Yupexaenue oopa3oBaHus
«bapaHOBUUYCKUI rOCYJapCTBEHHBIA YHUBEPCUTET»

Becmnuk, bapTV

E:xexBapTajbHbIi HAYYHO-NIPAKTHYECKH A )KyPHAJ

Wznmaéres ¢ mapta 2013 1. Brimyck 7, centsops, 2019.  Cepust «buonmornyeckue Hayku (oOrmmast
ouomorus). CenbCKOX03SIHCTBEHHBIC
HAYKH (arpOHOMUS )»

Yupeoumenw: yupexnenne obpazoBanus «bapaHOBUUCKHUI rOCY1apCTBEHHBI YHUBEPCUTETY.

PEJAKIIMOHHAS KOJIJIET'USI

Inasneti pedaxmop oicypuana Koaypko Bacunmii ViBaHOBHY, TOKTOpP CENTbCKOXO03SHCTBEHHBIX HAYKgHPO(HSCeop, akaJeMuK
Bbernopycckoif WMHXEHEPHOWH aKaIeMHH, aKaaeMHK MexXIyHapoIHOH aKaJeMHUH TEXHHYECKOTO 400pa3OBaHMS, aKaJeMHUK
MexayHapomHOH akageMHH HayK MeJarormieckoro oOpa3oBaHMs, aKaIeMHK AKaIeMHH SKOHOMHUYECKHX) HayK YKpauHBL,
3acimyxeHHBIH paboTHHK oOpasoBanmsi PecmyOmmkm bBemapyck, pexrop yupexnenus obpa3oBanmsi, «bapanoBuuckuit
rocynapctBeHHblil yauBepcurer» (bapanosuun, Pecryonuka benapycs).

3amecmumens 2nagnozo peoaxmopa ucyprana Kmumyk Bragumup BragumupoBufl, KalIHIaT SKOHOMHUYECKHMX HayK,
JIOLIEHT, TPOPEKTOp MO HAy4HOW paboTe yupexaeHuss obOpasoBaHui «bapaHOBHYCKHH TOCYNApCTBEHHBIH YHHBEPCUTET»
(bapanoBuun, Pecrry6nuka benapycs).

PEJAKIIMOHHAS KOJIJIET USI"CEPU T
I'naBHbIl pegakTop)cepun

Poiunesuu Cepreit KOHCTAHTHHOBHY, KaHAUIAT OMONOEAYCCKAX, HAYK, NOLIEHT, JOLEHT Kadelpbl €CTECTBCHHOHAYYHBIX
JTUCLUIUTIH yupexaeHus oopasoBanus «bapanoBudckuii rocy napedBeHHBIN yHIBepcuTeT» (bapanosuuu, Pecry6iuka benapycs).

PenakTopfrexCTOB HA aHTJIMIICKOM f3bIKe

KapameroBa Enena ['eHHanpeBHa, KaBaumaT WQUIOIOTHYECKAX HAyK, [OICHT, 3aBEAYIOIIUA Kadenpoil Teopuu
U npakTHkd nepeBosa Ne | yupexaeHus oOOpasoBaHus «MMHCKHH TOCYJapCTBEHHBIH JIMHTBHCTHYECKHH YHHBEPCUTET
(Mumsck, Pecrryonuka benapycs).

Abaposa Enena DnyapioBHa (oméemameennvlii 3a HanpasieHue «AepoHomus»), KaHIUIAT CeIbCKOXO3SHCTBEHHBIX HaYK,
JIOIEHT, TUPEKTOp 000COOICHHOTO “CIPYKIYPHOTO moapa3iencHust «JIIXOBHUCKMHA TOCYZapCTBEHHBIH arpapHBI KOJIIEIK
yupexaeHus oopazoBanus «bapaHoBHUCKHI rocynapcTBeHHEIH yHUBepeuTeT» (JIsxoBnun, Pecriybimka benapyce);

3emormsiquyk AnekelBragumirposuy (omseemcemeennulii 3a nanpagienue « Obwasn duono2usy), KaHAUAAT ONOTOTUUECKUX
HayK, JOLEHT, 3aBeAyFOLIMil (Kapeapoil ecTeCTBEHHOHAYYHBIX MUCHHUIUIMH YYpexIeHus oOpazoBanus «bapaHoBuuckuit
rocynapcTBeHHbIi yHuBepeure™» (bapanosuun, Pecryonuka benapycs);

Anexcannp6Bud JOsen) PorociaBoBuy, 1OKTOp OHONOrHMYecKHx Hayk, mpodeccop, 3aBeayroumii kadeapod 300510ruu
[TomopckoiigakanemMuu' B Ciayncke (Ciynck, [Tonpia);

BisrokoBa ‘Tazesiia TumodeeBHa, KaHIUZAT CEIBCKOXO3AWCTBEHHBIX HAyK, CTapIIMi TpernogaBaTeib Kagempbl
€CTeCTBEHHOHAYIHBIX IUCIUILINH YUIpexIeHUs oOpa3oBaHus «bapaHoBHUCKHII rocymapcTBeHHBIN yHHBepcuteT (bapanoBmtm,
Pecrry6mikabenapycs);

Bymryesa Bepa l1BanoBHa, TOKTOp CEbCKOXO3MHCTBEHHBIX HayK, Ipodeccop, mpodeccop Kageaps! CeNeKIud U TeHETHKN
yupexxaeHus: oopasosanus «benopycckas rocynapcrsenHas opaeHoB Oxrsiopbckoit Pepomonnu u Tpynosoro Kpacnoro 3namenu
cenbckoxo3siicTBenHas akagemus» (I'opku, Pecrrybnuka benapycs);

I'pu6 Cranucnas MBaHoBu4, akagemuk HaunonaneHo# akagemuu Hayk bemapycu, ZOKTOp CeNbCKOXO3SHCTBEHHBIX HAYK,
npodeccop, IIaBHBIH Hay4YHBIA cOTpyAHUK PecmyOnukanckoro yHutapHoro npeanpustus «Hayuno-npakrudeckuii nentp Hammo-
HaIbHOH akanemun benapycu Hayk no 3emuenenuio» (JKoguno, Pecrybnuka benapycs);

I'pyuuk Bacwnuit ButanpeBud, OOKTOp OHOJOTHYECKMX HAyK, OOLEHT, 3aBEAyIOMWi Kadenpoil oOmeil 3KOoIoruu
U METOJVKH TIpernofaBanus 6uonorun bemopycckoro rocynapcrseHHoro yausepcureta (MuHck, Pecrybnuka benapycs);

Jbxyc MakcuM AHATONBEBHY, KaHAUIAT OHOJIOTMYECKHX HAayK, NOIEHT, NOIeHT Kadexpel Ooranuku Bemopycckoro
rocynapcTBeHHoro ynusepcurera (MuHck, Pecry6inka benapycs);

EpomoB Amnaronuii VBaHOBMY, MOKTOp OMOJOTMYECKMX HayK, Ipodeccop, akaneMuKk MexIyHapoaHOi axajaeMuu
skosorud, mnpodeccop kadenpsl  IHEprodp(EKTUBHBIX  TEXHOJNOTHMH  YyupexieHHs o0pa3oBaHus  «MexmayHapOIHbII
rOCYJapCTBEHHbIM dKojorndeckuii ynusepcurer mmenu A. JI. CaxapoBa» bemopycckoro rocynapCcTBEHHOIO YHUBEpPCHTETa
(Mumnck, Pecmybnuka bemapycs);



KunbueBckuif  Anexcannp BnagumupoBuu, uieH-koppecnoHieHT HauuonanpHolt akagzemuu Hayk benapycu,
JOKTOp OWOJOTMYeCKMX Hayk, mpodeccop, IJIaBHBIA ydeHBI cekperapb HaruoHanpHOH akanemuu Hayk benapycu
(Munck, Pecriy6imka Benapyce);

Jlykamenu Huna IleTrpoBHa, IOKTOp CEJNBCKOXO3SHCTBEHHBIX HaykK, mHpodeccop, 3aBelyroluid kadeapoid KopmMo-
MPOM3BOACTBA YUpexaeHus oOpa3oBaHus «BureOckas opmeHa “3Hak mouyéra” TOCYOapCTBEHHAs aKageMus BETCPHHAPHOU
MeauuHb (Butebck, Pecybnmka bemapycn);

IIpoxun Anexcannp AnekcaHIpOBUY, KaHIUIAT OHOJIOTMYECKMX HAyK, CTApIIMA HAy4YHBIH COTPYTHUK (eaepalbHOro
TOCY/IapCTBEHHOTO OIOKETHOTO yupexkaeHus Hayku «MHcTuTyT Ononorun BHyTpeHHuX Box nmenu . J1. ITananuna Poccniickoit
akanemun Hayk» (1. Bopok, Poccuiickas ®enepauns);

113 ®ennonr, nokrop, npodeccop, HCTUTYT SHTOMONOIHH, (aKyJIbTET €CTECTBEHHBIX HayK, YHuBepcuTeT uMeHn CyHb
Stcena (I'yanuwxoy, Kuraiickas Haponnas PecmyOnuka);

