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THE COMPLEXITY OF QUASIVARIETY LATTICES
FOR THE CLASSES OF UNARY ALGEBRAS

Lutsak S.M.
The L.N. Gumilev Eurasian National University, Astana
sveta lutsak@mail.ru

Introduction

The question of which lattices are isomorphic to quasivariety lattices is one of
the known problems in universal algebras and lattice theory. This problem was raised
by G. Birkhoff [1: 310] in 1945 and, independently, by A.l. Maltsev [2: 217] in 1966
and 1s of a big interest also nowadays. A huge amount of work is devoted to the study
the structure of quasivariety lattices of various algebraic structures. Finding a solution
of the Birkhoff-Maltsev problem in its most general setting is an extremely difficult
problem [3: 271-274, 4: 357-378]; most likely, a reasonable solution of this problem
will be never obtained. Several results on the complexity of the structure of
quasivariety lattices obtained up to now hint in this direction. However, the study of
the Birkhoff-Maltsev problem for a certain class of algebraic structures is
nevertheless of a big interest and deserves attention.

In this paper we continue studying the complexity of the structure of
quasivariety lattices. We explore the complexity of structure of (relative) quasivariety
lattices for the classes of unary algebras. Quasivarieties of unary algebras (or simply
unars) have been studied by A.M. Nurakunov in the paper [5], see also the papers of
V.K. Kartashov [6-8]. We recall that a unar is an algebra of the signature consisting
of only one unary functional symbol.

We consider two complexity measures of the structure of quasivariety lattices:
Q-universality and the Nurakunov non-computability property (non-computability the
set of all finite sublattices of the quasivariety lattices or unreasonability). The concept
of a Q-universal quasivariety was introduced by M.V. Sapir in 1985 [9: 172] and
reflects the complexity degree of the structure of quasivariety lattices. After M.V.
Sapir, a quasivariety K is Q-universal if for any quasivariety R of a finite signature
the following is held: its quasivariety lattice Lq(R) is a homomorphic image of some
sublattice of the quasivariety lattice Lq(K). Nowadays it is known a lot of examples
of Q-universal classes of algebraic structures [3: 271-274, 4: 357-378]. The second
concept of complexity of quasivariety lattices was introduced by K. Herrmann in
2007. A quasivariety lattice Lq(K) for the class K of algebraic structures of a fixed
signature is called unreasonable if the set of all finite sublattices of the quasivariety
lattice Lq(K) is not computable, t.i. there is no algorithm which would determine by
the given finite lattice, this lattice is embeddable into the considered quasivariety
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lattice Lq(K) or not. In this case the class K is also called unreasonable. The first
example of unreasonable quasivarieties (namely, the quasivariety of unary algebras)
was found by A.M. Nurakunov in the paper [5: 3]. The existing of unreasonable
quasivarieties hints that quasivariety lattices can be extremely complex.

In the paper [10: 1121] it was proved that the class K of all algebraic structures
of a fixed signature is Q-universal if and only if it contains an unreasonable subclass,
1.e. such that the set of all finite sublattices of its quasivariety latice is not
computable. In this regard, it is arisen the following problem [10: 1124, 11: 394].
Does any Q-universal class K of algebraic structures of a fixed signature contain an
unreasonable subclass? Is there an unreasonable class of algebraic structures which is
not Q-universal? A positive answer to the first question was given by M.V.
Schwidefsky for almost all the known Q-universal quasivarieties [11: 392]. The
author gives a positive answer to the second question. The main result of this paper
states that there are continuum many unreasonable classes K of unary algebras which
are not Q-universal, see theorem 2.

Basic concepts

We note that concepts, which are not defined here, see in [3, 12, 13].

All considered classes of algebraic structures are abstract, t.i. they are closed
with respect to the isomorphisms [3: 6, 12: 207]. Let K(o) denote the class of all
structures of a fixed signature 0. Let R € K € K(o). Then R is K-quasiequational if
R = KN Mod(Y) for some set X of quasi-identities of a signature o [3, p.117]. The
set of all K-quasiequational subclasses, ordered by inclusion, forms a complete lattice
which is called the lattice of K-quasivarieties or the quasivariety lattice for K or just
the lattice of relative quasivarieties, if K is easy restored from the context, and which
is denoted by Lq(K) [11: 384].

Let w denote the set of natural numbers. The writing A <, [I,,e,, A, means
that the structure A is a subdirect product of the structures A,, n € w. For a meet
semilattice § = (S; A) let Sub(8) denote the lattice of all meet subsemilattices of S.

