINpo
[16]. Leit ocranHiii mpuifoM OymiBHHIITBA MOHACTHPIB
CTBOPIOBAB BAXJIMBI YMOBH IeEpUENLii HaWKpacHUBIIINX
00’€KTIB TOTO Yacy 3 BPaXarodoro 32 KOMITO3HII€I0 3a0y-
nooto [IpaBoro 6epera cronmui B3aoBx JHinpa.

3 HacTaHHAM YaciB BIUHBY Pociiicbkoi iMmmepii Ha po3-
BUTOK YKpaiHCBKHMX MicT, Teputopisi KueBa BropsakoBy-
BaJyiacsi, HabyBaya CyBOpPOro KBapTaIbHOTO IUIAHYBAHHS Y
BCIX paifoHax, B TOMY YHUCJIi i B iCTOPUYHOMY LIEHTPI (pHC.
3), mo Oymo oOyMOBIIEHE iICOJIOTIYHAM BILIHBOM
LEHTpaNi3oBaHoi Biaau. Sk mokasana icTOpu4Ha NpaKTH-
Ka, 32 YMOB IIOLIMPEHHS LEHTPAJi30BaHOI CHCTEMH IIpaB-
JHHA moTpeda y Mpe3eHTabeNbHOCTI MICBKOTO MPOCTOPY
3HaYHiOIe 1 OOCTaBIAETHCA KOMIIO3HIIIHHO CIEHAPHO;
BiZIOMBAETHCSL Y BEIMKOMACIITAOHUX CUMETPUYHUX apXi-
TEKTYypPHO-TIPOCTOPOBHX IOOYA0BaX; Ma€ YiTKy PUTMIUYHY
CTPYKTYpPY 3 BUPAXKEHOIO JIOMIHAHTOIO; SIBJISIE COOOIO Yac-
Tile 3a BCe KOMIUIEKC CIOPYI-TIPEICTABHUKIB OQiIiiftHOT
apXiTeKTypH, 10 JEMOHCTPYE MOTpedn nepikaBH. Xapak-
TepHa JUTA IEeHTpaNi3alii BIAJAH MPOCTa 1 9iTKa colliaibHa
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CTPYKTYpa BiIOWBAETHCS 1 B MPUHIUIIAX YIiTKOi 1 MPOCTOi
oprasizamnii HaBKOJIHMITHBOTO CEPEIOBHINA MicTa SK KOH-
LEHTPAaTy KYJIbTYPHOI AisTIBHOCTI.

Po3BuTok MichKOi TepuTOpii Ta 3MiHa Momeni ioro
CTPYKTYPH 3 IUIMHOM Yacy CTUMYJIIOBAINCS TEHACHIIIEI0
3pOCTy KITBKOCTI MMOTPIOHUX CYCIIIbCTBY HOBUX (DYHKITIH
oOYTOBO-BUPOOHNYOr0 XapakTepy, IX YCKIaIHEHHSM,
IHTETpaIli€0 y MICBKUI TPOCTIp, IO CTBOPHIIO CHCTEMY
30HYBaHHS TEPUTOPil MicTa, a MOTIM 1 PErioHaJIbHOTrO
IUIAaHYBAHHS, i HaBiTh CHCTEMH HACEICHUX MICLb AepixKa-
BHOTO 1 MDK/IEPXKAaBHOTO PIBHIB €KOHOMIUHHX 3B’SI3KiB.
Wnerbcs mpo mepuiMii THII KOMYHIKALiil AK (yHKIiOHa-
JILHOTO 3B’513Ky. JIpyruil THI KOMyHIKalliif — SK Bi3yallb-
HO-iH(pOpMamiiHUHN 3B'SI30K, M0 HATa€ MOXIIUBICTH OIli-
HIOBAaTH CEPEAOBHIIE 3 €CTETUYHOI TOUKU 30Dy, CHopMy-
BaBCs 3a JOOHM YTBOPEHHS IEP)KaBH 3 BXKE BHUPAKEHOIO
€KOHOMIYHOIO CHCTEMOIO, B 3B’S3KY 13 €IHICTIO CTaHIB
CYCITIIBPHO-€KOHOMIYHOTO, TOJITHYHOTO Ta KYJIBTypHOTO
PO3BHTKY, XapaKTEpHOTO JUIsl BCIX cdep JII0ACHKOT JislTb-
HOCTI Ha meBHOMY etari. KyibTypHa HisSUTBHICT TIepea-
0avyae 1 HampsIMKH OpraHizauii HpocTopy nepeOyBaHHS
JOAWHY, B MIEPITY Yepry MICBKOTO, IO KOHIICHTPYE Pi3Hi
chepu KyIbTypHOI MiSUTBHOCTI, B TOMY YHCHI ¥ apXiTek-
TYpHO-MICTOOYAiBHY.

Puc. 2. [TnanyBanHs ictopuuHoro neHtpy Kuesa 3 X no nouarky XIX cTouiTh Ha OCHOBI
nepBuHHOTO Buiropona (pparmentn Man 3a M.B.3akpescbkum [17]): a — micto Bouo-
JuMupa, X CTOJITTS; O — mosiBa MicTa SIpocnasa Ta Tepuropii MuxaifaiBcbkoro MOHACTH-
pio, a Takoxx [logoumy sk moceneHHs 3 HEBIOPSAKOBAaHOIO 3a0y10BoI0, 988-1240 poku; 6 —
(opMyBaHHS IoceNeHb HaBKoJIO MicTa SIpocnasa, Ha [Tomorni yrBopuiacs cuctema pemic-
HUYUX Ta TOProBenbHUX Bynuils, 1400-1600 poku; e — mopanslie po3MUPEeHHs KUIBCHKOT
tepuropii, 1700-1800 poku (4epBOHUM KOIEOPOM NO3Ha4YeHHi Bumropos, cunim — Io-

ai)
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€= Kupniscbkuit MOHacTHD
6i1s UIXy Ha Bumropon

}r

HmxHs yacTHHA MicTa -
TEPUTOPIsI IPOKUBAHHS
peMicHUKIB - [Tomin

M. Bepxue micTo — MicTo

f Bononumupa i SIpocnasa
" 3 TOJIOBHUMH IIIIXaMH
yepes3 Horo TepUTOpiro

KnoBcrkuit MonacTup
Oins nuisaxy Ha [leuepcbk

IepxBa Criaca Ha BepecToBi —
k MICIISI PE3UICHITT KHS351 AHJI-
pis Boromo06cbkoro
[Ieuepcpkuit MOHACTHP

Ta YCIeHChKUH co00p

e

< BunyOuibkuii MOHACTHP
Ta MuxailiBcskuii co00p

Puc. 2. [TnanyBanns Kuesa Ta #ioro oxonuup y XII cromitti (Torany-
BaHHA Ha Marti 3 kauru T.®.CaBapeHcbkoi [16])

®DopMyBaHHS 10-
ceJleHb HaBKOJIO

MicTa Spocnasa Ta
Kynpsscbkoi yac-
THHH popTer

MicTo fpociasa
3 ierpom Co-
(hificekoro MoHa-
CTHUPIO Ta pery-
TSpHOIO 320y 110-
BOIO

Perynspue ninanyBaHHs
[Tonony 3 neHTpoMm -
KonTpakroBoto mioiiero
— Ta KBapTaJIbHOIO 3a0y-
JIOBOIO

Puc. 3. Po3zpocranns tepuropii Kuesa HaBkos10 KoyMniHboro Bumroposa, yrBOpeHHs rOJI0BHOTO i
MICLIEBHX IIEHTPIB Ta HAOYTTS PEryJsipHOTO IUIAHYBaHHS 3 KBapTaIbHOIO 3a0y10BoI0, 1849 pik
(pparment manu €sponeticekoi Pocii 1849 poky)

BucnoBku. 1. KuiBcbka icTopudHa npaxkTtuka Gpopmy-
BaJyacs BIPOJOBXK TPHUBAJIOI0 Yacy MOHAJ MiBTOPH THUCSUI
POKIB 1 TOMY € XOpOIIUM HPHKJIAJOM JUI BUBYEHHS 0CO-
OJIMBOCTEN CTPYKTYpOYTBOPEHHS Ha PI3HUX €Tamax icTo-
PHYHOTO PO3BUTKY.

2. KuiBcpka icTopis, 6araTa Ha iCTOPUYHO-TIONITHYHI
oJ1i1, MPOJIEMOHCTPYBaja pi3Hi Mepioan iCHYBaHHS Iep-
JKaBH, 110 BIUIMHYJIM HAa MICTOOYXIBHY CHAIIIUHY — Hepi-
onu icHyBaHHS KuiBcbkoi Pyci 3 meBHUME prcaMH AeMO-
KpPaTUYHOCTI JIep)KaBOTBOPEHHs, BIUIMBY Pocilicbkoi iM-
nepii Ha mepudepiitHid TepuTOpii mepxaBH, OONTICHOTO
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IIPOLIECY CTAHOBIICHHS 1 BJIOCKOHAJIEHHS PaasSHCHKOI BIla-
I 3 SBHUMH O3HAKaMM LIEHTpali3alii y cucTemi mpas-
JIHHS Ta CTHUXIHHOTO MEPEeXoay /10 BaXKKOTO HUISAXY JEMO-
KpaTH3amii CyCcHiIbHOTO MHUCICHHS (MiACYMKH IO OCTaH-
HBOMY €Tally y CTaTTi He HaBeJIeHi).

3. Ipouec icropuyHOT 3MIHM CTPYKTYPH CTOJIHIII 3aB-
X711 (pikcyBaBCS TUIAHYBAHHSAM CHCTEMH IIUISIXIB SIK TOJIO-
BHOIO CKJIAZIOBOIO CTPYKTYPH 3a THUIIOM, KOH]Irypariero,
(YHKII€IO Ta IHIIUMHU O03HAKAMH, KA € CHCTEMOIO OCHOB-
HUX apTepii KUTTEASUILHOCTI MEIIKaHIIB MicTa 1 Bif3e-
pKaltoe ToTpeOu JIFOAMHN TIEBHOTO Yacy.
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4. VBara 1o cTpyKTypoyTBopeHHs1 KniBcbkoi icTopnd-

HOT CHQAIIMHU Ha PI3HUX eTamax Joromarae 3’sCcyBaTh
BIUIMB C€KOHOMIYHOI CHCTEMH, TOJITUYHUX PECKUMIB Ta

8.

9.

CYCIUJTLHO-KYJIBTYPHHUX TPOIIECiB Ha (hOPMYBaHHS KOMY-
HIKaIiifHOT cHCTeMH MicTa Ta 11 BimOOpakeHHsI y HOTO
IUIAaHYBAJIBHIH CTPYKTYPI.
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Communication system as a model of city structure formation (on the example of historical practice of Kiev of the X-XIX
centuries)
L. G. Bachinska, O. V. Bachinska

Abstract. The article considers the role of the system of pedestrian and transport communications of the city as the basis of its struc-
ture formation. As an example for the study and formulation of the conclusions, the historical planning of Kyiv from X to XIX centu-
ry has been selected. The analysis of the historical development of Kyiv planning proved that communication is the main component
of the structure that determines the model of its further growth, and reflects the influence of political, economic and cultural condi-
tions on city planning.

Keywords: city planning structure, communications, Kyiv historical plans, functional connections, information and visual com-
munications.
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Growth and morphogenetic reactions in near-isogenic lines of PPD genes of winter
wheat Triticum aestivum L. under in vivo and in vitro conditions
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Abstract. The paper presents the results of the study of the effects of PPD genes that determine the photoperiodic sensitivity
of soft wheat, on the growth response and morphogenetic processes in near-isogenic lines (NILs) of winter wheat cultivar
Mironivska 808 (M-808) under in vivo and in vitro conditions. Our results show that the genotype of NILs determines the
heading date, the dynamics of the biomass accumulation and the formation of shoots in vivo. The effects of PPD genes on the
induction of callus genesis, the growth rate of the calli and the efficiency of the direct and indirect pathways of morphogenesis
in culture in vitro are revealed. It is shown that the effects of the genes on the growth response manifest in the same way in in

vivo and in vitro conditions.

Keywords: Triticum aestivum L., PPD genes, NILs, development rate, shoots, callus genesis, morphogenesis in vitro.

Introduction. Winter wheat is one of the most important
food crops in the world, which is grown in different ecologi-
cal and geographical zones under various temperature and
photoperiodic conditions. These factors largely determine
adaptability, resistance to abiotic and biotic stressors, and the
productivity and quality of wheat crop [4]. In the soft wheat
(Triticum aestivum L.) photoperiodic reaction is controlled
by the system of genes PPD (photoperiod) located in the
second homoeologous group of chromosomes: in chromo-
some 2D - Ppd-D1la, Ppd-Bla and Ppd-Ala [10]. The re-
duced sensitivity to the photoperiod is controlled by the
dominant alleles of PPD genes, and the strong reaction to the
photoperiod is manifested in genotypes with the presence of
only recessive alleles ppd of all three genes [13]. Ppd genes,
in addition to photoperiodic sensitivity, determine a number
of agronomic features of winter soft wheat - development
rate, heading date, individual productivity, frost resistance
[5-7,12,13]. Nowadays molecular characteristics of the PPD
gene system, the promoter sequences, protein products, ge-
netic nets, the link with the VRN gene system and the genes
of the floral morphogenesis, etc. are actively studied
[9,11,13].

The use of in vitro culture methods becomes one of the
most widely used research tools in plant physiology. The
basis of the culture methods of isolated cells, tissues and
organs of plants is the unique property of plant cells - totipo-
tency [1]. In vitro culture methods are widely used in the
study of the main agricultural crop - soft wheat Triticum
aestivum L. Currently, these studies are aimed at improving
wheat to increase yields and minimize its losses due to ad-
verse environmental conditions [2]. However, today the stud-
ies of the influence of individual genes or the system of
genes on the manifestation of the totipotency of cells in vitro
in objects with severe regeneration, which includes soft
wheat, are not numerous [14]. Since the PPD gene system
determines the development rate of soft wheat plants in vivo,
we hypothesized that these genes may have effects on mor-
phogenetic processes, also in vitro culture conditions.

Study objectives. Proceeding from the above, the aim of
the study was to investigate the effect of the state (dominant /
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recessive) of the PPD genes that determines the photoperiod-
ic reaction of soft wheat on growth and the morphogenetic
processes in these wheat genotypes (NILs) of winter wheat
Myronivska 808 under in vivo and in vitro conditions.
Materials and methods. In the work as a plant material,
monogenic dominant near-isogenic lines (NILs) were used.
These lines were monogenic dominant of the genes control-
ling photoperiodic sensitivity of soft wheat - the PPD gene,
and were created in the Myronivska 808 cultivar genetic
background. Their genotypes were PPD-D1aB1bAlb (Ppd
11), PPD-D1bB1aA1lb, (Ppd 22) PPD-D1bB1bAla and (Ppd
33) PPD-D1bB1bA1b (cultivar). Under conditions of in vivo
experiments plants were grown in field conditions on the
experimental plot of the Department of physiology and bio-
chemistry of plants and microorganisms of V.N. Karazin
Kharkiv National University, also the plants were grown in
vegetative chamber. During the experiments, the develop-
ment rate of NILs was determined - the terms of transition to
the generative phase of development (the length of the period
from germination to heading), the dynamics of the formation
of shoots and the accumulation of biomass of the above-
ground part of plants during the vegetative phase of devel-
opment of soft wheat plants. The experiments on in vitro
cultures were conducted on the basis of the biotechnological
laboratory of the Department "Morphogenesis of higher
plants in vitro", using commonly accepted biotechnological
methods [1]. The introduction of the NILs into the culture
was carried out according to the developed protocol [8], us-
ing both mature embryos and aseptic sprouts as an explant.
The callus cultures were grown on a Murashige-Skoog (MS)
medium + 2 mg/L of 2,4-D, in a thermostat at +26 °C for 4-6
weeks. The frequency of callusogenesis and growth response
were determined by measuring changes in the area, that was
calculated using the Photo M 5.1 program. Then, the callus
cultures of NILs were passaged to the regenerative medium
MS + 0.5 mg/l of IAA +0.5 mg/l kinetin and MS + 0.5 IAA
mg/l + 0.5 mg/l 2,4-D to stimulate morphogenetic reactions
by indirect morphogenesis. Also, direct morphogenesis was
investigated - isolated sterile mature embryos and apices of
NILs seedlings were passaged to the non-hormonal MS me-
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dium. The results obtained are statistically processed, the
tables show the average values and their standard deviations.

Results and discussion. Growth and morphogenetic re-
actions in vivo. One of the integral indicators that reflects the
development rate of wheat, is the length of the period from
germination to heading (PGH) [5]. According to the results

Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb.  www.seanewdim.com

fered in their rate of development - the duration of PGH both
in the conditions of field and vegetativ In the order of in-
creasing the duration of PGH lines should be ranked as fol-
lows: the cultivar> PPD Bla> PPD Dla> PPD Ala. The line
with recessive alleles in all the loci, the winter wheat culti-
var, was characterized by the maximum duration of the

of our experiments (Table 1), the NILs and the cultivar dif- PGH.

Table 1. The duration of the period from germination to heading (PGH) in near-isogenic lines (NILs) of PPD genes of wheat, days

NILs genotype PGH, days (field ) PGH, days (vegetative )
PPD-D1aB1bAlb (Ppd 11) 235+3 130+ 3
PPD-D1bBlaAlb (Ppd 22) 238+2 13442
PPD-D1bB1bAla (Ppd 33) 236+2 125+ 1
PPD-D1bB1bAlb (cultivar) 247+3 137+4

Thus, according to our experiments, the differences be-
tween the NILs in the rate of development are determined by
the PPD genes. Similar pleiotropic effects of PPD genes
have been described in literature [6,12].

The integral indicator of the intensity of biosynthetic and
growth processes in plants is the dynamics of the biomass
accumulation. The results of determining the mass of the dry
matter of the aboveground part of the plants showed that it
grew in all NILs during the experiment, regardless of the
allelic state of the PPD genes (Table 2). Analysis of the re-
sults shows that the growth of biomass of the above-ground
part of the plants is associated with the genotype of the lines.
The largest increase in the mass of plants was in PPD-Bla
NIL, smaller in the PPD-D1a NIL, and the smallest in the
PPD-Ala NIL and plants of cultivar bearing only recessive
ppd alleles. The lowest weight of dry matter and the rate of

its accumulation distinguished NIL of PPD-Ala, that per-
haps can be regarded as evidence of the impact of gene PPD-
Ala on intensity of accumulation of assimilates in the leaves
and their outflow to the meristems.

An important feature of the growth and development of
cereal crops, including wheat, is the process of tillering,
which is the development of lateral sprouts from the buds,
located in the tillering nodes. Tillering is one of the most
important processes that provides wheat resistance in onto-
genesis to adverse environmental conditions, as well as an
increase in leaves and roots [7]. The dynamics of shoots
formation during tillering in cereals is an important indicator
of growth processes, since it reflects the activity of tillering
node, in which morphogenetic processes occur that provide
the formation of new vegetative organs.

Table 2. Accumulation of plant biomass of near-isogenic lines (NILs) of PPD genes of wheat, during the vegetative phase of development

Mass of the dry matter of the aboveground part of the plants, g | Growth,
NILs genotype 271117 5.12.17 19.12.17 %
PPD-D1aB1bAlb 0,40+0,01 0,66 +0,02 0,98 + 0,02 145
PPD-D1bBlaAlb 0,35+0,02 0,78 £ 0,02 0,92 £0,02 163
PPD-D1bBlbAla 0,36 £ 0,02 0,55 +0,02 0,78 £0,02 117
PPD-D1bB1bAlb 0,42 +0,02 0,64 +0,02 0,86 + 0,02 105

During the experiment, the number of tillers increased in
all NILs, as indicated by the results of determining the dy-
namics of their formation (Table 3). Analysis of the data
shows the dependence of the ability to form tillers from the
genotype of the NILs on the PPD genes. Thus, in the fastest
growing PPD-Ala NIL, the number of shoots was 1.5-2
times less than in other NILs and cultivar M-808 (Table 3),
and the increase in the number of tillers during the experi-

ment was minimal - 18%. In the cultivar M-808 (only reces-
sive alleles of ppd genes), which shows the slowest devel-
opment, the number of tillers was much smaller than in other
NILs. The maximum number of tillers and their maximum
growth was determined in PPD-Bla and PPD-Dla NILs,
which were also characterized by maximum biomass accu-
mulation rates.

Table 3. The dynamics of tillers formation of near-isogenic lines (NILs) of PPD genes of wheat, during the vegetative phase of development

Tillers, pcs/plant Increase,
NILs genotype =777 77 51217 191217 %
PPD-D1aBIbALD | 4.6+02 | 84+02 8202 78
PPD-D1bBlaAlb | 4.0+0,1 80102 81+02 | 103
PPD-D1bBlbAla | 3.4+0,1 42+0,1 40=0.1 18
PPD-D1bBIbALb | 3.8+02 | 63+03 632023 66

It is known that growth and development are coordinated
in time and space [3]. This suggests that the PPD genes in
the dominant or recessive state are involved in this coordina-
tion. Thus, in the fastest growing PPD-Ala, the formation of
tillers and growth of biomass is the least intensive. At the
same time, these processes in the cultivar M-808 (only reces-
sive alleles of ppd genes) and the PPD-Bla NIL are most
intensive coupled with retarded development rate.

It is possible that the dominant state of PPD-Ala and
PPD-D1a genes leads to accelerated development indirectly,
through inhibition of growth processes. At the same time, the
dominant state of the PPD-B1a gene and the recessive of all
these genes (in cultivar M-808) may inhibit the transition to a
generative state by enhancing growth processes. The physio-
logical mechanism of this may consist in the participation of
PPD genes in the regulation of the attraction of assimilates
(mainly sugars) to the apical cone of the leading shoot,
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which may contribute to the accelerated transition from the
vegetative to the generative stage of organogenesis coupled
with the restriction of vegetative growth. According to mod-
ern concepts, sugars are involved in the expression of a
number of genes, in particular, the ones of floral morphogen-
esis [3].

Growth and morphogenetic reactions in vitro. The influ-
ence of the genotype of the NILs on the frequency of callus
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genesis was investigated. The results of experiments (Table
4) showed that all genotypes formed callus, but with differ-
ent frequency (62.9% - 96.1%). The maximum frequency of
callus genesis was detected in NIL with the dominant PPD-
Bla gene (Table 4). In experiments, different types of ex-
plants were used to obtain primary somatic callus: mature
embryos, apical parts of aseptic roots and leaf explants.

Table 4. Frequency of the formation of primary callus from different types of explants from wheat NILs of PPD genes, %

NILs genotype Frequency of callus formation, %
Mature embryos | Apical parts of roots | Leaf explants
PPD-D1aB1bAlb 74,0+42 844+20 13,0+£0,5
PPD-D1bBlaAlb 985+1,2 86,4+1,1 178+1,1
PPD-D1bBlbAla 62,9+2,1 750+15 10,7+0,8
PPD-D1bB1bAlb 90,3+1,1 85,6272 14,7+09

It is shown that the type of selected explant influences the
efficiency of formation of primary callus (Table 4). Mature
embryos and apical parts of the aseptic roots were more ef-
fective explants for obtaining the primary callus, compared
to leaf explants. The induction of callus formation with the
use of leaf explants was minimal and ranged from 10.7 to
17.8%. When using apices of the roots it reached 75.0 -
86.4% and the maximum induction of callus formation was
obtained using explants of mature embryos - 62.9 - 98.5%.
Regardless of the type of explant, the callus formation rate
was highest in the PPD-Bla NIL.

The rate of growth of the callus tissues was determined by
the increase in the area of the primary calluses during four

weeks (mm?/day). Maximal growth rates of calli were ob-
served in the PPD-Bla NIL(Table 5), which also had the
highest rates of callus genesis for all types of explants. Min-
imum values of these parameters were observed in PPD-D1a
NIL. All investigated NILs had the maximal growth of the
callus tissue in the first week of cultivation, which corre-
sponds to the logarithmic phase of the "growth curve” of the
callus tissues, the second week of cultivation showed a sig-
nificant inhibition of the growth of the calli, i.e., the transi-
tion to the stationary phase of the "growth curve™ was deter-
mined, although during the third week of growth again
somewhat increased in the primary calli of all NILs.

Table 5. The rate of growth response of the primary callus of near-isogenic lines (NILs) of PPD genes of wheat, mm?/day

NILs genotype Growth response of the primary callus, mm? Increase,
7-14 days 14-21 days 21-28 days mm?/day
PPD-D1aB1bAlb | 2,69+0,11 021+0,10 | 1,48+0,12 | 035+0,11
PPD-D1bBlaAlb | 3,50+0,12 0,86+ 0,14 2,65+0,15 | 0,48+0,13
PPD-D1bB1bAla | 3,95+0,18 0,47+0,12 1,81£0,11 | 0,44+0,12
PPD-D1bB1bAlb | 1,48+0,17 0,86+0,18 2,64+0,13 | 0,38+0,10

The NILs differed in rate of growth during the studied pe-
riod. In the first week of observation, PPD-Ala NIL grew
with maximal rates, then its growth was slowed down; the
primary callus of the cultivar M-808 in the first week had the
minimum growth rates and the maximum in the second and
third weeks; NIL PPD-Bla had the most stable growth rates
throughout the period of observations.

Morphogenesis is the process of initiation and differentia-
tion of tissues and organs in multicellular organisms [1].
There are direct and indirect pathways of morphogenesis in
vitro. Direct somatic morphogenesis is the process of form-
ing a bipolar structure with an axis “root/stem” with a closed
independent vascular system from the cells of the explant
without prior dedifferentiation and stage of callus formation.
Indirect morphogenesis necessarily involves the stage of

formation of not differentiated callus tissue with the subse-
quent induction of initiation of somatic embryos (pro-
embryos) and their development in bipolar structures with
“root / stem” axis [1,2].

In further studies, we investigated the effectiveness of var-
ious pathways of morphogenesis in vitro, depending on the
genotype of NILs and the type of selected explant. In the
case of use as an explants of mature germs, the rates of mor-
phogenesis are 3-5 times higher than in case when we use
apical cones. However, the effect of the genotype, regardless
of absolute indicators, manifested the same type and with the
use of apices and mature embryos. The process in PPD-Dla
and PPD-Ala NILs, as well as PPD-Bla NIL and cultivar
M808, was the less effective.

Table 6. Frequency of morphogenesis in near-isogenic lines (NILs) of PPD genes of wheat 808, %

NILs genotype Indirect morphogenesis, % Direct morphogenesis,_o/o
MS+0,5 IAA+0,5kin MS+2,4 D+0,5kin Mature embryos Apices
PPD-D1aB1bAlb 485+0,9 30,0 +0,7 75,0 +3,7 25,6 +0,8
PPD-D1bBlaAlb 262 +04 183+0,5 70,8 3,2 12,5+0,5
PPD-D1bB1bAla 35,9+0,7 22,0+0,9 77,8 +4,1 325+1.3
PPD-D1bB1bAlb 33,1+1,1 21,6 +0,8 72,2+29 188+0,6

In subsequent studies of the indirect pathway of morpho-
genesis in vitro after the formation of the callus tissues from
various explants and their transfer to the medium for induc-
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tion of morphogenesis, differences in the manifestation of
the morphogenetic potential are shown, depending on the
types of callus and genotype of the source NIL. Dense, yel-
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lowish, morphogenic callus, formed from mature embryos,
showed regenerative capacity. During 10-15 days of cultiva-
tion in the regenerative environment, processes of gemogen-
esis - formation of coleoptiles and rhizogenesis - formation
of roots were recorded. The morphogenesis of a transparent,
homogeneous, brittle callus, formed from aseptic roots oc-
curs only through rhizogenesis. Many authors have shown
that this type of morphogenesis is not regenerative, that is, in
subsequent cultivation it is impossible to form complete fer-
tile regenerated plants [1,2]. The study of morphogenetic
potential was carried out using two modifications of the
composition of the regenerative medium (Table 6). The most
optimal was the medium of the following composition: MS
+ 0,5 mg/l IAA + 0,5 mg/l kinetin - the regeneration s fre-
quency were on average 1,5 times higher than in the regener-
ation medium MS + 0,5 mg/l 2,4-D + 0.5 mg/l kinetin. The
effect of the genotype of investigated NILs on the indirect
route of morphogenesis was manifested uniformly, as well as
in the case of direct morphogenesis. The most effective mor-
phogenesis is shown for PPD-D1a NIL, the least effective -
in PPD-Bla NIL. Thus, regardless of the pathway of mor-
phogenesis (direct or indirect), regardless of the type of se-
lected explant, the composition of the regenerative medium,

the influence of the genotype of the investigated NILs mani-
fested itself in a similar manner.

Conclusions. In our research, it has been shown that the
dominant allele of the PPD-Ala and PPD-D1a genes leads to
accelerated development indirectly, through inhibition of
growth processes, and the dominant allele of the PPD-Bla
gene may inhibit the transition to generative development by
enhancing growth processes. Investigation of the processes
of callus genesis of PPD NILs showed that the genotype and
type of explants of the original line influence the frequency
of callus formation, the maximum indices of callus genesis
are found in PPD-Bla NIL, which in vivo develops the slow-
est among the investigated lines.

Thus, it has been established that the genetic system con-
trolling development rate of wheat and its photoperiodic
sensitivity - PPD genes, which determines the rate of growth
and development of wheat plants in vivo conditions, also
affects the processes of callus genesis and morphogenesis in
vitro.

The work was carried out within the framework of the re-
search theme "Investigation of molecular genetic and phys-
iological and biochemical mechanisms of vernalization and
photoperiodic control of ontogenesis of plants in vivo and in
vitro™ No. of the State Register 0118U 002104,
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AHoTalis. Y cTaTTi mpeAcCTaBieHi y3arajJbHEHI pe3ysbTaTé JOCTIIKEHHS Ncuxo(i3ioNoriyHux (QyHKIH (yBaru, mam’siTi, MUCICHHA),
LEHTPaIbHOI TeMO/IMHAMIKH Ta BapiabebHOCTI CepLieBOr0 pUTMY CTYACHTIB Pi3HHX CIenianbHOCTeH. BeTaHoBIeHO, 0 BiAMIHHI 3a 3Mic-
TOM Ta 00CSTOM HaBYaJbHI 3aBaHTAXXEHHS 3yMOBIIOIOTh PO3BUTOK aIANTHBHUX 3MIiH B OpraHi3Mi, sKi 6a3yloThCsl Ha TAKHX 3aKOHOMIPHOC-
TSIX SIK: 3JJaTHICTB, MIBHIKICTH Ta TETEPOXPOHICTH (JOPMYBaHHS MPUCTOCYBATHHAX PEAKIIiil. 3aIpOIIOHOBAHO 3a OLIHKOIO BUXIIHOTO PIBHS Ta
JIMHAMIKOIO TICUXO(i310I0TIYHUX Ta ()i310J0TIYHMX MOKA3HUKIB BHIUIATH XapakTep, THII Ta MeXaHi3M (OpMyBaHHS HPHCTOCYBAJIbHHUX

peaxuiii.

Knrouosi cnosa: 3akoHoMIpHOCHI, NPUCIOCYBAIbHI peaKyii, cepyesuti pumm, YeHMpAanbHA 2eMOOUHAMIKA, NCUXOQIZI0N02iuHl GYHKYIT,

cmyoenmu.

Beryn. Sk 3a3HauaroTe JOCTITHUKH, TICHXOQi310JI0TivHI
(byHKIT PO3BUBAIOTHCS TOCTYIIOBO 1 IOCATAIOTh HAHBHUIIIOTO
piBHst y Bimi 18-25 pokis [1, 2]. V ueii nepion He nuie rncu-
XivHi (DyHKIIT 3HAXOSITHCS HA MKy PO3BUTKY, aje i BereTa-
TUBHE 3a0e3rieyeHHs] (DyHKIIOHYBaHHS OpraHi3My € OITH-
MaJIbHHUM 33]U1s1 MOOLTi3aLii HeHpOryMopaIbHHX MEXaHi3MiB
PO3BUTKY aJalTHBHUX PEaKIlii 0 BIUIUBY cepeioBHina [3,
4]. dns monoaux Jrozieii BikoM 18-25 pokiB cepemoBUIieM,
sIKe aKTUBHO BIUIMBAE Ha piBeHb (PyHKIIOHYBaHHS iX Oprai-
smy [5] Ta BupoOneHHst ctpareriii mcuxodizionoriuHux
peakiiii, € BUIIWH HaBYaNbHHUI 3arian. [Ipm 3araabHUX
MPUHIUNAX OpTaHi3amii HaBYaHHA, CICIHU(IYHICTH YMOB
y400BOi MISUTBHOCTI 3YMOBIIFOETBCSI OCOONMHMBOCTAME (haxy,
SIKI JIeKaTh B OCHOBI BiIOOpY Ta HaBYaJIFHOTO HABaHTAKCH-
HSL

KopoTtknii orasg my6oikaniii 3a TeMoro. 31aTHICTb pe-
aryBaTH Ha Jif0 (paKTOpIB CEpeOBHUINA Ta aalTyBaTHCh 10
HHX 3aBISYY€THCS (DOPMYBaHHIO CTIHKOT CHCTEMH, y SIKIH
rapacUMIIaTUYHA JIaHKA BEreTaTUBHOI HEPBOBOI CUCTEMHU
(BHC) koperntoe i3 ncnxogiziooriYHUMH MpoLecaMu pery-
sl yBaru # adepentHol 06poOku indopmarii [6, 7]. Pery-
JATOPHI MEXaHI3MH TPHUCTOCYBAJTBHUX 3MIH B OpraHiaMi
KOOPAVHYIOTECSI  IHTEPOLICITHBHOIO  iH(OpMAIli€ro, ska
yepe3 NCHUXOEMOIlIHHEe pearyBaHHs NPHU3BOAUTH 10 IOCH-
JICHHSI CaMOPEryJISIIii Yyepe3 BUCXiJHI Ta HU3XIJHI MPOBiIHI
uwrsixu [8]. TakuMm YMHOM, HABYAIBHA [SUIBHICTB, IO CY-
MPOBOJDKYETHCSI 3HAYHUM EMOLIHUM Ta MCHXO]i310J10Triu-
HHUM BIUTMBOM Ha ()YHKIIOHYBaHHS OpraHi3my, Oyie 3yMOB-
nroBatd (OPMYBaHHS NPHUCTOCYBAJBHUX peakiliif, BiAMIH-
HHX JUIs PI3HUX HABYaJIbHUX HAaBaHTKEHb PI3HHUX PIBHIB Ta
3MICTYy.

[NcuxodizionoridHi MOXKIIMBOCTI Ta 3[[I0HOCTI € BHYTPIllI-
HIMA (akTopamMu Ta MIMPYHTIM IS HaOYTTS (HaxoBHX
KOMIICTCHIIIH 1 BIDIMBAIOTh Ha (POPMYBaHHS (i310JOTTUHIX
MEXaHI3MIB PO3BUTKY IMPUCTOCYBALHUX peakIlii. 30BHIMI-
HIMH (pakTOpamMM BHCTYNAIOTh HaBYaJbHE CEPEAOBHIIE Ta
HaBYAJIbHE HABAHTAKEHHS, 10 3YMOBIIOIOTH 3pYILICHHS
perymotounx BmmBiB BHC 1 neHTpansHOi reMouHaMiIKH,
AKI € 3aKOHOMIPHMMH DEaKUisIMH OpraHi3My I jexaTb B
OCHOBI BHPOOJICHHSI CTpAaTerid MPHUCTOCYBATRHHUX DPEaKIiit
[9, 10]. TicHuii 3B'I30K MiX NCUXIYHAMH Ta (i310JOTTYUHUMHU
peaKIlisiMi OpraHi3My Ha JI0 CTPecopa, SKAM BHCTYIIAIOTh
HaBYallbHE CEpe/IOBHIIE Ta Xapakrep y4OOBOro HaBaHTa-
JKEHHS, Ma€ JOBTOTPHBAIY IO Ta CBITYUTH NPO YTBOPEHHS
CTiliKO1 cucTeMHu MDK(QYHKIiOHANbHUX 3B’s3kiB [11]. Ynm
OuIbIIe 1 CHIIBHIIII YTBOPEHI MIKCTPYKTYpPHI Ta (DyHKI[IOHa-
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JIbHI 3BSI3KH, TUM IIPO BUIIWI PIBEHb HANPY)KEHHS CUCTEMH
MOHA TOBOPUTH. OCKUTBKHU 3MiHN (DYHKITIOHYBaHHS ONHI€T
i3 TaHOK OYAyTh 3YMOBJIOBAaTH (PYHKIIOHATBHI Ta CTPYKTY-
PHi 1epeOyI0BH IHIIOT, 0 Oy/Ie MPU3BOAUTH IO TOPYIICH-
HsI pYHKIIOHYBaHHs yciei cuctemu [12, 13]. ko yrBopei
IUIeSAN 3B’SI3KIB MCHXO(I3I0JOTrIYHNX Ta BereTaTHBHHX
KOMIIOHEHTIB € JXOPCTKMMH, TO PO3BUTOK ONTHMAaJbHHX
MPUCTOCYBAJIBHUX PEAKIiii HEMOXIMBHHA. | HaBMaKu, 4uM
MEHILE 3B’5I3KiB, TUM IPO BUIIY THYUYKICTh CUCTEMH MO)KHa
TOBOPHUTH: OPTaHi3M CTBOPIOE (DYHKIIOHAJIBHY CHCTEMY, Y
SIKY 3aJTy4alOThCsI JIMIIE HeoOXiTHI Ha TaHUH MOMEHT pecyp-
cr, 0e3 3aifBOTO BUKOPHUCTAHHS (DYHKITIOHATFHHUX PE3CPBIB
[13, 14, C. 50-56].

Meta po6OTH — BCTAaHOBHUTH BiIMIHHOCTI (popMyBaHHS
TIPUCTOCYBAJIGHUX PEAaKIlii B OpraHi3Mi CTyICHTIB IO HaB-
YaJIbHOTO HaBAHTAXKEHHSI PI3HOTO XapaKTepy.

Marepiasm Ta MeroaM. VY JIOHTITIOMIATEHOMY JIO-
CIT/DKEeHHI B3sut yyacTh 125 cryzmeHtok TepHOMIBCHKOTO
HAI[IOHATFHOTO IEIArOTIYHOr0 YHIBEPCHTETY CIEI[ialbHO-
creii: iHozemHa (imosoris (N=33), ¢isuuHa KyIbTypa
(n=32), marematuka (n=30) ta Giosoris (N=30). O6cTexKEH-
Hs mpoBoawii Ha | kypci HaBuanHA. Llux ke cTyaeHTOK
obcrexxyBamn Ha IV Kypci B yMOBax HaBUaJIbHOTO TIPOLIECY
Ta B yMOBAX I1€/IarOTIYHOI MPAKTHKHU B IIKOJII.

Jns ominky nicuxodizionorivai GyHKIT BU3HAYAMA: 00-
CSIT, TIPOTYKTUBHICTB, CTIHKICTh yBaru (Tabmmimi AH(piMOBa)
HEepEeKIIFOYEeHHsT yBaru (uepBoHO-4opHi Tabmumi Illysete),
PO3IMOIiJT yBary; KOPOTKOYAcCHYy 30pOBY Iam'siTh Ha CJIOBA,
ckiamu, Girypu ta mudpu [15]; Buan mucnenns (tect Ban-
nepiika) [16]; caMOOIiHKY KOMIIETEHITiH (AaHKETYBaHH).

P0O3BHTOK IPHUCTOCYBAIBHUX PEAKIii OLHIOBAIM 3a MO-
Ka3HUKaMH BETETaTUBHOI PEryJisilil CepleBOro pPHTMY,
OTPHMAHOTO 3a JIOTIOMOTOI0 KOMIT FOTEPHOT'O JJIarHOCTHYHO-
ro kommiekey «Owmera-M» (Cankrt-IletepOypr, Pocis).
Hamu aHamizyBanmch TIPOCTOPOBI, YacoOBi, CIIEKTpaJbHI
TIOKa3HUKW, OTPHMaHi NpH aHali3l KapIioiHTepBajliB, Ta
TIOKa3HHKH, 3anpornoHoBaHi baescbkum P.M., sk iHTErpaib-
Hi MOKa3HHUKHU CepreBoi aisuibHOCTI [14, ¢. 67-127, 17]. Pe-
€CTpAIlII0 KapAiOIHTEPBAJIB 3MIHCHIOBAIN TICIS 5-TH XBH-
JIMHHOTO BiIOYMHKY y TOPH30HTAIEHOMY IoJI0keHHi 3 9.00
1o 12.00 roa. 3 mOTpUMaHHAM BUMOT, Mepen0dadyeHnx HOp-
MaMH{ Ta CTaHIApPTaMH ITIPH OILHII BapiabelBbHOCTI PUTMY
ceprs [17, 18].

PerynstopHi BIUTMBH LEHTPAIbHOI TeMOIWHAMIKH OIli-
HIOBAJIM 32 TOKa3HHMKaMH, SIKI OTPHMalH 3a JIOTIOMOI'OIO
€JIEKTPOHHOTO TOHOMETpA  JIarHOCTHYHOIO ~ KOMIUIEKCY
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«Omera-M», UCC, ATcucrt, ATniact Ta Ha IX OCHOBI po3pa-
xoByBay: COK (cucromiunmit 06’em kposi), XOK (xBu-
JTMHHUK 00’eM KpoBi), [1/1 (mozasiitauii 100yTOK, a00 iHIEKC
Pobincona) i Al (amanrariiiauii notenmian) [14, 19].

CratucTiyHy OOpOOKY JaHMX 3/ICHIOBAIM 33 JOTOMO-
rofo makety nporpamu Statistika 6.0. PesynpraTn ormicyBamm
MEIiaHOI0 Ta IHTePKBapTIIGHMM po3MaxoM (25-i i 75-i
MIPOLICHTIII), OCKLUTBKH OUIBIIICTh OTPUMAHUX TOKAa3HHUKIB
MaJi HeHopMaibHuH posmozin [20]. BiqmiHHOCTI MiX Tpy-
TIAMH BBAXKAJIMCHh TOCTOBipHUMH TipH p < 0,05 3a xpHTepieMm
Binkoxcona s 3B’s3aHuX BHOIpok Ta ManHa-YiTHI — He-
3BS3aHMX. 3B’S3KM MDK JOCTIDKYBaHUMHU TTOKa3HHUKaMHU
OLIHIOBAIM 3a KpHUTepieM paHroBoi kopemsuii Cripmena
[20].

PesyabTaTh Ta ix odrosopenns. [IpoananizyBaBum au-
HaMIKy Ta 3B’S3KM IICUX0]i3ionoriyHuxX (QyHKIiH, BereraTu-
BHHX PEaKIiil cepleBO-CYJMHHOI CHCTEMU Ta LEHTPAIBHOI
TeMOAVMHAMIKH CTYICHTIB PI3HMX CIEHiaIbHOCTEH y pi3Hi
niepiony (paxoBOi MiITOTOBKH, MU OTPUMANN BUSBWIN Bij-
MIHHOCTI pO3BHTKY Ta ()OpMyBaHHS MPUCTOCYBAJLHUX pea-
Kuiif. Pi3Hi cTpaTerii po3BUTKY MEXaHi3MIB aJalTHBHAX 3MiH
€ pe3yNbTaTOM BiIMIHHOCTEH HaBYAIPHUX HABAHTAXCHb, B
OCHOBI SIKHX JIeXKaTh CHerH(ivHi I KOXKHOI CTIeiaIbHOCTI
(HaBYAJIBHOI JiSUTBHOCTI) BUMOTH JI0 TICUXIYHUX Ta (i3ioJ0-
rivHuxX (yHKLUiH opraHizMy. Lli BUMOrM BU3HaYaM HasBHUM
BUXIHUI piBeHb (YHKIIOHAJIBHUX MOMIIMBOCTEH 1 Oyin
MOKJIaJICHI B OCHOBY TaKOi 3aKOHOMIDHOCTI SIK 30a@miHicHIb
00 (hopmyeanns npucmocysanvHux peaxyii. JIns cTyneH-
TIB-()IJIOJIOTIB BaXJIMBUM € BOJIOJIHHS BEJIUKHUM OOCSTOM
yBary, 3/[aTHICTIO MIBU/IKO MIEPEKITIOYATHCh 3 O/IHIE] MOBH Ha
IHIITy, MaTH XOPOIIy TaM'sITh Ha CJIOBA Ta CKJIAH, BOJIOAITH
CIIOBECHO-JIOTIYHAM Ta BEepOAIBHUM MHCICHHSIM. Matema-
THKaM BIIACTHBA BHUCOKA CTiHKICTh, MPOIYKTHBHICTH Ta pO3-
TIOZIUT yBarW, XOpoIla MaM'saTh Ha LU(QPH, MaTeMaTHIHE Ta
IPOCTOpOBE MHUCIEHHS. SIK (pimornoram, Tak i MaTeMaTHKaM,
XapaKkTepHe TPHBaJe CTaTUYHE HaBaHTaXKECHHS ]| 4ac HaB-
YaJIbHOI JISUTBHOCTI, 1[0 CIPHSIE MOCUIJICHHIO POOOTH reMo-
JIMHAMIYHOTO arapary i BeTeTaTUBHOTO 3a0e3medeHHs QyH-
KIIOHYBaHHs opraHi3my. Jist cTyneHTiB (i3nyHOi KyJbTy-
PH, BJIACTHBI Taki cuxogi3iooridHi 0COOIMBOCTI SIK: BHCO-
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Ki CTIHKICTb, NEPEKIIFOUCHHS Ta PO3NOALT yBary, am'sTh Ha
¢irypy, (opManbHO-JIOTIYHE Ta IPOCTOPOBE MHCIICHHSL.
Bucoka pyxoBa aKkTHBHICTb 3yMOBIIIOE MOCWJIEHHS POOOTH
TeMOJIMHAMIYHOTO amapary SK MEeXaHi3My BperyJIIOBaHHs
HEHpOryMOpaJIbHUX Ta BETreTaTHMBHUX 3pylleHb. CTyIeHTH-
010JIOTH TIOBHHHI BOJIOMITH BEIMKHM OOCSIOM, CTIHKICTIO,
PO3IOALIOM yBary, CIOBECHO-JIOTIYHIM, MATEMATHYHAM Ta
MPOCTOPOBUM MHMCJICHHSMH Ta MaTH XOpPOLIy NaM'dTb Ha
mudpu, ¢irypu. PyxoBa aktmBHIiCTH OioyoriB Oyme Mmatu
IIMPOKHH Jiala3oH: Bl TpUBaJoi cTaTudHO] (Iix gac pobo-
TH B Jaboparopii) O BHCOKOI iHTEHCHMBHOCTI (Tin dYac
TIOJILOBHX TPAKTHK), IO BIIOOPaKaTUMETHCS y AETEPMiHO-
BAHOCTI TPOIIECIB BET€TaTUBHOTO 3a0E€3MEUeHHs Ta Ja0iib-
HOCTi poOOTH LIEHTpaIbHOI reMoguHaMiku [21].

JuHamika mcuxogizionorivHux Ta ¢iziodoriyHux (yHK-
I Ti/T BIVIMBOM YMOB HAaBYAJILHOTO CEPEIOBHINA JA€ 3MOTY
OLIIHUTH 3AKOHOMIPHICIb WIGUOKOCHI PO320PMAHHA NpU-
cmocyeanvHux peakyiii. JIOBroTprBana aganTamis € pe-
3yJIBTATOM BHUPOOJICHHS CTIMKHX peakIlii Ha Jif0 MOApa3HU-
Ka, SIKHM I CTYHOCHTIB BHCTYNAe HaBYAJIBHUH IIpoIieC.
[Npote nmeparoriyHa NpaKTHKa y IIKOJI BUCTYIIAE CTPECOPOM
CHJIBHIIIOT [ii, TOMy 3a MPUHIUIIOM TOMIHAHTH 3YMOBITIOE
niepeOynoBy (DYHKITIOHAIBHUX CHCTEM i, BIATIOBIIHO, (op-
MYBaHHSI HOBHX CTparerii MpUCTOCYBAJIbHUX peakuiil. Yum
LIBUJIIE BiIOYIYThCS NepeOynoBH (DyHKIIOHANBHUX CHC-
TEM, THM MEHIIUMH OyIyTh 3aTpari (YHKLIOHAIBHUX pe3e-
PBIB 1 BULIIMMH aJIANITUBHI Peakilii B HOBMX YMOBaxX cepelo-
pumia[6aes]. Hepisnomipnicmp, K BIACTUBICTh TPOSIBY
LIBUJIKOCTI PO3BUTKY IICHXIYHHX Ta (i3i0NOridHuX (YHKIIH,
Ma€ KOJIMBAJIBHUN XapaKTep, 0 3yMOBIIFOETHCS HEMHIHHO0
GaratoBapiaHTHOIO pupoioro cuctemu [13, 15]. Tomy nana
3aKOHOMIpHICTE Oyle MaTd IHOWBiAyalbHHH Xapaktep i
TPOSIBIISITHCH B ME)KaX MEBHOI TPYITH.

TI'emepoxponnicme, sixa onsirae B aCHHXPOHHOCTI, PO3-
ODKHOCTI (pa3 PO3BHUTKY MPUCTOCYBAJIBHIX PEaKIiil, y BHYT-
PILIHIN CYNEpewIMBOCTI MiXK PI3HUMH CTOPOHAMH PO3BUTKY
amanTarii: ¢i3udHoi, ncuxiuHoi Ta corfansHoi [2, 15] mo-
3BOJISIE OIHCATH XapaKTep, MEXaHi3MU Ta TUIIN IIPUCTOCYBa-
JIBHUX peakiiii (puc 1.)
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Puc. 1. 3akoHoMipHOCTI POpMyBaHHS PUCTOCYBATBHUX PEAKLIii ITi/ BIUIMBOM 30BHIIIHIX Ta BHYTPIIIHIX (akTopiB

Bunepeodorcarouuii xapaxmep NPUCTOCYBAIBHUX PEaKIii
CBIYMTH NIPO (POpPMYBaHHS 3/1aTHOCTI pearyBaTi Ha Mo/pas-
HHUK Ha OCHOBI BHPOOJICHHX paHillle CTpaTeriii mpu 1poMy
(yHKIIOHYBaHHS OpraHi3My Oyze BilOyBaTHCh 32 onmuma-
JIbHUM MeXaHi3MOM, OCKLUIBKH TIPUCTOCYBAJIbHI peakiii Oy-
JYTb eHyykumu TIipu (OpMyBaHHI (QYHKIIOHATBHIX CHCTEM.

Cmabinbnuii xapaxmep TPOSBISETHCSA y TOCWICHHI ca-
MOpETYJIALIl, KOJM CHUCTEMH OpraHi3My aJamnTylOThCS 3a
PaxXyHOK KOMNEHCAMOPHO20 MA OeKOMREHCAMOPHO20 Me-
XaHI3MIB, SIKMM TPUCYTHIA cmitikuil TAI peakmii. OcTaHHIH

XapaKTepHU3yEThCs 3HAYHOIO CTATICTIO PEaKIii Ta Aiara3ony
MIPUCTOCYBAJIBHNX 3MiH.

Hanpyoicenuii (necmabinonuti) xapaxmep 3yMOBIIOETBCS
pucionicmio (HECTIPOMOJKHICTIO) (DYHKIIOHAJIBHUX Tepely-
JIOB 1 TIPOSIBISIETECS Y NepeHanpydicenti mexanizmie hopmy-
BaHHSI IPUCTOCYBAIBHUX PEAKLIH.

Peakmii opranisamy Ha [if0 TOApa3HUKAa MOXYTb OyTH
IIBUAKAMH (THYYKVMH) Ta MOBUIEHUMHE (CTIHKAMH Ta PHTi-
THAMHA). [ Hyukui mun (GOpMyBaHHS aZANTHBHUX DPEaKIii
MPOSBIIETECA Y 3AATHOCTI IIBHIKO NepeOyaOBYBaTUCH 0
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NOTped OpraHizMy i3 3aIy4eHHSIM MiHIMAJILHUX PECypCiB Ha
OCHOBI HasiBHUX (DYHKLIOHAIBHUX MOXKIMBOCTEH — L CIie-
ugivni peakuii. [IoBibHI peakiii MOoXKHa Ha3BaTH HeCIIe-
1 IYHAMH, OCKUTBKH BOHU BUMAraroTh 3aJly4eHHs pe3epBiB
JUIsL KOMIIeHcalii Ta nepeOy/oBr (QYHKIIOHAJIBHUX CHCTEM
OpraHi3My y BIIIIOBiZb Ha TOApa3sHUK. Cmilikuii mun peak-
Iiif 3yMOBJICHIH CTAOLTBHICTIO, YKOPCTKICTIO (PYHKIIIOHATb-
HHUX CHCTEM, NepeOyI0BH SKHX BUMArarTh 3aTpaTr dacy Ta
(YHKIIOHATIGHUX pE3epBiB. Pucionuii — y TposiBi HECTIpo-
MOXXHOCTI TIepeOyIyBaTHCh 4epe3 HI3BKI (PyHKITIOHATIBHI
MOXJIFBOCTI Ta pe3€PBU OPTaHi3My.

BinminnocTi opMyBaHHS aanTHBHUX 3MIiH B OpraHi3mi
CTYZEHTIB NPOSIBIIAIOTHCA TTifl BIUTMBOM HAaBYAJILHOTO HAaBaH-
Ta)KEHHS, 10 XapaKTepH3yIOThCsI CHELM(BIYHUMI BUMOTaMH
J0 rncuxogizionoriyHux (YHKIIH, sKi JeXaTh B OCHOBI
(baxoBoro Binoopy. Lli BiAMiHHOCTI TOKIa/IeHI B OCHOBY KJla-
cuikariii MexaHi3MiB PO3BUTKY IPUCTOCYBAJIBHUX PEAKIIiH:

- ontumaneHui. [lependadae BUCOKHI piBeHb (HYHKITIO-
HYBaHHS OPTaHi3My Ta PEryasTOpHMX BIUWBIB. [lix Brom-
BOM HABYAJILHOTO HAaBAHTa)KCHHS BUCOKI Ta BHUIIE CEPEIHBO-
TO 3HAYCHHS IICHXOQi310JM0TIYHIX (DYHKIIH CYIpPOBOIKY-
I0TBCS TTapacuMnaTHaHoIo akTuBHicTIO BHC, 3HaueHHAMHM
TIOKa3HWKIB NEHTPAITHHOI TeMOJANHAMIKA B MEXaX HOPMH —
cepenHiii piBeHb (a0bo mimBuiieHnMu 3HadeHHsMH COK i
XOK wna i 3amxenns YCC i AT, ane He 6ibine 10 %) ta
ATl Ha piBHi 3a10BUTHHOT afanTariii # [1J] — GpyHKIiOHATBHI
pesepBu CCC B Mexax HOPMH 1 BHUIIE;

- KOMIIGHCATOPHUH MeXaHi3M. PerynsTopHi BIUIMBH Bif-
TOBIJAIOTh BHIIE CEPEIHBOTO Ta CEPEAHBOMY PIBHSAM (pyHK-
mioHyBaHHA oprasizMmy. [lcuxodizionoriuni QyHKIII, sKi
BITHOCSITB /IO PIBHIB BHIIE CEPEIHBOTO Ta CEPEAHiH, KOMIIe-
HCYIOTBCS: @) BaryCHOIO AKTHBHICTIO Ta TJi BHCOKHX 3Ha-
genb YCC, XOK (BigxuiieHHS MOKa3HUKIB He Oubie 20 %
Bix HopMm) Ta 3HaueHb AT, Al I1/1 Ha piBHI HOpME (cepe-
IHIN piBeHb); 0) cuMmaTHKOTOHIYHOKO akTHBHICTIO BHC Ha
i 3HmwKeHHst XOK 1 UCC, 3nauens All Ha piBHI 3370BLUIb-
Hol amanranii, [1/] — Ha cepenHboMy piBHI 1 BuIle, BUCOKE
3HaueHHsI XOK 3a6e3neuyernes 3a paxyHok COK;

- ICKOMIICHCATOPHUI MEXaHI3M. BiIXuieHHs MOKa3HUKIB
Bix onrtuManbHUX +40 %. Husbki a00 BUCOKI 3HAYEHHS
NCUX0(i3i0I0r YHUX (QYHKIIH CYNPOBOIKYIOTHCSI BUCOKOIO
AKTUBHICTIO CUMITATHYHOI JIAHKW PEryJIsiilii, BACOKMMH 3Ha-
genasimu YCC, XOK, AT # All Ha piBHI HampyXeHHS Me-
xaHi3MIB amanramii, [/l — HuU3BKMIA piBeHb OOMIHHO-
€HepPreTHYHUX MPOIIECIB;

- TIepeHaTpy>KeHHsI MEXaHI3MIB PO3BHUTKY IIPHUCTOCYBaIIb-
HUX peakuii. [Icuxodizionoriuni GyHKII CypoBOIKYIOTh-
cst pesperynsitopuumu BrumnBamu BHC — BinxuneHHst Bin
ONTUMAJIbHUX MOKa3HUKIB + 60 % 1 Oiiblie: a) HU3bKI 3Ha-
yenHas BPC cympoBomxyrotecst 3poctanHsM  SDNN,
RMSSD, UCC, XOK i AIl Ha piBHI HE33J0BUIBHOI aanTa-
1ii Ta 3puB Mexani3MiB aganTaiiii, [1J] — Ha gyxe HU3BKOMY
pieai ¢yskmionyBanas CCC; 6) Hu3bki 3HaueHHS BPC
CYNPOBOJUKYIOTBCS. HM3bKMMH 3HAYEHHSMH CHMIIQTHYHOI
monymsmii BHC, samxenmssm UCC, COK, XOK, AT ta
BucoknMU 3HaYeHHsMu ATl 1 T/,

Buxinui (yHKIiOHaIBHI MOXKIMBOCTI HalKpanii Oy y
CTYIEHTOK ()i3MYHOT KyJIbTYpH, SIK Pe3yJIbTaT CHCTeMaTHy-
HUX 3aHATH (PI3MYHIMH BIPaBaMH i CHOPTOM Ta BHCOKOI
pyxoBoi akTuBHOCTI [2, 4, 15]. B Toii e yac, y HUX Oynu
HAWHIDKY1 TIcnX0(i3i00TiYHI MOKAa3HUKA cepell JOCTiKY-
BaHUX Tpyn. ToOTo, BuXimHWiI piBeHb (QYHKIIOHATEHUX
MOXJIMBOCTEH Ta McHXO(i3ioNorivHuX (YHKIIH y >KIHOK
JTAHOI TPYNM XapaKTepH3yBaBCS HEPIBHOMIpHICTIO, 200
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T€TEePOXPOHHICTIO. Hap4anpHe HaBaHTAXEHHS CTYJEHTOK
(i3nuHOI KyJIbTYpH Nepeidayae BUCOKY PyXOBY aKTUBHICTb,
YacTe MEepeKItOueHHS MK PO3YMOBOIO Ta (Di3MYHOIO0 aKTHB-
HICTIO, IO CHPHSUIO (pOPMYBAHHIO IPUCTOCYBAIBHUX PEaK-
il Ha 4 poll HaBYaHHS 3a PaxyHOK CTabuTi3alii HeHTpalb-
Hoi remouHamiku (3HmKeHHsT UCC, COK, XOK, AT, AIT i
I, p < 0,05), 30inpIIeHHs BapiaTUBHOCTI CEPIIEBOTO PHUTMY
(p < 0,05) Ta 3HAYHOTO TOKpAIICHHS NOKA3HMKIB yBarw,
mam’stiti, MucieHas (p < 0,05). 3aBasKu BUCOKAM BHIXiTHAM
(YHKIIOHAIBHAM MO>KJIMBOCTSIM CEPIIEBO-CYIWHHOI CHCTe-
MM, IIBHAKE PO3TOPTAHHS MPUCTOCYBAIBHUX PEakMii, 1o
MaJIo BHIIEPE/DKAIOYMI XapaKTep PO3BUTKY MPHUCTOCYBAIlb-
HHX peakLiid, GopMyBaHHS aJaNTUBHHUX 3MiH Ta TICHX0(]i3i-
oJoriyHuX (YHKINH BigOyBaJOCh 3a ONTHMAIBHAM MEXaHi-
3MoM. [liciist mpoXokeHHs! PaKTHKN CTPECOTCHHICTh Xapa-
KTepy HaBYaJILHOTO HAaBaHT)KEHHs 3pocTaja (depe3 3MiHy
BUJIB JSUIBHOCTI, NICUXOEMOLIHHY HAIPyXEHICTh Ta po3y-
MOBE HaBaHTAXCHH), [0 BIDIMBAJIO Ha MCHXO]i310JI0TivHI
¢yHKIIi cTyaeHToK (i3ugHOi KyJAbTYpH W TPH3BOIMIO IO
3HIDKCHHS YBary 1 1aM’sTi, TIPOTe MiABHIIMIACE CAMOOIIiHKa
xomrereiii (p < 0,05). Lle mo3Haumnock Ha poOOTI remMo-
IWHaMi9HOTO amapary — migpummumick XOK 3a paxyHOK
UCC (saxe zammmanock B Mexax Hopmm), ALl T (p <
0,05). TenaeHwii 10 3HIKEHHS MaJK TIOKA3HUKH CEPLIEBOTO
putMy (p = 0,05). Criiiki mpucToCcyBaibHI peakilii CIpHsUIIH
nepeOyIoBi (DYHKINIOHAIBHUX CUCTEM, sKi 3a0e3medyBai
cTabIIbHUN THIT peakiiil Ta opMyBaHHS KOMIICHCATOPHUX
MEXaHI3MiB aJJAITUBHHUX 3MiH B OpPraHi3Mi.
CryneHtku-¢inonord Ha I Kypci Xxapakrepu3yBajich BU-
COKHMH TOKa3HUKaMH Ncuxo(i3ionoriyanx (yHKINA yBary,
T1aM’sITi, MUCJICHHSI Ta BUCOKUMH MOKa3HUKaMH PEryIsiToOp-
HHUX BIUIMBIB IIEHTPaAJbHOI T'€MOIMHAMIKMA 1 BEreTaTHBHOI
PEryIALii cepIeBOro puTMY, SIKi BKa3yBalll HA EPEBAKAHHS
Barycy Ta 3aJI0BUIbHI (PYHKIIOHAJIbHI MOIIMBOCTI OpraHi3-
My. B yMoBax HaBYQJIPHOTO HAaBAHTaKCHHS y KIHOK IIi€i
TPy TOKAa3HUKH YBaru Ta MaM’siTi HE 3MIHHWJIMCh, KpiM
mam’siTi Ha cJI0Ba, sika 3Hu3uach (p < 0,05), mo mMoxe OyTn
pe3ysbTaToM TCUXO0(i3I0NIOTTYHOTO HAMPYXKEHHS, OCKUIBKH
JIAHUIA BH 1AM’ SIT1 € CHeIi(IYHNM JUTS MiATOTOBKH (iI0sI0-
rie [21]. Tlcuxodizionoriyne HAmMpyKCHHS BIUIMBAIO Ha
3HIDKEHHS (DYHKIIOHAJIBHUX MOXJIMBOCTEH Ta CHPHSLIIO
TIOBUJIFHOMY PO3TOPTAHHIO MPHCTOCYBAJIBHUX PEaKIiH, 10
3YMOBHIJIO 3MIIIICHHS BETe€TATHBHOTO OanaHCcy B OiK aKTHUBi-
3allii CUMIATHYHOI JIAHKK PEryJiilii Ta 3pOCTAHHS Hampy-
JKEHHS PeryJsiTOpHUX BIUHBIB (3pociu AMo, IBP, TTATIIP,
IH, p < 0,05). Perymtoioua akTHBHICTh TeMOJANHAMIYHOTO
amapary uepe3 3HmwkeHHa AT, UCC, XOK, AIl, I/ (p <
0,05) 3a paxyHOK CTabiILHOIO XapaKkTepy MPUCTOCYBAIBHUX
peaxuiii cripusiia po3BUTKY KOMIICHCATOPHOTO MEXaHi3My
anmanrail. [TpakTika nocuiiia CUX0EMOIIiHE HaIpyKeH-
Hsl HABYQJILHOTO HAaBAHTAXKEHHsI Ta CHPHsUIA PO3BUTKY BTO-
MH, [0 MO3HAYMIOCHh HA 3POCTaHHI KiTbKOCTI JOMYIICHHX
TIOMWJIOK, 3HIKEHHI PO3MOJITY yBark Ta CaMOOLIiHKa BIIac-
HUX KomreteHwin (p < 0,05). Iloripumiics # eHepreTH4Ho-
OOMIHHI TIPOIIECH CEPLICBO-CYANHHOI CUCTEMH — 30LTBIIICHHS
IT/] BinOyBanock yepe3 npumsuamenus YCC (p < 0,05), mo
CBITYMTD TIPO 3HIKEHHSI PETYIISTOPHOI JisUIBHOCTI TEMOAH-
HaMmiyHOTrO anapary. [Ipote KOHTpoIIOI0Ya Ta KOOPAMHYIOUA
JISUTBHICTh CEPLIEBOTO PUTMY 3IiMCHIOBANach Ha aBTOHOM-
HOMY piBHI NpH NepeBaKaHHI aKTHBHOCTI MapacHMITaTHIHOL
maHku perymsii. [lepeOynoBu (yHKIIOHANEHUX CHCTEM
OpraHisMy Ta (yHKIIOHaJIbHI MOJJIMBOCTI OPTaHi3My CTy-
JIEHTOK JJaHOI CIELiaJbHOCTI 3HIKYIOTBCS, IIBUAKICTD BH-
poOJIeHHS TPUCTOCYBAJIBHMX pEaKilii 3HU3WIACH 4Yepe3



PO3BHUTOK BTOMH Ta 3Ha4YHi EHEPreTUYHI 3aTPAaTH PETYJIATO-
PHUX MEXaHI3MiB IIEHTPaJIbHOI reMOIMHAMIKH, IPOTe CTadi-
JIBHUH XapakTep BEreTaTHBHUX PEakiiil CHpHsE PO3BUTKY
MPUCTOCYBAJIGHHX 3MiH 32 IEKOMIEHCOBAaHHM MEXaHI3MOM.

