[IpunsTO cunTaTh, uro ['amuneii ObUT reHMi, a TpeacTaBuTenu CBATOW WHKBUZHIIUU —
3TO HEBEeXeCTBeHHBIE Jtou. Ho 310 nmaneko He Tak. PaccMoTpuMm crenyroniee MmojaoxKeHue,
HanpaBjieHHOe WMHkBu3MIMend mnpoTuB ['amuies: [CHO, KaMeHb HE MOMKET MpOSBISATH
COBEPIICHHO OJIMHAKOBOW HAKJIOHHOCTH K BOCHPHUSITUIO HOBOT'O JABUKEHUS WA YBEJIMYCHUIO
CKOPOCTH, B cCllydae, KOTJIa OH Y)K€ JBIDKETCS ¢ OONBIIONW CKOPOCTBIO WJIH, KOrja OH
JIBIKeTCA MeieHHOo. KTo ke u3 HuX TyT npas?

Benukuit Apxumen, yTBepkaai, 4To "BpeMs HEOOXOJIUMO HCKIIOYHTHh U3 (PU3UKU KaK
JoxHy0 cymHocTh". [loHnMmas, uro Apxumesn He MOr OpocaTh CJIOBa Ha BETEp, S PELIMI
no00paTbest 10 CMbICIIa, CKa3aHHOTO UM.

B coBpeMeHHOI Hayke IPUHSITO CYUTATh, UTO Mpolecc (B T.4. MPOIECC ABUKECHHUS)

— O9TO apaHXUpOBaHHAs IO BpPEMEHU WJIM HEKUM JPYIrUM CHOCOOOM COBOKYMHOCTH
peanu3anuy 1eUCTBUM U U3MEHEHUN YCIIOBUM.

B kauecTtBe mnpuMmepa pacCMOTPUM HPOLECC ABMXKEHMSI Tejla IOJA JEHCTBUEM CHIIBI
TSYKECTH B ApaHKUPOBKE M MO BPEMEHM, M IO MpOCTpaHCTBY. IloueMy HMEHHO 3TOT
npouecc? Bo-nepBbIX, 3TOT MHpoLecc ABMXKEHHS HE 3aBUCUT OT Macchl Tella, a Macca
3eMuln TOCTOSIHHA H, CJIEIOBATEIbHO, XapaKTep JABM)KCHUS B apAHKUPOBKE 110 BPEMEHU TYT
npenenbHo mpocT. Tak ke MpocT, Kak M JIBIKEHHE 10 MHEPLUHU, CBOOOAHOE TajJeHHEe —
PaBHOYCKOPEHHOE I10 BPEMEHHU JIBJKEHUE — €IUHCTBEHHBIN Clydail TaKOro JBHKEHHUS B
npupojie, MO KpailHell Mepe, B MPU3EMHON 00MacTh. Bo-BTOpBIX, cHiia TSATOTEHUS, KaK U
CWJIa WHEPIHH, SIBISICTCS KOHCEPBATUBHOW CHIION (neiicTByeT Oe3 3aTpaT dHEPrHuH), CHIION
00BEMHOI U, ClIeI0OBAaTENBHO, HE CO3AAET AeopMaliii  Tell, TMOPOXKIAIOIIEH HOBBIE CHJIBI,
HapyIlIaKIAe XapaKTep PABHOYCKOPEHHOI'O BUKCHHUS.

JIBukeHHe mMaJleHusT MPOUCXOJIUT C YCKOPEHHEM, C OTCYTCTBHEM CHI jAedopmanuu
(uHepuuHM) Ha HeM. To ecThb TSDKENbIE Tela CTPEMSTCS BHU3, XOTS OHM HE IOABEPKEHBI
JeMCTBUIO Kakoro-mubo umiyiabca. Eciau cuuTaTh NpPYKUHY CHUHOHMMOM CHJIBI, TO CHJIA
TATOTEHUSI CHHOHUMOM CHJIBI HE SIBJISIETCSI.

CKOpOCTh OTHOCHUTENIBHA, U MOYHO CKa3aTh, CKOPOCTbh — IACCHUBHAs BEIWYHMHA. A BOT
ycKkopeHue — aktuBHas. Ho He Bcskoe, Hampumep, yCKOpeHrne CcBOOOIHOTO MaleHHs] TAKOBBIM
He sBnsgercs. Ero e uamepuinb akcenepomerpoM Ha MKC. U naxke yckopeHue yCKOpeHus He
BCErJa akTUBHO, MPUMEp, TO K€ YCKOpeHHe g. Benb nMHaAMOMETp TOXKE ABUKETCS BMECTE C
TEJIOM C TOH K€ CKOpPOCTBIO, TOITOMY OH HE SIBJIS€TCS HaOoJaTesaeM, OTHOCHUTEIBHO
KOTOPOTO MajaroT Tena. HabmonaTens 10MKeH HaXOAUThCS, T.C. «HAJl CXBATKOM».

Cuna npuTSKEHHUSI U YyCKOPEHHE HE CYIIECTBYIOT OJHOBPEMEHHO i1 OJHOM W TOM XKe
YaCTHUIIBl B TOM CMBICIIE, YTO HE MOT'YT OBbITh U3MEPEHBI OJHOBPEMEHHO HJIM OJHOMECTHO. To
K€ U B OTHOLIEHUH I'PABUTALIMOHHONW MacChl U YCKOPEHHUS.

YIUBUTENBHO, 4YTO TEME YCKOPEHUS YHAEISAETCS TOopa3fo MEHbIIE BHUMAHHUA, YEM
CKOpPOCTH. YCKOpEHHE ke, — 3TO CKOPOCTh TeJla OTHOCHUTENILHO ce0s M CBOEH CKOpOCTH, a
noToMy BenuuumHa abcomtoTHas. Hu B Kakue paMKHd TEOpUM OTHOCHUTEIBHOCTH HE
BMeIarmascs. IMEHHO ¢ yCKOpEHUEM CBS3aHbI SIBJICHUSI NHEPLUHU U TPABUTALIMH.

