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AnHoTamust. JKyMmbIcTa CHI3BIKTHI €MEC MApaMETPACH TOYENl aHBIPHIM/IBI-THHAMHUKAIBIK KYHCHIH OipiHmI
JKYBIKTAYBIHBIH, MIHE3AEMEIIK TYOCpICpiHiH MOAYIaepi Oipre TeH m-KOMIUICKCTIK TYHIHAeC OONFaH AyaiMan >KaFr-
JAHIBIH OPHBIKTBUIBIFBI KAPACTHIPBIIFAH. MaTeMaTHKANBIK TYPFBIIAH MYHIAW ANBIPBUIBIMIBLIBIK - THHAMHKAIK
JKYHenep Pe30HAHCTHI JKOHE PE3OHAHCTHI €MEC OOJIBIN eKire albIphUIaabl. JICTEHMEH MPAKTUKANBIK TYPFBIIAH JHUHA -
MUKAIIBIK JKYHEJIEPAIH KOX(PUUIIHECHTTEP] TEK >KYBIKIIA AHBIKTAIATHIH OOIFAHABIKTAH HKyHEIepi »KOFaphlaa alThII-
FaHgal Oelly MApPTTHI MIHC3ACMCTIK CHIAT ajafasl. OWTKCHI Ke3 KCATCH PC30HAHCTHI AHBIPHIMIBI-THHAMHKATIBIK
JKyHe (Ko3(pPUIUCHTTEPIHIH >KYBIKTBIFbI OOHBIHINA) Oenrim Oip PE30HAHCTHI €MEC AWBIPHIMIBIK JIHHAMHUKAIIBIK
JKYHere KaKbIH O0JIAIbI )KOHE KEPICIHIIE.

MiHe OCBI JKaKbIHIBIK Oi371 aNbIPBIMABIK-THHAMHKAIbIK KYHEIESpal camaibl 3epTTeY TCOPHACHIHAA TAFAHIbI
OPHBIKTBUIBIK, TAFAHIBI OPHBIKCHI3IBIK KOHE MAPAMETPACH Y3HIKCI3 TOYEIAl aHbIPHIMIBIK THHAMHUKAIBIK KyHelep-
JIiH OPHBIKTBLIBIFbIHBIH AHBIPOACTATYbI €CCOIH KOFOFA AJIBIIT KEIIL.

By ecenri memy yImiH aXablH-ala albIPHIM/IBIK-THHAMUKAIBIK KYHETe HOpMAIay d7ici KOJIJAHBLUIABL OHIA
KapamaibiM HOpMajagay (mapaMeTip TYPakThl Ii KaOBLITAFAHAA) MCH Y3IIKCI3 HOpMaigay (mapamerp Ociri Oip
Y3IIKCI3 e3reprenae) apachiHaa OaiiIaHbICTap OPHATHLIAIEL.

TaraHABIK OPHBIKTBIIBIKIICH TAFAHABIK OPHBIKCBHI3ABIKTAP TEPEHACTLIIN KAPACThIPBLILAbI, AJBIHFAH HOTIDKEICD
ANBIPBIMABIK-THHAMUKATIBIK JKYHEIEpAiH PE30HAHCTHIK KAaCHETTepl OOMBIHINA ONAPABIH PE30HAHCKA >KAKBIH JKaf-
Jaimapsl VIOiH TYKBIPEIM JKacayFa MYMKIH/IIK aJIbIH/IbL
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Abstract. Writing the differential equations of motion of the body in the geocentric coordinates, integrating

them through a Fourier series, or a Taylor series or Poisson series can find that kind 7@, + 10, ~ 0 of small di-

visors appear in the coefficients of series representing solutions. There m, 7 - integers, ®;,® , - rate of movements.

These small dividers are so-called "small- denominators." At the same time the existence of solutions, analytic,
smooth convergence solutions in the form of a series of essentially depends on the arithmetic properties of numbers
m,n and the quality of the differential equations [1].

