dnBura

UYneuaés Bukrop VIBanoBuy

Kandudam gusukxo-mamemamureckux Hayx, 0oyeHm
KaghedpovL 06well pusuxu Mockosckozo pusuko-
mexHuueckozo uncmumyma (MDPTHU). Sacayrcernnniil
pabomHruk eblculet WKoAbL, 3amecmumens npedcedamenst
HAYUHO-MemoOureckozo cosema PedepaavbHoti 3a0UHOU
dusuxo-mexnuuecxoli wxkoavt (P3PTII) npu MPTU, uren
scropu Beepoccutickoti orumnuadsvl WWKOABHUKO8 NO Pusuke.

Bp100p oceln 1J1s1 3anmucu
BEKTOPHBIX YPaBHEHUMN
B IPOEKIMUAX NPU pelieHnu 3aaa4

BrickazaHO yTBep:KIeHNe, UTO [IPY PeIlleHn 3a1a4 10 (pu3NKe, CBA-
3aHHBIX C 3aIMCHI0 BEKTOPHBIX YPaBHEHMII B IPOEKIMAX, OCY BbIOMPAIOT-
ca u3 coobpaskenuit ynooctea. ObocHOBaHME U MTOJIE3HOCThH BTOTO yTBEP-
SKIIEHMA [IOKa3aHbl HA IIpUMepax pelleHna 3anad. JaHbl peKoMeHIanmm

I10 BEIOOPY OcCert.

1. HekoTophlie cBOIiCTBA BEKTOPHBIX PABEHCTB

BexkTopHOE paBeHCTBO MOXKHO 3a-
micaTbh B IIPOEKIMAX Ha Jr000e BBI-
OpaHHOEe HaIllpaBJIEH)E B IIPOCTPAHCTBE,
T.e. HA OCb. OTO MaTeMaTH4YecKasd oIle-
pauusa. Hanpumep, paBeHCTBO

3d =7b—26,
3amMcaHHOe B IIPOEKLUMUAX Ha IIPOU3-
BOJIBHYIO OChb X, VIMEET BUJI:

3a,, ="Tb, —2c,.

3neck a,, by, c, — IDpoekuuu (Koop-

JIVHATHI) BEKTOPOB d, b, ¢ Ha oCcb X.

X

JIr:oboe BeKTOpPHOe DPaBEHCTBO AJIA
BEKTOPOB, He JIeKalllX B OJHON ILJIOC-
KOCTY (TPEXMEpPHBIN CJIy4ail), S9KBMBa-
JIEHTHO TPEM CKaJIAPHBIM, 3aIMICAaHHBIM
B IIPOEKLUMAX Ha JioOble TPM ocu, He
JleKallyie B OJHOM IIJIOCKOCTM M He Ia-
pasnesnbuele. IIpy aToM ocu He obaA3a-

TeJIbHO B3alMMHO HepHeHIU/IKyJ’IHprI.
Hanpumep, BeKTOpHOE paBEHCTBO

4G —5b=23¢
SKBMBAJIEHTHO TPEM CKAJIAPHBIM pa-
BE€HCTBaM, 3allMCaHHBIM B HpOQKLU/IHX
Haocu x, Y, Z:

4a, —5b, =3c,,
4a, —5by =3cy,
4a, —5b, =3c,.
3xech ocn X, Y, Z He JIeXKAT B OIHON

IIJIOCKOCTM, He IapaJjiyleslbHbl U He
00:A3aTeJPHO B3aMMHO IIE€PIEHANKY-
JApHBL Tpy 3amMcaHHBIX CKAJAPHBIX
paBeHCTBa HE3aBUCUMBI, T.e. KaXKIOe
M3 HUX HeJb3dA IOJIYy4YUTh U3 IBYX OC-
rTaBmnxca. Eciau 3amucaTh BEKTOpHOE
PaBEHCTBO B IIPOEKIMAX Ha IIPOU3-
BOJIBHYIO YeTBEPTYIO OCh, TO IIOJIYUINT-
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Ccs PaBEeHCTBO, ABJAIOIIEeCa CJeICT-
BMEM M3 NpenbIAyInx Tpéx. IToaTomy
rOBOPAT, YTO U3 BEKTOPHOI'O PaBEHCT-
Ba B TPEXMEPHOM CJydae MOYKHO IIO-
JYYUTb TOJBKO TP HE3ABUCUMBIX
CKaJIAPHBIX, 3alJMICAHHBIX B ITPOEKIV-
fAX Ha TPU OCU B IIPOCTPAHCTBE.

Ecom Bce BEKTOPBI 13 BEKTOPHOrO
paBeHCTBa JeXaT B OGHOM IJIockocTn P
(nBYMeEpPHBIII ciIy4aii), TO 3TO BEKTOPHOE
PaBEHCTBO SKBUBAJIEHTHO IBYM CKa-
JIAPHBIM, 3aIIVICAHHBIM B IIPOEKLMAX Ha
Jrobble IBe OocH, JIesKallye B 9TOM IJI0C-
KocTu P, HO He mapaJulesbHbIE U HE
00A3aTeIbHO B3aMMHO IEePIEHAVKY-
aapHble. Hanpumep, BEKTOpHOE paBeH-
CTBO B JBYMEPHOM (IIJIOCKOM) CJIydae

F+3Q=2N
9KBMBAJIECHTHO IBYM CKaJIﬂprIMI
F, +3Q, =2N,,
F, +3Q, =2N,.

