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BJIMSIHUE [TPOJOJIbHOM CUJIbI HA ®OPMY CITIPAJIBHBIX BEI'YIIUX BOJIH
B BECKOHEYHBIX TPYBUYATBIX BPAIIAIOINXCA CTEPXKXHAX
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YkpanHa

[ocranoBka mpobiemu. B nanili poOOTI MOCTaBIeHa 3aqada AOCHIIKEHHS MEePIOANIHUX PYyXiB, SKi
MOXYTh OyTH 31iCHEHI B HECKIHUEHHUX CTEPIKHSX, 110 00EpTalOThCs, Ta BIUIMB HONEPEAHBOI0 HAMPYKEHHS
MO3I0BKHIMH CHJIaMH Ha (POPMH, YaCTOTH 1 IBUIKOCTI PO3IMOBCIOIKECHHS XBUIIb.

AHaJi3 0CTaHHIX JOCIIDKEHb 1 myOuikamiid. Jlo0yBaHHs Hah)TOBUX Ta ra30BHX PECYpPCiB MOB’s3aHE i3
TEXHOJOTTYHIUMHU TPYIHOILAMH HPOXOJKH TNTMOOKUX CBEPIIOBHMH. KpUTHUHI 3rMHI BUNMHAHHS OYpHUIBHOI
koo (BbK) [1-3] Ta 1i BiOpamii, sIKi BKJIIFOYAIOTh OJHOYACHO JNEKUTbKA PI3HUX KOJNHMBAaTBHUX sBUI [4-5],
CYTT€EBO YCKIIAAHIOIOTH BUAUICHHS KOJKHOTO 3 HUX 1 HE JO3BOJIAIOTH OIIHUTH 1 MOSCHUTH 1X MeXaHi3mu. [Ipu
aHaji3i MUHAMIKM TEXHIYHUX 00’ €KTiB MPOEKTYBaJIbHUKAM 1 pO3paxoByBadaM, SIK IPABHIIO, JOBOAUTHCS
MaTH cCIpaBy 3 Ae)OpMOBAaHMMHU TilaMd OOMEXKEHHX PO3MIpiB 1 MPOBOIWTH MAOCIIMKECHHS HA OCHOBI
[IOCTAaHOBKM KpaloBUX 3amad Uil piBHAHBb I1X pyxy. IIpore mpu npomy Haifuacrimie XOBOAMTHCS
KOPUCTYBATUCS MEXaHIYHUMH 1 (DI3UIHUMH XapaKTepPUCTHKAMU, BCTAHOBJICHHUMHU NPH BUBYCHHI HAWOLIBII
3araJlbHUX 3aKOHOMIPHOCTEH JWHAMiuHOI TIOBEIIHKM HeoOMexeHux cepemoBuml 1 Tt [lo Takux
XapaKTePUCTUK BiTHOCATHCS, HANPHUKIAL, THUIM 1 MIBUIKOCTI PO3MOBCIOMKECHHS XBHUJIb Ta MOXKJIHMBOCTI iX
PO3IOBCIOKEHHST 0€3 CITOTBOPEHHS (HEIMCIIEPTyIodi CEpeIOBHINA) Ta 31 CIIOTBOPCHHSAMH (IHUCIICPTyOUi
cepenosuia) [6-8].

Merta po0oTH moJsATae B aHaANi31 BIUIMBY TO3/IOBXXHBOI CHIIM Ha (JOPMY CITipaTbHUX OKYyYHUX XBUIIb B
HECKIHYCHHHX TPYyOJaCTHUX CTEPKHSIX, IO 00CPTAIOTHCS.
Buknan ocHoBHOro Marepiany. Hexail HeckiHYeHHHWH TPYXKHUH CTepKeHb, HaNpyKeHHN

MO3J0BXKHBOI cuinoro I i KpyTHUM MoMeHTOM M, 00epTaeTbes 3 MOCTIHHOIO KyTOBOIO IMIBHIKICTIO @

HABKOJIO CBO€i MO3J0BXKHBOI Oci. [Ipy KONMBaHHSX CTEP)KHS Ha KOKEH HOro €JIeMEHT JIiI0Th BHYTPIlIHI
NOpY)XHI CHJIM Ta CHJIM iHEpUii, a TAKOX 30BHIIIHI PO3MOJiNEHI CHIM, BHUKJIWKaHI MOTOKOM PiIMHH TpHU
JIOKaJIbHOMY IIPUMYCOBOMY 3THHHOMY ITOBOPOTIi OCi 00epTaHH.

