ANbBEPT
3UHLUTEWH

JIEONOJNIbA UHPDPEJIb4

HBOJIIOI[H]
OUNKU




Hayka: OTKpbITUA U NIEPBOOTKPHIBATEN

Jleononwvy Mubenba

dBoJonus (bu3uKH

«M3parensctBOo ACT»
1938



YK 53(092)(73)
bbK 22.3r

Nuadeasa JI.

DBomonus puzuku / JI. Uapenbn — «MzparensctBo ACT»,
1938 — (Hayka: OTKppITHS M IEPBOOTKPHIBATEIIN)

ISBN 978-5-17-110599-0

«Bomornus pu3NKu» — HeoObIuHasl KHUTa. KHMra, Kotopas, Mo cjioBam aBTOPOB,
ObLj1a HaITMCAaHa J1JIs1 YMTaTessl, TUIIEHHOTO «KaKUX-TO KOHKPETHBIX 3HAHUH 10
(pu3rke u MaTemMaTuKe», HO «3aMHTEPECOBAHHOTO B (PU3UYECKUX U (PUIOCOPCKUX
uzaesx». Kaura, Kotopyio camu aBTOpbl yHOI0OMIN JETEKTUBHON TTOBECTH, T/IE B
POJIM JETEKTUBA BBICTYIIAET HAyKa, MbITAIINAACA pa3rajarb TaiHbl BeeseHHOM. «Mbl
He Mucaiy yuyeOHuKa 1o (pu3uKe. 30ech HET CUCTEMATUYECKOTO U3JI0KEHUSI
IEMEHTAPHBIX (pr3MUecKuX (hakToB U Teopuid. Haia 3aiaya cocrosina ckopee

B TOM, YTOOBI IIIUPOKUMU Ma3KaMu OOPUCOBAThH MOMBITKY YEJIOBEYECKOTO

pa3yMa HauTH CBSI3b MEXAY MUPOM UIEW U MUPOM SIBJIEHUI», — IPU3HABAJIACH
aBTOpbl KHUTK. He moToMy /i ¥ KHUra UX, P BCEM MHOT00Opa3uu 1 OOrarcrse
M3JIOKEHHOTO B HE HAYYHOIO MaTepuaa, Mo-npexHeMy UMEET YCIIEX Y CaMOro
HMIMPOKOrO Kpyra yuTaresier o Bcemy Mupy?..

VIK 53(092)(73)
bbK 22.3r

ISBN 978-5-17-110599-0 © Undensa JI., 1938
© UzparensctBo ACT, 1938



A. Ditnmrrens, JI. Mupenba. «DBomouns Gpusnkm»

Coaep:xanue

[IpenucnoBue

I. PacuBer MEXaHUCTHUYECKOTO BO33PEHUS
Benukas noects 0 TallHaX MPUPOIbI
ITepBas pykoBoasias uaes
Bekropel
3arajgka ABUKEHUS

Konen o3HakoMUTENBHOTO (pparMeHTa.

DO 0 J

24



A. DiamreniH, JI. Undensa. «DBomonus Gu3nKm»

Aab0epT DiiHmTelH, Jleonoaba Undennn
dBoawnusa pu3nKu

Cepus «Hayka: OTKpbITUSI U IEPBOOTK PhIBATEIIH»
Albert Einstein Leopold Infeld
THE EVOLUTION OF PHYSICS

IBOJTIOIHS
OUBNKH

[TepeBon ¢ anrnuiickoro C.I". Cysoposa
CepuitHoe oopMiieHHE U KOMIbIOTePHbIN u3aiH 1. CMupHosoli

© The Hebrew University of Jerusalem, Israel
© Ieperon. C.I'. CyBopos, HaciemHuku, 2018
© Uznanue Ha pycckom sizbike AST Publishers, 2018



A. Ditnmrrens, JI. Mupenba. «DBomouns Gpusnkm»

IIpeaucaosue

Ipedicoe uem 6wl HauuHaeme umerue, bl BNPAGE OHCUOAIMNb OMEEMA HA HEKOMOPble NPOCHIble
eonpocul. C Kakoii yeavto Hanucana sma kKhiuea? Kmo mom eoobpadsicaemvlii uumamens, 0nst KOmMo-
020 OHa npedHasHauaemcs?

Tpyoro Hauamo ¢ CHO20 U NOCNE00BAMENLHOZO OMEema Ha 3mu eonpocel. I opazdo nezue
OMEemums Ha HUX 8 KOHUe KHueu, Xomsi 3mo 0vlio Obl COBEPULEHHO MWHUM. Mol Haxooum, umo
npoute ckazamo, Yem Sma KHuea He cmpemumcsi Obims. Mol He nucaau yueOHuxa no gusuke. 30eco
Hem CUCMeMAmMUYecKo20 U3N0NHCEHUsL INeMeHMapHulx husuueckux gpakmos u meopuii. Ckopee nauie
Ccmpem.AeHUe COCIOsINO 8 MOM, UMOObl WUPOKUMU WUMPUXAMU 0OPUCOB8ANTL NONBIMKU YeN08eHECKO20
pasyma Hatimu cés3b MexHcoy MUPOM Uoel U Mupom senenuti. Mol cmpemunucs nokazams me aKkmueé-
Hble CUNDL, KOMOPblE BLIHYHCOAIOM HAYKY cO3048aMb UOeU, COOMBEMCMBYIOUjUe PeanbHOCU HAUe20
mupa. Ho nawe uznodxcerue dondicro 6vimos npocmoim. Ckeo3b 1adUpuHm (paKxmoe u nOHsImuti Mol
00194CHbL ObLAU UBOPAMb CMOAD0BOT NYMb, KOMOPbIIL KA3AACS HAM CAMBIM XAPAKMEPHbIM U 3HAYU-
menvHbIM. Te ghakmol u meopuu, KOmMmopwvle He NeHCANU HA UBOPAHHOM NYMU, Mbl OONNHCHbL ObLAU ONY-
cmums. Hawa ocrosHas ueav 8vbinyic0ana Hac coenams onpedenertblii 8b100p akmos u uoeii. O
8AICHOCIU NPOONEMBL He CAedyent CYOUmnsb No YUCAY CIPAaHUl, nocesujeHHbix eil. Hexomopule cyue-
CMEEHHbIe HANPABNEHUS MbICAU He ObLAU OMPANCEHbL He NOMOMY, YMO OHU KA3AAUCh HAM Hecyuje-
CMBEHHbIMU, a4 NOMOMY, YIMO OHU He NeXHCcam HA MOM nYmu, KOMOopblli Mbl U30PANU.

Kozoa mel nucanu knuzy, mol 6eau OauHHble OUCKYCCUU O XAPAKMEPe HAue20 UOeANU3UPOBAH-
HO020 YUMamensi U CUAbHO OECNOKOUNUCH O Hem. Mbl 60CNOAHSAU NOAHOE OMCYMCMEUe Y He2o KAKUX-
AUOO KOHKPEMHbIX C8e0eHUll no usuxe u mamemamuxe OONbUUM YUCAIOM €20 0ocmouHcma. Mol
CUUMANU €20 3AUHMEPECOBAHHBIM 8 (PUBUUECKUX U PUNOCOPCKUX UOesIX U ObLAU BIHYHCOCHBL BOCXU-
WamvCsi mem mepneHuem, ¢ Kakum oH npooUsancs uepes MeHee uHmepectvle u 6onee mpyoHvle cmpa-
Huupl. OH SCHO CO3HABAN, UMO 05l MO20, YMOObL NOHSIMb KAKYIO-AUOO0 CIPAHULY, OH 00AMCEH Obla
BHUMAMENbHO npouumams npedvldyusue. OH 3HAN, UMO HAYUHAS, XOMS Obl U NONYASIPHASL, KHU2A He
MOdHCEM UUMAMbCsl MAK JHce, KAK HO8ennd.

Kruea — smo beceda medxncoy eamu u Hamu. Bol mosceme nHaiimu ee ckyuHoul unu uHmepecHoll,
YMoMUmenvHoul unu 8030yscoarouieri, Ho Haua yeav Oyoem OOCMUzHYmMA, ecau IMu CMparuybl 0adym
HeKomopoe npedcmasgneHue o0 8euHoll 6opvbbe U300Pemamenvioz0 Uen08euecKkozo pasyma 3a donee
NOAHOE NOHUMAHUE 3AKOHO8, YNPABASIOUUX PUSUMECKUMU ABNEHUSMUL.

A. DiiHwmerin
JI. Hngpenvo
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Beankast noBecTb 0 TallHAX NPUPObI

B HamiemM BoOOpaskeHUM pHICYyeTCs KHUTA. DTO MCKYCHO HAIMCAHHAS TOBECTh O COOBITHSX,
0OCTOSITEILCTBA KOTOPBIX CKPBITHI OT HAC TIO MOKPOBOM 3arajiouHbiX TaiH. [loBecTh 9Ta 1aeT Ham
BCE CYIIECTBEHHBIC ITyTEBOAHBIC HUTH U 3aCTaBJISIET HAC CO3/1aTh CBOI0 COOCTBEHHYIO TEOPHIO TTPOUC-
xopsiero. Eciu Mbl BHUMATENBHO ClIEyeM 3aMBICTY MOBECTH, Mbl IIPUXOJUM K MOJTHOMY PacKphbl-
THIO BCEX OOCTOSITENILCTB €IIe PaHbIIIE, YeM aBTOP PACKPBIBACT MX B KOHIIE KHUTU. CaMO 3TO PacKphbl-
THe, €CJIM peub UIET He O TUIOXOW MOBECTH, HE Pa304apOBBIBAET HAC: OHO TMOSIBJISETCS B TOT CAMBIi
MOMEHT, KOIJIa MBI €70 JKAEM.

MoxeM 1 Mbl YIIOJIOOUTh UMTATENIs] TAKOW KHUTH YYEeHBIM, KOTOpPBIE Uepe3 Bce CIeIylolire
APYT 3a APYroM TMOKOJICHUsI TPOJOJIKAIOT JOOUBATHCS PACKPBITUS TallH B KHUTe Mpupoasl? CpaBHe-
HHE HEBEPHO U €ro HyKHO BIIOCJIE/ICTBUM OTOPOCHUTh, HO OHO MMEET HEKOTOpPOE OIpaBJAHUE; €ro
ClIelyeT PacHIMPUTh U BUAOM3MEHUTH, YTOOBI CcesIaTh Oojee COOTBETCTBYIOIIMM TIONBITKAM HAYKU
pasrajath TaiiHy BceneHHOu.

Ora BeJUKas MOBECTh O TallHaX ellle He OKOHYeHa. MBI Jake He MOXeM OBITh YBePEHHI B TOM,
YTO OHA MMEET OKOHYaTeJbHOe 3aBepuieHue. Ho yxe camo yreHue Jajno HamM MHOro. OHO Hay4uJio
HAC OCHOBaM $I3bIKa MpUpobl. OHO TIO3BOJIIIO HaM MOHSITh MHOTHE Ty TEBOJIHBIC HUTHU U ObLJIO UCTOY-
HUKOM PAZOCTH U JIyXOBHOTO TOIbeMa B TIEPUOJIbI YCUIIEHHOTO TIPOJBIIKeHUS HayKu. Ho MBI sicHO
Mpe/cTaBiisieM cebe, UTo, HECMOTPsI Ha BCEe MTPOUMTAHHBIE U Pa300paHHbIe TOMA, MBI eIl JAJIEKU OT
ee KOHIIA, €CJIM, KOHEYHO, TAKOK KOHEI[ BOOOIIIE CyIIeCcTBYeT. B ka0 CTauu Mbl CTpeMHUMCS HAUTH
00bsICHEHUE, HAXOMAIIEeeCs B COITIACHH C YKe OTKPBITBIMU UessMH. Teopuu, MPUHSATHIE B KaUuecTBe
MPOOHBIX, OOBSICHIIN MHOTO (DAKTOB, HO HUKAKOTO OOIIEro peleHusi, COBMECTUMOIO CO BCEM TEM,
YTO HaM M3BECTHO, TIOKa ellle He JOCTUTHYTO. OYeHb YacTo COBEpIICHHAs Ha BUJI TEOPHUS OKa3bIBa-
nack HeBepHOU. [TosABAI0TCS HOBBIE (DAKTHI, KOTOPBIE TPOTHBOPEYAT TEOPUH HITH K€ He OOBSICHSIOTCS
ef0. Yem Oostbliie Mbl UMTaeM, TeM OoJiee MOTHO U BHICOKO OIIEHUBAEM COBEPIIEHHYI0 KOHCTPYKIIUIO
KHHTH, XOTS TIOJIHAs pa3rajika ee TalH KakXeTcs BCe yAaSIONIencs Mo Mepe TOro, Kak MbI IIPOJBH-
raemcs Brepe.