B apamxupoBke 1o BpeMeHH uMeeM V(t) = gt, a Ipou3BOIHAs CKOPOCTH 10 BpeMeHu V,' = &

BunuMm, paccMoTpeHMe Ipolecca  JIB)KEHHMST B apaHKHUPOBKE 10  BPEMEHH
HUKakoW MHGoOpManuu JUisi pa3MblIIieHUs He co3aaér. UTto He yaMBUTENIbHO, U3
TPUBUAIBHBIX MPEIIOCHUIOK MOXHO MOJYYHUTh JIMIIb TPUBHAIBHBIN pe3ynbTaT. [lonpolOyem
pPaccMOTPETh TOT K€ MPOILIECC B apaHKUPOBKE «HEKUM JAPYTUM CIIOCOOOMY», HAmpumep, Mo
MIPOCTPAHCTBY. SICHO, «BBIXOJ B MMPOCTPAHCTBO» IPOILE BCEr0 OPraHU30BATh YEPE3 SHEPIHUIO,
100 PHEPTUS COXPaHAETCs, TOITOMY OHA UMEET HEKHil BHEBPEMEHHOI XapakTep.

mv?/2 = mgh, To ects v(h) =,/2 gh



JInst HarJSAHOCTH TIOJIOKKUM, YTO MBI HaXoJIuUMCs MO0 Ha TUIaHeTe, rae /29 =1,

100, eClIM TaKoW TUTAHETHl HE HAIIOCh, MEPEeXOJWM B CHUCTEMY €IUHHIL, Tne /29 = 1.
T v

Teneps v(h) = Vh . He Hanpsaraiitech Ha pa3MEpHOCTH, JUISl HAIIETO MPOLECCA JBHKECHUS

pasmepHocTb ckopoctd L2 Bromne ecrtectBenna. Beipaxenme v(h) = VA — 310 He
TEOPETUYCCKAsl, & HIKCIEPUMEHTAIBHO MOATBEPKAEHHAS 3aKOHOMEPHOCTh, B HEW HET MecTa
BpeMeHHu. Pazgenum Bech mapmipyt majgenust oT h 1o 0 Ha h UHTEpPBAIOB eQuHUUHOU ONUHbL.
CKOpOCTh B KOHIIE KaXIOTO YUacTKa €IMHHYHOTO MHTEPBAJIa MaIeHHs OyIeT paBHa.

Vi= V1, v.=v2, . Vii=Vh—1, Va= Vh

A mpuparieHus CKOpOCTH OT UHTepBaja K HHTepBaly OyIyT COOTBETCTBEHHO

AVIZZ\E—\/T, AVh_l,h:\/ﬁ—Vh — 1= \/H+\1/m~2\1/ﬁ

YckopeH#ue Ke Mo MPOCTPAHCTBY

— —
AV/Ah = AV/1= i

To ecTp, Ha KaXIOM CJEAYIOIIEM HMHTEpBaj€ NaJACHUSA TPHUPALIEHUE CKOPOCTH BCE
MEHBIIIE M MEHbIIE, JBI)KEHHE MO MPOCTPAHCTBY TYT CTAHOBHUTCS BCE paBHOMEpHEE U
paBHOMepHee. [lo-uHOMYy, mpoliecc 3TOr0 JIBUKEHHS, B apaH)XMPOBKE MO MPOCTPAHCTBY,
MaHU(DECTUPYET HETUHEHHOEe CHUKEHHE POCTa CBOCH MHTEHCUBHOCTU. JTO YKE ISl MHOTHX
JaNeKo He Oo4YeBUAHBIN (akT. M pa3MepHOCTh YCKOPEHHS IO MPOCTPAHCTBY L2 XOPOIIIO
JIOXKHTCA Ha 3TO OOCTOATENBCTBO. BripoueM, Takue ATMHHbBIE TPe0Opa30BaHUs IPUBEICHBI JUIS
IIKOJIPHUKOB, HE 3HAIOUIMX IU(QEpeHINaIbHOr0 HCYMCICHUS. A MOXHO cpa3y, uepes

MIPOU3BOIHYIO V 110 h

Vh' = (\/E)' =

1
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"pacbukn NpeacTaBnsioT 3TO cneayoLwmMm obpasom

MM A

YEKORSHNE N0 BPEMBHHA YCKOpEHHWE NO NPOCTPaHCTEY

=

CHOpOCTE ND EREMEHM

CKOpOCTE NO NPOCTRAHCTEY




Ilo mpocTpaHCTBY mpoluecc MNajgeHUs HE SBISIETCd PaBHOYCKOPEHHBIM. Y CKOpEHUE
MaJeHusl MO MPOCTPAHCTBY HENPEPBIBHO yMeHbIIaeTcsa. M, MOHATHO, CKOPOCTh NAACHUS IO
IIPOCTPAHCTBY C PACCTOSIHUEM IMpHpacTaeT BCE MeHblle U MeHbine. OTMeTuM, 4To Qopmyy
F=ma, B cBs3H C TeM, UTO YCKOpPEHHE 10 MPOCTPAHCTBY (a = V'h) HE ABISAETCS MOCTOSHHBIM J1aXKe
JUIsl CBOOOJIHOTO TMAaJCHUsI, MPUMEHATh Henb3s. Jla U He HyXHO, H0O V'h OT Macchl HE 3aBHUCHUT,
YTO JTOKA3bIBAET - TpaBUTALMs UMEET YUCTO MHEPLUUOHHBIN Xapakrep. Ilo cyTH, yckopeHue mno
MPOCTPAHCTBY — 3TO HW3BECTHBIM M3 MaTeMaTHYeCKOW (PU3MKU TpaaueHT moTeHiumanta. Ho k
noteHuuany sl emé BepHEMca. Ho ormeruMm, mpaBoty Castoit MHkBHM3MIMM, camoT eii!
KcraTn, ecriu TpakToBaTh Maccy Kak CBOMCTBO Teja, XapaKTepHU3yIollee €ro CrnocoOHOCTh K
YBEJIMYEHUIO CKOPOCTH B apaHXUPOBKE IO IPOCTPAHCTBY, TO IpaBa He TOJbKO C(BsTas
WukBu3unus, HO ¥ ipaB AnbOepT DHHIITEHH.