[IlamanaeB BukTOp AHATONIBEBHY, JOKTOP CEJIBCKOXO3SHCTBEHHBIX HAYK, CTAapIIMi HAay4HBIH COTPYAHMK, Hpodeccop
Kadenpel arpOHOMHH M JKOJIOTHH (heNepalbHOTO TOCYIapCTBEHHOTO OOKETHOTO O0Opa3oBaTEIbHOTO YUPEKICHHS BBICIIETO
npodeccuoHanbHOrO 00pa3oBaHust «CMOJCHCKas TOCYJapCTBEHHAs CelbCKOXO3siicTBeHHas akamemus» (Cmonen€k, Poccmiickas
Denepars).

logpman Jleonnn VicaakoBud, TOKTOP CEIBCKOXO3SHCTBEHHBIX HAYK, CTAPUIMI HAYYHBIH COTPYIH.
YHUTapHOTO npeanpusatus «MuHCKas o0yacTHas CelbCKOXO3SICTBEHHAs ONbITHAs craHuus Haumo HOHN
Benapycu» (n. Hatanbesck, Pecirybnuka benapycs);

SAnuypeBny Onbra BukTopoBHa, KaHAMZAT OHOJIOTMYECKHX HAyK, IOLEHT, 3aBEIyIOLIH adeqpoil 300J0TUH U
(GbU3MONIOTUH YeNOBeKa M JKUBOTHBIX YUpeXJIeHHs 00pa3oBaHus «I'POJHEHCKHH TOCYAapCTBEHHBIH YH CUTET MMEHHU SIHKH
Kynaner» (I'poxHo, Pecniyonuka Benapycs).

Aodpec peoaxyuu: %
yi. BoiikoBa, 21, 225404 r. bapanoBuyu.

Tenedon: +375 (163) 45 46 28.

E-mail: vestnik@barsu.by . J

Toonucnwie unoexcwoi: 00993 — 111 HHIUBUAY ATBHBIX TTOITACYHIKO 32 — 17 opraHu3alnui.

CITYOJIMKAHCKOI'O
MUH HayK

CBHIETENBECTBO O PETHUCTPALUH CPEACTB MACCOBOM HHQOP " 1533 or 30.07.2012, BeimanHoe MuHUCTEPCTBOM
nHpopmarmu PecrryGukn benapycs.

B coomsemcmeuu ¢ npuxasom Beicwieii ammecma komuccuu Pecnybauxu benapyco om 21 saneapa 2015 2. Ne 16

Hayku (azponomust)y exmiouén 6 Ilepeuenv Ha Pecny6ruxu FBenapyco 0ns1 onyonukoeanusi pe3yibmamos
ouccepmayuOHHbIX UCCIe008aHULL NO OUOTOSUYECK! M (00was 6uonocus), cenbCKoXo3AUCMEEHHVIM HAYKAM (A2POHOMUS).

Hayuno-npaxmuueckuti oicyprnan « bapl'Vy exmouén ¢ PUHI] (Poccuiickuili UHOEKC HAYYHO20 YUMUPOBAHUS),
JUYeH3UOHHbIL d02060p Ne 06-1/2016.

H30amensy: yupexeHue o0pas 51 «bapaHOBHUCKMI rOCY1apCTBCHHBIN YHUBEPCUTETY.

Brixomut Ha pycckom, OETIOPYCCKOM U aHTTTHICKOM SI3bIKaX.

Ha Teppuropuu Pecrry6nuku Benapycs.

Ho-uzoamenvcrou epynnoii C. A. Bepe3Hiok
mop A. 10. Cunopenko

W a5 6épcmra C. A. bepesHrok
op C.A. bepesHiok

amucano B medats 13.09.2019. ®opmar 60 x 84 '/5. Bymara odcernas. Ieuars mudposas. Tapuutypa Taiimc. Ve meu. m. 18,50.
Vu. . 1. 14,10. Tupax 75 k3. 3aka3
€Ha CBOOO/IHas.
nurpaduyeckoe ucnonHenue: ['popHeHckoe oOiacTHOE yHUTapHOe nonurpaduyeckoe npeanpustie «CIOHUMCKas TUIOTpadus.
CBUJIETEIBCTBO O TOCYAAPCTBEHHON PErHCTpallMU H3JaTels, U3TOTOBUTEINS, PACIPOCTPAHHUTENs MedaTHBIX m3maHumii Ne 1/203 ot 07.03.2014,
Ne 2 o1 25.02.2014.
Anpec: yn. XmonuHa, 16, 231800 Cnonum, I'poanenckas o0,
© BapI'V, 2019



YcranoBa amgykarpli
«bapanaBilki A3spKayHBI YHIBEPCITIT»

Becnix, bapDY

mTOKBapTaJ'lebI HAaBYKOBa-NIPAKTBIYHbI gacoiic

Brimaera 3 cakaBika 2013 r.  Bemyck 7, Bepacens, 2019. Cepnis «bismarigasisi HaBYKi (aryJibHas
Oisnorist). Cenbckaracmnagapyblst
HaBYKi (arpaHoMis )»

3acnasanvuik: ycranosa agykansli «bapaHaBilki A3spxKayHbI YHIBEPCITITY.

POJIAKIBITHASI KAJIET TSI

Tanoynur paoaxmap uaconica Kadaypka Bacine IBaHaBiu, MOKTap celbckarachagapuslx HaByK, Hpagecap, axkaadMik
Benapyckait imKbIHEpHaH akaldMii, akaJdMik MiKHApOJHAH akamdMii TOXHIYHAW aJyKaibli, akamMik AMDKHEapOmHAN akandMii
HaBYK IleJlarariyHail amykaisli, akaJdMiK AKaJdMii SKaHaMIUHbIX HaBYK YKpaiHbl, 3aciyxkaHsl paOofHik anyKaueli PacmyOumiki
Benapycs, pakrap ycraHoBHI aaykaisli «bapanasinki q3spxxayHbel yHiBepcita™ (Bapanasiusl, PacryOaika benapyes).

Hawmecnix eanoynaca paoaxmapa uaconica Kinimyk Ynansimip Ynansimipapid, XaHapIqaT gKaHaMIuHBIX HaBYK, JalldHT,
npapIKTap Ia HaBykoBail pabome ¥craHoBbl anykausl «bapanaBinki msspxayHbil yHiBepeiroy™y(bapanasiusl, PacnyoOumika
Benapycs).

POJIAKIBITHASI KAJET ISIRCEPBII
I'asoyHbI pa1aKTap cephli

PeiapmzeBiu  Cspreit KancranninaBiu, kanablgaT OisutariyHeiX, HaByK), AAIPHT, JAIPHT Kadeapbl NpbIPoAa3HayybIX
JBICLBITUTIH YCTaHOBBI aayKaubli «bapanasiuki a3spxayusl yHiBepcima®» (Bapanasiubl, Pacmy6nika benapycs).

Papakrap mkerajna aupdilickaii MoBe

KapaneraBa Anena ['eHamsbeyna, kanabigapbianariydpix HAaBYK, JALPHT, 3aramdblk Kadeapbl TIOPbI 1 MPaKTBIKI
nepaxiagy Ne 1 ycTaHOBBI amyKarbli « MIHCKI A3SpK@YHBI JITHFBICTHIYHEI YHIBepCiTIT» (MiHCK, Pacmy6mika benapycs).

AbapaBa Anena DnyapaayHa (aoxkasuvl 84, Hanpamax «Azpanomisy), KaHIOBIAAT CelbCKaracmagapyblx HaBYK, AAIHT,
JBIPIKTAp ajacoOieHara CTPyKTypHara HaupagissaiieHHs <«JIaxaBinki A3gpKayHbl arpapHbl Kalle[pK» YCTaHOBBI aJyKalbli
«bBapanasinki q3sipkayHel yHiBepciTaT (dlsixaBitisl, Pacy6ika Benapycn);

Semarmsaaduyk Ajskcelt YnansiMipaBiy, (@oxaszHel 3a manpamax «Aeyavhas 6isnozisy), KaHIbIIAT OisyariyHeIX HaBYK,
JAIPHT, 3araj4slk Kadeapbl NpeiPeIasHaydbIX [bICHBILIIH yCTaHOBHI axykaubli «bapaHaBilKi J3sip)xkayHbl YHIBEPCITIT»
(bapanasiusl, Pacry6mika Benapgcs);

AnexcannpoBiu Auner Pamacnmapasiu, nokTap OisulariyHbIX HaByK, Hpadecap, 3araguslk kadenpsl 3aamorii ITamopckaif
akammii ¥ Ciyncky (Cryma€xk, Blossiinga);

bistokoBa TamusHa, [{imadeeyna, kaHabIIaT celabcKaracnaapyublx HaByK, CTapIbl BBIKIAQIYBIK Kadeapbl MpbIpogazHayubIx
IBICUBITUTIH yCTaHOBEmaAy Kalibli «bapanasiuki a3spxaynsl yHiBepciTa™» (bapanasiusl, Paciy6nika benapycs);

bymyea BepafIBanayua, mokrap cenbckaracmagapybix HaByK, npadecap, mpadecap Kadeapbl Celekibli i TeHEeTBIKI
ycranosbifanykausli. «bemapyckas maapxayHas opmdHay Kactperaminkait PsBamromeri 1 IIpamoymara YsipBomara Crsra
cenbcKaracragapyas akazMmis» (Iopki, Pacmy6mika bemapycs);

