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I. Yxpaiucuxuil uayxoeo-docniduuil iucmumym nicoaozo eocnodapcmaa ma aepoaicoueniopa4ii i"w. f. M. Bucoqaxozo

2. Hayiouatanuil yuioepcumem 4ueinuuozo 3axucmy Vxpaiuu
3. Pioueucaxe o6nacue ynpaaniuun nicoeozo ma MucJtulcbKoeo eocnodapcmea

Bcryn. Iloxexi e o.qHHM is lrafi6iJrul ne6esneqHr.rx AJrr nicie VxpaiHu ,tuHuurcie, rqo
3aBAalorb Karacrpolbi.Iuax s6pmris. 3a repioA 2003-2015 pp. n YxpaiHi craroc.s 44,6 rnc.
ricosax rloirter(, npl4 IIboMy nJrorqa [orxKoAxeHprx:ricis craHoBuJra 69,9 ruc.ra, a 3araJI6Ha
napric:rs :ano4irHr.ur s6zrria - 455 MnH rpH (Statystychnyy zbirnyk 2017).

Jlicoei noxexi ropyuyrors pieuonary vix oxpeur4Mpr KoMnoHeHTaMH :ricoerrx eKocr.rcreM
(Sapozhnykov 1976). HaftnosHirxe BHBr{eHo Bnlrr.rB rroxex Ha AepeBoc'ranu (Girs 1982, Usenya
2002, Yalendyk & Kosov 2008, Voron et al. 2016b, 2017, Sydorenko 2017), ane BoAnoqac
TITITaHHf,M BnnI4By rerrJloBoro nulporriuroBaHH-rr rroxex{ Ha rp}'HT npvt4ileuo Mano yBarv. Toruy
BaIKJII4BI4M e oqiulorauHq .f,K TerrJroBax pelKilMiB Aii noxex Ha noBepxHenufi uap fpyHry, rax i
po3noBcro.4)KeHH.tr rerrJroBrrx noroKis y eepxuix napax rpyHTy 3 Meroro nporHo3yBaun.s sNaiu

$i:ur<o-xiuiqsnx BJlacrr{Bocrefi rpyHTy, BoAHofo 6ataucy fi xzrre.{iqlrnocri ropeHenoi cr4creMu
pocnvH i rraixpoopraHisNaie.

3ararssi ten.noSieuuHi npoqecu ni4 uac noxexi e 4o6pe ei.4olruna (Konev 1977, Grishyn
1994, Kosov 2006). lix rervrneparypvr rIoHaA 56 "C npa3BoAana Ao BcuxaHH-s xeoi ra naronie
qepe3 4o6y nicnx repnaivnoro BTIJII4By, a no6ypiuHx naroHie rroroqHoro fi nauHyrrax porin i
6pyHsor nigsHavarx qepe3 5 auis uicnr uarpiBy Ao 52"C (Girs 1982).,{epena, yrxKoAxeHi 4iero
TeMrleparypn noHaA 60oC, ylpoAoBx 4eox porin 3acerflrrvtcs, cron6yponzun urxiAHuxava fi
niguupala (Furyayev & Furyayev 2008). Xo.{a siAordo (Girs 1982), ruo repManbHe rrorrrKoAxeHH.f,
TKaHHH KopeHeBI4x clrcreM e cMeprenbHlzM An.{ pocJrr{H, aJre caM lrexasisvr rrbolo rtoruKoAxteHH-r
eus.reHl4fr HeAocrarHbo.

Teuneparypa ropiHHr ni4 uac rtl,rsosoi noxexi 3aJre)Kr.rr6 eig Harnuocri, cxlagy ra craHy
HaArpyHroBoro noKpI4By, 3anacy ra BoJrorocri ni4cruma (Levchenko et al. 2015).lli4 enlunovr
BofHlo nig6ynaerrcs qacrKoBe a6o rroBHe 3rop-flHH.s ui4crumu. flonepe4Hinrra AocliAxeHH.flMH
BcraHoBJIeHo, IrIo reMneparypa ropiuur ni4crurxa si ceixoro 6opy n nonirpauo-cyxonay craui
cqrae295 oC, a B a6co.nroruo c)D(oMy crani - 655'C (Voron etal.20l6a). Terunepar:ypa ropiHnx
HHlKHboro urapy nigcrnJrKn H xom4uaersc-r ei4 200 no 350'C. Ife ni4reepAxyerbcfl AaHHMt4
Sackett ra Haase (1992), .sxi ecraHoBnlrw) rqo ni.q vac ropiHus HaAtpyHroBoro noKpHBy 3

