Bulletin of
Science and
Practice

Scientific Journal




broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

ISSN 2414-2948

W3narensckuil nentp «Hayka u npakTukay.

E. C. OBeukuHa. Towm 8. Homep 9.
BIOJIJIETEHb HAVKU U ITPAKTUKU
Hayunsrii xypHai. ceHTs10pp 2022 1.

Uznaercs ¢ nexadps 2015 r.
Brixoaut oauH pa3 B Mecsl.
16+

I'nasnwii peoakmop E. C. OBeuknHa

Peoaxyuonnas xonneeusn: J. Aszmaposa, 3.T. AmmeB, A. K. AmpmmoB, K. Amant, A. A. Aponun, P.b. Baiimaxam,
X. T. boiimyponos, P. K. Bepma, C. I'oituntHazapos, B. A. I'opmkos-Kanrakysen, 1. X. JlaBneros, A. III. dypmaHOoB,
E. B. 3unoBneB, 3. A. Kabynos, C.III. Kaszgansn, b. C. Kammyparos, C.B. Kosanenko, A. C. KonecHHKOB,
. b. Koconanos, H.TI. Koconanosa, P.A.KpaBuenko, H.B.Ky3una, K.W. Kypnasuugu, A. I. Marsees,
J. 0. MarpuzaeBa, A. JI. MaTiaky6oB, P. A. Maxecap, 3. X. Mycradaes, ®. Hazaposa, 1. U. Hamo308, I". HypmaToBa,
T. Hypsim6GeroB, @. }O. Oeukus (o1B. pex.), P. 0. Ouepernna, T. H. [Tatpaxuna, U. B. Ilomosa, A. B. Poxnonos,
C. K. Canaes, I1. H. Canbkos, 3. M. Carropos, E. A. Cubupsikosa, C. H. Cokonos, C. FO. Connarosa, JI. FO. Ypa3aesa,
T. X. ®apmanos, 1. H. [lIBaii6a, I1I. Opramesa, C. FOcymos, A. M. SkoBnesa.

Aodpec pedaxyuu:

628605, HixHeBapTOBCK, yi. XaHThI-MaHcwiickas, 17, 81
Ten. +79821565120

https://www.bulletennauki.ru

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

Ceuzerenbcto o peructpauuu IJI NedC 77-66110 ot 20.06.2016

XKypuan «bromnerens Hayku u mpaktuku» Biaoden B Crossref, Ulrich’s Periodicals Directory, AGRIS, GeoRef,
Chemical Abstracts Service (CAS), ¢onapl BcepoccHilckoro HHCTHTYTa HAyYHOW W TEXHHYECKON HH(POpMAIlH
(BUHUTU PAH), eLIBRARY.RU (PUHII), OBC IPRbooks, DBC «Jlaub», KubepJlenunka, DC Znanium.com,
nHpopmanmonnyto Marpuily ananutuku xypHaios (MIAR), ACADEMIA, Google Scholar, ZENODO, AcademicKeys
(MexyHuBepcuTeTcKas oudbnanoreunas cucrema), Polish Scholarly Bibliography (PBN), unaexcupyercst 8 PUHII, Index
Copernicus Search Articles, J-Gate, Open Academic Journals Index (OAJI), OpenAIRE, CIARD RING, BASE
(Bielefeld Academic Search Engine), Internet Archive, Dimensions, EuroPub, Open Ukrainian Citation Index (OUCI).

Hmnaxm-paxmoput scypnana: PUHI] — 0,245; Open Academic Journals Index (OAJI) — 0,350,
Index Copernicus Journals (ICI) Master List database for 2020 (ICV) — 98,14.
D i worcis - ut onal Li
This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

B xypHane paccMaTpuBarOTCs BOIPOCHI PAa3BUTUSL MUPOBOM U PErMOHAJIBHOM HAyKU U INpakTUKU. [l ydyeHsIX,
HpenojaBaTelieli, aClIMPaHTOB, CTYIEHTOB.

Bromnerenp Hayku u npaktuku. 2022. T. 8. Ne9. https://doi.org/10.33619/2414-2948/82

©MWznatenbckuii neHTp «Hayka u npaktukay, 2022
HuxueBaprosck, Poccus

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 2


https://www.bulletennauki.ru/
file:///F:/НОВЫЙ%20ГОД/Моя%20работа/ЖУРНАЛ/Бюллетень%20науки/БНП%20№12%202020/bulletennaura@inbox.ru
file:///F:/НОВЫЙ%20ГОД/Моя%20работа/ЖУРНАЛ/Бюллетень%20науки/БНП%20№12%202020/bulletennaura@gmail.com

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

ISSN 2414-2948

Publishing Center Science and Practice.

E. Ovechkina. Volume 8, Issue 9.
BULLETIN OF SCIENCE AND PRACTICE
Scientific Journal. September, 2022.

Published since December 2015.
Schedule: monthly.
16+

Editor-in-chief E. Ovechkina

Editorial Board: D. Azlarova, Z. Aliev, A. Alimov, Ch. Ananth, A. Afonin, R.Baimakhan, Kh. Boimurodov,
S. Goiipnazarov, V. Gorshkov-Cantacuzene, |. Davletov, A. Durmanov, Sh. Ergasheva, T. Farmanov, E. Kabulov,
B. Kalmuratov, A. Kolesnikov, S. Kazdanyan, S. Kovalenko, D. Kosolapov, N. Kosolapova, R. Kravchenko,
N. Kuzina, K. Kurpayanidi, A. Matveev, D. Matrizaeva, A. Matyakubov, R. A. Mahesar, Z. Mustafaev, F. Nazarova,
I. Namozov, G. Nurmatova, T. Nurimbetov, R. Ocheretina, F. Ovechkin (executive editor), T. Patrakhina, I. Popova,
S. Salaev, P. Sankov, Z. Sattorov, E. Sibiryakova, S. Sokolov, S. Soldatova, D. Shvaiba, Rameez Ali, A. Rodionov,
L. Urazaeva, R. Verma, A. Yakovleva, S. Yusupov, E. Zinoviev.

Address of the editorial office:

628605, Nizhnevartovsk, Khanty-Mansiyskaya str., 17, 81.
Phone +79821565120

https://www.bulletennauki.ru

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

The certificate of registration EL no. FS 77-66110 of 20.6.2016.

The Bulletin of Science and Practice Journal is Crossref, Ulrich’s Periodicals Directory, AGRIS, GeoRef, Chemical
Abstracts Service (CAS), included All-Russian Institute of Scientific and Technical Information (VINITI), RINTSs, the
Electronic and library system IPRbooks, the Electronic and library system Lanbook, CyberLeninka, MIAR, ZENODO,
ACADEMIA, Google Scholar, AcademicKeys (interuniversity library system, Polish Scholarly Bibliography (PBN),
the Electronic and library system Znanium.com, J-Gate, Open Academic Journals Index (OAJI), OpenAIRE, CIARD
RING, BASE (Bielefeld Academic Search Engine), Internet Archive, Scholarsteer, Dimensions, EuroPub, Open
Ukrainian Citation Index (OUCI).

Impact-factor RINTs — 0.245; Open Academic Journals Index (OAJI) — 0.350,
Index Copernicus Journals (ICI) Master List database for 2020 (ICV) — 98.14.

E This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

The Journal addresses issues of global and regional Science and Practice. For scientists, teachers, graduate students,
students.

(2022). Bulletin of Science and Practice, 8(9). https://doi.org/10.33619/2414-2948/82

©Publishing Center Science and Practice, 2022
Nizhnevartovsk, Russia

O]
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 3



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

10.

11.

12.

13.

14.

15.

16.

17.

COIEPXAHUE

Qu3suko-mamemamudecKue HayKu
Beoenosa H. C., Acanos A.
O eIMHCTBECHHOCTH PEIICHUS IS TUHCHHBIX HHTETPAIbHBIX

YpaBHEHUN BOABTEPPBI TPETHETO POJA HA CETMEHTE .. .eenneteennteeennteeenneeeanieeaeeeennneeanns

Tuuxanosa A. /1.
OnpezeneHne HEHTPAILHOTO0 MOMEHTA HHEPIMK U IIOCTPOCHHUE JUIUIICA HHEPIIMH 33 JaHHON

CXEMBI IIJIOCKOT'0 COCTABHOI'O CCUCHUS IO TCOMETPUICCKUM XAPAKTCPUCTUKAM ........cvnnenn.

Xumuueckue nayxu
Muxaiinos C. I1., Monocapenxo M. A., Bpoexo P. B., /lonyoa B. FO.

CuHTE3 U U3y4eHHEe KUCIOTHBIX CBOMCTB meonuTta Na-ZSM-5 ...,

Momnoicapenxo M. A., Muxaiinos C. I1., Bpoexo P. B., [lonyoa B. IO.

Pa3pabotka 6e3reMiuiaTHOrO Metoa nomydenus reomata BETA ...

buonozuueckue nayxu
Abbacszaoe 3. .

Bonesnu, Bpenutenu BUAOB Rosa L. 1 MEPBI OOPBOBI C HUMH ......ovvevieeeanranrannaneennensenann

Mameooea B., Mameoosa H.

N3ydenre Mophoaoruu caskeHIeB ROSMArinuS L. ...........oooiiiiiiiiiiiii e,

Caovicoe T. M., Anuee M. M., I'agpaposa M. A.,
Mameoosa U. O., bacupnu A. 11., T'aouposa H. O.
Wutpoaykius u ucnons3oBanue Caragana decorticans Hemsl. B 03eNeHEHUH B YCIOBUSIX

FaNC TS 010217 91 v < ) ;P

boponosa 3. C., Cynmanxooacaes M. H., Acpanxynosa I A.,
Cetiumbex xvizol H., Mypamosa A., A6oynnaesa K. J].

Wzyuenue coneprxanus ankamounioB B Delphinium oreophilum Huth ........................ ...

[ykyposa H. ®.
WHuTpomyKIius ¥ MpORyKTUBHOCTE Styphnolobium japonicum (L.) Schott Ha AnmepoHcKoM

L0120 To 0103 1

baiipamosa A. A., Hcaesa H. U.

HcTopus u nepcneKTuBbl UCNONb30BaHus Punica granatum L. .......................coi.

Cynmonosa K. P, Kywues X. X.

MukpokIiioHansHOE pasMHOKeHue Lagochilus inebrians Bunge B yCIOBHSX in Vitro ............

botimypooos X. T., Deamxynos A. H., Kanunos @. C.,
Anues b. X., Cauoxynoe K. P, /lasponosa /[. /., Ulyxyposa V. K.

Mauiako¢ayHa BOZHBIX 3KOCUCTEM CPEIHEH YACTH PEKH 3EPABILAH ....euvneneeneneerenenennnnnn.

Iocaghaposa I I

BinsiHye IpeHaTaIBHBINA THIIOKCHN HA TIEUEHD KPBIC . ..euuvtnteententeenteenteenneeneeaneenneenneens

Capyxanosa C. A.
XapakTepucTHKa OCHOBHBIX MECT 0OuTaHus Jkeiipana (Artiodactyla, Bovidae) B

W NC TS o117 91 X ) (<

CenbckoxoszsaticmeeHnvie HayKu
Mameoosa I1. M.

JuBepcudukaliys TeXHOIOTUU IIPOU3BOJICTBA B arPOTEXHUKE, 00CCIICUMBAIOIIAs YBEIUUCHUE
8107521 2 (0T 1 (S

Anuesa A. A., Anuesa I A.
[TyTr NOBBIIICHHUS TUIOAOPOIKS I0YB, UCIIOIB3YEMBIX IOl OBOIIEBOACTBO B CaMyXCKOM

002 0] (S

I'yvauesa C. A.
BrnusiHuE TyCTOTBI CTOSIHUS M YIOOPEHHIA Ha MTPOyKTUBHOCTh Tabaka TOBAPHBIX COPTOB B

[Iexn-3aKaTagsbCKOM SKOHOMUYIECKOM PalioHE (A3EPOAMIKAH) ..o.vvvveiereereeieieeneannanns

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

12-18

19-25

26-32

33-39

40-48

49-56

57-61

62-66

67-75

76-78

79-85

86-92

93-99

100-114

115-120

121-124

125-132



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Mycmadghaes 3. X., Tronvsmanvies C. A.

Brusiaue mukpoynoopenus B-Forge Ha yposkaiiHOCTh KyKypy3bl Ha FO)KHOM CKJIOHE
Bonbiioro KaBkaza (A3EPOABIIKAH) ....vureeinteteetenteteeteettnteeneenaneeneenansennensennennene
Hcpaghunosa P. B.

Brusiaue 00paboTKM TIOYB ¥ MUHEPATbHBIX YIOOPEHUN Ha BCXOKECTh CEMSIH XJIOMTYaTHUKA B
Kapa6axcKoi 30HE (ABCPOAMIIIKAH) .. uvnrtneenenteetentenneneeneaneenseneaneeneensanennenneaneanens
Mexmuee M. M.

Onenka Bo3/eiicTBUS Ha MouBHkI | HIKa-Kazaxckoro kagacTpoBoro paiioHa (AzepOaiipkan) .
Tacanosa I’ M., I'yceninos C. U., 3etinannu /[. P., Pacumnu C. K.

B3anMocBsI3b Mmokazarenei deKTpoPOpeTHIECKOro aHamm3a Oellka TiiuaIuHa pa3sHbIX COPTOB
TIIICHUIIBI MATKON € KATECTBOM BEPHR .. .vuventntetentetentataneeneneeneneeneneseneaeeneneananeanenans
Tamamos X. P.

BruisiHUE TyCTOTBI CTOSIHUSL 1 MUHEPATBHBIX YIOOPEHUI Ha Pa3BUTHE KYKYPY3bI ......euven... ..
Tamamos X. P.

BiusitHue rycTOTHI CTOSIHUS M peKMMa TIOAKOPMKH KYKYPY3bl Ha BBIXOJ] CHJIOCHOH MacCHI ...
Keiticepyxcxaa @. LI

BrnuisiHE MECTUIUAOB HA OUOTEHHOCTD TIOUB - ... ettt eteneeteneeneneeteneeeeneeeneneeneneaneneananens
Hamaszoea Y. T., [yceiinzade I A., Myeannot I11. B., Hckenoeposa A. A.

Onpenenenue GpU3NKO-XUMUIECKOTO cocTaBa ceMsiH Cucurbita pepo L. .........................
Masgnanog O., Mupzaes Y. H., Xaxumos H. X., Hap3zynnaeg C. b.

Jkorornyeckre 0COOCHHOCTH BUIOB HeMaToaahayHbl OBOIIHBIX KYJIBTYP

CamapkaHJICKOH 00JIACTH Ha TEPPUTOPUHU CPEIHETO TCUCHUS PEKH 3apadIuaH ...................
3etinanos b.

OsgrueBozacTBo B HaxuveBaHckoit obmactu A3epOaiimkana B mepBoii monoBrHe XX Beka

(o marepuanam badexckoro v [11ax0y3CKOTO PAMOHOB) . ...vvivrinrententaneensensereennennannennns
Benuesa C. P.

BrnusiHue opraHMYecKux ¥ MUHEPATbHBIX YI0OPEHHA Ha yPOXKAWHOCTh M KAUeCTBO 3¢pHA .....
Caovicosa I U.