PiBHSIHHSI KOJIWBAaHb TAKOTO CTEP>KHS 3aMUCYIOTHCS Yy BUTIISAI [ 1]
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3a JOMOMOToI0 ITi€l CUCTEMH MOJKHA JOCTiIKyBaTH TapMOHIYHI XBHJII, IO PO3MOBCIOKYIOTHCS B
CTepKHI. 3a3HaYMMO, 0 HE3Ba)karouu Ha 11 JIHIAHICTH, BOHA BOJIOJIE JOCUThH CKIAIHOI CTPYKTYPOIO,
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piBHAHHAX. Tak, HasABHICTh MEpPIIMX IBOX AOJAHKIB MPHUBOIHUTH IO TOTO, IO PO3MIAAyBaHAa CHCTeMa HE
JIOMTyCKae po3B’si3KiB B (OpMi IUIOCKOI KPHUBOI i TpY>KHA JiHIS BUTHYTOTO CTEPXKHS MOXKe OyTH IHIIe
TPUBUMIPHOK KPUBOIO (B JAaHOMY BHITAJKy — CHipaJiiro). HasBHICTh Ipyrux ABOX JOJAHKIB MPUBOAMUTH JO
OUTBII CKJIAJHOTO 3aKOHY 3MiHM (DOPMH KOJMBAHHS SIK 3a MPOCTOPOBOIO, TaK 1 YacOBOIO KOOpIWHATaM,
BUKJIIOYAKOUN MOXKJIHBICTh PyXy CJIIEMEHTIB CTEP)KHS 3 OJIHIEIO CHUIBHOIO (ha3010. 3a3HAUYCHE YCKJIaJHCHHS
cuctemu (1) BKazaHUMH WICHAMH IIOB’S3aHE 3 THM, IO BOHW MICTATH HEMapHI MOXigHI Mo z 1 f, a
KoeQIIiEHTH Tepe]] UMY JOJaHKaMH YTBOPIOIOTH KOCOCHMETpHUHI Marpuili. Cuid, MOB’si3aHi 3 IHUMHU
JIOJTaHKaMH, 3JIIHCHIOIOTh J€CTA0UTi3yI0UMii BILUTUB Ha PIBHOBAXKHUM CTaH CUCTEMH [2].

[locraBnena 3amava Mpo rapMOHIYHI KOJUBAHHS TPyO4acTOro MOIMEPEeTHHO HANPYKEHOTO OCHOBOIO
CIJIOI0 3aKPYYEHOTO CTEp)KHS, IO 00epTaeThCs, SBIAETHCA OararomapaMeTpudHO0. PO3B’SI3KkH cHcTeMHU
Oyzemo OyayBaTu y BUTJISIII O1KYYHX LMTIHAPUYHKUX CHIPaJIbHUX XBUIIb

u(z,t)= Acos(kz—ct), v(z,t)= Bsin(kz—ct), ()

ne k — XBWJILOBE YKCIIO; ¢ — KPYroBa 4acToTa.
[Ipore muninApuvHa cripaih OiXy4oi XBHIII TiepecTae OyTH KPYTOBOIO, KO OCbOBI MOMEHTH 1HEpIIii

I, I, nomepeunoro mnepepisy crepxHs He oxnakosi [8]. Toni y cmiBisHoweHus (1) cuin BHECTH
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Mincrasnstoun (2) B cucremy (3), OTpEMAEMO OJHOPIIHY CUCTEMY alIreOpaidHuX PiBHIHB
4 2 2 2 3
(E1,k* + T - pFo* - pFe’ A+ (M. + 2 pFec)B = 0,

(4)
(MK +2pFwc )4+ (ELE* +TK = pFar® - pFe? )B =0.

BcranosieHo, mo npu 4 # B 6ixyva xBuiist HaOyBae GopMy eTinTHIHOT HTIHAPUYHOI CITipati.

