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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UDC 551.734.3; 567.42 (476)°

D. P. Plax
Belarusian National Technical University, Ministry of Education of the Republic of Belarus,
Nezavisimosti Ave., 65, 220013 Minsk, Republic of Belarus, +375 (17) 292 77 84, agnatha@mail.ru

A NEW SPECIES OF THE ACANTHODIAN FISH FROM THE KOSTYUKOVICHI
REGIONAL STAGE (MIDDLE DEVONIAN, EIFELIAN) OF BELARUS

A new species of the acanthodian of Cheiracanthoides pinskensis sp. nov. has been describedontthe basis of
some isolated scales from the Kostyukovichi deposits of the Eifelian Stage of the Middle Devoniafi'of Belarus.\ The
photographs of the external appearance of the scales and their thin sections are given in the Platésy Additionally, the
paper presents the data of the associated organic remains found together with the scales of the new acanthodian
representative. A detailed lithological description of the enclosing rocks is also provided. Fhe“gorrelation of the
Kostyukovichi deposits of Belarus with the coeval sediments widespread in the adjacent ferritories is given. The
described new species complements the taxonomic composition of the ichthyofauna knowiipfromythe deposits of the
Upper Eifelian of the Middle Devonian of the west of the East European platform.

Key words: Belarus; acanthodians; Cheiracanthoides pinskensis sp. 0v.; Kostyukovichi Regional Stage;
Eifelian; Middle Devonian; scales.

Table 1. Fig. 23. Ref.: 35 titles.

JI. I1. TIlnake
Benopycckuii HaMOHATBHBIA TEXHUYECKUH YHUBEpcUTET, MUHHETEPCTBO 0Opa3oBanus Pecniyonuku benapycs,
np. HezaBucumocru, 65, 220013 MuHck, Pecniyonika beftapyens, #375 (17) 292 77 84, agnatha@mail.ru

HOBBIM BU/T AKAHTOI[OBQfI PBIBBI'U3 KOCTIOKOBHYCKOI'O 'OPAU30HTA
(CPEIHUM AEBOH, DUPEJIb) BEJIAPYCH

W3 oTnoXeHNH KOCTIOKOBUYCKOTO TOPH30HTa,d(erpeckoro sipyca cpeanero aeBona bemapycn onmcan HOBBIH
Bup akanrona Cheiracanthoides pinskensis Sp-BOv. Ha OCHOBE M30JIMPOBAaHHBIX demryil. @oTorpaduu BHEITHETO BHAA
ey ¥ ux IumdoB npuBoaaTcs B_GoTorabimunax. OTaeIbHO B CTaThe YKa3bIBAIOTCS JaHHBIC 110 COIyTCTBYIOMIUM
OPraHHYEeCKUM OCTaTKaM, OOHapYKCHHBIM( COBMECTHO C YeIIyIMH 3TOr0 HOBOTO IIPEICTABUTENSA AaKaHTOIOB.
JlononHuTtensHO AaeTcs noapoOHas JTUTOJOTrHuecKas XapaKTepucTuKa BMenaomux nopo. [TpuBoaurcst koppesnsuuns
KOCTIOKOBHYCKHX OTJIOKEHAW benapycu ¢ OJHOBO3PACTHBIMM OOpa30oBaHHMSMH, UIIMPOKO pPa3BUTBIMH Ha
COIIPEAENIBHBIX TEPPUTOPUIX .\ ONICAHHBIM HOBBIH BHJ] JOMOIHSACT TAKCOHOMUYECKHUI COCTaB MXTHO(AYHbI, H3BECTHOM
13 OTJIOXKECHUI BEpXHELO SHeIsTepeiHero AeBoHa 3anana Bocrouno-EBponelickoro miargopMsi.

Knrouessble cioBa: betapycs; akantonsl; Cheiracanthoides pinskensis sp. nov.; KOCTIOKOBUUYCKUI T'OPH30HT;
siienbekuii Apycy’ CPERH I, IEBOH; YCIIyH.

TaOam1. Pucgd23{bubmmorp.: 35 Hazs.

Intreduction. In the Devonian deposits of Belarus the acanthodian skeletal elements are
usually represented by isolated scales and fin spines. V. N. Karatajiuté-Talimaa and
L. A. Lyarskaya were the first researchers who initiated their study within the country territory. In
the early seventies of the past century they determined for the first time the acanthodian remains in
the Lower and Middle Devonian deposits and made their identifications [1—3]. However, the
most detailed study of the diversity of the Early and Middle Devonian acanthodians of Belarus and
an analysis of their assemblages for the stratigraphic purposes had been carried out by
J. J. Valiukevi¢ius from the beginning of the eighties of the 20" century till 2000 [4—12]. As
a result of these studies a zonal subdivision of the Lower and Middle Devonian deposits of Belarus

© Plax D. P., 2019
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was developed on the basis of the acanthodians [11; 12]. In 2002 the author of this paper began the
study of various Devonian ichthyofauna representatives including the acanthodians. The study of
the Middle Devonian acanthodians in the territory of Belarus by the earlier researchers over
a rather long period of time does not exclude the discovery of their new taxa. The repeated study
of some acanthodian scales from the Kostyukovichi deposits of Belarus has demonstrated that the
scales previously defined by the author as Cheiracanthoides sp. [13] refer to a new species.