MatemaTuKi Ha HEPLIOMY POL HAaBYAHHS MaJl TaKOX
BHUCOKI IICHX0(i310JI0TiUHI TOKA3HUKH, OCOOJIIBO TaM’sITi Ha
(¢irypu, OPiBHSHO 3 iHITMME TPyHaMH MEPIIOKYPCHUKIB, (p
< 0,05). [oka3HUKH CepLEeBO-CYANHHO CHCTEMH CBiTIHIN
PO HU3BKI (YHKLIOHATBHI MOXJIHMBOCTI opraizmy. Ilim
BIUINBOM HABYAIHLHOTO HABAHTAKCHHS, IO Iepeadadae
TPUBATy CTaTHYHY II03y Ta HU3BKY PYXOBY aKTHBHICTH [1,
21], 3HMBWINCH NPOIYKTUBHICTb, MNEPEKIIIOUCHHS YBaru,
MOTIpIIMIIACh TIaM'sITh, ajie OKPAIIWINCh (YHKIIT MHCIICH-
i (p < 0,05), 0 CBITYMTH NPO PO3BUTOK BTOMH Hepe3
HEJIOCTAaTHICTh HACHUYECHHS MO3KOBHX CTPYKTYp KHUCHEM B
YMOBaX y4OOBOTO HAaBaHTAXXCHHS. Peryiroroda MissIbHICTH
LEHTPAJILHOT reMoiHaMiku 3Hm3mIack — XOK 3meHmmBCes
(p £0,05) 3a paxynox 3umkerns YCC (p < 0,05), o Bkazye
Ha €KOHOMIYHICTh po0OTH opraHi3My. BererarnBHa peryis-
IisT 3aMIIanack Maibke Oe3 3MiH, III0 MOYKEe BKa3yBaTH Ha
CTaOUTbHIN XapaKTep Ta THYUYKICTh OKPEMHUX CHCTEM Y (op-
MYBaHHI KOMIIEHCATOPHOTO MEXaHI3My HPHCTOCYBAIBHHX
peakmiii. [licns mpakTHKK y JKIHOK TAHOI TPYIH TOKPAIITHU-
nmch nicuxodizionoriyni GyHKUIT 00csTy, CTIKOCTI, TPOIY-
KTHBHOCTI Ta MEPEKIJIFOYEHHS yBard, Mam'ath Ha CKJIaqu W
mudpu (p < 0,05). [IpoTe 3HIKCHA CaMOOIIHKA KOMITCTCH-
i (p < 0,05), o MoKe CBIJUMTH NPO HAIPY)KESHHS Ta
HE3a/I0BOJICHICTh Bijl HABYAILHOTO HABAHTAXKEHHS MPaKTHY-
HOI JisUTbHOCTI. Peryimrorodi BIUTMBM T€MOAMHAMIKH TMOCH-
morotees gepe3 30utbimeHHs XOK, UCC Tta 3umkeHHs AT
(p < 0,05). Huseki 3Ha4eHHs BapiaOeIbHOCTI CEpLICBOTO
PHUTMY Ta BEereTaTHBHOI PEryJsilil CBIMYUTH MPO HECTaOUTh-
HU XapaKTep Ta PUTiTHICTh MPUCTOCYBAJIBHIX PEaKIii, sSKi
(OpPMYIOTh TIEpCHANIPYKCHUIM MEXaHi3M aJamTartii.

Jnis1 GioNoTiB-TIepIIOKYPCHUITD XapaKTepHIMH Oyir Hal-
BUII TOKa3HUKH O0CATYy Ta NMPOAYKTHBHOCTI yBaru (p <
0,05), inmmi meuxodizionoriuai (GyHKIIT Tex OyIH TOCHTH
BUCOKUMHU. [TOKa3HUKN reMOJIMHAMIKH Ta CEpPIIEBOTO PUTMY
BKa3yBaJIM Ha 3HIDKEHI BUXIiJHI (yHKIIOHAIBHI MOXKIIMBOCTI
opranizmy. I1iJ BIUIMBOM HAaBYAILHOTO HABAHTAXKCHHS HA 4
polli HaBYaHHS TOKPAIIWINCh TpoLecH MUCTeHHS (p <
0,05), a Bucoki mcuxodiziosnoriuni nokasHUKU (yBaru Ta
aM’sITi) 3aJUIIUCE 0e3 3MiH, IO CBITYMIIO MPO BiICYTHICTH
3HaYHOTO TICMXOEMOIIHHOTO Halpy)XeHHs. PeryisarTopHi
BIUIMBH [IEHTPAJIbHOT TEMOIMHAMIKH Peai3oBYBAINCh Yepe3
spocranns UCC (p < 0,05) Ha TJTi aKTHBHOCTI ABTOHOMHOT'O
KOHTYpa PeryJsilii, 0 CHOPHSE IMIBUIKMM PO3TOPTaHHIM
MPUCTOCYBAJIbHUX PEaKiiif 3a paxyHOK THYYKHUX IepeOynioB
i cTabUTPHOTO XapakTepy aJalTHBHHUX 3MiH Ta (OpMyBaH-
HIO KOMIIGHCATOPHOTO MexaHizMy ajanramii. [Ticis mpakTu-
KU, HE3BaXKalo4un Ha 30ubiieHHs oocsry ysaru (p < 0,05),
3pocia KiIbKICTh TOMMIIOK, 3HU3MIJIACh CTIHKICTh yBaru (p <
0,05), om0 CBIYUTH PO PO3BUTOK BTOMH, HA TJIi ITiABUILICH-
Hs caMoomiHku komrereHmiid. 3umkeHHs AT 1 Al (p <
0,05) cBimumIM NPO BpEryNIOBaHHS CYAWHHOIO TOHYCY Ta
MIJBUILECHHA (DYHKIIOHAIBHUX PE3epBIB OpraHizMy 3poc-
TaHHA BapiabenbHOCTI cepueBoro purmy (p < 0,05). I'nyu-
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KU THN peakuiid Ta mBUAKI nepeOyaoBH (QyHKIIOHATEHUX
CHCTEM OpraHi3My CTYAEHTOK IpH Jii cTpecopa (HaBaHTa)KeH-
HS TIPaKTHYHOI JiSUIBHOCTI) JIO3BOJIMJIM BUPOOMTH BHIEpE-
JDKAIOUUH XapakTep aalTUBHUX 3MiH, IO CIPHSIIO (hopMy-
BaHHIO ONITHMAJILHOTO MEXaHI3MY PHCTOCYBAJILHUX PEaKIIi.

BucHoBkH.

1. B ocHOBi (i3ionoriyHAX 3aKOHOMIPHOCTEH PO3BHUTKY
TIPUCTOCYBAJIBHUX PeaKIiil JIexaTh 0COONMUBOCTI (hOpMyBaH-
HS (QYHKITIOHABHUX CHCTEM, IO € IOIUIHPHAM Ha TICBHOMY
erami (pyHKIIIOHYBaHHS OpraHi3My, IiJ BIUIMBOM BHYTpIII-
HIX Ta 30BHIIITHIX (haKTOPiB.

2. BaxnMBUMH 3aKOHOMIPHOCTSIMH, SIKI BU3HAYarOTh Pi-
BeHb (DYHKI[IOHYBaHHS Ta (HOpMyBaHHS NPHCTOCYBAaJbHUX
peaxuiii €: 37aTHICTh ((YHKIIOHAIbHI MOKIIMBOCTI), IIIBUJI-
KICTh PO3rOpTaHHs MPHCTOCYBAJIBbHUX PEaKIii Ta retepox-
POHHICTB. B KOMIUIEKC] BOHM BU3HAUYaIOTh XapakTep, THI Ta
MEXaHi3M PO3BUTKY NMPUCTOCYBAIIBHHUX PEaKIIiii.

3. Cnemudika BIUIMBY HABYAJHHOTO HABAHTAXKEHHS, SIKA
BIAPI3HAETHCA U CTYACHTIB Pi3HUX CIICIiaBHOCTEH, Oyme
3YMOBIIIOBAaTH (POPMYBAHHS BIIMiHHHX MEXaHI3MIB IIPUCTO-
CYBaJbHUX peakmiil. [l CTyneHTOK (i3HIHOI KyIbTypH
XapaKTepHUMHU OYITM BHCOKI BUXIiTHI (PYHKIIOHATBbHI MOX-
JUBOCTI (i3i0NOTIYHIX (YHKIIH OpraHi3My, II0 y mporeci
(GhopMyBaHHS amaNTHBHHUX PEAKIlii O3BOJMIO BUSIBHTH
BUIIEPEDKAIOUNX XapaKTep, 3 THYYKAM THIIOM Ta ONTHMA-
JIBHUM MEXaHI3MOM IIPUCTOCYBIBHUX peakuiil. [licis
MPaKTHKHU MPUCTOCYBAJIbHI PEaKLiii Malli CTINKUI XapakTep,
cTabUIbHUHN THI T2 KOMIIGHCATOPHHUI MEXaHi3M.

CryneHTKH (DUIONOrH XapaKTepU3yBaIHCh HOCTYIIOBUM
TIOTipIICHHAM MEXaHi3MIB afamnTarlii, MAaro9i HEBUCOKI BHXi-
IHI (YHKIIOHATBHI MOMIIMBOCTI, TIepeOyIoBH (QYHKIIIOHA-
JIBHUX CHCTEM TiJ| BIUTMB HaBYAJIGHOTO HABAHTAKEHHS MAJIH
CTaOLTFHHI XapaKTep, CTIHKOTO THITy MPHCTOCYBaJbHI pea-
KIii Ta KOMIICHCATOPHUH MEXaHI3M, SIKHH ITCI NMPaKTHUKA
3MIHHMBCS Ha JEKOMIICHCATOPHUH.

JKiHKM-MaTeMaTUKH XapaKTepU3yBaIUCh BUCOKUMH TICH-
X0(]i310JIONYHAMH Ta HU3BKUMHU (hi310JIOTTYHUMHU BUXITHH-
MM MOJKJIMBOCTSIMH OPraHi3My, L0 BIUTMBAJIO Ha (YHKIIIO-
HaJILHUI CTaH OpraHi3My Ta CIPHUSIIO PO3BUTKY aJIalTHBHUX
3MiH, $SIKiI JISITJIK B OCHOBY (pOpMyBaHHS KOMIEHCATOPHOIO
MEXaHi3My PO3BUTKY MPUCTOCYBAJIBHUX PEAKIIH 3 CTIHKHUM
XapakTepoM Ta cTabuTbHEM THIIOM. [licns HpakTHKH, He-
3Ba)KAIOUM Ha TOKPAIICHHS OKPEeMHX ICHXO(]i310J0TITHIX
(YHKIIH, 3HIDKCHHS CAMOOIHKH, pEryTIOI0YHX BILITMBIB
TeMOJMHAMIKH Ta BapiaOeBHOCTI CEPLEBOTO PUTMY CIIPH-
SITA HaTIPY>KEHHIO (DYHKI[IOHAJIBHIX PE3EePBiB, 10 MPU3BEIO
JI0 PO3BHUTKY HECTAOLIBLHOTO XapaKTepy, PUTIIHOCTI peaKiii
OpraHi3My Ta IepeHaIPyKEHHsT MEXaHI3MIB alanTallil.

bionoram Oynu BiIacTUBI HU3BKI (i3i0NIOTIUHI TOKA3HUKK
(YHKLIOHAIBHUX MOXJIMBOCTEH OpraHiamy, ajie BHCOKI
nicuxo(i3iooriuHi, o Cnpusiio GOPMYBaHHIO CTAOLITEHOTO
3a XapakTepoM, alie THYYKOTrO THUITy KOMIICHCATOPHOIO Me-
XaHI3My TPUCTOCYBABHUX peakmiil. [Ticas mpakrtuku, He-
3Ba)KalO4M Ha PO3BUTOK BTOMH, IIiJl BILIMBOM BHUCOKOI Camo-
OIIIHKKM (hOPMYBaHHS NMPHCTOCYBAJIGHHX PEAKIiii Majo BH-
Nepe/pKAIOUMid  XapakTep, THYYKUI TUI Ta ONTUMAaJIbHUI
MEeXaHi3M.
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Strategies forming of adaptive reactions in the students’ organisms with different character of educational load

O. V. Hulka

Abstract. The article presents the generalized results of the study of psychophysiological functions (attention, memory, cognition), central
hemodynamics and variability heart rate of students of different specialties. It has been established that the different content and capacity of
educational load predetermine the development of adaptive changes in the organism, which are based on laws: ability, speed and
heterochronic of adaptive reactions. It is suggested to select the character, type and mechanism of the formation of adaptive reactions by the
estimation of the initial level and the dynamics of psychophysiological and physiological indicators.

Keywords: regularities, adaptive reactions, cardiac rhythm, central hemodynamics, psychophysiological functions, students.
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Abstract. During field experiments, we studied the dynamics of accumulation of various forms of carbohydrates in the seeds of four

varieties of cultural soybeans, which differed in the level of photoperiodic sensitivity. Plants grew under the conditions of a natural

long day (16 hours at the latitude of Kharkiv City, 50° N) and under the conditions of an artificial short day (9 hours). The

carbohydrate content was determined at the stage of seed formation. Among all the varieties, regardless of their photoperiodic

sensitivity, a short photoperiod stimulated the accumulation of carbohydrates in comparison with the accumulation in a natural long

day. It is assumed that the process of formation of a set of carbohydrates in soybean seeds is subject to photoperiodic control.
Keywords: soybean, (Glysine max (L.) Merr.), photoperiod, development rates, carbohydrates.

Introduction. Soya bean is one of the most valuable
food, feed and technical crops in the world [1-3,16]. The
value of this crop lies in that its seeds contain a significant
amount of protein, oil, biologically active substances,
antioxidants  [1-3,16], determining the versatile
application of soybean seeds for the production of highly
nutritious foods as well as animal feed. This requires
high-yielding soybean varieties with a high content of
primarily protein and oil in the seeds, as well as other
substances that pre-determine the biological value of
soybean [1-3,9,16].

Different forms of carbohydrates are very important
storage compounds of soybean seeds, which also stand for
their nutritional value [14,15,17]. Reference data show
that the content of different forms of carbohydrates in
soybean seeds depends on environmental factors, variety
genotype, as well as genotype x medium interaction.

Thus, the study of the content of oligosaccharides in
the seeds of 148 soybean genotypes showed a more
significant genotypic variation of the sucrose content than
that of raffinose and stachyose. It is also shown that the
level of sucrose content in the seven varieties studied
from different geographical locations is higher in
conditions with a cooler climate [13]. In experiments with
vegetable soybean variety BRS 267, it has been found that
the seeds at the R6 stage had a lower sucrose content, but
higher levels of starch, glucose, fructose and stachyose,
than at the R8 stage [15].

It is shown that the need to improve the composition of
soybean seeds to increase the sucrose content and reduce
the raffinose family oligosaccharides (RFO) content. The
outcomes of experiments with soybean lines that carry the
raffinose synthase gene (RS2) showed that they had a
similar carbohydrate profile. The authors believe that
further research is required to investigate into the
environmental stability of the carbohydrate profiles of
soybean seeds, depending on the environmental factors
[11].

The content of starch in the soybean seeds affects the
taste and technological properties of soy products. In 169
recombinant inbred lines (RIL) obtained from crossing in
Williams 82 and Pl 366121, quantitative trait loci (QTL)
for soybean starch were identified. Nine significant QTLs
were identified to be used for soybean breeding [10,16].
Raffinose and stachyose (raffinose family
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oligosaccharides, RFO) are among the main anti-
nutritional factors in soybean seeds [17]. Therefore,
studies are conducted to identify genotypes with low
levels of their content. With 59 soybean genotypes (19
varieties, 11 germ plasmas, and 29 breeding lines), the
raffinose and stachyose content depended on the genotype
of the sample studied.

When studying the content of carbohydrates in the
seeds of commercial varieties and pre- commercial lines
in Brazil under different growing conditions, the
significant environmental impact on the level of
carbohydrates of the RFO group was shown. Samples
with a low and stable level of RFOs in different
environmental conditions, which can be a valuable
material for breeding, were isolated [14].

Thus, the data show that carbohydrates in soybean
seeds are important components that determine their
nutritional value. The dependence of the content of
different forms of carbohydrates on environmental
factors, genotype and genotype X environment
interactions is shown. In addition, raffinose family
oligosaccharides (RFO) are one of the anti-nutritional
factors, thus setting the task of creating varieties with
their low content.

When breeding such varieties, the fact should be
considered that among the environmental factors,
determining productivity, crop quality and plant
prevalence by growing zones, the photoperiod duration is
the most important [4,5]. Soybean, by its biological
nature, belongs to short-day plants, which, with an
increase in the photoperiod duration of up to 1617 hours
in the daily cycle, slow down the transition to the
generative state and late maturation [4,5,12].

From this point of view, the initial material with low
photoperiodic sensitivity should be used in breeding for
high carbohydrate content in seeds. However, reference
materials contain no data on the impact of the photoperiod
on the process of formation of a complex of
carbohydrates in soybean seeds. The effect of the
photoperiod on the protein and oil content in the seeds of
two soybean varieties is shown [6].

The purpose of research. With due regard to the
foregoing, the task of our research included the study of
the dynamics of carbohydrate accumulation in soybean
seeds during their formation in photoperiodic induction.
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Materials and methods. Plant material. Four soybean
varieties with different ripening terms are used in the
experiments. The Annushka variety is an early ripe type
with the growing season of 95-100 days; the Yatran
variety is a medium early ripe type with the growing
season of 100-110 days; the Ustia variety is an ultra-early
ripe type with the growing season of 85-90 days. The
Khadjibey variety is featured by late ripening, where the
growing season is 120-130 days. The seeds of the studied
varieties for conducting experiments were kindly
provided by the grain legumes and cereals genetic
resources laboratory of the National Center for Plant
Genetic Resources of Ukraine - V. Ya. Yuriev, the
National Academy of Agrarian Sciences of Ukraine.

Conditions of growing plants. Field experiments were
held during the growing season of 2015-2017. on the
experimental site of the Plant Physiology and
Biochemistry Department, V. N. Karazin Kharkiv
National University. The site is located in the territory of
the Botanical Garden of the University. The soil of the
plot is heavy-loam podzolized black soil.

Seeds were sowed at the optimum time for the eastern
forest-steppe of Ukraine from May 10™ till May 20", on
the plots with an area of 1 sg. m. in triplicates for each
version studied.

After sprouting and before the three true leaves unfold
phase, all the plants grew in the conditions of a natural
long day (about 16 hours at the latitude of Kharkiv City,
50° N). In the three true leaves unfold phase, a half of the
plants of each variety were exposed to a short 9-hour
photoperiod. To do so, they were dimmed by opaque
cabins from 18:00 till 21:00 hours. The exposure to a
short photoperiod continued for 14 days (photoperiodic
induction). At the end of this period, the plants continued
to grow in a natural long day before maturation.

Biochemical analyses. To determine the dynamics of
carbohydrate accumulation in the seeds during the process
of their formation, beans were picked simultaneously on a
long and short day from 15-20 plants. The selection was
carried out a week after the start of the formation of beans
and then twice after 10 days. The material was exposed
for 30 minutes at 120 ° C in a drying chamber; the beans
were dried and divided into shells and seeds, the content
of water-soluble carbohydrates — monosaccharides and
oligosaccharides— was determined in seeds [8]. The
results are processed statistically; the figures show the
average and standard deviations.

Results and discussions. In our previous studies [5], it
was shown that under the influence of photoperiodic
induction with a short photoperiod, the varieties of
Annushka, Ustia and Yatran did not show changes in the
duration of the sprouting & flowering and sprouting &
maturing period. With the Khadjibey variety, the duration
of these periods was significantly reduced (by 10-15
days) under the influence of induction by a short day
compared to its duration in a natural long day.
Consequently, the varieties of Annushka, Yatran and Ustia
are not sensitive to the duration of the photoperiod, that is,
they are photoperiodically neutral. The Khadjibey variety
showed high photoperiodic sensitivity, representing a
short-day type of photoperiodic reaction.

As predetermined by the purpose of this paper, we
studied the effect of photoperiodic induction by a short
photoperiod on the accumulation of water-soluble
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carbohydrates in the seeds of the varieties studied in the
process of their formation. The results of studying the
dynamics of accumulation of monosaccharides in the
seeds of the varieties studied are shown in Figure 1.

The results showed that all the studied varieties
accumulated monosaccharides in the seed formation
process both in plants grown under the conditions of a
natural long day and those exposed to a short photoperiod
(Fig. 1).

Moreover, the dynamics of the accumulation of
monosaccharides in seeds depended on the photoperiodic
sensitivity of the variety and the photoperiodic conditions
in which the plants were grown. Thus, in the
photoperiodically neutral varieties Annushka, Yatran and
Ustia, saccharides began to accumulate almost
simultaneously under the conditions of both a long and
short photoperiod. However, in seeds of plants grown
under the conditions of a short photoperiod, they
accumulated more intensively, as evidenced by their
greater content in each sampling period (Fig. 1).
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Fig. 1 The effect of the photoperiod duration on the dynamics of
the content of monosaccharides in the seeds of soybean varieties
in the process of formation.
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Fig. 2 The effect of the photoperiod duration on the dynamics of
the content of oligosaccharides in the seeds of soybean varieties
in the process of formation.

In the short-day variety Khadjibey, in contrast to the
photoperiodically neutral varieties, the accumulation of
monosaccharides in the seeds of plants grown with a short
day began much earlier and occurred more intensively
than in the seeds of plants grown under the conditions of a
natural long day (Fig. 1).

We have also studied the process of accumulation of
oligosaccharides by the emerging seeds of the studied
soybean varieties, depending on the photoperiod duration.
The results are shown in Figure 2. They evidenced that
the dynamics of the content of these forms of
carbohydrates was similar to that found for the
accumulation of monosaccharides.
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Thus, in the Annushka, Yatran and Ustia varieties,
showing a neutral photoperiodic reaction, the
accumulation of oligosaccharides in the seeds began
almost simultaneously both in the plants grown on a long
day and in the plants exposed to a short photoperiod
(photoperiodic induction). In the short-day Khadjibey
variety, the accumulation of oligosaccharides in the seeds
of plants grown under the conditions of photoperiodic
induction with a short photoperiod began much earlier
than in the seeds of plants grown under conditions of a
natural long day (Fig. 2). In all the varieties studied, the
accumulation of oligosaccharides in the plants exposed to
photoperiodic induction by a short photoperiod occurred
more intensively than in the plants grown under the
conditions of a natural long day.

The dynamics of the accumulation of saccharides in all
varieties both in the long and short day period are similar,
that is, as the seeds were formed, the carbohydrate content
increased, although some fluctuation occurred. Probably,
it may be explained by the genotypic characteristics of the
varieties studied according to the mechanisms of
formation of reserve carbohydrates in the seed.

Thus, in all the studied varieties, photoperiodic
induction with a short photoperiod led to an
intensification of the process of accumulation of water-
soluble carbohydrates by seeds. Nevertheless, the short-
day variety differed from photoperiodically neutral
varieties in the intensity of the dynamics of the
accumulation of carbohydrates by seeds exposed to
photoperiodic induction.

In our opinion, the identified features of the
accumulation of carbohydrates in soybean seeds exposed
to a short photoperiod are associated with the process of
accumulation and outflow of carbohydrates in the leaves
of soybean plants. It is shown that with a reduction in the
photoperiod, the intensity of carbohydrate accumulation
in the leaves of short-day and photoperiodically neutral
soybean genotypes increases in comparison with the
intensity in a natural long day. In this case, the intensity of
their outflow to the forming meristems increases [4, 5].
Fruits and seeds in the process of their formation are the
main artaging centers of assimilates in plants. For this
reason, carbohydrates outflow to the emerging soybean
seeds with a short-day photoperiodic induction under the
conditions of a short photoperiod more intensively than
under the conditions of a natural long day. This suggests
that the process of seed formation and, in particular, the
accumulation of carbohydrates in seeds in the soybean
varieties studied is subject to photoperiodic regulation.
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AHoTauisi. TexHosoris BIIydeHHs ooy 3 CyIMyTHBOI BOAM Ha AULTHKAX BUAOOYTKY Ha(TH Ta TEXHOJOTIUHI HapameTpu Oyiu mpoaHai3o-

BaHI 3a JIONOMOIOI0 CHUCTEMHOTO aHaji3y ICHYIOUMX TEXHONOriil. JloBeleHO, L0 OINHKY OKUCHO-BIIHOBHOI pIBHOBarM CHCTEMH B

TEXHOJIOTISIX BHIIydeHHs Hoxy 3a 3HadeHHsM Eh Ta rH2 Mo)xHa rmpoBouTH nve npu oHakoBHX 3HaueHHsX pH BcraHoBieHi onTrManbHi

napametpu (pH, Eh, rH2) Ha ko’kHOMY erarti TeXHOIOTIIHOTO TIPOIIECy i3 3aCTOCYBAHHSAM IOTEHIIIOMETPHYHOTO METOTy aHaIIi3Yy, IO 103BO-

JIs€ 3HU3UTH COOIBapTICTh KIHLIEBOIO MPOAYKTY. Brcokuii edekt ekcTpakiii Hoxy OTpUMaHuIi 32 paXyHOK YCYHEHHS TOOIYHHX IIPOLIECIB.
Knrouosi cnosa: excmpaxyis, cucmemuuii aHanis, OKUCHeHHA, enekmpois, H-indexc, okucHo-6i0Ho8HUIl nomenyia.

Beryn. AktyansHUM € po3poOKa criocoOiB BUITyUeHHs HOLy
i3 BIIXOHIB, B TOMY YHCIi 13 CYNyTHIX BOJ HaTOBHX
POJIOBHILL, CTIYHHX BOJI IIPOMHUCIIOBUX BUpOOHHUITB. LI Bosa
BHCOKOMIHEpaTi30BaHa 1 MOXE HECTH MIKOAY MAOBKIJLIIO.
Oco0nMBO aKTyaIbHOIO € I IpodiieMa Ut 3aKapIaTchKoi,
IBanO-®pankiBchKoi, BiHHUIBKOT o0macTel, ge po3MimieHi
Ha]TOBI poOBHIIA.

IlogaTkoM i€papXigHOI CTPYKTypH XIMIYHOTO BHpPOO-
HUITBA € €JIEMEHTAapHI NPOIECH, SIKi € THUIOBUMH. TexHo-
JIOTi1 BUJIyYCHHS TAJIOTCHIB BKIIFOYAIOTh, SIK IIPABUIIO, KOMOi-
HaIIO eJIEMEHTapHHUX MPOIIECiB, B TOMY YHCII TUIIOBUX IS
MEPETBOPEHHSA Ta PO3JUICHHS. TEXHOJOTI BHIYYCHHS
raJIOTCHIB 3 TOYKU 30py CHCTEMHOTO aHaJi3y MOTPIOHO po3r-
JIAAATH K CKIAaIHI TEXHOJIOIYHI CHCTEMH, 110 BKJIHOYAIOTh
OCHOBHY HiZICHCTEMY JUISl BHITyYEHHS 3 IPUPOJHUX BHCOKO-
MiHepali30BaHUX BOJ, Ta MOOIYHI /1 OOYyBaHHS IPOIYKTIB
Ta HAMIBIPOAYKTIB 3 KOHIIEHTPATIB, SIKi BKIFOYAFOTh THITOBI
MPOIIeCH. BHUKOPHUCTaHHA CHCTEMHOTO IIXOAY B TEXHOJIO-
TYHUX CXeMax 1 MPOIecax J03BOJISIE 3HAYHO CIPOCTUTH TI0-
IIyK Ta BUKOPHCTAHHSA HeoOXimHOI iH(opmarii s po3po-
OKM 1 BNIPOBAJDKEHHS OY/b-SIKOTO BHIO3MIHY TEXHOJIOTIY-
HOTO TPOLIECY.

Oraspn ingopmarii mo Temi xociimkenn. TexHOMOTYHI
CXEeMH BUITyYeHHS HOJ/ly BKIIIOUAIOTh HACTYIHI CTaJi: Hore-
PEAHE OUHMILICHHS BiJl IOMILIOK (HaTEHOBHMX KHCIIOT, (epy-
My, CoJiell TBEpIIOCTi Ta iH.); BUIYYCHHS i3 TPUPOIHUX BOJ
BUJIYTOBYBAaHHSIM; OJIEP>KaHHs KOHIIEHTpATIB Ta JOOYBaHHS
TOTOBOTO MPOAYKTY OKucHeHHsM I [1].

TunoBnMu mporecaMm B OCHOBHHX IiJICHCTEMax Juis
OKHCHEHHS 1 BWIIy4eHHsS HOMy 3 IPHUPOJHUX BHUCOKOMIiHE-
paTi30BaHKX BOJI €:

1) ximivHi: BuaydeHHs #oay y (opmi HEpO3UMHHUX
coJiel XIMIYHHMH peareHTaMH: BUIYYeHHs HOmy 3 mijzem-
HHUX BOJI MOXJIMBO YTBOPEHHSIM MaJIOPO3UMHHUX HOIUIIB
KylpyMy, apreHTyMmy, TipapripyMy OpH [ii po3uHMHHHX CO-
JIeH BIAIOBIIHUX METAJIIB.

41" +2Cu** - 2Cul +1, @)

2) eneKTpOXiMiuHi: BUIUICHHS HOAY €IEKTPOIIi30M LUIs-
XOM OKHCHEHHs HOI-HOHy a0 eneMmeHTapHOi (opMu Ta
azicopOii Ha rpadiToBoMy aHOI;

3) MacooOMiHHI: BUJJICHHSI WOy 3 TMONEPEIHIM OKHC-
HEeHHSIM HOJ-HOHY XIMIYHUMH peareHTaMHu J0 elIeMEeHTapHO1
(hopMH 3 HACTYITHOIO a7COPOIIEI0 TOBITPSIM 1 OTPUMAHHSIM
KOHIICHTPOBAHMX PO3UMHIB (OUTBII BiTOMUIL SIK TIOBITPSHO -
JiecopOMiiHUIA METO).
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B no6iunux migcucremax st 100yBaHHs Hoxy y dopmi
MPOAYKTIB (HAMiBIPO/IYKTIB) 3 KOHIIEHTPATIB €:

1) xiMiuHi: BUITYYCHHS 3 JIY)KHOTO PO3YHHY ITiCIIS MOTITH-
HaHHA Homy 3 HOA-TIOBITPSHOI CYMIIlli, IUITXOM ITiJKHCIICH-
HS 1 OOpOOJIEHHS OKHMCHIOBAUYEM [UIS BUIUICHHS BUJIBHOTO
rony:

61" +ClO3 +6H" —3l, + Cl+3H,0 @
61" +Cr,03 +14H" 31, +2Cr* +7H,0 ()

2) MacooOMiHHI: jaecopOliss 3 HOHOOOMIHHHMX CMOJI
LUIXOM MepeBoly Hoay B oOpraiuHy ¢asy; NpOBOASTH
ClelialbHIMI PO3YMHHUKAMM B IPMCYTHOCTI HoHiB Mn?*;
AHIOHIT TICIIA JecopOmil BUIIyYEHOTO HOMy pereHepyIoTh i
TIOBEPTAIOTH Ha MOJANBIITY COpOLito HOaMA-HOHIB.

3) eneKTpOXIMiUHI: eNeKTPOXiMidHa IecopOris 3 Hoj-
BYTUJUISL 3aCHOBaHA Ha MPOITYCKAHHI eJIEKTPUYHOTO CTPYMY
Kpi3p HarpiTuii enektpomt (po3unnu NaCl, Na,SOs i in.), B
SIKMX 3HAaXOIUTHCSI HACHYCHHH HOI-ByTJIelb IIpU LbOMY HOZ
HEePEXOIUTh B PO3YMH, a IOTIM, 32 PaxXyHOK IiJBUILEHOT
TEMIIEpaTypy, CyONIMYETbCS; TPH  IBOMY, MOXIIHBO
nocsrHyTH 100% BuTydeHHs.

4) KOMOIHOBaHi: TepMiuHa JIecOpOLs 3IHCHIOETHCS TIPH
HarpiBaHHI HACUYEHOTO HOA-BYriuIs O€3 JOCTYIy MOBITPS
ipu 200-400°C[2,3, 4].

TakuM YMHOM, TEXHOJIOTI] BIIIYYCHHS TaJIOTCHIB 3 TOYKH
30py CHCTEMHOTO aHaJli3y MOTPIOHO pO3TIIIATH SK CKIAIHI
TEXHOJIOTTYHI CHCTEMHM, LIO BKJIIOYAIOTh OCHOBHY IIiJICH-
CTeMy JUIsl BIJIyYCHHS 3 TPUPOIHUX BHCOKOMiHepali3oBa-
HUX BOJI, Ta MOOIYHI U1 OOYBaHHS MPOIYKTIB Ta HAMIBIIPO-
IYKTiB 3 KOHIICHTPATIB, SIKi BKITIOYAIOTh THITOBI ITPOLIECH:

1) xiMiuHi: MiAKUCIEHHS, TiTyrOByBaHHsI, BiHOBJICHHS,
OKHCHEHHSI, KOMIUICKCOYTBOPEHHS;

2) MacooOMiHi: ekcTpakiisi, abcopOuis, ancoporis,
Jecoporis;

3) eNeKTPOXIMIYHI: EIECKTPOTI3;

4) TerIoBi.

Takox CItijl 3ayBa)KUTH, 110 BUKOPHCTaHHS CHCTEMHOTO
X0y B TEXHOJIOTIYHMX CXEMax 1 mpolecax JI03BOJISE
3Ha4YHO CIIPOCTUTH TIOIIYK Ta BHUKOPHCTaHHS HEOOXiTHOT
iHpopMmarii 11 po3poOKM 1 BHPOBAIKEHHS OYIb-SKOTO
BHUJIO3MiHY TEXHOJIOTTYHOTO IPOIIECY.

Merta gociiakeHb. 3a IOTOMOTOI0 CHCTEMHOTO aHATIZY
ICHYIOUMX TEXHOJIOTi BHECTHM 3MiHM Ta YIOCKOHAJIHUTH
TEXHOJIOT1I0 BIITy9IEeHHS MOy 3 BOAHUX PO3UMHIB.

Marepianu i meroau aociaimkeHb. s T0CTiHKEHHS
BHKOPHCTOBYBaNach BHCOKOMiHEpalioBaHA BOJa 3aXiJTHUX
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perioniB Ykpainu. CHCTEMHHUI aHaN3 3aCTOCOBAHHU IS
OCHOBHHX TOJIO)KCHb METOIY XIMIYHOTO OcajpKeHHs. [lns
JIOCITIKCHHSI OKWHO-BIJTHOBHHX MApaMETPiB TEXHOJIOTTIHUX
PO3YMHIB Ta BHECCHHS 3MiH B TCXHOJIOTIIO BUITyYCHHS HOIY
3aCTOCOBAHUI MOTCHIIIOMETPUYHHI METO]] aHATI3Y.

OCHOBHI TTapaMeTpH y CHCTEMi Ocaa-pedoBHHA: BHYTpI-
mmi: pH, Eh, rHp, MosbHe CIiBBIHOIIEHHS peareHTiB, KOH-
LIEHTpallil, 30BHIIIHI : TEMIIepaTypa, THCK Tomlo. Bcranosie-
HO, IO OIIIHKY OKFCHO-BiTHOBHOI PIBHOBaru CUCTEMH BHCO-
KO-MiHepaJli30BaHUX BOJ B TEXHOJIOTISIX BIUIYUCHHS HOIy 3a
3HadeHHsM Eh ta rH, moxkHa mnpoBomutm mwmie mpu
onHakoBux 3HayeHnsx pH [1,4,5].

Tadauns 1. Cxiia1 BACOKOMIHEPATi30BaHIX TPUPOTHIX BOJTHUX
CHCTEM JUIS1 BUITYYEHHS LIHHUX KOMITOHEHTIB

Ner/m | TlokasHukH OpuHnLi BUMIpY 3HayeHHs
1 Cycruna /e 1.23-1.27
2 pH 24685
3 Eh MB 195-490
4 rH 11,5-30,6
5 ConeBMicT r/me 239-412
6 Kanbriit /a3 32000-75630
7 Marwiit /a3 6906-12920
8 Depym MO 7100-8600
10 Harpiit Mr/ a3 33870-43510
11 Kaniit Mr/am3 3000-9420
12 Cynbdaru mr/mv® 71-200
13 Nomamm Mr/ a3 5.92-59.2

BwmicT posunHeHOro Homy IO3BOJISIE POBOJUTH E€KOHO-
MIYHO-e()eKTHBHE HOTO BIITy4YEHHS 3 JAHUX BOJJHUX CHCTEM.

Pesyabrarn pociuimkenns. Ha ocHOBI pe3ynbTatiB
MOTEHL[IOMETPUYHOTO THUTPYBaHHS BCTAHOBJIEHI OCHOBHI
rapaMeTpy OKUCHO-BITHOBHOI Ta KUCJIOTHO-OCHOBHOI PiBHO-
Bard BHCOKO-MiHEPaIi30BaHUX BOJHHMX CHCTEM B TEXHOJIOTIT
nepenouniienss: Eh=+100mB, pH= 6, rH,= 15,45.

[Hmmit  TexHOJNOTIUYHMI Tpollec BIJIyYSHHS Homy i3
BHCOKOMIHEPATi30BaHUX BOJ, IIO JIOCIIKYETHCS CHCTEM-
HHUM aHaJIi30M, BKIFOYae B cebe:

a) OKHCHCHHS MONUI-iOHy IO BUIBHOTO Homy y
npucytHocTi cynbdarHoi kucmotn H>SOs4  mepoxcmmom
rigporeny H,O», sikuii JTi€ sIK OKUCHUK:

2I'—lz; (4

0) Bigronka orpumanoro Hoxy I;

B) PO3YMHEHHs HOAy y cymimi Tigpokcuay kamiro KOH
Ta mepokcuy Tiaporeny HyO», sikwii 3a TaHUX YMOB Ji€ 5K
BiJIHOBHUK:

1b—2I; (5)

T) TIOBTOPHE OKUCHEHHSI HOAWA-HOHY 10 BUTEHOTO HOmy y
MPUCYTHOCTI CyIb(aTHOI KHCIOTH Ta BWIYYEHHS HOTO Yy
BUIJISIII TOBAPHOTO MPOIYKTY.

3 TOYKM 30py CHCTEMHOTO aHai3y [ajdi HaBeJeHI
TEXHOJIOTTYHI MOJIEJII.

[igposti3 fony y JIy’)KHOMY CEpEIOBHILI, SIKHiI BUKOPHC-
TOBYIOTH JUISl OTPUMaHHS KOHLIEHTPOBAHUX PO3UYMHIB B HOJI-
HOMY BHUPOOHHIITBI:

31, +6KOH,,,,, — SKI+KIO; +3H,0 00 ®)
I, +2KOH ;) = KOI +KI+H,0 )

OnHax, coi SIKi yTBOPIOIOTHCS - HOJaTH Ta iHII MaroTh
MEHIIIy PO3YMHHICTE 1 YTBOPIOIOTH 0C3a B TIPOIECi
HacWYeHHS po3unHy. /I 3amoOiraHHS IOTO SIBUINA 1
TTi IBUITIEHHST €(hEKTHBHOCTI TIOTIIMHAHHS JTY>)KHUM PO3YHHOM

PEKOMEHIYETHCS  TPOBOJUTH TMPOIEC B  TPHUCYTHOCTI
BiJTHOBHHUKA - TIEPOKCHTY TiIPOTEHY:
I, +H,0, + 2KOH — 2KJ + O, + 2H,0 ®)
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Puc. 2. OcHOBHA MiZCHCTEMa TEXHOJIOTIYHOTO MPOLIECY OTPHMAHHS

Hony
36% H,0, 36% H,0,
1-3%KOH 40% H.SO, BMIIYHCHHA
KPUCTATIYHOT O
Xemocopbep Kpucranisarop fony
—> pH=10-12 pH=1,5-1,8 F———

Eh=-200- -80mB Eh=+550mB
rH,=13,1-21,24 rH;=20,24-20,85

Puc. 3. [JonoMixHa mijickcTeMa TEXHOIOTIYHOTO TIPOLECy
OTpHMaHHA Hoxy

Jlns BuitydeHHs HOMy y BUIBHOMY CTaHI 3aCTOCOBYIOTH
B3aemoiro KJ 3 migkucnerum pozarHoM Ho0::

H,0, + 2Kl +H,SO, — I, + K,SO, + 2H,0 9)

IiKaBUi TpuKIan B3aemomii Homy mpu pH=1 3
TIEPOKCHIOM TiJIPOTCHY:

I, +5H,0, —» 2HIO; +4H,0

a TakoX HactynmHa B3aemomis 103

rigporeHy npu pH=2 3 BuaiIeHHAM HOmy:
2HI0; +5H,0, — 1, +50, + 6H,0 (1)

IepeBaroro AaHOTO METOAY € T€, IO B SKOCTI OKUCHHUKA 1
BiJTHOBHHKA BUKOPHUCTOBYETHCS Tepokcun rigporeHy HoOo,
SIKAHN 3anekHo Bix cepemoBuma (pH Ta rHy) moxe OytH i
OKHCHHKOM, 1 BiTHOBHHKOM, IO CIPOIIY€E TEXHOJIOTTIHHUIHA
nporiec.[1,5]

BceranoBieHO, M0 TpH  PeHOKC-TIOTEHINAN CHCTEMH
<550MB MOXJMBHI MpOLEC HAUIUILIKOBOTO OKUCIIEHHS
Hoay mo Homatry 103, a TOMy BHHHKaEe HEOOXIHICTH CTPO-
TOTr0 PEryJlOBaHHs aKTHBHOI peakllii BOJJHUX CHCTEM, 30Kpe-
Ma nokasHukiB pH i rH;.

(10)
3 MEPOKCHIOM

Ta6mauus 2. Cxiiax TEXHOJIOTTYHOTO PO3UHMHY IS OKICHEHHS
HonI-HoHy IepOKCHIOM TiPOreHy MpH Pi3HUX 3HAYeHHsAX pH

Kimexicts H202 B Bwicr fioxy B pobi, %
pH| % /10 HIORY BUL Hoxy | rigpastizoBaHOro HOmA NIEPEKUCHOTO
CTEXiOMETPUYHOTO HoHy
50 49,2 - 30,8 -
100 97,4 - 2,6 -
30 103 100 - - -
200 80,8 - - 19,2
100 97,5 - 25 -
6,0 102 100 - 25 -
200 80,1 - 25 18,9
100 93,7 35 2,8 -
103 96,4 3,6 -
7,0 105 95,5 35 - 1
150 86,6 34 - 10
200 78,1 33 - 18,6
100 82,6 14,7 2,7 -
8.0 103 85,0 15,0 - -
' 113 82,5 14,5 - 3
150 76,1 139 - 10

Taéauus 3. XapakrepucTHKa CTaHy OKHCHO-BITHOBHOI piBHOBark
BOJIHHX CHCTEMax Ha OKPEMHX eTanax 00poOKu

Micrie Binoopy npobu | pH Eh rHz
CaeputoBrHa 47 -100 | 13,0
Pykas gucroi Bomu 45 | +100 | 19,5
3mirryBad 45 | +100 | 19,5
[Hecopbep 4 +400 | 28,9
Xemocopbep 95 | -200 | 19,2
Kpucrasizarop 18 | +550 | 29,6

Ha mincraBi mociimpkeHb pe3ynbTaTiB MOTEHI[IOMETPHY-
HOTO THUTPYBaHHS Ta iX AudepeHIiiaiii BU3HAYAIOTh KOH-
LEHTpAIlil PEYOBHH 3aJISKHO BiJ 3HadeHb PK KHCIOTHO-
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ocHOBHHX (popM. MOKHa CTBEPKYBATH, 110 TIEPETBOPECHHS Ha ocHOBI NMOTEHNIOMETPUYHOTO METONy aHajlizy Oyin

Hoxy BinOyBaeThesl B OCiZOBHOCTI: [,—1— 1, Bu3-HaueHi ocHoBHi mapametpu (pH, Eh ta rHy) mas xox-
Tomy Oymu mpoBeAeHi MOJATKOBI AOCTIMKSHHS I  HOTO 3 €TAIliB TEXHOJIOr4HOro mporecy.[3,5]

3HAXO/DKCHHS ONTHUMAJIbHUX YMOB IIPOIECY 3 METOIO [TpoBiBIIM KOpEINSILIMHUN aHaji3 3aJIeKHOCTI KOHIICHT-

3MEHILICHHSI BUTpAT KHCJIOTH Ta OTPUMAaHHS MNpPOAYKTY 3  pauii Homy Big mapamerpiB pH, Eh, rH Oymu orpumani

BHCOKFIM BHXOJIOM 32 PaxXyHOK BUKJTFOUEHHS ITOOIYHMX peak-  HacTyIHi KoedirieHTy Bapiamii (tadm. 3.4), siki cBig9aTh mpo

miif. Ha ocHOBI KpHBHX MOTEHIIOMETPUYHOTO THTPYBaHHS  BiJICYTHICTH WiTKOI JIIHIMHOI 3aJI€KHOCTI BUXOAY HPOIYKTY

Eh = f(pH) po3unHiB CHPOBHHH 3 TIEPOKCHIOM TiIpOTEHy  Bim MaHux mapamerpiB. HassHa nwmme 3anexwicts pH Bin

BCTAaHOBJICHO, 1110 OKUCHEHHSI 3a peakiiiero (9) 3IMiCHIOETECS — KOHIICHTpAIlii HOMu - HOHIB, OCKIIBKM Ha JaHy peakilito

mpu pH 0,5-2. BUTPAYAETBCA JTy)KHHH PEareHT, IO 1 CIPUYUHIOE TaKy
3MiHy. [IpoTe 9iTKO BiACHIAKOBY€ETHCS 3HAYHUH PICT BUXOIY
B IIEBHUX MeXax 3HaueHb pH i rHy,

Tabanus 4. XapakTepucTUKa CTaHy CUCTEMH Ha eTanax BUoOyBaHHS Hoxy

JHecopbep 1 C(l-) pH Eh rHz dC(l-) drHz(l-)
C() 1
pH -0,81595 1
Eh 0,594835 | -0,42022 1
rHz 0,493198 | -0,27752 | 0,988398 1
dC(l-) -0,30625 | 0,307229 | 0,22586 0,29055 1
drHz(l-) | 0,276083 | -0,12662 0,37446 | 0,375261 | 0,001082 1
Hecopbep 2| C(l-) pH Eh rHz dC(l-) drHz(1-)
[o(D) 1
pH -0,81595 1
Eh 0,594835 | -0,42022 1
rHz 0,493198 | -0,27752 | 0,988398 1
dC(I-) -0,30625 | 0,307229 | 0,22586 | 0,29055 1
drHz(l-) | 0,276083 | -0,12662 | 0,37446 | 0,375261 | 0,001082 1

BucnoBkn. PerymoBaHHs1 napaMeTpiB CHCTEMH 3a BEIU-  J03BOJISE BIIPOBAJIUTH CUCTEMY aBTOMATUYHOTO PETYIIIO-
yuramu Eh i pH ckmaade, mo moB’s3aHO 3 THM, OCKIIBKM — BaHHsI POIIECY 3 JOMOMOTOI0 CIEHiabHAX KOMIT FOTEPHHX
cama BenmunHa Eh 3anexuts Bix 3Hauenp PH) i motpebye  mporpam. Jliama3oH ONTHMajibHHUX 3HAYCHb JOOYBAaHHS
MIPOBEJICHHS TIPOLIECY B PYYHOMY pexxuMmi (Tioyeprose noaa-  JyxHoro pozunty Kl, 3rigHO eKCriepuMEHTalbHHUX JAHUX,
BaHHS PEarcHTiB). 3alpPONOHOBAHO UL PEryIIOBaHHA TexX-  craHoBuTh: PH= 11.1 - 11.4, rH,= 32.3 - 33.8 mpu sxux
HOJIOTIYHOTO TIPOIIECY BHKOPHCTOBYBAaTH HE3AJICKHI OAWH  MPOIEC BiMOYBa€eThCS CTAOLTBFHO 13 HAHOLIBIIO e(peKTHBHI-
Bi/l OZTHOTO TIOKA3HUKH CTaHy cucteMu PH i rHz, mpu ipomy  crio. TakuM 4MHOM, BUCOKUH eeKT BUIIydeHHS HOmy HOCs-
perymoBarHs PH 3aidicHioBatn no3yBanHsM KOH, a pery-  rHyTHil 332 paXyHOK BHKJTIOUCHHS IIOOTIHIX IPOLIECIB.
moBaHHs H, no3yBanHsM nepokcuay rigporeHy H2O», mio
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Improvement of the technology of extracting iodine from water systems
N. M. Korchyk, N. M. Bydenkova, O. A. Prorok
Abstract. lodine extraction technology out of accompanying water in oil extraction sites as well as various leaches being analyze by means of
system analysis. There were established optimal parameters (pH, Eh, rHz) for every stage of technological process based on potentiometric
method of analysis. They decrease the cost of the final product. High iodine extraction effect gained due to elimination of side processes. The
technology of iodine extracting from contiguous water at oil extraction sites and technological parameters being analyze using a system analysis
of existing technologies. It has proved that the evaluation of the oxidation-reduction equilibrium of the system in iodine extraction technologies
by the values of Eh and rHz could been carried out only with the same pH values. The optimum parameters (pH, Eh, rH2) have been establishing
at each stage of the technological process using the potentiometric method of analysis, which decrease the cost of the final product. High iodine
extraction effect gained due to elimination of side processes.

Keywords: extraction, system analysis, oxidation, electrolyze, pH-index, redox potential.
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AnnoTtamus. [IpuBeneHa oleHka BIMSHHA crioco0a CeHCHOMIN3AMU SMYJILCHOHHBIX BB Ha Ge30macHOCTh MpUMeHeHHs B IHPUTCO-
neprkanyx nopoaax. ChopmyarpoBaHsl 6a30Bble IPUHILIUIEI CO3JaHUS 3MYIbCHOHHBIX BB, ¢ MakcuManeHOM 0€30MacHOCTIO MPH-
MEHEHUs B CyNb(HUICOAEPIKAIHIX TOPOAAX, KOTOPBIE UCKIFOYAIOT: HCHOJIb30BaHNE HUTPUTHOM ra30TeHepaIK IPH CEHCUOMIN3aluH
9MYJIbCHOHHBIX MaTpull BB, cHmkenne pH cuctemsl U BKIItoueHHs rpaHys amMmuadHoi cenutpbl wnn AH®O. Ilokazana 6e3omac-
HOCTb IIPHMEHEHUs B MOPOJax, COAEP KaIUX MUPHUT, SMYIbCUOHHBIX BB ¢ mepokcuaHbIM criocoOOM rasoreHeparuu ciadomuienoy-

HBIX OMYJIbCHH.

Knrouegwie cnosa: IMYJIbCUOHHOE 83pbleUamoe seujecmeo, nupum, 5630n(lCHOCmb, CEHCM6MJI1/{3(114M}I.

Brenenne. V3BecTHO, YTO KOHTAKT IMUPUTA U MUPPOTUHA
C 3IMYJIbCHOHHBIMU B3pBIBYaTBEIMK BemecTBamu (OBB)
MOJKET NPUBECTH K HECAHKIIMOHMPOBAHHOMY pa3JIoxke-
HUIO CKBRXHHHBIX M IINYpOBBIX 3apsanoB. Ilpu stom
arpecCHBHBIMU CYHTAIOTCSI OOBOJHEHHBIE MOPOJBI, CO-
nepxamie 6omee 20 % cympdumHol cepbl ¢ pH ckBa-
*UHHBIX Box Menee 2,5 [1]. Onnako, 3auKCHpOBaHbBI
ciaydau caMopa3orpeBa U pasiiokeHus 3apsgoB OBB B
CyXHX cKBaXnHax KpusOacca npu conepskanuu cepsl 2,1-
3,2 % macc. HemocraTouHast TOYHOCTB ITPOTHO3HPOBAHUS
noBeaeHns BB B cynpdumHbIX moponax mo mpabopaTtop-
HBIM HCIIBITAHUSAM CBSI3aHA, OYEBHJHO, C AKTHBHOCTBIO
pa3NUuHBIX O00pa3lOB IHPHUTCOACPNKALIMX IOPOA WU
nopomka nuputa [1]. Ucxons u3 storo, obecreueHue
0€30MacHOCTH NPHUMEHEHHS OMYJIbCHOHHBIX CHUCTEM
JIOJDKHO 0a3upoBaThCsl HE HAa MPEAOTBPALICHUH B3aHMO-
neiicteus BB ¢ muputoM, a Ha pa3paboTke HMCXOJHBIX
NPUHLIUIOB co3lanusi MHANGGepeHTHIX K nuputy BB
[2].

Kparkuii 0630p nmyOauxaumii no teme. IlpuunHoii
XMMHYECKHX M TEPMHUYECKHX IIPOIECCOB B CKBAXHMHAX
KeJe3HBIX pyIHUKOB KpuBbOacca SIBISIFOTCS TEXHOTCHHO-
AKTHBHU3MPOBAHHBIE TPUPOAHBIC SIBJICHNUS, TPOHCXOASAIINE
B KOpE€ BBIBETPHBAHUS JKEJIE3UCTHIX M BMEINAIOIIUX T'Op-
HBIX TIopoJ. HanbonpInyto HHTEHCHBHOCTh OHH HMEIOT B
30HaX KOHTaKTa >XeJIe30pyIHOW APTEMOBCKOW CBHUTHI H
noJcTUiaromeil ee 3eIeHOPEYSHCKUH CBHUTBI, OTHOCS-
IUXCAd K HWXKHENPOTEPO30MCKON HHIYJIO-UHIYJIELKON
cepuu.

CornacHO pe3ynbTaTaM MHOT'OYHCICHHBIX HATYPHBIX U
9KCIEPUMEHTAIBHBIX HCCIIEA0BaHUM, 00001IeHHbIX B [3],
OKHCIICHHE MUPHUTAa U MHUPPOTHHA MPEACTaBIsIET COOOH
KOMIUIEKC XUMUYECKUX 1 OMOTCOXNMHYECKUX MPOLIECCOB.

OxucneHne NOBEPXHOCTH BKIIIOYEHUI MUpUTa NpU KO-
HTAaKTe C BO3AYXOM (TIpHM YBJIQXHEHHH) pEaln3yercs B
TPH CTaJIUU:

2H,0 + 70, + 2FeS; = 2FeS0O4 + 2H,S04, (1)

4FeSO4 + Oy + 2H,S0,4 = 2Fe2(SO4)3 + 2H,0, (2)

FeS; + 7Fe; (SO4)3 + 8H20 = 15FeSO4 + 8H2S0a. (3)

IIpu 3TOM cunTaercs, 9TO MEPBHIE ABE PEAKIIUH MOTYT
JIOTIOJTHUTEIHHO KaTalTN3UPOBATHCS ME30(MIBHBIMU THO-
HOoBEIMH Oaktepmsimu Buaa Thiobacillus ferrooxidans,
KOTOpPBIE OOBIYHO CYIIECTBYIOT B OTBAJAX ITyCTBIX MOPOJ
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U JIPEHAXXHBIX BoJlaX. IHTEHCUBHOCTh OKUCIICHHSI TUPHUTA
ompenernsieTcs, B OCHOBHOM, peakitueii (3).

Kpome Toro, ¢akTtopoMm, YyCKOPSIOIIMM IPOLECCHI
OKHCJICHHsI BKIIIOYEHHH MUPUTA MOJIEKYJSIPHBIM KHCIIO-
pPOIOM SBJIAETCS HalW4KMe KaTalu3aTopoB, B KauyecTBe
KOTOPBIX MOTYT BBICTYNAaTh HOHBI, CIIOCOOHBIE M3MEHSIThH
CTENECHb OKUCIICHMS B NPHUCYTCTBHU KHCIOpPOJa, HANpH-
mep - Fe3*, Cu?* . T.e., obpasyromuecs IpU OKUCIECHUS
MHUPHTA PacTBOPUMBIC CyIb(aThl xene3a (peakuuu 1-3),
SIBISIFOTCSL  KaTaJln3aTopaMH TpaHC(HOpPMAaIn  PyTHBIX
BKIIIOUCHHUH NHpHTA, OOecreunBas HMUKIMYECKHH caMo-
yckopsitomuiicss mponecc. Takxke 3ddexkTHBHBIMU KaTa-
JIM3aTOPaMU OKHCJICHHsI TIOBEPXHOCTH IHPUTa MOTYT
CITY)KHTh OKCHJIbI a30Ta ¥ MPOJYKTHI X TpaHchopMmanuu
B BOJHBIX pacTBOpax (B TOM 4YHCIIE HUTpPAT ¥ HUTPHUT
HOHBI).

IMupporna (FeogsS), KOTOPHIH I ympoIieHus 000-
3HaunM FeS, crocobeH pacTBOpATHCS B CEPHON KHCIOTE,
oOpasyrometics o peaxiw (3), MO0 B KHCIIBIX IPEHAX-
HBIX BOJIaX:

FeS + H,SO4 = FeSO4 + HS, (4)

W CTAHOBUTCS JOIOJIHUTENBHBIM HCTOYHUKOM ep-
pyMm(Il) cynbdara, KOTOpBIil MOCIE OKUCIICHUS] KaTallu3H-
PYET BbIlIEIaYMBaHKs TUPHTA.

Ha camoM  pmene, IOPOAYKTBI  OKHMCIUTENIBHO-
BOCCTaHOBHUTEJIBHBIX IIPOLECCOB C YYacTHEM SHJIOT€HHO-
ro IUPHUTA TPYIHO IPEACKa3yeMbl, MOCKOJbKY Ha MpO-
HecC BIMAIOT Takue (akTopsl kKak pH, 1ocTynHOCTh KHC-
JIOpo/ia, CTENEeHb YBJIAXHEHHS, CPOK KOHTAKTa C KHCIO-
pOJIOM, HAJIMYWE KOHTAKTa C IOPOJaMH OPTraHHYECKOTO
TeHe3Hca ¥ TOMY 10100Hoe.

[TapameTpsl, KOTOpble MOOWIM3YIOT U MHTEHCH(UIIH-
PYIOT OKHCIIMTEIILHO-BOCCTAaHOBHUTEIILHBIE MPOLECCHI MPH
koHTakTe OBB ¢ mmpuTcomepKammMHu TMOpOJaMH, B
HaCTosIIee BpeMs OKOHYATEIhHO He ompenesneHsl. OnHa-
KO, HAKOIJIEHHBIM HEraTUBHBIN ONBIT ABAPUHHBIX CIIydacB
MTO3BOJISIET ONpPENeINTh Hanbojiee 3HAYMMBbIE (DAKTOPEI
ONIACHOCTH CaMOpPa3lIokKeHUs HUTpaTHbIX BB B nuputco-
Jep KaIiX MOpoJax: CoAepKaHNne YHIOTEHHOTO HPHUTA B
TIopozie, TEMIIepaTypa rOPHOIO MacCHBa U TEXHOJIOTHYE-
CKasl TemIiepaTypa 3apsbkanus BB, kucnotHocTs M cocras
pyaHndHOH Bonbl. OnHAaKO, COTJIACOBAHHOTO MHEHHMS
cpeau HcclienoBaTesed M0 KOHIEHTPAIlMOHHBIM IIpefe-
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JlaM OIACHOTO COJEpXaHUSA MUPUTA UM TEMIIEPATypPHBIX
rpanul Oe3onacHoro npuMeHenus BB, B niureparype Her.

Jonrue roabl cyMTANOCh, YTO NMPOOJIEeMa 3HIOT€HHBIX
MO’KapoB U CaMOpPa3NIoKeHUsT HUTpaTHBIX BB kacaetcs
TOJIbKO PYIHHMKOB IIBETHBIX METAJIOB, XapaKTepHU3YIO-
IIAXCSl BBICOKUM coJiepkaHueM cynbdunos. Ho muput n
IMUPPOTHH, B BHUJE BKPAIUICHUH, MOXKET BCTPEUATHCS BO
MHOTHMX MarMaTHYeCKHX IOpoJax, M IIHPOKO pPacHpo-
CTpaHEH B THIPOTEPMAIBHBIX MECTOPOXKICHUSAX Py
MPAaKTHYECKN BCEX THUIIOB, B OCAJ0YHBIX IMOPOJAX M IMOY-
Bax [5,6]. Ilpupomnseie cymbhuapl (THPHUT, MapKasuT,
XaIBKOMUPHT, TANCHUT W T.JA.) MPUCYTCTBYIOT B BHAE
BKJIIOYCHUH, TNpPAaKTHUYECKHM BO BCEX TOPHBIX IOPOAAX
KpuBopoxckoro 6acceiiHa. JTo Kacaercsi pa3padaTbiBae-
MbIX nopop kapeepamu HOxnoro I'OKa (B porosukax
mnacta K42X), LentpansHoro I'OKa (mmacter K22K,
K25XK wu K26)K) u HWarynenkoro I'OKa (xBapu-
MIUPHUTOBBIC JKHUJIH), TOJ3EMHBIMU pyJHUKaMH. Cynb(uipt
AnHOBckoro Mectopoxkaerus Ceseproro ['OKa mpen-
CTaBJIECHBl B OCHOBHOM ITUPUTOM M, B MEHbBILICH CTENECHU
XaJbKOIMPUTOM M MHUPpPOTHHOM. ComepkaHue 3THX MH-
HEpaJioB B XKEJIE3MCTHIX KBapIUTax KoyeOiercs oT 2 1o
5% wmacc. Cynpdunas! (B OCHOBHOM ITHPUT) paclpocTpa-
HEHBI BO BCEX Pa3HOBUIHOCTAX MOPOJ, Pa3padaThIBaeMbIX
kapbepom [lonraBckoro 'OKa. Copepxanue cynbdua-
HOM cephbl B pyJax M BCKPBILITHBIX MOpoJax KojedaeTcs oT
1,0 mo 40,3% macc, mpudeM HauOOJbIIECE KOJHYECTBO
nupuTa HabmogaeTcs B pynax riacta K24. Cymiectsen-
HBIM (haKTOpOM, KOTOPBIII HE BCErla YYUTHIBAIOT MNpPHU
OIIEHKE COJEpKaHMs MHPHUTA B MOPOJIE, ABIIETCS cenapa-
IIMOHHOE ¥ TPaBHTAIMOHHOE OOOTalleHNe IuIaMa IHPH-
TOM, YTO IPOMCXOIUT NpH OypeHNH cKBaxxwH. PeanbpHoe
coJep)KaHNe MHPHUTa B OYpOBOM IITaME HA JHE CKBaXH-
HBI MOXET OBITh B HECKOJIBKO pa3 BBIIIE, YeM ONpEeIICH-
HOE T'e0JIOTHYECKOH pa3BeqKOl B TOPHOM MAacCHBE.

