[Ilpe3eHTaumnsa no TemMe: JHeprug

NONXKKUH M. 7 «r»



O0LLee onpeneneHmne aHeprun

« CKkandapHaga pusnyeckas BesIM4nHa,
ABMIAOLWAACH eAUHOUN Mepon
Pa3/INYHbIX POPM ABUXEHUNA MaTEpPUK
N Mepon ABUMXEHUS nepexona
MaTepun U3 oAHNX GOPM B ApPYrux.
BBeaeHne NoHATUA 3Heprmm yaobHo
TeM, YTO B C/lyyae, ecnu punsnyeckas
CUCTeMa sBNAeTCHd 3aMKHYTOW, TO €€
SHEpPrmsa CoxXpaHseTcss BO BPpEMEHMN.




OOPMbIl SHEPT A

i DHeprus nposiBAAETCHA B Pa3IUYHbIX
bopmax. [lee oCHOBHbIe pOpMbl

2HEPIrMU — KNHETUHECKAaA U
noteHumnanbHasa obbveauHeHbl OAHUM

CNIOBOM — MeXaHUN4YeCKdaA.

CylluecTBYeT TaKXXe TenaoBas,
XUMUYecKas, a/leKTpuyeckas u
aApyrue bopMbl 3HEpPrun.




dopMbl 3HEPrnK

KnHeTtmnyeckasd
SHEepPrmnda- aHeprus
MeXaHN4YeCcKou
CUCTEMbI, 3aBUCSALLLASA
OT CKOpOCTeN

AU SIMSIERI]HEK

SHEepPrusi- cKkaJisspHas
dbunsnyeckas
BE/INYMNHA,
XapaKTepusytoLlas
CNOoCObHOCTb HEKOEro
Tesla coBepllaThb
paboTy 3a cyeT ero
HaXoXXOeHna B none

= [ EnJIoBas 3Hepruga-

dopma aHeprum,
CBSI3aHHada C
ANBNXXEHWEM aTOMOB,
MOJ1IEKYNT UN APYTUX
4aCTUL, N3 KOTOPbIX

AW Ia"SHCprna-
SHeprus,
coAepixallascs B
aTOMHbIX SApax
BblAeNseMas npu
SAEepHbIX peakumsx.



OOPMbl SHEPI U

r KnHetTndyeckas
SHEPrma — 3TO
SHEPrma ABMXEHUS

[ToTeHuManbHas
SHEPIrna — 3TO
SHEPrums
B3aUMOAESNCTBUS
NI SHEPTUS
NOSOXEHUS.




[loTeHUManbHaa aHepPrug.

[ToTeHumnanbHOW
SHeprmen Ha3bIBaeTCH
SHeprus
B3aMMOAENCTBYOLLNX
Ten UNn Yyacrteu
OZHOr0 U TOro Xe
Tena. lNpunHaTo
pa3nnyaThb
NOTEHUMANbHYO
SHEepruto Tern,
HaxoasaLuxcs noa
NencTenem
rpaBUTALLMOHHbBLIX CUJI,
CUNbl YNPYrocCTHy,
apxXmuMenoBon CUJbI



[lpumep oencTtBma NOTEHLMANBHOU
QHeprmu
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[lpumep oencTBma TeNOBOU
QHepruu
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3aKOH COXpaHeHUA MeXaHUYEeCKOW SHEPrUn

3aKOH  COXpaHeHHSA  MeXaHH4YeCKOH  JHepruM
VTBEPKAAET, UTO B OTCYTCTBHM CWI TPEHMS IOITHAS
MEXaHUIECKasd SHEPrusi 3aMKHYTOM CHCTEMBI Tell He
M3MEHSETCS.




« Cuna npounssoanT paboTy, Koraa
3acCTaBfsieT ABUraTbCs Teno onpeaeneHHomn
Maccbl. PaboTa -3To npouecc
npespawieHns oagHON POPMbl SHEPIr1n B

APYTYIO.

« Korpa yenosek naeT, MblllLbl HOT
NnoTpebnsAtT XMMNYECKYIO SHEepPrmo us3
KPOBU MU COBepLUAT MEXaHNYECKYHO
paboTy. [lpn 3TOM yBennumnBaeTcs
KNHeTn4yeckasl aHeprusa (aHeprus
ABNXeHNs) YyesioBeka.



