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AMDOCHU-BAPU — 310 npoBepKa

IICUXOJIOTUYECKOH IIOATOTOBKH

U TEXHUKU yJlapa B KapaTd pas-
JIMYHBIX TpeaMeToB. M3BecTHO, 4YTO
Kapars npunuio K HaM ¢ OKWHaBDI,
KpymHeiinero octpoBa Anonnu. Ham-
60JIbIllee Pa3BUTHE KAPaTd MOJTYYUIIO B
XVI— XVII Bekax, Korja BjIacTu, oma-
casgch BOCCTAHUN, U3BSIJIU Y HACEJeHUS
BCe OPY’KHe, BKJII0Yas KyXOHHbIe HOXU
" I1iepeMOoHuajibHble Meuu. KoHeuHO,
COTIPOTUBJIATHCS XOPOIIO BOOPY>KEHHOM
apMUU CaMypPaeB TOJBIMI PYKaMU Kpe-
cThsiHaM ObLIO He IMOJ CUJY, HO, 3HAs
[IpUEeMbI KapaTa, OHU MOTJIX IaTh OTIIOP
HECKOJIbKIM OTOJITEIbIM HAaCUJIbHUKAM.
Bunumo, otcrosia n 6epeT HavaJI0 MpakK-
THKAa TaM3dCU-BapHW, KOTOpas BCerzaa
WHTEPECHA JIJig 3pUTeJIell U TPOU3BOINT
Ha HEIIOCBAUIEHHbBIX BII€YATJ/JECHUE HE-
KOTOpOro uy/ia. B Haie Bpems Ha 1oka-
3aTeJIbHBbIX BBICTYIIJIEHUSIX U COPEBHO-
BaHUSX 110 KapaTs B TaMaCH-Bapu yvarie
BCETO HCIIOJBb3YIOTCS JOCKH OTpe/e-
JIEHHBIX Pa3MepoB U3 JIEPEBbEB XBOII-
HBIX TOPO/I.

4 Kant Ne 5

aM3CHU-BapHu

A.BUPIOKOB

B craTtbe paccmaTpuBaercsl IpocTast
¢usnueckas Mojesnb yaapa 10 JJOCKe,
KOTOPasi IT03BOJISIET C/Ie/1aTh HEKOTOPbIE
OIIEHKW U JaTh PEKOMEH/IAIINH, a TaKXKe
OIIEHUTDH BO3MOXKHOCTH 4eJOBEKa B Ta-
Macu-Bapu. Ompefesnenue psaa mapa-
MEeTPOB 3TOI Mo/ies I TpebyeT perieHust
HECKOJIbKIX CaMOCTOSITETbHBIX 3ajiad,
KOTOpPbIE MOTYT GBITh HHTEPECHDBI UNTa-
tesro u camu 1o cebe. Uto6bl He 3arpo-
MOXK/aTh M3JI0JKeHUe, 33Jja4l BBbIHEce-
ubl B [Ipusoxenus B KOHLE CTaTbU.

[TycTp 10 1eHTpY Jeskalleil Ha ABYX
oropax JI0CKu ¢ pasmepamu d, [ u h
(puc.1) HAHOCAT yIap KyJIaKOM Maccoi
M CO CKOPOCTBIO ¥ B MOMEHT KOHTAKTa.
Bomokna [0CKM HampaBJeHBl Tapaj-
JIETBHO OTOpaM, PACCTOSTHHE MEX[IY
KOTOPBIMU JIJISI OIIEHKH Takke OyeM
1oJIaratb paBHBIM JyuHe gocku [. U3
«CEKPeTOB» KapaTd M3BECTHO, UTO JIJIsI
yBeamueHnus 3¢G@eKTUBHOCTH yaapa
HAJ0 K YK€ Pa3oTHAHHOMY TIepes y/a-
POM KyJIaKy B TeueHHe BpPEMEHH ero
B3aMMO/IEHCTBHS C JJOCKOH MPUKJIA/IbI-
BaThb ellle M CUJIy, KOTOPYI0 0003HAYNM
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yepes F. Bsegem cucremy KoopauHar,
KaK MOKa3aHo Ha pucyHke 2. O6o3Ha-
YHMM YEPE3 X, CMEIIEHNE LEHTPA JJOCKH
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13 ToJI0XKeH s paBHOBecus. [lyctnb pas-
JIOM JIOCKH, T.e. Pa3pbiB ee BHEITHel
MTOBEPXHOCTH, MPOUCXOIUT MPH HEKO-
TOPOM 3HaueHun x, = X,. Taxoii pas-
PBIB TIPOMCXOMUT, KOT/Ia HANPSKEHUE
0 (cmia, medcTByIomas Ha eIMHUILY
IO/ CEYEHUS JIOCKU) Ha MOBEPX-
HOCTH JIOCKHU JJOCTUTAET OIPe/IeICHHOTO
3HaueHWs1 O, XapaKTepu3yIoIlero Ma-
TepHa.