Co BpeMeHH BeJIUKOJIETHbIX paccka3zoB Konan-Jloiist movTy B Kaxk/10i JETEeKTUBHOUN HOBEJLIE
HACTYyMaeT TaKoM MOMEHT, KOrjJa MCccleoBaTesib coopall Bce (DakThl, B KOTOPBIX OH HYXJAeTCs, 10
KpaiiHell Mepe, /i1l HeKOTOpoi has3bl cBoel poOieMbl. DT (haKThl YaCTO KaXKyTCs COBEPIIIEHHO
CTPaHHBIMU, HETIOCJICJOBATEIbHBIMU U B LIEJIOM He CBS3aHHBIMU. OIHAKO BEJIUKWIA IETEKTHUB 3aKJTIO-
YaeT, 4TO B JIaHHBI MOMEHT OH He HYXJAeTCs HA B KaKMX JAJTbHEUIINX PO3BICKaX M UTO TOJBKO
YHCTOE MBIIIEHUE TTPUBEIET €r0 K YCTAHOBJICHUIO CBS3HM MKy cOOpaHHBIMU hakTamu. OH Urpaer
Ha CKPUIIKE WY, pa3BaJIMBIINCh B Kpeclie, HacakIaeTcs: TpyOKoH, Kak BApyT, o FOmurep, 3Ta CBA3b
HariieHa! OH He TONBKO ykKe MMeeT B pyKax OObsCHEHHE BCeX OOCTOSTEIIbCTB Jeja, HO OH 3HaeT,
KaKue JIpyrue onpeaeseHHble COOBITUS JOMKHBI ObUTA CITy4nThCs. Tak Kak Terepb OH COBEPIIIEHHO
TOYHO 3HAET, IJIe UCKaTh WX, OH MOXET, eCJId eMy XOUeTCs, MITU COOUpaTh JaJIbHEHIIE TTOATBEp-
KJIEHUsI CBOEU TEOpUH.

VueHblit, YnTast KHUTY TPUPOJIBI, €CJIM HaM TIO3BOJICHO OY/IET IOBTOPUTD 3Ty OaHATIBHYIO (bpasy,
JOJKEH caM HalTH pasrajiky, IIOTOMY 4TO OH HE MOJKET, KaK 3TO 4acTo JejlaeT HeTepreIuBbIi uiTa-
TeJIb IPYTUX TIOBECTEH, 0OpaTUThCS K KOHILy KHUTH. B Halllem ciiydyae 4uTartesib — 3TO TOXe HCClie-
J0BaTeb, KOTOPBIH MINET, KaK OObSCHUTH, XOTS Obl OTYACTH, CBA3b COOBITUN MEXAy cOO0i. UTOOBI
MOJTYYUTh JIa)ke YaCTHMYHOE pellieHWe TOUM 3a/1a4d, YUeHbBIH TOJKeH COOMpaTh HEyIopsi0ueHHbIC
(bakThl ¥ CBOMM TBOPYECKMM MBIITUICHUEM JIeNIaTh UX CBA3aHHBIMU U TIOHSTHBIMH.

Harma 1ieb — B mocnieiytonmx CTpaHuIiax onucarh B OOIMUX YepTax, KakoBa padota (pr3HKOB,
COOTBETCTBYIOIIAs] YMCTOMY MBIIIIEHHIO UccienoBaresss. Mbl Oyaem, ITaBHBIM 00pa3oM, KacaTbCs
POJIU MBICTIEW M U/IEH B CMEJIbIX UCCIIEIOBAaHMSIX, UMEIOIIUX 1IEJIbI0 TIO3HAHUE (PU3UYECKOTO MUPA.
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IlepBasi pykoBoasias ujaes

[TomnpITKM MpOYMTATh BEJUKYIO TIOBECTh O TallHAX MPUPOIbI TAK k€ CTapbl, KaK U CaMO YeJlo-
BevecKkoe MbliuieHre. OIHAKO JIMIb HEMHOTUM OoJiee TpeX CTOJIeTH Ha3a]| yueHble Hayasu IMOHU-
Martb s3bIK 3T0i oBecTu. C TOro BpeMeHH, T. €. co BpeMeHu [ anunes u HploToHa, yTeHue npoasura-
JI0ch ObICTpO. Pa3Buiiach TeXHUKA UCCIIEOBAHUS], CACTEMATUYECKUE METO/IBI OTBICKAHUS U U3yUSHUSI
PYKOBOISAIIMX UAEH. BbliiM pa3pelieHbl HEKOTOPbIE 3araJKy IPUPO/Ibl, XOTsI MHOTHE PEIIEHHS B CBETE
JAJIbHENIIINX UCCIIEA0BAaHUI OKA3JIMCh BPEMEHHBIMU U TTOBEPXHOCTHBIMH.

Camas pyHaamMeHTaIbHas MpoOIeMa, OCTABABINASCS B TEUSHHUE THICSUM JIET Hepa3pelIeHHOM
U3-32 ee CJIOKHOCTH, — 3TO IpodiieMa IBIKeHUs. Bce ABMKEHMsI, KOTOpble Mbl BCTPEYaeM B TpH-
poae, — IBUKCHUE KaMH#, 6pOIHCHHOFO B BO3AYX, OABUKCHUEC IUILIBYIIEIO B MOPE Kopa6n;1, OBUKE-
HUE IIOBO3KH, THHYI_[IGI;'ICH BIOJIb yJIMIBI, — B IIGI';ICTBI/ITCJ]I)HOCTI/I OYEHb CIOKHBL. YTOOBI MOHATH BCE
9TH ABJICHHA, JIy4lIC BCEro Ha4aThb C HanOoee MPOCTBIX BO3MOXHBIX CJIY4a€B U ITOCTCIICHHO ITPO-
ABUTATHCS K OoJiee CII0KHBIM. PaccMoTpuM Teno, Haxozsieecs B Iokoe. YToObl M3MEHUTh TOJIOKe-
HHME TaKOro Tesia, HeOOXOAMMO OKa3aTh HEKOTOpPOE BO3JEWCTBUE HA HErO, TOJNKHYTh WM TMOAHSTD,
WIN 3aCTaBUTh JEMCTBOBATh Ha HETO JIpyrue Tejla, HallpuMep JIolalb UM NapoBylo MamuHy. Harna
HWHTYUIUA CBA3BIBACT ABUKCHUC C TAKUMU IIGI'/)ICTBI/I}IMI/I, KakK TOJIYOK WJIM TAra. HOBTOpCHl/Ie OIlbITa
3aCTaBUJIO OBl HAC OTBAXUTLCA Ha IIEUII)HCI'/JIIHCG YTBEPKIACHUE, YTO €CJIN Mbl XOTHUM, YTOOBI TEJIO JOBU-
rajgioch ObICTpee, MbI IOJKHBI TOJIKATh €ro cuiibHee. KakeTcs eCTeCTBeHHBIM 3aKJII0UYeHHe, YTO YeM
cujIbHEe JeHCTBUEe, OKa3blBaeMoe Ha Teso, TeM Oosblne OyneT ero ckopocTb. Kaperta, 3anpsokeHHas
YeTBEPKOU JIOIIa/IeH, ABKETCs ObICTpee, YeM KapeTa, 3anpsibkeHHast napoi. TakuM oOpa3oM, MHTY-
ULMS TOBOPUT HaM, UYTO CKOPOCTD CYIIIECTBEHHO CBSI3aHa C BHEIIHUM BO3JEHCTBUEM.

I[HH ypaTartesien ACTEKTUBHBIX BBIAYMOK ITPUBBIYHO, YTO (baHbH_II/IBaH HUTD 3aIlyThIBACT IIOBECTh
Y OTIAJISIET ee paspeleHue. MeTos paccyXeHusl, HaBSA3bIBAEMbI MHTYUIIUEN, HEBEPEH U MPUBOJUT
K JIO)KHBIM UJCAM O IBMKECHUU, KOTOPBIC COXPAHAINUCh B TCUCHUEC cronetuii. Moxet 6I>ITB, I'JIaBHbBIM
OCHOBAHUEM TPOJIOKUTESIFHON BEPhl B 3TY UHTYUTHBHYIO UJIel0 MOBCony B EBponie ObuT BeMKHIA
aBroputeT Apucroressi. B «Mexanuxe», B IpogoIKeHNE IBYX ThICSY JIET IPUITMCBIBAEMON €MY, Mbl
YUTAEM:

«J/IBUKylIeecs TeJO OCTaHABIMBAaeTCs, €CIM CWla, €ro TOJKaoias,
IIPEKPAILIAET CBOE JEVICTBUE.

OtkpeiTHe, cnenanHoe [anuneeM, U NprUMeHEeHUE UM METOIOB HAYYHOTO PACCyKAEHUS ObLTH
OIHAM U3 CaMbIX BaKHBIX JOCTHKEHUIN B UICTOPUU YEJIOBEUYECKOW MBICIIH, U OHO OTMEYaeT JeUCTBU-
TeJbHOE Havalo (PU3MKU. DTO OTKPBHITHE YYUT HAC TOMY, YTO MHTYUTHUBHBIM BBIBOJAM, Oa3upylo-
IIMMCsI Ha HeTOCPEICTBEHHOM HAOMIOIEHNH, HE BCETIa MOXKHO JOBEPATH, TAK KaK OHU MHOTAA BE1yT
T0 JIO)KHOMY CJIe1y.

Ho rae untyuius Benet k ommoOkam? [IpaBUIbHO M CKa3aTh, YTO KapeTa, 3alpsikeHHas YeT-
BEPKOM JIOIIA/Ie, OIKHA IBUTATHCSI OBICTpee, YeM 3arpsikeHHas TOJbKO IBYMsI?

[TpoBepum Onuke OCHOBHBIE (DAKTHI IBMKEHUSI, HAUMHAS C MPOCTHIX MOBCEIHEBHBIX OIBITOB,
XOPOIIIO U3BECTHBIX YEJIOBEUECTBY C Havuasa IMBUJIM3AIMU U TIONYyYEHHBIX B KECTOKOM Oopbbe 3a
CYIIIECTBOBaHUE.

[Tpeamnonoxum, 4To HEKTO, UAYIIUI IO TOPU3OHTATBHOM JA0pOTe ¢ OaraskHOM TeIekKKOM, BHe-
3aIlHO TIepecTaeT ee TONKaTh. Tesnexka OyIeT ABUraThCs elle HeKOTOpoe BpeMsl, IPOi isi HeOOIbIoe
paccTosiHue, a 3aTeM OCTAHOBUTCS. MBI CripalimBaeM: Kak MOKHO YBEJIMUUTH 3TO pacctosiHue? Jls
9TOr0 UMEIOTCsI Pa3IUYHbIE CIIOCOOBI, HAIPUMEP CMa3bIBaHKUE KOJIEC WIIM YCTPOUMCTBO Ooliee I1a Ko
noporu. Yewm jierue BpalaloTcs Kojieca U 4eM poBHee JOpora, TeM Jalibliie Oy/lIeT IBUTAThCS TENIEKKA.
A 4TO ke aeT cMa3bIBaHUE KOJIeC WM CIIaXUBaHUe HepOBHOCTEH myTu? ToIbKO OIHO: CTAHOBUTCS
MeHbIIIe BHEIlIHee BIMsSHUE. YMeHblaeTcs 3(pdeKT, Ha3biBaeMblil TPEHHEM, KaK B KojlecaX, Tak U

9
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MEX/1y KOJIECaMU U JIOPOTOil. DTO ykKe TEOPETUIECKOe TOIKOBaHNE HAOMIOAAeMbIX JaHHbIX, TOJIKOBA-
HUE, KOTOpOe TOKa elle Mpor3BosibHO. OIMH BaKHBIN 1Al Jajbllie, M Mbl IIONIaJEM Ha MPaBUJIbHBIN
cnen. IlpencraBum cebe COBEpILIEHHO TIAJKUI MyTh U Kojieca, BOBCE HE MMeloIre TpeHus. Toraa
HHUYTO HE OCTAaHOBUT TEJIEKKH U OHA Oy/IET KATUTHCSI BEYHO. DTOT BHIBOJL JOCTUTHYT TOJIBKO Pa3MBbIIII-
JieHreM 00 HIeaTM3MPOBAHHOM SKCTIEPUMEHTE, KOTOPBIA HUKOT/IAa HE MOXKET OBITh OCYIIECTBJIEH, TaK
KaK HEBO3MOKHO MCKJIIOUMTh BCE BHEIIHME BIUSIHUSA. Vneamn3upoBaHHBIN SKCTIEPUMEHT yKa3bIBaeT
MyTb, HA KOTOPOM (PaKTUYECKH ObUTH YCTAaHOBJICHBI OCHOBBI MEXAHUKH JIBHKEHUSI.

