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PHYSICS AND MATHEMATICS

ON NON-LINEAR SPREADING OF LIGHT IN DIELECTRIC
NANOCOMPOSITE

Leonardo Khvedelidze, PhD Engineering Sciences
Ak. Tsereteli State University, Kutaisi
Multiform Educational-Research center “Kavkasia 2010, Zestafoni, Georgia

Abstract. Capability for light-beam spreading in dielectric nanocomposite is discussed in this work.
Physico-mathematical model is given and appropriate conclusions are made in it. The accepted results are
interesting for the point of view of nanomedicine and for the further researches to this direction.

Keywords: Nano-materials, Nanocomposite, Nano-technologies, Nanoparticls, Nanomedicine.

Introduction. During the last decades the scientists have discovered new qualities of
nanomaterial. nanocomposites have wide usage in the various spheres of technique and technologies.
Currently, active researches take place for the point of view of using nanocomposites in the sphere of
medicine, which shall have crucial meaning for mankind.

Based on the entire factors, intensive research of nanotechnologies and nanomaterial are one of the
main determinants of the modern medicine, which also is very significant for the future of mankind.

In the given work is discussed one option of using nanocomposites and nanomaterials in
nanomedicine. Is given mathematical model, which we regard to be well-coordinated with the data,
existed in the literature, which is significant to continue further researches. Connected to this, we shall
further discuss option of non-linear spreading of light-beam in dielectric nanocomposite.

Theoretical model.

In the work [1] we have discussed connected state of solitary waves in graphene waveguide.
Particularly, based on the theoretical basis of quantum mechanics, the electrons were discussed within
guantum formalism, taking into consideration Coulomb's inverse-square law. As for the electronic
system hamiltoniana was represented within Hubbard model [1-3]:

t
_vir _+ + +
H = ZjAa Ay Ao + U Xjajpa56 45055 + h.c. (1)

Where a;;, ; Qjg 1s the operator of electrons’ emergence and disappearance in J knot with the spin o,

tp- is the integral saltus, which is d

In this work, discussable diel etermined overlapping wave functioning neighboring knots, A-is
the vector of electrons bond in neighboring knots, U- is electron Coulomb repel energy, which are
situated in one spin.ectric and magnet features and Callipers for the considered system, Maxvel’s
equations,

s_ 104
~ cot

shall have the following expression: [1,4]:
2 7 27 D
aa:;k_clzaa:;k %fk_%n%z 0. )
Here 4, is vector-potential, which conforms to electromagnetic field in graphene’s K-th layer, and is
considered to have the following expression: /Tk = (0,0, A (x, t));fkis electric current, which streams
in the graphene’s K-th layer with electromagnetic field and neighboring graphene’s layer.
As a result of conducted discussion and appropriate calculating in the work [1] was accepted

the following expression for the current compactness and the graphene waveguide systems:
. . l
ji = —eng Ty Dysin (S A, (D), (3)

T exp _&(®)
Dl = :’S‘n:l f_éjla delS COS(lp) 1+ex(p(gs(p)//kB(T)))’ (4)
kp(T)

As a result of appropriate changes Sine-Gordon equation was accepted.
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In addition, there is mentioned, signal inversion is observed from a moment. Furthermore,
inverted signal amplitude, practically, remains the same.

Taking into consideration that it is possible to receive nanocomposites with the use of
graphene as well, which could be characterized by dielectric features, therefore, we shall further
discuss the falling of the plane electromagnetic wave on the flat surface of nanocomposite.

It’s known that for calculation concrete physical features of separate nanomaterial as a whole
system, can be difficult, because they consist of various particles, which match the quantum
mechanics laws. It is also known, that the optical features of quantum mechanical system are related to
spectrum features of energy carriers’ energetic state: to electrons and holes. Currently, it could be
regarded to be confirmed, that optical and electrophysical features are essentially different from
capacitance sample features, which is connected to energetic spectrum variation [5-8].

It is possible to determine quantum state of nanoparticle according to current electromagnetic
radiation spectrum. If we compare current spectrum of nanocomposites consisted of various size of
nanoparticles, it is possible to calculate general features of the ongoing processes at this time. If we
regard, that number of nanoparticles N are not too big and plain electromagnetic wave fall on it, the
wave vector of which lays in plane (x; y) then transmission coefficient will have the following
expression while the beam of light normally falls on the plane surface, which is placed perpendicular
to the x-axis, for the conductivity coefficient the expression can be recorded as follows [9]:

T(w N) — (1-R*)*-exp (-BL). (5)
! 1+R2-exp (-2BL) ’
Where - is the coefficient of extinction, R- light beam reflection coefficient near the border of layer,
which as a rule, is less than 1 during the experiment, L- is the distance which goes through the
nanocrystal composite.

Coefficient of extinction in the approach of unit diffusion can be expressed through unit
volume diffusion o (w; a) cross of nanocomposite

B(w;a) =[0%+ 0°(w; a)] + a™(w);
Where a™(w)- is the coefficient of reflection weakened with matrix, a-is the characterized size of
nanoparticle. In case of such orientation of nanocomposite scatter cross ¢°(w,a) and absorption
cross 0% (w, a) in laboratory coordinate system can be found through unit volume component of
composite y,,(w, a) [9,10]:

a 4w
c%(w,a) = Tlm)(zz(w,a)

4
do?(w,a) = (;)—4 | X2z (W, @)|%sin?0dQ; (6)
Where 0- is the angle between scatter and electrical wave’s electric intensity vectors, and c¢ is the

speed of light.

In the work [11] is given expression for cross in absorption line.
__ 4mwNa? Aw,TpF(I) Aw,TpF(D)
9a =~ F@) [GlslarCtg (F%+F2(I)-Awn-(Awn+Aw1)) + G2Szarcty (F%+F2(I)-wn-(Awn—sz))] Q)
IS

I+
and S, are determined as the medium value of particle form-factor consequently are located in upper
and lower zones for transmission to S, ().

Taking into consideration (5) expression to (7) expression shall be accepted expression for an

optical radiation with dielectric nanocomposite and absorption in a layer of w,, with central frequency:
4TwWN

T(,N,1) = exp (~LZ22 DF(D)); ®)
Where the following marking are proposed:

_ 2 . Aw,TpF(I) 2 . Aw T F(D)
D = a“(G1S,) - arctang (F%+F2(1).Awn_(Awn+Aw1)) + a®(G,S,) - arctg (r$1+F2(1)-Awn-(Awn—sz)) 9

Results of test: from expression (8) it is clear that magnitude of light conduction coefficient
with dielectric nanocomposites are essentially depended on intensity of laser radiation field (7).
Particularly, this dependence has minimum point (I,,), in which transmission coefficient in case of
given definite parameters of composite and radiation is minimal. At the same time from 7,, meaning in
case of changing to a big or small part shall be revealed restriction effect of small radiation. Profile of

Where G, and G, are density of condition, and Aw = w — w,; F(I) =

In these expressions S;
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transmission spectrum in general is represented as non-symmetric towards the central frequency for
the reason of difference between Aw, and Aw, frequencies.

In the work [11] are given expressions for nanocomposites, from where it is clear, that the
depth of absorption line is strongly depended on the quantity of intensity and the size of nanoparticles.
At the same time, for solid dielectric nanocomposites, the orientation of nanoparticles alongside the
field request high intensity of radiation. It should also be indicated that for solid and liquid matrix
transmission coefficient behavior during high intensity is alike. In this case, the meaning of

transmission coefficient on the central frequency equals to:
ATtwyN -

T(I) = exp (—Lma (654) g=n(Bwy + ;) - F2(D)). (10)

As the intensity increases, this expression exponentially rushes to one, more quickly as larger
is the size of nanoparticleAw; + Aw,, as well as the quantity of GS .

Conclusions. from (9) expression, in particular, it is clear, that in the system, where it is no
more possible to neglect dipole-dipole interaction of nanoparticle, the quantity of this interaction
cannot any more be depended on intensity, which shall accept maximal meaning within the area of
quite weak fields (I ~ I,). This particular feature should be taken into consideration while study
optical qualities of similar composites, as well as projecting real equipment, the functioning of which
is based on this quality.

As it is known, various materials with biological origination (albumen, bacteria) could be
discussed as nanoparticle, and this time, the particles are dielectric. Connected to this, question on
existence of non-linear low-threshold optical effect in biological area shall be arisen.
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O CBOUCTBAX CHEKTPA OBOBIIEHHBIX
PACHIMPEHU CUMMETPUYECKOI'O OIIEPATOPA

K.¢h.-m.H. Onetinuk JI. A.
Yxpauna, 2. Kamanckoe, [[nenpogckuii 20cy0apcmeenuvitl mexHudeckutl yuueepcumem

Abstract. For the linear operator which is a generalized extension of a symmetric operator with an
exit into wider Hilbert space is given description of spectrum, the resolvent is defined and conditions
of discreteness of a spectrum of a generalized extension are given. The application example of
abstractive results to boundary tasks for the differential operator equations with spectral parameter,
both in the equation, and in boundary conditions is provided.

Keywords: linear operator, symmetric operator, Hilbert space, resolvent, differential operator
equations, spectral parameter

BBenenue. Omnucanue CTPYyKTypbl CIEKTpa JHHEHHOTO oOIeparopa SBISETCS BaXXHBIM
YCIIOBHEM HCCIIEIOBaHUSI TPAaHUYHBIX 3a1a4 it AuddepeHraibHo-0nepaTopHeIX ypaBHeHuid. [Ipn
STOM HAJIWYHE IUCKPETHOTO CIEKTpa Y OINEpaTOpoB €T BO3MOXKHOCTh OMNPEIENATh PEUICHHS
TpPaHUYHBIX 33724 B BHJC pa3liOKEHUH B PpsAbl MO coOCTBeHHOMY Oasucy. B mannO#t pabote
HCCJICJIOBaHA CTPYKTypa CIEKTPa JIMHEHHOIO OIepaTopa, SIBJISIONIETOCs 0000IECHHBIM PaCIIMPEHUEM
CUMMETPUYECKOTO OTlepaTopa MPUBEICHO OMFCAaHUE CIEKTpPa, ONpeeNieHa Pe30IbBEHTa U MPUBEICHBI
YCIIOBUSI AWICKPETHOCTH CHEKTpa OO0OOIIEHHOro pacmupeHus. PaccMoTpeHa B KadecTBe IpHMepa
MPUJIOKEHUST a0CTaKTHBIX PE3yJIbTaTOB TpaHU4YHAs 3amada s auddepeHIranbHO-0nepaTopHOTo
YpaBHEHUS CO CHIEKTPAIHHBIM ITapaMETPOM KaK B YPaBHEHUH, TaK U B TPAHUYHBIX YCIOBHUSX.

Oommue cBegenusi. OnpeaenTuM MOHATH HEOOXOIUMBIE IS TAThHEHUIIIETO H3II0KEHUSI.
[lycte @ -cenmapabenbHOE TMIILOEPTOBO MPOCTPAHCTBO CO CKAISPHBIM MPOH3BE/ICHHEM ( ,-) u

HOPMOH |||| Kpome toro, mycts V - THHEHHBINA, 3aMKHYTBIA OIEpaTOp C BCIOAY IUIOTHOHN 00JIaCTHIO

onpenencransa B f 1.e. D(V ) =g u V" conpsxennprii x V.
Onpeoenenue 1. ([1]) Jlumeinsrii omepatop V HA3bIBACTCS  OUCCUNAMUBHBIM
(axxymynsmusnvim), econ VI € D(V) Im(Vf f ) >0(Vf e D(V) Im(Vf ¥ ) < 0) ¥ MaKCUMaJIbHO

JIUCCUITATUBHBIM  (aKKyMYJSTHBHBIM) (M-  TUCCHNATUBHBIM  (aKKyMYJISTHBHBIM)), €CIH OH
JIUCCUTIATUBEH (aKKyMYJIATUBEH) W HE MMECT HETPHBHAIBHBIX JUCCUIIATUBHBIX (aKKYMYJISTHBHBIX
)pacIpeHuii.

Onpeoenenue 2. ([1]) Omneparop Ha3bIBACTCA cuMMempuueckum, €CIu OH OJIHOBPEMEHHO
JIUCCUIIATUBEH W aKKyMyJsATHBeH. CHMMETPHUYECKUH OTEepaTop SIBISICTCS CAMOCORPANCEHHbIM, €CIN
OH OJIHOBPEMEHHO SIBJIICTCSI M-IUCCUTIATUBHBIM M M-aKKYMYJISTUBHBIM.

Onpeoenenue 3. ([1]) Jluneiinsii oneparop V HasweiBaeTcs akkpemusnvim, ecin Vi € D(V)
Re(Vf , f)z Ou MakcCUMalbHO AKKPETHBHBIM (M-aKKPETUBHBIM), €CJIM OH aKKPETUBEH W HE MMEET
HETPUBUAIBHBIX aKKPETUBHBIX PACIINPEHUN.

ITycte J orpaHWdeHHbIN OIepaTop MIEHCTBYIONMHA B {0 YIOBJIETBOPSAET COOTHOIIEHHSIM
J2=1, 3" =0, rme | — exunnuneii omeparop. Omepatop J ompenenser B THIBGEPTOBOM
NPOCTPAHCTBE ) MWHICPUHUTHYIO METPHKY, IOPOXKIAEMYyH HHACHUHUTHBIM  CKaISPHBIM
MIPOM3BEIEHIEM [f ,g]= (.Jf ,g), f.gegp.

Onpeoenenue 4. ([2]) Juneitnsiii oneparop V  HaswiBaercs J -HepactsruBaromum ( J -
necxumaronm), ecru [V V[ < [, ] Vi e p ([VEVi]=[f,f] Vfep).

Jluneitneiii oneparop V' Ha3biBaeTcst J -yHUTApHBIM, €CJIM OH OJHOBPEMEHHO sBJsleTCs J -
HEPACTATHBAIOIINM U J -HEC)KHMAIOIIAM U D(V ) =, R(V ) =.

Onpeoenenue 5. ([2]) J -nepacrsarusaronmii ( J -HEC)KHMAIOLIMM), ONEPATOP HA3BIBACTCH

*
JBOSIKO- J -HepacTATHBAIOIMM (IBOSKO- J -HecKMMAIOIHUM), eci onepartop V — Takxke spisercs J -
HepacTAruBaromuM ( J -HEC)KHUMAIOLIKM).

6 December 2019 http://ws-conference.com/
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PaccmoTpuMm  nHHEMHBINA, 3aMKHYTBIA, CHMMETPUYECKHI IOJIOKUTEIBHO OIpPEACIICHHBII

omeparop 7 ¢ Bcooay IUOTHOW obnacteio onpeneneaus D(T )= u KOHEUHBIMH WM
OCCKOHCYHBIMU PABHBIMH JC(PEKTHHIMU YHCITAMHU.
Onpeoenenue 6. ([1]) Tpoiika {H,l"l,l“z}, riae - H runsbeproBo mpocTpaHcTBO, a I

nunensie ortobpaxenns w3 D(T ) 8 H  ( j=12), HasbiBaeTcss MpOCTPAHCTBOM TIPAHUYHBIX

s3Havenmit oneparopa T , ecmu: a) mist nponssoneHbX T 1 g m3 D(T ) BEITONHSETCS paBeHCTRO:
(rf.9),-(f.7°0), =(C.1.10), -0, f. 1),
6) st mponsBonbHeX F, n F, n3 H cymecrsyer f e D(T*) takoif, uto I, f =F ,I",f =F,.

*
ITycte D < D(T ) noaMHOXecTBO 00NACTH ONpEIEIEHUs] ONEpaTopa COMPSHKEHHOro K

omepaTopy T Takoe, 4To D= @, 'Ij =T, ﬂ =T.
D

DAD(T)
O6osnaunm H, =T,DUT,D, ree ID={T\D, f €D}, i=1,2,i H,c H ({H,I,T}}
- IPOCTPAHCTBO 'PAHUYHBIX 3HaYCHUH onepaTopa T . HecnoxxHo yoenuThes B TOM, YTO H_0 =H.

Iycts B, (i,k=1,2) — nuneiinpie omnepatopsl, aeiictByronme B H . O6Go3Haunm B
OIEpaTOPHYIO MaTpHIly, KoTopas aeictByer B mpsmoil cymme H @ H u ee snementamu sBisroTcs
omeparopsr B, .

ITycte N — orpanudeHHbI monmoxurensHbiii oneparop B mpocrpanctee H , NH, < H, .
Benem B8 H © H ckansproe mnpoussenenue (F,G)N =(NF,NG)H U 0003HaYUM THIHOEPTOBO
IPOCTPAHCTBO, TIOPOXKIAEMOE ITUM CKAISIPHBIM TipousBeieaneM H .

B mpsamoit cymme runb0epToBBIX IpocTpaHCTB % @D H , s1memenTsl kotopoit Oynem

0003HaYaTh CIAEAYIOIMUM 00pa3oM F= {f : F}, f e, F € H, paccmorpum oneparop Ty
D(T{)={F ep®H, f €D,F=B,I,f+B,I,f} TiF ={T"f, B, I T +B,I,f}.

Omneparop T IOIyCKaeT 3aMbIKaHUE T, , KOTOpPOE SBISIETCS PACHIMPEHUEM OrepaTopa 1 ¢

B>
BBIXOJIOM B TuibOeproBo mpoctpaHcTtBo £ @ H, ([3]). Bymem HaseBath ero o0000LIEHHBIM

pacIHIMpeHreM CUMMETPUYIECKOro oreparopa 7.

A
O
PaccMoTpum  omepatopHyro MaTpuiy Buga J, = 1 | | , AeC . Omneparop J,
— 0
4

y . 2
neiictByer B mpsimoii cymme H @ H, n ynoenersopser coornomennsm J; =l , J; =J,,
T.¢. omnpexeiser B npocrpanctee H, @ H, ungepunntHyio merpuxy.

VMET MECTO CIEAYIOIME TEOPEMBI, ONUCHIBAIONINE CBOWCTBA OIEPATOPA | 5 IBISIOMIETOCS
0000IICHHBIM pacIIpenueM oneparopa 1 .
Teopema 1. ([3]) Oneparop T, - siBisieTcss caMOCONpPsKEHHBIM eci, eciu oneparop NB

1BOsIKO- J; -yHuTapHEIM Ha MHOXKecTBe Hy @ Hy, rie Hy = H .

O6o3HaunM T CcaMOCONPSDKEHHOE pa3pelnMoe pacumpenue oreparopa 1 (Hampumep
pacmmpenue o @puapuxcy). Torna cnpasemBo (paBeHCTBo [:

D(T")=D(T)®ker 7"
e P, P, mpoexropsr D(T*) Ha D('F) u ker T” cooTBeTcTBEHHO.

http://ws-conference.com/ December 2019 7
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Onpeoenenue 7. ([1]) {H,Fl,F2 }, rae —H runsbeproo npocrpancteo, a I'; (j=12)
nuneitasie otobpaxenns u3 D(T) B H , Ha3hIBAETCS MOBUTHBHBIM MPOCTPAHCTBOM TPAHHYHBIX
3Hauenuii oneparopa T , eciu: a) uist mponsBoibEbiX f 1 g w3 D(T) BBIMOTHSETCS PABEHCTBO:

(r"f.g), = (TPf,Pg), +(T,f.T,0),

6) wist npousBonbEbix F, u F, u3 H cymecrsyer f € D(T*) takoit, uto I, f =F ,I,f =F
IIycTh {H JI,,1, } MO3UTUBHOE NIPOCTPAHCTBO IPAHUYHBIX 3HAYEHUH ollepaTopa T.
Teopema 2. Oneparop T, - sBisieTcs: M-aKKPETUBHBIM, €CIIH OIEPaTOp JiNIB IBOSIKO- J ; -

HepacTsTHBalomMM Ha MHOKecTBe Hy @ H,, rie H, = H .

Teopema 3. Oneparop T, sBIsSETCS MOJOXKHTEIBHBIM CAMOCOIPSDKEHHBIM, €CIIH ONEPaTOpbI
NB wu JiNB NBOSIKO- J; -yHUTapHBIM M JBOSKO- J, -HEPACTATHMBAIOIIMM COOTBETCTBEHHO HA
mHOxectBe H, @ H,, rme ﬁo =H.

Pe3yabrarel uccaenosanust. CBOMCTBa CrieKkTpa omneparopa | .

IIycts T camoconpsbkeHHOE pa3pemmmoe pacmmpenue omeparopa 1 . Kak mssectno ([2]),
IS IPOM3BOJILHOTO A € p(T UMEET MECTO Pa3NIoKECHNE

D(r")=D(F)@x; (1)

JIOIyCTHM, 9TO CaMOCOIPSDKEHHOE Pa3peMMOe PACIIUPEHHE T oreparopa | ompenesisercs
cneay}omHM obOpaszoM: (~)= {f € D(T*), rf= 0} ) PaccmoTtpum oreparop
B(/l) - 1B, +( /1312) (/1), nelicTByromuii B npoctpanctee H , a M(/l) - yHKIEsA
Beiina omepatopa | , COOTBETCTBYIOINAS PACIIMPEHHUIO f . O@Oyukuusa Beiins onpenensercs
ciaexyromuM obpasom /,=M (ﬂ)F f, geR; (T) , NI(T) - jneeKTHOE MOIIPOCTPAHCTBO

*
oneparopa | .
IMeeT MeCTO CIIEYIONIEE YTBEPKICHHE

Teopema 4. [Tycts A € p T) ul’ D( )C D(Blz)ﬂ D(Bzz) TOT/1a:

1) Aep(Ty) = 0e p(B(2)):;

2) Ae ap(TB)<:> Oe ap(B(/l));

3) Ae O'C(TB)C> Oe O'C(B(/l)).

3nech O, (-) - Toueunsii criektp onepatopa, o, () - HENPEPBIBHBIH CIIEKTP ONEpaTopa.

Ecin ke cymectByer f € D(‘F) takoit, uro I, & D(Blz)ﬂ D(Bzz) , TO J[aHHOE
YTBEpIXK/ICHHUE IPETEPIIUT H3MEHEHHE, & HMEHHO:

Teopema 5. Ilycts A € p(f) u df € D(f) Takoit, uto I, f & D(Blz)ﬂ D(B?_Z), TO:

1) A€ O'p(TB)<:> Oe O'p(B(/l));

2) A - sBAseTCs TOYKOW PeryissipHOTO THIIA Oepatopa |, TOrJa M TOJBKO Toraa, Koraa 0
ABJISICTCS] TOYKON PETYJIAPHOTO THUIIA ONlepaTopa B(/l).

Beenem cneayromue o6osnauenus S; = By, + B,M (/1) , S, =B,, =AB,, . Tlpeanonoxum,
uro A € p(f)ﬂ p(TB), FGep®Hnu Fe D(TB), Toraa pesoisseHra R, (TB) omeparopa |,

MMPpEACTABIIACTCA B BUAC!:

S N R A
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TIe

Oneparop Q(/l) SABISIETCS. MATPHYHBIM Q(}l) = (Q ik (/1 ))J (12’
Q,(2)=(, -85, R,(T),  Qu(1)=r*B*(4)
Q,,(4)=(B, -S,B(4)s,)r,R,(T).  Q,(1)=5B"(4).

[TommydeHnHoe mpeicTaBIeHUE TO3BONISET JOKA3aTh CIEAYIOIIee YTBEPKICHHE.

