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[NuHAMIYIECKE CUCTEMBI C YIPYTUMUI OTPaXKeHIAMN
1 MeXaHu3M ycKopeHua depMn

JI. [I. IlycTBLILHUKOB

B mazpanuu craThu cokycupoBana npobrema u3 ob6aacTu GU3UKHA, OTHA-
KO TNPUBOAMMEBIE HUXKE yTBEPXKIEHUA U AOKA3ATEAbCTBA HOCAT CTPOTO MaTe-
MaTUYIECKANA XapaKTep.

PesyabTaTel, onncaHHbe B CTATHE, HE TOJBKO JAIOT OTBETHI HA, IOCTABICH-
HBIE paHee YucTO PU3UUIecKue mpobIeMbl, HO U COAEPXKAT PEIIeHUs BO3HUKA-
OMUX B 5TOU CBA3M UUCTO MATEMATHIECKUX 3aAat1. MeToanr, 06Cy X qaeMbie
Jajiee, TIO3BOJIAIOT PEIaTh aHAJOTUYIHBbIE TPOOJeMbl KaK B 06JaCTU MaTeMa-
THAKW, TAK WU MEXAQHUKA U (PUBUKU.

Dusuvaeckas 3a1a49a, OTBET HA KOTOPYIO TO CYIIECTBY 3M€CH OMUCAH, DTO
MOCTABAEHHAA M3BECTHBIM (pusukoMm JHpuko Pepmu mpobiaema: o6BACHUTH
MIPOUCXOX IEHNE B KOCMUIECKOM MTPOCTPAHCTBE YACTHIL C BHICOKUMU DHEPTUA-
MM H3 OCHOBE CTATUCTUKU MEXAHUICCKUX CTOIKHOBEHUU YACTHUI] C TEPUOIU-
YeCKU IBUKYIIIMUCI B KOCMOCEe MaKpooOwsekTamu (cM. [1]). B ocrose pemre-
HUS DTOV 33a9U JEeXUT UCCAEIOBAHUE CIEMUATHLHOTO KIACCA, TUHAMUYIECKUX
CUCTEM, ONUCHIBAIOIINX [BUKEHUE MATEPUATHLHOU TOYKU BHYTPU HEKOTOPOU
00JACTH ¢ ABHXYIIENCA TDAHUIEN.

B pesyabTaTe CTOIKHOBEHMS C TPAHUIEN TOYKA UCHBITHIBACT YIPYTHUQ
yaap, KOTOPHIU OymeT pacCMATPUBATHCA B JAJbHEUIIEM KAK B PAMKAX KJIAC-
CHYECKON (HBIOTOHOBOW), TAK M B PAMKAX DENATUBUCTCKOU MEXAHUKH (Te-
OpUEM OTHOCUTEIHHOCTH). [l MOHMMAHUA MATEMATHYIECKUX YTBEPKICHUN,
CchOPMYIUPOBAHHBIX U JOKA3AHHBIX B HACTOAIIEU CTATHE, 3HAHUE MEXQHUKH
7 TEOPUU OTHOCHUTENIbHOCTH He obs3arTenbro. Obiee onucanme GpusmaecKon
upobaemMbl JaHO B 1. 1, a B nm. 2—4 WCCACAYIOTCA TPU OCHOBHBIC IUHAMUTE-
CKHe CHCTEMEL, CBA3AHHLIE C DToU dusmieckon mpobaemon. [lo cymecTry, peun
UAET O BO3MOXHOCTY WM HEBO3MOXHOCTH yXOJa HA 6€CKOHEYIHOCTH TPACK-
TOPUU HEKOTOPHIX CHEIUAJBLHBIX TPE0OPA30BAHUN, 3a1aBAEMBIX DJIEMEHTAP-
HBIMI QYHKIAAME. DTHU NpeoOpasoBaHma 0603HAMAIOTCA HuUXe OykBamu A,
D u S. HecmoTps Ha mpocToTy (OPMYIMPOBOK MHOJIYUIEHHBIX PE3YJIHTATOB
(cMm. Teopemmr 1, 2 m 3), MX NOKA3ATEALCTBA CBA3AHBI C TAYOOKUMU TEOPUAMA
B MATEMATHUKEe. DTHU MOKA3ATEILCTBA MPUBEACHLI B paboTe HA YPOBHE WIEH.

OTMeTuM, 9TO PasBUTHIE B XO/€ MOKA3ATEILCTB METOAbI, TPUMEHEHHEIE
K MOAM(PUKAIIUAM OIMUCAHHBIX 3/€Ch TUHAMUIECKUX CUCTEM, IO3BOIUIN IATh
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CTPOTOE pellleHne CToAen co BpeMen Kaaysuyca, Bonpivana u 'n66ca npo6-
JeMbl 060CHOBAHUA BTOPOT0 HAYAJAA TEPMOAMHAMUKY — 3aKOHA BO3PACTAHUA
DHTPOINYU — HA OCHOBe MexaHuku ([2]).

1. IIPOBJIEMA OBOCHOBAHUA MEXAHU3MA YCKOPEHUA DPEPMU

st 06 BACHEHNS TPOUCXOXK AEHUS OBICTPBIX YACTHUI] ¢ BHICOKUMU DHEPIH-
AME B KOCMEYIeCKOM mIpocTpancTse J. Pepmu B 1949 r. B padore [1] mpen-
JIOKWJI CTaTHCTH‘IeCKHﬁ MEXaHU3M, COTVIACHO KOTOPOMY SHEPrusa 9aCTUl Ipu
B3aMMOIEUCTBUY € MEPUOAUIECKN NBUTAIIMMUCA B KOCMOCE MAKPOOGBEKTA-
MU BO3pacTaeT. [log MaKpoOOBEKTaMI 31€Ch CIeAYET MOHUMATE MOJIA 3BE3 I,
raJakTUK U APYruX 00BEeKTOB B KOCMOce. IIpupoaa 5Toro MexanusmMa MOXeT
6I:|ITI:> U3YyYCHaA YK€ Ha CAMBIX IMPOCTBHIX MEXAHUYICCKUX MO IEaAX. C BTOfI 1Ie-
ab10 MaTeMaTuK CTaHuUCIaB YiaaM pacCMOTPeNn CICAYIOIYH TUHAMUIECKYIO
cucteMmy ([3]), KoTOpas BHOCIEACTBUN IOLYUIWIa HA3BaHUE «MOgenb Pepmu —
Yaamay: yOPyruu MIapUK ABUKETCS B BEPTUKAJILHOM HANPABICHUW ¢ MEX Y
IBYMA TAaPaJIeTbHBEIMYA TOPA3OHTATBHBIMEI OECKOHETHO TAXKEIBIMUA CTEHKAMH,
KaX [as U3 KOTOPBIX COBEPIIAET BEPTUKAILHLIE TIEPUOAAIECKHE KOJeOAHUA TI0
sakoram q = f1(t) m ¢ = fo(t) (pumc. 1). 3necw ¢ — Bpems, a f1(t) w fo(t) —
raagkue PyHKINU, MMEIOIe OAUHAKOBBIN Iepuo 110 ¢, mpuaem fo(t) > f1(t)
Opu Beex t. YaaM IpeIarai u3ydaTh IBa CIydas: MePBLIN cIydal, korga fi(t)
u f2(t) — curycouabl, ¥ BTopon cay4an, korgaa fi(t) — cuayconpga, a fo(t) = 4,
T. €. KOTJIa BEPXHAS CTEHKA HEemoABuXKHA. | mnoresa Depmu m Yaama mpume-
HATEILHO K 3TOUW AMHAMUTIECKON CHCTEME COCTOAIA B TOM, UTO B Pe3yJIbTATE
CTOMKHOBEHUN CO CTEHKAME SHEPTUA MIAPUKA, Oy AT PACTH 10 6€CKOHETHOCTH.
ITa npobaeMa OTHOCUTCA K KIACCMIECKON HBIOTOHOBCKOU MEXAHWKE, U Tep-
BOHAYAIBLHO €€ UCCICNOBAHME [IPOBOAMIOCH YUCICHHBIME MeTogaMa (cM. [3]).
OaHaKO Pe3yabTAaThl STUX MCCAENOBAHUN OKA3AMUCH MPOTUBOMOMOKHEL TEM,

q q= fa(t)

q= fi(t)