OKCTEPhEPHBIC PA3MEPHI TOTYYCHHBIX THOPHIIOB ...\ tvsesstseeenseneenenneeneanensensensennennenns

Meouyunckue nayxu
Ilamun B. @., Macnosa O. A., Pomanuyx H. I1.
Heiiponayku u sipepHas MequIKHA: MOJAESTUPOBAHUE U IPOTHO3UPOBAHNE
HEHPOPEAOMITUTAITAN OONME3HU ATTBIITEAMEDA - . ..veueeneententeneenteteateeeeeteteneeeeeenaanens
Caowvixzade H. H.
Nzyuenue renernxu 6oneznu ®adpu B JIeHkopaHb-ACTapUHCKOM 3KOHOMHUYECKOM paiioHe
[N 0107 01 0> P
Taoocuesa H. M.
Brusenenne nedunura pepmenta GALT y HOBOpOkK/IEHHBIX B A3epOalKaHe ..........e.u.....
A6oumomynosa b. T., Konoowes C. T.
HyrpunmonHnast nmozjjiep»ka B KOMILIEKCHOM JICYEHUH HOBOM KOPOHABUPYCHON HHMEKITUH Y
6ombHBIX COVID-19 1 coOCTBEHHBIE peruOHaIbHBIC HAOTIONCHMS (AHAIUTUYECKH 0030D) ...
Caowixosa I C., [Jocynycosa I C.
JnHamMHKa TOPMOHOB THITO()H3apHO-TUPEOUTHOM cucTeMbl U DO aKTUBHOCTH MO3Tra
D (OO X0 0] 0] €028 0. 0 = ()
HKymaeynosa I C., Caamosa I M., Anvimbaes 3. L1,
®dakropsl pucka GOpMHUPOBAHHUS KPUTUIECKUX BPOXKICHHBIX TIOPOKOB CEPIALA . ..euveneneenenn..
Axbanaesa b. A., bamvipanues T. A., Typcynbaes M. C., Karmamos P. K., Mamamosa C. M.
dokyc Ha KapJUOTOKCHYHOCTh U MEPbI €€ PO(PHUIAKTUKH Y MTAIUEHTOB C OHKOJIOTHYECKUMH
BAOOMEBAHMME .. ...ttt ettt ettt e e e ettt e et e et ettt et et
HKananosa I T., ’Konoowes C. T.,, Mamamxkynosea H. M.
Uzmenenue QyHKIIMOHATIBHOTO COCTOSHHS CEPACYHO-COCYUCTON CUCTEMBI B CPE/THEM,
MTOKUJIOM M CTapPYECKOM BO3PACTE B 3aBUCUMOCTH OT CE30HA TOMA e nvenveneeneennenennennennennes
Kananoea I’ T, 2Koroowes C. T.
OcoGeHHOCTH U3MEHEHNH mporiecca 00MeHa BEIIECTB B ITOKHUIIOM M CTapYECKOM BO3paCTe
ROk 15 150c0 S (0 (510170115 @ o)t R

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

133-139

140-145

146-155

156-161

162-165

166-170

171-177

178-183

184-190

191-199

200-204

205-210

211-275

276-283

284-291

292-310

311-320

321-327

328-334

335-342

343-351



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022

https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

39. Copombaesa H. O., Temupos H. M., Acvipanosa V. C., Temuposa B. H.,

Ab6ovipaesa b. P., XKonoowes C. T., Mamamxkynosa H. M.

[IpeBanieHTHOCTH UHQEKIUIA, CBA3aHHBIX C OKa3aHUEM MEIUIIMHCKOM ITOMOIIU CPEIH

HOBOPOXKIEHHBIX POTWIBHBIX CTaIHOHAPOB Kuprusckoit PeciyOmuKu .........ooevvvieenennen..
40. FBoponuuesa 3. A., Andawyxkypos bl. A.

Oco0eHHOCTH aJIeprHYeCKuX 3a001eBaHUN B OMICKON OOMACTH ...v''vivvvveereereereniannennnnn,
41. Hcmaunosa @. V., Kapamaes M. M.

Ckopas menuimHCKas moMoIis B Kelprescrane u 3a pyoeskoM (0030p TUTEPATYPHI) ............
42. FEecees A. b.

Oco0OeHHOCTH IPUMEHEHHUS JUETHI, UMUTHpYIoInel ronoganue (FMD) ..................c.oeel
43. FEecees A. b.

BereTapnaHCTBO M €T0 BIUSHUEC HA OPTAHU3M YCITOBEKA .. ..vuvvnrersnennennennennensensensennenss

Texuuueckue Hayku

44.  Jlan Yyanomun

[TprMEHEHNE W U3YICHUE ICTETHUKU HA CYITHE ... veneereneenaneenaneaneneeneneaneneaeeneneaneneananans
45. Jlan Yyanomun

TexHONOrus MOJBOAHBIX POOOTOB U aHAN3 OYAYIIMX TCHACHIIMM . ..\''vevseeererenransannansns
46. Auoapanues XK. K., ZKondowosa Y. K., Abovixansix koizwl XK., Ameiposa P. C.

DU3UKO-MEXAaHUICCKHUE XaPAKTEPUCTHKH TUIABICHOTO OA3AITBTA ...v'veeeeneereneeananeanennnnnns
47.  Auoapanues XK. K., Abovikanvix kwizvl JK., Kordowosa Y. K., Cyiiynoex yyny A.

CTpouTenbCTBO IHEProcOeperaroiiero MOOHILHOTO JOMHIKA Ha OCHOBE 0a3aIbTOBOTO

5101 10):4
48. Bwioawenko JI. A., Poikosa JI. A., Buioawenxo I1. A., Mumpakosa I1. B.

HUccnenoBanue rpy30Boii 0a3bl ceBepHBIX pernoHoB Poccuiickoii denepannu npu

CTPOUTEIBCTBE CEBEPHOTO IIHPOTHOTO XOJIA v envvenensesensanansenanenaneasenesenenseseneaneneesas
49. Dounbexosa A. B., Hcaxosa K. C., Pazzakxoe A. K.

AKTyaJIbHBIC CPECTBA IPUPOIHOTO MPOUCXOKIACHUS IPUMEHSICMBIC B KOCMETOJIOTHH .........

DKronomuueckue HayKu

50. Kypnasnuou K. U.

K Bonpocam MeTomomornaeckux moaXoa0B UCCIENOBAHUS HHCTHTYIIHOHAIBHOM CpeIbI

MAJIOTO TPEATIPUHUMATEITBCTBA - . e e eue ettt etene e eaeeten et e et et e e e ea e e e et e e e e e e e eneaee e
51. Yeprawenxo A. C., Huxonaesa A. A.

Omutata Tpyna rocyJapCTBEHHBIX CITYXKAIKX: MPOOIEMBI U IIyTH COBEPIIEHCTBOBAHHUS .........
52. upnaszaposa I, Temupxanosea M. K.

Opranuzaiuu ciay0bl BHYTPEHHETO ayJIuTa B XO3IHCTBYIOIUX CyObEKTaX U €ro aHaJu3 ......
53. Apsymanan C. IO.

Tpenap! B pMHAHCOBO-KPEIUTHON Chepe IKOHOMUKH B KOMMEPYECKUX OAHKAX .....vevennennnn.
54.  Vbatioynnaes M. b., Kenowceesa M. A.,

Mypszapaumos K. K., Capuviesa C. T., Typoymamos M. V.

Permenne 3KOHOMUYECKUX TIPOOIIEM TOCYTapCTBEHHOH IMONIEPKKH KaK OCHOBA Pa3BUTHUS

CEJIBCKOTO XO3THCTBA KBIPTBIBCTAHA . ... uvvtt ettt et ettt et et ete et et et eeeieete e aaeeaeans
55. Epnvieuna E. I

CrcTemMa SKOJTOTHIECKOTO MEHEIIKMEHTR .. .. .veeeeneseeneenaenaeaneneaneaeenneaneaneaeaneennenneaas
56. Axmamo6erosa XK. A., Anvimbaesa 3. A., Anoawosa I" M., bonombexos C. D.

O6pa3 pykoBoauTens B GOPMUPOBAHUN HMHUIXKA TOCYTAPCTBEHHOTO OPTAHA .....eveenenennenn...

IOpuouueckue nayxu
57. Mypsaubpaumos H. b., JKycynos b. A.
Hekoropsie BOPOCH OTBETCTBEHHOCTH U HaKa3aHUS B OOBIYHOM IPABE KUPTH30B ..............
58. Ilecmpuxosa K.
Peanuzanus mnpuHIMIIA HE3aBUCUMOCTH CyIACH W TOMYMHEHUS HX TOJNBKO 3aKOHY B
POCCUICKOM YTOIOBHOM TIPOIIECCE .. e.e et enent ettt et ene e ettt eneaa ettt en et ete e eteneaenenaenens

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

352-363

364-369

370-380

381-388

389-399

400-405

406-415

416-422

423-427

428-435

436-441

442-460

461-466

467-471

472-477

478-484

485-490

491-502

503-508

509-512



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ileoacozuueckue Hayxku
Hemyos A. A.
AnpoOaryisi METOJIOB IMATHOCTUKHA MOTHBOB MOJTyYCHHUS BBICIIETO 00pa30BaHMs CTYJICHTAMH
BBICIINX Y4eOHBIX 3aBe/ICHUH (Ha MPUMEpe CTYICHTOB TEXHUIECKOTO YHHUBEPCHTETA)
0)0002 121 1 (<)
Topobekos b. T., A3umosa A. A.
OCHOBBI KOHIICTIIIH TTOCTPOCHHS UHPOPMAIIMOHHOW CHCTEMBI MOHUTOPHHT
P PEKTUBHOCTH JCATEITBHOCTH BY30B .. vuvttteentnnensennsensanenneneaneseaneenensensensensennens
A3zumosa A. A.
Ananmu3 MHQOPMAIIMOHHBIX CUCTEM MOHUTOPHHTA JCSITEIIEHOCTH BY30B ....ueeeeneeneneenenennnn
Syanyxaposa /. U., Cmanosa H. T, Kynmaesa /[. Y.
DJNEKTPOHHBIC YUCOHUKHU KaK CPEACTBO COBPEMEHHOTO OOPA3BOBAHUS ....'vvevrenreneenrannannsnnns
Kaowipkynos K. K.
MecTo 1 poih MHHOBAIIHOHHBIX TEXHOJIOTHH B ONTHMHU3AIIMH TIeJ]arOrHYeCcKOro mporecca .. ..
Ilempos A. B., Kpasyos C. B., Cagyenxo B. H., Cemensixo A. A.
AnHanmu3 npoOIIeMbl MOJIEITUPOBAHUS PU3KYIBTYpPHO-CIIOPTHBHOM JEATEILHOCTH B
COBpeMeHHOH 00111e00pa30BaTeNpHOI MIKoIe (Ha MPUMepe YHUBEPCUTETCKOH mKoJIb! [ BDY)
Dyw A. 3., Yanoarnbaesa A. K.
Pa3paboTka 1 3yueHue MCUXOMETPHUUECKUX CBOWCTB IIKAJIbI KYJBTYPHOTO PA3JIAYHS ..........

Hcmopuueckue nayku

Hlepkosa T. A.

Uxonorpadus u arpulyThl JOAUHACTUYECKUX U PAHHEAMHACTHYECKUX Lapen

KaK COLUPKYIBTYPHBIA DEHOMEH . ... ...euettntentnt ettt ete et et et et et ettt e e e eaeaeanens
Anmowxun A. B.

[IpoGmemMbr KagpOBOTO OOECTICUEHHMSI IPEMTPUATHI TOCYAapCTBEHHON M KOOIIEPaTHBHOM
TOProBiI BamKUPUU B 1945-1053 T . .nniii e,
Cammapos A. IO.

OcoOeHHOCTH pocTa HaceneHus U 3aceneHus cen CypXaHAapbUHCKON OONACTH .................
Ocmonos C. M.

Keipreizcran u Poccus B XXI B. B cBeTe OOHOBJICHHBIX BHEITHEIIOJIUTHYCCKUX KOHIICTIIIH ...
Axmamanues A. T.

Kuprusckoe TpanuionHoe o01ecTBO KaKk OCHOBA HPABCTBEHHOT'O COZHAHUS .....vvuvenennnn..
Kabynos 3. A.

BaiicyH B MOMUTUYECKOM KU3HU JUHACTUU MAHTHUTOB . ...eouviinttinitininie e et aieenaenn
Aboypaxmanos A. IO.

Bomnpockh! conmanbHOi 00ecTiedeHHOCTH cebekoro HaceneHus B 1960-1980 rr.

(1a mpumepe CypXaHTAPBEUHCKON OOJACTH) .\ vuvveesanteenneenneenneenneeneeaneeanenneenseanneennns
Mazeppamos C. I

HcrounnkoBenenne u uCTOpUOrpadusi SKOHOMHUECKOTO TonokeHus: Azepoaiimkanckoit CCP
(1920710927 TL) ettt e e e
Xnonos O. A.

Bmusinue xonrpecca CIIIA Ha pa3BUTHE aMEPUKAHO-KUTANCKUX OTHOIIEHHH .......ouvennenn....
Opmonanues K. O.

CoBpeMeHHbIE KUPTH3CKO-TA/KUKCKHE TIOTPAHUYHO-TEPPUTOPHAIILHBIE TPOOIEMHI . ...........

Qunonozuveckue HayKu
Tauposa . @.
AHanM3 1uajgora MeX1y JUHIBUCTUYCCKUMHU U JIUTEPATYPHBIMU HAYKAMU ......vevenrennennsnnn
Marxenex O., Mvipzamaesa b. C.
B3 kupru3oB Ha mpupoy B pou3BeaeHusX baiibimOera AObIpakMaH yyimy
L0003 102 LY (0 1 1 ()
Kowyesa M. K.
Pone K. TeiHBICTaHOBA B HCTOPHH (DOPMUPOBAHUS KUPTH3CKONH TEPMUHOIOTHU . .....e'veen.enens

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

513-546

547-551

552-555

556-564

565-570

571-574

575-587

588-607

608-616

617-624

625-629

630-634

635-638

639-645

646-653

654-663

664-670

671-676

677-683

684-688



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

CONTENTS

Physical & Mathematical Sciences
Bedelova N., Asanov A.
On the Uniqueness of a Solution for Linear Integral Volterra Equations
of the Third Kind on @ Segment ..........c.oouiiiiiiiiitii i e
Pichkalova A.
Determination of the Central Moment of Inertia and Construction of an Ellipse of Inertia of a
Given Scheme of a Flat Composite Cross-section According to Geometric Characteristics ....

Chemical Sciences
Mikhailov S., Monzharenko M., Brovko R., Doluda V.
Synthesis and Acidity Study of Na-ZSM-5 Zeolite ............ccooiiiiiiiiiiiiiiicii
Monzharenko M., Mikhailov S., Brovko R., Doluda V.
Development of BETA Zeolite Template Free Synthesis Method .......................c..

Biological Sciences
Abbaszadeh Z.
Diseases, Pests of Species Belonging to Rosa L. and Control Methods Against Them ..........
Mammadova V., Mammadova N.
The Morphology Study of Rosmarinus L. Seedlings ...........ooviiiiiiiiiiiiiieeieeene,
Sadygov T., Aliyev M., Gafarova M., Mammadova 1., Bagirli A., Gadirova N.
Caragana decorticans Hemsl. Introduction and Use in Amenity Planting (Azerbaijan) .........
Boronova Z., Sultankhodzhaev M., Asrankulova G.,
Seiitbek kyzy N., Muratova A., Abdullaeva Zh.
Studying the Alkaloids Content in Delphinium oreophilum Huth .................................
Shukurova N.
Introduction and Productivity of Styphnolobium japonicum (L.) Schott in the Absheron
Peninsula . ...
Bayramova A., Isayeva N.
History and Prospects of Using Punica granatum L. ...........c.ccooiiiiiiiiiiiiiiiiiiaeaanns
Sultonova K., Kushiev Kh.
Lagochilus inebrians Bunge Microclonal Propagation of Under in vifro Conditions ............
Boymurodov H., Egamkulov A., Zhalilov F.,
Aliev B., Saidkulov Zh., Davronova D., Shukurova, U.
Malacofauna of Aquatic Ecosystems in the Middle Part of the Zeravshan River .................
Jafarova G.
Effect of Prenatal Hypoxia on the Liver of RatS ............ocoiiiiiiiiii e
Sarukhanova S.
The Characteristics of the main Habitats of Goitered Gazelle (Artiodactyla, Bovidae)
N AZEIDAT AN .o

Agricultural Sciences
Mammadova P.
Diversification of Production Technology in Cultivation, Providing an Increase in Crop
D 1=] o I TP
Aliyeva A., Aliyeva G.
Ways of Increasing Soil Fertility Used for Vegetable Growing in Samukh District .............
Gulieva S.
Effect of Spacing and Fertilizers on the Commercial Varieties Tobacco Performance in
Shaki-Zagatala Economic Region (Azerbaijan) ............coovvivriiiiiriiiiiniiiiiiiieiennennannn,
Mustafaev Z., Dunyamaliev S.
Effect of B-Forge Micronutrient Fertilizer on Zea mays Yield in the Southern Slope of the
Greater Caucasus (AZErbaijan) .........c.uvuiirieriiti ittt
Israfilova R.
Effect of Soils Treatment and Inorganic Fertilizers for the Gossypium Seed Germinability in
the Karabakh Zone (Azerbaijan) ...........coiiiiiiiiiiiiiii e

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

12-18

19-25

26-32

33-39

40-48

49-56

57-61

62-66

67-75

76-78

79-85

86-92

93-99

100-114

115-120

121-124

125-132

133-139

140-145



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

20. Mehdiyev M.

Impact Assessment on Ganja-Gazakh Cadastral District Soils (Azerbaijan) ...................

21. Gasanova G., Huseynov S., Zeinalli D., Rahimli S.

Relationship of Indicators of Electrophoretic Analysis of Gliadin Protein in Different
Triticum aestivum Varieties With Grain uality...................

22. Gatamov H.

Effect of Spacing and Inorganic Fertilizers on the Zea mays Development ....................

23.  Gatamov H.

Effect of Spacing and Zea mays Feeding Regime on the Silage Mass Yields .................

24. Keyserukhskaya F.

The Effect of Pesticides on Soil Biogenicity ...........cooeviiiiiiiiiiiiiiiiiiiiiiciiieee

25. Namazova Ch., Huseinzada G., Mughanli Sh., Iskanderova A.

Determination of the Physical-Chemical Composition Cucurbita pepo L. .....................