It is also worth noting that the genus Cheiracanthoides known only from scales and it is charac-
terized by a rather wide distribution throughout the world. The separate scales of this genus are found
in the deposits of the Upper Silurian, Lower and Middle Devonian in the territory of the Baltic States,
Belarus, Russia, Ukraine, Poland, Germany, Spitsbergen, Canada, USA, China, Austialialand some
other countries. The description of a new species of this genus of acanthodians is pfesented below.

Geological setting and stratigraphy. The deposits of the Kostyukovichi Regional Stage are
rather widespread in the territory of Belarus [14; 15]. These are exposediin numerous boreholes
within the southern part of the Baltic Syneclise, in the territory of the Ousha"®epression, within the
Latvian, Zhlobin and Bragin—Loyev Saddles, within the limits of the\Vileyka and Bobruysk
Buried Ridges of the Belarusian Anteclise, in the territogy of the (northwestern slope of the
Voronezh Anteclise and within the Pripyat Trough. According,té the latest Stratigraphic Chart of
the Devonian deposits of Belarus (2010) [15] and the paper by &'. G. Obukhovskaya with co-
authors [16], dedicated to the substage division of thesdepesits of the Eifelian Stage of the Middle
Devonian of Belarus, the deposits of Kostyukovichi Regignal, Stage belong to the Upper Substage
of the Eifelian Stage of the Middle Devonian.

These deposits correspond in their miospotes {composition to the Rhabdosporites langii —
Chelinospora timanica zone [15], in the acanthe@dians == to the Nostolepis kernavensis zone [5; 11; 12;
17; 18], and in the conodonts — to the Polygnathus xylus ensensis zone [19] (Table 1). Within the
territory of the Volyn-Podolia region anfageyanalogue of the Kostyukovichi Regional Stage are the
sediments of the Veliky Most Subfosmation of the lower part of the Lopushany Formation of the
Eifelian Stage [20—22], in the terfitory of the central Russia — the deposits of the Chernyi Yar
Regional Stage of the Eifelian Stage [12$23], and in the territory of the Baltic States — the sediments
of the Kernave Regional Substage ofithe Narva Regional Stage of the Eifelian Stage [5; 24; 25].

T able 1.— The Upperkifelian deposits of Belarus and their correlation with the synchronous deposits in the
adjacent territories (accordingto [15; 16], with minor clarifications)

Tabnwuuya 1. 4 BepxHesienbckne oTnoxeHnsa benapycu n nx kKoppensaums ¢ 04HOBO3paCTHbIMU
ob6pasoBaHusMHa conpenenbHbix TeppuTopusax (cornacHo [15; 16], ¢ HebonbWNMK YTOUHEHUSIMI)
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So, fifteen scales of a new acanthodian species were found in the Pinsk 26 borehole (Figure 1)
drilled within the northwesternmost part of the Turov Centrocline of the Pripyat Trough in the
depth range of 420.1—422.4 m in the grey, greenish-grey, creamy-grey, dirty-grey, unclearly
layered, strong, massive, platy, fine-grained, in places, cryptocrystalline, finely porous and slightly
fissured clayey dolomites belonging to the deposits of the Kostyukovichi Regional Stage. Some
worm tubules of Spirorbis sp., scolecodonts, isolated corals, numerous shell fragments of the
articulate and inarticulate brachiopods, some shell fragments of the bivalves, crinoid segments,
numerous conodonts of Polygnathus sp., P. linguiformis klapperi Clausen, Leuteritz et Ziegler,
1979, P. linguiformis linguiformis Hinde, 1879, Tortodus sp., Icriodus sp., I. stephensoni Sparling,

Antiarcha gen. indet., a spinal plate of Actinolepis sp., the scales of Cheiracantheides proprius
Valiukevicius, 1985, Cheiracanthus sp., C. brevicostatus Gross, 1973, Marka ostulatus

56
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Figure 1. — Map of the location of the borehole sections where the scales of a new representative
of the acanthodian fish were found. Boreholes: 1 — Pinsk 26; 2 — Pinsk 10; 3 — Zhitkovichi 2; 4 —
Bykhov 1

