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o6t4 ytltE6EH nIAH
V.re6ua n npenoAaBiarenora pa6ora Ha AoKTopaHTa

NTPBA TOIilHA
Iletanocr fleoroa Kpeanrr

Herv.{xa ,tTuta n pa6ora c n x$oouauhoH Ht4 143Tor{ Ht4 ut4 2025 5
MeroAnr a Ha o6y.{eHuero 2025 5
Cy,ua sa I eoduua 10

BTICPA I'OII]4HA
IlefiHocr flepron Kpeanru

Crarucr tqecrcr o6pa6orxa Ha aaHHh 2026 5
9vxiq es rx (AHrnnilcrh eehr) 2026 5
.[o'xropa tTcKl4 M14H14MyM 2026 20
Cy,ua ga lleoduua 30

TPETA TOtrYIHA
flefixocr flepuoA KpeArru

14sBexAr He Ha ynpaxHeHrq 2027 7

Cy'fia ea lll eoduua 7

Hayu nonecne4oBarercKil pa6ora Ha AoKTopaHTa

h3cneEBaHe e HacoqeHo KbM h3yqaBaHe Ha ABnxeHheTo h SaAbpxaHeTo Ha
noqBl4 npn Hanhque Ha BepruKanHa h naTepanHa xeTeporeHHocT Ha

npo$rn n peAyBaqr ce LluKnh Ha HaMoKpeHe h 3acyuaBaHe. OcHosHara qen e
Ha Ha) {Ho o6ocHoeaFr pex!,tM 3a nogbpxaHe Ha onrhManHa noqrreHa

KANNT

BbPXy

6asnpax Ha AUF{aMrqHrs tipilreptnh ua BoAHt4e noreHqhafl. Axannanper ce
Ha ocHoBHl4 Qnsuvxn ceoilc;raa Ha noqBara - MexaHnqeH cbcraB, nflbrHocr,
r o6qa nopbo3Hocr, Bo.qosa4bpxaru4a cnoco6Hocr h xt4ApaBnneHu rpa4heHru -

n pa3npeAeneHrero Ha Bnarara no noqBeHhn npoQnn. l4scnegaaHunra
ce B KoHTponnpaHn ycnoByn Ha cb4oB MaKpoonhr c xapaffiepHn 3a lCfxHa
6 noqBeHh rnnoBe. Paspa6orxetra qenh Aa HaArpa4h cbqecrByBaqilTe nop(o4l4
r{ Ha AnHaMuqeH Kpnrepufi, clrpasgBau.l peanHoro cbcronHne Ha BoAHtrF

HeHacnreHara 30Ha, cbio6pa3eH c HeroBara AhHaMhKa r crpyffiypHara
Ha noqBeHnq npoQnn c Llen noBhLtaBaHe Ha e$errrauocrra npt,l

Ha BraraTa B xeTeporeHHr nor{BeHAycnoBufl.

rTe ceolicrBa Ha noqBara hMar KJloqoBo 3HaqeHue 3a pas6rpaHer,o v
Ha rnpoqecnTe, Kot4lfo npoTl4qaT B noqBeHo-MennopaThBHl4T€r nTO

chcreMr. Te ca ocHoBara, Bbpxy Kosro ce il3rpaxgar peuJeHhs,
c ona3BaHero u eQeKThBHoro n3nongBaHe Ha noqBeHrre pecypcl4, noMbpxaHero

6ananc u KoHTpona Bbp)(y ABuxeHhero Ha Mt4HepanHu Beu{ecrrn B
xr4M14r.rHara qpeAa. Ocaen roBia, Te ca peuaBau4h € perynxpaHe Ha Brarara,

Te ca
poinc.

h reMnepaTypHl4F pexhM Ha noqBa't-a B ycnoBhnTa Ha seMeAencKo nofl3BaHe.
I B€DKHO MflCTO 3aeMar npoqechre Ha B3anMoAeficrane Mer(qy noqBara !4 BoAara.
OT nO-Ul4pol(aTa eKonor],lqHa ChCTeMa, B KORTO nOLlBeHaTa noKpl4BKa Ufpae aKT,|BHa
a B:tahMoAeilcteue rpn6aa /qa ce pa3rnexAa He caMo or xl4Aponor[r.tHa ]l
t rneAHa roqKa, Ho 14 B KoHTeKCTa Xa yCTOfrVTBOTO ynpaBneHhe Ha seMgTa u

cpeAa. Pas6rtpaxero Ha re3n npoqec!4 e npeAnocraBKa 3a paspa6oreaHe Ha Ha)A{Ho
HU CTparervtn 3a no4o6pnaaHe Ha noqBeHoro nnoAopoAre, noBhuaBaHe
ocTTa Ha HanoRBaHeTO 14 OrpaHhqaBaHe Ha [erDa[aunoHHhTe noouech.
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pcKar4 noqBeHa h noqBeHo-Mennopar[BHa HayKa nMa aKyMynnpa1[ 3HaqnrenHu
AaFtHvlf l4HTepnpernpaqh re3il B3ahMoAelicrBr4e. Ha rsxua ocHoBa ca h3rpaAeHh
l'1re'B pa3nr'{Hn o6nacrh Ha nphnoxHoro MenroparilBHo noqBo3HaHue MoAeflh 3a

Ha qoAara B noqBara, KoHTO Ce h3nor3Bar h Ao AHec. B ocHoexara ch qacr re3h
nMar craruqeH xapaKrep. Toea cborBercrBa KTKTO Ha paBHhqero Ha

Ta rexHmKa no BpeMero, Koraro ca cb3AaBaHr, Tatct r Ha Bb3npnerara roraBa
tA 3ia npeABapnrenHa AhcKpern3aqxg Ha BcnqKM AaHHh, XapaKrephsnpaulu'a nf)qqa-Bo,i1a-pasrBopeHu BeulecrBa-prsoc$epa. flracrpervsupaHnre AitHHr4
TBh€r qe BKn}oqBar B pa3nvtLtHr4 xl4ApOAr4HaMhqHh MoAenr, Kol4To Ont,|CBar
tTO Ha BOAaT'a B noqBara, xapaKTephcruKara Ha BoAHnre norot_114 B paSnuqHnre
3OH!t, pnrhManHoro BoAHo CbAbpx(aHue B pa3nnqHt4Te cnoeBe Ha noqBeHhe

KaKTO 14 CbBMeCTHaTa rHTepnpclTaqrfl Ha xeTeporeHHocTTa Ha noqBeHnTe ycnoBng
(aHnero ua ao4a.flpeABap[TenHara AhcKperh3aqhc Ha flaHHt4Te 3a h3rpaxAaHe Ha

Hn MOFenh qe Mc,xe Aa BlBeAe orKnoHeHne (schulam & saria,
eary6p ua 'o Mor(e Aa noBnnne Ha roqHocrra Ha MoAena (Sun
).

