3AJJAHME 110 KOMIUVIEKY ITPEJIMETOB
(PU3UKA, THOPOPMATUKA, MATEMATHUKA)
BAPHUAHT 7107 nas 10 u 11 kacca
[Ipuzpax 3amka MoppHCBWILIb, pa3MUHAsCh BO BpeMs 3apsalKkd, OpocaeT BAallb CBOIO

roJIOBY, KOTOpas (KaK BBISICHWJIM SHUOJOTH) mMmeeT maccy m = 0.5 xe. byaem cuurtarh, 4TO B
MOMEHT OPOCKa roJioBa HAYMHACT JICTETh TOPU3OHTAIBHO C HaYaIbHON CKOPOCTBIO vy =10 -* Ha
BbICOT€ [ =2 M OT MOBEPXHOCTH FOPH30HTAIBHOTO Noa. [Ipu KaxmoM ymape o 1o B TEIUIO
nepexoauT Q=2 /i ee MOJHON PHEPruu, NpUYEM YroJl MaJeHUs paBeH YIIy OTPaKEHHs.
Ecnu ke momHasi sHEprusi roJioBbl CTAHOBUTCSA MEHbIIe (), TO TPHU OYEPEIHOM yaape OHa

OCTaHaBJIMBACTCA. OHpGI{GHHTe PacCTOAHUEC, Ha KOTOPOC YAAJIUTCA TOJIOBaA W BpPEMA €€
CKaLIKOO6pa3HOFO IBIDKCHHSA. B03MOXXHBIM Bpall€HUEM TOJIOBbI IIpU €€ JABHXCHUU

npeneOperute. ([loTeHuManbHas 3HEPrusi OTCUUTHIBAETCS OT OBEPXHOCTH 110J14).

Pemrenne

O06o3HaUNM KOOpAUHATBI TOYCK, B KOTOPBIX IMPOUCXOOAT ITOCICAOBATCIIBHBIC YyIapbl O

HOBEPXHOCTH (OTCKOKHM) uepe3 X . [Ipn 3ToM Havano nBumkeHus cuuraeM B Touke x, = 0. Yepes
d; 0003HaYMM PACCTOSHUS MEKAY COCCTHHUMU TOYKAMH OTCKOKOB (d) = Xx; —X;_;), a 4epe3 v,

N Uy — TOPHU30HTAJIbHYIO U BEPTHKAJIbHYIO COCTABJIIOIINEC CKOPOCTH OTCKOKA B TOYKE X .

Vo

xy =0 T Zy R Ty TEt1 T



1. PaccmoTtprM cHawana, 4TO NMPOMCXOAUT MPHU OYEPETHOM ' )

Upd ™"~ "

yZlape 0 HOBEPXHOCTh. Ecim 6bl yaap ObL1 aGCOIFOTHO YIIPYTUM, TO n

(B cWIy paBeHCTBA YIJIOB IAJCHHMS U OTPAXKEHMsS) Cpasy IOCIe 4 ("’.’Sihi
yJlapa COCTaBJISIONINE CKOPOCTH COXPAHUIIM ObI CBOU BENMYUHEI H, k E:Uk‘l

.

JIOTIOJIHUTENILHO, BEPTHKAIbHAS CMEHWIAa Obl HampaBieHHE (CM. E

puc). Ilpu Heynpyrom ynape 3Heprusi yMEHbLIUTCS, CJIEJ0BATENBHO (T A :

CKOPOCTh TaKXe€ yMEHBIIHUTCS. HO MOCKOIBKY HampaBjieHUE OTCKOKA Oy/IeT TaKUM K€, KaK U MpHu
abCOIIOTHO  yNpyroM ynaape, TO COCTaBJIIIOIIUME CKOPOCTH  JOJDKHBI ~ M3MEHHUTHCS

IponopuruOHaIbHO, T.C. B OAHO 1 TO K€ KOJIHMYCCTBO pa3 ¢y :

Upl =CplUg s Vil = CpVk -

Ecou CKOPOCTb U3MCHACTCA B € Ppa3, TO KHHCTHYCCKAsI SHCPI'HA U3MCHSICTCS KaK

2 2 )
CrV +(Cc u Vv, +u
. Vi)™ + () _ el Vet

2
=c E, .
> k=k

Ek+1 =

Haiinem oTHomenue sHepruu mocie u 1o yaapa. Eciu 1o ynmapa sHeprusi Obljia paBHa

E,_,, To mocie, coriiacHO YCIOBHUIO, OHa cocTtaBut FE, = E, ;—0. 3Hauut, K03pOUIHECHT
k-1 k k-1
YMCHBIICHUA SHEPTHUU paBCH

Ep Ep

ecin E,_>Q. Ecou ke E;_; <O, TO BCA 3HEPrus yuaeT B TEIUIO U JABHIKCHUE NPEKPATUTCH.

OT0 ycioBue OyAeT HUXKE YCIOBHEM MPEKPALLEHUS] PACUETOB.