Haiinem BHavase cBA3b MeXy X, U
0, KOTOpasi, OYEBUJIHO, OTIPE/IEJISETCS
YOPYTUMU CBOMCTBAMU U T€OMETPUYEC-
KIMH pasMepaMu J0ocKu. Makcumasb-
HBIIT W3rub u, CJIeJ0oBaTeJbHO, MaKCHU-
MaJIbHOE HaTpPSIKeHNe Ha MOBEPXHOCTH
nmocku 6ynet B ee cepequne. Kak moka-
3ano0 B [lpunoxenun 1, 310 Hampsxe-
HU€e PaBHO

P

Eh
2R’
rae R — paanyc KpUBU3HDI LIEHTPAJIb-
noit muaun CC B cepeaune gocku (cM.
puc.2), a E — momxyab IOnra MmaTepuaia
JIOCKHU.

3agagum Terepb HOPMY JOCKH TPU
usrube, y4UTBIBas, YTO Kpasi JOCKH
3aKpereHbl B TOYKaxX y = =#[/2, a
MaKCUMAJbHOE CMEIEHNe U3 TOJI0Ke-
HISI PABHOBECHSI MeeT ee TieHTp. OTme-
THM, 4TO TOYHAast (hOpMa JJOCKU 3aBUCHUT
OT KOHKpeTHbIX (He OYeHb SICHBIX) yC-
JIOBUI KOHTAKTA y/IaPHOIT TIOBEPXHOCTH
KyJaka ¢ fockoil (pw mpaBuibHOM
yape — 3TO CYCTaBbl YKA3aTEJbHOTO
cpennero masbies). [lostomy ais pac-
YEeTOB MOKHO OTPAHUYUTHCS YAOGHOI
opmy.T0if, 0CHOBAHHOI Ha TIPAKTHYEC-
KOM OIIbITE€ U MO3BOJISIONIEH MPOBECTH
TpoCThIe onleHKu. Bynem cunrars dhop-
My JOCKU Tipu u3rube KOCHHYCOHUJIOIN,
3aKpeIIeHHol B Toukax y = +[/2. B
3TOM CJIydae CMelleHHe X KaKoi-m6o
TOYKY IIEHTPAJIBHOIl JIUHUK 3aBUCHUT OT
ee KOOPJIMHATHI ¥ 110 3aKOHY

o=

x(y) = x, cos %

B Ilpunosxkenun 2 mokaszaHo, 4TO TIPU
3TOM PAINyC KPUBU3HBI B IIEHTPE JJOCKH
Oyler paBeH
1Y 1
R=|—] —.
) x,

[MopcTraBuB MoOJyueHHOE BBIpAKEHUE
JUIS paJiiyca KPUBW3HBI B BBIPAKEHUE
nns O, HaliJleM HalpsKeHue B cepe/iu-
He JJOCKM Ha ee TIOBEPXHOCTH TIPH CMe-
IEHUH [eHTPa JOCKU Ha BETUYUHY X,

x,EhT?
o="——
212

KBAHT 1998/ Ne§

Otcrofa BuHO, 4TO pasioM (o = OP)
HpOI/ICXOI[I/IT HpI/I CcMeleHnn HeHTpa
JIOCKM Ha BEJUUYUHY

_ 20,I°
" TER’
CMmonenmupyeM fajiee yIpyrue CBOI-
CTBA JIOCKM OTHOCHUTEJBbHO IPUJIOXKEH-
HOI1 BHEIIHE CUJIBI IPYKUHOH XKeCTKO-
cThio k. Dtor Koadpdunuent Haiijien B
ITpunoxennn 3 n IMeeT BEJIMUNHY