IIpuMeHMM MOTy4YeHHBIE PE3YIbTaThl K YCKOPEHUIO 3JIEKTPOHOB B 3JIEKTPOCTATHUECKOM
yckoputene. TyT cuia Toxke He uMeeT aedopmarmoHHOro xapakrepa. Kak m B cimywae c
najieHueM Ucnojib3yeM auddepeHnnpoBanme Mo NpocTpaHCTBY, U TOXKE Yepe3 IHEPTETHKY.

mv®=2eU =2¢Ex, rae m — Macca anekTpoHa, U — pa3HOCTh MOTEHLHAJIOB, € — 3apsij
3JeKTpOHa, E — Hanps>KEHHOCTH OIS, X — TEKYIas KOOpAMHATa 3JIEKTPOHA.

Janee

2eE 2eE
v(x)= [—xVx, tnmek = ~—, KOHCTaHTa
m m

Haxoaum yckopeHue mo npocTpaHCTBY - MPOU3BOAHYIO IO X OT CKOPOCTH V(X), IMEEM
k
|

Vx = x

To ecth, BuaNM, 0€3 BCIKOTO MUCTHYECKOI'O POCTA MAcChl, C PACCTOSTHUEM BCE MEHBIIIE U
MEHBIIIE MEHSETCS CKOPOCTh, HA YCKOPUTENIBHBIX YJaCTKaX PaBHOM JJIMHHBI, IPU OJHOM U TOM
e Bo3zeicTBuu. A nipu nupdepeHIupoBaHUH IO BpeMeHH 3TOT 3P PeKT 0OHaAPYKUTh TPYIHO,
HO JIETKO «3aMYTUTBb» Ha LENYI0 Teoputo. TeopHto, B KOTOpOH N3MEHSIETCA HE TOJIbKO Macca, HO
Y BPEMsI, U IPOCTPAHCTBEHHBIE Pa3MeEPBI.

Bropouem, ayisi kKaueCTBEHHOM OIIEHKM MOXXHO HCMOJb30BaTh W 2-i 3akoH HrprloToHAa,
3anucaB ero B Bujge MAV = FAt. fIcHo, 4TO Ha KaXblil CAEAYIOIINM UK YCKOPEHUS 3JIEKTPOH
BXOJIUT C OOJBIIEH CKOPOCTHIO, YeM Ha LHKJI NPENbIIyIIUH, W, MO3TOMY, MPOJIETAeT €ro
obicTpee. [loaTOMY MONMY4YEeHHBIH MUMITYJIbC CUibl, BeanunHa FAt — Oyner menbiieid (M u F —
KOHCTaHTBI) U, CJIEZIOBATENIbHO, Ha KAXKJOM CJIEIYIOIIEM IIUKJIE MEHbIINM Oy/eT U MpHUpaIieHue
AV. Kaxercs cTpaHHBIM, YTO 3TOTO ITOYTH HUKTO HE 3aMEYacT.

Ho wmpbI, npeamnonoxus, yto 3HaueHue cuibl F Oyner mpu Habope CKOPOCTH AJIEKTPOHOM
OCTaBaThCs MOCTOSHHBIM, €€ HE YYMTBHIBAJIM 3ama3jsiBarolnero noreHuuana ['aycca, Ho tak
71 3T0? Emgé I'aycc B cBOMX TpyJax MO MarHETH3MY PEIIMJI YYECTh (BOIMPEKH MEXaHHUKE
HploToHa) BAMSIHME CKOPOCTH PACHpPOCTPAHEHHS CHIIOBOTO B3aMMOCHCTBHS (3amas/bIBaHHe
NOTEHIMAaJIoB). B pesymbraTte y HEro NOIYYMIOCh, 4YTO KOI((UIMEHT yMEHBIIECHUS
3P PEKTUBHOCTH JIEHCTBUS HIIEKTPHUUECKONW CHIIBI CO CKOPOCTBIO C TOYHOCTBIO IO IBYX IEPBBIX

»2
YICHOB SIBJISIETCS PA3JI0KEHUEM 110 CTETIEHAM KO3 UIeHTa fl -=.
C

lNaycc emé B 1835 romy ObT HemaneKk OT OTKPBITHS YpaBHEHWUW TUHAMUKHU JIBUKCHUS
YacTHULl B AJIEKTPUYECKOM TOJI€ C PENATUBUCTCKUMHU cKopocTaMU. CBoil 3akoH ["aycc BBIBOANI U3
3aKOHOB MCXAaHUKU HBIOTOHa, YUUTBIBAA <«3alla3AbIBAHUC MOTCHUOHUAJIOB», TO C€CTbhb KOHCYHYIO
CKOPOCTb PAaCHpOCTPaHEHUsI CHIJIOBOI'O B3aMMOJIEUCTBHS B 3yekTpuueckoMm moze. [lompocty
rOBOpsl, pealbHOE BO3ACUCTBHE HAa OOBEKT CTPEMHUTCS K HYJIO, €CIM CKOPOCTh OOBEKTa
MpUOIIHKAETCS K CKOPOCTH Pa3TOHSIONIETO UMITYJIbCA.



Kaxmomy, KTO XOIWJI MO/ MapycoM, M3BECTHO - YTO pEalbHOE BO3JEHCTBHE Ha OOBEKT
CTPEMHUTCS K HYJIIO, €CJIH CKOpPOCTh OO0BEKTa NpUONMKAeTCsl K CKOPOCTH Pa3rOHSIONIErO
uMmnynsca. CKOpoCTh MapyCHOTO CyJHAa HE MOXET OBbITh OOJbIIE CKOPOCTH



BETpa, KPOMeE cllydasi, KOTJia BET€p BHE3AMHO CTUXAET, a CYJHO MPOAOKAET ABUKEHHUE 110
uHepuuu. Ho mHepuus BHeBpeMEHHA.

