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MEXAHI3M YTBOPEHHSI CACTEMHY BTOPUHHUX
KOHIUEHTPUYHUX MEMBPAH Y BUIIIUX BOAHUX POCJIUH
IIPHU JAIi TOKCUYHUX PEYOBUH HA ITPUKJIA I
LEMNA MINOR L.

Amnoranis. Baxxko co0i ysIBUTH, IO TaKa CKJIaTHA CTPYKTYPA, SIK KIIITHHHA MeMOpaHa, MOXKe
OyTH BiTHOBIJIEHA, OJJHAK BOHA BIJIHOBIIOETHCS 33 PaXyHOK pereHeparlii 4acTKOBUX PO3PHBIB
a00 CHHTE3y BTOPHHHOI KOHIICHTPUYHOI MeMOpaHH. 3HaTHICTh 0araThOX OpPTaHi3MiB 0
pereHeparii 4acCTKOBMX PO3PHUBIB IXHBOI KJIITHHHOI MeMOpanu n00pe BuBueHa [1; 2; 3]. Komu
KIIITHHH TOLIKO/DKCHI, BOHU IIBUJIKO BITHOBIIIOIOTH MOUIKOJKEHHSI B MEMOpaHi, 3 yTBOPCHHSIM
onHi€ei a00 OLITbIIC HEPOZYMHHIX KOPKIB, IO CKIIAMAIOTHCS 3 JIMIAIB Ta MOTicaXapuaiB, Mmoo
3amo0IrTH BTpaTi BMICTY IHUTOIUTIa3MH. 3TOOM KIIITHHU BiJHOBIIOIOTH CBiHf MEpBiCHUN 00CAT
Tta Qopmy [4; 5]. BpaxoByroun BenWKHU poO3Mip KIITHH, CIiJ PO3YMITH, IO HUX MPOOOiB
Moxe Oytu Oararo. TyT 3anisiHi 1HII MPOIECH, OB’ sI3aH] 3 YTBOPEHHSIM CHCTEMHU BTOPHHHHUX
KOHIICHTPUYHUX MeMOpaH [6].

Hami pe3ynbraru mokasyloTh, 110 BTOpHHHA MeMOpaHa HE € TUMYacoBOIO, i (YHKIIIT
BOHA BHKOHYE TaKi, K 1 MEpPBUHHA KJIITHHHAa MeMOpaHa, a ii yTBOPCHHS TPUBAE BCHOTO
KUJIbKa TOOUH. Y 1OMY JOCITI/)KEHHI MM HaJaeMO NMOBHHH ONHKC TOTO, SK YTBOPIETHCS
BTOPMHHA KOHLEHTPHYHA MeMOpaHa, a TaKOX ETAIHICTh LbOTO IPOLECy Ta 3HAYCHHS IPH
ananTanii.

[ToBHE MOSICHEHHS TOTO, SIK I KJIITUHHU BiHOBIIIOIOTH MOIIKODKEHY MEMOpaHy, Y TOMY YHCIIi
KJIITHHHY CTIHKY, 3aJIUIIAETHCS 111 BU3HAYUTH. TOMy MeTOIO 11i€i cTarTi Oy/10 BUBUCHHS MPOIIECIB
YTBOPEHHSI BTOPHHHOI KOHIIGHTPUYHOI MEMOpaHH Ta KIITHHHOI CTIHKM Ha NPHKIAl BHIIUX
BOTHHX pociuH Lémna minor L.



Perenepaltist KIIITHHHOT 0OOJIOHKH MOYKe Oy TH Ba)KJIMBOIO MOJISIUTIO BUBYEHHSI TAKUX MPOLIECIB,
SIK B3a€MOJIisS PI3HMX KIITHHHUX OpraHes, (OpMyBaHHS pI3HMX THMIB TiIOPHIHMX KINTHH 1
0COOJIHBO, €BOIIOIIT KITITHHHIX MEMOpaH.

B cmonTtanHiit perenepanii KIITHHHOT 000JOHKHA MOXKHA BHIUTMTH YOTHPH OCHOBHI CTafil:
1) yTBOpEHHS mpOoTOIUIacTy; 2) GOpMyBaHHS IICEBIO-IIPOTOILIACTY; 3) CHHTE3 KIITHHHOI CTIHKH;
4) popMyBaHHSI BTOPHHHOI KOHIIEHTPUYHOT MEMOpPaHH.

Kurouosi ciioBa: Lémna minor L, npoTomuiact, nceBo-npoToriactT, BTOPUHHI KOHIIEHTPHYHI
MeMOpaHH, TapaceKkcyaibHa riOpuau3alisi, COMaTHIHNHN TiOpu, pereHeparis.

BCTYII

[Ipo MexaHI3MH CHPHUUAHSATTS KJIITHHAMH POCIIMH PI3HUX CTPECOPIB NMOKH IO BiIOMO
Hebararo. € MiJcTaBy BBaXKATH, 110 BAXKJIMBY POJIb Y LIbOMY CIIPUHHATTI BIAIrparOTh KIITUHHI
MeMOpaHH, SIKi BAKOHYIOTh 0e37114 (YHKIIiH, TOpYIIeHHs Oy/b-sIKOT 3 HUX MOXKE IMPU3BECTH
JI0 3MIHU KUTTEIISUIBHOCTI KIIITUHM 3arajioM 1 HaBiTh ii 3arubeni [7]. Tomy ans omipHOCTI
JKUBUX OPTaHI3MIB JI0 CTPECOBHX (DaKTOPIB 30BHINIHHOTO CEPEIOBUINA HAJ3BHYANHO
BaXJIUBUM € 30€pe)KeHHS CTIHKOCTI Ta IIJIICHOCTI MeMOpaHH, KOTpPa, K B1ZIOMO, BU3HAYA€THCS
CTaHOM 11 KOMIIOHEHTIB [8]. OCKUIbKA MEeMOpaHH MEePIIMMH iAAI0THCS BIUNIUBY CTPECOBUX
(bakTOpiB 1 € MilIEHSIMHU IEPBUHHOTO BIUIMBY 1 NEPIIOIO JiHIEIO 3aXHUCTY BiJl HUX, TO, Oyay4H
JUHAMIYHIMH CTPYKTYpaMmH, BOHHM IOBHHHI IIBHJIKO (MUTTEBO) pearyBaTH Ha BiIXWICHHS
B yMOBaX iCHyBaHHS Ta BiJJTHOBJIIOBAaTUCH [9].

MATEPIAJIA TA METOAN

JocmimpkeHas nipoBoawiid Ha psciii Lémna minor L., sKy BHpOIIyBaJM B akBapiymax
3 BIICTOSHOIO BOJIOIPOBIAHOIO BOIOIO NPH OCBITJICHHI JIaMIlaMH AEHHOTO cBiTia (2500 5k) ta
temrieparypi 20£1°C. B ekcriepuMeHTax 10 KyJABTYPH POCIHMH Y KO)KHOMY BHIIQJIKy OKPEMO
JIOIaBaJId BOJHI pO34MHHU coseil Bakkux MeraniB ZnSO,x7H,O ta Pb(NO,), i3 po3paxyHKy Ha
ion: Zn**— 1,0 mr/ov’ Ta 5,0 mr/am’; Pb*— 0,1 mr/mm® Ta 0,5 mr/am?, mo Binmosinae 1 ta 5 IJIK 6,
a TakoXK [M3eNbHE NMammMBo y KimbkocTi 0,05 mr/mm®; 0,25 mr/aw’, mo cranoButh 1, 5 TIK
BianosizHo [10]. Iepion iHKyOarii BOMHUX POCIUH 3 TOKCcHKaHTamu ctaHoBuB 0,5, 1, 3, 6, 9
roguH Ta 1, 3, 7 ta 14 1i6. Kontponem Oy pociauHy, SKi pOCIU B CEPEIOBHUIL Oe3 TOKCUKAHTIB.

Krnituaai MeMOpanu Buaisum 3a Mertoaukoro ®inmres i EBanca [11] 3 romoreHaris
OiomMacu BOOJHUX POCIHH, OTPUMaHUX B MexaHiyHOMY romoreHizaropi npu 7000 06/x8 5 MM
Tpic-HCI 6ydepi (pH=7,6), o mictuts 0,5 M caxaposu, 0,005, E/ITA, 0,01 M KCI Ta 0,001
M MgCl, (cupa maca: 00’eMm Oydepy - 1:5), nenrpudyrysanusm npu 5000 06/xB mpoTArom
15 xB. Ocan, M0 MIiCTUB KIIITHHHI MeMOpaHH, PECYCIICHIyBalld y BEpXHIH (a3i po3uuHy,
OTPUMAHOrO 3MillyBaHHAM JBo(a3Hoi cucremu poszumnHiB 0,25 M caxaposu i 30%-Boro
norieTrieHnikoiro B 0,2 M po3unHi pocdaty HaTpiro, monepeHb0 BUTPUMAHOTO 24 TONUHA
mpu 4°C. CycneHsito po3auisain NopiBHYy B TpH nojikapOoHaTHI mpoOipku 06’ emom 50 mi,
y KOXKHY aonaBainu 10 M1 HIKHBOI (ha3u CyMillli pO34HHIB, 3MIlTyBaJIM 1 eHTpudyryBaiu
mpu 2000 g 15 xB B GakeT-poTopi. MemOpaHHuii Marepias 30upaiu y NpocTopi po3aiieHHs
(a3 3a JonoMororo MImpHIa. Yci nporeaypH 3aiicHeHo mpu 4°C.

MikpockoriyHe J0CTiKeHHS MeMOpaH 3AiiCHIOBAIM Ticid ixX ¢apOyBaHHS OapBHUKOM
«XJIOp — NUHK — ioa» (Bomauid poszunH ZnCl, ta KJ) [12]. Ilpn 1iboMy 10 Kparuii po3drHy
BUJICHUX MeMOpPaH Ha IPeIMETHOMY CKJIi 10AaBasIi OapBHUK, OTIM Y HA[UTUILKY KPUCTATIYHUI
J,, HaKpHUBAJIM TOKPUBHUM CKJIOM 1 MikpockoryBanu pu X900 (mikpockonn MBH-15).
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PE3VJIBTATH

JKuTTeNiANbHICTD KIIITHH, OCOOMMBO y BOAHHMX OPraHi3MiB, sIKi MOCTIHO KOHTaKTYIOTb
i3 CepeIoBUILEM iICHYBaHHS, B OLTBIIOCTI BHIIAIKIB BU3HAYAETHCS CKIIAJIOM, CTPYKTYPOIO Ta
(DYHKITIOHAJIEHIM CTaHOM IXHBOI KJIITHHHOI CTIHKH, a Takox MemOpanu [13].

3a nii pi3HUX CTPECOpiB HAcaMIIepe/] PyHHY€EThCS KIITHHHA CTiHKA. MIKpOCKOMIYHO Iie
BUIJIAJIAE TAK, HIOU KITITHHA OTOJIFOETHCS, BTPAYAI0UH ITH0 CTPYKTYPY. Y pe3yibTari yTBOPIOETHCS
MPOTOIJIACT — KIITHHA 0e3 KJIITUHHOI CTIHKH, OTHAK 3 MeMOpaHo. Jl0Kka30M 11bOTO CBIUUTh
TaKOXK 3MCHIICHHS KiJIbKOCTI BYIVICBOJIB y MeMOpaHi 3a il HecpusaTIuBUX (axropis [14].
Cuijt 3a3HaYMTH, 110 KITITHHA JTyXKe JISTKO BTPAJa€e KIIITHHHY CTIHKY 1 HAaBITh HE HAMAraeThes 11
IIBHJIKO BITHOBUTH. Y 3B’SI3Ky 3 UMM MU TaJa€MO, IO 1Iei mporiec Oe3rnocepeHbo MoB’ s3aHui
13 MOXKITUBICTIO 3JTUBATHUCS 130JIbOBAHUM MPOTOILIACTaM MixX co00t0 (puc. 1).

Puc. 1. 31uTT4 i30J1b0BaHNX MPOTONJIACTIB MiXkK c00010

3a3HayMMO, MO0 MPOTOIUIACTH MOXKYTh 3 €JHYBATUCS MK COOOI TIJIBKH TOMi, KOIHU
y MPOTOILIACTIB II¢ HE YTBOPUIIACS KIIITHHHA CTIHKA.

Panime My CTBEpKYBAIM HE TIPO 3JIUTTA, a IPO YTBOPEHHSI KOHITIOMEPATIB K MEXaHi3M
3axHCTy, OMHAK 10 KIiHI He po3yMitoum, sikuii came [15]. CporomHi My 3 yIEBHEHICTIO
MOKEMO TOBOPHUTH TIPO TE, IO 3JIUTTS MPOTOIUIACTIB 1€ CBOEPITHMUN METoJ TiOpuam3ariii,
TaK 3BaHa MapacekcyaybHa, a00 coMmaTwyHa TiOpuau3aiis. Ha BigMmiHy Bix 3BUYaliHOI, Jie
37IUBAIOTHCSI CTATEBI KIITHHM (raMETH), B SKOCTI OaThKiBCHKHX, IPH MapaceKCyalbHii
riopuan3anii 3TUBAKTHCS AMITIOITHI KIIITHHE POCITHH.

OTKe, 3TUTTS MPOTOILIACTIB IPU3BOAUTH 10 YTBOPEHHS COMATHYHOTO FiOPUIY — IPOAYKTY
3JIUTTS 1 IUTOIIA3MH, 1 pa 000X MPOTOILIACTIB (puC. 2).

R Y

Puc. 2. ComatuuHuii riopug



Haramaemo, 1m0 Tmo3asjaepHi TEHETHYHI JETePMIHAHTH y OUIBIIOCTI  POCIHH
YCIaKOBYIOTBCS Y CTaTeBOMY IPOLIECI CTPOro OIHOsAZEepHO Ta Bif Mmarepi. llpum mpomy
[UTOTUIA3MAaTHYHUN TEHOM KOIY€ PsiJi HAHBKIIMBIIINX O3HAK — MIBHIKICTH (POTOCHHTE3Y,
CTIHKICTB JI0 MATOTeHIB, a010TUYHUX (PAKTOPIB TOIIIO.

Buxomsun 3 11bOro BBaXKAaeMO, IO TapaceKcyallbHa TiOpWan3allis CHpHsi€ CIOHTAaHHOMY
reHepYBAHHIO COTHI HOBUX )KUTTE3NATHUX KITITHH, SIK1 IIIBH/IIIE 3alITOBYFOTHCSI 10 3MiHCHHX YMOB
icHyBaHHs1. TuM Oirtbinie, 10 € BioMOCTi Ipo pekomoOiHario JJHK MiToxoHpii Ta XjtoporuiacTis
y TaKHUX TIOPUIHUX KIIITHHAX, a TAKOXK HAsIBHICTh KOCErperaiii reHiB (03HaKu, 1110 KOHTPOJIOITh
T03asiIEPHAUI TEHOM, CEIPETYIOTh CIUJIBHO), 10 CBIYMTH MO (i3MdHe 39eTuIeHHs TeHiB [16].

Crij 3a3Ha4MTH, 10 IPU 37U TTI MOXKYTh YTBOPIOBATUCS 1 TaK 3BaHi aCUMETPUYHI T10pHIU —
MPOIYKTH 3JIUTTS, IO MAKOTh TIOBHUH XPOMOCOMHHU Ha0ip OIHOTO 3 MapTHEPIB 1 YaCTHHY
XPOMOCOM 1HILIOTO MapTHepa. B iboMy BUMa Ky BHACTIIOK HEMIPABUIBHUX MOALUTIB KIITHHH,
00yMOBIICHHX HEKOOPMHOBAHOIO TIOBEAIHKOIO IBOX PI3HOPIIHUX HAOOPIB XPOMOCOM, Y Psijii
MOKOJIIHb BTPAYar0ThCsl YACTKOBO a00 MOBHICTIO XPOMOCOMH OHOTO 3 0aThbKiB. ACUMeTpHYHi
riopuan OyBarOTh CTIMKIIIAMU, TUIOJFOUINIMMH 1 KUTTE3JATHIIMMHU, HIK CUMETPHYHI, 110
HEeCyTbh NIOBHI HAOOpU TeHiB 0AaThKIBCHKUX KIIITHH [16].

['Opuny MOXXyTh OyTH OTPUMaHI IIJISIXOM 3JIUTTS TPHOX Ta Oljbllie OATHKIBCHKUX KIIITHH.
Y CBOIX €KCHEpUMEHTax MH CIOCTepirajid sk arperatu 3 2-3 mpororiacTiB (puc. 3a), Tak
1 JTJAHITIOKKY 3 5-6 mpororactiB (puc. 30). 3 TakuX FiOPUIHUX KIITHH MOXYTh YTBOPUTHCS
POCIIMHY — pEreHePaHTH.

Puc. 3. YTBopenns arperaris 3 2 — 3 npoTtonJacris (a)
Ta JIAHII0’KKA 3 5 — 6 mpoTronJacTis (0)

[Ipu 11bOMy BHHHWKAJIO MUTAHHS MO0 MEXaHI3MY IIbOTO 3IUTTA. BBakaemo, mo aaresii
MPOTOILIACTIB CHPHUSB JMENIO TIMOTOHIYHMI BOAHUN PO3UUH yCEPEAMHI KIITHHU 32 PaXyHOK
HarpoMa pKeHHs 10H1B Hatpito [ 17]. [Ipu 11boMy 3HMKYBaBCSl HETaTHBHHI 3apsiji HA 30BHIIITHIH
MeMOpaHi, 110 W JaJI0 MOMJIMBICTH 3JIMTHCS IPOTOILIACTaM. |HIIMMHU CIOBaMH, YMOBH
JeTIoNISIpu3aIiii MeMOpaHu CIPHSUTN [MTOIIa3MaTHIHOMY 3JUTTIO. [IprcyTHicTh ioHa Na*
TaKOXK BUKJIMKAJA JIOKAJbHY NepeOyloBy B JIMONPOTETHOBIH MeMOpaHi, sika B CBOIO 4Uepry
JIO3BOJIMJIA BCTYITUTH B KOHTAKT JIBOM 200 O1JTbIIIe 00JIACTSIM KIITHHU. J]01aTKOBUH ONMHUYHU T
IMITyJIbC TOCTIHHOTO CTPyMy BUKJIMKAB JIaTepanbHy Audy3ito OL1KiB MeMOpaHH, YTBOPIOIOYH
MIPH [IbOMY BiJIbHI BiJI IIIKOMIPOTEIMIB JimiaHI 00NaCTi, 10 1 MPU3BEIO 0 YTBOPEHHS TOP
y CHIIBHO CTUCHYTHX MEMOpaHax, B pe3yJIbTaTi 40ro BigOyBanocs NepeTikaHHs [IUTOILIa3MHU,
OCKIJTBKH 3MIHHUH CTPYM YTPUMYBaB POTOILTACTH PA30M JCIKHI Jac, i MPOTOIIIACTH B TAKUX

8



arperarax 3JMBaJMCh (puc. 4). 3aTyxawouuid CTpyM IpPH3BIB JI0 TOBEPHEHHS CHEPUIHOT
(hopmMu y IpOTOMJIACTIB, IO 3JIMIHUCA.

Puc. 4. Jlarepanbna nudy3isa 0isikiB MemOpanu (a), yreopenust nopu (0),
nepeTikaHHA UTONIa3MH (B)

OpHak, sSK TIOKa3ylTh HaIll eKClepuMeHTH, mnpoTsrom 10-30 XBWIMH OTOJCHUN
MPOTOIUIACT TOKPUBAETHCA JKEIATHHOBOKO 000NoHKOW0. JKenmaTMHOBME Marepian, sK
KOHBEPT, TMONMIMPIOETHCS TI0 TTOBEPXHI MPOTOIIIACTY MPOTATOM JEKITBKOX XBHJIHH, 100 AaTH
MOYJIMBICTh BiIHOBUTHUCS MEPBUHHIM MeMOpaHi abo ) CHHTe3yBaTHCS BTOPUHHIN MeMOpaHi,
o0 3amoOirTH BTpari BMICTY IMTOILIA3MHU. Y TEPIIOMY YW IPYyroMy BUTAJIKY HEOOXiHi
Jiniay, a Ha X yTBOpEHHs MoTpiOHO mpubau3Ho 12-18 ronuH.

ExciepuMeHTH 3 BHUKOPHUCTaHHSM HIJBCHKOTO YEPBOHOTO Ta PIi3HUX (HEpPMEHTIB
MOKAa3yI0Th, 1[0 OCHOBHHUI KOHBEPT Mae He JimigHy mpupoxay. CrovaTky BiH CKIaJaeThCs
3 TOJTicaxapyIiB, K1 BIIITPAIOTh BAXKIIMBY POJIb Y MiATPUMII IIUTICHOCTI TIEPBUHHOT 000JIOHKH
OpUHAWMHI TPOTIroM mepmux 6 roauH. lle myke BaKIMBO, OCKUIBKA OCHOBHUN KOHBEPT
€ TUMYACOBHM 1 CITIOYATKy HE JIMIJHAM, NPOTe BUKOHYE 0arato BIACTHBOCTEH KIITHHHOT
MeMOpaHH i € HarliBnpoHUKHUM [ 18; 19].

bararo BaeHHX MPOTIOHYIOTH MTO3HAYUTH TPOTOILIA3M, YKIAICHHUHN Y KEIaTHHOBY O0OIOHKY
AK cyO-IpoTomiact, o0 BiAPI3HUTH HOTO BiJ MPOTOILIACTY 3 MEMOpaHO. MU MPONOHYEMO
HA3BaTH IO CTPYKTYPY TICEBIOIPOTOILIACT, OCKLITLKHU B 010TEXHOJIOT11 JTy’KE 9aCTO KOPUCTYFOTHCS
TEPMiHOM CYOIPOTOIJIACT MAIOUH Ha yBa3i hparMeHTH, OTpUMaHi 3 MPOTOILIACTIB.

Po3mip HOBOCTBOpEHHX IICEBIO-NIPOTOILIACTIB TepeBaxHO 30-50 MKM y niamerTpi,
HE30[JHAKKHO BiJ] IPUPOAU TOKCUKaHTy. Lleil po3mip Maibke Takuil camMuil, K 1 po3Mmip
KIIITHHH [[HOTO BUY. BYKMBaHHS 1CEBIO-TIPOTOIIIACTIB OYJI0 YACTKOBE 1 30THAKKAIIO BT iX
posmipiB. [IceBno-nporomnactu meHme 10 MKkM He BIKWIH (puUc. 5).

Puc. 5. Ilcepno-nporonsiactu 30-40 mxm (a) Ta menuie 10 mxm (0)



[IceBno-npororacty OinbIre Hixk 100 MKM 4acTo TITHITUCS HA KUJTbKa HEBETMKUX T ITPYIT
MPOTOIUIACTIB (pHcC. 6 a, 0) ado BUpomKyBamucs (puc. 6 B).

Puc. 6. Po3noais ncepao-nporonsiactyl100 mxm (a, 6) a60 Bupom:keHHs (B)

Pi3ke 3HWKEHHS KIJTbKOCTI TICEBIO-TIPOTOILIACTIB criocTepiraiocs Bix 9 go 18 romuH micis
TOKCHUYHOTO BILUIMBY, SIKpa3 Iepel] YTBOPESHHIM KIITHHHOI MemOpaHu. OTKe, BiIHOBICHHSI
MIEPBUHHOT KIITHHHOT MeMOpaHu ab0 PO3BUTOK BTOPUHHOI KIITUHHOT MEMOpPaHH, 31a€ThC,
€ KPUTUYHUM (DaKTOPOM JJIsl BHXKHBAHHSI [ICEBIO-TIPOTOILIACTIB.

Sk Tokazamu Haml eKCIIePUMEHTH, pereHepaliiss KITHHHOI CTiHKM BifgOyBamacs
npuOIM3HO uepe3 4-6 TOAMH TMicist YTBOPEHHs TiceBHo-mpoToruiacTiB. dapOyBaHHsS
MOKA3aJI0 HAKOTIMYCHHSI IIETIOJIO3M Ha IMOBEPXHI MepBUHHOT MemOpanu. Ciix 3a3Ha4MTH,
[0 HAKOIIMYCHHS KOMIIOHCHTA LIENIIOIO3H BiAOYyBaIOCs 10 MOYATKy pereHeparii nepBUHHOL
MEMOpaHH Y¥ PO3BUTKY BTOPUHHOI MEMOpaHH.

OTXe, MCEeBAO-IPOTOIIACT MaB 3AaTHICTh TPAHCHOPTYBATH KOMIIOHEHTH MLIETIOJIO3U
MePBUHHOI0 MeMOpaHot0. [Ipr 1IbOMY crocTepirasocs HAKOMTUYCHHS I THOTO MaTepiary
y neHTpi mporomnasmu. llei eranm BinOyBaeThCsl JuIle TOAI, KOIM Y HPOTOILIA3Mi
YTBOPHJIOCS TIMIOTOHIYHE CEPEJIOBHINE 3a PaxyHOK 10HIB Harpito. Bucokwii conboBui
pO3UMH € TigpoQOOHINIUM, HIX HHU3BKUN COJILOBUU PO3YMH 1 MOXKE 3a0e3MeUuTH
CWIBbHINIE 3YyCWJUIA JUIS CTUCHEHHS TiApoPoOHOTO IiMiJHOTO MaTepianxy BiJl LEHTPY
Mac mpororuiasMu. [igpodinbHi Marepianu, y TOMY YHUCII ToJicaxapulid, BCEepeauHi
MPOTOTUIA3MHU BHIITOBXYIOTHCS B IMPOIIEC 1 TOMHUPIOIOTHECS TOBEPXHEIO, 100 YTBOPUTH
KIIITUHHY CTiHKY.

Timeku TiCHs YTBOPEHHsSI KJIITHHHOI CTIHKM IIOYMHA€ BIJIHOBIIIOBATHCh MeMOpaHa.
Skiio 11 MOIIKOKEHHsSI HE HACTUIbKH BENHKi, TO TIEpBUHHA MeMOpaHa pereHepyeThcs 3a
PaxyHOK YTBOPEHHS OJIHOTO a00 O1JIbIlie HEPO3YMHHUX KOPKHU. [Ipn 1IbOMYy MU CHIOCTEpiraim
YTBOPEHHS, sIKi 3TOI0OM 3MEHIIIYBAJIMCA Y PO3Mipi Ta MOINIM HABITh 3HUKATHU (pUC. 7).

Puc. 7. Penepauisi nepBuHHOI MeMOpaHu
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SIKIIO TONIKOMKEHHSI TIEPBUHHOI MEMOpaHH BEJHKi, TO KJIITHHA [MOYHHAE CHHTE3yBaTH
BTOPHHHY KOHLIEHTpUYHY MemOpany [20] (puc. 8).

Puc. 8. YTBOpeHHs1 BTOpUHHOT KOHIIEHTPUYHOI MeMOpaHu

[TpurryckaeMo, MmO 3aJWIIOK MOYaTKOBOT KIITHHHOT MEMOpPaHU CTHCKA€ThCS B ICHTPI
i Oyze B mepiny 4epry 3aJissHUi B yTBOpEHHI BTOPHHHOI MeMOpanu. OTxe, iCHY€ JKepeIo
JnigiB uist moOymoBu apyroi MmemOpanu [21]. MikpocKkoIiyHi JTOCHIPKEHHS CBIIYaTh Mpo
3HAuUHy arIIOTHHALII0 KIITHHHUX MeMOpaH y IMCeBAO-MPOTOIJIACTi, BHACIIAOK YOro HOBa
KIIITHUHHA MeMOpaHa MoXke OyTH c()OpMOBaHA IIIJISIXOM 3JIUTTS 3 OPUTIHAIOM, 3 TIEPBUHHOIO
MEMOpPaHOI0, KOTPa PO3MANacs 3 YTBOPSHHSIM IIUTOIUIA3MAaTHYHUX Oyab0aIloK HA MOBEPXHI
poToIuIa3Mu (puc. 9).

Puc. 9. JecTpykuisi nepBUHHOI MeMOPaHH 3 YTBOPEHHAM HUTOIJIA3MATHYHHX
MmyXupuiB

Omxe, NiMIHUN Marepiajd y LEHTPI MPOTOIJIa3MH MOXKE OyTH 3aJIMIIKOM BHUXiTHOI
KIITHHHOT MeMOpaHH, SIKWH, IIBHIIIE 32 BCE, TOBUHEH OyTH BKIIIOUCHHH 3 9aCOM J0 CHCTEMH
BTOPUHHOI KOHLIEHTPUYHOT MeMOpaHHu.

BUCHOBKMU

YTBOpPEHHST BTOPUHHHMX KOHIIEHTPUYHHUX MEMOpaH SIK BiJIIOBiJlb Ha JiF0 TOKCHKaHTIB
OyJI0 BHBYEHO MPOTATOM 0ararboxX pPOKIB Ha PI3HUX Ipynax POCIMH Ta BopopocTeid. Crifg
3a3HAYMTH, IO el MpoIec MU PO3MISAAEMO JIMIIE K MPOIEC pereHepaiii, mod 30epertu
LUTiCHICTh pochuH. [Ipu oMy MU HE BUKJIIOYAEMO 1 TOH (DaKT, 110 BUILEBUKIIAJACHE MOXKE
OyTH BUTIYMauYeHO SIK OJIMH 13 TOJIOBHUX MEXaHi3MIB aJlanTallii, Ipu SKOMY POCIHHUA MOXYTh
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CTIOHTAHHO TE€HEPYBATH COTHI HOBHX >KHUTTE3NATHUX KIITHH, SKi IIBUAIIC aJalTyIOTHCS 10
3MIHEHHUX YMOB iCHYBaHHS 3@ paXyHOK COMaTH4YHOI ribpuausarii.

BBakaemo, 110 B CITIOHTaHHI pereHepariii KIIITHHHOT 000JIOHKH MOYKHA BHJIUTUTH YOTUPH
OCHOBHI cTaii: 1) yTBopeHHs npoTomacTy; 2) GopMyBaHHs [ICEBAO-NPOTOILIACTY; 3) CHHTE3
KIITHHHOT CTIHKHW; 4) aibTepallisi TepBUHHOI MeMOpaHu abo (GopMyBaHHS BTOPHHHOT
KOHIICHTPUYIHOT MEMOpaHHU.

O4eBHIHO, pereHepallisi KIIITHHHOT 000JIOHKH MOYKEe OYTH BaKITMBOIO MOJICIUTIO BUBUCHHS
TaKUX MPOLECIB, SIK B3a€EMOJIA PI3HUX KIITHUHHUX opraHen, (opMyBaHHS PI3HUX THUIIB
TiOpUIHUX KITITHH 1 0COOIMBO, CBOJFOIIT KIIITHHHUX MEMOpaH.
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ABSTRACT

THE MECHANISM OF FORMATION OF A SYSTEM
OF SECONDARY CONCENTRIC MEMBRANES IN HIGHER
AQUATIC PLANTS UNDER THE ACTION OF TOXIC
SUBSTANCES ON THE EXAMPLE OF LEMNA MINOR L.

It’s hard to imagine that such difficult structure as cell membrane can be restored, But it is
restored through the formation of secondary concentric membrane.

The ability of many organisms to regenerate partial breaks in their cell membrane has been
well studied [16; 18; 19]. When cells are damaged, they quickly repair damage in the membrane,
forming one or more insoluble plugs. These insoluble plugs are composed of lipids and
polysaccharides to prevent loss of cytoplasm content. Over time, the cells restore their original
volume and shape. [20; 21]. Given the large size of the cells, it should be understood that these
breakdowns can be many. Other processes associated with the formation of a system of secondary
concentric membranes are involved here [9].

Our results shows that secondary membrane isn’t temporary, it’s functions are the same as
primary cell membrane and it’s formation takes just few hours. In this investigation we offer full
description of the fact how secondary concentric membrane is formed, also stages of this process
and meaning during adaptation.