Takum o06pazoMm, mpoOieMa co3maHUs OE30MaCHbIX,
OTHOCHUTEIIFHO MHHEPAJIBHOTO IHPHUTA, 3MYJIbCHOHHBIX
BB, upes3BbluaiiHO akTyajdbHa W B Ciy4dae pa3paboTKu
PYABI C HU3KHUM COJIEpKaHHEM CYIb(QHIOB.

Heab. OleHKa BIMSHUSA CIOco0a CEHCHOMIM3AIUU
SMyJIbCHOHHEIX BB Ha 0e30macHOCTh NpHUMEHEHHS B
UpHUTCOAep)Kamux rnopoaax. Ormpenenenue 0a30BBIX
NIPUHIOUIIOB CO3J[aHUsl 3MYJIbCHOHHBIX BB, He dyBcTBH-
TEJILHBIX K JHIOTEHHBIM BKJIIOYEHUSIM ITHPHUTA TOPHBIX
TIOPOI.

Marepuanbl U MeToAbl. TepMUUECKHUI aHANU3 OCY-
IIECTBISUTM C TOMOIIBIO YCTaHOBKH ISt IU(QepeHIn-
anpHO-TepMudeckoro anammza TERMOSKAN-2 (HIIII
«Ananutnpubopy», r. Caskr-IlerepOypr) mpu cKOpocTH
passeptku 20 rpaa/mMuH. ['a30BbIi aHANH3 OCYIIECTBISLIN
¢ TIOMOIIBIO Ta30aHa3aTopa-curHanusaTopa Jozop-CM
(HITIO «Opuon», r. XapskoB). TemnepaTypy mpu TepMo-
cratupoBannu DOBB KoHTponmpoBamm ¢ mOMOIIBIO Tep-
Momapsl 1 Mynetumerpa UNM161C, KoMMyTHpOBaHHO-
ro ¢ [I9BM. [ns uccienoBaHU UCIOJIB30BaH H3MEIhb-
YEeHHBIH Ha BO3JyXe NPUPOJHBIN MUPUT MOJUPPaKIMOH-
HOT'O COCTaBa, IUCIEPCHOCTHIO 44-74 MKM.

PesyabTaThel m ux odcyxnenue. J(ucnepcHoit dazoit
OonbIIMHCTBA AMYNIbCHOHHBIX BB [7] sBisiercs 80-85%
Macc. pactBop ammuadyHor cenutpbi(AC), uyTo 0obOycias-
JIMBAET BBICOKYIO TEXHOJOTMYECKYIO TEMIIEpaTypy H3ro-
TOBJIEHUsI U AanbpHeiiero npumeHeHus BB. Ilpombi-
JIieHHBbIe SMyibcHoHHbIE BB Ha ocHoBe pactBopa AC
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3aKauMBAIOTCA B CKBaXHHY IIpu Temmeparype 80 + 10°C.
Kpome toro, anst yBenmueHus! TEIUIOTHI B3phIBa (3a cUeT
(OpPMaNBEHOTO CHIDKEHHMS YAEIBHOTO COAEP)KaHUs BOJBI),
B oMynbcHOHHYI0 BB nobGasmsror or 10 mo 40% mace
rpanymupoBanHoi AC ninu AH®O. Bricoxas temnepa-
Typa IpUMEHEHHUS U HaJIumgue B coctaBe DBB rpanymmpo-
BaHHOM aMMHAYHON CENUTPHI SIBISIFOTCS OCHOBHBIMH
(akTOpaMH ONACHOCTH HEKOHTPOJIHPYEMBIX pEaKkIni c
9H/IOTCHHBIM ITUPUTOM.

Vcnonp3oBanne B cOCTaBe AUCIEPCHOU (a3l IMYIb-
CHOHHBIX MaTpull BB OuMHapHBIX pacTBOpPOB aMMHadHON
1 KaJbIIMEBON MM HATPUEBOM CENUTP MO3BOJISAET CHU3UThH
TemIneparypy npuMeHerus OBB.

PaccmarpuBas BiusiHHE crioco0a MOBBIILICHUS IETOHA-
LMOHHOW YYBCTBUTEJIBHOCTH OMYJILCHOHHBIX MAaTpHIl
(cencubummsaumss  OBB), cremyer ormeTHTh, UTO
HauOOJBIIYIO ONAaCHOCTh NpencTaBiIfoT BB ¢ «kimaccu-
YECKOI» HUTPUTHOM rasoreHepauuei, KoTopas B HacTO-
sIee BpeMs SIBISIETCS HauOoJee pacnpoCTPaHEHHBIM B
MHPOBOU IPAKTHKE CIIOCOOOM CEHCHOMIM3AIIH [ 7].

TexHOMOrHS HUTPUTHON CEHCHOMIM3AIMK ITIpeIoa-
raeT CMEIICHHE MaJOYyBCTBUTEIBHON 3MYIbCHOHHON
MaTpHIsl C BOAHBIMH pAacTBOPAMH HATPUHA HHUTPUTA, B
pe3yibTaTe 4ero 3MYJbCHS HACBIIACTCS MHKPOIY3bIph-
KaMH raza, oOpa3ylioLMHUCS B PE3yJbTaTe PEJOKC Mpo-
LIECCOB B 3MYJIBCHOHHOI cucteme. OnHaKo, peaau3anus
TaKoro criocoba BO3MOXHA JIMIIb NPHU TeMIlepaTypax He
nuxe 60°C u pH=2,0-2,5 [7], uTo mpemycMaTpuBaeT J10-
MIOJTHUTEIbHOE BBEJCHUE B 3MYJBCHIO PA3JIMYHBIX HEOP-
TaHUYECKUX WJIM OPraHMYEeCKHUX KHUCIOT U COOJII0ICHHE
BBICOKOTEMIIEPAaTypPHOT'O PeXKHUMa.

[Ipumenenue smynbcHOHHBIX BB ¢ Takoil KuciaoTHO-
CTBIO B NMHUPUTCOJICPXKAIINX MOPOJAX CIIOCOOHO MHMIMH-
poBaTh KOMILIEKC peakiuii (5-7). A3oTHas kuciota obpa-
3yeTcsi B CHCTEME B JOCTATOYHOM KOJIMYECTBE 3a CUET
OOMEHHBIX peaKkuuil M YaCTHYHOTO Pa3lIOKEHHUS aMMHuad-
HOH cenuTphl.

3FeS; + 12HNO3 = 3FeSO4 + 12NO + 3S0; + 6H20;

(4GP28=-2275,2 x/loic, AH® 295= -1685,13 x/loxc), (5)

3FeS; + 14HNO3 = 3FeSO4 + 14NO +3H,S04 +4H:20;

(4GC205=-2636,9 x/lorc, AHC 295= -2136,22 r/Jorc) (6)

3FeS; + 8HNO3 =6S0; + Fe304 + 4NO + 2N; + 4H,0;

(4GP98=-2270,2 x[Jorc, AHP 20= -1760,61 x/forc) (7)

TepmoHaMuYIecKHe mapaMerpsl peakimii (5-7) cBu-
JETEeIbCTBYIOT O BO3MOXHOCTH CaMOIIPOU3BOJIEHOTO
HPOXOKACHUS mporecca. [Ipu 3ToM BBIIENAEMOTO TeIua,
JIOCTaTOYHO, YTOOBI 00eCIeynTh 00pa3oBaHUe JIOKATIBHBIX
TOYEK pa3orpeBa B CHUCTEME W WHUIMHPOBATH AECTPYK-
uuto OBB 1o MexaHu3My TemjaoBOro B3phIBa.

Kpome TOTO, Hammume B CHCTEME HHUTPHUT-HOHOB M
HNO., koTopast 00pa3yeTcs B CHCTEME 32 CUET OOMEHHBIX
peakunuii B KHCIOH cpene, OKa3blBaeT KaTaJUTHYECKOE
JIeUCTBUE Ha OKHCIIeHHe muppotuHa [3,4], KoTopbIit Bee-
I1a COIPOBOXKAAET YHAOIeHHbIN nuput. [Ipu 3TOM, yun-
ThIBasl peaim3anuio peakiuii (1-3), Ha TOBEPXHOCTH MH-
Hepajia MOTYT POUCXOIUTE peakimu [3]:

2FeS0O4 + Oz +2HNO; + H2S04 = Fey(SO4)3 +2NO;
+2H,0, (8)

H2S + Fey(SO4)3 =2FeSO4 + S + H2S04 . (9)

Oo6pasyromasics HNO;, sBnsieTcs Takke HCTOYHHKOM
NO; u NO, xoTOpble JONOJHUTEIEHO YCKOPSIIOT OKHCIIe-
nue unoHoB Qeppyma(ll) 3a cyer oOpazoBaHUsT HHUTpO-
3WIBHOTO KOMIUIeKca [8] M peann3anyy OUKIMYECKOTO



nporecca (peakiu 10-12):

2 [Fe(NO)1?*+0; (somn) = 2 Fe3* +2NO; ", (10)

2 Fe?* +2NO; +2H* = Fe®* +2NOom) + H20 , (11)

NOGom) + Fe*" = [Fe(NO)J*", (12)

Vcnonp3oBanne BTOPOro IO PacHpOCTPAHEHHOCTH
crocoba ceHCMOWIN3aluu — BBEJCHUE B OMYJIbCHOHHYIO
MaTpHIly MOJBIX MHKpoOc(ep, MO3BOISIET M3TOTaBIUBATH
BB Ha «x05101HOI» 3MYNbCHH M HE TpeOyeT CHIIKCHUS
pH cucremsr. KucnorHocts Takmx DBB 00brdHO Haxo-
mutea B npenenax pH = 4,0-5,0, aTo obycnoBneHo run-
pommsom NH4NO3 [1,2]. T.e. cencubmmmzamus OBB ¢
MIOMOIIBI0 MHUKpocdep AonKHAa olecrmednBars Ooee
BBICOKHI ypOBEHb 0€301MacHOCTH B CYNb(UAHBIX ITOPO-
Jax.

Jl71sl OIIeHKN 4yBCTBUTEIBHOCTH K arpeCCHBHOMY BO3-
JIEHCTBUIO IIUPUTA 3MYJIbCUOHHBIX BB, KoTOpBIE mpous-
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BOJUTEISIMU JICKJIAPUPYIOTCSl Kak Oe30MacHble B CyJlb-
(GUIHBIX TOponax, ObUIM NPOBEAEHBI COOTBETCTBYIOILUE
TepMHUYeCKUe UchbITaHus (Tadmn. 1-2).

Kak BumHO M3 nmanHbIX TaOnm. 1, gaxke B ciyuac OBB
Mapku @optuc-C, KOTOpBII comepkaT KapOaMHJ Kak
MHTHOUTOp MHpPUTA, HAOMIOAAETCS MHTCHCUBHOE BBIZCTC-
HHE Ta30B, YTO CBUAETEIBCTBYET O XUMHIECKOM B3aHMO-
JeiCcTBUM ¢ MUpUTOM. HauMmeHsplel akTUBHOCTBIO OTHO-
CUTEJIPHO NHpPUTAa O0JIafacT 3MyJbCcHs Mapku ToBaH ¢
Oonee BBICOKMM 3HaueHHeM pH, ongHako mosrydeHHOE
MIPEUMYIIECTBO TIOJHOCTBIO HHUBEIHPYETCS B Ipolecce
MIPUTOTOBJICHUSI M3 3MYJbCHU B3PHIBYATOIO BEIECTBA
Toan-60 (tabm.2) , comepxkamero 60:% macc. cTexuo-
METPUYECKOH CMECH aMMHMA4YHOW CEJIMTPhl M TOIUIMBA
(AH®O).

Tabauua 1- [a30BbLIeTeHIE OPH KOHTAKTe dMYJIbCHOHHEIX MaTpHil BB ¢ 5 % macc. muputa (40°C)

MapKa sMyTsCHOHHOR MaTprp BB KagectBennslit coctas|pH KonmdecTBo ra3oB , MI/Kr
JIMCTIEPCHOH (a3bl smyabenn [NO NO2 H2S
®Dopruc (Orica, CIIIA-Asctpanus)  |[NH4NO3 2,0-25 107,95 (49,34 94,41
Dopruc-C (Orica, CHIA-Ascrpanus)|NH4NOs (+ xapbamun) |2,0-3,0 89,47 |0 24,49
Emonut (Ykpanna) NHsNO3/NaNO3 2,0-25 (108,42 (39,06 (93,12
Togan (ETI, Kanana) NH4NOs/NaNOs 4,0-50 [17,48 (21,96 [13,95

Tabauna 2 —Pe3yinbTaThl B3auMOAEHCTBUS ceHcuOmIM3npoBanHEbex DOBB ¢ mupurom (40 °C)

SBB Tun Coneprxanne AC wn| Kommgectso razos , mr/kr BB
cencubummsanuu| AH®DO, % macc. NO NO2 | H2S | SO2
Dopruc 80 HUTpPUTHAs 20 128,52 (70,60 |52,11 (2,75
®Dopruc-C-80 |HuTpHTHAS 20 95,75 (10,06 (19,94 |0
Tosau-60 MHKpOchepbl 40 153,53(129,91|7,68 |0
Emonit H-100 |HuTpuTHas 0 110,00(38,06 |90,24 |0

HanmeHblieli aKTHBHOCTBIO OTHOCHTENIBHO ITHPUTA
obnagaeT sMynbcHs Mapku ToBaH ¢ Goyee BHICOKHM 3Ha-
yeHHeM pH, ofHAaKoO MOJTydYeHHOE MPEUMYIIECTBO MOJIHO-
CThIO HUBCIIUPYETCA B IMPOLUECCCC MOJTYUCHUSA U3 SMYJIbCUN
B3pBIBUATOr0 BellecTBa Tabn.2 , comepxkaiiero 60: cre-

40,

Al
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304 \

) ) ) ) 'T‘uc
50 100 150 200 250 300 350 400 450

0

a

XHOMETPUYECKOW CMECH aMMHA4HOI CEUTPHI U TOIUIMBA
(AH®O). Tlony4eHHBIC pe3ynbTaThl OBLTH ITOATBEPKIC-
HBl JaHHBIMH T (epeHINaIbHO-TePMHICCKIM aHaTIH3a
(ATA) — puc.1

Pucynok 1. Tepmudeckoe moseaerne DBB mapok: a — Toau-:60; 6 — ®optic C-80 ; ¢ —Yxpaunut-I1T1-2 (kpusas 1 — OBB; kpusas
2 -DBB+5%mmputa).

Ha ocHOBe BHINIONHEHHBIX HCCIeIOBaHUH ObLTH cop-
MYJHPOBAHBI OCHOBHBIE TPeOOBaHMSA K AMYIbCHOHHBIM
BB s 6e30macHOTO MPUMEHEHHS B TOPHBIX IMOPOAAX,
COJIEpIKaIUX DH/IOTE€HHBIM UPUT:

1) smynbcroHHass Marpuiia 1 OBB 10mkHBEI nMeTh
HEHTpabHYI0 WiIH ciaboimenounyo peakiuio (pH=7,0-
8,5);

2) cencubunmzaimsa OBB nomkeH HCKIIOYaTh MpUMe-
HEHHE HATPUIA HUTPUTA,

3) OBB He DOMWKHBI COAEpKATh JOOABOK IPaHYIUPO-
BanHOU AC w/mmn AH®O.

Bazupysce Ha chopMyITUpOBaHHBIX MPUHIIHUIAX, OBLIO
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pa3paborano OBB mapku Ykpawnrut-I1I1-2, smMynbcruoH-
Has MaTpuma kortoporo nmeetr pH=7,2-8,5, cogepkuT Kak
pETYJIATOp KHCIOTHOCTH JENPECCOpbl NUPHUTA, a CCHCH-
Ounn3anys OCYIIECTBISIETCS CMEIICHUEM 3MYJIbCHOHHOMN
MaTpUIEl ¢ BOTHBIMH PAacTBOPAMH MEPOKCHIA BOJOPOJA.
ITonyuennoe BB xapakrepusyercs BBICOKUM YpPOBHEM
nHAAGD(HEPEHTHOCTH 1O OTHOMICHHIO K aKTHUBHUPOBAHHBIM
o0pasiaM OKHCIeHHOro nupHTa (puc. 1-B), 4TO MOATBEp-
JKAeTCsl TaKKe OTCYTCTBHEM Ta3OBBLAEICHUS IIPHU BBI-
JEpAKKE B CMECH C TIMPUTOM B TeueHUe 48 4acos.
BeiBoabl. bezonacHOCTh IPUMEHEHUS IMYJIBCUOHHBIX
CHCTEM B MOPOJAX, COJEpXKAIUX SHIOTCHHBIA MHPHUT,



MOXeT ObITh oOecredeHa NpH YCJIOBUHM HCIOJIb30BaHUS
CnaboMEeNOYHbIX ~ IMYJIBCHH,  CEHCHOWJIM3UPOBAaHHBIX
MHUKpoc(hepaMu WIN MEPOKCHIHBIMU CEHCHOMIM3aTopa-
Mu. Conep:kaHue TpaHyJIUPOBAHHOM aMMHAuHON CENIUT-
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PbI W/WIN €€ CTCXUOMCETPUICCKUX CMecel ¢ TOILUIMBOM B
COCTaBC 5MYJIbCUOHHBIX BB, NPUMCHSACMBIX B CyﬂL(l)I/II[-
HbIX TOpOoJax, HEAOIMYCTUMO.
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Ensuring the safety of the use of bulk emulsion explosives in sulphide rocks

l. L. Kovalenko, D. V. Shevchik, V. L. Kovalenko

Abstract. The impact of the use of emulsion explosives on the safety of use in pyrite-containing rocks has been evaluated. The basic
principles of creating emulsion explosives are defined, with the maximum safety of application in sulfide-containing rocks which
exclude applications of nitrite gas generation at sensitization of emulsion matrixes of explosive substances, reduction the pH of the
system and inclusions granules of ammonium nitrate or ANFO. Safety of use of emulsion explosives with peroxide way of gas gen-
eration of alkalescent emulsions in the rocks containing pyrite is shown.

Keywords: emulsion explosive, pyrite, safety, sensitization.
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AunHoTanus. B paGore npoBeieH CpaBHUTEIBHBINA aHAN3 CETed MOOWIBHOW CBSI3U YE€TBEPTOTO M IISITOTO MOKOJIeHHs. PaccMarpuBa-
FOTCSI TEOPETUYECKUE U IPAKTHYECKUE OCOOCHHOCTH BBIOOpA MPEAIOYTUTEILHOM TEXHOIOTUH MOOIILHOM CBSA3H C YY4ETOM COBOKYII-
HOCTH TIOKa3aTeNeil KauecTBa Ha OCHOBE METOJIa aHAIM3a HEPAPXUiL.

Knrouesvle cnoea: mnocokpumepuansbhblii 66160p, Memoo aHAIU3A Uepapxull, namoe NoKoIeHue MOOUTLHOU C83U, NoKa3amenu

Kadecmed.

Beenenue. BriOop onTHMAanbHBIX CPEACTB TEIEKOMMY-
HHUKaIUi ¢ y4eTOM HNPOTHBOPEUMBBIX MMOKa3aTeNeH Kade-
CTBa OmIpeneNseT He0OOXOIUMOCTh NMPUMEHEHHS METOIOB
MHOTOKPUTEpPUAIBHON ONTHMHU3aLMU. Pemienue Ttakoi
3aauul ABIAETCA AOCTATOYHO CIIOXKHOHM IpoOIeMoit nake
C YUCTO MaTeMaTHYeCKOW TOUKM 3peHus. OnHako mocie
cBoero ()OpMaibHOTO PELICHUs ¥ MOIyYeHNUEe MOAMHOXKE-
ctBa aQdekruHbix ([lapero-onTUManbHBIX) BapHaHTOB
ocTaeTcss HEoO0XOIUMOCTh (HOPMAIM30BaHHOIO BBHIOOPA
€AMHCTBEHHOTO KOMIIPOMHCCHOTO pEIICHHS C Y4eTOM
JIOTIOJTHUTENbHOW CyOBEeKTHBHOM WH(OPMAIMU, MOCTY-
MAfOIIEeH OT SKCIEPTOB.

Just 3THX meseil MoryT OBITH NIPUMEHEHBI pa3HbIE Me-
TOIBI, OJHMM M3 KOTOPBIX SBJISICTCS METOZ aHAIH3a
uepapxuit (MAN).

Kparkuii 0630p ny6aukanuii mo reme. B pabore [1]
pPaccMOTpPEHB! OCOOCHHOCTH pelICHHUs 3aJad MHOTOKpH-
TEpUAIILHOM  onTuMu3alMud. PaccMOTpeHbl  METOJbI
HaXOXXJCHUS TOJAMHOXecTBa IlapeTro-onTHMalbHBIX Ba-
PHAHTOB CHCTEMBI C YYETOM COBOKYIHOCTH ITOKa3aTeneit
Ka4ecTBa, a TaKKe BEIOOpa cpean HUX
MIPEATIOYTUTENHHOTO BapuaHTa. bbuti nmpoBeneHsl nccie-
noBaHMs 3(G(HEKTUBHOCTH METOJIOB BHIOOpa IPEIIOYTH-
TEJIFHOTO TIPOEKTHOTO BapHaHTa CHCTEMBI HA OCHOBE TEO-
PHH TIOJIE3HOCTH, TEOPHU PA3MbITBIX MHOKECTB M METOZA
aHanusa uepapxuil [2]. IloayyeHo, 4To /Ui peleHus mno-
CTaBJICHHON 3aJaud paIMoOHAJBHO HCIOJIB30BATh METOX
aHanu3a uepapxuit (MAI), koTopslif mOgPOOHO OMKCaH B
pa6ore [3]. B pabore [4] paccMaTpUBaeTCsS TEXHOJIOTHS
IATOrO TOKoJeHusl. B pabote [5] paccMoTpeHbl 0COOEH-
HOCTH TIPHMEHEHHs METOAa aHaju3a HepapXuil mpu
BbIOOpE MPEAIOYTUTEIFHOIO BAPHAHTa C YYETOM COBOKY-
ITHOCTH TIOKa3aTesieil KadecTBa Uil pasHbIX THUIIOB
CPEICTB TeleKOMMYHHKanuid. OHAKO HE MOKa3aHbl 0CO-
OEHHOCTH peIIeHHs 3TOW 3ajadMl Al ciydas BbIOOpa
NIPEATIOYTUTENHFHOTO BapHaHTa ceTell MOOMJIBHOW CBS3M
ISATOrO TTOKOJICHHUS.

Heaw. [TpoBecTn ananmu3 ceTeit MOOMITBHON CBSI3U YeET-
BEPTOTO U IIATOTO TOKOJICHUS W TIPHIMEHEHHsS MeToja
aHaJN3a MepapXuil IpH BEIOOpE MPEANIOYTHTENHHOTO Ba-
puaHTa ceTeil MOOMIIBHOTO CBSI3M C y4ETOM COBOKYIIHO-
CTH TEXHUKO-?KOHOMHUYECKUX MOKa3aTenei KauecTna.

AHanu3 ceTell MOOMJILHOM CBSI3M 4YeTBEPTOro M Isi-
TOT0 MOKoJIeHUs. J[I1 CpaBHUTENBHOrO aHaiM3a ObLIM
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BEIOpDAaHBl CIIEAYIONINE TEXHOJIOTHH MOOWIBHOH CBS3H
gerBepToro u naroro mokonerns: WiMAX, LTE u 5g.

Cetn MOOWMITLHOM CBSI3U c TEXHOJIOTHEH
WiMAX(penu3 1.5) mpenHazHaueHbl AJsl IpeNOCTaBiie-
HUSI CEPBUCOB KaK HEMOIBWXHBIM, TaK U TMOABMKHBIM
nojp3oBaressiM. MoOwnbHeii WIMAX  moanep:xuBaer
nMpuHy kaHana o 20 MI'm, xak yacToTHOe, Tak U Bpe-
MEHHOE MAyIUIeKCUpoBaHus. Ero wuactoTHeie mnpoduiu
mIaHupyroTces B aumanazonax 700, 1700, 2300, 2500 u
3500 MI'u. MoGumenabii WiMAX o0ecrieunBaeT «riaf-
kyto IP - cets» (OT Kpas mo kpas) [1,4].

Cnenyromum 1marom 3somtonuu cucreM 3GPP, saBns-
torcst cuctembl Long Term Evolution (LTE). Ux otnmga-
et TtexHoioruss OFDMA B HucxomsameM kaHaine u SC-
FDMA — B BocxomsameM. Monymsamus — a0 64-QAM,
mupuHa kaHana — a0 20 MI'u, nynnekcupoanue TDD u
FDD. Ilpumenstorcs aJanTUBHbIE aHTEHHbIE CHUCTEMBI,
rubkas cetb foctyna. CeTeBas apXUTEKTypa - MOJTHOCTHIO
IP—cets. B cuctreme LTE mpuMEHSIOTCS TEXHOJOTHH H
METOJIbI, YK€ HCIOJb3yeMble B MoOuapHOM WiMAX.
Cucrembl LTE — 3710 peBomounonHoe yiydiienue 3G.
LTE mpencraenser coboit mepexon ot cucteM CDMA k
cuctemam OFDMA, a Taxxe nepexoj K MOJHOCThIO [P—
cucTeMe ¢ KOMMYHHUKalued maketoB. [loaTromy BHempe-
HHUE 3TOM TEXHOJIOTHH Ha CYMICCTBYIOIIUX CETIX MOOWIIb-
HOW CBSI3M O3Ha4aeT HEOOXOAWMOCTh HOBBIX paJHOya-
CTOTHBIX PECYpCOB IJsl TONYYCHHS MPEUMYIIECTBA OT
UPOKOTO KaHama[1].

Mob6unsHbt WIMAX mpencTaBiseT co00H TIanKkyro
IP-cetn, cets LTE cnoxnee. Eciu cetb WiMAX ocHO-
BbIBaeTcs mosiHOCThi0 Ha IP-mporokona IEEE, To cethb
LTE cnoxnee, BKiIo4aeT 60jiee MpoTOKOJIOB.

59 - 3TO mWATOE MOKOJICHWE MOOWIFHOW WHTEPHET-
CBSI3U, KOTOPOE YBEIMYUT CKOPOCTh cKaunBaHus (B 10-20
pa3) u 3arpy3Kd WHTEPHET-KOHTEHTA, PACIIUPHUT PATHYC
MMOKPBITUSL CHTHANIA U 00ecreduT 0ojiee yCTOWYHBOE CO-
enuHeHWe. TeXHOJOTUs MO3BOJHUT OoJice pPalHMOHAIBHO
HCIIONIb30BaTh JUAa30H 4YacTOT W JacT BO3MOXKHOCTH
OJTHOBPEMEHHO TOJKII0YAaTh K HHTEPHETY Topa3ao 00ib-
e MOOMIIBHBIX YCTPOMCTB.

Enunbie cranmaptel mpoTokosioB 5SG Mmoka HE yTBEp-
JKIACHBI, HO SICHO, YTO OHU HYXKJIAIOTCS BO BHEJPEHUU CO-
BEepIIEHHO HOBBIX TexHonornid. Cern craHmapra 5G
HEOOXOIMMO pa3BOpavYMBaTh B CBOOOJHBIX BBICOKOYA-
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CTOTHBIX JHMarna3oHax. [Ipy MOBBIIEHUH 4acTOTHI, Ha KO-
TOpOH mepenaercss HMHGOPMAIMs, YMEHBIIACTCS Jailb-
HOCTbH CBSI3M, @ TaK)Ke OoJiblliee 3HaYCHUE UrparoT (HU3M-
YeCKHe PEMsITCTBUS Ha IIyTH CUTHAJA. Y BEJIMUUTCS YHC-
JIO BBIIIEK COTOBOM CBSI3H, KOTOPBIE CTAHYT HIDKE K 3eMIIe
U TIepeaBaTh CHUTHAN Ha TaK HA3bIBACMbBIX MHILTIMETPO-
BBIX AMamna3oHax. TakkKe MCIONb3yeTCsl HAMHOTO OolbIie
MePEeATINKOB M TPHEMHUKOB. DTO 00ECHEYUT TOpasno
Ooiee BBICOKYIO IUIOTHOCTH HCIOJB30BaHUS ceredl. Ho
91O TpebyeT GobInux 3arpar [5].

Iloka3arenu xadecTBa pPacCMOTPEHHBIX TEXHOJIOTHH
MC HocsT KOHKypHpylomuii xapakrep. [loaromy HeoO-
XO/IMMO TIPUMEHATh METOAbl MHOTOKPUTEPHAILHOM OIl-
TUMM3AIUK JIJIsE BIOOpa TPENIOYTUTEIBHOTO BapHaHTa
TexHosoruit MC.

B Tabn. 1 npencraBieHbl UCXOAHBIE 3HAUEHHS MTOKa3a-
TeJiell KavyecTBa ISl PassIMUHBIX CTaHIAPTOB COTOBOU
CEeTH CBS3M: CIIEKTpaibHAasA () (HEeKTUBHOCTH (HUCXOISAIITIHA
KaHai) — K, , Pauyc IeUCTBHS — K ,, CKOPOCTh NEpefavn

JaHHBIX — K,

Ta6auna 1 — VcxonHble TaHHBIC JJIs1 CPABHUTEIBHOTO aHAIHM3a
ceTell MOOWJIbHOM CBSI3HM YETBEPTOTO M I1’ATOTO MOKOJICHUS

Tloka3zaTenu kauecTBa WIMAX LTE 59
Pemms 1.5

CriextpanisHast 3 PeKTrUB- 1,59 157 453

HOCTB, out/I'11/C

Panuyc nericTBus, kM 10 5 0,2

CkopocTh nepegauy JaH- 48x106 | 75x108 | 100

HBIX OUT/C

BbiOop mpeanoYTHTENbHON TEXHOJOTMH MOOHIIb-
HOMH CBSI3W MeTO/IOM aHaJM3a uepapxuii. Meros aHanu-
3a UepapXHil COCTOUT B JIEKOMITO3UIIMH NPOOIEMbI BBIOO-
pa eIMHCTBEHHOTO IIPOCKTHOTO BapHaHTa HEKOTOPOH
CHCTEMBI Ha ITPOCTHIE COCTABIISIOIINE YaCTH U TOTYICHUH
CY)XICHHH SKCIIEPTOB II0 MApHBIM CPAaBHEHUSAM Pa3In4-
HBIX 3JIEMEHTOB 1pobJemMsbl BeiOOpa [1-3].

Vposens | INoGanbblii npuopurer
(uesb BeIOGOpa)
=
I g =z
Vposets 2 25 z 2
T 3 = 5]
= 2 ) <
= = w2 =
g =2 ) = =
aE = -
z = o ==
] B g2 =
2 S £ s
C & 3 g
= £ 2
et
[ I
[ I 1
.
Yposerit 3 WiMAX LTE 5g

Pucynok 1. JlekoMIo3unus 3aa4u BEIOOpa B HEPAPXHIO TEX-
HOJIOTHH ceTeil MOOMIBHOM CBSI3U

B pesynbraTte 00paGOTKHM TMOJYYEHHBIX YHCICHHBIX
JMAHHBIX CY)KICHHU JKCIIEPTOB COMJIACHO OMNPEACICHHOM
MaTeMaTHYEeCKONU npoueaypsl MOJIy4ar0T KOMIIOHCHTBI
r100aJIbHOTO BEKTOpa IMPHOPUTETOB, KOTOPHIE XapakKTe-
PHU3YIOT IPHOPHUTETHOCTH BEHIOOpA BAPHAHTOB MPOEKTHPY-
eMOIl CHUCTEMBI H OIIPEACIIAIOT BBI60p CAUHCTBCHHOT' O
MIPOEKTHOTO BapHaHTa CHCTEMBI U3 3aJJAHHOTO MHOXKECTBA
BapuaHTOB. [IpHHIUN IEKOMIO3HMIMHU MpPEIyCMaTPUBACT
CTPYKTYPHPOBaHUE MPOOJIEMBI BEIOOpa B BHIIC HUEPAPXHU
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YPOBHEH, YTO SBISETCS IEPBHIM JTAllOM HPUMEHCHUS
MAM. TIpyHIMD CPaBHUTENBHBIX CYXKIECHUH dKCIIEPTOB B
MAMU cocrout B TOM, 4TO OOBEKTHI NMPOOIEMBI BHIOOpA
CPaBHUBAIOTCS AKCIEPTaMU MONapHO No BakHocTH. Ilo-
MIapHO CPaBHUBAIOTCSI Ba)KHOCTH PAa3HBIX BAapUAHTOB CH-
cTeM (Ha ypoBHe 3) M pa3HBIX IOKa3aTesel kadecTBa (Ha
ypoBHe 2). Pe3ympraThl mMapHBIX CpaBHEHUH 3JIEMECHTOB
TIPUBOJSITCS. K MATPHUHOI (hopme.

R
... 8.8y,

A= @
...... a......
ay...a,...8,

rac aij — OILICHKHU MMapHbIX CpaBHeHI/Iﬁ OJICMCHTOB.

JuaroHanp 3TOM MaTpuubl 3all0JIHEHA 3HAYEHUSMU
"1", a sIeMEeHTHl MaTpHIBI, JIS)KAIIHe HIDKE THArOHAJM,
3aII0JTHEHBI OOPaTHBIMH 3HAYCHUSMH.

OLEeHKH NapHBIX CPaBHEHHH 3JIEMEHTOB a, ; HAXOZATCS

C WCIIONIb30BAaHUEM CYOBEKTHBHBIX CY)KICHHH 3KCHEPTOB,
YHUCJICHHO OIpEesIeMbIX [0 UIKaJe OTHOCUTEIbHOU
Ba)KHOCTH 3JIeMeHTOB [1,2].

Janee BbIMONHSETCS HEKOTOpas 0OpadOTKa MAaTpHIL
MApHBIX CPAaBHEHUH AJIEMEHTOB HepapXuil Ha YPOBHSX 2 U
3. C mareMaTH4eCKO# TOYKH 3pEHHUS ITH 3aJadd oOpa-
OOTKH CBOJATCS K BBIYHCIICHHUIO TJIABHOT'O COOCTBEHHOTO
BEKTOpa, KOTOPBIA IOCIE ONPEAENCHHON HOPMUPOBKH
CTAaHOBHTCSI BEKTOPOM MPUOPHUTETOB AJIEMEHTOB HA COOT-
BETCTBYIOLIEM YPOBHE HEPAPXHH .

Jlns BBIYMCIICHNST BEKTOpa TIOOANBHBIX NMPHOPHUTETOB
CPaBHHMBAEMbIX BapHAHTOB CHCTEMBI BBINOJHSAETCA 00pa-
00TKa MaTpuIl MapHBIX CPaBHEHUH aJbTepHATHUB. Bprumc-
JIIOTCSI KOMITIOHEHTHI IJIABHOTO COOCTBEHHOTO BEKTOpa

\ j MaTpuilbl (1) 1 BEKTOpa NPHOPHTETOB P j Ha KaKI0M

YPOBHE HEpapXHH COTIACHO COOTHOILICHUSIM

1Ln

p_:%, v @)

TAae 1 — 4ucio IoKa3aTejiei KauecTBa.
C HCIOJIB30BaHUEM 3THX JAaHHBIX BBIYHUCIIAKOTCA 3HaA-
YCHUSA KOMIIOHCHTOB BEKTOpa ra00aIbHBIX IIPUOPUTETOB

N

C
Ci :Zn:PiQij 3

Ilo MakCUMaJIbHOMY 3HA4YC€HUA KOMIIOHCHTOB BCKTOpa
rII00ANBEHBIX TPHOPHUTETOB (3) BEIOMpAETCsl €IUHCTBEH-
HBII NIPEITOYTHTENBHBIH BapUAHT CUCTEMBI.

Pe3yabTaThl BbIOOpa TEXHOJOrHM MOOWJIBLHOM CBSI-
31 MeTOA0M aHajm3a uepapxuid. [ns ymoOcTBa OBLIO
MIPOBEJCHO MpeoOpa3oBaHWe AaHHBIX Ta6in.l. B wacTtHO-
CTH, BBIIIOJTHEHBI OINCpalluii HOPMHUPOBAHUA MoKa3aTeseu
K MaKCUMAJIbHBIM 3HAYCHUAM

Ki max (4)

B Tabn. 2 mpuBeneHs! npeoOpa3oBaHHBIE 3HAYCHUS
ToKazaTesied KadecTBa TEXHOJIOTMH MOOMIBHOW CBS3H.
JUis pacCMOTPEHHBIX TEXHOJOTHH Ha OCHOBE CYXICHHIA
9KCIEPTOB CPOPMHUPOBAHBI MATPHUIIEI APHBIX CPaBHEHUH
yKa3aHHBIX [TOKa3aTeJel KauecTBa U BapUaHTOB TEXHOJIO-
THI IO OTHOIICHHUIO K NOKA3aTeNIsIM Ka4ecTBa.
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Ta6amma 2 — [peoOpasoBaHHbIe 3HAUESHHMS TTIOKa3aTeNeil KauecTBa

Mecersa [pomis 15| T8 | %9
K, 0351 | 0,347 1
K, 1 05 | 002
K, 0,048 | 0,075 1

B 1a61. 3 mpuBeaeHB! BEIYHUCICHHBIE 3HAUCHHUS KOMIIO-
HEHT BEKTOpa NPHOPHUTETOB BapHAHTOB TEXHOJIOTHH IIO
OTHOIIEHHUIO K KaKIOMY MOKa3aTeII0 KayecTBa, a TaKkKe
KOMITOHEHTBI BEKTOPA INI00ABHBIX TPHOPUTETOB.

Ta6aumna 3 — Pe3ybTaThl BEIYUCICHUS KOMIIOHEHT II00ATBHO-
r0 BEKTOpa IPUOPUTETOB

MaKCI/IMaﬂbHOMy 3HAUYCHUIO KOMIIOHCHT BCKTOpa IJI0-
-

OaNbHBIX NPHOPUTETOB C COOTBETCTBYET HauOolee
MIPEATIOYTUTENBHBIH BAPHAHT TEXHOJIOTUH MOOMIBHON
CBSI3U — TEXHOIIOTHS 5g CO CKOPOCTBIO MepeJadu JaHHbBIX
1T'6ut/c, ciekrpanbHOil A dexTrBHOCTRIO 4,53 6mT/I TI/C,
paamycom neiictBust 6a3oBoit cTaHul 200M.

BeiBoabl. PaccMoTpeHsl mpakTHdeckne OCOOEHHOCTH
npuMeHeHus MAMW nis onpeneneHus NpennoYTUTENbHO-
ro BapHaHTa TEXHOJIOTHH MOOWJIBHOW CBSI3U C y4ETOM
TpeX TEXHHMKO-DKOHOMUYECKHX IOKa3aTeslell kauecTBa U
CYKICHUM 3KCIepToB. B pesyibrare ompoca 3KCIEpTOB
OBUTH MTOCTPOEHBI MaTPHLIA TTAPHBIX CPABHEHHUH ISl COBO-
KYIHOCTH IOKa3aTeleil kauecTBa, a TaKKe MaTPHUIIbI Map-
HBIX CPaBHEHUH TEXHOJOTHHA MOOWJIBHOH CBS3H B OT-

MC P P, P, C JETBHOCTH 10 OTHOIICHHIO K BBIOPAHHBIM IOKa3aTeNsIM
) kagectBa. [locie cooTBeTcTBYyIOmEH 00paOOTKH IOTyde-
CrexrpasnbHas 3¢ dex 0078 | 0729 | 0,059 | 0112 YOI p yd
THBHOCTb, OuT/I'11/C HBI WX COOCTBEHHBIE BEKTOPHI M BEKTOp TJI00AIBHBIX
Pamuyc neficTust, KM 0,172 | 0,188 | 0,165 | 0,092 MIPUOPUTETOB, IO KOMIIOHEHTAM KOTOPOTO BBIOpAH CIUH-
CKOpOCTb Tepe/iauu IaH- 075 | 0082 | 0,776 | 0,72 CTBEHHBIH NMPEAMOUTHTENbHbIN BAPHAHT TEXHONOTHH Mo-
HBIX OUT/C OWIIBHOM CBSI3H.
P 0,205 | 0,073 | 0,722
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Comparative analysis and selection of the preferred fourth and fifth generation mobile communication technology

V. M. Bezruk, Y. V. Skoryk, V. A. Vlasova, U. N. Koltun

Abstract. A comparative analysis of mobile communication networks of the fourth and fifth generation has been carried out. The
theoretical and practical peculiarities of the choice of the preferred mobile communication technology are considered, taking into

account the aggregate of quality indicators based on the hierarchy analysis method.
Keywords: multi-criteria choice, hierarchy analysis method, fifth generation of mobile communication, quality indicators.
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AHoTanis. B mMaTepianax mociipKeHHS OTpUMalia MOJabLIMil PO3BUTOK METOAMKA mepenadi iHdopmalii MK iHTENeKTyalbHIMH
CCHCOPHHMH BY3JIaMH, sIKa Ha BIAMIHY BiJl paHillle OMUCAaHUX Ta AOCITIIKEHHX IPYHTYEThCS Ha o0y10Bi rpady Ha ruiomuHi. B nawiit
METOIMII He mepeadadyeHO BHKOPUCTAHHS «IPUKOPAOHHUX e(eKTiBy», 10 BUHUKAIOTh 4Yepe3 TEOPETUYHY ONU3bKICTH CEHCOPHHX
BY3JIB. 3aIpOIIOHOBaHA METOAMKA JI03BOJISIE aeKBaTHO BioOpaskaT cTaH nepenadi iHGopMamii MK CyCiIHIMH 1HTEIeKTyaTIbHUMHA
BYy3JIaMH Ta 3 OLIBII BHCOKOIO JTOCTOBIPHICTIO PO3ITi3HABATH BiIMOBH Ta HAasBHICTH 3aBaJ] B CEHCOPHIN Mepexi.

Knrwwuosi cnosa: cencopra mepedica, inghopmayitini mexHonoeii, iHmeneKmyaivbHi 0amyukiy, Mapupymusayis, 300i.

Beryn. Crpimkuii nporpec B cdepi MikpocxeM HpHU3BIB
JI0 IHTCHCUBHHUX PO3pO0OOK B HOBOMY kiaci mepex. Cy-
YacHI CEHCOpPHI Mepexi MpelCcTaBiIeH] HaA3BUYaiHO YHi-
BEPCAILHUMHU MEpEeXXaMH, sKi MOXYTb OYTH PO3rOpHYTI
Ut Oyab-sikoi cepu JFOACHKOT KUTTEMISUIBHOCTI. BoHU
3MaTHI MIATPUMYBATH 3HAYHY KUIBKICTH JOJATKIB, He3a-
JISKHO Bil TOTO CKJIANAIOThCS BOHH 13 CTaIliOHAPHUX
JATYMKIB UM BiIJAJICHUX IHTEIEKTyadbHUX CEHCOPHHX
BY3JTiB. SIKIIO KiHIIEBe 3aBIAHHS Mepexi — IIe JOCHi-
JOKEHHS T4 MOHITOPUHT HaBKOJMIIHBOTO CEPEIOBHINA, TO
1 By3nu OyZyTb pO3rOpTaTHCs TaKUM YHHOM, IOO BHUKO-
HYBaTH IIOCTaBJICHI 3aBJaHHS.

VY nporpamax, 110 NOB’sS3aHi i3 OXOPOHOIO 3JI0POB’S,
IHTEJIeKTyallbHI CEHCOPHI JaTYMKHU MOXKYTh OyTH BIPOBa-
JUKCHHI B JIFOJICHKUN OpraHi3M Ta MOCTIHHO peTpaHCIIio-
BaTH JIaHi J0 LEHTPIB 00pOoOKH, (iKCYIOUN HaBiTh HEMO-
MITHI Ha TEPIIHI TOTJI]] 03HAKH TAIlIEHTA.

[Ticnst po3ropTaHHst Mepexi, By3JIM 3/1aTHI CaMOOpraHi-
30BYBAaTHCSI B ABTOHOMHY MEPEXY, siKa MoTpedye MiHiMa-
JbHOTO BTpy4aHHs. IIpoTe rojoBHHMM 3aiMIIaeThes 3a-
BIaHHA MO 300py IaHWX 3 BY3JIiB, 0OpOOKa NaHUX Ta
nepefada iHpopMamii 10 TOIOBHHX CepBEpiB 0OpoOKH
JIaHUX.

Koporkuii orasin my6aikauiii mo temi. Pesynpratu
MOTIepeIHIX JIOCHI/PKeHb II0Ka3alid, 110 HasBHICTh pe-
TPaHCIIOBAHHS BEJHMKOI KUIBKOCTI ITOKAa3HUKIB uepe3
BY3JIM PU3BOJHUTH JI0 3MEHILIEHHSI (DYHKIIOHAIBHOT CTiii-
KOCTI Mepexi, Ta 301IbIIeHHs KUIbKOCTI BiIMOB. Pazom 3
TUM, ICHYIOTh TI€BHI OOMEXEHHs 0O BiJCTaHed Iyis
nepenadi iHpopmamii Mo Oe3MpPOBONOBHM  KaHaJIaM
3B’s13Ky. B OimbIIOCTI BHIIAIKIB CEHCOpPHA Mepexa Oymy-
€THCS 13 3a3/aJIeTiib BU3HAYEHNMHU Ta ONHMCaHUMH (yHK-
misimu. [IpoTe BUHMKAIOTH CHTyallii, KOJM IO CKJIamy
Mepexi Moke OyTH oJaHWii HOBUI KOMIIOHEHT, DPSJ
(GYHKIIH SIKOTO TOBMHHI OyTH 4iTKO BU3Ha4eHi. Posris-
JTAl0YX CEHCOPHY MEpexXy B LiJIOMY, Ta OKpeMi ii ckiamo-
Bi, HEOOXiTHO 3BEpHYTH yBary i Ha KaHaJM 3B’S3KYy, II0
OyayTh MOOYIOBaHI MiXX OKPEMO B3SITHMH CEHCOPHHUMH
By3JTaMH. AJKe, SK BiIOMO, peKoHOIryparis CcHCTeMHU
nepemadi iH(GopMarii MiXK By3JaMH Ta PETPAHCIIOBAHHS
ITOB1IOMJICHb 3aCHOBaHI Ha BHOOpi Ta MoOyI0OBi onTHMa-
JIBHOTO MapUIpyTy JUIS Tepeaadi MOBiTOMIEHHS, a TaKOX
Ha BBEJICHI KpUTepiiB eeKTUBHOCTI Ta MiHiMi3amii BTpar
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ITin edeKTUBHICTIO CEHCOPHOT MEPEki PO3YMIilOTh BIIa-
CTUBICTh CHCTEMH BHKOHYBAaTH psi (QyHKLIH Ta 3a1ad B
NeBHUX JIAKOHIYHUX YMOBax, 1 NMpHU YMOBI 30epeKeHHs
sikocti. ToMy, 0 KpuTepiiB, siki BU3HA4alOTh €(hEeKTUB-
HICTh (DYHKLIOHYBaHHS CHUCTEMH BIIHOCSATH: IPHHIIMII
MiHIMaJIbHUX BTPAT, AKICTh, IPOAYKTUBHICTh, IBUIKICTD,
TOYHICTh, (YHKITIOHYBaHHS Ta CIIOCOON BUKOPHUCTaHHS.

Meta. MeTo10 CTaTTi € AOCTIKEHHS METOIUKH Tiepe-
nadi iHGopmarii MiXk IHTEJICKTyalbHUMH By3JIaMH B 0e3-
IIPOBOIOBUX CEHCOPHUX MeEpekax Ha OCHOBI IOOYIOBH
rpada Ha TUTOIIHHI.

Marepianu i meroau. J{is 1ocsSrHEHHS TOCTaBJICHOI
METH BHMKOPUCTaHHI HACTYNHI METOAW JOCIIiIKCHHS:
Teopii iHdpopManii Ta KOJAYBaHHS, METOAU 3aBaJloC-
TiIKOro KoqyBaHHSA, Teopii CKIAJHHUX CHCTEM, TEO-
pii N0Oy/IOBU BEJIMKHX CHCTEM Ha OCHOBI 004HCIO-
BaJIbHOT TEXHIKH.

Pe3yabsTaTi Ta ix 06roBopenHs. Jleski MepexeBi TO-
moJIorii, Taki sK 3ipka ab0 JEpeBO, NOIYCKAIOTH JIHIIE
OJMH MapupyT MiX OyIb-KHMH JJBOMa CEHCOPHHMH
By3snamMH. O4YeBHIIHO, II0 B TaKMX Mepexkax OaraTo3B's3-
HICTh HEMOJXXJIMBA. AJle HaBITh MPOCTa TOIOJIOTIS, HAIIPH-
KJIaJl, TBOHAIPABJICHE KiJblle 3a0e3mneuye OiIbIIe 0HOrO
MapIpyTy, o0 MOXYTb ICHyBaTH MK OYy/b-SKOIO Tapoio
BY3IIIB.

Ha mpakTtuiii 4acTo CTBOPIOIOTHCS Pe3epBHI MOCHJIaH-
Hs1, 1100 3a0€3MEYUTH CTIMKICTh 10 BiIMOB KaHAy 3B's3-
Ky. [lomryk onTuManbHOrO MapuUIpyTy Bij BiJIpaBHHKA
JI0 OJIep)KyBadya € OJHI€I0 3 HAWMOUIMPEHINX 3aBIaHb
MapHIpyTH3alii, K B 3BUYaHHUX Mepekax, TaK i B CeHCO-
PHHX Meperxax.

3a3Buuaii 00paHO MANIPYT, SIKMA HAaHKpamM YHHOM
BiJINIOBiJae MeBHi MeTpuii. Hampukman - 3aTpumka Ie-
penaui, crioXxuBaHHs eHeprii, Ta iH. Lleil mapmpyT Moxe
OyTH BUKOPUCTAaHUU IJIS Tepeaadi BCiX MOBiJOMIIEHb Bijg
BIJIIPaBHUKA [0 OJiepXKyBaya, 10 MOMEHTa IIOKH He
BimOyAeThCS MOJisA, fKa MOPYMHTH pobory. Lle moxe
OyTu 30iif By3na abo 3'€JHaHHS, TIOBTOPHUHN aHAI3 1HIIIHX
MmapmpyTis [1].

Jlami 3mifiCHIOETBCS Tiepenadya JaHuX, i B OUIBIIOCTI
BUIAJKIB 110 OJHOMY MapupyTy. B mpomy BHUmaaky e
neBHi repeBaru. Jns Oe3nepepBHUX IOTOKIB JaHUX, Ta-

©| N. M. Dovzhenko, I. P. Salanda, A. O. Barabash, M. O. Koval 2019


holis.diana@gmail.com
Typewritten text
N. M. Dovzhenko, I. P. Salanda, A. O. Barabash, M. O. Koval 2019


KHX 5K TOJIOC a00 MOTOKU MYJIbTHMEHAia, €IMHUN MapIi-
pyT 3abe3neuye nependavyBaHi IapameTpy 3B'S3KY, Taki
SIK 3aTPUMKa Ta MPOIYCKHA 3JaTHICTh, 1 TAKUM YHHOM
YHHKAE JDKUTEPIB.

IIpote, y Mepexax 3 BUCOKOIO HMOBIPHICTIO BiJIMOB,
3alyCK OKpeMOl MpOILEAypHd BCTAHOBJICHHS MapIIpyTy
BBOJUTH [OBIl 3aTPUMKH MNpPU BUHHUKHEHHI [TOMUIIKH.
[IBunke TmEpeKiIOYeHHS Ha MapIpyT Pe3epBHOTO
KOITiFOBaHHS 3amo0irae mpoMy, ajie BUMara€ MOXJIHBOCTI
MIBUIKO 3HAWTH ajJbTepHATUBHUN MapmipyT. ToMy meski
CXeMH MapIIpyTH3allii OJHOYACHO MiATPUMYIOTh IEKiJTb-
Ka MapuipytiB, Hanpukiag OSPF, abo nunamiuna moOy-
J0Ba 00XiTHOTO MapLIPyTy HABKOJO Miclisl BiAMOBH [2].

BukopucTaHHs IEKiTBKOX MapIIPYTiB OJHOYACHO IS
nepeqayi abo OJHOTO TOBIJOMJICHHS, a00 MOTIK JaHUX
4acTo He € BUTriIHUM. HaBiTh SIKIIO iCHY€E KijbKa Mapiil-
PYTIB, BOHH MOXYTh 30iratucs Ha neskomy By3mi. Llei
BY30JI CTa€ BY3bKHM MICIEM JUId Tepemadi JaHuX, a
CTIHKICTB Ii€T TIepeIadi JUIIe YaCTKOBO 301TBITY€ETHCS.

Big'eqnanHsa By3IiB MapmpyTiB i MOMIOHMX HE3B's3a-
HUX MapHIpyTiB MoOXKe 3a0e3nednTH 301IbIICHHS IPOo-
IMyCKHOI 3JaTHOCTI Ta Kpamly CTiHKICTh cepel iHIINX
nepeBar, Hik OJTUH MapuipyT.

B nmaHoMy moCHifpKeHHI, MH PO3IJITHEMO MOOYIOBY
CEHCOPHOT Mepexi y BUIIIiAl rpada Ha IUIOLIMHI, e Bep-
LIMHY SIBJISIIOTH COOOI0 CEHCOPHI BY3JIM, KOXKEH 3 SIKHX
3HAXOJMTHCS B CBOEMY OKPEMOMY Miclli, a peOpo icHye
MIiX JIBOMa BEPIINHAMH, SKIIO BIIMOBIIHI BY3JIH MOXYTh
CIIKyBaTHCS uepe3 (0e3MpoBOIOBI) MOCHIaHHS.

Jist IPOCTOTH YacTo mepeadavaeThest, M0 i JAHKH €
CHMETPHUYHUMH, a JIialma30H 3B'I3Ky pIBHHH IS BCIX
By3IiB. 3a3BUYail MOJCNIb PO3rOPTAHHS ISl MEPEK JaT-
YHKIB ~ BB@XAEThCS  BHIIAJKOBOIO, TOOTO  BYy3IH
PO3MOIIJICHI BHITAIKOBUM YHHOM Ha IUIONIMHI B 0OOMe-
JKeHi# 00nacTi, HanpuKIa:, KBaapaT abo kona [3].

HaiivyacTime nependavaeTscsi piBHOMIPHUI BUIAaKO-
Buil posnoain. Lei po3monin poOUTh HaWMEHII MPHITY-
IICHHS II[0JI0 PO3TOPTaHHS B PEajbHOMY CBITi, i, OTXKeE,
MOYKHa CHOJIBATUCS, LIO Ll MOJENb HAJA€ KOPHCHY iH-
(dopmarliro mpo BEIHKHI Kjac peaJbHUX Mepex. Xodya i
NPUIYIIEHHS PO3TATYIOTh MPAKTHYHI BIACTHBOCTI CEH-
COPHUX MEpEeX, BOHU [al0Th KOPUCHY aOCTPAaKIIo st
BUKOHAHHS PO3PaxXyHKIB Ta MOJIEIIOBAHHS TAKHX MEPEXK.
OmHuM 3 HaWBaXJIMBIIIMX acCHEKTIB € 3B'I30K TaKHhX
rpadiB. Y ceHCOpHi Mepexi OaxkaHo, mo0 BCi BY3iIH
MICTHJIMCS B OJIHIHM BEJHKIH MOB's13aHiil ckianoBiil rpada.

Ile o3Hayae, 110 iCHYe MapUIPyT MiX KOXKHOIO Maporo
LUX By3JiB. [301b0BaHi By3/1M a00 Mali MOB'A3aHi KOMIIO-
HEHTH He0aXaHi, OCKUIbKM IIi BY3JIM HE MOXYTh
CHIBIPALIIOBATH 3 IHIIMMH BYy3JIlaMH, 1 BOHU MOXYTh HE
MaTd MOXJIMBOCTI CIJIKyBaTucsi 3 0a30BOI0 CTaHIIEIO.
OI1iHIOIYH YMOBH, TIPU SIKUX 0€37pOTOBA MEPEeXKa MOB's-
3aHa 3 BUCOKOIO MMOBIPHICTIO CKJIaJHO. 30Kpema, HeoO-
XIMHUHM Jiama3oH Iepejgadi OTPUMYETBCS JUIS 3aJaHOi
IIIBHOCTI (KUTBKICTh BY3JIB HA OJUHHUINO IUIOIII), 1,
HaBIAKW, SKIIO 33JlaHUH Niama3oH mepeiadi, TO MOXHa
OTpUMATH HEOOXiJHY IIiIBHICTD [4].

OCKUTBKH MH  PO3TJISIIAEMO CEHCOPHI Mepexi, sKi
MPAIOIOTh 3 1HTENEKTYAIbHUMHU JTaTYMKaMHU, 3alliKaBJIeHi

B mepemaui iHdopmamii 3 MaKCUMaJbHO  MAaJoio
WMOBIpPHICTIO TOMIJIKH. ToMy, y3aragpbHeHa MOJEIh
ceHcOopHOi Mepexi Oyae TmpencraBieHa Yy BHUTIAIL

neopienrosanoro rpaba G(V,E), v; €V,e; € E,ij| =
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1, ..., N, 1110 OITUCY€ETHCS MATPHUIIEIO CYMIKHOCTI S.
l,npue;; €EE
S= ||Si]'||'sij = {O,HpI/I eij’ ¢E @
ne V — mHOXWHA BepmuH rpada, E — MHOXHHA pedep
rpacda.

V rpadi G(V,E), Bepiuunam rpada v; BiINOBifal0OTh
CEHCOpHi By3JH Mepexki, a pebpam rtpada e;; — minii
3B’S3Ky MDK CEHcopaMH. BpaxoByrouW 0COONHMBOCTI
moOyTOBH CCHCOPHUX MEPEkK, NEAKi 3B’SI3KH 1 BIAMOBIAHI
iM enemenTH s;; HeoOXimHO 3adikcysatu. S;; = 0 — mys

YMOBM BiACYTHOCTI metenb y rpadi; s; =1 — s
icHyrounx, 1oOyIOBaHWX  paHille  3B’S3KiB, IO
BUKOPHCTOBYIOTbCA  (I,j). 3aNMIIOK €NEMEHTIB  Sj;
BU3HAUae€ThCs  AK  Oymei  3mimmi  x; € {0,1},i =

1..k, e k —uncno neszadikcoBaHux 3MiHHUX S;;. [l
rpada, 1m0 ONMUCYe MOJIEIbHUI NPUKIAL CEHCOPHOI
Mepexi, MaTPHIL CYMDKHOCTI Ma€e BUIJISLA MaTpuli (2).
TakuM 4MHOM, MaTpulsl CyMDKHOCTI S  Mae
CAMETPUYHMHA BUITAN S;; = Sj;. |HOEKCH 3MiHHHX X;
TaKo)X HE TIPOCTaBiIeHI ans Oiumbimoi HaowHOCTi. [Ipm
TaKOMy OIHCi 3ajaya CHHTE3y CTPYKTYpH CEHCOPHOI
Mepexi TpaHchOpMyeThCS B TpETiH eTam, sSKuid Oyze
OIMCaHO HMXKYE — Lie MoOynoBa rpada 3B’ s13HOCTI.

0 1 x x x 0 x x x x x O
1 01 11 x x x 1 x x x
x 1 0 x x1 1 11000
x 1 x 0 x x X x x 1 1 1
x 1 x x 0 x X X X X X X
S=0X 1 x x 0 X Xx X x 0 O
x x 1 X x x 01 0 X x X
x x 1 X x x 1 0 x X X X
x 1 1 X x X 0 x 0 X x X
x x 01 x x X X X 0 x X
x x 01 x 0 X X X x 0 x
0 x 01 x 0 x x X x x 0

(2)Posrisiremo Tpu nepesa Ry, R,, R; BU3HAuUatOTh TpH pi3Hi
MapIIPYTH TPOXOPKEHHS OB JOMIIEHHS Mi IHTEJIEKTyalbHU-
MH ceHcopHuMHE By3iamu A ta B (puc.1).

B nanomy Bunazky, tineku napu AR;B, AR,B i AR, B,
AR5, B He3B's3aHi Mik coboro, Tomi sik AR,B, AR;B ma-
I0Th IUIONy TepeKkputTTs. He3Bakarounm Ha moniOHe Ha-
KnanaHHsa, Mapmpyt AR;B He 3HHXKYE IOCTOBIPHICTBH
nepenaui indopmanii. Jlemno 30UIbIIyeThCS HABAHTAXKEH-
Hsl HA MEPEXY Ta 3MIHIOEThCS NIPOITYCKHA 3/]aTHICTB, ajlKe
BCl BY3JIM IPUHMAIOTh Y4acTh B nepeaadi iHpopmariii.

JIJiss CEHCOpPHHMX MEpPEeXK, sKi CKIaJar0ThCs 13 1HTENEK-
TyaJbHHX CEHCOPHHX BY3JiB, MU 3alliKaBlIcHI B Iepenadi
iHpOopMaIii 3 MAaKCUMaIIbHO MAaJIOK0 HMOBIPHICTIO TOMHIII-
KH.

Puc. 1. I'pad cTpykTypu ceHCOpHOT Mepexi



TakuMm 4MHOM, PO3ALIAIOYH TOTOKH MACHBIB JaHUX Ha
JIeKUJIbKa YaCTHH 1 MepefalyH iX 10 pPi3HUX MaplipyTax,
JIOCSITAETHCSI 3HAYHE 301JIbLICHHS IPOIMYCKHOI 34aTHOCTI
Mepexi B 1ijomy. IIpu 11boMy HEXTYIOTBCS €(EeKTH, IO
BUHMKAIOTh Yy BiJJlalieHUX By3iax. He3Baxkarounm Ha Te,
10 MapIIpyTH MOXKYTh HaKIagaTHCS M 30iraTucs, Ipo-
IMyCKHA 3[JaTHICTh OJHO3HAYHO 3pocTae. J[ocToBipHICTH
iHpopManii Moxke OyTH 30iBIICHA 32 paXyHOK Iepeaadi
MTOBIIOMJICHb JIEKiThKOMa KOTIiSIMHA HE3aJICKHUMHU MapIll-
pyTamu, i Ipu YMOBI, AKIIO Oy[e BUKOHYBAaTHCS MiHIMyM
cepenHix BrpaT [5].

