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KauatoLascs ckana

I AJ1O CKA3ATD, UTO B 9TUX
K« MecTax He PeJKOCTbh BCTpe-
TUTH TaK Ha3bIBaeMyIo «Kaya-
IOIYIOCST CKAJly» — BecbMa JIIOGOIIBIT-
HOE SIBJIEHNE, CYyTh KOTOPOTO B TOM, 4TO
OT/IeJIbHBII KYCOK CKaJIbI B HE3aIIaMsIT-
HbIe BpeMeHa MOJIy4aeT YCTOHUYNBOCTD
paBHoBecus. OH OOBIKHOBEHHO CTOUT
Ha KaMeHHOH IJIOMaJKe M, €CJIH ero
packaumBaTh, OH, MOJOGHO <«BaHbKe-
BCTaHbKe», IIPUHUMAET IIePBOHAYAJIb-
HOe ToJio’keHue. Taxkue CKaJbl BecsT
MHOT/Ta TbICAYMU TOHH, HO TIOCJTYIITHDI
JIBIDKEHWIO PYKHU UeJOBEKa CperHei
cunpl. Takas ckasia ymacTb He MOXeET,
ecJin, KOHEYHO, ee He B30PBYT ANHAMU-
TOM...» — 3TO CTPOKHM H3 paccKasa
Anexcanzpa I'pnaa «Kavatomascs cka-

A.TEOPTOAITT

>

..MHOIro ectb CTPaHHbIX
Beljen B ropax.
AnekcaHgp pyH

Jia» , TPYCTHOM UCTOPHH O 6eTHOM OXOT-
HUKe, KOTOPOMY MPEIJIOKIIN 33 TPH
MIJIINOHA OIPOKUHYTH OTPOMHBIH Ka-
MEHHBI CTO0JIO, Kadaolu[uics OKOJIO
nmoJIosKeHnst paBHOBecusi. OXOTHUK,
HECMOTpPsI Ha BCE CBOM YCHJIHS, HE
CTIpaBHJICS C 3ajaueil U comes ¢ yma
(HO He OCTaBHI CBOEIT 3aTEW CTONTKHYTH
KaMeHb).

IToripo6yem pa3o6pathbCsi, MOYEMY Ke
TaK yCTOWYMBA «KAUyaoIascs cKauay.

MpbI 3HAEM, UTO JJIsT TOTO YTOOBI TEJIO
HAXOJMJIOCh B TOJIOKEHUN paBHOBe-
CHsI, TOJIKHBI BBITTOJTHSITHCS [BA YCJIO-
BUAg:

BEKTNOPHASL CYMMA 8CeX Cull, Oeil-
CMEYIOWUX Ha Mmeo, pasha nyio; (a)

anzebpauueckas Cymma MOMEHMOos

6Cex Cul OMHOCUMENLHO NPOU3BO.JIb-
notl ocu paena nyo. (6)

He Bcsikoe mosioxeHue paBHOBECHS
GpiBaet ycroitunBbiM. Hanpumep, uro-
Ka, Ha KOTOPYIO AEHCTBYIOT TOJIBKO
CHUJIbI TSIKECTU U PEAKIIMU OIOpbI, He
cTOUT CBOGOJHO Ha TJIAJKOM CTOJIE.
XoTs, eCJiM UTOJIKY MOCTABUTL CTPOTO
BepTukasibio, yceaosus (a) u (6) 6y-
JYT BBINOJIHSIOTCS, HO IPH MaJieiieM
OTKJIOHEHHU OT BEPTUKAIU BO3HHKAIOT
MOMEHTBI CUJT, OTTPOKHU/IBIBAIOIIHE UTOJI-
Ky. B TO e BpeMs KUPIHUY CTOUT
ycToitunBo Ha Jifo6oii Tpanu. U xak 6b1
MBI HE YMEHDBUIAIN KUPIIHY, COXPAHSIS
ero GopMy, KUPIUY TIO-TIPEKHEMY 6Y-
JeT CTOATD Ha CTOJIE YCTOHYUBO. A BOT
Ha KPUBOH BBIMYKJOWH IHOBEPXHOCTH,

Wnmoctpayms B.Brnacosa



Puc.1

HampuMep Ha PyTOOIBHOM MsTue, KIp-
MUY TPyJHEEe YPAaBHOBECHTb, YeM Ha
IJIOCKOCTH UJIM BOTHYTO# MOBEPXHOC-
ti. TakuM 06pa3omM, yCTOUIMBOCTD PaB-
HOBeCHs TeJa Ha OIope 3aBUCHT OT
dopmbr Tesa (ToyHee — ero OCHOBa-
HHSA) U OT [OBEPXHOCTH OIMOPBI.

