IIpuembl OBICTPOro MOCTPOCHHUS MPOCTEHIINX IMIOP

Yac pabomul Hayuum 6obute, yem 0elb 00bACHeHUl
(JK.-2K. Pycco)

IMoutn Bce 3amaud, pelaeMbie B KypCe CONPOTHUBICHHUS MATEpHATOB, TPEOYIOT MOCTPOCHHS SIFOP
BHYTPEHHHX CHJIOBBIX (pakTopoB. CaMbiM YHHBEPCAIBHBIM METOIOM ITOCTPOCHHUS SMIOP CUUTACTCS METO.
ceyennii. ONHAKO MMOJABISIFOIIEe OONBIIMHCTBO BIFOP SBISIOTCS HACTONBKO MPOCTBHIMH, YTO MPUMEHEHHE
MeTOfIa CEYEHMI JUIsl WX MOCTpOeHHs TpeOyeT HeompaBIaHHO OONBINHX 3aTpaT BpeMeHH. B camom rere,
OJIHOKpPATHOC MPUMEHEHHE METOda CEUCHHH HYKJAeTCsA [0 MEHBIeH Mepe B OJHOM PHCYHKE M JABYX
¢opmynax. Ilpum sToM nmaxke It O4YeHb MPOCTOHW 3ajaud (TUHA TeX, YTO OYAYT paccCMOTpPEHBI HIIKE)
MPUXOMUTCS [IeNaTh TPU-UYEThIpe cedeHus. VI3BeCTHO, YTO MpH PEIICHHH MMOMOOHBIX 3ajad JbBHUHAS OIS
BpPEMEHH YXOIWT HE Ha OOMyMBIBAHHE W BBIYHCICHHE, a Ha rpaduueckie paboThl, TO €CTh BblUCPUMBAHHE
PHUCYHKOB M 3ammuch (popMyir. MeTos ceueHuid, sIBIsICh (POpMabHBIM, YHUBEPCATBHBIM M MOIIHBIM, YI100CH
JUTSL PEIICHUs] WM TPYIOEMKHX 3a/ad Ha MOCTPOCHHE DIIOP, WM JIFOOBIX, HO B Hadyaie, JJIs HAKOIUICHHS
ombiTa. Ho JU1sl WpOCTBIX 3amad MpH HATWMYMH MHHMMAJIbHBIX HABBIKOB OH MPEACTABIISACTCS H3IHUIIHE
TPOMO3IKHM U TTOITOMY TPEOYET CIUIIKOM OOJIBIIUX 3aTpar.

B 10 e BpeMs CTyJeHTaM, KaK MPaBUIIO0, He OOBACHSIOT YIPOIICHHBIE MPABUIIA TOCTPOCHHUS 3ITIOP, & OHH,
B CBOIO OY€pe/ib, HE PEIIAIOT JOMOJHUTENBHBIC 33Ja4K U HEe MPUOOPETAIOT, TAKMM 00pa30M, OIBIT OBICTPOrO
nonmydeHus: oTeTa. [IpuyeM OMBIT 3TOT HE M3BICKACTCS HU WX KHUT, HU W3 JICKIWH, a JTUIIb HAKAIIHBACTCS
MYTEM CaMOCTOSTEIbHBIX YIPaKHEHHUI.

B pesymbraTte 3amada, KOTOpas JIETKO MOXET ObITh pEIlleHa B YME 3a MOIMHHYTBI, PENIaeTCsl Ha TPeX
JMCTaX OyMard B TEUCHHE MOIYyYaca.

DTO OMUH U3 CaMBIX KPACHOPEYUBBIX MPUMEPOB HEOTPABIAHHBIX 3aTpaT CHJI U TJlaBHOE — BpeMeHu. Hike
OyJyT JaHbl HEKOTOPBIC COBETHI MO IMOCTPOCHHIO MPOCTEHIIMX 3MIOp BOooOIe 0e3 HCIOIb30BaHHS METOIa
CeUYeHHH WM, B KpaliHeM ciiydae, ¢ ero MHHHUMANbHBIM HCIONIb30BaHUeM. [1omo0HbIe 3a1aun TPeOYyIOT Wit
peleHus oueHb HeOobIIoro BpeMeHHu (He 6omnee 40 cekyHn).

Bce 3amaum  JOMKHBI PENIATHCS HCKIIOYMTETIBHO MBICICHHO, 03 KaKUX-THOO JIOMOJHHUTENbHBIX
MMUCBMEHHBIX MIOCTPOCHHI WIIH PAcyeToB (KpOMe CIydaeB, KOTOPhIe OYAYT OrOBapUBaThHCS 0C000).

PacTsakeHue-coxxaTue KOJOHH

3adaua 1. PaCSMOTpI/IM npumep Puc. 1. TpeOyercs mocTpouTh q a 2q 24!
SMIOPY HOPMAJILHOW CHIIBI N. > -
[Ipexxne Bcero pekoMeHIyeTcss HaWTH peakuuio 3azienkd. Ha —
caMmoM Jiefie, JJIsl IOCTPOEHUS SIIOPHI 3TO He 00s3aTeIbHO, OJJHAKO 21 / /
C D H

MI03BOJISIET IPOBECTU NIPOBEPKY PELICHMUS.

Peakuusi 3anmenku ecth cuiia, HeoOXoauMMas ISl PaBHOBECHS
KOJIOHBI, TO €CTh JIsl TOTO, YTOOBI CyMMa INPOEKIMI BCEX CHJI Ha OCh KOJIOHHBI PaBHsUIACh HYO. BHauane
IIPOCYMMHpPYEM BCE€ CHJIBI, MPOEKIHS KOTOPBIX Ha OCh HAIpaBJieHa BIpPaBoO. J[BUTasich B3IJISIOM BIOJb OCH
KOJIOHHBI, OyJileM OTMeuaTh TOJIBKO T€ BEKTOPa, KOTOPbIE MMEIOT BHIOPDAHHOE HAMH HaIpaBiieHHE (BIIPABO).
Orto cuna gl B cedyenun C M pacrpesiesieHHasl Harpy3ka HHTEHCHUBHOCTBIO 2g Ha ydactke CD. Ilepsbrii
BHEITHUH CHJIOBOW (DaKTOp MpOENMpPYeTcs Ha OCh «KaK TAaKOBOW» M €ro BKJIAJ B pE3YNIbTaT COCTABIET gl.
Benuuuna BTOpO# CUIbl, HAIIPAaBICHHON BIPAaBO, MONTYYaeTCs YMHOKEHHEM MHTEHCHBHOCTU Harpysku 2q Ha
JUIMHY ydactka /. CreoBaTenbHO, paBHOJASHCTBYIOIIAS BCEX CHJI, HAallpaBJICHHBIX BIPaBo, paBHa 1 +2-1 =3
(31€ech U lanee MHOXKUTEINb g/ JU1sl IPOCTOTHI OITYCKAeTCs).

3anmoMHuM 1Py «3» W TmepelneM K CWIOBBHIM (pakTopaM, HampaBJIEHHBIM BieBo. Mx Toxe nBa —
pacnpeneneHHass Harpy3ka Ha yudactke BC u cuma Ha Topue. JleficTBys mo TOil ke METOIUKEe, MMEeM:
1-12+2=4. CpaBHuBas TONy4eHHYI0 ULUppy4 C 3alNOMHEHHOH 3, xJenaeM BBIBOI O TOM, 4YTO
paBHOJIEHCTBYIOIIAs CHJI, HAIlpaBJICHHBIX BIeBO, Ooibmie. ClenoBaTelbHO, U COOJIOACHHUS PaBHOBECHUS
BCEH KOJIOHHBI peakiys 3a/leSIKU JI0JDKHA OBITh HaIlpaBJEHHOH BIpaBo. MBICIEHHO OTOpAachiBasi 3aJeiKy M
MIPUKJIaAbIBas BMECTO HEe Ha JIEBOM TOpIE BEKTOP CHJIBI, HAIIPABJIEHHBIM BIPaBO, BUAUM, YTO Takas CHia
CO3J]aeT CKaThle CIOM BOMM3M 3aienku. CKaTuio B MEXaHUKE NPUIHCHIBACTCS 3HAK «MHUHYC)», 3HAYUT, HA
JIEBOM KOHIIE SMIOpPHI 3HAUEHUE YCUIIUS OyAeT OTpULaTeIbHBIM. MOyYIb jKe peakuuu coctasisieTr 4 — 3 = 1.

K »Tomy BbIBOAy MOXHO mHOpuiith u napyruM myreM. Cuibl, HampaBJ€HHBIE BIIPAaBO, SBIAIOTCA
paCTATMBAIOIIMMH, UX PaBHOAEHCTBYIOIIAsA, KaK MBI yXe 3HaeM, paBHa 3. Cuibl, HampaBlI€HHBIE BJIEBO, TO
€CTh CKUMAIOLINE, TAI0T PAaBHOJEHCTBYIONIYIO ¢ MomayieM 4. CieoBaTelbHO, CKMMAIOIINE CHIIBI «ITOOSST
pacTArMBaroOIIKe U CO3AaAYT B 3aJleNIKe TAKYIO )K€, KaK OHU CaMM, CKUMAIOIIYIO CHITy MoxyiieM 4 —3 = 1.

Ha sToM moxaroroButenbHble onepanyy (OnpeaesieHre BENUMYUHBI U 3HAKA PEAKIMU 3aJIeJIKH) 3aKOHUEHBI,
MOJKHO IIEPEXOIUTH K IIOCTPOEHHIO 3ITOPHIL.

Haumnate yno0HO ¢ sieBoro koHma. Cpa3y HpOCTaBisieM 3HaueHWe —g/, KOTOpO€ MBI BBIYHCIMINA Ha
MOJrOTOBUTEILHOM dTare (Puc. 2, a).

Puc. 1



Jlanee, naunnaetcst yuactok BC ¢ pacnpesneneHHON Harpy3Ko, HampaBiieHHON BiieBo. PacripeneneHHas
Harpyska JaeT Ha dIIOpe YCWINH HAaKIOHHYIO NpsAMmyto. OCTalloch BBISICHUTH HAlpaBJIEHHE TOTO HAKJIOHA.
WNuadve roBopst — MONAET SIIOpa BBEPX WIXM BHH3. JIJI1 peIleHHs 3TOr0 BOIPOCa YAOOHO BOCIIONB30BAThHCS
crenyonmM npueMoM. JIroOast BHEIIHSSI HArpy3Ka, pacrpeeeHHasi WM COCPeI0TOYSHHAs!, HallpaBJIeHHAS
BJIEBO, CO3/Ia€T C)KATUE CJIeBa U PACTSHKCHUE CIpaBa. DTO MOXKHO IOHSTh, MPENCTAaBUB ceOe CTEPIKEHb W3
MOAATIIMBOrO MaTepraia (HanpuMep, OpOJIOHa), 3aKPEIIEHHOTO JABYMS KOHIAMH. MBICIIEHHO BO3bMEM €ro
PYKOIi IocepeIMHe U TIEpeIBHHEM PYKY BiieBO. ClieBa OT CHIIBI CTEP)KEHb COKMETCS, CIIpaBa — PacTsIHETCS.

ITockonbKy Ha CKaThIX y4acTKax JIEHCTBYET OTpHUIATEIbHOE a)
yCUIIMe, a Ha paCTSHYTBIX — IIOJOXXUTEIbHOE, HAlpaBlICHUE ql
CHJIBI BJIEBO COOTBETCTBYET HAKJIOHY OSIIOPHI OT MEHBIINX
3HAYEeHUH K OOJIBIINM, TO €CTh BBEPX, €CIIM JBUTAThCS MO OCH
creBa Hanpaso. TakuM 00pa3soM, OT HAaYaJIbHOro 3HaveHus —1  g)
smropa OyZeT yBelnn4uBaTh OpANHATHL.