Teopema 6. 1) Ecnu onepatopst B, J,k =12 wueorpanuuensl, TO I TOr0 YTOOHI

orneparop TB nMmenn I[I/ICerTHHﬁ CIICKTp, H606XOILI/IMO n a0CTaTo4HoO, YTOOBI I BCEX

A ep(f)ﬂp(TB) omepaTopsl RA('F), B_l(ﬂ.), SlB_l(/l), SlB_l(l)Szszﬂ(:l:), BlZFZRﬂ(:I:),
OBLIM KOMIIAKTHBIMH.
2) Ecim onepatopst B, ,  J,K =12 orpannyensi, To iy oro 14to6si oneparop T, umen

JIUCKPETHBIN CIIEKTP, HEOOXOAMMO U JI0cTaTouHO, yToObl dimH < oo (T.e. mpocTpancTBo H momxHO
OBITH KOHCUHOMEPHBIM ).
PaccMoTpu OTIENBHO BOMPOC O pa3pelIMMOCTH ONIEPATOPHOTO YPaBHEHUS

T,F=0G.
Jns npousBosbHoro F € D(TB), JIaHHOE OIIEPATOPHOE ypaBHEHHME DKBMBAJICHTHO CHUCTEME

ONEPATOPHBIX YPAaBHEHUI

{ffl =g
Bpyifi+ By, fo =G’
e f, e D('F), f,ekerT", y, = PTP, ¥, =P,, P - opronpoektop ¢ ma ker T . U3 storo

TIPE/ICTABIICHHS CIIEJLYET, YTO PAa3pEIIMMOCTh oriepatopa | , SKBHBAJICHTHA pa3pelMMocTH orepatopa B,, .
NmeeT MecTo yTBEPKICHUE:

Teopema 7. Ypasuenue T,F =G
1) oaHO3HAYHO pa3pemIMMO TOTIA U TONBKO Torna, korna Ker B,, = {0};
2) HOPMAJBHO Pa3PEIMMO TOT/IA M TONBKO Toraa, koraa ker B,, = {0}, ker B;Z #* {0};
3) IIOTHO paspeluMo TOrIa U TOJILKO Toraa, koraa Ker B,, = {0}, ker BZZ = {O};
4) BCIOIYy pa3speluMo TOrIa U TOJILKO Toraa, koraa Ker B,, = {O}, R(Bzz) =kerT".
EcTi BBITOTHEHO YCIOBHS MPEIBILYIIEro yTREPXKACHHA, TO MOKHO HAWTH omeparop g .
HMeeT MecTo MpeJcTaBlIeHue: 15 1G=Q%, rre Q° OIlEpaToOpHask MATPHUIIA C SJIEMEHTAMMU:
Q) = (Iga - 72_1822_152171):':_1’ Q) =y,B,
le = (Blz - By, Bz_zl 821)7 11:_1’ ng =B, Bz_zl-
B KkauecTBe NPUIIOKEHHUS MOIYYEHHBIX PE3yJIbTaTOB PACCMOTPUM TIPAHMYHYIO 3a1ady JIst

T PepeHIInATEHO-0NIEPATOPHOTO YPaBHEHUSI BTOPOTO MOPSIIKA € CIIEKTPaIbHBIM ITapaMeTpoOM Kak B
YpaBHEHHH, TaK U B TPAHUYHOM YCJIOBHHU.

-y"+Ay =1y, 1)
~[B,y(0)+B,Yy'(0)] _, =A[Q,¥(0)+Q,y'(0)]._, . )
y(b)=0 (3)

rac Qk - JIMHCHHEIS CaMOCOIIPSKCHHBIC TTOJIOXKUTCIBbHO-OIMMPEACIICHHBIC OIICPATOPLI B FI/IHL6epTOBOM

npoctpancTBe H , ynoBneTBopsitomye yCioBusIM

L QH., cH. . Q. =Q, (Hw :ﬂD(A”)j 2. Q A=AQ,
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Mycts L, - 3ambikanue B LZ(H,[O, b]) (L, (H,[O,b])- ruIb0EpPTOBO TIPOCTPAHCTBO BEKTOP-

(GYHKIUH cO 3HAYCHUSAMH B I'MIILOSPTOBOM NPOCTpaHCTBE H, HHTErpUpyeMbIX ¢ KBaJpaTOM MOIYJIS Ha
!
OTpE3Ke [0, b] ) omeparopa L, , mopoxnaemoro audQepeHIuatbHO-0NepaTOPHBIM BBIPAKEHHEM

|(X) =-y"+ Ay ¢ obnacteio oOmpeseseHus D(Lévb)= {X(rf) eC*(H [o,b]), y(b) = 0} . Lo
ABISETCA ~ MUHAMAIBHBIM  OIEPATOPOM,  MOPOKIEHHBIM  Ju(depeHIMATLHO-0NEPATOPHBIM
BBIP@XKEHUEM |(X) =—-Yy"+ Ay B poctpanctse L, (H , [0, b])

IIpocTpaHCTBO TpaHMYHBIX 3HaueHuMH omepatopa Lo, wumeer Bux {H I, 2} , TIe

1
Fly ==Y Fzy = yc') , C peryispu3oBaHHbIMH TpaHuuHbIMM 3HaueHuwsmu Y, = A *y(0),

1 1
yo = A‘l y'(0)+A?y(0) |.

Iyere T=L,, Hy=H, ®H_ T =L, , D=C{(H,,[0,b]), Ly - pacumpenne
Hupuxne oneparopa L, .

Paccmotpum muist 3amauu (1)-(3) nsa cirydas:
1 1

3
1)B,=0, Q,=0, B,=1,nonyuum B, =Q,A*, B,=0,B,,=A* B,=A%nu

3 ,_1 L
2B, =1 Q=0 B,=0nonymm B, =0QA* B,=QA* B,=A"* B,=0.
Teopema 8. 1) Ecim oneparop A~ komnakrenu B, =0, Q, =0, B, =1, 10 3agaua (1)-
1
(3) uMeer NEWCTBUTENBHBIM JUCKPETHBIN CIIEKTP TOIJAa M TOJNBKO TOrja, Korga omneparop QA 2

xommakren. 2) Bcm B, =1, Q, =0, B, =0, 1o 3amaua (1)-(3) umeer neHCTBUTENBLHBIN CHEKTP,

KOTOpPBII HE ABIISETCS TUCKPETHBIM.

BeiBoabl. B pesynbrare NpOBENEHHBIX MCCIEIOBAHUN IIOJIYYEHO OIMCAHME CIIEKTpa
JMHEHHOTO Omeparopa, SBJSIOMErocs OOOOIIEHHBIM pPAaCIIMPEHHEM CHUMMETPUYECKOro OIepaTopa,
orpejiesieHa Pe30JIbBEHTa U MIPUBEICHBI YCIOBHSI AUCKPETHOCTH CIIEKTPa 0000IIEHHOTO PacIupeHusl.
Kpome Toro, aist 31oro 0000IIEHHOTO pacHIMpeHHs W3y4eH BOIPOC Pa3pelinMOCTH HEOJHOPOJHOTO
OTepaToOpHOrO ypaBHeHHs. [IpuBeneHBl TPUMEpHl TPUIOKEHHS aOCTAaKTHBIX pE3yNbTaToB K
TrpaHUYHBIM  3afadaM JUid  Ad¢¢epeHInanbHO-0NepaTOPHOTO  YPaBHEHUS] CO  CHEKTPAJIbHBIM
MapaMeTpoM Kak B ypaBHEHNH, TaK U B TPAHUYHBIX YCIOBHSIX.
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OCHOBA UH’KEHEPHOI'O MBINIVIEHUA 1P PELIEHUHN
IMPOU3BOJACTBEHHBIX 3AJTAY

Cmyoenmxa Typaxycaesa A3uzaxon
V36exucman, Tawkenm, Tawkenmckuii 20cy0apcmeen bl MexHUYeCKull yHugepcumen

Abstract. To solve the production problems of enterprises, it is necessary to develop thinking from an early
age. One of the directions for the development of thinking in students is mathematical solutions to problems
with one or more unknowns. Solving mathematical problems teaches the correct approach to solving
problems with determining the values of unknown parameters. The simplest method of such solutions is set
during calculations by the method of mental arithmetic. When searching for solutions or calculations in
arithmetic problems, the student looks for ways to rational solutions and focuses in this direction. Thus, the
foundation is laid for solving more complex and important production problems.

Keywords: arithmetic, thinking, production tasks, problem solving, rational approach.

Beenenne. Kak u3BectHo, penienne 1000 MPOU3BOJICTBEHHOHN 3a7aui TpeOyeT OCMBICIICHHUS
camoif mpoOJIeMBI M KOHCTPYKTUBHOTO pemieHus npobiemsl. st co3ganns hyHnameHTa Uit pa3BUTHS
TAKOTO MBIIUICHHS HEOOXOJMMO pa3BUBATh y YUYAlIUXCAd W CTYJICHTOB HAaBBIKM PEICHUH
nocTaBlieHHBIX 3afad. OJHUM W3 MyTeH K PEIICHUIO 3THUX 3ajad SIBISETCS OOy4YeHHE K PELICHHIO
MaTeMaTH4YeCKUX 3a/1a4. 3a MOCIeIHNE TObI Ha MUPOBOM MacInTade yIenseTcs 0coboe BHUMaHHUe He
TOJIBKO K TEXHUYECKUM M TEXHOJIOTHYECKIM TPOIIeccaM, HO ¥ PACCMATPUBAIOTCS BaKHBIE BOIIPOCHI 1
NPOEKTHl TI0 HAy4YHOMY HampapieHHio. HemaloBaKHBIM acleKTOM MaTeMaTHYeCKUX pacyeToB
IPEICTOMT TaKoe HampasiieHne (MOHATHE), KaK “‘MeHTanbHas apudmernka” [1-3].

MenTansHas apudmMetuka (MEHap) — MporpaMMa pa3BUTHS YMCTBEHHBIX W TBOPYECKHX
CIoCcOOHOCTEH, OCHOBaHHAs Ha cucTeMe ycTtHoro cdera. Ona 3apojunack B Snonun B 16 Beke. Ha
HAYaIbHBIX Tanax 00y4YeHUs HCIIONb3YIOTCS ClelHalIbHbIE cueThl abak mim copodaH. CUeThl COCTOSAT
U3 paMK{, pa3feNUTeNbHOW II0JIOCHI, BEPTHKAIBHBIX CITHI, BEPXHUX («HEOECHBIX») M HIDKHUX
(«3emHBIX») KocTouek. OpHa HeOECHas KOCTOYKAa paBHA IIATH «3eMHBIM». KoJHMYecTBO Cruil
BapbupytoTcs or 13 mo 31. Ilpu paboTe uenoBEK HCIOJIB3YET TOJBKO OOJBIION W yKa3aTeIbHBIN
nanbibl. Bee MBKEHHs JOBOAATCS O aBTOMaTtm3Ma. Yepe3 HEKOTOpOe BpEMS YEIIOBEK COBEPIIAET
BBIYHCIICHHS Ha BOOOpaskaeMoM abake, a 3a/1a4u PeniaoTcst ¢ MOMOIIbI0 00pa3oB [4-8].

C moMoImp0 IaHHOTO HAIPaBJICHUS YYEHWKU Pa3HBIX IIKOJ C JISTKOCTBIO HA YME JIENaloT
pacyeTsl ¢ MPaBWIBHBIM pe3ylbTaToM. MeHTanbHas apudMeTHKa JaeT BO3MOKHOCTD IIEPECUHTHIBATH
YMHOX€EHHE, JelieHHe WU K€ CyMMHUPOBAaHHE MOTPATUB HE 3HAYUTEIBHBINA MPOMEKYTOK BPEMEHH.
OTUM METOJOM TIONB3YIOTCS HE TOJBKO YUYSHHKH CTapliMX MIKOJ, Y4eOHbIe IICHTpPBI, pa3Hble
MIOJITOTOBUTEIbHBIE YUPESKICHUST JIOMIKOJIHLHOTO 00pa3oBaHMs, HO W WX YyJ0OHO TNPUMEHUTH B
XHU3HEHHOM npakTuke [9-10].

DJeMeHTapHO, BBl IpUEXaAlld B CyNepMapKeT, U XOTHUTE KyNHUTh Kydy HEOOXOAUMBIX BELIHII.
KoHeuHo e npu KaI0# MOKYyIKe TOBAPOB HE YJOOHO BHITACKUBATH KAJIBKYJSTOP M BCE KYIJICHHBIC
TOBapbl CYMMHPOBAaTh, YMHOXaTb, OTHATh. MOXHO 3alpOCTO BCE MOCYMTATh Ha yMe, U B CiIydae
MOIICHHUYECTBA MPOSICHUTH OCHOBHBIE JETAJIH.

Pe3yabTaTsl HccIe10BaAHMIA.

MeHTanpHast apudMeTHKa B OCHOBHOM H3ydYaeT caMble YJOOHBIE METO/bI pelleHHs
MaTeMaTHYECKUX BBIYHMCIICHUH. PaccMOTpHM HEKOTOpBIE M3 HUX B MOCIEAYIOMNX npeaucioBusx [11-13].

MrHaoBeHHOE YMHOKEHHE, KaK YMHOXKaTh B yMe J1I000€ ABy3HayHOe uucio Ha 11. D10 o4yeHp
JIETKO, €CJIU BBI 3HaeTe cekpeT. [IpencraBere ciiemyro 3agaqy: 32 x 11 Jlnsa pemieHnus JaHHOW 3a1a4uu
HYXHO TIPOCTO CIOXHUTh LUGPBL, 3 + 2 = 5, a 3aTeM MOMECTHTh 5-Ky Mexay 2-oi u 3-od. BoT u
pemenue: 352. Tak, Hanpumep, 53 x 11. Tak kak 5 + 3 = &, orBer gocTraToyHO MpocToi: 583 Emgé
npumep. Beramenuts: 81 x 11. U3 ximoueBoro momenrta 8+1=9, momyuutcs 891. Ecte u nmpyrue
MOMEHTHI, KOTJa CyMMa 3afaHHbIX yucen Oosbire 10. Bor torma Oyzer mHOW cmocod perieHus
3amaun. Jomyctum 3agada ciaeayromas: 85 x 11. Hecmotps Ha To, uto 8 + 5 = 13, otBeT HE 8135!
Kak u npex e, udpa 3 craButcs Mexay, Ho 1 mobasisercs K mudpe 8 s moaydeHHs IPaBHUIbHOTO
otBeta: 935.
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Tarxoke mpu Tpex3HAYHBIX YHMCIAX TOXKE MOKHO HCIIOJIB30BaTh NaHHBIM MeToA. JlomycTHM,
Hanpumep, s 3anauku 314 x 11 orBer Bcé emé Oyner HauMHATHCS ¢ 3 M 3akaHuMBaThes Ha 4. Tak
kak 3 +1=4,a 1 +4 =35, orBer Oyzaer 3454 [14-15].

BosBenmenue B KBaapaT ABYX3HAa4HBIX umcen. UtoOwl. BozBectw B KkBajpar uyucio 35, MBI
IpocTO yMHOXaeMm nepBylo 1udpy (3) Ha crneayromyro mocie Heé B uepapxuu (4), mocie 4ero
nobasmsiem 25. Tak kak 3 x 4 = 12, orBer Oymer 1225. Takum obOpasom, 35 x 35 = 1225.
[IponenanHble mWaru MOryT OBITH IIPEACTABIECHBI CIIEAYIOIINM 00pa3oM:

352 »3*4 =12/ o —1225

TouHO Takke MOXKHO BO3BECTH B KBaJIpaT uucio 85, 8%9=72 — 852=7225,

MO>HO HCTIOJIB30BaTh CXOXKHUN MPUEM, KOTIa YMHOXKAeM JIBy3HAUHBIE YHCIIA C OXUHAKOBBIMU
nepBbIMU I (paMu, u ¢ fJaromumMu B cymme 10 BTopeiMu nudpamu. [lomydeHHbIi OTBET HAYMHACTCS C
IUQpPBI, MOJYYCHHOW C IIOMOILBIO BBIIICONMCAHHOIO MeTona (mepBasi ILudpa yMHOXKEHHas Ha
CIIEAYIOIIYIO TOCiIe He€ B MepapXuH), Aajee HUAET NPOM3BEICHHE BTOPBIX LU(P, yYaCTBYIOIIMX B
yMHOXXeHHH uncell. Hanpumep, mompobyem 83 x 87. (00a uucna HauMHAIOTCA Ha 8, a WX MOCIEIHHE
mudpst B cymme 3 + 7 = 10). Tak kak 8 x 9 =72, u 3 x 7 =21, orBet Oyzaer 7221. Cxoxum o0pazom
nosny4aem u 84 x 86 = 7224.

CrnoxeHue ABy3Ha4HBIX yucen. CaMble JIETKHE 3a/1a4d Ha CJIOKECHHE BY3HAYHBIX YUCET, 3TO
Te, KOTOpbIe He TPEOYIOT OT HAC JIepKaTh B yMe HUKaKue HUQPHI (TO ecTh, KOTJa epBbie ABE HU(PHI B
CyMMe AaroT 9 nny MeHblle, WIM KOTJa MocieiHHe IBe LHU(psl Aal0T B cyMMe 9 nnu MeHblIe).
Hampumep, uTo0s1 mocuutate 47 + 32, cragana npudasisieM 30, 3atem 2. [locie nmpubasienus 30, MbI
uMeeM 3a/1a4y nomnpoiite 77 + 2, kotopas paBusercs 79 [16].

CymHoCThI0 MOEH pa3paboTKH pacyeTOB METOAOM MaTeMaTHYECKHX aHAIU30B SIBIISETCS
oOerdyeHye BEIYUCICHHS, @ TAKXKE YMEHBLICHNUE BPEMEHU Ha pacueTbl. Kak-To MHE y4yuTenb roBOpui,
«MaTeMaTHuKa He JIIOOUT CIIOKHBIX JIeHCTBHM, MareMaTHKa MpeaAMeT JCeHMBBIN.» [lomyunnachk
paccunTaTh 33JaHHBINA TIPUMEP CIOKHBIM CIIOCOO0M, 3HAUNT HaleTCs U JIeTkuii BapuanT [16-17].

JonycTuMm, mycTh 3a7aHbl 2 BEIPaKEHHS:

16*25; 1600/4.

B mepByto oyepenb MO3r aBTOMAaTH4ecKH OyAET paccMaTpuBaTh BTOPOW BapuaHT, a 3aTeM
nepBbiid. Ho 3aaHHbIe BhIpaskeHHsT aOCOIOTHO TOKAECTBEHHBI MEXKIY COOOI.

16*25, ucxonst uz 25=100/4, momyuum 16025=16¢100/4, orctoza BHITEKAET:

16¢25=1600+4=400.

Hrak,

324*25=32400/4=8100

56*25=56/4*100=1400

236*25=236/4*100=5900

6252*25=156300.

IToxa Bans Oynet Ha Oymare periaTh JaHHYIO 3aJauKy, IepeiiieM K ClIeayoeMy.

Tak kak MBI HayaJId PacCMaTPUBATh BBIPAKEHHUS C YUCIOM 16, naBaiiTe W Janblie OyaeMm
UCIIOJIB30BaTh JJAHHOE YUCIIO B CICAYIOMINX MOSCHEHHUSIX.

pumep 1. 3agans! uncna 16 u 125. Halitu npousBeieHUE TaHHBIX YUCEIL.

Pemenue. 13 kimroueBoro Mmomenta 125=1000/8, moacraBuM Ha 3aJJaHHOE BRIPXKCHHUE H ITOTYIUM:

16¢125=16000+8=2000.

[Ipumep 2. Beuncnuts:

625*16.

Pemenne. 625=10000/16. Orcrona:

160000/16=10000.

BeiBoa. Ilpy yMHOXEHHH JTFOOBIX YHCET Ha YUCIO 5", yMHOXHUB 3amaHHOe yucino Ha 10™ u

. 10
pasnenuB Ha 2™, MOXKEM MOJTyYUTh HEOOXOJUMBIN HaM pe3ybTaTr. — 5™ = (7)".

WHbIMH CIIOBaMH, TPH yMHOKEHHH 3aJIaHHOTO 4Yuclia Ha 5 HaM HEO0OXOIMMO IPOCTO
J00aBUTH N-0€ KOJIMYECTBO HOJIMKOB, M Pa3IeuTh Ha 2.

Taxxe xorenoch Obl JOOABUTH M3IOMHHKY K MEHTaJdbHOW apudmerrke. Kak MbI Bce 3HaeMm
YMHOKEHHE TI000ro nByx3HauHoro ab umcma ma 101, Oyzer Beirmsamers B Bume abab. Hampumep,
34*101=3434, 42*101=4242.
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Ho mpu ymuHoxxennu Ha 111 OynmeT BEITISAETh cOBceM MHave. Tak HampuMmep, 3a/iaH IpUMeD:

240111. PemnTh JaHHBINA OpUMep coBceM Jerko. s pemeHus 3Toi 3agaun OyneM MpocTo ciaraTh
JlaHHBIEe ynciaa — 2+4=6, a 3aTeM MOMECTUTh ee Mexay 2 U 4 B 1BOMHOM Buje. To ecTh;

240111=2664.

Taxoke MOXKHO paccCMOTpPETh U APYyTrHe NpuMepbl YMHOKEHUE JaHHOTOo yncia Ha 111.
330111=3(3+3)(3+3)3=3663;

260111=2(2+6)(2+6)6=2886;

53¢111=5(5+3)(5+3)3=5883;

120111=1(1+2)(1+2)2=1332.

JaHHBIE METON MOXKHO HCIOJNB30BaTh TOJBKO MpPU TOM ciydae, Korja cymma oudp

JIByX3Ha4yHOTO 4rcia MeHbie 10.

BLIBOI[I)I. Koneuno K€, HaHHBIC MCTOJbl AOBOJIBHO HPOCTO 3allOMHUTH MU C JICTKOCTBIO

pemTh 3aiaHHble MpuMepbl. Ho He cTouT 3a0bIBaTh MCTHHHBIE METOABI CIOKEHUS, BBIYMTAHHSA,
YMHOXXEHHE, KOTOPBIX MBI M3y4aeM B 00pa30oBaTENbHBIX yupexaeHusx. Kak rosopurcs, He m3yuas
KOpDHH PAacTEHHUs] HEBO3MOXHO 3a HUMHU yXaKuBaTb. He 3Has NpUYMHBI CIEICTBHS HEBO3MOXKHO
NPEJOTBPATUTh BO3MOXKHBIE TParuiHbIe COOBITHSI.

10.

11.

12.

13.

14.

15.

16.

17.

CHauana ¢pyHIaMeHT, a TOTOM 0a3a.
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®OPMHUPOBAHUE HEOBXOINMBIX 3HAHUH 151
INOCTPOEHMUS MPOEKTA MPUJIOKEHUS I
OBPABOTKHU U30BPAKEHUU CEPEBPUCTBIX

ME30C®EPHBIX OBJIAKOB C 3AIAHHBIM
MACCHUBOM YCJOBUH

ooxmopaum Anéwun /l. B., x.¢p.m-m.n. Conooosnux A. A., x.m.n. /lemvsanenko A. B.
Kaszaxcman, e. Illemponasnosck, Cegepo-Kazaxcmanckuii ynusepcumem um. M. Koszvibaesa,

Abstract. The article considers the relevance of the study of mesospheric silver clouds as one of the
only natural sources of data on winds at high altitudes, on wave movements in the mesopause.
Rationale for the development of a specialized application for processing the flow of Noctilucent cloud
images with the possibility of constructing global maps of mesospheric cloud distribution in pseudo-
real time. Since the primary processing of such maps revealed that they have great scientific and
information potential. In particular, it is proved that there is a longitudinal asymmetry in the
distribution of the clouds. Questions are raised about the specification of the parameters of this
asymmetry and the search for the physical causes of its occurrence, as well as about the possible
rotation of the cloud field.

Keyword: mesosphere, image, brightness, pixel, satellite.

CornacHO NHTEpaTYpPHBIM HCTOYHUKAM, cepeOpucThie oOaka BIIEpBbIE OBbUIM ONHMCAHBI B
cepenuHe 19 Beka mocie u3BepkeHHs ByikaHa Kpakaray. Byiakanmueckuid memen pacrpoCTpaHUiICs
no armocdepe, cosnaBas SPKHE 3aKaThl [0 BCEMY MHPY M HPOBOLMPYS IIEPBBIE H3BECTHBIC
HaomoaeHust MCO. CHauana JIroJi JlyMaJlid, YTO OHU SIBJISIFOTCS TTOOOYHBIM 3(Q(PEKTOM ByJIKaHa, HO
BCKOpE Iociie TOTo, Kak nernen Kpakaray ocell, TOHKHE CBETAIIHECs 00JIaKa OCTaINCh.

B Haie Bpems yke cTajo SICHO, 4YTO cepeOpucThie 00aka HabII0AAI0TCs He TOJIBKO Ha 3eMIle,
HO W Ha JIPYTHX IUIaHETax, HanpuMmep, Ha Mapce.

Jiist yaeHbIxX cepeOpHCcThie 00JaKa MpeICTaBIsSIOT O0bIIoN HHTEpec. DTH 00IaKa POXKIAOTCS
B 00JIaCTH HU3KUX TeMITEpatyp, rue atMochepa oxnaxneHa a0 -70 C, a uroraa u 1o -100 C. Bricotst
or 50 no 150 kM mccienoBaHbl emie ciabo, MOCKOJIBKY CaMOJIETBI M a3pOCTaThl TyAa HE MOTYT
MOJTHATHCS, @ MCKYCCTBEHHBIE CITYTHHKM 3€MJIM HE MOTYT HAJIoJro Tyjaa omycTuThes. lloaTtomy
YCJIOBHS Ha 3THX BBICOTaX M3y4eHBI cjia00. O mpHUpoje caMux CepeOPUCTHIX 00JIAKOB M3BECTHO OUYCHb
Masio. OHM HaxXoIATCSI B 30HE AKTHUBHOIO B3aUMOAEUCTBHS atMocdepbl 3eMiIM C KOCMUYECKUM
MPOCTPAHCTBOM. MeKIIaHETHAsI MbUIb, METEOPHOE BEIIECTBO, 3apsUKEHHBIE YACTHIIBI COJTHEYHOTO H
KOCMHYECKOTO TPOUCXOXICHUS, MAarHUTHBIE MOJS TOCTOSHHO YYacTBYIOT B (PH3MKO-XUMHUYECKHX
mpoleccax, NPOUCXOIAIIMX B BepxHEH armocdepe. Pesymbrarel 3TOro  B3anMoJEHCTBUS
HaOIIOA0TCS B BUJE NOJSPHBIX CHSHUM, CBEUCHHS aTMOc(hepbl, METEOPHBIX SBICHUH, W3MEHEHUI
[[BETa U MPOJOIKUTEIHHOCTH CyMEpPEK. Y YeHBIM MPEACTONT €Il BBISICHUTD, KaKylO POJIb 3TH SBJICHUA
UTPAOT B Pa3BUTHH cepeOpucThiX 00makoB [1].