A complete explanation of how these cells repair the damaged membrane, including the cell
wall, remains to be determined. Therefore, the purpose of this article was to study the processes of
formation of the secondary concentric membrane and cell wall on the example of higher aquatic
plants Lémna minor L.

Cell wall regeneration can be an important model for studying processes such as the interaction
of various cellular organelles, the formation of different types of hybrid cells and especially, the
evolution of cell membranes.

In the spontaneous regeneration of the cell wall, four main stages can be distinguished:
1) Protoplast formation; 2) Pseudo-protoplast formation; 3) cell wall synthesis; 4) formation of a
secondary concentric membrane.

Key words: Lémna minor L, protoplasts, pseudo-protoplast, double concentric membrans,
parasexual hybridization, somatic hybrids, regeneration.
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SPATIAL ANALYSIS OF WATER QUALITY INDICATORS
IN DROHOBYCH DISTRICT

Abstract. Water quality is one of the important indicators of the well-being in the region. While
the sources of decentralized water supply are relatively protected and under constant control, the
quality of water in the sources of decentralized water supply needs additional attention. At the same
time, water quality indicators of decentralized water supply sources make it possible to assess the
quality of natural waters in the region. The development of spatial analysis methods in the assessment
of water quality allows to determine the influence of environmental factors on water quality and
to determine areas and settlements with the most and least safe conditions for decentralized water
supply. The article presents the results of a spatial analysis that permitted to assess the water quality of
the sources of decentralized water supply in the Drohobych district. The conducted analysis made it
possible to establish the territories with the highest water quality in the district. The proposed method
can be used in monitoring studies and for assessing the quality of natural resources in the region.

Key words: Drohobych district, monitoring, water quality, spatial analysis.

INTRODUCTION

A decentralized water supply system is the system where water is sourced, and distributed
locally, and not being supplied by a centralized system [12]. This can be done in a variety of
ways, including stormwater collection, groundwater recharge, and small-scale well water
use. Decentralized systems offer a number of advantages over centralized systems, including
increased resilience, lower costs and greater community participation in water management. But
their use can also be subject to regulatory restrictions. In addition, such sources require ongoing
monitoring. Decentralised water systems can be an effective means of ensuring access to safe
and reliable water in regions where centralised systems are neither feasible nor desirable [10].

Water quality testing is an important monitoring instrument to ensure that the water is safe
for human consumption, aquatic life and other uses. The reasons for the significance of water
quality testing are [2]:

1. Protecting human health: Water is a vital resource for humans, and contaminated water can
cause many health problems, including diarrhoea, cholera, typhoid and other waterborne diseases.

2. Environmental Protection: Water quality testing helps to monitor the health of aquatic
ecosystems and protect them from pollution.
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3. Regulatory Compliance: Governments and regulatory bodies have established water
quality standards, and water quality testing helps to ensure those standards are met.

4. Economic Benefits: Safe drinking water is critical to agriculture, industry and tourism.
Water quality testing ensures that water is adequate for these activities and can contribute to
economic growth.

Water quality monitoring surveys include the chemical analysis of various indicators.
Such studies provide updated information on water quality at a certain point in time. At the
same time, spatial analysis can also be used to assess the quality of water resources of the
territories. Mapping the results of chemical analyzes of water allows identifying regions with
unsatisfactory conditions, assessing the spread of pollution, and determining the impact of
related factors on water quality [19].

Spatial analysis is the process of reviewing and interpreting geographical location
information. It involves using a variety of techniques and tools to analyze spatial data, such
as maps, satellite imagery and geographical information systems (GIS) [6, 7]. Spatial analysis
may be used to determine trends, relationships and trends in geography-related data, such
as population density, land use and environmental factors. It is widely used in urbanism,
environmental sciences and epidemiology [1].

Spatial analysis can also be used to model the dispersion of pollutants in the environment,
taking into consideration factors such as winds, terrain and land cover. This can assist in
predicting the potential impact of pollution on neighboring communities and ecosystems [20].

Spatial analysis of pollution sources involves the use of geographic information systems
(GIS) to identify and map the location of pollution sources, such as factories, power plants,
transportation routes, place of wastewater discharges and landfills [21]. This information
can then be used to assess the potential impact of these sources on human health and the
environment, as well as to develop strategies for mitigating their effects [5].

GIS technology allows the integration of various data sources, such as satellite imagery,
air quality monitoring data, and demographic information, to create detailed maps of pollution
sources and their surrounding areas. This can help identify trends in pollution levels and areas
that are especially vulnerable to pollution [13].

Apart from GIS technologies, the instruments in Excel and similar products may be
used for spatial analysis. For spatial analysis in Excel, geographical data in a format that
Excel can read, such as CSV, TXT or Excel files are used. Excels built-in mapping and
analysis tools, such as the “Map Chart” and “Data Analysis” features help to analyze and
visualize the data [14].

Some common spatial analysis techniques performed in Excel include [8]:

1. Mapping: Create maps to visualise spatial models and relationships in data.

2. Spatial statistics: Calculate distance, area, proximity and other spatial statistics for data
analysis.

3. Spatial Interpolation: Estimate values of locations where data are missing or incomplete
through interpolation techniques.

4. Cluster analysis: Identify groups or clusters of data points which have similar spatial
features.

5. Spatial regression: Analyze the relationship between spatial and other non-spatial
variables by means of a regression analysis.

Excel can be a useful tool for basic spatial analysis, but more sophisticated analyses may
require specialized GIS software.
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Another applied software, Tableau, can be also used for data processing and spatial analysis.
Special instruments in this software are used for creating digital maps. Spatial analysis in Tableau
involves the use of geographic data to build maps and analyze site-based data. In Tableau, the
user can log on to various spatial data sources, such as shape files, KML files, Excel files and
spatial databases, and view the data on a map. Users can also create custom maps by importing
their own map images or by creating maps through the mapping tools in Tableau [19].

The spatial analysis in Tableau includes various characteristics, such as geo-coding,
spatial connections and spatial calculations. Geocoding is the process of converting addresses
or place names into geographical coordinates that can be used to trace data on a map.
Spatial connections make it possible to combine spatial data with non-spatial data, such as
demographic and sales data. Mapping visualization also helps to find hidden information or
insights. Spatial calculations enable users to make calculations based on geographical data,
such as measuring distances or creating buffers around points [11]. Spatial analysis in Tableau
allows users to gain insights into their data based on location, which can be useful for a variety
of applications, such as market analysis, urban planning, and environmental monitoring [16].

MATERIALS AND METHODS

The studies of the water quality indicators and further spatial analysis were performed
in the Drohobych district. Drohobych district is located in the Lviv Oblast of Ukraine and
is known for its diverse landscape, including forests, mountains, and rivers. The district is
situated in the Precarpathians, the region has a temperate climate, with mild summers and cold
winters [15]. The main industries in the district are agriculture, machine building, recreation,
forestry. The district is also home to several protected natural areas, including the Carpathian
Biosphere Reserve and the Skole Beskids National Nature Park, which are important for
biodiversity conservation [3].

Fig. 1. Map of Drohobych district
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Water resources of the region are represented by rivers that enter the Dniester basin,
reservoirs, streams, and underground waters. The cities of the district, Drohobych, Stebnyk,
Boryslav, and Truskavets, have a centralized water supply [17]. One of the main suppliers
of drinking water is the utility company "Drohobychvodokanal". At the same time, in many
inhabited points in rural areas, the population uses sources of decentralized water supply, in
particular, water from wells. The quality of water in these settlements needs to be monitored
and evaluated.

To assess the quality of water in the Drohobych District, water samples were taken
in 17 settlements (Table 1). Samples were taken and analyzed in 2021. The analysis was
carried out according to 13 indicators: ammonium content, chlorides, sulfates, iron content,
hardness, total mineralization, content of nitrates, nitrites, fluorides, manganese, odor, total
mineralization and hydrogen index. Analyzes were performed in accordance with standard
methods for assessing the quality of drinking water [4, 18]. A data file was generated based
on the results.

Table 1
Settlements, where water samples were taken and their geographical coordinates
No. Settlement Latitude Longitude
1 Lishnia 49,37361 23,45417
2 Uniatychi 4937361 23,41583
3 Nahujevychi 49361945 23,320557
4 Stupnytsia 49431389 23,3225
5 Verkhni Hai 49313334 23,656112
6 Medvezha 49.407778 23,381944
7 Ranevychi 49345278 23,556389
8 Bystyrtsia 49471111 23,445
9 Navoshychi 49.475556 23,450278
10 Luszok 49,449722 23,369444
11 Pochaievychi 49360557 23,575557
12 Rykhtychi 49,39139 23,541945
13 Dobrivliany 49435278 23,566111
14 Mykhailevychi 49,375835 23,600558
15 Nyzhni Hai 49,3476 23,676668
16 Derezhychi 49334722 23,455833
17 Drohobych (district center) 49,35 23,5

At the next stage, the geographic coordinates of the sampling points were added to the
received data file. The file prepared in this way was further processed in the Tableau software.
A separate map was compiled for each indicator of water quality [9]. The parameters for
distinguishing indicators were used - the size of the marker and its color. The darker color
of the settlement marker and its larger size corresponded to a higher value of the quality
indicator. A lighter color and smaller marker size corresponded to a smaller indicator value.
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Fig. 2. Map of the sampling points
RESULTS

The results of the spatial analysis are presented in the form of a set of maps from the
display of values for the corresponding indicator. The ammonium content (Fig. 3) of the
water samples of the studied settlements differs slightly. The lowest values are observed for
the southeastern part and the northwestern part of the district. The highest value for this
indicator was recorded for the northeastern part (the village of Dobrivlyany).

Ammonia

Sambir
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Fig. 3. Map of ammonia content

According to the content of chlorides (Fig. 4), the territory of the district can be divided
into two parts. The eastern and southeastern part of the district is characterized by a lower
content of chlorine ions. In the eastern and especially in the northeastern part, this indicator
has higher values. As for the content of fluorides (Fig. 5), it is possible to single out only
the part of the district with the lowest content of them. The lowest value is observed for the
southern and southeastern parts of the district. In the rest of the territory, the value of this
indicator is approximately 5 times higher.
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Fig. 5. Map of fluorides content

Regarding water hardness, the smallest and largest values differ by more than 5 times.
The highest indicators of hardness are recorded in the northern and northeastern parts of the
district. The lowest value of this parameter is observed for the southeastern part of the district
(Fig. 6). The lowest value of iron content in water is also observed in the southeastern part
of the district (Fig. 7). In the rest of the territory, the values of this indicator were 4-5 times
higher. The highest value was observed for one settlement - the village of Dobrivlyany.

The content of manganese in the water of all studied objects is approximately the same.
The absence of special differences can be seen on the corresponding map (Fig. 8). Analysis of
the nitrate content shows the presence of differences depending on the location of the research
object (Fig. 9). The highest values are observed in the northwestern part of Drohobych district.
The lowest content of nitrates in water is recorded in the southeastern part of the district.

The content of nitrites in the studied water differs significantly only for two settlements in
the north and south of the district (Fig. 10). In the rest of the studied area, the nitrite content
in the water is about 5-7 times lower. For the southeastern part of the district, this indicator is
almost 10 times lower. The evaluation of the smell of water (Fig. 11) shows that this parameter
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is the same for most settlements in the studied area. Much higher values of this indicator are
recorded in three settlements located in the northeastern part of the studied district.
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Fig. 11. Map of odor in studied area

Regarding the content of sulfate ions in water, the territory of the studied area is divided
into two parts (Fig. 12). The highest values of this indicator are observed for the northwestern
part. Further, the value of the sulfate content decreases towards the southeast. In the
southeastern part of the district, the content of sulfates is the lowest. A similar pattern is
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observed for general mineralization (Fig. 13). In the direction of movement from the north-
west to the south-east, the value of this indicator also decreases and reaches the minimum
value in the south-eastern part of the district.
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Fig. 13. Map of TDS in studied area

Regarding the content of sulfate ions in water, the territory of the studied area is divided into
two parts (Fig. 12). The highest values of this indicator are observed for the northwestern part.
Further, the value of the sulfate content decreases towards the southeast. In the southeastern
part of the district, the content of sulfates is the lowest. A similar pattern is observed for total
mineralization (Fig. 13). In the direction of movement from the north-west to the south-east,
the value of this indicator also decreases and reaches the minimum value in the south-eastern
part of the district.

Thus, the spatial analysis shows that the investigated indicators can be divided into two
groups - those that depend on the place of sampling, and those that do not. Parameters of
manganese content, smell, pH, nitrite and iron content. They do not depend on the place
of sampling. For the rest of the parameters, the results of the analysis are influenced by the
place where the sample was taken. For these indicators, it can be concluded that the highest
indicators of quality and water are characteristic of the southeastern part of the district. It is in
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this part that the lowest content of nitrates, chlorides, and sulfates, as well as the lowest total
mineralization and turbidity, is recorded in water samples.
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Fig. 15. Map of pH in studied area

CONCLUSIONS

Decentralized water supply sources continue to be an additional, and in some regions,
the main source of water supply. Their monitoring is important not only from the point
of view of water supply security, but also as a source of information about water quality
in the region. In addition to the typical chemical analysis of water, the monitoring
methodology can be accompanied by the use of spatial analysis. Both geographic
information systems and a number of applied software products can be used to solve
spatial data analysis tasks. The carried out spatial analysis of water quality indicators
in the Drohobych district made it possible to create a number of maps for water quality
assessment. The conducted analysis showed that the quality parameters were divided
into two groups - parameters that depend and do not depend on the place of sampling
for analysis. According to the water quality indicators, which depend on the place of
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sampling, it was possible to establish that the water in the south-eastern part of the
Drohobych district has the best quality indicators. In the rest of the territory, the water
may have a higher content of pollutants. The conducted analysis can be used to create a
monitoring system, as well as to analyze the impact of environmental factors and human
economic activity on water quality.
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AHOTANIA

IMPOCTPOBA OLIHKA MOKA3HHUKIB AKOCTI BOAU
Y IPOTOBUIIBKOMY PAHOHI

Jxepena MEIeHTPali30BAHOTO BOIOMOCTAYaHHS MPOJOBXKYIOTh IOCITATH BAXKIMBE MicIe
3a0e3MmeueHHl BOIOI0 LIIOro psay perioHiB. Ilompu Te, mo IeHTpasizoBaHE BOIOMOCTAdYaHHSI
€ HaMIHHIINM, JCICHTPAII30BaHE BOMOMOCTAYaHHS MOXHA PO3MIAAATH sIK pe3epB. Kpim Toro,
iH(OpMallis PO SKICTh BOIM JPKEPEN ICLEHTPaTI30BaHOTO BOJONOCTaYaHHsI JT03BOJISIE J0JIATKOBO
OLIIHUTH CTaH BOJHUX PECYpPCIB y peTioHi.

MOHITOPHHTOBI TOCIIIPKEHHS SKOCTI BOIU 3a3BUYAl Iepe0aqatoTh Bioip mpoo, iX XiMidHA
aHaniz Ta (opMyBaHHS 0a3u JaHUX PO SKICTh BOXM. Pa3oM 3 THM y TPAaKTHKy MOYHMHAE
BITPOBA/KYBAaTHCS TPOCTOPOBHH aHAJI3 PO3TAIIyBaHHS UDKepen 3a0pyqHEeHHS abo Kepen 3
YHCTOIO BOJI0K0. Takuii aHasi3 03BOJISIE BUSIBUTH paiioHU 3a0py/AHEHb, BA3HAYUTH BILUTUB (pakTOpiB
JIOBKIJUISL Ta aHTPONOTreHHMX (akTopiB Ha sKicTh Boau. IlpocropoBmii ananiz mnependavae
Bukopucranss reoindopmaniitanx (I'IC) Ta ckiajaHHs €JIEKTPOHHUX Ta IHTEPAKTUBHUX KapT.
JIOTIOMDXKHAMH iHCTPYMEHTaMH Ul TIPOCTOPOBOTO aHATI3y MOXKYTh CIY)KHTH 1HIII IPOTpaMHi
nponykrd, Hanpukian Excel abo Tableau. Y HEX MOXyTh CTBOprOBaTHCS (ailii TaHWUX, a HOBI
MOKJIMBOCTI IIMX JIOJIaTKIB JO3BOJIIOTH TAKOK CTBOPIOBATH TEMATHYHI KapTH.

OO0’eKTOM  TIPOBENIEHOTO  JOCHI/DKEHHS OyJld  BOIM  JDKEpEN  JeEeHTPali30BaHOTO
BoZloniocTa4yanHs y JIporoOunpkoMy paiioni. Jlo BOgHMX pecypciB Ha TepHTOpPil BXOIATH
npuToky J{HicTpa, psia BOIXOCXOBHIL, BOAA MiA3EMHUX JpKepeld. BopornocrauanHst mictT paioHy
3MIHCHIOETHCS 32 PaXyHOK JDKeped IIEHTPAIi30BaHOTO BOAOIIOCTAYaHHs, Y TOM Yac, K Y CUTbCBKIH
MICLIEBOCTI BHKOPHUCTOBYIOTBCS TaKOX JDKepesia ACLEHTPai30BaHOIO BoporocTadaHHs. Jlims
JoCTiKeHHs OyIo Bl,Z[l6paH0 mpobu Boam y 17 HaceleHWX IyHKTax paioHy. AHami3yBaincs
13 moka3HuKiB sikocTi Boau. [laHi aHamizy TPHB’A3yBAIHCA 10 KOOPIMHAT HACEICHOIO MyHKTY,
y SIKOMY BinOupaimcst mpoou Boxu. Ha OCHOBI OTpHMaHUX JIaHHUX CKJIAJHUCS €ICKTPOHHI KapTH.

[IpoBenenuii aHasi3 MOKA3HUKIB SIKOCTI BOJM ITOKA3aB, III0 YMOBHO IX MOYKHA PO3JIUINTH Ha
nBi rpyna. J{o meprnoi rpynu HanekaTh TOKa3HHUKH, IO HE 3aJIeXKaTh BiJl MicIls BiIOOpY mpodu Ta
€ TIPAaKTUYHO OTHAKOBUMH JUISI BCiX HaceleHHX MyHKTIB. Lle pH, 3amax, BMICT HITPHUTIB, MarHiIO.
Jpyry TpyIy CKJIaJaloTh MOKAa3HUKH, IO BIAPI3HAIOTHCS 3aJI€KHO Bif MicIs BigOopy mpoOwu.
Jlo Takux Hajex)arTh BMICT XJIOPHAIB Ta Cyib(aTiB, BMICT 3ai3a, 3arajibHa TBEPIICTh, BMICT
(dbropuni Ta HiTpaTiB. 3HAUYCHHS [UX MOKA3HUKIB € HAHMCHIIUM JJisi 00 €KTIB JIOCIIKCHHS,
PO3TAIIOBAHMX Y MiBAEHHO-CXIHINH YacTHHI paiioHy. TakuM 4MHOM, MOXXHA 3pOOMTH BUCHOBOK,
1110 CaMe y IiBJICHHO-CXI/IHIi YacTHHI pailoHy BoJa KEepeI ACLEHTPaIi30BaHOTO BOIOTIOCTAYaHHS
XapaKTepU3y€eThCS HAWBUIIIMMU ITOKa3HUKAMHU AKOCTi. CITif] 3a3HAYUTH, [0 Y BCIX TOCIHTIHKYBAHUX
npoOax MOKA3HHUKHU SKOCTI HE IEPEBHIYBAIN AOITYCTUMOTO 3HAYEHHs, IPOTE caMe y IiBACHHO-
CXiHIM YacTHHI palOHy SKICTh BOOU € HAMBHIOK. BUKOHAHHS MPOCTOPOBOTO aHANI3y €
JIOZIATKOBUM 1HCTPYMEHTOM MOHITOPHMHTY SIKOCTI BOJAW. 3 HOTO JIOIIOMOTrOI0 MOXKHA CKJIaJaTh
IHTEpPAaKTHBHI KapTH, OLIHIOBATH BIUIMB ()aKTOPIB Ha SIKICTH BOAM, PO3POOISATH YHPaBIIHCHKI
piLICHHS Y MEXax paioHy.

KirouoBi ciioBa: J[poroOuIbKuii paifoH, MOHITOPHHT, SKiCTh BOJIH, IPOCTOPOBUI aHATI3.
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SMIHHU XIMIYHOI'O CKJAZlY BOJAH
Y I'TAPOEKOCUCTEMAX PI3HOT'O TUITY

AHoTtamisi. XiMiYHUN CKJIaJ TiAPOCKOCHUCTEM IMOCTIHHO 3MIHIOIOTHCS BHACIIIOK 30BHIIIHIX
(anTpOmnorenes, KJIiMaTU4YHI 3MiHH, BINCHKOBI JIiT) Ta BHYTPIIIHIX (BHYTPIIHLOBOJIOWMHI ITPOIIECH)
BIUMBIB. HalOLibII mommpennMy 3a0pyIHIOBa4YaMH, 1110 HAIXOATh JI0 BOJIOWM 3 TIOBEPXHEBUM
CTOKOM 13 3a0y[OBaHHX i IPOMUCIOBUX TEPHUTOPIH, 3 aTMOC(HEpHHMHU ONaJaMH, BHACIIIOK
BHBITPIOBaHHS, BAKOPHCTAHHS TOOPHB Ta CHHTETHYHIX MHIHNX 3aC00iB, 3aXOPOHEHHS BiJIXOMIB, €
cynb(pam xyopuau ta pocharu. Mera qoCiipKeHHs — BU3HAYEHHS 3MIHH XIMIYHOTO CKJIajty BOJH
y Fl}j[pOCKOCI/ICTeMaX pi3HOro THIY (piuKa, BOIOCXOBHILE, Kap’ €p Ta 03epo). Y CTarTi A0CIIHKEHO
CE30HHI 3MIHM BMICTY cynb(ariB, XJopuaiB Ta GocdariB y rizpoekocucremMax pi3HOro TUIY Ta
HABEJICHO OCHOBHI JKepelia IXHOro Haixo/keHHs. HaBeneHo BmicT cynbgariB y Bomi p. CtyOenka
(38,4-77,8 mr/nm?®), Xpinuauibkomy Bogocxosui (40,3—-71,1 mr/am?®), 03. 3acsitceke 40,3—67,2
mr/nm®) Ta Moposieskoro kap’epy (50,0-69,2 mr/am?). Kpim aHTpOTIOTeHHUX YHHHUKIB, CYITB()aTH
HAJIXOIATh Y BOIOHMHM BHACIIIZOK BiIMHUPAHHS O10TH Ta MPOIIECiB OKUCHEHHS PEYOBHUH POCINHHOTO
Ta TBAPUHHOTO MOXO/KCHHs. 3a(ikCOBaHO 3MiHM KOHIIGHTpaIil xyiopuaiB y Bomi p. CryOenka
(14,9-28,4 mr/nm?*), Xpinauiskoro Bogocxosuina (14,9-20,6 mr/am?), 03. 3acsitceke (3,54 21,1
mr/am?), Mopo3iscbkoro kap’epy (7,09-39,0 mr/am?). HaliBuiui koHueHTpauii hocdatis BUSIBICHO
y Bomi p. Cry6enka (0,058-0,117 mrP/nm®) Ta Xpinuuipkoro Bogocxosuina (0,030-0,094 mrP/
M3, a HaiiHwk4l — y Bomi 03. 3acitceke (0,007-0,024 mrP/mv?®) Ta MoposiBceKoro kap’epy
(0,005-0,022 mrP/nm®). Busnadeno, mo BMicT cymbdaris, xmopuaiB ta docdariB y Bomi BCix
BOJHUX 00’€KTIB HE MEPEBHUIIYE AOMYCTHMI 3HAYCHHS BIPOIOBK YCHOTO MEPIOLy JIOCIIIKECHHS.
IMoka3zaHo, 1o BMICT IOCIIPKEHNX CIONYK Y BOAHUX 00 €KTaX 3MIHIOEThCS TakuM unHOM: SO,> —
Kap’ep > 03epo > piuka > Bogocxopuie; CI — kap’ep > piuka > Bomocxouuie > 03epo; PO, —
pivKa > BOIOCXOBHIIE > Kap’e€p > 03epo.

KuarouoBi cioBa: eBrpodikaris, piuka, BOJOCXOBHINE, Kap’ep, o3epo, (ocdaru, cymbdarm,
XJIOPH[IH.

BCTVYII

CraH BOIHMX €KOCHUCTEM Ta SKICTh BOIU B HUX BU3HAYAIOTH 32 PI3HUMH KPUTEPISIMHU, LIKaJIAMU
Ta TOKa3HHMKaMH. Hacamrepes akIEHTYeThCS yBara Ha THX CHONyKax Ta PEUYOBHHAX, IIIO
MOPYILYIOTh EKOJIOTTYHY CTIHKICTh BOJONM UM MPU3BOAATH A0 IXHBOI Jerpajaii. 3a0pyHioBayi
MIOTPAIUIIOTH 10 BOJOHMH 3 IPOMHCIIOBIMH Ta MTOOYTOBIMH BOJAMH, BHACITOK BUKOPHUCTAHHS
JOOpHB, IECTUIHIB Y CLTLCHKOMY TOCIIOAAPCTB1, PO3JIMBIB i1 Yac BUIOOYTKY, TPaHCIIOPTYBaHHS,
30epiranHs HadTH 1 HaQTOMPOIYKTIB TOMIO. [IpoTe IXHIM BIUIMB Ha BOJHI EKOCHCTEMH CYTTEBO
3aJIeKUTH Bill IHTEHCUBHOCTI HAJXOPKEHHS, KIIIMAaTHYHUX YMOB, PO3MIpIB Ta CTaHy 00 €KTa,
TUIOMII BOIO300pY, a TAKO)K CAMOOYHCHOI CITPOMOXHOCTI. be3yMOBHO, IBUIKICTH OYHIICHHS
BOJIOMMHM Bif OaraTthboX 3a0pyIHIOBAYiB BU3HAYAETHCS PO3BUTKOM (DITOIUIAHKTOHY Ta BHIIOT
BOJHOT pociuHHOCTI. OIHAK MICNs 3aBEPIICHHS BETeTAIlIfHOTO TMEpiofly YacTHHA PEYOBHH,
MONIMHYTHX 010TOI0, MOXKE HAJXOAWTH JI0 BOAOMMH Ta BUKJIHMKATU 1l BTOPMHHE 3a0pYJHEHHS.
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Tum He MeHITe came 010Ta MIATPUMYE CTIHKICTh BOAHOI eKOCHCTEMH Ta BIUTUBAE Ha i1 XIMIYHUH
cxinaa. Jlo BaXIIMBUX MOKa3HUKIB XIMIYHOTO CKJIAJy BOAM BITHOCSTH CyIb(aTH, XJIOPUAUA Ta
(ocdaru, siKi 4acTO BUKOPUCTOBYIOTH JIJISI OIIHIOBAHHS €KOJIOTTYHOTO CTaHy BOJOMMH. Bricoki
KOHLICHTpAIIIl 3a3HAYEHHX CIOYK 3a3BHYail HEraTMBHO BILIMBAIOTH HA BOIHI OpraHi3Mu (puoy,
0e3xpeOeTHUX), 3HWKYIOTh TPOIECH KHUTTEMISUIBHOCTI 1 PO3MHOKEHHS, a TAKOX CIPHSIOThH
eBTpodikalii BOZOWM Ta BiAMOBIAHO PI3KOMY 3POCTAaHHIO KUTBKICHHX, SIKICHUX MOKa3HHKIB
BOJZIOPOCTEH 1 BHINMX BOJHUX pocivH. [IpoTe 3a onTWMallbHMX KOHIIGHTpalid cyibdary,
xsopuu Ta hochaTy MOZUTUBHO BIUIMBAIOTH HA PO3BUTOK O10TH Ta BOJHY €KOCUCTEMY 3aTrajioM.

Meta qocailzkeHHs1 — BU3HAYCHHS 3MIHHM XIMIYHOTO CKJIaJy BOAM Yy T1IPOEKOCHCTEMAX
pizHOrO THIY (pivuKa, BOIOCXOBHILE, Kap’€p Ta 03epo).

MATEPIAJIN TA METOAHN

Jliis ipoBeieHHs TiAPOXIMIYHOTO aHalli3y MPOOH BOIU BiJIOHpAH MIOMICSIISI BIIPOJIOBK
yepBHsA—nucronaga 2022 p. y BOOHMX eKocucTeMax pizHoro tumy (piuka CryOenka —
50°28'12.4"N 25°58'03.9"E, Xpinanieke Bogocxosumie — 50°27'58.6"N 25°11'49.9"E, o3epo
3acBiTchke — S51°52'35.0"N  25°44'10.1"E, MoposiBcbkuii kap’ep — 50°39'13.6"N
27°09'45.3"E) (puc. 1).

PiBHeHcbka ofnacTb

Piuika Cry6enka

0%

XPiHHULBKE:

Puc. 1. Kapra-cxema po3minieHHs1 00’ €KTiB J0CTiTzKeHHS

KonuenTpauito cynbdar-ioHiB BU3Ha4a I (POTOMETPUYHUM METOJIOM 3 BHKOPUCTAHHIM
pO3UMHY XJIOpHUILY Oapito y CyMillll eTHICHIIIIKOIIO Ta €TaHOy 3a NOBKUHU XBHII 300 HM.
Busnavenns ¢docdarip 3aiiiCHIOBAIN B peaklii 3 aMOHII0 MOJIIOaTOM Ta OJI0OBa XJIOPUIOM
3a momKHHM XBWiIi 590 HM. BMicT XnopuaiB BH3HaYamy TUTPHUMETPUYHHM METOIOM, IO
nepeadavae ocaKeHHS XJIOPUA-10HIB PO3YMHOM apreHTyM Hitpary (AgNO;) 3a MpUCyTHOCTI
muxpomary kanito (K,Cr,O,) sik ingukaropa [2].
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PE3VJIbTATH

Cynbdarn — HaWHOUIBII MOMIMPEHI AaHIOHW BOJHHUX EKOCHUCTEM. 3a BiJIICYTHOCTI
AQHTPOITOTCHHUX JKEPENT HAIXO/DKCHHS KOHIICHTPALlisl CYIb(ariB y BOJi CTAHOBUTH OJIU3BKO
25-30 mr/am’. BayIuBUME DKepeTaMu 3pOCTAaHHS BMICTY Cyab(ariB y TiIpOeKOCHCTEMaxX
BB)KAIOTh MPOILECH BIAMHUpAHHS OIOTH, OKMCHEHHS PCUOBHMH Ta MiI3eMHHUU CTik [1].
Pesynpratu nocnimkeHHS BMICTY Cynb(haTiB y BOJI TIJPOCKOCUCTEM Pi3HOTO THUITYy HaBEACHI
Ha PUCYHKY 2.

C, m2/om? SO,
90
80
70
60
50
40
30
20
10

0

p. Ctydenka XpiHHAIBKE 03.3aCBITCBKE Mopo3iecekuit
BOIOCXOBHITE Kap’ep
m6 u7 mg m9 =10 11 micayi

Puc. 2. 3minu BmicTy cyasdaris y Boji rizpoexocucreM pi3HOro THILY

Konmenrparist cynsdaris y Bomi p. Crybenka 3miHtoeTbest Big 38,4 mr/am’ (JMIEHb,
JKOBTEHb) 10 77,8 mr/mM® (ceprens), mo mepebyBae B MeKax TIPAaHHYHO JOIMYCTHMHX
kouneHrpaiii (I[JIKpubrocmn. =300 mr/am?). AHaaOTiuHI 3aKOHOMIPHOCTI MaKCHMaIbHUX Ta
MiHIMaJBHUX 3HAYCHB 3a(1KCOBAHO Y X pIHHUIIBKOMY BOJIOCXOBHIILI. 30KpeMa, BMICT CYIIb(aTiB
Bapitoe Bin 40,3 mr/am® (smnens, sxoBreHb) 10 71,1 mr/am® (cepriens). ¥V 03. 3acBiTchke
MaKCHMaJIbHHI BMICT Cyinb(dariB cTaHoBHTH 67,2 Mr/aM® (ceprieHsb), a MiHiManbHui — 40,3
mr/am® (skoBTeHb). KonteHTpartis cynmbdaris y Boxi Mopo3iBChbKOTo Kap’epy 3MiHIOETHCS Bill
50,0 mr/nm? (urens) 1o 69,2 mMr/am? (ceprieHsb).