BOIMNPOCbI HA SACDITKY

« BOT 0AMH BOMpPOC Yero MHorne He
3HaAOT 0 eAnHuLe paboTbl. YTo Takoe
KnnorpaMmmoMmeTp?

« [IpeaBapuTenibHbIN OTBET: paboTa
noaHATUA 1 KnnorpamMma Ha BbICOTY 1
MEeTp.

« /1 3TOT OTBET HEBEPHbIN...CMOXET NN
KTO-HNBYAb OOBACHUTb MOYEMY 3TO
TakK?



« laKoe onpeaeneHne paboTbl oueHb MHOIrne
CYMTAIOT McUyepnbiBaoLWmMM, 0CO6EHHO ecnu
NnpnbaBnTb K HEMY, YTO NOAHATUE
NponcxoamT Ha 3eMHOW MOBEPXHOCTMN.

« ECnun Bbl yooBneTBopsieTecb npuBeaeHHbIM
ornpeaeneHneM, To BCeEM BaM MOJIE3HO
bynet pa3obpaTtbCs B cfieayloLlen 3aaa4e
COCTaBJ/IeHHOW 3HaMeHuUTbIM npod. O./.
XBOJIbCOHOM B O4HOM MaTeMaTU4E€CKOM
XXYypHarne.



3agadva XBosbCoOHa

« /13 BepTnkasibHO NocTaB/IeHHOW
NyWwKn AJIMHHOMW 1M BblJieTaeT a4apo
BecoM 1Kr.

« [lOpOXOBble ra3bl AEeNCTBYIOT BCEro
Ha pacCTodAHUN 1M,

» [AK KaK Ha BCEM OCTaJ/IbHOM NyTH
a4pa AaBfeHune ra3oB paBHO HYJHO,
TO OHW, cneagoBaTesibHO, NoaHANU 1
K Ha paccTtoaHue 1Krm. Heyxenun mnx
paboTa cTo/Ib Mana?



« BbyZlb 3TO Tak, MOXXHO 6b1/10 6bl
obxoanTbca 6e3 nopoxa, MeTas a4apa
CMNon YyenoBeyecknx pyk. OyeBuaHo,
npn NnoaobHOM pacyeTe aefiaeTcs
rpybas owmnbka.

« HO Kakag xe?
s OB6BSACHIO...



« OWKMbKa Ta, UTO yUUTbIBaAS
BbINOJIHEHHYIO paboTy, Mbl NPUHANN
BO BHMMaHMe nnilb HEOONbLLYIO eé
NoJs1t0 N npeHebpernn camou rf1aBHoOu
4acTblo. Mbl HEe y4ynu TOro, 4To B
KOHLIe CBOEro nyTun no KaHany
CHapsa obsiagaeT CKOPOCTbIO,

KOTOPOW Yy HEero He 6b1/10 A0
BbICTpena.



KaKk Npon3BEeCTU KMNOrpaMMOMETP
paboThl

« HMKaknx TpyaHoCTeN, Ka3anochb 6bl,
TYT HET: B34Tb N'Mpio B 1Kr U NOAHATb
Ha 1M.0O4QHaKO C Kakou CUJION HaAao
noaHMMaTb rmpto? Cunnon B 1kr el He
NOAHATH.

« HyXHa cmnna 6onbllue 4YeM KUIOrpaMm:
M36bITOK 3TON CUJ1bl HAZ BECOM rmpwm
N ABUTCS ABUXYLLUM YCUTUEM.



« HO HenpepbIlBHO AenCTBYyOLWas cuna
AO0/HKHa coobWmnTb MOAHNMAEMOMY Ipy3y
YCKOpPEHME; NO3TOMY rMps Halla K KOHLUY
noaHaATUS 6ynet obnagaTb HEKOTOPOU
CKOPOCTbIO, HE paBHOWM HYIJ1O,- @ 3TO
3HAYUNT, YTO BbINO/IHEHHAs paboTa He 1KT,
a 6onblue.

» Kak e noctynutb, YTobbl MOAHATUEM
KnnorpaMmmMoBon paboTbl Ha 1M BbINOJIHUTL
POBHO 1KrM paboTbi?