BaxxiauBo BiIMITHTH, 10 BC1 JaHi NepearoThCs MOPiB-
HSHO HEBEJIIMKMMH MakeTaMH. BrpoBajpkeHo came uis
Tpadiky CHUTHANIIB YNPaBIiHHS i MOHITOPUHTY B CEHCOD-
HUX Mepexax. llle oxHi€0 BaKIIMBOIO OCOOJMBICTIO €
00OB'I3KOBE OTPUMAaHHS MIATBEPKEHHS NPO YCHIIIHY
JIOCTaBKY MOBiZIOMJICHB [6].
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[Tepexin mpuiiMaya CEHCOPHOI MepeXi B aKTUBHHH
cTaH TpuBae Oym3bko 10-15 Mc, a miIKIFOYEHHS 10 caMoi
Mmepexi - Big 30 mc. IIpu npoMy TpHuBadicTh peKOH)Iry-
pauii i miAKIIOYeHHS! IPUCTPOIB 3aJISKUTH BiJl HOpMallb-
HOCTI TIPOLECY «CIIyXaHHs» MapUIpyTH3aTOpaMH BCiei
Mepexi.

BucHoBok. JlocrmimkeHHS TpoIiecy nepeaadi MacHBiB
JAHUX MIXK IHTEIEKTyaJbHHIMH CCHCOPHHMH BY3JaMH €
BUKITIOYHO Ba)KJIMBHUM €TarlOM PO3TOPTAaHHSA Ta MOOYyI0BU
Mepexi. 3 TpeACTaBICHOro MIOCHIHKEHHS BHIHO, MIO
moOymoBa Tpady Ha IUIOIIMHI JOMOMOXE Iepen0aduTH
JIeKiIIbKa aJbTePHATUBHUX IIUIAXIB, SKUMH OyIyTh Tepe-
JIaBaTHCS TTAKETH MK IHTEJICKTYaJIbHUMH BY3JIaMH.

I3 ypaxyBaHHS 1IbOTO, 3a3/1AJIETiAb MOXKHA Nependaun-
TH 1 HAaBaHT)KEHHS MEPEXi, 1 PO3MUINTH NMOTOKU iH)OP-
Marii. Ile mpusBene 10 30UTBIICHHS MNPOXYKTHBHOCTI
Mepexi BIIBIYi, a TAKOXK JIO 3MCHIIICHHSI KUTHKOCTI BiJIMOB.
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Investigation of the method of transmission of information in wireless sensor networks between intelligent sensor nodes

N. M. Dovzhenko, I. P. Salanda, A. O. Barabash, M. O. Koval

Abstract. The method of transferring information between intelligent sensor nodes has been further developed. Unlike the existing,
it’s based on the construction of a graph on a plane. This technique does not foresee the use of «boundary effects» that arise due to
the theoretical closeness of the sensor nodes. The proposed technique allows to adequately reflect the state of the transfer of infor-
mation between neighboring intelligent nodes and with higher reliability to recognize the failures and the presence of interference in

the sensor network.

Keywords: sensor network, information technologies, intelligent sensor nodes, routing, failures.
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Anomauia. Y poGOTi TOCIIIKEHO OCHOBHI BUMOTH Ta KpHTepii iHdopmamiiHoi 6e3nekn a1t GpyHKIIOHATEHO CTIHKUX 0€3ApOTOBHX
CEHCOPHHUX Mepex. PO3IsIHYTO OCHOBHI 3arpo3u Ta BHIOHM aTak Ha 0E3IpOTOBI CEHCOPHI MEpeki BIAMOBITHO A0 KOXHOTO 3 PiBHIB
(YHKIIIOHYBaHHS Mepexi. PO3rIsHyTO migxonau, IO JO3BOJISIOTH MiABUINUTH MOKAa3HUKH (DYHKLIOHANBHOI CTIHKOCTI HiBETIOIOYH

OCHOBHI 3arpo3u iHdopmaniifHoi 0e3neKu.

Knrouogi cnosa: 6e30pomosa cencopra mepedica, be3nexka, QyHKYIOHAIbHA CMIUKICMb.

Beryn. 3a ocraHHe AecsATHPIYYS IIMPOKOTO TOIIUPEHHS
HaOysm 6e3npoToBi cencopHi Mepexi (BCM). beznporosa
CCHCOpPHa Mepeka SBJIsS€ COOOI0 PO3IOJIINICHY CHCTEMY
300py, 30epiranas i 00poOku inpopmamii [1]. st 3ade3-
medeHHs Oe3lmepepBHOr0 HAMIHHOTO (YHKIIIOHYBaHHS
CCHCOPHOI MepeXi B aBTOHOMHOMY PEXHMi Ha TPUBAJIUX
TEepMiHaX eKCIUTyaTalii MpONOHYeThCS 3a0C€3MEUUTH B
CHCTEMI BIIACTHBICTh (YHKIIOHATBHOI CTilikocTi. B mpbo-
MY BHNAJKy cucTemMa OyJie HeUyTJIHBOIO J0 30BHIIIHIX Ta
BHYTPIIIHIX JecTaOUli3ylouYnX YWHHUKIB, BHKOHYBAaTH
OCHOBHI (DYHKIIiT MOHITOPHUHTY 30BHILITHBOTO CEPEIOBHUINA
Ta mepegayl CyKyNMHOCTI MapaMeTpiB 10 LEHTPaIbHOI
cTaHuii 00poOku i aHami3y iHpopmanii [2]. Ha ceoroani
0COONMBO aKTyal bHUM € MUTAaHHSA Oe3lekd i KoH]imeH-
uiftHocTi qaaux y BCM. [NooBHa BigMiHHICTE O€3ApOTO-
BUX MEPEX BiJl MPOBOJOBUX MOB’sI3aHA 3 HEKOHTPOJIHOBA-
HOIO 00JIacTIO Tepenadi MJaHWX MK KiHIEBUMH TOYKAMH
Mmepexi. Lle mae 3Mory 3I0BMHCHHKaM, IO MepeOyBaroTh
B Oe3mocepenHiit OIM3BKOCTI Bi 0€3IPOTOBUX CTPYKTYD,
3aBJIaBaTH aTakH, siKi OyJIH HEMOXIIMBUMH y TPOBOJIOBUX
Tunax Mmepex[3].

AmHaui3 myoaikaniii Ta BiJOMHX MOJIOKEHb 1CHYIOYOT
Teopii (pyHKIIOHAIBHOT CTIHKOCTI BUSBUB, 1110 OyJ0 cdo-
PMYJIbOBEHO Ta JOBEJEHO 3arallbHy BiJJMIHHICTH CTIHKOC-
Ti QyHKUIIOHYBaHHS Bil yHKIIOHANBHOI CTIMKOCTI: CTiii-
KicTh (YHKIIOHYBaHHS XapaKTepU3ye MOBEIIHKY KOOp-
JIMHAT He30ypeHoro Ta 30ypeHoro pyxy cucteMu, a ¢yH-
KI[IOHAJbHA CTIMKICTh XapaKTepU3ye BiIXHMICHHS OCHOB-
HUX (QYHKIIH CHCTEM ITiJ] Yac BILTMBY Ha Hel 30BHIMIHIX Ta
BHYTpIMIHIX AecTabini3yrounx ¢akTopis [4].

[MutasHs (QYHKIIOHYBaHHS ICHYIOUHX MPOTOKOIIB B
0€3IPOTOBUX MEPEeKax PO3IJISAAIThCS OaraTbMa BUCHH-
Mu. [IpoGriemn 3abe3nedeHHs eHepProe(heKTUBHOCTI BU-
pimyBasnuce y [5,6]. Tumu aTak Ta BIUTHB KOKHOI 3 HHX
Ha CEHCOPHI Mepeski IoCiipKyBaan B [7]. Anami3 3arpos
Ta MexaHi3MiB 3abe3nedeHHs iHpopManiifHOi O6e3meKkn B
0e37IpOTOBUX CEHCOPHHUX Mepekax JIOCHTIJDKyBaBCs B
pobori [8].

OpnHak aHi poOOTH He B TIOBHIH Mipi po3risiiaroTh 3a-
rpo3u iHdopMariiiHoi Oe3leKkH BigIOBITHO J0 KOXKHOTO
piBHA (DYHKIIOHYBaHHS MEpPEXi 3 TOUKH 30py Teopil QpyH-
KI[IOHAJIBHOT CTIMKOCTI.

Marepiann Ta Meroau. MaTepialbHUM MiATPYHTIM
JUTA aHaJIi3y cTaid GaxoBi 30ipHUKH HAYKOBHX Ipallb.

Meta. MeToto poOOTH € aHami3 iCHyIoUuxX MpodiieM
6esnekn BCM Ha KOXXHOMY 3 DiBHIB (DYHKIIOHYBaHHS,
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OIVIST ICHYIOUMX METOMIB HpOTWAIl Ui 3abe3nedeHHs
HaJIMIPHOCTI: CTPYKTYpHOI, 4YacoBoi, iH(OpMAIiiHOI,
(YHKIIOHATBHOI, HaBAaHTAXYBaIbHOI 1 T.7.. Pe3yabraTn
Ta ix o0roopennsi. Teopis (QyHKIIOHATBHOI CTIHKOCTI
(®C) ckmamHUX CHCTEM J03BOJIAE 3a0€3MEYUTH HAO1h-
11y e()eKTHBHICTh CHCTEMH B YyMOBAaX BIUIMBY Ha HEi je-
CTaOLTI3YIOYNX YNHHHKIB.

Buninserscst Tpu piBHiI 3a0e3neueHrs OC: KoHIENTY-
QIBHUH, CHCTEMHO-(QYHKI[IOHAJIBbHUM, OpraHizamiiHo-
TEXHIYHUH.

Konyenmyanvnuii pigens BU3Ha4a€e KOMILIEKC 3aBJaHb,
MOB'I3aHUX 3 PO3POOKOI0 CTPYKTYpU Ta BH3HAUCHHSM
BMICTY Takoi KoHLenuii, a came: 1) BU3HaYCHHS] KOMILIE-
KCy BIacTHBOCTeH, ckimanoBux ©C; 2) ¢popMmyBaHHS CHUC-
TeMd MOKa3HUKIB 1 kputepiie ®C; 3) oOrpyHTyBaHHS
BuMor 10 ©C; 4) BU3HAYCHHS BHIIB 3arp03 MOPYIICHHS
MIPaIe3JaTHOCTI CHCTEMH 1 MOXKIMBHUX CIIEHApiiB BIUTUBY
3arpo3 pi3HMUX BHUIB; 5) opraHi3aIlis MpOTHIi 3arpo3am
TIOPYIICHHS TPane3aaTHOCTI CHCTEM.

Cucmemno-gynxyionanvhuii pigens. Cucrema 3abes-
neueHHss @C MOBMHHA CTBOPIOBATUCS HA €Talli NMPOEKTY-
BanHs BCM 1 BpaxoByBaru 0cCOOJHMBOCTI MOOYIOBH 1
(YHKI[IOHYBaHHSI OCTaHHBOI B yMOBaX BIUIMBY JeCTaOli-
sytounx (akropiB. I[s1 oOcraBrHa BHMarae po3poOKU
KoMIUIeKCcHOT Mozeni ¢yHkuionyBanus BCM. Taka mo-
JIeTIb B 3aralbHOMY BUIIIS/IL MOKe OYTH IIPEACTaBIICHA SIK:
G=1,u, nel—wmonens bBCM; y — Monienb BITUBY Jie-
crabimizyrounx (akropis [4].

VY3aranpHeHa (QYHKIIOHAJIbHA apXiTEKTypa CEHCOPHOI
Mepexi BU3Hauae QyHKIIOHATbHI KOMIOHEHTH MEPEeXi Ta
3B'3KH MIXK HUMH, SIKI IOBUHHI OYTH NPUCYTHI y MEPEexi,
po3nojin 000B'A3KIB MiXK €JIeMEHTaMM ISl IiITPHUMKH
(byHKIIH Mepexi — K 30BHILIHIX, TaK 1 BHYTPILIHIX.

Tak sk, onniero 3 ¢ynkuii BCM € 30ip Ta anani3 na-
HUX, apxiTekTypa BCM IpyHTyeThCA Ha €TANOHHIA MOjie-
ni OSI. OnHak, Ha TPaKTHIIl MEPEKEBa B3aEMO/Iis eneMe-
HTiB BCM peani3yeTbest Ha 'ATH PiBHAX (YHKIIOHYBaH-
HS: TIPUKJIAJHOMY, TPAHCIIOPTHOMY, MEpPEXEBOMY, PiBHi
nepenadi AaHUX Ta QisMyHOMY piBHI. Takox HpUHATO
BUAUIATH TPHU JONOMDKHI piBHI (DYHKI[IOHYBaHHS, IO
BUKOHYIOTh CyMIKHI (YHKIIi, a caMe: piBeHb YIpaBIiHHS
eHepropecypcaMy, piBeHb YNpPaBIiHHSI JaHUMH / TpOIe-
caMH, piBeHb YIPaBIiHHA MOOIIBHICTIO.

IcHyrOTP TEBHI apXiTEKTYpHI BiAMIHHOCTI MiX HaW-
O6impm  momwmpenumu  Mmonemsimu:  OSI, WLAN i
WSN(BCM), o npezcrasieni B Tadummi 1 [10].
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Ta6auns 1. [TopiBHsuTbHA TaOIHIS
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iBHiB QyHKIioHyBaHHS Mogeneif OSI, WLAN ta WSN (BCM)

WSN(BCM)

WLAN (O8]

BCM npukiagHuii piBeHb

[IpukmnagHi mporpamu

[IpuknagHuii piBeHb

BCM npomixkHe nporpaMHe 3a0e3MeyeHHs

IIpomixkHe mporpaMHe 3a0e3MeYeHHs

PiBeHb mpencTaB-BICHHS TaHUX

Coketnuit API

CeaHcoBHii piBEHb

BCM TpaHCHOpTHI IPOTOKOIU TCP/UDP

TpaHcnopTHHIA piBEHb

BCM npoTto-Kkoau Mapupy-Tu3amii IP

MepexeBuii piBeHb

Kontpons nomunok nepenadi, BCM MAC
MIPOTOKOJIN

WLAN apantepu Ta apaiiBepu,
WLAN MAC npotokonu

PiBens mepemavi qaHux

[Ipuitmau-nepenasau

[Ipuiimau-niepenaBau

Oi3uuHMiA piBeHb

Ha ocHOBI BHIIe HaBeIeHUX JAHUX JIOLLIBHO JOCIiAN-
TH KOXKeH 3 piBHIB ¢yHKuioHyBaHHs BCM mmns 3abesme-
YeHHS MAKCHUMAJIBbHUX MOKA3HHKIB (PYHKI[IOHANBHOI CTiH-
KOCTi Mepexi. 3 TOUKH 30py iHpOopMamitHOi Oe3meKH - 11e
IOCATHEHHSI KOH(QiACHIIITHOCTI AaHUX, iX IMICHOCTI Ta
JOCTYITHOCT] JJaHHX.

Jns BCM e o3Hauae, 110 pi3Hi pexxumMu (QyHKIIOHY-
BaHHS EJIEMEHTIB MEpeXi 103BOJISIOTh BUKOPUCTOBYBAaTH
iHpOopMamiitHi pecypcH BIAIMOBIIHO MO MPaBHJ, BCTAHOB-
JICHUX TOJNITHKOI Oe3mekn. OIHAK, Ha CHOTOMAHI iCHYE
OaraTo BHJIB 3arp03, KOXKHY 3 SIKHX HOTPiOHO pO3rIAgaTH
Ha OKPEeMOMY piBHI (yHKIIOHYBaHHS MEPEXKi.

Ta6auust 2. Bunu atak Ha koxeH 3 piBHIB BCM Ta crioco6u npoTuii HuM

PiBHi Buau arak

CriocoOu 3axXucty

DizuuHnit CTBOpEHHS MEPENIKO]T

Posnopin criektpy, NpiopUTETHICTH MOBiIOMIICHb,
TornorpadiyHa po3MiTKa, 3MiHH PEXXUMY

Ilepenaui manux .
PeasL A Kallis JaHux

Kounisii, BUCHaXke-HHS pecypciB Me-pexi, panbcudi-

Brnockonanenns 113, 3MeHIIeHHsT po3Mipy KaJpiB,
00OME)XEHHS BXiJHOTO/BUXi-TTHOTO TpadiKy

Mepexe-Buit

nmipa »(Black Hole Attack),

(Spoo-fed),3minena  (Altered) a6o

HelloFlood Attack; Araka «be310HHa
Boporka» (Sink Hole Attack); Araka «YepBoro-| ®inbrpauiss Tpadiky,Hanam-TyBaHHs  0a30BOi
YHa» (WormHole Attack); BUOIpKOBa | aHTEeH-TH(IKalis Ta MOHITOPUHT, BHSBICHHSI

poscunka (Selec-tive Forwarding / GreyHole);
«3aua-poBane» araka (Sybil Attack); Araka «Hopua
coanbscu-QikoBaHi
HOB-TOpEHa
(Replayed) indopmariis npo Mapipytuzarii.

HaJMIpHOCTEH B mepeiadi JaHUX, pe3ep-ByBaHHI
KaHaIly Tepefadi,HaBiramis mepenadi MakeTiB 3a
JIOTIOMOTOI0  reorpadiyHOro  pO3TalIyBaHHS,
IepeBipKa IBO-HANPABJICHNUX MTOCHIAHb

Tpanc-noprauii | Jecunxpowizauis, Dos, DDoS, Flooding

ABteHTH-(DiKaIlis (B T.4. ABOpAKTOpHA)

Cu1ij 3a3HaYMTH, 1O NPUKIIAJAHUI PIBEHb Ta THUIIM aTak
Ha HBOTO OXOIUTIOE IIMPOKHUI CHEKTp 3aaad iHpopMarii-
HOi Oe3MeKH, [0 CJiJI PO3MIIAATH OKPEMO, B 3aJI€KHOCTI
Bix [13, OC Ta 6araTh0OX iHIIMX KOMIOHEHTIB MEPEXKi.

3abe3neueHHs QYHKI[IOHANBHOI CTIHKOCTI BiOyBaeTh-
cs1 B TpH etan [2]:

- BUSBIICHHS TO3AIITATHOI CUTYAIIil

- JIOKaJIi3aIis Mmo3aITaTHol CUTyaIil

- BIJJHOBJICHHS] (DYHKIIIOHYBaHHSI CUCTEM 3 OOMEXEHH-
MU MOXITUBOCTSIMH

Peanizanis GpyHKIIOHANBHOI CTIMKOCTI 0CSTaeThCs 3a-
CTOCYBaHHSIM y CKJIaJHI TEXHIYHIH CHUCTEMI pI3HHX YxKe
ICHYIOUMX BHJIB HaJMIPHOCTI (CTPYKTYpHOi, 4acoBof,
iHpOpMaliHOI, (YHKIIOHANBHOI, HABAaHTAXYyBaJbHOI Ta
1H.) IUIIXOM TEPepO3MOALTY PECYpCiB 3 METOIO MapHpy-
BaHHS HACIKIB M03alITaTHUX cuTyauii [9].

Haii0inpin mommpeHuMu TUIIAMH aTaK Ha CHOTOJHI €
aTakd Ha MEpEeKeBMH Ta TPaHCHOPTHHH piBHI (yHKIiO-
HyBaHHs1 BCM. PosrisiHeMo OinbIn geTanbHO AecTalii-
3ytoui ()aKTOpH BIIMBY Ha KOXKEH 3 HUX.

TpancnopTHuii piBensb. B 3amexxHocti Bix po3mipy
MepeXi BapiroeThes i 3MaTHICTH JO 3aXHCTy BiJ] TaKUX
nmecrabimizyrounx ¢akropis, sk DOS-araku. baratokana-
JBHI aJTOPUTMH, B TAaKUX CHUTYAIlisX, 3a0€3MeuyIoTh Kpa-
M 3aXUCT, y BHUMAAKYy BEJIMKOTO pO3MIpy Mepexi,
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Ccmeopioiouu HeoOXioHy Haomipricme (HAITUIIKOBI ILIS-
XM Tepenadi curHaiy). bararokananeHuii (6aratornoro-
KOBUH) MiAXiJ BHUABISAETHCA HAWMEHII €()eKTUBHUM JUIS
MalluX MEpeXk, B SKUX KOKEH BY30J MAE€ Maiy KiIbKiCTh
CyCiHiB Ta aJbTEpPHATUBHHUX NUIAXiB 10 0a30BOi CTaHIIIi
[11].
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Posmip BCM

Puc. 1. 3HauyenHs npomyckHoi 31atHocTi BCM 3a BUKOpHCTaHHS
6araTo- Ta OZHOKaHAJIBHOTO MiXOY Tepeadi JaHuX

]

Mepe:xeBuii piBeHb. 3arajioM, METOIU BHSBJICHHS
aTak MOXXHa PO3JIUINTH Ha JBI OCHOBHI KaTeropii, a came:
LIEHTpati3oBaHi Ta posnofineHi. KoxeH 3 HUX € OuTbII
NIPIOPUTETHUM B 3QJICKHOCTI BiJl THITy PO3TALIyBaHHS
By3niB BCM: nokambHOro uyM MoOinbHOTO. JloKanbHE



po3TamryBaHHs BY3JiB He mependadae 3MiHM iX Micus
po3TalryBaHHs, 10 J03BOJISE BiJICHIAKOBYBATH iXHill cTaH
Ta 3a3JaJieriib MPOrHO3YBaTH MOXIIMBI JiecTabinizyrodi
¢axropu. B Toi1 ke yac mobinsHa BCM no3Boisie ckope-
ryBaTu HeoOXiJHI 00UHCITIOBAJIbHI PECYPCH Ta MTOKPUBATH
3HAYHO OUIBINY IOy HomwupeHHs. Came OCTaHHIN THII
BCM € 6inmpin BpaszauBUM 3 TOYKH 30py iHPOpMamiiHOI
6e3mekn Ta cTabiIbHOTO (PYHKI[IOHYBAaHHS B LIJIOMY.

/@\@
N
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Puc. 2. BizyanbHa cxema 6arato- Ta OJHOKaHAJIBHOTO MiIX01y
nepeaavi JaHUX
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Mepe:xeBuii piBeHb. 3arajiomM, METOIU BUIBJICHHA
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aTaKk MOJKHa PO3JIIMTH Ha JIBI OCHOBHI KaTeropii, a came:
LeHTpati3oBaHi Ta posnofineHi. KoxkeH 3 HUX € OUIbII
NIPIOPUTETHUM B 3QJICKHOCTI Bifl THITy PO3TALIyBaHHS
By3niB BCM: noxampHOro uyu MOOiIBHOTrO. JloKanmbHe
po3TalryBaHHs BY3JiB HE Iependadae 3MiHM X Micus
pO3TanIyBaHHS, IO O3BOJISE Bi/ICIIKOBYBATH IXHIHM cTaH
Ta 3a37aJeTib TPOTHO3YBATH MOXIIHUBI JecTalimi3yrodi
¢daxropu. B Toii e gac mobinsHa BCM mo3Bossie ckope-
TyBaTH HEOOXiTHI 00UHCITIOBANIEHI pECypCH Ta MOKPUBATH
3HAYHO OUIBINY IDIONTY HomwupeHHs. CaMe OCTaHHIN THIT
BCM € 6impIr Bpa3IMBUM 3 TOYKH 30py iH(pOpMamiiHOI
0e3reKy Ta CTablIbHOTO (DYHKIIOHYBaHHS B LIIJIOMY.
OpHiero 3 HarnmomupeHimux atak Ha BCM e ataka pe-
rwtikarii (miapoOku) By3na. OcoOMMBO Ypas3aMBUMH 0
JAHOTO BHJy 3arpo3 € MepexXi 3 MOOUIBHUMH BY3JIAMH.
[Ticns 3axoruIeHHS By3Ja 3JI0BMHCHHK 30Upae Bci 00I1iKo-
Bi JIaHi, TaKi K. KOl Ta ineHTH(iKaniiHa iHDOpMaIlis,
Tomo. Hamagauk Moxe mepenporpamMmyBaTH HOTO i peri-
KyBaTH By30J1, 00 MPOCIyXaTH IepenaHi MoBiTOMICHHS
a00 MMOCTaBUTH IIiJ 3arpo3y (HYHKIIIOHATBEHICTh MEPEXKi.

MGTOI[ BU3HaA- . AJ'Il“OpI/IT-Mi‘IHa AJ'Il"OpI/ITMi'-IHa CKJ‘IaZ[HiCTL 3a-
qe-HHS Texnono-ria CKJIJI-HICTh METOJY | TPAT 00YHC-TTIOBAILHUX PECYPCiB
SRPT Speed based O(nVn) o(n)
A new protocol Key based O(n log n) -
XED Random number based 0(1) 04 +d-EX))
EDD Node meeting based 0(1) O(n)
SEDD Node meeting based O(n) (e](@)
UTLSE Time location based o(n) O(Vn)
MTLSD Time location based o(n) O(Vn)
Patrol Detection Distanse based O(n) -
lg;‘r’gcah”e‘i Token based O(n) & O(n * Vk) -
SHD fingerprint - -
XED Localized based 0(1) O(n)
EDD Localized based 0(1) 0(1)

Ta6auus 3. Metoau Ta HeoOXiJHI pecypcH [Uisl BU3HAYEHHS aTtak perutikaiii Ha BCM 3 MoGinbHiME By3namu [9].

TakuM YHHOM 3aCTOCYBAaHHS METO/IB BU3HAYCHHS aTaKk
CNIPSIMOBAaHUX Ha MEPEKEBUH PiBeHb, IO MAIOTh HailMe-
HIIy aCUMIITOTHYHY CKJIaIHICTh 3a0e3rnedye (yHKIIOHa-
JbHY CTIMKICTH Yy TpPHM €Tamu: BHUSBICHHS I03aIUTATHOT
CHUTYaIli1, JIOKai3allis M03alITaTHOI CUTYaIlii, BiIHOBJICH-
HSl (QYHKI[IOHYBaHHSI CUCTEM 3 OOMEKEHHMH MOXKJIHBOC-
TSAMH.

BucHoBkH. Y cTarTi pO3rISHYTO TOJOBHI 3arpo3u
6e3mekn BCM BiIIOBITHO 10 KOXHOTO 3 PiBHIB (YHKIIi-
OHYBaHHS, MOXJIMBI METOJIM MPOTHIII HUM, IO BiAIMOBI-
JIal0Th yCiM eTanam 3a0e3neueHHs1 (yHKIIOHAIBHOT CTii-
KOCTI Ta HEOOXIZHOTO PIiBHSA HAJMIPHOCTI: CTPYKTYPHOI,
4yacoBol, iH(popMaliitHOl, (YHKIIOHAIBHOT, HAaBaHTaXYy-
BaJILHOI.
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Security problems in functional sustainable wireless sensor networks

A. V. Sobchuk
Abstract. The paper deals with main requirements and criteria for information security of functionally stable wireless sensor net-
works. It gives a detailed review of main threats and types of attacks on wireless sensor networks according to each of the levels of
network operation. Approaches are considered that allow to increase indicators of functional stability, leveling out the main threats of
information security.

Keywords: wireless sensor network, security, functional stability.
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Abstract. In the article wireless technologies of information transmission are considered and their comparative analysis is given, the main
advantages and disadvantages are considered. The work is devoted to the systematization of wireless communication technologies in the
context of the functional stability of the networks on which they are based. Since such networks can be created using various wireless tech-
nologies, they need to have the ability to self-organize, to ensure the network's stable operation and its target functions. At the same time,
various network technologies provide various characteristics of their functioning (use of computing resources, energy consumption, speed
and range of data transmission, etc.). Therefore, the choice of technology is primarily due to the tasks that the network must solve. Ensuring
the functional stability of the network, regardless of the technologies used in its construction, will reduce human intervention, operating costs
and provide the necessary level of reliability of the data observed.
Keywords: wireless sensor network, functional stability, optimization.

Introduction. Wireless sensor networks penetrate more and ~ came known standards IEEE 802.15.4, which determine the
more into all areas of industry and human activities every  features of construction of networks with low bandwidth [2].
year. Currently, they are widely used not only for data col- Today, ZigBee radio devices have everything they need
lection and processing of industrial objects, but also in the  for fast information distribution: digital integrated interfaces,
ordinary everyday life on the Internet [1]. This is due to  cheap network devices with built-in routing features, and
many industry standards developed by various international ~ several networking technologies. Connected to a wireless
organizations such as the International Organization for  network, sensors can track environmental parameters or
Standardization (ISO), the Institute of Electrical and Elec-  physiological characteristics of a person. Monitoring can be
tronics Engineers (IEEE), the Internet Information Network  carried out on a very large area, because the sensors transmit
(IETF) and the International Telecommunication Union information chain - from neighbor to neighbor. The technol-
(ITU). The results of leading industry standardization be-  ogy allows them to work for years (even decades) without
replacing batteries [3].

Figure 1 - Wireless sensor networks application areas.
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Research results. As already noted, wireless transmitters Networks that have the ability to self-organization can be
often operate on the basis of IEEE802.15.4 and the ZigBee  created using a variety of wireless technologies. At the same
specification, which, consuming little electricity, can trans-  time, different network technologies provide different char-
mit information on average 30-50 m. The most popular  acteristics of their operation (use of computing resources,
detectors are temperature sensors [4], humidity [5] and ac-  energy consumption, speed and data transmission distance,
celerometers [6]. Depending on the application, developers  etc.). Therefore, the choice of technology in the first place is
add or use additional or peripheral devices (LEDs, SP1/12C  determined by the tasks that the network must solve.

/ UART interfaces, etc.).
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The figure shows the most widely used wireless data
transmission technologies. The analysis clearly demonstrates
that ZigBee's wireless data technology provides the best
performance of computing resources and energy efficiency.
In addition, the data transfer rate provided by this technology
is sufficient to transmit information from sensors as evi-
denced by the following data:
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RF4CE
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Figure 4 - Characteristics of data rates for various
wireless technologies
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So, the most optimal way to build wireless sensor nodes is
to use the standard Zigbee. The received electrical signals
from the sensor are often not ready for the calculations, so
they pass through the signal transformation stage. At this
stage, a series of transformations may be made, necessary for
further use of the signal. For example, a signal often requires
amplification, to increase amplitude, then filters are used to
eliminate unwanted noise at certain frequencies. The trans-
formed signal is transformed using an ADC into a digital
signal. Thus, the signal is available in digital form and is
ready for further calculation, storage and visualization.

Sensor - Signal conversion -

Analog-to-digital
converter

Information gathering

Creation of
control signals

Activator

<1 Signal conversion <

Analog-to-digital
converter

Activation

Figure 5 - The process of data collection and process activation in sensory networks

The relationship between the information transmitted and
received by the sensors is described by the inverse-square
law [7]:

p P )

pwr”™ ?'

where:

P, — the power of the received signal;

P,,. — the power of the transmitted signal,

d — the distance between the receiver and the transmitter.

The distance between the nodes can be estimated based
on the information about the output power of the transmitter,
receiver sensitivity and antenna characteristics, taking into
account empirical information.

For theoretical estimates, the Vries formula for free space
is used:

A
P. =Pt+Gt+20-log<E)—2010gd 2

or
P, G, G- A?
pP=— 3
T (4’7Td)2 ( )
d= A PG Gr )
4 P.
where:

P, — transmitter power
P, — signal sensitivity

G;, G, — coefficients of amplification of antennas trans-
mit-receive information

d — the distance between the nodes

A — wavelength
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Figure 6 - Tracing a wireless sensor network of a target moving
along a given linear trajectory

The whole set of sensors is integrated into a wireless net-
work that is connected to the public communication network.
It provides a wide range of control and management services
for enterprises, production sites, moving objects, etc.

Conclusions. The analysis of technologies and aspects of
analysis of wireless sensor networks is carried out in the
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work. Since such networks can be created using various
wireless technologies, they need to have the ability to self-
organize, to ensure the stable operation of the network and
the fulfillment of its target functions. At the same time, dif-
ferent network technologies provide different characteristics
of their operation (use of computing resources, energy con-
sumption, speed and data transmission distance, etc.). There-
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fore, the choice of technology in the first place is determined
by the tasks that the network must solve. Ensuring the func-
tional stability of the network, regardless of the technologies
used in its construction, will reduce human intervention,
operating costs and provides the necessary level of reliability
of the observed data.
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Abstract. The packet-based infrastructure offers great opportunities for the organization of universal transport networks using LTE
technology, which is associated with a wide variety of standards and applications as well as the use of various communication, man-
agement and maintenance protocols by modern networks. Issues related to the rational construction of a mobile transport infrastruc-
ture were considered for the organization of broadband access. Architecture for the backhaul network using a star configuration is
proposed. the construction of the network in accordance with the concept of Unified MPLS is analyzed, at all levels of which a multi-
protocol label switching protocol is configured to simultaneously support several generations of mobile communication in a single

network plane-oriented architecture.

Keywords: backhaul, wireless technology, packet architecture, bandwidth.

1. Introduction. The rapid development of the infor-
mation and communication industry dictates the need for
new principles of system building. This is conditioned by
the growth in the number of mobile users, the introduction
of broadband wireless services and increased require-
ments for high-speed data networks.

Great opportunities are opening up when implementing
wireless access technologies that use the packet data in-
frastructure. This approach will provide maximum expan-
sion of IP protocol usage over the network.

LTE technology is a promising mobile broadband
technology in terms of performance. Mobile operators
will have the opportunity to increase network capacity
and bandwidth together with high traffic transmission
rates and lower packet transmission delays. Therefore, at
present, many telecom operators are switching their back-
hauls to IP, based on the support of 3G traffic as well as
to ensuring the quality and duration of communication
with the Internet or 4G network.

The backhaul refers to the part of the network that is
the link between the IP network and the core network.
Backhaul takes the main burden of communication be-
tween the elements of the mobile access network and the
operator's backbone network. This means that its role is to
transport data from the mobile user to the switching ca-
pacity of the mobile operator and through it to other oper-
ators.

The essence of the study is to consider issues in the or-
ganization of the backhaul with the support of the full
range of technologies and services using LTE technology.
This determines the relevance of the given publication.

2. Brief overview of publications related to the sub-
ject. In terms of providing new high-speed user services,
mobile operators face technical and economic difficulties.
It is necessary to increase the capacity of the transport
network, especially at the backhaul level.

The Wi-Fi IEEE 802.11n mobile communication
standard has been proposed to be used not only in access
networks, but also in backhauls [1]. This solution is asso-
ciated with the need to obtain a sufficiently high through-
put in the forward and reverse links. In addition, as a re-
sult of this approach, the performance of the backhaul will
increase. However, such a network can successfully serve
areas with relatively low population density and a small
radius of action.
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In [2], the issues faced by the modern information and
communication society were addressed: the bandwidth
deficit and a variety of high-speed mobile technologies. It
is proposed to use an optical access platform for mobile
backhauling in order to significantly reduce capital and
operation costs.

In [3], one of the promising directions for constructing
a heterogeneous HetNet backhaul is highlighted. The use
of wireless solutions for backhauls operating in NLOS
and LOS modes is proposed. However, the use of such
systems in unlicensed frequency bands is considered to be
too susceptible to interference, which may limit their use
in backhauls. At the same time, lower bands have power
limitations, which lead to low reliability of the connection
or its loss.

As an alternative for mobile transport backhauls,
Ethernet over PDH technology was considered in [4].
This solution will allow mobile operators to maximize the
channel bands for their effective use. However, in order to
reach the operator level using Ethernet technology, it is
necessary to solve the issues of differentiation and priori-
tization of traffic with the specified mechanisms for en-
suring quality of service.

It is known that LTE technology has significant im-
provements in the network architecture compared to 3G
networks. In [5], the main LTE technology nodes are dis-
played with security features — secure access, network
domain, user domain, application domain, 3GPP domain.
This will ensure overall network security, which, together
with minimal latency and flexible channel bandwidth,
especially in the backbone part of the network, will attract
consumers. In addition, in the context of network integra-
tion, user and application security issues are of primary
importance.

3. Goal. The aim of the work is to consider the issues
of building a backhaul. Given the current trends in the
development of networks, the primary tasks are to imple-
ment the interaction of several generations of mobile
communications in a single network architecture. This
approach is necessary for telecom operators at the stage of
a gradual transition from obsolete technologies to an IP-
platform.

The backhaul takes the main burden of communication
between the elements of the mobile access network and
the operator's backbone network. Issues regarding the
choice of topology for a fully connected backhaul and the
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choice of an adequate technology for building a network
based on a flat packet-oriented architecture are relevant.

4. Materials and methods. Unlike mobile networks of
previous generations, 4G networks fully rely on IP, which
is associated with the development of the information and
communication industry. The use of LTE technology us-
ing only IP simplifies network operation, which is ex-
tremely necessary for mobile operators. In addition, the
creation of a flat packet architecture excludes individual
devices from the network, such as controllers of the
transport segment, which allows to directly connect to the
packet core using the appropriate interfaces.

When deploying backhauls based on LTE technology,
some compromises are reached by operators. On the one
hand, the network must be scalable and high-quality, and
on the other hand, the realities of the current network
equipment require investing new IP-oriented networks.

For optimal construction of a backhaul, a rational
choice is to use a star architecture. As a central node, it is
better to choose a service core router. Thus, when data
reaches the backbone of the network, the amount and pri-
ority of Internet traffic or server content is determined by
mobile operators. This architecture allows to process sev-
eral types of traffic.

The choice of this backhaul architecture will provide
an effective combination of Layer 2 (L2) and Layer 3
(L3) according to the OSI model in the transport network,
with L2 in the access area and L3 in the aggregation seg-
ment.

RAN
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The interaction, roaming and handover of LTE and 2G
/ 3G networks can be carried out at the initial stage, taking
into account the use of IP protocol that will support the
work of various mobile nodes, which is reflected in the
3GPP project [6]. The recommendations of the 3GPP pro-
ject take into account the use of VPNs for L2, for L3 -
VPNs and gateways using VPN-based MPLS technology.
Such a management system will provide economic sup-
port for scalable services and services in the IP network.

This approach reveals a number of attractive features:
high performance and bandwidth, traffic modeling, ease
of building networks and their operation.

The main incomes of mobile operators are generated
through the provision of Ethernet, IP VPN, VolIP, IP vid-
eo conferencing services to business clients, as well as
through the provision of Triple Play, IPTV services to
private consumers. Important in terms of revenues of mo-
bile operators is the provision of the lease of its resources,
i.e. this is mobile aggregation and retransmission with the
provision of interaction at the core network level.

The architecture of such networks is determined by the
basic elements: IP - mobile terminals and application sys-
tems. In addition, the necessary components between the
terminals and the application server are base stations, traf-
fic aggregation level and the Evolved Packet Core (EPC)
[71.

A fragment of the transport network using MPLS tech-
nology while providing interaction at the reference level
is shown in Fig. 1.

8
IPPMPLS

Figure 1 — A fragment of the transport network

In traditional MPLS technology, there are some diffi-
culties associated with the complexity of implementing
services in large networks. This, for example, requires the
use of complex L3 mechanisms when interfacing with L2
protocols.

These disadvantages are absent in Unified MPLS,
which will ensure high performance, bandwidth and ease
of network operation. In addition, integrating access, ag-
gregation and core segments using MPLS can reduce the
number of administration nodes [8].

Thus, a single MPLS technology forms the transport
basis for supporting LTE, 2G GSM and 3G networks in
the UMTS standard. The use of a single MPLS standard
for mobile transport will provide operators with a com-
prehensive solution optimized in cost, with support for
user traffic and business traffic with high rates of quality
of service (QoS) compared to similar standards.

The operator’s backhaul consists of three levels. At the
access level, CSG nodes, the so-called pre-aggregation
nodes, operate in the RAN domain. The aggregation and
core levels are combined into one level - aggregation +
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core. The corresponding nodes are the aggregation nodes
(AGN) and the core nodes (CN, CN-RR and MTG). This
solution will simultaneously support several generations
of mobile communications in a single converged network
architecture, ensuring the introduction of LTE with
Pseudowire Emulation support (PWE) for 2G GSM
transmission, L2VPN for 3G UMTS / IP and L3VPN for
3G UMTS / IP. Combined aggregation and core levels
into one level (Core + Aggregation) should be integrated
into a single IGP / LDP domain.

6. Results and discussion. Thus, the issues of building
an optimal construction of a backhaul based on the Uni-
fied MPLS concept are considered.

It should be noted that the use of MPLS technology al-
lows implementation of both dynamic and static levels of
network management. MPLS has the flexibility to support
all types of NGN and traditional services. This contradicts
with the practical data obtained in [9], the author of which
cites the matrix of support for MPLS technology with
Ethernet, Traditional and IP technologies according to key
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technical characteristics and main categories of network
services.

The network management system must have infor-
mation about the network topology. Due to the Unified
MPLS architecture, End — to — End services are created
by configuring only the end devices, which solves the
problem of reducing the number of administration points.

The given paper shows the need to integrate the com-
bined aggregation and core levels into a single IGP / LDP
domain. This solution, in conjunction with the BGP pro-
tocol, is used to ensure high stability and fast network
convergence.

Research results can be useful for creating a converged
network scenario based on Fixed / Mobile Infrastructure
(FMI).

The results of the work indicate a number of controver-
sial issues regarding the appropriateness of using MPLS
technology at all levels of the network. They relate to the
problems of using mechanisms for improving the conver-
gence of IGP protocols: IP / MPLS Loop Free Alternate
Fast ReRoute (LFA FRR) and MPLS TE Fast ReRoute
(TE FRR). The choice of these mechanisms should be due

to the shortest network recovery time and ease of opera-
tion, which should contribute to the rapid convergence of
the network without a complex configuration.

7. Conclusions. 1. It has been analyzed that for the op-
timal construction of the transport network, especially at
the backhaul level, the use of various technologies and
platforms is possible.

2. It is shown that LTE technology is the most promis-
ing technology of mobile broadband in terms of perfor-
mance. The transition to the IP-platform will allow the
operator to easily increase the bandwidth and provide new
services.

3. The backhaul architecture is considered. It is shown
that an adequate topology, the most relevant in the transi-
tion to high-speed LTE technology, as well as with a large
increase in the number of users and services, is a star-
shaped configuration.

4. The feasibility of choosing MPLS technology to
build a backhaul with the concept of Unified MPLS is
analyzed, which is especially important in matters of net-
work convergence to provide support for transport appli-
cations and services.

REFERENCES

. Kcensenxko, I1. 5. Passutue cereii Backhaul [Teker] / IT. 1.
Kcensenko, I1. B. Xumuu // Tenexkom. — 2012. — Ne 11. — C.
28 —38.

. Saranya, B., Muruganandham, S. Mobile Backhaul Network
in wireless Sensor [Text] / B. Saranya, S. Muruganandham //
International Journal of Engineering Research and General
Science. — 2015. —vol. 3. — p. 394 — 397.

. Kcensenko, I1. 5. Backhaul msist reteporennsix cereii [Teker]
/T 5. Kcensenxo, T. H. Haportauk // Tenexom. — 2014, — Ne
1-2.-C.10-21.

. Katnepos, I1. H. Ethernet over PDH: murpamus k makeTHoi
TPaHCHOPTHONH  HH(DpacTpyKType OECIpOBOMHBIX  CeTe
[Texcr] / I1. H. Katnepos / KOMIIOHEHTHI U TEXHOJIOTHHU. —
2013. - Ne 10.— C. 116 —120.

. Masud, Md Mehedi. Survey of security features in LTE
Handover Technology [Text] / Md Mehedi Masud // Scien-
tific Research Journal (SCIRJ). —2015. — vol. 3. —p. 27 — 31.

. 3GPP TS 45.005 Vv8.8.0 (2010-03) [Dmekrponustit pecypc] /
3rd Generation Partnership Project; Technical Specification

Group GSM/EDGE Radio Access Network; Radio transmis-
sion and reception (Release 8). Pexxum  moctyma:
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-
880.pdf. — 25.06.2016 r. — 3ar. ¢ 3kpaHa.

7. Cisco Visual Networking Index: Global Mobile Data Traffic
Forecast Update [Dnektponnslii pecype] / White Paper, Feb-
ruary 3, 2016. Pexum JOCTyma:
http://www.cisco.com/c/en/us/solutions/collateral/service-
provider/visual-networking-index-vni/mobile-white-paper-
€11-520862.html. — 22.06.2016 r. — 3ari. ¢ 3KpaHa.

8. Konenues, [I. Passurue miardopm Cisco st MPLS nocryna
u npearperanuu [Onekrponnsiii pecypc] / CCIE. — Pexum
nocryma:  http://www.20161207-celc-sp-iosxe_v2_2.pdf.
17.12.2016 r. — 3arn. ¢ skpaHa.

9. T'aceimoB, 1. Apxutektypa Cisco Unified MPLS [Dnekrpon-
velit  pecype] /  CCIE. Pexum  gocryma:
http://www.20161207-celc-sp-iosxe_v2_2.pdf. — 17.12.2016
T. — 3ari. ¢ 3KpaHa.

REFERENCES

. Ksenzenko, P. Ya., Himich, P. V. (2012). Razvitie setey Ba-
ckhaul. Telekom, 11, 28 — 38.

. Ksenzenko, P. Ya., Naryitnik, T. N. (2014). Backhaul dlya
geterogennyih setey. Telekom, 1-2, 10 — 21.

. Katlerov, P. N. (2013). Ethernet over PDH: migratsiya k pa-
ketnoy transportnoy infrastrukture besprovodnyih setey.
Komponentyi i tehnologii, 10, 116 — 120.

51

8. Kodentsev, D. (2016). Razvitie platform Cisco dlya MPLS
dostupa i  preagregatsi. ~ CCIE.  Available at:
http://www.20161207-celc-sp-iosxe_v2_2.pdf.

9. Gasyimov, I. (2016). Arhitektura Cisco Unified MPLS 1.
CCIE. Available at:  http://www.20161207-celc-sp-
iosxe_v2_2.pdf.


http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf
http://www.qtc.jp/3GPP/Specs/GSM_GERAN/45005-880.pdf

Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb. www.seanewdim.com

MEDICINE
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AHoTtauisi. Po6ota npucesueHa BUBUEHHIO PiBHA (Di3UYHOTO 310poB’s I0HAKIB 17-21 poKy, AKi MPOXHUBAIOThH y TIPCHKUX paifoHax 3aka-
puatts. BeraHoBieHo, 1110 piBeHb aepoOHOT MPOAYKTUBHOCTI, SIKMI BioOpakae (i3udHe 310pOB s, 3aIEKUTh Bl KOMIIOHEHTHOTO CKJIa-
Iy Tina. HaliBummii piBeHp aepoOHOI IPOXYKTHBHOCTI 32 BIHOCHOIO BEJIMYMHOI MAaKCHMAJIBHOTO CIIO)KMBAHHS KHCHIO BHSIBICHO Yy
IOHAKIB, SIKi MAfOTh HOPMAJILHY Macy Tijla 3 BHCOKHM BiTHOCHIM BMIiCTOM CKEJICTHUX M’SI3iB Ta BHCOKHM BiJTHOCHHM BMiCTOM KHPY, IPU
HOPMAaJILHOMY PiBHI BiCIIepaIbHOTO JKHPY, 1, SIK HACHIIOK, PiBeHb (DI3UMIHOTO 30pOB’s IIepeBHUIILye “KpUTHIHMH piBeHs” 3a I'.JI. Anana-

CEHKOM 1 BiAmoBiae “BigmMiHHOMY 32 Kputepismu S.I1. [IapHara.

Knrwouosi cnosa: ¢hisuune 300pos’sa, aepobna npooyKkmusHicms, aHaepooHa npooyKMuHicmp.

Beryn. YV cepii poOIT BITYM3HSHHX Ta 1HO3EMHHX BUCHHX
MEPEKOHJINBO JIOBE/ICHO, 1110 CKJIAJIOBI (hi3HYHOTO 310POB’sI
3yMOBJIEHI COMaTOTHIIYHOIO TpHHajexHicTio [1, 2, 3]. 3
oIy Ha Te, IO JIONWHI MpPUTAMaHHA BEJHKa PO30iK-
HICTH  MOpQONOTIYHHX  Ta  (i3I0NOTIYHUX  O3HAK,
OB I3aHMX 13 THUIIOM KOHCTHUTYIIi, CyTTEBY POJb B ajam-
TaIlii opraHizMy, siKa XapaKTepu3ye piBeHb (Pi3MIHOTO 3110-
POB’s, BINITPalOTh IHAWBIAYaJIbHI COMATOTHITONOTIYHI 0CO-
6mmBocri [1, 4, 5].

®iznuHe 370pOB’st JIOJUHN BU3HAYAETHCS CMAAKOBICTIO.
OpHaK CYTTEBY POJIb MPHU [[HOMY Biflirpae TPUBAIIUI BILIUB
eK30TeHHUX YMHHUKIB [4, 5, 6]. 3 orsimy Ha 1ie HaIlioHAb-
HI Ta HomyJsiliiHi BiIMiHHOCTI MOpP(hO(QYHKIIOHATBHUX
MOKa3HMKIB CTHMYJIIOIOTh HAYKOBLIB JI0 IOIIYKY BiJHOC-
HUX CTAHIAPTIB LIS )KUTEIB OKPEMUX peTioHiB [2, 3, 5]. B
VYkpaiHi iCHYIOTb TEPHUTOPIi 3 EKOJOTIYHIMHU OCOOIHUBOC-
TSIMH, SIKI BU3HAYAIOTh TOPMOHAIBHHIN CTaTyC MEUIKAHIIIB
[UX PETiOHIB, COMAaTOMETPHYHI MapaMeTpH, OKpeMi KOM-
TIOHEHTH COMAaTOTHITYy, KOMIIOHEHTHHH CKJIQJl Macu Tina,
¢yHKIioHaMBHAH cTaH [1]. OgHUM 3 TakuX perioHiB € 3a-
kapmarts [2, 3]. 3 orysimy Ha 1ie, He3aJIeXHO Bif BiKy i cTa-
Ti JIOAMHY ISl 3[MIHCHEHHST 00’ €KTUBHOTO aHAaJi3y CTaHy
(bI3MIHOTO 310pPOB’sT HEOOXIJIHO YITKO BU3HAYMTH, SIKI 3HA-
YeHHs1 i Mexi (i310OrYHNX KOJIMBAaHb ITOKAa3HHUKIB aepo-
OHOi Ta aHaepoOHOI MPOAYKTUBHOCTI OPTraHi3My, 3aJICKHO
BiJl KOMIIOHEHTHOTO CKJIaIy Tijia, MPUTAMAaHHI 3I0POBOMY
HaceJICHHIO 3aKapIaTchKoi 00JIacTi.

3 ormsy Ha BUIIEBUKIIA/IEHE MeTa JaHOol po00TH NOJIs-
raja y BU3HAuCHHI aepoOHMX Ta aHAGpOOHUX MOXKIMBOC-
Tell I0HAKIB TipCHKUX PaiioOHIB 3akapriaTchbKol o0JlacTi 3a-
JIEXHO BiJl KOMIIOHEHTHOTO CKJIay Tija.

Marepiann i meroau. [IpoBeneHo MOpiBHUILHUI aHa-
73 piBHA (i3MYHOTO 3/0pPOB’SI IOHAKIB MOCTIyOEpTaTHOTO
nepioay oHToreHe3y BikoM Bif 17 mo 21 poky. KinbkicTh
IOHAKIB 3 TiPCHKUX paioHiB 3akapHaTchKoi 00IacTi cTaHo-
Buna 124 ocobu (52,5%). PiBeHs ¢isumaHOTO 370pOB’S OIIi-

HIOBAJIM 3a IOKAa3HHKAaMH acpOOHOI MPOJYKTHBHOCTI, a
came BuMiproBain ¢isuuny mnpanesnatHicts (PWCir),
MaKkcHUMaJibHe CTIOKUBAaHHS KUCHIO (VO2 max), BUKOPHCTO-
BYIOUH METOJ BeroeproMetpii. {7t omiHky piBHS aepoOHOT
NPOAYKTHBHOCTI BUKOPUCTOBYBAIN OLIHOYHY mikary S1.IT.
[TspHara. [loka3Huky aHaepOOHOT MPOLYKTHBHOCTI OpraHi-
3My BHBYAJIM 32 BH3HAUCHHAM IOTYXHOCTI aHaepoOHHX
aJIaKTaTHUX TPOLECiB eHeprozabe3NeyeH sl OpraHi3My 3a
MaKCHMAIIFHOIO KITBKICTIO poOOTH, BHKOHaHOI 3a 10 c
(BAHT 10), a Takox 3a piBHEM IOTY)KHOCTI aHaepOOHUX
JIAKTaTHHUX TIPOLIECIB eHepro3abe3neueHHs] OpraHizMy 3a
MaKCHUMaJBbHOIO KUIBKICTIO po0oTH, BHKoHaHoi 3a 30 ¢
(BAHT30) BUKOPHCTOBYIOUM MeTO BiHrarcbkoro anaepo-
6HOTO TecTy, omucanoro F0.M. dypmanom 3i criBaBTOpa-
mu [4, 6]. Jlns OLiHKKM €MHOCTI aHAaepOOHUX JIAKTATHUX
MIPOIIECIB eHepro3ade3redyeHHs OpraHi3My, TOOTO MaKCH-
MaIIbHOI KUTBKOCTI 30BHIMIHBOI poboTr 3a 1 xB (MK3P),
BuKopucroByBanu Meroauky Shogy A., Cherebetin G [8].
KoMITOHEHTHH CKJIaJ] MacH Tila BU3HAYAIH 3aCTOCOBYIO-
um iMrepancauii merox Body Composition Monitor “Om-
ron BF511”, 3a 10moMOror0 sIKOro OLiHIOBAaBCS BiICOTKO-
BUI BMICT >XKMpOBOi MacH (MIALIKIpHUIA Ta BicuepaJbHUNA
JKHp) Ta BIZICOTKOBHUI BMICT M’53€BOi MacH.

Pe3yabTaTn nociixkeHHs Ta iX 00roBopeHHs. Y moc-
JIJDKYBaHUX IOHAKIB IMIIEIAHCHUM METOJIOM BH3HAUWIH
ingexc macu Tima (IMT) i KOMIOHEHTHHMI CKJIaj Tija, 1
YMOBHO PO3MOAUTAIIH iX Ha TPH TPYIH: 3 HU3bKHM, HOpMa-
JFHAM 1 BUCOKUM BiTHOCHHM BMiCTOM kupy. HaiiOinbmry
KkimbKicTe 104 ocobu (83,9%) ckimanm 1oHaKHA 3 HOpPMAb-
HUM BiTHOCHUM BMicTOM Xxupy (8,0-19,9%), a HalimeHuIy
kizpkicts 1 (0,8%) ocoba ckianu rOHaKH 3 HU3BKHM (<
8,0%) BimHOCHKMM BMicTOM *kupy. FOHaKIB 3 nyXe BUCOKMM
BITHOCHUM BMICTOM XHpPY (>24,9%) cepen mOCHiKEHIX
HE BUSIBWJIOCH, Ta0JI. 1.

Taéanus 1. Po3nonin 1oHakiB ripcbkux paifoHiB 3akapnarTsi 3a BiIHOCHHM BMicTOM xupy, N=124

Bwicr xupy (%)
<8,0 8,0-19,9 19,9-249 >24,9
(-) Hu3BKMI (0) HOpMaBHMI (+) BuCOKMI (++) myxe BUCOKHIT
K-CTb Oci0 % K-CTb 0Ci0 % K-CTb 0Ci0 % K-CTb 0Ci0 %
1 0.8 104 83,9 19 153 - -
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Takok FOHAKIB OYIIO PO3MOJIICHO HA TPH TPYIH 3aJICK-
HO BiJ BITHOCHOTO BMICTY CKEJICTHHUX M’sI3iB, 1 B Tpoleci
JOCHI/KCHHST OyJI0 BCTAHOBJICHO: 3 HOPMAJBHUM BiJJHOC-
HUM BMicTOM ckeneTHux M si3iB (33,3 — 39,3%) Oyino Haii-
Gisiie — 76 oci6 (61,3%), 3 Bucokum (39,4 — 44,0%) Bin-
HOCHHM BMICTOM CKelleTHHX M’si3iB 39 oci6 (31,4%). Ase
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HaliMEHIIA KiJIBKICTh Cepes JOCITIHKCHUX FOHAKIB BHSBU-
nack 3 ayxe BUCokuM (> 44,0%) BiIHOCHMM BMiCTOM CKe-
netHuX M’si3iB 9 ocib (7,3%). FOHakiB 3 HU3BKMM BifHOC-
HUM BMICTOM cKejeTHuX M’si3iB (< 33,3%) cepen mocii-
JDKEHHUX HE BHUSIBUIIOCH, Ta01.2.

Taéauus 2. Po3nozin oHakiB ripchbKux paiioHiB 3akapmarTs 3a BiJHOCHUM BMICTOM CKENETHHX M’si3iB, =124

Bwicr ckenetnux M’si3iB (%)
<333 33,3-39,3 39,4-44,0 > 44,0
(-) HU3BKHI (0) HopmanbHwHit (+) BHCOKHIT (++) y>Ke BHCOKHIA
K-CTb 0ci0 % K-CTb 0Ci0 % K-CTb 0ci0 % K-CTb 0Ci0 %
- - 76 61,3 39 314 9 7,3

3naueHHA abcomoTHOTO Toka3zHuKa VO3 max ¥ TpescTa-
BHUKIB 3 BHCOKHM BiJJHOCHUM BMICTOM JXHPY CTaHOBUTb
3164,8+68,7 mirxB! i € BUIIMM 3a 3HAYCHHS TIpeACTaBHU-
KiB 3 HopMmampHEM 2996,6+70,3 wrxBl Ta HU3BKUM
3098,7+79,6 murxs! BigHOCHHM BMicTOM xupy (p>0,05).
Ame ipu iboMy cepersst BenmaruHa VO2 max.sim TPEICTAB-
HUKIB 3 BHCOKHUM BiJJHOCHUM BMiCTOM JXHpPYy B 1,32 pa3u
JOCTOBIPHO HIDKYE CEPEIHBOTO 3HAUCHHS HPEACTABHUKIB 3
HU3bKUM Ta HOPMAQJIBHHUM BIJIHOCHUM BMICTOM JKHPY
(p<0,05), i He mocsirae “Oe3MeYHOro PiBHS 3M0POB’S”, K
OLIHIOIOTH 3a BiTHOCHUM MOKa3HUKOM VO2 max.sim. 1 CTAHO-

Buth 33,7+0,93 mm-xel-krl. Jlns 4yonopikiB «Oe3meuHmit
piBEHb 370POB’s1» 3HAXOAUThCA Ha Mexi 42,0 mi-xp -k,
CepenHe 3HaYCHHS BiIHOCHOTO TTOKAa3HHWKA MAaKCHMAaJIbHO-
TO CIIOXXWBAaHHS KUCHIO Y FOHAaKiB TipchKux paiioniB VO»
max sime. JTAIIE 3 HA3BKAM BIIHOCHMM BMICTOM JXHpY Iiepe-
BUIIye «Oe3nmeyHuid piBeHb 3IOPOB’SI» 1 CTAHOBHTH
44,6+2,1 moxpkrl, Tomi AK y IOHaKiB 3 HOPMAaIbHHM
BIZTHOCHUM BMicTOM XHpy cepenre 3Ha4eHHSI VO2 max sim
TaKOX HE JocsArae “0e3MmeyHOro piBHs 3I0POB’S’” 1 CTaHO-

BuUTh 41,6+1,7 m-xstxrl, qus. Tabm. 3.

Taéanus 3. CepenHi 3HaUCHHS TOKAa3HUKIB aepOOHOT Ta aHaepOOHOT MPOAYKTHBHOCTI opraHiaMy (M+m) oHaKiB ripchbKUX paioHIB
3akaprarTs B 3aJI©)KHOCTI BiJl BITHOCHOTO BMICTY Xupy, N=124

BinHocHwui BMicT xxupy (%)
} C— <8,0 8,0-199 19,9-249
(-) am3pkmii | (0) HopMabHKH | (+) BUCOKHMIA
(n=1) (n=104) (n=19)
VO2 max, MI'XB ™ 3098,7+79,6 2996,6+70,3 3164,8+68,7
VO2 max.sim, MII'XB Lkr! 44.64+2,1 41,6+1,7 33,740,93”
BAHT 10 a6c., KTM'XB ™ 4683,7+59,6 4701,3+76,2 4821,7+78,6
BAGHT 10 i, kKrm'xB ™k 67,4+2,2 65,3+1,83 51,3+1,72
BAHT 30 a6c, KrMxB 4456+84,3 4526,0+87,2 4682,1+90,3
BAHAT 30 iz, KTM-XB KT 64,1+3,9 62,9+3,8 49,8+2,7
MK3P ¢, krM-xB™? 2173,6451,9 1898,2+49,8 2208,6+60,4
MK3P gign., KrM-xB Lkt 31,4418 25,7422 23,1414
Maca Tina, Kr 69,5 72,0 94

[MpumiTka: BiporiIHiCTh BiAMIHHOCTI cepeHix 3HaueHb (p<0,05):
* - BITHOCHO 0Ci0 3 HU3BKHMM BiJTHOCHIM BMICTOM JKHPY;
® - BiTHOCHO 0Ci0 HOpMaJIbHUM BiIHOCHUM BMiCTOM XKHDY;
4 - BIJTHOCHO 0Ci0 3 BHCOKUM BiJIHOCHAM BMiCTOM XHDY.