C KaXAbIM TOJIOM HMHTEpec pocT u3ydeHHs ¢usmueckux xapakrepuctuk MCO. HaumbGonee
3aIIOMMHAIOIINICS YHUKAJIBHBIM cillydail paclpOCTPAaHEHUs BHYTPEHHEW TI'PAaBUTALlMOHHOW BOJIHBI,
MOPOJMBIICH HAa MECTe KOMIIAKTHBIA M TOHKHM cJjioli cepeOpucThix 00akoB Ha 82,7-85,2 kM ¢
XapaKTepHBIM TOPU3OHTANBHBIM MacmTaboM 65-70 kM, HabmronaBmmiicss B MOCKOBCKOH 00iacTu B
Houb ¢ 18 Ha 19 urona 2013 rona. Ota BpeMeHHas U30IMPOBaHHAs IPABUTALMOHHAS BOJIHA BMECTE CO
BceM citoeM MCO BHeE3aITHO TOSIBUIIACH B SICHOM CyMepedHOM Hebe M MpojIoJpKaiach okojio 1 gaca Ha
BOCTOK, YTO 3HAYMUTENFHO OTJHMYAeTCs OT paHee HaOMIOJaBIIMXCS CIy4yaeB PpaclpoCTPaHEHUS
TPaBUTALMOHHBIX BOJIH uepe3 paHee cymecTBoBasmue cion MCO.

Hampumep, 21 mas ALOMAR RMR-lidar B CeBeproit Hopeeruu oOHapyXui TMepBbIe
cepebpucteie obmaka B 2013 romy. Oto HeoObruHOe panHee Hadasio MCO compoBOXAAIOCH
CHIDKEHHEM TemIiepaTypbl Ha 6 K 1 Oonee BRICOKMME KO QHUIMEHTaMU CMEIIMBAHUSI TAPOB BOJIBI Ha
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BeicoTax MCO c koHIa anpens 10 Havaia UioHA. 30HajJbHAas CPEeIHss TeMIlepaTypa U JUHAMUYECKHUE
ycIoBHsL B cpegHel aTMocdepe ApkTUKH BecHOU 2013 rozma CylIecTBEHHO OTIMYAIMCh OT CPEIHUX
ycnoBuit nocienuux 20 nmer. Kpome toro, ¢ 20 ampens mo Hadano Mas OblIa yCHIIEHA TUTaHETapHas
BOJIHOBasl aKTHMBHOCTb B CTpaToc(epe BBICOKHMX ILIMPOT. bojee XomomHass W BiakHas BEPXHSL
Me3ochepa B Mae 2013 roma 00ObsACHICTCS HEOOBIUHOM MTO3JHEIIAHETAPHON BOJHOBON aKTUBHOCTHIO B
cTpaTocdepe, KOTopas IpHUBeia K CHWIBHOMY MOIBEMY B Me3ocdepe, Oosiee HU3KUM TeMIlepatypam 1
BOCXOJSIILIEMY [IEPEHOCY BOASHOTO Mapa, YTO B KOHEYHOM UTOTE IIPUBENIO K 00Jiee paHHUM YCJIOBUSIM
CYIIECTBOBAHUS 4aCTHUI] Me30C(hEepHOro Jibaa [4].

VYueHble 00HAPYKWIIM, YTO TOBCEJHEBHAS CONHEYHAS! U3MEHUMBOCTD, BIMSHUAE KOTOPOW OOBIYHO
MAaCKHPYETCsl €CTECTBEHHOM n3MeH4nBOCThI0 MCO, OKa3pIBa€T CTATUCTHMYECKH 3HAUYMMOE BIIMSIHUE IIPU
pPacCMOTpPEHUH OONBIINX CTATUCTHYECKHX [AHHBIX 3a Ooyiee yeMm pecsiTb JjeT. CpemHee yBENTUUEHHE
€XKEeTHEBHOTO COJTHEYHOT'0 TIOTOKA MPUBOAUT K CPEAHEMY CHMKEHUIO JHEBHOMU sipkocTd MCO, 4To MOXKHO
OOBSICHUTh HAZCKHBIMU (DPU3MUCCKUMM MEXaHM3MaMH, MPOUCXOAIIMMU B JieTHEH Me3ochepe, Cpennee
BpEMSI 3ara3IbIBAHKS MEX/Ty BapHalUsiMu coiHeuHoro notoka 1 MCO sipkoctu kopotkue (0-3 mHeit), uto
YKa3blBaeT HA JOMUHMPYIOIIYIO POJIb IPSIMOIO COJHEYHOIO HarpeBa M JUHAMHUYECKOM MEXaHW3Ma II0
CpaBHEHUIO ¢ (POTOAUCCOIHMAIIMH U3 BOSIHOTO Mapa C MOMOIIBIO COJTHEYHOTO MOTOKA.

OO0benuHenre HaONMOACHWH 3a TOMSIpHBIMA W Me3ochepHbiME obOmakamu (IIMO) Ha
KOHEYHBIX M HAJAMPHBIX CIIyTHUKAX JOJIO€ BPEMsl CUMTAIOCH MPOOJIEMaTHYHBIM H3-3a Pa3IM4yvid B
reoMeTpun Ha6JHOI[eHI/If/'I, YCIIOBUAX pPACCCIHUA W TMOUCKOBBIX IMOAXOJAX. B stom HUCCJIICAOBAaHNUN
mpeiaraeTcs MeETOJ cpaBHeHHWs HaOmogeHuin spkocth [IMO ¢ momomiplo HMHCTpyMEHTa
a’pOIMHAMUKA JIbJla C HaOmrofeHWeM 3a HaaupoM B Mezochepe (AIM), wHCTpymeHTa IS
BU3yanu3anuu o01akoB u pasmepa dactuil (CIPS) u ontuyeckoro cnekrporpacda Odin (OSIRIS).

B mocnennee necsarunerne AIM HaOmogan M W3MeEpsUl 3TH CE30HHBIC, BBICOKOTOPHBIE
obnaunbie oOpazoBaHus. lVcciemoBarenw OOHAPYXKWIM, YTO OHH TOSIBISIIOTCA paHbIIE |
pacipoCTpaHsOTC Ha 00JIee HU3KUE IIMPOTHI ¢ OOJbIIeH 4acTOTOH. ECTh HEKOTOPBIE CBHJICTEILCTRA
TOI'0, YTO 3TO ABJACTCA PE3YJIbTATOM YBCINYCHUA ITAPHUKOBBIX I'a30B B aTMOC(l)epe.

[IpoBogsiTcs MccnenoBaHUs, KOTOpbIE NPEACTaBISIIOT MPUMEHEHHE TOMOrpadu4ecKux
METO/OB Ul MCCJIENOBAaHHUSI CTPYKTYp IPaBUTALMOHHBIX BOJIH B MOJISIPHBIX Me30C(hEpHBIX OOIaKax
(ITMO), mosydeHHBIX € MOMOIIBI0 MpHOOpa pacmnoyiokeHHbIX Ha cnyTHHke HACA AIM. Otot
pe3yJbTaT, CorjlacyeTcs C COBPEeMEHHBIMH TeopusaMu pasButus [IMO B oOmactu me3omnayssl. DTOT
HOBBI METOJ TOMOrpauyecKod BH3yalM3allMM TaKXKe MPEIOCTaBIseT LEHHYI0 HH(popmanuio o6
aMIUTUTY/Ie  BOJIH, TO3BOJIAIONIYI0 TPOBOAMTH JANbHEHIINE HCCIEAOBaHUS  Me30C(HEPHBIX
IrpaBUTAlIMOHHBIX BOJIH, BKJIIOYasA KOJIMYECTBEHHBIN aHaliu3 UX HOJIyC(i)epHLIX U MEXTOOOBBIX
xapakTepucTuk u Bapuauuii (MccienoBaHue TpaBUTAllMOHHBIX BOJIH B TIOJSAPHBIX Me30C(EpHBIX
o0Jrakax ¢ UCIOIBb30BaHUEM TOMOTPAQUIECKUX PEKOHCTPYKIIUI CITYTHUKOBBIX CHUMKOB AIM) [6].

CepeOpuctbie 00JIaka MPEACTABISIOT COOO0M €TUHCTBEHHBIN €CTECTBEHHBIH NCTOYHHK JaHHBIX
0 BeTpax Ha OOJBIIMX BBICOTAX, O BOJIHOBBIX JBHKEHHUIX B Me30Iay3e, YTO CYLIECTBEHHO AOIOIHSAET
UCCIIEIOBAaHNE €€ AMHAMHUKH OPYTMMH METOAAMU TaKMMHU Kak: PaJHOoJIOKalus METEOPHBIX CIIEAOB,
pakeTHOe W JiazepHOe 30HaAupoBanue. OOIMpPHBIC TUIOMAAN U 3HAYUTENBHOE BPEMsl CYIIECTBOBAHUS
TaKUX OOJAYHBIX IIOJIEH Hac€T YHUKAJIbHYIO BO3MOXHOCTBL JId HOPSAMOIO OIIPEACIICHUA IapaMETpOB
aTMOC(EpHBIX BOJIH Pa3INYHOrO THIA U UX Pa3BHUTHE.

OnHa W3 MOCEeTHUX THIIOTE3 CBA3BIBACT cepeOpUCThIe 00Iaka ¢ BOZHUKHOBEHHEM O30HOBBIX
Ielp B crpatocdepe. ObnacTh (GopMHpOBaHUS ITUX OOJIAKOB W3y4yaeTcsi BCE aKTUBHEE B CBSI3U C
KOCMHYECKHUM H CTPAaTOCPEPHBIM TPAHCIOPTOM.

Ho u 3meck BO3HMKaeT MHOro BompocoB. Hampumep, kak Ha Takyr BBICOTY HMOJHMMAETCS
BOJISIHOM map B TakoM OOJIbIIOM KojimuecTBe. [Ipupoja yacTHil, Ha KOTOPBIX KOHJCHCUPYETCS Iap,
TOKE HE COBCEM SICHA.

HckyccTBeHHBIE TNPUYMHBI HM3MEHEHHUS KJIMMaTa MOTYT OBITh HampsIMyIO CBSI3aHBI C
npuUcyTcTBHEM cepedpucroro obnaka. Cepedpucteie 00naka HHOOPMHUPYIOT HAC O KPUTHUYECKOMH
00J1acTH BX01a KOCMUYECKHX alliaparoB.

HazemHbIlf TpeKk KOCMHYECKHX ammaparoB, HaNpaBiISIOMIMXCS B MHCCHM MeXIyHapoIHOH
xocmuueckoil cranmmu (MKC), nocruraer mmpor, TA€ MOTYT IPUCYTCTBOBATh HU3KOLIMPOTHBIE
cepebpuctele obnaka. I1ockoabKy MBI HEOCTATOUHO 3HAaeM O Me3ocdepe, MUIOTUPYEMble KOCMUYECKHE
MHCCHH PELIIIN ACHCTBOBATH KOHCEPBATUBHO, BBOJAS OTPAHWYCHUS ISl NMIJIOTUPYEMBIX KOCMHUYECKHX
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MUCCHH, KOTOPBIE MOTYT ObITh HEaKTyaJIbHbIMH. briaromaps qydineMy MOHUMAHUIO CepeOPHUCTHIX 00JIAaKOB
1 Me3ochepbl MBI MOXKEM pa3paboTath Ooliee paboTOCTIOCOOHYI0 KOCMHYECKYIO apXUTEKTYPY.

CepebpucTbie 007aKa MPECTaBISIOT CO00i aHAor aTMoc(ep ¢ HU3KOW IIOTHOCTBIO Ha IPYTHX
raHeTax. M3ydas cepeOpucteie oOmaka 37ech, Ha 3emiie, MBI MOXKEM JIydllle CMOJEIUPOBATH
BBICOKOTOpHBIE 00JIaKa HU3KOM IIOTHOCTH, KOTOPbIE MOTYT TOSIBUTHCSI B IPYTHX MECTax, Takux kak Mapc.

HeoOxomumo co3aganue HaleXHOM TEOpUH CepeOpUCTBIX OOJAKOB, NArOIIEH BO3MOMXKHOCTD
MPOTHO3MPOBATH U JIAXKE YIPABIATh STHM SBICHUEM Npupoabl. Ho 10 cux mop MHOTHE (akThl B STON
001aCTH HETMONHBI U IPOTHBOPEYHBEI.

VY KaXA0To U3 3TUX MOAXOJ0B MMEIOTCS CBOM NMPEUMYILECTBA M HENOCTaTKH. [I0CKONBKY MBI
CBSI3bIBAEM TICPCIIEKTUBY CBOETO HCCICOBAHUS MMEHHO C WH(POPMAIMOHHBIM aHAIHM30M JAHHBIX
JIUCTAHITMOHHBIX CITyTHUKOBBIX HAONIOJICHUH, OTMETHM UX OCOOCHHOCTH.

['maBHOE M3 HHMX BO3MOXKHOCTH TMOCTPOCHHS TIIOOATHHBIX KapT pacrpeaeiceHus] Me3ochepHon
00JIAYHOCTH B PEKUME TICEBIOpEabHOTO BpeMeHH. [lepBuuHas 00paboTka TakMX KapT BBISIBHIIA, YTO OHU
005agaoT OONBIIUM  HAayYHO-HH(POPMAMOHHBIM TOTCHIMAIOM. B YacTHOCTH, JOKa3aHO HaIMJIHe
JOJITOTHOM acMMMETPUM B paclpeleNieHun 3Toi obnmauHocTd. [locTaBiieHsl BOMpPOCH 00 YTOUHEHHH
MapaMeTpoB 3TOH aCHMMETPHH M MOUCKE (PU3NUECKUX TPUUYHH e€ BOHUKHOBEHHS, 8 TAKXKE O BOSMOYKHOM
BpalleHuH 00auyHoro ot [5].

Perrienue 3THX BOMPOCOB ClieyeT MCKATh B YIIyOJIGHHOM aHAW3e KapTHH paclpeelicHHN
o0ayHbIX TOJNel, Oa3upyromeMcs Ha TPUMEHEHUH BHOBb CO3JaHHOTO MPOTPAMMHOTO KOMILIEKCa,
MO3BOJISIONIEr0 00paboTaTh MO 33JaHHOMY AITOPUTMY 3HAYUTEIBHBINH 00BEM JAHHBIX HAKOIUICHHBIX
TIOYTH 32 ICCATHIICTHIOK paboTy CITyTHHUKA.

[NosiBnsieTcst OOMBIIOE KOJIMYECTBO TPOOIEM, KaKk CO CTOPOHBI MOJNydaeMOW ©a3bl JaHHBIX
00pabaThiBaeMbIX M300paKEHUH, TaK W CO CTOPOHBI IaThopM 00pabOTKH. BoNBIIMHCTBO ycTpoicTB
BBOJIa JaHHBIX B COBPEMEHHBIX CHCTEMaX 00padOTKH M300payKeHNH, a TAK)Ke TIOAaBIISIONIee OOTBITHHCTBO
(pPOBBIX (HOTO- U BUACOKAMED MCIIONIB3YIOT CEHCOPHI B (DOPME IByMEPHOTO MacCHBa (MaTPHIIbI).

N3o0paxkeHue sBIACTCS, KaK JBYMEPHOE OTOOpaKeHHWE HAOJIOJaEMOM CIICHBI, BO3HHMKAIOIICE B
pe3yibTaTe PEeruCTpaliy JIyIUCTOW SHEPTUH, UCXOAIICH U3 HAOIFOJAeMOM CIICHBI, C TIOMOIIIBIO HEKOTOPOTO
YCTPOWCTBA — CEHCOpa (COBOKYITHOCTH CEHCOPOB). PerucTpupyembiii CEHCOPOM CUTHA BO3HHMKAET B
pe3ynbTare B3auMOJICHCTBHSI ICTOYHHKA «OCBELICHHUSD) C AIEMEHTAMH N300pasKaeMOn «CIIEHBD».

Cy1iecTByeT JIBe OCHOBHBIC ()OPMBI TIPEIICTABICHHS N300PKEHUI: HEMPEPbIBHAS U TUCKPETHASL.
OueHb PeIKo N300paKEHNS, TIONy4acMble B THPOPMAIIMOHHBIX CHCTEMAaX, MMEIOT IU(POBYIO hopmy.

[peobpa3oBanne n300paxeHuii K 1U(GPOBOMY BHIy BKIIOUACT B ceOs JBa dTamna. [lepsbiii stam —
3aMEHa HENpephIBHOTO Kajpa JWCKPETHBIM, OOBIMHO HA3bIBACTCS JMCKpETH3allUel, a BTOpOH JTam
BBITIONHACT 3aMEHY HENPEPhIBHOTO MHOXKECTBA 3HAYCHUH SIPKOCTH MHOXKECTBOM KBAaHTOBAHHBIX 3HAUCHHIH
(Q muckpetHbIX ypoBHEH). [1pH 1IMGPOBOM IMpeCTaBICHUN KaXIOMY U3 KBAHTOBAHHBIX 3HAYEHHH SIPKOCTH
CTaBUTCS B COOTBETCTBHE JIBONYHOE YMCIIO, YEM U JIOCTHTAeTCsI BOSMOXKHOCTH BBOJIa M300paskeHsi B DBM.

Kak MbI 3HaeM, MTUKCENb MPE/ICTABIISIET YHEPreTHYECKYIO OCBEIIICHHOCTh B COOTBETCTBYIOIIEM
MecTe ceTkU. [ToytoyKeHHe MUKCENs 337aeTCsl ¢ TIOMOIIBIO OOIIETTPUHATOr0 0003HAYCHHMS JJIST MATPUIL.
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Pasmep mukcens muppoBoro M300paxkeHUs] ONpejaessieTcsl pa3pelieHHeM, a MUHHMalbHas
pasHHMLIa MEXAy SPKOCTSAMHM MHUKCENsl ompezessieTcss riryonHod mpera. Paspemienne m3o0pakeHUs
U3MepsieTcs KOJMUYECTBOM ITHKCesel, pacioioKeHHbIX Ha eJUHNUIE JIHHbBI. Kak mpaBuio, B kayecTBe
€AMHULIBI ATUHBI TPH OIU(PPOBKE M300paKEHHI HCIIONB3YETCs JAI0MM, B TAKOM CIIydae pa3pelieHue
U3MepseTCs B KOJIMUYECTBE MUKCcenel Ha mroiimM (dots per inch, dpi) [2].

['myOunna 1Beta ompeaensieTcsi KOIMIECTBOM Pa3iMyHbIX 3HAYEHHH, KOTOPOE MOXKET IPHHUMATh
nvKkcenb. [IpUMeHssi COCTaBHBIC YacTH JIAHHOW METOJAMKH, TperoiaraeTcss cOpMHUPOBaTh alrOPHTM
00pabOTKH MOTyYaeMbIX H300paKEHHUH € SIIeMEHTaMU CeTMEHTAIMN CHUMKA.
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BOJIBIIMHCTBO TPOTPaMMHBIX TPOIYKTOB MPOBOJAT IMPEJCTABICHUE H300paKEHHUN B BHJIE
MaTpUYHOTO BbIBOAAa WH(popManuu Oe3 mnocnenywomeid ux o0paboTku pganee. CraHAapTHBIMH
nporpaMMaMyl  MPOBOJHUTCS CKAaHUPOBaHWE W300paXKEeHUsl JUIsl TMPEICTABICHUS €ro B TaMsATH
KOMITBIOTEpAa WJIM BBI30B TOTOBOTO Tpadudeckoro aitma. B Hauwame paboTel (aitm 0OBYHO HE
co3maercs (MMEETCsl TaKkKe W NPUHIUNHAILHAS BO3MOXXHOCTH CO3JaHHS HOBOTO H300pakeHUsS "C
HyJs"), @ OTKpBIBaeTCs (IOCIE CKAaHUPOBAHUS WIIH MTOCIIC HMIIOPTUPOBAHUS U3 IPYTHX MPOTPaMM).

OnTrueckas 00paboTka M300paKeHUH mory4ria OONbIIIoe BHUMAHHE B TIOCIETHEE BpPEMS.
OKCIEPUMCHTAIbHBIE MPOPBIBBI ObUTH JOCTUTHYTHI TJIABHBIM OOpa3oM Oyarojaps H3Y4YCHHIO
KOPPENSIMOHHBIX MPWIOKESHUHN IS MISHTU(PUKAIIMK U OTCICKUBAHUSA, JBYMEPHON M TPEXMEPHOM
royiorpaduu, CxKaTHS U IMHUQPPOBAHUS H300pKSHHUH U T. 1. XOTSI N300pakKeHUS N3HAYAIHHO SIBISIFOTCS
ONTUYECKUMH, YACTO MCIONB3yeTCsl 4YHCIOBas 0O0pa0oOTKa il TOJNHOTO HCIIOJNB30BaHHSA WX
UH(POPMAITUOHHOTO COJICPIKUMOTO.

JINTEPATYPA

1.  BponmrH B.A. Cepebpuctrie o0naka u ux Habmonenue. M., 1984

2.  TI'pumennes A.}O., KopobGeitnukor A.I'. Mertoasl u Momenu 1udppoBoi 06padboTku uzodpaxkenui CII0.:
W3n-Bo IomutexH. yH-Ta, 2014. — 191 c.

3. XKypammes 10. U., T'ypesnu U. b. Pacno3naBanne oOpa3oB u aHamu3 m3o0paxkenuii // VIcKycCTBEeHHBIN
HHTEIICKT: Mojie 1 MeToabl. T.1. M.: Pagno u cBs3s, 2000, 310 c.

4.  Pertsev N.N., Perminov V.l., Dalin P.A. Influence of semidiurnal and semimonthly lunar tides on the
mesopause as observed in hydroxyl layer and noctilucent clouds characteristics / Geomagnetism and
Aeronomy. 2015. T. 55. Ne 6. C. 811-820.

5. Cononosuuk A.A., lembsinenko A.B., Anéumn /I.B. KomnbrorepHas 00paboTka n300paeHUi Kak METOA
W3yYCHHsI DBOJIIOIMH TMOJICH cepeOpUCThIX 00akoB / BecTHUK AJMAaTHHCKOTO YHHBEPCUTETa DHEPIETHKU
u Cesi3u Ne 3(46) 2019.

6. Xaiisn "ao, Jluusn Jlu, JTunbun By, Huwnmua Wkan, FOausxs Tan, YxoHs BaH BriusHue MenkoMacuTaOHbIX
TPABUTAIIMOHHBIX BOJIH Ha MOJSIPHBIC Me3ocdepHbie obiaka, Habmomaemsie w3 CIPS / AIM- - JGR: Space
Physics, Tom 123, Bbimyck 5

7. Klinger T. Image processing with LabVIEW and IMAQ Vision. - Prentice Hall. 2003. — 319 p.

http://ws-conference.com/ December 2019 17



International Trends in Science and Technology

HAPAJUIEJIBHOE ITPOI'PAMMMUWPOBAHUE

. M. I'ancmsan
bakanasp, Hayuonanouwuui Ilonumexnuueckuii Ynusepcumem Apmenuu

Abstract. With all the various programming languages available today, many organizations have
become digital polyglot.

Creating a poly-dense environment is often gradual and situational. For example, when an enterprise
acquires a company, it takes over the technological stacks of the company, including its programming
languages. Or as technology leadership changes, new leaders can bring various technologies to the
warehouse. Technologies also fall and go out of fashion, expanding the number of programming
languages and technologies that an organization must support over time.

Keywords: Pararel programing, polyglot environment, poly-dense environment, SDLC, digital

polyglot.

Co BceMH pa3IMYHBIMH SI3BIKAMH ITPOTPAMMHUPOBAHUS, JIOCTYITHBIMH CETOAHS, MHOTHE
OpraHu3alyy CTaau HU(POBEIMU MOIUTIOTaMU. OTKPBITHIN UCXOJHBIN KOJ OTKPBIBAET MUP SI3BIKOB U
TEXHOJIOTHH, KOTOpBIE pa3padOTYMKKA MOTYT HCIOJNB30BaTh Il PEHICHUS CBOMX 3a/ad, BKIIOYas
pa3paboTKy U MOIACPIKKY YCTapEBIINX H COBPEMEHHBIX IPOTPAMMHBIX MPUIOKEHHH.