PucyHok 1. — KapTa pacnonoxeHusi pa3pe3oB CKBaXXWUH, B KOTOPbIX ObISIM HalAeHbl Yellyn HOBOro
npeacraBuTens akaHToaoB. CkBaxuHbl: 1 — MNuHcK 26; 2 — MuHck 10; 3 — XKntkoBnun 2; 4 — Bbixos 1
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Valiukevicius, 1985, Ptychodictyon sp., “Acanthoides” sp., Karksilepis sp., Chondrichthyes indet.,
Osteolepididae gen. indet., Orvikuina sp., O. vardiaensis Gross, 1953, “Moythomasia” sp.,
Actinopterygii indet., teeth of Sarcopterygii indet., Actinopterygii indet. and indefinable skeletal
elements of Osteichthyes indet. were also found in these clayey dolomites [13; 26]. In the Pinsk 10
borehole (Figure 1) confined to the southwestern part of the Starobin Centrocline of the Pripyat
Trough more than fifteen scales of the new taxon described below were found in the depth range
of 241.6—245.2 m in grey, light grey, pelitomorphic, platy, strong, massive, in places, with rare
solution cavities, unclearly layered clayey dolomites belonging to the deposits of the
Kostyukovichi Regional Stage. Along with them some rare fragments of the lingulid'ghells, rare
scolecodonts, tubules of the worms of Spirorbis sp., some segments of the crinoidsmeonodonts and
vertebrates represented by the dentine tubercles of Ganosteus sp., a tritor offPtyctodontida gen.
indet., the scales of Cheiracanthus sp., C. brevicostatus Gross, 1973 Cheiraeanthoides’ proprius
Valiukevicius, 1985, “Acanthoides” sp., Osteolepididae gen. indet., Orvikuina spy, O. vardiaensis
Gross, 1953, Actinopterygii indet., the teeth of Onychodus sp., Sarcopterygii indet. and
Actinopterygii indet. were also found in these clayey dolomites [13;26]\Eive scales of a new
representative of the acanthodians were found in the Zhitkovichi 2 boréhole (Eigure 1) drilled in
the southwestern part of the Starobin Centrocline of the Pgipyat Trough in the depth range of
190.5—191.0 m in the light grey, platy, strong, massive, unélearly layered clayey dolomites
belonging to the deposits of the Kostyukovichi Regional StageyLegether with them small plate
fragments of Schizosteus striatus (Gross, 1933), the sealés, of Cheiracanthus longicostatus Gross,
1973, Orvikuina vardiaensis Gross, 1953 and Actinopterygittindet. were also found in these clayey
dolomites [13; 27]. And finally, two scales of a neWyspegcies of acanthodians were discovered in
the Bykhov 1 borehole (Figure 1) drilled in théyOtshayDepression and Zhlobin Saddle junction
zone in the depth range 201.4—202.4 m in theNight grey, dense, unclearly layered, platy, clayey
limestones also belonging to the deposits ofithe Kostyukovichi Regional Stage. Along with them
numerous small fragments of the inagticulate®Btrachiopod shells, rare segments of the crinoids,
some single scolecodonts, one fragment of @ finspine of Haplacanthus cf. marginalis Agassiz,
1845, a few isolated scales of “Ag@nthoides™ sp., Nostolepis kernavensis Valiukevicius, 1985, one
tooth of Chondrichthyes indet., fare teeth of Onychodontidae gen. indet., some small isolated plate
fragments of Placodermi indét., some scale fragments of Actinopterygii indet., Orvikuina sp., one
indefinable bone fragmeftgof Pisces indet., as well as the conodonts of Icriodus stephensoni
Sparling, 1983, Polygnathus) linguiformis klapperi Clausen, Leuteritz et Ziegler, 1979,
P. linguiformis Hinde, 1879"and P. webbi Stauffer, 1938 were revealed in this interval [28].

Materials and methods. The standard rock dissolution technique with formic 5 % and
acetic 9 %gaeidStwas used to recover scales from the rocks. After rock dissolving the sediment was
repeatedly washed with water from the clayey particles and then dried. The dried sediment was
viewedusingsa stereoscopic binocular microscope MBS-1. The acanthodian scales were picked
manually and the selected scales were morphologically and histologically studied. The electron
microphotographs of the scales were made with a microscope JSM-5610 LV (JEOL, Japan). The
photographs of thin sections were taken with Axioskop 40 A Pol and B-1000POL-1 microscopes
using anise oil as an immersion liquid. The photographs were processed with Adobe Photoshop
CS6, the figures were created with CorelDRAW X3. The Stratigraphic Chart of the Devonian
deposits of Belarus (2010) was used as the stratigraphic basis. The described specimens are stored
in the Belarusian National Technical University (BNTU), Department of Mining (the collection
number BNTU 2).
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Results and discussion

Class ACANTHODII Owen, 1846
Order Climatiiformes Berg, 1940
Family indeterminate
Genus Cheiracanthoides Wells, 1944

Diagnosis. See in papers by R. Denison [29] and J. Valiukevicius [5].

Type species. Cheiracanthoides comptus Wells, 1944 [30].

Remarks. The phylogenetic studies that have been recently carried out cast doubtwen the
assignment of the genus Cheiracanthoides to the Climatiidac family and the Climatiiformes order.
Thereby, partially considering these views of the classification in this paper the genus Cheiracanthoides
is conventionally assigned only to the Climatiiformes order based on the char@éteristic external
morphology of scales and the histological structure of the “Nostolepis™ type. The,additional skeletal
materials are needed to substantiate the assignment of this genus to the concret€ familyz

Cheiracanthoides pinskensis sp. nov.
Figures 2—23

Type material. Holotype. Specimen Ne 85/7a-4d, scale (Eigure 9). Pinsk 10 borehole, depth
245.2 m; northern outskirts of the village of Kormuzh, [Funinets)district, Brest region, Belarus;
Middle Devonian, Eifelian Stage, Upper Substage, Narva Regional Superstage, Kostyukovichi
Regional Stage (BNTU. Department of Mining).