UTo6bI BBIBECTH KDHUTEPHl YCTOU-
YMBOCTH, 06paTHMCS CHOBA K Kavaio-
meiicss ckaje WJIM K KaMHIO M pac-
CMOTPUM CJIy4ail, KOT/la KaMeHb U OI10-
pa B 06JIaCTH COTNPUKOCHOBEHUS UMe-
o1 cepuueckyio ¢popmy. (B IIpumo-
JKEHUHM K CTaTbe BBOJUTCS ITOHSTHE
KPUBU3HBI HOBEPXHOCTH M PaccMar-
puUBaeTrcsl peleHue ITOI 3aJauu s
TeJ MPoU3BOJbHON (opmbl.) Bynem
mpearoaraTb, 4YTo KaMeHb U OIopa,
Ha KOTOPOI OH CTOWT, CTOYMJIUCDH HJIN
O0OBETPUJINCH U CTAJHU TJIAJKUMHU, 6e3
CKOJIOB M BBICTYIIOB, TaK 4TO 06J1acTb
KOHTAaKTa KaMHSI C OINOpPOW MaJja |
MoxKeT ObIThb HpUHSTA 3a TOuKy. Ha
pucynke 1 moka3aHO ceyeHWe KaMHS
1 OTOPBI BEPTHKAJIbHOU IMJIOCKOCTHIO,
MPOXO/AIIeil Yepe3 TOYKY HX COIpPH-
kocuoBenus (touka C); 3gecy O .
O' — 1eHTpBbI cepuyecKnX TOBepX-
HOCTEHl KaMHsSI U OIOpPbI B 00JacTH
KOHTaKTa, ¥ 1 R — UX COOTBETCTBYIO-
mue paanychl. {1 paBHOBeCHS KaM-
Hs He0OXOIUMO TIPEK/E BCETO, YTOOBI
ero menTp tskectn (Touka P) mexan
Ha Beprukaau OQ'; IpU 9TOM yCJO-
pua (a) u (6) memomnsworcs. Ilo-
CMOTPHM, K 4YeMy HpuBeleT HeGOJb-
1Ioe OTKJIOHEHWe KaMHS OT TepBOHA-
YaJbHOTO MOJIOKEHMUS.

ITyctp B pesyJsbraTe OTKJIOHEHUS
MOJIOXKEHNE KaMHSI Ha OIOpe CTaJo
TaKUM, KaK Ha PUCYHKe 2; 37ech Q —
TouKa repeceyenus npsimoit PO c Bep-
TUKAJbIO, TPOXOoAsIIell yepe3 Touky A
— HOBYIO TOYKY KOHTAaKTa KaMHS C
omopoii. Eciu Touka P oxaxkercs mpa-
Bee Beprukasu AA', TO MOMEHT CHJIBI
TSIKECTH OTHOCHUTENBHO TOYKH OIOPBI
A 6ygaer cnoco6CTBOBATDH JasTbHENIIIe-

o

KAYAIOIMAACA CKAJTA

Puc.2

My OTKJIOHEHUIO, W KaMeHb YiKe He
BEPHETCS B MEPBOHAYATIBHOE TOJIOKE-
nue. Ecam ske Touka P okakercs jgesee
Beptukaau AA', MOMEHT CUJIBI TSXKEC-
TH 6y/JIeT BO3BpAIIaTh KaMeHb B TIEPBO-
HavyaJabHOE MOJOKEeHNe. A 3TO 3HAYNT,
YTO paBHOBeCHE KaMHs Oy/1eT yCTOWYH-
BBIM.

Urak, ecitu CP < CQ, TO paBHOBe-
cue ycroitunsoe. IlocMoTpuM, Kak npu
3TOM CBSI3aHBI MEKTY COO0I BETUIMHBI
CP, R ur. B tpeyronpnuke OAQ (cm.
puc.2)

(tak xak yraer mamer). [lo Teopeme
CUHYCOB UMeeM

00 _ r _
sino sin(T1- (a +B)) -

. (1)

sinf o +a —

,
Hac mHTepecyloT Majble OTKJIOHEHUS
KaMHS OT TI0JIO)KCHMS PaBHOBECHS.
ToBOPsA «MaJIoe OTKJIOHEHHUE> , Mbl IME-
€M B BI/LY, YTO PACCTOSIHUE, <IIPOXO/IU-
MO€e» TOYKOI KOHTaKTa Ha MOBEPXHOC-
i onopsl, T.e. ayra C'A (u, creposa-
tenbno, ayra CA, pasaas C'A), Maso
[0 CpaBHEHUIO C pajauycamu 7 U R
MOBEPXHOCTEN KaMHA M OIIOPbL. A 3T0
W 03Hayaer, 4To yrjinl O u B MaJbl,

T.e.