3ecb ocu X, Yy He IapaJuleJIbHbI, He
00s3aTeJIbHO B3aUMHO MEPIEHAUKY-
JIAPHBL U JesKaT B IJIOCKOCTH P Haxo-
JKJIeHVs BEKTOPOB F, @ u N. Bamuce
rocJeJHero BEKTOPHOTO pPaBeHCTBA B
MIPOEKIINAX Ha IIPOU3BOJIBHYIO TPETHIO
ocb B IIOCKOCTM P rnacTt paBeHCTBO,

ABJIAIOIIIEECs CJencrsueM IOBYX pa-
BEHCTB, 3allMCaHHbIX B IIPOEKIMAX Ha
ocnm x ny. HOQTOMy TOBOPAT, 9TO U3

BEKTOPHOTO pPaBeHCTBa B [OBYMEPHOM
cjydae MOSKHO IOJIyYUTB TOJBKO JBa
HE3aBUCUMBIX CKAJIAPHBIX pPaBeHCTBa
(BammMcaHHBIX B IIPOEKIIMAX Ha ABE OCHU).

BexTopHOE paBEHCTBO JJIA BEKTO-
POB, HaIpaBJEHHbIX BIOJIb OOHON IIPsA-
MO (OZHOMEPHBIN cJy4ail), SKBUBa-
JIEHTHO OJHOMY CKaJIAPDHOMY pPaBEHCT-
By, 3allMICAHHOMY B IIPOEKIIUAX Ha OCh,
HaIlpaBJIeHHYI0 BJOJb 3TON IIPAMOIA.
Hanpumep, BeKTOpHOE paBEeHCTBO B OJ-
HOMEPHOM cJiydae

3R-5F =8Q
SKBUBAJIEHTHO OJJHOMY CKaJIAPHOMY,
3alMCaHHOMY B MPOEKLUMAX Ha OCb X,
HaIlpaBJEHHYIO IapaJile]IbHO IIPAMOM,
BJIOJIb KOTOPOJ HAaIIpaBJIEHbl BEKTOPbI
R, F u Q:

3R, —5F,. =8Q,.

Ecan zamcaTh nociyenHee BEKTOP-
HOE PaBeHCTBO B IIPOEKUVAX Ha APYTYIO
ochb (HaIpaBJEHHYIO IPOTUB OCU X), TO
He TMOJIy4YMM HOBOTO HE3aBUCUMOTO pa-
BEHCTBA, [IOJyUYMM CJIeJCTBME PaBEHCT-
Ba, 3allMICAaHHOTO B IPOEKIIMAX Ha OCh X.

2. IIpumepsl penieHns 3amaqd

IIpu pemrernn 3amad U3 PasHbIX
pasznesoB ¢u3MKKM dYacTto Tpebyerca
3aIycaTh BEKTOPHOE PAaBEHCTBO B IIPO-
eKIMAX Ha ocu. VIX MOXKHO BBIOMpATH
npon3sBoJsibHO. Ho oT BbIGOpa Ocelt 3aBu-
cuT 00BEM MaTeMaTUYeCcKUx Ipeobpa-
30BaHMIA, & MHOTZA U cCaMa BO3MOYKHOCTb
OJy4YuTb OTBeT. IloaToOMy MOKHO
chopMyIMIpOBaTh YTBEpPIKIEHME: OCU
018 3aNUCU 8EKMOPHBLL PABEHCTME 8
NPOEKYUAX MPU peweHuu 3adaiu
gvlouparomes U3  cooopaxceHul
yodobcmaa.

IIpuBenéM KOHKPETHbIE IIPUIMEPEL

3agaua 1. ITo HaKJIOHHOI IJIOCKOCTH

C YIJIOM HaKJOHAa K TOPMBOHTY
CKOJIB3UT IIpAMOJIMHEeHO 6pycok. Ko-
3 PUIIMEHT TPEeHUSA CKOJbKEeHUA Me-
KAy OpYCKOM 1M HAKJIOHHOM IIJIOCKO-
cThio M. Havitu yckopenne 6pycka.

Ananuz. Ha 6pycok maccoit m neri-
CTBYIOT CO CTOPOHBI HAKJIOHHOJ IIJIOCKO-

CTM CUJIa HOPMAJIbHOTO JaBJIEHUA N u
cuJIa TpeHusA F‘Tp, a CO CTOPOHBI 3eMJIM —
cuya TsokecT mg (puc. 1). 3amerum,
uro F,=uN. Ilo BTOpoMy 3aKoHY
Hriorona

m§+N+FTp =ma.

31ech d — ycKopeHue OpycKa.


http://www.foxitsoftware.com/shopping

Puc. 1

VImeem pByMepHBIT cJayuait, Io-
CKOJIbKY BCE BEKTODBI JIEXKAT B OJHOM
BepPTUKAJBLHOM IIJIOCKOCTH. JlasibHeliee
pellleHe IPOBENIEM TPEMA CIIOCODaAMIA.