This big problem is far from over and decides this day, both in the theory of differential equations and in the
theory of motion resonant satellites. A wide variety of tasks performed by satellites, making it virtually an important
systematic study of a fairly broad class of resonance rotation reverse it - the so-called nominal movements [2].
Especially important are the new variables to-that do not make any sense, as in the non-resonant and resonant in the
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arcas of motion of the satellite. [3] The problem of resonances and small denominators consists of "academic" and
"engineering," issues. But if the first is enough to take care of the stability of the resonant motion, the second -
"dissipative factor" has to "load on board satellite» in the form of a system of active stabilization. Clearly, an
adequate solution of the first problem, give a reliable basis for solving the second.

In the context of the above subject, developed in the article is relevant in all areas of science where there is a
"small denominators" and resonances of various kinds.
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HA UHTEPBAJIE o, <w<o; B CJIYUAE MAJIOT'O HAKJIOHA

OPBUTLI K OCHOBHOM ILTIOCKOCTHU

M.JI. Illunu6aes’, A.A. Bexos', K.C. Kykues’, T.JI. Bepaanuesa’,
AK. )KaMe;mHOBaz, B.H. PaxumskaHos’

'AO «HLIKHT», Amvarsy, Kazaxcraw,
*Vuupepcurer Coip-Japus, Kerbicait, Kazaxcran;
’KokmmeTay Ckuii TOCy JapcTBeHHbIH yEmBepcuTeT nM. [, Vammxanosa, Koxmeray, Kazaxcran

KioueBbie cioBa: pe3oHAHC, opOWTA, MAJNBIA 3HAMECHATEIDb, IIOJIC TATOTCHHS, CHIOBAS (DYHKIWS, CIYTHHK
3eMH, MOJSIPHbIC KOOPAMHATEL

Annoranua, 3anucaB TA(PQCPCHIMATBHEIC YPABHCHHSA JBIKCHHA TCJA B TCOLCHTPHUCCKHX KOOPAMHATAX,
HHTETPHPYSI HX MOCPEACTBOM panoB ®@ypee, mudo psmos Tetnopa wmm paaos [TyaccoHa MOKHO OOHAPYKUTH, YTO

MAJbIe JCIUTEIH BHAA M| + 10, ~ 0 mosBIstoTcs y K03)(OULUHCHTOB PAIOB NPEICTABILIOMMX PSIICHNS. 31¢Ch

M, 11— ICJIbIC YUCia, (Dl ,0 2 — 4aCTOTBI JIBHKCHHIA. OTH MabIe ACTUTCIIN MPEACTABILAOT CO6OI\/'I, TAK HA3BIBACMBIC,

«MaJjblc 3HAMEHATEIM». [IpH 3TOM CYINECTBOBAHUE PEIICHHS, AHATUTHYHOCTD, TJIAIKOCTh, CXOAUMOCTh PEIICHUH B
BHJC PSAIOB CYIIECTBEHHO 3aBHUCHT OT apH(PMETHUCCKUX CBOHCTB UHCEI /1, /1 B KAUECTB CaMUX TU((epeHImaTbHbIX
ypaBHeHui [1].

Jra Oonpmas mpodxeMa JaNeKa OT 3aBEPIICHUSI U PEINAcTCs, 0 CEH ACHb, Kak B TeopHH Au((hepeHInaIbHBIX
VPaBHCHUH, TaK U B TCOPUH ABIXCHUS pe3oHaHCHBIX MC3.