R
o<l B=0—xl.
r

Jl1s1 MasbIX yTJIOB, KaK U3BECTHO, CH-
HYC yTJIa C XOPOIIlelf TOYHOCTbIO PaBeH
camomy yray. Ilostomy BbIpaskeHHe

(1) MO’kHO 3amucarh Tak:
P

O 1
—Q:—,I/UH/IOQ= 4 .
r 1+ R/r R+v
Tak xak
R
CO=r-00=—"_,
R+r

7

YCJIOBHE YCTONUYNBOTO PABHOBECHSI KaM-
H4, T.e. ycaoBue CP < CQ, 3anucbiBa-
eTcsl B BUJIE HEPABEHCTBA

Rr
R+7r’

Ecau 1moBepxXHOCTb OHOPBI HMMeeT
BOTHYTYI0 (hopMy ¢ paauycoM R (dop-
My BHYTPEHHEH IOBEpXHOCTH chepbl
paauycoM R), TO yClIoBUe YCTORINBO-
T'O PABHOBECHSI KAMHSI Ha OTIOPE BBIT IS~
JIIT TaK:

CP <

(2)

Ry

R-r’

CP< (3)
(TTonpoGyiite BbIBECTH 3TY (HOPMYJIY
CaMOCTOSITENTBHO. )

OtMmeTnM Temephb cJaegylolee BasK-
HOe 06CTOSITeNBCTBO. JlomycTuM, dTO
pPaBHOBECHE KaMH$ Ha OTlope yCToiyu-
Boe. Torga npu OTKJIOHEHUN KaMHS OT
[OJIOKEHHUS PABHOBECUSA BO3HHKAET
MOMEHT CHUJIBI, IPETATCTBYIONIH 5TO-
MY OTKJIOHEHUIO: y CUJIBI TSIKECTH OT-
HOCHTETHHO HOBOI TOUKH OTIOPBI MOSTB-
astercs maedo (em. puc.2). Uto6bl yaep-
’KaTh KaMeHb B HOBOM TI0JIOKEHUH He-
HOJABYKHBIM, TPEGYETCs HPUIOKHUTD
BHENTHIO CHJIY, TAKYyIO, 4TOOBI €€ MO-
MEHT OTHOCUTETHHO HOBOI TOYKHU OTIO-
PBI GBI PaBeH TI0 BEJMYNHE W TPOTH-
BOIIOJIOKEH 110 HAITPABJIEHUIO MOMEHTY
CHJIBI TSKECTH; BEIMYMHA U HAITPaBJIe-
HHE 9TON CUJIbI ONIPEAEAAIOTCS YCIOBU-
eMm (a). CrhemoBaTenbHO, Aaske IS
HEGOIBIIOT0 OTKJIOHEHHS Tela OT TO-
JIOKEHUS yCTONYMBOTO PaBHOBECHUS
HEOGXO/MMO COBEPIIUTh PAGOTy ITIPO-
THB CHJIBI TSKeCTH. JTa paboTa ujaer
Ha yBeJUYeHHe TTOTEHIUANbHON dHep-
UM TeJla. A 9TO 03HAYaeT, 4YTO B II0JI0-
KEHUH YCTONYMBOTO PaBHOBECHS II0-
TEHIMATbHASA SHEPTUS TeJa UMEET MHU-
HUMaJbHOE 3HAUEHUe, UJIM, 9TO TO Ke
caMoe, LEHTP TSKECTH TeJia 3aHUMAaeT
HauHu3IIee noJoxkenue. Iloaromy yc-
soBue (2) MOKHO BBIBECTH MHAYE, TO-
CMOTPEB, YTO MPOUCXOJUT C MEHTPOM
TSDKECTH KaMHsI TIPH ero HeGOJIbIIoM
orkjonenun (cM. ympaxkuenue 1).
Takne JBa pasJM4HBIX MOAX0AA K Pe-
IEHUIO TPOGJEMbl YCTONYMBOCTH K-
BUBaJIeHTHBI. Ec/u kaMeHb cierka or-
KJIOHUTD OT TOJOKEHUS YCTONUMBOTO
PaBHOBECHS W He YAEPKUBATh €r0 B
HOBOM II0JIOKEHMH, OH BEpHETCH Ha-
3aj], <IIpocKo4nuT»> (110 MHEpIHUN) II0-
JIO’KEHUE PAaBHOBECHSI, CHOBA BEPHETCSA
K HEMy W T.I., T.e. KaMeHb Oymer
COBEPIIATh KOJMEGAHUS OKOJIO TIOTOMKE-
HUS YCTOWYNBOTO PABHOBECHS.

Ecin HeGoJbIIoe OTKJIOHEHHE TeJa
OT MOJIOKEHHS PABHOBECUS TIPUBOIUT
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K TOMY, 4YTO I[EHTP TSIKECTH €r0 OIyC-
KaeTcsl, paBHOBeCHE TeJia HEYCTOWYu-
Bo. [Ipu maseiiteM OTKJIOHEHWH BO3-
HUKAaeT MOMEHT CHUJIBl TSIKECTH, [eii-
CTBYIOIIENl B CTOPOHY OTKJIOHEHUS U
CTPEMAIINICA eT0 YBEJNYNTD, W TEJO
«OTIPOKU/IBIBAETCST .

