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E wumameanmn pyccrozo uzdanus

ATo meRuuu 1o obmell (usumKe, KOTOpHe YuTanl (u3MK-Teope-
tak. OHE COBceM He MOXOKU HU HA OJUH W3BECTHHI Kypc. ITO
MO;ReT IIOKA3aThCHd CTPAHHBIM: OCHOBHBIE TPHHIHUIL KjJaccmye-
cKofi pMBUKH, Ja M He TOJIBKO KIACCHYeCKoH, HO ¥ KBaHTOBOI,
IABHO YCTAHOBJIGHH, Kypc oOme#l OH3NKE TYHTaeTCA BO BCEM
Mupe B THcA49ax yd4eGHbIX 3aBelleHUil yyKe MHOTO JieT W eMy Iopa
NpeBpaTUThCA B CTAHAAPTHYI0 IIOCHEeTOBATEIbHOCTh M3BECTHHIX
dakTOoB M Teopuii, momoGHO, HaIpUMep, dIEeMEHTApHOH reoMeTpHy
B mkoae. OgHaKO Oajke MaTeMaTHKH CYUTAOT, YTO KX HAYKe
HAA0 y4UTh HO-gpyromMy. A ym 0 (H3UKe W TOBOPUTH HEYEro:
OHa CTOJIb WHTEHCHMBHO pasBHBaeTcd, 4TO fgaje Jydmue meja-
TOTH BCE BPEMA CTAAKHBAKTCA ¢ GOJMBUINMHU TPYAHOCTAMH, KOLIA
UM HaJg0 paccKaseBaTh CTYAEHTaM O COBpeMeHHoH Hayke. OmHn
RATYIOTCHA, 9TO HM HIPHUXOZUTCHA JIOMATh TO, 4TO IPUHATO HA3H-
BaTh CTAPHIMHM HMJIM MPUBEYHBIMH nbencraaneunﬂMH. Ho orryna
OepyTcsa mpuseaHble ppegcTaBieHusa? OOHYHO OHH MONAJAlT B
MOJIOHE TOJIOBH B IIKOJE OT TAKHX jKe NeJaroroB, KOTOpHE
moToM OGyayT TOBOPUTH O HETOCTYOHOCTH UAEH COBPEeMEeHHOMH
sayru. [losTomy mpesae deM momodTH K CyTH fiejia, TPUXOTUTCA
TpaTuTh MHOTO BPEeMeHH Ha T0, 9ToOn yOeauTh caymarteied B
JO0KHOCTM TOTO, 4YTO OHIIO paHee BHYHICHO UM KaK OYeBHIHAA
M HempelXoKHasg HcTuHA. DbBrmo 6K AHKO CcHagajJa paccKa-
BHBAThH IMKOJIBHUKAM «JAA IIPOCTOTHY, dYTO J3eMIA IJIOCKas,
a TOTOM, KaK OTKDHITHE, coo0marh 0 ee mapoobpasHOCTH. A Tak
An flaneK oT 3Toro abcypAHOTO IpUMepa TOT IyTh, IO KOTOPOMY
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6yaymue cOemMAaINCTHl BXOJAT B COBPeMeHHBIT MHp Haeil Teopuu
OTHOCHTEIBHOCTH M KBAHTOB? OClHoKHAeT Ael0 TaKMXKe TO 00CTOA-
TN LCTBO, UYTO OOJBHEH YacThio JEKTOp M CIYIIATe N — JIOAH
PasHHX IOKOJCHHI, M JEKTOPY OdeHb TpyaHo yHTH OT coGJasHa
BECTH cJayIlnaTeleil ToIl 3HAKOMOH m HapgeskHoil goporoii, o KOTO-
poil OH caM B CROE BpeMs JOUIEN IO ;keJaHHLIX BpicoT. OjHAKO
cTapas jopora He Be4Ho ocTaeTca gaydmmeii. Muzura pasBuBaercd
OueHbL OLICTPO, W, 4TO0B HE OTCTABATh OT Hee, HAJ0 MEHATH Y-
TH ee u3yueHus. Bce coriiacHel ¢ TeM, uro Qu3mRa — o/(HA H3 Ca-
MBIX WHTEpeCHHX HaykK. B To ke BpemMs MHorme yIeOHIKH
GUBNKY HUKAK HE HAZ0BCUIL HHTEPECHHIMH. B Takux ydeGHUEAX
M3JI0;keHo BCe, 9T0 clieayeT mo mporpamue. Tam ofsiuHo 06BsC-
HAeTcd, KaKyl0 I0Ab3Y IPUHOCHT (u3uKa H KaK BayKHO ee H3Yy-
9aTh, HO U3 HUX OYEHBH PEIKO MOMHO HOHATH, HOYEMY 3aHUMATHCA
¢u3uKOH uHATEepecHO. A Befb 3Ta CTOPOHA BONpOCA TOMKe 33CTY-
JRUBaeT BHUMaHHSA. INak Ke MOMKHO CHe’JaTh CRYYHHII Irpefner
A HHTEePeCHHIM # coBpeMeHHBM? OO 39TOM HPEIRIC BCETO JOIKHEL
HOAYMATh Te (U3HRHE, KOTOpble caMu paboTaioT ¢ yBiedeHHEM
A yMewT mepejiaTh 3To yBiaeueHme xpyrum. [lopa sxcmepuyenTon
yae Hacrymnuia. Ilexs ux — madirn Haubomee sdderTuBHLIE CIIO-
co6nl 00yuyeHns dusure, KOTOPHE MO3BOAMIN OB GBICTPO Iiepefarh
HOBOMY IIOKOJEHWIO Bech TOT 3amac 3HAHWH, KOTODHIT HAaKoIJIeH
HayKoi#l 3a Bclo ee mcropmio. [loucku HoOBRX myteil B mpemopasa-
HEU TaK}Ke Bcerjga ObLIM BaykHOM wacThio Hayku. llpemogaBanue,
clIenyd PasBUTHIO HayKH, ZOJRHO HENPEPHIBHO MEHATH CBOU (op-
MBI, JIOMaTh TPAJHUINK, HCKATH HOBBIE METO/BL. 3/IeCh BKHYI POJb
HUI'paer TO oBCTOATENIBCTBO, UTO B HAYKE BCE BPEMA IIPOHMCXOIAT
YAMBUTENbHHI NPOTECC CBoeo0pasHoro yupomeHns, KOTOPUil 10-
3BOJIAET HIPOCTO W KPATKO MBJIOMKHUTE TO, YTO KOTAA-TO HOTpeGOBa-
70 MHOTO nieT paboTH.

UpesBpruaiiio MHTEpPECHAA IIOIBITKA B 9TOM HAIIPABIASHUHW GLINa
mpeanpuaara B Haamdpopruiickom Texmomormweckom wuHCTHTYTe
(CHIA), rotopmit cokpamento HazpBawT HAJITEX, rge rpynma
npoeccopoB U IipemojaBaTesiell mocie MHOTOYHCIEHHEIX JHCKYC-
cuii pazpaboTana HOByl0 mporpammy no obmeill ¢usuxe, a oguH
U3 YYaCcTHHUKOB BTOH IPYINISI, KPYIHBIN aMepHKaHCKUH Qu3nk Pu-
qapn OeitEMaH, NpoUesa JeRIUA.

Jleknun QeiiHMana OTINMYAIOTCA TeM, 9TO OHHM 00pameHsl K ¢ly-
MaTeN, KUBYymEMy Bo BTOpoH nonosuHe XX BeKa, KOTOPHI yike
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MHOTOE 3HaeT uaHM casimaji. [[osToMy B JAe#uMAX He TPATHTCH
BpeMsA Ha o0biACHEHHE (y9YeHHIM S3BLIKOM» TOTO, 4TO W TaK H3-
BECTHO. 3aTO B HUX yBJEKaTelbHO PAacCKAa3HBAETCsA, KaK YeTOBEK
M3ydaeT OKPYIKAIYI ero IPUPOAY, O AOCTHTHYTHX CETOXHA Ipa-
HULAX B HO3HAHWH MHpPA, O TOM, Kakme mpobjeME HayKa pemaer
cerofusa u 6ymeT pemaTh 3aBTpA.

Jlexmum antanuch B 1961—1962 u 1962—1963 yuebunix rogax;
OHN 3aINCHBalHCh Ha MAarEUTOQOH, a IOTOM (M BTO OKAa3alNoch
caMmo 1o cebe TPyAHOH 3afavel) «OepPeBOANIUCHY HA «IUCHMEHHLI
arTaniicknity npogeccopamu M. Coangcom u P. Jleittosom. B stom
cBoeoOpasHOM «IepeBojiey coXpaHEHH MEHOTHE 0oCOOEHHOCTH RKUBOM
peun JiIeKTopa, ee JKUBOCTh, HIyTRM, orcrymienua. OmHako aTo
O9eHb IIEHHOE KAYeCTBO JOKIUI OTHIOHD He OO TJAABHBHIM H Ca-
MopoBaelomuM. He MeHee BayKHHIM OblAd CO3TAHHBIE JEKTOPOM
OpHUTHHAJILHbIE METOIBl MOJaTH MATepHaja, B KOTOPHX OTpasuiach
sApKas HayYHad WHINBHIYAIbHOCTH ABTOpA, €ro TOYKA 3pPEHUA Ha
nyTta o0yueHHA CTyMeHTOB QH3HKRe. JTO, pasymeercs, He ciaydaii-
HO. M3BecTHO, 4TOo W B cBoMX HayuHbIXx paborax (DeilmMan Bcerga
HaXo/ilJi HOBHIE METOMbi, KOTOpHE OYeHL OHCTPO CTAHOBUINCEH 00-
menpuaATsMu. Paborn QDefiaMana mo KBaHTOBOI pIeKTPOJUHAMHUKE,
CTATHCTHKE NPHHECIN eMy [MHUpoKoe NpHaHAHME, & ero MeToj —
Tak HasbBaemble «guarpammbl DelfHMana» — ucHONB3yeTCA ceiidac
IpaKTHYecK BO Bcex o0iacTAX TeopeTHdecKoil pusnKm.

Yro 661 HI ropopuin o6 ITHX AEKUUAX — BOCTOPTANNCH CTH-
JeM WBJAOKEHHS MIH COKPYIIAJNch IO TOBOAY JIOMKH CTapHX
ao6peix Tpaamuuil,— ogHO ocTaercsa GeCCHOPHHIM: HAJ0 HAYMHATH
mejarorugeckie oneTel. HaBeproe, He Bce corJacATcA ¢ MaHe-
poii aBropa M3jaraTth Te HJIM WHHBE BOIPOCH, He BCe COTJIACHT-
csl ¢ OIeHKoOH 1exedl u mepcmexTuB compemenHoit ¢usuru. Ho
BTO LOCTYsKUT CTHMYJIOM K IIOABJIEHUI0 HOBHIX RHUT, B KOTODPHIX
[moJay4ar oTpaskeHne APYTHe B3TJAAAbl, JTO U eCTh IKCIePUMEHT.

Ho Bompoc cocrouT He TOABKO B TOM, 9T pacckassiBatb. He
MeHee BasKeH 1 J{pYrofl Boupoc—B KaKOM HOPAAKe 3TO HaJlo IeJarTh.
Pacnonosxenune pasmesioB BHyTpH Kypca ofme#t GuauKU U mocje-
NOBaTENbHOCTh HMBJOKEHUA — BONPOC Beerja ycioBHbH. Bce 1a-
€T HAYKU HACTONBKO CBAZAHEL APYT ¢ APYTOM, 9TO 9acTO TPYAHG
pemuTh, 9T HAM0 H3TAraTh CHAYaJda, a yTd MOTOM.

OpEako B GOJNBIIMHCTBE BY30BCKMX HPOTPAMM H HMEIMIHXCA
y4eOHMKOB OO CHX LOpP COXPAHAITCA OupefleseHHHEe Tpaguiiui.
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OTKaz OT UPHBBIYHON DOCTETOBATEABLHOCTH W3I0KeHHA — OJHA
M3 OTIHYUTEJABHEIX OcobGeHHOCTEH (eHMAaHOBCKEUX jeKmuil. B HEX
pacckasaHo He TOJbKO O KOHKPETHRIX 3ajadax, HO W O MecTe, KO-
Topoe saHMMaeT UBHKA B pAge APYrUX HAYK, O HyTAX ONUCAHUA
1 M3yYeHUA ABJeHUH mpupomsl. BepoATHo, mpemcTaBuTen Ipyrux
HAYK — CKa)KeM, MaTeMaTHKH — He COTJAcATCA ¢ TeM MecTOM,
KoTopoe oTsoputr aruM Haykam Deitaman. as Hero, Kar ¢usuka,
«CBOS» HAYKA, KOHEYHO, BHIAALNT caMoli raasHoit. Ho sro o6eTos-
TEILCTBO HE 3aHHMaeT MHOTO MecTa B ero H3JIOKeHuu. 3aTo B ero
paccKasze APKO OTPAsKAOTCA Te NPHYIAHKE, KOTOPHE IOBYKAAT
dbusmka BecTu TANEAY palboTy HCCHENOBATElNA, & TAKIKE T€ COMHE-
HUSA, KOTOpHE y HEero BO3HMKAIT, KOTJa OH CTANKHBAETCH ¢ TPY/-
HOCTAMY, KOUKYMUMHCH ceifgac HEIPeoJoINMBIMA.

Monogoit ecTecTBOMCHHTATENb MOJKEH He TOABKO IOHATH,
moueMy MHTEPECHO 3aHMMATHCA HAYKOIl, HO W IOYYyBCTBOBATD,
KaKo# joporoil uenoii mocraiorcs mobexs u Kak Hopoi 6pBa0T TH-
JKEJH JODOTH, K HWM Bejaymue.

Hapmo Takke uMeTh B BUTY, 9TO €cld cHadaja aBTOp o6Xommica
Ges MaTeMaTHIeCKOTO almapaTa WIW UCHOJB30BAIN JHIIb TOT, KOTO-
PHIl U3AOKeH B JEKNUAX, TO OT YHTATENS, 10 Mepe IPONBIKeHUA
ero suepel, Gymer TpeGoOBATRCA yBeAMYeHHE €r0 MaTeMaTHIeCKOTO
Gara;xa. BupogeM, onBIT moKasbiBaer, 9TO MaTeMaTHYECKUH aHAJIHU3
(mo kpaiiHeil Mepe ero OCHOBHI) BEIyUHBaeTCA ceiuac Jerde, gem
dusuka.

Jlexnun @eiiamama peimau B CHIA B Tpex Goapmux To-
max. IlepBrifi comepsRUT B OCHOBHOM JEKIHHM IO MEXaHUKe
A TEOpUH TEIIOTH, BTOPOH — 3NERTPOIUHAMHUKY M (H3HRY CIJIO-
IIHLIX cpefl, & TPeTHil — KBAaHTOBYI0 MeXaHHKy. UTo0n KHuTra Gniia
gocTymHa GodpHieMy d9ucay YuTtareneil w 9TobH ew 6mmo ygobHee
HOAb30BATHCHA, PYCCKOE HafaHue OyAeT BHXOAUTH HeGOMbIIUMH
pumyckamu. IlepBeie dersipe M3 HAX COOTBETCTBYIOT HEPBOMY
TOMY aMEPHKAHCKOTO W3TaHHA.

KoMy Gyner monesna sra kumra? ITpexae Bcero — mpenopasa-
TeNsIM, KOTOPEIE ee IPOYTYT UEAUKOM: OHA 3aCTABUT UX 3aJyMaThcs
00 W3MEHEHWY CJIOYKMBIIMXCH B3MAAA0B Ha TO, KAk HAYWHATH 00y-
gaTh ¢usuke. Jamee, ee mpouryT crymentei. OHU HaligyT B Heii
MHOTO HOBOTO B IOMOJHEHHE K TOMY, 9TO OHH Y3HAIOT Ha JERIUAX.
KoHeano, ee MomuTaloTCS 94NTaTh M MKOJBHAKE. DOJBIIMHCTBY U3
Hux Oyner TpyAZHO Ol0JieTh Bce, HO M TO, 9T0 OHH CMOTYT IIPOYECTh
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¥ TOHATH, MOMOAKET UM BOATH B COBPEMEHHYI0 HayKy, IYTh B KOTO-
Py BcerHa GHIBaET TPYAHBIM, HO HUKOT/JA He OsBaeT cryauwM. To-
My, KTO He BePHT, YTO MO/KeT NPOATH ero, He CTONT OpaTheA 3a M3Y-
genne aToil kHuru! VI, HakoHel, ee MOTYT 9HTaTh BCEe OCTaJbHEE.
Unrtats OPoCTO TaK, IS YIOBOABCTBUA. JTO TOKe OYEHP MOIE3HO.

QeiiHMaH B CBOEM IPeIUCIOBHE OIEHNBAET Pe3yNBTATH CBOETO
OIEITA HE O0YeHb BHICOKO: CIMOIKOM Manas JOJA CTYAeHTOB, MPOCTY-
MIaBOINX €ro Kypc, yesouan Bee aexuuu. Ho tax n momxuo Guirs.
[lepBmii omeiT pegko npuuocuT moaHbiil yenex. Hosrie unen Bcerga
HaXOJAT BHaYaje JHINb HEMHOTO CTOPOHHHUKOB M AWIND IOCTEHEHHO

CTaHOBATCA IPHBHYHEIMA.
A, Cuopodurcruil

fAusape 1965
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9T0 — AeKIHd 1o PU3MKE, KOTOPble A GUTAN B [IPOLUI-
JgoM o nosanpouuioM rogax B RanudopHuiickom TexHo-
JOTUTIECKOM HHCTHTYTe MJsi CTYAeHTOB IEpBOTO W BTO-
poro Rypcos. Ho »sro me gocaornas ux samumce. Hx
Opurdaguin — MecTaMd O4eHb CHJIBLHO, a NOpOH He
ouens. K TomMy ke aTo nHIIb WacTh HOJHOTO Kypca
ob6yuenun. Ipaman B Hemento 180 caymareneit codupa-
jauck B GONBHION ayAuTOpPHH M, IPOCAYILIAB JIEKIHIO,
rpyanaMa mo 15—20 4eioBer HpoBOXMIM ele ceMuHa-
PBl O] PYKOBOACTBOM acCHCTEHTOB. BpoGaBok pas B
HeJedIo HPOBOXMINCH U mabopaTopHsie paboThHL.

Yero Mul xorenu goOHTbCA, YuTad 3TH JeKnum® Mu
XOT@JM yTBEPAMTH HHTepec K QU3NKe y MOJOLHX e 3H-
TY3UACTOB, y BUEPANIHMX BBHIODYCKHUKOB CpegHei IIKo-
asr. Ilepeq mocryiuieHmeM B MHCTHUTYT OHH MHOTO Ha-
CABINAINCH O TOM, KAK HMHTEPECHA ¥ KaK YBJICKATEIb-
Ha COBpeMeHHas (WU3HKA — TEOPUA OTHOCHTEJIBHOCTH,
KBaHTOBag MexaHuka u T. 7. Ho ecaum 6m sroT RKype
YMTANCA TaK, KaK OH 9IHTAJCA DAHLINEG, BECh HX BHIY-
31a3M 3a IBa TOJa MaJI0-IIOMay yAeTyauicsa On — gepec-
qyp YK peaxo Opu oOHYHOM O0Y4eHUH BCTpeuanTcs
HeficTBUTEJNBHO BeJIHYECTBEHHBIE, HORBLIE, COBPeMeHHEIE
migen. CTYZeHTOB 3acTaBMAM Obl M3y4aTh HAKJIOHHYIO
IITOCKOCTD, 3JeKTPOCTATHKY W IIpOYee B 3TOM pofe, M
Bce MX HOPHBLI Obli Om cBegeHel Ha HeT. U Bech Bo-
mpoc OBIT B TOM, CMOMKEM JH MH TaK HOCTPOHTH KypC,
9T00Bl Y CAMBIX CIOCOOHEIX, CAMBIX TOPHAYHX CTY[eHTOB
COXPAHWICA ¥ YKPeHHICA UX BHTY3HA3M.

He courute aTn eKIiun KaKUM-T0 0G30PHEIM KYpPCOM.
Her, xypc sToT BecbMa cepbeseH. 4Yurag ero, #
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OpPHEHTUPOBAJCA HA CAMEIX C000pa3HTeIRHHX, A XOTeJN IO BO3MOMK-
HOCTH, UTOOBI [aKe caMble CHJIBHBIE CAYNIATeJdH He OLIIH B CO-
CTOSHME [0 KOHIIA YCBOWTH BCe, ITO €CTh B BTHX JERIUAX.
Hdna ororo A MOAKUARBAA WM MHICAH O BO3MOKHEIX TIpHMe-
HeHNUAX OCHOBHEIX UAed W IOHATHH BHE OCHOBHOIl JIHMHHUH Ha-
cryuaenus. Iaa asroit meam A crapaica motousee Qopmyampo-
BATh Bce YTBEeDMKICHHA, yKasblBaTh, TIJ[e¢ TONLKO MOMHO, Ka-
KHe ypaBHeHHA M HIeH YKIAAHBAOTCA B QUINUECKYI KapTHHY
Mupa W Kak OpHU JadbHeilllleM YrayOJeHHH OHM MOTYT M3MEHUTHC .
fl nommMam TamsKe, UTO TAKHM CTyAeHTaM O4YeHEL BaKHO yKajzaTh,
976 M3 M3yuaeMoro OHH (ecad, KOHEYHo, Y HUX J0CTaHET ¢oobpa-
JKEHHA) MOTYT CAMH BHIBECTH H3 y7Ke H3BECTHOIO, a 4Td, Haobopor,
IAA HEX coBepuieHHO HOBO. DopMynupys HOBHIE MAEH, f LEITAICH
a0 BHIBECTH HX, €CIH OHH MOTAM OBTh BHBEIEHH, nH00
00BACHNTHL, 9TO HTO [EHCTBHTENLHO HoBadg Hied, 49TO Ha yiKe
U3ydYeHHLIE [OHATHA €e OHepeTh HIKAaK Heah3sd M 9TO LO3TOMY
Heab3A ee CYHTarTh JOKAasyeMol, a MOMKHO AWML BRINYHTE CO
CTOPOHHL.

puctynas ® jgeKkumaAM, g mpejloiaral, 9To CTYACHTH Bce e
KO0e-YTO BEIHECIH M3 CpefHell IMKROJH — pasHble TaM reoMeTphue-
CKIe OOTHKH, OPOCTEHbKHE NMOHATHA M3 XUMHN H TOMY IOTo0HOe.
f1 He Bupmen TaKsKe CMHICJA B TOM, 4TOOH yCTaHABAMBATL KaKoH-To
onpegeeHHNN HOPAXOK B JeKIHUAX, 9T00 HenbssA OHIO yIOMUHATH
0 Bemax, 0 KOTOPHX mogpobHo GyaeT TOBOPUTHCA TOJBKO IO3Ke.
HaoGopor, A gacTo BKpaTile TOBOPIO O TOM, 9T CTY/IeHT IO-HACTOSA-
meMy M3y9nT HAMHOTO [O3Hee, Korga oH Oyjmer aydine MOATOTOB-
nen. Hampumep, monsTue 06 WHAyKTaHCe HIH 00 BHEPTETHYCCKMX
YPOBHAX HNaeTcA Ha IEepBHX HOpax OuYeHb NPHOAM3UTenbHOE W
TOJILKO COYCTS MHOTO BpEeMEHH pasBUBaeTCA KaK clemyer.

PaccunTeiBasg Kypc Ha ¢aMOro aKTHBHOTO CJIYyUIATeNs, A BCe e
yteJ MHTEPEeCH H TaKOTO HapHMA, KOTOPOro Bee 3TH (eiiepBe PRI MbIC-
Jeil 1 MHOTOCTOPOHHHE IPHIOMKEHHA MOTYT TOJBRO BCTPEBOAKUTD U
OTIIYyTHYTH, OT KOTO BOOOIIE HeJb3S 0KUIATH, 9TO OH YCBOUT GOJIb-
myi gacTb MaTepuana. fI xorea, 9To0H A HeTO B JeKIUAX OKa-
3aJI0Ch IO KpaliHeidl Mepe OCHOBHOE SI[IPO, WIN KOCTAK, TOTO, 9TO OH
Moxcem NOXyuuTh. f1 Hajmeloch, 94T0 OH He o4eHb GyxeT HepPBHMYATD,
ecau He I0HMeT B meKnuu Beero. IIycTs He moHEmMaer Beero, mycrs
YXBAaTHT TOABKO CaMylo cyTs, camoe Obiomee B raasza. HoHeuHo, m
A 9TOTO OH J0d7eH HPOABUTHh HEKOTOPYI ¢006pasHTeNbHOCTD,
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AOMKEH 3aX0TeTh IOHATH, KaKie TeopeMHl W Npe/icTaBIeHUA AB-
AAKTCH CAMBIMHI TJIABHBIMH, & 9TO OH CMOKET HOHATH TOJBKO
I03/Ke ¥ MOKA OCTaBjsfeT B CTOPOHE.

Brina y mens ojHa cepbesHas TPYJHOCTb, KOTAa A YATAT BTH
meknmu: He paborama obpaTHas cBA3b — OT CTy/AeHTa K Ipemoja-
BaTenio; f He BUAEN, HACKOJIbKO XOPOMIO ATH AeKIN: HOXONAT.
I10 0YEHL ceppe3HAA IMOMeXa, U A MOHBIHE He 3HAI, XOPOIIN AU BTH
AEKINUU. ITO IO CYMIECTBY 3KCIEPUMEHT, M, €CIM 65 MHEe IPHILIOCH
ero npojeliiarh eme pas, A Obl €ro MoCTaBHA HHAYE, HO A HANECh,
9T0 MHE He IPHAETCA OpaThea 3a 910 meno sropudno! U Bee me MHe
KaskeTcsd, uTo JJiA IepBOro Kypca, mo Kpaligeil Mepe B OTHOMIEHIU
OU3UKH, Bee BHITJIAAUT BIOJHE NPHIMIHO.

A BoT BrOpOIH uacTe0 Kypca ¥ A He ouenb goBoieH. B Hawame
9TO# WACTH, TOBOPA 00 BIEKTPHYECTBE U MarHeTH3Me, A HE CMOT
NpUAYMaTh Kakroro-auGo 0coforo, OTIHYHOrO OT O0mEenpHHATOrO
cmocofa HM3JI0KEHHA, HE cMor HaWTH TaKoro ImOIXoga K TeMme, Ko-
Topstit Bo3Oyskuan On K Helf mATepec. C 3AEKTPHYECTBOM U C Mar-
HETH3MOM, TaKAM o0pasoMm, He MHOTO MHE ygaJiochk cueiath. llocie
BTOI TeMBI B KOHIE BTOPOT0 Kypca A cHauajga cobupaJcsa mpodyecTh
HECKOJBKO JeKHUil o cBOHCTBAX TBePHBIX TeJd, KacadAch TIaBHHIM
ofpasoM Tarmx Bemeil, Kak HOpPMaJbHble KoJe6GaHusA, pelIeHusd
ypaBHenusa auddysmu, woieGaTeJbHBIE CUCTEME, OPTOTOHATLHEIE
OVHRIUA ¥ T. d., T. €. H3IOKHUTH HAUaJa TOTO, 4TO OOHLIYHO MMe-
HYIOT «METOJAMHM MaTeMaThHdecKod Qu3nmkmy. 3aHUM YHUCIOM MOTY
COBHATHCA, YTO, €Ciil OB A peLIHICA 9UTATh BTOT KypPC BTOPUYHO,
A Obl HenpeMeHHO BepHyJcA K sroMy HamepeHmo. Ho mockonbky
IOBTOPEHNE STUX JEeKNuil He INIAHUDPYETCH, a BMECTO 3TOro MHe
CKasaju, 94T0 HEWI0X0 Ohao Gbl JaTh BBeJeHHEe B KBAHTOBYIO Me-
XaHUKY, TO §TO BH H 00HAPY/KHTEe B KOHIE HACTOAIMETO Kypca.

CoBepilleHHO ACHO, 4TO CTyHEHTaM, yKeJIAIOMMM XOpOIIO Pasos-
parbcsa B QU3NKe, MOKHO Obiiio 6B MOJOMKIATH ¢ M3y4YeHHeM KBaH-
TOBOI MeXaHHKHU U 70 TpeThero Kypca. Ho, Bospaskas, mae BuBH-
HYJIM JOBOJ, YTO MHOTHE CTY[AEHTH C MOEro Kypca M3ydamT QU3HRY
TOJIBKO B KauecTBe OCHOBLI JJisd 3aHATHH ApyruMu maykamu. OOmu-
HHI ;Xe cnoco0 WBYUeHWA KBAHTOBOI MeXaHMKH JejaeT ee IOYTH
HEJOCTYIHON niis GONBIMMMHCTBA CTYAEHTOB, IMOTOMY 4YTO y HHX HeT
BO3MOKHOCTH TaK JOJTO M3yuaTh ee. A B TO jKe BpeMA BeA MaxuHA

* B pyccrom ma3gaHum cofepsxkaare ToMa II poiiger B Boinyckn 5—7, Toum
1I1 6ymer copmep:KaTb KBAHTOBYI0 MeXaHUKY.— [Ipum. ped.
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ZuddepernuanbHEEX ypaBHEHMI, BeCh TaKOH IOAXOR K KBaHTOBOM
MeXaHOKe pefKO MCHOJb3yeTcs B ee IPUMeHeHHAX, B HacTHOCTH
B Takux Gosiee CJOKHHX MPHMEHOHHUAX, KaK BJIeKTPOHUKA M XUMHUA.
Hoatomy a monpoGosan omyicaTh HPUHUUIL KBAHTOBOH MeXaHHKHU
Tak, 9T00b 3HAHMA ypaBHEHHH B YACTHEIX IPOM3BOJHEIX BHauale
He TpeGopamoch. Jlame Qusury, A gymato, 6yaeT MHTePECHO TaKoe
H3JI0KEeHNe KBAHTOBOT MeXaHWKM (IO TpUYIWHAM, KOTODHE CTAHYT
ACHH M3 camux nernuil). U Bce ke MHe RayKeTcst, 9TO HKCIEPUMEHT
¢ KBaHTOBOH MeXaHHKOIl He 0YeHb yHalcA TIaBHBEIM 00paszoM m3-3a
TOT0, YTO MHE He XBaTHJIO BPEMEHH W KOHEI[ NPHUIII0Ch CKOMKATH
(Mae Obr Hy:kHO OBLTO eme 3-—4 Jexmum, 4TOOH MONHEH H3JI0KUTH
TaKHe BOIPOCH, KaK 9HEPreTUYeCKHe MOJOCH H IIPOCTPAHCTBEHHAA
3aBHCHMOCTh aMIuiuTyd). Ila u, KpoMe TOro, s HHUKOTHA HpEKIe
He u3jiaraj MaTepuajJ TakuM cnocofoM M oTcyTcTBHE 0o6paTHOI
cBA3U omymana ocobenHao ocTpo. Tenmepp A gyMaln, 9To KBAHTOBYIO
MeXaHHKY Haj0 M3jaraTh Bce-Takm mnoszke. He nckiwgeno, d9ro
y MeHA I0ABUTCA BO3MOIKHOCTH eIlig pa3 IMpPOYecTh 9TOT KYpC.
Torga s crenam 3TO MOJNyYIIE.

B »ToM rypce Her mekIuil, MOCBAMEHHANX permeHno 3agad. OHn
pemaiuch Ha cemMuHapax. XoTa Ha TpeX NeKnuAaAxX s peluaJ 3ajadn,
HO B Kypc onm He Boman. Ilocse mexnum o Bpamatonmuxcsa cucreMax
OpLTa TpouMTaHA JeRUuA o0 mHepnualbHOIl HaBHTAIWH, HO, K CO-
sRaJeHui0, NPU HMBTaHUH ee omycThau. IlATyi0 m umecTyno Jexiun
npounran Marsio CaHAC (A yesman Torga U3 ropoja).

BosanxaeT ecTecTBEHHHIT BOUPOC, HACKOJIBKO 3TOT JKCHEPUMEHT
yapancs. Mos auuHEas TOUKa 3peHUs, KOTOPYIO, BIpodeM, He pasie-
ag10T paGoraBHiMe ¢O CTYAEHTaMM IPemogaBaTeln, AOBOJLHO Iec-
cuMucTAaHa. MHe He RaskeTcsd, 9T0 A XOPOIHO HOCTYHHJ CO CTy/eH-
ramu. Horga A Habalogam, Kak OONBIIMHCTBO CTYACHTOB pelaer
3aJaUKM Ha HK3aMeHaX, A DOOYMHBAJ 0 Kpaxe Bceil Moeil cneremb
npenofaBauuA. llpasga, mom ApysbA HanOMHWAHN MHE, YTO Cpejm
CTyIEHTOB OKasalcd [eCATOK-APYroil pa3o0paBIIUXCA, KAaK 3TO
HHU CTPAaHHO, IOYTH BO BceM, aKTHBHO TPYAUBINUXCA HAJ MaTepua-
AOM U TOJOATY € YBIeYeHUeM MYYHBINUXCA HAJl TPYAHBIMA BOIpO-
camu. Jtm pebATa, Ha Moil Baraan, obiamaloT ceiiyac mepBoKIac-
CHOI! IOATOTOBKOM 10 (pH3UKeE, U A MONHTANCH IOCIe BCETO 3ali0y-
auth ux K cebe Ha pabory. Bupouem, «ofyuenme pegko npmEOCHT
wiofH KoMy-nmbo, KpoMe Tex, KTO HpedpaclofioykeH K HeMy, HO
uM 0HO moyTd He HY:kHO» (I'mGGoHC).
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Tem une MeHee a me xoTea 6Gu GpocaTh HM OJHOTO CTYJeHTa Ha
npousBoa cyasbbl, KAK 9T0, BUAUMO, OBIBaN0 IpPH YTeHWH Kypca.
KHak Bce-rakm moMoun crymerTam? MoskeT OnTh, Hago 6oapme mo-
paboraTs HaJ cocTaBIEHMEM KOMILIGKcA 3a7Ja9, KOTOPHE MOTAHM OH
IpPONMThH CBeT HAa HjeH, pasBuBaeMble B JAeKuuAX? 3ajaun gagyT
XOpOmyH BO3MOKHOCTH PACHIMPHTH JEKUWOHHEIN MaTepHaa H II0-
MOTYT credaTh HAeW JeKIui 6omee ocA3aeMBIMM M IONHHIMM, JTy9-
me yJIOMKHTH UX B TOJIORE.

Bee sxe a1 mymaro, uTo camoe Jyuinee peuieHme mpobieMu olpa-
30BaHUA — 3TO HOHATH, 9TO CAMBIM MPEBOCXOAHBIM O0yUeHHEM AB-
nsercA NpAMas, IMYHAA CBA3H MEKAY YUEeHHKOM U XODOIIMM yqu-
TelleM, KOIJa yYeHHK o0cyskaaeT WIeH, PasMBINUJIAET O PA3HHIX Be-
max un GecexyeT o HuXx. HeBosMoKHO MHOTOMY HAyYHTHCS, HPOCTO
OTCHKNBaA JEKNUHN win gayke mpocto pemasA szagawid. Ho B name
BPeMA TaKoe MHOMKECTBO CTYJeHTOB JOJKHO OBITh 00ydeHOo, 4T0 Ams
HIeaNoB IPUXOANTCH IMOAEICKUBATE 3p3ansl. MokeT OHTh, MOH JeK-
muu goMoryT B ToM. Moer GbiTh, B TeX Kpafx, I/le MOJKHO HANTH
OTHEeABHOTO YUUTENA HAA KayKIOTO YUYEHHKA, 9TH JEKIUH CMOTYT
BIOXHOBHUTEL y4YUTeNsA U HOAOpPOCUTb eMy Koe-rakue uaen. Mosker
OHITH, TOPA3MEICIIB Haj HUMH, OH TOJALKO mo3a0aBHTCA, a MOKeT,
W pas3oBbeT UX [aJblle.

Puvapd Delinman
Hwous 1963
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B ocroBy atoit KHUrE Jerdm Jexunu mo obmeit
¢usure, KoTopble mpodeccop P. Defimvanm wnrax B
1961 —1962 axapnemuueckom rogy B Haaundopumiickom
TexHOJIOTHIeCKOM HHCTUTyTE. JTO — IepBaA HOJI0BHHA
ABYXTOAHYHOI'O BBOTHOI'O Kypca, 00H3aTeNLHOTO AJIA
Beex ctyneaToB KAJITEXa. B 1962—1963 axanemuuec-
KoM rojy OBI IPOYUTAH BTOPOH WHRA JIEKIUH, YeM
3aBepUImyIach OCHOBHAS YAacTh PACCIUTAHHOI HA YeThipe
roja paboTel IO HePecTpoiike BROJHOTO Kypca (U3HKM.

HeofxoguMocTh TAKOTO KOPEHHOTO TepecMoTpa
Kypca BHBHBAIACh He TOILKO OHCTPHM pasBrrTHeM (-
BIKN 3a IIOCJEIRME JeCATHIOTHA, HO I TEeM, UT0 B IO-
caeguue roas nepBoRypcHnkH nprnxomian B KAJITEX ¢
Oomee TiayGoKOil MaTeMaTuuecKoil TOATOTOBKOI, ueM
pamsiie,— pe3yapTar VAVYIIeHUSA NPEIoJaBaHiA Ma-
TeMaTHKU B cpemHeli mxoae. Mer xortenu, mnenoansys
npenMymectsa 0ojee IMPOYHOTO MATeMaTHIECKOTo PyH-
JOMEHTA, UMO/RUTE NoO0MALIIe COBPEMEHHOTO MaTepHa-
na, 4ro cjpenato Gl Kypce 6oJee WHTEPECHBIM, HABOIS-
MMM Ha PasMbUUJICHUA I Jydimie OTPaKAMmMuM Quanry
HaUIuX aHeit.

UroOsl uMeTh MpefcTaBICHEE O TOM, 9TO HANO BRIIO-
YT B KypC M KaK HTO CHeNaTh, IIpemofaBaTe;isaM (Qu-
3uUdecKor0 QaKyabreTa OGBIIO HPEIJIOKEHO BHICKA3ZATE
cBOM IJEH B BHAe KpaTKOil mporpaMME Kypca. Boas-
HURJAO HECKONBKO IPOEKTOB TEPEeCTPOHKM, KOTOpHe
Oni oGcysueHs nogpobHo u ¢ npucrpacrueM. ITourn
BCe COLLTHCH B OFNHOM: TIepecTPOiKY Kypca HeJb3s Ha-
YUHATh HYU HPOCTO C TEPEENKH YyiKe CYMIEeCTBYIOMEX
yie6HUKOB, HE Jaske C CO3JaHHA HOBOro yueOHHKA;
HOBHII KypPC OOJJKeH CTPOMTBCA HA OCHOBe JeKnuif,
JeKIHUH JOJUKHB YHTAThCA JBAa HJIM TPH pasa B He-
memio. CospgaHme COOTBETCTBYIOIIMX MEYaTHHIX PYKO-
BOXCTB — 3T0 OymerT yKe ciepylomuil INar; sTH ke
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Jexuu onpefeaAT M cofep:kaHme Oyaymmx aaGopaTopHEIX
paGor. Buepme Omm oOpmcoBaHEl of6mue KOHTYpH Kypca,
HO 5TO OHJ JUINb IpPeJBAPUTEALHHH HAGPOCOK, MHOTOe B
HEM BHIVAEI0 CHOPHEIM H MOIJI0O H3MEHHTHCHA IO YCMOTPEHHIO
TOTO, KTO BafacA 65 3a uTeHOe JEKIHil.

Ob6¢cysmpanuch W MHOTOUMCAEHHHE BApPHAHTHL OCYIIECTBICHHA
npoekTa. llepBoHadajabHO mpepIoxarajzoch, 9TO OyAeT cosgaHa
rpynna u3 N OCHOBHEIX YYACTHMUKOB (IEKTOPOB), KOTOPHE HOPOBHY
pacupefienar paboTy: Kambil BosbMer ceGe 1/N gacTs MaTepnaia,
HpouTeT IEKUMA U MOATOTOBAT uX K meuatu. OFHAKO OTCyTCTBHE
Heo6X0UMOro 4HCa YYacTHHKOB WM TPYHHOCTH BHPaGOTKH cpemd
HUX e[WHOil TOYKH 3peHHsd, CBABAHHAA ¢ MHAHBUIYAJAbHHMH BRY-
caMu, BAIAANAMM W Jaske XapaKTePOM KajKqoro, cAelajd 9TOT INIaH
HEOCYMECTBUMEIM.

CuacTauBasg mied O TOM, KaK Bce e MOKHO c037aTh, OHTH
MOKeT, He IIPOCTO HOBHIHA Kypc, OTINYHHI OT JPYTHX, &, BO3MOKHO,
VHUKAQJIbHEHA, Npunia npodeccopy Comacy. OH mpegnoKun, 4To6u
npodeccop P. PefiEMaB TOATOTOBUI U MPOYE] JeKIHH, KOTOPEE 6y-
AYT 3alucaHs Ha MarHUTodoHAYIO HeaTy. llocae o6paboTku u nsga-
HUA 3THX AeKIUH Noaydmicsa 6n HoBu yueGuuk. Bor cyTs mpu-
HATOTO B KOHIle KOHIIOB IIJIaHa.

CHayana oKUIAIOCH, 9TO HeoOXOommMas pegaKkTopcKas pabora
cBefeTcd R MOAOOPY PHCYHKOB, PACCTAHOBKe 3aMATHIX M HCIIPAB-
NEeHUI0 TPaMMaTHUeCKHX OMMGOK; STHM MOINIH OB BAHATHCA MEHYLY
OeJoM OJMH-JBA CTYJEHTa CTapLINX KypcoB. K Hecwacrsio, sTa
Hagemnyl sxuan Hemonro. OKasaioch, 4To jgaxke IPOCTOE NpHUBEe-
Hue sanmceil JEKMIH K OPUTOMHOMY [AAS dTeHUA BUAY, Name Oe3
mepepaboTKA M [EpecMoTpa MaTepuaia Jexnumil, TpebyeT MHOTO
sBpemenn. Takada paboTa He DoJ CHIY TeXHHIeCKOMY DEAAKTOPY WIH
CTyMeHTy, oHa TpebyeT mpucraJpHOrO BHUMaHHA (uU3HKa-Tpodec-
CcHOHAJa, HIpHYEM HaJA KaKIOH JeKIuell oH JoJdMeH HOTPYAUTHCA
YacOB IeCATh—IBa/(NATH.

TpyasocTs pegaKkTOpcKoH paGoTH, a TaKme HeoOXOIUMOCTh
KaK MOKHO CKODee IepeaTh NeKIHH B PYKH CTYJeHTOB CHIBHO 3a-
TPYAHUIHN OKOHYATEALHYIO (JOBOTKY» MaTepuasia, W MH OBIAM BH-
HY;KIeHH OTPaHUIUTHCA CO3TaHUEM IPeABaPHTeIHHOTO, HO TOTHOTO
At M3TAHNA BapHAHTA JEeKImi, KOTOPHN MOKHO OBIIO MCIOIB30-
BaTb HeMe[JIeHHO, XOTA M Heab3A CUMTATh OKOHYATEeNbHHIM. Hpaii-
Hsisl HYKa B 0OJNBIIOM KOJHYeCTBE HK3eMIUIAPOB JeRIUil gad Ha-
X CTYJAEHTOB, a TaK/Ke HHTEpec K JIEKIUAM CTYIeHTOB H IIPeno-
JaBaTejell APYIUX WHCTHTYTOB 3ACTABHIW HAC M3HATH Jie KUK B UX
IIpe/BapUTEeALHOM BHIE, HE HOMHIAACH OKOHUATENBHOH pelaKIINu,
KOTOpOii, MOsKeT OBITH, HUKOTHA U He OymeT. MEI HuCKOoNMBKO He 3a0-
NYHIAEMCHa OTHOCUTENHHO OIHOTH, CBA3SHOCTH H JIOTHYECKOH CTPOi-
HOCTH MaTepuana; 6osee Toro, y:ke B 6umxaitimeM 6ymymeM ME co-
fupaeMca BHOBb MOJEPHHSUPOBATE KYpPC M AyMaeM, 9T0 Hu dopma,
HHE COfep;KaHpe ero He OCTAHYTCA O0JIT0 Oe3 H3MeHEHHH.
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Hpome xeknmit — mHanGoyee BasKHOH FacTH Kypca,— HYKHO
6p110 mo3ab0oTHTRCA O 3afavax, PasBEBAIOIIUX OLHT H YMEHHE CTy-
ACHTOB, U 0 1a6opaTopHEIX paborax, 4To6bl CTYAEHTE MOTAH «HOTPO -
TaTh PyKaMu» H3NO0;KeHHB B neKmuax marepuai. Hu 1o, mu gpy-
roe eme He JOCTHIJO TOH BAKOHYEHHOCTH, KOTOPYIO HMeJ MaTepHal
AEKIuid, XOTA KOE-YTO B HTOM HAIMPABJICHUM, KOHEUHO, CAEIAHO.
Heworoprie saga<y Gniu npuayMaHb B XOfie YTCHHA JeKnuii, OHH
3aTeM ObLIN YIyYIDEHH, & YHCAO MX YBEJINYEHO NPH HIOBTOPHOM
gTeHUH Kypca. OJHAKO MBI eme He YBEpPeHF B TOM, 9TO B3TH 3a[aull
IOCTATOTHO pasHooOpasHsl 1 yrayOIsoT cojep/Kanme Jexmuii Ha-
CTOABKO, UTOOBI CTYHEHTHI MOTJIM CAMII IOJHOCTHIO MOHATH, KaKHM
MOMHBIM anmapaToM onu Biaageior. IlosTomy sapaum Gyayr omy6-
AMKOBAHBl OTAEABHO M B TaKOM BHfE, KOTOPHi Obl gomyckand ux
foJee WM MeHee YacTyio NepefeliKy.

IIpodeccop Heep mpemsiomua BKAIOUUTH B Kypc HECKOJBKO HO-
BHIX OOBITOB. Cpegy HHUX OIBITH, OCHOBAHHEIE HA MCIONbL30BAHHH
BO3AYINHHX NOANIMIHUKOB ¢ 9PE3BHYAHHO MAaJbIM TpeHHEM: HO-
BEH JIHHEHHHA BO3AYINHBLI Kex00, ¢ IOMOMBI0 KOTOPOTO MOKHO
KOJNYECTBeHHO HM3YUHTh OIHOMEPHOE [BIKEHUE, COyAapeHHd Tel
1 TapMOHHYECKOE [BIGKEeHHe, a TalKe HOAePKUBAeMblii Ha BO3-
JAYIIHOH IOAYIIKE M JBIKUMBIH BO3IYXOM MaKCBEJIOBCKUN BOIIOK,
¢ DOMOHIBI0 KOTOPOTO MOMHO H3YYHTH BpammeHIe ¢ YCKOpeHWeM,
Ipeneccuy ¥ HYTAIUI THpockona. Paspaborka HOBEX nabopaTop-
HBIX OUBITOB GyJeT, IO-BHAMMOMY, HDONOJIKAThCA B TedeHWe 3Ha-
YUTETBHOI0 BpPEMEHH.

Jror nmepecMoTp yueGHON IPOTpaMMEL BO3raBIAIH Ipodeccopa
P. Jletitou, I". Heep u M. Camgc. Odunumansuo B atoii pabore
npuHEManan yuacrue mpodeccopa P. Qeiiaman, I'. Hoirebayep,
P. Carron, I'. Cra6xep, ®. Crpour u P. ®orr ¢ radexp dusuxn,
MaTeMaTHKH I acTpOHOMHH, a Takske npogeccopa T. Hopu, M. lxec-
cet 1 K. Yunrc ¢ sadeapm Texuugeckux nayk. Mu cepmeaso 6aa-
rofapuM 3a IeHHyI0 IOMOIIL BCEX TeX, KT0 OPHUHMMAA ydacTue
B nepecMoTpe Kypca. Ocobenno Mu oGasamn ¢ouny Qopma, Ges
duHanCcOBOI moMomu KoToporo 3Ta pabora HuKOrga He Oblma OLI
ocymecTBaeHa.

Po6epm B. Jletimon
Uwonp 1963
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I'araea ]

ATOMBI B ABIKEHIAN

§ 1. BsedeHite

JTOT ABYXTOZMUHLIT Kypc (U3UKK paccunTaH
HAa TO, 4TO BB, YNTaTedb, cobupaerech cTaTh
dusnkom. Iomossuy, oTo He TaR y:K 06s3aTeIbHO,
HO KaKoil mperiopaBaTelb He HajgeeTcd Ha pTo!
Ecam Bol m Bmpamb xorure ObTH QusmKoM, BaM
npugercsa MHoro nopaborats. Hak-Hurak, a neecta
aeT OypHOrO pAasBHTHA caMmoil MomHOoI o6IacTu
snanud 9To-HHOVAb na sunadat! Taxoe oGunme ma-
Tepuasia, NoAKadyll, 1 He yCBOMIID 38 YeThipe Iofa;
BCIIE/T 38 9TUM HY/KHO €Mie TPOCAyINaTEh CHeIHan b
HKE KYPChI.

U Bce ke Bech pes3ysibTaT KOJOCCAJABHOI pa-
GoTer, IPOJENAHHOH 33 9TH CTONETHA, YHaercs
CHROH;IEHCTIPOBATh — CBeCTH B HeDOIBIIOE THCIO
3a4KOH08, KOTOPHIE MOABITOKUBAIOT Bce HAIM 3HA-
Hust. OHAaKO U 33aKOHBI 9TH TOKE HEJETKO YCBOHUTS,
N IPOCTO HeYECTHO IO OTHOUICHHIO K BaM OBIIO il
HAMWHATH U3Y9eHNe TaKOTro TPYNHOTO mpeaMeTa, He
uMes moj| PYKoH Kakoi-Huby/ib CXeMbl, KaKoro-
Hubyab OYepKa B3auMOCBHAZH OfHHX YacTeii HayKi
¢ apyrumu. llepBoie Tpu TAaBH U JIPEACTABIASIOT
c06oft Takoit o9epK. MBI MO3HAKOMHUMCA B 9THX TJia-
Bax C TeM, KaK CBA3aHAa (HU3MKA ¢ OCTAJLHLEIMH Ha-
YKaMH, KaK OTHOCATCA BTH OCTAJbHHE HAYKH APyT
K Apyry, fa ¥ 9T0 TaKOe caMa HayKa. JT0 IOMOKEeT
HAM «OIIYTHTHY IPeAMET (PH3UKU.

Bur cmpocute: nouemy 68 cpasy, Ha mepBoii
JKe CTPAHMIE, He IIPHBECTH OCHOBHBIE 3aKOHHI, a
Hocae TOJXBKO HOKAa3nBaTh, KaK OHM paGoTaioT B
pasHbIX ycaoBusax? Begp HMeHHO TaK HOCTYHAoOT
B reoMeTpuu: copMyIapyIOT aKCHOME, & IOTOM
ocTaercsd TONBKO fmeiare BeBoAbl. (Hemioxas
MEICHID: M3JA0MKHATD 38 4 MUHYTH TO, 9TO H B 4Toja
He yaomumsb.) CHenaTh 70O HEBQ3MOKHO II0 ABYM
npuannaM. Bo-mepBeix, HaM U3BECTHH He 6ce

8§ 1. Beenensme

8§ 2. Bemeerso
coeTonT
H3 aTOMOB

8 8. Aromunie
1IpoKeces

§ 4. Xumnueexne
peax1Im
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OCHOBHHle B3AKOHEI; HaoGopoT, deM OoJbiore MH Yy3HAeM, TeM
cuipHee pACHIMPAIOTCA TPAHMILL TOTO, ITO MBI [JO/UKHEL IIO3HATSH!
Bo-sTophix, TouHan GopMyJNuMpOBKA 3aKOHOB (U3MKH CBABAHA CO
MHOTMMH HeOOHYHLIMM WMIEAMH M NOHATHAMHU, TpebyromuMm s
CBOSTO ONHCAHMA CTOJb ke HeoOnuHOK Martematmkm. Hy:xua me-
Majiad NPAKTHKA TOABKO JUIA TOTO, 9TOGH HAJIOBYUTHCA NOHMMAThH
cMBICH c206. Tak 9TO Balle HpeinOMeHne He mpoiiger. Ipmperca
HaM ABUTAThCA MOCTEMEHHO, IIAr 3a IIAaroM.

HKamnuiit mar B m3yIeHEMM TPUPOABL — 3TO BCerja TOIBLKO
npubaudcenue K HCTHHE, BepHee, K TOMY, 9TO MBI CIMTaeM HCTHHOM.
Bce, 4T0 MH y3HaeM,— 3TO KaKoe-1o upubmwxeHnme, ubo mbl
BHaem, WMo He éce ewe B3AKOHbL Mbl sHaem. Bee maygaerca mumsn
LA Toro, 4To0bl CHOBA CTATh HENOHATHHM HIH, B JYydIIeM cly-
49ae, HoTpeGOBAThL MCIPABICHMA.

[Tpmanun HayKy, OOYTH 9TO ee oIpefieIeHNe, COCTOMT B CIEyIO-
meM: RpobHu KameHb ecex Hawur sHanul — samo onwm. OBIT,
SKCIIePAMEHT — 3T0 eQurCcmeenHblil cy0bs HAYIHOM «( HCTUHBIY. A B 9eM
;e MCTOYAMK sHammit? OTKyja NPUXOJAT Te B3aKOHE, KOTODHEe
Mu mposepaeM? lla m3 TOro ke omeITa; OH IIOMOTaeT HAM BEIBOJUTH
3aKOHEI, B HEM TagTcA HaMeKH Ha HUX. A cBepX TOTO HY}KHO emie
8006 paxcenue, 9TOGH 3a HAMEKAMH yBU/ETh YTO-TO GOJIbIIOE H TJaB-
1oe, 4ToOBl 0OTTajarhb HEeKJaHHYIO, IPOCTYIO M INPEKPAacHYI0 Kap-
THHY, BCTAIOMYIO 3& HUMH, I IIOTOM IIOCTABHTH OIIBIT, KOTOPHi y0e-
7ua 6B Hac B NPABUIBHOCTH JOTafKu. JTOT IPOUece BOOOpaKeHs
HACTONBKO TPY/eH, WTr0 NPOHCXOANT pasfeleHue Tpyjaa: ObiBaOT
dusuKu-meopemiky, OHI BOOGPaskaioT, cOOGPAKAIOT U OTraJIHBAIOT
HOBBLIE BAKOHHEI, HO OIBITOB He CTABAT, ¥ GHIBAIOT PUIHKU-9KCREpU-
MEHMAMmopsl, 4be BAHATHE — CTABUTH ONBITH, BOOGpaKaTh, ¢0006-
paskaTh M OTrafblBaTh.

Mbl craszanm, 9YTO BaKOHE IPUPOABI — DT0 NPHOJMIKEHHH;
cHepBa OTKPHBAKT (HEIPABHIBHHE» 32KOHHL, & IIOTOM YK — «Ipa-
suibHEEEY. Ho Kak onwT Mosxer GHTh «HeBepHEM»? Hy, Bo-IepBLIX,
10 caMOil MPOCTOR mpuYMHE: KOrja B Bawiux NpuGopax d9To-TO He-
JIaJIHO, & BH 3TOTO He 3aMedaeTe. Ho Takyio omuGKy JeTKO VIOBUTD,
HaJ|0 JMIOb BCE HPOBEePATHL U npoBepars. Hy, a ecam me mpmpnm-
paTeca K MeJodaM, Mozym 4l BCEe-TAKH PE3YNbTAaThl OIKTa GHITh
omubouasiMu? Moryr, us-3a HexsaTku TouHocTH. Hanmpumep, mMacca
IpefiMeTa Kaj)KeTCAa HEeW3MEHHON; BPaWAMMMCA BOJYOK BECHT
CTOJIBKO e, CKOJBKO Jeamuii Ha Mmecte. Bor BaM u roToB «3a-
KOH»: Macca MOCTOSHHA W OT CKOpocTH He 3asucuT. Ho sToT «3aK0mHY,
KaK BHACHgeTCA, HepepeH. OKasalochk, 4To Macca ¢ YBeIWdeHHeM
CKODOCTH pacTeT, HO TOJBKO /I 3aMETHOI'0 POCTa HY#KHE CKOPOCTH,
Oiauskue K cBeToBOil. [Ipaguavkbili BaKOH TAKOB: €CHM CKODPOCTD
npepmeTa Menbire 100 km/cex, Macca ¢ TOYHOCTBIO 1O OMHON M-
NHOHHO# mocToAHHa. Bor npumepmo B Takoit mpmbnmmenHoit
dopme sTOT 3aK0H BepeH. MOKHO MOAYMATH, 9TO MPAKTHYECKH HeT
CYIecTBeHHOR pPasHUIB MEKAY CTapHIM 3aKOHOM u HoemM. I ja,
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n HeT. Jlas OGBHI9HBIX CKOpocTeit MOKHO 3a0HTH 00 OroBOpKax u
B XopomieM OPHUGIMKeHAX CYATATH 3aKOHOM YTBeD/leHHe, dITO
macca octosgaHa. Ho Ha Goabimux cKOPOCTAX MbI HaIHeM OmHGaTh-
cA, U TeM Goablle, 9eM CKOPOCTH BEIIIE.

Ho camoe sameuarennHoe, 9T0 ¢ 00ugell mouku 3perud 11060
rpubausicennnii aaron abcoaiomno owubouen. Hawr Bsrasm ma mup
moTpebyeT mepecMoTpa flayke TOT/Ia, KOT/IA Macca H3MEHHUTCH XOTb
Ha KalelpKy. JT0 — XapaKTepHoe CBONCTBO 0GIEeil KapTHHEL MUpa,
KOTopas cTouT 3a sakoHamu, J{aske He3HAUNTeAbHBIH 3PPeKT HHOr-
na Tpebyer TAyGOKOTO M3MeHeHHAA HANTHX BO33PEeHUH.

Tax 910 He HaM HyMHO HM3y4MTh CHadana? Y4dTH JU HaM
npasusbisle, HO HeOGHYHLIE 3aKOHE ¢ HX CTPAHHBIMH B TPYAHBEIMHA
NOHATHAMM, HAIPUMED TEOPHIO OTHOCHTEJIBHOCTH, WeThIpeXMepHOe
npocTpaHcTBO-BpeMA n T. .7 Wiaum ke Hagath ¢ IPOCTOro 3aKOHA
«mocrostaHOM Maccsn? OH XoTp W NpHOJAMKeHHHHR, HO 3aT0 06X0-
purcst Ges TPynELIX mpercTasiaendii. llepBoe, Geccropso, IpuAT-
Hell, OpHUTATaTelbHe!; mepBoe O4eHb co0JasHAeT, HO €O BTOPOTO
Hag9aTh jerde, W MOTOM Beib 9T0 HEPBHI mar K yraybiaensomy mo-
HAMAaHHIO IPaBUIbHONA nAed. JTOT BONPOC BCTAeT BCe BpPeMsA, KOTAa
npenogaems ¢gusuky. Ha pasHbIx sTamax Kypca MH II0-pasHOMy
GymeM pemaTo ero, HO Ha KajKIoH cTajuy Mbi GyjeM cCTapaThCa H3I0-
JHHTh, 9T0 UMEHHO Cel9ac M3BECTHO U ¢ KaKOil TOYHOCTHIO, KAK 9TO
COTJACYETCA € OCTAJBHHIM M 9TO MOKeT W3MeHHTHCA, KOTHA MH
ysHaeM 00 3TOM GOIbIIE.

Hapaitte mepeiiiem K Hamei cxeMe, K 0YepKy Halllero ITOHHUMA-
HHS COBPEeMEHHON HaVKH (B IEPBYIO Ood9epefb (QU3MKHM, HO TAKKE U
npognx GIMBKHX K Heif HayK), TaK 4TO, KOTJa MO3Ke HaM IPHIeTCH
BHHKATH B pasHb¢ BOIPOCH, Mbl CMOKeM BH/eTH, UTO JeHHT B HX
OCHOBe, 9eM OHH HHTepPeCHH M Kak yKIAHBAWTCA B 00MyI0 CTPYK-

TYypY.
Wrax, rar owe eweatdum wapruna mupa?

§ 2. Bewjecmso cocmoum us amomos

Ecnu 65 B pesyipTaTe KaKkoi-r0 MEHPOBOI KaTacTpodr Bce Ha-
KOIJIeHHHe HaydYHhe BHAHHA OKAas3akuch OLl YHHWYTOMEHHEIMH U
K TPAAYIMUM DOKOJNEHUsIM JKUBHX CYMECTB Nepelaa GH TOIBKO
onHa ¢pasa, TO KaKoe YTBeDK/JGHHE, COCTaBIeHHOe H3 HaWmMeHb-
IIero KoJUIecTBa CJOB, HPAHECHO O HaubGodpOIyio HHPOPMAIHUIO?
f1 cumTaro, 4TO 3T0 — amomnas 2unomesa (MOeTe HaBHIBATH ee He
THIIOTe30i, a ¢aKTOM, HO 5TO HAYIETO He MEHAET): 6Ce MeAa COCInoam
U3 amomos — MAAEHVEUT meey, Komopule naxodames ¢ becnpepule-
HOM J8UINCEHUL, NPUMALUBAIOINCA HA HE60AbULOM DACCMOAHUL, HO
OMMAAKUBAIOMCR, eCAl 00RO U3 KU NAOMHee npuxcamb k Opyzomy.
B onmoii sTo#t $pase, Kak BH yGeATECH, COJIEPIKUTCA HEBEPOANHOE
XoaudecTBO HHOOPMANHE O Mupe, CTOMT JHUITh NPWIOKUTH K Hell
HEMHOTO BOOOpPasKeHHA U IyTh COOOparKkeHmMA.
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@uez. 1.1. Kanan eodu (yseauvennas
8 mugauapd pas).

Yt0o6H moKazaTh CHJIY HACH aToMa, UpejcTaBuM cebe Kameabky
Bogrl paszmepoum 0,5 ex. Ecan mer Gynem nprcraibHO pasTiAAfKBATE
ee, TO Hp9Er0, KPOMe BOJH, CIOKOWHOIl, CIJIOLIHO{ BOAHR, M
He yBuauMm. [ajke mox Ay4miaM ONTHYECKHM MUKPOCKOIOM IIpH
2000-kpaTHOM yBeaHYEHUH, KOT[a Kalljisd MprMeT pasMeps Gonbimoil
KOMHATH, W TO MBI 6Ce elye YBUJIUM OTHOCUTEIBHO CIHOKOHHYIO BOAY,
pasBe 9T0 00 Heil HAWHYT UIHKIPATH Kakne-10 «Ppyr6oabHbE MATIM).
Jto mapaMenus — O4YeHb mHTepecHas mryka. Ha sToM BH MoKere
sajep/KaThcA M 3aHATHCA mapaMendeil, ee peCHHIKaMH, CMOTDETH,
KaK OH& C:KUMaeTCs M pas;KMMaercs, W Ha JalbHelilllee yBelndeHme
MaxHyTh PYKOIl (eciIH TONBKO BaM He 3aX0UETCA DPacCMOTpETh ee
n3nyrpu). llapamenmamu sammMaerca GHONOTHSA, & MEl HpOIIeCT-
ByeM MUMO HUX H, YyTOGbHl emie Jydine PasriAajerds BORY, YBETHINM
ee omarb B 2000 pas. Teneps wanns sepacrer Ko 20 kKM, 1 MH YBU-
UM, KaK B Heil 4TO-TO KUIIKT; Teleph OHA y/Ke He TaKafd cuoKoiiHas
¥ CIVIONIHAA, TeNepb OHAa HANOMHUHAET TOANY Ha CTafHoOHe B JEHb
PyT60NBHOTO COCTA3AHAA ¢ BRICOTHI IITHYbETO HojgeTa. YTO 3Ke 310
kumur? Yrobn paccmorpers mosywime, ysesmauM eite B 250 pas.
Hamemy B3opy upegcrasurcs uTo-T0 Hoxoyxee ma ¢ur, 1.1. 3Iro
KaIuig BOJAHI, yBeJUIeHHasi B MJLIuapa pas, Ho, KOHeYHO, KapTHHA
ora ycaopuasi. Ilpesine Bcero wacTuns mzoGpasieHsl 3jieCh yupo-
IeHHO, ¢ PE3KHMH KpasgMM — 9TO mepBas HeTouHocTsh. s mpo-
CTOTH OHHM PACHOJIO/REHH HA IJIOCKOCTH, HA CAMOM ke Jeje OHH
Guy/KIaI0T BO BCEX TpeX H3MEPeHHsX — 3TO BO-BTOPHX. Ha pm-
CYHKE BHIHH (HISKCHE» (MMM KPYROUIKU) ABYX COPIOB — depHBIE
(rucmopon) u Gesrte (BOZOPOA); BHAHO, UTO K KA;RIOMY KHCIOPOAY
OpucTPOHNmUCHh ABa BOomopoja. (Takas rpynma m3 aroMa KHCIOPOAa
1 BYX aTOMOB BOJAOpOAa Ha3bBaercs Moaexynoii.) Hakomen, tpe-
The YOPOIleHNe 3aKII0YaeTCA B TOM, UTO HACTOSNIAE JaCTHIH B IIPH-
posie GecHpepBIBHO JAPOKAT U IOJHPHTUBAIOT, KPYTACh W BEpPTACH
ofiHa BOKDPYT fipyroii. BH fmosnwHEEI IpefcTaBuTh cefe HA KAapTHHKE
He HOKOH, a ABmwxenune. Ha pucyHke Henbss Tax:ie NOKa3arTh, Kak
9acTUH «IAOHEYT APYT K APYILY», OPATATHBAIOTCA, HPHCTAIOT OZHA
K ofHO# m T. . Mo/KHO cKasaTh, 4TO LeAMe HX TPYONH UeM-TO
«cxaeensly. OJHAKO HA OFHO M3 TeJjel He cHOCOGHO IPOTHCHYTHCH
ckBo3b apyroe. Ecam B nompoGyere macmIbHO OPWKATH OJHO
K JPYIOMY, OHH OTTONKHYTCA.
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D ue. 1.2. Hap nod murpockonon.

G

Paguyc atomos npumepro pasen 1 unnm 2 ga 1078 cn. Beamguna
1078 cu 910 anecmpem, Tak 9TO pajuyc aToMa pased 1 mwian 2 aHrcTpe-
Mam (A). A Bor apyroit cmocoG 3aIOMHUTH Da3Mep aToMa: eciu
sI6I0K0 YBEJIMUHTE 10 PasMepoB 3eMJH, 10 arOMH B A6710Ke caMu
CTaHyT pasMepoM ¢ A0J0KO.

MpencraBbre Temeps ceGe 9Ty KaIlIio BOAHL € ee 4acCTHIKAMHU,
KOTOpPbIE IIPUILISCEIBAIOT, T PAIOT B MATHALIKY ¥ JIBHYT OXHA K JApy-
roii. Boxa coxpansier cBoit 06beM 1 He PacHafaeTcs Ha YaCTH NMEH-
HO M3-34 B3aIMHOI'C IPUTAKeHust Moaeryi. laske Katsach 1o crek-
1y, Kamid He pacTexaercs, ONATH-TaKd H3-3a mpursirennsa. U sce
BemiecTBAa HE YJAETYYMBAIOTCSA HO TOIi yKe npuumbe. J{pmxenue da-
CIWI[ B TeJke MEl BOCHPMHHMMAaeM KaK menaomy; UeM BHINE TeMuepa-
Typa, TeM cuibHee Japmkenue. [Ipw Harpese BOARI TONdes cpean
YACTAI YCUJIMBAETCS, HPOMEKYTRY MEKRAY HUMY PACTYT, U HACTY-
naet MHT, KOTJA HIPUTSKEHUS MEK/IY MOJIEKYJIaMu YiKe He XBaTaer,
yr0GH yaepskaTh HX BMecTe, BOT TOTJa OHM M YJaemyuueaimcs,
VAQIAITCA APYr OT Apyra. Tar moxydaror BONSHOHN map: nIpu mo-
BLINIEHMH TEMIOEPATYPH YCUINBAETCA ABHKCHHE H YaCTUIB Bocuma-
pAmwT.

Ha ¢ur. 1.2 norkasan nmap. PucyHOK 3TOT IJIOX B OJHOM -—
Opu BHIGPAHHOM HAMH YBeJUIEHNM HA KOMHATY HPHAETCA BCEro
HECKOJIBKO MOJORYJ, MOJTOMY COMHHTENBHO, 4TOOH nenux 2'/, Mo-
JeKYJAB OKA3QJamch HA TaKOM MaidenbkoM pucysrke. Ha rakoii
IUIOLAJIKe CROpPee BLeTo He oraskercsa HU opuoil wactuns. Ho sens
Haj0 9TO-TO HAPHCOBaTh, UYTO0 pUCYHOK HE ORI COBCEM IYCTHIM.
I'nsina ma map, jgerde ysmperh XapaKkTepHBIe YePTH MOJEKYJ BOMIEHI.
Huas mpocrorsl HA pHUCYHEE yroo MeskAy aTOMaMH BOZOPOJA B3AT
120°. Ha camom sxe gexe on pasen 105°3° , a OpOMERYTOR MEmRIY
HEeHTpaMHd aToMOB Kuexopoga m pomopoza paser 0,957 A. Haw
BUAMTE, Mbl [OBOJBHO XOpOIIo mpepcraBiaseM cefe Ty MOTeRyly.

Hasaijite paccMOTPUM HEKOTOPBIe CBOHCTBA BOJAHOIO Iapa UITH
Jpyrux ra3oB. PasposHeHHEEe MOJIEKYJIL Hapa 10 U JeJ0 yAapPAIOTCS
o creHkn cocyma. llpencrapbre ceGe KoMHATY, B KOTODOil MHOKe-
CTBO TeHHWCHHIX Msdedl (mopsjka coTHH) Gecmopsjouno u Gecmpe-
PHBHO npuiraioT noscioay. [log rpajgoM ynapoB CTeHKH pacxogaTcs
(Tak WTO HX HaJ0 NPHIEPKHBATD). JTY HEYMOIKaeMyH Apo0b yxa-
poOB aTOMOB Haumu rpy0bie OpraHel 9yBCTB (MX-TO YYBCTBHTEALHOCTD
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\\\\\\}\\\ Pue. 1.3, Quaundp ¢ nopunen.
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HE BO3poCia B MHJJIMADE pPas) BOCHPUHEMAIOT KAK ROCIMOAHHGIL
ranop. UtoOH crepsaTh Ta3 B €ro mpefaeiax, K HeMY HY/KHO upu-
nouTh massienue. Ha ¢ur. 1.3 mokasan oOWYHLIA COCYH ¢ rasoMm
(6es Hero He 06X0RUTCH HY OMUH YueGHHK) — UMJIHHLD ¢ MOPUIHEM,.
Mogxexkyan s IpocTOTH H300pa’KeHH TeHHACHHIMU MSAYNKAMH,
WIN TOUeURAMM, HOTOMY 9T0 ¢opMa mx He wuMeer 3HadeHus. OHuM
JNBIRYTCA Oecnopsajo9H0 u HenpepHBHO. MHOMeCTBO MOJIEKY I Gec-
NPEPHBHO KOJXOTHT 0 NopmeHs. Ux Hempexpamaemule yiaps BHTOI-
KHYT eT0 W3 IUJAMHJPA, eCAW He HPHIOKHUTH K MOPIIHIO HEKOTOPY
cuty — Oasaerue (cuna, coGCTBEHHO,— 9TO J[aBIEHHE, YMHOKEH-
Hoe Ha numomajs). flcHo, WrTo cmia HpomOPUUOHAJbHA IIOMAHH
HOPIIHA, HOTOMY 9TO €CAYW VBEJIWIWTH ero HAOom@ajb, COXPAHHB TO
JKe KOJIMIeCTBO MOJIEKYJ B KajKIOM KYOMYecKoM caHTHMeTpe, TO
1 9NCJIO yIapoB O HOPHIeHb BO3PACTET BO CTOABKO K€ pas, BO CKOJb-
KO paclIppwiach MmJIoOMmajb.

A ecnu B COCy/le YMCIO MONEKYT YHABOHUTCA (K COOTBETCTBEHHO
BO3pacTeT UX IJIOTHOCTB), & CKOPOCTH UX (I COOTBETCTBEHHO TeMIe-
parypa) ocramyrca mpexmcanMu? Torja oBoiBHO TOYHO YABOMTCA U
9HECI0 YAAPOB, a Tak KaKk KayKOblil M3 HAX CTOJD yKe (DHEePrHIeH»,
KaK M paHBbIle, TO BHIifeT, 970 faBJieHne OPONOPUNOHAIBHO ILIOT-
HocTH. Ecin npupsaTe BO BHEMaHNe HCTHHHEBIE XapaKTep CHJ B3aH-
MOJEHCTBUA aTOMOB, TO CleAyeT OKHAATh U HeOOJLIIOTO cIIa/a /1aB-
JdeHHsd 13-3a YBEIUUCHUSA NPHUTHHEEMA MEKIY aTOMAMM H JeTKOTOo
pocTa [aBJEHAA H3-3a YBeIudeHUs 10yl ob6mero obbeMa, 3aHATOTO
camumy aromamu. U Bce sxe B XopoureM npnGamkeHnn, KOrga aTo-
MOB CPAaBHUTEXBHO HEMHOTO (T. €. NPH HEBBICOKHX [JaBIeHUAX),
dagaeHue nPOROPYUOHAABHO NAOMHOCIMU.

Jlerko momsitk m Heuro gpyroe. Ecam nossicuth Temmeparypy
rasa (CKOpPOCTH ATOMOB), He MEHAS €T0 ILIOTHOCTH, YTO MPOM30HAeT
¢ paBiaenmeM? [IBurasch GwicTpeif, aTOMB Ha9HYT OUTH MO MOPIIHIO
CHIbHEIl; K TOMY ;Ke yJaphl DOCHIIIOTCA 9alle — M [JaBJECHHE BO3-
pacrer. Bu Bupmre, /10 wero mMpoCTH uaedm ATOMHOM TeODPHH.

A reneps paceMorpuM fpyroe ssienne. Ilyckait mopmens Mep-
JI€HHO JABUHYJACA BIEPEi, 3aCTABIAH ATOMH TECHHTHCA B MeHbIIEM
ob6neMe. Yto GrBaeT, KOTHA aTOM yaapAeT 0 MOA3YMEMY MO PIIHIO?
flcro, uro mocne ypapa ero ckopocTh mopmmaercA. Mosmcere 9TO
OpPOBEPHTh, WUTPAf B OHAT-IOHDP: HOCAE yAapa PAKETKOd IIapHK
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orTeraer OT paxeTku Owcrpeidt, wem mopumeran K meit, (Yacrmerit
mpuMep: HEIOXBH/XHEIN aTOM IOCHe yJapa HOPmHA mpuobperaer
crkopocrs.) Cramo GHTH, aTOMBI, OTIETEB OT WOPIOHA, CTAaHOBHATCH
«ropsaueey, geM Guaum 10 Tosuka. IlosToMy BCe aToMul B cocyne Ha-
fepyT cKopoCcTb. ITO 03HATAET, UTO NPU MeOAEHHOM CIHCAMUU 2a30
e20 memnepamypa pacmem. Horma MejnneHHO cocumaeltb Tas, ero
TeMIIepaTypa nosuiuaemcs, a KOTJIa MENJIeHHO Pacuiupfewsb, TeM-
nepatypa nadaem.

BepueMca K Hameil KanleJJbKe BOXH H MOCMOTPHM, 9T0 ¢ Heil Gy-
JeT, KOTJAa TemMmepartypa moHmamrcs. IlomoxuM, 9ro Tomdes cpepm
MOJIEKYJ BOJIH IOCTEIEHHO yTuxaeT. Mesk HHMH, KaK M 3HaeM,
CYIQECTBYIOT CHJIK NPHTSHKEHHA;, NPHTHHYBOIAMCA JPYT K APYry
MOJIEKYJTaM yiKe HeJIeTKO NOKadWBaThcsA W npbirath. Ha ¢ur. 1.4
MOKa3aHO, I10 OHBaeT IPH HU3KHUX TeMOepaTypax; MH BHIHM YiKe
Heuro HOBoe. ObpasoBaica 4ed. HoHeuHO, KapTUHKA 3Ta OOATH yC-
JIOBHA — y IIba HE [[Ba M3MEPEHHd, KaK 3/1ech M300parkeHO, HO
B 00mux geprax OHa cupase/iusa. UHTEpecHO, 9TO B 3TOM BemecTse
Y Kaxcdozo amoma ecmb c80e Mecino, W ecid KaKAM-TO 00pazoM MH
paccTaBEM aTOMBI Ha OJHOM KOHIE Kamau Ka)kIHH Ha CBOE MeCIo,
TO 3a MHOT'ME KMJOMETpPLl OT HETO Ha J[PYIOM KOHUe (B HalieM yBe-
AHYEeHHEOM MaciuTabe) H3-3a JKeCTKOM CTPYKTYPH AaTOMHHIX CBSI-
3eil TO)Ke BO3HHMKHET ONpejejeHHas IPaBUJIbHAs - PACCTAHOBRA.
IloaToMy ecam mOTAHYTL 3a OJ(MH KOHeIN JeifAHOr0 KpHCTajia, TO
3a HUM, TPOTHBACH Pa3pHIBY, HOTAHETCS ¥ [PYIOif — B OTIHIHE OT
BOJ(EI, B KOTOPOI1 3Ta npaBUAbHAasg PAcCTaHOBKA PaspylleHa WHTEH-
CUBHHIMHA [JBIGKCHHAME aTOMOB. Pasauia MeLNY TBePHNHIMU U SRHI-
KMMH TeJaMH COCTOHT B TOM, 4TO B TBEPJBIX TejaX aTOMB PaccTan-
JeHBl B 0CO0OM HOPSAJIKe, HABHBAEMOM KPUCTMAAIUMECKOT CIMDYKMY-
poti, U ajke B TOM cJaydae, KOIZa OHM HaXOAATCA JAJNeK0 ADPYT OF
7pyra, HE4ero cjiydailHoro B MX pasMelqeHHd He Habiiogaercst —
HOJIOKEHHEe aTOMa Ha OJHOM KOHIe KpucTasiia ollpefelsiercA IOJO-
JKEHUMEM aTOMOB Ha JPYyTOM KOHIE, IYCTh MeXKAY HAMH HaXOASATCSA
XOTh MWIJHMOHHE aTOMOB. B JKHJKOCTAX K€ aTOMH Ha JaJbHUX
paccToAHuAX cABHEYTH Kak monaso. Ha ¢ur. 1.4 paccranosra mo-
JeKyd AbjJia MHOK BhIJyMaHa, W XOTs Koe-Kakme CBOHCTBA JIbJa
31eCh OTpasKeHH, HO B O0meM OHa HempaBmibHAa. BepHo cxBagena,
HAOPUMED, 9YacTh IMECTUTPAHHON CHMMETPHH KPHCTaJIOB JbJA.
IlocmoTpuTe: ecanm moBepHyTh KaprTuaKy Ha 120°, monyuntes 1o xe

Due 1.4. Moackyan avda.
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cavMoe pacnonosxenne. Takum oGpasoM, Jef HEMeeT cuMMempuio,
BCJIEICTBUE KOTOPON CHE;KMHKH Bce niecTHrpaHsn. Mz ¢mr. 1.4
MOJKHO eIe TNOHATH, OT4er0, pacrass, Jell 3aHUMAET MeHbMMUH
o6sem. CMoTpHTE, KAK MHOTO «IIyCTOT» Ha PHCYHKE; Y HACTOSMEro
Jabjla X roike MHOTO. Horpla cmcrema paspymaercs, Bce aThm myc-
TOTH 3AMOJHAIOTCA MOJEKYJIaM#. BOJBIIMHCTBO HPOCTHX BEHmECTs,
3a MCKJIIOYeHHEM Jb/la B rapra (TAnorpa@cKoro cuxaBa), npu mias-
JNeHUu pacuupsiemcs, IOTOMY 9TO B TBePAHX KPUCTAAIAX aTOMbBI
yHOaKoBaHH IUIOTHEe, & TWOCJe WJIABJEeHHS UM MOHAmOGmTCa MecTo,
q100bl K0e0aThbCs; CKBO3HBIE K€ CTPYKTYPH, HamomoOue Jbja,
paspymiasck, CTAHOBSATCA KOMIIAKTHeEE.

Ho xoraaen obaagaer ¢RecTROI» KPUCTALIHIECKOT CTPYKTYPOIT,
eT0 TeMImepaTypa MOKeT TOHie MEHSIThCA, B HEM ecTh 3arac Tema.
JTOT 3amac MO'KHO MEHATL TO CBORMY sredammioo. Yro ;Ke 310 3a
TeITo? AToMbI JIPIA BCEe PaBHO He HaXofATCH B moroe. OHH AposKaT
u xomebmorest. Jlase morga cymecrByer onpeAeteHHbl HOPATOK
B KpucTayie (CTpYKTypa), BCE aTOMBI Bee /Re rone(siorcd «HA Of-
HoM smecre». C HOBBIIIEHHEM TeMOepaTYphl pasMax uX Kojae0aHWi
BCce pacTeT, IOKA OHM He CTPOHYTCHA ¢ Mecta. JTO Ha3blBaercA
naagaenuenm. Haobopor, ¢ mageAueM teMmmepaTyphl Kodebauus Bce
3aMHUpaT, I0Ka Upu abCOJIOTHOM HY.1€ TeMIepaTypH OHH HE CTa-
HYT HAEMEHBIIHMHU U3 BO3MOKHHX (XOTSI DONHOI OCTAHOBRE HE Ha-
CTYIuT).

ATOr0 MEHUMAJLHOIO KOJMYECTBA IBH/KEHNSA He XBAaTaer, 9To0H
pacronuts rexc. Ho ecrs onmo mekawuenune — rexumii. Temnit npu
OXJNARACHUM TO;KE YMeHbhIIaeT ABI;keHHe CBOUX ATOMOB jI0 Ipefe-
Ja, HO faske npm aGcodI0OTHOM HYJE B HHX OKAa3BIBAETCH FOCTATOU-
HEIT 3allac ABMKEHIsT, TTOOH IPeJoX PAHUTH TeNuil 0T 3aMep3aHHs.
Veanii e 3aMepsaer u npu aGCONIOTHOM HYJIE, €CHH TOIHKO He CiRa-
M4Th ero moj BeICOKMM pnaBiienueM. lloBrilmas jaBuetrie, MoxcHO
Jo0UTLCA 3aTREPIEHUA TeNus.

§ 3. Amonivte npouecco

Tax ¢ aToMBOI TOYKH 3peHUs OOUCHBAIOTCA TBePIBIe, SRUAKHE U
raszoobpasanie Tena. Ho aroMuas rumoresa omHCHBAaeT u RPOYECCol,
¥ MBI TEIIepb PACCMOTPHM HEKOTOPEIE MPOMEeCcCcH ¢ aTOMHHX IO3HIMIL.
llepBaiM flesioM peddb HOfiZeT O Dponeccax, IpPOUCXOAANNUX HA 110-
BepxuocTH BoIsl. Uro 3meck mpoucxomut? MBI yeaosxuuM cebe 3a-
nagy, npubaus3uM ee K peaibHOIl NelcTBUTETbHOCTH, MPERIIOIOKHUB,
40 Hal HOBEPXHOCTHIO HaxoauTca BO3XyX. Baragmure ma dur. 1.5.
Mp! mo-mpe;kHeMy BHAUM MONEKYIH, 00pasyioiue TOAULYy BOXH,
HO, KPOMe TOr'0, 3ech u300pasKkeHa M ee HOBEPXHOCTH, 4 HAj HEIO —
pasiuYHBIe MOJEKYIH: NpesKJe BCero MOJEKYJH BOJALL B BHIE
600aK020 napa, KOTOPHIl BCerjia BOSHHKaeT Haj BOAHOI moBepPX-
HOCTBIO (map ¥ BOAA HAXOQATCA B PABHOBECHH, O WeM MHl BCKOpe
Oynem roBopurs). HpoMe roro, maj BOLOIl BHTAIOT U APYTrHe MOJe-
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D ue 1.5. Moaeryaw ¢odul, ucna-
pawwelica 6 8030yx.

O
Kugaopod Bodopod Asom

KYJH — TO CKPeTUIeHHbe BOGJMHO /(BA aTOMA KHCI0poaa, oGpasyro-
mie Mo4ekyay Kucaopoda, TO HBA aTOMA Aa30Ta, TOMKE CHUHIIMECH
B MOJIEKYJy as3ora. Bo3ayx noutH Bechb COCTOMT M3 a30Ta, KUCJIO-
posia, BOJAHOTO Iapa M MeHBIIMX KOJHYECTB YTJICKHCIOTO Tasa,
aproHa W MpoYEX npmMeceit, Mtak, Haj moBePXHOCTBIO BOJH HaXO0-
IUTCA BO3AYX — Tas, cofepamuii HEKOTOPOe KOJMYECTBO BOJA-
Horo Hapa. UTo mpomcxoawr Ha sToM pucynxe? Monexyan Bopnt Bce
BpeMa ABmEYTCA. BpeMs or BpeMeHH Kakas-HUOYyJAb U3 MOIEKYI
GJiH3 DOBEPXHOCTH IOJydYaeT TOJTI0K CHJbHEE OCTaJbHEIX M BEICKA-
KuBaer BBepX. Ha pmcyHKe 9TOr0, KOHEYHO, HE BHJIHO, IIOTOMY YTO
amech Bce Henodsumcno. Ho mompolyiite npocro mpesicTaBuTh cede,
KaK OJJHA M3 MOJeKYJ TOJbKO 9T0 MCIBITaNa y/Jap H B3jeTaer BBeDX,
ac Apyroif ciyumnoch To ke caMoe U T. A. Tar, MoseKyia sa Moae-
Kysgoll Bojia mcuesaer — oma umcuapserca. Ecam sakpumb cocya,
Mbl OOHAapYKHM CpeIH MOJEKYJ HaXONAIeroca B HeM BO3JyXa
MHOKECTBO MOJIeKyJ Boju. To u Meso HeKOoTOpHeE M3 HUX CHOBA IO0-
TaJaloT B BOAY ¥ ocraireda taM. To, 970 Ka3aJoch HAM MEDPTBERIM H
HEHMHTePeCHBIM (CKajKeM, NPHKPHITHII ueM-HHOyAb CTakaH BOJB,
KOTOPHII, MomeT 6sTh, 20 Jer MpoCTOA] HA CBOeM Mecte), Ha ca-
MOM JieJIe TauT B ceGe CIO/KHBIN M MHTepecHHH, OecnpepelBHO HAY-
mEi AuHaMmpdeckuii mponecc. [las Hamero rpyboro raasa B HeM
HE9ero He IPOMCXOLAT, HO CTAHb Mbl B MIUIJIHMADJ pPa3 30pue, Ml (bl
VBHIAJH, KaK BCe MeHAeTcA: OJHH MOJIeKYJH B3JeraioTr, /pyTue
ocepao?.

[Mogemy me MB ne eudum smux usmenenuii? Jla moromy, 4rTo
CKOJIbKO B3JeTaeT MOJeKyJs, CTONbKO ke u ocefaer! B obmem-To
TaM <(HHYET0 HE NPOHCXOAHMTY. EciaM pPacKpPHTH CTaKaH M CAYTh
BIAKHHIT BO3JYX, Ha CMEeHy eMy HpHTedeTr yKe CyXOH; 9HUC/Io MO-
JeKYJ, IOKIAAIUX BOLY, OCTAHETCA IPEKHAM (OHO Be[(b 3aBHCHT
TOABKO OT IBIJKEHHA B BOJE), 4 9MCI0 BO3BPANIAINUXCA MOJIEKYI
CHIbHO YMeHBIIATCH, HOTOMY YTO UX yike Haj BOJOil modtn ne Oyner.
YUpeno yieTamwmuX MOJEKYI HNPEeBHCHT 9HCI0 OCEAAKIIHX, BOaa
HauHer mcmapaTthea, llosroMy, ecam BaM HYKHO HCHAapATH BOAY,
BKJIoYaiiTe BEHTHIATOD!
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Ho a70 eme He Bce. laBaiitTe mogyMaeM, KaKHe MOJEKY I BHJIe-
raoT w3 BoAs? EciIm y MoJeKyja BHICKOUHIA, TO 3TO 3HAYMAT, UTO
ona cayuaiino BoGpasia B ceGA MBINIIEK SHEPLHM; OH el moHaIo-
GmicA, 4To0H pasopBaTh IYTH HPHTAKEHAA cocefedl. Jmeprus
BHJIETATOIIX MOJEKYJ HPeBOCXOJAT Cpe[HI0I0 SHEePrUI0 MOJEeRYI
B BOJe, IOBTOMY SHEPIUs OCTAINUXCH MOJERYJI Hujce TOH, KOTO-
pas Owina jo memapenus. liBwkenme mx yMeHbHIaercs. Bofma or
ucnapeHHss HOCTemeHHO ocmulgaem. HoHedHo, Korha Molekyla
mapa ONATh OKa3blBaeTCA y IOBEPXHOCTH BOJEI, OHA HMCHLITHIBAET
CH/IbHOE IIPATAMKEHHE WM MOKeT CHOBA momacTh B BoAy. llpmrae-
Hpe pasroHAET ee, W B HTole Bo3HuMKaer rtemmo. Mrak, yxopus,
MOJIEKYJEl YHOCAT TemJo; Bosppamasch — npuaocar. Horpa cra-
KaH 3aKkpHT, 0anaHC CXORMATCS, TemllepaTypa BOAH HEe MEHAETCA.
Ecan ke gyth Ha BOAYy, 9TO0H mcUIapeHWme NPEBHCHIO OceJaHue
MOIEKYJ, TO Boja oxiasjgaercs. llostomy, 9T00H OCTYAHTH CyH,
myiite Ha Hero!

Boi mommMmaere, KOHeYHO, 9TO HA CaMOM JleJie BCe IPOUCXOJLHT
Topasjio cIoMHee, YeM 3fech onmcano. He roinbko Bojia mepexopnt
B BO3IYX, HO MOJEKYJH KHCJIOPOfa WJIH a30Ta BpeMA OT BpPeMeHH
IepexojiaT B BOJly M (TEPANTCA» B Macce Mosekya sojn. Ilomaja-
HUe aTOMOB KHCJIOPOJa W a30Ta B BOJY O3HA4YAeT PACTBOPCHHE BO3-
Iyxa B BOjle; eciad BHeBamHO M3 COCYJa BOSAYX BHIKadath, TO
MOJeKYIH BO3[yXa HaYHYT M3 BOJBI BRIEJAATHCS GeIcTpee, 9eM Ipo-
HUKAT B Hee; MHl YBHUJHM, KaK HABepPX IIO/IHMAIOTCA IY3HIPBKH.
B, HaBepHo, CAKXAaJM, 970 BTO sBJIeHNe 04eHb BPENHO JAJA HEI-
PAABIIHUKOB.

[lepeitzem Teneps K gpyromy upoueccy. Ha ¢ur. 1.6 mut suamm,
Kax (¢ aTOMHOH TOYKH 3peHMsA) COIb pacTBopsaerca B Bofe. Yro moxy-
gaeTcs, ecqu B BOAY Opocuth Kpuctasiauk coixu? Cojlb — TBEpHoe
TEJO0, KPACTAJI, B KOTOPOM (ATOMBI COJIM» PACCTaBJIeHH IPaBUIb-
aeiME pagamu. Ha ¢ur. 1.7 mokasano TpexMeproe crpoeHHe 00bId-
Holt conm (xnopucroro Harpus). CTporo rosopsa, KPUCTAILI COCTOUT
He W3 aTOMOB, & A3 L0H08. VIOHEl — 3TO ATOMEL C H3INIIKOM WIN C He-

D uea 1.6. Mosackyan coau,
pacmeoparowelics ¢ sode.
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@ ue. 1.7. Cmpyxmypa
Epucmaatd CoAu.

Pagcmosnue 8o Onumaiweso
coeda d=a/2

XBaTKOU 37eKTpoHOB. B KpHmeraie comyu ME HAXOJAMM HOHE XJIOpPa
(aTOMEL XJI0pa ¢ JMIOIHAM 3JeKTPOHOM) H MOHK HATpHsA (aTOMB HaT-
pHs, JHUICHHBE OJJHOTO djeKTpoHa). VoHH B TBeppoil conu crpei-
JeHEL IPYT € LPYIOM BJIEKTPHYECKHM NpHTA:KeHHeM, HO B BoOJie
HEKOTOPHIE W3 HHUX, NPHTAHYBUIACH K HOJOKHTEIBHOMY BONOPOLY
WId OTPUNATENHHOMY KUCIOPOIY, HATHHAT CBOGOAHO JIBETATHCA.
Ha ¢ur. 1.6 Bufen ocBoGoquBuIniicH HOH XJjopa U JPYIHE aTOMHI,
nJiaBarmue B Bojie B Buge moHOB. Ha pucyHke HapouHO HORYepK-
HYTH HEKOTOpHIE JeTaju mpolecca. JaMerbre, HaIpUMep, YTO
BOAOPOJIHEIe KOHIE MOJEKYJ BOJBL OOKTHO 00CTyImamT MOH XJopa,
a BO3Jie MOHA HATPHA Yamie OKABHBaeTcA KUCIOpoy (HOH HATpUsA
TOJOKATENCH, & aTOM KHCIOpPoja B MOJeKyJe BOAH OTPHUIlATeNeH,
HOSTOMY OHH TpHUTATHBaroTcs). MOHO Ju W3 pHCYHKA IOHATH,
pacmeopaemca T 37ech COJNb B BOJE HIIH JKe 6ulKPUCTNAAAUI0BHLEAEMCS
u3 Boan? flcHO, 9T0 Heavss; 9AacTh aTOMOB VXOAHMT M3 KpPUCTAJLIA,
qacTh NpHcoepmHsercss K HeMy. Ilpomece aror OJumamuuecruil,
mofoGHEIA HMeNapeHnIo; BCe 3aBUCHT OT TOLO, MHOTO HJIK Majo COJR
B BOJe, B KaKyl CTOPOHY HapylmeHo paBHOBecme. Ilox paBHOBec-
HEIM NOHHMAercs TaKoe COCTOAHHME, KOT/[A KOJIHIECTBO YXOAAIIAX
aTOMOB pABHO KOJXMYeCTBY upuxofsmux. Ecim B Boje mour:
HET COJH, To GOJIbIIe aTOMOB YXO/MT B BOLY, 9eM BO3BpAaniaeTcAa M3
BOMEL: COXb pactBopserca. Ecam ke «aToMOB COMn» CAHIIKOM
MHOTO, TO IIPHX O/ IIPEBHINAaeT YX O, H COJXb BEIHATAET B KPUCTAJLIHL.

M MAMOX0JI0M YHOMAHYJIH, 9T0 HOHATHE MOACKY .46l BellecTBa He
COBCEM TOIHO B MMEET CMEIC] TOJNBKO JIJIsf HEKOTOPHIX BHJ{OB BeIHECTB.
OHO mpuUMeHMMO K BOJAe, B He#l JIeMICTBHTEJBHO TPH aToMa BCerja
CHPelJIeHN MeXAY coGoif, HoO OHO He 0YeHb HOJXOJUT K TBePAOMY
XJIOPHCTOMY HAaTPHiO. XJIODPHCTHII HAaTPHIl — 5TO WMOHH XJI0Opa M
HaTpus, oGpasyomue Kybudeckyrw cTpykrypy. Heasss ecrecrBen-
HHIM OyTeM CIPYIIUDPOBATL HX B «MOJEKYIH COJLY,
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Bepuemcs ¥ BOIpPOCY O PacTBOpPEHMM u OCamfeHWH conu. Ecnm
TOBEICHTH TEMIEPATYPY PACTBOPA COJIH, TO BO3PACTET H TMCIO PaAcT-
ROPAIGUXCA aTOMOB M IACIO ocasKigaeMux. OxasmBaercs, 90 B 06~
nieM cJiydae TPYAHO TpeCKa3aTh, B KaKyi CTOPOHY C/ABHMHETCH
mpotecc, ObcTpedl miam MejmeHHeil moiger pacrBopenmne. C pocTom
TeMizepaTypsl OOJBIIMHCTEO BEINEeCTB HAaTMHAeT PACTBOPATHCS CHIb-
Hell, a y HEKOTOPHIX PAaCTBOPHMMOCTH Hajiaer.

§ 4. Xunuuecxue peariqun

Bo Bcex ommcaHHHX mpolieccaX aTOMHl M HOHB He MeHsJIH
csoux Hanapaukos. Ho, Koneano, BO3MOKHE 00CTOSTEIBCTRBA, B KO-
TOPHIX COYETAHUA ATOMOB MEHSAITCH, 00pasys HOBHE MOJIEKYJIH.
Jro noxasamo Ha ¢ur. 1.8. Ilpomecc, B KoTOpOM aroMHBEE HmapT-
HEePBl MeHAIOTCA MeCTaMM, HA3HBAGTCA JUMUYECKOU peakluel.
OnucanHEe HaMH Hpeizie Tponeccs HassBawrcd usmaeckumu, HO
TPYHAHO yKasaTh Pe3KyI0 IpaHEIy MeskAay teMu m ppyrumu. (Ilpu-
pojie BCe PABHO, KaK MH 5TO Ha30BeM, OHa HPOCTO FeJaeT CBOe Ielo.)
Ha KapruHKe MH XOTeNH MOKa3aTh, KAK yrolb FOPAT B KACIOPOJL.
Mosteryna Kucaopoga cocTonT u3 Jeyxr aToMOB, CIEILIEHHHIX OY€Hb
rpenko. (A modeMy He us mpex wiu lasie He u3 uemuper? Taroma
0/lHA U3 XapaKkTepHHX dWepT aTOMHEX NpPOIECCOB: AaTOMBl Od4eHb
pazbopumBel, UM HPABATCA ONpE/eJieHHbIe HaPTHEDPH, OIIPeNeseH-
Huie HampapaeHHs # T. 4. Opua w3 oGasaHmocTell ¢U3HMKE — pa-
300paTbesa, HOYEeMy OHH XOTAT HMEeHHO TO, 910 Xxorar. Bo mearom
ciaydae dga aTOMa KHCJIOPOJA, JOBOJbHEE I HACHIIIEHHRE, 00DA3yIOT
MOJIERYIY.)

HpexnonosuM, 9ro aToMEl yraepopa o0pasyroT rBepasli Kpu-
cramin (rpadur miam anmas*). O/Ha U3 MOJIEKYJ KHCIOPOJA MOKET
npodparbesa K yIaepoay, KaRAHI ee aTOM MOJXBATHT HO ATOMY yT-
Jlepojia H yiIeTHUT B HOBOM COdYeTaHUU yIiepoj — kucxopoy. Taxme
Monexrysasl obpasyior ras, HaswBaeMmerii yrapesM. Ero xmmmdeckoe
umsi CO. Yro s1o suaant? Bykss CO — 310 paKTMIeCKH KapTHHKA
raxkoil Monexymasi: C — yraepon, O — xucaopojn. Ho yraepon npn-
TATUBaer K ceGe KUCIOPOJ HAMHOIO CHiILHee, 9eM KHCIOPOoJ HpH-
TATUBAET KHCIOPOJ, iU yraepop — yriaepop. [lostomy kucaopop
JJIA BTOTO Impolecca MOJKeT HOCTYHaTh ¢ MaJoil sHeprueil, HO, cXBa-
THBASACH € HEMMOBEPHON JKAXHOCTHI0O H CTPACTBIO € YTIEPOIOM,
BHCBOOOKaeT SHEPIUIO, HOTIOWIaeMyI0 BCeMH COCeJHUMH arOMaMu.
Odbpasyerca 00JibIIOE KOJUYECTBO SHEPTHY JBIWKeHHS (KWHETH-
4eCKOH SHepPrum). JT0, KOHETHO, W €cTh 2OpeHue; MBl HOIydaeM
menao OT COYeTAaHHMA KHCIOpOda u yriepopga. Temmora B 0GRITHBIX
VCIOBHAX IPOABAAETCA B BU/e JABIKEHHA MOJIEKYJ HArpeToro
rasa, HO MHOIJIA ee MOKeT OHTH Tak MHOTO, YT0 OHA BH3HBaeT U
ceem. Tax monydaercs naams.

* AnMa3 TOMe moxcem Cropethb B -BO3JyXe,
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D ue. 1.8. Yeoar, copawyuil
€ Kucaopode.

Bro6asox Mosexyam CO MOryT He VIOBOIBCTBGBATHCS JOCTHL-
HYTHM. Y HHX eCTh BOBMO/HOCTD HO/COEAUHNTD elle 0JKE aTOM KHC-
J0opona; BO3HAKaeT Gojlee CIHO/KHAH peakids: KHCTIOpod B mape
€ yIepoJioM cToJkHered ¢ apyroii Mmorneryxoit CO. Arom Kuciaopoja
npucoegnranress K CO u B KoneaHOM cuere o0pasyercsa MOJEKYJIa
3 ONHOTO YIJEepoia U JBYX Kueaopoaos. Ee ofosmauaior CO. m
HA3BIBAIOT YTIEKUCAnM rasoM. HKorga yraepop ¢kuramnt odeHb
OpCTpO (cKajkeM, B MOTOPE aBTOMALLMHLI, Iié B3PHIBH CTOJE da-
CTHI, UTO YTJAEKHCJA0Ta HE VeleBaeT oGpasoBarThes), TO BO3HHMKAET
MHOTO YrapHOTO rasa. Bo MHOrmX Taxkmx HepecTapoBKaX aTOMOB
BEITIENIACTCA OTPOMHOE KOJIHYECTBO YHEPruM, HAOIONAI TCA B3PHIBH,
RCOBIXHBaeT maMsA | T. JI.; BCE 3aBUCHT ©T pearIiui.

XVMAKY H3YYUAHW STH PACIOJO/MEHHMSA arTOMOB M YCTAHOBUIH,
4T0 M000e BEmeCTBO — BTO CBOI THID PECROAOICEHUS QINOMOS.

Yr1o0 0GBACHUTD 9Ty MBICAD, PACCMOTPHM MOBHII mpmMep.
Y rayMmGn Guasor BH cpasdy 4yBCTBYETE MX «3anaxy. JTo 3HAYHT,
4TO B Balll HOC HONAIM MOAEKY.Abl. WIH PACIONO:KEHHAS aTOMOB 0CO-
Goro popa. Kax onmryaa nonanm? Hy, ato mpocro. Pas zanax —- 310
MOJEeRYJIH 0c000T0 poma, TO, ABHUrasch H CTAJKUBAsICH IOBCIOXY,
OHM Ccayialifo MOTJIK NOTACTH H B HOC. HOHEYHO, OHU HC CTPEMILIACH
nonactTh TyAa. ITO HPOcTO GECHOMOLLHBIE TOJILL MOJEKYT, H B CBOHX
GecenbHHX ONY:JAHAAX 3TH OCKOIAKHA BEILECTBA, CIYYAETCH, OKa-
3hBAKTCA W B HOCY.

N Bor xEMuKH® MOryr B3sTh jajie TaKHe HeOOHIHble MOJEKYIH,
KaKk MOJEeKYJH 3alaxa (uajoK, IpoaHAIM3MPOBAThH HX CTPOCHHE U
onmcaTh HaM MOYH0e PACROA0NCEHUE HX aTOMOB B TipocrpancTee. MH,
HalpuMep, 3HaeM, 4T0 MOJEKYia YIJEeKHCIOro rasa IPAMa U CHM-
merprgHa: O—C—O (310 merko ofHapy:;KuTh U PUIMIECKHMU METO-
pamn). Ho w pas GesmepHo Gomee CJIOKHEX, 9eM Te, ¢ KOTOPHIMH
HUMeer Jleli0 XUMHSA, PacIOIo;KeHHIl aTOMOB MOJKHO HOCTE JOIATHX
YBJIeKaTeJIbHWX TONCKOB MOHATH, KaK BHIVIATHAT 9TO pacIoo/KeHHe.
Ha ¢ur. 1.9 wumsobpamken Boagyx Hap ¢uwankamu. CHOBa MH
HaXO[MM 37ech a30T, KUCJAOPOM, BOAAHOU map... (A OH-TO OTKyJa
apech? Ot saancnuz Puamox. Bee pacrenus ucnapawor soxry.) Cpean
HHX, OJJHAKO, BUTACT «IyIOBUIIE», CIOKeHHOE U3 aTOMOB yTiepoja,
BOIOpPOZA W KucaIopojpa, obaioGopaBmiux fja ceba ocoloro mma
pacmoio;keHde., JTO pACIONO;KEeHNe HaMHOIO CJI0KHee, 9eM Y
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yraexumcaoral. H coaleHnmo, ME He MoKeM er0 HapHCOBATH: XOTH
OHO H8BECTHO XMMHKaM O4eHb TOYHO, HO OHO BElb TPeXMepHoe, a
Kak ero m3o0pa3mmsb B 1Byx maMepennax?! Kax mapucosath mects
YrIeponos, KOTOphIe 06pas3yIoT KOJAbI0, HO He IIOCKOe, & «IapMoll-
Koii»? Bee yrami, Bce paccroanma B Heit maBecTHEL. Tak BOT, XAMH-
qecKasi giopmysa — BTO MPOCTO KapTHHA Tarol MomeKkyin. Horma
XUMAK nuneT GopMyIy Ha JoCKe, OH, Tpy60 TOBODA, NHTAETCA Ha-
pHCOBAaTH MOJEKYyHIy B [IBYyX HsMepeHHax. Hanpmmep, Me Bugmm
KOJBI0 U3 WMIECTH YTJEPOJOB; YIIEPOJHYIO MEIOYKY, CBHCAIOMYIO
C O{HOTO KOHI[A; KHCIOPOJ, TOpUAN(Hil HA KOHIE I[eIIOIKH; TPU BO-
Flopoja, HpUBSA3aHHbIe BOH K TOMY YIJIEPOAY; ABa yriaepojga @ TpH
BOOPOJia, OpUIETJIEHHNE BOT 37(ech, U T. .

Kax sxe xmMux yssaer, 9to 510 3a pacmoio:kenne? BospMmer on
ABE NPOCHPKH € BEIIECTBOM, COMLET HX COAEPIRIMOe M CMOTPHT:
eCIH CMech IOKpacHesa, 3HAYHT, K TAKOMY-TO MECTY MOJIEK YIB!
OPUKPEITeH Of{UH BOAOPOA M /IBA YTJEpo/ja; eCaM IOCHHeJa, T0...
TO 910 HA4Yero He 3gHaunT. OpramudecKad XWMMHA MO;KeT HOCIO-
puTH ¢ CaMEIMH (YAHTACTHIECKHMH CIPAHMIAME [eTeKTHBHBIX PO-
MaHOB. Ur00m y3HaTh, KAk PaCIOJO/KEHbl aTOMH B KakoH-HEGYb
HeBePOATHO CJHOKHOM MOJIEKyJe, XUMHUK CMOTDPHUT, 94TO GyJeT, eclu
cMemraTh /iBa pasHnx Bemiecrsa! Jla ¢usur nunmodeMm me momepur,
9T0 XMMUK, OIKCHBAA PaCION0KeHHe aTOMOB, IOHAMAET, 0 9eM T0o-
Boput. Ho Bor y:e Goasme 20 mer, kak mosBmica QuamdecKmii
METOJ[, KOTOPHN WO3BOJACT PAsTIAAALIBATE MOJEKYJIH (He Taxume
CIIO;KHEIE, HO IO KpaiiHeil Mepe PO/ICTBEHHLIE) M ONMUCHBATL PACHO-
TOKeHe aTOMOB He I10 I[BeTY PACTBODA, & II0 UIMeDEHUI) PACCOAHUL
nesxcdy amomamu. W aro sxe? Orasanoch, 9T0 XUMHKHA TOYTH HE-
Kora He ommbanTcal

OxasmiBaerca, uTo AeficTBHTENBHO B 3amaxe (QHATOK HPHCYT-
CTBYIOT TPHU CJIETKa Pas3TUUHBEe MOJEKYJIh, OHH OTIMYAIOTCS TOIdb-
KO pacCTaHOBKOH aTOMOB BOJOpOJA.

Opna u3 mpo6ieM B XUMHH — 3TO NPHAYMAaTh TaKoe HABBAHHE
ST BEIECTBA, ITOGH IO HeMy MOKHO ORLJIO 6K Y3HaTh, KaKoe OHO.
Haittn mma gas ero ¢opmer! Ho 0HO /[0/0KHO OMECEIBATE He TOMBKO
¢opmy, a yKasBaTh eIie, 9T0 31ech CTOHT KHCJIOPOX, & BOH TaM —
BOZIOPO/(, 9T00B GRIIO TOYHO OTMEUEHO, Ijie 9TO CTOHT. Temephb B
HOHUMAeTe, I0YeMy XUMHWYIeCKHe HA3BAaHHA TaK CJAOKHEL. OTO0 He
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D ue 1.10. Cmpyrmypras gop F\‘ >G\ ;-' f
aysa zanara guasku. CHs_T G__G-::g—— —CH,
H=-0_ 5—CHs

CIIOKHOCTE, a HoXHOoTa. HassaHme MoKy 3amaxa ¢uazor Hoa-
TOMy TakoBO: 4-(2,2,3,6-terpaMerus-S-nuKiIorexcan)-3-6yren-2-oH.
OHO MOJHOCTBIO OMHCHIBAET CTPOEHHE MOJERYIH (H300pa:KeHHOH
Ha ¢ur. 1.10), a ero gamna o0GBACHAETCA CHAOKHOCTHI0 MOJIEKYJIH.
Heno, sHagur, BoBCE He B TOM, UTO XHMMHKH XOTAT 3aTYMAaHUTD
MO3TH, IPOCTO UM HOPHXOAUTCH peirarh CIomHeHmyo sajady Onm-
CaHAS MOJEKYHH caosamu! .