Tpriof Cranicnay IBanasiu, axamdmix HanpisHanbHail akamdmii HaByk bBemapyci, mokrap cenmbckaracrafapybslX HaByK,
npadecap, ‘TAIOYHbI HaBYKOBBI CyIpaloyHik PacmyOnmikaHckara yHiTapHara mnpainpsieMcTBa «HaByKOBa-IpakThIYHBI LHTP
HanpisiHanpHaakaadmii HaByk benapyci na semnsipoocte» (Komzina, Pacmy6itika benapycs);

I'perusik Bacins BitanbeBiu, nokrap OisutaridHelX HaBYK, JAIPHT, 3araidblk Kadeapsl aryjibHald JKajorii i METOMBIKI
BBIKJIaZaHHs Oisutorii benapyckara a3spixaynara yuisepcitara (MiHck, Pacny6Guika bBenapycs);

Jhxyc MaxkciM AHaTonbeBi4, KaHIbLIAT OisUIariyHbIX HaBYK, AAIPHT, AAIPHT Kadeaps! 6ataniki benapyckara a3sipixkayHara
VHiBepcitaTa (MiHck, Pacmy6iika benapycs);

Epamoy Anatons IBaHaBiu, nokTap OisulariyHbIX HaBYK, Impadecap, akagdMik MiKHapoaHail akaadMii skaorii, mpadecap
Kadeapsl HHEPrad(peKTHIYHBIX TOXHAJIOTIH YCTaHOBBI amyKamnpli «MDKHApDOJHBI I3SpKayHBl DKaJaridHbl YHIBEPCITAT iMs
A. 1. CaxapaBa» benapyckara n3sipkayHara yHiBepcitota (Minck, Paciy6mika benapycs);

Kinpusycki Ansikcanap Ynansimipasiv, wieH-kapacnanadHT HanplsiHanbHaii akagpmii HaByk benapyci, gokrap Oisutariqasix
HaBYK, npadecap, ranoyHsl HaBYKOBBI cakpatap HanplsHanbHali akagamii HaByk benapyci (Minck, Pacriy6inika benapycs);

Jlykaumsiu Hina Ilsatpoyna, HOKTap cenbckaracmajapyblx HaByK, mpadecap, 3araadublk Kadeapbl KOpMaBhITBOPYACI
ycranoBbl aaykaipli «BimeOckas opmdna “3HaKk mamanel” A3sp)KayHas akaldMis BeTAphIHApHAW MenplubiHbD (BineOck,
Pacny6mika benapycs);



TIpokin Anskcanap AJsKcaHIpaBid, KaHAbIAAT OisUlariyHbBIX HABYK, CTAaplIbl HABYKOBBI CYyNparoyHIK (endpaibHaii
I3sipykayHal OropKITHAll ycTaHOBBI HaBYKU «IHCTHITYT Oisutorii YHyTpansix Bonay ims I. JI. [lananina Pacifickait akagomii HaByK»
(. Bapok, Paciiickas ®emdpartibis);

L35 ®ennonr, noktap, npadecap, [HCTBITYT dHTamanorii, GaKynIbTIT NpbIpOAa3HayybIX HaBYK, YHiBepcitdT ims CyHb
Stcena (I'yanwxoy, Kitaiickas Haponnast Pacmy0Omika);

llamanaey Bikrtap AHaTonmbeBiU, AOKTAp CeJbCKaracmalapyblX HaBYK, CTAapIIbl HABYKOBBI CYIPAalOYHIK, mpadecap
kadenpsl arpaHoMii 1 9Kkasorii GpemdpanbHail 3sprxkayHail Or0LKITHAN aJyKalbliiHall yCTaHOBEI BRIIDHIIA npadeciiinail agykansli
«CmMmarneHckas a3apxKayHas celbckaracnafapyas akamMmis» (CmaneHck, Paciiickas @emxdpanbis).

Hlopman Jleanin IcaakaBiu, MOKTap ceJbcKaracnaJapyublX HaBYK, CTaplibl HaBYKOBBI CyNpanoyHik PacmyOsikaHckara
yHiTapHara mnpaanpsleMcTBa «MiHckas abiacHasi celbcKaracrajzapyasl AocielHas cTaHubll HanplsHanabpHail akamdMii HaBYK
Benapyci» (. Haranbeyck, Pacy6inika benapycs);

SHuypoaBid Bonbra Bikrapayna, kaHasaaT OisutariyHbIX HaBYK, JAIIHT, 3araadbik Kadeapsl 3aanorii i ¢isisuiorii yanaBexka
1 )KBIBEN yCTaHOBBI axyKansli «[ poa3eHcki a3sapxayHel yHiBepciTaT imMst Anki Kynaney (I'poana, Pacmy6iika bemapycn).

Aodpac paodakyuli:
ByJ1. Boiikaga, 21, 225404 r. bapaHagBiusl.
Tanedon: +375 (163) 45 46 28.

E-mail: vestnik@barsu.by .

Taonicuwis indaxcwr: 00993 — s iHABIBIAYaNBHEIX Magmicubikay; 009932 — s aj iza

Hasykoga-npakmuluHel yaconic «Becnik bap/[V» cepuvisa «bisanaziunvia
(acpanomis)y ykmouansl y Ilepanix masykogvix evidanusy Pacnyonixi be.
dacnedasanHsy na GiANASIYHBIX HABYKAX (a2yIbHas Oisnozis), cenvbckaza

Hasykoea-npaxmueiuner uaconic «Becuik bap/{V» yrnou 'HI] (Paciticki iHO9KC Hagykosaea yvlmaGaHHs),
JysH3itHeL 0azasop Ne 06-01/2016.

Buioasey: ycranosa agykansli «bapaHaBiliki a3spxk

3acaduvik padakyviiina-evioageyrai 2
Toxniunwt padaxmap I'. YO. Cinapatika
Kamn tomapnas éépcmra C. e
Kapskmap C. A. Bepa3Hiok

[Magmicana na Apyky.
Vi.-bin. apk. 14,15. Teipax
Kot cBaboHb)

pozaseHckae abiacHoe yHiTapHae nanirpadiunae npaanpsiemctBa «Cionimckas Thimarpadis». [lacBenuanue
ay11a, BEITBOPLIBI, PacayCio[KBaIbHIKa qpyKaBaHbIX Beimanusy Ne 1/203 ax 07.03.2014, Ne 2 ax 25.02.2014.
mina, 16, 231800 Cuonim, I'ponzenckas BoOL.

a0 13apKayHai pari
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© Bap/lV, 2019
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EDITORIAL BOARD

Editor-in-Chief Vasiliy 1. Kochurko, Doctor of Agriculture, Professor, Member of the Belarusian Academylef Engineering,
Member of the International Academy of Technical Education, Member of the International Academy of Pedagogical Education,
Member of the Academy of Economic Sciences of Ukraine, Distinguished Educator of the Republic of Belarus, Rector
of Baranovichi State University (Baranovichi, the Republic of Belarus).

Deputy Editor-in-Chief Vladimir V. Klimuk, Ph. D. in Economic Sciences, ass@€iate professor,/Vice-rector for Scientific
Work of Baranovichi State University (Baranovichi, the Republic of Belarus).

EDITORIAL BOARD OF THE SERIES
Editor of the issue

Sergey K. Ryndevich, Ph. D. in Biology, associate professorgat the ‘Department of Sciences, the Education Institution
“Baranovichi State University” (Baranovichi, the Republic of Belarus).

EnglishiEext Editor

Yelena G. Karapetova, Ph. D. in Philology, Head“of the/Translation and Interpreting Department No 1 at the Education
Institution “Minsk State Linguistic University” (Minskjthe Republic of Belarus).

Yelena E. Abarova (responsible for the\topic area “Agronomy”), Ph. D. in Agriculture, associate professor, Head of the
economically autonomous structural subdivision, “Eyakhovichi State Agricultural Colledge” at the Education Institution “Baranovichi
State University” (Lyakhovichi, the Repitblic of Belarus);

Aleksey V. Zemoglyadchuk (réspénsible for the topic area “General Biology”), Ph. D. in Biology, associate professor,
Head of the Department of ScigficesithepEducation Institution ‘‘Baranovichi State University” (Baranovichi, the Republic of
Belarus);

Oleg R. Alexandrovi€h, DaSc.in Biology, Professor, Head of the Department of Zoology at Pomorsk Academy in Slupsk
(Slupsk, Poland);

Tatyana T. Bizyukoeva, Ph? D. in Agriculture, Senior Lecturer of the Department of Sciences, the Education Institution
“Baranovichi State dIniversity?,(Baranovichi, the Republic of Belarus);

Veragl, Bushuéva,(D. Sc. in Agriculture, professor at the Department of Selection and Genetics, the Education Institution
“The Beldrusian)State, Agficultural Academy in the name of order of the October Revolution and Labor Red Banner” (Gorki, the
Republig,of Belarus);

Stanislav 1. Grib, D. Sc. in Agriculture, member of the National Academy of Sciences of Belarus, Head Researcher at the
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BIOLOGICAL SCIENCES
General biology
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Yu. U. Zaika', N. Yu. Anikina®
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ON NEW LOCALITIES OF MARINE MICROFOSSILS
IN UPPER CENOZOIC DEPOSITS OF BEEARUS

New data on microfossils from the Upper Cenozoic strata fromethe t€tsitory of Belarus are reported in the article.
In the Radashkovichy Upland (Central Belarus), in sands, silts and lays, Which are currently mapped as Middle
Pleistocene, a mixed association of Upper Cretaceous and Cenozoic goraminifera was revealed. It is suggested that the
Upper Cretaceous foraminifers were reworked in the process of erosionjef l1eose Coniacian — Maastrichtian sediments
previously deposited in that region, whereas Cenozoic ones can“@ccur m reworked sediments as well as in situ, as
inhabitants of a Late Cenozoic marine basin which supposedly spteadigver this territory. In the judgment of the authors,
any possibilities of preservation of delicate tests of Foraminifera during hypothetical glacial destruction of their host
rocks seem very problematic. Another result of the presénfistudysis the discovery of an in situ association of agglutinated
and calcareous tubular microscopic structures, which. may belong, to cold-water Foraminifers, in a site located in the
eastern part of the Polesian Lowland (Dnieper river bankg).in'boulder clay. Their host sedimentary unit is regarded in the
regional geological literature as the moraine of thepMiddle Pleistocene Dnieper glaciation. Perhaps this paleontological
finding provides evidence of the supposed Late,Cenozoic marine transgression to this region. On the basis of the studied
material preliminary assumptions about paleogeogsaphical setting and on conditions of sedimentation are suggested.