26. Mavlyanov O., Mirzaev U., Khakimov N., Narzullaev S.
Ecological Features of Vegetable Nematodafaunal Species of the Samarkand Region

in the Territory of the Middle Course of the Zarafshan River .........................ol.

27. Zeinalov B.

Sheep Breeding in Nakhchivan Region of Azerbaijan in the First Half of the 20th Century
(by the Materials of Babek and Shahbuz DiStricts) ...........c.ooiviiiiiiiiiiiiiiiineans

28. Veliyeva S.

Effect of Organic and Inorganic Fertilizers on Grain Yield and Quality ........................

29. Sadigova G.

Exterior Dimensions of Obtained Hybrids .............ccoooiiiiiiiiiiii e

Medical Sciences
30. Pyatin V., Maslova O., Romanchuk N.
Neurosciences and Nuclear Medicine: Modeling and Predicting Neurorehabilitation

18 AN V4 s 153110 1S ol B Lo N A

31. Sadikhzade N.
Study of Fabry Disease Genetics in Lenkoran-Astara Economic Region (Azerbaijan)
32. Hajiyeva N.

GALT Enzyme Deficiency Identification in Newborns in Azerbaijan ..........................

33.  Abdimomunova B., Zholdoshev S.

Nutritional Support in Complex Treatment New Coronavirus Infection in COVID-19 Patients
and Own Regional Observations (Analytical Review) ............coocooiiiiiiiit,

34. Sadykova G., Dzhunusova G.
Dynamics of Hormones of the Pituitary-Thireoid System and EEG of Brain Activity

in High-Mountain ReSidents ..............oiiuiiiiiiiii e

35. Zhumagulova G., Saatova G., Alymbaev E.

Risk Factors for the Formation of Critical Heart Defects .......covvviiiiiiiiiiiiiiiiiiiian,

36. Akbalaeva B., Batyraliev T., Tursunbaev M., Kalmatov R., Mamatova S.

Focus on Cardiotoxicity and Its Prevention in Patients With Cancer Diseases ................

37. Zhalalova G., Zholdoshev S., Mamatkulova N.
Changes in the Functional State of the Cardiovascular System in the Middle,

Elderly and Senile Age Depending on the Season ............c.cooviiiiiiiiiiiiiiiiiiinn...

38. Zhalalova G., Zholdoshev S.
Features of Changes in the Process of Metabolism in Elderly and Senile Age During

Different Periods of the Year ......ooonuuiiiiiii e

39. Sorombaeva N., Temirov N., Asyranova U., Temirova V.,
Abdyrayeva B., Zholdoshev S., Mamatkulova N.
Prevalence of Healthcare-Associated Infections Among Newborns

in Maternity Hospitals of the Kyrgyz Republic. ...

40. Boronchieva Z., Aldashukurov Y.

Features of Allergic Diseases in the Osh Region. ...............cooiiiiiiiiiiiiiii,

41. Ismailova F., Karataev M.

Ambulance in Kyrgyzstan and Abroad (literature review).. ...........cooeveeiiiiineiniennnn..

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

146-155

156-161

162-165

166-170

171-177

178-183

184-190

191-199

200-204

205-210

211-275

276-283

284-291

292-310

311-320

321-327

328-334

335-342

343-351

352-363

364-369

370-380



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

T. 8. Ne9. 2022

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Evseev A.

Peculiarities of Fasting-Mimicking Diet (FMD) Management. ..............c.ccoeiiieiinann..

Evseev A.

Vegetarianism and Its Influence on Human Body. ...,

Technical Sciences
Liang Chuanming

Application and Exploration of Aesthetics in Ship .............coooiiiiiiiiiii i

Liang Chuanming

Underwater Robot Technology and Future Trend Analysis ............c.coooviiiiiiiiiiinnn..

Aidaraliev Z., Zholdoshova Ch., Abdykalyk kyzy Zh., Atyrova R.

Physico Mechanical Characteristics of Basalt Melt. ..............cooiiiiiiiiiiiiiii,

Aidaraliev Z., Abdykalyk kyzy Zh., Zholdoshova Ch., Suyunbek uulu A

Building of Energy Keeping Mobile House Based on Basalt Fiber. ..............................

Vydashenko L., Rykova L., Vydashenko P, Mitrakova P.
Study of the Cargo Base of the Northern Regions

of the Russian Federation during the Construction of the Northern Latitudinal Railway.........

Edilbekova A., Isakova K., Razzakov A.

Trendy Remedies with Natural Origin Used in the Cosmetology............c.oovvvviviinninninnn,

Economic Sciences
Kurpayanidi K.
On the Issues of Methodological Approaches to the Study

of the Institutional Environment of Small Business. ........ooviiiiiiiiiiiii e

Cherkashchenko A., Nikolaeva A.

Remuneration of Civil Servants: Problems and Ways of Improvement. .........................

Pirnazarova G., Temirkhanova M.

Organization of the Internal Audit Service in Business Subjects and Its Analysis..............

Arzumanyan S.

Trends in the Financial and Credit Sphere of the Economy in Commercial Banks.............

Ubaidullaev M., Kenzheeva M., Murzaraimov K., Saryeva S., Turdumatov M.
Solving Economic Problems of Government Support as a Basis

for Kyrgyzstan Agricultural Development. ...........ccooiiiiiiiiiiiiiiii e

Erlygina E.

Environmental Management SYSteIm. .........ooueuiititiriitiiii e

Akmatbekova Jh., Alymbayeva Z., Aldashova G., Bolotbekov E.

The Persona of a Leader in the Formation of the State Body’s Image. ...........................

Juridical Sciences
Murzaibraimov N., Zhusupov B.

Some Issues of Liability and Punishment in Kyrgyz Customary Law............................

Pestrikova K.
Implementation of the Principle of Independence of Judges

and their Subordination Only to the Law in the Russian Criminal Process.......................

Pedagogical Sciences
Nemtsov A.
Approbation of Methods of Diagnostics of Motives for Obtaining Higher Education by
Students of Higher Educational Institutions (on the Example of Students of a Technical

University) (ENding)......o.oouiiiiiiiii e e e

Torobekov B., Azimova A.
Bases of the Concept of Construction of the Information System

for Monitoring the Efficiency of Higher Educational Institutions.................................

Azimova A.
Analysis of Information Systems

for Monitoring the Activities of Higher Education Institutions. ....................c.ooooiii..

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

381-388

389-399

400-405

406-415

416-422

423-427

428-435

436-441

442-460

461-466

467-471

472-477

478-484

485-490

491-502

503-508

509-512

513-546

547-551

552-555

10



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Zulpukarova D., Smanova N., Kultaeva D.

Electronic Textbooks as a Means of Modern Education. ...............cocooiiiiiiiiiiiin
Kadyrkulov K.

Place and Role of Innovative Technologies in Optimizing the Pedagogical Process............
Petrov V., Kravtsov S., Savchenko V., Semenyako Ya.

Analysis of the Problem of Creating Physical Culture and Sports Activities in a Modern High
School (Taken Fefu University School as an Example). ..o,
Yavuz Ercan Gul, Chaldanbaeva A.

Development and Study of Psychometric Properties Scales of Cultural Difference............

Historical Sciences

Sherkova T.

Iconographyand Attributes of Predynastic

and Early Dynastic Kings as a Socio-cultural Phenomenon. ................c.ooooiiiiiine.
Antoshkin A.

Problems of Staffing Organizations

of State and Cooperative Trade in Bashkiria in 1945 t0o 1953, ...,
Sattarov A.

Peculiar Aspects of Population Growth and Settlement of Villages of Surkhandarya Region..
Osmonov S.

Kyrgyzstan and Russia in the XXI century in the Light of Updated Foreign Policy Concepts.
Akmataliev A.

Kyrgyz Traditional Society as Basis of Moral Consciousness............c.oeevvererennerennannn
Kabulov E. O.

Baysun in the Political Life of the Mangit Dynasty............cooieiiiiiiiiiiiiiiiienen
Abdurakhmanov A.

Issues of Social Security of the Rural Population

in 1960-1980 (on the Example of Surkhandarya Region). ...,
Maharramov S.

Source Studies and Historiography

of the Economic Situation of the Azerbaijan SSR (1920-1927).......ccoviiiiiiiiiiiiiiiinnn,
Khlopov O.

The Impact of the US Congress on the of American-China Relation...............................
Ormonaliev K.

Modern Kyrgyz-Tajik Border Territorial Problems.................cooiiiiiiiiiiiiiiiiie,

Philological Sciences
Tairova F.
Dialogue Between Linguistics and Literary Studies..........c.coooviiiiiiiiiiiiiiiiiineeene
Makelek O., Myrzataeva B.
The View of the Kyrgyz on Nature
in the Works of Bayimbet Abdyrakman uulu (Togolok Moldo).............c.ooiiiiiiiiain.
Koshueva M.
K. Tynystanov's Role in the Kyrgyz Terminology Formation History..............................

O]
E Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0)

556-564

565-570

571-574

575-587

588-607

608-616

617-624

625-629

630-634

635-638

639-645

646-653

654-663

664-670

671-676

677-683

684-688

11



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

OU3UKO-MATEMATHUYECKHUE HAYKHU / PHYSICAL & MATHEMATICAL SCIENCES

VK 517.968 https://doi.org/10.33619/2414-2948/82/01
MSC 2020: 45B05, 45A05, 45G10
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ON THE UNIQUENESS OF A SOLUTION FOR LINEAR INTEGRAL VOLTERRA
EQUATIONS OF THE THIRD KIND ON A SEGMENT
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Annomayus. UccnenoBaH BOIPOC O €IMHCTBEHHOCTH PELICHUs [UIl HOBOI'O KJlacca JIMHEMHBIX
UHTErpaibHbIX ypaBHeHUH BonbTeppel Tperbero poma Ha cermeHte. Ha ocHoBe wMmerona
MHTETPaJbHbIX NpeoOpa3oBaHUM M METOAAa HEOTPULATENbHBIX KBaJPaTUYHBIX (OPM JI0Ka3aHbI
TEOpEeMbl €IUHCTBEHHOCTU pELIeHUs AJIs JaHHOIO Kjacca MHTErPalbHBIX YpPaBHEHUH TPETHEro

pona.

Abstract. The issue of the uniqueness of the solution for a new class of linear integral Volterra
equations of the third kind on a segment is studied. On the basis of the method of integral
transformations and the method of non-negative quadratic forms, uniqueness theorems for solutions
are proved for a given class of integral equations of the third kind.

Knrouesvie cnosa: e€AMHCTBEHHOCTh  pELLIEHUS, JIMHEWHbIE MHTErPajbHbIE YpaBHEHUS
BonbTreppsl, ypaBHEHUS TPETHETO POAA.

Keywords: uniqueness, linear integral Volterra equations, equations of the third kind.

Teopernyeckas 4acTh U NPUIIOKEHHSI HHTETPAIbHBIX YPABHEHUH N3Y4alIMCh U UCCIIEN0BAINCh
BO MHOTMX pa3iIMuyHbIX paborax. B wactHocTH, B pabore [1] paccMoTpeH 0030p pe3ynbTaToB
UCCIIEIOBAaHUN MHTErpajbHbIX ypaBHeHUN BonbTeppa Broporo poma. B pabore [2] uzywarorcs
UHTErpanbHble ypaBHEHUs Bonbreppa mepBoro M TPETbEro POJAOB C NIAJKUMHU SJIpaMH, TIIe
MIPUBOAMTCS JJOKA3aTeIbCTBO CYIIIECTBOBAHWE MHOTONAapaMeTpUUYEecKoe CeMeilcTBO perieHuil. B
pabote [3] uccienoBaHbl JIMHEHHBbIE MHTErpabHble ypaBHeHUs dpearoabma mnepBoro poja, s
KOTOPBIX MOCTPOEHBI peryispusupyromme oneparops! no JlaBpentoeBy. B pabdore [4] mpuBoautcs
TEOpUS U UCTIONB3YIOTCS YUCIICHHBIE METO/BI PEIIEHUS] HEKJIACCUUECKUX UHTETPaJIbHbIX YpaBHEHUN
Bonsreppa nepsoro pona ¢ quddepeHuupyeMbIMA U OTJIMYHBIMU OT HYJIS SApaMu Ha AuaroHanu. B
pabotax [4—7] mpuBeneHb NPUMEHEHUs HEKIACCUUECKUX HHTErpalbHBIX ypaBHeHUH Bombsreppa
MIEPBOrO pojia B pa3HBIX NMPHUKIATHBIX 33a1adax. B paborte [8] ncnonb3yercss MeTO peryispu3anun
M. M. JlaBpeHTbeBa Il MHTETPAIBHBIX ypaBHEHUN BomnbpTeppa mepBoro poja ¢ INaJAKUMH H
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OTJIMYHBIMU OT HYJS siApaMU Ha JUaroHaiu AUPQPEpeHUUpYEeMbIMU PEIICHUSMHU, AJS KOTOPBIX
MMOCTPOCHO TpHONMMKeHHOe pemieHue. B paborax [9, 10] momydeHBI JOCTAaTOYHBIC YCIOBUS
€IMHCTBEHHOCTHU PEIICHUN U MCCIIEIOBAHbI BOMPOCH! PETYASPU3ALNK PEIICHUM CUCTEM JIMHEWHBIX
U HEJIIMHEHHBIX MHTETPalbHBIX YpaBHEeHUI Bombsreppa mepBoro m tperbero ponos. B pabore [11]
JIOKa3bIBAETCA TEOpEMa €IMHCTBEHHOCTH PELLIEHNUN U HaXOAUTCS PETYISPU3UPYIOLIHI orepaTop AJis
pellIeHrs CUCTEMbl JIMHEMHBIX HMHTErpaibHBIX ypaBHeHMI Bombreppa TpeThero poma. B paborax
[12, 13] wucnonb30oBaH HOBBIM TOAXOM JUJIi HCCJIEAOBAHMUS BONPOCOB CYIIECTBOBAHUS U
€IMHCTBEHHOCTH PEIICHUM CKAJISIPHBIX HHTETPAIbHBIX ypaBHeHHI Dpearonbma TPEeTbEro poja ¢
MHOTOTOYEUHBIMH OCOOCHHOCTAMH M HMX cucteM. B pabote [14] mpuBemeHbl pe3ynbTarhl IO
WHTETPAIbHBIM ypaBHEHHUsIM Bonreppa mepBoro poma. B pabGore [15] mokaspiBaeTcs Teopema
€MHCTBEHHOCTH PEIICHUN I OJHOIO Kjacca JIMHEMHBIX MHTETpajbHbIX ypaBHEHUM Bosbreppa-
Crunprheca TPEThEero poja.