Jmuna yuactka BC paBHa 2, HMHTEHCHBHOCTb Harpy3kd
paBHa 1, To ecTh 00IIasl BEIWYMHA TOIBEMA SIIOPHI COCTABUT
2:1=2. CuyuraeM —1+2=1, TO ecTp oOpIMHATAa DIIOPH B
ceuennu C pasHa g/ (Puc. 2, 6). )

B Tom ke ceuennu C nelicTByeT COCpeNOTOYECHHAsl CHIIa,
HampaBiieHHass BhpaBo. CocpeloTOYEeHHOW cuje Bceraa
COOTBETCTBYET «CKa4OK», TO €CTh pEe3Koe H3MEHEHHE
OpJIMHATHI, TPUYEM BEJIMYMHA CKAayKa paBHA MOJIYNIO CHIIBL
OTKpBITHII TIOKa BONPOC O HANPaBJIECHHH CKauykKa — BBEPX HWIIU
BHU3 — pellaeTcs TaK ke, Kak ¥ paHbllIe: pa3 Cuiia HalpaBlieHa ql
BIIPaBO, TO CO3JAacT CKaTHe (MEHBIIHUEC YCHJIHMs) CIpaBa H
pactsbkenue (00bime) cieBa. CKadok, CICIOBATENBLHO, OyAeT
OTpHUIATENBHBIM, TO €CTh BHH3, Ha BEIWYMHY 1, W opAuHATa
ymensmutes 10 1 — 1 =0 (Puc. 2, 6). ql

MOXXHO TOJIYYHUTh TOT K€ BBIBOA M YIPOIIEHHO: CHJa
HalpaBlieHa MPOTUBOIOJIOKHO PACIpEeTICHHON Harpy3Ke Ha 2ql
MIEPBOM YYacCTKe, U €CIIM MOCIEIHssI PUBENa K POCTY YCHIIHS, Puc. 2
TO CHJIa IPUBEJET K €¢ YObIBAHUIO, TO €CTh K CKauKy BHU3. Mnn
TakK: cuJia BOpaBO Ha Topue (cedeHwe B) nmanma ckadok BHM3, 3HAYMT, TAK K€ TMOCTYNHUT W Jpyras CHia,
HaIpaBJIEHHAasl B Ty K€ CTOPOHY, HO NMPHWIOKeHHas B ceueHnu C.

Ha yuactke CD pacnpezneneHnHas Harpy3ka HalpaBjeHa He BJIEBO, KaK Ha IEPBOM, a BIPaBO. 3HAYUT, 110
TOM K€ IIPUYMHE OPJMHATHI OyyT MEHATHCS He B OOJIBIIYIO, a B MEHBIIYIO CTOpoHY. OTHAKO HHTEHCHBHOCTh
Harpy3Kd BABOE OoJibllie, 3HAYHT, CITyCK OyIeT BABOE Kpyde, 4eM noabeM. Ha nmune 1 BenmumHa cirycka
coctaBuT 1-2 = 2, u opauHara craner paBHoi 0 — 2 = -2 (Puc. 2, 2).

Ha yuactke DH pacnpeneneHHOl Harpy3ku HeT, CIEIOBATENbHO, 3Itopa Oynaer ropusoHtansHou (Puc.
2, 0).

[Momyuunock, 4To B cedeHHsIX, OJIM3KUX K TOPIYy KOJOHHBI, ycuinue paBHO —2¢/. MBICIEHHO OTceKasi OT
TOpIIA CKOJIb YTOJAHO KOPOTKUH Y4acTOK, BUANM, YTO BCIIEJCTBUE CKUMAFOIIECH CHIIBI, IPUIIOKEHHON K TOPILY,
yCUIINE B CEYCHUHM TOXE OyIEeT CKUMAIOUIMM, TO €CTh OTPHLATEIBbHBIM, W PaBHBIM MO MOIYJIO 2, YTO
COBMAJIAET C MOCTPOEHHOM 3Mmopoii. [IpoBepka comuiack.

CnoBo «oTcekasi» BBIIIE TpeAroiiaraeT NpuMeHeHHe MeTosa cedeHui. Ho, Bo-nepBbIX, TpedyeTcss 3To
JIMIIb Ha MEpBBIX HoOpax (a B waeaie — oquH pa3). Bo-BTOpBIX, Takoi MPOCTOH PHCYHOK, BCETO C IABYMS
COCpPE/IOTOYEHHBIMH CHJIOBBIMH (hakTOpamMH (a2 3TO BOOOIIE HAUMEHbBIIEE YUCIO CHJI, HEOOXOAMMBIX IS
paBHOBECHS), MPEACTABUTH MBICIIEHHO, 03 MaTepHaIBLHOrO rpadruyeckoro oopasa, COBCEM HETPYIHO.

Jla>xe HEOOIBIION ONBIT IOCTPOSHHUS SIIOP OYEHb OBICTPO MO3BOJISET MOHSITH NMPOCTYIO 3aKOHOMEPHOCTD:
BHE 3aBHCHUMOCTH OT BUJIa HAarPY)KCHHs Ha TOPIIE CTEP)KHS BHYTPEHHUHW CHUIIOBOH (pakTop mo MOJIYIIO U 1O
3HaKy COBIAJAeT C COOTBETCTBYIOIIUM BHEITHUM. B paccMaTpuBaeMoM cilydae 3TO CKMMaromas cuia g/ Ha
JIEBOM TOpIIE, Jafoliasi OpIUHATY —g/ Ha 3IMIOpe, U TO JKe, HO C MOAYJIEM 2 — Ha IIPaBOM.

Wrak, ocraercs 3amITpuXOBaTh SMIOPY M CHAOOUTH ee oOO3HaueHHeM HopMajibHOW cuibl (Puc. 2, e).
3agaya pemieHa.

HamoMHUM, 4YTO TpHM HAaKOIUICHWHM HEKOTOPHIX HABBIKOB B IIOCTPOCHUHM SIIOP MOXXHO OITYCTHUTH
MOATOTOBUTEJIBHBIA JTal, CBS3aHHBI C ONpe/elieHHEM peakIud 3alefKd. Torna MOCTPOSHHE OSIIOPHI
BBINOJIHSAETCS HE ClIEBa HANpaBO, a B IPOTHUBOIOJIOKHOM HAlpaBiieHWH. [IpenMyIecTBo Takoro mnpuema
COCTOMT B COKpAIlleHWH BpPEMEHU Ha pEUIeHHe, a HEJOCTaTOK — B OTCYTCTBHUHM JIOCTATOYHO HaJEKHOM
MIPOBEPKH.

B 3aBepiieHne TeMBI peyIaraeTcsi CaMOCTOSITENIFHO PELIUTH JBE aHaornyHele 3aaaun (Puc. 3). Dmopsr
N300pakeHbI 10J] COOTBETCTBYIOLIMMH PAaCYETHBIMH CXEMaMH.

PexomennyeTcsi, He VIS Ha OTBET, [IEPEPUCOBATh PACUETHBIE CXEMBI, 3aceUb BpeMs M NPHUCTYIUTH K
MOCTpOeHHIO AMop. OHO TOKHO OBITH BHIOJIHEHO 32 MakcuMalibHoe BpeMsi 40 CeKyH] Ha KaxIylo 3aaqy U
0€3 MPOMEXYTOYHBIX PUCYHKOB U (JOPMYIL.
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HN3ruo6 6aaox

3aoaua 2. Jlana 6anka (Puc. 4, a). [ToctpouTs 3IM0py U3rHOArOIero MoMeHra M,.
OOpatuM BHUMaHHE, YTO ITOCTPOEHHE SIIOPHI MOTIEPEYHON CHITBI IPH M3THOE UMEET
CMBICIT TOJBKO JUIA TPOBEPKH SIIOPHI MOMEHTOB. B IENSX IKOHOMHHU BPEMEHH MBI
OyieM OIyCKaTh STOT ATAIl, BBIMOJIHASA HEOOXOJMMbIE IIPOBEPKU APYTHMHU CITOCOOAMHU. 6)
ITocTpoeHre S0P MOMEHTOB Ul PACYETHOM CXEMBI THIA «KOHCOJIB» YI00HO
HAYUHATEH C OINpEIETCHUsT MOMEHTA B 3aJIeIKe, IPH 3TOM HAXOKICHUS BEPTHKAIBHOU
peaknuu 3ajeNKH, Kak IpaBuiio, He Tpedyercs. Bce MpoMeKyTOUHbIE PacyY€eTh, BILIOTH
JI0 OKOHYATENILHOM SMIOPHI, CIEAYET TAKXKE BHITOIHATH B YME. A v

T o5 S

Wrak, MbICIIeHHO OTOpachiBaeM 3aJleliKy, 3aMeHssl ee JeHCTBUE HAa MOMEHT M CHILY ®) ol 1
(Puc. 4, 6). HanpaBnenne 0060ux CHIOBBIX (PaKTOPOB BBIOMpPAEM TakK, YTOOBI HA SIIOpax 2
WX 3HAYEHHUS OTKIIA/IBIBAJIMCh BBEPX, COIJIACHO IPABHITY 3HAKOB NP M3THOE.

CrenyromuM IIaroM 3aMeHseM (OISTh K€ MBICICHHO) paclpellelIeHHYI0 Harpysky 9’ iql
Ha COCPENOTOUEHHYIO PaBHOJACHCTBYIONIYIO. Bennunna mnocnenHei 10/okHa paBHATECA ) v
MPOU3BENCHHIO MHTEHCHBHOCTH DACTIPCACNCHHON HArPY3KM Ha JUIMHY Y4acTka, Ha ol 1
KOTOPOM OHa JEHCTBYET. 2

Taxkoe e npaBUIIO CIIPaBEUIMBO U IIPU PACCMOTPEHHOM paHee PACTsDKEHUHU-CKATHH, 1
U JIa)Ke MPU KPYUEHHH, KOTOPOE MBI TIPOITYCTHITH, HOO TIOCTPOEHHE JMIOPBI KPYTAIMX 1) gF [ 7 )
MOMEHTOB IOJHOCTBIO, C TOYHOCTHIO 710 0003HAUCHUH, UACHTHYHO ITOCTPOCHUIO S0P 2y s
YCUIHH. 3

Wrak, B paccMaTpuBaeMmoil 3ajaue COCpEIOTOUYCHHAs PABHOACHCTBYIOWIAA PAaBHA ) oF @
MIPOU3BEACHHIO ¢ Ha [, TO ecTh ¢l. IHTYyUTHBHO TOHATHO, YTO OHAa OyAeT NMpHIOKEHa B 5 m
cepeUHe y4acTKa, OJHAKO 3TO MOXHO JIOKa3aTh CTPOro, IyTeM HHTETPUPOBAHMSI. )

Takum o0Opa3om, monydaeM pacueTHylo cxemy Puc. 4,6. PaBHoneicTByromas H
sIBIIsieTCs (PUKTUBHOM, MOATOMY IOKa3aHa IyHKTHPOM. CIEYIOIUM IIaroM SBIISETCS Puc. 4

nc

COCTaBJICHUE ypPaBHEHHUS MOMEHTOB C II€JIbI0 ONpEENeHUs PEaKTUBHOTO MOMEHTa M.
Y100HO COCTaBJIATH CYMMY MOMEHTOB OTHOCHUTEIBHO TOUKH A — 3TO MO3BOJUT HUCKIIIOYUTH U3 YPaBHCHHS
cuity Q. MOMEHT paBHOIEHCTBYIOIIECH paBeH MPOM3BEICHUIO ©¢ BEIMYHMHBI g/ HAa yKa3aHHOE Ha PHUCYHKE
/ q12

JIeuo 3 IMonyqaem ——. Hampamnenue 53TOro MOMEHTa OTPHUIIATENILHO, ITOCKOIBKY 00a MOMEHTa
W3HAYaJbHO OBUIM HAINPaBJICHBI II0 YACOBOM CTpelike (OTHOCHUTENBHO TOUKH A), UYTO MPOTUBOPEUUT
YPaBHEHHUIO CTaTHKH.

