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A.Meirambay, K.K.Yerzhanov, Zh.O.Yerzhanova

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan.
(E-mail: underlineaidana2909@mail.ru, underlineyerzhanovkk@gmail.com,
underlinezhansayafk@mail.Tu)

Feynman diagrams as a completely integrable lattice statistical system

Abstract: We consider the application of the Yang-Baxter equation in multiloop calculations in
quantum field theory. An important (from the point of view of the physical applications) problem
in the analytical evaluations of massless multi-loop Feynman integrals is the representation of the
D-dimensional integral. The analytical evaluations of the multi-loop Feynman integrals are usually
based on such powerful methods as the integration by parts and star-triangle (uniqueness) relation
methods.

In this paper we investigated Feynman diagrams with massless scalar propagators are shown to
be equivalent to some completely integrable lattice system. In this work we take the large order
dimensional (D = 8, D = 12) diagram and have proved some equations, obtained partition function
of lattice. So we get some results which describe a lattice statistical system, using these methods
for large order dimensional.

Key words: Feynman diagrams, scalar massless propagator, partition function, lattice statis-
tical system, Yang-Baxter tringle relation, vertex-weight function, completely integrable system,
Zamolodchikov’s “fishing-net” model,“triangle-net”, “honey-comb” diagrams, the boundary condi-
tions, hamiltonian of statistical system.

DOI: https://doi.org/10.32523/2616-68-36-2019-127-2-31-37

Introduction. There are only a few exactly solvable models in statistical mechanincs where the
Yang-Baxter equation takes its distinguished “star-triangular” form. The most notable discrete-spin
models in this class are the Kashwara-Miwa and chiral Potts models (both of them also contain
the Ising model and Fateev-Zamolodchikov Zy -model as particular cases). There are also impor-
tant continuous spin models, including Zamolodchikov’s “fishing-net” model, which describes certain
planar Feynman diagrams in quantum field theory [1] .

The analytical evaluations of the multi-loop Feynman integrals are usually based on such powerful-
methods as the integration by parts and star-triangle (uniqueness) relation methods. These methods
have a long history [2]. For example, the star-triangle relations have firstly been considered in the
framework of the conformal field theories [3]. Then it was noticed [4] that the star-triangle relation
is a kind of the Yang—Baxter equation . The Yang-Baxter equation has long been recognised as the
masterkey to integrability, providing the basis for exactly solved models which capture the funda-
mental physics of a number of realistic classical and quantum systems [5]. In [4], this fact was used
to calculate the “fishing-net” Feynman diagram (of a sufficiently large order) for the four-dimensional
(D =4), gp* theory (as well as “triangle-net” and “honey-comb” diagrams for the g¢%, (D = 3)
and gy*, (D = 6) theories, respectively). Such diagrams have been studied in papers [6 — 8] .

In this paper we consider the large order dimensional (D = 12, D = 8) diagram with the scalar
massless propagators

dPket*(x —2') T(D/2-1) 9—D
GD(z —a') = / (2m)Dk2 ~ T 4D/2 |z — 2777

(1)

The example of the diagram for the gp? type theory looks like a square grid. The diagrams
of this type (and of sufficiently large order) can be considered as some lattice statistical system
on a planar rectangular lattice. Let the suffix label the rows (columns), the partition function of
statistical function is to be taken this form

31
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Z = / 1 " znmexp(—H {x}), (2)

n,m

where D dimensionality of the space-time, x, ,, € R,?m, and integration is over ®n,mR,lZ m - All

dependency of the diagram on the external impulses is contained in the boundary conditions. If
D =4 and the propagators are given by (1), the hamiltonian H(x) is

H{z} =2 {log|nm — Tnm+1| +10g[Tnm — Tns1m| + logdr?}. (3)

n,m

The statistical system defined by (2),(3) (and some more general system) is completely integrable.
Let us introduce also the <vertex-weight> function

o)} (4)

Gz —2'|a) = exp{—e(|z — 2

In this relation —e (Jz — 2’|, @) is energy contribution, o is the vertex angle. z,2/ are two
neighbouring cells.

For definition of trellised system it is necessary to specify function G (z — 2'|a). We choose
it so that is satisfies the Yang-Baxter triangle relation, which is shown schematically in Figure 1.
The vertex weight functions (4) are associate with each of the triangle vertices in Figure 1. The
schematical form of the triangle relation in Figure 1 is

G (21 — z3|m — a) G (z2 — 237 — ') G (21 — 22| — &)

= /deG (21 — z]d) G (2 — z]a) G (x5 — 2| — a — &) (5)
X1
X3 T—a—a
X3 a
Xz

Ficure 1 — Tringle relation or star tringle symmetry

The particular case of Baxters lattice is regular lattice of parallelograms with the vertex angle.The
transfer-matrix 7' (a)) of the system on the lattice with the vertex angles o and 7m — « represent
the vertex-weight functions G (z — 2/|a) and G (x — 2/|7 — ) . So transfer-matrix is