nigrvrepnoT pocnnHHocri fi rr.roxie reMneparypa noeepxHi rpyHTy Moxe cfltarr 200-300 oC, a 3a
ropiHur 3Har{Hprx o6'eNlie :ricoerrx roproqnx uarepialin (nfM) - naeirs 500-850 oC (DeBano
2000). OAHax y ulrxnix ropu3oHrax 3ape€crpoBaHo 3HaqHo suxqi reMneparypu. Tax, L. DeBano
Ha rru6uHi 5 cu sa$ixcyBaB reMneparypy 6rusuKo 1 50 oC, a sa rnu6usi 20-30 uur iT nileurqeHH.f,
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OgHrrr.t is eLIAis po3[oBctoAxeHHr renJra ui4 vac Hrz3oBrrx floxex e renJroBe ennponriuroeannq. 06'ertoN.{
gocligxenna 6ynu nicoai rpyHTLI, lronorirn mux ni44aeaJrrr renJroBoMy runporr.rinroBaHHro na cneqialuro creopenift
yctanoaqi, tKa Aa€ Naoxnusicrr ,y aa6oparopHl,rx yMoBax Qixcyearu po3[oBcroAx{eHur B Hr4x renJroBr.rx noroxis.
Bl4f,sreHo oco6rnsoc'ri xoAy rlr4x npoqecie y rr,rfioBfix Ar-r cocHoBfix i gy6onux iriciB rpyHTax. Hafauqy reMneparypy
Bu3uaqeno na norepxui rpyHTy. 3a spocraun.a rnu6uttu reMneparypa ila4ula' Haft6inrru ni4vyrne ii sHr,rxeHHs
BI,I3HarIeHo n ruapi eia 0 Ao 4 cNr. PisHuqs vix reuneparyporo Ha uoeepxni ra sa rtu6uni 10 crra Anr AepuoBr4x
cra6oposenuenzx rpynrin Mox{e craHoBerrn 240-300 oC, Ar.r cipr.rx nicoelrx rpyHriB - 260400 oC. 3at[ixconano
3pocrauut reMneparypll uu6ranHux ruapin rpynry Haeirr nicrs npr4nuHenHr narpiaanH-a. Harpieanna cyxux niqanux
,uepHoBI,Ix cra6oposeuuenr,rx rpyrrrin yrnu6 npoSinro nig6ynarrocr cumuime, nix eororrx. lliqaHi rpyHTr,r
nporpiealucr cursHiule i ua 6innuy rnu6uuy, uix cyrluurcri.
i( Jr Ioq o B I c JI o B a : Hr{3081 noxexr, cocHrKr4 TENJIO BE BI4NPO M lHIOBAHH' HH-'I.
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He BiA6yBanocq (DeBano 2000). 3a Aanunru W. Roberts (1965), niA qac ropiHHt 3HaqHI,rx 3anaciB

JIpM reruneparypa rpyHry ua rln6uHi 10 cu nepeu4lrlyBana 250 "C, a ua rtu6usi 22 cv - 100 'C.

Tarult r{r{HoM, BHBqeHH-s xapaKTepy ra cryleHq AiT nicoeax noxex{ Ha rpyHTI4 B)Ke .qaBHo

npr4Beprae yBary fi yrae B4rIJTHBe 3HaqeHH-s Arr BuBr{eHHq N4exauigMy rIoIxKoAxeHHrI AepeB ni4 uac

,ro*.".. V qifi po6ori HaBeAeHo pe3ynbraru AocliAxeuE, TeMnepaTypHoro BnnpIBy Ha rticoei

rpyHrr4.
Mema docnidmeuHn - BV3Haqr4Tr.r napaMerpl4 ra AI4HaMlKy reMrlepaTypHoro pe)I(I4My JIlcoBI4x

rpyHrin ni.4 nnluaoM TerIJIoBoro nrlnpolriHlo BaHHs rloxex.
Marepiatu it MeroArr. O6'emov AocliANeusx 6ytu 4epHoei cla6opo:nuneHi rpyHru:

nirqanprfi ipyrt is qlrcroro cocHoBoro uacagxeuu.a i cipuir ricoszfi rp),rlT is Ay6oeoro

tu.u.4*"t*r". Mero4oloriro AocliANesr pospo6neHo B. lI' Bopouou, B. f. EopuceHKoM i

B. K. MyHuHoM. Ha ii ocHoei e :ra6oparopil KaQe.qpn Qi:raxo-rnrareMarplqHux AllcquilliH HVI-{3V

B. K. MyHrxuopt, B. f.Eopuceur<ov i I. B. Eapa6anoM cTBopeHo ycTaHoBKy, qKa Aae 3Mory

Sixcynaru po3floBcloAx(eHHq TeTIJIoBHX noroxie y licoeux rpyHrax'- 
[o cKnaAy ycraHoBKr.r (pnc. I ) exo.qms: KaMepa 1, ulo BuforoBJIeHa is nopucroT eorHecrifiroT

rIerJrH, B qKy BcraHoBJrlororr MoHoJrir rpynry; HaA KaMeporo po:rvrirqeHo Axepeno perynboBaHoro

TerIJIoBofo eunpoiraiHroBaHHq 2, foJIoBHt{M eJIeMeHToM {Koro e Aecqrb faJIofeHoBHx JIaMn

noryxHicrro 1,5 rBr KoxHa; auuiproealsszft xonnlexc 3. [:rr eavrip]oBaHHs reMneparypl'I B

nouolir BcraHoBJtoBaJrH Ta fiixcynanu repMoilapv, lxi qepe3 aHaJloroBo-quftponrafi

neperBoplonau (Allil) a'e4uyna:ru 3 KoMil'lorepoM. Cunra:r eil AUII o6po6nxecr npofpaMo]o

OWEN Process Manager, a pe3ynbraru euviproBaHb yilpoAoBnt eKcrleplzMeHry KoHrpoJIloBaJIH

eisya:rlHo ra Sircynarrz e ra6JlnqHovy ft rpatpiuHovy BurntAax. O4epxtani pe3ynbrarl4 B

ra6lHvHovy enrlr4i o6po6rrnrz npofpaMolo MS Excel. tlia qac MoAenloBaHHfl pe)I(HMy

HarpieaHul fpyHry BpaxoByBann TeMneparypy ropiHHq HHiKHboro uapy ni4crurrcu, rrcy 6yno

Br.rrBJreHo uonepe4uir,rH 4ocli4xeHH.sMLI i .sra xorue aracfl, sia 200 ao 350"C (Voron et al.20I6a).