Ta3Lr npnLlt4Ha H9KOh OCHOBH]4 XapaKrepucTnKn Ha AuHaMhqHaTa cilcTeMa noqBa -
hsBbH o6cera Ha h3cneABaHVATa Bbpxy BoAHo SnenvHnre caoficraia Fta

nglrBr4. Tara HanpuMep y Htac MHoro 6erno, npu roBa ocHoBHrc B
xKaTfl, a He B noqBoBeAcKaTa nrTeparypa e pa3rfleAaH Bbnpoca 3a MaTpnqHhc
Ha BPAaTa B nOqBaTa, rHncBaT h:lcneABaHVA u AaHHU 3a XapaffiepncThr{l{]4Te

Kp14B14 qa h3MeHeHhe Ha cMyKarenHala chna Ha noqBara raro Qyurquc or HeiHara
u He c4 h3cneABaHh ycnoBntra Ha HeHacnreHng BoAeH noroK BbB BaAo3Ht4Te 3OH14

inpQSrn. Tegn noragarenil ca oco6eto BaxHr B cbBpeMeHHnre ycnoBh,i Ha
le Ha loqBerHhre xnApoMenropaThBHr4 (nanonrennh h orBoAHnrenxn) cncTeMr,
oclrrypnear Qrsnvnara ocHoBa 3a rexHoro ynpaBneHxe B peanHo BpeMe.
)TO Ha HeHaChTeHnr noToK e oT cbqecTBeHo 3HaqeHhe 3a onTnMh3,rpaHe Ha
14 CKOpOCTTa Ha HanO9BaHe, HaMaflf,BaHe Ha BOAHhR CTpeC h npeAOTBpaTflBaHe Ha

Ha BpAa (Comegna et al., 2012).I rfi xaro noqBeHo-MenyroparhBHtlre npaKrnKh
cel npuecraar KbM HanoRBaHe B ycnoBhgTa Ha 4e$uqnr Ha BoAa n ycroivneo
ua rlogsenrurTe Bo.qn, KoMnprbpHure Mo4enu c uabnogeHhe Ha cbcronHnero

B noqBFTa B peanHo BpeMe cTaBaT Bc;e no-BaxHu 3a peueHuAra 3a pa3npeAeneHlte
a. lletn MoAenn o6a.{e qecro HflMar oneparuBHara 6asa Ha KoHKpen{hre

I paofrc'raa Ha novBara, B TerxHt4q AnHaMnqeH acneKT Ha pa3rnex4aHe
et al.). XngpaannvHnre ceoficrBa Ha HeHacnreHnre noqBn, KaKTo t4 aHanil3br

3oHa B noqBeHrs npo$nn, nMar peuaBat4o 3HaqeHre 3a peAhqa
Te enilsnr Bbpxy ocHoBHh npoLlech raro: nHQunrpaqltela -

crpaHhqHa yr npellu3BuKaHa or napqnaneH BoAeH 4eQrqrr a
Ta 3pHa; npepa3npegeneHr4ero Ha Bnarara B noqBeHun npo$nn, Hannqne'ro h

xQ ao4ar B KopeHoBara 3oHa, pa3rnexAaHn Karo @yHxqnn Ha BpeMero. llesil
ca Knlo$oBl4 KoMnoHeHTh B MaTeMaThqeCKhTe MOAenh, h3non3BaHlt 3a npoeKTt4F'aHe
tHe Ha npaKrruKlr 3a ynpaBneHre Hal noqBaTa, BoAaTa h KynrypuTe, KaKTo t4 3a
ra orofixara cpega (Pachepsky & Van Genuchten,2011). C oco6eHa cnna roBa oe
clrcrei{rre 3ra MhKpoHanogBaHe, Kol4To ca n rnaBHaTa cbBpeMeHHa rexHonorrHHa
l4KOHOlrl4s Hia HanuqHhr BOAeH pecypc h Ha eHeprng npn n3nofl3BaHero uy. l(aro
Te cq Sa'loxeHh B caMaTa cbt4HorcT Ha IoKanh3npaHoTo MhKpoHanof,BaHe, Ho

TO Ha CbBpeMgHHl4la aBTOMiaTh3tlpaHU HanohTenHh ct4cTeMh HenpeKbcHaTo
BbSMpXHOOTtaTe B TOBa OTHOIleHne. Hannqe e cuflHo n3npeBapBaulo pa3Burre

aBTOMaThrct il Bb3MOXF|OCTI4Te 3a nHTeflhreHTHO ynpaBneH[e Ha BoAaTa B
cnpsMo reopernqHoro pa3B,trt4e Ha KoHllenqrqra ga neirtoro

cbc d4cTeMa'ra noqBa-pacTeHne, B ycnoBunTa Ha

HA

HA

HA

-water characteristic curve



cpeAa, KaKBaro npeAcraBnf,Ba KaKro qgnaTa HanouTenHa CuCTeMa, TaKa h BC9KO OT HefrHnTe
nnQqHu noApa3AeneH04fl .