Paratypes. 38 scales. Pinsk 10 borehole, degpth"245.2 m; northern outskirts of the village of
Kormuzh, Luninets district, Brest region, Belarus; Pinsk 26 borehole, depth range of 420.1—422.4 m;
near the town of Luninets, Luninets district§ Brest reégion, Belarus; Zhitkovichi 2 borehole, depth
191.0 m; north of the village of Gotsk} Seligarsk district, Minsk region, Belarus; Bykhov 1
borehole, depth range 201.4—202.4 na} nigar the village of Bolshaya Zimnitsa, Slavgorod district,
Mogilev region, Belarus; Middle Deyonian, Eifelian Stage, Upper Substage, Narva Regional
Superstage, Kostyukovichi Regional Stage. Borehole Ne 6629, depth 180.5 m; southwestern
outskirts of the village of Névestav, Volyn region, Ukraine; Middle Devonian, Eifelian Stage,
Veliky Most Subformation (BNTUL Department of Mining).

Remarks. In earligr wotks of the author [13, p. 26, Text-Figure 2; p. 27, Text-Figure 3;
p. 35, Plate III, Figure§i4,'S, 9410—13] and [26, Text-Figure 2; p. 38] the single scales described here
as belonging to a néw speeies were originally identified as Cheiracanthoides sp. because of their small
number. The scales,previously defined as Cheiracanthoides proprius Valiukevicius ([22], p. 17, Plate
11, Figuregd) in the'tefritory of Volyn region (Ukraine) in the borehole Ne 6629 belong to a new species.

DiagnosismScales up to 0.5 mm long. The crown is thomboid, rounded-rhomboid, ovate-
oblonglerfoval. The ridges and grooves on the crown are located fan-shaped round and clearly
expressediin its anterior part, usually gradually fade out towards the central part and completely
disappear in the posterior part. Along the front margin of the crown the grooves form something
like a narrow border. The neck is relatively thick and of medium height. The anterolateral walls of
the neck in some scales may be penetrated by few pores slightly below the midline. The base is
moderately or slightly convex, rounded-rhomboid, elongated oval, elliptical, with a weakly
expressed apex usually shifted forward. The crown shows up to six growth lamellae. The anterior
part of the crown is composed of simple mesodentine, is penetrated with some narrow branching
dentine tubules with lacunae. The posterior part of the crown is composed of the mesodentine
tissue with large oriented lacunae covering the entire body of the growth lamellae. The radial,
circular and ascending vascular canals are large and distinct. The neck and base are described by
a moderate amount of the osteocytes.
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Figures 2—16. — Scales of Cheiracanthoides pinskensis sp. nov. All the found scales come from the
Upper Eifelian deposits of the Middle Devonian. 2 — Specimen Ne 57/6-1, scale in oblique crown view, x 200,
Zhitkovichi 2 borehole, depth 191.0 m, Kostyukovichi Regional Stage; 3 — Specimen Ne 57/6-1a, scale in
basal view, x 200, Zhitkovichi 2 borehole, depth 191.0 m, Kostyukovichi Regional Stage; 4 — Specimen
Ne 41/26-1d, scale in crown view, x 180, Pinsk 26 borehole, depth 422.4 m, Kostyukovichi Regional Stage;
5 — Specimen Ne 41/66-1a, scale in anterior crown view, x 150, Pinsk 26 borehole, depth 415.7 m,
Kostyukovichi Regional Stage; 6 — Specimen Ne 85/7a-4b, scale in oblique crown view, x 150, Pinsk 10
borehole, depth 245.2 m, Kostyukovichi Regional Stage; 7 — Specimen Ne 57/6-2, scale in crown view,
x 200, crown slightly abraded; Zhitkovichi 2 borehole, depth 191.0 m, Kostyukovichi Regional Stage; 8 —
Specimen Ne 85/7a-4a, scale in oblique crown view, x 160, Pinsk 10 borehole, depth 245.2 m,
Kostyukovichi Regional Stage; 9 — Specimen Ne 85/7a-4d (holotype), scale in crown view, x 150, Pinsk 10
borehole, depth 245.2 m, Kostyukovichi Regional Stage; 10 — Specimen Ne 41/66-1q, scaledn cfown view,
x 150, Pinsk 26 borehole, depth 415.7 m, Kostyukovichi Regional Stage; 11 — Specimén Ne 41/26-1b,
scale in posterior crown view, x 150, Pinsk 26 borehole, depth 422.4 m, KostyukovichitRegional Stage;
12 — Specimen Ne 116/16-15, scale in oblique crown view, x 250, Bykhov 1 borehole, depth 201.4 —
202.4 m, Kostyukovichi Regional Stage; 13 — Specimen Ne 41/66-1w, scale in anteriof crown View, x 250,
Pinsk 26 borehole, depth 415.7 m, Kostyukovichi Regional Stage; 14 — Specimen‘Ne 41/4a-1f, scale in
crown view, x 200, Pinsk 26 borehole, depth 421.2 m, Kostyukovichi RegionalfStage;jy#® — Specimen
Ne 85/7a-4s: a — scale in oblique crown view, x 180, b — scale in lateralgview, x 2003Pinsk 10 borehole,
depth 245.2 m, Kostyukovichi Regional Stage; 16 — Specimen Ne 85/7a-4w; al-—4Scale in crown view,
x 200, b — scale in basal view, x 200, Pinsk 10 borehole, depth 245.2 myKostyukovichi Regional Stage. All
scale bars are 100 um