CpaBHuBasi 06a MeTozia TIOAXo/a K MpodiemMe, Mbl MOJKEM CKas3aTh, YTO MHTYUTUBHAS U
TAaKOBA: YeM OOJIbIlIe BO3JEHCTBHUE, TEM OOJIbIIe CKOPOCTh. Takum 00pa3oM, HaJTMYKe CKOPOCTH TTOKa-
3bIBAET, IEUCTBYIOT JIM Ha TeJIO BHEIIHKUE cribl. HOBBIN ke myTh, yKa3aHHbIH [ anuieeM, TakoB: ecu
HUYTO HE TOJIKAET U HE TSHET TeJIO WM eClIM Ha TeJO HUYTO He JEHCTBYeT KaKUM-JIUOO JAPYriuM
00pa3oM, KOpoue TOBOpsi, €CJTM Ha TeJIO He ISHCTBYIOT HUKAKKe CUJIbI, OHO TIOKOUTCS WJTH JBUKETCS
MPSIMOJIMHEMHO U PaBHOMEPHO, T. €. BCEI/la C OMHAKOBOW CKOPOCTHIO MO NpsiMoil. Ciie1oBaTesbHoO,
CKOPOCTb cama 1o cede He TIOKa3bIBAET, ISUCTBYIOT JIM Ha TEJIO BHEIIHUE CHIIBI WK HeT. [IpaBuiibHbINA
BeIBOA ["anumutest ObUT chopMyIMpoOBaH CIycTs rnokojieHue HploTOHOM B BUfie 3aKOHA uHepyuu. DTOT
3aKOH — OOBIYHO TIEpBOE U3 (PU3UKH, UTO MBI BHIyUMBAEM B IIKOJIE HAU3YCTh, U MHOTHE U3 HAC MOTYT
€ro BCTIOMHHUTb.

Bcsakoe meno coxpansiem cocmosiHue nokos. Uau pagHOMepHO20 NPAMOMUHERHO20 O8UICEHUS,
ecau MoAbKO OHO He 8bIHYICOEHO USMEHSANb €20 NOO GAUSHUEM OCLICMBYIOUUX CUL.

MbI Buzieny, 4TO 3aKOH MHEPIMU HEeNb3sl BRIBECTU HEMOCPEJCTBEHHO U3 IKCIEPHMEHTA, €ro
MOHO BBIBECTH JIMIIIb YMO3PUTEIHHO — MBIIIUIEHUEM, CBSI3aHHBIM ¢ HAaOMoieHHeM. DTOT UIeaIn3u-
POBAHHBIN SKCIIEPUMEHT HUKOTA HEJb3s1 BBIIOIHUTH B JISCTBUTEILHOCTH, XOTsI OH BEJIET K ITy0O-
KOMY MOHMUMAaHHIO JeUCTBUTEIIBHBIX SKCTIEPUMEHTOB

W3 MHOTOOOpa3usi CJIOKHBIX JIBUKEHUI B OKPYKAIOIIEM HAC MUPE MbI BHIOMpaeM B KauyecTBe
MIEPBOTO MpHMepa MPSMOJIMHERHOE U PAaBHOMEPHOE JIBMKEHHE. DTO IBUKEHUE — IIpocTeiiee, n0o
IIPY 3TOM HA JIBUKYILlEeCs TeJIO He JeUCTBYIOT HUKaKue BHEIHUe criibl. OHAKO MPSMOIMHEHHOE 1
paBHOMEpHOE IBMKEHHE HUKOT/IA HeJIb3s1 PeasIn30BaTh; KAMEHb, OPOILICHHBIN ¢ OAIIHU, UJIN TeJIeKKa,
TOJIKaeMasi BJJ0JIb JOPOTH, HUKOTIA HE MOTYT JBUIaThCsl AOCOMIOTHO MPSIMOJIMHENHO U PaBHOMEPHO,
MOTOMY YTO Mbl HE MOKEM TMOJHOCTBIO UCKJTIOUMTD BIUSIHUS BHEIIHUX CHIL.

B xoporieii moBecTy 0 3araJIoYHBIX TallHAX CaMble OYEBHIHbIC HUTU YACTO BEAYT K JIOKHBIM
MOJIO3peHUsIM. B HallMX MOMbITKAaX MOHSATH 3aKOHBI IPUPObI MBI TIONOOHBIM K€ 00pa30M HaXOIUM,
YTO CaMO€ OYEBUIHOE MHTYUTUBHOE OOBSICHEHUE 3a49aCTyI0 ObIBACT JIOKHBIM.

YennoBevyeckoe MBIIIIIEHHE TBOPUT BEUHO U3MEHSIONIYIOCSI KApTUHY BcesleHHOW. Bkian [Nanu-
Jiest B HayKy COCTOsUUI B Pa3pyIlleHUM MHTYMTHUBHOTO BO33PEHUsS U B 3aMEHE ero HOBhIM. B 3ToM —
3HaueHue OTKpwITUs [anues.

Ho HemeieHHO e BO3HMKAIOT JaJIbHEHIIE BOITPOCH! O ABMXeHUu. Eciii He CKopocThb sIBIs-
eTcsl [oKa3aTesieM BHEIIHEN CUJIbl, JEUCTBYIOIEN Ha Teso, To uTo ke Torga? OTBer Ha 3TOT yHAA-
MEHTaJIbHBIN Boripoc ObuT HaiineH [anmuneem, a BepHee HploToHOM; OH 00pa3yeT HOBYIO PyKOBOJSI-
IIyI0 UJEI0 B HAIIUX UCCIIEIOBAHUSIX.

UYUroObl HAWTH TPABUJIbHBIA OTBET, MBI JOJKHBI HEMHOTO TJTyO)Ke ByMAaThCsl B OIBIT C TEJIEK-
KO Ha aOCOJIIOTHO IJTaAKol gopore. [IpsAaMOITMHENHOCTh U pABHOMEPHOCTD JIBMKEHUS B HAILIeM Hjie-
TM3UPOBAHHOM OIIbITE ObLIM 0OSI3aHBI OTCYTCTBUIO BCEX BHEIIHHMX cHJil. Ternepb mpeactaBum ceoe,
YTO MPSMOJIMHEWHO ¥ PABHOMEPHO JBIKYIIAsICS TEJIeXKKA MOMydYaeT TOMYOK B HAIPABJICHUH JIBUXKe-
Husl. Yto npousoiiger npu 3toM? OUYeBUIHO, €€ CKOPOCTb YBEIMUUTCS. Tak ke O4eBUAHO, YTO TOJI-
YOK B HAIPABJIEHHUH, TPOTUBOIIONIOKHOM HANIPABJICHUIO IBMKEHUS, JOJKEH YMEHBIIIUTH CKOPOCTh. B
MIEPBOM CJTyYae JIBUKEHHUE TEJIeKKHU YCKOPSETCs] TOJTYKOM, BO BTOPOM — 3aMeisieTcsl. BbiBof BbITe-
KaeT cpasy Ke: IeWCTBUE BHEIIHEH CUIIbI U3MEHSIeT CKOPOCTh. Takum 00pa3oM, He caMa CKOPOCTb,
a ee U3MEHEeHUe eCTh CJIE/ICTBUE TOMYKa WK TATU. Cuiia MO0 yBeIMYMBaeT, TMO0 YMEHbBIIAeT CKO-
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POCTh, COOTBETCTBEHHO TOMY, JICUCTBYET JIM OHA B HAITPABJICHUU IBUKEHU I WJIU B POTUBOMOIOKHOM
HarpasJieHUU. [ anuiieil BUJes 3To SICHO M HalKcall B CBOeM Tpyle «becedbl 0 08yx HOBbIX HAYKAX»:

«...CKOPOCTb, OIHAXIbl COOOINEHHAsI JBUXKYIIEMYCsS Tely, OyJeT CTpOro
COXPaHATLCH, IIOCKOJIBbKY YCTPpAHEHbl BHEIIHWE [PUYUHBI YCKOPEHUSA WIU
3aMe[JIeHUsI, — YCJIOBUE, KOTOpOe OOHApYKMBAETCS TOJBKO Ha TOPU3OHTAJIBHOM
IUIOCKOCTH, MO0 B Cilyyae [BMJKEHHS MO HAKJIOHHOW IUIOCKOCTH BHHU3 YikKe
CyHleCTByeT HpI/I‘II/IHa YCKOpeHI/IH, B TO BpeMH KaK HpI/I OBUXECHHUU T10 HaKHOHHOﬁ
IUIOCKOCTH BBEPX HAIMIO 3aMeUICHHE; U3 3TOro Clie/lyeT, 4TO JBMXKEHHE IO
TOPU3OHTAJIBHON IJIOCKOCTH BEYHO, MO0, €CIM CKOPOCTh OyIeT MOCTOSHHOM,
JBVKEHUE HE MOKET ObITh YMEHBIIIEHO WM 0CIabIeHo, a TeM 0oJiee YHUUITOKEHO».

Wnst o aToMy BepHOMY IyTH, MBI IOCTUTaeM OoJiee ITyOOKOro MIOHMMAaHUSsI POOJIeMbl JIBU-
xeHus. OCHOBOM KJIAaCCUUECKOW MEXaHWKH, Kak oHa cpopmynrpoBaHa HblOTOHOM, sIBJIsIETCS CBSI3b
MEX/Iy CUJIOM ¥ U3MEHEHHUEM CKOPOCTH, a He MeX]y CHJION U CaMOM CKOPOCTBIO, KaK Mbl TyMaJIH,
COIJIACHO UHTYUIIWU.

MBbI MCHONTB30BAJIM [IBA TIOHSITHS, UTPAIOIIUX MPUHIUITMABHYIO POJIb B KJIACCHUECKOH MeXa-
HUKE: CHITY U U3MEHEHHe CKOpOCTH. B masibHeriieM pa3BUTUM HAyKK 00a 9TU MOHSATHS PACIIUPSIIOTCS
1 00o6manTcs. [ToaTomy OHU TOTKHBI OBITH UCCIIEAOBAHbI IOAPOOHEE.

UYro Takoe cuina? MIHTYUTUBHO Mbl YYBCTBYEM, UYTO MMEHHO OOO3HAYAETCS STHUM TEPMUHOM.
ITO MOHATHE BO3HUKAET U3 YCHIIU s, KOTOPOE Mbl TPOM3BOAVM MPU TOITUYKE, OPOCKE WU TATE, U3 TOTO
MYCKYJIbHOTO OIIYIIEHHsI, KOTOPOE COMPOBOXIAET BCe ITU JIecTBUs. Ho 000011IeHre STUX MTOHSTHIA
BBIXOJIUT JAJIEKO 3a Mpeeibl CTOJIb MPOCTHIX MIPUMEPOB. MBI MOXEM JAyMaTh O CHJIe, IaXke He BOOO-
paskasi ceOe JIolaib, TAHYIIYIO MOBO3KY. Mbl TOBOPUM O cujie puTsikeHus: Mexay ComnHiiem u 3em-
neit, 3emuieit ¥ JIyHOH, M O TaKMX CHJIAX, KOTOPbIE BBI3BIBAIOT MPUIKMBLI U OTJIUBBL. MBI TOBOPUM O
cujie, ¢ KOTOpoi 3emiist BO3JEUCTBYET Ha BCe MPeMEeThl BOKPYT HAC, yIepXkuBasi UX B cpepe cBOero
BJIMSIHUSA, U O CHJIe BETPa, TPOM3BOJISIIECH MOPCKKE BOJTHBI M IIPUBOJISAIIEH B IBHKEHHE JIUCThS Jiepe-
BbeB. Korya u riie Mel HaOmo1aeM U3MEHeHUe CKOPOCTH, TOTJIa U TaM MIPUYHMHOIO TOMY SIBJISIETCSI
BHEIIHsAA CHJIa B caMOM 0011ieM cMbiciie. HhloToH nucan B cBoUX «[Ipunyunax»:

«BozzeiicTBylomasi cuia ecTb JIWCTBHME, OKa3blBae@MOE Ha TeNlo, YTOOBI
M3MEHUTDb €0 COCTOSIHUE TIOKOSI MJIM PABHOMEPHOT'O MPSIMOJIMHENHOTO JBHKEHUS.

