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3AT'AJIBHA XAPAKTEPUCTUKA POBOTHU

AKTYyaJIbHiCTh TeMH. 3aCTOCYyBaHHS XIMIYHMX PEUYOBHH MJI 3aXHCTy POCIUH €
KJIIOYOBHM €JIEMEHTOM B arpapHOMY CEKTOpi, SIKHH CYyTTEBO CIIpHUs€ CTa0UIbHOMY
CKOHOMIYHOMY 3pOCTaHHIO Ta JIOCSATHEHHIO I[iJIel HarioHaibHoro po3suTky (Jallow M.F. et
al., 2017; Moser F. and Dondi F., 2016). Ilectuiuan BimirparoTh BHPIIIAILHY pPOJb Y
3arno0iraHHi BTpaTtaM BpOXKaro, TUM caMUM Oe3MocepeHbO BIUIMBAIOYM Ha BPOKANHICTS 1
3arajibHy MPOIYKTHBHICTH arporpomucioBoro Bupoonuirsa (Damalas C.A. et al., 2017).
Buxopucranas XiMiyHUX 3aco0iB 3axucTy pociuH (X33P) mae cyTTeBl €KOHOMIYHI
HACIIJKU. 3 OHOTO OOKY, 1€ CIPUSE MiIBUIICHHIO €(DEKTUBHOCTI CIITLCHKOTOCIIOIAPCHKOTO
CEKTOpa, 3MILHIOIYM TUM CAMHM E€KOHOMIYHY CTAOUIBHICTh 1 3pOCTaHHS MPHUOYTKIB. 3
1HIIOrO OOKY, 1I€ Y3rOJ/UKYEThCS 3 IIMPIIMMU LUISIMU PO3BUTKY JIEP>KaBH, 3a0€3MeUyroun
MIPOJIOBOJIbYY O€3MEKYy — KIIOUOBY CKJIAJ0BY COLIATEHO-€KOHOMIYHOTO PO3BUTKY OY/b-SKOi
nairii (Boedeker W. et al., 2020; Kim K.H. et al., 2017; Moser F. and Dondi F., 2016).

OpHak HEOOXITHO PO3IJISSHYTH MOYJIMBICTh BUKOPHUCTAHHS MECTUIMAIB y paMKax
CTaJIOi CLIBCHKOIOCIOJAPChKOT MPAKTUKH 3 BUKOPUCTAHHSAM 1HHOBAUIMHUX TEXHOJOTIN
3aCTOCYBaHHA, OCKUIBKH 1X HEperyJjiboBaHe a00 HaJIMipHE BHECEHHS MOXKE MPHU3BECTH JI0
IIKIJIJTABOTO BIUIMBY HAa HABKOJMIIHE CEPEOBUIIE, BKIIOUAIOUM 3a0pyHEHHS IPYHTY Ta
BOJIHUX PECYPCIB 1 MOPYIICHHS MICLIEBUX eKocucTteM. Kpim Toro, He MOXHA HE TIOMIYaTH
MOTEHIIAHI PU3UKHU IS 370pOB’Sl SIK MPAIiBHUKIB CUIBCHKOTO TOCIOJApPCTBA, TaK 1
CIOXHBAYiB, IMOB’sI3aHI 3 HempaBWIbHUM BukopuctanHsm X33P (Anderson S.E. and
Meade B.J., 2014; Evaristo A. et al., 2022; Tarone R.E., 2018).

3rilHO 3 BIJOMOCTSIMHM, HaJaHUMU MDKHApOJHOK  OpraHi3ali€lo  mpari
(International Labor Organization, 2021), arpapHuii ceKTop BiJ3HAYAETHCSA SIK OIWH 13
HaWOUIbII PU3MKOBAHMX Yy TIUIaHI O€3MEeKHM >KUTTA Ta 3J0pOB’S MpaliBHUKIB, 1 L€
CTOCYETBCS K PO3BHUHYTHX KpaiH, TaK i THX, IO PO3BHBAIOTHCA. [IpaIliBHUKU CLIBCHKOTO
roCro/IapCTBa CTAHOBJISITH MaiyKe MOJIOBUHY BCi€l poOOYOi CUJIM HA TUTAHETI, 110 CKJIaaae
1,3 minesapaa oci0. BrpoBamkenHs: yaockoHageHnx X33P, 1HHOBaIIMHUX TEXHOJIOTIH X
BHECEHHSI, & TAKOXK 1HTErpauis XiMIYHUX, (PI3UYHUX 1 O10JOTTUHUX METOIB OyJe CpUsTH
orntumizaiii Bukopuctanus necturuais (Directive 2009/127/EC, 2009; Fargnoli M. et al.,
2019; Omelchuk S.T. et al., 2019; Whithaus S. and Blecker L., 2016).

Bcebiuna oriHka yMOB Tipami 1 pPO3paxyHKOBE TPOTHO3YBAHHS PHU3UKY
MOTEHITIHHOTO HETaTUBHOTO BIUIMBY MECTHIIMIHUX MpEMapaTiB Ha arpapiiB, 3aiIHUX B iX
3aCTOCYBaHHI, € OJHUM 3 00O0B’SI3KOBHX €TalliB MEPeAPEeCTpaAIfHIX BUMIPOOYBaHb TaKUX
dbopmymAliid, B TOMY WYHCII BXE paHIle BUBYCHHX Ta 3apEECTPOBAHUX, aje sKi
MJIAHYETHCS 3aCTOCOBYBAaTH 3a JOMOMOIOI0 1HHOBAIIMHMX arpOTEXHOJIOTIH BHECEHHS
(Borysenko A. et al., 2021; Omelchuk S.T. et al., 2019).

CyuacHe 1u(dpoBe CIIBCbKE TOCIMOAAPCTBO 3HAXOAMTHCS Ha MUISAXY IMOCTIHHOTO
BJIOCKOHAJICHHS 1 ChOT'OJIHI aKTYaJIbHUM € BHECEHHS MECTUIUIIB 3 TIOBITPS 3a JOIOMOTOI0
6e3nutoTHuX miTansHuX anapatiB (BITJIA), TexHonorii 00poOku Ta BuciBy HaciHHs 3Rive 3D
1 BUKOPUCTaHHS 1HXXEKTOpHUX (popcyHok. Lli TexHosorii € abo abCOIIOTHO HOBUMU IS
arpapHOro CEKTOpYy Halloi JAep>kaBH, a00 K 3HAXOJATHCSA Ha paHHIN CTajll BIPOBAKEHHS
y npakTHKy (imkekTopHi po3mmmoBadi) (3RIVE 3D® Application System Program, 2021;
Albeaino G. et al., 2021; McManus B.L. and Fuller B.W., 2017; Pappas R., 2016).
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Bumie3azHaueHi 1HHOBaIiHI TEXHOJOTIi BHECEHHS XIMIYHMX 3ac00iB 3aXHUCTY
pPOCIMH € MaJOBHBUYEHMMH B HAyKOBOMY IUIaHI 3 MO3UIli OE3MEYHOCTI YMOB Mpari
3aITHUX POOITHUKIB, BXKMBAHHS MPOAYKIIi1, BUPOIIEHOI MPH iX 3aCTOCYBaHHI, Ta BILUTUBY
Ha 00’ €KTH HABKOJMIITHLOTO cepeloBuIIa. Taki TEXHOJOT1I MajoanpoOoBaHi Ha MPAKTHIII 1
noTpeOYyIOTh OKPEeMOi MEIMKO-CaHITapHOI Ta €KOJIOT1YHOi permameHTarii. BiacyTHs
HOPMaTUBHO-TIpaBoBa 0a3a 3 MHUTaHb IPOBEJICHHS TITE€HIYHOI OLIHKA MpodeciitHuX
PU3HMKIB Ta OOIPYHTYBaHHSI pErIaMeHTIB O€3[EeYHOro 3acCTOCYBaHHS 3acO0IB 3aXHCTY
POCIIMH 3 iX JOMOMOTOIO.

Buimiesa3znauene JUKTye HEOOXIAHICTh IIMOOKOTO Ta BCEOIYHOTO BHUBUCHHS JaHOI
poOJIeMH.

3B’A30K po0OTH 3 HAYKOBHMH INpPOrpamMamMu, IUIaHAMH, TeMamu. JluceprauiiiHa
poGoTa € (parMeHTOM 1HILNIATUBHO-TIONIYKOBUX HAYKOBO-IOCHIIHUX TeM KadeapH:
«l'irieH1yHe OOIPYHTYBaHHS HAYKOBHUX OCHOB MOHITOPUHTY pI3HUX TPYIN Ta XIMIYHUX
KJIaCIB MECTHULMAIB Y BOJI BOJOWM TrOCHOJAPCHKO-NIUTHOIO Ta KYJIbTYPHO-IOOYTOBOIO
Bukopuctanus» (Ne nmepxpeectpauii  0118U100472, 2019-2021); «lIlopiBHsuibHA
ririeHIYHa OI[IHKA Ta HAayKOBE OOIPYHTYBAaHHS MIAXOAIB JO TIT€HIYHOI perjiameHTamli
IHHOBAIIHHUX TEXHOJIOT1H 3acTocyBaHHs necTUln iRy (Ne nepxkpeectpartii 0122U000634,
2022-2024); rTOCHIOTOBIPHUX  HAyKOBO-AOCHIAHMX poOIT NeNe  nepskpeectparrii:
0120U104013;  0121U111495; 0120U104013; 0121U111499; 0119U100292;
0119U103450;  0118U001296; 0118U001055; 0116U005961; 0117U006030;
0114U006506; 0116U005960; 0117U006021; 0113U000644.

PoGoTa BuKOHaHa BIAMOBIIHO N0 3akoHIB Ykpainu «llpo mectumuam 1
arpoxiMmikatu» Big 2 Oepe3nst 1995 poky Ne 86/95-BP, «IIpo Oe3meuHicTh Ta SIKICTh
XapyoBUX MPOAYKTiB» Bif 23 rpynus 1997 poky Ne 771/97-BP, «IIpo 3abe3nedeHHs
CaHITapHOro0 Ta eNiJeMIYHOro OJyiaromojyuyusi HaceleHHs» Bix 24 mrotoro 1994 poky
Ne 4004-X11, «IIpo cucremy rpomaacbkoro 3mopoB’si» Big 06 Bepecus 2022 poky
Ne 2573-1X.

Merta pociigskeHHsi: TOPIBHSUIbHA TITIEHIYHA OL[IHKA Ta HAyKOBE OOIPYHTYBAHHS
MIIXOAIB A0 TITIEHIYHOT perjaMeHTallli 1HHOBAI[IMHUX TEXHOJIOT1H 3acTOCYBaHHS
MIECTUIUAIB JIJI1 MiHIMI3aIlil MOTSHIIITHOTO PU3UKY JJIS 3/I0POB’sI MPaIliBHUKIB CLIHCHKOTO
roCro/ilapcTBa 1 HaceNeHHS Ta 3HWKEHHS MECTULHIHOTO HABAHTAXXEHHS Ha OO0 €KTH
JTOBKLILJIS.

3aBIaHHS TOCJIIKEHHS:

1. V3aranpHuTH JaHi Ta MPOBECTU TMOPIBHSUIBHY €KOJOTO-TITIEHIUHY OILIHKY
IHHOBAIIIMHUX TEXHOJOTIA 3aCTOCYBaHHS TMECTUIMIIB 3a JIOMOMOTOI0 1HXEKTOPHHX
po3nuitoBauiB, 3Rive 3D TexHoOr1T Ta BHECEHHS iX 3 MOBITPs 3a gornomMororo BITJIA.

2. IIpoananizyBaTu Ta CUCTEMATU3yBaTH MECTUIMAM, I03BOJIEHI O BUKOPUCTAHHS B
Cy4acHOMY CLIbCBKOTOCIIOJAPCHKOMY BHUPOOHUIITBI YKpaiHU, 3 MO3UIIN iX MOKIHUBOTO
BUKOPUCTAHHA B JIOCHII)KYBaHUX 1THHOBAILIMHUX TEXHOJOTIAX.

3. BuBunutu auHamiky, MmpoaHai3yBaTH OCOOJIMBOCTI Mirpalii B HaBKOJUIIHbBOMY
CEepeZIOBUIIIl Ta OIHUTHU 3aJUIIKOBI KUIBKOCTI IUIPOKOHA30JIy, IUKBATy JAHUOpOMIIY,
OipeHTpuHYy Ta a30KCUCTPOOIHY B 00’€KTax JMAOBKULISA, OLIHUTH IX PHU3UK IS
HABKOJIMIITHROTO CEPEIOBUINA TIPpH 3acTocyBaHHI mpemapatiB Amictap Exctpa 280 SC,
KC, Pernon Eiip 200 SL, PK, Ansda-/{uxkBatr ®@oprte, PK, bpireitn 3Rive 3D, KC na ix
OCHOBI.
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4. [IpoBecTH OLIHKY PHU3MKY s HEMPO(eciiHUX KOHTUHTEHTIB NpU BKUBaHHI
KOHTaMIHOBAaHO! NMECTUIUAAMH BOJAU Ta CLIbCHKOTOCIIOAAPCHKOI MPOIYKIlli, BHPOIIEHOI
IIPU 3aCTOCYBaHHI IHHOBAIIHHUX TEXHONOT1H BHeceHHs X33P.

5. IIpoBecTn OIIHKY Ta TMOPIBHSAUIBHUN aHalli3 yMOB TIpalll Ta PHU3HKY IS
npodeCiiHMX KOHTHHIEHTIB ITUIIPOKOHA30Jly, JUKBATy AuOpominy, OidpeHTpuHY Ta
a30KCcUCTPOOIHY Mpu 3acTocyBaHHI npenapatiB Amicrap Excrpa 280 SC, KC, Pernon Eiip
200 SL, PK, Anwspda-/IuxBatr dopte, PK, bpireiin 3Rive 3D, KC Ha iX ocHOBi 3a
JIOTIOMOTOI0 1H)KEKTOpHMX po3nuiatoBadiB, 3Rive 3D TexHos0T1i Ta BHECEHHS iX 3 MOBITPS
3 BITJIA y BiAMOBIAHOCTI 10 ICHYFOUMX METOUYHMX ITiIXO/IIB.

6. Po3poOuti Ta BOpOBaguTH B MpakTUKy 3acTocyBaHHA X33P iHcTpykmii Ta
METOJMYHI pEeKOMEHAIIIT III0JI0 CTBOPEHHS O€3MEYHUX YMOB MPU BHECEHHI MECTULIUIB 32
JOTIOMOT 010 1HXKEKTOPHUX po3nuitoBauiB Ta BITJIA.

7. Po3pobut po3paxyHKOBI MoAeNll Ui 3a0e3MedYeHHs ONTUMAJIbHUX YMOB
BHECEHHs Ta Oe3meyHoro npeiidy Kpameib NEeCTUUUMAHUX MpenapariB mnpu oOpoOri
CUIBCBKOTOCTIOAAPCHKUX KYJNbTYp 3 BUKopucTanHsM BITJIA.

8. HaykoBo 0OTpyHTYBaTH METOAMYHI MIJAXOAHM JO MEIMKO-CAHITAPHOI OIIHKH Ta
PO3paxyHKIB MOTEHIIHHOTO PU3UKY IJis MPO(EeCciiHMX KOHTUHTEHTIB MPU BUKOPUCTAHHI
BITIA nns BHecenns X33P.

9. O6GrpyHTyBaTd BHUMOTH, pPO3POOMTH TITI€HIYHI perjJaMeHTH Oe3Me4YHOro
BUKOPUCTaHHA Ta PEKOMEHJAlli IIOJ0 KOHTPOJIO 32 3aCTOCYBAHHSAM MMECTULMIHUX
mpenapariB 3a JIONOMOTO 1HXKEKTOpHUX posmuwitoBadiB, 3Rive 3D TexHosorii Ta
BHECEHHs iX 3 moBiTps 3 BITJIA.

06’exkm 0OocniddcenHs: TITIEHIYHI aCMEKTH Ta OCOOJIMBOCTI MEIUKO-CaHITapHOL
perjiaMeHTanli XiMiYHUX 3ac001B 3aXUCTy POCIMH MpHU IX 3aCTOCYBaHHI B 1HHOBAIIHHUX
texHosorisx (3Rive 3D TexHosorisi, BHeCEHHs 3 MOBITps 3a gomnomororo BITJIA Ta
1HKEKTOPHOMY BHECEHHI).

IIpeomem Oocnioxcenns: TMOBENIHKA B 00’ €KTaX HABKOJMIIHBOIO Ta BUPOOHUYOIO
CepeqoBHINa, HEOE3MEUHICTh ISl MPAIIOI0YNX, HACENEHHS Ta JOBKUUIS IUIPOKOHA30ITY,
IUKBaTy IUOpoMiny, OlpEeHTpUHY Ta a30KCUCTPOOIHY MpH 3aCTOCYBaHHI MpernapaTiB
Awmicrap 280 SC, KC, Pernon Eiip 200 SL, PK, Ansda-/Iuxsat @opre, PK, bpireiig 3Rive
3D, KC nHa iX OCHOBI B IHHOBALIMHUX TEXHOJIOTISAX, a caMe€ AUHAMIKa 3aJIMIIKOBUX
KUTBKOCTEH LMIPOKOHA30Jy, AMKBATy IuOpominy, OipeHTpHHY Ta a30KCHCTpPOOIHY B
MOBITPSHOMY CEPEAOBHINI, TPYHTI, BOMI, 3€JICHHX POCIWHAX; BMICT JOCIIIHKYBAHHUX
JIIOYMX PEYOBMH B 3€pHI Ta oiii; yMOBH mparii Ta mnpodeciiHui PUBUK, PHUHK
3a0pyJHEHHs] TPYHTOBUX Ta MOBEPXHEBUX BOJ, PU3UK IS HACEJICHHS IMPH CIOXHBaHHI
CLITBCBKOTOCIIOIAPCHKOT MPOYKIIIi.

HaykoBa HOBHM3Ha ojep:KaHUX pe3yJbTaTiB. B pe3ynbrari MOpoBeneHOro
JOCJIIIDKEHHS BIiepiie B YKpaiHi 0yJio:

— 3MIIACHEHO MOPIBHSUIBHY €KOJIOTO-TITIEHIYHY OILIHKY 1HHOBALlIMHUX TEXHOJOT1N
3aCTOCYBaHHS TMECTHUIMAIB 3a JOMOMOTOK 1HXXEKTOpPHUX po3muwioBaviB, 3Rive 3D
TEXHOJIOT1i Ta BHECEHHS 1X 3 MOBITPs 3a gonomoroio bITIA;

— CHCTEMAaTHM30BaHO TECTULIUIY, JO3BOJEHI J0 BHUKOPUCTAHHA B CYy4YacHOMY
CLIbCHKOTOCTIOAAPCHKOMY BUPOOHUIITBI YKpaiHu, 3 MO3UIIH iX MOXKIUBOTO 3aCTOCYBAHHS
B IHHOBAILIMHUX TEXHOJIOT1X BHECEHHS;
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— BU3HAYCHO OCOOMMBOCTI TMOBEAIHKM  JIIOUYMX PEUYOBUH  JIOCHIKYBAHHUX
MECTUIIMIB B OO0 ’€KTax arporieHo3y, OIlIHEHa iX EKOTOKCHKOJIOTiYHAa HEOEe3NeUYHICTh,
MEPCUCTEHTHICTh y TPYHTAX YKpaiHU Ta PU3HUK 3a0pyTHEHHS] HUMU IPyHTOBHUX BOJ MPH X
3aCTOCYBaHHI B IHHOBAIITHUX TEXHOJIOT15IX BHECCHHS;

— OIIIHEHO yMOBHU Tipalli Ta TmpodeciiiHl PU3UKU ITUIPOKOHA30Jy, JIUKBATY
nuopominy, OipeHTpUHY Ta a30KCUCTPOOIHY IPH 3aCTOCYBaHHI MpernapariB AmicTap
Exctpa 280 SC, KC, Pernon Eiip 200 SL, PK, Ansda-/Iuxsat ®opte, PK, bpireiin 3Rive
3D, KC Ha ix 0CHOBI 3a 10MTOMOT0I0 1HKEKTOPHUX po3nuiitoBadiB, 3Rive 3D TexHomorii Ta
BHECEHHS iX 3 MoBiTps 3 BIIJIA y BiANOBIIHOCTI 10 ICHYIOUHMX METOAUYHUX IT1AXO/I1B;

— po3po0JIeHO Ta BIPOBAKEHO B MPAKTHKY 3actocyBaHHA X33P iHcTpykmii Ta
METOJMYHI pEeKOMEHAIIIT III0JI0 CTBOPEHHS O€3MEYHUX YMOB MPU BHECEHHI MECTULIUIB 32
JOTIOMOTOI0 1HXKEKTOPHUX po3nuitoBauiB Ta BITJIA;

— HayKOBO OOIPYHTOBAHO METOJMYHI MIAXOJAW 10 MEIUKO-CAHITApPHOI OIIHKK Ta
PO3paxyHKIB MOTEHUIMHOIO PHU3UKY IJis NPO(ECciiiHUX KOHTUHIEHTIB NPH BUKOPUCTAHHI
BIIUDIA nna BHecenHs X33P Ta 3amponmoHOBaHO JOMOBHEHHS JO METOJWYHHX
pPEKOMEHJAII/ [I0JI0 OLIHKM Ta 3MEHILEHHS PU3MKIB JJIsl MPAliBHUKIB, 5SIKI BUKOHYIOThH
BHECEHHSI MIECTUIIU/IIB 3 TTOBITPS 3a JOTIOMOTOI0 O€3MUIOTHUX JIITaJbHUX aaparis,

— po3po0bJIeHo crociO OLIHKKA HOBUX TeXHOJIOT1H BHeceHHs X33P 3 BUKOpHUCTaHHAM
3aMIHHUKA MECTUIIMIHOTO Mpenapary — CHHTETUYHOro OapBHUKA J[iaMaHTOBOTO CHHBOTO
E 133, ta po3pobisieHnii croci® BU3HAUEHHS HOTO BMICTY B COpOIIHHOMY Marepiaii
(p1pTpYyBaIEHOMY TIATIEp1), IO BKIIIOYAE BIIIYYEHHS OapBHUKA 3 COPOIiitHOrO MaTepiaty
JTUCTWJIHOBAHOIO  BOJOI0, TBEpAO(Pa30BYy EKCTPaKIil0 Ta KUIbKICHE BH3HAYCHHS
HiamanToBoro cunboro E 133 Merogom obGepHeHO-Pa30B0Oi BUCOKOE(PEKTUBHOI PIAMHHOL
xpoMarorpadii 13 CHEKTPOPOTOMETPUUHHUM JIE€TEKTYBAHHSIM;

— Ha MiJICTaBl MPOBEICHOT0 KOMIT FOTEPHOTO MOJICIIOBaHHS BHECEHHSI TIECTUIINIIB 3
noBITps 3a JonoMororo BITJIA BcTaHOBIEHO 3aKOHOMIPHOCTI (POPMYBaHHS Ta MOBEIIHKH
aepoaucrnepcHux cucrem X33P;

— OOIPYHTOBAHO PO3PAaXyHKOBI MOJEJi MPOTHO3YBaHHS WIIIBHOCTI MOKPUTTS
MOBEpPXHI Ta pajalycy pO3NWIEHHS NEeCTUUUIHOrO Mpenapaty mnpu  oOpoOrl
CUTbCHKOTOCTIONIAPCHKUX KYJNBTYp 3 BUkopuctanusm BITJIA.