Main result

An identity H, was considered in the paper [14: 556] and it has the form:

U=\ Viav V Win,

0<i<n—1 0<i<n—2
where its lattice terms from variables x,, X4,..., X,, X'1,..., x,, are defined as
follows:

U, = UO,na

Unn = Xn,

Uin =% A(Uiz1n V X' 151), 0<i<n-—1,

Vin = Vion 0<is<n-—1,
Viin = (i AUpprn) V (6 AX144), 0<i<n-—1,
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Vijn =% AN Vijsin VX'41), 0<j<i<n-—1,

Win = Wion, 0<i<n-2,
Wiin =% A(X i1 VX' 1302) AUigin A (VX 132)) VX' 144), 0SiSn—2,
Wijn =% AWy j1nVX'41), 0<j<i<n-2.

If n = 3 then an identity H; can be written as:

Us = v Via V v Wi 3

0<i<2 0<i<1
or
Us = Vo3 VVi3VV3)V(Wo3 VW 3).

Let K, (for any n € w\{0,1,2}) be a finite meet semilattice of type "crown"

(see figure 1).
by © }JV{K/&E /I br—1
I:/UEHT (9] EIQ__H__-__-%;(_, n—1
N /__/'/,
', Y/'

=)

Figure 1 - Finite meet semilattice K,, of type "crown"

Theorem 1. The lattice of [[,,cy Sub(%,,) for any N € w\{0,1,2} satisfies the
non-trivial lattice-theoretical identity Hs.

Idea of the proof of theorem 1. First, we show that the lattice Sub(X,,) for any
n € w\{0,1,2} satisfies the identity H;. Then H; will hold in Ilattice of
[1,.en Sub(X,,) since it is well known that identities are stable with respect to the
direct products [12: 273].

Theorem 2. There are continuum many unreasonable classes K of unary
algebras which are not Q-universal.

Scheme of the proof of theorem 2. Let a set N € w\{0,1,2} be not computable
and let {,|n € N} be a class of finite meet semilattices of type "crown" (see figure
1). We apply [11: theorem 3.4] to the class of {K,,|n € N} and we show that there is
a class K of unary algebras for which Lq(K) = [],,ey Sub(%,,). Then, by [5: lemma
3], we prove that this class K is unreasonable, t.i. the set of all finite sublattices of the
lattice Lq(K) is not computable. Then, using theorem 1, we establish that the non-
trivial identity H; holds in the lattice of Lq(K). Thus this class K of unary algebras is
not Q-universal as it is well known that Q-universal quasivariety lattices do not
satisfy any non-trivial lattice identity [3: 273]. Next, considering the fact that there
are continuum many non-computable subsets N € w\{0,1,2} of a countable set
w\{0,1,2}, we get the assertion of theorem 2.

Conclusion

The question on the complexity of the structure of quasivariety lattices are
studied by many authors (see the bibliography in this paper and in [4: 372-378, 11:
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395-398]). Two complexity measures of the structure of quasivariety lattices are
well-known nowadays: Q-universality and the Nurakunov non-computability
property (or unreasonability). The existing of continuum many so-called "bad"
elements in quasivariety lattices, t.1. the elements which have not coverings in them,
hints on the complexity of the structure of these lattices. Since in this case a
subquasivariety of the given quasivariety K (with this property) has not infinite
independent basis of quasi-identities with respect to K.

In the paper [11: 392] it was shown that all known Q-universal classes of
algebraic structures have this property: they contain a subclass such that the set of all
finite sublattices of its quasivariety lattice is not computable. In this paper is also
arisen the following question [11: 395]. Is there an unreasonable class of algebraic
structures which is not Q-universal? The author proves that there are classes of
algebraic structures which have the Nurakunov non-computability property but which
are nevertheless not Q-universal. The result of theorem 2 is valid for many other
classes of algebraic structures.

References

1. Birkhoff G. Universal algebra // Proceedings of the First Canadian
Mathematical Congress (Montreal, 1945). Toronto: The University of Toronto Press.,
1946. — P. 310-326.

2. Maltsev A.L. O nekotoryh pogranichnyh voprosah algebry 1 matematicheskoi
logiki // Trudy mezhdunarodnogo matematicheskogo kongressa (Moskva, 1966). M.:
Mir, 1968. — S. 217-231.

3. Gorbunov V.A. Algebraicheskaya teoriya kvazimnogoobraziy. — Novosibirsk:
Nauchnaya kniga, 1999. — 368 s.

4. Adams M.E., Adaricheva K.V., Dziobiak W., Kravchenko A.V. Open
questions related to the problem of Birkhoff and Maltsev // Stud. Log. — 2004. — Vol.
78.—P.357-378.

5. Nurakunov A.M. Unreasonable lattices of quasivarieties // Internat. J. Algebra
Comput. —2012. — Vol. 22, no. 3. - P. 1-17.