U ypaBHenus MakcBemia, mpeacTaBieHHbIe B TuddepeHnanbHoin popmMe o BpeMeHH,

rotH:4—ﬂj+la—D rotE:—la—B
c c ot c Ot
divD =47p divB =0

CTOUT TPEACTABUTh B IPOCTPAHCTBEHHOW apamKUpoBKe. Jlymaro, BBIACHUTCA HEMAJO
MHTEPECHOr0. B TeXHHMYECKOW AJIEKTpOAMHAMUKE (pacdy€T aHTEHH) IIHPOKO HCIOJIb3YeTCs
muddepeHMpoBaHne UMEHHO 10 MPOCTPAHCTBY (M3BECTHBIN omeparopV «Habna»), a He 1o
BpemMeHH. [lo cyTtm, cama BellecTBEHHas MpPUEMHAs AaHTEHHA SBISIETCA  «OIEPATOPOM
T GepeHIMPOBAHUA» IEKTPOMArHUTHBIX MOJIeH 1Mo mpocTpaHCcTBy. M BOT emé ciyuaii, rae
KJIACCHYECKas IIEPEMEHHAsT BPEMEHU HENPUIIOKMMA, B 3TOM ClIydae Mbl HMEEM JEJI0 C
JIBIDKEHUEM «HEKJIACCMUYECKOro» Teja, Tejla, KoTopoe aedopMupyercs B MpOLEcce CBOEro
nBwxkenusd. [locmorpure knur, https://www.youtube.com/watch?v=Jsytn) pSf8

KoMMeHnTapuu Kk JeMOHCTpaluu TYT MPOU3BOISATCS HAa AHTIIMMCKOM $I3BbIKE, HO OIBITHI
HACTOJIbKO HArJISAHBI, YTO 3HAHUE aHTJIMHCKOTO S3bIKa HE 0053aTeNbHO.

B mepBbix a03amax Hamiero omyca yrmoMsHYTO 00 WHEPLHMOHHBIX cHiaX. B BHXpeBoit
TuHaMuKe JlekapTa CKOpoCTh M CKOPOCTh M3MEHEHHSI CKOPOCTH ObUTH (DYHKITEH paccTOsSHUS, a
cuna — pyHkuuei ckopocreir. Ho omHoit u3 nieneit HeroToHa (BO3MOXKHO, TJIaBHOM 11€7T6I0) OBLIO
YHUUTOXXEeHUE MexaHukH [lexapTa. Tak B MEXaHUKY IPOHUKIIO BpEMSI.

OOpaTuTe BHUMaHUE, BCE MPEIBIIYIINE PACCYKICHHS MPOU3BEACHBI MPUMEHUTEIHHO K
JIBUKCHUIO T.H. «MaTepUATbHBIX TOUYEK», KOTOphIE HE HMEIT pa3MepoB, HO  00JiagaroT
cBoiicTBOM Macca. I[loaTomy Ha rpaduke YCKOpEHHs IO MPOCTPAHCTBY YCKOPEHHE HAYMHAET
CHIKAThCA OT OeCKOHEeUHO 0oJbioro 3HaueHus (h B 3HaMeHarene). A peanbHbIe BEIIECTBEHHBIE
Tela HMMEIT peajbHyI0 NPOTSHKEHHOCTh, M, MOHATHO, TOBOPUTH O KaKOM-IHOO €IWHOM
YCKOpEHUH (B T.4. U T.H. «YCKOPEHHUS IO BPEMEHHY), I Tesla B 1IEJIOM HE UMeeT (PU3HUECKOTo
CMBICTIA.

B ¢usuke moHsTHE Macchl 0003HAYAET CBOMCTBO Tea OBITh «MHEPTHBIMY. «HEpTHOE»
03Ha4YaeT: HUKAKOE TEJI0 HE U3MEHSET CBOEH CKOPOCTH (110 BEIMYMHE U MO HAIPaBJICHUIO!) caMo
c00010; ISl BCSIKOTO M3MEHEHUS! CKOPOCTH Tena TpeOyeTcs: AeicTBHe Kakoi-mibo cuiabsl. Ho B
¢uszuke BO3HMKAET MHOIO HEHY)KHBIX 3aTPyIHEHUH U3-3a HEMOJHOTO Pa3bsICHEHUS
UCIIONIB3YEMBIX €JIOB. J[OCTaTOYHO cocnaTbes Ha TO, YTO CJIOBO «Tesio» (M3MKa 3aMMCTBOBaja
0e3 ompeneneHuss U3 OOMXOAHOrO s3bIKa. TOYHO TaKk K€ TMPUXOJUTCS yKazaTh Ha
HEUCKOPEHHUMOE, MO-BUANMOMY, yIOTpeOIeHHEe CI0Ba «Macca» BMECTO cioBa «reno». CHOBa U
CHOBa, HAamNpUMeEp, HAXOJUM B YyUeOHMKax IMOJBEIICHHYID Ha O€ueBKE MacCcy BMECTO
MOJBEIIEHHOTO TeNla, T. €. BMECTO BeIlM OJHO U3 ee cBoiictB! Bmecto ¢usmuueckoro Tena
ymoTpeOsSIoT a0CTpaKIMio MaTepraibHas Touka. Ho Teno — He Touka, M KpOME MacChl HIMEET U
JpyTUe CBOICTBA, HAIPUMEP, 00BEM (IPOTSHKEHHOCTD).

Celfyac CJOBY «IBH)KCHHME» HHOTO CMBICHIA, KaK Ha3BaHME CaMoOro SIBICHUS, HeE
npugaércs. A 3ps, B JUHAMHKE MOXXHO HAWTH MHOTO HHTepecHoro. Hampumep, ciemyer
paziuuath JBa PA3MYHBIX 3HAYEHUS TEPMHUHA «CTaTU4yeckuit»y. OJHO 3HAYEHHUE — ITO
Heu3MeHHblll B CMBICIIE He umenowull oguearowuxcsi yacmeu. Jlpyroe 3Ha4YeHHE — 3TO
OJIMHAKOBOCTh C OJIHOTO MTHOBEHHUSI /10 JPYroro MOCPEJICTBOM IOCTOSIHHOM 3aMEHBl BCEX
JBUTaronxcs yacreil. Jlerko npeacraBuTh cede 3T0 pasnuuue, [yMas o Bojomnajae. 3aMEp3Imii
BOJIOMIA]T CTATUYECKHUI B MIEPBOM CMBICIIE, & TEKYIIUM BOIOIA]] CTATUYECKHUI BO BTOPOM CMBICIIE.


https://www.youtube.com/watch?v=JsytnJ_pSf8

O0a SBIAIOTCA IO CYTU HUACHTUYHBIMU B KaXX/10€ MI'HOBCHHUC, BHeBpeMéHHBIMI/I, OQHAaKO

MOCNEAHUM HMMeeT [BUTAIOIIMecs YacTH, CIOCOOHBIE IepeAaBaTb HMITYJIbC, U COCTOUT U3
neuraromuxcs yactuil. [locjieanee siBjaeHHe OTHOCUTCS K paccMaTpPUBaeMbIM B CJIeAyIOLIei
rjaBe TaK Ha3blBaeMbIM HeTeMIoOpaJbHbIM Jpaiizpenomenam. Kcratn, OGOIBIIMHCTBO
MPUPOJHBIX SIBICHUI OTHOCUTCA UMEHHO K HUM. DTH SIBICHUS B NMPHUHIUIE HE apaHXKUPYIOTCS
10 BPEMEHH.