Pe3ynbTaTi I0CIIIPKEHD TIOTY)KHOCTI aHAepPOOHUX aJlak-
TaTHUX MPOLECIB eHeprozade3rneyeHHs] OpraHi3My 3a BiJ-
HOCHOIO BeIMYUHOK BAHT 10 pizy, Y FOHAKIB TIPCHKUX paiio-
HIB BHSIBUIM JJOCTOBIPHY CYTTEBY IIepeBary IbOro MOKa3-
HHUKa y MPEJICTABHUKIB 3 HU3bKUM 67,442 2 krm-xB 1kt Ta
HopManbHuM 65,3+1,83 krm-xBl-kr! BimHOCHMM BMicTOM
KHpY TMOPIBHIHO 3 0CO0aMH, SIKI MarOTh BHCOKHUI BiJIHOC-
HUH BMICT JKHpY, 3Ha4Y€HHs SKOTO CTaHOBUTH 51,3+1,72
krmM-xB L kr? (p<0,05). OcobmuBoCTi mposBy aHaepoOHOT
MIPOJYKTHBHOCTI y NPE/ICTABHUKIB TIPCHKUX PaiOHIB 3 pi3-
HUM KOMITOHEHTHHUM CKJIQJIOM MacH Tijla BHSBICHO TaKOX
IIPY BU3HAYCHHI BiJTHOCHOT BEJIMYNHHM MOTY>KHOCTI aHaepo-
OHMX JIaKTaTHHUX IIPOLIECIB €Hepro3ade3NeueH sl OpraHiz-
My. 3BepTac Ha cebe yBary Te, [0 HaifHWK4i cepelHi 3Ha-
yeHHs1 BAHT30 sigs. CIIOCTEPITatoThCS Y NMPEACTABHUKIB Tip-
CHbKHX paiioHiB 3 Bucokum 49,8+2,7 xrm-xslkr! BigHoC-
HUM BMICTOM JKHPY, a HaiBuIi 3Ha4eHHS BAHT 30 4jm CHIO-
CTepiraloThcs y IOHaKiB 3 HU3bKUM 64,1439 xrm-xslkr?!
Ta HOPMAJIBHUM BiJHOCHHUM BMICTOM JKHPY 1 CTaHOBHTH
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62,9+3,8 krmxBlkrl. V roHaKiB 3 HU3BKUM Ta BUCOKHM
BIJIHOCHUM BMICTOM JKHPY CEpEHI BEJINYMHU aOCOIIOTHO-
ro MOKa3HHKAa €MHOCTI aHAaepOOHHX JIAKTATHHX IIPOLECIB
eHepro3abesneueHus opraHisMy MK3P e wHaiiBumumu
2173,6+51,9 krm-xs ! ta 2208,6+60,4 krm-xB™ nopiBHAHO 3
NpeCTaBHUKAMU TIPCHKUX PadOHIB, SIKI MalOTh HOpMallb-
uuit 1898,2+49,8 krm-xp ™! BigHoCHUi1 BMicT sxupy (p>0,05).
VY 1oHaKiB TipChbKHX PalOHIB 3 BUCOKUM BITHOCHHUM BMiC-
TOM JKHPY CIHOCTEpIraeThcsl JTOCTOBIPHO HHU3BKHH BiIHOC-
HUH TOKa3HUK €MHOCTI aHAaepOOHMX JIAKTATHUX IPOLECIB
eHeprozabesneyenHs opranismy MK3P i 23,1114
KrM-XB KT y NODIBHAHHI 3 TIOKA3HUKOM y FOHAKiB 3 HU3b-
kM 31,441,8 krmrxeLkr! (p<0, 05) Ta HOpMaIbHHM Bijl-
HOCHHM BMicTOM xkupy 25,7+2,2 krm-x8-krt (p<0, 05).
3naueHHs abcomoTHOro nokasHuka VO3 max y IOHAKiB
TipChKUX palOHIB 3 PI3HUM BiIHOCHHUM BMICTOM CKEJIETHUX
M’s131B Mi’ cOOOI0 JOCTOBIPHO HE BiIPi3HSIOTECS. CepeTHe
s3HaueHHA VO2 max sim. BITHOCHOTO MOKA3HMKA MaKCHMalb-
HOTO CIIO)KMBAHHS KHCHIO y IOHAKiB TipCBKHX paioHIB 3



HOPMAJIEHUM BiJTHOCHUM BMiCTOM CKEJICTHHX M SI3iB € JIOC-
TOBIPHO HIDKYE “‘OC3MEYHOrO PiBHS 3IOPOB’S”, MO BIiAIO-
Bijla€ piBHIO aepoOHOI MPOIYKTHBHOCTI «HIKYE MOCEpe.-
Hporo» i cranosuts 38,9+1,1 Mixs -kt (p<0,05). Toxni K
y IOHAKiB 3 BUCOKUM Ta YK€ BHCOKUAM BiJHOCHHUM BMiC-
TOM CKEJIETHUX M’S31B MOKA3HUK MAaKCHUMAJIbHOIO CIIOXKH-
BaHHA KUCHIO VO3 max sim. € JOCTOBIPHO BHIIE ‘“‘O€3MEYHOTO
PIBHS 3710pOB’S”, IO BIAIOBIAE «IIOCEPEIHHOMY» PIBHIO
aepoOHOI TPOIYKTHBHOCTI i CTaHOBUTH 42,4420 MIXB
Lxr?! ta 43,140,97 mrxslkr! sigmosimHo. PesynwraTtu
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JIOCITI/DKCHB TOTYXHOCTI aHAePOOHUX ANaKTaTHUX MpOIIe-
CiB eHepro3ade3neveHHs OpraHi3My 3a aOCOIIOTHOK BEITU-
yHOIO BAHT |0 a6c. Y IOHAKIB TIPCHKHMX pPaAOHIB BUSBHIN
CYTTEBY TIEpEBary LHOIO IOKA3HHWKA Y TMPEICTABHHKIB 3
JIy’K€ BHCOKHAM BIJJHOCHUM BMICTOM CKCJICTHUX M’S3iB
4869,8+78,7 xrm-xB! mopiBHAHO 3 0COGaMH, SKi MaKOTh
HOPMAaJBHUI Ta BHUCOKWI BITHOCHHH BMICT CKEIETHHX
M’s13iB, 0 cTaHOBHTH 4658,4+96,3 krm'xB i 4703,1+88,2
KrM-XB " BinoBinHO, Tab1. 4.

Ta6muus 4. Cepe/iHi 3HAYCHHS MOKA3HUKIB aepOOHOI Ta aHaepOOHOT MPOIYKTHBHOCTI opranismMy (M+Mm) roHaKiB TipChKUX paiioHiB
3akaprarTs B 3aJI©)KHOCTI Bill BIIHOCHOTO BMICTY CKeJIETHHX M si3iB, N=124

Bwict ckenernux m’s3iB (%)
33,3-39,3 39,4440 > 44,0
Tloxazuuku . . .
(0) HOpMaNBHUI (+) BUCOKHMIA  |(++) Ly’Ke BUCOKHIA
(n=76) (n=39) (n=9)
VO2 max, MI'XB ™ 2896,5+56,1 3086,4+77,2 3197,4459,3
VO2 max.sim, MII'XB LKt 38,9+1,1°*° 42,4+2,0 43,140,97
BAHT 10a6c., KTM'XB™ 4658,4+96,3 4703,1+88,2 4869,8+78,7
BAHT 10 simn., KrM-xBLkr! 59,742,9 *° 63,4438 65,3+3,2
BAHT 30 a5e, KTM'XB ™ 4438,9+98,7 4503,2+76,2 4572,3+90,6
BAHT 30 siza., KTM-XB LK1 56,9+3,6 60,1+3,8 60,9+4,7
MK3P a6c, Krm-xBL 1966,7+54,2 2102,3+46,3 2123,4+51,6
MK3P sis,, krmxs hxr? 25,5+1,3 27,8+1,2 28,7+2,1
Maca Tina, Kr 75,4 72,8 74,0

[pumiTka: BipoTigHICTh BIIMIHHOCTI cepenHix 3HadeHs (p<0,05):
* - BITHOCHO 0¢i0 3 HOPMAJIFHUM BiTHOCHUM BMICTOM CKEJIETHHX M ’5I31B;
® - BITHOCHO OCi0 3 BUCOKHMM BiJJTHOCHMM BMICTOM CKEJIETHUX M SI31B;
¢ - BIJTHOCHO 0Ci0 3 JIy’K€ BUCOKUM BiJTHOCHHM BMiCTOM CKEJICTHHX M’SI3iB.

Pe3ynbTaT JOCTIHKEHb OTYKHOCTI aHAEPOOHNX allaK-
TAaTHUX TPOLECIB eHepro3abe3nedeHHs OpraHi3My 3a Bij-
HOCHOIO BeInHOI0 BAHT 10 simu. ¥ FOHAKIB TIPCHKUX paiio-
HIB BHSIBIJIM JOCTOBIPHO CYTTEBY II€peBary IbOro MOKa3-
HUKa B 1,1 pa3u y npencTaBHUKIB 3 Jy)K€ BUCOKUM BiJHOC-
HHUM BMICTOM CKeJIeTHHX M’s13iB 65,33,2 krm-xBLkrl, HiX
y TPEJCTaBHUKIB 3 HOPMaJIbHUM BiJJHOCHMM BMICTOM CKe-
netHux M’si3iB 59,742,9 krm-xp -kt (p<0,05). Ocobimso-
CTi NpOsIBY aHaepoOHOT MPOJYKTHBHOCTI Y IPEACTABHHUKIB
ripChKUX PaioHIB 3 PI3HUM KOMITOHEHTHHUM CKJIaJIOM MacH
Tijla BUSIBJICHO TAKOX MPH BU3HAYCHHI BITHOCHOT BEIMYH-
HH MOTY>KHOCTI aHaepOoOHUX JIAKTATHUX TIPOIIECIB €HEepro-
3a0e31e4eHHsI opraHiaMy. 3Beprae Ha cebe yBary Te, IO
HaHWKYI cepenHi 3HadeHHS BAHT 30 iz JOCTOBIPHO CITOC-
TEpIraloThCs y MPEICTaBHUKIB TIPCHKUX PalOHIB 3 HOpMa-
JIBHAM BIJTHOCHHUM BMICTOM CKeJIeTHHX M’sa3iB 56,913,6
KTM-XB KT TIOPIBHSIHO 3 MpPEJCTABHUKAMU 3 JIyXKE BHCO-
KUM BiTHOCHHM BMICTOM CKEJIETHHUX M’f3IB, y SKHX Cepell-
He 3HaueHHS BAHT30 wixn € BUIUM Yy 1,1 pa3u i CTAHOBUTH
60,9+4,7 krm-xB k1, (p<0,05). TTpu 11OMY Y FOHAKIB Tip-
CbKHMX PadOHIB 3 PI3HMM BiJJHOCHMM BMICTOM CKEJIETHHX
M’s131B IOKa3HUKH €MHOCTI aHaepOOHMX JIAKTATHHUX IPOLIe-
ciB eHeprosabesneueHus opranizmy (MK3P) 3a abcosnror-
HOIO Ta BiTHOCHOIO BETMYMHAMHU MK COOOIO BIpOTiJHO HE
BinpizHsIOTECA (p>0,05).

TakuM 4MHOM, 32 pe3yJIbTaTaMu JOCII/DKCHb aepOOHUX
Ta aHaepOOHUX IIPOLECIB eHepro3ade3rneueH s y MelIKaH-
LB TIPCHKUX palOHIB MU NPUHANDIM 10 BHCHOBKY, IO
IOHAKH, SIKI MalOTh BHCOKHH BITHOCHHMI BMICT CKEJETHHX
M’si3iB (39,4 — 44,0%) Ta HOpMAILHHUN BiJHOCHHN BMICT
xupy (8,0 — 19,9%) mpu HopmanbHiit maci Tina (18,5 <
IMT < 25 kr/mM?) MaloTh «100pHil» Ta «ocepenHii» pi-
BEHb aepOOHOT MPOIXyKTUBHOCTI, TOOTO VO3 max sim. 42,0 —
58,0 mrxsl'krl. FOHaky, sIKi MAalOTh BHCOKHMII BiIHOCHHIA
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BMmict xupy (19,9 — 24,9%) Ta BUCOKHMIT BiTHOCHHI BMiCT
ckenernux m’si3iB (39,4 — 44,0%) npu HOpMmanbHiil Mmaci
TiJa MalOTh PiBeHb aepoOHOI MPOIYKTUBHOCTI «BiIMIiH-
HUiD, T06T0 VO2 max sime. Bit 58,0 mirxsL-kr. FOHaku, gxi
MarOTh BUCOKHI BiTHOCHHH BMICT xupy (19,9 — 24,9%) Ta
BUCOKHI BIJJHOCHHI BMICT ckeneTHHX M’s3iB (39,4 —
44,0%) npu TeHneHMii Macu Tina 10 HauminkoBoi (IMT >
25 Kr/m?) MaroTh piBeHb aePOOHOT MPOJLYKTHBHOCTI «HHX-
4ye mocepenHboro», to0to VO2 max sim. BiX 34,0 — 41,0
mirxeLkr, puc.1. TTpu npoMy, Bei 06CTex)eHI OHAKH Ma-
F0Th HOPMAJIbHU PiBEHB BICLEPAILHOTO KHUPY, LIeH MOoKa3-
HMK 3HaXOJHUTLCA B Jiana3oHi Big 1 10 9%.

BiamiH HUA MocepeaHin Huzekui
EIMT OXuvp B M'A31 @ BicuepansHUi X up |

Puc. 1. PiBeHb aepoOHOT IPOJYKTHBHOCTI OpraHi3My IOHaKiB
TIpCBKHX palioHiB 3aKapIaTTs B 3aJISKHOCTI Bifl iHAEKCY Ta KOM-
MOHEHTHOTO CKJIaay MacH Tina (n=124)

BucHoBku. PesynbraTn OCIHiKEHb CBiYaTh Mpo Te,
mo QizuuHe 370pOB’sl IOHAKIB TiPCHKUX PalHoOHIB 3akapmart-
TSl 3aJICKUTH BiJ] KOMIIOHEHTHOTO CKJIQJy Tijia, a came:
BIZIMIHHUI piBeHb aepOOHOI MPOIYKTHBHOCTI cIiOCTepira-
€TBCS y IOHAKIB, SAKi MAalOTh HOPMAJIbHY Macy Tijla 3 BUCO-
KAM BIJHOCHHM BMICTOM CKEJIETHHX M’SA31B Ta BHCOKHM
BIZTHOCHUM BMiCTOM JKHPY, IPH HOPMAJILHOMY DiBHI Biclie-
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PaJIbHOTO XKHUPY 1, IK HACIIJIOK, PiBEHb (PI3UYHOTO 340pPOB’S
nepeBuIye “KpuTwdHui piBeHb” 3a ['.JI. AnmaHaceHKOM i
BianoBinae “BiaminHomy” 3a kpurepisimu SLII. IlspHara.
PiBeHb aepoOHOT IPOAYKTUBHOCTI «HIKYE MTOCEPETHHOT0)
MalOTh I0HaKH TipCHKHUX PaiOHIB, Y SKUX BUCOKHH BiJHOC-
HUI BMICT CKEJICTHIX M $131B, aje 30UIbIIYETHCS BiTHOCHMI
BMICT XHPY, 3pOCTa€ piBeHb BiCIEPAIBLHOTO JXKUPY 3 TEHIIE-
HIT€I0 70 MiIBUIIEHHS iHAEKCY MAacH Tila M0 HaJJIHIIKO-
Boi. Tak K BUKOHaHHS (i3MYHMX HAaBaHTaXXEHb B aepoO-
HOMY Ta aHaepoOHOMY peXuMi MoTpedye eHeprii, mo Ha-
KONMYEHAa B M SI3aX, HASBHICTH JKHPOBOTO KOMIIOHEHTY Y

MPECTABHUKIB YOJIOBIYOI CTAaTi B TIPCHKii MICIEBOCTI (B
YMOBAX TIMOKCIT) € IEBHAM 0aacTOM, TaK SIK iCHY€e MOoTpe-
0a y 30UIbIICHH] 00’ €My KHCHIO JUISI IIPOLIECIB OKHCIICHHS
XKHPY 1, K HACJIJOK, Y IOHAKIB 31 30UIBILEHHSIM BiTHOCHO-
TO BMICTY JKHPY HE TUIBKH 3HWXKYETHCS KUIBKICTh MaKCH-
MAaJBHOTO CIIOXKUBAHHS KVCHIO, a H 3HIDKY€ETHCS BEIUYHHA
TIOTYXXHOCTI aHaepOOHIX alaKaTHUX 1 JaKTaTHUX IIPOIIECIB
eHeprosade3redeH s OpraHi3My, a TaKOX KUTBKICTh BHKO-
HaHOI MaKCHMAaJILHOI 30BHIITHBOI MeXaHiuyHOI poboTH 3a |
XB, sIKA € TIOKa3HHKOM €MHOCTI aHAepOOHMX JAKTaTHUX
TIPOIIECIB eHEePro3ade3neyeHHs OpTaHi3My.
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Study the level of physical health of men which live in mountain Transcarpathian areas by the metabolic level of aerobic and
anaerobic providing of energy according to the body components consist

O. A. Dulo

Abstract. The work is devoted to the study of the level of men’s physical health in the age of 17-21 years which live in the mountain
areas of Transcarpathia. It’s proved that the level of anaerobic productivity, which shows the physical health, depends on body compo-
nents consist. The boys with normal body weight, but with high relative consist of fat, high relative consist of muscles and normal level
of visceral fat have the highest level of aerobic productivity by the relative value of maximum oxygen consumption. Cause of this, level
of physical health exceeds the “safe health level” by G.L. Apanasenko and matches to the “excellent” by Y.P. Pyarnata.

Keywords: physical health, aerobic productivity, anaerobic productivity.
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Abstract. The morphometric characteristics of the endometrium and ovaries of rats were studied on the background of intermittent
cold exposures (ICE) in experimental modeling of polycystic ovary syndrome (PCOS). ICE were performed by daily keeping ani-
mals for 4 hours in a chamber in which the light regime and temperature were kept at + 4 © C. The simulation of PCOS was per-
formed by administering dehydroepiandrosterone (DHEA) to young rats for 25 days. Stimulation of adaptive physiological reactions
against the background of ICE blocks the development of signs of PCOS in rats, as evidenced by the morphological parameters of the

endometrium and ovaries of rats.

Keywords: morphometric parameters, rat endometrium, polycystic ovary syndrome, cold exposure.

Introduction. Polycystic ovary syndrome (PCOS) is
characterized by a violation of reproductive & menstrual
function and is due to a number of factors, the main of
which are increased production of androgens, insulin re-
sistance and disruption of the regulation of reproduction
hormones [1]. Insulin resistance and violation of the regu-
lation of reproduction hormones underscore the important
role of the processes occurring in adipose tissue in the
pathogenesis of this disease [2].

Adiponectin, leptin and resistin are important adi-
pokines, associated with energy metabolism [3]. In recent
studies, a direct relationship was established between the
level of adiponectin and PCOS [4].

It is known that the level of adiponectin increases in
conditions of prolonged cold influences or acclimatization
[5].

The aim of this work was to study the morphometric
parameters of the endometrium and ovary of rats against
the background of intermittent cold exposure (ICE) and
experimental PCOS modeling by introducing dehydroepi-
androsterone (DHEA).

Object and methods of research. Studies were per-
formed on female Wistar rats (n = 32) of 27-day-old age,
weighing 30-40 g.

The polycystic process in the ovaries was modeled by
daily (for 25 days) subcutaneous administration of DHEA
("Sigma", USA) dissolved in 0,2 ml of purified and steri-
lized olive oil. The dose of DHEA was 60 mg / kg of
body weight.

ICE was carried out by daily keeping the animals for 4
hours in a chamber in which the light regime and the tem-
perature of + 4 ° C were maintained. The remaining 20 h
animals were in normal conditions of detention.

Animals were divided into 4 groups: 1 group - animals
that were exposed to CCE (n = 8); Group 2 - animals
treated with DHEA (n = 8) with ICE; Group 3 - animals
who were challenged with experimental PCOS by the
administration of DHEA (n = 8); 4 group - intact control
(n=8).

On the 26th day the animals were sacrificed, the uterus
and ovaries were taken. The organs were weighed and
then fixed in 4% paraformaldehyde (PFA, "Sigma") for 4
hours, after which it was transferred for 12 hours to a 25%
sucrose solution on phosphate buffered saline. The organs
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in the mounting medium of Tissue-Tek ("Sakura", Japan)
were frozen and before the preparation of the cryostat
sections were stored in liquid nitrogen.

For the preparation of cryostat sections, the organs
were removed from the low-temperature storage and fab-
ric sections were made with a thickness of 5 pm on the
cryomicrotome MEV (Germany). Sections were stained
with hematoxylin and eosin according to a standard pro-
cedure.

The microphotography was performed by a light opti-
cal microscope with a digital camera Amscope IN300T
(China). Morphometric analysis of photos of serial sec-
tions stained with hematoxylin and eosin was performed
using AxioVision Rel 4.7 image processing software.

Morphometric analysis of the ovaries included count-
ing the number of cysts, yellow bodies and measuring the
layer of the tectal cells of the tertiary follicles. Counts
were performed on 15 sections of ovarian tissue obtained
from each of the experimental animals. Morphometric
analysis of uterine tissue included measuring the height of
the epithelium, the number of glands per unit area, the
thickness of the wall. These masses of ovaries and uterus
are represented as a percentage of body weight.

The statistical processing of the results was carried out
with the help of the programs "Excel" and "Statictica 10".
The data were checked for normal distribution using the
Kolmogorov and Smirnov test, single-factor analysis of
variance was used to compare two samples, differences at
p <0,05 were considered reliable. The quantitative data
represented in the form of the mean value + standard de-
viation.

Results and discussion. Figure 1 presents data on the
relative mass of ovaries and uterus of experimental ani-
mals in four groups. It is noteworthy that neither ICE, nor
DHEA not influenced on the average relative weight of
the ovaries, but the parameters of the uterine mass dif-
fered between groups. The relative mass of the uterus
significantly increased in the groups with DHEA (groups
2 and 3) in comparison with the intact control.

The same trend towards an increase in uterine weight
in rats with an experimental PCOS model was observed
by Zhang Y. et al. [6].

It is known that one of the characteristic signs of PCOS
is hyperplasia of the ovarian cells [7].
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Fig. 1. Relative mass of ovaries and uterus of rats of different
experimental groups. * - the index is significantly different from
the intact control, P <0,05.

When measuring the thickness of the layer of the cells
in the ovaries of rats (Figure 2), it was found that this in-
dex tends to increase in groups with ICT (groups 1 and 2)
and significantly increases in the 3rd group (introduction
of DHEA) compared with intact control. Thus, the results
indicate that the exogenous introduction of androgens into
the body of experimental animals leads to hyperplasia of
the thekal cells as a characteristic feature of PCOS.
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Fig. 2. The thickness of the layer of the thekal ovarian cells of
different experimental groups. * - the index is significantly dif-
ferent from the intact control, P <0.05.

However, the fact of a certain expansion of the layer of
the thekal cells in the 1 st group (without the administra-
tion of DHEA, but with ICE) is of interest. The data ob-
tained by us suggest that under the conditions of cold
stress, the secretion of endogenous androgens by the ad-
renals is activated, which leads to a slight hyperplasia of
the thekal ovarian tissue cells [8].

It is known, that ovarian dysfunction in PCOS is char-
acterized by a decrease in the number of mature follicles
and, accordingly, yellow bodies. In our experiments it
was found that the number of yellow bodies in the group
with the PCOS model was significantly less than in the
control (0,1 = 0.05 in group 3 against 0,2 = 0.01 in the
control, p <0.05). In addition, it was the only group of
animals, which in the ovaries the formation of cysts was
observed. Despite the fact that in groups with ICE (groups
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1 and 2) there was a tendency to increase the thickness of
the layer of the thekal cells, we were not found in the ova-
ries of the cysts, and the number of yellow bodies did not
differ from the intact control.

Endometrium is a mucous membrane lining the uterine
cavity, which reacts to cyclic changes in estrogen and
progesterone in the menstrual cycle of the ovaries. The
follicular (proliferative) phase of the endometrium is as-
sociated with the growth of the follicle in the ovary and
the increased secretion of estrogens. In PCOS, in the ab-
sence of ovulation and regulation through progesterone
secreted by the yellow body, the endometrium is constant-
ly exposed to the mitogenic effects of estrogens, which
leads to its proliferation. Previous studies have shown an
increase in the thickness of the endometrium in women
with PCOS, or in experimental models of PCOS in rats
[91.

Microscopic examination of uterine tissue in a group of
rats with a PCOS model (Group 3) showed an increase in
the height of the endometrial epithelium, the number of
glands and the thickening of the uterine wall (Table 1). In
the group with PCOS simulation against the background
of ICE, as in the group with ICE, these indicators were at
the level of intact control. Visually, the histological pat-
tern in the groups of rats with PCOS differed from the
other groups (Figure 3) and was characterized by an in-
crease in the number of glands and an expansion of their
lumens.

Table 1.
Group | Epithelial cell | Uterine wall | Lumens of glands,
height, um thickness, um number/field
1 5,640,2 496,2+39,4 54114
2 5,840,3 481,8+36,3 5,310,9
3 6,1+0,4 675,4+40,6* 27,845,9*
4 5,740,1 498,7423,5 5,0+1,3
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Fig. 3. Histological samples of the uterus of rats of the group
with the introduction of DHEA (A) and the group with the in-
troduction of DHEA on the background of ICE (B). Color: he-

matoxylin and eosin x 20.

Conclusions. The introduction of DHEA to young rats
for 25 days leads to the appearance in the ovaries and
uterus the characteristics of PCOS: thickening of the layer
of the cells, a decrease in the number of yellow bodies,
the appearance of cysts, thickening of the uterine wall and
endometrial hyperplasia. Stimulation of adaptive physio-
logical reactions against the background of intermittent
cold effects blocks the development of signs of PCOS in
rats with the administration of DHEA.
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AHoTauis. Y craTi po3risIaeThCs TUTAHHS PO 3aCTOCYBAHHS KOMIUIEKCHOTO MiAXOAY 0 MOJENIOBAHHS irpoBOi MiATOTOBIEHOCTI
¢byT6omicTiB Bucokoi kBamidikanii. OTpuMaHi AaHi HefipoarHaMIUYHKMX, Oi0CHEPTeTUYHHX BIACTHBOCTEH, MOKa3HUKIB (i3uyHOI Ta
TEXHIKO-TaKTUYHOI MiATOTOBJICHOCTI Ta PO3pOOJIEeHI MOAENbHI XapaKTEPUCTUKU AOCHiIKYBAaHHX BJIACTUBOCTEH y (yTOOIICTIB-
npodecioHaniB. Mix HeHpoAUHAMIYHUMH, 010€HEPTETHYHUMH BIACTHBOCTAMH, OKAa3HUKaMHU (Pi3MYHOT 1 TEXHIKO-TAKTUYHOI MiJro-
TOBJIEHOCTI Ta OI[IHKAaMHM YCIIIIHOCTI irpoBOI MisSUTBHOCTI BUSIBJICHI 3HAYYIIl KOpeILiiiHi 3B’s3kW. Ha OCHOBI eKcrieprIMeHTaIbHUX
JTAaHUX PO3POOJIEHO NMPOTOKOJ KOMIUIEKCHOTO MOJIEIIOBAaHHS ITiATOTOBIEHOCTI (yTOOIICTIB BUCOKOI KBamidikamii. OOrpyHTOBaHO
MOXKJIMBOCTI BUKOPUCTaHHS HEHpOANHAMIUHHX, O10€HEpPreTHIHNX BIACTHBOCTEH, MOKAa3HHUKIB (Di3NYHOT Ta TEXHIKO-TaKTUIHOI IiJro-
TOBJIEHOCTI JUISl KOMIDIEKCHOT OLIIHKH 1 IPOTHO3YBAaHHS YCIIIIIHOCTI irpoBOT JisTIBHOCTI (hYTOOIMICTIB.

Knruoei cnosa: Mooenosanns, HellpoouHamiuni, bioeHepeemuyHi e1acmugocmi, Qisuuna, mexHiko-maxkmuyHa nio2omoexd, oyi-

HKa YCRIWHOCMI i2p08oi 0islibHOCIMI.

Beryn. Yemmionar ceity 2018 poky 3acBimumB, 1Mo cy-
qacHU# (QyTOON XapaKTepU3yEThCS 3POCTAHHSAM BHIOBHU-
ITHOCTI 1 BUCOKMM piBHEM KOMaHIHOI KOHKYpEHIIii ceper
TpaBIiB, YCKIAQJAHWIACA TEXHIKa 1 TaKTHKa I'pH, 3pOCia
ocobucra BiAMOBiNANBHICTL (YTOONICTIB 32 NPUHHATI
pillieHHs1, BUpOCTa LiHa MOMUJIKH, ITiJABUIIMINCS BUMOTH
JI0 BCI€T CUCTEMH IiJrOTOBJICHOCTI, KOHTPOJIIO 1 KOPEKLil
TPEHYBAILHOTO TpoleCcy Ta Bigbopy ¢yroomicris [9, 11].
3a Takux ymoB, 1 (axiBuiB 3 ¢pyTOO0Ny BHHUKAE HEOO-
XiHICTh CHIpHiAMaTH, OOpoOJATH Ta 30epiraTH BEIHKY
KUTBKICTh iHpOpMaLii i il MOHITOPHHTY Ta IpOTpamy-
BaHH, PO3pPOOKH MOJIEIEHUX XapaKTePHCTHK 1 KPUTEPIiB,
SKI MOXKYTh OyTH BU3HAYAIbHHMH i MOXKYTh BIUIMBATH HA
eekTuBHICTH irpoBOi misutbHOCTI rpaBmiB [1, 15]. Ha
Hally JyMKY 10 TAKUX XapaKTEPUCTHK 3a JaHUMH JiTepa-
TypH MOXKHA BiHECTH HEWPOAMHAMIYHUX, Ol0CHEpreTHY-
HUX BJIACTUBOCTEH, a TAKOX IMOKa3HUKU (I3UYHOT 1 TeXHi-
KO-TaKTHYHOI migrorosnenocri [ 7, 8, 10].

BonHouac i3 po3BuTKOM cucteMH (yTOONY BUHHKAE
motpeba y MpOrHO3yBaHHI, CKJIaaHHI TUIAHIB 1 31HCHEH-
HSl TUTAHOMIPHHX 3YCWJIb JIJISL IOCATHEHHS BUCOKHX CIOP-
TUBHUX pPE3YJIbTATIiB Ha OCHOBI KUTBKICHHX 1 SKICHHUX
MOJICIIBHUAX XapaKTepUCTHK. I MPaKTUYHOTO 3acToCy-
BaHHS MaTEMaTH4HI METOIY MOXYTh OyTH HAaiTO CKJAJ-
HuMH. OCHOBHA BHMOTa JI0O NPOTHO3YBAaHHS MOJIEIBHHX
XapakTepUCTHK y (yTOoNi — iX HOCTYIHICTH i 3IaTHICTH
BUKOPUCTOBYBATH X Yy NPaKTHYHIN IisTIBHOCTI TpeHepa
[4, 15].

AHaJi3 ocTaHHix gociaixkens i myouikaniii. IIpo-
6JieMa MOJIEJIIOBAHHS Ta MPOTHO3YyBaHHs y CIIOPTi JA0cTa-
THBO BUCBiTIIeHa [1, 6]. Hakornmuewi qaHi 3 ux MuTaHe y
JiTepatrypi 3 pi3HHX acCHeKTiB MiATOTOBIEHOCTI CIIOPTC-
MEHIB y pi3HHX BHAax cropty [4, 7, 16]. IIpoGmemi mu-
TaHHS MOJICIIOBAHHS Ta MPOTHO3yBaHHA y (yTOOII TAKOXK
He 3aJMIIMINCS 0e3 yBaru yUeHHX Ta MpakTuKiB. Po3poo-
JIeHI TMTaHHS MOJENIIOBAHHS TAaKTUYHHUX [l y IOHHX
¢yroomicti [3], mporHo3yBaHHs pe3ynbTaTiB (GyTOOB-
HUX MaTuiB [15]. 3MonenpOBaHO BUKOPUCTAHHS CTaHAAp-
THHX BIIPaB y TPeHyBalbHOMY Tiporieci pyr6omicris [11].
[IpoBoamu gOCHIKEHHS 1 MOAeMoBaK (Gi3UIHY MiAro-
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ToBJeHICTh (pyTOOmicTiB [2, 13] Ta po3pobiieHO MOJEIbHI
XapaKTepUCTHKH CTPYKTYPH MIXK ITPOBHX MIKPOIMKIIIB
[1, 12]. TIpoananizoBaHa 3marajibHa AisIBHICTH KOMAaH]
pizHOI kBamiikamii Ta mpoBigHUX KoMaHA CBITY Ta CTBO-
peHi MoOJeNbHI XapaKTepUCTUKH (yTOOIICTIB BHCOKOI
kBamidikarii [9, 17].

BonHouac ananiz jitepaTypu 3acBiI4MB, IO NMUTAHHSI
MOJICIIIOBaHHS Ta MPOTHO3YBaHHS IrpoBOi JIsUIBHOCTI Ta
MiArOTOBNIEHOCTI (PyTOOMICTIB BHCOKOT KBamidikauii Ha
ChOTOJIHI po3poliieHi HemoctatHbo. Ha nymKy wmijoro
pAOy aBTOpIiB 3HAHHSA OCOOJHMBOCTEH irpoBOI AisIIBHOCTI
¢yTOOICTIB 3 ypaxyBaHHSIM HEHPOIMHAMIYHUX, OioeHep-
reTHYHAX (YHKIIH, MMOKa3HUKIB (i3UYHOI Ta TEXHIKO-
TaKTHUYHOI IJrOTOBJICHOCTI JJa€ MOXKJIMBICTH TpEeHEpaM i
(daxiBIsIM MOJETIOBAaTH, IIPOTHO3YBATH 1 KOPETyBaTH
TpeHyBaJIbHUI TPOLIeC 3 METOIO MiABHIIEHHS e()eKTHBHO-
CTi IrpOBOI JMiSUIBHOCTI TPaBILiB IIiJ| 4ac BHUCTYIIB y 3Ma-
ranssix [4, 8, 10].

VY pobotax winoro psiy aBTOPIB PO3IJISHYTI MUTAHHS
CTOCOBHO JINHAMIKH PO3BHUTKY 0i0€HEPreTHUYHUX Ta PYXO-
BUX siKocTel (yTOOJICTIB Ha PI3HMX eTanax BJIOCKOHA-
JICHHS CIOPTUBHOT MaiictepHocTi [5, 8, 13]. docmimkeHHs
TIOKa3aJy, 110 MPOBIHIM KOMIIOHEHTOM, IO BimoOpaxae
piBeHb (Di3MYHOI MiATOTOBICHOCTI (PYTOONICTIB € aepood-
HUH KOMITOHEHT BUTPHBAIOCTI. JIpyruM, 3a 3Ha4MMICTIO,
BHSIBISIETHCS (DAKTOpP aHAepOOHOTO TITIKOJIITHYHOTO KOM-
MMOHEHTa CTIMKOCTI, TpeTili — CTIMKICTh TEXHIKK 1O mii
(dakTopiB, M0 MEPEIIKOMKAIOTh. 32 JaHUMHU (axiBIliB y
¢yTOOJIICTIB CHOPTUBHA MaWCTEpPHICTh Yy OUIbIIIM Mipi
3aJIeKUTh Big (i3UdHOT mpare3gaTHocTi, MIBHUAKICHO-
CHJIOBMX Ta MIBHIAKICHUX 3ai0HOcTed [5, 12, 14]. Yumano
aBTOPIB BKA3yIOTh Ha 3aJIe)KHICTh irpoBOi JISUTBHOCTI Bif
PpiBHS MPOSABY TOKA3HUKIB (DI3MYHOI, TEXHIYHOI 1 TaKTHY-
HOI MiIrOTOBIEHOCTI rpasiiis [2, 9, 11].

OTKe, Ha CbOTOJIHI, 3HaHb PO MOJIEbHI XapaKTepHc-
THKM HEHpPOAWHAMIYHNX, Oi0OEHEPreTHYHHX BIACTHBOC-
Tei, MOKa3HUKIB (Pi3MYHOI 1 TEXHIKO-TAKTHYHOI MiJrOTOB-
JIEHOCTI 1 1X BIUIMBY Ha e()EKTHBHICTH irpoBOI IisUTBHOCTI
¢yT6oicTiB BHCOKOTO piBHA KBamiikamii, He JOCTaTHBO,
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caMme Le i 3yMOBWJIO HEOOXIJHICTb NPOBEICHHS HAIINX
JIOCJIIIPKEHD.

MeTa: BU3HAUYUTH MOJENIBHI XapaKTEPUCTHKU HEHpo-
JTMHAMIYHHUX, 010C€HEPreTHYHHUX BIACTHBOCTEH, MOKa3HU-
KiB (I3MYHOI 1 TEXHIKO-TAKTUYHOI MiATOTOBICHOCTI 1
3’ICyBaTH 3AJIEKHICTH iX 3 YCHIIIHICTIO irpoBOi MisTBHOC-
Ti (yTOOTICTIB BUCOKOTO PiBHS KBaTi(hiKaIii.

Martepianu i Meroau gociaimxeHHs. Y QyTOoImicTiB
npo¢eCcifHNX KOMaHA, SKi TPEACTaBIBUIN IIpeM’€p Ta
MepITy JIrH 4YeMITioHaTy YKpaiHh 3 ¢yTOOIy BHBUYAIH
HeliponuHaMiyHi i OioeHepreTH4Hi BIACTUBOCTI, Pi3MuHy
1 TEXHIKO-TaKTHMYHY MiATOTOBJIEHICTh, OIIHKY irpoBOl
IiSUIBHOCTI.

HelipoanHamiuni (QyHKIIT IpaBIiB JOCHIIKYBamu 3a
JIOTIOMOTO0 KOMII IOTEPHOTO MpUCTPOolo «JliarHocT-1M».
BusHavyamu  iHIUBIAYaJbHO-THIIOJNIOTIYHI  BJIACTHBOCTI:
¢yukiionaneHy pyxsmBicts (OPHIT), cuny (CHII) Tta
BpiBHOBaxeHicTh (BHII) HepBOBHX mporeciB, a Takox
nmateHTHI nepiogu npoctux (II3MP), ckmagHux peaxmii
BHOOPY IBOX IOApa3HUKiB 3 Tprox (PB2-3) [10].

BioeHepreTnuHMiA TOTEHIIA (yTOOIICTIB, IKUN Xapa-
KTepu3ye aHaepoOHY, aepoOHY Ta 3arajibHy MeTaOOiuHy
emuictb (AH, AE, 3ME), edekrusnicts (ITAHO,
YcclIAHO) i motyxHicts acpodnoi (MCK) ta anaepoO©-
Hoi, kpeatuH ¢ocdarroi (KD) i riikomitnunoi (I'JT) dyn-
KUIOHAIPHUX  CHCTEM BHU3HA4YaJdd 32  JIONIOMOTOIO
KOMII'FOTEPHOT'O MPHUCTPOIO 1 IPOrpaMHOro 3a0e3neyueHHs
eKCIpec-A1iarHOCTUKH (DyHKIIOHAIBHOTO CTaHy 1 pe3epBHUX
MoxkBocTeit opranizmy «D&K-Tecr» [14].

®i3uyHy MArOTOBICHICTh (YTOOTICTIB AOCTIHKYBAIH
3a TIOKa3HUKaMH TECTOBHX 3aBJIaHb Ha IPOSB CIIPUTHOCTI,
MBUAKICHUX, IIBUAKICHO-CHJIOBHUX 3Ii0HOCTEH 1 BUTpH-
BayocTi [12]. PiBeHb TeXHIYHOI MiATOTOBICHOCTI OIIHIO-
BaJIM 3a JIONOMOIOI0 KOHTPOJIBHUX BIPaB: BEJCHHS Ta
BKUJAHHS M'4a, ylapu MO BOPOTaxX Ha TOYHICTH 1 KOM-
IJIeKcHOi Brpasu [9].

ExcriepTHy ouiHky irpoBoi aisuibHOCTI (yTOOMiCTIB
MPOBO/IHJIA TPYMIa JOCBiTUEeHUX TpeHepiB [6].

OTpuMaHuil CTATUCTUYHHN MaTepias 00poOsLTH 3a
JIONIOMOT0I0  KoMI''otepHoi nporpamu Microsoft Excell
[15].
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PesysibTaTn mocaimkeHHs Ta iX aHAm3H. Y ¢yTOOINTiC-
TiB-Ipod)eciOHaiB BU3HAYAIN MOJICIbHI 1HIUBIAya bHI Ta
KOMaH/IHI MaKCHMaJbHi, MiHIMAIIbHI 1 CEpeIHI 3HAYCHHS
TIOKa3HHUKIB HEHPOIMHAMIUYHHX, 010€HEPTeTUYHUX BIACTH-
BOCTEH, (hi3UYHOT 1 TEXHIKO-TAKTUYHOI MiIrOTOBICHOCTI
Ta OLIHKH YCHIIIHOCTI irpOBO1 MisSTBHOCTI.

Hacamnepen, 3 MeTolo 3’CyBaHHs ITUTaHHS, YU B3ae-
MOJIIOTh HelipoInHaMiuHi, 6i0€HepTeTHYHI BIACTUBOCTI i
MTOKAa3HUKH (Di3MYHOI 1 TEXHIKO-TAKTHYHOI IiATOTOBJICHO-
CTl 3 YCIIIIHICTIO irpoBOi HisUTBHOCTI (yTOONICTIB MU
po3pobnnn omiHOYHI mKamu 3a 10 GambHOIO CHCTEMOIO
OLIIHIOBAaHHS. 3 TOTIOMOTOIO TPYITH JIOCBIAYEHNX TPEHEPIB
MIPOBEJIM EKCIIEPTHY OILIHKY irpoBoi HisiibHOCTI QyTOOIII-
CTiB IPOTAroM oQiliiHKUX irop. 3a pe3yabTaTaMH ONUTY-
BaHHS BCTAHOBHWIIU, II0 CEpe/HIH MOKa3HUK OLIHKH irpo-
Bol JisbHOCTI (yTOOMICTIB-IpOdecioHaniB B LIJIOMY
BiAmoOBifaB 3HaueHHIO — 6,4+1,1 Gamu.

3 METOI0 BCTAaHOBJICHHS 3B’ S3Ky €(EKTHBHOCTI irpoBO1
JiSUTEHOCTI Ta (PYHKIIOHAJIBHOTO CTaHy KOMIUIEKCY (i3u-
YHOI 1 TEXHIKO-TaKTHYHOI IiArOTOBJICHOCTI HEHpOaHMHa-
MIYHHX 1 OlOCHEPTeTHYHHX BIACTHBOCTEH MH IPOBEIH
KOPEeJLIIHHNE aHali3 MK JOCTIKYBaHIMHU ITOKa3HUKA-
Mu (puc. 1).

B xopxi ananizy Oyna BCTaHOBJIEHA HAsIBHICTH KODPEJsi-
Uil OWiHKKM irpoBOi JisUTbHOCTI (PyTOONICTIB BHCOKOTO
piBHsA KBamidikauii 3 MokasHUKaMH (i3UYHOI, TEXHIYHOT
MiATOTOBJICHOCTI, HEHPOAMHAMIYHUX Ta O10€HEPTETUUHUX
BJIACTUBOCTEH. BCTaHOBHMIM 3HAYYINI KOPEJSINi OI[IHOK
ITpOBOT MISITBHOCTI 3 HEWPOAMHAMIYHUMHU (QYHKIISIMH —
OPHII i CHII, GioeHepreTHYHHMH BIACTHBOCTSIMH —
I[MAHO, UCC MAHO, nokazHukamMu (i3HIHOI MiATOTOB-
neHocTi — Ctpubok y mosxuny 3 Micist, Tect Kymepa i
MOKa3HUKaMHU TEXHIKO-TAKTUYHOI MiATOTOBICHOCTI
KommiekcuHa Bopaga (r= 0,30 — 0,42) (p<0,05).

Ha ocHOBI jaHMX KOpeJsIiHHOTrO aHamizy HaMu Oynu
BU3HAYEHI BIACTUBOCTI 1 HapaMeTpd MiJIrOTOBJIEHOCTI
¢GyTOOICTIB, SKI Maid 3aJEKHICTh 3 OIIHKOK IrpoBOl
JisIbHOCTI. 3 ypaxyBaHHSM BH3HaUE€HMX [OKa3HHUKIB
3MIACHUIM CIIBCTABICHHS CEPEIHIX BEJIMYHH JOCIIIKY-
BaHMX IIapaMeTpiB 3 MOJEIbHUMH XapaKTePHUCTHKAMHU
rpaBiiB (Tadm. 1).

®Di3nyHa MiAroTOBKA

bir 30 m

CTpulOK y 10BKUHY 3 Micls
Bxunanusa m’s4ua

N . Tect Kynepa bioeneprerunyni
Heliponunamiuni BIACTHBOCTI
I[13MP Vemimmi . AE

Y CIIIIHICTD 1I'PO-
PB2-3 Sl i e
BO1 AIAJIbHOCT1
®OPHII ri
CHII MCK
BHII IMAHO
TexHiuHa MIATOTOBKA HAHO 4CC

Benenns 30 m
KommniiekcHa BnpaBa
VY napu Ha BIIy4HICTb

Puc. 1. 3B’30K yCHILIHOCTI irpoBOT AisTIBHOCTI 3 MTOKa3HUKaMH HEHPOJMHAMIYHUX, 0i0CHEPreTHUHHX BIACTUBOCTEH, Qi3udHOT i
TEXHIKO-TaKTHYHOT MiATOTOBJICHOCTI (yTOOIIICTIB BUCOKOTO piBHS KBatidikamii
IIpumiTka: xxupHUM WpUGTOM BUALTEH] BiporiaHi kopessuii (p<0,05)

60



Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb. www.seanewdim.com

Ta6muus 1. MozensHi MakCHMalIbHI, CepeiHi Ta MiHIMAaIbHI XapaKTepUCTUKN HEHPOIMHAMIYHUX, 010€HEPTeTHYHHUX BIACTHBOCTEH,
(bi3uvHOT 1 TEXHIKO-TAKTHYHOI I ATOTOBICHOCTI (hyTOOJICTIB BUCOKOTO PiBHS KBasidhikamil

Biactusocti Horasmman Maxomvabei |MiniMarsni C?()iﬁ?i’ M;i?’;?;:;i;ipfg:i’;}iﬂ%
E I13MP,(mc) 157 236 196,6+4,1 22
s PB2-3,(Mc) 276 359 317,446,8 15
= ®PHIL(c) 52 66 59,340,9 14
2 CHITL(ozp) 830 610 720,6+7,4 13
= BHIT,(mc) 11 28 19.2+0.8 29
AH,H.0. 127 19 57,9459 30
AE,H.0. 294 170 244,748 4 16
E 3ME tr.0. 374 238 31246,5 17
a Kpo,H.0. 48 19 32,4+0,8 22
g [JLu.0. 446 27 33,340,6 18
.E MCK,H.0. 76 57 67,7+0,9 11
TTAHO,n.0. 75 56 68,2+0,7
YCC/MIAHO,yn/xB 179 134 167,6+1,1
Bir 30 m,(c) 45 3,8 4,140,18
E Ctpubok y T0oBX.,(CM) 285 247 264,849 4
;g Bkunanus m’sua,(M) 28,3 17,8 24,7£1,5 13
Tect Kymnepa,(m) 1856,4 1587,9 | 1687,5+48,2 10
s Benenns 30 m, (¢) 5,4 6,6 6,0+0,4 11
é KomruiexcHa BHp., (c) 11,5 15,3 12,4+0,5 9
= Y napu, (ByuaHHs) 8 4 5,9+0,6 23
Sk BumHO 3 TabNMIi, MOAETHHI MaKCUMAaJIbHI, CepeaHi 3 mpeacTaBlIeHNX HAa PUCYHKY AaHUX BHIIHO, IO 3 YCiX
Ta MiHIMaJbHI XapaKTePUCTUKA HEHPOIMHAMIYHUX, 0i0e-  JOCHIHKYBaHHX BJIIACTUBOCTEN BIIMOBIIHICTE
HEPreTUYHHUX  BIACTUBOCTEH, (i3MYHOI 1 TEXHIKO-  CepeAHbOKOMAaHIHUX MOKa3HHKIB i MOJIETTbHUX

TaKTHYHOI MIATOTOBJIEHOCTI (hyTOOJICTIB BUCOKOTO PiBHS
kBamiikarii, sk 1 caix nporo Oylo O4YiKyBaTH, BiIpi3HS-
qucst. BiqMIHHOCTI CepelHhO KOMAaHIHUX OKA3HUKIB BiJ
MO/JIETIbHUX XapaKTEPUCTUK I'PaBLiB KOJUBAJIKCS B MEKax
Big — 8 10 30 %.

3 ypaxyBaHHSAM AaHHX KOPEISLIHHOTO aHali3y CTOCO-
BHO 3aJIC)KHOCTI YCHIITHOCTI irpoBoi IisTBHOCTI BiX TIpO-
SBY HEWPOIMHAMIYHHUX, 010€HEPreTUYHUX BIIACTUBOCTEH,
(i3M9IHOT 1 TEXHIKO-TAKTHYHOI IMiIrOTOBJICHOCTI (PyTOOMTI-
CTIB BHCOKOTO piBHs KBami(ikamii, MM BU3HAYWIHA TIpio-
pHUTETHI, OLIBII 3HAYMMI BJIACTUBOCTI 1 PI3HOBHUIM MiJroO-
TOBJICHOCTI, 3 METOI0 3’SICyBaHHSI HasBHOCTI BiJMiHHOC-
TEl MOCHIKYBaHUX MapaMeTPiB BiJ pO3POOJICHUX MOjIe-
JILHUX XapaKTEPUCTHK (puc. 2).

PE2-3, (Mc)
0

Komnnecra enp asa, (c

Crpuboxy moemuEy, (o4 AHO.(vo.)

UCC MAHO, (va/xs)

Puc. 2. BiIlIOBITHICTD mmm mmm CEPEIHHOKOMAHIHUX JIO
— MOZICTIFHUX XapaKTEPUCTHK HEHPOANHAMIYHUX,
GioeHEepPreTHYHHUX BIACTHBOCTEH, MOKAa3HHUKIB (i3H4YHOT i
TEXHIKO-TaKTHYHOI ITiIrOTOBIEHOCTI (hyTOOIIICTIB BUCOKOT
KBastiQikarii

XapaKTePUCTHK JCIIO0 BifpisHsaacs. Tak, mpoCTeXYyEThCs
OiJIbLIIa BiAMOBITHICT PE3YNbTATiB (PYTOOICTIB BUCOKOTO
piBHA KBamidikauwii y BmpaBax 3 (i3M4HOI 1 TEXHIiKO-
TaKTUYHOI MIiATOTBKM Ta TPOSBY OIOCHEPreTUYHUX
BnactuBocred. Toxl, SK BIAMIHHOCTI 3a MOJENbHUMH
XapaKTEePUCTUKAMH i MOKa3HUKAMHU pPOSIBY
HeHpoInHAMIYHIX (QYHKIIH BUSBIIIUCS IO OUTBIIAMHU.

Ha Hamy AymKy, Takuii Xapatep HEOJIHAKOBOT

BIIOBITHOCT1 CepeTHhOKOMAaHTHIX MMOKa3HUKIB
JIOCITIDKYBAHHUX BJIACTUBOCTEH 3 MOJEIBLHUMU
XapakTepucTukamMu  (QyTOOJNBCTIB ~ BHUCOKOTO  DIiBHS

MalCTepHOCTI, MOXKHA IOSICHUTH THM, IIO IOKAa3HUKH
GI3UYHOT,  TEXHIKO-TAKTHYHOI  MiATOTOBJICHOCTI i
0l0CHPreTUYHI MapaMeTpy TPaBLiB, MOXKYTh 3MIHIOBATUCS
M BIUMBOM TPEHYBaIbHMX 3aHATH. IX MOXHA
PO3BUBATH, YIOCKOHAJIFOBATH 1 MiABUINYBaTH. TOmi SK
HeHpoIWHAMIYHI BIIACTHUBOCTI, TakKi K (YHKIIOHAJIHHA
pyxXJuBicTh 1 cuia HepBoBux mporecie (OPHII, CHII) e
TEHETHYHO JETePMIHOBAaHWMH BIACTHBOCTSAMH, TOOTO €
BpOKEHUMH. | y mporeci TpeHyBaJIbHOI 1 3MarajibHOI
JismbHOCTI  (yTOouticTiB-nipodpecioHaniB ~ BOHM — He
3MIHIOIOTBCSI.  AJle, TIpM LBOMY HEWpOAWHAMIYHI
BJIACTHUBOCTI Pa3oM i3 Oi0CHPTeTHYHHMH 1 MOKa3HUKAMHU
¢i3M9HOT, TEXHIKO-TAKTHYHOI IIiJITOTOBJICHOCTI MAalOTh
BIUIMB HA YCHIIIHICTH irpoBOi MisIIBHOCTI (yTOOMICTIB
¢ucokoro piBHA KBaidikarii.

OTpuMaHi pe3yJabTaTH JOCIHIKEHb HEHPOAMHAMIYHUX,
OioeHepreTHYHUX BJIACTHBOCTEH, (I3UYHOT 1 TEXHIKO-
TaKTUYHOI IiIrOTOBJICHOCTI QyTOOIICTIB BUCOKOTO PIBHS
kBamiikamii BKa3zylOTh Ha 3aJeXKHICTh €()EeKTHBHOCTI
ITpPOBOT IISUTBHOCTI TPABIIB BiJl OCITIIKYBAaHUX BIIACTH-
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Bocrel. 11]o Bkazye Ha HEOOXIiMHICTH 3MIMCHCHHS TOCTIH-
HOTO KOHTpOJIIO 332 €(EKTUBHOCTI IrpoBOI JIsUTBHOCTI Ta
(YHKIIOHAJIBHUM CTAaHOM KOMILJIEKCY TE€XHIKO-TaKTHYHOI,
(13UYHOT MiATOTOBJICHOCTI HEHPOJMHAMIYHMX 1 OioeHep-
TeTHYHHX BJIACTUBOCTEH (yTOOIICTIB, SIK B XOJli TPEHYBa-
JFHOTO TIPOILIECY, TaK i i/ 9ac 3MaraHs.

OTxe, Ha OCHOBI Pe3yJbTATiB AOCIHIIKEHh HAMHU Oyl
po3pobieHi MoAenbHI XapaKTEpHUCTHKH HeHpoInHaMid-
HUX, 0i0OCHEPTeTHYHHUX BIACTUBOCTEH, (i3WUHOI i TEeXHi-
KO-TaKTUYHOI MiATOTOBICHOCTI (yTOONICTIB BHCOKOTO
piBHA kBamigikamii. Mk MOKa3HWKaMH 1HAWMBITyaIbHO-
tunonoriuaux BractuBoctedl [[HC, GioeHepreTHyHUX Ta
TEXHIYHOT MiJATOTOBJICHOCTI 1 OLIHKOKO irpOBOT AisTIBHOCTI
¢yTOOITiCTIB BUCOKOTO DiBHS KBauliikalii BCTAHOBIEHO
HasIBHICTh 3HAYYIIMX KOPEIIiiHuX 3B s13kiB (p<0,05).

3a yMOBM CKJIaJHOCTI 1 CyNepewsMBOCTI Oprasizarii
TaKOro TMiJXOIy JO CTBOPEHHS MOJIEIBHHUX XapaKTepuC-
THK TiATOTOBJICHOCTI KOMAaHIH MPOCTEXKYIOTBCS HEaKi
IepeBary, rojoBHA 3 SKHX — C(HOPMYIIOBaTH MOJEIb
3MarajJpHOi JiSTBHOCTI (YTOONICTIB BHCOKOTO PpiBHSA
KBariQikarii y Me:xaXx BUMOT Cy4acHOTO QyToOoITy.

OTxe, pe3ysIbTaTH HAIIOTO JOCIIKEHHSI MOXYTh KOH-
KpETH3yBaTH TPOLEC MIiATOTOBKM TPAaBIiB 1 KOMAaHJH,
aKICHTYIOUH YBary Ha CWJIBHHX Ta YAOCKOHAJCHHI Haii-
OUTBIN CIIAOKHUX JIAHOK IMIiATOTOBJICHOCTI, IJIAHYBAaTU TPO-
rpaMy TPEHYBaJbHOI'O IPOLECY BUPA3UBIIU 11 y KOHKPET-
HUX KUIBKICHHX 1 SKICHHX OJUHHIIIX. Ha HacTymHuX
eTanax TPEHYBaJIBbHOI'O IPOLECY BIIKPUBAETHCS MOXKIH-
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BICTh TOPIBHATH 3aIlIaHOBaHI i (akTUYHI 3MIHM CTaHy
MiAroTOBNIEHOCTI (yTOOIICTIB. Y LLOMY BHNAAKY TPEHY-
BaJIHUH ITpolieC Ha0yBae KEpOBaHUI XapaKTep IiJIr0TOB-
KM 1 BIAIOBIZa€ 3arajJbHOTEOPETHYHMM BHMOTaM YIpaB-
minnsa [12, 13, 17].

TakuMm 9UHOM, 3IIHCHEHHS KOHTPOJIO irpOBOi IisUTb-
HOCTI (yTOOMICTIB, CTaHy HelpoIuHAMIYHIX, OioeHepre-
THYHAX BJIACTUBOCTEH, (i3MUHOI, TEXHIKO-TaAKTUIHOI
MiATOTOBIIEHOCTI JONOMOJKE 3HHU3WUTH BiICOTOK Opaky B
TPEHEPCHKiM MisIIPHOCTi, BHBUIBHHUTH CIIEIHAJICTIB Bif
BUKOHAHHA HE pE3yNbTaTHBHOI pPOOOTH, 3a0e3MednTh
BUCOKY €(pEeKTUBHICTb MIATOTOBKHU (hyTOOIIICTIB BUCOKOTO
piBHA KBaigikarii.

BucHoBkn

1. Orpumanu naHi Ta po3poOMIM MOJENBHI XapakTe-
PHUCTHKH HEHpOJMHAMIYHHX, 010€HEPreTHYHUX BIACTHBO-
CTel, (I3UYHOT 1 TEXHIKO-TAKTUYHOI MiJrOTOBJICHOCTI
¢yTOOTiCTIB BUCOKOTO piBHS KBauTi(hiKarii.

2. 3a OKpeMHUMH TTIOKa3HUKaMH HeHpoAnHaMIuHUX, 0io-
S€HePTeTUYHUX BIIACTUBOCTEH, IOKa3HUKIB (i3udHOi i
TEXHIKO-TAKTHYHOI MiATOTOBIICHOCTI Ta OLIHKAMH irpoBol
nisutbHOCTI  (PyTOOINICTIB BHCOKOTO piBHSA KBamiikamii
BCTaHOBHWJIM 3HAYYII KOpesiiiiui 38’ s3ku (p<0,05).

3. OOrpyHTOBaHO MOXJIMBOCTI BUKOPHCTAaHHS HEHpo-
JUHAMIYHHUX, OIOCHEPreTUYHUX BIACTUBOCTCH, MMOKa3HU-
KiB (hi3UYHOT Ta TEXHIKO-TAKTUYHOI MirOTOBIEHOCTI ISl
KOMIUIEKCHOT OL[IHKH 1 MPOTHO3yBaHHS YCIIIIHOCTI irpo-
BOI HismbHOCTI PyTOOICTIB.
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Model characteristics of neyrodinamic, bioenergetic properties, physical and technical-tactical preparation of highly quali-

fied football players

V. S. Lizohub, V. O. Pustovalov, T. V. Kozhemyako, N. P. Chernenko, V. V. Shpanyuk

Abstract. Question about application of a complex approach to modeling the game readiness of football players of high qualification

is considered in the article. Data of neurodynamic, bioenergetic properties, indicators of physical and techno-tactical readiness were

obtained and model characteristics of the researched properties for professional football players were developed. Significant correla-

tions have been detected between neurodynamic, bioenergetic properties, indicators of physical and techno-tactical readiness and

assessments of the success of gaming activity. The protocol of complex modeling of the training of football players of high qualifica-

tion was developed based on experimental data. Possibilities of using neurodynamic, bioenergetic properties, indicators of physical

and techno-tactical readiness were justified for the complex estimation and forecasting of the progress of the game activity of football
layers.

P )}/<eywords: modeling, neurodynamic, bioenergetic properties, physical and techno-tactical readiness, assessment of the success of

gaming activity.
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cXxeMax NoJAEePKKHU JIIOTEeHHOBOM (pa3bl
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Annotanmsi. O6cnenoBansl 50 skeHIMH OCHOBHON M 10 KOHTPOJBHOW TpYMIBl, KOTOPhIE Y4aCTBOBAJIM B MPOrpamMMe JOHOPCTBA
0ouuToB. [TaneHTKaM OCHOBHOMW IPYIBI ObLIM HPOBEAEHBI CXEMbI MOANAEPIKKH JFOTEHHOBON (ha3bl Pa3IMYHBIMU IIPOTECTEPOHOBBI-
MH npenapatamu. Onpeaensin IMMYHOTHCTOXHMHYECKHE MapKephl HAMHYMSA edeKTa pelienTHBHOCTH SHA0MeTpust: KoyutareHs I11,
IV tumnoB u pubponextun. Onpenenenne Kouare ¥ GUOPOHEKTHH- CHHTE3UPYIOLIEi QyHKIMU SHIOMETPHUS CIIOCOOCTBYET BBIOOPY
ONITHMAJILHON CXEMBI MOJIEPKKH JIIOTEHHOBOM (pa3bl, 4TO MO3BOJISET CO3/aTh ONTHMAIBHEIE YCIOBHS [UIS MMIUIAHTAIIMN OJIacTONH-

CTHI B IEpUO «OKHA UMILTAHTAI[UN».

Knrouesvle cnosa: ummyHnocucmoxumuyeckue Mapkepsl, npo2ecmepoHosbie npenapamsl, UMHIAAHMAYuU 61acmoyucmol.

OHIOMETPUI B €CTECTBEHHOM LIMKJIC NPETEPIEBACT Pl
MOP(OIOTHYECKUX M MOJIEKYJISPHO-KJIETOYHBIX H3MEHE-
Huil. Beck nporecc cTporo peryiaupyercs OBapuajlbHbBIMU
MIOJIOBBIMM CTEPOUAAMHU — 3CTPAIUOJIOM U IIPOTrecTepo-
HOM. OJTHMM W3 Ba)KHEHIIMX 3TAallOB HOPMAIBHOTO (yHK-
LMOHUPOBAHUS DHIOMETPHS SIBJISETCS OOLIMPHOE PEeMo-
JIETIPOBaHNE TKaHEH B OTBET HA IOBBIIICHHE YPOBHS
IporecTepoHa. DTOT MPOLECC BKIIOYACT CEKPETOPHYIO
TpaHcopMannio KEIE3UCTOTO SIUTENUS C MOCIEAYIO-
el AenuIyann3anneil CTpOMaIbHBIX KJIETOK, KOTOPHIE B
OTBET 3KCIIPECCHPYIOT TaK Ha3bIBAGMbIE MapKephbl ACIH-
Jlyanu3alii — TPOJAKTHH, (PaKTOphI pocTa, KOJIareHsl
[1].

JeuunyanbHble CTpOMajbHbIE KIETKH aKTUBHO Y4acT-
BYIOT B PEMOJICIIMPOBAHMM BHEKJIETOYHOIO MaTpHKca
MaTK{ IMyTeM 3KCIPECCHU Pa3HOOOpa3HbIX BHEKJIETOYHBIX
MaTPUKCHBIX OEITKOB, TaKMX Kak kojuare [V, pubdponek-
THH, JTAMUHHH # J1p. [2].

JIroOble OTKJIOHEHHST B 3HIOMETPHUH CIOCOOHBI IT0-
BJI€Yb 3a COOOW HapylIeHHUs PENPOAYKTHBHON (YHKIIHH.
ViMeHHO mO3TOMY, 110 MHEHHIO MHOTHX HCCIIeIOBaTEleH,
OIIEHKa COCTOSIHHUSI TIOJIOCTH MATKH M 3HIAOMETpPUS SIBIIS-
eTCsl HEOOXOANMBIM 3TAIlOM MOJTOTOBKHM K MpOrpamMMaM
BCIIOMOTATENbHBIX PENPOAYKTUBHBIX TexHojorui (BPT)
[3].

B ecrecTBeHHOM MEHCTPyaJbHOM LHKJIE MOCIIE OBYJISI-
UK GOPMUPYETCS HKENTOE TEJI0, KOTOPOE MOAJIEPKUBAET
TOPMOHAIIBHBIA ()OH >KEHIIMHBI JJIsl HACTYIUICHUs Oepe-
MEHHOCTH. I[IpH 3KCTpakopHopasbHOM OILIOJOTBOPEHHH
(BKO) mpeoBynsaTopHBIE (OJUTUKYIBI ACTUPUPYIOT C Iie-
JIBIO TIOJTYYEHHSI OOLUTOB. ACIUPUPYIOTCS TaK)Ke KIETKH
rpaHyJie3bl, KOTOpbIE JOJDKHBI ()OPMHUPOBATH JKEJITOE Te-
710. MyIbTHQOIUIMKYIISIPHBIA POCT TIPU KOHTPOJIUPYEMOH
ctumysinuu B nukinax KO npuBOIUT K BBICOKUM KOH-
LEHTPAIMSIM MPOTeCTEPOHA U 3CTPAANO0IIA, YTO MPUBOIUT
K CHIDKEHUIO JIOTeHMHH3upytomiero ropmona (JII). JIpo-
Osrrecss SMOPHOHBI TOMANAIOT B TOJOCTh MATKA M OT
TOT0, Kakue TaM OyAyT YCJIOBHS, 3aBHCHUT HACTYIUICHHUE
6epemennoctu [4].