[lonurnoTel MOryT pas3roBapuBaTh C MHUIMOHAMH JioAed Oojblle, 4yeM Te, KTO TOBOPHT
TOJIBKO Ha CBOEM POAHOM sI3bIKe. B mporpaMMHBIX cpefax pa3pabOTUMKK HE BBOAAT HOBBIC SI3bIKH IS
JOCTIDKEHHS KOHKPETHBIX LeJIeH, a He A JTyuniero oomeHus. HekoTopele SI3bIKH OTIUYHO MOIXOAST
JUTSL OTHOM 3a7a4yM, HO HE TSI APYTOH, TOATOMY paboTa ¢ HECKOJIBKUMH SI3bIKAMH POTPaMMHUPOBAHHUS
MO3BOJIIET Pa3padOTUYNKaM HCHOIb30BaTh MOAXOMAIMNA MHCTPYMEHT Aisi pabotel. Takum obOpasom,
BCE Pa3BUTHE SBISETCS MOJUTIIOTOM; 3TO MPOCTO MPHPOJIa 3BEPSI.

Co3znanrie TOJUIIIOTHON Cpebl YacTo ABJSETCS MOCTENEHHBIM U CUTyaTHBHBIM. Hampumep,
KOTJa MpeaupusiTHe NpuoOpeTaeT KOMIIaHUIO, OHO OepeT Ha ce0sl TEXHOJIOTHYECKHE CTEKH KOMITaHWH,
BKJIIOYasl €€ S3bIKM MporpaMMupoBaHus. Wi mo mepe M3MEHEHHs TEXHHMUYECKOTo JIMAEPCTBA, HOBBIE
JUEPBI MOTYT IMPUHECTH Pa3IMYHbIe TEXHOJIOTUU B CKJIaJl. TEeXHOIOrnM TakKe MajaloT U BBIXOIAT U3
MO/JIbl, PACILUPSs YHCIO SI3BIKOB MPOrPaMMHPOBAHMS U TEXHOJIOTUH, KOTOPbIE OpraHM3alisl JOJDKHA
MOJ/IEP’KUBATH CO BPEMEHEM.

Cpena monuriora — 3TO 000I0AO0OCTPBIA MeU Ui MPEANPUSTHIA, TPUHOCSIIUA BBITOJBI, a
TaKXe CIOXHOCTH M TpoOJieMbl. B KOHEYHOM HWTOre, €clM CHTYyallusi OCTAHETCS HEMPOBEPEHHOM,
MOJIUIJIOT YOBET Ballle IpeApUsTHE.

XUTpble TEXHUYECKHNE CKOPOTOBOPKH

Tam, re cymecTByeT MHOXECTBO Pa3IMYHBIX TEXHOJOTMH - S3BIKOB NPOTPaMMHUpPOBAHUS,
YCTapeBLINX MHCTPYMEHTOB M NEPCHEKTHBHBIX TE€XHOJOTMYECKHX CTEKOB, - BO3HHKAET CIIOKHOCTb.
WmxeHepHble TPYIIBI TPaTAT OOJbIIE BPEMEHM HAa MOAEPHHU3ALMIO SI3BIKOB MPOrPaAMMHUPOBAHHS C
JUIEH3UAMHE, 0€30MIaCHOCTHIO M 3aBHCUMOCTSIMH. B TO ke BpeMsi pyKOBOJCTBY HE XBaTaeT KOHTPOJIS
HaJ COOTBETCTBHEM KOJ[a U OH HE MOXKET OLICHUTh PUCK.

To, 4TO TPOUCXOIUT, - TO, YTO y NPEANPHUATHI €CTb Pa3IUYHBbIE CTEIICHW KauecTBa S3bIKA
POTPaMMHUPOBAHUS M BRICOKOM M3MEHUYMBOCTH B MOJICPKKE HHCTPYMEHTa. TPYAHO CTaTh SKCIIEPTOM
B OJIHOM S3bIKE, KOT/Ia BaM HYXKHO paboTaTh ¢ MI0xKHHON. CyliecTByeT Oonblas pa3HAlla B ypOBHE
KBaJTM(PUKALUK MEXTy YEIOBEKOM, KOTOPHI cBOOOIHO TOBOPUT MO-(PPaHIy3CKH U MO-UTAJBSIHCKU, U
YEJIOBEKOM, KOTOPBIA MOXET COeIMHUTH HECKOJIBKO MPEUIOKEHNI Ha BOCHMH SI3bIKax. To e caMmoe
BEPHO JUIs pa3pabOTUMKOB U S3BIKOB IPOTPAMMHUPOBAHUSL.

TpyZHOCTH TONBKO YBEIMYHMBAIOTCS C J0OABICHHEM OONBLIETO KOJHYECTBA SI3BIKOB
NPOrpaMMHUPOBAHUS, YTO IPUBOAMT K cO37aHuI0 npoBoii BaBuiioHckoit damHu.

OtBeT HE B TOM, YTOOBI 320paTh HHCTPYMEHTHI, KOTOPBIC HYXKHBI BalllUM Pa3paboTUHKaM JIJIst
pabothl. JloOaBiieHUEe HOBBIX SI3BIKOB TPOIPAMMHPOBAHMS CO3/1aeT 0a3y WX HABBIKOB W JIAET UM
HeoOXxoauMoe 00OpyAOBaHME Uil BHIOJHEHHS MX peMmecia. MTak, BB XOTUTE CKa3aTh «a» CBOUM
paspaboTunkaM, HO TI0O MeEpe TOro, Kak Bce Ooiblle W OOJBINEC SI3BIKOB IPOrPAMMHPOBAHUS
J00aBIISIIOTCS K NPEANPUATHIO, OHU 3aTSATUBAIOT Balll )KU3HEHHBIM LIMKI pa3pabOTKU MPOrPaMMHOIO
obecnieyenus (SDLC). B maciirade Bce 3TH A3bIKH 1 HHCTPYMEHTHI MOTYT YOUTB IPEAIPUSTHE.
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[Ipennpusitusim cinenyer oOpaTuTh BHIMaHHUE HA TPU OCHOBHBIX BOIIPOCA!

BunumocTs: KoMaHABI cOOMPAIOTCSI BMECTe A/l MPOEKTa, a 3aTeM paciyckaroTcs. [Ipunoxenus
BBIIIYCKAIOTCSl M HUKOTZA HE OOHOBIIAIOTCS - 3a4€M HCIPABJLITh TO, 4TO He ciiomaHo? B pesynbrare mpu
00HApYyKEHUH KPUTHYECKOM YSI3BUMOCTH MPEINPUSTHE MOXKET HE MMETh IPEICTABICHHUS O TOM, KakKue
TIPUJIOJKEHUS 3aTParkBarOTCs, Kakue OMOIIMOTEKH coAep KaT 3TH NPHIIOKEHHUS WITH IKEe HA KaKUX SI3BIKax
OHM OBUIM TOCTPOCHBL. JTO MOXKET NPHBECTH K JOPOTOCTOAIINM «IPOEKTaM TeOJIOTOPa3BEIKID,
00€eCTIeuMBAOIINM HaJIEeKaIlee YCTPAHEHHUE YSI3BUMOCTH.

OOHoBneHME WM KOAMpoBaHME. HekoTopele TNpeanpusATHs UEHTPATU3YIOT (QYHKIHIO
OOHOBJICHHUS U MCIIPABJICHUSI B OJHON KoMmaHge. Jpyrue TpeOyroT, 4ToObl Kakaas «KOMaHJa MHUIILBD
yIOpaBisiia CBOMMH COOCTBEHHBIMH HMHCTPyMEHTaMu pa3paOotrku. B mobom ciaydae, koMmaHzna
pa3paboTYNKOB U PYKOBOACTBO OIUIAUMBAIOT aJbTEPHATHBHBIE H3ACPXKKH: BMECTO TOTO, YTOOBI
KOAMPOBaTh HOBbIC (DYHKIMH, 3TH TPYNIBI MOCTOSHHO OOHOBISIOT W HCHPABISIOT OMOIMOTEKH B
CBOMX MHCTPYMEHTAX C OTKPHITHIM UCXOTHBIM KOZIOM, IOCKOJIbKY OHH MEpEMENIAatoTCsl TaK OBICTPO.

N3obpertass Kkomeco: IMOCKONBKY 3aBHCHMOCTH KOAAa W BEPCHH OWOIMOTEKH ITOCTOSHHO
OOHOBIISIIOTCA, apTeaKThl, CBI3aHHBIE C MCXOTHOH COOPKOW MPHUIOKEHHUs, MOTYT OoJiblie He OBITh
JOCTYITHBIMHU TIpH OOHApY>KCHHU YSI3BHUMOCTH. B pe3ynbTare MHOTME HHKIBI pa3pabOTKU TpaTsTCs
BIIYCTYIO, TIBITAsACh BOCCO3AaTh CPEAY, B KOTOPOH ySI3BUMOCTb MOXET OBbITh UCIIPABIICHA.

YMHOXbTE Ka)KABIH A3bIK MPOrpPaMMHPOBAHMS B CBOSH OpraHM3alldd Ha 3TH TPU BOIPOCa, U
TO, YTO HAUYMHAJIOCh KaK KPOTOBHHA, BHE3AIHO BBIMVIAUT Kak ropa ODBepecT. M TO4HO Tak ke, Kak
AIBIIMHKCT, BBl HE BBDKMBETE 0€3 HaJeKalero 00opy10BaHusl U HHCTPYMEHTOB.

KommnekcHoe pemieHne, KOTOpoe CIYXHUT HOTPEOHOCTSM NPEANPHUATHS U €ro OTACIbHBIX
3auHTepecoBaHHbIX cTopoH B SDLC B mopsake. IlpeampusTuss MOTyT co31aTh 3TO pEIICHHUE,
WCIIOJIB3Ys CIEeAYIOIINE MePeOBhIe MPAKTUKU:

MOHUTOPUHT KOza, paboTaloliero B NPOU3BOJACTBE, M pEarupoBaHWE HAa OCHOBE pHCKA
MOMEYEHHBIX KOMITOHEHTOB (HampuMep, OOIIMX KOMIIOHEHTOB YS3BUMOCTEH M YSA3BUMOCTEN),
MCIIOJIb3yEMBIX B BaIIMX MPUIOKEHUIX.

[lonmyuaiite perynsipHble OOHOBIEHHS, YTOOBI MOAJEPKHUBATH AaKTYaJIBHOCTb KOAa H
OTCYTCTBHE OLIHOOK.

Hcnonp3yiiTe KOMMEpUECKYIO0 MOIAEPKKY OTKPBITOTO HMCXOJHOTO KOJa, YTOOBI TOITYYHUTH
MIOMOIIb [0 BEPCHSM M IUIATGOpPMaM Ha s3bIKax MPOrpaMMUpPOBAHMSA, KOTOPbIE OJM3KM K KOHILy U He
NOJ/ICP’KUBAIOTCS. COOOIIECTBOM.

CraHnapTU3UpyHTE KOHKPETHBIC SI3BIKOBbIE COOpPKM Ha BallleM NPEANPHATHH, YTOOBI
00ecnevnTh COrJIACOBAHHBIE CPeJIbl I Pa3HbIX TPy U MUHUMHU3UPOBATh 3aBUCMOCTH.

YcraHoBHUTE IOPOTOBBIE 3HAUEHUS 7Sl TOTO, KOIZIa MHULMUPOBATh OOHOBJICHHE, TPEBOTY WIIH
Jpyroe coObITHE Ha OCHOBE 3aBUCHMOCTEH.

Cozpnaiite eauHBI HCTOYHUK MpaBAbl IJs YIPaBICHHUS BallMMH TAKETaMH; 3TO MOXKET
noTpedoBaTh MOMOILY XOPOIIO OCBEIOMIICHHOIO IIOCTABIIMKA TEXHOJIOTHH.

[lonyyaiiTe MeHbIIME IUCTPUOYTHBBI COOPKH TOJBKO C HEOOXOIMMBIMH BaM IaKEeTaMH,
OCHOBBIBASICh Ha BAIlINX KOHKPETHBIX KPUTEPHUSIX.

Hcnone3ys 3TH mepenoBble MPaKTUKH, Pa3padOTYMKH MOTYT MaKCHMH3HPOBATh CBOE BpeMs,
YyTOOBI CO3/1aTh OOJBIIYIO LEHHOCTh Ul MPEINpPUSTHSA, BMECTO TOTO, YTOOBI BBHIOJHITH OCHOBHBIE
WHCTPYMEHTHI WM WH)XCHEPHBIE 3a/Jadyd. JTO CO3/aCT COTJIACOBAHHOCTh KOAa BO BCEX Cpelax B
KU3HEHHOM IUKJEe pa3paboTku mnporpammuoro obecmedenuss (SDLC). DTo Takke NPUBEAET K
NOBBILICHUIO 3()()EKTUBHOCTH ¥ JKOHOMHUH CpPEACTB, IMOCKOJIBKY Uil MOJAEPKKH SI3BIKOB
NPOrpaMMHUPOBAHUSL U PACHPOCTPAHEHHs] MAaKETOB IOTpeOyeTcs MEHbIIE PecypcoB. DTOT HOBBIM
croco0 paboThl 0OJIETYUT KHU3HD KaK TEXHUUECKOMY TIEpPCOHAITY, TaK U PyKOBOJICTBY.
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O BOSBMOKHOCTU PACYETA TEPMOIUHAMHNYECKHUX
CBOMCTB 'PAHATOBOI'O COKA HA OCHOBE
YPABHEHUSA COCTOAHUA

0-p mexu. Hayk Mazeppamos Mukaun Axknep ozl
Azepbaiioscanckas Pecnybnuka, Jlenkopanckutl I'ocydapcmeennulii Ynugepcumem

Abstract. Pomegranates have a wide range of biologically active substances, high organoleptic
advantages, which allows them to be used for dietary and therapeutic purposes. Given the nutritional and
biological value of pomegranate juice in this paper, the possibility of evaluating the values of some
thermodynamic parameters based on the equation of state using the basic thermodynamic relationships is
considered. The calculation of the activation energy at higher temperatures shows its decrease, which
corresponds to the laws of molecular physics. When the juice is heated, its volume increases, that is, the
distance between the particles increases, as well as the coordination number, which helps to reduce the
activation energy. The proposed method for calculating caloric (Cp, Cv), as well as changes in
thermodynamic and thermal values at various state parameters can be applied to multicomponent liquids,
which is also pomegranate juice.

Keywords: pomegranate juice, thermodynamics, equations of state, activation energy, enthalpy, heat
capacity.

Temnodpuzndeckue cBoiictBa (TOC) mUIIEBHIX MPOIYKTOB OKA3BIBAIOT OOJBIIOE BIUSHHUE Ha
TEITo- ¥ Maccooomen [1-4].

JlocTOBEpHOCTh pe3yJbTaTOB TAaKMX pPacueToB TECHO CBs3aHA C TEIUIOPU3MUECKIMU
xapakrepuctukaMu (TP X) MUIeBbIX MPOAYKTOB PACTUTENHFHOTO U )KHBOTHOTO TIPOUCXOXKIAEHMUS [5,6].

I'panarel 00sagalOT IIUPOKUM CHEKTPOM OHOJIOTHMYECKH AKTUBHBIX BEILECTB, BBICOKHMMU
OpraHOJICITUYIECKUMH JOCTOMHCTBAMH, YTO MO3BOJISET MCIOJIH30BaTh X B JMETHUECKUX W JeueOHO-
npoUIaKTHYECKUX LesiX. M3 rpaHaToB BeIpaOaThIBalOT HATYPAIbHBIH U KOHLEHTPHUPOBAHHBIN COK,
COK C caxapoM, IPaHaTOBBIN HAITUTOK, SKCTPAKT, HapiIapal, pa3iIudHble COyChl, IPUIPAaBLI U T. 1. [7].

B  gpmanHOW  paboTe  paccMOTpeHa  BO3MOXKHOCTH  OIICHKH  BEJIMYMH  HEKOTOPBIX
TEPMOJAMHAMUYECKUX IMAapaMeTPOB Ha OCHOBE YPaBHEHHUS COCTOSIHHMS C HCIIOJIb30BAaHHEM OCHOBHBIX
TEPMOJIMHAMMUYECKUX COOTHOIICHHH. Meroauka pacuera, npemioxeHHas ['yceitnoBeim K. JI. [8],
MoaupuIupoBana B padoTax [9].

Jig mpoBezieHns pacyeToB OBLIO UCIIONB30BAHO YPaBHEHUE BUIA:

2
V=a0+al;+a2T (1)

pz’
rae ao, a1 M @z — SABISAIOTCS TIOCTOSHHBIMUA JJIS1 KQXKI0M U30TEPMBI.
g remnepatyp 7=280.16K 3T TOCTOSHHBIE UMENHU CIEAYIOLINE 3HAUCHMS:
e K/ H
ao=0,910707-10 Kk T 1,854436 , ax=—41491,1449 — .
Kr-K K

C u3MeHeHneM TeMIEPaTyphl ITH 3HAUEHHSI TAKKE MEHSAIOTCA.

OTO ypaBHEHHE TO3BOJSET OIEHUTh BEIUYMHY W3MEHEHHUS JHTAIbIINH, W300apHON
TEIJIOEMKOCTH, a TAK’K€ TEPMUUECKHUE BEJIMUMHBI TPAHATOBOIO COKA.

TepMmoanHaMudeckas BbIpaK€HHE U3MEHEHUS HTANBIINN UMEET BUJ:

I:)2
. _ oV 2
Al—gl {v T[aTMdP 2

I[J'I}I BBIYUCJICHHA 3TOr0 MHTCTpalia HaAO0 OHNPCACIINTL BCINYUHY [8V U3 TCPMHUYCCKOTO
oT
=]

ypaBHeHus1 cocTossHus (1):
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oV 1 T
N _alioa T 3)
(GTJP Up T p2

3nauenus (1) u (3) moacraBum B (2) u mocie WHTErpHpoBaHus B mpenenax ot Pi mo P
HOJIy4YHM CIIeYIOIee YPaBHEHHUE:

U

i(P,T)-i(RT)=Ai= Fj’l

T? P-PR):
{ao—a,ZPZJdP=aO(P2—Pl)+a2-T2~[ |:1>1.p22j

2
Ai=(P, - Pl)-[ao —azF,lT,PZ] @)

OTa 3aBUCHUMOCTb TO3BOJISICT BBIYUCIUTH H3MEHEHHE JHTAIBIUM TPaHATOBOTO COKa MpHU
Pa3IMYHBIX TEMIIEpaTypax B mpejenax aaBieHus ot Pi o P,

Hamu Bbrumciiens! 3Ha4eHust Al Ipy pa3invHbIX TeMieparypax u aasiaenun AP = 10 MIla

OTH pe3yibTaThl MpecTaBlIeHbl B Tabnuie 1.

I'padmueckas 3aucumocts Ai = f(T) mpu AP =10MIla sensercs xapakTtepHOii
KpUBOW sl KUIKOW (ha3pl BemecTBa. COrjgacHO METOAMKE pacu€ra W3MEHEHHUS SHTAIBINH C
NIOMOIIBIO0 3aBUCHMOCTH Al = f(T) HaMH ONPENENICHO 3HAYECHHE SHTAJIBIIHUU AJISI TEMIEPaTypHOIrO

mara AT =10K npu P=10 MI]a.
Tabnmumna 1. 3Hadenne A; A TpaHATOBOTO COKa copTa lroneiimma AsepOaiimkaHcKas MpH
pa3iauuHBIX TeMreparypax u aasneHuu P=10 MIla

T,K 280.16 304.18 334.19 362.19 378.17 402.18
Ai x/Dic 40.880 45.700 52.700 60.514 66.130 76.130
" KT
I'padmyeckuii ananu3 GpyHkimu Aj=f (T ) TO3BOJIWJI YCTAHOBUTH CIEAYIOIIYIO SMIIUPUUYECKYIO
3aBUCUMOCT:
Ai=C,+C,-T+C, - T? (5)
3necs Co=161.280 ¢ | Cy= — 4.658 <4 | ,=0.01516 KA .
KT Kr-K Kr-K?

Tenepb MbI MOKEM BOCIIONB30BaThCS CIEAYIONICH TEPMOANHAMHYESCKON 3aBUCUMOCTbBIO, IS

pacueta u300apHO#t Teruioemkocty (Cp) TpaHaTOBOTO COKa:
c. _[aai) ®)

PEAT |p
Torma mpousBognas ot (7.12) mo TemmepaType JaeT Ui TEIUIOEMKOCTH CIEIYIOUIyIO
3aBUCHMOCTb:
CP:|:8—T :C1+2C2‘T1 (7)
P

Kr-K

Takum obpazom, Mbel ompenenunu 3aBucUMOcTh Cp=@(T) mpu P=10MIla, ¢ momormisio
KOTOPOH MOXXHO BBIYUCIHMTH 3HAYCHHUE H300apHOH TEIJIOEMKOCTH TPaHATOBOTO COKa IIpHU
Pa3IUYHBIX TeMIIepaTypax.

OTH TaHHBIC IPUBOAATCS B Tabauie 2.

Tabnuna 2. M3o0apHast TEIII0EMKOCTh TPAaHATOBOTO coka copta [ roneiima AzepOaiixaHckas,

pu P=10MIIa
T,K 280.16 320.16 334.16 362.16 402.18
C ( ke ] 3.832 5.022 5.629 7.055 7.532
"\kr-K

[TomrydeHHbIe 3HAYCHUS TEIUIOEMKOCTA MOTYT OBITh MCIOJIE30BAaHBI KAK OMOPHBIC NaHHBIC IS
OTIpeJICIICHSI 3aBHCUMOCTH N300apHOM TETNIOEMKOCTH OT JIABJICHUS; onpeaeanM d3QQeKT JaBIeHUs Ha
M300apHYIO TEIJIOEMKOCTD.
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st 3TOM 1ien MO>KHO BOCIIOJIB30BATHCS CIEAYIOIIEH TEPMOIMHAMUYECKON 3aBUCUMOCTBIO:

"2 o2y
Cp(P,T)-Cp(PT)=-T || == | dP, 8)
PloT2 ),
rae C, (P.T) u C, (P1T) — 3HaueHHUs TEILIOEMKOCTH TpH AaBicHusXx P, u P1 u Temmeparype 7.
YroObl OIEHWUTh 3HAYCHHWE HHTErpaja AOMYCTHM, YTO HpH P=CONSt 3aBUCHMOCTH YICIbHOTO
o0beMa OT TeMIIepaTypbl HMEET BHUJI:

V=aeT ©)
Bropas npousBoaHas 1o 7 0T 3TOi 3aBUCUMOCTH MO3BOJISIET ONPEACIUTD MpU P=CONSt:

oA

S| =a-e” el (10)

o2 ),

OTH pe3yabTaThl MO3BOJAIOT NOMYUYUTh U3 (8 7.15):
P
C,o(P,7)-C,(P,T)=-T- ! a6 TP =T -a62.e¢T .(P,—-R) (1)

Ecnu yuects, yto A - el =V , TOT/Ia TIOJTYIHM:
— 2
CP(PZ )_CP(PlT)_ —T-6°-V ‘(Pz - Pl) (12)
3Hauenue ¢ onpenensercs u3 (11) cnemyromum oopazom:

U3 dpopmynsl V=a- €6T Jutst 1ByX 3HaueHuid V u T mpu P=const momy4um:

V
/q| 2
qVv, -(qV, Vi
6 = =
(T,-T)lge (T,-T,)ge
Hwxe npuBonmsaTcss pe3yibTaThl BBIYUCICHHS 3HAUYEHUS @, a TaKkKe KOMIUIEKca
T-62.V ( P2 - Pl) npH pa3nuyHbIX qaBieHusx (Pi=30MIla u P,=50 MIla):
ITpu 7=280.01K u 6=2.3397::10, (1/K) nomyumm:

/7.
T-62-V(Py-Py)=Ag = 03316 .