B nmanHoii pabore wHcmonb3ys METOJ HMHTETpalbHBIX  IpeoOpazoBaHUil, METO.
HEOTPULATEIbHBIX KBaJApPaTUYHBIX (GopM U 0000IIEHHEM METoJa H3IMKEHHBIX B padore [15]
YCTAHOBJICHBI JOCTATOYHbIEC YCJIOBHUS €IMHCTBEHHOCTH PEIIEHUS JIS OIHOTO Kjacca JMHEWHBIX
WHTETPAJIbHBIX ypaBHeHUN BonbTeppa Tperbero poma Ha cermeHte. Memodonoeus: JITWHEWHbBIS
MHTErpaJibHble ypaBHEHUS Bonbreppa TpeTbero pojga Ha CErMEHTe

Bynem paccmarpuBarb ypaBHEHUE

: (1)
m(t)u(t) + f K(t,s)u(s)ds = f(t),t € [a, b],

a
e m(t), o(t), K(t,s) u f(t) — wusBectusie byuxiuu, m(t) € Cla, b],0 < m(t) npu Bcex
t € [a,b] u m(t) paBHa Hymo XO0Ts Obl B OfHOM Touke cermenra [a,b],u(t) — HeusBecTHas
ynkuus. [Tpeanonoxum, 4ro

- ()
K(ts) = ) P(OH (6 9)P(S),
i=1

rne P;(t)m H;(t,s) — wu3BeCTHbIC HENpepbIBHbIC (DYHKIIMH COOTBETCTBEHHO Ha [a,b] u
G={(ts)ra<s<t<b}i=12,..,n

[TpernonoKuM BBITIOTHEHHE CIESAYIONINX YCIOBUI:

dH;(t,s) azHi(t,S)

a) P;(t) € Cla, b], P;(t) # 0 npu moutu Bcex t € [a,b], St roe_ — HEIpEphIBHbIC
byakmuu B obmactm G = {(t,s):a <s <t < b}, (Hi(t, a)),, (Hl- (b, t)), —  HENpEePHIBHBIE
¢yukuuu B [a, b],i = 1,2, ..., n;

6)m(t) 2 0,Hi(t,a) 2 0, (H;(t,@)) < 0,vt € [a,b], 122 > o,

aZHi(t, S)

<0V e€Gi=12..,n
atas —Ol (t,S) Gll ) &y s

B) BBITIOJIHSETCS XOTS ObI OJMH U3 CJICIYIONTUX YCIOBUM:

1) m(t) > 0 mpu mourtu Beex t € [a, b];

2) cymectsyer iy € {1, 2, ...,n} Taxoe, uro H; (t,a) > 0 npu nouTH Bcex te[a, b];

3) cymectByert iy € {1,2, ...,n} Takoe, uto (H; (t,a))’ < 0 mpu mouru Beex t € [a, b].
T') BBITIOJTHSETCS XOTSI OBl OJIMH U3 CIEAYIONUX YCIOBUM:

1) cymectsyer iy € {1, 2, ..., n} Takoe, uro (H; (b, t))" > 0 npu moutu Bcext € [a, b];

. 9?
2) cymectByerT iy € {1, 2, ..., n} Taxoe, utoo—Hj, (t,s) < 0 mpu moutu Beex (t, s)eG.
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Ecmm yuects (2), To ypaBuenue (1) npuHUMaeT BUJT
n 3)
m(Ou® + f P(OH,(t,$)P(s)u(s)ds = £(b), ¢ € [a, b].

i=1g

VYmuokuB Ha U(t) ypaBHeHue (3) W MPOMHTErpHpoBaB Mo obmactu [a,t],t € [a, b] Oymem
UMETH

fm(s)uz(s)ds+z.ffPi(s)Hl-(s, T)P;(t)u(t)u(s)drds = ff(s)u(s)ds.

i=

Orcrona, ucnons3sys Gopmyny dupuxie, umeem

t n t t (4)
fm(s)uz(s)ds + Zf fH (s, T)P;(s)u(s)ds|P;(0)u(r)dr =
a i=1¢
= jf(s)u(s)ds.
Bsenem o603HaueHUS ‘
; (5)
Z(t,s) = fPi(T)u(T)dT,i =1,2,..,n
Torma ’
P;(s)u(s)ds = —d;Z;(t,s),i=1,2,...,n, (6)
P,(Hu(t)dt = d.Z;(t,s),i =1,2,..,n, (7)
Z,(t, )P, (O)u(t)dt = %dtzf(t, O i=12.n, ®)
9)

1
Z;(t, s)Pi(s)u(s)de(s) = —EdsZiz(t, s),i=12..,n

[pumenst (5), (6), (7), (8), (9), MeTox MHTETPpUPOBAHUS 1O YacTIM U Gopmyny Jupuxie, 1
JBOMHOTO MHTErpajia u3 (4) uMeeM

Zn:ffHi(s,T)Pi(s)u(s)dsPi(T)u(T)dr = Zn:f in(s,r)dS Z,(s, )| =

i=lq t T

- S
i=1q

* P(T)dt = Zn: f Hy(t, 1)Z,(t, P (Du(m)dr — i fj

i=1q i=1

n t t
* P;(D)u(t)dt = Zf H;(s,7)Z;(s,7)] 32t — faiH (s,7)Z;(s,t)ds|u(r) *

H;(s,7)Z;(s,7)P;(1)u(r)dtds =

S|

n

=—%Zn:fH(tr)dZ (tr)+%2f

1= 1=

H;(s,1)d.Z?(s,T)ds =

g\uz
a’lw

t

z (6, )Z2(t, @) +f 9 ez T)dT—J L (s, a)Z2(s, a)ds —

a a
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N

t
1ff azH( VZ%(s, T)dtd
> 3501 i(s,7)4i(s,T)dtas |.
a a

Orcrona B cuity (5) umeem

n tt (10)
Z f f H;(s,7)P(s)u(s)dsP;(t)u(r)dr =
1 i l=1(i T " t a t ,
252 Hy(t, a) lf Pi(s)u(s)ds +faHi(t,T) fPi(S)u(s)ds dr —
t s 2
—f(Hi(S, a)) U Pi(s)u(s)ds] ds
t s aZa s “ 2
_ff@Hi(SJT) fPi(S)u(S)dS] dtds ;.
VYyuuteiBas (10), uz (4) umeem
t 1¢ t e (n
jm(S)uZ(S)ds+EZ H;(t,a) l] P;(s)u(s)ds +JEH1- (t,7) *
t 2 s 2

fPi(s)u(s)ds] ds —

a

t
fPi(s)u(s)ds dt — f(Hi(s, a))'

Jf

Taxum obpasom, ecru f(t) = 0 mpu Bcex t € [a, b], To B cuny ycnosust a), 6) u B) u3 (11)

2

62 N t
asarHi(s'T) fPi(s)u(s)ds dtds = = ff(s)u(s)ds.

MOJIy4YUM:
t

J P.(s)u(s)ds = 0

HIJIN
t

[ Pi©u©ds = 0,65l bls <t

S
Orcrona u(t) = 0 npu Beex te[a, b]. lokazana ciemyrormas teopema 1.

Teopema 1. Ecnu ycnmoBusi a), 6 ¥ B) BBINOTHEHBI, TO ypaBHeHHE (1) B mpoCTpaHCTBE
Cla, b] umeer He Gonee oxHoro pemenus. [logcrapnss t = b uz (11), umeem

b n b 2 p (12)
jm(s)uz(s)dqo(s) +%Z H;(b,a) lj P;(s)u(s)ds| + f(Hl-(b, 7))’ *
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[[P(s)u(s)ds 2d1:—f(H (s,a))’ [fP(s)u(s)ds] ds—]fa 3
s 2

* J.Pl-(s)u(s) ds] dtds ; = ff(s)u(s)ds.

T

N3 (12) BBITEKaET CrIpaBETMBOCTH CIEIYIOIICH TEOPEMBI 2.
Teopema 2. Ecnu ycnoBus a), 0) U T') BBIIIOTHEHBI, TO ypaBHeHue (1) B mpoctpanctse C[a, b]
UMeeT He 00JIee OTHOTO PEelIeHHUS.

Pesynomamut: npumepol
[IpuBeaEM TPUMEPBI, KOTOPbIE OYIYT YIAOBJIETBOPATH YCIOBHSAM BbILIE CHOPMYIUPOBAHHBIX
TEOPEM O EIMHCTBEHHOCTH DELIEHHs JMHEHHBIX MHTErPalbHBIX ypaBHEHHI Bosbsreppa Tperhero
po/ia Ha KOHEYHOM OTPE3KE.
Ilpumepl. Paccmorpum ypaBHeHI/Ie (1) mpu n=2,a=0,b=1,P,(t) =Vt;m(t) =

£ Hy(t,5) = ==, Py(t) = VE, Hy(t;s) = .
B sTtoMm CJIydac BCC YCIIOBUs TCOPCMbI 1 BeImonHs0TCH. Tak Kak

aH(t )= 1
9s 1S TP

Hi(t,s) = —(1+t)7%(ts) €G,

Hy(t,0) = 0, (Hy(t,0)) =0,

2

datds
a 2
H,(t,0) =0, (H,(¢,0)) =0, 'Ts —H,(t,s) = 351 9t0s

=-23+1t)7%(t,s) €G.

H,(t,s) =

Ipumep 2. Paccmorpum ypasHenue (1) mpu n=2,a = 0,b = 1,P;(t) = Sin Zxﬁ,m(t) =
sint, H;(t,s) = se™t,P,(t) = |n(1+\/'[_),H2(t, s) = 3se L,
B stom ciiydae Bce ycnoBus TeOpEeMbI 2 BRIMOTHSAIOTCS. Tak Kak

d —t
ng(t,s) =et

H,(t,s) = —e7L, (t,5) €G,

Hy(t,0) = 0,(H,(t,0)) =0,
2

Jtds
0
H,(t,0) = 0,(H,(t,0)) = O,gHz(t, s) = 3e~ 6t

2

" 0tds

HZ(tl S) =
= —18e~,(t,5) € G, H;(1,t)=te™%, (H;(1,t)) = e L.

[IpenyiokeHHBIE  METOABI  MOXKHO  HCIIONB30Barb I MCCIENOBAaHUSA  BOIIPOCOB
€IVHCTBEHHOCTH pEUICHUSA Ui pPa3JIMYHBIX KIIACCOB JIMHEMHBIX MHTETPAJIbHBIX W HWHTErpoO-
muddepeHINaNbHbIX YpaBHEHUH, a TakkKe MpH pPElIeHUH KOHKPETHBIX MPHUKJIAJHbIX 3a/ad,
MIPUBOJAIINXCS K MHTErPAJIbHBIM ypaBHEHHAM Bonbreppa Tperbero poaa.

Aemop svipasicaem 2ny60Ky0 01a200APHOCHb CB0EM) HAYYHOMY PYKO8oOUmento 0-py gus.-

mam. Hayk, npogeccopy A. Acanosy 3a nocmanosky 3adauu, pyKo80OCME0 U KOHCYIbMayuu npu
8bINOTHEHUU padOOmbl
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ONIPEAEJIEHUE NEHTPAJIBHOT'O MOMEHTA UHEPIIUN
U IIOCTPOEHUE DJJIUIICA UTHEPIIUUA 3AJIAHHOM CXEMBI INIOCKOT'O
COCTABHOI'O CEYEHMA 110 TEOMETPUYECKHUM XAPAKTEPUCTUKAM

©IMuukanosa A. /., ORCID: 0000-0001-8330-8454, SPIN-ko00. 1882-8213,
FOoicnwii hedepanvuwiii ynusepcumem, 2. Pocmos-na-/{ony, Poccus, pichkalovaOl@mail.ru

DETERMINATION OF THE CENTRAL MOMENT OF INERTIA AND CONSTRUCTION
OF AN ELLIPSE OF INERTIA OF A GIVEN SCHEME OF A FLAT COMPOSITE
CROSS-SECTION ACCORDING TO GEOMETRIC CHARACTERISTICS

©Pichkalova A., ORCID: 0000-0001-8330-8454, SPIN-code: 1882-8213,
Southern Federal University, Rostov-on-Don, Russia, pichkalova0l@mail.ru

Aunomayus. JlJid 3aJaHHOTO IUIOCKOTO COCTABHOTO CEUEHUSl IPUBEACHBI PACUYETHI 110
HaxXOXJICHUIO HANpaBJICHUs] TJIABHBIX IEHTPAJIbHBIX OCEH M IVIAaBHBIX LIEHTPAJbHBIX MOMEHTOB
WHEpPILHMA, a TaKKe MOCTPOSHUE 3JUIMIca MHepuuu. B Xxome pacdera ObUIM Takke HailICHBI:
MOJIOKEHUE IIEHTPa TSKECTH; COOCTBEHHBIE Al MPOCTHIX (GUTYP U LEHTpalbHBIE OCEBBIC
IIEHTPOOCIKHBIC MOMEHTHI HHEPINH; rpauuecku ompeaesieHbl IEHTPATLHBIC MOMEHTHI WHEPIIMHA U
IIPOBEJICHO CPAaBHEHUE 3HAYEHUH C pe3yJbTaTaMy aHAIUTUYECKOIO METO/A.

Abstract. In this article, for a given planar composite cross-section, calculations are given for
finding the direction of the main central axes and the main central moments of inertia, as well as
the construction of an ellipse of inertia. During the calculation, the following were also found:
the position of the center of gravity; proper for simple figures and central axial centrifugal moments
of inertia; the central moments of inertia were graphically determined, and the values were
compared with the results of the analytical method.

Knrouesvle cnosa: ceueHne, MOMEHT UHEPLIMH, LIEHTP TSKECTH.
Keywords: cross-section, moment of inertia, center of gravity.

COHpOTI/IBJ'IeHI/Ie CTCPIKHA IMPU PA3JIMYHBIX THIIAX I[e(l)OpMaHI/H/I qacTO 3aBHUCUT HE TOJIBKO OT
€ro Marepuaina M pa3Mepa, HO U OT XapakTepa OCeBOU NTUHUU, (OPMBI MOMEPEUHBIX CEYeHUN U HX
opueHtanuu. Emnie B apeBHHE BpeMeHa 30[4We 3HAIM, YTO IUIMTA WM Oanka, MOCTaBJICHHBIE Ha
pedpo, MPOTUBOCTOST U3TUOY BO MHOTO pa3 JyUllle, YeM Te, KOTOPbIE YIOKEHHI TammMs. Peus uaer
00 ux Hecymien crnocodHocTH u neopmaruBHOCTH [1].

Jlns nBYTaBpOBOM CTaHAAapTHOM Oanky, TMOCTAaBIEHHOW Ha JIBE OMOpPHI, 3THU TOKa3aTreian
npumepHo B 7 u 30 pa3 BbllIe, 4yeM y OalKu KBaJIpaTHOTO IOMEPEYHOTO CEUEHHUs TaKOW >Ke
TUTOIIAIH, CICTTAHHOW W3 TOTO K€ Marepuaya. TakuMm o0pa3oM, palHOHAIBFHOE PACIIOIOKCHHE
Marepuayia B TIONEPEYHOM CEUCHHUH MMO3BOJISICT CHU3UTH €ro pacxof. [Ipu pacueTe KOHCTPYKITUI Ha
MEXaHUYECKYI0 HaJeKHOCTh OU€Hb YaCTO HEOOXOIMMO paboTaTh ¢ TAKUMHU CBOMCTBAMH IUIOCKHX
¢buryp, Kak CTaTHYECKHi MOMEHT, OCEBOM ¥ MOMEHTh HHEpPIUH. XOTA BBIYHCICHUE
BBIIICYKAa3aHHBIX T'COMETPUYCCKUX XaAPAKTCPUCTUK OTHOCHTCA K YHCITY HpOCTCfIHIPIX 3aaa4
HHTErpajJbHOI0 HMCYUCICHUA, OJHAKO H3-3a HX y3KOI>i HpHKHa}IHOﬁ 3HAYMMOCTH OHHU BpAOd JIU
CUMTAIOTCS YHUBEPCUTETCKUM KYpCOM BBICIICH MaTeMaTHKHU.
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3alaHHOE CeYeHHUE CTEP KHS MPEACTaBlseT co00il HECUMMETPUYHYIO IUIOCKYI0 COCTaBHYIO
¢burypy, mokazanuywo Ha Pucynke 1.

duryp

Pucynok 1. 3amanHoe cedeHHe ¢ TeOMETPUUSCKUMHE XapaKTepPUCTUKaMU U HyMepalueil mpocTenmmx

Jlnia penieHust JaHHOM 3a7a4M CIEAyeT HAalWTH IIEHTpP TshKeCcTH AaHHO# ¢urypsl (Pucynok 2).

A ¥1.¥Y2.¥3: ¥ Ve

Pucynok 2. Cxema a7si HAXOXKICHHUS LIEHTPa TSHKECTH (PUTYp € YKa3aHHEM LEHTPaIbHBIX ocei puryp
®dopmyia onpeneneHus IeHTpa TSHKeCTH [2]:

« _ X1 A+ x50 (=Ay) + X3 (—Az)
o=

A+ (—Ay) + (—Aj)

(D
_ Y1A1tya(ZAz)+y3-(—A3)
¢ A1+(—Az)+(-A3)

b

()
TJI€ X4, Xy, X3 — PACCTOSIHUE OT Y, U Y, J0 BCIIOMOTaTEeNIbHON OCH Y’; V1, Y2, Y3 — PAcCTOSIHUE
OT X1 U X, [10 BCIIOMOTaTeabHoi ocu x’; Ay, A1, A{ — IIOIIAAU COCTAaBHBIX (PUTYD.
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Ornpenenenue xq, Xy, X3:

X, =0
X, =0
X3 = 0;

Haxoxnenue yq,y,, y3:
9TOOBI HANTH Y1, Y,, ONPEILIIIEM PACCTOSIHIE OT Kpast (PUTYPBI IO OCH Xy

\ a=7,64 ')“ } :
X,

Pucynok 3. Cxema [u1st HAXOXKICHUS IIEHTPA TSHKECTH TPeTel mpocTeitiel Gurypot

==

Haxomum y4,y5, V3!
y1 =18 +7,64 =25,64 cm
y, = 7,64 +11 = 18,64 cm
y3 =0

Haxoxnenue minomaau npoctedmmx uryp:

A, = R?

A; = 3,14 - 407
A; = 5024 cm?
A, = —bh
A, = —(15-22)
A, = =330 cm?
A miR?
T
A 3,14 - 182
ST

A; = —508,68 cm?