PucyHkn 2—16. — Yewymu Cheiracanthoides pinskensis sp. novgBce HalifieHHble Yellyn npomcxoasT
13 BepXHeandenbCknx OTNOXeHU cpeaHero AeBoHa. 2 — Jk3emnngapNe 57/6-1, yewwy4, B ¢ HaKNoOHOM
ceepxy, X 200, ckBaxkuHa YKutkoBuum 2, rmybuHa 191,0 m, KOCTHOKOBUYCKUA TOPU3OHT; 3 — 3k3emnnsap
Ne 57/6-1a, vewys, Bug cHuzy, x 200, ckBaxuHa XXutkoBuiwuy2, rmybuHa 191,0 M, KOCTHOKOBMYCKMI
ropusoHT; 4 — Ok3emnnap Ne 41/26-1d, yewys, Bua cBepxy, 180, cksaxuHa lNuHck 26, rnybuHa 422,4 wm,
KOCTHOKOBUYCKMI FOpu3oHT; 5 — Ok3emnnsap Ne 41/66-1a, Yellys, Bug cnepeagu ceepxy, * 150, ckBaxuHa
MuHck 26, rmybuHa 415,7 M, KOCTIOKOBUYCKUA [OPUBOHT; 6 — Ok3emnnsp Ne 85/7a-4b, vewys, sug
C HakroHom cBepxy, % 150, ckBaxuHa MMuHck! 10, wnyBuHa 245,2 M, KOCTHOKOBMYCKUA TFOPU3OHT; 7 —
Ok3emnnap Ne 57/6-2, yewys, Bug ceepxy, x200, KpoHa crnerka ncrepta, ckBaxunHa XXutkoBuunm 2, rinybuHa
191,0 M, KOCTIOKOBMYCKMIA TOpU30HT; 8 — ksemnisp Ne 85/7a-4a, yellys, BUA C HAKNOHOM cBepxy, x 160,
ckBaxkuHa lMuHck 10, rybuHa 245,2 M, KOCTIOKGBUYCKMI rOpu3oHT; 9 — Ok3emnnsap Ne 85/7a-4d (ronotwmn),
yewysa, Bug ceepxy, * 150, ckBaxuHa FlyHck “10, rmybuHa 245,2 M, KOCTHOKOBMYCKUA FOPU3OHT; 10 —
Ok3emnnap Ne 41/66-1q, uvewys, BUR ¢€Bepxy, x 150, ckBaxuHa [luHck 26, rnybuHa 415,7 m,
KOCTIOKOBUYCKUA ropu3oHT; 11 4 Qk3emnnsap Ne 41/26-1b, yewys, Bug c3agm ceepxy, x 150, ckBaxuHa
MuHck 26, rnybuHa 422,4 M, KOCTIOKOBMYCKUIA rOpu3oHT; 12 — Jk3emnnap Ne 116/16-15, vewys, Bug
C HaknoHom cBepxy, X 250, ckBaxkuHa bbixos 1, rybuHa 201,4 — 202,4 M, KOCTIOKOBUYCKUIA FOPU3OHT;
13 — 3k3emnnap Ne 41/66=1w, 4yewys, Bug cnepeau ceepxy, * 250, ckBaxkuHa NuHck 26, rmybuHa 415,7 m,
KOCTHOKOBUYCKUI rOpudOHT; 14s== Ok3emnnsp Ne 41/4a-1f, yewys, Bug ceepxy, x 200, ckBaxuHa lNMnHCK 26,
rnybuHa 421,2 M, KOCTIOKOBUYCKUIA ropu3oHT; 15 — Sksemnnsap Ne 85/7a-4s, yewys: a — BMA C HAKINOHOM
cBepxy, x 180, brs== Bia, c60kKy, x 200, ckBaxxuHa MNuHck 10, rmybuHa 245,2 M, KOCTIOKOBUYCKNI TOPU3OHT;
16 — Ok3emnnsgp Ne 85/7a-4w, yelys: a — Bua ceepxy, x 200, b — Bug cHudy, x 200, ckBaxkuHa MNuHck 10,
rnybuHa 245,2 M, KOCTIOKOBUYCKMI FOpU3OHT. [AnuHa Bcex macwtabHbix nuHeek 100 pm
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Figures 17—23. — Microstructure of the scales of Cheiracanthoides pinskensis sp. nov. 17 —
horizontal section of the scale crown. Specimen Ne 85/7a-4z, Pinsk 10 borehole, depth 2452 m,
Kostyukovichi Regional Stage; 18 — horizontal section of the scale crown. Specimen Ne 57/6-1a, Zhitkovichi
2 borehole, depth 191.0 m, Kostyukovichi Regional Stage; 19 — scale horizontal section at the neck level.
Specimen Ne 85/7a-4m, Pinsk 10 borehole, depth 245.2 m, Kostyukovichi Regional Stage; 20 — horizontal
section of the scale crown. Specimen Ne 41/66-1n, Pinsk 26 borehole, depth 415.7 m, Kostyukovichi Regional
Stage; 21 — scale vertical longitudinal section. Specimen Ne 85/7a-4n, Pinsk 10 borehole, depth 245.2 m,
Kostyukovichi Regional Stage; 22 — scale vertical longitudinal section. Specimen Ne 85/7a-4p, Pinsk 10
borehole, depth 245.2 m, Kostyukovichi Regional Stage; 23 — scale vertical section. Specimen Ne 85/7a-4k,
Pinsk 10 borehole, depth 245.2 m, Kostyukovichi Regional Stage. All scale bars are 100 um.