OKOHYATENBHO MOTyYaeM pacueTHylo cxemy Puc. 4, r. banka naxoaurcs B paBHoBecuu. [lonmyTHO Haiinem
(M3 TpOCKIMM HAa BEPTUKAIb) PEAKTHBHYIO CHIIY, XOTS Ui IIOCTPOCHHS OITFOPhI MOMEHTOB OHa HE
MTOHA00UTCSL.

BeiBesienHyio (opMylly peakTHBHOIO MOMEHTa % crieqyeT 3amoMHHUTh. Hampumep, ecnu Harpyska
WHTEHCUBHOCTBIO 3¢  JEWCTBYeT Ha  JUIMHE é, TO  PEAaKTHBHBIH  MOMEHT  OyJer  paBeH
(] 52
3qu=T4q12 =§q12 .

Temneppb mepeiiieM K MOCTPOSHHUIO 3MIOPI. VI3BeCTHO, YTO €CIM Ha y4acTKe NCHCTBYET pacrpe/ieieHHas
HArpy3ka, TO JIFOpa 3TOr0 y4dacTka OymeT mapabonuueckoil. 3HAYCHHs MOMEHTAa Ha KOHIAX Oalku



2
HaliJCHBI: —qT B TOUKE A U HYJIb Ha TOpIE. 910 — PEIYIbTAT MPUMCECHEHUA BCE TOT'O KC IIpaBWIa: Ha TOPLC

BHYTPEHHUI CUJIOBOH (haKTOp paBEH BHEUIHEMY.

OpHaKO COeTMHUTHh HaMEUYEHHbIE KpaliHUe TOUKH 1apabosioll MOYKHO HECKOJIBKMMU criocobamu (Puc. 4, 0).

Beimykiiocts mapa®osiel — BBEpX WIIM BHH3 — OIPEACISETCS MPOCTHIM MAaTeMaTHUECKUM COOOpasKEHHUEM.
PacnipenenenHas Harpy3ka HalpaBiieHa BHU3, TO €CTh €€ IIPOEKIHs Ha OCh ) oTpHulaTenabHa. ClenoBaTensHo,
smopa Oyzer moxo0Ha napaboie BUAa y = —x°, a MOCIeIHsA HMeeT MAKCHMYM H BBIIYKIOCTh BBEPX. Takum
00pa3oM, UCKIIF0YaeTcs KpuBas 3 Kak BO3MOXKHas! (popma SImopsL.

Koopaunara oskcrpemyma (YHKIMH ONpEAENseTcs TOYKOM, TI/ie €€ TPOM3BOAHAS paBHA HYIIO.
[IponsBomHas M3rnbaroNIero MOMEHTa — 3TO MOMepeyHas CHja, a OHa paBHAa HYNIO Ha TOpLe Oallku, 4YTo
MOXXHO YCTAQHOBHTh OTCEYEHHEM CKOJb YrOJHO Majoro ydacTka OT TOpIia W NpOSHUPOBAHHEM CHJI Ha
BEPTHUKaJIb. 3HAYHT, UCKITIOUaeTcsi popma SMIopsl, OT™MedeHHas udpoii 1. EnuHcTBEHHO BO3MOXKHOM (hopMOit
siBisiercst kpuBast 2. OcTajioch 3allITPUXOBaTh DIIOPY M HPUCBOUTH ei o0o3Hauenue M, (Puc. 4, e). 3anaua
peleHa.

B nanHOM mpocToMm ciydae BbIOOpP (OpMBI SHIOPH MEXKIY Bapuantamu | M2 MOXHO chenath 0e3
pacCcyXIeHuH 00 SKCTpEMyME U MPOU3BOAHOM, a UCXOJ U3 MPHOIMKEHHON (HOPMBI H30THYTOH OocH. Jlerko
BOOOpa3uth, 4To 3Ta (hopMa Oyraer mMeTh BuUA Puc. 4, sc, TO eCTh CKaThle CIOM Ha Bcell Oanke OymayT
pacrionaratecst cHu3y. KpuBas 1 3ToMy TpeOOBaHHIO HE Y/IOBJIETBOPSIET, W €JUHCTBEHHBHIM BapUAHTOM
ocrtaercs Kpusas 2. [IpoBepka couuiack.

3aoaua 3. Jlana 6anka Puc. 5, a. [Toctpouts smtopy M,. E
[Ipexme Bcero, OYEBUIHO, YTO HA 00OMX KOHIAX OAJKH, CBOOOMHBIX OT BHEIIHUX a)
MOMEHTOB, 3Mmopa My OylieT UMeTh HyJIeBbIC 3HaUYCHHs — cTaBUM Touku (Puc. 5, 0). 2] [

Jlanee, HETpYAHO NPEACTaBHTh, YTO CXKATHIE CIOU OYIyT pacrojarathCsi TOIBKO
CBEPXY, @ MAKCUMAJIbHBII MOMEHT BO3HUKHET MO CHJION, TO3TOMY MOXKHO ITOCTaBHUTh
TOUKY CBepXy ocH. M, HaKoHell, Ha yqacTKax MeXIy MIapHUPHBIMHU OTIOPAMH M CUJIOH  g) — I
HET HU PACHpEICICHHBIX, HU COCPEIOTOUYCHHBIX HArPy30K, TaK YTO TPYU HAMCUCHHBIC 2
TOYKHU COEAUHSIOTCS MPSIMbIMU TuHusMH (Puc. 3, 6). 3

Ocraocs JIMIIb HANTH BETUYUHY MaKCUMAaIbHOIO MOMEHTA. JIJIst 3TOr0 MBICIIEHHO ) il i @
0TOpOCHM JIFOOYIO OIOpY (IOIMyCTHM, MPaBYI0) U 3aMEHHM €€ PEaKTUBHOU CHIIOH R,. Puc. 5
Ee miedo oTHOCHTENBHO JIEBOH omopbl Oyaet 3/, a miedo cuisl F paBHO 2[. [Ipu 3ToM,

HCXOJIS M3 YPaBHECHUS PABHOBECHS, MOMEHTHI 3THX CHJI OyayT paBHBL PerraeM (OMATh ke B yMe) ypaBHEHHUE

Fl

2 .
F-21=R,-3l, otkyna cinenyer R, = EF . K Tomy >ke BBIBOAY MOJKHO IIPUHMTH MHBIM ITyTeM: cujia R, HACTONBKO
K€ MEHBIIIE CHITBI F, HACKOJIBKO TuTedo 3/ 6onpie 2/.
. 2 2 N
Ha npaBom ydacTke Oanku JIMHON / cuima R, CO3MaCT MOMEHT EF -l =§Fl — 3TO U €CThb MCKOMBIU

MoMeHT noJ1 cuitoi. [lItpuxyem smropy u numiem ee odosHayenue (Puc. 5, 2). 3amaua peniena.
ITpoBepka MOXET 3aKIOYaThCs B OTOpACHIBAHHM TeEIeph JIEBOM OMOPHI, 3aMEHe ee peakiweidl R, u

. 1
COCTaBJICHUHN ABHCHUSI PABCHCTBA MOMCHTOB OTHOCHUTCJIBHO IIPABOMU OITOPLI. O'-IeBI/II[HO, qTo0 R =—F , a
173

MOMEHT e %F 2l = %F | . IIpoBepka comniach.

HaKOHeH, CIIC OAHa IMPOBCPKa COCTOUT B NPOCHHUPOBAHUN BCEX TPEX CHJI Ha BEPTHUKAJIb (HOJ'IO)KI/ITCJ'H)HOC

1 2
HalpaBJIeHUe, AOMYCTUM, BBepX). iMeeM R + R, — F = SF +§F — F =0. [lonomHUTeNbHAas MPOBEPKA TOXKE

COIUIACK.
3aodaua 2 u 3adaua 3, pelicHHBIC BBIIIE, MOTYT PaCCMAaTPUBAThCA KaK «0a30BBICY,

«IIPUMHUTHUBHBIE)» WIIN «OCHOBHBIE». J[pyrue mojo0HbIe pacyeTHbIE CXEMBI TIOKa3aHbl HA @)

Puc. 6. OHM oOdveHb YACTO BO3HMKAIOT KaK 4YacTh Oosiee CIOXKHOW 3alladu.

Pexomennyercss oamH pa3 pemIMTh KaXAyld M3 0a30BbIX 3aJa4 M 3aIOMHUTH 6) ;‘-’

MOyYEHHBIE PE3YNbTAaThl, IIOJOOHO TOMY, KaK Mbl Y4YMM HaW3yCTh TaOJHIly

YMHOXKEHHsI, 4TOOBI HE BBIYMCIATH NMPOM3BEACHMsS Kaxablii pas. Torma peienne g

CIIOXKHOM 3a7la4dl pacliaJiaeTcsi Ha COBOKYITHOCTD pellieHri mpocThiX. IIpu aToM Bpems

Ha KaXIyI0 M3 9THX 33Ja4 He JODKHO NpeBhIaTh nmpuMepHo 10 cekyHI, KOTOpbIe

TpaTsATCs MMEHHO Ha M300pakKeHHWe Jmiopsl Ha Oymare. Yem mmpe «apceHam» )

MoAOOHBIX 0a30BBIX pelIeHHH, TeM Oosee OBICTPBIM, MMPOCTHIM U OE30ITMO0YHBIM OYyIeT *& ;gw

TIOCTPOEHHE SITIOP st OoJiee TPYIOEMKHX 3a/1a4.

3aoaua 4. Jlana 6anka Puc. 7, a. [loctpouts smopy M,.
PaccmotpeHne pacueTHbIX cxeM ¢ AByMs M Ooiee CHIOBHIMH (pakTopaMu ymoOHO Puc. 6



MPOBOJIUTH 110 TPHHIMITY CYMEPIO3UIMU. [Ipy 3TOM pelIeHHe KaKIOH W3 OTICNBHBIX 3a7ad OKa3bIBACTCS
100 COBCEM MPOCTHIM, JIMOO W3BECTHBIM IO OJHOMY M3 MPEIbIIYyIIUX penieHui. Takum o6pa3om, HA BHJ
CITOKHAS 3a/1a4a 3a9aCTyI0 PEIIAeTCs HEOXKUIAHHO JIETKO.

MBICIIEHHO OTACIUM PpaClpeNeTICHHYI0O HArpy3Ky W MOMEHT JpYr OT Jpyra W NPUIOKHM K Oanke
He3aBUCHMO. HeoOX0IMMO TIOCTPOUTD SITIOPHI OT HX JEHCTBHS TI0 OTACIBHOCTH U 3aTEM CIIOXKHT.

KoHconp, HarpyXeHHYIO pacHpeAeleHHOM Harpy3Ko, MbI yxe 3qF < q
paccmarpuBaiu (3adaua 2). Ocrtajioch HAHTH MOMEHT B 3aJICNKE: a) JARRERRARRERARANARIRRARRANRANH

/ 21

2 2
g G0 9 9 s e

2 2 2 A B C
IMocTpoenue SIIOPHI VTSt KOHCOJIH, HATPYXKCHHOH g
cocpenoroueHHBIM MoMeHToM (Puc. 6, 6), emie mpomie — Puc. 7, 6. %qf

Omopsl Puc. 7, 6 u Puc. 7, ¢ He 3aIITPUXOBaHBI, IOTOMY YTO, BO-
MEPBBIX, SBIAIOTCS (UKTHBHBIMH, a BO-BTOPBIX, IOJDKHBI OBITH
BBINOJHEHBI B BOOOPa)KEHUH, a HE Ha Oymare.

