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AHHoOTANUs: TIpoBEIEHO TEOPETUUECKOE HCCIEn0BankE ae(GOopMaIMi yIpyroro
CTEpKHS, IBHXKYLIErocs IMoJA JEHCTBUEM BHE3alHO NPHJIOKEHHOUN MPOJOIBHON CHIIBI.
[Tonydyena siBHass (PYHKITUS 3aBUCUMOCTH aOCOJIOTHON JedopManuu CTep)KHSA OT Bpe-
meru Al(t), He comepraras TPUrOHOMETPUYECKHX PANOB; BBIABIEH XapakTep €ro Jie-

(opmary B mporiecce IBIDKCHHUS. JlaHa MpakTHYecKast peKOMEHJanusl, OCHOBaHHasI Ha
pe3ynbTatax paboTHI.

BBenenue

CoBpeMeHHBI 3Tam pa3BUTHA HAYKH W TEXHHKH XapaKTepU3yeTcs OBICTPHIM
COBEpPIIICHCTBOBAaHHEM TEXHHUYECKUX MapaMEeTPOB U3ENNH, HHTCHCU(PUKAIIEH pabounx
MIPOLIECCOB, TIOBBIIEHUEM HAJIEKHOCTH U pecypca MalluH U MexaHu3MoB. [Ipoucxoaur
OBICTpas CMEHa KOHCTPYKIIMOHHBIX MaTEPHAaJIOB, BHEAPSIOTCS HOBBIE TEXHOJIOTUICCKUE
nporeccel. [IporHo3upoBaHue MOBEICHHUS MaTepHaia B Pa3IMIHBIX (H3HYECKUX YCIO-
BUAX — OJIHA W3 TJABHBIX 3aJad MaTepUajoBENEHUS, COMPOTHUBJICHHUS MaTEpHUajOB
Y TEOPUH YIPYTOCTH.

B ycnoBusix BHEIIHHUX BO3JEUCTBUI B MEXaHWYECKHX CHUCTEMaX W JETalsX MeXa-
HU3MOB MOXXET BO3HHMKATh YCTAHOBHBIIIEECS CTAIMOHAPHOE HAIPSKEHHOE COCTOSHUE
[1, 2]. B atoMm acmiekTe, HarpuMep B paboTe [3], MPOBEAEHO TEOPETHYECKOE UCCIIEI0BA-
HUE TOBEJCHUSI MOTIEPEYHBIX IIOCKOCTEH B YIPYTOM CTEpPXKHE B YCIOBHSIX JCUCTBHS
Ha HETo OOLEMHBIX CHII — MHEPIMM M CHJIBI TSDKECTH, MoJydeHa Qpynkuus Y(X) 3aBucu-

MOCTH JIMHEHHOW INIOTHOCTHU MONEPEUHBIX MIIOCKOCTEN CTEPIKHS OT KOOPAUHATHI X.
[epnoanueckuit xapakrep paboThl OONBIIMHCTBA MAlIMH M MEXaHU3MOB Ipel-
ompenenseT MePHOINIHOCTh HAarpy>KeHHUS U Ae(GopMUpOBaHMs, KaK OTAEIHHBIX HX 3BE-
HBEB, TaK M TE€X KOHCTPYKIUH, KOTOPBIE CITy>KaT ONOpaMH WIH (yHIAMEHTaMH.
Mexannueckue Kojie0aHHsS COITyTCTBYIOT, NMPAKTHYECKH, PaboTe KaXKAOH MAaIIHWHBL
B oxanx cioydasix OHH BpeIHBI, B APYTUX — IPUHOCST MOJIB3Y U IIEJICHANIPABICHHO IPH-
MEHSIOTCI B COBPEMEHHOW TEXHHKE. BONBIIMHCTBO COBPEMEHHBIX TEXHHYECKUX
COOpPY)KEHHH, MPUOOPOB, MHCTPYMEHTOB, MEXaHU3MOB INPEJICTABIAIOT COOOH CIIOKHBIE
CHCTEMBI, B OCHOBE KOTOPBIX KoJyieOaTelbHble KOHCTPYKIMH, CKOMIIOHOBaHHBIE
U3 CTEPKHEBBIX U TOHKOCTEHHBIX AJIEMEHTOB, U3TOTOBJICHHBIE U3 MATEPUANIOB, KOTOPBIE
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B IIperenax AOCTaTOYHO MajbIX AeopManuii MOTYT pacCMaTpHBaThCA KakK yHpyTHE.
[Ipu pa3nu4HBIX BO3JIEHCTBUAX HA JaHHBIE KOHCTPYKLUH, HAIIPUMEP yIap WK BHE3arl-
HOE MPUJIOKEHUE CHJIBI, B HUX MOTYT BO3HHMKATh CBOOOJIHBIC U BBIHYKIAECHHbIE KoeOa-
HUS pa3Iu4yHOro xapakrepa [1, 2]. 3HaHMe 4acTOTH M XapakTepa KOoJeOaHWi aeralei,
SBJISIIOLIMXCS DJIEMEHTaMU KOJIeOaTeNbHBIX KOHCTPYKLMI, SIBISIETCS TEOPETHYECKOU
OCHOBOI H3rOTOBJICHHSI TAKMX MEXaHU3MOB, KOTOPBIE OyIyT HAJEKHbI B DKCIUTyaTalluu
Y JIOJITOBEYHBI.