6. Kartashov V.K. Kvazimnogoobraziya unarov // Mat. Zametki. — 1980. — T.27.
-S.5-12.

7. Kartashov V.K. Kvazimnogoobraziya unarov s konechnym chislom tsiklov //
Algebra i logika. — 1980. — T. 19. —S. 106-120.

8. Kartashov V.K. Reshetki kvazimnogoobrazij unarov // Sib. Mat. Zh. — 1980 —
T. 19. - S. 346-357.

9. Sapir M.V. The lattice of quasivarieties of semigroups // Algebra Universalis. —
1985. - Vol. 21, no. 2/3. — P. 172-180.

10. Schwidefsky M.V., Zamojska-Dzienio A. Lattices of subclasses. II // Internat.
J. Algebra Comput. — 2014. — Vol. 24., no. 8. — P. 1099-1126 .

11. Shvidefski M.V. O slozhnosti reshetok kvazimnogoobraziy // Algebra i logika.
—2015.—T. 54, Ne 3. — S. 381-398.

12. Maltsev A.I. Algebraicheskie sistemy. — M.: Nauka, 1970. — 392 s.

51



13. Kravchenko A.V, Semenova M.V. Universalnaya algebra i teoriya reshetok. —
HoBocubupck: HI'Y, 2011. — 74 s.

14. Semenova M.V., Wehrung F. Sublattices of lattices of order-convex sets. II.
Posets of finite height // Internat. J. Algebra Comput. — 2003. — Vol. 13, no. 5. — P.
543-564.

BO30OBHOBJ/IAEMbBIE HCTOYHUKH SHEPTUH — BA’KHOE
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Koxkmerayckuit rocygapcTBeHHbIN yHUBepcuTeT uM. L. Yanuxanosa, r. Kokmeray
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Konnermust ~ «3eneHoit  skoHomuku B Kaszaxcrane  Oasupyercss Ha
B3aMMOJICUCTBUM  TPEX  KOMIIOHEHTOB  yCTOMYMBOTO  pPa3BUTUS  CTPAHBL:
SKOHOMHUYECKOE, COLUAIIBHOE U 3KOJIOTUUYECKOE.

DKOHOMUYECKOE B KOHIICTIIMHU «3€JIEHON SKOHOMHUKH» BKIIIOYAET B ceOs ulen
dbemMuHu3Ma, MOCTMOJIEPHU3MA, SKOJOTH3ALMKM, SKOHOMHUKY OKPYXKAIOIIEH Cpebl,
AHTUTJIO00AIMCTUKH, TEOPUH MEXKIYHAPOJHBIX OTHOILICHHH U Ap.). CouuanbHOE —
€CTh CHCTE€Ma BHJIOB YKOHOMHUYECKOU JEATEIBHOCTH, CBA3AHHBIX C MPOU3BOJICTBOM,
pacripesieieHueM U TMOTpPeOJICHUEM TOBApOB U YCIYr, KOTOpPbIE MPUBOMAIT K
MOBBIIIEHUIO 0JIArOCOCTOSIHUS YEIOBEKA B I0JTOCPOYHOM NEPCIEKTURE, IIPU ITOM, HE
noABeprasi OyaylliMe TOKOJICHHS] BO3JCHCTBUIO 3HAUYUTENIBHBIX JKOJIOTHUYECKHUX
PHUCKOB MJIM SKOJIOTHYECKOTO JAeulinTa. DKOJIOTMUYECKOe — 3TO M3MEHEHHE KiInMaTa,
OIYCThIHMBaHUE, yTpara OMOpa3HOOOpa3usi, HUCTOIIEHHWE MPUPOJHOTO KamuTaa,
IMpoKoMaciuTabHasi 6eIHOCTh, HEXBaTKa MPECHOM BOJIbI, MPOAOBOJILCTBUS, SHEPTHUH,
HEPaBEHCTBO JIOAEH M CTpaH, CO3JAIOLIUE Yrpo3y MJisi HBIHEIIHEro M OyIayIlero
MOKOJeHUM.  HpIHEmHIOK  MOAENb  DKOHOMHMKHM  HA3bIBAOT  «KOPUYHEBOM
AKOHOMHUKOMN.