[TocmoTpuTe Ha pUCYHOK, Ha HEM U300paKEHO BEIIECTBEHHOE TEJIO0, WCXOJIHO
3aKpy4e€HHOE HEKMM 00pa3oM OTHOCUTENBHO LEHTPaIbHON TOUukH. COXpaHUT JIU TEJIO XapakTep
JIBIDKCHUSI — TI0 OKPY)KHOCTH BOKPYT IIEHTpa — Tepeias B cBobogHoe maneHue? OUYeBHIHO,
COXpaHMT, Bellb Pa3HbIE €ro 4YacTH MMEIOT pa3Hble M0 BEIUYMHE M HANPaBICHUIO CKOPOCTH.
Camu 1o ceOe, 0€3 BHEITHETO BO3JACUCTBHS, ITH CKOPOCTH HE M3MEHSTCS, a, CJIEIOBATEILHO,
COXPAHHUTCS U XapaKTep KPYroBOTO (OpOUTAILHOTO) ABUKECHHSI. 3/1€Ch CaMO TEJIO MPECTABIISIET
co00ii Hekoe BHEBPEMEHHOE IIOJIe CKOpOCTel, CBoeoOpa3HOe BemiecTBeHHOe mosne. lloe,
MMEIOIIIEeE TPATUEHT
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HJI, B CUCTEMC MOJIIPHBIX KOOPAUHAT

gradv = Vv :ﬂ r,

Otkyna ciemyer To, YTO CKa3aHHOE BBIIIE CBUJETEIBCTBYET O XapakTepe CBOOOIHOTO
JIBIDKCHUsI Tena (M0 WHEPIHMH) IO KPYroBoM opOuTe, 0€3 MOMOIIM KaKOH-IMOO «CHIIBI
TSATOTEHHSI.

Kak Buamm, 0oTKa3 OT BpeMEHM OKa3ajcs BechMa MPOJYKTUBHBIM IIaroM. Bpems ectb
BBIlyMKa CO3HAHHS — KOHIEIMIUS YyMa, CIIOCOOHOTO TIOMHHUTH OBIBIIYIO pEabHOCTh H
BOOOpaXKaTh PeabHOCTh OYAYIIYIO, U3 KOTOPBIX, OMHON YK€ HET, a JPYroi emie HeT, U TOTOMY
BpeMsi He sBisieTcs (Qu3nueckod cyOcraHumei. BooOpaxaemoe B CO3HAaHUHM €CTh
BUPTYAIBHOCTh, TO €CTh BCETO JIMIIb KOJ Ha MaTepUAIILHOM HOCHTEIE, CIIOMail KOJ| - M HET OT
BUPTYAJIBHOTO U CIIe/Ia, @ €CTh U OCTAETCs BCET/la OHA JINIIb MaTepHs B ITyCTOTE MPOCTPAHCTBA,
KpOMe KOTOpBIX HET B peajbHOCTH Oosee Huuero. KomOuHaius (parMeHTOB BellecTBa B
IyCTOTE MPOCTPAaHCTBa HecmocoOHa BOCCO3AaTh emle OAHY (U3UYECKYI0 CyOCTaHIMIO, B



no0aBlieHHE YK€ CYLIECTBYIOIIMM JIBYM, BEIIECTBY W MPOCTPAHCTBY. BpeMeHH NeHCTBUTEIBHO
HET MecTa B (hU3UKeE.

[ToHnMaro, MHOTHM y3HaTh 00 3TOM OyzeT HempuaTHO. B cBoe BpeMsi, OpuTaHCKHUI Bpay
Jlxon CHOY yCTaHOBWJI, YTO XOJIEpa MOXKET BBI3BIBATHCS (DEKaJIMsIMHU, MOMABIIMMH B BOAY. 3a
9TO OH OBLIT MOJIBEPTHYT CAMOM JKECTKOUW OOIIECTBEHHON W HAYYHOW OOCTPYKITUU — JTFOJSIM OBbLIO
OUEHb HEMPHUATHO y3HATh, YTO OHM MM TaKyl0 BOAY Ha MPOTSKEHUHU JecsaTuieTuil. Bot
noueMy JIOJIM TaK TPYOHO TIOMEHSITh MHPOBO33pEHHE M TMPU3HATh, KaKOW JDKUBOM
uH(pOopMaliel OHU TOJIB30BATHCH.

BBenenue Bpemenu B (pU3MKY, a BMECTE C HUM U HEYMEPEHHOI'O KOJIMYECTBAa MaTeMaTUKU
— HacblleHHe e€ (UKLUUAMHU, YTO PE3KO CHU3MIO €€  TEXHOJOTHMUECKHH  MOTeHLHa.
EcTecTBeHHO  3BYYHT  BBIp@KEHHE  «XHMHUKO-TEXHOJIOTMYECKHW», HO HE  «pHU3UKO-
TEXHOJIOTHYECKU». Bpems Brampum B (Gu3MKy TOraa, Korja '"ydeHus'" cTald co3/1aBaTh
CO3HATETbHO KaK WHCTPYMEHTHI B JTHUYECKOHW OOpnOe, TMOIb3ysAch aypod "HaydHOU
OecnipucTpacTHOCTH" Kak cpencTBoM mpuKpeiTHs. Kak yrBepkmator dusocodwl, @usuxy
MPAOUYUOHHO CUUMAailom Haykou o npupode. Ho peanvnocmu, noxazvieaem, umo 3mo He coscem
max. Quzuxa, 6yoyuu MOIbKO 4ACMbI0 KOMNJIEKCA 3HAHUL U MUp08, HA3bl8aeM0o20 HAYKOU,
HUK020a He CYWecmeosand u He cywecmsyem cama no cebe, 80 6ce 8eKd, OHA Oblid OCHOBOU
PeNUSUOZHBIX YYEHU, 8 CB0I0 0Uepedb AGNABUUXCA OCHOBOU 20CYOAPCMBEHHOU UOEOI0UU.