Qceo6oAexa qr gerafint,t, qerra Ha npeqh3Horo aBToMarh3hpaHo HanoRBaHe e B ToqHo
ctnpeAeneHo, cnpgMo t4Sl,lcKBaHhFTa H,a pacTeHugTa BpeMe Aa ce npeflocTaBh Tor{Ho
onpeAeneHo Korll4qecTBo BoAa, a B cllroreMhre 3a noKanh3[paHo Hanofaane rpn6Ba Aa
Ao6aeulr 14 B ToqHoro Mscro.

Togn ocxoaeH Bt'npoc e e o6qr nnlnu peuJeH B pa3nnqHhre chcreMn 3a aBToMarh3hpaHo
HanoflBaHe. B xoga Ha caMoro BoAono.qaBaHe o6a.{e ocraBa Aa cbqecrByBa HecborBercrBre
MexAy I4HTeH3TBHOCTTa Ha nonnBaHero n hHTeH3hBHOCTTa Ha nOCTbnBaHero h ABnxeHhero
Ha BOAaTa B nOqEaTa.

HecuoreercrBtflero €! nphHqhnHo, AoKonKoro B nonnBHrre cncreun2 sogxrre KonhqecrBa
Karo npaBilno ce noAaBar c nocrogHl{a nHTeHS]4BHOCT, a nOCTbnBaHero Ha BoAara B
HeHacuTeHaTa noqBeHa cperqa @ noAqnHcBa Ha cnoxHa 3aBhcl4MOCT, HO BnHarn cbc
3arhxBaula BbB BpeMero cKopocr (Rolston, 2007). flo rosr HaqhH hHreH3hBHocrra Ha
noAaBaHeTo Ha BOAaTa OT nOnilBHaTa CnCTeMa B Haqanoro Ha npoqeca e no-ManKa or
cnoco6xocrra Ha noqBara Aa I 3a4bpxr4, AoKaro B HeroBhc Kpaf craBa o6parrtoro, Karo h B

ABqra cnyqaF ce xa6nn4aBa pasnnKa r[ex4y 4eicranrensns o6eu Ha nonerara soHa, B
cpqBHeHhe c onrhMannrs. B pegynra'r, B 3aBhchMocr or csofrcreara Ha noqBara ce
ycrbnoanaa Qunrpaqun, HeKoHTponnpaHa aHhsorponHocr B no4noqBeHoro pa3npeAeneHhe
Ha FoAara, npeo$naxHcBaHe Ha qacr or noqBeHhs o6eru B 3oHara Ha KopeHoBarachcreuau
HeQ$errueeH noFbpxHocreH orroK Ha Lrarcr or BoAHr4Te KonnqecrBa (Khalil et al., 2006). llpn
TOBA nOi{BeHnTe h rOnOrpa$cKhre ycnoB[4e B noBeqero cnyqan ca xeTeporeHH[ B rpaHnquTe

cncTeMa Ann Ha oTAe.nHo nonnBHo none h ToBa BoAl4 Ao flonbnHrTenH]4
Ha noKaflHnre HaMoKpfleMyt nor{BeHu o6enan, HeAononhBaHe h cbqeBpeMeHHo

Ha BOAa.
HA TOBA HECbOTBETCTBhC u3r4cKBa Aa 6uAar peuleHh AEe nphHqnnHh

3aAaqr:
fiocroaepHe Aa ce onhue h napaMerphpa ABnxeHhero Ha Bolqara in situ B HeHachreHh

o6eMu, B Kohlo BoAara rpn6ea Aa nocrbnh A Aacr- pasnpeAent4

Aa ce orrqere BflrsHhero Ha noqBeHhre $arcropra nnbrHocr, crorcrocr,
nopbo3HocT, MexaHnqtlH cbcTaB, noqBeHo - xl,tAponornqH]4 KoHcTaHTh,

BoAeH 3anac, BeprhKanHa [4 crpaHh\.tHa aHh3orponnl Ha noqBeHrt o6eu n gp.
obeua r cBoicrsara Ha HaMoKpeHhre novBeHn nephMerph, cnpeMo HaMoKpeHhn o6eur

nqqBeH cnoi c BoAopaBHat noBbpxHocr, roiro ce npueMa 3a eranoH.
HA BoAiara B HeHachreH I or'tBeH cnoi e MHoro crap npo6neM Ha noqBeHara

u np-o6ulo Ha xhApaBnnKitra Ha nopbosHl4 cpe.q[. Haqanoro Ha HeroBoro
u3yqaBaHe 3anoqBa c pra6ornre ua (Heberr Green & Ampt, 1911; Richards, 1931), a no-rucxo
r na (Philip, 19541). Tesr rpy4oBe Moxe Aa ce pa3rnex4ar Karo npo4bnxeHue h h3ecHrBaHe
Ha npuHqt4nHnn xapaKTep Ha 3oHara ua uecra6nnHa Qunrpaqhr npes nopbo3Ht4 cpegn,
onr4caHa olt4e B pa6orara na Darsey or 1856 ro4rHa (Zerner, 2011). Hecra6unnocrra ce
hspa3FBa B npoMeHnnBaTa cKopocT Ha n()cTbnBaHe r nphABl,rxBaHe Ha BoAaTa B HeHacnTeH
nor{BeH cnofr. FNail-o5r.qo ra3u npoMeF{nuBocr ce npu6nraxaBa Ao napa6ona, Ho roBa
onncaHue e HeAocrarbqHo 3a Aa onnuJe xapaKTepa na geicrahrenHhre Qyxxr-1un. 3a
o6qcHeHue Ha HenhHeiuun, Ho n Henapra6onhqeH xapaKrep Ha AB,txeHhero Ha Bogara B
HeHacureHa nopecra cpeAa, (Richards, 1931) BKnpL{Ba B MoAena nefttnre KanhncpHl4
csoficrea r cBbpDBa MierphqHhn noreHllnan Ha BoAara c xefrroro cbgbpxaHhe B noqBara -
eAHa KoHqenllhfl, KoflTO no-KbcHo B nhreparypara HaM[pa ycrofrvraara a6peanarypa SWCC
(Soil water chara0teristiic curve). Ha no-rt'ceH eran roBa ce pa3rnex4a c:lMo Karo Haqano Ha
cephn or MHol-o noApol6Hn n aagu6oveHh reoperuqHn pa3pa6orxn (Fredlund & Xing, 1991;
Muafem, 1976;Seki& Miyazaki,2001;Tan eta1.,2018). Ha rasr4 6aga ce n3rpa4ar Aerahntn

3a HeroBo't'o aHalhTl,tr{Ho onhcaxue. caurnr EB

2 T1m nsrcmgveHr4e npaBtr [onrtBHr{Te cnoreMu, B KoI{To ce [pnrrara HMrDDrcHo HanotBaHe. Te, o6ave ce
llpuflaraT caMo upH HanotBaHe rlpe3 ,4bx(A)tsatte fi floqTu He HaMlrpaT upI'JroxeHI,Ie B noKaJIHOTO
Mr{KpoHanorBarre.