Llenv pabomwvl — TEOpETHYECKOE MCCIIEOBAHUE IMOBEACHUS YIPYroro CTEpPIXKHS,
B YCJIOBHSX BHE3AIIHO MPHJI0KEHHOM IMOCTOSHHOW CHIIBI, HANIPABICHHOW BJOJIb €0 OCH,
ycTaHOBIICHHE (HYHKIIMOHATHFHON 3aBUCHMOCTH €ro abCOMOTHON AedopMariii B 3aBH-
cumocTn ot Bpemenu Al(t) (He comeprarueil GECKOHEUHBIX CyMM) M XapakTepa 3Toi

Je(opMaIny B IpoIecce ABHKCHUS CTCPIKHS.

Pe3yabTaThl U 00CyKIeHHE

PaccMoTpuM mokosIUNACS CTEPKEHb NOCTOSHHOIO MONEPEYHOTO CEUCHHS LIMIHH-
JpudecKkoil popMbl, KOHIIBI KOTOPOTO HE 3aKperIeHbl. MaTeprall CTepKHS OTHOPOHBIN
u nopuuHsercs 3akoHy I'yka. HanpaBum ock X 1o ocu crepkHa. IIycTh Ha npaBblii TO-
pel cTep:KHA BHE3aITHO HAYMHAET JIeHCTBOBATh NMOCTOsIHHAA cuia F, paBHOMepHO pac-
npeeIeHHas Mo IIOBEPXHOCTH TOPLA CTEPXKHS M HANpaBJIeHHast BIoJb ocH X (puc. 1).

@OyHKIUSA MPOIOIBHBIX MEPEMEIICHHH TTOTIEPEYHBIX TUIOCKOCTEH cTepxHA U(X, t)

B JIAHHBIX YCIOBHUSX YAOBIETBOPSET Au(hepeHIInaIbHOMY ypaBHeH O [4, 5]
d2u(x, t) _&2 d2u(x, t) LFa(x-1)
a? ox? ps

IIpA 5TOM Ha4YaJIbHBIC YCIIOBUA

u(x,0)=M:0,
ot

T'PAaHUYHBIC YCJIOBUA

ou(0,1) - ou(l, t) o

OX OX
IJle p — IUIOTHOCTh BENIECTBA CTEPKHSA, KI/M; S — IIIOIIA/Ib MOMEPEYHOTO CEUEHHS, M
| — anuHa HenehOpMUPOBAHHOTO CTEPXKHS, M; C — CKOPOCTh 3ByKa B CTEp)KHE, M/C;
t >0 — rekyIiee OT Havana BO3JEHCTBHS CHIIBI BpeMsl, C; X — KOOpAWHATA TOYKU Ha OCH
crepxknst; 3(X—1) — nenpra-QpyHKums.

2.