JIO3yHT «OT «KOPUYHEBOM SKOHOMHUKH» K «IKOHOMHUKE 3€JICHOW», OCOOEHHO
celyac 3BYYHMT KaK HHMKOTJA aKTyaJbHO, MOCKOJBKY MEPEXO0] OO0CCIECUMBACTCS HE
TOJIBKO C MOMOIIBI0O MHCTPYMEHTOB BO3JICUCTBUSA MOJUTHYECKUX, SIKOHOMHYECKUX,
DKOJIOTMYECKUX CTPYKTYp, HO U POCTOM TOCYAApCTBEHHBIX WHBECTUIMH B
COOTBETCTBYIOIIYIO MPUHIIMIIAM YCTOMYHUBOTO Pa3BUTHUSI HHOPACTPYKTYPY (BKIrOYast
OOIIIECTBEHHBIN TPAHCIOPT, BO30OHOBIIIEMbIE MCTOYHUKU HHEPTUU, CTPOUTEIHCTBO
HEpProdGHEKTUBHBIX 3JaHWN) U MPUPOJHBIA KamuTal JUisi BOCCTAHOBIICHUS,
MOAACP>KaHUS U, TJIe 3TO BO3MOXKHO, YBEJIUUCHUSI 00beMa MPUPOAHOTO KamuTajia U
1[EJIEBOM TOCYJAPCTBEHHOM MOJICPKKU HCCIIEI0BaHUN U pa3pabOTOK, CBSI3aHHBIX C
CO3JIAHUEM SKOJOTUYECKH YUCTHIX TEXHOIOTHIA.

Konuenmus mnpeaycMaTpuBaeT COTJIACOBAHHYK) PEAIM3AUI0 HAIMOHAIBHBIX
WHULIMATUB «3€JIEHbI MOCT», «3eleHbIi pocT», [ 100anbHas SHEPro’IKOJIOTHIeCKast
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Kyrreiko:kaesa III.H., KanueB ’K.A. (Kexmeray, Kazakcran). HaBee-Ctokc TeHIEYI.
KyObIpnarpl TYTKBIP CYHBIKTBIKTBIH JTJAMUHAPIIBIK aFbIMbI

Kyrrbikoskaesa III.H., Xaiipat A. (Kexmeray, Kazakcran). MaTemaTukanbik pu3uka
€CeNTepiHiH CTallMOHAp eMeC TeHCYIEPiHe KallFaH 00JIBICTAp dMIiCiH KOJIIaHy

Jlapuonosa C.B. (Kokmeray, Kazaxcran). UHTerpaTuBHBIN 1101X0]1 B IpOLIECCE
MOATOTOBKH yUUTEJIEH MaTEMaTUKU

Jlynak C.M. (Acrana, Kazaxcran), llIBugedpckn M.B. (HoBocuoupck, Poccus). O
pemeTKax Mooy PYII 3JIEMEHTaPHBIX TEOPUI

Myobapakos A.M., AtaeB b.K., MycaiioexoB P.K. (Acrana, Kexmeray, Kazakcran).
Ecenrepai menryae KOTHUTHBTI-BU3YaAIABITICUIII KOIIaHY

Mycun A.T., bakpiToek K. (Acrana, Kazakcran). Ty3ychI3bIKTbI O€TTEP/IIH KJIACCTAPBI

Iaxomoga JI.®. (Kokmeray, Kazaxcran). K Bompocy o camocTosiTennbHOM padoTte
CTYZICHTOB C MperoiaBaTeaeM

CeiisioBa 3.T. (Kexmeray, Kazakcran). MareMaTukanblk OUTIM camachl :KoHE OHBIH
JIeHTeilin Oaranay

Cepikoaena B.E., CeiigiinaeB H.C. (Ke3blLiopaa, Kazakcran). Maremartuka
cabaKTapbIHa OKYIIBIIAPBIH 3€PTTEYIILTIK OUTIKTEPIH KAIBIITACTHIPY

Terteiixan A. (AkMoJa 00., 3epenai aya., Mosaonexubiii, Kazakcran). ['eomerpusinbig
AKCTPEMYM/IBIK €CENITEPiH TYBIHIBIHBI Makaan0ai mblrapy omicTepi
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Tykanaes T./., Apanbek B.K. (Actana, Kazakcran). Hykrenepain menOepre KaTbICThI
TYHIHIECTIT1

TykanaeB T./., /Kymaxkbin 7K. (Acrana, Kazakcran). ['eoMeTpusIbIK TEHCI3IKTED
Typaibl

Yeanuesa C.K., Kyrreikoxaesa III.H. (Koxkmeray, Kazaxcran). [Ipaktuka npumenenus
o0yyarolux MporpaMM B reOMETPUH LIKOJIBHOTO Kypca Ha pumepe nporpaMmel «KuBas
reOMETPHsI»

Xamut ML.A., KyrThiko:xkaeBa I1I.H. (Kokmeray, Kazaxcran). MeToq GUKTUBHBIX
oOnacrtelt A 3aa4 MaTeMaTHUeCKON (GU3UKH

«HHDOPMATHUKA KOHE HOO» cexuuscol
Cexkuuas HH®OPMATHKA U MITH)»

BekenoBa A.b. (Kexmeray, Kazakcran). Turbo Pascal mporpamMmmanay TiniHig
nporpammaiay TUIIepiH OKBITYAaFbl MaHbI3bI