IIpakTU4He 3HAYEHHS OJePKAHUX Pe3yJabTaTiB. 3aPONIOHOBAHI JOTIOBHEHHS 10
METOJMYHUX PEKOMEHJIAIlIN 100 OIIHKK Ta 3MEHIICHHS PU3UKIB JJIS MPAIliBHUKIB, SIKI
BUKOHYIOTh BHECEHHS TECTUIIMJIIB 3 TOBITPS 3a JOTIOMOTOI OE3MUIOTHUX TITAIbHUX
amapartiB, JO3BOJISITh 3a0e3MeunTH OUTBIT KOPEKTHY OIlIHKY NpodeCIiHUX PHU3UKIB,
MOB’SI3aHMUX 13 BUKOPUCTAHHAM I1i€1 TexHoJoT1i. Takuil miaxia Crpuse CTBOPEHHIO OLTBII
MOBHOrO Ta 30aJaHCOBaHOrO Habopy pekoMmeHparid mns omepartopiB BIIJIA, mo B
pe3yJibTari 3a0e3neuye 6e3reKy, eheKTUBHICTh Ta CTAIICTh BUKOPUCTAHHS I[1€1 TEXHOJIOTT]
y CLIBCBKOMY TOCITOJapCTBI.

Po3po0inieHo crnocid BHU3HAYEHHSI BMICTY CHUHTETMYHOTO OapBHHMKA JliaMaHTOBOIro
cunboro E 133 B copOuiitHoMy Matepiani (GiuabTpyBajJibHOMY Tamnepi), SKUid Moxe O0yTu
OJIHUM 3 €TalliB MOIMEPeIHhOI OLIIHKA €(PEKTUBHOCTI Ta 0€3MEYHOCTI 3aCTOCYBaHHS OyIb-
AKX TECTUUUAHUX TpenapaTiB 3 pizHux wmonenet BIIJIA, 13 pi3HOMaHITHUMU
arpoTeXHIYHUMHU XapaKTEpPUCTUKAMH, Ha €Talll NEepeapeecTpaliifHuX BUMPOOYyBaHb Ta
HAyKOBUX JOCTIIKCHb.
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Po3po6iieHo ririeHiyHi pekomMeHaalli 3 0e3rneyHoro Ta €¢()eKTUBHOTO BUKOPUCTAHHS
pPO3MIIIIOBAaYiB ISl OOpOOKH CUIBCHKOTOCMONAPCHKUX KYJIBTYp NECTHLHUIAMHU IS
3HIDKEHHS PU3UKIB JUIS 3/10pOB’S MPALliBHUKIB, 3aA1STHUX Y 00poO1Ii, a TAKOXK 3MEHILICHHS
NECTUIUAHOTO HABAHTAXKEHHS Ha JOBKULISA. OcobiiMBa yBara NpualI€TbCs TPaBUIBHOMY
BUOOpY Ta HAJAIITYBaHHIO OOJAaJHAHHS, 10 3HUXKYE MMOBIPHICTH HEKOHTPOJIHLOBAHOTO
posnoBciokeHHss X33P. CywacHi migxoaud g0 O€3MeYHOro 3acTOCYBaHHS IMECTUIIMIIB
J0TIOMararoTh BIAMOBITATH MDKHApOAHUM HOpMaM 1 cTaHzapTam y cdepi arpapHoro
BUPOOHUIITBA, 1110 BAYKJIUBO JJISl EKCIIOPTY Ta MI?)KHAPOIHOI TOPTiBIIL.

Po3pob6ieno, 3aTBep/keHO Ta OMyONiKOBaHO «MeToAudHl peKoMeHmali s
0€3MeYHOTr0 BUKOPUCTAHHS MECTUIIHMIIB 3 TIOBITPS 3@ JOMOMOTOI0 O€3MIIOTHUX JITaTbHUX
anapartiB (BIIJIA)», o periaMeHTy0Th BUKOPUCTAHHS O€3MUIOTHUX JITAIBHUX anapariB
KONTEPHOTO TUITY JIJIsl BHECEHHS NMECTHIHIIB. Lleil TOKyMEHT € Ba)KIMBUM 1HCTPYMEHTOM
Uit 3a0e3nedeHHs O0e3nekn Ta €()EeKTUBHOCTI BUKOPUCTAHHSA arpoJpOHIB Yy CUIbCHKOMY
rOCMHOJIaPCTBI, 110 CIPUATUME M1IBUILCHHIO PIBHS €KOJOTTYHOI 0€3MEeKH HABKOJIMIIIHHOTO
MPUPOTHOTO CEpPEFOBHINA Ta 3J0POB’Sl HACEICHHS, MO3WUTHBHO BIUIMHE HAa PO3BUTOK
TEXHOJIOT1H Ta iX BIPOBAHXKEHHS, 1 B LIUIOMY Ha BeJICHHS O13Hecy B YKpaiHi Ta CTBOPEHHS
JUIS. HBOTO HOBHUX MOXUIIMBOCTEH. Po3po0ieH1 MeToauuHi pekoMeHaallli BiIoOpakeHO B
[HdopmartiitHoMy JUCTI Ta BUAAHO y BUTIIAII OpOIITYpH.

Pe3ynbraTti JOCHIIKEHHST BUKOPUCTAaHI B HABYAJIBHOMY IPOLIECI HA TITE€HIYHUX
kapeapax HamionansHoro wenuuHoro yHiBepcutery iMmeni O.0. boromonbls,
BIIPOBA/DKEHO Y HAyKOBO-AOCHIAHY podoty: HAY «Binaumpkuit o6nacuuii LlenTp
KOHTpOJIt0 Ta mnpodutaktukd xBopod MO3  VYkpainm», [0J10BHOrO ympaBiiHHS
JepxrpoacnoxuBcayk0u y BinHuLbKIN 0051acTi, HallioHanbHOTO YHIBEPCUTETY OXOPOHH
3nopoB’s Ykpainu imeni ILJI. I[Hynuka, Y «IHCTUTYT rpoMancbkoro 310pOB’s
iM. O.M. Map3eesa HAMHY», HaykoBoro 1ieHTpy nMpeBEHTUBHOI TOKCUKOJIOT1i, Xap4OBOi
ta xiMiuHoi Oe3neku iMm. JL.I. Mensens MO3 VYkpainu, [HCTUTYTY Tiri€eHHM Ta €KOJIOTii
HamionansHoro meauunoro yHisepcurety iMmeHi O.0. boroMmosbIis.

Iy6aikanii. 3a pe3ynpraramMu q0CTiIKEeHb OMyOIiKoBaHO 42 HAYKOBI Mpalli, B TKUX
B1100pakeHl OCHOBHI ix mosioxeHHs. Cepen Hux — 21 crarts y (axoBUX BUAAHHSX
VYkpainu Ta 3aKOpJOHHHX (PaxOBUX BHJIAHHIX, 3 SIKUX — [ CTaTedl y BHUJAHHAX, IIO
nuroBadi B SCOPUS, Ta 17 te3 momnoBineid Ha KoH(eEpeHIisX 1 KoHrpecax. Marepianu
nucepTaiii BijoOpaxkeHi y 2 iHpopMaIiitHIX JucTax ta 2 Oporrypax.

Ctpykrypa Ta o0car podoru. Jluceprarmiiina poOoTa CKIATa€ThCs 3 aHOTAIIII,
BCTyny Ta 6 pO3AUTIB, SIKI BKJIIOYAIOTh OTJSJ JIITepaTypu, MaTepialid 1 METOoIu
JOCIIKEHHS, pe3yJbTaTH BIACHUX JOCTIDKeHBb (3 po3miiaM), aHami3 1 y3araabHEHHS
pe3yJIbTaTiB JOCTIKEHHS, BUCHOBKH, CIIMCOK BUKOPUCTAHUX pkepen (372 HaliMeHyBaHHS
— 142 xupunuiero, 230 — nmatuHUIE0) Ta g0AaTKA. Y poOOTi HaBeaeHo 37 Tabmuilp, 25
pucyHkiB Ta 40 nonatkiB. OCHOBHUM 3MICT BUKJIAJeHO Ha 329 cTOpiHKaX MaIIMHOMUCHOTO
TEKCTY.
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OCHOBHMUI 3MICT POBOTH

IIporpama, 00’€kTH Ta MeTOAU AOCHIIKeHHsI. /)11 TOCATHEHHS BU3HAYEHOI METU
Ta peamisallii MOCTaBJICHUX 3aBllaHb JUcepTaIliiiHol pobotu Oyna po3pobieHa mporpama,
dKka mepefdavana MPOBENEHHS EKCIEPTHO-aHAMITUYHUX JIOCIIHKEHb, J1a00paTOpHUX
EKCIIEPUMEHTIB 1 HATYpHUX CIIOCTEPEKEHb. Y3arajibHeHa 1HdopMallis Ipo eTanu, 00’ €KTH,
METOJIM Ta 00CST JOCIIKEHb HaBeeHa y Ta0mmil 1.

Tabnuys 1
Etanu, 00’€kTH, MEeTOAM TAa 00CAT J0CTiTKEeHD
No ,
Eran O0’eKT Metonn Oocsr
3/1
[TopiBHsUIbHA TiTI€EHIYHA
OIlIHKA Cy4YaCHHUX TexHooriug1
TEXHOJIOT1H BHECCHHS 0COOJIUBOCTI, .
IIECTUIM/IIB Ta METEOPOJIOTIYH] YMOBHU AHam3 JaHux
1 . JeTeopor yMOBH, JiTepaTypH Ta 134
KJIACUYHHUX METOAIB |TIr€HIYHI Ta €KOJIOTIUHI| . .
IHTEpPHET-PECypCiB
00poOKu aCIEeKTHU Cy4acCHHUX
CIJIbCHKOTOCIIOAPCHKUX| TEXHOJIOT1H BHECEHHS
KYJBTYD

ACOpPTUMEHT Ta

ExcnepTHO-aHamTHYHA AHaii3 gaHux

: KUTBKiCHE :
2 | OILlIHKA aCOPTUMEHTY o JiTepaTypH Ta 7
: o CIIBBIAHOIIECHHS . :
MECTUIMIIB B YKpaiHi : . IHTEpHET-pecypciB
NIECTULUAIB B YKpaiHI
1. ®i3uyHi: 1.27

TeMIiepaTypa moBiTps,
BOJIOTICTD, IIBUAKICTD
pYyXy MOBITpS Ta
aTMOC(EpHHI THCK

IIpenapaTtu Pernon 2. Bucokoepektnpra | 2. 258

Ewp 200 SL, PK,

o . 1IMHHA XpoMaTorpadis
Bpireiix 3Rive 3D, KC, | PV#HHHa Xpomatorpad
. ; 3. lNazopinunua 3. 298
Harypni ekcnepumentu| Awmictap Excrpa 280 .
L xpomarorpadis
3 TIT1€EHIYHOI OI[IHKH SC, KC, Annda-
. 4. CnektpodoTo- 4.276
YMOB IIpalll pu Juksat ®@opre, PK, .
3 . . METPUYHHUI METOT
3aCTOCYBaHHI HOBITps aTMOc(epHe
. . 5. Po3paxyHok 5.18
JOCIII)KYBaHUX Ta poO0Y0i 30HU, .
npernaparis MpaIiBHUKH, TPYHT KoedimienTy
p  IPYRL -y osmasocTi
HAITUBKY HA . o
: . | IHTANAIIAHOTO
CTEIO131, 3MUBH 31
HIKIPU MpPalliBHUKIB OTPYCHI
6. Po3paxyHnok 6. 36
Koe(DirmieHTiB
BHUOIPKOBOCTI Ail
7. Po3paxyHok 7.150

npo(eciiHOTO PUBHKY




1Ipoodosorcenns madbauyi 1

No
. ETan O0’exT Metoau O6csr
1. Po3paxyHok 1.20
1HTErpajIbHOTO
MOKa3HUKA
He0e3MeYHOCTI IIPH
. B)KMBaHHI
Po3paxyHOK 1 o1iHKa [umnpoxonazou, :
. ) KOHTaMiIHOBaHHUX
PHU3HKIB JIJIS JTIFOAVHU a30KCHUCTPOOIH, :
) ) MPOTYKTiB Xap4ayBaHHS
4 U CIIOKUBaHHI JUKBAT TUOPOMII, (IITHBIT)
KOHTaM1HOBaHO1 OideHTpuH, 3e1eHa
: . : 2. Po3paxyHok 2.12
CUIBCHKOTOCTIONIAPCHKOT | Maca JIOCHIKYBAaHUX | .
MPOJTYKIIii, BOJU OCITUH, TUIOAH, IPYHT HHTCETPAIbHOTO
POAYKHLL, P ’ - 1PY MOKa3HHUKA
HEOE3MeYHOCT] MpU
B)KMBaHHI
KOHTaMIHOBAaHOI BOJIU
(ITTHB)
1. TBepnodazona 1.40
EKCTPAKIIIS
2. lepuBatu3zariis 2. 40
3. O6epneno-pazora | 3. 40
BHUCOKOE(DEKTUBHA
Po3pobka ciocoly plavMHHA
BU3HAYECHHS BMICTY xpomarorpadis
CUHTETUYHOT0 OapBHHKA . . | 4. Metox 4.1
: bapBuuk /liamanTOBUM
JliaMaHTOBOTO CUHBOTO . a0COJIIOTHOTO
5 . curin E 133, )
E 133 B copOiitHomy AV . KaJiOpyBaHHS IUIIXOM
e copOuIiHUI MaTepian
MaTepiai METOJ0M noOy10BU
BHUCOKOE()EKTUBHOT rpaayOBaIbHAX
piauHHOI XpomaTtorpadii 3QJIEKHOCTEN
5. CTaTUCTUYHUI 5.6
METOJ
6. MeTon 6.1
MaTEeMaTHYHOTO
MOJICITFOBaHHS
1. ®i3uyHi: 1.33
MopaentoBaHHA :
TeMIiepaTypa moBiTps,
HATypPHOTO : :
BITJIA, 6apBHUK BOJIOTICTb, IIIBUAKICTh
EKCIICPUMEHTY 3 : . " :
. . | liamanToBu# cuHii E | pyxXy noBiTps Ta
6 | BU3HAYE€HHS UIJIHHOCTI NN o
O3TOTITY T4 3HOC 133, copOmiitHuit aTMOC(hEepHHI THCK
P yr Y MmaTepian 2. Bucokoedektupna | 2. 2244
NECTUIUIIB IIPH ;
: piauHHA
3actocyBaHH1 3 BITJIA .
xpomartorpadis
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1Ipoodosowcenns madbauyi 1

No
o/ Eran O0’exT Metoau Oocsar
3. MaremaTtuune 3.20
MOJETFOBAHHS
1. Interpartis 1.9
KoM’ rotepue TEXHITHHX
P .| 3D-Mozeni arposipoHy, | XapaKTEePUCTUK
MOJEIOBAHHS ITIOTOKIB
7 Xy TOBITps Ta Apeiid mporpamMHe arpoJpoHy
py }II'ICCTI/ITII)/I B an y 3a0e3neueHHs 2. 3D-monemroBanHsA 2.2
LB TIP SolidWorks 3. Bizyamizamist  pyxy | 3. 2

3actocyBanHi BITJIA . .
MOTOKIB TIOBITPS Ta

nperdy necTuruaiB

1. BEPX 1. 156
2. l'azopinunnHa 2.165
xpomarorpadis
3. Cnekrpodoro- 3. 156
METPUYHUN METOJ
Cnonyku 4. MaTtematuuHe 4.9
HarypHi Ta naGopatopi IATPOKOHA301T, MOJICTTIOBaHHS
OCTUKEHHS 3 BHBYCHHS aSOKCI/IC”FpO6.1H, JIUKBAT | 5. Po3pax3{§ox 5.12
3 HOBeHKH nuopoMiz, O1peHTpHH, | OUIKYBaHOI
HOCTBKYBAHUX 1p. B 3e/IeHa Maca KOHIeHTparii y
06’ EKTAX TOBKLLIA JOCTIIKyBaHUX Mi36MHUX BOJaX
pocnuH, oy, rpyHT, | (SCI-GROW)
MOBITPsI, BOJIA 6. Po3paxyHnok 6.12

1H/IEKCY TTOTEHIIIITHOTO
BumuBaHHs (GUS)

7. Po3paxyHok 7.12
1HIEKCY TTOTEHIIIIHOTO
BumruBanHs (LEACH)
1. Bapiarmiitna 1. 2404
CTaTUCTHKA
2. Ominka 2. 557
JIOCTOBIPHOCTI
PO3XOIKEHB
3. Kopensmiitauii 3.25
aHaii3
4. Perpeciiinuii ananiz | 4. 22

AHai3 Ta CTaTHCTUYHA
9 | o06pobka omepkaHUX udpori MacuBu
pe3yJbTaTiB

CratuctuuHy o0OpoOKy pe3ysibTaTiB MPOBOJAWIM 3 BHUKOPHUCTAHHSIM IaKETy
cratuctTuuHux nporpam IBM SPSS StatisticsBase v.23, MedStat v.5.2 (Copyright © 2003 -
2019) Tta Microsoft® Excel® mms Microsoft 365 MSO (Bepcis 2305 306ipka
16.0.16501.20074)  (Imentudikatop  minensii: ~CWW_0071e48a-250c-4bdb-9013-
b8daf357b5e9 b5685e92-c95d-4399-9h83-449d76a26fb6_79f3b2da2f9adcda29).
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[Ipu cratucTHYHOMY aHaTi3l OTPUMAaHUX JJAHUX BUKOPUCTAHO JICCKPUIITUBHY
CTaTUCTUKY (BU3HAUEHHS CEPEIHBOTO 3HAYCHHsS (MeliaHu) Ta TMOXHOKH CEpelHbOTO
(menianu), nucrnepcii BHOIPOK, CEPEeTHBOTO KBAJPATUYHOTO BIAXWICHHS, BHU3HAYCHHS
YaCTKM); TIOPIBHSHHS CEpeJHIX 3HA4YeHb 3MIHHUX 3JIMCHIOBAIM 3a JIOTIOMOI'OIO
napaMmeTpuyHoro meroxay (t-kpurepiro CT’roeHTa) NMpU HOPMAJIBLHOMY PO3MOJILI O3HAK,
10 BUPA)KEH1 B 1HTEPBAJIBHIN IIKAJI; TIPH PO3IMOALTI, III0 BIIPI3HAETHCS Bl HOPMAJIBHOTO,
NMOPIiBHAHHS BHOIpOK 3aiiicHioBanu 3a T- ta W-kputepiem Binkokcona. JlocToBipHHUMU
BBa)KaJIM BIIMIHHOCTI 3 pIBHEM 3HauyIocTi Oubiie 95 % (p<0,05).

[lepeBipKy BiAMOBIAHOCTI EMITIPUYHUX JAHUX 3aKOHY HOPMAJIbHOI'O PO3MOJILTY
3niricHioBanu 3a kputepiem W Iamipo-Yisika.

OcCHOBHI pe3yJIbTaTH J0CTiAKeHHS T IX 00rOBOPEeHHS.

Ha croromuimiHiii 1eHb ICHy€ 0arato TEXHOJIOT1A BHECEHHS MECTUIIMIIB, TaKUX SIK
ITaHTOBa 00pOOKa, BEHTWIATOPHA, paHLEBa, aBialiiiHa Tomo. OCHOBHUMHU iX HEIOIIKaMU
€ BUKOPUCTaHHS BEMKHUX 00’€MIB poOOYOro pO3UMHY, BTPATH BPOXKAiB BiJ MEXaHIYHOTO
MOIIKO/IP)KEHHS, HELIbOB1 BTPATH NECTULUIY, 3aJyUYE€HHS BEJIMKOI KUIBKOCTI MPaI[iBHUKIB
py 00poOIIl, BUCOKI PUBHUKH 3a0pYyIHEHHS 00’ €KTIB HABKOJUIIIHHOTO CEPEOBUIIIA.

B Toil ke uyac Bce OUIBIIOrO MOIIUPEHHS HAOYBaIOTh TiJPABIIYHI 1HXEKTOPHI
pPO3MUJIIIOBAYl, SIKi, 32 JAaHUMHU (PIpM-BUPOOHUKIB Ta JITEPATYpHUMHU JIKEpEIaMH, MaIOTh
P CYTTEBUX IepeBar B e(QEeKTUBHOCTI 3actocyBaHHs X33P, exkoHomMiyHOMY Ta
TiriEHIYHOMY acTeKTax.

3Rive 3D TexHomoris BHeceHHs mecTunuaiB Bl kommnaHii FMC € peBooIiiHO0
mw1aThopMor0 ISl  3aXHCTY POCIMH BiJ UIKIJHUKIB, Oyp’sHIB, XBOpoO, IO Ja€
arpoIiANPUEMIIIM MOXJIMBICTh €KCTEHCUBHIIIE BECTU TrocnojapctBo. Cucrema iHTErpye
TEXHOJIOT1I0 (OpMYJIALiN, TEXHOJOTI0 BHECEHHS Ta AaKTUBHI I1HTPEMIEHTH s
€(PEeKTUBHOTO OXOIUJIEHHS OUIbIIOI IUIOLII OOpOOKM 3a KOPOTKHA HPOMIKOK Yacy 3
MEHIIIOI0 KUTBKICTIO 3allpaBOK, 3a0MIaKYyIOYM BOIY, MalMBO, poOOUYy CHIy Ta 4ac.
Cucrema miaxoauTh sl OUIBIIOCTI OCHOBHUX MapoOK CIBaJIOK 1 3a0e31euye TOUHUN 3aXUCT
KOKHOI POCJIMHM.