Hoctpoenne uroroBoil smropsl Ha ydactke BC tpyamHocreil He g)
BBI3BIBAET — OHA IIOJIHOCTHIO COBIAJAET C TAKOBOW ISl OIHOM qF
pacnpenenenHoi Harpysku (Puc. 7, ). r) 3 WW @

Juns cnoxeHust smop Ha ydacTtke AB  HeoOXomuMo HaiiTh quz
OpAMHATY IEepBOM U3 HUX B ceueHHH B. JleWcTBUTENBHO, €CIU 3Ta Puc. 7
Op/IMHATA 1O MOJYNTIO MeHbuIE 3gl°, TO CKaThle CIOH CieBa OT
ceueHus B pacnonararorcs cBepxy, ¥ HAa00OPOT.

OpnauHaty HaiigeM 1o ¢opmylie, KOTOpYo HaM gaia 3adaua 2. B camom gene, ydactok BC MoxHO
paccMaTpuBaTh Kak OTAENBHYIO0 KOHCONBHYIO OaNKy JUIMHOM 2/, ¥ MOMEHT B ceueHnH B ninercs Tak xe, Kak B

Qn* 4
2 1 2
pacrionararbcsi CBEpXy OCH.

IIpu mepexone yepe3 ceueHue B u3-3a cocpemoTOUEHHOr0O MOMEHTa Ha JIIOpPE HAONOAAeTCs CKadoK
Ha 3¢/°. HampaBieHne CKauka MOKHO YCTAHOBHTH MHOKECTBOM CIOCOOOB, OJMH M3 CAMBIX TPOCTHIX —
yepHOBas (MPOMEeXyTodHas) mopa Puc. 7, 6. MOMEHT clieBa OT ce4eHHUs B, BRIpaKCHHBIH B ¢IUHHIIAX qlz,
Oynmer paBen —2 + 3 =1.

3anmenke. Mmeem: ¢- = 2ql2 . Tak kak aBa MeHbIle TpeX, 3IIOpa cieBa OT ceueHus B Oyner

9 3
MomMmeHT B 3aCJIKE TAKXKC JICTKO BBIYUCIIACTCA 110 IMIPUHIUITY CYIICPIIO3ULIUN: —5 +3= —5 .

OkoHYaTenbHBIN BUJ 3MMIOPHI IOKa3aH Ha Puc. 7, e.

3aoaua 5. Jlana 6anka Puc. 8, a. [Toctpouts smopy M,.
PaccmaTpuBaemasi 3amaua TakKe OTHOCHTCS K TaKHM, KOTOpEIE, qF
6y/IydH 110 IEPBOMY BIICUATICHHIO BECHMa TPYIOEMKHMH, OKa3bIBaloTCs 2) C@W ] Té“ 2l
npu OnrkalIeM pacCMOTPEHUH JOBOJBHO TPOCTHIMH. ql
BHOBb TpUMEHHM TNPHUHIWI CYNEPHO3UIUM W HAYHEM C A B c
paclpeielieHHOH Harpy3ku, Kak C CaMOro CJIOXKHOTO BHEIIHEro aqt
cunoBoro (Qakropa. Koropblii yxke pa3 mnpumensem GopMyny IS
MOMEHTa B 3aJielIke KOHCOJBHOM OajJku, Ha KOTOpYIO HAeHCTByeT

2 6)
%:46]!2. VYuuteiBas, 4To CXAaTble

2q

pacmpeneneHHas Harpyska: 2q-

CJIOU, OYEBHIIHO, HAXOJSITCS CBEPXY, MBICICHHO CTPOMM IIEPBYIO 3IIOPY  B)
Puc. 8, 0. BomHucTass NMHUS CHMBOJU3UPYET TO, YTO BHUJI II€PBOM 2qf
(UKTUBHOHM dmIopbl Ha ydacTke AB Hac He uHTepecyeT. DTa MBICIb
OyJleT pa3bsACHEHa HUXKE. 2qF ’\
Teneps cTpouM QUKTHBHYIO SMIOPY OT BTOPOTO CHIOBOTO (haktopa — ')
BepTuKaibHOW cuibl B cedeHnn C (Puc. 8, ). MakcumanbHbIE MOMEHT 1
eCTb MPOM3BEICHHE CHITBI Ha TUIEH0, 9TO ecTh ¢l-21 = 2gI-. 2
PaccMaTpuBaTh TpeTHii CHIOBOH (aKTOp — MOMEHT B ceueHuu A — A) 3
JUISL TIOCTPOEHUsI SIIophl Ha ydacTke BC HeT HMKakoil HEOOXOIUMOCTH, 2qP
TaK Kak 3Ta dMiopa OyJeT NpencTaBisITh COOON TOX/IECTBEHHBIH HYIb.
OcCTanoch TONBKO CIOKHUTH MPOMEKYTOUHBIE DIIOPHI M IMONYYUTH  ©) q Fwﬁﬁﬂmmmmw@
OKOHYaTeNbHBIN pe3ynbraT 11 yuyactka BC — Puc. §, 2. Puc. 8
[TockonbKy TpoeKIys paclpelelieHHOH Harpy3Kd Ha OChb Y
TONOXKUTEIbHA, TO Mapabona HAOMHHAeT rpaduk (YHKIMH y =x’, TO €CTh PACIONOXKEHA BBITYKIOCTBIO
BHU3.
[Mouemy mist smropsl Obuta BeIOpana kpuBast 2 (Puc. 8, 0), a He 1 wnu 3? MHbIMU clioBaM# — KakK OBICTPO
HAWTH TOYKY, TJ€ DIIOpa TMepeceKaeT ocb, U MOJIOKEeHUE dKcTpeMyma? J{Jsi JaHHOM 3aa4u 3TH BOIIPOCHI HE




TaK MPOCTHI, KaK ITOCTPOEHHE SMIOPBI, U MOTYT 3aHATHh IPUMEPHO Takoe ke BpeMs. K ToMy e 3TH BOIPOCHI,
KaK IPaBHJIO, BBIXOMSAT 32 PAMKH TEMBI IIOCTPOEHHS 3JIEMEHTapHBIX dMMop. TeM He MeHee, OTBETHTh Ha HHUX,
HE COBEpIIasi CIIOKHBIX PacYeTOB, BIIOJIHE BO3MOXKHO.

Koopaunaty nepBoro cedeHus UIIeM U3 TOrO YCIOBUSL, YTO M3THOAIONIMI MOMEHT B HEM paBeH HYJII0. A
3TO MOXET OBITh TOJNBKO B TOM CJydae, KOrJa MOMEHT, CO3[aBaeMbIii pacrpeleseHHONW Harpy3KoH, B
TOYHOCTH PaBEH MOMEHTY OT CHJIbI, IPUIOXKEHHOH B Touke C.

JonycTtum, uckoMasi KoopuHata £ ceueHus, oTcuuTaHHas ot Touku C BieBo, HalineHa. Torma MOMEHT OT

2
pacrpenelieHHON Harpy3KH paBeH 2q% = qu (cxatele crou cBepxy), a or cwibl — gl-§ (cHu3y). Ilo
YCIIOBHIO MOMEHTHI PaBHBI. [IprpaBHUBAs MOMEHTHI IO MOJIYNIO, HaxoauM &=/ OTBeT Ha MepBbIi BOMPOC
TIOJTY4eH.

OtBer Ha BTOPOI Bompoc (3KcTpeMyM) emie mpoimre. Kak mokazana 3adaua 2, SKCTpEeMyM MOMEHTa
JIOCTUTAETCS B TOUKE, IJI¢ TTONEePEYHas CUila paBHA HYII0. BHOBH MBICIIEHHO OTCEKasi OT OaJIki 4acTh CJIeBa OT
ceuenus: C, BUANUM, 4YTO ITOIIEpeyuHast cuiia OyJaeT CyMMOI TepeMEHHOMN CHITBI, TIOPOXK/ICHHOM pacipeeleHHOH
Harpy3Kod M HampaBlICHHOH BBEPX, M MOCTOSHHOW cwibl ¢/ Ha Topue (BHH3). 10 YCIOBUIO CHIIBI PaBHBI
CrnenoBaTenbHO, PaBHOJACHCTBYIOMIAS PaclpeaeIeHHON HAarpy3Kd paBHa gl. YUUTBIBas, YTO MHTEHCUBHOCTH

. /
pacnpeacjiCcHHON Harpys3ku €CTb 2q, BUAWUM, YTO PACCTOAHUC OT TOUYKH C J10 TOYKH 3KCTpEMYyMa paBHO 5

OTBeT Ha BTOPOI BOIIPOC TAKXKe SICEH, U MOXKHO C ITOJIHBIM OCHOBaHHEM CTPOMTH dMtopy Ha ydactke BC (Puc.
8, 2).

Ocranock NocTpouTh AMIopy Ha yuacTke AB. Kak yxe yka3bIBanochk, st pelieHus TOM YaCTH 3a1a4u Mbl
HE TPUHUMAeM B pacueT HH paclpelesieHHYI0 Harpy3Ky, HH CHIIy, XOTS 3TO OYEHb JIETKO CIeNaTh.
OOBsICHEHHE COCTOUT B TOM, YTO BHE 3aBHCUMOCTH OT TOT'0, Kak HarpyxeH ydactok BC (u naxe, ectb i emie
y4acTku crpasa ot cedenust C), 1uis ydactka AB OyayT He3bI0J€eMBbIMU CIIEAYIOLIHE TOJIOKEHUS:

* B ceyeHHH A MOMEHT PaBeH gl° ¥ CKUMACT HIKHHE CITOH;
= Ha yvactke AB asmiopa nuHeiiHa.

YMeHHe UTHOPUPOBATh (haKTOPHI, KOTOPHIC HE BIUSIOT Ha PE3YJbTAT, TAKXKE IMO3BOJIACT COKPATHTh U
YIIPOCTHUTD PEIICHUE.

Takum 00pa3oM, MOCTPOEHHE JIMIOPHI Ha ydacTke AB BBIMONHATCS OoueHb mpocTo. HaxomuMm MOMEHT B
ceueHun B (MBI ero y)ke Hanuid, oH paBeH 4 — 2 = 2: Puc. 8, 2), 3aTeM OTKJIaJbIBacM OTPHUIIATEIIbHBI MOMEHT
¢ MoayJieM | B ceUeHUH A M COCTUHIEM MPSAMOU JBE MOTYYCHHBIC TOUKU. BBIMONHAEM MITPUXOBKY SIIOPHI U
nuieM ee obo3nadyenue (Puc. 8, e). 3amaya perieHa.

B pamkax TeMbl MOCTpOEHHs SMIOp OalOK CJIEIyeT OTAENBHO PAacCMOTPETh pacyeTHBIE CXEMBI C
BPE3aHHBIMH MIAPHUPAMH (TaKke Ha3bIBAEMBIMH BHYTPCHHUMH WM MIPOMEXKYTOYHbIMH). HaBblku paboThl C
BpPE3aHHBIMH IIAPHUPAaMHU TPEOYIOTCS HE TONbKO B TeMme «llocTpoeHue smrop», HO M NPH IMOCIEAYIOIEM
W3Y4CHUHM CTATUYECKH HEONpENeMMbIX OaJOK M IUIOCKHX paM, TJe yMelloe NPHMEHEHHE Bpe3aHHBIX
LIApPHUPOB CYLIECTBEHHO YIPOIIAET pelIeHHe 3a1ad.