Abbreviations: avc — ascending vascular canal, ba — base, cbo — cellular bone, cc — circular vascular
canal, crw — crown, dt — dentine tubule, gl — growth lamella, lac — lacuna, n — neck, ce—"asteocyte
cavity, omd — oriented mesodentine, olac — oriented lacuna, rvc — radial vascular canal;shf — Sharpey’s

fibres, smd — simple mesodentine

PucyHkn 17—23. — Mukpoctpyktypa uYewymn Cheiracanthoides pinskensis{ spy nov. 17 —
rOPU30HTarnbHbINA Cpe3 Yellyn Yepe3 kpoHy. Ok3emnnsap Ne 85/7a-4z, cksaxkuHa MNMuHck 40, rmybuHa 245,2 m;
KOCTIOKOBUYCKUIA TOPU3OHT; 18 — ropu3oHTanbHbIN Cpe3 Yellyn 4yepes3 KpoHysOksemimap Ne 57/6-1a,
ckBaxkuHa XKutkoBuum 2, rmyomHa 191,0 M; KOCTHOKOBMUCKUIA TOPU3OHT; 19 4 ropu3oHTaRbHBIN Cpe3 veLlyu
Ha ypoBHe Lwerkn. Ik3emnnap Ne 85/7a-4m, ckBaxuHa [lMuHck 10, raybuHa 245,20'M; KOCTHOKOBUYCKUIA
ropu3oHT; 20 — ropmMsoHTarnbHbIA cpes3 Yellyn vyepes KpoHy. Jk3emnnapiNe41/66-1n, ckeaxuHa MuHck 26,
rnybuHa 415,7 M; KOCTIOKOBUYCKUIA FOPU3OHT; 21 — BepTUKanbHbIV NPOAOSILHBIA cpe3 Yellyn. JK3emnnsap
Ne 85/7a-4n, ckBaxuHa [MuHck 10, rnybuHa 245,2 M; KOCTIOKOBWYCKMA FOPU3OHT; 22 — BepTMKarbHbIN
npoaonbHbI  cpe3 4ewyn. OIk3emnnap Ne 85/7a-4p, ckBaxuHa [MuHck 10, rnybuHa 2452 wm;
KOCTIOKOBUYCKUIN FOPU3OHT; 23 — BepTUKanbHbIN cpe3 Yellyn. Ikdemnnap Ne 85/7a-4k, cksaxuHa NMuHck 10,
rnybuHa 245,2 M; KOCTIOKOBUYCKMIA TOPM3OHT. [nnHa Bcex madLiTabubix nuHeek 100 um.

BykBeHHble 0003HaYeHWs: avec — BOCXOASALMIA COCYAWCTSIA KaHan, ba — ocHoBaHue, cbo — kneToyHas
KOCTHas TKaHb, CC — LIMPKYNAPHbIA COCYOUCTbIN KaHaRmCrWi=— KpoHa, dt — OeHTUHOBLIM KaHaney, gl —
nnactuHa HapacTaHus, lac — nakyHa, n — Lwewka, O — NOorocTb octeoumTa, omd — OpPUEHTUPOBAHHBIN
ME304EHTUH, olac — OpPUEHTMPOBaHHAs NlakyHa, rvc —paauanbHbIi cocyaucTbin kaHan; shf — LlapneeBble

BOMOKHA, smdi— NPOCTON Me304eHTUH
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Description. Morphology. Small scales are 0.25 to 0.5 mm long. The scales 0.3 to 0.4 mm
in length usually dominate. The crown of the scales is rhomboid, rounded-rhomboid, ovate-ob-
long, oval with an extended anterior margin. The crown sculpture is represented by 4 to 9 short,
not high, narrow ridges and wide not very deep grooves which show a slightly fan-shaped loca-
tion. These are well defined at the anterior margin of the crown, but gradually fade out towards the
middle part or a little farther beyond it. The grooves form something like a narrow border along
the front margin of the crown. The posterior part of the crown is smooth. The neck of the scales is
well marked. It is of medium height, relatively thick, smooth, rhomboid in plan. The anterolateral
walls of the neck of some scales slightly below the midline may be penetrated by some few pores,
two or three pores on each sides. A well-developed rim outlines a junction of thesneckiand base.
The base is moderately or slightly convex, rounded-rhomboid, elongated oval; ellipticaly usually
does not extend beyond the anterior margin of the crown. The apex of theWbase is weakly ex-
pressed, usually slightly shifted forward.

