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NPEAWUCHIOBHE

Peinenne 32ay cOCTaBAfET HEOTHEMAEMYIO 9ACTb MOVIHO-
IIeHHOrO H3YYeHHA (GH3RKA Ha /ofoM yposHe — OT mepBOHa-
YaAbHOrO, IIKONLHOrO, BINMIOTH AO CHELHAALHOro PU3HYECKOTo
obpasoBatnn.

CyauTs 0 CTETEHN NOHHMaHAA GUIHYECKUX 3aKOHOB MOXKHO
10 YMEHHUIO CO3HATE/IbHO HX NIPHMEHATh AN AHANHIA KOHKDET-
HBX OUIWIECKMX sIRJeHHA, T, . AAA pewerun sagaq. Onuir
ApenoaasaHua NOKA3KBAET, YTO HAHOONBIIYVIO TPYAHOCTH IAf
yHallHXcH NPEACTABAAET BOMPOC «C. WETo . HAYATH?», T.&. He
CaMO HCNO/Ib30BAHHE (DH3HYECKHX 3aKOHOB, a HMEHHO BHIGOp,
KaKkde 3aKOHBL H TNOYeMYy CAeAyeT NPHMEHATh HpPH aHa/lH3e
KaXA0ro KOHKDETHOro fBAeHHA. 3TO yMeHHe BHIGpaTh nyTh
pemeHus 3aAauH, T.e. YMeHHe ONpelesinTb, KaKHe HMMEHHO
M3UYECKHe 32KOHH OfHCHBAIOT PacCMaTpUBaEMOE ABACHHE,
KaK pa3 ¥ CBHAETENBCTBYET O TMTYGOKOM H BCECTOPOHHEM TIOHY-
MaHuA HU3HKH, CKOJBKO Pa3 NpH APENoNABAHHE QHIHKH U B
IIKONE, H B BY3e aBTOPaM NPHXOMMJIOCH Hal/ofaTh, KaK o3Ha-
KOMJIEHHE GYKBAaAbHO ¢ HECKOALKHMH IIEPBRIMH CTPOUKAMH
NPUBOAAMLIX B 3aXayHMKe pelIeHHA NO3BOJAET YHaeMycs
fonee WM MeHee YBEpeRHO HOBECTH PelieHHe A0 KOHIZ Camo-
croATensHo. Ho maxe u mocse 3Toro sHaYKTeNBHAR TACTL yya-
WHXCH, KaK NPaBUJO, He MOXeT OOBLACHUTH, HOYEMY Xe npuMe-
HEHHe HMEHHO JAHHOrO ¢H3HYECKOrO 3aKOHA NPHBOAMT K NO-
crasAcHHOA uend. [IpeoponenHio sTux TpyzHOCTEH H NPH3BAHO
OGMOUB TIpepmaraemoe nocoGue,

Onnako 3TO HE ©AMHCTBEHHAA UMb, KOTOPYIO CTaBHAH
nepen coboli asropul. [To HX raySokomy yGeKISHHIO, AOAKHA
CYUIECTBOBATE H <¢ofpaTHAf CBA3bY MEXAY pasOHpaeMbIMH
3agauaMK H QusnvecknMy 3axkodamu, Kamnas sasava foamHa
IaBaTe MOBOA JJA CePbe3HOTre M rayGoKoro, mycTh HHOTZA
W COBCeM KPATKOI'0, Pa3roBopa O CYTH (PHIHUECKHX ABJEIIHH
H 3aKOHOE.

Hayuan $usury, yuyaliHec? DOCTHTAKT Pas3iHqHble (U3H-
YECKHe 3RKOHBI, ONHE W3 KOTOPHIX OTHOCATCA TOALKO K ofipe-
JenelHOMY KPYTY ABJICHHNE, HaNpHMep MEXaHMUeCKHX, 31eKT-
PHYECKHX, ONTHUECKHX, APYTHE e ABIAIOTCH (PYHAGMEHTAMb-



NPEAHCIOBHE

HEIMH, O0OIMMH LnA BceX (uanueckux arnenndi, Aan rayGokoro
noHuMaNBA QH3HKY HEOOXOAHMO YETKOE OCOIHAHHE CTeNeHH
OCINHOCTH PasnHUHLIX (HU3HUECKHX 3aKOHOB, TPAHHL BX NPH-
MEHHMOCTH, HX MecTa B oOmefi ¢H3Hueckofi KapTHRe MHDpA.
Bo MHOrMX 3afiauax BCeX pasyesioB KHWIH NOKashiBaercd, Kak,
HanpuMep, HPHMEHeHHe 3aKOHa COXpaHEHHs SHEPTHH 9acTo
no3sosifeT PelllNTh 3aZavy Apoine, B3IISHYTH Ha Hee ¢ Oonee
ofWHX NO3UUHA M, 4Y0 OCOOGEHHO BAXKHO, JACT BOSMOKHOCTB
HallTH OTBeTH Ha HEKOTOpHe BOMPOCH, Kacamipecs Tex
gBAeHHH, LA KOTODHX HEH3BeCTHH ONHCHBAIOMKE HMX KOH-
KPETHHE 3aKOHHI.

Ilpu perennn 3aay HEOOXOAMMO YMEHHE YBEPEHHO NpPH-
MEHATh 3aHOHE! COXPaHEHHA, HO HAYYHTBCH IMPABHJILHOMY
DPHMEHEHHIO 9THX 3aKOHOB He TaK npocro. HMuorpa, yseposan
BC BCEMOI'yIecTBO (QyHIaMmeHTa/bHHX 3aKOHOB (H3HKH, yua-
WHecA HAUWHAIOT NPUMEHATL HX ¢opmanbho, Ges anannsa
CyTH NpOHCXOAIIHX ABAeHuf. B KHure Ha npHMepe Hexo-
TOpHX pa3dupaeMHX 33435 NOKA3aHO, K KakKHM oli6GKaM 310
MOXeT npusectd. B 5ToM oTHOWeERHU ocoGeHHO NOYUHTEAbHE!
3a1a4YH, B KOTOPHIX PACCMATPHBAIOTCA CTONKHOBEHNA YIPYIHX
CTepMHER,

Takum ofpasom, pemas ¢U3IHYECKYIO 3agady, DOJAE3HO
CTPEMHTECS] HCNOAB30BATh HE HOHKperHhié 3aKOHb, OTHOCSH-
mpecs K OFpaHHYeBHOMY Kpyry ¢(HsHYecKHX aABleHuR, a
panfoaee obinye 3aKoHLl, CTIpaBeANHBLIE 1A (GH3KEH B LeaoM.

Emne Gonee BHCOKAas cTeneH: NOHAMaHES (U3HKH ONpexe-
AAETCH YMEHHEM HCNOAbL3OBATh NPH PEIleHHH 3aJa% He TOALKO
dyn1aMeHTAIbHEE (H3YYECKHe 3aKOHE, HO W METOAOROrHye-
CKHe NPHHUUNE GH3HKM, TaKue KaK NPUENMNE NPHIHHHOCTH,
CHMMETDHH, OTHOCHTEABHOCTH, KBHBAJEHATHOCTH H T. A. He-
ACNB30BaHHE 3THX NPHHUKHNOB HO3BOJAAET B PAJE CAydaes
cpasy KayecTBEHHO Npexckasath oflui XapakTep paccmar-
PHBAEMOTO HBACHHH, foce dYero pelueHHe 3afKayH CBOARTCSA
YIKE TONBKO K YCTAHOBJCHHIO KOJHYECTBEHHHIX COOTHOLIEHHH.
B xauectse nNpuMepa MOXKHO YyKa3aTb H4 HCIIONb3OBadHe
NPHHINNA CHMMETPHA B 3agadax <MoHera Ha ropHSOHTAMNBHOM
NoficTaBKe», «3apAj) BRYTPH nposopamedi chepois, «[Ipoeona
H KjieMMbi» H T. X., TIPHHEIHAA OTHOCHTENHHOCTH — B 3ajadax
«Kak onepeauth aBrofyc?s, «<BsauMukie DpPeBpaieHHa JEKT-
pooB M (OTOHOB: M T. A.

[ipouecc peimrenns sanauB NOX0XK Ha HeGOJLINOE HCCHERO-
panne. Kak Hn B HacTOAlleM HayuHOM HCCJEZOBAaHMH, Sapanee
JAANEKO He BCeria ACHO, Kakoff JAGJXHa ObTh NOCAEROBATENb-
HOCTL ZEACTBHA ANA noayueHMs pesyavrata. Hukaxkux yuu-



OPEOHCTOBHE b

BEPCANLILIX PEHENTOB  AAA 9TOro He cymecrsyer, Heofxo-
JHMOC YMelHe NPHXOEHT TOMLKO B pe3yssTate yaophoro
TPYAA N0 MePe HAKOIWICHHA ONbBITA.

Ouauyeckuit Mip caower, Jlaneko ne Bce aBMeHHA NORAA-
I0TCA Kiaaccuprkanny no pasgenam ¢pusukn. ITostomy nopoit xe
TaK NPOCTO OTHECTH TY WJAH HRYIO 3ajauy K OnpeigeseHHOMY
pasaeny. Ho umeHHo TakHe 3aflauu, KaK HpaBRIO, H BPEICTAB-
JAT HanboAsluni HHTEpPeC, NOCKGAbLRY B HHX MOKHO No4ys-
CTBOBATh EAWACTBO (DH3HYECKOTO MHPA, YBHACTH AHAOTHIO
MOMKAY COBEpPUICHHO DA3HLIMH MO CBOSH dmsHuecKol nppone
ASACHHAMH M HafiTH oOmER ALK ANA HX ONWCAHMA.

B npeanaraemoii KHHTE Mono0HEIe 321894 OTHECEHB! K Of-
-peflefieHHOMY pasieny no popMaJbHOMY BHAY HX YC/AOBHH, #e-.

CMOTPSI Ha TO, YTO B NPOIUECCe Pemela NPUXORATCA 3aTPArU-
BATh MaTepuas APYLHX Pasiesos,

B npuBojuMHX pEWIEHMAX 3aha9 M paséopax MPHMCDOB
yAenAseTcs 0cof0e BHAMAHHE TEM MOMEHTaM, KOTOPBIE NOMiiithl
LPHCYTCTBOBAaTE B Jio0OM HCCAEAOBAaHHH. ITO, BO-NEPEMIX,
oSocHosarHBIl BRGOpD HACANH3ALKM nayqaemoro npotecea,
1160 BMECTO CaMOro HBACHHA MBI BCETHA BHIHYIKJAEHB Pac-
CMATPHBAaTb HEKOTOPYIO YNPOIREHHYI0 MOAENb, CTpeMAth CO-
XpaHHTh B Hell caMble XapakTepHhle, HaH(oJee BayKHLIE HCDTH
asnenns, Bo-BTOpaIX, 3T0 00aA23aTebHOE HCCHSNOBAHHE MDO-.
CTHIX HACTHHIX H NpefenbHBIX CAYYaeB, AIA KOTOPbIX OTRET
OYeBHIEH HAH MoxeT ObiTh NOAYYeH CPasy HE3aBHCHMO OT
ofuiero - pemreHusA. OdeHb NOAe3seH TaKie INOHCK H pasfhiop
aHAJIOTHit C ADYTHMM 33JayaMW M SABJCHHAMH, a TaKKe CPad-
HOHHE METOAOB HX AHAJNH3A.

fIpy pemenus 3ajay WAPOKO HMCACABIYIOTCA NPUOMHIKOH-
nee MeTodn. YacTo HX npuMeHenue He TOALKO ofaeryaer
pellieHse 3afaun, HC U TO3BOJSET NPEACTABHTL pPE3YALTat B
Gonee yaoGHOM HiA MCC/ENOBaHWA BHAe. B HekoropHx cay-
YasAx, Korja ToaydeHHe xame NPHOAIKEHHOrO pPesyJ/brara
CONpSKENo ¢ HeOOXORMMOCTBIO BBIXOAA 33 PAMKH NPHHATOTO
YPOBHA M3JIONEHHS, HCMOAB3YIOTCA OUSHKH, JAIOMHE KayecT-
BEHHYI0 KapTHHY W Nopfafox Beawdaudsl. M, Haxomeuw, oGpa-
HjaeTcA BHHMaHHe Ha BO3MOXHOCTR DA3HBIX MOAXOKOB K pe-
LISHHIO BaauH. .

Bce npaeegeHnEe 3ech 331344 HCMOMb30BAMNHCh HA YPOKaX
busnkd B cnenmamEsupoBaHHON WIKOJe-HHTepHATe NpH Jle-
HHEHrpaICKOM rOCyAapcTBEHHOM YHHBEPCHTETE H B cpefHelt LiIKo-
Ae Ne 24 r. Jlemuwurpapa, Muorme H3 HHX Hpeatara’iuch
HA ONMMMIHAAAX IUKO/JBHHKOB r. JIeHHHTpajia H Ha CEMHHAD-
CKHX 3aHATHAX CO CTYACHTAMH Ha (pHSHUSCKHX daKynbTeTax



6 FIPEJIHCAQENE

JIeHUHIpaACKoOro FOCYAapcTBEHRONG YHMBEpCHTeTa # Jiennu-
rPaJICKOrc RBEAarorH9eCKoro HHCTHTYTA,

Oxasanoch, 4YTO HEKOTOPHIC 3&RAYH  APEACTABIMOT
onpeneaeHHLE TPYNHOCTE Aame AAS CTYAeHTOB-(HM3HKORB, He-
CMOTPR Ha TO, UTO Bif peHieHH® STUX 3aaal, CTPOrQ roBops,
ue Tpebyerca 3HaHHA, BHXONFUWIRX 33 PpaMKu MKONbROH Mpo-
rpaMMel KaK BO (H3HKe, TaK W N0 MaTeMaTHKe,

Ilra Tpereero uanamus Knura GbiAa qacTuyHO nepepalo-
Tal& H AONOMHERA B COOTBETCTBHM C COBpeMEHHEIMH TeHAeH-
WHAME PasBHTHA METOROB NPEROAaBaHKA (PHSHKR H C YUETOM
neficTBylomeH NPOrpaMME N0 pH3HKE IJIA NOCTYNAQWHX B
BYS3HL.

ABTOpH RAZEWTCA, WTO KHHTa ORAXKETCA NONe3HOR Ans
YYalUIHXCH CTapmux KAacCOB cpepHefl ImKoAbl, NpogeccHo-
" HaJIbHO-TEXHHYCCKHX YYHAWIR K TeXHHKYMOB, a Takxe Ias
npenoapatTenell ¥ CTYACHTOB BY30B,



I. KHHEMATHKA

KnuemaTHKa M3ywaeT ercoMeTpiios ApHmenun. Yro Mu mog s1uM
nonuMaem? «I'eoMeTprar ABHMeHHA — 9TO MATEMATHISCKOS ONHCANHE
ABHKenuA Ten e3 aHazu3a UPHIHH, ero BMAHBAKWMHX. JIpYrUMH clo-
paMM, 6€3 BLIHCHCHHA BONMPOCA, NMOIEMY PACCMATPHBACMO? LBHMeHHC
PPOHCKONHT HMCHHO TaK, A He HHaye, YCTAHABAHBACTCH MATEMATHYCCKOR
COOTHOMICNNE MEKIY e[0 PAINKYHLIMY XaPAKTEPHCTHKAMA, TAKHMH Kax
nepememensne, npofifeHuul nyTh, CEOPOCTh, YCRKOPEHHE, DPeMA ABH-
HEHHS.

JBustenne MaTepuaabHofl TOYKH BCRTAA PACCMATPABACTCA B Kaxofi-
anbo cHereme orcuera. [Mosomende MaTepHanbHON TOYKH MONHO Onpe-
ACANTb, €CAH 3aA8Th €€ PALHYC-BEKTOP F WAM, YTO 3KBMBAJICHTHO, TPH
KOOPANHATH X, §, Z — RPOCKUHH PaHYC-BEKTOPA HA OCH XexapToBod
CICTEMB KOODAMHAT. JIBHiKeHHe MaTeMATHYeCKH OMHCAHO MOAHOCTHIO,
€CAM H3BECTeH PAfEYC-BEKTOP Kak (yuxues ppemeny r (i), 7. e. napect-
W TPH CKaAAPHEE DyHKuUHK x {7}, ¥ (£), z({}. Hanpamep, RAA pasnoMep-
HOTO ABHMERHA, T, €. HBHMEHHA C NOCTORHHON CXOPOCThIO P, dyHKNHA
r{{) uMeer BHE

r{{y=ry+vt, i
a AAA paBEONEPEMennoro ABHIKEHKA C yCKOpenHeM o
ais
r{fy=ro-+oof +—5—- 2

B sTux dopMynax £y XapaKTEPHIYET HaYaabRoe NOAOKEHHE TOUKH, T. &,
Fo=r(Dii_¢=7{0), vy — HAYANLHAA CKOPOCTD.

[MojuepKHeM, TO B KHHCMATUKe YCKODEHHE CIHTASTCH B3BAHHLIM,
Yexopenre HAXOANTCR ARGO ONKTHHM AyTeM, JAH60 DACYETHHM ¢ HOMO-
MBI} 3AKOIIOB AHREMHEH, KOTA4 H3ReCTHH CHAH, ofpeleadoilie KapaK-
Tep apIKenus. 3aberas preped, OTMETAM, uTo ypasHeHHe (1) onncHBaeT
ApHACCHUE MATEPHAALNON TOUKH B HREPIHAALHON CHCTEMe OTCueTa, eCil
Ha TOUKY ne AeficTRyiOT CHIM {HAY Bre AelCTBYIOW(HE CHAH YPaBHOBE-
WiBawTea), a ypaeacune (2) — ecan AeliCTBYOWHE CHAM MOCTOAHHEL
B nocnenneM coyuae rosopar, 1T ABHECHHE Tea IIPOHCXOAHT B 10CTO-
ANITOM BO BPEMEHH OAHCPOLHOM cHAoBOM moae. [IpuMepoM Takoro moas
MOXET CAYKHTE NoXe TArCTEHEN BGAN3H NOBEPXHOCTH 3eMAH NpPH yCao-
BHK, 4T6 BHCGTA Te€4a Haj NOBEPXEOCTLIO MAA3 N0 CPABHEHMIO C PAJHY-
CoM 3emsu, Pagymeerca, ApUIKeHHE Teda BOAN3IH BOBEPXHUOCTH 3eMAH
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OMHCHPAETCA ypapnenkeM (2) ToALKO TOrja, KOrLa MOKNO He YUATHBATD
CONpPOTHBICHHE BOSAYX&.

Hrak, pyHEURS 7 (f) CofepXHT ToARY0 BRPOPMANIIO 0 KHHEMATHRE
ABHMEHHA TeAS, T. € OTBET Ha Mool PONPOC B KEHEMATHUCCKUX 3aja-
Yax MOMNO NOAYUHTH, HCOONBSYH TOALKO SaBHCHMOCTh r({), Huxakux
ApYyTHx (H3NUECKUX JaKOHOB IPH STOM IIPHBAEKATh He Tpebyercal,
Hanpumep, 3aBHCHMOCTE MPHOBEHROR CKOPOCTH TCYKH OT BpEMEMN B
ORMODOAHON MONE MOXeT CLiTh NoAyYena A3 cooTHotrends (Z) auddepen-
LHpoBaHHEM PADHYC-BEKTOPA MO BPEMEHH M HMeeT BHI

o({fy=vy-tal.