Pwuc. 1. Mogerr Pepvn — Ynama
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KOTOPBIE OXUIAIACE. HecMOTpa Ha TpoCTOTY hopMyIupOBKE Mpobaema Dep-
MH — YJaMa OKa3alaCh, KAK 3TO IaCTO OLIBAET B MATEMATHKE, HETPUBHAATL-
HOW, W €€ pemenne ObLIO MONYy9IeHO TOMBKO CIIyCTSA HECKOABKO MEeCATKOB JET
BIEpBBIE B padoTe [4], a 3aTem B paborax [5-7] u B 0630pe [2]. Bruio gokaszaso,
9TO A1 A00bIx pyukumn f1(t) u fo(t) ykazsaHHOro BUAA U JIOOBIX HAYMAIBLHBIX
MAHHBIX CHCTEMBI [JIA BCEX MOMEHTOB BPEMEHH ¢ > tj CKOPOCTD ¥ SHEPTHA IIa-
PUKa, OrPAHUYEHA TI0 MOAYII0 HEKOTOPOU KOHCTAHTOU, 3aBUCAIIEA TOJBKO OT
HAYAJTBHBEIX JAHHBIX B (PUKCUPOBAHHBLIM MOMEHT BPEMEHU ty W HE 3aBHCALICH
ot t. TakuM 0Gpa3oM, OTBET, HAIOMNAN perrenue npobaemsr Pepyu — Yaama,
OKA3aJCA OTPUIATEIBHBIM B PAMKAX KJIACCHIeCKON Mexanukn. O qHAKO TUIIO-
re3a Pepmu 0 BO3MOKHOCTU HEOTDAHUYEHHOTO POCTA DHEPIUM TACTHILI IIPU
€€ MEXAaHMICCKWX CTOJNKHOBEHHUAX C MEPUONWIECKH MBUKYIIUMEUCA CTEHKAMME
OKA3BIBAETCA CIIPABEIINBON, €CIU PACCMATPUBATEL Mogess Depvu — Yrama B
paMKax T€OPUU OTHOCHTEAHLHOCTH: HEOIDAHUIEHHBIN, PACTYIIUN 10 DKCIIOHEH-
T€ OT BPEMEHM, POCT SHEPTHUM MIAPUAKA BO3MOXEH A HATATLHBIX MTOJOXKECHAN
U CKOPOCTEW, PACIONOXEHHLIX BHYTPH MHOXECTBA, UMEIOMIETO MOIOKATEb-
HBEIU 00B6M [2,8].

ITOT Pe3yabTAT AOKA3AH P BBINOIHEHUN CIEAYIOIETrO YCAOBUSI, BBEJCH-
HOTO B paboTe [2]: CYyMIECTBYET BELIECTBEHHOE UUCIO fg U LEI0e WCIAO 1My
Takue, ITO cupaBeqIuBbl cooTHomenus: fi(t) = fi(t +2n), fo(t) = fa(t + 2m)
opu BCeX {, U

1+ f:‘l (to))(1 — fz(to))
(1= fi(to))(1 + fa(to))

(Touka Hag (yHKIMeH 06osHaUaeT guddepeHmUpoBanue mo t, T.e. f(t) =

> 1, fg(to) — fl(t()) = 2mmy (1)

= d—J;(t)) YdeT peaaTuBucTcKoro gakTopa B Mogenn depmu — YiaaMa CKasbI-

BaeTcCAd TOABKO Ha 3aKOHE IPeoOpPa30BaHUA CKOPOCTHU U DHEPTUH MIAPUKA IPU
€ro yupyrux OTPaXKeHUaX OT CTeHOK. OH BHITEKAET U3 3aKOHOB COXPAHEHUS
SHEPIUU W UMIIYJBCA, B TEOPUU OTHOCUTENIBHOCTH A0 W MOCIE CTOJKHOBEHUS
MACCUBHOU YACTUIEI CO CTEHKOU KOHEUHOT MACCHL, & 3aTeM MePEXona K mpe-
[eJly MacChl CT€HKU K O€CKOHETHOCTH.

B 1.4 m3yuaercs erie oHA MOy IAPHAA JUHAMUYECKAA CUCTEMA, CBA3AHHAL
¢ MexaHu3MoM yckoperus Pepmvu. OHa, ONUCHIBAET ABUKEHUE MATEPUATHLHOU
TOYKY, [AJAOMIEN B [IOT€ TAXECTH C MOCTOAHHBIM YCKOpeHreM Ha OeCKOHed-
HO TAXENYI0 TOPU3OHTATBLHYIO CTEHKY, KOTOPasd KOJeOIeTCAa B BEPTUKAIHLHOM
HaPABJECHUU COTVIACHO IIEPUOANYECCKOMY IO BPEMEHU 3aKOHY U CTAJKUBAECT-
¢ ¢ YACTHUIEH IO 3aKOHY ympyroro ymapa (puc. 2). Bumepseie sTa Mogeln
6bL1a M3ydeHa B cTaThbe [9], rae ObLIO JOKA3aHO CyLIECTBOBAaHUE GECKOHEH-
HOr'O0 MHOXECTBa, (60ee TOIHO, KOHTMHYYMA) HAYAIBHBIX JAHHBIX, TPUBOIA-
IIUX K HEOTPAHWIEHHOMY POCTY CKOPOCTH IMapuka. B mociaexyiomux paboTax
([10] m [11]) 6BLIO JOKA3AHO, ITO HTO MHOXKECTBO MMeeT OECKOHEIHBIN 00HEM.
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Puc. 2. YcxkopureioHasa MOLEIL ¢ OFHOH CTEHKOH B IIOJ€ TAXECTH

2. MoatEab PEPMU — YJIAMA

[lJist IPOCTOTHI U3JI0KEHUA PACCMOTPUM TOJABKO TOT CIydau Mojenn Dep-
Mu — YaaMa, B KOTOPOM BEePXHsAA CTCHKA HEMIOABWIKHA U 3aJAeTCA yPABHCHAEM
q = {, a HMXHAA CTEHKa IBUXKETCA B BEPTUKAILHOM HAIPABICHUU ¢ IO Ie-
puoamaeckomy 3akony g = f(t), rae f(t) — Geckormewno gubdepennmpyemasn
2m-nepnogmaeckan pyrkuua: f(t) = f(¢t + 2x), npuaem |f(t)] < ¢ (puc. 3).

Caygall ABYX KOJIeOIIOIINXCA CTEHOK MBI PACCMATPUBATD 3€Ch He OyaeM,
TaK KaK BCE maen AeMOHCTpprIOTCﬂ y)Ke paccCMaTPpUBACMBIM CJIy‘Ia.eM; OTJaN-
qye JUIIb B TEXHUYICCKUX ACTAJAX.

TEOPEMA 1. Ilpednosoacum, 4mo 8 HGUAAbHBIT MOMENM Bpemeny Ty wWa-
puK umen cxopocmy vg. Toeda 60 sce nocaedyouyue momenmpr epemenu t = ty
aOCOAOMHAL BEAUNUNG CKOPOCTNU U ULGPUKG HE MPEBOCTOIUT KOHCMAHMY,
3aB8UCAUYIO TOALKO 0T Vg.