BbiBaror ciydan, Korja OTKJIOHEHUE
TeJTa OT TOJIOKEHUS DPABHOBECHUS He
U3MEHSIeT BBICOTY IIEHTPA TSKECTH TeJla
HaJl TOYKOH OMOpBI, — TaKOe IOJI0XKe-
HUe HA3bIBAIOT Ge3PA3JUYHBIM PABHO-
BecueM. B 6e3pasyimuHOM paBHOBeCHH
HAXOJUTCS, HaNpUMep, OTHOPOJHBIN
MIapUK Ha TOPU3OHTAJBHOH TLIOCKO-
cTH. 3aMeTHM, 4YTO KOTJla PaBHOBECHe
6e3pa3InvyHOE, a TeJI0 U oTopa B 06.1a-
CTH KOHTaKTa WUMeEIT cdepudyeckme
¢GOpMBI, BBITIOJTHSIETCS PABEHCTBO

Ry
R+7r’

CcpP = (4)
KOTOPOE CIIPABEIJINBO U LISt OJTHOPO/I-
HOTO ITAPUKA HA TOPU30HTATIBHOM M7I0C-
KOCTHU, €CJIM CYUTaTh, 4T0 R - o . Ho
Gy/ieT JIK 3TO COOTHOIIIEHUE J0CTATOY-
HBIM yCJIOBHEM 6e3Pa3JHIHOTO PABHO-
Becus? OxasbiBaercs, HeT. [IpuBenem
X0Tst ObI OJIMH IPUMEP, KOT/a YCJIOBUE
(4) BBIMONIHAETCA, a PaBHOBECHE Tesa
HeycroitunBoe. PaccmoTpuM Teso ma-
poobpasHoit GopMbI Ha BepIIUHE 3aK-
perieHHol cepbl TOro Ke pajauyca,
[IPU YCJIOBUH, UTO IEHTP TSKECTH Tesa
HAXO/IUTCS HA IMOJIOBUHE €T0 pajuyca
r, T.e. CP =r/2. HerpyaHo mokasarb
(mpoaenaiite 310 CaMOCTOSITEJIBHO) , UTO
paBHOBecue TeJsia Ha cepe HeycTonun-
Boe, xoTa cootHomenue (4) crporo
BbImosiHsIeTcst. [Ipu 1060M KOHEYHOM
yrJjie HaKJIOHA TeJa OT PABHOBECHOTO
MOJIOXKEHUST IIEHTP TSXKECTH TeJIa ONyC-
KaeTcsi, ¥ OHO CKaTbhIBAeTCs €O cepbl
(cM. ynpaxuenue 2).

OO6paTiM BHUMaHUE HA TO, YTO MPH
BbBIBOJIE KPHUTEPUS YCTONYUBOCTU MBI
paccMaTpUBaId MaJible OTKJIOHEHUs

Puc.3

KBAHT: - 2000/Ne2

TeJa OT MOJIOKEHNS PABHOBECHUS 1 yUH-
TBIBAJM B pacyerax JIHIIb JTHUHEHHbIE
YJIeHbI, TPOMOPIUOHATIbHBIE O . B -
HEHOM TPUOJIMKEHUU TeJI0 WJIU CHC-
TeMa TeJl MOTYT HaXOJUTbcs B 6e3pas-
JINYHOM PABHOBECHUU, HO KOT/[A MBI IIPU
6ojiee TOYHBIX PACYETAX YUUTHIBAEM
HJIEHDI BBICUINX TMOPSIKOB, HalpHMep
IPOMOPIMOHANBHBIE O, 0" H T.[., TO
PaBHOBECHOE TIOJIOJKEHHUE TI0 PACYeTaM
OKAa3bIBAETCS HEYCTOWYMBBIM, YTO U
HAGII0IaeTCsT HA MPAKTUKE.

Ternepp HaM TOHATHO, 4YTO TaKoe
«Ka4aromasacs cKajaay : 3T0 BePTUKATb-
HO CTOSIIINI KaMEHb ¢ HU3KO PacCIIoJio-
JKEHHBIM TIEHTPOM TSKECTH WU 60JIb-
UM PaJIIyCcOM KPUBU3HBI OCHOBAHUS.
Ortkaonenue kamus (IpaBaa, B HEKO-
TOPBIX IIPEEIax; CM. yIpakHeHue 2)
HPUBOJIUT K €ro KoJeGaHusIM OKOJIO
noJio’KeHust paBHoBecusi. Kawaromras-
Cs CKaJla — 3TO KaMeHb-MasiTHHK.