. Tipn pewennw sanay mH OYAEM SanHCHBATh ypaBnenue (2} aeno-
CPEACTBEHNO B TNIPOEKLEAX HA OcH Koopuunar. IIpH NOCTOSHHOM yCKo-
peHHE @ BCErAE MOXMHO BHODATH CHCTeMY KOOPLAHAT TaknM obpasom,
700l BeKTOpEOe YpapHenne (2) CBOAMAOCH K ABYM CKANAPHMM: Tax
Kak TP&eKTOPHA, N0 KOTOpod ABHKETCH TeNo, NIOCKAS, TO HYXKHRO NPoL-
TO COBMECTHTB, HAUPHMEP, MACCKOCTD X, ¥ € NAOCKOCTRIO, B KoTopoll ae-
MUT TpAaeKTOpHA. TOrAa BEKTOPHO® ypasrenne (2) SKBRBAACHTHO LBYM
CRAAADHNIM YPABREHUAM

sh=setod + 25, Y@ =gotuo,t+ 2 @

‘B 9acTHOCTH, €CH pACCMATPHBATE ABHKEHNe Tela BOansn nobepx-
BCCTH 3eMJn Noa AefiCTBHEM TONBKC CHAM TAXKECTH, TO YRoGHO Hanpa-
BMTh OCb i BePTHHaALHO BEEpX. TOTAa BEKTOP YCKOPEHHT MMEET TONBEO
ORNY OTRUYRYIO OT HYJAA NPoexuni; 4,=0, a,y~—g, n cHcTeMa (3}
TPRHRMAET BHA

2 {)=xg~+ o '—«\'o+9o¢03¢f
12
'y(’)=y9+%yf—%—=yo+vosmw_t_%’._

“

rae ¢ — yroa, ofpasoBannmil EEKTOPOM- HAUAKNBAOR CKOPOCTH ¢ FopH-
sohToM. Huorla ynoSHO 1moMecTHTE HaMaAQ KOODAHHAT B RaYadbHYIO
TOUKY TPaeKTOpHUM, TOTAE Xg=y,;=0.

Npu pabaomepROM ABRKERHH MAaTePRAABHON TOUKH IO ORPYXKHO-
CTH CKOPOCTE HSMEHACTCA TOALKO N0 HANDPABAEHKIO, OCTARAACH HEHIMEH-
HeOit N0 MOAYMI0. YCKOPEHHE MDY 3TOM HAIPABACHO K KEHTDY OKPYIKHO-
CTH NepNeHABRYAAPHO CKOPOCTH, T. € NO HOPMAAH K TPAeKTODHE, H

P3BHO II¢ MOAYALK0
a=v¥R, (B)

rae R — pagaye oxpymuocty. 371a Xe $opMysa CnpaBeRaussa ¥ npH
ABHMKEHHH TOYKH € MOCTOAHHON TI0 MOLYAIG CROPOCTRIO U MO HPOHBBOML~
Holi Kpuponunefinofi TpaskTopun. B sTOM cayvae R ects pagnyc KpH-
BH3HBl TPAGKTODHM B paccMaTpHBaeMoli TOwKe, YcHOpeHUe Apu 5ToM
HANPaBJAeHO K. UEHTPY KPHBHSHM, T. € NEPNEHANKYAAPHO CKOPOCTH,
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nANpaBAeHHON Mo KacareasHol K TpaekTopad, Ecan e cxopocts Me-
BAETCH MO MOLYMO, TO ¥ BEKTOPA YCKOPEHHA KPOMe HODMalbHofi co-
¢Tapanomedi, papacmoli rofi axe dopmyaoifi (6), OyRer eme cocrapanio-
1ag, HANPaBAeHHAR 10 BEKTOPY CKOPOCTH IIN NPOTHB HEro, B JaBHCH-
MOCTH OT TOTO, YBEJHYHBAETCS HAH YMEHBIIACTCH CKOPOCTh ABHXKyweil-
¢A maTepHaabHo#t TOukH.

Pemenne KHHeMATUYECKOIl 3219YA CBOAHTCH K HONOAb3OBAHRIG YKa-
20HHLX BHINe YPaBHeHAH B KORKPeTHRY YCAOBHAX, ChopMyIRPOBANHEX
B 9agaue, [Tpn sToM Guio Su HaUBHO NHITATHCH ORAAJETh KAKHM-TO
xofimuM MeTOZOM» peltienusd, NPHTOANKM 1AA BeeX sSajau; nopolHoro
«ofimero merofas nonpocty He cymecrsyer. Hao6opor, na npeEBOgUMHLIX
TpAMepax WHTATeNb MOMET yGeiHThCs, 4TO BCerjla CYIMECTBYET Hec-
X0aAbX0 GoAee HAH MeHee PazANYAICUHAXCH Mexay coloil no.&xonon K
neenenopanyw QHIngecknx apaennti.

PasHue NMofxofn HepeAKO OTTCHAIOT AOBHE CTOPOHL H3YYaeMOro
RBAEHAA, MOIBOAAR raylie npouMKuyTs B ero dHInuecknfi cMbica.
HosToMy B GonbMIKHCTEE pasﬁnpaeuux Bafiay. NPpHBOAATCA PadnAyMzIe
BYPHARTH pelrenus.

1. Nepenpana, ITpeactarnm ceGe peky ¢ napaiieJbBHMH
GeperaMu, paccroaune MeXxny Koropuimn I (puc. 1.1}, Cxo-
POCTH TEUeHHR NO Beell IMPHHE peKH OJHHAKOBa H DPaBHA B.

C xaxofi HauMeHblel NOCTOAHHOR CKOPOCTBIO @y, OTHO-
CHTEABLHO BOfM AOJKHA DNJLTL JOAXKa, YTOOH M3 TOYKM A

————
/5
x 4 y
¢ z/"'—g—-:?‘ ()
/
s
/’ #

Puc. 1.1, Ckopocts Tewennn B Puc. 1.2, CRopocTb I0AKH OTHG-
B A1060M MECTe PeKH OJHHANOBA  CHTENLHO Geperob V pasHa cyM-
Mé BEKTOPOB #£ B ©

nonmacTk B TOMKY B Ha nporubononoxbom Gepery, RaXxoas-
BlyloCs Ha PaccTOSIHMM 8 HIKE no TeyeHmio? Ha xakoe muni-
MAJTBHOE PAacCTOSHHE Sy, CHECET JOAKY BHH3 MO TeyeHNIo
UpH mepenpaBe Ha JAPYrod Geper, ecH MOAYJAb €& CKOpPOCTH
OTHOCHTE/IbHO BOABE! paBeR UP

A YTo6H OTBETHTH Ha 3TH BONPOCH, HyXKHO MpEXAe BCEro
OTHEIVIHBO NPEACTaBUTH cebe, MTO CKOPOCTL JIOAKH OTHOCH-
TellbHo GeperocB V ecTh BeKTOpHag CyMMa CKOPOCTH TEeUEHHA i
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I CKOPOCTH JIOAKH OTHOCHTeNbHO Bouwl ¥ (puc, 1.2):
V=u-+o. (1)

Bymem cuuTarte, 4TO JOZKE HMEET OTHOCHTENBHO BOJMI
HEKOTOPY!O HEH3IMEHHYI0 O MOAYJIO cKopocrb ¢. Toraaz, or-
npapassck M3 TOYKH A, nOjKa CMOKeT nonacTb B ToUKy B
TOALKO B TOM CAydae, eCli €€ CKOPOCTh OTHOCHTES/ILHO 6BpEFOB
V yxacrca HanpaBHTh 1o npsAMoit AB uau sieBee STOM NpsMOd.
Ecan up npm xakoM HaNpaBAeHHH ? ME He CMOXEM NOJAYYHTh
B HavaJbHLi MOMEHT pe3yJETHPYIOIWYI ckopocTh V' BjoAb

_g
M
7
£
s
s
[
[ 4
AT
,/
——
A
Pac. 1.3. Bufiop uanpaenesug Pne. 1.4, K pRYBCACHHIO MHHH-
CKOPOCTH /MOAKM © IAA  Nepe- MaABHOR CKOPOCTH Umin

"nppaBl H3 A B B

npamoti AB, TO NOIKY oBA3aTENBHO CHECeT TEUeHHEM HHXKe
Toukn B (puc. 1.3).

Hyxnoe Ham nanpaeaenue sektopa V' Moxer GHTh noay-
YEHO NpU pasHhIX 3HAUEHHAX BekTOpa ¥. CKOpPOCTb TeqeHUA X
BO BCeX CJIy4anaX llanpasjeHa OAHHAKOBO W H3ofpaiaerca Of-
HUM H TeM e BeKTopoM. CKOpOCTh 0RKH OTHOCHTENBHO BOIK 9
MOXeT OLITE HanpaBieHa mo-pasHoMy. M3 puc. 1.3 Bunio, uto
3Ta CKopocTh GyAeT HauMeHblweld B TOM cJyyae, Koraa cKo-

' pOCTE JIOAKK OTHOCHTeRBHO Oepera V' Hanpasnena HMeHHO
no npawoii AB, a ckopotTh @ NepHeHANKYAAPHA 3TOll NpAMOil.

.Jrot cayuah nokasan na puc. 1.4, M3 noaobus usobpamennsix
MPAMOYIOJABHBIX TPEYTONBHHKOB HAXOLHM

Ominfte == 1{)/ T+ 5. )

OrMeTHM, YTO ecAH Mhl XOTHM NMONAacTh B TOYKY 53, ABHrasch
C MHHMMANBHOH BO3MOMINOH CKOPOCTBIO U, TO HaM NpUAETCH
HANPABHTE HOC JIGAKH MEpPNeHAHKYASAPHO BbiGpaHHON Tpaek-
Topuu Noaky AB. JloaKky 6yJAeT CHOCHTE TeUelHeM, H B Pe3yJib-
Tate ona OyAer GokoM HpUOAMKATLCA K HAMCUEHHOH weau!
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. Bosppamasace k puc. 1.3, ME BRAHM, 9TO AR NONyYeHus
OTBET2 Ha NEPBHA BOMPOC 3afiayi Ham NPHUMIOCH NpoaHann-
3HPOBATH TPEYrOALHHK, COOTBETCTBYIOUIMA 3aKOHY CJAOKEHMS
ckopocteir (1). B aToM TpeyronbHHKe OfHA M3 CTOpOH (#)
fe1a 3ajaHa Mo MOAYMIO W HanpasnaesHio, Hanpaeaenne
Apyroil cropoHEl (V) Mbi BLIGpanH, HCXOAS M3 YCJAOBHA 3a-
Rayn ~— TpeGoBanHA nonactb B To¥Ky B. Torma pas nonysenns
MHHHMAALHOTO 3HAUCHHA MORYAHA TpeTheR CTOPOHH (¥) ee
HYXKHO OBLIO HADPaBHTL NEPNEHAMKYJAAPHO BHOpaHHOMY Ha-
npasaenuic V. '

S min

1

1

A

. H
A /
A ’
\\ ra

4
\""'--.._...-” p f

Pnc. 1.5. BuGop nanpasienus GAq NepPeNpaBil ¢ MUEAMAALHEMN CHOCOM

AHanorHuHbie paccyXAERHA MOXHO HCNOAb30BATD H EAA
0TBeTa Ha BTOpofi Bompoc 3ajayn. BeKTop CHOPOCTH TedeHus
&# M B 3TOM C/yuae 3afiai no MOAYJAK H HanpabJdexnwo. Yr1o
KacaeTcs BTOPOFO CJAraeMoro B MNpaBOfl YacTH BHpayKeHus
(1) — cKOpPOCTH JOAKH OTHOCMTEABHO BOAH ¥, To 3apanee
#38ecTeH TONBKO €€ MOAYAb U, a HanpaB/ieHHe MOXeT GHTh
mobuM. Ecau Hawallo BeKTOPa © COBMECTHTL ¢ KOHLOM BEK-
Topa # {puc. 1.5), TO KOHEWl BEKTOPA ¥ MOXKET JeXKaTh B M0G0
TOYKEe OKpPYRHOCTH paauyca u, M3 pnrc. 1.56 cpasy Buauo,
YTO CHOC JIORKH TeueHHeM HenabexeH, ecnm uv<lu. Ecan ke
CKOPOCTh JIOAKH ¥ GOJbIIE CKOPOCTH &, TO NPH ZONKHOM
BLIOOpe HampaBjeHHA ¢ MOXKHO ROOHTbCA TOro, 49TO CHOCA
BooSite Be Oymer (puc. 1.5g). Boaee Toro, npu t>>u Moxio,
nepenpapifaAch Iepes peky, MPHYANHTL K OPOTHBONOIOKHOMY
Gepery B Jilo0OM MeECTe BHIOE FO TEHEHRIO,

Ananuz puc. 1.56 noxasmsaer, uto npu v<<u cHoc Gyaer
MIHHMAJBHEIM, €C/TH CKOPOCTD JIOAKH OTHOCHTEAbHG Geperos V
Hallpap/ena 00 KacaTeNbHOH K OKPYXHOCTH paauyca v. Cpas-
HUBA# H3OOpaXKeHHHE Ha HTOM DHCYHKe TOAOGHLE Tpeyrok-
HUKH, HAXOAWM MHHRMANILHEIA CHOC JIOAKH Spql

Swe=!V@—vfv, v<a (3)



12 I. KMHEMATHKA

[MocmoTpuTe eme pas ma puc. 1.56 n coobpasure, KyAa
cReAyeT HampaBASTh HOC JIOAKM Npu nepenpabe, WTolbi e¢
CrfOC TeYCHHEM OB MHHHMAJbHEIM, A

2. Kak onepeantb apTofyc? ‘esioBeK HaxoamTes B noje
fla pacCToRHRH ! OT NpAMONKHEHHOro yuacTka mocee, Cnpasa
oT cebsl OH 3aMeuaeT ABHXYIBHACA No mocce aprobyc. B ka-
KOM HalpapfeHHn caepyeT Gexath K iocce, 4TolH PHGEKaTH

« Ha Jopory BnepeaH asToGyca

44 %=  }aK MOXKHO Aajbllie OT Hero?

Ckopocth arTofyca u, CKo-
pOCTh YesoBeKa - U.

5 Hnrtepec, pasymeercs,
npeACTABAseT TOABKO clydai
U<y, TAK KaK NpH U>>u 4eno-
BeK MOKeT yOexaTh o7 aBrofy-
Puc. 2.1, Bexats K Wocce By®- g Ha Joboe paccrosHue,

1o ue 1o xpamaliwesy nyrtx Yro6ul BHGEKATH HA 1IOCCE
KaK MOXKHO pafbile, Yea0BeK
Nomxen Ha0paTh Kpatdafinf nyTte. Ecau npH 310M OH laike
# YCTISET BRIOEWATh Ha miocce Brnepean aBTo0yca, TO BCE PABHO
paccTontfAe 10 aa‘roﬁyca HE 6YIET MaRCHMAILHEM H3 BO3MON-
nnX. B camom jeae, ecsii 6exarb He NepneHIHKY/APHO HOCce,
2 noJ HEeKOoTOpbiM HebOABLIHM YIIOM o K IEPHeHOAKYJIAPY
(puc. 2.1}, 10 NyTh YelioBeKa N0 WIOCCE YBEJIWYHTCA HA BedH-
wuay Al, HO 3270 - on BpIfeXuT Ha JOPOTY Ha PacCTOSEWH d
sesee Toukn B. Ecay Bulpath yrom o AoCTATONHO MAJBIM, TO
paccroanye d MOXHO clienaTh Goapllle paccrosaud Al 8 Jjo-
6oe yncio pas. IlostoMy, HeCMOTPSA Ha TO 9TO CKOPOCTH Yeso-
BeKa v MeHblle CKOPOCTH aBrofyca #, OH OKaMKeTcA Ha Inocce
Ha GoJbilieM pacCTOSIHHH OT aproGyca, ueM B ToUKe B,

B KaxkoM e HanpabliieHHH caegyeT Oemarh YeJOBEKY?
OxkasbiBaeTc], 4YT0 Ha STOT BONPOC JEI'KO OTBETHTh, €CJAH Me-
pefiTH B APYryl0 CHCTEMY OTCY€Ta, B KOTOpPof aBTofyC NoKo-
. HTCA. JTa CHCTEMA OTCYETa ABHIKETCA OTHOCHTENbHO 3€MTH B
JEeBYI0 CTOPOHY €O CKOPOCTHIO #. B fAaknofl cucreMe Hemos-
BHIKHO CTOANME Ha 3eMie YeJJOBEK HMEeT CKOpPOCTDb i, Hallpas-
Jdennye Bnpaso (puc. 2.2). ITonHas CKoOpoCcTh 9&IOBEKAa B
HOBOH cHcTeMe oTcueTa V paBHa BeKTOPHOM CymMe ¥ ¥ CKO-
POCTH YesIoBeka OTHOCHTEALHO 38MIH ¥,

Tenepr HerpyZRo coopa3dTh, YTO 5TA 3ajaYd SKBHBA-
AIEHTH& paccMOTpeHHOH Bbhue 3ajavye 0 MHHHMAJbLHOM CHoOCE
NOAKH fpE nepenpase Ha Apyroii Geper pekd, Tak kak B pac-
CMATPHBaeMONl CHCTeMe OTcYeTa aBTo0yc HEMOABHXEH, TO
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TpeGoBaHue BHOEKATh Ha IJOcce KaK MOMKHO Jaiblle OF as-
T00yca paBROCHABHO TPEGOBAHNIO MHHHMAABLHOTO CHOCA JIOLKH
npy nepenpape uepe3 peky. Iloaromy umckoMoe Hampasitenne
BEKTOpA ¢ OOPEACNACTCA TAKHM JHe HOCTPOGHHMEM, KaK H B
npeapaywelt sapaue (puc. 2.3). Tpaekropus uwenopeka B
CHCTEME OTCYeTa, FAe aBTobyc HenoasHxeH,— 370 npamasn AC.
Tpaekropust e B CHCTeMe OTCYeTa, CBASAHHOH C 3emjefi,—
npaman AD.

3m?n 0 ——

fel
]
—— !
]
I
3
]
g&' :
&’
Pue. 2.2, Ckopoctb Yeno- Puc. 2.3, K uaxompennio Hanpasie-
BeKa B CHCTEME OTCYeTa, HHA JBHMEHAS veJoBexa

rAe SBTOGYC HENOAPHMEH

Taxkum oGpasoM, GeaTh K IUOCCE HYXKHO He No Kpardaii-
MEMY NYTH, 2 NOA YIJiOM G K HeMy, HpHYeM

sin e=v/u.

Hs puc. 2.3 Buano, ¥TO ueJOBEK CMOXer npnbemarh Ha
ocee paxbiie apTelyca TONbKO B TOM CAyuae, ecllH B HA%a/b-
Hetll MeMeRT apTolyC HaXOmMTCA OT TOYKM B Ha paccronnny,
He MEHbInEM

S =1 V B —0%/0.

PaccMoTpenHasn safada MOXeT CRYKHTb NPUMEPOM TOTO,
KaK yZayHbIA BHOOP CHCTEMH! OTCUETa NO3BOJISAET SHAYUTEALIO
OGAErYnTE peluenyue. A

3. Papnyc xpusHsnpl, Haiftti pazmyc KpMBH3HM HHKJGH-
Ibt B BEpXHER TOUKe €e AYrH — B Toake A Ha puc. 3.1.

A Haxoxkpenuwe paavyca KpHBH3HK 3afaHHOA KpHBOH —
3T0, pasyMeeTcs, YHCTO reoMeTpHueckas 3ajada. [las ee
peIlieHHs AOCTATOYHO SHATH ypapHeHue Kpupoi. [lostomy ua
Nepsrlll B3MIAR HE ACHO, KaKOE OTHOWEHNHE K (MSHKE HMeeT
OOCTABACHHHEA B 3afave BONpOC.