Ota cuila IPOsIBISAETCS TOJIBKO B JENCTBUM, OHA HE COXPaHsIeTCs B TeJle, Koraa
IeiiCTBHE TpeKpalaercsi, 100 TeJI0 COXpaHsET BCSIKOe HOBOE COCTOSIHHE, KOTOPOe
OHO TpUOOpETaeT, MUCKIIOUUTENIbHO OJarojapsi ero mHepuuu. BosneicTBylomnme
CWJbl HMEIOT pPa3M4yHOe IPOMCXOXKIEHHE: TAaKOBbl CWIIBl yJapa, AABIEHUS U
LEHTPOCTPEMUTEIIBHBIE.

Ecnu kameHb agaeT ¢ BepIIMHbBI OAITHY, €T0 ABWKEHUE HEPAaBHOMEPHO: €ro CKOPOCTh BO3pac-
TaeT ¢ najeHueM. Mbl 3aKJII04aeM, YTO B HANpaBIE€HUU JABUKEHUS JEHCTBYET BHELIHSS CHJIa WJIH,
APYIUMHU CJIOBaMH, YTO 3eMJIsl IPUTIruBaeT kameHb. BosbmeM apyroii npumep. YTto nmpoucxomur,
KOrJa KaMeHb OporieH npsiMo BBepx? CKOpPOCTh YMEHBIIIAeTCs JI0 TeX MOop, TIOKa KaMeHb He JIOCTHT -
HET CBOEH HaMBbICIIEN TOUKHU, MOCJIE YEro OH HAYMHAET MaJaTh Ha 3eMI0. DTO YMEHbIIEHHUE CKOPO-
CTH BBI3BIBAETCSI TOM %€ CUJIO, YTO U YCKOPEHHE MaJalollero Teia. B oqHoM ciiydae cuna IeiicTByeT
B HAllpaBJICHUH JIBUKEHUS, B IPYrOM Cliyyae — B IPOTUBOIIOJIOKHOM HaripasieHuu. Cuiia onHa U Ta
e, HO OHA BBI3BIBAET WJIM BO3PACTAHUE CKOPOCTU WJIM 3aMeJlJIeHUe, COOTBETCTBEHHO TOMY, MaJaeT
JI1 KaMeHb WA OH OpOIIIeH BBEPX.
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BekTopsl

Bce nBukeHus1, KOTOpbIE Mbl TOJBKO YTO PACCMATPUBANIU, — NPAMOAUHELHbLE, T. €. SBJISAIOTCS
JBWKEHUSIMU 110 MPSAMON JIMHUU. Terepb Mbl JOJIKHBI C/IeaTh JaIbHEUIINN mar. Mbl IpUXoauM K
MOHUMAaHUIO 3aKOHOB IPUPO/Ibl, AHAIM3UPYSI IPOCTENUIINE CITy4au U OIyCKasi B CBOMX IEPBBIX MOIIBIT-
Kax Bce ycnoxHeHus. [Ipsamas nuHus npoiue, yeMm KpuBas. OHAKO pacCMOTPEHUEM TOJIBKO Ipsi-
MOJIMHEITHOTO JBM:KEHUSI YIOBJIETBOPUTHCS HEBO3MOKHO. [IBrkenust JlyHel, 3eMiM U TUIaHET — Kak
pa3 Te JBYIKEHMSI, K KOTOPBIM MPUHIIUITBl MEXaHUKH MTPUMEHSITUCH C TAKAM OJIECTSIIUM YCIIEXOM, —
3TO BCe JIBUKEHUS IO KPUBBIM IyTAM. [lepexon oT npsAMOIMHENHOTO IBUKEHHS K KPUBOJIMHENHOMY
MIPUHOCUT HOBBIE TPYJHOCTH. MBI JOJIKHBI UMETh CMEJIOCTb MIOOOPOTh MX, €CIIM Mbl XOTUM TOHSITh
MIPUHLUIIBI KJIACCUYECKOM MEXaHUKH, JaBILIEed HaM MEPBYI0 PYKOBOZSILYIO UEI0 U CO3JaBILIEeH TeM
CaMbIM UCXOJIHYIO TOUKY /JIs1 Pa3BUTHUSI HAYKU.

PaccmoTpum apyroii uaean3upoBaHHbIN SKCIIEPUMEHT, B KOTOPOM COBEPILEHHO IIAIKHI 11ap
KaTUTCA T10 ITIaJKOMY cTosy. MBI 3HaeM, 4TO €Civ 1Iapy JaH TOJTYOK, T. €. €CIM K HEMY IPUJIOKEHa
BHEIIIHsS CHJIA, TO €r0 CKOPOCTh U3MeHUTCs. [Ipenonoxum Tenepp, 4To HallpaBJIeHUe yiapa He COB-
MaJlaeT ¢ JUHUEH JBUKEHHUs], KaK 3TO MMEJI0 MECTO B mpumepe ¢ Tenexkoil. [lycTb yaap HarmpasieH
MHaye, CKaXeM, NepHeHAUKY/ISIPHO K 3ToM JUHUU. YTo npoucxonut ¢ mapoM? MOKHO pa3ivyarb
TPY CTaJIMU JBUKEHUS: HAYaJIbHOE JBHKEHUE, NEUCTBUE CUJIBI 1 KOHEYHOE JBHKEHUE, MOC/Ie TOTO
KaK cuJia repecrasa jeiictBoBath. COIMIaCHO 3aKOHY MHEPLIMU CKOPOCTh KaK Nepesl IeNMCTBUEM CUJIbI,
TaK U TIOCJIe Hero abCOMIOTHO MocTosiHHAa. Ho mMeeTcst pasiume Mesk1y paBHOMEPHBIM JIBUKEHUEM
10 ¥ TIOCIIe AEUCTBU S CUJIbl: U3MEHWIIOCH HarlpasiieHne. HarpapiieHre HauyalbHOTO IBMKEHHUS 111apa u
HarpaBJieHHe AEHCTBHS CUJIbl IEPIEHANKYISPHBI IpyT K Apyry. KoHeuHoe nBuskeHue OyneT coBep-
1aThCSI HE TI0 KAKOW-JIMOO OTHOW W3 STUX JIMHUK, a TAe-TO MeXJy HUMH, ONMKe K HalpaBJIeHUIO
CUJIbI, €CJIM TOJTUOK CHJICH, a Ha4aJlbHasi CKOPOCTh MaJia, M OJrke K MepPBOHAYAIBHOW JIMHUY JIBUKE-
HUS$1, €CJIU TOJTYOK HE3HAUUTENIEH, a HA4aJIbHasl CKOPOCTh BeJInKa. Hallt HOBBII BBIBOJ, OCHOBAHHBII Ha
3aKOHE MHEPIMH, TAKOB: B OOIIEM CiTydae JeViCTBUE BHEITHEW CUJIbI U3MEHSIET He TOJIBKO CKOPOCTb,
HO W HampaBJieHue BUKeHus. [lonnmanue 31oro (pakta moaroToBisieT HaC K 00OOIIEHHIO, BBEICH-
HOMY B (PM3UKY NIOHSITUEM 8€KIMOpa.

Mbl MOXeM IpOIOIKATh MPUMEHEHHE HAIllero HENOCPEACTBEHHOIO METOJa PacCy:KACHUS.
Ncxonnas naest — 3o onsAth [anmneeB 3akoH uHepimy. Mbl ellie JajieKo He McYepriaiy CleICTBUN
9TOI LIEHHOU PYKOBOJSILIEN UAEU B PEIICHUM 3araJKy ABUKEHUSI.

PaccmoTpum aBa mapa, IBHKYIIUXCS B pa3HbIX HAIIPABJICHUSIX TI0 IJ1aKOMYy ctoiy. st 60ob-
111}l OIpeIeNIeHHOCTH TIPEATIONOKNAM, YTO 00a HalpaBJIeHUs EPIeHANKYISIPHBI IpyT K Apyry. Tak
KaK HUKAaKUX BHEIIHUX CHJI HET, TO JBIKEHHs IIapOB aOCOMIOTHO paBHOMEpHHL. [Ipenmosnoxum
aajee, 9To YMCIEHHO CKOPOCTU MX PaBHBI, T. €. 00a Iapa 3a OJUH U TOT K€ MPOMEXKYTOK BpEeMEHH
MOKPHIBAIOT ONMHAKOBOE paccTosiHve. Ho mpaBUIIbHO JIM CKa3aTh, YTO 00a Iapa MMEI0T OTUHAKOBYIO
ckopocTb? OTBET MOKET ObITh: MO0 A3, 1100 HeT! Ecnu cninpoMeTpsl IBYyX aBTOMAIIIMH OKA3bIBAIOT
CTO KMJIOMETPOB B 4YacC, TO OOBIYHO TOBOPST, YTO OHU MMEIOT OIMHAKOBYI0 CKOPOCTh HE3aBUCHUMO
OT TOro, B KaKOM HallpaBJIeHUM OHU ABMKYTCs. Ho Hayka aJi cBOMX HY:KJ JOJIKHA CO3/1aBaTh CBOM
COOCTBEHHBIN SI3bIK, CBOU COOCTBEHHBIE MOHATHS. Hay4yHble MOHATHS YacTO HAYMHAIOTCS C IOHSTHH,
yIoTpeOIsieMbIX B OOBIYHOM $I3bIKE MTOBCEJHEBHOM KU3HH, HO OHU Pa3BUBAIOTCSI COBEPIIEHHO MHAYE.
Onu 11peoOpa3oBBIBAIOTCS U TEPSIIOT ABYCMBICJICHHOCTh, CBS3aHHYIO C OOBIYHBIM SI3BIKOM, OHH TIPH-
OOpETaIT CTPOrOCTh, UTO M MO3BOJISIET IPUMEHSTh UX B HAyYHOM MBIIIIJICHHUH.

C (puznyeckoil TOYKM 3peHus1 Fopa3o BHITOAHEE CKa3aTh, YTO CKOPOCTU ABYX ILAPOB, JIBHKY-
IIMXCS B pa3IMYHbIX HANIPABJIEHUSX, PA3JIMYHBL. XOTS 3TO — JIEJI0 YUCTOrO COMVIAILIEHUs], HO FOpa3o
ynoOHee CKa3aTh, YTO YEThIpe aBTOMAIIMHBI, €yIIHe U3 OIHOTO M TOrO ke MyHKTA M0 Pa3IHYHbIM
J0poram, UMeIOT He OJIHY U TY k€ CKOPOCTb, JaKe €CJIM YMCIEHHO CKOPOCTH, 3apETUCTPUPOBAHHbIE
Ha MX CIIUJOMETpax, BCE PaBHBI COPOKA KMJIOMETPaM B yac. TO pa3iMuue Mek/1y CKOPOCThIO, B3ATOW
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110 aOCOIOTHOM BEJIMUMHE, U CKOPOCTHIO, B KOTOPOM YUUTHIBAETCS HAIIPaBJIEHNE, WILTIOCTPUPYET, KaK
(usuKa, OTIPaBIAACH OT MOHSATHS, YIIOTPEOSAEMOro B IOBCEAHEBHOM KU3HU, U3MEHSIET €ro TAKUM
HYTCM, KOTOprI;'I OKa3bIBACTCA HJIOIIOTBOprIM B naaneﬁmeM pa3BI/ITI/II/I HayKI/I.

Ecnu BennumHa M3MepeHa, TO Pe3yJbTaT BhIPAXKAeTCsl HEKOTOPHIM YHCIIOM eauHwmIl. JlmrHa
OTpe3Ka MOXeT ObITh paBHA 3 MeTpaM 7 CAaHTUMETpaM, BEC HEKOTOPOro OOBEKTa paBeH 2 KUJIOTpaM-
MaMm 3 rpamMmaM, U3MepeHHbIN MPOMEKYTOK BPEMEHU — CTOILKUM-TO MUHYTaM WM CeKyHIam. B
KQKJIOM TaKOM CJTydae pe3y/ibTaT U3MepeHus Bhipakaercs yncioM. OMHAKO OIHOTO TOJNBKO YHCiIa
HEJIOCTATOYHO ISl OIUCAHUS HEKOTOPbIX (pu3ndeckux NnoHsaTuid. [Ipu3Hanue storo pakra ormMeyaer
3HAYUTEJIbHBIN yCIIeX B HAYYHOM UcciieoBaHud. HampagieHue, Tak ke Kak v Yuclio, CYIECTBEHHO,
HArpuMmep, Uit XapaKTepUCTUKU cKopocTH. Takas BeJiMurHa, 00JIaaomas U YMcJOBbIM 3HAUCHUEM
Y HampaBJIeHHEM, Ha3bBaeTcsl gekmopom. OOBIYHBIA CUMBOJ ISl HETO — 3TO cTpeiika. CKOpOCTh
MOJET OBITh MPe/ICTaBIeHa CTPEJIKOU MU, KOpOUe TOBOPSI, BEKTOPOM, JTMHA KOTOPOTO B HEKOTOPOU
M30paHHOM IIKaJIe eJMHUII BhIpakaeT YUCIICHHOE 3HAUCHHE CKOPOCTH, a HarpaBJieH|ue KOTOPOro €CTh
HaHpaBJIeHI/Ie OBUXCHU .