Boxpmoe pa3zHooOpas3me 3a4a4, BHITOJHACMbIC CIyTHHKAMHE, JICIACT MPAKTHYCCKA BAKHBIM CHCTEMATHUCCKOC
H3YUCHHE AOCTATOYHO IIMPOKOTO KIACCA PE30HAHCOB BPAINCHHA C OOpAIICHHEM — TaK HA3BIBACMbBIX HOMHHATIbHBIX
mewkeHAH [2]. OCOOCHHO BaKHBI HOBBIC TICPSMCHHBIC, KOTOPBIC HE TCPSIOT CMBICT, KAK B HCPS3OHAHCHBIX, TaK H B
pe3onaHcHBIX 30HAX apmwkeHns MC3 [3]. TIpoOiema pe30HAHCOB W MATBIX 3HAMCHATCIICH COCTOHMT M3 «AKAICMH-
YECKHUX» M «HH)KCHEPHBIX» BONpPocoB. Ho ecim B mepBOH AOCTATOYHO IMO3a00TUTHECA 00 YCTOMYHBOCTH PE30HAHC-
HOTO JBIDKCHUSL, TO BO BTOPOH — «IHMCCHIIATHBHBIM (PAKTOP» MPHUXOJUTCS «3arpy>kaTh Ha OOPT CIyTHUKA» B (hopme
TOH WJIH WHOH CHCTCMBI AKTHBHOHM CTAa0WIH3amuu. SICHO, YTO aICKBATHOC PCIICHHC MICPBOH 3a0a9H JACT HAACKHBIC
OCHOBBI IS PSIICHUS BTOPOL.

B KOHTEKCTE M3JIOKCHHOTO TeMa, pa3padaThiBacMas B CTAaThE, aKTyalbHA BO BCEX 00IACTAX HAYKH, IJC CCTh
«MaJblc 3HAMEHATEIN» M PE30HAHCH PA3IHIHBIX BUIOB.

[Tycte maccusnbiii UC3 coBepruacT ABIKCHHE B TMOJC TATOTCHHUS LCHTPAIBHOTO M BHEINHETO TEINA,
TOrAa CHIIOBYIO (DYHKIHIO B TCOLICHTPUICCKUX KOOPAHHATAX MOXHO MPEICTABUTH TakK [4]:

U:MJrlvr2 +l(v'—v)zz, (1)
ro 2 2

o 2 2 2, .2
IC | — IPaBUTALMOHHBIN MapamerTp; X, Y,z — reoueHTpuueckue koopauHatel UC3; v~ =x" + y* +z7;

mapamMeTpsl v 1 v\ moaOHparoTcs Tak, YTOOBl MOMYyYAIUCh HAOMIOJACMBIC OBWKCHHS V3714 M MEpHTes
OpOUTEL
HuddepeHunansapie ypaBHCHUS IBHKEHUS ¢ yIETOM (1) HMEIOT BHA;
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d’x d’
dt r dt r @)
d*z
Y + E?’ = V'Z
dt r
OHM ZONYCKAIOT MHTErPas IUIOMWAACH B OCHOBHOH MIOCKOCTH (JX)y WHTETpal IIOomMaIcH
xy—yx=C (3)
U B ipocTpaHcTBe (JX)Z HMHTErpai SHCPrui
W +32+27 =2U+h), ()

rae C — moCcTOosHHAS MHTETPasia IUIoIAICH; h — nocTosHAEAS HUHTETpAlIa SHEPTUH.
B cnyuae pesonanca 7 —> 00 u (QyHkums #(/) CTAHOBHUTCS KyCOYHO-HCTIPCPHIBHOM. B kaskmoi

PC30HAHCHOM TOUKE #(f) TCPIUT paspsiB 1-ro poaa.

Beenem HOBBIEC IEPEMEHHBIC, KOTOPBIC MO3BOLIIOT UCKIIOYHUTE «MAJBIC 3HAMEHATCIH», U KOTOPBIC
HE TEPAIOT CMBICIIA, KaK B PE3OHAHCHOM, TaK U B HEpe3oHaHCHOM 30He apwxenms MC3.
[Tycte opbuta UC3 nmeer Manbii HAKIOH K OCHOBHOH IJIOCKOCTH, TOT2