Ho otryna Ms Bce-Tand 3raem, 9T0 aTOME CYMECTBYIOT? A 37ech
" WIeT B X0 YrKe ONHCAHHHIN NpueM: MBIl npednoideaed ®X CyIIECTBO-
BaHNe, M BCO Pe3yIbTaThl OAMH 3a APYTHM OKaSHIBAIOTCA TAKHMH,
KaK MBI IIPEJCKayKeM,—KaK UMy OHHU TOIKHEL OBITh, €CJIH BCE COCIOUM
u3 atoMoB. Cymectsyior m Gojee IpsMEle IOKasarelbcTBa. BoT
OIHO U3 HHX. ATOMH Tak MaJibl, YTO HM B KaKOI MHKDPOCKOI HX HO
VBHAUIND (flajke B 21eKMPOHMWIL, & YK B CBETOBOM H IOIABHO).
Ho aromsr Bce BpeMsa npmwyTcsa, # ecau GPOCHTH B BOZY GOJBIION
wapuk (Goxpliol mo CPaBHEHHIO ¢ aTOMAMM), TO W OH HaYHET IO-
nparuBath. Bee paBHO Kak B mrpe B mym6os, rje GOMBIOymMH MY
TOJIKAIOT ¢ Pa3HBIX CTOPOH OBe KOMaHAB. TOJKAOT B pPa3HBIX HAIl-
paBleHUAX, W KyJa MAY NOKATHTCHA, He yrajgaemsb. TodHO Taw iKe
GyjeT IBATATHCA W «GOJbBINOM MAYY B BOjIe: B Pas3HEIE MOMEHTH Bpe-
MeHHM ¢ pasHEIX CTOPOH Ha Her0 OYAYT CHIATHCS HEOJUHAKOBHE
vaapu. ITosTomy Korja MEL TasinuM B XOPOMIMiT MUK POCKOI HA Mellb-
gaiimpe JaCTHYKHM B BOJie, TO BHJUM UX HeUpepHBHOE METaHHE —
uror GombGapAupoBKHW mx aTtomamu. HasmiBaercsa 3to 6poyrosckum
daudiceruem.

JIlpyrue [oKasaTellbCTBa CYLIECTBOBAHUA AaTOMOB MOMKHO HB-
BJIeYb N3 CTPOCGHHS KpHCTannoB. Bo MEOTMX ciaydasX HX CTpoeHue,
ONpefie/IeHHOE U3 ONEITOB 110 MPOXOJKIeHHI0 PeHTTeHOBCKHX Jydei
9epes KPHCTAJIIBL, COTJacyeTcsi MO CBOEMY MIpOCTPaHCTBEHHOMY
pacmogoskeHno ¢ GopMoli caMoré HPUPORHOTO KpPHCTAJAa. ¥ TJBI
MeXAY PasHHIMH IPAHSMH KPHCTAJIa COTJIACYIOTCA ¢ TOUHOCTBIO He
1O TpajiycoB, a 0 CeKYHJ AYTH ¢ YIaMH, BEICYIHTAHHEIME B IIpeX-
[OJ0KEeHHH, ITO KPHCTAII CI0eH M3 MHOMKECTBa «CJIOEB» aTOMOB.

Bce cocmoum us amomos. ITO caMoe OCHOBHOE YTBepKACHHE.
B Omomormm, BampuMmep, caMoe BajKHOE IIPeJIIONO0KEeHWe COCTOMT
B TOM, 9UTO éce, ¥mo deaaem ycusomuoe, cosepuaiom amomsi. VHIMU
CIOBAMY, @ HCUBHE CYUeCMOar Hem HUUe20, ¥mo He Moz2a0 Obl Guimb
ROHAMO € MOl MOYKLL 3PEHUS, YN0 OHU COCTOAM U3 amomos, Oelicm-
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sylowux no sakoram gusuky. HKorpa-to 310 He GHIIO emle SICHO.
IlorpeGoBaniock HeMallo OHOBTOB ¥ PpasMBIIUICHHI, TpexJe deM
BHICKA3aThk 3TO NPEANOJOKEeHNe, HO Teneph OHO WOBCEMECTHO WPH-
HATO U NPUHOCAT OTPOMHYIO HOJL3Y, MOPOXKKAsi HOBHE HjeH B 00-
jgacra Guonoruu.

Ha mocynure camu! Ecau yix cranbHoli KyOUK HIN KPHCTAXIHK
COJIH, CTOKeHHEIH W3 0OTUHAKOBEX PAIOB OJMHAKOBEX aTOMOB, MOKeT
o0HapyKuUBaTh TaKWe HHTEPECHBIE CBOWCTBA; €CJIH BOJAa — HPOCTHIE
KalleJbKH, AEOTHIUMBIE APYT OT /ipyra ¥ HOKpPHBaOIIHe MWIA 3a
M€l HOBePXHOCTh JeMin,— cnocobHa HOPOKAATH BONHH H MeRy,
TPoM IPHGOS W CTPAaHHEE Y30pH Ha TpaHure HaGepe;kHOIl; ecad Bce
8TO, BCe GOraTcTBO KWBHII BOJ — BCEr0 JWIIb CBOMCTBA CIYCTKOB
aTOMOB, TO CKOAbKO Jce elye 8 HUL cKpumo 6odmoxcHocmeir? Ecmm
BMeCTO TOTO, T00H BEICTPAHBATH aTOMEl TO PamKHPY, CTPOH 3a
CTPOEM, KONOHHY 3a KOJOHHOIl, fajke BMECTO TOTO, 4TOGH COOPY-
/KaTh H3 HAX 3aMBICHOBATHIE MOJEKYJdbl Bamaxa QHAIOK, eclH BMC-
CTO BTOTO pacmoiarath WX Kaxcdwil pas no-wosomy, pasHoobpass
IX MO3aHKY, He IOBTOPSA TOTO, 4TO YiKe ObLi0,— IIpeficTaBiAeTe,
CKOJBKO HEOOKKHOBEHHOIO, HEOKMAAHHOTO MOKeT BO3HHKHYTH
B MX moBejieHnu. Paspe He Moyker OHTB, 9TO Te «Tejla», KOTOpHE
pasTyjamuBaloT OO yanme H 6eceAyioT ¢ BAMH, TOKe He ITO HHOe, Kak
CI'YCTKH aTOMOB, HO TaKkme CJIOKHBIE, 9TO yike He XBaraer QaHTa-
BHN UpeyrajpBaTh M0 X BUAY MX nosefenne. Horjla Mb HasHBaeM
celst CTyCTKAMHA aTOMOB, 3TO HEe 3HAYHT, UTO MBI — /Mo4bKO cOOpaHHe
aTOMOB, IOTOMY UTO TAKOH CIyCTOK, KOTOPRIM HWKOT/a He IOBTO-
PAETCA, MpPEKPACHO MOJKET OKazaThCH CHOCOOHEIM M HA TO, ITOOH
cHfeTh y ¢TOJIa M YATATH STH CTPOKH.
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§ 3. Kpanronaa
§ 1. Beedenue dusuxa

B aroil roase 6yAyT paccMOTpenHl caMmbie ocC- § 4. fapa
HOBHEIe IIpejicTaBieHus 0 (QHBHKE; 37ech Oyper
HATH Pedb O TOM, KAK Temepb MBI IIPeACTaB.ifeM
ceGe upupony Bemeid. fl He Gymy paccrasnipath
HCTOPUIO TOTO, KAR CTajo H3BECTHO, TTO 3TH
OpefCcTaBIeHNA TPABUIABHBI; 9TO MBI OTJO;MM L0
Apyroro pasa.

IIpenmer Haywm mpeqicTaer mepe; HaMu BO MHO-
;RecTBe NPOABIeHui, B o0wimu npushaxkos. Crmy-
CTHTECH K MOPIO, BIISJHTECh B HEro. JTO Benb He
BpoCTO BOJAA. ITO BOAA U meHAa, 310 pAdb m Hale-
rawiie BOJHK, 970 olIaxa, CONHIE M rogaydoe
nefo, HTO CBeT W Telwo, HIyM u BIXaHue BeTpa, 810
DeCOK W CKAaJbl, BOJOPOCAH ¥ PHGa, MX »KU3HD U
rubeab, 5TO0 M BH CAMH, Balid T/a3a U MBICIH,
pame omiymnenne cvactbsia. M He To am B aioGom
ApPYroM MecTe, HE TaKkoe JH pasEoobpasue
apienuit u Bamguuii? B me Haiipere B npupone
HHIYero HpoCTOro, Bee B Hell mepenyTaHo M CJIUTO.
A mama /moGo3HaTEALHOCTE TpeGyeT HAlTH B 3TOM
npocrory, Tpebyer, 4To0E MBI CTABU/IN BOMPOCH,
OHTAJ#uCh YXBATATH CYTh BEMEH 1 MOHATH WX MHO-
TOJAHKOCTb KAK BO3MOKHBIH HTOT [eilCTBHSA cpaBb-
HUTEJLHO HEeGOJNBIIOTO KOJWYecTBA NPOCTEINIHX
UpOUeccoB MW CHJ, HA BCe JAfH COYeTAIOU{UXCs
MesKIY co0oil,

N wmp1 copammpaem cefsa: oramgaerca  JH
necok or KaMHA? BHITH MOjeT, 5TO BCEro JHMUIbL
MHOKECTBO Kamermkos? A Mosker, B JlyHa —
orpoMuelli ramenb?! Torza, HOHAB 4YTO Takoe
KaMHH, He HofiMeM JE MHE TeM caMBM IPUPOLY
necxa 7 JIyan? A Berep—uro ato Takoe? Moxer,
370 BCIUIECKU BO3AYyXa, KAX BOH Te BCIIECKH BO-
an y Gepera? Uro oGiero MeysIy BCAKUM ABH:Ke-
mreM? A ecTn Jum  uTo-HHOYAL ofmiee MesRAy 37
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BeeposMOMimMYE 3ByKamMu? CHKONBKO NONyYIHTCHA, €CAHM Tepec-
guraTh Bee upera? M rak fAasee H Tak Janee. BoT Tak MHE mocremeH-
Ho mpofyeM mpoaHAJHMSHPOBATH BCE BOKPYT, CBA3ATH TO, UTO Ka-
JKETCSL HECBA3YEMBIM, B HaJesx[e, UTO YIACTCA YMEHBUIUML KO-
JIMYeCTBO PA3AUMHBZ SIBICHHH H TeM CaMBIM KX JydYdle OOHATH.

Cnoco6 mony4arh YacTUIHEE OTBETH Ha HOJO0HBIE BONPOCH OBLI
NpHIYMAH elle HeCKONBKO cOT Jer uasaj. Habawdenue, pasmuuie-
HiUe W ORbM — BOT UYTO COCTABISAET TaK HASHBAGMHEN HQYYHBIU
Memod. Mp1 orpammguMcsd 3Hech TOJNBKO TOJHM ouuncanuem QyHAA-
MeHTAJBHNX wujeil (U3MKH, OCHOB MHPOBO33PEHHs, BO3HMKIIETO B
¢u3uKe OT mMpUMEHEeHHA HAYIHOT'O MeTOHa.

Yro s3paunr «oHAThY uro-nmbo? IIpencraBore cebe, uro CcIoM-
HBI CTpOll ABIKYIMMXCA OOBEKTOB, KOTOPHI M ecThb MHUp,— 9TO
9TO-TO BPOe THTAHTCKMX IMaXMaT, B KOTOPHle HI'paiT GOrH, a MH
cilejnM 3a WX Hrpoil. B YeM mpaBmia WTpH, MH He 3HaeM; Bce, 9TO
HaM paspemmiu,— 810 Habaodamdb 3a mrpoit. Homeuno, ecam mo-
CMOTpeTh TOAONBINE, TO KOe-KaKye IPaBuaa MO}HO yXBaTuTh. [log
OCHOBHBIMU (PUSUUECKUMLL 8033PeHUAMU, TIOX fyHnOamenmarbrol du-
sukoll MB IIoOHMMaeM hpaguaa uzpu. Ho, naske sHas Bce mpasmia,
MOMKHO HE IOHATH KaKOTO-TC XOJia NPOCTO HB-3a €T0 CIOKHOCTH
MM OTPAaHWYEHHOCTH HAamieTo yMa. 1oT, KTO MTpaeT B INaXMaThl,
3HAET, YTO DpaBUia BRIYYUTH JETKO, & BOT NOHSATH XOJ UTPOKA HIH
BHIOpaTh HAUNyImuil Xox nopoit ouens TpyAuo. Huuyre me ayume,
a 10 B Xyse oGerout fesao B mpupope. He uckaroueno, 910 B KOHIE
ROHLOB BCe mpaBuia OyayT HAlFEHH, HO IOKA OTHIO/NbL He BCE OHE
HaM usBecTHH. To ¥ Jleno Te6a MoKNiaeT POKHPOBKA MK KaKoli-
uuGynb gpyroii memomaTHelt xop. Ho, mommmo Toro, dro Mm He
3HaeM BCeX MPaBUJ, NWINb O9eHb W OYeHB PeJIKO HaM yJaeTcs Jeil-
CTBHTEIBHO O0BACHHTH uT0-imG0 Ha uX OcHOBe. Benb mourm Bece
BCTpevaiomaecs: TMOJ0MKEANA HACTONBKO CIOMKHBI, YTO HET HAKAKOM
BOBMOKHOCTH, B3alVIAANBAasg B IPaBAJd, HPOCAEAUTH 3a ILIaHOM
urpe, a Tem Oomee npenyrajgats odepefHoit xoj. llpuxogures
TMO3TOMY OTPaHHIMBATHCH CAMBIMH OCHOBHBIMH HIpaBmiaMm. Horga
MH pas0HpaeMcsA B HHX, TO YiKe CIHTAEM, UTO «IOHSJIH» MHD.

Ho otkyia Mu 3HaeM, 9T0 Te mpapuiia, KOTOPEE MBL «OILYILaeM»,
crpaBe/InBH Ha caMoM pene? Bejp Ml ne CHOCOOHBI TOJIKOBO pa-
306pate xop urps. Cymectsyer, rpyGo ropops, Tpm cmocoba mpo-
BepkH. Bo-nepshix, MEICIHME OO EHHAS, KOTT]a HPHPOJIa YCTPOeHA
(na; ML ee ycTpamBaeM) BechMa IIPOCTO, BCETO H3 HECKONBKMX da-
creil; Torla MOMKHO TOYHO NpeJCKas3aTh BCE, ITO CHYIHTCH, WIPO-
BEPHB TeM caMHM mpasmia. (B yray jockm Moser okasaThest BCETO
HECKOJBKO QUIYp, W BCe UX ABMKEHAA Ner'Ko cele HpefcTaBHTh.)

Ecrbs # BTOPO# [I0BONBHO HEIWIOXOH HYyTh WPOBEPKH HPABHI:
HaJ0 M3 9TUX mPaBUJ BHBECTH HOBHe, Oonee obmme. CraxeM, caon
XOMHUT TOJABKO IO AWAaroHAJH; 3HAYUT, CKOALKO OB OH HU XOHI,
OH BCerjia OKajkercda, HaOpuMmep, Ha YepHoM mone. Crano GHTH, He
BHOKAafA B JeTaJId, HALIHW NPEXCTaBIEHAA O [IBUKEHAN CIOHA Beerga
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MOKHO IIPOBEPHUTH IO TOMY, OCTAeTCs JH OH BCe BPeMA HA YePHOM
noxe. Koneurno, me mMCKIIOUeHO, UTO BHEBANHO CJIOH OIYTHTCA HA
6eaom 1MOJe: MOCTe TOTO KAK eT0 MOGHIIH, [TeNIKa IPOINia Ha HOCIel-
HIOI0 TOPH30HTAIDb W WpeBpaTHIach B OenononsHoro ciona. Tak e
n B ¢msmKe. [lonroe BpeMs MEHI pacHojiaraeM HPaBHIOM, KOTOpOe
TPEeBOCXOIHO paboTaeT MOBCIOAY, /lasKe KOT/AA [JeTajd mpolecca HAM
HeM3BECTHE, U BJAPYT HHOITa BCILIKIBaeT Hosoe npasuto. C Tourm
spenna (U3MUECKMX OCHOB caMhlie WHTEePeCHBe ABIEGHAHS HPOHCXO0-
AT B HOeWx MeCTax, TaM, Ijie OIpaBHJIAa He TojATcA, a He B Tex
MecTax, e omu Oeticmeyiom! Tak OTKPHBAITCA HOBHE IPABHIA.
Ecre w tpermit cmocol yGeimThes, 9TO HAIMM TPEeJICTaBICHUS
00 UT'pe NpaBHABHBI; MaJIO O PaBlaHHKI 10 CYMECTBY,0H, HOKAIYIT,
CAMEIYI MOITHKIA M3 BCeX CII0co00B. ITO YT 2pYybrix npub.all sceHui.
Mu MokeM He 3HaTh, modeMy AJeXHWH LOINeN UMeRKO amoll guey-
poii. Ho B obiyyux uwepmazr Mbl MOMeM WOHEMATh, 9TO OH, BUAHMO,
cobupaer BCce QUIYpH JJAA 3amMMATHI KOPOJfA, W c0o6pasurb, 4TO
B CIHOMUBUINXCHA 00CTOATEIBCTBAX 3TO camoe pasymuoe. Touno
TaK JKe MH 1UacTo Gollee WM MeHee IOHIMAaeM LPHPORY, XOTH He
3HaeM M He HOHuMaeM Kadcdozo xoda omdeavnoli giuzypbi.
Horpa-to Bce sBNeHMs HpUPOZH TpyGo JeNHJM HA KIACCH —
TEILIOTA, DIEKTPHIECTBO, MEXaHUKA, MATHETH3M, CBOHCTBA BEIIECTB,
XAMAYecKNe ABIeHHA, CBeT (HIM OHTHKA), PeHTTEHOBCKME JydH,
sanepHas puanKa, TATOTeHHMe, Me3oHHHe sapienud u 1. A. Llexs-To,
OHAKO, B TOM, 4TOOB NOHATH 6CH0 RPUPOJY KaK PA3HEE CTOPOHH
o00Holl cosorynnocmu saejieHuii. B sToM sajffasa dynmamenTalibHOR
TeopeTHIecKOd (U3NKM HOIHEMIHETO JH: OMEDHIND 3AKOHb, CMOS-
wue 3a onumon, ob6eedurnums smu kaaccel. NlcTopndecku Bcerga paso
AIH TWO3JHO YAABaJOCh UX CIMTH, HO UPOXOIUJIC BpeMs, BOSHHKa-
¥ HOBHE OTHPHITHA, W OOATH BCTaBajlla B8ajlada UX BHIOYCHUSA
B 06myw0 cxemy. OmEasksl ysie BO3HHUKIA OHJIO CIATHAS KapTHHA
MHpa — # BAPYT Obm OTKPHTH jgydu PeHrrema... Co BpeMeneM
TIPOUSONLIO0 HOBOE CIUAHME... ¥ TYT OOHAPYKUIH CyDIeCTBOBAHHE
mesonos. Ilosromy Ha mo6oit crajjuu Urpa BHINSAHT OeCHOPA0T-
HO, Hesakomdenno. Muoroe OmiBaer OGBACHSeHO ¢ efuWHOI TOYKH
3peHHA, HO BCerjla KaKHe-TO MPOBOJOUKHE H HATKH Bce e 6oITalor-
cs, Beerfa Iie-HEGYZb TOPYMT 4TO-TO Hecypasmoe. TakoBo ceroj-
HANIHee HOJIO/KeHHE Beleidl, KoTOpoe MBl TIOIBITAeMCHA OIUCATH.
Bor B3grEie W3 HCTOpHE mpUMepHl CAMAHHA. Bo-mepBHIX, men-
40my yaajnoch CBeCTH K Mexaruke. UeM cmibHee IBWKEHWE aTOMOB,
TeM Goablle 3amac Tellia CHCTEMB; BHXONUT, UTO mendoma, 0a u
6ce memnepamypruie sfgpekmpl, mozym Obimbd ROHAMbBL C NOMOULBIO
sakonos Mexanuru. Jlpyroe seamuecrsenHoe obbenuHeHME OBLIO
OTIPa3AHOBAHO, KOTAa OOHAPYKHIACH CBA3b MEKAY 3IeKTPHIECT-
BOM, MarHeTu3MOM K cBeroM. OKa3aloch, UTO HTO Pas3Hne CTOPOHH
OJ{HOHf CYIHOCTH; Cefi9ac MK HASHBAEM ee 9ICKEMPOMAZHUNLHBM No-
4eM. A XWMHYECKHe ABIEeHHA, CBOWCTBA PA3IMIHHX BEMIECTB 1
HOBefleHWe ATOMHHIX YacTHI[ O0OBEXUHUIUCH KEAHMOGOU xIuUMUEl.
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Bosmnkaer ecTecTBeHHBIN BONPOC: GYNeT JW BO3MOMKHO B KOHIE
LROHIOB #c2 CIAUTH BOEINHO M 00HADPY/KHTH, 9TO BECh HAIl MHUD €CTh
IpPOCTO pasaudYHble CTOPOHE KAKOH-10 000U Bemu? JTOro HUKTO HE
smaer. ME 1oMpKO 3HaeM, UT0 II0 Mepe Hamero IPOJBHKEHHA BIle-
pejl TO W Jiel0 yIaeTcs 4T0-TO ¢ 4eM-T0 00BeHHATH, & HOCIe ONSThH
970-T0 HepecTaeT YRIaJeBaThCA B 00OMYyw KapTHHY, U MBE 3aHOBO
NPUHIMAEMCS PACKIABBATL YaCTH TOJOBOJOMKM, HAJEsich CIO-
JKUTH U3 HAX YT0-HUOY/P 1ieiioe. A CKOABKO Yactell B FOJI0BOJOMEKE,
n Oyjer au y Hee Kpali — 5710 HUKOMY He uspecTno. U me Gyper
M3BeCTHO, IIOKA MHL He CJIOUM BCEHl KaPTHHH, €CJIH TOJbKO KOT/a-
rubynb 1o Boobie Gyfer cenaHo. 37ech MBI XOTHM TOJBKO MOKa-
3aTh, HACKOIBKO JIaJIEKO 3allle] HPOuece CIMAHNA, KaK CelOJHs
oGeTouT f1eno ¢ o0bACHEHHeM OCHOBHHX ABJOHHI 3a CYeT HAUMEHB-
frero Koawuectsa npumnunos., Wiam, BHpaskasch HpoIfe, us 4ezo
8ce COCMOUM U CKOABEO 6Ce20 MAKUT 34EMEHIN0E?

§ 2. Dusura 0o 1920 200a

Ham Opimo 6wl HesneTKo HaYaTh NPAMO ¢ CeTOMHANIHUX B3IJiA-
nos. IlocmorpuM nmyuine, Kak BETAsAen map npuMmepao B 1920 1.,
a 3aTeM COTPeM ¢ 9TOIl KapTHHE JIHLIHee.

o 1920 r. xapruna Gma npuMmepuo takona. «Cnoena», HA Ko-
Topoit Bhicrynaer Bcemennasi, — 2T0 TpexMepHOe NPOCIMPAHCMEO,
onlicaHnoe eine EBKRIupoM; Bce Hm3MeHsercsa B Cpefe, Ha3HIBaeMoil
8peMeHeM. JAeMEHTH, BHICTYHAKIGUEe HA CLEHE,— BTO YACIMUYHL,
HanmpuMep aTOMBEI; OHH 00Malal0T M3BECTHBHIMA CBOHCTBAMH, CRajKeM
CBOMCTBOM MHEPIMY: KOTHa 9acTANa JBIKETCA B KAKOM-TO HAIIPaB-
J@HUM, TO JejJaer OHA 3TO O TeX HOP, HOKAa Ha Hee He HOJeilcTBYIOT
cuast. CreroBaresbHO, BTOPOH DJIEMEHT — 9TO CUAH;, CYHTAJIOCE,
910 onK OBIBaIOT JIBYX copToB. llepnmil, 9pesnpdaiino 3amyraHHbLA
TAN — CuUjA B3auMOJeficTBMA, T. €. CMla, CKPEIIAoNiast aToME
B PasHBlX MX KoMOMHANWSX; oHa, HAHPUMED, W peniaeT, ObICTDee
WA MeAleHHee HAYHET PACTBOPSTBCSA COINb NpH Harpesanuu. py-
TOM jie COPT CHJI — 3TO B3auMMOJieHicTBHE HA JafeKUX PacCTOSHUAX —
HPUTAIKEHHE, CIIOKONHOe M POBHOE; OHO MeHsercss oGpaTHO IIpo-
NOPIMOHAJABHO KBAaJpary pPacCrOSHHAA H HMEHYeTCH mA20meruen,
nan epasumayueti. 3aKoH ee muaBecTeH m mpoct. Ho nouwemy rena
OCTAIOTCHA B [BAMKeHNM, HAYaB JIBUTATHCH, WIH OM4ez0 CYLIecIByer
3AKOH TATOTEHHS — 3TO GHUIO HEM3BECTHO.

[Mpononxaem mame onmcanue npnpopsr. G 9roft Toukm 3penwus
ras, Kak, BOPOYeM, H 6cé BEIMeCTBO, BTO MHpPMAjH [BIKYIIAXCA
yactan. TakuM o6paszoM, MEOTOe 3 YBHAEHHOTO HAMH HA MOPCKOM
Oepery Temepb 3aNpOCTO YBA3HBaeTcs B efWHOe medoe. [lanieHue
CBOJNUTCA K yJlapaM aTOMOB O CTEHKM; CHOC aTOMOB (HX JIBHKeHHe
B OJHY CTOPOHY) — BTO BeTep; raomuueckue BHYTPeHHHe ABHe-
HUsT — 5T0 mendoma. Bolum — M30MTOK JaBleHUs, MecTa, TJie
co0pasioch CAMIIKOM MHOTO YaCTHIl, pasieTasch, OHH HATHETAIOT
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B HOBBIX MECTAX TAKHUE ke CKOIUIGHWS 9aCTHI[; BTH BOJIHH M30LITKA
LIO0THOCTH CyTh 36yku. Ilomars Bce 570 GHIIO HEMANOBA;KHEIM [O-
cTIKeHAeM (Koe 0 9eM MH y)Ke NHCAIM B HpPeEAymedl Tiase).

Kakne copma wactuy cymectsyior! B 10 BpeMsa cumralioch, 4To
ux 92; BoceMbiecAT NEBATH THIIOB ATOMOB OBIN K TOMY BpeMeHH
OTKpHTH. Ha gpiit THO nMesx CBOe Ha3BaHHe.

Haxbire BosEAKaNA npoGaeMa: umo makoe cuasl 6auskodeticmeus.
IToueMy aToM yraepojia HPHTATHBAeT OJHH, B JydINeM ciIydae JBa
aToMa KHMCInopopa, Ho me Gomee? B uweM mexaumsm psamMmopeficTsus
Memay atoMaMu? Yix me tarotenme sm ato? Her. Owno uepecuyp
crabo gas sroro. Hapmo mpencrasuts cefe cmiry, CXOZHYIO C THIO-
TEeHNEM, TO:K€ OOPaTHO UPOMOPIUHOHANBHYI0 KBafipaTy paccrTos-
HUS, HO HECPABHEHHO GoOJiee MOITHYIO. ¥ Hee ecTh emie OZHO OTJIH-
que. TArorenmme — 970 Beerga NPUTAKREHNE; HOMYCTEM Temepb,
910 GRIBAIOT CHIPEAMeTB» 080aK020 copma, W dTa HOBasl cuia {uMeer-
Csi, KOHEYHO, B BHAY ajleKrpuiecTBo) 00JajlaeT TaKHM CBOHCTBOM,
4TO OJUHAKOBEIE COPTA OMIMAAKUEAIOMCS, & PA3HEE RPUMAZUBAIOMCA.,
«[Ipegmer», Hecymumii ¢ coGoii dTo culpHOE B3amMojeilicTBue, Ha-
3EBaeTca 3apadom.

Yro e rorga moxyuaercs? IogomuM, 4To ABa Pa3IHIABIX COP-
ta (IWII0C B MHHYC) IPWIOH(GHE APYT K APYry BmiaotTayio. Tperuii
3apaAj HaxojguTcsa BHadere. llouyBcrByer am OH TpHTAIReHUE?
Hpaxmuvecku nem, ecam nepBHe JABa OAMHAKOBEL IO BeJHIHEE:
OPUTHAKEHNE OJHOTO M OTTaJKHBaHWEe IPYyTror'o ypaBHOBECATCA.
3Ha9gnT, Ha 3aMeTHBIX pacCTOSHMAX cwia Hezamersa. Ho korpa
TperHil 3apAx RpUbAUSUMCS 8RAOMKYIO, TO BOBHHKHET NPUMA HCEHUE:
OTTaJIKWBAHAEC OJHOPONHEIX 3aPSAJOB U NPUTKEHHE Pa3HOPONHBIX
Oy[IyT CTPEMHTBCH CBecTM MeskJy coGoil pasHOPOJHEE BapANH U
yIAanauTh APYyT OT Opyra ORHOPOJHHE. I3 Wrore oTTasKmBaHWe oKa-
aerca caabee npursrennsa. ITo 1ol TpuYMHe aTOMEI, Claraouecs
U3 HONOKUTEILEBX M OTPHIATEIBHBIX 3aPALOB, MaJIO BIHAIT APYT
Ha IpyTa Ha 3aMETHHIX PACCTOSHUAX. 3aTO YK ecau oHu cOauasl-
cst, To ¢BOBOMIHO MOTYT «PasTAsAApBATh H3HYTPM» IPYT APYra, nepe-
CTPaMBaThL PACHOJOKOHAE CBOMX 3apsAjgoB WM CHIABHO B3amMoJedcy-
BOBaTh. B KOHEUHOM ITOTE UMEHHO dMeKmpUleckas cuia o0bsAcHIET
paauMogeiicteue aromos. Cmra 9ra cToJAb BEITMKA, ITO BCe HJIIOCH
I MEHYCH 00BIMHO BCTYIAIOT B IPEFEILHO TeCHYIO CBA3b APYT ¢ Apy-
rOM: OHY CTAHYTH HACKOJBKO BO3MO:RHO. Bee Tena, naxe namy co6-
CTBEHHBIC, COCTOAT U3 Meapuafiux MIKC- U MHHYC-JIONeR, 09eHb
CHJIBHO B3amMofeilcTByoOIINX APYT ¢ apyroM. HommgecTBo miIrcoB
I MMHYCOB Xopomro cOanaucupoBano. ToZbKO Ha MTHOBeHwe Cay-
TaHHO MOMKHO COCKPECTH HeCKOJBKO ILTICOB MJIU MUHYCOB (0OBIYHO
MU HYCH cockpeGaTh jerde); ToTjia DJeKTpPHIecKass CHJIA OKaKeTrcH
HeY PABHOGCWeHHOT, I MOMHO MOYYBCTBOBATH HelCTBUE 2IeKTpUUE-
CKOTO NPHTAKEHUA.

YroGsl [1aTh IpejcTaBIEHAE O TOM, HACKOJBKO 3IEKTPHIECTBO
CHIbHEE TATOTEHHA, PACHONOMHM [Be MECIMHKH DasMepoM B
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muaramerp B 30 m oxma ot gpyroi. Ilycrs Bce 3apAIM TOABKO mpH-
TATHBAIOTCA ¥ MX B3auMojleiicTBue ApyT HA OPyTa BHYTPH IECYHHOK
He moramaerca pzauMHO. C Kawoi cHiOH 9TH JBe MECIYMHKH IPHUTA-
rusaganch 6u? C cunoit B mpu muaauona moun! llounmaere Teneps,
HoueMy Maaeliiezo W30RITKA WM HEXBATKEM MOJOKHTEIBHEIX HIIH
OTPUIATENIBHEX 3aPANOB JOCTATOYHO, YTOOK IPOMBBECTH 3aMert-
poe anexrpudeckoe pneiictme? Ilo 1ol jKe WpWImMHEe 3apAKEHHEBIE
TeJa He OTIHYATCA HHU II0 Macce, HU 10 PadMepy OT He3aPSAKeHHHEX !
HYKHO CJIMIIKOM MaJI0 dacTil, 9T00b 3aPsAUTh TeX0, YTOOK HOTyB-
CTBOBAJIOCH, 9TO OHO 3apSIKEHO.

3Has Bce 370, JerKo OBUIO IpefcTaBuTh cefe M yCTPoicTEO aTo-
ma. Cumrazoch, 4To0 B IEHTPEe €I0 IOJOKUTEIBHO 3apAKEHHOE
BJIEKTPHIECTBOM OYeHb MACCHBHOE (SAADPO», OHO OKPYIKEHO HEeKO-
TOPHIM YHCJOM (3JIEKTPOHOB», OUEHb JETHUX W 3apSKEHHHX OT-
punarensro. 3aberast sumepes, 3aMeTHM, YTO BHOCJHECTBAN B CAMOM
anpe Gum ofHapysKeHH [Ba poja YacTHI] — ODPOTOHKW W HEHT-
POHEI, BechMa TsiKeJsle M obnamamomume Guuskumu Maccamu. Ilpo-
TOHBI 3aps;KeHbl IO0JOMUTEeNbHO, 4 HEUTPOHK He 3apsA:KeHHl BOBCe.
Horga B smpe aToMa mMeeTcsA UIECTh MPOTOHOEB M PO OKPYSKEHO
HIECTBI0 JIeKTPOHAMH (OTPHIATENbHHIE JACTHHE OOKRYHOTO MEpa
MaTepHAJbHEX TeJ — BCE HIEKTPOHBI, OHW HAMHOTO JieIde IPOTO-
HOB M HEHTPOHOB), TO BTOT 4TOM B XHMHYecKOH Tabimme cTOMT mOJ
BOMepoM 0 m HasmBaerca yraepomoM. Arom, mMemui HoMep 8,
HA3HKIBAETCA KHCIOPOROM, ¥ T. A. XmMMuUTecKHe cBOHCTBA 3aBUCAT
OT BHemHeH 060.104KU — DJIEKTPOHOB, a TOYHEe, TOJIBKO OT TOTO,
CK0AbKO WX TaM; BCE TUMUYecKue 0CODGHHOCTH BeIMecTBa 3aBHCAT
0T OJHOTO-eMHCTBEHHOTO UHMCJIA — KOJIMIeCTBA dJIEKTPOHOB.
(Comcox Hnaspammii 9JIeMEHTOB, COCTABJIEHHHE XHMUKamm, Ha
caMoOM Jiesie MosKeT ORITH 3aMeHeH HyMepauueii 1, 2, 3 u T. 1. Bmecto
TOTO 9TOOEI TOBOPHMTH «YIJIEPOI», MOKHO ORIIO GHl CKa3aTh «je-
MEHT INecTb», TogpasyMesas Iiectb djaexkrTponos. Ho, Komeuno,
KOTZa OTKPHBAJM 9JeMEHTH, He IOJ03PeBajH, 9TO HUX MOKHO
TaK IPOHYMEpOBaTh; K TOMY K€ HMEHOBATDH MX II0 HOMEpaM He 049eHb
ynoOmo. Jlydme, 9To0H y KaKmoro E3 HEX OBUIO COGCTBEHHOE MMS
M CHMEOI.)

N eme Muoroe mpyroe crano msBecTHO 00 NIEKTPHIECKOH cHie.
Ecrecrsenno 6uIo OBl TONKOBATHh SJEKTPHIECKOE B3amMoJielicTBHe
KaK TPocToe NMPUTAKEHHE NBYX IPEMETOB, MOJOKUTEIBHO M OT-
punaTensHo 3apsmeHHNX. OJHAKO BHIACHWIOCHh, 9TO TaKoHW wWOJ-
X0J INIOXO IOMOTaerT YSACHEHHIO IIPHPOMNbI BJIEKTPHYECKON CHIIH.
Tonkopanme, Oosee OTBeHAIEe IOJOKEHEI0 Bemeli, TaKOBO:
KOTHa TJe-TO HMeeTcs TOJIOKHTeIbHEM 3apAf, TO OH HCKPHUBIAET
B KaKOM-TO CMBICJIe IPOCTPAHCTBEO, CO3/laeT B HEM HEKOTOPOE YCJIo-
BHe [ TOTO, YTOOR MHHYC-3apAJ, HOMEIIEHHKE B 9T0 NPOCTpaH-
CTBO, OM[YTHA fefcTBHE CHIEl. ITA BO3MOMKHOCTH IMOPOKIATH CHJIIEL
HABKBAETCA ateKmpuieckum nhoaem. Korma bsilekTpoH moMemerH B
BIEKTPHIECKOe II0Je, MK TOBOPMM, YTO OH (OpUTAruBaercA». Ilpm
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9TOM [EHCTBYIOT iBa NpaBUIa: a) 3aPsANEl CO3Hai0T Noxe u 0) Ha 3a-
PAIH B IOMe NEfCTBYIOT CHAHL, 3aCTaBIAAA uX JRurarbes. Ipuanma
8T0T0 CTAHEeT fICHA,KOIJA ME pasbepem cienywmee apnerne. Ecim
MH 3apPANHM TeJI0, CKa;KEM pacdecKy, 9JeKTPHIecTBOM, a 3aTeM II0-
JNOKUM PANOM 3aPAKEHHBI K090k 6yMaru u Ha9HeM BOLHTH pacde-
CKOH B3aJ M BIepel, To OyMara OyleT Bce BpeMs IOBOpPAYMBATHCA
K pacdecke. YCKODHME JBIKEHHE DAac¥ecKl, MO;KHO OGHADYHHTH,
910 GyMara HeCKOJBKO OTCTaeT OT ee JBIKEHHsd, BOSHHKAET 3Anas-
Ongarnue Oeticmsus. (CmepBa, Kora Mbl BOJUM pacueckol Mep-
JIeHHO, [eJI0 YCIOMHSAeTeA MazHemusmom. MarHUTHHE BIUAHHA
HOABIANTCA, KOTHA BapANH Jeuscymea Opye omuocumedbro dpyaa,
TaK 970 MAUHUTHHE W BJIEKTPUIECKHE CHIH B JeHCTBUTEIHHOCTHA
MOTYT OKa3aThCHd NPOABIEHUSIME OJHOTO B TOT'O Ke IOJA, ABYMSA
CTOPOHAMH OJHOTO W TOTO jKe ABIeHus. VsMeHsomeecsa dJIeKTpH-
9ecKoe II0JIe He MO/KeT CyINecTBOBaTh (0e3 MaTHHTHOIO IEHCTBHA.)
Ecuau 6ymary orogsumyTh, 3amasfgnBaHue Bospacrer. W rorpa mab-
nojgaeTcA HHTepecHas Bemb. XoTA cuwia, TeHdcTBYIIAA MEHIy
OBYMs 3apSyKEHHHMH TeJlaMH, M3MeHsercss oGpaTtHo keadpamy pac-
CTOARUA, Hpy KojieOaunsaX 3apsa ero BIMAHEE RPOCIMUDPAEMCA HaM-
H020 Oa.1puie, 9eM MOKHO ORIIO OKEIATh, JTO 3HATUT, 9TO OHO YMEHb-
maercs MemJicHHee, 9eM II0 3aKOHY oOpaTHBIX KBagparos.

Yro-10 MOX0:kee HA 3TO HPOMCXOIUT, eCiAd B facceilH ¢ BOAoH
GpolieH DOILTABOK; MORHO MOAENCTBOBATE HA HETO (HEMOCPEICTBEH-
HO», OPOCHB B BOAY UOGAMB0CTH APYTOil MOMJAABOK; UPH HTOM €CIH
Bbl CMOTPEIH MOAbKO HAG nonadsky (He Ha BOZY), TO BH YBUIHTE
JMIIb, YTO OJUH U3 HHUX CMECTUJICA B OTBET HA JBU/KEeHMS IPyToro,
T. €. UTO MesRAy HAMHU CYIIECTBYeT Kakroe-1o é3aumodelicmeue. A
Be/lb JleJI0 TOJBKO B TOM, 9T0 BHl B3BOJHOBAJH 608Y: 9T0 6004 mie-
BeabHYJNA BTOPoil momnaBok. VI3 3Toro MO:KHO [Oas;ie BHIBECTH «3a-
KOH». eC/iH NIeBeJIbHYTh YYTh-4yTh IMONJIABOK, BCE COCETHHUE IIO-
IJaBKH 3alleBelATcsd. Dynp HOIIABOK IOJaJbmie, oH OH exBa
HOKAYHYJICA, Belb MH BOAMYTWJIM NOBEPXHOCTH BOJH OFUH Pas u
8 00nom mecme. Ho Korma M HaTHEM HEUPEPHBHO DOKAIMBATH IIOI-
aBOK, BOBHHKHET HOBOE SIBJIeHNE: 00ETyT 60.1KbL M BIUSHUE Kosieba-
HOf MOmJaBKa PaciHpoCTPAHHUTCA HAMH020 Oaabuie. ITo Gyaer Kole-
GareJIbHOE BIUAHHE, H YK ero He O0BACHUTHL HNPSAMBIM B3amMmopneli-
CTBHEM IOIJIABKOB. MEICIB 0 HEMOCPECTBEHHOM B3aUMOJEHCTBHN
OPUIETCH 3aMEOHHUTH IPeIOJI0KeHNEM O CYIIeCTBOBAHMY BOJLI VLI,
IAA DJIEKTPUIECKUX 3aPALOB, ToTO, ITO HABKIBAETCA deKmMpoMOe-
HUMHBLM  ROAEM.

JIewTPOMATHUTHOE LOJE MOKET IePeJaBaTh BOJHEL, OJHH BOJ-
HEl — 9TO C8emosvie, Npyrue — paduocsoanst, obmee e UX Ha3Ba-
HEE d4eKmpomazhumHuule 6oansl. Hactora KonebaHuil 3THX BOJH
pasnas. Toabko smum OHH W OTIHYAXOTCA OfHA OT Apyroii. Bce
qame u dYame KoaebiA 3apan BBepX-BHA3 ® Haliojas 3aTeM, 910
MOJIyYMTCA, MBL yBUANM pasHule 3(0(exTe; BCE OHH MOTYT OBIThH
CBeHEHH B eIUHYI0 CHCTEMy, €CiM JaTh KayKIOMY CBOH HOMED —
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quciao Kojebauui B cekyHay. OGHYNHE HOMeXH OT TOKa, TeKyUiero
10 IPOBONAM B JKMJEIX JIOMAaX, HMEIOT 9acTOTy HOPALKA COTHH KOJe-
Ganuii B cekyumy. lloBmicus wacrory mo 500—1000 xmnorepu
(1 xey=1000 xonebanuii B cexynMy), MBI M3 KBAaPTUPH BHEIIEM «HA
BO3MYX», HOTOMY 4T0 3T0 — obOaacts pagmouacror. (Bosdyx 3pecs,
KOHEe9HO, He npu 9eM! PaguoBonun pacupocrpausorcsa u B 6e3Bo3-
IOYIIHOM HPOCTPAHCTBE.) YBEJUYHB eme 9acToThl, MH jo0epeMcs
J0 YIbTPAKOPOTKMX BOJH ¥ TeJeBHeHHS. 3areM DOHTYT COBCEM KO-
POTKHE BOJHH, UX HasHadeHme — paduoaokayus. Eme nanvme, m
HaM y;ke He HY;KHO OPHOOPOB, 4T00hn PETHCTPUPOBATEH HTH BOJHHI,
#X MO)XHO BHJETH HEBOOPY:HeHHHM TjasoM. B monoce 4actor OT
5104 o 510 2y Komebanns 3apsAmeHAO pacdecKd (€CJAH HAJOB-
unTheA Kodebarh ee Tax GwICTpo) mpefcranm Obl Hepej HaMH B 8a-
BHCHMOCTH OT YacTOTHI KAk KpacHbif, ronyGoii miam (iroxeroBsiil
cer. YacToTH ¢ OfHOI CTOPOHBI WOJOCH HA3HIBATCA HHPparpac-
HBIMH, a ¢ APYToil — yapTpaduoneroBEMH. 10T PakrT, YTO MHL CHO-
coOHBI BHJETh Ha OHpEJESeHHBIX TacToTax, ¢ QU3HYeCKOH TOUKH
3PEeHUS He JiellaeT 3Ty 9acTh 3JIeKTPOMATHHTHOIO ciiektTpa Ooinee
BHOEYATIAAOWEH, HO ¢ YexoBedecHoll TOYKHM BPeHWA 310, KOHEYHO,
camasl MHTepecHasA 4Yacrh cHexrpa. [Ipogsmrasce mo gacrore emie
JiAdbLle, MB IONYYHM PEHTTEHOBCKUE JTy9u; 3TO BCEro JUINb Bbi-
COKOUACTOTHHIH CcBeT. A emie jmanabme molifer raMma-up3nydenue
(raba. 2.1). T'aMvma-uairydenme W peHTTeHOBCKHE JAY9H — HOTTH
050 1 10 yxe. OOKYHO T€ HAEKTPOMATHUTHHIE BOJNHE, KOTODHE ¥C-
XOJIAT 0T Alep, HABHBAT TaMMa-H3IyIeHUeM, a Te, KOTOPHE IIC-
X0[AT 0T aTOMOB,— PEHTTEHOBCKUMH JyYaMu, HO €CJH HX 4acro-
Ta COBHAJieT, TO (UBUTECKU BTU BONHBI Yyike HE OTIMTIUIIb, KAKOB
Op1 AE OB MX HCToYHAK. Boamu eme Gosee BHICOKAX 9acToT, cKa-
ses 1024 2y, MosmHO, OKasmIBaercd, NOJydYaTh HCKYCCTBEHHO, HA
yvexopureasx; ma cuuxporpoune B HAJITEXe aro menaerca.

Tabauya 2.1 ° DIEKTPOMATHUTHDBIY CHEKTP
Obniee
YacroTel, ey Haassanue TIOBEACHIe
102 JTGKTPHYECKUE BOBMYIEHIIH Hoxne
5-105—5-10°  PaamoBoaust i
10® YaeT ' J
IbTPAKOPOTKYE BOJHH 1l TeJeBRAeHIe ! Boamu
10 Paguoiokamns
5
5.10—5.10"  Cser : J
1018 PenTrenorckue nyun
102 Famma-usrygenne (agepuoc)
10 » («MCKYCCTBEHEOEY) Yacrnous
10?7 » (B KoCMi9eCKHX
Jydax)
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M maxowmel, HeCIHXaHHO BEICOKHE d9acTOTH (B ThHCATy pas
Gonbme) ofHapy;KuBAWTCA faliee B BOJHAX, LPUCYTCIBYWIIAX B
EOCMUNECKUT AY%az. OTH BOJHEL MH yiKe HE yMeeM KOHTPOJHPOBATh.

§ 3. Esanmosan hfusura

Mb ommcanu 37eKTPOMAaTHUTHOE IMOJI€ 1 TOHAJH, 9TO OHO MO-
JKeT uepefaBaThCA KaK BONHLL. Cefidac ME yBHAMM, TTO HA CAMOM
jleste aTH BOJHBI BeJlyT ce0A 0o4eHb CTPAHHO. OHHM OTHIONb HE MOXOKA
Ha BoJHHEL. Ha BEICOKmX UacToTax OHE ropasgo 6osxbme cMaxuBamT
Ha wacmuyn! Haywa, woropas ymeer 00DBACHATH TAKOE CTPAHHO®
TIOBEJIEHNe, — K6anmosas Mexanura — Opia  m3obperTeHa BCKOpE
nocae 1920 r. Fme go 5TOro mpUBHYHYK KAPTHHY TPEXMEPHOTO
NPOCTPAHCTBA W OTHEJBHO CYIHECTBYIOMEr0 BpPEeMEHH H3MEHMI
OMHMTeiH; cHnepBa OH HpPeBpaTWi ee B coYeTaHWe, Ha3HBAeMoe
«IIPOCTPAHCTBO-BpeMsi», a IOTOM, 9T0oOH OOBACHUTL TATOTEHHE,—
elle M B «UCKpU6GAEHHOe TIPOCTPAHCTBO-BpeMmA». TaxmMm obpasom,
«cHeHO» CTajo yyke UPOCTPAHCTBO-BpPEMsA, a TATOTEHHE, IO
BCeHl BepPOATHOCTH, 3TO BHUJOMSMEHEHHOE IIPOCTPAHCTBO-BpEMS.

A zaTeM TaKKe BHISCHIIOCH, WTO M 3aKOHBl JBWKEHUA YACTHIL
HeBEDHB. MexaHudYecKne B3aKOHBI (MHEPIHH» H (CHIBY», 3aKOHbI
HpoToHAa — BCe OHH OKA3MHCH HENPUZOOHBMU B MEpPE aTOMOB.
bsiio o6Hapy:eHO, 9TO TOBEJIEHUE MEIbUAMNIHX TEJeI[ HUYeM He
HANOMUHAeM TOBENeHHs OOHIYHHIX, OGonpiumx Teli. Howeudo, ¢u-
3MKA OT 3TOT0 CTAHOBUTCA TPYJHEE, HO 3aTO HAMHOTO HHTEpEcHee.
- Tpynaee mOTOMY, WTO NHOBEEHME MAaJIBIX TeJell COBEPIICHHO (He-
€CTEeCTBEHHO»; OHO MPOTHBOPEYHT HAIUEMY OILITY, OHO BOOOINE HU Ha
YTO He HMOXO0jKE ¥ €r0 HeJb3sl ONUCATh HEKAKUM WHBIM IIyTeM, KpPoMe
AHAJTUTHIECKOTO; a Beab 970 Tpebyer OGomabmoro Boobpaskenns.

Muoro ocobenmnocreii ecTb y KBAaHTOBOI MeXaHHKU. B nepaymo
oUuepefb OHA 3aNpemaeT CYNTATh, 4TO TACTHIA MOKET IBUIAThHCA
9epes OmpefeseHHOe TOYHO YKASAHHOE MECTO ¢ OIpPEeleNdeHHOl ToY-
HO YyKasaHHOI cKopocTslo. UTo0 moxasars, HACKOJBKO OmubO4HA
o0RYHAS MexXaHWKA, OTMETOM, UTO B KBAHTOBOIl MeXaHUKe MMeeTcsH
TMpaBHIO0, COTJIACHO KOTOPOMY HUKTO B OJJHO H TO Ke BpeMs He MO-
JKeT 8HATDH W MeCTO ¥ ORCTpPOTY ABmKeHusA wacTuun. Heompepemen-
HOCTh B MMIIYJIBCE W HEOIIPEAENeHHOCTh B IOJOKEHHM YACTUIHI J[0-
HONHSAT APYT ApPYra: WX IPOUsBefenHme HocTOSHHO. Mu mowxa ma-
TUIIEeM 5TO IPAaBUIO B Buge Az Apz=h/2n, He BHEKas B o po6HOCTH.
Jro mpaBmiro Iupexacrapiaser coboi o0bsicHEHUE TAMHCTBEHHOIO
mapajoKca: pas aATOMH CAENAHLI U3 ILUIIOC- M MHUHYC-3apsIOB, OT-
yero OB MUHYC-3aPAAAaM IPOCTO HE yCEeCThCs HA IUTIOC-3apsibl (OHH
Bejib IPUTATHBAIOTCS), 0T9eT0 6B UM He CONHUSUTECSA /IO TOTO TECHO,
9T0 OHH moracATr apyr ppyra? Ilouwemy amoms cmoav seauru? Ilo-
4eMy AAPO HAXOMHTCA B ILEHTpe, a BIAEKTPOHH — BOKDPYr Hero?
CoepBa OOBACHANHN 3TO TeM, UTO AAPO OYeHb BEIMKO; HO BeIb 9TO
He TaK, OHO ouendb Maao. [{uamerp aroma mpumepuo 10™8cm, a an-
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pa—uaro-10 okoxo 1073 cu. Urobm yBumers Agpo, Hago Oto O
aTOM YBEJHYATH JO Pa3MEpOB KOMHATH, W TO ALPO Kazajgoch Onl
MAJII0CEHBKHUM, €JBa-e/[Ba PasiIUIUMBIM MSITHEIIKOM; IPH 3TOM BCe
7K€ IOYTH 6echb geC ATOMA IpuUXOonmicsa On Ha 0eCKOHETHO MAJIEHBKOE
a0po. Ho nouemy sxe sieKTpOHH He majawT Ha HeTo! A BOT W3-3a
TOrO e IPHHUUIIA HEOIPEAeJeHHOCTH: ecliv 0 DjeKTPOHH OKasa-
Juch B AApe, MbL OBl 09€Hb TOYHO BHAJHM WX NOJIOKEHHE M, CeoBa-
TeIbHO, UX MMIYJIbLC HeNpeMeHHO AoisKeH OHA O CTaTh OYeHb
Goavusum (HO HEONIPEJICNIEHHBIM), &, 3HAUUT, KUNEMUUECKAA IHep2ul
TOKe pesko 6ui Bozpocya. C Tawoil sHeprueii oH OH BBICKOYHA M3
aapa. HemynpeHo, 4To afpo mger HA COTIAIMISHNE ¢ HIEKTPOHAMIE:
OHH OCTABJAIT cefe Karoe-TO MecTo [JIA ATOH HeOIpeleIeHHOCTH
U 3aTeM KoJeGaTcs ¢ HeKOTOPHM HAMMEHBIINM 3amACOM [BUKE-
H¥st, umb OH He HAPYIIHTHL 9Toro mpasuia. (Bcmomuure eme, yTo
KOrJa KDPHCTAJI OXJajkfleH M0 abCcoMOTHOTO HyJA, Mbl CUHTaeM,
9T0 aTOMHL BCe jKe He HNPEKPAMAIOT CBOETO ABVKEHMUsSI, OHHU BCE emie
rosebutorcsa. ITouemy? Ila ecnu O aTOMBI OCTAHOBHINMCDH, MBI OB
3HAJIM U TO, 9T0 OHHU CTOSAT, W I'le CTOAT, & 9TO IPOTUBOPEUYUT IPUH-
LANY HeoupeneaeHHocT#. Mbl HE cMeeM 3HATH U T OHU U CKOJb
OLICTPO ABKYTCH, BOT ATOMbI I BEIHYK/I€HE Oecripe pHBHO IPOKaTh!)

A BoT gpyroe mHTEpecHelmee usMeHeHue B HeAX U durocodun
HAYKH, OCYIEeCTBIIeHHOE KBAHTOBO# MEXaHHKOi: HEBOSMOKHO HH-
KOTHA IPeACKa3aTh MOuHO, WTO NPOM30HAeT B KAKHX-TO 00CTON-
renbeTBax. Hanpumep, MOKHO HPUTOTOBNTHL ATOM, CHOCOGHBIHM m3-
Jy9aTh CBET; MOMEHT UCIYCKAHHUSA CBETA MBI MOKEM 3aMeTHTD, IMOM-
man dorom (6yner Bpema, M morosopmm o6 srom). Ho Mm me
MOKEM HpPEe[CKa3aTh, koeda OH cOOMpaeTcs M3MyIHTh, W €CIH ATO-
MOB HECKOJBKO, TO Karoll M3 HUX ucmyctur cser. Mosxer GpITh, mO-
BaiNeMy, BCe TO M3-3a TOTO, YTO B aTOMaX €CTh KAKWUE-TO BHYTpeH-
HUe «KOJeCHKW», KOTODHIX MHE eme He pasraafenu? Her, B arome
Hem TOTAHHBIX KoJec; HPHPOHNA, HACKOJBKO MEI €¢ CEeTOJHS IIOHU-
MaeM, BefieT cebs Tak, UTO NPUHYUNUAALLHO HEE03MONCHO [eNaTh
TOYHbIe NPEJCKA3AHMA O TOM, 4md WUMEHHO npousoclifem B TaHHOM
onmrre. "YiwkacHo, He mpaspa su? Bens ¢ummocodsl mpemie Bcerpga
HaC y4MId, 9TO0 OJHO U3 OCHOBHEIX CBOWCTE HAYKW, HEOTHEJEMEIX
or Hee,— 9T0 TpeGoBamme, uro0bl B O/HHAKOBEIX YCIOBHAX BCer-
7la IPOMCXONWIH OAHE M Te ke coOpituA. Ho aTo mpocTo Hesepro, 910
so6ce e OCHOBHOe yciaoBue Hayxu. Ha camoMm gerne B paBHEX 00-
CTOATENbCTBAX OJMHAKOBBIE COOLITUA HE HPOUCXOIAT; MpelicKa-
3aTh MX MOKHO TOJNBKO B cpegHEM, TOJIbKO crarmcTudecku. VI Bce-
TaKi HayKa eme He coBceM mormbaert.

Keraty, gunocodrr mopoit MEOTO TOBOPAT O BelaX, COSEPULEHHO
HeoBzodumblr HayKe, W 9T0 BCeTJA, KAK MOKHO B TOM y0elursncd,
BeCcEMa HAWBHO H, IO Beel BAgMMocTH, ommbouno. H mpmMmepy, He-
Koropeie gmiiocodn, W HE TOJBKO (UI0COdH, yTBep:RIAIH, ITO
JJA HAYYHHX OTKPHITHIA CymecTBeHHO, YT00H OfMH I TOT K€ OUHIT,
clenaHHH, ckakeM, B CroxronmsMe u B Kuto, npuBopua K odnum
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u mem e pesynbratam. Ho Bems sro abcomorHo HesepHo. [as
HAYKU 3TO YCJOBHE Heols13aTeJIbHO; OHO MOKET OHITh YCmanosae-
HO nocae onvima, HO HeJb3d 3Toro TpedoBars A0 onnra. Ecim, Ha-
npumep, B CrokrojipMe IPOfiesiaH OIBIT N0 HaGIIONeHHID CeBEPHOTO
CUSIHAA, TO ¢ KaKOil CTAaTH OH JOJKeH yjacTbesa B Huro? Bu taM 1
cusanus-ro He ypmaure. «Ho sro AcHo,— ckakere Bol.— Hmuero
HWHOTO U He MorJyio OBITh, Pas BH HCCJELyeTe ITo-TO BHeIIHee, faJjie-
Koe oT Hac. A BoT BH 3alepurech B GTOKIoJbMe B AIUK B 3aKpoliTe
B HEM IITOPKH, IOJYYHTE JIK BH TOTHA XOTh Kakoe-HuOYxb pasiu-
qye?» Beccumopuo. Iloxsechre B simmxe MasiTHHK Ha HIADHHPHOM
moJiBece, ero IIOCKOCTb BO BpeMsl KadaH@il HadHeT B CTOKToJbMe
MeJIJIEHHO IOBOpavWBaThesd, a B HUTO — HET, XOTSA IMTOPKH W TaM
u Tam omymeHu. Y sTor ¢akT BoBce He NpuBefeT K rufesdm HayKu.
Benb ¢ vem ee ocHOBHOE mpefIod0KeHHEe, ee dyHAAMEHTAJIbHAA (u-
nocodusn? Msr yxe crasanu 00 oToM B L. 1: eduncmeentoe mepuso
cnpasedaugocmuy 4060t udeu — smo onwm. Ecau BrisicHseTcd, 710
GOMPIIMHCTEO SKCIEPUMEHTOB B HHUTO IpUBOZAT K TOMY ke, 4TO
u B CTOKT0JBME, TO 13 9TOTO «GOJBIINHCTBA 9KCIEPHMEHTOB) MOK-
HO BHIBecTH OOmMH 3aKOH, a IPO Te SKCOEPUMEHTHI, KOTOpHE He
NPUBOAAT K OJUHAKOBHIM Pe3yJabTaTaM, MBI CHasKeM, 9T0 HA HHUX
noBiuAx xapaxrtep MecrHoctu 6auz Croxronpva. Mul momem pas-
HeIMH cIoco0aMy IIOHBITOKUBATE ONMITH, HO IYCTh HAC LpEse
BpeMeHH He y4ar, U910 910 3a cmocobbl. Kcau HaM TOBOPAT, 9T0
OJHM I Te K€ OILITHI BCEerjaa JOJKHB MPUBOIHTL K OJHUM M TEM Ke
pesyiipraraM,— 5TO NPEKPACHO; HO KOIAA NpPOBepPKa MOKAKET, 9T0
9TO He Mak, cTajno OHTh, 3TO He mak. BeppTe ToABKO CBOUM TiazaM,
a mpouyue cBOM miew GopMyIHpPYiTe yyke HA OCHOBE OIBITA.
BepreMmcs onsATh K KBAHTOBOW MEXaHWUKe W K OCHOBAM (H3IKU.
Mut He GymeM HOKa BXORUTH B J6TaJW KBAHTOBOMEXaHMIECKUX MPHH-
NUIOB, NX He TaK MPOCTO MOHATH. MBI HX TPOCTO mMpUMeEM, Kak OHHU
eCThb, a OCTAHOBHMCS Ha KOe-KaKUX HUX CJIE[CTBHAX. BOT omHO u3
HUX: TO, 9T0 M5l OOLIYHO CYUTAEM BOJHAME, MOKET BECTH ce0sA Kar
9aCcTUIA; FACTHUITH ;Ke BeqyT cefsa KaK BOJHHBI; TO K€ OTHOCHTCA ¥ K
mobriM renaM. Meskoy BoJHOI m dacThuel IpocTO HeT pas3InIus.
KpaHToBast MeXaHUKa 06se0unAem U TOJA, BOJH HOJAA B 9acTUIL
B opmHo. Ilpu HuaKuHX wacTOTaX BOJHOBHE CBOWCTBA HPOABISIOTCA
Gosiee ABCTBEHHO W MO3TOMY OKaaBIBAWTCA HOJE3Hee s mpmbiaim-
JKEHHOTO OHHMCAHHA B ofpasax HAIIEr0 IOBCceIHEBHOro ombiTa. Ho
Mo Mepe TOTO, KAaK YacToTa BO3PACTaeT, CTAHOBHUTCH BCE OYEBU[-
Hee, 4TO uepes mpmbopH, Ma3MepAUMe HAIle ABJIEHHE, IPOXOTUT
He BOJHA, & 4acTHia. Ha caMoMm pgesie, XOTH MBL M TOBOPHM O BHICO-
KMX 9aCTOTaX, BOJHOBHIE MBJIGHHA, €CJHH TacTOTA HX IPEBBILAET
1012 2y, sameruTh y:Ke Heabss. Mur TONLKO npuzodum K evieody o
HAJUYAN BBICOKOI 9acTOTHl, 3HAs DHEPTHIO TacTHI[ ¥ mpejpoJjarad,
9T0 BepHA HJIes KBAHTOBOH MeXaHHKH O 9YacTHIe-BOJHE.
BosHukaer X TOMy ke W HOBEIA B3IJIAN HA BJIEKTPOMAIHUTHO®
BaauMogelictsue. B noGasienne K 9AeKTPOHY, HPOTOHY U HeATpPOHY
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TMOABJAETCA HOBadA wuacmuya, HasnBaeMasg ddomornom. Camo 3To
HOBOE BO33peHHe HA B3aMMOJENCTBHE SJIEKTPOHOB M IPOTOHOB,
T. e. DJEKTPOMATHATHYI0 TeOpPHIO, HPaBHIHHYI0 B KBaHTOBOMeXa-
HAYECKOM CMEICJIe, HABHBAKT K6AHMO080U saexmpodunamuroti. Ity
PyHRaAMeHTANbHYI0 TEOPMI0 B3amMOMeiicTBUSA CBeTa M BeIIecTBa,
WM DNEKTPHYECKOTO IOJNA M 3apANOB, CIHeAyeT CYUTATh KpyIHeH-
muM gocTmwxenueM ¢uamku. B Heli ofgHoM TasTCA THAABHLIC IPABHIA
Bcex OOBYHBIX SABJEHUIH, KPOMe TATOTEHHS H AAePHLIX IIPOIECCOB.
Hampumep, u3 KBaHTOBOIt HJAEKTPOJHHAMHUKH BHIBOJATCA BCE H3-
BECTHbIE HJIEKTPHYECKHE, MEXAHUYECKHe M XHMUYECKIE 3aKOHEH!
3aKOHBL COyNAPeHUIT GUIABAPAHBIX IIAPOB, ABIKEHUA IIPOBOLHIKOB
B MATHUTHOM IIOJ€, Y/EJABLHOI TeII0eMKOCTH YrapHOro rasa, mBera
HEOHOBHX OyKB, INIOTHOCTH COJMIl M PeAKUUN 00pa30BAHHA BOILI U3
BOOpORA U Kuciopona. Bee aTo momaeTca pacuery, ecau ycioBAA,
B KAKIX LPOTeKaer ABjJeHue, upoctsl. [IpakTudecKu sTOr0 HHUKOI-
Ja He cjaywaeTcd, HO Bee yke Mbpl Oosiee Wiam MeHee IMOHHMAaeM, 9T0
npoucxoxur. W 1o cero BpeMenn He 6rlio HafijleHo HH OZHOTO HC-
KIIO9eHAss U3 3aKOHOB KBAHTOBOI DIEKTPOOUHAMHUKH, TOIBKO B
ATOMHHX S[PaxX €e OKAashBAaeTCA HEAOCTATOTHO; Aa U PO HEX ME
HE MOMKEM CKasarb, 4TO 37ech HAOJIOAAIOTCS KaKue-TO HMCKI0de-
HHEd, MPOCTO MBI He 3HaeM, 9TO TaM HPOMCXOMHT.

Hanee, KBaHTOBasI DIEKTPOJUHAMHKA — B IIPUHITUIE 9TO TaKKe
TEOpHUS Bceil XMMUM H BCeX KH3HEHHHX IIPOUECCOB, eclu Upeiio-
JOKUTD, YTO JRUBHD CBOANUTCS B KOHEYHOM CYeTe K XUMMH, & 3HATUT,
7 K pusuke (caMa XEMusA yiKe cBejach K Qusuke, I Ta YacTh Pusu-
KH, KOTopad Briw4YaeT B ce0sa xummio, yme paspaborana). Maio
TOTO, TA jKe KBAHTOBAs BJIGKTPOMHAMEKA, 9TA BeJHYECTBEHHAL
HAYKA, Ipe[CKA3KBAET HEMAJIO W HOBEIX ABJeHn#. Bo-nepsrix, oHa
TOBOPUT O CBOMCTBAX (POTOHOB OYEHB BRICOKIIX SHEPIUil, raMma-m3-
ayuenns o 1. §. OHa OpejcKasaja emle OAHO OYeHb OPUI'MHAJIBHOE
ABJIEHUE, 2 HIMEHHO, UT0, KPOMe DIeKTPOHA, JOMKHA CYIIECTBOBATH
Ipyras dacTuia ¢ ToH ke Maccoi, HO ¢ IPOTHBOIOJOKHLIM 3aps-
I0M, TAaK HA3HBaeMHI RO3UMpoH, W UTO 3NEKTPOH U LO3UTPOH,
HOBCTPEYABIIUCh, MOTYT APYr Apyra ucTpebuTh, M3IyduB IpH
STOM CBET WIM TaMMA-KBAHTHL (470, cCOGCTBEHHO, OMHO M TO jKe;
CBET W y-W3IyYeHHe — JIMIIb PasHHe TOUKM HA IOKajke 9acror).

Ho-Bupmvomy, cuparefauso u 0000ImieHIe HTOTO MPABUIA; CyTHE-
CTBOBaHHE AHTHIACTULE i 000 YacTHUH. AHTHYACTUIA BIIEKT-
POHA HOCHT UMA DOSUTPOHA; Y APYTHX TaCTUL HABBAHUA ITPHUCEOCHE
0O APYyroMy OPHHOWIIY: €CJI# JacTHILYy Ha3Baly Mmak-rmo, TO aHTH-
TaCTHLY HASHIBAWT AHMU-MAK-MO, CKAyKEeM, aHTHOPOTOH, AHTHHE-
TpoH. B KBAaHTOBYIO 3JIEKTPOIWHAMMKY BKJIA[BIBAIOT BCero dea
4ycaq (OHU HABHIBAIOTCA MACCOM HIEKTPOHA H 3aPAIOM 3JEKTPOHA)
M [mOJIaTaloT, UTO BCe OCTANbHEIE UGCJAA B MUDEe MOKHO BHIBECTH H3
»Tax AByX. Ha camom pexe, ogHako, 8TO HE COBceM BepHO, n6O
CymecTByeT eme Iejasd COBOKYIHOCTH XHMHYECKNX THCEd — BecoB
aTOMHHX sgep. VIME HaM H cienyeT ceifuac BaHATHCA.
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§ 4. Aopa u vacmuyst

M3 wero coctoar aapa? Uem uvacrTu sAnpa yaep:KHBalTCS BMec-
te? O6Hapy;xeHO, YTO CYMECTBYIOT CHIbL OTPOMHON BeJHUIHLI,
KOTODPHI® M yAEP/KUBAIOT COCTaBHHE yacTu Agpa. Korma st cmmnt
BHICBOOOXRAAOTCS, TO BHAeNsSeMasi dHepTHSA IO CPABHEHMIO ¢ XII-
MHYEeCKOH 9HEpIIell orpoMHA, 9TO BCe PaBHO, UTO CPABHUTHL B3PhHiB
aroMHoii 00MOBI co B3pHBOM Tporuaa. OOBICHSIETCS 9TO TeM, 4TO
ATOMHBIH B3PHIB BBI3BAH H3MEHeHWSMHW BHYTDPH A71pa, TOrja Kax
IpH B3phlBe TPOTHIA HEPECTPAMBAIOTCA JHUIID HICKTPOHBL HA BHEII-
el ofosouke aToMa.

Tar KaKOBGI jKke Te CILIBE, KOTOPLIMII HeHTPOHEI U IPOTOHBI CKPeIl-
JeHH B Axgpe?

JIIEKTPIIYECKOe B3aWMO;[eilCTBUE CBS3HIBAIOT ¢ dacTuIeill — ¢o-
toHoM. Ananornuno aroMy IOKaBa NpeIHOIOMRII, YTO CHIBL NPUTHA-
EHUA MEKIy IPOTOHOM H HeliTpoHOM o001afaloT moaeM ocoGoro
posa, a KoseDawust sTOro IOJMA BeyT cels Kak JacTHOH. JHAYMT,
HEe HCKJIIOYEHO, 4TO, IOMAMO HEHTDPOHOB U IPOTOHOB, B Mupe Cy-
HECTBYIOT HeroTopsie uubte yacTumbl. IOKaBa cymes BoiBecTH CBOii-
CTBA DTHX YACTHI] U3 yiKe H3BECTHHIX XaPAKTEPUCTHK ANEPHLIX CILI.
Haupumep, ou mpejickasaln, 4To OHE FOJKHBI IMeTh Maccy, B 200—
300 pas Goanuryio, ueM sreKTpoH. M— o, uygo!— B KocMuYecKUX J1y-
4aX Kaxk pas OTKPBUIM YacTHLY ¢ Taxoil Maccoii! Bopouem, uyrs mo-
IOfiA BRIACHHUIOCH, 9TO 3TO COBCeM He Ta gacTnua. Haspaxm ee p-me-
30H, WIH MIOOH.

W Bce ke HeCKOIBKO monosske, B 1947 wim 1948 1., o0Hapy:xuaace
TaCTHA — J-ME30H, WA [UOH,— YAOBJIETBOpABIIad TpeboBaHUAM
IOxasr. Brixogur, urobsl DoiXyYuTh simepHLE CHIL, K IPOTOHY M
HedATpoRny Hajgo pobGaBurh pumoH. «[lpexpacHo! — BocramKHeTE
Bul.— C IOMOIIBIO 9TOH TEOPHH MBI TEINEPh COOPYAIM KBAHTOBYIO
AAPOMUHAMUKY, U IMOHBL UOCHYKAT TE€M MEJIAM, PagHl KOTOPHIX
nx Beex IOKama; mocMoTpuM, 3apadoraeT JH 5Ta TEOPHH, H ecHHd
aa, To o0mscumM Bcer. Haupacmeie mame:xan! Boiacmiaocs, urto
pacyeTsl B 3TOH TEOPUH CTOMb CJIOMKHLL, 9T0 HIKOMY elie He yIaloch
UX HpofejaTbh W HM3BJAeUb H3 TeOpHH Kakue-mubo claefcTBus, HH-
KOMy He Bhillaja yaaua CPABHHTH ee ¢ dKcmepuMeHTOM. W Tamercs
310 yixe mouru 20 ser!

C reopmeil 4TO-TO HE KJIEUTCA; MH He 3HAEM, BepHA OHAa WJIH
HeT; BIPOYEM, MbI yiie 3HAEM, 4TO B Heil 4ero-To He JOCTaeT, 4TOo
Kakue-mo HenpaBWIbHOCTH B Heli TaaTca. Ilokyga Met TonTanucs Bo-
KpYT Teopud, Hpo0ysd BEUACIHUTD CJIECTBUA, SRCIEPHMEHTATOPLL 32
5T0 BpeMA Koe-uTo oTKpburn. Hy, TOT ke p-Me30H, WM MIOOH. A
MBI IO ceif OpHI HE 3HAEM, Ha UTO OH ropurcsa. OnaTh jKe, B KOCMH-
YeCKHX JIy4aX OTHICKAJM MHOJKECTBO «IHIIHMX» dactug. K cerog-
HAMHeMy JHIO ux yie cBoie 30, a cBA3bh MEXKAYy HUMM BCe eme
TPYOHO yXBAaTUTh, W HEMOHATHO, 9eT0 HPUpPOJa OT HUX X04eT A
KTO U3 HEX OT Koro saBucuT. llepey BaMu Bece TH 9acTHOB HoKa HO
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OPeACTAlT KAK pasHBle HPOSBICHHA ONHON M TOH 3Ke CYIIHOCTH, I
TOT $aKT, 9T0 HMMeeTcA Kydva Daspo3HEHHHX JacTHIl, €CTh NHUIIb
orpameHne HaTugud GeccBAsHON uHpOopManun 6e3 CHOCHOI Teopuu.
Tloce HEOCHOPUMEIX YyeHeX0B KBAHTOBOM 9IEKTDPONHHAMHKH —
Kakofi-To HaGop cBefeHMH u3 AJepHOIl (U3HKH, OODHIBKE 3HA-
HUL, TMOJYONNTHHX-IOIYTeOpeTHIecKUX. 3ajalrca, CKaykeM, xa-
PaKTEpOM B3aUMOJEHCTBWA HPOTOHA ¢ HEHTPOHOM H CMOTPAT,
976 W3 9TOro BHIlET, He IMOHUMAS HA CAMOM Jiesie, OTKYNA 3TH CUIH
Gepyrcs. CBepX OOMCAHHOrO HUKAKUX OCOOBIX yCHEXOB HE IPOH-
B0LLLTO.

Ho xwmMuuecKHX B8JIeMeHTOB Beib TOje OBIJIO MHOKECTBO,
¥ BHE3AIHO MERIY HAMH YAAIOCH YBUJIETh CBA3b, BEIPAKEHHYIO
nepuoudeckoi radauneit Menmeaeera. CraskeM, Kaauil u HaTPUA —
BeMEecTBA, OJH3KUE 10 XIMUIECKHUM CBORCTBAaM,— B Ta0JIMIe Homaau
B oquH crosiden. Tax Bor, monpoGoBanu coopynurh TaGuuily THma
rtabauusl Mengemeesa u 1y HoBuX gacturl. Ogua mogoOHas Tadauna
Goia mpegmnosrena HesasumenMo Iemn-MarsoM B CIHA n Hummpxn-
moii B flmoHumm. OcHOBa MX KJaccumuKanuy — HOBOE IHCIO, Ha-
mofo0ue BneKkTpHuYecKoro sapaaa. OHo HPHCBAMBAETCA KasKmoi
YacTUIE M HasbBaeTcH ee «cTpaHuoctoion S. Hueao sro He MeHseTcH
(Tak ke Kax oJEKTPHYECKHIl 3apsii) B peaKmusaX, NPOH3BOZHMEIX
SAePHBIME  CHJIAMH.

B 1a6mn. 2.2 npusenenst Hopie 9acTunsl. Mur He GymeM HoKa moj-
poGuo roeopurh o Hux. Ho us tabnuus no kpaiiHeii Mepe BUHO,
Kak Majxo Mel eme sHaeM. Ilog cuMBOJIOM KasKmof 4acTUIBL CTOUT
ee Macea, BBIpasKeHHAsl B OMpEeAeJeHHHX eJUHUNAX, Ha3HBAEMBIX
MerasjaeKTponBoabT, mwin Maoe (1 Mse — a0 1,782.10-27 ¢). He
OysteM BXORHTDH B HCTOPHYSCKHE OPUIUHLI, 3aCTABUBIINE BBECTH 2Ty
equauny. YacTumnl moMaccuBHee cToAT B rabiaume IoBbie. Y
(p—938,3; n —939,6). B ogHOM KONOHKE CTOAT YACTHLH OHH-
HAKOBOTO JJIEKTPHIECKOTO 3apsfia, HEHTPAJbHBIE — HOCEepPeHHKE,
MOJIOKUTENBHEE — HAIIPaBO, OTPUUATENbHBE — HAJEBO.

YacTuusl HDOTYePKHYTHI CIUIOIIHOHN JuHAMEil, «pe3oHAHCHY —
mrpuxamu. HekoTopsx yacTun B Taliume HeT COBCEM: HET QOTOHA
¥ rpaBUTOHA, OYeHb BayKHBIX JaCTHI ¢ HYJeBHIMU MacCOH 1 3a PAKOM
(oum He momamanT B 0apMOH-ME30H-JENTOHHYIO CXeMYy Kiaaccu(n-
Kainum), HeT X Koe-KaKux HoBeimux pesoHaHcoB (¢, f, Y* u ap.).
AHTUYACTUIE ME30HOB B Ta0Iuue OPHBOJATCA, a JJIA aHTHIACTHUIL
JenToHoB m OapuoHoB Hajo Oblo OBl cocTaBUTH HOBYW Tabaudy,
CXOAHYIO C BTOM, HO TOJNBKO 3€PKATBHO OTPAKeHHYI0 OTHOCHUTENb-
HO HYJIEBOH KOJOHKU. XOTA BCE YaCcTUNH, KPOMe DICKTpOHA, HeH-
TpuHO, (OTOHA, IPABHTOHA M IIPOTOHA, HEYCTONIWBHI, TPOTYKTH
UX pacmajga HaOUCaHH TOJBKO IJA pescHaHCcOB. CTPaHHOCTH JeI-
TOHOB TO;K€ He HAIWCAHA, TAK Kark 5TO IOHATHE K HUM HeOpmMe-
HAMO — OHH He B3aWMOJENCTBYIOT CHUIBHO C ANPaMU.

Yacrumst, crosimme BMecTe ¢ HOHTPOHOM ¥ IPOTOHOM, Ha3EBa-
10T 6apuonamu. Iro «iambzay ¢ maccoi 1115,4 Moe u Tpu Apy-

50



Tabauya 2.2 ® SJIEMEHTAPHBIE YACTUIIBI
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THe — «CUTMbI», HA3BIBACMBIE CIITMA-MIHAYC, CUIMA-HYJI b, CHIMAa-ILII0C,
¢ IOYTH OAMHAKOBHIMM MaccaMu. ['py el 4acTuI| HOUTH O/ JHHAKOBOIA
macesl (orauaue HA 1—29%) HasmBawTcsa myavmunaemani. Y Beex
gacTHl{ B MyJNbTHINeTe CTpagHOCTL onusarosa. [lepmuiit myasn-
THIUIET — 3TO mapa (dybuem) npOTOH — HEHTPOH, HOTOM HAET
cuneaem (oJUHOYKA) AAMOZa, IOTOM — mpuntem (Tpoilka) curm,
ny6meT Ken # cmHrieT omera-mmayc. Hawwmmas ¢ 1961 r.., mawanan
OTWPBIBATH HOBHIE Tsixkenanle gacTuusl. Ho vacmuys au oun? Huasyr
OlU TaK MaJjio (paclajaiorcsd, €1BA BOZHUKHYB, HA A 1 1), 9TO He-
H3BECTHO, HA3BATDH JIH WX HOBBIMU YAaCTHIIAMH I CYHTATh «Pes30-
HaHCHBIMY B3anMOfielicTBHEM MemAy A I ot HpI HeKOTOpOll durcu-
POBaHHOII 3HEPTHH.

Ilas sipepHbIX B3amvogeilicTBiil, KpoMe 6apHOHOB, HeOOXomu-
MH APYTHe JacTHIs — Mes0Hbl. 9TO, BO-TIEPBHEIX, TP PABHOBUL-
HOCTH THOHOB (WJIIOC, HyJb M MuUHY¢), o0pasylomie HOBBI TpHI-
aser. Halimennt w Hossle wacTompl — K-Me3o0HH (910 AyOmer K*
u K°. ¥V rampgoll wacrnmpl OnBAeT aHTHYACTHIA, €CIAU TOJABKO
JacTHLA He OKa3bIiBaeTcs cgoell cobcmeentoll aHTIUACTIHLIEH, CKAMEM
nt W — aHTHYACTHUH APYT ApYTa, a i°— caM cefe aHTHIACTHIA.
Anrmgacrans n K~ ¢ K m K° ¢ K*. HKpome Toro, mociae 1961 r.
MBl HAYaJIW OTEPHIBATL HOBhIE ME3OHBI, U 6p0ode-Me30HLI, pacna-
Jamomuecss I0YTH MrHoBeHHOo. OfHA TaKas AUKOBHHKA HasblBAETCH
oMera, ¢, ee macca 783, oOHa unpeBpamaeTcd B TpPH UHOHA;
ecThb U Jpyroe of0pasoBaHme, ®W3 KOTOPOTD TONYUAETCA mapa
IHOHOB.

HomoGuo ToMy Kax u3 odeHb yjauHoli tabamnunt Mesgeneesa
BHUIIAJII HEKOTOpLIE pepKIle 3eMid, TOUHO TaK jKe U3 Hamelhl rtad-
JUOE BHIIAZAIOT HEKOTOpPHie YacTumbl. OTO Te YACTUIIBI, KOTODHE ¢
fAApaMH CHABHO He B3auMOJelicTBYIOT, K AjepHOMY B3amMopelict-
BHIO OTHOLICHHS He UMEIOT M Me/y c000il CHIBHO TO/Ke He B3auMO-
nefictyior (O], CHIBILIM IIOHIMAETCA MOIIHLHA THII B3auMOmelicT-
BUs, JAWOMETro aToMEYI0 ameprmio). HasoBaloTcs »TH  dacTnilbl
AENMOHL;, K HAM OTHOCATCA DJEKTPOH (0YeHDb JErKasg vacTHHa ¢
maccoit 0,51 Mae) u Mmwon (¢ Maccoit B 206 pas 6oxpuie MaccH aiCK-
rpora). Hackoabko MBI MOkeM CYyJHNTH IO BCEM SHCIepHMeHTaM,
DIEKTPOH W MIOOH PasiIuvaiorca moavko Maccoii. Bce cBoiictsa
MIOOHA, BCE ero B3auMOeiicTBHA HHYEM HE OTJIINIAIOTCS OT CBOMCTB
pJIEKTPOHA — TONBKO OAUH TsKesee apyroro. llodeMy oH Tme-
nee, KaKasg eMy OT 3TOro moabsza, Mbl He sHaeM. Kpome umx, ecrs
ele HEHTpaNbHHII JeNTOH — HeldmpuHo, ¢ Maccoii Hynb. Bojee
TOrO, ceiiuac M3BECTHO, UTO €CTh 06d COpTAa HEHTPHHO: OJHH, CBA-
BaHHEE C 3JIeKTPOHAMHU, a Jpyrue — ¢ MIOOHAMM.

W makomeu, cymecTBYIOT eme [Be WACTHIH, TO}e C ANpaMH HE
B3amMopeitcTeyomue. OQHY MHL sHaeM yie — DTO $OTOH; a ecian
moJie TATOTEHIIA TaK:ke objajlaeT KBAHTOBOMEXAHWYECKHMH CBOII-
cTBaMu (XOTA IOKA KBAHTOBAs TEOPHUSA TATOTeHUHA He paspaboTana),
TO, BOBMOKHO, CymECTBYeT W YacTHIA TPABHTOH € Maccodl HYyadb.
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Uro raroe «macca Hyap»? Maccol, KOTOpHEe MH IPHBOJHIH, 3TO
MacCH noxoAwurca dacTun. Kciau y vacTHObl Macca HyJdb, TO 3TO
3HAYHT, YTO OHA He cMeeT nokoumbvea. DOTOH HEKOTHA HE CTOHT Ha
MecTe, cKopocTh ero pasHa seerna 300 000 xam/cex. Mu ¢ BaMu eme
pasbepeMcs B TeOPUH OTHOCHTENBHOCTH W TIONKITAEMCH IIy05Ke BHUK-
HYTh B CMbICH TOHATHH MacCCHI.

Mrax, Mbl BCTpeTWIIHCEH ¢ IEJBIM CTPOEM YacTHIl, KOTOpbie BCe
BMecTe, IO-BUJAIIMOMY, ABAANTCA 09e¢Hb QyHIaMeHTAIBHOI UacTh0
BemecrBa. I cUacTLio, »TH waCTHUBI He Ce OTIAMYANOTCA IO CBOEMY
B3aBMOJEHCTBHIO IpyT OT jApyra. BHAHMO, ecThb TOJIBKO 4embipe
muna BzamMmojeiictBuli meskay muMmu. [lepeumcianM mx B mopArnke
VORBAIOIME T CHIBL: fANIe PHBIE CLJIbI, SIAEKTPHIECKUE B3AMMOEHCTBII,
-pacnanHoe Bzammopeiictene u Tarorenune. DoTon BzammomeiicTey-
€T cO BceMH 3apS/KeHHLIMH 9acTUIAME C CUJI0il, XapaKTepuaye-
Moil BekoropuiM mocrosmmniM wmcaom 1/137. Jeranvmmii 3anon
3TOI CBA3H M3BECTEH — BTO KBAHTOBAf dIEKTpojuHaMuka. TArore-
HHEe B3auMofelicTByeT cO BCAKOW SHepeuell, HO 9pesBHYANHO cia-
6o, Kyna cxaabee, ueM anexTpuIecTBo. W 9T0T 3aKOH H3BeCTEH.
Ilorom mpyT Tar masmsaempie ciabble pacmajge: f-pacmaj, H3-3a
KOTOPOro HeliTpoH pacnagaercA JOBOJBHO MeAJICHHO HAa ITPOTOH,
3JIEKTPOH H Helirpuno. TyT 3aK0H BHISCHEH JHIIb JACTHYHO. A TaK
HashBaeMoe CHIBHOE B3amMoOjieHicTBue (CBA3b Me3oHa ¢ Oapuo-
moM) objamaer mo »Toli mKage CWIoH, paBHON ejHMHUIE, A& BaKOH
€ro COBEPIIEHHO TEMEH, XOTh 1 M3BECTHH Koe-KaKue IIpaBuja, Bpo-
Jle TOro, 4TO KOJHYECTBO 0apuoHOB HHU B OFHOH peaKinun He MeH:dA-
eTcHd.

Tabauya 2.3 L] 9JIEMEHTAPHBIE B3AUMOIOENCTBUA

Baanmoneiicteue Cuna* 3aron

Qortou ¢ sapamens- ~107% H3zsecten
HEIME 9aCTHIAMH

Tarotenue ¢ asmep- ~1074° »
rreit

Cnabwie  pacmagnr ~107° YacTuuHo M3BECTEH

Mesoust ¢ 6apuora-  ~1 He wusBectenm (xpome
MU HEeKOTODHIX TIPaBHJl)

* «Cuna» — GeapasmepHas Mepa KOHCTAHTHL CBA3M, TPOABIANMAACH
B KQKIOM B3auMOjeficTeuu (BHAK ~ O3HAvaeT «IPUMEPHO»).

HonoxeHne, B KOTOPOM HAaXOQuTCA cOBpeMeHHasd (pH3MKa, Cle-
pyeT cuuraTh y:kacHeM. fl OB IOEHITOMEI €ro TAKWUMH CIOBAMHU:
BHe Afpa MH, BHJIMO, 3HAaeM BCe; BHYTPH HETO CIIPaBe/THBA KBaH-
ToBaA MeXaHHKA, HapylleHW# ee IPUHOUIIOB TaM He Hal/leHo.
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Criena, Ha KOTODOH JieficTBYIOT Bce HAIM BHAHKA,— 9T0 PENATH-
BHCTCKOE IIPOCTPAHCTBO-BPEMsi; HE HCHKIOYEHO, 9YTO ¢ HUM CBH-
saHo um TaAroreHwme. MH He 3HaeM, Kak Hadadach Bcemenmas, m
MBI HH Pasy He CTABHIM OLEITOB ¢ LENbI0 TOYHOH NPOBEPKH Ha-
mux TNpefcTaBleHU O ITPOCTPAHCTBE-BPEMEHM HA MaJuX pac-
CTOSTHUSAX, MBI TOJBKO 3HAeM, 9YTO BHE BTUX PAacCTOAHUI HAIIH
Boaapeunsa Oegomuboansl. Mosxuo 610 GH eme fo6aBHTh, 4TO
ImpaBwia MrPsl — 3TO MPHHIIUL KBAHTOBOH MEXAHHKH, I K HOBHIM
gacTHaM OHH, HACKOJBKO HaM W3BECTHO, IPHJIOKHMbBI He XYiKe,
9eM K craphiM. IToHCKH TPOMCXOKIeHUS AMAEPHBIX CHJ IIPUBOJIAT
HAC K HOBBIM YacTIMIAaM; HO BCE 3TH OTKPHTHU BLIZBIBAKT TOIBKO
BaMemaTelbCcTBO. Y HAC HET IOJHOr0 HOHHMAHUSA HX B3AUMHEIX
OTHOIIEHHUHl, XOTAi B HEKOTOPHIX MOPABHTENBHEIX CBA3AX MEKIY
HEME Mbl yiire yOequinnuch. Mbl, BUIUMO, HocTeHeHHO NPuUbiImKaeM-
¢ K NOHMMAHUIO MUPA 3aaTOMHLIX 9acTHI, HO HEH3BECTHO, Ha-
CKOJDBKO JaJeKo ME YHLIM IO 9TOMY HOyTH.



I'iasa 3

OU3HRA U IPYIHE HAYRHU

§ 1. Beedenue

Dusuka — 310 camag ¢QyHIAMEHTAJAbHAA W3
BCEX HAYK, camasi BceoObeMalomas; OrpPOMHBIM
O6bi10 e€e BAMAHME HA BCe PA3BUTHE HAYKU.
JelicTBuTe1bHO, Beib HHHEIHAA (PU3UKA BIIOJHE
PaBHOLEHHA HFABHUMIHEN Hamypaavnoll ¢huaoco-
guu, w3 KOTOPON BOSHUKIO OGOJNBIIHHCTBO COBpE-
MeHHEX HayK. He spA ¢uauny BoiHymAeHBHI n3y-
gaTh CTY/AEHTH BCEBO3MOKHBIX CIeIiayibHOCTeH;
BO MHOKECTBe ABJIEHHN OHA UrPaeT OCHOBHYIO POIh.

B oroit rmaBe MBI nomeiTaeMcs pPaccKasarh,
KaKoro pojia pyHHaMeHTaJIbHEE HPOOJIEMBL BCTAIOT
nepej cocelHNMH HayKaMmm. FRanb, 9TO HaM He
HpHUgeTcs MO-HACTOAIMEMY 3aHATBCA HTHMH Hay-
KaMmy, mX OpoGieMaMu; MBI He CMOKeM IIPOYYB-
CTBOBATh BCI0O HX CIOKHOCTH, TOHKOCTH B Kpaco-
Ty. W3-3a HEXBATKH MecTa MBI He KOCHEMCH TaK-
sie cBsI3u PUBHKE ¢ TEXHHUKOI, € IIPOMEIIIJIEHHO-
CTBIO, C OOMIECTBEHHON HWBHBHIO M BOEHHBIM HC-
KyccrBoM. Jlaske Ha 3aMewaTelnbHON CBA3H, 00b-
eMHAIIel QUBHKY ¢ MAaTeMAaTNKOE, MBI He 3ajiep-
wumca. (MareMaTtura, ¢ Haniell TOYKH 3peHHA,
HEe HAayKa B TOM CMBbICJIE, 9TO OHA HEe OTHOCHTCH
K ecmecmgen by HayKam. Bens Mepuiuo ee cupa-
BEJIJIMBOCTH OTHIONEL He ombiT.) Herartu, HE Bce TO,
9T0 He HAyKa, YK 00A3aTeapHO mI0Xx0. J[1060Bb,
Happumep, Toske He Hayka. CioBoMm, Korjma Ka-
KyI0-TO Bem[h HA3bLIBAIOT He HAayKoil, 9TO HE 3HA-
YT, 9TO € HEI0 4TO-TO HEJaJHO: IPOCTO HEe HayKa
oHa, m BcéE.

§ 2. Xunusn

Xumua ncnuTHBaeT Ha cebe BiusHMe GUBHKIM,
noKanyi, cmabHedi, wem uobasd ppyras Hayka.
HKorpa-ro, B cBom MIameHdeckme rofpl, KOTZAA

§ 1.
§ 2.

§ 3.
§ 4
§ 5.
§ 6.
§ 7.

Baenenne
Xumus
Brooxorus
Acrpenomu
Teonorua
Henxomorms

C wero nee
nonio?
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XUMHASA HOYTH [EJAKOM ¢BOIMJIach K TOMY, 9TO MBI cefiuac Hasbl-
paeM HEOpraHmiecKoi xmMmueit (T. €. XuMun Bewecrs, He CBA-
3aHHBIX C JKUBRIMM TelJaMu), KO[Jla KPOUOTIHBHIM TPYIOM XHUMU-
KOB OTKDHIBAANCh MHOTHE XHMHUECKHE 3JEMEHTH, MX CBA3b APYT
¢ IpYIoM, H3y4aJIHCh HX COeJUHEHWNA, AHAJHBUPOBAJCH COCTAB
TIOYBH M MHHEPAJOB, B T€ TOAM XHMWA CHIDPATa BAKHYI POIb
B CTaHOBJeHHH (uB3UKH. JTH HAYKN B3aNMOJEIiCTBOBAIHA OYeHB
CILIFHO: BeSL TeOpPHA AaTOMHOTO CTPOGHHsA BEIECTBA MOJYYHIa
OCHOBATEILHYI0 HOINEP/KKY B XHMHYCCKOM OKCIEpHMeHTe. XH-
MIYECKYIO TEOPHIO, T. €. TEOPHI0 CaMUX peaxuuii, MMOABITOMHKIIA
nepuojaueckas cumerema Menmgeneera. Ona BHIABHIA HEMago yau-
BUTEADBHBIX CBs3zell MEXy pasHeIMHA HIeMeHTaMI — CTANO0 ACHO,
970 ¢ 9eM U KaK COe[UHAeTCSH; BCe OTH IPAaBHJIA COCTABUIN Heopra-
Hu9ecKyl Xivmaio. CaMli OHH B CBOX odYepefb Obiim B KOHETHOM -
cuere o0bsicHeHH KBauTOBOIl Mexamukoit. Crano OwTh, Ha camMoM
gede TeopernmuecKas XUMHA — 9710 (usumka. OnHako olbAcHeHHe,
7JaBaeMoe KBAHTOBOI MeXaHHKO, — dT0 Bce-TaKu 00BIACHEeHUE
6 npunyune. Mul yke TOBOPHIM, 9T0 3HAHME MAXMATHHX IPABUI —
8TO OJHO, 4 yMEHHe HTpaTh — COBCeM apyroe. Mo)kHO sHaTH Ipa-
BWJIA, & UTpaTh HeBa)KHO. TOYHO Tak jKe OTeHDb M OUEHBb HENIPOCTO
TOYHO NPEJICKa3aTh, 94TO OPOUBOHAET B TAKOH-TO XHMHIESCKON peak-
unu. 11 Bee ke B caMplXx ray6uHAX TEOPETHUECKON XUMHH JEHHUT
KBAHTOBAsA MeXaHUKA.

Ecrp k ToMy ke BeTBb PU3WKU M XMMUH, U 0YEHD BAKHAS BETBD,
K KOTOpoil oHE 00e mpmIoKmIu pPyku. Pedus mper o mpumeHeHuW
CTATHCTUKE K TeM CIYyTaAM, KOTJa AeHCTBYIOT 3aKOHLI MeXaHHKH,
T. €. 0 camucmureckol meranure. B moboit XuMudecKol peariun
meficTBYeT MHOYO aTOMOR, a ABYUKEHWA MX CAyYalHbl U 3aMBICIOBATH.
Ecnu 651 MBI MOraum mpoaHAJAM3MPOBATH KAKIOE CTOJIKHOBEHHE,
noipo0HO DPOCHEUTh JBU/KEHUE KA;KIOH MOJEKYJBI, TO MBI ObI
Beerja sHaxu, 410 cayuurcsa. Ho Hy;KHO Tak MHOrO 4ucel, 9TolLl
OTMETHTH IIYTH BCEX MOJEKYJ, YTO HUKAKOH eMKOCTH BHIYHCIUTEN b~
HOli MalMHGI M YK BO BCAKROM ciydae eMEOCTH MO3ra He XBATHT.
3Hauntr, BaxKHO HAYIUThCH pabdoTaTh C TAKIMH CIOMHLIME CHCTE-
mamu. CraTpcrydeckasi MeXaHMKA, KPOMe TOI'O, JE/KUT B OCHOBE
TeOPHU TEIVIOBHX ABICHWH, WIHW TePMOAMHAMUKM.

B mame BpeMsa HeopraHMYecKas XUMHA KAK HAYKA CBEJACH B
OCHOBIIOM K (UauuecKOW M KBAaHTOBOUl XUMHUU; NePBasg H3yuyaer
CKOPOCTH pearuuii @ mpoune ux fertamu (Kax IDONALAeT MOJEKYJIa
B MOJIEKYJIXy, KaKasi U3 dvacreil MOJZeKyJsl OTOpPBeTCA TEPBOH U
T. [.), a Bropas noMoraeT MOHHMATH IPOUCXONAMEe HA ABbIKE
(UBHIECKUX 3aKOHOB.

Jlpyras BeTsb XUMHUM — Opeanuueckas rumusi, XMMAA BeINECTB,
CBABAHHBIX C JKU3HEHHBHIMH Iporeccamu. OfHO BpeMs ZyMaJid, 9TO
nmopo0HbIe BEIECTBA CTOJb HeOGBKHOBEHHH, YTO UX HE MBTOTOBHIID
CBOUME pyKaMu W3 HeopraHudecKux BemecTB. Ho sTo okasamoch
HEe TaK: OPraHWYECKH® BemecTBa OTANYaioTCA OT HeopPraHMYeCKHX
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TOJNBKO Oodbmieli CAOMKHOCTHIO PACHOJOKeHNA aToMoB. OpraHudec-
Kadg XHMHA, eCTeCTBeHHO, TecHO CBAzaHa ¢ Ouonormeil, cralxao-
Iieii ee BemecTBaMIl, I ¢ IPOMMLIUJEHHOCTBIO;, Jajiee, MHOTO€ W3
$ismgecKoil XuMuN 1 KBAHTOBOI MeXaHUKH CTOJb jKe HPILIOKUMO
K OpraHm9ecKIM COeJIHeHHAM, KaK B K HeopraawdeckuM. Brupouem,
TJIaBHEBIE 33144 OpraHHIecKoil XUMUK BOBCe He B 9TOM, a B aHAJI3e
¥ CHHTe3e BemecTB, 00pasyeMblX B OHOJOTHYECKHX CUCTEMaX, B
yREBEX Texax. OTclola MOKHO NOCTENEHHO mepediTH K 6HoXxuMuu u
K caMmoil Omosorum, T. €. K MOIERYIAPHOIH OMOIOTHH.

§ 3. Buoaosua

Wrax, Msr mpunmmy ¥ Hayke, KOTOpas 3aHATA U3YYCHHEM FKUBO-
ro,— K 6Guosoceuu. Korjga oHa menana ¢cBod IEpPBBIE IIATHd, Ou0JI0TH
pellajy YHCTO ONMHMCATEe]bHBIE 3aja4d; MM HYKHO OblI0 BLIACHUTH,
kakum OBIBaeT JKHBOC, UM IPUXOMUIOCH, CKAKEM, HOACYUTHBATD,
CKOJBKO v OI0XH HA HOre BOJOCKOB, 1 T. A. Horga Bce 310 (¢ Goib-
UMM HHTEpPecoM) ObLIO0 HM3y49eHO, OHH OOPATHIHCh K MELaHusmy
OYHKOIMOHUPOBAHHS JKHBOTO, CIEePBA, €CTECTBEHHO, 04YeHb rpylo,
B o0mux "epTax, HOTOMY uUTO B Pa3HBIX TOHKOCTAX pasobparncs
OLLI0 HEIPOoCTo.

Horpa-ro Mexay Guomormeil m ¢usurofl CYmMEcCTBOBAJIN UHTE-
pCCHBIE OTHONIGHWS: MMEHHO OHMOJOTHA IOMOTJA (UBHKE OTKPHITH
3aromn corpanenua sHepzuu; Beab Maiiep ycTaHOBHJI 3TOT 3aKOH
OpH U3yu9eHuM KOJMYCCTBA TCILIA, BHEASEMOT0 M HOTJIOMAEMOTO
JKUBBIM OPTAHU3MOM.

Ecau srasgerscss B GOJOTMIO FKUBBIX OPraHH3MOB, MOKHO 3a-
METHTh MHOMKECTBO YHCTO (QU3UYECKUX MABJIEHUWH: IUPKYIANHIO
KPOBH, fAaBjieHue u T. 0. Basars, kK mpumepy, HepBel. Hacrynus Ha
OCTPLIH KaMelneK, Mbl MTHOBEHHO y3HaeM o0 3TOM: 4TO-TO HaM 0
TOM TOBOPHT, Karafg-To WHGOpPMANUA HOFHMMAETCSA BBEDPX 110 HOTE.
Hax ke ato mpoucxonur? Msyuasa Hepmr, OMONOTH UPHOLIM K BhI-
BOAY, YTO HTO O4YeHBb HEHHBIe TPYOOYKH CO CIOKHBIMU, OYeHb TOH-
KuME cTeHKaMm. Uepes »Tu CTEHKHM B KJETKY DOCTYyUAiOT HOHLL;
HONy4aeTcss HEYTO BPOjie KOHAEHCATOpPA C MOJOKUTENBHBIMH WO-
HAMH CHAPY/KH U OTPUUATEIbHBIMH BHYTpH. Y Takoil MeMOpaHL
eCTh 3aMevaTeJ bHOE CBOICTBO: €CJHM B OJIHOM MecTe OHa «paspsi-
JHAETCAY, T. €. €CIHU B KAKOM-TO MECTe HOHBI IIPOHAYT HACKBO3h, TAK
4T0 JIEKTpUUYECKOe HATPA/KEHUe 3/€Ch yUajeT, TO COCeNHNe MOHB
IMOYIYBCTBYIOT 3TO HIEKTPHIECKOE BIHUAHNE, 9TO TAK HOMEHCTBYeT
Ha MeMOpaHy B cOce/lHEM MecTe, TTO OHA TOKe HPOIYCTHT CKBO3b
cebst woHsl. B cBOW0 OYepenh 3TO CKAMKETCS HA CIEAYIONEM MecTe H
T. 1. BO3HEKHET BOoJHA «HpOHHIAEMOCTHY MeMODAHBI; OHA HOGeKuUT
BJIOJIb HEPBHOrO BOJOKHA, €CJAH ORMH KOHEI[ ero «Bo30yIuTCs»
OCTPDHIM KaMHeM. DBHXOAHT cloBHO NJIMHHAA LEIOYKA KOCTAIMEK
JOMIHO, IIOCTABJEHHEIX TODPYKOM; TOJKHEIIh KpaiHIOw, OHAa —
crenyomyo u T. f. Honeuno, 6oapme ogHOTo cOO0meHWA TaK HE
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nepefainb, HALO CHOBA HONHATH BCE KOCTANIKH; M B HEPBHOH KJeT-
Ke TOojke IOcJIe STOTO MIYT IPOHEeccH MeITeHHOTO HAaKOIIeHUs Mo~
HOB ¥ NOZTOTOBKHA HePBAa K HOBOMY MMIyabcy. Tak Mul ysuaém, ard
MH fmenaeM (HIu HO KpaliHeil Mepe rjye Ml HAXOAUMCA). JIeKTpHIec-
KUe ABNEHUSA HPU LIPOXOKICHAN HEPBHOr0 HMIYJIbCA, KOHEYHO,
MOKHO DPETHCTPHPOBATH diaeKTpmieckuMu npubopamu. Ilockoabky
BTH ABIEHUA Cyujecmeyiom, To 0e3 QU3NKU IEKTPHUYECTBA HEJIb3A
[MOHATH TPOBOAMMOCTH IO HEPBY.

O6paTHOE ABJEHHE NPOHUCXOMHUT, KOTHA OTKYAA-TO M3 MO3ra IO
HepBY mepegaercsa coobuierme. UTo Jenaercs TOr/la Ha KOHIE HEp-
Ba? Heps TaM gaeT pasBeTBIeHUA, KOTOPHIE CBABAHLI ¢ MBLIIEUHO
CTPYKTYpPOIl; Ha3hBAKT UX KOHYestie omeemeaenus. [lo npmunnam,
TOYHO HE HBBECTHBIM, B MOMEHT, KOIJa MMIOYJbC AOCTHTaeT KoHIA
HEPBA, H3 HEerO BHIIETAIOT MaJIeHbKHEe NAKeTHKH PeaKTHBOB, Ha-
3BIBAEMBIX ayemuazoiur (O0—10 MoJeRyJ  3a pas); OHH BAMAIOT Ha
MBIIIETHOE BOJOKHO, W OHO COKpamiaeTcsi — BHJINTE, HKaK BCe
npocro! Ho 4To ke Bce-TaKu BHIHYMIAET MBINIIY COKpPAMaThCA?
Muima — 970 00ABINOE TUCHO IUIOTHO PACHOJOIKEHHBIX BOJOKOH,
B HHUX COJep:®RaTcs [BA pPAa3HBIX BEIHECTBA — MHO3HH M aKTOMUO-
3MH; U Bee jKe MeXaHU3M, OPU HOMOIMX KOTOPOT0 XUMUTECKas Peak-
[Ms, BEI3BAHHASA AlETHIXOJUHOM, MCHIET PasMep MOJEKYJIbl, IIOKA
eme He BulsicHeH. VIHage roBops, HEM3BECTHH caMble OCHOBHBIE IIPO-
UEeCCH, OTBETCTBEHHLIE 3a MEXAHMIECKHE [ABIVKEHHH MHIILL.

Buonorus — HacTOABKO IMmmpOKOE moJie JAeATENBHOCTH, UTO
ecTh yiiMa mpobsieM, O KOTODPHIX MBI jlajke He YIIOMUHAEM; CHRAMKeM,
BOOPOC O TOM, KaK OCYMECTBIAETCA 3peHUE (YTO CBeT [[eJaeT BHYT-
pu raasa) miug Kark paGoraer yxo u T. A. (Hawr paGoraer mbicav,
Mil 00cynuM 1o3sKe, Korja OymeM roBOpUTh O ICHXOJOTHMN.)

Tax BOT, Bce 9Tu BOUPOCH, cTOsimue nepeyi Ouodorueil, Ha caMoM
fene s Omosora OTHIONDL He IJaBHEE, OTHIONL He OHW JesKaT B
OCHOBe iW3HU. Ecam Mpl uX ® mofiMeM, HaMm Bce PABHO He IOHATH
CYIHOCTH KU3HH. BoT BaM mpumep: JIioQn, W3ydalouiwe HEPBHL,
[MOHUMAIOT, YT0 UX paboTa 0YeHb HYHKHA, BeIb }KEHBOTHEIX 0Oe3 Hep-
BoB He OnrBaer. Ho scuswy Ges HepBOB 60amodcha. Y pacTeHUIl HET
HU HEPBOB, HUW MEINL, U BCe K€ OHH pafoTaiT, sKUBYT (ITO OXHO
W TO jke). JHAUNT, camMble QyHgaMeHTaabHele npobiemsr Guosorum
HY/KHO HCKaTh TayOrke.

IIpu aToM MBI yCTAaHOBEM, 9TO ¥ BCEX sKUBHIX CYIMECTB €CTH MHO-
ro obmux uepr. Camoe ke obmee MeKAY HEMU TO, YTO OHU COCTOAT
U3 K.emor, BHYTPH KayKJofl M3 KOTOPHIX [IeHCTBYET CJOMKHEIIL
MeXaHH3M XAMHYeCKHX HpeBpameHmii. B pacTuTe bHBIX KIETKaXx,
HanpuMep, ecTh MeXaHusM IOTJIOMEHHs cBeTa M BHIpaGOTKE caxa-
POBEI, KOTOpas HOTOM B TeMHOTE NOTJIOMAETCH, IOANEpP:RUBas
JKU3HDL pacTeHuA. Horma KEBOTHOE moeaer pacTeHue, caxaposa
TMOPOKAAET B IKUBOTHOM eUb XHMUYECKMX PeaKmuil, TecHO CBA3aH-
HBIX ¢ (OTOCHETe30M pacTeHumit (m o0paTHON nemoukoil B TeM-
HOTE).
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D ue 3.1. Hura Kpebcea.

B xnerkax ;KUBHX OPraHH3MOB IPOUCXOJUT MHOKECTBO XHTPO
3a[yMaHHBIX XUMUYIECKHUX PeaKnVil: OJHO COeJMHEHNE NpeBpamaer-
cs B Ipyroe, saTeM B TpeThe, 3aTeM eme u emfe. Our. 3.1 naer Hexoe
upejcTaBieHde 0 THrAaHTCKUX YCHIHAX, IPeAUPHHATHX B HU3y-
qeHun OMOXVMHEH; TAaM CBeIeHB BOGJNHO HAIIM 3HAHUS 0 MaIOH 076
TOTO MHOKECTBA NemoUYeK peaknmil (MoseT ObiTh, mpmmepHo 1%
o0mero KoJmdecTBa), KOTOpHE IPOUCXONAT B KJIETKe.