Tak kak mnpu yaape TMOJHas OHHEPrusi paBHA KUHETUYECKOH, TO KOAIPPUIMEHT

YMEHBIIEHHsI CKOPOCTH OYJIIET PAaBEH ¢; = /0y =

2. Tenmeps paccMOTpUM JBMIKEHUE MEXAY JBYMS MOCIEIOBATEIbHBIMU YyIAapaMHU O
IIOBEPXHOCTh B TOYKaX X; M X;,. AHAIM3MPysd CHavaja JBM)KEHUE TOJBKO II0 BEPTHKAIIH,
HECJIO’)KHO HAaWTH BpEMs f; INMOJbEMa Ha MAKCHMalbHYIO BbICOTY. VI3 ypaBnenua O0=u; —g71;
OJIy4aemM

=M
g

Tk

DTO BpeMs paBHO TOJIOBHMHE TOJIHOTO BPEMEHH JBIDKCHHS MEXy OTCKOoKamu. [loatomy
paccTosiHue, TPOUIEHHOE TI0 TOPU30HTAIIN, PABHO
2viuy
—g .

dk = 2Vka =

2



3aMeTHM, YTO CIIEAYIOLIUH CKa4doK (T.€. IBMKEHUE MEXIY TOYKaMHU X;,| U X;,,) Oyner

ONMCHIBATHCS aHAJIOTUYHBIMU (OpMyJaMH, a UMEHHO BpeMs MOoJAbeMa M JUIMHA CKauka OyayT

pPaBHBI

HOJIB3y5[CB MMpONOPHHUOHAIBHOCTBIO COCTABJIAIOINMNX CKOPOCTH [0 W IIOCJIC Yyaapa,

mojrydyacm OTCroaa

_Upyy Gl _ Wb 26 Cly 2
Tl = =——=T;, dpyg= = = Cjdy .
g g g g

Takum o00pa3zoMm, HET HEOOXOIUMOCTH PACCUMTHIBATH BpPEMs M JUIMHY KaXKJbl pa3s
3aHOBO, a JOCTaTOYHO YMHOKaTh IPEIbIIYLIYI0 Ha KO3 PULIHEHT.

HOCKOHBKy BpEMs CKadKa tk = 2Tk , TO JJIs1 HETO TAKXKE CIIpaBCJIMBa IMOJIYYCHHAA BBIIIC

dopmyna .,y =ity .
3. [lepeiinem k Hawany aBwkeHus. Haliiem BepTUKaIbHYIO COCTAaBJISIOUIYIO CKOPOCTH
Vv, C KOTOpOM 0OBEKT IEPBBII pa3 ylapuiIcs O MOBEPXHOCTh. Ee HEeCI0KHO HAWTH, HAIIPUMED U3

2 2 2
o m VO m l/lo m VO
3aKOHA COXpaHEHUs MOJHOW dHeprun  mgH + 2 = 2 +

ug =+/2gH .

BpCMfl Ha4daJIbHOro CKadka tO HaI\/II)IGM U3 YPAaBHCHHA BCPTHUKAJIBHOI'O JABWIKCHHUA

. [lomyyaem

2
/4
H= gTO. [Tomygaem

g

Tenepb MOXKHO HalTH JUIMHY NepBOro ckauka. OHa OyJeT paBHa

2H
do :Vot:VO —_—.

BaxxHo oTMeTUTbH, YTO MEPBBIN CKAYOK MpPEACTaBIsET CO0OI TOJBKO CHUXKEHHUE, B TO
BpeMsl KaK BC€ OCTaJbHbIE — CHayaja MOJbEM, a 3aTEM CHIKEHUE (T.€. MEPBBIM CKauOK €CTh B
HEKOTOPOM CMBICJIE «II0JIOBUHA» MOJIHOTO cKaudka). [loaTroMy mpu pacdere Bequ4uH #; U d; 1O

PEKYPPCHTHBIM (bopMynaM, BBIBCICHHBIM BBIIIEC, UX HCO6XOI[I/IMO YABOUTE:

tl = 2COt0 , dl = 2036[0 .



4. Ocranoch MPOSICHUTH BOMPOC C YCIOBHEM OCTAHOBKM pacyeTa, HWMEIOIIUM BHU
E,_1 <Q. JInd 5TOro I0CTaToYHO HAiTH BXOAALIYIO B Hero sHepruto. OHa, OYEBHIHO, paBHA

2 2
V-1 T U

Ly =m 5

Tenepb MOKHO MUCATH

aJropuT™M

5. CHavania chopmynupyeM aJirOPUTM Ha €CTECTBEHHOM SI3BIKE.

JAHO: BreicoTa H, HadambHas CKOPOCTh Vy, YCKOPEHHE CBOOOTHOTO MAJACHUS Z.
HAWUTU: Bpems nsuxenust 7, NpoilAeHHBIN MyTh S.