KoneuHo, Heslerko pykoit «cpeaHeit
CHUJIBI» PacCIIaTaThb OTPOMHBIN KaMeH-
HbIi cTOs16. [lesio He TOJIbKO B TOM, 4TO
y Kavaioleiics ckasbl 6oJbinas Macca
, [IJIE TOTO YTOGBI COOOIIUTD eif 3aMeT-
HOE YCKOpeHHe, HYXXHO TPHUJIOXKUTH
oueHb Gombiryio cury. W3-3a mpedop-
MaIlu OTOPBI TIOJ] JefCTBWEM Beca
KaMHS MOTYT BO3HHMKATDh CHJIBI peax-
I[UY, TPEISATCTBYIONNE OTKJIOHEHUIO
CKaJbl OT BepTuKaau. U TeM He MeHee,
Kayaroluecs: CKaJbl UM, 10 KpaitHei
Mepe, GOJbBINIE Kavaroumecs KaMHU
(rocking stones) cymecTByiOT B mpH-
pojie. MoskeT ObITb, 1 BbI CPE/IN KAMEH-
HBIX BaJIYHOB BCTPEYAJIH HEYTO 110/100-
Hoe?

Pacckaz A.Tpuna <«Kauaromascs
ckamay mosisuics B 1915 rogy B xKyp-
Hase «20 Bek». Otkyma ['pun y3Hag 0
Kadatometics cxane? Ilo Bceil Buan-
MOCTH, MEPBONCTOUYHUKOM [JI HETO
nocayxuna kHura S1.W.Ilepesbmana
«3annMaresrbHast GU3NKay, IEPBOE U3-
JlaHre KOTOPoii BeIIO B cBeT B 1913
TOAy U cpa3y ke CTaJjo
OTIEJIOMJISAIONIE  yCHel-
upiM. [Tepenbman nmomec-
THUJI B 3TOH KHUKKE KOPO-
TEHBKYIO 3aMETKY O Kaya-
Ioleiics ckaje, HaXo[s-
meics B OKPECTHOCTSIX
APTEHTHHCKOTO MOPCKO-
ro nopra baxusa-branka
(puc.3). Oco6eHnHocTbhIO
KavaroIleicss CKaJabl W3
Baxus-baanku 6b110 ee
HeTIpepBIBHOE Me/JIEHHOE
JIBIJKEHNE M3 CTOPOHBI B
CTOPOHY, MPEATOJIOXKHN-
TEeJTbHO M3-32 HEOTHOPO/I-

HOTO HATPEBa CKAJIbI COJTHETHBIMU JTIy-
YaMU WU OXJIAXKIEHUST, KOTOpbIE TTPHU-
BOAMJIN K HeGOJbIIOMY OJIyKIaHUIO
TOJIOJKEHUs IeHTpa TsokecTn. Kaunb,
YTO 3TOT 3a6aBHBIN CIOXKET BBINAJ W3
6oJiee TO3THUX U3MAHUN « 3aHUMATE b~
HOW (DU3UKI>.

Paccmotpum Temepb mpuMephI, KO-
TOpBIE He TPeGYIOT My TEIIECTBHS B TOPBI,
HO TI0 CBOEH MpPUPOJ/ie OHM TaKue Ke,
KaK KayaloIasicsl cKaJa.

IIpumep 1. Y omHOpPOAHOTO TIapa
IEHTP TSKECTU COBIAIAeT C TEOMETPH-
YeCKUM T[EHTPOM, OITOMY Tap Heyc-
TOWYHMB Ha BBIMYKJIOH MOBEPXHOCTH.
OpmHako, ecau y Iapa cpesaHa <«Bep-
XYITKa», OH MOKET CTOSTb YCTONYUBO
Ha BEPIINHE BBIMYKJION MOBEPXHOCTH
(cM. ympaxkuenue 3).

Ipumep 2. 3abaBHas meTcKas ur-
PYIIKA <«BaHbKa-BCTAaHbKAa» HATIOMMU-
Haet npuMep 1. Kycok cBunHma ujau
CTaJH, CIIPSATAHHBIN Y Iapoo6pa3HoTo
OCHOBAHUSI «BAHbKU-BCTAHBKW», TIPU-
JIaeT WTPYIIKe YIUBUTEJILHYIO YCTOM-
YHBOCTbD.

A Bce M 3HAOT, YTO y <«BaHbKU-
BCTaHbKM» GbLan (a MOXKeT GbITh, €CTh
Koe-Tjie M ceiivac) poJCTBEHHUKH?
«bbI10 KOTHA-TO Ha CBeTe ABAIIATH
MATDH OJIOBSTHHBIX COJIJIATUKOB. Bee onn
ObLIM CHIHOBBSIMH OJHOU MaTrepu —
CTapoil OJIOBSIHHOU JIOXKKW — ¥, 3Ha-
YUT, TPUXOAUIUCH APYT IPYTY POIHBI-
My 6parbamu. OHu 6L OUEHb KPacu-
BBI: Py’Kbe Ha TJede, IPy/Ib KOJECOM,
MYHIUD KPacHbI ¢ cuauM. Uymo, 4T0
32 COJIIATUKU...» ITO — CTOUKHUE OJIO-
BSTHHBIE COJITATUKYU U3 CKa3Ku AHep-
cena. [loueMy MX Ha3bIBaJN «CTONKH-
mu»? HaBepHoe, moToMy, 4TO KakK 6bI
WX HU HAKJOHSJIN, OHU BCET/Ia BO3BPa-
MATICh B BEPTUKAIBHOE MOJOXKEHNUE.
Korma orkpsiBasiu KOpoOKy, B KOTO-
pyio OBLIM yJIOXKEHBI TaKkue COJIATH-
KI, BCE OHU BCKAKWBAJTH CJOBHO TIO
koMaHze. KaskabIil comaTuk Kpemi-
s Ha TJIAJIKOM Cpe3e CBUHIIOBOM TOJTy-
cepst 1 CTOSAT yANBUTETHHO YCTOWYN-
BO.