OanaRe MHOTAA TaKhe 3aAa4d MOMHO OYeHb NPOCTO pe-
WIHTE, BOCHGVIL3OBABIIHCE TeM, UTO PajHyC KPHWBH3HB KPHEOH
BXOJMT B HEKOTOpLle KHHeMaThueckue ¢opmyau, OcHOBHaA
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HAeA 3AK/IOYACTCA B TOM, UTO PacCMATPHBACMYIO TeOMETpHYE-
CKY0 KPHBYIO NPEACTaB/ASIOT KaK TPAeKTopHio Kakoro-ru6o
ROCTaTOMHO NPOCTOrO MEXAHHYSCKOro ABHKEHHA H HCCACAYIOT
9TO -ABHKEHAe METOHaMH KHHEMATHKH,

IIMKAOHAY MOKHO PACCMATPHBATL KAK TPAGKTOPHIO KAKOH-
aubo Toukw 06ofa Kojeca, KQTOpOe KaTHTCA 0€3 HPOCKa/b3kl-
BaHHA o npamo#t. Ha puc. 3.2 noxasana quknouja, KOTopyo

A

Prec, 3.1. llakaonaa

«BbIYepYHBaeT» TOMKAa A, HaXOAuBMAACA BHHSY B HaYallb-
ueit Moment. Touka A ONHCLIBaeT HAHHYI0 LUKJIOHAY He3a-
BUCHMO OT TOTO, KaTHTCA JH KOJeCO PaBHOMEPUO HJIH ¢ YCKO-
pEHHEM, BaMHO TOJNLKO, 4TOOM OHO HE BPOCKANb3BIBAAO,

Puc. 3.2. Hukaonaa Kak 1paex-
TOPUA TOMKH 0003 KaTHWErocH
KoJeca

Hpouwe Bcero paccMoTperh, pasymeeTcs, PaBHOMEDHOE Kaye-
Aine Koneca, Taxoe KaueHHe NOIYYAeTcA B PesyJ/brare c/oxe-
IlHA PARIIOMEPHOTO BPAIIEHHA KoJleca BOKPYT OCH H paBHOMESp-
HOrO NMOCTYMATENbHOrO ABHMEHHA, JHHEHHAA CKOPOCTE KOTO-
poro U paBHA NPOH3BEAEHWIO YI0BOH CKODOCTH HA paiuyc
KoJjeca r. o

Bo Beex HHepHHANBHBIX CHCTEMaX OTCYETa MaTepHAILHAsA
TOYKA HMEEeT ONHO M TO Xe YcKopenHe, [103ToMy HaXomuTs ero
MOXHO B Jio0o#H Taxko# cicreme oTcuera. $lcno, uto ycxopenue
TO9eK 0601a Kojteca CBA3AHO TOJNLKO € €r0 BpaliehHeM BOKPYr
och, Iosromy yckopense a aoGofi TowkH 0602 HANPaBAEHO 1o
paaHycy K UeHTPY KoJieca M ONPEACAREeTcR BhIpameHHeM

a=vtr. N

3HauHuT, H B BbICHIEH TOYKE LHKAOHALI YCKOPEHHE 3jieMeHTa
oboaa Kosieca pasHO v%/r W HanpasJ/ieHO BHu3 (pHe. 3.2).
Teneph paccMOTPHM ABHXKEBHE 3TOA K€ TOYKM o0ofa Kak
Asumenye no yukaonie. CKopocTs B MOGOH TOUKe TPAEKTOPHU
Iranpapaela no KacarenbHOH K Hefl; 3HAUMT, B BHICIIEH TouKe
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UWKJOHAE CKOPOCTh Banpas/fieHa ropH3onTaAbHO. YcKopenne
e, KaK MB BHISICHW/IH, HanpaBieHo BEPTHUKAAbLHO BHH3, T. €.
NepnenAUKyAspro ckopocTH. [losTomy nafizeHHoe Buiwe ye-
KopesHe MoeT OLITh 3aMHCAHO TAaKXe B BHAE

a=V*R, (2}

ri¢ V — cXopocTh TOUKR 06ORa B €€ BepXHEM MOJMOKEHHM,
2 R — HCKOMMIl pagHyC KPHBH3HH LHKAOHIH.

Han naxowpenna V GyzeM paccyxaarh creyioliuM ofpa-
3oM. CKopocTh MoGoR TosKH 00ofa KaTAUIerocs KoJdeca paBHa
BERTOPHOH CYMME CKOPOCTH HOCTYDATEALHOIO ABIKEHHA KO-
Jeca W JsuHeftHoll cKopoecTH BpauleHua BOKpyr ocH. [Ipu or-
CYTCTBHH NPOCKANL3LIBAHKSA STR CKOPOCTH PABHH MO MOZYJIO.
B Bepxreii Touxke OHR W HanpaBJjeHsl ORHAHAKOBO. [losToMy
V=2v, n, cpaesuBas gopmyas (1) n (2), Haxopum

R=14r. 3

Paayyc KpuBH3IH LHKACHAB B BepXHefi TOUKe paBell YABO-
eHIEOMY AHaMeTpy Kosieca. Ecan 6ut Mel paccmarpupanu Kaue-
fLtHe KOojleca KaK BpalleNie ROKPYI MPHOBEHHON OCH, COBRAAAI0-
medl B KamAuf MOMENT ¢ HIKHed HenoawAHOR TOUKOR KoJeca
(puc. 3.2), To Morsio 6B MOKRa3aTeCA, YTO BEPXHAR TOYKA JBHU-
HeTeA 10 OKPYMHOCTH, pajdyc KOTOpoR paBeH AHameTpy Ko-
Jeca. Tak oHo 1 GE110 61, ecH bl MIPHOBEHHAS OCh BpailieHus
ocraBanack HenoiewxHoit, Ha camoM nene sta ock nepeme-
LIAETCA BMECTE ¢ KOJECOM, H HMEHHO NO3TOMY PaCcCMATPHBaEMan
ToyKa 0002 A ABHIKETCH B STOT MOMEHT RO OKPYKHOCTH, pa-
Inuyc Koropolt naercs cdopMyach (3). A

4. NMapawomuid may. 3a6powresHelit B Koabuo Gackerbons-
Hufi MAY HauHHaeT OTBeCHO RAZaTh H3 KOpP3uHl Ge3 HavaabHOMH
CKOpOCTH, B TOT e MOMEHT H3 TOUKHM, Haxoasmeficd Ha pac-
cTosiHEN [ OT KoJabua, B majaiomuil Mau 6pocalT TEeHAHCHLI
vy (puc. 4.1). C xakoff navaaenoil cKopocThy Ouln GpolieH
TEHHHCHBIA MAY, e/ MSUN CTOJIKHYJNCh HA DAacCTORHHH A
OT HOJABbUA?P .

A B nocTaBieHHOM BONPOCE MOAPA3YMEBaeTCH, YTO HYKHO
HaliTH BeKTOp HaYajbEOH CKOPOCTH TeHHHCHOTO MfAYa, T. €.
€Tc HanpabjieHHe (Yroa o) B Momyab (vy). Ecan pemath 3a-
Jayy B HexopHok (naGopatopdofi) cucteme orcuerd, To XOf
paccysAeH# MOXET OhiTh CACAYIOIMM, 3aNNCHBaeM BLIpame-
HMA ARA Depemeinennit oboux MaAveRd sa Bpems I or Hayaga
IBIDRCHAA A0 KX BCTPEYH, 3aTeM NpOeLHpYeM HX Ha BepTH-
KajibHOe H FOpHSOHTaJbROe Hanpasaenhs (puc. 4.2). B pe-
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sysabTaTe MPHUXOAHM K CHCTEM® ypapHEHUR
g2

===, H—-—h-:o,sina-t—-%-‘-,

A—H3=y,cos0-f,

1)

3pece H — BHICOTa Koviblla HAR TOIKOR GPOCaHHA TeHHHCHOTO
uaqa, a Y BP— ¢ npeacrapnser cobOH paccTOMHHE KO KONBLA

no ropusouTany (puc, 4.2),

Puc, 4.1, MMagaounf May

B cucreme Tpex ypasrenuBt (1) uerhipe HEM3BECTHBIX Be-
JNUYHHBL Uy, &, { W M, [TosToMy Moker mokasatbesi, 4TO 3a-
BaYa He HMeeT eAHHCTBeHHOro peienHs. OQAHaKoO 3T0 HE TaK.
HeficTsuTeNbHO, NOACTARAAS A H3 OEPBOre YpaBHEHHR EO
BTOpOR, NMOAydaeMm

H=uv, sin a-{, (2)

PaspenuB NOYIEHHO 5TO YpasHEHHe Ha TPeThe ypaBHeHHe
cuctemu (1), HaxomuM Bulpamenne gna tga:

tga=HV E—H: (3)

Teneps ¢ nomomplo puc. 4.2 MOXHO YBHACTb, UTO yron «,
NOA KOTODEIM JOMKHA GHITh HampaBileHa HauajlbHa% CKOPOCTh
TEHHHCHOTO MAYA, B NeACTBHTENBHOCTH COOTBETCTBYET HANpPaB-
neHW0 M3 TOYKH Opocanusa Ha Koasno, HeraHHoe nanpas-
JeHHe HayaabHOB CKopoCTH ¥, NOKa3aHo Ha puc, 4.3. Urak,
6pocaTh TeHHUCHHIN MY HYHKHO TOUHO B HANPABAEHUH KOJbLIA.
Mo,u.ynh €ro HavaabHOM CKOPOCTH MOMHO HAHTH, MoACTaBARA

= 2h/ g n3 nepsoro ypapuerus cueremul (1) B ypasnenne (2).
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qu'uaaa uyto H/sin a=[, noayuaem
vo=t=1V g/2h. 4)

Ho Bcex atux npeofpasoBanufl MOXHEO H30eaTb, eCliH ¢
cAMOr0 Hauaja nepefiTH B CHCTEMY oOTcCYeTa, CBA3aHHYIO C
GackeTOOJIBHEIM MAYOM, T. €. CBOGOJHO MAjaliyld ¢ YCKO-
peaueM g, B srtofi cucteMe orcuera GacKerSonbHEI MS,

Pue. 4.2. Tpoexnun nepemeine- Puc. 4.3. Hethanoe unanpasne-
mAl uAved HHe BEKTOPA ¥, HAYAIBLOR CKo-
poctk

eCTECTBeHHO, HeNOABHIKEH, a TEHHHCHLIA JIBHXKEICH pasuo-
MepPHO H NpAMON#HeAHO €O CKOPOCThIo ¥, OueBuAHO, YTO T2
CKOPOCTh @, AoAkHA ObiTe HampasieHa Ha GackerGonbHHH
msd. Yepes Bpema {={/v, Mauu cronkHyrca. B naboparopHoit
CHCTEME OTCUeTa 3a STO BpeMa GacKeTOONbHMI MAY ONYCTHTCA

Ha paccrofnue
g gL
h=fr=4(%)" ©)

OTKYA2 &9 v, NONYy4YaeM npexuee puipakenne (4). Ha npamepe
sTo# 3aja4n MH BUAHM, YTO B HEKOTOPHX cAYUaAX yaoGHLIM
OKa3HBaeTCH NEpeXoa B YCKOPEHHO ABUKYWYIOCH CHCTEMY
oTcaeTa. A

5, B peas ¢ nammenbumefi Hawaawho#l cxopocThio. Heof-
XOHMO € MOBEPXHOCTH 3eMJIM DONACTH KAMHEM B Lelb, KOTo-
past pacnmoJiosKeHa Ha BHICOTE /i B Ha pacCTOSHHU § MO TOPH-
sontanu. IIpH Kakod HaHMeHbllefl HasadbHOR CKOpOCTH
KaMHA 3T0 BoaMokHO? COnpOTHR/JIEHHeM BO3iyXa MpeHeOpeds.

A Ha nmepeuifi Baraan Kamercs, 970 HaYalbHAA CKOPOCTb
KamH# OyHAer HaHMeublled, eC/H BEPXHAS TOUKZ €ro Tpaek-
TODHMH COBNAfaeT ¢ MHIeHEI0 (puc. 5.1a).

Moxker GHTB, B BaM TaK nokasadaock? Haumosus sra Ha-
CTONBKO CHAbHA, YTO MOACOHOE pelncHHe aHAJOTHYHOA 3aAadi
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MOMHO BCTPETHTh B HEKOTOPHX COJNHAHBIX ROCOGHAX MO pelle-
nmo $usnveckux sagad, Ofnaxo, Raxe He pelnas 3ajAaud,
Jerko y6eautbea, uto 3To ne Tax. [MedicTBurenbHO, GyneMm
MEICIEHHO YMEHBIIATE BHICOTY, Ha KOTOPOR pacmosoxena
neab. Ilpn stom Todka, KyAa nonaaaer kaMeHb, MPOACAIKAET
COrAIacHO RPEANOAQKEeHHIo OCTaBATRCA BepXHeH TOuxoll Tpa-
ektopiu (puc. 5.16), B TOM
YHCAEe W B NPeieSbHOM cay-
yae h==0. Ho cosepiuicHno
OueBH/IHO, 9TO NS TOTO HTO-
6nl nonacts B ieAb, HAXo-
AALYIOCH HA 3emje, AOCTa-
TOYHO MpoeTo  A0GPOCHTL

-— Kamenb [0 uean (puc. 5.16),

“a Wrax, npesnosokenne o

N TOM, UTO lle/Ib COBNANAET C

5 m— NS BoICIIEH TOUKOH TPaCKTOPHH
A0 TNS0%),  T0AeTa KaMHsi, HEBEpHO.

s S\ OwnGo4HoCTE STOTO NIpel-

NONOMEHHS CTAHOBHTCH €Iie

N Gonee ocuepuaxnoll, €cau sa-

. MeTHTh, 4YTC TpeOyemana npn

AN STOM HayaAbHAR CKOpOCTR

g N\, JO/IKHA BO3PACTATH NO Mepe

LI Toro, Kax h— 0,

: Flpupepennwt  aHaans

Prc. 5.1. K BeGopy ontamanswnofi  NpenctaBaser cofofi npumep

TpaeKTopHH NPOBEPKM peIIeHHsa 3ajady

npelelbHEM TepexoiioM K

Gonee MPOCTOMY CAYHal0, KOTAa OTBET AuGO oueBHzeH, anbo
MOXET OHITh JIETKO HaHMeH.

Hs npusepenHoro KavecTBEHHOrO aHARK3a MOXKHO CRENAThH
BAKJICUCHHE, 9TO UeAb BCEMa AOJINHA HAXOAUTHLCHA HA HHCXO-
nsuel Bersn TpaektopuH (puc. 5.16). Eme pas RanomHmM,
YTO MBI HIZEM TPAEKTODPHIO ¢ MHHHMANLHONR HayajLHON CKO-
POCTHIO,

TIpHCTYNHM K pelieHHIO 3aXadH.

TMycts Kamenb GpolueR HOA YLAOM & K TOPH3OHTY H Nonan
B eats. Ero nepemeileRna no TOPHIOHTANH § B IO BepTHKaAA h
MOrYT OHTh samucalibl cJAeAYOmMuM obpasoMm:

s=vycos a-f, h=v, sin a-i—g/2,

TTockonbRy Bpema noJieta KaMAn { HAC He HHTepecyeT, HCKMo-
YHM €10 B3 3THX ypaBHeHRil, Bupaxan ¢ u3 nepporg ypapnehuasn



5. B LLIENlL ¢ HAMMEHBIIEA HAYAJNBHONR CKOPOCTHIO 19

B MOACTaB/AAs BO BTOpOE, NMOAydaeM
- s
h stga m. (1)
310 ypapHeHHE CONEPMMHUT LBE HEHIBECTHHIE BEJHUHHH Uy H &
H HMMeeT NOSTOMY OecUHC/]CHHOE MHNOMXEeCTBO pelleHME, uTO
COOTBETCTBYET BO3MOMHOCTH NOMAcTb B Ledb GeCKOHEMHBIM
uHCIOM ¢rocoGoB. M3 STHX peluenHR HaM HYXHO BHOpATh TO,
KOTOPOE COOTBETCTBYET MHHHMAJNLHOMY 3HAUEHHIO Up.
Tpsimoii nyTe pewnenus 1ol 3a1a4H COCTOHT B HAXOKASHHY
Uy KaK $yHKDHM OT & H3 ypaBaenus (1) B HechenoBaRuU 3Tl
(DYHKLUHE Ha 3KCTPeMyM, 4To Tpefyer, OAHAKO, MPHMEHEHHR
seiciuedl MatemaTaky. Ilosromy nocrynum HHade, Peuinm ypas-
nerue (1) otHocHTeAbHO . Menonusya H3BeCTHOE COOTHONICHHE
1/cos? a=14-1g* &, 3amenaem, uro u3 (1) noayuaerca Kpaapat-
1l0e ypaBHEHHE oTHOcHTenbHO ig o

gsttgia—2uistga + gs*+ 23h =0. (2
Pelnp ero, NoayunMm

ga—— [0} = VE—2(@s + 200,

Kasanoch O, HHYero Xopolllero #He noaywaercd -— rpo-
MO3KKO2> BHIpa)keHHe. A Ha camoM feite MBI B JBYX Iiarax or
oTBeTa Ha Bonpoc 3afaud. HdeficTBHTEALHO, AR tg o Qu3Hye-
CKHfl CMEICJ HMEIOT TOJbKO BelleCTBEHHHe pellleHHA, H MO-
ITOMY AHCKPHUMUHAHT NOMKEH ObiTh HEOTPHUATE/ILHLIM:

v —2ghun—g*s* = 0.

Jlerko yGeauThes, YT0 MHHAMAABHOE 3HaveHHe U], NPH KOTOPOM
3TO COOTHOWSEHME CNPaBeATHBO, COOTBETCTBYET C/yYalo pa-
BElCTBA, TAKHM 061)&30&!,

Uﬁmln-—'_g(h +Vhi+ S’).

(Bropoli Kopenp 1}, =g (A —V A* T s?) ne umeer duanue-
CKOrOo CMHICNIA, TAK KaK KBajfipaT CKOPOCTH €CTh BeJHYHHA
nosoxarensian.) Vitak, nonyvenusifi HaMu OTBeT HMeeT BUR

o=V g (o + VBT ). &)

[Tpoanaausupyem Temepb pelleHHe HECKOJLKO MOAPOCHEE,
Bossparumen K KBagpaTthoMy ypasuenuio gas g «. [Ipu no-
JAOXMATNRPHOM JHCKPHMHRAHTE OHO HMeeT JiBa pEUIEHHA, T. €.
NpH 3aaHHOM 3HAYEHHH ¥y KaMeHb MOMETr IONacTe B LeNAb




20 1. KUHEMATHKA

no ABYM DPa3nHYHEIM TPaeKTopus. Ilpy oTpullaTebROM ANCK~
pHMMHAHTE pelenuii HeT, T, €. HH NPH KaKOM 3HAYEHHH yraa &
Kamenb He MONajeT B uesb npu 3afanAol ckopocth. Ipi pas-
HOM HYJAI0 JMCKPHMHHAHTE HMEETCs TOJNbKO OIHO pelleHne
(elMHCTBEHHAN TPaeKTOPHA HOJeTa KamMHA Ao HeyH), Hwenno
B '9TOM CJAY4ae, KaK Mbl BBISICHH/JAH, HAYaJdbHAA CKOPOCTE GYAET
MPHUMaJLHOH, a BHpaXKeHHe A g & uMeeT ocoleHHO Bpo-
crofl BRA:

vﬁm‘;“_____h—l-]fhi—l-s’. (4)
gs s

[IpoBepuM npaBHABEOCTD HOMYYEHROTO pe3yAabTaTa npe-
e bHHMH NEPeX0faMH.