OeiiepabeH1 00BSIBUI HAYYHOCTh («CITMEHTHU3M») MpakoOecreM. To ecTh OH ajapecoBal
HayKe Te >Xe€ OOBHMHEHHS, KOTOphIE MpEkJe HayKa B CBOM «TepOMUYECKHI BEK» aJpecoBaia
uHctutyty llepkBu. Tenepp Deiiepaben Ha3zBal HayKy «HaubOojee arpecCUBHBIM U HamboJjee
JIOTMAaTUYECKUM PETUTUO3HBIM WHCTUTYTOM». W npyrue gpumocodsl-perasiTUBUCTHI (B XOpOIIEM
CMBICJIE 3TOTO CJIOBA) OTPULIAIOT CTPEMJICHHE HAayKH K OTKPBITUIO OOBEKTUBHOW MCTUHBI, OHU
paccMaTpuBalOT €€ BCEero JHIIb KaK eme OJHO COLMalbHOE sBIIEHHE, He Oonee
dyHaaMeHTaIbHOE, YeM KYJIbT IUIOA0POANS WIH IIaMaHCTBO.

Kcraru, B «reponuecknil Bek Haykm» — XIX Bek, CyllecTBOBaJIM IPaBHJA XOPOILIErO
TOHA YHHUBEPCUTETCKOM MeJaroruku, Hanpumep: mpogeccop He J0DKEH BBIXOAUTH Ha Kadenpy,
€CIIM HE TOTOB U3JIOKHUTH CYTh MpeasaraeMoi Teopun 6e3 odpalieHust K MaTeMaTHKe.

Bomnpeku pacripocTpaHEHHOMY YOEXKAEHUIO O «TOYHOCTH)» MAaTEMAaTHKH, JIETKO IMOKa3aTh,
YTO ATO Aasieko He Tak. Jlaxke Takoe nmpoctoe npeoOpa3zoBaHue YOSKIaeT HAC B ATOM.

1=VI=J/D(D)=v=T1+ V=1=ivi=i"=-1

Huxorna He OblIO, M 0 CHX MOP HET, CTPOTO JIOTUYECKOr0 0OOCHOBAHMS TEOPUHU ITUX
gucen. [loaromy dpannysckuii yuensni [1. Jlammac cauran, 94To pe3yabTarThl, MOIydaeMbIe C
MOMOIIbI0 MHUMBIX YHCeJl, — TOJIbKO HaBeACHUS, MPUOOpETaroNIfe JOCTOBEPHOCTD JIHUIIIb MOCIe
MOJTBEPKJICHUS IPSIMBIMU JI0Ka3aTeIbCTBAMHU.

I'oBopsT, 4TO ANis TOro, 4yTo OBl 3amMyTaThCS C TMOHATHEM O BPEMEHH, HYXKHO OBITH
JIOCTAaTOYHO YMHBIM, YTOOBI 3HATh, YTO YTO-TO HE TAK, U HEJOCTATOYHO YMHBIM JUIS TOTO, YTOOBI
HOHSTb, UTO K€ UIMEHHO He Tak. Ho 71e510 TyT He TOJIbKO B HEAOCTAaTKaX MHAMBUAYAIBHOIO yMa.
®u3zrka (He BCE 3TO 3HAIOT) — HayKa MeTposorudeckas. Ho, Tak clokuiaoch UCTOPUYECKH, HE
BCE UCIOJIb3yeMble B (PU3HKE MEPHI UMEIOT €CTECTBEHHO-IIPUPOIHBIN XapaKkTep, OTCI0/Ia B HEH U
nuzobunue (GopMmyl nepexofa OT HEECTECTBEHHBIX MEp K MepaM ecTeCTBEHHbIM. (DakTHUeCKH
U3MEpEeHNe BPEMEHHU CBS3aHO C M3MEPEHUEM JBIDKEHUSA. A JBUKEHHUE M3MEpSETCS ABUKCHHEM
(HarpuMmep, ABM)KEHHMEM 4YacoBOM crpesku). JlMHa - JUIMHOM, HampuMmep: [UIMHOM JIOKTS,
mmHoi crombl (¢dyr). Bec u3mepsiercst BecoM, 00bEM 00BEMOM U T.a4. MHade roBops,
€CTeCTBEHHO-TIPUPO/IHASL ~ KOJMYECTBEHHAsh OLEHKa JII00OH  MarepuaibHON CTPYKTYpHI