ECHI/I qupre ABTOMAIIINHBI paCXOIIHTCH C YUCJICHHO OIII/IHaKOBOI;'I CKOpOCTbIO 13 OJHOIro HyHKTa,
TO UX CKOpOCTI/I MOFYT 6bIT]) HpeIICTaBJIeHbI IleTbI];)]:»MH BeKTOpaMI/I OI[I/IHaKOBOﬁ OJINHBI, KaK 9TO BUIHO
Ha pucyHke 1. B u30paHHO# 1IKaJie OfIMH CAHTUMETP MPEICTABIISET COPOK KMIIOMETPOB B Yac. Takum
MyTeM JIIo0ast CKOPOCTh MOXKET ObITh 0003HAUEHa BEKTOPOM U, HA0OOPOT, €CJIM M3BECTHA ITKAJIA, TO
13 TaKOW BEKTOPHOM JMarpaMMbl MOXKET ObITh YCTAaHOBJIEHA CKOPOCTb.

Ecnu aBe aBTroManivHel MPOXOAAT MO aBTOCTPale MUMO JIPYT APYyra U UX CIHMJOMETPHI MOKa-

3bIBAIOT CTO KMJIOMETPOB B 4ac, TO Mbl XapaKTepU3yeM UX CKOPOCTH JIByMsI pa3IMYHbIMU BEKTOPAMU
CO CTpEJIKaMH, 3a0CTPEHHBIMU B MMPOTUBOIOJIOKHBIX HAIIPaBJIEHUSX (puC. 2).

Puc. 1.

Puc. 2.
TOYHO TaK ke U CTPeJIKH, YKa3bIBaIoIe HAlTPaBJIeHUE «B TOPO/I» U «U3 FOPOa» B HbIO-HOPK-

CKOM METPO, NOJIZKHBI OBIThH 3a0CTPECHBI B ITIPOTUBOITOJIOKHBIX HAITPABJICHHUAX. Ho Bce rnoesaa, uaymue
B ropoza ¢ YMCJICHHO paBHOfI CKOPOCThIO, UMCIOT OJMHAKOBYIO CKOPOCTD U IO HAITPABJICHUIO, KOTOPAaAd
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MOXET OBITh MpeACTaBJICHA OJHUM U TEM JKE€ BEKTOPOM. OIIHaKO BEKTOP HUYEIO HE T'OBOPUT O TOM,
KaKylo CTaHIHUIO IMOE3O MPOXOOHUT HUJIU 110 KAKOMY M3 MHOT'MX IapalJICJIbHbIX HYTCI';I OH HJECT.

Puc. 3.

Jlpyrumu cjioBamH, COTrJIaCHO BHIOPAHHOMY YCJIOBHIO BCE TAKUE BEKTOPHI (pHC. 3) MOXHO CUM-
TaTh PaBHBIMH: OHH JIEKaT JUOO BIOIb OJHOW W TOM K€ JIMHUM, JMOO BIOJb €i MapasuieSbHbIX U
MMEIOT CTPEJIKH, 3a0CTPEHHBIE B TOM € caMOM HarpasieHud. Creayomuil pUCyHOK MOKa3bIBaeT
Pa3IMyYHbIe BEKTOPHI, KOO OHKM OTJIMYAIOTCS JIMOO 10 UTUHE, OO 110 HAIIPaBJIEHUIO, JIMOO 10 TOMY U
apyromy BMecte. Te ke camble YeThipe BEKTOpPa MOKHO HAPHCOBATh IPYTHM ITyTeM, TaK, YTOObI BCE
OHU PACXOAWJIMCh U3 OIHOM TOUKM (puc. 5). Tak Kak UCXOmHas TOUYKA HECYIIECTBEHHA, TO 9TU BEK-
TOPBl MOTYT TIPEJCTABISATh CKOPOCTH YEThIpeX aBTOMAIIWH, IBMKYIIUXCS U3 OJHOTO MyHKTa, JIMOO
€ CKOPOCTH YEThIpPEX aBTOMAIIMH B PA3JIMUHBIX YACTSAX CTPaHbl, MyTEIIECTBYIOIIMX C YKa3aHHbBIMU
CKOPOCTSIMM B YKa3aHHBIX HAIPaBJICHUSX.

Puc. 4.
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Puc. 5.

ITO BEKTOPHOE TPE/ICTABJICHE MOKHO ITPUMEHUTD K OIMUCAHUIO OOCYKIABIIUXCS paHee (pak-
TOB MPSIMOJIMHENHOTO IBUKEHUSI. Mbl TOBOPUJIM O TEJIEKKE, IBHKYIIEHCS pABHOMEPHO MO MPSIMOU U
TMoJTyyarouiel TOMYOK B HAIlPaBJIEHUM €€ JBMKEHHUsI, KOTOPBIN YBEIUYMBAET ee CKopocTh. ['padpuye-
CKH 9TO MOXKHO TIPE/ICTABUTh JBYMS BEKTOPAMH: KOPOTKHAM, 0003HAYAIOIINM CKOPOCTh JIO TOTUKA, U
JUTMHHBIM, UMEIOIIMM TO K€ HarpaBJieHHe U 0003HAYaIoIIM CKOPOCTh Toclie Tomdka (puc. 6). 3Ha-
YeHHe IMyHKTUPHOTo BeKTopa sicHo. OH MpecTaBiseT cOO0N N3MEeHeHNe CKOPOCTH, BBI3BAHHOE TOMTY-
koM. B ciydae, Korja cuia HarpapjieHa NMPOTUB JBMKEHUS U BUKEHUE 3aMeUIsieTcs], AuarpaMma
BHIIISIIUT uHAve (puc. 7). [IlyHKTUpPHBIA BEKTOP OMSTh COOTBETCTBYET M3MEHEHHMI0 CKOPOCTH, HO B
9TOM CJIyyae ero HarpaslieHHe UHoe. SICHO, 4TO He TOJIBKO CaMu CKOPOCTH, HO M UX U3MEHEHUSs —
Toxe BeKkTopbl. HO Bcsikoe M3MeHeHue CKOPOCTY BbI3BAHO BHELIHEW CHIION; CIIEIOBATENIbHO, U CUJIa
JOJKHA OBITH MPEICTaB/IeHa TOKe BEKTOPOM. [IJ1s1 TOro 4ToObl XapaKTepr30BaTh CHITY, HEJJOCTATOYHO
YCTaHOBUTb, C KAKUM YCHUJIEM MBI TOJIKAEM TEJIEXKKY; Mbl JOJKHBI TAKKE CKa3aTh, B KAKOM HallpaB-
JeHnu Mbl TonkaeM. Cuita, Kak M CKOPOCTh U €€ M3MEHEeHHe, JI0JKHA OBbITh TIPEe/ICTaBIeHa BEKTOPOM,
a He TOJIKO OHUM 4KciIoM. [103ToMy BHEIIHSISI cujla — 3TO TOXKE BEKTOP, KOTOPBIN JOIKEH UMETh
TO XK€ HarpaBJieHhe, YTO U M3MEeHEeHre CKOpocTh. Ha 000MX pUCYHKax MyHKTHPHbBIE BEKTOPHI TIOKa-
3bIBAIOT KAK HAMpaBJIEHUE CUJIbI, TAK ¥ U3MEHEHHE CKOPOCTH.

——-’ ——————— >
2 L
Puc. 6.
/ -
2
—_———— — — —— ——
Puc. 7.

31ech CKeNTUK MOKET 3aMETHUTh, UTO OH HEe BUAUT HUKAKOTO MPEUMYIIECTBA OT BBE/ICHUS BEK-
TopoB. Bce, uTo ObLIO cliesiaHo, — 3TO MepeBoJI PU3HAHHBIX paHee (haKTOB Ha HEOOBIYHBIM U CIIOXK-
HBII s3bIK. B 9T0M cTaguu, B camoM Jiesie, ObUIo OBl TPYIHO YOeTUTh CKENTHKA, YTO OH HeripaB. [Toka
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OH JICHCTBUTEIIHHO MpaB. Ho MbI YBUI¥MM, YTO MMEHHO TOT CTPAHHBIN S3bIK TPUBOIAUT K BaKHBIM
0000IIeHNSAM, B KOTOPbIX BEKTOPbI OKA3bIBAIOTCS CYIIIECTBEHHBIMH.
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3aragka IBHKEeHHUA

Jlo Tex mop, Moka Mbl UMeeM JeJI0 C MPSIMOJIMHEHHBIM JBUKEHUEM, MbI JaJIeKd OT TOHUMAaHUSI
IBWXEHUH, HAOMIOAAaeMbIX B IpHpozie. Mbl IOJKHBI PACCMOTPETh KPUBOJIMHEWHbIE ABKeHus. Harn
CJEYIOIIUH IIar — ONpPeIeTUTh 3aKOHBI, YIPABJISIONIE TAKUMHU JBYKEHUSMH. DTO HeJIeTKast 3a1a4a.

B ciyuae npssMOIMHEHOTO ABMKEHUSI IOHSATHS CKOPOCTH, U3MEHEHHSI CKOPOCTHU U CHJTBI OKa-
3aJIMCh YPE3BBIYAITHO MOe3HBIMU. HO MBI HE BUIMM HEMOCPEACTBEHHO, KaK MOKHO ITPUMEHUTD UX K
CITy4alo KpUBOJIMHEWHOTO JBMKEHHS. B caMoM feste, MOXHO MPEeICTaBUTh ce0e, UTO CTapble MOHSATHUS
OKaXXyTCsI HEIPUTOIHBIMHU IS ONIMCAHUsI IBIKEHHS B OOIIEM CITydae M 4TO HY)KHO CO3JaTh HOBbIE
noHsATHs. CieayeT 1 HaM poOOBaTh UATH CTAPHIMU MYTSMU, UM HY)KHO MCKaTh HOBbIE?

O06001eHre MOHATHIA — MPOLIECC, YacTO MPUMEHSEMBIN B HayKe. MeTo 00001IeH s He orpe-
JeJieH OIHO3HAYHO, MO0 OOBIYHO CYIIECTBYET MHOXECTBO IyTel ero ocyiectBieHus. OqHaKo mpu
BCAKOM OOOOIIEHUH JIOJKHO OBITh CTPOTO YIOBJIETBOPEHO OMHO TpeboBaHuWe: 0Ooe 0000IeHHOe
TMIOHSITHE JIOJKHO CBOIUTHCS K TIEPBOHAYATIBHOMY, KOT/Ia BHIIIOHEHBI TIEPBOHAYAJIbHbBIE YCIIOBHSI.

Jlydiiie Bcero 3To0 MOXHO OOBSICHUTH Ha TIpUMeEpe, ¢ KOTOPhIM Mbl UMeeM JeJI0 Terepb. Mbl
MOXEM TOIMPOOOBaTh 0OOOIIUTD MPEKHUE MOHATUS CKOPOCTH, U3MEHEHHSI CKOPOCTH U CHJIBI IS
Clyvasi ABWXXEHUs BIOJIb KpUBOHM. Korga Mbl TOBOpUM O KPUBOW, Mbl BKJTIOYAEM B 3TO TOHATHE U
npsimyio. [Ipsimast ecTb 0coOblii TPUBHAJIBHBIN TpUMep KprBoii. [ToaToMy, eciii CKopocThb, HI3MEHEHUEe
CKOPOCTH Y CHJIA BBEJCHBI [IsI IBMKEHHSI 110 KPUBOM, TO OHM TEM CAMBIM aBTOMAaTHUECKH BBOAATCS
U JUTs IBUOKEHU S 110 TipsiMoid. Ho 3TOT pe3ynbrar He JOIKeH MPOTUBOPEYUTh Pe3y/ibTaTam, Moy YeH-
HBIM panbliie. Ecii KprBasi CTaHOBUTCS TIPSIMOM, TO BCe 0OOOIIEHHbIE MOHATHS JOJKHBI CBECTHChH
K OOBIYHBIM MOHSATHUSIM, OMUCHIBAIOIIAM MPsIMOIIMHENHOe BrkeHre. Ho 310 orpannyeHue HegocTa-
TOYHO, YTOOBI OIHO3HAYHO ONpeneuTh 00001meHre. OHO SIBHO OCTaBJISIET MHOTHE BO3MOKHOCTH.
Hcropust HaykM TIOKa3bIBAET, YTO CaMble TIPOCThIe 0OOOIIEHHUS] MHOTIA OKA3bIBAIOTCS yIAUHBIMH, a
MHorIa HeT. MBI JOJDKHBI CriepBa JesiaTh JIOraki. B Hamem ciydae HeTpy/IHO HAWTH TPaBHJIbHBINI
MeTon, 00001eHrst. HoBble 0000IICHHBIE TOHATHS OKA3bIBAIOTCSI OYCHb YIAYHBIMK U TIOMOTAIOT HaM
MIOHSATH KaK JABMKEHME OPOIIEHHOTro KaMHs, TaK W JABWXKEHUE IJIaHeT.