1. Ecny h==0, To {g 2=1, T, e, Kameub HYXHO GPOCHTH
nog yraom n/4, Xopouo #3BECTHO, NTO 3TO COOTBETCTBYET
MaKCHMaJNbHOR AAMLHOCTH 110JETa N0 FOPH3CHTANN NPH 3a1aH-
HO#l Hava/ibLHOW CKOPOCTH, a NIPH 3agaHHON NAaALHOCTH —- MH-
HuManpHOA HavaiabHo#l cKopocTd, DroT cayyal yxe obcyx-
Aajca BHayane, :

2. Ecau s— 0, 10 g & — o0, a @ — m/2. HefictBHTeABHO,
KaMeHb caenyeT OpocaTh BEPTHKANbHO BBEPX, H TOJABKO B 3TOM
chydae NONOKeHHe IeAH COBRAjAeT ¢ HAHBRICINCH TOYKOMN
TPaeKTOPRH. '

Hrak, MM pemuan NOCTaBAeHHYIO 3ajauy, norpeloBas,
utofl KOpHH KBajparHOro ypapnerns (2) maa ig o umean
¢u3nuecHHi CMHCA, T. €. OBVIN BelleCTBEHHEIMHU,

PaccMoTphM Teneps HECKOJABKO MHOR cnocol paccy:KAeHHH,
RPHBORAUIKA, €CTECTBEHHO, K TOMY ke peaynbrary. Ilpexae
ECETO OTMETHM OLHO OUeBHIHOC OGCTOATEABCTRO; MPH 33/8HHOM
PACCTOAHHH S YeM BHILIIE PACHOAMKERA IeNb, TeM Govbile AoNK-
Ma OHTH MMHHMANLHAS HauaAbHAA CKOPOCTh KaMmua, Ilostomy,
BMECTD TOrO YTOGE HCKaTh MHHHMYM ¥, OpH 3a1aHHOM ki, MOXHO
HCKaTh MAKCHMYM /i OpH 38IaHHOM ¥,

Hpeanonoxum, wro v, sapano. Torna, eupasnB h w3 (2):

_ tga=

g gs*
BEeTKO HCCAENoBATH NOAYYHBIIMACA KBaApaTHHE TpexwieH
oTHOCHTEAbHO g o Ha MakcumyM, (HanoMHHM, 4TO MakCUMYM
KBajpaTHoro TpexuneHa y=ax*+bxtc (a<0) nmeer Mecro
npu x=—b/2a u paben ¢—b*4a.) Makcumanbioe anauenue A
aocTuraerca npu tg a=tvi/gs n pasuo
a

b g 5

2g 200 * ( )
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Hs (5) HaxoauM MHHHMA ToHO® SHAYEHHE HAYANLHON CROPOCTH
vy TIPH 3aJaHHOCH BLICOTE UEAH A, COBNAJAOMEe ¢ MONYYEHHLIM
pauee. A

6. B neab 3a crenofi, Mexay ueisio H MHHOMETOM, Ha-
XOMAUIMMHCA Ha ORHOH TOPHSOHTA/IH, PAacHoJONKeHa CreHa
BeicoTol A, PaccTosiHe or MUHOMETA A0 CTeHLI PABHO @, a OT
crednl fo pemn b. Onpeenuth MUHHMANBLHYIO HAYAJBHYIO
CKOPOCTH MHHBI, Heofxo-
DHMYIO BAsS TOPaKeHUR I
uenu. Tlox Kakum yriom
ApH 9TOM CJAefyeT CTpe-
aatb?  ConpoTHBAeHHEM
BO3AyXa NpeHedpeds,

A TTonpoGyem pasod-
parhcsi B 3TOR 3ajave, He
BHIMUCHBAA NOKAa HHKa-

KHX (popMydt. PaccMoTpaM a
BCe -TPAEKTOPHH, HpoXo- Pac, 6.1. Tpaexropau, npoxoxame
AAWME ¥epes neak, 3a6HB yepes Lelb

Ha BpeMsa ¢ CYIIECTBOBA-

HuH crednl. Ha puc. 6.1 BbiagineRa TPAEKTOPHS, COOTBETCTBYIG-
Laf HauMeHbleMy 3HAYEHHIO HaaJbHOH CKOPOCTH MEHBI.
HanomuuM, 9T0 3TOA TPAEKTOPHH COOTBETCTBYET yroa a=45".
HetpyznHo y6eantses, 9T0 HavanbHbHIE CKOPOCTH, COOTBETCTBYIO-
e JPYruM TpaeKTOPHAM, MOHOTOHHO BO3PACTAIOT NPH YAaJIC-
HHH STHX TPAE€KTOPHH OT BhIe/eHHCH! KaK BBEPX, TAK H BHHS.
IMostoMy ecniH cTeéHa OKaXkeTcsl HHXE BHRLJNCHHOA TpaeKkTo-
PHH, TO PeHIEBMEe TPHBHANBHO: HMEHHO 3Td TPACKTOPHSA W
YAOBNETBOpSAET NOCTAaBACHHBM YycaobHAM. Echn crena oka-
JKercd Bblllie, TO HCKOMaf TPaeKTOPHA TPOXOAUT 4epes Bepx-
wuft xpait credsi. Bor u Bee.

Tenepb OCTAETCA TONBKO SANHCATH ITH PAcCYIKIEHHA Ha
MaTeMaTHYeCKOM fISHIKE, T. €. MOAYYHTb BBIpAXKEHHs AAA Bbi-
YHC/ACHHS HAYANBHOH CKOPOCTH Uy H YIVIA O B KAXKAOM M3 3THX
clyyaes.

[Tpexxae Bcero nmoayumm ofilee ypaBHEHHE TpaeKTOpHIl,
NPOXORAIHUX depes ueab, Kak Mbl YXe 3HaeM, ypaBHeHue
TPaeKTOpHH, BHXOJAIHX H3 Havasia KOOPZHHAT, HMeeT BRA

y=xtga—%(l+tg’a). )

TorpeGyem, uTOOB STH TPAEKTOPHH NPOXONUIM Yepes Uenb.
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Lina storo noacxkum B (1) y=0 npn x=a+b:
0=(a+8) tga L (1 4 12, @

Bripakas us (2) Havaauaylo CKOPOCTh Uy W NOAcTaBass B (1),
Mo;yusM ypaBHEHHE TPAeKTOpHH, DPOXOAALIMX depes Lesb:

y=x(1 —;-_‘:—_s)tga. (3

[Tpunasas o« pasusle sHayeHus B npegeaax or O ac n/2,
noJiyuaeM BCe TpaekTopHir, usolpaxenrHble wa puc. 6.1. Bot-
he/enHad TPAeKTopHA lonydaerca npu tg a=1 {a=n/d):

o=r{1—2Z3). 0

. BuisicHUM Tenepb, TPM KaKOM YCAOBHH ST TPaeKkTopus
npoxoaur Hap creHoft, Has sroro uafizem BhicoTY Ay TOYKH
TpaeKTOPUH NPH X=a:

h,=a(1—-;—_%)=%.

Takum ofpasoM, ec/H BHICOTR CTEHB! & Memblue, yeM fi,
To HCKOMAas TDAaexKTOPHA oOHpeleNfercd BHpameHmeM {(4), a
COOTBETCTRYiOMAA €8 HayanbHasd CKOPOCTb Uy JAETKO HaXo-
IMTCA W3 ypaBHerH# (2) npu tg a==i:

"omin':l’ g(a+b)'

10 ecTh OPHUHOE COOTHOLIEHHE MEXKIY HAYAMBHON CKOPOCTHIO
¥ MakCHMaJbROH JaJbHOCTBIO NoJera MO FOPHSOHTAMH.
OnpegeduM Teneps HCKOMYIO TPAECKTOPHIO, €CH CTEHA BHI-
me BLIENCHHOR TpaekTopun: A>»h,. Kak yxe orMeuzanocs,
B 5TOM CJy4ae HYXHO HaliTH TPaeKTOpHIO, NMPOXOAAMYIO Hepes
BepXHUA Kpafl CTeHH, T.e. MOAOKHTL B (3) y=h npu x=a:

h=a(l "‘"a"‘:%;) tgay,

otkyna tg a,=h(a+b)/ab. Ypasnenue uckomofi tpaekropHu
DOMYUHM, NOACTaBHB Hafinesroe suauenne ig o, B dopmyay
3): .
x \a+b
y=x (1 '—m) 5 h,

OrMertuM, 4T0 RIS OTBETA HA MOCTARJIEHHLIC B 3ajadye Bo-
NPOCH 3T0 YPasHEHUE HaM He TpefyeTcs, HO OHO AAeT BO3IMOK-
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HOCTh NIPOC/IeAUTD, YePes KaKne TOUKH MHKRA JeTHT K uead, Han
HAXOMACHHA COOTBETCTBYIOIGH STOH TPaeKTOPHH HavalbHOR
CKOPOCTH HYXIi0 MOACTABHTL NOJNYYSHHOS 3HadeHme fg o
B ypapHeuue (2):

a2 L4 (HE52)')

Hrak, pesioMrpys H3nokenHOe, CHOPMYJHPYEM OTBET: €CJH
h<ab/(a-+b}, 1o

a=n/t, vh=ga+b)
ecan hzzablia+b), To

o =arctg (h a:;b), v§=€2}-l-'b[l +(h %2)2].

[Tosesno u B 3TOf 3a1a4e paccMOTperh NMpPeReabHHIE CAY-
gau. He Gydem ocraHaBAHBaTBCH HA OTHOCHTENILHO MAJIOHH-
TepecHBIX C/AYyYanX, Kak, Hanpumep, a=:b (creHa nocpeauue
MEXNIY MHHOMETOM H UeJbio).

BecembicaeHne monarate g=0 uwar b=0 npu A0, o,
IECOMHEHHO, NpeACTasnAeT uurepec caydal, xoraa a u b
OAHOBPEMEHHO CTpeMsTes K Hymo (np# Az=0). B sToM npesenn-
HoM cayuae Tpefyercs npocTo nepedpocHTE MHHY Yepes cTeny.
Otser B 5ToM ca1yuae OueBHJEH: CTPEIATH HYXKHO BeDTHKANBHO
BBepX (2=n/2), a HavanLHAA CKOPOCTD U, -——-V2gh. TToxaxem,
KaK noJy9HTb STOT pesy/abTar M3 OTBeTa K 3ajaye. 34ech, Ko-
HeyHo, HYXHO ofpamaTbes K chaydaio h>ab/(a+b). Ionaras
a=b H OJHOBPEMEHHO YCTPEMAAHA HX K HY/IO, NONYUHM G->
—n/2 o '

uﬁ:%[abms(“_ﬂ%]=§(a=-|-4h3)_»2gh. A

7. Mpocrpeansaeman ofnacte. JeuuTHOE OpVAME MOMKET
cOoO0IUTE CHAPALY lAa9aibHyI0 CKOPOCTL U, B JoboM Ranpas-
aenkH. Tpefyercs HaflTH 30HY NOpaKeHHA, T. €. Cpanuuy,
OTIENAILYI0 NeNH, A0 KOTOPLIX CHAPAJ M3 JAHHOTO OPYAHS
MOXKET J0JeTeTh, OT HEIOCTHMHMEX leseil. ConporuBiaeHneM
BO3AYXa NpeHebpeus,

A TlonpoSyeM cHauala BLIACHHTE, YTO MOXKHO CKa3aTh 00
3TOH rpapuue, He peman sapaun. Cam (akr CyllecTBOBAHHS
TaXoH IPpaHuibl COMHeHH# He BHI3LIBAET, TaK YTO NOCTABACHHMA
B 3aja%e BONPOC MMeeT CMBICH (KCFaTdH, HAaUHHAm pearb
32/la4y, MHKOI'Ha HE BpelHo noayMarh o6 arom). [onuraemcs
npepcTaBaTh cefe HCKoMyio rpadruy. OYesuaHo, 4TO OHa
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npeacTanaser coboil meRoropylo moBepxHOCTh. Ecan uenb na-
XOAHTCA TOYHO HAJZL OPYAHEM, TO CTPEAATH HYKHO BEPTHKAALHO
BeepX. CHapAx npu STOM NOAKMMaercs Ha Bhicoty h=ui/lg,
Nocie YETO HAaUHHAST NajaTh BHYM3, TAK YTO TPaHHLA AOCTH-
HUMHX Ueelt nepeceKaer BepTHKANL B TOUKe, HaXOpsineics
Ha BHICOTE A,

2

-
e B v e il g
e sy /} ——
/ ~—+ z #
4 4

Pue, 7.1, T'parnua npoctpenuBaemoil ofaacre

Ecnn OrpaHuSHTECS UENAMH, HaXOMAUMMHCH Ha repHIOH-
TaAbRON NNOCKOCTH, TO OYEBHAHO, YTC IpaHHUA DPElCTABASET
co0ofi OKPYKHOCTb, PajdyC KOTOPOit paBeH MaKCHMAJLHOR
BANBHOCTH NG/ET2 CHAPARA NO FOPHIOHTANH S==03/g (HANOMHNM,
9TO MAKCHMaJAbHa# JAJbHOCTh HOVIETa 1O I'OPH3OHTANR ACCTH-
PaeTCH 1pH YrAe BOSBHILEHHR CTBOJA Opyaus a=n/4). Sra

X4

/ g
Pre. 7.2. Tpanana seaserca oruGawomell aas Tpaextopuft

OKPYHHOCTD €CTb NepeceucHHe HCKOMOH NOBEPXHOCTH ¢ FOpH-
30HTaABHOA MAOCKOCTLIO (pHe, 7.1). BooGme w3 cummerpun
MOKHO CHENATh BHIBOA, YTO HCKOMas HNOBEPXHOCTH NPEACTaB-
JneT cofofl MoBEPXHOCTL BpallleHHA HEKOTOPO#l KPHBOH BOKPYP
BEPTHKANH, npoxoasailell yepes opyare, H 3ajaya CBOAHTCA K
HaXOXIEHWO 5TOA KpupBof, OTMeTHM, 4TO KPHBas#w ecTh OTH-
faolan BeeX BOSMOXHEIX TpaeKTopuHt (puc. 7.2).
IprerynnM K peluennio safauu, BuiGepeM chcreMy Koop-
DNUHAT: OpYAHE PacNONIOKHM B HAYaNe KCOPAHMAT, OCB X Ha-
MpaBHM TOPHSOHTaABHO, OCh y — BepTHKaAbHO, Torza 3apH-
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CHMOCTE KOGPANHAT CHAapAAA OT BPEMERH MMeEeT BHJ
. 3
x(f)=n,co8a-t, y{l)=uv, sma-t-—--ﬂ&.

Hckmoyne M3 9THX YpaBHEHHH f, HONYYHM YPABHEHHE TpacK-
TOpHH cHapapa y==f{x}):

y=riga—Ee( +tga). §)

310 ypapuerne napaCoin, Koaddmumenrst npu x n x*¥ sapu-
€aT of yraa o, T. €. NPH Pa3HHX HalpaBAeHHAX HayaabHoR
CKOPOCTH NOJAYYAIOTCA pasfnnyHbie Tpaekropun. Takum obpa-
30M, JAHHOE YpaBHEHHWE ONMMCHIBAET CEMEHCTBO TPAEKTOPHI
NPpU ORHHX H TeX e Mo MOAYJI0, HO Pa3JHYHHX NQ Hanpas-
NEHHIO HAYANBHHX CKOPOCTAX Uy,

Ho sToMy Ke ypaBHeRHIO MOXKRO npnn,zm; H JIPYTOH CMBIC,
Bynem rtenepp paccMaTpHBaTh X B y KaK KOOPAMHATH .oQnpe-
eNeHHO LeAH, B KOTOPYIO NONajaer CHapaXt, ABUTAACH. {10
Hexoropoil Tpaektopru. - Torga NpH 3afaHHEIX KOOpAHHATAX
Eestn X M y ypasnenue (1) onpeaeniser yroa, NoJ KOTOPLM HYX-
HO BHINYCTHTb CHApAA ¢ HavYaJbHOH CKOPOCTBIO Uy AAA TOTO,
gTolH 0il 1onan B STY.Leab. Peilas 3710 KBAaAPATHOE QTHOCH-
TeAbHO ig @ ypapBHenHe, HaXoauM

tga =[xV G—g@x T o). @

Ecau ypaBnenue HMeer BeHleCTBeHHOE pelieHue, T. €. AM-
CEPUMHHAHT HEOTPHUATENIEH:
w—ggs+ 20y =0, &)

T0 B UeNb DollacTE MOMHO., Ecsayu pemecTBeHHHX pemeHnit
HeT, T. e.

—g{gr*+ 2uy) <0,

TO B LAb NONACTh HENb3A, DTO 3HAYAT, YTO LeJAb HAXORUTCA
34 npeaesaMd HCKOMOH rpaHHusl, KoopawHATH 1€JIH, pachio-
NOKEHHON Ha TpaHMIe, ACGMKXHEL YAOBJETBOPATE COOTHOLIE-
o vi—g (gx3+2viy)=0. Bupaxas orciona y Kax ¢Qynk-
M0 X, nONydaeM ypaBHenne TPAHHUBI B ABHOM BHJE:

o _ Ll
= 2g o @)

3ro ypaenenne napaboaur ¢ Bepwunofi npu x=0, y=u}/2g,
Kosxpunuent npu x* orpuumartenes, T. e. BeTBH napalons Ha-
Npapiiedhl BHA3 B NMEPECceKaioT FOPH3OHTAAbHYIO OCh B TOMKAX
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x==v}/g (puc. 7.2). Wrak, noayueHHas rpanuua AefcTBH-
TeJbHO NPOXORUT 4epe3s TOYKH, KoTophie BHayade GBUIH HAMMU
YCTAHOBACKH H3 3JIEMEHTAPHHIX COOOPANEHHA,

MEL HaILTH ceueHHe rPARHNYHON NOBEPXHOCTH BEPTHRAJBHOM
TVIOCKOCTBIO, TNpoXoAdllefi yepes Hayazao KOopARuHar., Bea
NOBePXHOCTh MOXKET BLITh NOMYYeHa BpauenneM 1ol napa6odisl
BOKPYT OCH Y.

B cBA3H ¢ NpHBE/ICHALIM PelLeHHEM C/Ie/1aeM elle HECKOJIbKO
sameyanuii, PaccMOTPHM KaKyio-iuG0 TOYKY, HAXORALLYIOCH
Gamxe rpanMus (Hanpuamep, TouKy A Ha puc, 7.2). Oas tako#
TOYKH NOLKopenHoe suipaxenne B Gopmyne (2) 10NI0KHTRALHO,
H, cAegoBaTeNbHO, Yepes Hee MPOXOAAT ABE TPAeKTOPHH (MpH
3aaHHOM SHAYCHHH HaYaabHOA CKOPOCTH), COOTBETCTBYIOHIME
IBYM BO3MOMKHLIM 3HAUCHUAM YIJa o,

B GaanucreKe oAHAa M3 STHX TPAGKTOPHA HA3LIBaETCA Ha-
cTHABNOR, a Apyras, Kacalomlaacs rpadHIbl {0 NONAJAHHA B
ue/b,— HapecHoll. Uepes KamAyi0 TOUKY, NPUHAANEKANYIO
FpanHUe, NPOXOAHT JHlup ofHa Tpaekropha. OrTmeruM, 4TO
rpanuna ABAAeTCA orubaiomedt Ana cemelicTBa TpaekTopuil
[iPH PA3THYHMX HANPABICHHAX HAYadbHOH CKODOCTH H (PHK-
CHPOBAHHOM 3SHAYEHWH HAYaALHON CKODOCTH ¥,.