T (@) = G (21 — 1|a) G (1 — 22l — )
X (22 = y2la) .G (an —yn|e) G (yny — 21|T — ). (6)
Here {z} = {z1,.....,2n} and {y} = {y1,....,yn} are the operator indices of the transfer-matrix,

which acts in the space ®£V:1L2(R£ ); the periodic boundary condition is implied. The tringle
32
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relation (5) guarantees the commutativity [T',T(«)] = [T'(«), T(a/)] = 0 of the operators T'(«) and
T(a') with arbitrary values of o and «’.
Choosing the function (4) in the form

G (z—2'|a) = A(a)|z — | 7A@, (7)

Then have taken

Ala) =D(1 — a/m). (8)

Tringle equation (5) can be satisfied because of the same comformal properties of the right and
left-hand sides. The normalizing function A(«) take a form

Af0) = [(m) =@ DT(D/2)/T(Da/2m)| a(0), (9)

where a(a) is any function satisfying the relation a(a) = a(m —a). We take a(a) =1 for the sake
of definiteness; under this choice the function (7) satisfies the relations

G(z—2'|a) =1,
iig}) = 6(P) (z—2'), (10)
and
Gz —2'la)G(z—2']2r —a) =Q (7 — ),
fljii% dPz"G (z—2"]a)G (' —2"| —a—e) =Q(a) §(P) (z—2a'), (11)
where

Q(a) = T2(D/2)/T(D/2 — Da/2m)T(D/2 + Da/2r). (12)

The statistical system characterized by the vertex-weight function (7)-(9) is completely inte-
grable.This system on the lattice L(«) with arbitrary « is equivalent to the diagram shown in
figure 1. in which the <horizontal> and <vertical> propagators are different; they are G (z — 2/|a)
and G (z — 2/|T — «) , respectively.

Choosing a particular cases o« = 57/6, D = 12 and a = w/4, D = 8. See if they satisfy the
equation (11).

G (z —2/|57/6) G (z — 2'|27 — 57/6) = Q(w — 57/6).

Substituting the values in eq. (8),(9),then (7),we get

Ala) = 2,
5m.  TI'(6)
A(E) - T’
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'(6) 2
G (z — 2|57 /6) = To)r |:c - x/’ .
Thus we find
o _ L(6)r 72
G (z—2'|Tr/6) = ) | |
From eq.(12) we obtain
T I'2(6)

QG = T(5)0(7)

So, the first eq. (11) is proved when o =57/6, D =12.

6) |, e TO7, e T(0)
nmww_x| 'mn‘$_x|_r@wwy (13)
The second case is
G (z—2'|r/4) G (z —2]2m — 7/4) = Q(7 — 7/4),
where the result is
P e TR e T(4)
raye T Ty T = sare (14)

Let substitute the values when o = 57/6, D = 12 for following eq.(11)

lim [ d"2"G (z — 2"|57/6) G (2/ — 2"| — 57/6 — e) = Q (57/6) 6(12) (z—2'),

e—0

e (:): _ x//]57r/6) = FF(ES)W |x — x/"ﬂ’

7T_11_6€/7TF(6) |x/ B
I'(—5 — 6e)

Y

G (1'/ . 1’”‘ . 571'/6 _ e) _ l/‘*(22+12€/7|’)

5m,  I'?(6)
Q)= (1)r(11)°

So, we arrive at the integral of the twelfth order,which is difficult to solve by ordinary mathematical
methods

F2(6) 9 7T—11—66/7r —(224+12¢/7) F2(6)
li A2 R/ . roon e/T) _ (12) — .
i RS eyl kA I ver- sy Ll roran’ @) (19

For the second case when o« =7/4, D =8:
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lim [ d®2"G (z—2"|7/4) G (2/ —2"| - 7/4—¢e) = Q (7/4) 5®) (z—1),

e—0

we get an identical expression

7T—5—4€/7T

I(4)
Ii d8 " T
Sl T(—1— 4e/7)

e—0 F(1)7T3

|z — 2| 7% | — |70 — REON §® (z—2').  (16)

The above partition function of the lattice system can be formulated as

Znu(a) = trTM(a), (17)
where operator T'(«) is given by (6).
fla) = lim <o log Zy(a) (15)
YT N Moo NM OB ANMA):

This eq. (19)independent of the boundary conditions. The quantity F'(«) is specific free energy.
A Z-invariant lattice statistical system this quantity satisfies the following function equations.

fla) + f(m + a) =log Q(a), f(a) = f(r — ). (19)

The function Q(«) is defined by the equalities (11); for a system under consideration it is given
by (12). The solution of eq. (19) having the appropriate analytical properties is

Z(a) = e—1(@) — ﬁ (DI — Da/2m)T(Dl — D/2 + Da/2m)T(DI + D/2)