UYTo Xe 03HAYAIOT CJIOBA «CKOPOCTb», «M3MEHEHHE CKOPOCTU» U «CUJIa» B OOIIIEM Cllydae Kpu-
BoJIMHeNHoro ApukeHusi? Haunem co ckopoctu. IlycTh BAOJNB KpUBOI CieBa HAIPaBO JBUKETCS
OueHb MaJieHbKoe TeJlo (puc. 8). Takoe MajieHbKOE TeJI0 YacTo Ha3bIBAIOT uacmuyeil. Touka Ha Kpu-
BOI Ha HallleM PHCYHKE TOKa3bIBAET MOJIOKEHNE YaCTUIIbI B HEKOTOPBI MOMEHT BpeMeHH. KakoBa
CKOPOCTb, COOTBETCTBYIOIIIAsI 3TOMY MOMEHTY BpeMeHH M MookeHuo? OnsATh pyKOBOASIIAS uaes
[aymiess HABOOWUT HAC HA TOT IMyTh, KAKUM BBEJIEHA CKOPOCTh. MBI JIOJKHBI €11l pa3 UCIONb30BaTh
CBOE BOOOpaXeHHE U MPECTaBUTH ceOe MeaTn3uPOBAHHBIN SKCTIEpUMEHT. YacTuiia ABMKETCS B0
KPHUBOH CJIeBa HAIPABO IMOJ1 BAMSHUEM BHenIHuX cuil. [IpeacraBum cede, 4To B JaHHBIA MOMEHT Bpe-
MEHU B TOUYKE, OTMEYEHHOW Ha PUCYHKE, BCE 3TW CHJIbl BHE3AITHO MepecTaioT JercTBOBaTh. Torga
COMIACHO 3aKOHY MHEPLMH JBIKEHHE JOJKHO OBITh PABHOMEPHBIM U MPsAMOIMHENHbIM. [IpakTuye-
CKM MBI, KOHEYHO, HUKOTIa HE MOXKEM IOJTHOCTBHIO OCBOOOWTH TEJNO OT BHEIIHMX BIMSHUN. MBI
MOXEM TOJIBKO CHEJIaTh MPEAIONOKEHUE: «UTO JOJKHO IIPOU3OUTH, €CIH. ..» U CYAUTh 00 YMECTHO-
CTH HAILIeTO MPEIOJIOKEeHUsI C TIOMOIIBIO 3aKTIOUEHUH, KOTOpPble MOKHO U3 HEro CAenarh, U Mpo-
BEPKH COITIACHS ITUX 3aKJIIOYEHHIA C SIKCTIEPUMEHTOM.

Puc. 8.
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BekTop Ha cienymooneM pUCYHKE YKas3blBaeT IMperosaraéMoe HarpaBiIeHUEe PABHOMEPHOTO
JBVDKEHUS B CITydae, eciid Obl Bce BHEIITHHE CHUJTBI ICUE3JTH. DTO TaK Ha3bIBaeMOE TAHTEHITHATTBHOE WJTH
KacaresbHOe HarpasjieHue. Eciim cMoTpeTs Ha ABUKYILYIOCS YACTUIY Y€pe3 MUKPOCKOI, TO MOKHO
YBUIETH OYCHb H€6OJIbI_Hy10 4acCTb €€ MMyTU, NPEACTABIAIONIYIOCA B BUIC He6OJIbLHOFO, ¢IBa UCKPUB-
JieHHoro oTpe3ka. KacarenpHast TUHUS BJISETCS €ro MpojaobkeHrneM. HaprucoBaHHbIN TakuM oOpa-
30M BEKTOP IPEACTABJISET CKOPOCTh B JIaHHBII MOMEHT. BEKTOp CKOPOCTH JIE)KUT Ha KacaTeJbHOW
mvaud. Ero jummHa ripeacrapiiseT coO0i YHCIIEHHYO BEIMIUHY CKOPOCTH WM Ty CKOPOCTh, KOTOpast
yKa3bIBaeTCsl, HAPUMEDP, CIIUIOMETPOM aBTOMAIIIMHBI.

Puc. 9.

Hamm nneann3upoBaHHbBIN 9KCIIEPUMEHT, B KOTOPOM YHUUTOXKEHBI CHITBI JIJI51 TOTO, YTOOBI HAUTH
BEKTOP CKOPOCTH, HEJIb3s IPUHUMATh CJIMIIKOM cepbe3HO. OH TOJIBKO [TOMOTraeT HaM MOHSATh, YTO Mbl
JOJDKHBI Ha3bIBaTh BEKTOPOM CKOPOCTH /py KPUBOJIMHENHOM JIBUKEHUU, Y TIO3BOJISIET HAM OIpejie-
JIUTH €ro AJIs1 JaHHOTO MOMEHTA B JAHHOM TOYKE.

Ha pucynke 10 noka3aHsl BEKTOpbl CKOPOCTH AJIs1 TPEX PA3IMUHBIX MTOJIOKEHUI YAaCTULIBI, ABU-
KyLIEncs BI0JIb KpUBOM. B 3TOM ciiyuae BO Bpems JIBMKEHUS] MEHSIOTCS HE TOJIBKO HAIlpaBJICHUs,
HO U BEJIMYMHBI CKOPOCTH, KAK IOKA3bIBAET [JIMHA BEKTOPOB.

Puc. 10.

VI0BNIETBOPSIET JIM 3TO HOBOE TIOHATHE CKOPOCTH TPEeOOBAHUIO, C(POPMYITMPOBAHHOMY JIJISI BCEX
00006m1eHmit? MHaye roBopsi, CBOAMTCS JIM OHO K IPEKHEMY MOHSATHIO CKOPOCTH, €CJT KpUBasi CTaHO-
Butcs npsimori? OueBuaHO, ga. KacarenpHas K mpsAMon ecTh cama npsiMasi. BeKTop cKopocTu JeKuT
Ha JIMHUW ABWXKEHHUS], TaK ke KaK 3TO ObUIO B CITyJae IBMIKYILEHUCS TEIeKKU WITH KaTSIIEerocs mapa.

Puc. 11.

Crnenyionuii mar — 3To BBeJIeHUe U3MEHEHH I CKOPOCTH YaCTHIIbI, IBUKYIIIEHCS BJIOJIb KPUBOM.
OHO TakXe MOXET ObITh BBITIONTHEHO Pa3MYHBIMU MYTSMH, U3 KOTOPHIX MBI BHIOEpEM CaMblil TIPO-
cToi M ynoOHbIi. ITocieaHMI PUCYHOK MOKa3bIBAJI HECKOJIBKO BEKTOPOB CKOPOCTEH, MPEICTaBIISIO-
IIMX JBMKEHUE BJIOJIb KPUBOM B pa3HbIX Toukax. [lepBble ABa M3 HUX MOKHO ONSITh HAPUCOBATD TaK,
YTOOBI OHU MMEJH OOIIYI0 UCXOAHYI0 TOUKy (puc. 11), 4To, Kak Mbl BUAEIH, BOZMOKHO IPOJIEITHI-
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BaTh ¢ BeKTopamu. [lyHKTUPHBII BEKTOP MbI HA3bIBAEM M3MEHEHHEeM CKOpocTH. Ero HauasibHast Touka
MpeCTaBIIsIeT COOOM KOHEI] IEPBOro BEKTOPa, a KOHEUHasl TOUKa — KOHell BTOPOro BEKTOpa. ITUM U
orpeJesieHO M3MeHeHre CKopocTu. Takoe ornpeziesieHue MOKET Ha MepBbIid B3TJISI] TOKA3aThCS UCKYC-
CTBEHHBIM M OeCCMBICIICHHBIM. OHO CTAHOBUTCSI TOPA3/I0 sICHEE B 0COOOM ClTydae, B KOTOPOM BEKTOPBI
1 1 2 umeroT oprHakoBoe HanpasieHue (puc. 12). KoneuHo, 310 o3HavaeT nepexof K ciydalo npsi-
MOJIMHEHHOTO JIBMXKeHHs. Ecii o0a BeKTOpa MMeIOT OHY U Ty K€ HaYaJIbHYI0 TOUKY, TO IyHKTUP-
HBII BEKTOP OMSITh CBS3BIBAET X KOHEUHBIE TOUKU. PUCyHOK 12 coBmagaer ¢ pucyHkoM 6 Ha cTp. 23,
a TIpe’kHee MOHATHE OKa3bIBAeTCsl YaCTHBIM CTydaeM HOBOTo MoHATHSA. Cleayer 3aMeTUTh, YTO MbI
JOJDKHBI OBUTH Pa3aeuTh 00e TMHUU Ha PUCYHKe, OO MHAYe OHK COBIIAJIH ObI ¥ CTAJTU HePa3ININMBI.

— e

2

>

Puc. 12.

Tenepb MbI IOJKHBI CIEJIATh MOCJISHUI ar B poriecce 0000ImeHus. 1o OyaeT caMoil Bak-
HOH 13 BCEX J0raJloK, KOTOPbIE MBI C/IeJIalIU [0 cUX 1op. CBsA3b MEK/y CUIION U U3MEHEHHUEM CKOPO-
CTH JIOJDKHA OBITh YCTAHOBJIEHA TaK, YTOOBI Mbl MOIJIM HAUTH PYKOBOASIIYIO H/IEI0, TIO3BOJISIOIIYIO
HaM HOHATbH 001IKe MPOOJIEMBbl IBUKEHUS.

PykoBopnsimas unest [uist 0ObsICHEHHS JBIKEHUS BIOJIb IPSIMOiA Oblila BeCbMa IMPOCTOH: BHEII-
HsIsl CUJIA BBI3BIBAET M3MEHEHUE CKOPOCTHU; BEKTOP CUJIbl KIMEET TO )K€ HallpaBJIeHHe, YTO U U3MEHe-
HUe ckopocTu. Ho 4To Teneps ciiefyer paccMaTpuBaTh B KaUeCTBE PYKOBOASILIEH UAEH ISl KPUBO-
nuHeHoro aAprxeHus? CoBeplIeHHO To ke camoe! EfnHCTBEHHOE pas3inuue B TOM, YTO U3MEHEHUe
CKOPOCTH MIMeEeT Ternepb Ooliee odlliee 3HaUYeHUe, YeM paHbliie. MUMOJIETHBIH B3I/ HA ITyHKTHPHBIE
BEKTOPBI Ha JIBYX MOCJEJHUX PUCYHKaX MOKA3bIBAET 9TO OYEHb SICHO. ECIIM CKOPOCTh M3BECTHA IS
BCEX TOUEK KPHMBOMH, TO HAIIPaBJI€HUE CUJIbl B JIIOOOI TOUKE MOXET ObITh HailieHo cpasy xke. HyxHo
HapHCOBaTh BEKTOPbl CKOPOCTH AJIS1 JBYX MOMEHTOB, OTJEJIEHHbIX OY€Hb KOPOTKMMHU MHTEPBAJIaMU
BpPEMEHH, a CTaJIO0 ObITh, COOTBETCTBYIOIIMX TOJIOKEHUsIM, OUeHb OJM3KMM Ipyr K Apyry. Bekrop,
IIPOBEJEHHBIN N3 KOHLIA TIEPBOTO BEKTOPA K KOHILY BTOPOT'0, OKA3bIBAET HAIlpaBJIEHHUE AEHCTBYIOIIEH
cuibl. Ho cymecTBeHHO, 4TO 00a BEKTOpA CKOPOCTH JIOJKHBI OBITh OT/IENIEHBI JIMIIb «O4eHb KOPOT-
KMM» MHTepBaJIoM BpeMeHU. CTpOruil aHaJIu3 TakKuX CJIOB, KaK «OYeHb OJM3KUI», «OYeHb KOPOT-
KHI», JaJIeKo He mpocT. MiMeHHo 3toT ananu3 npusen Helotona u Jleiibauma k oTkpeIThio audde-
PEHLMATBHOTO UCYHCIICHUSI.