PHc. 1 - YcraHoerca A,rq Aoc,'liAxeHHq Bnr[By renJloBl'rx nororcis: '

1- navepa; 2 - 4xepe,ro renJroBoro nnupouinronanHnl 3-nnrt'liproea.nrHufi KoMrIJreKc

Mosorirz rpyHrin ei4i6paHo B rrrrroBr4x Arq cocHLI (BzAC) ra gy6a (DzKlA) runax licy
Jlieo6epeNsoro llicocreny. Mouo:riru Arq 4ocri4xeuHr viA6upatlz cneqialrHl4M KoHrefiuepou

posruiponl 15 x 15 x 25 cu fgtuc. 2). 3aralona ilpoBeAeHo 4 excnepuMeHru: rlo ABa rpyHroei

*oronit" ni4i6paHo u .o"rro"o*y (4epHoni cra6opo:euHeni niqani rpyHrrl) ra n gy6osouy (cipi

ricosi fpyurz) 
"u"uA*.*rtrx. [nr KoxtHoro rl4ny lpyHTy locniA]ryBanl4 ABa eapianru: soJlorufi i

c1xuft.
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flil qac nia6opy ruonoririe 6patm Io yBarn norolHi yMoBr.r ea l0-AeHHufi nepio,u nepeA
eig6opoiu Kox(Horo :i :pa:xie. Heo6xilni roKa3HHKr.r orpr,rMaHo Ha ocHoei apxiey noro.{H Ha

MereocraHrlii XapxincbKoro aeponopry (Arkhiv pogody 2018). Oco6nzny yBary npu4ireno
rirsrocri ona4ie 3a BecL 4ocni4xynauzfi nepioA ra B pisui nepio,qa Ao nig6opy. Ha ocuosi
MereoAaHHX 1.nfl orlinronaHu.s noxexHoi He6esneKr4 3a )MoBaMr.r noroArr po3paxoBaHo

rournercsuft rroKa3HZK noxexsoi He6esneKra (lIH) B. f. Hecrepoaa (Nesterov 1949).
Bcrasonreno KJrac noxexsoi ne6esnexu (KnH) 3a 3afaJlrHoyrpaiHcrxoro IrrKaJIoIo.

floxassur noxexnoi ue6esnexpr (fIH) ea:naqaerbcq AJrr noroqHoT 4o6r.r Ha ocnoei 1.aHLrx 3a

nonepeAHlo 4o6y ra ftoprirynoro (1):

flH,, = k x llH,,-r + t(t - r), (1)

.qe fIH, - rroKa3HLrK uoxexsoi ne6e:nervr An{ noroqHoT 4o6u, 6atm;
nHr-l - rroKa3Hr4K noxexHol He6esnexpr 3a no[epeAHift 4eHr, 6atm;

/ - reuneparypa, oC i t - roqra pocil, oC, sr4sHaqeHi o 12 roArasi 4ux;
ft- roesiqieur, trcufi, BpaxoBye onaAu rronepeAHboi.qo6z.

3a eerra.{uHo}o noKa3Hzra era4ireHo raxi KIIH:
I rrac (ao 300 6anin) - ro)Ke)KHa He6esnera ni4cyrux;
II xrac (eia 301 ao 1000 6ailie) - Marra roxexHa He6e:nexa;

. m xrac (ni4 1001 ao 4000 6aris) - cepegnr roxelxHa ue6e:nexa;
IV rnac (eig 4001 ao 10000 6anin) - Br.rcoKa nox(elr(Ha ue6e:nexa;
V xrac (uoHa4 10000 6anie) - HaA3Br4r{afisa noxexua ue6e:nera.
3eaxaroqu Ha 3HaqHy xirsricrs aar (eia 500 ao 836) y nu6ipxax, c$opuonaHvx Ans Ko)KHoro

eapiaury 4oc:ri4y, 6yno erzrcopucraHo napaMerpuqHy crarrrcruxy (Atramentova & Utevska 2007).

,{lr nu"aueHHr crarrrcrraqnoi 3Har{yrqocri enluey rwt6uuv. sanaipy Ha ni4viuuocri y unugxoc:ri
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rerrnonpoBiAHocri rpyHry BuKopr4craHo napaMerp vnlvtit Al4cnepcifiHl{fi aHani3 (iNOVa),
uafiueuruy cyrreBy pisHraqro (Honestly Significant Difference (HSD) 6ylo pospaxoBaHo 3a

MeroAoM Tuori (Tukey HSD test),.apxe rpynr4 6ynu pinHoBeJIpIKlrMrr. Culy nnlltny (faxropa 6yno

BrBHaqeHo MeroAoM Cne4eropa (h'). (Atramentova & Utevska 2007).

Pesy.irsraru ra o6roBopeHHq. flepnoei cnaflopozeuueui niu4aui fpyumu. ErcnepaueHT 3

reprrr4M nonolirou 6yno nponeAeHo 22 uepvux 2016 pory. Ha uouenr nig6opy rr,roHoniry

:a$ircconauo Bt4coKy rroxexHy He6e:nexy sa Hecreponuu (flH 6524 - IV KIIH), are sororicrs
rpyHTy rraoHoliry 6yla nucororc, ocrinmra:a nepiog s 11 no 20 uepyux BurraJlo 67 rnrw onagin.

Tervrneparypa fpyHry Ao noqarKy Harpiey 4opirHronata 25"C.llepurrafi uosolir uarpinalu
BnpoAoBx( 30 xsurrau. 3aleNsicrr reMneparypl4 rpyHTy eig vacy narpinauux noAaHo ua puc' 3.