IlepBbIl coco6 perieHus. 3aImIeM
BEKTOpPHOe YypaBHEHMEe BTOPOrO 3aKOHA
HreroToHa B npoekIuAx Ha NapaJulesbHYI0
HaAKJIOHHOM IIJIOCKOCTM OCh Xr; M IIepIeH-
IMKYJIAPHYIO elt ockb Y (puc. 1):

mgsina — uN =ma,
—mgcosa+N =0.
Pemme cucremy 13 nByx ypaBHeHUI C
JIByMdA HeusBecTHbIMM N 1 @, HaXOAUM
YCKOpeHHe:
a=g(sina—pcosa).

Bropoit cmocob pemeHus. 3amnu-
111eM BEKTOPHOe ypaBHEHME B IIPOEKIM-
fX Ha TOPM3OHTAJBHYIO OCb Xy U BeEp-

TUKAJIBHYIO OCBh Y9 :

Nsina— uNcosa=macosc,
—mg+ Ncosa+ yNcosax=—masinea.

Ilonyunsn omATe cucTeMy M3 JIBYX
ypaBHEeHUI ¢ JBYMA HEU3BECTHBIMU
N u a, HO Teleps B KaKJIOM ypaBHe-
HUM COJlepyKaTcsA [OBe HeU3BeCTHEIE.
Bripasu n3 nepsoro ypaBHeHua N
4yepe3 a ¥ IOACTaBMB BO BTOpOe
ypaBHeHMe, IOJy4MuM IIOcJie yIpolle-
HUI IPEYKHUI OTBET:

a=g(sina—ucosa).

Tpernii ciocod pemenusa Hampa-

BMM OCh X3 IIapaJijiesIbHO HaKJIOHHOM
IJIOCKOCTN, a OCh Y3 — BEPTUKAJBHO.

BexkropHoe ypaBHeHMe BTOPOro 3aKOHa
HrroToHa B IpoeKInsax Ha 3TU OCK:

mgsina — uN =ma,
—mg+ Ncosa+ uNsina =—masina.

Pemne sty cucremy ypaBHEHMI, HAXO-
JIIM YCKOPEHNE.

BeiBoab! u pekomengamum. Tpetuit
crioco® peleHnsa IOATBEPIKIAET, UTO
ocU MOYKHO OpaThb He TOJBKO B3aMMHO
[ePIeHANKYJISIPHbIE, HO ¥ HAlpaBJIeH-
HbIE APYT K APYTY HOJ OCTPBIM UJIM Ty~
[IbIM YTJIOM.

Hawubosee ymauno ocu BbIOpaHBI B
IIEPBOM CII0CO0€E PeIIeHns.

VIHTEepecHO OTMETUTD, UTO IPU JIHO-
60oM BbIOOpE OCeil MOJIyYUTh B 3TON 3a-
Jlaye MOYKHO TOJIBKO J[Ba HE3aBUCUMBIX
ypaBHenus. Hanpumep, ypaBHeHMe I
OCH X3 MOKHO IIOJIY4YUTb, YMHOXKVB

ypaBHeHMA AJA OCM X] HA COSC, a
ypaBHeHMe AJA ocu Yy; — Ha sing, u

CJIO}KUMB 9TM ypaBHeHudA IloaTomy
OpaTb GoJbllle IBYX OCEll M COCTABJIATD
Oosiee JBYX ypaBHEHUII B JBYMEPHOI
(mIockoit) 3azade He CTOUT, IOCKOJLKY
pellleHre  TEPEIOJIHEHHOM  CUCTEMBI
YPaBHEHUIT MOYKET HNPUBECTU K CUTya-
1, Korga rnosxyunutcesa 0=0, 94To BbI3bI-
BaeT 3aMelIaTeJIbCTBO y PeIaloIlero
U3-3a  «IPOMAaKW» HEU3BECTHBIX B
YPaBHEHUIL.

VI emé omHO BameuaHme, OTHOCA-
mmeeca KO BceM pasbupaeMbIM 37€ech
3amadyaM. HJacTo OpM MIPOEVPOBAaHUU
BEKTOPOB YAOOHO IEPEHOCUTH OCU Ia-
paJsIenabHo caMuM cebe ¥ TPOBOJUTb UX
yepes I[EHTP MacC TeJia. JTO JeliCTBUEe
OIlyCKaeTCdA B pelleHNAX BcexX Ipenjia-
rTaeMbIX HMKe 3aj]iad, 4TOObI He 3arpo-
MOJKIATh PUCYHKIL.

3amaua 2. IIlap maccoit m =0,6 Kr

yIepexkuBaeTca ABYMA HUTAMMU, IPUKpPe-
IUIEHHBIMM K IIOTOJIKY U cTeHe (puc. 2).
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OpHa HUTH TOPM3OHTAJIBHA, APYyrasd CO-

craBisieT yros =60 ¢ OBEPXHOCTHIO
moToJika. HaliTu ciJibl HATAKEeH S HUTEIA.

Anamms. Ha niap gelicTByrOT cuia
TAKECTU Mg U CUJbI HATAKEHUA HU-

reit F1 u Fo (puc. 2).

o yl
(,
12 &1
Y
mg

Puc. 2

3amnuiieM ycJOBME PaBHOBECUS

mapa:

mg+F1+F2=0.
VImeem gBymepHBI (IJIOCKWUIL) CJIydaii,
TaK KaK BCe BEKTOPHI JIeXKaT B OJHON
BEPTUKAJILHON IIJIOCKOCTH.