2E 3
p=ERd
38

[Tocne ompeneneHus HEOGXOAMMBIX
apaMeTpoB BepHeMcs K cpopMyTHpo-
BAaHHOI paHbllle AUHAMIYECKOH 3a/1a4e
006 yaape 10 JIOCKe U 3aluliieM ypaBHe-
HU€ JIBUJKEHUS KyJIaKa B BUJIE BTOPOTO
3akona HpioToHa:

X

mx" = -kx+ F,

rje X Tenepb — CMellleHhe KyJlaka OT
UCXOJHOW TIOBEPXHOCTH KOHTaKTa C
JOCKOII, a ITPUXH 0003HAYAIOT IPOM3-
BoJHbIE IO BpeMeHu. [l1g oueHku Oy-
JIeM T10JIaTaTh, YTO IIPUJIOKEHHAS YeJo0-
BEKOM K KyJlaKy cuja F 1ocTosiHHa BO
Bpemenn. HemocpeacTBeHHoll mojcTa-
HOBKOW MOHO yOeAuTbhCs, 4To obliee
pelleHre ypaBHEHUA JBUKEHUS UMeeT
BU/JL

F
X :Acosu)t+Bsinoot+?

U COJIEPKUT J[B€ NPOU3BOJIbHBIEC KOH-
crautol A n B. [laa ux ompenenenus
3a/1a/IUM yCJIOBHS B HAYAJbHBIII MOMEHT
Bpemernu t =0: x =0 u x' = 0. Torga
MOJTyYUM

v
x = LZ(l —coswt) + —sin wt,
w w

rne [ = F/m — Beauuwna, MMeonas
Pa3MEPHOCTD yCKOpeHus, u W = \/k/m
— yacToTa COGCTBEHHBIX KOJeGaHUii
KyJIaKa o/l JeiicTBUeM yIPYTOil CHJIBI
co cTopoHbl jocku. Halizem Tenepb
MaKCHMaJIbHOE OTKJIOHEHNE KyJTaKa X
IpU 33JaHHOM 3HAYEHUU HAYaJIbHOI
ckopoctu v u cuibl F. IIpupaBHuBag K
HYJTIO TPOU3BOHYIO OT X TI0 BPEMEHH ¢
U 3aTeM HUCKJIouad t, HaXOqUM

f

X =

max — o
ax (,02

1+ 1+

ﬂJIH IoJgy4yenud yCJIOBI/Iﬁ pa3JjioMa 3To
OTKJIOHEHNE HYJXHO IIPUPABHATb K OT-
KJIOHEHUIO xp , OTKy/la TIOJIy4a€M ypaB-

HeHne
20 h*d
—F =1+
3FI

CBSI3BIBAIOIIEE CBOICTBA MaTepuaJia J0c-
K U ee TeOMeTPUYECKHe DPasMepbl C
napaMeTpaM#, XapaKTepU3yolIuMu
yaap.

Pemum 970 ypaBHEHIE OTHOCHTEIHHO
cunbl F, omsrb BBOASA mist yao6cTBa
3HaueHus X, u k. B aTux o6o3nauenusax
MOJIYYNM MTPOCTOE BBIPAKEHUE

)

F kx,  mo?
2 2x ,

— TaKyIo CHJIy HEOGXOAUMO TIPUIOKUTh
B MOMEHT KOHTAKTa K KyJaKy, ABUXKY-
IMEMYCS C HAYaJbHOW CKOPOCTHIO 0,
4TOGBI Paséuth A0ocKy. OueBUAHO, YTO
€CJIM CKOPOCTh KyJIaKa JOCTaTOYHO Be-
JIMKa, BbIpaxkeHue s F 1momydaercs
OTPHUILATEIbHBIM ¥ CIIY MOKHO HE IIPH-
KJaJbIBaTh. B 9TOM cilyuae HauaapHas
CKOPOCTb JIOJKHA TIPEBBINIATh 3HAUE-
HUe

" /3
KOTOPOE MPONOPHUOHANBHO KBaJpaT-
HOMY KOPHIO U3 TOJIIMHBI JOCKH /.
HaoG6oporT, ecau HavaabHas CKOPOCTb
KyJaKa v paBHa HyJIO, TO U3 BbIpaske-
uus s Focieayer, uyTo, JJIs TOTO
4To6BI coMath (IIPOJABUTH) OCKY,
HEOOXOIUMO TIPUIOKUTD CHITY

kx h*c d
_p = —P
2 3l

F =

,
MPOMOPIINOHANBHYIO KBaAPATy TOJIIIH-
Hbl /. 3HAYUT, C yBEJINYEHUEM TOJIIIH-
HbI JIOCKU BBITO/[HEE YBEJNYNBATH CKO-
pOCTb, a HE CHIY.