BaxxnmiBoro 0COOMMBICTIO AWMHAMIYHHMX TMPOIECIB, SAKI PO3TISAAIOTHCSA, € Te, IO Ha BIAMIHY BilI
TFapMOHIYHUX XBHJIb B HECKIHUEHHOMY IpPY>KHOMY CEpENOBHIII 1 BiJ TapMOHIYHMX MO3JOBXHIX XBHJb 1
XBWIb KpPYyYeHHS B HECKIHUCHHUX CTCp)KHSX, SKi SBISIOTBCS HEIUCICPIYIOUMMH, 3THHHI XBHII
PO3IIISAAYBAHOTO THITY ABISIFOTHCS AUCTICPryr0dunuMu. Lle 00yMOBICHO THM, 110 XBHJILOBE YKCIIO k 1 Kpyrosa
4acToTa C TOB’sS3aHI HENIHIHHUMHU 3aJIS)KHOCTSIMH. TOMY XBHJI 3 Pi3HUMH JOBXHHAMH TOMIMPIOIOTHCS 3
Pi3HUMH MIBHAKOCTSAMH. Lle MpUBOAMTE A0 TOTO, IO MPH PO3IIIIHYTHX YMOBaX CTalliOHAPHUMH BIIACHUMH
XBIWIAMA MOXYTh OyTH ITWIIE CIipaibHI XBUJIi. B HECKIHUEHHOMY MPYXHOMY CEpEIOBHIII CTaIliOHAPHOIO
XBWJICIO MOXe OyTH OyIb-siKa TMO3MOBXKHS ab0 TmomepedHa XBWIS JOBUIBHOrO mnpodimo. Takumu x
BJIACTUBOCTSIMH BOJIOJIIOTH AOBLIbHI MO3OBXHI XBHJI1 1 XBHJI KPYUCHHSI B HECKIHYEHHHUX CTEPIKHSIX.

Ilpu posrnsmaHHi NUTaHHS TPO PO3MOBCIO/UKEHHS 3TMHHUX NEPIOANYHHX XBHJIb B MPYKHOMY
CTEpXHI, MPUHIUIIOBIM € 3alydeHHS IOHATTS mossipu3amii XBwii. BOHO MMPOKO BHKOPHCTOBYETHCS B
CJICKTPOMATHITHIM XBHJIbOBIH TeOpii pO3MOBCIOJKCHHS CBiTia. [lomepedHicTh €IeKTPOMArHiTHUX XBUJIb
1030aBisie KOXKHY XBHJIIO OChOBOi CHMETpPii BIJHOCHO HANpsIMKy PpO3IOBCIO/DKCHHS dYepe3 HasBHICTbH
BHUIUJICHUX HANPSMKIB B TUIONTNHI, TIEPIICHIUKYIIAPHIA HAIPSIMKY PO3TOBCIOKCHHS.

TakuMu X BIACTHBOCTSMH BOJIOAIIOTH 1 XBIJI B MPYKHUX CTEPXKHSX, IO HE 00EPTArOThCS, BUTBHUX
BiJl MONEPENHLOTO HampyKeHHS KPYTHUMH MOMEHTaMu. Toxi y BHIAAKY KpyroBoi mojsipu3auii Oikydoi
xBuII (puc. 1, 2) ockoBa JiHs cTepxHs HaOyBae popMy KpyroBoi IMITIHAPUYHOI cripali (J1iBoi abo mpasoi),
sIKa PYXA€ThCS y BCIX BHIAAKAX 3 OJHICI0 IIBUIKICTIO Ul JTAHOT JOBXXHHHW, HE3AJEXKHO B HANPIMKY
PO3MOBCIOIKEHHS.
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Pucynox 1 — Jlo muraHHs cymepno3umii cTOSYHMX i OLKYyYHX XBHWIIb B

ONITUYHHUX IMPYKHUX CEPCAOBUIIIAX

HeoOxigHO TakoX MiIKPECIWTH, IO B CTEPIKHAX, KPYrOBOTO Mepepizy MOIEpeHbO HAIPyKEHUX
KPYTHUMU MOMEHTaMH, MOKYTb MTOIIMPIOBATHCS JIMIIIE CIipajibHI O1Kydi XBUIII BUAY

Acos(kz — ct)+ Asin(kz — ct) = Acoskz - cosct + 5)

+ Asinkz - sinct + Asinkz - cosct — Acoskz - sinct.