IlepBblit cmoco0 pemreHust. 3amu-
11eM BEKTOPHOE YpaBHEHNE B IIPOEKIIV-
fAX Ha TOPM30HTAJBHYIO OCh X; U Bep-
TUKAJBHYIO OCb Yj:

—F + Fycosa =0,
-mg+F,sina=0.
Pemasa sty cucremy ypaBHEHUII OTHO-
cutesibHO F; m Fy, mosyyaem cuiibl Ha-
TAMKEHNA HUTEN:

mg
F =mgctga=—=3,4 H,
V3
mg 2mg
F = =——=6,8 H.
2 sinx \/g

Bropoit cmocod pemnenus. Ha-
IpaBUM OCb Xy MEePIEHAUKYJIAPHO

cuse F2, a ocb Yy — IepHeHIUKY-

napHo cue Fi. Drum 6ymer obecre-
YEeHO TO, YTO B KaKJOM YpPaBHEHUU B
NIPOEKUUAX Ha 3TU OCU OCTaHeTCHA
TOJIBKO II0 OLHOJ HEM3BECTHON CUTIE:

—mgcosa+F sina=0,
-mg+Fysina=0.
VI3 nepBoro ypaBHeHUs CUCTEMbI HaXO0-
num Fj, us BToporo F.

BeiBoabl n pekomengamun. Perre-
HIe DTOM 3aJaduy elé pas3 II0Ka3bIBa-
€T, UTO B «IIJIOCKOM» CJydae AJA II0-
JIy4eHNA HEe3aBUCUMBIX YpaBHEHWII B
MIPOEKIMAX MOYKHO BBIOMpAThH JIIOOBIE
IBe He MapaJliesbHble OCY, IPUIEM
ocu MOryT OBITb M He B3aMMHO IIEp-
IeHOUKYJIAPHBIMIU.

B oToOit 3amatue CJIOKHO CKa3aTh,
KakKoil cmocob pelleHns Jerde, IIO-
CKOJIbKY B IIepBOM cIiocobe TAMKeCTb
pellleHusA IIepeHeceHa Ha pelleHue
CHUCTEeMbl ypaBHEHWMII, & BO BTOPOM —
Ha yMeHHUe IPaBUJbHO 3aMlMCATb IPO-
€KL BEKTOPOB.

AHamms BTOpPOro crocoda pelleHus
OPUBOIUT K CJIEAYIOIIEMY IIOJIE3HOMY
BeIBOLY. Ecau nHanpasums ocv mep-
NeHOUKYAAPHO KAKOMY-AUOO 8eK-
mopy (Hanpumep, Heu3zgecmHomy),
mo e20 npoexkyus He 8ouU0EM 8 co-
omeemcmeyrowee YypagHeHue.

3amava 3. KuimH aBMTaloT 110 CTOJIY
C TOCTOAHHBIM TOPMBOHTAJBHO Ha-
IpaBJIeHHBIM yCcKopeHueM a (puc. 3).

Puc. 3

Ha rsnapxolt MoBepXHOCTM KJIMHA, Ha-
KJIOHEHHOII IIOJ YTJIOM (¢ K TOPU30HTY,
Haxonutcda 6pycok maccoit m. Bpycox
yaepsKuBaeTCs Ha MOBEPXHOCTM KJIMHA
HUTBIO, IIPUKPEIJIEHHOI K rBo3/10. Haii-
TU CUJTY HATAMKEHUA HUTH.

Ananuz. Ha Opycoxk gelicTByOT
3eMJyId C CUJION TAMKECTU Mg, KJUH C
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CUJIOV HOPMAaJIbHOTO naBjeHusas N u

HUTb C CUJION HaTsKeHus T (puc. 4).
YckopeHne OpycKa OTHOCUTEJBHO CTO-
Jla PaBHO YCKOPEHMIO KJMHA. SalMIleM
ypaBHeHMre BTOpOro 3akoHa HbloToHa
I Opycka B MHEPIMAJIbHOM CHUCTeMe
OTCUY€ETa, CBA3AHHOI CO CTOJIOM:

m§+N+T:md.

Y%
N
T — L1
N,
[
a
(04
Img
Puc. 4

IlepBblii crIOCOO perneHns. 3amny-
I[IEM BEKTOPHOE yPaBHEHNE B IIPOEKIIV-
SIX Ha TOPMBOHTAJBHYIO OCb X U Bep-

TUKAJBHYIO OCh Y
—Nsina+Tcosa=ma,
—-mg+ Ncosa+Tsina=0.

JImeem cucTeMy u3 IBYX ypaBHeHMII ¢
nByMsa HemsBecTHbIMM T u N. Pemasa
CIICTEeMY, HAXOIVM

T =m(gsina+acosa).

Bropoit cnocod pemnrenns Bocross-
3yeMcs BBIBOZIOM (peKoMeHparmel) us
3agau 2. Hanpasum ock xy nepneHan-

KyJIAPHO HEM3BECTHOMY BEKTOpPY N.
3anuiiieM BeKTOPHOe ypaBHEHME B IIPO-
EeKLVAX Ha OTY OCh!
—-mgsina+ T =macosa.
Orcroza cpa3y HaXOOVIM OTBET:
T=m(gsina+acosa).