IIpumep 3. Kax wusBecTHO, 0JHO-
poaHblii symuncons Bpamenus (uin
BBITSIHYTBIH cepous), T.e. TeJao Bpa-

IIeHNS KPUBOI (ac/a)2 + (y/b)2 =1
BOKpYT Goubmoii ocn X(a >b), ue
MOKET CTOSTh BEPTHKAJbHO HA ILIOC-
KOCTH CTOJIA: PaJinyC KPUBU3HbI B BEp-
IIMHE HJUIMNICOMAA, WJIM, YTO TO K€
camoe, paauyc cdepbl, KOTOpas am-
pokcumupyer GopMy MOBEPXHOCTH
Tela B BepIINHE, PaBeH bz/a, B TO
BpPEMS KaK IEHTD TSKECTH HAXOIUTCS



Ha BbICOTe, paBHOW a. Kpurepuii yc-
toitunBocTn (2) me Bomoansercs. Ho
4yTO OY/ET, €CU YyTh-4yThb M3MEHUTD
dopmy ammunconpa? Jlarckuii mare-
matuk [Iut XailH npuayman tesno Bpa-

IeHNs KPUBOI
2,5 2,5

R +z =1

a b

(ang oTpuUATENBHBIX X M Y B 9TOH
dopmyse 6epyTcs 3HAUEHUS MOJLY.JISE).
IIpu ymaunom mom6ope BBICOTBI @ U
wupunbl b (Hanpumep, 5 u 4 ¢M CoOT-
BETCTBEHHO) TaK Ha3bIBAEMbIH CyTe-
paJsuuncon]; XaifHa CTOUT yCTOWYMBO
Ha TOPU30HTAJBHOU TIJIOCKOCTH Ha
J060M M3 CBOUX TIOJTIOCOB.

Mo>KHO TIOKa3aTh, UTO ITUM Ke CBOII-
CTBOM YCTOWYMBOCTH 00.J1a/1a€T BCSIKOE
OTHOPO/THOE TeJO BPAIleHUs KPUBOI
(x/a)" + (y/b)" = 1 Boxpyr ocu X, ecu
n>2ua>b>0. [Ipu 6obuINX 1 TEJIO
MOXOXKe HA TUJIMHP C 3aKPYTIEHHBIM
JTHOM ¥ BEDXOM — 4eM He MOIX0/SIIast
MoJleJib Kavatolieiics ckanbl ? 1 skcrie-
PUMEHTHPOBATD C UCKYCCTBEHHOI CKa-
JOW KyJa Jierde, 4eM C HACTOSIIE.
IIpaBma, BepHO U TO, YTO «JIyUIlle TOP
MOTYT OBITh TOJBKO TOPBI...» M YTO
OYEeHb HHTEPECHO PACKAYMBATD HACTOSI-
e KaMeHHBbIe BAJYHbI HA CBEXEM
BO3/[yXe B PycJie KaKoii-T160 mepecox-
IIeit TOpHOH peuKH.

B 3aksiouenue oTrMeTuMm, 4TO IPO-
6/ieMa yCTOUYMBOCTH PABHOBECHS TeJl
— OoYeHb cTapas mpo6iema, KOTOpOi
3aHUMAJTHCD YYE€HDBIE TIPOIIE/ITTIX 30X .
Taxk, 3.Toppuuesnnu B 1644 romy chop-
MyJIUPOBAJ KPHUTEPUH YCTOHYNBOTO
PaBHOBECHUS CUCTEMBI IBYX TeJI B TIOJIe
Tskect, Kotoppiii X.[oiirenc 0606-
MU HA CHUCTEMY U3 HECKOJBKUX TeJI
(npusiun Toppuuenn). B 1788 rony
JK.JIarpanx [okasas TeopeMy, olpe-
JIEJIAI0MYI0 JOCTAaTOYHOCTD YCJIOBHS
paBHOBecus cucreM; 6oJiee CTPOroe J10-
Ka3aTeJbCTBO 3TON TEOPEMbI MPUHAI-
aexxut 1. [Jupuxue. CoryacHo teope-
me Jlarpanska—/lupuxie, ecau morTeH-
UuanbHas SHEPTUS W30JUPOBAHHON
CUCTEMBI B TIOJIOKEHUW PABHOBECHUS
uMeeT MUHUMYM, TO TIOJIOJKeHWEe PaB-
HOBECHSI CICTEMBI YCTONUNBOE.