(13)

62 P )=As, = e
T-6%V(Py, - Py )=Ag, 04922

Tax Berumcisercs 6 u kommieke 162V ( P2 - Pl) s Apyrux Ttemmeparyp. Torna
3aBUCHMOCTH (12) MOXKeT ObITh 3amucaHa B ClAeAyoIei Gpopme:
2
C,(P,T)=C,(PT)-T 6>V -(P,— P)), (14)
rne 3HaueHuss Cp(P1T)=Cp(10MIla,T) npuBenenst B Ttabmuue (2). Ilo 3aBucumoctu (14) wer
OTPECITMIN 3HAYCHUSI N300apHOIl TETJIOEMKOCTH MPU Pa3IMYHBIX TEMIEpaTypax W JaBICHHAX. DTH

pe3yNbTaThl IPUBOAATCA B TabmwIe 3.
Tabnuua 3. M300apHast TEII0eMKOCTh TPAaHATOBOIO coKa copTa [ 'toneiima AsepOaiiakaHcKas.

vy
T,K Japnenue, Mlla
10 30 50
280.16 3.382 3.500 3.269
320.16 5.022 4.695 4.459
340.16 5.629 5.280 5.021
362.16 7.055 6.682 6.405
402.18 7.532 6.906 6.806
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Nmes 3mawenms mnpu 293K TtemmoeMkoctw, ynaenbHOro obObemMa W Kod(dunneHrta
TEIUIONPOBOTHOCTH MOYKHO OICHHUTh BEIMYMHY TEMIIEPATYPOINPOBOJIHOCTH a MOIYUUM:

otC BT
V=093541° 1 r.C, =3832 S n 2-0327 BT

IS TEMIEPaTyphl @ = 7,98-10_5M2 / cm.
Tepmuueckoe ypaBHeHHe cocTosHHS (1) MO3BOJNSET ONpPENENHTh TaKKe TEPMIUECKHE
BEJIMUMHBI (TEIIOBOE PACIINPEHHE O H H30TEPMHUECKYIO CKUMAEMOCTb Pr):

PV eT )y

1 (oVv
#-y )

Torma BCIIMYUHY HSOXOPHOﬁ TCIJIOEMKOCTH MOXKHO JIETKO ONPEACIIUTE TEPMOJANHAMUYICCKUM
COOTHOICHHUEM:

(15)

ot T, (16)
A Ay
Cv :CP_OCZ-T . a7

[lo Teopum XUIKOCTEW W PacTBOPOB MPEIOKEHBI HECKOJIBKO paboT. Mmeercs Teopus
Ba3koctu M.O@. [llupokosa, Erepa, bpumnysna, A.M. baunnckoro, ®epenxens, [lanuenko u np. [9,
10, 11]. Ho Bce 3TH TeOpHHM UMEIOT ONPEJCIICHHBIC OrpaHUYCHUs. MBI 3[IeCh PaCCMOTPUM TEOPHUIO
A.M. bauunckoro u ®@penkens. [IpeanoxeHHble UMH PACUETHBIE YPABHEHUS AJIS BSI3KOCTH JKUJIKOCTH
HUMEIOT TEOPETUUECKHE OCHOBBI, XOTS M HE OIMUCHIBAIOT BA3KOCTHBIE CBOMCTBA MHOTHX >KHUAKOCTEH.
A.M. BauMHCKHI KCIIEPUMEHTANBHO OOHAPYXKUII, YTO MEXAY YIEIbHBIM OOBEMOM YKHIKOCTH U €€
TEKy4eCTbIO CYHIECTBYET JIMHEHHAs 3aBHUCHUMOCTB: 3TO TIOJOXKEHHE HaMH MPOBEPSIIOCH AN
rpaHaToBoro coka copra [romeiimma AszepOaifmkanckas. [lomydeHa nuHelHas 3aBUCHMOCTb.

YpaBHeHHE MPSIMO B KOOPAUHATAX \/ — l Oyzser UMeTh BUJI:

n

e p="—,0- COOCTBEHHBIN 00bEM YaCTHIL KUAKOCTH, C — ONpeie/iCHHAs TOCTOSHHAS.

Ha ocHoBanuu nony4eHHOW TMHEWHON 3aBUCUMOCTH JIETKO omnpenensorcs o u C.
Teopuss @penkens Oojee TOYHO OMHUCHIBAET BA3KOCTh JKUAKOH (pa3pl BelleCcTBa, Ie
npenaiaraercs cieayomas ¢opmyna:
AU
n =Aew, (19)

A€ K — INOCTOsIHHasA BO.HI)IIMaHa, AU — OHCPrud aKTUBalMK 4aCTUI, A — BeIWMYMHA MOCTOSHHAA.
®Dopmyna (19) xopormio mepegaeT dKCIOHSHITNATLHYI0 3aBUCUMOCTh BS3KOCTH OT TEMIIEPATYPHI.
DHepruy akTUBallMM MOXHO OmpenenuTh u3 Gopmyinsl (19) Ha OCHOBaHMHU OMBITHBIX 3HAYCHUH
BSI3KOCTH /1 U #2!

_Aufl 1 20)
/mn, —eénmn —[—} (
1 2 k (T, T,
/n 77771
AU=T, T, k.- ") (21)
toe T, -1

s TpaHaTOBOTO COKa MOKHO OIPEACIHTh 3HAUeHWs mia Temmeparyp 71>=334.16 K u
71=310.27 K.

[Ipu 3TUX yCIOBUSAX JJIs DHEPTHM aKTHUBAllMU COKa MOJYyYUM CclieAyromiee 3HaueHue: AU
=1.2-102%].
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Pacuér sHeprum aktruBanuu mpu 60see BHICOKMX TEMIIEpaTypax MOKa3bIBaeT €€ yMEeHbIIECHHE,

YTO COOTBCTCTBYCT 3aKOHOMCPHOCTAM MOHeKyHHpHOﬁ (1)I/I3I/IKI/I. HpI/I HarpeBe COKa 00BEM €ro
YBEIIMYUBACTCA, TO €CTh YBCIIMYUBACTCA PACCTOAHUEC MEKAY YaCTULIAMHU, 4 TAKKE KOOpAMHALIMOHHOEC
qHUCJI0, YTO CHOC06CTByeT YMEHBUICHUIO SHEPTUH aKTUBAllUH.

Takum 00pa3oM, TpeaIoNKEeHHAs HaMH MeToAnKa pacueta kajopudeckux (Cp, Cy), a Takxke

M3MEHEHHUs] TePMOAMHAMUYECKHX W TepMHUYecKuX BennuuH [7,12,13] mpu pasnuyHbIX HapaMeTrpax
COCTOSIHUSI MOJKET ObITh NPUMEHEHa MHOTOKOMIIOHEHTHBIM JKUAKOCTSIM, KAaKUM SIBIISIETCS TAKKe
IPaHaTOBbIN COK.

=

10.
11.

12.

13.
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ObOCHOBAHHS KPUTEPUEB OHEHKH PACYETA
ANOPEPEHIIUAJIBHOU 3AIIUTBI TPAHC®OPMATOPA

Tokoes M. I1., x.m.H., npogheccop, Oexan DHepeemuueckozo gaxkyismema,

Kapascanosa P. T., k.m.1., doyenm, 3a6. xagh. «dnekmpoobopyoosanue u menio3HepeemuKay,
Typoyes H. 3., k.m.H., OoyeHm, 3am, 0ekana IHepeemu4ecko2o gaxyibmemad,

Abovtpazaxoea C. b., npenooasameny,

Kononos 0. M., sedywuii unscenep Kypn-Caticxuti I 9C

Ouckuti mexnonocuyeckuil ynusepcumem 2. Oui, Kvipevizcman

Abstract. This article discusses the methods of justifying the criteria for evaluating the accuracy of the
calculation of the transformer differential protection. For a branch of the transreactor of the operating
circuit of the relay type DPT-21 and the current autotransformers of the type AT-31 (autotransformer), a
choice has been made. The design mode was chosen according to the largest value of the current ratio. at
high current multiplicities of short circuit in the protected zone, the choice of differential cutoff settings are
produced. In general, the evaluation of the calculation of the differential protection of the transformer is
made with the calculation of the correctness of the calculation method. For the reliability of the correctness
of the choice of branches of the transreactor of the working circuit and intermediate current transformers
on the relay type DPT-21. The results of the selection of branches of the transreactor and intermediate
current transformers are revealed, and calculations are made.

The protection under the braking conditions was calculated taking into account possible external
damage to the values of the currents in the differential operating and brake relay circuits, in the
coordinate system will lie below the braking characteristic of the relay. The settings of the differential
cut-off are selected, where it is used to increase the high-speed protection at large current ratios of
short curcuit in the protected zone. The calculation of the differential cut-off should be made on the
current in the arm from the high voltage side of the transformer block.

And also protection sensitivity of given power transformer units is determined in this article. The
calculation has been made on simplified methods in the case of 220kV in inputs of transformer unit
without outside of 220kV power supply.

Keywords: transformer, transreactor, current autotransformer, operating circuit, brake circuit, relay
type DPT-21, short circuit (short-circuit), branches.

Beenenue. /luddepenupansias 3ammra TpaHchopMaropa MPUMEHSIETCS B KauecTBE OIUH W3
OCHOBHBIX 3allUT TPaHC(POPMATOPOB MNpPH TOBPEKICHUAX OOMOTOK TpaHcopMmaropa, Ha BBOJAX H
OILIIMHOBKE. YcTaHOBKa JudepeHranbHoi 3aluThl MPOU3BOIUTCA TPH OJWHOYHO PaOOTAIOIIMX
Tpancdopmaropax MouHocTbi0 6300 KBA u Bble, Ha MapawieNbHO PadOTAIOIINX TpaHCopMaTopax
morHocTeio 4000 KBA u Bbllie 1 Ha Tpanchopmaropax mouiHocTbio 1000 kKBA u Beiie, npu yciaoBuu
YTO TOKOBAasi OTCEUYKa HE 00ecredyrBaeT 3all[UTHOE JICWCTBUE, 2 MaKCUMabHash TOKOBAs 3all[UTa MMEET
BBIZIEPKKY BpeMenu Oosee | c. [laHHas 3ammTa JefcTBYeT Ha MpPUHIMIIE CPAaBHEHHsI BEIMYMH TOKOB B
Hayajle M B KOHIE 3allMIIAeMOr0 ydyacTKa, HalpuMep M HadaJlle W KOHIE OOMOTOK CHIIOBOTO
Tpancgopmartopa. To ecTh 3alMIIAeMON 30HOH CUMTAETCS Y4acTOK MEXIy TpaHchopMaTopamH TOKa,
YCTaHOBJICHHBIMU Ha BBICITICH M HU3IIEH CTOPOHAX CIJIOBOTO TpaHC(hopMaTopa.

Heas wuccaeqoBanusi. OOOCHOBaHMS KPUTEPHEB OLEHKM MPAaBHJIBHOCTH  pacueTa
IuQQepeHInaNbEHON 3aIUThl TpaHchopMarTopa.

Martepuan u MeTOabl HcciaenoBaHus. BriOupaem cmimoBod TpaHcopmarop Tuma T1]—
242

250000/220 co chemyroumMu 3HaueHWsMH, Kr = o 15,35, U=11% mis obocHOBaHMS
KPUTEPUEB OIICHKH MPaBHIBHOCTA pacueTa audepeHIdanbHON 3aliuThl  TpaHC(HOpPMATOpPOR.
PacueTbl, BBIOOp OTBETBIICHHM M BBIOOP YCTAaHOBOK MPOM3BOJIUTCS HAa OCHOBAHMU WU ONIPEIACIICHUH
YYBCTBHUTEIBHOCTH 3aIIUTHI HAa puMepe. Pacder nquddepenimansHoii 3amuThl Ha pene tuna JI3T-21-
Y3 0cHOBaH Ha METOJIMKE TIPUBOJAMMBIX HAXKE COOOPAKCHHUAX

1. UToOBI 3HAYMTENBHO MOBBICHTH YyBCTBUTEIHHOCTD 3aIIUTHI, YUUTHIBACTCS MCIIOIH30BAHUS

3amuTa I OTCTPOﬁKH oT 6pOCKOB TOKa HaMarom4ivMBaHHd BpCMSI — I/IMHYHLCHLIﬁ MNpUHLAII B
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COUYETaHWH C TOPMOXXEHHEM OT TOKOB BTOPOH TrapMOHHKH muddepeHnnanbHoro Toka. lIpm stom
MUHUMAJIbHBINH TOK cpabaTeiBanus 3amuThl Trma J3T-21-Y3 no ycinoBuio oTCTpoiiku OT OpocKa TOoKa
HaMarHUIMBaHUSA IpHHUMaeTcs paBHBIM 0,3 |,on TpaHchopMaTopa.

2. Pene I3T-21-Y3 xapakTepu3yeTcs HATUYUEM LIeNeld IPOIIEHTHOTO TOPMOKEHHSI OT TOKOB B
Tieyax 3ammuThl. TOPMOXKECHHS JAal0T BO3MOXKHOCTh HE OTCTPaMBaTh TOK CPAaOATHIBAHMS 3alUTHI OT
TOKa HeOamaHca TMPU BHEIIHUX TOBPESKICHHUAX, KOTJAa HMMEIOTCS TOPMOXCHUS, TIPU HTOM
MIPeIOTBpAIeHNEe CPAOATHIBAHHS 3aIUTHI B 3THX YCIOBUSIX 00ECIIEYHBAETCS TOPMOKECHHEM.

3. [IpuHuMaeTcs BO BHUMaHHE TaKK€ MPUHSATOC BBIMOJIHEHUE CXEMBI 3alllUThl. A KIMEHHO, HE
NPOM3BOAMUTCS TOAKIIOYEHHE K TpaHCPOpPMAaTOpy TOKAa Ha OTBETBICHHHM K TpaHchopmaTopy
coOCTBEHHBIX HYXZ; aBTOTpaHchopmaTopsl Toka AT-31 ycTaHaBIWBaIOTCS Ha CTOPOHBI BBHICIIETO
HaNpsOKEHUs, KOTOpble NpeAHa3HaueHHbIE JUIS BBIPABHUBAHHUA TOKOB IuTed Au(epeHIInaIbHOI
3alIMTHI, TpaHcopmaTopa OJI0Ka, T.K. Ha YKa3aHHOW CTOPOHE UCHONb3YyeTCs TPaHCPOPMATOPHI TOKA C
HOMHUHAJIBHBIM TOKOM 1A.

1. PacueTsl mpou3BOASTCS B CIECAYIOLIEM HOPSAKE:

a) He0OXOIMMO OTIPEIEUTD TIEPBUYHBIE TOKH ISl BCEX CTOPOH 3allIMINaeMoro Tpancgopmaropa;

0) TakKe ONPEACISIIOTCS COOTBETCTBYIOIIE BTOPHYHBIC TOKH B TIEYaX 3aIlUTHI;

B) IIpY OTCYTCTBUU TOPMOKECHHS OTIPEACIISIOTCS MUHAMAIHHBINA TOK Cpa0aThIBAHUS 3AIIHUTHI.

1. IlepBU4HBIHf HOMUHAIBHBIA TOK:

L __ B 250000 _
" V3-U, +3-242

L _ 250000

" \V3-1575

2. Tun u ko3 dunuent rpanchopmanuu T.1. TBT-220 750/1, TIIJI-20 10000/5.
3. CoenuHeHwMe T.T.
4. B mneyax 3alIUThl BTOPUYHOM HOMUHAJIIBHOM TOKE

_ Kol V3:595

_ _ — 1374
- 750/1
om0
' =710000/5 7

5. 3nauenue Toka 3%*pa3zHOro K.3. NMpH MOBPESKACHUH 3a TPaHCPOPMATOPOM COOCTBEHHBIX
nyxa (TCH)U=242 kB — 7,44
6. IIpn MUHMMaIBHOM TOKE CpabaThIBAHUS
a) OTCTPOIiKa OT OPOCKa HAMAarHUYNBAHUS
lep=Ki1n=0,3-595=178 4
0) oTcTpoiiKa OT MaKCUMaJIbHOTO TOKa K.3. Ipu K.3. 32 TCH
lep=Knlk3=1,3-7,4=10,2 4
B) OTHOCHUTENBHBIX SJMHUIAX

Icp 178
Lep =~ ==—=0,3
*CP ™ T 595 !
Cne):[yeT OTMCTUTH, YTO IIOMHMO ):[Byx HpI/IBe,I[CHHLIX BBIIIIC yc.]'[OBHfI, CYH_[CCTByeT TpeTL
pacdeTHOE VYCIOBHE — YCIOBHE TMIPH KOTOPOM OTCTPOWKHM 3allUTBI OT TOKa HebaaHca

COOTBETCTBYIOIIHUX KOHIy TOPU30HTAJIBHOIO y4acTKa TOPMO3HOM XapaKTEPUCTUKU IIPU BO3ACHCTBUU
BHEILIHEM K.3. WJIM HATPY3KH, TIOCKOJIbKY B 3TOM CJIydae Ha pelie OTCYTCTBYET 3(hheKT TOpMOKEHHS.

OnHako, OTMETHTh, 4YTO Ha OJokax reHeparop-Tpanchopmarop (0e3 perynupoBaHuUs
Tpanchopmaropa TMOa HaArpy3koil), B yKa3aHHBIX DPEKHMMax HE IPOBEPSETCS YCIOBHE OTCTPONKHU
MUHUMAIILHOTO TOKa cpabaThIBaHUs 3allUTHl OT U TOKA HeOalaHca: OHO HE SBISAIOTCS PAacYCTHBIM U
aBTOMATUYECKH YOBJCTBOPSICTCS MpPH YCIOBHH OTCTPOWKH OT OpOocKka TOKa HaMarHHYUBaHUS
BbIOOpaMHU TOKa cpabaThIBaHUs 3AIUTHI.

2. HeoOxoamMo BBIOMpAIOTCS OTBETBICHMS TpaHCpeakTopa paboduell Lemu pejie W aBTo-
TpaHc(hOpMaTOPOB TOKA.

CHauana  BBIOMpaeTCS  OTBETBICHHE  TpaHCpeakTopa  pabouedt memm  perme |
aBTOTpaHchopMaTopoB TokKa. IIpm d3TOM cHavama HEOOXOIWMO BBIOHPAETCS OTBETBICHUH
TpaHCpEaKTOpa Ha CTOPOHE HU3IIETO HaNpshKeHHs TpaHchopmaropa 0Jloka ¢ HOMUHAIIEHBIM TOKOM. B
9TOM CJIyYae yYUTHIBACTCS ONMKaWIIMe MEHBIIMM 10 OTHONICHHIO KO BTOPUYHOMY HOMHUHAIHHOMY
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TOKY, IIPOTEKAIOMIEMy B IIJIeUe 3allUTHl B e TpaHcopMaTopa TOKa, YCTAHOBICHHBIX Ha CTOPOHE
HU3IIETO HAIPsDKEHUs OJI0Ka.
IOTB.pa@H =46A<I3,=464

[IpuBomuM HOMEpP HCHONB3YEMOTO OTBETBICHMS TpaHCpeakTopa paboueil wnenu—2.
OmnpepensieTcsi pacueTHbIM BTOPUYHBIM TOK, MPOTEKAOLIMH B IUIEYE 3aIMUTBl B  LEHH
TpaHC(HOPMATOPOB TOKA, HA BHICOKOW YAacTH HampsDKEHHSA OJI0OKa, COOTBETCTBYIOIIUI BBHIOPAHHOMY

TOKY OTBCTBJICHHA TPAHCPEAKTOPA HA HU3KOH 4acTH (CTOpOHe) HaIIpsKCHU
I =] —IIB—46 . =1,37A
acy.pabd OTB.pab ) ’
p padr padyy IHB 4‘,6

Ha BbIcOKOIi cTopoHEe HampspkeHUs TpaHcopMaTopa 010Ka, HOMUHATIBHBIA TOK OTBETBIICHUS
TPaHCPEaKTOpa BEIOUPAETCS C YUETOM YCTAaHOBKH aBTOTpaHCc(hOopMaTopoB. st 3Toro npeaBapuTenbHO
omnpenensaeTcs KodahhUreHT Tpanchopmaiuy aBroTpanchopmaTopoB Toka Kar.

[Ipu sTOM mpuHUMaeTCs, YTO K NMEpBUYHON 0OMOTKE TpaHchopMmaTopa NpH HCIOJIB30BAHUN
aBToTpaHcpopmatopoB  Toka  AT-31-Y3  Bcerma  moaBoaMTCs ~ KpaliHee  OTBETBJIICHHE
aBTOTpaHCcPOpMaTOpe C HOMUHAIEHBIM TOKOM, PaBHEIM 2,5A.

2,5 2,5
= == =223
Iorp.pr 112

3HAYEHUs] TOKA OTBETBJICHUS aBTOTPaHCPOPMATOpa, OJIM3KOMY MEHBLIMHA MO OTHOIICHHIO

Tor[[a KAT =

1 (O A
KO BbBIXOJHOMY HOMUHAJIBHOMY TOKY B IIJICYC B LCIIN TpaHC(l)OpMaTOpOB TOKa, raA€ yCTaHOBJICHBI Ha
CTOPOHE BBICIIETO HANPsDKEHUs TpaHcpopmaropa 6noka I,

[Tpunumaem [ = 1,12, BeiBoasI 1-6

OTB.AT
PacueTHbIil BTOpUYHBIN TOK, MOJBOAUMBIM K TPAHCPEAKTOPY pejie Ha MEPBUYHOM CTOpOHE

HanpsbKeHUs TpaHcdopmaropa.
/ = . fred . —
Tpacspas; = Ipacupas Ko = 1,37-2,23 = 3,06 A

[Mpunumaercs 3HaueHWs ONMMKAWIIMM MEHBIIUM I10 OTHOIICHHIO K TOKY, MOJBOJIMMOMY K
TPaHCPEAKTOPY IOTB.pa6I = 3 A Ne orBerBiieHus — 5.

3. Br10op ycraBok pesuctopa R13.
Bri0op ycraBKku pe3ucTopa MPUHUMAETCS IO YCIOBHSM K IEepecueTy MHUHHMAJIBHOIO TOKa
cpabarpiBanus 3amuthil, .. ., K HOMHHAIBHOMY TOKY BBIODAHHOIO OTBETBJIEHHS TPAHCPEAKTOPA
(17151 KaXKIOM CTOPOHBI TPAHCPEAKTOPA).
a) TIpY ONpEeIeTICHNH 3HAYCHHUSI Ha HU3KOW CTOPOHE HAIIPSIKEHHUS:
_ Ipa6” _ 34,6 _

I*c.p-min - I*c.3.min Loes pat - 4,6 -
. pii

0) mnpu ompeleleHVMH 3HAYCHHS Ha BBICOKOM CTOPOHE HANpPSDKEHHsT C  y4eToM
aBToTpaHcdopmaropa:

0,3

I pacu.pab;

*cpmin — '*camin
P IOTB.pa6. I
[TockonbKy ycTaBKM Ha PE3UCTOPE MOJCUYUTHIBACTCS JUIS JIBYX CTOPOH, CIEAyeT NMPUHUMATH
OOJNBLIYIO U3 HUX.

[Tpuanmaem [

1,37
Ky = O,3T- 2,23 =0,306

*c.p.min =031

4. BriOop oTBeTBICHUA TPaHC(HOPMATOPOB TOKA TOPMO3HOM IIETIN pelie.

Tak kak TpaHcoOpMaTOphl TOKA TOPMO3HOW IIENH pelie MPUCOSAUHSIETCS K TpaHcdopmaTopam
TOKa Ha CTOPOHE BBICHICTO HAIIPSIKCHUA 6.]'[0](21, IIp 3TOM HOMHHAJIBHBIC 3HAYCHUA TOKa OTBCTBJICHUA
TpaHcOpMaTOpOB TOKAa TOPMO3HOM LIETI BBIONPAETCS C YUETOM YCIIOBHI aBTOTPaHC(HOPMATOPOB TOKa

lorguopm = Ity - Kar = 1,37+ 2,23 = 3,07 A

[punumaem Iy =3,0 A. Ucnonbsyemoe oTBeTBICHHE Ne3.

5. Pacuer 3amyThI B YCIOBUIX TOPMOKEHHSI.

[IpenoTeparuenue cpabaTbiBaHus 3aIUTHI OyIeT 00eCcTedeHo, eCli IPEAyCMOTPEHHBIEC TOUKH,
BO3MOJKHBIM BHEIIHHX HOBPSXKICHUSIX 3HAYCHUSM TOKOB B muddepeHnnansHol pabodeit u B
TOPMO3HOM LIETIAX pelie, B CUCTEME KOOpAMHAT OyIeT JiesKaTh HUKE TOPMO3HOM XapaKTepUCTUKU pelie.
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. Ipas
PacueTHbIN PEXUM BBIOMPAETCS 10 HAUOOIIbIIE 3HAYEHUIO OTHOIIEHHUS TOKOB——,
TOPM
IIpu 3-x ¢a3HOM K.3. Ha BBIBOJIaX TeHepaTopa OJOKa, TOK B padoueill memn paBeH TOKY
HebaaHca, TPOXOASIIEMY B 3allIHTe.

OTCTpOI?'IKa OT 3TOIr0 TOKa 06eCHe'H/IBaeTC$I TOPMOKCHUEM:
/ - ) £ ® —92.1. . =
IH6.pacq.BT_KaHep Ko,zu—l fi IK.3.max_BT =2-1-0,1-185=3,74

7000-222-3,05-/3
rue I,Ef;?,mam = I}E?_max . % V3= #\/— = 18,5 AISS)-max.BT - IEpUOTUYECKas
clararomiasi BropHyHOro;
fi = 0,1- Tox HamMmarHUYMBaHUs TPaHC(HOPMATOPOB TOKA B OTHOCUTEIHLHOM 3HAYCHUSIX;
Kopy = 1 — k03 dunmenT onpenensromue OTHOTUITHOCTH TPAaHC()OPMATOPOB TOKA;
Kanep = 2 — K039 YUUMEHT, yUHTHIBAIOIIMI IEPEXOAHOM pexume st pene tuna J3T-21-Y3

ONPEAEISIONINE alIEPUOJUYECKON COCTABIISIFOLIEH.