Terraneparypa 3pocrana Ao MoMeHTy npuflI,IHeuur uarpina*Hs, a Aari no'{ara crpiltrco ilal.aru.
MaxculralsHa reMileparypa Ha noBepxHi rpyHry Aocqua 304"C. lloai6Hy resleHqiro sNaiHz

TeMneparypu riuflBvrlr4 fi sa iHurrax rlu6nsax, aJIe 4ianasoH reMneparyp 6yn suavuo Ht4xs{I4M'
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Tar, sa rnu6rani 2 cM eiH Aocrr MaKcr{MyMy e 1 18"C sa 37 -it xnuluHi, Ha rnr46u:ai 4 crvr - 76C sa

38-ft xsuruHi, na rnu6uHi 6 cna - 67"C sa 46-fi, a sa rlu6llHi 10 cru - MaKcHMyru s 64oC

BrBHaqeHo na 50-fi xsrarr.rHi. Orxe, y Mipy sarrr6reFlH-s B rpyHT TeMneparypa 3uvtlryBaJracfl'.

Pignqqq uix rrlanu.rMaJrbHr4Mr4 TeMneparypaMll Ha rrtu6usi 2 ctvt i nonepxuerc fpyHToBoro

rr,roHoliry craHoBlrJra l4loc, sa rtu6uui 10 crra - L7l"C. llicn-s npunllHeHHl uarpinauHx

TeMrreparypa Ha floBepxui rpyHry noqaJra pisro na4arvI, a B suxHix Ixapax npo(binrc eoHa fi
saAali 3pocrana: sa rlu6usi 2 i 4 crrr - rqe 7-8 xBI4JIHH, Ha rwt6nsi 6 crvr - 16, ua rlz6nsi 10 ctvt -
20 xeuruu. Cyrrenicrs ei4lriuHocreft sN{iH reNaneparypl4 rpyHTy aa pisuwx un6vHax 6ylo
.4oBe.qeHo crarllcruqH o (Ff : 28,64; p : 0,01). CuIa snll4ey $arropa :a CHe4elcopow h' : 0,87

caiguurr, qo po3xoAx(eHH.s y rxBuAKocri narpieauHs BoJloforo niulasoro fpyHTy Bl43HaqaJlilcfl

rlpr6unoro eanripy na 87 Yo. [lt roro, u1o6 3'rrcynarn, cepe4ni IK]IX rpyn 4ncnepciftnoro
KoMnneKcy po:pisHxrorbcr, 3acrocoBaHo recr Trroxi (Tukey HSD). BulnleHo, qo na pioHi

3Har{yrlocri p: 0,05 .qocrouipHo pizuur;ucn rpyrl4 0 cvr ra 4, 6, l0 cvr' fpynra 0 cu ra 2 cu
gocroeipHo ne si4pisuxnucr. fpynu 4,6 'ra 10 c*r uiN co6orc 4ocronipHo raKollt He piannlucx.

To6ro cepe4Hi TeMneparypr4 rpyHTy na rlu6usi noHa4 4 ctr,l se po:pi:H.anr'Ict, crarvcruqHo

ti 3il

"",,""1c* ***0*l
li*i:0 1$*
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3Haqyqi ni4uinnocri su.sereno rr4rre ni4 uac nopiBHqHHs reMneparypl4 rpyHTy Ha n6sHaqHifi

rnu6uui s 04. cM 3 AaHHMu is rru6unx ruapin rpyHTy, ulo BKa3ye Ha cla6ry rennonpoBi.qHicru

BoJroforo niulanoro rpyHTy.
Ercnepuuenr is Apyrr4M rr.lonolirou .4epHoBoro cla6opo:nuHeHoro nitqaHoro rpyHTy

npoBe.4eHo 8 cepnur 2016 pory. lloroAni yMoBI4 Ha MoMeHr eia6opY uoHoliry 6ylz :uauuo

nocyuullrilrlrMrr, ToMy B uefi Aesr :a(pixcoeauo eucoic,Ifi pineHr KoMnJIeKcHoro noKa3HI4Ka

noxexnoi ne6egneru (lIH 7833 - IV KIIH), a noloricm nonirpt craHoBI4JIa JII4ITIe 42 Yo. 3a

nepio4 z 20 nun:el no 1 cepnH.rr Br4rraJro nzrue 5 uru ona4in. Terraneparypa rpyHTy .4o norlarKy

narpiny 4opinurorata 26C. Monolir Harpinalu BrpoAoB)I( 30 xszruH. 3alexHicrr reMneparypl{

rpyHry nig uacy uarpinaHHx rrolaHo Ha pr4c. 4. Marccurraa;IbHa reMneparypa Ha rloBepxHi rpyHry

craHoBt{Jra 375'C.llicnq rpr4naHeHH.r narpiey BoHa rpvMaracb Ue 25 xBrrJII4H, a l^ani noqaJla

rrrBHAKo na;Larv. MarcuvalbHy reMneparypy s 314'C ua rtu6uui 2 cv saifixcoeaHo na 50-fi

xeulzni, Ha rlu6uHi 4 clr uarcvMyM y 185'C 3apeecrpoBaHo Ha 70-fr,xsuruui, ua rtu6ulni 6 crra -
I20"C sa 90-it, sa rlu6uni l0 crvr BHrBJreHo MaKcI4MyM 67"C rta I20-i4 xsllrvHi 3 MoMeHTy
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Clnreeicrr ni4vriuHocrefi sN,{iH reMneparypr4 rpyHTy Ha pi3Hl4x rlu6znax c}xofo niulanoro
rpyHry 6yno Aoee.{eHo crarr.rcruqHo (F7= 745,9;p: 0,01). Cura snnl4By dtaKropa 3a CHeAeKopoM

i2 = 0,99 cni.4urarr, qo po3xoAxeHH.rr y msraAKocri HarpieauHx clxoro niurauoro rpyHry