BeiBoapl u perkomengamum. fcHo,
YTO BTOPOIL cI0co0 CYIIIECTBEHHO MIPOILIIE.
JLJ1A HaXO0MKIEHNS HEM3BECTHOM BeJIMYM-
Hbl T yzajochb 0OOMTIUCH TOJIBLKO OJHOM
0Ch10. 3alllICb BEKTOPHOTO YpPaBHEHUA
B NPOEKUMAX Ha KaKyH-HUOyAb BTO-
PYIO OCh JacT BO3MOXKHOCTb HallTU U

IPYI'yI0 Heu3BeCTHYIO0 BeJauuuHy N.
Ho ecan no ycaoBuio 3agaum oTbICKa-
HIEe BTOPOII BeJUYNHbI He Tpebyercs,
TO BTOpOEe ypaBHEHME MOXKHO He 3a-
MIMCHIBATE.

3agaua 4. Ilnatdopma Bpalaerca
C YIJIOBOJ CKOPOCTBIO (¥ BOKPYT BEPTHU-
KaJIbHOrO cTep:KHA (puc. 5). Ha ropu-
30HTAJIbHOJ IIOBEPXHOCTU ILJIaT(POPMBI
HaXOAUTCHA IIIapMK Maccoil m, IpUKpe-
IIJIEHHBI K CTEPSKHIO HUTBHIO IJIMHOM [.
YToJI MEYKLy HUTBIO VI CTEPKHEM paBeH (.
Hanitu cuny paBjneHmsa mapmuka Ha
nnatdopmy. Illapuk BpaliaeTca BMecTe
C ILIaTPOPMOIL ¥ He OTPBLIBAETCA OT HEE.

>0

a

Puc. 5

Anannz. Ha mapux nejicTByoT cu-
JIa TAMKECTM Mg CO CTOPOHBI 3eMJIN,

CiJjla OaBJIEHUA N co CTOPOHBI ILJIaT-

dopMBI U cusa HaTsKeHnMa HuTu F co
croporel HuUTU (puc. 6). Ilo Tperbemy
3akoHy HbroTOHa IIapuk u miatdgopma
JaBAT APYT Ha APyTa C IPOTUBOMIOJIOMK -
HO HaIlpaBJIEHHBIMM ¥ PaBHBIMM II0 MO-
nymo cusamy N. Ilapuk ABM:KeTCA B

>® Yy Yo
X
b 1
N
F -
AN
a
= D
[ | |
Ymg
Puc. 6
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TOPVBOHTAJIBHOM IJIOCKOCTY II0 OKPY K-
HOCcTU pajmycoM R =I[sina c Hampas-
JIEHHBIM K OCU BpallleHUdA (CTEPIKHIO)
YCKOpEeHNeM a = @’R = &’lsinc.

ITo BTOpOMY 3aKoHY HblOoTOHA

mg+ N +F=ma.

IlepBblit cmoco0 pemreHust. 3amu-
1I1eM BEKTOPHOE YpaBHEHME B IIPOEKIIV-
AX Ha TFOPUB0HTAJBLHYIO OCb X; U Bep-

TUKAJbHYIO OCcb Y; (puc. 6):
Fsina=ma,
-mg+N+Fcosa=0.

Pemmaa cucremy ypaBHeHUII C y4ETOM
BBIPAKEHUA JIA @, HaXOIVIM CUJLYy JaB-

JIEHUS:
N=mg- ma?lcosa.
Bropoii criocod perrenusi. Bocmosb-
3yeMcsa peKOMeHJaIern u3 3ajaund 2.
HampaBuMm ock Yy IEPIEHAVKYJIPHO

HEU3BECTHOMY BEKTOPY F (puc. 6). 3a-
IMIIeM B IIPOEKIMAX HA BTY OChb BeK-
TOPHOE ypaBHEHNE:

—mgsina+ Nsina =—macosa.

C yuéToM BBIpasKeHUA IJA @ HaXOOUM
N=mg- ma?lcosa.

BuiBoasl 1 pekoMeHmamum. B sToit
3azade, KaK U B 3ajjade 2, TPYAHO CKa-
3aTh, KaKOl 13 CIOCOOOB peIeHns
npore. CJ0KHOCTD MaTeMaTUYeCKUX
peobpa3oBaHUIl M3-3a PEIIeHUs CUC-
TEMbI ypaBHEHUII B IIEPBOM CIIOCO0e
KOMIIEHCUPYETCA HECKOJBbKO OoJibliert
CJIOYKHOCTBIO IIPM IIPOEIMPOBAHUN BEK-
TOPOB BO BTOPOM criocobe. B Takom ciry-
4Jae, YTO IPUBBIYHEE, TO U IIPOIIIE.

3agaua 5. Ha Opycoxk maccoit m,
HaXonAIUIiCA Ha IJIaJKOI HaKJIOHHON
IIJIOCKOCTY C YTJIOM HaKJIOHA K MOPU30H-
Ty «, JeVICTBYIOT C IIOCTOSHHOWI TOpu-
30HTaJIbHOV cujoit F (puc. 7). Havitu
CUJIy IaBJieHUs OpycKa Ha HAaKJIOHHYIO
IIJIOCKOCTD.