Histology. In the crown has up to six growth lamellae. The anteriog'section of the crown is
penetrated by abundant narrow dentine tubules branching at differentdevels,with numerous lacu-
nae. The mesodentine in the posterior part of the crown with large orientédiacunae (Stranggewebe
according to W. Gross [31]) occupies the entire body of the ggowth lamellae. The system of radial,
circular and ascending canals penetrating the mesodentine 1S%well developed. The circular canals
are large and clearly observed in the posterior part of the crown:§Ih€ radial canals are wide, long,
located above the surface of the base and directed towards, the center of the scale. The ascending
canals are long, weakly sinuous, in the neck area withynot numerous narrow processes. There are
large osteocytes in the neck. The osteocytes have shoxt ptocesses. The base is formed by the bone
tissue and shows a moderate amount of osteocyt@cavitigs. Sharpey’s fibers are narrow, relatively
long, indistinct.

Variability. The scales of this species Vary in the crown shape, the base configuration and its
convexity degree — from slightly togmoderat€ly convex. The crown sculpture show various
number of ridges. The ridges maygfade at/diffetent distances from the anterior margin of the
crown, but its posterior part is alwdys, smooth.

Comparison. The scalesQof Cheiracanthoides pinskensis sp. nov. differ from those of
Cheiracanthoides comptus Wells, 1944 [30; 32] in size, the smaller number of the ridges on the
crown, their configuratiofjythiékness and length, less dense network of the radial, circular and
ascending canals in the crowny the pattern of the dentine tubule branching in the anterior part of
the crown, the smaller‘mdfiber of the osteocyte cavities in the base of the scales. Distinct
differences are determined between the species of Cheiracanthoides proprius Valiukevicius, 1985 [5]
and Cheiracaiithoides pinskensis sp. nov. A new species shows a not very large, slightly or
moderatelyseonvex base not extending beyond the anterior margin of the crown. The posterior
edge,of [thefcrown is straight, sometimes, slightly lowered. The crown sculpture is mainly
characterizedgby the pattern of the ridges and something like a narrow border formed by the
grooves located along the anterior margin of the crown. The crown shows up to six growth
lamellae. The density, location and branching pattern of the dentine tubules in the crown of the
scales are different. The radial, circular and ascending vascular canals are large and distinct. The
base contains a slightly larger amount of the osteocyte cavities. The described new species differs
from the species of Cheiracanthoides rarus ValiukeviCius, 1994 [33] in the crown shape, less
numerous ridges on the crown, their size and configuration, the neck size, a poor base convexity,
a distinctly expressed system of radial, circular and ascending canals, different structure of the
oriented mesodentine in the crown, the smaller number of the osteocyte cavities in the base of the
scale. The scales of Cheiracanthoides pinskensis sp. nov. differ from the scales of
Cheiracanthoides borealis Valiukevicius, 1994 [33] in the crown and base shapes, as well as in the
crown sculpture. The latter is described by the presence of longer ridges and wider grooves
between the ridges, as well as by the presence of something similar to a narrow border formed by
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the grooves along the anterior margin of the crown. The main histological differences between the
species described and Cheiracanthoides borealis Valiukevicius, 1994 [33] are a well-developed
system of radial, circular and ascending canals that penetrate the mesodentine and the presence of
the oriented mesodentine. The new species differs from the species of Cheiracanthoides planus
Valiukevicius, 1998 [11] in the number of ridges on the crown, their thickness and length, as well as
in some microstructure details. The described species differs from the species of Cheiracanthoides
nativus Valiukevicius, 1998 [11] in the configuration and size of the ridges on the crown, size of
the neck, poor or moderate convexity of the base, less dense dentine tubules in the crown, glightly
less expressed large principal vascular canals, a smaller number of the osteocyte cavities'in the
base of the scale. The scales of Cheiracanthoides pinskensis sp. nov. are slightly similartosthose of
Cheiracanthoides estonicus Valiukevicius, 1998 [11]. However, their detailed comiparison allows
a number of distinctive features to be revealed. So, the scales of the new species desetibed differ in
a smaller number of ridges on the crown, their distribution pattern, absencemef dichotomous
branching ridges at the anterior margin of the crown, presence of somethingsimilag to a narrow
border formed by the grooves along the anterior margin of the crown, poorté,modefate convexity
of the base, a different mesodentine structure with large oriented laeuna@ i the posterior part of
the crown, a smaller number of osteocyte cavities in the base of ghe scales.“Ehe described species
also differ from the species of Cheiracanthoides wangi Burrow, Tusfier et Wang, 2000 [34] in the
smaller size of the scales, the crown shape, the larger crown thicknessythe configuration, size and
discernibleness of the ridges on the crown, a smaller ne¢K height, much smaller base convexity,
a weakly expressed apex, the structure of the oriented mesodentineyin the crown, a different pattern
of the dentine tubule location in the crown and some peeuliatities of their branching, differently
expressed radial, circular and ascending canals, a largerinumber of the osteocyte cavities in the
neck and base. The scales of Cheiracanthoides “pinskensis sp. nov. differ from those of
Cheiracanthoides dolosus Burrow, Turner et Wang;:2000/[34] in a smaller size of the scales, a smaller
number of the ridges on the crown, a fewef pores penetrating the neck of some scales, a smaller
number of the growth lamellae, density®ofithe dentine tubules in the crown, a well-developed
system of the principal vascular canals the number of the osteocyte cavities in the scale base. The
new species differs from the species\0f Chetracanthoides mosolovicus Valiukevicius, 2003 [35] in
a larger size of the scales, the number of the ridges on the crown, their configuration and length,
the presence of something like alnartow border along the crown anterior margin, the neck height
and base size, the structure,ef the griented mesodentine in the crown, differently expressed radial,
circular and ascending cdnals, @ slightly larger number of the osteocyte cavities in the neck and base.