Uckomas GpyHkius U(X,t) BbIpaxkaeTcsi TPHTOHOMETPHYECKMM psijioM [4, 5]

Ft2  2F 2(-1)"  (mnx ment
u(x,t)=—+—— cos| — [ 1-cos
2psl psczn2 o1 m? | |
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—>

0 1
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Puc. 1. Ynpyruii crep:keHb, IBHKYIIHIiCS B YCJIOBHSIX BHE3AITHO NPUJIOKEHHOI CHJIBI,
HanpaBJeHHOM B/10JIb €ro 0CH
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IInockocTs cTepxHs ¢ kKoopauHatoil X =0 (JeBBIH TOpen CTEep)KHSI) K MOMEHTY
Bpemenn t Gyner umets koopaunaty U(0,t), mpaserii Topen ctepxkus (X =1) K MOMeH-

Ty BpeMeHH t iepemMecTutTCs B TouKy ¢ koopauuaroii | +u(l,t). Ouesuano,

u(l,t)—u(0,t)= Al(t).

C yuerom dopmysst (1),
N C
Alt)=x, ——(1-cospmt)(cosmr 1),
m=1 M
2FI cn
rae x = , p=—. YuursiBag, uro mpu m=2,4,6, 8, ... cosmn =1, nomydaem
psczn2 |
2y 1+i+i+i+... —| cos Bt + cos 3pt L 58 oPt L 88 7Pt +..||=Al(t).
3 52 72 3? 52 72
B xomnaktHO# dopme
1 * cos(2n—1)Bt  Al(t)

2
m(2n-1 13 (2n-1)> 2y @

UToOBl yIPOCTUTH MPUBEICHHOE BBIPAKEHHE, PACCMOTPUM CYMMEI CJICBa!

© 1 nl

Sen-1? 8

. ~ 2
cosn-LBt_ mo T e[0:n].
n=1 (2n_1)2 4 8

CyMMa MOCJEAHEro psija ABJISETCS 27 -NePHOANYECKON U YeTHOU QyHKuumel [6],
CIIeZIOBAaTEeNIbHO, MOJKET OBITh IIPEACTaBlIeHa HENPEephIBHOW (yHKIMEH, cocTosmei
13 IMHEHHBIX QyHKIuMit Mo aprymeHTy t Ha Beeit ocu t Tak, 4ro:

© _ 2
cos(2n-1)pt :—EBtJrn—, t{o;f};
p

o (2n-1)? 4 8

Bt-— te

© cos(2n—-1)pt n  3n? l:n 211}_
S (n-12 4 8 '

© cos(2n—1Bt m  5m® |:2n 37'51
—_— = Bt+—, te| —;—|;
na (2n-1)? 4 8 B B
o _ 2 k-1)r k
ZM:(-1)kfst+(-1)k+1(zk-1)“—, te[( 1)“;—“1,% k=123 ...
1 (2n-1y 4 8 BB
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Puc. 2. Tpadux pynxunn Al(t)

N
=

ITo cmbicmy 3amaun paccmatpusaeM t>0. C ydeToM BBIIIECKAa3aHHOTO U3 ypaB-
HeHu (2) nosryyaem

2
A= (0P R Cofak-n) 3
2 4

I'padukom ¢yHkmum (3) sBisieTcst JIoMaHas HENpepbIBHAS KPHBas, COCTOSIIAs
u3 (pparMeHTOB TMHEHHBIX (QYHKIUH OTHOCHUTENBHO BpeMmeHH U (puc. 2). AOcomoTHas
nehopManust CTEepIKHS U3MEHSIeTCS 110 JIMHEHHOMY 3aKOHY.

MakcuMasbHOe YIUIMHEHHE CTEPXKHS (C yUeToM, YTo C=+/E/p)
xnz Fl

Alpay = —=—,

2 sE

rae E — monyns FOHra marepuana crepxns, [1a.
O4eBHIHO, TEPUO U3MEHEHHUS ATTHHBI CTEPHKHS

2n 2l
B c
qacTtoTra
1 ¢
v=—=—.
T 21
PackpsiBast BBE/ICHHBIE BBIIIE COKpAIlEHHbIE 0003HaueHHUs B QYHKIMH (3), TIOIydrM
Ft Fl
Al = (D i+ (- DF*2 (2K 1)), @)
sypE 2sE