Key words: Foraminifera; marine microfossils; Upper Cretaceous; Late (Upper) Cenozoic; reworking; in situ
occurrence; Belarus.

Fig. 8. Ref.: 20 titles.

10. V. 3aika', H. I0. Anikina’
| Vuitaprae npaanpsiemctsa «eacepsicy, By Suki Maypa, 53,
220036 Miuck, benapycs, +375 (44) 709 37 36, yu_z@tut.by;
*DasapeicaBa 3 abMexaBaHail anKaszHaciio «L[PHTpanbHas ropHa-reaaridaas 1a6apaTopbis,
AkusiOpeki mpacrekT, 1. 131/6, 167000 Ceixtberykap, Pacmyonika Kowmi,
Paciiickas demppanpis, anikinanadya@mail.ru

AB HOBBIX MECIIA3BHAXO)KAHHSAX MIKPAPDIIITKAY
MAPCKIX APTAHI3MAY V¥ AJIKJAJIAX BEPXHST'A KAMHA30IO BEJIAPYCI

VY apThIKyie NaBeNaMJIIOLIa HOBBIA JaJ3€HBI Ipa 3HAXOAKI MIKpPACKAIlYHBIX BBIKAIHEBBIX apraHiYHBIX
polITKay 3 agKiazay BepXHAra KaiHa30i0 Ha TIPHITOphI benapyci. Acaupliaublsi MiKpapsLITKay 3MellaHara ThIIy,
y ckimamse sikod (apaminidepbl BEpXHAH KpIHabl 1 KaliHA30s, BBUIyJICHA V Mexax Pajaimikosilikara Y3BBIIIIIa
(upHTpanbHast benapych) y MOKPBIVHBIX ISICKaX, ajleyphiTax i ITHICTBIX Mapojiax, Na3HaYaHbIX Ha J3EHHBIX reaariyHbIx

© Zaika Yu. U., AnikinaN. Yu., 2019
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Mamax y SKacui CsApIAHeIUIeHCTaIPHABRIX. BbIKa3aHa MepKaBaHHE, IITO BEPXHEKPIWHaBbIA (apamiHideps! ObUIi
MepaagKiIaa3eHbl ¥ BBIHIKY pa3MBIBY cialaiiTei(ikaBaHara acajky KaHBAIIKara-MaacTphIXTCKara Y3pocTy, pacmay-
CIO/DKaHaTa Ha TATail TAPBITOPHIL ¥ MIHYJIBIM. Y CBArO 4apry, KaifHa30McKis GapaMiHipeps! MOTYIh 3HAXOA311II[a TaKcaMa
1 ¥ mepliacHBIM 3aisiraHHi, sSK HaceJbHIKI MO3HEeKaiiHa30McKara MapcKoro oOaceiliHa, siki MOT ObIlb TallbIpaHbl
¥ macienaBaHbIM poriéHe. Ha nymky ayrapay, 370JbHACIb KPOXKIX MaHLbIpay (dapamiidep BHITPbIMALG TiNATITHIYHYIO
JIEZaBIKOBYIO JIPCTPYKIBIIO YMSIIYAIBHBIX aKiiajiay BbIIIsLAae ManaBeparoaHai. JIpyriM BeIHIKaM TpaBei3eHail mparbt
3’synsiena aukpelqué “iHCiTHA” acaupiinpl TpyO4YaThIX KapOaHATHBIX 1 ariIIOTBIHABAHBIX MIKpapaIITKay, SKis
pasrisgaronia Hami SK BEparoJHbIS MaHIBIPHl XalaJHaBOAHBIX (apaminidep, y BalyHHBIM CynecKy Ha Oepase
Husmpa, Ha Yexonze Ilameckail Hi3iHBL YMSAITYANBHEI aqKIaibl ¥ paTisHANbHA-TeaaTigHal JTiTapaTypsl aJHOCSIIA
Jla CAp3AHATA IUICHCTAalPHY 1 Jidanua MapsHail [lHAmpoyckara 37ei3sHEHHS. 3HAXOAKAa MOXa 3 SyJfla najieaH-
TaJIariYHBIM CBEJYAHHEM ITO3HEKalfHa30lckara 3aTamieHHs ratail Boonaci. I[Ipananyroria namspa3/His BEICHOBBI Ipa
nayiearearpadigasia abcTaHOYKI 1 YMOBBI CEIBIMEHTAIIBII.

Karouasbist ciioBbI: (apaminidepbl; Mapckis apraHiuHbisi BBIKAITHEBBIS MIKPAPIIITKI; BEPXHsIS KPkiaa; MO3Hi
(BepxHi) KaitHa301; IepaagKiIagaHHe; 3HAX0MKaHHEe “in situ”’; bemapych.

Mau. 8. Biosmisirp.: 20 Ha3Bay.

Introduction. The micropalacontological study of some typesfof satgillageous sediments of
Belarus, regarded by most researchers as formations of glacialgenesis, that'we had undertaken ear-
lier, led to the discovery of Foraminifers and remains of other‘grodps of marine microbiota [1]. The
results obtained suggest that the studied strata contain assemblages of micro-fossils, including both
elements reworked from previously existing more anciengyformations and organisms that lived di-
rectly in the basins of the newest sedimentation. This ig not ‘entirely consistent with the glacial ver-
sion of the formation of the enclosing sediments [2]n ‘patticular, the good preservation of fragile
microfauna excludes the repeated destructive effects of a series of glaciations, including glacial
plucking of the subglacial substrate, erosion bysmeltiwater streams saturated with abrasive particles,
high pressures on loose rocks from moving €€ masses, which are postulated by glacial geologists. In
contrast to these views, the hypothesis of Watctyefosion under certain hydrodynamic characteristics
of the aquatic environment does not conflictfwithvthe possibility of reworking of easily destroyed
microfossils found in an almost intaét forms

In turn, the presence of fessils“ef those representatives of marine microfauna that, in our
opinion, lived in situ, can begconsidered as direct evidence of the marine genesis of some types of
sediments traditionally classified as continental glacial ones. These include the mass accumulation
of tubular cold-water foraminifera, which was identified in the Virynka Section of microlayered
clays and silts in theforth ofithe Polack Lowland (Figure 1) [1].

New studigs, the results of which are reported in this article, allow us to supplement the pre-
viously obtainéd data, as well as to draw several new conclusions about the conditions of for-
mation of the studied sedimentary units.

Material and methods. The present study is based on the methods described in our previous
article [1]. Samples were taken in outcrops and quarries in order to evaluate the main lithological
faciesy Formation members of considerable thickness (more than 2 m) and a uniform lithological
composition were sampled with combined samples weighing not less than 200 g consisting of spot
samples taken along the strike and across the strike of the member. In the laboratory, after
exposure to short-term heating in a solution of baking soda, a part of each sample weighting 100 g
was passed through the standard set of sieves. The thinnest fraction passing the 0.25 mm sieve was
collected and subsequently decanted. The remaining parts of the samples are kept intact for
possible additional analyses: diatom, spore-pollen, isotope-geochemical, etc.

Fossil microobjects were selected under a binocular microscope from washed and dried
sediment with a wet brush or a preparation needle and mounted with a sticky solution of sucrose
on a cardboard carrier for subsequent imaging.
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Figure 1. — Studied localities of marine microfossilsjin'Upper
Cenozoic deposits in Belaras

MantoHak 1. — [acneaaBaHbisli MecLa3HaxomkaHHi MikpapaLT-
Kay MapcKix BbIKanHEBbIX apraHiamay y agkiiagax BepxHsra
kanHa3ot Benapyci

Microfossils were imaged by means of scanning electron microscopy (SEM) and also under
reflected light using the OGME-P2 bino€ulagmi¢roscope and the Sony DSC-H10 digital camera.
The coordinates and absolute altitudefofithe studied locations are determined using the “Google
Earth” service and topographic maps.

The studied micropaleontologieal material is deposited in Yu. Zaika’s collection (Minsk, Belarus).