3aramoM HalBHIII KOHLEHTpamii cynb(}aTiB y BOJ1 BCiX BOJHUX EKOCHCTEM 3a(hiKCOBaHO
y CEpITHI, a HAWHWKY1 — y JIMITHI Ta )KOBTHI. BMiCT cynb(ariB y BOAHUX 00’ €KTaxX 3MIHIOEThCS
TaKUM YHHOM: Kap’€p > 03epo > piuka > BOJOCXOBHIIIE.

3MIHM KOHIICHTpAIlil XJOPHJIB Y BOJAI TiAPOCKOCUCTEM pI3HOTO THITy HABEICHO Ha
PHUCYHKY 3.

Konnenrpartist xopuai y Bomi p. CryOenka 3minoerses Bia 14,9 mr/om® (Bepecens) 10
28,4 mr/am® (depBenn). BmicT xmopuaiB y Boji XpiHHHIIBKOTO BOJIOCXOBHIINA Bapitoe Bif 14,9
mr/am? (mucronan) 1o 20,6 Mr/am? (ceprieHb, )KOBTEHb). MiHiMalbHa KOHIICHTPALLis XJI0OPU/IiB
y BOJi 03. 3aCBITCbKE CTaHOBHUTH 3,54 Mr/nm> (BepeceHb, )KOBTEHB), a MakcuMaibHa — 21,1
Mmr/am? (depBern). BMicT XitopuiB y Boai Mopo3iBChbKOTo Kap’epy 3MiHIO€ThCs Bix 7,09 Mr/
am® (uepBenn) 10 39,0 mr/am® (koBTens). Ilepesuiiens [JIK XI0pHIiB y BOI JOCITIIKEHIX
rizpoexocuctem He BusiieHo (IIKpu6rocm.=100 mr/mm?®). TIpore Haifuacriine XJIOpHIH
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MOTPAIISIOTh Y BOJOWMH 31 CTIYHMUMH BOJaMH. BMICT XJIOpWIIB y BOIHUX 00’ €KTax
3MIHIOETBCS] TAKMM YHMHOM: Kap’€p > piuka > BOAOCXOBHILE > 03€pO.

C, me/om® Cl
45
40
35
30
25

p. Ctybemnxa XpiHHUIBKE 03.3aCBITCBKE MoposiBeskuit
BOZIOCXOBUIIIE Kap’ep
m6 m7 mg uo m10 Il aticayi

Puc. 3. 3minu BMicTy XJI0puIiB y Boji ripoexocucTeM pi3HOro THILY

Benvke 3HaueHHS [UIs iCHYBaHHS 010TH Ta T1POEKOCHCTEMH 3arajioM MaroTh (ocdaru.
3a onTUMalbHUX KOHIEHTpauii ¢ocdaru 3a0e3neuyroTh MNPOAYKTUBHICTH €KOCHCTEM Ta
PeTyIIoITh BHJOBE 0araTrcTBO TipoOIOHTIB TOIIO. [lepeBUINEHHS AOMYCTUMHX 3HAYCHb
(hocdariB mpU3BOAUTE 10 3MiHU PiBHS TPOMHOCTI, PO3BUTKY BUIIB, 10 BUIUISIOTH IIKIIJIHB1
JUIS. 1HITUX TiApOOIOHTIB METaboNITH Ta Ime OUIbINE MOTIPIIYIOTh SIKICTh BOAHM. BMicT
(hocdariB 3a3Ha€ CE30HHUX 3MiH, 1110 3aJICKUTH K BiJl LUIAXIB MOTPAIUIIHHS (BUBITPIOBAaHHS
1 PO3YMHEHHS MTOPIJI, IO MIiCTATH OpTOhoCchaTh, BUKOPUCTAHHS HOCPOPHHUX JOOPUB, MUHHUX
3ac00iB), TaK 1 PO3BUTKY O10TH (IIPOLECH YKUTTEMISIBHOCTI Ta BigMupaHHs). HaiOinpmmmu
JOKepellaMi aHTPOIIOTEHHOTO HAJXOKeHHS (ocdarTiB BBOXKAIOTh  CUTLCHKOTOCTIONAAPCHKI
CTOKH, CKUJIU CTIYHUX BOJ] 3 OYUCHUX CIIOPY/ Ta MPOMHUCIOBUX 00 €KTiB [3; 4; 5].

KoHnienTpartist pocdariB y BoJi TipOSKOCUCTEM Pi3HHUX THITIB HABEICHA HA PUCYHKY 4.

C, meP/om? PO,
0,140
0,120
0,100
0,080
0,060
0,040
0,020
0,000

p- Ctybenka XpiHHIIBKE 03.3acBITCBKE MoposiBcekit
BOJOCXOBHIIE Kap’ep
m6 u7 8 mo =10 Il wicayi

Puc. 4. 3minu Bmicty docdaris y Boai rizpoexocucrem pizHOro THITY
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Bwumict ¢ocdaris y Bomi p. Crybenka Bapitoe Bim 0,058 mrP/mm® (nmcromam) mo
0,117 mrP/nm® (cepniens). Konnentparisi Gocdarie y Boai XpiHHHIBKOTO BOIOCXOBHIIA
smiatoersest Big 0,030 mrP/mv® (Bepecenn) mo 0,094 mrP/mm® (numens). Haitamkdi
koHIeHTpamii (ocdarie y Bomi 03. 3aceirceke craHoBmsate 0,007 mMrP/mm® (nunens),
a manBumi — 0,024 mrP/am® (ucroman). Bmict ¢ocdarie y Boai Mopo3iBcskoro kap’epy
sminroerses Big 0,005 MrP/om? (uepsens) 10 0,022 MrP/mm? (KOBTEHB).

Britky wxoHmeHtpanis ¢ochopy y Bomi 03. 3acBiTcbke Ta MOpPO3iBCEKOTO Kap’epy
HAHWKYA, 10 OB’ S3aHO 3 HOTO IHTEHCHBHUM TONIMHAHHAM (DITOIUIAHKTOHOM Ta BUIIUMHU
BOIHUMH pociimHamu. Y Bofi p. CryOernka Ta XpiHHHUILKOTO BOJOCXOBHINA KOHIIEHTPAITIS
(dhocdopy, HaBNaKu, 3pOCTAE BIITKY, 1110, KMOBIPHO, 3yMOBJIEHE MPHUILIBUALICHHSIM MPOLIECIB
BHUBUIBHCHHS OpraHiYHOI pPEYOBMHHM 13 JOHHUX BiakianiB. Bocernm Bwmict docdaris
3HIXKY€EThCSl y BoAl p. CryOenka Ta XpiHHUIBKOTO BOJOCXOBHINA BHACIIAOK MOTTMHAHHS
010TOI0 Ta MOCTYIOBOTO OCAJKEHHsI Y JIOHHI BIJKJIaJd, OJHAK IiJBHILYETHCS Y BOMAL 03.
3acBiTcbke Ta MOpO3iBCHKOTO Kap’epy.

Bapro 3a3znauntu, 1o BMicT pocdopy y Boai p. CTyOenka HaWBHIUHN 3 yCiX BOIHHUX
00’€KTiB, 10 3yMOBIIEHO HOr0 aKTHUBHHUM HAaJXOKCHHSM 13 MOBEPXHEBUM CTOKOM. Kpim
TOTO, MiJIBUIEHHS BMICTY (Qocdopy y BOIi 3yMOBIICHE CIOBUIBHEHHSM TPOIECIB HOTO
MOIJIMHAHHS Oi10TOI0 Ta BHBIJLHEHHSIM BHACIIJIOK BiMUpaHHS TigpoOiOHTIB. 3arajiom
KoHIIeHTpallis ¢pochopy y Boui p. CTyOenka BUIIA HIXK y XPIHHHIIBKOMY BOJOCXOBHIII (Y
1,4 paza), y 03. 3acitceke (y 5,3 pasza) ta y Mopo3siBcbkomy kap’epi (y 4,8 paza). Bmict
(docdariB y BoJHIX 00’ €KTaX 3MIHIOETHCS TAKUM YHHOM: PiuKa > BOJOCXOBHIIE > Kap €p
> 03epo.

BUCHOBKH

KonnenTparii cymbgari, XimopuaiB Ta ¢GocdariB y BOII BCIX JOCITIIKSHUX BOIHHX
00’ekTiB TiepedyBae B MeXaxX AONYCTUMHX 3HadeHb. HaliMeHIIMH BMICT XJIOpPHIIB Ta
(bocdariB BUABICHO y 03. 3aCBITCBKE, a Cylb(haTiB y XpIHHUAILKOMY BOJOCXOBHINI. HalBumi
KOHLIEHTpalii cynbhaTiB Ta XJI0puaiB 3adikcoBaHo y Mopo3siBcbkoMy Kap’epi, a (ocdatiB
y p. Cry0Gernka. 3arajioM BMICT JIOCHIDKEHUX CITONYK Y BOTHHUX 00’ €KTaX 3MIHIOETHCS TAKUM
guroMm: SO,2 —xkap’ep > 03epo > piuka > Bogocxoswiie; CI —kap’ep > piuka > BOJTOCXOBHIIE
> o3epo; PO,” — piuka > Bomocxosumie > kap’ep > 03epo. BmicT cynbdaris, xaopuais ta
(docdariB y BoAl TiIPOEKOCHCTEM 3aJIeKUTh BiJl PIBHS aHTPOINOIEHHOTO HaBaHTAKEHHS,
JOKEpeIl TIOTPAIUISTHHS Ta CIIEIU(IIHUX 0COOIUBOCTEH 00’ €KTIB.
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ABSTRACT

CHANGES IN THE CHEMICAL COMPOSITION OF WATER
IN DIFFERENT TYPES OF HYDROECOSYSTEMS

The chemical composition of hydroecosystems is constantly changing as a result of external
(anthropogenesis, climate changes, military operations) and internal (intra-water catchment processes)
influences. The most common pollutants entering water bodies with surface runoff from built-up and
industrial areas, with atmospheric precipitation, as a result of weathering, the use of fertilizers and
synthetic detergents, and waste disposal, are sulfates, chlorides, and phosphates. The purpose of the
study is to determine changes in the chemical composition of water in hydroecosystems of various
types. The article examines seasonal changes in the content of sulfates, chlorides, and phosphates in
hydroecosystems of various types and provides the main sources of their supply. The content of sulfates
in the water of the Stubelka River (38.4—77.8 mg/dm?), Khrinnytsky Reservoir (40.3-71.1 mg/dm?),
Lake Zasvitske 40.3-67.2 mg/dm®) and Morozivskyi quarry (50.0-69.2 mg/dm’).
In addition to anthropogenic factors, sulfates enter reservoirs as a result of the death of biota
and oxidation processes of substances of plant and animal origin. Changes in the concentration
of chlorides in the water of the Stubelka River (14.9-28.4 mg/dm®), Khrinnytsky Reservoir
(14.9-20.6 mg/dm?), Lake Zasvitske (3.54-21.1 mg/dm?), Morozivskyi quarry (7.09-39.0 mg/dm?)
have been fixed. The highest concentrations of phosphates were found in the water of the Stubelka
River (0.058-0.117 mgP/dm?) and the Khrinnytsky Reservoir (0.030-0.094 mgP/dm?), and the
lowest — in the water of Lake Zasvitske (0.007-0.024 mgP/dm®) and the Morozivskyi Quarry
(0.005-0.022 mgP/dm?). It was found that the content of sulfates, chlorides and phosphates in the
water of all water bodies does not exceed the permissible values throughout the entire period of the
study. It is shown that the content of the studied compounds in water bodies changes as follows:
SO — quarry > lake > river > reservoir; CI — quarry > river > reservoir > lake; PO, — river >
reservoir > quarry > lake.

Key words: eutrophication, triver, reservoir, quarry, lake, phosphates, sulfates, chlorides.
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JTUHAMIKA KOHIIEHTPAIII XJIOPO®LITY B JINCTKAX
JEPEBHUX POCJIMH HA TEPUTOPII MICTA JIbBOBA

AHoTanis. Pi3HI BUIU TPaHCTIOPTY CIPUUYMHSIOTH HAJXOKEHHSI B KOMIOHEHTH JTOBKIJIIIS
NOJIOTAHTIB, SIKI IIKI[UIMBO BIUIMBAIOTh Ha (YHKI[IOHYBaHHS OIOTH B MICBKHX €KOCHUCTEMax.
Onnak MeTa0oJiYHI 3MiHU B pOCIINHAX, SIKI POCTYTh Ha TEPUTOPIT MICT, 3’ 5ICOBaHI HEJJOCTATHHOIO
Mipoto. Metoto poboru Oyino 3’scyBaTh JWHAMIKy KOHIEHTpalii XJopodily B JIHMCTKax
nepeBHUX pociuH (Acer platanoides L., Aesculus hippocastanum L., Tilia cordata Mill.),
3i0paHnX Ha MIISHKAaX 3 BUCOKHM pIiBHEM TPAHCIIOPTHOTO HaBaHTaKeHHA. [l mOCIiTKeHb
BUOpanu 4dotupu nociigui minsaku (J1-/14) 3 iHTEHCHBHMM pPyXOM aBTOMOOUIBHOIO Ta
3aJIi3HUYHOTO TPAHCIOPTY Ha TepuTopii Mmicta JIbBoBa. SIK KOHTPOJIL BHKOPUCTOBYBAJH
pociuHHMI MaTepiai, 3i0paHuil Ha TepuTopii MichbKMX mapkiB. [liqroToBKy pOCIMHHOTO
Marepiany 10 aHajizy, JOCIIKEHHs 3arajbHOi KOHIEHTpauii ximopodiny ta xmopodiny a- i
b-THITy 311CHIOBAIIN 3araIbHONPHUHATAME MeTogaMu. OTpHMaHi pe3yJbTaTH ONpalbOBYBaIN
METOJaMHU BapiamiifHOi CTAaTHCTHKHU. Y TPOIECi MOCHTIIKEHb BCTAaHOBIEHO, IO B JHUCTKAX
BCIX TPBOX MAOCIHIIKYBaHHX BHUIIB pociuH, 3i0panumx Ha ainsakax J[1-/14, BinOyBaerbcs
BIpOT'iJIHE 3MEHIIEHHS 3arajibHOI KOHIIEHTpaLii XJI0pod iy 1 KOHIeHTpallil XJI0podiny a-Tumy
MOPIBHSIHO 3 MMM MTOKa3HUKaMH B POCIIMHAX, 310paHux Ha Tepuropii mapkis. Kpim Toro, B
nuctkax A. hippocastanum, 310paHUX Ha JBOX i3 YOTHPHOX JOCHITHUX MUISHOK, BHSBICHO
BIpOTi/IHE 3MCHIIEHHS KOHIICHTpAIlii Xiopodiny b-Tumy mopiBHAHO 3 KOHTpoieM. OTpuMaHi
JaHl CBiAYaTh MPO MPUTHIYEHHS Tporecy (pOTOCHHTE3y B KIITHHAX POCIHH, SIKi POCTYTh y
palioHaxX i3 TPaHCIOPTHUM HABaHTAXECHHSM, Ta HEOJHAKOBY CTIHKICTh (POTOCHHTETHYHOIO
arapary pi3HUX BUJIB JIEPEBHUX POCIHH JI0 3a0pyAHEHHS JIOBKIJUIS, CIIPUUYMHEHOTO PYXOM
ABTOMOOUIBHOTO 1 3aJi3HUYHOTO TpAHCIOPTy. BopHouac oTpuMaHi pe3yibTaTH BKa3ylOTh
Ha INEPCIEeKTUBHICTh BUKOPUCTAHHS pociuH A. platanoides, A. hippocastanum i T. cordata
B OiOMOHITOPHHTOBUX IOCHTI/PKEHHSAX 3 METOIO 3’SCyBaHHS EKOJOTIYHOTO CTaHy MiCBKUX
TEPUTOPIH.

KurouoBi ciioBa: aepeBHi pociuu, HOTOCHHTES, XJI0POGiI, MIChKI €KOCHCTEMH, TPAHCITIOPTHE
HABaHTAXXCHH, 010MOHITOPHHT, ()iTOIHIUKAILIS
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BCTYII

Ha exomoriyanii cTaH KOMIIOHCHTIB HAaBKOJIMIIHBOTO CEPEAOBHINA y MICTaX BIUIMBAIOTH
PI3HOMAHITHI AHTPOIOTreHHI YHWHHHUKH, TIOB’S3aHI 3 1HJYCTpiaJbHUM PO3BUTKOM Ta
ypOanizarieto. JliSapHICT MPOMHCIOBUX MiANPUEMCTB 1 TEIJIOBUX EIEKTPOCTAHILH, pi3Hi
BUAW TPAHCIIOPTY, HEBIATIOBIMHE ITOBOMKCHHS 3 BIAXOHAMH CHPUYUHSIOTH MOTIPIICHHS
SKOCTI aTMOC(EPHOTO MOBITPsI, XIMIYHE 3a0pYyIHEHHS IPYHTY 1 BOJHOTO cepemoBumia [1-4].
Baxxmuse mkepeno 3a0pyaHESHHS JOBKIJUIS — aBTOMOOUTEHUH TPAHCIIOPT, HA KU MIPHITAIa€e
OCHOBHA YacCTKa 3a0pyIHIOBAJBHUX PCUOBMH, SKi HAAXOMATH B arMocdepy CydacHHX
MicT [4]. Jlo 3a0pynHUKIB, SKi HAAXOAATH B aTMOC(hEpHE MOBITPS BHACIIJIOK JiSUTBHOCTI
aBTOTPAHCTIOPTY, HaJIeXKaTh KapOoH okcuu (CO,, CO), Hitporen okcuu (NO,, NO), cynbdyp
qiokenn (SO,), TOMIUKIIIYHI apOMaTHYHI BYIJICBO/IHI, B&)KKI METaJH Ta iHII PEYOBUHH [4,
5—7]. 3ani3HUYHUI TPAHCTIOPT, KUl € BaXJIMBUM BHJIOM MIXMICBKOTO, MI>KPETi0HAJIBHOTO
H MDKIEpKaBHOTO CIONYYCHHS, TAaKOXK CIPUYHHSAE 3a0pYIHEHHS TOBKULIS Ha MPUICTINX
tepurtopisx [8—10]. BinbuiicTs MomOTaHTIB, AKi HAIXOSATh Y HABKOJIMIITHE CEPEIOBHIIIE YePe3
IISUTBHICTH @aBTOMOOUTFHOTO Ta 3ali3HHYHOTO TPAHCIIOPTY, BUSBILIIOTH IIKIIJTMBAHN BILIHB Ha
310pOB’st MicbKuX >kuTeniB [11-13]. ToMy BasknnBe 3HAUYCHHS Ma€ MOHITOPHHT CKOJIOT1YHOTO
CTaHy JOBKUDIA y MICTax Ta po3poOKa 3aXOmiB JUIs 3MCHIICHHS BIUIMBY aHTPOIOICHHOTO
HaBaHTA)XCHHS Ha KOMIIOHEHTH MICbKHUX €KOCHUCTEM.

B cucteMi €KOJOTIYHOTO MOHITOPHHTY BXKJIMBE 3HAYCHHS Ma€ METOA (iTOIHAMKAIT
3 BUKOPUCTAHHSAM POCIIHH, SIKi HACEJSIOTh MIChKi ekocucTemu. DitoiHauKalis nependavae
JIOCITI/DKEHHSI 3MiH Y MOP(OJIOTIYHUX 03HAKaX, (Di310JIOTTYHMX 1 O10XIMIYHHX TpoIecax I
Yyac B3a€MOJIil POCIUH 3 HaBKOJMIIHIM cepenoBuiieM [14, 15]. BupuenHs meTabomiqHUX
3MiH B KIJITHHAaX pPOCIMH-(QITOIHAMKATOPIB Ja€ 3MOry 3’sICyBaTd PIBEHb 3a0pyIHEHHS
HaBKOJIMIIHBOTO cepenoBuia [16, 17].

Jlo HaWBaXJIUBIMIMX META0OJIYHUX MPOIECIB Yy POCIUHAX HAICKHUTh (OTOCHHTES,
B SIKOMY 3aJisiHI CBITJIOUYTIMBI WITMCHTH, HacaMIepen 3eleHUH (OTOCHHTCTHUHHH
nirmeHT xsgopodin [18, 19]. Bimomi agekinbka THIIB XJI0podiNy; Yy BHIIUX POCIHHAX
CHUHTE3YEThCS XJIOpOodia a- 1 b-THly, sKi JOMOBHIOOTH OJJUH OJTHOTO y TIOTJIMHAHHI CBiTIa
[20]. IIpouec poToCHHTERY B pOCTMHAX Uy TITHBHA 0 Aii MPHPOTHUX CKOJOTITHHX YNHHHUKIB
(1HTEHCUBHICTh OCBITJIICHHSI, TEMIIEpaTypa, BOJAHHHA PEKUM), CKIaly arMoc(epHOTo
noBiTps 1 rpyHTy [18, 21-23]. 3a IHTEHCHBHICTIO IILOTO MPOIECY Ta BMICTOM XJIOPO(diTy
B JINCTKAaX POCINH MOXXHA OIL[IHUTH CKOJIOTIYHUN CTaH MiCBKHMX TEPUTOPiii, 30KpeMa, piBeHb
3a0pyIHCHHS HABKOJIHITHHOTO CEPEIOBUINA AHTPOIIOT€HHIUMH ITOF0TaHTaMu. OTHAK BILIHB
3a0pyJHECHHS JOBKIUIL HAa BMICT XJOpOQiTy B POCIMHAX, SIKIi POCTYTh y palfOHaxX MicT,
110 3a3HAIOTh TPAHCIIOPTHOTO HABAaHTAKCHHS, 3’ SICOBAHMH HEJOCTATHHOIO Mipor0. MeToro
pobotu Oyno 3’sicyBaTh 3MiHH KOHIEHTpaLii XJIOpodisy B JUCTKAX AEPEBHHUX POCIUH 3a
YMOB pOCTY Ha TUISHKAX 3 BUCOKHM PiBHEM TPAHCIIOPTHOTO HABAaHTKEHHS HAa TEPUTOPIl
micTa JIsBOBA.

MATEPIAJIN TA METOAHN

Tepurtopiss mociimkenb. JlochmipkeHHsT TPOBOAMIM Ha Teputopii M. JIbBOBa, ske
HAJICKUTh A0 HAHOLIBIIMX IPOMHUCIOBHX LEHTPIB y 3axigHii vactuHi Ykpainu. Micty
BJIACTHBA HASBHICTH PO3BHHEHOI TPAHCIIOPTHOI 1HPPACTPYKTYpH, 30KpeMa, aBTOMOOUIBHHX
JIOPIT 1 3aTI3HUYHUX KON, YIIPOJOBX OCTAHHIX POKIB HA TEPUTOPIi MicTa 3HAUHO MOOIIbIIAIa
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KUTBKICTh MPUBATHUX aBTOMOOITIB 1 3aCO0IB IPOMAJICHKOTO TPAHCIIOPTY, IO MPU3BEIO JIO
301JIbIIEHHS 00CATY BUKUIIB IIKIUIMBUX PEUOBHH B atMocdepy [7].

3 METO0 BiIOMPaHHS TPOO POCITMHHOTO MaTepiary 00payiv YOTHUPH ToCIiaHi qutsHkd (J]1-
J4), g SKux xapakTepHUH BUCOKHH piBeHb TPAHCHIOPTHOTO HaBaHTaxeHHs. Jinsaka /1,
po3mimeHa Ha TepuTopii Byil. JIyraHChKoO1, 3a3Ha€ BIUTUBY aBTOMOOUTLHOTO Ta 3a1i13HUYHOTO
Tpancnopty; AinsHky J2 1 JI3 (BigmoBigHo, Ha TepuTopii Bynuib Crpuiichkoi i [TaciuHoi)
3a3HAlOTh ABTOTPAHCIIOPTHOTO HAaBaHTaKEHHs; IUIstHKa JI4, po3MimieHa Ha TepuTopii
Mikpopaiiony JleBaHniBKa, 3a3Ha€ BIUIUBY 3aJi3HHMYHOTO TPAHCIOPTY. I[HTEHCHBHICTH PyXy
aBToTpaHcnopry Ha gimsakax JI2 i /I3 cranoButh 700-1200 TpaHcmopTHUX 3aco0iB 3a 1
roauny [2].

SAx korTpons (K) BUKOPHCTOBYBaJIM POCIUHHHUN MaTepia, 310paHuii Ha JIJSTHKaX TPhOX
Micbkux napkiB (Ctpuiicbkuil napk, CKHUIIBCbKUN Tapk 1 mapk iMeHi IBana ®dpanka), ki
HE 3a3HAIOTh BIUIMBY BHKHUJIIB aBTOMOOUIBHOTO TPAHCHOPTY. 3 II€I0 METOK 00’€IHYBalld
1 OIIPaLbOBYBAJIM PE3YIBTAaTH TOCIIIKEHb 3pa3KiB, 310paHuX y KOKHOMY 3 MapKiB.

BinOupanuss npo0 pocauMHHOr0 MarTepiajy Ta BHU3HAYeHHsI BMicTy XJopogimy.
JocnimkeHHs mpOBOAMIN BIPOAOBXK TiTHROTO epioxy 2022 p. IIpodu pocinHHOTO MaTepiany
(JTMCcTKHM) BiOMpalid 3 TPHOX BHIIB JCPEBHUX POCIHH, PO3NOBCIODKCHHX Ha TEPUTOPIT
MicTta, a came: Acer platanoides L. (knen 3Bu4aiiHuil, abo 1uiatanonomiOHuit), Aesculus
hippocastanum L. (ripkokamtan 3Budaidauil) 1 Tilia cordata Mill. (una npiGHONHMCTA,
abo cepuenucta). JIMCTKM cepeaHbOro po3Mipy 30HMpanu 3 JOCTYNHOI YaCTHHU KPOHH;
MIJITOTOBKY POCJIIMHHOTO Matepiajly IO JOCIi/pKeHb 3IIHCHIOBAIM B JabopaTopii 3rigHO
3 3arajibHONPUIHATAMU METOAaMH. 3 ICHTPAJbHUX YaCTHH CBIKUX JIMCTKOBHX IUTACTHHOK
BHpi3aJIl IIMATOYKH JINCTS, TIOIPiOHIOBAIIH Ta €KCTParyBaii 96 %-HUM €TaHOIOM Y TEMPSIBI.
[Ticnst GinbTpyBaHHA CyMillli BU3HAYAIN KOHLIEHTPALiI0 XJI0po(iiiB @ 1 b Ta 3aranbHUAN BMICT
xyopodiry meromom H. K. Lichtenthaler, A. R. Wellburn (1983) [24]. OntnyHy TyCTHHY
pO3uMHIB MirMeHTiB BuMiproBainu Ha criekrpodoromerpi ULAB-102 (Kurait) npu 649 i 665
oM. KoHIeHTpariro xiopodiny a- i b-TurmiB po3paxoByBaiu 3a popmynamu 112 [24]:

Cxaa = 13.95A65 — 6.88A4 (1),

Cxnp = 24.96 A4 — 7.32A465 (2),

ne Cy, , — KoHneHtpauis xjaopodiny a, Cy, , — KoHIeHTpalist XJI0podiny b, Agy 1 Ages —
ONTHYHA TYCTHHA PO3YHHIB MITMEHTIB, BIIMOBIIHO, TIpH 649 1 665 HM.

3araibHy KOHLEHTpALil0 XJO0podidy BHpakalud SK CyMy KOHLEHTpauliil xiopodity
a 1 xsopodiny b. KoHneHTpalliro MrMeHTIB TiepepaxoByBaid Ha 1 T cHpOi Macw TKaHWHU
nmucTka. BusHavuenHs npoBomuiu B 3—5 moBropax. PesynmeraT onpaiboByBasid METOAAMHU
BapiamiifHoi craTucTuky [25].

PE3VYJIbTATH

PesynbraTi HOCHIKEHb CBiIYaTh MPO 3HAYHI BIAMIHHOCTI B KOHIEHTpauii XjJopodity
B JINCTKaX JICPEBHUX POCIIVH, 310paHKX Ha pi3HUX AUISHKaX M. JIbBoBa. HaiiOinbia 3araibpHa
KOHLIEHTpalis xyuopodiny Ta Horo ¢pakuiii (xjmopodin a i xymopodin b) BUSBISLETHCS
B JIUCTKAaxX JIEPEeB, MO POCTYTh Ha TepUTOpil Michbkux mapkiB (puc. 1-3). 3HaueHHS
JOCIIPKYBaHUX MOKA3HMKIB y JUCTKAaX POCIHH, BiiOpaHWX Ha JUISHKaX MapKOBOi 30HH,
SIKi HEe 3a3HAIOTH BIUIMBY TPAHCIIOPTHOTO PYXy, MPHIMaIK 32 KOHTPOJb. B mucTkax mepes,
0 pocTyTh Ha ninsiHkax J{1-/14, ski niuiararoTh BIJIMBY aBTOMOOUIFHOTO Ta 3aJII3HUYHOTO
TPaHCIIOPTY, 3arajibHa KOHIIEHTPAITS XJIOPO(LITY TIepeBaKHO MEHIIIA IIOPIBHSIHO 3 KOHTPOJIEM
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(puc. 1). Taki pe3ynbTaTtu € CBITYEHHSM TOTO, 110 3a0PYIHUKH, SKI HAJIXOAATh Y JOBKIIIJIS
BHACJIIJJOK TPAHCHOPTHOTO HAaBaHTAXEHHS, NPUTHIUYIOTH (QYHKIIT (OTOCHHTETUYHOTO
amapary B pOCIMHHHMX KiiTHHaX. OJHAaK 3MIHM 3arajJbHOI KOHIICHTpAIii XJIOpodiry
HEOJHAKOB1 B JIMCTKAaX JOCITI/PKYBaHUX BHJIB pociuH. HaiiBUpasHilli 3MiHH BHUSBISIOTHCS
B IIUCTKaX A. hippocastanum, B SKUX 3HAYEHHS I[HOTO MOKA3HUKA MEHIII BiJl KOHTPOIBHUX
B 1,5-2,1 pazy (p<0,05-0,001) Ha BCiX 4OTUPHOX AOCIIIHUX AUISHKaX. B mucrtkax pocnuH
T. cordata 3arampbHa KOHIIEHTpAIlisS XJIOPOQUTY 3MEHIIYEThCS TOPIBHIHO 3 KOHTPOJIEM
B 1,2-1,5 pa3zy (p<0,05) na minsukax J[1-/13. HatomicTb, B 1MCTKaxX pociuH A. platanoides
BIpOTiIHE 3MEHIIICHHS 3arajbHOT KOHIICHTPAIIT XJIOpO(LITYy BUSBISIETHCS JHUIIE HA JUITHKAX
A1 1 JI3. Taxi pe3ynbTaTH BKa3ylOTb Ha OLIbILIY CTiMKiCTh (DOTOCHHTETHUHOIO amapary
pociuH A. platanoides 10 3MiH €KOJOTIYHOTO CTaHY JIOBKIJUISA, 3yMOBJICHUX TPaHCIIOPTHUM
HABAHTAKCHHSM, TOPIBHSHO 3 ABOMA IHIIMMH JTOCIIXKYBAaHUMH BUIAMU IEPEBHHUX POCIIHH.