Koxxen i3 monmaHkiB y mpaBiii wacTuHi (5) HE 3aJ0BOJIbHSE XBUIJIBOBE DIBHSHHS, sIKE MOXe OyTH
3aI0BOJICHE JIMIIE MOBHOI CYMOIO B (5), a OKpeMO KOKHHM JOJAHKOM — Hi. L[ BIacTUBICTB 1 SBISETHCS
MOSICHEHHSIM TOTO, III0 B CTEPIKHI, TOTIEPEAHBO HANPYKEHOMY KPYTHHM MOMEHTOM, MOXKYTh HOIIUPIOBATUCS
nie O1Kydi CripaibHi XBHITL.

o6 mpocmigxyBaTH 3a MeXaHI3MOM BHUHHMKHEHHS BKa3aHOi 3aKOHOMIpHOCTI, PO3TJIIHEMO BILIHB
MTO370BXKHBOI CHIIA Ha POPMH TIEPIOAMIHUX XBHIIIb (CTOSUMX 1 OLKYUHX).

JlnHaMika HECKiHYEHHOTO CTEpP)KHS MOIMEPEIHbO HAMPY)KEHOTO IO3/I0BKHBOIO CTANOK CHIOK 1
OIMCYETHCS HE3B A3aHOI0 CUCTEMOIO PiBHAHB

o*u o’u ou
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0z 0z ot
3 SIKOi CJIITYOTh YaCTOTHI 3aJICXKHOCTI (pHC.2)
¢, = iLF\/EIk2 +T,
Pl
(8)
C34 = iLF\/ EIK* +T.
Pl

BoHnu cBiguate npo te, mo pyxu B mwiomuHax xOz ta yOz B LbOMY BHIAIKy TAaKOX HE3B’ sI3aHi
p > py Yy y >

OJTHAK MOJKJIMBI BUIAJKH, KOJIH B CTEPXHI HE MOXYTh MOIIMPIOBATHCS HisKi 3ruHHI XBWii. Taka cutyatis
BHUHHKAE 32 YMOBHU

EIK°+T<0 a6o T<-EIk . (9)

Ile o3nauae, 0 I JOBIIBHOI CTHCKAKOYOI MO3I0BKHLOI CHIIH (T < O) 3aBXKIM MOJKHA 3HANTH Taki
3HAYEHHS

k< ~TJEI (10)
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TIpU SKAX KOJIMBAJIbHI 1 XBWJIHOBI IMEpioaWdHI pyxu He MOxJmBi. Tomy 3amexHicTs (10) MokHa Ha3BaTH
YMOBOIO HETPOITYCKaHHS ODKYYUX 3THHHHUX MEePIOAUYHUX XBHJIIb B CTEP)KHI, a 3HAUEHHS ka =4-T / EI —
KPUTHYHUM.

. . 11
Jns imroctpariii BCTAaHOBICHHX €(EKTiB pPO3TIsIHEMO mnpukinaad s Bunanky £ =21-10 Ila;

[=rlr =5 )/4=307-100%% T=4210'H; p, =78-10wn’; F. =zl =1, )=53410" v

rn=01775m; 1,=099-nm. Tyr 7, r, — 30BHIHIA i BHyTpimHiid pagiycu Tpyom BK. 3nHadenns
HaBEJCHUX MEXaHIYHUX MMapaMeTpiB XapaKTepHi IS KOJIOH TITHO0KOTO OypiHHS.
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Pucynok 2 — JlucnepciiiHi KpHBi Ul 4acToT C;, C; (@) Ta 3aJekKHOCTI

(azoBuX MWBUAKOCTEH V,, V; BiA NOBXKMHM XBUII (6) (T=0)

SIKImo cTepKeHb MONepeIHbO HANPY>KCHUH MO3I0BKHBOIO PO3TATYIOUYOI0 CHIIOKO (T > O), TO IiJKOPEHEBI

Bupasu B (8) 3aBXIU J0IaTHI, i pH TakuxX I MOXKIMBE PO3MOBCIODKCHHS ODKYYHX MEPIOIMIHUX XBHJIb
OyIIb-SKOi JJOBKHHH.