Ananus u peruenwue. B 3aBucumoctn
OT YMCJIEHHBIX 3HAYEHUI IIapaMeTpPOB

3ayjaum  OpPYCOK MOJKET CKOJIb3UTh
BJI0JIb HAKJIOHHOI IIJIOCKOCTY BBEPX UJIU
BHU3 U Jaske rokouThes OTcrona mesa-

m

=
F

Puc. 7

€M BBIBOJI, UTO yCKOpeHue Opycka Ha-
IIpaBJEHO BBEPX MJM BHU3 BIOJb Ha-
KJIOHHOJ IIJIOCKOCTY WJI PaBHO HYJIIO.
Ha puc. 8 mokaszaHbl gBa BO3MOYKHBIX
HaIpaBJIEeH)A YCKOPEHUS d.

N
a
/
x =
=
F
a my
Puc. 8

HesaBucumo OT HampaBJeHUA yC-
KOpeHUsA, Ha OPYCOK HENCTBYIOT CIJIA
TSYKECTM ‘Mg, CUJa HOPMAJBHOTO JaB-

serua N co CTOPOHBI HAKJIOHHOI ILJIOC-
koctu u cuia F. Ilo BTOPOMY 3aKOHY
HrroTona
mg+ N +F=ma.
3amuireM 5TO BEKTOPHOE PAaBEHCTBO B
IPOEKIUAX Ha OChb X, HAIPABJIEHHYIO
ePUEHANKYJIAPHO YCKOPEHNIO!
-mgcosa+ N —-Fsina=0.
Orcrona
N =mgcosa+Fsina.

IIo Tperbemy 3akoHy HbioToHa c
Takoit sxe (o moxysro) cuioit N, HO
HAIIPaBJIEHHO IIPOTUBOIIOJIOKHO BEK-
TOPY N, JelicTByeT OPYCOK Ha HAaKJIOH-
HYIO IIJIOCKOCTB. 3aMEeTUM, YTO OTBET He
3aBUCUT OT HAIIPABJIEHNS YCKOPEHM .

W&
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BeiBoab! u pekomengamum. IIycts B
BEKTOPHOM PaBEHCTBE €CTb BEKTOp, JJIA
KOTOPOTrO VM3BECTHA TOJIbKO IpAMas JIi-
HIA, BIOJb KOTOPOJ OH HAIIpaBJIEH, HO
HEM3BECTHO, B KaKyl0 CTOpoHy. Torma
yZI0OHO 3ammicaTh BEKTOPHOE PaBEHCTBO B
IIPOEKLIMAX Ha OCb, IEPIEHIVIKYJIAPHYIO
3TOVl JIMHVN. B IoJy4eHHOM ypaBHEHUM
He OyZieT «CJieZloB» DTOrO BEKTOPA.

3agaua 6. /Ipa Kycka ILIacTUJIMHA
maccamu my =0,1kr um my=0,15kr
OBVOKYTCS HaBCTpedy JOpyr OpPyry
BJIOJIb OJHOV IIPSMOJI CO CKOPOCTAMM
v =8 M/c 1 vy =6 m/c. B pesysbTare
yZapa Kycku cJuaunaiorcda. HaiitTu cko-
POCTBH CJMIIIINXCHA KYCKOB (yKa3aTb MO-
IyJib ¥ HaIpaBJieHue). BremrtHumm cu-
JlaMu IpeHebpeyb.

Anamn3s u pemenue. Ilycts gia omn-
penes€HHOCTY  KYCKM  ILJIACTMJIMHA
JIBILKYTCA Nepel] yAapoM Tak, Kak I0-
KasaHo Ha puc. 9.

m = mo
X
e
Puc. 9

Ilo 3akoOHY cOXpaHEHUS MUMITYJbCa

MYV +MoDy =(My +my)u.
3mecb U — JCKOMasd CKOPOCTb CJIMII-
IIVXCA KYCKOB.

fcHo, WTOo BEKTOpP U HalpaBJeH
BIOJIb JINHUM JIBIUKEHUA KYCKOB IEpPEN
yzapom. Ho ckasats, B Kakylo cTopo-
HY OH HaIpasJeH, 0e3 JOIOJHUTEIbHO-
TO MCCJIeOBaHUA 3aTPYSHUTEBHO. 3a-
MIMIIIEM BEKTOPHOE ypaBHEHME B MIPOEK-
IMAX Ha OChb X, HAIIPABJEHHYIO B TY JKe
CTOPOHY, UTO U BEKTOP ¥y !