IIpu DKO morenHoBas (asza TpedyeT MoaIEPKKH, KO-
TOopasi o0ecreYnBaeTCs MpernapaTaMy IPOrecTepOHOBOTO
psina. B Hacrosmiee Bpemsi HET OOLIENPUHSTOrO CTaHIap-
Ta B OTHOIICHUH JIO3MPOBaHUS M (OPMBI BBEIEHHS IPO-
rectepoHa. CTeponHbIe TOPMOHBI M UX sSJIEPHBIE pelen-
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TOPBI UTPAIOT KIFOYEBYIO POIb B TOANCPKAHHUU JTIOTCH-
HOBOH (ha3bl U BOCCTAHOBJICHHS HOPMAJIbHOM CTPYKTYPHI,
(GYHKIMM M pelenTUBHOCTH 3HaoMeTpus [5]. B cBs3u ¢
STUM, JalbHEHINEe HCCIEIOBaHUS B 3TOM HaIpPaBICHUU
SIBJISIFOTCS aKTYaJIbHBIMU.

Henp ucciaenoBaHusi. YCTAaHOBICHUE HUMMYHOIMCTO-
XAMHYECKUX OCOOCHHOCTEH KoyuiareH W (pHOpOHEKTHH -
CHHTE3UpYIOMmeHd (QYHKIUN SHIOMETPUS TPHU Pa3IUIHBIX
cXeMax TOJICPKKH JIFOTEHHOBOH (ha3bl.

Marepuan u MeToabl uccjaeaoBanus. s nposene-
HUSl CPAaBHUTEIHHOHN OIEeHKH 3()(eKTHBHOCTH mpermapa-
TOB, KOTOpPBIC IPUMEHSIINCH IS MTOATOTOBKH YHIOMETPHUS
K UMIUIaHTALUK, HaMH 00ciaemoBanbl 50 jKEHIIMH, COCTa-
BHUBILIME OCHOBHYIO TpYyMIy HAOMIOJEHUs, KOTOpPbIE
y4acTBOBAJIM B NporpaMMme JOHOPCTBAa OOLUTOB. B KOH-
TPOJBHYIO Tpymmy Bornuid 10 AOHOPOB Haxojsmuecs B
€CTECTBEHHOM MEHCTPYaJbHOM IIMKJIE€, KOTOPBIM TOJI-
JiepKKa JIFOTEMHOBOH (a3bl HE MIPOBOIUIIACE.

Bcem manmeHTKaM OCHOBHOM TPYIITBI TEpea IMOTyde-
HHEM OOLMUTOB MPOBOJMIACH CTUMYJISIIHSA CYIEPOBYIIS-
muu. B neHs acrmpanun (OJUIMKYIIOB HAYMHATIACH TIOI-
JIepKKa JTIOTEHHOBOH (a3bl. MccienoBaHue HIOMETPHS
y JKESHIIUH OCHOBHOW TPYTIITBI TPOBOIMIIOCH HA 5 CYTKH, Y
JIOHOPOB KOHTPOJIBHOM TPYIIBI - HA 5 CYTKH IOCIIE OBY-
JISLUY.

[TarMeHTKH OCHOBHOI TPYIIBI OBUIM pa3feleHbl Ha 5
rpynn (o 10 genoBek B kaxaoi). CpeaHuit Bo3pact 00-
ClIeIOBaHHBIX >KeHIIMH coctaBua 30,2+0,5 roga, Bo3pact
meHapxe - 12,6+0,4 roga. Ilo xapakrepy CTaHOBJIECHHS
MEHCTPYaTbHOW (PYHKIIUHM 3HAYUMBIX Pa3IAIAd MEXIY
TpymIamMi He OTMeYanoch. MEHCTpyalnbHas (YHKIUS B
BHJC PETYISPHBIX MEHCTPYAJIBHBIX NHKIOB IPOIOIDKH-
TenbHOCTRI0 OT 21 mo 35 nHeil ormedanacs y 98,6 %
JKEHILUH CO CpeIHEH MEePHUOAUYHOCTBIO MEHCTPYaIbHOTO
mukona 28,3+0,21 gas. Jlume y 1,4 % HaOmogaeMbIx ma-
nueHToK 3,5 % OBUIH ITUKJIBI TI0 THITY OTICOMEHOPEH IMPOo-
JOJDKUTENBHOCTRIO OT 36 10 42 pHeil (B cpenHeMm
38,5+0,34 nmus, p>0,05). AIuTeIbHOCTh MEHCTPYaTbHBIX
KpOBOTEUEHHH He IMpeBbImana 7 qHel y Bcex Habmomae-
MBIX KEHIIMH.

[To cTpykType r'MHEKOJIOTMYECKON M 3KCTpareHUTasb-
HOH MaTOJIOTUU CYIIECTBEHHBIX PAa3IM4YMil B Ipynmnax Bbl-
SIBIICHO HE OBLIO.

B cBs3u ¢ TeM, YTO UMMYHOTMCTOXMUMHUYECKUMU Map-
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KepaMHu Hajnnuus Ae(eKTa penenTHBHOCTH 3HAOMETPUS
SIBIISIFOTCSL YBEIMUCHHUE COAEPIKAHUS MHTEPCTULHATBHOIO
koutareHa 111 u komnarena 6a3zanbHbIX MeMOpaH 1V Tuma,
MBI PELIMIM HCCIeNoBaTh coiep)kaHue KkomaareHoB III,
1Y TumoB, a Takxke (UOPOHEKTMHA y HAOIIONAEMBbIX
KCHIINH.

YV Bcex MauuMeHTOK OCHOBHOM IpyIIBbI MOCHE MOIyYe-
HUSI OOLMTOB TPHUMEHSJINCh PA3INYHBIC MEIUIIUHCKHE
Ipenaparsl MPOreCTEPOHOBOTO Psifia, KOTOPBIE HCIOJb-
3YIOTCSl B PENPOIYKTOIOTHH U HMOAAECPIKKH JTIOTCHHO-
BOi1 (hazbl.

B 1-ro rpynny BoILIM >KEHIUHBI, KOTOpPBIE MOTydalu
Hunporecrepon no 10 Mr 3 pa3a B JeHb HepOPAIBHO, BO
2-i1 TpyNIe HCHOJB30BaJICS BBICOKOOYHMINEHHBIH IpoTe-
CTEpOH Il TIOJKOXKHOTO MPUMEHEHUS, KOTOPBII BBOAMII-
csa o 25 mr (1 mn) 1 pa3 B cytku u 90 Mr BHyTpHUBIIara-
JIUIIHOTO MpPOTecTepoHa B BuAe rens, B 3-i rpymme -
MUKpPOHM3UPOBAaHHBIM IporecTepoH B Kamcynax no 200
Mr 3 pa3a B CYTKH PEr 0S, B 4-i TpyIIie - UCTOIb30BaTIH
BHYTpPUBAaruHalbHbIN reib, cogepxamuidi 90 Mr mpore-
CTEpOHa , €XEIHEBHO 2 pa3a B CYTKH, B IIITOW TpyIIe
JKSHITMHBI orydamn 1 vt 2,5% mporectepoHa JBaKIbI B
JIeHb BHYTPUMBILIEYHO (B/M).

Ha 5 cyTku oT Hauana nporecTepoOHOBOM IOIIECPKKU
IIPYU TIOMOIIM aCTIMPALMOHHON MalmeNb-OMOICHU Yy BCex
MAIMEeHTOK MOJyYaly SHAOMETPUH Ui NMMYHOTHCTOXH-
MHYECKOTO HCCIICIOBaHMA M ONPEAEICHUS COAEPKaHUs B
HeM kosutarena I n 1V Tumnos, a Takxke GUOpOHEKTHHA.
VY 1OHOPOB KOHTPOJBHOW TPYIIIBI SHAOMETPUI HCCIENO-
BaJIM IO TEM XK€ MapamMeTpaM Ha 5 CyTKH IOCNe OBYJIA-
LML

OT KaXJ0ro JOHOpa OBLIO MOY4YeHO MH(POPMHUPOBAH-
HOe JOOpPOBOJBHOE NMUCHMEHHOE COTJIacHe Ha HCIIOJIBb30-
BaHMe OMoMarepuana B HAy9HBIX IETISIX.

VIMMyHOTHCTOXMMHYECKOE MCCIIE0BAaHUE IPOBOIIIN
Ha napaMHOBBIX CPe3ax, TOIIUHON 5-6 MKM HEMpPSMbIM
MeronoM Kynca mo metoauke Brosman (1979). Komnnare-
Hel Ul u 1Y tunos, a takxke GUOPOHEKTHH TUIHPOBAIIU
MOHOKJIOHANBHBIMU aHTHTedaMu (MKA) k kosmareHam
I, 1Y tumoB wu x ¢ubponektuny (Novocastra
Laboratories Ltd.). B xauecTBe JIFOMHMHECIIEHTHOH METKH
ucnone3oBau F (ab) - 2 (dpparMeHTH KpOTMYBUX aHTH-
TeJl TPOTHB HMMMYHOTJIOOYJIMHOB MBIIIH, MEYEHHBIX
OUTL). [Ipemapatbl u3y4anu B TFOMHHECIICHTHOM MHK-
pockone “Axioskor 40”. ONTHYECKYIO TUIOTHOCTH UMMY-
HO(IIIOOPECIICHIINK KOJIITArCHOB M (PUOPOHEKTHHA OIIpe-
nemsuin o metony ['yO6uHoii-Bakynuk I''M. u coasrT.,
2009 ¢ momompio Mukpockona ‘“Axioskor 40” u mpo-
rpaMMHoro obecrieuenus Biostat.exe .

IMudpossie naHHBIE 00pabOTaHBI METOAAMHU BapHaIlH-
OHHOH cTaTucTUKH. CTaTUCTUYECKHUIA aHAIU3 MPOBENCH C
TIOMOIIBIO CTAHJIApPTHOTO MaKeTa rmporpamm Statgraphics.

PesyabTaTel u ux obcyxaenue. Ilpu ncciaenosanuun
npenaparoB »HAOMeTpus, 00padoraHHbIXx MKA Kk Koiuta-
reny 1 Tuna Bo Bcex HaOIOAEHUAX BHE 3aBUCUMOCTH OT
IPYINIIOBOM TPHUHA/UIEKHOCTH, BBIABISIIOCH CHEenu(ude-
ckoe cBedueHue kojuiareHa Il Tuma B cTpoManbHOM KOM-
MTOHEHTE 3HAOMEeTpHs. HecMoTps Ha TO, 9TO JOKaIM3anus
3TOT0 MHTEPCTUIHAIFHOTO KOJIareHa He OTINYaiach B
3aBHCHUMOCTH OT TPYIIIBI MCCIIEOBAHUS, HHTCHCHBHOCTh
(ITIOOPECIICHIINK CTPOMBI, T/I€ JIOKAJIN30BAJICS KOJUIareH
Il Thma B 3HIOMETPUH SKEHIINH, MONyYaBIINX pa3ind-
HBIE ITpenaparsl, 3HaYUTeNbHO BapbupoBaia (Tabm. 1).
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Kaxk crnenyer u3 Tabnmnpl 1, MakcuManbHa ONTHYECKast
IoTHOCTH KoytareHa Il tuna nHabmronanmack B cTpome
SHJIOMETPHS y XEHIIMH | rpynmsl, noay4yaBmux Juapo-
rectepod mo 10 mMr 3 pasa B JeHb HeEpOpalbHO
(0,134+0,008 ycn. en.o.mn.). IIpu 3TOM MHKpOCKOTHYE-
CKH BBIBIIIIOCH B CTPOMAJIBHOM KOMIIOHEHTE 3HIOMET-
pus cnenuduIeckoe CBCUCHHE HEPAaBHOMEPHOH WHTEH-
CUBHOCTH JIMHEHHOIO M 0YaroBOr0 Xapakrepa Y4acTKU
SIPKOTO CBEUCHHMS YEPENOBANINCH C 30HAMH YMEPEHHOTO 1
naxe ciadoro ceeuenns (Puc. 1). OnTryeckas IIOTHOCTh
cBeueHus: koiarena Il Tuma, mocie mpoBeneHUS MOI-
JICPI)KKU JTFOTEMHOBOH (ha3bl MPOrecTEpOHOBBIMHU Ipema-
paramu, MOBBIIIATACH Y BCEX MAlMEHTOK OCHOBHOM TpyI-
bl HAaOJIIOAEHWs, TI0 CPaBHEHHIO C  KOHTPOJEM
(0,101+0,006), omnako, oka3anach MUHUMAJIbHOW B 3JH-
JOMETpHUU JKeHIIuMH 2 rpynnsl xeHmuH (0,104+0,0006,
p>0,05), momy4aBImIUX BBICOKOOYMILEHHBIH MPOreCTEpOH
JUTSL IOAKO)KHOTO PUMEHEHNS, KOTOPBIM BBOAMIICS 1O 25
Mmr (1 mm) 1 pa3 B cytku u 90 MT BHYTPHBIATAIHITHOTO
IIPOrecTepOHa B BUJIE TEsl.

Puc. 1. Cnenuduryueckoe cBeueHHe HEpaBHOMEPHOH MHTSHCHB-

HocTy Koyutarena 11 Tumna B cTpoMaabHOM KOMITIOHEHTE SHJIO0-

metpusi. Habmronenue 1-i rpynnsl. Henpsimoii metox Kynea ¢
MKA k komrareny LI tuma x 650.

B cTpomanbHOM KOMIOHEHTE 3HIOMETPHUS MHTEHCHB-
HOCTh HMMMYyHO(QIIOOpeceHmn komaareHa Il Tuma
XKEHIIUH 2-i TPYNIbI, B JIOMUHECHEHTHOM MHKPOCKOIIE
BBIABIIIOCH TIPEUMYIIECTBEHHO claboi MHTEHCHBHOCTH
04aroBoro xapakrepa cseuenus (Puc.2).

Puc. 2. Craboe cienndudeckoe cBeuenue komrareHa I tuma B
CTPOMAIBEHOM KOMIOHeHTe dHxoMeTpusi. Habmonenue 2-it
rpynnsl. Henpsimoit meton Kynca ¢ MKA k konnmareny 11 Tuna
X 650

AHanu3upys ONTHYECKYIO IIOTHOCTh CBEYEHUS KOJ-
narena 1 Tuna B 1-#, 3-H, 4-i n 5-i rpynnax Mel oOpa-
TUWIN BHUMaHME Ha TO, 4TO 3TOT MOKAa3aTelb OKas3alcs y
HUX JOCTOBEPHO BBINIE, MO CPAaBHEHHIO C 2- M KOH-
TponsHO# rpymmamu (P <0,05). Ilpu 3TOM MHKpPOCKOIH-
YEeCKH BBIBISUIOCH BO BCEX BBIMICYKAa3aHHBIX TPyIHax



CBEUCHUE JIMHEHHOTO MJIM O4YaroBOrO XapaKTepa HepaB-
HOMEpHOIH MHTEHCHBHOCTH, KOTJa y4acTKH ci1aboro cae-
YCHUs YePeIOBaJIHCh ¢ yMepeHHbIM (Puc.3).

[lpn wuccnenoBaHMM MHKPOIPENapaToB >HIOMETpUS,
obpabotanHbix MKA k (puOpOHEKTHHY BBISBISUIACH He-
OIHOPOJHASA KapTHHA, 3aBUCSIIAs OT TPYMIIOBOM MPpHHAA-
JISKHOCTH M3ydaeMoro matepuana. Crienuduaeckoe cBe-
yeHne (UOPOHEKTHMHA B SHIOMETPUH BCEX H3YyYCHHBIX
TPYII YaIie BCEro OBUIO 0YaroBBIM, PEKE UMENO JIMHEH-
HBII IPEPBIBUCTHIN XapakTep, a €r0 MHTEHCHBHOCTD ObLIa
HEpaBHOMEPHOI1 - OT cmaboit 1o apxoii (Puc. 4, 5). Komm-
YECTBEHHBIE IOKa3aTeJIH ONTHYECKOH IUIOTHOCTH MMMY-
Ho(roopecieHIMN  (UOPOHEKTHHA IIPEACTAaBICHBl B
Tabm. 1.

MakcuMaibHBI TIOKa3aTelb ONTHYECKON IUIOTHOCTH
oKazaJcs B OHAOMETPHM  JKEHIIMH |  TpymIsl
(0,129+0,008), a MUHMMaNbHBIH — B JHIOMETPUU KCH-
mmH KoHTposmbHOW (0,104+0,007) m 2-if Tpymmsl
(0,100+0,009). B ocrampHBIX TpymHIax HaOIIOAEHUS, TIe
JKEHIUMHBI noiaydanu Jduaporectepon no 10 mr 3 pasa B
JIeHb TiepopaibHo (1 Tpymma), MUKpOHU3UPOBAHHBIH MTPO-
rectepoH B kancynax mo 200 mr 3 pasa B cyTku per oS
(3rpymnmna), BHyTpHMBaruHalbHBIA Teib, cofepxauiuii 90
MT TIpOTeCTEPOHa eXETHEBHO 2 pa3a B CyTKU B (4 Tpyrmma)
u 1 M 2,5% nporecrepoHa nBaxsl 1eHb B/M (5 rpymma)
ONTUYECKAas TNIOTHOCTh MMMYHOQTIOOpECIICHIINN (HrOpo-
HEKTHHA TaK)Ke OKa3allaCh JOCTOBEPHO MOBBIIICHHOMH, 10
CpaBHEHHIO ¢ KOHTPOJIbHOI rpynmoii (P <0,05).

Puc. 3. Cnaboe u ymMepeHHOH HHTEHCUBHOCTH CIIeIU(PHIECKOe

cBedeHue koyutareHa I Tuna B cTpOManbHOM KOMITOHEHTE SH-

nometpust. Habmonenue 4-it rpynmsl. Henpsimoit meton Kynca
¢ MKA « xomnareny Il Tuna x 650

[Ipn wuccrenoBaHUM MUKPOIIPENapaToB 3SHIOMETpPHS,
JKEHIIWH, OTHOCSIIMXCS K pa3HbIM IPYIIaM HCCIIeI0Ba-
Husi, oopaboranHeix MKA k xommareHy 1Y Tuma BbISB-
nsnack Oojiee OTHOPOHASI KApTHHA.

Kosmnaren 1V Tuma Bo Bcex MCCle0OBaHHBIX Habmrozme-
HUSX JHIOMETpPHUS JIOKAIU30BaJICsA B 06a3aabHBIX MeMOpa-
Hax cocynoB (Puc. 6) u snuTenuu xene3 U BHISBISUICS B
BHU/IE JTMHEHHOTO CBEUCHHSI HEPaBHOMEPHOW WHTEHCHBHO-
CTH, IPEUMYIIECTBEHHO APKOH U ymepeHHoH (Puc.7).

[Ipu 3TOM BO BCeX HAOINIOAEHHSX OTCYTCTBOBAIM 30-
HBI, XapakTepu3ymoommuecs cinadbiM cBedeHneM. O dyem
CBUJICTENIBCTBYIOT JIOCTATOYHO BBICOKHE, 110 CPABHEHHIO C
TakoBBIMHU st KoyareHa 111 Tuna, mokasarenu onrHye-
CKOH TIOTHOCTH UMMYHO(DITIOOpECIIeHITMU KoJutareHa 1Y
tuna (Tabm. 1).

66

Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb. www.seanewdim.com

Puc. 4. OgaroBoe c1a00ii 1 yMEpEHHON HHTEHCUBHOCTH CBEYe-
Hue GUOPOHEKTHHA B SHAOMETPHH HAOMIOACHUS 5-1 TpYyIIIbL.
Henpswmoit metox Kynca ¢ MKA k ¢pubponektuny, x 650.

OpHako, Ipu aHaNIK3e MoKa3aTeneil ONTHYeCKOH IIoT-
HOCTU CBEYEHHUs KojulareHa 1Y Tuma B 3aBUCUMOCTH OT
IPYNIOBOH NPHHAICKHOCTH, Mbl OOHApYXKWIH JOCTO-
BEpHbIE pa3nuuusA. Tak, MaKCUMaJIbHBIM OKa3ancs 3TOT
rmokasarteib B HaOmoaeHusax 1-i rpymmsr (0,192+0,007, P
<0,05), MUHUMAaTbHBIM — B HAONIONCHHUAX 2-W TPYIIIHI
(0,168+0,004, P > 0,05). Ta e 3aKOHOMEPHOCTh Xapak-
TepHa W A MHTEepcTHnHansHoro xosarena Il tuma. B
OCTaJIbHBIX TPYMIAax ITOKa3aTeNId ONTHYECKON IIOTHOCTH
KoyutareHa 1V Tuma Tak jke ObUIN BBIIIE TAKOBOTO B KOH-
TposnbHOU Tpynmne. Ilpu 3TOoM onrTHyeckas IMIIOTHOCTh
CBEYeHHs KojulareHa 1Y Tuma B MeXIy MMoKa3aTelsiMu 3-
i, 4-it u 5-if rpynn ObLIa NMPaKTUYECKH OJUHAKOBOM U
JIOCTOBEPHO Oblila MOBBIILICHHOW MO CPaBHEHHIO C KOH-
tponem (P <0,05).

VBecTHO, YTO B SHAOMETPUH XKEHIIUH C OecIuioauem,
B YaCTHOCTH OOYCIIOBIICHHBIM XPOHHYECKHUM SHIOMETPH-
TOM, BBISIBJISICTCS IIOBBIIIICHUE COAiepKaHus Kosutarena 111
TUNa B 2 pasa, a koynarena 1Y tuna Ha 7,2% no cpaBHe-
HUIO ¢ HOpMOH [6]. B TeueHne mpomudepaTuBHOI (a3sl
MEHCTpyanpHOro nukna kostareH L tuma, Hapsamy c
JPYTUMH HHTEPCTHIMAIBHBIMU KOJUIareHaMH, (Harpu-
Mmep, V u V1), a Takke QUOPOHEKTUH SIBISIFOTCSI OCHOB-
HBIMH KOMIIOHEHTaM{ HHTEPCTUIMAJIBHON TKAaHU 3HJIO-
Mmetpust. OtHaKo, M0 Mepe MPHOIMKEHNS «OKHA UMILIaH-
TalliM» KOJUIAar€HOBBIE BOJIOKHA pPAacCachIBAIOTCS, MpPH
9TOM MEXKJIETOYHOE BEIIECTBO CTAHOBUTCS MEHEe BS3-
KHM, 4TO CIIOCOOCTBYET yCHEUTHOW NMIUIAHTAIIH.

Puc. 5. JIuneiinoe cBeyenue caaboit 1 HEOAHOPOIHOH HHTEH-
CHBHOCTH (PMOPOHEKTHHA B SHIAOMETPHUH HAOIIOICHUS 2 TPYII-
mel. Henpsimoit meton Kyrca ¢ MKA k pubponektuny, x 400



Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb. www.seanewdim.com

Puc. 6. SIpkoe ciennduieckoe cBeueHue kowiareHa 1Y tuma B

0a3aJbHBIX COCYAUCTBIX MeMOpaHax sHaoMeTpus. Habmonenue

2-it rpynmsl. Henpsimoit meton Kynca ¢ MKA k komnareny 1YV
tuna x 650

Puc. 7. Cnenududeckoe cBeueHue kouiareHa 1Y Tuma B xene-
3ucToi OazanpHOI MeMOpane sHAoMeTpus. Habmronenue 4-i
rpymnsl. Henpsimoit meton Kynca ¢ MKA k xomutareny 1Y tuna
x 1000

Ta6muma 1. [Toxazatenn nMmmMmyHOdIOOpectieHy GudponexTHHa, Koymmarena I u xomnarena 1Y THIOB B SHAOMETPHU B 3aBHCH-
MOCTH OT IPYIIIBI HAOMIOAEHHS (YCII. €. ONTHYSCKOH ITIOTHOCTH)

Tpymma | DuGposexTan Konmaren Konmaren

111 Tuma 1V tuna
Kontposnbaas| 0,104+0,007 | 0,101+0,06 | 0,160+0,004
1 rpymma 0,129+0,008* | 0,134+0,008* | 0,192+0,007*
2 rpynmna 0,100+0,009 | 0,104+0,006 | 0,168+0,004
3 rpynma 0,115+0,007* | 0,111+0,004* | 0,172+0,006*
4 rpynna 0,118+0,004* | 0,114+0,008* | 0,181+0,005*
5 rpynna 0,121£0,009* | 0,117+0,008* | 0,174+0,009*

*P <0,05 mo cpaBHEHUIO ¢ KOHTPOJIBHOH IpyMIOi

AHanu3upys MONTydeHHBIE PE3yIbTaThl HAIIETO MCCIe-
JIOBaHUSA MOXKHO OTMETHUThH CIenyloliee: MpU HCIONIB30-
BaHUM BBICOKOOYHIIEHHOTO MPOTeCTepOHa ISl MOAKOXK-
HOro BBeaeHHA W 90 Mr mporecTepoHa BHJIE Tems s
BIIATAJIUIIIHOTO HCCIeNoBaHus (2 Tpymma), colepKaHue
komnarena Il Tuna B cTpoMe 3HIOMETpPHUST YMEHbBIIAeTCs
MaKCHUMallbHO, TI0 CpPaBHEHHIO C JPYTUMH TpyHIaMu
HaOIIOCHUS. DTO MOXKET CBHACTEIFCTBOBATH O TOM, UTO
JAHHBIA BUJA TOPMOHAJBHOH MOIIEPKKH OJArONpHSITHO
BO3ICHUCTBYET Ha TMPOLECC IOATOTOBKH SHIOMETPHUSA K
HMIUTAHTALMN, @ UMEHHO CIIOCOOCTBYET pPacCachIBAHUIO
kosutarera I tuna. Komunaren 1Y Tuna yxe IaBHO sIBIsI-
€Tcs OOIICTIPH3HAHHBIM KOJJIareHOM 0a3allbHBIX MEM-
OpaH, Omarogapsi KOTOPOMY COCYAMCTBIE W DMUTENNAIb-
Hble 0a3anbHbIe MEMOpPaHbl XapaKTePU3YIOTCSI HEPACTBO-
PUMOCTBIO M CTAaOMIBHOCTBIO, UTO OYEHBb BAXKHO JJIS TIOJ-
JIepKaHNS BACKYJIAPU3AIMK HA OINpPEIeIEHHOM YPOBHE C
OJTHOI CTOPOHBI, U TPOGHKH DIUTEIHS C JAPYro. DTU
MPOIIECCHl MOTYT HapyIIaThCS KakK MpH JeQUIUTE, TaK U
IpHu U30BITOYHOM HAKOIUICHHH KoJutareHa 1Y tuma B co-
cTaBe Oa3anbHBIX MeMOpaH [7].

Komnaren 1V Tuma He sBIseTCS WHTEPCTHIHAIBHBIM
KOJJIAT€HOM U JIJIsl HeTO He XapaKTepHO paccachbIBaHUE IO
Mepe MPHOIMKEHUS SHIOMETPHUS K MepHOTy TOTOBHOCTH
K HMMIUTaHTanMd. B Hammx HaOIIOAEHUSAX colepKaHHe
komnareHa 1V tuma B 0a3anbHBIX MeMOpaHax COCYIOB U
SMUTENINS OKa3aJIoch Oosee BBICOKMM, deM KoirtareHa 111
THTIA B CTPOME PHIOMETPHUS BO BCEX Ipymmax HaOirone-
Hus. [Ipu 3TOM MUHMMaBHBIM COAEP)KAaHHEM KoJlareHa
1V Tumna oTnmyancs 3HIOMETPHH JKEHIIWH 2-W TPYIIIHL,
3HAa4YEHUS ONTHUYECKON INIOTHOCTU KOTOPOTO MPAaKTUIECKU
HE OTJIMYaIMCh OT IapaMeTPOB KOHTPOJBLHOW TpYMIbI
Habmoxenus (P > 0,05).

VYuuteiBasg TOT (haKT, YTO B OCTAIBHBIX rpymnmax - 1-i,
3-i1, 4-i1 m 5-i conmepxanue KoyutareHa 1Y Ttuma B cocy-
JUCTHIX W SMUTEINATBHBIX 0a3aIbHBIX MEMOpaHax BHIIIE,
4YeM B KOHTPOJIbHOW W 2-H Tpymmax, Tak ke, Kak U KoJja-

rena Il tuna, nelicTBUe NpenapaToB B BHIE BBICOKOOYH-
LICHHBIA IPOTeCTepOH Ui IOJKOXKHOTO IPUMEHEHHUS,
KoTopbIi BBOAMiICS mo 25 mr (1 mu) 1 pa3 B cytku u 90
MI' BHYTPHUBIAraJHIIHOIO IPOTECTEpOHa B BHUIE TeId,
CllelyeT MpH3HaTh Ooliee OJaromnpusTHBIMHU, MO CpaBHE-
HUIO C IPYTUMH CXEMaMH MOJJIEPKKH JIFOTEHHOBOH (ha3bl
IIPOreCTEpPOHOBBIMHU TIpenapaTaMu. CHIDKEHHE conepiKa-
HUsI KoJutareHa 1Y Tuma B 0a3aibHBIX COCYIHCTBIX MEM-
OpaHax criocoOCTBYET 3TOMY TPOIECCY.

W3 noctynHo# nIuTEpaTyphl U3BECTHO, YTO B HOPMAJIb-
HOM 3HJIOMETPHH dKCTpeccHst PUOPOHEKTHHA MUHUMAb-
Ha U paBHOMEPHOMEPHO BhIpaxkeHa B (aze mponudepa-
mun. To ke camoe aBTOPBI OTMEYAIOT IPU NMPOCTOH H
CJIOKHOM T'MIIEpIUIa3uM, TOTJa KaK IIPU aTUIUYECKOU I'H-
nepruia3uu 3Kcrpeccus: (GpuOpoHeKTHHA OblIa MECTaMu
YMEpPEHHO1, a Mpu runepia3ud Ha (GOHE XPOHUYECKOTO
SH/IOMETPUTA - MIOBBIIIEHHOW OCOOEHHO B 30HaX CKJIEpo3a
[8].

AHanmmupys cofepxanue GpuOpOHEeKTHHA B MHTEPCTH-
LUAIbHOM KOMIIOHEHTE H3yY€HHOTO HAMU JHIOMETpPHUs
OTMETUM cienytouiee. B xoHTponpHOM M 2-i rpynmax
HaOIONICHUs ONITHYECKasi IUIOTHOCTh CBEYEHUs! (HHOPOH-
eKTHHAa O0Ka3aJach MHHHMMAJIBHOW, MO CPaBHEHUIO C
ocranpHbiMU Tpymmamu (0,104+0,007 u 0,100+0,009 co-
0TBeTCTBEHHO). Kak m3BecTHO, (hPMOPOHEKTHH OTHOCHTCS
K aJre3WBHBIM O€JIKaM MEXKJIETOYHOTO MAaTpHKCa, CBS-
3BIBACTCS C PELENTOpaMHu KIETOK, a TaKXKe ¢ KoJlareHa-
MH, 9TO MO3BOJISIET HA3BIBATh €T0 «MOJIEKYJIIPHBIM KJie-
em». Hapymienne aare3smBHBIX CBOHCTB MEXKJIETOYHOTO
MaTpUKCa YpEeBaTO Pa3BUTHEM pPAa3NUYHON ITaTOJOTHH.
OueBuAHO, YTO Uil PHAOMETPUS KOHTPOJIBHOW M 2-#
TPyNI  XapaKTEepHO CHUXKEHUE aJre3UBHBIX CBOMCTB
CTPOMAaJbHOTO KOoMNOHeHTa. B 1-i, 3-i, 4-i1 u 5-if rpyn-
Iax MOKa3aTeld ONTUYECKOH MIOTHOCTH CBEYEHHUs KO-
narera Il tuma u puOpOHEKTHHA OKa3AINCh MaKCHMallb-
HbIM U JOCTOBEPHO OTIMYAIUCh OT IOKa3zaTeled KOH-
TPOJNBHOW | 2-# rpynim. DTO CBUAETENBCTBYET O HEJOCTA-
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TOYHO 3((PEKTUBHBIX NPOBEAEHHBIX CXEMaxX MNOAJIECPIKKU
JIIOTEMHOBOH (ha3bl y MAIMEHTOK JaHHBIX TPYIII, YTO IO-
BU/INMOMY, CBSI3aHO C JOCTaTOYHO BBICOKMMH a/I'€3HB-
HBIMHM CBOHCTBaMH CTPOMAaJIbHOTO KOMIIOHEHTa YHJIOMET-
pHUs y 3THX >KeHIIMH. V3BecTHO, 4TO (U3HONIOrHYECKast
UMITIaHTausl 00ecIieunBacTCsl B TOM YHCIE M aAre3HB-
HBIMH CBOlicTBaMu (HOpOHEKTHHa, a MMeHHO 4Pl u
a5p1 — penenrropamu [9].

BobiBoabl. MMMYyHOIHCTOXMMHYECKHE HCCIECAOBAHUS
CBHUJETENBCTBYIOT O TOM, YTO ONTUMAJIbHOW CXEMOU MOJ-
TOTOBKH 3HAOMETpPHUs OBIJIO COYETAaHHE BBHICOKOOUYHIICH-
HOTO TIPOTeCTEepOHa ISl ITOIKO’KHOTO BBEICHUS B 03¢ 25

Mr u 90 Mr mporecrtepoHa B Buiae rens (2 rpymma). 310
TIOJTBEPIKNAETCS UIMMYHOTHCTOXUMHYECKUMH TpU3HaKa-
MU paccacbiBaHusi koyutareHa Il tuma B crpome sHIO-
MeTpHs (ZOCTOBEPHOE CHIKEHHE ONTHYECKOH TNIOTHOCTH
ero cseueHust (P<0,05), BbICOKOIl CTENEHbIO IKCIPECUH
(uOpPOHEKTHHA W JOCTOBEPHO HEBBICOKHM COJICPKAHHEM
KoiareHa 1Y THIa B COCYAHMCTHIX 0a3albHBIX MeMOpa-
Hax, KOTOpBIC MPAaKTHYECKH HE OTJIMYAINCH OT ITOKa3aTe-
JIel KOHTPOJbHOM TIpynnbl. JlaHHasg cxema HOLAECPIKKU
JOTEHMHOBOH (ha3bl OyIeT CrIoCOOCTBOBATh ONTHMAIbHBIM
YCIOBUSIM Ul MMIUIAHTAIMKM OJACTOILMCTHL B TEPHON
«OKHa UMIUIAHTAIIHN).
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Immunohistochemical features of collagen and fibronectin - the synthesizing endometry function at different schemes to sup-

port lute phase
A. S. Lutsky, I. V. Sorokina

Abstract. Fifty women of the main and 10 control groups who participated in the oocyte donation program were examined. Patients
of the main group were given regimens for supporting the luteal phase with various progesterone preparations. Immunohistochemical
markers for the presence of a defect in endometrial receptivity were determined: type Il and type IV collagens and fibronectin. The
definition of collagen and fibronectin-synthesizing function of the endometrium contributes to the choice of the optimal scheme for
supporting the luteal phase, which allows creating optimal conditions for the implantation of the blastocyst during the "implantation

window".

Keywords: immunohistochemical markers, progesterone preparations, blastocyst implantation.
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IlepeOynoBu B cUCTEeMi JMXAHHSI CIIOPTCMEHIB MPH aJaNTAIIl 10 CepeIHbOrIp’s

*B. M. Mawin', M. M. ®iginnos!, I'. B. Kinmenko?

'HamionamsHuii yHiBepCHTET (i3HYHOTO BUXOBAHHS 1 crIopTy YKpaiHu,
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Anortanist. CraTTsi NpUCBSYEHA BUBYCHHIO OCOOMMBOCTEH (YHKIIOHYBaHHS CHCTEMH IMXAHHS 1 EHEpPreTHYHOTO MeTafomisMy y
CIIOPTCMEHIB IpH (i3NIHOMY HaBaHTaXKEHHI B Tporieci apanTanii 1o cepenHborip’s. O6crexeHo 12 criopTcMeHiB - OOpIIB Ha IOYaTKy i B
KiHIIl TpeHyBaibHOTO 300py B [Iprensopycci (2100 M H.p.M). JlocHimkyBami Ta30BHil CKIIa]] HOBITPS, IO BAAMXAETHCS, 1 aJIbBEOJISIPHOTO
TIOBITPS, JIETEHEBY BEHTWIIALLIIO 1 1i KOMIIOHEHTH B Iporieci poOOTH MOCTYIIOBO-3pOCTar0d0] HoTyxHOCTI Bif 50 0 250 Bt npotsirom 5 xB Ha
BEJIOEProMeTpi 1 B IMEpiof] BiOHOBICHHA. Po3paxoByBali BHECOK aepOOHMX 1 aHAepOOHHMX KOMIIOHEHTIB B €HEProoOMiH HpH poOOTi.
XapakTep 3MiH CIOKMBAaHHS KHCHIO MPH pOOOTi 1 BiTHOBIEGHHI Ha MOYAaTKy 1 B KIHII TPEHYBAJBHOIO 300py OyB CXOKHM, aje IMpH
MOBTOPHOMY OOCTE)KEHHI IIBUIKICTh IIEPEXiHUX MPOIECiB 3pOCia, KHUCHEBAa BapTiCTh POOOTH 3HM3MWIACA, IO CTajlO IPOSBOM
rinomeraboniuHoi mepeOynoBH eHeproodMiHy. BusBieHo, mo Ha mo4yarky poOoTH pisko 3HWKYeThbes PaO2 i 3menmryerscs PACO2, mo
CBITYMTB PO IMiABHIIECHHS TUY3iHHOI 31aTHOCTI JlereHb. B pe3ynbrari akTiBHOI afanranii mpu poOoTi 3pocTaia eeKTHBHICTh JIETCHEBOTO
ra3o00MiHy - 3MCHIIYBaBCS BEHTWIIAMiHHMN ekBiBaieHT 3a O2. [loka3zaHO, IO TO€IHAHWA BIUIMB TiMOOAPUYHOI TIMOKCIi 1 TIMOKCIi
HABAHTXKXEHHS PO3IIMPIOE (YHKIIOHATBHI MOXJIMBOCTI OpraHi3My, a TPEHYBAJIbHHH €(EeKT TOCATAEThCS 3a PAXyHOK PEMOIEIFOBAHHS
EHEPreTUYHNX PECYPCiB.

Knrouosi cnoea: aoanmayis, @isuyna poboma, 306HIUWHE OUXAHHA, 2A3000MiH, 2inomemabonizM, aepoOHUll i aHaepoOHULl OOMIH, ,
CnopmcmeHr, cepeoHbozIp .

IToctanoBka mpoOjgemu. Bimomo, 10 TpoBeNeHHA  NPHUBEACHHSAM OTPHMAaHUX 3HA4Y€Hb /0 CTAHJAPTHUX YMOB
TpeHyBaJbHUX 300piB B Topax BHUKOpHUCTOBYeThc B (STPD), merenesi obcsru - no ymoB tina (BTPS). KinpkicHO
MITOTOBII CIIOPTCMEHIB SK ONMH 3 aKTHBHUX YMHHHUKIB  OIIIHIOBAIM BHECOK acpoOHUX 1 aHAaepoOOHMX JKEpel B
MIBUINCHHS Tpane3gatHocti [1], ommak  Qi3ionoriuHi  eHeprooOMiH IpH M'S30BOI AiSUTEHOCTI [3].
MEXaHI3MH BIUIMBY TipCHKOrO KJIIMaTy Ha OPraHi3M CIOPTC- CratucTi4Hy OOpOOKY pe3yibTaTiB  MPOBOAWIN  C
MEHIB, Y SIKHX aepoOHa IMpare3qaTHICTh He € MPOBIITHO, 10  BUKOpUCTaHHSAM mnporpamHoro makery SPSS 21.0 (IBM) i
[MX Tip 3aHINATHCS MATOBHBYCHUMH 1 cymepewruBumu  makety Microsoft Exel.
[7, 10,14]. TIpote, TpeHepu TUX BHAIB CIOPTY, B SKHX Pesysnibrarn g0ciiTkeHb Ta iX 00roBopeHHs.. AHaii3
Npale3IaTHICTh He 3aJISKHUTh BiJl YUCTO aepOOHOTO MeTa00o-  MOKAa3HWKIB (PYHKIIT 30BHINIHBOTO IMXaHHS NpH (i3H4HIN
J3MY, TakoX poOJIATH CIPOOU NPOBEJEHHS TPEHYBAJbHMX  pOOOTI B IIOYATKOBHMIA Nepio nepedyBaHHs B Topax MoKas3as,
300piB B YMOBaX CEpeIHBOTIP's, OaXKaroun OTpUMar mo3u- 1o crnokuBaHHL Oz (VO2) mpu poOoTi 3HAYHO 30UTHITY-
TUBHHUI €(eKT B MMOAANBIIII CIIOPTUBHIN Pe3yTBTaTHBHOCTI,  BaJOCS B MEPiofl BIPALLOBYBAaHHS, MOTIM 3POCTAHHS YIIOBi-
HaWJacTille TPYHTYIOUUCH Ha MPUHIHIT «know howy. JBHIOBANIOCS. AHAQJIOTIYHHI XapakTep 3MiH CIOCTEpiraBcs
Buxomsau 3 1p0T0, METOI0 JTAHOTO NIOCHTIDKEHHS Oyllo TP MOBTOPHOMY OOCTEXEHHI, MPOTE MIBHIKICTH IMEpeXil-
BUBUCHHSI  0OCOONMMBOCTEH  (PyHKIIOHYBaHHS ~CHCTEMHM  HOTO Iporecy 3pocia, a VO cramo OuTbII €KOHOMHHM.
JIMXaHHS y CIIOPTCMEHIB 1 3MiH eHepreTHaHOro MerabomisMy  OCTaHHE CBITYUTH MPO 3HIDKCHHS KHCHEBOi BapTOCTI
npu poOoTI aepoOHO-aHAepOOHOTO XapakTepy Ha modar- — poOOTH B pe3ysbTari akTUBHOI ajjanraiiii B ropax.
KOBOMY 1 KIHILIEBOMY eTanax TPUTH)KHEBOrO nepeOyBaHHS B 3aranpHuil  xapaktep 3MmiH VO2 1 BupinenHs CO2
ropax. (VCO2) B nuHaMili poOOTH 1 BiJHOBIIEHHS OyB Pi3HUM IIpH
Metonu i opranizamisi nocJtizkenb. B oOcTexeHHi B3s-  mepiioMy 1 apyromy obcrexennsx (puc.l). Tak, micms
JM y4acTh 12 cropTcMeHiB 3 BUIbHOT OOpOTHOH, sIKI B JiTHIH  mepei3ny B ropu Oyino 3adikcoBaHo BinctaBanus VCO; Bif
TIEPioJ1 TIPOTSTOM TPHOX THIKHIB MepedyBajiy Ha HapdasbHO -  VOz B nporieci poOoTH, NOTIM - HOTo NMepeBHIIEHHS B IIEPioj
TpeHyBaJbHOMY 300pi B cepenuporip (2100-2300 M H.p.M.).  BigHOBIEHHsA. Taka IWHAMiKa Ta3000MiHY XapaKTepH3ye
CroprcMern o0cTexxyBaiicst Ha 6a3i EnpOpychkoi Memuko-  3MimIaHuid  aepoOHO-aHaepOOHWIA XapakTep MeTaOOIIuYHIX
6iosorivHoO1 cTaHIii Mi>KHapOIHOTO IEHTPY aCTPOHOMIYHHAX — TIPOIIECIB: IMOCTYIIOBE BHUYCPIIAHHS OKUCITIOBATLHHUX IIPOIIE-
1 MenKo-exonoriyHux gociimkess HAH VYkpainu (Ilpuens-  ciB mpu 3pocTaiodoMy HaBaHTa)KEHHI 1 SIBHE HAKOIMYECHHS
Opyccs, Bucota 2100 M H.p.M.) Ha IOYarky i B KiHII  NPOAYKTIB MeTaOoii3My, IO TIPOSBIJIOCS B  TIEpioxn

TPEHYBaJIBLHOTO 300DY. BiJTHOBJICHHSI.

®izpgHa poOOTa TOCTYHNOBO-3pOCTAIOYO] IMOTYXKHOCTI B aneBeosiprOMY HOBITPI IPH TOYATKOBOMY OOCTEKEHHI
(Bim 50 g0 250 BTt) MozmemroBamacs 3a JIOTIOMOTOKO  TPOTSTOM TIEPIIOT XBWIMHH POOOTH BimOyBanocs piske
BEJIOEPTOMETPA 32 HACTYITHOIO CXEMOFO OOCTeKEHHS: 5 XB -  TAMIHHS MapIiabHOTO THCKY KHUCHIO (PAO2) 3 101 10 72 MM

BUXiTHUH CTaH, 5 XB - HaBaHTaXEHHS, 10 XB - BITHOBIEHHA.  PT. CT. 1 3HAYHE MiBUIICHHA NapLiaJbHOTO THCKY BYIJIEKHU-
la3oBWid CKJIag BOMXYBAaHOTO, BHAMXYBaHOTO 1 ambBeo-  cioro rasy (PACOo) 3 33 - no 54 mm pt ct. (puc.2), B KiHII
JSIPHOTO TIOBITPSI BM3HAYaJM 3a JIOTIOMOTOI0 Mac-CIIEKTpO-  TPEHYBAJBHOTIO 300pY Aiara3oH TakuX 3MiH OyB MEHIIINM.

rpada MX 6202 (YkpaiHa), JereHeBy BEHTHIIILIIIO — BOJIIO- VY mepion BIIpanbOBYBaHHS IPU HEPIIOMY OOCTEXEHHI
Mmerpa 45084 (Himeuunna). ['a3000MiH po3paxoBYBaIM 3  CIIOCTEPITajlocsi €KCIIOHEHIIabHE HAPOCTAHHS XBHJIMHHOTO
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00’emy muxanns Ve (puc.3) nopsiz 3 napajenbHIM 3pocTaH-
HSIM aJIbBEOJISIPHOT BEHTHIIALI].

MIL'XB

2520
2020
1520
1020
oL |
20
BHX. CTaH BHX.cTaH 35 XB.pod. 5xB.pob. 5xB. 5 XB.
(1) (2) (1) (2) Bimn. (1) BinoH. (2)

Puc. 1. Crioxusanns Oz (0)ta Buainerns CO2(m) Ha MOYaTKOBOMY
(1) 1 3axmo4yHOMY (2) eramnax repeOyBaHHS B Topax

B mpomeci npomorkeHHsT poOOTH, 1 0cOOIHMBO, B TIEPiox
BiHOBITeHHS, PAO> OCTYIIO0BO 3pOCTaB 10 3Ha4YeHb CIIOKOIO,
a PACO; - 3HIKyBaBCS HaBiTh O 3HAUYCHb HIDKYE BUXITHUX.
XapakTep TakuX 3MiH Ha TI04aTKy poOOTH MIr CBIIYUTH IPO
pi3ke MiZBMINEHHS MU(Yy3iHHOT 30aTHOCTI JereHsb sk w1 O
tak 1 CO». ITloniOHumit edexr BinOyBaeTbcs 1 Ha PIBHUHI,

TUIBKY CTYMiHb HOTO BUPA3HOCTI 3HAYHO MEHIIN [4].
Pacop. MM pT €T Paoy, MM pT CT
60 120

55
50

110
100
45
40
35

90
80
70
60
50

40
5 XB.

30
25
20

Bux. ctan

3

4 3 4

PobGota Binnornenms
Puc. 2. Iapuiansni Tacku Oz 1 CO2 B aIbBe0SsIpHOMY MOBITPi (W)

Ha mouarkoBomy (1) 1 3aKmounomy (2) eramax nepeOyBaHHs B ropax

ITicnst aganranii Takoi mapajaeabHOCTI He OyJI0, o MOXKe
MOSICHIOBATHCST  3MCHILCHHSIM  (Di3i0JIOTIYHOTO  MEpPTBOTO
JINXaJBHOTO TIPOCTOPY 1 CBIAYMTH TPO IiABUINCHHS e(eK-
THUBHOCTI JIeTeHEeBOTO Ta3000MiHy. ToOTO, TPUTHIKHEBE TIEpe-
OyBaHHS CIIOPTCMCHIB B CEpeIHBOTIPT XapaKTepu3yBaIocs
3HAYHOIO ONTUMI3ali€l0 (yHKIIT 30BHINIHBOIO JUXaHHS.
Ipo 1me TakoX CBIAUIIO 3MCHIICHHS BEHTHIIIHHOTO
ekBiBasieHTy 3a O2 (puc.4).

VE, MI/XB

50000,00
45000,00
40000,00
35000,00
30000,00
25000,00
20000,00
15000,00
10000,00
5000,00
0,00

Bux. ctan 1 XB

2

3 4 5 1 2 3 4 5

Puc. 3. XBrmHHMIA 00°€M TMXaHHs Ha oyarkoBomy (1) i
3aKIIIOYHOMY (2) erarax repeOyBaHHS B TOpax

Bimwomennss Va/VE K Tpu  TepuioMy, TaKk 1 TpH
MIOBTOPHOMY OOCTE)XEHHI Ha IOYaTKy HABAaHTAKEHHS Pi3KO
3poctano i 30epirasiocs TakuMm 10 KiHg (puc.5). Bimpm
BUCOKMH 3pICT albBEOJSIPHOT BEHTWIILISI Ha MOYATKy
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poboTH B ropax MpU3BOAMTH O pi3koro BumuBanHHsi CO2
[9], mpu 1pomy Haxmn rpadika 3aJIEKHOCTI JIET€HEBOI
BeHTWIALIT Bim mBuakocTi BuavieHHs CO2 B ropax
3MiHIOETBCS  [2], BinOyBaeTbesi mepeOyoBa — perysiii
JIMXaHHsI, B PE3YyJIBTaTi YOTO 3p0CTae BUKOPUCTAHHS KHUCHIO B
nerensix [5]. ToGro, 36inbmenns BigHommeHus Va/Ve mpu
poboTi B yMOBax TIIOKCHYHOI TiMOKCii HEOOXITHO B MEPIILY
Yepry He TUIBKH [UI Toro, o0 30impmmTH PO,, ane 1 nms
TOro, 1100 3a0e3MeYNTH HaIXOMKEHHS He00XiIHOT KITBKOCTL
KHCHIO B JIbBEOJTHL.

VE, yM. 011
45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00

5,00

0,00
Bux. cTan

1 2 3 XB.

PoGota

4 5 1 2 3

BinnoBneHHA
Puc. 4. Bentunsaniiianii exsiBaneHT 3a Oz Ha mogatkoBomy (1) 1
3aKIIFOYHOMY (2) eTamax nepeOyBaHHS B TOpax

4 5

Va/VE, ym. o1
0,95

0,90
0,85
0,80
0,75

0,70

0,65

0,60

Bux. ctan

1 2 3 4 5 1 2 3 4 5

Puc. 5. Bimsorenns Va/VE Ha mogarkoBomy (1) 1 3akmrounomy (2)
eramax nepeOyBaHHS B TOpax

Takoxx BiOMO, 1110 MpH TepeOyBaHHI B TOopax peduiek-
TOPHO MiJIBUILYETHCSI TOHYC CYIMH B MaJoOMy KOJi KPOBOO-
o6iry [9,10], Tomy mpu poOOTi MOJOJAHHSIM TAKOrO CTaHy
MO)Ke OyTH BCHO3HHIA TilEpKAHIYHAN CTUMYJ, 1m0 (op-
MYETBCSI, SIKHH TIPU3BOAUTH JI0 PO3CIIA0JICHHS CY/IUH JIETEHIB
1 TAKUM YHMHOM CIIpHs€ 30UTBIICHHIO 00'EMHOTO KPOBOTOKY,
TIONINIICHHIO TUQY3ii Tra3iB B JETeHsX i, BIAMOBIIHO, MiBH-
ILIEHHIO IBUAKOCTI TpaHcnopty Oz apTepianbHOI0 KPOB'IO.

XapakTepHOI OCOONMBICTIO 3MiH (PYHKITIOHYBaHHS CHIC-
TEeMH JIMXaHHS B IIEPiOf BIAHOBIECHHS € MPAKTUYHO TOBHE
BIJTHOBJICHHsI TIATEPHY JIMXaHHS, MMPO LIO0 CBIIYMJIA HOpMa-
mizatist konuenTpatiii O2 i CO2 B aJIbBEOISIPHOMY TIOBITPI.

BinbIn BHCOKE, B MOPIBHSHHI 31 CIIOKOEM, BiTHOIICHHS B
niepion BizHOBIEHHS VA/VE TOGIYHO MO0 CBiMUHUTH PO
iJIBUILICHHS] TOHYCY OpoHxioa [7]. I Xo4a dakT migBuieHHs
VA/VE posmisiaeteest  QizionoraMu 1 KIHHIIMCTAME  SIK
TIO3UTHBHMI (DAKTOP, IO XapaKTepHu3ye eKOHOMizalito (QyH-
KIIi1 30BHIITHHOTO JUXaHHS, BiH IPH POOOTI MOXKE CBiTUHTH
PO TPaHUYHE BUKOPUCTAaHHI PE3EPBHUX MOXKIMBOCTEH 30B-
HilrHBOTO AuxaHHs [13].

TkaHWHHA TINOKCisA, 110 BWHUKAE TPH  M'SI30BOI
TUSUTBHOCTI, € TTYCKOBHM MEXaHi3MOM JJIS1 BKITFOUSHHSI IiJIOTO
KackaJy KIITHHHOTO PEMOJENIOBAHHS: TOSBM HOBUX BH/IIB
MiToxoHApiH 1 OinkiB [11], akTWBamii HOBHMX TeHIB, MIO
KOMITeHCYIOTh Hemomik O2 MiIBUIICHHAM aHaepOoOHOTO
obomiHy [8,12]. ¥V TipchKMX yMOBaxX IEpBHHHA TKAHHMHHA



TIMOKCis (TIMOKCIS HaBaHTAXEHHS [5]), IO pPO3BUBAETHCS B
Ppe3ynbTaTi MoCHIeHOro pH podoTi BuTpadeHHs O; B M'3ax,
MIOCHITIOETBCSI OOMEKEHHSIM MOXKJIMBOCTEH KHCHEBO-TPAHC-
TIOPTHOI CUCTEMH OpraHi3My B Pe3yJbTari TilOKCHYHOT TiMo-
kcii. CaMe CrHoydeHHs! LUX JBOX BIUIMBIB 1 3[iHCHIOE Tpe-
HYIOUHH Qizionoriaanii eext — po3mmpeHHs (yHKITIOHAb-
HUX MOXKJIMBOCTEH OpraHi3Ma JI0 CIOPTHBHOI TisTEHOCTI.

TakuM 4MHOM MOXKHA KOHCTATyBaTH, IO TPHOXTIDKHEBE
TpPEeHyBaHHA CIOPTCMEHIB B CEPEHHBOTIPT MPHBEIO 10
eKOHOMi3amil (YHKII CHCTeMH IHUXaHHA TPH M'S30Biit
ISUTBHOCTI,  PO3BHTKY  TilOMETaOONIYHMX  peaKIii,
PO3IIUPEHHIO, KPiM aepOOHOTO EHEProoOMiHY, i aHACPOOHUX
MEXaHI3MiB, 1110 B IIJIOMY 3a0€3ME€YMIIO CTIHKICTh 10 TiMOKCIi
1 IEPEeHOCHUMICTh (DI3MYHMX HAaBaHTa)KESHb.

[TigTBEpXKIEHHSM  TaKOro  CTBEPDKEHHS  3'IBHIINCS
pe3yNbTaTH TPOBEACHOTO HAMH aHAI3y 3MiH METaOOJIIYHOT
CTPYKTYypPH CHEPICTUYHOIO OOMIHY y OOCTEIKEHHX CIOPTC-
MeHIB 1IpH (Bi3MIHOMY HaBaHTaXEHHI. Tak, SKIIO Tpw Tiep-
oMy OOCTEXEHHI, MOYMHAIOUM 3 2-i XBWJIMHH POOOTH,
BiTHOIICHHS BKJIaly acpOOHUX i aHAepOOHMX KOMITOHECHTIB B
eHeprooOMiH Oyrmo mpubim3HO omHakoBuM (50/50), To mpu
MIOBTOPHOMY - BOHO Ha 5-7% 3MicTHOCS B Oik aHaepoOHOTO
obMminy (puc. 6). B miteparypi € BkasiBku [12] Ha Te, 110
30UIBIICHHS KPOBOTOKY Yepe3 MpaIforodi M'si3d, cepre i
magpparmy mpu MSI30BiM JSUIBHOCTI B YMOBAxX TilOKCIT
CYIIPOBOIXKYETBCS OUIBII PI3KUM, HDK NPH HOPMAJIbHOMY
PO, y BauxyBaHOMy NOBITpi, HOTO 3HIKCHHSM 4Yepe3
OpraHH IUTYHKOBO-KHIIIKOBOTO TPAKTY, IIEYiHKY 1 HUDKH.

3naBanocs 0, TAKKH PO3MOALT € OTYKHHM KOMIICHCATO-
PHAM MEXaHi3MOM, CIIPSIMOBAHMM Ha 301IBIIICHHS IIIBHIKOC-
Ti noctaBku O2 0 MpPALFOIOYHMX TKAHWH, IIPOTE BOHO MAe€ i
CBOI HETaTHBHI CTOPOHH. B pe3yibrari 0OMeXeHHs KPOBOTO-
Ky 4depe3 IeUiHKY i HUPKH B 3HAYHIH Mipi 3HIKYETHCS [IIBH-
JKICTh YTHJIi3awii B MPAIFOIOYNX M's3aX MOJIOYHOI KHCJIOTH,
1[0 YTBOPIOETHCS, B KPOBI 30UIBIIYETHCS KOHIICHTPAIIS 10HIB
BOJIHIO, 3CYBAEThCSl KMCIIOTHO-TY)KHHH CTaH B M'A3axX 1 KpOBi
i opytIyroThest yMoBu unst yremizarii Oz [5]. Skio Bpaxy-
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BaTH, 1110 B TOpax B 30POBOMY OpraHi3Mi B CIIOKOI CriocTepi-
TaeThCsl TA30BUI aJIKaJI03, BUKIMKAHUN MOCHICHHSIM (yHK-
il 30BHINIHBOIO JIMXaHHS 1 PO3BUTKOM TilOKAIHIi, MpU
LIbOMY MOCHUJIEHO BUMHBAIOThCA HUpKamu nyru [13], 3men-
LIYETHCSI EMHICTH OikapOoHaTHOro pe3epsy. Lle npusBoauTH
JI0 TOTO, IO MPU M'S30BIM HisUTFHOCTI MOTIpIIyETHCS 3AaT-
HICTh HUPOK 1 MEYiHKN YTUITI3yBaTH MOJIOUHY KHCIIOTY. Tak
BiZoMo, 110 Ha BuCOTi 1700 M H.p.M. TiCIs HaBaHTAKCHHS
BMICT JIaKTaTy B KPOBi BHSBIIIETHCS 3HAYHO BHIIWM, HDK Ha
piBHI MOp# [6]. AHaNOTIUHI pe3yibTaTy Oyl OTPHMaHi i Ha
6utpmmx BucoTax (2100 13500 m H.p.M.) [5].
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eHeprooOMiHi Ha rouarky (A) Ta B kiHui (B) nepeGyBaHus B ropax

XB

BucHoBok. B pe3ynprari mepeOyBaHHS CIOPTCMEHIB-
OopIIiB Ha TpeHyBaJbHOMY 300pi B cepemHporipi B opra-
Hi3Mi TIpr poOOTi BiIOYITHCS HACTYITHI MO3UTHBHI (DYHKIIIO-
HallbHI 3MiHH, IO XapaKTepPH3YIOTh TiOMETa0oIiuecKiit
edekT: OBl EKOHOMHOIO cTajia (DYHKINS 30BHIIIHBOTO
JIMXaHHs1, 3HU3UBCSI BIJHOCHUI BHECOK B 3arajbHy CHCTEMY
€Hepro3ade3neueHHsT OpraHi3My acpoOHOr0 KOMIIOHCHTa Ha
TITi 3pOCTaHHs aHACPOOHOTO, IMiMBHUIIMIACS CTIHKICTh SK J0
MIOKCUYHOI TIMOKCIl Tak 1 0 TiMOKCii HaBaHTaXXEHHs, IO
BaXXJIMBO JIJISI CTIOPTUBHOT PE3Y/IbTaTUBHOCTI.
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Adjustments in the respiratory system of athletes when adapting to the middle mountains
V. N. llin, M. M. Filippov, G. V. Klymenko
Abstract. The article is dedicated to study features of the respiratory system function and energy metabolism changes in athletes at loading
during middle altitude adaptation. Tvelwe athletes - wrestlers were investigated at the beginning and at the end of training camps in Elbrus
region (2100 m asl). Gas exchange and pulmonary ventilation in athletes were registered during bicycle ergometer loading of stepwise
increasing power (50 to 250 watts for 5 min) and in the recovery period (10 min). The contribution of aerobic and anaerobic components in
the energy metabolism during exercises was calculated. Statistical analysis was performed using software package SPSS 21.0 (IBM) and
Microsoft Excel 2010. The changes in oxygen consumption during exercise loading and recovery at the beginning and at the end of the
training camps were similar, but the re-testing showed increased rate of transient processes, and decreased oxygen cost of the work that
evidenced hypometabolic rebuilding of energy metabolism. It was revealed that at the beginning of exercise dramatically decreased PA°% and
attenuated PACO2 indicating the rise of lung diffusion capacity. As a result of the active adaptation, at exercise loading the efficiency of
pulmonary gas exchange was raised due to decreased O2 ventilation equivalent. It was shown that the combined effect of hypobaric hypoxia
and loading hypoxia extends the functionality of the body, and the training effects are achieved due to the rebuilding of energy resources.
Keywords: adaptation, physical work, external respiration, gas exchange, aerobic and anaerobic metabolism, athletes, middle
mountains.
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AHoTamisi. Y cTaTTi po3risHyTa mpobiiemMa GopMyBaHHS Ta YAOCKOHAJICHHS BCIX CTOPIH MiATOTOBKH (yTOONICTIB MiJ Yac IX HaB-
YaHHS B BY3i, [0 3aiiMae IPOBiHE MicIe B IearorivyHoMy nporeci. [linTBepkeHO MOy ISpHICTE 03X0POBYOTO CIIOPTUBHOTO PyXY
B YKpaiHi cepe CTYAEHTCHKOI MOJIOI, SIKH BUCYBA€ HOBI BUMOTHU 10 METOJAWKH IMiJATOTOBKH CTYACHTIB y BUIIUX HaBYAJIBHHX 3a-
KJIagax CHOpTUBHOrO mpodimro. BeraHoBWM, 10 HaBYAIBHO-BUXOBHHM IPOIEC IHCTUTYTIB Ta akageMidl (hi3MYHOTO BHUXOBAHHS
CIPSIMOBaHHI Ha YIOCKOHAJCHHS Ta PO3BHTOK CIIOPTHUBHOI MiATOTOBKH CTYACHTIB 1X PO3yMOBHX 1 (i3UUHMX 37i0HOCTEW TOLIO.
Bu3zHadeHo, 10 MiJArOTOBKa CTYAeHTChKOI (hyTOOIbHOI KOMaHAW — GaraTOKOMIIOHEHTHHI MPOIIEC YCIIiX SIKOTO 3aJeXKUTh caMme Bif
peadizaii 3aB1aHe (i3UYHOT, TEXHIYHOT, TAKTUYHOT, IICKHXOJIOTIYHOT, TEOPETUYHOI Ta 3MarajilbHOI i ITOTOBKH CIIOPTCMEHIB.
Knrwwuosi cnosa: pymoon, mexuika, maxkmuxa, cmyOenmu, 3MA2aHHsL.