[TOKA3ATEJILCTBO TEOPEMBI 1. Ilpeamonoxum, 9T0 B HEKOTOPBIA MO-
MEHT BpPEMEHUW { CTOJKHOBEHWS ¢ HUXHEU CTEHKOUW IMapukK Npuobpea
CKOpOCTL v > 0, a B CICAYIOMHUH 3a ¢ MOMEHT BpeMeH: t CTOIKHOBEHUA IMa-

Puc. 3. Mogerr Gepmu — Yaama ¢ HEMOABUXKHOU BEPXHEH CTEHKON
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pUKa ¢ HUXKHEW CTEHKOU OH mpuobpen ckopocTs v'. [lapa (t,v) ogHO3HATHO
onpegenser napy (t,v’). B pesyabrare BosHEKaeT oToOpaxenue A IIOCKO-
cru R? ¢ nmonapubvm koopaunaramu (t,v) (3geck ¢t — yrom, 0 < ¢ < 2,
a v — paauyc), umeromee sug: A(t,v) = (t,v'). OroGpaxenue A, B cury
HNOCTAHOBKY 3a0a4H, 33,Ja€TCA CICAYIOMUIMEA PABCHCTBAMM:

t’:t+g_vf(t)+g_f(t/); o =+ 2f(t). (2)

Papenctso g ¢ nonydaeTcsa npubapieHreM K { BDEMEHU [BUXKCHUA MAPUKA
BBEPX [0 CTOJIKHOBEHUS ¢ BEPXHEW CTEHKON W BPEMEHU ABUXKEHUA BHU3 —
HOCJIE DTOTO CTOMKHOBEHUA. PaBeHCTBO Mis v’ JErKO HOMYIaeTCA U3 3aKOHOB
COXPaHEHUS UMITYJbCA U DHEPI'MU B MOMEHT BpeMeHU I CTOJKHOBEHMA Iapu-
Ka C HUXKHEW CTEHKOU (IPU BLIYMCACHUAX, €CTECTBEHHO, MACCY HUKHEW CTEH-
KU CIefyeT CHAYAMA CIATATH KOHEYHOW, a 3aTeM YCTPEMHUTEH €€ K OeCKOHEeH-
HOCTH).

[las moKa3aTenbCTBA TEOPEMBI HAM MOTPEOYEeTCA BAaXKHAA JeMMa, (J1eM-
Ma 1), KoTopas gaeT OAHO W3 YCIOBUU TIPUMEHUMOCTH OOIIEN TEeOPEMBI K
npeobpaszoBanuio (2). JTa 06mas TeopeMa MO3BOLAET YCTAHOBUTD, ITO MIpe-
obpazoBaHue A MMeeT MHOTO UHBaPUGHMHLIL (T. €. Iepexoaamux B ce6a mos
neuctueMm A) zamrnymerr kpusbx. CaeayeT OTMETHTE, 9TO 6€3 BBITOJHEHU
BAKIIOYEHUA JEMMBI | O TIepecedeHnr KPUBOT U ee 00pas3a MHBAPUAHTHLIX KPH-
BBIX MOXET ¥ He OBITh (IPOCTENUY TpuMep: TpubaBUM K PAAUYCy ¥ OJHO W
TO XK€ MAJTEHBKOE 1ucao & > 0).

JIEMMA 1. IlycTh v — 3aMKHyTasa KpuBad 6€3 CAMOTIEPECeTeHuN Ha TLIOC-
kocTr R?, OKpyXaiomas Kpyr JOCTATOYHO GOIBIIOTO PAJUYyCa C IEHTPOM B
Havaue koopauaaT v = 0. Torga kpusas v nepecekaer kpusyw A(y), ABisro-
Hyocsa o6pa3oM -y mpu oTobpaxenun A.

NnEA TOKABATEJBCTBA JEMMBI 1 ocHOBaHa Ha TOM, 9TO mpeobpaso-
BaHME A COXpaHACT (ILIOMALEL) Ha MIOCKOCTH R? (376Ch KABEIYKM O3HAMAIOT,
YTO COXPAHAETCA MeEpa, SKBUBAJCHTHaA mwiomaan). [losTomy, ecan 661 xpu-
Bole 7 u A(Y) He mepecekamuch, TO OMHA W3 HUX COAEPKATACH ObI B 00MACTH
IIOCKOCTH, OPPAHUYEHHOU APYron KpuBou. OIHAKO 3TO HEBO3MOXHO B CHIY
TOrO, ITO (IIOIALEY OOIACTH, OTPAHMYEHHON 7y, MOJXKHA COBIAJATE C «ILIO-
maaboy obaacty, orparndennon kpuson A(y). Ilomygennoe nmporusopeqane un
3aBepuiaeT gokasareabcTso demMmbl 1. (ITogpobrocTu cm. B [4].)

[pogomxkum nokazaTeasCTBO TeopeMbl 1. Mbl Boconb3yeMcs uaeen, Ko-
TOPasA OKA3LIBAETCA MOJAE3HON MPU PEIIeHNN MHOTUX MATEMATHIECKUX 3212
HEePEUTH B OKPECTHOCTH OECKOHEHYHO YAAICHHOU TOYKU (O€CKOHEYHOCTH) U
u3yanTh geuctsme npeobpasosanma A tam. /leao B Tom, aTo B dpopmyne (2)
A BeIpaxeHud t ecTb wien 2//v. Ilpm GoabmImX ¥ BTOT WWIEH OYCHB MAJT
U BXOJUT B KAIeCTBE CAAraeMoro JuHenHo. Taxmm o6pa3zoM, B OKPECTHOCTH



Mexamnsm yckoperns Pepyu 169

v = 00 BeamuuHa y = 24/v 6ymeT Maaa, — a 3TO HAM U HyKHO s IPUMEHEHU
obmen TeopeMul. [losToOMy BBegeM HOBYIO HEepeMEHHYIO y = 2{/v U BEIpa3uM
gepes Hee npeobpasosanue A. Herpyano nposepurs, uTo npeobpaszoBanue A,
BBIPAXKEHHOE B IIEPEMEHHBIX {, i, B crly (2) mpeBpamaercsa B npeo6pa3oBaHmue

B: (t,y) — (t',v/), sagaromeeca Gpopmyrammu:

t t
?f/:t—|—y—|—<,0(y):t_|_y_w7 (3)
2 frgl

2y~ f(t) ( 4)

- e J—
y=ytyby) =y - oo

3aMeTuM, 9TO 1A TPOCTOTHI 3AMUCH Mbl BBeau byukmn ©(t, y) u 1) (¢, y), u3o-
Opaxaromme ApoOU B MPABBLIX JACTAX. [lepeMeHHas f, KaK W paHbIle, UTPACT
POJIb yIiIa, a MEPEMEHHAA i — POJIb PaJIyca.