(Dl + Da/2m)0(DI + D/2 — Da/2x)[(DI — D/2)’ (20

=1

When o = 57/6, D = 12 and o = ©/4, D = 8 we get this form of partition function,
respectively

5w 12 I(H)I(H)
Z(—/) = ——2—2~ 21
( 6 ) 5 m3/2 csc(22) 1)
5m. 8 T(Ar)
Z(Z5) = -8 22
( 6 ) 3 73/2 csc(3F) (22)
Conclusion

In this paper we investigated Feynman diagrams with massless scalar propagators are shown to
be equivalent to some completely integrable lattice system. In this work we take the large order
dimensional ( D = 12, D = 8) diagram and have proved some equations, obtained partition function
of lattice. So we get some results which describe a lattice statistical system, using these methods
for large order dimensional.
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A. Meiipambaii, K.K. Ep>xanos, 2K.0O. Ep>kanosa
JI.H.lymunes amvndazv, Eypasus yammuok ynusepcumems, Hyp-Cyaman, Kasaxeman
DeliHMaHABIK, AUarpaMMAaJiap TOJIBIK, UHTErPaJIJaHaAThIH CTATUCTUKAJIBIK TOP »Kyleci perinae

Annnarna KsauTThik epic TeopusichliHmarel Kem Tyiiuzai ecenreynepre fur-Bakcrep TenmeyiHiy KOJIZAHBLIYBIH
KapacTbelpaMbi3. Ken Tyitinai maccaceid PeifHMaHIBIK, HHTErPpAJIIapAblH, aHAJIUTHKAJBIK, OarajayblHbIH Herisri mpobJsemMachl
(dbusuKaIBbIK KONJAHBLIYBl TYDPFBICBIHAH) D-eJIIeMIi MHTerpaJipl CHnarTay OoJbin Tabbutanpl. Kem Tyiiingi maccachr3
DetHMaHIbIK WHTErpaJJapAblH, aHAJUTUKAJBIK Oarasaybl OeJIIeKTell HHTerpaJijiay >KoHe YIIOYPBIII dJici CHUAKTHI KYIITi
ozicrepre HerizmesreH. Bysr Makasiaia Maccachl3 CKaJjsip IMPAIOraTOPJIbI, TOJIBIK, HHTErPAJIIAHATHIH TOP YKyHeciHe SKBUBAJIEHTTL
DelHMAHABIK JUarpaMMaHbl KaApacTbipaMbl3. Byil xkymMblicTa »koraprel perti (D=12) nuarpaMManbl Tapgan, Keibip Tenaeynepii
JIRJIEJIIEIIK , CTATUCTUKAJIBIK, TOP/BIH, OeJekTey (OyHKIUSICHIH TanThiK. COHBIMEH YKOFapFbl PETTI eJIIeMJep YIIH aTajraH
oicTep/1i maiijlaJlaHbIll, CTATUCTUKAJIBIK »KYHEHIH TOPBIH CUIATTANTHIH KEHOIp HOTUXKEJIEP/Ii ajlaMbl3.

Tyitin ceznaep: DeltHMaHIBIK JAuarpaMmajap, CKaJspJIbl MacCAChl3 IPONAraToOp, TOPABLIH CTATHUCTUKAJBIK XKyiteci, fur-
BakcTep TOPBIHBIH, CTATUCTUKAJIBIK, »Kyiieci, TyHiHIIK-MacCUBTI DYHKIMs, TOJIBIK HHTErPaJIIaHAThIH XKYile, «OaJIbIKTBIH aybl»
3aMOJIOTYMKOB MOJIEJ, «YIIOYPHIII TOPJIAPbI», «APaHbIH YAIIBIFbI» JUArPAMMAJIApPhl, CTATUCTUKAJIBIK, KYHEHIH raMUJIbTOHUAHBI.

A. Meitpambaii, K.K. Ep>kanos, 2K.O. Ep>kanoBa
Espasutickutl HauyuoHasbHul yrusepcumem um. JI.H. lymunesa, Hyp-Cyaman, Kazaxcman
PeliHMaHOBCKYE OUarpaMMbl KakK BIIOJIHE MHTErpupyeMasi CTATUCTUYECKAs CUCTEMA PeIlIeTKU

AnHoranusi. B manmoii crarbe paccMOTpeHO IpuMeHeHue ypaBHeHus Slnra-Bakcrepa B MHOromertsieBbIX pacdeTax B
KBaHTOBOH Teopmm mojiss. Baknas (¢ TOUKHM 3peHHsT (PU3HIECKOrO INPUMEHEHHs) NpoOJeMa B AHAJINTUIECKHX OLEHKAX
6e3MaCCOBBIX MHOTONETIEBBIX (DEHHMAHOBCKUX MHTEIPAJIOB SBJISIETCA MPEJICTABICHNEM D-MEpHOro uHTErpaja. AHaJIUTUIECKUE
OIIEHKY MHOTrOoIeT/IeBbIx PeilHMaHOBCKUX MHTErPAJIOB, KaK IIPABUJIO, OCHOBAHBI Ha TAKUX MOIIHBIX METO/IaX, KAK NHTEIPUPOBAHME
[0 YaCTAM U METOJ TPeyrosbHUKA (YHUKAJILHOCTH).