ITon Bpe3aHHBIM IIAPHUPOM NOHUMAETCA CEUeHHE CTEP)KHSA, B KOTOPOM pa3pelleH B3aUMHBIA MOBOPOT
CEUeHM, HAXONAIMXCS MO OAHY M IO JpYI'yl0 CTOpPOHY OT mIapHupa. Kak crenctBue, BHYTpPEHHUI
M3ruOaroUIMii MOMEHT BO BPE3aHHOM LIIAPHUPE BCErJa PaBeH HYIIO.

3aoaua 6. Jlana 6anka (Puc. 9, a). I[Toctpouts smopy M.

B 3ajenKe BO3HMKAIOT JBE PEAKIMH — MOMEHT M BEpTHKAIbHAS lF
cuna (37ech U Jajee TOPU3OHTANbHBIE CHIBI HE PACCMATpHBAIOTCA, a) 3 —o— ;
TIIOCKONBKY M3 CyMMbl HpPOEKIMil Ha TOPH30OHTalIb BHIHO, UTO
COOTBETCTBYIONIAsA PEaKIys 3a[eIKM paBHa Hymo). Kpome Toro, B A B C D

miapHupe D Taxoke BO3HHKAaeT peakius — UTOro 3 HEU3BECTHBIX.
Uucno ypaBHeHMH, Ha MEpBBIM B3IVIAA, PaBHO IBYM — CyMMa
MIPOEKIMH CHJT Ha BEPTUKAJIb U CyMMa MOMEHTOB.

PaspeskeM Oanky B IpPOHM3BOJIBHOM Ce4YeHHMH Ha ydactke BC -
Puc. 9, 6. BMecTOo HEM3BECTHBIX BHEIIHHX CHJIOBBHIX (DaKTOPOB —
peakuuii 3a/IelIki — BO3HUKAIOT JIBa BHYTPEHHHX: HW3THOArOUIHi
MoOMeHT My u nonepeunas cuia Q. CyTb ocTaeTcs IpeXHEeH — Ay
OTIpeNIeNIEHUs] TPeX HEU3BECTHBIX MBI PaclojlaraéM BCEro ABYMs
YpaBHEHUSMHU PaBHOBECHSL.

Curyanust MeHsAeTcsl, eClIi B KaueCcTBE CEUeHHs], B KOTOPOM MBI
paspesaem OajKy, BEIOpaHO ceueHre B. MoMEHT B HEM paBeH HYIIIO,
3HaYuT, IOJy4aeM Ha OJHY HEHW3BeCTHyI0 MeHbme. IlpaBna,
molepeyHas CHiIa BO BPE3aHHOM UIApHUpPE MO-TIPEKHEMY




HCHU3BCCTHA U B 06H_[6M cJ1ydac OTJIM4YHa OT HYJIA, HO 3TO OIrpaHUYCHUEC JICTKO 000iTH TaKk K€, KaK 1 paHbIIC —
COCTaBMB YPAaBHCHHE MOMCHTOB OTHOCUTCJIHLHO TOYKHU HNPHUITIOKCHUA 3TOM CUJIbl, TO €CTb OTHOCUTECIIBHO
BPE3aHHOI'O IIapHUpAa. Orcrona CJICAYET IPOCTOC MPaBUJIO:

CyMMa MOMEHTOB BCEX CHJIOBBIX d)aKTODOB, HaXoAAMuMXCs IO OAHY CTOPOHY OT BPE3aHHOI'O IIapHHpa,
OTHOCUTEJIBHO MOCJICAHECTO, paBHA HYJIIO.

Takum 06pa30M, JJIs TaHHOM 0allki MOXXHO COCTAaBHTD YCThIPEC YpaBHCHHA — CYMMbl MOMCHTOB CJICBA U
CIipaBa OT B, CymMmMma HpoeKLlI/Iﬁ Ha BEPTUKAJIb 1 CyMMa MOMCHTOB OTHOCHUTEJILHO 000 TOYKH. TpI/I N3 5THUX
ypaBHeHI/Iﬁ OOBIYHO HCIIOJB3YIOTCA I ONPEACICHUA HCU3BCCTHBIX, a4 YETBECPTOC — JJId IPOBEPKU. Yro xe
KacacTcCsa HaHHOﬁ, OYCHb HpOCTOﬁ, 3aaa4u, TO 1A €€ PCUICHUA HOTp66yETCH BCCTO OJHO YpaBHCHUC — CyMMa
MOMCHTOB CIIpaBa OT HIapHHpa B.

Bremnss cuna F' co3maer MOMEHT Ha Tuieue [ o yacoBoit CTPECIIKEC. 3Ha‘II/IT, pCaKkuuAa mapHupa D nomxna

. . . F
CO3/1aBaTb TAaKOU K€ MOMCHT INPOTHUB YaCOBOH, TO €CTb, OBITE HallpaBJICHHOU BBEPX U PABHATHCA 5,

N . . F 1
MOCKOJIbKY ee ieuo BD paBHo 2/. MomeHT, co3aaBaemblii aToi cuioli Ha miede CD, paBeH E-I=EFZ .

CixaThle CIIOU — CBEPXY.

B mapuupax B u D usrubarommii MOMEHT paBeH HYJIO — CTaBUM TOYKH W MPOBOIUM JHHHUIO Puc. 9, 6.
JHanee paccyxmaeM cieayromuMm oOpa3oM — Ha ydacTke BC HeT BHEIIHMX CHJIOBBIX (PaKTOPOB, 3HAYUT,
smropa MoMeHTa Oyzer npsiMoit. Kpome Toro, oHa J0/KHA PONTH Yepe3 NOCTABICHHYIO TOYKY BO BPe3aHHOM
mapuupe. Ho kxyma ona moiinmer manbmie? Ckadka Ha SIIOpe He OyldeT — B cedeHUM B He mpriioxkeH
COCpPE/IOTOYEHHBII MOMEHT. AHAQJIOTMYHO, MepejoMa Ha JIIOpe TaKKe HE OKUIAETCS, MOCKOJBbKY B
mapaupe B He mpunoxeHa u cuia. 3HauyuT, 3IMIOpa MOWJET KaK NUIA M JOCTUTHET B 3afIeKe TOH iKe

1
BEJIMYMHBI — EFZ , HO HE CBepXY, a CHU3Y OT ocu: Puc. 9, . llITpuxyem smopy U muineM ee 0003HAUYCHUE

(Puc. 9, 0). 3amaua pericHa.
Eciu BO3HUKIIM COMHEHHsI B PABUILHOCTH IIOCTPOEHHUS SITIOPBI, MOYKHO MPOBECTH HECKOIBKO MPOBEPOK.
Jlns Havana HaliieM BEpTHKAIBHYIO peakiuio B 3aaenke. Ha ygactke AB smropa Bo3pacraer, clieoBaTebHo,

1 1
HCKOMas CHuja HampasiieHa BBepX. OHa 3acTaBiieT MOMEHT YBEIMYHUTHCSA C _EFZ o EFZ , TO eCTb Ha
1 1 .
EFI— _EFZ = Fl . Tlpoucxomut 3T0 Bo3pactanue Ha ydacTke AC IIMHOM 2/, TO €CTh BEIWYMHA CHIIBI

FI F 1 1
paBHa 2—11=5 Ha mapy c peakuueil mapHupa D 3Ta cuia gaeT MpOEKIMIO EF +5F =F BBepx, 4TO

YPaBHOBCHINBACTCA BHEIIHEH CHIION TOMH e BCJIMYUHEI, HaHpaBJ’IeHHOﬁ BHUS3. HpOBepKa conuiack.
Hy ", HAKOHCI, IPOCYMMHUPYEM OTHOCHUTCIIbHO BPE3aHHOI'O INapHHUpa CUIIOBLIC q)aKTOpBI, PacCIIOIOKCHHBIC

F 1
cneBa ot Hero. CuioBas peakuuAa 3aACJIKU OacT EZ=EFZ U CKUMACT BCPXHHUC CJIOU. CJ'IEI[OBaTeJ'H)HO,

MOMEHT B 3aJieJIKe JODKEH HMETh Ty JK€ BEIWYMHY U CXKUMaTh HWKHHE CIIOM, YTO COOTBETCTBYET
nocTpoeHHo smtope. IIpoBepka comunace.

Ha Puc. 10 maHel Tpu pacyeTHBIX CXEMBI C COOTBETCTBYIOIIUMH dmiopamu. Kak u panee, ciemyer
yOemMUTHCS, YTO IOCTPOSHHE KaXKI0M M3 JIIOP BO3MOXHO He Ooiee ueM 3a 40 ceKyH/ U PU UCKIIOUUTENBHO
MBICIICHHOM TMPOBEJEHUN BCIIOMOTATENbHBIX pacyeToB W MOCTpoeHWi. [l Havama MOXHO OIYCTUTh
BBIUMCIICHUE 3HAYCHUI SKCTPEMYMOB Mapadoil M KOOPAWHAT STHX 3KCTPEMYMOB (ITOKa3aHBI OPAHKEBBIM
LBETOM). BaskHO JIHII NIPaBUIBLHO W300pa3uTh (OpPMY SITIOPHI, 3HAYCHUS MOMECHTOB Ha TPaHMIIAX yYIaCTKOB,
Y HalpaBJICHUE BOTHYTOCTH MapaboJIbl.

IInockue pambl

3aoaua 7. lana pama (Puc. 11, a). Iloctpouts smropy M,.

B HemoJBWKHOM mIapHupe A OyayT BO3HHKATH J[BE PCAKIMH — TOPU3OHTAJbHAs M BepTUKaJbHas. B
nonBwkHOM mapaupe C — omHa BepTHKaimbHas peakuus. OHA-TO W MOHAJOOWTCA HAM MJIS TTOCTPOCHHUS
SIIOPBL



PaccMoTpuM cyMMy MOMEHTOB OTHOCHTENBHO TOUkd A. Takoli BBIOOp MO3BOJSET UCKIIOYUTH Cpa3y IBE
CHJIBI (peakUuy B HIapHUpE A) M3 YpaBHEHHsS MOMEHTOB. DTHM HPHUEMOM Mbl HEOJHOKPATHO ITOJIb30BAIUCH
panbire. OTcloa ciienyeT peKOMEHAAIMs: YpaBHEHHE MOMEHTOB CJIE/IYET COCTABIATh OTHOCHUTEIbHO TOYKH,
LJle IPUIIOYKEHO HAauOOoIIbIIIee YUCI0 HEU3BECTHBIX CHII.

Takum oOpazoM, B ypaBHEHHE MOMEHTOB BOHIET OISITh )K€ MUHMMAJILHOE YUCJIO CIIaraeMbIX: BHEIIHSIS
cuna F, co3naromas Ha wiede AB MomeHT F-2/ (1o 4acoBol CTpelike), M Heu3BecTHasl peakims B mapuupe C.
W3 paBeHCTBa MOMEHTOB MO BEJIMYMHE CIEIYET, YTO MOIYJIb HEU3BECTHOH CHIIbI OyJeT BO CTOJBKO pas3
Oombie F, BO ckoibKoO pa3 miedo AB Goxbuie mieya BC, To ectb 2F. A U3 yCIOBHUS CYMMBI BCEX MOMEHTOB
HYJIO CIIEyeT, 4To peakiys mapHupa C HanpasieHa uMeHHO BBepx (Puc. 11, 6).
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Puc. 11

OOpaTtuM BHMMaHHWE: MBI COCTaBWJIM BCET'O OJHO ypaBHEHHE PaBHOBECUS M3 TPeX BO3MOXHBIX. U mycTh
ocraBIecs 1Ba (MPOEKIMH Ha TOPU30HTAIb M BEPTHKAIb) OYEHb [IPOCTHI, B HUX IPOCTO HET HEOOXOAUMOCTH
JUTSL IOCTPOEHUsI SIIOpHI. FIMEHHO oaToMy BMecTo peakuuii mapHupa A Ha Puc. 11, 6 crost 3Haku Borpoca.