[Tpuseaem Apyrofi BOMOMHBE NYTH PElIeHHR STOA 3aAauH,
CBA3AHHHIA ¢ ewle oaHOl TpakrosKkol ypaBHedus (1). Pacemor-
puM LeaH, HaxOmgIHecHd Ha ORHOH BepTHKAaAH, OTCTOAMEH OT
0pyAud HAa paccTOsiHMe x, U HafimeM Ha Hell caMylio BHICOKYiO
TOMKY, B KOTOpPylO ellie MOXeT NORAacTh CHapai. 3Ta TOHUKa,
OYECBHIHO, MpHHAAMeXKHT rpanHue. Takum ofpasoM, sajaua
CBOAHTCH K IIAXOXKJACHHIO MAKCHMYM2 Y, T. €. NpaBoil yacTy
ypasuenus (1), paccmarpaBaeMoll RAaK ¢YHKIHA Yrja o,
IipaBas uacTh €cTh KBaApaTHHIA TpexyJeH OTHOCHT&NbHO tg o
W WMeer MakcuMyM npH ig a=v}/gx. CooTsercTByioee MaK-
CHMYMY SHaYeHHe y NONYYaeTes NOACTAHOBKON 3TOTO 3HaYCHHSA
tg o B ypaBHetne (1):

L
V=% o
YTO COBMAZIaéT C NOAYYEHHLIM paHee ypaBHeHvWeM Tpa-
HHUH (4). A

8. I'pasb or konec. Tenera paBHOMEDHO KaTHTCA N0 To-
pusoHTaNbHOR MoKpofi nopore. Ha Kakyio MaKcHMAJbHYIO
BLICOTY INOZHEMAKTCA KallJlH BOAH, CPBIBRNIBHECA C 060,&3
Koneca?

A 3ra 3ajaua BO MHOrOM mopoGda npeapiayminm, Camas
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CYHIeCTBeHHAR OCOGEHHOCTh 3aKMONACTCH, NOmanyH, B TOM,
uTO RAA ee PEMeHHA HENbSSH AOMECTHTL HayanQ KOOPAHHAT B
HCXOARYIO TOYKY TPacKTOPKH KAWJIH, TaK KaK OTPHB Kalneslb
POMCXOINT B PA3HHX TOMKAX ofiopa koaeca, CopmecTEM no-
STOMY Hayalo KOOPAUHAT ¢ LEHT- 7
pom Koneca, T. €. OyAeM paccMar-
pHBaTh ABHHKENHE KaneNb B CHC- It

TemMe OTCYETa, CBA3aHHON ¢ Tene- v

rofl, ZBuMyuleHcss paBHOMEDHO H AN
PAMOTHHEAHO OTHOCHTEILHO 3€M- v
an, O4eBUARO, YTO MAKCHMANLHAS N
BHICOTZ MOXLEM& KaneAb No Bep-  f. A}
THKANHA He 3aBHCUT OT TOFO, pac- S -
CMATPHBaTh UX JIBIXKEHHE B CHCTE-
Me oTcuera, CBS3aHHOH ¢ semdeil,
WAY B CHCTEME OTCYETa, CBA3AHHOM
¢ paBHOMEpHO JBHKYHleficA 1o
ropusourasn Tenerofi. Ecmi cko- o oo

POCTh TEMErH PaBRA Vo M KOTCA  nent b crcreme orcuera, caa-
He MNpoOYKCOBEIBAIOT, TO B BHG- SaunOR ¢ TeneroR
paHHoil cHCTEMe OTCuEeTa CKOPOCTh

mobolt Touxn ofofa TakKe paBRa v, (Jloxaxute nocaennee
YTBepKIACHHE caMH — 9TO coBceM npocto.) [losoxedue moboit
#3 TOYEK, B EOTOPHIX NPOHCXOAMT OTPHB Kaniu oT oboaa,
ORHOSHATHO ONpejenaeTcs yraom ¢ (puc. 8.1).

TekynHe KOODAMHATH KanJay, oToppaeulefica or ofopa
Koneca B TOMKe, XapaKTepusyeMoH YrioM ¢, onpejeasiotcs
COOTHOILICHRAMHU

x(f)=—R cos ¢+uv, sin ¢-4, ()
y()=R sin ¢-}v, cos @-i—gt*/2. [))

JlAa naxoXACHHA MAKCHMaJAbHOM BHICOTHI MOABEMA Kamau
Ymax HYMHO NONCTABNTL B ypaphenue (2) BpeMs HOZbeMa
Kanin #;, KOTopoe npoille BCEro HaATH c/aenyloiiM ofpasou.
B nauBucimeft TOUKE TPAGKTOPHH BEPTHKANbHAA COCTABIAIOMAN
CKOPOCTH ¥, o0panlaercs B HYNb: Uy =U, cos ¢-~gly="0, OTKyAa

4 =-:lcos ?. 3

Torza MakcaManbHag BBHICOTAa NMOABEMa Kafl/iK, OTopBaBlleRca
oT ofona B pacCMaTpHBAEMOR TOUHE,
3

2
Yoo = — g S @+ Rsing + 5. ()

(B sToii dopMyae cos ¢ BHpaXeH uepes sin ¢.)
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M3 (4) BuaHO, 4TO MaKCHMAALHAA BLICOTA MONLEMA 3aBHUCHT
OT ymMa @, T.e. OT Toro, B KaKofl TOUKe NPOH3OLIe/ OTPLIB
Kannu. B Kakoh e TOWKe JO/UKHA OTOPBATBCA Kaljd, YTodul
TIOAHATLCS BRIl BCeX ocTaNbHBIX? Bripamenue (4) ana mak-
CHMAMbHGH BRICOTHI [IOAREMA NPEACTABARET Coboil KBaApaTHLIH
Tpexu/ieH OTHOCHTEJbHO sin @ H NPHIIAMAET CBOE HaHGO/bLes
3HaYeHHe

e = B ©)

npu sin 9=gR/%, Konelmo, 3TOT PE3YJNLTAT HMEeT CMbIcH,
ecaH gR<v), T, €. ec/H TeJera Katurces HOCTAaTO4HO GHICTPO,
B nporusHOM caydae, KAk HeTPYAHO YOemHTBCS, Hi OjHa U3
OTPRIBAICIIMXCA Kanedb He NOAHHMAeTcHd BHIHIE BerHeﬁ TOYKY
obofa. JlokaxXurte 3T0 CaMoCTOATEALHO,

C nomomsio coorrowiennn (1) serko ysuaers, uTo HafijleH-
Ras TOYKa HAMBBICILETO MOALEMA JIEIKUT TOYHO HAJ OCHI0 KOJeca:
nogcraasna (3) B (1) u yuurmBas, uto sin ¢=gR/vj, moay-
yaeM x=0,

OTBer Ha nocTaBJeHHHA B 3afade BOMpoc — popMyaa (5)
BAA HanGoJblledl BHICOTHI MOABEMA OTPHIBAIOIRHXCR Kalleab —
NOAYYeH NYTEM HCCNEZOBAHHA Ha MAaKCHMYM KBafipaTHOro
Tpex4/ieHa (4) OTHOCHTeAbHO Sin @. DTOT Pe3yAbTAT MOKHO
NoAygHTE H HHave, Bygem paccymaate caenyioluuM odpazom.
3apHKcHDYeM HEKOTOPOE 3HAUCHHE Yy,, H PEIIHM YpaBHeHUe
(4) orHocuTENBHO sin @

sinq},,,«-—*%ﬂ: V(%)n+ 1 —-2-3%.—-';“3. (6)

3nech YIAW @5 H @3 ONPENEJIAIOT T€ TOYKH 000Aa, OTPHBAACH
OT KOTOPRIX KalAM JOCTHTAIOT 3ajaHHOd  MaKCHMAaJibHOM
BucOTRI, Ecad BeilieCTBeHHHX KOpHe# HeT, TO sajaHHOTO
SHAYEHHS #f,,,« HE AQCTHIAST HH OfHA KanafA. Eciu ecTp jBa
PAsHYHLIX BEIECTBEHHBIX KOPHA @; H @,, TO 32A3aHHAA BRICOTA
AIBNAETCH MaKCHMAaAbHOH ANA ABYX Kanesb. JT0 OTYeTAUBG
BIAHO U3 puc, 9.4 sapaun 9 npo emoKpoes koseco, Hauboasiuedi
BRICOTH! H3 BCEX Kaliedb, Kak BHAHO H3 TOTO e PHCYHKa, Xo-
CTHI'a€T TOJNLKO OfiHA Kanast, Cneaosarennyo, STy HanGonblIyio
BHICOTY HKy,y, MONHO HaitTH, norpefopas, u9ToGH 0fa KopRA
ypasuenHs (6) campanuch B OAMH: NPHPABHHBAA ANCKDHMH-
H2HT HYJI0, NIOAydaeM oTeeT — dopMmyay (5).

Hrak, monyueHO HCUepNHBalOHle¢ peileHHe 3Tofl 3a4aw.
Kak B npenpinyise saaads, Mbl PEIiM/IM ee, HCMOAb3YR ypas-
uenns apwkennsn (1) a (2), KOTOpHe AAI0T 3ABHCHMOCTL KOOP M-




¢. KANTJAH ¢ BPAHIAIDIIErOCs KOJNECA 2

HAT OBHYUIETOCA TeNa OT BPEMEHH, STH YpaBHEHHA COASPKAT
BCI0 HHGOPMAMIO o JpmKeHKH TeAa. Ho Bo MHoOrHx cayuasx
noJaHan HugopManHa GbiBaeT He HyxkHa. Hanpumep, B ofcyx-
Jaemofi 3agade Hac cOBEpIIeHHO He MATEPECYIOT BpeMeHHEe 3a-
BHUCHMOCTH — TpefyeTcd HAHTH JHHb HOJOMEHHE TOWKH Hal-
BLICHIETO NONBEMA Kall/H, 2 MOMEHT BPEMeHH, KOrja Kamjis TaMm
OKasLIBaeTCd, MHTEpeca He mpeacTaBaser. B nopobumx cay-
yafxX 4acTe OKasbiBaeTcsd YHOOHEIM € CaMOT0 Hayajla HCKIIO-
YATE HSGHITOYHYIO HHGOPMALHIO, BOCNONbL3OBABIIHCEH 3aKOHAMH
coXpaHeHHs1. B paccMaTpuBaeMoli 3afiaue MOXKHOQ cpasy noay-
H9UTL cooTHOWEeRHE (4) Ana HanGonemedl BRICOTH NOABEMAa Xa-
nesnb, €cAH NPHMEHHTL SaKOH COXPaHeHHS MeXaHryeckKol
sneprui. [lonarad noTeHUHANBHYIO SHEPIHIO KalJH Ha YPOBHE
OCH KoJieca paBaOR RyJIO, I/ NOJHO SHEPTHH KalJH B TOYKE
OTPLIBA HMEEM ;

E,=mgRsing +%—

‘B BHcleli TOYKE TPaeKTOPHH BEPTHKAABHAS COCTARIAIOMAs
CHOpOCTH ofpainaercs B HyJAb. TIOCKOILKY TOPUSOHTaAbHA%
COCTABMIAIONIAA CKOPOCTH He MEHAeTcd, SHeprus B Bhicliedi
TOUKE

E, == Mgl + 20O

Fpupasnupas E, u E,, nonyzaem dopmyay (4). Kak Buaute,
BO MHOFPHX 3ajavax He BpeARO noJyMaTh © TOM, HeJL3A JH
YOPOCTHTb pelileBie, HCHOAb3YS 3aKOHW COXpaHeBHs! A

9. Kanau ¢ spamawouerocs xoseca. <«Mokpoe» Rozeco
PaBHOMEPHO BpalllaeTcsl B BEPTHKANLHOM NAOCKOCTH BOKPYP
nenonerxkHoR ocH. C o6osa cpuBalorca Kanau. Hafith rpa-
oYY «Ccyxofiy obsacti.

4 Jiswxenrne oropBaBlINXCA Kanejb NPOHCXONAT Noj Ael-
CTBHEM CHJAM TAECTH, KOTOpasg BCEM KalIAM cooblIaer ofm-
HaKoBOE YCKOpeHHe g, 3To NOSBONIAET CHAYaNa OTBAEYECA OT
HaJu4yus TArOTeH#s. PaccMOTpuM JBHXKEHHe Kaneab, OTop-
BaBIIMXcH OT 0f0jJa Koameca B OfHH H TOT e MOMeHT. B or-
CYTCTBHE YCKOpeHHst cBOGOAHOrO NafeHHA KalllH ABHXKYTCA
0o npaMEM aanuAM. B moGofi mOMeHT BpemeHH f Bce KanjH
JeXar Ha OKpy:RHocTH pajiuyca r (pme. 9.1}, mas kotoporo
¢ noMompo Teopemm Ilnbaropa moxuo HanucaTh

r()=R'+(vol), (1)

rae R — pajmyc Kojaeca, Uy — CKODOCTH TOYEK ofofa.
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Paauyc okpyKHOCTH 7 yBeHYHBAETCH C TeHEHHEM BPEMEHH,
a TpH HANHYHH TATOTEHHA BCA 5TA OKPYKHOCTL €itle H «na-
JaeT» ¢ ycKopenueMm csofopHoro najeuna g. Ecam Hauano
KOOPAHHAT BHOpado B HeHTpe Kwieca, To B Juolofi MoMeHT
DpeMeHH ¢ OpAMHATA LEHTPA OKPYMHOCTH paBHa —gi¥2.

FY
Puc. 9.1. B orcyrcrane Puc, 9.2, Tpauttua «MoKpofiy 06NaCTH
TAKCCTH KAIAH ABHEYTCA kak orafaoilag OKpyIKHOCTEH

npaMoAHHeRd0

YpasHeHHe «najawomeds OKPYHHOCTH B ITOft cHCTeME KOQOp-

AMHAT HMEET BHN
| x3+(y+gt/2)r=ri(t). @

Vpasretine (2) ects ypaBHenne HeJIOro cemeAcTsa OKPyHK-
HocTefi: MpHAaBad ¢ pasHHe SHadeHHA, NOAYHaeM OKPYKHOCTH,
Ha KOTOPLIX HAXOAATCH KAI/K B PA3/IHYHLIE MOMEHTH BPeMeHH,
Jlerxo coofpasuTb, UTO HMCKOMas TPAHHLUA ecTh orafaiouias
3TOro ceMedcTRa okpy#xHoctell (puc. 9.2). $HcHo, uTo Bhicluan
TOYKA STOH TI'pPaHMUBEl JIEHKHT
_ TOYHO Haj ochio koneca. Hpy-
W gy, THMH CJAOBaMH, YpaBHeHme (2)

g (D,  omwerenser a0 aorpyos o
/ X siactk {puc. 9.3), u pas peie-

HHA 337a4d HAM HYXKHO HafTH
rPaHAuy SaUITDHXOBAHHOH 00-

Puc, 8.3. «Mokpas» o6nacts sa- JacTH.
WTPHXOBAHA Byaem uckate STY rpaHuiny
CAeRYIOUIHM 00pa3oM. 3aMeThm,
9T0 KaldAM, OTOPBaBIHHECH OT KoAeca B O/MH H TOT K& MOMEHT
BPEMEHH, AOCTHTAIOT TPAHHUL B DPA3HLIE MOMEHTH BPEMEHH:
TPAaHHLA KacaercA pasHbiX oKpyxHoctell. IlpoBeas ropusoH-
TAJBHYIO MPAMYI0 HA HEKOTOPOM ypoBHE Y, HaliieM Ha Hel

HauGosee YAAJMEHHYIO OT OCH Y MOKPYIO® TOUKY, HE 3afyMhi-
BasCh O TOM, KaKOH OKDYXHOCTH OHa RpaHapjexur. Alc-
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mucey X TOUKR nepeceuenns MoGoli OKPYMHOCTH € 9TOi
DPSMOA MOXKHO HalTH, TIOACTABHB B YPABHEHHE OKPYXHOCTH
(2) opaunary y=Y n panuyc r us ypasHenus (1)
Xr=Rr+ujir—(Y+gt2/2)8. 3
Jlerko BHAeTb, YTO NipaBad 4acTh (3) ecTb KBaAPaTHHI
TPEX4/ICH OTHOCHTENBHO (%
Xo=—g? /44 (vj—gY )P+ R*—Y?5,
Ero makcuMainHoe sHaueHue
4 ;)
tmRrp 20y 4
Xt=Rit+ g — )

Paspeman (4) ornocuTesibio Y, nionydaeM ypapHeBHe Tpanubl
«CyXxobi o0nacTu: '

& ys 2R 3‘1 5
Y= 2a§X+2o§+2&' -G
Sto ypapHenue napaGosibi, BETBH KOTOPOR HanpaBJeHH BHHS,
a BepIIMHA HAXOAMTCA Ha OCH y Ha Becote gR*2ui-+u3/2g.
K4

Prc. 9.4. TpanHua «Moxpofi» ofmacth  Puc, 9.5. Tpannua «Mox-
Kak orwBalouwan napabon — Tpaextopnit  pofs oSmacTH NpH MepteH-
Eanedb HOM BpalleHEH KoJeca

I'panuna 60a RafileRa Kak orndaioman cemeAcTBa OKPYK-
HOCTEH, Ha KOTOPHIX HAXOAWAKCH KalJH, OTOPBABIINECS B OANH
W TOT K€ MOMEHT BpeMeHH. Meny TeM TpaekTopHs Kazof
OTACNBHOR Kanau NpeacrapaseT cobofi NapaGoxy, H NO3TOMY
Hafiaennas rpanuna (5) aeaserca oruGalomel sTHX mapaGon
(puc. 9.4).

HarepecHo otmeruThb, 9T0 3afadu 7 B 8 ABAAKTCA BacT-
HEIMH ¢nydasMH 3TOH sanaun., JlefcTButenbHo, B 3apave 8
¢hakTiYecKH TpeGOBasOCh HafiTH JHINL BEPXHIOI) TOYKY Tpa-
HHIB ¢MOKpoOH» ofmacth: npa X=0

] ;]
Y=hmax=£2%+%*
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3anaya 7 nonyyaercs 3 3Toft 3a1a4n, eCAH YCTPEMHTE K HYJI0
paauyc Koiieca R OPH HeASMEHHOR CKOPOCTH v,. ¥ paBHeHwue
rPAHHUUG JOCTIXKHMMBIX Lesefi nosnyyaerca us (5), eciu B no-
ciaefaeM nonomurs R=0;

k]
N 4 ¢ PR N
203X +2e

Hpyu pewensn sTofl 3agaud ML MOTMANHBO MpeARONarany,
4TO MCKOMAas rpaliHila NPOXOAAT BHe Koneca. Kak H B npeau-
ayied 3aaaue, Jerko yOeauThes, 9TO ST0 COPABEAAHBO HpH
ychoBHH ©3>>gR. B nporusHoM caydae (vj<gR) rpanuua
«MOKpOf» ofilacTH B cBoell Bepxeil YacTH NMPOXORHAT No ofoxy
Koneca (ayra OKpyKHOCTH), a8 3aTeM NJIZBHO NEPEXOAHT B
peTBr napatoin (puc. 9.5). A



II. JHHAMHKA H 3AKOHbI. COXPAHEHHA

HunaMaga Maygaer, Kak NPOHCKOABT JBHXEHHE TeAa ODPH €ro
B3aEMOKeACTEHH C ApyruMy Tedamu, BsammofeficTBHE OMBCHMBACTCA Ka
A3MKe CHA, XeHCTBYRMAX Ha Teao. OCHOBY IHHAMHKM MaTepHaAbHol
TOYKHE COCTABARIOT TpH sakoda HuloTona. lepBulli 3akom Bupenser te
CHCTeMH OTCYEeTa, B KOTOPHIX YDABHEHHN RWHAMHEH HMeT HamGodee
npoctol BEA,— 5TO TAK HA3WBAEMHe HECDURAJIBHEE CHCTEMH OTCYera.
Bropoli sakon HeloToHa ycTaHABAHBaeT CBASh MEXAY YCKOpeHHeM, ¢
EOTOPHM JABWKETCH MaTEpHANBHAS TOYKA B HHEDUHANBHOH CHCTCM:
orcuera, M feficTRylomUME Ha Hee cHAaMH. TperTufi 3aKoH csasnBaer
MeXay cofofl caNb, ¢ KOTODHMH Tella AcACTBYIOT APYT Ma apyra.