Uccnenosana PeifHMaHOBCKasi AuarpaMma ¢ 6e3MacCOBBIM CKAJISIPHBIM IIPOIIAraTOPOM, KOTOPasi SKBUBAJIEHTHA HEKOTOPOM
BIIOJIHE MHTEIPUPYEMOil cucTeMe pelreTku. B mannoil paGore BbIOpaHa auarpamma Gosbmioro mnopsgka (D = 12), mokasaHb
HEKOTOpble yPaBHEHUsI M IOJIydeHa (DYHKIUsI Pa30UeHMs CTATUCTUYECKON perneTku. Tak, MCIoJb3ysi BbIIIENepeYnc/IeHHbIE
METOJbI JJjisl Pa3MEPHOCTH OOJIBIIIOrO MOPSJKA, MBI IOJYYaeM HEKOTODPBIE PE3YJIbTATbl, KOTOPBIE OIUCHLIBAIOT PEIIETKY
crarucTuyeckoit cucreMbl.  KurroueBble cisioBa: @DeiiHMAHOBCKME JIMarpaMMbl, CKaJISIpDHBIA 6e3MaCcCOBBIM I[pomaraTop,
CTATUCTUYECKAs CUCTEMA PEIIeTKH, CTATUCTUIECKas cucremMa penierku Slura-Bakcrepa, BepimmHHO-MaccuBHas (PyHKIUs, BIIOJIHE
MHTErpupyeMasi CUCTEeMa, 3aMOJIOJYUKOBCKAsl MOJIEJb «PBIOOJIOBHASI CEThb», «TPEYTrOJIbHBbIE CETKU», JUarpaMMbl <«ITYEJIMHbIE
COTBI» , TPAHUYHBIE YCJIOBUsl, TAMUJILTOHUAH CTATUCTUIECCKON CHCTEMBI.
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2Kypraa pedaryuace. a8mopaapea ocCvl HYCKAYABIKNEH MOABEK MAHBICHIN, ACYPHAARA MAKAAG 23IpaeYy MmeH  0ativbin
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Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a big formulas, the article title should not repeat in the content, it should not
contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement/ goals/ history, research methods, results /discussion, conclusion).

Key words (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

Tables are included directly in the text of the article; it must be numbered and accompanied by a reference to them in the
text of the article. Figures, graphics should be presented in one of the standard formats: PS, PDF, TIFF, GIF, JPEG, BMP,
PCX. Bitmaps should be presented with a resolution of 600 dpi. All details must be clearly shown in the figures.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the
text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of the English
alphabet), which are referenced in the text of the article. References to unpublished issues, the results of which are used in
evidence, are not allowed. Authors are recommended to exclude the reference to pages when referring to the links and guided
by the following template: chapter number, section number, paragraph number, theorem number (lemmas, statements, remarks
to the theorem, etc.), number of the formula. For example, "..., see [3, § 7, Lemma 6]"; "..., see [2], a remark to Theorem 5".
Otherwise, incorrect references may appear when preparing an English version of the article.

Template

1 Bopouunn C. M., Kapany6a A. A. /Izera-dbyukius Pumana. -M: @usmatiur, -1994, -376 crp.-book

2 Baunos E. A., Cuxos M. B., Temupraimues H. O6 ob6iiem ajropurme YUCIEHHOI'O WHTErPUPOBAHUS (DYHKIUN MHOTHX
nepemenubrx // 2KypHas BBIYHCIMTENHLHON MaTEeMATHKU W MaTeMaTudeckoil dbwmsukm -2014. -T.54. Ne 7. -C. 1059-1077. -
journal article

3 2Ky6anbimesa A.2K., A6ukenosa III. O HOpMax npom3BOmHBIX (DYHKIUH C HyJIeBbIMH 3HAYEHHUsIMU 3aJaHHOIO Habopa
JINHEHHBIX (DYHKIMOHAJIOB M HMX I[PUMEHEHHsI K IONEPEYHHKOBBIM 3ajadaM // @yHKIMOHAJIbHBIE IPOCTPAHCTBA M TEODUS
npubmmkenuss yukmuii: Tesucsl gokmamos Mexxaynaponmnoit komdepeHnun, mocBsameHHod 110-71eTH0 cO RHS POXKIECHUS
akagemuka C.M.Hukonbckoro, Mocksa, Poccust, 2015. - Mocksa, 2015. -C.141-142. - - Conferences proceedings

4 Hyprasuna K. Pemaps maremaruku u nundopmaruku. -Acrana: Kaz.mpaszga, 2017. 19 anpens. -C.7. newspaper articles

5 Keipos B.A., Muxaiimmaenko [.I. Anasurndeckuil MeTO[ BJIOXKEHHs CHMILUIEKTHYECKON reomerpun // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wusBectusi -2017. -T.14. -C.657-672. doi:  10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - Internet resources

7. At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language). Then a combination of the English-language and transliterated parts of the references list and
information about authors (scientific degree, office address, telephone, e-mail - in Kazakh, Russian and English) is given.

8. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.
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Periodicity of the journal: 4 times a year.
9. Payment. Authors who have received a positive conclusion for publication should make payment on the following
requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

PexBusutsr:

1(PI'II IIXB "Espasuniickuii HaimoHnasnbHblil yausepcurer umenn JI.H. Dymunesa MOH PK

AO "Bank lenrpKpeaur"

BUK 6anka: KCIBKZKX

NNK: KZ978562203105747338

Ko6e 16

Knu 859- 3a crarbio

2)PI'TI IIXB "Espasuiickuii nHarmonanbublii yuusepcurer umenn JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

Kb6e 16

Knn 859 - 3a crarsio

3)PI'II IIXB "Espasuiickuii nanuonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NHNK: KZ599650000040502847

Ko6e 16

Kunu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymuinesa MOH PK AO "Hapoansiii Bank Kasaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Ko6e 16

Kan 859.

"3a nybaukaruio B Becrauke EHY ®UO asropa"
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H.T. CytikumbaeBa, A.M. Kaauen, O.B. Pa3zuna, II.FO. Llpi6a

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi: @usuka. AcTpoHOMUSI»

Pedaxyus otcyprasa mpocum asmopos 03HAKOMUMBCA C NPABUAAMU U MPUIEPIAHCUBAMBCA UT NPU Mod20moske pabom,
HANPABAACMBIE 8 2HCYPHAA. OMKAOHEHUE OM YCMAHOBAEHHBIT NPABUN 3A0EPHCUBAEM NYOAUKAUUIO CINATDU.

1. Ilens >xypHaJa. [lyGaukanus TImaTeabHO OTOOPAHHBIX OPUTHMHAJIBHBIX HAay9IHBIX paboOT 10 aKTyaJbHBIM IIpobieMam
TEOPETUIYCKUX U SKCIIEPUMEHTAIbHBIX UCCJIEIOBAHNUN B 001aCTH (DUBUKHU U ACTPOHOMUMU.

2. B pegakuuio (B 6yMaskKHOM BHJE, HOAIMCAHHOM BCEMH aBTOPAMHU M B JIEKTPOHHOM BHJE) Ipexacrasistorcs Tex- n Pdf-
daitsibl paboThI, ITOArOTOBJIEHHDBIE B M31aTesbcKoil cucreme LaTeX, ¢ oba3aTeIbHBIM UCIOIb30BAHUEM OPUTHHAJIBLHOTO CTUJIEBOTO
daiina xypaana. CrueBoit Qaill MOXKHO cKadaTb co caiita XKypHasa bulphysast.enu.kz. Apropy (aBropam) HeoGXOIUMO
[IPEIOCTABUTD CONIPOBOJIUTEIHLHOE MTUCHMO.

s3Ik myOGamkanmuii: Ka3axCKuil, pyCcCKuil, aHIVIMACKAN.

3. OrmpasjieHue cTaTeil B peJaKIUI0 O3HAYaeT coIjlacue aBTOpPOB Ha mnpaso Msnaresnsi, EBpasmuiickoro
HanuoHaJgbHOro yHuBepcurera ummenm JI.H. I'ymumneBa, m3sgaHusi crateil B >KypHaJjle M Mepeu3JaHUs UX Ha
a106oM uMHOCTpaHHOM #s3bike. IIpeacraBisisi TeKCcT paboThl AJs mMyGauKauuu B >KypHaJie, aBTOpP rapaHTUpPyeT
IpaBUJIBLHOCTH BCEX CBEAEHUI O cebe, OTCyTCTBHE ILJIAruaTa U APYyrux (popM HENpaBOMEPHOIr'O 3aNMCTBOBAHUS B
pyKormucu, Hajgiexkainee opopMJIeHIE BCEX 3aMMCTBOBAHUU TeKCTa, TaGJul], CXeM, UILIIOCTPALUNA.