Bol BummTe 3mech psAm MOJEKYJ, HOCAENOBATENBHO IIPEBpaILaio-
muxcsd OgHA B JPYTYIO,— UMKJI € JOBOJBHO MEJIKHMH IIATaMH.
Jro — nuwia Kpebcea, mru fexarenbHeri nuka. CyAd mo usMeHeHUAM
B MOJIEKYJaX, KayKJ0€ BEIeCTBO M KAKJABIN IIar B IUKJe JOBOJb-
Ho npocthl. Ho smu usmenenus ommuocumeavno mpydro eocnpous-
60damces. aabopamoprulM nymem. ITO OTKPHTHE HEOOHKHOBEHHON
BaykHOCTH B OmoxuMmun. [lemo Bor B ueM. Ecium ecth /[Ba CXONHHIX
BeMIeCTBa, TO KaK pa3 MX-TO Y4aCTO HeJb3s OpeBpaTUTh APYT B APY-
Ta, HOTOMY 9T0 3TH Be OPMEl OOKYHO OTHEJEHE DSHEPreTHIeCKHM
G6apbepoM, «wiepeBajioM». Benb, skeias mepeHecTr IPeMET HA HOBOE
MecTO Ha TOM jKe YPOBHE Io IPYIyI0 CTOPOHY IepeBajia, BH CIepBa
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JOJIKHE BORHATH €Yo HAJ nepesanoM. Jro rpebyer gobaBounod aa-
rpath aaepruu. [lo 1oif ske mpuuuHe MHOrMe peakIMu He IPOMCXO-
IOAT, UM HE XBaTaeT TaKk HA3HBAEMOH sHepeuu axmueayuu. Iicim o
XOTHTE NPHCOENUBHUTH K XUMHKIECKOMY COETWHEHHUIO NUINHNE aToM,
TO JJIA TOTO, 4TO0Bl OH IpHCTAJM Kyda Haf0, €T0 CIeflyer MpHABHA-
HYTh 6nAOMHYI, WMHAde HY/KHAsI IepecTaHOBKA He Hpom3oiper,
OH JUIIb HEMHOIo B30e:RUT N0 «CKIOHY» U ckaturca obparxo. Ho
ecnu 0 BH MOornm, 6yKBambHO IOBEPTEB MOJTEKyJIy B PyKax, pas-
JABUHYTH €€ aTOMH, BBECTH B 00pa30BaBIIYIOCA MRIPY Banl aToM u
34TEM 3AKPHITh OTBEPCTUE, TO BB Gbl MUH08AAU TOIBEM . HURAKOM 3aT-
pars SHepruy He mMoHAaAOOMIOCH O ¥ pearius mpouuta Obl gerue.
Tax BOT, B KJETKAX M BIUPAMb CYIIECTBYIOT O4YeHb GOMburme Moie-
Kyael (Kyma Goabille, deM Te, bl N3MCHEHHA N300pajKeHH Ha
dur. 3.1), KOTOpHEe KAK-TO YMEIOT PACCTABATD MAIIbIE MOIEKYNH TaK,
uyto0Bl pearums nporexarsa 0es rpyaa. Oun, atu Goabuine CI0KHbIE
ycrpolicTBa, HasplBanTcA depmenmsl (MIM 3aKBACKa; HA3BAMM UX
TAK MOTOMY, UTO O0HApysRuIu X Upu cOparuBanuu caxapa. Hera-
TH, IepBHe u3 pearnuil nuraa Hpebca Obrm OTEPBITEL HMEHHO
npu cOpaskuBaHUY). Peakumm MUKIA HWAYT TOIBKO B HPHCYTCTBUU
$epMeHToB.

Cam ¢epMeHT cocrouT M3 APYroro BemectBa — Geara. Momexy-
JIEI )epPMEHTOB BEJUKHA M CIOKHE. Bce epMenTH oTinmaaTea Apyr
0T APYra, OPUIeM KaKIBIH TpeAHa3HauYeH 51 KOHTPOJIA HEKOTOPOil
onpefenensoli peakumm. Ha ¢ur. 3.1 posune wnasxmoll peaxuun
0603HaYeHH Ha3paHUA Hy;xHOro (epMeHTa (a MHOrAa omum ¢ep-
MEHT KOHTpoJupyer m fABe pearuun). lloguepkmem, uro cam ¢ep-
MeHT B peaxuuio He BopiekaercAa. OH He H3MEHALTCH, ero JeJ0 TOJNb-
KO IepefBMHYTh aTtoM C OgHOro Mecra B Apyroe. Ilepememmer B
OFHON MOJIeKyle W TOTOB YiKe 3aHATHCA ciaepymouleii. CosceM Kak
cTaHOK Ha (abpmre, HpwdYeM J0JKEH UMETHCS 3amac HY;KHHIX aTo-
MOB U BO3MOKHOCTH M30aBIsTBCSI OT HEHY:RHEX. BospMmwure, Ha-
IpuMep, BOJOPOA: CYMecTBYOT (epPMEHTH, NMeI e clenalbHble
gUedRH [Jf TepeHoca Bomopoja B Ji000H XmMHYECKOR pearuun.
CrasxeM, HMEIOTCI TPH KW YeTHpe (epMeHTa, KOTOPHE HOHMIKAIOT
KOJIMYeCTBO BOAOPOJa; OHU HCIOJB3YIOTCS BO MHOIHX MecTax IMK-
#a. MurepecHo, wro MexammaM, BRHCBOOOMRAAWIAI BOTOPON B OfI-
HOM MecTe, HOpHJeP:iHBaeT 9HTOT aTOM, YTOOL HMCIOJB30BATh €ro
eme THe-HUOVb.

Baneiimas geranp umria, npusenexnoro Ha ¢ur. 3.1, sro
upespanicane I'IM 8 I'TO (ryanasumspudocdar B ryanasuHTpH-
docdar), motomy uro Bo mropoMm Bemiectie — ['TD — sHeprum
HaMHAOTO Goaviue, yeMm B mepsoM. Ilogo6Ho TOMY KAk B HEGROTOPBIX
depMeHTAX HMEETCA (AMUK» [JIA TepeHoca aTroMoB Bojiopoja, Obi-
BaoT eme 0co0He «AMMUKIN [JA HepeHoca sxepeul; B HUX BXONHT
rpudocaraas rpymna. B I'T® Gonbuwe smepruwm, dem B [AD, n
KOTAA [UKJI WAET B OJHY CTOPOHY, CO3MAIOTCA MOJERYIABI ¢ usbbir-
KOM 3Hepruy; OHM MOT'YT IPHUBECTH B gelicTBue APYyTue LHKJIbL, KO-

60



TOPHIM mpebyemes BDHEPTUA, HANPHMED IHKA CHATHA MBUIIIHL,
"Meimna ve coxparurcs, ecru Her I'TO. Moykno nomectuts 8 Bogy
MELIIeUHOe BONOKHO W fobasure Tyga U'TD, Torma BomorHo cokpa-
turcs, opespainaa ['T® s I'JIM (ecau TONLKO HPHCYTCTBYIOT HY M-
HHe ¢epments). TakuM o6pasoM, COKpaIi€HHe MHILINBL €CTh HPeB-
pamenue [A® 8 I'TD; nakonnennnii B revenue guA I'T® wmcmoan-
3yeTcs B TEMHOTE /st TOTO, 4T00H IYCTHTh Bech IUKJ B 00paTHYO
cropory. Har supgure, fepMmeHry Bce DABHO, B KAKYI0 CTOPOHY
HAET pearuuA; ecaum O 5T0 ObI0 He TaK, HApYIIAUCsS OH OJUH U3
3aKOHOB (QHBUKH.

Ecrs u gpyroil peson, mo KoTopoMy jjasi OMOJOTUH M IPYIHUX
HAayK Ba)KHA MMEHHO (H3HWKA,— BTO METHUKE IKCNePUMEHMA.
Hanpumep, vapucosamHas Omoxumumdeckas cxema He OBta OB
ere 0 cero BPeMEeHU WBBECTHA, €ciH OBl 33 HEI0 He CTOAdH 0ib-
ue AOCTHHEHWA dKcmepuMmeHTadbHON ¢usuxm. Iemo B toM, 9ro
I aHAA@M3a BTHX HEeBOOOPA3HMO CIOKHWX CHCTeM HeT JIyJilero
CPe/ICTBA, HE/KENIU CTaBUTh Memkuy HA aroMax, yJacTBYIOMIX B
pearuua. Eciam BBeCTH B HMKI HEMHOTO YIVIEKHCIOTH C (3eleHOil
METKOI» Ha Hell M NOCMOTPEThb, IJe METHA OKa;KeTcA udepes J cew,
noToM depes 10 cex m T. H., TO MOMHO IIPOCIENUTh TedeHWe BCeil
peaxiuu. Ho kak caenarb «sesnenyw Merxy»? Ilpm momomu pas-
AWYHEIX u30monog. HamoMHEM, 410 XHMHUECKHWe CBOHCTBA aTOMOB
ONpeeNAITCA THCIOM 94eKmporoe, a He Maccoli aapa. Ho B arome
yriepoja, K OpmMepy, Momer Owth Aub0 IecTs, JHOO ceMb HEiT-
POHOB HapaAgy ¢ o0s3aTelbHEME [Js yIJepoja IIecThio IIPOTOHA-
Mu. B xumnueckom orHomeHnun aromel C12 u C13 He ornmuaiorcs, HO
10 Macce ¥ AJEPHHM CBONCTBAM OHH PAa3JHYHH, & 3HAYNUT, U pasid-
qumbl. Vcmoabaysi 5T M30TOHBI, MOKHO IPOCIEAHTb XOJ peak-
puu. Eme nyume gas storo pagmoaxtuBHEIET m3orom (C'4; c ero
TIOMOIIBI0 MOJKHO BECHMA TOTHO IIPOCHEUTH 38 MAJBIMU HODPUHAMHE
BEIECTBA.

Bepuencs, ogmaro, ¥ oumcanuno gepmerros u benxos. He nce
Genxm — (pepMentel, HO Bce (epments — Geaxu. Cymecrsyer
MHOKECTBO GEnKOB, TAKHUX, Kak O€JKH MEINI, CTPYKTypHLe Oei-
KM, CRa)keM, B XpAmax, BoxocaX, Kojke, He ABIgomuxca dep-
mentamu. W Bce-rakm Oenkum — O4eHB XapaxTepHAas A JRUSHHA
cyOcTaHI(Hf; BO-IEPBHX, 9TO COCTABHafA dacTh BceX (epMeHTOB,
a4 BO-BTOPHIX, COCTAaBHAA 9YaCcTh MHOTHX WHEIX JKHBHIX BeIeCTB.
Crpyrrypa GeJKkoB mpocra  JOBOJBHHO 3aHATHA. OHE OpeNcTaBaAoT
c060it pAABL, WK HenH, PasINIHHKX anxurokuctom. CymecrTeyer
IBa AECATKA pa3HBIX AMHHOKHCIOT, M BCE OHH MOTYT cOUeTarhbes
Ipyr c ppyrom, oOpasyd Lemnn, KOCTAKOM KOTODHIX ABIAKTCA
rpyunst CO—NH u 1. n. Beaox -— 910 Bcero jumsb nenouxkm, ciao-
sweHHEe m3 atux 20 amumHORHciaor. Haskgas aMWHORMCIOTA, IO
Bcell BEPOSITHOCTH, CJIY;KUT IS KAKUX-TO CHENUAJbHHX Iefei.
B HexoTOpHX aMUHOKHCIOTAX B OIpefeleHHOM MecTeé HaXOoJuTCH
aTOM Cephl; JIBa aToMa CEPH B OfIHOM M TOM jke Oeiake ofpasyroT
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CBA3b, T. €. CXBATHBAIOT LiENb B JBYX TOYKAX M COCTABJAIOT
neraio. B apyrux ecrs uaORITOYHBIN aTOM KUCIOPOAA, MPUNAOIIMI
M KHUCJIOTHEIE CBOHMCTBA; XaPaKTePUCTHKH TPETBUX -— OIeJOUHEIE.
B mexoropmx OwBaorT GoJblIMe T'pYnOBE aTOMOB, CBHUCAIOILHE
¢ OHOIl CTOPOHH W BaHWMAWIWe MAOTO Mecta. ONHA M3 aMUHOKHC-
A0T — OPOJHH — B JeHCTBHTEIBHOCTH HE aMWHO-, a MMUHOKHUCIO-
Ta. J1a Heboapldas pasHUNA OPUBOJUT K TOMY, YTO KOTZA B LieOH
ecTb IPOIMH, TO Iiellh LepeKpydunBaercA. Keaum Ol BRI 3aX0Telu
CO3MaTh KAKOH-TO ONpeflesieHARI 0eioK, TO BaM IPHUINIOCH O AaTh
TaKHE YKa3aHusA: 3Jech NOMECTHTe CePHBIIl KPIOK, 3ateM AobaBbre
qero-HAOYAL, 9TOGHL BaIOJIHHUTH MECTO, T€HEPh MPUBSKUTE 4TO-HI-
Oyab, uToOH 1ens mepexkpyTuaach, u T. A. Iloxyauanch 661 ckpemn-
JeHHbIe MEKRIY CO60M 3aMBICHOBATHIE IMEMOYKH CO CHOKHOH CTPYK-
Typoii; Bce pepMeHTH, MO-BUAHMOMY, YCTPOEHR MMeHHO tak. On-
HuM u3 TpuyM{oB coBpeMeHHOI Hayxm Obla0 orkpeiTme (B 1960 r.)
TOYHOTO OPOCTPAHCTBEHHOI'O PACIIOJLOKEHHA ATOMOB HEKOTOPHX
Gearos; B Hux 56— 060 aMHHOKHCIOT NOAKIIOUEHE APYT 3a JPYIOM.
Bouo yeranosaero rtounoe Mecromososkerme cpeinre 1000 aromos
(nasxe mo 2000, ecam cUMTaTh W BOJAOPON), BXOAAINUX B CIOKHYIO
CTPYKTYPY AByX 0enkon (OfiUH W3 HUX — I'eMOITOOWH). A ofiHa us3
neyaJbHBIX CTOPOH 3TOTO OTKPHTHA NPOSBHJAACh B TOM, YTO U3
BTOl KAPTHHH HHYEro YBUJETHb Helb3s; ME He IIOHEMaeM, MOYeMy
oHa Ttakada. Umemno oty mpobiemy m ciegyer cefitac aTarkoBATh.

Eerb ugpyras mpobGaema B 6u0d0rny: OTKYAA e PMEHThI «3HAIOTY,
KeM uM crath? OT KpacHOTJIas0il MYXU pOEAETCA OOATH KPacHO-
raasas Mylllka; sSHAYUT, Bed HHPOPManusd O PepMEHTAX, CO3MAIOMMUX
KpacHblii TUTMEeHT, AOJ:Ha mepeliTu K ouepenHoil Mymke. [lepegaer
sty mHpopManmio He GenoK, a BemecTBO B sxape wkiaetku, THK
(mesorcupuboOHYKIEHHOBAA KHCJA0TA). ITO — Ta KJI0UeBad cyo-
CTAHITUA, KOTOpasa Iepefaercd OT ONHON KJIETKW K APYyToi (moio-
BHi@ KJIETKH, HampuEMep, mourn neaunxoM cocrosar us IHK) n yuo-
cur ¢ coboil mECTpyRnmo, wak fexartb ¢epmente. JHK — sro
«KajibKay, meyatTHasd Marpuna. Ha 410 moxosca 3ra KampKa, Kaw
OHa floikHa fAeilictonarh? IlepBoe — OHa MOMKHA BOCHPOU3BORUTH
camoe ce0sI; BTOpOe — OHa MOJKHA OHITh cmocOGHA JaBarh 3aJlaHUsI
6eary. UYro g0 mepsoro, To MOKHO 6BLIO 6B AyMAaTh, YTO ITO HPO-
UCXOINT TAK jKe, KAaK BOCIPOU3BE[eHNe KJIETOK: RJIETKH Hojpac-
TalT | fenstea nmomosaM. Moser Onrh, momeryusr JHK toske
pactyr u Toke jgeasrca?! Her, sro mckiawoueno. Benbs amoms na-
BepHIKA He pacTyT U He Aeasarcal Bupumo, A1sa pemnpogyrnum Mo-
IeKkya HYReH [Apyrod myTh, mOXHUTpee.

Crpyrrypa JJHK pmonro msywasack clmepBa XMMHUeCKH (COCTaB-
HEle YaCTH), 3aTeM PeHTreHorpaduiecky (IPOCTPAHCTBEHHAA CTPYK-
Typa). B pesynsTare npumim K cieflyloImeMy 3HaMeHATeJIbHOMY
oTkpHTHIO: Monexkyaa IIHK — sro mapa memodek, HaBHUTHX ApPYT
Ha ppyra. CReideT Kak[oil Lenmouxku, XOTA M NOXOKuil Ha Oejko-
BHle IiellW, HO XUMUWYECKM OTJIHWIHHI OT HUX,— 3TO PsAJ caXapHHX
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|
Pubosa 3—8:A-—— Pubosa
D ue 3.2 Crema JHK. |
ONE 7°
Ho” ¢ & > oH
|
Pubosa 3 —A:B— Puébosa
u pochaTHHX FpPyOH, Kak IOKa- I
:::;IHO Ha qmr 3.2, Us 3T0f/1 CXeMBl 0\\\2 S/O
IHO, KaR B LeOH MOyKeT Xpa- P 1S
HUTLCA MACTPYRIUA, n00, pasaas HO™ o 0 "OH
1eNOYKY Ha JBe HUTKH, BB LOJY- | |
waere pag Bemects BAADC...; Pudosa —A:B— Pusosa
He HCKJIOYEHO, 9T0 9T0T pPAL Y 0 é (‘)
KaMJ0ro OpraHuaMa cpoii. 3Ha- \\‘; ‘:5,/’0
YUT, MORHO JIyMaTb, 9TO KayKAHIA Ho= Ak ('J\OH
ocobuit pad JAHK cogepmur B ? |
cebe ocobnle yxka3anus, Kar mpo- Pubosa —D:C— Pudosa
U3BOOUTL OEaRH. | '

Ha cxeme supmsl napn mone- O\\Q 0 Py
PeUHBIX BBEHbEB, IIPHUCOSIUHEH- _F pZ_
HHEX K CaXapHHM I'DyONaM U CTs- HO™ ¢ 0 OH
THBAOMUX Me;KAY co00li TBe HUTH. [ |
DT 3BeHBS HEONUHAKOBH; ecth  Fubosa O‘—C’D— Putosa
4geTHipe COPTA 3BEHbEB ~— aJ[CHIH, | |

TUMHH, [UTOBUH, I'yaAuH, 0003Ha-
qaemuie A, B, C u D. NuarepecHo,
4T0 He BCAKHE 3BeHbA cuapmbamoTcs. Hanpumep, Bo3MOKHEL mapsl
AB nau CD; ouu pasMelneHnl Ha ABYX HHUTAX TaK, UTO «OOAXORAT
APYr K Opyry», oduajaor CmAbHON 8Heprueil B3amMMofeiicTBHA.
Ho C k A mam B k C we nogxofwnr; ecian B uenu crour C, 10 B 1py-
roil Hemm B 3TOM Mecre joJyKHO OwTH ToAbko D. Kammoit 6ykse B
OIHOI LeNH COOTBETCTBYeT OmpefieieHHasg OGykBa B APYToi.

Hak ke MplcauTes npu 9ToM Bocupoussefenune? Ilyers nens pac-
mensena Ha Ase. Hak cmesnars apyryo traxymo sxe? Ecau B BemecTse
KJIeTKH ecth ¢abpura, supaGareiBaomas gochar, caxap u 3BeHbA
A, B, C, D (noxa He npusasanEble K [{eOH), TO K Halllell IOJOBHHKE
NENOYKM HPUCOEUHATCS TOJBKO MOAXOMANINe 3BEHbsA, JOLOTHII0-
mue BAADC, 1. e. ABBCD.... Ilpu fenenuu KieTkH nenb pasHH-
Maercs mOocpefuHe Ha /B¢ HUTKU, KAKJASA HEPeXONUT B CBOK KIET-
Ky u TaM Habupaer cebe MomoJHeHHE.

Haxomen, wmnociexEmit BOHIpOC: KAK MOPAJOK CJAefOBAHUA
A, B, C,D s IHHK onpenenser paccTaHOBKY aMITHOKHCAOT B OeJIKax?
Orsera moka HeT. JT0 OCHOBHAs HepelleHHaa mpolieMa COBPeMeH-
Ho#i Gmosorum. Iloka Mm pacmonaraeM TOABKO KaKHMHU-TO OGPEIB-
xamun mAPOopManmmum o6 osromM. B KiIeTke uMeloTcess Meabuaiimue
YaCTHIKH — MHUKPOCOMEl; ceifuac M3BeCTHO, 9TO B HMX M BEpadarhl-
BaforcA Gennm. Ho MuRpocoMEl HaxogsaTca He B Axpe, HE TaM, TN
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paxogurteas JIHK co csommm wuucrpyruunmu. IHo-pugumomy, B
BTOM eCTh Kaxoil-10 cMerci. Mapectro, ognaxo, uro or JJHK orpmn-
BaIOTCA KYCOUKM MOJIeKYJ, He rakue mumpHbe, kak JHHK, necymasn
B cebe Bcoo wmEGOPMAIMIO, a HEUTO BpPOfe HEKPYIHHX ee J0JeX.
Hazsmpaor ux PHK, HOo He B »TOM 1meso. 9T0 HEUTO BPOJie yMeHb-
mennoii kommm JHK. MssecrHo, yro PHR kax-To mepemocnt
B MUKPOCOMY COOOIIeHMEe 0 TOM, KaKoll copr Genka HYKHO U3TOTO-
BUTh. (Iror Paxt yske mssecred.) llocne sroro B MuKpocone obpa-
syerca Oemox. Jro royre mamsectHo. Ho pasnuwssie merasim TOro,
KaK AMUHOKHCHOTHL BXOJAT B 0eJIKE M KaK OHH PACIONaramTes B
coraacun ¢ komoM, samupposanasm B PHH, mora me nssecruir.
Mu Be yMeeM uHMTaTh BTOT Kof. Keau «HAIMCAHO», Halpumep,
ABCCA, 1o mu He 3paeM, Kakoii Oeqok Oyfer mpuroToBIeH.

IIpaso sie, HM ofjHa HayKa, HM OJHA OTPAC/]b 3HAHWI He ABU-
myred Tak OYpHO IO BeeM HalpaB/IeHHAM BIepeq, Kak OUoaOrHAd.
Ho eciau 6 Mu momsxEbl OHIIM HASBATH TO CAMOE€ TIABHOE, YTO BEHCT
Hac ceiiyac Bee Boepey U BIepe] B HAINKX IIONKITKAX MOHATH SIBJIEHE
H{UBHN, MBI 00s3aHHl OBJIU OB cKasaTh: 46Ce meaa Cocmoam ui amo-
MO06», BCE, YTO NPOMCXOAUT B KUBHIX CYIIECTBAX, MOYKET OBITh HO-
HATO Ha f3HIKE IBIYKEHHI M HOKAYUBAHUI aTOMOB.

§ 4. Acinporonun

B nameM crpemureansnoMm oG3ope Bceil Beenennoit ouepenp mo-
mia g0 acTrpoHoMuu. ActpoHomus — crapine Qusury. DakTudeckn
$u3MKRa ¥ BO3HHUKJIA U3 Hee, KOI[a aCTPOHOMUA 3aMeTwja HOpasu-
TeABLHYI0 IPOCTOTY ABMKEHHA 3Besl M IJaHeT; O0bACHEHHE BTOH
OPOCTOTH H ¢Tajo Hauaaonm ¢usuru. Ho cameiM BepaomuMcsa orT-
KPHITHEM AcTPOHOMHMH OBLIO OTHPBITHE TOTO, 9TO 36€30bl COCHLOAM
u3 makux axe amomog, umo u Jemas*. Kak 910 GHIIO JOKaszaHo?

* Kaw auxo A yupasunca ¢ 3TaM! Kak MHOTO CKPHTO 3a Kampoi dpasoit
HTOr0 KOPOTKOIO PACCKa3a. «3BE3JBL M 3eMJA CHeNaHbl U3 OJHMHAKOBHIX aTO-
MoB». OOnMHO MHE OfjHOM TamOl TeMbl XBaTaeT Ha ueayl Jdexuuwn. ITosrn
YTBePIKAAIOT, YTO HAYKa JIMILAeT 3Be3/[bl KPACOTH, JIA HEe, MOJ, 3Beaihl —
npocro ra3osele mapsl. Huuero He «ipocTo». Sl rome mio0yroch 3BesgaMu
gyBCTBYI0 MX Kpacory. Ho xto us mac supmr Goapmre? OGmumprOCTh HeGCC
HpeBOCXOANT MOe BooOpaskeHHe, .. 3aTePARHLIA B 9T0H Kapycean, MO MaieHb~
KHA rja3 cnocofed Buers ¢8eT, KOTOpOMY MUJLIHOH jeT. bea6pesuoe spenumg
BeeaeHHOH... H A1 CaM — €€ YacThb... BETH MOKeT, BEIIECTBO MOero Tejaa U3~
BEPrHYTO KaKoH-mAOyNs 3a0LITOI 3Be3/I0N, TaKol ke, KAK BOH Ta, Yeil BIpLID
A BWKY celivac. Mam s cMOTPIO Ha 3Be3JiBl FHFaHTCKUM oKoM IlasoMapcekoro
TeJeCKONa, BIJKY, KaK OHM YCTPeMJISIOTCA BO BCe CTOPOHBL OT TOH IMEePBOHa-
YaJIbHOM TOUKH, IZe, ObTh MOMET, OHH HeKorpa oburasim 6ok o Gox. Yro aro
33 KapTHHA U KakoB ee cMbica? M sauem sce smo? Tamnctsy Bceenewmoil mo
HprINENT yitepGa Hamie MPOHHKHOBEHME B KaKHe-TO ee cekperd, n6o npaspa
Gonee nopasuTeapHa, HEMmKENH TO, UT0 OO HAPHCOBAHO BOOGpPaKEHHeM XY/i0-
JKHEAKOB Irpomtoro! IfogeMy ke HEIHENIHME MOITH He TOBOPAT 06 atomM? Uto
8a HapOJ 9TH JHPHKH, €Cad OHM cHOCOOHHE roBopuTh 0 IOnNHTEpE TONBKO KaK
0 quIOBe;ce, M MOJY8T, €cid 9T0 OTPOMHLIA BpamawImuilcA Imap M3 MeTaHa M
aMMHAK2
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Kanigptii atoM menmyckaer cBer OLpefefieHHBIX 4acTor, HORZo0HO
TOMY KaK ¥ KaKIOT'0 MY3HKAJIbHOT'O MHCTPYMEHTa ecTh ¢BO€ 3BY-
gaHue — OmpepeseHHHT HaG0p 9acToT, MM BuIcOT, 3ByKa. Cinlma
OTHOBPEMEHHO HECKOJbKO TOHOB, MBI MOMEM pasleinTh HX; HO
coocoGHOCTH HAIIEro Tjiasa B 3TOM OTHOUIEHHM [laJeKO He CTOJb
BEJUKHU, OH He MOKET pasfieduTh CMeCh LBETOB HA COCTaBJAINUe
gactn. OJHAKO € MOMOINBI0 CHOEKTPOCKONA CHIAHOSUMCA 803MOXNC-
HULM AHAJIM3 YacTOT CBETOBRIX BOJH, OH MO3BOAACT BHAETH
HCTHHHBEIE TOHA aTOMOB pas3jiHIHBIX 3Be3X. Befb gBa XNMHYECKUX
aleMeHTa OBLIH faske oGHAapy:ReHH Ha 3Be3fgax Ipesk/e, YeM Ha
Semne: reamii (oH Ou orkpuir Ha COJHIE, WOTOMY OH TaK B Has-
BaH) ® TexHenuil (ero o0HAPYRUAK HA HEKOTOPHIX XOJIOJHEX
3resgax). Ho pas 3Bessl cOCTOAT M3 T€X ;i€ aTOMOB, UTO M 3eMJisA,
TO 3TO CHJBHO TPO/JBHFAET HAC Blepel, B NOHUMAHWHM CYIHOCTH
spe3x. Ham xopoimo msBecTHO MOBEAEHIIE aTOMOB INpPH BHCOKHX
TeMmeparypax ¥ HEBHICOKHX ILTOTHOCTAX, W 3TO IO3BOJAET MpH
IOMOILY CTATHCTHYECKON MEXaHNKKM AaHAJIU3UPOBAaTh NOBEICHHE
3Be3gHOT0 BemecTsa. [laike He yMesd BOCIPOH3BOIUTH 3BE3HOE
cocTOTHHE Ha 3eMie, Ho ONUpasch Ha OCHOBHLIE PU3MTIECKUE 3aKO0-
HE[, MBI YACTO YKA3BIBAEM COBEPIIeHHO TOTHO (4 HHOIZIA IOYTH TOY-
HO), 9T6 mpouecxoAur Ha 3Besflax. Tak ¢u3mKa mOMOTaer acTPoOHO-
MHH, JTO MOJKET IIOKA3aThCsI CTPAHHBIM, HO paclipe/le/IeHue BemecTsa
puyrpu CosHIa MBI SHaeM KyAa JAydine, geM ero pacupepeie-
Hue BHYTpu 3emuu. Hasanock 6pi, 9Té MOKHO y3HATh, B3IJIAHYB
€KBO3b TelecKoNn Ha mATHMMKO csera? OpnHaro Hedpa 3Besq
WM3BECTHH HAM I'OpPasfo Jy4dllie, YeM BTOTO MO#{HO Omao Oul ORE-
nath,” 00 MBI yMeeM paccuumuléamb, 9TO OPOUBOITIET ¢ aTOMaMn;
3pe3]] UpH MHOTHUX O0BCTOATENHCTBAX.

Opso m3 wambojee BHOEUATIAIONMX OTKPBITHH AcTPOHOMEUM —
3TO OTKPHITHEe HCTOYHMKA DHEPIHH 3Be3J], IOJAeP/KUBAIOEro uX
roperne. OQUH U3 T€X, KTO OTKPHIJI 9T0, OTOPABHICA HA UPOTYIKY
¢ JeBYIIKOH Kak pas B HOYB IOcje TOTO, KAK HOHAA, 4T0 Ha 3Bes-
Iax OPOUCXOAUT AlepHas peakyud, 9TO B 9TOM INPHINHA HUX CBe-
yeanda. OHa ckasauaa: «Bsriasau, Kak 9ymecHo cHAKT 3pes3fanlly A
ou orperuin: «/la. Uynecno. A Begb CcerofHs g — eJUHCTBEHHBIA
HyeJd0BEK B MHUpe, KOTOpPHIi sHaeT, nouemy oHE cuAT!» OHa TOJBRO
pacemesizach. Ha Hee He mpowsBeso BOeYaTNIEHHA, 4YT0 OH —
€/l UHCTBEHHHI YeJIO0BEK, MOHUMAIOMMil, IOYeMy 3BE3IHl CBETAT.
Yr1o i, KAK 3T0 HU INe4albio, OHTH OTMHOKUM M HEMOHATHIM —
3TO B IOPsAJIKe Bemlei.

Tax Bor, CosHie NMOIyYIaeT DHEPTHUIO OT SEPHOTO «CrOPaHUA)
BOZIOPO/Ia, KOTOPHI TepexoAnT OpH 3TOM B reauii. 113 Bomopona B
raybuHax 3Besq BeIpabaTHIBAIOTCA fajee Npyrue XUMHYeCKHe die-
MenTa. Bemectno, us Koroporo cuemaHE M, GBELIO KOPZla-TO «HC-
TedeHO» B 3Be3jie M BeIAJAecHYTO HapyKy. Ho orkyma n10 usBect-
H0? A Bor orkyma. Comep:kaHue pasjiMYHEIX H30TOHOB B Belle-
cree C12, CI¥ g 1. g.— HuKOTZAa He MeHAeTcA IPH JUMULECKUD
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npespamenunx, uGo miaA obomx wmsoromos C XuMMuYecKume peax-
WBN OHHAKOBE. ITU WPONOPHUHU eCTh Pe3yabraT JUIUD AdepHHLE
peaknuii. Mayuad mpomopimio M30TONOB B OCTHBMIEH, MepTBoi
307e, KAKOBOH ABJAEMCs MBI, MOKHO Jiorajflathes, Ha 410 Gblia 1o-
XOKa neub, B KoTOpoil copmMumponajock mame BemecTso. OHa
OBhTa MOXO0/KA HA 3BE3JH, M I0ITOMY 09€Hb BEPOSATHO, ITO DJIEMEHTEH
«clleJIaHBly B 3BE37jaX W BHIOPOIIEHH OTTYJA OPU B3PHIBAX, HashIBae-
Muix Hamm Hosrimu u CBepXHOBRIMHE 3Be3JaMu. ACTPOHOMUS CTONb
fan3ra K QusHKe, 94TO elne He OfUH pPas B HTOM Kypce Mil ofpatuMes
K Hell.

§ 5. T'eonoeusn

Ilepefiem Teneps K TaK HABBIBAEMLIM HAYKAM 0 JeMae, WIH 2e0-
aozuy. K HEM OTHOCATCS TPEKJE BCETO METeOPOJOTHA, UIM HayKa
o morome. Mereoponorndeckass annaparypa — 3T0  (puU3HYecKUE
npubopel, TAK YTO MeTeopoJorusi cHal;keHa mpuGopamm Giaroma-
pA PasBUTHIO DRCIEPUMEHTAJIbHOH PUsuKM (Ml yyke 06 BTOM TOBO-
puim). UHoe feio TeopHA METeOpPOJOIHH, OHA HUKOr[a He Onlia
V0BAETBOPHUTENBHO paspaborana sukeM u3 ¢usuxon. «Crpanuo,-—
CKa/KeTe BHl,— Beflb HTO BCETO JIMIIbL BO3NYX, pasbe Mbl He 3HaeM
ypapHenuil ABWxeHuUs po3fyxa?» Ma, smaeM. «Ilouemy :xe, 3mas, B
KaKkoM COCTOAHME BO3AYX CEeTONHS, MBI HE MO:KeM IIPEJCcKa3arth
ero cocrogHWe Ha saBTpa’» Bo-mepBHiX, ME He B3HaeM, KaKOBO
Ha camom Oese CeTOAHA COCTOAHHE BO3AyXa, W00 OH TO M JeJo
THe-TO 3aBHXpserci u crpyurcd. Bo3iyx odeHb UYyBCTBHTENEH K
AI00KM H3MEHeHHAM M moupocry Heycrofiump, Urobu mOHATH, 0
KaKOi HEyCTOMIMBOCTH s TOBOPIO, B3IVIAHHUTE, KaK BOJA CHOKOHHO
Teder Haj IVIOTHHOHN M BAPYT, Najgas, OpeBpallaercad BO MHOKECTBO
Oy3HPbKOB W Kamejib. BH 3Haere cocrosiHHe BOJH B MOMEHT, KOI-
Ja OHA [epeBajgBaer Yepes IJIOTHHY,— OHA COBEPIIEHHO CIIOKOM-
Ha; OTKyja sKe OepyTca Kaliu B MoMenT nagenua? OT 4ero sasucur,
HAa Kaxme CcTpyu pasolpercA HOTOK, Ife OHM BOBHHKHYT, Kyja
yoaxy1? Bce »T0 HemssecTHO, IOTOMY 9TO TedeHHME BOJH HEYyCTOM-
guso. Toumo Tak Ke gaske CHOKOWHHIA IOTOK BO3AYXa, HPOXOMsA
MKy TOp, IPUXOTIMBO pacmajiaerc Ha OTfelibHEE Buxpu. Bo
MHOTHX OGJAacTsSX HAYKH MBI CTAJKUBAEMCA ¢ T€M, 9TO HOCHT Has-
BaHHe mypOyseHmHoe medeHue, He HONmaloleecs MNOKa HaLIeMy
anaausy. Tar 9T0 maBaiiTe Jydle OT TEMHl «HOI'0OJay mepeigeM mo-
OuicTpeil K Teosorumn!

Inapamil BOIPOC TeOJOTUH BaKIIYIAETCA B TOM, 4TS cmexalo
3emuio rakoii, kKakasa oHa ectb? CaMbre OYeBMITHEE U3 TAKMX NPOLIEC-
COB HPOHCXONAT ¥ HAC HA TJasax: PeKU NOAMEIBAIOT Oepera, moJis
3aHOCHT MBELJIBI0 U T. J. OTO HOHATH JOBOJIBHO JIETKO, HO BEIb KPOME
9pO3UH, MMOMHMMO paspylleHHsi HAOJYKHO 4YTO-TO W oOGpaTHOe mpo-
HCXofuTh. B cpegEeM ropnr cefiuac He HmKe, YeM B HPOMLIOM.
CaezfoBaTeIbHO, ZOJKEH IPOUCXOZUTE H IPOLECC 20p006pasosarnu.
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Mayuaa reosoruio, sl yGepurech, 970 AeHCTBUTENBHO MPOUCX OLUT
u ropoo0pasoBanue, U ByJKAHU3M, HO HHKTO WX He NOHUMAET; He
OOHMMAaeT TOT'0, urd cocraBisieT IMOJTOBUHY Feonorun. [leficTBuTeN -
HO, OpUPOfia BYAkaHOB He mnoHATa. OTdero GHIBAIOT 3eMueTpAce-
HHA, TOAie B KOHEYHOM cuere He mOHATO. [loHmMalor, KomewHo,
YT0 €CJHH YTO-TO ¢ YeM-TO CTOJKRHETCA, TO UT0-TO TPECHET, 4TO-TO
enBHHETCT — Bee 310 xoponto. Ho 916 ToakEyI0, DOYeMy TOTKHY-
a0? CymeeTnyer TEOpHUs, YTO BHYTPH 36MIH UMEIOTCS TeYEHIIT —
OPOHCXOAMT UUPKYJIALAA M3-34 PA3IN4usl TEMIEpaTyp cHapy:RH M
BHYTPM — Il OHH B CBOEM JBIKEHUH CJIETKA TOJKAOT MOBEPXHOCTh
Semau. A ecau Ije-to BCTPEUAOTCH ABa OPOTHBHHEX TeYeHUA, TO
TaM AOJUKHO HAKaIIWBAaThesA BEIIECTBO, IOABIATHCI POpHHEE Xpel-
T, OHH OKQ/KYTCA B CINIBHO HANPSKEHHOM COCTOSTHHU, BOSHUKHYT
BYJKAHH, Opomsoiiyr 3eMieTpsceHud.

Yro MO:KHO CRasarb 0 Heppax 3emian? XOpPOMIO H3BECTHA CKO-
pocTh BOJH 3eMiuerTpsceHIii B 3eMie M pacUpefeieHue IIOTHOCTH
pHyTpHU Hameil nnanersl. Ho usuku He ¢MOTiH cO3aTh XOpoIIeil
TEOPUN IIOTHOCTH BEHIECTBA NMPH [laBJIEHHAX, O:KHIAEMBX B IIeHTpe
3emau. MHEIME croBaMu, ME He OpefcTtaBiseM cefe CIHMIIKOM XO-
pomIo cBoiicTB BemecrBa B TtakuxX yeaoBuax. Co cBoeil miaaHeToil
MBI CIpaBJiseMcsa RyJa Xy:;ke, HEKeJIH ¢ COCTOAHUEM BeliectrBa B
3pesniax. Heobxomumuii AjA 9TOr0 MareMaTHYeCcKHil ammapar He
paspaboraH, OH, NO-BHAHMOMY, YPEe3BRIYAIHO CIOMKEH; He HCKJIIO-
9eHo, OfHAKO, UTO Haiijerca KTO-10, KTO MOiiMeT BayKHOCTDL »TOH
opobieMmsr u paspaGoraer ee. pyroe meso, wro, gaske BHYHCANB
MJIOTHOCTH, MBI HE CMOMeM mpefcraBuTh cefe MupRyIHpYyIOIMe Te-
geHuA uAn pas3obparbcas B cpOICTBAX TOPHHIX NOPOH LPHU CBEPX-
BRICOKHX faBieHusx. Ml He yMeeM MOpeJcKas3hBaTh, HACKOIBKO
OBICTPO BTH TOPOAH «HOJJafAyTCA» AABJEHMIO; TOJBKO ONKT OT-
BeTHT HA DTH BOIIPOCH.

§ 6. Ilcuxoaoeusn

Pacemorpum, Haxomer, eme OAHY HayRy — ncuzosozuto. Cpasy
JKe YMECTHO 3aMETHTh, 4T0 TNCHXOAHAJW3 — 3TO He HAYKA; B JIyY-
meM CJlIydae 3TO MeJUIMHCKHIL TpoIilecc, a CKopee Bcero — 3Ha-
xaperso. B meuxoamaamse cymecTsByer TeOpHA NPOUCXOMKACHHS
GomesHeit — pasHele TaM (IyXI» M OpoUY€e. JHAXAPH TOIKE HMEeT
TEOPHIO, IO KOTOPOil GoJie3Hb, CKayKeM MAaJAPHIO, BHSHBAET JYX,
BHTAIINUII B BO3JyXe; ee He BHUICYMIND, €CIM MOTpAcTH 3Meeii Haf
rojosoii 60JabHOr0, @ BOT XHHUH noMoraeT. Mrak, ecam nu 3abole-
ere, COBETYIO BaM OTHpaBUThecs K 3HaXapio, MOTOMY 4TO OH JAy4IIe
Bcex B mieMeHm pasbupaerca B 607e3HAX; OOHAKO €[0 3HAaHWE —
s10 He Hayka. [lcmxoananms He GBI JOCTATOYHO LpPOBepeH 3KCIe-
PMMEHTAJBHO, U HEBO3MO;KHO IIPHBECTH IepeueHb ClydaeB, KOrga
OH NMOMOTaeT, a KoI7la He MoMOraeT M T. H.
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Iipyrue BeTBM MCHXOJ0THMU, a B Hee BXOJNT, HAIpHUMep, ¢pusuo-
JIOTHA OYIIEeHUA (ITO IPOMCXOMUT B I'Ia3e, a YTO B MO3Te), HOKa-
ayi1, me croab mHTepecHsl. Ho B HEHX OHJIH JAOCTUTHYTH XOTA MU
MaJbie, HO BIOJHE peasbHble yciexu. Bor ofHa U3 WHTepecHelmux
TeXHHYECKUX 3amau (XOTiTe HasmBaiire ee mcuxojgorumeil, xorure —
wet). llemrpansmas mnpo6ieMa B H3ydeHuM MHIIJIEHHA, WIH,
eciu yrojHO, HEePBHOU CHCTEME, TAKOBA: IIYCTh JKUBOTHOE YeMy-
aub0 Hayuwnoch, WYCTh OHO YMEeT JeJaTh 4TO-TO, Uero IPeRie
He YMEJI0; 3HATHT, KJETRH ero MO03l'a, €CAu OHU COCTOAT M3 aro-
MOB, M3MEHILIICh. B uem ace cocmoum amo usmenenue? Mul sane-
GaTiesn 4r0-T0 B cBoell naMaru. T'me 31o? UTo TaM MOMKHO YBHUIETh
Temepb? JToro ME He sHaeM, Mul 3anoMHmIN Kakoe-TO wueao. Yro
ar0 sHauTmT? YTO0 M3MeHMIOCH B HepsHOIl cucreme? Heussecrno.
JT0 OueHb BaskHAsA DpobJeMa, COBEpPIIEHHO NPUTOM HepelleHHasd.
Haxe eenu fomycTurh, 4T0 B Hac HMeeTcd KAKOH-TO MeXaHHU3M
TaMsiTH, TO BCe PaABHO MO3I' — 9TO ¢TONL HeBooOpasuMad Macca mepe-
CeKAIONINXCcA NPOBOJOB K HEPBOB, UTO, IO BCEH BEPOATHOCTH, LPA-
MOH aHaiu3 HEBO3MOKEH. AHAJIOT 3TOI0 - BEITHCJUTENbHHIC Ma-
ITVHK ¥ MX BJEMEHTH; B HUX TO/K€ MHOMECTBO NPOBOMOB, €CTh H
pJeMeHThl, TIOXO/KHe Ha CHHANCH (HepBHHe cpasm). fRajib, 910 y
Hac HeT BpeMeHu paso(parb HHTePecHHH Bompoc o6 OTHOIEHHH
MeKLy MBICIBI0O ¥ BHUUCTAUTEIbHHIME MammAamu. Ciaegyer HOHH-
MaTth Bee ke, ITO 9TOT BOHNPOC OUEHb MaJIO CKa;keT HaM O peanbHoil
CIO/KHOCTH IIOBCETHeBHOT0 IOBENeHHs 4YeJOoBeKa. JIogum CToidnh
pasamuas! W momapoburcst memano BpeMenu, 4106 B 3TOM pasos-
parbea. Caemyer HagaTh msjadexa. Ecam OH majke HaM yHaloch
IpefcTaBUTh, KaK JeHCTBYeT cobaka, TO M 3TOI0 OKA3aJ0ch OB CIIHI-
koM mano. Cobarky TmOHATH KyJa Jerde, HO M TO HHKTO HE MOMKET
o0BsicHUTE, Kak OHa JeilcTByer.

§ 7. C uezo 6ce nowao?

Urobn pusuka Moria GHTH DONE3HOH APyruM HAYKAM B OTHOIIE-
HHUH Meopull, a He TOJIbKO CBOMMHU IpubopaMu U u300peTeHuAMM, 511
HAYKU JODKHE cHa6murh pmauka onmcanmeMm ux oObeKRTa Ha PU3H-
yecKkoM sasmike. Ecan 6uosor cupocur: «llogemy asrymka apsraer?y,
70 u3HMK He cMOxter OTBeTHTh. HO ecam 0OH paccKamkeT, 9416 TaKoe
JIATYIIKA, 9TO B Hefl CTOJIBKO-TO MOJEKYJ, YTO BOT B DTOM MeCT® y
Hee HEPBH U T. M., TO BTO yike coBceM HMHOe jieno. Ecam reoisor
Gojlee HWAM MeHee TOJAKOBO OOBACHUT HaAM, 4TO Takoe JeMis, a
aCTPOHOM — YTO TaKkO€ 3BE3JH, TOrJa MOKHO MOHpPOGOBATH B
sroM pasobparbesa. UrobH Ghi KakOH-TO TOJK 0T PUIHIECKOH Teo-
pHH, HYKHO BHATh, Ife pacnoJoyKeHH atoMil. Urobul HOHATH
XHMHII0, Mbl JO/KHE TOYHO 3HATH, M3 KAKHX aTOMOB COCTOAT WH-
Tepecynmue Hac BemecTBa, WHaYe ME HHYero He IPOaHAIU3UPYeM,
Homeuso, 810 jgmms ONHO M3 OF paHUYeHHH.
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CymecrByer n Ipyroif mun 3a71a4 B COCEJHNX HAayKaX, KOTOPHIt
B uasuke orcyrcrsyer. HasoBeM ero, me mMes JyUIIero TepMuHa,
BonpocoM mecropunt. C uezo ece nowto? Har Bee cTano TakuM, Kak
oo ecrs? Ecau, manpumep, Bce B Ouomorumn OyieT HAMH IOHATO,
BO3HHUKHET eCTeCTBEHHHII BOIPOC: KAaK IOSBUJINCH BCe CYIecTBa
Ha 3emyie? ITUM 3aHHMAaeTcd TEOPHA JBOMONHH — BaAHAg 9acThb
Guosioruu. B reosorum Ham Xowercs 3HATL HE TONBKO, Kak ofpa-
3YI0OTCA TOPH, HO ¥ KaK BHAYAJE BOSHIIKJIA caMa 3eMIs, COTHEYHA
CIHCTEMA U T. J. JTO, €CTECTBEMHO, MPHBOJNT HAC K sKENAHUIO y3-
HaThb, W3 KaKOI'0 DOJia MaTepui CcKJIafsiBangach tTorja Bcexenmas.
Har passuance spespp? Haxkonsl OBl HadaJdbHBIE yCA0BUA? ITO
— 1upobiema acrpoHoMuueckoii neropuu. Cefigac MHOrOe HpPOACHU-
J0Ch B IPOHCXO/KIEHUN 3BE3[, 9JEMCHTOB, 113 KOTOPHX MK COCTOHM,
M JlasKe YYTOYKY CTaao fAcHeHl mpoucxorkpeHume camoii Beeneunoii.

B pacroamee BpemMsa QuUaMKa He WM3ydaeT BOIPOCH HCTOPHM.
Mzt me sagaem sonpoc: «Bor 3axomnn Gusunm, KaKk OHE BOSHIKJIND»
Mu He cuniTaeM B HacTOsAIOee BPEMsi, YTO 3aKOHH (PHU3UKH CO Bpe-
MEHeM KaK-T0 U3MEHSATCH, 4TO OHM Tipeskje OblIM HHEIME, HesRean
uprHe. HowedYHo, 3T0 He uckalouero, W eClIy BHISICHHTCA, YTO 3TO
U 8npAMb MAak, TO UCTOPUYECKHE BOUPOCH (PU3UKHU mepensierytcs
¢ octalbHOI ucropueii Beexenuoii, u Torga ¢usuk 6yner oGeyxmarh
Te ke TMpoGIeME, YT0 M aCTPOHOME, I'eoJior'H u GHOIOTH.

Haxonen, cymecrsyer pusuuecras mpobGiaema, o6mas MHOTHM
HayKaM, Oo9eHb crapad K TOMY ke, HO I0 Cer0 BPEeMeHM He pelieH-
pag. 910 He mpobieMa mOMCKA HOBHX 9JeMEHTApPHHIX YacTull, Her,
5TO0 IpPyroi BOOpPOC — BOOpPOC JABHO, CBEINIE €TA JET HA3ax, OT-
cTaBJeHHH Haykoid B croporny. Hu oaun ¢usur eme He cMOT Ma-
TeMaTHIecKH 0e3yNpeuHo TPOAHAIU3HPOBATL €ro, HEcMOTpd Ha
€T0 Ba)KHOCTD JIJISI COIPENeJbHEIX HAYK. dTO — aHAIU3 YUPKYAAYUU,
win suxpesoli scudrocmu. Ecam mpocneaurth sBONIOINIO 3BE3MIH,
TO PAHO WJU HO3MHO MBI HOJOWZEM K TAKOMY MOMEHTY, KOTHa B
3Be3[le HATMHAETCS KOHBEKIUA; U ¢ 9TOT'0 MOMEHTA MBI ysie He 3HAEM,
gro Gymer paapime. Yeped HECKOJLKO MHJAJHOHOB J€T HPOUC-
XONUT B3PHB 383K, HO IPUIMHA 3TOT0 /LIS Hac ocTaeTca 3arajroi.
Mzi e ymeeM asasusupoBath morofy. Mbl He sHaeM KapTuHE ABMMKE-
Hui, KOTOpHE HOJ{HEI HPONUCXOANTh BHYTpH Semuu. B npocreitmeit
¢dopme 3aflaua TAKOBA: OPOLYCTHM Wepes OUeHb ANWHHYIO TPYORY
1na Ooubmo# ckopocrm BoRy. CmpaliWBaeTcsa: KaKoe HY:RHO HaB-
nenue, 9ro0b OPOTHATH CKBO3L TPYOKY JAHHOE KOJMIECTBO BORHI?
1 HHETO, OCHOBBIBASACH TOJILKO HA JEPBHYHBIX B3aKOHAX u Ha CBOH-
cTBAX caMoOf BOJpI, He yMeeT OTBETHTH Ha 9T0T Bompoc. Ecnu Boga
TeveT HeTOPOILIMBO HAU KOT/Aa COYUTCS BA3SKAA JKIDKA Bpole Mena,
TO MBI IpeKpacHO Bee yMeeM. OTBeT BH MOsKeTe HaliTw, Hanpumep,
B no0oM pamieM yuyeGHumKe. A BOT ¢ HacToslledl, MOKpPOH BORKOII,
GpbraRyIlell U3 mIadra, CIPaBUTHCA MEl He B CHJIAX. JTO — LGHT-
panbHad OpobieMa, KOTOPYO B OfMH NpeKpacHHI leHb HaM MOHAZ0-
OurcA pemIuThb, a MH 970 He yMeeM.
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Tloar crasan opmaykae: «Bech Mup B Goxase BuHA», MH, Be-
POATHO, HHUKOIA He IOMeM, KaKoI CMEICI OH B 3TO BKJAJHBAI,
#60 MO3TEI NHINYT He AJA TOro, 4robnl OniTh HOHATEIMH. Ho Gec-
CIIOPHO, 970, BHUMATEABHC B3IJISAHYB B OOKaJ BHHA, MBI NOHCTHHE
oTKpoeM ueduili Mup. B HeM m ¢Pusmieckue sBiIeHUA (HCKPAMAACH
JRUIKOCTH, MCIAapeH’e, Meusimeecsd B 3aBUCHMOCTH OT TOTOMNB U
Balero AHxanus, GJAecK CTeKJa) W aToMH (0 KOTOPHX Ham TOBO-
pur yime Bame BooGpaskenme). CreKaIo — 5T0 OYMIIEHHAA TOpHAS
mopofa; B ero cocraBe KPOWTCA Cerperhl BospacTa BeesieHHON m
pasBETUA 3Be3l. A M3 KAKOTO YAUBHTEIBHOro Halopa pPearkTuBos
cocrour »ro BuHo! Har omm sozmurau? Tam ecrs BakrBacka,
$epMEHTE, BEITSIKKM M PasHele Apyrue HpoAyKTH. Befb B Bume
cupuBaeres Ooabmoe o6o0meHde: BesA JRH3HD e€CTh Oposkenue.
Vsygas xuMuio BWHA, HeJAb3sl He OTKPHITH, KaK 3T0 U cfexan Jlym
llacrep, npuanbsr MEOTHX Gonesneil. CKOABKO JKU3HU B 3TOM KJa-
perte, ecili OH HaBA3HBaeT HAUIEMY CO3HAHUIO CBOM JyX, €CJaH Mbl
mosrHE ObiTh cronp ocropomHbl ¢ Hum! Ham orpanuvenHmii yM
oA yno6ersa meauT arorT GOKAN BHHA, 3TOT MUP Ha dacTH: PU3UKY,
OHMOJIOTHI0, Te0JOTHI0, aCTPOHOMUI, TCHXOIOTHIO U T. NI., HO Bemb
OpHUpO/ia HA caMOM fiejie HAKAaKoro jejenus He sHaer! JlaBajite sxe
M MBI COJBEM 3TO BOeJMHO, He 3abElBadg Bee ke, UTO MBI VBUTENH.
[Tycrr 310T GOKaJ BHHA TOCTABHT HATIOCAEHOK ele OZHO Haciaige-
HHe: BHIIOHTH er0 u o0o BceM m03a0HTH!



I'anasa 4

COXPAHEHHE JHEPTHUI

§ 1. Ymo maroe snepeun?

C 910l TJIaBH, MOKOHYHB ¢ OOI(MM ONMCAHHEM
HpUPOALL Belleil, Msl HauHeM moppobHoe umsyvenune
pasauIHnX Quandeckux sompocoB. Yrobm moka-
3aTh XapakTep Wieil U THN paccyKAeHuil, KOTOpHIe
MOTYT OPUMEHATHCA B Teopermueckoil fusuxe, Mul
pasbepeM OIWH W3 OCHOBHBIX 34KOHOB PU3UKM —
cOXpaHeHUe dHepIHUMH.

CymectByer $arr, unm, €cilu YTOLHO, 3AKOH,
yOPaBIAIINUAE BCeMU SIBISHUSAMU IPUPOJH, BCEM,
4970 GRUIO M3BecTHO 70 cux mop. MeraodeHuit n3
BTOT0 3aKOHA HE CYMECTBYET; HACKOABKO MH 3Ha-
eM, oH abcomwTHo Ttoued. Haspamue ero — co-
zpanenue aHepeuu. OH yrBep:KAaer, 4To cymec-
TBYeT ONIpeefeHHas BeJWYMHA, HaselBaeMas
pHEprmeli, KOoTopas He MeHAeTcs HU OPH KAKEX
fpeppamenuaAx, npoucxogamux B npupope. Camo
BTO yTBep:RAeHHEe BechbMa W BechMa OTBJIEYEHHO;
3T0 IO CYIIecTBY MareMaTHUecKHil DPHUHNHUO, yT-
BEPRAAOINMIT, ITO CYIMECTRYeT HEKOTOPasa YHMCIeH-
Has BeJWYMHA, KOTOpas HE W3MeHsgeTcA HW IpH
Kakumx 06CTOATeNbETBAX. JTO OTHIONb He ONHCa-
HUe MeXaHU3Ma ABJEHUA WU 9eT0-TO KOHKPEeTHO-
o, Opocro-HAmpocTo OTMedaercsi TO CTPaHHOe
06CTOATENBCTBO, UTO MOKHO MONCYUTATH KAKOE-TO
YMCJI0 M 3aTeM CIOKOWHO clefuTh, KaKk mpHpona
OyneT BHKEJHMBATH XI00KE CBOM TPIOKH, a MOTOM
OUATH HOACYUTATH BTO TUCIO — U OHO OCTaHeTCsA
opexauM. (Hy, Bece paBHO, Kak ¢JI0H Ha YEPHOM
DIAaXMATHOM IOJie; KaKk On HE PasBOPAIUBAIUCH
coORlTHsT Ha 7Ocke, Kakne Obl XOJEI HU [eJaluch,
CJIOH BCe PaBHO OKajkercA Ha YepHoM noje. Ham
3aKOH KaK pa3 Takoro tuma.) I HOCKOJbKY yTBep-
JKJIeHNEe 3TO OTBJIEYEHHO, TO ME BHIAABUM €0 CMBICA
Ha HEKOTOpOH aHaJOTHH.

§ 1.

§ 2.

Yro rakoe
axeprus?

Horenunaasuan
JHEPTIA  TADG=
TeHUA

Runernuecnan
DEEPIH

Hpoune Gopmn
OHepruH



IlosunaromnMes ¢ MaapauKoM, stakaM Monturomo fcrpeSumntii
I{oroTh; ¥y Hero ectb Goabmine KRYGUKH, KOTOPHE Jlawke OH He MOYKET
HH clIoMarh, HH pasjciuth Ha dactu. Bee onm opgmumakoss. Ilye-
rafl ux yHero 28 mryk. Mama ocrapiasier ero yTpoM JoMa HaequHe
¢ »TuMu KyOuxamm. Hasawii Bewep OHA TORCYUTHIBAET, CHOMBKO
y Hero KyOUKOB,— OHA HEMHOI'O [1io6onsTHal — ¥ OTKPHBaeT mopasu-
TENLHYI0 3aKOHOMEPHOCTL: 4Td OBl €€ CHHUINIKA HH BHTBODAI ¢
KyburaMu, ux Bce pasHO orasnipaerca 28! Tar srto TsaHeres mo-
BOJBHO [0JTr0, H BAPYT B OJUH IPEKPACHHIH JIeHb OHa HACYUTHBAET
TonbKo 27 mryk. llocie HeZoATMX MOMCKOB KyGHK OOHApPY,KUBAIOT
OOfi KOBpOM: eil upuxomurcA Bee OOmICKarh, 9ToOm yOefanrtbea B
HEHM3MeHHOCTH Tucaa KyOuros. B apyroit pas xy6ukoB oxasmiBaer-
cda 26. CHoBa TimarteNbHOe HCCJefOBAHNE IOKA3EBAET, UTO OKHO
OTBOPEHO; B3TJASHYB BHH3, OHAa BHAUT fBa Ky6uKa B Tpase. B ipe-
i pas mogeueT gaer 30 kyGukoB! Oro mpuBOAUT MaMy B LOJHOe
3aMelaTe]bCTBO, HO MOTOM OHA BCOOMHHAET, YTO B FOCTH WPHUXO-
nua cocepckmit Hosraumrit Uymor, Bmaumo, ox 3axBaTHi ¢ co6oit
cBou Ky6uku m mosabui nx 3fech. OHa y6upaeT aummnue ry6uku,
3aTBOpHET IIOTHO OKHO, He myckaer 00JbHIe TOCTEH B [JOM, W TOT-
Ja, Bce ONATH MieT KaK cieflyer, TOKa OJHAAMIBL IOACIEeT HEe Haer
25 ryOuwros... IlpaBgma, B KOMHare uMeercd SIMUK JJsA UI'pPYINEX,
MaMe Xo4ercda W B Hero sardsHyTh, HO Maabiuk Kpmaur: «He orkpsi-
Bail MoOil AmuK!» 1 HaYMHaer PEB; MaMa K AMUKY He NONYCKAETCH.
KHax ke 6oirp? Ho mama mioGonsitHa u xurpa, OHA MPHAYMHIBaer
suxon! Oua sHaer, uro Kyour secur 500 ¢; oHa B3BemmBaeTr AMUK,
Korga Bee 28 ky6uxos Ha mony, o secur 1 xe. Korma B caepyomuit
pas oHa HPOBepAET KOJIMYECTBO KyOWKOB, OHAa OOATH B3BeMUBAET
samuk, suuuract 1 ke u genur wa 500 2. Oma oTKprIBaer, 4ro

(‘-In(‘no muejom;uxc;x) , Bec amurka—1 x2 __ llocroanuan 41
KyOnKos T 500 2 = pemnmuma, (1)

Ho omarh BO3HHKAIOT OTKJIOHEHHA U OT aToil dopmynsl., CHOBa
B Pe3yibTare KPOIOTIMBHX H3HCKAHME BHSACHAETCA, UTO IPH STOM
YPOBEHD BOIHL B CTHPAJIbLHON Mamube 009eMy-10 n3vmenmics. urs,
ORAa3kIBaeTcs, IMBHIPAET KyOuKm B BOAY, a4 MarTh He MOMKET HX
VBHUAETh — BOJIA MBIABHAS; HO OHA MOKeT Y3HATH, CKOJBKO B
Bozie KyGuKoB, fo6apuB B GopmMyny HoBuil wien. [lepponaganbHmil
ypoBenb Bomm 40 cam, a Rarpii KyOHK HOfHIMaeT BOjy Ha '3 oM,
Tak 4TO HoBasg (opMyla TaxoBa:

(‘Iﬂcno luucfomnxc;l) Bec amura—1 re |
KyOuKOB + G S
Vposens Boasl—40 cu _ IlocTosHHas
+ 175 o = peiuumHa, (4.2)

Mup mpegcrasieHuii MaME TOCTEHEHHO pacIIUpHeTCs, OHA Ha-
XOAUT BeCh DA YJIEHOB, MO3BOJIIIONMX PACCYUTHBATE, CHKOJBKO
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KyOHKOB HaxOgUTCA TaM, KyJda OHA SarafHYTh He MoieT. B mrore
OHA OTKPHDBAeT CAOKHYID (OpMydy [IA KOJMUYECTBa, KOTOPOE
doaxcro Ovimb paccuumano W KOTOPOE Beel[a OcTaercs TeM sKe ca-
MHIM, 916 OB ee [UTA HH HATBOPUIO.

B ueM ke amamorma Mempgy STHM OPHMEPOM U COXpaHEHNEM
sgeprum? CaMoe CyH[ecTBeHHOE, OT 4Yer'0 HAJJIEKHUT OTBJIEYbCH B
3TOH KapruHKe,— 3T0 49T0 KYybukos ne cywyecmsyem. Or16pochbre
B BupaskeHmax (4.1) u (4.2) mepsbie WiIeHH ¥ BH o0Hapysxure,
u9T0 cumraere GoJee I MeHee OTBJICUeHHEE RoJMIecTBa. AHaJI0-
THA jKe B caepywomeM. Bo-mepBeix, mpu pacuere 3HePI'uH BpeMme-
HaMHU 9aCTh ee YXOJuT I3 CUCTEeMbl, BpeMEHAMH ke KaKafA-TO DHep-
rusa moapiasercsa. Urofs OpoBepuTh cOXpaHeHWE DHEPIUM, MBI
IOLRHEL GBITH yBEPeHH, 9T0 He 3a0HJIM yiecTh ee yOblab WM MpH-
Ostlb. Bo-BTOpPEHX, sHEprus uMeeT MHOMECTBO paA3HHL Hopm W
I1d KayRAOH M3 HUX ecTh cBoA GopMyia: SHeprus TATOTeHUs, Ku-
HeTHIeCKadg BHEpPrus, TeIIoBad adHEPrHsA, YIOpyrasg BsHEPrus,
3JeKTPODHEPIrud, XUMHAYeCKasa pHePruA, dPHePrud U3JIydeHUd, Afep-
Had oHeprusi, sHeprus wMaccel. Horpa Mpl oGbepuuuM $opMYyIHI
I BRAAJA KayRAOH M3 HUX, TO X cyMMa He OyfeT MEHSATHCH, eCin
He cUuTaTh YOHJIUW BHEPIuUM U €e IPUTOKA.

Basxno mommmarp, 4ro (usumKe ceropHANIHETO OHSA HEH3BECT-
HO, Ymo makoe sHeprua. Mu He cumraeM, UTO sHeprusa nepefaerca
B BuAe MaJdeHbKHX nwioiab. Hudgero mopmobmoro. llpocro mmeror-
ca (PopMyanl AJdA pacuera OOpefelleHHBIX YHCIeHHHX BEIUYWH,
CI0/KHMB KOTOPHIE, MH IOJydaeM Yucia0 28 — Bcerja OfgHO U TO JKe
9RCa0. ITO HeUT0 OTBIAeUeHHOoe, HHYero He IOBOpaANlee HaM HH
0 MeXaHHU3Me, HU 0 RPUYUHAZ MOABJIEHUA B (POPMyJe pasImIHBIX
YIEHOB.

§ 2. Homenyuaavas snepeist maoimeltun

CoxpaHeHue SHeprUH MOKHO IOHATH, TOJNBKO €CHM WMEIOTCH
dopMynsl Agst Beex ce Buyos. fl ceffwac paceMorpio opMyady s
SHEpPruH TsAroTeHus 63 3eMHOI HOBEPXHOCTH; s X04Y BHBECTH
ee, HO He TaK, KaK OHa BIEpPBHIe nCTOpUdecky 6pl1a MoaydeHa, & Ipu
TOMOIU CHeIHaldpHo UPHAYMaHHOHN A 370H JeKnum HATH pac-
cysraesnit. fl xouy BaM HoKasaTe TOT fOCTOUpHUMedarenbHb parT,
Y10 HECKOIBKIX HAGMIONeHNIT M CTPOTOr0 PAasMHIIIIIeHUsI [OCTaTOUHO,
91005 y3laTh O UpUpPOJe oueHb um OuYeHs MHoroe. Bnl yBuaute,
B uUeM cocroumT pabora ¢maMKa-TeoperuKa. DHBOj DoAcKazaH
OnecTAmMuUMHE  paccykaeHuaMu HKapHo o0 K. WU, . TEWIOBHIX
Malltue*.

PacemorpuM rpysomombeMHEIe MamlwHBl, cHOCOOHEE HOALIMATH
OJUH Ipys3, onyckasa mph sroM apyroi. Ilpegmonowum eime, 49To

* Hac 3Jjech MHTEDECYeT He CTOJNBKO HTOroBas opMmyna (4.3) (onHa Bawm,
Ao/KHe OHITH, 3HAKOMA), CKOJIBKO BO3MOKHOCTH IOJYYHTH €€ TeOPeTHYeCKHM
myTeMm.
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D ue 4.1, Mpocmas epysonodsen-
HAS MAWUHGA,

6eunoe Osusiterue mur mauwun Heeoamoxcno. (MmeERO Hegonycrn-
MOCTh BEYHOro ABIDKEHHMA H ecTh obmas QopMyIupoBKA 3aKoHa
coxpanenusa »sHepruu.) Oupesensas BedYHOe [BHKEHME, HYKHO
OHTh 0YeHB ocTopoykHEIM. CperaeM 3TO cHavala s TPy30NOLBeM-
BHX MamuH. Ecian Ml DOJHANH M OOYCTHJIH KaKIe-To IPysbi, BOC-
CTAHOBHJIM IIPe;KHEe COCTOAHNE MATIWHBI I TOCJIe 3T0T0 00HAD VsRUIH,
9To B uTore 2py3 RodHAm, TO MLl TMOJYIWJIH BedHBIH IBHTATEND:
NOJHATHY TPy3 MOMeT INIpPUBECTH B [BIKeHue 9Yro-To JIpyroe.
3nech cymecTBeHHO, 4T00BI MalInHa, DOTHABIIAA TPY3, BEPHYIach
B NepeoHata bHoe ROA0KCeHUe U YTOOb OHA MU OM Ye20 He 3a6ucead
(aTo651 He mosygaia OT BHEIIHEI'O HCTOYHHKA BSHEPIHIO A IOTH-
eMa rpysa, ¢10BoM, 4robn He mpuxogua B roctn Homxansit Yyaox
€O CBOHMH KyOMEKamm).

Ouenp mpocrad Ipy30nodbeMAaA MallHa [IOKaszaHa Ha ¢ur. 4.1.
Ona mopeiMaer TpolHOI Bec. la ofHY 9alIKy BecOB mOMEIDAOT
Tpu eMHNULE Beca, Ha APYryo — ofHy. llpaBna, aro6sl ona 1 BIPAMB
sapaGoraiia, ¢ JIeBOH YaHIKK HeOOXOAMMO CHATH XOTh MallOCeHb-
ruit rpysuk. 1 mHaoGopor, uTo0H HOAHATL eIUAUYHLIH I'DY3, omyc-
Kasi TPOIHOI, ToMe HY»KHO HeMHOI 0 CIIIYTOBaTh U yOpaTh ¢ npasoit
qamKky gacth rpysa. Ml monmMaem, YTO B HacTosLIeHd MOIbeMRBO
MaluHe HAmo cO34aTh HeGOoJBNIYI0 meperpysky Ha OZHY CTOpPORY,
wro0bl NOAHATH Apyryo. Ho moka MaxHeM Ha 370 pyKou. Uneann-
Hbie MAOIMALI, XOTA WX M HeT Ha caMOM Jiese, He HY;KJAOTCA B ne-
pesece. MautneE, KOTOPEHIME MHB QaRTHYECKH IIOJb3YeMCsi, MOKAO
cuUuTaTh B HEKOTOPOM CMBICe noumu o0parnMbIMHA, T. €. eCaH OH:n
NOJHUMAIOT TPOUHOH Bec NpPH IOMOIM eJMHHYHOrO, TO OHH MOTYT
HONHATL TaKe HOYTH EJWHWYHLIH Bec, ooyCcKasg TPOHHOM.

IIpegcraBuM, 9To HMelOTeA JABa KJaacca MamuH — Heobpamu~
Mbie (ciofja BXOXAT Bce peasibHBle MAIIMHL) U 06pamumbie, KOTOPLIX
Ha caMoM Jlele He cymEcTByeT; Kak OB TIiaTtejbHO HH M3 OTABIM-
BaTh MOAMIMOHUKII, pEMarw u T. fI., TAKMX MaIIdH Bee PaBHO Re
mocrpoums. Ho ME npegmonoyxum Bee ke, 970 o0paTuMas MallEHa
cymecTBYeT 1 croco0Ha, OMYCTHB efUHNYHEI IPY3 (KHIOTpaMM min
rpaMM — Bce PaBHO) Ha eAUHUYHYIO IJIUHY, HOTHATH B TO jKe BpeMsA
Tpoiinoit rpys. Hasosem sry ofparuMyio MamluHy MamuHOH A.
HonomuM, 9To madHaA ob0paTHMas MamnHAa TOMBIMaer TPOMHOI
rpys Ha BHcory X. 3aTeM IPeAIoOJORUM, 4TO HMeeTcs APYras
MamuHa B, He ob6aszartenpHo ofparuMas, KoTopasg TO:Ke OILyCKAeT
efIVHMYHE Bec Ha equHNIYY JJMHH, HO OOJHWMAaeT TPOWHON Bec
Ha BHCoTY Y. Tenepsr MoyKHO ZOKasaTh, uro Y He Oouapime X, T. e.
9TO HeJb3s COOPYIOUTH MallHY, KoTopas cMorja OBl HOXHATHL TPy3
enuwe, dem obparnmas. Ilouemy? Ilocmorpure. Ilycrs Y smme X.
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Mo GepeMm equHUIHGIA Bec U OMycKaeM ero Ha eJMHANY JIMHLL Ma-
AHOH B, TeM caMbuM HofHHMasA TPOHHON Tpys Ha BeicoTy Y. 3a-
TeM MBl MOKeM OILyCTHTH I'pys ¢ BHCOTH Y g0 X, noayuus cgo6od-
HYI0 sHepeulo, W BKIIOYUTL o6paTuMylo MamuHy A B o6paTHYIO
CTOPOHY, YTOOHL OMYCTUTh TPOMHOI I'Pya Ha X M MOTHATH €U HUTHALI
BeC Ha eIMHUYHYK BHCOTY. ENMHHTHEIL Bec OTyTHTCHA TaM, The
OH ORI mpe;ie, n 00e MamlWHB OKA/KYTCA B COCTOAHUN HA4YaTh
padory cusroral Hrak, ecuu Y Goabuie X, TO BOSHUKAET BeUHBIH
ABUTaTe]b, & MBI IPEANONORUAN, YTO TAKoro He GriBaer. Mu mpu-
XOANM K BEIBOAY, uT0 Y He ebite X, T. €. U3 BCeX MAIIUH, KOTOPHC
MORHO COOPY/NThL, oOparnmMas — HaWJIy9Oias.

Jlerio mouATH TaKKe, uTO BCe 0BpaTHMBle MAIMHEL [ OJRHTL IO~
HUMaTh I'Py3 Ha o0ny u my e evcomy. llonosrum, uro Mamnua B
raxie obparmMa. To, uro Y He Goawnme X, ocraercs, KOHEYHO,
BEePHBIM, HO MBI MOMKEM NIYCTHTH MalluHYy B O6GpartHYIO CTOpOHY,
IOBTOPUTH Te JK€ PacCyskaeHHs 1 Hoayuntb, yto X He 6oavwe Y.
J10 0oYCHL 3HaMeHaTeJsbHoe HabawieHue, u0O OHO IO3BOIAALT y3-
HaTh, Ha KaKYI0 BEICOTY pasHble MallTWHBL MOTYT MOTHMMATH TPY3H,
He 3azasdvleas é ur emympekhee Yycmpolicmeo. Ecam KTo-EuOyIh
OpuayMal HeBepOATHO B3alyTaHHYI0 CHCTeMy PBRIYATOB sl MONB-
eMa TpOH{HOro Beca Ha KaKyK-TO BHICOTY 3a cUeT ONyCKAHHUA efu-
HUTHOTO Beca Ha eANHUIY BHICOTHL M €CM MBI CPaBHUM 5TY MANIMHY
¢ OpOCTHM O0paTdMEIM pHYAroM, cHOCOOHHEM mpojelarb TO JKe
camoe, TO HepBasg MauIMHA He NMOAHUMeET BeC Bhillie BTOPOH (cKopee
HaoGopor). A eciau ero mammba oOpaTuMa, TO MEH 3HaeM TOYHO,
Ha Kakylo BHCOTY oHa Oyaer mogHMMAaTh TI'Py3HI.

Breod: rasupan ofparuMas MamiMHA, Kak Ol OHA HHU [eHCTBO-
Bada, omyckad 1 ke Ha 1 x, Bceryia mombiMaeT 3 ke Ha OTHY U Ty 3Ke
peicoty X. flcHo, dro MBI JOKa3aly 0YeHDb TLOJE3HBI BCEOOIUI 3a-
koH. Ho BOo3HUKaeT Bompoc: Yemy pasuo X?

Ilycrs y Hac ecTh ofparmman MamuHa, cooco0Has IOJHUMATH
3 ke 3a cuer 1 ke ma Bolcory X. IloMecTum Tpu mapa Ha cTeNIK
(rak Ha ur. 4.2). YerBepThlil Je/KUT Ha WONCTABKe B OJHOM MeTpe
or mona. MamnmHa Mo;xeT MOAHATH TPU MmAapa, ONYCTHB ORMH IIap
Ha 1 . YeTpouM mOmBWKHYIO MAaTHOPMy ¢ TPEMA MOIKAMHU BHICO-
toft X, ¥ Hmycrb BHCOTA WOJOK cresiaska Towke Oyaer X (Gur. 4.2,a).
IlepekaruM cmepBa miapsl co credja:ka Ha HOJKH IIaTHoOpMbI
{bur. 4.2,6); mpennomoxRuM, 9To A HTOT0 SHEPI MU He moHamobuTes,
TOTOMY 9YTO HOJKH M CTeJJIayK HaXOJATCsS Ha ONHOM BHICOTE. 3aTeM
BKJIYUM 00paTUMYI0O MaliMHy: OHAa CKATHT OJWHOYHHIA IMap HaA
noJ 1 mopmMeT miaardgopmy Ha Beicory X (ur. 4.2,6). Ho MH ckoH-
CTPYMpPOBAJIN MIATPOPMY CTOJNH OCTPOYMHO, YTO HIAPH ONATH OKa-
3ajich B TOYHOCTH Ha YPOBHE IOJOK cTejidayka. PasTpysuM ke
mapel ¢ WwiaThopMel Ha cremnaxk (pur. 4.2,2). ITocie pasrpyskum
ManiiHa BepHeICA B HepBOHA4YajbHOE mOJioenue. Tenepb yiKe TpHa
mapa JemaT Ha TpeX BepXHMX IHOJIKAX cTeliaka, a 9YeTBepTHI
map— Ha noay. Ho cMoTpure, xakas crpanHnas Bempb: IO CYIECTBY
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D uea. 4.2. O6pamumas mauwuna.

i (@)
imn T\ .
« — HANAALHOE NOAOHCEHUE, 6 — 3za-

M ¥ 2pyara wapos; 6 — 1 xz nodHuMaem
X

4 ®e Ha swcomy X; 2 — padzpysna
-E __L __Jg;__r R QJJ wapos; O — BOCCdeOB/leHuEI,? ee&/;{)_
]

HEYHOE noJgoKNceHUe.
a

Q
| Ol déa t1apa MpI He TOJHMMAII
BOBCe, Beb Ha MOJKax 2 u
J mapel Kak JeKalW BHa-
e gaje, TaK JeKaT H Temeps.

B urore mopHAnca TOaBKO

e %2 | 00un wap, HO 3aT0 Ha BLi-
O

8

cory 3X. Ecan 6w BricoTa
X 3X oxasainace Gouabime 1 a,
In To MOmHO G6BIO 6Ll ony-
vy L cmumb aiap, 1To0H BePHYTH

e

Y

¥
X
— MAalUHy K Ha9aILHEM YCa0-
BuAM (Pur. 4.2,e) m HAYATD
pabory cHauama. 3HaAuHUT,
puicora 3X He wMosker Ourh Oonbme 1 m, ubo Haumercs peu-
Hoe ABmkeHme. TOYHO Tak je MOKHO [IOKasarh, 49T0 1 M He
moxcem 6umb Goavwe 3X: Mamusa obparmMa, IycTHM ee Ha-
3ag u moxaxkeM. Wrar, 3X Hu OGoavwe, wu menvwre 1 M. Mp
OTKpbLIM TIPM LOMOIGH OfHUX TOJBKO pacCyRAeHUil 3aKoH:
X =1/3 m. O600murs ero Jerko: 1 k2 majgaer npu paGore o6paTumoi
MaIlIMHH ¢ HeKOTOPOH BHICOTHI, TOTfla MaliuHa cnocofHa MOAHATH
p ke Ha 1/p Bhicorsr. Eciu, ApyruMu cioBamu, 3 ke yMHORHThH Ha
poicoty uX mojbema (X), To aTo paBHO 1 K2, yMHOKEHHOMY Ha BHI-
cory ero nagenud (1 x). IloMEOxHB Bece Ipy3nl B MampmHe Ha BHICO-
Ty, Ha KOTOpOil OHHM Je:KaT, faiire Mammne DopaGoTarh M OUATH
[HOMHOKBTE Bce Beca Ha HX BHICOTHL HOI'beMa; B UTore J040cHo entimu
mo oce camoe. (Mpl nepenniy or ciayuas, KoTAa ABUTAICA TOABLKO
OFMH TPY3, K CIydal, KOTJA 3a CYeT ONycKaHMsA OIHOTO Tpysa
HONHAMAaETCA HECKOJIBKO rpysos. Ho 3ro, mangewck, moBATHO?)
HaszoBseM cyMMy BecoB, YMHO;KEHHBIX Ha BLICOTY, ROMEHYUALb=
Holi amepzueli mazomeHus, T. e. pHeprueil, KoTopoil obi1amaeT Texo
BCJEICTBHE CBOEI'0 IOJOKEHWS B HPOCTPAHCTBE 1O OTHOMEHWIo K
semie. DopMyiia [ DHEPIHH TATOTeHHA, IIOKA TEJO He CIHIIKOM
Iajleko oT 3emum (BeC Upm mOmbeMe ocnabifercd), TakoBa:

S

[loTenmAaiLHAA SHEPIHS erTeHnﬂ) _
( A8 OJHOTO Teja (Bec) X (Bmicora).  (4.3)



D ue. 4.3. Hakaonnas naockocms.

He npasga au, ovenn Kpacuboe paccyiaeHne? Bompoc Toapko
B TOM, cipaBeanuBo ju oHo. (Beap, B KOHIle KOHIOB, UpHpona He
ofa3ana enefoBarTs HamnM paccy:rueHusM.) Hanpumep, He nckimo-
9EeHO, UTO B AeHCTBUTENBHOCTH BeuHoe JABMiKeHue BosMoykuo. Miam
apyrue OpeqmoiioskeHusi ommnOo9HE. Mdm MB OpoCMOTpedHn 49ro-
TO B cBOuUX paccyjenusax. [losroMy MX HempeMeHHO HY;KHO IIpO-
Beputb. M BOT — copaBeganBocTb HX nodmesepodaem onsim.

Homenyuasvras sHeprus — 310 obmee HasBaHWe [ 9Heprud,
CBA3AHHON ¢ PacHmoJoKeHUeN 1o oTHomeHuo k ueMy-nubo. B gan-
HOM UYacTHOM CJAYUYae 3T0 — ROMEHYUAAbHAS IHEPaus MA20MmeHUs.
Ecan ;e mpomssoaurca pabora HpOTUB BJIEKTpHUYECKUX CHI, a HE
CHJI TATOTEHHUS, CCJIM ML (IIOFHEMAaeM» 3apAAB «Ham» APYTHMH 3a-
pAfaMu ¢ NOMOINBIO MHOTOUICIeHHEX PHYAroB, TOFfla 3amac sHep-
TN UMeHYETCH 94eKmpUleckoli nomeHyuasvbHoti snepeueti. OOmuit
TIPHHNUI COCTOUT B TOM, 4YTO U3MEHEHNA BSHEPIrEH paBHH cie,
YMHOKEHHOII Ha TO paccrofgHite, Ha KOTOPOM OHa JeficTBYyeT:

Hamenenne Paccrosinue, Ha KOTOpOM
( 9HePTIU )‘" (Cuna) X( OHa [lelicTBYyeT ) (4.4)

ITo Mepe aTeHusA Kypca Mbi eme He pas OyJeM BO3Bpamarbes K Apy-
MM BHAAM NOTEHINANLHO JHEPIHH.

[IpuBiun coxpaHeHus sHEPIHM BO MHOTUX 00CTOATENbCTBAX
oKaskBaeTCsl OYeHb IIoJies€H Opy LpeficKasaHum TOro, 9Té MOo;Ker
npousoiitu. B cpepmeil mKode Ml yumIn HeMaJdo mpasui o 6Iokax
u peluarax. Me MoyxeM Temeph yGemuThCA, 9TO BCe 9TH (BaAKOHLIY
c600amea K 00HOMY, U HeT HY;KIH 3aI0MUHATL 7D mpasua. Bor Bam
HOPOCTOli mpuMep: HAKIOHHAS WIOCKOCTh. 1]yCTh BT0 TPEYrOALHAK CO
croponamu 3, 4, b (dur. 4.3). Hogsecum & Gioury rpys BecoM 1 ke
U IOJ0KUM ero Ha IIOCKOCTh, 4 € APYToit cTOPOHH nojiBecuM rpys W.

M# x0THM 3HATH, KaKoBa AOJM/RHA OBITH TsI:KecTh W, uT06m1 ypas-
nosecuth Tpy3 1 k2. Paccy:rpaem tar. Ecan rpysuWu 1 ke ypas-
HoBemeHL, TO 3T0 — ofpaTuMoe COCTOSIHME, M BepeBKY MOKHO
asurath BBepX—BHuU3. [lycrh ke BHagame (Pur. 4.3,a) 1 Ke Ha-
XONUTCA BHUBY ILIocKocTH, a rpys W — masepxy. Korma W co-
CKOJIB3HET BHHUS3, IPy3 1 ke okaxerca HaBepxy, a W omycTurtcs: Ha
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Due, 4.4 Imo ewmepasuposano
na nadepobuu Cmesuna.

aamHy ckaona (¢pur. 4.3,6), T. e.

ga D m. Ho Beap Mbl nodusau

1 k2 TOABLKO Ha BHICOTY 3 M, XOTi

onycruan W Ha O wm. 3uawur,

W ="/ ke. 3aMeTbTe, 4YTO BTOT JIOB-

KHif BRIBOJ IIOIydeH He U3 pasio-
JKeHUA CUJ, a U3 COTPAHerUs dHepeul,. JIOBKOCYDL, BIPOYCM, OTHO-
enrensHa. Cymecrsyer gpyroii Besog, kyxa kpacusee. Ou mpuay-
man CTeBHHOM ¥ a/Ke BhIcedeH Ha ero HaarpoGuun. Dur. 4.4 o6bsc-
HAET, II0YeMy [OIKHO HONyYnThesd %/5 Ko emb He BPamaeTcsa H
HIDKHAA ee 9acTh ypasHOBemeHa caMa co(oil, 38HA9uT CHJIa TATH
OATH 3BeHbeB C OJHOH CTOPOHH HOJMIKHA YPABHATH CHAY TACU
TpeX 3BeHbeB ¢ Apyroii (mo gamHe cropon). I'Asjs Ha Auarpamsy,
CTAHOBUTCS 0UeBHjHO, YTo W = 3/; ke. (Hemaoxo Geuro Owl, ecaun
oo korga-EHuOyas 4ro-Hubyas uopobHOE BHICEKIHM M Ha Baniem
HaJATpoOHOM KaMHe.)

A BOT 3ajaua HOCIOKHEe: JOMKpAar, [NOKA3aHHLIT Ha dur. 4.5.
IMocmorpuM, Kak B TAKOM ciydae HPUMEHATH 9T0T mpuHuud. Jas
BpAIMeHHUA JIOMKpara CAY/RUT pydka miugHol 1 M, a Hapeska BUHTA
nMeer 4 BuTka Ha 1 cx. Hawyo cuny Hy)KHO OpPHIOIKUTE K pydKe,
qrobpt moguarh 1 m? Henasa monaare 1 m 5a 1 ca, MBI JOJKEB 0601-
TH ZOMKPAT 9eTHIPEKABI, KUKAHH pas genas mo 6,28 m (2mnr), a
Bcero 295,12 m. Uenoapsys pasauunsie 6JI0KHM M T. ., MBI JeHCTBH-
TEXBPHO MO;KeM IOXHATH 1 m ¢ momomipio HenssecTHOro rpysa W,
OPUNOKEHHOr0 K KOHNY pyuru. fcro, 310 W pasHO mpumepHO
400 e. 910 — caefgcTBUe COXpAHEHHA SHEPTHH.

W eme Goaee caomurtii npumep (¢pur. 4.6). [logonpem ommn xo-
Her, cTepsREA {nnu peitku) nannoil 8 x. Ilocpeanse peiiku momecTuM
rpya secom 60 k2, a B 2 x or nopnopku — rpy3 BecoM 100 kz. Cronp-
KO Hafgo cumisl, 9T00H yaepKarh pefiky 3a ApPyroil KoHem B paBHO-
Becun, nperedperas ee pecom? Ilyers Mu mpukpenunm 610K m me-
PeKUHYJIU Yepes Hero BepPeBKy, IpUBA3aB ee K KOHIY peiiku. Kaxos

Im

4 sumka
Ha [ cm

. @ e 4.5. Jomkpam.'

log ——
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8m
JM ]
D uz 4.8, Haepywenwnnii cmep- “ r‘ . 2 M|
Henb, nodnepmuli ¢ 00HO20 KOHYA, @'\ /IUU\

UL

e Jlo/uReH OBITL Bec W, ypaBmomemuBaomuii crepskenn? Ilpen-
CTAaBHM, 4TO BEC OIYCTMICSA Ha LPOU3BOJBHOE PpAcCTOSHUE (HIsd
HPOCTOTHL UyCTh 3T0 Gymer 4 cam); Ha CKOJIBKO TOTJA MOAHIMYTCH
npawn gea rpysa? Cepepuna peiiku Ha 2 cm, a Bropoil rpys (o xe-
JKUT HA YeTBepTH JJuAH peilkn) Ha 1 cu. JHATUT, B cOTTACHI ¢ Hpa-
BUJIOM, YTO CYMMa BeCOB, YMHO;KeHHHX HA BLICOTLI, HE MEHAETCH,
MHL JOMKHHE Hammcarh: Bec W Ha 4 cu BHuz nawoc 60 ke ma 2 em
sBepx mmoc 100 ke ma 1 cx BBepX, UTO LOCJTE CHOKEHUA JOIKHO
AaTh HYJIb:

—4W -+ 2% 60 1% 100 =0, W =55 ke. (4.5)

Brixogur, 91068 yaepmarp peitky, xsarur b5 ke. TaxkuM sxe myTem
MOKHO paspaborTarp 3aKOoHb (pPaBHOBECUA» — CTATHKRY CJIOKHBIX
MOCTOBHIX COOPY:ReHHHN U 7. A. Taroi mogX0 UMEHYIOT NPUNYUNOM
supmyaabroti (T. e. BO3MOKHON wuau BooOpaykaeMmoll) pabomu,
MOTOMY 4TO JJISI ero HpuMeHeHHA Mibl 00f3aHH npedcmasumd cele,
9T0 Halia cucTeMa 4yTh CABHHYJACH, flasKe ecldu oHA 6 Oelicmeu-
meAabrocmu He OBUTAJach WJIH BOBCe HecnocoGna asurarvbes. Mat
ucnoab3yeM HeGodpine BooOpaskaeMbie IBIsKeHUs, 4TOOB mpuMme-
HUATH NPUHIUN COXpaHeHUs SHEPIUU.

§ 3. Bunemuuecrkans snepeus

Uro6sl pacckasaTh O fIpyroM Buje JHEPTHH, PACCMOTPHAM MadAT-
nuk ($pur. 4.7). Orsefiem ero B cropoHy u sareM oruyctuM. OH Ha-
YHET KadaThCA B3aJl u BIeped. JBuradch OT Kpad K cepejuHe, OH
tepsier BucoTy. Hyna me meBaercsa morennmanbhas sHeprua? Horga
OH OILYCKAaeTCH 0 caMOI'o HU3a, 3HEPTHA TATOTeHUA HPOIajaer, Ofi-
HaKO OH BHOBb BaGupaercs BBepxX. Brixomut, 9T0 sHePrus TATOTe-
HUA [O/IKHA npeBpamarses B Apyryio opMy. fcro, aro cnocobHOCTH
B30HpaThcA HaBepX oOcTaerca y MadATHUKa Oiaromapd ToMy, 4Te

7

\ ! /
D usa 4.7. Maamnus. \\
~__ ///
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OH Jsudicemcs; 3SHAYAT, B HAWHMABHICH TOYKe RATaHHsA DHEPIUA TATO-
TEHUA TEePeXouT B APYToil BUM DHEPIUN.

Mil fOoKHBL TOJYIATH QOpMYNYy [JSA BHEPTHH IBUKEHHA.
Benomunas Hamum paccy:kieHHA 0 HeoOparnMHIX MalimHAX, MEL
JIeTKO IIofiMeM, 4YT0, ABUTaACh MUMO HAMHIIZIIEH TOYKII, MagTHUK
TOJReH 00/1a1aTh HEKOTOPHIM KOJI4ECTBOM DHEPTHH, KOTOpas 103-
BOJHT eMy IOAHATBCA Ha ONpPeeJeHHYI0 BLICOTY, M LPH 3TOM Hesa-
BHCUMO OT MeraHuadma TOIbeMa Al rymiu nogbeMa. BosHuRaer
dopMyiia, BHpPOKAIOMaA PABHOLEHHOCTL ODONX BHIOB DHEDPTHH,
noflo0HadA TOl, KOTOPYIO mHcasla MaMa, noAcuuTBaa Kyburu. llomy-
gqaercA Apyras Gopma HmpercTaBieHWs SHEPTHH. JIerKo MOHATH,
Kaxoii oHa moiykHA OpITh. Huberuueckas sHeprusi BHU3y paBia Be-
€y, YMHOKEHHOMY Ha BHICOTY, Ha KOTOPYIO 9TOT BeC MOskeT HOAHATh-
¢ M3-3a CBOEI cKopoctm: K. 3. = WH.

Ham =yxHa ¢opMyna, DpeAcKasHBalONIAs BHCOTY HOAbEMA
no GeeTpore ABMKeHuA Tena. Ecru Ml ToAKHEeM uyTo-HUGYAB C ompe-
JIeJeHHO’ CKOPOCTHIO, CKAXKeM, MPAMO BBEPX, TO 3TO TEJO0 [[OCTHTHET
ompefieJleHHO BRICOTH; MHL He 3HaeM IIOKa, KaKoBa dTa BHICOTA, HO
HaM SICHO, 9TO OHA 3aBHMCHAT OT CKOPOCTH U YTO OHa BOIger B HYKHYIO
HaM Gopmyry. 3HaduT, ITob6H Hajith GopMylIy ANA KuUHETHYeCKOH
sHepruu Tejia, ABIKYHIETOCA €O CKOPOCTHIO V, HY/KHO BHYUCIHTH
REICOTY, 0 KOTOPOH 0Ha MOsKeT A06paTheA, H YMHORUTD Ha TSAIKECTh
Tesa. B ofHoll 3 caefyomux rias Mel y0equMcs, 4T0 HOJIYIaeTCA

K.o.= 00" (4.6)

9
e

Kouneuno, 101 darr, aTo gBmKeHue obxanaeT pHeprueif, HHKaK
He CBA3AH ¢ I0JieM TATOTeHus, B KOTOpOM Haxogurces tejio. Hepam-
HO, omKyda ABUJIOCh ABMKeHHe. Jto obmasa fopMyna pis J06HX
cropocreii. Keraru, n (4.3) n (4.6) — dopmyast npubamkenase;
nepBas CTAHOBUTCS HEIPaBUIABHON Ha 0OJBIIHX BHICOTAX (HACTOMb-
KO GOJBIINX, 9TO TAMKECTH TeJa ocaabusercsa), a Bropad — Ha 60Jb-
ITHX CKOPOCTAX (HACTONBRO 6oibmux, 9To TpebyloTcA peisaTuBUCT-
cxue nonpasku). OfHaKo, KOTJIa MHL BBOJANM TodHble PopMyIIEL s
pHEpPIrHH, 33KOH COXPAHEHHUS bHEePruM OuATh cobiaiofaercd.

§ 4. IIpovue gpopuvt snepzun

B raxom BOT poje MOKHO M JaJjibllie IOKa3HBaTh CYMIECTBOBAHNE
sHepruH B pasHmx gopmax. OrMeTuM, Bo-NepBHX, YOPYIYIO BHEp-
ruio. PacraArmBas mpyssuHy, Mbi DOMKHB COBEPIINTH KaKYyIO-TO
paboTy, BeJib pacTAHyTas UPYKUHA ciroco0Ha HogHATE rpy3. [locie
DACTAMEHUA OHA ToAyYaeT BO3MOKHOCTh BHHOJHHTBE pabory.
Ecaw Om1 ME Temeph COCTaBHINM CYMMy OpPOU3BeJIeHHII BecoB Ha
BHICOTH, TO 0Ha GoJdbllle He cOmJach Obl, 1 HAM IPHUILIOCH O B Hee
WTO-TO BCTABHTH, UTOOH yIecTh HAUPSKEHHOCTh OPYKUBKA. ¥ Opy-
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rag sHeprusA — 310 U ecTh GopMyiaa pacrsaayToll npy:kuabl. CKoab-
KO e B Heil sHeprun?

Korga BE oTnycKaere OpyRuHY, TO YOpPyTas SHepTHus OpH mepe-
Xofe IPY/KHHE 4Yepes TOUKY paBHOBecHsA o0palaeTcHd B SHEPrUIO
KHHeTHYECKY0; M Jlajlee Bce BPEMA COBepIIAIOTCA NepexXofsl  of
CHRATUA H PACTHKEeHHA IPYKNHH K KUHETHYECKON SHEPIUN JABLjKe-
HUA (B mepexomsl 5TH . 3aMeIIHBAIOTCA enle HU3MEHEHHA BJHEPIun
TSArOTEHNUsT, HO eciH 3TO HaM MelllaeT, TO MOJKHO IIPY/RUHY HE IoABe-
MHBaTh, a DONOxKNT). M Tak mpomoimxaerca 10 TeX mop, HOKa
norepu saepruu... Ilocroiite! Brixogut, Mb Bee BpeMaA »KyibHATAIN:
1O cosepmain ofBec, 9To0L PHYAT HAKIOHNICH, TO TOBOPUAH, UTO
MaIiHe o6patuMel, To yBepAau, 4To OHH Gyxyr paborarh BewHO.
A MammHa B KOHeIHOM cueTe ocTaHaBiuBaercA. I'e sre teneps, Ko-
rja NPYRUHA NEPecTala CKUMAThCA-pasyRIMarbesd, HAXOMHTCH
sueprusa? OHa mepeiia B Hosyw QOpMY SHEPTHH — menao.

B npymune min prdare HMEIOTCA KPHCTAJIH, COCTOSI(HE M3
MHOY{ECTBa aToMOB; 1 Hpu cOopKe wacreli MamuHL Tpefyercs 0Co-
Gasg TOUHOCTDH M THIATEABHOCTH, 4TOOH B pafore MalluHL HH OXMH
U3 aTOMOB He ¢ABHHYJCH €O cBOETO MecTa, He mokoxeGatca. Hymuo
OBITH OYeHBb OCTOPOKHHIM. Bejns 00nMHO, KOrma MamuHa BepTUTCHA,
TO M fILA0 TPOUCXO/AT KAKUe-TO yAapHl, IOKAYNBAHUA, BH3BAHHEIE
HEepOBHOCTAMHE MaTepmalia, U aTOMBI Ha9WHAWOT Apoykarb. Taw Te-
PANTCA MaJleHbKUE JOIu SHEPTHH; IO MePe TOTO KaK [IBWKeHue 3a-
MefifAeTes, Bee CHAbHEe CTAHOBATCA caydaliibie, HeoyRUTaHHEE PO~
JRAHWUA aTOMOB BellecTsa MallMHE. HoHeYHO, 3T0 Bee eme KMHETH-
gecKas SHEpPTHUSA, HO HE CBABAHHAA ¢ BUAMMEIM [{BH/REHHEM.

Ilossoanre, kakas kuHeTHmdecKan »sHeprua? Yro 3a craska?
OTkyzma w©3BecTHO, 4YTO BTO BCE eme KHHeTHIeCKas DHePTHU?
OxasbiBaercsi, TepMoMerp cmocober o0HapysKuTb, YTO NpY:KHWHA
IJTH pHYar Hazpeealomces, T. €. 9TO ¥ BHPAMb NPONCXOAUT OHpejie-
JeHHul mpupoct KuHEeTWYecKoil sHepruu. Ml ee HaswiBaeM me-
n.1060l, a CAMHI IOMHHUM, 9T0 HEKAKAsI 3T0 He HOBaA PopMa DHEPTHH,
a Beero Juilb KHHeTHIecKasg, HO BHYTpeHHero aBmkennd. (OfHa u3
TPYAHOCTEl BCEX OUBITOB ¢ 0OMBIIUM KOJIHUECTBOM BEHIECTBA B TOM
¥ COCTOWT, 4T0 HeBO3MOYKHO B3aNPABAY LOKA3aTh COXPaHAEMOCTH
DHEpIHUM, ¢/eJaTh HaCTOAMYIO o0paTuMyi0 MalluHy; KayKIHi pas,
KOrjla moBopaTuBaerca GoJbIION KOMOK BelecTBa, aTOMHB He OCTa-
I0TCH B HPEKHEM COCTOAHNE, B X CUCTEMY BRIOUYACTCH HEKOTOPOS
KOJUYECTBO CAYyIAFHOr0 ABIKEHNA. ¥ BUAETH 9T0 HeJAb3sA, HO U3MC-
puTh TEpPMOMETpaMH ¥ ApyruMu npubopaMiu MOKHO.)

CymecTByer eme HeMaio Apyrux $opM sHeprud, Ho MB He MOKeM
ceilqac ommcrBarh UX Gojgee uiau MeHee mogpoOHO.

WNmeercs sHeprud siieKrpHyecKad, cBAsaHHAA ¢ NPUTHAKEHNOM U
OTTAlIKUBAHUEM B3JIGKTPUICCKUX 3aPAMOB.

Ecrb sHeprus msiyvenus, Wil SHEPTUs cBeTa,— OZHA U3 HopM
BJeKTpUYecKoll dHeprmu, ubo cBeT MoyKeT OHTh HmpefCTaBIeH Kak
KoJe0aHNA DIEKTPOMATHUTHOTO TOJA.
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BriBaer sHeprusa XHMHUYECKas — 9HePris, BHCBoGomgaeMas B
XUMIYeCKHX pearuuAXx. Ymopyrasd oHeprus B HEKOTOPOM pojie Mo-
X0/ka Ha XUMUYECKYI0; # XHMWIECKas BHePTHA eCTh HEePTUA OpH-
TAREHHUA 8TOMOB JAPYT K APYTY, 1 yupyTaA sHeprusA Toxe. B Hacrosa-
mee BpeMs MHE HTO NHOHIMAaeM cCHeAyomuM o0pasoM: XUMHYecKas
BHEPTHA CRIAZHBACTCA U3 ABYX dacTeil — SHePTHH ABIKCHHA DJIOK-
TPOHOB BHYTPH 4TOMOB, T. €. N3 KHHETWYECKON 9acTH, U 2JieKTpH-
9ecKoil pHepruM NPUTAKCHNA JJIEKTPOHOB K OPOTOHAM, T. €. H3
3JeKTPHUYecKoil JacTi.

Hasnpie, GsIBaeT AnepHas dHePTUf, CBABAHHAA ¢ PACCTAHOBKOIL
TgacTull B Ajpe; AJIA Hee TOKe CyIecTBYeT ¢opMya, XoTS OCHOBHLIE
3aKOHBL HaM ¥ HepejxoMbl. Mbr 3HaeM, 9To 5T0 He JIEKTPHIECTEO, HEe
TATOTEHHE, He dnucTad XuMnA... A 9ro 310 Takoe? A Kto ero sHaet!
Bugumo, 910 mobaBounas gopMa dHeprum.

N maxoren, Teopusa OTHOCUTEIBHOCTH BHAOM3MeHAET HopMyny
RUHOTUYECKOIl SHepPTUH, TaK 4TO Has3BaHNE 9TC CTAHOBMICH YCJOB-
HBIM, codeTasA ee ¢ ApYTruM HoHATHeM: sHepeuell maccwt. J11060i1 00b-
eKT oflajaer SHepTHeil y:Re MmOToMy, uro OH cywyecmsyem. Ecau
BJICKTPOH W TO3UTPOH CHOKOHHO CTOAT PAMGM, HUYEM He 3a-
HUMasgCh (HM TATOTEHWEM, HH 9€M WMHLIM), a MOTOM CJIMBAIOTCA H
HCYe3a10T, TO OCBOOOIK(AETCA ONpeeieHHAA NOPUHA BHEPIUN U3IY-
geHUs, 0 9Ty HOPHHI0 MOKHO HO/ACYATATh. Bee, 9T0 M 9TOTO HyM-
HO,— 3TO 3HaTh Maccy oObeKra. HeBamHO, 9T0 9TO TaKoe — IBa
TexXa mMcUe3qd, ompefieleHHas oSHeprusa nosBumiaack. Dopmyny
BIEPBbIe HpuayMal JiHITEHH: 310 E = mc?.

W3 panmux paccymjaeHuit AcHO, 9T0 3aKOH COXPAHEGHUA DHEPIHH
He3aMeHUM NpPU aHAJINW3€ ABJIGHUMA; MEH yKe IIOKa3aln 9To Ha pAje
TIPHMepOB, MJA KOTOPHIX MHE He 3HATH Bcex ¢gopMmyn. Bmagedt Mut
hopMyIaMu gis BceX TUIOB SHEPTHH, MBI MOTJIH Obl y3HABATH, HEO
BIABAfACh B JeTANH, CKOJIBKO NOPONECCOB TPOHUCXOUT B TAKOM-TO
asaerad. OTTOTO 32KOHBI COXPaHeHUS CTONb BaKHBI. Beraer ecre-
CTBEHHBIHl BOOPOC: KAKHe eIie eCTb B (Pu3NKe 3aKOHH COXPAHEeHW.

CymecTByOT eme jBa 3aKOHA, CXOMHHIX ¢ 3aKOHOM COXpPAaHEeHHSA
srepruu. OnuH HasplBaeTCs COXPAHEHUEM HMOYJibca (MJIH KoImde-
cTBa MBWKeHuA). [ pyroii — coxpaHemmeM MOMEHTA KOJHYSCTBa
peuxenns. [Tosxe MBI mogpofHeil I03HAKOMIMCA ¢ HUMH.

B xoHedHOM c9eTe ME He IOHMMaeM 3aKOHOB COXPaHEHU: J0CTa-
T09HO TiIyGoro. HaM HemoHATHO coxpaHeHne SHePrHM. Ml He MOjReM
opeAcTaBurh cebe sHEPrUI0 KaK HEKOTOPOe KOJWIeCTBO He/eTMMEIX
nmopuwuii. Bet, BeposTHO, casmang, aro ¢OoTORK BBUIETAIOT MOPHUA-
MH U 9TO DHepTusd HX pPaBHA mocToAHHON llnamra, yMHOMEHHOH Ha
gacTory. OTo OpaBfa, HO TAK KaK 4acTOTa cBeTa MOyKeT GLITH J105oil,
TO HeT HEKAKOTO 3aKOHA, 0 KOTOPOMY sHeprusA obg3aHa uMeTh He-
KOTOPYIO ONpeleleHHY0 Bejiumaudy. Jro yiKe He KyOurm MorTHTO-
Mo Herpeburoro Horra: mo6re KoJHYecTBA SHEPIHH JOMYyCTUME,
o KpaliHe#i Mepe B HacTommee BpeMs. JliA Hac sHepruA — 3T0
HE TO, YTO MO;KHO I€PEecInTarh, a BCETo JIMIIL MaTeMaTHdecKas Be-

82



JuuEHa, abcTparAn, —ob6CToATeNbCTBO JOBOIABHO CTpadnoe. B kpaH-
TOBOW MEXAHWKE BRIABJIAETCH, YTO COXPAHAEMOCTH DHEPTHH TECHO
yBsi3aHa ¢ ZPYTHM Ba;KHEIM CBOHCTBOM MUDPA — ¢ HE3A8UCUMOCIBIO
om abcoalomuo20 apeMert,. Ml M0OyieM HOCTaBUTh OLHT B HEKOTOopbiil
MOMEHT, & TIOTOM elie pa3 B ZpYyrofl MoMeHT; oH OyHer IpoTexarhb
OZMHAKOBO. AGCO;IOTHO IH BEPHO 5TO YTBEP;RACHME UM HOT — MbI
ge sHaeM. Ho ecau Met mpuMeM, 910 0H0 abco.410mHKo BepHO, i fo6aBum
I PUHIUIIBL KBAHTOBOM MeXaHHKH, TO M3 HTOT0 MOKHO BHIBECTH NPUH-
AT COXPaHeHuA HePrUn. ITO JOBOIBHO TOHKAA U HHTEPECHAS BEIb,
KOTOPYI0 HEJerKo TOACHUTH. J[pyrue 3aKOHB COXPAHEHHS TAKKe
cBABaHbl Me;KRAY c0o6oli: coXpaHeHVe MMIYIbca B KBAHTOBOH Mexa-
HUKe — C YTBOp/KZEHHeM, 910 HeBAKHO, 20e IPOUCXOTUT ONEIT, €T
HWTOT OT 3Toro He MeHsercdA. Y1 momobHo ToMy, KaK HE3aBUCHMOCTh
0T MecTa CBA3aHa ¢ COXPAHCHNEM HMIYIbCA, & HeBABIMCUMOCTD OT BPe-
MEHH — C COXpaHeHWeM JHEePTHH, TOUHO TaK Ke 0T nosopoma Ha-
muXx npubopoB Tojke HUUEr0 He HOMMKHO H3MEHATHCA; HE3ABUHCH-
MOCTH OT OpHEHTAIMN B IPOCTPAHCTBE MMeeT OTHOILEHHE K COXpPaHe-
HUIO MOMEHMA KOAUHECTNEA O8UNCCHUA.

Hpome aroro, cymecTBylOT emie TpPH 3aKOHA COXPaHeHWA; Ha-
CROJIbKO Hb[HE HaM M3BECTHO, OHM TOWHBIE M HOHAThH HX HAMHOTO Jer-
ge, TaKk KAaK OO cBOel mpupoje oHM OJUMBKH K IlofcdeTy KyOHKOB.
Iepsuit na BEAX — coxpanenue 3apida; OH NPOCTO 03HAYAET, WTO
eC/Ii IOJCYATATH, CKOJBKO €CTh HOJOMUTEIbHHX 3apA/A0B, M K3
3TOTO BHYECTHh KOJIMIECTBO OTPHIATENBHBIX, TO TNCIO0 5T0 HAUKOTKA
He u3MeHuTCA. B Motere u30aBUTHECA OT TOJIOKUTEILHLIX BMeECTe
¢ OTPUHATEJLHEIMY, HO He CO3ZafuTe HUKOTA YUCTOro U30HTKA ofl-
Hux Hag gpyruMu. U npoune gsa 3axoHa moxou Ha 3tor. Onud Ha-
BHIBAIOT COIPAHeHUeMm uucaa bGapuonos. VMeeTcs HEKOTOPOE KONK-
4eCTBO YAUBUTENBHHIX dFacTui, (IpUMepsl: HEHWTPOH M OPOTOH),
HasmBaeMeX GapmoHamn. B nroGoil peakimm, Tge GL B npHpoge oHA
HY OPOMCXOZWJiA, ecil MOACYMTATh, CKOJBKO 0apuoHOB OBUIO B
Havajie mpomecca (cynras anrubapmor 3a —1 GapuoH), TO B KOHIle
HX 9HCIO OKakercs TeM ke. Ipyroil saroH — corpakenlie Hwucia
aenmonog. I'pynma dacrull, HasHBAEMEHX JeNTOHAMH, BKIIOYaer
BJEKTPOH, MIOOH 1 HEfiTpHHO. AHTUIJIEKTPOH, T. €. HO3HTPOH, CH-
taerca 3a —1 gemroH. llofcuer ofmero Ymciia IeNTOHOB B peaKIHH
0GHaPYKUBALT, 9TO HA BXO/IE U Ha BHX0JIe PeaRIMH 3TO TUCIO0 OLd-
HAKOBO, N0 KpaiHell Mepe HacKOJBKO HaM ceilyac H3BECTHO.