[TyTb, KOTOPBII TpHBEN K 000OIIEHHIO PYKOBOASIIEH uen ['anues, AMHEH U N3BIIHCT. MbI
HE MOKEeM I10Ka3aTh 3/1€Ch, KAKMMHU N300MJIBHBIMU U TUIOI0TBOPHBIMU OKA3aJIMCh MOCIIEACTBUS 3TOTO
00001menus1. Ero mpumeHeHye MpuBOAUT K MMPOCTOMY U yIOOHOMY OOBSICHEHMIO MHOTHX (DaKkTOB, 10
TOTO BPEMEHU HECOIVIACOBAHHBIX U HETIOHSATHBIX.

W3 Bcero pa3sHooOpa3usi IBMKEHUI Mbl BO3BMEM JIMILIb CaMOE MPOCTOEe U MPUMEHUM K €ro
OOBSICHEHHIO TOJIBKO YTO CPOPMYJIPOBAHHbIE 3aKOHBI.

Puc. 13.
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[Tyns, BeIMyIIEHHAs! U3 PYXbsl, KAMEHb, OPOIIEHHBIA IO/ YIJIOM K TOPU30HTY, CTPYS BOIBI,
BbIXOOdA11asa U3 pr6bl, — BCE€ OHU OIMHUCBIBAIOT XOPOIIO U3BECTHYIO TPACKTOPUIO OJHOI'O Y TOI'O JKE THIIA
— napabony. Boobpazum cebe, HarpuMep, 4To K KaMHIO MPUCOSTUHEH CIIMIOMETP, TaK YTO BEKTOP
CKOPOCTH KaMH$ MOXET ObITh ONpE/IeNIeH JUIsl JTI0OOro MOMEHTA.

- — e —

Puc. 14.

Pesynbrar npeacrasneH Ha pucyHke 13. Hanpasienue aeicTByolel Ha KaMEHb CUJIbI COBEP-
IIIEHHO TaKoe ke, KaK 1 HalpaBJieHue U3MEHEHUsI CKOPOCTH; MBI yKe BUJEJIH, KaK €r0 MOKHO OIpejie-
uth. CIeayomuii pUCYHOK MOKa3bIBAET, YTO CHJIa BEPTHKaJIbHA U HarlpaBieHa BHU3. COBEpIIEHHO
TO K€ caMoe Mbl BUJIUM, pacCMaTpuBasi ABMKEHUE KaMHsl, OPOLIEHHOro ¢ BepiiuHbl OarmHu. [TyTtH,
a TaK)kKe M CKOPOCTH COBEPIIIEHHO Pa3JIMYHbl, HO U3MEHEHHs CKOPOCTEW NMEIOT OIMHAKOBOE HAIpaB-
JIEHUE — K LIEHTPpY 3eMJIu.

Puc. 15.

Kamenb, npuBs3aHHBIN K BEPEBKE M BPALIAIOLIUIACS B TOPU3OHTAIBHOMN TUIOCKOCTH, IBHKETCS
T10 OKPYKHOCTH. Bce BEKTOpBI Ha AUarpamme, NMpecTaBiIsoIei 3TO IBMKEHUE, UMEIOT OTUHAKOBYIO
JJTMHY, €CJTU BEJIMYMHA CKOPOCTH MOCTOsIHHA (pHc. 15). Tem He MeHee BEKTOP CKOPOCTH HENPEPHIBHO
MEeHsIeTCsl, TaK KaK TPaeKTOopUsl He MpsIMOJIMHEHA. ToIbko B paBHOMEPHOM MPSIMOJIMHEHOM [1BU-
KEHUU HE YYaCTBYIOT HMKaKHe CUJIbl. 3/1eCh ke CHila HAIMIO, U CKOPOCTh MU3MEHSETCsl, HO He T10
BEJIMYMHE, a 110 HanpaBieHn0. COIIacHO 3aKOHY JIBMXKEHUS JJOJIKHA CYILECTBOBATh HEKOTOpasi CHIa,
BBI3BIBAIOIIAS 9TO U3MEHEHNUE; B JAHHOM CJTydae Crjia JeCTBYET MeK/1y KaMHEM U PYKOM, AepKalieit
BEPEBKY.

Cpazy ke BO3HHMKAIOT JaJIbHEWIIIE BOIPOCH: B KAKOM HalpaBJieHUH JedcTByeT cuiaa? Onsrh
BEKTOpHas JuarpaMma jgaet orseT. Ha pucynke 16 1aHbl BEKTOPBI CKOPOCTEH /151 IByX OYeHb O3~
KHMX TOYEK M HAlJEHO yCKOpeHHe. BHIHO, YTO 3TOT MOCJEAHUI BEKTOp JOkKeH ObITh HaIlpaBiieH
BJOJIb BEPEBKU K IIEHTPY OKPYKHOCTU U BCeria NeprneHIuKyIspeH K BEKTOpPY CKOPOCTU WM Kaca-
TeJbHOH. [IpyriMu cjioBaMu, pyka uyepe3 BEpeBKY BO3/IEHCTBYET Ha KaMEHb C HEKOTOPOU CHJION.
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Puc. 16.

CoBepliIeHHO aHAJIOTMYEeH U OoJiee BaKHbI pumep — ooparteHue JIlynsl Bokpyr 3emi. O6pa-
meHre JIyHsl MOXKHO CUMTaTh MPUOIM3UTEIHHO 32 paBHOMEpPHOE KpyroBoe apwxkeHue. Cuna, aei-
cTBylomas Ha JIyHy, HampaB/ieHa K 3eMJIe, YTO MOXXKHO BBIBECTH Ha TOM K€ OCHOBaHMH, Ha KAKOM B
NpeAbIAYyIIEeM PUMepe BhIBEEHO, UTO cuila Oblla HarpaBjieHa K pyke. Hukakoi BepeBKH, CBSI3bIBA-
fouieit JIyHy u 3emJ1io, HET, HO Mbl MOKEM IIPE/ICTaBUTh ceOe JIMHUIO MEXIy LIeHTpaMu 000uX Tel;
CWJIA JIE)KUT Ha 9TOM JIMHUM U HaIpaBJIeHa K LEHTPY 3eMJIY, KaK U CUJIa, ACUCTBYIOIAas Ha KAMEHb,
OpOITIeHHBIN B BO3IYX WY MaJAOMIUNI ¢ OaIlHU.

Bce, 4TO MBI CKa3a1 O JBUKEHUH, MOXKHO CyMMUPOBAaTh B OIHOM IpeiokeHun. Cuaa u usme-
HeHUe CKOPOCMU CYMb 8eKMOPbl, UMEIOue OOHO U MO JHce HanpaeneHue. ITO YpE3BbIYaliHO BakKHAas
PYKOBOASIIAs Ujiesl, HO OHA HEJOCTaTOYHA J1JIs TOJIHOTO OOBSICHEHHU I BceX HAOMI0IaeMBbIX IBUKEHUI.
Iepexon or ApucroTteneBa oOpa3a MbIIUIEHUs K [anuieeBy MOIOKMI caMblii BaXKHBIN KpaeyroJib-
HBIII KaMeHb B 000CHOBaHMe HayKu. [IpopbiB ObLI cliesIaH, JIMHUS AATbHENILEero pa3BUTH OblIa siCHA.
Hair nHTEpEC 311€Ch JIeKUT B IEPBOHAYAJIBHOM CTQIUY Pa3BUTHS, B UCCIIENOBAHUM HA4aJIbHON PYKO-
BOJSAIIEN UJeH, B PACKPBITHH TOTO, KaK POKIAIOTCSI HOBBIE (DU3MYECKUE TTOHSATHS B KECTOKOM O0opbOe
CO CTapbIMU UJesIMUA. MBI Kacaluch TOJIbKO HOBATOPCKHUX padOT B HAyKe, COCTOSIIMX B HAXOXKAECHUN
HOBBIX 1 HEOXUIAHHBIX ITyTeW Pa3BUTHUSI; MBI KaCaJIMCh TOJIBKO ITPOrpecca B HAy4YHOW MBICIIH, CO3/a-
I0LLIEW BEYHO U3MEHSAIOLIYIOCA KapTUHY MHpa. HavyanbHble M1 OCHOBOIIOJIOKHBIE IIAarM BCErJa UMEIOT
PEBOJTIOIIMOHHBIN XapakTep. HayuHoe BooOpaxeHue HaXOIUT CTapble MOHATHS CJIMIIKOM OrpaHUYEeH-
HBIMU M 3aMeHsIeT UX HOBBIMU. Pa3BuTHe, npogomkarolieecs Mo Kakoi-auoo yxe MpUHATON JIMHUM,
9BOJIIOLIMOHHO JI0 TEX IOp, MOKa HE AOCTUTAETCs CIIEAYIOIMI MOBOPOTHBIM MyHKT, KOrJa J0KHO
OBITh 3aBOEBAHO HOBOE MOJIe MccieoBaHusl. Ho 4ToObl MOHSATH, KaKKe OCHOBAHUS U KaKue TPYAHOCTU
BBI3bIBAIOT U3MEHEHUE OCHOBHBIX MOHATUM, MBI JOJKHBI 3HaTh HE TOJIBKO MCXOIHBIE PYKOBOISALINE
Uied, HO U BBIBOJIbI, KOTOPBIE MOTYT OBITh U3 HUX ClIEJIaHBI.

OpnHa 13 Hambosee BaXHBIX XapaKTEPHBIX YEPT COBPEMEHHOU (PM3UKU COCTOMT B TOM, YTO
BBIBOJIbI, CJIEJIAHHBIE U3 HAYQJIbHBIX UJIEN, UIMEIOT HE TOJIbKO KaYECTBEHHBIH, HO U KOJINYECTBEHHBIN
xapaktep. PaccMoTpum onsith KameHb, Majaomuyi ¢ OaHu. Mbl BUJEIH, YTO €r0 CKOPOCTh BO3pac-
TaeT Mo Mepe TOro, Kak OH MaJaeT, HO Mbl XOTeIu Obl 3HaTh ropa3fao OoJblle. A UMEHHO, KaKOBO
9T0 n3MeHeHne? KakoBbl 1oJIojkeHHe ¥ CKOPOCTh KaMHS B 000 MOMEHT TOCJIe TOro, KaK OH HavaJl
nagats? Ham xouercst ymeTh mpeackasblBaTh COOBITHS M ONMpelessTh ¢ MOMOILBI0 SKCIEPUMEHTa,
MO/ITBEPIKAAET JIM HaOMI0JeHNEe T MPeJCKa3aHKsl, a TEM CaMbIM U UCXOTHbIE MOJOKEHUSI.

UrtoObl caeaTh KONMYEeCTBEHHbIE BHIBO/IbI, MbI JOJIKHBI MCIIOJIB30BATh MATEMATUYECKUIT SI3bIK.
Camble (pyHIaMeHTaJIbHbIE MIeW HAYKH 10 CYILECTBY CBOEMY HPOCTHI U, KaK MPaBUJIO, MOTYT OBbITh
BBIPQXKEHBI I3IKOM, MOHSATHBIM Kak1oMy. HO 4TOOBI OXBaTUTh BCIO COBOKYITHOCTD CJIE/ICTBHIA, BHIBO-
AMMBIX U3 TOM WM MHOH oO11elt uaeu, TpedyeTcs 3HaHHe BHICOKOYTOHUEHHOW TeXHUKH MCClleJoBa-
Hus. U ecitm MBI XOTUM CZIeNaTh BBIBOJBI, KOTOPBIE MOXKHO CPAaBHUTD C PE3YJIbTaTaMU SKCIIEPUMEHTA,
HaM HeoOXolMMa MaTeMaTHKa Kak opyaue uccienoBanusi. [TockoibKy Mbl KacaeMcsi TOJbKO (pyH/Ia-
MEHTAJIbHBIX (PUBUUECKUX UJIEH, MBI MOXKEM M30€XKaTh sI3bIKa MaTeMaTUKU. Tak Kak B 3TON KHUTE Mbl
MIPOBOIUM 3TO MOCJIEJOBATENILHO, MbI JOJKHBI MHOTJA OTPAaHUYMBATBCS CCHUIKOW O€3 I0Ka3aTesbCTB
Ha HEKOTOpbIE Pe3y/bTaThl, HEOOXOIUMBbIE [JIs1 MOHUMAaHHUs PYKOBOISILIMX MIEW, BO3HUKAIOIIMX B
JAJIBHENIIIEM Pa3BUTHU. JTOT OTKa3 OT MAaTEMaTUYECKOIO S3bIKa OIUIAYMBAETCS MOTEPEN B TOYHO-
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CTU U HeO6XOIlI/IMOCT])IO BPEMCEHAMM CCbUIATHCA Ha PE3YJIbTAThI 0e3 YKa3aHHA Ha TO, KaK OHH ObLIN
AJOCTHUT'HYTHI.
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Puc. 17.