Haiinennas cuna co3nmaer cxaThle clou cBepxy Ha ydactke BC. MaxkcuManbHBI MOMEHT JTOCTUTAeTCs,
€CTECTBEHHO, Ha HAaHOOJIBIIEM YIAJICHUH OT TOUYKH IPHIIOKEHUs CHITBL, U paBeH 2F-1 = 2F] (Puc. 11, g).

W3BecTHO, 4TO M3rnOAONIMIT MOMEHT 110 BEIMYHMHE M PACHONIOKEHUIO CIKATHIX CJIOEB C OIHONH CTOPOHBI OT
y37la paBeH MOMEHTY C JpYrod CTOPOHBI MPU OTCYTCTBUHM BHEIIHETO MOMEHTa B CaMmoM Yy3ie (TpaBmIIo,
W3BECTHOE KaK «C YeM MPUILEN — ¢ TeM ymien»). OTMeTHM, 4To 3TO IPaBHIIO, CIEAYIOIIEe TPOCTO U3 YCIOBUS
paBHOBECHS y3Jia, €CTh €Ille OJIHA IOIBITKA W30aBUThCS OT M300paKEHHs JIMITHUX PUCYHKOB M COCTABIICHUS
HEHY)KHBIX YpaBHEHUI.

Wrak, corlacHO AaHHOMY INpaBWIIy M300pa’kaeM Ha SIIOpe MOMEHT Ha ydactke AB 0xm3 ysnma B (Puc.
11,2). 3areM ocraercst yd4ecTb, 4YTO, BO-IIEPBBIX, Ha y4dacTke AB HeT HHM pacnpeneneHHbIX, HH
COCpPE/IOTOYEHHBIX CHJI, U BO-BTOPBIX, K IIAPHUPY A HE MPUIIOKEHO BHEITHMX MOMEHTOB. Takum oOpa3zom,
MIPOBOJIUM TPSIMYIO JIMHUIO OT TEKYNIEro 3Ha4deHus B y3ie B no nHyist B Touke A (Puc. 11, 0). llltpuxyem u
obo3Hauaem smopy (Puc. 11, e). 3agaua perieHa.

Ecnyn Bo3HUKHET HEOOXOMMOCTh B TIPOBepKax, BepHeMcs K Puc. 11, 6. CocraBnsiTh ypaBHEHHE TPOSKIIU
Ha BEpTUKAJIb MO-NPEKHEMY HET HYXKIbI, a BOT HA TOPU30HTAJh AAaAyT MPOEKIMHU TOIBKO BHEUIHsS cuia F
(BmpaBo) M peakuus mapHupa A. 3HauWT, Ta peaklysl HampaBlieHa MPOTUBOIMOIOKHO (BJIEBO) M TaKXKe
paBHa F. Torna ee MoMeHT Ha 1wieue AB, qmuHa kotoporo paHa 2/, coctaBuT F-2] = 2FI, 4TO COOTBETCTBYET
nocTpoeHHo amtope. IIpoBepka comunace.

3aoaua 8. Jlana pama (Puc. 12, a). Iloctpouts smropy M,.

Perrenne 3amau ¢ Bpe3aHHBIMH IIapHHpPAMH, Kak Tokaszana 3adaua 6,
YIIPOILIAETCS TEM, YTO pacuyeTHas cXeMa pachajacTcs Ha y9acTKH, pa3/ielieHHbIC
STHMH IIApHUPAMH, B KOTOPBIX 3IOpa OOHYIsAETCS. DUrypasbHO BBIPaXkasch,
SMIOpa HE MOXKET «IEPECKOUYHTRY Yepe3 BPE3aHHBIN HIAPHHD.

Hauunate moctpoenue smiopbl ¢ ydacTka AC HepazyMHO: B IapHHUpE A
BO3HHUKAIOT IBEC PEAKIUH, a ypaBHCHHUE PaBHOBECHS MOXXHO COCTaBUThH JIHIIIb
omHO (cyMMa MOMEHTOB crmpaBa oT y3na C). Jlyumie Hadath ¢ ydactka CD —
BEepPTHUKAJIbHAs peakiMsg B mapHupe D B ypaBHEHHME MOMEHTOB HE BOMIET.
VYyacrok CD mpezcrasisier coboii naxe He paMy, a 0ajKy, 0ojee Toro — OJHY U3
0a30BbIx Oanok (Puc. 6, ¢). [ToaToMy 3mropa i Hee CTPOUTCS 0e3 00bICHEHUIHA
B pacuere Ha CaMOCTOSITENBHOE PEIICHHE.

W3 storo pemieHus, B YaCTHOCTH, CIEAYET, YTO TOPU3OHTAJIbHAS PEaKIUsI B

1
utapHupe D paBHa EFZ U HampaBieHa BjeBO. IIOCKOIBKY TOPU3OHTAJIBHBIX
Harpy3oK Ha pamy HeT, TO U3 yCJIOBUS PaBHOBECHS B MPOEKIMSIX Ha TOPU3OHTANb JJIS BCEH paMbl CIENYET,
1
YTO B IIAPHUpPE A TOPU3OHTANIbHAS peakis TaKkKe paBHa EF ! u HampasieHa BIpaBo. CTpouM 3MIopy A

ydactka AC, nzo0paxkaeM 00e DIIOPHI HA OCH paMbl, MITPUXYEM U CHaOXKaeM pe3yibTaT 0O003HAaYEeHHSIMU -
Puc. 12, 6. 3agava periena.



HesameueHHbIM ocTasicst mapaoKCalbHbIN, Ha MIEPBBINA B3IV, TOT (DAKT, YTO CHiIa F HUKaK Ha pe3ysbTar
He MoBJHsIa. B camoM siene, N3MEHNB ee BeJTMYMHY W/WITH HalpaBJIeHHe, 1a U IIPOCTO yOpaB ee, MbI IOJTY4uM
Ty € 3II0pY.

B nelicTBUTENbHOCTH HHMKAKOIO MapagoKca HET — y Hac MPOCTO HE BO3HUKIO HYXIBl HU B YpaBHEHHU
MIPOEKIMI Ha BepTUKalb, HU B CyMMHMPOBAaHHM MOMEHTOB OTHOCHUTENbHO mapHupa C 1uid BepxXxHeW dacTu
pambl. Ecnm ke 3T ypaBHEHUS BCE JK€ COCTaBUTb, TO CTAHET SICHO: U3MEHEHUE BEJIMYMHBI CHIIBI TOBIHAET
JIUIIb HA PACTATHMBAIOLINE U CXKUMaromue ycwaus Ha ydactkax AB u CD, a smiopsl HOPMaJbHBIX CHJI B
IUTOCKUX paMax, Kak MpaBUJIO, HE CTPOSITCA.

3aoaua 9. Jlana pama (Puc. 13, a). Iloctpouts smropy M,.

Ha mepBwiii B3I 3a7adya KaKeTCs 4Ype3BBIYANHO CIOKHOW. JIBa CHIIOBBIX
(dakTopa, YeThIpe MIAPHUPA, OMUH M3 KOTOPBIX — BpE3aHHBIH, MATH YYaCTKOB
U3MEHEeHUs1 MOMeHTa... OTHAaKO HaM MPEACTOUT YBHUIETh, YTO B JEUCTBUTEIHHOCTH
JTaHHAs 3a7a4a UIMEET ITOYTH TaKYIO JKe CJI0KHOCTb, UTO U 3adaua 7.

[pexxne Bcero, paccmorpum ydactok HK. OtOpocus mapuup K, 3amenum ero
peakimeli, Oe3pa3MMYHO KaK HampaBlicHHOW. Temeph COCTaBUM YpaBHCHHUE
MOMEHTOB OTHOCUTENHHO TOukd H. B 3TO ypaBHeHHEe BOHAET €IUHCTBEHHOE
cnaraeMoe — mpousBeneHue peakuuu Ha 1wiedo HK. OnHako cymMmMa MOMEHTOB
JOJbKHA OBbITh paBHa Hyio! [IOCKONBKY IUIEYO SIBHO OTJIMYHO OT HYJS, 3HAYUT,
orcyrctByer peakius mapHupa K. Yuacrok HK, crnemoBarensHo, cBoOoneH oOT
Kakux-1u00 Harpy3ok. Ho Torma BeIxoauT, 4To W Ha ydacTok DH He melicTByeT
HUKaKUX cui!

Takum 00pa3oM, MOXKHO 0€3 BCAKOTO yiepba i pe3ysibTaTa MPOUTrHOPHPOBAThH
YyTh JM HE NOJOBUHY pacueTHoM cxembl — yyactku DH u HK. 3agaua 3amerHO 5)
ymporaercst — Puc. 13, 6. C\ﬂ

Pasymeercs, 3T0 mepecTpoeHHE TakKe CIeAyeT BBHIMONHATH B yMme. [ Jsas Ha 2FI F
HCXOIHYI0 PACUCTHYIO CXEMY, HAJO 3aCTaBUTh ceOs «IepecTaTh BHICTHY» YUaCTKU @
BbIIIE ceuenus D.

IyTb K onTMMAaIbHOMY PCLICHHIO NOACKAXKET CHENaHHas 3adaua 6 — COCTaBUM )
ypaBHEHHE MOMEHTOB OTHOCUTENHHO HEMOJABWKHOTO ImapHupa A. IIpu 3ToM Hac mo- Fi
NpeXHEMY HE WHTEPECYIOT pEaklMHd OSTOro InapHupa. BHemHuii MomeHT 2F]
HAIPaBJICH MPOTHB YaCOBOM CTPENKH, MOMCHT BHEIIHEH cuibl ecth F-I=Fl, u

N
o N
HAaIpaBJIEH OH 110 YaCOBOM. )
3/1ech yMECTHO BCIIOMHUTH ellle OJHO IOJIe3HOE NMpaBWiIo (IPUMEHHMOE U B

0OBIIeHHOM ku3HH): «C1a0bIM HAJ0 MMOMOTaThy. B MTaHHOM cllydac MOMEHT OT CHJIBI 2F Fl
«cmabee» BHENIHErO MoOMeHTa Ha BenmuuuHy 2 —1=1 (B momsax FI). «Ilomorsy Puc. 13
MOXET O0ECIeYHTh TOJNBKO peakuus mapHupa D. 3HauuT, ee Hag0 HampaBUTH TakK, YTOOBI OHAa CO3JaBalia
MOMEHT B TOM JXE€ HAIpPaBJICHHH, YTO M «CJIaOBIil» MOMEHT CHIbI F, TO €CTh BIpaBo. [Ine4o 3TOi CHIIBI
OTHOCHTENFHO TOYKH A ecTh JumHa ydactka CD, To ectb /. 3HaumT, peakuus mapHupa D TakoBa, Kak
nokasano Ha Puc. 13, 6.