MpumeyaHme (o Teopeme dnnepa)

B craTbe MBI paccMOTpe/n CJIy4ail, Korja
CKaJsla 1 0O1opa B 06J1aCTH KOHTAKTa HMeJIH
chepuueckyo ¢opmy. Boobie rToBOpS,
KaMHH, Jlaxe TJIaJKie, BoBce He 06s3aHbl
ObITh ITapaMu MJIH HUMeThb chepuyecKie
ocHoBauusi. Kak ske Torga paccMaTpuBaTh
3aja4y 06 yCTOIYMBOCTH PAaBHOBECHS CKa-
JbI? 371ech HaM Ha MOMOIIb MPUAET IIPO-
cTasi reoMeTpuYecKasi mjesi, cocTosiuasi B

3 Kant Ne 2

KAYAIOIMAACA CKAJTA

TOM, 4TO JIOGYIO IJIOCKYIO TJIaJKyI0 KpHU-
BYIO B KaKOii-/1160 TTPOU3BOJILHOI Touke A
MO>KHO allPOKCUMUPOBATb HEKOTOPOH OK-
PY’KHOCTBIO, PAJMYC KOTOPON HA3bIBAETCS
paJilycoM KPHUBU3HBI KPUBOH B Touke A.
Toraa 3asava 1po KayvaloIyIOCs CKaJy,
KOT'/la KAaMHU He KPYTJble, CBEJIETCS OTSITh
K MCCJIe/IOBAaHUIO PABHOBECHS KPYTJIbIX TeJl.
Wrak, no nopsaxy.

YUT0o6bI KOJMYECTBEHHO OIIEHUTH POJIb
opmbI Testa B 06J1aCTH KOHTAKTA € OMOPOIA,
orpejieiuM HekoTopble noHsATusA. Ilyctb B
maockoctn XY nana kpusast [, A — Touka Ha
9TOI KpuBOii, A, — 61M3Kasg K Heil TOuKa,
Tak yro Al — anuHa ayru AA,, AB — yron
MEX/Y KacaTeﬂbIIbIMgeK KPHUBOI B TOUKAX
An A, . OtHomeEnue Xl Ha3bIBAETCS CPe/l-
neil kpuBuU3HOIl Ha yyacTke AA,, a npeen
3TOT0 OTHOIIEHNST, KOT/1a Tqu1a A, npu6u-

sKaercst K A, o603HavaeTcst 1 Ha3bIBa-

o o A
€TCA KPUBU3HOU KPUBOU B TOUYKE A:
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KpuBusna umeer pasMepHOCTb, 06pATHYIO
JJIHe, a BeJIMYHHa P, IO OIpejeNeHuIo
SIBJISIETCS PAZINYCOM KPUBU3HBI KPHBOIl B
Touke A. OKpPYKHOCTb PajinyCcoM P, , TIPO-
Be/leHHas Yepe3 TOUKy A u Jo6ble Apyrue
nBe 6Jm3iexalie K Heil TOUKM KpUBOu [,
Ha3bIBaeTCs COIPUKAcAIoNlell OKPYXKHOC-
ThIO, a HEeHTP OKpyxHOocTH O, HazbIBaeTcs
IEHTPOM KPUBU3HBI KPUBOH [ B TOuKe A.

Hetpyano poragarbes, 4TO OIpefesieH-
HOe TakuM 00pa3oM MOHSTHE KPUBU3HBI
JINHWUYU TI03BOJISIET CYIUTb KOJTUYECTBEHHO,
CKOJIb CUJIbHO M30THYTa KpHBas B 3aJaH-
HOH TOUKe, W/, JPYTUMU CJIOBAMH, CKOJIb
CHJIBHO OHA OTJIMYAETCS OT MPSIMOI JINHUN.
V npsamoit kpususna pasua ny.io (A8=0).
Ilna oxpysxkuoctn (pagmycom R) Al =
= RAB, T1.e. 3TO KpWBasg C TIOCTOSTHHBIM
paauycoM KpuBuU3HBI P = R, a KpUBU3HA
OKPY’KHOCTHU €CTb BeJNUYNHA, o6paTHas pa-
JIIYCY.

Kax mpaBusio, KpUBU3HA KPHUBOI H3Me-
HSETCS OT TOUKHU K Touke. Hampumep, y Tak
Ha3bpIBaeMoii mapa6oJibl Heiisist, onucoiBae-
MoOll ypaBHeHUeM y = x~ , Pa/ILyC KPUBU3-
Hbl B Touke X = 0 paBen 0 1 6bICTPO pacTer
c yBeJqwdyeHmeM x 1o d¢opmyre R =

= \/;(4 + 9x)3/2/6. Y 006brynoil mapa6oJibl

) SN3/2
y=x R:(1+4x2) /2.

[l Tex, KTO 3HAKOM ¢ TIpaBuiaMu Jud-
(bepeHIpOBaHNs, YKaKeM, 4TO e/ KpH-
Basi | 3ajjana ypaBHeHNEM y = y(x) , To

1 '

37, Tae y' m y" — neppas

p(x) (1+y'2)
u BTOpas mnpousBojHble ynkunu y(x)

o x.