_ -1
1000 Cl , C 1000 — vl y M/C
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1 T V13
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Pucynox 3 — JlucmepciiiHi KpHBI [UI1 4acToOT C,, C; (a) Ta
3aJIeKHOCT] (Pa30BMX IIBMIKOCTEH V,, V,Bill JOBXKUHU XBHI (0)
6
(T=-2-10°H)

BucHoBku. MeTomamu JTUCTIEPCIMHOTO aHaIi3y BCTAHOBJICHI HAHOLIBIN 3arajibHi 3aKOHOMIPHOCTI
nepebiry BUTBHMX XBWJIBOBHX 1 JUHAMIYHUX TPOLECIB B HECKIHUCHHHX CTEPXKHAX, IO OOEpTAIOTHCS, SIKi
MTAIOTECS  TOJATKOBIH il OAHOPIAHMX TO3IOBKHIX CHJI. BUKOHAHO aHali3 BIDIMBY IO3MOBXKHIX CHJI Ha
XapakTep BUIBHUX MEPIOJMYHUX PYXIB (JHIIe ODKydi CHipaibHI XBHII, MOXITMBICTh PO3IIOBCIOIKEHHS TUIOCKHX
TapMOHIYHUX XBHJIb, MOYKJIMBICTD BUTBHUX KOJIMBaHb 32 INIOCKMMH CTOSYUMH TAPMOHIYHUMH XBHIISIMH).
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Iloxa3zano, mo y BUNaiKax BIUIMBY Ha HECKIHUCHHUH CTEPXKEHb BKAa3aHUX CHJIOBUX 1 KIHEMaTHYHHUX
(akTopiB HOTO BIACHI KOJIMBaHHI MOXKYTh BiIOYBaTHCS JUIIE 32 GOpMaMH O1KYUUX CIipaTbHUX XBUIIb.
BcranosineHi eekTi MOKYTh TPOSIBISATHCS B OYpHIBHUX KOJIOHAX MITMOOKOro OypiHHS.

Poboma euxonana 6 pamxax oepaicoiodoxcemnoi memu 0112U000137 «Mamemamuute mMoOento8anhs
npoyecie He3aapitinoco OYpiHHs 6 CIAHYesUX NOPOOAx i 8 WETbGHOBUX 30HAX MOPCHKUX AKBATNOPILLY.
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PED®EPAT

bopm O.1. BB mo3m10BKHBOT Cwiii Ha (GOpMy CHIpaTbHUX ODKYyYMX XBHJIb B HECKIHUCHHHX
TpyO4YacTux crepxHax, o obepratotbess / O.I. bopm // Bicauk HamioHanbHOTO TpaHCIIOPTHOTO
yuiBepcutery. — K. : HTVY, 2014. — Bun. 29.

B crarTi craBUTHCS 3ajava Mpo JOCHTIHKEHHS IMEePIOAUYHUX PYyXiB, sIKI MOXYTh OyTH 3fiHiCHEHI B
HECKIHUCHHUX CTEPXKHSAX, IO 00EPTAOThCS, Ta BIUIHB MTONIEPEIHBOTO HAMPYKEHHS MMO3/I0BXKHIMHI CHIaMH Ha
(hopMH, 4ACTOTH 1 INBUAKOCTI POMOBCIOKEHHS XBHUIIb.

O0’€eKTOM JOCHTIKCHHS € HECKIHYeHHUH TMPYKHUHA CTepPKEeHb, HANPYKEHHH MO3I0BXHBOI CHJIOH 1
KpPYTHUM MOMEHTOM, 00EPTAETHCA 3 TIOCTIHHOIO KYTOBOO IIBUAKICTIO HABKOJIO CBOET MO3IOBKHBOI OCI.

Merta poOOTH MOJISITae B aHAII31 BILTMBY MO3IOBKHBOI CHIIM Ha (POPMY CHIpaIbHUX OKYYUX XBHIb B
HECKIHYCHHUX TPYOUYaCTUX CTEPKHIX, IO 00EPTAFOTHCS.

Meroau IOCHTIDKEHHS BKIIOYAIOTh JUCHCPCIHHMIA aHalli3, a TaKOX alTOPUTMH YHCEIHLHOTO
IHTETpyBaHHS HEJIHIHHUX PiBHSHb.

Pesynpratu crarTi MOXYTH OYTH YNpPOBaIKEHI B MPAKTHII TEOPETUYHOTO 1 €KCIIEPUMEHTAILHOTO
JOCTIDKEHHS TUHAMIKH KOJIOH TNIMOOKOTO OYpiHHS B HAPTOBUX 1 Ta30BUX CBEP/IOBUHAX.

[IporHo3Hi NpuUNyHIeHHS MO0 PO3BUTKY 00’€KTa MOCHIIHPKEHHS — MPOTHO3YBaHHS KPUTUYHHUX
3HA4YeHb MMO3J0BXKHBOI CHIIH JUIsI 3a0e3redeHHs Oe3aBapiifHOTo OypiHHS.