4. O6beM cTaTby He JIOJIPKEH IIPeBbIIaTh 18 crpanur (0T 6 cTpaHwuir).

5. CxeMa HOCTPOEHUsI CTATHU

I'PHTH http://grnti.ru/

Hruyuans u amuaus aemopa(os)

IToanoe naumerosaHue opzaru3ayuy, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3alUsAX, HEOOXOIUMO
[IOCTABUTH OJMHAKOBBII 3HAYOK OKOJIO (haMHJIMKM ABTOPA U COOTBETCTBYIONIECH OpraHu3aIyn)

E-mail asropa(oB)

Hassanue cmamovbu

Annomayus (100-200 cj0B; He MOJIKHA COJEPXKATH TPOMO3AKHE (DOPMYJIBbI, IO COJEPXKAHUIO IOBTOPATH HA3BaHHE
CTaTbW; HE JOJKHA COAEPXKATh OuOInorpaduvecKue CChUIKH; JOJIZKHA OTPAXKATh KPATKOE COJEPKAHUE CTATHU, COXPAHSIS
CTPYKTYpPy CTaTbU —BBeJeHHe,/ IIOCTAHOBKA 3aja4dy,/ Iesn/ HCTODHUsS, METOIbl HCCIIEJOBAHUS, De3yJbTaTbl/obCyKIeHue,
3aKJII0YEHNE / BBIBOABL) .

Kuarouesvie caosa (6-8 cios/cioBocoderanuii. KuodeBble €I10Ba JO/KHBI OTParkaThb OCHOBHOE COJEPXKAHUE CTATbH,
WCIIOJIb30BATh TEPMUHBI M3 TEKCTA CTATHHU, & TAKXKE TEPMUHBI, OMPEIEISIONE MTPEIMETHYO O0OJIaCTh W BKJIIOYAIONIUE JIPyTHUe
BasKHBIE IOHSTHS, IIO3BOJISIOMIME OOJIErYUTh M PACIIUPUTH BO3MOYKHOCTU HAXOXKIEHHS CTATbHU CPEJICTBAMHM WHEMOPMAIMOHHO-
[IOMCKOBO! CHCTEMBI).

OcHoeHOU meKem cmamvbu JI0JIZKEH COJlepKaTh BBeieHne,/ IOCTAaHOBKY 3aJadn,/ 11eJii/ NCTOPHIO, METO/IbI MCCIIeJOBAHUS,
pe3yIbTaThl/06Cy XK IeHHE, 3aKIIOIeHUE/ BBIBOJIBL.

Tabauipl BKIIOYAIOTCS HEIIOCPEACTBEHHO B TEKCT pabOThl, OHU JOJIXKHBI OBITH TPOHYMEPOBAHBI U COIIPOBOXKIATHCS CCHLIKON
Ha HUX B TeKCTe paboTbl. PucyHkwu, rpaduku JOJKHBI ObITh IPEJICTaBIEHbI B OJHOM M3 CTaHIapTHBIX dopmaros: PS, PDF,
TIFF, GIF, JPEG, BMP, PCX. To4ye4ynble pUCYHKU HEOOXOIMMO BBINOJHATH ¢ paspemenueMm 600 dpi. Ha pucyHKax JOJ>KHBI
OBITH $ICHO II€PEJAHDLI BCE IETAIN.

B crarbe HymMepyioTcs JHiIb Te POPMYADBL, HA KOTOPBIE 110 TEKCTY €CTh CCHLIKU.

Bce abbpesuamyps. u cokpauteHust, 3a UCKIIOYEHUEM 3aBeJOMO ODIIEU3BECTHBIX, JOJDKHBI OBITH paciindpOBaHbl IIPHU
[IEPBOM YIIOTPEOJIEHUH B TEKCTE.

Ceenenust o purarcosot noddepatcke paboThl yKA3LIBAIOTCS Ha MIEPBOM CTPAHUIIE B BUJE CHOCKH.

6. Crnucok JmTepaTypbl JIOJIKEH COJEPXKATH TOJIBKO T€ HCTOYHHUKY (IIPOHYMEPOBAHHBIE B HOPSJKE IUTUPOBAHUSA WIA B
HOpsiIKE AHIIMHACKOrO asihaBUTa), Ha KOTOPBIE MMEIOTCSI CCBIIKK B TekcTe paborbl. CChUIKE Ha HEOIyGIMKOBaHHBIE PaGOTHI,
pPe3yJIbTaThl KOTOPBIX UCIHOJIb3YIOTCH B JOKA3aTEIbCTBAX, HE JIOIYCKAIOTC.

ABTOpaM pPEKOMEHIYEeTCs NPpU O(POPMIIEHUHN CCHLIOK HCKJ/IIOYUTHL YIOMHUHAHHE CTPAHHUI[ U PYyKOBOACTBOBATHCS CJIELYIONIHAM
mabJI0HOM: HOMED TIVIAaBbl, HOMeD Iaparpada, HoMep IIyHKTa, HOMEP TeOpeMbl (JIEMMbI, YTBEPXKICHUS, 3aMeYaHusd K TeopeMe U
T.11.), HOMep dopmysel. Hampumep, "..., ecm. [3; § 7, memma 6]"; "..., cm. [2; 3ameuanme k Teopeme 5|". B mpormeHOM cityuae
[IpY TIOJIFOTOBKE AHTJIOA3BIMHON BEPCUU CTATHU MOTYT BO3HUKHYTH HEBEPHbBIE CCBHLIKH.