Ecam mpu goctarodno manoM wuucae € > () mepeMeHHas Yy yIOBIETBOPAET
HepaBeHCTBY |y| < €, To B cuny (3) u (4) cOpaBeIuBLL CleAyIOMIAE OLEHKH
CBEPXY:

19}

!@(t,y)I < Cl’y‘a ’Fj(ty)‘ <, ’w(ta y)‘ < 62|y’2‘ (5)
31eCh €] B ¢y — HEKOTOPBIE KOHCTAHTHI, IPUIEM, ITO OY€Hb CYIIECTBEHHO,
KOHCTAHTA €| YJAOBJIETBOPAET HEPABEHCTBY

0<ec <1 (6)

BeegeM Teneps HOBYIO mepeMeHHYI0 T 10 dopmyae r = y/e, npudem t Gygem
PACCMATPUBATH, KAK W PAHBIIE B KAY€CTBE yIMIOBOW NEPEMEHHOW, MEHSAIOIIEH-
ca B obmactu 0 < ¢t < 27, B pesyabTaTe meUCTBUA 3TOTO MpeoOpasOBAHUA
KOabIo ¥ < €, Yy # 0 (T. €. KPyT paamyca € ¢ BHIKOIOTHIM HEHTPOM) PACTAHET-
CA ¥ TPEBPATUTCA B KPYT €UHUIHOTO paanyca r < 1 ¢ BBIKOJOTBIM IEHTPOM:
r # (. Buipasus mpeobpasoBanue B wepes HOBBIE TIEPEMEHHEIE § U 7', MBI TIO-
ayanm npeobpasosamme U: (t,r) — (¢,7), 3aBucamee oT Magoro mapameTrpa
e > 0, koropoe B cury (3) u (4) umeer Buj

t'=t+er+w(tr), r=r+plr). (7)

Oyuxnum w(t, ) u p(t, r) IMeT M0 ¢ NIepuo 27 U yAOBIETBOPAIOT, B cuy (5),
HEPaBEHCTBAM

0
lw(t,r)| < cier, |a—°:(t,r)| < e, p(t,r)] < coer?. (8)

B pesyabTare Mbl moxyuuMm oTobpaxenume U miockoctu R2, Kk KOTOpoMy u
OyeT TPUMEHATHCI 00Imasg TeopeMa O CYHIECTBOBAHWYM WHBAPUAHTHBIX 3a-
MKHYTHIX KPUBBIX.

Wrak, MBI paccmaTpuBaeM npeobpasosanue U B koabie 0 < r < 1. Co-
TJIACHO JeMMe 1, mpu MajioM € > () Kaxaas 3aMKHYTasA KPUBasd B DTOM KOJIbIIE,
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Puc. 4. CymecrBoBanne uaBapuaaTHon kpuBou I B koasrne 0 < r < 1

okpyXamwinaa Touky r = (), mepecekaeTcsa co cBouM ob6pa3oM mpu 0Tobpa-
xeruu U. [losTomy, ecanm mapaMerp € — AOCTATOTIHO MAJOE TOJOXKUTEIHHOE
qmCao, TO, B cuiy (7) u (8), Mbl monagaeM B cdepy IpUMeHeHus 00IIen Teope-
MBI O CyHIECTBOBAHUU 3aAMKHYTHIX WHBAPUAHTHBLIX KPUBBIX [ OTOODAKEHUS
KOJIBIIA, OJUBKOTO K TIOBOPOTY HA YrOJ, 3ABUCAIINI OT PAAUYCA, U YIOBIETBO-
PAIOIIETO YKA3AHHOMY BBIIIE CBOUCTBY MEPECEHYeHNA 3aMKHY THIX KPUBBIX C UX
obpa3aMu TIpu 3TOM O0TOOPAXKEHNN.

Bmepsoie sTa Teopema mpu 6osee CHIABHBIX OUPAHMYCHUAX ObLIA JOKA-
sama 0. Mosepom B [12], a ee 0600uienne, IpUMEHAMOE 31€Ch, B KOTOPOM
CYIIECTBEHHYIO POJIb UI'PAeT HepaBeHCTBO (6), TOKa3aHO aBTOpPOM B pabo-
re [6]. CoruacHo sTou o6uen Teopeme, Ipu MaIoM napamerpe € > 0 B Koable
0 < r < 1 cymecTByeT 3amMKHyTasd KpuBas [, okpyxatomasa Touky r = (0 u un-
BapUAHTHAsA OTHOCUTEALHO IpeobpasoBanusa U (puc. 4). Bosbmem npoobpas
kpuson I' Ha TIOCKOCTH ¢, 7" IPU BTOPOU 3aMEHE MEPEMEHHBIX, T. €. KPUBYIO A
Ha miockoctu 1,y. [lockonbky I' maBapmanTHA OTHOCHTENLHO NpPeobpa3zoBa-
aust U (T.e. U(I') =TI'), A Oyger uaBapuanTHA OTHOCUTEILHO IPeo6pa3oBa-
vusa B: B(A) = A. Tlpu sTom, manomuum, kpusag A cogepxurcsa B 06aacTm
ly| < e. Cueraem Teneps enie 0auH O6PATHBIN AT — MEPERAEM OT ILNIOCKOCTH
t,y Hazag B INIOCKOCTL t,v. [Ipoo6pas kpuBou A B MCXOOHOU ILIOCKOCTH t, ¥
ecTh kpuBas |l, MHBapHAHTHAA OTHOCUTEIBLHO UCXOAHOTO MpeobpasoBanusa A
M cojiepxkauas Kpyr, paauyc KOToporo 6yAeT CTPeMUThCA K GECKOHEYHOCTH
upu € — 0.

CaenoBaTenbHo, 06IACTH IWIOCKOCTH £, ¥, 3aKIIOUeHHAA BHYTpH KpuBon 11,
WHBAPUAHTHA OTHOCUTENBHO npeobpasosanus A, T.e. mox geuncrsuem A oHa
HE BBIXOAWUT 33 TPEAETHl STOW KPUBOU. DTO U O3HAMAET, ITO MPU HAYATLHOU
CKOPOCTH ¥g, [0 MOAYJIO He TMPEBHINIAIOIIEN PATUYC 3TOTO KPYTa, 3aKII0eH-
HOT'O B 0GJACTDb, OrPAHUYEHHYIO KpuBou 11, ckopocTs v B m060U APYTOU MO-
MEHT BpeMeHU ¢ OyeT TaKXe OrPaHWIeH O MOIYJIIO.

Teopema 1 moxazana.
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3. PEJIATUBUCTCKUN AHAJIOT MOJAEJU PEPMU — YJIAMA

B sTom pasgene Mpl m3yd4aeM TOT Xe HACTHBIU caydan momgenau Pepmu —
Yaama, 9T0 ¥ B 1. 2, HO B PAMKAX PEJIATUBACTCKON MEXAHUKH (TE€OPUM OTHO-
cuteabHOCTR). PensTuBuctekunt 3pdeKkT 34eCh IPOIABIACTCA TOABKO B TOM,
YTO YOPYTHH yAAD MAPUKA 00 OCHAIIMPYIOULYIO HIXKHIOK CTEHKY YIATHIBAET
3aKOHBI COXPAHEHUA MMIYJIbCA U DHEPI'MU B TEOPUU OTHOCUTEIBHOCTH, B TO
BpeMs KaK 3aKOH OTPAaXEHWA OT BePXHEU HEMOJBUKXHOW CTEHKN B TOYHOCTHU
TAaKOM Xe, KaK B HBIOTOHOBCKOU MeXaHUKE: IOCJHE yJapa MEHAETCSI TOJLKO
HanpaBaeHue (HO He BEJIWYIUHA) CKOPOCTH IAPUKA.

He orpamuvmBas oOIIHOCTH, NPEIIOIOKIM, ITO MACCa MIAPUKA paBHA 1,
a BCE CKOPOCTHU U3MEPAIOTCA B JOJIAX CKOPOCTH CBETA, T.€. CKOPOCTb CBETA
[oJIaraeTca paBHou 1, a abCOMIOTHBIE BEJIMYUHBI BCEX OCTAJbHBIX CKOPOCTEH
Mmenbine 1. B sToMm crydae, kKak m3BecTHO m3 Teopuu oTHOcHTerbHOCTH ([13]),
CKOPOCTH IIApPUKA U W €ro Heprusa [ cBa3aHbBl Mexay cob0U paBeHCTBOM

E = Vierh Tak xe, KAk U B IpeAbAyIeM naparpade, paccMOTPUM 9aCT-
HBIN cnngﬁ mogern Depmu — Yaama, rje Mbl TPEANIONATAEM, ITO BEPXHAL
CTEHKA — HENOJBVKHAA W 331a€TCA ypaBHeHUEM ¢ = /, a HVXKHAA CTEHKA
OBUXETCA B BEPTUKAILHOM HAIPABICHUM ( COTVIACHO TEPUOIMIECKOMY 3AKO-
Hy ¢ = f(t), rme f(t) — muddeperuupyemas 27-nepuogudeckas QyHKIUI
rakas, 410 |f(t)| < £ (puc. 3). Mer gokaxeM, 9TO B 5TOM Mojenu sHeprus F
MOXET HEOTPAHUYEHHO BO3PACTATD; CKOPOCTD MIAPUKA TIPU 3TOM OyAeT CTpe-
MHUTBCA K CKOPOCTH CBETA.