KJIFOUOBI CJIOBA: CTEPXXEHbD, BIJIbHI KOJIMBAHH S, CITIPAJIBHI XBWJIL, ITO3/I0BXKH
CUIIA.
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ABSTRACT

Borshch O.I. Influence of longitudinal force on the form of traveling waves in spiral infinite tubular
rotating rods. Visnyk National Transport University. — Kyiv. National Transport University. 2014. — Vol. 29.

The article raises the problem of the study of periodic motions, which can be implemented in infinite
rotating rods and the effect of prestressing forces on the longitudinal form, frequency and speed of wave
propagation.

Object of study is an infinite elastic rod, the longitudinal force and torque in a rod rotating with a
constant angular velocity around its longitudinal axis .

The purpose of this paper is to analyze the effects of longitudinal force on the spiral mode of traveling
waves in infinite rotating tubular rods.

Research approaches include methods of dispersion analysis, as well as algorithms for the numerical
integration of nonlinear equations.

Our results can be implemented in practice, theoretical and experimental studies of the dynamics of
drill strings for deep drilling in oil and gas wells.

Assumptions about the development of the research object — prediction of critical values of the
longitudinal force to ensure trouble-free drilling.

KEYWORDS: ROD, FREE VIBRATIONS, SPIRAL WAVES, LONGITUDINAL FORCE.

PE®EPAT

Bopm E.W. Bnusiane mpomonpHON cuibl Ha (QOpMY CIIpadbHBIX OETyHmIMX BOJH B OECKOHEYHBIX
TpyOuaTeix Bpamatommxcs crepxkHsx / E.M. bopm // BecrHuk HamnumoHanbHOTO TpaHCIIOPTHOTO
yHuBepcutera. — K. : HTY, 2014. — Brim. 29.

B cratee craBuTcs 3amada 00 HCCIENOBAaHWM TIEPUOAMYECKHX JBIDKCHMA B OCECKOHEUHBIX
BPALIAIONINXCS CTEP)KHAX U BIMSHUE MPEABAPUTEIBHOTO HAINPSDKEHUS MPOJOIBHBIMU CHUIIaMH Ha (OPMBI,
4acTOTHI M CKOPOCTH PacHpOCTPaHEHHS BOJIH.

OOBEeKTOM HCClleIOBaHUS SIBISICTCS OECKOHEUHBIH YNPYTUH CTep)KEeHb, HANPsDKEHHBIM MPONOJIBHOMN
CWIOH M KpYyTALIMM MOMEHTOM, BpAIIAIOIIMICSI C IIOCTOSIHHOM YITIOBOM CKOPOCTBIO BOKPYI CBOEH
MPOJIOJIBHON OCH.

Lenb pabOTBI COCTOUT B aHATU3E BIUSHUS MPOJOIBHON CHIIBI Ha (OPMY CIIUPANBHBIX OEryIIUX BOJH
B OECKOHEYHBIX BPAILAIOLINXCS TPYOUaThIX CTEPKHSAX.

MeTtonsl McCClIEIOBaHUS BKIIIOYAIOT AWCIIEPCHOHHBIN aHalN3, a TaKKe aJIrOPUTMBI YHCICHHOTO
HWHTETPUPOBAHNUS HEJIMHEHHBIX YPaBHEHHH.

Pe3ynprarel cTaTbu MOTYT OBITH BHEAPEHBI B IMPAKTHKE TEOPETHUECKOTO M 3KCIEPHUMEHTATBHOTO
HCCIIEIOBaHUS IUHAMUKU KOJIOHH ITyOOKOro OypeHus B HEQTSHBIX U ra30BbIX CKBRKUHAX.

[Iporuo3nelie NpeAnoNoKeH s 0 Pa3BUTHH 00BEKTA HCCIIeI0OBaHHSI — MPOTHO3UPOBAHNE KPUTHUECKHUX
3HAYEHUH MPOAOJIFHON CHJIBI UI o0ecrieueH s Oe3aBapuiftHOro OypeHusl.

KIIFOUEBBIE CJIOBA: CTEPXXEHb, CBOBOJJHBIE KOJIEBAHUVS, CIIMPAJIBHBIE BOJIHBI,
[MPOJOJIBHAS CUJIA.
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