ITpumMmepsbl opoOpMJIIEHUST CHUCKA JINTEPATYPbI

1 Bopouun C. M., Kapany6a A. A. Izera-dyukuusa Pumana. -M: @usmariut, -1994, -376 cTp. - kKHuUra

2 Baummos E. A., Cuxos M. B., Temuprammes H. O6 obmeM anropuTme UHCIEHHOIO HHTEIPHUPOBAHUSA (DYHKITHI MHOTHX
nepemensbix // 2KypHas BBIYMCIMTENLHONR MaTeMaTHKU M MareMaTudeckoil dwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
CTaThsI

3 Ky6anbmesa A.2K., Abuxenosa III. O HOpMax NpOM3BOAHBIX (DYHKIUNA C HYJIEBBLIMU 3HAYEHUAMH 33J@HHOrO Habopa
JIMHERHBIX (YHKIMOHAJIOB U WX INPUMEHEHHsl K IOINEPEeYHUKOBBIM 3afadaM // (DyHKIMOHAJIBHBIE IPOCTPAHCTBA U TEOPUS
npubsmkenus: dyuknuit: Tesucsl fokaanoB MexxayHapomHoit KoHdepeHIuu, nocesamenHoi 110-y1eTuio co [gHsI POXK/IEHUS
akanemuka C.M.Hukonbckoro, Mocksa, Poccust, 2015. - Mocksa, 2015. -C.141-142. - Tpyasl koH(depeHLn

4 Hyprasuna K. Peinaps maremarunku u nadopmaruku. -Acrana: Kaz.npasna, 2017. 19 anpensa. -C.7. - razeTHasi cTaTbs

5 Kbipo B.A., Muxaiimmaenko [.I. Anannrudeckuil MeTON BJIOXKEHHsI CHMIUIEKTHYECKON reomerpun // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wussectusa -2017. -T.14. -C.657-672. doi:  10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenusi: 08.01.2017). - 3JIeKTPOHHBIN Ky PHAJI

7. Iocse crmcka JiuTepaTypbl, HEOOXOUMO yKa3aTh 6ubauorpadudeckue JaHHbIE HA PYCCKOM M AHIVIMICKOM s3bIKax (ecsu
craTbst 0POPMIICHA HA KA3aXCKOM SI3bIKE), HA Ka3AXCKOM M aHIVIMICKOM fA3BbIKax (€CiIu cTaThs 0pOPMIIEHA HA PYCCKOM SI3bIKE) U Ha
DPYCCKOM M Ka3aXCKOM fA3bIKax (ecu craTbs opopMIIeHa Ha aHIVIMACKOM fA3bIKe). 3aTeM NPUBOAUTCA KOMOMHAIUS AHIIOA3bIMHON
U TPAHCJIUTEPUPOBAHHOI YacTeil ClIMCKa JIUTepaTypbl U CBEJEHNUS 110 KaXKJI0MYy U3 aBTOPOB (HaydHOe 3BaHUe, CIIy»KeOHBIH ajapec,
Tesiedon, e-mail - Ha Ka3aXCKOM, PYCCKOM ¥ AHIVIMICKOM A3BIKaX).
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8. Pa6ora c 9/1eKTpOHHOM KoppekTypoii. Crarbu, nocrynusime B OTes HayIHbIX U3AaHUN (PeaKIus), OTIPABIISIOTCS
Ha AHOHUMHOE pEeIeH3UpOBaHMe. Bce peleH3un Mo CTaTbsM OTIPABJSIIOTCS aBTOPY. ABTOpaM B TedeHHEe TpexX JIHel
HEOOXOIMMO OTIPABUTH KOPPEKTYPY crarbu. CTaTbH, MOJIyYHUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PaCCMOTPEHUIO
He IpUHUMAIOTCA. VcnpaB/ieHHbIe BADUAHTHI CTaTel U OTBET aBTOPa PEIEH3EHTY MPUCHLIAIOTC B pegakinuio. CraTbu, UMerIne
IIOJIOXKUTEJIbHBIE PELeH3UH, IIPEJICTABIISIIOTCS PEIKOJIJIETNH XKy PHAJIa JJIs OOCY2K/IeHUS M YTBEPXKIEHUs JJIsd I1yOIUKAIIH.

IlepuompuyHoCTh >kypHajua: 4 pa3a B rof.