« [1lOAHMMATbL FMPIO MOXXHO TAaKUM
obpa3oM. B Hayane nogHATUA HaAO
NaBUTb Ha rMMp CHU3Y C CUIOU
6onbwe 1kr. CoobwmB rmpe
HEKOTOPYH CKOPOCTb MO
HanpaB/EHUIO BBEPX, creayeT
YMEHbLUNTb UJIN BOBCE NMPEKPATUTDb
NaBNeHne pyku n npeaoctaBuTb rmpe
ABUraTbCs 3aMeasieHHO.



@
MEXAHHKA
KurHeTHuecKkas sHeprus
MOCTYHNATEABHOINO ABHMMEHMS
SHepzus MexaHu4YecKko20 GeUXeHUS

Kuuemqec«an aHeprun PaGora, xoTopyio MoWeT
= COBOPWHTEL ABMKYLIGOCA TENO

ot
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Mpupawenne PaBora,
KMHETHUYECKON JHeprum COoBeplWweHHaAn Hag Tanom
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MexaHn4yeckasa aHeprusa ang
HaHobaTapeek

« MN306peTeH UCTOUYHUK SHEPrMn pasMepomMm C
KaHUeNndapCcKy ckpenky. lNpu cxatunmn, Tpacke nnu
crmnbaHun OH BblAendeT HanpsXxXeHue,
aHanornyHoe 6atapenku AA.

=« MaTepuanoBeneHus TexHOJIOrMYecKoro MHCTUTYTA
wtata xopaxuna XoHr JInH BaHr n ero
nccrieaoBaTesibCKkas rpynna cosaanuv asa obpasua
cBepXMasblX UCTOYHUKOB aHeprumn. OHU
npeacTaBnsitoT cobon rmbkme nNnacTuHbl U3 OKCUAA
LMHKA B N1acTUKOBOW 060n04YKe, KaxKabln
pa3MepoM He bosblle KaHUEeNndapCKoOM CKpenku.
[Ipn nerkom cxkatum nnactuHa aaet 0,24 BonbTa
HanpsXXeHus.






[lopLLUHEBOW OABUraTenNb
BHYTPEHHEro cropaHus

« JBUraTesnb
BHYTPEHHErO
CropaHus. TennoBas
SHEeprus, 3a cyeT
PDACLUMNPAOLWUNXCS
rasos,
o6pa3oBaBLUNXCS B
pe3ynbTaTte CropaHus
TOM/nBa B 3aMKHYTOM
0bbEMe,
npeobpasyeTcs B
MeXaHNYeCKYHo
paboTy
NoCcTynaTenbHOro




BeTpaku- oT MexaHn4ecKou
QHEPInn K aNeKTpn4eckou

« Nepexon oT
MCKOMaeMoro TonJmBea
K "UNCTOWN" aHepreTuke
B paMKax 60pbbbl C
N3MEeHeHUeM KnMarTa.
B naHHOW oTpacnu
SHeprus
BbipabaTbiBaeTCH
NnocpeacTBoM
BETPO3HEpPreTU4YecKmnx
YCTAQHOBOK - MAlLUWH,
KOTopble npeobpasytoT
SHEepruIo BeTpa B
MeXaHU4YeCKYIo
SHEepruio.







BeTpoBagd 3apagka angd iPhone

« OuyepenHas
HeobblYHaa 3apsaKa
ana iPhone Hocut
Ha3BaHue iFan u
npeacrasngdeT coboun
"BeTporeHepartop",
KOHBEPTUPYIOLL NN
MeXaHUYeCKYIo
3Hepruro (BpalleHune
nonacTten) B SHEpPruio
3/1eKTPUYECKYIHO.
BeTtep ayet - iPhone
3apsKaeTcs.




be3 TonnnBHOE MexaHu4yeckoe
MHHOBALIMOHHOE TPaHCNOPTHOE CPEACTBO
nepenBM>XeHNs1 HOBOIO MOKOSEHUS.
Bo3MOXXHO J11 Takoe?