" B RHHaMHKe B3aHMOAEfCTBHE Te/ CUHTAETCH ANARHLIM: HATPHMED,
rpaBHTaUHOHHOE B3AHMOfeficTBHE MATEPHANLHEIX TOUEK OMHCHBALTCH
3AKOHOM TATOTeHHH, @ 3NeKTPOCTATHYECKOE B3AHMORelcTBHEe TOUEMHLIX
8apafios — 8axoHoM KysioHa. Bepawenus WA CHJI, BXOAAWMX B 3a-
Kol HbioTOHE, JoaXunt GHTh B3ATH H3 APYrHX pasxenos QHIHKH, Tle
H3yyaeTCA HX NMpHpoAa,

Petremnte nnnamnqecxoﬁ 3apauH CACAYCT HAYHHATE C AHAMHAA BLEX
CHA, AeHCTBYION(HX HA HYTEpECylOIlee HAC Telo.

OcCTanOBHMCH HOCKONBKD MoRpofHEe HA TeX BHAAX CHA, KOTOpLE
BCTPEYalOTCa B 3afaUax STOro paszeiz. I'pasuraluonnoe psaAMogeiicy-
BHE TeA OCYMECTB/JAAETCA NMOCPEACTBOM CO3/aBaeMHX HMH lojgell Taro-
Tenns, Teao co chepHUECKH-CHMMETPHIHKM pacTpefeseEHeM Mace (Ha-
npumep, seMuofl map) Co3AaeT B OKPYMAONIEM TPOCTPAHCTBE TaKOE
e rPaBHTAMOEHOE iore, KAK H MaTepHANbHAfl TOYKA TAKOR Ke Macou,
NOMenIeHAN B Er0 LeRTP. B $ajauax o IBUKEHEH COYTHHKOB 3emiu
yA00HO BHPAXKATh ASHCTEYIOULYI0 Ha HHX CHAY NpHTAKEHH 3emiu
yepes PAcCTOANRE COYTHHEZ JO LeHTPa JeMaH r, ycKopenAe cBoSogHOr 0
NageHRs § HA NOBEP XHOCTH 3eMaH H ee paguyc R:

mM  mgR®
FﬁGT= f, ' (1}

rae G — rpapuratBoHHan NocTogHAan, M — sacca Seman, m — Macea
coytiuga. Tagolt sup dopMyan aas F ynoen rew, aro geficTsyiowan
Ha CIYTHAXK CH/AA BHPaKACTCA Uepes AETKo SATOMRH2IOMHECH BeTHYH I
7=9,8 w/c? 4 R=6370 M. .
Bo MAaorax sazawax HPHXOAHTCH PacCMATPHBATE TPeHHe Ted Hpyr
o apyra. [pu nannuen Tpenusn cuay @, ¢ Koropodl opno Telo peficTayer
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Ha ApYyree, yAODHO PaCCMaTPHBaTh HaR ABE CHAH (CM. PMCYHOR): cHAY
N, nanpasiennylo NC HOPMaAR H MOBEPXHOCTH KOHTaKTa {cHAa Hop-
MaALHOrO BABJCHHS MJAN ChJa peaKiuBd ONCPH, KOTopad 1o cHoell npx-
pose Agxgerca ynpyrofi cnaof), B cHay Tpenus Fpp, HanpaBAennyio
0o KacaTenbHoll. ¥Yno0cTBO 93RAI0%AETCH B TOM, YTO MPH CHONLMEHHH
TE MOAYAM STHX COCTABAAICIINX OAHOH CHAH @ cBasaHu Mexny coboit

F: / uninia AL

Cuay €, ¢ XoTopoll WepoxoBaTas no-

BepXHOCTE RelicTBYeT Ha Teno, YRo6HO

NPEACTABHTE KAK CYMMY CHAB pPeaKuHH
onopt! N H cuant Tperua Fp,

NpHSANMeNHEM SaKonoM KyRroua — AMOHTONE, YCTAHOBAERUHIM ONEIT-

HHM DYTEM:
Frp=i¥. b

Kosfbaunent Tpenna cKoMLMeR S A 3aBHCHT OT Pofd CoTPHKacalo-
wWHxeq Nomepxnocteil. Obuuno npenebperaior ¢nabolt 3aBHCHMOCTLIO
CHAW TPEHHA GT DAOIWAAN KOCHTAKTA H OT OTHOCHTEARN O] CKOpOCTH Ted.
Jng Tpenwa noxod 3aKon (2) He EMEET MeCTa; CHJA TPelHT MOKOI MOXeT
HBMENATHLCH OT HYAH A0 HEKOTOPOro MaKCHMANbHOrG SHAYEHHS; oGHYHO
HECKOABKO TPEBLIMIAOWEry CHAY TPeHHA CKOALWKEHHS AAf STHX NO-
pepxsocrefi. [Ipr pelwrenny 3anau Ang TPOCTOTH MaKCHMaAbHoE 3Have-
HAE CHAN TPpeuua NOKON NPHEAMaeTCH paBnM pN.

OcroBnoe ypaBHeHNHe RHHaMWKH — Bropoft 3sakox HujoTona —
BeHTOpHOe ypaphenHe. B paccwarpumaempix gapawax peficreyiouine
CHALl A€¥aT B GAHOI NAOCKOCTH, MOSTOMY MOMNO BHOPATH CHCTEMY KO-
OpPAHHAZT TaH, 9To0K BEHTOPHOE YPBBHEHHE BTOPOrC 3aKOHA CBORHIOCHL
K ADYM CKalfpHHM,

TMpuMenerne proporo B Tpereero aaxolnoes HuwoTona k cucreme
83aUMORCRCTBYIOUIHX TeX NO3BOAAET CHOPMYNHPOBATh 3aKOH ABHIKE-
HU UEHTPA Macc CHCTEMN Tel B O4eHb NPOCTOM BEOE. LEHTP MACC JBH-
#OTCH TAK, KaK RBMralack OW MaTepHAXbLHAN TOBKA ¢ MACcCof, paBnoOR
CYMME MACC BCEX TeN, BXORALNY B CHCTEMY, Rox ReficTBHeNM eNiH, paBHoOl
BEKTOPHON CyMMe BCeX BHEWNHX CHA, ACiCTBYIOWNX HE TElZ PACCMAT-
pusaemoli cueremn. B wacTaocTH, oFcions crenyer, 9To nox nefcTBHEM
TOJNBHO BHYTPERHAX CHJI UEHTP Mace He MOXer NpROBPECTH YCKOPEHMA.

Pewenne RURaMHYECKAX 34239 SacTo ofjeruaerca HCNOALIOBANHEM
SaKOROB COXDAHENRS SHEPTHK, MMRYILCA H MOMEHTS WMNyanca, Oco-
Gento siphex THBNKM ABARETCH MCNONLIOBANNE STHX IAKOHOR B TeX CAY-
yanxX, KOrAa AelicTByomHe CHAN HENOCTONHHE # HENOCPEACTEECHHOE pe-
. UIEHHe YPaBACHHA AHNAMHKN C NOMOILLI BAeMeHTaphofi MaTeMaTHKH
HEBOBMOMNEO, JaKOH COXPAaHEHHA SHEPTHH WMPOKO HCAOAL3YeTCH BPH
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peuleHMH safay O ABiKedHH KocMHueckdx amnaparos. Kax u s (1),
BHpaXente ANA NOTeHNHAABHON SHEPTEH Teka B TPABHTALHOHHOM node
3ema¥ yaobHO 3anMcarh Yepes yCKopenHe cBOGOAHOTO NafeHHd HA M0-
BepXHOCTH JeMuu:

B pupancenus (3) NOTEHIHATbHAA SHEPIHA CTPEMUTCR K HY/IO ODH F-x00,
T. €. ROTERUHANBHAA SHEPrHa TATOTEHMA TeN3, YHRANCHHOID HR BecKo-
HeUHOCTE, NPHHATA paBHOd HyAI0.

CKopoCTs COYTHAKS, ARHXYILErocs IO Kpyroeod opSute paguycou
r, Ha3WBaeTcA Nepeoll KoCMAECKOH cKopOCTbio. Ee MoKAO wafity ¢ mo-
Mompblo BTOPOro 3akoka HbioToHA B 32KOHA BCEMEDHOTO THTOTEHAA:

0;=VgR‘/r .
Jlna cnyTHHRa, ABRKywWerocs BOAN3n NopepxHOCTR 3emau, nepsas
KOCMHYECKan cKopocTs v;=F gR=7,9 kn/c,

MstnumManhuas cCKOpOCTp, KOTOPYX HY#HO COOBMIHTb Tenmy, Haxo-
AAWEMYCA Ha DacCTOHHMY £ OT UeHTPa JeMan, AJA TOFO yTOSH OHO
YAAARAOCCH HE GECKOHEYHOCTS, HOCHT HA3BAHRE BTOPOH KocMEgecKol
ckopocTH. Ee Momee BafiTH ¢ NOMOMBIO 38KOHA COXPANEHHA SHEPrUM:

o=V 2gRYr =V 2o,
[in Tema, HaXOAHIEroc] Ha TOBEPXHOCTH 3eman,
vy=Y 2gR =11,2 xujc.

Teno yaaauTcd Ha GECKOHEUHOCTE HEIABMCHMO OT TOFO;, B KAKOM
HanpansnenAd coofillena eMy BTOPaa KOCMRYECKAas CKOPOCTH, XOTH Tpa-
eKTOPHH NpH 5ToM GYZYT pasuuie (Ho ce napatonnueckue!). Ecau cool-~
WHTH Tely CKopocTe GoAblue BTOpoH KocMugecKoli, To OHO yAanHTCA
no runepbone, Ecan nawaabnad ckopocTh Medbule BTopolt Eocmave-
cxofl, To TeRO ABMKETCH N0 JAAHUICY, ONHH H3 HOKYCOB KOTOPOro CoRfa~
RaeT © USHTPOM 3eMAR. 370 yTBepXKACHHEE HOCHT Ha3BaHKe NEPROro $a-
xoua Kennaepa, noropufl 6ua oTEpuT B pe3ynbTaTe Habnwogennd 32
AprKexneM Nxaner soxpyr Coanna.

Tlpr pemendd sagay GyAyT HCNOAB3OBATBCA TAKKe BTOpOA W Tpe-
il sakoust Kennepa, Coraacno BTOPOMY saKoHy Keflliepa ¢eKTOPHAR
CcKOpOCTe CiTyTeHKa mocToauna. Tpetuii-sakon Kenaeps yrsepmpaer,
4Te RBRAPATH MepHoaoB olpalleHHs COYTHHKOB OTHOCATCA HAK KyOw
GoAsIIUX ToAyocell HX SIAHITHICKRX OPOHT,

3axoun Kenfepa MOMHO BWBECTH C MOMOIILbIO ypanueunﬁ AHHAMAKH
H 3aKOHA BCEMAPHOTO TATOTeHHS.

[lpn pemeHsn sa5avy, B KOTOPHX BeTpedaercs Kouefarensuoe
ABHIKEHHE, CASAYET NOMHUATL, 9YTO MPH TapMOHHYeCKHX KoaeGamuax,
KOTfA pasHoAelCTRYOMAA BeeX CHA HANPABJICHA K NOAOKEHHI) pasHo-
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BECHE H NpONOPUNOHAMABHA CMEMEHHID, EPYropaq HacTorTa Kouebannft
ONpERLNaeTca COOTHOWEHARM

o=V km,

rAe M — Matca Tena, & kB — KosbduIRenT NPONOPILHOHAALHOCTY MEKY
cunofl g cuemenueM. JIpauenente sTofl GopMyAR K MaakiM KoreGauksM

MaTeMATHYIECROrO MAATHUKA AnuHoH [ pacT w= ]fg?

t. Henopeumumii Gaox, Uepes sienompmxuuil 6ok nepe-
KHHYTA HEPACTAXKHMAA HATb, K KOHLAM KOTOPOH NPUKPENNenEt
Fpy3H ¢ MaccaMp m B M, npmuem m<M (puc. 1.1). Haiity

CHJY HATAMEHMA HHTH DPH JEBYIKEHHH
IpYy30B, npeHeGperas TPeHHEM, MaCCaMH
GJIOKA 4 HHTH.

_ A Tipy  ykasaHHRIX B YCJIOBHM

med  HEeATHSAUMAX 3ajada, KOHEUHO JKe,

TpHBHAJAbH2, Eciin m<&M, 1o TAMensil

e rpys OyJeT HajaTh NPaKTHYECKH CBO-

GofHO, T. €. NOYTH € YCKOPEHHEM g.

Ho Torma B CHAY HepacTAaRHMOCTH

HHTH JeTKHH rpys OyaeT BMHYAJIEH

7 DomHMMATHCA C TAKWM e VCKODEHHEM.

AT, s sToro achicTBYIOMAS HaE HEro co Cro-

mel POHEI HHTH CHJA JAOMEHAE OLITEH BIBOE

¥ fonsme cRAH Tﬂmec;n.Qﬂosrog\ray CHAA

. . matkenusa Huth Ta2mg., Tak xax

El?:j;](;‘;:‘;e Chst, A% maccoli GNOK MOMHO mpetieSpeus, To

BO BpeMs ABHAERHA CH/a HaTAXKEHHA HRTH OAMHAKOBa IO
ofie cTopoHr GJoKa.

PasyMeeTcst, STOT pe3yAbTAT MOXKHO NOJYUHTB M CTPOTO.
PaccMarpupas JeficTByioluHe Ha rpyabt cHAbl (puc, 1.1)
npOENHPYA YpaBHeHHR BTOporo saxona Heiotona xaa xaxaoro
H3 rPYSOB Ha BePTHKAJBHOE HanpaBjieHue, notydaeM

Mg—T=Ma, (1)

mg—T=-—ma. 2)

HMermouas W3 3THX YpaBHeHHH YCKopeHHe TPY30B 4, HaXOIMM
2mM

T=o m& 3)

fIpn m<«M B snameRaTene MOXHO npeneSpeur m Ho cpas-
Henmio ¢ M. 310 paer TA2mg. T

A 7Tenepb npeAnoncxHM, 9T0, HAYaB pellaTh TY 3agady
CTPOro M 3anucas ypaesednsa (1) # (2), Mb coobpasunu, yro
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NpH 3afaHHOM YCaoBHH m<M ycKopeHHe g MPAKTHYECKH
pasto g. Toraa gna Haxowaenna T MOXKHAO NMOACTABHTL STO
sgayeHde ycKopenns a=g B ypasuenue (1) nau (2). Iloncra-
HOBKA a=g B ypaBHeHHe (2) NefiCTBHTENBHO JA2eT 3HaYeHHe
T=2mg. A BOT NOACTaHOBKZ B ypaBHenue (1) npusomur K
HeomHaaHHOMY peayanTaty T=0. B uem xe TyT Zeno? Besae
ypasHenusa (1) # {2) TouHHe, W CTPOroe pelleHHe BO3MOXKHO
TOABKO NPH HCMOAB3OBaHHH OBOMX 3THX ypaBHeHH,

ITOT HpHMEP SPKO UIJIOCTPHUPYET TO OGCTOATENBCTBO, 4YTO
B QU3NKEe NOHATHA «Masas BeJHIHHA» H «Goabiad BENHUEHIAN
camu 1o cefe GeceMuIceHHR, Ecniy «00abllass HAH «MAJan»,
TO 00513aTeIbHO JIOMKHO GBITh YKA3aHO, HO CPABHEHHIO € UeM.
Hoacrapaaa npubGnmsKeHHOE 3HAYeHMe g==g B ypashenus (1)
wiH (2), Mbl BHIDOKAEM CHAY HATSOKeHUs HUTH T uepes cuny
TAKECTH, ASHCTBYIOILYIO COOTBETCTBEHHO HA THMENRH MIH i3
nerkunit rpys. [lockonbry cuna 7' Toro e nopaaxa BeAHTHNH,
YTO U CHAA TAMECTH JIRTKOrO rpysa mg, TO ypaBHeHHE (2)
RaeT MpaBU/LHLIHA OTBeT.

[ToncranoBka a=g B ypasHeHue (1) He mpHBOAMT K npa-
BUABHOMY OTBeTY, 160 110 cpaBHeHHie ¢ 6oabinoH BeakuHnol Mg
H HYAb, H 2mg -— 3TO NOYTH ORHO H TO Xe. Yrobu ypasnenue
(1) npuBoAMAO K APABHALHOMY OTBETY, B HEM HYXKHO YHECTb
Manoe owInYue a of g.

Hcnonbsyn nouaTie GoabiuoR HIH Masoil BEJTHYHHBI, HYMX-
HO 00s3aTenbHO OTHABaTh cefle oTHer, ¢ “YeM T2 BeJHUMHA
cpaBHuBaerca. M XOoTA BO MHOTHX C/Iydanx 3TO AiBHO He OroBa-
pHRASTCA, HO Beerja nojpasyMenaerca. Tak, Hanpumep, B 310
sajaye, HpeneGperas Maccolt 6/A0Ka M Maccofi HMTH, Mbl He
OTOBOPHW/IH, 10 CPABHEHHIO ¢ YeM Ma/bi STH BNRUHHLL. A KeTa-
TH, N0 CPABHEHHIO C UeM? A

‘2, Heusnueckas samawa. Teno cOpachiBaercs B BOAY
¢ HEeKOTOpPOH BHICOTEL 6¢3 HayaJdbHON CKOPOCTH; NPH STOM
H3MepfieTcd TAYOuUHA €ro MOrpYXKeHUs 33 OfHy CeKyimy
nocAe BXOXICHHS B BORY. YCTAHOBJEHO, YTO €C/IH Hauafb-
Hyi0 BBHICOTY H3MEHHTb B % pas, To rMyGHHA NOrpYXXeHHA H3-
medanTcad B [ pa3, Ilpn KaKHX COOTHOMIEHHAX MEXAY %k n !
TeNO TOHET B BOAe? Conpo'manenneu BO3LyXa H BOABl npe-
Heﬁpetm

& JhoGofi dusEveckuil nponece mpeicraBaser cobofl CNoXK-
Hoe seaedne, CoCTaBNAA YCAOBHE 3aJa%H, MH (QaKTHUSCKH
BCEra YNpoliaeM paccMaTpHBAeMue fBJIeHHs, O0T6PachiBan
HecylllecTBeHHbI, 8 9acTO, K COMANEHHIO, H CYIECTBEHHBIS
cropoiisi. Hanpumep, peias safauu O ABHMeHHH Teqa, Gpo-
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INEHHOrO NOJ YIMIOM K FOPH3OHTY, Mul NpeHeGperany conpo-
TUBACHUEM BO3AYXA.