[Ipeanosoxmm, 9TO MOCAE OAHOTO W3 MOMEHTOB BDEMEHU { CTOIKHOBE-
HUA C HWXHEW CTEHKOU IMApuK IpuoOper sHepruio E, a mocae caenyromero
3a 1 MOMEHTa BpeMeHH t CTONKHOBEHUA ¢ HUXKHEH CTeHKOU IapuK mprobpen
saepruro F'. PaccmoTpum oTobpaxenue D miockocTu ¢ koopauHaTamu ¢, F,
D: (t,E) — (¢, E'), koTopoe 3aJaeTCA CIeIyIOIAMA PABEHCTBAMM:

I

t'=t+ Ezi_(QK_ f@) = f(@)), (9)

1
L+ /() | 2f(t)
E = gt ) _(VE2-1-E). 10
) T ) (19)
Pasenctro (9) naa ¢ momyuaerca us mepsoro pasencTsa (2) aaa ) mogcra-
E? -1

EZ
CKUX 3aKOHOB COXPaHEHUA UMITYJbCA U OQHEPT' UM, KOTOPBIC 31€Ch MbI OITy CKA€M.

Ilpexae vem GOpMyIUPOBATL M JOKA3LIBATL TOUHYIO MATEMATHIECKYIO
Teopemy (Teopemy 2), yKaxeMm OCHOBHYIO U/IEI0 MOCTPOEHUA TPACKTOPHN C He-

HOBKOW ¥ = , a paercTBo (10) ana B’ momygaeTca w3 penaTHBHUCT-

OrpaHWYEHHBIM pocTOM dHepruu. /laa npegenbHoro npeobpasosanusa ), BBe-
JEHHOT'O B JOKA3aTEeNIbCTBE M ANNPOKCUMUPYOUEro npeobpasoBanne D mpu
HeOI'PAHM'IEHHOM BO3PACTAHUU DHEPI'UH, CTPOUTCA CHeIInAIbLHAA PE30HAHCHAA
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TPAEKTOPUA, TAKAA UTO MAPUK CTATKUBACTCA ¢ HUXKHEN CTEHKOU B MOMEHTEI
BpPEMEHH, CPABHUMEIE C ) [0 MOAYIIO 27 (31€Ch ty — UUCIO0, BBEEHHOE B YCIO-
Bun Teopembl 2). [TosToMy mocae Kax0ro yaapa ¢ HUXKHEN CTEHKOW DHEPrusa
WAPUKA YBEIXIMBACTCA IPUMEPHO B OHO U TO XK€ IUCAO Pa3, M TO XKe CAMOe
CIIPABEIMBO A HEKOTOPOU OKPECTHOCTH 3TON TPAEKTOPUH, TIOCKOIBLKY OHA
okaswBaeTca ycronwauson (mo Jlamyrosy). ImenHO B 5TOM M coCTOMT TIpUH-
UUIUATBHOE OTIMYUE PEAATUBUCTCKOTO CIydas OT KIACCUIECKOTO: B PAMKAX
HBIOTOHOBCKOM MexaHwku Mogens Pepmu — Yiama BooOLe HE MMeET pe3o-
HAHCHBIX TPAEKTOPHUL!

TEOPEMA 2. Ilpednosodncum, wmo 6binoaneno ciedyiowee yciosue: cy-
wecmsyem maxoe wucao ty, umo f(tg) > 0 u £ — f(tg) = mmyg, 2de my —
HeKomopoe nosodcumenvhoe yesoe uucao. Toeda cyuecmsyom marue wu-
cao €9 > 0 u Ey > 0, umo ecau nauaabuvie dannwvie t, F ydossemeopsom
yeaosuam |t — to] < g9, E = Ey, mo y mpaexmopuu npeobpazosanus D,

(tn, En) = D™(t,E) (n = 1,2,...), seauuuna suepeuu E, cmpemumca x
OECKOREUNOCTIU NPU T — 00, NPUUEM €€ POCM ObICMPEe, YeM FKCNOHEHUL-
1+ f(to)

anvnoti: En, > cEkj, ede kg = > 1, ac >0 — xouecmauma, He

1 — f(to)
3asucawas omt, 5 un.

3AMEYAHUE. B o6mem Cly4dae, Korja JIBUTAKTCA OBE CTEHKH, YCJIOBUE
TeopeMul 2 3aMeHseTcsa Ha yeaosme (1), m. 1.

[TOKABATEJBCTBO TEOPEMBI 2. [raBHas miea JOKa3aTeIbLCTBA TeEOpe-
MBI 2 QHAJOTHWYHA, Uee TOKA3ATEAbCTBA TEOPEMEL 1 1 COCTOUT B TOM, YTOOBI
pPaccMOTpETh AEUCTBHUE MpeoOpas3oBanua [) B OKPECTHOCTH OECKOHETHO V/aa-
JaeHHOU TOoUKYU F = 00. O HAKO 3eCh IEPeX0] K GECKOHEYHO Y IAJEHHON TOYKE
OyIeT OCYIIECTBAATHCA MO-APYTOMY.

C sron nemo s3ametruM, ¥To B cuiy (9) u (10) mpeobpasosanue D mpm
E — 00 cxonuTea K npeobpasoanmio D (t, E) — (1, E), HMEIOIIEMY B

t=t+20—f(t) — f(D), (11)
L+ f(h)
B=B """ 0 (12)

a moaymu pasnocreu |t — |, | — E'| apasorca Bemmannamm nopagka 1/ E,
T.e.

Pt +|E- B <2, (13)

rae ¢; — KOHCTaHTA, HE 3aBUCAIIAA OT MepeMeHHbX ¢ u F.

Beenem moByio mepemennyio 11 = In E. Torga npeo6pasosanua D u D,
BEIDAKEHHEBIE Iepe3 MTEPEMEHHYIO 1), TEPEUAYT COOTBETCTBEHHO B TPEOo6pPa3o-
Banusa P u P:

P (tn) — (), P (tn) — (&), (14)
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rae
" =mE, f=IE, (15)

a Benmauuel t' 1 ¢ 316ch Te ke, wTo u B (9) u (11). Ilpm sToM HepasencTso (13)
LEPEXOAUT B HEPABEHCTBO TAKOI'O XK€ BH/A:

=+ 10— < 2, (16)

rje ¢g — KOHCTAHTA, HE 3aBUCALIAA OT NEPEMEHHBIX | U 7).
1+ f(E
Teneps ecrecTBeHHO BBecTH, B cuay (12), dynkuuio F(t) = ln1 }08 ,
roe t = #(t) — BeawumHa, ompejeleHHAA C HOMOMmbIo pasencTsa (11). M3
pasenctsa (11) u ycroBus Teopemsr 2 caeayer, 9To

. . di 1—f(to) _ 1
t(to) —to = 20— f(to) — f(to) = 2mmo,  J(to) = — o) ko b (17)
a B cury paseHcTs (12), (15) n onpegenenun (14) n pyuxuun F'(t) morydaem:
N =1tn) =n+F({), qte,n) =n+ k. (18)

W3 (17) BugHo, u9TO t), paccMaTpuBaeMoe Ha OkpyxuHocTu 0 < ¢ < 27,
ABJAAETCA HEMOABMKHOU TOYKOW mpeobpazoBamma (11), mpuuem Ta TOYKA

dt
NPUTATUBAET HEKOTOPYI CBOK OKPECTHOCTH — B CHJTYy TOTO, 9TO ﬁ(to) < 1.