Results and discussion

Radashkovichy Upland, As a result of sampling of sand-gravel pits located along
a conditional line alohg ‘thesaxis of the Radashkovichy Upland to the north of Zaslauye area
described earlier [T}, the feraminifera and other organic microfossil assemblages were revealed in
the localities of Viekshychy, Radashkovichy-1 and Lasi (Figure 1).

ThewViekshychy Section (54°3'44.01"N, 27°11'0.50"E) is located 8.5 km northwest of
Zaslagye area, nofth of the settlement of Viekshychy in the Minsk Region. Sampling was carried
out in alsdnd and gravel pit on the southern slope of an elevation with an absolute altitude of about
290 m. Theyfollowing formations were revealed from top to bottom under the topsoil (Figure 2).

1. White-yellow loess-type sandy loam, about 0.5 m thick.

2. Light-yellow bedded sand with interlayers of brown argillaceous sand. The bedding is
intensely deformed. Thickness is up to 3.0 m.

3. Dense brown sandy loam and loam, with interlayers and lenses of gravel, pebbles,
infrequent boulders of crystalline and sedimentary rocks (“till”’). Thickness of the member is about
5.0 m. From its lower part sample M27 was taken, in which remnants, presumably of Pteropoda
Cuvier and other organisms of problematic systematic position, were found.

4. Uniform interlayer of fine, argillaceous, thin-bedded sand, about 0.2 m thick.
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Figure 2. — Zaslauye [1], Viekshychy, Radashkovichy-1 and Lasi Sections (Radashkovichy
Upland) with sampled localities (layerwise description given in the text)

MantoHak 2. — Pa3pa3sbl 3acnaye [1], Bekwbiubl, PagawkoBiybi-1 i Jlaci (PapawkoBiukae
y3BbIllLLIA), 3 yKa3aHHEM Mecuay aabopy npob6 (nacrnonHae anicaHHe NpbiBeA3eHa Y TIKCLE)
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5. Laminated sand and gravel unit, in some intervals cemented in the form of slabs and
massifs of sandstone and gravelite, with a total thickness of about 5 m. Mostly hidden by scree.

6. Fine-grained sand, thin-bedded, with thickness of about 5.0 m. The dip of the bedding is to the
south at an angle of 10°. Sample M26 was taken from the lower part of the interval, in which
foraminifera Heterohelix striata (Ehrenberg) (= Guembelina (Pseudoguembelina) striata (Ehrenberg))
(Figure 3, p) were revealed, as well as some globigerinidae-like foraminifers (Figure 4, a). Of them,
H. striata (Ehrenberg) is characteristic of the Upper Cretaceous, mainly for the Coniacian-Maastrichtian.
The foraminifers mentioned in the present work as H. striata (Ehrenberg) are probably identical to the
foraminifera of Zaslauye area, which we previously referred to as Spiroplecta sp. [1]. In addition, Sponge
spicules (Figures 5, a—e) and microfossils of unidentified organisms (Figures 5, —n) weregoting:

The sand interval below with a thickness of about 7—9 m is almost completely cowered with talus.

7. A boulder-pebble interlayer with the uniform thickness of about 0.5 m that dips to the north-
northwest at angles of 8—15°. All the underlying layers down to the bottom of thespit hawe the same
dip. Thus, between layers 6 and 7, there is probably an angular unconformity hidden by the talus.

8. Layered sands, with streaks of gravel, pebbles and with separate be@ildersyFhe member is
up to 3-4 meters thick.

9. Horizontally and diagonally layered sand and gravel with pebblessandsboulders, separate in-
tervals of which are cemented to form slabs of sandstone and gravelitetabout 0.5 m thick. The slabs can
merge into layered cemented massifs of more than 2.0 m thick. In the middle of the unit there are thin
bands of fine and silty sands grading into silt, as well as irfdividual thin bands of brown “chocolate”
silty clay. Total thickness of the member is about 6—8 M, Sample M 16 was taken from a silty clay
band; in the sample numerous foraminifers (Figures 3, 4), astwell as sponge spicules, sometimes inter-
connected (Figure 5, @), fish teeth (Figure 5, k) and other'microfossils (Figures 5, f—j, —n) were found.
The number of tests of Foraminifera is measured in handreds of specimens per 100 g of sediment.
Sponge spicules and foraminifers are well-preserved. The following foraminifers were identified:
Archaeglobigerina sp. (Figures 3, a—i), Globotruncana sp. (Figures 3, j—I), Heterohelix striata
(Ehrenberg) (Figures 3, n, 0), Lagena sp. (Bigute 4,/b), Elphidiella sp. (Figure 4, f) and Eggerella brady
(Cushman) (Figure 3, m). The majority¢ofithe foraminifers found are similar to the Upper Cretaceous
(mainly Coniacian-Maastrichtian) foraminifera. At the same time, some of them may be characteristic
of the Cenozoic, including representativesvof the family Elphidiidae (Figures 4, c—e), Elphidiella sp.
(Figure 4, f) and also Cribrononion“incertus (Williamson) (Figures 4, g—j). The latter represents
a widespread Late Cenozoic aictic-boreal species, existing until the present time. Eggerella brady (Cushman)
also belongs to a group of foraminifers with a wide stratigraphic range from the Cretaceous to the present.

10. Horizontallyy, obligitely and diagonally layered sands, with interlayers and lenses of
gravel, pebbles and boulders, sometimes cemented into sandstone and gravelite. The unit thickness
above the bottemvef the pit is about 4 m. In a sample M36 taken 2.5 meters above the pit bottom
numerousaspong€ spicules and some skeletal debris were found. In the gravel fraction there are
somegdpparently*réworked fossils, including a tiny specimen of solitary Scleractinian coral.

ThefRadashkovichy-1 Section (54°7'19.45"N, 27°10'4.79"E) is located in the Maladziechna
District ofythe Minsk Region, 6.5 km north of the Viekshychy Section, and is characterized by
absolute altitudes of 255—280 m, exposed from the south by the pit mine.

The following sedimentary units were revealed from top to bottom under the topsoil (Figure 2).

1. Light-colored loess-like deposits, grading downward to white-gray sand with pebbles and
small boulders. Total thickness is about 10 m.

2. Brown sandy loam (“till”’) with a large number of boulders and pebbles, with interlayers
and lenses of clay sands. Total thickness is up to 15 m. In sample M29, taken directly above the
bottom of the sequence, an association of microfossils was encountered, which, similar to the
upper sandy loam unit in the Viekshychy Section, included supposed pteropods and problematic
organic forms, as well as single tubular agglutinating foraminifera of the family Astrorhizidae
(Figure 4, k).
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HM
.%er Cretaceous foraminifers of the Viekshychy, Radashkovichy-1 and Lasi Sections
kovichy Upland): Archaeglobigerina sp.: a—i (sample M16, Viekshychy), h (sample M28,
kovichy), r (sample M31, Lasi); Globotruncana sp.: j—I (sample M16, Viekshychy); Eggerella brady
(Cushman): m (sample M16, Viekshychy); Heterohelix striata (Ehrenberg): n, o (sample M16, Viekshychy),
p (sample M26, Viekshychy), s, t (sample M31, Lasi), t— test of H. striata attached to sponge spicule, s —
aperture of same test filled with nannofossils

ManwHak 3. — ®PapawmiHichepbl BepxHAN Kpanabl 3 pa3pasay Bekwbiubl, PagawkoBiubl-1 i Jlaci

(PapawkosBiukae y3Bblwwa): Archaeglobigerina sp.: a—i (ysop M16, Bekwbiubl), h (y3op M28,

PapgawkoBivbl), r (ysop M31, Lasi); Globotruncana sp.: j—I (y3op M16, Bekwnbivubl); Eggerella brady

(Cushman): m (ysop M16, Bekwbiubl); Heterohelix striata (Ehrenberg): n, o (y3op M16, Bekwbliubl), p (y3op

M26, Bekwbiybl), s, t (y3op M31, Jlaci), t — naHublp H. striata, npeiMauaBaHbl ga cnikynbl ryoki, s — Bycue
Taro X 3K33Mnnspa, 3anoyHeHae HaHadaciniami
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Figure zoic and Upper Cretaceous Foraminifera from the Viekshychy and Radashkovichy-1
Secti ashkovichy Upland): a — Globigerinidae inc. gen. (sample M26, Viekshychy); b — Lagena
sp. (sa M16, Viekshychy); c—e: Elphidiidae inc. gen. (sample M16, Viekshychy); f — Elphidiella sp.
(sample , Viekshychy), g—j — Cribrononion incertus (Williamson) (sample M16, Viekshychy); k —

Astrorhizidae inc.gen. (sample M29, Radashkovichy-1)

ManioHak 4. — ®apamiHidepbl KanHa30A i BepXHAN Kpanabl 3 pa3pasay Bekuwbiubl i PagawkoBiybi-1

(PapawkoBiukae y3Bblwwa): a — Globigerinidae inc. gen. (y3op M26, Bekwbiybl); b — Lagena sp. (y3op

M16, Bekwblubl); c—e: Elphidiidae inc. gen. (y3op M16, Bekwbliubl); f — Elphidiella sp. (y3op M16, Bekwwbl-

ybl), g—j — Cribrononion incertus (Williamson) (y3op M16, Bekwbiybl); k — Astrorhizidae inc. gen. (y3op
M29, PapalukoBiybl)
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p —te raxonal spicule (Demospongiae, sample M31, Lasi); bony fish (Osteichthyes): k — tooth (sample M16,