Konbloenb HebloTOHA

= WINOCTPUPYET
3aKOHbl COXPAHEHUS

UMMYJibCa U

COXpPaHEHNA SHEPTINIA

Konbi6énb HbloTOHA
(MafATHUK HblOTOHA)
— MexaHu4yeckas
cucrema, npnayMaHHas
icaakoM HbIOTOHOM
ONns AeMOHCTpaLuuu
npeobpa3zoBaHuns
SHEPrumM pasfmnyHbIX
BMOOB APYr B Apyra:
KUHETUYECKOWN B
NOTEHLIMANBbHYIO U
Haob6opoT. B
OTCYTCTBUE
NPOTUBOAENCTBYOLLNX
cun (TpeHusa) cucrema
mMorna 6bl 4eNCTBOBATH
BEYHO, HO B




Collision Balls,

B konbibenun HeloTOHa NepBbIv WapUK Nnepeaaér nMnynbe
BTOPOMY LUApPUKYy U OCTaHaBnmMBaeTcsa. Mbl He BUAMM, KaK
BTOPOM LUAPUK MOJsIy4aeT nMNyJsibC OT NEPBOro, He «BUAUM>
ero CKopocTtb. Ho, ecnu npucMoTpeTbCs: WapuK 4yTb
3aMeTHO «B34parnBaeT», TO eCTb OH ABUXETCH C
NOJTIYYEHHOW CKOPOCTbIO, HO HA MAaNIEHbKOM MNYTU «U3-3a
TECHOTbI». HO OH ycneBaeT Ha 3TOM KOPOTKOM MyTU OTAATb
MMNYbC TPETbEMY LIAPUKY U OCTAHOBUTLCS. TO Xe C
TPETbUM LUAPUKOM U T. A. [locneaHnin Wwwapuk He nMeeT
nepen cobomn, KoMy nepenatb CBON MMMNYJSbC, NO3TOMY
CBO6OAHO ABUXETCS, MOAHMMANACh HA BbICOTY h, 3aTeM
BO3BpallaeTCs, U BCE NOBTOPSAETCH B 0bpaTHOM
HanpaBJ/IEHUU
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3. SAKOH COXPAHEHVMA N
NMPEBPALLEHWMA ODHEPITVMINM

IANOH COXPAHEHMA MEXAHMYECKOWM SHEPTMM — NONHAR
MEXAHMHECKAS SHEPIMA OCTAETCSH NOCTOSHHOW, ECNMM OQEACTEYIOT
TONBKO CHANE YNPYTOCTHM M OTCYTCTEYROT CHMNEl TRPEHMNA

FE = E.; -+ En = cornst

SAKOH COXPAHEHMA M NPEBPALLLIEHMA SHEPITVMMM — BO BCEX \ABNEHMAX
NMPOMCXOOAUIMX B NPMPOLOE, DHEPIMMSA HE BOTHMKAET M HE MC4YESAET.
OMHA TONBXKO NPEBPALLLAETCH M3 OOMOIro BanMaAa 8 OAPYITOM, NPWM 3TOM EE
SHAMEHME COXPAHRETCH
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K « KiHATIECKAA Sneprun rana, Lk
M= WECCA, KT
V= CKOPOCTS ASHABMHR TANA, M/







[lpeBpalleHne aHepru

Fre

> rpadvk 3aBUCUMOCTM
NoTeHUManbsHoM 1
KWHETUYECKOW SHEPTUN
NPY>XMHHOIO MasTHMKa OT
KOOPAVHATHI X.

KayecTBEHHbIE rpaduKin
3aBUCMMOCTEN
KUHETUYECKON U
NoTEHUMansHOW SHeprn
OT BPEMEHM.

Vf

SHEPIMA KONEBATE/IbHOIO ABUXEHUS

MpAMO NPONOPUMOHANBHA KBAAPATY AMNANTY AN
2
Hanpumep, aHeprus konebanui NPYXMHHOrO MasTHuka W = ’%‘L
Mpw kONEeBaHMAX NPOUCXOAAT NPEBPALUEHUS KMHTUNOCKOR aHeprun Wy
8 notexumansHyio W, u o6parwo.

2 2
kxy  muy

B orcyTcTame cun tpewns Wy, + W, = const. Cneposatensho, =2 "3




[Mpumepbl NPUMEHEHUA 3aKoHa
COXPaHEeHUsI 3HEPTnum

muv?
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Ilomenyuansnas 3nepzus
meiia, NOOHSAMO20 HAO
3eMjiell nepexooum 6
KUHeMmu4ecKyo

Ilomenyuansnas snepzus

oehopmuposanrozo mena
nepexooum é
KUHemu4ecKyro