K a1 Jib) a3 [4

[inaHKn gocnigxeHb

3arasibHa KoHLeHTpauia xnopodiny,
mr/r
O P N W H U1 OO N 0 O

B Acer platanoides B Aesculus hippocastanum Tilia cordata

Puc. 1. 3arasbHa KoHIeHTpaWisi XJ0podijy B JTUCTKAX IepeBHUX POCJIUH, 3i0paHuX Ha

TepuTopii M. JIbBOBa (Ha HBLOMY Ta iHIIUX PUCYHKAX *, **, *** _ giporigHicTh pi3HUIL

Y pe3yJbTarax J0c/iKeHb POCTUHHOI0 MaTepiary 3 JOCTITHUX JIIAHOK MOPiBHSIHO 3
KOHTpoJeM: * — p<0,05; ** — p<0,01; *** — p<0,001)

3aranbHa KOHIIEHTpAIlis XJIOPO(dTy B TUCTKAX POCIUH 3aJICKUTh B1JI BMICTY XJI0podiny
a- 1 b-tuny — BaXJIMBUX KOMIIOHEHTIB ()OTOCHMHTETHUYHOTO amapary POCIMHHHUX KIITHH
[20]. PesymbraTé IOCHiIKeHb CBIIUaTh, IO B JIUCTKAX POCIHUH A. hippocastanum, siKi
POCTYTb Ha JiNSHKAX 3 TPAHCIIOPTHUM HaBaHTaxeHHsAM J[1-/14, konueHTpauis xinopodiry
a-tamy MmeHma B 1,6-2,25 pasy (p<0,05-0,01), HiX y JHCTKax pPOCIHUH, SKi POCTYTh
y mapkoBiii 30Hi (puc. 2). B nuctkax 4. platanoides koHnieHTpais XJ10podinty a BipoTiiHO
MEHIIIa BiJ KOHTpoito Ha giasHkax J[1 i JI3, mo y3rolKyeTbest 3 pes3yibTaTaMu IoJ0
3MEHILEHHs 3arajlbHO1 KOHLEHTpauii xinopodiny B nuctkax 4. platanoides, 310paHux Ha
uX nisHKax. B muctkax 7. cordata BiporijgHe 3MEHIICHHS KOHIEHTpaIii xiaopodiny a
MOPIBHSAHO 3 KOHTpoJieM BusiBieHe Ha AinsHkax 1 1 JI2. Otpumani pe3ynbTaTi CBil4aTh
PO PO3BUTOK CTPECY B KIITHHAX POCIHWH, SIKIi POCTYTh Ha TEPUTOPIAX 13 TPAHCIIOPTHUM
HABAaHTKCHHSIM, 1 Y3TOMKYIOThCS 3 HAasSBHHUMH B HAyKOBHX JDKEpeliaX MTaHUMHU IPO
MPUTHIYCHHS CHHTE3Y XJIOPO(D1Ty B poCcIuHAX, K1 3a3HAIOTh BIUIMBY 1HITUX CTPECOTEHHUX
YUHHUKIB [26, 27].
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K a1 Jib) Jik] [4

LinaHKn gocnigxeHb

KoHueHTpauia xnopodiny a-tuny, mr/r
w

W Acer platanoides B Aesculus hippocastanum W Tilia cordata

Puc. 2. Konuentpauisi xaopogisty a-Tumy B JIUCTKAX JepeBHUX POCJIHNH, 3i0paHuX HA
TepuTopii M. JIbBoBa

PesynbraTe mociimkeHb KOHIEHTpaMii Xopodiny b-THIy CBiAYaTh, MO HEH MOKa3HUK
3arajioM BUSIBIISIE MCHIII BUPa3Hy AMHAMIKY 70 3MCHIICHHS B JIMCTKAX POCIHH, SIKi POCTYTh
Ha JOCHIHUX MAUITHKAX, MOPIBHSHO 3 KOHTpOJEeM, HiX Ximopodin a-tumy. Biporimae
3MEHIICHHS BMICTY XJOpO(Qily b BUSBICHE JHIIE B JIUCTKAX POCIUH A. hippocastanum,
3i0panux Ha murtakax J3 1 [14 (BigmoimHo, B 1,8 i 1,9 pasy, p<0,05) (puc. 3). B muctkax
JIBOX 1HIIUX BHIIB JiepeBHUX pociuH (4. platanoides i T. cordata), monpu TEHISHIIIO 10
3MEHIICHHS KOHIICHTpAIi1 XJaopodiny b Ha mimstakax J[1-/14, BiporiqHUX 3MiH MiX 3pa3KaMH,
BiiOpaHUMM Ha TEpUTOPii MAPKIB 1 HA JOCTIJHUX JUISHKAX, HE BUSBICHO.

0 II II III I
K At a2 A3 s

[inAHkn gocnigxeHb

= N
N "

o
wn

KoHueHTpauis xnopoodiny b-tuny, mr/r
=

W Acer platanoides W Aesculus hippocastanum W Tilia cordata

Puc. 3. Konnenrpamisi xjiopogisty h-Tumy B JIMCTKAX JiepeBHUX POCJIHH, 3i0paHHX HA
TepuTopii M. JIbBoBa

AHami3 CIIBBIIHOMICHHS MK KOHIIEHTpAIi€lo xiopodiny a- i b-tumy B JUCTKax A.
hippocastanum BKa3ye Ha Te, 10 LEH MOKa3HUK 3HAYHO HIDKYMK B JIMCTKAX POCIHH, SIKi
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POCTYTh Ha AUISHKAX i3 TPAHCIIOPTHUM HaBaHTaKeHHsM (/]1—/14), MOpiBHSHO 3 pOCIMHAMH,
3i0paHuMu Ha TepuTopil mapkiB (puc. 4). 30kpema, MOKa3HUK CITiBBIIHOLIEHHS XJIOPOhia
a/ xnopodin b B muctkax A. hippocastanum, BiniOpaHUX y MapKOBid 30HI, CTAHOBUB 2,8,
a Ha minsakax J[1-J14 neit nokasnuk craHoBuB 2,3-2,4. B nuctkax pocnun A. platanoides
i T. cordata, 310paHuX HA JOCIITHUX IIJISTHKAX, 3MiHU ITOKa3HUKA CITiBBITHOIECHHS XJI0POMi
a/ xnopoin b Oyau MeHII BUpPa3HUMH, a came: B JHCTKaxX A. platanoides 1ieil moka3HUK
3MeHITyBaBcs Bij 3,2 (koHTpoub) 1o 2,4-3,0 (Ha ninsakax J11-J14), a B iuctkax 7. cordata —
Bix 3,0 (koHTpONB) 10 2,9-2,3 (Ha ainsakax J11-114).

3,5

5
5
K a1 Jib) Jik] [4

w

2

w

N

1

[y

0

CniBBiAHOLIEHHA MiX BMicTOM
xnopoodiny a- i b-tuny

0

LinaHKkn gocnipxeHb
B Acer platanoides W Aesculus hippocastanum M Tilia cordata

Puc. 4. [loxa3HuK cHiBBiIHOMIEHHS MizK BMicTOM XJopodiny a- i b -Tumy B JIMCTKAX
JlepeBHUX POCJINH, 3i0paHux Ha TepuTopii M. JIbBoBa

3MEHIICHHS TIOKa3HWKa CITIBBIIHOMIEHHSI M BMICTOM XJIopodiny a- 1 b-TUmy BKasye
Ha OiJbIIl BUPa3HE 3MEHIICHHS KOHIeHTpalii xiopodiny a, HiX Xjaopodiny b, a Takox Ha
JIUHAMIKY JI0 TT1ABUILEHHSI BMICTY XJIOpO(1ITY b B TUCTKAX POCIIHH, SIKi POCTYTh HA TEPUTOPISIX
13 TPAHCIIOPTHUM HAaBaHTAKEHHAM. 30KpeMa, B HAyKOBHUX JpKepesiax HasiBHI laHi Mpo Te, 110
i 9ac ¢izionoriyHol aganTaiii GOTOCHHTETUYHOTO arapary pOCIWH 0 HECIPHITIHBHX
YMOB JOBKIUJUISI MOXKe B1I0OyBaTUCS aKTHBALlisl poliecy YTBOpeHHs xyiopodiny b [28, 29].

3aramom, OTpHMaHi B HAMMX JOCITIDKCHHSX PE3yJbTaTH M0N0 3MCHIICHHS 3arabHOi
KOHLIEHTpalii xsopodiny Ta a- i b- ppaxuiii mirMeHTy B TUCTKaX AEPEBHUX POCIHH, 310paHuX
Ha JiIsTHKax M. JIbBOBa 3 BUCOKMM TPaHCIIOPTHUM HABAHTAXKEHHSM, CBITUaTh ITPO MPUTHIYCHHS
(byHKUiH (HOTOCMHTETUYHOTO arapary B POCIMHHUX KJIITUHAX i/ BIUIMBOM IMOJIIOTAHTIB, AK1
HAJXOAATh Y JOBKIULIS BHACHIIOK JIISUTBHOCTI aBTOMOOTBHOTO Ta 3aJII3HUYHOTO TPAHCIIOPTY.
Takuii eeKT MOKe 3yMOBJIIOBAaTUCH PO3BUTKOM CTPECY B KJIITUHAX POCIHUH, CIIPUYUHEHOTO
HAJIXO[DKCHHSM BAKKHX METAJliB Ta IHMIMX TOKCHYHUX PEUYOBHH, BMICT SIKUX BHCOKHIT
y KOMIIOHEHTaX JOBKUIISA B MiCbKHX pallOHaX i3 TEXHOreHHUM HaBaHTaxeHHsM [11-13, 30].

BUCHOBKMU

VY mporieci JoCiKeHb BCTAHOBJICHO, 1[0 B JINCTKAX ACPEBHUX POCIUH A. platanoides,
A. hippocastanum 1 T. cordata, 310panux B paiioHax M. JIbBOBa 3 BUCOKOIO iIHTEHCUBHICTIO
PyXy aBTOMOOIUIBHOTO Ta 3aJI3HUYHOTO TPAHCIIOPTY, BiI0YBa€ThCS BIPOTiIHE 3MECHIIICHHS
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3arallbHOT KOHIIGHTpaIii XJIopodily 1 KOHICHTpAIii XJIOpodily a-THIy TOPIBHSIHO
3 MMM [TOKa3HUKAMU B POCIHUHAX, 310paHMX Ha TepuTOopil MickkuX mapkiB. Kpim Toro,
B MUCTKax A. hippocastanum, 310paHHX Ha JIBOX 13 YOTHPHOX JOCHIIHUX MUISHOK, SKi
3a3HaIOTh TPAHCIIOPTHOTO HABAHTAKEHHS, BUSBICHO BIpOT'i/IHE 3MEHIICHHS KOHIEHTpaIlil
xyopodisty h-THITy TOPIBHSIHO 3 KOHTposieM. OTpUMaHi JlaHi CBil4aTh MPO MPUTHIYCHHS
npouecy (GOToCHHTE3y B KIITHHaX POCIHH, SKi pOCTYyTh y paliOHax i3 TPaHCHOPTHUM
HaBaHTA)XXCHHSM, Ta HEOJHAKOBY CTIWKICTh (POTOCHHTETHYHOIO arapary pPi3HHUX BUJIIB
JIEPEeBHUX POCIHMH JI0 3a0pyIHEHHS JOBKLLISA, CHPUYMHEHOTO PYyXOM aBTOMOOIIBHOTO
1 3alli3HUYHOrO TpaHCHopTy. PasoM 3 THM, OTpuMaHi pe3ylnbTaTH BKa3ykTh Ha
MEPCIEeKTUBHICTh BUKOPUCTAHHsI pociuH A. platanoides, A. hippocastanum 1 T. cordata
B 0OIOMOHITOPHHTOBUX JOCIIJDKEHHSIX 3 METOI 3’sCyBaHHS CKOJOTIYHOTO CTaHy MiChKHX
TEPUTOPIH.
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ABSTRACT

DYNAMICS OF CHLOROPHYL CONCENTRATION
IN THE LEAVES OF WOODY PLANTS IN THE TERRITORY
OF THE CITY OF LVIV

Various modes of transport cause the release of pollutants into the environment, which adversely
affects the biota in urban ecosystems. However, metabolic changes in plants that grow in urban areas
have not been sufficiently studied. The aim of this work was to study the dynamics of chlorophyll
concentration in the leaves of woody plants (Acer platanoides L., Aesculus hippocastanum L.,
Tilia cordata Mill.) collected in areas with high traffic intensity. Four experimental sites (S1-S4)
with heavy traffic of road and rail transport in the territory of Lviv were selected for research. Plant
material collected in the territory of city parks was used as a control. Preparation of plant material
for research and analysis of the total concentration of chlorophyll and chlorophyll a- and b-types
were carried out by conventional methods. The results obtained were processed by the methods of
variation statistics. The results of the study show a significant decrease in the total concentration
of chlorophyll and the concentration of a-type chlorophyll in the leaves of all three studied plant
species collected from sites S1-S4, compared with these indicators in plants collected in parks.
In addition, the leaves of A. hippocastanum collected from two of the four experimental sites
showed a significant decrease in the concentration of b-type chlorophyll compared to the control.
These data indicate the inhibition of the photosynthesis process in plants growing in areas with
traffic load, and the unequal resistance of the photosynthetic apparatus of woody plant species to
environmental pollution caused by the activities of road and rail transport. At the same time, the
obtained results indicate the usefulness of 4. platanoides, A. hippocastanum and T. cordata plants
in biomonitoring studies to determine the ecological state of urban areas.

Key words: woody plants, photosynthesis, chlorophyll, urban ecosystems, traffic load,
biomonitoring, phytoindication.
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EFFECT OF VITAMIN D, ON HEMATOLOGIC INDICES
AND RESISTANCE OF LAYING HENS

Abstract. The content of vitamin D3 in standard fodder for laying hens varies within 2,5-3,500
IU / kg. It is known that vitamin D is involved in bone metabolism and regulates calcium
homeostasis in the body. Experiment was carried out in three groups of laying hens of the cross-
breed Hayesks brown, which for 30 days fed fodder, the content of vitamin D3 in which was
respectively 2,5; 5,0 and 10,0 thousand IU / kg.

An increase in the content of vitamin D3 from 2.5 to 10.0 thousand IU / kg increased the
concentration of 25-OH D3 in blood plasma by half (from 15.10 to 27.25 ng / ml). The dose of 5.0
ths. IU / kg did not affect the concentration of 25-OH D3 (16.56 ng / ml). Increased vitamin D in the
diet increased the number of red blood cell and, consequently, hemoglobin concentration in the blood
(p <0.05) and decreased the number of white blood cell (p <0.05-0.01). In the blood of chickens
that received high levels of vitamin D in the diet, more monocytes and neutrophils were detected.
Particularly significant effects were observed for monocytes, the proportion of which in the blood of
laying hens in group 2 increased by 1.2; and in laying hens of the third group - 1.6 times (p <0.01),
compared to the laying hens of the 1st group. With an increase in the amount of vitamin D3 in the
diet of leucocytes, the proportion of lymphocytes decreased, the content of which in laying hens of
1-, 2- and 3rd groups was 58.95, respectively; 54.57 and 48.26%. Under the influence of feeding 10.0
thousand IU / kg of vitamin D3 in the blood of hens, the phagocytic activity increased (p <0.05),
which is consistent with the increase in the number of monocytes and neutrophils. The bactericidal
activity of blood serum of laying hens of groups 2 and 3 (5.0 and 10.0 ths. IU / kg D3) was 20% higher
(p <0.05) than in laying hens of group 1 (2, 5 thousand IU / kg D3). Thus, an increase in the diet of
laying hens in vitamin D3 increases the innate imunity and does not stimulate a specific link.

Key words: Laying hens, vitamin D3, 25-OH D3, red blood cells, hemoglobin, white blood
cells contain, innate imunity.

INTRODUCTION

Recently, the idea of the biological function of vitamin D has undergone significant changes
related to the detection of 1-a-hydroxylase and calcitriol receptor in many cell types [1-3],
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including in the cells of the immune system: lymphocytes, monocytes, antigen-presenting
cells [4]. It has been established that vitamin D regulates the immune response, that is, the
spectrum of its action is wider than previously thought [3-5, 9].

The receptor for vitamin D and 1-a-hydroxylase are available in T- and B-lymphocytes
[12]. Vitamin D3 reduces the proliferation and differentiation of T-helper cells and regulates
the production of cytokines by them [4, 6]. The inhibition of the effect of calcitriol on the
proliferation of B-lymphocytes is mainly associated with its action on T-helper [5]. Vitamin
D reduces the risk of autoimmune diseases, but the mechanisms of this action are inadequate
and need to be further studing [5, 7, 8].

Vitamin D has an effect on leukopoiesis and erythropoiesis [9-11]. High levels of vitamin
D3 receptor expression have been detected in cystic cells [11].

MATERIALS AND METHODS

The experiment was conducted on three groups of hens cross "Hayseks brown." Laying
hens received a standard full-fodder feed PC 1-18. Vitamin D3 in the diet of laying hens 1st
(control) group was 2.5 thousand IU / kg. The diet of laying hens 2nd and 3rd groups were
injected additional feed additive Romiviks D3 500, bringing vitamin D3 in the diet to 5.0 and
10.0 thousand IU / kg.

At the end of the experiment, in the 10 hens of each group, samples of venous blood
were taken. The blood serum was determined by the content of 25-OH vitamin D by ELISA
immunoassay using a set of reagents from Immundiagnostik (Germany). The number of
red blood cell and white blood cell was counted in the chamber Goryaev. Concentration of
hemoglobin in blood was determined by hemiglobinsinan method. Phagocytic blood activity
was determined by VM Mityushnikov (1985) using the daily Culture of Escherichia coli
(strain VKM-125). Bactericidal activity of blood serum (according to P. A. Emelianenko
(1980) using weakly pathogenic strain Escherichia coli VKM-125) and lysozyme activity of
blood serum (according to A.G. Dorofeichuk (1983) using Micrococcus lysodeikticus daily
strain VKM-109) were determined by nephelometric method [12].

RESULTS

An increase in the diet of laying hens vitamin D3 led to an increase in serum concentrations
hydroxylated form 25-OH D3, and these changes are not proportional to the dose of vitamin
zhodovanoho (Table. 1). Thus, with increasing content in the diet of vitamin D3 from 2.5 to
5.0 thousand IU / kg concentration of 25-OH D3 serum changed slightly, while its further
increase to 10.0 thousand. U / kg increased its concentration almost twice (p <0.001).

Table 1
The content of 25-hydroxyvitamin D3 in serum of hens (M £ m, n =5)

The content of vitamin D3 in the diet
2,5 thousand IU/ kg | 5,0 thousand IU / kg |10,0 thousand IU / kg
25-OH D3 ng / mL 15,124+0,49 16,56+0,44 27,2540,5]1 %% ##
Note: In this and the following tables likelihood of differences between the control (1) and research

(2 and 3) groups into account * - p <0,05; ** - p <0.01; *** - p <0.001; the likelihood of differences
between research (2) and research (3) groups # - p <0,05; ## - p <0.01; ### - p <0.001.

Indicator
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Obviously, at a dose of 5.0 thousand IU / kg of feed 25-OH D3 almost completely translates
into an active form of 1.25 (OH) 2, whereas at a dose of 10,000 IU / kg a significant portion
of it continues to circulate in the blood channels

The increasing of vitamin D3 from 2.5 to 5.0 and 10.0 ths. IU / kg increased the
number of red blood cell and, consequently, the concentration of hemoglobin in the
blood (p <0.05) (Table 2). The number of red blood cell grew gradually in proportion
to the increase in the amount of vitamin D. A slightly different pattern was found for
hemoglobin. An increase in the content of vitamin D in the diet from 2.5 to 5.0 thousand
IU / kg by one third increased its concentration in red blood cell. Instead, a further
dose increasing of up to 10.0 ths. IU / kg did not significantly affect the hemoglobin
concentration, which in the red blood cell of laying hens of the 2nd and 3rd groups did
not differ significantly.

Table 2
Hematological parameters of hens (M = m, n = 10)
Indicators The content of vitamin D3 in the diet
2,5 thousand IU / kg | 5,0 thousand IU / kg | 10,0 thousand IU / kg
Red blood cells, T/L |2,89+0,14 3,23+0,30 3,49+0,23* %
Hemoglobin, g/ 1 100,68+8,18 127,69+8,19* 132,59+£5,27* #
White blood cells, g/l |39,06+1,56 31,15+1,47** 34,33+1,77*

With the increase in the diet of vitamin D3 from 2.5 to 5.0 thousand IU / kg in the blood
of hens, the number of white blood cell decreased (p <0,05-0,01). With further increase of
vitamin D to 10.0 thousand IU / kg white blood cell count remained at the same level as that
of'a dose of 5.0 thousand IU / kg.

This assumption is consistent with changes in the number of lymphocytes in the blood
(Table 3). Although the relative proportion of lymphocytes in the white blood cell formula
of laying hens in the 2nd experimental group decreased insignificantly, the absolute number
of lymphocytes in this group, taking into account the lower total number of white blood
cell, was significantly lower than in the control. Consequently, a greater number of white
blood cells in laying hens of group 1 is due to an increase in the number of lymphocytes that
are responsible for a specific immune response. In the blood group's white blood cell hens,
the third group observed a further decrease in the percentage of lymphocytes (p <0.05),
however taking into account a slightly larger total number of white blood cell the absolute
number of lymphocytes in the laying hens of the 2nd and 3rd experimental groups did not
differ significantly.

In the blood of laying hens that received high levels of vitamin D3 in the diet,
more monocytes and neutrophils were detected, that is, cells responsible for
phagocytosis. Particularly significant effects were found for monocytes, the
proportion of which in laying hens of the 2 nd group increased by 1.2; and in laying
hens of the third group - 1.6 times (p <0.01), compared to the laying hens of the
Ist group.

The bactericidal activity of the blood serum is approximately the same in laying hens
of groups 2 and 3(Table 4), which received in the diet of 5.0 and 10.0 thousand IU / kg of
vitamin D3, while in the first group hens receiving 2.5 Thousands of U / kg of vitamin D3,
this figure was 20% lower (p <0.05).
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Table 3

White blood cells formula,% (M + m, n = 10)

Indicators The content of vitamin D3 in the diet
2,5 thousand IU / kg | 5,0 thousand IU / kg | 10,0 thousand IU / kg

Lymphocytes, % 58,95+2,49 54,57+1,59™ 48,26+1,97
Neutrophils, % 27,4242,52 31,43+1,41 35,34+1,71"
Monocytes, % 5,17+0,66 6,30+0,36 8,5240,53"#
Basophils, % 2,51+0,14 2,34+0,11 2,444+0,22

Eosinophils, % 5,95+0,48 5,36+0,63 5,44+0,40

Table 4

Indicators of innate imunite (M £ m, n = 10)

Indicators The content of vitamin D3 in the diet
2,5 thousand IU / kg | 5,0 thousand IU / kg | 10,0thousand IU / kg
Bactericidal act,, % |62,24+0,97 74,98+2,40" 72,07+£2,56™
Lysozyme Act, % 23,81+£2,28 18,22+2.24 26,62+3,28
Phagocytosis % 31,18+1,92 33,59+2,11 38,42+1,97"

Thus, the increase in the diet of laying vitamin D3 enhances innate immunity, and it does

not stimulate a specific link. Moreover, the number of lymphocytes in this case decreases.
Obviously, the more effective prevention of penetration into the body of antigenic factors
reduces the need of proliferation of white blood cells.

CONCLUSIONS

1. Increased vitamin D3 in the diet increases the number of red blood cell and hemoglobin
concentration and reduces the amount of white blood cell in the blood of laying hens.

2. For a greater amount of vitamin D3 in the diet in the blood of hens, the number of
monocytes and neutrophils increases and phagocytic and bactericidal activity increases.

PROSPECTS FOR FURTHER RESEARCH

In the future, it is necessary to investigate the effect of high doses of vitamin D3 on
parameters specific resistance in laying hens.
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BUBUEHHS TEHETUYHOI CTPYKTYPHU NOM YIS
YKPATHCBKOI ABOPUTEHHOI
JEBEJIWHCBKOI IOPOJIU KOPIB

Anortanisi. B crarti npesicTapieHi pe3ylisTaTd JOCIIPKEHHS! CTPYKTYPHUX T€HIB B IOIYJIALi
YKPaiHCHKOT a00PHUTeHHOT J1e0eIMHCHKOI TIOPO/IN KOPIB, SIKi ACOIIFOIOTHCS 3 MOJIIOYHOFO POy KTUBHICTIO:
CSN2 (6era-xazein), CSN3 (kama-kaseiH), BLG (Oera-makrormoOyimiH). Lli reHm KomyroTh OLTKH
MOJIOKA Ta € BKJIMBUMH TCHETHIHUMH (paKTOPaMH, SIKi BIUIMBAIOTh Ha SIKICTh Ta CKJIa/l MOJIOKA KOPIB.
BuBueHHS TeHETHYHOI CTPYKTypH adopureHHuX nopix BPX € BaykmBuM U1 pO3yMiHHS €BOJIOLIT Ta
posmnonity redodonay TBapuH. Lle Moke OyTH KOPUCHUM st 30SPEeKEHHS [IUX MOPIJ, a TAKOK IS
TIOKpAIEHHS iX MPOIYKTUBHOCTI Ta IPUCTOCYBAHHS JI0 3MiH Y HABKOJIMIITHHOMY CEPEIOBHILII.

Bevoro Oymo mocmimkeHo monimopdizm 3 renu (CSN2, CSN3, BLG). [ns nociimKeHHS
pukopuctanu 32 3pasku JHK, BumineHoi i3 BEHO3HOi KpOBi KOpiB JIeOCAMHCHKOI MOPOAH 3a
noromorotro Habopy «ITHK Cop6-b» (AmpliSens). [eHoTHITYBaHHS TPOBOAMIN BUKOPHCTOBYIOUH
aHaJi3 nomMopdi3My TOBKHH PECTPUKIIHHNX (PparMEeHTIB Ha OCHOBI MOJIiMEepa3HOi JTaHIIOTOBO1
peaxuii (IIJIP-ITJIP®). AmrutidikoBanuii pparment CSN2 (121 n.H.) oOpoOusuin dpepmeHTOM
pectpukuii Ddel. OcoONUBICTIO aJeIbHOTO CHEKTPY I'eHa OeTa-ka3zeiHa y BHBUCHHX TBapHWH
€ 3HauyHe nepeBakaHus anenst A/ (0,75). Tsapun 3 renorunom 4242 BusiBneHo He Oyno. s
rena CSN3 ammridikoBanuii ¢pparmMeHT po3mipom 273 1m.H. o0poOmsun pectpukrazoro Hinfl.
Bcranoneno BicyTHICTh TBapuH 3 renotunoM CSN3%2 ta Bucoky vacrory anens A (0,81). Tpu
nociipkenHi reHa BLG mponykt amrnmidikarmii (247 m.H.) o6poOmsamn pepMeHTOM peCcTpHKIIii
Haelll. Busineno, 110 4yacrimie 3ycrpidases aneis B (0,77) ta renorun BLG?? (0,7).

BusiBneni ocoOnuBOCTI anenpHOro crnekrpy reniB CSN2 (A2-0,25), CSN3 (A-0,81), BLG
(B-0,77), sixi xapakTepHi JUIs JOCIIPKEHOI MOIyJIsiiii yKpaiHChKOT a0OpHUIeHHOI J1e0eAnHCHKOT
MIOPOJHM KOpiB. Pe3ysbTaTn JOCIIPKEHHS € LIHHUMH Y 3B’ 3Ky 3 Pi3KHMM CKOPOYEHHSIM YHCEIIBHOCTI
MICIIeBIX a0OPHTCHHUX TOMYNALiA 1| BUHUKHEHHS 3arpo3d 3HWKHEHHS BIACHUX TCHETHIHUX
pecypciB CLTbCHKOTOCIIOAAPCHKIX BUIIB.

KurouoBi cioBa: kopoBu, abopureHHa nopojia KopiB, JieOeIMHChbKa 10po/a, MoTiMOpQi3m,
T'CHU, Kala-Ka3elH,0eTa-Kka3ein, OeTa-rio0yiiH, aieib.

BCTYII

30epekeHHs TeHETHYHUX PECYPCiB HA0YIIO BEITMUE3HOTO 3HAYEHHS [UTS yChOTO CBITY Ta YKpaiHu
B TOMY YMCJIIi. 3aXUCT MOPOAHOTO PI3HOMAHITTS € HEOOX1THUM IS CTaJIOTO PO3BUTKY CLIBCHKOTO
TOCIIO/IAPCTRA, BUPIIICHHS TIIO0ATBLHUX MPOOIIEM MPOJIOBOITBYOT OS3IEKH, PO3BUTKY HOBUX PHHKIB,
3MEHIIICHHS! €KOJIOTTYHUX MPOo0JIeM, € 3aXICTOM BiJl HEBIZIOMUX CHOTO/IHI CENEKIIIHUX, TPUPOIHIX
Ta IHIKMX pU3UKiB. OcOONMMBE 3HAUCHHSI 115 TBAPUHHUIITBA YKPATHHA MAFOTh BITYM3HSIHI TeHO(DOHTN
a0OpHUIeHHHX MOPIf BEIUKOI POraroi Xyao0H, siki BUTICHSIFOTBCS KOMepLiHIMYU nopofgamu [1].

JleGenuHChKa MOPOJIa BEITUKOT poraTol XyJ00u — 1ie a0OpUTreHHa YKpaiHChKa IMopojia KOpiB.
Byna BuBenena B Ykpaini noomusy M. Jlebennn CyMcbKoi 00nacTi, 3BiIKM 1 MOXOJUTH Ha3Ba
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noponu. CTBOpEHa METOJIOM BiJITBOPHOTO CXPEIIyBaHHS KOPIB Cipoi YKpaiHCBKOI TIOPOIH
3 OyrasiMu IBiLBKOI oponu. Sk mopoxay 3arBepkeHo 1950 poky. Bech neit uac cenekuiitHo-
IUIEMiHHA PO0O0Ta 3 JIEOSTMHCHKOI MTOPOJIOK0 3AIMCHIOBAJIACS 32 PaXyHOK BHYTPIIITHIX PE3€PBIB
Vkpainu. [Toposi BacTiBa HU3KA IHHUX TOCIIOJAPCHKUX O3HAK: aJJAITOBAHICTh JI0 MIiCIIEBOCTI
Ta KOPMOBHMX YMOB, BUTPUBAJIICTb 1 3arajibHa PE3UCTEHTHICTb, CKOPOCTUINICTH 1 BHUCOKI
TOKa3HUKHU MPUPOCTY MacH. Lli 03HakW BU3HAYAIOTH OCOONMBY IIHHICTH TIOPOIH, SIK HOCIS
CITaJKOBHUX SIKOCTEH 1 TeHHUX KOMIUIEKCIB [2]. JleGequHchka moposa — e yHiKaIbHa YKpaiHChKa
MopoJa, sIKa € JHKEPEJIOM YHIKaJIbHUX BIACTMBOCTEH, 3aKpIIUICHUX y TeHOTUI. JlocmimKenHs
M€ ITOPOITH € BAYKIUBIM TS 30epeKeHHSI TeHOPOHY YKPATHCHKOI BETMKOI POTaToi XyIo0u.

I'en Gera-kaseiHy BiAMOBimae 3a CHHTE3 f-KazeiHy. HalOoiIbI mommpeHuMy BapiaHTaMu
B-xa3eiHy y MOJOYHHX MOpij Benukoi poraroi xymoou € 4/ ta A2. Came Oinox Al Bce
gacTille Ha3WBaIOTh OCHOBHOIO IPHUYUHOIO HEMIEPEHOCUMOCTI MOJIOYHUX HPOAYKTIB [3-5].
I'en xama-kaseiHy TOB’SI3yFOTh 3 OLJIKOBOMOJIOYHICTIO Ta TEXHOJIOTIYHHUMH BIIACTHUBOCTSIMH
mosoka. s anmenst CSN3P BcraHoBieHa KOpeJssiiis 3 OUIBIIUM BMIiCTOM OUIKY B MOJIOII
1 BUXomoM cupy. bera-nakrormoOyiin (BLG) — reH cupoBaTKOBOrO OIKY MOJIOKa. AJieib
BLG?® acouiroeTbcsi 3 BACOKMM BMICTOM Ka3eTHOBHX O1JIKIB, BUCOKHM BIZICOTKOM JKHpY Ta
MOKpaIly€e XapaKTePUCTUKHU Ka3eTHOBOTO 3ryCTKy [6; 7].