Kymaraesa E. I'., AbuabaunnoBa I'. M. (Acrana, Ka3zaxcran). [loctpoenue peiitunra
crienManbHoCTe! (hakynbTeTa HHPOPMALIMOHHBIX TEXHOIOTHM

Kamanugen A.C. (Kexmeray, Kazakcran). Mndopmartrka 1noHi asichlH/Ia alllbIK TYPJAET]
TarchIpManap/ibl KOJJIaHy apKbUIbl OL1iM/I1 OaraiayablH YpIICiH aBTOMAaTTaHIbIPY

Myxapckuii /I.B., bo3aesa K.E. (Kokmeray, Kazaxcran). [IpenmyiecTBa u HeIOCTaTKu
onepanuonHoi cucrembl ANDROID

Hypoexosa K.K., ToaranoOaiiyianl T., AiimudeBa I'.U. (Actana, Kazaxcran).
CoBpeMeHHbIe TpeOOBaHNUs K CUCTEME YIIPABJIECHUS yYEOHBIM IIPOLECCOM

CeiiTenoBa A. C. (Kexumeray, Kazakcran). D1eKTpOH/BI )KYMBIC IONTEPIHIH
uH(pOpMaTHKa cabarbIHIAFbl MPAKTHKAIBIK MaHBI3bI

TaGepxan P. (Acrana, Kazakcran). KoHTEHTTI KeTKi3y jKeJIEpiHiH epeKIIeNiKTepi

YcenoB C.C., layro6aeBa A.O., Ymup3akosa @. b. (Kei3bl10paa, Kazaxcran).
[TocTpoenne MOHATHIHOM 6a3bI MIKOJIBLHOTO Kypca HHPOPMATUKH C TIOMOIIBIO
WudopmannoHHO-TIOMCKOBOH cuctembl Mepapxus

¥YcenoB C.C., KakumbaeBa b.M. (Kvi3bl10paa, Kazaxcran). TexHomorust co3manus
UH(OPMALIMOHHO-TTIOUCKOBOM CHCTEMBI

«XUMHA /KOHE X00» cexyuscol
Cexuua «XUMHUA H MIIX)»

Yeskendirova A.A., Yerkassov, R.Sh., Nurmukhanbetova N.N., Nogoyev Yu.Ya.
(Kokshetau, Astana, Kazakhstan). Physico-chemical characterization of coordination
compounds of zinc halides with protonated carbamide

Niyazbekova A.B., Zhumagaliyeva G.M. (Uralsk, Kazakhstan). Recovery and
purification of waste motor oils
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Nogoev Y.Y., Kazangapova N. B., Nurmukhanbetova N. N, Kassenova N.B.
(Kokshetau, Astana, Kazakhstan). Research of the influence of thermal treatment on the
adsorption properties of the phosphate ore

Nurmukhanbetova N.N., Murzabekov A., Makazhanova S.M., Bayarbolat R.
(Kokshetau, Kazakhstan). The use of NMR-spectroscopy with the aim of research of
medicinal plants

Nurmukhanbetova N.N., Hamitova A.S, Ostrizhnaya A.A., Magzumova G.B.
(Kokshetau, Kazakhstan). Development of inhibitor composition based on vegetative raw
materials

Aoycaxutr ML.K., Yepusasckas O.M. (Kocranaii, Kazaxcran). Tsoxenbsie MeTauibl Kak
pactipocTpaHeHHBIN (HaKTOP XMMHUYECKOTO 3arps3HCHHUS

AnnbicoBa A.A., Ceprazuna C.M., IIsaroB E.A. (Kokmeray, Kazaxcran). U3yuenue
BIIUSTHUSI KPACHOT'O CBETa Ha aKTUBHOCTh OOPa30BaHUS KEJIE€300praHNUYeCKUX KOMIUIEKCOB B
MMUTHEBOU BOJIE

Baiirapuna M., Kacenosa H.b., Makaxanosa C.M., Hypmyxan6erosa H.H.
(Kexmeray, Kazakcran). [lonmnakpunamua Herisinzeri cononumepiepai Gpusuka -
XUMUSUTBIK 9/1ICTEP apKbUIBI 3€pPTTEY

BbekrenoB H.O., /Ixkaaracoaes T.b. (Aamartsl, Kazakcran). butymasl smynbcus
OHIIPY/IIH HET13T1 9/1icTepl

Bbepesnsxk 10.I'., XamuroBa A.C. (Kokmeray, Kazaxcran). [lonydyeHnue rymara kanus ¢
IMOMOIIBIO U3BJICUCHUSA T'YMHUHOBBIX KHUCJIOT U3 UCKOITACMBbIX yrneﬁ

HyiicemoneB M.JK., Mykaraii Myxut (Acrana, Kazakcran). beilopranukanblk Xumus
MoH1 OOHMBIHIIA TOCTYPITi OiTiM Oepyi MOJACPHU3ANMSIIAY IBIH THIMII 9/IICTEPiH 13ACTipy