B paccuMaTpHBaeMoli sapawe mpepsaraercd npenedpeun
eHe H COmpoTHB/ACHHeM Boanl, Ecan npeneGpexenue conpo-
THBNCHHEM BO3AyXA HacTo OulBaer ORPaRA2HBLM (OCOGEHHO
IPH MaJdbX CKOPOCTSX), TO HpereGperarb CONPOTHRJICHHEM
BOZH! B 3TOH 3ajaue Hesib3fd, TaK KaK NojaydaeMele NipH TaKOM
MOAXOAe PEIYALTATH He HMEKT HHUEro oGero ¢ JeACTBHTeNb-
HOCTbIO: OeccMbiciienso Oblio Ol NpoBepATs NOJYYEHHBIA
orBeT Ha onure, eficTBNTeAbHO, MW He YYHTHRaeM (DOHTaH
GpBi3r, NOAHHMAaEMBIX TeJOM NPR YHape o BOAY; pacxoAatnylocs
10 NOBEepXHOCTH BOAHY, BAZKOCTE BOIBI, HE YUHTHIBaEM JABH-
HEHHE BOIH, BEITECHIEMOH TEJNOM,

U Bce me Takue «HehI3HYECKHE» 3alaYH HMEIOT NPABO Ha
cyluecTBOBaHHE, BO-NEPBRIX, Gjarojaps cBocH YETKO#R nmocta-
HOBKe (B YCJOBHH YKasauo, 4eM npene(peyb) OMH MO3RQARIOT
HAYYHTHCS DPHMERATL (U3HUECKHe 33KOHH AAd KOJHYeCT-
BEHHOrO AHAAN3a HCKYCCTBEHHO YNPOWEHHMX sABJACHHH; Bo-
'BTOPHIX, B HEKOTOPRIX CAYYanX TAKOE pelIeHHe MOMET NOoCHy-
MATE OCHOBOR (HyJNeBHM RpHOMLKEHHEM) AJiA AajabHeHnIAX
yTounenHii.

Ho Bepremca k nawefi sHepnsnaeckofis 3agave, axe npu
TaKMX YNPOUIEHMAX Ha DEPBBI B3FJIAM He ACHO, € Yero Hadu-
Hath. OfpaTHMCH K BONIpOCY, NOCTABNCHHOMY B 3ajade: NPH
KaKoM YCROBHM Teno ToHeT B BoAe? Teno ToHeT, ecitn ero
Macca m GoAbINe MECCH BOARL 1N, TOTO e ofbeMa, YTO H TeNO,
Taxum ofpasoMm, TpeSyerca BHACHHTb, HPH KaKaX YCJAOBUAX
mo/m<<1, .

Ieuxenne Tena B BOES NPOHCXOZAT NOJ RERCTBHEM ABYX
NOCTOSHHMX CHA: CHJABI TAMECTH Mg W BHTANKNBAOWEH CHIH
Apxumena —mog, ¥, CACAOBATEALRO, GyACT paBHONEPEMEBRLIM
¢ yekopennes @ =g{1—nto/m). [lockoAbKY CKOPOCTD TeNa NEpes,
BXOAOM B BOAY U, =}/ 2gh, TO DepeMemenue Tekia B BoAe 34

Bpems § .
o ~Voght+ (1218,

Bo propem cayuae, xoraa Teno cOGpoiieHO ¢ BHICOTH kA, nepe-
MelneHHe TeJia B BOAE 34 TO We ppems {

VTR my \ gt?
s,—l/2kght+( -—-ma)?.
Ilo ycnosmo sapaun s,fsy=i, T. €.

V Tagh -+ (L— my/m) gt/2

= i
V Zgh- L —mofrs) gb/2 . 0
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O6osuaunm ana yaoScra (1—my/m)gi/2 depes x. Teno
Gyaer TOHYTb NpH mo/m<l, T.e. npu x>0. 3anmueM ypas-
Heune (1), HenoNbayA BBEASHHOE 06o3HAYEHHE:

V 2kgh + x =1V 2gh +- x). @)

BHACHHM, NPH KAaKOM YCIOBHH KOPEHb 3TOTQ YpaBHEHud
x =V 2gh (V' E—1)[({— 1) nonoxurenen. DaemenTapuLM ana-
JIN30M MOXHO yOeguthed, uyro npH A=>1 3HaueHHe X NMOMOKH-
TeAbHO Npu [ < V&, a npu k<<| sxauenne £2>0 upu i > VE.

Taxkum ofpazoM, NoJydeHHMHA PesyAbTaT MOXKHO chopMmy-
RHPOBAThH caefgyiomuM ofipazoM, Teno 6yaet TOHYTH B BOgE,
ecnd NPH YBe/NHYEHHH HayalbHOH BHICOTH B % pa3 ray6uua

TOrpyXeHus 3a NEPBYIO CEKYHAY YBEJAHYHTCH MeHee WeM sV %
pas. Ecin ke ray6uHa norpyxeHus sa NepByio CeKyHAY BO3-
pacrer Goaee uem B V% pas, To Teno 6yaer BCMJLBATD.

IloaymaeM Teneph, Kak MOMXKHO YTOYHHTb pelueHHe 3TOf
32444, eC/M OTKazaThCf OT HEKOTOPHIX H3 CHSTaHHHX Bhillie
ynpomaiomux npepnonokeHnfi. Oxaspibaerca, CPaBHHTENbLHO
NPOCTO MOMHO YYeCTh [BHMKEHUE BOAH, BHITECHAEMOH TENOM.

Tlpexzne Bcero orMeTHM, YTO APH PaBHOMEDPHOM ABHMKEHHH
Tea B MHAKOCTH COTIPOTHBJICHHE, KOTOPOE OKa3biBaeT XKHAKOCTS
ero ABHNEHHIO, OGYCJOBAEHO cUJIaMH BfsKoro TpeHust. Oa-
HAaKG NPH HEPaBHOMEPHOM JBIKSHHH KApPTHHA GYAET CYULECT-
peHHO HHAaA. [laxe npyu ABHKEHHH B MAeaAbLHON KUIAKOCTH cAe-
JyeT YYHTLIBaTh, YTO YCKOpeHHe coobHiaeTcs He TOAbKO Teny,
HO W YacTHllaM camoli XuAKocTH. Kak 5To cKaxercs Ha HBH-
KEHHH Tena?

YroGH mokouBlleecs TeA0 Macchl # NPHBECTH B ABHXKEHHE
€O CKOPOCTBIO U, HYKHO cOBepIiaTb PaGoTy, paBHyio mu¥2.
H3-aa ysneueHHA MKHAKOCTH, OKpyXKaiolnedl Tedo, ee 4acTHUH
nproGPeTyT CKOPOCTH, NPONOPIUOHANLHHE CKODOCTH Teda v,
B pesyanrare yBaeyeHHAA TesoM KHAKOCTh Gyner obaapars
KHHeTHYeCKOR 3Hepruefl, nponopuyoHansHoit v¥, pas coobue-
HHfl KoTopofi moTpelyerca JononuuTenbHaa pafora. ITosromy
pafora o MpHBEACHHIO B IBHIKEHHE NIOTPYKEHROTO B MHAKOCTD
TeJa NponopuUHoHaAbHA v, HO Goablue my/2. anuckBas Ty
pafory B BHje

A=Mv2/2,

rae M>>m, npuxodHM K BLIBOLY, YTO NPH SIOTPYIKEHHH Tena
B MHAKOCTh OHO GyjaeT ABHUTATeCA MOA AcficTBUeM BHEIIHHMX
CHA TaK, KaK OYATO ero Macca yseAuuuAaach. JononurreasHasn,
Tak HasbibaeMas MPHCOSAHHEHHAA MACCA XApaKTePU3IYeT HHepT-
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HEIe CBOMCTBA ORPYKAOWIEH JXHAKOCTH, JHAYEHHE TIPUCOENH-
HEHHOW MaCcCH 3aBHCHT OT MJIOTHOCTH JKHIAKOCTH K OpPMHI Tena.

TTocMOTPHM, UTO H3MEHHTCH B pEINeHHM 3aJaYH IIPH yueTe
npucoeaUHeHHoA Maccel, OMeBHZHO, YTO ycKOpeHWe Tena nNpu
ero JBHMKEHHH B XKHIAKOCTH N0J RefiCTBHEM CHAH TAXKECTH mg
H BHITAJIKHBAIOWIEH CHIB — ntofr GYReT pasHO @' =g{m—m)/M.
MiMenHo Ha STy BeAHYHBY SaMEHHTCA  YCKOpeHHEe - a==
=g {1—m,im) B BHPDKEHHAX AN Si U S3 U B ypaBHennH (1).
Ecan Tenepn uepes x o6osHauuTh g {m—mo)t/2M, To ypaBHe-
nue {2) Gyner uMetTh Npexknufl BHA. Tak Kak Teslo ToHET NpH
m>>m,, T0 U3 ypaBHeRuAa (2), KaK H paHblue, HYXKHO HalTH
YCAOBHA, HPH KOTOpHX x>0,

TaxkuM ofpasom, yHer NpHCOSAHHEHHOH Macchl He H3MeHseT
oToETa B STOH sajzaye, A

3. Caukn ma rope. CxknoH ropnl ofpasyer yroa ¢ ¢ ropu-
aoutoM. [lox Kakmum yraoM P (puc. 3.1) caegyer TsHyTh 3a
EepeBKY, YTO0H PaBHOMEPHO TaNUTE CAHKH B ropy ¢ HaHMEHB-
muM yeuauem? Kakosa a00X-
13 OLITH 5Ta CHJa?P

ACunTas CaHRKH MaTepHaIb-
HOW, TOYKOA, MOXHD NDHUHATD

Puc. 3.1. ITox Kakum yraom f cae-  Pac. 3.2, Cuam, neﬂc-rn)lmmne
AYeT TARYTh 3a BEPEBKY? Ha CaHER

4TO BCe JeACTBYIOHWIHE HA CaHKR CHJILL — H CHAZ TAXKECTH Mg,
H CHAA peakudd NOBEPXHOCTH FOpKH Q, H chaa F, ¢ kotopoil
TAHYT 33 BePeBKY,— NPHACGKEHH B oHOH Toyke (prc. 3.2).
I'IQH PaBHOMEpHOM NBHIKEHHH CAHOK BEKTODHas CyMMa BeeX
IefiCTBYIOUUX CHJ paBHA HYJIO:

F+Q--mg=0. (N

Laa uceaefosanus ypaeHeHust (1) cnpoelupyeM sto Bex-
TOpDHOE DPABEHCTBO HA JiBA B3aUMAO NEPUEHAHKYISAPHEIX Ha-
BpaBJieHns; BEO/L HAKAOHHOHA NACCKOCTH H NEpNEHAHKY/IAPHO
efi, [Ipu sTOM yuTeM, ¥ro npoexuus cuabl @ Ha HalpaBnenye
HOPMAAH K NAOCKOCTH €CTh HOPMaibHafd CHaa peakuun N,



3. CAHKM HA TOPE 41

a npoekuns @ Ha RanpapieHHe BAOAL NJAOCKOCTH €CTh CHJA
Tpenns ckonbmenns F,. B pesyaprare BMecro (1) noayunm

F cos p—F,,—mg sin a=0, {2)
F sin p+N—mg cos a=0, {3)

Has uccnepoBaHAs SaBUCHMOCTH CHAM F oT yraa P ue-
O0XOUMO HCKMIOUHTh M3 THX ypaBHennfi N u F.,, Tak Kak
OHH caMH 3aBucAT oT yraa f. Ha ocHopanuu sakona KyJona —
AMoRTOHA

Fry=nA. )

Buipaxan cuny N n3 ypasrenns (3) u noncragasa B (4),
TOAYYaeM

Fyp=n (mg cos a—F sin ). ()

YuaTHBaA 3TO BHIP@KEHHE IS CHAH TPEHWsi, M3 YpaBHEHHA
(2) naxopum
sinc.}pcosa 6
cos fHpsing * (6)

Uncanteab SToro EnDaKeHHs He 3aBHCHT or P, mostomy
.cuna F Gyaer HaHMeHblUIeH, KOTJa SHAMEHATENb MaKCHMAajeH.
INosToMy OyleM HCKaTh MaKCHMYM BHIPAaXKEHHS

f (B)=cos P+p sin B. @

JA8 HaX0XKAeHHR MaKCHMYMa MOXHO NPHPABHATL HYJIO
npousBozuyio rolff ¢yrkumn: f(p)=0. Moxuo HalitH Mmaxk-
CHMYM M 3jemeHTapHO, cBeas f(B) x oamofl TpuroHomerprue-
cxofl pynkunu yraa . BaeaeM HeKOTOpyio BENHYRHY @ TaK,
uto0M {g ¢ Onn pabeit KoxpdbHUHEHNTY TpeHuR M.

p=tg @=sin ¢/cos ¢. )

Takan saMeHa BOSMONKHA TIDH JIOOOM U, TaK KAK TAHreiHC K3-
MeHReTcsi oT —oo A0 oo, [loacraBaas p us cooTHowenus (8)
B BHpaXkeHue (7) ¥ NPUBOAA NPaBYio YacTh K ofieMy sHaMeHa-
TN, NOAyYaeM

F=mg

f(ﬁ)=oosﬁmsq>+sinﬂsinq:= o8 (f— @) ‘ 9
08 @ c0s @
Tenepb oueBHAHO, 4TO Beauyuua f(B) MakcuManpHa npH
=@, T, ¢, OpH
P=e P p=arctg p. (10}

Bor nox Takum yraom P n cnegyer TAHYTH CAHKH 38 BEPEBKY.
Crna F npu stoM Gyzer nanmensweft, Hrobnt Haditu ee, noa-
cTapiM B (6) Bpaxcenne (8) AnA B ¥ YUTEM, 9TO B HHTEpeCyio-
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ntem Hac caydae ¢=f. B pesyabTate nocxe NpocTHx npeobpa-
30BaHUd RoOJyUaeM

=mg sin (@+p). (11)

TlpoananusupyeM noayuenHsifl orser. Ilpexne Bcero ot-
METHM, YTO MPUBSJACHHOES PEIICHHE HMEET CMHICA TOAbKO TOTAR,
KOrja ToJyuHBieecA 3HaueHHMe P Takoso, 9t a-f<n/2.
Ecau a+p>n/2, 1o, Kak BaaHO M3 puc. 3.2, chaa F orkio-
HAJMAch OB BACRO OT BEPTHKAAH H He
.Mors1a 6ul TaliuTE CaHKH B ropy. B
npeaeabHoM caydae a+p=n/2 cuia
F HampaBneHa BepPTHKaJbHO BBEpPX
¥, Xak BuaHo m3 dopmyam (11),
pAaBHA [0 MOAYJIO CHJE THKECTH mg.
3ro 3HaunT, yT0 cHaa F npocto yaep-
MHBAET CaHKH Ha Becy, a cuiaa @

paBHa HYAO,

‘Taxum ofpaszoM, ¢opMma orBeTa
SaBHCHT OT yIJia & H KosfpHlneATa
Puc. 3.3. [papuseckoe TPEHMT R Ecan a--arclg p<<an/2,
oupeaencine nanMenpwefi TO OTBET Ha MOCTABIEHHHEC EGMPOCH

chuas F Aaercx Qopmynamu (10) u (11). B

_ poTuBHOM caygae cuaa F monxHa
6bITh HanpasaeHa BepTHKaJbHO BBEPX H paBHa 1O MOAYAIO
CHAC THXECTH mg.

Sra 337244 JoNycKaer H3fAce rpaduuecKoe peieHwHe,
Hana sToro samernM, 9To GOPManbHO BREJEHHAS COOTHOUICHHEM
(8) BeinuuHa @ HMeeT NPOCTOH H3RYECKHA CMBICA: B CHAY 3a-
Kora KyaoHa — AmoHTOHAa (4) @ ecTb yroi, ofpasoBaHumit
CHNIO/ peakuHH onophl @ ¢ HOPMAJILIO K HAKIOHHOR NJIOCKOCTH
(puc. 3.2). Ilosromy ypaerenne (1) Jlerko HCCseZoBaTh rpa-
¢ugeckn. : :

Cuauana H300pasHM Ha 4epTee H3BECTRHYIO 4 RO MOAYJAIO,
M o Hanpas/feHHo cuny mg (puc. 3.3). Uto Kacaercs cnara-
emoro @, TO HaM 3apaHee H3BECTHO TOJILKO €rC HanpABJAEHHE:
Kak BUHAHO H3 puc. 3.2, oMo cocraBaser yron g=arctg p ¢
HOpPMAZbI0 K HAKJOHHOHA HJOCKOCTH, T. €. Yroi &+ ¢ BepTH-
Kaabio, ITosToMy Yepes KoHeil BeKTOpA mg NPOBORHM NPAMYIO,
COCTARJIAIOMYIO Yroa o+ ¢ BepTHkanno. Ha sroli npasofi
OyzeM OTKNaguBath cHAY @, COBMEMIAN €¢ Hayajo ¢ KOHLOM
sekTopa mg. Hanee B cooTsercTBHY ¢ ypaRHenHneM (1) ctporm
cuny F, kotopas AomKHA 3aMbIKaTh TPEYTOAbHHK CHA, T. e,
COEQHHATE KOHEU Bekropa @ c HadahaoM Bextopa mg. Ha
pHc. 3.3 BHAHO, YTO MOAYAL CHatl F GyAer HAMMEHBIINM, KOT A2
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ee Hanpabnenne oOpAaSyeT EPAMON Yroi ¢ HanpaBaeHHEM
Q, T.e. yron @-1+¢ ¢ TODHIOHTOM WA¥, APYTHMH CAOBAMH,
yron g@=arcig & €O CKJOROM IopHI,

‘W3 puc. 3.3 BHAHO, 9TO STO pell¢HHe HMEET CMEIC/, TONBLKO
ecay a-tarctg p<<n/2. OOpuBO KOS(XpHUMEHT TPEHHA HeBe-
AHK, H 3TC YCIOBHE HE BHIIOIHAETCHE TOABKO NpH yraax o,
Gauskux ¥ n/2. 3HauHT, pellleHHe, Bhlpaxkaemoe (opMyJIodn
(10), MOMKET OKasaTbeAd HECOHPABENAHBLIM TOJLKG TIPH MOABEME
Ha OYEHb KPYTYIO ropy.

B sarmoyenwe npepjiaraeM NOAYMATb Haj BONPOCOM, NO-
YeMy NepeinHe Koseca ACPeBSHCKON TeserdH, K OCH KOTopol
NPHKPENAAIOTCA OrI00AKR, KaK MPaBHIO, MEHblle 3ajHHX. A

4. Nocku na vaxacHHoi Anockoerd. Ha nakaouuofi naoc-
KOCTH, COCTaBAAICIEHR Yrofl « ¢ TOPH3OHTOM, JEXHAT JBe
JOCKH, oaHa na apyro#i (puc. 4.1). Momno am nonoBparth
TaKHe SHaYeHHA MACC HOCOK M, W Mg,

Kooy IHEHTOB TPEHHA AOCOK O ITOC-

KOCTb &, A APYF O Zpyra ps, 9T00M #
HIXKHAA AOCKA BHICKOJIL3HYAA H3-TIOA
BepxHeii? B navaabupiii MOMeNT aoc-
KH NOKOoATCA.