z
zz0, zzzO, s=—=#0, szzO, p2:x2+y2,

p
II€ S — TAHT¢HC [WHPOTHL. Tenepr nepenuieM (2) B mepeMeHHbIX Xuma [S]:
d2
‘:+[1+%Jw—1:0, 5)
dv w
d’ do _p?
S+ l+£ s=0, —UZH—WZ, (6)
dv? w d
rae:
C6 r C6 CZ 1
o=t gl o, O L ()
H H Hop

o —const , 3 —const, W —nepeMeHHas XIWIa, U — HICTHHHAS A0JTOTA.
VYpaBHeHHE (5) JOMYCKACT MOHMKCHUE MTOPSAKA

wdw
do = \ 6]
\/—w4 +2w3 + Hw? + o
2hC? 5 . .
rac H = 5 — TIOCTOSHHAA I/IHTerI/IpOBaHI/IH, Al ACUCTBUTCJIBHBIX AIBIKCHUU HO,Z[KOpCHHOI/I
v

TTOJIMHOM TIOJIO’KHUTEIICH.

B [4, 5] Ob1510 yCTaHOBICHO, YTO MOJKOPESHHOM MOJIMHOM MOJIOKUTEIICH HA JBYX HHTCPBAIAX

A) o, <w<=<aj;

B) o, <w=<ay,
TI¢ KOPHH O] >0ly > Olz > Oly, IPUYEM Oly,0ly, 0Ly — MOJOXKHTEIBHBIC KOPHH, Oy — OTPHIATCIbHBIM
KOPEHB.

B cayuae snmaunruueckoro tuna apwkenns o >0, H <0 u (8) umeer Bua

wdw
do = ; )
\/—w4 +2w’ — Hw? +a
Ha untepsane A) cosepiucH nepexon ot (9) k HopmanbsHo dhopme Jlexanapa

—— 258 ——



ISSN 1991-346X Cepusa gpusurxo-mamemamuyecxkas. Ne 4. 2015

do =y ——290___ (10)

1-k*sin? ¢
O30 _ 2

> 0O " —>
®y30 4o V310

MEPEMEHHAs, ¢ = ML — aMIUTUTYIA L,
O<k<l,0; =0, —a; (k,i=1234),

2
roe: k° = k — MoxyMB >AMMOTHYECKOTO UHTETPANaA, (p — HIPOMEKYTOTHAS

)
Oly0ly) T 00351 @ oz (w—oy)

w= i sino= , (11)
O3 + 0y Q OLy3 (0 — W)
e
ecmt W=0,, 170 ¢ =0; ecmu w =05, TO (p:E.
PaccmoTtpum pe3oHaHCHBIH ciyyaii, koraa p —> oo u3 (7)) w — 0.
W3 (11) mpu w =0 umeem
singp =+ , (12)

3aech Oy <0, MO3TOMY HOAKOPCHHOE BBIPAXKCHHE MOIOKUTCIBHO, IPUYUCM 3HAYCHUC CrO CO 3HAKOM (—)
" s
HE VKJIAIBIBACTCA B paccMarpuBacMblil naTepsan | O, E )

Hcxoast U3 3T0ro, pe3oHaHCy COOTBETCTBYET OHA TOuKa Ha ocu Og:
. oo
® 45, = arcsin k2 ek B (13)
A3

npUYCM
T
O<(péa°§<53 (14)

nostoMy rpadux w(@) uMeeT BiI (PUCYHOK 1):

O Ppes

oA

Pucynoxk 1
Takxum 00pa3oM, HEpPEe30HAHCHBIX 30H ABA!