Mertoro podotu Oyito JocaianTy moiiMopdisM rexis: oeta-kazeiny (CSN2), kana-ka3einy
(CSN3), oOera-nakrornoOyniny (BLG) B momymsiii neGeanHChKOI aOOpPUTeHHOT MOPOIH
BEJIMKOI poraroi XyJgo0Hu.

MATEPIAJIN I METOAH

Byno pocnipkeHo 3pa3ku KpoBi Bijl IHHUX KOPIB JeOCAUHCHKOI MOPOM 3 TOCIOAAPCTBA
II' «T'omocieBo» (n=32) Kwuischkoi obmacti, Ykpaina (Puc. 1). MonekyispHO-TeHeTHYHI
JOCIIJKEHHS TPOBOAMINCH Ha 6a3i maboparopii reHeTHKH [HCTUTYTY pPO3BEACHHS 1 TCHETUKHU
tBapuH iM. M.B. 3yorss HAAH.

3pa3ku KpoBi BiIOMpaIK 3 SIPEMHOI BEHH B 00°€Mi 5 MJI B BaKyyMHI IIPOOIpKH 3 CyXUM
EJATA. I'enomny JIHK Bumigsuig 3rigHO 31 CTAHJApTHOIO METOAMKOIO, BUKOPHCTOBYIOUH
xomepiiinuit Hadip «/JIHK Cop6-b» (AmpliSens). Konnenrparniro JJHK nosomgmmu mo 50
/M. [Tomimopdizm reniB CSN2, CSN3 ta BLG mocnimkyBamu merogom [TJIP-TITAP®.
Hyxneotuani mocnmifmoBHOCTI mpaiimepiB it aminmidikarii Ta Ha3BH PECTPHUKTA3 IS
peCTpHKIIi IPOAYKTIB aMIuTi(hiKalii mokazaHo B Tadmmii 1.

TN

Pucynoxk 1. Koposa siedeguncnkoi nopoau IIT" «I'oocieBo» KuiBebka 00.1.
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Tabmums 1
HyxkaeoTuani moc1itoBHOCTI npaiiMepiB Ta pecTpUKTa3U

MocaigoBnicTs npaiivepa AMIIQE- | PecTpuk- | o o g
Kar, (I.H.) Ta3a

CSN2
F:5-CCTTCTTTCCAGGATGAACTCCAG-3' McLachlan
R:5°- 121 Ddel et al.,
AGTACGAGGAGGGATGTTTTGTGGGAGGCTCT-3" 2006[8]
CSN3
F:5"-GAAATCCCTACCATCAATACC-3" Hinfl Pinder et al.,
R:5'-CCATCTACCTAGTTTAGATG -3° 273 1991[9]
BLG
F:5'-TGTGCTGGACACCGACTACAAAAAG-3' e Hae IIT ZI fﬂd " 1990
R:5-GCTCCCGGTATATGACCACCCTCT-3" [10] ”

YmoBu [1JIP Ta cxemMn pecTpHKIIHHOTO aHai3y MPOAYKTIB amInTidikamnii momiMopduux
JUJISTHOK JIOCITII)KYBaHUX T€HIB B Ta0ONuIIi 2.

Tabnurs 2
Xapakrtepuctuka ymoB IIJIP Tta cxemu IIIP®-ananizy npoaykriB ammuigikaii
I'enoTunm Ta BignoBigHi

Hoaimop- R .
dbizm YmoBu amnuigikanii JOBKMHU PeCTPUKLIA HUX
¢dparmenTis
CSN2- Ddel |94°C-4 xB; (95°C- 15¢; 56°C- 15¢;72°C- 60c)|CSN2- Ddel*'4!:121;
x35; 72° -5 xB CSN2- Ddel"*2:86+35;

CSN2- Ddel"™*?:121+86+35;
CSN3- Hinfl [95°C-4 xB; (95°C- 15¢; 58°C- 15¢;72°C- 60c)|CSN3- HinfI?5:224+49;

x35; 72°-10 xB CSN3- HinfI**:133+91+49;
CSN3-Hinfl"*-224+133+91+49;
BLG- Hae III |94°C-4 xB; (95°C- 15¢; 61°C- 15¢;72°C- 60¢)|BLG- Hae I1I":148+99;

x35; 72°-10 xB BLG- Hae IIIP2:99+74;

BLG- Hae 11I"8:148+99+74;

Cymim s mipoBenenHst [IJIP y cBoemy ckmani mictwma: 2 mMia Oydepa st JTHK
nomimepasu, 1,0 mxi cymimi tHT® (AmpliSens), 1,0 mxa BiamosigHoro npaiimepa, 0,2 MK
JHK-nonmimepaszu (Fermentas). 'enomna JIHK nmomaBamace y kiigpkocTi 2,0 MK, pernra
ddH,0. 3aransunit 06 em JJHK-cymimi ctanosus 10 mxi1. Ammiigikanito JTHK npoBoanmu
Ha MMPOrpaMOBaHOMY YOTHPbOXKaHAIBHOMY TepMormkiepi TTI4-TTIP-01-«Tepruk» (JJHK-
TexHonoris). [Ipunaa BUKOHAHMN Y BUDIISIIII €MHOTO MOAYJIS, 10 00 €Hye 4 He3aleKHO
KEepOBaHUX TEepMOOJIOKa. B KoxkHOMY TepMoOiIomi BCTaHOBIEHA MaTpulld Ha 10 mpoOipok
06’emom 0,5 M.

[ponyxtu TTJIP 0OpoOisiiy crielupivHIMU PECTPUKIIHHAMEU (epMeHTaMu: 10 10 MK
[JIP-iponykTy nojmaBanu 5 on./MKJI pecTpukTasud Ta 1,5 Miin pectpukiiitHoro Oydepy,
iaKyOyBanm mipu 37 °C 12 rox. Bizyamizamiro pe3ynsraTiB nmpoBoamwin B 2-3% arapozHoMy
reni 3 6pomuctuM etugiem. y 1xXTBE-Oydepi npu nocriiinii Harpysi 100 B npotsirom 90 xa,
3 HACTYITHOKO JICTEKIIIEI0 3a JOIOMOror TpaHcimominatopy TYB-1 B ynerpadioneroBomy
cBiTi 312 HM. B IKOCTI MapkepiB MOJIEKYJISIPHIX Mac BUKOpUCToByBaiu GeneRuler TM 50 bp

52



DNA Ladder ta Thermo Scientific™ GeneRuler 1 kb Plus DNA Ladder. Anani3 pe3yybTaTtos
poBoAMIH, (poTorpadyroun remi nuppoBor KaMeporo.

CraTHCTUYHUN aHai3 MMPOBOIUIIN 3a JOIIOMOTO0 TPOTPaMHOTO Takety Statistica 6.0 Ta
Exel (Microsoft Office 2007).

PE3YJIIBTATHU

B nomyssimii rebenuacbkoi abopurenHoi mopoau BPX 6ymno nocnimkeno 3 nokycu (CSN2,
CSN3, BLG), aki € reHaMH-KaHAWJATaMHd MOJIOYHOI MPOAYKTUBHOCTI. ['eHu BHOpaHi Tak,
o0 MpoaHalli3yBaTH MOJIOYHY XapaKTEPUCTHKY, K OJHY 3 HAHTOJOBHIIIMX IOCIOIAPChKO-
KOPHCHHX O3HAK.

Jlokyc CSN2

AHani3 pe3ynbTariB reHotumyBaHHs (Puc. 1) mocmigkeHOro MoOrojiB’si BCTAaHOBUB
rosiMopdisM 3a TeHoM Oeta-kaseiny (CSN2) y BHIVISJII HASBHOCTI JIBOX aJICJIbHUX CTaHIB:
CSN24'i CSN2*2, Tak, qactoTa «O6axanoroy» anens A2 (0,25) y TBapuH 1e0eTHHCHKOT TOPOIH,
y 3 pa3u Oyna HUIIOKO, Bir yacToTH anens Al (0,75). Lie 3Hal1III0 CBOE B1TOOpaskEHHS B 4aCTOTI
redotuniB CSN2A ta CSN242M siki 3ycTpidanucs B OAHAKOBOI KiTBKOCTI TBapHH — 16 rod.
i 16 rou., BiamosimHo. TBaput 3 renotuniom CSN242A2— B naniit BUOipIli BUABIEHO He OyII0.

M 1 2 3 4 5 <] 7 ] 9 10 11

250
200
150
100
50

121
BE

PCR  AlAL AlAZ AlAl ALAL AlALl AlAZ ALAL AlA2 ALAL AlAZ

Puc. 1. Enexrpodoperuunnii ana1i3 NpoAyKTiB pecTpUKIii NPpU BU3HAYEHHI FeHOTUIIIB
3a reiom CSN2: M — Mapkep MoJIeKyJsIPpHIX Mac; FeHOTHIIM TBapUH BKa3aHi mig ¢goro

O1iHKa CTyIeHsl TeHETUYHOT PI3HOMAHITHOCTI BHSIBIJIA, [0 IIOKA3HUK TOMO3UTOTHOCTI 32
TeHOM OeTa-Ka3eiHy y BUBUCHHX TBApUH 3HAaX0AMBCs Ha piBHI 50%, T0OTO 16 TOMIB.

3HaueHHs (pakTHUHOI piBHOBarM y TBapuH JebeanHcbkoi mopoau BPX wHa 0,125
MepeBHIIy€e TeopeTHyHO ovikyBaHy (Tabu. 3). BiamorigHo no 3akony Xapni-BaiinOepra, 3a
JIOKycoM OeTa-Ka3eHy y JAOCIIJKeHOT BUOIpKY TBapHH MOPYIIEHA TeHETUYHA PiBHOBAra.

Jlokyc CSN3

VYV nmocnipkeHil Tpymi TBapHH JebeauHCbkoi opoau 3 rocnogapctsa I «lomocieBo»
KuiBcbkoi obOmacti croctepiraium moiiMopdisM 3a TeHoM Kana-kazeiny (Puc. 2). Tak
B pe3ynbTari I'CHOTHIYBaHHsS BHSBICHO TBapuH nBoxX reHorumiB CSN3% ta CSN34E
Haii6ineira kimekicte TBapuH — 20 TOMNIB 13 32 JOCTIKYBaHUX — HOCIi TOMO3HTOTHOTO
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reHotunty CSN3*/ xana-ka3zeiny (62%). B X MOJIO1Ii IPUCYTHIHN TLIBKU OAMH BapiaHT OUIKY —
A. Pemrra xopiB (12 ronis) reteposurotri — CSN348 (Tabum. 4).

Tabmuis 3
= T -
2 eTepo3u
- = Z Yacrora YacroTa ajens roTHICTD R
opoaa "3 . X Fyg
=] = IreHOTHUIIIB
- Al A2 H, H;
AlA1 |05 g g
Jlebeauncrka |32 < < 2,22 -0,33
Al1A2 |05 2 & 105 0,375
A2A2 |- = =
Ipumimka. H,— paxTiyHa reTEPO3UTOTHICT; He — OuiKyBaHa reTepO3UTOTHICTD; y° — KpUTEpiil Biamo-

BIZHOCTI.

M 1 2 3 4 5 & 7 B 9 30 11 32

500
300
200

273
224
133
b3

} — |
— |
—
v
p—
—
—
—————

73

PCR AA AA AA AA AA AA AA AA AB AB AB

Puc. 2. Enexrpodopernunmii anajiz npoaykTiB pecTpuKIii NPy BU3HAYEHHI TeHOTUITIB
3a renoM CSN3: M — mapkep MoJIeKyJIsIPHMX Mac; FTeHOTUINHM TBAapUH BKa3aHi nig ¢oto

Yactora anemo A ckiamae 0,81, mo y 4,26 pa3u nepeBHIye 4acToTy anento B, skwuii
OB ' I3YIOTH 3 OLTBIIMM BMIiCTOM O1JIKY B MOJIOLI i BUX0Z0M cupy. Anens CSN3% B mocmimkeHnx
TBapyH 3ycTpiyaeThcst 3 yactotoro 0,19 (tabnuis 4).

Tabnuns 4
y I'erepo3u-
. acToTa aJeNs .
Po3mip Yacrora IOTHICTh 2
Topona BHOIpKM | reHoTHIiB X Fis
p A B H, | H,
JleOenunchka AA 10,62
32 AB 10.38 10 81+0,03 [0,19+0,03 0,75 [-0,235
BB |- 0,380 |0,308

Ipumimka. H,— pakTHyHa r€TEPO3UTOTHICTS; He — OdiKyBaHa reTepO3UTOTHICTD; ¥’ — KpUTEpiil Biamo-
BIJTHOCTI.
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3a MopiBHSAHHS 3HaYCHb (PAKTUIHOT 1 TEOPETUYHOT reTePO3UTOTHOCTI Y BUBYCHIN BUOIPIT
TBapuH BiIMiueHO, 10 (hakTHuHa reTepo3uroTHicts Ha 0,072 mepeBuIyBana TEOPETHUHY,
MPOTEe, PI3HMIL € CTATUCTHYHO HeszHauymor (¥*=0,75). 3a pe3ynbraraMu JIOCIIIKEHHS
MOKa3HUK TOMO3UIOTHOCTI 32 TEHOM Kara-kaseiny ckiaB 62%.

Jlokye LG

IToxa3HuKu anenpHOro noaiMophizmMy 3a reHoM OeTa-IaKTOIIO0YIiHY KOPiB JIeOeTUHCHKOT
MopoJIM HaBezeHI B Tabmuii 5. 3a gomomoror depmenTta pectpukiii Hae 1] BUsSBICHO
HasBHICTH JBOX aneniB A i B Ta Tppox reHotuniB AA (acomiiioBaHuii i3 CHHTE30M OUIKY
A Oera-TiioOyitiny), AB (11e# TeHOTHIT Ma€e HEeTTOBHE JIOMiHYBaHHS, IPH HbOMY CHHTE3Y€EThCS
6eTa-ro0yniHOBUI 170K, 110 XapaKTEePU3yeThCs NMPOMIKHUMHU BIACTUBOCTSIMHU 1 MOEHYE
BJIACTHUBOCTI BapiaHTiB A 1 B OijkiB Oera-nakToro0yniny) i BB (acomitoeTses 3 ekcripeciero
Oinky B Oeta-nakrornodyniny) (Puc. 3).

M 1 2 3 4 5 6 7 g 9 10 11

400
300

247
200

148
75

PCR BBE AB BB BB AB BB BB BB AB BB

Puc. 3. Enexrpodopernynuii anasiz npoaykriB pecTpukii Npy BU3HAYEHHI FeHOTHTIIB
3a reHoM SLG: M — MapKep MOJIEKYJISIPHUX MAac; TeHOTHITY TBAPpUH BKa3aHi mix ¢poro

3a pe3ysbTaTaMu TOCIIiHKEHHS PO3TOJILTY TeHOTHUITIB OeTa-JIaKTOrI00yIiHy cepe 32 ToiB
II" «T'onocieBo» KuiBcrkoi obmacti 22 kopoBu (70%) € roMmo3UroTHUMH 3a aneneM B Ta mo
5 xopiB OyaH HOCISIMH TOMO3UTOTHOTO 3a A-anenem reHotury AA (15%) i reTepo3uroTHoro
AB-renotuny (15%). JlocmimxeHHs 4acTOTH ajielliB BUSIBUIO, IO Yy TBAPUH BUBUCHOI
BHOIpKH JeOeTMHCHKOI TOpoaH y 3 pasu mepeBaxkae anenb B Oera-makrornobyminy (77%).
Yacrora anemo A ckiagac 23% BIIIOBIAHO.

Tabnung 5
o> -
S g Yacrora Yacrtora anens FeTeRO3n )
Ilopona "3 . TOTHICTH X Fis
S '€ TeHOTHUIIiB
A~ A B H, | H,
JleGenuuchbKa AA 0,15
32 |AB 0.15 10,23+0,021 | 0,77+0,021 | 0,150 | 0,349 | 6,50* | 0,570
BB 0,7

Ipumimka. H,— haktidHa reTepo3UroTHICTh; He — 04iKyBaHa F€TEPO3UTOTHICTD; x° — KpUTEPiil Biamo-
BigHOCTI; * — nocroBipHicTh (P<0,05)
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[Ipu mopiBHSHHI 3HAa4YeHb (PAKTHYHOI 1 TEOPETHYHO OYIKYBaHOI T'€TEPO3UTOTHOCTI 3a
reHoM SLG J0CTiIKeHUX TBapUH JISOSJMHCHKOT MOPOH BiIMIYE€HO ABOPA30BE MepeBakaHHs
TEOPETHYHO OYiKYBaHOI T€TEPO3UTOTHOCTI Ha/l (hakTHUHO. Lle € HaciTKOM BHCOKOTO PiBHS
TOMO3UTOTHOCTI, sIKU cTaHOBUB 85%. Takoxk 3a BUBUEHUM reHoM LG BUSIBIICHE JIOCTOBIPHE
3MIIIEHHs TeHeTHIHOT piBHOBaru ¥°=6,50 (P<0,05).

BUCHOBKHN

B pesynbrari gocmikeHHs 3 T0KyCiB, SIKi T0Bs13aH1 3 MOJIOUHOIO IPOAYKTUBHICTIO, BUSIBIICHI
0COOJIMBOCTI PO3MOJITY aleJbHNUX BapiaHTIB BUBYCHUX T'€HIB y TOMYJISAIIT KOPiB aOOpUTeHHOT
NeOeIMHCHKOT MOPOIH. AHA30M PE3yNbTaTiB TCHOTHITYBAaHHS KOPIB JICOSTHMHCHKOI TTOPOAU
BCTaHOBIIEHO, 110 moiiMop(ism reniB CSN2, CSN3 Ta BLG nipencTaBlIeHU JBOMA aJIeIsIMU
CSN241'i CSN242, CSN34 1 CSN3%, BLG" i BLG®. TenetnuHa CTpyKTypa JIcOeANHCHKOI TIOPO/IH
XapaKTepu3yBaiacsi BUCOKOIO KOHIICHTPAINE MIHHUX 3 CEJNICKIHOI TOYKU 30py alleIbHHX
Bapianris: CSN2#? (0,25), CSN34 (0,81), BLG? (0,77). Ie cBim4uTh, 110 TOCIIKEHI TBAPHHH
11eOeTMHCHKOT TTOPOJIN BEITMKOT poraToi Xya001 MpoJIeMOHCTPYBAaJIH TOPIBHIHO BUCOKHA PIBEHB
TEHETUYHOTO PI3HOMAHITTS JUIA 1€l HeBenHnKoi i reorpadiyHo 13011b0BaHOT opoau. OTpuMaHi
pe3yNIbTaTH MOXKYTh OyTH BUKOPHCTAHI SIK JIOJATKOBUI IHCTPYMEHT B CEJIEKIIIHHHUX ITporpaMax
Ta nporpamMax i3 30epexeHHst reHo(hoH Ty JiebeTMHCHKOT TTOPOIN BEJIMKO1 pOraroi Xyao0ou.
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ABSTRACT

STUDY OF THE GENETIC STRUCTURE OF THE POPULATION
OF THE UKRAINIAN INDIGENOUS LEBEDYN BREED OF COWS

The article presents the results of the study of structural genes in the population of the Ukrainian
indigenous Lebedyn breed of cows, which are associated with milk productivity: CSN2 (beta-
casein), CSN3 (kappa-casein), BLG (beta-lactoglobulin). These genes encode milk proteins and
are important genetic factors that influence the quality and composition of cows’ milk. Studying
the genetic structure of aboriginal breeds of cattle is important for understanding the evolution and
distribution of the animal gene pool. This can be useful for the conservation of these breeds, as
well as for improving their performance and adaptation to environmental changes.

A total of 3 gene polymorphisms (CSN2, CSN3, BLG) were investigated. For the research, 32
samples of DNA isolated from the venous blood of Swan breed cows using the "DNA Sorb-B" kit
(AmpliSens) were used. Genotyping was performed using polymerase chain reaction (PCR-PCR)
polymorphism analysis of restriction fragment lengths. The amplified fragment of CSN2 (121
bp) was treated with Ddel restriction enzyme. A feature of the allelic spectrum of the beta-casein
gene in the studied animals is the significant predominance of the Al allele (0.75). No animals
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with the A2A2 genotype were found. For the CSN3 gene, an amplified fragment with a size of
273 bp. treated with Hinfl restriction enzyme. The absence of animals with the CSN3BB genotype
and a high frequency of the A allele (0.81) were established. When studying the BLG gene, the
amplification product (247 bp) was treated with the restriction enzyme Haelll. It was found that
allele B (0.77) and genotype BLGYY (0.7) were more common.

Features of the allelic spectrum of CSN2 (A2-0.25), CSN3 (A-0.81), BLG (B-0.77) genes,
which are characteristic of the studied population of the Ukrainian indigenous Lebedyn breed of
cows, were revealed. The results of the study are valuable in connection with the sharp reduction
in the number of local indigenous populations and the threat of extinction of the own genetic
resources of agricultural species.

Key words: cows, indigenous breed of cows, Lebedyn breed, polymorphism, genes, kappa-
casein, beta-casein, beta-globulin, allele.
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OCOBJHUBOCTI HEHTPAJIBHOI TEMOJIUHAMIKH
Y CTYAEHTIB 3 PI3HOIO CTATYPOIO

AnoTanisg. OcTaHHIM dYacoM HayKOBIIi CHIPSMYBaJlH CBOI IOCITIIKCHHS Ha BHBUYCHHSA
poOsIeMH CITiBBITHOIIEHHS 3arajibHO1, MPUBATHOI Ta JTOKATLHOT KOHCTUTYIIIT opraHi3My JIIOIWHU,
1o aae MO)KJ'H/IBICTI) HpOFHOSyBaTI/I CHEI_II/I(i)l‘-IHICTL peaKTI/IBHI/IX npouecm )IKI HpOXOI[S{TI)
y Oy/lb-SIKOMY OpraHi 4d CHCTEMi OpPraHiB 4YM Yy LITICHOMY opraH13M1 Taka 3aIikaBiICHICTb 110
BUBYCHHS KOHCTHTYLIHHUX OCOOIUBOCTEH JIFOJICHKOTO OpPraHi3My 3yMOBJIICHA IMPOSBOM Pi3HOL
PEaKTHBHOCTI IHIJTICHOTO OpPTaHi3My Ha OJTHAKOBU BIUTHB (haKTOPiB EHIOTCHHOTO Ta EK30T€HHOTO
TTOXO/DKEHHS 32 CHJIOIO0 Ta TPHUBAJICTIO Aii. B3a€M03B 30K cTaHy 3M0POB’SI 3 KOHCTHTYLIHHIMHA
XapaKTePUCTUKAMH OPTaHi3My € TOJIOBHUM CKJIaJIHUKOM KOHCTHTYIIIOJIOT1].
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Mera gocCiiKeHHS — JOCHIIUTH 0COOIMBOCTI LIEHTPAIbHOT FeMOANHAMIKY OpraHi3My I0HAKiB
PI3HUX COMATOTHIIIB.

Jist oCSATHEHHS! METH MU BUKOPHCTOBYBAJIN TaKi METOU: aHTPOIIOJIOTIUHI (BU3HAUYCHHS
THIIIB CTaTypH), IPO CTAH CEPIEBO-CYANHHOI CHCTEMH 3a TAKMMH ITOKa3HHUKAMU, SIK 9aCTOTa
CepILEeBUX CKOPOYECHb, apTepiajbHUW THUCK CHCTOJIYHHUH Ta MIaCTONIYHHUHN, MyJIbCOBUU
THUCK, CHCTOJNIYHHMH 00’€M KpOBi, XBWJIMHHHI 00’€M KpOBi, METOAM CTAaTUCTUYHOI
00poOKH.

JlocimimpKeHHsT TIPOBEJCHO HA TpPyIi BOJIOHTEPIB 3arajibHOIO KiibKicTio 320 oci0 BikoM
18-20 poxkiB "gomoBivoi crati. Bei yuacHUKH HOCTiKEHHS Oyny pO3MOIiNeHI Ha TPU MIATPYTH
BiJIMIOBITHO 10 0COONMMUBOCTEN CTATypH.

3a aHTPONOMETPHUYHUMH MOKA3HHKAMU CTYAEHTH OylM PO3MOAUICHI HA TPU IPYIH 3TiTHO
3 TUmOM cTarypu: gurectuBHuid — 108 ocib, M’si30Buit — 86 0Ci0, acTeHO-TOpaKaIbHHUNA —
106 oci6.

TakuMm YMHOM, MakCHMaibHI ITOKAa3HUKH ITyJbCy XapaKTepHI JJIsl IPEJCTaBHHUKIB acTeHO-
TOPAKAJIBHOTO THUITY CTaTypH, ajie IIPX IbOMY Ul HUX XapaKTepHi cepe/iHi 3HaYeHHS OKa3HHUKIB
apTepiaTbHOTO THCKY, mynbcoBoro THCKY, COK ta XOK. [y mpecTaBHUKIB TUTECTUBHOTO TUITY
XapaKkTepHe CepelHe 3HAYCHHS ITOKA3HHKIB IIyJIbCY T4 MAaKCUMAJbHI OKa3HUKH apTepialbHOrO
TUCKY, myabcoBoro Tucky, COK Ta XOK. M’g30Buil Tun crarypu XapakTepHU3yeThCS CaMUMHU
HU3BKUMH TTOKa3HUKaMH IyJbey, aprepianbHoro Tucky, COK ta XOK nopiBHSHO 3 AUT€CTHBHUM
Ta aCTEHO-TOPAKAJIBLHUM THUIIAMH CTaTypH.

KarouoBi cioBa: THII cTaTypu, MYJbC, apTepialbHAN THCK, CHCTONIYHHHA 00’€M KpOBI,
XBIJIMHHANA 00’ €M KpOBi, TeMOIMHAMIKA.

BCTVYII

BrmivB iHHOBAaI[ifHUX OCBITHIX HaBaHTAXEHb, SIKHI XapaKTEPU3Y€ThCS BHCOKHM
TICUXOEMOIIITHAM Ta IHTEJIEKTYaIbHUM HAIPYKESHHSM, TT1IBHIIICHHS BUMOT JIO 00CATY 1 SIKOCTI
3HaHb, 3 TAKOXK MOPYIICHHS PYXOBOTO PEKUMY HETAaTUBHO BIUIMBAIOTH HAa (DYHKI[IOHATBHI
MOKJIMBOCTI opraHizmy ctyneHTiB [1; 2; 3]. Lle mpu3BOANUTE 10 3HWKEHHS ajanTalliifiHux
pe3epBiB, BHHUKHEHHIO CHTYAIlil HEY3TOJUKEHOCTI MEXaHi3MiB pPEryisiii BereTaTHBHHUX
OGyHKIii [2; 4; 5].

HepauionaneHa JIOKOMOTOpPHA AisJIBHICTH, TINOAMHAMis MOXXE YHHUTH HETraTMBHUN
BIUTMB Ha HEPBOBI Ta CHJOKPHUHHI MeXaHI3MHU peryssimii (i3loNoriyHux —QyHKITH
B opraHismi ctymeHta [l; 2; 3; 4; 5]. CBOepimHICTh TeMOAWHAMIYHUX 3pYIIEHb, IO
BIIOyBAlOTbCS B OpraHi3Mi y pa3i CTaTWYHOTO HaBaHTKEHHs Ha (OHI HaBYAHHS
Ta rinoaumHamii [1; 2; 4], BUpakeHy aKTHBAaLlil0 CHUMIATO-aJPEHAIIOBOI CHUCTEMH 3i
MIBUJKO HACTymarounM cromiieHHsM [1; 3; 4] MOXHa BBakKaTH O3HAKOIO CTpPECY, SKHHA
MiZBUIIYE PHU3UK PO3BUTKY BETCTaTHMBHUX IMOPYIICHb 1 CEPIIEBO-CYIUHHOI IaTOJNOTiT
[1;2;5;6].

OcTaHHIM 4acOM HAyKOBI[i CIIPsIMyBalld CBOT JJOCJI/PKEHHS] Ha BUBYEHHS MpoOiIeMu
CIIIBBIJJHOIICHHS 3arajbHOi, NPUBATHOI Ta JOKalbHOI KOHCTUTYIi OpraHizmMy
JIOAVHY, 110 Ja€ MOXJIHMBICTh MPOTHO3YBAaTH CHEIU(IUHICTh PEaKTUBHHUX IPOIIECIB,
SIKI MPOXOJSATh y OyJb-SKOMY OpraHi YW CHCTEMi OPTaHiB YW B IIJIICHOMY OpTaHi3Mi
[1; 2; 5; 6; 7]. Taka 3amikaBlIeHICTh O BHBYEHHS KOHCTUTYLIHHUX 0COOIMBOCTEH
JIFOJICBKOTO OPTaHi3My 3yMOBJIEHA IPOSBOM Pi3HOT PEAKTUBHOCTI IIIJIICHOTO OpTaHi3My
Ha OJHAKOBUH BIUIUB (paKTOPIB €HAOTEHHOr0 Ta €K30T€HHOTO MOXOKCHHS 3a CUIIOI0
Ta TpuBalicTo Iii [4; 5; 6]. B3aeM03B 30K CTaHy 3J0pOB’S 3 KOHCTUTYIIHHHMHU
XapaKTepUCTUKAaMU OpraHizMy € TOJIOBHUM  CKJIAJIHUKOM KOHCTHTYIi0JOTiI
[1;2;4;5;6].
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3aBIaHHs — JOCIIAMTH OCOOJIHMBOCTI IIEHTPAIBLHOI T'eMOJMHAMIKH OpPTraHi3My FOHAKIB
PI3HUX COMATOTHUIIIB.

MATEPIAJIN TA METOAHN

JI1s TOCSITHEHHST METH MM BUKOPUCTOBYBAJIM TaKi METOJIHM: aHTPOIOJIOTIUHI (BU3HAYCHHS
THUIIIB CTaTypH), PO CTaH CEPIEBO-CYANHHOT CUCTEMH 3a TAKUMU IMOKA3HUKAMH, SIK 4aCTOTa
CepIIEBUX CKOPOYCHB, apTepialIbHUI TUCK CHCTOJIYHUE Ta JiacTONIYHUHN, MYJIbCOBHHA THCK,
cuctoniyauii 06’em kpoBi (COK), xBunuHHUE 00’eM kpoBi (XOK), MeTtoau cTaTHCTUHYHOT
00poOKH.

JocnimpkeHHsT TPOBEIEHO Ha TIPyIi BOJOHTEPIB 3arajibHOI0 KUIbKICTIO 320 0ci0 BikoM
18-20 pokiB 4oItoBi401 cTati. Bei yuacHHKY TOCITIPKEHHS OyI PO3MOIIICHI HA TPH MIATPYITH
BiJINIOBiTHO JI0 OCOOJIMBOCTEH CcTaTypHu.

Bu3HavyeHHS THMIB CTaTypy FOHAKIB 3IIHCHIOBAJIIOCS HA OCHOBI aHTPOIOMETPHYHHX
obctexens [7; 8]. Ilin yac npoBeaeHHs AOCTIIKEHHS HaMH BUKOPUCTOBYBAJIACS METOJIUKA
B.I. ltepxo 1 A.Jl. OctpoBcbkoro (1929), sika HaOLIBIT TPUKHHATHA, HA HAII TOTIIS/,
y po6oTi 3 roHakaMu BikoM 710 20 pokiB. Y 1eil mepiosl B OCHOBHOMY 3aKiHUY€EThCS MPOLEC
pocty 1 popMyBaHHS OpraHi3My; OUIBIIICTh OCHOBHHMX PO3MIPHHX O3HAK TiJIa JTOCSTAlOTh
nediniTuBHOT Benmmuunwm [7; 8].