A Ha nepsunil B3ryaj 570 caMan

ofLYRas 3afa4a. Cnenyer paceMoT pu. 4| Aockn ua uak-
peTb BCe .IleHC'I‘BYIOI.U.He Ha RAOCKH CHAM JAoMHOR NAGCKOCTH
H, TNoJk3yAck 3akohamu HewroHa, )
COCTABHTEL ypaBiteRHA ABiKenus. Pe- :
[IUB BX, HallAeM YCKOPEHHS gy M 4, H 115 OTBETA HA NOCTABACH-
Hblit BOHPOC OCTAHETCS TOMBHO BHACHRTE, NPH KaKAX YCJACBHAX
yCHOpeRHe HHXHelt BOocKH 4, OoAblie yCcKOpeHns Bepxnedt ag.
Oanako, MODHTABIHCE ELINOAMHTE STY NPOTPaMMy, MH cpasy
CTOJKHEMCA C TPYAHOCTBIO, JlaA petieHHs ypaBHeHHH HYMHO
3HaTb, Kak Hanpamjesn Bce aedcrByioune cuan. Ho wax
HALPABJEHH CHAL TPEHHA ROCOK HAPYT O Kpyra? 310 3aBHCHT
OT UX OTHOCHTENILHOR CKOPGCTH, T. €, OF TOTO, KaKas H3 AOCOR
cocKanosupaer ¢ GonplmiM yckopesnueM. [loayuaerca sakon-
JOBAHHEIl KpyT: 9TOOH HafiTH yCKOpeHHA, HAJ0 3HATH HANpaB-
AeRun CHJ, a $TOOH HafiTH HanpaBaeHus Cua, Tpedyercs 3HaTh,
KaKoe H3 yckopeHni Goapme. Takoe MOJOMEHHE XapaKTepHo
IJISi MHOTHX Sapay, e YUnThBaerca Tpenne. Koreuno, MoXEo
FOC/ACNOBATEALRO NepebUpaTh BCe MHECAUMEE BapHaHTH H
HCRJIOTaTh T€ H3 HHX, KOTOPEIE NPHBOAAT K HEACHOMY peaylib-
rary. Ho momuo nakry kioft nopxon, 9ToOr nojfcOHRiX npo-
GaeM He BOGHHHAJNIO.

2]
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. B nanmnofi 3a5aye HaM BYXKHO TOJbKO BRACHHTH, BOIMOKHO
Ny xpukeHHe HIKaeR fockm ¢ GOnbIEM yckopeHues. Ilpea-
MOJIOKHM, YTO 3TO BO3MOXKHO, T. €. UTO MW nogofpalH TakHe
3HAUeHHS Macc H Ko(bpHUHEHTOB TPEHHS, HPH KOTOPHX
>, TOrla HanpaB/leHHe BCeX CHJ oupeaendercs OfHO-
3HAUHO H yKasaHO Ha puc. 4.2, rae F — chaa TpeHHA HUXHed
JOCKH 0 HAKJIOHHYI0O NNOCKOCTH, Fy—=—F; — CHALL TPeHua

Puc. 4.2. HJeftctpyromue CHAR NP
YCAOBHH, YTO HHMHAA J0CKA BLi-
CKaAb3HBAacT H3-HOA BepXHeit

JOCOK ApYT o pyra, N — HOpMalbHAs CH/A PeaKilHKH HAKIOH-
aHoft mockocTH, Ny=-—Nj, — cH/AEl NaBJICHUA AOCOK APYT Ha
Apyra, Coctapisia ypaBreHHS ABHMKeHHA AOCOK A NMPOSHHPYH
KX Ha Hanpap/eHHe BAOAL HAKJACHHOH IJIOCKOCTH, TIONIYYaeM

mg sin e—F—F =m,ay, mag sin a-+Fi=maas.

M3 stux ypapseHuft cpasy BHAHO, YTO MPH JMOGHX Maccax
H Koa(xpHUHEHTAX TPEHHS

a<gsina, a.>>gsina,

T. €. @y<<as. Ml noAyumau npoTHBOpedYHe: NPH HPEANONO-
HEHHH, YTO ai>>@s, H3 YPaBHEHHA AHHAMHKH CACRYET, 4TO
a<<a;. Tak Kak ypapHeHHR AMHaMHKH Oeayc/lOBHO cnpaBef-
JIHBHI, NOJIYYEHROE MPOTHBOPEYHE O3HAYALT, UTO NPEANONOWE-
HHE O BO3MOXXHOCTH JBHIKEHHA HIKHeR JOCKH ¢ 60/bIUM yCKO-
peHHeM OWLHGOTHO, & :

5. Bycunka Ha sBpamalomemca crepmie. Ha raagkuii
CTepIKeHb, PACHOJIOWEHHN NOR YrAIoM & K BEPTHKAJH, Ha-
caxena Gycunka (pHc. 5.1), CrepieHb Bpaiaercs ¢ yrJio-
Bofi CKOPOCTBIO ® BOKDYT BepTHKAJbHOA ocH. Onmcars fnBu-
ikeHne OycHHKM No crepxHio, Tpernem npeHelpeds.

A Moxer 1 6yCHHKA NOKOUTHCA OTHOCHTENBHO CTEPKHA?P
IIpeanonoxHm, 4To MOXeT, 3T0 3HAYHT, 9TO CYLLECTBYET TaKad
TOYKA CTEPHKHA (HAa PACCTOSHHM I OT OCH BpalleHHS — CM.
pué. 5.1), HaxonAck B KOTOPOA GYCHHKA OTHOCHTRABHO CTEPK-
HA NOKOWTCH, T, €. AeACTBYIOIUME HA Hee cHMA TANKECTH mg
H CHAA PeakUuH CTepIKHA N coobmlalor et ycKopeHHe &, paBHoe



8. BYCHHKA HA BPAILAIGIIEMCS CTEPKHE 45

HEHTPOCTPEMUTEILHOMY  YCKOPEHHIG 3TOH TOMKH CTepMHA,
Hs pucynxa BuaHo, yTO

mg clg e=ma, (1)

OTKYla caenyer (Tak Kak a=w¥}, yro r=(g/w? ctg «. [lo-
MelleHHaA B ITY TOUKY GOYCHHKA HOKOUTCH OTHOCHTENLHO
crepxHa. TakaM o6pasoM, NOJOXeHHe paBHOBeCHS GYCHHKH
Ha BpalnawineMcs cTepikHe CyllecTBYeT.

M e g e

Pue, 5.1. Cuam, pefictiyios Puc. 5.2. Utofu ypepmats Gy-
LEMe Ha HEMOABIKHYI0 OTHO- CHHKY B CMEleHHOM BBEDX 10~
.CUTENBHO CcTEpRHA OycHuKy AoXenHn, HyXHa chia F, peficr-

BYWOAn BHHS BAGAE CTEPMHA

Byzer nm pasnosecue ycToruuBuM? JIpyruMu caoeamu,
KaK Oyzer BecTH cefa 6ycuHKa, ec/iH no Kakol-nnbo npuanne
OHa HeMHOr'0 CMECTHTCA M3 STOro nofoxeHus? 1A BeiAcHenus
STOro BONPOCA NOCTYNEM CAEAYIOUIHM OOpasoM: cMecTuM Gy-
CHHKY HEMHOFO BBEDX M0 CTEPKHIO M BHSCHHM, NPH KaKoM
ycaoBHR OycnHKa GYAeT B pPaBHOBECHH H B 3TOH HOBOH Touke.
Tonbko AByMs cuaamu mg u N saeck He 060ATHCE, TOCKONBKY
IpH HANHYHH TOABKO STHX JABYX CHJA NOJOXKEHHE PaBHOBeCHA
onpeaeanerca onnosHadHo Qopmyaod (1). Hyxua Tperna
cuqa. Takoit cuioft morsia Obl OEITE cHNA TpeHUA GYCHHKH O
cTepikerib, BhisicHHM, B KaKYio CTOPOHY OHAa JXO/XHA OHTh
nanpasaena (puc. 5.2}, Moay/b u Hanpap/eRHe CHJRL TAKECTH
HE W3MEHWJIHCh, HaupaBfieHHe HOPMa/bHOR CHJAM pPeakUHH
crepxkHs N Takke He H3MeHHAOCh, [lockoamky ma'>ma,
Heo$XoguMO, YTOOR cHAAa TpeHHa Obia HanpasieHa BHNS
no crepxkHio. Ho no ycaoBuio 3ajaqn 3Tofi CHIN HET, HOSTOMY
GycHHEa GYHeT CKOJIb3HTH BBEPX MO0 CTEPHKHIO. AHANOTHYHEIMH
pacCYRICHHAMH MOXHO 1OKasaTh, YTo NPpH ReCOABIIOM cMe-
meHnrd OycHHKM BHH3 OHA OYAET CKOJAL3WTHL BHH3, T, €.
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YIANATLCR OT NONCKEHMs paBroBecHs. Takum oBpasoM, noso-
WeHHe PABHOBECH OYCHHKH Ha BPAINAIOILEMCH CTepaKie 6yner
HeyCTORUHBHM.

Kakum Gyner nopeReHHe OYCHHKH TIPH HaJIHYHH TDeHHN?
[TocKoabKy  CHJIA TPEHHA NOKOA MOMKeT H3MEHAThCA OT Hyas
A0 HeKOTOpPOro MAKCHMAJABHOIO 3HAYEHHR, H3 HPCARAYUIHX
paccyaeiti ACcHO, 9T0 JO/KEH CYWeCTROBAThL LA yUacToK
Ha cTepxHe, B Jiofoll TOYKe Koroporo OychHKa OyJer noko-
HTbCA OTHOCHTENIBHO cTepxkus. Flpensaraem BaM camocTon-
TeAbHO HaHTH NOJOMKEHNE IPAaRHL STOr0 YYacTKa NpH H3-
BeCTHOM Kos(xbHIuente Tpenus. Ec/H y Bac BOSHHKHYT 3a-
TPYAHEeHHS, peKOMeHyeM 03HAKOMHTbCA ¢ 3afavelt 7 «Bpycok
Ha HaKJOHHOR NJNOCKOCTHR. A

6. Mouera Ha ropHsoHTaAbHOR mnopcraske, [loicraska
¢ Jexailiefi Ba Hell MOHeTOH ABMMKETCH NOCTYNAaTeNLHO B rO-
PA3OHTANLHOH DJIOCKOCTH NO OKPYXKHOCTH. PaAHycOM r ¢ YrI-
Jogofl cKopocThio . KosthdHuuenT TpeHHs MOHeTH o noA-
cTaBKy paBedH K. Kakum OyleT yCTaHOBHBLIECA ABHXKeENHE
MOHETHI?

A W3 coofpaxeHnii CHMMETPHY SICHO, YTO YCTAaHOBHBIICECH
ABHKEHHE MOHEThl MPOUCXOAUT NO OKPYNKHGCTH ¢ ToR ke yr-
JOBOH cKOpocTbio @. JleficTBHTe/IbHG, B TOPH3OHTANLHOM
MJOCKOCTH OTCYTCTBYIOT KaKHe-THGO QH3HYeCKH BHIeAeHHbie
nanpapiaeHus. [loaToMy, KakKHMH OBl HH OBIIM HaYadbHble
YCAOBHY, DNPH YCTAHOBHBIUEMCS1 JABIXCHHH TDAaeKTOPHA Mo-
HeThl GyAeT APEACTaBAATL COOOH OKPYKHOCTD B HHEPIHANBHON
snaopaTopHOll cucTeMe orcuera. OT HaYaabHMX  YCAOBHH
- 3ABHCHT TOABKO NOJMKEHHe UeHTpa ITOR OKPYIKHOCTH. Jlic6asn
Apyras MbiCAHMasg TPAeKTOPHA TAKHM CBOHCTBOM — OTCYTCT-
BHEM BblIe/IeHHBIX HampaBieHHi — He obaagaer. CooGpa-
MeHH CHMMEeTPHH NO3BOJAIOT CAGNATL BHBOA, 9TO H OTHO-
CHTENBHO TOACTABKH MORET4, eC/H OHA I[POCKaNb3HBaET,
TOXE JABHXKETCA 1O OKpyXHoCcTH., Tenepb, Korga Mul npex-
cTaB/isieM cefeé Xxapaxkrep ABIDKEHHA MOHETH B LEJOM, oOC-
TAeTCA TOABKO YCTAHOBHTb KOIHYECTBEHHBI® COOTHOIICHHA
MEXAY €ro XapakTepHCTHKaMH, B YacTHOCTH BLIPA3HTL pa-
AMYyCH OKpymKHOCTel, BhYepuuBaeMbX MOHETOH B Toft # Jpyroit
CHCTEMAX OTCYeTa, Yepes NPHBEACHHBIE B YCJAOBHH JanHble,

B ropuzoHTanbHOA NJIOCKOCTH HA MOHETY AeRCTBYET TOLKO
CH/IA TPEHHA CO CTOPOHH RNOACTaBKH. PaccmorpuM cHauasa
Ciayuad, KOTAa2 MOHeTa HBHXeTCA BMecTe ¢ mofcTaskoél. Tak
Kak NpH NOCTYNAareSbHOM ABHMKEHHH MOACTABKH BCE €€ TOUKH
EBIKYTCH MO OAHHAKOBHIM OKPYIKHOCTAM paaHyca f, To H
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MOHeT# ABHXETCA NO T2KOi JKE OKPYMKHOCTH ¢ YCKOpeHHeM
@’r, HanpaBAeHHMM K €€ HeHTpy. Tak Kak 3710 ycKOpeHue
" coofilaeTcA MOHeTe CHJOA TPEeHHR NOKOR, KOTOPasa HE MOMET
NpeBLlLaTh SHAYEHHA PmMgZ, TO YCTAHOBHBUICECH -NBHKEHHE
MOHETH GYAET NPOHCXO[HTh BMECTE ¢ NOACTABKON NPH YCAOBHII
o <pg, T. €. Npa @*r/pg<l.

Flpu anauenusax sroro Gespa3MepHoro napametpa wir/pg>1
{r.e. npu Goabmef yrJoecH CKOpoCTH ®, HAR GoablleM
paauyce r, HAH MeHblIeM KOIDDHLHEHTE TPEHHS W) Mouera
6yaer npOCKa/Ib3LIBATD OTHOCHTEALHO NOACTaBKM. B stom

Puc. 6.1, Bsaumboe pacnosomesse ,—‘9\ u v
BEKTOpOB cKOpocTel ¥V MoHeTH H ©
NOLCTABKNA o R
y

cliyuae LEHTPOCTPEMHTENBHOE YCROpeileé MoHeTe Coofiiaer
CHA2 TPEHHA CKOMLKEHHA, HANPaBAeHHAA B CTOPOHY, npo-
THREONONOMNYIO BEKTOPY © CKOPOCTH MOHETH OTHOCHTEILHO
NOACTABKH. an ABIMXEHRHH N0 OKPYXHOCTH CAMA AepnengH-
Kyasapra ckopoctH V 'MOMETH B WHEPUHa/NbHOA CHCTEME OT-
cuera. [lostoMy BekTOpH V' K © B3aHMNO NEPreRIHKYARPHH.
Cropoete ¥V monert B nabopatopoft cucTeme orcyera
npeacTaBafer cofol BEKTOPDHYI0 CYMMY CKOPOCTH MOIETH ¢
OTHOCHTEADHO NMOACTABKH H CRKOPOCTH ¥ TOH TOMKH NGACTABKH,
B KOTOpOfi B Aannnil MOMEHT HAXORHTCA MoneTa (XOTH, pasy-
MEeTcs, CKOPOCTH BCeX TOMEK NOACTABKH ORHHAKOBH NpH ce
(0CTYNATEABHOM ABHIKEHITH):

V=9+u, {1

Coornomenne (1) rpagHyeck npoHATIOCTPHPOBAKO Ha Plic. 6.1,
TAe Y9TeHa YKasauHasi OPTOrOHaAbHOCTh BEKTOpOoB V W ©.
Hs s1oro pHcyHxa BRAHO, YTO NPH NPOCKANB3LIBAHHH MOHCTH
ee cxopocts V B JnaGopaTopHoll ¢HCTEME BCErja MeHblle cKo-
pocTh noacTaBkn u=wr. 1lo ycnoBMIO BEKTOp # NOBOpauH-
BaeTCA ¢ YrAOROA CKOPOCTBIO @, NOITOMY # BeCh TPEYTOABHHK
ckopocted Ha pac. 6.1 Bpamaerca Kak uenoe, Tak YTo B3a-
HMBOE pachoJCKENHE BCEX BEKTOPOB OCTAeTCH HEH3MEHHLIM,
3T0 03AARAET,; YTO YO O MEXAY BERTOPAMK & H ¥ PaKTUYeCKH
XapaKTepusyeT oTcTaBaHue no ¢ase Bektopa V' ckopoctH
MOHETH OT BeKTOpa & CKOPOCTH JIOACTABKH.

Ilna onpeaenennn pammyca R KpyreBoil TpaekTopHH MoO-
Herht 8 1ab0paTopHoOR cHCTEME OTCIETa BOCNIONBIYEMCA BTOPEIM
sakonoM HeloToHa, T, €. BpPUpaBHAEM CHAY TPEHHA CKONS-
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HEHHA Mg TPOH3BENEHHIO MAcChl /7 MOHETH HAa YCKOpeHue
»*R: ug=uR. Orcioaa

R=ypgle®, oripgzl. 2)

VinrepecHO OTMETHTB, YTO NPH NPOCKANLSHIBARKH MOHETH
pamuyc R TDaeKTOPHH HBHIKEHMA MOHETH HE B3aBHCHT OT
paguyca r OKpYKHOCTeH, HO KOTODHM ABHXKYTCH TOYKH NOA-
craky, OfHake paauyc R, Xak BHIHO H3 (2), He NpeBocxo-
JHT r M CTAHOBHTCA DAaBHLIM €MY TOMBKO NPH TPEACHLHOM
3ila4eHHH  Dlapamerpa ©%/pg=1, Korja muPOCKadb3biBaHHe
npekpaiaercs. :

He npezcraeasier tpyaa HafiTH H paguyc 9 OKPYKHOCTH, IO
KoTopoli MoOHeTa HBHXeTCH OTHOCHTeNbHO RoAcTaBKH. Bcee
durypupyomue B popmyae (1) cCKOpOCTH CBfI3aHH C pajHy-
CAMH COOTBETCTBYIOLIHX OKPYKHOCTEH COOTHOLICHHAMH

V=0R, v—ep, u=or. ®)

[MockonbKy TpeyrofbHUK cKopoctell na puc. 6.1 npamoyrons-
Huift, T0 ¢ nomowpio Teopembt Iludaropa H coorHoweHuA
(3) monyuaem :

ri=p*+ R%, omypa p=)r—R. (4)
IMoncraenaga ciofa HalinenHoe 3HaveHwe R H3 (2), HaXomHM
p=rV T—(pg/a’r), o’ripg>1. (5)

Bujio, uTQ pagHyc p cielia, KOTOPHH MOHETA BHYCPYHBACT
Ha MOACTABKE, TAKXKE MeHbIOe PAIHYCR 7/ TPaeKTOPHH ABKMKEHHSA
NOACTAaBKH. .
CooTHOWERHE MEXAY P U R MOXKer
Oute pasauvHeiM. IlpH  «GoicTpOMy
IBHKEHHH, KOTAa @%/ug>s 1, MoHera
B HHepuHaibHOR nabGopaTopHON CHC-
TeMe OTCHETZ IIPAKTHYECKH CTOHT Ha
mecTe (R<r), a moacraBka mox Hefi
OMHCHIBAaeT OKDYKHOCTH pajnyca r,
TaK uro p~r, llpy MepdeHHOM nBH-
MeHUH NOACTaBKH, KOTAA wir/ug>l,
MOHEeTa NOYTH HE OTCTaeT oOT NOz-
Pitc. 6.2, Tpaekropus feu-  cTaBKH, OmHCHIBas B JafopaTopHolt
"‘e““"m"r‘::m:xge CAEL  cucTeMe OTCYETA OKPYIKHOCTH ROYTH
Takoro xe paauyca (R=sr), Tak yto

p=0,
Ha puc. 6.2 ‘nokasanel TpaeKTODHS IBHXEHHA MOHETH B
naGopaTopHOR CUCTEMe orTcueTa (OKPYWHOCTH paguyca R)