[MuppoBe cuIbChKE TOCMOAAPCTBO CTAJO OJHIEI 3 HAWNEPCHEKTUBHIIIUX
TEXHOJIOT1M, M0 3a0e3MeunuTh CTIHKE BHUKOPUCTAHHS PECYpPCIB MPHU OJHOYACHOMY
3aJI0BOJICHHI TJ100abHUX MOTPEd Y KUIBKOCTI Ta SKOCTi. OJHUM 13 1HHOBAIIMHUX BUTKIB
roro po3BuTky € BukopuctanHs BIIJIA. Excieptu cTBepIKyIOTh, IO YKpaiHa — OJMH 3
HaWMIPUBAOIMBIIIINX Ta HAUOUTBITUX PUHKIB 11 BUKOPUCTAHHS CUTHCHKOTOCTIOIAPCHKHUX
BIUTA y €Bpomi. Ll TexHOMOrIsS Mae psii CyTTEBUX TEpeBar TEXHIYHOTO, €KOHOMIYHOTO,
oiomoriunoro xapaktepy (Rejeb A. et al., 2022; Tsouros D.C. et al., 2019), sixi HaBeaeHO B
TaduIi 2.
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Tabnuys 2

IHopiBHSIIbHA OL[IHKA «TPAAMUIHNX» TeXHOJIO0Til BHeceHH:A X33P
Ta 3a gonomororw BIIJIA

«Tpamguiiiini» TEXHOIOT1i BHECCHHSI

BITJTA

TpynomicTkuii 1 MeHIIIe e()eKTUBHUM MpoIIeC.

3py4HO, IMBUIKO 1 BUCOKOS(HEKTUBHO.

Bucoxnii pu3uk BIUIMBY NECTULIMIY Ha
orepaTopa 3aJisTHOrO MPH PaHIIEBOMY,
TPaKTOPHOMY YH aBialliiHOMY BHECCHHI.

BiacyTHIiCTh / MiHIMAILHUM BIUTUB IT1]T
Yyac BHECEHHS MTECTUIIHTY.

[lecTuninane HaBaHTA)KEHHS Ha 00’ €KTHU
HaBKOJIMIITHBOTO CePEeIOBHUIIA O1JIbIIIE.

[NecTumane HaBaHTAXXKEHHA HA 00’ €KTH
HABKOJIMIIIHBOI'O CEPEIOBUILIA HAXKYE.

HemnpaBunsHe BHECEHHS Ta HEPIBHOMIPHE
MOKPUTTS, CIPUYMHEHE HEKBaTi(h1KOBAaHUMHU
JisiMU TIPOGECIHHOTO KOHTUHTEHTY (BUCOTa
IITaHTH, TEMIT XOJIb0U Ta iH.).

ABTOHOMHA po0OTa POHY 3 MOCTIHHOIO
HIBUJIKICTIO Ta BUCOTOIO MOJIBOTY;

HasBHICTh RTK/GPS 3a6e3nedye Toune
PO3MUJICHHS 3 PIBHOMIPDHUM TOKPUTTSIM.

binwmii Butpatu X33P ta Boau. Menmn Butpatu X33P Ta Bogu.

Hwusbka peHTabenbpHICTh IHBECTHIIIN
(TpyAOMICTKICTD, OLIbIIIE CIIOKUBAHHS BOJIH,
301IBIIICHHST BAPTOCTI TTpalii).

Kparia pentabenbHICTh 1HBECTHUIIIN.

PeecTpyroun XiMiuHI 3acO0M 3aXHMCTY POCIUH Juisl BUKOpucTaHHs 3 BITJIA, BaxinBo
MepEeKOHATHCS, 1110 TIpernapaTy BKIIOUYEHI 0 MEePesiKy JO3BOJICHUX 3aCO0IB JIJii BHECEHHS
3 moBiTpsa. lle rapanTye, 1mo TpoAYKTH Oe3MeyHi JJis 3aCTOCyBaHHS 3 TOBITpSI Ta
BIIMOBIJAal0OTh HOPMATHMBHUM BHUMOTaM IS LbOTrO MeToay oOpoOku. Ilpu anamisi
JUHAMIKA aCOPTUMEHTY XIMIYHUX 3ac001B 3aXHCTy POCJIHMH B YKpaiHi CIOCTEpIraaocs
3HAYHE 3POCTAHHS O0CSTIB iX BUKOPUCTAHHS 1 111 TEHJICHIIISI HE Ma€ O3HAK CITOBITLHEHHS.
3aranpHa KIJTBKICTh 3apEECTPOBAHUX 3aC001B 3axUCTy pociuH 3a nepiog 2010-2022 pokis
3pocna 3 779 no 2023 (3 Hux komOiHOBaHux: 3 157 no 655). Cepen HUX NIl BHECEHHS
aBialifHIM METOAOM: aOCOJIOTHHM TpHpPICT 3a 12 pokiB cTaHOBUTH 5,3%, CKIaneHUM
CepenHbOPIYHMIM Temn 3pocTanHs — 27,4 % Ha pik, a Temn npupocty — 198,6 %. Ha
MOMEHT TMIOYaTKy HaIuX IOCTIPKeHh B YKpaiHi He OyJlo 3apeecTpoBaHO KOJTHOTO
mpemnapary Il 3aCTOCYBaHHSI 3a JOMOMOIrOK O€3MUIOTHUX JITAJIBHUX —arapartiB

(puc. 1).
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Elepbimumu B OyHrimmmm IHcexTHIINIM Ta aKapHIHIH Jecukantu
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3arampHa  ABiaoOpobka Po3zmpibnuit 3arampHa  ABiaoOpoOka Po3apiOHmit
KUIBKICTD poaax KUIBKICTB IIPOIAK
2010 pix 2022 pik

Puc. 1. 3apeecTpoBani xiMiuHi 3ac00M 3aXUCTy POCJIUH B YKpaiHi

B pe3ynbrari mpoBeNEHUX HATypPHUX EKCIIEPUMEHTIB BCTAHOBJICHO, IO 04l
pedoBuHu npenapariB Anbda-/{uksar ®opre, PK; Amicrap Exkcrpa 280 SC, KC; Pernon
Eiip 200 SL, PK; bpireiin 3Rive 3D, KC MaroTh HU3BKY 3[aTHICTH O HAKOMUYCHHS B
00’€KTax HABKOJIMIITHBOTO CEPEOBHINA Ta PYHHYIOTHCS MPOTATOM OJHOTO BEreTaIliifHOTO
nepioy Mmpu BHEcCeHHI iX 3a gomomoroto BIUJIA, imxkexkropuux ¢opcynok 1 3Rive 3D
TEeXHOJIOT11. BIIMIHHOCTI cepes MOKa3HUKIB Jerpajallii MpeacTaBICHUX IIF0YUX PEUYOBHUH,
KOTpi OynM po3paxoBaHi HJisi IITAaHTOBOI OOpPOOKM 3 TOBITPSHO-THKEKTOPHUMH
dopcynkamu Ta 3a nonomororo BITJIA, MoxHa 1OB’s3aTH 13 PI3HUMHU THUIIAMU TPYHTIB Ta
KJIIMAaTO-TIOTOJAHUMH  YMOBaMH  (JIOCTOBIPHO IIBHUIIE 3HHUKAIM a30KCUCTPOOIH Ta
IUIIPOKOHA30JI MMiJ 4Yac BHECEHHs 13 TOBITps 3a momomororo BIIJIA: 3a kpurepiem
Cr’rogenta t=10,3; p<0,001 ta t=4,32; p=0,012 BignmosigHo). HeoOxigHO 3a3HAaYUTH TOM
(dakT, 10 MBUIKICTh 3HUKHEHHSI aKTHUBHUX XIMIYHUX CIIOJIYK B IPYHTI 3aJIeKUTh Bij
3HayeHHs Horo pH, MeTeoposoriyHUX mapaMeTpiB, BOJOTOCTI Ta TeMIIEpaTypH IPYHTY,
COHSTYHOT aKTUBHOCTI (IHTEHCUBHOCTI YJbTPadi0JeTOBOI0 BUIIPOMIHIOBAHHS ), @ TAKOXK BiJ
BHECEHOI KUIBKOCTI J[1I0401 PEUYOBHMHHU, & caM€ BUKOPHUCTAHHS YJIbTpamanoo0’€MHOIo Ta
Maj000’€MHOTO BHECEHHSI.
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PesynbraTi mpoBeAeHUX HATYPHUX JOCTIIKEHb 3 BUKOPUCTAHHSM 1HHOBAIIHUX
texHosorii BHeceHHs X33P (moBitpsHO-iHXKekTOopHI (opcynku, BIIJIA, 3Rive 3D
TEXHOJIOTIS1) B arpoKJIIMaTHYHUX yMOBaX YKpaiHl 3 BH3HAUYEHHS CTIHKOCTI B TPYHTI
a30KCUCTPOOIHY, IUIMPOKOHA30y, JUKBATy MUOpoMmimy Ta OipeHTpHHY CBIig4aTh Mpo iX
NIEPCUCTEHTHICTh, IO BIAMOBITA€ HIDKHIM PIiBHSAM a00 HaBiTh i MEHIIMM Bij paHilie
BCTAHOBJICHUX J[Ialla30HIB B IPyHTaX iHIIMX KpaiH B YMOBaxX JaHUX 0OpOOOK.

OOOB’S3KOBOI0 YACTHHOK HAIIIOTO JOCHIDKeHHs Oyia OIliHKa MirpamiiHoi
3MaTHOCT1 JOCHIKYBAaHUX J.p. MO TpodiIro TIPyHTY Ta aHal3 PHU3HUKIB BKUBAHHS
MOTEHITIHHO 3a0pyHEHOI BOIM HaceleHHsSM. BCTaHOBIICHO, 10 32 3HAUYCHHSM KOHCTAHTH
copOuii aukBaT AUOpomin Ta OiEeHTPHH BIAHOCATHCSA MO0 HEMOOUIBHUX CHOJYK y ITPYHTI
(5 knac), a3okcUCTpoOiH — Majno MoOUIbHMH (4 Kj1ac), UUIPOKOHA301 — IOMIPHO
MoOiIbHMI (3 Kiaac) (Tabim. 3).

Tabnuys 3
Mo0OinbHICTh B IPYHTOBO-KJIIMATHYHHUX YMOBaX YKpaiHu
o LEACH S, Ts0 SCI- Tso0
Kpurepii oninku mod GUS* Koc’ MI/7 w y erHTi GROW, y BO/II,
y.0.* MT/1T S
ni6* MKT/J1 1i6
A30KCHUCTPOOIH
2 -1
Benmmunna nokasHuka 7,2x10 0,96 589 6,7 6,4 3,83x10 6,1
Krac nebe3neunocTi 3 5 4 - v - |
IIUITPOKOHA30
BennunHa mokasHuKa 4,1x 10_1 0,28 364 93 1,6 3,46x% 10_1 40
Knac nebe3neunocTi 3 5 3 - v - |
JIMKBAT TUOPOMIJT
8 -3
Bennunna moka3Huka 2,9%x10 -1,2 236610 | 0,001 7,0 5,35%10 1
Knac nebe3neunocTi 3 6 5 - v - i
0ipeHTpuH
3
BennunHa mokasHuka 1,2 -1,4 2184750 | 718000 3,6 5,35x10 8
Kiac nebe3mneunocti 2 6 5 - v - |

[Mpumitkn: LEACHmod — iHnmekc BuiayroByBaHHS; y.o. — yMmoBHI ommuuni; GUS — ground
ubiquity score (iHAeKC MOTeHUiitHOro BUMHUBaHHS); Koc — koHCTaHTa copOIii OpraHiuHUM BYIJIELEM;
SW — po3unHHICTh peuoBHHHU y BoJi; 150 — nepion HamiBpyiiHyBaHHs pedoBuHH, SCI-GROW — ckpuHinr
KOHIEHTpaLlii MEeCTUIU/IIB Y TPYHTOBUX BOJIaX, MKI/J; * — BJIacH1 JaHi.

Jis  AOCHKYBaHMX  CIONYK ICHYE Jy)X€ HHU3bKHHM (a30KCHUCTpOOIH Ta
[UIIPOKOHA30JI) Ta HAA3BUYAHO HU3bKUHN (AMKBAaT nuOpomin Ta OiEHTPHUH) PHU3HK
BUMHBAHHS B IPYHTOBI Boju 3a iHAekcoM GUS. OgHak, pu3uK BUMUBAHHS B MIOBEPXHEBI
Boau 3a iHIeKCOM LEACHmo /U1t HaA3BUYaitHO BUCOKOPO3UYMHHOTO y BOA1 OieHTpUHY
nmoMipHHUH (2 Kjac), A pemTH Croyiyk — Hu3bkui (3 kiac) (tabi. 3). 3a iHTerpaibHUM
MOKa3HUKOM HeOe3NneKku crnokuBaHHa Boau (AHTOHeHKO A.M., 2016) mumpoxoHa3om
BIJIHOCUTBCS J10 HaA3BUYaiHO HeOe3nmeyHux crnoiyk (1A kiac); OipeHtpurn — 70
HeOe3nmeyHuX ChoJiyk (2 Kiac); a30KCHUCTpoOiH Ta JUKBAT JUOpPOMiA € TIOMIPHO
HeOe3neunumu (3 kiac).
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OTpuMaHi B pe3yNbTaTi MPOBEIEHHS HATYPHUX TIT€HIYHUX EKCIEPHUMEHTIB JaHi
J03BOJISIIOTH CTBEPKYBATH, IO 3AJIUIIKOBI KUIBKOCTI TOCHI)KYBaHUX JIIOYMX PEYOBHH B
CLTBCBKOTOCTIOAPCHKUX ~ KYJBTYypaxX, BHUPOIIEHUX 3 BHUKOPHUCTAHHSM 1HHOBAIIMHHIX
TEXHOJIOT1H, MOCTYIIOBO 3HMKYBAJIHUCH 1 MPHU 300p1 BPOKAI0 iX PiBHI B POCIMHHIN TPOTYKIIIT
OyJIM HI)KYE MEXl1 KUTbKICHOTO BH3HAY€HHs BIJMOBIIHOTO METOJY 1 HE IEPEBUIIYBaJIU
BCTAHOBJICHI IS CIIOJYK MakCUMaJbHO nonyctuMi piBai (MIP) (puc. 2, 3, 4).

1 2
0.35 y=03701e04% 03 y = 0.2703e 0351
% R? = 0.9307 £ R? = 0.8484
c 0.3 —— s 025
. 0.25 y=VU.lede™ s = 0.1629e-0-428x
E 0.2 R2=0.9716 % 0.2 Y Rz2=0 8241
1] ) =
2 2 0.15
2 015 Q
5 5 01
2 0.1 5
“ 005 = 0.05
0 ' 0
0 4 7 30 42 0 4 7 30 42
[lo6a pocnipxeHHsa [oba pocnigxeHHA
—— A30KCUCTPODLIH —+— A30KCUCTPODGIH
—=—LlunpokoHason ——LlunpokoHa3son
"""""" EkcnoHeHTHa (A30KCMCTPOBIH) - EKCOHeHTHa (A30KCUCTPOGiH)
--------- EkcnoHeHTHa (LlunpokoHason) ~ EkcnoHeHTHa (LiunpokoHason)

Puc. 2. Jlunamika BMicTy a30KCHCTPOOIHY Ta HUNIPOKOHA30JIy B COi IPU BHECEHHI
npenapary Amicrap Excrpa 280 SC, KC 3 BUKOPpHCTAHHAM iHXKEKTOPHUX
posnwioBauis (1) ta BILJIA (2)

1 2
6 y = 14.896e0-978 7 y = 18.307e1.098
£ R?=0.8798 = 6 R? = 0.6888
=2 y = 10.864e0914x = y = 11.492¢-103%
g 4 R? = 0.9882 g 5 R? =0.9805
8 b & g4
57 3 3
2 g3
= 2 =
2 = 2
o 1 m 1
0 0
0 2 4 6 0 2 4 7
[oba gocnigxeHHa [oba pocnigxeHHs
—— [lnksaT anbpomig* —— [lnkeat gnbpomig*
—=—[lnkeat ambpomig** ——[unkeat gnbpomig**
------- EkcnoneHTHa ([Quksat gubpomia*) - ExcnoHeHTHa (Oukeat anbpomig*)
-------- EkcnoHeHTHa ([dukeat gubpomia**) - ExcrnoHeHTHa ([duksat anbpomig**)

Puc. 3. /lunamika BMicTy 1ukBaTy 1udpominy B coHsimHuky (1) Ta pinaky (2) npu
BHeceHHi mpenapartiB Aab(pa-IuxkBar @opre, PK (*) Ta Persion Eiip 200 SL, PK (*¥)
3 pukopucranuam BIIJTA
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0.35
y = 0.3768e0271x
03 R?z=0.8773

2025
s
<

£ 02
a1
(o]
T
g

= 0.15
s
m

0.1

0.05

0

30 40 50 60 101
[oba gocnigpxeHHs
—e—DbiheHTpuH ExcnoHeHTHa (biheHTpuH)

Puc. 4. lunamika BMicTy OipeHTPHHY B KYKYPY/A3i IPHM 3aCTOCYBaHHI Ipenapary
Bbpireiig 3Rive 3D, KC 3 Bukopucranasm 3Rive 3D TexHos10rii

[Ipu po3paxyHKy KOe(DIIIEHTIB MIBUIKOCTI pPYyHHYBaHHS [IIOYMX PEUYOBUH
JTOCIDKYBaHUX TIECTUILIMIIB IPU BHECCHHI iX PI3HUMHU crioco0aMu O0yJ10 BCTAaHOBJICHO, 1110
CepelHl 3HAYEHHS Tsop A30KCHCTPOOIHY TMpH INTAaHTOBIM 0OOpOOIll 3 BUKOPUCTAHHSIM
MTOBITPSTHO-1HXXEKTOPHUX (POPCYHOK, CTAHOBIATH 22,2 100U, Tgs — 96,1 modu 1 199 — 147,8
100U, KOHCTaHTa MBUIKOCTI pyiHaiii gopiBHioe 0,03. HeoOXinHO BIAMITUTH, IO MEPiOj
HaIIBpYHHYBaHHSI a30KCUCTPOOIHY MpHU IITAHTOBIMA 0O0pOOII 3 MOBITPSHO-THKEKTOPHUMHU
(dbopcyHKamMu TMOPIBHSAHO 13 IITAHTOBOIO OOpPOOKOIO 13 MIUILOBUMH (DOpPCYHKamMu (e
3aCTOCOBYBAaBCs MOMIOHMI 3a CKJIQJOM Ta HOPMOIO BUTpar mpemapat Awmictap Ekctpa
T'ong 280 OD, MJI), noctoBipHo He BinpizHsaBcs (22,2+0,01 mpotu 23,72+1,5 nobu; 3a
kputepiem Ct’rogenrta: t=1,01 npu p=0,342). Buie3asHaueHi pe3yJbTaTH J03BOJSIOTH
BIJIHECTU CINOJYKY 3a CTIAKICTIO y POCIMHAX J0 HEOE3MEeUHHUX MNECTULUIIB — 2 Kiac
HEOE3MEUHOCTI.

[Ipun mTanTroBiii 00pOOII 3 BUKOPUCTAHHSM TMOBITPSHO-THXKEKTOPHUX (HOPCYHOK
BEJIMYMHA Tso B POCIMHAX ITUITPOKOHA30JIy CTAaHOBUTH 17,7 mobu, T9s — 76,7 moOu 1 Tgg —
118,0 mobu, koOHCTaHTa MBUIKOCTI pyiHarlii gopiBHIoBana 0,04, 1Mo TakoX € MOAIOHUM 10
3Ha4YeHb, OTpuMaHux iHmmMu aBropamu B €C (Lewis K.A. et al., 2016). IIpu nopiBHsHHI
i3 BiTum3HsHuMHU Jpkeperdamu (Konagpatiok M.B., 2019) Oyno BCTaHOBICHO, IO Tso
LUIIPOKOHA30Jly B POCIMHAX MPU IITAHTOBIA 0OpOOI 13 IIUIBOBUMH (OPCYHKAMH 32
arpoKJIIMaTUYHUX YMOB YKpaiHu cTaHOBUTH 23,79+1,2 100U 1 11€ 3HAYEHHS € JOCTOBIPHO
BUILUM TIOPIBHSHO 13 pe3yJibTaTaMUd OTPUMAHUMHU IPHU IITAHTOBIM 0OpOOIl 3 MOBITPSHO-
imkekTopauMH hopcynkamu — 17,7+0,2 (3a xputepiem Ct’rogenta: t=5,00 npu p=0,001).
BumeBuknaaeHi JaHi J03BOJISIIOTH BIJHECTH CIOJYKY 3a CTIMKICTIO Yy POCIHMHAaX 10
HeOE3MEUHNX NECTUIIAIIB — 2 KJIac HEOE3IMEUHOCTI.
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[Ipu mocnmipkeHHI MIBMAKOCTI pyHWHalli IIOYUX PEYOBUH B POCIMHAX TICHS
BHeceHHs mpenapaTty Amictap Exctpa 280 SC, KC 3 nmoitps 3a gonomorow BITJIA, tsg
a30KcHCTpoOiHy ckiana 14,7 mobw, t9s — 63,8 mobm 1 199 — 98,1 moOHM, KOHCTaHTa
IIBUJKOCTI pyiHalii gqopieHtoBana 0,05. 1sp mumpokoHaszoy ckiana 16,0 1o6u, tes — 69,4
n00m 1 Tg9 — 106,8 106HM, KOHCTaHTa MIBUAKOCTI pyHHarii nopiBHioBasa 0,04. Otpumani
pe3yJbTaTH € MOAIOHUMU JI0 THX, 5Kl OyJIM OTpUMaH1 NIPU TPaAUIlIiHIN aBiaoOpoOIIl i
yac 3acTocyBaHHa mpemnapary Awmictap Excrpa Tong 280 OD, M (16,9£1,12 Ta
16,84+1,32 i a30KCUCTPOOIHY Ta IMIPOKOHA30Jy BIAMOBIJHO) Ta JOCTOBIPHO HE
BiJIpi3HsuIMCA 3a KpuTepieM CT’rofieHTa: i a3okcuctpoOiny — t=1,97 npu p=0,106; nns
unpokoHasory — t=0,64 npu p=0,550 (Konapariok M.B., 2019).