MPOU3BOJUTCS ATAJOHHBIM JJIEMEHTOM TOH e caMoi CTpyKTypbl. Ho, kTo-HHOynb u rae-
HUOYb u3Meps1 00bEM KoMHaThl KyOomkom? HeymoOHo, cormacutech. s HeWTpanu3anuu
YKa3aHHBIX HEYJAO0OCTB, €CTh MaTeMaTHuecKas MOJieJb BbIUMCICHHS 00bEMa Mapauiesenuneaa
Ha OCHOBAaHWHW JaHHBIX HW3MEpeHHs JIUH ero p&oep. JlroOwvie ¢opMynbl (MaTeMaTHYECKHE
MOJIeIH) B (DU3HKE PEIIAIOT MPOOJIeMBI, MOA00HBIE 3TOH mpobieme. OOIIEU3BECTHBIM SBISICTCS
¢dakT, 9TO0 BO BCEX HAYYHBIX OKCIEPUMEHTAX, B KOHEYHOM CYETE, MBI H3MEpsSeM TOJIbKO
MPOCTPAHCTBEHHBIE HMHTEpPBAIBl. HW OgHA W3 TakMxX BEJIMYMH KaK Macca, CHjia, JHEPTus,
DIIGKTPUYECKUI 3apsiji, BpeMs, UMITyIbC U T.I., HE H3MEPSAETCS HEMOCPEICTBEHHO. Bpems
NPOHUKIO B (U3MKY BMecTe ¢ ¢popMynaMmu. B mpupose ecTb ecTeCTBEHHbIE MAarHUTHI, HO HET
€CTECTBEHHBIX IH(epO1IaToB. 3aT0 MHOTO PEryIsSpHBIX IMUKIMUYECKUX ABMXeHui. Ho kakoe-To
W3 HUX JOJDKHO OBLIO B3ATO 3a oOpaser. Yackl, Kak mpuOoOp, MOAEIUpyrOT aBmwkeHrne ColHIa
BOKpYT 3eMJIH, KaJuOpOBaHBI 3TUM JBIWKEeHHEeM. B oTiaumume oT HeOocBoxaa, mudepOnar yacos
JIOCTYTIEH HAOMIOJIEHHUIO B JIIOOYIO MOTONYy U JHEM U HOYBIO, MOAENEH HAa PaBHbIE YacTU U T.1.
Opnako OYeBMAHO, HE Oyab B TeX MIMPOTaX, TAE 3apOJWIACh ITUBWIIM3AIMS, PEryISPHOTO
nBkeHust CosHIa Mo HeOOCBOTY, MPE/ICTABIEHUE O BPEMEHH HE CIIOKMIIOCH Obl M, BO3MOXKHO,
JTIOAM  TorAa Wik Obl Oojee cyacTnuBo. YenmoBedeckuit ym cnad, HO THOOK U, pazymeercs,
BCEr/la MOKeT 000CHOBATh, UTO BPEMS SIBIISIETCS «IIOJIE3HBIM MPEayOeKIeHUEM.

OCHOBOIi BCSIKOTO M3MEPEHUS] BPEMEHHU SIBJISAETCS TOUYHO MOBTOPSIOIICECs JIBHKEHUE, a
HocjeqHee yYalle BCero MPEJACTaBIISAETCS paBHOMEpHBIM BpamieHueMm. [lpu stoMm o
«PAaBHOMEPHOCTH» BpPAILLEHUS MPUXOIUTCS CYIUTh JIUIIb 110 HAILIEMYy YYBCTBY, HOO €ro crporoe
onpefiefiecHue — «paBHbIE YIJIbl B paBHbIE MPOMEKYTKH BPEMEHH» — YXKE MPEAnoiaraeT
HaJIM4Yue crnoco0a U3MEpeHus BpeMeHU. 3HaueHHe BPEeMEeHH, KaK OTHOUICHHE ABYX JIBUKEHUN —
U3MEPSIEMOTO U ITAJIOHHOTO — SIBIISIETCS, MO CYTH, BETUYMHON Oe3pa3smMepHOil. UTOOBI OTINYUTH
3Ty Oe3pa3MEepHyI0 BEIWYMHY OT JpYyrux Oe3pa3MepHBIX BEIWYHMH, PAJOM C 3alUChio &
BEJIMYMHBI JIENIACTCSl MPUMEUYaHUe — ceK. YTOIl — 3TO OTHOIIEHWE JJIMHBI JAYTH OKPY>KHOCTH,
OTPAaHUYEHHOM TOYKAMM IIepeceyeHussMU €€ IByMs paguycamu, K UIMHE paauyca. Takum
00pa3zoM, yrojl — 3TO OTHOIICHHUE JIBYX JUIMH, - BeIMUWHA Oe3pa3MepHasi, XOTsl, ISl TOTO, YTOObI
OTIIMYMUTH 3Ty O€3pasMEpHYI0 BEIMYMHY OT JApPYrux Oe3pa3MepHBbIX BEJIUYUH, PSAIAOM C eé
3HAQYCHHEM MHUINYT MpUMedaHue pao (panuan). YTomd, Kak ¥ BpeMs, Kak Jirodas Oe3pazmepHas
MepeMEeHHass HE MOXET MMETh HMCTUHHOM Jokanu3auuu. OHU naxke He HaxoauTcs y Bac B
TOJIOBE: €CIU 3TO TaK, TO OH TAaK)Ke HAaXOJUTCS M Y MEHS B TOJOBE, U B TOJOBE Y <JTO0OTO
MIKOJIbHUKA». UTO KacaeTcs MaHUMYISIUNA C Pa3MEpHOCTBHIO, TO, HANPUMEp, CHJIA TATOTEHUS
nosiBuiiack B pusuke uepes 3BT HeroTOoHA ¢ pa3MepHOCTHIO k2’ M2, oYTH HIYEro 06IIero He
MMEIOIIell ¢ PasMEpPHOCTBIO (ma) CHibl K2 M ¢-. OCoGEHHO MHE HPABHTCS KBaIpaTHBIN
kusorpamm! ITostomy, uto6s1 B 3BT pasmepHocTH IpaBoii U JeBOM YacTH COBMAJANIN, PEIIMIHA K
TPaBUTAIMOHHOM TIOCTOSSHHOW TMPHUKJIEUTh Pa3MEPHOCTh M kr' ¢ Kto-Hubynp moxet
OOBSACHUTH CAKPAIBHBIN CMBICT Pa3MEPHOCTH IPaBUTALIMOHHON TOCTOSTHHOMW ?

JlpeBHUE nAeKaleHThl OT (DM3MKH, HA310  ApXuMeny, MOAMEHHIN MOHSATHE MPOCTOTO
nepeMenieHnsi 00bEeKTa, KOHKPETHO IEpEeMEIIeHHE IO  3€MHOM IOBEPXHOCTH, MOHATHEM
«Bpemenny. JlpyruMu cioBaMu, HaONIOJAaeMOE IMEpPEMEIICHUe TEHH OT MaJKH B COJIHEYHBIX
yacax, MpOCTble METPbI, OHU MOJMEHWIN «Jacamu»! 3adueM ObUIO BpaTh, YTO MPOILIO 2 Yaca,
BMECTO TOTO YTOOBI YECTHO CKa3aTh - MPOILIO 2 CAHTUMETpPA Ha HalleM OyauibHUKe!

HopMmanbHbie pu3HKN, KOHEYHO, TOHUMAIOT, YTO BCE YAChl U3MEPSIOT JJIMHY, TOYHEE —
OTHOILIEHHE JIBYX JUIMH, a HE BPEMsi, HO JIEBaThbCA-TO yXKe HE KyJla - BCE TaK 3aIyTajocCh.