Bor BaMm mecTh 3aKOHOB COXpaHEHHA: TPH 3aMBICIOBATHIX, CBA-
3aHHHX ¢ TPOCTPAHCTBOM X BPeMeHeM, a TPHU TIPOCTHIX, CBA3AHHANX C
OOBITHEIM CIETOM,

K coxparsemoctn sHeprun JocmynHocms B NOAe3HOCHLb SHEPTIH
He uMeeT HMKAKOro oTHOmeHuWsA. B aroMax MopcKoil BOAH HeMaJo
9HEPIHH ABI)KEHNA, TaK Kak TeMieparypa MOpH 10BOJBHO BEICOKA,
HO HeT HUKAKON BO3MOKHOCTH HAIPABUTL ATy SHEPTHI0 B OOpeme-
JeHHoe pycsio, He orofpas ee oTkyga-Hubynp eme. VHadge rosops,
X0TH HaM W3BeCTeH ToT (awT, YTo SHePTHA coXpaHgercd, Ho He
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TAaK-TO OpOCTO COXPAaHUTh BHEPIHI0, HOPUIOAHYI OIS YellOBEKa.
3axoHH, YOpPaBIAIIHe KOJXHICCTBOM HPUTOTHOM /Jifd dYelioBeKa
PHEPTHH, HA3HBAIOTCA 3AKOHAMU MePMOOUHAMUKY ¥ BRIIOYAOT
NOHATHEe, HABHBAGMOE HMPOniell HeoOPAMUMBEL MepPMoOUHAMUNE-
CEUX Rpoyeccos.

Haxomren, ocranoBuMcs Ha ToM, OTKYJa Mbl CETORHA MOMEM IIO-
nyuars HeoOXoJuMBI 3amac sHepPTHHM. OJHeprmeli Hac cHaGKaoT
Connue % mossjam, yroib, ypad u Bogopoxa. Bupouem, m mosgn, u
yrons B KoHue KoHioB 0e3 CoiHna Obuim OB HEBOBMOMHE. XOTH
SHEPTHA COXpaHAeTCH, OPUPO/A, MO BCeW BUAMMOCTH, BTHM HHYYTh
He uHTepecyeTc; oHa ocBobomgaeT na CoIHIIA MHOMKECTBO DHEPTHH,
HO TOJDBKO O[HA [ABYXMWIJINApAHAS 9acTh €¢ HajaeT Ha 3eMI.
ITpuposa coxpaHSer SHEPTHIO, HO B JEHCTBHTENBHOCTH 0 Heil He
saboruresA, pacrosasd ee Hampaso M HaxeBo. MBI yime momydaem
SHePTHIO M3 YPAHA, MBI MOKeM HOJYYaTh ee ¥ H3 BOLOPOAA, HO TMOKA
5TO NOJyYeHWEe CBA3AHO CO B3DHIBAMH, ¢ GOJBUION O0WACHOCTHIO.
Ecun 651 Mbl cMOIJTH HayYNTHCA YOPABIATH TEPMOAZOPHKMH peak-
IUSAME, TO 9HEPTUA, KOTOPYIO MOJKHO H0J1y4ars, Tpara no 10 4 Bogwl B
CeKyHJly, paBHsAIAch OB BCeH 2JIeKTPOsHEPTUM, IPOMBBOUMON ceii-
gac 3a o170 BpeMs B Coepunenrux Illrarax. Hlecrucor aurpos peu-
HOMl BOAB B MHHYTY XBaTuio Obl, uro0bl cHAGKAThL bHEPrueii BCIO
crpany! Vimenuo ¢uankaM npufercAd OpHayMarh, Kak na6asuth Hac
oT HyRzabl B sHepruu. I sro, GeccnopHo, ZOCTHKUMO.



I'rasa 5

BPEMA 1 PACCTOAHUE

§ 1. Jeuacenue

B aroil rmaBe MM pPacCMOTPHM IOHSTHA 6peMd
u paccmoanue. MBl yske rToBOopWiIu, 9To Qu3HKa,
KaK, BOpoYeM, m06ag pgpyragd HayKa, OCHOBBI-
paercad Ha Habaiodenusr. MoHO Tajke cKasarh,
970 Pa3BUTHE PU3WGCCKUX HAYK /0 UX COBPEMEOH-
HOTO YypPOBHA B OIPOMHOH CTEOeHH B3aBHCENO OT

§ 1. [pmxenue

§ 4.

§

5.

daKkTOB, OCHOBAHHHIX Ha Koauuecméennvz Habawo- § 0.

neHuAx. ToabKO ¢ TOMOmMBI KOJHIECTBEHHHX
HAGIIOMeHNA MOKHO TOJYYATH KOJWYECTBCHHDIG
‘COOTHOMISHHA — CepJALe COBPeMEeHHOI QUaNKH.

Muorve cauraioT, yro $usvka Oeper cBoe Ha-
qajio ¢ omelTa, mposefeHHoro Iammueem 350 xer
Hasax, a cam Tanuieit ABAAETCA HOPBHIM QUBUKOM.
Ho sToro BpeMeHW H3ydeHue ABVIKEHUst OBIIO 4u-
¢To ¢ua0cOPCKUM M OCHOBHIBAIOCH Ha JOBOAAX,
KoToprie Ol mirogoM ¢anrasum. BoabmmHCTBO
9THX [OBOJOB ObLIM OPUAYMAaHB ApHCTOTENEM u
OPYTHME IpedecKuMn giiocofaMu u paccMarpusa-
InCch Kak ioKasaHHuiey. Ho Tanunein 6p11 cren-
THKOM ¥ TOCTABHI CHCAYOM[UA OLLIT: 0 HARIOH-
HOIl IITOCKOCTH OH MyCKAJ miap 4 HabJiogax 3a ero
asmreHueM (pur. 5.1). lammueist He mpocro
CMOTpeJi, RaK KATUTCH HIap, a4 M3MEepsil TO pdc-
cmosrue, KOTOpoe MpomeN map, W OUpesess
épems, B TEUeHHE KOTOPOTO Imap MPOXOAII ITO
paccrossaue. Cnocob uaMepeHuA paccrosHuil Gnin
XOpouIo MW3BECTOH eme 3amoiaro go lamummes, on-
HaKO TOYHOTO cHocofa u3MepeHHsA BPEMEHH, 0CO-
6CHHO KOPOTKUX WHTEpPBajoB, He Owto. Xorsa
Brociaeacteun [amwneir maobpen Gosee copepmieH-
HEle dacH {OTHIOJb He MOXOKHe HAa COBPEMeHHHIE),
HO B CBOMX NEPBHIX OMBITAX [JIS OTCYSTA PABHBLIX
NpOME;KYTKOB BPEMEeHN OH HCI0JIL30BAJ COBCTBEH-
Helfi myasc. JlaBaiiTe cenaeM To ke camoe.

¥ /2]

Bpema

Koporrie
BpeMeHa

Boabuine.
BpCMEna

Enunnnnt
U CTAHIAPTH
BpPEMCHM

BoabpurHe
paccrosus

Maaste
paccerosnna



@ ue §51. Mlapur ramumen
epu” no HAKAOKKOU NAOCKOCcmMU.
>

Bynem orcunTmiBaTh ygaps myjabca B TO BpeMs, IOKa IIapHK
KatuTcesa BHH3: «Ogmi... ABA... TPH... YeTHPe... IATL... IIECTb...
CeMb... BOCeMb...». IIycTh KTo-HUOYAh 0TMETACT TONOMOHKE IAPHKA
Ha KaKApil cuer. Temeps MOKHO H3MEDHUTH PACCmoAHlUE, KOTOPOS
LIapWK Tpomiea 3a OJuH, ZBA, TPH U T. JI. PABHLIX HMHTepBaja Bpe-
MeHH. 'anune copMyAHpoBai pesyasTar cBOUX HAGIIOJEHHIT CIe-
IyomuM ofpasoM: ecidd 0TMedaTh MOJOMSHHs NIapuKa depes
1,2,3,4, ... eIMHONE BPEMOHH OT HA4aNa ABWKEBHA, TO OKAKeTCH,
9T0 9TH OTMETKY yAaJeHH OT HAYAJAbHOTO TMOJOMEHHS TPOMOPIHO-
HanbHO wucaaMm 1, 4, 9, 16, ... . Cefizac Mu1 cRazanu 6bl, 9T0 paccTos-
Hyle OPOmopuuoHaibHO KBAApaTy BPEeMeHH: -

s~ 12,

Taxum o6pasom, usydenue npouecca Jeuxcenis (OCHOBH COBpe-
MeHHOH (UBUKY) HAUMHAETCA ¢ BOMPOCOB: T/e M Korga?

§ 2. Bpenan

PasbepeM cHagana, 9Td MEH TIOHMMAaeM OOJ CJIOBOM épems. Urto
e amo maroe? Henuoxo Obli10 66 HafiTH HMOAXOsAmee ONpeeieHne
ooHATHA «BpeMsi». B rToarosoM cioBape BeGcrepa, Hampumep,
«BPEMAY ONPEINSIAeTCA KaKk «HepPHog», a CaM «Iepuoiy — Kak
«speMsy. OfHAKO HOJb3H OT 10T 0 ompejeserusa Maio. Ho u B onpe-
JleJIeENH ¢BpeMA — aTO TO, 4TO MeHsercd, Korjga 0odblle HUYETO
He wuaMeHsercsA» He Ooubpime cMilena. DHTH MoKeT, ciegyer
OpHUsHATh TOT QAKT, YTO BpeMsS — BTO OJHO W3 NOHATHI, KOTOPOE
OIpeJesnTb HeBO3MOMKHO, U TIPOCTO CKA3aTh, YTO BTO HEITO M3BECT-
HOe HaM: 3TO TO, YTO OTAEIseT JBA MOCIeI0BATEABLHBIX COOBITHA!

Heno, oHAKO, HE B TOM, KaK [aTh onpedesenie MOBATHA «BPeMA»,
a B TOM, Kak ero uaMepnTh. OguH n3 cmoco00B U3MEPUTH BpeMA —
3T0 MCIOIB30BATh HEYTO PeryispHO HOBTOpANIeecH, HeUTO neplo-
duueckoe. Hampumep, neHp. Hasanoch 6bl, fHA PeryaAPHO CIEAYIOT
ofuHE 3a apyruM. Ho, mopasMsicimB HeMHOTO, CTAIKMBAaelibCcsA ¢
BOIIPOCOM: TEPUOAMYHEL jdu oHH? Bce Jm JHE WMEKT OJUMHAKOBYIO
anureasHocTh? Cosjaercs BrevaTsieHue, 9TO JdeTHHe JHU JUIMHHeE
anMEEX. Bopouem, HeKOTOPhle 3UMHUE JHU KOGRYTCA Y/KACHO JJIMH-
HpiMn, ocoBeRHO ecii OHU cKydHbl. O HUX OOBIYHO rOBOPAT: «YiKac-
HO AJNWHHBIA TeHb!»
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Ojnako, MO-BUAUMOMY, BCe JHH B cPeAHEM ofHHaKoBH. MomxHo
JH TPOBEPUTDH, AEHCTBHUTENHHO JH OHM OZWHAKOBE M OT OXHOTO
OHA 0 APYTOro, XoTA 0Kl B CpegHeM, HIPOXOZUT JHA OFHO H TO Ke
ppemsa? Hus storo HeoOXoguMo WPOU3BECTH CPABHEHHE C KAKAM-TO
APYIHM mepHoamdeckuM mponeccoMm. JlaBaiite mocMoTpuM, Kak Ta-
KOe CPABHEHMEe MOKHO, HaIpHUMep, MPOBECTH ¢ TOMOMIBIO NeCOYHBIX
gacoB. C DOMOMIBIO TAKUX GACOB MBI MOMEM CO3JIaTh NepHOoAMIecKuil
mporecce, ecan GyfeM CTOATH BO3Je HMX JeHL W HOYDb W HepeBopa-
9HBAThL KL pas, KOT/la BLHICBIOATCA TOCTeIHNe RPYINHKA MecKa.

Ecam 3areM mogcamrarh 4MclIo NePeBOPAYMBAHKE NECOYHBIX da-
COB OT KayRAOT'0 yTpa MO CACAYIOIMETro, TO MOMHO 00HAPYMRUATE, YTO
9HCII0 «9aCOB» (T. €. TUCI0 NePEeBOPAIMBAHKIL) B Pasble JIHU Pasin-~
gH0. Hro ke BuHOBAT B 9ToM? Mosxer ObiTh, Conune? Mosrer GHITD,
gackl? A Moxer, v o u Apyroe? llociae HEKOTOPHIX PAasMHILIEHHIT
MOMKHO NPHUTH K MBICHN, YTO CJACAYET CYUTATH «4achl» He OT yTpa
o0 yTpa, a 0T HOJAYXHA 10 MOAYAHA (HOJNJeHB — 5T0, KOHEYHO, HE
12 sacos, a moMeHT, Korga CoJHIle HAXOLUTCH B HAWBEICIIEM T10J0-
meHnn). Ha ator pas oxasniBaeTcd, 4To B Kam/blX CYTKAaX YHCJIO
«4acoB» OJUHAKORO.

Teneps MOHO YTBePRAATb, UTO «IaCH M (CYTKH» UMEIOT pery-
JIAPHYIO IePHOANYHOCTD, T. €. OTMEYAIOT NOCTE0BATEeNLHLE PaBHbIe
HHTEPBAJBl BPeMEHH, XOTS HaMB H He J0Ka3ano, 9To KKABH U3 Upo-
neccos geficrsurensuo nepuogudeH. Hac Moryr copocurs: a Bapyr
€CTh HEKO® BCEMOT'YIIee CYIEecTBO, KOTOpOe 3aMeJieT TeueHne 1ec-
Ka Hogblo u yOuicTpser gHeM? Ham sKcHepuMeHT, KOHeYHO, He Mo~
AT JaTh OTBeTA Ha TaKOro poxa Boupockl. OUeBH/HO JUIIB TO, YTO
OePUOAMIHOCTE OJHOI'O IPOIecca COTIAcyeTcA ¢ HePUOAHIHOCTHIO
apyroro. Iloaromy npu onpedeieriy, TOHATHA «BpPeMA» MBI HPOCTO
fyzmeM UCXOTATh U3 UOBTOPeHNA HEKOTOPHIX OYCBUHO II€PHOIHMTE-
CKHX COOBITHIL.

§ 3. Hopomrue spenera

3aMerHM, 9TO B HPOIeEcce HPOBEPKH «BOCIPON3BOIUMOCTUY HHEH
MBl HAILTH MeTOj M3MepeHHs uacmiy THA, T. €. METOJ] H3MEDPEHHA
MEHBIINX ITPOMERYTKOB BpeMeHu. Heawssa am aror mpomecc npo-
TOGKUTH M HAYINTHCH M3MepAThH elme MeHBIINe IPOMe;KYTKH Bpe-
MeHR?

Tanuie# mpefnonoRUi, 9T0 KaKIBIH MAATHUK OTKIOHAETCH W
BOBBpAIIAeTCH HA3a/T 38 PAaBHbIe MHTEPBAJIBL BpeMeHH (eCln 0TKIOHe-
uust Hesenunkn). CpaBHeHNe 9@cia OTKIOHSHHH MAATHUKA € «9aC0NM»
TI0OKa3pIBaeT, 9TO 3TO JeHCTBUTEJHHO TaK. TaKuM cmoco0oM MOMKHO
U3MepATh Hoin «daca». Eciu 1iis mogcdera quciaa KodeGamuil Masar-
HUKA UPUMEHNTh MeXAHHMYeCKHH CYETYMK, TO MH IOJYYAM MAATHII-
KOBBIC FAachl HAMIMAX ZE0B.

JloroBopuMes Teneps, 9To eciu MagTHAR oTrIonurea 3600 pas
B 9ac (1 eclim B cyTKaX 24 yaca), To mepmoy KoaebaHUiI TAKOro
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Due 52. Jee ocyuasoepammsl,
chamble ¢ 3Epana ocyustozpada.

@ — npu  ocyuasozpage, mnNoGKAILEHHOM
K 0dnoMy ocyuanamopy; 6 — npu ocyua-
aoepagfe, NOGKAIOUEHHOM % OCYUALAMODY,
nepuod xroaebanuill xomopozo € Oecamb
Pas Mensvule NEpPeoeo.

MAasgTHURA M6l Ha30BEM (CEKYH-
goity. Wrak, Hamy DepBOHA-
YaNbHYI0 eJUHNIY (CYTKI» MBI
pasgeniiiy  OPHOINBUTENTBHO
uHa 105 aacreit. Mcuoanaysa tot
e OPUHOUO CPABHEOHHA, MOK-
HO W CEKYHJY pas/ieluTh HAa
BC8 MeHbIIMe ¥ MeHpIIHe 9a-
cra. Jlas 9Toro oKasbIBaeTCsA
Gonee yZOOHEIM HMCIOJB30BATH HE OPOCTOH MeXaHWUYeCKHH, a a1¢k-
mpudeckuli MasITHAK, Has3bIBaeMHBIil OCLIIIATOPOM, Hepmoy Koieba-
HHIl KOTOPOro MojKeT GHTh 09eHDb MaJbiM. B TAKHX 9JeKTPOHHEX OC-
QUIAATOPAX POJb MAATHAKA BHIIOJHAET dJEKTPHYECKHil TOK, Ko-
TOPBIIT TEUeT TO B OfHOM, TO B APYroM HAIIPABICHUU.

Hagafite npepcrasuM cefe measlil paj TAKHX OCUUJUIATOPOB, 9TO
nepuoj KoneGaHnil KaR/A0ro MoCiedylomero B TecATh Pa3 MeHbIle
IPELHYIET 0. TO MOJKHO IIPOBEPUTH TIyTeM IIPOCTOT O MO/CYeTa TUC-
na KosteGanuii HoCIeyI0mero ocIIIIATOPA 38 0/[HO KojuebaHue mpe-
ABIAYIEro; TOJABKO Teleph dTOT IofcueT TPYAHO mposecTd 0Oes
YCTPOHCTBA, PaculmpAOUIero BO3MO;HOCTH HabmiogeRmsi, cBoeol-
pasHoro «MHKPocKoma BpeMeHu». TaxuM yCTPOHCTBOM MOjKeT cAy-
JKUTh DIEKTPOHHO-Iy4eBoil ocuyminorpad, Ha CBeTHAIMEMcsi sKpaHe
KOTOpPOT0 CTPOMTCS TpaduK B3aBUCHMOCTH JJISKTPHUIECKOTO TOKa
(rnn HanpsKeHNsA) 0T BpeMeHu.

Coemmanan ocumimorpad chHauama ¢ OJHNM OCHUIAJATOPOM, a
3aTeM € JPYTUM, MBI IOJyYdM Ha SKpaHe TPaduUKH 3aBUCHMOCTH
TOK2 OT BPEMEHH B OHOM U B ApyroM ocOmiisitope (¢ur. 9.2).
A Temeps HETPYAHO DNOACYWTATH, KAKOe €UCIO0 NOEPHOLOB «OBI-
CTPOro» OCUMIIATOPA YKIAAHBAETCH B OHOM IIEPHOJS ¢MeJleH-
HOTO).

CoBpeMeHHAsT TEKTPOHAKA TI03BOJIAET CO3MABATH OCUHIIATOPH
¢ nepuopavu 10712 cex, KoTopHe BHBEPAIOTCH (KATHOPYIOTCA) MeTo-
JIOM cpaBHeHH#A, NOROOHLIM BHIIEONNCAHHOMY, Ha CTaHZAPTHYIO
eINHANY BpeMeHU — CeKyHJy. B mocieanne HeCKOIBKO JeT B CBA3N
¢ u300peTeHNeM U YCOBEPITSHCTBOBAHIEM «J1asepay, Wil YCUJINTeNA
CBeTa, DOABUJIACh BO3MOKHOCTD C/le1aTh OCUMIAATOPH ¢ eme Go-
Jlee KODOTKHM nepuojpoM. llora eme HeBoaMokHO KaImGposaTh
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nX TeM >Ke MeTOfOM, OJHAaKO, HeCOMHEHHO, UT¢ M 3TO CKOPO OyJeT
JLOCTUTHYTO.

MossHO U3MEpATH MPOMEIKYTKH BPeMeHH, Topasgo Gosee RopoT-
Kue, seM 10712 cex, HO jUIA BTOTO HCHOONB3YIOTCH COBPINGHHO APY-
rue Meroisl. B cymHocTu ucnonabsyeress Apyroe onpedeacHie HoHsS-
tast «Bpema». OQuH U3 TAKUIX METOHOB — 9TO H3MEPEHWUe PAcCmos-
HUA MeMAY ABYMsS cOOHTHAMN, OPOMCXOMANIMMH HA ABIKYIIEMCA
obberre. HampiMep, nycrs B ABIKymeMcs aBToMoOmiIe cHadasna
BRJIIOYAIOT, & 3aTeM BhiKI09alT apsl. Ecam nssecrHo, ede Obiiy
BRJIOUCHSBI H BBHKIIOUeHs! apbl H KaKoBa ObLTa CKOPOCTH aBTOMO-
funsg, T0 MOMKHO BHUYHCIUTH, CKOJIBKO BpeMeHu oHu ropeaun. Hus
3TOTO HY;KHO PAccmofHue, Ha MPOTAHEHUN KOTOPOTO ropeiu papsl,
pasjgeianTs Ha CKOPOCTH aBTOMOOHJIA.

NMerHO TakMM MeTOOM B WMOCHE[HNE TORbI UBMEPAIOCH BPeMsA
musHn n’-MesoHa. [Ipu HaGmoneHMM B MEKpOCKON MeJTbgaiimimx
CIeM0B, OCTABISHHHX Ha (O0TOsMyJbcwH, B KOTOPOil pOxHiCA
n°-Me30H, 0110 OGHADYKEHO ciiefyIomee: 1°-Me30H, [IBUTASCH CO CKO-
pocThio, OAM3KOMA K CKOPOCTH CBETAa, IPesIe 9eM pacmacrhes, mpo-
xonuT B cpefHeM paccrosinue okoyo 1077 x. Takum ofpasoM, BpeMsa
RusHE n’-Me30Ha cocTaBisger Beero ammb 10716 cer! Heobxomumo
DOA4ePKBYTH, 4YTO 3/lech OHIIO MCIOJb30BAHO HECKOJIBKO JPYToe
oTIpejiesieHYe TOHATHA (BPeMA», HO, HOCKOJBKY OHO He HPHBOIUT
K KAKUM-1400 OPOTUBOPEYHAM, MOKHO GHTh YBePEHHBIM B TOM, 49TO
9TH OIpe/eJeHHs B JOCTATOUHON Mepe »KBHBAJIEHTHE APYT APYIY.

PasBuBas TeXHUKY SKCICPUMEHTa, a ecim HeoGXoiauMo, MeHSS
onpefesieHne NCHATHA <BpPeMA», MOMHO OOHADYRUTL eme Oolee
Boicrpeie gusmvecKne mporeccr. Mer, HanpuMep, MoKeM I'OBOPHTH
o nepuoge BuGpannil Agpa NN 0 BPeMCHH ;XKNU3HHE HefaBHO ofHApY-
KeHHHX «CTPAHHBIX» PC30HAHCOB (JacTmil), KOTOPHE yiKe yIiOMU-
Halmeh B TJ. 2. Bpemsa »Ku3HM 9TUX YacTHLl JIHIOb HCHAMHOTO
6oapme 10724 cex! IlpmbGiusuresibHO cToNbKO BpemeHnm Tpebyercs
cBeTy (KOTOPHIi WMeeT HauboIbIIYI0 CKOPOCTH PACHPOCTPAHEHUA),
9T00HL MPONTH paccTOsHMe, PABHOE JAMaMeTpy sSapa Bojpopoja (Ham-
MeHBIINH M3 U3BECTHBHIX 00HEKTOB).

Yro MOKHO cKazaTh 0 eme 0oNee KOPOTKUX MHTEPBANAX BpeMe-
Hu? VIMeeT a1 cMBICT BOOOIE TOBOPHTH O HAX, €CIAN HEBO3MOKHO He
TOJIBKO H3MepHTh, HO JajKe pPasyMHO CyjJuTh O Mpoleccax, Hpo-
HCXOASAMIX B TedeHue CTONL KOPOTKUX mHTepBanos? BoaMmoikHO,
HeT. 9To OfUH U3 TeX BONPOCOB, HA KOoTophie HET oTBeTa. Momert BuITS,
RoMYy-HUOY/Ib B3 BAC IMOCYACTIAMBHUTCA OTBETHTH Ha HETO B Oiammali-
mue 20-—30 mer.

§ 4. Boavwiue epereHa

PaccMoTpuM Temepb MpOMeKYTKH BpeMeHn, GOMBIIHE «CYTOK».
NaMmepaTs Godpmue BpeMeHA Jerko: Hy-KHO NPOCTO CYUTATH JHH,
mOKa He OpuayMaem uro-HuOyAp dyamero. IlepBoe, ¢ ueM Mt
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CTAMKUBAEMCH, 3TO0 TOJ — BTOPAas ECTeCTBEHHAd HOPUOTUIHOCTH,
cocTosMan npubansuTeabHo n3 365 grefi. MBTepecHo, uto B mpupose
CYIeCTBYIOT eCTeCTBEHHBIC CUeTYMKN JIET B BHJE TOJOBHIX KOJel]
y JlepeBbeB WIH OTIOMEHWH PedHoro mia. B HeKoTopelx caywasax
MOMRHO MCIIOJB30BATh 3TH €CTeCTBOHHHE CUOTINKHY [JIs OTpe/IeIeHusA
BpeMeHH, OTHeIAI0nIero Hac 0T KAKOTo-11u60 OTHATeHHOT 0 COGRITIA
B IIPOLLIOM.

Ho, Korfa HeBO3MOKHO CYMTATE TOABI AN 0UeHb GONBIIKNX OTpe3-
KOB BpeMeHH, HYKHO HCKaTh KAKUe-TO APYTHE CIIOCOGH Ma3MepeHns.
Ogaum u3 Haubonee »POEKTUBHEIX METOMOB ABJIAETCA WCHOJH30BA-
HIle B Ka9eCTRE «IaCOB» PafllOAKTHBHOI 0 BEMIECTBA. 37eCh MBI CTal-
KuBaeMca ¢ «PeryjifspHOCTHIO» MHOTO POfa, 96M B Ciydae, CKazKeM,
MafTHAKA. PagHoaKTHBHOCTL JI06G0OTO BemecTBa JAA I[OCJIeH0-
BaTeJbHHX pPABHHIX UWUHMEPSAL06 BPeMeHH H3MeHAeTcd B OAHO

TABJINLIA
pPEMEH Tomn  Cexymun Hepgiélna?é”'
?PR?
10 Bospact Bcenennoi
Bospacr 3eMmau U2
10°
1015
IlepBHuil menoBexr
10¢
10 BoapacT nupamupg
Ba226
10°
Bospact CIIA
10° YesnoBeueckad sKU3Ib J5
1
10¢
CyTEn
10® CBeT NPOXOAUT PpacCTOAHNE Heiitpon
or Connma go 3emau
1 OmuH ygap cepana
10-3 Iepuog 3ByKOBOIl BOAHK
10—¢ Hepuox pagnoBOAHBL 1-ME30H
T£-Me30H
10=* CBeT mpOXoAuT paccroAnue 1 4
10~  Tlepwmop MeJeKyJADHEIX Bpaile-
HAil
10~%  Tlepmop arToMHEX KoXeGanui
n’-Me30H
:0‘;” CeeT IpOXOANT Uepe3 aToM
0— i
Ileprmop AnepHHX KoNdebammit
10~2*  CpeT LpOXOAUT Hepe3 AAPO CrpaHHme
HacTHOH

PP
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D uz 53. Vuenvwenue pa-
duoakmusrocmu co épemeHem.

Paduoaxmuerocme nadaem ¢ dea pasa
3a xaxwOuill nepuod noaypacnada T. /2

/4
/8

| TO e 9ucio pas. Eciaum HadepTuTsh rpadmER 3aBECHMOCTH PAJOAK-
THBHOCTH OT BPSMEHH, TO MBI HOJIYyINM KPUBYIO THIA U300pasKeHHOMN
Ha ¢ur. 5.3. Mul Bugmm, 9ro ecim paguoakTuBHOCTH 3a 1 nHei
(mepuoj, moaypacmajga) yMmeHbIIaercd BABoe, To 3a 21 gHeit oHa
YMeHBIIUTCS B YeThpe pazau T. [. [lponaBoibHEI HHTEPBAJI BpeMe-
HHU t cogepmur !/T «mepumofoB modypacmazay, u, CIeIOBATENbHO,

KOJNTeCTBO HAGANBHOTO BemecTBa yMenpmuresa B 27 pasa.

Eciun Mpl 3HaeM, 49To Kawoii-To Marepua, HampuMep AepeBo,
Opu cBoeM o06pa3oBaHUM COAEPIKa] HEKOTopoe Koimdecrso A
PafgNoaKTUBHOTO BEIIECTBA, a NPAMLIe B3MepeHns MOKA3EBAT, 9TO
Temeph OH CONEP/RUT KOAW4ecTBo /B, TO BO3pACT ITOTO MaTephaia
MO;KHO IIPOCTO BEIYHCHNTH, PENIMB ypPABHEHWE

1\YT B
()75

A TaKue ciaydYad, KOorja MBI 3HAOM IEPBOHAYANLHOE KOJMIECTBO
PaIMoaKTUBHOTO BemecTBa, K C4acThio, cymecrayior. MspeciHo,
HampyMep, 970 YrieKUCIbi a3 B BO3AYXe COHeP/KUT MAJYI0 TO0II0
pagmoaxtusHoro uzotona Cl4, mepmox moxypacmajga KOTOpPOTO CO-
crapisger 5000 jger. KoawgecTso ero Giarogaps AeHCTBHIO KOCMH-
YeCKMX Jy4ell MOCTOSHHO NONOJHAETCA B3aMeH pacmaBLIerocs.
Ecau MEL usMepseM noanoe Cofep;RaHne yriepoja B KAKOM-TO Ipef-
MeTe W 3HAeM, 9TO ONpeaeieHHasA [ONA 3TOT0 yriepoia Oblia OepBO-
HaJanbHO pagmoakTUBHHM C!%, TO HaM M3BeCTHO U TIePBOHAYATIBHOE
KOJHIeCTBO A ¥ MBI MOKeM IIOJIbBOBATHCA UPHUBEeHHON BHIlTe op-
Mmysioii. Eciu ke myrem TOYHHIX MaMepeHHH YCTAHOBJIGHO, 9TO 0C-
tTaBmeecad KoxumdecTBO C!* coorBercrByer 20 mepmojaM moaypacma-
Ja, TO MOJKHO CKA3aTh, YTO 9TOT OPTaHMYCCKUI HMpeiMeT yKuil IIpH-
Oamsurensro 100 000 mger mHazax.

Xorenmocs 651, 0MHAKO, y3HATH BO3pact eme Gosiee ZpeBHUX Bere.
IJTO MOMKHO CHEJIATH, M3MEPHB COACPIKAaHNe APYTUX PajnoaKTHBHbBIX
JIeMEHTOB ¢ 0OABIIMMH HePHoaMy mollypacuaga. ¥ pad, HampuMep,
UMeeT H30TOII ¢ MEePUOJOM oaypacuama okoao 100 jger, Tak 9To ecau
KaKoO#{-T0 MaTepual Ipu ceoeM obpasoparnn 109 meT Hasaj comepiran
YPaH, TO CeTOHA OT HEro 0CTANACh TONBKO MOJOBHHA NEPBOHATAIb-
Horo woimdecrsa. llpm cBoeM pacmage ypaH IpesBpamaercd B
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cBuHen. Haxr onpeselnTh BO3pact ropHOIT HOPOHL, KOTopasi 06paso-
Bajlach MEOT0O-MHOI' 0 JIeT Ha3ay B PesyabTare KAKOTO-TO XUMHAIECKO-
ro npouecca? CBuHEIl IO CBOMM XAMHYECKHM CBONCTBAM OTJIHYAETCs
OT ypaHa, HOITOMY OHU HePBOHAYANBLHO BXOMWIW B PAa3HLC BHALL
TOpHHX nopox. Ecau B3aTb TakoH BHI HOpOfAH, KOTOPHH BHauamje
fopKeH OB cOZEpsRATh TOMBKO ypaH, TO Mbi OGHAPYAM B HEM
HEKOTOpOoe KoamdgecTBo cBnHNa. CpasHuBAaA Hodu CBMHNA M ypaHa,
MOKHO ONPeeIHTb TY 9acTh ypaHa, KOTOpasA B peayibraTe paciaja
TIPeBPATUIACH B CBHHEI[. JTUM MET00M OBII0 YCTAHOBICHO, 9TO BO3-
pacT HEKOTOPHIX TOPHBIX MOPOX COCTABJIAET HECKOABKO MHUJLIHAp-
nos Jder. [lpuMeras mupe 5TOoT MeToj NIyTEM CPAaBHEHHUS CONEPIKA-
HOA ypaHa W CBUHIA He TOJIHKO B HEKOTOPHX TOPHEIX HOpojax, HO
W B BOfle OKeaHOB, a 3aTeM yCpeJHsAsd PasiwdHble [AHHHE II0 BCEMY
3eMHOMY IIapy, yCTAHOBWJM, 9To Halledl IUIaHeTe HCIOJIHUIOCH
IpuMepHo 9,5 MILTHAPAA JIeT.

WHTepecHo, YTO BO3PACT METEOPNTOB, NAJAIMNX HA 3OMII0, Bbi-
9uCAeHHBI M0 yPAHOBOMY METO/Y, COBNAJAeT ¢ BO3PACTOM caMoil
3emin. Bosee Toro, orazanoch, 4T0 1 METEOPATH, H FOPHEE HOP O
demiIu cocTaBiIeHb U3 OLHOTO ¥ TOTO jKe MaTepuasia, moaToMy cylie-
cTByeT MHeHme, 9T0 JeMisa ofpasoBajiach U3 HOPOJ, «IaBABIIAXY
HEeKO0I/[a B <OKOJMOCOTHOTHOMY IIPOCTPAHCTBE.

Hexornma, Bo BpeMena, eme 6oJiee qpeBHNe, YeM BO3PACT JeMIIK
(T. . D MUIIMAPIOB JOT Ha3aj), Hagasna cBol ucTopuoo Bcenennas.
Cefiuac cauTa0T, 9TO BO3PACT WO KpaiiHeit Mepe Hamiedt wactu Bcee-
neHHOH pocruraer upuMepHo 10—12 munamapgos Jger. Ham Heus-
BecTHO, 49T0 6pilo mo 3Toro. B cymHOCTH ONATH MOMKHO CIPOCHTD:
«A ecTb JIH CMBICJSI TOBOPHTE O TOM, uTo §b1io Ko sroro? W umeer au
CMBICI CaMO IIOHATHE «BPeMA» A0 «pomIeHus» BceenerHoi?»

§ 5. Eounuust v cmaHdapmol épemeHu

MH ysxe TOBOPHJIM, 9T0 CUeT BpeMeHH yA00HO BecTd B KAaKUX-TO
CTAHJAPTHBIX eJMHNIIAX, CKa/KeM B JHAX WIN CeKyH[aX, I na3MepATh
AJMTENHHOCTA B KOJIMYECTBAX 3TOH equHMIH Hin ee foiAx. Ho gro
e BHOpPATh 34 OCHOBHYIO CTAHAapTHYIO emuHuny? MoxHo nm, Ha-
ApuMep, NPAHATL 3a OTHPABHYI0 e[UHANY deI0BedecKuil Oyinc?
OueBUAHO, HET. YiK O4YeHp HeNOCTOAHHA dTa efmHUNA. Jlydme o6-
CTOHUT Jledo ¢ YacaMu. JBoe 4acos cormacyioTcsa ropasjio Iyumnle, geM
mylipc. Bl ckamere: snajuHo, gasaiire BospMeM udachl. Ho wsn? Cy-
mecTByer npejganue o0 OfHOM IIBeHIIAPCKOM MalbinKe, KOTOPOMY
X0Ted0ch, 9T06H BCe GacHl B €70 TOpOje OT3BAHUBAJIN HOJJEHD U B
ofiHO U TO ke Bpemsa. OH XOJM IO TOPOAY ¥ JTOKA3LIBAJ BCeM, Ha-
CKONDLKO 8T0 BaskHO. KaKIHI culTad, 970 5T0 AeHCTBUTEIBHO OBIIO
651 uynecHO, eciu OB BCe APYTUe d4achl B I0poje 3BOHHJAN IOJAEHD
mo eeo dacam! B camom gene, oueHp TPYAHO PEIIATDL, UbH jKe YACH
MBI IOJKEE BEIGPATH B KadecTee cTagaapra. I ¢4acThio, CymecTBy-
IOT 9acHl, KOTOpHe IPU3HAIT Bee,— 910 Hama 3emas. Jloaroe Bpemsa
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B KadecTBe cTaHpaprTa BHOupanucs uepuof Bpamennsa 3eman. Ogua-
KO IO Mepe TOro, KaK M3MepPeHHs CTAHOBUIUCDH Bce Dojiee TOUHLIMH,
o0HAPY'RUBAIOCH, 9T0 BpameHne 3eMId He CTPOT0 NePHOAHIHO,
eclid CPABHUBATH €T0 ¢ JYIMHMY 9acaMH. A 5TUM «JIYYINIAM 9acaM»
MOJKHO JOBepATH, ub0 OHU coriacywrcs apyr ¢ apyroM. Cefraac
M3BECTHO, 9T0 0O PA3HHIM DPUUYAHAM OJHYW JHU OKA3HIBAIOTCH JIIKH-
Hee APYTHX U, KPOMe TOTO, CPeAHWI MePHOJ BPAmCHAA 3eMin Ha
TIPOTAKEHWN CTOJOTHH HECKONBKO YTHHACTCA.

Boaors go camoro mocliegHer 0 BpeMeHM He Obliio HalileHo Hudero
foee TOYHOTO0,9eM BpaIeHIe 3eMIIN, i H09TOMY BCe Yachl CBEPSINCH
¢ IAVHON acTPOHOMHUECKMX CYTOK, 4 CeKyHJa ONpefelifAnach Kax
1/86 400 wacrb cpepHux cyrok. OpHaKo cefiuac MH HAy4WIHCh pa-
foraTh ¢ HEKOTOPHIMH eCTECTBOHHHIMH OCIIAATOpaMu, KOTOPHIe
ABAAIOTC (0Jiee TOYHHIMH CTAHJAPTAMH BPeMeHH, 49eM Bpamenne
3emiiv. ITo TAK HA3HBAaeMple ¢<aTOMHBIC Yack». B ocHoBe ux Jde;kar
KosieGaHuA aTOMOB, EPHOJ KOTOPHIX HOUYBCTBUTEJEH K TEMIepaTy-
pe ¥ APYyTUM BHOUIHUM BO3AeHCTBHAM. JTH 9achkl MO3BOJSIT M3Me-
PATH BpeMsl ¢ TouHOCTHIO, ayumieii 1077%. B mocaegume zsa Toga
npodeccop I'apBapucroro yEmBepcurera Hopman Pamzeii cupoex-
THPOBAI W MOCTPOMJ yJydIleHHHE aTOMHbIe ackl, paboraiomue Ha
rojiebaHUAX aromoB Bogopoxa. OH camWTaer, 94ro 3TH HYACH MOTYT
OniTh eme B €10 pas Oosee TouBEiMu. Celiuac BejyTcA U3MEpeHHA,
KOTOpHIE HOKQKYT, HACKOIBKO OH MPasB.

A TOCKOJBKY O0OKa3amoch BOSMOMHEIM COBHATH 4acsl Fopasio
Gojiee TOYHBEIE, 9eM ACTPOHOMHUCCKUE, TO YUCHLIC [OTOBAPUBAIOTCA
ompejeNATh eJUHUIY BPEMeHH ¢ IOMOI(BIO HOBBIX CTAHJAPTOB —
aToMHBIX d9acoB *,

§ 6. Boavwue paccmosnun

BepreMcsa Temeps K Bompocy 0 paccmosnuu. Kar gameko orcro-
AT 0T HAC OKPY:;KAIOIMUEe OPeIMeTH U KaK BeJUKU oHN? BeoM uapect-
HO, 4TO /Il M3MePeHKA PacCTOAHUA HYMKHO B3ATh KaKy-TO eflu-
HUIy AJUHB H CUUTaTh, CKOJABKO 9THX EJUHNUI YKJIAIHBACTCH HA
maHHOM orpeske. Ho Kax usMepHTh Té OPEJMETH, KOTOPHE MEHbINE
epuuauust aaune? Kak moppasieinTs BROpAHHYIO efMHUIY AJIHEH?
A TOYHO TaK ke, KaK 1 BpeMsi: Mbl epeM MeHBIIYIO efuHuIY ANHHEL
U CcUHTAeM, CKOJNBKO TAKHX eHMHHMI[ YRIagsiBaercA B 0O0JBHIEN.
TakuM MeTogoM MEI CMOMReM H3aMEpATH BCe MOHBIINE W MeHBIIue
IJTMHEL.

OHAKO IOJ PACCTOAHIEM MBI [IOHAMAEeM He TOJIBKO TO, 4TO MOZK-
HO W3MEPHUTH METPOM. J{aK, HampuMep, UBMEPUTH METPOM PacCTOsA-
Hne MERIY BePIIRHAMH ABYX Top? 37ech HA MOMOIIb IPUXOJHT YHe

* 06 9TOM Yd4eHH® [OTOBOPHINCH B Koume 1964 r., Korja roroBHjIoCh
Pyccroe m3faHme 9TOM KHUru.— IIpus. ped.
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Y4 ~< @D uz 54. Onpederenue svicoms
/ S~ UCKYCCMEENN020 CY MHUKQ Memodom
7 S~ MPUAHEYAAYUY.
/ S

i
Y|

APYroii MeTon HMaMepeHHUS PACCTOAHMH — TpHAaHTyaAuuA., Xord
3T0 03HAYAET HCIOJL3OBAHNE JPYTOro ONpejleleHus MOHATUA «pac-
CTOSIHHE», HO B TeX CIydasX, KOT[ga eCTh BOBMOKHOCTH NPUMEHHTD
06a MeToxa, OHY JAOT OUHAKOBLIH pesyabrar, [IpocTpaHCTBO BCe ke
Ho:tee wiin MeHee COOTBETCTBYeT HMpefcraBiennaM EBrRiInga, mosTOoMy
o6a ompepenenus »sxBuBaieHTH!. Hy, a pas oHu coriacyiorca Ha
3eMite, TO MBI GOlee YBEpEHH B 3AKOHHOCTH HPUMEHEHNA TPUABTY-
JANUA 71 J7A GoNBIINX pacCTOsHUIT. ITHM MeTo0M OblIa M3MepeHa,
HaIpuMep, BEICOTA mepBoro cmyTHuKa (fur. 5.4). OHa oKaszazach
pasHoi mpubausurensHo 5 105 m. Ilpu Goapmefi rTmareasHOCTH
H3MepeHui TeM jKe CaMbIM MeTO/0M ONpPEeAeNisioch PAaCcCTOsAHHe 10
Jlyru. HanpasieHusa IBYX TeJeCKONOB B PAas3JMIHBIX TOYKAX 3eMin
galoT Asa Heo6xommmeix yriaa. Oxaszamocs, dro JlyHa ypaleHa
ot Hac Ha paccroadme 4- 108 x. Oxguaro jjisa ColHpa TaKuUX H3Mepe-
Hull OpoBecTH HeJb3d, DO KpaillHeil Mepe /10 CHX HOp HHKOMY He
yrasajioch. Jelo B ToM, 9T0 TOYHOCTDL, ¢ KOTOPOH MOKHO CPOKy-
cHpOBaTh TeJecKOm Ha HaHHyI0 TouRy CodHuma W ¢ KOTOpPOH MOMKHO
U3MEpHTh YIJIBI, He MOCTATOYHA HJs BHUYKCICHNA pPACCTOAHHUA [0
Conmna. KHaxr xe Bce-raru ompepenuts ero? Heobxomumo wax-to
paculupUTh UPHUHIMI TPAARIYIAKuA. ACTpoHOMHYeCKHe Halmiome-
HAfA TO3BOJAT UBMEPUTDH OMHOCUMEIbHOe PACCTOAHNE MERILY IIa-
peramu 1 COMHIEM B onpe/eiuTh UX OTHOCUTENBHOE PACIOIOMeHNne.
Tarum o6pasoM, MBI ToJy4aeM IUIAH COJNHEUHOW CHCTOMLI B HEW3-
BectHOM Macimrafe. UTo6s ompegennts MacinTal, TpefyeTcs TOABKO
abcorwwmmuoe paccTogHENe, KOoTopoe 060 HalfjeHO MHOTMMHA Pasind-
BpiMa ciiocobamu. Opnd #3 cnocoboB, cauTaBIMUIiCA 10 CaMOro TO-
cJIeHEeT0 BpeMeHN HauGolee TOYHLIM, 3AKIIOIACTCHA B ONpemeeHnH
paccTogHUA OT 3eMiu A0 Jpoca — MAIOH NAAHETH, KOTOpasdg Io
BpeMeHAM MPOXomuT HepaleKo or Jemun. C momompio Tpuanryia-
IHUH MO;KHO OLIPEAEINTH PACCTOSIHIE [0 3TOr0 HeGoabuioro o6neKTa
n moxyuurh HeoOxomumslii Macmral. 3HaA OTHOCHTENBHEE pac-
CTOAHNA, MOKHO ONPEJelnTh, HampmMmep, Bce abCOTIOTHEIE pac-
croaEnA or Jemmuu o ColHnma mau Mo miaders: [1ayron.

B mocaegHnit Tox mocTUTHYTH GonblINe yereXw B OIPeIeeHAN
macmitaba conuewnoii cuctemsl. B JIaGopatopun paxkeTHHX gBUTaTE-
Jeif ¢ MOMOImMBIO HPAMOHA PagHOJOKAIMOAHON cBA3HM OBHIIM IpoBege-
HHl O4YeHb TOYHHE H3MEDEHHA PACCTOAHHA OT 3eMim Ao BeHephr.
3rmech MH MMeeM [edo0 elie ¢ OZHEM OLpegeleHHeM IOHATHA «pac-
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crosnne». HaM usBecTHa ckopocTs pacnopocTparerns ceeta (a cTano
fHTH, I CKOPOCTD PACIIPOCTPAHSHUA PATUOBONH), K MBl IpeAIIoiara~
eM, UTO 3Ta CHOPOCTh NOCTOAHHA HA BCEM MPOTAREHUH MEKIY 3eM-
seii u Benmepoit. Ilocnas pafuoponnay mo Hanpasnenuio k Bemepe,
MBl CAMTAeM BpeMf [0 Opuxoja OOPATHO OTPAKEHHOH BOJIHHL.
A 3HAA 8peMA W CKOPOCMb, MBI TOJYTAeM PACCMOAHLUE.

A Kark H3MepHuTh paccrosHme go eme 6oiee OTHAIEHHBIX 06BOK-
TOB, HanpuMmep 7o 3Be3;? H cuacTsio, 37€Ch CHOBA MO}KHO BO3BpAa-
THTBCA K HAIIEMY MeTofy TPHAHTYAAUNH, MO0 NBUKeHHme 3eMIH
BokpyT CoJHIIA M03BOJSET U3MEPHTH PACCTOAHNE KO 00BEKTOB, Ha-
XOJAMUXCA BHE COTHOTHON cucreMsl. Ecan Mu Hanpasum Tejieckon
Ha HeKYIO 3Be3Jly OINH pa3 3mMoil, a Apyroii pas serom (¢ur. 5.9),
TO MOYKHO HAfIeATHCA JOCTATOYHO TOTHO M3MEPHUTD YIVIH W Ompene-
JINTH PACCTOSIHHE 10 3TON 3BE3HH.

Ho 4910 pgemars, ecim 3Be3[a HAXOAMTCA HACTONBKO HAANEKO OT
Hac, UYTO YK€ HEeBO3MOKHO TOJb30BATHCA METONOM TPHAHTYIALMHAT
AcrtpoHOMH Beerga n3o0perarT Bce HOBHE M HOBBIE CLIOCOOH onpeme-
deunsa paccroAnmil. Tak, OHE HAYUNINCH OIpefienfaTh pasMep U
ApKocTh 3Be3j mo uX nsery. OKasasoch, aT0 [BET W MCTHHHAA AP-
KOCTh MHOTHX OIH3/Ie;KamuXx 3Be3 1, pacCcToAHNe 10 KOTOPHX Onpeie-
JANOCH METOJOM TPHAHTYIANNE, B GOJNBIIMHCTBE CIYYAGE CBA3AHLI
MeKAY coO0OH raagkoli saBHCHMOCTbIO. Ecau temepb m3MepHTH
BT OTAAJeHHOH 3BE37bI, TO IO 3TOH 3aBHCHMOCTH MOMKHO OLpefe-
AHTH €@ NCTHUHHYIO APKOCTh, a WSMepPAA suduMyl APKocmb 3BE3IH
(sepHEE, [0 TOMY, HACKOUDKO 3Be3la HAM KayKeTC mYycKaol),
MOKHO BRIYHCINTH paccroguue go mHee. (Hna mammofl wcrmHHOMR
APKOCTH BHANMAA APKOCTH YMEHBINAETCA KAK KBaJpaT PACCTOSHNA.)
ITpaBUABHOCTD 9TOTO METORA HALLIA HEO;KHJAHHOE MOATBEDJCHHS
B Pe3yibTaTaX N3MePenuii, IPOBeleHHEIX AJIA TPYIIH 3Be3]T, H3BecT-
HHX II0]] HAa3BaHWeM «mapoBoro ckomiaenma». Dororpadmsa srToit
rpyuins 3pes3y npusefeHa Ha ¢ur. 5.6. ocrarodmo BaTIAHYTH Ha
dpororpaguio, arobn ybegurscAa, 9T0 BCe 3TH 3Be3AH PACHOJOKEeHb
B ofHOM Mecte. ToT jie pe3yabTaT MONYYAETCA M ¢ IOMOIBIO METOA
CpaBHEHNA 1[BETA i APKOCTH.
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D ue. 5.6. Cronaenue 36e30 e6au-
su yenumpa Hawei Tararmuku,
ydaaennoe om HAC Ha paccmoanue
30 000 céemoswir sem, uau 0r0LO
3-10% m.

Nsydenue  MHOTMX  HIAPOBHIX
CKOIJIeHMil [aer elle OJHY Bask-
uyio nagopmammo. Oxkasamoch, 9T0
cymecTByeT y4actok Heba ¢ Gomb-
moii  KoHHeHTpanmuell TAKMX INAPOBBIX CKOIUIEHMI, TIpHdeM
GONBIIMHCTEO M3 HHX HAXOJUTCA HA OXHOM KW TOM jKe paccTOsIHUU
or nac. CpaBHMBAA OTH JAHHBIE C HOROTOPHME APYI'HME, MBI IPAXO-
IMM K 3aKJTIOUOHUIO, 9TO 9TH CKOIUIEHWA ABAAIOTCA NEHTPOM Ha-
meli Nagakrurn. TaxuMm 0o6pa3oM MBI OIpeeIAeM, 9TO PACCTOAHINE
10 menrpa lamaxrunu cocraBaser npubausnrensuo 1020 x.

Hapane o pasmepe mameii I'aJakTHKN JA0T KIOY K ompe/eJe-
HUIO eme Goabuinx MeskrazanTmieckunx paccroammit. Ha ¢mr. 5.7
mpuBefiena ¢ororpadua ralakTUKmE, KoTopas IO fopMe oueHD
DoXojka HAa Hamy l'amakTuky. BoaMomHO, 910 U pa3Mep ee TOT ske.
(Ectp eme pam cooOpaeHMm, COrMACHO KOTOPBIM pasMephl BCeX
TaJlaKTHK DpUOTN3NTENbHO OHHAKOBEL.) A eclH 9T0 TAK, TO MOJRIIO
y3HATL paccToAHKe A0 Hee. Mbl m3MepseM YINIOBOH PasMep raiak-
THKH (T. e. yroJ, KOTOpHil oHA 3aHHMaeT Ha HeGecHOM CBo/jie),
3HAEM ee JUaMeTP, a CTAJ0 OHITh, MOKEM BHYHCIHTD PacCTOsHRS,
Ounatp TpHanryaanus!

Henasro ¢ pomomslo ruranrckoro Ilamomapckoro reseckomna
6BIE DOTyYeHH GoTorpadun HEHMOBEPHO HANEKHX ranmakTmi. Oana

@D e 5.7. Cnupaavraa 2asak-
muka, nodobuas Haweii.

Ecau npednoaodcums, wmo Ouamemp
amotl zaaaxmuxu pasen Ouamempy
Haweth Fasaxmuxu, mo, ucxoda ua ee
KAHCYWeE20CA DPAIMEPTE, MONCHO Nodcyu-
MAMb PACCMOAHUE; OHO OKAIBIEALCR
PAGHUM 30 MUAAUOHAM CBEMOBUX Jem
(3-10%% m).




@ ue 58 Haubosree ydanennni om
rac o6verm 3C295 ¢ cossesduu Bo-
aonaca (yrkasanw cmpeakoit), komo-
pull usmepaaca ¢ 1960 2. ¢ no-
nowdvio 200-0wiimosoz0 mereckona.

B3 atux Qororpaduit npuseferna ma fur. 5.8. Ceifwac momaraior, 9o
paccroAHue ZO HeKOTOPBIX M3 HUX NPHUGIN3NTEIBHO PABHO I0JI0BU-
He pasmepa Bceneunoii (1026 u) — mamGoabmero paccrosiHUA, KO-
TOpoe MOKHO cebe mpemcraBuTh!

§ 7. Maavie paccmoarusn

O6partrMca Tenepb K MajieiM paccrosruam. [loapasmeanuts Merp
npocTto. Bes 0coGHX TPYRHOCTEH MOMKHO PA3gedHTh ero Ha THICATY
paBHBIX dacreil. TaKkuM jie IyTeM, X0TA H HECKOIBKO CIOMKHee (He-
TOAB3YA XOpoWWil MHKPOCKON), MOKHO pPAasHENHTh MILIUMOTD
Ha THICAYY YacTeil ¥ MOJYYNTh MEKPOH (MIVLIMOHHYIO JOJIO MeTpa).
OxHaxo MPOJOMKATD BTO HEJIGHHAE CTAHOBUTCA TPYAHO, HOCKOIBKY
HEBOBMOKHO «yBHUAETHY 00BOKTH, MEHBIINE, YeM JJNHA BOJIHE Bu/d-
Moro ceera {oxomo 5-10-7 ).

Bce sre MBI HE 0CTAHABINMBAOMCH HA TOM, 9TO HEJOCTYIHO TIAa3y.
C moMombIo 3MeKTPOAHOTO MUKPOCKONA MOMKHO IIOJAYyIATH PoTorpa-
¢um, noMorawinue YBUAETh N H3MEPHUTDH elle MeHblime 00BEKRTH —
pronoth fo 107 8x (dur. 5.9). A ¢ mOMOmBI0 KOCBEHHHX H3MepeHUR
(cBoero popa TPMAHTYIAUMA B MHKPOCKOOHGECKOM MAacIITale) Mous-
HO W3MepATH BCe MEHbINNe U Menbnine obdpextrr.Cravana n3 gabo-
IeHuil oTpPaKeHMs CBETA KOPOTKOH MJIMHH BOJHH (PEHTTEHOBCKHX

D ue. 5.9. Domoepafus eupycos,
NOAYUEHHAR € NOMOWBIO 9ACEMPOH-
K020 MUKDOCKORG.

Budna «boadvwanr chepa, norazannas 048
cpasHenun: ,0uamemp ee pasen 2-1077 m,
uau 2000
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TABJIMIA

Caeto
PACCTOSIHUN  gya Merpu
ronnl
?PPP?
10¥
Passyepu Bceesenunoit
9
10 Jor
10° Ho OGmmwaiimeit cocemueit
TalaKTHKN
102]
Jo nenrpa wuameit T'ajarTHKEI
10®
1018
Jo Gnmxaimedl 3Besnsl
1
1015
Papuyce opGnrun Ilxyrona
1012
Ho Coanma
10°
Ho Jlyna
10¢
Bricora uckycerserroro
CHy1HOKA
103
Bricota renesmsuonBO#l Gamsun
1 Pocr pelerra
10~
Hpynuaka comn
10~¢
Pasmep BEpyca
10™°
Papnyc aroma
10"12
10— Pagnyc sapa

?P??

ayuelt) or o6pasya ¢ HAHECCHHBIMEI Ha M3BECTHOM PacCTOSHHH MeT-
KaMy mn3MepseTcs MJMHA BOJHE CBETOBHX Kojebammil. 3areM mo
KapTHHEe PacCesHMsA TOTO jKe cBera Ha KPUCTalie MOKHO OIpee-
TUTH OTHOCUTENbHOE PACHOIO0KeHNe B HeM aTOMOB, IPUIeM pe3yiib-
TaT XOPOIIO COTJACYeTCA ¢ AAHHHIMH O PACHONOKEHHH aTOMOB, IO~
JYYeHHHMH XuMpdecKmM OyTeM. TakuM cmoco0oM ompepenserce
amamerp atomMoB (okoxo 10710 ).

Iasnbure B mKajge PacCTOAHMAI NMEETCs JOBONbHO GoMblIas Hesa-
[OTHEHHAA (eI by MesxAy aroMAnmy pasmepamu 10710 » m 8 10° pas
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@ ue. 5.10. Boobpamaemas naa-
cmunka yeaepoda moawunoti 1 cm
npu cuabkom yeeauieHuu (ecau 6o
Grlau 6UBHBL MOAbEO AGDpa amomos ).

MeHBUTAMH AHepHHIME paaMepaMu (oxoixo 1075 x). Hus ompe-
JeNeHusA fAJepHHX PasMepoB HPUMEHSAIOTCS YiKe COBEPIIeHHO APY-
r'ue METOJH: MaMepsAeTca suduman naowads o, NIAK TaK HABHIBaEMOe
asfpfermusroe nonepeunoe cenenue. Ecam sxe Mbl X0TUM OnpegeauTdb
pajmyc, To mosabayeMmca GopMylioil 0 = mr?, HOCKOIbRY fAApa Mo-
JKHO HpUOMINKeHHO paccMarpuBaTh Kak cPepudeckme.

JpPeKTUBHEE CeIeHAA AEP MOMKHO OUPEJEINTH, MPOHYCKAS
NY90K YaCTHI BHICOKOW HEePT UM 9ePe3 TOHKYIO IIACTHHKY BeHIecT Ba
¥ U3MEePAA IMCI0 YACTHI, He NPOUIeIIINX CKBO3b Hee. ITH BHICOK O-
HEPTeTHIeCKIe HACTHUIH HPOPHIBAIOTCH CKBO3b JIeTKoe o6iadxo
3JIEKTPOHOB, HO TIPH MOUAJAHAN B TAMKEIO0€ AAPO OCTAHABINBAIOTCH
WIN OTKIOHAKTCA. IIpeamonoxuM, 94To y HAC MMeeTCHA IIACTUHK A
roamuuol 1 ca. Ha Taxoi TonmuHe YKIAIHBAaeTCA NPUOIAZNTEND~
o 108 aromumx cinoes. OnEaKo AApa HACTOILRO MAJibl, 9T0 BEPOAT-
HOCTH TOTO, UTO OFHO AAPO 3aKPOET APYroe, 0YeHD HeIHAYMTENbLHA.
Mosxmo cefe mpeicTaBuTh, 9TO BHICOKOIHEPTOTMYCCKAs HACTHI@A,
HAJETAIMAA Ha MIACTHHKY yIaepoja ToamuHol 1 ca, «Bugury npu-
OM3UTEABHO TO, YT0 B CWIBHO YBEJIWYeHHOM Macuitale mOoKa3aHO
Ha ¢mr. 5.10.

BepoarmocTs TOro, 4ro O4YeHb Majiasgd UACTHNA CTOJIKHETCA ¢
ANPOM, paBHA OTHOUIGHMIO NJOMAJW, 3aHWUMaeMoON mapamm (Zep-
HBIe TOYKH), K o0mell mromamu pucyurka. Ilycrs Hag oGiacTthio ¢
mwromanbio 4 mo Bceil TONNMHe IIACTHHKM HaxXogurcsa /N atoMoB
(pasymeercs, wagusiii ¢ ogruMm AapoM). Torga mona miaomamu, 3a-
KpniTasg appamu, 6ymer pasHa No/A. Ilycrp remeps ameno wacrmiy
B HAIIEM ITYYKe [0 DAACTHHKE GYeT PABHO 724, a OCHE Hee PABHO Ry}
TOIJla [OJNA YACTHIl, He MPOIMeJIINX HUepe3 IIACTHHKY, Oynmer
(ny— ny)/ny, 910 HONKHO OHTH PABHO [0Je MIOMANY, 3aHEAMAEMOIl
agpaMmu. Paguyc sxke agep spaucasgerca u3 paseacrsa *

B . A n,—n,
ar " =g= N T .

—

* 370 PaBEHCTBO CIPABEIJIEBO TOJBKO TOrJa, KOTJa MIOMAAb, BaHAMAe-
Maf AApaMH, CO¢TaBigel Manywo poaio obmedr mwiromapu, T. e. (n,—ny)/n,
MHOTO MeHbIIe eJUHKIL. B NpOTUBHOM jKe ciaydae HeoGXO0qUMO yYHTHIBATL NO=
IpaBKy HA TaCTHIHOS ¢3aropa)KUBAHUO» OJHOTO AJpa APYTUM.
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W3 TaxkuX SKCIEPAMEHTOB MBI HAXOMMM, 4TO PAJUYCH AIEP Je-
saT B upegenax ot 1.10-18 go 610715 . Kerarn, eguauna AIMHE
10-15 » maswmiBaerca gepmu B gectd dupuro Depmu (1901—1958).

Yto MOEHO OMHIATb B 00JacTH eme MEHBITHX PACCTOSHMIA?
Momxuo an ux mamepars? Ha sror Bompoc moka eme HET OTBeTa.
Momer OHTb, MIMEHHO 3/1€Ch, B KAKOM-TO M3MEHOHHH MOHATHA IPO-
CTPAHCTBA MIM H3MEpeHHs HA MAJNKX PACCTOABUAX, KPoeTrcs pas-
rajKa Taiiapl AXePHBIX CHI.

Heckonbxo ciioB 0 cTaRgapre AAHHb. PasyMHO B KauecTBe CTaH-
JapTa HCHOJIb30BATH KAKYIO-TO ©CTECTBEHHYI eIMHMLY [LTMHE,
HAIPHMED Paguyc JeMIH WK HeKOTOPYIo ero foiuio. VMemHo Tta-
KuM 0oGpasoM BO3HMK Metp. IlepBomaganbHO OH OIIpefensiiicd
kar (/2).1077 gouns pammyca 3emau. OgHAKO TaKoe OLpe/IeieHNe
HEeAb3A CYNTATH HH OCOGEHHO TOYHEM, Hn YHoOHEM. IlosTomy B Te-
YeHHEe ROJTON0 BPEMEHH [0 ME:KIAYHAPOJHOMY COIVIANIEHHIO B Ra-
qecTBE 3TAJOHA METpa NPHHEAMANACD [AJINHA MEKITY IBYMA METKAMH,
clleNaHuBIME Ha ocoGoM 6pyce, KOTODHI XPAHATCA B CHEIUAIBHON
naboparopuu Bo Qpanuum. ToabKO MHOTO HO3XHEe HOHSNH, YTO
H Taxoe ompedeleHne MeTpa He CTONh Y TOYHO, KaK 510 HeobXomuu-
MO, ¥ He TaK YA YHIBEPCAJIbHO M IOCTOAHHO, KAK 9TOTO XOTEIO0ChH
Op1. IlosToMy cefiuac OpHWHAT HOBHI CTAHAADPT AANHL KAK HEKOTO-
poe 3apaHee YCTAHOBJGHHOE YNCIO [AHMH BOIH ONPEJeNeHHOH
COERTPAJNBHON JIHHWH.

PesyabraTel u3MepeHus paccTOAHNN M BPEMeHH 3aBUCAT OT Ha-
Guonarensi. [Ba Habmopmarens, ABIKYyOMECH HPYT OTHOCHTEIbHO
ApYyTra, H3MepAA OOUHE H TOT jKe MpPeAMeT WIH JJIMTeIbHOCTD OJHO-
ro W TOTO € IIPOIeCCca, IMOJYYar Pa3HHEE 3HAYEHWA, XOTH, Kasa-
J0ch O, MEPWIN OJHO M TO 3ie. Paccrosimmsg M WHTEPBAJH BpeMe-
HE B 3aBHCHMOCTH OT CHCTEMH KOOPAMHAT (T. €. CHCTeMHI OTcuera),
B KOTOPOH IPOMBBOMAT N3MEPEHNsA, NMEIT PABINYHYIO BeJIHIAHY.
B wmocnemyromux raasax wMe OymeM OGosee moppoGHo pas6uparthb
BTOT BOLPOC.

3aKoHE OPUPOIH He MO3BONAIOT BHOOMHATH aBCOMIOTHO TOY-
HBle NBMEPEeHMs PACCTOAHMI WIM HMHTePBAJIOB BpeMeH#. Mur yine
YUOMHHANK paHee, 970 OMNOKA B OIpPefejeHnH MONOKeHNAA LPej-
MeTa He MojKeT OHTH MeHblle, YeM

h

A\Z:Z_p,

rie h — Manag BeJIHdYHHA, HasmBaemas «mocroamuoil Ilnamka», a
Ap — ommbka B H3MEepeHHMH MMOyIbca (MacCel, YMHOKEHHOH Ha
CKOPOCTH) T0TO npefMera. Har yiie roBOpHIOCH, 9Ta HEON PeIENIeH-
HOCTh B HM3MEPEHHMHM MOJOMKEHUA CBA3AHA € BOJIHOBOH HPHUPOMOH
YacTui.
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OTHOCHTeNBHOCTH HPOCTPAHCTBA M BPEMOHM MPHBOJMUT K TOMY,
qTO M3MepeHNA MHTEepPBaJOB BpeMEHH TaKyKe He MOIyt OHTH TOYHee,
aeM X

At :ﬁ )
rne AE — ownbra B ¥3MepeHUN SHEPTHH TOTO mporecca, MPoaoI-
JHATEABHOCTHIO KOTOPOTO Mbl HMHTepecyeMcs. YUTo0el 3HATH Gouee
mouno, K020a 9T0-T0 NPOUBONLIO, ME BBIHYKJCHH HOBOJbCTBOBATH-
cA TeM, UYTO MEHBIe 3HAEM, YN e UMeHHO TPON3OILIO, IIOCKOIBKY
pHamy 3HaHMA 06 3mepIuMu, yUacTBylomeil B npomecce, 6yayT Menee
TOYHKIMH. OTa HEOMPEeIeIeHHOCTh BPeMeHM, TAK K€ KaK U Heoupe-
[eNeHHOCTh TOJIO/RKEeHNs, CBA3aHa ¢ BOJHOBOR HNpPHPO0il Bemecrsa.



Inasea 6

BEPOATHOCTbH

Hcrnnras JornKa gamero
MHUpa-—3T0 MOICYET
BePOATHOCTeIl.

Haceme Kaapr Marceesn

§ 1. Bepoamnocmdv u npasdonodobue

«BepoATHOCTBY, HIHM (IIAHCH,— BTO CIAOBO BH
cABIINTE MOYTH esiefHeBHEO. Bor mo pammo mepe-
NaloT NpPOTHOB MOTOAH Ha 3aBTpa: «Beposrno, 6y-
7eT Jo/KILY. Bel MoikeTe ckasaTh: «Y MeHS MaJjo
MIAHCOB HOKUTH A0 CTa JeT». YUEHHE TOKe YacTo
ynorpeGasior atm caosa. Celicmonora maTepecyer
BOIPOC: KAKOBA BEPOATHOCTh TOTO, 9T0 B CAEHYIO-
meMm rogy B IOmmoii Haampopmum mnpomsoiimer
seMuerpsicesne Takoi-to cman! Duspk Momxer
CIPOCHUTh: ¢ KAKOH BEPOATHOCTHIO JTOT CYETIHH
Tefirepa sapeructpupyer ABaAuaTh MMIYJIBCOB B
nociegyomue AecATh cekyma?! Junnomara wmaun
rocyZapCTBEHHOTO JeATeNA BOAHYET BONPOC: KaKO-
BH IMAHCH 3TOr0 KaHAugata OBTH wu30pamHBIM
npesugenroM? Hy, a Bac, xomewno, mmTepecyer:
eCTh M IMaHCH 9To-Au60 I[OHATE B  3TOI
riase?

Tox sepoammocmbio MBI IOHUMAEM 9TO-TO BPOIE
npegnonoxkennd unu goraakd. Ho modemy u xorma
MH ragaeM? 9T0 gelaercd TOTAa, KOTJa MB XOTHM
PHHECTH KAaK0e-TO BaKJIOUeHWE WIH BHBOJ, HO He
AMeeM JOCTATOTHO MH(YOPMAIMK UJIH 3HAHMI, 9TO-
65l cHenaTh BIOJHE ONpPEIeleHHOe 3aKIIYCeHHe.
Bor m mpuxopuress ramath: Mosker OHTh, TaK, a
MOKeT OHITh, M He TaK, HO 00JbIe HOXO0Ke HA TO,
gro mMerHo tak. OdeHb wacrTo MBI rajaeM, Korga
HY/KHO NPHHATH KAaK0e-TO pellenue, HATPUMED:
«bpaTh 14 MHE cerOfHA ¢ c000H MIAI WA HE CTORT?»
«Ha kakyro cuny 3eMIeTPACEHHS AOJIKEH s pac-
CUNTHBaTh TNpoexTHpyeMoe smaHue?» «Hymuo au
MHe gelaTh 6ojee HageskHyo ramury?y «Caemgyer
AN MHE MeHATh CBOI IOBHIMI0 B MpPENCTOAMMUX
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MeKIYHAPOIHHX IleperoBopax?» «Maru nm MmEe cerogms HA JeK-
a0 ?»

Muorga ME ¢cTpOMM JOTAJKM IOTOMY, 9TO XOTHM IPH OrPaHHYCH-
HOCTH CBOWMX BHAHHI CKA3aTh KAK MOSKHO 6oablie 0 JaHHOU cHTya-
num. B cymuoctu segh aoboe ofo0meHne HOCAT XapaKTep JOTaIKM.
Jliwbaa ¢uamaeckans TeopuAa — 5TO CBOEro poja pgoragxa. Ho
JoTagKu TosKe OBIBAIOT PasHble: XOPOMIne u noxue, OMusKmEe u Jane-
xue. Tomy, Kak genaTh HAWTy9nine JOTaJKW, YIUT HAC T€OPUS BEpO-
arroctell. f3HK BepoATHOCTEH HO3BOASET HAM KOJMYECTBEHHO IO-
BOPUTH 0 TAKUX CHTYAIMAX, KOT/A MCXOJ BecbMa @ BechbMa Heompe-
JeNeHeH, HO 0 KOTOPOM BCe jKe B CPeTHEM MOKHO IT0O-TO CKA3ATH.

HdasafiTe paccMOTPHEM KiacCHIeCKU HpuMep ¢ HoaGpackBaHIeM
moreThi. Ecnm mMoneTa «decTHasy, TO MEL HE MOjKeM 3HATH HABEDHA-
Ka, Kakolt croponoii ona yuager. OmHako MH IpeIYyBCTBYEM, 4TO
npu GonbInoM gucie GpocaHdil YACIO BHOANEHUE «OPIay W «PEHIRI»
T0MREO OHTH NpuOIM3UTeIbHO OTMHAKOBHM. B sroM ciyuae ro-
BOPAT: BePOATHOCTH BHIAJEHUA «OpPaa» PABHA MOJOBHHE.

Mur MOKeM TOBOPHTEH 0 BEPOATHOCTH HCXOAA TOJABKO T€X Halmio-
geHuit, KOTOpHe cofupaeMcsa npogeaars B OyaymeM. [10d sepoammuoc-
mbio  0aHH020 uacmH02ee pesysbmama HAOWOOEHUA NOHUMAEMCA
oxcudaemas Hamu Hauboree npasdonodobras doas ucxodos ¢ danHvm
pesyabmamom npu HEKOMOpoM Hucde NoMOPeHUl HAOA0IeHUS.
Boo6pazute cefe nosTopswmeeca /N pas HaluawleHme, HaOIpuMep
non0paceBaHue BBepx MoHeTH. Eemm N, — nawa oyenra nHau6o-
Jee MpaBoONoMo0HOro YHCia BHUARSHWH ¢ pesyabratoM A, Hampm-
Mep BHIOageHWi «opaa», To Hof BeposaTHOCTHI0 P(A) pesynprara 4
MBI [IOHHMAaeM OTHOIIIeHHe

p(a)y=124. (6.1)

Hame ompegenenue TpefyeT HEKOTOPHX KOMMeHraphes. Ilpesk-
Zie BCEr0 MBI I'OBOPHM O BEPOATHOCTH KAaKOT0O-TO COOHITHA TONLKO
B TOM ciaytdae, ecil OHO HpexcTaBIfAeT co00il BOBMOMKHHIA pPesyan-
TAT MCOHTAHKA, KOTOPOE MOKHO rosmopums. Ho orHions He acHo,
EMeeT JIH CMBICA TaKoil BOOpOC:! KAKoBa BEPOATHOCTH TOTO, 9TO B
BTOM JOMe [OCEJAMI0Cch NPUBHUIeHUE?

Br, KOHEYHO, MOMieTe BO3pA3UTh, YTO HUKAKAsA CUTYAIMA HE
MOKeT NOBTOPHUThCA B moukocmu. ITo BepHo. Kamnoe HoBoe HaGmo-
JleHne JOJKHO IPOMCXOANTD U0 KpaliHei Mepe B Apyroe BpPeMs WiHd
B apyrom mecre. [{o aToMy mosomy A MOry cKasaTbh TOAbKO OJHO:
HeoOxomumo, 9TO0H Kamjoe «IOBTOpHOE» HAOMIONeHHMEe Ka3aioch
HaM sKkgusaseHmHum. MHB JOMKHE OpeamonaraTth no Kpaiineid Mepe,
4TO KasKIH# HOBHIE pesyibrar HaONIOMeHWA BO3HUK U3 PaBHOIEGH-
HEIX HA9aJbHHX yCJIOBUA W M3 OTHOI'O M TOrO jKeé YPOBHA HAYalb-
aux sHanuit. [locaenmee ocobenno Baskmo. (Eciau BEl 3aTNAHyNH B
KapThl OPOTHBHHKA, TO, KOHEYHO, BAINM HPOTHO3H 0 MIAHCAX HA
BEIMTPHIN GYTYT cOBCEM JPYTHMH, YeM eciy OBl Bl HI'DAiHd YecTHO!)
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X o9y 0TMETHTD, 9TO A He COOUPAICh paceMaTpHBATH 3HATCHHA N
7 N, B (6.1) TorbKo Kax pesyabTaT KAKUX-TO [eiiCTBUTENLHHBIX Ha-
6mrogenmnii. Yucao N, — 3T0 mpocto HAMIAYIMAA OYerKd TOTO, 9TO
Mo210 Gbl nponsonm opu 6000paxcaemur HaGIOIEHAAX. Ho:-)TOMy
BEPOSAATHOCTh 3aBHCHT OT HAIMKX 3HAHHI u cHocobmocTell OHITH
OPOPOKOM, B CYLUIHOCTH OT Hamero 3mpasoro cmeicaal K cuacroio,
BAPaBEIL CMBICT HE CTONb YiKe CyOBGKTHBEH, KAK BTO KaJKeTCA Ha
TiepRbiil B3MVIAMN. 3APAaBEIM CMBCIOM O0IaTal0T MHOTHME JTIOOH, 0 AX
CY/RICHNS O CTEIeHH TNPaBIonofo0Wsi TOTO WIM HMHOTO coOmTHA
B GoabmuucTBe cayuaes coBmagarnT. OXHAKO BEPOATHOCTH BCe e
He ABagercsa «abcomoTHEMY gucToM. [I0CKOIBKY B KaKOM-TO CMBIC-
Je oHA 3aBHCHT OT CTeNeHH HAINEr0 HEBEe/KeCTBA, MOCTOJBKY € Ha-
MEHEHHEM HAMNX 3HAHWHA OHA MOKET MEHATLCH.

OtMeuy eiie ofHy «CyOBEKTHBHYIO» CTOPOHY HAIero OUpenene-
Hus BepoaTHocTH. ME ropopmnm, uto NV, — 3T0 «Halla OIIEHKA HAa-
ubo;1ee BEpOATHOTO 4YHMCIA CIydaeB». lIpm 3TOM, KOHEYHO, MBI He
HaJeANUCh, 9TO 9YHCJIO HYKHHX HaM ciydaeB OYIeT 6 mounocmu
paseo N ,, HO OHO ROMKHO OHTHL rme-to 6uusko ® N ,; 9To dwCHO0
Goace seposmuo, 4eM nwoGoe apyroe. Ecam mogfpacwsarh MoHETy
Bpepx 30 pas, TO BPAJ MM MOKHO O/KMAATH, YTO YUCAO BLITAMEHHH
«opiay bymer B ToaHOCTH 15; cCKOpee 510 OymeT KAKOE-TO YHCIO OKOJIO0
15, momer Oty 12, 13, 14, 15, 16 mwam 17. Ograxo ecau Heobxo-
Odumo BROpPATh W3 DTUX YMCET KAK0E-TO OTHO YHCIO0, TO MH OBl penru-
nmu, aro gucao 15 naubosee npasdonodobro. HosroMy Mu U OumeM,
aro P (open) = 0,5.

Ho mouemy Bce ne wmeao 45 Gomee npaBmouomoGHO, 9eM Bee
ocranbaeie? MosKHO paccy:kparTh cnemylomuM o0pasoM: eCad HaM-
Golee BepOATHOE YHCIO BHWIANGHHN «opiaay Oymer N, a momHoe
qucao nombpackiBanui N, T0 Hambojiee BepOATHOE UHCIO BhIIafe-
Huii «perex» pasao N — No. (Begrs npegmomaraercs, 910 OpH Kay-
JoM momf6pachBAHUM JOJMKHH BHIACTB TOABKO Au60 «Opemn», aubo
«pemra» u gmaero apyroro!) Ho ecam momera «uectmas», 1o mer
OCHOBaHUA [yMATh, 9TO YUCJIO0 BHUOAMEHWH «0piaa», HAIPHMED, HOJ-
:HO0 6BTH Goapine, YeM proafenuil «pemxm? Takx 9o g0 Tex mop,
IOKA ¥ HAC HET OCHOBAHMN COMHEBATHCA B YECTHOCTH HOI0PAaCHBAIO-
Mero, Me JOMKHE cauTarts, u9ro Np =Ng, a caegoBaTenbHo,
Np = No = N/2, nam P(opexn) = P(pemra) = 0,5.

Hamm paccymaerus MoHO 00000MTh HA 406YI0 CUTYaIIuio, B
KOTOPOH BOBMO;KHEL M pasiwIHbX, HO «PaBHOIEHHHX» (T. €. paBHO-
BepOATHHEIX) pesyabraTos Habmiomenud. Ecau nabniomennme Moxer
TPHBECTH K M PasiuYHaKM pe3yabTaTaM H HE K 4eMy GOJblle H
ecqH Y HAC HeT OCHOBAHUII JyMarh, 9T0 OJMH M3 PE3yiabTaTOB Ipef-
HOITUTENbHEE - OCTANBHEIX, TO BEPOATHOCTH KQKAOTO HACIMHO20
ucxona mabmogenma A 6yger 1/m, 1. e. P(4) = 1/m.

[Iyerb, mampuMep, B 3aKPHTOM AMAKE HAXOJATCH CEMb LIADPOB
pasHOTO I[BeTa W MBI HayTaj, T. . HE [IaAd, OepeM OJWH W3 HHX.
BeposarrocTh TOTO, YTO ¥ HAC B pyKe ORayKeTCA KPACHHN HIAp, pas-
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Ha 1/7. BepoaTHOCTE TOro, 9T0 MH H3 KOJXOAH B 36 KapT BHTAIUM
JaMy OuK, papra 1/36, taxas ske, kak W BuNafeHHe [ABYX INecTe-
pPOK mpu OpocaHuy ABYX MIPajdbHBIX KOCTeil.

B ra. 5 mu ompegensim pasMep sApa ¢ OOMOIIBI0 3aTEHACMOMN
AM IJIOMAJHM WINM TaK HA3HBAEeMOro 3¢QeKTHBHOIo cevenusa. [lo
CYIIECTBY Pedb ULTa O BepoATHocTAX. Ecau Mur «obcTpenuBaem» Obi-
CTPEIMU 9aCTHIAMHY TOHKYIO MJIACTHHKY BEmEeCcTBa, TO MMeeTCA Herasd
BepPOATHOCTH, UYTO OHH OpoillyT depes Hee, He 3ajeB Amep, OLHAKO
¢ HEKOTOPOH BEpOATHOCTHI0 OHH MOTYT Homactb B AApo. (Bejs
Apa CTONB Majkl, 9T0O Mbl HE MO;KeM 6udemb WX, MH, Clemo0-
BaTeJbHO, HE MOYKEM I PHIEIUTHCA, B «cTpenbiay BefercA BCIENYIO.)
Ecaw B mameii maacruHke EMeeTcA R aTOMOB U PO Ka;KIOTO U3
HAX 3aTeHAeT WJIOU[agb O, TO MOJHAf ILIOMAML, 3aTeHeHHAS SApa-
Mmu, Oyger pasaa ro. Hpu GonpmnioM quciae /N ciaydaiiHBIX BEICTPEJIOB
MEI O;KHJaeM, YTO uMclo nomagammii V. OyJeT Tak OTHOCHTLCA K
nOAHOMY YHCTY BHICTPEJOB, KAX 3aTeHEHHAsd AIPAMH WIomMALb OT-
HOCHUTCA K NoJHOH HJIOMAMA MIACTHHKH:

NC no
N=d (6.2)
[TosToMy MOJKHO CKa3aTh, YTO 8¢POAMHOCMY MONANAHAA KAKI0N U3
BHICTPENEHHHX 9acTHI B ALPO INPU IPOXOKIEHHH CKEO3h NIAaCTUH-
Ky 6ynmer pasHa

P.=~2o, (6.3)

Tae n/A — mpocTo YHCAO ATOMOB, HNPUXOAAIMUXCA HA ENMHUILY
NI0IMaAA OJAaCTHHKH.

§ 2. Dayrmyayun

Teneprs Mue O X0Te0Ch HECKOABKO HoApoGHEEe MOKA3aTh, KaK
MOKHO HCHOMb30BAaTh HAEH BEPOATHOCTH, 9TOOH OTBETHTH HA BO-
Opoc: CKOJNBKO jKe B CaMOM fjeide f 0xu0ain BHIANEHHN «Opiay,
ecam mopbpacesaw Monery N pas? OgHaro, Opeskle 96eM OTBETHTH
Ha Hero, JaBaifiTe mOCMOTPMM, UTO BCE-TAKM JaeT HAM TaKOHU «9K-
cuepuMent». Ha ¢ur. 6.1 mokasanwsl pe3ylabTaTH, THOJYYeHHEE B
nepBbHX Tpex cepuAx mcubitaHmi no 30 mennTaHHE B Kaskmoil.
ITocmemoBaTeAbHOCTY BHUAAEHHI «OpJda» U «PELIKH» TMOKA3aHH B
TOM HOPAIKE, KAK 9TO mMpoucxXoguw;io. B mepseifl pas moayumnaochs
11 Bmnagenwi «opiaa», B0 Bropoit — toske 11, a B Tpermit — 16.
Moo i Ha 3TOM OCHOBAHHHU HOA03PEBATh, 9TO MOHeTa OHIA «He-
gyecTHOI? Wnu, Mosker 6KTh, MB omubinch, npuHsaB 15 3a HauGoaece
BePOsATHOE YMCIO BHOAJEHUI «opia» B KaskIod CepUM MCIOBITAHWM?
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X x x Xxx X XX X X D ue 6.1. IHocaebosamervnocmn
XXX X KHKXXXXAR M XX XX ;g eunadenus «paay u «pewruy.
Tpu cepuu onvimos nodbpacwsanus mome-
o 1 mut no 30 pas 6 Kaxcdold cepuu.
b3 X X X XXX X X X X

XXXX XXXX X X XXXX XX X XX
19

X XXX XX X XXX XX X XX X
X XX X XX XX XX X X %X

CrenaeM emme 97 cepuit, 1. e. 100 cepnit mo 30 ucnHTaEU B Kaxoil.
Pesynnrathl ux mpuBefeHw B TaGm. 6.1 *,

Tabauya 6.1 ° YUCJIO BBIMAIEHNU «OPJIA»

ITpoBeneno HeCKOIBKO cepuil HCHGITAHHH,
no 30 mon6packBaHuE MOHETH B KaKKOH

11 16 17 15 17 16 19 18 15 13
1 17 17 12 20 23 11 16 17 14
16 12 15 10 18 17 13 15 14 15
16 12 1 22 12 20 12 15 16 12
16 10 15 13 14 16 15 16 13 18
14 14 13 16 15 19 21 14 12 15
16 1 16 14 17 14 1 16 17 16
19 15 14 12 18 15 14 21 11 16
17 17 12 13 14 17 9 13 16 13

Bsraguure Ba umcaa, npusefensrie B 910l Tadaune. Bu suguve,
yro GONBIIMHCTBO Pesyabratos «Oamsrm» ¥ 15, TAK KaK TOUTH Bee
OHHU pacmonoskeHs Me:xgy 12 u 18, Urobm ayume DpoIyBCTBOBATH
5TH pe3yNbTATH, HAPUCYeM Tpadmr ux pacnpedesenus. Jas sToro
TIOJCIMTAEM YMCIO MCHOHTAHME, B KOTOPHX NONYYHIOCH £ BHIage-
HUIT «0pJay, U OTJIO/RHM BTO 4uMCcjI0 BBepX Haf k. B pesyabrare mo-
ayuum fur. 6.2. Heidcreurensbno, B 13 cepuax Owiro momyqeno 15
BHIAJEHUIT «0paay, To sie 9ucao cepuii gano 14 sHuageHni «opiaay;
16 u 17 sumagenmit nonxyuanuch 6osbue ueM 13 pas. Hommusr an
MHI 3 3TOTO [eJaTh BHEIBOJ, YTO MoueraM OGOJbile HPAaBUTCA Jo-
JRUTHCA «opsioM» BBepx? A Moyxer ObITH, MBI HEXIpaBHL B BHOOpe UHC-
na 15 wax mauGonee mpasmounofobuoro? Moxer Obith, B meiicTBm-
TeabrOCTH Goiee mpasmomogobuo, uro 3a 30 mensiTaEME MoLydaet-
ca 16 spmanennit «opna»? Munyroury Tepnenus! Ecin My cnoskmm
BMeCTe pe3yABbTaTH BeeX cepuii, To ofiee YHCAO0 HCOBITAHANA

* J1a mocegume 97 DKCUEPEMEHTOB NPOBOJUAMCH cregyiomum ofpazom,
fAmpx, B KoropoM Haxommiaues 30 MoHer, 9HeprmuHo BCTPAXHBAJICA; 3aTeM
HOJCIUTHBAIOCH THCIO0 BHOAFEHHI «opaar.
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gyner 3000, a ofmee 4mcIO BHIAIEHAHA «OpJNa» B HTUX KCHH-
rapuAax gocruraer 1492, trak 4TO M0iA MCHHTAHME ¢ BHIAJeHUEM
«opiaa» B pesyabrate Gyzer 0,497. 910 odens GiM3KO K MOMOBHHE,
HO BCE jKe HEeCKONBKO Menblue. Her, MH BCe-TAKHM He MoyceM Tpef-
posarath, 4To BEPOATHOCTH BHIAAEHUA «opaay Goabe, gem 0,5!
Tor ¢akT, 9TO B OTAEALHHX WCHBITAHUAX «OPeN» 4dalme BHIOA-
pan 16 pas, gem 15, sBuAeTcA mPOCTO CAYHAlinbiM OTKIOHEHHEM,
win gayrmyayueidi. Mu jke mo-DpeskHeMy OKmaeM, 4TO Hauboaece
npaédonodobruLM FACIOM BHOAJeHHI FomxHO OBITH 15.

Mo;KHO cOpOCHTH: 8 KAKOBA BEPOATHOCTH TOFO, YTO B CEPHH H3
30 meusrTammii «open» sumager 15 pas mam 16, wiau xaroe-To fpy-
roe wmcao pas? ME roBopmM, YTO BEPOATHOCTb BEIIAJICHAA <OpIa»
B cepmu U3 00Hoeo mcmbitanua passa 0,0; COOTBETCTBEHHO BepOAT-
HOCTL HeBHIapmenus To:xe pasHa (0,9, B cepmum 3 IByX wcmnTanuil
BO3MOKHE #emuipe ucxoga: OO0, OP, PO, PP. Tar xar xamgni
#3 HAX DABHOBEPOATEH, TO MOJKHO 3aKIIOYHTH: &) BEPOATHOCTH
IBYX BHUageHuil «opiay pasHa '/, 6) BepoATHOCTL OHHOTO
BHIAZEHUA «opia» paBHa !/,; B) BEPOATHOCTh HEBHIIATEHUA
«opia» paBHa !/,. ITO HPOMCXOTAT MOTOMY, 9TO CYIIECTBYIOT O6e
BO3MOKHOCTH U3 YeTHIPEX PABHBIX HOJYYHTh OFHO BRIAJEHHE «OP-
Ja» W TOABKO OFHA BOBMOMKHOCTH IOAYYHTH IBA BHOANECHUA HIN HE
HNOAYYUTH HH OZHOTO.

20

&

/ Pesynemame! Hawezo
- AT N SKenepuMerma

Yueso cepus
3

0 5 10 » 25 30
5

k—

@ vz 6.2. Ceodra pesyavbmamos 100 ceputi no 30 ucnuwmarnui
6 Kaxcdoi.

Bepmuragbibie qunUL NOKAILEAIOM WUcLo CePull, ¢ Komopux ewnadas k pas
wpeay. ITynsmupnas xPusas noKA3verem 0AHCUOGEMOE HUCLO CePUL € euinade-
HUueM R Pas «opaay, NOAYUEHHOE US BLINUCAEHUSL 6ePOAMHOCMEU.
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ﬁeuuu
Baammuacmu Beposmuocms
Bomo)kﬁacmu ;

SMOMHaCY T ¢ I/H
D ue.

S . CmpUpyoWas WUCAO PASAULHHE
g ! 0 3 2 3/8 6osmoxcnocmeil noayvewusa 0, 1,
P 2 2 u 3 swnadenuil «opaa» 8 cepuu

p

6.3. Auazpamma, uraio-

g P us mper ucnvmaHulil.
7
) 3 7 3/8

P

n 1
epsoe
Bpackiegrue F 1 0 )
opde .
nobﬁpacb/eanue /
Tpemse
nodpacsicanye

Pacemorpum remeps cepuio w3 tpex menpitanuil. Tperbe uCHH-
TaHHEe C PAaBHOE BepPOSTHOCTHIO MOKeT AaTh aubO «open», auGo
«PemIKy», I03TOMY CYIIEeCTBYET TONLKO OLHMH CHOCO0 HOMYIeHUS TPeX
BHINIaJIeHUH «Opaan: MEL 00404CHb, DOJAYYHUTH JBA BHIIAJEHUS «OPiAar
B ABYX 0ePBHX HCUBTAHWAX W 3aTeM BHNAAeHHE (OPJa» B IO-
cnegueM. OJHAKO HOJAYYWTH ABA BHOAJCHAA «OPJa» MOKHO yike
mpema coocobaMu: mOcTe ABYX BHIIANEHHI «OPja» MOKET BHIACTH
«peliKa» ® emdle 7Ba cHoocoba — TOCae OHOI0 BHIOAZCHUA «OpPJa
B NePBHIX BYX HCUBITAHUAX BRIIAAET «opea» B TpeTkeM. Tak dro
9ECA0 PABHOBEPOATHHX cH0c000B HonyunTh 3, 2, 1 u 0 semagenmit
«opaa» 6yger coorserctBenno pasmo 1, 3, 3 m 1; moanoe e wncIToO
BCEX BOBMO;KHHIX croco6oB pasmo 8. Taxum ofpaszoM, mosaydarorca
caepyomue BepoATrHOCTH: /g, 3/5, 3/5, /s

Iry pesyabrarel yao0HO 3anucaTh B Buie AuarpaMmmel (pur. 6.3).
flcHo, 9TO BTy AMATPAMMY MOKHO HPOJONIKUTH, eCJOM MH HHTe-
pecyemes emte 66apuIuM dncnoM ucnsrtapmi. Ha dur. 6.4 npusegena
aHaJOTHYHASA [uarpaMMa i IIecTH ucOHTaHuii. Ywmemo «emo-
c000B», COOTBETCTBYIOMMX KAakJ0il TOYKe IMarpaMMbl,— 3TO LPO-
CTO IMCHO PABIHIAHX «IyTeil» (T. €., MOIPOCTY TOBOPS, HOCIENO0-
BATEIbHOCTh BHINAJCHHS «OPJIAd U (PEIIKK»), KOTOPBIMH MOMKHO
OpuUATH B 3Ty TOYKY W3 HaIalbHOM, HE BO3BPAMIAsCh LPH DTOM
Ha3af, a BEICOTA ATOH TOUKM Jaer o0Iee YUCHO BHITAAEHWH «opiay.
Jror HAGOD TUCen UBBECTEH IO Ha3BaAHUEM mpeyzoavbruka [lackaas,
a CaMy 49HCIa HASHIBAIOTCA GUHOMUGABHBMU KOIPEHUYUEeHmamu,
TOCKOJBKY OHM DOSIBASAIOTCA OPH PA3IOKeHnH BHpaKeunsa (a -+ b)".
Ofbran0 91 9Mcla Ha Hamielt fuarpamme 0603HATAIOTCS CHMBOIOM

(Z), uin C} (amcao coueranmii ua n no k), Tie n — MOTHOS THCIO

WCOWTAaHNE, a &k — 9meao pnnagenuii «opna». OTMedy HOOYTHO,
q9T0 GMHOMHAJBbELE K03$QUUHueHTH MOKHO BHYHCAATH HO PopMmyTe

() = = (6.4
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Hucno
avinaberu]

A0pa”
!

@ uz. 6.4. Quaepamma, nedobuas -1

usobpasxcennoti mna ue. 6.3, das 1 6 5
cepul U3 WECmU UCHBMAHWL. 1 5

! 4 15 4
. 3 0

< 22 P 20 3
{ 3 10

1 4 15 2
1 5

1 & 1

rae CUMBOJ k!, HaSHBAEMEII «n-aKTOpHATOM», ofo3HaZaeT Wpo-
u3BejleHNe Beex nenslx aucexn or 1 mon,T. e. 1.2.3...(n — 1) n.

Temeps y:re Bce TOTOBO i TOrO, YTOOH ¢ HOMOIIbI0 BHPAKEHUA
{6.1) momcumrarp BeposTHOCTH P (k, n) BHOagenuma £ pas «opiaa»
B cepuu m3 n umcnsitaHuil. [loxnoe gueno Bcex BosmoskHOCTEH Oy-
mer 2" (DOCKOMBKY B Kasi/I0M MCHOHITAHHM BOSMOMKHEI [[BA HCXO7A),
a YHCIO PaBHOBePOATHRX KoMOWHAnWii, B KOTOPHX  BHIIAJET

«opeay, Gymer (Z) , TaX 910
()

P (k, n) = -5 . (6.9)

IMocronsry P (k, n) — goass Tex cepuii wcOmTaHuil, B KOTO-
pHiX BEIDAJeHHe «Opaa» oOupmaercs k pa3, TO M3 cra cepuil k BHI-
najgenuii «opia» oxugaerea 100 P (k, n) pas. Hyurtupunas kpusas
ra ¢ur. 6.2 npoeegena Kax pas wepes roukm ¢ymrmuu 100 P (&, 30).
Bugure, Mol 0scudasy momxyanth 15 semapenuit «opaay B 14 wan 15
cepuaX mcnniTanuii, a moaywwian ronbko B 13. Mu oowudasu momy-
auth 16 BEnamenmit «opaa» B8 13 unm 14 cepmax mcusrranuli, a mo-
ayaunu B 16. Ho raruwe gayrryamumm BHOOJHE JOMyCKAKOTCH «Hpa-
BIJIAMH HTPH.

Wecmoab3osaHabll 3/1eCh METO MOKHO NPUMEHATH U B 6omee 06~
meil caTyauuu, Ime B KajI0M eJHHUYHOM HCIHTAHAK BO3MO:KHB
TOABKO J{BA MCX 014, KOTOPEIE faBaiite 06o3HawnM gepes B (BHHUTpHII)
n IT (opowurpsim). BooGme rosops, sepositnocty B u IT B rammom
OTeBHOM HCUHTAHAN MOTYT GHTH pasumMu. Ilycrs p, Hampumep,
Oymer BepositnocThio peayanrara B. Torga ¢ (BeposaTHocTh pesyinp-
rara I1) mommua 6sTh pasHa (I — p). B cepuu us n mcomrammit
BEPOATHOCTH TOPO, 4ITO peayabrar B moayuures k& pas, paBua

Pk, n)= (;g) gt (6.6)

IT1a (YHKIUS BEePOSTHOCTEH HA3EBACTCA GUHOMUAALHBIM 3AKOHOM
pacnpedesenus 6epoAmMHOCU.
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§ 3. Cayuaiinovte Gaymicdarus

Cymecteyer eme ofjHa MHTepecHAs 3afla4ya, NP PemieHNH KOTO-
poii He o6oliTich 0e3 HOHATHA BepOATHoCTH. JTo mpobiema «ciy-
gaiiHnx Oayskpampuiiv. B upocrefimem BapumaHTe 9Ta 3a7a9a BHIIA-
aur caegyromum odpasom. BooGpasure ceGe uIpy, B KOTOpol HIPOK,
paumpag oT Toukm z = 0, 3a Ra/KOHIH X0J MOMET NPOJABHHYTHCA
aubo Buepen (g0 ToYKW z), 4uG0 Ha3am (0 TOYKH —I), IPHIEM pe-
1eHHe 0 TOM, KyOa eMy WATH, IPHHAMAETCA COBEPIIEHHO CAYHAUHO,
HYy, HAIIpHEMEp, ¢ TOMOIIpI0 nogbpacsBanna MoHeTh. Hak ommcaTh
peayabpTar TaKoro gBmikeHusa? B Gomee ofmeit gopme sra 3anada
OIWMCHBAET IBH;KEHHE aTOMOB (WIM JpYTHX 9acTHL) B rase — TaK
Ha3eIBaeMoe GpPOyHOBCKOE ABWKeHHe — miad o0pasoBaHume OMHOKH
npu WaMepeHumsAX. Bu yBuamre, HacKOObKO mpobreMa «Cay9YaiiHbIX
GnyKIaHUI TECHO cBA3aHa ¢ ONMCAHHKM BHIIIE OOEITOM ¢ HoxOpa-
CHIBAHIEM MOHETEHL.

Ilpesae Bcero gapafiTe PacCMOTPEM HECKOIBKO IPHMEPOR CHY-
qafiHelx Onympanmi. VX MOMKHO OIMCATEH «4MCTHIM» IPOJBHKEHHEM
D, sa N maros. Ha ¢ur. 6.5 morasaun tpu mpumepa myTed mpu
cayuatinom Oay:xmamum. (IIpu mocTpoeHnd X B KavecTBe CaydYai-
HOIl TIOCAEA0BATedbHOCTH PEIIEHHH 0 TOM, Ky/a CAEIATH CAelyomui
yiar, MCHOAb30BAJMCH Pe3yJabTaThl HOAOPACHBAHUS MOHETH, HpU-
Beflennsie pa gur. 6.1.)

Yro MOKHO CKa3aTh 0 TakoM apmwxeHnu? Hy, Bo-nepBEIX, MOKHO
COPOCHTD: KaK JAIeK0 MKl B cpefneM mpopsuaeMcs? Hysxmo oxcu-
damb, uTo cperHero NpoaBmKenus soobmie e 6yaeT, HOCKOJBKY MH C

3
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O o®
Tt o
(N . + .
. n.'. .". o ."' .'-. ot ..'.'.
) 7N Ky e, & 'o.“.- '.'. o (o
.ﬂ‘” -~ "-,-"
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Yucno wazos N

D ue. 6.5. Tpu npumepa cayualinoco Gayxcdanus.

Io 20pusonmaiy OMJACIHCEND WYCAO wigzoe N, no sepmunaau -— Koopdunama
D(N), m. e, ducmog paccmosnue om HAYAAEHOU MOYKU.
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paBHOII BEPOATHOCTHIO MOKEM HATH KaX BIepesl, Tak M Hazaj. OgHaKo
gyBCTBYyeTCd, 9ro ¢ ypeaudenueM N MH Bce ¢ (oJblieid BepOATHO-
CTBIO MOKEM Oay:RAATH Iile-To BCE JAAblle W Jaablle 0T HaYa bHOH
rouru. II0aTOMy BO3HEHKaer BODPOC: KAKOBO cpejmuee afcoawmruoe
paccmosakue, T. e. KakoBo cpefiHee 3HaveHue |D|? Bopouem, ygo6uee
mMeTh Jeno ue ¢ |D], a ¢ D?; sra BeInYMHA TOJTOKUTENIbHA KAK 5T
MOJO/RUTENBLHOTO, TAK W A OTPHIATEIHHOT0 JBUREHNA H O3 TOMY
TORE MO/KRET CHY;RUTh PasyMHOH Mepoll Tarux ciaydaiinnx Omay-
sk AR,

Mo;®HO ToKa3aTh, UTO O;kUAaeMasa BeqmumBEa Dy paBHa IpOCTO
N — 9uedy efleraHHBX 1waroB. KeraT, Doj «OREAAEMON BeTHIH~
HOII» MBI moHMMaeM Hambojee BEpOATHOE 3HadeHWe (yrajgaiHOoe
HAIUyginM o6pasoM), 0 KOTOPOM MOJRHO AYMATh Kak 00 oocudaenon
cpeHeM BHAYeHUH 604bL020 YUCAL ROSMOPAIOUUICS TPOLECCOB
fny:xmaHAsA. 9Ta BeanunHA 0003HAaTaeTcA wak <(D%> 1 HaspBaercH,
KpoMe TOro, «CpefHHM KBajfpaToM paccTostuus». llocae opgHOTO
mara D? scerpa pasmo --1, mosromy, HecomHemmo, (D> = 1.
(3a emmmuMUy paccrosiHuA Bewogy Oymer BHOHpaThCH OJMH HIAT, M
O3TOMY 5 B AajJbHelneM He GyAy UHCATh eJWHWI| JJIHHE.)

Omugaeman peauanaa Dy qaa N > 1 MoxeT 65ITh HomyucHA U3
D _,. Ecim mocae (N — 1) maros Mel OKasaamch Ha PaccTOSHUNI
Dy_y, 10 eme ogmE mar gact aubo Dy = D,y_y + 1, aubo
D =D y_y — 1. Wnn gns kBagparos

J{ Vo1 2Dy +1,
Dy=y e (6.7)
\Dy-i—2Dy_, 1.

Ecau mponecc mosTopserca GOnbIoe 4HCIO Pas, TO MBIl OKHJAEM,
9T0 KayRAAsf M3 3THX BO3MOKHOCTEH OCYIIECTBIAETCH ¢ BEPOATHO-
CTBIO 1/,, TAR 4TO CPefHAA OKUAaeMas BEJIMIHHA OyHer TPOCTO
CpefHEM apUPMeTHIeCKHM DTHX 3HAYCHHH, T. €. ORHAACMAS BETH-
wnna DY 6ymer npocro Dy_,+1. Ho raxosa senuuuna D3 _,, Bep-
Hee, KaKOro 3HaYeHmsA ee Mu oymmaeM? IIpocto, mo ompegenenuio,
ACHO, 9TO 3T0 [JOIGKHO OHTH <(CpeHEe O/KEAaeMOe 3HAUCHHE)
<D%_,>, Tax 4r0

2 2
Dy>=<Dy->+1 (6.8)
Ecau Teneph BenoMEUTE, 9T0 (D3> = 1, To moayuaercs odYeHb
UpocTOil pe3yabrar:
2
<Dy>=N. (6.9)
OrriaoHEeHHEe OT HAYANBLHOTO HOJOYKEHHST MOYKHO XapaKTepuso-

BaTh  BEAWYHHON THHA paccroAumsa (a He KBagpara pac-
CTOAHMA); JJIA BTOrO HY;KHO HPOCTO M3BNEYb KBaJPATHHIH KOpPEeHb
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u3 <D%> W HoxydIuTh TAaK HA3HBAaEMOE «CpefHee KBaJpaTHIHOE pac-
crosganey D

Dew=V<D>=VN. (6.10)

Mu ysxe ropopunm, 9TO ciayvaitusie OayKIAHAA OYeHDH TOXOZKH
HA OOHT ¢ IOAOpACHIBAHWEM MOHET, ¢ KOTOPOT0 MBI HAYad¥W BTY
raasy. Ecnm npepictaButh cebe, 910 KaKI0e NPOJBIIKEHHE BIEPEK
WM HasaZ o0yCTOBIMBAETCH BHIIAJECHHEM «OPJIa» WIH (PEIIKHY,
10 D, 6ymer npocto paBao No — Np, T. €. pa3HOCTH 4nuCJa BBIIA-
memuii «opnay u «pemkmy. Unu nockonbky No-+ Np= N (rme N —
noanoe uncao nofabpacmeanmit), To Dy= 2 No— N. Bcenomuure,
9T0 paHbIle MEl yyKe HOJydaaH BHpayKeHHe A O;RHIaeMoTO pac-
npejieeHUA BelHINHH N [oHa of6osHavamack Torma uepes Ak
ca. ypasuenme (6.5)]. Hy a mockoasky N — mpoero mocrosHHas,
TO Temepb TAKOE i€ pacIpejiesenne noayaaaocs u jias D. (Boimage-
HIIe KaKIOTO «OpPiIa» 03HAYAeT HEBRINAEHHWE «PEHIKu», I0ITOMY B
cnsasu mMeEny No u D mosasaserca Maoskurens 2.) Taxum oGpasom,
Ha ¢ur. 6.2 rpaduk npejpcTaBAseT ONHOBPEMEHHO U PACIpPeHeICHHAC
pacCTOAHUIE, RA KOTOPHE ME MoykeM yiiTu 3a 30 cayvaiftHEIX mIaros
(. = 15 coorserctByer D = 0, a k = 16 coorsercryer D= 2
HT.I.). .

Orraonenme No 0T omumaemoii seauduHsl NN/2 6ymer pasuo

D
No—3=%, 6.11)

OTHyJa 1Jasa cpe,t[HeFO KHBaApaTUIHOTr0 OTHKJIOHEHHA noay4daeMm
N 1 7
(N — 5=z VN (6.12)

Benomuum teneps Hamt pesyasrar giasa Dey. Mbr omugaem, dato
cpejHee paccTOAHNe, npoineHHoe 3a 30 maros, JoiKHO OHTH pas-
1o /30 = 5,5, orkyaa cpemHee orkaoHenue k or 15 momxHO GHTH
5,5:2 = 2,8. 3aMersre, 4T0 cpe[HAA MONYIIHPHEA HalIeil KPHBOIl
Ha $ur. 6.2 (T. e. DOAYIMHUPHHA (KOJOKOJAY IIE-TO LOCPEAHHE) KaK
pas npubiau3nTeabHO PABHA 3, UTO COTJIACYETCA ¢ 9THM PE3yJABTATOM.

Teneps MBI cHOCOOHHL paccMoOTpeTh BOLPOC, KOTOPOro maferann
no cnx mop. Kak y3HaTth, «gecTHa» ju Hama MoHera? Ceiidac MBI
MOJKeM, TI0 KpaliHe#l Mepe WacTH4HO, OTBETHTH Ha Hero. Hcan mo-
HEeTa «4ecTHas», TO MBI OKU/Aa6M, YTO B IIOJOBUHE C/Ay4aeB BHIIAJET
«opein, T. €.

{No> :

— = 0,5. (6.13)
OgHOBpeMeHHO ORUmaercsd, 9TO JeHCTBUTENBHOE YHUCA0 BHOANCHU
«Opaa» MOMKHO OTAMYAaThCA OT N/2 Ha BeaudunHy mopaAxxa } N/2,
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Yueno nodopacereanus

D ue. 6.6. Joasn sunadenuil «opaay ¢ nexomopoi vacmuoll
nocaedosamesvwocmu N nodbpacweéarnuii mownemeot.

U, eCJu TOBOPNITE O doae OTHJIOHCHU A, OHa PaBHa

1tyn_ _1
N 2 T2VN?

T. e. 9eM Gonpue NN, TeM OawmKe K IoJoBUHE oTHomenme No/N.

Ha ¢ur. 6.6 ormomens wucia No/N pias Tex nopbpacrlBaHuWi
MOHETEI, 0 KOTOPBIX MGLI roBopuin pansme. Har Bugmre, upu yse-
audennn umena N Kpusas Bee Onmsre u Omwre mopxopur k 0,5.
Ho, x comkaJennio, HeT HUKAKUX 2aparmuil, 4T JJ KK/ 0l JaH-
Hoil ceprm naw KoMOUHAHN cepuii AabmogaeMoe OTRIoHeHHe DyeT
6ausko K oxculaemomy orkiaoueHni. Bceerga ecrtb KomedHas Bepo-
ATHOCTH, 9To mpousofiger OGondbmas QAYKTyanus — IOABJICHUE
GONBIIOTO THCAA BHOAMEHHI «OPJIay HIH (PEIKH»,— KOTOpas JacT
NpPOM3BONLHO 0OMBIIOE OTKIOHEeHne. EIMHCTBEHHOE, UT0 MOYKHO

CKa3aTh,— 3T0 ecau OTKIOHEHHA Oausknm K ommgaemomy 1;2) N
(craskeM, O MHOMRHUTEJEM 2 HIH 3), TO HET OCHOBAHUI CUMTATh
MOHETY (IIORJeJLHON» (Wi 9T0 mapTHep HIyTYeT).