Byno mpoBeneHO MOPIBHSHHSA MDK NEpioJaMy HaNiBpYHHYBaHHS MPEICTABICHHUX
nirounx peyoBuH npenapary Amicrap Excrpa 280 SC, KC, xotpi Oynau po3paxoBaHi ajis
IITAHTOBOI OOpPOOKH 3 TOBITPSHO-IHKEKTOpHUMHU (opcyHkamu Ta jas  BIUIA, 1
BCTAHOBJIIEHO, 110 Npu BHeceHH] 3 BIIJIA cnocrepiranocs JOCTOBIPHO IIBHUAIIE 3HUKHEHHS
3 pociuH (3a kputepieM Ct’roaenrta p=0,001 15 000X I1F0UUX PEUYOBHUH).

[Ticns necukanii HacaJKeHb pINaKy Ta COHSUIHUKY npenaparaMu Asbda-J(ukBart
®opre, PK Ta Pernon Eip 200 SL, PK 3 moBitps 3a momomororo BIIJIA BimMiuaeTbcs
JOCUTh IIBHJKA JAErpajailis Aif04oi pEeYOoBUMHM B 3eJieHId Maci pociuHu. OTpumaHa
BEJIMUMHA Tsp JUKBATy TUOpOMiny B pimaky ckiaia 2,0 moou, tos — 8,5 mobu 1 199 — 13,0
100K, KOHCTaHTa IIBHAKOCTI pyHHamii nopiBHioBana 0,4. IlIBuakicTe po3KIIagaHHS Yy
3eJIeHI Macl COHAIHUKY Oyra moaiOHOI0 10 TakKoi sIK B IOCIHiJII Ha pinaky. Benuunna tsg
JUKBaTy AUOpOMITY B COHSIIHHUKY ckiama 1,5 mobu, tes — 6,5 mobu 1 t99 — 10,0 mobm,
KOHCTaHTa WIBHUJKOCTI pyHHauli nopiBHioBana 0,5. IBUAKICTh pO3KIaJaHHS y 3€JICHIN
Maci 00ox pociauH He BiapizHsiacsa (3a kputepiem Crt’rogenta: t=1,53 mpu p=0,157).
OTxe, BIAMOBIAHO A0 OTPUMAHMX PE3yJbTATIB, 3a MNEpIoJaMH HAMIBpO3Maay AUKBAT
IUOpOMIy MOXHA BIJHECTH J0 MajoHeOe3neuyHux (4 Kiiac HeOe3MeyHOCT1).

[Ipu BHecenHi npenapary bpireitn 3Rive 3D, KC 3 Bukopuctanusim 3Rive 3D
TEXHOJIOT1i, Tsp OipeHTprHY B KyKypya3i ctaHoBuna 11,3 mobu, 195 — 48,8 moou i T99 — 75,0
100K, KOHCTaHTa MIBUIKOCTI pyHHauii nopiBHioBasia 0,06, 110 BiANOBiAa€ OTPUMAHUM
cepenHim BeianunHaMm B iHmmx gocaimkenuax (Chauhan R. et al., 2012; Tewary D.K. et
al., 2005). BimmosigHo mo JCaulliH 8.8.1.2.002-98, 3a moka3sHMKaMH CTIHKOCTI Yy
BETETYIOUMX CUTBCHKOTOCTIONIAPCHKUX KYJIbTYpax Ta CUIbCHKOTOCHONAPCHKIN CHPOBHHI
OidheHTpUH MOKHA BIIHECTH JI0 TIOMIPHO HEOE3MEUYHNUX CIOYK (3 Ki1ac HeOe3MeUHOCTI).

Po3paxoBani iHTerpajibHI TOKa3HUKA HEOE3MEYHOCTI TPH  TMOTCHI[IHHOMY
HAJXO/HKEHHI CIIOJIYK JI0 OpraHi3My JIOJMHU 3 XapYOBUMU MPOIYKTaMU, BUPOIICHUMH 3
BUKOPUCTAHHAM 1HXXEKTOpHUX (OopcyHOK, 3a nonomoroto BITJIA, 3Rive 3D TexHosorii
BHECEHHS TNECTULIMIIB. A30KCHUCTPOOIH HaJICKHUTh N0 CHOJyK 4 Kiacy HeOe3IeKH,
[UMPOKOHA30JI, AUKBAT IuOpomin Ta OiQEeHTpUH 10 CHOAYyK 3 KIacy HEOE3MeKHu.
Pesynprat, sKki  OTpMMaHi  HaMM  CTOCOBHO  WMOBIPHOCTI  3a0pyJIHEHHs
CIITBCBKOTOCIIOIAPCHKOT  MPOAYKINT JOCHI)KYBaHUMU —TECTULIMIAMU, KOPEIIOIOTh 3
OIIHKOIO 1HIUX (paxiBIiB y mil rainy3i (AuToHeHko A.M. Tta iH., 2018; Pyna T.B. Ta iH.,
2017; Chai Y. et al., 2022; Omelchuk S.T. et al., 2019).

BceranoBneHo, 1m0 WMOBIPHICTh BHHHKHEHHS IHTQIALIAHOTO OTPYEHHS IS
NpAaliBHUKIB JIIOYMMH PEUYOBMHAMHU TIpenapariB MpU iX BHECEHHI 3a JOMOMOTOI0
IHHOBAIIIMHUX TEXHOJIOTIH HU3bKa, Ha M0 BKAa3y€ TMOKA3HUK KOEQIIIEHTY MOKIUBOCTI
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iHTansiHOrO OTpy€eHHs MeHiue 0,5, 3a skuM croyku BiHeceHo 1o [V knacy Hebesneku
— MasioHeOe3neuni (Tabm. 4).

Tabnuys 4
Ouinka He0e3MeKH BUHUKHEHHS TOCTPUX TOKCMYHUX e eKTiB
NPH 32CTOCYBAHHI iIHHOBAIIITHUX TEXHOJIOTIi
[HHOBaIHHA H Jiroua [IpenmapatuBHa
TEXHOJIOT1s - eSZBz’r Hitoua peyoBuna | KMIO pcdoBuHA opma
BHECEHHS pefapary KBdiur. | KBy | KBHiur. | KB/
[mxexTopHi Amicrap uunpokonason | 6,4x10° 695 1543 24 412
posmimosaui | Excrpa azokcucTpobin | 1,910 35 617
Anbpa- UKBaT
JluKBaT Mﬂ6 ontin 1,2x10% | 17 82 13 83
BIUIA Dopre poriy
Pernon Juriesat 12x10% | 25 | 124 | 3 54
Eiip TUOpOMITY
3Rive3D Bpireiin . 6
TeXHONOLiS 3Rive 3D OideHTpuH 2,8x10 57 645 17 100

[Mpumitku: 1. KMIO — koedimieHT MOXIMBOCTI iHranmsauiiHoro orpyenHs; 2. KB —
Koe(iLieHT BUOIPKOBOI Aii necTuluay npH iHransuiiinomy BmuBi; 3. KB/l — koedinieHT BubipkoBoi aii
NECTULUAY NPH JIEPMaTbHOMY BIUIUBI.

Bci mocaimkyBaHi 111041 peHOBUHU XapaKTEPHU3YIOThCA JTOCTATHHOIO BUOIPKOBICTIO
111 1 HU3bKOIO BIPOTIAHICTIO BUHUKHEHHS TOCTPUX JAEpMaJIbHUX €PeKTiB. BUKIIOUEHHM €
aukBaT AuOpomia B ckial npenapaty Anbda-Jluksat @opre, PK, nokasnuk KB/l; sikoro
craHoBuTh 82 (Tabm. 4). 3unauenHs KB/l a3okcuctpoOiny, aukBar aubOpominy,
OlheHTpUHY KOJMBAIOThCA B Mexax 17-57, mo CBIAYATH TPO BITHOCHO HHU3BKY
BHUOIPKOBICTH iX Jii Ta OUTBITY HEOE3MEKY TOCTPUX IHTATISAIINHUX TOKCUYHUX €(DEKTIB ISt
orepaTopiB MpHu MpoBeAeHHI 00pobok. JlochimpkyBaHi mpenapatuBHi Gpopmu Ta iX aitodl
pedoBuHN MaroTh 3Ha4HO BUIHMK KB]l,. Hixk KB/ (B 2,2-17,6 pa3iB), 0 CBIIYUTH PO
OBy IMOBIPHICTh BUHUKHEHHS TOCTPHUX IHTISIIIMHUX OTPYEHBb y TMPAIliBHUKIB, IO €
MPUBOIOM 111 000OB’SI3KOBOTO KOHTPOJIFO BUKOPHCTAHHS HUMH 1HIUBITyaIbHUX 3aC001B
3aXMCTY OpPraHiB AUXaHHS.

BcranoBiieHo, 10 HaWBUIIMM KOMIUIEKCHUW arpaBOBAHUM PHU3UK  CEPEN
TEXHOJIOTIYHUX Omepallii OyB y CUTHAJIBHUKIB I/l Yac TPaAMIIIHHOI aBialliifHOI 0OpoOKHU
(IOCTOBIpHMM TOPIBHSIHO 13 PU3UMKOM BIUIMBY Yy 30BHIMHIX nuioTiB BIIJIA, mijmortiB
TpaAuIiiiHOT 0OpOOKH, 3aMpaBHUKIB Ta TPAKTOPHUCTIB 3aIIHUX Yy IUTAHTOBIM 0OpoOul 3
IHKEKTOPHUMHU (OpPCYHKaMU Ta 3alpaBHUKAMM, 3aiIHUX B IUTAHTOBIH 00poOIi 3
IIUTHOBUMH (DOPCYHKAMM); HAMHIDKYNN KOMIUIEKCHUW arpaBOBAaHWUN PU3HK BIUIMBY OYJIO0
pO3paxoBaHO Yy 3alpaBHUKIB, 3adisiHUX Y IITAaHTOBIM OOpOOIll OCHAIIEHWX SK
IHKEKTOPHUMH, TaK 1 LIUIbOBUMU (OPCYHKaMH (HEIOCTOBIpHA PI3HUIS Oyia JuIie
NopiBHAHO 13 3ampaBHuKamu 3aAissHUMH B 3RIVE 3D o0po0mi Ta Tpakropuctamu Mpu
IITAaHTOBI 00pOOII 3 060Ma TUTIaMU (DOPCYHOK).
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HaiiBumuii KOMIUJIEKCHUN arpaBOBaHWM PHU3WK BIAMIYEHO MiA Yac TpaaMIiitHOL
aBlaoOpoOKM (32 YMOBH BHUKOHAHHSI JBOX TEXHOJIOTIYHHX OIEpaliil oJHI€0 0co00I0 B
KOMOIHAIIISIX 3aMpaBHUKHIUIOT Ta 3aMpaBHUK+CUTHATIBHUK TPU TPaIUIiIHHIN aBlaoOpoOIil,
3alpaBHUK+30BHINIHIN MUIOT TNpu 3actocyBaHHi BIIJIA, 3ampaBHHUK+TPakTOPHUCT TIPU
mtanroBid 06po61i Ta 3RIVE 3D TexHomorii), 10CTOBIpHO HAaWHWKYKUM PU3HUK OYB IijI
gac OOpOOKHM INTaHTOBMM OINPHUCKYBA4eM OCHAIIEHWM IIUJILOBUMHU Ta IHXKEKTOPHUMHU
dopcynkamu. KoMIUIeKCHMIT arpaBoBaHWl pHU3WK BIUIMBY TiJ 4Yac BUKOHAHHS
texHojorivnux omnepamiii 3RIVE 3D Ta mrTanroBoi oOpoOKu 13 NIIJILOBUMH Ta
1H)KEKTOpHUMHU (HOPCYHKAMH JIOCTOBIPHO HE Bipi3HABCS (pucC. 5).

KomnneKkcHU arpaBoBaHU pU3UK BMNIUBY

0.6
(cepepnHi 3HauYeHHA)

0.5 0.5

0.4 0.4

0.3 0.3

0.2 0.2

I 1T l ]

0 f. 0 -

\ A )
0\&\ v@g\v@ AN ;,«\&\ \\) &Q BNAA W/uw, 3D
S BN é\‘\ N (3+C) (3+ﬂ)

M [Hranauiiimin -~ W JepmanbHuii arpaBoBaHuUM M |[HranauivHmin -~ W JepmanbHuii arpaBoBaHui
Mpumitku: 1. «3D(3)» — 3anpaBHuK (06pobKa 3 BUKopucTaHHAM 3Rive3D TexHonorii); 2. «3D(T)» — Tpaktopuct (06pobKa 3
BMKopucTaHHAM 3Rive3D texHonorii); 3. «LW/W(3)» — 3anpasHuk (wTaHrosa ob6pobka, WinnHHi posnuatosaui); 4. «LW/LL(T)»
— Tpaktopuct (wTaHrosa o6pobKa, WinuHHI posnuatosayi); 5. «W/I(3)» — 3anpaBHUK (wWTaHroBa 06pO6Ka, iHXKEKTOPHI
posnuntosayi); 6. «W/I(T)» — Tpaktopuct (wTaHroBa 06pobKa, iHXEKTOpHi po3nuatosadi); 7. «A(3)» — 3anpaBHUK
(aBiaobpobka «TpaauuitHa»); 8. «A(C)» — CurHanbHuK (aBiaobpobka «TpaauuitHa»); 9. «A(M)» — Minot (aBiaobpobka

«TpaguuitHa»); 10. «BMJ1A(3)» — 3anpaBHuK (aBiaobpobka 3 BuKopuctaHHam BMJA); 11. «BMAA(3M)» — 30BHILWHIN ninoT
(aBiaobpobkKa 3 BUKopuctaHHam BIMJ1A).

Puc. 5. [lopiBHAAHHS PU3HKIB BIUIMBY NPH BUKOHAHHI TEXHOJIOTTYHUX ONepamii
3 BHECEHHS NMEeCTUIMIIB TPAAUMUIHHMMHU TA IHHOBALIHHUMHU TEXHOJIOTIAMHA

3 MeTo po3poOKM HAyKOBOi 0a3W /I METUKO-CaHITapHOI OIIHKU Oe3MeYHOro
3aCTOCYBaHHS HOBOi TE€XHOJIOTii BHECEHHS MECTUIIMIIB 3 MOBITPs 3a momomoroio BITJIA
HaMy OyJIO TIPOBEACHO P JOCHIKEHb 3 BUKOPUCTAHHSIM HAWUIONIMPEHIMIUX MOJENICH
arpo/IpOHiB B €KCIIEPUMEHTAIBHHUX Ta PEATLHUX KIIMATO-TIOTOTHUX YMOBaxX Y KpaiHHU.

Ha 3aminy necturuay HamMu OyJo0 €KCIIEPUMEHTAIbLHO BUKOPHUCTAHO XapYOBHMA
O6apsauK JliamantoBwuii cuHiit E 133 st cripoiienHs Ta yHidikarlii mpoBeeHHS HAyKOBO-
eKCTIEPUMEHTAILHUX JIOCTIKEHb 3aCTOCYBaHHS MeCTUIUAIB 3a nornomorow BITJIA. Tomy
MepuMM eTanoM Oyja po3poOka METOy BU3HAUEHHS BMICTY CHHTETUYHOIO OapBHUKA
HMiamanToBoro cunboro E 133 B copOriiiHoMy martepiaii MeTogoM oOepHeHO-(]a30BoOi
BucokoedekTuBHOi pimuHHOI xpomatorpadii (BEPX) 3 cnektpodoromerpuunum (CD)
JETEKTYBaHHAM. 3alpoIlOHOBaHUM cCmoci0 J03BOJIs€ BU3HAYaTHU BMICT OapBHUKAa B
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binpTpyBabHOMY Tamepi 3 TouHICTIO 98 % 3 Mexew KUIbKICHOTO BH3HAYEHHS
0,125 mr/kr, MO CyTT€BO CHPOCTHIIO OLIHKY €()EeKTHMBHOCTI Ta OE3MEYHOCTI BHECEHHS
NECTUIM/IIB 3 BUKOpUCTaHHIM pizHux mojenei BIIUJIA Ha erami mepenpeecTpauiifHUX
BUIIPOOYBaHb Ta HAYKOBUX JOCIIKECHb.

Hactynmaum Oyno mnpoBeAeHHS MOCHIKEHHS 3a PI3HMX 3MIHHUX IapaMeTpiB
pPO3NUJICHHS, TaKUX $K TN (OPCYHKH, IIBUIKICTH Ta BUcoTa ioro pyxy BIIJIA 3a
pO3pOo0JIeHOI0 CcXeMOI0. BcTaHOBIEHO, 110 HAMBHUIUI BMICT JOCHIIKYBAHOT CIIOIYKH
BUSIBJICHO O€3IOCepeIHhO MiJ MPOEKINE MIIJILOBUX (OPCYHOK Ta IporeiepaMu
arpoJIpoHy 1 MOYMHAB CHajaTd Ha BijacTaHi Bijg 80 cM, 13 HACTYMHUM 3HIKEHHSM 0
Bizgctani 250 cM 3a Bucotu 00poOku 2 Ta 3 meTpu Ta 450 cm (32 yMOBU 0OpOOKH 3 BUCOTH
4 MeTpH), ¢ KUTbKICTh PCYOBMHHM Ha OJMHUIIO IUIOIII MaJjia MaiKe HYJIbOBE 3HAYCHHS.
HaromicTb, 32 yMOBHM 3aCTOCYBaHHSI MOBITPSIHO-IHKEKTOPHUX (POPCYHOK B LEHTPAIbHIN
30HI CIIOCTEPIraBCcsi MEHIIMI BMICT A1I0YOI pEYOBUHHU, 110 30LIbIIYBaBcs A0 BiactaHi 80-
120-190 cm (BHeceHHsS 3 BHCOTH 2 M, 3 M Ta 4 M BIAMOBIAHO), 1 MOTIM 3HIKYBaBCS JI0
Bijgcrtani 172-277-330 cM (BHECEHHS 3 BUCOTH 2 M, 3 M Ta 4 M BIJIIOBITHO), 110 MOXKE OyTH
MOB’SI3aHO 13 TPOCTOPOBHM PpO3TAIIyBaHHSM BHUIIE3a3HAYeHUX (QopcyHOK. B  xomi
MEPEBIPKU 3JIEKHOCTI BMICTY JIOCHIJKYBaHOT pedoBUHU Bij BucoTu pyxy BIIJIA Oyno
BCTaHOBJICHO IMO3UTHBHUN 3B’s130K ciabkoi cuim (I = 0,044). AnayoridyHa cutyaris
criocTepiranacs Mpyu BCTaHOBJICHI 3aJIeKHOCTI MK BMicToM JliamaHToBOro cuHboro E 133
Ta MBUJIKICTIO pyxy arpojapona (r = 0,086).

BiamnoBiiHO 10 OTpUMaHUX pe3yJbTaTiB, IO BiJOOPaXEHO HAa PUCYHKY 6, MOXHA
3poOHUTH TIOTIEpeIHI BUCHOBKH, 10 TUIl (POPCYHKH JOCTOBIPHO HE BIUIMBAB HA 3arajbHy
KUTBKICTh PEUYOBHHHU, 110 MOTpanuia Ha OJMHUIIO IUIONI MO BCiM MIMPHUHI TMOKPUTTS, a
TaKoXX, II0 BMICT JIIF0YOI PEYOBMHU Ha JIOCTIKYBAaHUX I1HTEpBajax BiJcCTaHEH BiJl OcCi

nposboTy BIIJIA He MaB 1OCTOBIpHOI pi3HULI 32 BiAcTaHHIO (32 W-KpuTepieM BinkokcoHa
p = 0,459-0,980).

12
1.0
0.8 1

0.6

0.4

BMICT peuoBUHU, MKr/cM?

0.2 4

0.0 -

LinsoBa ¢hopcyHka

Puc. 6. 3ajexknicTs BMicTy Ail040i pe4oBHHU BiJ TUNy GOpPCYHKH,
ae «0» — miiboBa, «1» — MOBITPSAHO-IHKEKTOPHA
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Ha ocHOBI oTpuMaHuX AaHUX HaMu Oyyo MoOyJoBaHO Tpadiku 1 BU3HAUEHO 3a
JIOTIOMOTOI0 TIOJIIHOMIAJIBHOT perpecii 3ajJeXHICTh MK BIZCTaHHIO BiJl LIEHTPY MPOJBOTY
arponpony Ta BMmicToM [liamanTtoBoro cuuboro E 133; oTpumaHO IiHIIO TpeHOy 1
pIBHSHHSA, sKe Led TpeHna omwmcye (Tadi. 5). Pazom i3 mum Oymu BcraHosieHi 100 Tta
95-B1ICOTKOBI 30HH OKPHUTTS I11]1 4aCc poOOTH arpoJIpoHy.