HyiicemoueB M.JK., Coi3apikoBa M. M. (Actana, Kazakcran). XuMus MoHIH OKBITY
Ke3iHJe OarmapiaaMaiblK TEXHUKAIBIK Kypalaapabl KOJIAaHy/IbIH apTHIKIIBIIBIFBI

HyiicemoueB M.JK., CoipradaeBa H.O. (Acrana, Kazakcran). XKanmbs xumus moHi
OOWBIHIIIA OKY YPAICIH/IEC MOIYJIBIIK KYHEHI KOJIAaHY

HyiicemoueB M.JK.,UynakoBa A.M. (Acrana, Kazakcran). Kpenutrik sxyiie OoibIHIIIA
JKAIMBIXUMHUS TIOHIH OKBITY/Ia ©31HIIK KYMBICTHI YHBIMAACTBIPY

EBnoesa X.C., Hypmyxan0eroBa H.H., Taeyosa 3.111., Kanpnacosa 7K.3.,
I'agsxxumypanosa A.M. (Koxkmeray, Acrana, Kazaxcran). CpaBHuTenbHas
XapaKTCPUCTHUKA AHTUOKCUAAHTOB PACTUTCIIBHOI'O U JKUBOTHOTO IIPOUCXOXKICHUSA

EckenaupoBa A.A., Epkacos P.111., Hypmyxan6erosa H.H., CyaeiimenoBa /I A.
(Kekmeray, Actana, Kazakcran). KoopamHanusiibIK KOCBUIBICTapIbIH TATIOTEHUATEP]
OepUILTHiA )KOHE MBIPBIIITIEH MPOTOHAAIFAH aMUATEPIIH (PU3NKATBIK-XUMUSITBIK
cUmnarTaMaiapsl

EcasimoBa Y., Omapos H., Hypmyxau6eroa H., Mancypos 3.A., Maman T.
(Kokmeray, Actana, Aamartsl, Kazaxcran). Mcnonb3oBanne kapOOHU30BaHHBIX
MIIIEHUYHBIX OTPYOEH M1l OYUCTKH BOJIBI OT MOHOB TSDKEJIBIX METAJIJIOB

Kupnoga 10.B., Epkacos P.I11., Ceprazuna C.M. (Kokmeray, Kazaxcran).
Onpe/eieHrne YHEPTeTHYECKUX M AJICKTPOHHBIX MTAPAMETPOB KOOPIMHALIMOHHBIX
COCHI/IHGHI/Iﬁ XJIOPpU 0B Maprania ¢ NpOTOHUPOBAHHBIM allCTAMHJIOM

Kaupnacosa 7K.3., Hypmyxanoeroa H.H., Taeyosa 3.111., CyJeiimenoBa JI.A.
(Kokmeray, Kazaxcran). CopOLIMOHHBIE METOABI OYUCTKU (PEHOICOACPIKAIINX CTOUHBIX
BOJL
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Husiz6exoBa A.b., Baau K.C., Illlakupos T. A. (Ypauabck, Kazaxcran). O01u1oBo4HbII
KaMCHb B COBPCMCHHOM CTPOUTCIILCTBEC

HypmyxanoOeroBa H.H., Kacenosa H.b., EBioeBa X.C., bas6oJaar P., Taeyosa 3.111.
(Kexmeray, Kazakcran). YITiiai okeITy OariapiiaMachIH KYy3ere achlpyIbIH THIMI
onicrepi

CeitiaxanoB T.M., /I:xxymaoaeB O.A., CeitiaxanoB O.T., Hazapenko JI.A. (Kokmeray,
Kaszaxcran). KomnuectBennas IMP-cniekTpockonus B ananu3e HepTH U He(TEPOIyKTOB

CoizabikoBa A. b., Ceprazuna C.M., Caruryaiauna I'.Il. (Kokmeray, Kazaxcran).
[Tonydyenue u npumeHenue nupazono [3,4-B|nupuanHos

TayakenoB Y. A., AydaeBa H.A., KycenoBa JI.A. (Acrana, Kazakcran). Mekren e
JKOFaphl OKY OpPBIHAAPHI Ca0AaKTACTHIFbI HET131H/1€ OKYIIBUIAP/IBIH XUMUS TIOHIHE JIETeH
TaHBIM/IBIK KbI3BIFYIIBUTBIFBIH KAJIBIITACTHIPY

Yoo:xkenko /[.B., Ceiliixanos T.M., [Ipanues K./l., Hazapenko JI.A., Ceiiiixanos O.T.
(Kokmeray, Aamarel, Kazaxcran). Criekrpockonus AIMP mist uneHTHDUKAITIN
MPOMMOHOBOTO 3upa 1-(2-3TokcHdITHI)-4-(2-IUKIOTTPONMIIITUHIN )-TIUTIEPUI0Ia-4 U eT0
KOMIUIEKCa BKIFOYCHHUS C B-IIUKIIOACKCTPUHOM