OCHOBATA HA hHTepn peTaqug B cl4cTeMaTa noqBa -BoAa-pacTeHhe. ooFcHeHueTo,
MaTeMaTh'.{ecKoTo
aHanh3 il TOqHOTO

TepnpernpaHe, HenpeKbcHaro pa3uJt4pflBaqara ce 6asa Ha earropnran
ncnFBaHe Ha xapaKTepa Ha ABnxeHueTo Ha BoAaTa B HeHaCnTeHl,l

noqBh e B Ha BcrqKh cbBpeMeHHr KoHqenqnh 3a BoAHt4n 6anauc r pexhMa Ha
BOAaTa B nOqBaTa ycnoBnrra Ha KoHrprcnhpaH BoAeH 4e$uqrr.

B rorxpernrn Hne cv nocTaBgute 3aAaqaTa Aa ycTaHoBl4M MeTOA 3a OTHOChTenHO
6upso u n 3a KOHKpeTHO nOqBeHO paSnl4que onpeAengHe Ha noKa3aTeruTe,
KOhTO XapaKTepr rqBhxeHnero Ha BoAara B HeHachreHr cpegu. Be4tux ycraHoBeHo, To
qe ce cbrnacyBa pexuMa Ha BoAonoE,aBaHe, B ycnoBnFra Ha MoAenHo Ml4KpOHanOgBaHe
TaKa, qe roi 4a eCTeCTBeHUg MiOAen Ha u3MeHeHhe Ha eHepreThqHOTO CbCTOgHUe
(nspasexo vpes Tnre Ha noreHqrana) xa noveeHara BoAa Karo OyHKttrs or Hefiuoro
KonuqecrBo. t{pes Ha cKopocrra u o6eua Ha Bo4onoAaBaHero BrB BpeMero
ule ce HanpaBh 3a MOAen[paHe r Hia HaMoKpeHng noLtBeH KOHryp r o6eM, Karo qenTa e
rofr ga ce KbM ecrecrBeHns o6eM Ha KopeHoBara chcreMa n Aa ce HaMann nnolqra

HaMoKpeH cnofr, t.e,. Ha HenpoAylfit4BHara eBanopaqrl K€tro L{acr orHa flOBbpXHOCTHI,IR

o6qun
14scnegaannRra ce ocbr4ecTBrT B KoHTpOnUpaH[re ycnoBufl Ha MoAeneH cbAoB

o6euur Ha noqEleHara Mac€l e eAuH MerpuqeH ToH, a Ma€Ta HaMaKpoonhT, nph
NOqBATA BbB BCgKO

ycnoBhe npoqecbT
Ha onnria - or 1300 4o 1500 kg, 4oronxoro a na6oparopHt4

aHanh3npaH,
ngscneH. Ha

ABhXeHUe Ha BOAaTa B HeHaCl4TeHh nOpbO3Hn CpeAh e npocTpaHHo
hHTepnpeTnpaH B nhTeparypaTa h B 3HaqhTenHa qacT nphHqnnHo

Ha TOBa Ca U3rF'alqeHh pa3nrqHh MoAenh h qacT oT Tflx, Hue qe
n3nhraMe ornocHp npe4craBnrenHocrra hM sa HFKot4 xapaKrepHh noqBn Ha
lOxxo6unrapcKara FoqBeHa 3oHa.

3arououepnocrrQ H€r r43MeHeHr4ero Ha noqBeHure ycnoBhq r4e 6uge onhcaHo Ha ocHoBara
Ha noqBeHh xapamfprcrnKh, Kol4To hMar npflKo orHoueHhe KbM xr44paBflhr{Hhre ceoicraa
Ha noqBara - rpaHylnot[erphn, nnbrHocr, nopbo3Hocr, noqBeHo-xl4AponornqH]t KoHcraHTh, B
r.t{. hHTepnper[paHl4 npe3 nHTerpaflHrn noreHqhan Ha BoAara B noqBara. Oco6eno BaxHo B
Te3h nscnegaaHng e Aa ce ycraHoBr4 eBeHryanHun 6ruo4anex xapaKrep Ha

4nQepenqvanHara FoqBeHa nopbo3Hocr. Toea o3HaqaBa Aa ce norbpo4 orroBop Ha Bbnpoca
AOKOnKO MaTeMarnteCKH AOCTOBepHO MO:KeM.qa pa3AenhM nophTe B noqBara no oTHouleHne
Ha xapaKTepa Ha rexHoro esannaoAefrcrBne c BoAara. crrnacHo nnTeparypHnre h3ToqHytqh
h npqABapnTenHhTB ,xilnoTe3n, ce npeAnonara, Lre npogBeHaTa Ao n3BecTHa cTeneH
6tttuoganuocr B pa$npeAeneHrero Ha nopecroro npocrpaHcrBo B noBbpxHocrHt4s nor{BeH
xoptfgoHT HaMangBp ro 4un6ovnnara. Oco6eno BaxHo e Aa ce ycraHoBt4 Aanu ragn
6uuo4anuocr ce nponnexn cne4 nphnaraHe Ha HanoFBaHe u MHoroKparHo pe4yBaHe Ha
HaMoKpFHe n h3clxeaHe Ha MenhopnpaHhfl noqBeH o6eu, AoKonKo roBa BoAt4 Ao
yeAHaKBFBaHe Ha x{ApaBnnqHUTe yCflOBlhlF BbB Beqe nOn[BaHhTe 3OHtl 14 KaK Te3n npOMeHh
anueAT Bbpxy Bb3AyutHl4e pexnM B rrx.