PemmuM Temepb ypaBHeHHe, oTpejie-
JIIONee YCJIOBUE pas3JjioMa JTOCKH, OT-
HOCHTEJIBHO /i W TOJy4YUM 3HAUEHUE
TOJIIIMHBI JOCKH, KOTOPYIO MOXKHO pas-
6UTHh PN 3a/laHHBIX TapaMeTpax yja-
pa:

_ 3T E0’m

2
80‘pld

64Fl30]3)d
+
3T E*vim?

ITpoBeneM HEKOTOPbIE YUC/ICHHDIE OLIeH-
KM, 3a/l1aB XapaKTepHble I[apaMeTpbl
martepnana jgocku: E = 10% H/m? u
0, = 5005 H/m?, B3sTBIC U3 SKCIIE-
pUMEHTATbHBIX n3MepeHuil. Ctanaapr-
Hble B TAMACH-BapH MIMPHUHA M JJINHA
pocku coctaBagior 20 cm u 30 cm,
O/IHAKO B pacyerax Oy/eM moyarath [ =
=25 cM, HOCKOJIbKY Kpasl [OCKH, BbIC-
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Puc. 3

TyHAIOMINe 32 OTIOPbI, MOKHO He YUUThI-
BaTh. Maccy KyJIaka ¢ yaeToM Mpe/IIie-
4Ybsi MOKHO TIOJIOKUTH paBHOU 1 kr. Ha
pPHUCYHKe 3 TOKa3aHa 3aBUCUMOCTb CUJTBI
F oT HavyaJIbHOW CKOPOCTH ¥ TPU Pa3-
JINYHBIX 3HAYEHUSIX TOJIIHHBI JOCKH /.
Ecau cusma m ckopocTb TaKOBBI, UTO
COOTBETCTBYIONAS TOYKA JIEKUT BBITITE
KpUBOW [IIsT 3a/laHHOTO /1, TO [OCKA
JIOMAeTcs.

Temepb olleHUM TOJIIIHY TOCKH, KO-
TOPYIO MOJKET cJIoMaTh yesioBek. [Ipu-
MeM PeaJbHYIO CUJIY OHOU PYKHU OObIY-
Horo YesoBeka pasnoil I = 250 H. Kaxk
BU/JIHO U3 PUCYHKA, MPOJABUTDH TaKOi
cuioii  (IoKasaHa MyHKTUPOM) JasKe
JIOCTATOYHO TOHKYIO JOCKY TOJIIIMHOI
1,5 cM 1pu HavaJabHOI ckopocTu v = 0
0OBIYHOMY YeJIOBEKY HEBO3MOKHO. [{ st
3TOr0 HEOGXO0IUMO PA3BUTH CHITY OKOJIO
300 H. OkcnepuMeHTa bHOE 3HAUYEHUE
MaKCUMaJTbHON CKOPOCTH yJapa KyJa-
KoM onenuBaercs kKak 10 m/c. Iloxcra-
BUB B BbIpaKEHUE IS /i 3HAYEHUST U =
=10 Mm/c u F = 250 H, naxogum
TOJIIMHY JOCKH: i = 6 cM. ITa Besndn-
Ha JIOCTATOYHO GOJIBbINAS U JOCTYIIHAS,
MO-BUMMOMY, TOJBKO [JIs TPEHUPO-
BaHHDBIX JTI0/Ieil, 06J1aIaTOTIITX BBICOKO
TEXHUKOU y/Iapa 1 ICUXO0JOTHIECKH TTO/I-
roToBJeHHBIX. OMHAKO JIOOOMBITHBIH
YUTATETh MOJKET IOMBITATHCS Pa3OUTh
JIOCKY TOJIIIUHON 2 CM, MOCKOJBKY Tpe-
6yeMble 3HAYEHWS] CUJBI M CKOPOCTH
JIOCTYITHBI JIJIs CpeJHEro yeoBeka. [Ipu
9TOM BAXKHO CJIEJJOBATH W3BECTHOMY
MICUXOJIOTHYECKOMY <«CEKPETy» KapaTa
— He COMHEeBATbhCs B cele.