C mOMOIIbIO MOHATHSA KPUBU3HBI JIHUU
MO>KHO OTpe/IeTNTh KPUBU3HY KaKOH-JI160
nosepxHocTH S B gannoit Touke C. IIpose-
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neM B Touke C KacaTeJbHYIO K TOBEPXHOC-
TH TI0CKOCTh P. JI1o6as 1pyras MI0CKOCTD
L, npoxopsamas uyepe3 C U NeplIeHIUKY-
JIIpHAs TJIOCKOCTH P, TiepecedyeT TOBepX-
HOCTh S TI0 HEKOTOpOil KpHBoii /, , nMeio-
meit B Touke C paguyc KpuBu3Hbl R. JTa
KpHBasi Ha3bIBAETCS HOPMAJbHBIM CEYEHN-
eM 1oBepxHocTu S. fAcHo, 4To 3HaveHus R
MOTyT ObITb, BOOOIIE TOBOPS, Pa3JINYHBI
ISl PA3HBIX HOPMAJbHBIX cevyeHmii. Ham-
6oJblllee U HAaMMeHbIITee 3HAYeHUs R cpein
BCeX BO3MOJKHDBIX Ha3bIBAIOTCA TI'JIaBHBIMU
pajmycaMu KpuBM3HbI R, u R, moBepxHo-
ctu S B Touke C, IpIYeM COOTBETCTBYIOTITIE
UM IaockocT L, u L, Bceria neprennKy-
JISPHBI IPYT APYTY, a KpuBuaHa 1,/ R mpo-
M3BOJBHOTO HOPMAaJbHOTO CEYEHUS BBIPa-
sKaercs yepes R, u R, mo dgopmy.e

1 cos’ ¢ N sin’ ¢

R R R

1 2

)

rae ¢ — yrou, o6pasoBaHHBIi paccMaTpH-
BaeMbIM HOPMAJIbHBIM CEYEHHEM C ILJIOCKO-
crbio L,. ITO yTBep:K/eHHe HOCHT Ha3Ba-
HHUe TeopeMbl ODiijepa, BepHee — 3TO ee
coBpeMeHHas (POPMyTMPOBKA.

Teopema Jiinepa yka3biBaeT 1yTb, Kak
UCKATb DelleHNe 3aJa4n JJIsT KaMHel He-
IIPaBUIbHON (POPMBI, KOT/[a IJIaBHbIE PA/IILY-
cbl KPMBM3HBI R, R, u 7, 7, B Touke
KOHTaKTa He PaBHBI TIONAPHO /PYT APYTY.

ITonpoGyiite Temnepb, Hampumep, chop-
MyJIMPOBATh KPUTEPUil yCTONUYMBOCTH CKa-
JIbl, KOT/IAa CKaja W OMOpa — BBIMyKJble
BQJIYHBI HeTIPAaBUJIbHOH (pOPMBI.

Yupaxxunenus

1. BwBeanute ycaosue (2), mcmonansys
10T (aKT, 4TO B TONOKEHUH YCTORYHBOrO
PaBHOBECHS [OTEHIIUAJIbHAS SHEPIUS TeJia
MUHUMAJIbHA.

2. «BaHbKa-BCTaHbKa» CTOUT Ha BEPIIN-
He HEMOBUXKHOTO Iapa. Pajauycsl mapa u
OCHOBAHUSI «BaHbKHU-BCTAHbKH» OJ[MHAKO-
BbI U PaBHbI 7. MaKCHMaJbHBIH yroJ, Ha
KOTOPBIii MOKHO OTKJIOHUTb OT BEPTUKAJIM
UIPYIIKY TaK, 4TOGbI OHa He ylaa ¢ uapa,
pasen o, (mpockaibsbiBanus Her). Haii-
JUTE, T/ PACIOJOXKEH ILEHTP TSHKECTH
«BAHbKH-BCTAHbKH> .

3. [oJyuapue pajuycom 7 CTOUT yCTOl-
YHBO HA HEMOJBIXKHOM IIape pajuycoM R,
ecsiu BuIoJiHsIeTCs yeaosue v < 0,6R. T'ne
DACIIOJIOKEH [EHTP TSKECTH MOJIyIIapus?

4. lpu BoiBoe hopmyst (2) mpeanosa-
rajoch, YTO JBHKEHHE KaMHs — 9TO Kaue-
HUe 10 [OBepXHOCTH onopsl. [lomyctum,
UTO TPEHHE YMEHbIIUIOCh HACTOJBKO, U4TO
KauyeHUe CTAJI0 CONPOBOK/ATHCS IPOCKATb-
spiBanneM. Kak 1o orpasurest Ha ycroiun-
BOCTH PaBHOBECHUS KaMHS?

5. BO3MOKHO /11 OIIPOKUHYTH KAYAKOIITY-
10csl cKaJy?