Bcnqxo roea nogvQpraBa H)fi(Aara or sa6un6oqeHo r4scneABaHe Ha ABhxeHhero Ha Bo4ara
HeHachTeHn noqBhic aKqeHT Bbpxy A]4HaMh€ra Ha BnaraTa B pa3nrqHh noqBeH[ xop143oHT14

u xeixoro aoanuo4piorBne c noqBeHnn cop6eHr. Oco6eno BaxHo e npocneAeBaHero Ha
npoMeHhre BbB Bflarpra BbB Bpb3Ka c KnnqoBh Qrsrunn napaMerpn Ha not{Bara - nnbrHocr,
rpaHynoMerp[qeH ctcraB, KanhnspHa n rc6r.qa nopbo3Hocr, Boflogagrpxaqa cnoco6xocr u
xr4poQusnqHu rpaAt4eHrn - Kor4ro or-rp€genel cKopocrra, gun6ovuHara u pa3npeAeneHnero
Ha BnaroBhre noroqqi. Axanngur Ha re3il oaoficrsa B ycnoBt,rsra Ha BeprhKanHo r narepanHo
,13MeHeula ce noqBeFa cpeAa nosBoneBa h3rpaxAaHero Ha no-roeHn A np]tnoxhMl,t MoAenh,
KohTo orqilTar peanFaTa aapna6nnuocr Ha noqBeHilTe ycnoBug t4 TFxHoro Bflt4flHhe Bbpxy
BOAHl4e pexhM r,t AOqrbnHOCTra Ha BoAa 3a pacreHhgTa.

Hacrocqara pasp{6orKa ce crpeMr.qa orroBoph Ha re3r4 norpe6nocrr qpe3 Qoprvrynrpane
Ha KoHKperHu qenh vf sagavr, HacoqeHh ruu no-4o6po pas6npaHe n KonnqecrBeHo onhcaHhe
Ha ABrxeHhero r 3a4bpxaHeTo Ha BoAa B HeHac"TeHh noqBh - B ycnoBucra Ha xereporeHHa

14 peAyBaqh ce eTanh Ha HaMoKpgHe n h3CbXBaHe.



3.i Uen n saaaqr

4efra Ha Hacront{otro x3creABaHe e $opuyn[paHero Ha HoB pex]rM 3a noAf,bpxaHe
xa QnruuanHa Bnaxnocr B o6pa6orealeMlr nortBlr, ocHoBaH Ha AnHanuvxun rpnreprfi
Ha qoAHl,lt noreHqlta.n B HeHacr,rreHar:t 3oHa Ha noqBeHun npo$ran. 3a peann3ytpaHe Ha
nocTaBeHara qen ca $roprrlynnpaHn cneAHhre ocHoBHr 3aAaqx:

o ffa ce ycmaHoeu enunHuemo Ha epaHynoMempuqHun cbcmae, Qusuunume u eoduume
ceolcmea Ha noqaamat ebpxy xudpodunetMuKama Ha HeHacumeuun eodeu nomoK;

o Aa ce uecnedea duuauuxama Ha eoduus nomeHquan u usMeHeHuemo Ha
xapqKmepucmuqHume Kpueu Ha cMyKamenHama cuna Ha noqeama xamo SyuKUue orn

(SWCC) e xopeuoodumaeMama soHa Ha HflKou xapaKmepHu ea loxna
a:?nuqufl, e ycnoeunma ua cudoe MaKpoonum;

,o Ea ce npoy.tu ebsMoKHocmma 3a usnonseaHe Ha xucmepesucHun eQexm c qen
HaM?nneaHe Ha cMyKamenHama cuna Ha noqeama u ynecHfleaHe Ha nocmbneaHemo na eoda
e papmenunma;

tmu pdtuM sa ynpaeneHue Ha noqeeHama enaxHocm, npu xodmo
ocHq noKpueaHe ua ectduume npxdu Ha pacmeHunma e dunauuxama na
eodflun nomeHquan, a He cmamu.tHume noqeeHo-xudponoeuqHu KoHcmaHmu;

o Ea ce ugcnedsa enunHuemo Hi? nnbmHocmma Ha HeHacumeHue nomoK ebpxy
?pa\uqume Ha eadoguama soHa nlru pagnu.lHa .lecmoma u uHmeHsueHocm Ha
eoddnodaeane:

':o 
Ea ceo'L4eHu eu:sdeilcmeuemo om noddvpxane uaeoduufl pqKuM e soHama Ha eurrlKo

Hacqt$aHe ebpxy SeuonoeuuHume u penpodyxmueHume npoeeu Ha KoHmpoflHama Kynmypa
(qapeeuqa) e ycnoeuetna ua cudoa M?Kptoottutn.

4.lOnucaxue ra ornt,tTHara nocraH

Oflnluara nocraHoBxa npegcraBnsBa MoAefleH cb4oB MaKpoonnr, paano.noxeH Ha orKpt4To
a pafioHa xa c. KpyuoBo, nph rotiro BceKu or BapuaHTure n noBTopeHhFTa e npeAcraBeH B

cbAqBe c o6eu eAnH MerpnqeH ToH. floqaara BbB BceKlr cb4 e c Maca MexAy 1,3 n 1,5 t e
SaB4Cl4MOCr Or O6eUHaTa nnbrHOCT Ha BKnpqeHhTe B h3cneABaHero noqBeHh pa3nuqht.
l4scrfe4aaxero ce npoBexAa Bbpxy HapyueHn nor{BeHh npo$rnn c ynr,rQraqrapata gun6ovnxa
or 1 m h KoHTaKTHa noBbpxHocr 1 m2. Elcern cbA e ApeHhpaH, Karo e ocnrypeH cao6ogeu
x!4ApaBnuqeH h3fla3 H€t BoAaTa B AbHoror My, c qen npeAoTBpaTflBaHe Ha npeoBnaxHgBaHe.
flpu, uanuvre Ha AperHaxHa eoga, o6errabr, BpeMero il uHTeH3t4BHocrra Ha orroKa ce
perhprphpar h ort{hrar'. Ilo.{eara e BHec€Ha B cbAoBere nocnoiHo - B ABa cnon (0-40 cm ra