Ilpunoxenue 1

OmnpezieinM HanpsiKeHe HA MOBEPXHOCTH
nocku. [Iposesem (cMm. puc.2) cumMerpmd-
Hble cedyenus nocku AB n A'B', HOpMasb-
Hple K JiuHIN CC 1 HaXO/ISIIIecs] Ha MaJIOM
paccroanuu [, APYT OT ApyTa BAOJb 3TOM
smnun, Pacemorpum snement AA'B'B . Beu-
JIy €r0 MaJIOCTH, MOKHO CYHMTATh, YTO KPH-
Boie AA', NN', BB'ecTb yTu OKpy>KHOC-
Teli ¢ TIEHTpaMH, JISSKAIIMI Ha TaK Ha3bIBa-
eMoii ocu usruba O', NepIeHUKYISIPHON K
IJI0CKOCTH pucyHka. Hapyskuast moBepx-

4%

HOCTb JIOCKH MeX1y Toukamu A u A’ npu
usrube pacTAHyTa, a BHYTPEHHsSSI MOBEPX-
HOCTh Mex1Iy Toukamu B u B’ — cxkara.
Ilmnbl kpuBbix AA' u BB' B orcyTCTBHE
n3TH6a OMHAKOBDI I PaBHBI JTHHE /| TIeH-
TPAJIbHON KpUBOW NN, He MeHsIolIeil cBo-
el qaunepl pu u3rube gocku. Ilycts R —
paauyc kpuBnsHsl unun NN, torga [ =
= Ra, rje O — IeHTPaJbHbIIi YToJI, Onupa-
fommiics wa ayry NN'. Ecim gocka me
CJIMIIIKOM TOJICTast, T.€. K<< R, JJIMHA KPH-
Boil AA" Oyner [ = (R +h/2)a, a ee yam-
HeHne n3-3a u3ruba coctasut Al =1, — [ =
= ha/2 . CnefoBatebHO, HaNIPsKeHMe, f1eii-
CTBYIOIIUE BJIOJIb HAPYKHOH MOBEPXHOCTH
JIOCKH, COTJIACHO 3aKkoHy ['yka, ecTh
_ Al _Eh

I, 2R

IIpuiaoxenue 2

Haiigem pammyc KpHUBH3HBI TOBEPXHOCTH
nockn B ee cepeanne (y = 0) npu usrute.
3amMeTuM, 4To ecau R ecTb pajuyc KpUBU3-
HBI KaKOW-M60 KPUBOil B TAHHOW TOUKE, TO
MIPOXOZAIIAS Yepe3 3Ty TOYKY OKPY’KHOCTDH
paamycoM R, TEHTP KOTODPOil JIEKHT Ha
HOPMAJIN K KPUBOII B 3TOI TOYKE, COBIIAAeT
(o ompegeneHnio paanyca KpPUBU3HBI) €
KPUBOIl B MaJIOil OKPECTHOCTH 3TOI TOUKU.
U3 dopmynr anst x(y) npu |1y /1| <1 nme-

eM
X T ?
2
w(y) = x, -+ (—J y

(3mech wmcnosb30BaHa M3BECTHas TPUGIH-
xenHasg ¢dopmynaa cosy = 1 — y/2 nng
ly|<1).

Vckomast okpy»KHOCTD pafinycoM R c 1ieH-
TpoM B Touke Q' (cM. puc.2), mpoxoaduias
yepe3 TOYKY € KOOpAMHATAMU (xO,O), o
KOTOPOII roBOpuJIoch Takske B [Ipuoxxenun
1, ommuchbIBaeTcst ypaBHEHNEM

y2 +(x—x0 +R)2 =R2,
KOTOpPOE JIETKO PEeIIUTb OTHOCUTEJBHO CMe-
menus x(y):

w(y)=x, -R+R 1—(%]2.