B TO e BpeMi IIepeMeHHAA 7] PACTET MO ACHCTBIEeM Ipeobpasosanna P kak

apudpMeTHIECKaA TIPOrPECCU ¢ MOJOKUTEIHHON PA3HOCTHIO.
[lencTBUTEABHO, COMVIACHO YCAOBUIO TEOPEMBI 2, 1My — TEI0e 9uCIo, a (PYH-

kuua f(t) mmeer mepmon 27 mo t; MO>TOMY M3 IepBOro pasencTsa (17) u

pasenctsa (18) cregyer, 9To y TpaekTopum (f(()n),ﬁ((]n)) = P"(ty,n) upeobpa-

(n)

soBanua P (3mecn P" — peg ATEPALINS ]5) pu BCeX 1 > 1 KOOpAWHATHI 750 ,

(n)

flg = AMEIOT BHJ apUPMEeTHICCKIX TPOTPEeCCH:

fgn) =ty + 2mmgn, f](()n) =n+nlnk, (19)

rge Inky > 0. Kpome Toro, us Broporo pasexcrsa (17), m m3 (18) u (19)
CIeyeT CymIeCTBOBAHUE TAKOTO [ucaa € > 0, wro mpm |t — to| < € y TpaekTo-
puu (£, 7)) = P (t, 1) koopgurarer £, /(") yropreTBOpmIOT CaeAyIOmUM
COOTHOIIECHUAM:

lim (7 — 27y =0, [ —a"| < &, (20)

n—oo
e ¢3 — KOHCTAHTA, HE 3ABUCAIIAL OT N, t U 7).
Ecam GBI peds mma ToabKo 0 npeobpasosanmax D u P, to u3 (20) u (19)
BBITEKATO OBI yTBepXKAeHre TeopeMbl 2. OIHAKO MepBOHAYAILHEBIE Tpeobpa-
sopauua D u P oTanvaioTcsa, XOTd W MaJo, OT D u P. Tem me MeHee, U I
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HUX YTBEPXIEHWE TEOPEMHBI 2 OyAeT CIpaBeIuBo. /[eNCTBUTEILHO, MPUMe-
miasa HepaserncTsa (16), (20) u pasenctsa (15), (19), moxy4dum, 4T0 CymecTsy-
eT KOHCTaHTA 7)) TAKad, ITO ecau 1] = ng u |t — tg| < €, To y Tpaekropum
(tn,nm) = P™(t,n) xoopauHaTa 7, TPy BCeX N > 1 yAOBIETBOPIET HEPABEH-
CTBY
Np > ¢+ 1+ nlnkg,

rje ¢ — KOHCTAHTA, He 3aBucAmas oT n, t u 7. Homoxus ¢ = e, gy = &,
Ey=e™, E = ¢", mpt BuguM, 910 B, = e’ > efT1tninko orgyna u cregyer
yTBEpPXK I€HUE TeOPEMBI 2.

4. YCKOPUTEJIbHASI MO/EJIb C OIHOW CTEHKOW B IIOJIE
TAXKECTU

B 5T0OM pasere MBI pacCMOTPEM MOCIEIHION, TPETHIO, MOAETL YCKOPEHUA
JACTHUITHL

IIycrs f(t) — ruaaakas nmepmoamdaeckas HyHKIUA, UMEROMAA 110 | Iepu-
oax T > 0. IIpeamonoxuM, ITO GECKOHEYHO TAXeaas TOPU3OHTAILHAA CTEHKA
IBUXETCA B BEDTUKAILHOM HAIPABICHUN ¢ BO BpeMeHu ¢ o 3akony q = f(t).
Ha cTeHKy majaeT MaCCUBHBIA IMAPUK C HOCTOAHHBIM YCKOPEHUMEM § M OT-
TANKMBAETCA OT HEE IO 3aKOHY ynpyroro yzaapa (puc. 2). Bepxuen crenkum
(«moTOMKaY) B HTOM MOJEIN HET, HO W3-34 CWILI TAXKECTH MAPUK KAXK IHIA Pa3
BO3BPAINAETCA K HUXHEH CTEHKE U 3aTeM OTPaXaeTCa OT Hee.

IIpeanoa0X M, ITO TOCAe CTOIKHOBEHUA CO CTeHKOUW B MOMEHT BPEMeHM |
MAapuK MpHOOPEn CKOPOCTh v > 0, a MOCAe CACAYIOWEro CTOJIKHOBEHHA CO
CTEHKOH B MOMEHT BpeMeHH t' mapmk mpuoOpen ckopocTs v'. B pesynbTare
BOBHEKaET Tpeobpasosanue S: (t,v) — (t,v") mnockocrw t,v. Touxa (t',v")
OHO3HAYMHO OUPENEIAETCA U3 CACAYIOIMX DABEHCTB!

FO) +o(t' =) = St = )* = f(¢), (21)
v = g(t' —t) — v+ 2f(t), (22)
(Touka, Kak u pambine, — guddepenmposanue 1o t). Pasencrso (21) o3Ha-

9aeT, YTO IMAPUK JBUXKETCA MO Ayre mapaboJbl, JEBBIM KOHEI KOTOPOU CO-
Bnagaer co 3HadeHmeM f(t), a mpasbmi — co 3HadenwmeM f(t') (cm. pume. 5).
Dopmyaa (22) croBecHO GOpMyIMpyeTcea Tak: K ckopoct: g(t' —t) — v ma-
JAIOUIEr0 BHU3 MIAPUKA J00ABIACTCA yABOCHHAA CKOPOCTH JBUXKEHUA CTEHKA
opy yopyrom yAape ¢ Hell mapuka (Kak u B HbIOTOHOBCKOU Mogern Pepmu —
Yaama, cM. BTOpyIo dhopMyay B (2)).

[lnsa mpeobpazoBarua S OyaeT MOCTPOEHA CIENUATLHAA PE3OHAHCHAA TPa-
exkTopus (CM. JeMMy 2), TAKasg 9TO KAXK/ALIM pa3 MIapuk OygeT MmomajaTh Ha
KOJICOMIONIYIOCA CTEHKY B OJHOU W TOM Xe (ase u, CIeJ0BATEILHO, OyAeT uc-
OBITHLIBATH OJUH M TOT X€ IIPUPOCT CKOPOCTH. Takum 06pa3zoM, CKOPOCTD MIa-
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napabosa

/

Puc. 5. I'pacuk ABUXKEHAA MIAPUKA BO BpEMEHHU t OT OJHOHM TOYKU CTOJKHO-
BEHUA A0 APYTOH TOYKH CTOJIKHOBEHHUA

pUKa Ha DTOU TpaekTopmu OyaeT CTpeMuThCa K OGeckonedrnoctn. Camoe xe
TPYAHOE — [0KA3aTh, ITO HOCTPOEHHAA TPaeKTOpua ycmotuusa (o Jlamy-
HOBY), T.€. YTO [IPU MAJIbIX OTKIOHEHUAX HAYAIBHBIX YCJAOBUN, BO BCE MOCIE-
IYIOUIEe MOMEHTHI BPEMEHN OTINTINE OTKIOHEHHOW TPAEKTOPUHU OT MCXOTHONW
OyseT Majgo. YCTOUIMBOCTD IMOCTPOCHHOM B JEMME 2 TPACKTOPHUM MO3BOJIAET
CHeIaTh 3aKIIOYMEHNe, ITO A BCEX OIM3KAX TPACKTOPUU CKOPOCTDL IMAPUKA,
Ha HUX Tak¥ke OymeT cTpeMuThea K 6eckoHedHocTu. Takum 06pasoM, CBOU-
CTBO ¥ — OC BBINOJIHAETCA HA MHOXECTBE NONOKUTENILHOU (1 faxe 6eCKOHEeY-
HOU) MepbI HAYAJILHBIX JAHHBIX.