«BHOJIOTHA KOHE BOO» cekuusacol
Cexkuus BUOJIOTI'UA U MIIb»

Alibekova N.A., Zhumabayeva S.E. (Kokshetau, Kazakhstan). Developing students’
logical thinking skills in the course of studying biology

Assylbek T.T., Zhumabayeva S.E. (Kokshetau, Kazakhstan). Drawing method of
teaching genetics in the school course of biology

Baiguzhina Z., Safronova N. (Kokshetau, Kazakhstan). Developing critical thinking
skills through the use of structure-based tasks

Muratkhan M., Zhumabayeva S. E. (Kokshetau, Kazakhstan). Using the information
and communication technologies in teaching of the cell theory

Nysanbaeva E.S., Zhumabayeva S.E. (Kokshetau, Kazakhstan). Methods and approaches
for the development of cognitive activity of pupils in the evolutionary theory teachings

Onerkhan G., Bayazitova Zh. (Kokshetau, Kazakhstan). The role of interactive teaching
methods in formation of cognitive activity of studehts in biology on the section "Basic Laws
Of Variability"

Onerkhan G, Zhakhina A.T. (Kokshetau, Kazakhstan). Possibilities of using case
technology in teaching biology («Human Genetics» section)

Onerkhan G., Issakova N. (Kokshetau, Kazakhstan). Diagnostics of students' educational
achievements with the use of tests in biology teaching

Onerkhan G., Kassum G.D. (Kokshetau, Kazakhstan). Using innovative computer
technologies in the study in biology class

Ramazanova A.S., Safronova N.M. (Kokshetau, Kazakhstan). Modern teaching aids

Ryspaeva A., Aidosova S., Durmekbayeva Sh. (Kokshetau, Kazakhstan).
Methods of using digital educational resources in teaching biology
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901omim T.E., TeinbikyinoB M.K. (Acrana, Kazakcran). TpuntodaHHbH OMOXUMHUSITBIK
XKOHE MHUKPOOHMOJOTHSIIBIK ATy AICTEPIH Talaay

ouin A., Jlypmexoaena III.H., AiinocoBa C.C. (Kexmeray, Kazakcran). Contyctik
Kazakcran xarnaiipiana Lythrum Virgatum L. ecimzairi skanbIpaFbIHbIH Al TAIHSUTBIK
epeKILeTKTePI

Bba3zap6aeBa C.M., lunmyxamenona A.C., (Acrana, Kazaxcrau), Aiisman P.U.
(HoBocudupck, Poccusi). XapakTeprcTiKa OCHOBHBIX TTOKa3zaTesel (Gu3nIecKoro pa3BUTHs
cryznenToB nieporo kypca CKI'Y um.M.Ko3rpi6aesa

Baybip:kan X., Ouepxan I'. (Kexmeray, Kazakcran). Ocimaikrepai ecipyiiH 19CTypIi
eMec Taciaepi

Baamaxmerona J.K., lypmekoaena LII.H. (Kexmeray, Kazakcran). DIEFFENBACHIA
TYBICHI ©CIMAIKTEPIHIH aHATOMUSIJIBIK KYPBUTBICHIHBIH €PEKIIeITIKTEPI

I'eneas H.E., AiinocoBa C.C., lypmekodaena III.H. (Koxkmeray, Kazaxcran).
AHnarommueckas ctpykrypa aucra Helianthus Annuus L., 00paboTaHHOTO KOPHEBUHOM, IIPU
BBICOKOW KOHIICHTPAIIMHU KaJIMUSI ¥ a30THOM ITUTAaHUU B CPEJIC

KymadaeBa A.A., [lypmexodaeBa LII.H., lllapunos b.0O. (Kexmeray, Kazakcran).
Rosaceaejuss. TykpiMaacsl keiOip ©CIMAIKTEPIHIH aHATOMUSIIBIK KYPBUIBIC €peKIIeNiKTepl

HUrankosa MLE., lypmexoaena LII.H. (Kexmeray, Kazakcran). Ocimaikrepaia Mmopdo-
aHATOMMUSJIBIK KYPBUIBICBIHA aHTPOIIOTEH 11K (DaKTOpIapAbIH TUT13€TiH ocepi (91e0u momy)

HcmaryaoBa A.b., {lrocembaeB K.A., CnanbaeB A.Jl., EnzkanoB T.E. (AcTana,
Kaszaxcran). CoBpeMeHHbII MOTEHIMal SJHTOMOBEKTOPHOM TEXHOJIOTMH C UCIOJb30BaHUEM
MEZOHOCHBIX ITYEN U HIMEeNeH