Tabnuys 5
PiBHsIHHS JIiHIT TPEHY, 10 OMUCYE 3AJIEKHICTH MK BMICTOM Jil0401 pe40BUHHI
TA BiJICTAHHIO, HA AKIN ISl peYOBUHA BU3HAYAJIACS
(ampokcuMoOBaHi 3HAYEHHS)

PiBHsiHHS perpecii R

Jocmig Ne
5

[EEN

204 | y=9,4E-01xx%+1,4E-04xx°-6,1 E-06xx*-3,5E-10xx3+1,1E-11xx?+5,2E-17xx-4,6E-18 | 0,98

2 | 204 | y=8,8E-01xx%+1,6E-05xx°-1,7E-05xx*-1,7E-10xx%+9,8E-11xx%+3,9E-16xx-1,7E-16 | 0,94

3 | 204 | y=1,2xx%+5,9E-05xx>-2,5E-05%x*-9,7E-10xx3+1,8E-10xx?+3,5E-15xx-4,2E-16 0,98

4 | 204 | y=6,5E-01xx%+9,8E-06xx°-4,0E-06>xx"-7,1E-11xx>+8,4E-12xx?+1,1E-16xx-5,7E-18 | 0,98

5 | 204 | y=8,4E-01xx5-1,6E-05xx°>-1,1E-05xx*+9,5E-11xx3+3,6E-11xx2-1,2E-16xx-3,5E-17 | 0,74

6 | 204 | y=1,1xx%+8,8E-05xx>-1,2E-05xx*-3,2E-10xx>+3,4E-11xx%+3,3E-16xx-2,9E-17 0,86

7 | 204 | y=1,6xx%+1,3E-05xx>-1,9E-05xx*-7,7E-11xx3*+6,3E-11xx?+9,9E-17xx-6,2E-17 0,81

8 | 204 | y=8,3E-01xx°-5,7E-06xx°-4,3E-06xx*+5,9E-12xx3+7,4E-12xx*+1,9E-17xx-4,1E-18 | 0,92

9 | 204 | y=7,9E-01xx%+8,2E-06xx>-1,1 E-05xx*-5,5E-11xx3+4,4E-11xx%+8,0E-17xx-5,0E-17 | 0,71

10 | 204 | y=8,0E-01xx%+1,4E-05xx°-9,1E-06xx*-8,7E-11xx>+3,0E-11xx%+1,2E-16xx-3,0E-17 | 0,85

11| 204 | y=7,3E-01xx58-2,7E-05xx°-5,2E-06xx*+10,0E-11xx3+1,1E-11xx%-9,2E-17xx-6,9E-18 | 0,54

[TpuMiTKH: N — KUIBKICTh CIOCTEpEXEeHb (3arajibHa KUIbKICTh JOCHIIPKYBAaHUX TOYOK 13 TPbOX
paniB, 11s MoOydoBM piBHAHHSA perpecii B3ATo 68 cepelHiX 3HaueHb pospaxoBaHux i3 204); R? —
MOKA3HUK BIAMOBIIHOCTI JIHIT TpeHAY A0 (PAKTUUHO OTPUMAaHHUX PE3yJbTaTiB; X — BIJICTaHb BiJ LUEHTPY
MPOJBOTY arpofapoHy B cM (-871,3 cMm — 1e KpaifHs JiBa JocHiKyBaHa Touka, a 871,3 cM — 11e KpaifHs
TIpaBa AOCTiIKyBaHa TOUKA); Y — BMICT JI.p. Ha BiCTaHi X B MKI/CM>.

3MiCHEHO aHaii3 KOpeNsiii MK JOCHIIHUMH TapaMeTpamMd Ta BCTaHOBIICHO
B1JI’€MHY CHJIbHY KOPEJISIIII0 MK BMICTOM PEYOBUHU Ta BIJACTaHHIO, HA SKIM 1151 KIJTBKICTh
Bu3HAvaeThes (r = -0,744). Ile 3HaUueHHS CBIAYUTH PO OOEPHEHY 3aJICKHICTh, a came: 13
3017BIICHHSAM BIJCTaHI 3MEHIIYETHCS BMICT JOCHIIHOT PEYOBHMHH. 3ajJeXKHICTh MIXK
BMICTOM Ta BIJCTaHHIO, Ha AKIHA I KUJIBKICTh PEUOBHHHM BHU3HAYAETHCS, Oyya OIiHEHA
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METOJIOM HaWMEHIIMX KBaJpaTiB 1 MICAS BBEACHHA AOJAATKOBUX KOE(IIIEHTIB, HaM
BJIAJIOCS. OTPUMATH MOJIEITb 13 KopesmiitanM 3B’ s13koM — 0,8 (kputepiit @imepa — 1748,0).

Ha miacraBi naHuxX 100 BMICTY PEYOBHMHHM Ta BIJICTAHI Ha SIKIA I KUIBKICTb
PEYOBMHHU BU3HAYasacs Oyjo 1mooy1oBaHo (hiHAIbHE PIBHAHHS IMIPOTHO3YBAHHS PO3MOALTY
BMICTY PEUYOBHUHHM B 30H1 IIOKPUTTS.

Busenene piBusHHS perpecii (bopmyna 1) moke OyTH PEKOMEHIIOBAaHHUM IS
IIPOTHO3YBaHHS BiJICTaH1, Ha SIKi MOKE€ BU3HAYATHCS 3aJaHUN BMICT J110Y0i pEUOBHH ITi]T
yac posnwieHHs npemnapaTiB X33P mpu o0poOili CUIbCHKOTOCIOAAPCHKUX KYJIbTYp 3a
nonomoroto BITJIA B maliOyTHREOMY .

Distance = const+(Vo)x(X)+(v1)x(X)%"+(V2) X (X)@+(va)x (X) P+ (v)x(X)%3 (1),

ne Distance = BiJacTaHb, Ha SIKId OyJe BHM3HAYCHO BIJAMOBIAHUI BMICT JiIOYOi
PEYOBHHHU (CM);

constant = 768,6395;

Vo = -2339,1631;

v1 = 58360,000;

Vv, = -60670;
vz = 19310;
V4 = -15330;

X = BMICT Jil040i pEYOBUHH, Ky OUiKyeMO 3HAUTH (MKT/cM?).

Hamu Takox Oyyio 3po0JieHO TepImii KpoK y po3podii koM torepHoi 3D-momeni
poboTu arpoApoHy (puc. 6), BKIIOYAIOUU IXHIO T€OMETPit0, KOMIIOHEHTH, pO3TalllyBaHHs
pe3epByapiB Jig MECTUIIMIB, PO3MIWIIOBAUl Ta 1HIIE o0JagHaHHA. Byjo BU3HAauYeHO, 110
MOTIK TMOBITPSIHUX MAac 3-TiJ MpOIMeepiB arpoJApoHy MouuHae (popMyBaTHCS 3 IIapy
MOBITPS HAJ HUM; HaWOLIbIIa I'yCTUHA MOTOKIB MECTUIUIY 3HAXOAUTHCS Oe3MocepeaHbo
MiJ KONTEPOM, 1 3HAYHO 3MEHIIYEThCS MpU 30UIbIIEHHI BiACTaHi BiA Hboro. Paxiyc
PO3MUIICHHS HABKOJIO CaMOT'0 arpoJipOHy HEBEJIMKHM, ajie BIH 3HAYHO 3aJICKHUTh BIJl
BUCOTH TMPOJIbOTY HAJ KyJIbTypor. BHSBIEHO 3aleXHICTh MDK (OPMYBaHHIM
TypOyJICHTHUX BUCXIIHMX TMOTOKIB (BIOMTUX BiJl MOBEPXHi) Ta BUCOTOI PO3MHJICHHS.
bidHi MOTOKM MOBITPSAHKUX MAac BIAITPalOTh poiib y (hopMyBaHHI 3HOCY POOOYOTO po3unHy
MeCTUIUIIB. MOXIUBICTD npen(by NECTUIUAHUX  (HOPMYJIAILIIA 361JII>HIy€TBC}I 13
30UTBIIIEHHSIM BIACTaHI HU3XITHOTO TOTOKY TMOBITPs, MO0 (OPMYETHCA BiJ TBUHTIB
arpoapony. lle oOyMOBIEHO THUM IO CHJIa TOTOKY TOBITPSHUX Mac, CTBOPEHUX
nponenepamu BIIJIA, 3MeHIIy€eTbes 13 BiiIaJIEeHHSIM BiJl HHOTO.
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Puc. 7. 3D-moaenb pyxy nmoBiTpsiHUX Mac, 00YMOBJIEHUX PO0OOTOI0 arpoJApoHy
Mii Yac BHECEHHH NecTHUUMAIB: A) 0e3 00KOBOro pyxy moBirpsHux mac; b) npm
0O0KOBOMY pYyCi NOBITPSIHUX MacC

Ha ocHoBI nnpoBeieHOro HaMH aHai3y JIITEPaTypH, MiIX0AIB IS aHAIOTTYHOI OLIIHKU
npu JaHOMYy BHAI OOpOOOK 3a KOPIOHOM, pE3yJIbTaTiB HAllUX BIACHUX HATYPHHUX
TITEHIYHUX EKCIePUMEHTIB (TOJLOBUX JIOCHIKEHh) HAMH 3alpOIMOHOBAHO BapiaHT
ajanTarlii ICHyI0UMX METOJIMYHUX peKOoMeHaallil « BUBYeHHs, OIIHKA 1 3MEHIIICHHS PU3UKY
IHTJSIIMHOTO 1 TMePKYTAaHHOTO BIUIMBY MECTUIMIIB Ha 0Ci0, AKI MPalioTh 3 HUMH abo
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MO>KYTb 3a3HaBaTH BIUTUBY IiJl Yac 1 MICJs XIMIYHOTO 3aXUCTy POCIUH Ta 1HIIUX 00’ €KTIBY,
2009 p. 1o ymoB 00po60K 3 OBITpsI 3a moriomororo BITJTA.

[Tokxa3zuukamu, 10 MarOTh OyTH MOKJIAJCHI B OCHOBY PO3paxyHKY PH3HKIB, € HOpMa
BUTpaTH POOOYOTr0 PO3UMHY MECTUIMAY, 00’€M 0aKy, MPOIYyKTUBHICTh arpoJApOHY, PO3MIp
Kpamnelib, TUIl (POPCYHOK, IIBUAKICTH OOPOOKH, BUCOTA MOJIBOTY arpoIpOHY HaJ KYJIbTYpOIO
Ta IIUPUHA 3aXOIUICHHS,, METEOPOJIOTIYHI YMOBHM ImiJi 4Yac oOOpoOKu (BOJIOTICTH,
TeMIlepaTypa, MBUAKICTb 1 HAMPSIMOK BITPY). A TaK0X HEOOX1JHO 3Ba)KaTU Ha BiJCYTHICTh
Ipyny Ha3eMHOI MIATPUMKH, 3HAXOPKEHHS olepaTopa arpoApoHY Ha BIJICTaHI Bij
00p0o06JIIOBaHOTO MO, 00’€M pOOOYOro PO3YMHY Ta TPHUBAIICTH 00poOKU. BpaxoByrouu
0cOONMBOCTI BHECEHHsI mecTUluAiB 3a npomomoroio BIIJIA, nHamu 3ampomoHOBaHO P
JOTIOBHEHB /10 yHKTIB 3.2, 3.3,3.9.1,4.7,4.7.1, 5.1, 5.6 MeToAMYHUX pEKOMEHIAIIH.

Ha  ocHOBI  pe3ynpTaTiB  KUIbKapiuHUX  JaOOpPaTOpHUX  Ta  HATYPHUX
EKCIIEPUMEHTATBPHUX JOCHIHKEHb 3 BHKOPUCTAHHSM MYJIBTHUPOTOPHUX OE3MUIOTHUX
TMTATBHUX amnapaTiB Il 0OpOOKU CUIbCHKOTOCIOAAPCHKUX KYJNbTYp 3acO0aMM 3aXHUCTY
pociiuH OyJ0 po3poOJICHO METOAMYHI pEeKOMEHAaIli 3 Oe3MeYHOr0 3acTOCYBaHHS
MeCTULUIB 3 TOBITPs 3a gonomororo BITJIA. /IokyMeHT ckilafaeThcsi 3 peKOMEHAAIN 1o
HABYaHHIO TJIOTIB arpoJpoHIB Ta TMEPCOHATY HA3€MHOI MIATPUMKH; KepyBaHHS
EKCITO3UIIIEI0 OMEeparopa; MPOBEACHHIO OOpPOOOK (BHU3HAYEHHS PHU3UKY/BUTOIU, BHUOIp
dbopmysiii, iHQopmarllisi Tpo MapKyBaHHs, OyQepHi (3axXUCHI) 30HHU, MPUTOTYBAaHHS
po60YOro pPo3UMHY, IIPOBEACHHS 00pOOKH); peatizallii acrekTiB 0e3MneKu (CIOCTePEKESHHS
3a CTaHOM 3JI0pOB’Sl OIEpaTopa, 3axX0qu Oe3MeKH Ta 3aco0M 1HAMBIIYaJLHOTO 3aXHCTY,
TPaHCTIIOPTYBaHHA Ta 30epiraHHs NPOAYKIIi, MOBOJKEHHS 3 MPOIYyKTOM, YTPaBIIHHS
XIMIYHOIO Taporo, MPOLEAYPH HEIIACHUX BUIIAJKIB Ta MEpIla JOMOMOra Mpu OTPYEHHSX);
BEJICHHIO OO0MIKY (OMHUC TOJBOBOTO PO3MMJIEHHS, CIIOCTEPEXKEHHS 3a CTAHOM 3JI0pOB’S
oreparopa, MiClIeBi EKCTPEHI KOHTaKTH).

Jlannii TOKYMEHT JO3BOJHTH JOCSATHYTH I JEp>KaBHOTO PEryIIOBaHHS st
0€3Me4YHOr0 BHECEHHS ECTUIIU/IIB 3 TOBITPS 13 3aCTOCYBAHHSM arpOApPOHIB, 1110 CIPUIATUME
MIJIBUILIICHHIO PIBHS €KOJIOT1YHOI O€3MEKH HABKOJIMIIHBOTO MPHUPOJHOTO CEpeOBHUIIA Ta
3JI0pOB’Sl HACEJICHHS, TO3UTUBHO BIUIMHE HA PO3BUTOK TEXHOJIOTIH Ta X BOPOBAHKECHHS, 1 B
IIIJIOMY Ha BeJIeHHs O013HeCY B YKpaiHi Ta CTBOPEHHS I HHOTO HOBUX MOYKJIMBOCTEH.

BUCHOBKHA

VY nwmceprariiiHiii poOOTI Ha OCHOBI AHANITUYHOTO Y3arajlbHEHHS TEOPETUYHUX
JaHUX PI3HUX JITEpaTypHUX JDKEPEN, I1HTEPHET-PecypciB, pe3yibTaTiB BIACHUX
7a00paTOPHUX Ta HATYPHUX EKCIEPUMEHTIB, OYyJIO MPOBEACHO MOPIBHSUIBHY TiTl€HIYHY
OIIIHKY  OCOOJIMBOCTEH, JOBEACHO JOUUIBHICTh Ta OE3MEYHICTh 3aCTOCYBaHHS
IHHOBAl[IMHUX TEXHOJIOTIA BHECEHHA MECTULHUIIB 3 BHUKOPUCTAHHIM 1HXXKEKTOPHUX
pO3MWIIOBAYIB, O€3MUIOTHUX JiTalbHUX anapaTiB Ta 3Rive 3D TexHOJOrii, BUKOHAHO
aHaji3 Ta TMOPIBHSHHS 3 HaWOUIbII TMOIIMPEHUMU HA CHOTOAHINIHIA Je€Hb METOJaMHU
BHECEHHsI (IITaHroBe OONPHUCKYBaHHs, aBlaoOpoOka). Po3polieHi TeopeTHKo-MpaKTHYHI
MOJIO)KEHHST JI03BOJIMJIM BUPIMIMTH aKTyallbHy HAYKOBY MpobsieMy NpodiIaKTHYHOI
MEIUIIMHU, a caMe, OOTIPYHTYBaTH MIAXOAW 1 perjJaMeHTH Oe3MEYHOr0 3aCTOCYyBaHHS
HOBUX METOMIB BHECEHHS MECTUIU[IB, IO TO3BOJUTH 3HU3UTH PHUZHK HETATUBHOTO



25

BIUTMBY Ha 370pOB’S TPAIIBHUKIB, HACEJIICHHS Ta €EKOCHCTEMY TpH IIiJBUIICHHI
€(eKTUBHOCTI CUTbCHKOTOCIOIaPCHKOTO BUPOOHUIITBA.

1. BcTaHoBIEHO, 1110 B OCHOBY IiJIBUIIICHHS O€3MEYHOCTI YMOB Tpalli poOITHHUKIB Ta
€KOJIOriyHOi Oe3MeKd TMOBUHHO OYTH TMOKJIAJACHO BHUBYCHHS MEXaHI3My BIUIUBY
TEXHOJIOTTYHOTO TPOLIECY PO3MUJICHHS MECTULH/IB B YMOBaX CUIbCHKOTOCIOAAPCHKOTO
BUPOOHUIITBA, 3AaTHOTO YMHUTH MPSAMY YU OMOCEPEAKOBAHY, TOCTPY a00 BIIAAJIEHY IO
Ha HABKOJIMIIHE CEPENOBUIIE 1 K HACHioK — Ha JoauHy. Came ToMy, po3poOKa
HOPMAaTUBIB 1 pErjaMeHTIB O€3MeYHOro 3acTOCYBaHHS TMpenapariB i o00poOOK
CLITBCBKOTOCIIOIAPCHKUX KYJIbTYp 3a qonomororo BITJIA, imkekTopHux dopcyHok 1 3Rive
3D TexHonorii Ta YyAOCKOHAJIEHHS METOJUKM OLIHKH pHU3UKY 3 YypaxyBaHHSIM
0COOJIMBOCTEM BKa3aHUX CIOCOOIB 3aCTOCYBAaHHS MECTUIUIIB € HAJI3BUYAWHO BaXIMBUM
eTarnom.

2. Buznaueno, mio B niepioa 3 2010 mo 2022 pik B YkpaiHi criocTepiranocsi 3Ha4He
3pOCTaHHs 00CATIB BUKOPUCTAaHHA XIMIYHUX 3ac001B 3axucTy pociivH. Lle BioOpaxeHo B
teMmi pocty — 158,26% 1 cykynHOMY pidHOMY TeMIll mpupocty — 8,23% acopTUMEHTY
JO3BOJICHUX JI0 3aCTOCYBaHHs mecTuuuaiB. IlomiOHa TeHAeHIs BiacTWBa 1 JJIs TPyNH
NECTULM/IIB, IPU3HAUYECHUX JUIsl 3aCTOCYBAaHHs aBlalliiHUM METOJOM (3pociia Mailke B 2
pasu). IlepiioyeproBoro rpyrnor MECTHIUIIB, MO0 PEKOMEHIOBaHI IO peecTparii s
BHeceHHs 3 BIUIA, € mectumuau, siKi BXK€ OTPUMAIM PEECTPALI0 JJIsi BHECCHHS
TpaAuIiiiHUM aBialiiHuM crnocoboM. IlpemapaTuBHi ¢dopmu, IO 3apeecTpoBaHl s
BHECEHHS IUTAaHTOBUM CIIOCOOOM 3 BHUKOPHUCTAaHHSAM IIUIBOBUX (DOPCYHOK, MOXKYTh
BHOCHTHCS 1HXXCKTOPHUMHU (opcyHKaMu 6e3 oOMexxeHb. 3Rive 3D TexHOJOTis BHECEHHS
noTpedye ocobsuBoi npenapatuBHOi opmu. B YkpaiHi 3apeecTpoBaHO TUIbKK Mpenapar
bpireiig 3Rive 3D, KC.

3. BcranoBneno, mio nirodi peyoBuHHM TpemnapatiB Amnbda-luksat dopre PK,
Awmictap Exctpa 280 SC, KC, Pernon Eiip 200 SL, PK, bpireiig 3Rive 3D, KC maroTh
HU3bKY 3JIaTHICTh /O HAKOMHYEHHS B 00’ €KTaX HAaBKOJHWIIHHOTO CEPEIOBHUINA Ta
PYWHYIOTBCSI POTSATOM OJHOTO BETeTaliiHOrO MEepioay MPU BHECEHHI iX 3a JIOMOMOTOIO
BIUIA, imxexkTopHux ¢opcyHok 1 3Rive 3D texnosorii. I[lepiogn HamiBpo3nagy AiFOUHX
PEYOBHH JOCIIDKYBAaHUX MPENapariB y IPyHTI JOCTOBIPHO HIDKYI MOPIBHSHO 13 JIAaHUMH,
0 BCTaHOBJIEeHI B KpaiHax €C mpu TpaauiiitHux crioco0ax BHeceHHs (3a T-kputepiem
Binkokcona p=0,016); TOml SK B pOCIMHAX TaKOi BIJIMIHHOCTI HE BHUSBJICHO
(3a T-xkpurepiem Binkokcona p=0,813). JloBeneHo, mo mpu 3acTOCYBaHHI 1HHOBAIIHUX
TEXHOJIOT1 BHECEHHs MECTUIUAIB 3a MOKA3HUKOM CTIMKOCTI y TIPYHTI IUIPOKOHA30I,
a30KCHCTPOOIH, AMKBAT AuOpomia Ta OlpEHTPUH MOKHA BITHECTH 10 MaJOHEOE3MEYHHUX
(IV x;mac  HeOe3meuyHOCTi); 32  TMOKAa3HUKOM  CTIMKOCTI Yy  BEreTYHOUMX
CLITbCBKOTOCIIOIAPCHKUX KYJIBTYpax JTUKBAT TUOPOMIiA BIAHOCUTHCS IO MaJIOHEOE3NMEUHUX
(IV xnac Hebe3neuHocTi), 61heHTpUH MOKHA BiJIHECTH 10 noMipHO HeOe3neunux (111 kmac
HeO0e3MeYHOCTl), Aa30KCUCTPOOIH, LMMOpPOKOHa301 — J0 Hebesneunux (II  xiac
He0e3MeYHOCTI).