T
0<04 <Pus>  Pose <Py SE

U3 (7) umeem
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]\72 T2
p=—-., mpu w=oa, <0, p, =
uw HOly

npu pesonance W =0, Pose =02 Q=044

<0; ¢=0,

T2
s
>0, o=—.
? 2

npu W=03 >0, p; =
o3
W3 rpadmxa p(@) (pucyHOK 2) BUAHO, 4TO GYHKLMS TEPIHT PAspbiB NPH @ =@ 4., P —> 0,

o T o
mpmieM p #= 0 HU B OJHOU TOUKE, TaK KaK HA HHTEPBAJIE {O; E} HH B OJHOU TOUKE W # o0 (pucyHOK 1).

p
A
P3 1
|
|
1
’ ' 0
0 Ppes L
2
P4

PucyHok 2

Takum oOpazom, nmepeMeHHbIC XWIIa W, U,(d MOTYT OBITh HCIIONB30BAHBI AJIS MCCICAOBAHUS JBH-

KCHUA PC3OHAHCHBIX I/IC3, TAK KAK OHU HC TCPAIOT CMBIC/IA, KAK Ha PC30OHAHCHBIX, TaK U HCPC30OHAHCHBIX
30HaxX ABMKCHUA 3TUX CIIYTHUKOB.
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KOOPIHHATTAP.

Annotanua, JKepueHTpIik KOOpAMHATTAPAA KasburaH Aud@epeHunamaslk TeHACYIepai Oypre KaTtapbiHa,
Hemece Tedmop KarapeiHa, Hemece IlyaccoH KaTapblHA SKIKTCT HHTETPANIACAK IemiMaepac Kimi Oenrimr
mo; + i, ~ O maiima 6onamsL My#za m, n — OyTiH canaap, O;, ,— OYPBINTHIK KbIIAAMABIKTAp. OCHI «Kimli
OenrimTep» KaTap Mywesepine kipemi. by skarmaiina mermiMacpain 6ap 0omysl, 0ackaaa TYpai KaCHETTEpi m, n
CaHIAPBIHBIH APHU(PMCTHKATBIK KACHCTTCPiHE OatitaHBICTEI Oomamsl [1].

IMpobmema omi meminvercH, oa AOKC xo3rampIchiHIA 1A, CHI3BIKTHIK eMCeC TU((PCpeHIMANI-IBIK TCHACY ICP
TCOPIACHIH/A 12, )KOHE PE30HAHCTHIK TCOPHSIA A 63€KTI.

XacaHner »xkep CepIKTEpiHIH aTKAPaThIH >XYMBICTAPBIHBIH TYPJICpiHE OAMMaHBICTBI TYPJIL PE30HAHCTHIK
KOBFATBICTAPABI 3EPTTCY 63¢KTi OOBIN TP [2]. Ocipece pe30HAHCTHIK JKOHE PC30OHAHCTHIK EMEC ayMakTapaa Oipach
OPBIHABI O0JIATHIH AWHBIMAJIBLIAP 6TC KaXKeT [3].

«Pe3onHaHcTap» KOHE «Kimi OenrimTep» €Ki aCTeKTTEH TYPAIbl «aKaJeMHUSUIBIK» JKOHE «HHKCHEPIIK». BipiH-
IMiCi OPHBIKTBIIBIKTEI TCKCEPYMCH OPBIHAAJICA, CKIHIIICI CTA0MIH3AINAMCH OAMIaHbICThL. EXIHIICI HAKTHI memiyi
YIIiH GipiHIIiCI eIyl KaXeT.

AuTeIFaHIApra OAMIAHBICTEI MAKATIAJAFEL 3CPTTCYJICP 63CKTi OOIBIT TAOBLIATBL.
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Abstract. In paper, the synthesis of the amorphous silicon carbide layer by implantation of carbon ions with an
energy of 2.5 keV and a dose of 2,7 x 10'7 cm™ into silicon wafers was carried out. The mathematical decomposition
of the IR absorption spectrum of the film was made. It is shown that 18.6% of the total amount of Si—-C-bonds is
there at the surface and in the volume of silicon carbide nanocrystals, and an amorphous component of 81.4% is the
amount of the shortened (17.0%) and elongated (64.4%) optically active Si-C-bonds in the Si-C-clusters. Changes in
the composition and an increase of the layer density during of implantation leads to the transformation of the profile
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