MV — My = (Mg +Mgy)U...
Orcrofa HAXOAVM IIPOEKINIO HA OCh X
CKOPOCTH U :

_ mlvl —m21)2 _ M

w, =AML T2 _ gy M
my +my (¢

IIpoeknusa mosyunyach OTPUIIATEIb-
HOM. OTO 03HAYAEeT, YTO CJMIIIINECH
KYCKMU JBUIKYTCS B OTPUIATEJIHLHOM Ha-
MPaBJIEHUN OCU X, T.e. B HAIIPABJIEHUN,
MIPOTUBOIIOJIO?KHOM HAIIPaBJIEHUIO CKO-
pOCTHM IIEPBOTO KycKa ¥ o yzapa. Mo-
JIYJIb CKOPOCTM CJIUMIINXCS KYCKOB

u=|ux|=0,4 by
c

BriBoabl 1 pekomenmanum. JVHorga
HaJl0 HaliTU BEKTOP (BEKTOPHYIO BeJM-
4NMHY), AJIA KOTOPOTO M3BECTHO, BJOJb
KaKOll IPAMON JIMHMM OH HallpaBJIeH, HO
HEeN3BEeCTHO, B KaKylo cTopory. Torzma
yZIobOHO 3amncaTbh BEKTOPHOE PaBEHCTBO
B IIPOEKIMAX Ha OCh X, HAIIPaBJIEHHYIO
BIOJIb JTOI JUMHUU. 3aTeM CcJenyer
HaliTM NPOEKLUMIO JMCKOMOI'O BeKTOpa
Ha OCb X U MHTepIpPeTUpPOBaThb IIOJIY-
YeHHBIN pe3yJIbTaT.

3amgauya 7. Ha rsagxoM ropusoH-
TaJIbHOM CTOJIE HaXOAMUTCA KJMH Mac-
coii M =2 Kr c yrjioM HaKJIOHa BepX-

Hell IOBEPXHOCTU K TOpu30HTy & =30°
(puc. 10). Ha 6pycok maccoit m =1kr,

=y

M

Puc. 10

HAXONAIMIICA Ha KJMHE, HAeCTBYeT
IIOCTOSAHHAA  TOPM3OHTAJbHAA  CUJIA
F=6,4H. B pesynbrare KInH 1 6py-

COK JBIDKYTCA IIOCTYNAaTeJbHO IIO
CTOJIy, HE U3MEHAA B3aMMHOI'0 PacIo-
JoxxkeHus. Halitu cuay TpeHus, nevi-
CTBYIOIIIYI0O Ha Opycok (ykasaTb MO-
JIyJIb ¥ HAIlpaBJIEHLE).

Ananuz u pemrenme. J[3 BTOpOrO
3akoHa HploTOHA B IIpUMeEHEHUM K
cucTeMe KIMH — OPYCOK MOMKHO IIOKa-
3aTh, YTO 00llee yckopeHue Opycka u



KJIMHA COHAaIpaBJieHO ¢ cuioii F u
paBHO
F
a=—
M+m
Ha Opycok peiicTBYIOT cujia Ts-

sKectu mg, cuina F, cuiia HOpMaJIbLHOTO

naBiernsa N co CTOPOHBI KJIMHA U CUJIa
TpeHus F‘Tp TOYKEe CO CTOPOHBI KJIMHA
(puc. 11). ITpuuém cujia TpeHUA ABIAET-
cA CUJIOV TpeHMs MOKOA M HalpaBJeHa
BIIOJIb TIOBEPXHOCTM KJIMHA, T.€. BOOJb
ocu x. CkaszaTh 'Ke, B KaKyl0 CTOpPO-
HY (BBepX MJM BHM3) HaIIpPaBJIEH

BeKTOp FTp, 6e3 JAOIIOJIHUTEJIbHOT'O

UCCJIeIOBaHMUA 3aTPyAHUTEJNbHO. JIBa
BO3MOXKHBIX HaIIpaBJEHUS CUJBbI Tpe-
HIA [IOKa3aHbl Ha puc. 11.

IIo BTOopomy 3akoHy HbloToHa njda
b6pycka

mg+F+N+Frp =md.
Bocnosnb3yemcss pexkoMmeHpaumen 13
npenplayel 3agayun 6. 3anuiieM 3TO
BEKTOPHOE ypaBHEHME B IIPOEKHUAX
Ha OChb X:
mgsing — Fcosa + Fp,,. = —macosa.

N -
Erp
=
z- - |_Z
F
5
Ymg
Puc. 11

Orcrona IIPOEKIMA CMJIbI TDEHNVA Ha OCh X

Frpe =Fcosa—m(gsina+acosa).

C y4éToM BBIpaXkKeHUs JJIsI yCKOPEHMs a
M .

—Fcosa—mgsina=-1,2 H.

M+m

IIpoeknusa mnoJyumaach OTPHUIATENb-

Holt. VI3 aToro cienyer, 4To cuya Tpe-

HUA, JeliCTBYIOIada Ha OpyCOK, HaIpaB-

F,

Tpx

JIeHa IIPOTUB IMOJIOYKUTEJIbHOTO HaIllpaB-
JIeHUs ocu X, T.e. BBepx. Moaysib cuJbl

FTpx|:1,2 H

BeiBoabl u pexkomenpanum. Heor-
PELENEHHOCTL B HAIPABJIEHUM CUJIBI
TpPeHUsa B DTON 3ajade 3aTPyLHAET 3a-
IUCh ypaBHEHMII B IIPOEKIMAX HA OCH,
oTaIMYHbIE OT ocu X. IloaTomMy mpume-
HeHlJe B JaHHOJ 3a/iade peKoMeHIalui
1“3 3amaun 6 OYeHb MI0JIE3HO.