Iyacapas, * Kar = lorepas 1,37-2,23 -3
éé _ ‘pacupa6; " Par ™ forapagy 1}533) — +18,5=0,42 A
pac4.BT Ipacq.pa61 . KaT BT 1,37 -2,23
rae IpaG = I*H6.pac'-1.BT = 146 + Iéé =3,7+0,42=4,12A4 3HauecHWE TOKa B OTHOCHTCIHFHOM

3HAYEHUSX, POTEKAIOIIETO B IPEAyCMOTPEHHOTO pabouet muddepeHIrnanbHOM ey pee.
_ 1H6.paC‘{.BT _ 4,12
*H6.pacd.BT -

Ipas = 1 ; =137
OTB.pab;

3HaYeHHE TOPMO3HOTO TOKA, MPOTEKAIOIIEro MO TOPMO3HOM Ienu pelie, paBHO BTOPUYHOMY

TOKY METAJUTMYECKOTO TPeX(a3HOro KOPOTKOTrO 3aMbIKaHWs NMPH BHEIIHUX TMOBPEXKICHUSIX OJIOKa,
MPOXOIAIICTO Yepe3 3allluTy.

IO

6] _ K3maxsr _ _
I =1 = = =6,17

* * -
TOpM K3.max.sT

IOTB.HOpM 3

HeoOxomumo BBIOpaTh TOK Havana TOPMOXKEHHsI JUI pacdera 3alliThl B  YCIOBHUSX
TOPMOKEHUS Pene, I, _ , T.€. JUIMHY ONPEJENSIONIETO yIacTKa TOPMO3HON XapaKTEPHCTHKH.

HawnGosnpias 9yBCTBUTENBHOCTD 3alIUTHI NPHU TOBPEKACHHUSAX B TpaHchopmaTope Oiioka
Oyner obecnieuena, ecnu mpuuath I, = 0,6. Ilokasarens xospduumenta Topmoxenus pene Kr,
XapaKTepU3yIOMUil B YCIOBUSX BHEIIHETO K.3. TOPMO3HOE [EHCTBHE pee OmpeenseTcs B
COOTBETCTBHH C MH(POPMALIMEH 3aBOJA-U3TOTOBUTENS KaK MPSIMO MPOMOPIUOHAIBHOTO MPUPAICHUS
ToKa B paboueil nuddepeHnnanpbHON Ienw perne W o0paTHO MporopuruoHambHOro K momycymme
NPUPALICHUS TOKA B TOPMO3HOH 1IN pelie.

_ Ay AL
0583 ropy  O5AL.,

U3 paccmoTpenus rpaduka TOpMO3HON XapaKTEPUCTHKU CpabaThIBaHU peie:

Kr

AL, = Ki* Lyg pacose = Lpmin = 1,5 137 = 0,31 = 1,745
0,543, =05-12 I =05617—06=2485
pM K.3.Max.BT Hay

rae Ky = 1,5 — ko3hGUIMeHT HAIeKHOCTH.

AI*P361 _ Ky - I*Hﬁ.paC‘{.BT - I*cp.min _ 1,745 _
0,5- 1(3) -1 2,483

= 0,5A31
K.3.max.BT *Hay

6. BriOop ycraBok nuddepeHInaIbHON OTCEUKH.

Kak Bcerna nuddepenumanbHas oTcedka 3alIUTBl  HMCIOJB3YETCS Ul  MOBBILICHUS
OBICTPOAECHUCTBYIONIEH 3aIIUTHI MTPH OOJBIINX KPATHOCTSAX TOKA K.3. B 3AIIUIIAEMOIl 30HE.

Pacuer nuddepeHunanbHONR OTCEUKH ClieAyeT MPOM3BOAMTH IO TOKY B IUIEYE CO CTOPOHBI
BBICOKOT'0 HanpsbKeHus TpancdopmaTopa OJoka.

VYcnoBust cTaBka Toka cpabaTbiBaHus AU GEepeHIINATBHON OTCEUKN BEIONPAETCS U3 OTCTPOUKH
oT OpocKa TOKa HaMarHWYMBAHUS TPH BKIIOYCHWH HEHArpy»XEeHHOro TpaHcdopmaropa Oioka mox
HanpsbKEeHHeE.

Kr 0,7

*TOopM

Ly = K Ly = 41,05 =42
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rae K — moxkazarens kod(duimenTa OTCTpONKH 3aIuThl OT OpOCKa TOKA HAMAarHWYMBAHHUS I10
HOMHHAJIHHOMY TOKY.

Y4uThIBas HEMOCTATOYHYIO OTCTPOHKY IU(PPEpeHINATLHOW OTCEYKH OT OJHOTHITHBIX
OpOCKOB HAMAarHWYIMBAIOIIETO TOKA M TIEPEXOIHBIX TOKOB HebaaHca, IpHHUMAETCS > 4.

I*paG- 3HaYEHUE BTOPUYHOTO pabOYero TOKa B TUICYE 3aIUTHI, B OTHOCUTEIILHBIX MOKA3aTEIIAX

COOTBETCTBYIOILIEE HOMHHAIILHOMY TOKY TpaHcdopmaropa 010ka
I Nary 1,37 — 2,23
Lipas = = = 1,02
lf 0TB.pab; 3
[Ipu BBITTOTTHEHUH YCIOBUS OTCTPOHKM OT OpOCKa TOKa HaMarHHMYWBAHUS, 0OeCIeYnBaeTCs
TaKX€ yCJIOBUE OTCTpOﬁKH OT YCTaHOBHUBLICTOCA TOKa HeOaaHca IIPpU BHCIIHEM K.3.

CormacHo JaHHBIM 3aBOJlda OTCCYKU UMECT ABAa YCTABKU TOKa Cpa6aTI)IBaHI/I$I - I*Cp = 6 uu 9.
=6.

*Cp -

[TpunuMaeTcs Oivbkaliiiee OONbIIAs IO OTHOLICHUIO K €€ PACUCTHOMY 3HAYCHHIO [

7. OmpeneneHue YyBCTBUTEIBHOCTH 3aIUTHI.
3ammThl YyBCTBUTEIBHOCTh MPU JAaHHBIX PAacCMaTPUBAEMBIX OJIOKaX MpPHU HEUCIPAaBHOCTH B
3aIUIIAEMON 30HE ONPEAENAETCS TOIBKO NMPU OTCYTCTBHH TOPMOXKEHHA. UyBCTBUTENBHOCTD 3AIUTHI
ompeJeNsieTcs NpU TOBpexkIeHHsx Ha BBojgax 220kB TpancdopmaTtopa Onoka Tpu OTCYTCTBUHU
nUTaHus co croponsl 220kB.
Pacuer nomyckaercst MpoOU3BOAUTE IO YIPOILECHHOU (opMmyie:
Kq — IK.3.min
cp.min
rae Iy 3 min- IEPBUYHBIA MUHUMAIBHBIA TOK K.3. B MECTE MTOBPEKICHUS;
Icp min- NEPBUYHBINA TOK cpabaThiBanust, paBHbIAK * I, 1.

a) 2-x ¢aszHoe k.3.115

115
- 1@ 2-087-4025535 20125 13
¢ Icp.min \/§ 178 178 '
0) ogHodaszHoe K.3. (pexxum MuH.11 A)
& 5245 -;—ég
S =8,5

K, = = )
) V3- Iepmin V3-178

BuiBoasl. [IpousBenen pacuer nuddepeHnanbHON 3auThl TpaHchopMaropa Ha pesie TUMa
[3T-21-Y3. Beibpansl ycraBok auddepeHnnanbHoil OTCEYKH U OTBETBICHHS TPAHC(POPMATOPOB TOKA
TOpMO3HOM 1enu pene. OnpeneneHa YyBCTBUTEIIEHOCTD 3aLIHTHI.
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Abstract. A mathematical model characterizing work of rails under action of the vertical loading from
mobile composition on the areas of way direct and crooked is developed, and also on the areas of the
found in an area rail joints characterized by high dynamic influences.

These questions are especially actual for the terms of ways of the no common use (high axial loading, features
of the special mobile composition, curves of small radiuses, feature of the modes of conduct of trains).
Executing the design of work of rail filament it is needed to take into account under action of the
external loading, level of dynamic action of crews on a way in the area of rail joints. The use of
number methods of research of co-operation of way and mobile composition enables exactly to
determine basic calculation data, by comparison to experimental works, but it is possible to use
number methods only when a mathematical model represents the real work of construction of way,
taking into account dynamic processes which take place in the area of joints.

In the article the general calculation chart of subsystem was considered "crew", in a basis to which
the spatial calculation chart of chetirehosnogo crew which moves on the way is stopped up. As a
calculation model a beam which is found separate discrete resiliently was accepted - dissipativnih
supports with nonlinear descriptions.

The developed mathematical model enables to define resulted to the point of contact of wheel and rail
inflexibility of rail filament, that enables to define vertical dynamic forces of co-operation of way and
mobile composition taking into account the changes of parameters of izgibnoy inflexibility of rail
filament in the area of rail joint.

Keywords: mathematical model, rail joint, rail, vertical loading, inflexibility.

Introduction. The issues of interaction of track and rolling stock in the area of rail joints, for
both straight and curved sections of track, are quite relevant when conducting studies of the effect of
rolling stock on the track [1-6]. This is especially important for conditions of non-use lanes (features
of special rolling stock, features of train modes, curves of small radius).

Executing modeling of work of a thread under the influence of external loading it is necessary
to consider the level of dynamic action of crews on a track in the zone of rail joints. The use of
numerical methods for the study of the interaction of the track and the rolling stock makes it possible
to accurately determine the original calculated data in comparison with the experimental works, but
numerical methods can be used only when the mathematical model reflects the real work of the track
construction, taking into account the dynamic processes occurring in the joint zone.

Analysis of recent research and publications. Most recent studies addressing the interaction of
track and rolling stock, calculated the vertical or horizontal lateral forces acting on the track when moving
crews in straight and curved sections of the track, adopted models describing flat oscillations [7-8], they
designed on the assumption that the motions of the system in different planes are weakly interconnected.
But such methods are not suitable for the specific conditions of non-use lanes, significant nonlinearities of
dependence, including nonlinearity of discontinuous type, must be taken into account, only the nonlinear
model adequately describes the interaction of elements in the dynamic crew-track system. Investigation of
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the interaction of track and special rolling stock, estimation of crew dynamics with nonlinear spatial force
and kinematic connections, should be performed on a nonlinear spatial model, since for the nonlinear
systems the principle of superposition cannot be applied [9-11].

Defining the purpose and objectives of the study. The purpose of this article is to simulate a
mathematical model of the work of rails, in the area of rail joints, under the influence of vertical
loading from rolling stock and is an urgent task that will determine the rigidity of the thread thread to
the point of contact of the wheel and rail, which in turn will allow to determine the vertical Dynamic
forces of interaction between track and rolling stock, taking into account changes in the parameters of
flexural rigidity of the rail thread in the joint zone.

Main part. In [10] the general calculation scheme of the subsystem "crew" (Fig. 1), which is
based on the spatial design scheme of a four-axle crew moving along a track, is considered. As a
design model of the track, a beam based on many elastically - dissipative supports - sleepers with
nonlinear characteristics is adopted. This makes it possible to establish the influence on the dynamic
forces of inequality of the sub-base, the life of the track, the vertical and horizontal geometric
irregularities of the track.
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Fig. 1. General scheme of the dynamic subsystem "crew"

When passing the wheel of a rail joint without a vertical step (Fig. 2), the maximum impact
force can be determined by the formula [12-14]:

Rhit1-g = /Whit\/ (Cccin CC)n. (::Wh +mnr1 )
K n wh r
where: x — a factor that takes into account the location of the impact force relative to the neutral axis
of the rail;
Upit — the vertical speed of impact of the wheel;

)

Ceon — the contact stiffness between the wheel and the rail;
C, — gauge stiffness when co-driving;

M, » M, — equivalent wheel and track masses involved in the co-driver.
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Fig. 2. Kinematic scheme of the passage of the joint wheel

Options M, 4, and M, are determined by the formulas:
My =05-n-m, 4 2
mr :O’S'IF 'm“n (3)
where my.1 — mass of one crew wheel (kg);
n — the share of the mass of the wheel until the end of the increase in force in the collision;
l b, the length of the rail involved in the oscillation to the end of the collision (1-1.6 m with

reinforced concrete and 1.5 - 2.2 m with wooden sleepers);
m;;, — linear mass of the rail (kg / m).

The contact stiffness between track and rail [15] is assumed to be equal Ceon = 108 N / m.
Gauge rigidity at co-driver C, should take into account the joint operation of the rail and sub-base.
Professor E.I. Danilenko [15] proposes to define this parameter by the formula:

C =(64-E-1)%-(U,)" 4

where E — modulus of elasticity of rail steel (2,1 « 105 MPa);

I—the moment of inertia of the rail when working on vertical bending;

U, — modulus of elasticity of the sub-base.

The value of the coefficient « in formula (1) should be assumed equal x« = 7 when determining
the force of impact Ruit, which is reduced to the neutral axis of the rail.

The vertical speed of impact of a wheel in a rail (fig. 3) is determined by the formula:

Lhit =019 (5)
where v — horizontal speed of the crew;
¢ — the angle of inclination of the elastic line to the starting position.

I 2 ¥

aon i

) 0.3

1.0

1.4
b))

Fig. 3. Wheel movement through a vertical step in the joint
a) the trajectory of movement of the center of the wheel;
b) formation of dynamic inequality at a step in a joint.
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Parameter ¢ according to the research of Professor E.I. Danilenko [13] for butt inequality can
be found by:

(p:den_ 2 e ( 6
4k (1+y-k)-(1+25k3)+1 ET

where Py, —the average dynamic value of the vertical force acting on the rail;

k — coefficient of relative rigidity of the base and rails;

o — the coefficient of influence of the convergence of the joint sleepers on the rigidity of the
rail joint;

y — angular stiffness of the condition.

The rest of the designations are the same.

The value of the coefficient 6 is determined by the equation:

ls =1 U -
2 ET

where |5 — the distance between the axes of sleepers;

l; — the distance between the axes of the sleepers in the joint.

The stiffness of the joint y can be determined by the formula proposed by prof. Danilenko E.I.
[13] depending on the characteristics of the vertical rigidity of the rails, the base and the characteristics
of the joint elements:

o=

, AEI -k? 1
- p — 8

P, dyn 3 k ®

—4EI -K°—4EI -6
max
In the presence of a step in the joint, the maximum impact force of the interaction is

determined by the expression (1). In this case, the vertical impact velocity should be calculated by the
formula (5), where ¢ — the angle of impact can be found using the equation (Fig. 3):
where h — the size of the stairs;

@ = arcsin h ©)
2r,
rk — wheel radius.

Considering the above, let us consider the vertical interaction forces of the crew and track
subsystems, taking into account accepted assumptions about the elastic - dissipative properties of the
track and the effect of vertical dynamic forces in the joint zone:

R; :Cv(yp)"'ﬂdis(yp)'S'gn Yp (10)
where C, — shows the vertical rigidity of the rail thread at the point of contact between the track and
rail (N / m);

v, — Vvertical bending of the rail under the wheel (m);

[ dis — the parameter of energy dissipation by the track structure in the vertical plane ( N 'CZJ
m

The general approach to the calculation of non-intersecting beams by means of the equations
of three moments [15] also extends to the case of the calculation of beams on elastic supports. Here,
instead of the equations of three reference moments, the equations of five reference moments are
considered. Under rigidity of support C,; we will understand the load required for a single precipitation
of this support (N / m).

For a beam having constant EI stiffness, with the condition of continuity of the elastic line, the
equation of five reference moments will be:

M, .0, ,+M 6, +M 0, +M, .0, .+M, ,-0,, ,+A, =0 (11)

n,n-1 n“nln n+1Y n,n+1 n+2 " Yn
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In the particular case of an equal span beam / p and the constant rigidity of the supports C,
the equation of five points takes the form:
M, ,-a+M, 1-4a)+M,(4+6a)+M, - 1-4a)+ M, ,  -a=
6(l2f +Af )
n ) 0RO, - 2RO+ RY,,)

n+1

(12)

where RY, R’, R, — reactions of supports N—1,n,N+1 in the assumption of hinges over
supports which are caused by external loading;
Anf L1 and an —dummy reactions of resistance n in » and n+1 spans [14].

Consider the operation of rail thread under the action of elastic forming R, the vertical force of
interaction between the crew and track subsystems. It is a force that moves along a track at velocity V.

Track calculations and numerous experimental works [5, 12, 14, 17] showed that the
subsidence of supports, which are further 2.5m from the point of vertical force, are values of the third
order of smallness compared to the subsidence of supports that are closer than 0.5m from this point.
Therefore, we consider the rail thread as a nine-span beam on ten elastic supports of fig. 5 [10].

%
s lm
4 4 4% 4, 4%/ Py Y 4 Yo
}
sS4\t a5 2
A RE O RT 4 P S S
2 = = fy KL " & : 2 Z g
7 2 3 4 5 6 7 8 g 1
Xp

Fig. 4. Calculation scheme of rail thread on elastic supports under the action of moving force
yi — deflection of the rail on the supports
vp — bend of the rail under the wheel

Distances X, from the support 5 to the point of application of force R, variables and are
determined for the adopted calculation scheme by the ratio:

Xn
X,= 0y 1— R (13)
b

where / p — distances between supports (m);

— fractional part of the ratio ;
ly ly
X, — the current abscissa of the wheel pair (m).
The variable value of the reduced vertical stiffness of the rail thread at the point of contact of
the wheel and the rail to be found, taking into account accepted designations, will be defined as:
R)’
C=—",(N/m) (14)
Yp
Write the equation of five points (12) for each of the ten supports:
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for 1 support: M, (4+6a)+M, (1-4a)+M,a+0..=0

for 2 support: M, (1-4a )+ M, (4+6a)+M,(1-4a)+M a+0..=0

for 3 support: M,a+M,(1-4a)+M,(4+6a)+M,(1-4a)+M,-a+0..=0

for 4 support: 0+ M,a + M, (1-4a)+M ,(4+6a)+ M (1-4a)+Ma+0...=
:—a(ﬁm —xp)

for 5 support: .0+ M,a+ M, (1-4a)+ M, (4+6a)+ M, (1-4a)+M,a+0...=

= — Ryn[ _xp(fm —xp)'xp(ZCm _xp,-)_"Rym’l:a(z[w_sxﬂ)]

z
for 6 support: 0+ M,a + M, (1-4a)+ My (4+6c)+ M, (1-4a)+Ma+0=
Rvni
=— f'z (fm _x,,,-)'xpi (fw +xp)+Rym. [a (3xp —fm):| (15)

for 7 support: .0+ M a+ M, (1-4a)+M,(4+6a)+M,(1-4a)+M,a +0...= —ax
for 8 support: .0+ Mg + M, (1-4a)+ My (4+6a)+M,(1-4a)+Mua =0
for 9 support: .0+ M,a+ M, (1-4a)+M,(4+6a)+M,(1-4a)=0
for 10 support: .0+ Moo+ M, (1-4a)+ M, (4+6c)=0
In matrix form this system can be written as [15]:
A-M=-H, (16)

where 4 — matrix of rigidity of the rail thread,;
M — matrix is a column of unknown reference points;
H — the matrix is a column of external load;

4+6a l-4o o 0 0 0 0 0 0 0
l1-4a 4+6a 1-4a a 0 0 0 0 0 0
a 1+4a 4+6a 1-4o a 0 0 0 0 0
0 a l1-4a 4+6a 1-4«a a 0 0 0 0
A=1 9 0 « l-4a 4+6a l-4a a O 0 0 n
0 0 0 o 1-4a 4+6a 1-4a « 0 0
0 0 0 0 o l-4a 4+6a 1-4a. « 0
0 0 0 0 0 o 1-4a 4+6a 1-4a «
0 0 0 0 0 0 a 1-4a 4+6a 1-4a
0 0 0 0 0 0 0 o 1-4a 4+ 6«
According to the Cramer formula elements M; matrix 16 can be defined:
M, =2
[ A (18)

The stiffness matrix of the rail thread (16), compiled for the design scheme (Fig. 4), was
obtained from the condition of constant rigidity of the rail in all spans.

However, in the area of the rail joint, the rigidity of the rail thread will be different. This
parameter will be affected by the total rigidity of the butt pads, the tension level of the butt bolts, and
the presence of the butt gap.

To account for such a feature of the track arrangement in the joint zone, we consider the
operation of the rail thread in the presence of a rail joint under the action of vertical force. Since
changing the flexural rigidity of the rail affects the vertical stiffness brought to the contact point,
depending on the distance from the contact point to the joint, several design schemes need to be
considered.
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In the first case, the vertical force is in the fifth span from the joint. The design scheme in this
case will look like (Fig. 5).

P

m

O i a1 f = o 7 F=9 Fat o F: 7 ok

s

Fig. 5. Calculation scheme of the first variant of loading
Write the equation of five points for each of the ten supports for the joint:

for 1 support: M, (4+6a)+M,(1—4a)+M,a+0..=0 h

for 2 support: M, (1—4cr)+M,(4+6a)+M,(1-4a)+M o +0..=0

for 3 support: M,ax + M ,(1—4a)+ M (4+6a)+ M,1-4a)+ M, -a+0..=0

for 4 support: 0+ M,a + M ,(1—4c)+ M, (4+6a)+ M, (1-4a)+ My +0..=0
L0+ Mua+M,1-4a)+ M, (4+6a)+ M 1-4a)+ M,a+0..=

for 5 support: R .
== 6)2} xp(gm _xp).xp(zgm _xpi)+ Ryni[zwcpi _a(gm _xpi)]
“ s (19)
O0+Mo+M;Q—4a)+ M (4+6a)+M,1-4a)+ My +0...=
for 6 support:

== F;;ni (fw _xp[)'xp[(ZEW _xp[)+ R i [Za(fm _xp[)_axpi]

for 7 support:...0 + Moo + M (1—4a)+ M, (4 + 6a )+ My (1— 4a )+ Myar, +0...=0
for 8 support: .0+ Mo + M, (1—4da)+ My (4 +6a)+M,(1-4a, )+ Mo, =0
for 9 support: .0+ M, + My (1—4a)+ My(4+6a, )+ M, (1-4a,)=0

for 10 support: ...0+MBO{+M9(1—4ast)+M10(4+6ast): 0

In this case, the stiffness matrix will look like:

4+6a 1-4a a 0 0 0 0 0 0 0
l1-4a 4+6a 1-4a «a 0 0 0 0 0 0

a l+4a 4+6a 1-4a a 0 0 0 0 0

0 a 1-4a 4+6a 1-4«a a 0 0 0 0

A = 0 0 a l1-4a 4+6a 1-4a « 0 0 0 (20)

0 0 0 a l1-4a 4+6a 1-4a « 0 0

0 0 0 0 a 1-4a 4+6a 1-4a. o« 0

0 0 0 0 0 a 1-4a 4+6a 1-4da, o4

0 0 0 0 0 0 a 1-4a 4+6a, 1-4a,

0 0 0 0 0 0 0 a 1-4a, 4+6a,

Here all the designations are the same.
In these formulas as — coefficient of relative rigidity of rail and rail support in the area of butt span:

o _ OEly 21
st g C J ( )
st . y
where E — modulus of elasticity of rail steel,

Cy — vertical rigidity of rail support;
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It — distances between buttresses in butt span;

Is: — the moment of inertia of the thread in the butt span.

Further, as the distance from the butt span, the matrices will rotate symmetrically in the
opposite direction.

By composing the determinants of the stiffness matrix and the determinants of the external
loading matrix, the single anchor points can be calculated by the Cramer formula (18).

Knowing the single anchor points, the elastic single deflections of the supports, the individual
deflections at the point of loading (22) are calculated, and the required vertical rigidities of the rail
thread (Formula 13) are sought. These values are used in the calculation of vertical dynamic forces of
interaction by the method described above.

2
X (éb—xp) (fb—xp)2 X, 22)
Yoet =V5— Vs + ’
Ly ly 3EI 1,
where y;i — elastic subsidence of rail supports;

x,— the distance from the nearest support to the point of application of force the distance from
the nearest support to the point of application of force.

To perform the studies by numerical methods of dynamic vertical forces of interaction of
rolling stock and track in the zone of rail joints by the method described above, in addition to the
characteristics of rails that are commonly known, the characteristics of cruelty and dissipation of rail
supports. It is necessary to know the rigidity of the thread in the area of the butt span. This value is
variable, must depend on the moment of inertia of the rails and the two butt pads relative to the
horizontal axis. It can be influenced by the level of the nut of the butt bolts, the butt clearance and the
distance between the butt supports - sleepers.

Conclusions. The above method of calculating the dynamic forces that arise when passing the
wheels of the rail joints, was implemented in the Mathcad software system.