BrrcHarraJrr{c.s rlu6unorc aarr,ripy sa 99 o/o. Tec'rou Tsrori (Tukey HSD) ButBJIeHo, Iqo Ha pinni
3Har{yqocri p: 0,05 yci rpynu 4ocroeipuo pospi:urlzcx, ro6ro cepeAni TeMneparypl4 rpyHTy Ha

ecix rrra6uHax BrrpoAoBx( eKcnepeMeHTy pi:uulucx, i rari ni4viHuocrt" 6yttu crarucrl{qHo
suauyquvru. L{e BKa3ye Ha crzruuiury renronporiAHicrb cyxoro niqasoro rpyHTy, .f,KUIo

nopinruna 3 BoJrorI4M.
. B o6ox Br4naAKax nicls rrpunr,rHeHHr uarpieauufl BnpoAoB)It 2 rolun ei.q6ynanocf, nolxapeHH{

Terrra erurra6 npo$inro. OAnax rTpouecu ren:roo6rtisy y nopinHsHni : neprIrnM tutouoli'rov 6yma

rplrnaliururru fi xapaKTepr.r3yBanvrcfl Burqolo reMneparyporc. 3orpeua, xoqa pisnuqx ruix
TeMrreparlpolo Ha rnpr6uni l0 u'l i noBepxHero rpyHry rlepeBnlrlyBana 300oC, yce x 6yno

AocrrHyro reMneparypy 67 oC, rKa e JreraJrbHolo.qn{ TKaHIIH rarlr6iro KopeHeBux cncreM.
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Cipi nicoei fpyHmu. ErccnepuueHT i3 reptrruu laonoriToM i3 ciprzru :ricosraN{ rpyHronr 6yno
npoBeAeHo 4 nnnlr.s.2016 poxy. llepiog Ao BiA6opy N,roHoriris ei4suauaecs. cr4rrbHvtMLr 3Jr:aBavla, 3

20.06 no 01.07 eznato 96 N{M oralis.
Tevneparypa rpyHTy Ao nor{arKy narpiny craHoBuJla 24"C. Monorir uarpieanr4 BilpoAoBx(

40 xsuruH. 3arexsicrs reMneparypr.r rpyHry eia qacy narpinaHnx HaBeAeHo Ha puc. 5.
Teruneparypa Ha noBepxui rpyHry AocrfJra MaKcrrMyMy s 302'C. llic:rs npprnr4HeHHr Harpiny
TeMrleparypa Ha noBepxHi rpyHry qepe3 30 xeurr.ru 3lpr3Lrracfl Ao 150oC, a Iqe qepe3 foArzHy.
craHoBI,IJIa 60'C. llparcruuHo cI4HXpoHHo Harpiraecr rpyHr na rlu6usi I cu, aJre MaKcr{M),.{\4

reMneparypr.{ craHoBr4B 280'C.
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Puc. 5 - 3a,rexnicrr, TeMileparyprr BoJrororo ciporo liconoro rpyHTy ai4 vacy uarpiuanru na pirHlrx rllr6raHax

3oecila isaxure :ndiHroearac.s reMneparypa Ha 6i:nruifi uz6usi rvrouoriry. Tar, ua rnn6r4Hi
5 cu reuneparypa Aoc.f,rJra MaKcr4MyMy 70oC nicts 53 xsr.rruH eiA no.rarxy uarpieauur (Ha 15-fi
xelarl4Hi nicr.f, euN.{xHeHns uarpiny), Ha r:ru6uui 10 cNa NaaxcrrMyM s 42"C sa$ixconaHo Jrurxe qepe3

nieropu roAr4HH (uepes roAr.rHy nicrq smaKHeHH.s Axepena uarpieauH.r), ua rtu6uui 15 crra

MaKcI4MyM e 40"C cnocrepiraJrH qepe3 Aei roAuHu 40 xsuruH (uepe: 4ni ro4r.luu nicff er4l4xHeHHr

AII(epena narpieauux).
BiAnriuHocri sMiHz reMneparypu ua pi:Hn< rru6un^ax BoJrororo ciporo ricosoro rpynry 6ylra

crarr{cruqHo AocroBipHr4Mlr (Ff : 984,2; p: 0,01; h' : 0,99). Tecrotr Tsrori (Tukey HSD)
BHsBJIeHo, trlo Ha pinui :uauyulocri p: 0,05 .4ocronipHo ilonapHo pisuralucx rpynr4 (roBepxH.s
tpyHry), 2 cw ra 10 cnr; rpynu 4 ra 6 cna 4ocroeipHo He pi:Ha:rucx rr,rix co6oro.

ExcnepuueHT 3 Apyrt4M noHo:rirou cipux liconux tpyurie npoBeAeHo 22 yepecux 2016 poxy.
KouuexcHufi nora:sun IIH e qefi qac craHoBus 10223, ro6ro KJrac ro)KexHoi He6esnexu 6yr
Hafieurqzv - V. 3a nepio4 s I no 20 nepecHx BurraJro Jrr4tue 4 uu onagin.
' Teuneparypa rpyHTy Ao nor{arKy narpiny craHoBr.rJra l7'C. 3anexnicrr reMrreparyprz rpyHry

eig uacy uarpieauu.r noAaHo Ha puc. 6. MaxcuuyM reMreparypr4 Ha roBepxHi rpyury- 450"C -
6ylo saSirconauo qepe3 nieropu roAHHr.r HarpiuaHHr. flicng npnrrr4HeHHr HarpinauHr
TeMrleparypa noqaJla crpirtxo 3HLrlKyBarHcq i Ha Z-ft ronuui eiA noqarxy eKcnepHMeHTy craHoBnna
150'C, a u1e qepe3 30 xelurprn - 1 00"C.
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Pnc.