Yactory cepueBux ckopodyeHb (UCC) BH3Hauanm y CTaHiI BiJJHOCHOTO CIIOKOO.
VYV cnokoi UCC dikcyBanu mynbcotaxomerpoM “Polar F52c¢”, manemaTtopHo, a Takox
3a JIOMOMOror KoMmIuiekcy “Bapikapa 2.51”. BuMiproBaHHsI BEJIMUHMH apTepiabHOTO
THCKy mnpoBogwnu 3 BukopuctanusMm werony H.C. KoporkoBa B moioxeHHI
cunsan [8].

PobGora Bukonana Ha 6a3i kadenpu 6ionorii HiKHMHCBKOTO J€p:KaBHOTO YHIBEPCHUTETY
iMeHi Mukonu Torons, kadenpu anaromii 1 ¢izionorii JrOAMHU Ta TBapuH JIyraHCHKOTO
HalioHaIbHOTO yHiBepcuTeTy iMeHi Tapaca llleBuenka (M. Mupropon).

PoGora BUKOHYBaIaCh y BIAMOBITHOCTI 10 O10€ THYHUX HOPM 3 IOTPUMAHHSM BiJIIIOBITHIX
npuHuuniB lenbcincbkoi aexnapanii npas sroaunu, KonBeHuii paau €Bponu npo mpasa
JIOIMHY 1 O1OMETUITMHM Ta BIJIMOBIIHUX 3aKOHIB YKpaiHHu. B¢l BOJIOHTEpH Jajii THCEMOBY
3rojly Ha y4acTb y fociimpkeHHi [9; 10].

CratucTivHy OOpOOKY OTpHMaHUX JaHWX 3IMCHIOBAJIM METOAAMU MaTeMaTHIHOl
CTaTUCTHUKH 3 BUKOPUCTAHHIM KOMIT FoTepHOi nporpamu Excel 10.

PE3YJIBTATHU

3a aHTPONIOMETPHYHUMH IMOKA3HUKAMHU CTYICHTH OYyIIM PO3MOJUICH! Ha TPH TPYIH 3TiITHO
3 THIIAMHU CTaTypu: qurecTiBHuil — 108 ocib, M s130Buii — 86 0Ci0, acTeHO-TopakansHuii — 106 ociO.

®Di3i0NOrivHI CIIOCTepeKEeHHST 3a cTyneHTamMu 18—20 poKiB pI3HUX THUIIB CTaTypu
JIO3BOJIMJIM BHUSABHUTH CYTTEBI BIAMIHHOCTI B TIOKa3HHMKax LEHTPalIbHOI TeMOAWHAMIKU
(Tabmuns 1).

AHami3z 4YacTOTH CEpIeBUX CKOPOYCHb JIa€ MOXIHUBICT CTBEPIKYBaTH  IIPO
HasBHICTH OUTbIn Bucokoro 3HaueHHs YCC (87,5+2,65 ya/xB.) y IOHaKiB acTeHO-
TOpaKajJbHOTO THITy CcTarypu  Ha 15% TOpIBHSHO 3 TPENCTABHUKAMU M’S30BOTO
(76,4+1,65 yn/xB) i Ha 12% MOpPIBHAHO 3 NMPEACTaBHUKAMHU JAUTECTHBHOTO THITIB CTaTypH
(77,9£1,7 yn/xB) (P< 0,05).
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ApTepiaIbHUIl THCK — OIMH 3 HaWOUIbII BaKIMBHX TMOKA3HHMKIB reMoauHamiku. [lei
MOKAa3HUK y MPEACTABHUKIB IUTCCTHBHOIO THITy CTAaTypU XapaKTEPU3YEThCs HAHOLIBII
BHCOKAMH BETMYMHAME: CHCTONIUHHHA THCK Ha 17% OMbIMH HIXK y TpeACTaBHHUKIB
M’s130Boro THIy 1 Ha 10% MOpiBHAHO 3 aCTEHO-TOPaKaIbHUM TUIIOM; JiaCTOJNIYHUNA THUCK Ha
5% OimpIIMii HIX y M S130BOTO THITY i Ha 1,5% HIXK y acTeHO-TOpakaabHOTO TUITY. BimMiHHOCTI
B MOKA3HUKAX CHUCTOJIYHOIO THUCKY Y MPEICTaBHUKIB 3 TUTCCTUBHUM THIIOM CTaTypu Oyiu
JIOCTOBIPHI TIOPIBHSIHO 3 TIOKA3HWKaMU MPEICTABHUKIB M’ S30BOTO Ta aCTEHO-TOPAKAIHLHOTO
TUMiB cTaTypu. [TOKa3HUKU IiacTONIYHOTO THUCKY Y MPEICTABHHUKIB TUTCCTUBHOTO THITY
cTarypu Oyl JIOCTOBIPHO OiJIbINi TIOPIBHSIHO 3 TIOKa3HUKAMHU M’ SI30BOTO THITY CTATYPH.

Tabmus 1
IMoka3HUKHU LEeHTPATbHOI TeMOAUHAMIKH CTYIEHTIB
18-20 pokiB pi3Hux TUMIB cTATYpHU
Hoxka3nuku Tunu crarypu I[OCT.OBIPHICTB
pi3HUIb
T0 tﬁ::::}-mﬁ M’si30Buii JlurectuBHUI AT-M | M. AT-]T
p(n=1 00 (n=86) (n=108) A
YCC, yn/xB. 87,5+2,65 76,4+1,65 77,9+1,7
CAT mmpr.cr 113,58+4,5 106,9+1,5 125,14£2,2 * * *
JAT MM pT.CT. 74,17+3,54 71,43+1,84 75,25+£2.5 *
TlymocoBmit THCK | 39 4114 03 35,47£1,66 49,89+2.2 * *
MM PT.CT
XOK, 11/xB. 6,4+0,17 4,76+0,14 6,840,15 * *
COK, mit 74,2+1,33 73,8+0,17 76,2+1,93 *

IpumiTka. * — CTaTHCTUYHO AOCTOBIpHI BimMiHHOCTI Tipu P < 0,05

MaxkcumanbHi MOKAa3HUKU IyIbCOBOTO THCKY CIOCTEpirajgucs Yy MPEICTaBHUKIB
IUTCCTUBHOTO THUIY CTAaTypH MOPIBHAHO 3 aCTCHO-TOPAKAJTBHUM Ta M’ SI30BUM THIIAMH.
BigHOCHI XapakTepUCTUKHM IyIbCOBOIO TUCKY Yy HPEACTaBHUKIB JUIECTUBHOTO THITY
Oymu Oinpmmi Ha 26,5% HIX y NMPEICTaBHUKIB acTeHO-TopakaibHOTo THITy i Ha 40,6% HiX
y IpPEACTaBHUKIB M’SI30BOTO TUILy CTaTypH, 3a3HA4YCHI 3MIHM MajHu JOCTOBIpHUH XapakTep.
A BIITHOCHI TTOKa3HHWKU ITYJABCOBOTO THCKY Y INPEICTABHHUKIB M’S[30BOTO THIYy Ta acTEHO-
TOpaKaJIBbHOTO BiJPI3HSIUCS OJIHE Bil oAHOTO Ha 11%, Taki BiAMIHHOCTI HE € TOCTOBIPHUMHU.

Posmismaroun orpuMaHi JlaHi XBHIMHHOTO 00’eMy KpoBi (XOK), MOXHa Bi3HAYUTH,
o0 HalMeHNN TMOKAa3HUKH BiJ3HAYEHI Yy CTYACHTIB M S30BOTO THUIy CTaTypH:
4,76+0,14 n/xB. Haiibinpm Bucoki 3HaueHHS XOK mpuTamaHHI TpeacTaBHUKAM
JUTECTUBHOTO THUITYy CTaTypH, BiH Oinbimmit Ha 43% HIX y NPEICTABHUKIB M S30BOTO THITY
1 Ha 6% HIK y acTCHO-TOPaKaIbHOTO THITY. [IpeICTaBHUKM acTEHO-TOPAKAJBLHOTO THITY
cratypu manu 6,4+0,17 n/xB, 1e OUIbIIE HIX y IPEACTABHUKIB M S30BOTO TUITY, aJIc MCHIIIE
HDK y IPEICTaBHUKIB JUTECTUBHOTO THITY CTAaTypPH.

[TigBuIIeHHS CKOpOUyBaIbHOI (DYHKIIT epeOyBae B 00EpHEHO MPOMOPLINHHIii 3a1eKHOCTI
Bin UCC. HalibinmpImii cucToligyHuid 00’ €M KpOBi BUSIBICHUH Y TIPEICTABHUKIB TUTECTHBHOTO
tuny: 76,2+1,93 mn (P< 0,05); minimansauit COK cnocrepiraBcss y IpeACTaBHUKIB
M’SI30BOTO Ta AaCTEHO-TOpPAKAJIbHOTO THMIB crarypu: 73,8+0,17 mn 1 74,2+1,33 wmn
BinoBinHO. BiaminHOCTI cTarucTnyHo HegocToBipHi (P > 0,05). Tak, COK y mpeacraBHUKIB
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IUTECTUBHOTO THITy OyB Oinpmmmii Ha 3% MOPIBHAHO 3 NMPEIACTAaBHUKAMH M’ SI30BOTO THITY
cTarypu i Ha 2,6% MOPIBHAHO 3 MOKa3HUKAMH aCTEHO-TOPAKaJIbHOTO THITY.

TakuM 9MHOM, MakCUMalbHI MMOKa3HUKU MYJIbCY XapaKTEpHi IS aCTEHO-TOPAKaIBHOTO
TUIy CTaTypd, ajieé OpU I[bOMY JJIi HHUX XapakTepHi CepenHi 3HA4YCHHsS IOKa3HHKIB
apTepiabHOTO THCKY, ylbcoBoro Tucky, COK ta XOK. [lyis npencTaBHUKIB JUTECTHBHOTO
TUIy XapaKTepPHE CepelHE 3HAYCHHsS MOKA3HUKIB IMyJIbCy Ta MAKCUMAIbHI MOKa3HUKU
aprepiaibHOTO THCKY, TyibcoBoro Tucky, COK Ta XOK. M’s3oBuid THII CTaTtypu
XapaKTepU3y€eThCss CAaMUMU HU3BKUMH MMOKa3HUKAMH IMyJbCy, apTepianbHoro tucky, COK ta
XOK mopiBHSHO 3 ANTECTHBHAM Ta aCTCHO-TOPAKaJIbHUM THUIIAMH CTaTypH.

BUCHOBKHA

IToxa3HUKH EHTpaIbHOI TeMOIMHAMIKM MalOTh IE€BHY 3aJIeKHICTh BiJ THIy CTaTypH.
Tak, MiHIMaJIbHI 3HAUEHHS, SKI XapaKTEPU3YIOTh JISUIBHICTh CEpIEBO-CYIUHHOI CHCTEMH,
XapaKTepHi JUIs M S30BOTO THITY CTaTypH, MAaKCUMaJIbHi 3HAYEeHHsI, 32 BUHATKOM ITyJIbCY, JUIS
JIUTECTUBHOTO THITY, & CEpelHi 3HaYEeHHd, 3a BUHITKOM ITYIIbCY, IS ACTEHO-TOPaKaJIbHOTO
tuny. KinbkicHI XapakTepUCTHKM IyNbCY y NPEACTABHHUKIB M’S30BOTO THUILY MiHIMAlbHI,
CepeqHe 3HAUCHHS — XapaKTepHe I JUTeCTHBHOTO THITY CTaTypH | MaKCHMAaJIbHE 3HAYCHHS
MyJIbCy XapaKTepHe JJIsl aCTeHO-TOPaKaJIbHOTO THITY.
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ABSTRACT

FEATURES OF CENTRAL HEMODYNAMICS IN STUDENTS
WITH DIFFERENT PHYSICS

Recently, scientists have focused their research on the problem of the relationship between the
general, private and local constitution of the human body, which makes it possible to predict the
specificity of reactive processes that take place in any organ or system of organs, or in a whole
organism. Such interest in the study of the constitutional features of the human body is due to
the manifestation of different reactivity of the whole organism to the same influence of factors of
endogenous and exogenous origin, in terms of strength and duration of action. The relationship
between the state of health and the constitutional characteristics of the body is the main component
of constitutional science.

The purpose of the study — to investigate the peculiarities of the central hemodynamics of the
body of young men of different somatotypes.

To achieve the goal, we used the following methods: anthropological (determination of body
types), about the state of the cardiovascular system by such indicators as heart rate, systolic and
diastolic blood pressure, pulse pressure, systolic blood volume, minute blood volume, methods
statistical processing.

The research was conducted on a group of volunteers, a total of 320 people, aged 18-20, male.
All study participants were divided into three subgroups according to their physique.

According to anthropometric indicators, students were divided into three groups according to
the type of physique: digestive — 108 people, muscular — 86 people, astheno-thoracic —106 people.

Thus, the representatives have the maximum pulse values characteristic of the astheno-thoracic
body type, but at the same time, they are characterized by the average values of blood pressure,
pulse pressure, SOC and HOC. Representatives of the digestive type are characterized by the
average pulse rate and the maximum blood pressure, pulse pressure, SOC and COC. The muscular
body type is characterized by the lowest indicators of pulse, blood pressure, SOC and HOC in
comparison with the digestive and astheno-thoracic body types.

Key words: body type, heart rate, blood pressure, systolic blood volume, minute blood
volume, hemodynamics.
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SIMULATION OF TRACK STRUCTURES
AS THE BASIS OF BIOSENSORS

Abstract. The main factor determining the functioning of the track biosensor is the influence of
the composition of an ionic liquid flowing through the track on the ion current density at a certain
external voltage. When any contamination enters the ionic liquid flowing through the track, the
current density changes. This change determines the sensitivity of the biosensor. The amplifying
electronic circuit of the device makes it possible to vary the sensitivity parameter over a wide range.
In this work, it was found that the sensitivity of the biosensor depends on the mode in which it is
operated. This means that the mode of operation must be selected depending on what sensitivity is
required in each particular case.

Key words: porous, track biosensors, model particles, adsorption centers, sensitivity.

INTRODUCTION

Experts consider bio-nanotechnology to be one of the most intriguing areas of application
of nano-science. In recent decades, the applications of nanotechnology in many fields related
to biology, such as diagnostics, drug delivery, and molecular imaging, have been intensively
investigated and yielded remarkable results.

The importance of monitoring vital processes and parameters in various spheres
of life has led to the discovery of small analytical devices known as biosensors.
The creation of these devices has provided various applications including drug
discovery, disease diagnosis, biomedicine, food safety and processing, environmental
monitoring [1; 2].
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Biosensors are analytical devices used to detect the presence of an analyte of
interest in a sample. They are self-contained integrated devices that provide qualitative
and quantitative data about analyte by using a biological recognition element that
is coupled to a transduction element. The purpose of these analytical devices is to
rapidly provide accurate and reliable information about the analyte of interest
in real time [3-6].

Biological sensor elements interact with the investigated substance to generate a
signal. The signal generated as a result of the interaction between the sensitive element
and the substance under study is then converted into a measurable and quantifiable signal
through a transducer. Thus, the signal processing system amplifies the electrical signal
and transmits it to the data processor, which produces a measured signal in the form of a
digital display, printout, or by other way [7; 8]. The development of efficient biosensors
with high functionality has led to significant achievements in various scientific fields.
However, the experimental construction of biosensors faces difficulties, which in some
cases can be overcome by using computational methods. Computer simulation can be to
complement or replace classical experimental methods of biosensor development. Our
study is directed to development and improvement of a computer model of track biosensor
with an account of results earlier obtained by methods of computer modelling in the field
of track biosensor creation.

1. On the possibilities of using track structures

1.1. Electrical peculiarities of tracks

The basis of any track biosensor is a track structure, which, in a particular case, is a polymer
film irradiated with fast ions. The resulting structural disorder along the tracks changes
electronic behavior of material. The free volume created in this way allows electrolytes
to penetrate into the polymer along the hidden surface of the track, thus forming parallel
liquid conductive nanowires between the front and back sides of the foil. Thus the irradiated
polymer foils can exhibit electronic properties that mimic bioelectronic functional properties,
as they somewhat resemble biological membranes that also contain parallel electrolyte-
filled nanopores. Carbonaceous accumulations along the hidden tracks act as obstacles to
the smooth passage of the ion current along them when a low-frequency direct or alternating
current voltage is applied. As a result, charges can accumulate so that their electric field
exceeds the intensity of the breakdown field. At this moment, current surges occur, which are
associated with negative differential resistance.

1.2. Track structures for detection of spiral bacteria

There are some classes of parasitic bacteria with characteristic spiral morphology
(bodies about ~0.15...0.5 um thick and spiral length ~5...10 um), such as spiroplasma
(e.g. E-Coli) and spirochetes (such as Borelli and Treponema). All of them can move at
a significant speed (usually ~3-10 um/s), but with different mechanisms of migration.
While spiroplasma bacteria move through the kinks, spirochetes demonstrate purely
longitudinal movement. The peculiar elongated structures of these bacteria allow them to
pass along nanopores such as etched tracks. This is used to isolate them by filtration. A
combination of ion track filters provides effective sensors for spirochetes. This should be
done by measuring their mobility through tracks etched to different diameters over a range
of helix diameters. Such measurements provide an interesting insight into the motion
limitations of nanometric helical structures. In this way, spirochetes can be distinguished
from spiroplasmas.
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2. Simulation of optimal operating modes of a track biosensor

The parameters of the biosensor depend on the shape of the tracks, their sizes, and the
atomic and electronic structure of the inner surfaces [9-11].

Features of the passage of ion flows through the tracks determine the quality of the
functioning of the track biosensor. As noted earlier [11], this kinetics is significantly affected
by adsorption centers on the inner surfaces of the tracks. With their uniform distribution
on the surface and the same parameters, the ion flow has ohmic behavior (Fig. 1). It is this
option that is optimal for the functioning of the biosensor. However, it is difficult to ensure a
uniform distribution of adsorption centers on the inner surface of the track during the creation
of tracks during the passage of fast ions through the film. Usually, ohmic current conditions
are not created (Fig. 2).

Computer simulation of [11] made it possible to obtain the dependence of the depth of the
potential well of the adsorption center on the charge. It turned out that even with a uniform
distribution of adsorption centers over the surface, the dependence of the current density on
the charge value is nonmonotonic (Fig. 3). However, with their uneven distribution these
dependences are more complex and unpredictable (Fig. 4), which is important to consider
when creating a biosensor.

An unexpected result was the influence of the flux density of model particles on their
deceleration by adsorption centers (Fig. 5).

Current density of model particles, Rel. Un,

External voltage, Rel. Un.

Fig. 1. Dependence of the current density of model particles on the
external voltage. Curves of different colors correspond to different values
of the initial external voltage. The increase in voltage during subsequent

measurements was carried out in the same way in all cases
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Current density of model particles, Rel. Un.

External voltage, Rel. Un.

Fig. 2. Dependence of the current density of model particles on the
external voltage. Curves of different colors correspond to different values
of the initial external voltage. The increase in voltage during subsequent

measurements was carried out in the same way in all cases

Current density of model particles, Rel.

The charge of the adsorption center, Rel. Un.

Fig. 3. Dependence of the current density of model particles on the charge
of the adsorption center in the case of uniform distribution of adsorption
centers on the inner surface of the track. Curves of different colors
correspond to different values of the initial external voltage. The increase
in voltage during subsequent measurements was carried out in the same
way in all cases



Current density of model particles,
Rel. Un

The charge of the adsorption center, Rel. Un.

Fig. 4. Dependence of the current density of model particles on the charge
of the adsorption center in the case of random distribution of adsorption
centers on the inner surface of the track. Curves of different colors
correspond to different values of the initial external voltage. The increase
in voltage during subsequent measurements was carried out in the same
way in all cases

The residence time of particles in
adsorption centers, Rel. Un

Current density of model particles, Rel. Un.

Fig. 5. The dependence of the residence time of particles in adsorption
centers on the flow. Curves of different colors correspond to different
values of the initial external voltage. The increase in voltage during
subsequent measurements was carried out
in the same way in all cases
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DISCUSSION AND CONCLUSION

The problems of creating new sensory devices have now acquired particular urgency.
These should be devices with a sufficiently high sensitivity and cost-effective. In particular,
a large number of biosensors for various purposes have been created. The use of computer
simulation methods significantly reduces the cost of developing and creating new sensor
devices. Computer simulation has made it possible to obtain important results without costly
experiments. In this work, it has been established that, regardless of the design features of a
track biosensor, its effective application is possible only under a certain operating mode.

ACKNOWLEDGMENTS

This work was supported in part by the Ministry of Education and Science of Ukraine
(projects Nos. 0121U109543, 0122U000850, and 0122U000874) and National Research
Foundation of Ukraine (project No. 2020.02/0100 “Development of new nanozymes as
catalytic elements for enzymatic kits and chemo/biosensors”). T.K. also acknowledges the
SAIA (Slovak Academic Information Agency) for scholarship in the Institute of Physics of
Slovak Academy of Sciences in the framework of the National Scholarship Programme of the
Slovak Republic.

REFERENCES

1. Monosik R., Stredansky M., Sturdik E. Biosensors — classification, characterization and
new trends, Acta Chimica Slovakia. 2012. Vol. 5(1). P. 109-120.

2. Turner APF. Biosensors: sense and sensibility. Chem. Soc. Rev. 2013. Vol. 42. P. 3184-3196.

3. Mehrotra P. Biosensors and their applications — A review. Journal of Oral Biology and
Craniofacial Research. 2016. Vol. 6. P. 153-159.

4. Thevenot D.R., Toth K., Durst R.A., Wilson G.S. Electrochemical biosensors: recommended
definitions and classification. Pure App! Chem. 1999. Vol. 71. P. 2333-2348.

5. Damiati S., Schuster B. Electrochemical Biosensors Based on S-Layer Proteins. Sensors.
2020. Vol. 20. P. 1721.

6. Sabr A.K.H. Biosensors. American Journal of Biomedical Engineering. 2016. Vol. 6(6).
P. 170-179.

7. Malik P, Katyal V., Malik V., Asatkar A., Inwati G., Mukherjee T.K. Nanobiosensors:
Concepts and Variations. International Scholarly Research Notices.2013. Vol. 2013. Article
ID 327435, 9 pages. http://dx.doi.org/10.1155/2013/327435

8. Grieshaber D, MacKenzie R, Voros J, Reimhult E. Electrochemical Biosensors - Sensor
Principles and Architectures. Sensors. 2008. Vol. 8. P. 1400-1458.

9. LI Donchev, T.S. Kavetskyy, O.R. Mushynska, O.V. Zubrytska, 1.V. Briukhovetska,
AM. Pryima, H.Y. Kovalchuk, N.K. Hoivanovych, L.M. Kropyvnytska, Y.Y. Pavlyshak,
T.B. Skrobach, G.M. Kossak, V.I. Stakhiv, S.S. Monastyrska, A.E. Kiv. Computer model
of track biosensor. Semicond. Phys. Quant. Electron. Optoelectron. 2022. Vol. 25(4).
P. 441-445.

10. 1. Donchev, Y. Bondaruk, D. Dyachok, L. Pan’kiv, 1. Pan’kiv, Y. Kukhazh, O. Mushynska,
O. Zubrytska, T. Kavetskyy, D. Fink, A. Kiv. Computer modeling of biological contaminants
in a track biosensor. Acta Carpathica. 2022. Vol. 1(37). P. 5-13.

11. L. Donchev, Y. Bondaruk, D. Fink, T. Kavetskyy, M. Kushniyazova, L. Pan’kiv, Y. Kukhazh,
O. Mushynska, O. Zubrytska, A. Vinkovskaya, D. Dyachok, A. Kiv. Optimization of ion
track characteristics in a track biosensor. Acta Carpathica. 2022. Vol. 2(38). P. 31-37.

72



YIK 332.142.6:502.131.1(043.3)
DOI https://doi.org/10.32782/2450-8640.2023.1.9

JItobos I pucopisna Keacwiil,
KaHUaT EKOHOMIUHUX HayK, mpodecop kadeapu MaTeMaTHKH Ta €KOHOMIKH

JporoGuiipKuii aep >kaBHUi rearoriyHui yHiBepcurer iMeHi [Bana @panka, Ykpaina
orcid.org/0000-0001-5248-544X, e-mail: lg_k@ukr.net

Csimnana Apocnasisna Borowancwka,
KaHIuAaT 010JI0TYHUX HAyK JOLEHT Kadenpu Oiosorii Ta Ximii

JporoOuIbKIA Jep>KaBHUH MeAaroriqHui yHiBepcuteT iMeHi IBana dpanka, Ykpaina
orcid.org/0000-0003-4589-6376, e-mail: svitlana.voloshanska@gmail.com

Bacununa Onexcanopiena Konoc,
cTapuMi BUKIagad kadeapu comianbHO-TyMaHITapHUX Ta GyHIaMEHTaIbHUX TUCLUILTIH

ITpuxapnarcekuil iHcTUTYT iMeHi Muxaiina I'pymescbkoro IIpAT «BH3 «MAVII», Ykpaina
orcid.org/0000-0002-6240-5412, e-mail: maup_truskavets@ukr.net

Oxcana Cemenisna llosicruk,
cTapiinii BUKIIaga4 kapeIpu MECHEUKMEHTY OpraHiz3alliii, eKOHOMIKH Ta MiANPUEMHUIITBA,

IIpuxapnarcekuii iHcTUTYT iMeHi Muxaiina ['pymescbkoro ITpAT «BH3 «MAVII», Ykpaina
orcid.org/0000-0003-2525-0500, e-mail: maup_truskavets@ukr.net

T'anuna leopisna Cucun,
crapiinii BUKIaaa4d kapeIpu MECHEDKMEHTY OpraHi3ailii, CKOHOMIKU Ta MiANPUEMHHIITBA

[Mpukapnarcekuii iHCTUTYT iMeHI Muxaiina ['pymeBcbkoro [IpAT «BH3 «MAVTIy», Ykpaina
orcid.org/0000-0003-4957-1536, e-mail: maup_truskavets@ukr.net

EKOJIOTO-EKOHOMIYHI ACIHEKTHU PO3BUTKY
INPUKAPIIATTA

AHoTanis. Y cTarTi JOCHI/DKEHO OCHOBHI E€KOJIOTO-€KOHOMIYHI aCIeKTH pPO3BHTKY
[Tpukapnarchbkoro perioHy, BU3Ha4€HO OCHOBHI €KojoriuHi npoOnemu JIpBiBIMHU Ta [BaHO-
@OpaHKIBIIMHY Ta 3aIIPONIOHOBAHO MOXKJIMBI IIUISIXH 1X rofosaHHs. HaBeaeHo OCHOBHI NOKA3HUKH
€KOJIOr0-eKOHOMIYHOTO PO3BHUTKY oOiacteil Ilpukapmnartst y ExonoriyHoMy peHTHHIY perioHiB
VYikpaiam 3a 2022 pik. 3a3HaueHo, mo YepHiBerbka 007acTh 3aliMae JAWPYIOUl TMO3HIIi B
€KOJIOTIYHOMY peUTHHTY perioHiB Ykpaimm mpotsrom 2021-2022 poxki. OOrpyHTOBaHO, IO
OCKIJIBKH €KOJIOTIYHA CHUTYallis B YKpaiHi B 1iiomy, i B [IpukaprnaTcbkoMy perioHi 30kpema, €
0COOJINBO CKJIAJIHOIO, 3a0py/IHEHHSI HABKOJIMIIHBOTO CEPEIOBHIIIA, HOBiTps[ BOJIOMMHUII 1 rpaHTiB
HAHOCHTH HEIIONPaBHY LIKOY 3/10pOB’I0 Jrozei. JloBeneHo, 1m0 B3aEMO3B 130K MiXK EKOHOMIKOIO
Ta EKOJIOTI€I0 CTAE BCE OUIBII OYEBHIHUM i BUMAra€ KOMIIEKCHOTO rn;[xoz[y JI0 O3B’ sI3aHHS Li€l
npobiemu. OOGTPYHTOBAHO 3aBHAHHS, SKi MOTPEOYIOTH HETAWHOTO BUPINICHHS AJIS TTOXOJAHHS
HasiBHUX €KOJOTIYHUX MPOOJIeM B perioHi. AKIEHTOBAHO yBary Ha JOMUILHOCTI BUKOPUCTAHHS
BIZIHOBJIIOBaJIbHHUX JDKEPEJ CHEPril sIK Ba)KIIMBOTO €JIEMEHTa €KOJIOT0-eKOHOMIYHOTO PO3BUTKY,
10 JIO3BOJINTH 3MEHIIUTH 3aJIEXKHICTh BiJl IMIIOPTOBaHOI HAaQTH Ta Tasy, 3SMEHUINTH BHKHIH
MAapHUKOBUX Ta3iB Ta 3a0e3NeYrTH CTIHKWI PO3BHTOK €KOHOMIkM [IpnmkapnarchbKoro periony.
Haronomeno, Imo OKPEMHM acIeKTOM EKOJOrO-CKOHOMIYHOTO PO3BUTKY € 3a0e3NedeHHs
eKOJIOTIYHOI OE3MeKM Ta KOHTPOJh 3a BHUKWAAMH 3a0pyIHIOIOUHX pEYOBHH. B pesymprari
IPOBEJCHHOIO HAyKOBOTO JOCTI[KEHHS BCTaHOBJIEHO, IO B MalOyTHbOMY EKOHOMIUHMH
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po3BuToK [IpHkapnarchbKoro perioHy IOBHHEH OyTH CTaJluM, TOOTO TIOBHHEH 3a0e3NeYuTH
HaJIOKHUH piBeHb €KOHOMIYHOTO 3pOCTaHHs, HE IOPYLIYIOYH EKOJIOTIuHI piBHOBaru. Tomy ais
FOTO HEOOXiTHO pO3poOIATH ePEeKTUBHI IIAaHA PO3BUTKY, IO TIepen0adaroTh 3aXUCT JOBKIIIIS
Ta palioHaJbHEe BUKOPUCTAHHS YCiX HAIBHUX PECYPCIB.

KuouoBi ciaoBa: exonoriuni mpobnemu, perion I[lpukapmarts, cTajauii €KOHOMIYHUN
PO3BHUTOK, 30€peXeHHsI HaBKOJMIIHBOTO CEPE/IOBMINA, 3aXUCT JIOBKULIA, pallioHaJIbHE
TIPUPOJOKOPUCTYBAHHSL.

BCTVYII

€BpOIEHCHKUH COI03 aKTUBHO ITPOBOIUTH BTIJICHHS €BPOIEHCHKOTO 3€JICHOTO KypCY, SIKUH
CIIPHUATHME NEPEBENICHHIO BCIX raiy3eil JIIOIChKOI TiSUIBHOCTI Ha PEHKH CTaJOro PO3BUTKY.
Ha cygacHomy eTarti eKOHOMIYHUX BITHOCHH B YKpaiHi CIIOCTEPITafOThCs 3HAYHI IPOTHPITUS
MDK PO3BHTKOM E€KOHOMIKH Ta CTAHOM JOBKULIS, IO CHOHYKA€ JO IIONIYKY CTpaTeridHuX
pIlICHb B TUIAHI YIPAaBIIHHS COIIaJbHO-CKOHOMIYHUM PO3BUTKOM KpaiHH 3 ypaxyBaHHSIM
eKoJoriuHoro ¢axropy. Ha cboroaHiIHiil AeHb €KOJIOTiUHA CUTYAIis B YKpaiHi Ha3BUYaliHO
cxianHa. [TpupomHe cepenoBuine B OUTbIIOCTI obnacTelt nyxe 3a0pymnHeHe. Tak, BUKHIH
3 MIANPUEMCTB Yy PO3paxyHKy Ha | KB KM IUIONII CTaHOBJIATh HPHOIM3HO 6,5 TOHH.
3a0pyIHEHHS BiJl IMPUEMCTB HAHOCUTH HETIONPABHY KOy 3I0POB IO JItonel. 3a ocTaHH1
20 pokiB Halle po3yMiHHS O10pPI3HOMAHITTS CYTTEBO PO3BUHYJIOCS: BiJ c(hepu COCTEPEKEHb
1 OITUCY, SIKa KOJIUCH 3/1e0UTBIIIOro OyJia BiIHECEHA 10 Chepr MPUPOTHUYIOT icTOpil, 10 chepH,
sIKa OXOILTIOE €KOHOMIKY, €KOJIOT1F0, TEHETHKY Ta IIPUPOHNYI HAYKH.