HAYAJIO AJITOPUTMA

. 2H 2H
Haiitu Bpems U JUIMHY Ha49aJabHOTO CKauKa fy = |[—, dg =V, [—.

g g
[IpucBouThb 3TH 3HAUEHUS TEPEMEHHBIM T U S,

B KOTOPBIX OYAyT HaKaIUIMBaThCsl CYMMapHOE BPEMsI U PacCTOSHUE.

Halitn BepTHKaIbHYIO COCTABISIONLYI0 CKOPOCTH IIEPE]T IIEPBBIM YIAPOM Uy =+/2gH .

2, 2
Yoty

Haiitu sHEpruio nepes nepBuIM ynapom Ly =m 2

NuannmanusupoBars cueTyuk k =0.
I[IOKA (E;, >2)

VBeauuuTh cuetTuynk k=k+1.

Haiitu ko3 puirieHT yMeHbllIeHUsI CKOPOCTHU ¢ = / _Ei .
k-1

[lepecunTaTh CKOPOCTH, BpEMS U PACCTOSIHUE CIIEIYIOIIEro CKayuKa:

Ve =C Vi, U =C-Up_y, L =C iy, d; :cz-dk_l.
ECJIM (k=1) TO ynBouts BenmuuuHsl ¢, =2-t;, d, =2-d,.
IlepecunTaTh KHHETHYECKYIO SHEPTHUIO NIEPEJ CIEIYIOIUM yaapom E; = ? “Ep
VBennunuth Bpems aBwkenus T =T +1; .

VBenuuuTh npoieHHoe paccTostHue S =S +d) .

KOHEI[ ITOKA
KOHELl AJI'OPUTMA



6. Tenmepr mnpuBeAEM anTOPUTM HA TCEBIAOKOJE, NPUOIMKEHHOM K HEKOTOPHIM
COBPEMCHHBIM AJITOPUTMUUYCCKUM SA3BIKaAM.

[IpenBapuTebHO 3aMETHM, YTO MHAEKC k& (HOMEp yAapa) MOXKHO HE HCIOJIb30BaTh Y
ckopoctell, BpeMeH U T.J. C TOYKM 3peHHUs pealn3aluy alTOPHTMA 3TO O3HAYAET, YTO MOXKHO
00OHUTHUCH IMPOCTBIMU TEPEMEHHBIMU JJI1I XpPaHCHHUA TOJBKO TCEKYIIECTO 3HAYCHUA OJaHHBIX

apaMeTpoB, a He MaccuBaMu. (PakTUUECKH Mbl yxKe yOpaian UHIEKC B Koddduunente c ).

INPUT H, Vy g
OUTPUT T, S
BEGIN

ret,  Se=d,  Eem i
2
k=0
WHILE E >2
BEGIN
k=k+1.
_9
E
v=c-v, u=c-u, t=c-t, d=c*-d.
IF k=1 THEN

BEGIN ¢t=2-t, d=2-d END

E=c* E
T=T+t
S=8+d

END
RETURN T, S
END



7. IlpuBeneM emie OAMH BapuUaHT alaroputMa (Ha TOM JK€ IICEBIOKOJE) C Ipyroi
opraHuzanueil pacueroB. B HeM XapaKTepuUCTHUKHM KaXJOro CKayka BBIYUCISIFOTCS HE IO

PEKYPPEHTHBIM COOTHOIIEHUSM, a [0 HETIOCPEICTBEHHBIM (hOpMYyJIaM.

INPUT H, g V0
OUTPUT T.S
BEGIN

2gH V= VO

/2H dev /2H

k=0

WHILE E >2

BEGIN
k=k+1.

0

E
v=c-v, u=c-u,

IF k=1 THEN BEGIN ¢=2-t, d=2-d END

T = T+2—u
g
S_9g4 2vu
g
2.2
Eem Vv +u
2
END
RETURN T, S

END

B Takom BapmanTe anroputMa HET HEOOXOIMMOCTH BBIBOJWTH PEKYPPEHTHHIC
COOTHOIIIEHUS (OMUCAHHBIE B 1. 2), 4TO YIPOIIAET MOArOTOBUTEIbHYIO YacTh. OqHAKO OOmui

00BbEM BBIUUCIUTEIBLHOU PaOOTHI IPU BHIIIOJHEHUH aJITOPUTMA MOJIy4aeTcst OOJIbIIIe.

6



8. Hamocnenok 3ameTumM, YTO €CJIM BBIHECTU NEpBbIM mpoxon (mpu k=1) U3 muKIa u
OTIHCATh €ro OTIACIHHO Iepel HayajJoM IMKJIA, TO MOKHO HEe BBOJIUTH CUETYHK k =1, T.K. Ooiee
OH HHTJIC HE UCTOJb3yeTcs. Kpome TOro, SKOHOMHTCS OZHA OTepalysi CPAaBHEHHS Ha KaKIOM

IMOBTOPC LUKJIA.