Viekshychy); problematic microfossils (Problematica): f, h, j (sample M16, Viekshychy), g, i, I (sample M28,

Radashkovichy), m, n (sample M16, Viekshychy — small laminae on surfaces of the microfossils are mineral
particles of enclosing sediment), r — (sample M31, Lasi)

ManioHak 5. — BblkanHéBbIA apraHiyHbIA MiKpap3wTKi 3 pas3pasay Bekwbiyubl, PagawkoBiubi-1 i Jlaci

(PapawkoBiukae y3Bbiwwa): Porifera: a (y3op M16, Bekwsblubl), o (y3op M31, Jlaci) — dparmeHTbl wwkinetay

Hexactinellida, b—e (y3op M26, BekLwublubl) — LUKINETHbIS 3rieMeHTbl, @ — Chikyra 3 npbiMauaBaHav chapamiHidepan

(F), p — TaTpakcoHHas cnikyna (Demospongiae, y3op M31, Naci); kacussbis pbibbl (Osteichthyes): k — 3y6 (y3op

M16, Bekwblybl); npabnemaTtbiyHbia MiKpapawTki (Problematica): f, h, j — y3op M16 (Bekwbiubl), g, i, | — y3op M28

(Papawekosiybl-1), m, n (y3op M16, Bekwblubl — gpobHbIst NnacuiHki Ha naBepxHSAX Mikpadhacinin 3'aynsawouua
MiHepanbHbIMi YacuiHkami acagky), r— (y3op M31, Jlaci)
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3. Subhorizontal and cross-laminated sands, with intervals of clay sands, layers and lenses of
boulders, pebbles and gravel. Laminated sandstone slabs and gravelite massifs are observed. The
total thickness of the stratum is about 10 m. Sample M28 was taken from near its top, and contain
a few foraminifera Archaeglobigerina sp. (Figure 3, h), resembling foraminifers known from
Coniacian and Santonian strata of Belarus.

4. Layered sands with gravel interlayers, occurring with angular unconformities with respect
to overlying and underlying intervals. The dip is towards the north and northwest at an angle of
30°. Thickness is about 5 m.

5. Brown, horizontally layered clayey sands with gravel and small boulders. Thickness is
about 5 m.

6. White, layered, fine sand with streaks of fine gravel, dipping to the north afid northwest at
an angle of 45—50°. Bands of brown “chocolate” silty clay are found inside the unit, In a sample
taken from the silty clay no microfossils were revealed. The part of this unit expesed ifythe pit has
a thickness of about 5 m.

The Lasi Section (54°12'25.62"N, 27° 4'46.71"E) is located near the¢"failway*station of the
same name, 11 km north-northwest of the Radashkovichy-1 Sectionglt isteofifined to an elevation
with absolute altitudes of about 250 m, exposed by quarrying. Fhe follewing sedimentary units
were revealed from top to bottom under the topsoil (Figure 2).

1. Loess-like sandy loam, strongly sandy at the bottom of the Tatérval, with traces of post-
depositional sediment flow. The member is up to 2 m thick®

2. Complex sandy unit, represented by subhorizontally- ‘andidiagonally-layered light yellow
sand with interlayers of gravel, with lenses of pebbles, whichWaterally transform into sand-gravel
mixtures with a high content of boulders, as well as claygey brown moraine-like carbonate sand and
gravel deposit. The lamination in the upper intefvalsyofthe sequence is intensively deformed in
some places. The total thickness of the stratum 1§,about 10 m. Sample M31 was taken from the
bottom of yellow layered sands at a depth of about 8ym, in which numerous sponge spicules were
found, including interconnected ones (Figures/'5, o, p), single foraminifera tests, including
Archaeglobigerina sp. (Figure 3, r) and ‘Heterohelix striata (Ehrenberg) (Figures 3, s, ¢) and also
problematic microfossils (Figure 5, #)RAll the collected microfossils are well-preserved.

Sample M33 was taken fromythe clayey sand and gravel moraine-like deposits at a depth of
about 5 m, in which problemafic tubular microfossils, presumably algae, were found.

3. Red-brown sandydeam and loam. Only the top of the unit was exposed by a quarry.

To generally chardcterize Zaslauye [1], Viekshychy, Radashkovichy-1 and Lasi localities, it
can be noted that am6ng theforaminifers identified in these sections, Coniacian to Maastrichtian
(Upper Cretaceous), representatives prevail. Some of the Foraminifera found are known in the
Cenozoic andgalSe, oecur in recent basins: Cribrononion incertus (Williamson) and Eggerella
brady (Cushman). Zaslauye area is somewhat distinguished by the presence of radiolarians, as well
as problematic™Astrorhizidae foraminifers, not revealed in the other sections. In the
Radashkevichy-1 section, the Astrorhizidae are represented by single specimens, and their
preservation is significantly different from those in Zaslauye.

Based on the number of specimens of foraminifera in the samples, the Viekshychy Section is
distinguished by the abundance of tests in layers of thin and micro-layered silty clay and fine sand.
In contrast, in sand samples from Radashkovichy-1 and Lasi Sections, foraminifera are rare. This
contrast reflects the geological situation in the areas where the relevant sections are located. In
Viekshychy and Zaslauye the Upper Cenozoic sandy-clayey strata are underlain by Cretaceous
(Cenomanian-Turonian) formations, while in the area of the Radashkovichy-1 and Lasi Sections
the underlying formations are Devonian [3].

Traces of deformation of sediments and the presence of angular unconformities may indicate
events of post-sedimentary seismic and tectonic impact on the deposits.
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Polesian Lowland: microfossils from boulder clay (“till”) of the Rechytsa-1 Section. The
Section is located on the right bank of the Dnieper River in Rechytsa, Gomel Region. Absolute
elevations of the locality are about 118—120 m. The following strata are exposed in the river bank
for 1.0 km, from top to bottom.

1. Recent topsoil, up to 1.0 m thick.

2. Fine and medium sand, light yellow, about 1.0—1.5 m thick.

3. Brown massive boulder clay (sandy loam or “till”’), with inclusions of a small number of
boulders, pebbles and gravel particles, with frequent randomly scattered round nodules of sandy
loam composition. About 5—7 m of sandy loam is exposed at the water’s edge in the rivety(Figure 6).
Member 3, exposed along the bank of the river, is referred in literature to the Middle Pleistocene
and is considered to be a moraine of the Dnieper Glaciation [4].

”Rechytsa-1" Section / Pa3pe3 “Pyubina-1”

S5 Lithology Sample No. Description Microfossils
32| Jlivasoris Nz npodh1 Amnicanne Apraniufibisi Mikpap ki
x X X Artificial soil, topsoil\
1 H XK X Hachmnb rpynT,
a3épan
X X X : 10m
.................. Sand light-yellow \
2 Mo & & & & o II5ICOK CBETIA-KOVTRI
.................. 0 LSm
— e &
(-—
— Brown sandy loam
€’Till”) with pebbles
Q = and globose nodules
_— of lithified loam \
—— Pyae1 cynecax
e ("mapaua”) 3 rasskaii
3 < i chepbraHbIMI
KAHKPOUBIAMI JITHI(I-
- KRABAHATO CYIECRY
@ L
O - Agglutinated encrusting tests
on gravel particles\
- ( ArmoreiHaBaHbIA A0pACTATBHIK]
(- HA SKBIPOBBIX YaCLIHKAX
® - Accumulation of calcareous-
- agglutinated tubules \
o — & . < g g % CkymusHHE TPYOHATBIX
Water’s edge / Ypa3 Baxey KapOaHATHA-ATTFOThIHABAHBIX
=y Y Z0m YTBAP3HHSY
2 — = \ @ - Elphidiella (?) sp.

Figure 6. — Rechytsa-1 Section, Polesian Lowland (layerwise description given in the text)

MantoHak 6. — Pa3pa3 Paubiua-1, Maneckas HisiHa (nacnonHae anicaHHe NpbiBeA3eHa Y TIKcLe)
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The sampling of sedimentary unit 3 was carried out in a clay pit located at the base of the
river bank (52°22'31.60"N, 30°25'0.22"E). The sample M30 revealed fragments of agglutinating
microscopic formations resembling foraminifers of the genus Tolypammina Rhumbler and
Rhabdammina M. Sars (Figures 7, a—e), as well as single tests of Elphidiella sp. (Figure 8, k).
Encrustation of grains of coarse sand and gravel by Tolypammina sp. is observed (Figures 7, b;
8 g, h). Although the belonging of some of the collected specimens to the foraminifera is debatable,
recent foraminifera having similar tests that encrust ice-rafted pebbles have been reported in the
literature from cold-water seas of high latitudes [5]. Many of the revealed calcareous-agglutinating
tubules are characterized by a multilayer wall that includes a relatively complex internal
calcareous layer (Figures 7, c¢; 8, a—e) outside of which occurs a zone of agglutinatcd*patcticles,
cemented by calcareous substance (Figures 8 c, i, j). A similar “cellular” structure of the innerjpart
of test is typical for some representatives of the family Diffusilinidae Loeblich et Tappan. The
tubules in sample M30 form labyrinthine aggregations covered on the outside by=a,common layer
of silt and fine sand grains.