40-q0 cm), oqe npes 2022 r., Karo e n3nor3BaHa noqBa or npeAcraBurenHr o6pas4ra.
floctnofrxoro BHacflHe e cto6paseHo c ecrecrBeHara crpyKrypa Ha nor{BeHns npoQnn, a
ynnbrHFBaHero e nocn4rHaro qpe3 HaonqaHe c BoAa Ao cta6unusnpaHe Ha nocroflHHa
o6eMxa nnbrHocr.

l4qcnegeanero BKnruvBa qerhpl,r noqBeHu pa3nnqhg, npe4craBhrenHu 3a ocHoBHhre
no,r{exr rhnoBe Ha lOxno6unrapcffi'ra noqBeHa 3oHa no orHoueH[e Ha rgxHoro
pa3qpocrpaHeHhe u cronaHcKo [3non3BiaHe: lrlenyxexa Guonnrqa - npegcraBnrenHa 3a
noqqh 0 na6t6aauln rnnHr h BepruvHo novaoo6pa3yBaHe (Vertisols, WRBSR, 2014), asera
or qeMflhlrlero Ha rp Cagoao; l4snytxena KaHereHa ropcKa noqBa - c nHTeH3hBHo

n3BerpFHe n hnyBhanHo-MeraMopoHo rnnnoo6pasyBaHe (Rhodic-Chromic Cambisols,
WRBSR, 2014), B3era or 3eMnnqero Ha c. Kpenocr; AnyeranHa noqBa - c nnacroB crpoex,
Qopgrpaxa noA BntAAHAe Ha peqHo-no;coilrr r noBbpxHocrHr4 ao4ra (Fluvisols, WRBSR,
2014), B3era or 3eMnilt4ero Ha rp. Cagoao; flceegonoA3onltcrn noqB[ - cbc ce3oHHo-
noBbpxHocrHo npeoEnaxHtBaHe u aqyMynaqhg Ha rnnHa h cecKBl4oKcnAU B



noAnoBbpxHocrHl4re xt)pl43oHr14 (Planosclls, WRBSR, 2014) (Teoharov et al., 2019)- asera o,r
3eMnHulero Ha c. 3narocen. 3a BctKo noqBeHo pa3nhqhe qe 6ugar onpeAefleHu ocHoBHrre
ao4no$nouqHn xapaKrephcrhKh. flaxxrre or aHaflh3a B ycnoBnrra Ha Hapyuen npoenn r4e
Ge cbnocraBflT c aHaflon4qH[ n3MepBaHufl Ha cbull4Te noqBh in situ.

B onrrHara nocraHoBKa, Karo Kynrypa e BKnroqeHa qapeBhqa 3a 3bpHo -xn6pnppioneer
P9944 (oAo 450), orrnexAaHa ffirrc' KoHrponHa Kyflrypa B npoAlrxeHne Ha ABia
BereraqhoHHh nephoAia. Xn6prgur ce xapaKrepx3hpa c go6pa aAanrnBHocr KbM pa3nhqH6
nollBeHo-KnhMarhqHn 'yc.noBLlt, Bl4coKa ronepaHTHocr t(bM 3acyuJaBaHe ra go6pe pa3Bhra
KopeHoBa chcreMa. C Aunlr BereraqhoHeH nephoA (130-135 4nr), roi e noAxoAetq 3ia
Ha6nn4euue Ha BoAHI[t pexhM npe3 qenue aKThBeH ce3oH. Curnacso Hapeg6a Ns 2 or
03.02.2004 r., cpe4Hala AHeBHa Hla(Aa or BoAa nph qapeBnqa e npn6nn3hrenHo G llm2 (nna
6 m3/dka) He3aBhct4Mo or Mero4a Ha Hanof,BaHe.

l-lenra Ha BKrloqBaHr3To Ha pacr[TefleH KoMnoHeHT B qacr or cbgoBere He e nonyqaBaHe
Ha npoAyKqhn, a oqeHKa Ha eQema Ha eBanorpaHcnhpaqhera Karo cbnbrcrBaul Qarropr,
Bnhseu4 Bbpxy Al4HaMhKara Ha Bflarara B noqBara. Toaa no3BoncBa KonhqecrBeHo
pa3rpaHnLlaBaHe Ha ecpema or KopeHoB,oTo h3Bflt4'-taHe, cpaBHeH c KoHTponHh cbAoee 6es
pacTeHH9.

3a BcFKo noqBeHo pa3nhLrre ca 3anoxeHr4 qernpn Bap[aHTa Ha nHTeH3hBHocr Hil
BoAonoAaBaHe, peryflnpaH[ qpes KanaLprrera Ha KanKoBr4Te eMhreph - cborBerHo 0.6; 1.Cf ;

1.5 n 2.0 dm3/h, c no qerupt4 noBTopeHhr h qernpu KoHrponHh cuga 6es pacreHne, nnn o6qo
40 cu4a. Bcexn Bapn.lHT BKnpqBa 16 ftanxoar eMrrepa, pa3nonoxeHh paBHoMepxo, ra l)
pacreHhn, sacaAeHh B pagcronHhe 3f0x30 cm. Cxeua Ha onhrHara nocraHoBKa e
npeAcraBeHa Ha Orarypa 1. flpes nepnoAa Ha Bereraqnera, B cbAoBere qe ce noAaBa BoAa
Llpe3 aBToMaThqHa oucTeMa 3a KanKoBo HanonBaHe, cneqnanHo npoeKr[paHa 3il
eKcnephMeHTa. l4HreHsnrerbr H€t BoAonoAaBaHe c€ perynnpa qpe3r:

npoMFHa na pa6oruoro HansraHe;
. efleKTpoHHl4 perynaropl4 Ha HargraHero 3a BceKl4 BapnaHT;
. eneKTpoHHa chc;TeMa 3a ynpaBneHne Ha qecToTaTa h BpeMeTo Ha noAaBaHe;

O6euur Ha noAaAeHara BoAa qe ce orvnra nHAnBVAyanHo 3a Bc,eKh Bap[aHr. Bnaxnocrra
14 BoAHl4tr noTeHquafl qe Ce n3MepB€lT B peanHo BpeMe qpe3 KanaqvTVB,Hn @H3opt1,
q4HXpOHh3hpaHn c AaHHH OT aBTOMaThqHta MeTeOpOnOrhqHA CTaHqhc.