VYKpaiHChKi CTYAEHTH-CIIOPTCMEHU ChOTOJHI € OJHHMHU 3
JinepiB y MIKHapOJHOMY CTYIEHTCHKOMY CIIOPTi, MOCi-
JIAF0YM B 3arajlbHOKOMaHJHOMY 3aJIiKy MiCIl Yy TepLIii
necstii. Pa3oM 3 THM y cydacHii BITUM3HSHIH HayKOBO-
METOIUYHIH JIiTepaTypi HEAOCTAaTHHO BHCBITIIOIOTHCS M
aHAJI3YIOThCS MPOOJIEMHU PO3BUTKY CTYJEHTCHKOTO CIOp-
TUBHOTO pyXy [6].

[ommpeHHs 0310POBYOTO CIIOPTHBHOTO PYXy B YKpa-
iHI, SIKMI B OCTAHHIN Yac € MOIMYJSIPHUM CepeJ] CTYICHT-
CBKOi MOJIOZII BUCYBa€ HOBI BUMOTH 10 METOIMKH ITiJro-
TOBKHM CTYICHTIB y BHIIMX HaBUaJbHHMX 3akiangax. Ha-
BYaJbHO-BUXOBHHUH IpolleC 1HCTUTYTIB Ta akaaemiil ¢i-
3WYHOTO BHXOBAHHS CIIPSIMOBAaHHMH Ha yJIOCKOHAJICHHS Ta
PO3BUTOK CHOPTUBHOI MiJITOTOBKHM CTYJEHTIB X pO3yMO-
BUX 1 (i3nynuX 3710HOCTE# ToII0. [IpodiaemMy dhopmyBaH-
HS Ta YIOCKOHAJIEHHSI BCIX CTOPIH MiATOTOBKH CIOPTCMeE-
HIB-CTYZCHTIB Ta BIIMBY 3aHATH CIOPTOM Ha IIi/IBHUILCH-
HS PIBHS PYXOBOi aKTHBHOCTI MiJ Yac iX HaBYaHHS B BY3i
posrisiayto Cremantokom C.I. [6], T'yuenko I'.B. Ta
Ckpunkoro .M. [1]. 3a ganumu HaykoBUiB [2, 5, 6, 8] 3
METOI0 BHpIIICHHSA MNpoOJIeM pO3BUTKY CIIOPTY Cepel
CTYICHTIB, 0 HaBYarOThCsA Y BH3, HeoOXigHO mpoaHari-
3yBaTH ICTOPII0 PO3BUTKY MIKHAPOIHOIO Ta HAlliOHAJb-
HOTO CTYJIEHTCHKOTO CIIOPTY Ta BUBYMTH JIaHi Mpo 37100Y-
TKH YKPalHCHKUX CIIOPTCMEHIB-CTY/IEHTIB Ha BHYTPILIHIN
Ta M>KHAPOJHIH CIIOPTUBHUX apeHax .

Cepe 4HCIICHHUX BUJIIB CIIOPTY, LIO KYJIBTHBYIOTHCS B
BH3, ¢byrboa 3aBxau MaB BEJIMKY MOMYJISPHICTH CEpPel
ctyneHTiB. CTyIEeHTH, SKi 3apaxOBYIOTBCS /10 CIIOPTHB-
HUX BY3iB MarOTh pi3HY KBaliQikaiifo, B KOMaHIHUX
irpax CIOpPTy NOCTIHHO OHOBIIOETHCS CKJIAJ KOMaH[,
MOB'SI3aHUX TEPMiHAMH HaBYaHHA Ta 1HIUBIAyaTbHOI
3aIiKaBJICHICTIO B 3aHATTSIX OOpaHUM BHJIOM CIIOPTY Iie
MoTpiOHO BpaxOBYBAaTH MPH MiATOTOBIII CTYAEHTIB B TPy-
max [ICM. AxkTyaibpHICTE POOOTH TOJIATaE B TOMY, IIO
paiioHalbHe BHKOPUCTAHHS JOCTYIHHX [UIs CTY/ACHTIB
CHeiaJbHUX BIPAB Ta TEXHIYHHUX i, 0 3aCTOCOBYIOTh-
Cs Ha TPEHYBaHHSAX B Ipylax CIOPTHBHOIO YIOCKOHA-
neHHs 3 GyTOomy 103BOJISE€ 3HAYHO MOMNIMIIHUTH iX CHOp-
TUBHY IiJITOTOBKY 1 TUM CaMHM IiJBHIINUTH iX CIOPTUBHY
kBanmiikariro. Y 3B’43Ky 3 IIUM aKTyaJbHICTb, IPAKTHYHA
1 TeOpeTH4Ha 3HAYYILICTb, HEIOCTAaTHS pPO3POOIEHICTh
MOCTAaBIEHOI  MpOOJEMH  YAOCKOHAJEHHS  TEXHIiKO-
TAaKTHYHOI MIATOTOBKU CIIOPTCMEHIB QyTOONICTIB € aKTy-
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IBHOIO TEMOIO JIOCIIIKEHHS, SKa MoTpedye MoJajbIIoro
BUBYCHHS.

Mera nOCHIDKEHHST — PO3POOMTH Ta BIOCKOHAIHTH
METOJIMKY TEXHIYHOI Ta TAKTHYHOI MiArOTOBKU (HyTOOIIiC-
TIB TPYNH MiJBUIICHHS CIOPTHBHOI MaiicTepHOCTI Ta
BU3HAYMUTH ii BIUIMB Ha MIJBHIICHHS pe3yibTaTiB 3Mara-
JBHOI isUTFHOCTI CIIOPTCMEHIB.

[ po3B’s3aHHS TOCTABJIEHOI METH OyJIM MOCTaBJIEH]
Taki 3aBAAHHA.

1. AHani3 HayKOBO METOAWYHOI JITEpaTypH 3 Ipooire-
MU JIOCIIIKEHHS.

2. Po3po0OuTH METOAMKY AJIsl TIOKPAIICHHS MOKAa3HUKIB
TEXHIKO-TaKTHYHOT MiATOTOBKH (hyTOOJICTIB B MiJATrOTOB-
YOMY IepioJii CIOPTUBHOTO TPEHYBaHHSI.

3. ExcriepuMeHTaNbHO NepeBipuTH e(heKTHBHICTh PO3-
poOieHOl eKCIIEPUMEHTAILHOT METOAMKK Ta i BILUIUB Ha
3MarajgpHy AisITbHICTE (GyTOOMICTIB.

Martepian i meromm pnocaimxkenns. Ilemaroriunwmit
ekcriepuMeHT npoBomuBcs Ha 0a3i HHIOK M. Cymu. ¥V
JOCHI/DKCHHI TPUHHAIN Yy9acTh CIIOPTCMEHH 30ipHOL
HHI®K CymITY imeni A.C. MaxkapeHKo pi3HOI KBali-
¢ikamii (I-II mopocmi po3psmw), ski Oymu OJHOPITHI 3a
BikoM (18-22 pokiB), craxy 3aitHsaTTs (6-8 pokiB).

B nganomy mocmimpkeHHI Oy 3acTOCOBaHI HACTYITHI
METOJM JOCIIDKEHHS: METO/IN TEOPETUYHOIo aHawi3y i
y3arajJbHEHHs JaHUX HaAyKOBO-METOJUYHOI JIiTepaTypH Ta
JOKyMEHTAJIbHUX MarepiaiB; MearoriyHe TecTyBaHHS,
NeIaroriyHuii eKCIICPUMEHT; METOM MaTeMaTUYHOI CTa-
THCTHKH.

Pe3yabsTaTn gociaimkeHHs: Ta ix odroBopenns. [lin-
TOTOBKA CTYAEHTCHKOI (yTOOIBHOI KOMaHIM — 6araToko-
MIOHEHTHHH TIPOIEC YCIX SIKOTO 3aJeXHTh BiJ peaii3a-
mii 6aratboX 3aBIaHb, a came: (Pi3MYHOI, TEXHIYHOI, TaK-
TUYHOI, TICUXOJIOTIYHOT, TEOPETHYHOI Ta 3MarajbHOI IMiJI-
TOTOBKH CIIOPTCMEHIB. A peaii3amist WX 3aBJaHb 3ajie-
JKUTD BiJl YMIHHS TpeHepa 3aCTOCOBYBATH IIE€BHI 3ac00M i
METOJH y 3aJEXHOCTI BiJf KOHTHHTEHTY CIIOPTCMEHIB i
YMOB, y SIKHX NPOBOAWTHCS TpeHyBaHHSA. CIif 3ayBaXKu-
TH, 1[I0 CHOPTUBHA MiJIrOTOBKA BKIIIOYAE: CUCTEMY TPEHY-
BaHb; CHUCTEMY 3MaraHb, CUCTEMY YMHHUKIB, IO ITiJBH-
IIYIOTh €(EKTUBHICTh TPEHYBAIBHOI 1 3MarajbHOI MisliIb-
HocTi. [Ipubnu3HME 3MICT TH>KHEBOTO MIKpOIMKITY 3ara-
JMBHO-TIATOTOBYOTO  eTamy NoAaHui B Tabmumi 1.
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Ta6muus 1. CTpykTypa MiKpOIMKITy 3arajJbHO-IIIr0TOBYOTO eTaIy A CTYACHTIB IPYIH MiABHIICHHS CHOPTHBHOI MAHCTEPHOCTI
JleHpb TxHS IepeBaskHa CIPSMOBAHICTh Tpusasicth xB. | HaBanTakeHHs
Teoperuune 3aHATTSA 3iIHO 3 TEOPETUYHHUM ILIAHOM. PO3BHTOK
MIBUJIKOCTI, THYYKOCTi: ectadeTn, pyxiuBi irpu 3 M’saeM, akpoba-
TUYHI BIpaBH YIOCKOHAJICHHS 1HAWBIIyalbHOI TeXHIYHOI MalcTep-
HOCTI: BEIEHHs 3YNHMHKHM Hepenadi oOBEAEHHS Ta irpoBi BIIPaBH.
TPYNOBI TeXHIKO-TaKTHYHI Aii.

PO3BUTOK IIBHIKICHO-CHJIOBUX 3II0OHOCTEH: BIpPaBU BHOYXOBOTO
XapakTepy: CTpUOKH; BIpPaBU 3 onopoM 4x3, 5x2., CIIOPTUBHI irpu
(rann6os, 6acker0o011.)

VYiockoHaNeHHS TEXHIKO-TAKTHYHOI MAaiCTEepHOCTI:: yHapu IO
M’s19y, 3yMUHKA — yIapH B Ik, IrpoBi Bnpasu 4x2, 4x4, 5x5 6e3
BOPIT, Ha OJTHI BOPOTA, Ha IBOE BOPIT.

VY 1ockoHaJIEHHSI TEXHIYHOT MaMCTEPHOCTI IHAMBIIYaJbHO Ta B Ia-
pax. YIOCKOHAJCHHS TEXHIKO-TAKTHYHOI MaWCTEpHOCTI y BIpaBax
HaO1IbII HAOMIDKEHUX 10 TpHU. PO3BUTOK 3aranbHOi Ta crenianbHOL
BUTPHBAJIOCTI B irpOBHUX BIPaBaX.

TeopeTHyHe 3aHATTA 3TiTHO 3 TEOPETHYHNM IUTAHOM. Y IOCKOHAJICH-
HS TEXHIYHOT MaliCTEepHOCTI: BeJleHHS-yaap-Tiepeaada-3ynuHKa-yaap
B IrPOBHX BIIpaBaX, PO3BUTOK PYXOBHX SIKOCTEH (CTapTH, HPHCKO-
peHHs, ecTadeTH, PYXJIMBI Ta CIIOPTHBHI irpH).

VY IIOCKOHANICHHSI TEXHIKO-TAKTMYHOI HABHYOK Yy KOHTPOJIBHHX Ta

Tloneninox 120 Maie

BiBTopox 90 Bemnnke

Cepena 90 Cepenns

UYersep 90 Benuke

I’ sitHULS 90 Cepenne

Cybota .
HaBYAIbHUX irpax

90

Benuke

Henins

AKTUBHUIN BiIMIOYMHOK Ta BiJHOBIIIOBAJILHI 3aX0/I1. .

B TexHiko-TakTHYHUX 3aHATTSIX (yTOOMCTIB Tpym
CHOPTHBHOTO YIOCKOHAJICHHS IO SKHX BIIHOCSTHCS
CIIOPTCMEHHM pi3HOI KBamiikamii MOBHHHI OYTH YacTHMU
BIIPaBH, SKi CHPSMOBaHI HA BIOCKOHAJCHHS «CKPUTHX»
CepenHiX Ta JOBTHX Mepeaad M’sida PisHUMH crioco0aMu.
B inauBigyanbHUX Ta KOJEKTHBHUX BIPaBax 3 BUKOHAH-
HSM 3aBEpLIaJIbHOTO yHapy OOOB'S3KOBI 3aBJaHHsS Ha
TOYHICTh. BripaBu cTepeoTHnHoro xapaxkrepy, 0e3 neBHO-
IO TaKTHYHOTO 3MICTY, L0 HE CIIPHAE IiJBHIICHHIO TEX-
HIKO-TAaKTHYHOI MIATOTOBICHOCTI (yTOOMICTIB, MarOTh
3aiiMaTH HaliMEeHIIIEe TPEHYBaJIbHOT'O 4acy CIIOPTCMEHIB.

Y 10CKOHATIOBaHHSI TEXHIYHOI MiATOTOBIEHOCTI QyT-
6omictiB Tpyn IICM BigOyBamack 3a paXyHOK: 3aCTOCY-
BaHHS PO3pOOJICHOT METOIMKH 1 3aco0iB YIOCKOHAIIO-
BaHHS i PO3BHUTKY IHAMBITyanpHOI MaicTepHOCTI (pyTOO-
JCTIB, pAaliOHAJIBHOTO CHIBBiIHOIICHHS KOMAaHIHUX,
KOQIIIIMHUX Ta iHAWBIAyalbHUX 3aHATH. [HAWBiTyanbpHA
miaroropka ¢yroomicrtiB 30ipHOT KoMaHAH «CyMHXIM-
npoM-CIITY» 3xilicHIOBanach 3a paxyHOK: PO3BUTKY
PYXOBHX 311I0HOCTEH (MIBUAKICHUX, IIBHIKICHO-CHIIOBHX,
KOOPJMHALIIWHUX 1 1H.) 10 HEOOXiJTHOTO PIBHSI; YAOCKOHA-
JIIOBaHHS BEIy4YMX TEXHIYHUX MPUHOMIB (yTOOIICTIB;
PO3IIUPEHHsI BapiaTUBHOCTI 1 HAJIWHOCTI 3aCTOCYBaHHS
TaKTUKO-TEXHIYHUX MPUHOMIB; BUIIPABICHHS HEIONIKIB y
(YHKIIOHANBHIA 1 TEXHIKO-TAaKTUYHIH IiATOTOBICHOCTI.
Hapuanns i TperyBanHs QyTtoomictiB rpyn [ICM minx wac
CIIOPTHBHOI MIATOTOBKH B BY3i MPHITYCKA€ Pi3HOMAHITHI
METOIM BHUKOHAaHHA (i3UYHMX BIIPaB, BHUXOBAaHHS
MOpPaJbHO-BOJIBOBUX SIKOCTEHW, HAaBYaHHS TEXHIKH K
TaKTUKHU rpu. Bubip MeTo/1iB BU3HAYAETHCA 3aBJaHHAMH 1
3MICTOM HAaBYAIbHO-TPEHYBAJBHOI'O MPOLECY, YMOBAMHU
MPOBEACHHS 3aHATh 1 CTYNEHEM MiArOTOBJIEHOCTI
cTyZeHTiB. B onanyBanHi ¢yTOOTiCTAMI CHCTEMAaTHIHUX
3HaHb 1 PYXOBUX HABUYOK 3HAYHE MICIIE BiABOJUTHCS

clIoBeCHHUM MeTojaMm (TIOSICHEHHs, Oecifa, KOpOTKi
3ayBaKEHHs, JIEKIisA) 1 METoAaM Hao4HOCTI (Toxa3
JIOCHI/DKYBAaHOTO ~ TIpUHOMY  TpeHepoM abo  moOpe
MATOTOBJIICHUM ~ CIOPTCMEHOM, 3acTOCYBaHHA  Bizeo
3HOMOK).

74

Ilix wac po3ydyBaHHA TEXHIYHHX 1 TAKTHIHHUX
NIPUHOMIB OCHOBHMM METOAOM € METOJ BIPaBH, TOOTO
MOBTOpPHE BHWKOHAHHA TmpuwitoMmiB 1 nmiif. Ilpuaomy
MOBTOPEHHS MOXKHa  3[IMCHIOBaTH 3a  JIONIOMOTOIO
LUTICHOTO, PO3WIEHOBAHOTO, 3MarajJbHOTO H irpoBOTO
MeroniB. Hampukian, HeckiaaHi TeXHIYHI NpUHOMH K
TaKTW4HI Jii MOXHa pO3ydyBaTH B OCHOBHOMY B
mimicHomy BUDsmi. Ilim dYac HaBYaHHS CKJIAJHUX
NpUIOMIB 3aCTOCOBYBaJM pO34WICHOBaHWI MeTox. BiH
Takok OyB Ayxke e(eKTHBHUI B IpoleCi po3ydyBaHHS
KOMaH/JHUX TAaKTHYHUX Aid. Baxumse wMicue y
HaBYAJIbHO-TPCHYBAJIBHIN pOOOTI HAag TEXHIKOIO 3
dyr6omicramu rpyn [ICM 3aiinsB irpouii Meron. Moro
CYTHICTb B TOMY, IO BJIOCKOHAIIOBAHHS TEXHIKO-
TaKTUYHUX  Jid  3OificHIOBajacs B YCKJIaJTHCHIH
oOcTaHOBII (pyxnmBi irpw, ecraderd, irpoBi BIIPaBH,
HaBYyajbHi irpu). biau3pkuéi 10 1BOrO MeToLy €
3MarajJbHUH METOJI, IKU TOJIAraB B TOMY, IO TEXHi4HI
npuifoMH  H  TakTUYHI  Aii  3aKpiIuIioBaIMCh i
yJIOCKOHAIIOBAIUCH B YMOBaX 3Marasa.

[TigBUIIICHHST PIBHS CIEI[iAIbHOI MPAIe31aTHOCTI CTy-
JeHTIB-(yTOOINICTIB TiJ Yac 3aHATh 3a PO3POOJICHOIO
METOJIMKOI0 BiOyBaoCch 3a PaXyHOK: JOIIBHOTO CITiB-
BiTHOIICHHS 3aCO0iB 1 METOJIB TPEHYBAIBHOTO BILIHBY;
OINITUMAJILHOTO CITiBBIAHOLIEHHS CHPSMOBAHOCTI TpEHY-
BIBHHUX 3aHATh Yy IUKJIAX Ta MIKPOLMKIAX CHOPTUBHOI
MiATOTOBKH; BUKOPUCTAHHS OIlOJOTiYHMX 3aKOHOMIipHOC-
Teil MiX TporecaMd CTOMIJICHHS 1 BiJHOBIICHHS B XOIi
peaitizailii HaBYAJIbHO-TPEHYBAJIBHOIO MPOIECY; MEBHOT
CIPSIMOBAHOCTI TPEHYBAaHHS 3 YITKOIO PETIaMEHTAIli€I0
KOXKHOTO HaBYaJbHO-TPEHYBAJIbHOTO 3aHSTTS; YJIOCKOHA-
JICHHS] CUCTEMH KOMIUIEKCHOTO KOHTPOJIIO TPEHYBAJIBHOI i
3MarajbpbHOi JiSUTBHOCTI (PYTOOMNICTIB; YAOCKOHATIOBAHHS
ME/IMKO-010JI0TTYHOTO 3a0e3MeUeHH s ; 3aCTOCYBaHH KOM-
TUIEKCY BiJIHOBJIIOBAJIBHUX 3aXO/IiB.

3 MeToI0 OIIHKHM 1 peecTpalii TeXHIYHOI XapakTepHc-
THKH 3pYLIEHb Y PiBHI TPEHOBAHOCTI 1 (hi3n4HOI miaroro-
BKM (yTOOJNICTIB Ta PO3pOOKM BIANOBITHOTO IUIAHY IX
IATOTOBKM BUKOPUCTOBYBAIM €TaIlHUH KOHTPOJIb TAa0IH-
g 2. IIpm TecTyBaHHI TEXHIYHOTO €JIEMEHTY BEICHHS



M'sua 1o TpsMii Ha puctaHdii 30 M cepeiHE 3HAYCHHS
pe3yabTaTy CTAaHOBWIO 7,1 ¢ IO MOYaTKy €KCIICPUMCHTY,
a micns Horo 3akinyenHs — 6,0 c. 3rigfHO 3 OTpUMaHUMHU
pe3yabTaTaMi KOHTPOJBHOTO TECTYBaHHS IOJ0 BEICHHS
M'sYa 3 yAapoM IO BOPOTaX, CEPEHE 3HAUCHHS Pe3yJbTa-
TiB y TPYIi CTAaHOBUJIO JI0 BIIPOBADKCHHS PO3POOICHOT
Meronuku — 6,7 c. Ilo 3akiHYEHHIO EKCIIEPUMEHTY pe-
3yJAbTaTH CTATHCTUYHO MOKpanmuinck — 9,20 ¢. Buznaua-
I0YH pe3yNbTaTH TECTYBAHHS yIap IO M'S9y Ha JalbHICTH
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JI0 EKCIICPUMEHTY BUSBJIICHO HU3BKHI PIBCHb pPE3yJbTa-
TiB, IO TMOB’SI3aHO 3 PI3HUM PIBHEM IirOTOBJICHOCTI
crynenriB 'y rpynax IICM (kinbkicte momagans 3 10
cpo0). IIpore 3icTaBieHHS OTPUMAHUX Y IOCIHIHKCHHI
JAHUX JI0 Ta MiCJs BIPOBA/KCHHS CKCICPUMEHTAIBHOL
METOJIUKH, BOHH CYTTEBO MOKPAIIMINCHh HA 5 M y 3B’S3KY
3 BIINPAMIOBaHHAM TEXHIKH yIapiB Ta PO3BUTKOM CHIIO-
BHX 3[1iI0HOCTEH CIIOPTCMEHIB.

Ta6auust 2. KOHTpOJIbHI BIpaBH IS OI[IHKH TEXHIYHOI MiAroToBIeHOCTI GyTdomictiB rpyn [ICM

Ne o nenaroriunoro | [Ticns megarorigHoro .
TecrtoBe 3aB1aHHS JIOCTOBIPHICTh

n/m EKCIIEpPUMEHTY CKCIIePHMEHTY

1 BGIZ-[.eHHH M's4ya 1Mo mpsiMii Ha JUcTa- 71406 6,040,3 <0,05
Hiii 30 m,c.

2 Ynapu no M'siay y 3amaHy IiTb TiCIs 6,740.4 9.2404 p<0,05
BEJICHHSI, K-CTh monaaanb 3 10 crpoO.

3. |Ymapu mo HepyXoOMOMY M 'sT9y, M. 19,0+1,0 24,010 p<0,05

3MICT TPEHYBaJIHLHOTO MPOLECY BH3HAYAETHCS 3MICTOM
3MarajbHOI JisSUTbHOCTI, IrPOBUMH 3MarajJbHUMH JisIMH Ta
yMOBaMH iX €()eKTHBHOrO BHKOHaHHS. B3aeMo03B’sI30K
TPEHYBAJBHOI 1 3MarajibHOI ISUTBHOCTI 3a0€3MEeUy€EThCS 3a
JOIIOMOTOI0 IHTErPAaTUBHOI MiArOTOBKH, BUIIOK (HOPMOIO
SIKOi € HaBYaJbHI, KOHTPONBHI Ta 3MarambHi irpm [7].
Ha3pani irpu JaroTh 3MOTy MaKCHMalbHO peali3yBaTé
TpeHyBaJIbHI €(pEKTH TEeXHIYHOI Ta IHIIUX CTOPIH CIHOPTH-
BHOI MiJATOTOBKHU B LJIICHIN 3MaranbHii nisinpHocti. Came
TOMYy, OYJI0 TMPOBEACHO aHai3 3MarajbHOi MisJIBHOCTI
¢yTOOJIICTIB TPYN MiABUILEHHS CIIOPTUBHOI MalCTEpHOC-
1i CAITY (Tabm. 3.).

Mu npoaHanmizyBaiu pe3yJibTaTH BHUCTYIy KOMaHIU
«Cymuximmpom-CAIIY»Ha yemmioHati Ykpainu 3 ¢y-

T3y cepen komann 2 miru 2017-2018 poxky micinst 3acto-
CyBaHHSI PO3pO0JEHOI METOAMKH. Y 3MaraHHsAX Opaio
ydacth 24 xomaHmu, koMaHma «Cymuximmpom-CHITY»
BBIHIINIa y BICMipKy Kpamux cepex koMaHx 2 mirn. [licns
aHAN3y pe3yNbTaTiB OyjI0 BH3HAYCHO KpAIOTrO IpaBIld
«Cymuximmpom-C/ITY» - 3apropomniit JleHUC KiTBKICTh
3a0UTHX TOJIB B SKOTO CKiIafgany 8 3 26 3a0UTHX HaA 3Ma-
ranusx. Bucoki pedynbratu 30ipHOi koManan «CyMUXiM-
npoM-CAITY» B 3maranHHsx BKazye Ha e(EKTUBHICTh
3aCTOCYBaHHSI METOJAWKH IMiATOTOBKU CHOPTCMEHIB TPYNH
[ICM 3 ¢dyt6oiy, sxi € unenamu 36ipHOT KoMaHIu «Cy-
muxiMnpom-CAITY ».

Tabauns 3. Tabnuns pe3ynpratiB Ha 3MaranHsax Yemmionaty Ykpainu 11 iru 2018 3 ¢y 3am

Komanaa Kinbkictp irop [Ilepemoru| Hiuis |ITopa3ku |3a6uTi roau|[Iponymeni roqu | baau

«PaTyBambHUK» 6 5 0 1 39 18 15
(Pomun)

CyMmuximrpom-

CAITY (HHI®K) 6 3 ! 2 20 - Y

«JIOKOMOTHBY 6 3 1 2 28 23 10
(Konotom)

Axanemis YHTY 6 0 0 6 12 43 0
(Yepmiris)

BucHoBkn. B pesynprari aHamizy 3maraibHOi JisUTb-
HocTi pyrOomicTiB rpyn [ICM BU3HaYeHO Kpamioro rpas-
1 3a migcymkamu 2017-2018 poky. 3aBropouiii Jlennc
Ha YemnioHari Ykpaiuu cepen KOMaH[ Apyroi Jiru 3a0uB
8 3 26 3a0MTHX TrOJNIB HAa 3MaraHHsx. BHUCOki pe3ynbTaTi
36ipHOi komaHau «CymuxiMnpoM-CJIITY» B 3maranHsx
BKa3ye Ha e()EKTHUBHICTh 3aCTOCYBaHHS METOIMKH ITir0-

TOBKH CIIOPTCMEHIB. Y CIIOPTCMEHIB TAKOXK ITiBHIUINCEH
MOKa3HUKH TEXHIKO-TAKTUYHOI IiJATOTOBKH, a came Ipu
TECTYBaHHI TEXHIYHOTO EJIEMEHTY BEJICHHS M's4a II0
npsMii Ha auctaHiii 30 M cepeHE 3HAYCHHS PE3yJIbTaTy
cTaHoBWIIO 7,1 ¢ 10 MOYaTKy €KCIEePUMEHTY, a IicJis Horo
3akinuenss — 6,0 c.
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Improvement of technical and tactical training of footballers of the group of increasing sporting skills
I. M. Skripka, N. B. Chaylo, I. N. Kravchenko, V. V. Gladov
Abstract. The article deals with the problem of formation and improvement of all sides of the preparation of football players during
their studies in the university, which occupies a leading place in the pedagogical process. The popularity of the sporting sporting
movement in Ukraine among the student youth has been confirmed, which puts forward new requirements for the methodology of
training students in higher educational establishments of a sports profile. It was established that the educational process of institutes
and academies of physical education is aimed at improving and developing the sports training of students of their mental and physical
abilities, and so on. Then, as the preparation of a student football team is a multicomponent process, the success of which depends on
the realization of the tasks of physical, technical, tactical, psychological, theoretical and competitive training of athletes.

Keywords: football, technique, tactics, students, competitions.

76



Science and Education a New Dimension. Natural and Technical Sciences, VII(23), Issue: 193, 2019 Feb. www.seanewdim.com

TECHNICAL SCIENCE

Method of applying two-step variational-gradient method
to dynamic models in decision support systems

*N. B. Dakhno, T. V. Maisak, H. V. Shevchenko, O. V. Svynchuk

State University of Telecommunications, Kyiv, Ukraine
Kyiv National Economic University named after Vadym Hetman, Kyiv, Ukraine
*Corresponding author. E-mail: Nataly.Dakhno@ukr.net

Paper received 31.01.19; Accepted for publication 08.02.19.

https://doi.org/10.31174/SEND-NT2019-193VI1123-19

Abstract. Dynamic models of decision support systems for controlling unmanned aerial vehicles are considered. Dynamic models are de-
scribed by equations with K-positive definite K-symmetric operators. The method of two-step variational-gradient type application, which
consists of algorithms and corresponding block diagrams, is presented. The developed method provides an opportunity to optimally imple-
ment a two-step variational-gradient method in the process of automating control of unmanned aerial vehicles.

Keywords: dynamic models, decision support system, flight mission, unmanned aerial vehicles, variation-gradient method.

Introduction. Systems of support and decision-making are a
qualitatively new level of automation of managerial deci-
sions with remote control of unmanned aerial vehicles
(UAVs). The remote control system is responsible for
scheduling the flight task, forming teams when changing the
flight path by the pilot-operator, adjusting the parameters of
the automatic control system, displaying telemetry infor-
mation, analyzing flight data, and managing the UAV's
payload.

Operational flexibility, the a+++++bility to transmit in-
formation received in real time and receive timely infor-
mation at any step of the flight to obtain the necessary data
for its analysis and decision making, makes it expedient to
develop modern methods for substantiating and synthesizing
UAYV control systems as complex dynamic systems.

The analysis of the last studies and publications. Re-
cently, considerable attention is paid to the use of decision
support systems (DSS) for the management of UAVs [1-3].
Problems of synthesis of systems for the automatic control of
movement of aircraft, including unmanned ones, are devoted
to work [4-6].

Despite a large number of scientific publications in these
areas, modern methods of controlling aircraft, such as theo-
retical research methods for dynamics of controlled systems,
variation calculations and optimal control, are not sufficient-
ly used.

Unfortunately, almost all current trajectory planning
methods used in modern UAV control systems are resource
intensive.

Main part

1. The problem setting. The basis of DSS for automated
control is the formal description — the mathematical model of
the decision-making situation. Models of decision support
systems described by dynamic models provide a sufficiently
complete description of the situations that arise when manag-
ing objects.

In the classical analysis, many techniques and methods
for studying dynamic models [7-9] have been developed.
Among a variety of methods, the most commonly used com-
putational practice is using approximate methods, which
include variational, projection and differential methods, and
iterative methods. On the basis of direct and iterative meth-
ods, variational-gradient-type methods have appeared, in-
cluding two-step variational-gradient method. The algorithm

of a two-step variational-gradient method does not require
knowledge of the spectrum of the operator, is resistant to
perturbations and has a good convergence rate. Therefore,
actual and promising is the development and improvement
of variational-gradient methods.

2. The algorithm of two-step variation-gradient meth-
od. We will consider dynamic DSS models for operating
UAVs in operator form, that is, models are described by
equations or systems of the equations of the form:
Au=f,feH, @)

The operator A:D(A)—H is defined on a dense in H set
D(A), and is linear K-positive and K-symmetric, that is there
is an operator K: D(K)—H, D(K)cD(A),which allows clos-

ing in H and:
da,B > 0: (Au,Ku) = a||u||2,VueD(4), (
2)
|[|Kul|2 < B(Au, Ku),YueD(A), (
3)
(Au, Kv) = (Av,Ku),Vu,veD(A), (
4)

Let's assume that there is linear K-positive and K-
symmetric operator B: D(B)—H i D(B) = D(A) and it’s
easy to find its converse operator B 1.

Let the condition be fulfilled:

I,6>0: 0< y< o< oo, VueD(A)

»(Bu, Ku) < (Au,Ku) < 6(Bu,Ku) 5)

Under conditions (2) — (5) an equation (1) has the only
generalized solution [10] and solution of the equation (1) is
equivalent to finding the minimum of a functional:

F(u) = (Au, Ku)-2(f,Ku)

6)

Let’s consider the equation (1) and assume that the condi-
tions (2) — (5) are fulfilled.

Let Ho is some Hylbert subspace such that Hyc D(A)c H
and upeD(A) — is an arbitrary initial approximation. Assume
that the k-th approximation is found, then the following
approximations are in the scheme:

U1 = X + Wi, Wi € Ho, 7)(

here an element X is defined from the equation:

Bxk = Buk+a36k+ﬁkrk (
8)

Bxg = Bug + Boto (
9)

here & = uy — up_1, 1% = f — Auy, —is a mismatch.
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Unknown parameters a;, B, and element w,, are found
from the functional minimization condition (6):

Fugs1) = (Atgrr, Kuge1)-2(F, Kuger 1) 10§
As B has the conversed operator then (7) — (9) can be re-
writing as:
Uppr = U + S, + BBl + wy (
11)
u; = ug + BoB 1y +wy (

ay(Aby, K8) + B (AB™ 1y, K8y) + (Awy, K6y) = (11, K6x)
ak(Adk,KB_lrk) + ﬁk(AB_lrk,AB_lrk) + (AWk,AB_lrk) =
ay (A8, Kv) + B (AB 1y, Kv) + (Awy, Kv) = (ry, Kv),Yv € H,.

In case H, is the subspace originated by the system or lin-
ear in dependent elements {¢;:i = 1} < H,, then the correc-
tion in (11) will be found in the form: w, = ¥, a¥e;,
where {a¥ : k>1,1<i<n}cR.

ak(A5k, K5k) + ﬁk(AB_lrk,KSk) + Z af (A(PHK(Sk) = (rk,K5k)

i=1

a, (A8, KB~ 1) + B (AB™'1r,, AB™ 1) + Z a¥ (4¢;, AB~'r,) = (1, AB™'1ry,)

i=1

n
ak(A(?k,K(p}-) + Bk(AB‘lrk,K(pj) + z ak (A(pi,K(pj) = (rk,l(<pj),j =

i=1

The system (16) — (18) has a single solution relative
ay, B and a¥.

Theorem. If the operator A satisfies conditions (2) - (5) in
equation (1), u, is the initial approximation found by the
Ritz method, then the two-step variational-gradient method
(7) - (15) coincides and the rate of convergence is character-
ized by an estimation:

llu _uk”B<QR\/7”B Y - Augyl,,

here q;, = \/_+ \/_

3. Method of application of two-step variation-
gradient method for DSS models with K-positively de-
fined, K-symmetric operator. For practical implementation
of the method it is reasonable to use the following scheme:

Let y, € D(A)— be an arbitrary initial approximation
{p;:i = 1} € H, is the complete system of linearly in de-
pendent elements, € > 0 is the required accuracy of the
solution sought, K is the iteration number.

1. Initialization of the initial data y,, €, k = 1.

2. Calculation of the first approximation according to one-
step variational-gradient method according to the corre-
sponding algorithm.

Note that according to one-dimensional variational-
gradient method, we have calculated the following expres-
sions:

1+§2k’ §=

dll d12 dl‘n
di; = (Agu, Ko)); D=|(dz d2z .. dan);
dnl dnz dnn
b,
D% b=|bz
by,
3. k=k+1.
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12)
The first approximation is sought according to a one-
dimensional variational-gradient method [7]. For the follow-
ing approximations, after transformations taking into account
formulas (11) - (12), we obtain a relation for the determina-
tion of unknown parameters ay, 8, and corrections w; at
k > 2[11]:

(13)
(14)
(15)

(1, AB™'1y,)

Then the relations (13) — (15) are converted into a system
of linearly in dependent equations:

(16)

7

18)

Initial-data vn. 2.k = 1Y)
Caleulztz v, accordmg- to-OVGM-andf

&; = (401K o) g = (Ko )D = (dLJJ__.l—'
.9—(911._. Lr'b [bLL_. =0 g1

Solvethe- SLAET
&y (AGy K8;) + By (A8, K(B e + TE 1 cFp;)) = (B 60T

o4 (4 5 7) = B (A5 ont Ssclor) k™ond = 1
+
e S5 E a | [o=T]

v
[ o]

Fig.1. Block diagram of the two-step algorithm a method

4. Calculate the expressions:
re = f — Ayi_1; R = B™'rg ARy KRy
8k = Yk — Yk-15 Ady; K&y
5. Calculate the constants ¢, for the corrections wy,:
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qf = (AR K@; ),j = T,n;
qQx = (Q}()sz—n: = (Cil()izL—n = D71,

6. Calculation of the parameters a; i By:
hiy = (A8, K&,);

h = (A8 K(Re + Bl i) )
h§1 = (Ady, KRy);

hs, = (A(B™'n + Xk ko), KB '),
lf = (Skl Krk); l§ = (rleRk);

(ak) (h’fl h’2‘1>_1 _ (l’f)
B) = \nty h) \&)

7. Calculation of the correction wy:

Ifk=2:w,=—a, X, big; + B, Xiey ¢l

ifk =3: we =B X, ¢l

8. Calculation of the approximation:

Yier1 = Vi T @ Og + PRy + wy.

9. Condition fulfilling control: if ||y,.1 — yill > €, then
b = 0 and repeat 3 9.

Block scheme for this algorithm is shown in Fig.1.

6. Discussion of the integration of the variational gra-
dient method in to the control system of an unmanned
aerial vehicle results. Synthesis of variational and gradient
methods can eliminate the disadvantages inherent in these
methods. According to the estimates obtained in the theorem,

a two-step variational-gradient method has a good conver-
gence rate, is resistant to perturbations and does not require
knowledge of the boundaries of the spectrum of the operator.
Therefore, the study of a dynamic model with the help of
two-step variational-gradient method will increase the effi-
ciency of information processing in decision-making pro-
cesses in the control of UAVS.

At the same time, it should be noted that in practice it is
not always possible to construct an adequate model in a
linear analytical form. This complicates the use of the varia-
tional-gradient in DSS. Therefore, further development of
the theory of variational-gradient methods is to extend these
methods to broader models of models. Of particular interest
is the consideration of non linear cases. The complexity of
the propagation of variational-gradient methods to the non
linear equation is the need to obtain linear systems for de-
termining the parameters for constructing the approximation.

Conclusion. Developing an approach to formulate rec-
ommendations for the timely adoption of informed decisions
by the operator in the remote control of the UAV is an urgent
problem. One of the directions that can significantly improve
the efficiency of the solution of the tasks of the flight is the
analysis of dynamic models in DSS based on two-step varia-
tional-gradient method.
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Abstract. In the article the contact interaction of two elastic bodies with a curvilinear surface is considered, taking into account
transverse deformations (changes in the surface curvature, or the excitement of the surfaces of the contact). The equations for deter-
mination of projections of deformations of the body surface points on three axes are derived. The stresses of compression in the con-
tact area are determined. A tangential stresses caused by surface curvature changes are defined. The interaction of the profile beam of
a drum and a rope and complex equations taking into account the features of the contact are considered. Normal and tangential
stresses in the contact zone of a rope and a drum are defined. On the basis of the new provisions, a conclusion is made about the
cause of the occurrence of tangential stress not only due to compression of the body, but also to the displacement.
Keywords: contact interaction, curved surface, lateral deformations, compression stresses, contact area.

Introduction. Mechanics of contact interaction is the
actual area of deformed solids. Its development is stimu-
lated by the problems of mechanical engineering, extrac-
tive and processing industries, but primarily by tribologi-

As we can see from these calculations, a point has not
only vertical shift on axes Z; as before accepted by many
authors but also the horizontal ones. These shifting will be
maximal for the edges of the contact plane, and in the

cal issues.

Overview of related publications. One of the first re-
searchers, who succeeded to get a general solution of the
contact problem was Hertz H.[1]. He examined the con-
tact of two elastic bodies with curved surfaces, that is
loaded with forces operating transversal to the plane of
the contact. Issues of the contact strength were dealt with
by such outstanding scientists as Dinnik [2] Belyaev [3]

center they are equal a zero.
Find motion on axis z

W, =2, -2 =r,(1-cosp,) -1, (1-cose,) 4
From (1) we obtain
r
=2 ©)
(2}

Substitute this expression to equation (4) we obtain

Kovalsky B.S. [4], Pinegin [5], Phepl L. [6], Jonson K. o, )
[7] and others but some questions need explanations so W {(1—‘305(01)—(/)/(1—005% )} (6)
far. - "
The basic material summary. When two elastic bod- In a similar we obtain movement of other body
ies are contacted, of which at least one has a curvilinear _lh_ P fr /
surface, it can be assumed that under normal load, the Wo _{(l cos¢2) é(l COS%)} O
curvature will be "thrown", that is, the radius of curvature . . .
increases (Fig. 1). Motion on axis x for the first body
U =X, =X =r1(sin¢)l—¢)§sin(pl’J ®)
%]
For other body
a u, = r{sin(p2 —q)—fsingo;J )
2
For spaced body in plane YOZ transversal shifts will
N be equal
. y,=Rsing,, y/ =R,sing/, (10)

Where R —radius of curvature of the body surface in
the plane YOZ.
Then surface of the body motion on axis y is

Fig. 1. Calculation scheme

Then point A, with coordinates X;, Z; is shifted to

/ H ﬂl . /

. . . . v, =Y, =Y, =Ry sinf —=:sin 11
point A; having coordinates Xl', Zl' . As arc OA is equal 1=V =N 1( A ] ﬂlJ (11)
arc OA; we obtain / _ B, .

Ly = r1/§01/, (1) V,=Y,=Y,= R2 SII’]IB2 _FSIn’BZ (12)
H 2
Xl, B r1/3|-n(p1/, Closing of the bodies will be equal
X;=1, sin 2
= h S @ a=z2-7,+2,-12,=1, ¢)1/(1—cos<pl’)—(1—005@)}L
Z,=r —rcosg =r(1-cosg,), P (13)
7, =1/ (1-cosp]) ©)

+ Vﬁ (L-cospl) - (1—cosp,)
(4

2

|
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Consider the contact stresses in the interaction zone of
rope and drum.

In case when the contact occurs between rope and
drum groove (Fig.2) we have

Kll:rb; K =R; K21_rk’ 22:R’
v = 0; y1 = y2 — deviation angle of the rope twist, then
2(A+B) = —+1+i+£
r, R ro R
1 1 1 1 (14)
2(A+B)=| ———=|cosy, +| —+— |cOS
( ) (rb RJ I [rk RJ 7
or
A:i(l—c05271)+i(1+c052y1)+i(1+c052y1) (15)
2R 4r, 4r,

b k
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1 1 1
B= ﬁ(1—c032;/l)+ K(1+ cosz;/l)+?(1+ cos2y,)  (16)

b k
Fig 2. Layout of rope and drum contact.

Assumed the very small deviation angle (y < 3°) and re-
lationship R _1g »(, we obtain:
rk
7, = Lyt y?
2r, R
z,= %xz +% y?
As in the middle the surface of pressure for each pair
of corresponding points

Z, +Z,+W, +W, =a ,

a7

we obtain

r 11 1 2
W, +W, =r, (1-cosp,)—2r.|1-cos* g, [-=| —+—= |x*—=y? (18
1 b =1 ( ®) b( " ¢’1J Z(I‘k er R y (18)

iy

Taking into account that the rope surface at pressure
takes the point of the drum groove surface, it can be as-

sumed that W, =W, .

sy

Then
_5 R, | X (1, 1)1
=5 (l cosg,) 5 (1 cos . qolj 7 ["k + "nj y*  (19)
Write equation of elastic equilibrium
A2y L 0 _
1-22 ox
1 oA
AV ———=
1-24 oy (20)
Nwe— L OA_
1-24 oz
Z2=2G @+ A A|=2G
oz 1-21

Results and its discussion. The appearance of cracks
in the depth of the body can also be explained by the fact
that there is a boundary layer that separates the core of the
body with a practically invariable structure and a surface
layer with transverse pressure and longitudinal displace-
ment. If the shear stresses of the surface layers, which
depend on the material properties, the equilibrium state
and other factors, are sufficiently large, then cracks can
occur on the surface of the body that is compressed and
propagate inside.

1
2\ rsing

Where u,v,w — shifts projections on coordinate axes x,
y, Z.
E — modulus of elasticity;
G — shear modulus;

ﬂ. — a Poisson constant

AU, A APw- Laplace's surgery.
Substitute expressions of deformation U and W from

formulas (7) and (9) to the equations system (20) we ob-
tain

1 1(1 1 z 1
=(1-22)y| =+ == |- — 4=
( )y{R+2(rk+er 2rk(1—coswl)+2} 1)

Determine the tangential stresses on the body surface

oW ou 1(1 1 1
X=G| —+— |=CGx| 2| =+= [+ —————
[ax aj Mrk rb] rk(l—coswl)} @2

Y:G 8_v+@ :Gy E_ﬁ.i
oz oy R 2r(1-cosg,)

Normal stresses define by formula

—1J+/1(1+1+1ﬂ (24)
R 2r, 2

Conclusion. Such approach to the contact problem so-
lution explains many questions. As practice has shown,
tangential stresses are increased at a distance from the
center of the contact, and they do not have the greatest
values beyond the boundaries of the contact zones, and in
the center of the contact, that is, for x = 0, y = 0, they are
zero. In addition, the largest tangential stresses are at a
depth, that is, at the points where the maximum material
displacement occurs as a result of a change in the radius
of curvature of the body surface which is in contact.

(23)
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AHoTanisi. XapuoBi NPOJYKTH 3 TifpoOIOHTIB € OXHUMH 3 HE3aMIHHUX IPOAYKTIB, SIKI 0OOB’S3KOBO ITOBHHHI OYyTH BKIIOYEHI 1O
pamnioHy cy4acHOro HaceseHHs. [lepcleKTHBHUM HANpsIMOM Y BHPIIICHHS IUTaHHS ITOBHOIIHHOTO Xap4yBaHHS € po3po0ka Ta ymo-
CKOHAJICHHS ICHYIOUHX PELenTyp, sSKi O MicTHIM He3aMiHHI (akTopu XapdyBaHHS. CTBOPEHHS MPOAYKTIB 3JOPOBOTO Xap4dyBaHHS 3
3aJaHUMH TE€XHOJOTIYHUMH BIACTUBOCTAMH, 30aJJaHCOBAaHUM XIMIYHHUM CKJIQIOM € OJHI€I0 3 MPIOPUTETHUX 3a]a4 PO3BUTKY puodoIe-
pepoOHOiI ramysi Ta 3a0e3neyeHHs MoTped HaceNeHHS 3TiJHO CyYaCHUM BUMOT'aM 370POBOTO Ta MOBHOLIIHHOTO Xap4YyBaHHSI.

Knrwowuoei cnosa: 2iopobionmu, nineneac, pubHi KoHcepsu, 1aminapis, onmumizayis, peyenmypd.

Beryn. B cywacHOMY CBiTi 3alHIIA€ThCS aKTyaJbHUM
MIUTaHHS 3JJ0POBOTO Ta ITOBHOLIHHOTO XapuyBaHHsS Hace-
nerrsa. He € nmpuxoBaruM T0if (hakT, 1o OLIBIIICTH Hace-
nerHs CxigHOi €Bpomm CTpakIarOTh Ha TaK 3BaHUI
«IPUXOBAHUH TOJIOI», TOOTO CHOXXHMBAIOTh BEIHKY KiJb-
KicTh padiHOBaHMX BYTJICBOAIB Ta HACHYEHHX XKHPIB, a B
TOH K€ Yac CIOKUBAHHS MOBHOIIHHUX OUIKIB B PaIliOHi
MOMITHO 3MeHIIyeThesl. 110 Npu3BOAMTE 0 MiIBUICHHS
3aXBOPIOBAHOCTI Ha IIYKpPOBHUH miabeT, XBOPOO cepiieBo-
CYJMHHOT CUCTEMH, OXKHPIHHSI.

Crucanii orasig my6aikauniii 3a Temoro. IcHye Oe3iiy
METOIB Ta TEXHOJIOTiif BUPOOHHIITBA PHOHUX KOHCEPBIB.
VYcix iX moeaHye OfHA CITiTbHAa MeTa — 30epiraHHs TpUBa-
MU 9ac Ta OE3MEYHICTh UIS 3I0pOB’Sl JTIONWHHU. Aje B
TOM 7K€ Yac HEBUCBITIICHOIO € 1 IIle OJJHA BUMOTa, SKa € Ha
CBOTO/IHI HE MEHIIl aKTYaJIbHOIO — Iie 30aIaHCOBAHICTh Ta
3aCBOIOBAHICTH PAIliOHANBHICTH iX 3a CKJIQJIOM IHTpEIi€H-
TiB [1].

Bimomo, 110 rigpoOioHTH, Ii¢ MIBHIKOIICYBHA CHPOBHU-
Ha, siKa MiJJIAE€ThCs NICYBaHHIO K MiJI JIi€F0 MIKpOOpraHi-
3MiB, TaK 1 mix gieto BaacHux depmentiB. Tomy, ogHUM 3
NPIOPUTETHUX METOJIB ii 30epiraHHs € TerioBa CTEPUIIi-
3amisi, a00 KOHCEPBYBaHHS, I IOJOBKCHHS TEPMIiHIB
30epiraHHs Ta BUKIIOYCHHS MiKPOOiOIOTIYHOTO IICyBaHHS
[2].

PubHI KOHCEpBH — II¢ BHCOKOIOXKUBHI MPOIYKTH, SKi
32 CMakOBHMH Ta XapyOBHMH BJIACTHBOCTSMH 3HAYHO
MIEpEeBHIIYIOTh HATHBHY CHpPOBUHY. Lle M0oXimBO 3a paxy-
HOK BHUJAJIECHHS HEICTIBHMX Ta MaJOI[IHHUX YacTHH Ta
JI0JIaBaHHSI Xap4YOBUX MPOAYKTIB MiJBUILEHOT EHEPreTH-
HOI 1iHHOCTI (0Jii, KpyI, OBOYei Ta iH.), a TAKOX 3a pa-
XYHOK TOTepe/IHbOi TepMidHOi 00poOKH (OnaHIIyBaHHS,
obcMaKyBaHHsI, KomdeHHs) [2].

AHani3 puHKy puOHHX 0araTOKOMIOHEHTHHX KOHCEp-
BIB ITOKa3Ye, 110 iCHYE ITOTHT Ha Ili KOHCEPBHU 32 PaXyHOK
CMaKOBHX BJIACTUBOCTEH Ta TPUBAJIOTO Yacy 30epiraHHs.
CyuacHa eKOJIOTiYHa CHUTYyallisl oTpedye po3poOKH HOBI-
THIX TEXHOJIOTI{ Ta pelenTyp NPOAYKTIB JIIKYBaIEHOTO Ta
podiJaKTHYHOTO Xap4yyBaHHS, SIKI MOXYTh OyTH HYTpi-
LEBTUKaMH POCIMHHOTO MOXOKESHHS.

Merta. MeToto mpeacTaBieHoi poboTu € po3podka Ta
PO3MIMPEHHS ACOPTUMEHTY 0araTOKOMITIOHEHTHUX PUOHHUX
KOHCEPBiB Ha OCHOBI MOPCHKOi KamyCTH — JaMiHapii Ta
aKJIIMaTU30BaHOTO 00’€KTY MPOMHUCITY - TijieHracy. Jlis
BHPIMICHHSA ITOCTABJICHOI METH TOTPiIOHO BU3HAYUTH OC-
HOBHI 3aJ1aui Ta HAlTH 1X pO3B’sI3aHH:
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- BHOpaTH aCOPTUMEHT KOHCEPBiB, Ta IPOBECTH MOHI-
TOPHHT HOI'0 CIIO’KUBAHHS;

- 3MOZCTIOBATH PELEnTypy 31 30aaHCOBaHWUM XiMid-
HHUM CKJIaJIOM;

- BUTOTOBHTH JIOCII/THI 3pa3Ku KOHCEPBIB;

- MPOBECTH JCTYCTAIliHY OI[HKY SKOCTI JOCIIIHUX
3pa3KiB KOHCEPBIB;

- BU3HAYUTH Xap4yoBY I[IHHICTh OCTIJHUX 3pa3KiB
KOHCEPBIB.

Marepiann Tta merogn. OnHi€I0 3 TEPCHEKTHBHUX
BOJIHUX POCIIHH, SIKa MICTUTh BEJIMKY KUIBKICTh 0i0JoTiu-
HO aKTHBHHX PEYOBHH, Ul BHPOOHHITBA 0AaraTOKOMIIO-
HEHTHUX KOHCEpPBIB MOXKe OyTH MOPChKa KaIycTa — JiaMi-
Hapis, SKa BOJIOJIE IITMM KOMIDIEKCOM HEe3aMiHHUX BIlac-
THBOCTEH Ta 3aCTOCOBYETHCS B Pi3HUX (hapMalleBTHYHUX
Ta JIIKyBAJIbHAX BHIAJKAX:

- BUKOPUCTOBYETBCS I BUBEACHHS PAafiOHYKIICIiB;

- 3HW)KEHHS apTepiaJbHOTO THUCKY;

- PEKOMEHAYEThCA TMPH MPOQIIAKTUI OHKO3aXBOPIO-
BaHb,;

- MOTIEPEKYE 3aXBOPIOBAHICTD KOBYHHX IUIAXIB;

- HOpMaJTi3ye poOOTy HMIMTONOAIOHOT 3aJI03H Ta iH.

Taoauus 1 — Ximiuniii ckiaja jaMiHapii JaaeKocXiaHoi.

HaiimeHnyBaHHs OKa3HHUKA 3HaueHHs MOKa3HMKa, %o
MacoBa yacTka BOJIOTH 73...92
MacoBa 9acTKa CyXHX peUOBHH 8...27
MlHepiJIle peuoBHHHI 17...52.5
(y cyxiit peuoBuHHi)

Oprax—qgm pevoBHHH 47.5..83
(y cyxiii peyoBHHi)

Jlimigum 4
[poteinn 4...225
Byrnesonu 5...40
Bitaminu:

B:1 0,03...0,11
B2 0,02...0,6
B3 0,02...0,87
PP 0,3...3,0
Bs 4,6...85,7
B12 0,3...7,6
H 12,6...28,2

JlamiHapist 3a XIMIYHUMH BJIACTHBOCTSIMH € YHIKaJb-
HOIO POCIIHHOIO, SIKa MICTHTh IIUTHH KOMIUIEKC MaKpo- Ta
MIiKpOEJIEMEHTIB, BITaMiHiB, AJIbIMHOBUX KUCIIOT Ta 1HIIHUX
[3]. Bukopucranus ii B penenrypax GararoKOMIIOHEHT-
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HUX PUOHUX KOHCEPBIB 3a0€3MCYUTHh HACTYITHI TEXHOJIO-
ri4HI BJIACTUBOCTI:
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KOHCEpBIiB, OCHOBHUMH KOMIIOHEHTaMH SIKOTO 1 CTaJM Li
Mopernpoaykru: «KoHcepsu «Iomy0ui 3 MOpchKoi Karryc-

- KOMIIeHCYe 1e(iluT MiHepaIbHUX PEYOBHH;

- MiBUIIUTH O10JIOTIYHY I[IHHICTE;

- BUKOHAE POJIb MPUPOIHOTO 3aryiiyBaya.

XiMigHAN CKJIan JaMiHapii JaleKOCXiTHOi MpencTaB-
JIeHo B Tabmumi 1.

Juis po3poOku perentypu 6araTOKOMIIOHEHTHHX pHO-
HHUX KOHCEPBIiB BHKOPHCTAJIN MOPCHKY KaIlyCTy Ta MicIie-

TH Ta IiJIEHracy B TOMaTHOMY coyci» (tabi. 1). 3anporo-
HOBaHa pElEeNTypH CKJIaJeHa 3 ypaxyBaHHSAM OajaHCy
010JIOTIYHO aKTHBHUX pEYOBHH Ta OPraHOJENTHYHHX
BJIACTUBOCTEH, IO BIUTMBATHME Ha XapyoBY MIHHICTH
MPOAYKTIB Ta MIKAHTHICTh X CMaKy.

Ta6auus 2 — Ximiunii ckiaj misendraca [2].

By CHPOBHHY — IIUJICHTac, Li¢ aKJIiMaTH30BaHa IaIeKOCKi- HaiiMeHyBaHHS MOKA3HUKA 3HaYCHHI TOKa3HNKA, %o
nHa Keanb, gKa 100pe aKTiMaTH30BaHa B A30BCHKOMY Ta Macosa yacrka Bonorn 79,92
YopHOMY MOpSIX Ta BHECEHA JO PEECTPY MPOMMCIOBUX M??"“ acTKa CyXuX peoBIH 20,08
pu6 Jliniau 13,24
3 ypaxyBaHHIM BHKIIOYHOI I[IHHOCTI IUX TiAPOOIOHTIB 3Hp0TelH 137f06
0Jia ’

y L[OCJ'Ii)I)KeHHHX 3alporoHyBaJIn TaKuK ACOPTUMCHT

Taoauus 3 — Penenitypa ¢apury st BurotoBiieHHs «['0yOIliB 3 MOPCHKOI KaITyCTH Ta ITUJICHTacy Y TOMaTHOMY COYCi»

Bara, xr (qurs Burorosiexss 1000
. . Bara, kr (U151 BUTOTOBJICHHS

Komnonentu 001ik0BHX 0aHOK) NIPH HOPMI 3aKJIaJIKK .

. 1000 kr cyminri

210 r Ha 1 00niKOBY OaHKY
®apin miseHracy 06cMaKeHU 47,0 532,9
Puc Bapenuit 36,4 412,7
1{nOyns HapizaHa oOcMakeHa 1,8 20,4
Ouist pocIIMHHA 5,43 61,6
Tleperts YopHUI MOJTOTHI 0,27 3,1
1 17111 0,

Buxig macu CyMiLll 3 ypaxyBaHHAM 5% 90,9 10307
BTpar MpHu 3MinryBaHHi i pacyBanHi

Hopwma 3aknagky KOMIOHEHTIB ISl BAPOOHMIITBA KOH-
cepBiB «['omyOIii 3 MOpPCHKOi KalyCTH Ta IIJICHTacy y
TOMaTHOMY COYCi» MpeicTaBlIeHa B Ta0OmuIli 4.

KoMmnoHeHTH penentypu 3rifHO 10 TEXHOJOTIYHOI iH-
CTPYKLIi HOMEPeHBO FOTYIOTh — PUC BiIBAPIOIOTH Y BOJI,

monpiOHeHNH puOHUN (apr 06CMakyIOTh HA POCIHMHHIN
OJIi1, 1HIIIi KOMITOHEHTH JOJAI0OTh 3a PeHenTyporo. Bupoo-
JeHn# ¢apm 3aropTaroTh y JHCT MOPCHKOI KamyCTH Y
¢opmi koHBepTa abo TpybOoukw. ['omy0mi BKIagaroTH B
Tapy Ta 3aJIMBalOTh TOMaTHUM coycoM [25, 27].

Ta6aunst 4 — Hopma 3akiajiku KOMIIOHEHTIB JIJIsl BUTOTOBJICHHS KOHCEPBIB
«["omy01ui 3 MOpChKOi KallyCTH Ta IiJICHTracy Y TOMaTHOMY COYCi»

KOMIOHEHTH petienTypu Bara, kr (Juisi BATOTOBJICHH | Bara, Kr (1711 BUTOTOBIICHHS
1000 ymoBHHX OaHOK) 1000 xr cymimri

Tony6rri:

- MOpCBKa Karrycra 121,8 580

- cymin ¢apiry 88,2 420

Bcesoro: 210 1000

TomarHwmii coyc 140 667

[TocraBneHa Mera BUPINIYETHCS TAKUM YMHOM, 10O 3
MPeJCTaBICHOT B TEXHOJOTIUHIM IHCTPYKIIl peuentypu
[4], uwsixom BapitoBaHHS CIiBBiJHOIICHHS KOMIIOHEHTIB
BUOpaTH ONTHMAIbHUN BapiaHT IUIIXOM HAaIlPaBJIEHOTO
BapifOBaHHS KiJIBKICHOTO CITiBBIJHOIICHHS KOMITOHEHTIB.
Jlyist 1boro MOTPiOHO BUPIIIUTH HACTYIIHI IIUTAHHS:

- chopMmyBatu 0a3sy [aHHMX, sSKa MICTUTh XIMIYHHH
CKJIaJl KOMIIOHEHTIB pelenTypH;

- KJIacTH 0aJjaHCOBI PIBHSHHS 32 XIMIYHUM CKJIaJJOM
TOTOBOT'O NIPOAYKTY;

- BU3HAYUTH TEXHOJIOT1UHI OOMEXEHHSI 3 BUKOPHUCTAH-
HS1 KOMIIOHEHTIB PElenTypH;

- BU3HAYUTH KPHUTEpil ONTUMI3amii SKOCTI TOTOBOTO
TOPOAYKTY;

- MPOBECTH aHaJIi3 SKOCTI PO3POOJICHMX KOHCEPBIB 3a
(hi3UKO-XIMIYHUMH 1 OPraHOJCITHYHUMH BJIACTHBOCTSIMH.

Po3pobumo perenTypy 3ampONOHOBAaHHX 0araToOKOM-
MOHEHTHHUX KOHCEPBIB 3 ypaxyBaHHAM MaKCHMAaIbHOT
€HEePreTUYHOI I[IHHOCTI TOTOBOTO MPOAYKTY, KpPUTEpIiB
OINITHMAJILHOCTI T4 JIOJATKOBUX YMOB.

Ta6auuns 5 — XimMiuyHuA CKJIal KOMIIOHEHTIB pelenTypH KOHCepBiB «I 0iryOIli 3 MOPCHKOI KaITyCTH Ta IUJICHTacy y TOMAaTHOMY COYCi»

Macosa 4actka, % EHep reTiiHa
KommnoneHT penentypu LIHHICTh
Bostorn | binka | JKupis |ByrneBoniB| kkax kJIx
Mopcbka Karrycra 88 0,9 0,2 3 17,8 74,6
ITinenrac odcMakeHu i 63,6 23,4 7 6 185,6 775,9
Puc BapeHuii 72,4 2,2 0,5 249 115,7 483,8
Lubyns o6cmakeHa - 4.5 13,5 27,4 256,3 | 10715
Otist pocIUHA - - 99,9 - 929,1 | 3883,5
TomatHwuit coyc 40 3,5 21,5 29,5 335,2 | 1401,3
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Hus uporo chopmyemo indopmauiiiny 0a3y naHux,
sIKa MICTHTbh XIMIYHHUI CKJIaJi KOMIIOHEHTIB PELenTypHy Ta
BU3HAYMMO €HEPreTHYHY I[IHHICTh KO’KHOTO KOMITOHEHTA
peLenTypH.