OueHp BaXHBI NIpUMEP ABMKEHUs — ABUkeHue 3emuin Bokpyr ComHua. M3BecTHO, 4TO ee
MyThb MPeCTaBysAeT cCOOOM 3aMKHYTYIO KPUBYIO, Ha3bIBaeMyIo syuturicoM (puc. 17). IToctpoenne Bek-
TOPHOM AMArpaMMbl U3MEHEHHUsI CKOPOCTH MOKa3bIBAET, UTO CUJIA, ICHCTBYIONIAs HA 3eMITIO, HAalpaB-
neHa k Connity. Ho nocse Bcero cka3zaHHOro — 1o ckyaHas nHgopmanus. Ham xotenock Obl ymeTb
MIPE/ICKa3bIBATH MOJIOKEHUS 3EMIIM U IPYTHX IJTaHET /711 JTI0O0ro MPOU3BOJIbHOIO MOMEHTA BPEMEHH.
Hawm xotenock Obl mpenckas3arh AaTy W MPONOKUTEBHOCTh CIIEIYIONIEr0 COMHEYHOTO 3aTMEHUs U
MHOTME Apyrue acTpOHOMUYECKUe coObITHS. Bce 3T0 BO3MOKHO cziesiaTh, HO HE Ha OCHOBE OHOM
TOJIBKO MCXOJHOM MJIeU, YKa3aHHOM BbIllle, KOO HEOOXOAMMO 3HATh HE TOJIbKO HAIIPABJICHUE CUJIbI, HO
1 ee aOCOJTIOTHOE 3HAUYeHUe, €€ BEJIMUMHY. BIOXHOBEHHON A0rajkoi 00 3ToM Mbl 00s13aHbl HhloTOHY.
CormnacHo ero 3akoHy msizomerust CAja MPUTSKEHUS] MKy ABYMsI TeJIaMH IPOCTHIM 00pa30M 3aBU-
CUT OT PacCTOSIHUA UX JPYT OT Apyra: OHa YMEHbIIaeTcs, KOrja yBeJauunBaeTcs paccrosaue. Koraa
paccTosiHue yABauBaeTCsl, OHA YMEHbIaeTcs B 2 X 2 = 4 pa3a; KOrja paccTosiHUe YBEJIMUMBACTCS B
TpU pa3a, OHa yMeHbInaercs B 3 X 3 =9 pas.

Takum 06pa3oM, Mbl BUMM, YTO B CIIy4ae CHJIbI TATOTEHUsI HaM YAAJI0Ch BBIPA3UTh B IPOCTOM
(opMme 3aBUCMMOCTb CUJIbI OT PACCTOSIHUSL MEXY ABWKYIIMMUCA Tesnamu. [TonoOHbIM ke oOpazoM
MBI TIOCTYIIA€M BO BCEX MHBIX CIIy4dasiX, KOraa JeHCTBYIOT CHJIbI IPYIUX BUJOB, HATIPUMEP JIEKTPH-
YeCKHe, MarHUTHbIE U Apyrue cHibl. Mbl CTpeMUMCs JaTh [UIsl CHJIBI TPOCTOE BhIpaxkeHue. Takoe
BBIPQXKEHUE OIPAB/IBIBACTCS JIMIIb B TOM CJIydae, KOrja U3 Hero MOKHO CIeJaTh BBIBOJBI, IOATBEp-
KJaeMble IKCTIEPUMEHTOM.

Ho 3HaHue OHOI TOJIBKO CHJIBI TATOTEHHS HEJOCTATOUHO JJIs1 ONTUCAHUS JBMKEHHS TIAHETHI.
MBblI BUzIe/M, YTO BEKTOPHI, MPEACTABISIONIUE CHITy M U3MEHEHUE CKOPOCTH, ISl JII0OOTO KOPOTKOTO
MPOMEXKYTKA BpEMEHH UMEIOT OTHO U TO € HarpaBJieHue, HO Mbl IOJKHBI Bejien 3a HploToHOM crie-
JIaTh €111e OJMH II1ar, MPEAIONI0KUB IPOCTOE OTHOIIEHUE MEXAY UX JATMHaMu. Ecu B3sTh Bee Apyrue
YCJIOBUS1 OMMIHAKOBBIMH, T. €. UCCIIEA0BATH ABMKEHUE OJHOTO U TOTO XKe TeJla M U3MEHEHHUsI CKOPOCTH
paccMaTpHBaTh 4epe3 OAMHAKOBbBIE MPOMEKYTKH BPEMEHH, TO, 0 HbIOTOHY, M3MEHEHUE CKOPOCTH
MIPOMOPIIMOHAIBHO CHJIE.

Takum 00pa3zoM, AJIsi KOJTMYECTBEHHBIX 3aKJTIOUEHUI O JABWKEHUU IUIAHET HEOOXOIUMBI JBa
JOTIOJIHUATENBHBIX MpearnonoxkeHus. OnIHO — OOIIero XxapakTepa, YCTaHABIMBAIOIEe CBSI3b MEXY
CUJION M U3MEHEHHEM CKOpOCTH. JIpyroe — cenuaabHOro: OHO YCTaHAB/IMBAET TOYHYIO 3aBUCUMOCTD
YaCTHOT'O BU/Ia PACCMaTPUBAEMON CHJIbI OT PACCTOSIHUS MEX Ly TesaMu. [lepBoe — 310 001l 3aKOH
napuxeHus: HploToHa, BTOpoe — ero 3akoH TAroteHusi. CoOBMECTHO OHU ONPEENISIOT ABUKEHHE TIa-
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HeT. DTO MOKHO CJeJaTh SICHBIM IIPH TIOMOIIY CJIEAYIOIIEro, HECKOBKO HEYKJIIOKEe 3ByUalllero pac-
cyxnenus. [Ipenmnonokum, 4yTo B JaHHBI MOMEHT KaK MOJIOKEHHE, TAK U CKOPOCTh IJIAHEThI MOTYT
OBITH OIpelesIeHbl U YTO CHJIAa M3BeCTHA. B Takom citydae corsnacHo 3akoHy HbloToHa MblI y3HaeM
M3MEHEHHE CKOPOCTH 3a OYeHb KOPOTKMI IPOMEXYTOK BpeMeHH. 3Hasi HauaJbHYI0 CKOPOCTb U ee
U3MEHEHHE, Mbl MOKEM HalTU CKOPOCTh U TIOJIOKEHHE TUIAHETHI B KOHIIE YKa3aHHOTO MPOMEKYTKA
BpeMeHH. [TOBTOpsist STOT Mpoliecc, Mbl MOXKEM MPOCICAUTh BeCh MyTh JBUKEHHS, He mpuoeras B
JaJbHEHIIeM K TOMOIIY HAaYaJIbHBIX JaHHBIX. OJHAKO METOM, MPUMEHEHHBIH 37eCh, MPAKTHYECKU
BecbMa HeynoOeH. [lpakTuyecku Takas mocjenoBatesbHasl Mmporeaypa Obuta Obl CTONb K€ CKy4YHa,
CKOJb 1 He TouHa. K cyacThlo, OHa He SBJISIeTCS] HEOOXOAMMON: MaTeMaThKa AaeT HaM OoJiee KOpoT-
KUH MyTh U JIeJIaeT BOZMOXXHBIM TOYHOE OIUCAHWE JBHKCHUS, HA KOTOPOE HYKHO ropa3o MeHbIIe
YEepHWUI, YeM Mbl YyHOTpeOiIsieM /ISl HAITMCAHUST OJJHOW TOJBKO (ppasbl. JJOCTUTHYThIE TAKMM IyTeM
BBIBOJIBI MOTYT OBITh JJOKa3aHbI WM ONPOBEPrHYThI HAOTIOJICHUEM.

BrenHo0 crity TOro ke BHIa, 9TO M B pACCMOTPEHHOM IpUMepe JIBHKEHHS] 3eMIIM, MOXHO
OOHApYKUTb U B IBUKEHUU KaMHsI, [IaJIAI0IIEr0 B BO3yXe, ¥ BO BpaieHnu JIyHsI 110 ee opouTe; 3T0 —
CHJIa 3eMHOTO MPUTSDKEHUST MAaTepUANIbHBIX TeJl. HIOTOH yCTaHOBWJI, UTO JABMKEHHE MaJAONIMX KaM-
Hel, BrkeHre JIyHbI M TUIAHET — 3TO TOJIBKO OUEHb CIielUaIbHbIe IPOsIBICHN s YHUBEPCAIBHOMN CHJTBI
TATOTEHUs1, JEUCTBYIONIEH MEK/Iy IBYMS JIIOOBIMU TeJlaMU. B MPOCTHIX CIlydasix JBMKEHUE MOXKET
OBITh OIMKCAHO U MPEJICKa3aHO C TIOMOIIIBI0 MAaTEMAaTUKU. B OTIEIbHBIX YPEe3BBIYARHO CIOKHBIX CITy-
Jasix, KOrJa paccMaTpyuBaeTcs JefiCTBIE MHOTUX TeJl IPYT Ha Jpyra, MaTeMaTHYecKoe OIMCaHHe He
TaK MPOCTO, HO OCHOBHBIC TIPUHIIMITBI TE KE CaAMBIE.

MBI HaXO/IUM, YTO BBIBOJIBI, K KOTOPHIM MbI MIPUIILIH, CJICIysl HAIICH NCXOHON PYKOBOSIICH
ujiee, OCyIIECTBIISIIOTCS B IBUJKEHUU OPOIICHHOTO KaMHsl, B BHKeHUM JIyHbI, 3eMJIH U TUIAHET.

TakoBa (paKTUYECKH BCs HAIlla CHCTEMa MOJIOKEHHI, KOTopas JIOJKHA ObITh JIOKa3aHa WIIH
OIPOBEPrHyTa SKCrepuMeHToM. Hu 01HO U3 MONIOKEeHUi He MOXKET OBITh BBIIENIEHO Uil CAMOCTOSI-
TEJILHOTO MCTIbITaHus1. HaiileHo, YTO B OTHOIIICHUH TUIAHET, IBIKYIIMXcs BOKpyr CoJHIa, cucteMa
MEXaHUKH JeicTByeT Onectsie. Tem He MeHee MBI JIETKO MOKEM HpeICTaBUTh cede, 4To apyrast
cHCTeMa MeXaHWKH, OCHOBaHHasI HA IPYTHX MPEANIOChUIKAX, MOKET OKa3aThCsl CTOJb K€ XOPOIIEH.

dusnueckre MOHATUSL CYTh CBOOOJHBIC TBOPEHMSI YEJIOBEUYECKOrO pa3ymMa M He OJIHO3HAYHO
onpe/esieHbl BHEITHUM MUPOM, KaK 3TO MHOIJIA MOXET TOKa3aThcs. B HaleM cTpeMyIieHUH TOHSTh
PEaTLHOCTh MBI OTYACTH MOJOOHBI YEJIOBEKY, KOTOPBI XOUeT IMOHATh MEXaHU3M 3aKPBITBIX YacOB.
OH BuguT nudepOnaT v ABUKYIIHMECS CTPEIKH, Jake CIBIIIUT TUKaHbe, HO OH He UMEET CPE/CTB
OTKPBITh UX Kopryc. Eci oH ocTpoyMeH, OH MOKET HaprcoBaTh ceOe HEKyIo KapTHHY MeXaHH3Ma,
KOTOpast OTBevasa Obl BCeMy, YTO OH HAaOIONAET, HO OH HUKOIJA He MOXET ObITh BIIOJIHE YBEPEH B
TOM, UTO €ro KapTWHa eJUHCTBEHHAsl, KOTOpasi MOIIa Obl OOBSICHUTH ero HaomonaeHus.. OH HUKOTIa
He OyJeT B COCTOSIHMM CPaBHHUTH CBOIO KapTHHY C PeajlbHbIM MEXaHM3MOM, M OH HE MOXET Jaxe
NPEICTaBUTh ce0e BO3MOKHOCTD MJIM CMBICTI TAKOTO cpaBHeHus. Ho OH, KOHEYHO, yBEpeH B TOM, YTO
TI0 Mepe TOro, Kak BO3pacTaeT ero 3HaHWe, ero KapTHHA PeaJbHOCTH CTAHOBUTCS BCE MPOILE U MPOIIe
1 OyJeT 0ObSCHSTH Bce OoJiee IMMPOKUIA PSIJT €0 YyBCTBEHHBIX BOCTIpUATHIA. OH MOXET TaK)Xe BEPUTh
B CyIIIECTBOBAaHUE UJICAIBHOTO TIpeiesia 3HAHUH U B TO, UTO YeJIOBEUYECKUI pasyM MPUOIKAET STOT
npeziest. DTOT uaeasbHbIA Ipeiesl OH MOXKET Ha3BaTh OObEKTUBHOW UCTHHOM.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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