Ocsoaxara qen Ha onhrHara nocraHollKa e Aa ce npocneAu nHTeH3nrerbr 14 AhHaMhKarit
Ha HeHachTeHnq BoAeH noToK B paSn[LrH]{ nOqBeHh TnnoBe u pexrMr Ha BoAonorqaBaHe, cbrt
cnelluaneH Qoxyc Bbpxy eaaruo4eficrBnero MeXAy xl44paBnhqHhre ceoilcrBa Ha noqBara t4

AHHaMhqHilc BoAeH noreHqnan, BKnloqr4TenHo Marph\.{Hhg noreHll[afl, Ha ABe 4u6ovnxu e
HapyueHnre npoQunr.



@ueypa 7 Cxeua Fta onurHara nocraHoBKa

5. Meroau sa aHanu3

B :xoga Ha eKcnephMeHTaflHara pa6ora ce npe4BnxAa nF)oBex4aHero Ha iaHanu3h B ABe
OCHO,BHh HanpaBneHhF:

. f-fo..feeHh aHanvgu

. ArH3flH3h Ha paC;THTefleH MaTephan
5.'l fToqeeuu i?Ha.nuslJ

flpre4n 3anariaHe Ha on[Ta, 3a ycraHoBnBaHe Ha h3xoAHoro cbcronHhe Ha noqBara, 3a
BCgKO OT BKnlOLleHnre nOLlBeHh pa3nnqnR u{e ce onpe.qeflRT: MexaHhi{H149T cbcTaB,
cbAl'pxaHhero Ha o6lq a3or, $ocoop v Niannh, peaKqhnri:l Ha noqBeHhn pa3rBop (pH) ra

o6qrlro cb4bplKa H r4e Fra BoAopa3T Bo pt/ M h con h.

Cneg 3araraHe Ha onhra, noqBeHr npo6h qe ce B:]hMar exerogHo, no ABa nbrn B paMKure

Ha BereTaqAoHHnA nepu{oA, 3a BceKh Bapl4aHT h BceKo noBTopeHhe. flpo6oua6rpaHeTo u.le ce
l43BbpuBa c noqBe]{a coHAa Ha ABe Abn6oqhH}r: 10-30 cm r,1r 50--70 cm, no q€rTl4pti npo6n or
BceKn cbA. t{acr or npo6nre ule cer aHann3hpar B HeHapyulLrrJo cbcroF{ne, a ocraHaflrre - B

Hapy'uleHo cbc'l-oFHhe. cne4 npoaexAaHe Ha craHAapruar npo6onoAroroBKar, noqBure rlle
6ugar h3cnegBaHn no cneAHure noKa3areflm:

<Dyt s 14..t H t4 r ao,att crQ tt r3l4r.t H l,t c gofi orea :

1. l-pauynouelpt{veH cbcraB onpe,qeflFHe H€l HopManHo H lryMynarhBHo
pa3npeAene,Hh€r Ha noqBeHl4Te ea,cTlll-11,1 (Cooper, 2Q16; Mingot Sorianc,, 2024);

2. CneqrQravna nnbrHocr - no Merogr,rxa ASTM (2010);
3. O6euxa nflbrHocr - no AS'TM (2Ct17) ra Shoemaker et al. (2022);
4. O6ula h KanunepHa nopbo3Hocr- r{pe3:

. Memod c uMepcuoHHU np5slnsuu (Vafai, 2005);

. IlapaQiuuoe memod (Ruben et al., 2024);
5. lnQepexqvanHa nopbo3Hocr - n<l Andreola et al. (2000);
6. l-paauuelrpnqHcr onpeAeneHe Ha Eflarara B noLtBara:

7. Clarnqnn x!,tAponoruqHil KOHcraH'rh.- no Leong & Wi.laya (2023);



8. BogonponycKnt,tBocr Ha

9. floreuqran Ha noqBara
onpeAerlrHe (Leong &

10. Onpe4ennne F{a

eKcnepnMeHTafleH n a
Anannon Ha paclnreneH

(Zea mays L.,
Ha HacTott{oTo

Ha BOAOnOAABaHe.

carMo Ao oHe3rl

u3MepEraHhF,

noTeHqhian n orFoBopa Ha

HhgTa Ue BKnrcqBaT:

(Zadoks et al., 1974).
Ocnoeuu emanu:
. BBCH 10'- n<>uuxeaHe:

. BBCH 65'- t4sQmex;

?. Bo4xo cbAbpxaHue h

' . Cadupr@Hue na eoda

934.15);
, . OmuozumenHa eodna
p lucrna nnoq n HaAseMHa

i . Ilucmna nnoul
. Buouiaca - cgelna u

fr. fio6nexlr noKa3i:rrenn

i . flo6ue om eupuo (g

' . Teeno ua 1000 sbpHa-
.,Qo6ue Ha cyxa Maca -

fiocmununama eod,a u ocmi

F. Kopenoera cucreMa
. flun6ovuua u Maca Ha

Y 
rcMepeaHe;

1

rlle ce u3BbpuJBaT

u,e ce n3non3BaT

eHn noqBh - no Leong & Wijaya (2023);

noreHqnafl) - vpes reH3hoMerpnqHo 11 rH4t4peKrHo

,2023);
Kpr/Bt,t Ha BoAoy4bpxaHe (SWCC) no

MeroA (Fattah et a|..,2014; Fredlund et al., 1998).