Kanarksbi3sl K., TeiabikyaoB M.K. XXyrepi eciMaikrepirid TO3IMIUTITIH OaFanay Tocii

Kancaaam 9.E., Aiinocosa C.C., [lypmexodaena III.H. (Kexieray, Kazakcran).
Kopraran opTaHblH JacTaHYbIH aHBIKTAYy1a OMOMHANKAIIMS 9/IICIHIH THIMIUIITIH aHBIKTAy
(omebu momy)

Kypan6ek /I.E., ZKanra3zuun C.b. (Acrana, [1aBionap, Kazakcran). Nicotiana
Benthamiana eciMairiH TpaHCKpUIITTEpPMEH 3aKbIMAAFaH Ke3iHaeri oenrnepi

Kbiznapoexosa I'.T., Ouepxan I'. (Kexmeray, Kazakcran). «Cenexuus xoHe
OMOTEXHOJIOTUS Heri3epi» 0elliMiH OKbITYAa O11iM OepyiH jKaHa TEXHOJIOTUsIIapbIH
KOJ1J1aHy

Maiimakosa /I.b., Temupoekos K.T. (Kexmeray, Kazakcran). TyOepkyne3 aneymeTTik
Mocee

MyparoexoBa b.P., lypmexoaesa III.H., Xamurtosa I'.)K. (Kexmeray, Kazakcran).
Ecin e3eH1 MaHaiibl ©CIMIIKTEPIHIH TIpUIUTIK (opMaiapbl

PocnaeBa A. M., Temupoexon K.T. (Kokmeray, Kazaxcran). Pacipoctpanenue
CaJIbMOHEIJIE3HbIX HH(EKIUI B AKMOJIMHCKOW 001acTH

CaranoexoB Y. M., Cmansona I'.T., Capaman I'.2K. (Kokmeray, Kazaxcran).
Mopdobuonorudeckne mapameTpsl sl pa3pabOTKH MOJIETH MEPCIIEKTUBHOTO COPTa
KocTpera 6e30cToro
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Caranbexos Y.M., Cmannosa I'.T., CokoBa O.T., KycannoBa A.C. (Kokmeray,
Ka3zaxcran). Conepkanusi KyMaprHa B pa3JIMUYHbIX BUAAX U COPTax JOHHUKA

CaiinaxmeroBa b.T., lypmekoaena LII.H. (Kexmeray, Kazakcran). Texaorenai iacrany
skarnanbiaa OamansicTel ECHINOPS RITRO L. ecimairi cadarsIHBIH aHATOMUSIIBIK
KYPbUIBIC €peKIIeNTIKTepl

CaakanoBa Bb.K., BeiicembexoBa JI.K., Ayoakuposa M.E., ’Kakenosa T.K., Acbli10Ba
M.B., boaarosa C.b. (Kokmeray, Kazaxcran). K Bonpocy npodeccuonanbHoi
3200J1€BaEMOCTH MEIUIIMTHCKUX PAaOOTHUKOB

Canaoexona /1.0O., AiinocoBa C.C., /Ilypmexodaena III.H. (Kexmeray, Kazakcran). Aysip
METaJIJTAPMEH JacTany karaanbraaarel Berteroa Incanal. (DC) eciMairicabarbIHbIH
aHATOMUSUIBIK KYPBLIBIC €peKIIeTiKTepi

CapcenoBa M. A., Cei3zabikoB E. X., CermsztaeBa I'. 7K., Oraii B. b. (Acrana,
Kaszaxcran). [Ipo6iieMbl BOCCTaHOBIIEHUSI CYCTAaBHOTO XPSIIA: OT TEOPUU K MTPAKTUKE

Coxona O.T., KomanoBa M.T. (Kokmeray, Kazaxcran). Bueapenue noiaus3plaHOro
o0pa3oBaHMs: BOZMOXHOCTH, TPOOJIEMBI M TIEPCIICKTUBBI

XamurtoBa I'.K., [dypmexkoaea LI.H. (Kexmeray, Ka3zakcran). Axmona o0OJBICH
3epenal aynaHbl aiMarbIHJIAFbl ©CIMJIKTEpP TYPJEPIHIH LIApyalllbUIbIK MaHbI3bl OOMBIHIIA
TONTApPBI

IMakup:xkanoBa N.C., dypmexodaesa III.H., Kancamam 9. (Kexmeray, Ka3akcran).
«Kepneri opraHukanblK IyHHEHIH JaaMyb» (Ouosiorus, 11 chIHBIN) TapayblH OKBITY/Aa
MHHOBALUSUIBIK TEXHOJIOTUSHBIH 3JIEMEHTTEPIH NaljanaHy
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