[ToncraBnsem monyueHHbie 3Ha4eHus B hopmydsl (1) u (2):

. _0:A 40 (—Ay) + 0 (—Ay)
AL+ (A + (FAy)

O]
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X.=0
yo = V1 Aty (Ay) tys - (—A3)
‘ Ar + (—Az) + (—A3)

_25,64-5024 + 18,64 - (—330) — 0

Ye = 775024 + (—330) + (-508,68)
12881536 — 6151,2— 0
Ye = 4185,32
Ve = 29,31 cm

Jlanee HeoOXOAMMO HaWTH COOCTBEHHBIC JIsi TPOCTHIX (UTYp IICHTpAIbHBIE OCEBBIC WU
[EHTPOOESIKHBIE MOMEHTHI HHEPIIUU CIIETYIOIUM 00pa3oM:
1. My nmepBoii pUrypsI:

mR*
Ly =1y, =5,
1 Y1 4

rae Iy , I, — nenTpanbHbie 0CEBblE MOMEHTBI MHEPIIUHU IS IEPBOH (QUTYpBI.

m40*
IX1 = IY1 = 4
I, = I, = 2009600 cm*

1

Iy,y, =0, Tak Kak Qurypa CUMMETpUYHa; [, , — HIEHTPOOEKHBIA MOMEHT MHEPLUMH IS
nepBoil purypsl.
2. 1ns BTOpO#t PUTypHI:

_ bh?
X2 - ?:
15 - 223
T
Iy, = 13310 cm*
hb3
ly, =77
22153
IYz = 12
I, = 6187,5 cm*

Iy,, Iy, — UeHTpanbHBIE OCEBbIE MOMEHTBI HHEPIMH JUIsl BTOPOH Gurypsl. Iy . = 0, Tak Kak

¢urypa cummerpuuHa. | — LIEHTPOOEKHBIT MOMEHT UHEPLIUH JIJIs1 BTOPOH (UTYPBHI.

X2Y2
3. lnst Tpetbeit GUrypsi:

Iy, = 0,117,
Iy, = 0,11- 18
Iy, = 11547,36 cm*

mrt

IY3 8
3,14-18*
IY3 = 8
Iy, = 41203,08 cm*

O]
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IX3' IY3

¢urypa cummerpudna. Iy — HEHTPOOEIKHBIE MOMEHT MHEPLUH ISl BTOPOU (HUTYDBI.

— IIGHTpaJIbHBIE OCEBbIE MOMEHTHI HHEPLUH JUIA BTOPOH (urypsr. |

= (0, Tak KaK

MoxHo CACIaTb BBIBOA O TOM, YTO HCHTPAJIBHBIC OCH COBHAAANOT C IJIaBHBIMH, TaK KakK
CCUCHHUC CHUMMCTPUYHO. Haxoxc):[eHHe TJIaBHBIX OCCBBIX MNCHTPAJbHBIX MOMCHTOB MWHCPIHUU

Iy,.I,, 1o crexyrommm Gpopmynam:

L, = Imgx =13, — 12, — I3 = (Iy, + 2 A1) — (Ix, + ¥2,42) — (Ix, + Y2 43),

rie I, — UEHTPaIbHbIA OCEBOW MOMEHT WHEPLMU BCEH COCTABHOW GUTYDBL, Ve, Ve,) Ve, —

paccTosiHie OT OCH Y4, Vo, Y3 10 OCH V!

yC1 =V1—Yc = 25,64‘ - 29'31 = _3;67
Ve, = Y2 — Y = 18,64 — 29,31 = 10,67
Ves = V3 = Ve = 0—-29,31=-29,31

Ixc = Inin

(2009600 + (—3,67)25024) — (13310 + +(—10,67)2330) — —(11547,36+(—29,31)2508,68)

Iy, = Lnin = (2009 600 + 67 667,75) — (13 310 + 37 570,14) — (11547,36 + 436 994,83)
Iy, = Lpin = 2 077 267,75 — 50 880,14 — 448 542,19

Iy, = Ipin = 1577 845,42 cm*

IYC

I

J’Z_I

V3

= Imax = Illfc - IJZ’C o I;c == (IY1 + xCZ1A1) - (13’2 + xCZZAZ) - (1}’3 + xg3A3) = 13’1 -

rie [, — UEHTPaNbHBIA 0CEBOH MOMEHT MHEPLHMHU BCEW COCTABHOM (QUTYDBI, X, , Xc,, X, —

PACCTOSHUE OT OCH X1, X3, X3 110 OCHU X, I, — IIEHTPAbHBIA OCEBOH MOMEHT HHEPLMHU UTYDBI.

Iy c

I

ye = Imax =1962 209,42 CM4

3areM ciieyeT NOCTPOUTD SITUIICHI CEUYEHUS.
JInst 5TOTO HAMIEM panyChl DILIATICA:

. . ’Imax
bnax = ly = A4 °

1€ Imax, Ly — PaaAnyCc MOMEHTA UHEpIUU 11t ocu U

_ _ 1962 209,42
: . Imin
bmin = ly = ’T;

1€ imin, ly — pallyC MOMEHTA MHEPUUH I OCH V

, , 1577 845,42
Lnin = ly = W = 19,4-2 CM

O]
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Cnenaem poBepKy 1o Gopmysie:

IZ=I:ZZ.A9

rme A — IUIOma b BCe coCTaBHOM (PUTYpHI, [, — IEHTpaIbHBI OCEBOM MOMEHT WHEPIIUH
BCeH cocTaBHOM Gurypsl 1o ocu z (PucyHok 4).

U.ye

A

Pucynox 4. [TocTpoeHune 3Iumca HHEPIUA 3aIaHHOTO CEUCHHUS

N3mepsiem i, Ha ueprexe. i1 3TOro NpoBOJUM OCh Z MO YIJIOM 45 rpalycoB K LIEHTpaIbHON
OCH Y IPOBOJIUM KacaTeJIbHYIO K JUIUIICY MAapaJlIeIbHYI0 OCH Z; PACCTOSHUE OT LIEHTPA UIMIICA 10
3TOH KacaTeabHOU U OyJeT paguycoM MHEPIIHH:

i, = 20,69 cm
1, = 20,692 - 4 185,32 = 1 791 635,46 cm*

AHanuTH4YecKoe pelieHne JaHHOW 3aauu HaiieM 1o cienyomen hopMmyre:
I, = Iy - cos?a + I, - sin’a [3],
rae Iy u I, onpenensercs rpaduIecKy.

I, =1577 845,42 - 0,5+ 1962 209,42-0,5=788922,71 + 981 104,71 =

O]
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=1770027,42 cm*

HaXO)K,HeHI/Ie IOrp€IIHOCTH IIpHU PaCUCTEC 110 TCOMCTPHYCCKHM XapaKTCPUCTHKaAM H
AHAJIMTHYCCKHUM METOAOM:

179163546 — 1770 027,42
B 1791 635,46

-100% = 1,21%

[TorpemHOCTh COCTaBIS€T MEHBIIE JBYX IPOLIEHTOB, MOXXHO CIENAaTh BBIBOA O TOM, 4YTO
pacyeT BBINIOIHEH BEPHO.

Takum o00pa3om, B pe3yabraTe JaHHBIX pPACUYCTOB HAMJICHBI HAIMPABICHUS TJIABHBIX
LEHTPAIBHBIX OCEM M IIABHBIX LIEHTPAJIbHBIX MOMEHTOB HMHEPILIMHU, a4 TAKXKE MOCTPOEH 3JUIUIIC
MHEPUUHU U IPOBECHA IPOBEPKA MMOJTYUUBIIUXCS 3HAUCHUM.
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SYNTHESIS AND ACIDITY STUDY OF NA-ZSM-5 ZEOLITE
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CUHTE3 U U3YUEHUE KAUCJIOTHBIX CBOMCTB IIEOJIUTA NA-ZSM-5
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Abstract. Zeolites are a special class of structured aluminosilicates with a developed inner
surface and a large number of micropores, which allows them to be used as sorbents, membrane
materials, and catalysts. Zeolite ZSM-5 is an aluminosilicate formed by parallel channels with
a diameter of 5.3-5.6A interconnected by sinusoidal channels with a diameter of 5.1-5.5A. At
the same time, the presence of aluminum atoms in the zeolite crystal lattice makes it possible to
carry out dehydrogenation, esterification, isomerization, and aromatization reactions, and the
presence of microchannels significantly increases the number of collisions of reacting compounds,
which leads to a significant increase in the rate of chemical transformations in such systems. The
synthesis of ZSM-5 zeolite using structure-directing agents has been known since the late 70s of the
last centuries, while the high cost of structure-directing agents used and the long duration of
hydrothermal synthesis and the need for subsequent post-synthetic procedures lead to a high cost of
the resulting zeolite. One of the possible ways to reduce the cost of the synthesis of ZSM-5 zeolite
is the direct use of ZSM-5 zeolite as a structure-forming agent, while the synthesis conditions play a
decisive role in the structure of the resulting zeolite. The article presents the results of a study of the
synthesis of ZSM-5 zeolite and a study of its acidic properties using locally produced reagents.
Zeolite was prepared using pre-milled silica gel, sodium hydroxide, and sodium aluminate. The pre-
weighed silica gel sample was filled with sodium hydroxide solution and stirred at 70 C to form a
colloidal solution, after which the pre-prepared sodium aluminate solution was added, and
hydrothermal synthesis was carried out at 180 C for 24 hours. During the synthesis, the Si/Al ratio
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was varied in the range from 7.5 to 2000, while the resulting acidity ranged from 0.002 to 0.265
mmol(NH3)/g(ZSM-5). It was found that the synthesis of ZSM-5 using pre-prepared reagent
solutions is superior to the method using direct dissolution of solid reagents in an autoclave. An
increase in the Si/Al ratio from 7.5 to 100 leads to a corresponding increase in surface acidity from
0.066 mmol(NH3)/g(ZSM-5) to 0.265 mmol(NH3)/g(ZSM-5). A further increase in the Si/Al ratio to
2000 leads to a decrease in surface acidity to 0.002—0.005 mmol(NH;3)/g(ZSM-5). A reliable and
simple method for the synthesis of ZSM-5 zeolite has been developed, providing a zeolite yield of
up to 97%.

Annomayusn. 1leonuThI  TPENCTABIAIOT COOOHW OCOOBIM KJIacC CTPYKTYPUPOBAHHBIX
QJIIFOMOCHJTMKATOB, OO0JIJIAl0NINX PA3BUTONM BHYTPEHHEW MOBEPXHOCTBHIO, OOJNBIINM KOJIMYECTBOM
MHUKPOIIOP, YTO TO3BOJIIET UCIOIB30BaTh UX KaK B Ka4eCTBE COPOCHTOB, MEMOpPAHHBIX MAaTEpUAIIOB
n karamuzaropoB. lleomutr ZSM-5 mnpencraBiser co0OM  aIFOMOCHIMKAT, OOpa30BaHHBIN
MapajuyieIbHBIMU  KaHajlaMM C  JIHaMETPOM 5.3-5.6A  coemMHEHHBIMH MeXIy cobou
CHUHYCOUIAbHBIMU KaHanamu ¢ guamerpoM 5.1-5.5A. Ilpu 5ToM Haauuue aToMOB alIOMUHHUS B
KPUCTAJNIMYECKOM  pEIIeTKE  I[eoJMTa  JAaeT  BO3MOXKHOCTb  OCYHIECTBJICHHUS  peakuuit
JIETUIPUPOBAHHUS, FTepUPUKALINN, H30OMEPHU3ALUU M apOMaTHU3alliy, a IPUCYTCTBUE MUKPOKAHAIIOB
CYIIECTBEHHO YBEIMYMBAET YMCJIO CTOJIKHOBEHHUU pEardpyrolluX COSAMHEHUN, YTO MPUBOAUT K
CYLIECTBEHHOMY YBEIMUYEHHIO CKOPOCTHM XMMHUYECKHUX IpPEBpalleHUi B Takux cucremax. CuHTe3
neosta ZSM-5 ¢ UCIONIB30BaHUEM CTPYKTYpPOHANPABIIAIONIMX areHTOB M3BECTEH C KoHia 70-x
TOI0B IPOIUIOTO BEKa, MPU 3TOM BBICOKAS CTOMMOCTb HCIIONIB3YEMbIX CTPYKTYpPOHAIPABISIOIINX
areHToB © OoJbllas NPOAOIDKUTENBHOCTh TUAPOTEPMAILHOTO CHHTE33a, M HEO0OXOIMMOCTh
MOCJIEAYIOIUX MOCTCUHTETUYECKUX MPOLEAYpP HPHUBOASIT K BBICOKOW CTOMMOCTH IMOJIYy4aeMOIo
neosmta. OAHUM W3 BO3MOXHBIX IyT€H VIACHICBICHHS CHUHTe3a ueonuta ZSM-5 sBisercs
HEMOCPEACTBEHHOE MCIIOJIb30BaHUE 1eonuTta ZSM-5 B KadecTBe CTPYKTypOOOpPa3yIOIIEro areHra,
IpU O3TOM YCIOBUSA TPOBEACHHUS CHUHTE3a OKa3blBAIOT pelIarollee 3HaueHUE Ha CTPYKTYPY
oOpa3syrorerocs neoauTa. B crarbe mpuBOASTCS pe3yabTaThl HCCISIOBAHUS CHHTE3a IleonnTa ZSM-
5 ¥ McclenoBaHUE €ro KUCIOTHBIX CBOMCTB C MCIIOJIb30BAHUEM PEAreHTOB MECTHOI'O IIPOU3BO/ICTBA.
JInst moslydeHHsl LEOJIUTa MCHOIb30BANICA MPEABAPUTENBHO Pa3MOJIOTHIN CUJIIMKAresb, TUIPOKCHU]L
HaTpus W amoMuHaT Hatpus. [IpenBapuTenbHO B3BEIICHHBINH 0O0paszen CUJIMKareis 3aJuBaliCs
pacTBOpoM TuIpokcuaa Hatpus u mnepememmBaics npu 70 C nns oOpa3oBaHUS KOJIJIOMIHOTO
pacTBopa, ociie 4yero Jo0aBisuics MpeABapUTEIbHO MPUTOTOBICHHBIN PacTBOp aJllOMMHATA HATPUS
U IIPOBOAWICS TMAPOTEPMAIIBHBIA CUHTE3 IIPU 180°C B Teuenme 24 wacos. B IIpoLIeCCe CUHTE3a
BapbUpoOBaioch cooTHomeHue Si/Al B numamazone or 7.5 no 2000, mpu 5TOM MOSy4YeHHas
KUCJIOTHOCTH cocTtapiisiia oT 0.002 mo 0.265 mmonb(NH3)/r(ZSM-5). YcTaHOBIEHO, YTO CHUHTE3
ZSM-5 ¢ UCTOoNb30BaHUEM IIPEIBAPUTEIHHO MIPUTOTOBIEHHBIX PACTBOPOB PEAr€HTOB IPEBOCXOIUT
METOZ] C MCIIOJIb30BAHUEM HEMOCPEACTBEHHOIO PACTBOPEHHS TBEPABIX PEAarcHTOB B aBTOKJIABE.
VBenuuenue otHomeHus Si/Al ¢ 7,5 no 100 mpHBOIUT K COOTBETCTBYIOIIEMY YBEITUYEHUIO
noBepxHOCTHON KkucnotHOCTH ¢ 0.066 mmonb(NH;)/r(ZSM-5) mo 0.265 mmons(NH;3)/r(ZSM-5).
HNanpuelimee yBenuueHue ortHomeHus Si/Al no 2000 mpuBOAWUT K CHUKEHHMIO MOBEPXHOCTHOU
kuciotHOoCcTH 70 0.002-0.005 mmons(NH3)/r(ZSM-5). Pa3paboTan HaaeKHBIM U MPOCTOW METOJ
cuHTe3a 1eoauta ZSM-5, o0ecreunBaroOni BBIXO 1eoauTa 10 97%.

Keywords: zeolites, Na-ZSM-5, synthesis, acidity, chemosorption.

Knrouesvie cnosa: neonutsl, Na-ZSM-5, cuHTE3, KUCIOTHOCTb, XEMOCOPOIIHS.
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Different zeolite and zeotype frameworks are of special interest due to their superior sorption
and catalytic properties [1-3]. ZSM-5 zeolite has general formula |[Nay (H,O)6| [AlxSig6xO192]-
(x<27), it’s structure consist from straight channels connected to other parallel channels via the
sinusoidal channels[2]. ZSM-5 zeolite synthesis using structure directing agents is known since
1970 [1, 4], however due to high price of structure directing agents these methods are purely
applicable for industrial applications. Therefor a lot of scientific teams were working on
development of easy and reliable methods for template free synthesis of ZSM-5 zeolite [5-10]. In
this article a template free method of ZSM-5 synthesis was developed using local reagents as
reactive precursors.