In addition to the above-described forms, pteropods (?) and orgafiismsyef unidentified
systematic affiliation were found in sample M30, identical to mierofossils’ ofsthersandy loams
(“tills”) of the above-described Viekshychy, Radashkovichy-1 and LasigSitest Their preservation
may indicate that they are reworked, in contrast to the tubular formadtions (? foraminifera), the in
situ occurrence of which seems undoubted.

0.5 mm

Figure 7. — Agglutinating tubular formations (? foraminifers) from boulder clay (“till’) of the

Rechytsa-1 Site, Polesian Lowland (sample M30): a, d, e — fragments of agglutinated tubules (probably

Rhabdammina sp.); b — probable encrusting Tolypammina sp. (T) on gravel particle; ¢ — probable fragments
of Rhabdammina sp. and aggregation of calcareous tubules (t)

MantoHak 7. — ArnioTbiHaBaHbIsA TpybuaTbia YyTBap3HHi (? dapamiHichepbl) 3 BanyHHbIX cyneckay

(«Map3aHbI») MecuasHaxomkaHHA Paubiua-1, Maneckasa HisiHa (y3op M30): a, d, e — parmeHThI

arnoTbiHaBaHbIX TpybyaTbix YTBapaHHsY (BeparogHa, Rhabdammina sp.); b — BeparogHa, naHubIp

Tolypammina sp. (T), siki abpacTae XBipOBY0 YacLiHKy; ¢ — BeparogHa, dparmeHTbl Rhabdammina sp.
i CKyn4aHHe kapbaHaTHbIX TpyO4aTbIX yTBAp3HHSY (1)
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¥ o

20 m

Figure 8. — Microfossils from boulder clay (“till”’) of the Rechytsa-1 Site, Polesian Lowland (sample

M30): a, b, e, f — fragments of calcareous tubules (foraminifera ?); ¢, i, j — fragments of calcareous

tubules (foraminifera ?) with agglutinated particles; d — inner surface of a dichotomous fragment of a calcareous
tubule; g, h — encrusting Tolypammina sp. on a gravel particle; k — Elphidiella sp.

MantoHak 8. — Mikpap3wTKi 3 Mecua3HaxomxaHHs Paubiua-1, MNaneckas HiziHa (y3op M30): a, b, e, f —

dparmeHTbl KapbaHaTHbIX TpybuyaTbiX yTBapaHHAY (? nmaHublpbl apamiHidep); ¢, i, j — dparmeHTbl

kapbaHaTHbIX Tpyb4yaTbiXx yTBapaHHAY (? naHublpbl hapamiHidep) 3 arntoTbiHaBaHbIMI YacuiHkami; d —

YyHyTpaHas naBepxHs AblxaTamiyHara cdparmeHTa kapbaHaTHara Tpybyatara yTBapaHHs; g, h — dopma
Tolypammina sp., ikasi HapacTae Ha XBipoBYto YacUiHky; k — Elphidiella sp.
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Reworked and in situ occurrence. These data complement the information we have
previously reported [1], and indicate that “moraine” and “glacial-fluvial” sequences in Belarus at
various hypsometric levels often contain marine microfossils, which can be either reworked or
in situ, in some cases occurring together.

The Radashkovichy Upland, as well as the whole Minsk Upland System, is considered by
proponents of the glacial concept to be an area of complexly-arranged glacial marginal forms [4].
Accordingly, the material composing them, with various reservations, is considered as largely
allochtonous, incorporated by glaciers along their path, and partly mixed with local materialg[6]. In
contrast to such notions, the data obtained by us are consistent with the hypothesis about the
prevailing autochthonous origin of clay, silt and partly sand fractions of these sediments, asawell as
microfossils found in these strata, as supported by the following pieces of evidences

— The presence of assemblages of Upper Cretaceous foraminifera of similar geological age
and taxonomic composition in several locations of Upper Cenozoic sandy, siltysamd akgillaceous
formations over a distance of more than 25 km. Moreover, since in the n@rthern sections —
Radashkovichy-1 and Lasi — the foraminifera are the rarest, it can be assufied that the source of
the material was not located to the north of the mentioned logations @ndy»aceordingly, the
microfossils were not moved from this direction by hypothetical glacierss

— Fine preservation of foraminifera tests, their mass accumitl@tionslin separate intervals. It
is doubtful that the fragile foraminifers could withstand multiple gla¢ial effects. These effects
would have included the destruction of the original Crétacgous sediments and the deposits of
preceding glaciations, in which the tests would have been ifeluded;s and the subsequent erosion by
glacial-fluvial flows containing suspension of mineral particles. It should be noted that according
to the current stratigraphic schemes of Quaternary formations of Belarus [7], the region in which
the studied sections are located, was subjected tognor'less than four glaciations during the
Pleistocene. Some published sources indicate_anteven greater number of glaciations. Additional
effects would have occurred during their sgcondary“stages which could have included oscillatory
movements as well as motion of glacial lébes. Therefore, additional active plucking and sediment-
destructive activity are postulated [2].

When considering glacial transport, it is necessary to take into account the facts that the
possibility of transporting fragile“ebjects by recent continental glaciers, as well as the ability of
microscopic fossils to remaindintact mside moving glaciers, are not confirmed and are the subjects
of discussion [8]. These preblems are, as a rule, ignored by the proponents of the glacial theory,
who a priori declare all the) facts of occurrence of marine micro- and macrofossils in the
Quaternary strata onghe continents to be a result of glacial reworking.

— The geological“age of the Cretaceous foraminifera in the locations of Zaslauye and
Viekshychy is stightlyywounger than that of the Cenomanian-Turonian bedrock strata, which occur
in this garea’ Acdordingly, the revealed microfossil associations could have come from
autochithongus formations that stratigraphically and structurally occurred directly above these
bedrockystrata in the past and which were later eroded. The estimated age of the hypothetical
destroyed'strata is the Coniacian — Maastrichtian Stages of the Upper Cretaceous and, possibly,
the Paleogene and Neogene. Consequently, the clay, silt and fine sand fractions may be the
products of water erosion and reworking of the previously existing indigenous bedrock formations
of the corresponding age. In contrast to the glacial hypothesis, the deposition of the enclosing
sandy and clay formations by water does not contradict the possibility of erosion and redeposition
of loose Upper Cretaceous and Paleogene sediments containing foraminifera tests, while
preserving them in good condition.

Unlike the fine fractions of the sediment, the coarse clastic material encountered in the
described sections may be to varying degrees allochthonous, brought by floating ice, as is
currently observed in the Arctic basins.

21



ISSN 2310-0273 Becmuux Bapl'V. Cepus: BUOJIOTHYECKHUE HAYKH. CEJIBCKOXO3SUCTBEHHBIE HAYKHU

Along with the foraminifera, the assemblages of microfauna that we established are also
characterized by sponge spicules. At least some of the spicules have an Upper Cretaceous age,
since they are used by Upper Cretaceous foraminifera as an agglutinated material (Figures 3, #; 5, e).

Especially remarkable is the detection of calcareous and agglutinated tubular microscopic
formations in the area of the “Dnieper glacial moraine” in southeastern Belarus (Rechytsa-1 site,
Figures 1, 7, 8), which we interpret as benthic foraminifera, with some degree of doubt. In our
opinion, the association identified here includes mainly specimens that were not reworked from
older strata. This, along with the good preservation of fragile tubules, is indicated by the
encrustation of sediment particles by Tolypammina sp. Glacial transport of these encrugted gravel
particles does not correspond with the ability of the encrusting tests to remain intacts

Taking into account the finding of tubular foraminifera in the microlayered clays of the
Virynka Section in the north of the Polack Lowland [1] located 430 km%morth-northwest of
Rechytsa (Figure 1), the Rechytsa-1 locality, in the southeast of the Polesiamyl.owland, is of
particular interest. In both cases, the intervals containing the tubular foraminiféra are confined to
a comparable absolute height: about 122 m (Virynka) and about 118—420 m (Rechytsa). To date,
there are no sufficient grounds to confidently consider this fa¢t as“an “imdication of their
stratigraphic equivalence, which, however, cannot be ruléd out. Suech a conclusion would
contradict the glacial stratigraphic scheme, according to whichytlie boulder clay stratum (“till”’) on
the Dnieper River in Rechytsa should be attributed to the Middle Pleistocene, whereas the
laminated clays on the Virynka River should be attributedito the Upper Pleistocene [7]. Additional
detailed research will be required to clarify the stratigraphic interrelation of the mentioned
sections, including further micropaleontological st@dy of the Upper Cenozoic sediments. In the
subsequent consideration of this problem, it is @lso\negessary to note the fact that Virynka and
Rechytsa-1 sections are located on opposite sid€§ofthe Baltic Sea and Black Sea watershed.