4. ITokaszaHo, 110, 32 YMOB JOTPUMAaHHS PO3POOJIEHUX PETIAMEHTIB 3aCTOCYBaHHS
JOCTIIKyBaHUX MpenapariB, BHECEHHs iX 3a nonoMoroio BITIA, imxekTopHux popcyHOK
1 3Rive 3D TexHonOrii B MakCUMalbHUX HOPMax BUTpAT € O€3MEUHUM JJIsi HACEJIEHHS Ta
HE CTBOPIOE 3a0pyIHEHHsS 00’€KTIB HABKOJMIIHHOIO CEPENOBHUINA. 3a pPO3paXxOBaHUMU
IHTErpaJIbHUMHU TMOKa3HUKaMH HeOe3MeYHOCTI MPU MOTEHIIHHOMY HAJXOMKEHHI CIOIYK
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710 OpraHi3My JIIOJIMHU 3 XapUYOBHUMH MPOIYKTAMU a30KCHUCTPOOIH HAJICKHUTH 10 4 Kilacy
HeOe3meku (MaoHeOe3eyHi), MUMPOKOHA30J1, TUKBAT AuOpomia Ta OiherTpuH 10 3 KiIacy
HeOe3nekn (momipHo HeOesnewyHi pedoBuHHU). [lpu  3acTocyBaHHI 1HHOBALIMHUX
TEXHOJIOT1M IHTETpajbHI IMOKA3HUKW HEOE3MEYHOCTI MpU IMOTEHIIHHOMY HaJXOHKEHHI
CIOJIYK JIO OpPTaHi3My JIFOJIMHU 3 XapUOBUMH MPOAYKTAMH € HIXKYUMU, IPOTE CTATUCTUYHO
HE BUIPI3HAIOTHCS BIJ TaKUX MPH 3aCTOCYBaHHI TPaAWIIMHMX TEXHOJOTIH (3a
W-kputepiem Binkokcona W=10,5; p=0,629). 3a noka3Hukamu HEOE3MEUYHOCTI MPH
NOTPAIUISIHHI MECTUIUIIB Y BOJY IPH 3aCTOCYBaHHI 1HHOBAIIMHUX TEXHOJIOT1H BHECCHHS
necTUlHAIB O1hEHTPUH HAJICKUTH 10 HeOe3neuHux (2 Kjac) CHoJIyK, a30KCUCTPOOIH Ta
AUKBAT AUOpOMIJ 70 MOMIpHO Hebe3neuHux (3 Kiac), MUIPOKOHA30J 0 HaA3BUYANHO
HeOe3neyHux cnouyk (1A kjac) npu CrnoKWBaHHI JIFOJMHOK KOHTaMiHOBAaHOI HUM BOJIH,
BIAMOBIAHO (M1 Yac MOPIBHSHHS LILOTO IMOKA3HUKA, PO3PAXOBAHOTO 13 BUKOPUCTAHHSIM
JiTepaTypHUX JlaHMX, OYyJI0O BCTAHOBJIEHO, WO TMpPU 3aCTOCYBaHHI IHHOBAI[IMHUX
TEXHOJIOT1M 1HTEeTpaIbHI MOKa3HUKU HEOE3MEUHOCTI IPU MOTPAIUISIHHI MECTUIUIIB Y BOY
€ HIDKYUMH, TPOTE CTATUCTUYHO HE BiAPI3HAIOTHCA (3a kputepiem Ct’romenrta t=1,73;
p=0,182)).

5. BcTaHoBieHo, 10 B peaJbHUX YMOBaX BHECEHHS MECTULU/IB PI3HUMHU
IHHOBAI[IHHMUMH TEXHOJIOTIsIMH (TTOBITpsIHO-1HXKekTOpHI (hopcynku, BITJIA Ta 3Rive 3D)
Ipy JOTPUMAHHI PEKOMEHJIOBAHUX arpOTEXHIYHMX 1 MEIUKO-CaHITAPHUX DPErJIaMEHTIB
0€3MeYHOro 3aCTOCYBaHHS HE CIOCTEPITAEThCS IMEPEBUILIEHHS MEIUMKO-CaHITaApHUX
HOPMATHBIB Yy TMOBITPI poOOYOi 1 30HM 3HOCY Ta JIOBEIEHO, IO MOTECHIINHUN PHU3MK
IIKIJJIMBOTO  BIUIMBY HAa  OPraHi3M  CUICHKOTOCTIOJAPCHKUX — MPAIIBHUKIB — TIPH
KOMILJIEKCHOMY HAaJXOJ/UKEHHI Yepe3 LIKIpy Ta JUXaJIbHI IUIAXH, @ TAKOX KOMOIHOBaHUMN
PU3UK HAJAXOHKEHHS BCIX JIIOUMX PEYOBHUH MpernapatuBHUX ¢GopMm He nepeBulnye 1 y.o.,
10 JI03BOJIsIE BU3HATHA YMOBH 1X Mparli JoMyCTUMUMHU. Bci mocmiKyBaHi 111041 pEYOBUHHU,
OKpIM JIHKBaTy IuOpomimy B ckianai mpenapary Anbda-uksatr ®@opte, PK (KB, — 82,
To0T0 < 100), xapakrtepusyrortbcs gocratHboro (KB, —124-1543, Tt06TO > 100)
BHUOIPKOBICTIO i Ha IIJIOBUU OO’€KT 1 HHU3BKOK BIPOTIIHICTIO BUHUKHEHHS TOCTPHUX
nepmanbHux  edextiB. 3HaueHHS KB/l a3okcuctpobiny, nOuKBaT auOpomifdy,
OlbeHTpUHY KOJMBAIOThCA B Mexkax 17-57, mio CBIIYNATH MPO BITHOCHO HHU3BKY
BHUOIPKOBICTH iX Jii Ta OUIbIIY HEOE3MEKy rOCTPUX IHTASAIIMHUX TOKCUYHUX e(PEeKTIB s
OTICPaTOPIB MPH MPOBEICHHI 00POOOK.

6. Po3pobiieno cnoci6 BU3HAYEHHSI BMICTY CHHTETUYHOTO OapBHHKaA JliaMaHTOBOTO
cunboro E 133 B copOmiitHoMy martepiani (pinbTpyBadbHOMY Tamepi), IO BKIIIOYAE
BWIy4YCHHs OapBHHMKAa 3 copOmiitHoro wmatepiany  ((GiIbTpyBaJILHOTO  Marepy)
JTUCTUJILOBAHOIO  BOJIOI0, TBEpAO(A30BY EKCTPAKIII0 Ta KUIbKICHE BU3HAYCHHS
HiamantoBoro cunboro E 133 merogom obGepHeHO-Pa30B0Oi BUCOKOE(PEKTUBHOI PIAMHHOL
xpomarorpadii (BEPX) 13 cnekTtpooTOMETpUYHUM [I€TEKTYBaHHSIM, SKU OyB B
MOJAIBIIIOMY BUKOPHUCTAHMM MU OLIHKA €(PEKTHUBHOCTI Ta OE3MEYHOCTI 3aCTOCYBaHHS
pizaux mozeneir BIIJIA B xomOiHaii 3 OyAb-KMMH NECTUIMAHUMH MpernapaTaMu MpH
BUKOPHUCTaHHI PI3HOMaHITHUX arpoOTeXHIYHUX XapaKTEPUCTHUK Ha eTarni
nepenpeecTpaliitHix BUNpoOyBaHb Ta HAYKOBHX JIOCIIIKECHb.

7. [IpoBeeHO KOMIT'IOTEPHE MOJCIIOBAHHS BHECEHHS TMECTHIMIIB 3 TIOBITPS 3a
nomomororo BITJIA. BcranoBneHo, mo HaiOUIbIIa TYCTHMHA TOTOKIB TECTHIUIY
3HAaXOJUTHCS 0€3MOCepeTHBO MiJ arpoJPOHOM 1 3MEHUIYETHCS MPHU 30UIBIICHHI BIACTaHI
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BiJl HbOTO. Pajiiyc po3nuieHHsI HaBKOJIO arpOApPOHY HEBEIUKUM, ajie BiH 3HAYHO 3aJICKUThH
BiJl BUCOTH MPOJBOTY HaJ KyJbTyporo. biuHI MOTOKM MOBITPSIHUX Mac BIATPAIOTH POJIb y
dbopMyBaHHI 3HOCY poOOYOTO PO3UMHY MECTUIUAIB. MOXKIUBICTh Apeidy MeCTHIMIHUX
dhopMyIISIIINA 301TBITYETBCSA 13 30UIBIICHHSIM BiJICTaHI HU3XIJHOTO IOTOKY IMOBITpPS, IO
(hopMy€ETBCS BiJl TBUHTIB arpoJipoHy.

8. Po3pobnieHo MeToAu4HI peKoMeHAallli, 5Ki perjJaMeHTYIOTh BUKOPHUCTAHHS
OC3MUIOTHUX JIITAJIbHUX amnapaTiB KOINTEPHOTO THUMY JUIsl BHECEHHS NECTUILMIB, IO
J03BOJIUTh MIHIMI3YBAaTH PHU3UKU 32 PAXYHOK MPUMHSTTS 3BaXKEHUX YIPaBIIHCHKHUX
pimeHb. lleli JOKYMEHT € BaXJIMBUM I1HCTPYMEHTOM i 3abe3nedeHHs Oe3leKu Ta
€(eKTUBHOCTI BUKOPUCTAHHS arpoJpoOHiB y CLILCHKOMY T'OCIIOIaPCTBI, OCKUIBKH BiH HAJIa€
ormiepaTopaM Ta NEPCOHANY 4YITKI IHCTPYKIli Ta peKOMEeHJallli 100 Oe3MeYHOro Ta
€()EKTUBHOTO BUKOPUCTAHHS L1€1 TEXHOJIOTI].

9. 3amporoHOBaHO JOTMOBHEHHS 0 METOJAMYHHUX PEKOMEH[AIlN IMOJ0 OIHKK Ta
3MEHILIECHHS PU3UKIB JUIsl IPALIIBHUKIB, SIKI BUKOHYIOTh BHECEHHS MECTUIIM/IB 3 TIOBITPS 32
JOTIOMOT 00 O€3MIJIOTHUX JITAIBHHUX arapaTiB, IO 3a0€3MeYUTh OUIbII KOPEKTHY OLIHKY
npodeciiHuX PU3UKIB, MOB’SI3aHUX 13 BUKOPUCTAHHSAM i€l TexXHOJOri. Takui miaxia
CIpHSiE CTBOPEHHIO OLIbII TOBHOTO Ta 30allaHCOBAHOTO HAaOOpy pEKOMEHIAIN st
onepatopiB BIIJIA, mo B pe3ynbrari 3abe3nedye Oe3neky, eDEeKTUBHICTh Ta CTaICTh
BUKOPUCTAHHS 111€1 TEXHOJIOT1i Y CIJIbCHKOMY TOCITO/IapCTBI.

10. O6rpyHTOBaHO pO3paxyHKOBY MOJIEJb MPOrHO3YBaHHS BMICTY XIMIYHUX 3aC001B
3aXMCTY POCIHH Ta pajilycy iX pO3MHICHHS MpU 00poOIll CUIBCHKOTOCIIOIAPCHKUX KYIBTYP
3 BukopuctanHsiM BIIJIA. JloBeneHo, 110 3amporoHOBAaHA PO3pPaxyHKOBA MOJICNb €
aJIEKBATHOIO 3 BHCOKHMM Koe(illieHTOM ampokcuManii (Bizkopurosanuii R?=0,8 mpu Prob
(F-statistic) <0,05) i Mo)ke CYTTEBO CHIPOCTHUTH TPOBEACHHS IEPeIpeeCTpaIliiHuX
BUNPOOYBaHb Ta  MOHITOPUHIOBMX  JOCHII/DKEHb MPU  MPOBEACHHI  0OpOOOK
ClTbCHKOTOCTIONAPCHKUX KYJIBTYP 3 BUKOPUCTAHHSIM JAHOTO BUIY BHECCHHS.

MNPAKTUYHI PEKOMEHJAIIIT

1. BHecTH IOMOBHEHHS 10 METOJMYHHUX pEeKOMeHallii «BuBYEHHS, OIHKA 1
3MEHIICHHS] PU3UKY IHTAISIIIHHOTO 1 MEPKyTaHHOTO BIUIMBY MECTHIMAIB Ha 0Ci0, fKi
MpaLoTh 3 HUMH 200 MOXYTh 3a3HaBAaTH BIUIMBY MiJ Yac 1 MICJS XIMIYHOTO 3aXHUCTy
pocnuH Ta iHIMX 00°ekTiB 8.8.1.4-162-2009%, 3atBepmxeHnx Hakazom MO3 Ykpainu Bif
13.05.2009 Neo 324, miomo OIIIHKM Ta 3MEHIICHHS PU3WKIB [JIs TPAIIBHUKIB, SIKI
BUKOHYIOTh BHECCHHS TECTUIIM/IIB 3 TOBITPS 3a JOTOMOTOI OE3MUIOTHUX TITAIbHUX
anapariB. I[Ipononyerbcst miag yac po3paxyHKy PHU3UKIB BpaxOBYBAaTH Takl OCOOJMBOCTI:
BIJICYTHICTb I'PYIIM HA3€MHOI MIITPUMKH; 3HAXOJKEHHS OTIepaTopa arpoJIpoHy Ha BiJICTaH1
Bi1 00p0OJIFOBAHOTO TIOJIsI; 00’€M POOOYOro PO34MHY; BUCOTY MPOILOTY HaJ KYJIbTYPOIO
Ta TPUBAIICTH OOPOOKH.

2. Ha erami nepeapeecTpaliiHux BUIpoOyBaHb Ta HAYKOBUX JTOCIIIKEHb 3 MEAUKO-
CaHITApHOI OILIIHKA HOBUX TEXHOJIOTIA BHECEHHsS XIMIYHMX 3ac00IB 3aXHUCTy POCIUH
BUKOPUCTOBYBaTH (SIK 3aMiHHUK MECTHIUIHOTO TMpernapary) CHHTETHYHHA OapBHHK
HiamantoBuit cunii E 133 Tta po3pobienuit cmoci® BU3HAYEHHS MHOro BMICTY B
copOuiitHoMy maTepiaii (GiIbTpyBaIbHOMY Tarepi), 10 BKIIOYA€E BHIyUYeHHs OapBHUKA 3
COpOLIifHOrO MaTepialy AUCTUILOBAHOIO BOJIOIO, TBEPA0(HA30BY EKCTPAKIIO Ta KUTbKICHE
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Bu3HaueHHss  JliamantoBoro cunboro E 133 wmeromom  oOepnHeHo-(ha3oBoO1
BHUCOKOE(PEKTUBHOI pIAMHHOI XpomaTorpadii 13 CneKTpoPOTOMETPUIHUM JIETCKTYBAHHSIM.

3. IIpu npoBeneHHi HaB4aHHA 0ci0 3a «[Iporpamoro HaBUaHHS MpaliBHUKIB, poOOTa
SKUX TIOB’si3aHa 3 OpraHizaiielo Ta Oe3MocepeaHiM MPOBEACHHSAM poOIT 1Mo
TPAaHCIOPTYBaHHIO,  30€piraHHIO, 3aCTOCYBAaHHIO, TOPTIBICIO  NECTUIUAAMHU 1
arpoximikaramu» (Hakaz MiHicTepcTBa CLIBCHKOTO TOCIOJAPCTBA 1 IMPOJAOBOJIBCTBA
No 158 Big 27.05.1996 p.) 3 morpumanHsm Bumor IloctanoBu KMY Bixg 18 BepecHs
1995 p. N 746 «IIpo 3arBepmxkeHHs Ilopsaky onepkaHHs JTONMYCKY (TIOCBITYEHHS) Ha
npaBo pPoOOOTH, TOB’SI3aHOI 3 TPAHCIOPTYBAaHHSM, 30€piraHHsIM, 3aCTOCYBaHHSM Ta
TOPriBJICI0 MECTHLMIAMHU 1 arpoXiMiKaTaMi» BHKOPHUCTOBYBAaTH po3podiieHi «l'irieHiuHi
pekoMeHalli 3 0e3neyHoro Ta €()eKTUBHOTO BUKOPUCTAHHS PO3MUIIIOBAYIB JjIsi OOPOOKHU
CLIBCHKOTOCTIOAAPCHKUX KyJNbTyp mecTurmaaMmm». bpomrypa. 2023. 9 c. ISBN 978-966-
460-164-8.

4. Jlns 3a0e3nedyeHHs Oe3MeKH Ta €(PEKTHUBHOCTI BUKOPUCTAHHS arpoApOHIB Yy
CUIBCBKOMY TOCIOAApPCTBI, MIO CHPHUATHUME MIABUUIEHHIO PIBHS EKOJIOTIYHOI Oe3MeKu
HABKOJIMIIIHBOTO TPUPOJHOTO CEpPEAOBHINA Ta 370pPOB’S HACEJICHHS PEKOMEHIOBAHO
IPOBOAMTH HABYAHHS 3 BUJAUEIO TIOCBIIUEHHS HA MPaBO pOOOTH 3 NECTULIMIAMU 3a11THUX
oci6 (mepenbayeHo yacTuHOwO napyroro ctarTi 11 3akony Ykpainu «IlIpo mectunmmu Tta
arpoxiMikatu») 3 BHUKOPUCTAHHAM «METOAMYHMX pEKOMEHAAIN st Oe3MedYHOro
3aCTOCYBaHHS TECTUIUIIB 3 TOBITPS 32 JIOMOMOTO OE3MUJIOTHUX JIITaJbHUX arapaTiB
(BITJIA). Bpomrypa. 2023. 35 ¢. ISBN 978-966-460-176-1.

5. Jns mpoBeneHHs TepelpeecTpallifHuX BHUMPOOYBaHb Ta MOHITOPUHIOBUX
JOCTI/DKEHb aKpeAUTOBAaHMMH HAyKOBO-JOCTHIAHMMH YyCTaHOBamMH Ta Jlep>kaBHOIO
CiIy»0010 YKpaiHu 3 MUTaHb O€3MEYHOCTI XapuyOBHUX MPOAYKTIB Ta 3aXUCTy CHOKHBAYiB
Py TPOBENECHHI OOPOOOK CUIbCHKOTOCHOJAPCHKUX KYJbTYyp 3 BHKOpHUCTaHHSIM BITJIA
PEKOMEHJIOBAaHO BUKOPUCTOBYBAaTH PO3PAXYHKOBI MOJIEN MPOTHO3YBAHHS UIUIBHOCTI
MOKPUTTS TIOBEPXHI Ta pajiycy pO3MUICHHS MECTUIMIHOTO Mpenapary 3a JaHOTO BUITY
00pOOKH.

KuarouoBi cioBa: nectunuau, (pakTopu HaBKOJUIIHBOIO CEPENOBUILNA, YMOBH
mparfi, KOMIUIEKCHUH 1 KOMOIHOBaHUM pU3HMK, XIMIYHI 3a0pyJHIOBadl MOBITPS, BOJIH,
IPYHTY, MapaMeTPy TOKCUYHOCTI, MEJUKO-CaHITapHI HOPMATHUBH Ta PErJIaMEHTH, Oe3reKa
XapuOBUX MPOIYKTIB.
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GENERAL CHARACTERISTICS OF THE WORK

Relevance. The use of chemical substances for plant protection is a key element in
the agricultural sector, significantly contributing to stable economic growth and the
achievement of national development goals (Jallow M.F. et al., 2017; Moser F. and
Dondi F., 2016). Pesticides play a crucial role in preventing crop losses, thereby directly
Impacting yield and overall productivity in agro-industrial production (Damalas C.A. et
al., 2017). The use of plant protection products (PPPs) has substantial economic
implications. On one hand, it promotes the efficiency of the agricultural sector, thereby
strengthening economic stability and increasing profits. On the other hand, it aligns with
broader state development goals, ensuring food security — a key component of the socio-
economic development of any nation (Boedeker W. et al., 2020; Kim K.H. et al., 2017,
Moser F. and Dondi F., 2016).

However, it is essential to consider the use of pesticides within the framework of
sustainable agricultural practices using innovative application technologies, as their
unregulated or excessive use can lead to harmful environmental impacts, including soil
and water resource pollution and disruption of local ecosystems. Additionally, the
potential health risks for both agricultural workers and consumers associated with the
improper use of PPPs cannot be ignored (Anderson S.E. and Meade B.J.,, 2014,
Evaristo A. et al., 2022; Tarone R.E., 2018).

According to information provided by the International Labor Organization (2021),
the agricultural sector is identified as one of the most hazardous in terms of worker safety
and health, applicable to both developed and developing countries. Agricultural workers
comprise almost half of the global workforce, totaling 1.3 billion people. The
implementation of advanced PPPs, innovative application technologies, and the integration
of chemical, physical, and biological methods will facilitate the optimization of pesticide
use (Directive 2009/127/EC, 2009; Fargnoli M. et al., 2019; Omelchuk S.T. et al., 2019;
Whithaus S. and Blecker L., 2016).

A comprehensive assessment of working conditions and calculated risk prediction
of potential negative impacts of pesticide preparations on farmers involved in their
application is one of the mandatory stages of pre-registration trials of such formulations.
This includes those already studied and registered but planned to be applied using
innovative agricultural application technologies (Borysenko A. et al., 2021;
Omelchuk S.T. et al., 2019).

Modern digital agriculture is constantly improving, and today the application of
pesticides from the air using unmanned aerial vehicles (UAVs), the 3Rive 3D seed
treatment and sowing technology, and the use of injector nozzles are particularly relevant.
These technologies are either entirely new to the agricultural sector of our country or are
in the early stages of implementation in practice (injector sprayers) (3RIVE 3D®
Application System Program, 2021; Albeaino G. et al.,, 2021; McManus B.L. and
Fuller B.W., 2017; Pappas R., 2016).

The aforementioned innovative technologies for applying plant protection products
are poorly studied scientifically in terms of the safety of working conditions for involved
workers, the consumption of products grown using these technologies, and their impact on
environmental objects. These technologies have been minimally tested in practice and
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require separate medical, sanitary, and environmental regulations. There is a lack of
regulatory and legal framework for conducting hygienic assessments of occupational risks
and justifying the regulations for the safe application of plant protection products using
these methods.

Connection of work with scientific programs, plans, and themes. The
dissertation is a fragment of the initiative and search scientific research topics of the
department: "Hygienic justification of the scientific foundations for monitoring various
groups and chemical classes of pesticides in water bodies for economic, drinking, and
cultural household use" (State Registration No. 0118U100472, 2019-2021); "Comparative
hygienic assessment and scientific justification of approaches to the hygienic regulation of
innovative pesticide application technologies" (State Registration No. 0122U000634,
2022-2024); and contract scientific research works under State Registration Nos.:
0120U104013;  0121U111495; 0120U104013; 0121U111499; 0119U100292;
0119U103450;  0118U001296; 0118U001055; 0116U005961; 0117U006030;
0114U006506; 0116U005960; 0117U006021; 0113U000644.

The work was carried out in accordance with the laws of Ukraine "On pesticides and
agrochemicals™ of March 2, 1995, No. 86/95-VR, "On the safety and quality of food
products” of December 23, 1997, No. 771/97-VR, "On ensuring sanitary and
epidemiological welfare of the population™ of February 24, 1994, No. 4004-XIl, and "On
the public health system" of September 6, 2022, No. 2573-1X.

The aim of the study is to conduct a comparative hygienic assessment and
scientific justification of approaches to the hygienic regulation of innovative pesticide
application technologies to minimize the potential health risk to agricultural workers and
the population and to reduce the pesticide load on environmental objects.

Research objectives:

1. Summarize data and conduct a comparative environmental and hygienic
assessment of innovative pesticide application technologies using injector sprayers, 3Rive
3D technology, and aerial application with UAVS.