[lepexoauM K TOCTPOSHHIO SMIOPHI, HauuHas OT Touku D. B y3en C MBI mpuxoauM ¢ MOMEHTOM FI,
CKUMAIOIMM BHYTpeHHHE c10u. Ecim Obl y3e ObuT cBOOOIEH OT BHEIIHEr0 MOMEHTA, Mbl YIIUTH OBl M3 y3I1a C
TEM JKe, C YeM IPUIIUIA B HETO, TO €CTh MPOIODKUIIN Obl NBIDKeHHUE 1Mo yyacTky BC, HaumHas ¢ MomeHTa F/ ¢
TOM XK€ caMOil BHyTpeHHEH CcTOpoHbl. OJJHAKO MOMEHT B y3JI€ HAalpaBJIeH TaK, YTO C)KUMAET BHELTHHE CIIOU
ydactka BC. To ectp momyyaercs, 4TO MOMEHT, CKUMAIOUIMI BHEUIHUE CIIOW, PabdOTaeT MpOTHB TOTO, YTO
CKUMaeT BHyTpeHHHe, U Ha ydacTok BC nepeiiner He cymma ux (2 + 1 =3), a paznocts (2 — 1 =1).

WHavye roBops, MOMEHT, CKMMAIOIINI BHEIIHHUE CIIOH, «CHJIbHEE» MOMEHTA, C)KMMAIOIETO0 BHYTPEHHUE.
Torna na yyactke BC (mmo kpaiiHeil Mepe, B HENOCPEICTBEHHOHW OJIIM30CTH K y31y) OyIyT CXKaThl BHEIIHHUE
CJIOH, a BEJITMYMHA MOMEHTA B noysx £/ coctaBur 2 — 1 = 1.

HaxoHen, MO)XxHO BOOOIIE M30eXKaTh PacCy)KIACHUH KaKk O MPUXOJE B y3€J M yXOJA€ M3 HEro, Tak M O
«tomotmy». HyxHo npocto BooOpa3uTh kapTuHky Puc. 13, 0. UepHbIM 0003HaU€H BHEITHHIA MOMEHT, CHHIM
— BHYTPEHHUH MOMEHT, HaiineHHbI mpu aHamm3e ydactka CD. Ocranock NHOHATH, YTO W3 YCIOBUH
paBHOBecHs y3jJa BHYTpEHHHH MOMeHT Oim3 Hero Ha yuactke BC gomkeHn paBusaTbes F/ U OBITh
HAIPaBJICHHBIM II0 YacOBOW CTpejke (KpacHbIM). Takod MOMEHT CKUMAaeT HIKHHE (BHEIIHHE) CIIOH, YTO
COOTBETCTBYET ITPUBEICHHBIM BBIIIE paccykAeHUsIM. [IpoBepka, Ha3pIBaeMasi «IIPOBEPKOI paBHOBECHS y3JIay,
COIIIACK.

[otiner mu nanee snropa BBepX win BHU3? OUeBHIHO, HU TO, HU JIPYro€ — OHA HOMJET MPsSMO, BAOJIb OCH.
Merto/ cedeHuil TO3BOISET CTPOro J0Ka3aTh, YTO BO BCeX TOUKax ydacTka BC cymMMa MOMEHTOB MOCTOSIHHA,
HO MBI cTapaeMcs n30eratb IpUMEHEHHUs MeTo/ia cedeHni. Torna K TOMy jke BBIBOJY MOXKHO NPHHTH IIPOLIE:
M3rHOAONINH MOMEHT MEHSETCS TOJIbKO B COOTBETCTBUH C IOIEPEYHOI CHIIOH, a Ha yuyacTke BC mocnenHsist
paBHa HYJIIO — B CAMOM JIeJIe, TIOKa MBI BOOOIIE HE TOBOPHIJIM O BEPTHKAJIBHBIX CHJIAX.

D10 coobpa)keHHE OCTaeTcsl CIIPaBEIMBBIM BIUIOTH JIO CeYeHus B, rme mpuiokeHa BHEWIHss cuia F.
MoXHO CKa3aTbh, YTO CHJIa, HAlpaBJEeHHAs BBEpPX, 3aCTaBJSIET BO3PACTaTh M3rHOArOUIMH MOMEHT. B jmaHHOM

!




cllydae ero SIropa HaXOMUTCsl CHU3Y OT OCH, CIIEOBATEIbHO, N3rHOAIOINIi MOMEHT MOXKET TPAKTOBAThCS KaK
orpunarensHblil. HaunHas co 3Hayenust —F/ u Bo3pacras Ha F' 10 y4acTKy JUTMHOH /, MOMEHT 0o0paTuTcs B
HYJb B TOUke A.

MokHO, HAKOHEII, PacCyXaTh COBCEM YIIPOILEHHO: MAapHUP A CBOOOAEH OT BHEIIHETO MOMEHTA, 3HAUMT,
TaM 3MI0pa HeM30€KHO MPHIET B HYJIb.

Hrak, naxxe He mpuberas K BRIYUCICHHUIO PEaKIUil MapHupa A, MbI IoCTpowin 3mopy Puc. 13, 2. 3amgaya
peleHa.

Onpenenenne peakiuii B ToYke A MOKeT OTpeOoBaThCs [UIsl MPOoBEpKH. Hampumep, npoerupys CHiIbl Ha
BEpTHKaJb, HAXOAWM PEaKLIHUIO B A, OHa HampaBlieHa BHM3 M paBHa F. 3HauuT, B ceueHnu B oHa cozpmact
MOMeHT FI, cKuMas HWKHHE (BHEHIHME) cJIoW. Takol ke MOMEHT MBI BHIMM Ha IMOCTPOSHHOH SITIOpe.
IIpoBepka cormnace.

3aoaua 10. [lana pama (Puc. 14, a). IToctpouTts 3mmopy M.

INpencrapnennas pama BKI04YaeT B ceOs T-o0pasHbIid y3eln, 4ToO JeNaeT ee HECKOIbKO Ooiee CIOKHOM,
4yeM mpeasiayime. TeM He MeHee, IPU MUHHUMaJIbHON paboTe BOOOpakEHHs PEIleHHe MOKET OBITh MOJyYEeHO
OTHOCHTENBHO MPOCTO.
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Yyactku BC u BD smiop moryr ObITh moctpoeHbl cpasy (Puc. 14, 6). CHOXHOCTH 3aKirouaeTcs B
yuactke AB. [TocTpoeHue 3IMopsl Ha HEM MOXKET OBITh BBITOIHEHO JBYMS CIIOCOOaMH.

IlepBbIii OCHOBBIBAaCTCSA Ha TOM COOOpa)KCHHMH, 4YTO Ha YydacTke AB osmropa Oyaer JMHEHHOM.
CrenoBarteiabHO, JOCTATOYHO HAWTH MOMEHTHI B CEUeHUAX A U B M COEIMHUTE 3TU TOYKU MPSMON JTMHUEH.

[Ipobnema MbicieHHOrO aHamu3a T-00pa3HOro y3jia COCTOUT B TOM, YTO IPUXOMUTCS JIEpKaTh B MAMSITH
MOIY/JIM ¥ HampaBJICHHs Cpa3y TpeX MOMEHTOB. To ecTh HEOOXOmMMO BOOOpa3uTh KapTHHKY Puc. 14, 6.
BepxHuii 1 npaBblii MOMEHTBI U3BECTHBI, HHXKHHI HIETCS M3 YCIIOBHS PAaBCHCTBA MOMCHTOB OTHOCHTEIBHO
y3na B. Urak, nepBasi Touka HaliieHa — MOMEHT F/, COKUMAIOLINH JIEBBIE CIIOU.

Bropyto Touky uieM aHaJOrn4HO: BHEUIHs cuia B Touke C co3naer B 3az1enike MoMeHT 3F/ cieBa, cuiia B
Touke D — MomenT F/ cmpaBa. CkjampiBas WX C YY4ETOM HAIpABJICHUSA, HAXOMUM HCKOMBIH MOMEHT B
sanenke: 2F1 cneBa. CTaBUM ¥ COCIUHSIEM TOYKH, IITPUXYEM DIIOpY, IHIIeM ¢e odo3Hauenue (Puc. 14, 0).
3agaya pemieHa.

Jliss TpoBepKU HCIONB3yeM BTOPOH cnoco0. OH MOJHOCTHIO OCHOBAaH Ha IMPUHIMIIE CYNEPIO3UIINH.
CTposTCs SIIOPHI OT Ka)<I0¥ CHIIBI B oTAeabHOCTH (Puc. 14, 2), 3aTeM 3TH 3MIOPBI CKIAIBIBAIOTCS C TEM JKE
pe3yabsTaTtoM. IIpoBepka cominack. 2/ 2/ 2] 2]

od

Jnst Toro, YTOOBI TOHATH, KaKOM
crocod ymoOHee W TOHSTHEE KaXKIOMY
KOHKPETHOMY HCTIOTHUTEITIO,
HE00XO0IUMO peIIuTh HECKOJIBKO
AHAJIOTUYHBIX 337249 00OMMH CIIOCOOAMU.

Ha Puc. 15 panwel mpumepsl g
CaMOCTOATENIFHOTO perieHus. O0paTum
BHUMAaHHE, 4TO (DOPMBI paM U Harpy3Kd
COBEPILICHHO OJWHAKOBBI, OTIHYAIOTCS
TOJILKO BHEIIHUE CBSI3U.

IInockonpocTpancTBEHHBIE H MPOCTPAHCTBEHHbIE PAMBI

Kak MBI Buzenu, mpu HOCTPOSHUM SMHIOP IUIOCKMX paM INMHUPOKO HCIHONB3YIOTCS 3HAHUS M TPUEMBI,
MpUOOpPETEHHBIE TMPU  PACCMOTPEHHH OaJoK. AHAJOrM4HO, OBICTPBIA CIOCO0 TOCTPOEHUS  SIIOP
(TJTOCKO)IPOCTPAHCTBEHHBIX PaM MpeArNoiaraeT Xopollee YMEHHE OBICTPO CTPOUTH MPOCTHIE SIIOPHI pam
IUIOCKHX.

[Moctpoenne smiop  (IUIOCKO)IPOCTPAHCTBEHHBIX ~ paM  METOJOM  CEYEHHMH —  HEoObIYaiHO
MIPOJOJDKUTENBHBIH MTPOIIECC, TO3TOMY SKOHOMUSI BpEMEHH TP PELIEHUN TaKuX 3ajad IPOCTO KOJIOCCalbHa.

Crnenyer OTMETUTb, YTO JIOCTATOYHO BHICOKAS TPYIOEMKOCTD 3aJIau TUKTYET HEOOXOMMOCTh BBITIONHSTh
MIPOMEXYTOYHBIE MOCTPOEHHSI BCE K€ B rpaduyeckoM BHIE, MO KpaiiHedl Mepe Ha mnepBbIX mnopax. Ho,
HECMOTpSI Ha 3TO, BBIMIPHIII MO0 BPEMEHHU OKa3bIBaeTCsi OOJbIle, YeM JUIs JIF000H M3 BBIIIE PACCMOTPEHHBIX
3aga4. Ecnu 114 HUX HauOoJbluee BpeMs PEIIeHUs COCTaBILUIO OKoJo 40 ceKyHI, TO JUIf AaHHBIX 3a]ay ero



CTOUT YBEIMYHUTH 10 | MUHYTHI, T1¢ 20 CeKyH] OTBOIUTCS UMCHHO Ha pucoBaHue. OIHAKO JIETKO YOSIUThC,
YTO pElICHHE TOHM JKe 3aJa4yd METOJIOM CCUCHHMU, B 3aBHCHMOCTH OT KBAJIU()UKAI[MH HCIIOJHUTEISA, MOXKET
3aHumMath oT 10 no 60 Munyt. Pa3Huia oueBuHa.

Merton, npU3BaHHBIA 3aMEHUTh METOJ] CCUCHHH MPHU PEIICHUH IMOJOOHBIX 3aad, MOXET OBITh Ha3BaH
«METo/IoM TMpoeknuit». OH HCIonb3yeTcs B TaKUX JUCHUIUIMHAX, KaK dYepyeHHe M HadyepTraTellbHas
reoMeTpus. BHauane TpexMepHBIH OOBEKT MPOCHUPYETCS HAa TPU OPTOrOHAJBHBIC IUIOCKOCTH, 3aTEM C
MIPOCKIMSMU COBEPIIAIOTCS HEOOXOMUMBIC JCHCTBHSA, IIOCNIEC YEro TPEXMEPHBIA OOBEKT MOXKET OBITh
BOCCTAHOBJIEH 110 TPEM MPOEKIIUSIM.