Mpbl He paccMaTpHBAJIM €INe CIYYad, KOT[a AJA MOHeTH WM Ka-
KOTO-TO JPYTOro 00BEKTAa MCUBITAHUA, DOJOOHOTO MoHeTe (B ToM
eMBlelie, 4TO BO3MOMKHEL [BA WAH HECKOJIBKO JOCTOBEDPHO HE TIpefl-
CKa3yeMBIX HCXoja HalmiojeHnA, HaOpHMep KaMeHb, KOTOPHIH MO-
MET yIacTh TONHKO HA KAKYI-TO M3 BYX CTODPOH), HMeeTcA [oc-
TATOYHO OCHOBAHHUII IOJAraTh, 9T0 BEPOATHOCTH PA3HBIX HCXOIOB
He pasHel. Mpr onpefeaunn sepoaTHocTh P(O) Kax oTHomeHus
No>/N. Ho uro npumath 3a Beauanay {No>? HaxuMm ofpasoM
MO}KHO y3HATB, 4To oxcudaemca? Bo MHormx caydadax camoe mayd-
mee, 9TO MOKHO CAeJaTh, 5T0 IOACIATATH YHCHO BHUIAJEHHH «Op-
aa» B 6oaBmoil cepuu ncnbiTaHmit u B3ATH <No> = No (Habmopen-
Hoe). (Kak MoskHO okmpmarh dero-to eme?) Ilpu sToM, ogHako, Hy-
MHO TMOHAMATh, 9YT0 Pa3jHIHbe HAGIIOZaTeNd W PA3NMIHble CePUR
HCUOHTaHUil MOryT farh ipyroe sHaueHne P(O), orauanoe or Hamero.
Cuemyer oxudamy, ogHAKO, 9T0 BCE DTH PA3IUYHEIE OTBETH He OynyT
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pacxomuThes Goapmegemua 1/2)/ N [ecau P(O) 6ausko & IOJ0BUHE].
QuanKu-9KCOEPUMEETATOPH 0GRYHO TOBOPAT, 9TO «PKCHEPHMEH-
TanbHo HalijeHHAasa» BepOATHOCTh MMeeT «oLHOKY», H 3alMHCHIBAIOT
3TO B BHJE
No 1 p
P(O):Wim- 6.14)

Ilpu Takoii 3ammed HmOIpa3yMeBaeTcs, 4TO CYM[ECTBYeT HeKas «IC-
THHHAsA» BEPOATHOCTH, KOTOPYI B HPUHIWIE MONCHO ROOCHUMAMDb,
HO 9TO pasiuyHEe QIyKTyauud OPUBOIAT K OHIMOKe OPH DKCIIEpPH-
MEeHTAJbHOM ee ompepedeHmn. OMHAKO HET BO3MOJKHOCTH CHienaTh
9TH pAacCy:H[AeHUM JIOTHYIeCKH CorjacoBaBHHME. Jlydmie Bce-Taku,
9T00bI BH OOHAJIW, 4TO BEPOATHOCTL B KAKOM-TO CMBICHe — Bemb
cy0beRTHBHAS, UTO OHA BCErjla OCHOBHBAETCA HA KaKoil-10 Heompe-
OeTeHHOCTH HAWMX HO3HAHWH U BeaMdMHA ee Kouebiaercsd mpH ux
HA3MEHEHHHN.

§ 4. Pacnpedeaenue gepoammnocmets

HaBafite BepHeMcss K mpobuaeme caydaiiubix Oaympganuit, Ho
Temepb YK€ ¢ HEKOTOPHM wu3MeHeHuneM. [IycTs B momoiadenne ®
ciaydafigoMy BHOOpPY Hanpastenus mara (- wim —) HEKOTOPHM
HelpecKa3yeMbIM 06pa3oM MEHAEeTCS TaKyKe W ero 04urd, upuyeM
TpebyeTcss BHIIONHEHWE OJHOr0-eJUHCTBEHHOTO YCHOBHA, 4YTOOH
OIHHA mara 6 cpeduem GBIIA paBHa eguHume. JTa 3amada yixe 00ib-
e MOXOKA Ha TEeIvIoBoe NBIKeAme MoJeKyJa B rase. OGoznadmm
AIMHY mara 4epes S, KoTopas, Boodmme rosops, MOMeT OBTH JI0-
Ooti, Ho Hauboxee TacTo Oyger WPMHUMATH 3HATEHUS rae-To «BOau-
sy egununel. (s Gounbmiell onpejeleHHOCTH JaBAHTe MONOAUM
<S? =1, man, 9T0 sKBHBANEHTHO, Scx= 1. BuBog Bupasxenusa
mist <[D?> mpu 5TOM OcTaHeTCA TeM jKe, 34 MCKIIOYeHNEeM TOro, 4ro
ypasuenue (6.8) msmeHHMTCA Temeph ciaemylomuM 00pazom:

Dy>=<Dy_>+<8>=<Dy->+1. (6.15)
Tax uro, kax u npexge,
<Dy>=N. (6.16)

Kaxoso me B sTom ciyuae OyfgeTr pacmpeiesienne paccroaHmii?
Kaxosa, HarpuMep, BepOATHOCTH TOro, 9To mocae 30 uraros D oka-
KeTca paBHHM Hyio? BeposTHocTs sToro pasHa mymo! Boofme
BepOATHOCTH 41060% 3adannoil BeInuuHE D pasHa Hym;o. [leficTBu-
TeAHHO, COBEDIIEHHO HEeBePOSITHO, 4TOOH CyMMAa BCeX MIAr0B HAa3ajf
(upw mpousBoiabHOH AAEHE KajKIOT0 U3 HUX) B TOYHOCTH CKOMIEH-
cupopajiiach maraMu Bmepen. B aToM ciysae MH yiKe He MoyKeM
HOCTPOUTH rpaduK TUOa H300paKEHHOro Ha pur. 6.2,

Ecan xe, ogHako, He Tpebopars, 9ro6s D GHI0 B TOYHOCTH
paBHO, CKajkeM, HYTIO, WJIH eQUHUIE, WIHA IBYM, a BMECTO 3TOrO

114



roBOPUTEL 0 BEPOATHOCTH HodydeHns D rae-To gb6ausu HyNnsd, WIR
eUHUNH, HJIU JBYX, TO IpU DTOM MEL MOKeM HapucoBarh rpadux,
nogoOHE nmpusegenHomy Ha ¢ur. 6.2. Hasosem P (z, Az)
BepOSATHOCTBI0 TOTo, uro D 6ymeT HaXOZWUTECA TI7e-TO BHYTPH
pATepBana Az B OKPECTHOCTH BOIWYHHBI T (CKAKEM, Te-T0 MEMRIY
z n  + Az). Ecan Az pgocrarodHo Mano, TO BEpOATHOCTH TOrO,
aro D momajeT B 3TOT MATEPBAJ, JONKHA GBITH TPONOPHEOHAIbLHA
ero wupuue, T. ¢. Az. [TosToMy MBI MoMeM yTBEPIKLATE, YTO

Pz, Az)=p(z) Ar. 6.17)

OyERIHNA p () HAZHBACTCA RAOMHOCMbBIO 8eDOSIMHGCMU.

Bun xpusoii p(x) BaBncnT Kak or gmeda maros N, Tak 1 0T pac-
fipefeseHns] MaroB no JauHaM (T. €. 0T TOT0, KaKylo JOJI0 COCTAB-
AT marn gamnoll gnuns). K cokasenuio, A He Mory spjech 3aHu-
MaThCA OKAZATETBCTBOM 3TOT0, & TOIBKO CKAMKY, 9T0 IPH JOCTATOYHO
foabmoM giesae maroB NV II0THOCTS p () 00urakosa sl BCeX pasym-
HHIX pacnpefeseHuii MaroB o JINHAM U 3aBUCHT JUIIE OT camoro V.
Ha ¢ur. 6.7 mokasadn tpu rpajuka p (z) Iiasa pasawdHex N.
3aMeTbTe, 49TO (IOJYUIHPUHE) 5THX KPHBHIX, KaK 3T0 H JOKHO
OLITH IO HAUWM NPEHAYIIUM pacueraM, DpubamsuTesbHO paBHSL
V'N.

B, BepositHO, 3aMeriiim Takme, 4TO Beamummaa p(z) BOIN3M
Hyas ofparHo mpomopmuoBaxbHa )/ N. DTo IPOHCXORUT HOTOMY,
970 BCE KPUBHIE 110 POPME OUEHB MMOXOKH, TOIBKO Of(HI ¢PAa3Ma3aHby
fonpme, a Apyrme — MeHBINE, W, KpoMe TOTO, ILTOMAJH, OTPaHH-
deHHBE KQGKAOH KPUBOM M OCBI0 Z, MOMKHL OWTL pasBH. lelcTBA-

{_ pla)
(nomuocmy @eposmuocmu

1 1 1 ] | ! ! e s
—700 —600 =500 ~400 —300 ~200 —l00 0 100 200 300 400 500 600 700
I

D ue, 6.7. IHaomuocms eepoamHocmu 0KaA2amMbCA NPU CAYLALHOM
6ayxcdanuu wepes N wazoe na paccmosnuu D.
D usmepaemea ¢ edunuyax cpednell readpamuunoll Jaunws wazd.
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p(x)

Duz. 6.8 Bepoamnocms [sauempu-
zosannas obaacmb  nod  Kpusou
"‘Am p(z)] mozo, uwmo npu cayuaiinom
Oayowdanuu npoliderkoe paccmoarue
D oxamemca veuwdy m; u x,

)

MALARLR LR R NN
MARRRRNY;

AN
ANLRRRY

Z Ty z

TeNBHO, Bejlb p (z) AZ 3T0 BepOATHOCTH TOTO, 9TO ) HAXOJUTCA Te-
TO BHyTpu mHTepBana Az (Azwmano). Kak onpegenuTh BepoATHOCTD
T0T0, 910 D HaxoIuTca THe-TO MEeRAY z; U &2? s aToro pasobnem
UHTePBAT MeRIY &, U Iy Ha y3KOe NOJOoCKH WHpuHON Az
(pur. 6.8) u BeYmcaIEM cyMMy wiaeHoB p (z) Az naa Raskpoil Taroit
nonockn. 'eoMerpuueckm oTa BEpOATHOCTH [3amumeM ee B BHfe
P (x;<< D < z,)] paBHA IIOmMajH B3alTpPHXoBaHHO o0xacTu Ha
dur. 6.5. llpu srom vem vyme OyAyT HANIM MOJOCKH, TEM TOUHee
pesyasrar. [losToMy MOmHO 3ammcarsb
X2
P, <D <uz)=Yp() Ae={p (2 da (6.18)

X1

HJIOH_[&IUJ JKEe orpanunveHuAd Beeill KpﬂBOfI IpoCcTO paBHa BeposAT-
HOCTHW TOTO, 4YTO D OpHHUMAET KaKoe-moOo 3Ha4YeHne MeRAy -—o0
n +OO HCHO, UTO OHa A0 HA 6LITB pasHa epuHnie, T. e.

+w

S p(z)de=1. (6.19)

Hy a nockonsKy mupmHa KpuBex Ha ¢nr. 6.7 npomopumoranbHa
VN, TO, YTOGB! COXPAHUTH Ty e IIOIMALb, IIX BEHICOTA JOKEA OHITH
MpPOMOPIUOHAIBHA L"VN .

IlnoTHOCTDL BEPOATHOCTH, KOTOPYIO MEI TOJIBKO UTO OMMCAJH,
Berpeuaercda Hambosee dacto. OHA m3BecTHA TAKKe ITOJ HA3BAHIEM
HOPMAALHOU, RIA 2aYcco80Li, MIOTHOCTH BePOATHOCT 1 3ATNCHIBATCA
B BUjE
1 - x*{20?

117(96)—(j Vﬁe ) (6.20)

opudeM BeaudYuMHAa O HAa3bpIBaeTCA Cde@dpmelM OMEKJAOHEHUEM .

B mamem caysae o = /' N uiu V' NS..,, ecan CpefHsIA KBajpaTudHas
MJMHA 1ara OTIHIHA OT eOUHUIHL.

Mmn yixe roBopuam 0 TOM, 4TO ABHAKEHH MOJIEKY WIH KaKHX-TO
IPYruUX YacTHIl B Tase HOXO:KH Ha cayuaiiubie Gaymzanud. [Ipen-
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@ uz 6.9. Pacnpedesenue
MOAEKYA 2a3Q NO CKOPOCMAM.

p@) um N-p(v)

|
|
|
!
I

1
|
i
|
|
1

@ Y ]

craBbre cebe, YTO MBI OTKPHIIM B KOMHAaTe Iy3BIPEK ¢ JyXaMm HJN
KaK®\M-TO IPYTHM OpraHmdecKuM BentecTBoM. ToTdac ke MOJNeKyJIsl
ero HaYHYT NCHAPATHCA B BO3AYyX. Ecan B KOMHaTe eCTh KaKHe-TO
BO3AYUIHEIE TeIeHHA, CKAsKeM HUPKYJIANNA BO3JAyXa, To OHN OymyT
nepeHocutTs ¢ coboil mape sToro BemecTa. Ho gaske s cosepuernno
cnokoliHoM 8030yxe MOJOKRYIH OymayT pacIpoCTPAHATHCA, MOKAa He
HpOHHKHAYT BO BCe YroAKM KOMHATH. JTO MOKHO OHpEeTHuTH 110
3amaxy wiam IeerTy. Ecaum HaM um3BecTeH cpefHUil pasMep «mara»
U 9HCI0 AT0B B COKYHAY, TO MOKHO TOJACYUTATH BEPOATHOCTL 00HA-
PY:ReHHUS 0JHOH KW HECKONbKHUX MOJEKYJ BelecTBa Ha HEKOTOPOM
pPaccTOAHHM OT Ny3HphKA HYepe3 KaKOoi-To INPOMEKYTOK BpeMeHH.
C TededneM BpeMeHH IWCJI0 IHATOB BO3PACTAET I Ta3 «PACIOI3ALTCAN
no KoMHare, mofo0Ho HamuM Kpuehiv Ha ¢ur. 6.7. [lanna maros i
UX 4aCTOTa, KaK BH y3HaeTe BIIOCJeJCTBITN, CBAZAHE ¢ TEMIepaTypoil
W JaBJeHHEM BO3jlyXa B KOMHATE.

Brr sHaere, uro jaBieHHe rasa BHIZEIBAETCA TeM, 9TO MOJEKYJIH
ero GoMOapaupyloT credku cocyna. [loagHee, Korja MBI ogoiijfiem
K KOJHYOCTBEHHOMY OIHCAHUI0 HTOTO SABIEHHMA, HaM moHazobnTcA
3HATH, ¢ KaKOil CKOPOCTHIO ABMIKYTCA MOJIERYJH, YyAAPAACH O CTEH-
Ky, IOCKOJILKY CHJIAa HX YAapoB 3aBucuT oT ckopocrd. OpHako
TOBOPUTH 0 KaKO#-10 onpedesentoli CKOPOCTH MOJEKYJ COBEDPIICHH O
HeB03MOHO. B 3TOM caygae HeoOXoAuMO HCIOTH30BATH BEPOATHO-
cTHOe ommcanme. Mosekyna MojkeT MMeTh JI00YI0 CROpOCTH, HO
HEKOTOpHIe CKOPOCTH IpejHodTHTeNbHee Apyrux. Bee mpoumexoms-
miee B Ta3e MOKHO OMICATH, CKa3aB, IT0 BePOATHOCTH TOr0, YTO 1aH-
Hasg MoJIeKyJla ABIUKETCA ¢ KaKoU-TO CKOPOCTBIO Mexay v u v-+Av,
Oyner pasHa p(v)Av, rme p (v) — WIAOTHOCTH BEPOATHOCTH, KO-
TOpas 3aBHCHT 0T cKopocru v. [losauee a1 pacckamy, kak Maxcsen,
HCHOAb3yA 00Iine HOHATHA W HAeH TeOpPHu BepOATHOCTH, HaIIesa
MaTeMaTnueckoe BHpaykenue fuas yurnun p(v) *. lpumepnsiit supg
dyaxnuum p(v) noxasan Ha ¢ur. 6.9. CropocTs MOKET AMETH MI00YI0
BeImdInHy, OAHAKO 60JbINe IHAHCOB 34 TO, 9T0 OHA OKAMKETCA T7e-TO

- 2
* MawrcBemn noaydma Bopaxmenume p(v)=Cv%~%"", rme a — HeKO-
TOpas CBA3AHHAA C TEMIIEpATypoil mocTosfmHas, a C BEOHpaeTcs TakuM obpa-
30M, 9T06H mONEAA BePOATHOCTH Gblia paBHA eMHUIE.
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B OKpPecTHOCTH HauGojee BepOATHOTO MJM OKHUIAEMOr0 3HAaUeHUA
<v).

O xpusoit, nokasaumnoit Ha ¢ur. 6.9, 4acTo roBOpPAT B HECKOIBKO
gHOM cMEicae. Ecam MBI BO3bMEM ras, 3aKNIOUeHHBI B KaKOM-TO
cocyze (crameM, obbemoM 1 4), To orameTcs, 9TO B HEM WMMeETCHA
orpoMuoe KoaugecTBo Mosekya (N =~ 1022), ITockonbky p(v)Av —
BePOSTHOCTH TOT0, YTO MepBad MONAaBIIAAC MOJeKyJa GyaeT JeTeThb
€O CKOPOCTBIO, HaxoasmelicA B uHaTepBaze Av, To, W0 ompesele-
Huio, oscudaemoe dmeso MojieRya <AN> co cKopocThbo, HaXOgd-
meficd B 3TOM jKe HHTepBase, 6ymeT paBHO

(AN»=Np (v) Av. (6.21)

[MosToMy Np (v) MOKHO HasBaTh «paclpeleseHHeM MOJEKYJI MO
cxopoctsiMy, [lnomags mox KPUBOM Me;KIY ABYMA 3HAYCHUAMH CKO-
pocreii v, u v, [3amTpmxoBannas o6aacTs HA ¢ur. 6.9 1aA KpuBOi
Np(v)] upencraBiaser oKpmaeMoe 9HCJIO0 MOJEKYI CO CKOPOCTAMH
Mesray v, u v,. Ho B rase, KoTopHil cofepskuT OOBITHO OTIPOMHOE
GUCI0 MOJeKYJ, OTKIOHEHHS 0T OKHIAeMOoro 3HadeHusA OyIyT 0UeHb
manbl (mopsgka 1/)/ N), mosToMy 4acTo MH BHOpAachBaeM CJIOBO
«OJRUAeMOe» U TOBOPHM HpocTo: «Uacio MOMEKyd ¢o CKOpOCTAMHU
MERIY v, ¥ ¥, PABHO IIOMA[H 3AMITPUXOBAHHOTO yuacTKar. OfHaro
HY/KHO BCe-TaK#W IOMHHUTH, 9TO PEUYb B TAKMX CJAydasx BCerja ujer
0 6¢POAMMOM THUCTE. ’

§ 5. IIpunyun neonpedeseHHoOCIU

IomATua BepoATHoCTH OKA3aMMCh OT€HDb MOJE3HHl IpPH OMHCA-
Hu¥M OOBeJeHUA Trasa, COCTOANETO M3 OUPOMHOTO KOJHYECTBA MO-
nerya. HeMecauMo jxe B €aMoM Jlelle HHITATHCA ONPEIETUTH LO-
JojkeHme W cKopoctTh Kakmoi m3 1022 momexyn! Korga smepsnie
Teopus BepOATHOCTH OHIA mpuMeHeHa K TAKUM ABIEHUAM, TO 5TO
paccMaTpHBAJIOCh IPOCTO KaK ymoOHEIN cmocol paloThl B CToJab
caokHol obctapoBKe. OgHAKO Temephs MBI IIOJaraeM, 4TO BEpOSAT-
HOCTb CYujecmseenno Heobxol0uma I ONUCAHUSA Pa3IHIHHX aTOMHEBIX
nponeccoB. CormacHo KBaHTOBOH MexaHMKe, 3TOI MaTeMaTHYeCKOi
TEOPHH MAaNBIX 4ACTHYEK, IPH Onpedeserils TOMOMEHN A YACTHIKE 1
ee CKOPOCTH BCErja CYINECTByeT HEKOTOPAas HeOIpeedeHHOCTS.
B ayamewm crydae Mbl MoO3KeM TOJIBKO CKasaTh, 9TO CYHMECTByeT Ka-
Kasg-TO BEPOATHOCTH TOTO, UTO YaCTHIa HAXoJUTCsH BOAU3N TOUKH Z.

Hua onmcanms MecTONOJMO/KEHHA YACTHIH MOFKHO BBECTH ILTOT-
HOCTH BEPOATHOCTH P4 (¥), Tak 9T0 p; () Az GymeT BepOsATHOCTHIO
TOTO, YTO 9acTHOA HAXOAUTCH TIAe-To MexAY z u z + Az. Ecanm
NOJ0sKeHNe TacTUIH yCTaHOBAEHO JOCTATOUHO XOPOINO, TO IpHMep-
BB BH QYEROEA P.(r) MOKET HILIOCTPHPOBATh T'pAHK, TpPH-
BegenHu Ha ¢up. 6.10, a. TourOo TaKoe ke MOTOKEHHE U CO CKO-
POCTBIO JACTHIIEI: OHA TOKe HemaBecTHa HaM TouHo. C HeRoTopoit
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()

@ ue 6.10. Haomunocmu sepoam-
nHocmu kKoopduname (a) u ckopocmu
(6) wacmuysl.

[Az]

Bl _t_ "y

BEPOATHOCTBIO po (v)Av wactuma P J

MOJKeT ABUTaThCS CO CKOPOCTHIO,
HaxogAmelca B MHTEepBaJIe MejK-
ay vu v+ Av,

OpquH w3 OCHOBHHIX pe3yidbTa-
TOB KBAHTOBOIl MeXaHUKH COCTOUT
B TOM, 4YTO 3TH [Be INIOTHOCTH A 7
p1 (%) u ps (v) He MOryT 6BITH BEIG-
paHH He3aBHCHMO B TOM CMbICHeE, 9T0 OHH 00e He MOr'yT OHITEH CKOJb
yrojuo ysxkumn. Ecnip Mu BO3pMEM «HOXYIIHDPHHBY KPHBHX p; ()
n ps (v) 1 oboszHauNM ux coorsercTBeHHO [Az] U [Av] (cM. dur. 6.10),
T0 mpupoga Tpebyer, 9T0o6H npoussedenue BTAX ABYX IOJYIIHPHUH
Obliio He MeHbIle BeJwduHHL A/m, roe m — Macca 9acTHULH, a b —
HexkoTopasa ¢yHmaMeHTanbHaA QU3nIecKad NOCTOAHHAA, HaskBa-
emasg nocmoanHol [lianka. 970 COOTHOMIEHHE 3AMUCHIBACTCA Cle-
ayiomuM obpasoM:

|
*s {ay]
|
Y

[Az][Av]= 2 (6.22)

I HAa3HBAaeTCH hpuryunom Heonpedesennocmu [elizenepea.

o656l 910 COOTHOINEHHE BHIIOJIHAIOCH, YACTHIA JOJKHA cebd
BECTH 0Y€Hb Kyphe3Ho. BEr Bujgure, uTo mpaBas 9acTh ¢OOTHONIE-
Husa (6.22) nocrosiHHA, a 9T0 03HAYAEY, UTO eCJH MEI IIONBITAEMCH
«OPUKOJOTEHY 9acTHIy B KaKOM-TO OIpEJeJIeHHOM Mecte, TO 3Ta
HOUHTKA OKOHYMTCA TeM, 9TO MHL HE CMOKeM yrajaTh, Kyja OHA
JETHT ¥ ¢ KAKOH cKopocThi0. TOYHO TaK jke eciam MBI HOOBITaeMCsHA
3aCTABUTh YACTHIy ABULATHCA OUYEHB MEINEHHO HJHM ¢ KaKoli-To
onpedesennoli CKOPOCTHIO, TO OHA OyIeT «PacHIBIBATHCA», W MBI HO
CMOyKeM TOYHO yKasaTh, Ifie OHa HaXOJuTCA.

IMpuBMUD HeompemeaeHHOCTH BEIpaskaer Ty HeACHOCTH, KOTOpast
AOMKHA CYIEeCTBOBATh Opd a000fi MOOHITKE ONMCAHUA LPUPOIbL.
Haubosee TouHoe W nHoJAHOEe OOUCAHWE IPHPOAK AOMKHO OHITH
TONBRO BEPOATHOCTHHIM. OnHAKO HEKOTOPHM QHU3MKaM TaKoil ¢io-
cof ommcanus npmxogutes He 1o gyme. VM ramxercd, 9To o peassb-
HOM TIOBEICHHW 4YacTHI[hI MOKHO TOBODHUTH TOJABKO, KOrHa Ofi-
HOBpPEeMEHHO 3af[aHhl MMIYJbCH H KOOpXHAHATH. B cBoe Bpemsn
Ha 3ape pa3sBATHA KBaHTOBOW MEXaHMKMU 3Ta 0pobaeMa 09eHb CHABHO
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BogHOBANA OJitmmreiina. OB wacTo Kawajd ToOJOBOl W ToOBOpHI:
«Ho mexgs me ramaer ke rocmofmp Gor «opea — pemka», uToOH
pemuTh, Kyja ZoJKeH JABHTaThesA 3aeKTpon!» ITor Bompoc GHecmo-
KOWJI 6T0 B TeyeHHUe 04€Hb JOATOTr0 BpeMeHu, U A0 KOHI[A CBOUX jHEH
OH, TO-BUIUMOMY, TaK ¥ He CMOT IPHMHPUTHCA C TeM ¢aKToM, 49TO
BEPOATHOCTHO® ONWCAHME HPHPOSH — DTO MAKCHUMyM TOTO, Ha 4TO
MH HoKa cuocoOHH. EcTh QusmKm, KoTopble MHTYHTHBHO YYBCT-
BYOT, 4TO Haml MHD MOKHO ONMCATh XKaK-TO NO-JPYyToMy, YTO
MOJKHO HCHKJIOYATH 3TW HeONpeleseHHOCTH B HOBEJCHHMH YacTHUIl.
Oun upomommaior paborarb Haj 370l npobaeMoit, HO X0 cuX
0P HHU O/MH U3 HHX He JOOWICH CKOJBKO-HEOY/b CYIECTBEHHOTO
pesyJabrara.

dra nOpmeymas MHPY HEONpEJeNeHHOCTh B OIpefeleHHH
OOJOKEHWS  9acTUIBl  ABAAeTcH Haubosee BayKHOH uepTOl
ONHCAHNUA CTPYKTypH artoMoB. B arome Bojgopoma, Hampmmep,
KOTOPHIH ¢OCTOMT M3 OXHOTO IPOTOHA, 00pas3yomero Axpo, #u aJjex-
TPOHA, HAXOMAIET0Cs I/Ie-TO BHE €ro, HeOUpeLeJeHHOCTh B MeCTO-
HaXoi/IeHaY 5JeKTPoHA Takas jke, Kak W pasMepn camoro aromal
Mbl He MOEM HOBTOMY € YBEpPEHHOCTBIO CKasarh, Ijie, B KaKoil
JactTd ATOMa HAaXOUTCA HAll BJIeRTPOH, W YK, KOHEUHO, HE MOKeT
OuiTh M pevm Hu 0 Kakux «opburaxy. C yBepeHHOCTHIO MOKHO TOBO-
puTh TOABKO © eéepoammuocmu p(r)AV  o6HAapyKUTEL 3JEKTPOH B
aiieMeHTe o0bemMa AV Ha paccToAHHE r OT HpOTOHA. HBaHTOBasA Me-
XaHUKA DO3BOJAET B 3TOM CJIydae BLITHCIATH NJIOTHOCTU BEPOATHO-
¢t p(r), Koropas mjas HEBO3MYMEHHOTO0 aToMa BOAOPOAa paBHA
Ae™"%®. D19 — KomoromoobpasHas Pymknms mHamomoGme mzobpa-
MeRHoi Ha $ur. 6.8, mpudem TmciI0 @ IpeicTasageT codol xapaKTep-
HyI0 BeJHYMHY pajmyca, Iocjie KOTOporo QyHKIHA 0YeHb OBICTPO
yOmBaer. HeeMoTps Ha TO 9T0 CymiecTeyeT BepOATHOCTH (XOTH M
HeGoabmasn) o0HapyKUTH DIAEKTPOH Ha 60IbpImeM, 9eM a4, PaccTOAHUR
OT si/[pa, MBl Ha3HBaeM 3Ty BeJHUuHy «paamycom aromar. OHa paBHA
npubanzutensgo 10 1%,

Eciam BE XoTHTe Kag-TO OpPeJcTABUTHL cebe aTroM Bomopoja, TO
Boo0pasuTe sTaKoe «06IaKoy, MIOTHOCTH KOTOPOTO IPONOPIHOHAIE-
Ha IJIOTHOCTH BEPOSATHOCTH. llpuMep Takoro ofjakxa HmoKasaH Ha

@ ye. 6.11. Boobpaxcaemwii amon
8000 poda.

Haomuoemd  («Geausnay) obaauxa npo-
NOPYUOHAALHE NAOMHOCTIU EPOAMHOCTU
0GHADYHCEHUR BAERMPOHTA.




¢ur. 6.11, Taxaa HaraagHAaA KapTHHKA, DORAaNyl, Hanboaee Gau3Ka
K HCTHHEe, XOTA TYT jke HY!RHO NOMHUTDH, ITO BTO He PEaAbHOe «IEKT-
poHHOe 00J1aK0», a TOIbKO «061aKo BepoATHOCTel». ['me-To BEyTpR
HEr0 HaXOJUTCA BJIEKTPOH, HO HPHPOJA IO3BOJISAET HAM TOJBKO
rafarh, rjae ke HMEeHHO OH HaXOTUTCA.

B cBoevM cTpemieHnMH ysHaTh O HpUpoge Bemeldl Kak MOMKHO
GoJblne cospeMenHas pusuKa o6Hapy:Kuia, YTO CYMECTBYIOT BeIu,
DO3HATh KOTOPHE TOUHO eif HAKOrga He yjacTed. MHoroMy ns Hamux
3HAHNI CYKIeHO HaBcerga ocraThesi HeoupefedeHHHM. IHam mamo
3HATh MOAbKEO BEPOATHOCTH.



I'nasa 7

TEOPIA TATCTEHNA

§ 1.

§ 1. Teusicenue naarnem

B aroit rnaBe pews moiiger o6 oJ{HOM M3 CaMHBIX & 4
namexo maymmx oGoGmenuil, c/leTaHHEX KOTAa- S
aubo wemopeyeckuM pasymom. M sacayixeHHO
BOCXHUIAEMCS YMOM Y€JI0BEKAa, HO HEIJI0XO0 OIIO
Om mocTosTs HeKOTOpOe BpeMmsa B GNarOroBeHHM ;
u Tepes npupodoli, TOMHOCTHIO OGECIPEKOCIOBHOS
OOXYAHAIOMEHCA TAKOMY UBAMHOMY M TaKOMY
IPOCTOMY 3aKOHY — 3aKOHY TATOTeHHA. B ueMireg ¢
3aKaogaerca 3tor 3akoH? Kampniii o0bexr Bcee-"
TeHHOH mpurArusaercs 1 JjioboMy JApyromy
00BeKTy ¢ cuioll, IPONMOPHUHOHANBHON HX MaccaM§ 7.
n ofparHo NPONMOPHMEOHATBHON KBajpary pac-
CTOAHMUA MeAy Humu. Maremarnueckas 3annuch

9TOoTr o yTBEpK/AEHUA TaKOoBa: § 8.
mm'
F=G™
-

Ecnu & sromy moGasurs, aro o6oe Te10 pearupy-
eT HAa DPUIOKEHHYI0 K HEMY CHIY YCKOpeHmeM B
HANIPABIEHHH HTOH CHAH, MO BeaHYHHE 00paTHO
NPOTOPUUOHANBHEIM Macce Teja, TO CHOCOOHOMY
MaTeMaTHKy 35THX CBeJEeHMIl JOCTaTOYHO JANA BHI-
BOAa BCeX JNANBHEHINUX CJeJCTBMIL.

Ho mnocronsry, rax mm npefmomaraeM, BH
elle He CTOJIb TAJIAHTIRBE, BOOPYSKHUM BAC HE TOIb-
KO sTuMu AByMA akcuomamm. Jlamaiite BmecTe
pasbepeM cmejcTBUA U3 HUX. MB WM3J0KIM BKparT-
I[¢ HCTODPHUI0 OTKPHTHA 3aKOHA TATOTEHHA, 0CTa-
HOBHMCA HAa HEKOTOPHX BHBOJAX M3 HETO U HA
€ro BAMAHWM Ha HCTOPHIO, Ha 3arajkax 3Toro
3aKOHA W HA YTOYHEHHH ero OMHIITeHHOM; MbI
XOTHUM emie o0CyUTh CBA3b 3aKOHA TATOTEHHA C
Apyrumm 3axkoHaMu u3uKd. Bcero 3ToroB OmHY
TJaBy He yAOKHUIID, HO B HaglleKamux MecTax fpy-
THX I7IaB ME CHOBA GyfeM BO3BpAIIaTLCA K 9TOMY.
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Nceropua paunAaercsA ¢ ApeBHUX; HAIIM NPEIKH HAGMOLANU IBH-
jReHre TIAHET CPEIN 3Be3] U B KOHIE KOHIOB MOHANM, YTO IIAHETH
aswryTca BOKpYyr Comuuma — $arT, 3aHOBO OTKPHITHIA I[03:Ke
Konepruxom. Hemnoro 6oubme tpyza morpeGosanoch, 9TOGH
OTKPHITh, KAK HMEAHO OHW Bpamaiorcsa. B nauane XV cromerus rmrn
Goabmine gebarh O TOM, JEHCTBHTENBHO JH NJAHETH 00paIraonTcs
pokpyr Coanna wunm Ber. ¥ Tuxo Bpare ma aror cuer 6wiio csoe
npejicTaBIeHne, TaJeKoe OT TOU0, 9TO AyMaju ApeBHue: MEICIb ero
COCTOANA B TOM, ITO BCE CHODH O NPHUPOJE JABIMKEHHA IJIaHET pasa-
pemarces, €caH MOCTATOYHO TOYHO U3MEPHTH NONO/KEHHE IIAHET
ga mebe. Eciau nsMepenus 10980 yCTaHOBAT, KAK JBIDKYTCA IiaHe-
TH, TO He MCKJYEHO, TTO U3 JBYX TOUEK 3PEHUs yHacrcs oTodparsb
ogny. Jro Onna HecHHXaHHAS uAefd — 9T00K OTKPHITH YTO-TO, JIyd-
uie-fe TMPoJeNarh TIATeJbHEIE ONEITH, Y€M IPHUBOJHTL IiyOoKue
dunocopcrue pmorasareancrsa. Cieays eii, Tuxo Bpare mHorume
rofbl M3yYas NOJOKEHHA INaHeT B CBOel oficepmBaropuu HA OCTPO-
e QDion, Gaus HKonesrarema. OH cocraBuil o0beMucTeie TaGAHLE,
BIIOCJIECTBUH, Hoche cMepTu Tuxo, m3ydeHEHne MaremaTukoM Hen-
aepoM. U3 ero papumx Hemmep W #3BieR 3aMedaTelnbHEE, 0YEHD
KPacUBhe U IPOCTHIE 3aKOHKI, YIPABAAIONME IBIKEHHEM IIAHET.

§ 2. Baronn Lenaepa

Il pesxne Bcero Hemmep moHAT, 9T0 BCe IIAHETH ABIKYTCA BOK-
pyr Coxulla mo KpuBoil, Ha3HBAaEMOH saauncom, npudem ColHIe Ha-
XOOHUTCA B PoKyce snumca, JIIUIC — STO He COBCEM OBAJ, 3TO 0CO-
O6nM 00pasom TOYHO ompenensemas KpuBaf. llonyqurs rakyio Kpu-
BYIO MOYKHO, BOTKHYB B OKych 0o GyjlaBKe, K KOTOPHM HPUBA3aHA
HHTH, HATAHYTaA KapasfauoM. Berpakasch MaTeMaTu4ecKu, 9T0 —
reoMeTpHYecKOe MEeCTO TOYeK, CyMMA paccTOSHUIl KOTOPRX OT ABYX
samapmbix Touek (goxycos) mocrosrHa. Waum, ecan yrogao, sro —
OKPYRHOCTH, BUIUMAS IOZ YIIOM K cBoell mnockocru (¢ur. 7.1).

Ilpyroe naGmogenne Hemmepa COCTOATO B TOM, 9TO IIAHETHI
ABIGRYTCA He ¢ HOCTOSHHOU cKOpOCThio: mobmusoctu or Comuma—
OncTpee, a ypanafgch — MefieHHee. BoJee ToYHO: mycrb mIaHera
gabialofaercsa B ABa MOCIAENOBATENbHEIX MOMEHTA BDEMEHH, CKayKeM
Ha OPOTHKEHHU HEJNEAH, I K KayKAOMY HOJOMKEHNIO INAHEeTH Ipo-

A N

g %

Due. 7.I. Gaaunc.

n+rp=2a
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D ue. 7.2. Kenaepos saxon naowadet.

senen pagumyc-Bextop®. lyra opOurTh, ppoiiilernas miaHeToil 3a
defeno, W ABA pagHyC-BEKTOpa OTPAHUYIMBAIOT HEKOTOPYI IUIO-
ma/Jb, 3alITPAX oBaHHY0 HA ¢ur. 7. 2. Ecau rakue ke Rabogesusn B
TeYeHNe Heell Ipojesarh B XPyroe BpeMsa, KOTAA ITaHeTa JBUKET-
€A IO JalJbHeMy yJacTRy OpOHTH (T. €. MeIdeHHee), TO HIOCTPOEH-
Hasg TaKUM ke coocoboM ¢urypa OKamkercs MO MIOMAKT PABHOM
npesxHeit. Mrak, B cooTBeTcTBUE €O BTOPHM 3aKOHOM opOuranbHas
CKOpocTh A0601 miaHeTHl TAKOBA, 9TO PAaJUYC «3aMETAeT) DaBHEIE
IJIOWIAZd B DaBHBEIE HMHTEPBA/JIE BpEMEHH.

Tpermit 3akon 6ma oTkpeiT KemiepoM ropasxo mosske; oH Apy-
Tor0 poxa, HeMKeu ePBHIE {Ba: OH YiKe KacaeTcs He OLHOH NJIaHeTH,
a CBAZHBaeT Mempuy co6oli pasmble IuaHeTH. S3aKOH YTBEDPIAET,
4TO €CHH CPABHHUTH MLy coboli nepuop o6palieHWA W Pa3MepH
OpOHTH JABYX IJAHET, TO MEPUOLH IPOIOPIUOHAIBLHE MOTYTOPHOIL
CTeIEeHN pasMepoB oplur. 3meck Hepuog — BTO BpPeMs, HY;KHOE
nJaaHeTe JJs TOT0, YTOGH 060iiTH BCIO 0pOUTY; pasMep e H3Mepser-
cA JInHOH Bamboabmero pmamerpa JILIHOTHIECKOH opburhl, ee
Oompmoii ocu. Caurag opOuTH KpyraMu (4eM OHM OYTH U SBJIAIT-
cA), MOJKHO CKa3arb HPOLILe: BPEMA OJHOI0 000poTa IO KPYry mpo-
OOPHIOHAIBHO ero AuaMerpy (Mnm paguycy) B cremenu 3/,. HMrax,
Tpu 3arKoHa Hemrepa TakoBH:

1. Bee nmamers gBwkyrcs Bokpyr CodHma mo 3anumey, B
opEOM #3 ¢orycoB roroporo Haxogurca ComHue.

2. Pajimyc-sexrop or CoJHpa [0 TUIAHETH «3aMETAETy PaBHHE
OI0IAaZM B pABHEIE MHTEPBATH BPEMEHM.

3. KBagparsl Bpemen ofpamenus JByX IIAHET IPONOPIHOHATE-
HH KyfaMm Gonbmux moiayoceil ux opbur: 72~ ad.

§ 3. Paseumue dunHamunu

B ro Bpems, rorga Henmep orkpsiBan 9Tu 3akonsl, 'anuneir usy-
9aj 3aKkoHH ABWKeHuA. OH TBITAIECSA BRIACHHTL, 4TO 3acraBifer
naaseTsl pBuratbed. (B Te JHHM oxHA U3 TpegiaraBOIOXCA TeOPHil
yTBe)K/ada: WIaHeTH ABIKYTCH MOTOMY, UTO 3a HAMK JETAT HEBH-
INMble aHTeJEl, KOTOPbe BBMaXaMid CBOMX KPHIIbEB TOHAT IIAHETH
Boepey. Heine sta Teopma, KaK B BCKOPE YBHUAWTE, HECKOIBKO

* OTpesok, coemunapmuil CojBie ¢ TOIKON OpOHTHL
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pugousmenena!l Ilo-Bupmvomy, 4Yro6H 3acraBUTL IJTAHETH Bpa-
maTbesA, HEBHIWMEE aHreqH O00f3aHH BHTATh BO BCEBO3MOMKHBIX
palpaBiIeHuAX u obxopursea 0es KpeTbeB. B ocrambHOM 3TH TEO-
pun cxoskm!) W I'amuieii OTKpHLI 0JHO 3HaMEHATETbHCE CBOMCTBO
IBIGREHUA, JOCTATOYHOE, YTOOH MOHATH DTH 3aKOHBL. JTO — IPUH-
[MI WHepyuu: ecil NpH ABIKEHHH Tela ero HuITO He Kacaercs,
HHYTO H€ BO3MYIIAET, TO OHO MOKET JIETeTH BEYHO ¢ MOCTOAHHOM
CKOPOCTBIO 1 IO mpaAMoii. (A nouemy a1o Tar? Mu aToro He sHaewm,
HO TaK Y/ OHO IIOBEJO0CH.)

HpoToH 3aTeM BUAOWBMEHHN 3Ty MBICAb, IOBOPH, 4TO EJHHCT-
BeHHEIT cI0c006 MBMEHUTH ABI/KEHUE Tela — 3T0 HPHMEHHTH CULY.
Ecnu Teno pasrossercs, sHaYUT cuia OBLa NMPWIOAEHA 6 HANPAs-
aenuu Osuscernus. Eenn reso moBepHYIO 6 cmopony, TO cuia OmIIa
npuioikeHa cfory. Ecau, HampuMep, IpUBA3aTh KaMeHb K GedeBKe
O BepTeTh MM 1O KPYTY, TO, 4T00B yZEDPKATH €ro HA OKPYHHOCTH,
gy:kHA cuaa. M 10/mKEE Bee BpeMs namseusams GedeBKy. 3aKOH
COCTOUT B CIAENYIONEM: yckoperue, npoussofumoe cuaoi, obpamio
nponopyuonaibho macce. Wim uHAYE: cuaa RPOROpYUOHAIbHA Malce
u yckopenuto. Yem MaccuBHee Tesio, TeM 00JbIIas cuia HeobxoquMa,
aro6H co3garh Hy;kHOe yckoperue. (Macey MoxuO mM3mepurTh, mpm-
BA3aB K BEpeBKe IPYroii KaMeHb W BEpPTA UM IO TOMY ;K€ KPyIry
¢ Toli sre ckopocThio. Tak MOHO 00HAPYIKUTH, UTO MACCHBHEIM Te-
naM Hy:KHa Gompmias cuaa.) 113 atux paccysmenuil mocaegoBasa
faecTAmIas MBEICAB: 9To0K yuep:KaTh NJAHETY Ha ee opOurTe, HUKa-
KOH Kacameabroll CUIBL HE Hy;KHO (AHI€JAM HEeT HYKIbl NeTarh mo
KacaTeabHOIT), TOTOMY UTO TUIaHeTa U Tak OymeT Jererh B HYKHOM
HanpasiaeHnu. Kenm 6B HEYero e He Memaso, oHa On yganmiach
no npanmoti aurnuw. Ho wmeTwHHOE IBW/KEHWE YKIOHAETCA OT 3TOM
OpPAMOIl W OTKIOHAETCA KAK pa3 NONepeK ABWKEHHA, a HE 0O ABU-
seHuio. WHeMuI caoBaMu, Grarogaps OPUHIUOY WHEPIME CHIA,
morpe6GHAsA A ynpaBieHHA JBKeHneM mraser Bokpyr ConHua,
9TC HE CHJIA, Bpamaomas ux ¢oxpye CONHNA, a CIIA, HARPAGIEHHAS
K Coxmny (Hy, a pas cuna HampaBleHa k Coxmny, o, 6eccnopHo,
9TO W €CTh TOT caMmmlii aureux!).

§ 4. Hvomornoe 3aron mazomenus

Jlyuyme gpyrux mouas mpupoay pBmwrenus, Heoron npukuny,
910 uMeHHO COaHYye MOKET ABUTHCA MCTOYHIIKOM, HITaG-KBapTHPOI
CHUJI, YOpaBAAOLINX ABIKeRHeM miager. On yGepnica (Bekope, 6hITh
Mosker, yOeIuMCA B 9TOM W MEI), UTO «3aMETAHHE» PABHBIX ILIOMATEH
B paBHBIE HHTEPBAILI BPEMEHU €CTh BEPHBIH 3HAK TOTO, 9TO BCE OT-
KIOHEHHUs OT HPAMOIH B TOYHOCTH PajMajbHBI, WM 9TO 3aKOH ILIO-
mageil ecTh IPAMOE CIeNCTBIE TOI0, ITO BCE CWJILI HAMPABJIEHH TOY-
HOo k Coanyy.

Kpowme roro, u3 aganmsa Tperbero saxkoHa Hemmepa MoyKHO BEI-
BecTH, 9To ueM ganbme or ComHna mmaHera, Tem ciaabee cuia. Ma
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D ue 7.3. IHpubop dan demown-

Inexmpomazrum CMpayuu  He3aeUcuUMN0Ocmu 6epmu-

1 . KAQAbHUZ U 2OPUOHMAAbHUL 06U~
— N

| HCEHULL.

1 7

s

o'/ i !
Cmonwrosenue! ;
1

CpaBHEHHA [BYX MJAHET HA PABHEIX PACCTOAHHAX CIegyeT, 4TO CH-
anl o0parTHO MPOMOPIUOHAJBHH KBAJpaTaM OTHOCHTETBHHX pac-
crosamii. Couerast oba 3aroma, Hoporon mpumen K 3axao0dYeHuo,
4TO [[0J3KHA CYIIECTBOBATH CWia, o0parHas KBagpaTy paccrogHUA
O HampasjenHas mo npamon mexay CoanmueM m Imiaaeroii.

Bynyan genoBekoM, ckmomabiM K ofob0mernmam, Hporon, xo-
HEYHO, NPELIOJOKII, YTO BTA CBA3b IpUMeHNMa He T01bK0 K CoaH-
Iy, yAepKUBAKIIEMY IAaHETH, HO 9TO OHA HOCHT (omee obImil
xapakrtep. ¥Ysxe OHIO H3BECTHO, K mpuMmepy, 910 Bokpyr lOmurepa
oGpamarorca aAyHH, mogobHo ToMy Kak JlyHa xomur BOKpyr 3eminm,
# HooorToHy Kasamoch eCTeCTBEHHBIM, 9T0 U IJIAHETHl CHIOH Hepsrat
cBou ayHH Bosie cebsa. Torga on y:xe 3EaN 0 cuie, yaep:ruBamomei
Hac Ha 3eMie, W HPefUONOMKEI, 9TO 3Ta CUIA éceolfyas W 910 6ce
npumszugaemes Ko écemy.

Torma on cupocna cebs: NpUTATHBAET JH 36MIS JIOZEH Tak ke,
Kkak JlyHy («rar ae» sHA9UT 06paTHO NPOMOPUUMOHAIBHO KBajgpary
paccrosiaua). Ecau Tem0 y mMOBEPXHOCTH 3eMJIM HAjgaerT B HEPBYIO
ceryHny (U3 CcoCTOAHHA NOKOsA) Ha 4,9 m, TO HA CKOJBKO magaer
Jlyna? Moskao Bo3pasuTh, dro JlyHa BoOOme He manaer. Ho ecan
Om Ha Jlymy e geiicrBoBama cmma, oHa O yHECHACh IO HPAMOM
AWHUO, a Ha caMoM jieie oHa obpamaercs mo Kpyroeoii opOure;
CAEeIOBATENIBLHO, OHA nadaem ¢ TOTO MECTA, T/ie OHA HOJKHA Oblaa Obl
OBITh, eciu On CHJIA HA Hee He JielicTBoBaja. 3Has pajmyc opOuTH
Jdyur (oxono 384 000 km) m BpemMa ee oGopora BOKPYT 3emam
(oxomo 29 nmeil), MOYKHO HOJCYMTATH, CKOJABKO OHA MPOXOTHT 3a
1 cex u 3areM Ha CKONBKO 3a 3T0 BpeMsa oHA magaer *. Oxa3snBaercH,
9T0 BTO paccrosiHme mpuMepHo pasuo 1,36 mm. 910 XO0pomo ykna-
JBIBAETCA B 3aKOH OOpaTHEIX KBajpaToB, HOTOMY 4YTO pajguyc 3eM-
an 6370 km, u ecau Ha BTOM pacCTOSHUH Teja, majgas, HPOXOLT B
mepByo cexyHmy 4,9 m, To Ha paccrosgaud B 384 THIC. KM, T.€.B
60 pas mambmie or menaTpa 3emum, oHN AO/KAK Hmamath ma 1/3600 or
4,9 m, unu wax pas ga 1,36 mm. Henasn mogreepauTh CBOW TEOPUIO
TATOTEHNA nOfo0HKME pacueramu, Hhiomom mx axkyparso mpofe-

* Hpave rosops, Ha CKOJBKO OKpY:KHOCTH (opfmra JIyERB!) OTXO[MUT OT
KacaTelbEOH K Heil HA OpPOTSAKeHWM NyTH, OpoXofumoro JIyHoh 3a 1 cek.
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gaJ #... DOAYINA cuibHeiimee HecopnageHue nudp. Ox caena, dro
teopus mpoTHBOpednt (aktaMm, m He omyOamkosam ee. Iectbio
rofaMu IO3K€ HOBHle H3MEpPeHUsA pajEyca 3eMiHl mOKa3amau, 9TO
OpUHATOE B TY IOPY acTPOHOMaMu PacCTOsHUE 10 JIyHu Obuto He-
BepHEIM. Ycammas o6 otoM, HeloToH mpoBsex HoBhIT pacuer ¢ Hc-
OpaBIeHHKIMH [UQPaMu I IONYIUT YiKe HPEBOCXOIHOE COBIA/EHHE.

Muzrcap, 910 JlyHa «nagaer», HeCKOJBKO CMyIaer; IoUeMy ke
oHA TOTAA He hpubauncaemca? Ira MHCIbL HACTOJBKO HHTEpecHa,
9T0 3aciy;KHBaer NanabHedmero nodcHenna: JlyHa «majaery B ToM
CMBICIIE, YTO OMKAOHAEMCS OM RPAMOU AUHUWL, RO KOMOPOU oHa Obl
deueanacst, He 6yds Goabuwie HUKAKUL CUL.

Pacemorpum gpyroii, y:ke gumcro 3eMHOI mpumep. Temo, BRmy-
HIEHHOE M3 PYK Y 3€MHOI MOBEPXHOCTH, YIAZeT B HEPBYIO CEKYHIY
Ha 4,9 M. Tenmo, Gpomennoe 2opusonmatbHo, TAKKe Tafgaer Ha 4,9 .

Ha ¢ur. 7.3 morasad npubop, HeMOHCTPUPYIOWMI 3TO sBIeE-
ane. U3 ropmsoHranbHOTO jKea06a BHICKAKMBAET M JETHT BHEpeN
mapuk. C roii sKke BRECOTH BEPTHRAJIBHO NafaeTr BHU3 Apyroil mapux
(nMeeTcss dNMEeKTpUIECKasd cXeMa, BRIIYCHKAIOas BTOPOH ImIap Kak
pa3 B TOT MOMEHT, KOT/la IEPBHI COCKAaAB3HBAET ¢ sReqo0a). OHE
CTAMKMBAKTCA B BO3/IyXe, T. €. DTO 3HAYHUT, YTC OHU 34 OXMHAKOBOE
BPEMA CHIGKAOTCA ofmHakoBo. Ilyms, BROymerHas IOPU3OHTAIB-
HO, MOsReT IpoiiTh 3a 1 cex Jlake MOMKHUIOMETpA, 8 BHU3 33 9TO BpeMA
oHa ynamer Ha 4,9 m. Uro cayaures, eciuu nyas Gyner BREIETATh U3
ctBosta Bce Ownicrpee? He 3aGyapre, 9TO MOBEPXHOCTL 3eMiH KpH-
Baf. Ilyns mMosker BEIIETeTH € TAKOU CKOPOCTBIO, UTO, YIAB Ha 4,9 M,
0HA BCE PABHO OCTAHETCH IO OTHOUIEHUIO K 3eMiIe HA HePBOHAYAD-
Holi BRIcoTe. Mosrer i rakoe GbiTs? [la; X0Ts OHA mapaer, Ho 1 3eMast
HCKPUBJAETCA, BOT W moJyyaercs mafeHue «Bokpyr» demnu. Hago
TOJBKO y3HATH, Ha KAKOM pACCTOAHHU MOBEPXHOCTh 3eMIN OKa-
eresa Ha 4,9 u Huke ropusoHra. Ha ¢ur. 7.4 mszobpaskena Semas
¢ ee paguycom (6370 rm) u racareabHHI UpAMOH myThb mynu (B
orcyrcrBie cui). Ocraercs BCOOMHUTE OJHY U3 3aHATHHX IeOMETPH-
YOCKHX TEOPCM O TOM, UTO JUIMHA HOJYXODHH, NepUeHINKyIspHOH
IMaMerpy, PaBHA CPeTHEMY IeoMeTPHIECKOMY MEKAY ANHHAMH OT-
PesKoB jimaMeTpa. 3HAUYMT, PACCTOAHHE, TPOHAEHHOE Iyieli, ecTb

I

D ue 7.4 Ycropenue r yenmpy
Ha KEpYeosom nymu.

U3 naagnumempuu x/s=(2R —s)/x = 2R/x,
20¢e R — paduyc emau (6370 xm); x —
paccmoanue, «npotidennoe 20PUIOHMALL-
Ho» 3a 1 cex; 8 — Oauna nymu wnade-
HUa» 3a 1 cex (4,9 m).
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cpegHee MpPOMOPIUOHANbHOE Mekny 4,9 m magemma um 12 740 wm
auaMerpa 3eMuH, T. €.

10,0049 12740 ~ 7,9 ku.

Wrax, ecau myna gemwxercs ¢ 6scrporoil 7,9 km/cer, oma 6yper no-
Ope:RHEMY IIa/laTh KayKAY0 CeKYHAY Ha 4,9 m, HO HUKOrza HE mpub-
JANBUTCHA K MOBEPXHOCTH, YXOHAMeH oT Hee BCJAEICTBHE CBOCH Kpi-
BU3HH. Tar GOm0 1 ¢ KOCMOEABTOM I'arapyHRIM, KOTopoIl Kepikancs
HA OJHOU BHICOTE, AeJasd HpuMepHo 8 km B CerRyHAY, 1. €. 40 000 xn
3a ofopor (Ha caMoM flele ¥yTh mo0OmbIIe, TAK KAK M JETET OH
HOBHITIE).

Jo6Goe OTKprITHE HOBOTO 3aKOHA TOJE3HO JWINb TOTJA, KOTHAA
3 HEeTO MOKHO HM3BIEYEH 0OJBIIE TOrO, YTO B HETO OBLIO BJIOKEHO.
Hrroror npumenus Bropoil m Ttpermilt 3axonn Hemitepa gias roro,
971005 BHIBECTH 3aK0H TAroTeHus. Uro ke oH npedckasan? llepsrim
npefgcKa3aHUeM OB €r0 aHajam3 JABMWKeHus JIYHH: IBICREHHe 3TO
YBA3HBAIOCH ¢ TMAKEHWEM Ted Ha Jemie. BropuM Oblid oTBET Ha
BOIIpOC, Asasomes Ay opbumul saauncamu. MomxHO T0UHO paccyn-
TaTh ABIFKEHWE, MO;KHO XOKA3aTh M TO, 9TO 3TO 3Jamuc *; craxo
OBITH, HUKAKHX 700aBOYHKEIX (AKTOB JUIS JOKA3aTEIBLCTBA REPE020
sarona Hennepa e my:kH0. Tak HbpioT0H coenada cBoe mepBOe MOII-
HOe IpeCcKa3aHue.

3akon TATOTEHHA OGBACHWI MHOTHE ABJEHHS, NPE/RIE HENo-
asarasie. Hanpumep, npursienme JIyHBI BBISEBaeT Ha 3emie
OpPUJTUBHE — fBJIEHHE [JOTOJE TAWHCTBeHHOE. Jliofn m paHbile J0-
TaJHBAINCh, 9T0 JIyHa mpuTAraBaer Boxy woj coboil mw moaydaercs
OpUANB, HO OHWM He OBLIM TaK yMHH, Kak HbOTOH, u JyManu, 4ro
JOKeH OBITH TONBKO OfuH mpmuuB B cyrku. Cauranock, 9ro JIyHa
[OPHUTATUBAET BOJY, BEI3HIBAA IIPUJINB, HO TAK KAK 3eMJIs BpalllaeTed,
TO B KayKJOM Mecre BOja /IOJAKHA Pa3 B CYTKH IOAHATHCA H OIyC-
TATBCA. A Ha caMoM fieje NpHINB OwBaer Kampse 12 wacos. Bruia
¥ Apyras OIKOJIa nepegoBOd MBICIH; IO e¢ MECHHIO, IPUIUB JI0KEH
GHITH W HAa IPOTUBOMOJNOMKHOHW crTopoHe 3emam, HOTeMy 4ro JlyHa
Beerpga orpuBaer cyury or sognt! OGe stu reopuu HeBepHH. Hacrog-
mee 00BACHEHHE NMPUMEPHO TAaKoBO: mpursykeHue JlyHoil cymu u
BOOH «ypaBHOBemeHo» B uenrpe. Ho npurmzenwe JIyHo# rex
Mace BOJH, KOTOPHE HAXOXATCA Ha «IYHHOR» CTOPOHE 3eMIH, CU.ib-
Hee, WeM cpejlHee TPUTA;EeHNE Beell 3eMium, a IPHUTIKEHWE Mace
Boiel Ha obpartHOil ctopone 3emum caabee cpexnero. Kpome Toro,
BOJA B OTJIWYHE OT Cyind Mo;Ker rtedb. McerTuHHAS mpuYmHa Opmiu-
BOB H OIpefexsercsa THMHU AByMs (aKropaMmm.

Uro MBI [DOHHMAEM TOJ[ CJOBOM «ypaBHOBemeHO»? UTo mMeHHO
ypaBuoBemuBaercsia? A Bor uwro. Ecnu Jlyma mpurarmsaer K cele
BCI0 3eMiio, To mogeMy 3emias He magaer «spepx» Ba Jlyry? Ilo roi
e Ipuaune, nodemy u JIyHa He magaer Ha 3eMiI0: 3eMJIA Bpamaercs

* B mamem Kypce HeT 3TOT0 [OKa3aTeJjbCIBa.
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Duz. 7.5 Cucmena 3emas—JTyna g
¢ npuaueamu.
P Hz0, i

Touxa, soxpye xomopoif
apaujaromcs u 3gxid u iyna

3eman

BORPYT TOYKH, KOTOPAA HAXOZUTCA BHYTPH 3eMiu (HO He B €€ meHT-
pe). He Jlyma Bpamaerca Borpyr 3emum, a o0e OHE BPamaoTcH
BORPYr ofmero meHTpa u ofie majgaoT Ha HEro, Kak NOKABAHO HA
¢ur. 7.5. 910 pBIKEHEE BOKPYT 00mero NeHTpa U ypaBHOBEIIHBAeT
najieHne Ka;Kgoro m3 AByX HebecHmx ren. Tak aro m 3eMmua rtoxe
NBIKETCA He IO WPAMOi MuHmE, a Mo Kpyrosoii op6ure. Macckr Bo-
Ibl Ha JanbHeil cTopoHe orOpachBarTCs HM3-3a «IeHTPo0eRHON cu-
Iy CHIABHEE, YeM HEeHTDP JeMJi, KOTODHH KaK pa3 ypaBHOBEIIEH
npursyrergeM Jlyan., [lpurasmenne JlyEH Ha pansHeil cropome
caabee u «ueHTpobe;RHaA cuiaay Ooapmie. B wrore paBHoBecme BOJE
HapymaercsA: OHA yflaxaserca or uerrpa demuau. Ha famuxmeidl cro-
pore JlyHa npurarusaer cuibHee, HO U3-3a MeHbIIell BeTWINHH pa-
IUYC-BEKTOPA OKA3bIBAETCA MEHBIIE W «IeHTPobe;KHAs Cuiay, pas-
HOBECHe Hapymaercsa B 00paTHYIO CTOPOHY, HO NO-TIPEIKHEMY 0m U eH-
Tpa 3Jemum. B umrore mogBasTCsa 08¢ TPUITMBHEIX «Topban.

§ 5. Beemupnoe mazomenue

Yro sre enie MOSKHO MOHATH, 3HAS O CYIIECTBOBAHUH TATOTEHUA?
Bceem ussecrro, uro 3emusn kpyraas. A mouemy? Hy, s10 momaTHo:
KOHEUHO, Gaarofaps TATOTEHHIO. 3eMIA KPYriaas HpocTo MOTOMY,
970 MEKAY BCEMH TEJAMU CYMIeCTBYeT OPUTHKEHHE, U BCe, U3 9ero
BO3HHUKIA 3eMIs, TO/Ke B3AMMHO NPHTATHBAJIOCH 10 TEX IOP, MOKA
Oei0 Kyga npuraruBarbesa!l Townee rosops, 3emus we coscem map;
0OHa Begb Bpamaercd, W NEeHTpoOe)KHAH cuiaa HA SKBATOPE HPOTH-
pojeficreyer rarorvenmuio. Bmxopur, wro 3emis HoJ3KHA OHTH 31-
JUICOMJOM, M MO)KHO J[ake HOJYYHTh IPaBHIBHYH ero (opmy.
Wrax, us sakora raroTerus caexyer, aro u Comanaue, u Jlyna, o 3em-
Js JOKHHE ObiTh (HpUONH3HTETBHO) IIApPaMH.

Yro ke eme ciegyer u3 3sarkoHa taroresms? HaOuaomas sa
couyrEuraMu IO0nurepa, MOMKHO HOHATH BCE BAKOHH HX IBIKEHUA
BOKPYT IJAaHETH. B 9TOH cBA3E CTOMT pacckasarh o0 oxHOI 3aMun-
Ke, KOTOpas BHILJIA y 3aKOHA TAroTeHus ¢ jgyHamu IOnmrepa. drtu
COYyTHHKW OYeHb mOjpo0HO m3yganmch PéMmepoMmM, W BOT 0H 3a-
MeTHJ, YTO BpeMeHaMH OHH HAapyUIAT PacHHCAHHE: TO Oma3jhBa-
10T, TO IPHUXOJAT B HAasHAYEHHOE MECTO paHbINE BpPEMEHH (paciu-
CaHHEe MOKHO COCTABUTH, HOHAOMIONAB 334 HUMH JOCTATOTHO JOJAr0 H
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Due.7.6. Cucmena
Beoiinoli 36eadu.

nogcuMras mo MHOTEM of0oporaM cpeiHmil mepumop o0pameHus).
Boaee Toro, on aamerua, 910 ono3gaHus caydaortesa, korga IOnm-
Tep yfajgeH or 3emMad, a Korga Mul oT IOmurepa §nusko, 10 ABWKEHAE
AyH omepe;kaer pacumcaHme. Taxyio Bemb 0dYeHb TPYHZHO OBIIO
YJIOM{ATDH B 3aKOH TATOTEHNsA, ¥ eMy Obl yrposkana Ge3BpeMeHHas KoH-
9mWHA, He Haliguch Apyroro o0bsacHeHuda. Beab ecau 3aK0HY OpPOTH-
Bopeunt Xora Oh OFHMH caydaii, T0 3akoH HeBepen. Ho npuynna pac-
XOMKJIGHHS 0KAasaJjach 0YeHbL €CTECTBEHHOM M KPacHBOM: [eJ0 mpoc-
TO B TOM, 9T0 HEOOXOIUMO KAK0e-TO BPeMs, uTo0k YBHAETH JIYHY Ha
HYKHOM MecT€, BeXb CBET OT Hee J0 HAC JOXOMUT HE MIHOBEHHO.
Bpemsa sro meGoaplroe, Korga IOmurep Haxopures 6au3K0 K 3eM-
Jae, HO 0HO BartaAruBaercs, xorga lOmwmrep ymammres or mee. Bor
MOYEeMY KasKeTCs, 9T0 AYHEL B CPEHEM TOPOIATCA WM OTCTAIOT B 3a-
BHCHMOCTH OT TOT'0, OJM3KO U WIH XAJIEKO OHM HaXOZATCA OT 3eM-
au. JTo sIBIEHHE [OKA3aJ0, YTO CBET PACHpPOCTpaHSeTCS HE MIHO-
BEHHO, U CHAOAU/JI0 HAac MepBOH OmeHKOU ero ckopoctum (OBIJIO BTO
B 1676 r.).

Ecnur Bce mimasers NPUTATHBAIOTCA APYT K APYry, TO CHJjAa, yil-
paBasiomas, craseM, obpamenueM Omurepa Boxpyr CosHna, 510
He coBceM cmia npursienus X CONHIY; Bexb €cTh cme W NPUTSRe-
ame, manpumep, CarypHa. OHo HeBemmko (Commie xyma Goapme
Carypua), 50 OHO ecmb, 1 moToMy opbura IOnurepa me Mosker ObTH
TOYHBIM JIIJIUICOM; OHA IyTh K0ae6aercs OTHOCHTENBHO JNAMITH-
YeCKOH TPAEKTOPHH, TAK YTO JBIKCHKE HECKOJIBKO YCIOMKHACTCA.
Dot mpegupuHATH MONBITKA OpoaHaau3upoBars gemwrerune IOnu-
repa, Carypra um YpaHa Ha OCHOBe 3aKoHA TaAroreHmsa. Yro6ml
Y3HATh, YIACTCA JU MEIKHE OTKJIOHEHHS W HENPABUIABHOCTH B JBHU-
JREHNA IIAHET MOJHOCTHI0 OOBACHUTHL TONLKO HA OCHOBE OTHOIO
9TOr0 3aKOHA, paccHuTa Iy BAHAHHE KAK0H U3 HUX Ha OCTAJbHEE,
Hnsa YOnurepa u Carypua Bce cOMmio Kar caenyer, HO ¥ paH ~— 910
3a gyjeca! — mosea cefsa ouens crpamso. OH JBUraJcA HE MO TOYU-
HOMY 3JLIHIICY, YeI'0, BIIPOYEM, U CIEZO0BAN0 OKUAATE M3-3a Bl AHIA
npursoxesus Onurepa  Carypra. Ho uc yueroM ux mpurmxenns
OBUREHDE Y paHa éce pasno OHLIO HEOpaBWILHHEM; TakuM oGpasom,
3aKOHE TATOTEHNS OKA3aJMHUCH B OMACHOCTH (BO3MOKHOCTD 3Ty HENb35
Geuto uerJIoguTh). JBoe ywennix, Axamc u Jleseppbe B Auriuu n
(DpaHnuu, HE3aBUCHMO 3a7{yMaanch 00 MHOH BO3MOKHOCTH: HET JH
TaM ewe 00roli TNAHETH, TYCKIOH M HeBHIMMOI, HOKA emie He OT1-
KpHTO#. JTa mnasera, HazopeM ee N, MOria HPUTATHBATL ¥ paH,
Onrn paccauramy, TAe 5Ta IJIAaHETa HOMKHA HAXOJUTHCA, ITOGH
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mpuIHHUTH HaOnoTaeMbe BOSMYINEHHA nyThm ¥ paHa. B coorsercr-
BYIOIIUE 06CepBaTOPUM OHU Pa3ocjald NUChMA, B KOTOPHX TOBODHU-
aoch: «I'ocnoza, HampaBhTe CBOM TEJIECKOUBI B TAKOE-TO MECTO — H
BHl YBHANTE TaM HOBYIO maasery». OOpaTAT Ju Ha Ba¢c BHUMAaHHE HAH
HET, 9acT0 3aBHCUT OT TOro, ¢ KeM Bit paboraere. Ha Jleseppre 00-
paTHiH BHEMAaHHE, MOCAyIIAlNch ero u oO0Hapymuau miasery V|
Torpa m gpyras ob6cepBaTopus HOCHEIIMIA HAYATE HAOTOCHUS —
B /leJI0 YBEHYAJIOCHh YCIeXOM.

JTO OTKPBITHE MOKA3KBAET, YTO B COJHEYHON CHCTEME 3aKOHEL
Hswrora abcomorno sepan. Ho BepHH Ju 0HE Ha paccrosHUAX,
fonpHmINX, 9eM OTHOCHTEILHO MaJkle paccToaHus xo miaser? Bo-
HepBLIX, MOKHO IIOCTABUTH BONPOC: HMPHUTATHBAIOT JU 36e30bl Opye
dpyea rtax ke, Kak munamern? llodo;KurTeNbHEIE [KOKA3aTeJNbCTBA
DTOro MBI HaXOXUM B deotintix 3seddax. Ha ¢ur. 7.6 morasama mBoOIi-
Has 3Besfa — pxBe Oauskme 3Besfsl (Tperbs 3Be3ga HyyKHA, 9TOOH
ybenurbes, 9Te gororpadus He mepesepHyTa); Bropas gororpadusa
cielIaHa uepes HecKonbKo ger. CpapHUBAA ¢ «pUKCHPOBAHHOHY 3Be3-
IOfl, Mbl BUEMM, 9TO OCh LIAPH HOBEPHYJACh, T. €. 3BE3XH XOAAT
OZHA BOKDYT Zpyroii. Bpamatorca au 0HH B COTJIACHU € 3aKOHAMH
Heworona? Tmarenbrsie 3aMephl OTHOCUTENBHOI MO3ULUH ABOHHON
sBe3gsl Cupuyc pasw mHa ¢ur. 7.7. llomygaercs mpesocxopHHIT
sanunc (n3Meperus Hayarel B 1862 r. u goBepenn xo 1904 r.; ¢ Tex
nop O cpenaH eme ojpumE ofopor). Bee cxogmures ¢ 3aKOHAMHU
Hrwrona, wpome toro, uro Cupuyc A moaydaerca He ¢ ¢okyce.
B uem ke meso? A B TOM, 94TO HJIOCKOCTDH BIJHIICA HE COBHAJAET C
«mmockocThio HebGay. Mol Bugum Cupuyc He HOJ IPAMHM YIIOM K
II0CKOCTH €ro OpOmih, a €CAM HA 3JJIMIC IOCMOTpPEeTh COOKY, TO OH

270%
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@ ue 7.8, Mlaposoe sseadnoe cronaenue,

He mepecTaHer OHTH JIMUICOM, HO JOKYC MO-
YRET CMeCTUThCA. Tak 9T0 @ JBOIHHBIE 3BE3IH
MOKHC aHATH3HPOBATH B COTIACHH ¢ Tpe-
COBaHMAME B3aKOHA TATOTCHHA.

CopapeJIuBOCTD 3aKOHA TATOTEHHA Ha
f46abOINX JWCTAHNUAX BUAHA m3 ¢ur. 7.8,
Hysuo ObTp JumenHBIM BOOGpamenus, urofm He yBHIETH 371€Ch
paboTH TArOTeHNA. 30eCh MOKA3aHO OJIHO U3 KpacuBeimux HeGecHbIX
3peNul] — MapoBoe 3Be3XHOe cromieHme. Hampas TOYRA — 2TO
sBesga. Ham kaskercs, OyZT0 y meHTpa oHM HAOWTH BINIOTHYIO;
OpOMCXOAHT 3TC m3-3a ciaboil TyBRCTBUTENIBHOCTH TEAECKOIA; HA
caMOM [eile IPOMERYTKE MEK/y 3Be3/laMu JIajke B cepefuHE OUCHD
BEUKH, A CTOJKHOBEHHA Kpaline pefiru. bonbine scero spesq B LeH-
Tpe, a mO Mepe yAaleHHWs K KPalo UX BCe MeHbIIe U MeHpe. SicHO,
970 MEKAY 3Be3JaMu AeficTByeT UpUTKEeHHe, T. €. 9T0 TATOTeHHe
CYIIECTBYET W HA TAKMX IHTaHTCKuX paccrosuauax (mopsxxa 100 000
IUaMeTPOB CONHEYHOIl CHCTEMEI).

Ho ormpaBuMes naabline m paccMOTpmM 6cio eatarmuky (pur. 7.9).
Dopma ee ABCTBEHHO YKa3HBAaeT HA CTpPEMJEHHE €€ BeIlecTBa
craayThea. KoHewno, qokasaTh, 9TO 3fech feficrByer 3aKoH obpar-
HEIX KBaZpaToB, HENb3H; BILHO TOJIBKO, YT0 ¥ HA TAKOM IPOTAKEeHNH
€CTh CHJIB, yHep/KHBAIONIEe BCIO TAJAKTHKY OT pasBaia. Bnl mosme-
Te ckasarb: «JlagHO, BCce 9TO pasyMHO, Ho moUeMy ke dTa MITYKa,
rajJakThka, ye He moxo;ka Ha map?» la moromy, d9ro oma sep-

D u . 7.9, asaxmusra.




Que 7.J0. Qbaako easarmu.

mumes, 4To 'y Hee ecTb MOoMeHm
koauxecmsa Osuscenus  (3amac
ppamleHHA); ecJAH OHA COKMeT-
¢, eifi Hewyma Gymer ero ge-
parb; el ocraercAd  TOJbKO
cumocayrbeda. (Kerarm, sor paM xopomas safgaza: xax obpa3sy-
foTcsA pyKasa rajnaktuxu? Yem onpegensiercs ee popma? HeranpHo-
ro oTBETAa HA BTH BOMPOCH emie Her.) SIcHO, Uro oyepraHMA raJak-
THRH OHMPEJeNAIOTCA TATOTEHHWEM, XOTA CHOMKHOCTH €€ CTPYKTYPHI
IOKa HEBOBMOKHO IOJHOCTLIO OOGBACHHUTHE. Pa3MepH rajlakTuk —
oxomao 50 000—100 000 ceeroprx Jger (3eMas HAXOXUTCA HA pac-
crossaun 81/5 ceetosmix Mumsyr or CoxHia).

Ho rarorenwe mposBasercs m Ha GOabImx nporsxenuax. Ha
¢ur. 7.10 moKa3aHE Kakue-TO CKOMJIEHHSA MENRUX nATeH. IT10 06.4a-
ko ecaaarmur, uomofHoe 3Be3nHOMY ckomenmio. Cramo OHTH,
U TAJTAKTHKU NPATATABAIOTCS MKy co00if HA TaKMX PACCTOAHKAX,
uHade Ol oHM He coOpanuchk B «oGmako». Llo-smgumomy, u Ha pac-
CTOAHUAX B OecAMKU MUAAIOHO8 CBETOBEIX JeT IPOABIAETCA TALO-
TeHNE; HACKOJBKO HHHE H3BECTHO, BCIOLY BCe ellle JielicTByeT 3aKO0H
o0paTHBIX KBajgparos.

3aK0H TATOTEHHUA BEJIET HE TOABKO K HOHUMAHUIO IIPUPOJIB TyMaH-
HOcTell, HO M K HEKOTOPHIM HEEAM O HPOMCX O/ JeHNH 3Be3x. B Goab-
moM ofake UMLK m Fa3a, mofo0HoM u3obpaskenHoMy Ha ¢ur. 7.11,
HpHUTAMKEeHNe 9acTHI TeLTH cobeper ux B XoMuu. Ha ¢urype sugan

D ye 7.11. Mesxssesdnoe nlaesoe
061a%K0.
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Due 7.12. O6paso-
8aHue HO8LX 36e307?

«MaJICHBKIIE» YePHBIe NATHROIKH — OBITH MO;KET, HA9AM0 CKOIJICHUA
rasa 4 OBIJIM, H3 KOTOPHX Osarojapsa X UPHTSIKEHUI0 HaYHHAET
BO3HHKATH 3Be37a. Il puxoguirocs mu HaM Korga-nuGo BHAETH POKJIE-
HHe 3Be3(kl — Boupoc cnopHuit. Ha ¢ur. 7.12 namo Hexkoropoe cBu-
JeTenHCTBO TOro, 4To npmxogumoch. Cjesa mokasaH cBersmuiicd
ras, a BHyTPH Bero — HECKOILKO 3Be3J, 910 cumMox 1947 r. Cum-
MOK cCIIpaBa CHenaH depe3 7 JeT; Temepb BUIHH YiKe SBA HOBHIX
APRUX NATBA. YK HE CKONWJICA JH 3[ech I'as, He BEHEYAWIO I €ro
TATOTeHHe co0parbes B map, ZOCTATOYHO GOJBIIOH, 9ToGH B HEM
Hadajnach 3Be3NHAsA AJePHAA PeaKIuaA, IpeBpamas ero B 3Be3jy?
Mosxer Gbirb, 1a, a MosxeT, # Her. MaJoBepOATHO, 9T0 HAM ITOBE3JI0
YBHIETH, KaK BCEro 3a ceMb JieT 3Be3fa crajia BUAUMOH, HO eIme Me-
HEE BEPOATHO YBUJAATH DPOKAEHHUE Cpasy Jeyx BBe3fl.

§ 6. Onwm HKasenduwwea

Urax, TaroreEne pacupoCTPaHAETCH HA OTPOMHEIE PACCTOAHUS.
Ho ecam cymecrByeT OpHTAKEHNE MEKAY 400uMU IBYMA 0GBEKTA-
MH, TO JOIHA CYIECTBOBATE U BO3MOKHOCTH M3MEPUTH CHIY, AEIi-
eTBYOILYI0 Mexiy uuMu. U He o6s3aTebHO CAERUTE 34 NBIBKEHHEM
3Be3/; modeMy OH He B3ATH [Ba Mapa, CBUHIOBHH W MpaMopHHIi,
U He TIPOCIERNTh, KaK OguH GyxeT ZBUTaThed K Apyromy? Tpyaunocrs
CTONBb TIPOCTOTO 10 WHee OHEITA 3aKI0YaeTcsa B Kpaiiaeil cialocru,
HezaMeTHOCTH cua. [IpoBozuTh ero ciaegyer ¢ MCRIAOYUTEIBHOT oc-
TOPOKHOCTBIO: CHAJaJa BHIKA4aTh I3 ammapara BO3AyX, yOeaurs-
¢s, 4TO HUTJE HET BJEKTPUIECKUX 3aPsANOB # T. A., H TOMLKO TOrga
MOKHO TOIBITATBCS M3MepuTh cuiy. BrepBiie ona 6rina msmepena
Kapempumem npu moMomu ycrpoiicrsa, cxemaruyecku usobpasieH-
woro gHa ¢ur. 7.13. Onur HaBesguma goxasadt, 970 CYIIECTBYET CH-
aa, JeifiCTBYIONana Mey ABYMsA OOIBIIHMHI 3aKpPeNTeHHHME CBHH-
LOBBIME HIapaMu M AByMs MEHBMNMM (TOKe H3 CBUHIA); B OIKITe
maph pasMeIIINCh HAa KOHIIAX KOPOMEICIA, BHCAINETO HA OY€HB
TOHKOU ynpyroit mmTH. llamepsas, HACKOABKO 3aKPYTUTCA HHUTh,
MOKHO OHJI0 y3HATH BenMYuHYy CUiH M ybemuThes, uTo oHa obpart-



@D uea 7.13. Ynpowyennas cxema
npubopa, uchoavsosaniozo Kaeewn-
Ouuiem 0as npoeepru 3aKoHA 6ce-
MUPHO20 MA20MEHUR O Maibz
mea U U3MepeHus NOCMOAHKOU ms-
eomenus G.

HO UpomopnuoHalbHa KBajpaty paccrosHusa. TakuM oOpasom T0Y-
HO ompexensnca roagounuesr G B gopmyie

mm’
F=gmm
”

uf0 BCe MACCHL U PAaCCTOSHUS 3JleCh M3BECTHH. BE Moere Bospa-
3uTh: «Bce aro maa 3emmn 6rto m3secrao m panbme». Bce, kpome
maccet 3emanum. Onpenenyp m3 3TOTO ONETA BOTMIUAY (G U 3HAS CHIY
OPUTREHAA 3eMIIH, MOKHO OBLIO KOCBEHHO ONPENENTHTh ee Mac-
cy! OneT mo3TOMY HA3HBAOT ¢B3BEMMBAHMEM JeMam». Hapemmmmn
YTBEPIKJA, 9T0 OH B3BCCHI 36MJII0, XOTA OH TOJIBKO U3MEPUI Kodd-
¢unuerT G; HO 3TO efMHCTBEHHHIH CM0COD OMpeXemuTh Maccy 3eM-
au. Kosddunuerr G orasancs paBHHIM

6,670-10~"" nvromorn - m®[we?.

Tpyzro upeysenugurh CUIY BIUAHHA TEOPHH TATOTEHUS, €€ Be-
IW9ecTBEHHBIX yCIexXoB Ha WMCTOPUI0O Hayku. BMecto mapusinmux B
[OpeKHNe BeKa HEYyBEPeHHOCTH, COMHEHUI, HeNOTHOTH 3HAaHUI, Oec-
KOHEYHBIX CHOPOB W HapafOKCOB Wepex JMIOABMH IPEXCTal HOBHII
3aKO0H BO Beeil cBoeil yeTRocTH M IpocToTe. Hak BaskHOo 6BLI0 TO, 9TO
BCE JYHBI, BCe ILIAHETHI, BCE 3BE3IBI MOTIUHAIOTCA CTONDb RPOCMOMY
npasuay! Ho eme BajkEee TO, IT0 GEN0BEK OKA3aJCA B COCTOHHUU
noMsmd 9T0 HPABUJIO U Ipe/cKasHBaTth Ha Oyxgymee myru mmaner!
Jro ompemeauao OHCTPHI, YCOEUIHEI PoCcT HAYKY B HOCIEXYIOMINE
TOJH; ¥ JI0feil moABMAach Hae;RIa, 9T0 U B [iPYTUX ABIEHUAX MAPA
npATyTCA TaKHe jKe MPOCTHE 3aKOHOMEPHOCTH.

§ 7. Ymo manoe mazomenue?

Ho mogemy sarom rtar npocr? Uro MOHO CKasarhb O NPUYMHE
aroro? [lo cuX mop ME TONBKO ONUCHBANE, KAk 3eMis ofpalmaeTcs
Bokpyr Commua, HO HW CIOBA HE CKA3aJU O TOM, YUMo 3acmasisiem ee
dsueambca. Hplomom ne crpoun goragok o6 aToM; eMy OO gocTa-
TOYHO OTKPHTDH, ymdé HPOUCXOXHT, HE BXOHsI B MEXAHH3M NpOHC-
xofamero. Ho u Hurkmo Opyzoili ¢ mexr nop HUKAK020 MEXAHU3MA
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ne omrEpui. Bee dusnueckue 3aK0HH OTANYAIOTCHA B 9TOM OTHOUICHUR
cBouM aBCTPAKTHEIM XapaKTepoM. 3aKOH COXPAHEHWS HHEPTHH —
3T0 TeopeMa O BeJMIMHAX, KOTOPHEe HY;KHO BHYHCIANUTHh M CIOKUTD,
He JyMas 0 IpuIHHe 3TOT0; TOTHO TaK 3Ke W BEJIHKHEe BAKOHK Mexa-
HIKH OPEACTABIA0T c000Il KOMMIeCTReHALEe MaTeMaTHIeCKue 3aKo-
HOMEDHOCTM, O BHYTpeHHeM MexaHmaMe paboThi KOTOPHX HUKAKHX
nauHBIX Her. [TogeMy MBI MOkeM TONB30BaTLCA MAaTEeMATHKON s
ONIHCAHNSA 3aKOHOB, He 3HasA ux npuuuHn? Hukto m sroro me 3maer.
Mp1 mpopomKaeM HATH HO 3TOH Zopore, MOTOMY 4TO Ha Heil BCe €Ime
OPOMCXOJIAT OTKPHITHA.

ITpegnaramichy MHOrMe Mexaruamsl rarorenus. Uarepecao pac-
CMOTpETh OJWH U3 HEX, 00 0 HEr0 BPeMH OT BPEMEHH MO yMbIBa-
AUCH TO OfuH, TO Apyroit yuemsiii. [Ipmdem waskawiil ciepsa Boc-
OpsAHeT TYXOM H XOMHUT OCYACTIHUBICHHHN CBOMM «OTKPHITHEM», HO
IOTOM HAYAHAET NMOHUMATH, UTO TYT UTO-TO HE TaK. BUepBee 3T0
orkpsiTre mponsontro npuMepuo B 1750 r. [Ipeacrassre cebe, Tro B
OPOCTPAHCTBE HOCHTCS B Pa3HHX HalpaBJeHHAX ¢ OUPOMHOII CKO-
POCTHO MHOKECTBO YaCTHIY, IMINb CIErKa HOTJIOMAEMBIX BeILeCTBOM,
Hornomasics, onu mepegator ceoll umuyabe 3emae. Ho Tax xar Bo
BCEX HAIIPAaBIEHUAX WX KOJMYECTBO ONMHAKOBO, TO BCE HMIIYJIbCH
ypaBHoBemuBaoores. Horga e memoganery maxofmres Coarne,
TO gacTULH, TpubiImKaniiueca K 3emiae ckposs COMHIE, JaCTUIHO
UM TOTNOmMANTCA, Tak 4T0 or CONMHua WX HPOXOQUT MeHbIIe, 9eM ¢
ofparaoil cropons. CiaefoBarenbHO, 3eMiIaA OM[YTHT HMIYJIbC, Ha-
npasaesHril k COJNHNYY, W HETPYRHO BUjerh, 9To OH Gyper oGpar-
HBIM KBaZpary DPACCTOSHHA: TAKOB 3aKOH MU3MEHEHHA LPOCTPAHCT-
BEHHOTO yria, Uom KoTopuM Bumumo CommHile, ¢ pocTOM paccros-
aua. Uro e niaoxo B aToM mMexaHuaMe? HepepHBL T€ BHIBOMIBI, KOTO-
pele m3 Hero caexyior. [loasiserca HoBas 3abora: 3eMiIs B CBOEM
memKrerEun BOKPYr ConHua OyXerT mCOBITHBATH OOJBIIE CTOJKHOBE-
AUl ¢ JacTHUAMH CHepejH, 9eM ¢3ajqd (Korga Oe;xuiub HaBCTpPEdy
AOKII0, aune MokHeT Goabme, dem sarsinok!). IHosromy cmepean
Jemiad mouaydnt 6oJbllle HMIIYJALCOB, Y€M C3ald, H JOJKHA TOYYB-
CTBOBATD CONPOMUBALHILE c80emMYy O8UMNCeHUI0, a B3TO CKa3aj0ch OH Ha
3aMeIeHIN e ABIKeHnA no opbure. MoskHO mopcauTars, CKOJBKO
ppeMenn moHamoGurTcs 3eMie, 4To0k B peayJbTaTe TAKOTO CONPO-
THBJIEHHUS OCTAHOBHUTHCS, OKABHIBAETCH, HE TAK YK MHOTO; a pas
3eMiIa Bce ;Ke JBIAKETCSA IO cBoell opOure, TO BCA 3Ta MeXaHUKA He
rogmrea. W e GeuIo mpepioMeHo HW OFHOTO MexaHusMma, «obmsac-
HAIMEro» TAroTeHue, KOTOPHE 6r He mpejcra3uiBal f00aBOYHEX,
Hecyuecmeyowyuxr ABJIeHM.

PaceMorpuM eilie BO3MOKHYIO CBA3D TATOTEHHA € IPOYUMHE CH-
naMu. B HeipeumiHee BpeMs He yIaercs CBECTH TATOTEHHE K [pYyTHUM
cumaM. TaAroreHme OTHIONb HE NPOABIEHHE SIEKTPHIECTBA WJIH
ger0-1100 noxo0HOT0; 3TUM ero He 00BbAcHENb. U Bee e TaToTeHMe
OX 03K€ HA APYTHUEe CUJIBI, U J0GOTOKTHO TOCMOTpeTh, B geM. K mpu-
MEpY, JJIEKTPUIECKAA CHIA MERIY JABYM:A 3apA/KEHHNMH TeXaMm
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9pe3BHYAiHO MOX0/ia HA TATOTEHHE: OHA PaBHA €O 3HAKOM MUHYC
DOCTOSIHHOH BeJMYUHE, YMHOKEHHOI Ha BEIWYWHH 3aPANOB TEN, H
uzMeHsercsas obpaTHo KBagpary paccrosuus. IIpasga, oma gefictBy-
er B ofpartayo cropody, T. e. orraiaxkmBaer. Ho sameuarenpHo He
CTOJBKO 3TO, CKOJILKO OXWHAKOBAA ©aBUCHMOCTH OT PACCTOAHHSA,
BX0ZAIAaA B o6a 3aKkoHa. He nckaoyeHo, 4T0 TATOTEHNE U 3IEKTpU-
9eCTBO CBA3AHH 3HAYMUTENBHO CUAbHEe, 9eM MH JiyMaeM. Bruio cue-
7aHO MHEOTO HOUHTOK O0heJUHUTEL UX; TaK HABLIBAEMAs eAMHASA TEO-
pusi TOAsA — AU OfHA W3 OYEeHb M3ANIHEIX IONBITOK COYETATH
SIEKTPUIECTBO ¢ TAToTenneM. Ho camas wHTEpecHas Bemb B COLO-
CTaBJCHHNU UX APYT C ZPpyroM — 3TO omHocumeabral 6eAUURA 3THX
cui. Jlro6as Teopus, B RoTopoit noasaTcs obe cuan, obsasana Oymer
TaK;Ke OOBACHHTH BEeJMIMHY TATOTeHHA (KOoHCTAHTY &).

Ecnu MH usMepuM B €CTECTBEHHHEIX eJUHUIAX OTTAIKHBAHUE
JBYX DJIEKTPOHOB (BOSHMKAIONIEE H3-3a TOTO, IT0 ¥ HUX €CTH 3aPAfK)
¥ UX NpuTHieHue (BOSHUKAOMee 0TTOT0, 9T0 ¥ HUX €CTh Macca), To
MBI MOYKEM MOJNYIUTh W OTHOIIEHHE 3NEKTPHYECKOT0 OTTATKABAHAA K
TPaBUTANHOHHOMY HpuTHKeENK. OTHOmMERNe 9T0 He 3aBUCHT OT Pac-
CTOAHUA, 310 PyHAAMEeHTANbHASA MupoBasg KOoHcraHra. M306paskenHa
oHa Ha ¢ur. 7.14. I'paBumramumonnoe NpPUTAKEHHEe  COCTABAAET
1/4,17-10%2 or snexrpuveckoro orranxkuBarual OrKyma e MosKeT
BO3HUKHYTH TaK0e HCHOJUHCKOE 9ucio B 3namenarene? OHO ke He
CIIy4aiiHoO, Bexb 3T0 He oTHOWIeHHe o0beMa 3emian k o6bemy Tau. Mar
paccMaTpUBaeM [Ba ECTeCTBEHHHIX CBOUWCTBA OXHOIO M TOIO jKe
opejMera — 3JeKTpoHA. JTo QaHTACTHYECKOE THCHO €CTh eCTect-
BEHHAsA KOHCTAHTA, U B HEM TafATCA KakuWe-10 ITyOWHHLIE CBOIICTBA
opupopasi. OT KaK®X ke cBoiicTB oHO 3aBucuT? Heroropoie HageioT-
€A, 9T0 eCHH KTo-HuOYAb OlHaALH HAaMOIeT «yHUBEPCAABHOS ypaB-
HEeHHEe», TO OJHEM U3 ero Kopuei 6yxer aro gmeao. Ho ouens TpygHO
HaliTM ypaBHEHHe, B KOTODOM KOpHeM ObuT0 OBl Takoe HEMELC-
AuMoe 9ucio. BRIU npuiyMaHbl B IpyTHe BO3MOKHOCTH; OfHA CBA-
seIBaeT ero ¢ mospacroM Beemernoii. Umawe roeops, weobxoammo
HaiiTu B HPUpPOJe ewe OJHO Takoe orpoMHoe gumciao. llpu atom me
co0UpalTea BHPAKATE BO3pacT B 200ax, HET, BeIb Tojl — He «ecre-
CTBeHHAsS» BEJINTMHA, OHA BBEJEHA MIOJXBMH.
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Kak mpumep d9ero-ro ecrecTBeHHOTO BHIOEpeM BpeMs, 3a Karoe
cBeT mpoxomur cKBo3b mporoH, 10724 cex, Pa3genus sro umeiao HA
Bospacr Beenerroii (21010 get, ~1018 cex), momyamm 1042 — gucao
CO CTOJIBKUMH jKe HyJIsAMH; HOTOMY W HPEeAIaranT CYOTATL MOCTOSH-
HYI0 BCEMHPHOTC TATOTEHUsA CBF3aHHOH ¢ BO3PACTOM BCETO MUpA.
Ecam 681 aro Obli0 Tak, TO OHA H3MEHANACH OBl CO BpeMeHeM: 10
Mepe crapeEna BcemeHHO#I OTHOLIGHHE €€ J6T K MPOMEKYTRY, B T6-
9eHHe KOTOPOTO CBET NPOHOCHTCA MHMO TPOTOHA, BO3pacraio OH.
Bo3MOKHO i, 9T0 MOCTOSHHAA TATOTEHHA W BUPAMB MEHAETCA C
rogamu? flcHO, 9TO UBMEHEHAA CTOND Majdhl, ITO B 3TOM yOEIHTLCA
HeJlerko. ’

Bor ozmr u3 cmoco6oB npoBepuTh 9Ty MHCIb. 3afafuM BOOpoOC:
4TO OPH 9TOM FOJKHO OBIIIO MBMEHUTHCA 33 mocaenane 109 jer (Bpe-
MsA IOABIEEg  RU3HM Ha 3emie), T. e. 3a Yy Bospacra Bcexen-
HOHi? 3a 910 BpeMsa HOCTOAHHAA TATOTEHHs BHIpocaa Oor ma 10%.
OrassiBaercss, uto eciaum paceMorperb crpykrypy Commpma — Ga-
JTAHC MEMKJy ero Maccoil W CTeHeHb TeHEpPAUU H3JIydaTelb-
Hoii sHeprmm BHyTpu CoONHEA,— TO IpPH POCTE TAMKECTH HA
10% Connne orkasamocs 6ot He Ha 10% apde, a 3HauETeALHO GOJIbINIE:
SIPKOCTD €ro BO3pocia Ob Kar wWecmas cmenenb MOCTOAHHON TATOo-
teHusa! Moxuo mojicyuTaTh W TO, HA CKONBKO HNPH TAKOM H3MEHE-
Hum TsoRkecTn demas npubausures K Coxnny. B mrore BmAcHseres,
uro Jemaus crajga Out Oosee ueM Ha 100° ropsadee u, caefoBareabHo,
BCs Boja w3 Mopeil mpeBparuiachk 66 B map. IlosTomy MH celiuac ne
éepuM, YTO TOCTOAHHAA TATOTEHNA M3MEHHAETCA 0 Mepe TOro, Kak
Mup crapeer. Bee jke HpuUBEeHHHIT HAMA apryMeHT He o4eHb ybOe-
JUTENEH, ¥ BOOPOC [0 KOHIA HE BHISCHEH.

Har usBecrHo, cmia TATOTEHHA OPOIOPIMOHANBHI Macce, T. e.
Mepe uMepylu Tema, WM Mepe TOTO, HACKOABKO TPYAHO YXEp/KaTh
Tes10, Bpamamnomeecsa mo Kpyry. [lostomy nBa Tena, rasxenoe u ser-
Koe, gBmRymmuecs GOK 0 00K BOKPYI MACCHBHOTO Tella MO OLHOMY
H TOMY k€ KPYI'y € OJZHOH CKODOCTBIO IOJ JAEHCTBHEM TATOTEHUS,
GyayT BCe BpeMs 0CTaBATHCH PAROM, MOTOMY 9T0 IBIKEHHE ITO KpY-
Ty mpebyem pgasa Goaemero Tena u Ooabmeit cuasl. uage rosops,
TSHRECTh y Goubliell Macck (0JbIIE KAk pas 6 HY#cHOU nponopyuu,
TAK 9T0 ABA Texa OyAyT Bpammarbes, He YHAMAACH OJHO OT JPyroro,
Ecum ke ogHO Te0 HAXOAETCA BHYTPU IPYTOTO, TO OHO U OCIMAHEM-
ci TaM; paBHOBecme ABIseTcs coBepueHHnM. llosromy larapunm u
Turos mabnioganu HEBECOMOCTH BCEX NPEAMETOB BHYTPH KOCMHYe-
CROTO Kopaliisi; BRIOYMEHHHI 13 PYKH KapaHjam, HaopuMep, Bpa-
ma;csa BOKPYT 3eMJH IO TOM jKe TPaeKTOpUH, 94T0 U BeCh Kopalbub,
mO3TOMY OH 3aMHpaj, WOBHCHYB B Bodgyxe. JlroGomsiTHO, 4ro ara
CHJIA 6 MOYHOCMY TPOHOPIMUOHAIBHA Macce; ecau OH 3T0 OHIIO He
TaK, TO JOJKHL Ohan 6ol HaGX0AATHCA SABIEHNA, B KOTOPHIX HHED-
yasA u Bec omamdaiorea. OrcyTeTBHe MOJOOHKX aABaeHmit 6HI0 ¢ Or-
POMHOIl TOYHOCTBI0 NPOBEPEHO HA ONMITE, BHIIOJIHEHHOM BIEDBHIE
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Orsemeym B 1909 r., a mosmke noeropernaeM JJukke. Y Bcex BeliecTs
Macca ¥ Bec npomopuuoHaabunl ¢ tourocrbio 1/1 000 000 000 mam
pnayke Gonee rtoro. He mpaBma su, 3aMegarelbHEI SKCHEPUMEHT?

§ 8. Tacomenue u 0MNOCUMEALHICIND

3acay:xuBaer eme OOCY/KJEHHA BUIOU3MEHEHHE HBIOTCHOBA
3aK0HA TATOTEHHUA, caenannoe diamiteiinoM. OKassBaeTcss, HECMOT-
ps Ha BEI3BAHHOE UM BOOJYIIEBJEHUE, HIOTOHOB BAKOH TATOTEHMS
Bee e nepepen! Yura tpeGoBaHusA TeOpHUH OTHOCHTEIBHOCTH, JiH-
mreiiE BupomaMeHmI sror 3akoH. Coraacso HbeoTomy, tarorenme
neficTBOBAJO MTHOBEHHO. JTO 3HAYUT BOT YTO: CABMHYB MAaCCy, MH
JOJGKHBL B TOT ;K€ MHT IIOYYBCTBOBATH M3MEHEHHE CUJH B PE3Yilb-
Tate CMEIIEHHUs; CTamo OBITH, TAKHM CIOCOGOM MO;KHO TOCHLJIATD
curHanbl ¢ OECKOHETHON cropocrhio. A JiHOITENH BHIBUHYI J0-
BO/EL, YTO KEBOBMONCHO NOCHLAAMY CUZHAABL ObICIPee CKOPOCMIL C8ema;
3aK0H TATOTEHHS, TAKUM 00pa3oM, TOJKEH SHITh OIUO0THNM. Ecan
HCIpPaBUTH €0, Y9ITA B3aMas3[bBaiie, TO NOJYIHTCH Yiie HOBHIA
3aKO0H, 3aKOH rAToTeHHA JitHmreiraa., OxHa u3 ocofeHHOCTE HOBO-
ro 3aKOHa JEeTKO YKJIAJHBAETCA B TONOBE: MO TEOPHH OTHOCHTENb-
gocru OiiHmiTeliHa Bee, nio0oit o0vexT, obnagaromuil sHEprueit,
ofmagaer u Maccoii B TOM CMEICHTE, 9T0 OH JIOJHKEH TATOTETH K JIpy-
ram obwerraM. Jlaske cBeToBOl Jyu mMeer «maccy», mbo om olmaa-
naer saeprueti. U Korga ayg csera, mecs ¢ co60if SHEPTHIO, TPOXO-
muar mamo Comuna, 1o Comume ero mpurarusaer. W mayT yiwe mper
He M0 mpsAMOi, a uckpusasercA. Hanpumep, BO BpeMsa COMHEYHRIX
3arMeHuil 3Be3gsl, OKpyaomume COMHUE, KAKYTCA CHBUHYTHIMEI
¢ TOT0 MecTa, rae oHu HaOarogaauch 0sl, ecan 6u1 Comtana ge Grimo. U
5TO ABJEHUE W BUPSAMB HaOGII0JANOCEH.

N Haxomew, comocraBuUM TArOTeHHE ¢ IPYTHMHU TEOPUAMH.
B mocaenume Tofinl BRIACHHIOCE, 9TO d100asa Macca 00g3aHa CBOUM
OPOMCX OsKIEEHEEM MeJbJalimiuM TacTHIIAM M 9TO CYIIECTBYET HECKO-
ABKO BHJOB B3aWMOJECTBUS, HATIPUMEp AxepHEE cuahl u 1. u. Hu
OHA M3 DTHX SNEPHHX WM DIEKTPHIECKHX CIHJI IOKA TATOTEeHUS
He o0Bpacuaer. KBanToBOMEXaHMIECKHE CTOPOHH IMPHUPOXLI MH GIIE
[0Ka He pacHpoCTpaHUIH Ha TArorerue. Horpa Ha Mamerx paccros-
HHAX HaYHMHAOTCA KBaHTOBHE dheKTH, TO TATOTEHNE OKa3HBAETCA
eme HacTONBKO cinalrM, 9T0 HYsK/H B KBAHTOBOIl TEOPUHU TATOTE-
Husa me BosEukaer. C Apyroit CTOpOHH, IJs NOCAETOBATETHHOCTH
HamuxX (QUaMYeCKUX Teopuil Onao O BayKHO HOHATH, FOJJKEH IH
sakoH HbloToHa ¢ BHECEHHHM OHHIITEHHOM BHIOM3MEHEHUEeM OHIThL
M3MEHEH H [ajbiie ¢ TeM, IT00h COTTacOBHBATHCH ¢ MPHHIUIOM
HEOmpefeJIeHHOCTH. JTO TOCHeHee BHAOM3MEHEHNe IIOKA HE Ccle-
JaHO.
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I'nasa 8

AJBORKREHHRE

§ 1. Onucarue deuicenus

Yrobnl HaliTu 3aKOHB, YIPABIAOIKE PAa3JIHy-
HEIMK U3MEHEHHAMH, IPOUCX OJAUIUME ¢ TEICHHEM
BPEMEHN, HY/KHO CHAYAIA ORUCAMb 3TH H3MEHCHRS
1 OpUyMarh Kakol-1o cmocob ux sanmcu. Hagrem
¢ €aMOr0 MPOCTOT0 M3MEHEHUs, KOTOPOe IMPOHUCX0-
OUT ¢ TEJIOM,— C M3MEeHEHHSA €ro IONOMKEeHUA B
npocTpaHCcTBE, T. €. TO, ITG MBI HaB3EBaeM OJsudkce-
nuem. PaceMorpmMm IBIKyUmiicss npemMer, Ha
KOTOPHI HAaHeCeHA MAJEHBKAs OTMETKA; ee MH
fyzeM HasmBarTh Toukoif. Hesasumo, Gyner nu ato
KOHYUK PA@aTopa aBTOMOOIIA WIN HEHTP mamxan-
mero mapa. Mur 6ygem neiTarbes onmcars ToT GakT,
YTO OHA ABIZKETCA M KAaK HTO MPOUCXOIUT.

Ha nepeniil BBTIIs1 570 KajKeTCH COBCEM IIPOCTO,
ONHAKO B ONHCAHHH W3MEHEHWUS €crb MHOI'0 XHT-
pocreit. Hexoropsie wusMeHeHHs omucatb TPYH-
Hee, He/KeIu [ABIDKEHHe TOUKW HA TBEPIOM Mmpef-
mere. Hanpumep, Kax onucarb gmwienne obaaka,
KOTOpOe He TOJBbKO MEMJIEHHO MepeMelNaercs, HO
B/106aBOK eie WH3MEHSAET CBOYM OYePTAHHA MIU
ncnapsierca? Vinu xax onucarb RAOPUSH KEHCKOTO
yma? BuopoueM, nockodbRY u3MeHeHEA ofiaxa
x0T OBl B OPUHIMIE MOKHO OIHCATH ¢ IIOMOIILIO
IBIMKEHHS BCEX OTHENBHBIX MOJEKYJ ero COoCTaB-
ASOIMIUX, TO BIOOJHE BO3MOHO, 4T0 U H3MeHe-
HUA MbICIeH O6YCIOBIEHH TO}e KAKUMU-TO e pe-
MeHnleHuAMH aTOMOB B MO3TYy, XOTH MH eme He
3HAEM MPOCTOTO cmocofa UX ONMUCAHUA.

Ilo aroii mpuumHe ME HAYHEM ¢ [BIDKEHUS
rouek. [loramyii, ene MOMKHO CYUTATH BTH TOTKH
aroMaMu, HO CHaJada, BepOATHO, Jy4YdIe He
THATBCA 3a TOYHOCTBIO, a NPOCTO IPEXCTABIATH
cebe TOUKY KaK KaKoH-TO MameHbKuil oOBeKT, Ma-
JNeHBKHI 110 CPABHEHUIO C T€M PACCTOSHMEM, KOTO-
poe ou upoxoxur. Hampumep, eciu rosopsr o6
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apToMobmite, mpomenuieM 100 kx, 10 Kakas pasHEHIA, MMeETCHA IH
B BHAY ero morop uam Garaxemk. Homeuno, mHeGombmas pasHu-
Ila ecTh, HO 0ORIYHO MBI IPOCTO FOBOPUM «aBTOMOOMNBY, U TO, YTO OH
He ABAsgerca abcomoTHOH TOYKOI, He mMeer 3HaveHus. s mammx
uenell He HyskHa alcoJaioTHas TOTHOCTH. Pazm mpocrornr 3abymeMm
Ha BPeMsA TaRKyke W O TOM, UTO HAIl MUP TPEXMEpPHHI, a CKOHLEHT-
pEpyeM Bce CBOe BHUMAHIE HA [IBWKEHUH B OJHOM HAIPABJICHUU
(aBroMoOumb gBW;KETCH O WPAMOM gopore). Mul emie BepHeMes K
TIOHATHIO TPEX W3MEepeHul, Korjga moiiMeM, KaK ONUCHIBAETCS IBH-
JKeHNe B OXHOM m3MepeHuy. B, BeposrTHO, CRaskere, 4T0 9TO TpH-
BuasbHO. IleiictBurensno, ato Tak. Hak onmcaThs IBIDKEHHE B Of-
HOM H3MepeHmH, CKa;keM JBWKEeHHe aBTOMOOHMIA. ITO mpome
npocroro. IlpuBefy ofuH #3 MHOTUX BO3MOKHBIX cmocoGoB. UToOH
OIpefleIHTh TIONOKEeHWe aBTOMOOWISA B pa3nuIHBIE MOMEHTH Bpe-
MeHH, MBI H3MepseM PacCTOSHWE ero OT HaJaJbHOH TOUKH W 3alH-
cuBaeM Ham Habnoperusa. B rabx. 8.1 6yxkBa s o3Havaer paccrod-
HHe aBTOMOOMIA OT HaYaJbHOI TOYKH B METPAaxX, a I — BpeMs B Mu-
nyrax. Ilepsas crpoka — HyseBoe paccrosiHEe W HyIeBOil MOMEHT

Tabauya 8.1 . PACIACAHHUE OBMAEHUA ABTOMOBHI.JIMA
f, Mux s, M i, Mun s, M
0 0 5 3150
1 380 6 4050
2 1350 7 5550
3 2550 8 7050
4 2850 9 7500

BpemMeHu. ABTOMOGHIB emle He HAYAJ JIBETAThCA. Uepes MuEyTy mmoc-
le Hadaja ABW/KEHHS OH mpoxomutT yike 380 x. Yepes nBe MunyTh
OH TWPOJOJKAET ABUFaThCA. 3aMerhTe, YT0 34 BTOPY0 MEHYTY OH
npomel O0NbIIee PAacCTOSHNE, €M 34 TEPBYI0,— ABTOMOOHIDb YCKO-
pAaer CBO€ [IBIJKEHHE, HO MEKAY Tperbeil W 9eTBeproii MHHYTAMH
9T0-TO IPOU3OMIO0, Gojee TOro, HA MATOH MUAYTE OH OCTAHORIJICH.
ITo-BuguMomy, y cBerogpopa, mMOTOMY UTO Jajblle OH OUATH HAGH-
paer CKOpPOCThL M K KOHLY mecToll MuHyTH mpoxomur 4050 M,
K KOHUYy cegpmoii — 5300, a K Kommy BochMoli — 7050. Ho B
TeYeHNe JeBATOH MUHY 1Bl OIATh IPONUCIIECTBHE — ABTOMOGHIL IIPO-
mex Beero aumsb 450 m m ocraEOBUACA. BoguTens Hapymmwa mpaBu-
I8 NBIGKEHUs W ObJI OCTAHOBIEH IONUNEHCKHM.