CkiazeMo cucTeMy JHIMHUX pilleHb 3 ypaxyBaHHIM
yCiX 0OMeXeHb, BpaXOBYIOUH CITiBBiTHOIICHHS KOMIIOHE-
HTIB peLenTypH Ta iX XiMidHAHN ckiaf. OYHKIEI0 METH B
JTAHOMY BHIIAAKY OyJie eHepreTHYHA IiHHICTh, SKa BU3HA-
YaeThCS K CyMa €HepPreTHYHOI I[IHHOCTI CKIIaJJOBHX Yac-
TUH IHTPEMi€HTIB pPEelenTypH, Ta PO3pPaxOBYETHCS 3a Ha-
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CTYITHOIO (POPMYIIOHO:
E, =E, K+E;-bB+E,-B (1)

ne E, — eHepreTH4yHa LiHHICTH (KAJIOPIHHICTH) B mepe-
paxysky Ha 100 r mpoaykTy, KKa;

JK, b, B — MacoBa yacTka >kupiB, OUJIKIB Ta BYTJICBOIIB
B MPOAYKTI, %;

E,. — eHeprernyHa niHHICTH XupY (9,3 KKan);

Es — enepreriuHa niHHICTS Oinka (4,1 xkam);

E, — eneprernyHa IiHHICTB BYTJICBOIB (4,1 KKam).

Ta6muust 6 — Hopma 3akiagky KOMITOHEHTIB pelienTypH JUIsl BUTOTOBJIEHHS «[ 0TyOIliB 3 MOPCHKOI KaITyCTH Ta IiJIEHTacy y ToMar-
HOMY COYCI»

E:Fﬁ;(for (Egﬁ?gg;fgzgzii Macoga yactka| Eneprernyna imiH-
KomnonenTu KoHCepBiB . 350 IHTpeaieHTa | HICTb iHTpeIieHTa
TIPH HOPMI SaICIAIIKH r peuentypu, % | peuentypu, Kkan
Ha | 00JikoBYy OaHKY ' ’
Mopchka Kamycra 121,8 34,5 21,7
Dapi 3 mijieHracy 06CcMaxeHU 47 13,3 87,3
Puc BapeHuit 36,4 10,3 42,1
[{uOyns HapizaHa oOcMaXKkeHa 1,8 0,5 4,6
Otist pOCIHMHHA 5,43 15 50,4
Iepers dopHHit 0,27 0,1 0,0
TomaTHuii coyc 140 39,7 469,4
1 1T 0,
Buxin macu CyMILUL 3 ypaxyBaHHAM 5% 3527 100 6755
BTpAaT IpH 3MilllyBaHHI 1 hacyBaHHI
Ha erami ¢opMyBaHHS penentypu 3ampOeKTOBAHOTO T
MPOAYKTY HAYKOBO OOTPYHTOBYETHCS MacoBa 4YacTKa EHTIIAL
KUTBKOCTI IHTPENI€HTIB pPEHENTypu 3 YpaxyBaHHAM IX 3
XIMIYHOTO CKJIaIy Ta J0OOBOI MOTPEeOH B OCHOBHUX pedo- 3 - 3 ;
BUHAX XapuyBaHHs. st popMyBaHHs POIYKTY 3TiHO 3 P — aposar
(dbopMmyror0 30aTaHCOBAHOTO XapuyBaHHs, sKa BimoOpa- /
Kae JIeHHY NOoTpeOy JIOJMHM Y HE3aMIHHUX (akropax
XapyyBaHHS, 1€l NpoaykT Mae 3abesmeuyBatu 10 % Apoxar i
J1000BO1 TOTPeOU B €HEPTeTHYHUX BTpaTax. ) ——
; CoOEOBHTICTE op
Ha ocHOBi oTpyMaHMX AaHMX PO3paxyBajH, LIO €HEp- BESCEREE
TeTUYHA I[IHHICTh OJHi€i yMOBHOI OaHKH KOHCepBiB «I 0- KOMIIOH2HTIE

IyOui 3 MOPCBHKOi KalyCTH Ta MIJIHTacy y TOMaTHOMY
coyci» 3rilHO 3 penentyporo ckmaae 6755 kxan. Ilns-
XOM BapifOBaHHS MacOBOTO CITiBBITHOIICHHS iHTPEIi€HTIB
peuenTypr MOXIMBO 30allaHCYBaHHS peuentypu Ta il
ONTHMI3allisl.

B pesynbrari pillleHHs CHCTEM pIBHSIHb OTPHUMAEMO
BEJIMKY KiJIbKICTh BapiaHTiB penenTyp KoHcepsiB «I oiy-
011l 3 MOPCHKOI KaIyCTH Ta MiJIEHTacy Y TOMaTHOMY COY-
ci» 3 pI3HOI €HEepPreTHYHON LiHHICTIO. Bapiauis peuen-
Typ JI03BOJIUTh BU3HAYATH MaKCUMaJbHY a00 MIHIMaJIbHY
€HEePreTHYHY IIHHICTb TOTOBOTO MPOIYKTY.

Pe3yasTaT Ta ix o0roBopenHsi. B pesynprati mpo-
BEICHOTO KOMIIOHYBAaHHS IHTPEIIIEHTIB pEeLenTypH BCTa-
HOBJIEHO, 1110 BUPOOHMIITBO JJAHOTO ACOPTUMEHTY TOJyO-
LiB 3 JIaMiHAapii Ta IMiJeHracy MO3WTHBHO BIUIMHE Ha CMa-
KO-apOMaTH4YHI BJIACTHUBOCTi, JI0OJIaCTh TapMOHIYHOTO
pUOHOTO CMaKy 1 3HIBEIO€ HEraTUBHUHM MPHUCMAaK BOIO-
pocreii. [IpoBeneHa nerycTaiiitHa OIiHKa SIKOCT1 TIPOAYK-
Ty MiATBEPIKY€E AOIIBHICTD PO3POOKH TAHOTO acopTH-
MEHTY.
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HKoncuerenmia Cuax
Puc. 1 — Cmako-apomatiyHuii mpodisgb po3podaeHol perenty-
pu KoHcepBiB «[ 0i1yOIIi 3 MOPCHKOT KalyCTH Ta MiJIeHTracy y

TOMaTHOMY COYCi».

3a OpraHoJeNTHYHHMHU MOKa3HUKaMH Po3poOJieHi Ba-
plaHTH KOHCEpBIB OTPHMaM BUCOKI 3arajibHi Oanu 3a
paxyHOK MOKpaleHHs] Ta 30ajlaHCyBaHHS KOMIIOHEHTIB
peLentypH.

@Di3uKO-XIMIUHI MMOKA3HUKH SIKOCTI EKCIEPUMEHTAJIb-
HHX 3pa3KiB KOHCEPBIB MPEJCTABICHUX 3pa3KiB HaBeAEHI
B Ta0aumi 7.

Tadmuus 7 — Oi3uKo-XiMivHI TOKA3HUKH SKOCTI KOHCEpPBIiB «I 0-
nyOlL1i 3 MOPCHKOI KallyCTH Ta MJICHracy y TOMaTHOMY COYCi»

HaliMeHyBaHHS OKa3HUKA 3Ha4yeHHsI TOKa3HUKA
Macosa uactka NaCl, % 1,6...1,8
MacoBa yacTka CyxXux pedoBuH, % 22...25
3arajbHa KUCIOTHICTh, % 0,4...0,6
MacoBa 4acTka CKJIaJOBMX YacTHH

MPOIYKTY: 60
[omny6uiB, % 40
TomatHoro coycy, %




BucHoBkH. MeTo/1, 1110 3aCTOCOBYBABCS TIPU PO3POOIT
peuentypy 0araTOKOMIIOHEHTHHX pPHOHHX KOHCEpBIB
«["ommy0O1i 3 MOPCHKOT KaIyCTH Ta MiJIEHracy y TOMaTHOMY
coyci», OCHOBaHUH Ha METO/I JIIHIHHOTO IPOEKTYBaHHS €
JIy’Ke TPOCTHM Ta iH(opMaTHBHUM. J[03BOJISE MPOEKTY-
BaTH Ta MOJCIIIOBATH Xap4oBi IPOAYKTH 3 3aJaHUMHU
TEXHOJIOTTYHUMH BIaCTUBOCTSMH.

TakuMm 4MHOM pO3pOOJCHA ONTHMajbHA peLenTypa
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pUOHHMX 0araTOKOMIIOHEHTHHUX KOHCepBiB «[omyOui 3
MOPCBKOT KallyCTH Ta IUJIEHracy y TOMaTHOMY COYCi» 3
ypaxyBaHHSM ONTHMAJIBHOI EHEPreTH4YHOI LiHHOCTI.
OtpuMaHi pe3ysNbTaTH MOXYThb OyTH BUKOPHUCTaHI IS
PO3LIMPEHHST aCOPTHMEHTY PHUOHMX KOHCEpBIB, CTBO-
peHHSA Ta po3pOoOKH HOBHX MPOAYKTIB 3 3aJaHUMH BIIAC-
THUBOCTSIMH, PO3POOKM AJBTEPHATHBHUX DPELENTyp, po3-
PaxyHKY €eKOHOMIYHHX ITOKa3HHUKIB.
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Improvement and optimization of the recipe of multicomponent canned fish

N. M. Kushnirenko

Abstract. Food products from hydrobionts are among the indispensable products that must definitely be included in the diet of the
modern population. A promising direction in solving the issue of good nutrition is the development and improvement of existing
formulations that would include indispensable nutritional factors. Creation of healthy food with the given technological power, bal-
anced chemical composition is one of the priority tasks of development of the fish processing industry and provision of the needs of
the population in accordance with modern requirements of healthy and proper nutrition.

Keywords: hydrobionts, pilengas, canned fish, laminaria, optimization, recipe.
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Abstract. The problem of clustering of multidimensional observations is often found in many applications related to data mining and explor-
atory data analysis. The traditional approach to solving these problems requires that every observation could belong to only one cluster at a
more natural is situations when a feature vector with the various possible levels of memberships can belong to multiple classes. This situation
is the subject of fuzzy cluster analysis, rapidly developing now. We propose online adaptive approach for this task solving.

Keywords: Fuzzy clustering, learning rule, cat swarm optimization, tracing mode, seeking mode.

Introduction. At present, methods of computational intelli-
gence are widely used to solve many complex problems.
One of the main areas of computational intelligence are evo-
lutionary algorithms that essentially represent certain math-
ematical models of biological organisms evolutions. The
dataset problem described by vector image clustering often
occurs in many data mining applications, but recently the
focus has been on fuzzy clustering [1,2,3] when processing
vector images with different levels of probability, possibility
or membership may belong to more than one class. Kohonen
self-organizing maps [4] are a very effective means of coor-
dinated online clustering, the use of which permits to solve
the task in online mode and the evolutionary algorithms that
permit to improve data clusterization in case, when the data
is processed sequentially in online mode.

Problem statement. The problem of fuzzy clustering of
data arrays is considered in the conditions when the formed
clusters arbitrarily overlap in the space of features. The
source information for solving the problem is an array of

multidimensional data vectors, formed by a sample of
observations X = (x(1), x(2),..., x(k),..x(N)) = R" where k
in the general case the observation number in the initial
array,  x(k) = (% (K),.... X (K),.x, ()T . The result of
clustering is the partition of this array on m disjoint classes
Clj with prototype-centroids Cl;j eR", j=12,.,m, and

computing of membership levels g<u jky<1 of each ob-

servation X(Kk) to every cluster Cl ;.

Adaptive algorithm for possibilistic fuzzy clustering.
The main drawback of the classic probabilistic clustering
algorithms [1-3] associated with restrictions on membership
levels, the sum of which has to be equal to unity. This situa-
tion led to the creation of possiblistic fuzzy clustering algo-
rithms [5].

The goal function of possibilistic clustering has the form

EU;(K).cj 1)) = ZZUﬁ(k)DZ(Xk,C )+Zu,2(1—U,-(k))ﬁ M)

k=1 j=1
where > 0 - the scalar parameter thatspecifies the dis-
tance at which the level of membership equals 0.5, i.e. if
D*(%,.c;) = 4;, then ¢;(k)=0.5.
Minimizing the equation (1) accordingly, U (k) , ¢, and

A4; we obtain system of equations

1
D*(x(k),c{”), ;-

(r)
i

B
U (k) %(k)
7+1 =
CE ) — k 1N ,

2 U (K)”

U J(r+1) (k) —

1+( )/’1

N

@

N
> U (k) D (x(k),ci™)
(741) _ k=L
i N !

> UK

in case when the £ =2 we come to a decision, that has
the form (analogue of classic FCM [1]):

j=1 k=1
9] ](‘Hl) (k) — ;
||x(k) el
uﬁ’)

N

z U(r)(k)

cgm) k=1 ®3)

Zw@w»

N

Z (U J(r) (k))z ||>~((k) _ C§r+1) 2
(r+1) _ k=1

H;

> Uy

In the online mode the formulas (2), (3) can be written as
[6.7]
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U,(k+1)= _ 1 _
D (X(k +1),c. (k).
1+(—)/11
(k)
¢;(k+D) =c;(K)+nk+ U7 (k+D(X(k +)—c;(k)), @
iUf(p)Dz(X( p).c; (k+1))
'uj (k+1) = = k+1
ZUf’(p)
and
(S [——
. %(k) - ¢; (k)|
L2 2 Ar
w;(K)
c;(k+1) =c; (k) +n(k+DU (k +1)(X(k +1) —c; (k)), ()
YU -k +D)
#y(k+1) = £= -
2. Ui (p)

that permits to solve the fuzzy clustering task in online
mode.

fip (7 +1) = fip () ~ a(fip (£) ~ fip (z = 1) - 7VEm (Cp (7)) + 7E(0).

Here ﬁp(r +1) - state of p-th cat of swarm on 7 -th

iteration of the search, « - parameter that determines the
inertia properties of the tracing mode. Thus, when « =0,
process optimization approaches to the standard gradient
search, i.e. the seeking mode in the swarm, with 0 < <1
the optimization process acquires the inertial properties of a
"heavy ball" type, but it may not fade in the vicinity of a
deep extremum, 77- seeking mode step, VE(cy(r)) -

gradient estimate of the goal function (1) in the
neighborhood of the point fip(z), E(z) - a random

component that introduces additional stochastic motions into
the tracing process, ¢ - parameter that specifies the

amplitude of these movements.

provides a search for a global extremum.
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To find the global extremum of (1), it is expedient to use
the so-called bio-inspired evolutionary particles swarm
optimization algorithms [8], that are being developed and
explored at this time in the framework of the general theory
and practice of computational intelligence. Among the
swarm algorithms, one of the fastest ones are the so-called
algorithms of the cats swarm [9,10], that proved to be
effective in solving a wide range of Data Mining tasks.

As part of this approach, a cat swarm optimization
assumes that each cat of the swarm can be in one of two
states: the seeking mode and the tracing mode. In this case,
the seeking mode is associated with slow motions with a
small amplitude around the initial position (scanning space in
the vicinity of the current position), and the tracing mode that
is determined by fast jumps with high amplitude and allows
the to leave each particular cat from the local extremum if it
is there. The combination of local scanning and rapid
changes in the current state allows to increase the likelihood
of finding a global extremum in comparison with the
traditional methods of multyextremal optimization.

In the general case, both of these modes for each of the
cats swarms can be described by the recurrent optimization
procedure

©®)

Experimental research. Online algorithm for possibilitic
fuzzy clustering based on evolutionary cat swarm optimiza-
tion (OPCSO) were performed on 2 data samples. Source
data clustering using the Fuzzy C-Means, Adaptive possibil-
istic fuzzy method data clustering, Gustafson-Kessel and
APCSO. The simulation parameters are presented in Tablel.
Result of clusterization are presented in Table 2.

Table 1 — Parameters of cat swarm optimization algorithm (CSO)
Parameters Value

SRD Random [0,1]
Seeking memory Pool (SMP)
Population size

rn

(]

Number of clusters
Random in [0,1]

] Const
SPC Random in [0,1]
. . . Number of iteration Manuall
Thus, each cat can simultaneously be in seeking and trac- £
ing modes and with a sufficient number of cats in a swarm,
Table 2 - Evaluation of the quality of fuzzy clustering methods data

Data clustering methods PC SC XB

Fuzzy C-Means 0.50 1.62 0.19

Gustafson-Kessel 027 | 166 | 162

Adaptive fuzzy possibilistic data clustering 0.26 122 | 0.01

Online algorithm for possibilitic fuzzy clustering based on

evolutionary cat swarm optimization (OPCSO) 024 | 069 | 0I5

Also conducted a comparative analysis of the quality of
clustering data on the main characteristics quality ratings,
such as: Partition Coefficient (PC), Partition Index (SC), Xie
and Beni’s Index (XB) of existing clustering methods and
proposed method. As can be seen by the results of experi-
ments, the proposed algorithm shows quite good results clus-
tering quality.

87

Conclusion. The proposed approach is quite simple in
numerical implementation, has high performance and
provides high quality of fuzzy clustering of large arrays. It is
shown that it can be solved on the basis of Kohonen's self-
organizing neuro-fuzzy network "Winner Takes More" re-
current algorithms for fuzzy clustering and cat swarm opti-
mization algorithms.
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AHoTauisi. Po3rsiHyTo muTaHHA iCHyBaHHS po3B’s3Ky 3agaui Komr B kiaci HemHIMHMX JUQY3IMHUX CTOXacTUYHMX Iu(epeHLiaTbHO-
PI3HHIIEBHX PIBHSHb HEHTPAIBHOTO TUITy B YAaCTHHHHX MOXITHHUX 3 ypaxyBaHHAM BHIIGIAKOBHX 3OBHIIIHIX 30ypeHb, HE3AJIEKHUX Bil
BiHepiBcbKOro mporecy. OTpHMaHO IOCTaTHI YMOBH Ha KOe(Dilli€HTH HeNiHifHOTO mdy3iifHOr0 CTOXAaCTHYHOrO audepeHIliaabHO-
PI3HHIIEBOTO PIBHSAHHS HEHTPAJILHOTO THITY, SIKI FapaHTYIOTh ICHYBaHHS 3 IMOBIPHICTIO OJMHUIII HOro po3B’si3Ky. MeToauka JOBEIECHHS
rpyHTyeThest Ha pesyipTarax O.M. Cramxunpkoro ta A.O. IlykaHoBoi mono iCHyBaHHS Ta €IMHOCTI PO3B’s3Ky 3amaui Komn mms
CTOXAaCTHYHOTO AU(EPEHIIAIBHOTO PIBHSHHS peakLii-mudy3ii HelTpaabHOro THITY.

Knrouosi cnosa: cmoxacmuuni oughepenyianbHi PIGHSHHA 6 YACMUHHUX NOXIOHUX, 3a0aua Kowi, icHyéanHs po36’s3Ky, Gunaokosi

30)peHHs.

Beryn. [lutanHs icCHyBaHHS Ta €OUHOCTI PO3B’S3KY
CTOXaCTHYHUX IN(EpeHIATPHUX pIBHAHb 3 ACSIKHMHU
MOYaTKOBMMHM Ta TPAaHMYHUMH YMOBaMH B  DI3HHX
(YHKIIOHAIBHUX ~TMPOCTOpaX, 30KpeMa 1 pIBHAHb Y

YaCTHHHUX MOXITHUX, TOCIIPKYBaIoCs OaratbMa aBTopamMmu
[1-7]. ¥V mpamsx [3, 4] O.M. Cramxumpkuit ta A.O.
IlykaHoBa ofjep»ajli TeopeMy ICHYBaHHS Ta €AWHOCTI
po3B’si3ky 3amaui Komr it croxactuuHoro audepeH-
[iaJbHOTO PIBHAHHS peakii-mudy3ii HeWTpaabHOTO THITY.
[Jana poboTa po3rispae NWTaHHSA IiCHyBaHHSA PO3B’S3KY
3amadi Komri B ki1aci HeMiHIMHUX Muy3iHHIX CTOXaCTHIHIX
IdepeHIiaTbHO-PI3HAIICBUX PIBHAHB HEHTPAIBHOTO THITY
B YACTHHHHMX TOXITHHX 3 YpaXyBaHHSAM BHIIQJKOBHX
30BHIIIHUX 30ypeHb, HE3AIICKHUX BiJl BIiHEPIBCHKOTO
HIpOLIECY.

IMocranoBka 3agaui. Hexaii Ha HiMoBipHiICHOMY 0Oa3suci

(Q, F.{F.t>t,0}, P) [1] 3agano HeniHiliHe aUdYy3iiHe
CTOXaCTHYIHE I epeHITiaTbHO-Pi3HILICBE PIBHSHHS

HelitpanpHOTO THIy (HAC/IPPHT) B acTHHHHUX MOXITHUX
TIiT Ti€F0 BATIATIKOBHX 30BHIIIHUX 30ypeHb, HE3aICKHIX BiJ|

BIHEPIBCHKOTO MPOIIECY
_[ b(t,x,y)u(t—r, y)dyJ =

d(u(t,x)+R'
:gfﬂj (7

2
)—6 u(t2 X) dt +

i

+0r1 (7ra) o (tU(t—7,%))dw(t, X), @

mste (O,T ], X e R" 3a noyaTkoBuMU TaHHAME
u(t,x)=w(t,x), Vte[-z,0], )
e Q; ( ) — OmHOBUMIpHI OepoBCBKI  (yHKIII;

Yi=7, (w)e R', j=1r+1, He3alexHi I[OIAPHO Ta
He3aJIeXKHI BiJl BIHEPIBCEKOTO MPOIIECY W(t, X) BUITAIKOBI
BeymunHy;, T € (O, oo) — (ixcosanuit miticauii wac, 7 >0,
BUIAJIKOBHH I -BUMIipHUIA onepatop Jlamiaca

Ax(a))EJZi;(Dj(Xj)M

o ®)
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W(t, X) - L (Rr ) -pumipHui Q -BiHepiBCHKHIA IIpoLIEC
[2]; O':[O,T]XRler—>Rl 1
b:[0,T]xR"xR" - R" — JIesIKi KOHKpeTHI (QYHKIIIi, sIKi
OyIyTh BH3HAYEHI 3ibi¢ qac JIOCITIDKEHHS,
w :[-7,0]x R" — R" — QyHKList I04aTKOBUX JaHHX.

OO0roBopeHHsI NoNepeIHiX pe3y/abTaTiB Ta 03HAYEHHS.
HaBeneMo nekinbka TBEpKEHD 3 mparib [3-6].
Jlema 1. [6, ¢.188]. Onepamop

S(t):L,(R")—> L,(R") Q)
2eHepye po36 30K 00HOPIOHOI 3a0aui Kowii 0ns pieHamHs
menaa (nema 1, [9]) 3 imosipricmio 1
d(u(t,x))+ I b(t,x,z)u(t—7,z)dz =AU (t,x)dt, (5)
ar
30 NOYaAMKO8UMU OaHuMU (2) 3a NPasuiom

u(tx)=(s()9()(x)= [ K(tx-y)g()dy, ©

ma ymeopioe C,_ nanisepyny onepamopis,
IHQIHIMe3UMATbHUM — ONepamopom  AKoi €  GUNAOKOBULL
aannacian A, (a)) (3). A ysa wanisepyna S (t) €

CMUCKar4oro, moomo
(s o <lla ()

(pinpTpartiro)
{E >t 2 0} , skwii mopomkennit L, (Rr ) -3HAYHUM

()

o -anredp

L(R")

YBenemo OTIK

Q -BiHEPIBCHLKUM TIPOLIECOM

W(t,x)zgﬂen(x)ﬁn (t), ®)

ne {f,(t)=p,(t.w)} = R* — Hesanexui cranjapTHi

OJTHOBHMMIpHI BiHEpiBChKI (OpOYHIBCHKi) IporiecH, a

S A =A< ©)
n=1
Ilpuy npoMy cucremMa BeKTOpiB €, (X) =€, (X)

YTBOPIOIOTH OpTOHOpMOBaHHii 6asuc y L, (Rr ) TaKHi, 110
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sup esssuple, (x)|<1. (10)

ne{l,Z,..A} xeR'"
YBenemo mpoctip banaxa B, Beix L, (Rr ) -3HAYHMX
F,-BumipHEX Ta HemepepBHHX 3 IMOBIPHICTIO OJHMHUIIL
BHUITAJIKOBHX npoLecis
®()=®(t,®):[0,T]xQ— L,(R") 3HOpMOIO
2

D (U = _[sup E||D(t,

” ( ) B, \/OSL:B_ " ( a))”LZ(R )

Osnauennst 1 [3]. HemepeprHy BHmamkoBy (yHKILiO
u=u(t,x,@):[-7,T]xR"xQ — R" HazBeMo M’sKuM

(11)

po3B’s3koM 3amadi (1), (2), K10 BUKOHYIOTHCS YMOBU:
1) U e F; -BumipHOrO mmst maiike Beix t e [—T,T] Ta

dixcopamnx XeR", weQ;
2) U 3amoBoIbHSIE YMOBY (iHTErpaTbHE PIBHSHHS)
u(t,x,m)=

= I K (t,x— y)(w(0)+ {b(o, y,z)w(r,z)dzjdy
—J' b(0,x,y)u(t—z,y)dy —

(z(p, 7i)A

x_[ b(s,y,z)u(s—z,z)dzdy

t

2l

0

J'K(t—s X—y)x

e
st +

J. K('[—S,X— y)¢’r+1(7r+1)><

o
xo-(s,u(s—z-),y)en(y)dy)d,Bn(s) (12)
i te [O,T], X € R" 3a mouatkoBoro ymoBoIo (2);

3) icHye HOpMa

E{]"“(LX:C"NEZ(Rr) dt}“‘”' (13)

Jlema 2 [3,4]. Bupaz (13) onsa eunadxoeoi pyuxyii
u(t,X,a)) € HOPMOIO.

OcHoBHUIi pe3yabTaT. bynemMo Hamami BBaKaT, II0
HMoBipHicHUIt Gazuc (Q, F,{Ft,t Zto} , P) o0y I0BaHMI
it 3amadi (1), (2), Aka € mpenMeToM MOCTIPKSHHS IN€el
CTaTTI.

OcHogHe meeposicenns
Hexaii st 3anadi (1), (2) BUKOHaHO YMOBH:

1) xoeditienT o = a(t,u, X) €

la) BUMIpHHUM 32 BCIMa apryMeHTaMu;

16) 3atoBoBHSIE yMOBY Jlimuis 3a Apyrum
apryMeHTOM

lo(t,u,x) — o (t,v,x)| < L|u—V|

s vte[0,T], u,veRY, xeR";

2) mouarkoBa QYHKILS W/ (t, X, a)) €

2a) F, -BumipHoro BinHOCHO aprymenta t € [O,T] ;

20) HE3WIKHOI  BiJ  BIHEPIBCHKOTO
w(t)=w(t,w)e R W1 Vt[0,T];

npouecy

2B) HE3AICKHOW B 30BHIHAX 30ypeHb @, (}/j),

j=1Lr+1;
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2r) Mae HOpMy

<o

2 14
sup Ely (tx @), w 49

3) ¢ynkmiz b= b(t, e y) 3aII0BOJILHSE YMOBH:

3a)
\/Ibz(t,—xyy)dydx _k, (9

(16)

sup _[

O=<t<T

30)
sup j J'bz(t X, y)dydx = K,’

O=t=T
3B) mna koxkHoi Touku X€ R icHylors wacTummi

noximi 0, b, 6xiij , e {i, j} c {1,2,..., I‘};

3r) maTpurs 'ecce Df b sanoronbHse ymosy

)

[0,00), {X, y}cRr, ne QyHKIis

n
i Vi e[O,T]C

Z:[0,T]xR"xR" —[0,) 33/I0BOJIGHSAE  YMOBY
00MEKEHOCTI iHTeTpaly
sup | | Z(t,x,y)dxdy =K, <o0;  (18)
0<t<T

R R’

4)  nns GyHKIGT Z(t,X, y) BUKOHYETBCSI aHAJIOT YMOBH
Jlinmumis 3a IpyruM apryMeHToM

|Z(t.%,2) = Z(t,%,2)| S S (1,2, %, 8)|x = X%,

zie uis KoskHOT Toukn X, € R" icHye ii okin Ba(xo) Ta

HeBin'emua QyHKiis & EQ’('[,Z,XO,5) sVt E[O,T],
|Xx—%,|<8; zeR", ne

sup & (t,,%,,8) e, (R"), §eR,;

o<t<T

5) sosmiui 36ypents o, (7;), ]

(19)

1r+1,

5a) momapHO He3aJexKHi;
50) He3aNeXHI BiJ BIiHEPIBCBKOTO TIPOIECY Ta Bl
nouatkoBoi PyHKILIT y (t,x) =y (t, X, @) € R*;

5B) BHKOHYETBCS yMOBa OOMEXKEHOCTI MaTeMaTHIHHX
CIIOJIiBaHb KBaJIpaTiB 30BHIIIHUX 30ypeHb

E{(Prz+1} <K, <oo.
Tomi 3amaya (1), (2) s HICAPHT mae equuauii M’ sikuii
po3B’si30k U=U (t, X, a)) eB 27 3 IMOBIPHICTIO OJIMHHAIIA

ms Vvt e[0,T ], sxuo

sup j J'b2 (t, x,y)dxdy = K <L (o
0<t<T
JloBeileHHSI OCHOBHOIO TBepIkeHHsl. JOBEIEHHS

po3i0’eMO Ha eTamw, IO MICTAThCA B TeopeMi banaxa, ska
3aCTOCOBaHA JUIl BCTAHOBIICHHS 3 IMOBIPHICTIO OJMHHIIS
emHOTO PO3B’s3Ky 3amadi (1), (2) (3amaui Komri). Bymemo
BHUKOPUCTOBYBATH METOJIMKY, BUKIIaieHy B [3, 4, 7].
Posrisemo oneparop S B o1 B 2T SIKAA i€ 3a

}dy_

«(@)x

npaswioM s L € [O,T], x,yeR'
(Su)(t)=
= j K(t,x— y)liyx(O)+ Ib(O Y, 2)y(-7,z)dz

R'

—_[b(t y,zZ)u(t—z,y)dy — JZ‘/’J 7’1

0 j=1
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XR[(K(t—s,x—y)Rfrb(s,y,z)u(s—r,z)dz}jy}dS+
+iwm(m)gﬁx
XD K(t_s’s_y)"(s'“(s—f),y)en(y)dy}dﬁn(s)z
31,0

(21)

32 TIOYATKOBUMH JaHUMU (2).
HoBenemo, 1o ueit oneparop € cruckarounm. Ilo-nepiue,

nosenemo, mo SU€B,; amm VYueB,.. s wmoro
HOTpi6Ho OI_[iHI/ITI/I
|1, (s); =supE|, (s)||

BukoprcTaeMo HepiBHICTh (7) nemu 1, HepiBHicTs Kormi-
IIBapma ta ymoBu (14), (20) i omep>XKUMO OLIHKY IUIS

IO(S) 3

HOpMH

=0,12,3.

BZT

cynpeMyMa  MaTeMaTHYHOTO  CIIO(IBaHHS

oreparopa (Su ) (t) (muB. (21)), a came:

[t ()., =sup Efto ()]} ey <

0<s<t
<28l (o) ZL(R,) +Ej y?(—z,2)dz =2B1 y(O) ?
o

uir)
+2( j j b2(0,%,z)dzdx)Bl w (-l 2 _, =C <oo.
R'R"
3actocyemo HepiBHicTh Komri-IIIBapiia Ta mpuimyrieHHs
(14), (20) mpu ouiHIOBaHHI CympeMyMa MaTeMaTH4HOIO

L (R")

crioxiBanus |, (S) :

| 1,(s) 5, =sup BI 1(s)I ]

O<s<t

[ b(s,x, y)u(s— )l ¢ . <

LR

= sup &l

O<s<t

<supHIl u(s—2)l 2

L, R"
O<s<t (RO

sup _[_[bz (s, %, y)dydx. Ha
O<s<t 3 or

Ji CHpalbOBYe OYEBHAHA HEPIBHICTH HAa NEPLIOMY KpoLi
BijIpi3Ka [O,T] JUISL PO3B’SI3KY u(t) piBHsiHHs (1) st

te [0 T ] :
B u(s—ol? LGRS TS<lSJF:<OE|| u(s—z)il ? Ly T
+ sup Hlu(s—2)? LR (22)
0<s—r<t-7
3 ypaxyBaHHsM (22) TIOTIepeTHs HEPIiBHICTh IACTh OLIHKY
| 1,(s) 2. <
2t

[sup _[_[b (s, X, y)dyde( sup Bl w2 Lyt

0ss<t or

+sup I u(si 2

O<s<t

AHAJOTIYHO CNiJ OIHUTH CYNpPEeMyM MAaTeMaTHYHOTO
crioztiBanus kBajpary interpana |, (S) y npocropi B,; 3

)=C, <.

L (R")

BiJIMIOBI THUMU HOpPMaMHU

| 1,(s) 5, =sup BI I (s)||2

0<s<t

= {;E{(pi (7 )}Jz x

91

=1

£(s)=sup EI(T(DX_[K(S—T,X—y)x

O<s<t 0

x('fb(l,y,z)u(l—r,z)dszyj dIde' (24)

3MIHIOIOUH TIOPSIOK iHTETPYBaHHS y 8(5) (muB. (24)),

< {ie{goj(yj )}T o(s), @)

MaTAMeMo OLiHKY st |, (S) y ipoctopi B T
2
1, ()2 st[zE{wj(yj)}J o(s) =
i=1
<Ct E{jj dxdl}'(ZS)

YV momnepeHiii oriHIIi

D2 J.b(l,x,z)u(l —z,2)dz

o5 .. 0%,
Vo=(0,-0,) i 07| o o | @)
or, . O

|||| — BI/INOBIIHA MAaTPUYHA HOPMA.

MHauni cnig Bukopuctatu emy 1 [3, nema 4]. SIkino ymoBu
i€l IeEMHA IS

u(l,x)= J'K(s—l,x—y)[_fb(l,y,z)u(l —r,z)dszy,

X)= j b(l,y,2)u(l -7,2)dz  (27)
he
BUKOHYIOTECS, TO OTIEPATOP S () € cTuckaro4uM (IuB. (7)).
MoskHa TOBECTH, 110 3 IMOBIPHICTIO OJUHUIIS JITs
koxworo | € [O,I]

Ib(l,-,z)u(l —7,2)dzel, (R"): (28)

V.9l L,(R") I Digle L,(R"). (29
Octato4Ho 3 (25) MaTUMEMO OLIIHKY
[ 1,0l EZI‘S Ct? sup sz(ti,x,z)dzdx]x

o<yt | grgr

( sup Bl pr ()7 o, +

—7<t,<0

+sup HI u()il (30)

o<ty <t

I_(R))<C2<oo.

OTpuMaeMoO OLIHKY UIS |3 (S) . Hagam mix |||| Oymemo

. 2 . . .
po3ymitu |||| LR 3 ypaxyBaHHAM HepiBHOcTi Kormi-
2

[IBapra, Teopemu Py6iHi Ta ymoB (7), (14) oTprmyemo 1ist
nopwn 14(s) y npocropi B ,, ouinky

| 1,513, = sup El |3(s)u2s2|_2(iznj «

0<s<t n=1

t
x [t +7 suypo E||,/,( y)||2 + EI||u(y)||2 dyj =C, <oo. O
—r<y< 0

0’eIHaBIIN YOTHPH BMILIEBUKIIAIEH] OLIHKA

lo(s)—15(s) , onepumo w1z U€B ,,
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I (\Wu) () ém =

310

j=0

=sup E

O<s<t

2
3
<A 1(Ng,

L(R) 10

Ockinbku  F, -BumMipHicTs (‘Pu)(t) OYeBHIHA, POOMIMO

BHCHOBOK, o V' 3anano. JloBenemo, o oneparop V' mae
€IUHY CTHCKarouy (ikcoBaHy TouKy. JlificHO, CII[ B3STH J0
yBaru YOTHPW BHIICHABEICHI HEPIBHOCTI Ta BIIACTHBICTH
JMHIMHOCTI I -BUMIpHOTO  iHTETpaja, B  pe3yJbTaTi

OTPUMAEMO ISl PI3HHUILI Il(s)(u)— Il(s)(v) y mpocTopi
B 2 OUIHKY

I L (s)(u)—I(s)(Wl *232,[5

=sup E[1,(s)@) - L() W

2
=sup E Ib(s,x,y)(u(s—r)—v(s—r))dy <
0<s<t he L(R")

< b? (s, x,y)dyd v .
(gysg [ 0% (s:x.y)ay X]Ilu V.,
AHaNOTiYHO,  OAEPXHMMO  OIIHKY U1 Pi3HUII

I,(s)(u)—1,(s)(v) ynpocropi B, ,acame:
L (s)(u)~L(s)(wil g, <

<Ct®sup
O<z<t R' R

[NomepenHi MipKyBaHHS CJIiJ] IPOBECTH UIS OLUIHKH Pi3HUII
I;(s)(u)—15(s)(v) ynpocropi B, , Toni onepsumo

_[ _[ Z%(z,%, y)dydeggEt E||U(T) —V(T)"iz(a

{uvicB 2t
| Yu—WMl g =

=sup Hi

O<s<t

YUICIORNCIOVEINE

<yOlu-w2
y(t)z{sup_”bz(s,x,y)dydx+
OSSSthRr

+Ct? sup _[ jZZ (7.%y)dydx + L°ct? + L%(iﬁnjt],
n=1

0<r<t RTR

BuchoBkn. 3rinno 3 (20), K, < 1 10610 mepmmit
4

JOAAHOK Y }/(t) MeHmMi 3a 1. [l HaCTymHUX TpbOX
JIOJTAHKIB MOYKHA 3ayBa)KHTH HACTYITHE: 32 PaXyHOK BHOOPY

3

ix cyma moxe Oyrm 3pobmena piaoro > . Omxe,

}/(t1) € (O,l) . Le o3nauae, 1mo oneparop V¥ , BusHaueHuii
y mpoctopi bamaxa B 24 > € CTHCKAKOUHM. A 3Ha4UTS,

3riZiHO 3 TeopeMoro baHaxa mpo cTrckaroue BigoOpaskeHHS,
omeparop VW wmae emuHy (ikcoBaHy TOYKY — M SIKHil

pose’ssok U e B 2t 3amaudi (1), (2) Ha Biapizky [O,ti] . o

NpOLIeypy TOBTOPHMO CKIHYEHHY KUIBKICTH pa3iB  Ha

r),I_[O,I[aTHI/IX MajHuX IHTepBaiax [tl,tz], [tz,ts], e

[tn—2 ,tnfl] , [tnfl,T] , IKi B CyMi Jar0Th BiIPi30K [O,T] , 1€

po3B’si3yethes 3amada (1), (2). B pesysnbrati po3B’si30k
OTPUMYETBCST K 00 €HAHHSA PO3B’S3KIB Ha IMX MaJHX

) ) > 2 inTepBanax. OTKe, OCHOBHE TBEPPKCHHSI JIOBEICHO.
I T,(s)(u) =Ly (s)(Wll 5, <L C(Zln}[”u Vs,
n=1
BpaxyBaBmm momepeAHi OIHKH, OJEPKAMO IS
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On existence of solution of the Cauchy problem for one class of stochastic partial differential-difference equations with random

external perturbations
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Abstract. The question related to the existence of the Cauchy problem solution in the class of nonlinear diffusion stochastic partial
differential-difference equations of a neutral type with random external disturbances which are independent from the Wiener process is
considered. Sufficient conditions are obtained for the diffusion coefficients of nonlinear stochastic differential-difference equations of a
neutral type that guarantee the existence of the solution with the probability of 1. The method of the proof is based on the results of O.M.
Stanzhitsky and A.O. Tsukanova on the existence and uniqueness of the Cauchy problem solution for the stochastic differential reaction-
diffusion equation of a neutral type.
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Amnotanist. [IpoBezieHO TecTyBaHHS CBHHEH Ha IPEMET CTPECOCTIMKOCTI 3a BU3HAYCHHSIM KOe(iIlieHTa eMOIIHOCTI METOIOM «BiJKPUTOTO
moyisy. CBUHI 3 BUIMM KOE(DII[iEHTOM EMOIIHOCTI BOJIOALUTH OLTBII BUCOKAMH THICKCOM aIANTaIlifHIX MOKIMBOCTEH, MICTHIIN HYDKYUIA
PpiBeHb KOPTHU30Iy y KPOBi HiJ 4ac CTPECiB, BOJOIUIM KpAaUIMMU BiATOAIBEIbHUMU SIKOCTAMH, MAJIM OUTBIIMN BHUXiA M’sica Micis 3a0010.
CBUHHHA OTpUMaHa BiJl TBapHH 3 BHCOKHM KOE(ILIEHTOM €MOMIHHOCTI, XapaKTepu3yBalach OUIbII iHTEHCHBHAM KOJIFOPOM Ta BHILIOO
BOJIOTOYTPHUMYIOUOIO 31aTHICTIO. Ha mizcTaBi oTpIMaHUX pe3ysbTaTiB OYEBHIHO, IO CBUHI 3 BUCOKUM Ke € OLIbII CTpecoCTiHKuMH, Tpo-
SIBIISIIOTH OUTBII BUCOKY MPOIYKTUBHICTH T4 MAIOTh BUIIY SKICTh POXYKIIii B YMOBaX MPOMHCIOBOTO BUPOOHHIITBA.

Kntouoei cnosa: cmpec, xoegiyicnm emoyitinocmi, adanmayis, m ACHI AKOCHII.

Beryn. CBHHAPCTBO € OJIHIEIO 3 HAHOUTBIN MEPCIEKTHBHIX
rajysel CUIbCHKOro rocrnojapcTsa. Bucokuii piBeHb BUpOO-
HUIITBA 3aCHOBAaHWI Ha IHTEHCH(]IKaIli ramy3i cBHHapCTBa.
IMpomucnoBi TexHOJOTIi HEMHHYYE NPHU3BOAATH IO BTPATH
MIPHPOJTHOTO HABKOJMIIHBOTO CEPENIOBHINA I TBapHH,
BUKITIOYAIOTh MOJJIMBICTD peajli3arlii MpHpOAHUX MOTPeO.
HasiBHicTh BeNMMKOI KITBKOCTI CTpec-(h)akTopiB, BIACTUBHX
MIPOMHUCIIOBAM TEXHOJIOTiSIM, BUMarae (popMyBaHHSA y TBa-
PHH HEOOXIiHOI afanTarlii 10 yMOB MPHUIHHATOT TEXHOJIOTIT 1
TEXHOJIOTTYHUX CTPECIB, MOB'SI3aHUX 3 MEPEMIICHHSM TBa-
PpHH, 0OMEXEHHSIM PyXY, BIUTABOM MIKpOKITIMATY.
KopoTkuii orysn myouikaiiii. Y mporieci CBOro ®uTTs
NPOIYKTHBHI TBApHHH MPHCTOCOBYIOTHCS JI0 BIUIMBY PI3HUX
(hakTOpiB 30BHIIIHBOIO CEPEOBHIIA, 30€piraloun MOCTii-
HiCTb romeocTtaszy. PyHKIIOHAJIEHE HATPYXXEHHS! OpraHi3My
3yMoBIoeThCst peaktuBHicTIo LIHC, a Takox craHoM axkTu-
BHOCTI Tino}i3y i HAAHUPHHUKIB, SKi TPOIXYKYIOTh aJalTHBHI
TOPMOHH TIpH CTpecoBiit peakii. [IpoBigHa pois y 3a0e3me-
YeHHI NPHUCTOCYBAIBHUX BIIACTHBOCTEH CBHUHEH HAJICKUTH
HEWPOEHIOKPUHHAM UYWHHHUKAM, 30KpeMa HaJHUPKOBIi
3aJ1031, sIKa B CKJIa/Ii IiMoTasaMo-rinodizapHoro i cuMnaTo-
a/IPeHAJIOBOT0 KOMIUIEKCIB TICHO MMOB’s3aHa 3 alallTHBHIUMH
Mopdodiziosoriuanmu edexramu. J{o cTpecy OUIbIIT Yy Tin-
BUMH € TBAPHHH HIKYOTO COLIAILHOTO PAHTy: HAJHUPHUKA
y HUX 30LUIbLICHI, TAMYC 3MEHIIICHHUH, pIBEHb KOPTHKOIAIB Y
IUIa3Mi KpoBi BUCOKWH [2,5]. BaxiwBe 3HAUCHHS NpU BH-
3HAYEHH] afanTalliiHNX MOXJIMBOCTEH CBHHEN Ma€ €HJIO-
KPUHHHH 1HZIEKC, SIKW BHU3HAYA€ThCS BiJHOIICHHSIM Macu
HaJHUPKOBUX 3aJl03 /IO IIMTONOAIOHOT 1 BHpaXKaeTbes y
Bi/ICOTKax. ¥ HOBOHapOKEHHX MOPOCST XapaKTepHa OJHA-
KOBa Maca IIUTONOMIOHOI Ta HAAHMPKOBUX 3aJI03, IO
TIOB’SI32HO 3 BEJIMKOIO aJIaNTaIliiHOI0 JablIbHICTIO (i3ioso-
riYHMX (YHKLiH Mojomoro opradismy. B Mipy pocty, pos-
BUTKY Ta CTapiHHS OpraHi3My Maca IIUTOIOAIOHOI 3aJ031
cTae OIBIIOI0 MAacH HATHWPKOBHX 3aJI03, IO BKa3zye Ha
TOTIPIIICHHST 4/IANTAIliHHIX MOYJIUBOCTEH oprauizmy [6,7].
Hwusbki amanramiifiHi MOKJIMBOCTI CBHHEH BIUIMBAIOTH HA
NIPOYKTHBHICTh Ta SIKICTh M’sica. B komruiekci ¢izuxo-
XIMIYHHX BJIACTHBOCTEH BaKIMBUM MOKA3HUKOM SKOCTI
M’sica € akTuBHa KkucioTHicth (pH). Ti Benmuuua Brasye Ha
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CTYIIHb IJIKOJNI3y Y M’s30Biif TKaHWHI, TOOTO Ha INpPUIAT-
HICTh M’sica J10 30epiraHHs Ta Ky/liHapHOT 00poOkwu. J{ocmia-
HHUKHU BBa)KalOTh, 10 3HIDKEHHS piBHA pH M’sica mpoTsirom
TIepINoi TOJUHY MIcIs 320010 10 5,5-5,9 xapakrepHe st
PSE-cBuHMHN (32 mepmiMu OyKBaMH aHTIIIHCBKUX CIIIB:
6mige, m’sike, BomsaKcte) [3,4]. Jo Baa BIIHOCATH TAKOX
DFD-m’sico (TemHe, mitbHe, cyxe). OOnABi Baan — HACTITIOK
TIOPYIICHHS MIBUAKOCTI MiCI3a0iifHOTO po3najy TIIKOTeHY
Ta YTBOPEHHS MOJIOYHOI KUCIIOTH y M’s13aX. Benuke 3HaueH-
HsI Ma€ BMICT IJIIKOTeHY Y M’s13ax nepes 3a00eM TBapyH. Bin
BIUIMBA€E Hainepuie Ha BMICT MOJIOYHOI kucioth Ta pH
M’sica. [licns3abiitHi npolecn y M sici TBapUH CXWIIBHHX JIO
Bagu PSE BemyTh 710 MPUCKOPEHOTO MEPIoy PO3May IITiKO-
reHy 3 YTBOPEHHSIM MOJIOYHOI KHCJIOTH Y M 533X, B Pe3ylib-
Tati 9oro depes 45xB micist 3a00r0 pH 3HIKYeEThCS 1O 5,5—
5,9 (y cBuHEH, 0 HE MiIIABANKCE il CTpecy, Yyepe3 TaKuid
ke iepion yacy pH 30epiraBcs Ha piBHi 7,0—7,3). BBaxxaeTs-
cs1, mo sAkmo pH m’sca gepe3 45xB micis 30010 CTAaHOBUTH
6,0 1 menme, To BOHO BimHOCHTBCs 10 PSE. Uepes minpuire-
HY KHCJIOTHICTb y M’S30BHX BOJIOKHAaX IPOXOJHTH JEHATY-
paitist OUIKIB, 1110 BeZie 10 HU3BbKOI BOJIOTOYTPUMYIOUOI 3/1aT-
HOCTI M’sica 1 Mepexoiy YEepBOHOI MirMeHTalil B TaJieBy.
CMakoBi Ta TEXHOJIOTIUHI SIKOCTI Takoro m’sica TOTIpIIy-
I0ThCs1. TakuM YMHOM BHINA CTPECOUYTIIHBICTh CBHHEH Oy/Ie
HETaTHBHO BIJIOMBATHCH HA SIKOCTI M’siCa Ta M SICHOI IPOJTY-
KIii. Y TpaKTHUIli CBITOBOTO CBUHAPCTBA TPH OIHII CTIHKO-
CTi CBHHEH JI0 CTpeciB, ocoOnMBa yBara 3BEpTacThCs Ha
SIKICTh CBHHHUHH, K OJHMH 3 HAHOLIbII HAMIMHUX METO/IIB,
10 0a3yeThCs HA 3MiHI KUCIOTHOCTI, KOJIBOPY Ta BOJIOTOYT-
puMyr0U0i 31aTHOCTI M’sica [3].

Merto1o po6oTu OyJIO0 POBECTH TECTYBaHHS MOJIOJHSKY
BiATOMIIBENIHHOI TPYITH CBHHEW HA MPEAMET CTPECOCTIMKOCTI
3a koedimiearom emomiiiocti (Ke), BuBumTH MOpdhO-
(yHKIIOHABHI OCOOIMBOCTI IIUTOMOIOHOT 3a51031 1 Haj-
HUPHUKIB cBUHEH 3 pisanM K. Ta mocmimuty X M sicHI sKoc-
Ti.

Marepiaau i meroau. MartepiagoMm I IOCIHiKEHHS
Oynu riOpy/IHI MiZICBMHKY HA OCHOBI MOPO/H JIAH/IPAC O/THO-
To 3 rocrogapctB YepHiBelbKoi 00nacTi, Je 3arpoBapKeHa
TIPOMMCIIOBA TEXHOJIOTiSI BEZICHHS CBUHAPCTBA. Y CBUHEH 3-
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X MICSIYHOTO BIKY BiJIOJBENBHOI rpyny Bu3Havau K. me-
TOZOM ,,Bigkputoro mons” [1]. Tlicas 3akiHYeHHS mepiomy
BIATOMIBII ~ CBHHEH  BigmpaBwim  aias  3a0000  Ha
M’sicokoMOinat. Ilepen 3a00eM Ha M’sicOKOMOIHATI TBapUH
3BOKYBaJIW 1 BIJOMpaM KPOB JUIsl BU3HAUECHHSI BMICTY KOp-
TH30Jly B MOMEHT cTpecy. PiBeHp KOpPTW30Jly BH3HAYAIIH
iMmyHOoepmentanM MetozoMm 3a LIT.Kounpaxinmm [8]. TTin
gac 3a0010 y JAOCITIKYBAaHUX TBAPHUH BiIOMpAITH IIUTOIIOMI-
OHy 3a703y 1 HAJHWUPHWKH, BU3HaYamm ix macy. Di3zuxo-
XiMIYHI TIOKa3HUKH SKOCTI M’S30BOi TKAHWHW BHBYAIH Y
HAWAOBIIOMY M si31 civHU, Haz 9 — 12 rpyxHIME XpeOIsiMu
yepe3 48 rojuH micis 320010 Ta 30epiraHHs [P TEMIIepaTy-
pi 4°C y xonoaunbHUKY. BMmicT Bosloru BH3Havaiy 3a 3ara-
JIGHOTIPUIHSATOI0 METOJHMKOI0, IHTEHCHBHICTh 3a0apBIICHHS
M’sica — KOJIOPUMETPUYHUM METOJIOM, BOJIOTOYTPUMYIOUY
371aTHICTh Ta HDKHICTB M sica METOJIOM TIpecyBaHHs 3a ['pay i
I'amm y momudikariii B.Bonoeurckkoi Ta b.Kenbman, aktu-
BHY KHCJOTHICTh (pH) — MOTEHIIIOMETPUYHAM METOJIOM Ha
yaiBepcatpHOMY pH-metpi pH-150M. Opepxani mmdposi
JlaHl  ONpalbOBYBAIM  CTATHCTUYHO 33  JIOLIOMOTOO
koM roTepHoi porpamu «Microsoft Excely.

PesyabraTn pociaigxkens Ta ix o0roBopeHHsi. 3a pe-
3yJbTaTaMHM TPOBE/ICHOTO TECTYBAaHHS B YMOBaX TOCIIOAPC-
TBa Oyno copmoBano iBi rpynu cBuneil. Koedirient emo-
mitirocTi (Ke) y I rpymi (21 rosnosa) ckinanas 19,69 + 1,37 ay
I rpymi (19 roniB) — 53,07 + 4,23.

[Tpu BU3HAYEHHI BaroBHX ITOKA3HUKIB 3aJ103 BHYTPIIIHBOT
ceKpelil y J0CTiPKyBaHUX CBUHEH BCTAHOBIICHO, IO abCO-
JIOTHA 1 BiIHOCHA Maca HIUTONMOMIOHOI Ta HAJTHHUPKOBUX
3a1103 OyIM BIPOTiHO BUIIMMH y TBapHH | HocHimHOT rpymm
(tabm.1).

BaxyiBe 3HaUCHHS NPH BU3HAYCHHI aAaNTaliiHAX MOX-
JMBOCTEN CBUHEH Ma€e CHIOKPUHHHHN HICKC, SIKUI BH3HAYA-
€ThCS BIIHOMICHHSAM MacH HaZHHPKOBUX 3aJI03 [0 IIUTOMO-
TMOHOT 1 BHUPAKAETHCSA Y BIJICOTKAX. Y HOBOHAPOIKCHUX
MOPOCAT XapakTepHa OJJHAKOBa Maca MIMTONOIOHOT Ta Haj-
HHUPKOBHX 3aJI03, II[0 TIOB’A3aHO 3 BEJIMKOIO aIaNTaIliifHOIO
nabinpHicTIO (i3ionorivHuX (GyHKIIH MOJIOAOTO OpraHi3My.
B mipy pocTty, po3BUTKY Ta CTapiHHS OpraHi3My mMaca IIHUTO-
MOIOHOT 321031 CTa€ OLTBIIO MACH HAJAHHUPKOBHX 3aJI03,
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10 BKa3y€ Ha MOTIPIICHHS AJanTAIlifHUX MOMIIMBOCTEH
opraxizmy [7].

VY nocnipKyBaHUX HAME TBapUH BCTAHOBJICHO, 1110 1HICKC
aIanTaliifHIX MOXIIMBOCTCH OyB BIPOTITHO  BHIIUM
(p<0,05) y ceuneii I rpynu ( Tabm. 1).

Ne Maca 3a5o3u,

Ke, Iapexc, % ~ —
rpynu HaJHUPKOBOI | ITUTONOAIOHOT
1 [19,69+1,37| 60,61£0,48 | 4,92+0,09 8,12+0,13

2 [53,07+4,23 | 62,45+£0,59* | 4,52+0,09* | 7,24+0,10***

Taéauusa 1. EHIOKpUHHNI iHIEKC aJanTaliiiHIX MOXKIMBOCTEH
CBHHEI BiroisenbHoi rpyri (M = m, n =5)

OnHUM 3 TOKA3HUKIB aJaNTaIliiHOl 3aTHOCTI OpraHizMy
TBAapUHU € PIBEHb KOPTU30Iy B KpoBi. CeKpeList KOpTU30IIy
perymoerscss AKTI i BiINOBITHUM PHITI3UHT-(DAKTOPOM.
Koptm3on smmBae Ha cuaTe3 AKTI mo Mexanismy Heratu-
BHOT'O 3BOPOTHOTO 3B’s13Ky. Cekperisi KOPpTHU30Iy Omocepen-
xoBaHa AKTT, nocmmoeTscs mmin BImBOM crpecy. BrusHa-
YEeHHS BMICTY KOPTH30JIy Y IDIa3Mi KpOBi MiJICBHHKIB 3 pi3-
HuM K. mokasano, mo Maibke y JiBa pasd BHIIMM HOTO pi-
BeHb OyB y cBuHell | rpymu (tabm.2). e minTBepmxye Te,
10 CBHHI 3 HU3bKMM KOe(iLliEHTOM eMOLIIHOCTI € Oliblie
CTPECOUYTIMBUMH.

Taéauus 2. BMicT KopTH30ITy Y IIa3Mi KPOBi MOJIOAHSKY CBHU-
Heit (M£+m;n=3)

Ne rpynu Ke KopTuson, HMOIB/1
1 19,69 +1,37 74,60 + 8,57
I 53,07 +4,23 35,13+£2,06 *

JlocnimKyrour MpOIyKTUBHICTh CBUHEH BCTAHOBHJIH, IO
NpY TNIEpEeBEICHHI Ha BIATOMIBIIO CEpelHs Maca TBapUH 3
pidaum K. BiporimHo He BimpisHsuiacs. CepeaHb01000BI
TIPUPOCTH CBUHEH NTOCIITHUX TPYII i 9ac BIATOMIBII OyIH
TeHACHMIHO BUIMMHE y TBapuH I rpymu (pi3HuI He Oyna
BiporinHoro). JocminHi TBaprHU OyiM BiATipaBicHi Ha 3a0iit
y 6,5-MicsraroMy Bimi. [lepenzabiitaa maca cBuneit 11 rpymm
cknagana 124,0 + 3,26xr, a ceuneil [ rpymu — 118,0 & 3,79kr
(tabn. 3). Maca Tymri Ta 3aGiiHUI BUXiJ M’Sca BipOTiIHO
My Oynu y 11 rpymi cBuHed (Tab. 4).

KinekicTs Cepenmst Maca npu Cepenpst Maca CepenHbo1000Bi
Ioyoa | TBapun. TIepeBeIeHHI CBHHEH Tlepe1 371a- | MPHPOCTH 3a IePioz
pya P, Ha BiIrOJIiBJIIO, 9ero Ha 3a0i, BiZIrOJTiBII,
ToJiB
K KI KT
1 2L 338+ 1,16 118.0+3.79 0,790 + 0,02
Il 19 34,6+ 1.61 124,0+3,26 0,834 % 0,02

Taéauus 3. TIpogykTrBHICTS MOOAHSKY cBUHEH (M + m)

ITpu BUBUEHHI SIKOCTI M’sica OyJIO BCTAHOBJIEHO, 1110 BMICT
3arajbpHOI BoJIord OyB BHIIMM y M’sci cBuHeit | rpynw, 3
Hm3bkuM K. (p<0,05), a BmicT 3B’43aH0i Bostoru Oyna mepe-
KOHIMBO OutbmmmM y cBuHed I rpymm, 3 BucokmMm K.
(p<0,01). Bonoroyrprumyro4a 3/1aTHICTb M’sica BU3HAYAETHCS
KUTBKICTIO 3B’SI3aHOT BOIM Y BIJNICOTKaX Bif Mach M’sica i
3YMOBIIFOE COKOBHTICTh Ta HDKHICTH Horo. Yum Ouibima
YTpUMYyIO4a 37aTHICTH OLTKOBOI MOJNEKY/IH, TUM MIilHIIIe
M’CO 3B’s13y€ BOJY 1, BIINOBIIHO, MEHINE BTpadae ii mpu

TepMidHIil Ta KymiHapHiii 00poOii. Take M’sico HikHE 1
COKOBHTE, OUIBII CyXxe Ha po3pi3i, Ma€ XOPOIIMH TOBAPHHUIA
surin [3,4].

Taéauus 4. M’scHi SIKOCTi CBHHEH BIIroAiBeIbHOT TPy
(M+m,n=5)

I'pyna | Iepen3abiiina xxuBa maca, | Maca Tymri, | Buxix m’sica,
KT KT %

I 118,0+3,79 81,84+3,99 | 692+1,57

I 124,0+ 3,26 91,2+2,61 | 73,5+0,13*

Tadauus 5. JTocniprernst Bi3uKo-XiMIYHUX BIACTUBOCTEH M sica cuHed (M + m, n =5)

Ipyna KO_.TIiI.), Bwmicr 3aranmsroi | Bwicr BitkHOT | Bmict 3B’s13aH0i | [loma Bimmnpe-
TBapuH pH Koe(plIlleH.T BOJIOTH, BOJIH, BOJIH, COBAHOTO M’sIca,
©KCTHHKIIIT % % % MM2
I 5,91+0,02 | 111,00+£2,15 75,65+0,21 24,25+0,61 51,40+0,50 177,40+3,05
11 6,02+0,03* | 123,8+1,82** |  74,85+0,21* 20,06£0,47*** | 54,79+0,62%** 176,60+2,86
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Boaneswii okazHUK OyB BipOTiZJHO BHIIAM y M’SCi TYIII
Bin cBuHel 3 BUcOokMM Ke (p< 0,05). Ilpu mociimkeHHI
SIKOCTI M’sica OyJI0 BCTAHOBJICHO, IO KOJIp M’sica 3a Koedi-
mieaToM excThHKIii OyB BummM y Il rpymi cBuHeH, sxi
Bosoainmu BummyM Ke (p<0,01). ko B 1iiioMy BMicT BOJIOTH
mepeBakaB y M’sici cBuHer | rpymm (p<0,05), TOo BMiCT
3B’A3aHOI Boxu OyB OimblimM y M’sici tBapuH Il rpymm
(p<0,01), ToOTO BOJIOTOYTPHMYIOYa 3IATHICTH M’siCa LUX
cBHHel Oyna BHor0. BiporinHoi pi3HuIl B MOKa3HHMKax 3a
IUIOIIEIO BiJNIPECOBAHOTO M’SCHOTO BiYKAa CBHHEH pI3HHX
TPYI MU HE BCTaHOBUITH (Ta0I1.5).

BucHoBku.

1. TectyBaHHS CBHHEH y BUPOOHMYMX yMOBaX Ha Mpe-
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MET CTPECOCTIMKOCTI 3a BU3HAYECHHAM KOe(illieHTa eMOIIiH-
HocTi (K¢) METOZIOM «BiIKPHUTOTO TIOJISH € IPUHHATHIAM.

2. [HmeKc amanTarifHIX MOKIIMBOCTEH €HIOKPUHHUX 3a-
1103 OyB GibIMM y cBHHEH 3 BicoknM K (p<0,05).

3. CBuHi 3 BucoknM K. Mam kparti BiqroiBebHi SKOCTi
Ta GinbImui BuXix M sica micist 3a6oro (p<0,05).

4.CBUHMHA OTpUMAaHa BiJl TBApUH 3 BUCOKUM KoeQilieH-
TOM €MOLIIHOCTI, XapaKTepu3yBajach OUIbII IHTCHCUBHHM
KOJOPOM Ta BHIIOK BOJIOTOYTPHMYIOUOIO 3/IaTHICTIO
(p<0,01).

5. CuHi 3 BucokuM Ke € OLIBII CTPECOCTIMKUMH, a TOMY
TIPOSIBITIOTH OLTBIIT BICOKY IPOAYKTUBHICTB Ta BHIILY SKICTh
TIPOIYKIIii B yMOBaX IMPOMHCIIOBOTO BHPOOHHIITBA.
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Some peculiarities of the organism and meat quality of pigs fattening groups with a different coefficient of emotion for industrial

technology
A. O. Reshetnyk, S. V. Laiter-Moskaliuk

Abstract. The testing of pigs for the subject of stressfulness was determined by the definition of the coefficient of emotionality by the "open
field" method. Pigs with a higher emotional coefficient possessed a higher index of adaptive capacity, contained lower levels of cortisol in
the blood during stress, had better nutritional qualities, and had higher meat yields after slaughter. Pork was obtained from animals with a
high emotionality coefficient, characterized by a more intense color and a higher moisture content. Based on the results obtained, it is evident
that pigs with high Ke are more stress-resistant, show higher productivity and higher quality products in the conditions of industrial produc-

tion.
Keywords: stress, emotional coefficient, adaptation, meat quality.
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