Materials and methods

For NaZSM-5 zeolite synthesis chemical grade sodium hydroxide, sodium aluminate, silica
gel and Na-ZSM-5 HKC with purity not less than 99%were purchased from local supplier and used
as is. Distillate water was purified using DE-25 aqua distillation system. Prior to synthesis silica gel
was crashed in laboratory milling machine to obtained 10-100 pum particles fraction. For synthesis
of first sample (Table) sodium hydroxide, sodium aluminate, silica gel, one gram of Na-ZSM-5
sample, and distillate water were placed in Parr instrument top bench 4566 autoclave reactor
equipped with impeller mixer. Mixer rotation rate was set to 600 rpm and temperature was set to
180°C. Hydrothermal synthesis was provided for 24 hours, then autoclave was cooled to ambient
temperature. In all other zeolite synthesis (Table 1) sodium hydroxide and silica gel and 150 ml of
water was placed in autoclave at 600 rpm and 70°C for one hour to form gel. Then sodium
aluminate solution in 100 ml of water and one gram of Na-ZSM-5 HKC was added to gel and
temperature was set to 180°C for 24 hours. Reaction mixture was placed in IEC HN-SII centrifuge
and zeolite was separated from reaction solution. Zeolite was washed with distillate water three
times and dried in laboratory drier at 140°C. Synthesized samples have theoretical Si/Al rate from

7.5 to 2000 (Table).
Table
REACTION CONDITIONS FOR AND NA-ZSM-5 SYNTHESIS

Sample NaOH,g NaAlO,, SiO,, g H,O,ml Si/Al m(zeolite), g Zeolite c(acid cites),

g yield, % mmol/g
1 8.3264 41000 20.8330 250 75 15.33 61.5 0.055
2 8.3264 41000 20.8330 250 7,5 24.28 97.4 0.066
3 8.3264 1.4200  20.8330 250 20 13.24 59.5 0.116
4 8.3264 0.5680  20.8330 250 50 11.77 55.0 0.220
5 8.3264 0.2840  20.8330 250 100 8.71 41.3 0.265
6 8.3264 0.1420  20.8330 250 200 8.56 40.8 0.002
7 8.3264 0.0568  20.8330 250 500 15.07 72.1 0.002
8-1 8.3264 0.0284  20.8330 250 1000 8.11 38.9 0.005
8-2 8.3264 0.0284  20.8330 250 1000 13.95 66.9 0.002
9 8.3264 0.0142  20.8330 250 2000 8.20 39.3 0.002

Ammonia chemosorption experiments were made in order to evaluate acidic properties of
synthesized samples using AutoChem HP chemosorption analyzer. For ammonia desorption
experiments synthesized samples were placed in quartz cuvette and placed in analyzer module.
Where sample was heated in argon atmosphere up to 80001 cooled down to 150°C flashed with
mixture of 10 v.% ammonia in helium for one hour followed by flashing with pure helium for one
hour. Afterwards sample was heated to 800°C with temperature gradient of 10°C /min and ammonia
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desorption curve was recorded (Figure 1). Quantity of acid cites were calculated according to
quantity of chemosorbed ammonia using preliminary made calibration curve.

Yield of synthesized zeolite was made by dividing of dried solid weight on theoretical weight
of Na-ZSM-5 sample.

Results and discussions

After Na-ZSM-5 hydrothermal synthesis crystallite solid residue of zeolite was formed
(Figure 1). Synthesis of Na-ZSM-5 sample from solid precursors (Sample 1, Table) compared to
synthesis from preliminary made precursors solutions (Sample 2, Table) showed lower for 35%
yield, beside quantity of surface acid cites decreased for 15-16%. Therefor synthesis of Na-ZSM-5
from liquid solutions of precursors is superior compared to synthesis from solids with solutions
formation directly in reaction autoclave.

Increasing of Si/Al ratio from 7.5 to 100 results in solid yield decrease from 97% to 41% and
increase of surface acidity from 0.066 to 0.265 mmol/g (Table) that can be explained by optimal
ratio of used precursors. Further increasing of Si/Al ratio up to 2000 lead to solid yield stabilization,
however drastic decrease of surface acidity down to 0.002 mmol/g can be noticed, that can be
explained by alumina ions lack in reaction solution.

Repeated synthesis of Na-ZSM-5 samples 8-1 and 8-2 showed high dispersion in solid yield
and surface acidity that can be explained by different rates of zeolite species nucleation.

4

Time of hydrothermal synthesis was 24 hours under 180 [, one g of Na-ZSM-5 was added to
reaction mixture before synthesis.

Ammonia desorption curves of Na-ZSM-5 sample 1, table 1 synthesized using solid precursor
showed formation of broad peak from 200°C to 500°C that can be subscribed to weak and strong
Bronsted acid sites (Figure 2). Sample 2, table 1 synthesized from precursor solutions showed
presence of two partly imposed peaks, first in 200-350 C region and second one in 350-500 C. The
increase of Si/Al ratio from 7.5 up to 100 results in appropriate increase of chemosorbed ammonia
peak, broad peak shape remains practically the same. Further increase of Si/Al ratio up to 2000
results formation of small peak in 150-200 C that can be subscribed to physiosorbed ammonia in
zeolite micropores.

Figure 1. Samples of dried Na-ZSM-5

Conclusions
Na-ZSM-5 synthesis using preliminary produced solutions of precursors was found to be
more superior compared to direct solid precursors dissolution in reaction autoclave. Increasing of
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Si/Al ratio from 7.5 up to 100 results in appropriate increase of surface acidity from 0.066 mmol
(NH3)/g(ZSM-5) up to 0.265 mmol(NH3)/g(ZSM-5). Further increase of Si/Al ratio up to 2000
results in appropriate decrease of surface acidity down to 0.002-0.005 mmol (NH;3)/g(ZSM-5).
Reliable and easy method Na-ZSM-5 synthesis was designed providing zeolite yield up to 97%.
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Figure 2. Ammonia chemosorption curves for synthesized Na-ZSM-5 samples
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Abstract. The development of new methods for the synthesis of zeolites and the improvement
of existing methods for the synthesis of zeolites in order to reduce their cost and improve the quality
of the final product is an important task of modern chemistry and chemical technology. Existing
methods for the synthesis of zeolites, including hydrothermal synthesis methods, are extremely
time-consuming and expensive due to the widespread use of structure-forming agents. At the same
time, traditional methods for solving the above problems by increasing the rate of hydrothermal
synthesis by increasing the temperature are not optimal, due to the possibility of the formation of
additional inorganic phases at high temperatures. Zeolite BETA is one of the most commonly used
aluminosilicates both as a catalyst and as a material for creating inorganic membranes for various
purposes, while the synthesis of the above zeolite is extremely long and takes from 5 to 10 days.
The presented article presents the results of the development of a method for obtaining BETA
zeolite by a hydrothermal method under the influence of ultrasound. A study of the influence of
temperature and the ratio of silicon to aluminum in the reaction medium on the yield of zeolite is
also given. It has been established that an increase in the temperature of hydrothermal synthesis
from 80 C to 120 C contributes to an increase in the yield of zeolite up to 97%. An increase in the
molar ratio of silicon to aluminum, on the contrary, leads to a decrease in the zeolite yield to 15%. It
is shown that the synthesis under conditions of ultrasonic treatment with a power of 6 mW/cm®
contributes to an increase in the yield of the target product by 2—4 times, and an increase in the rate
of formation of BETA zeolite by 2—8 times.

AHHOWlaI/ﬂ/l}l. Paspa60TI<a HOBBIX MCTOAOB CHHTE3a MCOJHUTOB W COBCPHICHCTBOBAHUC
CYICCTBYIOIIINX MCTOAOB CHHTC3a HCOJMTOB C LCJIbIO UX YACHICBIICHHA W IMOBBIIICHHUA Ka4C€CTBa
KOHCUYHOI'O0 IPOAYKTA ABJIACTCA Ba)KHOU 3amadeit COBpCMCHHOfI XUMHUHU U XUMHYECKON TEXHOJIOTHH.
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CylecTByole METO/bl CHHTE3a IEOJUTOB, BKIIOYAs THAPOTEPMAJIbHbIE METOMAbI CHHTE3a,
SBIIAIOTCS KpalHE NIJIUTENbHBIMM W JOPOTOCTOSAILIMMH, B CBSI3M C UIMPOKUM HCHOJIb30BaHHEM
CTpyKTypoopMupyOMUX areHToB. [Ipu 3TOM TpagMIIMOHHBICE METOBI PEIICHUS BHIIICYKa3aHHBIX
npoOJieM MyTeM YBEIWYCHHsS] CKOPOCTH THUIPOTEPMATBHOTO CHHTE3a 3a CYET YBEIMYCHUS
TEMIIEpPaTypbl HE SBIAIOTCS ONTUMAJbHBIMU, B CBS3M C BO3MOXHOCTH 0Opa3oBaHUSA
JIOTIOJTHUTENBHBIX HEOpraHu4ecKux ¢a3 mpu BbICOKOW Temmeparype. Lleomut BETA sBnsercs
OJTHUM M3 HanbOoJIee YacTO MCIOJIb3yEMbIX aJTIOMOCUIIMKATOB KaK B KAYECTBE Karajin3aropa, Tak U B
Ka4ecTBEe Marepuaya Ui CO3/aHUsS HEOPTaHMYECKHX MeMOpaH pa3Iu4HOTO HAa3HAYCHHUSI, IPH ITOM
CHUHTE3 BBIIIEYKa3aHHOTO IICOJIUTA SBISETCS KpailHe JJIMTENbHBIM U 3aHUMaeT oT 5 10 10 cyrok. B
MIPEACTABICHHONW CTaThe MPUBEICHBI Pe3yJIbTaThl pa3pa0doTku Metona monydeHus BETA neonuta
TUAPOTEPMATIbLHBIM METOAOM II0J] BO3JIECUCTBHEM YIbTpa3Byka. Takke MPUBEACHO HCCIEIOBAHUE
BIIMSIHUSI TEMIIEPATypbl U COOTHOIICHUSI KPEMHUSI K QJIIOMUHUIO B PEAKIIMOHHOM Cpelie Ha BBIXOJ
11eoHTa. YCTAHOBIEHO, YTO YBEIMUCHHE TEMICPaTyphl THAPOTEpMaibHOro cuutesa ¢ 80°C 10
120 C cmocoOCTByeT YBEIWYCHHUIO BBIXOJA IeonuTa 10 97%. VYBenWueHHe K€ MOJIBHOTO
COOTHOUIICHHSI KPEMHHS K AFOMUHUIO HA00OpOT MPUBOIUT K YMEHBIIICHHIO BBIXOJA IIEOJIUTA JIO
15%. Iloka3aHo, 4TO MPOBEICHHE CHHTE3a B YCIOBUAX YIBTPA3BYKOBOH 0OpabOTKH C MOITHOCTBIO
6 MBt/cm’ CHOCOOCTBYET YBEITMYECHUIO BBIXOZAA IIENIEBOTO MpOAyKTa B 2—4 pa3za, U YBEIUYEHUIO
ckopoctu obpaszoBanusi BETA nieonura B 2—8 pas.

Knroueswvie cnosa: neomutel, Na-BETA, cuHTE3, KUCIIOTHOCTH, XEMOCOPOITHS.

Keywords: zeolites, Na-BETA, synthesis, acidity, chemosorption.

High interest of scientific community and industry to zeolites is determined by their unique
sorption, separation and catalytic properties [1-5]. Huge micropore surface and variety of possible
pore diameters allow to apply zeolites as membrane materials for gas and ions separation. Among
of different zeolites BETA zeolite attract considerable attention because of high internal surface
area and volume. Zeolite BETA (Figure 1) has the structural formula |[Na*;| [Al-Sis7O12g] and has
tetragonal symmetry with unit cell parameters a = 12.6610 A, b=12.6610 A, c=24.4060 A [6-8].

Figure 1. a) Channel system of BETA zeolite, b) pore structure of BETA zeolite ¢) pore dimensions
along (100) axis, d) pore dimensions along (001) axis
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The pores are represented by an elliptical ring consist of 12 silicon atoms, the pore sizes are
5.6-7.1 A in the longitudinal and transverse directions, the available pore volume is 20.52%, while
the calculated surface area is 1220 m?/g. The pore size allows molecules with a hydraulic radius of
5.95 A to diffuse through them. However, pores can be modified and used for small molecules
separation [9-12]. The main problem of BETA zeolite application is high price of their synthesis
due to application of structure directing agents and longtime of BETA zeolite synthesis. One
possible way to solve this problem is to develop seeds induced template free synthetic method of
BETA zeolite synthesis [8, 13, 14].

Materials and methods

BETA zeolite synthesis was provided using chemical grade sodium hydroxide, sodium
aluminate, silica gel and seeds of BETA zeolites produced by HKC with purity not less than 99%.
Distillate water was purified using DE-25 aqua distillation system. For BETA zeolite synthesis
silica gel was milled in laboratory milling machine and classified thought laboratory sieve to
obtained 10 um silica gel particles.

For BETA zeolite synthesis solution of sodium hydroxide was obtained at ambient
temperature, then milled silica gel was added to sodium hydroxide solution and mixed for one hour
at 70 C for gel formation. After cooling of reaction gel to ambient temperature solution of sodium
aluminate and one gram of BETA zeolite seeds were to formed gel. Reaction was carried out at 80,
100, and 120°C in autoclave reactor. Quantity if used reagent are shown in (Table). After finishing
of hydrothermal synthesis reaction media was centrifugated and zeolite was separated from reaction
solution. Then zeolite was washed with distillate water and dried at 140°C. Synthesized samples
have theoretical Si/Al rate from 15 to 1500 (Table). BETA zeolite silica to aluminum ratio was
determined gravimetrically by addition hydrogen fluoride acid to BETA zeolite followed by silica
fluoride formation and its evaporation. Yield of synthesized zeolite was made by dividing of dried
solid weight on theoretical weight of BETA zeolite sample.

Results and discussions
Increasing of reaction media Si/Al mole fraction from 15 to 1500 results in decrease of solid
zeolite yield (Table), that can be explained by low reaction rate of silica phase formation on zeolite
surface.

Table
REACTION CONDITIONS FOR AND NA-ZSM-5 SYNTHESIS
Sample NaOH, mol NaAlO,, mol SiO,, mol H,0, mol fraction Zeolite yield, %
fraction fraction fraction
1 2 2 30 360 74.1
2 2 1 30 360 68.3
3 2 0.5 30 360 62.1
4 2 0.25 30 360 40.7
5 2 0.125 30 360 304
6 2 0.06 30 360 23.1
7 2 0.02 30 360 15.6

Temperature of hydrothermal synthesis is 100 °C, time of hydrothermal synthesis 120h
Increasing of hydrothermal reaction temperature from 80 C to 120 C. results in appropriate

increase of BETA zeolite yield (Figure 2a), that can be explained by increasing of nucleation
reaction rate and increasing of mass transfer under high temperature. Si/Al ratio in synthesized
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BETA zeolite strongly depends on Si/Al ratio in reaction gel (Figure 2b). Increasing of Si/Al ratio in
reaction gel froml5 to 1500 results in increase of Si/Al ratio in BETA zeolite from 7 to 427.
Difference between Si/Al ratio in reaction gel and BETA zeolite can be explained by reactions
equilibrium during hydrothermal synthesis. Increase in reaction temperature (Figure 2b) results in
appropriate increase of reactions rate there for Si/Al ratio in zeolite become closer to Si/Al rate in
reaction gel. From the other side increase of reaction temperature higher than 120°C can result in
formation of different phase of zeolite. For increasing of nucleation rate other methods should be
applied. One of the possible solutions of this problem is application of ultrasonic irradiation during
nucleation process. For this purpose, heating of reaction media was provided in ultrasonic
laboratory bath under 80°C and ultrasonic power density 0.6x 10 *W/cm®.
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Figure 2. a) Yield for BETA zeolite for different Si/Al ratio under various reaction temperatures,
b) obtained Si/Al ratio in BETA zeolite on Si/Al ratio in reaction gel for different temperatures

Application of ultrasound during BETA zeolite particles nucleation results in appropriate
increase of BETA zeolite yield (Figure 3), that can be subscribed to increase in nucleation rate.
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Figure 3. Sonication influence over BETA zeolite yield at 80°C, hydrothermal treatment for 120 h
Calculated nucleation rate increase increased in 2—4 times compare to conventional method.

Conclusions
New and reliable template free method providing zeolite yield up to 97% for BETA zeolite
synthesis using ultrasound sonication was discovered and tested. Developed ultrasound assisted
method showed to increase nucleation rate in 2-4 times compare to conventional method. Study of
reaction temperature influence on BETA zeolite yield showed appropriate increase of BETA zeolite
yield from 15-20% to 85-97%. Increase of Si/Al ratio in reaction gel froml15 to 1500 results in
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increase of Si/Al ratio in BETA zeolite from 7 to 427. Difference between Si/Al ratio in reaction gel
and BETA zeolite can be explained by reactions equilibrium during hydrothermal synthesis.