Etymology. Théwmame of the species was derived from the town of Pinsk in the vicinity of
which the boreholés, were,drilled where the scales of this new acanthodian species were found in
the core for thesfirst time.

Geological’age and geographical distribution. Middle Devonian, Eifelian Stage, Upper Sub-
stagegNarva Regional Superstage, Kostyukovichi Regional Stage; Belarus, Brest and Mogilev re-
gions; Middle Devonian, Eifelian Stage, Veliky Most Subformation; Ukraine, Volyn region.

Occurrence. Near the town of Luninets, Luninets district, Brest region, Belarus, Pinsk 26
borehole, depth range of 420.1—422.4 m; northern outskirts of the village of Kormuzh, Luninets
district, Brest region, Belarus, Pinsk 10 borehole, depth 245.2 m; north of the village of Gotsk,
Soligorsk district, Minsk region, Belarus, Zhitkovichi 2 borehole, depth 191.0 m; near the village
of Bolshaya Zimnitsa, Slavgorod district, Mogilev region, Belarus, Bykhov 1 borehole, depth
range 201.4—202.4 m; southwestern outskirts of the village of Novostav, Volyn region, Ukraine,
borehole Ne 6629, depth 180.5 m.

Conclusion. The re-examination of the previously collected scale material of the acanthodi-
ans from the deposits of the Kostyukovichi Regional Stage of Belarus allowed the author to distin-
guish and describe in detail both morphologically, and histologically a new species of
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Cheiracanthoides pinskensis sp. nov. Some isolated scales of this species of an acanthodian fish
were found in the carbonate-clayey deposits of shallow-sea origin. These sediments contain
abundant different skeletal elements of both the invertebrates, and vertebrates. The described new
species supplements the taxonomic composition of the ichthyofauna known from the deposits of
the Upper Eifelian of the Middle Devonian of the west of the East European Platform.

The author of the paper appreciates the assistance of O. A. Piskun and S. S. Mankevich
(Institute of Geology, State Enterprise “Scientific Production Center for Geology”, Minsk,
Belarus) in taking pictures of thin scale sections with optical microscopes, is sincerely grateful to
V. G. Lugin (Belarusian State Technological University, Center for Physicalmand \Chemical
investigations, Minsk, Belarus) for help with the electron microscope photography, and also to
V. G. Filippova (The Centre of Geophysical Monitoring of the National Academy of Séiences of
Belarus, Minsk, Belarus) for assistance in editing the English version of the paper
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B crarbe Ha OCHOBE H30JIMPOBAHHBIX YENIYW OMKMCAH HOBBIA BHUJ AKAHTO]
pinskensis Sp. NOV. U3 KOCTIOKOBHUCKHX OTJIOXKCHUH 3U(ENTBCKOr0 spyca CPEBHE éBoHa benapycu. YemrylHblil
MaTepHal 1o TOMY BUAY MIPOUCXOIUT B OCHOBHOM U3 KEpHA YETHIPEX CKBAXKU P
nmyOsuky. Yerryn UMEIoT XOpOIIy0 COXPaHHOCTh. OHH 06Hapy>1<eﬂblﬂ?<a OOHATHO=HTHHHCTHIX OTJIOKCHHUSIX MEIKO-
BOJIHO-MOPCKOT'O T'eHe3nca. JTH 00pa3oBaHMs JIOCTATOYHO 4YacTo COJE
0CCIIO3BOHOYHBIX, TaK U MO3BOHOYHBIX. ONMCAaHHBIN HOBBIH BHJ JOT
M3BECTHON M3 OTIIOXKEHUH BEPXHETO 3H(hesist cpeJHero IeBOHa 3a1a,

COHOMHYECKHH COCTaB MXTHO(AYHBI,
HO-EBpomnelickoro kpaToHa.
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