MATEPIAJIN TA METOAHN

OO0’€exTOM JIOCHIJDKEHHST OyJIM €KOJIOro-eKOHOMIUHI acleKTH pPO3BUTKY [lpukapmarts,
CIIPSIMOBaHI Ha 3a0e3IeYeHHsI EKOJIOTIYHO CTAaJIOr0 PO3BUTKY perioHy. MeTonoIorivyHoro
OCHOBOIO HAIMCAHHS CTATTI € METOJIN HAYKOBOTO Ii3HAHHS, 30KpeMa, JTIaJIeKTHUHUI METO/,
METOJ| TOPIBHSUIBHUM Ta TpyIyBaHb - Yy MpOLECi OLIHKU €KOJOTiYHOro Ta COI{ajlbHO-
€KOHOMIYHOTO PO3BHUTKY OKpeMmux obnactedd [IpukapraTchbkoro perioHy, (yHIaMeHTabHI
MOJIOKEHHST  3arajbHOI  E€KOHOMIYHOI Teopii, MJOCHIPKEHHS B Taly3i EKOHOMIKH
MIPUPOAOKOPHUCTYBAHHS Ta OXOPOHH HABKOJIUIITHBOTO CEPEIOBHUINA.

PE3VJIbTATH

Po3BUTOK perioHy 3 €KOJIOro-eKOHOMIYHOI TOYKH 30py O3Hayae 30aJaHCOBAHHMM IMiJIXila
JI0 3a0e3MeveHHs] eKOHOMIYHOTO 3POCTaHHs Ta 30epekeHHS HABKOJMITHHOTO CEPEIOBHIIA.
VY 3B’A3Ky 31 3pOCTaHHSIM CBiIOMOCTI JIIOJCH IpO BIUIMB TOCHOJAPCHKOI JisNIBHOCTI Ha
JIOBKUIIS,, €KOJIOTIYHMN aCIEeKT CTaB 3Ha4yIIUM (AKTOPOM Y IUIaHYBaHHI Ta PO3BHTKY
perioHiB. 3a pe3yabTaTaMH OMUTYBAaHHS, «B YKpaiHi cepel €KOJOTiUHUX MpoOsieM, SKUMHU
HaHOUIbIIIe TIepEeHMAarOThCS PECTIOH/ICHTH — 3a0pyAHECHHS BOJONM Ta JeiluT muTHO BOIU
(51,0%), 3pocTanHs KiTBbKOCTI TOOYTOBUX Ta MPOMHUCIOBUX BIIX0AIB (45,9%) Ta 3a0pynHEHHS
armocdepuoro moBiTps (38,1%)» [1] .

Exonoro-ekoHOMI4Hi aCTIEKTH PO3BUTKY PETi0HY OB’ s3aHi 3 0aJlaHCyBaHHIM 30€pEKEHHS
MK HABKOJIMITHIM CEpEJIOBHUINEM Ta 3a0e3MeUeHHSIM EKOHOMIYHOTO 3pPOCTaHHS B IbOMY
perioHi. Po3BUTOK perioHy 3 €KOJIOro-eKOHOMIYHOi TOUKM 30pY € BaXKJIMBOI CKJIAJ0BOIO
CTaJIOTO PO3BUTKY.
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OCHOBHI aCTIeKTH €KOJIOTO-€KOHOMIYHOTO PO3BHUTKY BKITIOUAIOTh!

1. 30amaHcyBaHHS BUKOPHCTaHHS pecypciB. BaximBo 3a0e3neyuTd paiioHalbHe
BHUKOPHUCTAHHS PECypciB, 1100 3a0€3MMeYUTH SKOHOMIYHHMI PO3BUTOK PETriOHY, HE MIKOISTYH
JoBKuLMO. Jlyig 1bOro HEOOXiJHO po3pOOISATH Ta BIPOBAIKYBATH EKOJOTIYHO YHCTI
TEXHOJIOTIT Ta MPOIECH.

2. 30epexeHHs MNPUPOJHHX pecypciB. BaximBo 30epertu OiOpi3HOMAHITTS Ta
320€3IMeYNTH CTAJIN PO3BUTOK NPUPOIHUX PECYPCIB, TAKUX SIK JIICH, PIYKH, MiJCTaBU TOIIO.
Jiist 11bOTO HEOOXiTHO PO3BUBATH CUCTEMY OXOPOHH MIPUPOTHHUX PECYPCIB Ta KOHTPOIIOBATH
1X BUKOPUCTaHHS.

3. CrBopeHHs pobounx Miclb. EKOHOMIUHUI pPO3BUTOK PErioHy MOBUHEH 3a0e3neuyBaTu
CTBOPECHHS HOBUX POOOYHX MICIIb Ta ITiIBUIIICHHS JOXO/iB HacelaeHHs. [Ipu boMy HEOOX1THO
3a0e3MeYnTH CKOJIOTIYHY Oe3IeKy TPOMHUCIIOBHX I IMIPUEMCTB Ta KOHTPOJIIOBATH iX BILTUB Ha
JIOBKIJLJIA.

4. Po3Butok iH(ppacTpykTypu. BaxinBo po3BuBaTH iHPPACTPYKTYpy PErioHy, 30Kpema,
TPAHCTIOPTHY Ta EHEPreTHYHY, 3a0e3MedyBaTH i €KONOTiYHy Oe3NeKy Ta BHUKOPHUCTAHHS
eHeproe)eKTUBHUX TEXHOJIOTIH.

5. PoszButok Typusmy. Typu3sM MOKe CTaTd Ba)XJIMBOK Taly33l0 EKOHOMIKH
Ipukapnarcekoro periony. [lonpu moBHOMacuITabHe BTOPTHEHHS OKYIIAHTIB Ha YKPaiHCBKI
3eMJli — TYpUCTHYHA Tany3b [IpHKapmarTs po3BHBAETHCS Ta MOCTIMHO BIOCKOHAIIOE 0azy
MAapIIPyTiB, Ti/liB Ta HOBUX iJeH 1y BynmudHux My3eiB, eKCIIOHATAMH SIKUX CHCTEMAaTHYHO
TIOMTOBHIOIOTHCS BYJIHIII MTPUKAPTIATCHKUX MICT.

s mpukiany, 3a171s HOKPAIICHHS SIKOCTI HaJaHHs eKCKypCiitHuX mociyr — TypucTudaHo-
iH(hOpMaIlifHUN TIGHTp MpHUKaprarcbkoro Micta Jlporobwya crminbHO 13 TpyckaBerbKUM
iH(OpMaLiifHO-KYyPOPTHUM LIEHTPOM MPOBOIATH CepTU(IKOBaHI HABYaHHS AJIS TiJiB PETrioHYy.

Taki HaBYaHHSI BKpaid MOTPiOHI, OCKUTEKK ChOTOIHI B TypucTHUHO-1HPOPMAIIIHHUH TICHTP
Mmicta Kotepmaka BiiBiyBaui 3BE€pTalOThCs HE JIMIIEHD 3a €KCKYPCisiMHU, aie i iHdopMmariiero
CTOCOBHO HOBHX I[IKABUX TYPUCTHYHHMX MAapHIPYTiB B PETiOHI, TigaMHu, SKi MOXYTh iX
MPOBECTH, MIKABJIATHCS MICIFIMHU, € MOXHA CMAaYHO MEPEKYCUTH CKOJOTTYHO-YHCTOI0 1IKEI0
MPUKapIaTCHKOTO KParo TOIIIO.

Po3Butok periony norpedye yBaru 10 €KOJIOro-eKOHOMIYHUX acIeKTiB, OCKUIBKH OCTaHH1
BIUIMBAIOTh Ha 3JIOPOB’sI HACEIEHHs Ta JOBKULIS. Ha BHIOMY piBHI €KOJIOTr0O-eKOHOMIiuHi
ACTICKTHU PO3BUTKY PETIOHY MOXYTh BKJIIOUATH B ce0Oe TaKi 3aBIaHHs I HEraliHOTO BUPIIICHHSL:

1. Ominka BIJMBY Ha JOBKUUIA. Ile BKIOUae OIIHKY BIUIMBY Ha TOBITPS, BOAY Ta
MiZICTaBU B PEriOHI, a TAKOK HAcelleHHs Ta AUKopociy (iopu Ta daynu. Lls ominka Moxe
OyTH BRXITUBOIO JUIs 3a0e31eueHHs ¢(DeKTUBHOTO YIIPaBIiHHS PETiOHAILHUME PECYPCAMHU.

2. Exomnoriyna 3a0ynoBa. PO3BUTOK perioHy MOBHHEH NMPOBOAMTHUCS B MeXax 3a0yJI0BH,
o 3a0e3redye eKOJOTiUHy CTIMKICTh Ta 30epeeHHs NPUPOIHHMX pecypciB. Lle Moxke
BKJIFOYATH B ceOe IIaHyBaHHS TEPUTOPIl, Au3aliH Oy/iBeb Ta CTBOPCHHS 3€JICHUX 30H.

3. BigHoBieHa eHepreThka. PO3BUTOK BiJHOBIIOBAHOI EHEPreTHKA MOXe OyTH
KJIFOYOBUM E€KOJIOTO-CKOHOMIYHUM AacleKTOM PO3BHUTKY perioHy. BigHOBICHa eHepreTHka
MOKe 3a0€3MEUNTH CTIMKUI PO3BUTOK, 3SMEHIIUTH BIUIMB Ha JOBKLULISA TA 3MEHIIUTH BUTPATH
HA CHEPTETHKY.

4. Exojoriu"a OCBiTa Ta CBIJIOMICTh HacejeHHs. Baxiauso, 100 MicCieBe HaceICHHS
PO3YMLNO BaXJIMBICTh €KOJOTIIYHMX ACIEKTiB PO3BUTKY PEriOHY Ta OynM TOTOBL 1O 3MiH.
HapuaHHs Ta ocBiTa MOXYTh BKJIFOYaTH B ceOc BIJNIOBIIHE CIIOKWBAHHS Ta BiJIHOBIIIOBAHY
EHEepreTuKy.
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5. ExomnorivHi iHHOBaIii. [HHOBAIlIT MOXKYTh 3a0€3MEUUTH IMIATPUMKY CTAJIOTO PO3BUTKY
Ta 3MEHIIUTH BIUIUB Ha JTOBKIJUISL.

[IpoBeneHi cTaTHCTUYHI JOCIIDKEHHS MMOKa3yroTh, 110 3a 2022 pik JIpBiBcbka 007acTh
onuHmnacsa Ha 21 Mmicii — oHOMY 3 OCTaHHIX MiICIlb B €KOJIOTTYHOMY PEUTHHTY cepen 25
obiacteit Ykpainu, HaOpaBmwm Jymnie 2,36 Oana. [BanHo-®paHKiBchka 00nacTh 3aiiHsuia 14
Miclie B pedTHHTY, HaOpaBiu 8,25 6axniB. s nopiBHsaHHS, y 2021 poui i JIbBiBCbKa, 1 IBaHO-
®pankiBcbka obmacTh 3aiimManu 16-18 micre. UepHiBenbka 007acTh 3aliMae JACPChKY 2
MO3UII0 B €KOJIOTIYHOMY PEHTHMHTY 3a TIOKa3HUKaMH SIKOCTi MOBITpPs, PIBEHb 3a0pyAHEHHS
arMoc(hepH TYT OPIYHO 3HIKYeThCs. 1 mopiBHsHHS, Y 2021 porti oomacTs 3aiiMaia 1 miciie
B peUTUHTY. 32 JaHUMU €KOJIOT1B, CIIOCTEPIra€ThCsl CKOPOUCHHS KiJBKOCTI MIAMPUEMCTB, SIKi
MAroOTh JI03BLI Ha BUKHIU 3a0pyIHIOBATEHUX PEIOBHH B aTMOC(epy. 3BATHINA 3aTHITAI0THCS
TOJIOBHOIO €KOJIOTTYHOI0 MPo0IeMOI0 0051acTi, ane i TYT € HO3UTHUBHI 3pymIeHHs. Y 2021 pomi
YepHiBII T0YaK 3apOOIISATH TPOII Ha COPTYBaHHI MOOYTOBUX BiXoiB. Tenep copTyBaHHSIM
cMiTTd Ha YepHiBEILKOMY IMOJITOHI Ta MOAANBIION pPeai3allield BTOPUHHOI CHPOBUHH
3aliMa€eThCS JIIIIEH30BaHA KOMITaHIs, sIKa CT1auye moaaTku. [Toku 1110 copTyBaHHS Bi10yBa€ThCS
BPYUHY, aJIe BKE [[LOT0 POKY IUIAHYIOTh KYIIHTH CYYacHY COPTYBAJIbHY JiHIiO 32 8,5 MIJIH IpH.
[2]. Ha HacTynHOMY eTari B 00JIACHOMY TIEHTPI 30MPAOThCsl BCTAHOBUTH KOHTCHHEPH ISt
PO3IiIBHOTO 300py TBEPAUX MOOYTOBUX BiJIXOMIIB.

B Tabmuii 1 HaBeJeHO OCHOBHI IMOKa3HUKH €KOJIOTO-CKOHOMIYHOTO PO3BHUTKY oOjacTein
[Ipuxapnarts y Exonoriunomy pedTHHTY perioHiB Ykpainu 3a 2022 pik.

Tabmuis 1
OcHOBHI NOKAa3HUKH €K0JIOT0-eKOHOMIYHOIr0 po3BUTKY obuacteii [Ipuxapnarrs y
ExoJjioriunomy peiiTunry perioniB Ykpainu y 2022 poui

Bukuau YTBOpeHHsI | YTBOpeHHs
3a0pya- popen rBope O0csr
BigxoniB BigxoaiB y
HIOIOYHX . . 3a0pynHe- .
1-111kaaciB mijiomy . 3arajJbHU
Oo6aacTh pe4yoBuUH B . | HEX cTiYHHX .
nebe3nexku | (1-4 kaacis 0aJ / micue
armocepy BOJI, M.KY0 /
y 2020p, kr/ | HeOe3nmeKkn),
y 2020, T/ KB.KM
KB.KM T/KB.KM
KB.M
JIbBiBCHKA 6,8 -14,6 55,0 143,0 2,36 /21
IBano-®panKiBChKa 17,0 -10,2 359,0 124,2 8,25/ 14
Hepriserpka 26,0 11,3 - 25,8 19,46 /2

Jrcepeno: cknaderno Ha ocrosi danux [2; 3]

OcHOBHMMHM  ekojoriyHuMu  npoOnemamu  JIbBiBuMHM Ta  I[BaHO-DpaHKIBIIMHU
B PEUTHHIOBOMY JIOCTIJKECHI Ha3BaHO: HE3aKOHHY BUPYOKY JIiCy; CaHITapHI pyOKH IOHA]
BCTaHOBJICHI 3aKOHOIABCTBOM JIIMITH, 3a0pyIHEHHS PIYOK, yTUIII3allisl BIIXOAIB M eKoIoriuHi
BTpaTH BiJ isUTBHOCTI TipHUYOI mpomucioBocTi. [Ipore omammMu i3 mpioputeriB IIporpamu
OXOPOHH HAaBKOJIMIIHBOTO ceperoBuina Ha 2021-2025 poku Ha JIbBiBIIKMHI BU3HAUYEHO PO3BUTOK
TIPUPOIHO-3aII0BITHOTO (hOHTY, 30epex)eHHs O10TOTIYHOTO Ta JaHAMIA(THOTO PI3SHOMAHITTSI.

[Ipobnemoro BusiBWIIOCS # Te, 1m0 mpoTsarom | miBpivus 2022 poky (¢iHaHCYBaHHS
MIPUPOIOOXOPOHHUX 3aX0/iB y JIbBIBCBHKil 001aCTi HE 31IHCHIOBATIOCH, OCKITBKHU IIOPOKY Ha
peanizaliio NpUPOIOOXOPOHHUX LIl Ta 3aBAaHb Ha JIbBIBIUMHI BUAUISETHCS BCE MEHIIA
cyMma KoITiB [2].
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OnHi€e0 31 CKIAJIOBUX EKOJOTO-€KOHOMIYHOTO PO3BHUTKY PpErioHy € 30epeKeHHs
Oiopi3HOMaHITHOCTI Ta 30anaHCcOBaHE BHMKOPUCTAHHSA MNPUPOJHHUX pecypciB. Haskoino
OlomanuBa sk 0araTooOIISIOUOro BiTHOBIIOBAHOTO JDKEpelia eHeprii Ta KIiMaTUu4HOT
aJIBTePHATHBY BUKOITHOMY TMAJIUBY BXKE JIaBHO TOYAThCS Cyrnepedku. JlociikeHHs ToKa3ay,
0 PO3IIUPEHHS CBITOBOTO BUPOOHUWIITBAa OiomanvBa mpu3Bene a0 3MeHiieHHs BBIT Ha
100aJIbHOMY PiBHI 3 PI3HUM BIUIMBOM Ha HalliOHaJIbHUH a00 perionansHuil BBIL. ¥V takux
KpaiHax, sik bpaswuiis, Aprentuna, Tainana ta [HIOHE3Is, crioOCTEpPIraTUMETHCS 3pOCTAHHS
BBII, toxi six y Takux kpainax, sk CIIIA, Kuraii ta Innis, BBII Bnaze.

Opnak OiomajavBO MOXKE MaTH HETaTUBHHWN BIUIMB Ha HABKOJMINHE CEPEHOBHIIE Ta
010pi3HOMAHITTS Yepe3 Taki NPUYHMHHU, K 3MiHA 3€MIIEKOPUCTYBaHHS (HANpUKIIal, BUPYOKa
JICIB) 1 BUKOPUCTAHHS XIMIYHHMX JIOOPHB Ta TECTHIMIIB. biomaanBo TakoK KOHKypye 3a
pecypcH, HeOOXiJHI Ui MPOTOMyBaHHS HACEICHHs 31 3MIHHUMH MOJIEJISIMHU CIIO)KUBAHHS,
OCOOJTMBO B OCTaHHI POKH, KOJIM MAEMO TEPEMINICHHS HACEIICHHS 3 TEPUTOPId BeIeHHS
OoloBuX il y 3axiaHi oOnacTi YkpaiHu.

[IpoTe po3yMHE BHUKOPHCTaHHS 3eMEBHUX, BOJHMX Ta JIICOBHUX PECYpPCiB MOXKE ITH
Ha KOPHCTH CTIHKOTO PO3BUTKY PEriOHYy Ta 3a0€3MEUCHHSI CKOHOMIYHOIO OJaromonyyus Ha
JIOBTUH TEPMiH.

Tako)k BaKJIMBUM EJIEMEHTOM EKOJIOTO-CKOHOMIYHOTO PO3BUTKY € BHKOPHCTAHHS
BiJTHOBITFOBAJIBHUX JDKEPEJI €HEeprii, 10 JI03BOJISE 3MEHIINUTH 3aJIe)KHICTh BiJI IMIIOPTOBaHOT
Ha(TU Ta ra3y, SMCHIINTU BUKUAM IMAPHUKOBUX Tra3iB Ta 3a0€3MNEUUTH CTIMKHUA PO3BHUTOK
E€KOHOMIKH PETiOHY.

OKpeMuM acIeKTOM EKOJOTr0-CKOHOMIYHOTO PO3BUTKY € 3a0e3MeUeHHs CeKOJIOTIUHOI
0e3reKn Ta KOHTPOJb 38 BUKUIAMH 3a0pYIHIOIOUNX PEedoBHH. Lle MOXKIHBO 3a JOTIOMOTOIO
3aCTOCYBaHHS Cy4aCHUX TEXHOJIOTH Ta 3a0e3neueHHs e(peKTUBHOT CHCTEMH MOHITOPUHTY Ta
KOHTPOJTIO 332 CTAHOM JIOBKIJIIA.

TakuM YHHOM, PO3BHUTOK PEriOHY 3 EKOJOIr0-CKOHOMIYHOI TOYKH 30py € MiCI[EBHM
3aBIAaHHSIM, IO JIO3BOJISE 3a0€3MEUUTH EKOHOMIYHE 3pPOCTAaHHS Ta CTIHKHH PO3BUTOK,
30epirarouu Mpu IbOMY YHCTOTY HaBKOJIUIIHBOTO CEPEIOBHIIA.

PozBuTok [IprKapmaTchkoro perioHy MoB’ s3aHUi 3 YUCICHHUMHE €KOJIOT0-eKOHOMIYHIMU
npoOiieMaMu, sIKi BIUIUBAIOTh Ha EKOHOMIYHY, COLIiaJIbHY Ta €KOJIOTIUHY CTIHKICTb.

Exonoro-ekoHOMiuHI TpOOJIEMH PO3BUTKY PETiOHYy MOXYTh OyTH MaKCHMaJbHO
MOB’sA3aHi 3 KOHKPETHOIO TEPUTOPIEI0 B MeXax MeBHOI obOnacTi. Ane 3araioM, e MOXYTb
OyTH mpoOiieMH, TOB’si3aHI 3 HEJOCTAaTHBOK €()EKTUBHICTIO BHUKOPUCTAHHS TPHPOIHUX
pecypciB, 3a0pyAHEHHSIM JOBKILIS, TOPYIICHHSIM OaTaHCy MPUPOTHUX SKOCHCTEM, a TAKOK
HEIOCTATHIM PO3BUTKOM €KOHOMIKH Ta IHPPACTPYKTYPH.

OpHa 3 OCHOBHUX €KOJIOTTYHMX ITpobiem [pukapnarta Mmoxxke OyTH 3a0pyAHEHHS MOBITPA,
BOJM Ta BUKWIM B atMocdepy B pe3yibTari NMPOMHUCIOBOI JiSUIBHOCTi, BUKOPHCTAHHS
TpaHCHOPTy Ta iHIuX (akropis. [le Moxke MaT HEraTWBHUIA BILIHB Ha 310POB’S JIFOEH Ta
TBapHH, a TAKOXK HAa EKOCHCTEMY B IIIIOMY.

Jo exoHomiynux mnpobnem [Ipukapnartss Moke BiJIHOCHTHUCH HEIOCTaTHIM piBEHb
IHBECTHIIIH, OOMEXKEHI MOXKIWUBOCTI PO3BUTKY WIANPUEMHUIITBA Ta TPAaHCIOPTHOT
iH(ppacTPyKTYpH, HECTaOlIbHICTh EKOHOMIYHOTO CepeloBHUIIa, 3a0pyIHEHHS TOBKiMJIA,
BKJTIOYAr0UX 3a0pyTHEHHS TTOBITPSI, BOMH, IO MOJKE HETaTUBHO BIUTMBATH HA 37I0POB’SI JIFOICH
Ta TBAPHH, 3HUKYBATH SIKiCTh IIPOIYKTIB XapuyBaHHs Ta HETaTUBHO BIUTUBATH HA €KOCUCTEMH.

i mpobremMu MOXXYTh CIPUYUHUTH HEJIOCTATHIN pO3BUTOK [IpuKaprnaTchbKOTO periony,
110 Y CBOIO YEPTy, MOXKE MAaTH HETaTHBHUH BILUIMB Ha €KOJIOTIIO PETiOHY.
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3axo/1u 10 3MEHIIICHHIO BUKHIIB 1K1 JUTMBUX PEYOBHH 1 30€pEeKEHHS IPUPOTHUX PECypCiB
MOXYTb JJONOMOI'TH 3MEHIIUTH IIi TPOOIEMH 1 3aT00IrTH PyHHYBAHHIO EKOCHCTEMH PETiOHY.
B minomy, po3B’si3aHHS €KOJIOTO-eKOHOMIYHUX MTPOOIEM PO3BUTKY PETriOHY Ha ChOTOIHINIHIN
4ac € CKJIaJJHUM 3aBJIaHHSM, sIKe TOTpeOye CIIIbHUX 3yCHIIb BlIaJIH, Oi3HECY Ta POMaIChKOCTI.

BUCHOBKH

ExoJtoro-ekoHOMIYHI aCTIEKTH PO3BUTKY PETIOHY OB’ sI3aHi 31 0allaHCyBaHHIM 30epeKESHHS
MK HaBKOJIMIIHIM CEpENOBHIIEM Ta 3a0C3MCUCHHSM CKOHOMIYHOTO 3POCTaHHS B IIbOMY
perioHi.

Hama 3[aTHICTh MEPEIIOMUTH JIOBFOCTPOKOBY TEHJICHIIII0 Jerpaaarii
O10pI3HOMAHITTS 3aJIe)KHUTh B TMOCTIHHOI BIIJAHOCTI MIMPOKHUM MIKIUCIHITTIHAPHUIM
JociipkeHHIM. HayKoBISIMU TOBEACHO, IO «HEIOCKOHANICTh HA 3arajibHONEPKABHOMY Ta
perioHaIbHOMY PIBHSX CTpaTerii, MEXaHi3MiB Ta IHCTPYMEHTIB, CIIPSIMOBAHHUX Ha JOCATHEHHS
30aJIaHCOBAHOCTI CKOJIOTIYHUX Ta COILIaTbHO-CKOHOMIYHHX CHCTEM, TallbMy€ IIPOLECH
Iepexomy IO CTanoro po3BUTKY» [4]. ToMy HEOOXiTHO NPOMOBKYBATH MiATPHUMYBATH
(yHIaMeHTalIbHI JAOCTIIKEHHS, 1O CTOCYIOTHCS MOJITHKH, IO Jomomarae c(hopMyBaTH
HAaIIly CITIJIbHY BiJITOBIIh HA 3aTOCTPEHHS MI00AIBHOT KPU3H.

ExoHOMIuHMH PO3BUTOK PErioHy MOBHUHEH OYTH CTAaIUM, TOOTO 3a0€3MeUnTH HaJIECKHUH
piBEHb EKOHOMIYHOTO 3pPOCTaHHS, HE IMOPYIIYIOUH EKOJIOTiYHI piBHOBaru. Jljs 1boro
HEOOXiJTHO PO3pOoOIIATH €(EKTUBHI TIaHU PO3BUTKY, 110 MepeadavyaloTh 3aXUCT JTOBKILISA Ta
parioHabHe BUKOPUCTaHHS PECypCiB.
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ABSTRACT

ENVIRONMENTAL AND ECONOMIC ASPECTS
OF THE DEVELOPMENT OF THE CARPATHIAN REGION

The article examines the main ecological and economic aspects of the development of the
Carpathian region, defines the main environmental problems of Lviv region and Ivano-Frankivsk
region, and suggests possible ways to overcome them. The main indicators of the ecological
and economic development of the Carpathian regions in the Ecological rating of the regions of
Ukraine for 2022 are given. It is noted that the Chernivtsi region occupies a leading position in
the ecological rating of the regions of Ukraine during 2021-2022. It is substantiated that since the
ecological situation in Ukraine as a whole, and in the Carpathian region in particular, is particularly
difficult, pollution of the environment, air, water bodies and grants causes irreparable damage to
people’s health. It has been proven that the relationship between the economy and ecology is
becoming more and more obvious and requires an integrated approach to solving this problem.
The tasks that require immediate solutions to overcome existing environmental problems in the
region are substantiated. Attention is focused on the expediency of using renewable energy sources
as an important element of ecological and economic development, which will reduce dependence
on imported oil and gas, reduce greenhouse gas emissions and ensure sustainable development
of the economy of the Carpathian region. It was emphasized that a separate aspect of ecological
and economic development is the provision of environmental safety and control over emissions
of pollutants. As a result of the conducted scientific research, it was established that in the future
the economic development of the Carpathian region should be sustainable, that is, it should ensure
the appropriate level of economic growth without disturbing the ecological balance. Therefore, it
is necessary to develop effective development plans that provide for environmental protection and
rational use of all available resources.

Key words: environmental problems, the Carpathian region, sustainable economic
development, environmental protection, environmental protection, rational nature management.
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OHOIHIOBAHHA ITPOLECY NNEPEXOAY CIJIBCBKUX 'POMA I
10O CTAJIOTI'O PO3BUTKY

Awnoraunis. [Ipouec mnepexomy CUIBCBKMX TIpOMaj [0 CTaJOr0 PO3BHUTKY PO3IVISIAETHCS
B KOHTEKCTI Oe3NeKH Ta SKOCTI HTTS MEIIKaHIIB cena. Y cTarTi OOIPYHTOBYETHCS IUISIXU
OL[IHIOBAHHSI MPOLIECY MEPEXOAy CUIbCHKUX O0'€MHAHMX TEPHUTOPIANBHUX IPOMAJI 0 CTAJIOro
po3BUTKY. [IpH 1IbOMY BBaXKA€THCSI JOLJIBHIM BpaxyBaTH HALIOHAIbHI 3aBIaHHS Ta IHIUKATOPH iX
BHKOHaHHS, Bu3HaueHi y 17-tu Hamionanpanx L{imax cramoro po3sutky a0 2030 poky. OcobnuBa
yBara TpHUIiJICHa CHCTEMi EKOHOMIUYHUX Ta COIiaJbHO-CKOJOTIYHMX MOKA3HMKIB, SKi MOXKHA
OTPUMATH 3 JICP)KaBHUX CTAaTHCTHYHUX 3BiTiB. [ BpaxyBaHHS perioHanbHIX 0CoOMIBOCTEH
3BEPTAETHCA yBAra Ha PO3BUTOK perioHaNnbHUX aBTOMATH30BAHUX CHCTEM MOHITOPHHTY JOBKIJLISL,
30KpemMa i Ha TEPUTOPIAX CUTBCBKHX IPOMAI. P03po6neH0 KOMNJIEKC OYIHOYHUX NOKA3HUKIG IS
OLIIHIOBaHHs €(EKTHBHOCTI MPOLECY NEePEXONy CIIbCBKUX TEPUTOPIANIBHUX TPOMAJ 10 CTAJIOrO
po3BUTKY. [0 00OB'SI3KOBUX Ui BUKOPHUCTAaHHS OIIIHOYHHMX IOKA3HUKIB PEKOMEHIOBAHO TaKi:
NOKA3HUK OYIHKU OaNaHCy 8yeneyio Ha OCHOBI IPOrHO30BAHNX BEINYUH; 8i0COMOK NAOW, 3AUHAMUX
OP2aAMIUHUM BUPOOHUYMBOM, OOCIYN 00 YEHMPATIZ08AHO20 8000NOCAYUAHNS | 60008i08e0eH s,
CNIiBBIOHOWEHHAM HeCmAabbHUX hakmopis (pinis, caou) 00 cmadinbHux (IyKu, Jicu); 4acmka
mepumopiii. ma 00’€Kmié npupoOHO-3an08i0H020 (POHAY, NIOWA NICO-6KPUMUX MEPUMOPIIL.
PiBeHp pamiamiiHOT OE3MEKHM OIIHIOETBCS MOMYHCHICHIO 003U  2AMMA-BUNPOMIHIOBAHHS,
cymapnoio bema-akmuenicmio ma emicmom paodionyknioie ’Cs ta **Sr B arMoc(epHHX onaiax,
a TaKOXX CyMapHOIO Oera-akTuBHICTIO Ta BMicToM *’Cs i “Sr y rpyHTax Ta MOBEpXHEBUX BOJAX.
3 METOI0 aKTHBI3aIil POIECIB MEPEXOY /10 CTAIOrO PO3BUTKY CLIbCHKUX IPOMaJ] 3aIIPOIIOHOBAHO
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AKTHMBI3yBaTH BIIPOBAUKEHHS IIPHHIIKIIIB 30a1aHCOBAHOTO 36MJIEKOPHUCTYBAHHSI Ta BJIOCKOHAINTH
CHCTeMy TOBO/DKEHHS 3 TBEpAMMH NMOOYTOBHMH BiaxogaMmu. BBaskaeMo Takox, IO HEOOXiITHO
3a0e3MeYNTH OPTaHi3allilo 1 MPOBEACHHS MOHITOPUHTY AOcCsATHEHHs Llimeil cramoro po3BUTKY
CLTBCBHKHX TPOMAJ.