3pocraHHr reMneparypv Ha rnn6hHi 2 cv posnoqaJrocs qepe3 5 xshruu ui4 nouarny HarpiBy

fi rpnealo ninropra foAr4HH, AocrrHyBrurz MaKcr4MyMy B 200oC. 3HHxeHH.q roqaJloct [paKTI4qHo

eigpa:y niclx npnnr4HeHHs HarpinaHHx. Mafixe cHHXpoHHo ei46yea:roc.{ 3pocraHHq reMneparyp}r

Ha rnr46r4Hi 4 i 6 ctut. Marccutryvr 80'C 6yno :a$irccoeaHo qepe3 I ro4raHy i 50 xeHrIrH, To6To r{epe3

10 xezrraH nicrr npzruHeHH-fl HarpieaHux. IJ-{o crocyerbc.fl rnv6unu 10cv, To 3pocraHHq

TeMrreparypr4 po3iloqanocq Ha 20-fr xsurzni sia floqarKy HafpiBaHHq i rpHnalo BnpoAoBx{ ycbofo
nepioAy eKcnepilMeHry, AocrrHyBIxH pinux 50oC.

BiAuinHocri sN{iHu reMleparypr4 Ha pi3Hprx rlz6unax cyxoro ciporo ricoeoro rpynry 6ynz
crarr4crr4r{Ho gocroaipHuMrr (Fy : 364,5; p : 0,01; h' : 0,98). Tecrou Trroxi (Tukey HSD)
BHrrBJreHo, rrlo Ha pieHi sHavyuiocri p: 0,05 AocroBipHo pi:uultacr rpyilil (noBepxHt rpyHry),
2 crrr ra 4 crra; rpynu 6 ra 10 crra 4ocroeipHo He po3pi3Hsnl4cs Mix co6oro.

Cnia ni4sHaunru oco6rzeicrb reMneparypHoro pe)I(I4My rpyuriu, .sKa 6ym saft6ilrur
loruiruoro Ha rnv6vnax l0-1 5 cv. Tax, 3 nor{arKoM uarpieaHHx BnpoAoBX HerpnBanoro qacy

eig6ynalocr HeBeJrprKe oxoJroAxeHH.rr rnfi6uHHux urapin (pprc. 7). OvesIa4uo, qeft eQexr

3yMoBneHr,rfi eunapoeyBaHH.sM nil liero renJla, rqo npr43BoAI4Tb Ao HeBeJIIrKofo oxoJIoAlI{eHHt

rln6unnux urapin. 3 npoHzxueHHrM TenJra srrr.r6 reMneparypa ri4Hoemoerbcq Ao nouarronoi, a

noriu noqr4Haerbc,r HarpieaHss. rtu6unHoro trrapy ie sanisHeHnqNa eiAHocHo r{acy noqarKy
Harpiey. flpuxnag rlboro e$erry gnr ciporo :ricoeoro rpyHry Mox(Ha cnocrepiraru Ha puc. 5 Anfl
rnu6usu l0crr,r,4e ei46yeanoc6 oxoJroAx(eHHq Ha 1,5"C ei4uocuo noqarroeol reMneparypl,I, a

g6imruelrH.{ TeMneparypn nigHocHo rroqarKoeoi poeuouarocq JIIrlIe qepe3"40 xeurllH nicrs
noqarKy HarpisaHHl nosepxu i.

llr qroro )K rpyHry laartu6uni l5 ctr.r ni46yBaJrocb oxoJIoAXeHHfl.Ha 1,2"C, a s6ilrureuss
TeM[eparypr4 niguocno uoqarxosol po3nor{anocr Jrur[re qepe3 5l xBHnpIHy nicra uouarxy
Harpieauur nonepxHi. ESexr oxoJroA)r(eHHr e MeHrrr nolrirsnu Ha nirqaHux rpyHTax. flenHo, qefi

rpoqec uae lricqe 3aBxrALr, ale ftoro BHecoK B rerrnonepeAaqy e pi:Hnx yMoBax nigpi:uxerrcr, i
ftoro cniA orrinroearu 3a rrepeAaBaHHsM rerIJIa 3a paxyHox rerlnonpoBiAnocri.

3arexso nig runy rpyHry nci eapiaurr4 MolKHa po:no4irltrv Ha rpyrru: Bonori fi cyxi. llpra
rlboMy reMrreparypa y Bonorovy eapiauri 6ytu 3HaqHo Hn)Kr{HMH. Tax, y c}xoMy eapianri e

1il
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nirqaunx AepHoBax cna6opo3BuHeHltx rpyHTax reMrreparypa noBepxHi rpynry 6yta ua 70"C
Brrlqoro' niN y BonofoMy (378'C nporu 304'C). Ane u1e 6imruoro 6yi gx-pisuuqr n cipnx
tl.icoqg5_,.y.p.-y.y7-a4.-200"C.

h=it) crrt
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Puc.7 - 3a.nexcnicrr, TeMneparypn rpyHTy eig uacy narpinaunn 
"" i""O""i iO .r t" iS "tAJrfl Crporo JilcoBoro rpyHTy

Harpinauux cyxHx AepHoBI4x cna6oposBHHeHHX nirqaHzx rpyHriB yrnv6 npo6inrc
ei46yeaetrc{ cunbHillle, Hix BoJIorEX. Tax, xrrqo B cyxux rpyHTax na inu6lrni 4 cv rcnrne piypu
cflrara l86oc, To y BonorHx Jlr{Ixe 76C, auarori.r}ro Ha rnvr6r4Hi 6 cnr reMneparypa B c)xt4x
lpyHrax 6ym 120"C npora 67 C y BoJIorI4x. Y cipzx ricoelx rp),Hrax rI{ reHAeHqit 6ym 

". .un
vi:rro nnpaxeHa.