2. Analyze and systematize pesticides permitted for use in modern agricultural
production in Ukraine from the perspective of their potential use in the studied innovative
technologies.

3. Study the dynamics, analyze the migration characteristics in the environment, and
assess the residual quantities of cyproconazole, diquat dibromide, bifenthrin, and
azoxystrobin in environmental objects. Evaluate their risk to the environment when using
Amistar Xtra 280 SC, Reglone Air 200 SL, Alpha-Diquat Forte SL, Brigade 3Rive 3D
preparations based on them.

4. Conduct a risk assessment for non-professional contingents when consuming
water and agricultural products contaminated with pesticides grown using innovative PPC
application technologies.

5. Evaluate and perform a comparative analysis of working conditions and risks for
professional contingents of cyproconazole, diquat dibromide, bifenthrin, and azoxystrobin
when using Amistar Xtra 280 SC, Reglone Air 200 SL, Alpha-Diquat Forte SL, Brigade
3Rive 3D preparations based on them using injector sprayers, 3Rive 3D technology, and
aerial application with UAVs according to existing methodological approaches.
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6. Develop and implement practical instructions and methodological
recommendations for the safe application of PPPs using injector sprayers and UAVS.

7. Develop calculation models to ensure optimal application conditions and safe
drift of pesticide droplets when treating agricultural crops using UAVSs.

8. Scientifically justify methodological approaches to medical and sanitary
assessment and calculations of potential risk for professional contingents when using
UAVs for PPPs application.

9. Justify requirements, develop hygienic regulations for safe use, and provide
recommendations for controlling pesticide application using injector sprayers, 3Rive 3D
technology, and aerial application with UAVs.

Object of research: hygienic aspects and features of medical and sanitary regulation
of plant protection products when applied using innovative technologies (3Rive 3D
technology, aerial application with UAVSs, and injector application).

Subject of research: behavior in environmental and production objects, hazard to
workers, the population, and the environment of cyproconazole, diquat dibromide,
bifenthrin, and azoxystrobin when using Amistar Xtra 280 SC, Reglone Air 200 SL,
Alpha-Diquat Forte SL, Brigade 3Rive 3D preparations based on them in innovative
technologies. Specifically, the dynamics of residual quantities of cyproconazole, diquat
dibromide, bifenthrin, and azoxystrobin in the air, soil, water, and green plants; content of
the studied active substances in grain and oil; working conditions and professional risk,
risk of contamination of groundwater and surface water, and risk to the population when
consuming agricultural products.

Scientific novelty of the obtained results. As a result of the conducted research,
the following achievements were made for the first time in Ukraine:

— A comparative environmental and hygienic assessment of innovative pesticide
application technologies using injector sprayers, 3Rive 3D technology, and aerial
application with UAV's was conducted.

— Pesticides permitted for use in modern agricultural production in Ukraine were
systematized from the perspective of their potential application in innovative application
technologies.

— The behavior of active substances of the studied pesticides in agrocenosis objects
was determined, their ecotoxicological hazard, persistence in Ukrainian soils, and the risk
of groundwater contamination when using them in innovative application technologies
were assessed.

— Working conditions and professional risks of cyproconazole, diquat dibromide,
bifenthrin, and azoxystrobin when using Amistar Xtra 280 SC, Reglone Air 200 SL,
Alpha-Diquat Forte SL, Brigade 3Rive 3D preparations based on them with injector
sprayers, 3Rive 3D technology, and aerial application with UAVs were evaluated
according to existing methodological approaches.

— Practical instructions and methodological recommendations for the safe
application of PPPs using injector sprayers and UAVs were developed and implemented.

— Methodological approaches to medical and sanitary assessment and calculations
of potential risk for professional contingents when using UAVs for PPPs application were
scientifically justified and supplements to methodological recommendations were
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proposed to assess and reduce risks for workers applying pesticides from the air using
UAVsS.

— A method for assessing new PPPs application technologies using a pesticide
substitute — the synthetic dye Diamond Blue E 133 — was developed, and a method for
determining its content in sorbent material (filter paper) was devised. This method
includes extracting the dye from the sorbent material with distilled water, solid-phase
extraction, and quantitative determination of Diamond Blue E 133 by reverse-phase high-
performance liquid chromatography with spectrophotometric detection.

— Based on computer modeling of aerial pesticide application with UAVS, patterns
of formation and behavior of air-dispersed PPPs systems were established.

— Calculation models for predicting surface coverage density and the spray radius
of pesticide preparations when treating agricultural crops using UAVs were justified.

Practical significance of the obtained results. The proposed supplements to the
methodological recommendations for assessing and reducing risks for workers applying
pesticides from the air using UAVs will ensure a more accurate assessment of
occupational risks associated with this technology. This approach contributes to creating a
more comprehensive and balanced set of recommendations for UAV operators, ultimately
ensuring the safety, efficiency, and sustainability of using this technology in agriculture.

A method for determining the content of the synthetic dye Diamond Blue E 133 in
sorbent material (filter paper) was developed, which can be a preliminary assessment stage
for the effectiveness and safety of any pesticide preparations from different UAV models
with various agrotechnical characteristics at the pre-registration trials and scientific
research stages.

Hygienic recommendations for the safe and effective use of sprayers for treating
agricultural crops with pesticides were developed to reduce health risks for workers
involved in the treatment and minimize the pesticide load on the environment. Special
attention is paid to the proper selection and adjustment of equipment, which reduces the
likelihood of uncontrolled PPPs spread. Modern approaches to the safe application of
pesticides help meet international norms and standards in the field of agricultural
production, which is important for export and international trade.

The "Methodological Recommendations for the Safe Use of Pesticides from the Air
Using Unmanned Aerial Vehicles (UAVs)" were developed, approved, and published,
regulating the use of copter-type UAVs for pesticide application. This document is an
important tool for ensuring the safety and efficiency of using agro-drones in agriculture,
contributing to increased environmental safety and public health, positively impacting the
development and implementation of technologies, and overall, enhancing business
opportunities in Ukraine. The developed methodological recommendations are reflected in
the Information Letter and published as a brochure.

The research results are used in the educational process at the hygiene departments
of the Bogomolets National Medical University and implemented in scientific research
work at the State Institution "Vinnytsia Regional Center for Disease Control and
Prevention of the Ministry of Health of Ukraine", the Main Administration of the State
Service of Ukraine on Food Safety and Consumer Protection in Vinnytsia Region, the
Shupyk National Healthcare University of Ukraine, the State Institution "Marzeyev
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Institute of Public Health of the National Academy of Medical Sciences of Ukraine", the
L.I. Medved's Research Center of Preventive Toxicology, Food and Chemical Safety,
Ministry of Health of Ukraine, and the Institute of Hygiene and Ecology of the
Bogomolets National Medical University.

Publications. The research results are published in 42 scientific papers, reflecting
the main points of the study. Among them are 21 articles in professional publications of
Ukraine and international professional publications, including 7 articles in SCOPUS-
indexed journals and 17 conference and congress abstracts. The dissertation materials are
reflected in 2 informational letters and 2 brochures.

Structure and volume of the work. The dissertation consists of an abstract,
introduction, and 6 chapters, which include a literature review, research materials and
methods, results of own research (3 chapters), analysis and synthesis of research results,
conclusions, a list of used sources (372 items — 142 in Cyrillic, 230 in Latin), and
appendices. The work contains 37 tables, 25 figures, and 40 appendices. The main content
Is presented on 329 pages of typewritten text.
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MAIN CONTENT OF THE WORK

Program, objects, and methods of research. To achieve the defined goal and
accomplish the tasks of the dissertation, a program was developed that included expert-
analytical studies, laboratory experiments, and field observations. Generalized information
about the stages, objects, methods, and scope of the research is presented in Table 1.

Table 1
Stages, objects, methods, and scope of research
No Stage Object Methods Scope
Comparative hygienic | Technological features, | Analysis of literature and
assessment of modern meteorological internet resources
pesticide application |conditions, hygienic and
1 : : 134
technologies and  |environmental aspects of]
traditional crop modern application
treatment methods technologies
Expert-analytical Range and quantitative | Analysis of literature
2 | assessment of the range | ratio of pesticides in and internet resources 7
of pesticides in Ukraine Ukraine
1. Physical: air 1.27
temperature, humidity,
air movement speed,
and atmospheric
. pressure
Preparations: Amistar 2. High-performance | 2. 258
Xtra 280 SC, Reglone | . .
_ _ Air 200 SL. Alpha- liquid chromgtography
Field experiments on the : ’ 3. Gas-liquid 3. 298
g Diquat Forte SL,
hygienic assessment of : : _ chromatography
. . Brigade 3Rive 3D; .
3 | working conditions L 4. Spectrophotometric | 4. 276
. ; atmospheric air and
when using the studied method

work area air, workers,
soil, patches on
workwear, washes
from workers' skin

preparations 5. Calculation of the 5.18
coefficient of inhalation
poisoning possibility

6. Index of potential 6. 36
(dermal / inhalation)
toxicity
7. Calculation of 7.150
occupational risk

1. Calculation of the 1.20

Calculation and

Cyproconazole, integral hazard indicator
assessment of human .. )
risks from consumin azoxystrobin, diquat for consuming
4 . g dibromide, bifenthrin, contaminated food
contaminated )
green mass of studied products.

agricultural products and

plants, fruits, soil
water
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Table 1 (continued)

No Stage Object Methods Scope
2. Calculation of the 2.12
integral hazard
indicator for
consuming
contaminated water ()
1. Solid-phase 1.40
extraction
2. Derivatization 2. 40
Development of a 3. Reverse-phase high- | 3. 40
method for determining performance liquid
the content of the chromatography
5 synthetic dye Diamond | Dye Diamond Blue | 4. Absolute calibration | 4.1
Blue E 133 in sorbent | E 133, sorbent material method by
material using high- constructing
performance liquid calibration
chromatography dependencies
5. Statistical method 5.6
6. Mathematical 6.1
modeling method
1. Physical: air 1.33
L temperature, humidity,
X(%gﬁiléqgn?se:g _ air movement sp(_eed,
determine the UAVs, dye Diamond and atmospheric
6 | ;v . Blue E 133, sorbent pressure
distribution density and : :
drift of pesticides when material 2 I_—Ilgh-performance 2. 2244
applied by UAVs liquid chromatography
3. Mathematical 3.20
modeling
1. Integration of 1.9
technical
Computer modeling of characteristics of agro-
2 |air movement flows and ggnrzsdg(l)sl i%(/\?g:ﬁé drones
pesticide drift when s’oftware 2. 3D modeling 2.2
using UAVs 3. Visualization of air 3.2
flow movement and
pesticide drift
. Compounds: 1. High-performance | 1.156
stE:JIeileds ?)nndt:]ibg:e?\?J?gr cyprocor_lazo!e, liquid chromgtography
8 | of the studied active a}zoxys_troblr), dlqugt 2. Gas-liquid 2. 165
substances in dibromide, blfenthr_ln, chromatography _
environmental objects green mass of studied | 3. Spectrophotometric | 3. 156
plants, soil, air, water method
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Table 1 (continued)

4. Mathematical 4.9
modeling
5. Calculation of the 5.12
expected concentration
in groundwater (SCI-
GROW)

6. Calculation of the

potential leaching 6.12
index (GUS)

7. Calculation of the
potential leaching 7.12
index (LEACH)

1. Variation statistics | 1. 2404
2. Assessment of the | 2. 557
reliability of
differences

3. Correlation analysis | 3.2
4. Regression analysis | 4.2

Analysis and statistical
9 processing of the Digital arrays
obtained results

3)
2

The statistical processing of the results was conducted using IBM SPSS
StatisticsBase v.23, MedStat v.5.2 (Copyright © 2003-2019), and Microsoft® Excel® for
Microsoft 365 MSO (version 2305 build 16.0.16501.20074) (License ID:
CWW_0071e48a-250c-4bdb-9013-b8daf357b5e9 b5685e€92-c95d-4399-9b83-
449d76a26fb6_79f3b2da2f9adcda29). The statistical analysis of the obtained data
employed descriptive statistics (determining the mean value (median) and the error of the
mean (median), sample variance, standard deviation, determining the proportion);
comparisons of mean variable values were conducted using the parametric method
(Student's t-test) with a normal distribution of interval-scale features; with a distribution
differing from normal, sample comparisons were conducted using the T- and W-Wilcoxon
tests. Differences were considered significant at a confidence level greater than 95%
(p<0.05).

The conformity of empirical data to the normal distribution law was tested using the
Shapiro-Wilk criterion.

Main results of the research and their discussion.

Currently, there are many technologies for pesticide application, such as rod
spraying, fan spraying, knapsack spraying, and aerial spraying. Their main disadvantages
include the use of large volumes of working solution, crop losses due to mechanical
damage, non-target pesticide losses, involvement of a large number of workers during
treatment, and high risks of environmental contamination.

At the same time, hydraulic injector sprayers are becoming increasingly popular, as
they offer significant advantages in PPPs application efficiency, economic, and hygienic
aspects, according to manufacturers and literature sources.
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The 3Rive 3D pesticide application technology from FMC is a revolutionary
platform for protecting plants from pests, weeds, and diseases, providing agribusinesses
the opportunity to farm more extensively. The system integrates formulation technology,
application technology, and active ingredients for efficient coverage of larger areas in a
shorter period with fewer refills, saving water, fuel, labor, and time. The system is suitable
for most major planter brands and ensures precise protection for each plant.

Digital agriculture has become one of the most promising technologies for ensuring
sustainable resource use while meeting global demands for quantity and quality. One of its
innovative developments is the use of UAVS. Experts state that Ukraine is one of the most
attractive and largest markets for agricultural UAV use in Europe. This technology offers
significant technical, economic, and biological advantages (Rejeb A. et al., 2022;
Tsouros D.C. et al., 2019), as shown in Table 2.

Table 2

Comparative assessment of "'classic™ and UAV-based PPPs application technologies

"Classic' application technologies UAV
Labor-intensive and less efficient process. Convenient, fast, and highly efficient.
High risk of pesticide exposure to the No/minimal exposure during pesticide
operator involved in knapsack, tractor, or application.
aerial application.

Higher pesticide load on environmental Lower pesticide load on environmental
objects. objects.

Improper application and uneven coverage | Autonomous drone operation with
caused by unqualified actions of the constant speed and flight altitude;
professional contingent (boom height, presence of RTK/GPS ensures precise
walking pace, etc.). spraying with uniform coverage.
Higher consumption of PPPs and water. Lower consumption of PPPS and water.
Lower return on investment (labor- Better return on investment.

intensive, higher water consumption,

increased labor costs).

When registering chemical plant protection products for use with UAVS, it is
important to ensure that the preparations are included in the list of approved products for
aerial application. This guarantees that the products are safe for aerial use and comply with
regulatory requirements for this method of treatment.

Analyzing the dynamics of plant protection product assortments in Ukraine, a
significant increase in their use has been observed, and this trend shows no signs of
slowing down. The total number of registered plant protection products between 2010 and
2022 increased from 779 to 2023 (including combined products: from 157 to 655). Among
these, for aerial application: the absolute growth over 12 years is 5.3%, the compound
annual growth rate is 27.4% per year, and the growth rate is 198.6%. At the beginning of
our research, no preparations were registered in Ukraine for use with unmanned aerial
vehicles (UAVs) (Figure 1).
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Figure 1. Registered chemical plant protection products in Ukraine

Field experiments showed that the active substances in Amistar Xtra 280 SC,
Reglone Air 200 SL, Alpha-Diquat Forte SL, Brigade 3Rive 3D have a low capacity for
accumulation in environmental objects and degrade within one growing season when
applied using UAVS, injector nozzles, and 3Rive 3D technology. The differences in the
degradation rates of the presented active substances, calculated for rod spraying with air-
injector nozzles and UAVS, can be attributed to different soil types and climatic conditions
(azoxystrobin and cyproconazole disappeared significantly faster during aerial application
with UAVSs: according to Student's t-test t=10.3; p<0.001 and t=4.32; p=0.012,
respectively). The degradation rate of active chemical compounds in soil depends on soil
pH, meteorological parameters, soil moisture and temperature, solar activity (ultraviolet
radiation intensity), and the amount of active substance applied, particularly using ultra-
low volume and low volume application methods.

The results of field studies using innovative PPPs application technologies (air-
injector nozzles, UAVs, 3Rive 3D technology) in the agro-climatic conditions of Ukraine
to determine the persistence of azoxystrobin, cyproconazole, diquat dibromide, and
bifenthrin in soil indicate their persistence corresponds to the lower levels or even below
previously established ranges in the soils of other countries under these treatment
conditions.
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An essential part of our study was assessing the migration ability of the studied
active substances in the soil profile and analyzing the risks of consuming potentially
contaminated water by the population. It was found that based on the sorption constant,
diquat dibromide and bifenthrin are classified as immobile compounds in soil (class 5),
azoxystrobin is classified as slightly mobile (class 4), and cyproconazole as moderately
mobile (class 3) (Table 3).

For the studied compounds, there is a very low (azoxystrobin and cyproconazole)
and extremely low (diquat dibromide and bifenthrin) risk of leaching into groundwater
according to the GUS index. However, the risk of leaching into surface waters according
to the LEACHmod. index is moderate for the highly water-soluble bifenthrin (class 2) and
low for the other compounds (class 3) (Table 3). According to the integral hazard index for
water consumption (Antonenko A.M., 2016), cyproconazole belongs to the extremely
hazardous compounds (class 1A); bifenthrin is classified as hazardous (class 2);
azoxystrobin and diquat dibromide are moderately hazardous (class 3).

Table 3
Mobility in soil and climatic conditions of Ukraine
Evaluation Criteria LEACH*mOd’ GUS* Ko, Sw Tsfsgllln GE%IW, vrvsgtérr],
a.u. mg/L mg/L days* /L days
Azoxystrobin
Value indicator 7.2x10" 0,96 589 6,7 64 |383x10 | 61
Hazard Class 3 5 4 - v - I
Cyproconazole
Valug indicator 41x10° | 028 364 93 1,6 | 346x10" | 40
Hazard Class 3 5 3 - v - I
Diquat dibromide
Value indicator 2.9x10" 1,2 | 236610 | 0,001 70 |s53s5x10°| 1
Hazard Class 3 6 5 - v - I
Bifenthrin
Value indicator 1,2 -14 2184750 | 718000 3,6 5,35x1()'3 8
Hazard Class 2 6 5 - v - 1

Notes: LEACHmo — leaching index; a.u. — arbitrary units; GUS — ground ubiquity
score (potential leaching index); Ko — organic carbon sorption constant; S, — solubility in
water; tso — half-life of the substance; SCI-GROW — screening concentration of pesticides
in groundwater, pg/L; * — own data.

The data obtained from the field hygienic experiments indicate that the residual
amounts of the studied active substances in agricultural crops grown using innovative
technologies gradually decreased. By the time of harvest, their levels in plant products
were below the quantitative determination limits of the corresponding method and did not
exceed the established maximum permissible levels (MPL) for the compounds (Figures 2,
3,4).
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Figure 4. Dynamics of Bifenthrin content in corn with application
of Brigade 3Rive 3D using 3Rive 3D Technology

When calculating the degradation rate coefficients of the active substances of the
studied pesticides applied by different methods, it was found that the average values of 159
for azoxystrobin using rod spraying with air-injector nozzles are 22.2 days, tgs IS 96.1
days, and 199 IS 147.8 days, with a degradation rate constant of 0.03. It should be noted that
the half-life of azoxystrobin with rod spraying using air-injector nozzles, compared to rod
spraying with slotted nozzles (where a similar formulation and application rate of Amistar
Xtra Gold 280 OD was used), did not differ significantly (22.2+0.01 vs. 23.72+1.5 days;
according to the Student's t-test: t=1.01 with p=0.342). These results allow the compound
to be classified as a hazardous pesticide in plants — hazard class 2.

For cyproconazole using boom spraying with air-injector nozzles, the tso in plants is
17.7 days, 195 is 76.7 days, and 199 IS 118.0 days, with a degradation rate constant of 0.04,
which is similar to values obtained by other authors in the EU (Lewis K.A. et al., 2016).
Compared to domestic sources (Kondratiuk M.V., 2019), it was found that 150 Of
cyproconazole in plants with rod spraying using slotted nozzles under Ukrainian agro-
climatic conditions is 23.79+1.2 days, which is significantly higher compared to the results
obtained with rod spraying using air-injector nozzles — 17.7+0.2 (according to the
Student's t-test: t=5.00 with p=0.001). These data allow the compound to be classified as a
hazardous pesticide in plants — hazard class 2.

When studying the degradation rate of active substances in plants after applying
Amistar Xtra 280 SC from the air using UAVs, the 150 for azoxystrobin was 14.7 days, s
was 63.8 days, and 199 was 98.1 days, with a degradation rate constant of 0.05. The t5, for
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cyproconazole was 16.0 days, t9s was 69.4 days, and 199 Was 106.8 days, with a
degradation rate constant of 0.04. The obtained results are similar to those obtained with
classic aerial application using Amistar Xtra Gold 280 OD (16.9+1.12 and 16.84+1.32 for
azoxystrobin and cyproconazole, respectively) and did not differ significantly according to
the Student's t-test: for azoxystrobin — t=1.97 with p=0.106; for cyproconazole — t=0.64
with p=0.550 (Kondratiuk M.V., 2019).

A comparison of the half-life periods of the presented active substances in Amistar
Xtra 280 SC calculated for rod spraying with air-injector nozzles and UAVs showed that
UAYV application resulted in significantly faster disappearance from plants (according to
the Student's t-test p=0.001 for both active substances).

After desiccation of rapeseed and sunflower crops with Alpha-Diquat Forte SL and
Reglone Air 200 SL using UAVS, a rapid degradation of the active substance in the green
mass of the plants was observed. The 150 of diquat dibromide in rapeseed was 2.0 days, Tgs
was 8.5 days, and 199 Was 13.0 days, with a degradation rate constant of 0.4. The
degradation rate in the green mass of sunflower was similar to that in rapeseed. The 5o Of
diquat dibromide in sunflower was 1.5 days, 195 was 6.5 days, and 199 Was 10.0 days, with
a degradation rate constant of 0.5. The degradation rates in the green mass of both plants
did not differ (according to the Student's t-test: t=1.53 with p=0.157). Therefore, based on
the obtained results, diquat dibromide can be classified as slightly hazardous (hazard
class 4) according to the half-life periods.