KutrouoBi cioBa: 11i1i cTagoro po3BHUTKY, 00'€THAHI TEPUTOPiabHI TPOMAIU, TOKA3HUKH,
CTaH JIOBKIJUIS.

BCTYII

AnMiHicTpaTUBHO-TepUTOpiaiibHa pedopma (3 2015 10 2020 poky) crpusijia CTBOPSHHIO
B YKpaiHi HOBUX 00’ € THAHUX TEPUTOPIaTbHUX TPOMAJL i3 CYyTTEBO PO3IIHMPECHUMH MOXKIMBOCTSIMH
OpraHiB MICIICBOTO CaMOBPSIyBaHHS (JICIIEHTpami3allisl) 1 3MiHI aaMiHICTpaTHBHO-
teputopianbHoro noxiny [1]. IlepmoueproBa mera pedopmu mojsrana y 3a0e3medeHHi
3pOCTaHHS PiBHS 1 IKOCTI KHUTTS CEJISTH Ta PO3IIMPEHOTO BiITBOPEHHS YHCEIFHOCTI HACCTICHHS
cinbCchKoi rpoMay. PesyabTaTy BIpOBaKeHHS pe(OpMH BKa3yIOTh HA CYTTEBE MOKPAIICHHS
PO3BHTKY CLITBCHKHUX TEPUTOPIH, 30KpeMa, "Ha BUPIIICHHS MPOOJIeM KOMYHIKAIIIT Ta CITiBITpaIl
BJIaJIM, MiCIIeBOr0 Oi3HECY, TPOMAJICBKOCTI JJIsl TONANBIIOr0 po3BUTKY Tpomanu” [2]. € Bci
TIICTaBU BBAXKATH, 1110 Y MOAAIBIIOMY ISt peopMa CIIPHATHME CTHMYITIOBAHHIO IIEPEXOLY 110
CTaJIOTO CLTBCHKOTO PO3BUTKY 1 MO3UTUBHO BIUIMHE SIK Ha PiBEHb KUTTS HACEICHHS, TaK 1 Ha
TOJIIIIICHHS €KOJIOTIYHOTO CTaHy MOBKIUIA. TaKiM YHHOM, IEpeBEICHHS CIITLCHKAX HACCIICHNUX
MYHKTIB Ha IPUHIUIIH CTAJIOTO PO3BUTKY MOXKHA BBAYKATH aKTyaJIbHUM 3aBIAHHIM y po30y0Bi
neprkaBu. [Ipy pOMy BapTO IMiAKPECIHTH, MO BUPa3 "CTaIHi PO3BUTOK" BITHOCHTBHCS CaMe
JI0 CyCIIIIBCTBA (TPOMajM), @ HE JI0 TePUTOpii 4 BUpoOHMUOi ramysi. Tomy pexoMeHIyeEMO
BUpAa3 "CTalHid PO3BUTOK CUTECHKUX TEPUTOPIH" PO3YMITH SIK PO3BUTOK CUTBCHKHAX TEPUTOPIH
HAa 3acajax CTaJoro CUTbCHKOTO PO3BHUTKY. AJle TPOIIEC MEPEXOAy CyCHiIbCTBA B IIUIOMY, UM
CLTBCBKOI TpOMay, 30KpeMa, J0 CTaJoro PO3BUTKY OOOB'SI3KOBO Ma€ CYIPOBOIKYBAaTHCH
JOTPUMAHHSM NIPHUHIMIIB 30a1aHCOBAHOTO MPHUPOTOKOPHCTYBAHHSI.

3a pe3yabTaraMu IMONEPEAHIX JOCTIHKEHb OyJI0 BH3HAYECHO NPIOPUTETHI MOKA3HUKHU Ta
0OIPYHTOBAHO CHCTEMY iHHKATOPIB CTAJIOT0 PO3BUTKY CITBCHKUX IPOMAJ, IO IPYHTYIOTHCS
Ha BCTAHOBJICHUX HarmioHabHUX L{isix cramoro po3sutky 10 2030 poky (mani — IICP) [3].

MATEPIAJIN TA METOAHN

00’ exTOM TOCIIKeHHS OYB ITPOIEC OIIHIOBAHHS TOKAa3HUKIB CTAJIOTO PO3BUTKY CUTBCHKOT
rpoMajan. JIOCTIKEHHS IPOBOAMIIOCH aHANITHYHO-TIOPIBHSUIGHHI METOIOM — aHai3y
CTATUCTUYHUX JNaHuX JIep)KaBHOTO YIPaBIiHHA CTATHCTUKH YKpainu. JIasi omiHIOBaHHS
NPOILIECY MEPEXOLY CLITBCHKOI TPOMaIH JI0 CTAJI0r0 PO3BUTKY BUKOPHUCTAHO CHCTEMHUH ITi X1/,
KOJIA TEPUTOPIS CLITILCHKOT IPOMAJTIH PO3IIISIATACK SIK CKJIAHO OPraHi30BaHa arpOCKOCUCTEMA.

PE3VJIBTATH

Boenni nii, mo # aoci TpUBarOTh B YKpaiHy, MPU3BOJAATH HE TIABKU JIO PyHHYBaHHS
JIOBKIJUIS Ta €KOHOMIKH KpaiHH, ajie i MOTipIIeHHS SIKOCTI )KUTTS HacelneHHs. MiHICTp 3aXUCTy
JIOBKLJIJISL T IPUPOIHUX pecypciB YKpaTHH OPIEHTOBHO OLIIHIOE MiHIMAJIBHUN PO3MIp 30MTKIB
3a 10 micsmiB BiliHN y cymi 38 mupa. gonapis CIIA [4].

Jlo mepmioueproBuxX KpoOKiB 3 BiJHOBJICHHS CTaHy arpOCKOCHCTEM € OOIpyHTYBaHHS
CHCTEMM OIIHIOBaHHS pPEANbHOI IIKOAM, IO JacTh 3MOry (OpMyBaTH Oe3NeuHHi CTaH
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arpoekocuicreM. 3a JaHuUMH JlepkaBHOT €KOJOTIYHOT 1HCIEKIlii BHACHIIOK BOEHHUX IiH
y arMocdepHe MOBITPs MOTPANMIIA COTHI TOHH Ha(TONPOAYKTIB 1 TUCAYI KyOIYHMX METpPiB
OTpyHHUX pedoBuH. [IpioputeTHUME Y cdepi 0OXOpOHH aTMOC(HEPHOTO MOBITPS 1 JOBKIULIS
B I[1JIOMY, BBXKA€MO BIIOCKOHAJICHHS CUCTEMH MOHITOPUHTY JOBKIJUIS MUITXOM iIMIUIEMEHTAITIT
crannaptie €C 0 HOpMAaTUBHO-TIPABOBOI 0a3u YKpaiHH.

B yxBanenomy BepxoBHowo Panoro VYkpainum npoekri 3akony Ne7327 mpomnoHyeTbes
MOJICpHI3aIlisl JEePKaBHOI CHUCTEMH MOHITOPWHTY JOBKUIIS NUISXOM 3MiH 1 JIOTIOBHEHb
y 18-tu 3akoHonaBuux akrax Ykpainu [5]. 3okpema, y 3axoni Ykpainu "IIpo oxopony
HaBKOJIMIITHLOTO TPUPOAHOro cepernoBuma” [6] myHKT €) crtarti 10 po3NMpeHo TakuM
YUHOM, IO €KOJIOTi4HI IMpaBa IpOMajJsH MaroThb 3a0e3ledyBaThCs IIISXOM 'CTBOPEHHS...
3arajibHoO/IeP:KaBHOI  €KOJIOTiYHOI  aBTOMAaTH30BaHOI iH(popManiliHoO-aHATITHYHOL
cucremMu", sKa HEe TUIBKM HAJae JOCTYI JIO €KOJIOTiuHOI iH(opmauii, ane it 3abe3meuye
NPUIAHATTA YyNpaBJaiHCbKUX pilleHb. BUKOHAHHS BCIX HOPM IbOTO 3aKOHY CHPHUSATHME
PO3BHUTKY PErioHaJbHUX ABTOMATH30BAHUX CHCTEM MOHITOPUHTY JOBKULISL, 30Kpema i Ha
TEPUTOPISIX CUTBCHKHUX rpoman [7].

ExoHOMiYHA HAiSUIBHICTH JIOJUHU € MOTY)KHUM (DaKTOpOM KIIMAaTHUYHHUX 3MiH, fKI
OB’ SI3yI0Th 3 €MICI€T0 ra3iB, M0 YTBOPIOIOTHCS IIPHU 3TOPaHHI €HEPTOHOCITB 1 € TOJIOBHOIO
MPUYUHOIO TapHUKOBOTO edekTy. [licnsa npuituarta y 2015 poui [lapusbkoi kiriMaTu4HOT
yroau B YkpaiHi Oyino 3aTBepkeHo KoHieniiro peanisaiii 1epkaBHOT MOJITUKH y cdepi
3MiHM KIimary Ha nepiog 1o 2030 poky [8], ne 3akpinieHo MOJiTUKY NPOTHAIT 3MiHAM
KJIIMaTy IIJITXOM MiHiMi3allii BUKUIIB TapHUKOBUX T'a3iB 1 mepexij Ha HU3bKOBYTJICIICBUH
LUISIX PO3BUTKY eKOHOMiKH. [IpoekTom Ctparerii HU3bKOBYIIIELIEBOTO PO3BUTKY YKpaiHU
TaKOX Tepea0adyeHo CKOPOYCHHS BHKHU/IIB Y CEKTOP1 3eMJICKOPUCTYBaHHS [9]. € nuHUM
1HIMKATOPOM Ha HallioHaJIbHOMY piBHI AocsarHeHHs 3aBaaHHs 13.1 LICP 13 BusHaueHo
moka3HuK «OOCAT BUKHIIB MapHUKOBUX Ta3iB, % mo piBHA 1990 poxy». OCKiTBKH
BHKOPHUCTaHHS I[pOT0 moka3zHuka Ha piBHI OTI' € mpoOiemaruyHUM, 3aMpPOMOHOBAHO
BUKOPHUCTOBYBATH MOKA3HUK OYIHKU Oanancy eyeneyio Ha OCHOBI IPOTHO30BAaHUX
BEIUYHH.

OcTaHHIM YacoOM Ha KJIIMaTHYHI BIUIMBU PEaryoTh IMUISTXOM 0OMeKeHHs (MiHIMi3aIii)
BUKH/IIB TAPHUKOBUX Ta3iB a0o X HUISIXOM afanTauii (IpUCTOCYBaHHA) 10 KJIIMaTUYHUX
smiH [10]. Crpareris oOMeXeHb CHpSIMOBaHA Ha 3MCHIICHHS OOCSTIB BUKHIIIB
MapHUKOBUX ra3iB B aTMoc(depy, a cTpaTeris ajanraiii BUMarae ypaxyBaHHS BCiX e(pekTiB
BiJl 3MiHM KJIIMaTy i Mae 3a0e3MeYnTH MaKCUMallbHO 0e300IicHy TpaHc(hopMaIlifo BCiX
BHPOOHHMYUX MPOLECIB, a TAKOXK MPUCTOCYBAHHS JKHUTTS CIJIbCHKOTO HACEJICHHS [0
HOBHX KJIIMaTHYHUX yMOB. Haii0inbim eekTHBHO MOM’SIKIICHHS BIUIMBY 3MiH KJIiMary
MOJXKHA peaii3yBaTH MPH BIPOBAIKEHHI TEXHOIOTIH OPraHiqYHOrO BUPOOHUIITBA 3aBISKH
CUHeprii cTpaTeriii oOMexeHHs Ta ajnanTtaiii. YucieHH1 JoCTiHKeHHS MATBEPIKYIOTh,
0 OpraHiuHe BUPOOHUITBO 3abe3mneuye 30aTaHCOBAHICTh MIXK BUKOPUCTAHHIM
MPUPOJTHUX PECYPCIB 1 1X MPAKTHYHO OJHOYACHHM BIJIHOBJICHHSIM, & TaKOX IiJBHIILYE
cTilikicTh arpoekocucrtem [11, 12].

ApanTarnis 10 eKCTpeMaJbHUX MOTOTHUX SIBHIIL, TIOB’SI3aHMX 13 KIIIMAaTOM, Ta pearyBaHHs
Ha HUX TMOTPeOyIOTh €(QEeKTHMBHOI CHUCTEMH MOHITOPUHTY, IHTETPOBaHY B CUCTEMY
VIPaBIiHHA HAaI3BHYaWHUMH CHUTYaIlisIMH, a TaKOX JIOBTOCTPOKOBOTO aIaNTalmiifHOTO
[JIaHYyBaHHA, 1HTETPOBAHOIO y MPOLIEC YXBaJIEHHS YNpPaBIiHCbKHUX pilieHb. CTabiibHE Ta
MOCTIHE pecypcHe 3a0e3MedeHHs] MepeX MOHITOPUHTY JTOBKUIIS € KIFOUOBUM €IEMEHTOM
(hopMyBaHHS TOTOBHOCTI Ta IIBHIKOTO i e()eKTHBHOTO pearyBaHHs. PO3yMiHHS MOTOYHOTO
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i MalOyTHHROTO BIUIMBY Ha TpOMalsH YKpaiHH TOTpeOye akTyaibHOI iH(popmamii Tpo
nemorpadivdHi MOKa3HUKU HACEICHHsI (¢ MPOXKUBAIOT JIFO/IU, SIKOTO BIUTHBY BOHU 33a3HAIOTH),
a TaKoX JIOCTOBIPHHX JIAaHUX TPO CTaH MPUPOTHUX pecypciB Ykpainu [13]. Takum yuHOM,
00'eKTUBHUM TOKa3HUKOM JocarHeHHsa LICP moxHa BBaxatu 6i0comox niow, 3auHAMux
opeaniunum supoornuymeom, Ha tepuropii OTT.

Boowni pecypcu. OnHuM 13 HaWBaXIMBIIIKX MTPUPOAHUX PECYPCIB 0€3 IKOT0 HEMOXKIIMBA
JKUTTEISUTBHICT JIIOMUHKM € MHUTHA BoJa. Bix ii sSKOCTI 3aJIeKUTh 37I0POB’S SIK OKPEMOTO
rpoMajsiHuHa, Tak 1 1i1oi Hamii. CamMe TOMy NUTaHHsA O€3MeKH Ta SIKOCTI MUTHOI BOIU
€ aKTyaJIbHUM Ha PiBHI KOXKHOT aJIMIHICTPaTHBHOI OJWHMII Ta jaepkaBu B mijomy (LICP 6
«UYucra BoJa Ta HaJIEXKHI CaHITaApHI YMOBH»).

JIxeperroM MITHOTO BOAOTIOCTAYaHH KUTETIB Ykpaian Ha 80 % € moBepxHEBi ykepena
i Ha 20 % — mig3emHi. BupimanbHUMKU YMHHHKAMH CaHITApHOTO Ta EMiJAEeMiONIOTIYHOTO
Onarorosyydsi HACEJICHHS € eKOJIOTIYHWHM CTaH ITOBEPXHEBHX BOA. B ocraHHI pOKH
CIOCTEPIraeThCs 3aKOHOMIPHE MOTIPIIAaHHS SKOCTI BOAU, 00YMOBIIEHE 3a0pYIHEHHSIM BOAHUX
00’€KTIB, TEXHOJOTTYHOK HECITPOMOXKHICTIO CUCTEM OYHCTKH Ta MPHUPOTHO-KIIMATHIHUMH
(hakropamu [14].

Ha kinenp 2020 poky sKicTh po0 MUTHOT BOJM 3 CUIBCHKHUX BOJIOTOHIB HE BiIIOBinaia
BUMOraM 3a CaHITapHO-XIMIYHUMHM TIOKa3HUKaMu y 26,9% BigiOpanux mnpod Ta 3a
MiKpo0ioJoTigHIMH NOKa3HIKaMu —Y 13,8%. 3 okeper HelleHTPali30BaHOTO BOIOTIOCTAYaHHS
HE BIJIMOBIJANIM CAHITAPHUM BHMOTaM: 33 CaHITAPHO-XIMIYHUMHU ToKazHuKamu 32,6%
JIOCITI/DKEHUX P00 Ta 32 MiKpOOiOJIOTIYHUMU TTOKa3HUKaMu — 22,6% [15].

Buxopsuu 3 BHille 3a3HaY€HOr0 AOLIBHO 40 00'€KTUBHUX MOKA3HMKIB JOCATHEHHS Limei
CTAJIOTO PO3BUTKY MOXKHA BIIHECTH 6iocomox mewkanyie OTI, saxi maroms docmyn 0o
YEeHmMpaniz08aH020 00ONOCMAYAHHS | B0008I0BEOeHH s,

3emenvni_pecypcu. CTBOpEHHS EKOJOTIYHO 30aTaHCOBAHHMX JAHTIA(PTIB BBAKAECTHCS
OIIHUM 3 HaWOLIbII e()EeKTUBHHMX 3axXOiB s OOpPOTROM 3 Odecpadayicto IpyHmie Ta
MOM’SIKIIICHHST HACHiAKIB 3MiH kiiMary [16]. OmHUM 13 HampsIMKIB  paIlioHaJIbHOTO
BUKOPUCTAHHS JACTPAJI0BAHUX I MAJOIPOAYKTHBHUX IPYHTIB € BIJIYUYCHHS iX 13 iIHTCHCUBHOTO
00poOITKy Ta Tojanbiia KoHcepsarlis. [ exosorizamii arpornpoMHCIOBOTO KOMITIEKCY
HEeoOXiHAa ONTHUMI3allisl CHIBBiAHOLICHHS 3€MENIBHUX YTiflb, SIK OCHOBH IXHBOI OXOPOHU
1 BimHOBNeHHS [ 17]. [Tpu IboMy, ONITUMAIIEHOKO BBAXKAETHCS CUTYAIIis, KOJIU CHIGEIOHOUICHHS
HecmaoinbHuX haxmopie (pinns) 00 cmaditbHUX (YK, Aicu) MeHuie 0OUHUYL.

30aaHCcOBaHEe BUKOPHCTAHHS 3€MElb € OJHMM 3 HAWBAXIIMBIIIMX KOMIIOHEHTIB, IO
crocyetnbest Oinpiocti LICP. JlocsirHeHHsT HEUTpadbHOTO PIBHS Jerpajaauii 3emenb (gani —
HP/13), Bu3Hauene sk onHe i3 3aBganb L{CP 15, 103BOJIMTE BIIHOBUTH ITPOTYKTHBHICTD 3eMEJTh
i € IPUPOIHUM CITIOCOOOM BHPILICHHSI 6ararboX MPoOIeM, 0 SKUX HAJICKUTh MPOIOBOIIBIA
1BOIHA Oe3rieka. 30epeKeHHS POIYKTUBHOCTI 3eMEJIBHUX PECYPCiB 3a0€3EUUTh 30epEIKESHHS
EKOCUCTEMHHUX TOCIYT JJIsi 3a[J0BOJICHHS MOTpPe0 HUHIMIHBOTO Ta MalOyTHIX TOKOJiHb
[18]. i mocnyru Ta (QyHKIT TaKO)XK BUKOPUCTOBYIOTHCS ISl TMATPUMKH Ta MOKPAIICHHS
MPOMYKTUBHOCTI 1 MiABUIIEHHS CTIMKOCTI 3€MEJIbHUX PECypCiB 1 HaceleHHs, SKe BiJl HUX
3aJICKUTb.

Paoiayitina Oe3nexa. BaxiuBow eKONOTIYHOI0O MpoOieMoro YKpaiHM € padioaKTUBHE
3a0pyJHEHHS 3HAYHWX TEPHUTOPIH, B TOMY YHCII 1 CIJTbCHKOTOCIIONAPCHKHX, IO MOXE
MPU3BOAUTU 10 30UNBLICHHS 103U BHYTPIIIHBOTO ONpOMiHeHHA HaceneHHs [19, 20].
Yepe3 TpodiuHi JAHIFOTH PATIOHYKIIIIN 3 IPYHTY JOCHUTH MIBUJKO MEPEXOSATh B OPraHi3m
monunu. Panianiiinuii ctan teputopii YKpaiHM OLIHIOETHCS TOTY)KHICTIO JIO3M ramMMa-
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BUIIPOMIHIOBAHHS, CyMapHOIO OeTa-aKTHBHICTIO Ta BMicToM pamionykmimis *’Cs Tta *°Sr
B arMOc(epHHUX Omajax, a TaKoK PajiOaKkTHBHICTIO I'PYHTIB 1 OBEPXHEBUX BOJ (CymapHa
Oerta-akTHBHICTH Ta BMICT '¥’Cs 1 PSr).

OCKiJIbKH /1032 OTIPOMiHEHHS HaceJeHHS (POPMYETHCS TEPEBaYKHO BHACIIIOK CTIOKUBAHHS
xap4oBoi mpoxnykii (mo 95% Bix 3arambHOI), OTpUMaHO{ Ha PaXiOaKTHBHO 3a0pyTHCHHX
TEPUTOPIsX, 3a0pyIHEHI MPOMYKTH XapyyBaHHS 3aJIMIIATUMYThCS TOJIOBHUM JKEPETIOM
pamianiiHoi HeOe3neku. Y 3B’ 13Ky 3 IIMM 3POCTAE POJTb PaIialliiHOTO MOHITOPHUHTY 1 KOHTPOITIO
BMICTY PaJiOHYKJIiIIB Y CUTBCHKOTOCHOAAPCHKiN mpoaykuii. Pesynsraty MOHITOPUHTOBHX
JOCITiKeHb €(DEKTHUBHI, SKIIO iX BUKOPUCTOBYIOTh JUISl IPUUAHATTS YIPABIIHCHKUAX PIllIEHb
JUIS BiJIHOBJIGHHS pajialiiiHO 3a0pyaHEeHuX TepuTopiid. Ha Takux mpucaauOHUX IUISTHKAaX
CeJISTH PEeKOMEHIYEThCSI BUKOHYBATH Taki 3axonu [21]:

- BHOCHTH OJIMH pa3 Ha 5 POKIB BamHO 3 po3paxyHKy 25 - 50 kr wa 100 m*

- KOKEH piK BHOCHTH MiHepaJibHi 100puBa 3 po3paxyHky aHa 100 m?10 3 kr cynepdocdary,
4 KT XJIOPUCTOTO KaJito 1 2 KT aMiaqyHOi CeNIiTPH.

Opeaniuni _6ioxodu. OAHUM 3 NUISXIB BUPIMICHHS EKOJIOTO-CKOHOMIYHHX IPOOIEMH
TEPUTOPIAILHOTO PO3BUTKY € MiHIMi3allis HEraTUBHOTO BIUIMBY 6i0x00ié¢ Ha JOBKiuIA. Ha
teputopisix OTI" HaO1IbIII EKOHOMIUHO JOIIILHUM 1 €KOJIOTTYHO €(DEKTUBHUM € 3MEHIIICHHS
00CsiTiB yTBOPEHHS BiIXOMiB 1 30UIbLIEHHA OOCAriB X MNepepoOKH Ta TOBTOPHOTO
BUKOPHCTAHHS, IO BIiANOBINAa€ OJHOMY 3 TOJOBHHX TPHUHIHUINB CTalOr0 PO3BHTKY —
"npunHyuny cmano2o cnoxcueaHHsa" .

Opnniero 3 Iliteii cranoro po3sutky no 2030 poky (LICP) e 3ampoBamkeHHsT Momeni
LHUPKYTIPHOT CKOHOMIKM Ta BHPOOHHMITBA (3aMKHCHHUH JKATTEBHH LUK TMPOMYKINI
i cupoBunu)' [22]. Ha mepkaBHOMY piBHI Hamipd HAmOi OEp)KaBH IiATBEPIKYIOTHCS
npuiiHATTsIM HanionansHoi Crparerii ynpasninas Biaxonamu 10 2030 poky [23]. Crpareris
niepenodadae Minimizayiro Yymeopenus ioxo0ie uLiaxom Oiibul payioHaIbHO20 SUKOPUCTHAHHS
npOOYKmMie, Mamepianis i pecypcie 6npo8ad#CeHHAM MO0 3AMKHEH020 YUKTY BUPOOHUYMEA
i cnooicusanns. I1pu bOMy, TOITOBHI HAIIPSIMU JIEP>KaBHOTO PETYITIOBAHHS Y cpepi TOBOKEHHS
3 BIIXOAaMHU Y3romxkyroThcsi 3 PamkoBoro mupextuBoro 2008/98/€C; HupextuBoro Pamu
1999/31/€C «IIpo 3axoponeHHs BiaxomiBy i Jlupekrusoro 2006/21/€C «Ilpo ympaBiiHHS
BiJIXOJJaMH BUJJOOYBHUX iANPHEMCTBY.

BaxmuBrM pakTopom, 10 CIPUSATHME 03T0POBICHHIO JOBKIIIS BBAYKAECTHCS T IBUIICHHS
piBHSL €KOJIOTIYHOT CBiJOMOCTI 1 OOI3HAHOCTI HaceleHHs WIOAO0 COPTYBaHHS CMITTA
B CIICIIAJILHUX MICISAX 1X yTBOPEHHsS. EKOJOTiYHE MPOCBITHUIITBO 1 3aXOH 13 320XOYCHHS
MICILIEBOTO HACEJIEHHS J0 COPTYBaHHA MOOYTOBHX BIAXOJIB MOJIMIIUTH CTaH TEPUTOPIiT
CUTBCHKOTO HACEIICHOTO IYHKTY 1 MPHIICTIIUX TEPUTOPIH.

biopisnomanimms. 30epe:xeHHsT O1ONOTIYHOTO PI3HOMAHITTS € HEOOXITHOI YMOBOIO
30epexeHHsT CTIMKOCTI Oiocdepy 1 3amopyKor BHKHBAHHS JItOACTBA. B YkpaiHi icTopuyHO
chopMyBaBcs JOCUTh BUCOKUI PiBEHb POCIMHHOTO 1 TBAPUHHOTO PI3HOMAHITTS (32 OL[iHKaMH
excriepTiB onucaHo Outemie 70 thc. BuaiB). lle oOymoBIeHO iCHyBaHHSIM B YKpaiHi 4-X
MIPUPOAHO-KITIMAaTHYHUX 30H MEPEXPECTIM MIrpaliiiHuX MapipyTiB 0araTboxX BUAIB TBAPHH.
Bincorok dakTuuHoi miomnii mpupomHo-3anosigHoro ¢oumy cranom Ha 01.01.2021 poky
CTaHOBUB 6,8% [24]. OLiHOYHUM MOKAa3HUKOM MOXKE Oy THU CHig8IOHOUEHH N0 MepUmopiil
ma 06 ’exmie npupoOHO-3an08ioH020 oHIy 00 3azanvhitl niowi mepumopii OTI 'y iocomxkax,
a TaKOX MOKA3HUK JIICUCTOCTI TEPUTOPIi (TUIOIIA JTICOBKPUTHX TEPUTOPIiA).

Line 12 - 3a0e3nedeHHs Iepexoiy 0 palioHaIbHUX MOJeNel CIIOKUBAHHS | BUPOOHHUIITBA;
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BUCHOBKHA

CucTeMHi JOCIHIIKCHHS 3 CKOJIOTIYHOTO OI[IHIOBAHHS Ta MOHITOPHUHIY CTaHY JOBKIJUIS
JIO3BOJISTIOTH PEKOMEHAYBATH HACTYITHHU KOMAIIEKC OYIHOYHUX NOKA3HUKIG IUTS OLIHIOBaHHS
e(heKTUBHOCTI MPOIIECY NMEPEXOAY CIIBCHKUX TEPUTOPIAIBHUX TPOMAJ A0 CTAJIOTO PO3BHUTKY:

1. OckingbKH BUKOPHCTaHHS MOKa3HUKa «OOCSIT BUKUAIB MAPHUKOBUX T'a3iB, % 10 piBHS
1990 p.» nHa piBai OTI' € mpobreMaTHdHUM, 3alIPOIIOHOBAHO BUKOPUCTOBYBATH HOKAZHUK
oyinku banancy gyeneyro Ha oCHOBI iporno3oBanux BenuuuH (LICP 13, 3apnanns 13.1).

2. Biocomox nnow, 3aUHAMUX OpPSAHIYHUM SUPOOHUYMEOM, y 3arajbHId IUIOII
cimecpkorocrogapebkux teputopin OTI % (LICP2, 3aBmamms 2.3.3; LICP15, 3aBmanHA
15.3.4);

3. Biocomoxmewrxanyie OTI, aximaioms 00cmyn 00 yeHmpanizo8ano2o 6000NOCMAYAHHS
i 60006i0sedenns (LICP 6, 3aBnanns 6.1.5.16.2.1);

4. CTymiHp  €KOJOTi3allii  arpoONpPOMHCIOBOTO  KOMIDICKCY MOXKE  BH3HAYaTHCh
CNi6BIOHOWEHHAM HecmabiibHux ¢axmopie (pinns, caou) 00 cmabitbHux (IyKu, jicu)
(LICP15).

5. PiBeHb paianiitHo1 0€3MEKH OIIHIOETCS HOMYHCHICTNIO Q03U 2AMMA-BUNPOMIHIOBAHHA,
cymapnoio bema-akmusnicmio ma emicmom padionyknioie *’Cs ta °Sr B armocdepHux
omajgax, a TakoK CyMapHOIo Oera-akTuBHiCTIO Ta BMmicToM 'Cs i Sr y rpyHTrax Tta
noBepxHeBux Bogax (LICP15, 3aBnanns 15.3).

6. CniggioHoweHHs 00CA218 yMEOpeHHS 810X0018 00 00CA218 IX nepepodKU ma NO8MOPHO20
surxopucmanus (IICP12, 3aBnanns 12.4);

7. Yacmxa mepumopii ma 00’ €xmie npupooHo-3ano6ioHo2o ¢ondy y 3arajbHii IO
teputopii OTL,% (LICP15, 3aBnanns 15.1.2);

8. Inowa nico-expumux mepumopiti, ra (LICP15, 3aBganns 15.2.1).
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ABSTRACT

ASSESSMENT OF THE TRANSITION PROCESS OF RURAL
COMMUNITIES TO SUSTAINABLE DEVELOPMENT

The transition process of rural communities to sustainable development is considered in the
context of life safety and quality of rural residents. The article substantiates the ways of assessing
the transition process of rural united territorial communities to sustainable development. At the
same time, it is considered appropriate to take into account the national tasks and indicators of their
implementation, defined in the 17 National Goals of sustainable development until 2030. Special
attention is paid to the system of economic and social-ecological indicators, which can be obtained
from state statistical reports. In order to take regional features into account, attention is paid to the
development of regional automated environmental monitoring systems, in particular also on the
territories of rural communities. A set of evaluation indexes has been developed for assessing the
effectiveness of the transition process of rural territorial communities to sustainable development.
The following indicators are recommended as mandatory for use: carbon balance assessment
indicator based on predicted values; percentage of areas occupied by organic production; access to
centralized water supply and drainage; the ratio of unstable factors (arable land, orchards) to stable
factors (meadows, forests); the share of territories and objects of the nature reserve fund; the area
of forested territories. The level of radiation safety is assessed by the dose rate of gamma radiation,
the total beta-activity and '*’Cs and *°Sr radionuclide's content in atmospheric precipitation, as
well as the total beta-activity and the content of 3’Cs and *Sr in soils and surface waters. In
order to activate the transition processes of the sustainable development of rural communities, it
is proposed to intensify the implementation of the balanced land use principles and to improve
the system of solid household waste management. We also believe that it is necessary to ensure
the organization and achievements monitoring of the Sustainable Development Goals by the rural
communities.

Key words: sustainable development goals, united territorial communities, indicators, state
of the environment
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