Bncnonrcn.
I' HarpieaHur rpyHria Mae BHpa3Ho noeepxHeezfi xapaKrep. Hafiearqy reMneparypy

niAsHaueHo Ha [oBepxHi rpyury. Y rr.ripy sarnra6reHHr reMneparJpa 3HvtxyB aract. Haft6ingu
nilvyrHe iT slrzxeHnr ni46yaa.noc.x n mapi ei4 0 4o 4 crvr. PisHprqs rr,rix reMneparypolo Ha nouepxui
Ta Ha rlu6usi 10 crr,r craHoBI,IJIo rnt repHoBlx cna6opo3BltHeHrzx niulaupur rpynrie 240-300"C,
4rr ciprzx ricoeux rpyHria -260400"C.

2. 3pocrauHt reMrleparyp y rtu6uui rvoHoriris oi46yealocr s neBHHM 3ani3HeHH.f,M.
Tevrnepa'rypa 3pocrana Haeirr niclr npHnHHeHHr HarpiaaHH.r.

3. HarpinaHHt cyxt4x AepHoBt4x cla6opo:nzHeHnx nirqaHrax rpyHria ynns no npo$i:1o
ni46ynaerrcs culrsiure, Hix BoJronrx.

4. fliqani rpyHrll nporpinarucs cumuiure ft uu6me, Hix cyuuszcri. V ritqau1rx rpyHrax Ha
rnu6IzHi 10 eru reuneparypa craHoBuJra 63-67"C, y cyrnil:alcrlrx - 424g"C. To6ro pieeHr
narpiny B rrepmoMy Br{rrarKy 6yn reralrHzM, a B rpyroMy - nirr,rirynanbHnM.

IIOCI4JIAHH.g - REFERENCES

A{hiv pogody v Kharkove (aeroport) [Weather Archive, Kharkiv airport]. 2018. [Electronic resource]. Rp5.ua.
Available from: https://tinyurl.com/ya6o96nl (last accessed date l0.0l,20tSj1in Utrainian).

Atramentova' L. o. and Utevska, o. M. 2007. Porivnyannya hrup i analiz zvyazku [Group comparison and relations
analysis]. Kharkiv, Ranok Publishing House, 176 p. (in Ukrainian). -

DeBano, L. F. 2000. The role of fire and soil heating on water repellency in wild land environments: a review.
Journal of Hydrology, 23 | 132: 19 5-206.

Furyayev, V. V. and Furyayev, E. A. 2008. Piroekologicheskie svoistva sosny obyknovennoi v Srednei Sibiri
lflioecological properties of Scots pine in Central Siberial. Khvoynye borealnoy ionyjconiferous of boreal zonel,
XXV(1-2): 103-108 (in Russian).

Girs' G. I. 1982. Fiziologiya oslablennogo dereva [Physiology of the weakened tree]. Novosibirsk, Nauka,256 p.
(in Russian).

rt2



2018. Bnn. 132 - 2018. Iss.

Grishyn, A. M. 1994. Teplofyzika lesnykh pozharov [Thermophysics of forest fires]. Tomsk, Tomsk State

University Publishing House, 207 p. (inRussian).
Konev, E. V. 1977. Fizicheskie osnovy goreniya rastitelnykh materialov [Physical basis of combustion of plant

materials]. Novosibirsk, Nauka, 239 p. (in Russian).

Kosov, I. V. 2006. Ustoychivost khvoynykh porod k vozdeystviyu lesnykh pozharov [The resistance of coniferous

species to the effects offorest firesl. Avtoiei. dis. nu soisk. uchen. step.eni kand. s.-kh. nauk [Extended abstract ofPhD

dissertation]. Krasnoyarsk, 22 p. (in Russian).

Leychenko, V. V., Borsui, O. A., Borsuk, A. A.2015. Lisovi horiuchi materialy [Forest fire fuels]. Kyiv, NUBIP,

237 p. (in Russian).
Neiterov, V. H. 1949. Gorimost lesa i metody yeyo opredelenyia [Forest fires risk and methods of its

determination]. Moscow, Goslesbumiz dat,76 p. (in Russian). ,
Roberts, W. A. WAS. Soil temperatures under a pile of burning logs. Aus. For' Res., l: 2l-2.5.

Sackett, S. S. and Haase,'5. M. 1992. Measuring soiland tree temperatures during prescribed fires with

thermocouple probes. Gen. Tech. Rep. PSW 131. Albany, CA, Pacific South west Research Station, Forest Service,

U.S. Department of Agriculture, 15 p.

Sapozhnikov, ,q. p. gle . Rol ognya v formirovanii lesnykh pochv [The role of fire in the formation of forest soils]

Ekolohiya [Ecology], l:4346 (in Russian)'
Staiystychnyiluirnyt< ,'Ukraina u tsyfrakh" (2009-2015). [Ukraine in numbers: Statistical Yearbook 2004-2015].

ZOn. [nlectroni, ..rour".]. Available from: https://ukrstat.org/uk/druk/publicat/Arhiv-u/01/Arch-ukr-zb.htm (in

Ukrainian).
Sydoienko, S. H. 2017. Postpirohennyi rozvytok sosniakiv Livoberezhnoho Lisostepu Ukrainy [Postpyrogenic

growth ofScots pine stands in the Left-bank Forest-Steppe ofUkraine ]. Avtoref. dys. na zdobuttya nauk. stupenya

iand. s.-h. nauk [Extended abstract of PhD dissertation]. Kharkiv, 22 p. (in Ukrainian)'
()senya, V. f. ZOOZ. Lesnye pozhary, posledstviya i borba s nimi fForest fires, the effects and control]. For' Inst.