To ecTb B Mpoliecce JBUKEHUS CTEPAKHS B YCIOBUAX IEMCTBUS HAa HETO BHE3AIHO
MIPYJIOKEHHOW MTOCTOSTHHOW CHIIBI F He MpoM30#IeT yCTaHOBJIEHUS HEKOTOPOW IOCTO-
STHHOW aOCOJIOTHOHM aedopMaiy CTep)KHS — JUIMHA CTEPXKHS OYIeT MepHOAMICCKH
JIMHEIHO U3MEHAThLCS, a TOUHOE ee 3HadeHue |(t) MOMHO BBIYMCIUTS 110 hopMyJie

I(t)=1+AI(t).
Hanpumep, mans cramu E = 2.1011 Ia, ¢ =5000 m/c, ecnmu miamHa crepskus | =10 wm,
JuameTp 2 cM (TO ecTbh IUIOIa/b ITOIEPEYHOr0 CEUECHUs S = 3,14.107* MZ), a cuna, aei-
CTBYIOLIAsl HAa CTepKeHb F = 4.10° H, 10 Alax =6,4-102 M, v=250 T Maxcu-
MaJbHasl OTHOCHTEIbHAsT AeQOPMALHS IPH ITOM Emay = Almax /1 = 6,4-102 m. Torna

MaKCHMaJIbHOE HOPMAJIbHOE HANPsDKEHHE B CTEPIKHE OYyZIET COCTABIATh Opyay =1280 MIla,
9TO OJIM3KO K NPE/esTy TeKydIeCTH JETHPOBAaHHBIX KaYeCTBEHHBIX CTaJICH.
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F
T =0
| + Almax F
0 > . t1=llc
|
L ] > > t2 = 2lfc
T |
E I + Almax
0 " o t3=3lc
| F
0 - =4l
! | + Almax F
0 - 1 t5 = 5l/c

Puc. 3. IloctynarejibHOe IBUKEeHUE CTEPIKHS M €r0 OTHOCUTEIbHasl 1edpopmanus
B YCJIOBHUSIX 1efiCTBUSI HA HEr0 BHE3aNHO NMPHJI0KEHHOH MOCTOSHHOM CUJIbI
(cripaBa yka3aHbl HHTEPBAIIBI BDEMEHH, B TEUEHUE KOTOPBIX CTEPIKEHD [IEPEMENIATICS

[T — Almax — MmacmTa6HOCTB)

Ha prcyHke 3 noka3aHO JBM)KCHHE CTEpPIKHS 32 HHTEPBaJbl BpeMeHH, KpaTHbie |/C,
B YCJIOBHSX BHE3AITHO NPUIOKCHHOW K CTEPKHIO NMPOROIbHOHW cuibl. [Ipu moctyma-
TEJIBHOM ABWXXEHHM CTEPXHS €ro JUIMHA TEePUOJUYECKH M3MEHsSeTCS Ha OAMHAKOBYIO
BennanHy Al . B Xone moctynaTensHOro ABIDKEHHS CTEP:KEHb IMEPHOANYECKH pac-

TATHBAETCS U C)KUMAeTcd A0 UCXOMHON AimuHbBL. OYeBHIHO, KOT/Ia CTep)KEHb NMPHOOpe-
TaeT UCXOJHYIO JUIMHY, B TIPOIIECCE CBOETO IBM)KECHUS, BHYTPEHHAS JUHAMUKA CTEPXKHS,
00yCIIOBIIEHHasT CWJIOW WHEPIMH B JAaHHBI MOMEHT, KBHBAJEHTHA €0 BHYTPEHHEH
JMHAaMUKe, COOTBETCTBYIOIICH HHTEepBaly BpeMeHH |/C.