The reported study was jointly funded by Russian Foundation for Basic Research (RFBR),
Sirius University of Science and Technology, JSC Russian Railways and Educational Fund “Talent
and success”, project number 20-38-51001.
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DISEASES, PESTS OF SPECIES BELONGING TO ROSA L.
AND CONTROL METHODS AGAINST THEM
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BOJIE3HU, BPEJIUTEJIN BUIOB POJIA ROSA L. U MEPbBI BOPbBbI C HUMH

©Adbobaczaoe 3. D., Hncmumym oendponoeuu HAH Azepbatioscana,
2. baxy, Azepbaiioscan, abbaszade.zara@mail.ru

Abstract. In the article were studied control methods of Rosa L. species diseases, pests in the
conditions of Absheron. In the conducted scientific research were observed on the species in local
conditions powdery mildew, fungus, rust, black spot, gray rot, bacterial and cytosporosis cancer
diseases. According to our observations, species and varieties belonging to the genus Rosa L. are
susceptible to diseases and pests more than other plants. Therefore, special agrotechnical care
should be provided for them. Species and varieties belonging to the genus Rosa L. have decorative
and exotic beautiful views. For this reason, it is appropriate to widely use different types of roses in
greening, landscape architecture, horticulture, and landscaping of parks.

Annomayus. B ctatbe u3ydeHbl Mepbl O0pPHOBI ¢ 0OJIC3HSIMH M BPEAUTEISIMU BUJIOB poja Rosa
L. B ycnoBusax AnmiepoHa. B xozne MpoBeeHHBIX HAYYHBIX UCCIEA0BAaHUN HA PACTEHUSAX B MECTHBIX
YCJIOBHSAX HAOMIONAINCh MYYHUCTasl poca, TpUOOK, pXKaBUMHA, Y€pHasl MATHUCTOCTh, cepasi THUIb,
OaxkTepuaibHbIE U IUTOCIIOPO3HbIE pakoBble 3a0oneBaHus. Ilo HammMm HaOMrONEHUSAM, BUABI U
copTa, IpuHajyIekalue K pony Rosa L., noasepskeHsl 00JI€3HAM U BpeAUTEISIM OoJiee 4eM Ipyrue
pacrenus. IlosToMy 3a HUMM JOJKEH OBITH OOeCHeYeH CHelMaIbHBIA arpOTEXHUYECKHH YXOII.
Bunsl u copra, oTHOCcsAmMECs K pony Rosa L., UMerOT neKopaTuBHBIA dK30THYECKUM BUA. I1o oToi
IIpUYMHE 1[eJIecO00pa3HO IIMPOKOE HCIIOJIb30BaHUME pa3HBIX BHJAOB pPO3 B JaHAMA(THON
ApPXUTEKTYpPE, CaTOBOJICTBE U B O3E€JICHEHUH MTAPKOB.

Keywords: pests, Rosa, control methods, diseases, environment.
Knroueswvle cnosa: Bpenurenu, poza, MeTo/Ibl 00pHOBI, O0JIE3HH, OKpYIKaroIas cpea.

Introduction
Species belonging to the genus Rosa L. have become widespread in landscaping in our
country. Rosa L. species are widely used in the reconstruction and improvement works carried out
in our country, as well as in the construction of various styles in the private sector. As a result of
climate change in our country and in the species and varieties of the genus Rosa L. imported from
many countries around the world, many diseases and pests have recently been observed, and in
research wors have been selected control methods against them.
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Materials and Methods
In the research work are used the works and literature of the great Russian researchers S. V.
Gorlenko, N. A. Panko, N. A. Okhshar, Yu. V. Sinadsky, I. T. Korneeva, I. V. Dobrochinskaya,
“Diseases and pests of garden flowers” by O. L. Berezovskaya, 1. V. Broun, N. L. Denisov [1-7]. In
addition, the article reflects the relevant control measures in the study, which analyzed the
classification of powdery mildew, rust, black spot, gray rot disease, bacterial and cytosporous
cancers on a scientific basis.

Results and Discussions

The study found that many climatic factors are a major factor in the spread and formation of
pests found in ornamental species and varieties of the genus Rosa L. Especially in the spring
months, the humid and weak subtropical climate of Absheron plays a key role in the spread of
plants’ pests and pathogens. For example, gray rot and black spot diseases develop well in humid
areas of the Absheron Peninsula, while powdery mildew, on the contrary, is more common in dry
and hot weather. As seen from Fgurel to 10 the main purpose of the study was the timely detection
of diseases and pests of species and varieties of roses grown in natural and cultural conditions on
the Absheron Peninsula and the selection of control measures against them:

-Factors affecting the reproduction of pests and the spread of flower diseases;

-Dust, mildew, fungal diseases of Rosa L. species and control measures against them,;

-Rust disease and control methods against it;

-Black spot disease;

-Gray rot disease and control methods;

-Selection of control measures against bacterial cancer in the varieties and species of roses;

-Factors that cause burning of flower leaves and twigs;

-Treatment of cytosporosis disease;

The Main Factors in the Proliferation of Pests and the Spread of Flower Diseases

Like many plants, roses grown in cultural conditions are infected and damaged with various
diseases and pests as a result of environmental and anthropogenic factors. This is due to the
favorable environment for pests and the lack of proper farming techniques. Sometimes certain
weather conditions, and often a combination of these factors play a decisive role.

The most common pests are rose aphids, thrips, spider mites, as well as various types of
sawflies, nutcrackers, insects, weeds, flower chafers, etc. cause damage.

Research has shown that the high temperatures observed in Absheron in June-July cause the
growth of some pests in the rose plants, and the humid weather allows the spread of fungal diseases.

However, even in the absence of favorable environmental factors for roses, diseases are
inevitable:

-For example, gray rot spreads especially quickly in humid weather, and in addition, intensive
planting of rose plants can lead to diseases as a result of not drying out quickly enough after the
spring rains.

-From the third decade of August to the first decade of October, the leaves, which do not dry
out on cool nights, the morning dew helps to spread and develop the black spot.

-Dusty mold, and pests - spider mites, on the contrary, are more common in dry and hot
weather. Various measures and methods of control were found in the species and varieties of the
studied Rose genus (Figure 1).
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Figure 1. Black spot disease on roses

Dust Mites Fungal Disease and Its Control
Dusty mold disease, which develops mainly due to calcium deficiency or soil dryness in the
species, is reflected in the pictures. Dusty mold. Powdery mildew forms on young leaves, shoots
and buds, causing them to thicken and bend. Powdery mildew on roses is a mycelium and
sporulation of the fungus. The causative agent overwinters in the form of mycelium on the shoots.
The following Figure 2 gives an overview of powdery mildew in Rosa L. flowers:

Figure 2. Powdery mildew on roses

This rose’s disease develops especially strongly in closed, poorly lit, damp old, airless rooms.
Changes in temperature, drafts, drying of the soil in the pots and other conditions that disrupt the
normal life of plants reduces their resistance to disease. Containing of delicate rose petals of Tea
and hybrid tea Roses’ species are especially susceptible to this fungal disease.

It is advisable to use “Topaz, Fundazol or Skorom™ at the first signs of the disease to remove
powdery mildew on roses and prevent re-infection. Systemic “Raek”, which has long-term
prophylactic and therapeutic effects, can be used as control methods against it.
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Rust Disease and Treatment

In rust disease, parts of the shoots bend and thicken.

As can be seen from the Figure 3, orange powder is formed on the stems and on the neck of
the buds of flowers with this disease, which blooms in spring. These are spring sporulations of the
causative agents of rust fungi. Fungi spend the winter in the tissues of infected plants in previous
years. Rust fungus is most common in roses in hot and humid spring. Rust fungi not only take
nutrients from the plant, but also significantly impair its physiological functions: they increase
transpiration, reduce photosynthesis, make it difficult to breathe and impair metabolism.

In summer, small, reddish-yellow cushions of summer spores form on the underside of the
leaves, which can take several generations and infect new plants. The spread of rust fungus spores
occurs through air flow, water and planting material. In the second half of spring, winter sporulation
in the form of small round black pads on the underside of the leaves begins to appear, eventually
yellowing and falling prematurely. Rust is caused by high levels of nitrogen compounds in the soil.
For this purpose, in autumn the diseased leaves should be cut and burned, and in early spring
(before opening the buds) the plants and the surrounding soil should be sprinkled with ferrous
sulfate (1,0—1,5%). The soil under the bushes should be plowed and mulched to reduce infection. It
is recommended to carefully and timely cut the shoots affected by the root form of rust. To treat rust
in roses, as soon as the buds open, the plants should be re-sprayed with Bordeaux mixture (1%) or
its substitutes (Oxyhom, Abiga-Peak, Hom, copper oxychloride, Ordan, Topaz).

Black Spot Disease

Black leaf spot (marsonina). In the second half of the summer, dark brown, black spots of
different sizes were observed on the leaves of rose species in the territory of the Institute of
Dendrology. As a result, the leaves turned pale and fell prematurely. Spots were also present on the
green bark of annual shoots (Figure 2).

As a result, the plant weakens and blooms poorly the following year. Under the skin of the
leaves develops mycelium of the fungus — the causative agent of the disease forms brightly
growing streaks. In the case of black spot disease of rose petals, this brightness is clearly visible on
the edges of the spots.

This is because roses are planted in dense, shady and poorly ventilated areas. The following
control measures have been selected against this disease: proper agro-technical care; pruning and
burning of diseased leaves in autumn; copper-containing drugs should be used during the growing
season. It should be monitored during any rain or strong dew (Figure 3).

Figure 3. Ruston roses
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Gray Rot Diseases and Control Methods

Below is a description of flower rot disease and how to fight it in the garden.

Gray rot is more common in humid weather in Absheron, due to the fact that the soil cover of
plants does not dry out quickly enough after rain or irrigation. This fungal disease primarily affects
the buds and pesticides.

A whitish-gray hairy coating forms on the flowers. The buds do not open, they rot. This is due
to foggy days in early autumn, morning dew, as well as excessive watering. In extreme humidity,
the whole bush can get sick and die. It is better not to plant roses near strawberries.

To fight this disease, the bottoms of the bushes should be watered with a solution of Euparen
multipreparation, Fitosporin-M, Alirin-B or Gamair.

Bacterial Cancers and Control Methods

Tumors of different sizes are observed in the root neck and roots of plants. Bacterial cancer in
roses — the growth of soft tissues, has an uneven surface of tuberculosis:

During the process of decomposition by bacteria, the color gradually changes from white to
brown. The airborne parts of the plants are more susceptible in particular stems and branches.

The pathogen, which causes bacterial cancer in roses grown under cultural conditions in the
Absheron Peninsula, affects the plant in various forms. Plants are selective against infection, the
ability of bacteria to spread in the soil for a long time. Soil moisture, abundant manure, root wounds
and alkaline soil cause disease. When transplanting such plants, the disease should be controlled
and the growths on the side roots should be cut. After pruning, the roots are immersed in a 1%
solution of copper sulfate for 5 minutes, then washed in water and immersed in a liquid mixture of
clay and sand. In shot cancer, first appear necrotic spots, which are cracked in the bark, and then
thickened at the edges. If the edges of the spots are closed, the diseased stems die (Figure 4, 5).

’ w

Figure 4. Gray mold disease on roses Figure 5. Bacterial cancer disease of roses

O
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 44



Bronnemens nayxu u npaxmuxu | Bulletin of Science and Practice T. 8. Ne9. 2022
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/82

Burning of Leaves and twigs and Diseases Control Methods
Burning of leaves and twigs of roses is a fungal disease. At first reddish spots appear on the
branches, then they begin to darken; red-brown border lasts a long time. As it grows, the spots
become ringed on the branches. Sick branches usually dry out in the second half of summer (Figure
6).

Figure 6. Burns of leaves and branches of roses

Excessive moisture in the winter shelter contributes to the development of “burning”. Sick
and frozen branches should be cut and burned in time, and plants should be given copper-containing
preparations as in the fight against rust. Proper agro-technical care (timely fertilization, plowing and
irrigation) should be provided to reduce the risk of disease.

In winter, the plants should be covered so as not to create high humidity in dry weather.
Before transplanting, immature shoots and leaves are removed and the plants are treated with 3%
Bordeaux mixture or 1.5% ferrous sulfate solution.

Control Methods Against Cytosporosis

As Misko L. A., 1986 cited in his research work “Roses. Diseases and protective measures”,
that cytosporosis is a ubiquitous fungal disease [4]. This disease can cause the destruction of plants.
Freezing, drought, sunburn, failure to prune in time cause this disease. As a result, first of all, the
causative agent of the disease settles in the dead parts of the bark. Fungal pycnidia - tubercles -
appear under the large, clearly visible orange-red spots all over the affected area of cover. Cracks
form on the border of the affected and healthy tissue. The causative agent first moves upwards
through the tissues and veins of the plants, and after the branches have dried, it spreads downwards,
killing the cells adjacent to the spreading zone with its toxins (Figure?7).

Cytosporosis is a secondary disease associated with the general weakening of plants, so when
choosing control measures, first of all it is necessary to protect the bushes from mechanical and
other damage. In addition, the following control measures should be taken on a regular basis to
increase the viability of plants — timely and proper pruning, fertilization, plowing, watering,
protection from sunburn, increasing winter hardiness, cutting diseased branches up to 5 cm from the
healthy part and need to burn.
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Figure 7. Cytosporosis disease on rose’s leaves

Pruning of plants in early spring, spraying 0,5% Abiga-Peak or 3% Bordeaux liquid on the
green cones of roses can prevent the spread and development of the disease.

Pest of Rose Buds, Green Aphids

Green aphids damage roses and wild roses in greenhouses and open ground. Among other
aphid species, the pest is quite large, bright green, sometimes brown, long black. In the spring, the
larvae of these pest of rose buds emerge from the overwintered eggs and turn into wingless females.
Later generations of winged females emerge, fly to other plants, and form new colonies. Gives ten
or more generations per year. In the open field, these pests of roses usually grow in June and cause
damage until the end of spring (Figure 8). Aphids are mainly located at the tips and buds of young
shoots, and a small number of aphids are found on the leaves. Rose shoots damaged by green aphids
are often twisted and the buds do not open [5, 7].

Figure 8. Pests of flowers and rosebuds
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Treatment of flowers from these pests begins when the first larvae appear and is repeated as
needed for two to three weeks until the aphid is completely gone. For this purpose: “Iskra Double
Effect”, “Iskra-M” or “Confidor”, “Commander”, “Tanrek”, "Bison" preparation are used. In nature,
aphids are destroyed by the beetle and the sacred beetle.

Spider Mites and Control Measures

Spiders on roses are especially dangerous for roses in dry, hot summers. The optimal
conditions for its development are a temperature of +29 +31°C with humidity below 35%. Under
such conditions, the number of mites increases rapidly, because every 10—15 days a new generation
of pests appears. As you can see in the picture, the spider mite on the rose sucks the cell sap from
the leaves, resulting in small light spots, which turn yellow, dry out and shed (Figure 9).

One of the most effective preparatons in the fight against spider mites are: “Fufanon” and
“Iskra-M”. In the presence of mites, spraying roses should be repeated every 10—12 days until the
damage is reduced. If you use Thiovit Jet or colloidal sulfur to fight powdery mildew, these
preperations prevent the growth of mites.

Figure 9. Spider mite on a rose

Conclusion

The study examined the distribution and formation of pests in ornamental species and
varieties of the genus Rosa on a scientific basis. Research has shown that the humid and weak
subtropical climate of Absheron in the spring plays a key role in the spread of plant pests and
pathogens. For example, gray rot and black spot diseases develop well in humid areas of the
Absheron Peninsula, while powdery mildew, on the contrary, is more common in dry and hot
weather. The main purpose of the research was the timely detection of diseases and pests of species
and varieties of roses grown in natural and cultural conditions on the Absheron Peninsula, and the
following action plan was implemented against them.

Factors influencing the spread of pests and diseases causes of powdery mildew, fungal rust,
black spot, gray rot, bacterial cancer, cytosporosis were selected control measures against them.
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Abstract. In recent years, the interest in natural herbal medicines and essential oils obtained
from them has increased significantly in medicine industry worldwide. Essential oils and products
made from them are widely used in various fields of modern medicine, especially in aromatherapy,
in traditional treatment methods. Therefore, the study of the composition of biologically active
substances in essential plants is of special importance. From this point of view, the introduction of
new types of medicinal plants, the study of their bioecological properties, and especially
the expansion of research conducted for wuse in scientific medical practice regarding
the pharmacological activity of essential oils obtained from them is very relevant. Among
the mentioned prospective research objects, rosemary (Rosmarinus L.) species widely used in
medicine and folk medicine in different regions of the world occupy a special place. Despite the
great interest in this plant and the obtained essential oil in Azerbaijan, its biological properties,
extraction and composition of the essential oil have not been thoroughly studied. Therefore, the
introduction of new useful species belonging to the genus Rosmarinus L., the study of their
bioecological characteristics, cultivation agrotechnics and biologically active substances on
scientific grounds is in the spotlight with its relevance.