9.0myata. ABTOpaM, MOJYUMBIIUM IOJOXKUTEIHHOE 3aKIIOYEHUE K OIMyOJINKOBAHUIO, HEOOXOIUMO MPOU3BECTU OIJIATY IIO
caexyomuM pexkBusuTaM (st corpyaukos EHY — 4500 Tenre, mist croponnnx oprauusanuii — 5500 Tenre): PekBusursr:

PexBusurer:

1)PI'II ITIXB "Espasuiickuii narponanbuelii yauusepcurer umenu JI.H. I'ymunesa MOH PK

AO "Bank IlearpKpemur"

BUK 6anka: KCJBKZKX

NNK: KZ978562203105747338

Ko6e 16

Knu 859- 3a crareio

2)PI'II IIXB "Espasuiickuii nanmonanbublii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a crarbio

3)PI'II IIXB "Espasuiickuii narmonanbublii yuusepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crareio

4)PT'II IIXB "Espaswuiickuii nHanunonanbubiii yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiit Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Kb6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"

96



H.T. CytikumbaeBa, A.M. Kaauen, O.B. Pa3zuna, II.FO. Llpi6a

MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansimesa ', H. Temupranues?, A.B. Yrecos?

L Miemumym meopemumeckoti mamemamuru u nayumoir evucaenuti Eepasutickozo
HAUYUOHAALHO20 Yhusepcumema umenu JI. H. l'ymunesa, Acmana, Kazaxcman
2 Axmaobuncruti pecuonasvolti 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepenimpoBanne pyHKINT B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEIHHOIO) IIONEPEeYHNKA

BBenenue

TekcT BBeIeHUA. ..

Apropam He ciiejlyer ucHosb30BaTh HecTaHjgapTHble nakerbl LaTeX (ucrosb3yiiTe ux JiMIib B
citydae Kpaifaeil HeoOX0IMMOCTH )

3aroJjioBOK CEeKIUU

1.1 3aro/si0BOK mOIACEKIIUU
OxpykeHus.

Teopewma 1. ...

Jlemma 1. ...

IIpennoxxkenne 1. ...

Omnpegenenne 1. ...

Caeacrsue 1. ...

3ameyanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTesnbcTBoO. TekcT JHoKa3aTe/lbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

On(en; Dn)y =0n(en; T; F; Dn)y = (“N)Aiprjlvf)eDN oN <6N; (l(N), sw))y, (28)
rae Oy (aN; (Z(N),goN))Y =on(en; T; F (Z(N),goN))y =
= s [TrO e (10 () 900 00 () #9000
fer Y
"YJ(\;) <1(r=L,...,N)

Tabsmibl, pUCYHKH HEOOXOMMO pacioyiararh nocse yrnomuHanus. C KaxKJI0# WILTIOCTpanueil J0/KHa
CJIeIOBATh HAJIIINCD.

Tasnuna 3 — Haszpanue Tabiauiibl

IIpocTrie He mpoctrie
2,3,5,7,11, 13,17, 19, 23,29 | 4, 6, 8, 9, 10, 12, 14

3. Ccbuiku u 6ubaunorpadust

st CCBUTOK HAa yTBep:KeHus, GOPMYJIbl U T. II. MOXKHO HCIIOJIH30BaTh MeTku. Hampumep, Teopema 2,
Dopmyma (28)

s pykosojcrsa o IMTEX u B KadecTBe mpuMepa ohOpMIIEHHS CChLIOK, CM., Hartpumep, JIpBosckuii C.M.
Habop u Bepcrka B makere WTEX. Mocksa: Kocmocurdopm, 1994.

Crmcox uTepaTypbl 0QOPMIIAETCS CJIELYIONINM 00PA30M.
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Pucvyhok 1 — HazBanue pucyska

Crmcok anreparypbl

1 Jlokymmesckuit O.M., l'aspukos M.B. Hauana yuciaennoro anammza. —M.: TOO "duyc", 1995. —581 c. - KHura

2 Temuprasmes H. KomubrorepHslil (BBIMUCINTENBHBL) IOEPEUHUK KAK CHHTE3 U3BECTHOIO M HOBOI'O B YHCJIEHHOM
anamuse // Becruuk Espasuiickoro Hanmonasssoro yausepcurera uMenu JI.H. I'ymusesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HANIMYINN) - CTATHS

3 2Ky6anbimesa A. 7K., Abukenosa I1I. O HopMax npou3BoHBIX DYHKIMN C HYJIEBBIMUA 3HAYEHUSIME 38JaHHOI0 Habopa
JIMHEAHBIX (DYHKIMOHAJIOB W UX MPUMEHEHHs! K TONEPEIHUKOBBIM 3agadaM // @yHKIMOHAIBHBIE NPOCTPAHCTBA
u Teopus npubsKenns byHkuumit: Tesucel nokmanoB MexayraponHoit KondepeHiun, nocssmenaas 110-geruso
co must poxaenusi akamemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasbl
KoH(epeHInit

4 KypmykoB A.A. AHrHonpoTeKTOpHas U TUIOJIUIINIEMIYeCKas aKTHBHOCTD JieyKoMusuHa. —Amarer: Bacray, 2007.
—C. 3-5 - ra3zeTHbIE CTATHU
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