Pioneer P9t944, OAO 450) He npeAcraBnflBa ocHoBeFl

, a cnlDKh Ka'[o pacThTeneH hHAilKaTOp, BKnrc\teH C qefl
Ha BOAH!|9 pexhM npn pa3flt4r{Hh noqBeHh TnnoBe h
'roBa aHant SnTe Ha pacThTeflHilg MaTephan ce
, Kol,rro r4MaT npflKa Bpb3Ka c eBanoTpaHcnt4pallngTa,

u BoAHara e$rerrnenocr Ha h3non3BaHhs pexhM. He ce
nnu Snano,noruilHa xapaKTepucrnKa Ha xn6pn$a, a caMo

Aa oTpa3flT BpbSKaTa MeXAy Al4HaM[KaTa Ha noqBeHufl
B ycnoBhF Ha KoHTponrpaHo BoAono4aBaHe.

Ce4urvHo npocneAeBaHe Ha pasBnrhero no BBCH-crana

mbKaHume - qpes cyweHe do nocmosuua Maca (AOAC

(RVVC, %) -(Weatherley, 1950).

na Montgomery fl911);
uaca (npu 70"C) ua uadgeuuama qacm - AOAC 2005.

) - xopueupau do 14%o enaxuocm;
ISO 520:2010;

npu 70"O do nocmosHHa Maca;
eoda (uavucnneMa eenuuuna): qpe'a pasnurca mex)y

noqeehta anaea cned xamea.

- qpee eHuMamenHo u3MuaaHe, cyweHe npu 70"C

t) sa oqeuxa ua o6eu, pagKnoHeHocm u nnbmHocm Ha

925.1A;
,omeuHu - no Memoda ua Kjeldahl (AOAC 984.13);

Qenonoe uem<>d ua Dubois (AOAC 969.37).
craHAaprhre na AOAC (2019) n HaqnoHanHil MeroAt4M,

cbnocTaBKa MeXAy BapuaHT[Te c pa3nhqHa L{ecToTa }l



Ha BOAOnOAaBaHe, KaKTO h 3a OqeHKa Ha BnhflHnero Ha noqBeHo-xlrApaBnrqH[Te
Bbpry eBanoTpaHcnupaqfioHHr4H oTrOBOp Ha pacTeHnFTa.

OqareaH4g3vnrarn

n3cneABaHe e HacoqeHo KbM npocneAsBaHe Ha B3ahMoAeiCrshero Me)Kqy
ao,o,xoQruolqHh ceoiorBa v AnHaMHXara Ha BOAHTf, noTeHqhan B ycnoBnn Ha
Ho tBo4rf,no,4aBaHe. Ha rash ocHoBa ce oqaKBa:

,4a 6une $rcprr,rynrapaH HaD/r{Ho oSocxosax A[HaMhqeH rpr,rreprafi 3a ynpaBneHhe Ha
noqBeHara BflaxHocr, ocHoBaH Ha h3MepeHn9' B peanHo BpeMe BoAeH noreHlluafl,
xofiro ule 3aMecrh hgnon3BaHero Ha KoHBeHquoHaflHh crarnqHn noqBeHor-
xh4ponorhqHr KoHcraxrr (f1f'lB, nB, BC).

[a ce ronp,gA€flr4 nparbr Ha BoAHnfl flrcreHLlhan, npr KoiTo BoAHr4rr pexhM e
onrnMalteH 3a MrHnMr3hpaHe Ha cM)/KarenHara cnna h MaKcnMh3npaHe Ha

AOCTbnHOCTTa Ha BOAa 3a paoTeHllgTa B pa3nnqHn floqBeHh ycfloBhfl.

Aa ce yroraHoBttr BnnsHnero Ha qecroraT'a h nHTeHghrera Ha BoAonoAaBaHe Bbpxy
xtrcrepe3hcia Ha noqBeHara Bnaro3aAbpx€lqa cnoco6xocr (SWCC), Karo ce oqepraer
pasnnqHn MoAenh Ha noBeAeH]4e 3a oTAeflHhTe noqBeHh TrnoBe.
Aa ce xapaKreph3r,rpa peaKqrera Ha qapeBhqara Karo pacrnrefleH hHAhKarop, no
oTHOueHt4e Ha:

o Qphsl4onoruqHl4g orroBop npn pa3nhqHn croilxocrr Ha noqBeH BoAeH
noTeHqnafi;

o erBanOTpaHCnhpaqnoHHaTAt aKThBHOCT;

o 4O6yrBH€lTa peanu3aqhff npu noMbpx?He Ha BhcoKo HacnqaHe.
,Qa ce ycraHoBjfr Bpb3Khre Mexgy nopbo3Hocr, o6euHa nnbrHocr 14 xl4ApaBnhqHa
npoBoAvlMocT B ycnoBnfl Ha HeHach'TeH noToK 3a BceKr noqBeH Tnn, KaTo ce oqaKBa
3Ha\.rhre,nHo 4rn$epexqnpaxe MexAy .xereporeHHure noqBh oco6eno np;4

nnaHocofl 14Te h BepThconnTe.

!a ce paspa6rtrn npenopbr{r4TeneH BoAeH pexrM 3a HanonBaue, cbo6pa3eH c
rpaHnqnre Ha BaAo3HaTa 3oHa A AnHaMt[KaTa Ha BnaraTa npr pasnnqHa noqBeHa
cTpyKrypa il nn'brHocT, nprnox]4ttx I(bM MrllKpOHanOgBaHe B peanHr )/CnOBnn.

fla ce Banhgt4p.a usnon3BaHero Ha cbgoB MaKpoonnr c HapyueHu noqBeHn npo$ranra
KaTO Ha/lex4eH MOAen 3a aHann.S Ha BepThKanHo kr naTepanHo pa3nperqeneH[e Ha
BnaraTa,, npla KOTHTpOnApaHV yCnOB]4n Ha BOAOnoAaBaHe.
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