3amaua 8. Kamenn OpocaioT co
CKOPOCTBIO ¥y IO yryioM [ K IOBepx-

Tpenns F, =

HOCTY TOPBI, COCTaBJIAIOIIE yroJ o ¢
ropusoHToM (puc. 12). Ha xKakoe mMak-
CYMaJIbHOE PaCCTOsSHME OT IIOBEPXHO-
CTM TOPBl YAAJMTCA KaMeHb 32 BpeMsd
nojéra?

K

Q|

Puc. 12

Anamuz n pemrenue. Kavenb 1Bu-
JKETCs PAaBHOYCKOPEHHO C YCKOPEHMEM (

U HavyaJbHOI CKOPOCTBIO 7). Ero cko-

pocTs ¥ u nepemeliieHue S B Ji000i1

MOMEHT BpEMeHU t Oo1rpeneJisgroTCAa
YPaBHEHUAMI:
=Ty +§t,
.2
= t
S= ’Uot + 97

3anuineM 9TU YPaBHEHUA B IPOEKIUAX
Ha NPOM3BOJBHYIO OCh X (HalpaBJIeH-
HYIO IIOJi IPOM3BOJIbHBIM yIJIOM K Bep-
TUKAJIN):

Ve =Vgy T gpt,

2 (1)
t
sz’l)oxt+gx2 .
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31ecbk Uy, Vg, 9p U S, — TPOEK-
UM Ha OCb X COOTBETCTBYIOILIUX BEK-
TopoB. JIckmrouad M3 ABYX IOCJIETHUX
YpaBHEHUI BpeMd t, HIOJydaeM
0,2~ Vo’ =205 - (2)
Teneps noabepéM yao0HYIO OCb X
(nm1 ocu) AJIs OTBETA Ha BOIIPOC 3aJadll.
Touka A MaKCUMAaJbHOTO yAaJleHUA Xa-
paKTepHa TeM, UYTO CKOPOCTb KaMHA B Hell
HaIIpaBJIeHA BAOJIb IIOBEPXHOCTY TOPBI
(puc. 13). CnenoBaTebHO, IIPOEKIVIA CKO-
POCTM KaMHA B TOUKe A Ha HalpabJIeHue
HOPMaJI K TIOBEPXHOCTM I'OPBI paBHA HY-
JIF0. DTO HABOJAUT HA MBICJb, YTO OCh X
JUI 3aIlMICAHHBIX B IIPOEKIMAX ypaBHe-
Huii (1) u (2) ynoOHO B3ATh IIEPIIEHIVKY -
JIAPHOI K IOBEPXHOCTY TOPbL

Puc. 13

B stom caryuae
Vor =g sinf, g, =—gcosa,

U ypaBHeHMe (2) NpUMHUMAET BULI:
vxz —(vy sin,B)2 =2(—gcosa)S,,.
HOnartoukn A v, =0, S, =H. Vlmeem

—(vg sin #)? = 2(-gcosa)H.
OTcro/ia MAaKCUMAJIbHOE PACCTOSAHME OT
MOBEPXHOCTY TOPbI, HA KOTOpPOE yna-
JINTCS KaMeHb,

2 .
govosing
2gcosa

BpIBOOBI M peKOMEeHIAUN. 3aMe-
TUM, YTO HaM yJaJioCh B JIByMepHON
(Lmockoit) Bazade JIETKO IIOJYYUTH
OTBET, MIPUTOM C IIOMOUIBIO TOJIBKO
OJHOJ OCH.

Hanomumm, uro ypaBrHenusa (1) u (2)
3alIllICaHbl JJIA IIPOM3BOJIBHON OCY X, a He
TOJIBKO JIJIA M300paskEHHO Ha puc. 13.
Ilpumenenne 3TMX ypaBHEHMII [OJid
oceil, OTJIMYHBIX OT MB00PaKEHHON Ha
puc. 13, BBI3OBET IIOUTU HEIIPeOoLoJIM-
Mble MaTeMaTH4ecKue IpobJeMbl Ipu
peleHny naxHO 3amaun. Ilompobyiire,
HalpuMep, pelmTb 3Ty 3ajady, BbI-
OpaB TOPUBOHTAJBHYI0 UM BEPTUKAJIb-
HYIO OCH.

IlpuBenénHoe pellleHne JIMIITHUI
pas3 moKa3bIBaeT, YTO OCU IIPU peLIeHuN
KOHKPETHOI 3aJady BbIOMpAITCA U3
coobpaskeHnit ynoodcrsa.

ITonck mouckry po3Hb

O pacceannoctu Anzape Mapm Amnepa 0 CUX IOP XOLAT
adereaapl. OpHaskabl OpaBIIMII y HEro MHTEPBBID PEIOPTED

CIIPOCHUJI:

— Bepno au, uto Bel Bcerga B nnoucke?

— VI He roBopure! — moskaJsioBaJyica yué€HbI. — VIHorga 1meJibli
JIleHb IIOTPaTUIb, YTOOBI HAWTY 3TU IIPOKJIATHIE OYKM. A OHU, KaK
Bcerjga, okasblBalTcA Ha J0y... BoT u ceronua ¢ camoro yTpa He

MOTY X HaMTH.