Jdro omguH cmoco6 onmmcaTh ABM:KEHHE. EcTh m Xpyroi cmocol —
rpagugeckuii. Ecnu mo ropusorTa m oTKIAgHBATE BPEMs, a O Bep-
THKaJIM — PacCTOAHNE, TO TMOJYINM KpPHBYI, HoRo6HY0 HaoOpa-
‘rennoi Ha Qur. 8.1. U3 pucyHKa BHIHO, UTO C YBEIHUCHUEM BpE-
MeHHI pacCTOfSHHE TO/Ke YBeAWIHBAETCH, CHAYANA OYEHb MEJJIeHHO,
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a 3ateM Bce Oblcrpee m OHcTpee. B paliome 9eThIpex MIHHYT IPOIC-
XOJHT 3aMeJlJIeRHe, a 3aTeM PACCTOSHHE OUATh YBEIMIUBAETCH B Te-
9eHWe HECKOJIbKUX MUHYT, H, HAKOHEIl, Ha IeBATOH MUHYTE MamuHa
ocraHapauBaerca. Bee sty cemenmusa MOMEHO MOMYIHTH HMPAMO M3
rpajura, He HCHOab3YA rabaunul. KoHeIHO, A MOCTPOEHHS HA-
mero rpaduka Heo0X0IUMO 3HATH, I'Je HAXOAHTCH ABTOMOGHIDL He
TOJXBKO KOIK/YI0 MUHYTY, HO M KasKALE HOJMUHYTH, 4 MOKET OLITh,
n eme rounee. Hpome toro, mMer mpepmosaraeM, 94To MamuHa The-
TO HAXOAHWTCA B JMI0GOH MOMEHT BpEeMeHI.

Tax 9T0 IBWKEHNE aBTOMOGHIIA BHILIALNT Bce sRe caomao. la-
palite paccMoTpuM 4To-HUGYAH Honpome, ¢ Golee IPOCTHIM 3aKOHOM
ABWKEHHA: HAIpuMep, majawiiuii map. B 1ada. 8.2 ans snayenus

Tabauya 8.2 . PACTHCAHUE JIBIVKEHUA HATAIOMIETO IMAPA
t, cex s, M
0 0
1 5
2 20
3 45
4 80
5 125
6 180

BPEMEHN B CEKYHIAX X PACCTOAHHA B METpax. 3a HYJIeROH MOMEHT
prIGepeM MoMeHT Hadana mafeHus. Yepes 1 cex mocne nadana mape-
HEA MApUK mpojaeraer dxm, deped 2 cek — 20 m, geped 3 cex—45 m.
Ecanm otnoxurs 3TH 9ucaa Ha rpadure, 10 moaydaM mapabosamue-
CKYIO KPHBYIO 3 BHCHMOCTH PACCTOAHNUA OT BPeMEHH I HaJaloIeTo
reaa {(¢ur. 8.2), Koropasa ommceiBaeTcA (PopMyoil

s =5t (8.1)

Jdra dopMyna IO3BOJAET BHYHCIUTH pPaccTOAHME AIA JH060T0
MOMeHTa BpeMeHm. Bul ckaxere, 4ro [Aug mepsBoro rpadumka
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(cM. pur. 8.1) rore momkma 651Tb Kakasa-to Popmyaa. Hfeicrsurens-
HO 9710 _Tak. Ee MoskHO 3ammcarb B TakoM aOCTpaKTHOM BHfe:

s=f (). (8.2)

Jro o3HAYAET, 9T0 § — BEAMIUHA, BABUCANIAS OT !, WIH, KAK TOBO-
PAT MaTeMaTUKH, s ecTb pyHKruua {. OZHAKO MH He 3HAEM, YTO BTO
3a QyHKIuA, TOYHee, MH HE MOKEM 3amucaTh ee gepes KaKue-To
U3BecTHHEe HaM (YHKI[AH.

Ha stux gByXx mpuMepax BHEHO, 910 ai060€ IBIKEHHE MOMKHO
ommcarh B o0med u mpocroil fopme. Kasanoco 651, mer HuIero xur-
poro! OiHaKO XUTPOCTE Bee ;e ecTh, u He opua! Bo-mepsrx, uro
MBI IIOHUMAEM IOJ, RPOCMPAHCIEoM U 8pemeHem? ITO, OKA3BIBAGTCA,
04YeHb TIy6oKue punocofCKue BOIPOCH , KOTOPHE HYKHO BHIMATE b~
HO MPOAaHAJUSUPOBATh, 9TO HE TAK-TO JNeTKo. Teopus OTHOCHUTENB-
HOCTH IIOKABLIBAET, YTO HOHATUS HPOCTPAHCTBA W BPEMEHH HE TAK
IMpOCTHI, KAK 9TO KajKeTcA Ha IepBHE Baraan. Bmpodew, ceifgac
A5 Havaja HaM He HY/KHA Takas CKPYIYIE3HOCTb B OIpeleNeHHnu
sTuX MOHATHH. Bo3MoykHo, BH ckamere: «CTpaHHO, MHE BCErga ro-
BODUJIH, 9TO B HAYKE 6ce NOIKHO OUPEAENATHCA TOIHOY. ITO HE TaK.
M= He MOeM ompefiennth TouHO Bee Oe3 meraodeHna! Eenm 65 Mu
LBITATUCH 3TO CAEAaTh, TO HOJIYYUIOCH OB HETTO MOXO0Kee HA CIHOP
oBYX «punocodosy, rae oaMH rosoput: «BrI camu He 3HaeTe, 0 9eM ro-
BOpHTE»; a BTOPOIl orBegaer: «A 970 Takoe «3HaTh»? UTO Takoe «ro-
Bopurbky? Uro rakoe «pe», Hakouen» Hy u tak A0 Geckomednmocrn.
Taxr 910 1JIA NOAB3H A6 TYUIIe CHATANA YCAOBATHCA, 9TO ME OymeM
FOBOPHUTH XOTsA Obl mpHOAH3UTEAbHO 06 OJHHX U TEX jKe Bemax.
Ceftgac BB 70CTATOYHO MHOTO BHAETE O BPEMEHH, HO MOMHHTE,
9T0 37€Ch eCTh HEKOTOPHle TOHKOCTH, KOTOPHIE MEL eme 00cymum
B MaJbHeHRIeM,

HApyras xurpocts (ML yiKe YIOMHHAJIY O Hei) — 9TO IPABHIb-
HO 1@ fAyMath, 4TO HaOJOJaeMas HAME ABWRYIAsCA TOYKA BCErja
HAXOUTCA B KAKOM-TO OIpeAeJeHHOM MecTe (T. €. TIe-T0 JOKa-
nnsoBana). PazyMeercd, Korjga Ml CMOTpUM Ha Hee, OHA HAXONHUTCA
B OIIpefeJeHHOM MeCTe; HO MOKHO JH 3TO YTBEP;KIATH B 1€ MOMEH-
THL, KOTJla MEL OTBepHyauch. 1l BOT OKasmBaercs, 4T0 IPU H3YICHAHA
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OBIGKEHNs ATOMOB TaK JyMaTh HENb3s1. HeBO3MOMHO mOCagUTE MeT-
Ky Ha aroM ¥ Habmonarh sa ero gsmwkenueM. C aToff TOHKOCTBIO MH
BIUIOTHYIO CTOJIKHeMCHA B KBaHTOBOH MexaHuke. Ho cuavasna pasaii-
Te PACCMOTPUM Te OpobaeMH, KOTOPHE BO3HHKAIOT [0 BBEJEHUA
9TUX YCIHOXHEHHIT, a YK IOCJIe 3TOTO YITEM T€ IIONpPaBKH, HA KOTO-
puie HAC BEHIHY;KJAI0T HOBEUIINE CBeleHUs o mpupoje Bemeir. Mrak,
mpuMeM Hamolee HPOCTYI0 TOUKY 3pEHUSA O MPOCTPAHCTRE H Bpe-
Mern. Mpt mpubanangTebHO IOHUMAeM, YTO 03HAYAIOT 3TU NOHATHS,
a TOT, KOMY JOBOAWJIOCH YOPABIATH aBTOMOOHMIEM, BHAET W 9TO Ta-
KO€ CKODOCTb.

§ 2. Cropoemn

XoTs MBI IPHEMEPHO HPEJCTanisieM cefe, 9TO TAKoe ¢CKOPOCTLY,
OTHAKO 37ech eCTb OJHA O4EeHb BaykHag TOHKOCTH. 3aMeTbTe, 910
JpeBHHe TPEKN TaK ¥ He CMOTiau 10 Kouna pasofparbea B mpobaeme
ckopoctr. ToHKOCTH, 0 KOTOPOM mMAeT peub, naer ce6A sHATh, KOI-
A TUHITAEMbCA TOYHO OHpEAesInTh, YTO K IOZpasyMeBaercd IIOJ
LOHATHEM (CKOPOCTBY. JTOT BOUpOC OBI KaMHEM MNpPEeTKHOBEHUSA
IJsT OPeBHUX TPEKOB, M IOoTpe6oBajoch OTKPHITHE HOBOM obaacru
MaTeMaTUKH, JIOMUMO TeOMEeTPHH W aare6phl, KOTOPHE OBl U3BECT-
HEI B rpexaM, u apabaM, m BaBmwionsHaM. [lompoGyiite-ka ¢ momo-
b0 OJHOM JMUIIb aJreGpH pemuTh CAEIYIMYI0 3agady. Bosgymi-
HEll ap HagyBaercd TakuM o6pasoM, 4To ero 00beM yBEIUYIHBAET-
ca co cxopoctbio 100 cxu¥/cer. C Kakoil CKOPOCTHIO YBEIHIMBACTCSA
ero paguyc, Korja oosem mapa gocturaer 1000 ex?? 3ajaan rakoro
pofa ORLIM HepaspemuMEL I APEeBHUX TperoB. Kpome rtoro, mx
COHMBRJIM C TOJIKY MHOTOYUCICHHEE «HapafoKcely. BoT onue 13 HEX,
OpHIyMamubit 3eHOHOM, KOTOPHI X0pOIIo TOKA3KBAET, HACKOIBKO
Obla CIOMKHA B TO Bpemsi mpobiema cropoctu apm:menusa. «Ilpep-
HOJNOKYM,— TOBOPHT OH, — uTo Axmaiec Geraer b jecsTh pas GueT-
pee depenaxu. Ho reM He MeHee oH HuKOTgA He Ieperonur ee. Jfeii-
CTBUTEALHO, MYCTh B HAYaJe COCTA3AHUA Yepemaxa HAXOJHIach B
100 merpax Buepegu Axmaneca. Torga ko BpeMeHu, KOrga Axumuiec
npobemur atn 100 MerpoB, wepemaxa oramerca B 10 merpax Boepe-
nu Bero. [lpoGeskas u atw 10 MerpoB, Axunirec yeugur depenaxy B
1 Merpe Bnepefu ce6da. 3a To BpeMsA, MOKA OH mpobeKuT 9TOT METD,
gepenaxa npoiiger 10 carTUMETPOB U TaK jgajee ... 10 GECKOHEUHOC-
tu. Caepgosatensro, B d1060H MOMEHT uUepemaxa Oyger BIEpemn
Axmaneca, m OH HEKOTAAa He CMOKET IeperHatb eey. B gem sgech
omubka? Komeunwlll yHTepBAaN BpeMEHH MOMKHO pasjenuTh Ha 0ec-
KOHEYHOe 9HMCJI0 Jacyel TOYHO TaK jKe, KaK M KOHEYHHII 0Tpe3o
JUIFHH, €CIH MOCIef0BATeAbHO meauTh ero nomoiaaM. Ho Geckomea-
HOe YHCJAO0 3TALOB 710 TOTO MecTd, I'ie AXWiIiec MOPABHAETCA C de-
penaxoli, BOBCe He O3HATAET OECKOHEUHOE KOMTHYECTBO BPEMEHU.
JTOT MpUMEP XOPOIIo MOKA3KBAET, ¢ KAKAME TPYAHOCTAMHA MPHXO-
AMIOCH CTAJKHBATHCA B. IpobieMe oIpefeleHHA CKOPOCTH.
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Yo emie scHee NPEACTABHTE ce0e 3TH TPYTHOCTH, BCIIOMHHM
cTapyio MYyTKY, KOTOPYI BH HaBePHsKAa cAsnany. Bum moMHHTE,
910 ABTOMOGHIb, 0 KOTOPOM MH TOBODPHIMN B Hadaje 3TOH JeKIui,
6811 ocTaHOBIe” MonuueiickaM. OH MOTXOMUT K MaliHHEe ¥ FOBODHT:
«Mamam (mGo 3a pymeM Oblma seRmmEHA), BH Hapymuam nmpasmia
yJARIHOTO ABU:KeHHsA. Brl exanu co crkopocrsio 90 KnmoMeTpos B
uacy. sHermuua orsedaer: «lIpocture, 10 HeBosMmo:kxEO. Kar s
morjaa genatb 90 KuaoMETpPOB B Yac, ecIH S €4y BCEro JAHINL 7 MHA-
nyr!y Har 66 BH oTBeTHIE Ha MecTe moauneiickoro? Koneuro, ecnn
BH JeHCTBUTEIbHO HACTOAIMA HOMUIEHCKAN, TO TaKUMHA XUTPOCTH-
Mi Bac He 3anyraemb. Bu O TBepmo ckasamm: «MapmaM, onpaBmm-
Bathea Oynere mepen cyaneiily Ho npepmonoxkum, aro v Bac HeT Ta-
KOT0 BRX01a. Bu Xx0THTe 9eCTHO [OKA3aTh HAPYIIUTENbHAIIC €6 BIHY
M OeITaeTech OGBACHUTH eif, 4T0 0BHAZaeT ckopocth 90 km/uac. Kax
ato caenarb? Bul cramere: «fI umen B Bumy, MagaM, uTo ecam OH
BH IPOJOJKAIA €XaTh TAaKUM jKe 06pasoM, 10 depes dac Brl 0w mpo-
exanu 90 xuiomerpos». «[la, HO A BeAb 3aTOPMO3MWIA W OCTAHOBIAA
MAHMIUHY,— MO;KeT OTBETHTH OHA,— TaK ITO TeNepb-T0 A y/K HUKAK
He mMoruaa 6s mpoexars 90 KmIOMETpPOB B Facy.

Amanoruunaa npobieMa BO3HUKAeT M B CjIyuYae MHafaioliero
mapnra. IlpemmosiomuM, 910 ME XOTHM ONPEREAUTH €r0 CKOPOCTh
yepes 3 cek, ecam OBl OH IBUTAJICA TAKuUM ;e obpasoM. Ho uro ozma-
uger «ABHrajgca rtakuM ke obpasom»? Coxpamsu O yCKOpeHuHe,
Asurajica Guicrpee, aro qu? Komeano, Her! Coxpansi OH TY ke ca-
Myio ckopocmb. Ho Bemb 970 Kak pas 1o, 910 ME nBTaeMcs ompepe-
auth! Ecau 6B mapuk mpogosKal JABUTATHCA «TARUM e 00paszoMy,
TO OH majan Onl Tak e, KaKk mafaer. Tax 9To HYKHO OPHAYMATh
9TO-TO AY9Iiee /i ONpefeTeHuss CKOPocTH. UTo yKe Bee-Taku TOJLK-
H0o coxpamsThbes? Hapymwnreasnunma Mmoraa Obl BaM enie OTBETUTH
u 1ax: «Ecau 61 A npofomkana exaTh, Kak exana, eime vac, TO Ha-
aerena On Ha cTeHy B KoHHE yaxnn!» B obmem, kar sugure, moan-
neickuit oxasadcs G B OYeHb TPYAHOM IIOJIOKEHUH, WHTASACH
oOBACHATH, YTO OH UMEJ B BHAY.

Muorume ¢usuky gyMawT, YTO EAMHCTBEHHHIM OIpemeieHHeM
moboro nonATHA sBagerca cuocob ero maMepenws. Ho rorga mpu
00bsACHeHHR BH AOJKHBE NpUGErHyTh K NpHOOPY, U3MEpANIEMY
ckopoctb. «CMoTpuTe,— CHajere BH B 9TOM clydae,— Ball CHU-
XoMmetp mokasmsaer 60». «Moii cnumoMerp ciaoMam M JABHO He pa-
6oraem,— orsetur oma. Ho gocrarouHo am 3T10ro, 9rodH IIOBe-
pUTH, 9¥T0 MarAHa He ABHrajgach? MEL moaaraeM, 9o Kak-10 HY;KHO
Ob110 GBI OIpeflensTh CKOPOCTh 1 663 moMmonu coupoMerpa. Toabxo
IPH 3THX YCJHOBHAX MO;RHO CKasaTh, 4TO cHugoMerp He paboraer,
49T0 OH CJIOMaH. 910 Ohao Om aGCypmHeIM, ecaH OH CKOPOCTb He
nMena cMeicaa Ges cumzoMerpa. O9eBUIHO, UTO MOHATHE (CKOPOCThHY
He 3apucHT 0T cmupoMerpa. ComaoMerp HY;KeH TONBKO IS TOrO,
uTo6K uaMepATh ee. [laBaiire mocMOTpUM, HEIB3S U HPUAYMATh IY4-
Iee onmpejieJieHNe TOHATHA CKOpOcThy., BH crasrete: «Pasymeercd,
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MafamM, ecam Owl BBl exaJm TakuM ke o0pasoM B TegeHHe yaca,
to maJgeren:d Okl Ha cTeHy, HO 3a 1 CeKyHAY BH OH IIPOeXannm
25 MeTpoB, TAK 9TO BH flelanW 2D MeTpoB B CEKYHAY, W ecid OH
IPOJOJUKAIM eXaTh TAKUM 2Ke 06pasoM, T0 B CAEAYIONIYI0 CEeKYHIY
ONATH Ipoexaam 6m 2D METpOB, a CTeHa CTOMT [rOpasio Hajblues.
«Ho mpaBmia 3ampeiuaior genarh 90 KuaoMeTpoB B Uac, a He 25 MerT-
pos B cexyHay». «[la Bexp ato To me camoe, 910 u 90 KuIOMeT-
POB B 9acy,— OTBETHTE BH. A eC:IM 3710 TO ;Ke caMoe, T0 K 4eMy TOT-
Ia BCe JAJUMHHEE PAasTOBOPH O 25 m/cex? B peficTBmrenbHOCTH e
majaomuil map He MO;KeT OBUTaThCd OAMHAKOBBIM 00pasoM Haske
1 cek, Tak KaK OH IMOCTOAHHO YCKODPAETCHA, H, CJAEJ0BATEALHO, HY -~
HO ONpeIenuTbh CKOpPOCTh KAK-TO TOYHEe.

Ho remeppb MH, Kajkercd, HaAXOAUMCA HA NPaBUABHOM IYTH, KO-
TOPHEII IPUBOAMT HAC BOT K YeMy. Lcam OH MammHa OPONOJIKAIA
OBUTATHCSA TAKUM jKe 06pasoM CAeAyOmMyI0 THCAIHYIO A0JMI0 daca,
TO OHA HpoHLIa O TeICAYHYI0 Koawo 90 km. pyrumu croBaMu, Het
HUKAKOH HeOOXOAMMOCTHM €XaTh IeJnil dac ¢ Toil ke OBICTPOTOii,
JOCTATOYHO KAKOLO-T0 MoMeHMmd. ITO 03HAYAET, 4TO 32 KAKOH-TO
MUMEHT BpPEMeHM MAalluHa IPOXOJAT TAKOE K PACCTOAHHE, Kar s
BAymas ¢ H0CTOAHHOHE cropocrsio 90 ky vac. Hamu paccyxrpenun
0 25 M/cer, BOSMOSKHO, W IIPABH/IbHBIE; MK 0TMe4aeM, CROJIBKO Ma-
HIZHA IIPONLIA B CAEAYIOUIYIO CeKYHIY, U eC/1u HOJYIaeTca Paccros-
Hie 2D M, TO 3TO 03HAWAeT, 9T0 cKopocTb pocruraer 90 kam/uac.

A pyruMa ciioBaMu, MOSKHO OIPEIEIuTh CROPOCTD CIeAYIOmuM 00-
pasom. OmpefeasieM paccToAHHE, KOTopoe ObIO MPOHIeHO 34 O4EHB
MaJHii 0Tpe30K BpeMeHu, |, PAa3[eliuB ero Ha 3TOT OTPE3OK BPEMEHH,
nosydaeM ckKopoctb. OXHAKO 3TOT OTPE3OK JOKEH OBTH KaK MOK-
HO MeHBIe, B 9eM MeHblne, TeM Jydlie, HOTOMY 9UTO B 8T0T IIEPHOX
MOTyT Hpousoiitm cHoBa uaMeHeHms. CMeIIHO, HApuMep, AJs ma-
JAOIero TeJa B KAYeCTBE TAKOr0 oTpesdka npuHATh gac. Ilpunars
B KaYecTBe OTPE3KA CEKYH/Y, MOKeT OhlTh, yI0OHO /i aBTOMOOWIIA,
TaK KaK 3a CEKYHOY ero CKOPOCTb M3MEHAETCA He CIHITKOM CHIIb-
HO, HO 370T OTPE30K BEJPH JJjisi majaiomero teda. Taxkum ofpasom,
49100k BHYKCIATH CKOPOCTH GoJiee ToUHO, HY/RHO GpaTh BCe MEHbIN TS
¥ MeHDIINEe MHTePBAJH BpeMeHn. Kciu Ha MATHOHHYH HONIO Ce-
KyHIB MH pa3sfleqluM pACCTOAHHE, KOTOP0O® Onito  IIPOMIEHO
B TeUeHue HTOr0 BPEMEHM, TO MOJyYHUM PACCTOSHNE B CEKYHAY, T.e.
K4K pas To, 4TO ME HOHHMAaeM IIo[l cKopocTbio, FIMeHHO 3T0 HyM®HO
Ouo cKas3aTth Hamel HapymureabHUIE, T. €. JaTh TO ONPeIelSeHue
ckopocTH, KOTOpPoe Mel W GyeM HCHOAb30BATH.

Taxoe ompejeneHue CONEP:HUT HEKYI0 HOBYIO M€K0, KOTOpAasA
OplTa HeJOCTYIIHA TpexaM B ee obmeil dopMe.

Ona saxmoyaerca B TOM, 9TOOH Maqbie PACCTOAHHMA PAa3/eiInTh
HA COOTBETCTBYIONINE MaJbleé OTPE3KH BpeMeHH M IIOCMOTPeTb, 4TH
[IPOU3O0UET ¢ JACTHHIM, 6CJIM OTPE30K BpeMeHH Oparb BCe MeHbIOe
¥ MeHbINe (HHHMHK CJOBAME, 0paTh mpefgesa OTHONMEHHMA HpoligenHo-
[0 pacCTOSHHA K MHTEDBAJXY BPEeMeHU IPW HEOTDAHMYEHHOM yMeHb-
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menann nocuaenuero). Buepsiie sra mAes GmJja BHCKazaHa He3aBH-
cuMo HoororoMm u JleitbuuneM m ABHIACH OCHOBON HOBOH obmacri
MaTeMaTHKH — Ougdepenyuaibrozo ucducierus. OHO BO3HHKIO
B CBA3BH C ONUICAHUEM [IBIKEHUs, ¥ MEPBHIM €ro IPUIOKEHreM OB
otper Ha sompoc: «Uro osmawaer 90 km/yac?y

MonpitaeMcst Temepb TOYHee ompegenuTh CKOpocth. Ilyerh za
HEKOTOPOE Majioe BpeMs & MAIIMHA HWTH KaKoe-TO IpYroe Tejao mpo-
HITH MAajioe pACCTOSHHUE Z; TOU[ia CKOPOCTh ¥ ONPEAeaAeTcsa Kak

V= —
e ?
OpHYeM TouHOCTh Gyner tem Oomasbmie, 9eM MmeHbme e. MaTemaTurm
3aIHCHIBAIOT 3TO caegyiommuM o6pasoM:

v=1lim—, (8.3)
g0 ©

T. €. CKOPOCTH €CTh IIPejel OTHOMICHUA Z/¢ HpPU €, CTPEMAMEMCA K
Hyno. J{aa Hameld MamuHb-HA PYNIATENbHUNH NEE03MOKHO TOYHO
BHIYMCIAUTH CKOPOCTH, TaK Kak rabiuiua memonmnas. Ee momoxenwue
U3BECTHO HaM TOJBKO wepes uHTepBaJdsl 1 mun. lpubmmwnenno,
HOHEYHO, MO/KHO CKa3dTh, 9T0 B TeUYeHWE CEIbMON MUHYTH, HAIIPI-
Mep, OHA TLIa ¢o cpenmeir ckopocthio 90 kM/uac, 0IHAKO O ee CKO-
POCTH B KOHOE MecTod MUHYTH HHYETO CKa3aTh HEBO3MOKHO. Mo-
yer GHITH, OHA YCKOpPsIach u CKopocTh ¢ 40 ka/yac B Hagane mecToit
MuHyTH Bodpocaa 1o 90 ka/uac B Kouie ee, a Mo;ker GHTh, OHA IBU-
rasiach muage. Mu He 3HaeM »TOro TOYHO, TAK KAK Y HAC HET JeTalb-
HOH 3amucu ee [ABIVKEHHMA MEKIY MIECTOH m CegbMOIl MHHYyTaMH.
Toasko korga rabamma 6ymer momoaHeHa OeCKOHEYHHIM YUCIOM
JAHHLIX, U3 Hee MO:iHO Gyaer MefiCTBUTEABHO BEIYUCIUTH CKOPOCTS.
Ecxn, ogHako, HaM H3BecTHA IOJHAd MareMaTmdecKas QopMmyla,
Kak, HampuMep, B ciaydae majawomero texaa [ypasmernme (8.1)],
TO MOKHO mofcumTaTh cropocrb. Bexb mo ¢opMysne MOKHO HaidTu
MOJIOJKEHHE TelNa B 000l MOMEHT BpPEMEHH.

B xauectBe mpuMepa pamaiite HalijeM CKOPOCTh HAJAIINEro
mapa gepes 9 cex mocIe Hagana mageAus. OguH croco6 — 3ro mo-
cMorperh mo Talba. 8.2, 9To MPOHCXOAMUIo ¢ MAapPUKOM HA IATOH ce-
Kynge. B redemue 5Toil CeRyHIH OH HpoIie] 49 M, TaK 9T0, Kaza-
aoch Obl, OH HMAJAJI CO CKOPOCTHI0 45 M/cex. OgHAKO 3TO HeBepHO,
HOCKONBKY CKOPOCTh €ro Bce BpeMs maMeHsJach. Rowedno, ¢ cped-
Hem B TEUEHUE DTOI CEeKYHAH OHAa cocTaBisiia 45 a/cex, HO B HeiicT-
BHTEJIBHOCTH AP YCKOPAJACA M B KOHUE IATOH CEeKYHAH majgai
OsicTpee 45 M/cex. Hama sagaua cocromtr B TOM, 9100 OIpe-
oeJuTs ckopocmb mouro. CaemaeM aro caengyoomun obpasom. Ham
H3BECTHO, Ifie MapuKk HAXOLWICA depesd S cer. 3a O cek OH IpoIeln
paccroanue 125 . K MoMenTy 95,1 cex obnige paccTosiHIe, KOTOpOE

- IIpomIen MIapuK, COCTABUT, corJacHo ypaeHeHmio (8.1), 130,05 m.
Tarum o6pasoM, 3a JOLOJHHUTENBHYIO AECATYI HOJI0 CEKYHHH OH
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npoxogur 5,00 a. A mocroasky 5,00 m na 0,1 cer 1o ;e camoe,
gro u H0,5 M/cer, To 310 U Bymer ero cxopocrb. OgHaro 3710 Bee
eme He coBceM TOUHO. [laf Hac COBepImCHHO HERARHO, GymeT aum
ATO CKOPOCTH B MOMEHT D cek, WIH B MOMEnT 0,1 cer, uiu rme-To To-
cpepune. Hama 3aziauva BEIMHCINTH CKOPOCTH MOUHO uepe3 D cek, a
9TOTO MH HOKa He cjeiaa’n. Ilpumerca ymydimurh To9HOCTh U B3ATH
TeUepb HA THCAYHYI A0/t Goxbiie 5 cex, T. e. Moment 5,001 cex.
Toamoe paccrosame, HpolJeHHOE 3a DT0 BPeMA, COCIABASET

$=15.5,001% = 5-25,010001 = 125,050005 ..

CaejroBateapHo, B HOCIEAHION THICAYHYI AOJII0 CERYHEH IIAPHK
upoxoaur 0,050005 », u ecau pasgeants sT0 wmcao Ha 0,001 cex,
10 woxyamMm cropoctb 50,005 amicex. D10 yixe ouenb GAU3KO, HO BCE
sice eme He mouno. OTHARO Temeph ye fCHO, KAk IMOCTYINTh, YTOOH
HAHTH CKOPOCTH TOUHO. Y 00HEE pemarth 3Ty 3a74a9y B HECKOIBKO
Goaee obmem Buge. Iycrp tpebyerca malfitm CKOPOCTH B HEKOTOPRIA
MOMeEHT BpeMeHu ?, (HaupuMmep, D cek). Paccrosime, KoTOpOe mpoii-
JIEHO K MOMEHTY [, (HasoBeM ero sp), 6ymer 5f; (B HameMm cayuae
125 m). Yrobe ompemeuTh paccTOAHME, MH 3a7aBald BOLIPOC: Tie
ORa;KeTess T1eJ0 CcHycers BpeMsa Iy + (HeGoapmol go0aBor), wmwiu
to+2e? Hosoe monoxenue rtexa 6ymer 5(tp+e)2=>5¢t -+10fe+5e2.
(D10 paccrogHuUe GONbILE TOTO PACCTOAHHA, KOTOPOE MIaPHK NPOIHe
3a ty cex, 1. e. Gompme 5¢;.) HaszoseM sto paccrosume sy + (He"
bompmroii qo6aBok), wiu s,~+z. Ecam temeps BbuecTh M3 HETO pac-
CTOIHWE, IPOIIeHHOe K MOMeHTY fo, TO IIOJyIUM & — TO AOIOJHM-
TeJBHOE PACCTOAHNE, KOTOpoe MAPHK mpomel 3a Ao0aBOYHOE Bpe-
ma e, 1. e, x=10fe-+5e? Tawn uro B HepROM IPHOHMAKEHHN CKO-
pocth Gymer paBHA

v=2=101t,5e. (8.4)

Temeps MBI yie 3HaeM, 4To HY:KHO JAeNaTh, 4T00B MOJYIUTH CHO-
pOCThL TOYHO B MOMEHT fy: HYMHO OpaTh OTPE30K & BCe MEHbHIE K
MeHbIIe, T. €. YCTPEMJATH ero K HYJ 0. TakuM IyTeM W3 ypaBHe-
HuA (8.4) moayaum

v (B moment t,) = 10¢ .

B mameii 3amave f,=5 cer, cmemoBaTeIbHO, CKOPOCTH DaBHA
v=10.5=50 M/cer. Dro um ecrp HymHHIT orBer. Pambime, Korga
¢ 6panock pasHnM 0,1 10,001 cex, mony4anach BeCKONBKO GOabman
Beauguna, 4eM 50 m/cex, HO Temeph MH BHAHM, YTO B AeHCTBHTENb-
HOCTH OHAa B TOUHOCTH pasma H0 a/cex.

§ 3. Cropocmdv xar npouscodnas

Iponenypa, KOTOPYI0 MBl TOABKO YTO BHIIOIHUJIN, HACTONBKO
9aCcTO BCTPEUAETCSA B MaTeMaTuKe, YTO [JiA BEeIWYWH € W & OBlIO
UPUYMAHO cHenmaitbHoe o0o3HaueRme: & 0003HAYATCA Kak Af,
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a z — kak As. Beanunna Af osnavaer «HeGoIbII0N 10GABOK K Iy,
npuueM IOApasyMeBaercsa, 4ro 3710T A00aBOK MOKHO Jerarh MeHD-
me. JHAYOK A HH B KOeM CIydae He O3HAYAET YMHOMEHNE HA KaKYIo-
TO BEIMIUHY, TOYHO TaK jKe Kak sin 6 He o3Hadaer s-i-n-0. 3ro
OPOCTO HEKOTOPHI H00aBoK KO BpeMeHH, IpHIeM BHAYOK A HATIOMii-
Haer HaM o ero ocoboM xapakrepe. Hy, a eciu A He MHOMKHTEND,
TO €r0 HelIb3s COKpATUTh B OTHOMeHuH As/Al. D10 Bce paBHO, 4TO B
BHpa;keHnH sin0/sin20 coxparuTh BCE OGYKBH M IOAYyYHTH 1/,
B »1ux BOBHX 0003HAYEHMAX CKOPOCTH PAaBHA MPeELeny OTHOMEHHA
As/At mpu Atf, crpeMsmeMca K HyJAo, T. e,

= lim 2. (8.5)

Al >0 &7

310 no cymectBy popMyra (8.3), Ho Temeph FCHee BUAHO, YTO 34ECHh
BCe M3MeHsercd, a, KPOME T0ro, OHa HaIOMUHAET, KAKHE MMEHHO Be-
JUYNHE W3MEHAIOTCA.

CymecrByer eme OZWH 3aKOH, KOTOPHH BBIIOAHSETCA € XOpO-
meit TouHOCThI0. OH THACHT: H3MEHEHWE PACCTOAHUA PABHO CKOPO-
CTH, YMHO;KEHHOIl Ha WHTEPBAJ BPeMEHH, 38 KOTOPOe 9TO U3MEHEHke
APOU30UN0, T. €. As=vAf. IT0 TPABWIO CTPOrO CIPABEANNBO TOJb-
KO TOTJa, KOrJla CKOPOCTb He H3MeHsdeTcsi B TedeHWe HHTepBata
At, a aro, Boofiie TOBODHA, WPOHUCXOAMT, TOJABKO Korga At mocra-
TOYHO Majo. B rarux caygaax oOe9HO mMuytT ds==vdt, rae mog dt
O/ pas3yMeRaloT MHTePBaJ BpeMeHu Af IPH YCJA0BUHU, 4TO OH CKOJb
yrogao maa. Ecau waTepBaa A! gocTarogHO BedauK, TO CKOpPOCTD
54 3TO BPEMA MOKET M3MEHUTHCS U BHparkeHme As=vAt OGynxer ye
npubamxeEEsM. ONHARO ecaw Mel muiieM df, TO PR HTOM HOApa-
3VMEBAETCH, WI0 WHTePBAl BPEMEHW HEOTPAHWYEHHO Mal W B 2TOM
¢MECJe BHpaxeHue ds=rdf tounoe. B HoBHX 0003HAUEHNAX BhI-

pasieHne (8.5) uMeeT BUJ
As ds

=l S

Besuunna ds/dt HasmBaeTcsi «HpOMBBOAHON s mo f» (raxoe
LasBaHie HaIOMUHAET O TOM, 9TO M3MEHAETCA), a CJAOKHEIA HPO-
1ece HaxXORIEHUSA NMPOUW3BOMHON HasHBaeTcsa, KpoMme Toro, pudde-
peanuposarueM. Ecau ke ds u dt mosBasoTesa OTAeNbHO, a HE B
BUje OTHOWIEHUA ds/dt, T0 oHM HOCAT HasBaHus Juggepenyuaros.
Yol mosydiie 10O3HAKOMUTE BAac ¢ HOBOH TePMUHOJOTHEIl, CRAKRY
elile, 9T0 B IpeHAymeM maparpade Mpl HAIW [HPOM3BOTHYIO OT
¢yaruun 512, wim npocro mpoussopHyio or Si?. OHa OKasamachk
papuoit 10¢. Horga Ber Gonblite IPUBHIKHETE K HOBBIM CJOBAM, BaM
craner 0ojiee MOHATHA cama MeIcab. [[1A TpeHnMpoBKY JaBaiiTe Hai-
leM Tpom3BOJHYI0 OoJjiee caomHOM ¢ymriuu. PaccMorpuMm BHIpa-
ikenme s=At3+Bt+4-C, koropoe Mo;keT OUUCHBATH ABILKENNE TOU-
ku. Byksu A, B, C, Tak i Kax ¥ B 00HMIHOM KBajpaTHOM ypaBHe-
HuM, 0003HATAI0T HOCTOAHHKNe drcaa. HaM Hy:RHO HaiTH CKODOCTh
ABWsKeHNs, omuchiBaeMoro 9roif ¢opmysoit B8 060l MoMeHT
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npemenu f. PaccMoTpmm fna srtoro MomeHT ¢--Af, mpmieM K s
upmba BuTCA HeKoTOpas obaBKa As, i HailjeM, Kak BHpaskaerca As
gepes At. llockonbky

s+As=A@E+A)+B(t+A)FC=

=At* 4 Bt +C + 3A1* At + BAt -+ 34t (At)* + 4 (At),
s=At* +Bt+C,

TO As=3A At + BAt - 3At (A1)’ + A (A1),

Ho mam Hysma He caMa BexmauHa As, a ornomernue As/A¢. Hocme
HeneHuA Ha Al DOXyYWM BHIPAKEHNE

% =3A41* - B+ 34t (At) + 4 (At),

a

KOTOpOE mocme ycrpeMieHns Af K HYJI0 NPEBpATHTCH B
ds

—_ 2
S =341 B.

B 3T0oM COCTOMT MPOLeCC B3ATUA NPOU3BOAHON, wiin Anddeperuupo-
pannsa ¢yurmuil., Ha camoM mese oH HeCROIBKO Jerde, UeM 3T0 Ka-
JRETCA Ha IMePBHIl B3TJIAL. SaMerbre, 9T0 eCTH B Pa3No;KeHHAX, Ho-
JOOHRIX TPEOBIYIIHM, BCTPEYAIOTCA WI€HHI, INPOMOPLUOHATLHLIE
(A8)?* nam (AY)® mnu eme Gosdee BHICORHM CTEIICHAM, TO X MO/KHO
cpa3y BuYEPKHYTH, NOCKOIAbRY OHH Bce paBHO 00parsTcA B HYIb,
Kor/a B KOHIe Msl Gyaem At yerpemuasts K Hyxio, [locne meSonbinoit
TPEHUPOBKA BH cpasdy Oypere BHAETb, IT0 HYKHO OCTaBAATH, a
4ro cpasy orGpackiBaTh. CyMIECcTBYeT MHOTO MpaBmi u POPMYE HiA
aupPepeHUPOBAHNA PABIUIHHX BHI0B (yHKkmuid. Mx MoxBo
aub0 3aIOMHHATH, AH60 MOJB30BATLCH CHENUANBHHIME Tabaumamu,
HeGoabmoil comcor Taxkmx npabmd mpusogurea B taba. 8.3.

Tabauya 8.3 . HEKOTOPLIE TIPOU3BOJHBIE

S, U, U, W— NPOU3BOJIbHbIE PYHKLHH;
a, b, ¢, n— npPOH3BO/IbHNLE NOCTOAHHHIE.

DyHruHA Tipoussoguas
ds
s=1t" L—ﬁ:ntﬂ—l
s=cu ds__ du
- di = tdi
ds du  dv dw
s=utovtwt... = tmta T
— ds
8§=¢ JE_O
ds adu . bdv ¢ dw
b C P pRuked ESARahpN Bl atar
S=4 0. dt s(udt+vdt w di +)
/
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§ 4. Pacemoanue Kax uitmezpan

O6eyanm Temeps obparnyio mpobiaemy. Ilyers amecto tabamin
paccTOAHMI HaM JaHa TabaMua CKOpOCTed B pasJMIHBIe MOMEH Thl
BpeMeHwu, HaYmHAA ¢ Hyas. B 1abn. 8.4 nmpexncraBiena 3aBHCHMOCT B
CKOPOCTH TAafalomiero mapa OT BpeMeHH. AHAJOTMIAYI TaGIAny
MOMKHO COCTABATH W [JIA MAUIWHE, €CJH 3AIHCHBATL IIOKA3RHUA
COHIOMETPA depes KUKAYI0 MUHYTY Wim moaMmuuyTtil. Ho MommO

Tabauya 8.4 ° CKOPOCTD ITATAIONIETO IITAPA
t, cex v, M CeR
0 0
1 10
2 20
3 30
4 40

JH, 3HAA CKOPOCTh MAINHMHH B M000f MOMEHT BPEMEHH, BHYHCIATH
paccrosiHue, KoTopoe e OO npolfimeno? Jra 3ajadva obpaTHA
10i, KOTOPYIO MB TOJBKO YTO paccmorpedn. Kak ke pemurb ee,
€CAH CKOPOCTh MAINMHK HEIOCTOSHHA, €CJAM OHA TO YCKOPAETCa No
90 km/uac, TO 3aMEIIAETCA, 3ATEM I'JIe-TO OCTAHABJIUBAGTCA Y CBETO-
dopa u t.0.? Cpenars ato mHerpymuo. HyxH0 mcnoxbp3oBath Ty Ke
WAEI0 W BHPA}:iaTh WOJHOE PACCTOSHME deped 0ECKOHEUHO MaJIble
ero gacte. IlycTb B mepByW CEKYHIY CKOPOCTH OyIer vy, TOPZA IO
dopMyae As=v;At MOKHO BHYUCIUTL paccTOAHYE, NPOliJeHHoe 3a
91y ceryHIy. B caenymomyo CeKyHIY CKOPOcTh OyHeT HECKOJBKO
ApYyToit, x0TA, MOskeT GHTH, u OAN3KOH K HepBoHAYANbHOM, a pac-
CTOsHNE, NpOoliieHHoe MAMWHOR 3a BTOPYI CeKyHAY, Oyler paBHO
HOBOW CKOPOCTH, YMHOMEHHOH Ha wHTepBak BpeMmerm (1 cex). dror
HpoUece MORHO IPOMOIGRATE Jalibiie, 0 cAMOTO KOHa oytu. B pe-
3yJbTATE M LOJYYMM MHOTO MajeHbKHX OTPe3KOB, KOTODHE B CyM-
Me gagyT Bech nyth. Takum o6pa3soM, myTh SABIAETCA CYMMOH CKO-
pocreii, YMHOMEHHMX HA OTIENbHBIE WMHTEPBAJE BpeMeHH, WIH

= ¥ vAf, rge rpedeckas Oykpa » (cHrMa) o3sagaer CyMMu-
poranue. Todmee, 310 Oymer cymMMa cKopocrefl B HeKOTOPHE MO-
MEHTH BpeMeHW, CKaykeM f, YMHO;KeHBhle Ha Afl:

s=Zv(ti)At, (8.€)

npuaeM RORAHHA mocmegyiollwil MOMEHT I;, . HaXOgWTCA HO IIpa-
BUAy ti+1:ti—{—At. Ho paccrosirme, nosyuenHoe 3THM METOLOM, He
6yner TOYHEIM, HOCKOIbKY CKOPOCTL 3a BpeMs Al Bce yKe U3MEHAET-
¢A. BRIXoI M3 TOro IMONOKEHHA 3aKTI0YaerTcss B TOM, 4ToOH Gparb
BCe MEHBIINE I MEHBINKME mHTEePBadE At, T. . pasduBaTh BpeMsa ABH-
JHeHWA HA Bce GOAbBLICE YMCHO BCe MEHLMIHX OTpeskoB. B KoHIne
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KOHIIOB MBI IPUAEM K CJefyIomeMy, Temepb yiieé TOYHOMY BhIpa-
JREHHI0 I NpOHAeHHOTO IyTH:
\ .
s==lim X v (¢;) At. (8.7
Al—o |
Maremarixs mpugymanu A 2TOTO mpejena, Kak U Masd gud-
depeHnuata, CHenuaNbHEIT CMMBON. 3HAaUoK A TpeBpamaercs B d,
HAIOMHEHAS 0 TOM, YTO HHTEPBAT BpPEMeHH CKOJb YTOJHO Mal, a

3HAK CYyMMHUDOBaHUA ImpeBpaliaeTrca B g — ucKa;keHnoe GoabIIoe

S, mepBadg OyKRa JaTHHCKOTO CI0Ba «Summayr. JTOT 3HATORK HABBAH
uyrerpatoM. Tarmy ofpaszon, ME mumey

s=\{ v dt, (8.8)

rie v(¢) — cropocrs B moment ¢. Cama swe omepamus cyMMUPOBAHUA
9TUX WIEHOB HassiBaeTcd uHTerpupoBaHueM. OHa IPOTHBOMOJNO;K-
ia omepaunu JudPepenupPOBAHUS B TOM CMBICTE, ITO IPOM3BOIHASN
9TOTO MHTErpasa pasHa v(f), Tak 910 ofuH oneparop (d/dt) «yHudTo-

1ae™ ;[pyroﬁ(D. IT0 paeT BOBMOMHOCTH TOAYIATh (op-

MYJIH A5l HHTETpa;1oB nyTeM obpamenus fopmyn gna guddepen-
UUanoB: HHTErpal orT $yHKumH, crodweil B mpaBoll KOJOHKE
1a621.8.3, 6yZer paren (yHKIuM, CTOANIEH B NeBOH KomoHKe. {ud-
depenuupysi Bce BHOKM (YHKOMI, BH CaAMH MOJKETE COCTaBHTbH
Ta0anny MHTer pasoB.

Jlioban ¢yurnua, saganmas B aHaAMTHYECKOM BHIE, T. €. BH-
paskapIasgcA depe3 KOMOMHAIMIO M3BECTHHIX HaM (QyHKiuWH, mud-
depeHnupyeTCa 09eHb MPOCTO — BCA OINEPAUMUA BHITIOIHAETCA YHC-
10 ajrebpamyvyecKu, I B PesydbTATe MK BCErJa MOJydaeM KAKYI-TO
n3BecTHYW0 Qynrmmio. OgHAKO WHTErpad He OT BCAKOH QYHKIUU
MOKHO 3ammcarb B aHaguThdecKoM Bufe. PasyMeercs, musa Kam-
J0T0 HaCTHOTO MHTErpaja BCerja CHadaja MHTAIoTCA HANUTH TaKyIio
¢yHKIMIO, KoTopas, Oyxyau npomupdepeniupoBana, HaBamza Obi
¢yHEnuIO, CTOAN[yI0 mOCHe 3HAKA HMHTErpana (OHA HABHBAETCA
mofsiHTErpaabuoii). OgHaKo 3T0 He Bcerja yjaerca caenars. B ra-
KHUX CHYUafaX MHTErpajl BHUMCAAIOT IPOCTO CYMMHUPOBaHUEM, T. €.
BHIMCASOT cyMmul tuma (8.6) co Bce MEHBMIMMHU ¥ MEHBIIWME WH-
TepBajiaMH, MOKA HE II0AYyYaT Pe3YAbTAT ¢ HOCTATOTHOH TOYHOCTHIO.

§ 5. Vewopernue

Carepyronuii mar Ha OyTH K YPABHEHUAM [BU/KEHHS — dTO BBE-
JEHWEe BeAWYHHE, KOTOpAs CBA3aHA C U3MEHeHUeM CKOPOCTH [BU-
meHns. KcrecTBeHHO CHPOCHTD: a KAK M3MEHSETCA CKOPOCTH [BH-
meHnsn? B mpedsaymux raaBax Ml pACCMATPHBAJIM CJAYYali, KOTTa
mefCTBYIOmMAA CHIA IPHUBOAMAA K H3MEHEHHI0 CKOPOCTH. BHBawoT
JeTKOBEE MAaIIMHBL, KOTOPHe Habmpawor ¢ Mecta 3a 10 cek ckopocTthb
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90 km/uac. BHas 5T0, Ml MOJCM ONDEAENHTH, KAK M3MEHAETCS
CKOPOCTH, HO TOJABKO B CpefHeM. J3aliMemcs ciefyloluM Goiee
CJIOKHBIM BOIPOCOM: Kak Y3HaTh OHCTPOTY M3MEHEHHA CKODOCTH.
JIpyTuMH ¢I0BaMH, HAa CKOJBKO METPOB B CEKYHIYy H3MEHAeTcH
ckopocth 3a 1 cek. Mp1 yike yCTaHOBIIM, YTO CKOPOCThH NAXAKOIIETO
TCJA HM3MEHSETCs cO BpemeHeM o popmyae v=98¢ (eM. 1aba. 8.4),
a Temephb XOTIIM BEIACHUTH, HACKOJLKO OHA Ha3MeHAercA 3a 1 cek.
JTa BeJUUNHA HA3BIBAETCS YCKOPCHUEM.

Tarnm o0pasoM, ycxkopeHue onpegesnsercsa Kak GhICTPOTa maMme-
HEHHsS CKOPOCTI. Dcem crasauubiM pamee MBL yike JOCTATOYHO LOJK-
TOTORMEHH K TOMYy, 4To0H Cpa3y B3amucarh YCKODEHHE B BUJE
HPOM3BOMHON OT CKOPOCTH, TOYHO TAK K€ KaK CKOPOCTh 3aIlHChi-
BaeTcs B Bijje mponsBoguoii or paccrogand. Ecau tenmeps mpomud-
pepennuposarb opmyny t=98 ¢, 70 HONYIHM YCKOpEHUE IALAK0~
Hiero reja
(ITpu aupdeperuMpoOBAHU HTOTO BEHPA/KEHHUA HCHOTb30OBANCA pe-
3YIBTAT, HOJAYYeHHHH Hamu paubine. Mu Bumenu, 9410 HPOU3BOAHAS
or Bt pasma mpocro B (mocrosimmoit). Ecnu e smbparb a1y mo-
cTOsIHHYW0 paBHOi 9,8, To cpasy HAXOAMM, YTO IPOUBBOMHAA OT
9,8 ¢t pasna 9,8.) 310 o3magaer, 9T0 CKOPOCTH IAJAIONIEr0 TEIA TO-
cTOAHHO Bospacraer Ha 9,8 m/cerk 3a Kamgyw ceryHmy. ITOT HKe
pesyabTar Mo:KHO moayuurh u u3 Taéa. 8.4. Kax sumgure, B caygae
TaJaloiiero Teja Bee MONyIaeTcs AOBOJBHO IIPOCTO, HO YCROPEHHE,
BOOGIIE TOBOpPs, HenocToAHHO. OHO MOAYTIIOCH MOCTOSIHHNM TOJ b~
KO IOTOMY, 4TO IOCTOSAHHA CHJIA, AeHCTBYOLIAA HA MAJAIONIEE TN,
a mo sakony HporoHa ycxopenue HomKHO OHTH IPOIOPHUOHAN b-
HO cuie.

B kagectBe cuepywomero mpuMepa HalijjleM YCKOpeHHE B TOH
3ajilage, ¢ KOTOPOIl Mul yike MMeNIH [0 HPU H3yICHUU CKOPOCTH:

s=At*+ Bt +C.
Das cxopoctn v=ds/dl mbl moxyumnm GopMyTy
v=3A4"+8.

Tak Kak yckopeHiue — 9T0 IPOW3BOAHAS CKOPOCTH IO BPEMEHH,
TO JIiA TOrO, 4YT0OH HANTH €TO 3HaYeHHWe, HYKHO HpoAuddepeHu-
poBath 3ty dpopmyny. BenoMuum reneps oguo us npasua Taba. 8.3,
a HMEeHHO 9UTO HPOW3BOAHASA CYMMEI paRBHA CyMMe HPOU3BOJHEIX.
YroGn npogudepeRnupoBaTh IMEPBHI H3 9THX YIEHOB, MB He
OymeM mpopmembiBaTh BCHO JIWHHYIO NPONELYPY, KOTOPYIO Aemaid
PaHbmIe, a OPOCTO HANOMHHUM, 9TO TAKOW KBaJpaTHUHBIA 4ieH
BeTpedamesa HAM npu Auddepennuposanny GyHRmuE Hi2, mpmIeMm
B peayabraTe Ko3duiueHT yjaBamBaJgcd, a {2 mpespamasioch B f.
Br Moxere camm yGeauThcd B TOM, 9TO TO jKe caMoe IPOM3OHIET
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u ceitzac. Taxum oGpasoM, mpousBognas ot 3442 Gyner pasna 6A4¢,
Hepeitnem remeps ® puddepeHnUpPOBaHUI BTOPOLG CIATAEMOTO.
o oguomy w3 mpasun tabx. 8.3 mpousBofmHaA 0T MOCTOAHHOH Gy-
JeT HyJeM, CJAeZOBATENBHO, 9T0T WIEH HE [aCT B yCKOPEHME HUKA-
xoro Braaga. OxoHgarenbHHIl pesynbrar: a=dv/dt=04t%.

Bripemem eme aBe mose3HHe QOPMYIH, KOTOPHE MNOJYYaroTCs
HETErpUpoBaEueM. Eciau TEmo M3 COCTOAHNA TOKOA JBHARETCHA C
TOCTOAHHBIM YCKOPeHUeM g, TO €r0 CKOpOCTh v B M0G0 MoMeHT
BpeMenn ¢ OyIeT paBHa

v=gt,

a paccrosiHue, IPOHAEHHOE HM K 3TOMy MOMEHTY BPEMEHII,
1
s=?gt2.

JdaMernM ellie, 970 HOCKOJIBKY CKOPOCTL — 3T0 ds/dt, a yckope-
HBRe — OPOM3BORHAS CKOPOCTH L0 BPEMEHH, TO MOKHO HaIlLCATh
d /ds d?s
auﬂ(@—)zd—ﬁ. (8.10)
Tar d9ro Temepb MH BHAEM, KaK B3allliChIBAETCS BTOPAs IIPOU3-
BOZLHAS.

Cymecrsyer, KoHe4HO, ¥ 06paTHAaA CBA3D MEKIY YCKOPEHHEM I
paccTOUEM, KOTOpas IIPOCTO Ciaemyer W8 Toro, 4to a=do/dt.
Hockonbry paccrosinme SIBIASETCA HMHTETPAJOM OT CKODPOCTH, TO
OHO MoOser OHTH HAHMEHO TBONHEM MHTETPRPOBAHUEM YCKOPEHUSA.

Bce nmpegmaymee paccMorpenne GblIO NOCBAMECHO MBYKEHUIO B
OIHOM W3MEDEHHW, a TelePh MH KOPOTKO OCTAHOBUMCA HA JIBHIKe-
HUM B IIPOCTPAHCTBE TpeX m3Mepenmii. PaccmMorpuM nBmxeHue dac-
Tkl P B TpexMepHOM IPOCTpaHCTBE. JTa IMaBa HAayaxach ¢ 006-
CYIKIEHUA OJHOMEPHOTO [BU/KEHUA JEIKOBON MAaIllMHH, 4 IMEHHO C
BOTIpOCA, HA KAKOM pACCTOSHUHU OT Hadalda [IBIDKEHUs HAXOTUTCA
MalIMHA B PA3auYHEIE MOMEHTH BpEMEHHM. 3areM MbI 00CY:KIanu
CBA3D MEKIY CKOPOCTBIO W M3MEHEHWEM PACCTOSHUA CO BPEMEHeM I
CBA3L MEIKIY YCKOpeHHeM U maMeHeHueM cKopocru. Ilasaifre B 10ii
i@ TOCJeroBaTeNbHOCTH pasdbepeM IBusicHEWE B TpeX u3MEPeHHAX.
pome, ograro, Ha4aTh ¢ Golee HATJISAHOTO ABYMEPHOTO clydasd, a
s moTom 0Go0muTh ero Ha caydail tTpex msmepenwii. Hapucyem
IBe HepeceRalomuecs I0f OPAMLM YI7IOM JHHEHN (OCH KOODJMHAT)
n OymeM 3agaBaTh HOJMOKEHUE YACTHOH B JI060H MOMEHT BpPEMeHH
paccroaHuAMHI OT Hee 10 Kaskgoil us oceil. Taxum o6pasoM, momosxe-
HIle YaCTUIH BaZAeTCA ABYMA TucaaMu (KOOpAMHATAME) T K Y, KaK-
70 U3 KOTOPHIX ABJAETCA COOTBETCTBEHHO pACCTOAHEEM [0 OCH
y u 1o ocm x (Pur. 8.3). Temepr MBI MoieM omucarh JBIKEHHe,
cocTaBIAA, HampuMep, rabammy, B KoTopoll »tH [Be KOOpAH-
HaTHL 3afaHel Kak ¢ymxuum speMmemu. (OOoOmenze Ha Tpex-
MepHHI ciaygali TpeOyer BBeJeHHUs enie OJHOH ocH, NepHeHAMKY-
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(Azf+(ay)

D u2 83. Onucanue Osusxenus
meaa M@ RAOCKOCMU U GHHUCACHUE
ezo cropocmu.

Xz
> |
JAPHOU ABYM IEpPBHM, W W3MEPEHHA elie OJHOU KOOpAMHATH Z.
Opnaxo Temepb paccrosiHma GepyTcA He [0 oceli, a 70 KOOpZUHAT-
HEIX naockocmeil.) Hak ompegennth CKOpocTb wacTurpr? JaA aToro
MBI CHagala HalifleM COCTaBIAIIMNE CKOPOCTH MO KayKIOMY HAIIpaB-
JAeHHI0, AR ee KOMOOHEHTH. [Opu30HTAIbHAA COCTARIAIOMAN CKO-
pocTH, uA¥M Z-KOMIOHEHTa, OydeT paBHA NPOM3BOAHOIN 1O BpeMeHH
OT KOOPAWHATH I, T. €.

dx
V,= TR (8.1 1)
& BepTUKajJAbHaA COCTaBIAKOAA, WIH Y-KOMHOHEHTa, pPaBHA
dy
7 o= 2 2
vy=—. (8.12)

B caywae tpex msmepenuit HeOGXOTUMO erme 100aBUTD
dz
v,= atr -’ (813)
Kak, 3mag KOMIOHEHTH CKOpPOCTH, ONPENeNHTb IIOJHYI0 CKO-
POCTh B HAIIpABICHUN ARWKEHUA? PaccMOTpUM B IBYMEPHOM ciydae
IBA IOCHeZOBATEILHEX IIOJN0KEHUs YACTUIH, PA3NeTeHHHX KOpPOT-
KHM WHTepBanoM Bpemenu At={,—1¢; wu paccroaameM As. U3
¢nr. 8.3 Bmamo, 9TO
~V (B2 + (By). (8.14)
(3HaY0oK &~ COOTBETCTBYET BHIPAKEHUIO «IPHOIM3UTEIBHO PABHON.)
Cpenmasa ckopocts B Tedenue mmreppaga Al Imomxydaercs TPOCTHM
penenuem: As/A¢. UroOm HaliTm TOYHYIO CKOpDOCTH B MOMEHT !,
HYA(HO, KaK 9TO yyke Jeqamoch B Hadaie [JIaBel, YCTPeMHTh Al K
Hynw0. B pesynbrare okasmBaercs, 9T

= lim M=% 1/( ) (Z;’)-Vvi—i—vj. (8.15)

At >0
B tpexMepHOM claydae TOYHO TAKUM Ke CHOCOOOM MORHO HOJIY-~
9UTH
2 2 2
v:]/vx—{— v, + ;. (8.16)
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@D ue 8.4 Mapabora, romopyw
onucuiéaem nadaowee meao, 6po-
uLenHOe € 20PU3OHMAALHOL HAYAAL-
MOl ckopocmbio,

N

YcexopeHus MBI OIpefiesisieM TAKAM ke 00pasoM, KaKk M CKOPOCTH:
Z-KOMUOHEHTa YCKODEHUS @, OHpeflelfeTcs Kak LPOM3BONHAA OT
Z-KOMIOHOHTH CKOpocTH v, (T. . a,=d*r/dt? — BTOpag mpOMBBOA-
HAag OO BpPeMeHu) K T. H.

Iasaiite paccMOTpHEM ellie OAMH MHTEDECHHIN HpHWMep cMemaH-
HOTO IBIKEHMA HA INIOCKOocTH. IlycTh IMMapuk ABMKETCS B TOPHBOH-
TAJNBHOM HAIIPARJEHUHM ¢ IOCTOSHHOI CKOPOCTHIO U B B TO ;K€ BPeMs
majflaeT BePTHKAJABHO BHH3 C IIOCTOAHHHM ycKopenmeM g. Hro 10
3a gewrkenme? Tak kak v,=dz/dt=u u, clef0BaTeNbHO, CKOPOCTH
v, IOCTOAHHA, TO

z = ut, (8.17)

& DOCKONBKY YCKOPEHUE ABM;KEHHs BHM3 IOCTOAHHO H PaBHO —g,
TO KOOp[AMHATA y Hajaloliero mapa gaerca ¢QopMmyioii

T e

Kakywo ke KpHBYI ONHCHBAeT Hall IIAPHK, T. €. KaKad CBH3D
Mmesrny Koopnuaatamu z u y? Ws ypasseuns (8.18), cornacno (8.17),
MOIKHO HCKAIOYUTH BPEMsi, HOCKOIBRY ¢==2/u, mocjae 9ero HAXO0QuM

y=— 5 " (8.19)

ITy cBA3H MEKAY KOOPAHMHATAMU & U ¥ MOMKHO paccMaTpuBaTh Kak
ypaBHEHHE TPAGKTOPMH [ABWAeHMA mapuxa. Eemm uzobpasurs ee
rpadudecKu, T0 TOAYIAM KPHBYKW, KOTOpas HA3HBaeTCA mapabonoi
(dur. 8.4). Tar qro aw6oe crobomno magawoliee reno, 6yaydn Gpo-
HICHHBLIM B HEKOTOPOM HanpaBieHuw, ABWieTcsa no mapaboine.
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JHHAMHYECRHUE 3AKOHBL
HBIOTOIIA

I'trasa

§ 1. Hunyave u cuaa

OrrpoiTue 3aKOHOB JAWHAMHKZ 1M B3aKOHOB
ABUMCGHHSA CTAA0 ONHUM M3 naubojee IpaMaTH-
YeCKHX MOMeHTOB B mcropuu Hayru. Jlo Heiorona
ARIGKEHHE PA3JMIHHIX Tex, HANpuMep IUTaHer,
OPeCTABIAI0CH 3arafKoll [AaA YIeHHX, HO IOCTe
orkpuiTusa HploToHa BCe BAPYr cpa3y c¢ramo 1o-
usitao, Cumorsm ObITh BHYMCIHEHH [aske OYeHH
cnabrie OTK:IOHEHHWA OT 3aKoHOB Kemmepa, o6ye-
JOBIEHHbIE BINAHUEM APYyrux Ianer. IiBusienue
MasTHHKA, KoJebaHms Ipysa, LIOABEUIEHHOTO Ha
Hpy;Ruie, 0 JpyTHe HEMOHATHLE [0 TOTO ABIEHHA
PACKDBUIN CBOU B3arafkm Omaromaps 3aKOHaM
Heorona. To :xke caMoe MoEHO CRasars M 00
arofi riase. /[0 Hee BH HE MOTJIM pacCIWTaTh, KAk
IBH:RETCSA TPY3UK, HPUKPEIMIeHHBI K IIpys;KuHe,
HEe TOBOPST yike O TOM, 9YTOOH OmpelefuTh BJIMSHUG
Onurepa u Carypma ma gpmwenme Ypama. Ho
Iocae d1oif T1aBH BaM OyAeT ZOCTYIIHO U TO H [PY-
roe!

Ileppmit Goapmoil mar B HOHMMAHMH JIBIKE-
Hua Obt cpenad laammeeM, Korga OH  OTKPELI
CBOHl npUHYUnN UHepYUU: Temo, NpefoCTaBIEHHOe
caMoMy cefe, ecaum Ha HETO He OelCTBYeT HHKAa-
KasA cuia, COXpAHAET CBOe IPAMOJuHENHOe [BH-
JREHHE ¢ IOCTOSHHOH CKOpOCTHIO, RAK ABUTANOCH
J0 3TOTO, WIH OCTaeTcd B IHOKOE, ecad OHO [0
3Toro HoKomioch. HomeTrno, B mpupoge Takoro me
6oiBaer. [lompobyiite TOTKHYTH KyOHK, CTOAIEUHI
Ha crone. On ocranosmres. llpmumna B TOM, 910
RyOuK mpemcs 0 CTON, OH He NPEJOCTABIGH Ca-
MoMy cebe. Hymuo mmers oueHb Goratoe BooGpa-
JReHMe, 9TOGH YBHAETH 3a 3THM IPUHIAI HHEP-
nmu.

EcrecTBeHHO HY;KHO emje pPas3pemuThb Caemyio-
MU BONIPOC: a Kak UsMeHAemcs CHOPOCTH Teqa,

$ 1.
§ 2.

$ 3.
§ 4

§ 5.

§ 6.

Hynyase n enaa
KomuoonenTs eko-
POCTIL, YCKOPeHMs!
H CHIBI

Yro Takoe cmna?

CMprcr  guHAMI-
4eCKuX ypaBHe-
Huii

Uneneruoe pemnie-
HHE ypaBHeHHi

JiBmxenne mianer



ecay Ha HEro uro-1o Oelicmeyem? Ortper Omx fgan Heotomom. On
chopMynupoBan Tpu BakoHA. Ilepswii 3akOH IpencTaBiasger coboil
IpoCTO NOBTOpPeHWe Hpuuuuna uHepnum larwaes. Bmopoii sakoH
TOBOPUT O TOM, KAK M3MEHAETCA CKOPOCTH TEJNA, KOTJla OBO HCHBI-
THBAET PABIWIHEIC BAMAHUA, T. €. KOTHA HAa HEro AEHCTBYIOT cu/bl.
T permuii BaKOH B KAKOM-TO CMBICJ€ OIIMCHIBACT CUJIKI, HO O HEM MEL
TOTOBOPHM HECKOJBKO Mo3xe. 3xech Gymger uprua pedn 0 Bropom
34KOHE, COTJIACHO KOTOPOMY IOj FelicTBHEM CHJIBI [IBW/KeHHE Tel
usMengerca caegyIuM o0pasoM: cKOPOcmb USMEHEHUS CO 6PEMEHEN,
Hekoll BeAUHUHDL, Haavieaemoll RoaARYecmeom 86u9]€€Hllﬂ, nian dmnyab-
com, nponopyuondsvia cuze. IlosfiHee MBI 3amumeM KODOTEYI Ma-
TeMaTHIeCKy10 OPMYTHPOBRY DTOTO 3aKOHA, a cefidac JasaiitTe pas-
GepeMca B ero CORepPIRaHW.

Hunyavz n ckopocmb — Benu pasuse. B dusure ynorpebaser-
¢ MHOLO CJIOB, ¥ Kaj/[0e M3 HUX B OTaAuuue 0T 0OKHYIHOTO pasro-
BOPHOTO s3bIKA MMeeT TOUHm cMsick. [lpumepoMm MO:KeT cay:RuTh
CIOBO «MMITYJABC», ¥ MBI TOIKHE OLPEJENuTh ero TouHo. TOJKHUTE
cleTKa pyKoit Kakoi-EubyInh Jerkuil mpeaMer — OH TOTYAC HAadHET
nsuratheda. Ecam ¢ TaKoi jre cuiao TOJMKHYTH ropasgo Oomee ta-
keIl mpemMeT, TO OH Oyger ABUTATHCA 3HAYUTEILHO MeIJIeHHEH,
B cymuoctn HYKHO TOBOPDHUTDH He 0 «I€TKOM» MR «TSIKEJIOM» Ipesi-
Mere, a 0 MeHee MACCUBHOM WM 004e¢ MACCUEHOM, TAK KAK MERIY
éecom U uHepyuel MpeaMeTa ecTh pasHUIA, KOTOPYIO HY;KHO IOHHU-
maTh. (CKOJIBKO BECUT TEJI0 — 3T0 OJHO, 4 HACKOILKO TPYIHO Paso-
rgarth ero — coBceM fpyroe.) OfRAKO Ha IOBEPXHOCTH 3EMIH BEC
I WHePUHUA RPOROPYLUOHAALHY APYT APYTY H 3a9aCTyid paccMar-
PHBAIOTCA KAaK 9MCIeHHO PABHHE. JTO YACTO HPUBOSUT K HEIIOHU-
maumio pasunun Me;xay Humu. Ha Mapce, naupumep, nec mpegmeror
Gyzer oTIMYaTHCA OT Beca Ha JeMile, HO MHEPTHOCTH OCTAHETCS TOi
e caMoif, T. e. HOTPedyercs TO e KOXWYECTRO CHJIN, 4TOOH Ipe-
ofl0neTh MHEPIHIO Teja.

Konuuectsennoil Mepoii uHepTHOCTH ABAsAeTcA Macca. Ee Mo-
HO M3MEPATb TaK: OPOCTO IPUBA3ATH NpEIMeT Ha BEPEBOUKE, Kpy-
TUTH €T0 ¢ ONPEeNeNeHHOH CKOPOCTBIO U M3MEPATH Ty CHIY, KOTOpast
Heob6xoguma, 4T00B yaepskaTh ero. OTHM CHOCOOOM MOJKHO H3-
MepATh Maccy mIoOBIX mpeapMeroB. Hmnyasc — 3TO TPOCTO IPOH3-
BeJeHMe Maccsl TelIa Ha ero ckopocmy. Tenepsb Moykio 3amucars Bro-
poii saxon HpworoHa B Maremarmdeckoil dopme:

F=2 (mv). (9.1)

Hasaiite pasGepeM mOAPoGHee HEKOTOPHIe ero cropoHsl. Ilpu Hamn-
CAaHHU BaKOHA, MORXOOHOIO 9TOMY, OOGBIYHO WCHOJB3YETCA MHOLO
NHTYMTHBHBIX HAEH; YTO-TO IOZpa3yMepaercd, YTO-TO MPEIIOoNa-
raercs u KoMOmmEHpyercss B mpuGmnmkennnil «saxowy. Ho mocae
3TOr0 He0OXOAMMO CHOBA BEPHYTHCHA Hasaf @ mOogpo0HO H3YUUTD,
YTO 03Ha"YaeT KMKRAME d9nen. Ecianm ke meitTathea ¢AeaaTh 3TO ©
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caMOro Hagaja, TO MOKHO Ge3HafekuHo 3anmyrarbes. Taxk 9To Mol
CUMTAEM HEKOTOPHe MOJOMEHMA caMo co00li pasyMenmuMucsa u He
TpeGyIIMME HIKAKOTO JOKA3aTenbeTBa. BO-IePBHX, MH cumraes,
YTO MACCHl TeJX RocMOskHb. JT0, BOOOIIE TOBOPS, HEHPABWIBHO, HO
MBI HAUHEM ¢ HbIOTOHOBCKOTO IpHOIMKEHU, KOTIa MACCA CUUTACTCA
HOCTORHHON ¥ He M3MEHAWMWENCA ¢ TedeHNeM BpeMeHu. Bo-propux,
eCIM CIORUTH BMecCTe JiBa mpeAMera, TO Macca obpazoBapuierocs
Tera PaBHA cyMmMe UX MACC. JTO HOJNOKEeHNEe HEABHO MPeaHoNIaranoch
HspioToHoM, KOTHa OH IHCAI CBOM yPABHEHHs, B HPOTHBHOM Ciy-
qae oum Obim Obl Gecemurcienssl. Ilycrb, mampumep, Macca usMme-
HAercsa 00PAaTHO HPONOPIHOHANBHO CKOPOCTH, HO TOTAA MMIIYJbC
nuko2da Gvl He UsMeHAACS W 3aKOH HOTepsIn OH BCAKOE COmeprRaHme,
3a HCKIUEHMEM TOJILKO TOTO, UTO BHl 3HAETE, KAK H3MEHAETCSA
Macca co cropocTbio. Tak yro cHa9ama MBL CHHTAEM MACCY HeU3MeH-
Hol.

Hecrkonsko caos o cmine. B wawecrse mepsoro rpyGoro mpu-
OAMKEHAsT MBl PacCMATPHBANY CHAY KAK HEKWI TOMYOK HIH TATY,
KOTOpasg Mojker OHTH IIPOMBBELEHA C IOMONIHIO HAIIMX ML, HO
TeHePSH, MOAb3YACh YPABHEHNEM IBIKEHMS, Ml MO;KEM ONpeJe/lHTh
ee Oomee TouHo. OdeHb Ba)RHO IIOMHKTH, 9T0 3aKoH HploToHA BKIIO-
YaeT He TOJBKO WSMEHEHHE 6eAUNUHB, HUMIYJILCA, HO H M3MeHeHue
ero nanpasaenus. Vtak, ecnm Macca mocTosgHma, 10 ypasuenne (9.1)
MOKHO 3amucaTh B BUJE

d
F.—:md—jzma, (9.2)

rfe a — YyCKOpeHHe, T. €. ¢CKOpOCTh M3MeHCHUs cKopoctuy. Bro-
poit saxon HeloToHa 03majgaer He TOJXBKO TO, 9TO HBMEHEHHs, BhI3-
BaHHBIe JAHHON{ CHIIOH, 06paTHO NPOMOPHUOHANLHH Macce, HO H
T0, 9TO HANPABACHUEC W3MEHEHHH CKOPOCTH COBIANAET C HARPAs-
aenuenm nelicTBuA cunpl. Baykno moHMMAaTh, 9T0 TEPMUH (YCKODPEHHE»
nMeer B puauKe Oosee MUPOKHIT CMEICH, 9eM B o0HYHOH pasroBop-
HOli pean. OH 03HAYAET HE TOABKO yREIWUEHHE CKOPOCTH, HO UM 3a-
Memsienne ( B 9TOM Cayyae Mol TOBOPHUM, UTO YCKOpEHNE OTPHUATENb-
HO0), M IepeMeHY HaHpaBleHns HBuenud. B ra. 7 Mu yske mo3na-
KOMAJINCh C YCKODPEHHMEM, HANPABAEHHHIM IO IPAMEM VIJIOM K
CKOPOCTH, W MHE BUJEJH, YT0 HpeIMer, IBMKYINUICA N0 OKPYKHOC-
™ pazmycoM R co CKOpOCTBHIO », 3a Malklil MHTEpBaJ) BpeMeHH
YKIOHAETCA OT CBOET0 MPAMOTO MyTu Ha paccrosamue Y/, (v¥/R)t2.
Tar 910 B 9TOM caydae YyCROpEHHE HANPABIEHO IOM IPAMEM yIIOM
K HAOpAaBJIEHWI0 ABILKEHUS U DABHO

o= (9.3)

=
Taxum o6pasom, cuia, JeficTBYOMAas TON, NPAMKM YTIOM R CROPOC-
TH, BHIBHIBAET WNCKPUBIEHHUE IIyTH, OpPHIEM paJHyCc KpPWBUBHEH
MOKHO HaiTH, Jlead CHIY Ha Maccy Teia (ODPH 3TOM MEL IIOJydaeM
ycroperne) ®m mcuoan3ysa sareM dopmyay (9.3).
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D uz 9.1. Maroce nepemeujenue
mead.

I

‘TepMun «ckopocts» TOsKE nMeer B ¢usure Goldee IIMPOKUIA
CMHICH, 9eM B OCBIJIGHHON JRU3HH. JTO HE MPOCTO HEKOTOpLE KOJH-
YeCTBO METPOB B CEKYHIY, T. €. a0COM0THAS BEJINYUHA CKOPOCTH,
HO ¥ HanpasieHue mepeMeilenus B Kaygbiii MoMent spemenu. Mare-
MAaTUIECKH MBI MOKEM ONuCaTh ¥ BeIMIUHY, ¥ HALIPABIEHHUE CKOPO-
¢TH, ecau OyeM 3afaBaTh M3MEHEHHe KOODAUHAT Tejid ¢ TedeHHeM
ppeMenu. llycrp, HampmMep, B HEKOTOPHIL MOMEHT TENO BM/KETCS
TaK, Kak 910 Hoxasamo ma gur. 9.1, Torma 3a Mamdmii MPOMERYTOK
BpeMeHH Af OHO HpoHjer HEKOTOpOe paccrosinne Az B HAIPABJICHIN
och z, Ay B HampaBmenwn ocu ¥ ¥ Az B manpasiaenun ocu z. Pe-
3yJAbTATOM K€ 9THX u3MeHeHWIl KoopAmHAT OyJer mepeMereHHe
As Bmoab [EATOHAJH Mapainenenurena co croponamu Az, Ay, Az,
KOTOPHIE CIeJyommM o0pas3oM CBA3AHE ¢ COCTABIAIOUME CKOPOC-
T ¥ WHTEPBAJOM:

Ax=v, At, Ay=v,At, Az=v,AL (9.4)

§ 2. Homnonenmost cropocm, YeKopeHus U cuabl

B ypaBmenun (9.4) MBI pasioxmuau ckOpocmb Ha COCMABALIOUUE
{unm KoMnoHewmwt), KOTODHE TOBODPAT HAM, HAaCKOJABKO OBICTPO
HPOABUTAETCH TENO B HAIpaBieHusnx x, y um z. Cropocrs Gymer
TOJHOCTBIO OHpefieleHA KaK B OTHONICHWM €€ HANpaBICHHUA, Tax
u abCoMIOTHOI BEJXWYUHBL, €CHHM 3aJaTh YHCITORHE 3HAYCHHA TPeX
€e KOMIIOHEHT:

dx . dy dz
Ge=gpr Tvmgoo V= (9.5)
IIpu sToM alcodmrTHAas BeaMUYHHA paBHA

ds —_—

— J— 2 2 2
(l—t—[”|~]/z7x-}—vy+vz. (9.6)
Teneps nyerb moj meficTBHEM CHIH MEHAETCA He TOJBKO Beln-
4yHaA, HO M Hanpasaeawme cropocru ($ur. 9.2). Xora sT0 ZOBOABLHO
CIOKHHI caydait, HO ¢ IOMOLIBIO MONCYeTa M3MeHEeHHs KOMOOHEHT
eT0 PacCMOTPeHUe CHIBHO ynpomaercd. M3Menenne z-KOMIIOHEHTH
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Az /1”_—‘/-4i
|
D ue 9.2, Cropocmb usuensemcs ]
Kak no eeaunune, mak u no Ha- "
npasienuo, !
-— !
a |
7 I
i
! Jr'r”
Lo ‘_/7;
I ty
| I
CROpOCTH 3a MHTepBaa At Gyner —>Y

Av,=a,At, rie a, 10, 9TO HABBI-

BaeTcsAd  X-KOMIIOHEHTOH  ycKo- #Z

penusi. Copepmienno aHajOrmIHO

Av, = a Atw Av,=a,At. B raroii ¢opmyamposie Bropoii 3aKou
Hyorona dakrmaeckn npespautaercs B Tpy 3axona. Jleficreurensno,
MBI TOBOPIM, 9TO CHJIA HMEeT TO jKe HalPaBjleHae, 4T0 W YCKODEHHE,
TAK 9TO Ka;KAAA U3 COCTABJSIOMIMX CHIL B HALIDABICHHUAX T, Y U 2
PaBHA Macce, YMHO’KEHHOH HAa M3MeHEHHE COOTBETCTBYIOMIEH KOM-
DOHEHTH CKOPOCTH:

- dv\
ﬁx~m<7i—t)—m

d 2
F = <—dz;1>=m<d—i>-——-may, (9.7)
/

dt

Ilomo®uo crxopocTn w yCrOpeHMIO, cuia TOke MOmer OHTH pasio-
JKeHA Ha KOMIIOHEHTH, IPHYeM KajkIad U3 HUX SBJIsSETCA IIPOeKIuel
OTpesKa IPAMOH, YUCIEHHO PaBHOTo aGCOMIOTHOH BeJWYIHE CUIIBL
W YKa3HBaOmeTo HanpaBleHUE ee [eilicTBHAA, Ha OCH I, Y W 2t

F.=Fcos (a/:}’),
Fy = F cos (yF), (9.8)
F,=1Fcos ({z\lf‘),

N A\ N

e F — alcomoTHaa Beamugaa cmasi, a (xF), (uF)u (zF)— yram
Me;uTy HATIpaBIeHHMEM CHJN ¥ OCAMH X, ¥ M z COOTBETCTBEHHO.

Vpasmenns (9.7) npencrasaawor coboii moauyo gopmy Broporo
3aKoHAa HbIOTOHa. 3HAA CHIH, AeilcTBYOLiHe HA Telno, M pasiaras
X Ha KOMIIOHEHTH, MOKHO C IIOMOIIbI0 DTUX ypaBHeHWIl HATH JBH-
menpe Tena. Hasafire paccmorpmM mpocroli npumep. Ilycrs B mam-
PaBIeHHAX Z W J He JefCTBYIOT HUKaKAe CHJIH, & eCTh CHIAa TOJbLKO
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B HanpaBJeHum 2z (CKakeM, BepTHRaybHO). Torma, cormacuo ypan-
pennto (9.7), maMeHAeTCA TONBRO OfHA BEPTHKAJIBLHAA COCTABJIAI-
Hias CROPOCTH; UTO JKe Kacaercs TOPUBOHTAIBHEIX, TO OHE OYAYT OC-
TaBaThCA HemsMeHHHIMHU. llpmMep Tamoro ABMIKEHUA yrke paccMar-
puBanca B ra. 7 (cM. pur. 7.3). Takum o6pazor, TOPH3OHTAABHOE
ABMREHHE TafaiIlmero Teja OCTAETCS HEeU3MEHHHM, TOT/a Kak B
BePTHKAIBHOM HAOPABJEHUM OHO JBIJKETCH TaK, Kak Oy/ATO HEKAa-
KOro TOPH3OHTAABHOTO ABIKeHHA Boobme ner. J[pyruMu cirosamu,
€Ca1f KOMIIOHeHTEI CU.4 He CBA3AHH APYT C APYTOM, TO H JABU/AICHHA B
HampaBiaeHHAX oceit z, ¥y u z GyAyT HE3aBUCUMEL,

§ 3. Ymo wmaxoe cuaa?

Yro6u moab3oBaThCA 3aroRaME HBHTOHA, MH AOMTKHH HMeTh
Rakywo-10 GOpMyJly OIS CHJI; Beb DTU 3aKOHH TOBOPAT HAM: 70-
dymaiime o cusaz. Ecnu tesno ycropseres, craio OHTH, HA HETO 9TO-
To AeiictByer. A Kagr maiitm 510 «T0-10»? Hameii mporpamMmmoli Ha
Oynyiuee TOLEKHO OHTH omuickaHue saxonod das cua. Hexrotopre
¥3 Takux 3aroHoB Ownutu Haligens camum Huioromom. Hampuwmep,
dopMyaa giA cunbl TArorenns. Yacrs cBegeHmil o citax Apyroro
pofa comepsrurea B TperheMm 3aKoHe, KOTODHI yTBep:jaer pa-
BEHCTBO CHJI JIEUCTBHS I NDPOTHBOelicTBIsI, HO 06 9TOM (OIee mOA-
pobuo mofizer pewdb B ciaexayionmeli riase.

Ipogomsxum Ham opensymmii npumep. Yrto 3a cmiasl meficTBY-
10T Ha Te/i0 BONUMBM HOBEPXHOCTH 3eMin? JT0 — CHIA TAMKECTH, Ha-
IIpaBieHHAS BePTHKAJIBHO BHM3, HPOHOPIUOHAIBHAA Macce Tejia H
IJIs1 BEICOT, MHOTO MEHBINUX, ueM paguyc 3emuu R, nourn He 3asu-
CAMAA OT BHCOTH; OHA paBHA F=GmM/R®=mg, rae g=GM/R*—
TaK Ha3KBaeMoe YcKopehue cuabk mascecmu. B ropmsoHTaIbHOM
HaNpaBIeHUN TENO IMO-IIpeskHeMy Oyher ABUIaThCs ¢ TWOCTOAHHON
CKOPOCTBIO, OJHAKO IBHMsKEHHE B BEPTHKAJbHOM Hampap/eHun 60-
aee mHTepecuo. Ilo Bropomy saxory Heiortona

/dZ
mg:m(ﬁjf). (9.9)

Ilocne corpamenns Maccsl m moldy4aeM, 9T0 YCKOPEHAE B HALIPABJI e~
HAM & NOCTOAHHO W PaBHO g, IT0 XOPOIIO W3BECTHO® IBIDKEHINE
cBOGOAHO TafaIeTo Tela, KOTOpOe ONUCHBAETCA YPABHOHHAMN

== -
vx ?/o i gt' ’ 1 , (9'10)
T =Ty Uyt 5 gt

Paccmorpum ppyroin mpmmep. IlpegcraBuM, 1uTo MH CMOTJIR
cosfath ycrpoiicreo (¢ur. 9.3), B KOTOpOM cmia IPAMO HPOIOP-
IUOHAJIBHA OTKJIOHEHMIO OT MOJIOMKEHHA PaBHOBeCHA U HaIpaBieHA
TIPOTUBONOMOKHO eMy,— BTO NpYKHHA ¢ rpysmkoMm. JleificTu-
TEJBHO, LOCKOJNBKY CHIA TAMECTW KOMIOHCHDYeTCS HadaJbHBIM

162



i

[oromenus
pasposecua

1

D ue. 9.8, I'pysur na npyrcunxe,

o

HATSFHEHNEM MNDPY/RHHBE, TO WMeeT CMBICA TOBOPHTHL TOILKO 00
usbvimounoll cuie. LcaH HOTAHYTH TPY3UR BHU3, TO HpPY/RAHA
pacTAHeTcH I MOTAHET €r0 BBEPX, eCIH }Ke TOJKATh I'PYsHK BBEDPX,
TO DPY;KHHA COMMeTcA ¥ 6yJeT TOIKATh ero BHu3. Ilpm sToM BCo
YCTPOeHO TaRkuM 06pasoM, d9ro ueM Gonbmie cujla M YeM cHIabHee
MBI OTTAIHBAEM IPY3UK BHH3, TeM GOJblIe PACTATHBACTCS NPYIRIHA
[ TeM cuiIbHee OHa TAHET ero BBepX, M HaoGopor. HaGmopgas sa
paboToll 9TOro yCTPOUCTBA, MBI BHIUM JOBOJBHO HHTEPECHOE JBIKe-
Hue: BBEPX — BHH3, BBEPX — BHHB... BosHuKaer Bompoc, MOTYT
nu ypapaenns HploToHAa paBUABHO omicaTh ero? Kenm npuMeHATH
3axoH Herorona (9.7) AdA TaKoro HEPHOAWIECKOr0 OCHUJLIATOPA,
TO HOJXYYuUM cliefiylollee ypaBHeHHe:

~—kx:=m\~—>, (9.11)

T. €. 3/lech MBI BCTPEYAaeMCH ¢ TaKUM IOJOKEHHEeM, KOTA Z-KOMIO-
HEHTA CKOPOCTH u3MeHsAeTcs ¢ GBICTPOTOMH, MPOMOPIHOHAIBHOW Z.
Her eMbicota ceiidac BBOANTH MHOTOYNCICHARE KOHCTAHTH] B IEJNAX
TPOCTOTH LIPeALOIOKEM, yTo aubo waMeHWwIcA Macwmrad BpeMmeHu,
aubo UTO-TO MPOMBOILIO ¢ APYTHME eJWHHIIAME H3MePeHWs, CJI0-
BOM, OHHM BBIGpaHbI Tak, 910 k/m paBHO efuaune. Urak, Gygem mb-
TaThCsi Peliarh YpPaBHEHHE

dvy, .
TE=—u, (9.12)

Yrober moiiTh gambure, HYMHO cHavasa paszobpaTbed B TOM, YTO

Takoe v,; TO, 49TO 3TO 6BICTpOTa N3MEeHeHNsA UTOJOHEHUusa, HaM,
pasyMmeercsa, yMHe H3BECTHO.

§ 4. Cxoten dunanuueckuxr ypasrenuit

IHousiTaeMca Temeph HOHATH, YTO e O03HAYAeT ypaBHCHHE
(9.12). IHlycrb B pmamfblil MOMEHT BpeMeHNI ! Teao HAXOAUTCA B
TOYKE ¥ W ABIGKETCH CO CKOPOCThIO v,. HaKoBo 6ymer ero momaoske-
HUe W CKOPOCTH CHYCTA HeGOJBIION NPOMEKYTOK BpeMeHwH, T. e.
B moMeHt ¢ -+ &? Eciu MBI cMOKeM OTBETHTL HA 9TOT BOIpPOC, TO
opobaemMa pelleHa, TaK KaK, HCXOMAsi H3 HaYaJbHBEIX YCJOBHH,
T. €. IOJIOKEHHA H CKOPOCTI B HEKOTOPENT HaYaJbHHI MOMEHT
BpeMeHn, MOYKHO CKa3aTh, KAK OHW UBMeHAITCA B IepPBHII MOMEHT,
a gHafl IOJIOZKEHHE M CKOpOCTH B MEPBHI MOMEHT, MO/KHO HAliTH
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ux u B caepyommit u t. g. Tarum obpazoM, mar sa INATOM BLI-
cTpamBacTes BeA Kapruda jaBinkeHnsa. Jua Gomabmeit onmpepmemnen-
HOCTH TPEIIONOAIM, 4To B MoMeHT ! = (} moioskeHme rpysuka
x =1, a ero ckopocts v, =0. HHoueMy BooOme ABmKETCA TPY3AK?
[a moroMy, 4To HA Hero B J1000M NOJNOMKEHHN, 33 WCKJIYeHHeM
MOJIOKeHNsT paBHoBecua z = C, pgeiictByer cuaa. Ecuum x> 0,
TO 3Ta CHIA HanpaBieHa BeepX. (IeIOBATEJbHO, CKOPOCTb, KOTO-
pag BHavaje Oolia HyJeM, 0(Jarojgaps ypPaBHEHHAM [JBIKeHUA
HadnHaeT n3MeHATHCA. Ho RKak TOABKO cROpPOCTL HauymHAET BO3-
pacTarb, FPYSHK UPuXoAnT B ABwxeHue. s moboro momenta
BpeMeHy { pH 0UeHD MaJoM £ MOKHO ¢ 0CTAaTOYHO XOpOomIeil T04-
HOCTBI) HAiTH TOJO/KEeHHWe B MOMEHT [ -+ & Yepes CKODPOCTH o
NOJOREHIIE B MOMEHT f:

x(t--e)y=ua(t)4 ev, (). (9.13)

lioHewHO, DTO BHIpayKeHHe TEM TOYHEe, 4eM MEHbIIe &, HO OHO
MOKeT OHITh MOCTATOTHO TOUHBIM, [ake KOrga HHTEpBaJd € He
ucvesawme Max. UTo Temepb MOMKHO cKaszaTh 0 cropocTu? Ytobut
ONpeHeIUTh CKOPOCTh B MOMEHT t -~ &, OYeBUAHO, HY}KHO 3HATH,
KaR OHa U3MEHSeTCA CO BPEMEHEM, T. €. HY/KHO 3HATh YCKOpeHUe.
A Kak ysaarbh ero? Bor spmech-to HamM Ha TOMON[b NPHXOJAT
YpaBHEHNA [AHHAMHRHE. VIMeHHO OHEM M[O3BOJAIT ONPEHENHTh,
yeMy paBHO ycropeHuwe. B Hammeil sajgave ypaBHeHHE gUHAMMUKIL
TOBOPHUT, 4YTO YCKOpeHuWe paBHO —2z. llooTomy

v, (t+e)y=uv,(t)+ea,(t), (9.14)
=v, (t)—ex(t). (9.15)

Yparuenue (9.14) eme KuHeMaTHUecKOe; OHO TPOCTO TOBOPHUT 0
TOM, YTO W3-32 HANWINA YCROPEHHA CKOPOCTh uaMeHAeTcs. OgHaRO
ypasaernne (9.15) yme dunamuueckoe, mOTOMY 9TO OHO CBA3HIBAET
yekopernne ¢ cuinoii. OHO roBopuT, 9YTO B JAHHOI wacTHOH sajgaue
JUIA MaHHOTO MOMEHTa BpeMeHHm YCKODeHHe MOKHO B3aMEHHTb Ha
—z (¢). CuaemoBaTedapHO, eciim B KaKOH-TO MOMEHT BpeMeHH HaM
H3BECTHH HOAOKeHHe T W CKOPOCTh 2, TO MBI 3HAeM K yCKODeHHe,
KOTOpOe JaeT BO3MOKHOCTH HAlTH CKOPOCTH B cAeAYIOMMIl MOMEHT,
a CKOpPOCTH B CBOI0 OYepeAb Ompefesser HOBOe MOJOMKEHHe W T. 1.
Bor rakmMm ofpasoMm [elicTByeT Bech 9TOT pguHAMmYecKuii Mexa-
uusm! HeiicTeylomasn cujia HEMHOTO ®3MeHAET CKOPOCTh, 4 CKOPOCTH
TPHBOANT K HeGOABIIOMYy H3MPHEHHNIO HOJOKeHMA.

§ 5. Tucaenwnoe peuwrenue ypasHenuii

Iasaiite Temepb AeHCTBUTEJNBbHO pelluM Hamy 3agady. [lomyc-
M, 910 Ml B3aau & = 0,100 cex. (Ecau mocsae Toro, Kak MH IIpo-
JexaeM BCe BHIIUCACHMA, ORAKETCH, 9T0 3TOT MHTEePBaJ He [0CTaTOd-
HO MaJ, TO HeoOGXeAUMO IOBTOPHUTH Bce cHAYaja ¢ MEHBIIMM HH-
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TepBanoM BpemeH®, Hampmmep 0,010 cer.) YUemy O6ymer pasno
z (0,1), ec1in B HaganbHEH MoMeHT BpeMmenn z () = 1? Omo pasmo
crapoMy monoskeHmi0 z (0) mimoc ¢kopocTh B HAYAJNBHBIE MOMEHT
(koTopas paBHa HyJw), yMHO:keHHaA Ha 0,10 cex. Taxum o6pasom,
z (0,1) pasmo 1,00, ubo rpysux eme me Havax pgeurartbeda. Ho
HoBag crkopoctb B MoMmeHT (0,10 cex GymeT paBHa cTapoii ckopocTH
v (0) = 0 mroc e, yMHO;KEHHOE HA yCKOpeHHe. A caMoO YCKOpeHHe
paBao —z (0) = —1,00. Tar uro

v{0,1)=0,00+0,10-1,00 == — 0,10.

B mowment 0,20 cer
z(0,2)=x(0,1)+¢ev (0,1) = 1,00—0,10-0,10 = 10,99

n

v(0,2)=v(0,1) +ea(0,4) = — 0,40-— 0,10 1,00 = — 0,20,

IIpogomxas sTy nponeAypy €Ie H ee, MO;KHO HaHTH O 0/KeHTe
H CKOPOCTH B JI0GOH MOMEHT BpeMeHH, a 3TO KaR pas TO, 9TO HAM
Hy;kHO. OJHAKO HIPAKTUIeCKH MHI WCHOJb3yeM HEXWTPHH IpHeM,
KOTOPBIA MO3BOJIAT YBEINYATH TOYHOCTH BHIYHCACHHE. Kemu Obr Mu
NPOTOJIKANE HAaUaThie HAMU pacdeThi, TO OHHM OKA3AAWChL On no-
BOJILHO TrpyOBIMU, TOCKONBKY wuHTepBaa & == 0,10 cex pmosoabpHO
Sonpuoii. [pumaock s yMeHBIINTH ero, craxeM, a0 0,01 cex.
Ho rorga, 4rofer mpocieguth ABWKeHHE 3& KAKOH-TO pasyMHEIH
OTpe30K BpeMeHH, moTpedoBanoch Gl CHEJMATH MHOMKECTBO IIATOB.
Mur sxe opramusyeM npomece TaruM 0OpasoM, 9TO CMOKEM yBeJli-
9UTH TOYHOCTH, HCHOMB3YA TOT ke uHTepsaa & = 0,10 cer. Otoro
MOKHO J0CTHYb, HECKOJBKO M3MEHHB MeTOj pacdeTa.

3aMerpTe, YTO HOBOE HOJOKEHHE Tejda PaBHO CTAPOMY IIIIOC
HHTePBA/J BPeMEHH &, YMHO;KeHHB Ha ckopoctb, Ho aro sro 3a
cropocrs? B kakoil momenm? B Hauase maTepBasa OFHA CKOPOCTh,
a B KOHILe OHa coBceM apyras. llpuem cocTout B TOM, 9T06n OpaTh
CKOpOCTL B cepedune ummepsasd. Ecam mssecTHa CKOPOCTH B Ha-
CTOSMNI MOMEHT ¥ M3BEeCTHO, YTO OHA MEHAETCS, KaK jKe MOMKHO
HajeAThCA TONYIUTh YHOBIETBOPUTEJLHLIN pesyibTaT, CymTas,
YTO Te10 BCE BPEMA [BIKETCA ¢ TOH e CKOPOCTHIO, 4TO W B Ha-
CTOAmUE MOMEHT? bojlee pasyMHO HCHONB30BATH KAKRYH-TO Cpejl-
HIOD CKOPOCTH M)Ay HAYaioM M KOHHOM wuHTepBaja. Te jme
paccymaeHnst IPUMEHNME K H3BMEHEeHHI0 caMoii CKOPOCTH: /A mOJI-
cuera e¢ HM3MeHeHMH HY/KHO HCHOJIB30BAaTh YCKOpeHme B cpegHeil
TOYKe MEMIY [BYMA MOMEHTAMH BPEMEHU, B KOTOPHIX HEOOXOIUMO
HaliTi ¢cROopocTh. Takum o0pasoM, pealibHO Mpl Oy7ieM IOJIb30OBATb-
CA CHNeAYOMMMHI ypPaBHCHHAMH: LOJOKEHHe B KOHIE IHTEPBAJNA
PABHO MOJOMKEHWIO B Hadajle INTIOC MHTepBaj] €&, YMHOMEHHHIH Ha
CROpPOCTDL B cepeduHe umnmepsasd. ITa CKOPOCTh B CBOK OuYepeqb
paBHa CROpOCTH B cepegmHEe HPEAHAYLIEro MHTepBasia (T. €. Ha
OTPe3OK & MEeHbIIe) ILTIC YCKOpeHd@e B Hadalie MHTepBaja, YMHO-
JKeHHOe Ha e.
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TaxuMm o0pasoM, Mil OyZeM HONb30BATECA yPABHEHHAMA
x (¢ -+ 8)_x(t)—l av<t—{— )
v(t—{—~2—> )—F ea (), a(t)=-—zx(1).

OcraeTca eme omus Heﬁonbmon Bompoc: 4To Takoe v (&/2)? Bra-
uane y Hac Osto v (0), a He v (— &/2). Ho reneps, arodu HAYaTH
HAIOIN BEUUCJCHASA, HEOOXOAAMO HCIONB30BATH NONCIHHTEIBHOE

ypaBueHue v (&/2) = v (0) -+ (¢/2) a(0).

(9.16)

Tabauya 9.1 ° PEIIEHUE YPABHEHUA (dv,/dl) = —z
HuTtepBan e = 0,10 cex

4 x Uy Ax

0,0 1,000 0,000 —1,000
—0,050

0,1 0,995 —0,995
—0,150

0,2 0,980 —0,980
—0,248

G,3 0,955 —0,955
—0,343

0,4 0,921 —0,921
—0,435

a,5 0,877 —0,877
—0,523

0,6 0,825 —0,825
—0,605

0,7 Q0,764 —0,764
—0,682

0,8 0,696 —0,696
—0,751

0,9 0,621 —0,621
—0,814

1,0 0,540 —0,540
—0,868 —_—

1,1 0,453 —0,453
—0,913

1,2 0,362 —0,362
—0,949

1,3 0,267 —0, 267
—0,976

1,4 0,169 —0, 169
—0,993

1,8 0,070 —0,070
—1,000 —_—

1,6 —0,030 40,030
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D ue 9.4. I'padur deuscenus
epY3uKa Ha4 npYHUKEE.

t. cex

Hy, a remepn Bce roroBo mia pacderoB. uas ymobeTBa Moo
HX BRINOJHHTE B Bujle Tabjmiul, B cTog0IaX KOTOPOH CTOAT BpeMms,
[OJIOMie e, CKOPOCTh U YCKOpeHue, HpHIeM CHKOPOCThH LIIIETCH
B TIPOMEKYTRAX Memay crporamu (tabm. 9.1). Takas rabanua
€CTh, KOHEYHO, MPOCTO yIOGHBIN cmoc00 3ammcu pesysbraToB, IO-
ayueHHHx u3 ypasHeHmi (9.16), u $aKTHIeCKM HOJHOCTLIO 3aMe-
Hs1eT ux. MBI IpoeToO 3amosHAEM OHO 33 Apyrum cBOGOgHBIE MecTa
B Helf 7 mMOJIydaeM 09eHb MHTePeCHYI0 RapPTHHY ABHHKEHNA: CHAYATIA
rPy3uK HAXOOHWTCA B MOKOE, 3aTeM IOHEMHOTY mpmobperaeT OTpu-
1ATeJbHYI0 CKOPOCTH (BBepX), & 3TO MPHBOJRT K YMEHBIIEHHUIO €T
paccTosTHEA OT TOYKH paBHOBecuA. IIpum »TOM X0TA yCKOpeHWe n
CTAHOBHUTCA MEHbLIIE, OHO BCe ellie «IMOATrOHsieT» cKopocTh. OpHAKO
10 Mepe npuOIMKEHNsA K HONOKeHmio paBHoBecusi (¢ = 0) ycro-
peHpe CTAHOBUTCS BCE MEHbINe ¥ MeHbINe, CKOPOCTH HapacTaeT BCe
MeJiJIeHHe T ¥ MeJeHHEH, HO BCe jKe ellle HapacTaeT BILIOTH 0 TOYKH
z =0, Kotopas gocTuraerca npnMepHO gepes 1,5 cex. CrameM mo
cexpeTy, 4TO Hpousoiiger fgajbute. ['pysur, KoHEYHO, He OCTAHO-
BUTCA B Touke x = (), a moiimer maJsbiie, HO Temeph Bce MONAELT
HaoGopoT: ero moJo}KeHHe r CTAHET OTPHIATEJABLHLIM, & YCHOpe-
e — noaoxknrenbasiM. CKOpocTh HauHeT yMeHbInaThed.  MHTe-
PECHO CPABHUTH I[OJIyIeHHne HAMU 4Ydcaa ¢ (QyHKumei cost.
Pesynwrat sToro cpasHemmsa upepcTaBied Ha ¢ur. 9.4. Oxase-
BAeTCs, YTO B OpeeJaX TOYHOCTH HAIMIMX DpAcieToB (Tpu 3HAKA
nociae samAroll) cosmagenme moxuoe! Ilosgmee Bo ysHaere, 4TO
PyHKIUA cOS! — TOUHOE pemieHme HaInero ypaBHeHHA, Tak 4YTO
V Bac Teueph ecTh HAIJIAMHOE IpeHCTaBjleHHe O MOMM TACICHHOIO
aHaJM3a: CTONH WPOCTOH pacueT jAaeT CTONb TOYHHIH pesysabTar.

§ 6. Jdeusicernue naanem

ITpuBegenHbI aHANN3 0YeHDb HOAXOAUT K JABWKEHHIO OCI[UIJIH-
pyomeil HPYKUHKH ¢ TPY3HUKOM, HO MOMKHO JIum TAKHM jKe OyTeM
BLIYHCIATH JABHeHue miuadersl Boxpyr Connma? Jlasaiire mocmor-
PUM, MOYKHO JIM IIPH HEKOTOPHX OPpHOJIIDKEHAAX NOIYIHTH JIIHI-
rTuneckyo  opbmry. [lpemmomommm, uto Comnme  OeckoHewHo
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Fy Mnanema (z,y)
g ok
Due 9.5. Cura npumanenus,
F Ky delicmeyowas Ha naanemy.
Connye z

TIREJ0e B TOM CMBICTE, UTO ere NBILKeHue He DyJerT NPUHIMATLCH
B pacder.

HomyeTuy, 9T0 B 13BeCTHOIl TOUKe IUiaHeTa HavalIa CBOE J|BIH-
JREHIEe 1l IIMeeT OTpejeieHHYW cropocts. OHa [BHMmETCH BO-
kpyr ConHna 10 Kakoi-TO KPUBOIf, W MBI HOWHTAEMCs OTpefeanTh
¢ moMompbl ypapHeHUI ABmKenus HpioToHa 1 ero me 3akoHa Bee-
MHDHOTO TATOTEHUA, YT0 3T0 3a KpuBag. Hak »10 cmemats? B me-
KOTOPHI MOMEHT BpeMeHH JLraHeTa HaXOAMTCA B KAKOM-TO OIIpefe-
JEHHOM MecTe, Ha paccTogHuZ r 0T CoJHOA; B 3TOM CJIyuae H3BecT-
HO, 4TO Ha Hee JlelicTByeT CHiIa, HaupasaeHHad no npamMoil K Conauy,
KOTOpasd, corJacHO 3aKOHY TATOTeHHHd, paBHA ONPEeNeHHOH mo-
CTOAHHOI, yMHOeHHOIl HA npousBefeHne Mace maaHeTsl 1 ComHIA
W JeldeHHOH Ha KBajpaT paccTOAHHA mexnay HuMu. Ytolsl paccys-
JaTh AAJABIIe, HYKHO BHIACHHMTH, KAKOE yCKOpDEHHE BHI3LIBAET 3Ta
cHaJIAa.

Onmako B oTiuume OT UpeABIAyIieil 3agadu HaM NOTpeGylOTCA
Tenepb KOMNOHEHMB. YCKOPOHHMS B ABYX HANPABICHHUAX, KOTOPHIE
Mbi HazoBeM = & y. IloaxoskeHne mmaneTHt B faHHbBIE MOMeHT Hyger
ONIpefeNATECA KOODHIHATAMT Z # Y, HOCKOJBKY TpeTh ROOPIHU-
HATA 2z BCerja paBHa HYIW.

HeilicTBuTe b0, KOOPAMHATHASA IIOCKOCTH XY Brfpana HaMu
TAREM 00pa30M, YTO 2-KOMIIOHEHTH KAK CHJbl, TAK W HATAJbLHOI
CKOPOCTH paBHEL HYJIIO, a MO0ITOMY HET HUKAKUX OPWYHH, KOTODHe
OBl BAaCTABMAN INTAHETY BoIiTH W3 dTOH mrockocTs., Cuia nupm 5TOM
OymeT HampaBIeHa IO JMHIHN, COeuHAKIMEN miaaneTy ¢ CoJHIEM,
KaK 9TO moxaszano Ha ¢ur. 9.5,

N3 sroro pucyHKa BHJIHO, WF0O TOPH3OHTAJBHAS KOMIIOHEHTA
CHJTHL TAK OTHOCUTCA K TOJMHON ee BejImYuHe, KaK KOOpIMHATA I
OTHOCUTCS K PAcCTOAHHMIO r. JTO cpasy cieayeT ua momobusa Tpe-
yroaprnkoB. Kpome Toro, ecam x mososkuTedbHa, To F . oTpmua-
TestbHA, u Ha00OpOoT.

Taxnm obpasom, F /| F| =—z/r, nnu F, = —|F|2/r =—GM ma/r®
B coorsercTBeRH0 F, = —GMmy/r’. Temepb MOKHO BOCIOb30-
BaThcAd JuHaMuIecKuMu sarkoHamm (9.7) um HammcaTh, 9T0 - NI
Y-KOMIIOHEHTA YCKOpEeHIsA, YMHOKeHHAS HA MacCy IUIAHETH, paBHA
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COOTBETCTBEHHO ¥~ N [/~-KOMIOHEHTE CHJIbI:

m (ZLC\ - GMmz
dt | T
do GMm;
Yy : Yy
m <7[—> = — 73 N (9 17)

7‘21/1)2 ; Z/z.

JTO AMEHHO Ta clCTeMa ypaBHEHHII, KOTOPYIO MBI TOJKHLI PEIIMTD.
a5 Toro 9To65l yIpPOCTHTH BHIYHCJCHNA, MPEANGIOKAM, YT0 T160
e/IMHUIL H3MEPEeHNS BpeMeHU WIH MAcChl BLOPAHBI COOTBETCTBYO-
muM ob6paszoM, au60 HaM OPOCTO MOBEZI0, CIOBOM, MOJYUHJIOCH
rar, aro GM = 1. Jlua Hamero cayvas npesmoNOK@M, 9TO B Ha-
qaIBHBIH MOMEHT { = ( mramera HaXOJIAACh B TOUKE ¢ KOOPAHHA-~
tame ¢ = 0,500 1y = 0,000, a ckOpoCTb €€ B 9TOT MOMEHT Halpas-
neHa mapajaiaenbHo ocw y u paBua 1,6300. Hax ke B oTOM cayuae
gexaalorca pacdersi? CHoBa cocrtaBasieTca Tabauma co croxbrnamn
IJsA BpeMenn f, KOOPAHHATE! X, Z-KOMIIOHEHT CKODOCTH U, M YCKO-
peHusA a,. 3areM HIYT OTHeJNeHHbIE 9YePTOH TPH KOJOHKH: A
KOODAMHATLI Y, Y-KOMIIOHEHT CKOPOCTH u ycKopeuma. Ofmaxo,
I8 TOr0 ITOOBI TOACINTATH YCROPEHHA, MLl JOJUKHBL BOCIOJDL30-
BarbeA ypaBHeHueM (9.17), cOraacHo KOTOPOMY €ro KOMIOHEeHTH
paBun —z/r* w —y/rd, a r=Va2*-+Ly*. Tax uro, woiyuus z
4 Y, MH JOJUKHH THE-TO B CTOPOHKE UpOBecTH HEGOJbIINe BLI-
YHCJeHNA — HM3BJIedb KBaApPaTHHII KOpeHb W3 CyMMbI KBajpa-
TOB W NOJYYATH paccrostHue. Y Jo0HO TaK/ke OTHeIbHO BHYMC-
aure m 1/rd.

Mocre aToro Bce TOTOBO, YTOOHI ONpEJeIUTH KOMIIOHEHTH yC-
KopenuA. Bcio aTy paboTy MOKHO CHIBHO 0GJETIMTH, €CHH IOMh-
soBaThcA TabJuIaMA KBaapaToB, Ky0oB w o0paTHHX BeamumH. Ha
HalIy 010 OCTAHETCH TOTHA TOJAbKO yMHOkeHme z Ha 1/r3, Kotopoe
JerKO0 BHIOOJHAETCH HA JOrapudMmuecKoi JuHenKe.

ITepeiineM k JanpHelimeMmy. DBosbpMeMm uHTepBaJ BpeMeHH
e=0,100. B Hauaswsubi MoMent ¢ = 0

z (0) = 0,500, y(0)y= 0,000,
v, (0) = 0,000, v, (0) = 4- 1,630.
Otcoga HaxoguUM
r@= 0500, =800,
a, = — 4,000, a, = 0,000.
[ocme aT0r0 MOKHO BHUMCAATE KoMuOHEHTH v, (0,05) 1 v, (0,05):
v, (0,05) = 0,000 —4,000.0,050 = — 0,200,
v, (0,05) = 1,630 +0,000.0,400 = 1,630.
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A rTeneph HadHeM Mann OCHORHOUI pacueT:

2 (0,1) = 0,500 —0,200-0,1 = 0,480,
y(0,1)=0,00 1-1,63 -0,1=0,163,

r=1/(0,480)* - (0,163)* = 0,507,

—:—327,67,
a,(0,1) =0,480.7,67 — 3,68,
a,(0,1) =—0,163.7,70 — 1,256,

v, (0,15) = —0,200-—3,68.0,1 == — 0,568,

v,(0,15)=1,630—1,26.0,1 = 1,505,

z(0,2) =0,480—10,568.0,1 =0,423,

¥(0,2) =0,163+1,50.0,1 ==0,313
nT. ;.