Aunnomayus. B mocieqHue roipl MHTEpEC K HATypalbHBIM PACTUTENbHBIM JIEKAPCTBEHHBIM
CpeAcTBaM M TOJYYE€HHBIM U3 HUX O3(QUPHBIM MacilaM 3HAauYUTENIbHO BBIPOC B MEAULIMHCKOM
IPOMBIIIJIEHHOCTH BO BCEM MHpe. DQHpHBIE Maclia U J00bIBaeéMble MPOJAYKThl U3 HHUX HaXOMAAT
IIMPOKOE MPUMEHEHHE B PA3IUYHbIX 00JacTIX COBPEMEHHOW MEIUIMHBI, OCOOEHHO B
apomarepanuy, TPaJAUIMOHHBIX MeTojax JiedeHus. [losTomy u3yueHue coctaBa OMOJIOTHYECKHU
aKTHBHBIX BeIECTB 3(UPHBIX pacTeHHH uMeeT ocoloe 3HaueHHe. C 3TOM TOYKHM 3peHHsI BechMa
aKTyaJdbHbl ~ MHTPOAYKIMSI HOBBIX  BHJOB  JIEKAPCTBEHHBIX  PACTEHHMM, H3Y4YEHHE HX
OMOPKOJIOTUYECKUX CBOMCTB M OCOOCHHO paclIMpEeHNEe TPOBOJUMBIX JIs HCIOJIB30BaHUS B HAYYHOMH
MEAMIIMHCKON MpaKTUKE HCCIeOBaHUM (papMaKoJIOTHYECKONM aKTUBHOCTH MOJY4YaeMbIX U3 HUX
a¢upHbIX Macen. Cpeau MepcrneKTUBHBIX 00BbEKTOB MCCIIEOBAHUS 0CO000€ MECTO 3aHMMAIOT BU/IBI
po3mapuHa (Rosmarinus L.), IUPOKO HCHOJB3yeMble B MEIUIMHE, B T. Y. HAPOIHOW, B pa3HBIX
peruonax mupa. HecMoTpst Ha G0JBILION MHTEpPEC K ITOMY PACTEHHIO M MOITy4Y€HHOMY 3(UPHOMY
Macity B AszepOaiikaHe HEJOCTAaTOYHO H3YYEHbl €ro OMOJOTHYECKHE CBOWCTBA, IKCTPAKIMS U
coctaB 3¢pupHOoro mMacia. [To3roMmy HHTPOIYKIMS HOBBIX MOJIE3HBIX BUAOB, IPUHAJUIEKAIINUX K POAY
Rosmarinus L., n3ydyeHne nx OHMOIKOJOTHUECKUX OCOOEHHOCTEH, arpOTEXHUKH BO3/CNIBIBAHUS U
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OMOJOrHYECKH aKTHBHBIX BCIICCTB Ha HAYYHBIX OCHOBAHHUAX HAXOAWUTCA B LCHTPC BHUMAHHA U
HNMECT CBOIO aKTYaJIbHOCTD.

Keywords: Rosmarinus officinalis, seedlings, petals, hypocotyls, epicotyls, biological
development.

Knrouesvie cnosa: Rosmarinus officinalis, caxeHIeB, JICTIECTKH, TUIIOKOTHIIH, STHUKOTUIIN,
OMOJIOTUYECKOE PA3BUTHE.

Research Materials
The research was carried out in the Essential Oil Plants Laboratory of the Institute of
Dendrology of Azerbaijan NAS during 2019-2020. Rosmarinus officinalis L. (medicinal rosemary)
and Rosmarinus prostratus Mazziari species belonging to the genus Rosmarinus L. included in the
family Lamiaceae (Labiatae) were taken as the research object. For the purpose of research, seeds
collected from local conditions and from foreign botanical gardens were used.

Purpose and Methodology of the Research
The main purpose of our research is the study of the morphology and developmental stages of
sprouts in Rosmarinus officinalis L. and Rosmarinus prostratus Mazziari species. The
morphological characteristics of the sprouts were described according to the methodology of 1. T.
Vasilchenko, and the stages of development in plant species were characterized in sequence [1].

Discussion of the Study

Rosmarinus officinalis L. is an evergreen, densely branched, 0.8—1.0 m tall, sometimes 1.5—
2.0 m tall, erect, transversely developing subshrub. Perennial barks are gray, and young barks are
light gray in color, hairy, the bark of the trunk is peeling, four-lobed, and scaly. Since the plant is
densely branched, the leaves are located in the form of a brush. The plant constantly renews itself;
relatively old branches (branches) are stratified, the leaves take on a dark gray-green color. The
leaves are evergreen, linear, opposite, narrow, turned or twisted, leathery, sessile or on a short stalk,
relatively thick. Its length reaches 3.5—4.0 cm, width 0.2—0.4 cm, the upper surface is shiny, and the
lower surface is gray-green or dark green, fragrant, and the lower layer is covered with dense hairs.
whitish felt.

The flowers are sessile, 5-10 small blue flowers are collected in the leaf sheath, in a small,
dense broom-like group, located at the ends of the short spikes, the crown is blue-purple, drooping
on the outside, the upper petal lips are pressed, the lower flowers are slightly elongated, the outer
walls are toothed. Its flowering is massive. The fruit is a round-ovoid, grayish cone with a smooth
surface. Although the flowering period is in early spring, in April-May, it lasts until August, and
sometimes it lasts the whole year and completely covers the bush, and the fruits begin to ripen from
September.

The seeds are brown and small. The root system is strongly developed. It is propagated by
seed, pen and bush division.

It is light-loving, drought-, salinity-resistant, low-demanding plant. Young plants are
sometimes destroyed in —7 °C temperature conditions. It does not like too much moisture. When the
bushes are shaped by pruning, they keep that shape for a long time. It is cultivated under cultural
conditions in Absheron, Ganja, Gabala and Lankaran in Azerbaijan.

There are several varieties of Rosmarinus officinalis L. that differ by the color of the flowers:
Fastigiatus, Miss Jessopp’s Variety, Erectus, Tuscan Blue,
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There are also varieties of Rosmarinus prostratus (they are short in growth with widely
spreading shoots and are suitable for growing in the house): Lavandulaceus Hort, Corsicus
Prostratus, Venzano Prostrate, Corsica Prostratus (Figure 1).

Figure 1. Rosmarinus officinalis L.

Rosmarinus prostratus — Spreading rosemary is an evergreen shrub up to 1.5 m tall, but also
a spreading umbellate shrub that branches up to 1.5 m wide. When its 70 cm long branches begin to
grow, they reach 1.5-2.0 m near the surface of the soil, and it got its name from here because of the
way it spreads (Figure 2).

Figure 2. Rosmarinus prostratus Mazziari
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The leaves are thick, bright green, with a white vein in the middle reminiscent of a fir needle.
The characteristic of the species is that the color of the leaves varies from light green (in spring) to
blue (in autumn). During flowering, the plant is covered with purple or blue small, dense flowers.

The plant is not demanding on soil, it can be cultivated in any type of soil. It grows and
develops normally in sunny and well-lit areas. In cold and frosty climates, in strong winds, the plant
needs to be covered. If grown in a pot, the plant should be placed on a balcony or terrace to protect
it from the cold in winter.

It grows naturally in North Africa, Turkey, Cyprus and the southern parts of Europe. The plant
is common in dry rocky and foothill areas. The plant is grown under cultural conditions in Russia.

This species is widely used in vertical greening works, mainly to cover the walls of rural
houses, and in the construction of living fences because it grows densely and forms jungles. Also,
since it is cultivated as a ground cover plant, the plant is not pruned, if it is pruned, the plant is not
damaged and does not get any disease. A gardener can prune this plant and give it a certain shape.
This ground cover species looks very beautiful during the flowering period, as the soil is covered
with a purple covering. This species is also called “garden rosemary”, as the plant is used in
decorative gardening in the design of picket fences. It is widely used in food because it has a high-
quality spice taste.

There are several varieties of the species: Corsican rosemary, creeping rosemary, lavender
rosemary, Venzano rosemary.

The use of medicinal rosemary in the treatment of various diseases and in the field of food has
been known since ancient times. Young leaves are collected for the purpose of seasoning. It is used
for dizziness and low blood pressure. It also has a positive effect on nerves, nervous tension,
neurosis, general and sexual weakness.

The extract obtained by infusing medicinal rosemary regulates the activity of the stomach and
intestine, ensures the flow of bile from the bile ducts, and reduces foam in the intestines. Its aqueous
solution is used in thrombophlebitis, neuritis and rheumatism. It is used in heart muscle infarction,
vascular diseases, diabetic nutrition.

Medicinal rosemary leaves contain up to 2% essential oil. During the 3-year period of the
plant, the essential oils reach the maximum amount, and during this period, the collection of leaves
is more effective. Rosemary essential oil contains alkaloids: rosmarinicin, rosmarinic acid, vaccine
compounds, a-pinene (30%), camphene (20%), cineole (10%), borneol, cineole, L-camphor,
sesquiterpene hydrocarbons: caryophyllene, bornyl acetate, limonene, resins and the bitterness is
close to 1% [2, 3].

Rosemary essential oil has an antiviral, antiseptic, antispasmodic, heterogenous, regulatory
effect, it is a treatment tool that has a direct effect on various types of colds, the flu virus, or it is an
indispensable substance for increasing the activity of the immune system and destroying infections
in general [4, 5].

Taking all this into account, important species of the genus were cultivated in Absheron
conditions and monitoring was carried out on the developmental stages of ontogenesis.

In the course of our research, initially, the researched species of the genus were germinated
with seeds and observations were made on the development stages of ontogenesis, and the
differences and general aspects of the age and height development of the species cultivated under
cultural conditions were studied. The main purpose of the research is to study the growth and
development cycle in the ontogeny of the species, to determine the dynamics of the essential oil in
the introduced species by phases, to investigate the chemical changes occurring in the essential oils
obtained from the plants cultivated under natural and cultural conditions.
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The study of ontogeny refers to the study of periods and stages from seed germination to
natural death due to aging. During the research, we observed the following periods and stages in the
ontogeny of the rosemary species: 1. Latent period — the time of seed rest; 2. Four stages in the
pregenerative period: sprouts, juvenile, immature and virginal stage; 3. Young and old stage in the
generative period; 4. Subsenile and senile age periods were recorded after the generative period.

Latent period: Medicinal rosemary seeds are small, brown, with an average length of 0.2 cm
and an average width of 0.1 cm. The mass of 1000 fully ripe seeds are 0.6—1.4 g. Germination of
seeds is observed within 18-22 days in laboratory conditions and 25-28 days in the field. The
optimum temperature for seed germination was 18-22 °C. The percentage of seed germination in
the open field (70.0%) is lower than in laboratory conditions (86.0%). After 1-3 years, the
percentage of seed germination decreases to half. The seeds of the studied species germinate well in
humid conditions, it should be noted that the role of light for seed germination is not so important,
however, after the cotyledons emerge on the ground, the need for light increases significantly,
especially during the developmental stages of the seedlings.

Pregenerative period: Germination of seeds is above ground. First, a white rhizome is formed,
and then the bent hypocotyl erects and raises the cotyledon leaves to the top layer of the soil. Sprout
consists of cotyledons and cotyledon leaves. Hypocotyl is greenish in color, 1.5-1.8 cm long, 0.2—
0.3 mm in diameter. The rhizome is 0.5-1.0 cm long and 0.2—-0.3 mm wide and covered with tufts.
Petals are ellipsoidal, full-margined, 1.1-1.5 c¢cm long, 0.2-0.3 cm wide, the upper surface is
smooth, light green, covered with short, sparse hairs, the lower surface is grayish green. The
vasculature is reticulate, the main vein is clearly visible. The stems are short and sparsely hairy. The
length of the epicotyl is 1.0—1.5 cm. The life of the petals is 30-35 days (Table 1).

Table 1
MORPHOLOGICAL INDICATORS OF SPROUTS IN ROSEMARY SPECIES
Species Length (cm) Seed-lobe length (cm)
hypocotyl epicotyl min max medium
Rosmarinus officinalis L. 15-1.8 1.0-15 1.1 15 1.3
Rosmarinus prostratus Mazziari 1.6 15-1.7 1.3 1.6 1.4

The first true leaves appear 25-27 days after the seeds germinate. Within 10—15 days, the first
pair of true leaves takes its full form. The first pair of true leaves are linear, entire-margined,
opposite, leathery, shiny, smooth on the upper surface, sessile, 1.0-1.2 cm long and 0.2—0.3 cm
wide, grayish green or light green.

The lower surface is silvery-white and covered with whitish hairs. At this stage of
development, the main root extends up to 4-5 cm. This age stage lasts up to 30 days.

Juvenile age stage (v): petioles fade, 2—3-cut true leaves are fully formed. Fully formed leaves
are 1.3£0.1 cm long and 0.3+0.03 cm wide. The main root extends to a depth of 5—7 c¢m into the
soil. Root throat is 2.0+0.02 mm. Lateral roots of the first degree are formed on the main root. The
juvenile state lasts 25-27 days.

Immature age stage (m): In this age stage, 2-3 pairs of true leaves are formed and finally the
main stem grows. The length of the main gills is 4.5+0.3 cm, and the width is 2.5+0.2 cm. The
immature stage lasts 24-27 days. At the end of this period, the height of the sprouts reaches 6-8 cm.

Virginil stage (v): This stage covers the second year. Active growth of the main and side
branches takes place. At the end of this stage, the plants reach a height of 20-25 cm, and the
diameter of the umbel is 12—15 cm. The main root develops intensively and extends to a depth of
12—15 cm and branches into II-III grade lateral roots.
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Generative period (g): it occurs mainly in the 3rd year. At the young stage, during the
development of side shoots, a group of flowers is formed, and its development continues. The
intensive growth of the plant and the complete formation of the bush are observed. During this
period, the average height of the bush reaches 30—40 cm, and the diameter of the umbrella reaches
20-30 cm. Rosemary stems rise in an orthotropic (straight) position, are grayish-green in color,
slightly hairy, surrounded by dense leaves. Both vegetative and generative branches are observed on
the plant. A group of flowers begins to develop first at the tip of the growing bush, first at the main
stem, and then at the tip of the alternately formed side branches. The opening of the flower group
goes from the base of the plant to the top in the acropetal direction, and finally the flowers at the top
of the flower bud open. The height of flowering branches is up to 23—28 cm. In the third year, 55—
65% of the plants enter the generative state.

After the generative period, subsenile and senile age periods were recorded. When the plant
gets old, the leaves at the bottom of the bush turn yellow, dry and fall off.

From our observations, it became clear that the sprouts grow better under conditions of
favorable temperature and humidity, the cotyledons are shed after the true leaves are formed and
fully formed, and the main stem begins to grow normally. Petals play the role of an assimilative
organ during the time the sprout is on it, protecting the sprout from unfavorable conditions. From
the morphological study of the sprouts, it was found that the life span of the petals depends on the
conditions under which the sprout is cultivated and the biological characteristics of each species. In
the studied species of Rosmarinus officinalis, petals remain on the sprout for 33+3 days (Table 2).

In Rosmarinus prostratus Mazziari, the seeds are small and dark brown. The length of the
seed is 1.7-2.0 mm, and the width is 0.8-1.0 mm. The weight of 1000 seeds are 1.5 g. Mass
germination is observed in 24-25 days in laboratory conditions, and in 30-32 days in open
conditions. Seed germination in laboratory conditions is 75.0%, and in the open field is 62.0%.
Germination decreases to 50-60% after the seeds have been left for several years.

Table 2
LIFESPAN OF COTYLEDONS IN ROSEMARY SEEDLINGS
Species The seed-lobe
the emergence of petals falling of petals life duration
on the surface of the soil (days)
Rosmarinus officinalis L. 15.IV+3 20.V+3 3343
Rosmarinus prostratus Mazziari 20. TV+2 28.V+4 4042

Pregenerative period: Seeds produce aerial sprouts. As the white rhizome develops, the
hypocotyl stretches and raises its petals to the upper layer of the soil. Seeds grown under favorable
conditions produce two opposite cotyledons. Sprout consists of cotyledons and cotyledon leaves.
Petals are ellipse-shaped, the edge is entire, the tip is sharp, sparsely hairy on both sides, the upper
part is green, and the lower part is light green, the veins are net-like. The stems are short and
sparsely hairy. It is 0.4-0.5 cm long and 0.1-0.2 cm wide. The hypocotyl is light green, 1.6—-1.9 cm
long, and the epicotyl is 1.5-1.7 cm long, relatively green with weak hairs. The lifespan of a leaf is
38-42 days (Figure 3). The rhizome of the sprout is thin, the first row of delicate lateral rhizomes
develops on it, the length is 1.0-1.4 cm, it is gray-white in color. Due to the formation of true
leaves, the length of the root reaches 2.5-4.0 cm. 28-30 days after the formation of the cotyledon,
the first pair of true leaves appear, they look like conifers, linear, leathery, sessile, arranged
opposite, with a blunt tip. Its length is 1.3—1.6 cm, its width is 0.2-0.3 cm. The edges of the leaf are
folded inwards. The lower surface is slightly convex, light green, the upper surface is dark, shiny. At
the end of vegetation, a thin root is gradually formed, its length is 7-9 cm, its diameter is 0.4—0.5
cm, it has several first-order lat