It allows you to determine the rigidity of the rail thread brought to the point of contact of the wheel and
the rail, which allows to determine the vertical dynamic forces of interaction between the track and the rolling
stock taking into account changes in the parameters of the flexural rigidity of the rail thread in the joint zone.

It should be emphasized that the influence of these parameters on the forces of interaction
between track and rolling stock is constantly changing in the process of motion. The course of these
processes is influenced by both the rigidity of the rail supports and the rigidity of the rails in the zone
of the rail joint and out of the joint.
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GEOGRAPHICAL SCIENCES

FUNCTIONAL CHARACTERISTICS OF GEO-ECONOMICS
(CASE: AZERBAIJAN AND POLAND ECONOMIC
RELATIONS)

Toghrul Allahmanli
Lodz University, Poland

Abstract. The geo-economic factors play an important role in determining the specifics of the tendency
for economic relations between Azerbaijan and Poland. Because geo-economics has a serious base,
such as the formulation of strategies and tactics in the international arena by examining the economic
relations of the state within specific environments and conditions, the operating system. Geoeconomic
space, geo-economic atlas of the world, volatile economic boundaries, world income, strategic
maneuvering and strategic effects, geoeconomic technologies, ethno-economic systems, geo-economic
security, geo-economic security and so on and such serious factors are concentrated in the context of
the term. Therefore, a comprehensive analysis of this problem is the basis for the success of
international economic relations as a whole. They need to be treated in the light of foreign economic
doctrine and foreign economic strategy and, in this context, turn into a fact of analysis.

Keywords: Geoeconomics, Azerbaijani economy, Polish economy, import, export, market relations,
East-West, North-South relations.

Introduction. The global economic space in which the global economic processes take place
defines economic relations with its subjects and determines the sustainability, correctness and
prospects of these relations. Implementation of geo-economic policy due to high geo-economic
technologies is considered to increase revenues, successful distribution and improvement of welfare.
There is, of course, another tendency to redefine the world, which is the basis of new approaches,
principles, and regularities of system upgrading. Geoeconomic factors make it necessary to create
modern mechanisms of internationalization in the economic sphere. All that is now due to the
emergence of new economic boundaries, that is, the emergence of supplements and alternatives.

Problem setting. The importance of geo-economic factors in international economic relations
is directly related to the content of the geo-economic system. The overall goals of national
development are linked to strategic resources for its implementation. Because any national economy,
in itself, is focused on stability and expectation of dynamics. It is impossible to protect and exist only
within certain boundaries. Regulation in the main environment and in the wider field is a balance
between what is happening around the world.

Geoeconomics has many features that are due to the color and pragmatic nature of what is
happening in the global economic landscape. Commenting on this issue, E.G. Kocetov emphasizes that
“geo-economics - 1) conceptual reflections of the global world through a system of economic attributes;
2) a system of economic attributes and economic relations that go beyond the national framework defining
the outlines of the global economic space in which global economic processes take place; 3) symbiosis of
national economies and state institutions, the "touching" of national and higher national economic and state
structures; and 4) the system of views of national economies and their economic integration into the
international production nucleus for the purpose of economic policy, operations in the geo-economic atlas
of the world, participation in the formation and distribution of world income based on high geo-economic
technologies.”[6] The geo-economic processes have a perfect basis for future-oriented conceptual and
scientific-theoretical analysis, and it is possible to identify the general dynamics of economic processes that
can and do take place around the world.

Solutions. Transnational world powers and local states are represented at the level of geocultural
relationships with a serious program of action in the South Caucasus and the Caspian basin. In general,
“Through the last decades of the twentieth century and the beginning of the twenty-first century, the
Caspian Sea and the Caucasus region have regained one of the most important places in the world due to
social and political and international events. The Caspian Basin and the South Caucasus have become geo-
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economic interests, attracting the attention of the transnational world with its rich hydrocarbon resources,
East-West, North-South, transport and communications opportunities in the face of the growing energy
needs of the planet and the need to expand trade links.” [5] These considerations of the Caspian Sea, the
Black Sea basin, and the South Caucasus, in turn, determine the processes and causes of economic interests
in the geo-economic space of the world. Geochemical factors in international economic relations make the
need for a number of issues and give rise to serious ideas.

a) The world system is integrated into new geo-economic spheres;

b) The need for changes in the mechanisms of internationalization;

c) The role of geo-economic space in the global division of labor and the revitalization of
economic boundaries;

d) Changes in commaodity production modification;

e) Formation of internationalized recycling cores;

f) Strategic effectiveness of national foreign economic models, etc.

Existing geo-economic changes in the current time focus on the content, longevity,
perspective-based doctrines of external geo-economic systems, and the need for this work to be done.
Ch. Abbasov, G. Ganjiyev, Z. Mammadov, J.C. Benjamin, B. Slay, F.Millard and others paid
particular attention to the study of geo-economic aspects. Modern processes emphasize the focus on
strategic resources and the role of geo-economic factors in their formation. Institutions analyzing the
genetics of the global community in the context of global change are focusing on the economic
prospects of the path. What is important here is not the formation of a global income and a complete
picture of it, but of course, it is one of the important issues, on the other hand, based on the legality of
the distribution of that income. All economic institutions and theorists of economic thought
concentrate on what is happening and seek to unleash the perspective of the global economic pulse.
Certainly, there are issues such as dynamic and secure connection, the provision of fertile conditions,
and the determination of new development points.

It is also important to make strategic decisions in the geo-economic landscape of international
economic interests and to determine its success rate. Because, in rapidly changing situations, the
globalization points should be so perfect that the geo-economic, geopolitical, geopolitical interests in
itself are driven by the strategic nature of the perspective. Of course, the objectives of activities in the
geo-economic environment should be clarified in order to strengthen and sustain the national strategic
economic interests. This is “the situation in the external field; state of system of national interests and
priorities; the situation in the national economy”. Because in the modern international system,
compromise is theoretically a factor. As it is known, “the technogenic world has deformed human
perception and has broken the harmony of its mental state. The strongest objection to this is spreading
in the person's behavior. Healthy pragmatism has been replaced by ideal systems. Such systems
therefore have a long-standing feature in the social memory of the offspring. Ideally, a self-affirmation
would kill millions. The categories of "national interests" and "national security" are formed, which
are difficult to understand without financial connection. It also refers to the category of sustainable
development as a tool for man-made consciousness.” [6]

European science today, in the general view of geo-economic processes, focuses more on
sustainable development and the development of mechanisms for its maintenance. It is also necessary
to ensure sustainability in the general context of the course of geopolitical processes embedded in
"national interests" and "national security" and to what extent their perspective is calculated. To the
extent that the modern world realizes and analyzes the rapid and rapid renewal of the party and
proposal packages through scientific mechanisms, what is happening? The principles of the economic
sphere, which are embedded in the minds of classics, neoclassicals, postmodernists, neoclassicalists,
as well as the emerging theories, such as product life theory, competitive advantage theory,
intersectional theory is. The dynamic picture of new global processes in the modern world realizes
that, in the end, of course, the environment and reality are relevant. In addition to its geo-economic
relations, its mechanisms include development technologies and specificity schemes.

The success of geo-economic factors include climatic conditions, the current conditions for the
development of various sectors of the economy, natural resources, the proper resources management
and so on whatever it is, they determine whether they are represented in a geo-economic environment
as a whole. Looking at the modern economic picture of the world from the outside, a diachronic view
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reveals an agreement with the economy itself. Of course, there are issues such as backwardness, what
is happening in the geo-economic space, and how economic processes are represented in the national
bulb. It is impossible to draw attention to the essence of geo-economic developments by looking at all
issues from a national standpoint. The modern world does not follow the peculiarities of regionalism
in international economic relations. On the contrary, in the light of the equilibrium of those who, from
raw materials to technological systems, they keep everything in focus and clarify market principles.
There is also the question of what cultural geo-economic space falls within this context, and that,
according to many scholars, the last question towards the middle of the 21st century (how much
exhaustion will the human race be in the phase of technogenic fatigue - TA) will find its answer: the
nuclei will be formed and strengthened, the new neo-economics, the geo-economic space (world) will
eventually enter this new culture, and all efforts will be directed to the continuity of this transition; or
a stark alternative to humanity - the "world" will have to break up with the post-industrial
"exhaustion™ of resources, which is nothing more than "disintegration™ of globalization (economic,
political, social, military, philosophical and so on).”[6] The world is already positioned in the post-
global globalization of all parameters, and its technogenic resources are characterized by questions of
what will be represented at the next stage in these shifts.

The degree of certainty of international economic relations is characterized by the weight of
the geo-economic factors and the success rate. For example, the Caspian Black Sea basin, as a geo-
economic space, draws attention to the richness of its energy resources. Z. Bzejinski is the Caspian
and Black Sea Basin and the South Caucasus region, where the geopolitical, geo-economic and
military-geostrategic interests of the West are represented in the 21st century.”’[5] Perspectives of
modern geo-economic processes raise the question of what qualities and what are characteristic of
what is happening in the economic space. The Caspian Basin and the South Caucasus's rich resources,
which are in the interest of the transnational world powers and local governments, are the key to
success in economic, trade and other relations. According to experts, the Caspian Sea is one of the
richest in the world with the world's richest hydrocarbon fields. The outgoing processes and
developments in the economic space emphasize the shift in geopolitical interests in Eurasia. The
Caspian - Black Sea Basin and the South Caucasus are increasingly interested in economic and trade
relations and prospects. That is why transnational forces pay more attention here. The importance of
geo-economic factors is of particular importance as an important party.

What is happening in the Caspian Sea and the South Caucasus, its richness, and its fertility for
economic processes have increased its interest in the region. The priority of geo-economic factors in
the regulation of international economic relations dictates the need for mutual benefit. Here, the
progress of international economic processes as a global economic space defines new attributes and
economic relations beyond the national framework.

International economic relations are a system of scientific and theoretical conceptual views. Its
genetics stem from the process of forming and distributing world revenues. Any national economy that
seeks to enter the world arena maintains its focus on international economic relations and its involvement
in geo-economic processes. Certainly, the world economy controls itself with its unity and integrity. The
key issues here are the creation of new mechanisms of modern internationalization, its renewal and
functioning. As it is known, in the geo-economic process, the number of participants in foreign economic
relations is increasing, and in this increase there is a serious problem, as each country can find its place in
the division of labor. The cooperation model includes issues such as providing the market with the goods
that you need, or rather co-producing and selling goods and services on the market. Joint market regulation
in the geo-economic space determines the profitability and performance of the economic environment.
Undoubtedly, this also reveals mutual influence and dependence. “The intersection of the reproduction
processes, the creation of new technologies, the ‘mindset’of the international exchange - all of this could
not be reflected in world commodity relations. New objects and subjects of international communication
have been created. One of the most important aspects of the modern foreign sphere is the consideration of
the mutual influence and interdependence of the evolution of the economic structure of commaodity change
and the organization of world economic relations.”[6] The importance of geo-economic factors in modern
international economic relations comes from interrelationships, interdependence and understanding, which
is the basis for the joint regulation of markets. Our analysis in the context of Azerbaijan and Poland does
not only show the economic relations between the two republics, but also identifies new lines, directions

http://ws-conference.com/ December 2019 41



International Trends in Science and Technology

and perspectives. Because Azerbaijan, as a geographical location in terms of its success rate, makes great
promises. The presence of favorable conditions for the development of non-oil sectors in the Caspian basin,
hydrocarbons, the prospects for the oil industry and its achievements, large-scale projects and the
development of the non-oil sector are the basis of the importance of Azerbaijan. In this regard, the Caspian
basin and the geo-economic characteristics of the South Caucasus are promising in the international and
regional context. This region, due to its importance, is in the focus of the world.

Conclusions. An analysis of the economic relations of Azerbaijan and Poland on this system
reveals a serious economic invoice. Azerbaijan's rich energy resources, its mastering, joint
development and utilization mechanism, export routes, production and consumption problems, and
increased interest in the non-oil sector are driven by the importance of geo-economic factors in
international economic relations. Finally, it reveals a whole model in the context of the importance of
international economic relations.
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ECOLOGY

BUOPA3HOOBPA3UE HA3BEMHBIX

MOJYKECTKOKPBLIBIX (HETEROPTERA, LYGAEIDAE)

I'OCYJIAPCTBEHHBIN HAIIMOHAJIBHBIN IIPUPOIHBIN
MAPK «AJTBIH-OMEJIb»

'Ecendexosa IT. A., *Axumcanos . I

Yeeoywuii nayunwiii compyonux PITI «Mncmumym 300n02uuy KH MOH PK, kanoudam
Ouon0cUeCKUX HAVK,
PhD ooxmopanm, Kazaxckuii Hayuonanvhuiii azpaphsiii ynuepcumemn

Abstract. As a result of the research conducted in 2017-2018. On the territory of the GNPP "Altyn-
Emel", 37 species of terrestrial hemiptera were identified from 26 genera. According to the species
composition, Nysius genera (6 species) and Emblethis (4 species) are distinguished as dominants, in
the remaining 24 genera only 1-2 species are noted. Of these, phytophagous constitute the vast
majority - 35 species: polyphytophages - 29 species, broad oligophytophages - 3 species, narrow
oligophytophages - 2 species, and zoophagous - 2 species.

Keywords: Hemiptera, Lygaeidae, fauna, ecology, ground, state national nature park "Altyn-Emel".

Beenenune. Ionyxectkokpbuibie, win Kionbl (Heteroptera) — rpymnmna HaCEKOMBIX, 3aCEIISIOLINX
caMble pa3HooOpa3Hble OMOTONBI M MIPAIOIIMX BAXKHYIO poiib B OuoreoreHo3ax. Cpean KIIOMOB MHOTO
BHJOB XHWIIHBIX WJIM CO CMENIaHHBIM ITHTaHWEM, HO MPEOONaaloT PACTHTENBHOSIHBIE (DOPMEL;
NEePUOIMYECKH  pPa3MHOXKAsChb B  MAacCOBOM KOJNMYECTBE, OHM HAHOCAT CYIIECTBEHHBIH Bpes
CEIIbCKOXO3HCTBEHHBIM KYJIbTYpaM (3€pHOBBIM, KOPMOBBIM, OBOIIHBIM, TUIOZIOBBIM), @ TAKXKE MacTOMIIaM
U necaM. HexoTopele momyKecTKOKphUIbIe, Oyayur XHUIIHUKaMH, UCTPEOJSIIOT BpeIUTeel CebCcKOTO U
JIECHOTO X03siicTBa. HecMOTpsi Ha Ba)kKHOE XO3SHCTBEHHOE 3HAYECHHE ITOTYKECTKOKPBUIBIX, UX BHIOBOM
cocTaB, OMOJIOTHS, PKOJIOTHS, paclpeielieHre 10 MPUPOIHEIM 30HaM U xo3siicTBeHHOe 3Hauenue ['HIIIT
«ANTBIH-DOMENp» U3Y4YEHBl HEIOCTaTo4HO[1-7], dYTO ¥ oOmIpeaenseT axkTyaJbHOCTh HACTOSILErO
uccienoBanus. B IHIII « AnteiH-OMmens» He0OX0auMo u3ydeHne (ayHbl 1 pacripoCTpaHeHHUs] HA3eMHbIX
THOJTY>KECTKOKPBUIBIX KaK B HAYYHOM, TaK B IIPAKTUYECKOM IUIAHE.

Metoabl uccaeqoBaHUsl. MarepualioM Uil HACTOSIIEH pabOThl MOCTYXHIU pPe3yIbTaThl
9HTOMOJIOTHYecKoro obcnenoBanus Tepputopuii [HIII «AnteiH-Omensy B 2017-2018 rr.

COop MaTepuana MPOBOAWIICS METOJAMHM MapUIPYTHBIX OOCIEIOBaHMH M CTallMOHApPHBIX
HaOmoneHnit. COOp W W3y4YeHHe TONY)KECTKOKPBUIBIX MPOBOAWINCH IO OOIIETPUHITHIMHU
SHTOMOJIOTMIECKMMHU METOMKAMU — KOIICHHE BO3AYIIHBIM CAYKOM, PyuHO# cOop u T.1m. [8-11].

PesyabTaTel  uccienoBaHusi. B Xole TpPOBEAEHHBIX —KCCIENOBAHMKA Ha  TEPPUTOPUH
l'ocynapcTBEeHHOrO HALMOHAIBHOTO MPHUPOAHOTO Mapka «AJTHIH-IMENb» ObUT cOOpaH CIeIyIOIHi Marte-
puai. st KaKaoro Bra MPUBEICHBI TOUKH U JIATBI COOPOB, KPATKHE CBENICHHS 110 OMOIOTHH 1 KOJIOTHH.

Lygaeus equestris (Linnaeus), 1758. xxynrapckuii Anatay, ym. Kebuiaysis, 22.06.2017,292,
14, ma meerymei Tobbure; 12-14.07.2017. 29, 33; ym. Taiirak, 21.06.2017, 29, 43; xopmon
XKawnroraii, nmoiima p. Mmm, 10.07.2017, 19, 1J; 10.07.2017, 42, 33; xopaor Ilemran, 08.07.2017,
59, 64; xopmon Y3emHOymak, ym. KonakGaiicaii, 18.08.2017, 29, 43; nonuna p. Mmu. 09.07.2018.
39, 24. B OTKpBITBIX MECTAX CPEIM Pa3sHOTPaBbs, MOJ Pa3MYHBIMK pacTeHusMu. [lomupurodar
(omaBIime ceMeHa MHOTHX paCTEHHI M COK 3eJIeHbIX YacTei) [12].

Nysius cymoides (Spinola), 1837. JDxyurapckwii Amaray, ropsl Illomak, ymi. Taiirak,
10.07.2017, 29, 13; xopaon Illeran, 12.07.2018, 29, 33; momuna p. W, 27.06.2018. 3 sk3.; 26-
27.07.2018, 49, 53. B crenHbIX, MyCTHIHHLIX OHOTONAX HA TPABIHUCTBHIX PACTEHHAX U 110 HUMH
cpenu nmerpura; nonudurodar (ceMeHa MHOIMX PacTCHHMH M COK BereTaTMBHBIX dactedl Centaurea,
Artemisia u Ipyrux TpaBSHHCTBIX pacTeHwmii) [12].

Nysius graminicola (Kolenati), 1846. [Tpupoauslii mapk « AITeIH-OMeNb», KOpAoH KaHTorai,
noiima p. M, 21.06.2017, 42, 33'; ropsl Masiii u Bonsmoi Kankansl, 21.06.2017, 39, 53'; nonuna
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p. Wm. 17.06.2018. 59, 23; 08.07.2018, 7%, 6J; 17.08.2018, 59. IlonsHHo-31aK0BkIH GuoTor. Ha
CTEMHBIX M MYCTBHIHHBIX TPABSHUCTBIX PACTCHUSIX U MOJ HUMH cpeau aetpurta. [lomudurodar (Ha
3JIaKOBBIX, CJIOKHOIIBETHBIX ¥ IPYTHX TPABIHUCTHIX pacTeHuit) [12].

Nysiusericae (Schilling), 1829. JDxyurapckuii AJjaray, CTEMHOE IUIOCKOTOPhE MEKIY
Cepukracom u Illonakom, 07.07.2017, 39, 23'; nonuna p. M. 15.06.2018. 59, 24; 17.07.2018, 29,
33. Ha 3emiie B TOACTWIKE. CyXHE MECTa, XOPOIIO IIPOrPEBAEMBIE COJNHIEM C HETYCTHIM
PACTHTENBHBIM ITOKPOBOM, OCOOCHHO HA MECYAHBIX TPYHTAaX M PHIXJIBIX MOoYBaX. Ha CI0)KHOLBETHBIX;
KPECTOIIBETHBIX; PO3OLBETHBIX; MOJOYAMHBIX; MAapeBbIX M Ha JAPYTUX TPABSIHUCTBHIX PACTCHHSX,
MUTAETCSl CEMEHAMU pacTeHuid [12].

Nysius helveticus (Herrich-Schaffer, 1850). Dkyurapckuii Anaray, yul. Kei3puiaybis,
11.06.2017, 29, 13; xopmon Ilemran, 08.07.2017, 39, 57; 20.08.2017, 29, 3J; momuna p. Wm.
26.06.2018. 39, 24. Ha mosisHax, ONMyIIKaX M CyXOJOJBHBIX Jyrax, Ha KaMEHHMCTBIX CKJIOHAx; Ha
PasIMYHBIX TPYHTaX, PEIKO Ha 3aCONEHHBIX M BIAXKHBIX MouBax; monudurodar (Ha Potentilla,
Achillea, Artemisia, Tanacetum, Hypericum, Poa u apyrux TpaBsHUCTBIX pacteHuii) [12].

Nysius thymi (Wolff), 1804. JIxymrapckuit Anaray, yumiTaiirak, 21.05.2017, 29, 23;
23.06.2017. 29, 3J; cremnoe miockoropbe Mexay Cepuxracom m Illomakom, 21.05.2017, 29;
07.07.2017, 19, 23; ropel Wlonak, ym. Taiirak, Keissuiayss, 10-11.07.2018, 49, 3J; xopmon
[eiran, 08.07.2017, 29, 23; 12.07.2018, 32, 23; nonuna p. V. 26.06.2018. 39, 24. Meso- u
KCepOpUTHBIE JIyra, CTEMHBIE YYAaCTKH C pa3peKeHHOH pacTUTENbHOCTHIO, B TMOWMax peK, Ha
NEeCYaHBIX W TOI30JIMCTHIX TPYHTaX C PEAKOH pacTHUTENHHOCTHIO; monmdurodar (ceMeHa W COK
BETETATHBHBIX YacTEH, Ha KPECTOIBETHBIX; TPEUMIIHBIX; CIOKHOIBETHBIX; PO3OIBETHBIX; 3JIAKOBBIX;
Ha BECCHHUX d(heMepax, MUTaeTcs ceMeHaMmu pactenuii [14, 15, 16].

Kleidocerys resedae (Panz. 1797). Ilpupoansiii mapk «AnTeIH-OMenb», Kopaon IlleraHx,
08.07.2017, 39, 23; kopaon Y3pmbynak, ym. KonakGaiicaii, 18.08.2017, 19, 43; JlxyHrapckuii
Anaray, ym. Taiirak, 21.06.2017, 29, 1&; ym. Kesbsuayss, 10.07.2017, 39; nomuna p. Wm.
29.06.2018. 29, 24, na use. Iloutu Besze, rae ecTh Gepesa u onbxa, nomupurodar (Betula, Fraxinus,
Alnus, Ledum, Spiraea, Corylus). B ocHoBHOM Ha Oepe3ax, a TakKe W Ha JPYTUX JIEPEBBIX H
KycrapHHuKax. MHorma ormMeyaercs B OOJIBIIMX MOIMYJISIUSAX M TOTAa COCAaHUEM IIBETOHOXKEK, CEPEKeK
Oepe3bl BBI3BIBAET MAacCOBOE HMX OMajeHHWE W (DaKTUUECKH YHHUTOXKACT YpOKalh ceMsH Oepesbl
IToBpexeHHbIE TUCTOYKH 3aru0al0T Kpasi Ha HUYKHEI0 CTOpPOoHY [16].

Cymus claviculus (Fallen, 1807). IlpupomHsiii mapk «AJTBIH-IMENbY», KOpAOH MBIHOYAK,
08.07.2017, 19, 13; xopuon Ileran, 08.07.2017, 42, 5J; 20.08.2017, 29, 33; monuna p. Unu.
26.06.2018. 39, 24 ToiiMa, BiaXkHbIe U 3a00JI0YEHHBIE MECTA, B TOM YHCIIE HA CYXOIIOOMBBIX OCOKAX
Carex spicata, C.compacta; 10 OCOKOBO-CHTHHKOBOMY pPa3HOTPaBbIO BIOJIb PEUEK U pYUbEB;
nonudurodar (va Carex soongorica, Juncus articulatus u mp.) [16].

Cymus glandicolor Hahn, 1832. Tlpupomublii mapk «AnTbiH-OMeb», KopaoH IlIbirax,
08.07.2017, 19, 24}; 03.08.2017, 24'; 09.08.2018, 29; nomuna p. Mu. 26.06.2018. 29, 24 Ha ocoke.
[ToiiMeHHbIEe BIaXHBIE M 3a00JI0YEHHbIE MECTa, B MapKaxX U JiecaX, Ha CHIPBIX JIyrax - Ha OCOKOBBIX,
3JIaKOBBIX M CHTHUKOBBIX [12].

Ischnodemus sabuleti (Fallen), 1826. Jlxynrapckuit Anaray, ynr. Taiirak, 21.06.2017, 49, 23
01.07.2017, 79, 5J; 03-04.08.2017, 6%, 6J; monuua p. M. 26.06.2018. 39, 24; 24-26.07.2018.
39, 24 Ha noliMmeHHOM Me30()MIILHOM 3J1aKOBOM JIyT€ BCTpEYanuCh B Macce. CTENHbIE y9acTKH, JIyTra
NONMBI PeK, Ha OTKPBITHIX ydacTkax; mojupurodar (Ha 3maxoseix: Agropyrum, Glyceria, Elymus,
Calamagrostis, Pragmites u ap. 3makax; poro3ossie: Typha latifolia) [12].