B pesyabprate MH mmoxydymM 4mcla, OpuBegeHHsie B Tada. 9.2,
rae mpubnusuTeasHo sa 20 maros OPOCIe)KeHA I[I0JIOBMHA IYTH
raieil nxaserm BoRpyr Conmma, Ha dur. 9.6 ornomenn Kooppu-
HATH IIaHeTH ¥ W y, npuBefenHbie B Tabm. 9.2. Tourku mpemeras-
aA10T cobofi mocefoBaTeIbHLEE MOJNOKEHUA IVIAHETH Jepes KayK-
AYI0 JecAaTyio noj50 BeGpaHHOR HAMB efdHUNUL BpeMeHi. BugHo,
YT0 CcHAYaJA OHA JBHrazach OHICTPO, a 3aTeM — BCe MeJeHHENH
u Mepiaendeii. Bugaa tawske u ¢opma KpuBoil ABIVKEHAA IVIAHETH.
Hrax, Be Temephb 3HaeTe, KAK peaibHo MOMHO BBIYACIATH JBHAKE-
nie rager!

IlapaiiTe HOCMOTPUM TerePh, KAK BHYHCANTH ABipkeHue Henry-
uwa, IOnmrepa, Ypana m ocranpHbix mraHer. Momuo Jau cpeaars
noXPoBHBIE PACIETH CO MHOKECTBOM IUIAHET, YUHTHIBAA K TOMY Ke
n aewnenne Comuna? Pasymeercst, moyrHo. Hafinem cravana cuny,
AeACTBYOINYIO Ha KazkAylo NAHHYH WIAHETY, HanpuMep Ha Ty,
KOTOPyI0 MHl 0003HA9HM HOMEpPOM I H KOODAHHATH KOTOPO# Z;,
y; u z; (i =1 momer osmpauare Coanme, i = 2 — Meprypui,
{ =3 — Benepy u 1. 1.). Hama sagaga — RHaliTn KOoOpAUHATHL BCEX
prader. Ilo 3aKoHY TATOTEHUA r-KOMIOHEHTA CHJILI, AeHCTBYIOMEas
Ha (-10 MAAHETY CO CTOPOHBI IJIAHETH HOMED j ¢ KOOpAHHATAMH
T Yp 2 OygeT paBHa ——Gm,mj(:r,-—xj)/rj.j. Ecau e yuecTs
CHJIH CO CTOPOHBI BCEX INIAHET, TO HOJIYYUM CICAYIOMYI0 CHCTEMY

ypaBHEHHI:
dvj, Gmm g (z;—j)
m (5)= 5 [ =),
j=1 - if

N
dv; T Gmmilyi—y,)
mi< (uy> =3 ‘._ ._'_J_z__.l_J , (9.18)

j=1 T

mi(d”fz) = [_ _G_’UA___‘_/_)}

2
Tii




>
t=‘110'“l . o
D uz 9.6. I'pafur Beuxcenua e ¥ ft 05
naatemn eokpye Coanya, p=15— - s
t=20~: 1 “t=0
S A R Y A S A A by
-10 -G5 Conge g5 &

TJe r;;—paccrosaHite Meway i-if m j-ii niaderaMm:

ro=V e —e = gy —y )+ (5 —2)" (9.19)

a Y, 03HAYAET CYMMADOBAHME [0 BCEM OCTAABHBIM ILTAHETaM,
T. €. [0 BceM 3HaTeHHAM j, 3a HUCKJIOUeHNeM, KOHEYHO, j =i,
Tarmm o6pasoM, aT00H peIXUTH 3TO ypaBHEHMe, HY/KHO JHUIL 3HA~
YHTENBHO YBEAWIATEH ROJITIECTBO CTONONOB B Hamen Tabanme. A
gemwxenns [Omurepa momamobmrea geBATH cronbnor, gaa Cartyp-
Ha — TOKe JIeBATH M T. 1. KEcam Ham 3ajaHnl Bce HaYalbHLIE IIO-
JOKeHUS W CKOpPOCTH, TO w3 ypasHeHua (9.18) mMomHO mogcuuTatn
BC€ YCKOPEHUA, BHYUACIMB, KOHEYHC, HPeABapuTeIbHO mo GopMy.Ie
(9.19) Bce paccToAHUA 7 ;. A CKOJNBKO e BpeMeHN NOTpebyercs Ha
Bce oTh BugmciaeHuA? Ecam Bu OymeTe fAejaTh HX caMu jAoMa, TO
oueHp Muoro! OmHaKO ceiivac yyke MMEIOTCA MAIMIMHL, HEHMOBEDHO
OLICTPO BEIOJIHAONIME Bce apupmerngeckue pacueTsr. CiIoskenue,
HaIpuMep, TAKasg MAMUHA BLlIIOJNHAET 3a 1 MEcer, T. e. 3a OJHY
MIUIHOHHYIO JONIO CeKyHAL, a ymHOMKeHue — 3a 10 mrcer. Tak
9T0 eCJHM OJHH I[HKJI pacueToB cocTouT u3 30 omepamuii yMHOe-
HIIA, TO 3T0 3aiiMer Bcero mumb 300 Mrcex, mam 3a 1 cex MOmHO
cineaath 3000 puraos. Ecam MB XOTHM CYHMTATEH ¢ TOYHOCTLIO [0
OMHON MUTHAPIHON, TO AJA TOTO, YTOOH IHOKPHTH BCE BpeMsa 00-
pamenna miageTsl Bokpyr CouEna, Tpebyerca 4-10° mukios.
(OxaspiBaercs, 9T0 omubra B pacyeraXx npubAH3UTeNBHO OPOLOp-
NHOHAJbHA KBaApaTy €. Kcuu GpaTs uHTEpBAJ B THICATY PA3 MEHb-
uugi, To ommbRa yMeHbLIIHTCA B MHJLIMOH pas. Tar aTo ana obec-
neveHAA Haimell TOYHOCTH Hy:KHO B3aTh maTepBad B 10 000 pas
mensmre.) Ha mamuse s1o saiimer 130 cex, nam orono 2 muwn. Beero
aums 2 mur, 1A Toro yrobu «uporaarhy 0mnurep Bokpyr Coamna
H OPH HTOM @Ime ¢ TOYHOCTHIO A0 OHO# MUAAnapAHON yIecTh BCO
BO3MYIEHNA OT Apyrux miaxer!

Hrak, B Hauase 5Toif Tiashl M Bac ObLIN 3aTaJKOI JBIKEHHST
TpysuKa Ha TIPYMKOHKe, OJIHAKO TeNePh BOOPYKEHHBIE TAKHM MOII-
HBIM OpyAueM, Kak 3axoHnl HbIOTOHA, BLI MOKETe¢ BHUMCIATH HO
TONBKO TAKHe MPOCThHIE ARBJIEHHS, KAk KadaHue rpysuKa, HO ¥ Heu-
MOBEDHO CJIOKHBIE ABYIKEHUs IUIaHeT, mpmdeM ¢ mMo6oit HeldaeMoi
TogHocThI0! HysxHa Tonbko mammHa, 3Hapomas apugMeTury.



Iaraea 10

3AROH COXPAHEHHA
HMITYJILCA

§ 1. Tpemuit garon Huvromonn

Bropoii sakon HbioToHa, KOTODHIT CBARLIBAET
ycKopeHme J000T0 Teja ¢ jgelicTByomiell Ha HEro
CHIIOH, mO3BOJIAET XOTA O B IPHHIWUIE DPENOIUTH
a0y MexaHWYecKyo sagady. MoskHo, Hanmpu-
Mep, ¢ TOMOIIBI0 THCIOBOTO METONA, 3HAKOMOTO
BaM Y)Ke DO TPeAHAyIeH TJaBe, OOPeesuTh
JBI:KeHIle HeCKOJbKuMX dYacTui. OgHaro mMeeTcs
eme [OCTATOYHO [PUIMH, WTOOH TIPOFXOIDKUTH
nayuenne 3akoHOB Hpioroma. Bo-nmepsuix, cy-
mMECTBYIOT TaKHe CPABHUTEJIBHO WPOCTHIE CIYIaH
JBIGKEHHSI, KOTOPHe MOMHO HM3yd3aTb HE TOJBKO
YUCJIOBLIM HyTeM, HO W ¢ NOMOIM[BI0 MPAMEIX MaTe-
MaTHIecKHX MeTonoB. Bul 3HacT2, HampuMmep, 4TO
ycKopeHme ¢BOGOJHO mAJAIONEr0 Tejga HOCTOAHHO
u pasuo 9,8 m/cex?. Ucxonsa us sroro, MOKHO OLi-
J10 05l 9HCAEHHO BOCCTAHOBUTD BCIO RapTUHY [Bl-
JKeHIIA, OJHAKO TOopasfgo mpome u yAobHee ¢ IIo-
MOIIBI0O MaTeMaTHYeCKOTO aHajusza HaliTu ofmiee
pemenue: s =S, -+ vt -+ 4,9t% To me camoe
OTHOCHTCH K K TapMOHHYECKOMY OCIINIJIATODY,
pacdeTy KOTOpPOro OBlja MOCBAIEHa YacTh Ipe-
Juipymedi raaset. MoskHO 6n10 GBI TPOCTO AHA-
JUTHYeCKH JOKa3aTh, 4TO QYHKINA COS ! ABISACTCA
TOYHLIM pemeHmeM 370fi 3ajgauum, TOTOMY HET
HeoOXoauMocTs B apu@MeTHYSCKIIX YIpAKHEHAAX,
€CTU OTBET MOKHO mOJNyduTh 00ee IPOCTHIM U
CTPOTHM METOMOM.

OnHa w3 TaKWX 3agaq — JBWHKeHNe IJIaHETH
Borpyr Couanma. MosKHO, KOHEYHO, TaK iKe, KaK
MBI 5TO Jedad’ B IJl. 9, HocTeleHHOo HaliTm o0y o
dopMy opbuThl, OAHAKO W HTA 3ajada pelIaeTcs
TOYHO, NPUYEM B pesyjbTare HOIYYaeTcd CTPOTO
JLTHNTHYeCKAS opbura.

174

§ 1. Tpermii

3aKOH
Herorona

§ 2. 3axon

€OXpaHCHA
AMOYAbCA

§ 3. Mmoynne
BCe-TaKH
coxpanAeTcs!

§ 4. Mmnyabe
A 9HepPrHS

§ 5. Peaarn-
BHCTCRAI
HMITYJIbC



Ho, ® coxameHuIo, TArMX 3agad, KOTOPLIE MOTYT GHITH TOYHO
pelieHsl ¢ IOMONIbI0 aHAJIH3A, OYeHb Mano. B Tom ke rapMoHnue-
CKOM OCHWIAATOpe, HANpPUMED, eC/AH Cuia Ipy:uHol HE OyIeT
ApOHOPIHOHAJBHA OTKJIOHEHHIO OF IOJOKeHHA paBHOBecusd, a
OKa’KeTCsA HECKOMBbRO CJIOMHee, MBI yiie He CMOKeM HHYEro Ioje-
JaTh W BHIHYMAeHH O0pamaTbcad K UMCIeHHOMY pacdery. Mnn, Ha-
npumep, ecan Bokpyr CosHia BpamaeTca He OJHA ILIAHOTa, a B6
(r. e. WMEIOTCA BCEro TPH Teja, B3aUMOAeHCTBYIOmMMX ApYT € ApY-
roM), TO HaM He yAAcTCA HalTH AHAJTUTHIECRYIO (GOpMYy TaKOTO
ABIJKEHUS ¥ HA fiejle 3aja9a TOME peliaeTcd YHCIeHHO. JTO 3Ha-
MeHHTas npodjema TpeX Tejl, HaJ KOTOPOH B TeYeHHE JOJTOTO
BpeMenu Omauch Jgydnime yMel dYeioBedecTBa. VIHTEpecHO, UTO,
DOKA JIIOAW TOHAIHM OTpaHuYeHHEIE BO3MOMKHOCTH MAaTeMaTHICCKOTO
aHangnza u HeoOXOZMMOCTH WCHONB30BAHMA HUYHCIOBHIX METO/0B,
norpedoBajoch HeMane BpeMenn. Cefigac ¢ HOMONBI0 3THX METOOB
pelraeTca OIPOMHOE KOJMUeCTBO 3a7gad, KOTOpbie He Moram ObiTh
peniensl aHajgurTniecku. Ta ke sHamMeHHTag mpobaema Tpex Ted,
pelieHe ROTOPOi, KaK HOJArajgH, 09eHb CJAOKHO, B YHCICBOM Me-
TOJE BRITJIAMMT CAMOH 3aypAmHON 3aJJadKON U pelraeTcss cmocodoM,
ONMUCAHHLIM B OPeNHIYIEil IiaBe, T. €. ¢ HOMOIIBIO OOJLIIOTO
qucia apupMeruvdecKuX geicTBmil. OmHAKO uWMEOTCH CHTyaIluH,
Korga ofa MeTORA OKa3HMBAIOTCHA OGeCCHABHBI: NPOCTHE 3aJaTH
PelAanTeA AHATUTHIOCKH, a 3a]aY IIOCHORHEee — TUCIHOBHM apid-
MeTHYeCKUM METOJOM, HO OYEHBL CHOKHBEE B398 HEBO3MOMKIO
peniuTh HUu TaK, HO 3Tak. BosbMuTe, HAIpHMED, CIOKHY 337aTy
CTOJIKHOBEHMS ABYX aBTOMOOHIell MM faske ABICKeHHE MOJERYI
raza. B ryOuuecroM Mmumpnmmerpe rasa comep:Rurtcs GecIucaeHHOe
KOJMYecTBO gacTHl, u Obuto 66 GesyMueM IEITATHCH PEUIaTh 337aTy
c0 crogpkuMu mepemeHmnMu (oxomo 1017, T, e. cTO MHIIIOHOB
muwinapros!). CTonb e ¢aOKHA 3a7ad9a O ABIOKEHWN 3Be3n B
WAapoBOM CROINIEHWM, TJe BMECTO IBYX HJIM TpeX ILTaHeT, ABILKY-
muxcs BoRpyr CouHNa, co6paHo rpoMajgHOe KOJHYIeCTBO 3Be3.
ITH npobJieMH HEAb3A PemUTh NPAMBEIMH METOfaMH, W HYIKHO
H3bICKATh RaKue-TO APyTrHe myTi.

IIpu TamkoM moJsioseHHH, KOTJA JAeTallbHOE PacCMOTpeHme He-
BO3MOKHO, IIOJIE3HO B3HATH HEROTOpHE o0mue cpoiicTBa, T. ¢. 00-
mUe TEOPeMH WJIH NPHHIUIE, KOTODHE ABIAIOTCH CJEICTBHEM
sakoHoB HpioToHa., OMH W3 TaKHUX IPUHIMIOB — 3TO 3aKOH cOXpa-
HeHHA JHEPIUH, KOTOPH MH o6cy:Rjpaanm B I, 4. Bropwm mpnm-
HIOOM ABJAETCA 3aKOH COXpPaHEHMA WMUYIbea, KOTOPOMY IOCBA-
MeHa HacTOMMIas riaBa. [pyrag mpnauHa HEoOXOZHMOCTH Jaib-
Helliero M3yYeHHsA MeXaHMKH — 5TO CYMecTBOBAHIE HEKOTOPHX
O6IIUX CBOMCTE ABIKEHUA, KOTODHE HOBTOPAITCA OpH pasiud-
HLIX 0GCTOATENBCTBAX, TAK YTO IIOJE3HO H3YYHTh HTO CBOHCTBO HA
KOKOM-TO OFHOM YacTHOM caydae. Mubi, HampuaMep, OyjaeM m3ydaTh
CTONKHOBEHNMA; pABITWIHBE BHAH CTOJIKHOBEHHH HMET MHOTO
o6mero. 11y BO3bMEM TeUEHHE IKUAKOCTH, HEBAKHO KAKOH; 3aKOHHI
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TedeHHA Pas3MBIX KuAKocTell ¥MeloT wmHoro ofmero. Eme oanu
npuMep, KOTOPbiA Mbl O6y/(eM H3y4aTh, 5T0 KOIeGaHMA, WIH OCIHI-
JANUK, B 9aCTHOCTH CBOIICTBA MEXaHHYECKIX BOJH: 3BYKa, Koje-
6anusa cTepHEH U T. [.

Horpa mmr o6cysxmanu 3akoEH HpioToHA, TO yiKe TOBOPHIHA 0
TOM, 9T0 OHH ABJAITCA CBOBTO POJIa HPOrpaMMoi, KOTOPasA PH3H-
BaeT Hac oGpaTuTh ocoboe BHMMaHme Ha cuabsl. Ho o camMmx cmaax
Heloron crazan ToabKo Ase Bemu. OH HOJHOCTHIO cHOPMYIHPOBAT
3aKOH [OHS CHI TATOTEHWA, HO MOYTH HUTETo He sHal o Goxee
CIOKHEIX CHJIAX, HANPHMEP O cwiax Me;way atomamu. OpgHARO OH
OTKDHIJI OMHO IIPABUIO0, OFHO oOOmiee CBOMCTBO BCEeX CHI, KOTOPOE
cocrasiasger Tpermii sakon. Taxum o6pasoM, Bce, uTo HuoTon sHax
0 UPUPOfe CUI,— HTO 3aKOH TATOTeHHA M OOIuil TPUHIUI, KOTO-
PHII Tiacwr:

Cuna Jdelicmeus pasna cuse npomueodeticmeus.

Osnagaer aTo mpuMepHO ciaeayomee. Hlycrs uMeorcs gBa Ma-
JIEHBKHX TeJa, CKasKeM iBe JacTallsl, ¥ IyCcTh epBas W3 HHX TOJKa-
€T BTOPYIO ¢ HEKOTO POt cuioit. Tora B cooTBeTCTBHHE ¢ TpeThuM 3a-
ronom HwuioToHa BTOpas wacTuna Gymer TONKATL MEPBYIO ¢ TOH e
CHJ0i, HO B IPOTHBOIOJOKHEYIO CTOPOHY. Bosee Toro, stu cuist Gy-
AYT 1eicTBOBATH BAOAL OJHOM W TOH Ke AWHEM. JTa THIOTE3a,
WJIW, €CTH XOTUTe, 3aKOH, mpeaoeHuni HploTOHOM, BRIIIOIHASTCA
¢ GoabION TOYHOCTHIO, XOTH, BOpOYeM, OH He abGcoNIOTHO TOUEH
(c HAapymIeHMAME er0 MbI ITosHaROMuMcH nosgnee). Cefivac, ogHAKO,
Mol OyjgeM CYATATh ero COBepUIeHHO TOYHRIM. PasyMeercs, eciim
€cTb eme TpeTbd HacTHIA, KOTOpad paclioloykeHa He Ha TOWH sKe
JUHUM, 9TO ABe HeDPBHIE, TO 3aAKOH BOBCE He 03HAuAem, WTO CHUia,
JeUCTBYIOMAA HA NepBYI dYacTHIy, paBHa IIOJHOW cuiae, Aeu-
CTByWOMmEH Ha BTOPyIc. Beab ara TpeTns uacTHIA MOKET TOJKATH
JiBE NCPBBIe, B PeayapTaTe dYero MOJHAA CHUJIA, HeHCTBYIOmAS HA
nepBy gacTuny, OyaeT HalpaBieHa MO-APYroMy u, Boobme ro-
BOps, He GyfeT HU paBHA, HU TPOTHBOIOJOKHEA CHITe, AeiCTBYIOmEil
Ea BTOpYW0 dacTuiy. OnHaKo MOJHAA CHNA, AelicTBYIOMmMAA Ha RasK~
AVI0O U3 YACTHI[, MOJKeT OLITh pasjosKeHa Ha JBE COCTABJIAIONINE,
KOTOPHe MpeficTaBIAIOT c060il CHIBI, MeHCTBYIOMIE MeKEY RasRyoi
napodl gacTHL. OTH KOMHOHEHTH CHJIBL HJSI KAKIO0H nApb 9acTHL
JAOJRHBL OBITH PABHBI 1O BeJIWYHHE W TPOTHBONONOKAB! [0 HAIpPaB-
JICHHIO.

§ 2. Baron coxpanenus umnyavea

Hasaiite mocMoTpuM, yem unrepeced Tperuit sakom Hrplorona.
IlpenmonosuM Aas mpocTOTHI, YTO HMEIOTCH TONBKO 7Be B3AWMO-
peficTyompe 9acTHOel — gacTHna 1 w wacTuHa 2, Macca KOTOPHX
MOEeT OHThb pasnmaza. H KaKoMy cie[ICTBHMIO IPUBOJUT PABEHCTBO
¥ OPOTHBOMOIOKHAA HALPABJICHHOCTDL cuI MeKAy Humu? Corjacuo
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BropoMy BakoHny, cujia paBHA CKOPOCTH WMaMeHEHUsA HMOYyJbca €O

- BpeMeHeM, TaK 4YTO0 CHROPOCTL H3MEHEHUsA HMIOylnbCca YaCcTHILI 1

Vo

paBHA CROPOCTH M3MEHEeHHs HMMIIYJIbca YaCTHIOH 2, T. .

ap, dp,
IR (10.1)
o eCIH CROpoOCmU USMEHEHUA BCe BpeMA paBHEI o BeJHNUUHEe H
HPOTHBOIIONOKHELI 10 HampaBJeHWIO, TO H RNOoAHOE USMEHEHUE HM-
nyanbca 9acTiybl 1 paBIO U IPOTHBOIIQJOMHO NOAHOMY USMEHEHUIO
HMITYJbCa HYaCTHI[LI 2 BTO 03Ha4aeT, 4YTO ecJIu MB CA0MCUM 2TH
HMIYJBCHI, TO CKOPOCTb H3MEeHEHHUsA CYMMBI II0] BOBHBﬁCTBIIeNI
O/JHHX TOJDBKO B3alIIMHBIX CILJI (I/IX OGLIqHO Ha3HBaKwT BHyTpeHH]/H\lI/I
cmramu) GyjeT paBHA HYIO, T. €.

L®utpd g, (10.2)
t

HanomanMm eme pas, 4To B Hamell 3ajaue MBI IPEJIIONATraeM OTCyT-
crBUe Kakux-ambo Ipyrux cui, KpoMe BHyTpeHHuX. o pasenctso
HyJI0 CROPOCTH U3MeHEHHA OTOH CYMMH 03Ha9aeT NpPOCTO, UTO
pequanHa (p; -~ p.) He HBMeHAETCA ¢ TeueHMeM BpeMeHu. (Ira
BeJMIMHA BATUCHBACTCA TaKyke B BHAE MyVyi-- myVy U Ha3bpiBaeTCA
ROAHbM UMRYAbCOM ABYX wactar.) Takum o6pasoM, MBIl mOXYYWIH,
9TO NP HAJNMIAHM OFHMX TOJHKO BHYTPEHHHX CHJ TOJIHBIH HMIIYIbC
ABYX 9AcCTHI[ OCTaeTcsA HeH3MeHHHIM. JTO YTBep:KjAeHHe BLIPAKAeT
3aKOH COXPAaHeHnsa NoAHOTO MMOYAbcAa B JaHHOM ciydae. s Hero
CIeAYeT, UTO eCJM MBI H3MepAeM WIHM TOJCIMTHBAEM BEIUTUHY
myvy -+ mgVs, T. €. CYMMY MMOYJBCOB [BYX YaCTHUI[, TO AJAA AI0GHIX
cmil, BeACTBYIOIMHX MEKAY HUMH, Kak Obl CJOMKHHE OHUH HH OBLIA,
MBI JOJMKHBEL TOJYYNTh OAWHAKOBEII pesynbTaT KaK A0 AeHCTBUA
cui, TaK W MOcJe, T. €. HOJHBIH HUMIIYJIbC OCTAeTCA TOCTOAHHBIM.

PaccMoTpuM Temepb RapTHHY [OCIOMKHEE, KOT/A €CTh TPH WIH
Goubliee YHCJIO B3aHMomejicTByommx dgactud. (OQUeBHAHO, UYTO
€cJiv CYMEecTBYIOT TOJXBKO BHYTpPeHHWE CUIH, TO IOJHHI HMIYJIHC
BCEX YACTHI[ OCTAETCA MOCTOSAHHBIM, HOCKOJBKY yBEIWYCHHE HM-
nyabca OBHONH YacTMIE! LOA BO3AEeHCTBHEM Apyroi wacTuIsl B TOY-
HOCTH KOMITEHCHPYETCA yMeHbIHeHWEM HMIyAbCa 5TOH BTOPOH
YaCTUNE W3-33 TPOTHBOACHCTBUA NEePBOH, T. €. BHYTPEHHHE CHIIbI
tTar cbalancHPOBAHBI, YTO MOJHEN UMOYJIBC BCEX 9ACTHUI, H3MEHUTD-
ca He Momer. Tawmm obpasoMm, ecaum HeT cuil, JeHCTBYIOIMMX HAa
cucTeMy WMBBHe (BHEIIHWX CHJI), TO HHITO HE MOMKET H3MEHHTHL €e
DONHHA WMIYJIbC U, CJHEAOBATENBHO, OH OCTAGTCA TOCTOSHHEIM.

Ho nymHO eme ckazaTh 0 TOM, 4TO Ipou3oiifer, ecan OyayT
€ie CYIeCTBOBATH KAKHe-TO ApPYyTHe CIUIHI, KPOMe CIUI B3amMoO-
AeficTBHA Me:RAY TactmuaMmu. I1pegnmomomuM, UTO ML M30JMPOBAJIN
CUCTEMY B3aMMOAEHCTBYIOIMUX YACTHI. KCIH HMEIOTCA TOJBKO
B3aUMHEIe CHUJH, IIOJHBI WMIYJAbC, KAK U HOPEKJe, MEHATHCA HE
Oyner, ckoab ObI CHOREEl HEH ORIE 3TA Ccuie. Eciam, ogHako,
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CymecTBYIOT CuAH, 00ycJOBJeHHEE YacTHOAMA BHE 3TOH wmaoampo-
BAHHOI IPYLIIEL, TO, KAK MBI IOKaKeM IO37Hee, CYMMa BCeX BTHX
SHEWHUT CHJI PABHA CKOPOCTH W3MEHEHHA IOJHOPO HMIYJBCa BCEX
BHYTPeHHUX HacTHIl. JTO OYeHDb II0Je3HAA TeopeMa.

3aKoH COXpaHeHHH HONHOTO HMIYJIbCa HEKOTOPOTo gucsaa
B3aUMOIEHCTRYOMMUX YACTUI[ B OTCYTCTBME BHEIMMHHX CHJI MOJKHO
sammucaTh B BHjIE

m,\v,+m,v,-~myv,4 ... =const, (10.3)

TZe m; M V; — OpOCTO Macca W CKOPOCTh YACTHI[BL COOTBETCTBYIO-
mero HoMepa. OQHAKO AJAA KKAOH M3 9THX wacTun Bropoit 3axoH
Hriorona

d

f=~ (mv) (10.4)

dt
nuueTcs A JM000# cocmasafiowell TOTHOA CHIBL W MMIYJTbCA B
n0o6oM 3aJaHHOM HATPABJEHHW, TAK YTO X-KOMIOHEHTAa CHIHI,
ZeiicTByOmMeil Ha 9acTHIy, pPaBHA CKOPOCTH M3MEHEHWS I-KOMIIO-
HEHTH UMIYJbLCA HTOH YACTHUI[E

fo= 5 (mv,). (10.5)

T ouno Taxue e GOPMYIIH MOKHO HANUCATD AJNA Y- U Z-KOMIOHEHT.
910 osHauaeT, 4T0 ypapHenme (10.3) darrmueckm mpepcTaBiIseT
c060it Tpu YpaBHEHMA: IO OTHOMY HA KUKAYI0 M3 KOMIIOHEHT.

CymecTtByeT emie ogHO mHTepecHoe ciefictnue Broporo sakona
Hetorona, xpome saxona coxpaHemus umoyiabca. llokaszarennct-
BOM ero Mel OyAeM 3aHMMaThCA MO3IHee, a cefidac A mpoOCTO pac-
cKa)Ry BaM O HeM. CuefcTBme WIH, CKOpee, IPHHINI COCTOUT B
TOM, 4TO 3aKOHH (UBAKN HE M3MEHAITCHA OT TOrO, CTOMM JII MBI Ha
MecTe WJIH JBIKEMCH paBHOMEPHO u mpsMonumueiino. Ilycrs, mHa-
npuMep, Ha GHICTDPO JeTAIIEM caMoJeTe PeGeHOR UTpaeT ¢ MAYHKOM.
HabutonaTenpHbrit peGeHOK cpaszy 3aMeTHT, 4TO MAYHK IPHITAET
TOYHO TaK ke, KaK u Ha 3emie. MHave roBOpPs, 3aROHH [JBU/KEHUA
ana pebeHKa B caMogieTe (ecjum TOJIBKO MHOCIAeABHA He MEHAET
CKOPOCTH) BBITVIAAAT OAWHAKOBO KaR HA TOJIe aspoapoMa, TaK U
B mojlete. JTOT PaKT maBecTeH [OJ HABBAHUOM NPUNLUNA OMHOCU-
meavrocmu.. B TOM Bujle, B KOTOPOM OH PACCMATPUBAGTCA 31eCh, MBI
OyneM HASHBATH €T0 (HPUHIUIOM OTHOCHTEJNLHOCTH Ianmmesy
UXH «TAJINJIEeBCKOH OTHOCHTEJBHOCTBIOY, 4TO0H He IyTaTh ero ¢
Oosee TmATENBHEIM aHAJIW30M, NPOJENaHHKM JUHMTEHOM, HO 00
BTOM HECKOJIBKO HO33Ke.

Taxum obpasoM, m3 3axoHa HploTOHA MBI BEIBEJII 3aROH CO-
XpaHeHuA UMIy/bCa, a Telephb AaBaiiTe HOCMOTpHM, Kakue cre-
nuduIecKue 3aKOHK ONNCLIBAIOT COYAApeHNE W paccesiHue 4acTull.
Onmnaxo paAa pasHooOpasus, a TawKe 4TO0BI HPOFEMOHCTPHPOBATH
THOMYHbIE PACCYIKAEHUA, KOTOPHME MH YacTO HOJXB3yeMcs B (u-
BUKe B JPYTHX CJAYYasdX, KOI/A, CRa;KeM, He MN3BOCTHRI 3aKOHB
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Heworosa u gomxen OHTH OPUHAT HHOH METON PACCMOTPEHHA, AA-
paiiTe o0cyqmM 3aKOHH ,pacCesiHHs H COYJapeHUsA ¢ COBEPIICHHO
opyToil Touku speHus. Mo 6yqeM HCXOAUTH M3 NPUHIHANA OTHOCH-
TenbHOCTE ['ajiwiied m B KOHIE pacCy:peHuii OPHAEM K 3aKOHY
cOXpaHeHUS HMITYJIbCAa.

Wrax, nagneM ¢ yTBepH{IeHU, TO 3aKOHH IPUPOIsl He H3Me-
HAKTCA OT TOrO, YTO MBI JBI/KEMCA IPAMOJHHEHHO ¢ HEKOTOPOIl
CKOPOCTBIO HIM CTOMM Ha Mecre. OgHARO mpege dem o0CymAaThH
TPOLECCH, B KOTOPHIX fABA Tela CTAJKUBAIOTCA U CHAMHAOTCH WUIH
pasjieTanTca B CTODOHB, paBaliTe paccMOTpHM cJaydail, KOrja
STH ABA TeJIa CBABAHEL MERAY COBOM NPYMEHKON UM 9€M-TO B 3TOM
pofie, a 3areM BAPYT OCBOGOMKIAIOTCA U paajleTaloTCA NOJX [Aeii-
CTBUEM OTOli WPY'RMHKH 1WIn, OBTb Moker, HeGOdBIIOTO B3pHIBA
B pasHble CTOpOHE!. HpoMe TOro, pacCMOTPHM [BUGKEHHE TOIBKO
B OpHOM HanpasneHuu. [Ipemmosnoskum cmepsa, 410 aTH [BA TeJa
COBEPUIEHHO OfHHAKOBLI W pACIOJIOKEHBl cuMMeTpmano. Horga
MeR]y HEMH IPOM30iifeT B3PHIB, OJHO M3 HUX IOJETHT HALIPABO ¢
HCKOTOPOIl cropocThio v. Torma ecTecTBeHHO, YTO APYTOE HOJIETHT
HAJEeBO C TOH e caMoil CKOPOCTHIO U, TOCKOMbRY 06a Tesra mogo5Hb
¥ HET HHKAKUX MOPHINH CYUTATH, UTO JIEBAA CTOPOHA ORAIKETCSE
npeATiOYTHTeIbHee Tparoil. MTar, ¢ TeraMu JO/IKHO TPOMCXOUTH
HEYTO CHMMETPHYHOE. OTOT IIPHMED HOKA3hBAET, HACKOJABRO TO-
JNC3HBL PACCYHIEHNA TAKOrO poga B pasimuHbeX 3ajgadax. Ho onu
He BcerJa cTOJb ACHBI, KOTJa 3aTyMaHeHH (OpMyJaMm.

Tarum o0pasoM, mepeeiii pesyabpTaT HAUero dKCIEpAMEHTA —
OIMHAKOBHIE TeJa UMEIT OJUHAROBYI0 cKopocTh. Ho mpemmonoykum
Terephb, YTO TeJja CACJAHB U3 PA3JIHYHOI0 MaTepHajda, CRasKeM
OfIMH M3 Megu, a APYroil W3 AJIOMHHUA, HO MACCH HUX pPABHHL.
Mss OygeM mpemmonaratb, YTO €I IPOAENATHh HAII OIBIT C ABYMSI
PaBHBIME MaccaMM, TO HeCMOTpPA HA TO, 9TO Teja He OXHHAKOBLI,
CROpPOCTZ X TeM He MeHee GymyT paBHEL. B 3TOM Mecre MHE MOryT
Bospasurb: «Ho Bexb BHI MOKeTE ceIaTh U ofpaTHOe. Bam HeszaueM
ObLIO 9TO mpenmonaraTh. Bot Momkere onpedeaumd MacChl Kak pas-
Hple, ecJli OHH B HallleM dKCIEepHMEeHTe MpuoGpeTanT OfUHAKOBYIO
CKOpOCThy. JlaBaiiTe jke mpUMeM 3TO IPEJIOKEHNe U YCTPOUM He-
GOJIBUION B3PHIB MEKAY KYCOYKOM MEIH M O4eHB OONBINNM KyCKOM
AJMIOMUHHA, KOTOPHII HACTOJIBKO Ts/KeJ, UTO efBa MOKeT OHTH
CABMHYT C MecTa, TOTJla RaR Me[b CTPEMHTeNLHO OTjIeTaeT. JTO ro-
BOPUT O TOM, 9TO AJIOMUHHA CJIHIIKOM MHOTO. ¥MEHBIIUM ero Ko-
AMYECTBO U OCTABUM JHIIb COBCEM MaJleHBRHI Rycouer. Ecam
YCTPOUTH B3DPBIB CHOBA, TO OTJETHT YyiKe aJIIOMHHEI, a Megb HOYTH
He caBuHeTCS. SHAYMT, ceifwac cauiikoM Mamao amiomuHnA. O4eBuj-
HO, 9TO JOJUKHO CYIECTBOBATH KAKOE-TO HPOMEKYTOYHOE KOJude-
CTBO, KOTOPOE MOYKHO HOCTEeNIeHHO IOA0upaTh, mOKa CROPOCTH DPas-
Jera He CTAHYT paBHBIME. Temeph MB MOMKeM cKasaTh, 9TO pas
PaBHH CKOPOCTH 3THX KYCKOB, TO MAcCChl X MBI TOKE OyAeM cunTaTh
paBHEIMH (T. €. ¢paKTHIeCKH MBI IIEPEBOpAYHBaecM CJEGTAHHO® paHee
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VTBeIKICHHE, UTO PaBHbIE MacChl OYAYT MMETL OMMHAKOBYIO CKO-
pocTh). CaMoe mHTepecHOe 3fech TO, UTO HUIMUCCKHA BarOH Ipe-
BpaIaeTcss mpocro B ompeneneHme. Ho TeM me MeHee KaKoii-TO
¢usuuecKiil 3aKOH 3/ieCh BCE K€ eCTh, M €CJM Mbl HPUMEM TaKoe
ompepelleHne paBeHCTBA MAacc, TO 3TOT 3aKOH MOMKHO HANTH Cje-
ayomusM o6pasoM.

Ilycrp 13 mpegbigyniero dKcuepuMeHTa HaM W3BeCTHO, 9TO ]BA
KycKa BemecrBa 4 u B (MeAb m anloOMuAuil) UMCIOT paBHLE MacCH.
Bossmem teneph TpeThe TEI0, CKAMKEM KYCOK 30J0Ta, H BHIPABHIEM
ero Maccy (TOYHO Tak ke, KaK 9TO [eNajoch PAaHBIIe) C Maccoit
Mepu. Ecim Temeph B HallleM pKCIIEPHMEHTe 3aMEHHMTH Mefb 30JI0-
TOM, TO JIOTHYeCKn y HAC HeT HMKAKHX OCHOBAHUI yTBEPKIATh,
9T0 3TH Macch (aJIOMHHHS W 30J0Ta) pasHel. OFHAKO onslm TOKa-
3EIBAET, YTO TAKOE PaBeHCTBO mMeeT Mecto. Tarmm 06paszoM, OMBIT-
HbIM IIyTeM MBI 0OHAPYHIIN HOBH 3aKOH: €CJN ABe MACCH HOPO3HH
paBHB! Tperbeil (T. e. B HAIleM ONLITE ORH PAa3eTaloTCA ¢ PABHBIMIL
CROpOCTAMMI), TO OHH DPaBHBI Meay coGoil. (9TOT 3aKOH BOBCE N
caedyem u3 MORO0HOT 0 YTBEPIKACHNA O BelIMUMHAX B Mamemamuke,
TaM OHO IIPOCTO ToCTyimpyercs.) Bmanmre, Kak Jerko mo Heocto-
POKHOCTH CfiellaTh 0e30CHOBATeIbHOE 3aRjioueHne. Y TBEP/KAEHuE,
YTO MacChl PaBHEI, KOTZAa pPaBHH CKOPOCTH,— BTO Gme He onpelde-
JAeHlUe; Befb TIPW DTOM MBI NMpeATodaraeM cIpaBefinBOCTh MaTreMa-
THIECKHX BaKOHOB PABPHCTBA, YTO B CBOK 0YepeAb HPUBOAAT K
NMpeACKAa3aHMI0 PE3YAbTATOB HEKOTOPHX JKCIIEPUMEHTOB.

Bossmem eme ogur npumep. llycrs npu HexoTopoit cuiie B3psl-
Ba ycTaHOBJEHO, 410 Macca A pasHa Macce B. A 4To mpowmsoiiger,
€CJIMl YBEJMIMTH CHIY B3pbBa? ByIyT lln paBHE CKOPOCTH pasieTa
B aToM cayvae? Jloruka 3gecs cHoBa OeccmiibHa, HO ONEIT TOBODHT,
910 2710 delicmsumenvro Tak. CHOBAa MH 10JTyJaeM 3aKOH, KOTOPBIIl
VTBepIaeT: eCIH W3 paBeHCTBa CKOpocTeil ABYX Tel HesaercsH
BARJIOUEHIe O PABEHCTBE MX Macc, TO BTO PABEHCTBO He 3aBUCHT OT
BelqwumHb cKopoct. M3 srmx mpmmepop BuEHO, YTO TO, 4TO CHa-
gajla Kasajaoch NMPOCTO OIpeelleHneM, B AeHCTBHTENILHOCTH Hpej-
moJlaraeT CUpaBefnBOCTH KaKMX-TO 3AKOHOB TPHPOJHL.

Wrar, B manpHeidummx pacCy/&AeHHAX Mbl OyfeM CUATaThb, 4TO
paBHBIE MACCHl PAa3JeTAalOTCA B NPOTHBOTONOKHBIE CTOPOHHI ¢ paB-
HEIMA CHKOPOCTSIMH, €CJH MeKIy HEMH IpOHCXOJMT B3PHB. A 14To
OpousoifeT, ecan Mbi o0paTuM 3agagy, T. €. 6Cliu JBa OJUHAKOBEX
Texa, Jersmue HABCTPEUY HAPYT APYTy ¢ PABHHIMI CKOPOCTAMH,
CTAIKUBAIOTCA W COMIaTcs BMecte? Hak OymyT OHH JABHTATBCA?
3Aech onATH HA TWOMOMB NPHUXOAAT COOOpayKeHMA CUMMETPHH
(T. e. wT0 MeEAY NeBOi M MpaBoit CTOPOHAME HET HIMKAKOTO Dasin-
yuAg), u3 KOTOPHX CIeAyeT, 9T0 00pasoBaBIleecs TeJNO JOMKHO
CTOATHL Ha MecTe. Mur OymeM Takse mpepmojaraTh, 4TO ABa Teja
¢ PaBHOH Maccoil, JeTAmMUX HaBCTPedy APYT APYTY, AAYKe eClu OHU
cllellaHn M3 PasIMIHOTO Marepmala, Hocjie CTOJIKHOBEHHMA M CJu-
OaHUsA OCTAHOBATCA.
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§ 3. Hunyase ece-maru coxrpanaemcal

MoxHO arcnepuMeHTANBHO NPOBEPUTH HAINM TNPEANOIOMEHER
0 TOM, 9T0, BO-IIEPBHIX, MOKoAIuecd OBa Tella ¢ paBHOH Maccoif,
Pa3OpBAHHLE B3PHBOM, HOJETAT B PAasHHe CTOPOHEL C PaBHOIY
CKOPOCTBI0O H, BO-BTOPHX, 4To ABA Teaa, o0xamaiomie pasHLIMBR
CKOPOCTAMYE ¥ MaccaMu, IPi COYNapeHHE ¥ CIUIAHUH OCTaHaBJIM-
sBaworcea. Taxkylo npoBepky MOKHO caesarb ¢ IOMOILBI0 3aMEUATE b-
HOro ycrpoiicrBa — BosgymHoTo smexoba (dur. 10.1). B arom
yerpolicTse HeT HMKAKuX TpYmuXcd Aerateil — Boupoc, ROTOPLIH
oueHb Gecmorousn Famumes. OB He MoOr MOCTABATH SKCHEPHMEHTA
€0 CKOJB3AmMUMY TejJamu, n00 OHHM He CROABBUAM cBOOOAHO, HO ©
DOMONIBI0 TyHEeCHOro sxeaoba MBI MOkeM temepb u30aBUTbCA OF
tperusa. Hamu resia Gynyr aerers 6e3 momex, a CKROpocTh uX, CO-
ridacHo mOpejaBusieEnioo ['axmies, GygaeT ocraBaThed TOCTOAHHOIM.
JTO HOCTHraeTcA TeM, 4TO Tea0 MOANepKMBaeTcA BO3AYMHON 10-
AYWKOi, a MOCKONBKY TpeHme 0 BO3AyX OUeHb Majo, TO TeJIo Iiia-
HIpyeT OPaKTHYeCKU C IIOCTOAHHON CKOPOCTHIO, €¢jim Ha Hero He
AeficTBYIOT HUKaKWe cHiasl. DBospMeM cHadala [ABa CROJB3AMUX
fpycka, Bec WJi:m Macchl KOTOPHX ¢ OOJBIMIONK TOYHOCTHIO PABHEL
Apyr ApYry (OparkTudecKy MaMEpAeTCA BeC, HO OH, KaK BBl 3HaeTe,
IPOTMOPIHOHANEH Macce), W IMOMECTHM Memgy HUMH HeGOonbnioi
B3peIBaTedb B 3aKpHTOM Huamagpe (fur. 10.2). Bewo a1y cucremy
yCTaHABAMBAEM B IEHTPE jkedo6a u IJEeKTPUYECKOl MCKPOH mOj-
sraraeM BapeBaTenb. UTo jxe mpousoitmer?! Ecnu maccm Opyckosn
OfMHAKOBH, TO OHN, PA3JETEBMUCEL B CTOPOHE, OJHOBPEMEHHO [0-
CTHTHYT KOHIOB jxenoba. TaMm oHm oTCRAKMBAIOT 0T OTpaHHIHTE-
Jell, CTATKABAIOTCA U CAUOAIOTCA B LEHTpE, TOYHO B TOM JKe Mecre,
oTKyZa pasnerenucs (¢ur. 10.3). Ito naTepecusii ount. 1 B feii-
CTBUTENIBHOCTH HPOMCXOOUT BCE TaK, Kak Mbl pPacCRasaji.

Teneprs Ha ogepenu npodaema nociaosaee. [lonyeTuM, MH uMeeM
JiBe MaccHl, IpUIeM OFHA JBIIKETCA CO CKOPOCTBIO ¥, a [pyras CTONT
Ha MecTe. 3aTeM mepBasa yAapseT 10 BTOPO W OHM CJIUOAIOTCH.
Uro pmpowusoiiner manbme? OB6pasyerca omHo Tedao ¢ Maecoir 2m,
KOTOpoe Rak-To OymeT msurarbesa. Ho ¢ Kakoil cropocTeio? Bor B
uem Bonpoc. YToGH oTBeTHTH Ha HETO, HPEATONOMKHEM, UTO MbL 6AEM
BROJb sxemoba Ha aBroMoOuie. Bce zarombl (uaMKM JOMKHEL IpH
3TOM BHITJIfA/IeTHs TOYHO TAK jKe, KaK ¥ UPeK/e, Korjga Mbl CTOANIA Ha
MecTe. M5l Hagamm ¢ TOoro, 9TO €CIm CTOJKHYTH [ABa Teja C paB-
HEIMI MACCAMY M OHHAKOBHIMH CKOPOCTAMHE ¥, TO HOCJe CAMNaHASA

Manensrue
omgepcmus
(conna)

Cwamerd

D ue 10.1, Bosdywnwi wcescl st

(6ud ¢ mopya).
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(pysurHbIL Kancrons om uzpymientozo
omopmusamop nucironema

@ ua 10.2. IHpodosvnwii paapes
] croavsawezo Opycka, CEPENAEHHOZO
L) co espusnblm YyuAuUnOPOM.
iinundp flucmon ﬂpi/ﬂ(uﬂﬂb/d
amopmusamop

OHM OCTAHABAMBAITCA. A Teleph WPefcTaBbTe, YTO B DTO BPeMA Ml
KaTAM Ha apTOMoOmIe co cKopocThlo —v. Harylo jKe KapTHHY MBI
yveuamm? flcHo, 4TO OfHO W3 TeJ, WOCKOJLKY OHO BCE BPEMA JIETUT
pAZOM ¢ aBTOMOOMIeM, OyjeT Kasarhesi HaM HEMOJBHKHEIM. Bropoe
ke, KOTOpOe [BH/KeTCH HABCTpedy €O CKOPOCTBIO v, MOKA/KeTCA
HaV HecyIuMCA ¢ YABOGHHOH CHOPOCTBIO 2v ($ur. 10.4). Haxonexn,
00pa3OBABITECCA T10CIe COYAAPEHHA W CIUHARHUA TeNo Oyner Ka-
3ATHCA HAM JeTSIuM ¢o ckopocThio v. OTcloma MBI iesiaeM BHBO,
4TO eciu TeJI0, JeTAmee ¢o CKOPOCTHI0 2v, yaapAaeTes o MOKOSmeecH
TeI0 TOil ke MacCHl M TPHJNNAaeT K HeMy, To 00pasoBaBIIeecsd Telo
GymeT ABUTATHECA CO CKOPOCTBIO ¥, WIM (ITO MaTeMaTHIeCKH TO e
caMoe) Tejio €O CKOPOCTRI0 ¥, YAApAACh O IOKOAM{eecAd Teo TOil
ke Macchl U OpUJAWIas K HeMmy, o0pasyer Telo, ABH/KYMmEecH o
CKOPOCTBIO /2. 3aMeTsTe, UTO eClu YMHOKHMTH MAacchl Ted Ha X
CKOPOCTH W CJHOMETb HX, TO IONYIMM OfIMHAKOBBIH De3yanrat
Kak 7o cronkmoBeHmA (mv - 0), Tag m mocae (2m-v/2). Bor kak
06CTOUT feno, ecam Tejo, obiamaiomee CKOPOCTHIO ¥, CTOIKHETCA
¢ TeJoM, HaXOMAMMMCA B IOKOE.

Touro TakuM e 06PA3OM MOKHO OLpPesieIATh, IT0 MPON3OHeT,
KOT/la CTATKNBAIOTCA JiBa OJMHAKOBHX Teja, Ka0e U3 ROTOPHIX
HBIIRETCH ¢ NPOU3BOLbHOU CROPOCTHIO.

[IycTs OfHO TeJo JeTHT CO CKOPOCTBIO vy, & APYToe — €O CKo-
POCTBIO v, B TOM ke HampasieHun (v > v). Harona 6ymeT #X CKo-
pocts mocie coyiaperns? [lapaiite cHoBa cAleM B MAMINHY H 10~
efleM, CKasKeM, O CKOPOCTHIO vp. Torma ofHo ua Tex OyAeT Kasarbes
HAaM CTOSAMUM HAa MecTe, a BTopoe — HajeTalomuM Ha HeTo €O CKO-
pPOCTBI® ¥ — ¥y. JTa CATYAlHWA y/Ke 3HAKOMa HaM, W MBI 3HAEM,
9TO0 MOCKe CcOygapeHms CKOPOCTH HOBOPO Teja IO OTHOIIEHHIO
% Mammae 6yaeT pasHa Yo (v;— v3). UTo ke KacaeTcHA JeHCTBATEND-
ol CKOPOCTH OTHOCHTEIBHO 3eMIHT, T0 ee MO/KEO HallTH, mpubasun
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CKOPOCTH aBTOMOOmIA: v ==Y,y (v — ¥2) -~ vy mam 72 (vq - vp)
(pur. 10.5). O6parure BEEMaHUE, 9TO CHOBA

mv1+mvz=m-~;-(vl+vz). (10.6)

Tarum ofpasom, mpuHouO oTHocHTeabHOCTH I'adutes momoraer
HaM pasoGparbes B m00oM coymapeHnn paBHEIX Mace. o cux mop
MB paccMaTpUBAJIHM JBU:KeHHe B OJHOM II3MepeHHM, OXHAKO HA
OCHOBE ero c¢TAHOBUTCA ACHHMM MHOT0€ H3 Toro, 4To Oyjer mpowmc-
XoguTh B 6ojee CHOKHBIX ciAydasgx COyLapeHHS: HY:KHO TOIBLKO
NyCTHTE aBTOMOOMID He BHOJDb HAUPABICHUA [BIKEHRA Ted, a 1ok
KaruM-To yraom. IIpeHOUDI ocTaeTcs: TeM yKe CaMbIM, XOTH HeTaiHd
HECKOJBKO YCIORHAKTCA.

Yr06sI sKCHEPUMeHTaJIBHO IPOBEPUTh, JeNCTBUTEIBHO TN Telo,
JeTsmee ¢O CKOPOCTRIO ¥ II0CHe CTONKHOBEHAS ¢ MOKOANTIMCSA TeIOM
TOH ;e Macchl, o0pasyer HOBOC Tejo, JeTAllee €O CKOPOCTBIO
v/2, npopenaeM Ha Hamiell saMeuateJbHOIl yCTaHOBKe CJIeIyIOMIuil
onnT. [ToMecTnM B xemol Tpum Tena ¢ ONHHAKOBHIMH Maccamu, JBa
M3 KOTOPHIX cOefMHEeHb! TUJIHHAPOM CO B3PHIBATEJeM, a Tperbe Ha-
XxomuTeA BOIMSH OJHOIO M3 HUX, XOTA I HEeCKOIBKO OTJeNeH0 OT
gero. OHo cuafkeno KIGHKHIM aMOPTH3aTOPOM, TAK YTO HPHIMLAET
K TOMy TeJy, KoTopoe ymapser ero. B mepsoe Mrmosenme mocie
B3pLBA MBI IMeeM JBa 00BEKTAa ¢ MaccaMH M, JBIDKYU{UMHACH CO
CKOpOCTHIO ¥ Kaskfoe. B mociaegywolllee MTHOBeHHe OJHO H3 Tea
cTalkuBaeTeA ¢ TpelhMM u oOpasyeT HOBoe Tejlo ¢ Maccoil 2m,
KOTOpoe, Kak Mbl IojaraeM, JONKHO IBATATBCA €O CKOPOCTHIO
v/2. Ho war mposepuTb, 9T0 CKOPOCTh ero jeficTBuTensHo /27
Ilasi aToro MB BHadajJe yCTAHOBHM Tela TawkuM ob6pasoM, 4ToOBI
paccTOAHNA IO KOHMOB jkexno0a oTHocmames Kak 2 : 1, Tak uro
mepBoe Tejlo, KOTOpoe MPOJoIAKaeT IBHTATLCA €O CKOPOCTBIO v,

B sadopamoprol Bud
cuomeme U3 MauIUHL
u > vy e v-v—» 0

3

(m] (@) o coptapenn
D ue, 10.5. Apyeod caywail meyn-
pyeoeo coydapeHus paswur Macc.

v— ¥ (Ur—Uz) -~
nocae coydapenus
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nposepra moeo garma, wmo Mmacca
- <-v v 0 m, ydapas co ckopocmbio v maccy

Iy 20— ] [mi[m J=—0—q] m, o6pasyem mesro ¢ maccoid 2m
u ckopocmblo v/2.

<« -v v'—»

L] C2m 1N

JOMKHO IPOJeTeTh 3a TOT Ke IPOMeyRYTOK BpeMeHHn BIBoe 0ojpliee
paccTosHme, YeM CHPeNMMBIINecs ABA HPYIHX Teda (c yueToM, Ko-
HeUHOo, TOTO Majoro paccToAHHA A, KOTOpoe BTopoe Telo MpouuIo
Z0 CTONKHOBEHNA ¢ TPeThuM). Ecam Mm mpaBbsl, To Maccsl m u 2m
HZOJKHBL JOCTHYh KOHIOB 3eJo0a OJHOBPeMeHHO; TaK OHO U IIPO-
ucxopur Ha caMoM pene (pur. 10.6).

Caegyomas mpobieMa, KOTOPYI0 Mbl JOGKHBL PeILUTH: ¥TO
HoJyuuTcAd, ecliy Tela WMMeWT paswiie MaccH. JlaBaliTe Bo3bMeM
MaccH m W 2m W YCTPOHMM Me;KAY HuMH B3peiB. UTo mpomaofiner
torga? G KaKoil CROPOCTBIO MOJETHT Macca 2m, ecJu Macca m JAeTAT
co cropocrpio v? (DarkTHdecKHm HaM HY;KHO TOBTOPHTH TOJIBKO 9TO
TpOojieTaHHEII SKCIIePHMEeHT, HO ¢ HYJIEeBLIM 3330POM MEKIIY BTOPLIM
u# TpersuM TeqoM. PasyMeercst, 9TO mpu 9TOM MBI HOJIYIAM TOT Ke
pe3yasTaT — CROPOCTH TeJl ¢ Maccamm m u 2m JoJIRHH OHTH CO
OTBeTCTBEHHO paBHBL —v 1 ¢/2. Mrar, mpu pasziere Tea ¢ MaccaMu
m u 2m ToydaeTcs TOT jKe PesyJbTar, 4TO ¥ NpPH CHMMETDHIHOM
pasiere ABYX Ted ¢ MaccaMH M ¢ TMOCAeIYIOMHM HEyIPYTHM CO-
y/apeHneM OTHOI0o M3 dTHX TeX ¢ TPEeTHUM, Macca KOTOPOTo TOoe
pasHa m. Doiee Toro, OTPasUBIIACH OT KOHNOB, KAJKI0e W3 OTHX
Test GymeT JeTeTh ¢ HMOUTH Toll ;Ke CKOpPOCTHIO, HO, KOHeYHo, B 00-
paTHOM HAllPaBJIeHHWH, W [OCJ]e HEYIPYroro COyJapeHus OHH OCTa-
HABIUBAWOTCH.

ITepeiizeM Telleph K chexyiomeMmy Bompocy. Uro mpomsoiiger,
ecliy Tedo ¢ Maccoil m I CKOPOCTBIO ¥ CTOMKHETCA ¢ IOKOSIAMCH
tesoM ¢ Maccoil 2m? BocmoanaoBaBmmcsr NPMHNHIOM OTHOCHTENE-
Hoctn amuiest, Mo#HO JIeTKO OTBETHTE HA 8TOT Bompoc. Ilompocty
ToBopsi, HaM HY;KHO ONATH CAAUThCS B MAanmHy, uAymiylwo co
cropocreio —v/2 (pur. 10.7), m HabIoOKaTH 3a TOABKO UTO
omucanubM npomeccoM. CKopocTs, KOTOpse MBI IpH 2TOM YBHIHM,

B cucmeme Bud
yenmpa macc u3 MawHy
v we o
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ITocae coymapenus macca 3m moKaKeTcA HAM [BIGRymeics
¢o cropocTeio v/2. TaruM o6pasoM, MBI MOJIYYHJIH, YTO OTHOUICHNE
cKopocrell o W mociae coymapeHus pasHo 3 : 1, T. e. obpasoBas-
meecs TeJO ¢ Maccoil 3m GymeT aBUIraTHCH B TPU pasa Me/TeHHEId.
N B »T0M cnysae cHoBa BHIIOJHsIETCA o0mee OPABHIO: CyMMa
TPOI3BeeHNIT MacChl Ha CROPOCTH OCTASTCH Toll jie Hak 0, TaK M
nocie coypaperusa: mo -+ 0 pasmo 3m-»/3. Bul Bugure, Kak mo-
CTeNIeHHO IIAT 3a IIATOM yCTAHABAWBAETCA 3aKOH COXpAaHEHHA HM-
nyasca.

WUrax, MBI PaccMOTpedn CTONKHOBEHHE OJHOTO Tejda C JABYMHA.
Ncnonsays Te ke PacCy:RISHUA, MOMHO NMPEICKa3aTh pesyabrarhl
CTOJKHOBEHIISL OHOTO TeJa ¢ TpeMa TejaMu, IBYX Teld ¢ TPeMdA Te-
namMm u T. 1. Ha ¢ur. 10.8 rax pas moxasam ciydait pasiera Mace
2m u 3m M3 COCTOAHUA IOKOA.

B rasiIoM U3 9THX ¢JIydaes BHITONHIETCS ONHO 1 TO jKe IPABUNO:
Macca mepBOro TejJa, YMHO:KeHHAs Ha ero CKOPOCTh, IIOC Macca
BTOPOTO Teja, yMHOKEHHAs Ha ero CKOPOCTh, PABHH IPON3BeIeHNUI0
NORHOH MacCH Ha CKODOCTH ee JBuKeHusi. Bce 970 — mpumeps
coxpaHeHnda mMuyibca. Mrak, HA1aB ¢ IPOCTOro CIyYad CHMMET-
PHYHBIX PAaBHHX MacC, Mbl YCTAHOBWJN B3aKOH COXpaHeHHs iA
fonee cHOMHEBIX claydaeB. B cymuocTH 9T0 MOKHO ciesaTh M JI10-
Goro panyoHATBHOTO OTHOUIEHHS Mace, a MOCKOIBKY J00oe dYucio
MoOsKeT OBITH CO CKOJIb YrogHO GONBIIOH TOYHOCTBIO 3aMeHEeHO pa-
UHOHAJABHEIM, TO 3aKOH COXpAaHEHWA HMIYJIbCa CIOPABEJIHB A
a10651X Mace.

§ 4. Umnyave u snepeus

Bo Bcex mpexslmymux mnpuMepax Mbl PaccMaTPHBAIHM TOJBKO
caydan, Korja ABa Tela CTAJKUBAIOTCA U CANIATCHA MIH ¢ ¢aMoro
Hagana OBIAN CKpemieHH BMecTe, a MOTOM pPasfelfl0TCA B3PHBOM.
OpHaKo CyniecTByeT MHOMKECTBO NPMMEPOB COyAapeHuil, B KOTOPHIX
Tella He CHeMIAITeA, KakK, HAmpmMep, CTONKHOBEHN® [BYX Tell
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PABHOI Macchl 1 OJHHAKOBOH CKOPOCTY, KOTOPHE 3aTeM pa3aeTalorcs
B pasHHe cTopoHsl. Ha Karoil-T0 KpaTKuil MUT OHU CONPUKACAITCH
U cKuMaTesa. B MoMeHT Hambodbwero ¢KaTHsg OHH OCTAHABJIIN-
BATC W WX KEHOTHYECKas OHEPTUA MOJHOCTHI0 MepPexomuT
B 9HEPTUIO YAPYroro ¢;Rarus (OHH Kak JBe C;KaThie IIpPYKHHBL).
Jdra oHeprus ompejelisercs W3 KUHETHYeCKON 9HEpPrmM, KOTOPOii
obmajganu resa N0 CTOAKHOBEHHS U KOTOPAs PaBHA HYJII0 B MOMEHT
ux ocranopku. OIHAK0 KuHeTWYecKas »HePTHA TepseTcs TOJBKO
Ha ogHO MTHOBeHue. C/KaToe COCTOsIHEE, B KOTOPOM HAX OJSTCA HAIN
TeJla,— 9TO BCe PABHO 970 3aPsj B HPeABAYIIUX IIpUMepax, KOToOPHIil
HpH B3pbiBe BHJeJsieT SHEPruio. B ciegyiomee MrHoBeHHe IIPo-
uexoguT Heuro mogoBHOe B3PHIBY — Tela DAa3RUMAIOTCA, OTTal-
KHBAIOTCA APYP OT Apyra M pasieTalnTcd B CTOPOHH. ITa YacTh
[polecca BaM ToKe XOPOIIO 3HAKOMA: Tejla IOJETAT B pasHbIe
CTOPOHBL ¢ OMHAKOBBIME cKopoctsMiu. OmHaKo cKopocTu oTmadw,
BooOute romopsi, Gymyr MeHbille TeX HawalsHBIX CKopocTeil, mpu
KOTOPHIX OHW CTOJKHYJNUCH, HGO NJAA B3PHBA HCHOJb3YyeTCA He BCH
PHepIHsa, a TOABKO KaKasg-To ee 9acTh, HO 3TO yiKe B3aBHCUT OT
CBOMCTB Marepuajia, W3 KOTOPOTo cHedaHs Teda. Ecam sro markmit
Matepual, 10 KuHeTHYeCKasa 9HePIs I0YTH He BBIJIeJISACTCS, HO ecin
aTO Wro-To Gojlee ympyroe, To teia 6ojlee OXOTHO OTCKAKMBAIOT
apyr or gpyra. HemcnoapszoBanERIT 0CTATOR 2HEPIIN IPeBPAN[aeTcs
B Temiao u Bupanmio, rejsa HarpeBaloTcA H JAPOJKAT, BIPOYEM,
pHEpTHA BUOpamuMM To/ke BCKOpe LpeBpauaeics B Temno. B mpmu-
HpOe MOMKHO ¢lesiaTh Tejia W3 CTOIHp YHPYToIo MaTepmala, 4To Ha
teiio m Bubpanmo He Oymer pacxogoBarTbCs HHUKAKOIl 9HepTHH,
a CKOPOCTH pasjera B dTOM cjydae OymyT IpakTUYecKH DABHBI Ha-
qaneasM. Taroe coysnapeHue MLI Ha3BIBaeM YhpyauM.

Tor ¢arr, 910 cKOpocTH Ao W noc.te coylapeHHsS paBHH,— 3a-
cayra He 3aKOHa COXpaHeHHsI UMIYIBCA, & 38KOHA COTPAHEHUA
sHepeuls, Ho To, 4T0 CKOPOCTH pasiera Iocje CHMMETPHYHOIO COY-
JapeHns paBHHL dpyz Opyey, B 9TOM y)Ke IOBHHEH 3aKOH COXpaHeHUA
HMTIyJIbCA.

Touno takuM ;xe cmocoGoM Mo:EHO pasobpars ciaydail coyaa-
peHms TeJ ¢ Pa3iIMYHBIME MAccaMy, PasJIHIHHMUI HavYadbHBIME CKO-
POCTAMH, pAasJinYHBIMH YOPYLOCTSAMH U ONpeNe]HTh KOHEeYHLIe
CKOPOCTH ¥ MOTEPI0 KUHEeTHUECKOl sHepPTHY; Ho MH He OyxeMm ceiiuac
noapo6HEO pasbupaTs 9TH SBJERUA.

Yupyroe coymapeHme oco0eHHO 4YacTo BCTpeYaercs MeRLY
cHCTeMaMH, Y KOTOPHIX HeT HHKAKUX BHYTPEHHHX MeXaHW3MOB, HH-
KaKNX «IIecTepeHoK, MaXOBHKOB i APYyr#X uacrei». B raxmx
cayuasx KuHeTHYeCKas pHePTus He MOMKeT HHM Ha YTO PacTPATHTHCA!
BeJb pasieTalomuecs Teja HaXojATcs B TeX Ke yCJOBHAX, 4TO U
Hameraomue. I[loproMy Memmy oiaeMeHTapHHME o00BbeKTaMu Co-
yaapenne Bcerga WM I0YTH Beerga ympyroe. I'osopsar, Hampumep,
4TO COYJapeHHme MeKIy aroMaMuy W MoJeKymamm abCoIoTHO
yupyroe. XoTa aTo jeficTBUTeNbHO oUeHb Xopomee mpubamsKeHue,
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HO ¥ 9TH COY/apeHdA He a6Co4mMH0 YUpYIue; B MPOTHBHOM CHy-
1ae TPyHHO Obino OBl MOHATH, OTKYZa y Tasa Oepercs pHeprus Ha
H3TydeHme Temiga W csera. VIHOTMa mpHM CTOJKHOBEHHAX MOJEKYI
rasa HMCIOycKalOTcs HHPPAKpacHble JydYd, OTHAKO 3TO CAYYaeTCH
KpaliHe peKko M K TOMY jKe M3JydYeHHAs dHePIus OUYeHb Maja, Tak
4TO HJs MHOTHX I(ejell CTOJKHOBEHHA MONEKYJd I'asa MoRHO pac-
cMarpmBaTh Kak a0CcolIOTHO YIpyTHe.

HaBaiite pasfepem HHTepecHHIN TpuMep Ynpy2020 CTOJIKHOBe-
HuA OBYX Tead pasublr Mmacc. Ecnu Takue Texa yoapAnoTca RpYT O
Apyra ¢ Kakoil-To paBHOH# CKOPOCTBIO, TO MO COOOPaKEHHAM CHM-
METpPHE OHH JOJAHHE PA3leTeThCs B CTOPOHBL C TOM Ke CKOPOCTHIO.
Ho nasajite mocMoTpuM Ha 9TOT Ipomecc B HECKOABKO HPyrolf
cCHTyanuu, KOTAa OfHO H3 TeJ [BUKETCH CO CKOPOCTBHIO ¥, a JApyroe
moxonress. Urto nponsoiier B aroMm caydae? Tarad sagaua me HoBa
s Hae. HyxHo mocMoTpets u3 aBToMo0mIIsA, ABIKYIETOCH PsLoM
¢ oAHOI M3 dYacTHi{, HAa CHMMMeTpHYHoe coymapeHme. MsI yBummm,
KaK JIBIGKYIIEeCH Telo CTOJIKHETCA ¢ IIOKOANUMCA W OCTAHOBUTCSH,
a To, KOTOpOe paHbllle TOKOMNOCH, MOJETHT BIEpel, npudeMm
B TOGHOCTH ¢ TOil ke CROPOCTBIO, ¢ KOTOPoil xBurasock mepsoe. Tena
UOTPOCTY OOMEHAKTCH CBOMMEH CKOPOCTAMH. JTO JIETKO MOMHO
IIOATBEPAUTH SKCIepuMeHTaIbH0. BooGme eciu ABa Tena ABMRYTCA
HABCTPETY APYT APYTY ¢ PA3IUTHBIME CKOPOCTAMH, TO HPA YIPYTOM
COyJapeHun OHU LPOCTO OOMEHHMBAIOTCH CKOPOCTAMH.

I pyroit mpuMep modta abCOJIOTHO YIPYIOTO B3aUMOJEHCTBHS
naetr mam MarHernaMm. [lonomkure mapy U-o6pasHHX MarguToB Ha
Hanmg cKoJb3siniue ODYCKH B BOBHYNIHOM jKedobe TaK, 4ToOH oHM
OTTATKUBAIUCH APYT OT apyra. Ecaum Temeps HoTHXOHLKY TOJTOTK-
HYTEL OQuH U3 GPYCKOB K JPYyroMy, To OH, H¢ Kacadch, OTTOJIKHeT
ero, a caM ocraHoBuTcs. Bropo#t jke OpycoK ImoJeTHT BIepen.

3axoH coXpaHeHHMd HMIYJIbca — oYeHb IoiesHaa mryka. O=n
HO3BOIAET PENIuTh MEOrNe NpoGIeMH, He BXOIA B JeTa/lH IPOonecca.
Hac, mampumep, cosepiieHHO He MHTePECOBANN AETANH [BIKEHHSA
rasa NpW B3pHBE 3apsga, HO TeM He MeHee MH MOIVIH IIpejcKa-
3aTh, BO CKOJNIBKO pa3 ofHo Tenxo Oymer ABUTATHCA OHICTPee BTOPOIO
npu ux pasiere. Jpyroit mHTepecHBIi HpmMep — 3TO paKeTHHIH
pBurareas. Parera Gousbiolt Maccel M ¢ orpoMHOH cKopocTwio V
(oTHOCHTENDLHO caMoll pAKeTHI) W3Bepraer CpPaBHHUTENLHO HeHOJIb-
moe KoaudectTBo m raza. UrobB COXpaHHTH HMIYJIBC, PAKETA Ha-
quHAeT NBUTATHCA ¢ HeOonbmoit ckopocthio v. Mcmonpsys saxom
COXpaHeHNA UMIYJIBCA, MOKHO TIOACUNTATH, 4TO

m
U——I—W'V.

OnHarko Mo Mepe maBepKeHHA CKOPOCTH paKeTH CTAHOBUTCA Bee
Ooapme @ OGonbme. MexammaM peitcTBHA pPaKeTHOI'O JBHIATeJNs
B TOYHOCTHU CXOJEH ¢ ABJeHNeM OTHaYu pyKbsA; 3lech He HY)KeH BO3-
OYX, 9TOOH OTTAIKABATHCA OT HETO.
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§ 5. Peasamusucmerutt umnyave

¥Yxe Ha Halmlell maMATH 3aKOH COXPaHEHHA HMIyJbca OpeTep-
neJ HeKoropele maMmeHeHusa. OHM, OJHAKO, He KOCHYJIHMCH CaMoOro
8aKOHA KaK TAKOBOTO, MPOCTO M3MEHHJIOCHh HNOHATHe HMIYJIbca.
B reopum otHOCHTENBHOCTH, KAaK OKAa3aloch, UMIIYJIBC YiKe He €o-
XpaHAeTesd, eCAH ero MOHHMATh TaK ;ke, Kak u npexpe. Jlexo B Tom,
970 Macca He ocTaeTeda MOCTOAHHON, a U3MeHiemes 8 3asucuMocmu
om cKopocmu, & IOTOMY H3MEHseTcA H UMHYJIbC. JTO H3MeHEHHe
MACCHl MPOUCXOAUT IO B3AKOHY

m = -ﬁ—%ﬁ s (107)

rje my— Macca IMOKOMINErocst Teja, ¢ — CKOPOCTh pacupocrpa-
HeHus ceera. U3 o710l dopMysas BuIHO, 4TO HPH OOBIMHKX CKOPO-
cTAX (ecaAM v He OYeHH BEJMKO) M OYEHH MalXo OTANIAETCA OT My,
a UMIIYIDBC MOITOMY ¢ 046HDb XOpOUIeil TOYHOCTHI0 BBEIPAKALTCS ¢Ta-
poit Gopmynoii.

HoMmmonentsr mMnyabca s OFHOH 4acTHUBl MOKHO 3aIHMCaTh
B BHJE

— Y% o Mely I 10.8
px_]/ {—v2c? v Py Y 1= I V 1= » (10.9)

rjge v = vy + vy, + v;. Bcam mpocyMMHPOBATE Z-KOMIIOHEHTH
HMIIYJABCOB BCEX B3auMoUefcTBYIOMMUX YACTHI, TO BTA CyMMa Kak
J0 CTONKHOBEHIA, TAK H IOCIe OKAKercsA OMHOH B Toi ;ke. ITo 1
ecTh 3aK0OH COXPaHeHWsA HMUYJbhca B HampaBleHHu ocu z. To ke
MOYKHO ¢flesiaTh H B JI0GOM JpyroM HaIpaBieHHH.

B ra. 4 MBI yyke Bujedm, uTO 3aKOH COXPAaHeHUs pHEePTUU He-
BepeH, ecld ME He MPH3HAEM SKBUBAJGHTHOCTH DHEPTHH BO BceX
e¢ dopMax, T. €. INEKTPHICCKON dHEPIMHM, MeXaHUUECKOW DHEPTUH,
DHEDIUA M3IyIeHus, Ternosoii u T. 1. IIpo HekoTopHe us aTHX dopM,
HalmpuMmep Tello, MO;KHO ¢Kasarh, U4TO DHEPTHA «CKPHITa» B HHUX.
Hanpamupaercst Bompoc: a He CYMECTRYIOT IH TAKKe (CKPLITHE)
$OopMBl UMIYJABCA, CRAKEM «TeiyioBodl mMmmyasey? [lexo B ToM, uro
UMIIYJAbC YTAUTh HEBO3MOKHO, CKPHTHL ero 04eHb TPYAHO [0 Cle-
AYIOIMAM IpAIuHaM.

Mepa rTemnoBoff SHepPrum —— CAyiaiiHOTO JBHIKeHHA aTOMOB
TejJa — IpejcraBiadgeT c¢oboll upocyMMupoBaHHBIe Keadpambl uX
cropocteil. B pesyinraTe monayuaeTcs HeKOTopas MoJOKHTEIbHAs
BeJMuuHa, He MMelomasl HanpasieHHOTo Xapakrepa. Tar gro Tenio
KaK GBI 3aKJI096H0 BHYTPH Tella He3aBUCHMO OT TOTO, IBU/KETCA Jn
OHO Kak mesoe wian Het. [losroMy coxpaHeH#e 9HePTHU B TeILIOBOMH
thopMe He odeHb oueBuuHo. C mpyroil CTOPOHDI, ©CHHN MBI IPOCYMMH-
PyeM ckopocmu, KOTOpHe HMelT HalpaBlieHWe, W B pesyabrare
MOJNYIMM He HYIb, TO 9T0 O3HATAET, U4TO CaMO TeJ0 MeNHKOM JBH-
JHeTcAd B HEKOTOpOM HANpPaBJIeHWH, & TaKoe MAKPOABHKeHHe Mbl
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y:xe cnocoGHb HabmogaTs. Tar uTo HOKAKO#H CayYaiHOil BHYTpen-
Hejl MoTepu MMIyJIbCa He CYIUIeCTBYeT: TeJo obdanaeT onpejye e HEBIM
VMIYJIbCOM, TOJIBKO KOTJA 0HO ABW/AKeTCA UedmkoM. B artoM m co-
CTOUT OCHOBHAs NPHIMHA TOTO0, 4TO HMITYyIBC TPyAHO CKpuTh, Ho
TeM He MeHee CKPEITH ero BCe jKe MOXCHO, HApuMep B 9ieKTpoMar-
HHUTHOe Ioje. JTO eme OJHa U3 OCOGEHHOCTell TeOPHH OTHOCHTeL-
HOCTH.

HrploToH cunTad, 9T0 B3auMojeHcTBIEe HA PACCTOAHMN MOMMKHO
OpiTHr MIHOBeHHEBIM. Ho o710, OKaswmBaeTcs, HeBepHo. BospMewm, Ha-
mpuMep, dileKTpmuecKue cuabl. [lycTs aneKTpudeckuil sapsam, pac-
ION0KeHHH{I B HeKoTOpo# TOYKe, BAPYT HadMHAeT JBHTaThCH,
TOry[Aa ero jpeiicTBme Ha apyroii 3apAx B ApPyroil Touxe ne Oymer
MTHOBeHHBIM: CYIecTByeT HeDonblLoe 3amasabiBanue. Ilpm TaxoM
MONOKe NN, HaKe ecan CuJbl AeficYBUA M IPOTUBOXEICTBYS PaBHH
MeKIy c06oit, UMY ALCH He GyayT KoMmeHcuposarbeda. Cymectsyer
He0oNbIIONH NPOMEKYTOK BpeMeHH, B TeueHHe KoToporo Oypier
MPOUCXONUTH HeYTO CTPAHHOE; B TO BpeMs KaK IepBHil 3apsim uc-
HOBITHIBAET KaKoe-TO Bo3/eilicTBUE CHMIB ¥ pearupyeT Ha Hee H3Me-
HEHHeM CBOero MMIIyJbca, BTOPoil CTOMT KAaK HI B 4eM He GmIBajo
¥ He H3MeHseT uMnyisca. Ha mepefiady BaAnuAHHA BTOpOMy 3apsgy
Yepes pas/eiAiee WX paccTosiHne Tpelyercs HEKOTOPOe BPeMA:
¢BINAHUEY pacOpocTpaHsaercsa He MTHOBEHHO, a ¢ HeKOTOPOil KoHeyu-
noi (xoTa u odens 6oxpwoit) ckopocTsio 300 000 xat/cex. B tevenne
HTOT0 KPOXOTHOTO0 MPOME/KYTKA BPeMeHH UMIYJHC YacTHI[ He cO-
xpausgercsa. Ho, pasyMmeercs, mocie Toro Kak BTopoil sapsanm ncmbi-
Taer BANAHHE IEPBOTO, MMIOYJABCH KOMIEHCHPYIOTCHA, HAcTymaer
1IOJHEH HOPAJOK, HO BCe-TaKM B TeYeHHE HEKOTOPOTO MOMEHTA 3a-
KOH Opl1 HapymeH. Mo mpemcTaBiasieM feno TakuM o6pasoM, 4To
B TeueHHe STOTO HHTepBaja CYIIECTBYeT HMIYJILC HPYLOro pojia,
yeM UMIYJIbC TACTHI[ MV, U 3T0 UMIIYJIbC BIEKTPOMATHHTHOTI O IO,
Ecnru caoxuts ero ¢ uMmyapcaMu 4acTHL, TO BTa cyMMa B Jo0oil
MoMeHT coxparsercd. Opmako ToT $axT, UTO dIEeKTPOMarHHTHOE
mose MoKeT obJafgaTs MMIYJIhCOM M DHepTHUell, jejiaeT ero peaslb-
HOCTBIO, & YTBeP;KeHHE 0 TOM, 4TO MEKIY YacTHLAMHU JeiicTBYIOT
CUNBI, HepeXomiT B YTBepKIeHHe O TOM, UYTO JacTHLa €O37aeT
IoJde, KOTOpPOe B CBOIO otuepefp JeficTByeT Ha APYIYI0 4acTHHY.
CaMo e molle mMeeT Muorme cBOHCTBa, AHANOrWYHEIE YACTHIIAM;
OHO MOKeT HeCTH pHePruio u mMmyasc. [lid wimocTpannm paccMoT-
puM eme OXMH IIPUMEpP; B dJIeKTPOMATHUTHOM I0JIe MOT'YT CYILecT-
BOBaTh BOIHH, KOTOpble MH HaskiBaeM cBeToM. W BoT okasniBaercs,
4YTO CBET TO;Ke HeceT KaKOoHW-To MMIYJBC, TAK YTO KOTA OH Hajaer
Ha IIpefiMeT, TO MepefaeT eMy HEKOTOPOe KOIHIeCTBO CBOETO HM-
oynsca. JTO DEBHBAJEHTHO AeHCTBHIO KaKOW-TO CHNBIL, Beib OCBE-
IMeHHHI HpeaMeT uaMeHsieT CBOIl HIMIOYIbe, Kak 6yATo HA Hero Aei-
CTBYeT HeKoTopaa cmiua. Urak, mafas Ha mpeaMeT, cBeT OKasHIBaeT
Ha Hero jaBleHye. X ors oTO [aBIeHNe 0YeHb MaJo, Ho AOCTATOYHO
TOHKAMA NpubopaMu ero Bce e MOMKHO H3MepHTb.
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OxasuBaeTcsi, 970 B KBAHTOBON MeXaHMKE UMIYJLC TOKE He
mv, a He4To COBCeM Apyroe. 3pech ysKe TPYAHO OIpenelnTh TOUHO,
9TO jKe TAKoe CKOPOCTH YACTHIH, HO IMIYIbC BCe-TAKH CYL[ECTBYET.
Pasauna jxe COCTONT B TOM, 9TO KOTja 9acTHIB HeHCTBYIOT Rak
9acTHIE, TO UX AMIYJBC IO-IPERHEMY mV, Ho KoTZa OHM! felicT-
BYIOT KaK BOJHBI, TO HMIYJBC Y)Re HaMepsieTcs 4HCIOM BOJH Ha
1 cm: geMm Goapine BOJH, TeM Goxbhie umnyianse. Onmako, HecMOTpsA
Ha 5TO pasjnyue, 3aKOH COXpaHEHMs UMIOyIbCa CcHpPaBeJJIMB H
B KBaHToBOil Mexammke. HeBepHHIMH oOKazandmch ypaBHEHHE
Heiorona f = ma 7 Bce eTo BEBOIB 3aKOHA COXPAHEHUS AMIYILCA,
TeM He MeHee B KBAHTOBOI MeXaHUKe B KOHOE KOHIIOB oTOT 3aKOH
npofoRaeT AeHcTBOBATE!



raaca 11

BERTOPBI

§ 1. Cummempusn ¢ uzure

B oroit riaBe MBI BBOEHM MOHATHE, KOTOPOE
cpeqn (QWBHKOB WM3BECTHO IOJ HA3BAHHEM CUMMe-
mpus 3ekoros gusuky. CI0BO «CUMMETPUSY YOOT-
pebisiercs 37€Ch B HECKOJBKO HeoOBYHOM CMBIC-
Je, W HO0ITOMY HY/KHO €ro OIpeeJurh. Kawr ke
OUpeeuTh CHMMETpHI0 KaKoro-mubo mpemmera?
Horna muI roBopuM, 4to maobpaieHne cuMMeTpH-
YHO, TO 9TUM MEL XOTHM CKasarlb, 9T0 OJHA €To
YacTh Taraf jKe, Kak jpyrad. Ilpodeccop Mepman
Betins gan Taroe ompepeneHmne cHMMETpUHU: Hpei-
MeT CHMMeTDHYeH, eClIM eTo MOKHO IO/IBePTHYTH
Rakoi-1ubo omepanwu, focie KOTOpoit oH Oyner
BHIIJIAZETh KAk W BHadade. HaupuMep, ecium Ml
rosepHeM Basy Ha 180° BOKpYT BepTUKANBHOR oCH
1 0OHA He HM3MeHHT CBoeTO BHEmIHero BHIA, TO MEL
TOBOpMM, 9TO 00e CTOPOHEL BA3H CHMMETPHYHEL.
M= 6ymem moHEMATH ompenesenne Beiinsa B Gonee
LIIAPOKOM CMBEICIe W TOBOPHTH O CHMMETDHH 3aKO-
HOB (UBUKIL.

IIpepmonosxuM, dro THAe-To MBI YCTAHOBHIH
CHOKHYI0 MAMUHY CO MHO/KeCTBOM 3aleIlIeHui,
¢ KaKUMH-TO MaXOBHKaMu, maTyHaMd #H T. M.
IlpepmonouM Temeps, 9To B KAKOM-TO APyroM
MecTe Mul cobpainn Taxoe ke ycTpoiicTBo, BCe dac-
TH KOTOPOTO HABJIAIOTCA TOYHOW Kommell dacreit
fIpe;KHe MallnHsI, MPHYeM COXPaHeHbl BCe pasMe-
PHL U OpHeHTANUsA OTHeJBHHX ee dacTeif, Bce TO
7K@ caMoe, TOJNBKO IepeHeceHO Ha HEKOTOpoe pac-
CTOAHMe. 3aTeM MBI 3anycTuM ofe MAIIWHEL B O~
HAKOBHIX YCJAOBHAX H HocMoTpuM, OyAyT /am oHHU
paborats coBepileHHO ofuHakoBo? BynyT am gsu-
JKeHNs OTJedBHEIX dacTell OQHOM MAMIMHBL MOBTO-
PATH B TOYHOCTH COOTBETCTBYIOMNE [IBHAKEHNA
opyroii? BooOme Toropsi, orser Moxer ObITH om-
puyameadiuld, TOTOMY 4TO Mbl MOMKeM Belb

§ 1. Cammerpusa

§ 2
§ 3

§ 4
§ 5.

g 6.

§ 7

B pu3nKRe
Ilepenoent natana
Bpamenua
Bexropnt

Bexropras
ajgredpa

3akoum Herorona
B BeRTOPHOH
3amICH

Cranapuoe

ApOH3BEeCHHe
BEKTOPOR
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BLGpaTh JIA BTOPOI MAMIMALL HEYAYHOe MECTO, CKAKEeM IOCTABUTH
ee Tak, YTO KaKue-To ee dacTu OYyAyT 1pu pabore ymapATheAa o
CcTeHKY, TOrJa MamuHa BoBce He Oymer paborars.

Jlio6as ¢Pusnueckas muesa TpedyeT 3HpaBoTo CMEICIA IPH CBOEM
OCYNIECTBJICHNH, BeJb 3T0 He YHCTO MaTeMaTrHdeckne uiau abcTpaxT-
nole ugeu. Hy:®xH0 moHnMAaTh, 9T6 MBI HMeeM B BUAY, KOTa TOBOPHM,
MTO MpU HepeHeceHHN Kakoro-aubo yerpoiicTsa B Apyroe MecTo Ha-
Gmogawrea Te ske aBileHusA. [lox sTEM MBI TOEMMaeM, YTo MEL Iepe-
JBUTaeM BCe, 9TO MOKHO mepeaBUHYTh. Ecnm jxe mpu sToM ABieHTE
B 4eM-TO U3MEHAETCA, TO Mbl NPEIIOJOAKMEM, 9T0 YTO-TO IOCAYHUTO
noMexoil, u saiiMemcs wuaydeHmeMm mnpuunH. Ecam ME Hudero He
o0HapyxuM, To 0OBABHM, 4T0 Pu3MYeCKHe 3aKOHH He 001ajalor
ommpaemoii cuMMerpueii. Ho ecaiu fusuveckne 3aKOHB Bee-TaKh
obnagaT cmMMerpureil, To Mbl HalieM IpPUYMHY TOMeX, BO BCAKOM
ciydae Mul HageeMcs Haiitu ee. OcMoTpeBmIUCE, ML 00BApYKUM, Ha-
npuMep, dro pabore Mauimasl Meniaet creHa. OcHOBHON BOmpoc ¢o-
CTOUT B CAeAYIOIIEeM: eClIM MBL JOCTATOYHO XOPONIo M3yIuM HAIHU
yCTpolicTBa, ecllii BCE OCHOBHBI® MCTOUHHKYW CHJ HMEIOTCA BHYTDPH
anpmapara U ecid Ha ApPYyroe MecTo IepeJBHHYTH BCe, 9TO CJI6LOBAIO
OepeNBUHYTH, TO GYAYT /i 3aKOHBI MeHAThCA? DymeT num Mammua
ma HoBoM MecTe paboTaTs Tak, KaK paHpime?

flcHo, WTo MBI X0TMM mepesBHHYTH caMO YCTPOHCTBO W HCTOY-
HUKU OCHOGHWX BIUAHWI, a BOBCe He 6ce HA cBeTe — ILIAHETHI,
3Be3JHI M T, I., u00 ecau OBl MBI M COBEPUIMIY BTy TPaHINO3HYIO
pabory, To Babnrogainm GH mpeskHee sBIeHWe N0 TOH MPoCTOll UpH-
4uHe, 9T0 ME OKa3aduch 651 Ha ToM e camoM MecTe. Ho MH u He
MOeM TIePeABUHYTH 6ce Ha céeme. OKa3HBaeTCA, YTO €CJIU MepeBu-~
raTh Haie ycTpoicTBo 6osee uiim MeHee pa3yMHO, To OHO OymeT pa-
Gotarp ogmHaKoBO. JdpyruMu ciroBami, eciy MBI He OymeM BJaMbI-
BaThbeA B CTeHKY, OymeM 3HATh HPOMCXO/KIEHHME BHEIMHWX CHJI K
mocTapaeMcs, 4To6E OHRM Obliy IepegBHHYTH BMecTe ¢ ManluHOI,
To oHa Oymer paforaTs Ha HOBOM MecTe¢ TaK ;Ke XOpoLlo, Kak
TIpesRe.

§ 2. llepenocot navaaa

ME! orpaHHYEM HAIIe€ PaccMOTpeHNe 3aKOHAMH MeXaHWKH, Ko-
TOPYK JOCTATOYHO XOPOLIO M3y4uidu. B Upemmgymux rjiaBax MbL
YCTAHOBUIHM, UTO 3aKOHBI MEXaHNKHA MOKHO CBECTH K TpeM cIpaBef-
NWBHIM AnA M000i YacTUIH YpaBHEHHAM:

d%x dy d%
ma—x=Fx, maz—sz, mﬁngz. (11.1)
J1o 03HAYAET, UTO CYMECTBYeT Takoil cmocod usMepenus paccTos-
HUH %, Y H Z BAOJAD TPeX B3aUMHO NEPHeHIUKYIAPHBIX ocell U cuit
BIOJIb 9THX HaNpaBJeHMil, IpH KOTOPOM omNperesseMble ypaBHe-
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D ue 11.1. Heée napasseavnwne |Awo  [Mux
kaopdunamusle cucmemol.

fa— (] o fost—— T ]

‘I
z T T

unavu (11.1) saxorn Bepusl. PaccToAHUA HOMKHB OTCYHTHIBATHCH
OT HEKOTOPOro Hadajaa, Ho 20e caedyem pachooxcums smo Ha4aao?
HeiorToH ckasan HaM TOABKO, 9TO TAaKas T0YKA, OT KOTOPOH MOAIHO
Ha4aTh 0TCUeT, clyecmsyem; MoskeT ObiTh, oTO HeHTDP Bcelenmoii,
v OpH M3MepeHHH pacCTOSHUI oT Hee ero 3aKoHH! BepHB. Ho mbl
MOKeM HeMenJIeHHO IMOKasarh, 9T0 He3awyeM HmCKaTh neHTp Bcesen-
Hoit, u60 Ge3pasianuHo, KAKY0 TOYKY B3ATH 32 HATaJ0 KOODUUHAT.
WHBME caoBaMu, TPEANONOKHAM, YT0 HMMEIOTCA [Ba deJoBeKa —
Ilxo, RoTOpsI BEIOpaa Havallo ¢cBoeit cCHCTeMBI KOOPANHAT B KaKoii-
To TouKe, u MuK, KOTOPHI MOCTPOMI CHCTeMY KOOpHMHAT, mapaj-
JeJIbHYIO epBoil, Ho UPUHAT 3a HATAT0 APYTYIe Toury (pur. 11.1),
PacCIOIO/KeHHYIO Ha PAcCTOAHHHM ¢ IO OCH & B €ro CHCTeMe.
Korpa JT;x0 onpepienseT monosKeHne NPOR3BONLHOI TOYKU B 1P O-
CcTPAHCTBE, OH HAXOMUT TPU ee KOOPAMHATH: Z, Y U 2 (00BI9HO MHI
omycKaeM och z, uG0 ee TPYAHO m300pasuTh Ha HallleM deprese).
B cncreme Muxka sra rouxa OyumeT uMeTh Jpyroe sHaueHue £ (4TOGH
OTJANYATH eTo, BBeleM o0o3HaweHHe z') W, BooOme rosops, Apyroe
3HAYeHne Yy, XOTA B HalieM mpuMepe oHM 9icJeHHO pasHA. TaruM
o0pasoM, MHB HMeeM
' =z—a, y =y, 3 =z (11.2)
Yrobul cpesars Hall aHATHN3 MOJHBIM, HY;KHO 3HaTh, KaKue CHJbBI
npaMepser Muk. Ecun cuna geiicTByeT Broas HPOUBBONBHOIN JAmHNN,
To [OJ CHOH BIOJNS HAMPaBIAEHAA T Mbl IIOHAMAEM HEKOTOPYIO 4acTh
obmell CHIBI, KOTOpaA paBHA HPONBBEJSHMI0 BEJMYMHBL CUILI Ha
KOCHMHYC yTila MeKay HampaBjeHHeM CHJAB M OCb0 z. Jlerxo Bm-
7ers, yTo MuR HOJyqdT 7€ sKe MPOeKIUH CHUIH, KaKue Oy
ko, T. e. MH nMeeM cuCTeMy ypaBHEHuil

Fo=F,  F,=F, Fp=F, (11.3)

Ypasuennsa (11.2) u (11.3) onpenedsloT COOTHOMEHHSA MEKAY Be-
auguHaMu, ucnonssyeMeMn Jxo u Muxom.

Temeps mocrasuM Bompoc tak: ecan [xo sHaer zaxoHsl Hpwo-
TOHa, TO GYAYT AN OHM BePHHI, KOIHa HX TOmpolyer MCIONb30BATE
Mux? Mmeer nu 3nadenue BoIGop Havana roopguHar? pyrmmu
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caoBaMH, NpPennodoxeM, uro ypasHeHusa (11.1) sepmni, a (11.2) n
(11.3) oupenendAioT CcoOOTHOWIEHHA MEKIY W3MEPACMHMHE BeJIMH-
HaM¥; BepHO JH, 4TO

m (%):F (11.4a)
m(%):Fyr, (11.46)
m (Z—ti)zﬁ? (11.48)

Urobsl mposeputh 9TH ypaBHeHUs, IBAKIH mpopuddepenmu-
pyeM BHpaskeHume Aad x' mo speMenu. Ilpesxne Bcero
dz’ d dr da
Frar Al T
ITpegmono:xuM Temepb, UT0 Hadado CHCTeMB! KoopguHAT, KOTopoil
moneayerca Muk, furcupoBano (He [BmKeTCS) OTHOCHTENBHO CH-
cTeMsl Koopauuat ko, T. e. a mocroanna u da/dt = 0; TaxuM o0-
pasoM, IONyIaeM

dz' _dx
dt  dt
H, cllegoBaTelLHo,
d3z’  dx
diz T diEe

Ecau npefnonoxnts, uro uamepseMsre hxo m MurkoMm Macest
paBukl, To ypasHenue (11.4a) mpunuMaer Bux
d*z
m W = Fx'.
TaxuM 00paszoM, TPON3BENEHNsT MACCH HA YCKOPEHHe OJHHAKOBLL Y

oGoux gpyseit. Moskro uoxyunrs u dpopmyay uian F,. Wcmoasso-
paB (11.1), Mpr obrapy:xmM

Fo=F,.

CremoBaTesipHO, 3aKOHH MeXaHHKM, ¢ Touyku apeHusa Muxa,
TOYHO TakWe Ke: oH MumeT 3akoHH HrioToHa B gpyrux KoopauHa-
TaX, W 9TH 3aKOHH OKA3HIBAIOTCA BepHBIM#. JTO O3HAYaeT, 4To
neHTpa BceqeHHOW HeT M 3aKOHBl JABIDKEHHUS BHITJSIAT OfHHa-
KOBO, ¢ Kakoro Onl MecTa OHM HH Ha0IIOJaIACh.

Bepro 1 Takoe yTBep:kmeHme: eciim B KaKoM-Iu0o MecTe ycTa-
HOBHTDL YCTPOHCTBO ¢ KaKUM-TO MEXaHH3MOM, TO ¥ B JI000M Apyrom
Mecte 910 ycTpoiicTBo GyneT paborarh oguHaroso. Ilozemy? IToromy
a0 mofasg MalmnHa, KoTopylo maydaeT MuK, MoAIHHAETCS TeM Ko
ypaBHEeHUSAM, KOTOpHE ONMCLIBAIOT padoTy MAIIMHHEL, KOHTPOJHpYye-
smoit xo. IlockonsRy ypashenus omMHAKOBEL, TO U A64eHUL OJHNI
r Te xe. Takum oGpasoM, JOKa3aTeNbCTBO TOTO, UTO alllapaT B HO-
BOM Mecre Oymer paboTarpb Tax jke, Kak Ha Ipe)KHeM, CBOJATCA R
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AOKAa3aTeAbCTBY, 4YTO OTHECEHHLIe K HOBOIM ToUKe MPOCTPAaHCTBA
ypasHerms BocupoussopaT cebsa. Ilosromy MB ToBOpUM, uTo
30KOHBL PUBUKL CUMMEMPUHHIL OMHOCUMEABHO NepeMeueHUl 8 npo-
cmpancmee, CHMMETPHHE B TOM CMBIC/Ie, 9T0 3aKOHB HE H3MeHAIOTCA
Opy uepeMeImeHMAX Hauajla cHCTeMBl KooppuHat. Homeuno, nazk-
B HHTYHTHBHO 3HAET, 9TO DTO BePHO, HO MHTEPECHO H II0JNe3HO
o0Cy/HTD MaTeMaTHRy 9TOTO SIBJIEHUS,

§ 3. Bpauwenusn

PasoGpar Bompoc 0 mepeHeceHnu Hadala KOOPIUHAT, MBL pac-
cMOTDeJIHl HepBYIO 3amady U3 cepmi Hojiee CHOKHBIX TeopeM O CHM-
MeTpnu $usugeckux saxoHos. Ciefyiomas TeopeMa YTBepijaer,
9T0 U HARPA6AeHWS ROOPAHHATHHIX OCeil MOMKHO BHOpaTh IpOU3-
BOAbHO. [kpyruMu ciroBaMs, eciu MBI COOPY/KaeM IJe-To KaKoe-To
yerpolicTBo u HabaogaeM, KaKk 0HO paboTaeT, a 3aTeM 10 COCEICTBY
COOPYIUM aHAJOTHIHOE YCTPOHCTBO, HO PACHOJOKHAM ero IO JI0-
OBIM YIJI0OM OTHOCHTEJNbHO IMePBOTo, TO OyaeT JH BTOPOe YCTPOHRCTBO
paboraTh Tak ke, Kak u mepsoe? Boobme rosops, HeT, ecam aTo,
HampuMmep, cTaphle YACH-XO/MKI, W3BeCTHBIE emfe HAIINM JeaMm,
Ecau MaATHIK XOAMKOB pacimoldosKeH OTBeCHO, OHH OYIYT Beiu-
KOJeIIHO UITH, HO €c/IM MX MOBEPHYTH TaK, 4ToOH MasTHHK yIepcs
B CTeHKY, BEPHOI'O BPEMeHH OHH yyKe He HOKaKYT. 3HAYHT, HaMly
TeopeMy HeIb3d NPHMEHATHh K MAasATHUKY, eciu 3a0HTh 0 CHIE, KO-
TOopad B3acraBiser ero Kadarbea. Ec¢am MBI BCe-TaKH BepuM B
CHMMeTPHI0 (PU3MYECKUX BaKOHOB OTHOCHTeNALHO BPAIMEHHi, To
MH JOJGKHHL ChelaTh KaKme~To BHONHE ONpeeeHHBIe IIPefmoao-
yKeHHUsA 0 paboTe XOQHMKOB, HATIPUMED 4TO U HX paboTH BayKeH He
TONBKO 44COBOII MeXaHW3M, HO K 9YTo-TO, Jekalllee 3a ero mpefe-
JgaMu, 9T0-T0, 4T0 clegyeT oOHapy:RuTb. MoKHO TariKe NpeicKa-
3aTh, 9T0 XOMUKH OyAyT WATH TO-PA3HOMY, eClH OHE Momajyt
KyZa-To B Jpyroe MecTo IO OTHOIIGHHI0 K 3arafouHOMY LOKA MC-
TOYHHKY acmMMerTpuu (Moker ObiTh, 8T0 3emif). Tar u ectp Ha
camoM peiie. Mpt 3HaeM, 9T0 XOJHKM HA HCKYCCTBEHHOM COYTHHKE,
HampuMep, Boobuie ocraHoBATcA, ubo TaM oTcyTcTBYeT sdderTun-
Has cuna, a Ha Mapcee ckopocth UX xofa Oynet coBceM nuoifl. Masnrt-
IAKOBEIE WACHI COEeP/KAT, IOMUMO MeXaHW3Ma, euje He4To BHe HX.
Ocozuas »ror arr, ML YBHAUM, YTO BMecTe ¢ XOAMKAMHM HaM
npujercs MoBepHYTHh m 3emuaio. Ho HaM, KoHeuHo, HesaueM Oecmo-
KOHThCH — cAeqathsTo oYeHb JerKo. MEl IpocTo nofomieM MUayTy
WAl gBe, W 3emis caMa [OBePHETCH, a XOJHKM 3aTHKAlOT y/Ke B
HOBOM IIOJIO/KEHHH TaK ke Beceno, Kak u pansemle. Iloxa MBI moBoO-
padmBaeMcs B UPOCTPAHCTRE, M3MepAeMble HaMy YTJIB H3MeHAITCH
TOKe, PTH U3MeHEHHA He NpPUIUHAIOT 0COOBIX OeCHOKOMCTB, Ho-
CKOJLKY B HOBHIX YCIOBHsX MBI YyBCTBYyeM cefd TOYHO TaK jKe, KaK
U B cTapeX. 37eCh MOMeT CKPHIBATHCA HCTOUHHK OMNOKH; BepHO,
970 B HOBOM, IOBEPHYTOM OTHOCHTENBHO CTAPOro IOJOMKEGHHH 3aKO0-
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sz% @ ue 11.2. Hee roopdunamusie
— = 't\?.j—,:j\ ! cucmemsl, 0pueHMUPOSAHNbE NO~Pas3-

- \ HOMY.

-1 \ | \ gs\“e Mu’f y

A
x

HBEl OCTAIOTCSI HPEKHAMEH, HO He8epHO TO, UYTO 80 8PAWanwyelics
cicTeMe KOODJMHAT CIpPaBeJUBEL Te Ke 3aKOHH, UT0 U B IOKOsAmeli-
¢sa. Ecam npogesarh H0oCTATOUHO TOHKHE OMBITHI, TO MOKHO ycTa-
HOBUTH, 9T0 3eMJisl apawydemcs, HO HU OJWH W3 HTHX OIEITOB He
CRaKeT HaM, 9T0 3eMiA nosepHyadch. JIpyraMu ¢IoBaMH, Mul He
MOsKeM Ipd IOMOINU 9THX OHBITOB YCTAHOBUTH OPUEHTAIMIO 3eMiH,
HO MOkeM ¢KazaTh, 4T0 OPHEHTANNA W3MeHAETCH.

OGcynuM Tefleph BJNMAHUE OpHeHTANHH CHCTeMBl KOOPAHHAT Ha
dpusnveckue saxons. Ilasaiire mocmorpum, He GyAYT JM HAM CHOBA
nonesusl Mur m Imo. Urobnl nsbesxars HeHYKHHBIX CIOMHOCTeIT,
MpPeIoioKIM, 9TO 9TH MOJIOZble JIOOU HAXONATCH B OMHOH TOuKe
npocrpamcTBa (MH yjke MOKasadm, 4T0 MX CHCTEMH KOOpAMHAT
Mo:KHO mepeMemars). IlycTh ocm cmeTemMu KoopamHat Mura mo-
BepHYTH OTHOCHTENBHO cHCTeMHl KoopiuHar o Ha yroa 0. Obe
cucTeMsl KoopauHaT uaobpamens Ha dur. 11.2, rme Mul orpanwdn-
auce xByMs uaMepeHmAMu. llpomssonsmas toura P cHaGmaercs
rooppuHaramu (x, y) B cucteme ko u (z', y') B cucreMe Muxa.
Kak u B mpeasizymeM ciayvae, HayHeM ¢ TOro, 9T0 BHPa3WM KOOp-
nuHatel 2’ m Yy’ gepes z, Yy u 0. [1asa aroro onyeruM us P mepmeHau-
KyJAps Ha BCe 4YeTHpe KOOPIAWHATHEE ocH um mposefieM AB mep-
neagukyaapao P Q. Us vepresa sicHo, 9T0 &' MOYKHO HPEACTABHTH
KaK CyMMY ABYX OTPe3KOB BIONE OCH X', a Y '— KaK pasHOCTH [ABYX
oTpeskoB Biodb AB. [[MHHH 2THX OTPesKOB BHIPA/KAIOTCA uepes
z,y 1 0; MBI oGaBisAeM ele ypaBHeHHe [N TPeTheil KOOPIMHATE:

' =2z cos0+4ysinb,
y =ycosO—z sin O, (11.5)
2 =2z,

Tenepns (MBI MoCTymajW Tak M PaHbIIe) YCTAHOBHM COOTHOINEHHS
Me;KIY CHaMm, m3MepseMEMH nByMsa Habmogarenamu. lIpexmoro-
UM, 4To cuia F, uMeromad (¢ Touxu 3penusn [I;xo) cocraBigomue
F, u F,, neiictByer Ha pacHollo/KeHHYO B Touke P Ha ¢ur. 11.2
qacmuy Maccet m. I{as mpocrorsl cpBuHeM 00e cmCTeMBI KOODM-
HaT TaK, YTO Hayalla UX IepeMeCTATCA B ToYKy P, Kak moxaszaHo
pa ¢ur. 11.3. Mux craker HaM, 4TO CHja, IO 6I'0 MHEHUIO, HMeeT
cocrasisiomue Fy n Fy Brons ero oceit. Cocrapaaoman F, Kak u
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@ u e 11.8. Cocmasaswwyue cuan
8 dsyx cucmemar.

Fy, nMeeT cocTaBJAlmNe BRoAs ofenx oceil ' u y'. Urobnl BHpa-
3uth Fy uepes F_ m Fy, CIIOKUM COCTABJIAIOINe JHTHX CHUI BHOIb
ocu Z'; TOYHO TAKHM jKe o6pasoM MoykHO BHpasuts u Fy uepes I,
u F . B pesyabrare momydmm

Fx»—_—FxcosG-Jr—Fysin 0,
Fyp=F cos0—F sinb, (11.6)
Fy=F,

NurepecHo orTMeTHTH CAYTafHOCTH, KOTOPas B AajdbHeHIreM oxa-
JeTcAa 09eHb BaykHOU: gopmyant (11.5) u (11.6) mas xoopmunar P
U COCTABIAIUX F COOTBeTCTBeHHO modclecmeenibl no ghopme.

Hax m paHbie, npeimonouM, 910 3akoan HploroHa cnpasej-
JUBEI B cucTeMe KoopauHAat J[3KO M BEIPOKAOTCA ypPaBHeHUAMH
(11.1). CroBa Bo3HEHKaeT BOmpoc: MosKeT Ju MUK HOJBBOBATHCI
sakoHaMu HpioToHa, OyAYT AWM WX TpenINUCAHWSA BHIOIHATHCA B
NORePHYTON cmcTeme Koopaumat? [IpyrmMu ciioBaMm, eciau Ipexn-
MONOKATH, uTo ypasHenua (11.5) u (11.6) mawoT cBA3L Mempy ua-
MepAEMEIMHE BeJIWYUHAMH, TO BepHO JIH, YTO

d*x’
m(at—z>=”x‘»

M‘%):F,ﬂ .aLy
m(jt)_—F?

Yrolpl mIpoBePHTh STH ypaBHEOHWA, BEIYNCAUM JeBEe H IPaBhle
9ACTH HesaBHCHMO, a 3aTeM CPaBHUM peayabraTsl. UTOGH BEIIHC-
JHTH JeBHe 4acTH, yMHOKUM ypaBHenus (11.5) ma m u mpoaudde-
PEHIMPYeM UX XBAKILL M0 BpeMeHM, CYUTasd yroi 0 mocToAHHEIM.

Jdro pgaer
m (%) =m (%) cos 0+ m (%)sin 0,
m(%):m(@)cosﬂ—m(%)sine, (11.8)
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Borancnnm npassie wactm ypasmenmit (11.7), mogcraBus (11.1)
B ypasHeHusa (11.6). Iloxyuaem

Fx;:mth) cos@—f—m(dtf)sme
F,,,_m(;l:ﬂ cos 0— m((‘;:z)sme (11.9)
Flzm(zztz,)

T'namgure! IlpaBoie wactu ypasmennit (11.8) m (11.9) rosmpect-
BCHHBI; 3HAYNT, €¢I B3aKOHH HBIOTOHA BepHH B OFHON cucTeMe
KOOPAMHAT, TO MMJ MOKHO UOJB30BATHCA M B JAPYIOiH CucTeMe.
ITH paccy’IEeHHs B3aCTAaBIAKT HAC CHAENATh HEKOTOPHE BayKHHEE
BBIBOJE BO-TIEPBBIX, HUKTO HE MOMKET YTBeP:KIaTh, 4T0 M30paHHAs
IM cHcTeMa KOOPAMHAT eJUHCTBEHHA, OHA MOyKeT OBITb, KOHEYHO,
Oonee ydobroi mpu pemeHun 4acTHAX 3agad. Hanpumep, ymobHo,
HO He 00A3aTeIbHO B3ATH HANpPaBJeHUE CHJH TAKECTH 32 OfHY H3
oceli KoopmuHat. Bo-BToprX, 510 03Hauaer, 4ro a1000ii MEeXaHH3M,
eCHIU TOJBKO OH FBJSETCA CAMOCTOATENBHHEIM YCTPOHCTBOM H 00-
najgaer BceM HeoOXOZMMEIM Ui CO3AaHWA CHIbl, Oymer paGorars
OIMHAKOBO, KAaK OBl €ro HU IMOBepHYJIH.

§ 4. Bexmoput

Hackonsro HaM m3BecTHO ceifdac, He ToabpKo s3akoHs! HeloToHa,
HO 1 Bce QuanvecKue saroHH 00,1a7aI0T JBYMS CBOHCTBAMH, KOTO-
puie HAa3HBAIOT MHBAPHAHTHOCTBIO (MM CHMMeTpueil) OTHOCHTEJIHHO
mepeMeleHHT M LOBOPOTOB KOOPAMHATHBIX Oceil. JTd CBoMCTBa
CTONb BA/KHLL, UTO NJIA y4eTa WX IPH M3YdeHUHW PU3NUECKAX 3aK0-
HoB Omya paspaloraHa cmenmasnbHasd MarTeMaTHYecKas TeXHUKA.