When applying Brigade 3Rive 3D using 3Rive 3D technology, the 150 for bifenthrin
in corn was 11.3 days, 195 was 48.8 days, and 199 Was 75.0 days, with a degradation rate
constant of 0.06, which corresponds to the average values obtained in other studies
(Chauhan R. et al., 2012; Tewary D.K. et al., 2005). According to SSanN&R 8.8.1.2.002-
98, bifenthrin in vegetative agricultural crops and raw materials can be classified as
moderately hazardous (hazard class 3) based on its persistence.

The integral hazard indicators calculated for the potential entry of compounds into
the human body from food products grown using injector nozzles, UAVs, and 3Rive 3D
pesticide application technology show that azoxystrobin belongs to hazard class 4
compounds, while cyproconazole, diquat dibromide, and bifenthrin belong to hazard
class 3 compounds. Our results regarding the likelihood of agricultural product
contamination by the studied pesticides correlate with the assessments of other specialists
in this field (Antonenko A.M. et al., 2018; Ruda T.V. et al., 2017; Chai Y. et al., 2022;
Omelchuk S.T. et al., 2019).

It was found that the possibility of inhalation poisoning for workers with the active
substances of the preparations when applied using innovative technologies is low, as
indicated by the coefficient of inhalation poisoning possibility being less than 0.5,
classifying the compounds as IV hazard class — slightly hazardous (Table 4).
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Table 4
Assessment of hazard for acute toxic effects
when using innovative technologies
Innovative Product Active substance Formulation
application Active substance CIPP
technology name lpit. lpat lpit lpat
Injector Amistar Cyproconazole | 6,4x10° 695 1543 o 412
Sprayers Xira Azoxystrobin | 1,9x10 35 617
Alpha-
Diquat Diquat Dibromide | 1,2x10° 17 82 13 83
UAVs Forte
Reglone Air | Diquat Dibromide | 1,2x10® 25 124 3 54
3Rive3D Brigade . . 8
Technology 3Rive 3D Bifenthrin 2,8x10 57 645 17 100
Notes: 1. CIPP — coefficient of inhalation poisoning possibility; 2. l,it. — index of potential

inhalation toxicity; 3. lpat. — index of potential dermal toxicity.

All the studied active substances are characterized by sufficient selectivity of action
and a low possibility of causing acute dermal effects. The exception is diquat dibromide in
the composition of Alpha-Diquat Forte SL, with an l,q value of 82 (Table 4). The
loirvalues for azoxystrobin, diquat dibromide, and bifenthrin range from 17 to 57,
indicating relatively low selectivity of action and a higher risk of acute inhalation toxic
effects for operators during treatments. The formulations and their active substances have
significantly higher I 4 values than I, (by 2.2-17.6 times), indicating a greater likelihood
of acute inhalation poisoning in workers, which necessitates mandatory use of personal
respiratory protection.

It was found that the highest complex aggravated risk among technological
operations was for signalmen during classic aerial spraying (significantly higher compared
to the risk for external UAV pilots, classic pilots, applicator, and tractor operators involved
in rod spraying with injector nozzles and slotted nozzles). The lowest complex aggravated
risk was calculated for applicators involved in rod spraying equipped with both injector
and slotted nozzles (the difference was not significant compared to applicators involved in
3RIVE 3D spraying and tractor operators during rod spraying with both types of nozzles).

The highest cumulative aggravated risk was noted during traditional aerial spraying
(if two technological operations were performed by one person in combinations such as
applicator+pilot and applicator+signalman during classic aerial spraying, applicator
+external pilot with UAVs, applicator+tractor operator during rod spraying and 3RIVE 3D
technology), while the lowest risk was during rod spraying equipped with slotted and
injector nozzles. The complex aggravated risk during technological operations of 3RIVE
3D and rod spraying with slotted and injector nozzles did not differ significantly
(Figure 5).
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— external pilot (aerial spraying with a UAV).

Figure 5. Comparison of exposure risks during pesticide application operations
with classic and innovative technologies

To develop a scientific basis for the medical and sanitary assessment of the safe use
of the new aerial pesticide application technology using UAVSs, we conducted several
studies using the most common models of agro-drones in experimental and real climatic
conditions in Ukraine.

As a substitute for pesticides, we experimentally used the food dye Diamond Blue
E 133 to simplify and standardize the scientific and experimental studies of pesticide
application using UAVSs. The first step was to develop a method for determining the
content of the synthetic dye Diamond Blue E 133 in sorbent material using reverse-phase
high-performance liquid chromatography with spectrophotometric detection. The proposed
method allows for the determination of the dye content in filter paper with 98% accuracy
and a quantitative detection limit of 0.125 mg/kg, which significantly simplified the
assessment of the effectiveness and safety of pesticide application using various UAV
models at the pre-registration trials and scientific research stages.

Next, studies were conducted with varying spray parameters, such as nozzle type,
speed, and UAV flight height, following the developed scheme. It was found that the
highest content of the studied compound was directly under the projection of slotted
nozzles and the agro-drone's propellers, decreasing at a distance of 80 cm, and further
decreasing to a distance of 250 cm at a treatment height of 2 and 3 meters, and 450 cm (at
a treatment height of 4 meters), where the amount of substance per unit area was almost
negligible. In contrast, with air-injector nozzles, the central zone showed a lower content
of the active substance, which increased to a distance of 80-120-190 cm (application from
a height of 2 m, 3 m, and 4 m, respectively) and then decreased to a distance of 172-277-
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330 cm (application from a height of 2 m, 3 m, and 4 m, respectively), possibly related to
the spatial arrangement of these nozzles. Upon checking the dependency of the substance
content on the UAV's flight height, a weak positive correlation was found (r = 0.044).
A similar situation was observed for the dependency between the content of Diamond
Blue E 133 and the speed of the agro-drone (r = 0.086).

Based on the obtained results, as shown in Figure 6, preliminary conclusions can be
drawn that the nozzle type did not significantly affect the total amount of substance per
unit area across the entire coverage width, and the active substance content at the studied
distances from the UAV flight axis did not show significant differences by distance
(according to Wilcoxon's W-test p = 0.459-0.980).
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Figure 6. Dependence of active substance content on nozzle type,
where ""0" - slotted, 1" — air-injector

Based on the obtained data, we constructed graphs and determined the dependency
between the distance from the center of the agro-drone's flight path and the content of
Diamond Blue E 133 using polynomial regression. The trend line and the equation
describing this trend were obtained (Table 5). Additionally, 100% and 95% coverage
zones during the operation of the agro-drone were established.
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Table 5
Polynomial regression equations for dependency of Diamond Blue E 133
content on distance from UAYV flight path center

n Regression equation R

Experiment No

[EEN

204 | y=9,4E-01xx%+1,4E-04xx°-6,1 E-06xx*-3,5E-10xx3+1,1E-11xx?+5,2E-17xx-4,6E-18 | 0,98

2 | 204 | y=8,8E-01xx%+1,6E-05xx°-1,7E-05xx*1,7E-10xx>+9,8E-11xx%+3,9E-16xx-1,7E-16 | 0,94

3 | 204 | y=1,2xx%45,9E-05xx5-2,5E-05xx*-9,7E-10xx+1,8E-10xx?+3,5E-15%xx-4,2E-16 0,98

4 | 204 | y=6,5E-01xx°+9,8E-06xx°-4,0E-06xx*-7,1E-11xx3+8 4E-12xx?+1,1E-16xx-5,7E-18 | 0,98

5 | 204 | y=8,4E-01xx%-1,6E-05xx°-1,1E-05xx*+9,5E-11xx%+3,6E-11xx?-1,2E-16xx-3,5E-17 | 0,74

6 | 204 | y=1,1xx%+8,8E-05xx>-1,2E-05xx*-3 2E-10xx3+3,4E-11xx?+3,3E-16xx-2,9E-17 0,86

7 | 204 | y=1,6xx%+1,3E-05xx°-1,9E-05xx*-7,7E-11xx3+6,3E-11xx?+9,9E-17xx-6,2E-17 0,81

8 | 204 | y=8,3E-01xx°-5,7E-06xx>-4,3E-06xx*+5,9E-12xx3+7 4E-12xx*+1,9E-17xx-4,1E-18 | 0,92

9 | 204 | y=7,9E-01xx%+8,2E-06xx°-1,1E-05xx*-5,5E-1 1 xx>+4,4E-11xx+8,0E-17xx-5,0E-17 | 0,71

10 | 204 | y=8,0E-01xx°%+1,4E-05xx°-9,1E-06xx*-8,7E-11xx3+3,0E-11xx%*+1,2E-16xx-3,0E-17 | 0,85

11 | 204 | y=7,3E-01xx®-2,7E-05xx°-5,2E-06xx*+10,0E-11xx3+1,1E-11xx?-9,2E-17xx-6,9E-18 | 0,54

Notes: n — the number of observations (total number of data points from three series, 68 average
values calculated from 204 were used to build the regression equation); R? — the coefficient of
determination indicating the goodness of fit of the trend line to the actual results; x — the distance from the
center of the UAV flight path in cm (-871.3 cm is the leftmost studied point, and 871.3 cm is the
rightmost studied point); y — the content of the active substance at distance x in pg/cm?.

The correlation analysis between the studied parameters revealed a strong negative
correlation between the substance content and the distance at which this quantity is
determined (r = -0.744). This indicates an inverse relationship: as the distance increases,
the content of the studied substance decreases. The relationship between the content and
the distance was evaluated using the least squares method. After introducing additional
coefficients, we obtained a model with a correlation coefficient of 0.8 (Fisher's criterion —
1748.0).

Based on the data regarding the substance content and the distance at which this
quantity was determined, a final equation for predicting the distribution of the substance
content in the coverage area was constructed.
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The derived regression equation (Formula 1) can be recommended for predicting the
distance at which a given content of active substances can be determined during the
spraying of plant protection products with UAVSs in the future:

Distance = const+(vo)*X(X)+H(v1)*(X)% +(v2)x(X)@+(v3)x (X)X +(vg)x(X)2 (1),

where Distance = the distance at which the corresponding content of the active
substance will be determined (cm);

constant = 768,6395;

Vo =-2339,1631;

v1 = 58360,000;

Vv, = -60670;
vz = 19310;
Vs =-15330;

X = the content of the active substance expected to be found (ng/cm?).

We also made the first step in developing a computer 3D model of the UAV's
operation (Fig. 6), including its geometry, components, placement of pesticide tanks,
sprayers, and other equipment. It was determined that the airflow under the UAV's
propellers begins forming from the air layer above it; the highest density of pesticide flows
is directly under the UAV, and it significantly decreases with increasing distance from it.
The spray radius around the UAV is small but significantly depends on the flight height
above the crop. The formation of turbulent upward flows (reflected from the surface) is
related to the spray height. Lateral airflows play a role in the formation of pesticide
solution drift. The possibility of pesticide formulation drift increases with the distance of
the downward airflow formed by the UAV's propellers. This is because the force of the
airstreams created by the UAV's propellers decreases with increasing distance from it.
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Figure 7. 3D model of air mass movement caused by UAV operation during pesticide
application: A) without lateral air mass movement; B) with lateral air mass
movement

Based on our analysis of the literature, approaches for similar assessments abroad,
and the results of our own field hygiene experiments, we propose an adaptation of the
existing methodological guidelines "Study, evaluation and reduction of the risk of
inhalation and dermal exposure of pesticides to persons who work with them or may be
exposed to pesticides during and after chemical protection of plants and other objects",
2009, to the conditions of aerial applications using UAVS.

The indicators to be considered in risk calculations include the rate of pesticide
solution consumption, tank volume, UAV productivity, droplet size, nozzle type,
application speed, UAV flight height above the crop, and swath width, as well as
meteorological conditions during application (humidity, temperature, wind speed, and
direction). Additionally, it is essential to account for the absence of a ground support team,
the distance of the UAV operator from the treated field, the volume of working solution,
and the duration of the treatment. Considering the specifics of pesticide application using
UAVs, we propose several additions to sections 3.2, 3.3, 3.9.1, 4.7, 4.7.1, 5.1, and 5.6 of
the methodological guidelines.

Based on the results of several years of laboratory and field experimental studies
using multirotor UAVs for treating agricultural crops with plant protection products,
methodological recommendations for the safe application of pesticides from the air using
UAVs have been developed. The document consists of recommendations for training
UAV pilots and ground support personnel; managing operator exposure; conducting
treatments (risk/benefit assessment, formulation selection, labeling information, buffer
(protection) zones, preparation of working solution, application process); implementing
safety aspects (monitoring operator health, safety measures and personal protective
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equipment, product transportation and storage, product handling, chemical container
management, accident procedures, and first aid for poisonings); and record-keeping
(description of field spraying, monitoring operator health, local emergency contacts).

This document will enable the achievement of state regulatory goals for the safe
aerial application of pesticides using UAVSs, contributing to higher levels of environmental
safety and public health, positively influencing the development and implementation of
technologies, and overall improving business operations in Ukraine by creating new
opportunities.

CONCLUSIONS

In the dissertation, based on the analytical generalization of theoretical data from
various literary sources, internet resources, and the results of our own laboratory and field
experiments, a comparative hygienic assessment of the features, feasibility, and safety of
using innovative pesticide application technologies with injector sprayers, unmanned
aerial vehicles (UAVs), and 3Rive 3D technology was conducted. An analysis and
comparison with the most common application methods today (rod spraying, aerial
application) were also performed. The developed theoretical and practical provisions have
allowed solving a pressing scientific problem in preventive medicine, specifically
justifying approaches and regulations for the safe use of new pesticide application
methods, which will reduce the risk of negative impacts on the health of workers, the
population, and the ecosystem while enhancing the efficiency of agricultural production.

1. It has been established that improving the safety of working conditions for
workers and environmental safety should be based on studying the mechanism of the
pesticide spraying process in agricultural production conditions, capable of having a direct
or indirect, acute or delayed impact on the environment and consequently on humans.
Therefore, the development of regulations and norms for the safe use of preparations for
the treatment of agricultural crops using UAVS, injector nozzles, and 3Rive 3D
technology, as well as improving the risk assessment methodology considering the specific
features of these pesticide application methods, is a crucial step.

2. It has been determined that from 2010 to 2022, there was a significant increase in
the use of chemical plant protection products in Ukraine. This is reflected in the growth
rate of 158.26% and a compound annual growth rate of 8.23% in the range of approved
pesticides. A similar trend is observed for pesticides intended for aerial application (almost
doubled). The primary group of pesticides recommended for registration for UAV
application includes those already registered for classic aerial application. Preparative
forms registered for boom application using slit nozzles can be applied with injector
nozzles without restrictions. The 3Rive 3D technology requires a specific preparative
form, with only the Brigade 3Rive 3D, CS preparation registered in Ukraine.

3. It has been established that the active substances of Alpha-Diquat Forte SL;
Amistar Xtra 280 SC; Reglone Air 200 SL; Brigade 3Rive 3D have a low accumulation
capacity in environmental objects and degrade within one growing season when applied
using UAVS, injector nozzles, and 3Rive 3D technology. The half-life periods of the active
substances of the studied preparations in soil are significantly lower compared to the data
established in EU countries with traditional application methods (Wilcoxon T-test
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p=0.016); whereas, no such difference was found in plants (Wilcoxon T-test p=0.813). It
has been proven that with the application of innovative pesticide application technologies,
cyproconazole, azoxystrobin, diquat dibromide, and bifenthrin can be classified as slightly
hazardous (IV hazard class) in soil; diquat dibromide is slightly hazardous (IV hazard
class) in vegetating agricultural crops, bifenthrin is moderately hazardous (Il hazard
class), and azoxystrobin, cyproconazole are hazardous (Il hazard class).

4. 1t has been shown that, following the developed application regulations, the
application of the studied preparations using UAVS, injector nozzles, and 3Rive 3D
technology at maximum application rates is safe for the population and does not create
environmental pollution. According to the calculated integral hazard indicators for
potential intake of compounds into the human body from food products, azoxystrobin
belongs to hazard class 4 (slightly hazardous), cyproconazole, diquat dibromide, and
bifenthrin belong to hazard class 3 (moderately hazardous substances). When using
innovative technologies, the integral hazard indicators for potential intake of compounds
into the human body from food products are lower but statistically do not differ from those
when using classic technologies (Wilcoxon W-test W=10.5; p=0.629). According to the
hazard indicators when pesticides enter water using innovative pesticide application
technologies, bifenthrin belongs to hazardous compounds (class 2), azoxystrobin and
diquat dibromide to moderately hazardous compounds (class 3), and cyproconazole to
extremely hazardous compounds (class 1A) when humans consume contaminated water,
respectively. When comparing this indicator calculated using literature data, it was found
that with innovative technologies, the integral hazard indicators for pesticides entering
water are lower but statistically do not differ (Student's t-test t=1.73; p=0.182).

5. It has been established that under real conditions of pesticide application using
various innovative technologies (air-injector nozzles, UAVs, and 3Rive 3D) following
recommended agro-technical and sanitary regulations, no exceeding of sanitary norms is
observed in the working air and drift zone, and it has been proven that the potential risk of
harmful effects on agricultural workers with combined intake through the skin and
respiratory tract, as well as the combined risk of all active substances of the preparative
forms, does not exceed 1 a.u., which allows the working conditions to be recognized as
acceptable. All the studied active substances, except for diquat dibromide in the
composition of Alpha-Diquat Forte SL (lpst — 82, a.u.,, < 100), are characterized by
sufficient selectivity of action on the target object (Ipq — 124-1543, a.u., > 100) and a low
probability of acute dermal effects. l,: values for azoxystrobin, diquat dibromide, and
bifenthrin range from 17 to 57, indicating relatively low selectivity of action and a higher
risk of acute inhalation toxic effects for operators during treatments.

6. A method for determining the content of the synthetic dye Diamond Blue E 133
in sorbent material (filter paper) was developed, which includes extracting the dye from
the sorbent material (filter paper) with distilled water, solid-phase extraction, and
quantitative determination of Diamond Blue E 133 by reverse-phase high-performance
liquid chromatography with spectrophotometric detection. This method was subsequently
used to assess the effectiveness and safety of using different UAV models in combination
with any pesticide preparations with various agro-technical characteristics at the pre-
registration trials and scientific research stages.



o1

7. Computer modeling of aerial pesticide application using UAVs was conducted. It
was found that the highest density of pesticide flows is directly under the agro-drone and
decreases with increasing distance from it. The spray radius around the agro-drone is small
but significantly depends on the flight height above the crop. Lateral air flows play a role
in forming the drift of the pesticide working solution. The possibility of pesticide
formulation drift increases with increasing distance of the descending air flow generated
by the agro-drone's propellers.

8. Methodological recommendations regulating the use of copter-type UAVs for
pesticide application have been developed, which will minimize risks through informed
management decisions. This document is an important tool for ensuring the safety and
efficiency of using agro-drones in agriculture, as it provides operators and personnel with
clear instructions and recommendations for the safe and effective use of this technology.

9. Additions to the methodological recommendations for assessing and reducing
risks for workers applying pesticides from the air using UAVSs have been proposed,
ensuring a more accurate assessment of occupational risks associated with this technology.
This approach contributes to creating a more comprehensive and balanced set of
recommendations for UAV operators, ultimately ensuring the safety, efficiency, and
sustainability of using this technology in agriculture.

10. A calculation model for predicting the content of plant protection chemicals and
their spray radius during agricultural crop treatment using UAVs has been justified. It has
been proven that the proposed calculation model is adequate with a high approximation
coefficient (adjusted R?>=0.8 with Prob (F-statistic) <0.05) and can significantly simplify
pre-registration trials and monitoring studies during crop treatments using this application
method.

PRACTICAL RECOMMENDATIONS

1. Amend the methodological recommendations "Study, evaluation and reduction of
the risk of inhalation and dermal exposure of pesticides to persons who work with them or
may be exposed to pesticides during and after chemical protection of plants and other
objects 8.8.1.4-162-2009," approved by the Ministry of Health of Ukraine on May 13,
2009, No. 324, to include the assessment and reduction of risks for workers applying
pesticides from the air using unmanned aerial vehicles (UAVS). It is proposed to consider
the following features when calculating risks: the absence of a ground support team, the
UAYV operator's distance from the treated field, the volume of the working solution, flight
height above the crop, and the duration of treatment.

2. During pre-registration trials and scientific research on the sanitary assessment of
new technologies for the application of plant protection chemicals, use the synthetic dye
Diamond Blue E 133 (as a substitute for the pesticide preparation) and the developed
method for determining its content in sorbent material (filter paper), which includes
extracting the dye from the sorbent material with distilled water, solid-phase extraction,
and quantitative determination of Diamond Blue E 133 by reverse-phase high-performance
liquid chromatography with spectrophotometric detection.

3. During training of individuals under the "Training program for workers involved
In the organization and direct conduct of work related to the transportation, storage, use,
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and trade of pesticides and agrochemicals" (Order of the Ministry of Agrarian Policy and
Food of Ukraine No. 158 dated May 27, 1996) in compliance with the requirements of the
Cabinet of Ministers of Ukraine Resolution No. 746 of September 18, 1995, "On approval
of the procedure for obtaining permission (certificate) for the right to work related to the
transportation, storage, use, and trade of pesticides and agrochemicals" use the developed
"Hygienic recommendations for the safe and effective use of sprayers for treating
agricultural crops with pesticides” Brochure. 2023. 9 p. ISBN 978-966-460-164-8.

4. To ensure the safety and efficiency of using agro-drones in agriculture, which will
enhance the level of environmental safety and public health, it is recommended to conduct
training with the issuance of a certificate for the right to work with pesticides for involved
individuals (as provided by part two of Article 11 of the Law of Ukraine "On Pesticides
and Agrochemicals™) using the "Methodological recommendations for the safe application
of pesticides from the air using unmanned aerial vehicles (UAVs)" Brochure. 2023. 35 p.
ISBN 978-966-460-176-1.

5. For pre-registration trials and monitoring studies conducted by accredited
research institutions and the State Service of Ukraine on Food Safety and Consumer
Protection during agricultural crop treatments using UAVS, it is recommended to use
calculation models to predict surface coverage density and spray radius for the pesticide
preparation in this type of treatment

Keywords: pesticides, environmental indicators, working conditions, risk
assessment, chemical safety, air pollutants, water pollutants, soil pollutants, toxicity,
preventive medicine, food safety.
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