Henestaris halophilus (Burmeister), 1835. IlpupoaHslii mapk «AJNTBIH-OMeENb», KOPIOH
V3pmbynak, ym. Konax6aiicaii, 18.08.2017, 12, 33'; KonslponeHckas qoiuHa, KOpAOoH baiireroGe,
cononyakoBas mycthins,20.06. 2018, 39, 24; momuna p. Mu. 26.06.2018. 29, 34. Ha mecuanom
Oepery cpeau nerputa. Ha conoHYakax M COJIOHIAX, dYamle I10J] OJHOJETHUMH COJISTHKAMH;
nonudurodar (MUTaeTcs ONaBIIMMEI CEMEHAMH U COKOM 3€JIeHBIX yactei) [12].

Geocoris arenarius (Jakovlev), 1867. TIpupoaHslii TapK «AJNTHIH-DMeEIb»,KOpAOH MEIHOYIIAK,
xopoH Keisbutaysis, 08.07.2017, 39, 24 nomuna p. Wnu. 24.06.2018. 59, 24 Ha necuanom Gepery
cpenu aeTpuTa. B cTensx, MONyIyCTBIHAX, MyCTHIHAX, BO BIQKHBIX CTAILUSX, COJIOHIIBI M COJIOHYAKM;
B OOJIBIIIMHCTBE CyXHX OMOTOIIOB: Ha MEcKaxX, MeCTaMy Ha TMIIMHUCTBIX IpyHTax, noj Suaeda confusa;
HU3UHHBIE MeCTa; 300(ar (aKTUBHO MpecielyeT T00bIIy: MEIKUX 0ecrio3BOHOUHBIX) [12, 13].
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Geocoris ater (Fabricius), 1787. IlpupoaHblii mapk «AITbIH-IMEIb»,KOpAOH MbIHOYIAK,
08.07.2017, 19, 3d'; xopmou XKantoraii, 08.07.2017, 29 ;mnelidsr ropst Karyray, kopaon BaiiretoGe,
28.07.2018, 29, 1&;nonuna p. Mim. 15.06.2018. 29, 23, B mycTeIHAX, CTENAX, Ha CyXHX Jyrax, Ha
HOJIAX, HAa TIOMMEHHBIX JIyTaX IO/ TPaBIHUCTBIMH PACTEHHUSAMH, CYXO0IbHBIC JyTa, CKIIOHBI OBPAaroB U
PEYHBIX Teppac, OObIMEH Ha HAJAPEYHBIX IMecKax; 300(ar (T, JUYMHKU KIIOMOB, JKYKOB, IMKa,
KYKOJIKM MeJKHX 0abouek U Jpyrue MenKie HaceKoMble U 0ecrio3BoHouHbIe) [12, 15].

Artheneis alutacea Fieber. Jdommma p. WMm. 21.05.2017, 39, 2J&; 28.06.2018, 42,
43,28.06.2018. 39, 4J. Ha Tamapuckaxu B MOWMax KPYIHBIX PEK HAa MBE; y3KUH oiurodurodar
(uTaeTcs ceMeHaMH TaMaprcKa, MUPUKapus, HHOT/a Ha uBe) [12].

ArtheneisintricataPutshkov, 1961. IIpuponsblit mapk «AITbIH-DMENb)», KOPAOH Y3bIHOYIIAK,
ym. Konax6aiicaii, 08.06.2018, 159, 127; 14-15.06.2018, 149, 133; 28.06.2018, 69, 7&; nonuna
p. Wnn. 28.06.2018. 119, 124,;10.07.2017, 109, 124. Ha Tamarix, Myricaria, Salix alba, B
COIIBETHUSX ); Me30(WIT;, IUPOKUH onurodurodar (nuraercs cemenamu) [12].

Bogdiana myrmica Kerzhner, 1964. TlpupomHbiii mapk «ANTBIH-DMENbY», OKpP. POIHUKA
Y. Banuxanosa, 08.07.2017, 19, 23; moiima p. M, 10.07.2018, 39, 2&. Ha TpaBe u Ha mouse
BONM3W peK W O3ep Ha IJIyTOBHHKAaX, OOBIYHO 3acCOJICHHBIX, moiudurodar (cpeau 37IaKOBBIX —
Phragmites, Agropyron, Elymus u ogaoneTanx comsHok - Suaeda spp. [12].

Jakowleffia setulosa (Jakovlev, 1874). Ilpupoauslii mapk «AnTbiH-OMeby», KopaoH IlIbiraH,
08.07.2017, 49, 33; xopmon Membymnak, 10.06.2018, 29, 33; 12.06.2018, 29, 24. B pecnybnuke
BcTpeuaercs nosctoay. Ha Artemisia, mox Atriplex, Halocnemum, Anabasis); B crenu, nonymycTteiHe
Ha TIECYAHBIX W COJIOHIIEBATHIX OMOTOMAX, CPEIN PACTUTENBHOTO ACTPHUTA; y3KU omurodurodar (Ha
COJISTHKAX W KOJIOHHMSIMH TIOJ] coJistHKamu ) [ 12].

Oxycarenus pallens Herrich-Schaffer, 1850. Ilpupoansiii mapk «AJTBIH-DMENbY, KOPIOH
[erran, 08.07.2017, 39, 24; noiima p. WMmm, 10.07.2017, 29, 43; 29.07.2018, 39, 1&; nonuna
p. Wnn. 27.06.2018.3%, 23 Crenb, MOJyMyCTHIHS, B PA3IMYHBIX OHOTOMAX, B MOWMAax pPeK, Ha JIyrax,
B KAMEHHUCTOW W recqaHoi mycteiHe [17]; mmpokuii onurodurodar (Ha roloBKax CI0KHOIBETHBIX
Centaurea, ciupee Spiraea, muTarTCs CEMEHAMH).

Lamproplax piceus (Flor), 1860. xynrapckuii Amnaray, KosHipitay, yiul. Y3bIHOyIaK,
08.06.2017. 129, 24; 21.06.2018, 22, 33; nonuua p. Umu.27.07.2018, 39, 4. B noacruinke, cpean
Jerputa; nosmdurodar (COK IPUKOPHEBBIX YaCTEH PaCTEHUH U ONaBIIHE CEMEHA).

Ischnocoris hemipterus (Schilling), 1829. TlpupoaHsiii mapk «ANTBIH-DMENbY», KOPAOH
MuaGynak, 08.07.2017, 29, 13'; xopmon Xantoraii, noiima p. Ui, 10.07.2017, 2 9, 24&'; nonuna
p. Mma. 29.06.2018. 19, 23. Ha cyxom ayre B mogctuike. OOMTAaeT Ha pasaMYHBIX CYXHUX Jyrax B
JIETPUTE); MYCTHIHU ¥ TIOJIYITYCTHIHM, OIYIIKH Jieca U TOJISTHBI, 0OOYMHBI IOPOT, CYXOJIOJIbHBIE JIyra 1
apyrue cyxue Ouortonbl, nonudurtodar (ma Potentilla, Sedum, Calluna, Artemisia, Thymus,
Verbascum, Tencrium u np.) [12].

Aphanus rolandri (Linnaeus), 1758. IpupoaHslii mapk «AnTeiH-DMenby, kopaon Llbiras,
08.07.2017, 12, 2&'; kopmon Meiubyaaxk, 08.07.2017, 29 ; xopnon Keibeuiaysis, 08.07.2017, 29, 33;
p. Umm, 17.07.2018, 39, 23; 18.07.2018, 29, 23 +mmunnku; noiima p. Mnm, 23-28.08.2018, 429, 34;
nonuHa p. V. 28.08.2018. 49, 23. Cpeau pacTHTENBHOTO JETPUTA U TPABhI, PEAKO HA PACTEHHSX;
qamie oy Verbascum; mo moisiHaMm, OMyIIKaM Jjeca, B MapKax M JIECOIO0J0CaX; MHOT/IA B CTEITHBIX
ouoreHo3ax); nonudurodar (onasmvre cemena) [12, 16, 17].

Bleteogonus beckeri (Frey), 1863. TlpupomHsiii mapk «AATBIH-DOMeNby», Kopaon IIsiraH,
08.07.2017, 29, 3J3; xopnon Xauroraii, moiima p. Mim. 10.06.2017, 29, 14,;23.07.2018. 29, 34.
[TycThIHHBIC yYacTKH M KCepO(DUTHBIC JIyra, MecyaHble OMOTOIBI, Ha CyXOM HOHMEHHOM JIYTY, MOJ
JICTOBBIM OIIaJIOM TYPaHTH, Bs3a U Jp., mosmdurodar [12].

Diomphalus hispidulus Fieber, 1864. [Ixxynrapckuii Anaray, xp. Kostuapiray, yui. Kaitbiap!,
26.06.2018, 19, 24; 29.07.2017, 39, 2J; momuna p. Mmm. 29.06.2018. 39, 2J; noiima p. Wiwu,
09.06.2018, 29, 3. Ha 3emite mox pacTeHusIMU U B oAcTUiKe, Ha Poa bulbosa, Alyssum desertorum,
Salsola sp. u jap.); TyCTBIHU U CTEMH, MYCTHIHHBIC YYaCTKH M KCEPOPHUTHBIC JIyra, B KCEPOPHUTHBIX
HU3KOPOCHBIX TIOJIBIHHO-3JIAKOBBIX accommanusx [12, 17, 18]; mommgurodar (omammme ceMeHa
KPECTOILBETHBIX, 37TAKOBBIX, CIIO’KHOIBETHBIX | Ap.). Ha moNBIHHO-311aK0BOM CyXOM OHOTOIE.

Emblethis brachynotus Horvath, 1897. HMonmma p. Wm. 18.06.2017. 12, 23; p. W,
25.08.2017, 39, 24; 11.06.2018, 29, 1J; ym. Taiirak, 15.07.2018, 29, 3J; kopmon MbIHOynax,
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18.08.2018, 39, 23 B OTKpHITBIX MECTOOOMTAHHMS HA TI0YBE; CTEIHBIC yIACTKHU, HA CyXUX JyTrax, MOJ
pa3NIMYHBIMUA TpaBaMHU Ha JIyraXx, Ha COJOHYAKaX CpPeId PACTHUTENBHOTO NEeTpHUTa; moaudurodar
(omaBme ceMeHa pa3INIHBIX PACTCHHI).

Emblethisciliatus Horvath, 1875. donuna p. Wm. 23-24.06.2017. 42, 33; moiima p. Wiu,
07.06.2018, 32, 24; 02.07.2018, 29, 24; 03.07.2018, 19, 24;14.08.2018, 29, 24. Ha necyanom
Oepery B MOJCTUIIKE PACTECHHH; MONYIYCTHIHE, B MOMMax peK, B MECUaHOM CTENH, Ha COJOHIEBATHIX
yuacTkax, noaupurodar (omasmme cemena Thymus marschalianus, Euphorbia uralensis u ap.) [12].

Emblethis verbasci (Fabricius, 1803). Ilpupomublii mapk «ANTBIH-DMEIb», KOPAOH
Membynak, 08.07.2017, 39, 23; xopmnon Y3wiHOynak, ym. KowmakGaiicai, 19.08.2017, 39, 24,
nonuHa p. Umn. 24.06.2018. 39, 24. B noiimenHoM Jyre B IMOACTUIKE pacTeHumii. Ha 3emie mop
PACTeHUSIMH M B IOJCTHIIKE; IIEOHHCTHIE CKIOHBI TOp, Ha KCEPO(DUTHBIX Jyrax IOJ pa3iIudHBIMH
pactenusimuVerbascum, Lappa u ap.; nonudurodpar (MATaeTCs CEMEHAMU M COKAMH TPaBSHUCTBIX
pactenwmii) [12].

Emblethisdenticollis Horvath, 1878. lonuna p. M. 18.06.2017. 19, 23; 25.08.2017, 32,
24, 08.06.2018, 49, 37;28.06.2018, 29; xopmon Membynak, 08.07.2017, 09.06.2018, 49, 3J;
xopmon Ileran, 28.06.2018, 29;19.07.2018, 19, 2J3. DppubuoHTHBI BHa (BCTpedaeTcs B
Pa3MMYHBIX CTAlMAX, IIOJ PA3IMYHOW PACTHUTENHFHOCTBIO); YacTO B OOJNBIICH YHCIEHHOCTH Ha
NEeCYaHBIX T'PYHTaX, BEpXHHE SPYCHl TPABIHHUCTOH PaCTUTEINBHOCTH; IIMPOKUH onurodurodar (Ha
Lepidium, Alyssum u ap.) [12].

Pterotmetusstaphyliniformis (Schilling), 1829. Ilpupomsblii mapk «AJNTBIH-DMENbY, KOPIOH
Mpeinbynak, 08.07.2017, 19, 23'; nomana p. M. 24.06.2018. 2 5k3. Ha Teppuropur mapka BCTpedaeTcst
HOBCIOTY, Ha CPEIHEBIAKHBIX JIyrax, OIMYILIKH, MOJSHBI U 1p.); nomudurodar: Ha Verbascum, Achillea,
Tanacetum, Sedumu pacTeHHsIX APYTHX CEMENCTR: 3IaKOBBIC U JABYI0IbHbIE [12].

Trapezonotus anorus (Flor, 1860). ITpupoaHblii mapk «AJNTBIH-IMEIb», KOPAOH MBIHOYIAK,
08.07.2017, 29, 3&; xopmon Ilemran, 18.08.2017, 39, 1&; Jxynrapckuii Amaray, Illonak,
yur. Keiseutaysis, 14.05.2017, 23 08.07.2017, 39, 23'; ym. Taiirak, 21.05.2017, 12, 23; Kosuasitay,
yul. V3eu0ynak, 19.08.2017, 29+1 nuunnka IV Bo3p.; nomuna p. M. 17.07.2018. 39, 2J. Ha 3emie
B NOJCTHIKE. Berpedaercss B MOACTHIKE pa3MUHBIX PACTEHUI; JECHOHM JIYT, OIYIIKH W IOJISHEL,
TATOTEET K IMecHaHbIM rpyHTaM [6]; noiuduTtodar (onaBmme ceMeHa MHOTHX pacTenuit) [14, 15].

Lamprodema maura (Fabricius, 1803). Jlxyurapckuii Anaray, ymi. Taiirak, 21.06.2017, 29,
13; ym. Keseutayeis, 08.07.2017, 29, 37; 09.08.2017, 19, 23; kopnon Meinbynak, 08.07.2017, 29,
23 nomuna p. Umu. 24.06.2018. 49, 3J. Ha mecuanom Gepery B IOICTHIKE pacTeHuii. JKuByT Ha
3eMIie TI0J] PACTCHUSIMH U B TOJCTHIIKE; Ha JIyrax, B MMOWMax pPeK, COJOHIBI U COJIOHYAKH, OOOUMHEI
nopor; onudurodar (orasiire ceMeHa i COK MHOTHX pacTeHuid) [12].

Plinthisus pusillus (Scholtz), 1847. Ilpupoausiii mapk “AntbiH-DMenb», Kopaon Illeiras,
08.07.2017, 29, 28; xopaon XKanToraii, noiima p. M, 10.06.2017, 19, 28; 14.07.2017, 42, 33;
06.06.2018, 29, 14; momuna p. Mou. 18.06.2018. 29, 24. B cyxux MecTax Cpeay pPacTHTEILHOIO
JeTpUTa ¥ MXa, Ha y4acTKax ¢ OeHON pacTHTENLHOCTBIO, Ha CTEIHBIX CKIOHAX; mosmdurodar (Cox
MPUKOPHEBBIX YacTed pacTeHWH M ONAaBIIME CEMeHa MHOTHX pacTeHuil). JIMYMHKH XWIHUKH,
MUTa0TCs HacekoMbiMu [20].

Megalonotus chiragra (Fabricius, 1794). IIpupoanblii nmapk «ANTeIH-OMenb», KopaoH LlbiraH,
08.07.2017, 22, 13'; xopaon XKanroraii, noiima p. Y, 26.06.2018, 22, 13; 10.07.2017, 29, 33'; nonuna
p. Mim. 23.06.2018. 39, 24 Ha 3emite, B moacTuike pacrenuii, mog Artemisia, Potentilla bifurca, cpenu
JIeTpUTa JPEBECHBIX HACAKACHWH; B CTENH, MONYMYCTbIHE, B HU3MHAX, B MOMMax peK, B MPEAropbsX,
0004HHBI Topor); nonmduTodar (oOnasIre ceMeHa MHOTUX paCTEeHHH, Jariie Jie0emoBbIx) [12].

Megalonotus puncticollis (Lucas), 1849. Tlpupoanbiii mapk «AJNTBIH-OMEIb», KOPJIOH
V3pmbynak, ym. KomakGaiicai, 19.05.2017, 19, 2J; 23.07.2018, 29, 3J3; nomuna p. W,
15.06.2018. 29, 24. B cyxoM MecTe, MPOrpeBaeMbIe COJHIEM, CKIOHBI U TPEOHH HEBBICOKHX TOD;
Cpe/v ICTPHUTA, MXa U JUINAHHUKOB; monudurodar (onapime ceMeHa MHOTHUX pacTeHuid) [12].

Pezocoris apicimaculata (Costa, 1855). ITIpupoamsiii mapk «AJTBIH-DOMeTb», J[KyHrapCKuit
Aunaray, yu.Keeuaysi3,22.06.2017, 39, 24; 14.07.2017, 39, 13; ym. V3em0ynak u yi. KonaxGaricaii,
19-20.08.2017, 42, 23; xopmon XXamToraii, moiima p. Mma, 12.06.2017, 29, 1&; nomuma p. Wm.
24.06.2018. 39, 24&. B crenm, noymycTbIHE, B IOMMaX pek, Ha MecKax, rie pacTeT ocoka Carex, Ha
MEJIKOCOIIOYHHKAX, TIPEArOPhsX; HomupHuTO(ar (onasIlre ceMeHa MHOTHX pacteHuit) [12, 19].
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Aellopus atratus (Goeze) 1778. Jlxyurapckuii Amaray, ym.Taiirak, 21.05.2017, 19, 23;
06.07.2017, 29, 2&'; nonuna p. Wnu. 24.06.2018. 39, 23 Ha pacTeHUsIX ¥ Ha IIOYBE CPEIH PACTEHHIL;
CKJIOHBI XOJIMOB, B Toiimax pek, moimpurodar (ma Cynoglossum, Echium, Lappula, Verbascum,
Potentilla, 6. 4. naBoraginacea).

Panaorus adspersus (Mulsant et Rey), 1852. Jlomunma p. Mmm. 23.06.2017, 39, 2J;
19.07.2018, 49, 33 29.06.2018. 29, 34. Ha 3emiie cpeau pacTUTENLHOIO JeTpHTA. B cyXoM MecTe,
Ha Jryrax; nonudurodar.

Rhyporochromus vulgaris (Schilling). Ilpuponuslii mapk «AnTeiH-DMenby, JKyHrapckuit
Anaray, ym.Taiirak, 21.06.2017, 13, 29; ym. Keseuayss, 10.07.2017, 13, 29; 25.06.2018, 2 J;
nonuHa p. Vmm. 22.06.2018. 43, 29;17.07.2018. 57, 4. BeTpeuaercss Ha OTKPHITBIX Y4acTKaX, B
cajmax B MOACTHIIKE PACTEHHUH, a TaKKe ITOJ TpaBaMH, YacTO Ha pacTeHUsX; mojmdurodar (0ombIieit
JacThio omasme cemena: Urtica, Rumex, Betula, UImus u apyrux pactenuii; TMYMHKK — Ha KpaIuBe,

UKOPUH, PA3HBIX KPECTOIBETHBIX, YACTO HA ST0JaX IJIOIOBLIX KYCTapHHUKOB [12].

O6cy:xaeHne pe3yJbTaToB.
B pesynbraTe ompedeneHus M aHaIM3a MOJEBBIX MAaTEpPHAJOB II0 HA3eMHBIM KIIOMAM,
cobpannbix B 2017-2018 rr. na tepputopun [HIIII «AnteiH-DMenb» BbISBIEHO W3 26 pomoB 37

BUJIOB HA3€MHBIX TIOJTYECTKOKPBUTIBIX HACEKOMBIX (Tabmura 1).

Tabnwma 1. TakcoHOMUYECKHI cocTaB Ha3eMHBIX MOMYKecTKOKpbUIBIX [ HIIIT « ANThIH-OMenb)

Ponet Bugst Tpoduueckue | Kom- %
CBsI3HU BO
1 2 3 4 5
Lygaeus Lygaeus equestris (Linnaeus), 1758 noaudurodar 1 2,7
Nysius Nysius cymoides (Spinola), 1837 nonudurodar 6 16,3
Nysius graminicola (Kolenati), 1846 nonugurodar
Nysius ericae (Schilling), 1829 nonugurodar
Nysius helveticus (Herrich-Schaffer, 1850) monudurodar
Nysius thymi (Wolff), 1804 nonupurodar
Kleidocerys Kleidocerys resedae (Panz. 1797) nosnmpurodar 1 2,7
Cymus Cymus claviculus (Fallen, 1807) nonugurodar 2 54
Cymus glandicolor Hahn, 1832 nonudurodar
Ischnodemus Ischnodemus sabuleti (Fallen), 1826 nonudurodar 1 2,7
Henestaris Henestaris halophilus (Burmeister), 1835 nonupurodar 1 2,7
Geocoris Geocoris arenarius (Jakovlev), 1867 300¢ar 2 5,4
Geocoris ater (Fabricius), 1787 300(ar
Artheneis Artheneis alutacea Fieber. y3KUi 2 54
omrogurtodar
Artheneis intricata Putshkov, 1961 HIAPOKHIA
omurodurodar
Bogdiana Bogdiana myrmica Kerzhner, 1964 nonudurodar 1 2,7
Jakowleffia Jakowleffia setulosa (Jakovlev, 1874 Y3KHi 1 2,7
omurodurodar
Oxycarenus Oxycarenus pallens Herrich-Schaffer, 1850 | mrupoxwmii 1 2,7
onurodurodar
Lamproplax Lamproplax piceus (Flor, 1860) nonudurodar 1 2,7
Ischnocoris Ischnocoris hemipterus (Schilling), 1829 nonudurodar 1 2,7
Aphanus Aphanus rolandri (Linnaeus), 1758 nonudurodar 1 2,7
Bleteogonus Bleteogonus beckeri (Frey), 1863 modurodar 1 2,7
Diomphalus Diomphalus hispidulus Fieber, 1864 nonudurodar 1 2,7
Emblethis Emblethis brachynotus Horvath, 1897 nonugutodar 4 10,8
Emblethisciliatus Horvath, 1875 moudurodar
Emblethis verbasci (Fabricius, 1803) moudurodar
Emblethis denticollis Horvath, 1878 IIUPOKUH
omrogurtodar
http://ws-conference.com/ December 2019 47




International Trends in Science and Technology
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1 2 3 4 5
Pterotmetus Pterotmetus staphyliniformis (Schilling), 1829 | nonxudurodar 1 2,7
Trapezonotus Trapezonotus anorus (Flor, 1860) mosrdurodar 1 2,7
Lamprodema Lamprodema maura (Fabricius, 1803) mordurodar 1 2,7
Plinthisus Plinthisus pusillus (Scholtz), 1847 mosrdurodar 1 2,7
Megalonotus Megalonotus chiragra (Fabricius, 1794) nonudurodar 2 54

Megalonotus puncticollis (Lucas), 1849
Pezocoris Pezocoris apicimaculata (Costa, 1855) mosrdurodar 1 2,7
Aellopus Aellopus atratus (Goeze) 1778 mosrdurodar 1 2,7
Panaorus Panaorus adspersus (Mulsant et Rey), 1852 | nonudwurodar 1 2,7
Rhyporochromus | Rhyporochromus vulgaris (Schilling) nonudurodar 1 2,7
26 ponoB 37 100

BeiBoabl. V3 mpuBeneHHO# TAaONHMIBI BHIHO, YTO IO BHAOBOMY COCTaBY BBIIEIAIOTCS B

KadecTBe HoMHHAHTOB poasINysius(6 sumos, 16,3%) u Emblethis (4 suma, 10,8%), B octambHBIX 24
ponax orMmedeHo Bcero mo 1-2 Buaa (mo 2,7-5,4%). M3 uux ¢urodaru COCTaBIAIOT MOIABIIAIOIICE
OonpmHCTBO —35 BUAOB: nomudutodarrn— 29 BuAOB, mmpokue onuropurodarn — 3 BuAa, y3Kue
omurodpurtodaru — 2 Buga. [Inotosaasie Bup! - 300daru - 2 Bua.
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