B  nmaHmHOM ciysae 1o «OOBEKTOM»  TIOHMMAETCS  COBOKYIIHOCTh — 3MIOp  OBYX (s
IUTOCKOIIPOCTPAHCTBEHHBIX PaM) WK TpeX (IJIs1 MPOCTPaHCTBEHHBIX) MOMEHTOB. CyTh METOZa COCTOUT B TOM,
YTO pamMa BMECTE C Harpy3KamH MpOoeHUpyeTcs MOoCIe0BaTeIbHO Ha Be (TpHu) miockocTu. [lomyuarores nse
(TpM) 3a7]a4M Ha MOCTPOEHHUE S0P ILUIOCKHX paM (a B YACTHOM Cllydae — KOHCONBHBIX Oanok). Takue 3amaun
OBICTPO U JICTKO PEIIAIOTCSA, MOCJIE YEero IMPOCTPAHCTBCHHBIN BUM SIIOP BBIYCPUMUBACTCS 10 HMMECIOLTUMCS
TIPOSKIIUSM.

3aoaua 11. Jlana pama (Puc. 16, a). Iloctpouts smmopsl My, M,.

«Bug A» (Puc. 16, 6), To ecThb MpOEKIMs pamMbl U €€ HAarpy30K Ha IUIOCKOCTb, MEPHEHAMKYISPHYIO
cTpenke A (BepTHKaIbHYIO), TTOKa3aH Ha Puc. 16, 6. [To onpeneieHUI0 OCh MIOCKOMPOCTPAHCTBCHHOM PaMbl
JISKUT B OJHOW IUIOCKOCTH W, CJeloBaTenbHO, crepkeHb CD «3akpbiBaer» BuJ Ha crepkeHb HK. UToOb
«YBHIETBY» €ro, MOYKHO NPHUMEHHUTh MaJIeHbKYI0 XHUTpOCTh. [IpercraBum cebe, uto crepskeHb HK cierka
«BBIIIEN W3 IUIOCKOCTH», TPUIIOMHSBIINCH HaJ HEH, M, TakuM o0pa3oM, CTal BUIUMBIM KaK «IOYTH
coBnajarommii» co crepkHeM CD. Ilomywaem, Takum 00pa3oM, IUIOCKYIO paMy U3 JBYX Y4YacTKOB,
MepeceKaroImuXcs mo yrioM, 6au3kuM K 180°. Ock paMbl B IENAX HATJIAHOCTH ITOKA3aHa KPACHBIM I[BETOM.
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Haunem moctpoenue smopsl ¢ yuactka CD. [pumMensis 00bIYHYIO (GOPMYITY TS KOHCOJH, HATPYKCHHON
1
pacIipe/ielieHHOH CHIIOW, ToJlydaeM MOMEHT B cedeHuu D: Eq-(zl)2 = 2q12 (Puc. 16, 2). OOpatum

BHUMaHUE, YTO IPABHJIO «C YeM IPUIIET — C TEM YIIe» paboTaeT BHE 3aBUCMMOCTH OT YIJIa, IOf KOTOPBIM
TepeceKaroTcsl CTEp)KHH B y3ie. Takum o0pa3om, B y3el, B KOTOpOM Ha mpoekiuu cedenus: D u H okazanuch
«COCEIAMIY, MBI IIPUIUTA ¢ MOMEHTOM 2¢[°, CKMMAIOIINM BHELIHHE CIIOM PaMbl, TIO3TOMY H YHTH U3 y37a
HY)XHO C TeM jxe MoMeHToM. Ho kyzaa smropa moiiner nanbie? UToObI OTBETUTH HA ATOT BOIPOC, M3berast
METo/la CEeYEHUI, MOKHO BOCITOJIb30BATHCSl MPUEMOM, KOTOPBIH MBI yKe mpuMeHstn (3adaua 2): 3aMeHOM
pacnpenenieHHON Harpy3ku Ha COCPEJOTOYEHHYIO paBHOAelcTBYyromyro. HamoMHHMM, 4YTO MOMEHT OT
pacIipe/ielieHHOi Harpy3kd B Jro0OW TOYKe, HE HaxXOMISIIMIiCSs BHYTPU y4acTKa ee JeHCTBHS, paBeH
MIPOU3BEACHHUIO MHTEHCUBHOCTH HArPy3KH Ha JUTMHY y4acTKa (3TO M €CTh PaBHOJESHCTBYIONIAS) U HA IIJIEYO, TO
€CTh PACCTOSHUE OT CEpeMHBI yJacTKa 10 MHTEPECYIoIell Hac TOUKH.



Urak, BenmuunHa paBHOACHCTBYIOWEH paBHa ¢-2/ =2¢l/ (mokazana myHKTUpoM Ha Puc. 16, 0), Touka ee
npuioxkeHus: — cepenuHa ydactka CD, KOTOpBIH IMPUXOIUTCS KaK pa3 «HANpOTHB» 3aleliKu (WU, €CIH
YrOfHO, «1momy» Hei). Ilmedo paBHOJEHCTBYIONIEH OTHOCHUTEIBHO 3aJIENIKH, TaKUM 00pa3oM, paBHO HYJIIO.
IosToMy, BhIias U3 y3ma H ¢ Benmumnoit 2g1* (CBepXy, TO eCTh CHapyKH), MOMEHT Ha ydacTke HK Gyzer
n3o0paxatbes snropo Puc. 16, e. Uto ke kacaercsi BHEITHEH CHIIBI, JEHCTBYIOIIEH TobKo Ha yuacTke HK,
TO ee dmIopa nmokasaHa Ha Puc. 16, orc. Ocranock Mo NPUHLUIY CYNEPIO3UIMH CIOKUTh BCE TPHU SIIOPH U
n300pa3uTh pe3yabTaT Ha omHOM pucyHke (Puc. 16,3) — 370 U ecTh MCKOMBIH «Bua A» OKOHYATEIbHOMN
SMIOPHIL.

«Bun by ropazmo mpore: Puc. 16, u, smopa Puc. 16, x. Bennuuna cuiibl, NPWIOKEHHOM K KOHILY
KOHCOJIH, €CTh BCE Ta )K€ COCPEI0TOUEHHAs PABHOJIEHCTBYIOMIAS.

Uro e kacaercs «Buma B», To Ha HeM HHKakuxX OIIOp HET U OBITh HE MOXET, IOCKOJBKY IO
OIIPEJIETICHUI0 B TUIOCKOCTH OCH IUIOCKOIPOCTPAHCTBEHHOH pambl HET HHM BHEIIHUX, HH, CIIEJOBATEIBHO,
BHYTPEHHUX CHJIOBBIX (DAKTOPOB.

OTIenbHYIO CIIOKHOCTh MOXKET TPENCTABIATH TIOCTPOSHHUE SITIOP KPYTSIIEro MoMeHTa. ECcTh 10 MeHbIei
Mepe nBa myTd. [Ipm XOpomro pa3BUTOM HPOCTPAHCTBEHHOM BOOOPa)KEHWW O3TH SHIIOPHI CTPOSTCS Ha
TpPEeXMEpHOM (TOYHEe, M30METPHIECKOM) BHJIE ITOCIIE TOTO, KaK OYIyT IMOCTPOEHBI BCE IMIOPHI N3THOAIONINX
MOMeHTOB. [Ipu 3TOM clieqyer MOMHHTB, YTO €CIIM CTEPXKHU paMbl NEPECEKAIOTCs MOJI MPSIMBIM YIJIOM, TO B
y371e, CBOOOHOM OT MOMEHTA, JIF00OH M3TMOAIOIIN MOMEHT Ha OJJHOM CTEp)KHE IOJHOCTBIO MEPEXOIUT B

KpyTalmuid Ha JpyromM, u Haobopor. Takum A Buo A
00pa3zoM, MOXXHO MPOCIEANTh «Cyab0y» KaxIoro / ¢ ==
M3ruOaroIero MOMEHTa, JOUISAIEro J0 y3Jia: OH £ lZF [
00513aTENbHO JIOJDKEH JIaTh KPYTSIIMA MOMEHT Ha 4 D AEE—
MIEPIEHANKYIISIPHOM CTEpIKHE. oF oF 2l 3F]

Jlpyroii myTh IIOCTPOEHHS SIOP KPYTAILETO —> 4_5 =
MOMEHTa COCTOMT B TOM, 4YTO Ha KaxIOh o A =
MPOEKUMK MOXXHO HANTH CTepKEeHb, KOTOPBIH B ﬁ—,i[ aFl
npoenupyercs B Touky. Hampumep, Ha Puc. 16, ¢ E E

ceuenust D u H moutn cnunuck, XoTs (akTHIecKu
MIPE/ICTaBISIOT co0ol KoHIBI cTepkHst DH. Takum
00pa3oM, Ha OKOHYATEILHOM BHIE SIIOPHI 3TOT a) 6) B)
HEBHJMMBIN» Ha TPOEKUHH CTEPXKEHb JOJDKEH
OBITh Harpy)XE€H KPYTSIIUM MOMEHTOM.
OxoHuaTenbpHasl SIIOpa NpencTaBieHa Ha Puc. 2]
16, 7. OTMETHM, 4TO pajy SKOHOMHU BPEMEHH Ha
MpaKkTUKe peKOMEHyeTcsl coBMmeIars Puc. 16, a u 21
Puc. 16,6, TO ecThb CTpelkd HampaBICHUH
MPOEKLUI HAHOCHTH TPSIMO HAa PACUETHYIO CXEMY -«

C MTOCTAaHOBKOM 3a7a4H. 2F] MMM

3aoaua 12. [lana pama (Puc. 17, a). Iloctpouts
smopsl My, My, M,.

Xon pemenust mokazaH Ha Puc. 17,6-e. B
LIEJIOM BCe IOHSATHO W3 pPHCYyHKa, HO BCE XK€ r n) e)
HEOOXOANMO J1aTh PsIJl MTOSCHEHUI. Puc. 17
e Ha «Bumneb» He otpaxena cuna?lF,

MIOCKOJIbKY OHa HalpaBlieHa BJIOJb OCH BHJA U

€e TPOEKIMs Ha IUIOCKOCTh IPEICTaBIISET

co0oii Touky. Takum 00pa3oM, ecii U KaKIbli

U3 CTep)KHEW paMbl, ¥ KaXXAbIi U3 BEKTOPOB

CHJ, TapajulellbHbl ~ ONHOM M3  Tpex

OPTOTOHAIBHBIX OCEH, TO Ha KAKIAOH U3

MPOEKLUI OTCYTCTBYIOT HEKOTOpbIE M3 CHII,

YTO YIpOIIAeT pPelleHue 3a1ad;

e «Buny B» BooOIIe He corocTaBiieHa HU OJHA
SMIOpa MW3rHOAIOUIMX MOMEHTOB, ITOCKOJIBKY
MOKa3aHHas  CWJa  BBI3BIBAET  TOJIBKO
pacTsbKeHue.
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Ha Puc. 18 naHel aBe pacueTHbIE CXEMBI
MIPOCTPAHCTBEHHBIX paM, a MOA HUMHU — JIIOPHI
M3rudamoIMx M KPYTSINIET0O  MOMEHTOB.
IIpennaraercsd MOCTPOUTH AMIOPHI 332 PACUETHOE
BpeMms B | MUHYTY.