3akaouenue

Takum 00pa3oM, ynpyruil CTEp:KeHb, ABWKYIIHUICS O] ASHCTBHEM MPOJI0TbHON
BHE3aIIHO NPWIOKEHHOH cuibl, geopMupyercs Tak, 4TO MEPUOTUYECKH YIITHUHICTCS
M 3aT€M yKOPauyMBaETCs 10 MCXOAHOTIO pa3Mepa, IPH 3TOM MaKCHMallbHasi a0COIIOTHAS
nedopmanus ero coxpansiercsi. Bennunna aGcomoTHo# nedopmaliy TponopuruoHaib-
Ha TMPWIOKCHHON BHemrHed cwie. [loiaydyeHa (yHKIUS, BBIpaXkaromias 3aBHCHMOCTH
abcomrotHOM Jnedopmanmu cTepkHst oT BpemeHHu (4). Yacrora W3MEHEHHS JUIMHBI
CTEpKHs, B 00IIEM cllydae, JISKUT B MHTEpBaJe OT MH(PPa3BYKOBOH JI0 yJIbTPa3ByKO-
BOH. O4eBHUIHO, MTEPUOANIECKH U3MEHSIOMIAACS JJINHA CTEPHKHS MOXKET HETaTHBHO CKa-
3aThCs Ha paboTe Pa3NUYHBIX MAIIMH U MEXaHU3MOB (IIPH COOTBETCTBYIOIIUX YCIOBHU-
X), IpH OOJIBIION CHIle, IEHCTBYIOIIEH Ha CTEPKEHD, MOJKET HMPOSBIATHCS OCTATOYHAS
nedopmanus B CTEP)KHEBBIX CHCTEMax, M 3TO HEOOXOJWMO YYHMTHIBaTh. BaxxHO oTMe-
TUTh U CIIEYIOIEE, €CIU TaKas CTEpPKHEBAsl CUCTEMA MONAJET B 30HY JECHUCTBUS BHEIL-
HEel 9acTOThI 3BYKOBBIX KOjeOaHWH, coBMamaromell ¢ cOOCTBEHHON 9acTOTOW HEKOTO-
PBIX JIEMEHTOB JAHHOM CUCTEMBI, TO IOCIEJHUE MOTYT pa3pyLIUThCS B PE3yJbTaTe
pe3oHaHca.
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Deformation of an Elastic Rod under Conditions
of a Sudden Longitudinal Force Application

L. G. Karyevi®, v. A. Fedorov 2

Department of Profile Pre-University Training (1), karyev@list.ru;
Department of Theoretical and Experimental Physics (2);
Derzhavin Tambov State University, Tambov, Russia

Keywords: deformation; linear density; moving; periodicity; force; kernel; trigo-
nometric series; elasticity; function.

Abstract: A theoretical study of the deformation of an elastic rod moving under
the action of a suddenly applied longitudinal force was carried out. An explicit function
of the dependence of the absolute deformation of the rod on time Al(t), which does not

contain trigonometric series, is obtained; the nature of its deformation during movement
was revealed. A practical recommendation is given based on the research results.
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Verformung eines elastischen Stabs unter den Bedingungen plétzlich
auf ihn eingesetzter Lingskraft

Zusammenfassung: Es ist eine theoretische Untersuchung der Verformung des
elastischen Stabes durchgefiihrt, der sich unter der Einwirkung einer plétzlich aufge-
brachten Langskraft bewegt. Eine explizite Funktion der Abhingigkeit der absoluten
Verformung des Stabes von der Zeit Al(t), die keine trigonometrischen Reihen enthilt,

ist erhalten; der Charakter seiner Verformung im Laufe der Bewegung ist festgestellt.
Auf der Grundlage der Ergebnisse der Arbeit ist eine praktische Empfehlung gegeben.

Déformation de la tige élastique sous une
force longitudinale subitement appliquée a celle-Ci

Résumé: Est réalisée une étude théorique de la déformation d'une tige élastique
se déplagant sous I'action d'une force longitudinale soudainement appliquée. Est obtenue
une fonction explicite de la dépendance de la déformation absolue de la tige en fonction
du temps, ne contenant pas de séries trigonométriques; est révélée la nature de sa
déformation dans le processus de mouvement. Sont données les recommandations
pratiques fondées sur les résultats.

Astopbl: Kapoiee Jleonuo I'ennadvesuu — NOKTOP (U3UKO-MATEMAaTHUECKUX
HayK, podeccop Kadeapbl MpopMIEHON JOBY30BCKOH NOATOTOBKU; Dedopoe Bukmop
Anexcanopoguu — 10KTop (HU3NKO-MaTEMAaTHIECKUX HAYK, podeccop kadeaps! Teope-
THYecKO U skcnepuMeHTanbHoi Qu3uku, GI'BOY BO «TamOoBCKmMiA TocymapcTBEH-
HBII yHUBepcuTeT uMmenu I'. P. Jlep>xaBuna», Tam60B, Poccus.
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