[lepexonmm K Teopeme 3 m ee mokasaTeabCcTBY. B ee dpopmymuposke mc-
noae3ytoTca suadkm f, f, f m f, KoTOpBble 03HAYAIOT COOTBETCTBEHHO TI€p-
BYI0, BTOPYIO, TPETHIO U YETBEPTYIO TPOU3BOJAHBIE TI0 BPEMEHH.

TEOPEMA 3. IIpednoaoscum, umo gynxyus f(t) ydosaemsopsem caedy-
OUUM YCAOBUAM:
1. Cywecmeyrom yeaoe kg > 0 u tg, maxue umo
Tgko =2f(to), —g < f(to)=p8<0.
(Ilepsoe pasencmso — ycaosue, NO36OAAOWEE HATMU DPEZOHAHCHYIO

mpaexkmopur; emopoe — dokazams ee Ycmotuusocms. )

2. f(to) # —g + gcos(27r§), ede k=0,%1,...,+r; r=1,2,3,4.

3. ao(B) f (to) + al(ﬁ):]."ﬂ(to) # 0, ede ag(z) u a1(z) — Purcuposanmbie
Pynryuu, ne 3asucsuue om Pynryun f(t).

(Yeaosus 2 u 3 — wucmo mernuueckue; ony no3eoaitom NPUMEHUMyb 06wy
meopemy 06 Yycmotuusocmu HeasmonoMmnot cucmembt.)

Tozda na naockocmu t,v CYWecmeyem OmEPbIMOe MHONCECTNE0 HAUAAD-
noir dawnoiz (t,v), umerowee beckoneunyro mepy (naowadv), maxoe umo y
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mpaexmoput (tn,vy) = S™(t,v) (n=1,2,...) npeobpazosanus S Koopduna-

. v
ma v, cmpemumca K beckoneunocmu, u npu smom lim — = Tgkg.
n—oo N

3AMEYAHUE. MuoxectBo dyukiun f(t), yAOBICTBOPSIOMNX YCIOBUIO
TEOPEMBI 3, COMEPKUT OTKPBITOE MHOXECTBO B MpPOCTpaHCcTBE T — mepwo-
OUAYIECKUX AHAJIATAYECKUX (DYHKIUU, KOTOPOMY, B TACTHOCTHU, TPUHA ITCKAT
dyukuun Buga f(t) = hsinwt, rge h,w B3ATHL U3 HEKOTOPOTrO OTKPHITOrO
MHOXECTBA Ha, TNIOCKOCTH h, W.

JOKABATEALCTBO TEOPEMBI 3. HauyneM ¢ mocTpoeHusa pe3sOHAHCHOU
TPAECKTOPUH.

JIEMMA 2. Ilpegnosoxum, 91O 2f(t0) = Tgky, v9 = %Tgm, ko > 0,

m > 0, kg mw m — mersre wmena. Toraa aaa Tpaektopun (t0,v0) = S (tg, vo)
(n=0,1,2,...) BBIIONTHEHBI HEPABEHCTBA,

to=th=ti=---=t0=... (modT), t2, —t)="T(m+ 2kn),
w0 vo + T'gkon

n pr—
MBI IIOJAI' A€M = i — TOX I€CTBEHHOEC OTO AXKEHNUeE ).
S0 =id 6

HOKABATEABCTBO JIEMMBI 2 MBI OIIyCKa€M: OHO JIETKO TONYYaeTCA U3
pasercts (21) u (22) (em. [11, ra. 2, §1, memma 1].

Nsyuum Temepnb moBefenne Mpeobpa3oBanua S B OKPECTHOCTH PE3OHAHC-
noi Tpaexropmu (t0,v%) (n =0,1,...), mIOCTPOEHHOH B JeMMe 2.

C 5>ToU 1enbio MBI BRefeM GECKOHEYHYIO MOCAEI0BATEILHOCTE 0TOOpaXe-
aun S, (n = 1,2,...) dukcuposannon okpecraocru W rouknm (0,0) cremyro-
wuM obpasom: ecau (t,v) € W, To

(ths ) = Sa(t,0) & S(th_y + 1,001 +v) = (&), 07). (23)
(Cum. puc. 6, Ha KOTOPOM MOKA3aHO, KAK OTOOPaXaeTCa TOUKa (¢, V) U3 OKPeCT-
HOoCcTM Hyaa W mox meuctBmem orTobpaxenus S,.) U3 aemmer 2 m u3 dop-
mya (21) m (22) cregyer, uro orobpaxeHus Sp CXOAATCA OPU N — OO0 K
IpeaeIbHOMY OTOOPaXEHUIO Soy'
lim Sy (t,v) = Seo(t, v),
n—oo

riae Soo — 0ToOpaXeHre TOU Xe CaMOU OKpecTHOCTH Hyasa W, uMeromniee Bu:
/ / 2v p 2v -
SOO: (ta U) - (tooavoo) = (t + ;70 + 2f(t0 +i+ ?) - 2f(t())> . (24)

B sToM mepexose kK GECKOHETHOCTH €Ie pa3 TPOABIIeTCA OOIIAI uaes BCEn
paboThI, COMMIACHO KOTOPOU MBI M3Y49aeM MOBEAEHUE CUCTEMBI B OKPECTHOCTH
OECKOHEYHO YIATCHHOU TOYUKH: Soo OTBEYACT TOYKE PE3OHAHCHOU TPACKTO-
pHUH, ¥ KOTOPOU KOOPAUHATA U ¢ CAMOTO HATAMA PABHA, OO.
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(0, +t,00_ +v)

/ (t% +¢/,,0% + )
/\
n 1,V nf m n

w w (t' v
Sn
/\

Puc. 6. Toueunoe orTobpaxenue S MmI0CKOCTHA £,V B YCKOPAUTEALHOH MOJETU U
HOPOX JEHHAA UM HOCJAEOBATEABHOCTE Sy 0TOOPAXEHUN BEKTOPOB B OKPECT-
HOCTH HAYAIA KOODJUHAT ILIOCKOCTH t, v

B cuny (24) mpeobpasoBanue So, COXpaHAET MIOMALL (AKOOGHAH 0TOOpa-
xeHua S, KAK HETPYIHO BUAETH, TOXKACCTBEHHO PAaBeH 1), IPUYEM HAMAJO
koopaunar (0,0) — HemoaBMKHAA TOUKA 0TOGpaxenus So,. Kpome Toro, co-
[IACHO yCaoBUAM Teopembr 3, Hemoasuxuaa To4ka (0,0) ecTs Touka 06mEro
BILTAITAYIECKOTO THUIIA, ITO O3HATAET, ITO JUHEMHAA IACTh OTOOPAXEHIA Soo
B 3TOI‘/’I TOYKE B HEKOTOPBIX IIOJAPHBIX KOOPJAWMHATAX MPUBOAUTCA K IIOBOPO-
Ty OKpecTHOCTH Hyas W Ha yroa, orawussit oT 27k/r, rae r npuHuMaeT
TOJBKO 4 UCKIIOUUTENbHBIX 3Hadenus: r = 1,2,3,4, a k£ = 0,£1,...,£r. Ilo-
DTOMY K IpeoOpa3oBaHUI0 Sso B OKPECTHOCTH Hyaa W MOXHO IPUMEHHTH
reopemy Mosepa [12] (o Hel yxe muia peds B pasgene 2), COrMacHO KOTOPOK
rouka (0,0) ycrouumsa (mo JIAMyHOBY) OTHOCHTEIBHO MPeoOpasoBaHma S
OKBUBATEHTHAA (POPMYJIEPOBKA JACTCA CACAYIOMER JJEMMOR 3.