[Tonb3yscs n3BecTHOl TpUbIMKEHHONU (HOP-

MyJsoit J1-y =1~ y/2 npu | Y| < 1, Haxo-
M npu |y /R| <1

CpasnuBas aBa Bbipaxkenns aad x(y),
oJIy4aeM 3HaveHue I Pajinyca KpUBU3-
HBL:

IIpunoxenue 3

OrnpeieTiM 3aBICUMOCTD BEJTITYIMHBI OTKJIO-
HEHUS X, HeHTpa JOCKH, Jexalleil Ha AByX
0TI0pax, OT BeJMYUHBI IPUJIOKEHHO K Hell
BHelIHeN cuJbl F, pacipejiesieHHON B/OJb
IIEHTPaJIbHBIX BOJIOKOH U IIaHpaB]’IeHIIOfI
BHU3. Maccoii gocku 6yjeM mpeHe6perarh.

BcaeictBue npe/moraraeMoii CHMMETPHH,
cuta F pacnpefenuTcs MeKIy OIOpaMu
mopoBHy. PacceueM MbICTIEHHO 10CKY Ha /IBE
YacTH, IPOBe/sT HOPMAJIbHOE CeueHne yepes
nentp pocku (eM. puc.2), u paccMOTpuM
YCJIOBHE PABHOBECHSI JIEBOI TTOJIOBUHBI JIOC-
ku. CripaBa Ha Hee Oy/eT JeiicTBOBATH BHeE-
e cuna F /2, cocpepoToueHnas BOJM3N
ee Kpas W HalpaBJieHHas BHU3. JTa CHJa
KOMIIEHCUPYETCSI CHJIOH PeaKInu JIeBOH OI10-
ppt. CymMmMa MOMEHTOB 00EUX CUJ OTHOCH-
TEJIbHO II€HTPa MOOCKHN 6y;[eT, O4YeBH/IHO,
OTIpe/IeIAThCS TOJBKO MOMEHTOM CHJIBI CO
CTOPOHBI JIEBOW OIOPBI:

Fl

4

C npyroii CTOPOHBI, 3TOT MOMEHT YPaBHO-
BEIINBAETCS MOMEHTOM CHJI PACTSDKEHUS U
CKaTus, IeHCTBYIOMNX B TPOBEIEHHOM HOP-
MaJIbHOM CEUeHUN Ha JIEeBYIO YacTb JOCKH CO
CTOPOHBI IIPaBOil uyacTu. 3HaueHHE 3TOTO
MOMEHTA CUJI MOKHO ITOJIyYUTD U3 (POPMYJIbL
s O, MOIUUIIPOBAB ee JJsI BBIYNCTe-
HUS HATIPSIKEHUS B 00beMe JIOCKH BIOJb OCH
Y. Kaxk cuenyer u3 BoIBO/Ia 3TO# (DOPMYJIBI
(cm. TIpunoskenue 1), Ay 3TOTO AOCTATOU-
HO BMeCTO OTKJIoHen s i,/ 2 ot suann NN |
COOTBETCTBYIOI[ETO TOYKE Ha BHEIIHEH I10-
BEPXHOCTH JIOCKH, BBECTH PACCTOSTHUE & OT
aroii tuann (-h/2 < & < h/2). Torpa pus
HaNPSKeHNsT B 06beMe TOCKH TOJYIUM

_Ed

R
WckoMbIil MOMEHT YHOPYTUX CHJ PaCcTsiKe-
HUA U CKATUSA OTHOCUTE/IHHO LEHTPA JOCKU

OylleT paBeH

/2 /2 3

E 't _ EWd
M = J&)‘d s = —d jazdé =
R 12R
~h/2 —h/2

[TosncraBuB ciojla 3HaUEHUS PAInyca KpH-
BU3HbI R ¥ TIPUPABHSB IIPaBble YACTU JIBYX
BBIpAXKEHWHT /1711 M, HaXO/IUM CBSI3b MEXK/LY
cuaoii F' u cMeleHueM X

3FI°

X, = ———-
W ERd

0

ITO PABEHCTBO MOXKHO TIEPEIMNCATh B BHUJE
F = kx, oTKya cieyeT nckoMoe BhIpake-
Hue 171 K03 duimenTa ;Kectkoctu k 9KBu-
BAJICHTHOH IIPY>KUHBL:

wER’d
k= -3 -
3l