YyBCTBO BpeMeHH - MOOOUHBIN 3((HEKT U3MEpEeHUs: IBMKEHUS JIBIKEHUEM, CBS3aHHBIN C
JIBM>KEHUEM MBICIH B MTPOIIECCE 3TOTO U3MEPEHUS.



1-it 3akoH moHanoOwics HpIOTOHY TONBKO A TOTO, YTOOBI XOTh Kak-TO OOOCHOBATh
BBeneHne noHatus abcomotHoro MATEMATHUYECKOI'O BpeMeHH B CBOIO —HATypaJIbHYIO
bunocodpuro. — Abcorromuoe, ucmuHHoe, Mmamemamuyeckoe 6pems camo no cebe U no
camotl ceoell cywHocmu, 0e3 6CAKO20 OMHOWEHUs K UeMmy-1ubo GHeuiHemy, npomexaem
PABHOMEDPHO U UHAYe HA3bl8aemcs OaumenbHocmvio”’. A nepBelii  3akoH  HbroTona:
— Beakoe  meno npodonxcaem y0epicusamupcs 8 C60EM COCMOSHUU NOKOS U PAGHOMEPHO20 U
NPAMOIUHEUHO020 OBUNCEHUS, NOKA U NOCKONILKY OHO He NOHYHCOAeMCs NPUTLONCEHHBIMU CULAMU
uzmMeHums 3mo cocmosauuel, HoO 3TO naxe HE TUIOTE3a, a HUYeM (PU3MUYECKH HE OIKPETIIEHHBIH
noctynar. IToT noctynar HelooToH, mokanyid, mo3auMmcTBoBan y ['anuiesi, KOTOpbI MepBbIM
u3ydan JBUKCHHE TPOOHBIX Tell y TOBEPXHOCTH 3eMIIM M TPUIIEN K 3aKIIOYCHUI0 O
CyILIECTBOBAaHUM YCKOPEHHOIO M 3aMEJIEHHOI'O [IBM)KEHHMM, a MO3TOMY U MOCTYJIHPOBAJI B
Ka4yecTBe MepPexX0oJJHOr0 PaBHOMEPHOEe ABHMKEHHE, KOTOPOro M He Hal/moaaja. B vactHoCTH,
nepexo/i OPOIIEHHOTO BBEPX MPOOHOTO Tella y MOBEPXHOCTH 3eMJIM OT 3aMEJIJICHHOTO JBUKECHHUSI
K JIBUYKEHUIO YCKOPEHHOMY MPOUCXOJUT B TOUKE, & HE HA YACTH TPAEKTOPHUM €ro ABrxkeHud. U,
[I03TOMY, a0COIIOTHOE MaTeMaTHueckoe BpeMsi HploToHa, Kak mapameTp, IPUMEHUMO B TOJIHOM
Mepe TOJIBKO K aOCTpakTHOMY MATEMATHYeCKOMY PaBHOMEPHOMY JIBHKEHHUIO, U, B KaKOWU-TO
Mepe, K ABWKECHUSM, JIMHEMHO K HEMY CBOIAIIUMCS. VI HENMHENHO pa3BUBAIOLIMECS MPOLECCHI
10 3TOM MPUYHMHE HE UMEIOT BPa3yMUTEIbHBIX MATEMATUUECKUX MOJIEIICH.

Bo B3aumoaeiicTBytomei CUCTEME U3 JBYX W 0Oojee BEHIECTBEHHBIX TeJl, |
«MaTepHaIbHBIX TOYEK», HE MOXKET ObITh PABHOMEPHOTO U MPSAMOJIMHEWHOTO IBHKEHUS JaXkKe B
TOM CJIy4ae, €ClIi OHM PacIloJIOKEHbI Ha 0JTHON MpsiMoii. TyT 00bIYHO OcTaéresl «3a KaaApoM» TO,
YTO YCKOpSIEMOE TEJIO HapalluBaeT CKOPOCTb JBW)KEHHUS U, CIIEOBATEIbHO, UCTOUYHUKY CHJIBI
JUISL COXpaHEHUsl MPUKJIAAbIBAEMOT0 YCUJIUSL MPUXOJIUTCS CaMOMY TaKXKE YCKOPSATHCS, TO €CTh
pasBuBaTh Bc€ Oonbinyro MontHocTh (F*V), noronsis (meperonsisi) pasronsiemoe Teno. Ho, Benp,
U pa3roHsIoNIee TeI0 KaK-TO HY)KHO Pa3TOHSATh, U T.J. 10 OECKOHEYHOCTH.

CoBpemMeHHasi HayKa BOBCE HE CTOJb TPYJIHA U HE CTOJb COBEPIIEHHA, KaK CTPEMUTCS
BHYIIUTh HaM IpornaraHja Hayku. Takue e€ oOjacTH, Kak MeAMIIMHA, PU3UKA WX OUOJIOTHs,
KaXyTCA TPYIHBIMH JIMIIb MOTOMY, YTO MX IJIOXO MPENOJAAI0T, MOTOMY YTO CYIIECTBYIOIINE
yueOHbIe pa3paOOTKH MOJIHBI JIMIIIHEr0 Marepraia. Bo Bpems BOMHBI, KOrja Jisl aMepUKaHCKOM
apMHUH OTPeOOBAIOCH 3a KOPOTKOE BpEMS MMOATOTOBUTH MHOTO Bpayeil, 0Ka3anaoch BO3MOXHBIM
CBECTHU BCE MEIMIIMHCKOE 00pa30BaHUE K MOJIYroA0BOMY 00ydeHHt0. OHAKO COOTBETCTBYIOIIHE
y4eOHUKH JaBHO MCYE3JIH, MOCKOJIbKY BOBPEMsI BOMHBI HAYKY MOXKHO YIPOCTHTH, a B MHUPHOE
BpeMs IPECTIK HayKu TpeOyeT OomnbIoil cioxuHocTH. KeTatu, mocne BOMHBI, MOJrOTOBICHHbIE
TaKUM CIIOCOOOM BpadM, OKa3aJIMCh B YUCIIE TYUIIUX.