JIEMMA 3. [lasa awoboro € > 0 cymecrByer Takoe § > 0, aro, ecam |t| +
+ |v| < 0, To mpy AOGEOM HATYPATLHOM UHCIE N KOOPAXHATHI TOUKH

(t5), ) = S5 (¢, v)
YAOBIETBOPAIOT HEPABEHCTBY |t | + |’U \ <e.

IlepexoamM K 3aBepIIalomieMy DTaIly B JOKA3aTeILCTBE TEOPEMEBI 3. YT-
BEpXKJACHUE TEOPEeMBI 3 006 OTKPHITOM MHOXKECTBE PA3TOHAIMIMXCA 10 Oec-
KOHEYHOCTH TpaeKTopuir npeobpasosanus S OyjgeT AOKA3aHO, ecim OyaeT
ycTaroBaeHo, IT0 TpaekTopus (10, 1Y) (n =0,1,2,...), mocTpoeHHAT B JTeM-
Me 2, ycmotiuusa oTHocuTenabHo S. [locmemmee xe yTBepXaeHWe B CHIy
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ompejgereHus npeoGpasoBaHmyl S, B (23) (cMm. puc. 6) cBoguTca K HOKasa-
TEILCTBY CIEAYVIOMEN JeMMEI 4 00 YCTOUYIUBOCTH PE3OHAHCHON TPAEKTODUMN.

JIEMMA 4. [Tna ao6oro € > 0 cymecrsyer Takoe § > 0, aro, ecam |t +
+ |v] < 6, To mpu; IO60M HATYPATLHOM WHCIE 7 KOOPAXHATH TOUKH

(t(n)7'U(n)) = Sn o Sn_l ©---0 S]_(t7'U)

(roe Si,...,S, — oro6paxenus, BBegeHHBbIE B (23)) yAOBIETBOPSIOT HEPaA-
serctry [t)] + 0| e

CDOpMaJH)HOQ JAOKa3aTeAbCTBO JEeMMBbI 4 BeCbMa, CJHOXHO; B IIOJTHOM BHIE
oHO mpusegeHo B pabdore [11]. OgHAKO ¢ MHTYUTUBHOU TOYUKW 3PEHUS JEM-
Ma 4 BechbMa TPO3patHa: BeAb OTOOpaXeHUA S, CXOAATCA TPA N — 00 K
MpeaeIbEHOMY OTOOPAXKEHUIO Sop, U €CIU B (POPMYIUPOBKE JEMMBI 4 3aMEHUTH
Cyneprosunuo Sy, 0 S,_1 0 - -- 0 8] orobpaxenuun S, ..., S, HA N-10 CTENEHDb
S = 850008 0085 oTobpaxenus So,, TO MBI CPAa3y IPUXOIUM K yCTa-

-~
n pas
HOBJICHHOM BBIIIIE JEMMeE 3.

SAKJIIOYEHUE

Bo Bcex Tpex 06CyXmgaeMbIX MOJAEIAX, CBA3AHHBIX ¢ (PUBUYECKAM MEXa-
HU3MOM YCKOPEHUA FaCTHUIl, PEATU30BAHBI TPU PABIUTHLIX CIOCO6a OJHOU U
TOW XKe OOIIen M1 HUX BCEX UAEU — TePexXony K OECKOHeTHOCTH W M3y ICHUIO
MUHAMUYECKOU CUCTEMBI B OECKOHEYHO yAAJEeHHON TOYKe. PesyabraThl uccie-
JOBAHWS JIUIA KAXJIOU U3 3TUX MOAEIEH TOXYIAI0TCA PA3IUIHBIMU. A UMEHHO,
B nepsot Mogenu (HbIOTOHOBCKaA Mogeab Pepmu — Yiama) CKOPOCTE U BHEP-
IUA MAPUKA BCEra OTPAHUYEHBE; BO 6M0poti MOean (PEIATUBUCTCKAA MO-
nenb Depmu — Yaama) CKOPOCTh NIAPUKA, OTPAHUYIEHA CKOPOCTBIO CBETA, & €r0
SHEPrUA MOXKET CTPEMUTHCA K O€CKOHETHOCTH; U, HAKOHEI, B mpembeti MO-
nenu (yCKOPUTEIbHAA MOAEID B MOJE TAXECTU) KAK CKOPOCTh, TaK U DHEPIUI
MOTYT CTPEMUTHCS K O€CKOHEIHOCTH. [Ipu 5TOM BO BTOPOW M TPETHEU MOJIe-
JAX COOTBETCTBYOMME 3PPEKTH CIIPABELINBLI 11 OTKPHITOTO MHOXECTBA,
(IOIOXUTENILHON MEePHI) HAYAJBHBIX JAHHBIX.

Hacrosmas paboTa MOXeT pacCMaTPUBATHCI KAK PE3YAbTAT B3AUMOIEU-
CTBUS T€OMETPUN € TEOPUEN AUHAMUYIECKUX cucTeM u ¢pusukon. OaHAKO st
KaX JOU 13 Tpex MOoJeJael, ONMMCAHHLIX 31eCh, CBA3L C FeOMETPHEN Pa3JIMIHad.
OnuireMm 5T reoMeTpudecKue CBA3u Gomaee moapo6HoO.

> Mogens ®@epmu — Yiaama, HBIOTOHOBCKUM CIy<dad (. 2): B OCHOBE [O-
Ka3aTeIbCTBA, JEXAT TEeOpeMa 00 MHBAPMAHTHBEIX 3AMKHYTHIX KPHUBLIX
IIJIOCKOI'O KOJBbIIA. OHa CIipaBeJauBa IIPpU BBINOJHCHUW YUCTO IreOMeTpU-
YECKOT'O YCJIOBHA, COTVIACHO KOTOPOMY 3AMKHYTAadA KPUBAA IEPECEKACTCA
co csouM obpazom (puc. 4).
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> Mogens Pepmu — Yiaama, peIaTUBUCTCKUM ciaydau (m. 3): 3mech 3a-
KOH IIPe00pPa30BaHmA CKOPOCTU U SHEPIUHU MIAPUKA IIPA YIPYTOM CTOMK-
HOBEHUU C ABH)KyHIeEICH CTeHKOI;JI OCHOBaHBI Ha reoOMeTpumn Teopum OT-
HOCUTEIBHOCTH. JTa TEOMETPHUs €CTh PA3HOBUAHOCTH HEEBKIUIOBOU
reoMerpuu (reomerpus JI06a<4EBCKOr0), & TPACKTOPUU IIAPUKA MOLYT
pacCMaTpPUBATHCA KAK 00OOLIEHHBIE Me0le3nvIeCKUe JUHUKA B DTOU T'€0-
METPUMN.

> Hakomer, yckopuTenbHas MOAeTb ¢ OJHOW CTEHKOU B TIONE TAXKECTH
(m. 4). 3gech OPUCYTCTBYIOT ABA ACIEKTA, CBA3AHHBIX C [EOMETPUEH:

l. Kak m B T. 2, MEPBLIA ACTEKT KACACTCA WHBAPUAHTHLIX 3aMKHY-
THIX KPUBBIX IPK OTOOPAXEHUAX IMIOCKOT'O KOJIbIIA, M UMEHHO 0006-
[EHNEe DTOr0 PE3YJAbTATA MPUBOAUT K YCTOUYUBOCTH PE3OHAHCHOU
TPAeKTOPHUM, MOCTPOCHHOU B JemMe 2 (m. 4);

2. reomerpuveckas npupopna orobpaxenus S (cM. paBeHcTBO (21)),
MOJIY 9AIOIIET OCS B PE3YIALTATE TEPEX0/Ia OT OJHOU TOYKY TIePecete-
HUs Tapabossl ¢ rpadukoM nepuoauyieckon Gyukumu f(t) K Apyron
TAKOU TOYKE TEePECeTeHNn.
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