Preliminary assumptions on depositional environments. In our opinion, the Radashkovichy
Upland at some stage of its developmentin‘the'Eate Cenozoic could have been a zone of sand bars
or islands surrounded by shallow waters,in a/seasonally freezing marine basin. The sandy-aleuritic
and argillaceous fractions are maisily, formed as a result of erosion of local Upper Cretaceous and
younger loose rocks, while allo¢hthonQus boulder and pebble material found in large amounts at
some intervals could have béen brought by floating ice. The presence of an angular unconformity
in the Viekshychy and Radashkevichy-1 Sections, as well as the alternation of horizontally layered
units with separate horizons jwith intensive distortion of bedding may indicate a periodically
occurring tectonic a€tivation”of the area of the future Radashkovichy Upland. Thus, the formation
of the composite, Cretaceous-Cenozoic assemblage of foraminifera can be explained by the
reworking of @Uppeg, Cretaceous and Paleogene microfossils and the simultaneous inclusion of
Cenozoic fesaminifera. The latter include Cribrononion incertus (Williamson) and Eggerella
brady. (Cushfman), which could have inhabited the basin during the Late Cenozoic transgression.
Itg1s important to note that Cribrononion incertus (Williamson) is among ecologically tolerant
fomns®and can be found not only in normal sea conditions, but also in brackish shallow
hydredynamically active environments [8].

If the above-described tubular and encrusting forms indeed belong to foraminifers, the
Rechytsa-1 Site apparently is among locations of the Late Cenozoic marine microfossils which are
the most distant from the modern marine basins known in Eastern Europe. Hypotheses about the
sea flooding of this part of the Polesian Lowland have already been suggested by some specialists.
In particular, I. G. Pidoplichko [9] acknowledged the presence of a brackish strait connecting the
supposed joint Pliocene-Pleistocene the White Sea and the Baltic Sea basins and the hypothetical
Dnieper-Donets system of lakes. I. L. Kuzin [10] substantiated the existence in the valley of the
Dnieper River of the strait between the supposed North European and joint the Black Sea and the
Caspian Sea basins, formed at least in the Early Pliocene. Our data do not yet allow us to answer
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the question of the time of flooding of this area; however, they can be a paleontological confir-
mation of the above hypotheses.

Concerning sedimentation conditions in the Rechytsa Site, the following tentative
assumptions can be made. Recent representatives of Tolypammina and Rhabdammina are able to
inhabit a wide range of environments with different salinity and depths [11—15], which causes
their non-specificity as paleoecological and paleohydrological indicators. According to
T. G. Lukina [16], the recent Tolypammina vagans (Brady) representatives were revealed in the
Arctic Ocean at depths of 27—5 278 m, in the Atlantic Ocean at 290—3 220 m, in the @acific
Ocean at 200—6 916 m, in the Atlantic sector of the sub-Antarctic at 105—267 m (Falkland Islands
region) and at 26—4 041 m (South Georgia Island), and in the Pacific sector of thes Antaictic to
a depth of 3 200—3 400 m. The living conditions of the “Rhabdammina fauna” also yary significantly
as it is widespread from oceanic depressions to lagoon and brackish near-coastal environments [17—19].
Mass accumulations of agglutinating foraminifera are very characteristic of geld-water basins,
including the northern and southern polar and subpolar shallow waters. Thereforejdespite the fact that
domination of agglutinating foraminifera in fossil assemblages can be a s€eendary phenomenon
caused by the dissolution of calcareous tests of foraminifera of the anitial’cgmmunity [20], we do
not find a contradiction with the assumption about the marine maturegof enelosing sandy loams
(“moraines” or “tills”) and about their having been formed in thefcold/sea basin. The lack of
bedding and the random placement of pebbles and bouldess may indieate a comparatively calm
hydrodynamic environment and the entry of coarse méterialywith floating ice. Moreover, the
intensive movement of gravel and larger clastic particles bypmovements of the near-bottom water
would probably prevent the settling of encrusting foraminifers‘and would lead to their destruction.

Conclusion. The information above is congidered as an indication of the need to revise the
existing ideas about the paleogeographic conditions /and sedimentation factors that led to the
formation of the Upper Cenozoic surficialfdep@sitsyin the territory of Belarus and neighboring
regions of Eastern Europe. As part of the paradigm of continental glaciation dominant in
Quaternary geology, the microfaunisticiforaminiferal) study of the Upper Cenozoic strata of
Belarus had previously been regarded as meaningless and was newer carried out purposefully.
Among other reasons, this led to ‘the \construction of stratigraphic charts for Quaternary sediments
based on the principles of gladcial stratigraphy, which can now be challenged. Our study revealed
the presence of reworkedgand, prebably, in situ foraminifera in the Upper Cenozoic strata of
Belarus. The excellent pteservation of reworked foraminifera tests contrasts with the hypothesis of
multiple destructiveglacial erosion. In situ specimens even more do not agree with the glacial
theory. At the same time, the belonging of some of the tubular agglutinating forms described
above to foramifiiferaymust be regarded as not definitively established and requiring additional
confirmatiens.\ I these regards, further micropaleontological studies of the Upper Cenozoic
formations are néeded and should be supplemented by a wider array of other methods.

Theauthors are grateful to the leading geologist of the A. P. Karpinsky All-Russian Geological
Institute (“VSEGEI”) V. A. Zharkov (Syktyvkar, Komi Republic, Russia) for valuable comments
that contributed to the improvement of our article. The initial discussion of the work was attended by
the “VSEGEI” geologist A. V. Krylov (St. Petersburg, Russia), to whom our gratitude is also
expressed. The authors are very much obliged to the paleontologist C. Schraer (Anchorage, Alaska,
USA) and Dr. R. B. Blodgett (Blodgett & Associates, Geological & Paleontological Consultants,
Anchorage, Alaska, USA) for their careful work on editing the English usage.
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[NaBenamiisieniiia mpa HOBBISI 3HAXO/IKI BBIKAITHCBBIX apraHiYHbIX MIKpapdIITKay 3 BEpXHEKaWHA30MCKIX aaKia-
nay benapyci (Pagamkosinkae y3Beimma, dlanecekass Hizina). Mapckist MikpapamTki 3 Pagamkosinkara y3sbimma
NpbIMEPKaBaHbl Ja IsCUaHa-alleyPhITaBbIX | YIBAPIHHIY 1 mpancrayineHsl dapaminidepami, rydkami i HeKaTopbIMi
IHIOBIMI Tpymami. [X y3pocT ampHbpBaCHHA |\ SKPBEPXHSIKPIHAaBBl 1 KaifHazolcki. ['dTas acampisnbia CcKiazaenuia
NepaBaXHa 3 Tepaakia3eHbIX MiKpadacifiid, BRIMBITEIX 3 IApOJ aAllaBeaHara ¥3pocTy, sKis Marii icHaBalpb y THIM
’Ka paéHe, a TakcaMa Yxirodae GhopMbl, 118 AKiX MOYKHA MEpKaBallb iICHABAHHE in Sifu ¥ MO3HEKAWHA30MCKIM MapcKiM
Oaceline. Beikirouna 100past gdaxaBanalmb BepXHAKpaiinaBeix dapamiHidep He cracyerua 3 Bepcisid pa mmarpasoBae
3JIeA3sHEHHE JaciienaBaHara \pacHa i, aimmaBelHa, IHTIHCIYHYIO IICTPYKLBIIO ankianay nenasikami. TpyOuaTsis
arJIOTHIHABAHbIS 1 BanHABBIL (POPMbI, sKis 3 HEKATOPbIM CYMHEHHEM TaKcama pasriisiaarolia ayrapami sik gapami-
Hidepsl, 3HOMA3eHb! HA Elaneckaii Hi3iHe (pa3pa3 Paubina-1 Ha npaBeiM Oepase [JHsnpa) i nppIMepKaBaHbl Jja BATyHHBIX
cyneckay. [oTasg@acaupbBiibll MIKpapdIITKay 3HAXo[3illa Y MeplianajaTkoBbIM 3allsiraHHI, Ha INTO YKa3Bae,
y TpbIBaTHACL, MPBIEYTHACIF MEpKaBaHbIX (apamiHiep-abpacTaibHikay Ha MsICUaHa-)KBIPOBBIX yacliHkax. JlenaBiko-
Bac repaMsIIgoHHE, TAKIX YaclliHaK y CKJIaj3e MapoHbl He MakiHysla O MardeiMacui /Ul 3aXaBaHHS Ha iX MaBEPXHIX
Kpoxkix mikpadacinin. Takim ubiHaM, pa3pa3 Paublia-1 Moxa miuslua ApyriM 3 BIAOMBIX Ha Oenapyckail TaphITOpbI
Mecla3HaX0KaHHAY TpyOUaThIX arjIoThIHABaHBIX (apaminidep, macis HAAayHATa aaKpBIIII MECla3HaX0/PKaHHS Ha
p. Bippiaka$pllonankaii Hi3iHe. AGOIBa IITHIA pa3pa3bl MAIOLb aMallb aJHOJIbKaBae rilcaMeTpbhluHae CTAaHOBIlIYa —
kamst 120 M Hag cydacHBIM Yy3pOYHEM MOpa, agHaK pa3MsIgarona ma po3Hbist Oaki bamra-Yapramopckara
BOJAmaa3eny. AYTapsl Jivamp, MTO aTPhIMAHBIA 3BECTKI MOTYIh OBIb JaJaTKOBBIMI JTOKa3aMi paHEH BBIKazaHail
rimoT?36I a0 YTBapIHHI II3pary ThIIAY aAKIaAay, SKis TpaaslbliiHa Jidaliia Je1aBiKoBbIMI, Y MApCKiX yMOBaXx.
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