NASB, Gomel, 206 p. (in Russian).
Valendyk, E. N. and Kosov, I. V. 2008 Teplovoe izluchenie lesnykh pozharov i vozmozhnoe vozdeystvie ego na

drevostoy fThermal radiation of forest fires and its possible impact on a stand]' Khvoynye borealnoy zony [Coniferous

of boreal zonel, XXV(1-2):88-92 (in Russian).

Voron, V. P., Borysenko, V. G., Tkach, O. M., Muntian, V. K., Barabash, I. O. 2016a. Parametry horinnya pidstylky

sosnovykh lisiv Ukrayinskoho Polissya [Burning parameters of litter from Ukrainian Polissya pine forests].

Lisivnytstvo i ahrolisomelioratsiya [Forestry and Forest Melioration], 129: 130-138 (in Ukrainian).

Viron V. p., Tkach O. M., Sjtdorenko S. H. 2016b. Osoblyvosti poshkodzhennya pozhezhamy lisiv u Polissi

[Features of forest damage aftei wildfires in Polissya]. Naukovi pratsi Lisivnychoyi akademiyi nauk Ukrainy

iproceedings of the Forestry Academy of Sciences of Ukraine], 14:3844 (in Ukrainian).' 
Voron-V. p., Tkach O.'M., Sydoienko S. H. 2017. Osobennosty pyrogennogo povrezhdeniya. sosnyakov Polesya v

zasushlilrye gody [Features of pine forests pyrogenic damage in arid years in Polissya]. Problemy lesovedeniya i

lesovodstva: Sbomik nauchnykh trudov IL NAN g.lu.rsi [Problems of forest science and forestry: Collection of

scientific works of the National Academy of Sciences of Belarus (NASB)],77: 413424 (in Russian)'

Voron V. P., Borysenko V. H., Barabash L O., Muntian V. K., Tkach O. M.' Sydorenko S' H., Melnyk Ye' Ye'

INFLUENCE OF THERMALRADIATION ONFOREST SOILS

Forest fires are a powerful environmental factor that breaks the balance between the individual components of
forest ecosystems. Thermal radiation is one type ofthe heat distribution during surface fires in forests. The objects of

the study were forest soils, the monoliths of wtrich were radiated with heat in specially created laboratory equipment.

the facility allows deteciing heat flux distribution in soils under laboratory conditions. The peculiarities of the

processes for the typical soils for pine and oak stands were revealed. The highest temperature was observed on the

surface of the soil. As the depth increased the temperature dropped. The most noticeable decrease was observed in a

surface layer from 0 to 4 cm. The difference between the temperatures on the surface and at a depth of 10 cm could be

240-300.C for sandy soils and 260-400.C for gray forest soils. The temperature ofdeep soil layers increased even after

stopping the heat raiiation. The heating of dryiandy soils deep in to the profile occurs more strongly than in the moist

,un,1pt.. t6" sandy soil was found to warm deeper and more intensively as compared to loamy soils.

k"y *o rds: surface fires, pine forests, soil, thermal radiation, combustion properties.

Bopon B. II., EopraceHro B. f., Eapa6aru 14. A., Mynrrs B. K., Txaq O. M., Clr4openro C. f', Menrnr'rx E. E.
,BTIJ1I',II]N TETJIOBO|O UI3JIYIIEHI4'I HA JIECFIbIE IIOI{BbI
Ogurana H3 Br,rAoB pacnpocrpaHeHn.f, Tenra Bo BpeMr Hr43oBbIx [o)KapoB tBJlterct renJloBoe I'I3nyqeH!{e. O6rerrou

I,rccJre.uoBaHnfi 6rrllr lecnrre [or{Bbr, MoHoJTHT6I Koropblx noABepraJlu TennoBoMy g3nyqeHulo Ha c[eUI{aJI6Ho

cosAagHoi ycraHoBKe, Koropar rro3Bomer e na6oparopHbtx ycnoBnrx Snxcupoearb pacnpocrpaHeHl4e B HI'IX

TenJloBbrx 11oroKoB. Bsrqelenrt oco6ennocrlr xo,qa 3TIIX flpoqeccoB B TunIzqHLIx AJII cocHoBbtx l'I 4y6orrtx lecon

Tlrnax floqBbr. Hanerrc1llaq reM[eparypa orMeqeHa Ha floBepxHocrlz noqBbl. llo n'repe Bo3pacraHl'I-s uy6uurr

TeMrreparypa fia1ana. Hau6olee oulyrr.rMoe ee cHr4xeHI,Ie ua6nroganocr B QJIoe or 0 Ao 4 cNa. PasHI'IIIa MexAy
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.e

reuneparypaur{ Ha fioBepxuocrr{ H na rrry6une 10 crr,r Ant .{epHoB6Ix cna6opasnurrrx uoqB Mot(er cocrasfl.fiTr 240-
300 oC, Ars cepbrx JrecuErx noqB - 26C-/,00 oC. 3a$r.rrcr,rpouauo norpacraHl{e reMneparypr,I rny6rauuElx cJIoeB [orIBEI

AtuKe rrocJre [peKparqenr,rrr HarpeBa. Harpee cypx necrlaH6lx gepnorrtx cna6oparenrblx rroqB erny6r npor[unr
npoucxoAlrJr clrJrbuee, rreM BJrtDKHbrx. flecqanrre rroqBbl flporpeBarll{cb cl,ulbnee u na 6olruryro rny6l.rHy, 'rena

cyFJII,IHr,rCT6re.
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