Pemenne mocraBmeHHHX B OpeJbIyIuX Iaparpaax sagad mo-
TpeBoBaNo MOBONBHO NAMHHBIX pacueToB. UTobhl cBecTH MX K Mu-
HEMYMy, H300peTeH MOry4nii MaTeMaTHiecKdii anumapaTt. Jra CH-
cTeMa, Ha3blBaeMasl 6eKMOPHHLM AHAAU30M, OIpefe]iia HasBaHHe
TAaBBl, XOTA B Hel, coGCTBEHHO I'OBOPHA, Pedb HiueT O CHMMETPHH
QuaNYecKAX BaKOHOB. HOHeYHO, MO/KHO HONYYHTH MCHOMBIH pe-
3yJABTAT, MOCTYNAs TaK, Kak OBLIO OIMCAHO paHbile, HO, 4TOOH
00JIerduTh M YCROPUTH HANLY 3a7ady, MBl UPHMEHSeM TeXHUKY Bek-
TOPHOTO AaHAJIH3A.

3ameTnM, 9To B (U3uKe BAKHO 3HATH BeIWYMHBI JBYX THIIOB
(Ha caMoM jese mx Ooiplle JBYyX, HO JaBaliTe Ha4HeM C JIBYX).
Benuuuan mepsoro Tuna, HampuMep Umcio KaprodenuH B Mermike,
MH GymeM Ha3HBATh OGHIKHOBeHHBIMH YHCHAME, WIK CKAAADIMU.
Eme omauM nmpuMepoM TaKOH BeJMYHMHE MOKET CAYMUTH TeMIle-
parypa. Jlpyrue odeHbs BayKHbIe B U3WKe BeNNYUHHEI MMEIOT Ha-
HpaBJIeHwe, 3TO, HANpUMep, CKOPOCTH; MBI JOJKHHL 3a1&Th HE TOJLKO
OLICTpOTY HepeMemeHus Teja, HO H IyTh, M0 KOTOPOMY OHO IBH-
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merca. VIMuyane u cuiia TosKe MMET HAaUpAaBJIeHHe, KaK M CMele-
Hye: KOTja KTo-HHOY[b jejaeT LIar, MOKHO CKasaTh He TOJbBKO,
KaK JaJexro OH IIAarHyXN, HO ¥ kyda OH Imaraey, T. e. ONpegenuTD
HATIPABJEHHUE €r0 BIWKEHH.

Bce Benmuumspl, uMeomue HampasieHue, mogo0HO INAry B mpo-
CTPAHCTBE, HABHIBAIOTCA BeKMOPAMU.

Bexrop ompepensiercsi tpemsa umcaamu. Urolml ommcarn miar,
cRajKeM 13 HadajJa KOODJHHAT B TOYKY P, ompefenneMyn Koopiu-
naTaMy z, ¥ 1 2, M PaKTauecKu TOKEL 3agath Tpu yucna. Ho mur
OyneM MCLOJDB30BATH /s 9TOH WeJH OfumH-e[MHCTBeHHHIH MaTema-
THYECKHUH CHUMBOJ F, ¢ KOTOPHIM HAaM dame BCEro NPHUIETCA HMETh
Ieno B JauabHelmeM *. 310 He 00H0 YuCA0: CHMBOIL T 33J|3€TCH TPeMs
uycaaMu: z, ¥ ¥ z. CHMBOJ r o3HA9aeT TPH 9UCJAA, HO He TOJBKO
smu TP 4UHCIA, HOTOMY 9T0 HpH IePexofe K IPYroil cucreme
KOOpAUHAT HY}RKHO 3aMeHuTHh uX dmexamu z’', ¥ u z'. Opgmaro MuI
XOTUM Kag MOKHO 0ojiee YIPOCTUTH HAINY MATEMAaTURY M HCIIONB-
syeM odum U Mmom e cumeos B KadecTBe IIPeCTABHTENS TPEX dH-
cen x, Yy, z u Tpex uncea x’, y’, z’'. Tounee roBops, MBI UCIIOAb3YeM
ONVMEH U TOT ’Ke CHMBOJ B KadecTBe IpeJcTaBUTels IepBoro Habopa
yucesl B OHOI cHcTeMe KOOpHUHAT H JejlaeM ero UpefCTaBHTeleM
proporo maGopa dnces:, eciu 3aXOTHM CMeHHTH CHCTeMy KOOp-
AUHAT. STC YHOOHO MOTOMY, 9TO HAM He IpuAeTcd WaMeHATH HopPMbI
ypaBHEHOII NpU Iepexone OT OAHOI cICTeMBI KOOpAUHAT K APYrOif.
Keau Mpl samuchiBaeM ypaBHeHHs, HCHOONB3YS KOOPAHHATH Z, Y
¥ 7, & 3aTeM MEHseM CIICTeMY OTCHeTa, TO HOABIAKTCH KOOPAMHATHI
z', ¥y’ mz’, HO MBI IUINeM NIPOCTO I, YCAOBUBIINCE, YTO ITOT CIIMBOJL
CAYKUT TPEACTABUTENEM Z, Y, 3, €CJIH MBI TOJB3yeMcs NepBOM
cHCTeMoil oTcueTa, u ', i, z’, eciim MH Meperan K fPpyroi cucreMe.
Tpu uncna, KOTOpHe ONUCHBAIOT BeKTOPHYI0 BeIHIUHY B 33aaHHOI
cucTeMe OTcueTa, HA3HBAITCA cOoCmMAALIOWUMY, (KOMIIOHEHTAMMU)
BEKTOpPA B HANpARJIGHHH KOOPAWHATHLIX oOCell CMCTEMEBI OTcyera.
WMuage roBopst, MH HCHONB3YeM OJHMH CHMBOJX A 0003HAYCHUHA
Tpex GYKB, I OH COOTBETCTBYET HAOMIOAeHUI0 001020 U M020 e 00ver~
ma ¢ mpexr paskux mover aperus. llpousaoca cnopa «opHH H TOT
me o0beKTy, Mp ofpamaeMmcsa ® Hamell usudeckoil UHTYHIUH,
KOTOpPas I'OBOPUT HAM, 9YTO LIAT B MIPOCTPAHCTBE He 3aBHCHT OT
TOro, KaKIMH COCTABISIOMUMEA Mbl €ro omumchiBaeMm. Mrak, cumso.r
r IpefcTaBseT OJUH U TOT jKe 00heKT He3aBHCHMO OT TOT0, KaK MEI
ODHEHTUPYEM OCH CHCTEME! OTCYeTA.

pegmonosxum Temeps, 9TO CYMECTBYeT ApPyras HampasJIenHas
BeNMYHHA, HAIPHMED CILIA — el[e OJHA BeJHINHA, KOTOPYIO MOKHO
OIpejeNuTh, 337aB CRA3AHHBE ¢ Hed TpH dHCJA. ITH TP UHACIA
nepexonAT HPY M3MeHeHNH CHCTeMBl KOODAMHAT B [PYTHE TPH 4HCITa
0 ¢TPOro ONpefesIeHHBIM MaTeMarTHdecKuM mpaBwiaM. JTH Hpa-

* B xEurax BekT0p 0003mHauaeTcA moXyAupHOH Oyksoil; B pyRoUHCAX
~
’Ke HCHOOJb3YeTCA CTPeJKa:! I,
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BUJIa TOKHEL ORITH TeMH jKe CaMBIMU, KOTOpPHIe OIIPENeJIsAIN Tepe-
XOf TPOiiKu wuucen z, y, 2 8 x', y', z’. JlpyrumMu ciosamu, BeKTop —
9T0 BeJMHHA, OIpeleiigeMad TpeMsa UHMCJIAMH, KOTOphie mpeobpa-
3yl0TCA IPH M3MeHeHUAX CHCTEMBI KOOPAHMHAT TaK jKe, KaK COCTaB-
JAmuEe Mara B IPOCTPaHCTRE. ¥ PaBHEHHe THUIIA

F=r

COpPaBeJiANBO B /060l cucTeMe KOOPJAHHAT, eCJIH OHO BepHO XOTA
6or B ognoil n3 Hux. OHO 3aMeHsieT HAM TPH ypPaBHEHIIA

Foma,  Fy=y,  F,=z
HIA COOTBETCTBEHHO
Fo=2x', Fo=y, F, =z’

Tor $arr, uro Pusnveckre COOTHOMCHHUA MeKAY KaKHMUI-Tu60 Be-
JUYHHAMI MOJKHO BEIPA3UTh B BHUJle BEKTOPHBIX YpaBHEHHIl, TOBOPHT
0 TOM, YTO 9TH COOTHOIIeHHS BepHH B ni06oil cmcTeMe KOOpAmHAT.
Bot moueMmy moHsaTHe BeKTOpa 0UeHb yAo0HO B Quanke.

Hagpaiite Temepb paccMOTpEM HEKOTOpPHE CBOIICTBA BEKTOPOB.
B xauecrBe IpuMepa «BeKTOpa» MOKHO YKa3aTh CKOPOCTH, UMIYIbC,
ety u yckopenume. Yacro GniBaer ymo6mo uzobpasurs BeKTOp B
BHje CTPEIKH, yKaspiBawineil mampasierde jeiicrsusa. Ho mouemy
JKe MO;KHO MpeAcTaBUTh CHAY cTpedkoit? Jla moromy, 410 OHa mpe-
ofpasyeTcd mo TeM ke 3aKoHAM, UTO H «Iar B TPOCTPAHCTBE».
VveHHO mODTOMY MOKHO UPEICTABHUTH CHJY B BHIE dePTeKA, KaK
ecna O 910 ma3olpakanoch IepeMemeHue, IpuYeM BHIGepeM Ta-
Koft macmtab, 94T00B eIMHUNA CHJH, HAIpPUMep HBIOTOH, COOTBET-
cTBOBaJa HeKoTopoii AnuHe. [Iposenas Takyio mponenypy OoJHazKILI,
MBI BCEITIa CMOKeM M300paskaTh CUALL B BUJE OTPe3KOB, HOTOMY 4TO
ypaBHeHHe THIIA

F=kr

(rme & — HeKoTOpas TOCTOsAHHAA) HMeeT BIOJHE OIpefeleHHBIH
CMBICI. BO3MOMHOCTHL TpeCcTaBlIAThL CHTY OTPe3KOM CYIHNT HaM
UOJIBIINe BHTIOABI, TOTOMY 4TO, M300pa3uB OTPE3OK WIM CTPEJKY,
MO;KHO He 3aG0THTHCA 0 KoopAuHAaTHHX ocAX. IIpwm aToM, KoHeuHo,
Beer/la MOKHO OBICTPO IO CUNTATD, KAK H3MeHAIOTCA COCTABIAIOIIAE
BeKTOpa IPU TMOBOPOTAX oOcelr, HOTOMY 4TO [Jed0 CBOJZUTCA K Hpo-
CTOMY TEOMETPHYECKOMY HOCTPOeHHIO.

§ 5. Bekmopnas aazebpa

Temeph MBl ZOJKHBL OUMCATH 32KOHH, HJIM NPAaBUIA, peryim-
pyomue BO3MOKHBIE COYETAHUS pPA3NUYHBIX BeKTOpoB. Ilpesme
BCEr0 MLI U3yunmM cymmy nByx Bekropos. Ilycre BerTOopnt a m b
saflaloTcs B KAKOI-HEOYAb cHCIeMe KOOPIHHAT COCTABAAIOIMU
a,, a,a,nb., b, b, Ilpexmonoxum, 9To KOMY-TO IPHALIIO B LOJIOBY
cocTaBuTh TPH 4HCAA 4, - b, a, + by, a,+ b,. lHonyunm mu Msr
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B pesyabraTe BerTop? DBn Mmomkere ckasaTh: «PasyMeercsd, mejn
BTO TPH YHCJA, a TpH ducaa obpasyior BexTopy. Her, BekTOp 06pa-
3yWT He «aiobvie Tpm gucnal UToOpl 3aZaTH BEKTOD, MBIl JOJKHEI
CBA3ATh 3ajJlaHHBE HAM TpPH THCJIA ¢ KOOPAUHATHOR cucTeMoil Tak,
4TO0H IPH IOBOPOTE KOOPAUWHATHLIX OCeH 9TU YHCJIA «IIOBOPATHBA-
JAUCH» OTHOCHTEJRHO APYT APYrd M «IepPeMeIInBaINCHY [0 OUHCAH-
HeIM panee mpasmiaM. TakuM o6pazoM, MBI JOJKHBl BHACHAUTH, BO
9TO fIpeBpamanTes wuena a, + b, a, + by, a, + b,, ecau uaBecTHO,
970 IPY U3MEHEeHHH CHCTeMS! KOODANHAT Yucha &,, da, 0, UePexoiaT
B a,, a;,, a;, ab,b, b, nepexonsar B by, b;,, b,? HonyuuM nu ME
110CJIe IOBOPOTA KOOPIMHATHELX 0ceil uicia ay + by, a;,+by, a,+-0,?
Otser, koHeuHo, OyHeT YTBepPAUTEAbLHHIM, IHOTOMY dTO HAMIe
ocHopHOe ypasmenue (11.5) ompexesnser Tark HaspBaeMoe Jiunelinoe
fmpeobpasoBaHme. ECJIH MH UpuMeHmM 910 upeobpasoBamue K

a, u b, 0 BoMmCINM @ + b, TO OKaKeTCH, qTO upeolpasoBaHnoe
a,+ b eCcTh TO e caMoe, u4To ;I ax—r bx. «CriamsBagy BeKTODH
a nb 110 TOJBKO 9T0 ONMCAHHOMY TIPABWAY, Mbl IOJy94ieM HOBHIH
BeKkTOop ¢. MH sammmem 5To Tak:

c=a-+b.
Bextop ¢ obmagaer uHTEepeCHHM CBOWCTBOM:
c=Db-la

9TO JieTKO IIPOBepuTh, HalluCcaB COCTABAAIOIIHE BEKTOpa cC. I{pOMG

TOTO,
a-+(b4+c)y=(a{b)te

Bewrops Mo:HO cEmagpBath B Jgi06oM mopske.

Karos reoMmerpuueckuii cmeica a -+ b? Kawx 6ymer Burasgers
BEKTOD ¢, eclid MH, cKaseM, u3o0pas3uM a u b ¢ moMompio cTpe-
nox? OTBer Ha 9ToT Bonpoc faeT ¢ur. 11.4. Mu BuguM, uro npuba-
BATH COCTABJAIINE BeKTopa b K cocTaBaAOmMEM BeKTOpa a IIpome
BCero, OPHIOKHUB COOTBETCTBYIOMUM 00pazoM IPAMOYTOILHIK,
ompeneNsaeMblil COCTABAAMUME b, K TaKOMY jKe HpPAMOYTOJLHHEKY,
ompepedsieMoMy coctasiamomuMu a. Ilockoasky a m b xoponro
mojorHAHK K CBOUM MPAMOYTOJBHMKAM, TO 9T0 BCE DABHO, 4TO 110-

D ue 11.4. Cromenue gexmopos.
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Due 11.5. Buuumanue
8eKmopos,

d=a-b

cTaBuUTL BeKTOpP b «HoramMmy Ha «roaoBy» BekTopy a. CTpeixa, coe-
IUHAIOmASA «HOTM» BEKTOPA a M «I0JOBY» BeKTOpa b, m Gyuer Bek-
TopoM ¢. MO;KHO HoCTyINTDh HHAYe: TOCTABUTDL «HOTU» & HA «TOJIOBY)
b. BemoMHuUB TeoMeTpuyecKie ¢BOICTBA IapaJliIeIorpaMMa, MOMKHO
yGeuThess B TOM, 4TO MBI CHOBA I0JIYYHM TOT 3KE BEKTOD €. 3aMeTHM,
4TO, ¢TABSI BEKTOPLI APYT HA APYTa, MBI CKJIATEBaeM UX (€3 MOMOMIU
KOOpJIMHATHBIX oOceil.

[Ipeamonosxum, 4T0 MBI YMHORAAN BEKTOP & HAa 4mcao o. Y710
HY/KHO IOHMMATh IIoj TaruMm mpousBeneHmeM? [oroBopumea mo-
HAMAaTh 0] 9THM BEeKTOD ¢ KOMIOHeHTaMH ad., ada,, ¢d,. Jloxa-
JKUTE caMu, 970 3TO AeHCTBHTENIBHO BEKTOD.

PacemorpuM Temepb BHUATAHIE BEKTOPOB. MoHO onmpeneants
BLIYHTAHHE TeM Ke cIoocofoM, YTO W ClOKeHne, HO BMecTO TOro,
4TOOH CKIAABBATL, OymeM BHUATATEL cOcTaBiasAoomue. Moxuo Takke
ONpPEeJieIuTh BEUNTAHNE KAK CJHOKEHHE C OTPHUIATEIBLHEIM BEKTOPOM
—b = (—1)b. Pesyanprar Gymer TOT xKe.

Bruntanue BexrTopos morasano Ha ¢ur. 11.5. Ha stom wepre-
se n306paskeno d = a—b =a 4- (—b); zameTum Taxke, 4To, 3HAA
BeKTOpe a u b, pasHocTb a-—b MO/KHO Jerko HaiiTn U3 HKBUBA-
JEHTHOTO CcOOTHOmeHuss a ==b +4- d. Tawxum o6paszom HaliTm pas-
HOCTL BEKTOPOB Jajke Jierde, 9eM CyMMy: DpOCTO HY3KHO IIPOBECTH
BERTOp, coequasmomiuit b u a, g BH noxydunre a—b!

IMepeiinem Temepp ¥ cxopoctu. IloueMy cKOpOCTDL ecTh BeHTop?
Ecnu koopmumathl TOYKHA paBHH Z, I, Z, TO CKOPOCTH €e paBHa
dz/dt, dy/dt, dz/dt. Bertop sro uam He Bextop? [uddepennupys
seipaskenme (11.5), MoxmHO HailTu 3akon npeobpasosanus dz'/dt.
Bugmo, uto Beauwumnnl dz/df, dy/dt upeoGpasyoTcs 1o TOMY ke
3aKOHY, 4TO U z 1 y. TakuMm o0pasoM, CKOPOCTb ecmb BEKTOpP. BLl-
paeHue s CKOPOCTH MOKHO 34MHCATL OYEHDb MHTEPECHO:

dr
V = (ﬁ .

IlocTapaeMcA HarasjgHee [pefcTaBUTL cebe, UTO TAKOE CKO-
POCTH W modeMy OHa BekTop. JlasieKo Ju mPOABHHETCA HacTHIA 34
Maunoe Bpema At? Omsem: Ha Ar, T. e. ecal 4acTUNa HAXOZUTCH
«31eCHY B IEPBOE MIHOBEHHE, & «TaM» — BO BTOPOE, TO BEKTOPHAA
pasHOCTh NOJOKeHWH 9YacTUIB paBHAa BeKTOpPY Ar=r, —r,
PacIONIOAEHHOMY BOAb HANpaBJeHUA ABWKeHUA. ax aTo BHIs-
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D ue. 11.6. [Hepemewenue vacmuyb
3a maace epema At=t,—t,.

nut, noxkasaso Ha ¢ur. 11.6. Ecmm
pasgenauTs 3T0T BEKTOP Ha Mpo-
MeRyToK BpeMmeHH Af = tp—1f;, TO MBI ITOJyYEM BEKTOp «cpegmei
CKOPOCTHY.

Nuave rosops, mox BEKTOPOM CKOPOCTH MEI ITOHMMAaeM ILpened
PA3HOCTH PajUyc-BEKTOPOB, COOTBETCTBYIOIUX MOMerRTaM t+Af u £,
JejeHHONM Ha A? mpm Af, cTpeMAlieMcA K HyJIO:

—lim =2 (11.10)
At—o

CKOpOCTD €CTh BEKTOD MOCTONBKY, MOCKOABKY OHA PaBHA PasHOCTH
ABYX BEKTOPOB. OTO BEPHO TAK)KEe UM IOTOMY, 9TO COCTABIAIINE
9TOr0 BEKTOpa pasum dz/dt, dy/dt, dz/dt. Tlomymam mag tem, wro
cefiyac GRUIO TpojEIaHO, MBI IPHAEM K BRIBOAY, 410, ipogupde-
pennupoBaB 4000l BEKTOpP IO BpeMeHM, MEl CHOBA IOJYINM KaKOIi-
TO HOBBIH BeKTOp. TarumM Oo6pasoM, UMEETCsH HECKOJBKO CHoco00R
10JIyYaTh HOBEIe BeKTODPH: 1) YMHORAM BEKTOD Ha HOCTOAHHOO
qucio; 2) aupdepeHNUpys BOKTOP IO BPeMeHW; 3) CKIAAHBAs JBa
BEKTOpa WJIH BEIIATASA.

§ 6. Barornsr Hviomona 6 6eKmopHoll sanucu

Y10o6m sammcath 3akoHN HLIOTOHA B BEKTOPHOH (opMme, MH
MOJKHB TOYYHTHCS elie Koe-1eMy U OIpPE/eNHTh BEKTOP yCKope-
HASL. ITOT BEKTOP PaBeH IPOMBBOXHOU IO BPEMEHW BEKTOpa CKOpPO-
CTH, NPUIEM JIETKO TOKA3aTh, YTO €r0 COCTABJIAIONINE PABHH BTO-
PBIM TIPOUBBOJHEIM T, I ¥ Z TO

av d /dr d3r
a=zz=a‘t(m)~d‘7w (11.11)
d3x d?y d?z
ax=-(7ﬁ, ayz—d?, QZZ—}‘Z. (11.12)

IMociae sroro sakomm Hporoma MOkHO 3alHcaThb TaKHM 00pasoM:
niu ma=F, - (11.13)
4 (11.14)

mae=F.
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@ ue. 11.7. Kpusosunelinas mpaes-
s b mopus.

g T, \A9

l'eneps 3ajaua o HOKa3aTeNbCTBE MHBAPHAHTHOCTH 3aK0HOB Hblo-
TOHA OTHOCHTEIbHO BPAN(EHMH CBOIMUTCA K cleAyoIieMy: HYKHO
J0Ka3aTh, 970 a (YCKOpeHMe) eCTh BEKTOP; BTO MH YyiKe Chelalm.
3areM HyKHO JOKa3aTh, 9t0 F (cuaa) ecTh BEKTOD; 9T0 MBI npednoaa-
eaem. CnefoBaTenbHO, €clAM CHIA ecTh BEKTOp, TO YypaBHEeHue
(11.13) Gymer BRIrmALeTh OAWHAKOBO BO BCEX CUCTeMaX KOOPAUHAT,
ub0o HAM W3BECTHO, YTO YCKOPEHHE TOke BEKTOp. 3alHUCh ypaBHeHHH
B BHfe, He cofep:KauieM ABHO ¥, ¥/, z, HPUBJIEKATeAbHA TeM, YTO HAM
HET HeOOXOAMMOCTH BHINCKBATE MPU Y PABHEHIA KayikAKA pa3, Kor-
Jila MBI XOTHM HanmcaTh 3akomnt HbioTOHA MM IpyTHe BaKOHH (u-
suru. MH sammcniBaeM TO, YTO BHIIAAUT Kak 00uH 3aKOH, XOTA
(aKTHIeCKH, KOHETHO, BTO TPU 3aKOHA JIA KKAOH OCH CHCTEMH
KOODAHMHAT, DOTOMY 4TO X1000e BeKTOpPHOEe YpaBHEHUE COAEDHKHUT B
cebe yTBepKaeHUE, ITO 6C€ COCINABALIOUUE DAGHLL.

Tor dakrt, 970 ycKopeHme — 910 CKOPOCTL M3MEHEHWS BEKTODA
CKOpPOCTH, TIOMOTaeT HaWTu yCKOpeHue B JIOOHIX, Kasauiochk O,
TpyAnEX obcrosrenberBax. Ilpenonc;xuM, HanpEMep, YTO JacTHA-
1A, HBUTAfich HO KaKoii-To caomuoil Kpmsodl (dur. 11.7), nMeer B
MOMEHT !4 CKOPOCTb V4, & HSCKOJBKO II03jK€e, B MOMEHT /2, CKOPOCTE Vs,
Yemy paBEO ycropemme? Omgem: yCKOPeHHe PABHO pasHOCTH
CKOpocTel, JielleHHOH Ha Majihifi TPOMERYTOK BPEeMeHW; 3HAYHT,
HY;KHO 3HATh pasHocTh cKopocreit. Hax e HallTH 3Ty pasHOCTDH?
YroGel HAliTH pPasHOCTH [ABYX BEKTOPOB, HPOBEIEM REKTOP depes
KOHIIE BEKTOPOB Vy ¥ Vy, MHade TOBODs, HAUePTHM BeKTOp A B Ka-
HecTBe Pa3HOCTH BTUX ABYX BeKTopos. Bepmo? Hem! Mmt MoseM
DOCTYNIaTh TaK TOJBKO TOTHA, KOTJA HA4YA4Q BEKTOPOB PacIONOKe-
HBE B ofHOH TouKe! BrluuTaTh BEKTOPH, NPHIO/KEHHEI8 K PadHBIM
TOuUKaM, GeccmuicnenHo. Ocreperaiiteck aroro! YroOm BrUecThH
BEKTODHI, HYKHO HAYEPTATH ApyTyio cxemy. Ha ¢ur. 11. 8 Bexropun
Vi H Vy HepeHeceHbl NapajiebHO M PaBHH KX JBOHHEKAM, HM300-
pasxeHHsM Ha $ur. 11.7. Temeps Momuo TOroBopUTh 06 yCKOPEHNN,
Ycxopenne, KoHeIHO, npocTo pasro Av/At. HrepecHO 3aMeTuTh,

D ye2 11.8. Juazpamma
048 6HUUCACHUS YCEOPEHUR.
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4T0 PA3HOCTL CKOPOCTeli MOIKHO pasmeNmTh HA HBE YACTH: MOJKHO
HPe/ICTaBHTh cebe, 4T0 YyCKODEHHe COCTOUT H3 J8YZ COCmAbARIWUT:
Avj — BeKToOpa, MapaIeTbHOTO KAacaTeNbHON K IyTH, I BEKTOpa
AV, nepneHIuKYNAPHOTO K BT0H KacaTedbHOH. ITH BEKTOPH IOKa-
sadsl Ha ¢ur. 11.8. KacarenbHoe K myTH YCKOpeHue paBHO, ecre-
CTBEHHO, JHUIIb U3MEHEHHMIO O4UHb BEKTOpa, T. €. HBMEHEHUIO BEJIH-
qUHK CKOPOCMU v :
I/ -

a; = % . (11.15)
JApyryio, momepetHyo COCTaBAAIOINYH YCKOPEHHA JErK0 BLITHC-
unTh, B3rasinys na ¢ur. 11.7 u 11.8. 3a xoporxoe epemsa At usme-
HeHIe yIja MEeRAY Vi K Vy pasHo Magomy yray AD. Ecam Benmanua
CKOPOCTH PaBHA v, TO

Av; = vAB,
a ycKOpeHHE a paBHO
A8
d_L = v Z-t- .

Tenepns maM Hy:KHO 3HaTh AO/AL. ITy BEIMIUHY MOKHO Hafitm Tak:
€CIH B JARHHU MOMEHT KPUBYI0 MOYKHO NpHOIH3UTENBHO 3aMEHITH
OKPY/RHOCTBIO pammycoMm R, T0, DOCKONBKY 3a BpeMs Af dacruia
npoiger paccrosnume s=vAf, N3MeHeHNE yIlIa PaBHO

At AB v
A6=vﬁ—, I TR

Taxkum o6pasoM, KaK Msl y:Ke YCTaHOBIJIN paHec,

a=2. (11.16)

§ 7. Craaaproe npouzeedenue 6exmopos

HaraiiTe eme meMHOTO 3aiiMeMcd CBOHcTBAaMH BeKTOpOB. Jlerio
TOHATH, 970 J4UnA IIATA B MPOCTPAHCTBE OZMHAKOBA BO BCEX KO-
opouHaTHHX cucreMax. CiefoBarTeibHO, €CHH KAKOMY-TO HIary r
COOTBETCTBYIOT COCTaBIfON(Ae X, J, 2 B OFHOH cHcTEMe KOOPAMHAT
U cocTtapiaspnume z', y', z’ B [Apyroit cucreMe, TO paccTOsHUE
r= |r| ofHO M TO ;K€ B 00EHNX cHCTEMAX. CHauaJja MBI, KOHETHO, [OMK-
HE BBECTH J{Ba PaCCTOAHHUA

r=Vaz -y +2

O Ve
rr=yxz"+y "4z,
a 3aTeM IPOBepuTh, UTO HTH 00¢ BeTHIUHHE PaBHH. Urobm He BO-

3UTHCA ¢ KBafpaTHHIM KOopHeM, OyneM cpaBHEBaTh KBajpaThl pac-
cronani. Mu Jomxusl, TaxuM o6pasoM, IOKa3aThk, 9T0

z —r-y'—{—z':x"—{—y” +Zrz. (1117)
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IopcraBsus B BTO ypasHEeHue ompejeiasieMsie cooTHomenumem (11.5)
3Ha4YeHua z’, y', z’, MBI YBHAAM, 9TO 9TO MeHCTBUTENHHO TaK. 3Ha-
9AT, KpOMe Y)Ke M3YyYeHHHX HAMYU BEKTOPHEIX ypaBHeHWH, cyme-
CTBYIOT €Il[é KaKHe-TO COOTHOIIEHHs, BepHEIE B JI000H cHcTeMe KO-
OpAMHAT.

Hesamerno Mur nonyunin HoBwi ton Beauwamn. Mu MomeM mo-
cTpouth PYHKIHIO L, § U 2, HABKBAGMYIO CKAAAPHOU PyHKyueli,—
BEJMTHNY, KOTOpAsi He MMeeT HalpaBieHus, H OquHAKOBA B ofemx
cucreMax Kooppumar. M3 BeKTOpa MO/KHO HOCTPOHUTD CKAJsIp.
Xopomo G HaiiTn o6miee mpasumo gns d10ro nocrpoenms. Cob-
CTREHHO TOBOPA, MBEl Yiie HANUIM 9TO HPARWJIO: HAMO BO3BECTU B
KBaJIpaT KOKIYIO W3 COCTABJIAIIAX BEeKTOPa ¥ CAOKHUTH MX. Ompe-
IenuM Tenepb HORYIO BEJIWIHHY, KOTOpPYI0 0603HAaYuM a-a. 910
He BeKTOP, a CRAIAP; 3TO YHUCJI0, OLMHAKOBOE BO BCEX KOOPAMHATHEIX
CHCTEMAX H OIpefiesisgeMoe Kak cyMMa KBaJpaToR TPEX COCTABISIO«
OMX BEKTOpa:

a-a=al +-a;-aj (11.18)

Bu copocure: «B raroit cucreme koopaunat?» Ho pas a10 9meao ne
BaBHCUT OT CHCTEMHl KOOPAMHAT, TO OTBeT OMUMHAKOB B .1060i
cucTeMe KOoOpauHAT. ME uMeeM Jeno ¢ HOBHM 6udoM BETUIUHEL, ¢
UHBAPUAHNOM, WA CKAALPOM, TOIYICHHEM (BO3BeeHUEM BEKTOpa
B KBajgpar». Ecau Temephb ompeeanTh, MCXO/sE U3 BEKTOPOB a # b,
BEJIMYHHY

a-b=alb,+ab,+a,b,, (11.19)

TO MOKHO yOOAUTHCH, YTO 9T BEIHYMHA COBOAZAET B MITPUXORAHHOR
¥ HEMITPHXOBAHHOW cHcTeMaX KoopamHar. UT1o6bl ROKazath 57O,
3aMeTHM, 9YTO 3TO BEPHO JAias BenuyuH a-a, b-b m c¢.e, rnme
—_— 2 1

e=a--b. Cymma KBampaTos (ax—{—bx)z—{—(ay—}—by) +(a, +0b,)?— un-
BAPUAHT: ‘

2z 2 A 2
(ax+ bx) + (ay+ by) -+ (az -+ bz) =
2 2 E

= (@t 0y +{ay +b,) + (ay +0,0). (11.20)
Packpoem ckoGru B 06enx cTropoHax artoro ypasHemusa. Ilepexpecr-
HEle MpPOM3BEeHHs HaayT HaM Beipakenud tuma (11.19), a cymmmt
KBaJpaToB cocrapiasomux a ¥ b — supamenus (11.18). Wusa-
puanTHOCTE caaraeMpix tmna (11.18) nmpusogur K WHBapHAHTHOCTH
nepeKpecTHHX npoumsnenenuii Tuna (11.19).

Beauunna a-b maswBaetca ckasapHuiM  npousseleruem ABYX
BEKTOPOB a U b M mMeeT MHOTO MHTEPECHHIX M TOJIE3HLIX CBOHUCTE.
Hanpumep, nerxko goxasars, I10

a-(b+ec)y=a-b+a-ec. o(11.2n

Ectb emme ouenb mpocTod reOMeTpPHYECKUH CHOCO0 BHITHCHEHUA

a-b, mpu KoTOopOM He HamgO OmpeAeNATL COCTABIAIMMUX a u b;

npocto a-b ecrh npousmefleHme IKH BEeKTOPOB a H b Ha Ko-
camyc yraa Mexay mumu. IHogemy? HpenmosnosxmM, 910 ME BRIGpasin
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TaKyl0 CHCTeMY KOODAMHAT, B KOTOPOil BEKTOP a HAIIpaBJIEH BLOTH
OCH T; B DTOM CIy4ae BEKTOp a UMeeT eMHCTBEHHYI0 HEHYJeBYIO
COCTABAAIOMYIO ¢, KOTOpaA paBHa AJamHe Bektopa a. Takum ofpa-
aoM, ypasueHue (11.19) crogurca B aToM ciydae kK a-b=a,b,, uto
PABHO TPOM3BENOHHI IJIUMHH BEKTOPa & HA COCTABIAMIYI BEKTO-
pa b mo HampaBsleHHIO a, KOTOpas B CBOIO O4Y€pexdb pasna b cosf,
T. €.
a-b=abcosB.

Taxum oOpasoM, B 37T0H wacTHOH cHCTeMe KOOPAMHAT MBI JOKa-~
3anu, 4ro a-b papHO mpomsBejeHHIO AJWH BexTopoB a ¥ b Ha xKocu-
Byc yraa Messmy aumu 0. Ho ecau smo sepro 6 00noti cucmeme xoop-
Junam, mo amo eepro U 60 6cex cucmemaxr, moToMy 910 a-bh He
3ABUCHT OT BHIOOpA CHCTEMB KOODJHHAT.

Yro xopomiero Mo:ker faTh mHaM oTta Hosasa seduuumua? Hyxmo
ay PUauKy cradsapHoe mpomapenenue? la, omo mHeobxoaummo emy
nocroagno. Hampumep, B Iy, 4 MH Ha3BajJu KWHETHIECKOH HHep-
raeit peaumauny '/,me?, HO ecam JacTHIA [BIKETCA B IIPOCTPAH-
CTBE, TO HY;KHO BO3BECTH B KBagpaT OTAEI5HO COCTABJIAIIINE CKO-
POCTH Z, Y ¥ 2, TAK 9T0 (POPMYJIY 1A KMHETUYECKOH BHEPT Y MOKHO
3amucars B Bume

1 1
K. 3.:—2—m(v-v)=§m(v§—}~v;+v§). (11.22)

dHeprusa He uMeeT HampasieHusa. VMimyibe ke HampaBieHne UMeeT,
®TO — BEKTOP, ¥ OH PABEH IPOHSBEJEHUI0 Macchl Ha BEKIOP CKO-
pocrH.

JpyraM OpEMepOM CRaJSPHOTO NPOUSBEJEHHA MOJKET CJIYKHTH
paboTa, mpom3BefeHHAS CHJOU OPU TEPEMEINEHMH KaKOTO-HUOYHL
nupeaMeTa ¢ OQHOTO MecTa Ha Apyroe. Mu eme me maam onpefeneHus
paboTH, OHa paBHA M3MEHEHHIO SHEPruHM, HpuGaBKe B Bece, MOCIe
TOro Rak cmia F mopaloTtaer BEOADL OyTH S!

PaGora =F -s. (11.23)

Nuorga nenecoobpa3no roBOPUTH 0 COCTABIAOMEH BIOAb OLpe-
IeJeHREOTO HampaBIeHus (HAIpUMEp, BJONb BEPTHKAIM, TOTOMY 4TO
3TO HAUpaBACHHE CHABI TspRecTu). Iijis storo yaoOmHO BBOCTH edu-
HUUHBI 6eEMOp BROJB HHATEPECYIOHIero Hac Haupasaenud. Iog exgm-
HUYHHIM BEKTOPOM MHEl OyJAeM HOHUMaTh BEKTOD, CKAJIAPHOE NPO-
H3BEfleHNe KOTOpPOro Ha cebs papmo emmuumne. Ilycrb s1o Gyper
mrexrop i; torma i-i=1. Craisapuoe wupomsmefenme i-a paBHO
@ c0s0, 7. e. 0HO PaBHO COCTABJAIONIEH BEKTOPA A BJONL HATIpABIe-
nuaA i. 910 Hamaydmumi cnocod MoAYIUTL COCTABISIONYI0 BEKTOPA.
IToctymas Tak, Ml MO)KeM HalTw Bce COCTABIAKOIINE BEKTOpA U
nojayduth 3aGaBHyO QopMymdy.

Ifpegmonoxmm, 970 HAM 3aflaHa KAaKafg-TO CHCTEMa KOOPAMHAT
Z, Y U z. BBeeM TpH BeKTODa: | — euHUYHLIN BEKTOD BIOND OCH T
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j — epuHMYHEIE BEKTOpP BAONH OcH ¥ M Kk — efuHWYENRN Bexrop
BIOAE ocH z. flcHo, 4ro i-i=1. UeMy ;1e paBHO mpousBexenume i-j?
Ecnm yrom Mesay BekTOpaMH HpAMOH, TO MX CKaJAPHOE TIPOU3Be-
JieHme paBHO Hyd10. TakuM 0GpasoM,

=1,
k=0, k=0 kk=1,

. s e

Ucenonsaya atu cBolicTea BeKTOPOB i, j, k, MORHO 3anucars a10060i
BEKTOD a B BHAE
‘ a=a,i-ta,-j+a,k - (11.25)

Taxum 06pazoM, MOJKHO 0T COCTABIAAIOIIAX BEKTOPA JHeTKO mepeiitn
K CcaMOMy BEKTODY.

Mp1 wayumnn jlasnexo He Bce cBoicrsa BekTopos. OxHaKo, mpeskje
yem yrayO0urhes B 5TOT BOLPOC, HAYYHMMCA CHepsa NIPHMEHAThH
oGcysaennsle ceiidac upen B ¢usuke. M rorga, xorma Msi xopomo
OBJIafieeM OCHOBHEIM MATePUaaoM, Oymer Jerde TPOABUHYTHCA Hajb-
we, He poafiag B omuGru. Hosgmee Mur yBugnM, uro yaoGHo ompe-
HenuTh emie OJHO TPOM3BEJAeHHE JBYX BEKTOPOB, KOTOpPOe Hashbi-
RAOTCA BEKTOPHEIM TPOUBBEHCHUEM W 3alUcCHBaeTcsi B Buge ax b.
Onmaro o6cysKmenme STOTO BOIpOCA JYUIIE OTIOKUTE [0 CIEAYIO-
yieil riyaBHL.
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XAPAKTEPHCTHRU CHJIBI § 1. Yro ecrn cmnal
§ 2. Tpenue

§ 3. Moueryaapnpie
CTUIBI
§ 1. Ymo ecmdv cuaa?
§ 4. ®yupameHTaND-
Xors maydeHue 3aKomnoB GUIHKE HHTEPECHO HLIC CHIABL
U DOYyYHMTEIbHO, XOTH OHM ¥ IOMOTAal0T HaM Io- Honn
HUMaTh OPHPOTY M OBJIajleBaTh ee CHIAMH, BCe g g
e TMOPOHl CTOMUT OCTAHOBUTHCS U IIOPA3MBICTHTS:
9To ke ONE Ha caMoM fere sHadar? Cumuiea awo6oro § 6. Anepusie cILTHI
YTBEPKIEHUS — Bellb, KOTOpAs M3,jaBHA, ¢ Hesa-
DaMSTHHIX BPEMEH, HHTEPEecoBaja u TPeBOYKUIA
¢umrocodoB, a y cMmpica PUBHYECKUX BaKOHOB
TeM (ollee MOMKeH BOJIHOBATH HAC, BEJb IIOBCE-
MECTHO CUMTAeTCSH, 9TO B ITHX 3aAKOHAX TAATCH
HEKOTOpPHIe peasnbubie sHammg. Cuelca  meTH-
BH — 2TO ray6odaiimuil ¢uiocoferuit Bompoc;
BCeT[a BAKHEO BOBPEMS CIHPOCHTH: 9TO 3TO 3HA-
auT?
Cnpocnm sxe: B 9eM cMBich H3HYCCKUX 3aKOHOR
Hewrona, B 9em cmucn gopmyan F—=ma? B qem
CMBICJI CHUIBI, MACCH i yeKkopeuusi? My uHTYUTHBHO
MOHMMAEM, UTO TaKOE MAcCa; MBI MOYKEM TaKKe
onpedeaums yCROpeume, €ciAM HAM IOHATHO, 418
Taxkoe MecTo W uTd Taroe npemsa. CMEICH DTHX mO-
HATAR MB TOSTOMY He OymeM ofcy:xpaTh, a
COCPeTOTOUNMES Ha HOBOM moHATHE cuas. U
3IeCh OTBET TO;KE BeChMa HPOCT: €CIM TeNO YCKO-
psAeTcs, 3HAYUT HA Hero JeficrByer cuia. Tax
roBopAT 3akomnl HpoToma, u camMoe TOIHOE U
Kpacmpoe N3 MBICIUMEIX OIpeIeIeHHl CUIB CO-
cToano OB B TOM, WTO CHWJa €CTh Macca Te’a,
YMHOREHHAST HA €T0 YCKOpeHue.
Nmeercs, monosmm, 3aK0H, 9TO MMIYJIBC CO-
XpaHAETCA TOTJAA, KOTAA CyMMa BHEIIHHUX CUJI
paBHa Hy#w0. M Bor y Hac cmpamuparor: «A 9to
9TO 31AuuM: CYMMa BHEIIHAX CHJ PaBHA HYJI0?»
M mb1 1106e3n0 orBegaeM: «Horga monnslilt AMOyabe
OOCTOAHEH, T0 CyMMa BHEINIHMX CHJI paBHA
myawo». Her, spgecs uro-to He t0. Begw nuuero 209
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HOROTO MEI Ipu 5TOM He ckasanu. OOHapyXHMB OCHOBHOW BaKOH,
yTBe/RAQOMMit, YTO CHIa ecThb Macca HAa YCKOpeHHe, a IOTOM
onpedeaus CHJIBL KaR MPoW3BeJeHNe MAacCH Ha YCKODeHUe, MBI HU-
yero HOBOIO He OTKpeIBaeM. MOKHO Tarske ONPefelIuTh CWIy U HA
Apyroit MaHep: HBMAYIIeecs Teao, Ha KOTOpoe cmia He JelicTByer,
npofoiyKaer ABHTATheA MO IPAMOIL ¢ MOCTOAHHON cKopocThio. Tor-
Ia, YBHJEB, 9TO TEJN0 He ABIHKETCA IO IPAMOH ¢ TMOCTOAHHOH CHO-
pOCTBIO, MBI MOKEM YTBep:JaTh, UTO HA Hero AedcTByer cuia.
Ho rakume BHCKa3HBAHUA HE MOTYT COCTABWUTDH COlepyKaHue PUBHMKH!
3aueM sKke el TOHATH ompepmeienus uno kpyry? Hecmorps ma aro,
npuBefenHoe Bee moio:kenue HbioToHa, mO-BHAMMOMY, caMoe
TOUHOE M3 BCEX OMPENeJeHu Uik, OJHO U3 TeX, KOTOPHe TAK MHO-
ro roBOpAT cepimy Marematmika. Yl Bce ke OHO coBeplleHHO Gecmo-
Jle3Ho, MOTOMY YTO M3 OJHOTO OIpefeqeHAs HUKOTA HHIeTr0 HUKTO
He BHBOAMI. MOKHO JeHL-AeHLCKOI ONPOCIKUBATSH B Kpecie, oupe-
NelAsn CI0BA HO CBOEMY XOTEHHUIO, HO COBCEM MHOE He10 — LOHATH,
9T MPOHCXOANT NPH CTONKHOBEHHH ABYX IMApPOB AWM 916 OBIBaeT,
Korha Ipy3 BHCHUT HA npy;kumHKe. Ilosedenue Tes u BHOOD oupepene-
HO — MemIy STUME BEMAMH HET HMYEro o6mIero.

Ilycrs, Hanpumep, Mul 0H pemmAKCh TOBOPUTH, UTO TEJXO, Ipe-
HOCTABIEHHOE caMOMy cebe, JeRHUT HAa MECTe M HE IBU/KETCH;
TOT/IA, BAMETHB, YTO YTO-TO JBIGRETCH, ME OBl CTAJH YTBEP/KIATh,
OyATo Ha HEro HeilcTBYeT “KWJIA» —— Mepa OXOTH K IepeMeHe MecT.
Mur monyuman 65 TpPEeKpPACHBIA HOBBIT 3aK0H, Bce GBLIO GBI X0pOMIO,
KpoMe TeX ciydaes, Korjga peficTsyer oxumay. Hax sugute, Bce Gbuio
O no00HO WAIIeMy ONpEJeJeHHI0 CHIIH ¥ TOYHO TaK >Ke He HeCIo
Gu B cebe murakon muapopmanuu. Nermanaoe xe comepskanue 3axo-
wos HpiotoHa TaroBO: mpegmosaraercsi, 4To cwia obaajaer Hesd-
sucumbiMu céolicmeamy B onodHeHue K 3axony F=ma; HO zapak-
mepHbEe HE3aBUCHMBIE CBOHCTBA CWJI He OIMCAJ NOJHOCTHIO HH
Heworon, au xro-gubyapb emje; nosromy pusndeckuit saxon F=ma—
sakoH HenoJumd. OH mogpasyMeBaeT, 9T0, U3YIUB Xa PAKTEPUCTUKY
BEJIMYUHBI, ONPEIeIsaeMoil KaK NpOu3BeJeHHe m Ha a, Ml oOHApDY-
KAM B HOX HEKOTOPYIO MPOCTOTY; B8aKOH 3TOT [JaeT HAM XOPOMIYIO
nporpaMMy aHajm3a NpPHPOAH, OH MOACKA3KBAaeT HAM, UTO CBOI-
CTBa HTOH BEJIWIMHE — CUJIB — MOI'YT OKa3aTbesA MPOCTHIME, 4TO
ee CTOUT UBYYaTh.

ITepBriit upuMep TAKUX CHA — IOJHHN 3aKOH TATOTEHUA, IPOA-
goxenusii Heoororom. QPopMmyaupys cBoH 3aK0H, OH OTBeYaa Ha
Bompoc: 9to Taxoe cmiaa’? Ecam 66 HUIEro, KpoMe TATOTeHHS, HO
CYIIeCTBOBAJIO, TO COYETaHUe 3TOTO 3aKOHA M 3aKOHA CHIH (BTOPOTO
. BAKOHA JBYKEHM) OKasanoch Ou 3asepmennoil reopueil. Ho, kpome
TATOTeHMS, CYNIeCTBYET M MHOIOe Jpyroe, U ME co0upaeMcs TOJIb-
3oBaThCa 3axkoHaMu HpIOTOHA BO BCEBO3MOKEHBIX II0JIOKEHHAX.
TlosroMy HaMm mpueTcss KOE-9TO MOPACCKA3ATh O CBOMCTBAX CII.

K mpumepy, rosops 0 cuiie, MBI BCerjia HESABHO IPENIOIATAEM,
Y10 KOIfla HeT QUBMIECKHX TeJ, TO cHia paBHa Hyaw. Ecam mu
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BHAMM, ITO CHJIA HE PaBHA HYJIO, MKl WIIEM IO COCENCTBY €e ucmot-
HUuK. 9T0 NPEANOJIOKEHHE COBCOM HE TO, YT0 BBEJeHHAA HAMU
GRUIAY.

Ongra u3 BayKHEeHHIMX XapaKTEPUCTHK CUIE — €€ MaTepuaib-
HOE IIPOHMCXOMKJEHME; W 9TO CBOMCTBO KaK Da3 Heabds cHumamb
O peJIETeHueM.

Heroron mpusen eme OfHO UPABHIO, KACAKONIEECH CHJ: CIHIEE
MERIY B3AUMOMEHCTBYIOIEMHU TETaM¥ PABHBI U NPOTUBOLONOMHE
oeilcTBue papHO mpoTuRojeiicTemio. U 910 mpasmno, OkaseBaercs,
He cosceM BepHO. [la u cam 3aron F=ma He cosceM BepeH; Gyab on
onmpejeaeHneM, Mul Obl MOMKHE OhAM VTBEDMAATH, 9TO OH TOYHO
BepeH scezda; a HA CAMOM [[ejie BTO He TaK.

Bel Momere 3amBUTE: «¢A MHE HE HPABHUTCA 3Ta HETOYHOCTH, A
X049y, 9T06hl BCe ONPENeNsoch TOYHO, Jd M BO MHOTHX KHIZKKAX
HANUCAHO, YTO HAYRKa — Bedlb TOYHAsA, 9TO B HEH 8ce OIPedeiaeno.
Ho croipKko Gl BBl HU HACTAMBAJYU HA TOTHOM ONIPEACIEHUMN CHIILI,
BBl ero Hmkorga mHe moayumrte! Bo-mepsmx, m cam Bropoil 3axon
Hewrona me Togen, a BO-BTOPHIX, 9TOOM HOHATH GUBHYECKHE 3aKO-
HH, BB JOJUKHB YCBOMTH ceGe pas M HaBcerja, 4TO BCe OHU — B
KaKOH-TO cTemeHM MPUOImKReHus.

Jlio6oe mpocroe BRICKA3LIBaHWE SBIAETCH NPUOIMKEHHBIM; B
BUJe OpuUMepa paccMOTPEM HEKOTODHI mpeamer... KCTaTH, ¥mo
maroe npegmer? «Dunocopry Bcerma orsedator: «Hy, mampumep,
CTYI.

Crour ycawmarh 9TO W Cpasy CTAHOBMTCHA sCHO, 9YTO OHHU
caMm He IOHWMAIOT TOro, o ueM rosopar. Ymo ects crya? Cryxa
uMeer ompefeneHHyr Maccy... Ompegenenayio? Hackoxsxo ompe-
ndenennyio? Wa mero BpeMa oT BpeMeEM BEUIETAIOT aTOME—-He-
MHOro, HO Bee xe! Ha mero cagurcsa NBinb, U3 HErO CHILIETCA TPY-
Xa, a ¥ JaK CO BpeMemeM cXoguT. JeTKo ompemexuTh CTYI, CKa-
3aTh TOYHO, KaKWe aTOMH OPUHAIEKAT eMy, KaKHe — BO3AYXY,
a KaKMe — JaKy, HEBO3MOKHO. OHAUMT, MAacCy CTYJa MOMKHO
oUpefieauTh aumb npubamwkenno. TogHO Tak ke HEBO3MOM(HO OMpe-
AeJAUTh Maccy OTAeNBHOTO mpeamera, MO0 TAKMX MPEIMETOB He cy-
IecTBYET, B MUpPe HeT OfMHOKUX, 060co0ieHHBIX 00BeKTOB; M06ast
Bem[b €CTb CMeCh MHO;KeCTBA APYTHX, W MH BCerja MMeeM Jelo C
pALOM npubimKenni u upeanusanuil. Bea cyrs B uaeanusauuu. B
ogenb xopourem npubamxennu (oxoso 1 xk 10'%) xonmgecTso aTomon
cTysla 3a MEHYTY He MeHAETCA. FLCJam Bac 8Ta TOYHOCTh yCTPAHMBAET,
BHI IIMeeTe OPAaBO CYMTATh Maccy cryia mocroamnoi. Touno Tak ke
MO;KHO WEealbHO M3YIUTh M XAPAKTEPHCTHRHA CHIH, CTOMT TOIBHKO
He THATBHCA 3a TOUHOCTBIO. Bac MOjKeT He yIOBJIETBOPUTDL 3TOT HPU-
CAMKEHHbI B3TJAJ HA TPUPOAY, KOTOPHI mniTaeTcss BhrpaboraTth
dusmra (Bce BpeMa cTpeMsAch WOBEICHTH TOYHOCTS NpHOIMKeHUit),
BH MOKeTe UPeImouecTh MATeMATHUECKOe OImpefeleHMe, HO OHO
HUKOI/[a He felicTByer B peajibHoM Mupe. MatemaTtudeckue ompepe-
JeHWA XOPONIHM jJisi MaTeMaTHMKH — TaM MOKHO HOJHOCTRIO M [0
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KOHIA CAENOBATh NOTHKE, a ¢usmdecKuid Mup ciaosxken. Mo 06 aTom
yske TOBOPHJIM, HPHBOASA TaKue HPHUMEPH!, KaK OKeARCKHe BOJHH U
Goxax suHa. llpTasgch pasnesnTh UX Ha YACTH, MBI TOJIRKYEM OTHENI b
HO O MAacce BHHA M OTHeAbHO 0 Macce Ooxama. Ho rax moxmo
y3HATDL, T[€ OJHO, TJie Apyroe, pas ogHO PACTBOPMMO B Apyrom?
11 cuna, peficrByromas Ha o0oco0aeHnEIl MPefMeT, y/ie BKIHZaer
HETOTHOCTDh, ¥ BCAKASA CHCTEMa pACCY:LIEHHII 0 peaTbHOM MHpe,
10 KpaiiHeil Mepe CeTOJHS, IPEANOIAraeT pasHcro poja npnbam-
TREeHUA.

JTa cucTEMa HUYEM HE HOX0:Ka HA MaTeMaTHYecKIle PacCy:wie-
Hus. B Bux Bce MOsKeT GHITH ONpEHETEHO, I B UTOTE BCETA He Ussecn-
HO, 0 9e€M TOBOPAT.

JlelicTBUTEIBHO, Bellb BCE BEIHKOJENHE MATEMATHKH B TOM K
COCTOMT, 9TO 8 Hell MbL He guaem, o ueMm moakyem. Ee 3axoHH, ee
JOKA3aTeNbCTRA, €e JOTHKA He 3aBHCAT OT TOLO, Y620 OHU Ka-
caroTes,— @ B HTOM CBOg, ocoPas wupacora. Horma BH uMeeTe
IPYTYI0 COBORYIHOCTH 00BEKTOB, MOTIMHAIINAXCA TOH jHe cucreMe
AKCHOM, 9T0 ¥ EeBKJIUZOBA TeOMeTPHsA, TO BH MO/KEeTe BHJBHHYTbH
HOBBIE OLIPEJeJICHUA M [eJIATh BEIBOAKI, cOOGPABYSACH ¢ NPABUIBHOM
JIOTUKOH, — Bce CAeJICTBHSA OKayKyTCA NPABIIBHLIMY, M COBEPIIEHHO
HEBA;KHO, 9eT0 OHU Kacalorca. A B npupone? Kornpa sm npoBogure
JVHWIO MJIUW OPOBENIUBAaEeTe ee MPH MOMOIM Jyd9a CBETA H TEOL0JHU-
Ta (KaK 9TO [eJaercs HA Teofe3HYeCKHX CHEMKAX) — CiIegyer au
npupopa Errmaugy? Her, Be penmaere npubomienwe; Kpect Ha
oOBEKTHBE MMEeT OIIPENeNeHHuy0 TONIHUHY, a TeoMeTrpuiecKas JH-
HESl — HUKaKOil; 3HAYHUT, UPUMEHATH JU B CBEMKAaX eBRIUAOBY Te0-
METPHIO WM HET — HTO BOMPOC (UBUKH, & He MATEMATURHU.

Komeano, ¢ axcmepmMenTtaabmoil (a He MareMaTmuecKoi) Tou-
KU BPEHNs BAM HYKHO 3HATh, HPUMEHWMEH JU 3aKOHH EBRImiA
K TOMY DPORY TreOMeTpHH, KOTODYIO BH MHCHOJAb3yere, u3Me-
pPAS  ORPECTHOCTH; BH INpeAmojaraere, 9Yro Ha, TPUMEHHMSL.
W, peficreuTenbro, OHM UperpacHo paforalor; HpeKpacHO, HO
HE TOYHO, IMOTOMY YTO Balid CHCMOYHEE NMHUK-— 370 HE HACTOS-
mue reomerpudeckue gunnu. Ilpunosmumbn wium Her abcrpawTHbe
EBRJIONOBH OPAMBIE K JUHUAM, UPOBENIHBAEMBIM HA OIBITE,——
cCTh JeJd0 CaMOI'0 ONEITA; HA 9TOT BOLPOC YHCTHIM pPacCyyKAeHHEM
HE OTBETHTH.

Touno rakuM »e 06pasoM BH He Moiere Ha3BaTh F==ma onpe-
JeJeHueM, BHEECTH H3 HEr0 BCe YHCTO MATEMATHYECKH M CleaarTh
MeXaHHKY MaTeMaTHdecKol Teopueil: MEXaHHKA — 9TC OOMCAHHE
Hpupogs. BripBurag mopgxojdimye mocTyIaTsl, BceTda MOKHO CO3-
IaTh MaTeMAaTHYECKYIO CHCTEMY BPOJIE eBKINMAOBOI, HO BB He MOJKETs
CO3[ATh MAaTEMATHKH MHpPA; PAHO WIH NO3JHO BaM HPHILIOCH OBl
OTBEYATh HA BOIPOC: BEINOJHMIOTCSA JM 3TH aKCHMOMHE Ha o0BerTax
npuponas? U Be HeMenneHHO 3aBsa3iy Obl cpegu 9THX 3alyTaHHHX,
«HETUCTHIXY PEANbHHEIX TPeIMeToB,— Lpasga, Jo0mBasich Bce GOMB-
mell u Goabmedl TowHOCTHM HPHOIIReHHH.
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§ 2. Tpenue

HNrax, 49100H mIO-HACTOAINEMY NOHATH 3aKOHK HBIOTOHA, ME
HOJKHH OGCYIMTh CBOMCTBA CWJI; Wedb 910M INIaBHl— HAYATH 370
ofcymeHEne W COCTABHUTL CBOETO pOIAa AOMOJHEHME K B3aKOHAM
Hoorona. MBI yike 3HAKOMEL CO CBOWCTBAMH YCKODPEHHA W C JIpy-
UMM CXONHBIMM HPEJCTABICHUAMHA, TENepPh JKe HAM HPeICTOUT
3aHATHCA CBOHCTBAMU cuit. M3-3a COMKHOCTH UX ME B 3TOH Tiape
(8 oTamuMe OT mpe;RHUX) He Oy[eM rHAaTHCA 3a TOYHHMEA QopMyIH-
poskamu. Uto0H HauaTh ¢ KOHKPETHOI CHJILI, PacCMOTPUM COIPO-
TUBJEHHE, KOTOPOE BO3IYX OKA3kIBAET JETANEMY caMoiery. akos
3aKkoH 9r10if cuint? (Mb1 06a3anb HAliTH €r0; BeIhb 3aKOH CYIECTBYeT
nas xampoii cumei!) Epxsa am roanko o 6yper upocr. Crour npep-
craBuTh cefe TOPMOMKEHNE BO3AYXOM CAMOJIETa — CBUCT BEeTpa B
KPHUIBbAX, BUXPW, IODHIBH, ApOmanue (IO3€MsKa W MHOMECTBO
APYTHX CJHORHOCTEH, — YTOOB IOHSTH, 9TO 3TOT B3aKOH RpPAL JX
BHIfieT npocreiM B yHRoOHEIM. TeM samewarenpHell TOT daxt, 410 ¥
CUJH 0YEHDL ITPOCTas BAKOHOMePHOCTh: F = cv? (HOCTOAHHAH, YMHO-
JieHHASl HA KBApaT CKOPOCTH).

Kaxoso e momoskenue 3toro 3axouna cpenu apyrux? [HomoGen
an on 3axony F=ma? Oruions. Bo-mepprix, on smuupuvecwuii, n
noaydeH OH TPyOHIMU HBMEPEHWSMU B adPOTMHAMUYECKON TpyGe.
Ho Bu Bozpasure: «Yro @, sakon '=ma rome mMor 6u OpiTh dMIN-
pugeckum». Ho passe B arom geno? Pasnudme ve B sMmmpuemoctu,
a B TOM, YTO, HACKOJBKO MH IIOHHMAcM, STOT 3aKOH TPEHIHA €CTh pe-
3yNBTAT MHOKECTBA BIMAHHA U B OCHOBE CBOEH HUYYTH HE IIPOCT.
Yem Dosbie MBI CTAHEM €r0 NU3YYaTh, 96M TOTHEE MEPHUTD, TEM CAONC-
neli (a He npowye) npefcTaBnrcsa oH HaM. VHLIME cioBaMu, Bee TayGie
BHUKAs B 3AKOH TOPMOKEHWA CaMOJeTa, Mbl BCE sCHEll fyneM monil-
MaThb ero«Qaibmby. UeM ray0sie B3riIsan, 1eM aKKy paTHel H3Mepernsl,
TeM yCJAOKHEeHHell cTaHOoBITCA ncTHHA; OHA HE IIPCACTAHET Hepej Ha-
MU KaK HTOT NPOCTHX QYHAAMEHTAIBHLIX IPOIECcCoB (BIIpoYeM, MKl i
¢ caMoro Hagana o6 9TOM JoTrajisiBalich). Ha oueHp caabux ¢KOpo-
¢TsX (caMoleTy, HanpuMep, OHM Jaie HeOCTYHHbBI) 3AKOH MeHSACTCH:
TOPMOMKEHNE yiie 3aBHCUT OT CKOpocTn noutu auHeino. Wan, k npu-
Mepy, TOPMOKCHUEe niapa (MIu My3spbKa BO3AyXa Wil 4ero-Hubyab
enie) 3a cdeT TPeHHA O BABKYIO KHIKOCTH (Hamogobie Mea),— 0HO
TOKE IIPH MAaJiBIX CKOPOCTHX HPONOPIHOHAABLHO CKOPOCTH, a Ha
Goapmux, Korga o6pasyorcesa Buxpu (He B Me[le, KOHCUHO, a B BOjie
HIH BO3JyXe), ONATH BO3HHKAET HPUMEDHAS LPONOPHUOHAIBHOCTE
KBajipary cxopoctn (F=cv?); npu majpHeilnieM pocre CKOPOCTH U
9T0 paBuiao He ropurcea. Moxmo, koneuno, ropoputh: «Hy, smecs
cierxa mersiercs Koadounmenty. Ho sennb sro mpocto yiaoeka.

Bo-BTOpHX, €cTh M APYTHE CIAOMKHOCTHA: MOKHO JIH, CKajKeM, 3Ty
CHJIY [IeJIATH Ha YacTH -— HA CIITY TPEHHA KPBUIbEB, Qro3esnska, XBO-
cra u 1. 1.2 KoHeuHO, KOTAa Hy/KHO OLIBAET y3HATH BpamiaTeJbHBIe
MOMeHTH, felicTBYIOINIe HAa 9acTH caMoJeTa, TO TaK [eJaTh MOKHO,
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HO TOrJa Y3k HAJ0 IMETL CHeNHAJbHHI 3aK0H TPeHus A KPHUILeB
n T. 1. VI BRIACHAETCA TOT yAMBHTEIBHBII QaKT, YTO CHJIa, ACUCTBYIO-
Imas Ha KPEUIO, 3aBUCUT OT APYroro Kpeuia, 1. e. ecad yOpaTh camo-
JeT M 0CTABUTh B BO3AYXe OQHO KPHLIO, TO CHJA GYMeT COBCEM HE
TaKoii, Kaxoil oma Omwia 6w, ecju Obl B BO3AyXe ObLI BECh CAMOJET.
Ilpuuuna, KOHEUHO, B TOM, YTO BeTep, Ob0MUI B HOC caMoJeTa, CTe-
KaeT HA KphUIbA W MeHseT cuily Topmoskenna. M xora kamercsa ay-
TOM, 9T0 CYINECTBYET TAKOI T pocToil, rpyCHIll aMIHpudecKuil 3aK0H,
UPHTONHBL [dA CO30aHMsA CaMOJeTOB, HO OH He M3 TeX 3aKOHOB
(G H3HKH, KOTOPBE HA3BIBAIOT OCHOGHHMU: IO MEpe yTayOaeHud OH cTa-
HOBHTCSA BCe CIOKHeH u ¢iokueil. Kaxoe-HROGYAD H3yUeHHe 3aBUCH-
MocTH Koaddniienra ¢ or QOpPMEL HOoca CAMOJeTA CPasy paspyluaer
ero nmpocrory. Hukakoil mpocToil 3apHcuMOCTH He ocraercsa. To au
MeJI0 — 3AKOH TATOTCHMS: OH IIPOCT, U JaJbHeiiee ero yriayoienne
TOJABKO LOJYEPKMBAET BTO.
].WBI TOJABRO YTO rOBOPIIN O ABYX Tunax Tpennd, BO3HUKaOINX
B peayiasTare OHCTPOTO ABIKEHUs B BOBAYXe HIM MeJJeHHOI0 B
»mege. Ho ecrp emie Bug Tpernsa — cyxoe, Wil TPEHUE CKONbIKEHUS!
0 HeM roBOPAT TOT/ia, KOTAA OJHO TBEp/IOe TeJ0 CKOJIB3UT MO APY-
roMy. YroOm npomo/sKarh JBIIKEGHIIC, TAKOMY Teldy HyyKHa CILIA.
Ee HasmBaloT cunoii tpenna. [lpoucxompenne ee — BOIPOC O0YeHb
zanyTaHeHi. Ofe coupuKacanluecs T0BEPXHOCTH HepaBHOME PHEL,
CCJN PA3rIAABBATG NX Ha aTOMHOM ypOBHe. B TOYKaXx COHpIIHOCHO-
LCHHA aTOMBL CHENASIOTCH; IIpH HayKUMe Ha TeJlo CIenKa pBeTcs u
BO3HHUKAKNT KoaeGaHUA (BO BCAKOM clydae, IPOHCXOLHT HEYTO 1O-
xosxee). Ilpesmge mymanu, uro MexaHusM TPEHUS HECIOKEH: IOBep-
XHOCTH IOKPHETA HEPOBHOCTAMH W TPEHNE €CTh pe3yanTaTl MOgbeMa
CHOJB3AMMAX YacTell Ha 9TH HEPOBHOCTH; HO 9TO HEIPABWIBHO, BeIb
Torga 6ni He OBITO MOTEpDL HHEPruu, a Ha CaMOM Jele DHeprud Ha
TpeHue Tpaturcs. MexaHusm moreps nHOI: HEPOBHOCTH L PH CKOL-
JHeHHH CMUHAIOTCS, BO3HUKAWT KodeGauusg W ABU/KEHUE aTOMOR,
1 TeINJIO pacTexaercs uo oGoum rejiam. Y sgech kpallHe Heo;KugaH-
HEIM OXa3BIBAETCH, YTO SMIHUPHYECKN ITO TpPEeHHe MO;KHO Ipubin-
FKEHHO OIHCATh NPOCTHIM 3akoHoM. Cmila, Hy)KHas 1A TOrO, 9T00H
npeogoieBaTh TPeHMe W TAl(uTh OJMH TpefMeT MO HOBEepPXHOCTH
APYroro, 3aBHCAT OT CHJIBI, HALPABJIEHHON IO HOpMaan (o IepreH-
AHKYJAAPY) K HOBEPXHOCTSM COIPHKOCHOBeHUA. B HOBOJNBHO Xo-
pomem npubsuskeHuE MO;KHO ¢IUTATh, 970 CHIA TPEHUA POIIO PIyo-
HAJbHA HOPMAILHOI cuie ¢ 00jiee Wil MeHee IOCTOSHHBIM KO-
ILHEHTOM:
I'=phN, (12.1)

rae u—noagﬁgﬁuqueﬂm mpenus (Qur. 12.1). Xora xosddunument p
He OYeHDb IOCTOsAHEH, 3Ta OPMyIa OKA3HIBAGTCA XOPOIIUM SMITUPH-
49eCHMM I PABHIOM, O3 BOISIIONIIM IPUKHABBATE, KAKAA CHIA IIoHA-
KOGWTCA B TeX WIM UHBIX MPAKTUYECKUX WIM WHKeHePHHX 06CTOsM-
TedbeTBax. ToaBKO KOIjla HOpMAJIbHAS CHIa MY OBHICTPOTA JBUKe-
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~—» Hanpasnewve Ariwent:s

@ ue 12.1. Coomuowenue mexcly : !
CUAOT 1T PEHURL U HOPMAALHOLL cOCMas-
agwuels  Cuabl nNPU  CKOALHCEHUU.

HuA OYeHB YK BENUKA, 3aKOH OTKA3HIBAET: BHIJETACTCH Wepecdyp
MHOro tenta. BajkHo moHumars, 9T0 y m1000ro M3 9TUX IMIHpUYC-
CKHUX 3aKOHOB €CTh OTPAHWYEHUs, BHE KOTOPHIX OHM He paboTaioT.

[Ipu6aumennyo cuopasegianBocTs GopMyast F=puN MOKHO 3a-
CBUETEABCTBOBATL MPOCTHM omuToM. Ilomosnm 6pycox Becom W
Ha IUIOCKOCTH, HAaKJOHCHHYIO nop yriaoM 0. llomeiMeM miockocts
Kpyde, DOKa 6PYCOK MOJ TAKECTHIO cOOCTBEHHOTO BECa HE COCKOJIb3-
Het ¢ Hee. Cocrapisiomas peca BHA3 BA0JAL mizockocTu W sin 0 paBna
cuie Tpenus F, pas 6pycok ckoan3ut pasHomepHo. Ciaramomas Be-
ca, HOpMaJIbHasd K mJIocKocTu, 970 Weosh; ona 1 ecth HOpMalbHAas
cuina N. @opmyna npespamaetca B Wsinf=pWecos0, orkyna
u=sinB/cos 0=tgh. Coraacuo aroMy 3aKoHy, UPH OUpeeJeHHOM
HAKJIOHE MJIOCKOCTH OpycOK HaYuMHAET CKOJAB3HTH. Ecam Opycok
HarpysuTh MOIOJHUTEAbLHEIM BECOM, TO BC€ CHIB B OopMyJe BO3-
pacTyT B TOM sxe npomopnun, u W us opmyian sumager. Eciu enu-
9MHA W He W3MEHMJIACH, TO HATPY/KEHHLH GPyCOK OmATH COCKOIB3-
HET IpH TAKOM ke HakIoHe. Qnpegeans us ounita yroa 0, ybegumes,
qa70 mpz GolabmeM Bece OPycKa CKONbKeHHUE BCE PABHO HAYMHAETCHA
Ha TOM jKe yriie HakdoHA. Jlake eciy Bec BO3pOoC MHOrOKPATHO, 3TO
npasmao cobuarogaercs. Mu mpuXoguM K 3aK/J0YEHAIO, 9T0 OT Beca
rosdPuIEeHT TpeHusa He 3aBHCUT.

Korga mpogesnnBaems 9TOT ONBIT, JeTKO 3aMeTHTh, 9TO IPH Ipa-
BIVIBHOM yTiie HakJOHa O GpycoK CKOJB3WT He HEIPepHBHO, a ¢
OCTAHOBKAMI: Ha OJHOM MecTe OH 3aCTpsAHET, a Ha IpyroM PBaBeTcs
puepen. Takoe mosefeHMe ecTh HPUBHAK TOro, UTO Koapdurmeurt
TPeHus TOJBKO rpyGo MOKHO CIUTATH IIOCTOSTHHBIM: OH MEHIETCH OT
mecta Kk Mecrty. Cronp ke HeyBepeHHOe moBefeHHE HalaogaeTcd o
upy W3MeHeHWu Harpyskm OpycKa. Pasnuunms B TpeHun BOSHUKAIGT
OT PasHO TIIAJKOCTA WIN TEBePAOCTY JacTell HOBePXHOCTH, OT IPA3H,
P/RABYMHBL U IIPOYUX IOCTOPOHHEUX BausHu#. Tabaume, B ROTOPHX
nepeancaeHt KoaQPUIHEHTHl TPEHMA «CTANU [0 CTAIW», <MENH MO
Mean»y u Ipouee,— BCE HTO CIVIOIMIHOE HAJyBaTeibCcTBO, MO0 B HUX
TUMH MejJouamMu InpeHeOperaoT, a Belh OHH-TO U ONPEAEISIOT
sumavenue p. Tpenme «Memm O MeJb» W T. J.— DTO Ha CAMOM Jcae
TpeHUe «O 3arpsA3HeHWsA, NPUCTABIONE K Meam».

B ompiTax ommMcaHHOTO THIIA TPEHWE OT CKOPOCTHU MOYTH HE 3aBH-
cut. MHOTHE BepAT, 9T0 TPEHHE, KOTOPOe HY:KHO IPEOONeTD, 4T00H
npuBecTH IpeAMeT B JBIKeHMe (cTaTwdeckoe), OOJbIIe CHIIHL,
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Heo0XoAUMoil I TOANep/KAHNA yre BOSHUKUIET 0 IBIReHUA (Tpenle
cxodpskenna). Ho Ha cyXnx Mera/iaX TpPyAHO 3aMeTHTh KaKYIO-
aubo pasHumy. MucHIe 9TO HOPOKIEHO, BEPOSTHO, ONBITAMI, B
KOTOPHX NPHCYTCTBOBAIN CJA€Jbl Macda HWIH CMasKd, a MOMKer
GulTh, TaM OPYCKU 3aKpeILUMNCHh NPYMKUHKOH niam deM-HUGY b
TUOKIM, Kak Obl HPUBA3HBAsCh K OIOpe.

Ouens TPYAHO J00UTHCH TOUYHOCTH B KOJUTECTBEHHBIX ONEITAX
110 TPeHIlo, U 10 ceil HopHl Tpelite He OUcHb XOPOHIO TIPOAHAJII3I-
puUBAHO, HECMOTPSI HA OTPOMHUe 3HAadeHNe TAKOTOo aHalmsa Jisd
TeXHUKi. XOTsd 3arkoH F=pN [Is craHfgapTHHIX HOBEPXHOCTeil
noYTH TOYEH, UPIMUHY TAKOrO BHAA 3aKoHa Ha caMOM jele He mO-
paMaioT. YTo0s moKa3aTh, 970 L MANO 3aBUCHT OT CKOPOCTH, HYIK-
Hul 0c000 TOHKIIE AKCIICPIMEHTHI, HOTOMY 4T0 OT ObLICTPEIX KOJe-
GaHnit HIWKHell IMOBEePXHOCTH BHAMMOe TpeHIle CHJIBHO majaeT.
13 omslTax Ha GOJBIINX CKOPOCTAX Hamo 3a00TUTHCA, UTOOHL Teia
He ipoykadd, a To BIJ[MMOe TpeHHe cpasy yMmeHpmaerca. Bo Bses-
KOM ¢iiydae, 8TOT 3AKOH TPeHNs OTHOCHTCA K TeM IIOMYONLITHHIM
3aKOHAM, KOTOphIe MOMATH He [0 KOHIA W He CTAHOBATCA MOHAT-
Helt, HecMOTpa Ha orpoMuhie yemams. OneEuTs KosdOuImedT
TPEHUA MeKIAYy ABYMsS Bel{eCTBaMHU cefi9ac NpaKTHIECKU HHUKOMY
ue moJ cHay.

Paagsme 0Opimo yike cKasaHo, 9T0 IOUBITKM M3MCPUTH P UpI
CROJBYKEHMH YUCTHIX BellecTB (Me[b mO Mejd) BeJyT K COMHUTENb-
HbIM Pe3yabTaTaM, IOTOMY HUTO CONPUKACAIONHecs MOBSPXHOCTH —
Mo qICTad MeIb, 4 CMeCH OKHCJIOB M IpoduX sarpsisHeHui. Ecim
Mbl XOTHM HOJYYUTH COBEPIIEHHO YUCTYIO MeJb, €CJIM MbI BHIUUCTHAM
¥ OTHOJMpYEM LOBEPXHOCTH, Jera3WpyeM BEIIECTBO B BaKyyMe
colurofieM BCe HeoOXOMMBIe IPEIOCTOPOKHOCTY, TO BCE PABHO W
M5l He mosayduM. 1loroMy 9To [Ba KycKa MeJu CIMIHYTCS, M TOTAA
X0Tb ¢TaBb miaocKocTh TopaxoMm! Hosddunmmenr p, mas ymepemso
MECTKUX MOBepXHOCTEH O0OBIYHO MEHBIIUM GIIMHIIILL, TYT BHIPACTACT
g0 Hecroapkux exwuan! [Tpugnna rakoro HeorupgawHOTO HOBEjC-
HHS BOT B 4eM: KOIJIa COMPMKACAIOTCA aTOMEL OJ(HOI'O COPTA, TO OHH
He MOTYT «3HATHY, 9T0 OHH NpPHHAAMEKAT PASHHM KyCKaM Meju.
Bynp taM memay HuMu ApyTEe aToMsl (aTOMH OKHCJOB, CMAasKH,
TOHKHX II0BEDXHOCTHLIX CJHOEB 3arpssHeHuii), TOrAa aroMaM Meja
0ur10 08 «ICHO», HAXOAATCH JH OHY HA OJHOM KYCHe MAY HA pas-
HBbIX. BC[IOMHIITB Tefdeph, 9TO IIMCHHO #3-3a CUJI DPUTAREHNA MeK-
Ay aToMaM# MeJb ABJIISTCS TBepPJBIM BEU[ECTBOM, M BaM CTaHeT
NOHSTHO, TO4YeMy HEBO3MOKHO NPABUIBHO OUPeaeduTh Koaddu-
HUEHT TPEHHUST AAd TICTHX MeTaNI0B.

To me aABreHue HaGAIOMACTCHA B MPOCTOM [OMAIIHEM OIBITE CO
CTeRJAAHHON mracTuHKoH 11 foKanoM. [focraBsre Goxan Ha naacTuH-
Ky, HaKnHbTe HA HETO TETI0 W TAHWTE; OH HENMJI0XO0 CKOJB3AT |
KoobdumueHT TpeHHA YyBCTBYETCH; KOHEUHO, 9TOT KO(POUIueHT
clerKa HEperyispeH, HO BCe (Ke TO KO3PQUIMEHT. YBIaHUTe
Teneph MIACTHHKY M HO;KKY 00Kala u moTsHHTe; BE NOYYBCTBYeTe,
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9T0 OHM CJMIUIHCH. BHEMATEIbLO BIVAJEBINICH, MOIKHO obHapy-
FUTB Jaie napanusl. Jleao B 103, 4T0 BOZA MOMKET yAAXATE sRup
M TOpoYde BENIECTBA, 34COPAIOI{Lie I0OBEPXHOCTB; OCTAeTCA UHCTHIM
KOHTAKT CTEKJIO0 — CTEKJIO0. JTOT KORTAKT HACTOJABKO XOPOIU, uTo
pasopBaTh eTo He TAK-TO IPOCTO: HAPYIUNTH eT0 TPyAHSIN, 4eM BLi-
pBarb KyCOYKM CTEeKjd, BOT i BOSHUKMOT NAapauuHHL.

§ 3. Moaernyaapnvie cuant

A tenepp mepeiifeM K XapaKTCPHCTUKE MOJIEKYIAPHBIX CILI.
970 cunnl, fAeilcTBYOU{Ue Mex(y AToMaMu; UMH B KOHEYHOM C4eTq
H Bn3elBaeTcA Tpenue. Hiaccmaeckoil ¢uaumke Tak # He yEATOCH
Y0BIETBOPITETHHO O0BACH.ATH MOJERYJApHbe Cuibi. Yro0W ux
HOJHOCTHIO MOHATEH, NOHAJ00MIACH KBAHTOBAA MEXAHHKA. OMIAPH-
YeCKM, OJ{HAKO, CLIY, JAeliCTBYIONIYIO MEKAY ABYMA AaTOMaMm,
MOKEO 1300pasuTh HPUMCPHO Tak, Kak Ha ¢ur. 12.2, rue sra cuna
F upegcrapicHa Kak (VHKIMS DPAcCTOSHHA I' MEKIY ATOMAMH.
Bruaor u gpyrue cay4au: B MOJEKyle BOJB, HapuMep, OTPHUILA-
TEJABHBI® 3apsIbl pa3MeneHn! TIaBHBIM 00pPAa3oM Ha aToMe KUCJOo-
poma H HEeHTPH HOIORITEIBHBIX W OTPUNATEIbHHX 3apAOB
OKa3HBAKTCA HE B 0HO{l TOTKE, ITOSTOMY COCELHIE MOJICKYJIH UCIIHL-
THERAIOT [geHCTBHC cpaBHUTCABHO Goapmux cui. Haswmaior sru
cuasl Junoas-dunoasnumu. Ho Bo MHOTMX cmcreMax szapsigel cOa-
JaHCHPOBAHKL Kyja Ayuile, B TACTHOCTH B Ta3000pasHOM KHCJIOPO/e
OHYM LOYTH CUMMETDPHIHEL. B 3TOM ciyuae, XOTh MHHYC- H ILTIOC-
3apsAAE pacceAHul IO MOJEKYJIe, pacnpefeleHHe HX TAKOBO, 4TO
IEeHTPH MHHYC- W ILIIOC-3apA0B coBmagaior. Momerymsl, HeHTpLI
KOTOPHIX He COBHAJAIOT, HABLIBAIOTCH ROALDHBMU, TPOHIBEICHIC
3apAfa Ha DPOMERYTOR MERAY HeHTpaMH Ha3hBAeTCH OunoatisliM
smomenmom. Y HeMOMPHHX MOJOKYN UEHTPH 3apsAg0B COBUAAT.
Iliasn HEX A7 BCceX OKasmBaeTCH, 9T0, XOTS CyMMapHOIH obmuit 3a-
PAA PaBeH HYII0, cija Ha O0JBUINX PACCTOSHAAX ONyNiaeTcA Kak
OpUTAMKEHAE U M3MeHAeTcs o6parHO HPOMOPHUOHANLHO CEABMOi
cTeneHy ypanenus, v. e. F=k/r’, rge k — DocTosTHHas, 3aBHUCH-
mas ot Tama Monerya. [logemy aTo Tak, Bl y3HaeTe Torja, Korma
BBIYTHTE KBAHTOBY0 MEXAaHHRY. ¥ JUIOJEN CHIB MPUTSKEHNA eule

f\ {Ommanrusapue

D ue 12.2. Cuaa, deiicmeyowan
nencdy Osymsa amomaru, kar Pyrk-
yus paccmoanus  mexdy Humu.

lpumancenue
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samerHee. VI maoGopor, ecam aToMEl MW MOJEKYJbl TeCHO c6in-
3UTh, OHH 0YeHL CHJIBHO OTTATKHBAIOTCS; UMEHHO O 3TOM mpuuuHe
MB[ He OPOBAJIMBAaeMCs Ha HIDKHARK sTask!

9T MOJIEKyNAPHBE CHIBI MOJKHO YBUETH MOYTH HEMOCPEACTREH-
HO U B ONLITE CO CKOJAb/KeHNeM GOKAJA 110 CTeKJY, U B OIEITE ¢ ABY-
MA TITATEABHO OTMAU(GOBAHHLIMH M NPHIHAHHEIMU TUIOCKHEMH TO-
BepxHOCTAMYU. lIpmMepoM TaKuX mOBepXHOCTEH MOTYT CJIYKHUTD
winten MoradccoHa, KOTOPHIME HOJL3VIOTCSE B MAIIHHOCTPOSHMI
Rak CTaHAapTaMu I TOYHHX uaMepeHwidt aauu. Ecawm, npuxas
OJHY U3 MIUTOK K ApPYTOoil, OCTOPOKHO MOJHATH BEPXHIOI ILIUTKY,
TO HIGKHAA ToyKe MogHAMercA. Ee mogRuUMyT MOJTeKYyNIAPHBIC CHH,
IEeMOHCTPHPYA HpAMOe HPUTAKeHNEe aTOMOB OAHOH IVIMTKH K aTo-
MaM gpyroil.

I Bce xe 9TH MONEKyIAPHBIE CHJIB NPUTHKOHVSA HE ABIAIOTCH
GyHITaMeHTATBHEIMA B TOM CMBICIiE, B KakoM QyH/IaMEeHTaJdbHO TATO-
TeHue; OHH BOSHHKAIOT B UTOTe HEHUMOBEPHO CJOKHOIO B3amMOJEH-
CTBUS BCEX BIEKTPOHOB M AJALp ONHOH MOJEKYIbI CO BCEMH DJIEKT-
poHaMu u sAxpaMu apyroil. Hukakxoft npocroit ¢popMynr, KoTopas
OB yauTHBana Bce 9TU CIOMKHOCTH, HENb3sg MOJAYIUTh, TaK 4TO 9TO
sipJeHne He (yHRAMEHTAlLHOE.

Wmenno moromy, 9ro MOJeKRyJIspHHE CHIK NPUTATHBAIOT HAa
OonplloM yHATEHHM K OTTAJKHBAIOT HA MajgoM (cM. ¢ur. 12.2),
I CymecTBYIOT TBepjEe TeJa; UX aTOME CKpeiieHsl BOEAHWHO B3a-
HMHBIM OpATAMKEHMeM, HO Aep:KaTcs Bce ke Ha pPaccTOAHUM APYT
ot fpyra (ecam X cOAMBHUTL, Cpasy BRIAIOYaeTcsS OTTAJKHBAHHE).
Ha tom paccrosuum d, rre kpusas ua dur. 12.2 nepecexaer och r,
cHJa paBHA HyJ10, T. €. HacTyllaeT paBHOBECHE; Ha 3TOM PacCTOsI-
HEM W pacmojiaraeTcs MOJEKyJda 0T MOJeKyasl. Eciam Mojeryast
c6an3uTH TecHee, 4eM Ha paccTOsHue d, TO BOBHUKAET OTTANKUBA-
Hue, w300payKeHHOe 9acThi0 KpuBoit Bere ocu r. Ho pame pus
HUYTORHOrO cOaixenns TpeOylTcs OIPOMHSIE CHJbBI, TMOTOMY 9TO
KpHuBasg KPYTO #jieT BBepX Ha PACCTOSHUAX, MeHbmunx d. A ¢Tout
9yTh PasBecTH MOJIEKYJbl, KaK HauWHAeTcA cjaaloe TPHTSAKeHHE,
BO3pacTalOmee OO Mepe yfgaideHus. Eciam jke ux pesxo DOTAHYTH,
TO OHH HABCErJa OTHENATCA W CBA3L PA30pPBETCH.

Korma MomeRyIm QWL cie2kg CBORAT HAN cAe2kd PA3BOJAT OT
nonoyeHusA papHOBecus d, TO MAJICHbKMII yYacTOK KpuBoil 0iua
JTOTO MOJNIOMKEHHS MOKHO CUMTATH 3a npaAMylo amumio. [fosTomy
qacTo o0HAPYKUBAETCHA, YTO IPH HEGOABIIAX CABUTAX CULL NPOROP-
YUOHAAbHA cMelyeruio. ITOT IPHHIUN H3BECTeH Kak saxor I'yra, uiu
3aKOH ynpyeocmil; OH YTBED)KAAET, 9TO CHJLI, CTPEMsAIMuecs mocie
AedopManyy Tesla BepHYTH €70 B Ha9aJpHOe COCTOAHNE, HPOIOPIAO-
HaJXBHLI 9TOH AedopManum. JanoH, KOHEUHO, cO0MIOHAaeTCA JUILD
TOr[[a, Korja jgedopMaiimy MaJsl;, KOTJAa OHU BeJMKH, TeIo Jaubo
paszopmetcs, Aubo cioMaercs, CMOTPSA 10 XapakTepy pedopMaruii.
Beswguna cumasr, g0 kortopoit 3axon I'yka eme geiicTByer, 3aBUCHT
OT MaTepHaia; CKajkeM, y TecTa WJIH 3aMa3Ku OHA O9eHb Maja, ¥
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CTaA — OTHOCHTENHhHO Beimka. 3akoH I'yka Jerko MomuO 1po-
JEMOHCTPUPOBAaTH HA [JIMHHOH CTANBHON CIMpANBHON NpY:KUHE,
TORCIEHHOA BepTUKAAbHO. I'DY3HK HA HIUKHEM KOHIE HPY/KEHEL
¢cllerKa pPacKPydyuBaeT BUTKH IIPOBOJOKH U TEM CaMBIM HEMHOTO
OTTATUBAECT BHU3 KKl BUTOK, NPHBOAA B o0meM Ha 0OJbmIoM
9mcIe BUTKOB K 3aMeTHOMY cMemeHmio. Eciam msmeputs ofmee
VAJAMHeHUe OPY:RUHL, cKajkeM oT THPLKH BecoMm 100 e, To orayker-
¢, 9T0 Kaykaee gobSasounsie 100 2 rpysa BHBOBYT mpUMepHO TaKoe
e yannHenwne, gro i mepsble 100 2. D10 MOCTOAHCTBO OTHOIIEHWA
CANB K CMONCHII0 Hapyllaercs, KOrja IPYKUHA [eperpy:keHa;
Torga 3aKkoH ['vka Goabpmie He BLINOJIHAETCH.

§ 4. Dyndanenmaavuvie cuavt. Iloas

Mur xotuM nofecenoBars Tenepsb 00 0cTaBHINXCA QyHIAMEHTATID-
HuIX cuaax. HaasBaem Mul uX ¢(yHIaMEHTATBHBIMH OOTOMY, YTO
3aKOHBI WX felictBust QyHIaMeHTaJsbpHO npoctel. Cmepsa paccMoT-
PUM 3JEKTPHIECKYIO CILY.

Tesa mecyr B cefe DIASKTpUYECKHE 3apPAILI, KOTOPBIE COCTOHAT
IPOCTO W3 JEKTPOHOB W NPOTOHOB. ECim /[Ba TeTa 3apsaskeHnl, MoK
NUMH 1eficTBYeT seKTPUYECKAas CUIA; eCJIM BeJIUTWHEL 3aps/oB pas-
HBl COOTBETCTBOHHO ¢y U ¢p, TO CHJIA M3MeHAeTcs 00paTHo HpOmOp-
IUOHAJBHO KBAAPATy PACCTOAHMA MCKIY 3apAjaMn

F=(const)- %? .

Jlaa pasHOMMCHHBIX 3apsgoB 9TOT 3aKOH HOXOK HA 3aKOH
TATOTEHHUA, HO TJIA 00HOUMEHHBIT CiJla CTAHOBUTCA OTTAJKHMBAOMEH
n ee sHak (Hampasaenme) meHsieTcsa. Camm s3apsigsel ¢; U go MOTYT
OHTL © IOJOKWTEJLHEIMA ¥ OTPHUIATEILHHIMM; IHIPaKTHICCKH,
H0Ab3YACH GopMynofi, MOKHO HONYYUTH NPABUNLHHI 3HAK CUJHI,
ecJim MOCTABATH Bo3ae ¢ ux s3nmawm. Cumira mampasneHa BJOAbL OTpe3-
Ka, coequHAlmero sapsaas. Kospdmmument B ¢opmyie saBucur,
KOHOWHO, OT BeIGOpa ejuHWI cwiIbl, 3apaga w AauAE. OGeuHO
3apsaf USMEPSAIOT B KYAOHAZL, TPOMEKYTOK — B Mempar, a chiy —
B Hblomonax. Urobb 1mOAYIHNTH CHIY B HBIOTOHAX, KOHCTAHTA
(o meTopwdecKMM mpUIMHAM ee mUIYT B Bufe 1/4neg)) gomKHa npa-
HEMaTh 4YmcJcHHOe 3HaYeHWe

1
4me,

=8,99.10° noromon - m*kyaon®, (a)

g, =8,854-107"% ky.on® [nuviomorn - x*. ()

MTaK, 3aKOH CHJIBI AJA OKOAMUXCSA 3apsAn0B MMeeT BUI

= N9sT (12.2)

T dne,r?
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B npupope camniil BaykHLIil U3 BceX 3apAA0B — BTO 3apAX OTAENb-
HOTO 2JieKTpoHa, oH pased 1,60-107'% kyaon. Hro paboraer me ¢
GOJBIIMMY BAPHAAMH, & ¢ OJASKTPUYECKEME CHIAMH MexAy Qyn-
JaMeHTANbHBIMM YaCTHIAMU, TE HPe/NoYuTaloT KaK-TO BHAEIHTH
coueraHue (¢, ,)>/4ne,, B KOTOPOM ¢,, ONPe/IeiAeTCs KaK 3apAM dAEKT-
poHA. ITO cOReTAHUE 9YacTO BeTpewaercsa, ¥ s YNPOHMIEHUA pac-
yeToB ero 000sHanalorT ¢?; ero umcieHHOe 3HAYCHHE B CHCTEME
CH oxaswmiBaerca pasupis  (1,52-1071)2. Yao0bcrBO mnoAB30OBa-
Huf KOHCTaHTOH B 3Toii dopMme 3ariodaercd B TOM, 4TO cuia B
HblOMOHAT, JefiCTBYIOmMAs MeRTY ABYMA 3JeKTPOHAMHA, 3allUIMercs
npocto Kak (%r? (r gano B mempaex), Ges Kakux-nuGo koaddunm-
enroB. Ha caMoM [eje sjeKTpudecKue CHIBL HaMHOTO CJIOKHeld,
4eM ¢iemyer u3 8Tod GopMyabl, MOTOMY d9TO QopMyaa OTBOCHTCH
K uoxommpmMcs Tedam. Cefiwac Mwel paceMorpum Gomee ofmuit
caydait.

Anaimus QyHgaMeHTaNbHEIX CHI (He CHJI TPeHH#d, a INAEKTpH-
YeCKMX CHJ WM CHJ TATOTEHHs) CBA3AH ¢ WHTEPECHLIM W OYeHb
BAJKHLIM HOHSATHEM.

Teopust 9THX CWMI HAMHOTO CIOKHee, d9eM 06 aToM caejyerT
H3 3aKoHA OOpATHEX KBaJpaToB. JaKoH 3TOT fAeficTBYeT NUIUb
TOrja, KOrga B3auMOelicTBymwINue Tela HAXOAATCA B IOKOoe.
Iloaromy HykeH ycoBepuieHCTBOBAHHLIT MeTOJ OfpaMeHHAS ¢ 09eHD
CIOMHBIMH CHIAMEH — CHJaMu, KOTOPHeé BOSHHKAIOT, KOIJA Tejia
HAYUHAOT ABUTATheA 3amyTaHHbM 00pasoM. Hark orasamoch, Aas
anajp3a O TAKOrO THIa OYeHDH IOJe3eH HOAXO[, OCHOBAHHBIA Ha
BBENeHUN HOHATUA «HoJds1». UTobK MOACHUTH MBICIL Ha TpuMepe,
CKAIKEM, BJIeKTPHUSCKON CHIILI, IOMOKAM, 4TO B TOYKe P HaxopuTcd
3apsif {1, a B Touke R-—3apan ¢.. Cuxa, pefictByomas Me:kly 3apsa-
Jlamu, pasHa

q.r
F =219, (12.3)
Yro6sl MPoAHAIN3UPOBATE 3Ty CHJIY HpPU MOMOINY IOHATUA HOJIA,
MLL TOBOPHM, 9TO 3apAX ¢y B Todxke P cosmaeT B Touke £ Ttakue
«ycIoBHA», IPI KOTOPHX 3apaAj ¢a2, Nonagad B R, «omymaer» geii-
CTBHE CUJIHl. JTO OJMH M3 MBICJIMMBIX IIyTeil omucaHmaA AeiicTBus
cuabt. Momxer OuIThb, OH BHTIAAWT CTPAHIIO! MBI TOBOPEM, 4TO jeii-
cteue cuanl F Ha 3apan ¢p B rouke R MoskHO pasbnTh Ha ABe yacTy —
Ha ¢y 1 E, npuuem Beamumua E cymecrsyer B Touke R GesoTHOCH-
TeJIBHO K TOMY, €CTh JU TaM 3apAf uim HeT (Anmb OBl BCe mpoune
sapajsl OpLII Ha ¢cBodX Mecrax). Bemuwauna E ectn «yciosmes, cos-
JlagHOe 3apAajoM ¢;, a F — orBer, OTKINK 3apAna ¢, Ha K. Bexu-
unny E HasmBawoT asekmpuieckum noaen. 910 — Bexrop. Oopmyia
HnA ajexrpuueckoro mojis E, cosgamHoro B Touxe R sapsmom ¢y,
HaXOAAMUMCS B TouKe P, TaroBsa: 3apsj ¢, yMHOACHHEI Ha mH0-
crofERy0 1/4me,, menenmwii ma r? (r — paccrosnue or P no R);
noJe AelcTBYeT 110 HaOPaRJTeHMIO Paguyc-BeKTopa (BEKTOp Hanpas-
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JeHuA Paguyc-BeKTOPA — 3T0 PAaAUyC-BEKTOP, AENCHHHLIE HA CBOW0
f
pauHy). Taxum ofpasoM, Bripamcenue aian E Takoso:

o Y

E= iy (12.4)
A 3areM MBI IIHIIeM

F=gq,E, (12.5)

T. ©. CBABBIBAEM CILTY, MOJe M 3apsa] B moae. B geM jxe cyTh Bcero
sroro? CyTop B TOM, 94TO aHaju3 pasjedsieTcs Ha ase gactn. OpHa
9acTh F'OBOPUT, UTO UTO-TO co3ddem 1oJe, a Apyras -—— 4To OHO Oeli-
cmeyem Ha 4T0-To. [lossoasn wam paccMaTpmBarh gBe dacTH He-
3aBUCHMO, 3TO pasfeieHue yopouaeT Bo MHOIUX CJAydasX pacueTH
TPpYAHBIX 3amad. Horpga sapAmos MHOrO, TO cmepBa Mbl paccInTsl-
BAGM CYMMapHOe DJIEeKTPHMHEeCKOe IT0Je, CO3aBaeMoe dTUMH 3apf-
pamm B R, a moroM, 3Hasg BeJINYHMHY 3apsaga, mOMemeHHoro B R,
HAXOAHM CUIy, AeHCTBYIONIYIO Ha HOTO.

Ha u B cayuae TATOTeHHMS MBI MO;KEM CHeJaTh TO Ke caMoe.
Cuna teneps F=—Gmymyr/r®. AHajms DOTHOCTHIO COBHAmAET:
cHlla MPHTAKEHHA Tejda B MOJe TATOTEHHMS papHA TPOH3BEIEHMIO
Maccs teaa Ha mosae C. Cmra, meiicTeyomas mHa Mg, paBHa Macce
my, yMHOmenHo# Ha mome C, cosgaHHOe Maccoit my, T. €. F=m,C.
3uaunr, moae G, cosgaBaeMoe Maccoll my, ectb C=—Gmx/rd;
OHO, KaK ¥ O5JeKTPHUYeCcKOe IoJe, HampasJeHO MO pagHycy.

Taxoe paspmenenge Ha JBe 4acTH He TaK YK TpUBHAJIABHO, KaK
MOrJo ObI mokasaThesl Ha mepsuiii Baraag. OHo Owo 6B TpUBH-
AJBHBIM, OBIIO OLI IPOCTO MHOH 3aHUCHIO TOTG e ¢aMOro, eciau G
3AKOHBI IEHCTBUA CHI OBLIHM COBCEM HPOCTH, HO OHH OYEHD CJOYKHE,
¥ OKa3biBaeTcs, WTO MOJe HACT0JbKO PeajsHo, 9TO NOYTH He 3aBH-
cHT oT 00BeKTOB, cosmammux ero. MomHo Konebarsr 3apan, u
BJMAHAE 3TOTO (HOJIe) CKaKeTCsA Ha paccrosunu. Ecam KodebaHus
OpPeKpaTsATCHA, B IOJE BCe PABHO OYAYT OMYMIATLCS CJEb 9TUX
KoJeGaHmii, mOoTOMYy 4YTO B3auMojAelicTBype ABYX 4dYacTHi He OpoO-
HeXomuT MrEOBCHHO. OTTOTO W MeeJATEABHO YMETh 3aIlOMUHATE, Y4TO
3nxech paHbine npoucxopmio. Ecau cuna geficTsus Ha 3apsn 3aBu-
cuT 0T TOro, IJe ApyToi 3apsayn Ol Buepa M KaKMM oH Torjpa ObLI,
TO JOJKHA GBHITH BO3MOKHOCTD IIPOCAERNUTE 3a TeM, YTO OHIO0 BUepa;
B OTOM U COCTOHT CYIHOCTH MOJIsA. YeM ciommee CHJBI, TeM pealb-
Hell moJe, U Halia TeXHUKA DPasfeseHyd CTAHOBHTCH BCE MeHEe |
MeHee HCKYCCTBEHHOIL.

HHenan aHanuzupoBaTh CUILI NpPU IIOMOIGM TOJeH, MBI HYK-~
JaeMcHa B 3aKOHAX ABOAKOTO poja. Ilepsbie—3T0 OTRIMK Ha moxe,
OHm maT HaM ypaBHeHHs JBWskenusi. Hanpmmep, 3aKOH OTKIHKA
Macchl HA II0JC TAMKECTH COCTOUT B TOM, 9TO cHJa paBHa Macce,
YMHOKEHHOI Ha 110Jie TsOKECTW, WIH eCJH TeJao ellle W 3apsKeHO,
TO OTKJNK 3apsAja Ha DIEKTPHUECKOE I10J1e PaBEH 3apAAy, yMHO-
JHEHHOMY Ha 3JEeKTpruvecKoe mose. BTopas yacTh aHA M3a NPUPOJIHL B
TaKHX TOJNOKEHHAX ~— 3TO POPMYTUPOBKA 3aKOHOB, OIPENEIAOMAX
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HAOPAKEHHOCTh IOJA W CI0c00 erc BO3HHKHOBeHHA. JTH 3a-
KOHLI HHOTJa HA3HBAWT YyPASHEHUAMIL no4i. B HY;KHBIH MOMEHT MH
¢ HUMU TI03HAKOMHMCH, a IOKa CKRaykeM 0 HHX JNNIb HECKOJBKO
CIIOB.

Bor BaM gaa madajia caMoe 3aMedaTejibHOE CBOWCTBO I0JA, OHO
a0codIOTHO TOYHO U Jerko ycBausaercd. OOmiee sJieRTpuduecKoe I0-
Je, co3JaBaeMoe TPYHIoil HCTOYHIKOB, €CTh BEKTOpHad cyMMa HO-
Jei, ¢c037aBaeMuX [0 OTJeJbHOCTH IEPBHIM, BTOPHM H T. . HCTOUY-
aukamu. WHEsMu cjoBaMu, Korja moje Co34aH0 MHOMRECTBOM 3apsi-
loB ¥ ecad oTAedbHoe Hoje mepsoro ects Ki, a Broporo —E, u
T. [., TO ME JOJIKHB HPOCTO CHOMHUTH 9TH BEKTOpH, 4TO0H HOTY-
qurh o6miee nosxe. lIpuanun aror seipamaercs B BHUje

E=E,+E,+E, +.. (12.6)
uny, B COTJacu| ¢ OnpepelieHueM II0aHA,
— 9%y
b= e (12.7)

Mouo jim st MeToan HpuMeHUTH K TiaroreHnio? Cmiy mpursa-
JKeHUST JBYX Macc /my; u My HeOTOH BeHpasunx B BHJe
F=—Gmumsr/r*. Ho B coorBeTcTBHR ¢ NOHATHEM DOJA MOMKHO CKa-
3aTh, aT0 my coszfgaeT moie C Bo BCeM OKpYmA0IMEM NPOCTPAHCTBE
U cwia, NPUTATHBAIOMAA Mg, PABHA

F =m,C. (12.8)
Ilo anmasorum ¢ 2JeKTPUIECTBOM
Cmr;
C,=—="0, (12.9)

;

A Torja moJjie TAMeCTH HEeCKOJBbKHX MacC pPaBHO
C=C,4C,+C,+.... (12.10)

B ra. 7, rpe paccMarpuBalioch JBIKEHUE MIaHeT, MBI 110 CYHIECTBY
HCIOJAb30BANN HMEHHO 9TOT OpuAOuN. ME CRIAJHBAJA BCE BEKTO-
pbi cuit, 9ro0sl 00HADPYIKUTH OONIYI0 culy, AeHCTBYIONYIO Ha IJla-
mery. Pasgenus Ha ee maccy, Mul u noaydam {(12.10).

VYpasrerus (12.6) u (12.10) BoIpaskaoT Tak HA3HBAEMHIH HPUK-
YUR cYyneprozuyue, WIH HAioxcenus Tolel., IToT TPHHINII IPO-
BO3IJIAIMAeT, 9TO o0miee ToJie HECKOIBKHX WCTOYHHMKOB eCTh CyMMa
nojeil, cosfaBaeMBIX KamJgeM n3 Huax. HAacKoabKo HaM HuHe
H3BECTHO, 3aKOH 5TOT B SJIEKTPHYECTBE HAaBEPHAKA BHINOJHAETCS
Jare TOrjJa, KOTJA 3apAAbl ABMKYTCA W 3aKOH CHJ YCJOMHSIETCH.
Buipator mHOTZA KaKyOMecAd HapyUIeHNH, HO BHEMATEIbHBII
aHajau3 Bcerfa JOKasHBaeTr, YT0 HPOCTO 3abuiam Kawroi-EuOyab
us JBWKymuXcA 3apAnoe. Ho B oTamume 0T 2eKTPHYECKHX 3a-
PANOB IA CHIBHEIX MOJNEH TAMKECTH OH He COBCeM TodeH. B teopunm
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Duez. 12.3. Daexmponnas mpybra.

fopayui kamod—  \ \ P
ugmoynux anexmporos \___\_~

Pryopecyupyrowut grpoaH

TArOTeHUs1 JHHMTeHHA JOKaspBaercs, 4To ypasHeAne Hroroma
(12.10) cobuomaercs aunis NPAGIMKEHHO.

C snmerTpudecTBOM TECHO CBAzaHa Cvja APYTOTO pojad, HA3E-
BaeMas MATHUTHOI; ee To/Ke MOKHO AHAJH3HPOBATH Uepe3 MOHA-
THe moss. HeKoTopsle U3 KaveCTBEHHBIX CBszell MEXY 9THMH CH-
JaME BU(HEI B OTIBITE ¢ 9JeKTPOoHHOM TpyOKoil (Pur. 12.3). Ha ognrom
KOHOE TpyOKHW MOMENeH MCTOYHHK, HCIYCKAlomuil IOTOK 3JeKT-
POHOB, a BHYTPH HMeETCH YCTPOHCTBO, PA3TOHSIONIEE 3JAEKTDOHEI
A0 Gonmpuioil CKopocTH W IOCBLIAIOmEe HacTh UX Ha CBeTAmuiicH
JKpaH Ha ApyroM komme TpyOKu. CBeToBoe MATHO B LEHTPE JKpa-
Ha, B MecTe YHapoB 9JEKTPOHOB, MO3BOJAET TPOCISANTH 3a HX
nyteM. Ha nyra K 9KpaHy OYYOK HpPOXO/HMT CKBO3b Y3KYIO MEJb
MeK/Iy NapajIeJbHBIMA METAIHUYeCKAMHE IJIAaCTHHAME, PACIOo-
JKeEHBIME, AomycTuM, naamMsa. K mmacTuHaM mogBefeHO Hamps-
JKEHHe, I103BOJANIee JO0YI0 W3 HUX 3apsUHaTh OTPALATENBHO.
Hanpssrenne cosmaeT Messqy HNJIacTHHAMH 9JIeKTPHYECKOe TouIC.

B mepsoit wacTu omsta oTpumareIbHOe HANpPAMKEHUE TOJAETCA
Ha HIDKHIOKO ILTacTHHY, T. €. Ha Heil o0pasyercs u30BITOK BIEKT-
pouoB. OJHOMMEHHBE 3aPAIH OTTAIKABAIOTCA, 1 HOATOMY CBeTAlee-
¢i HATHO Ha 9KpaHe B3leTaeT BHesanHo BBepx. (MoxHO crasarh
B uHAYe: OJEKTPOHEl «UYBCTBYIOT» IOJEe M OTBEYAIT OTKJIOHE-
HAEM BBepX.) 3areM HepPerTIOYHM HampsAKeHHe W 3apAInM OTpHima-
TENLHO yrie BepXHI miactuRy. CBeToBoe HATHO HA BKPAHE OMY-
CTUTCA BHM3, IOKA3bIBAg, YTO SJEKTPOHH HYYKa OTTAIKMBAIOTCA
siekTpoHaMn BepxHell mmacrumbl. (UHawe roBops, ONEKTPOHH
«OTBeTWJIH» Ha H3MCHEHHE HAIPABIEHH:A MOJA.)

Bo Bropoii wactm ombiTa HaOpAKeHHe HA ILIACTHHE YiKe He
[OJaeTcst, a BMECTO 9TOT0 NPOBEPAETcA BIMAHNUE MATHUTHOTO 10JA
Ha 9ieRTpoRub ny4oK. 1A 3Toro HeobxoauM mogroBooOpasHELi
MAarHT, JOCTATOYHO IMUPOKNIE, 9TOOH «ocefnarby HPAKTHIECKH
Bclo TpyOry. Ilpepmonommm, WTo MH Hojsenn MarHUT CHuU3Y R
TpyOKe, o0XBaTHiIn UM ee W HANpaBWiIN TOJIOCH KBepXy (B Buje
O6yxse U). Mo 3amegaen, 910 IATHO Ha 3KPaHe CMEIIAETCH, CKaKeM,
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KBepXy, Korjga MarguT npubmmxaercd CcHE3y. DBreXogaT, dro
MArHAT OTTAJKMBaeT Hy9oK. Ho He rak Bce MPOCTO: ecauM MEI mepe-
BepHdeM MAarHUT, He IlepecTaBifAsdero CTOPOH, W NpulOIHSHM ero K
TpyOKe CBEPXY, TO IIATHO CHOBA CABUHETCA 66¢PT, T. €. BMECTO OTTAJI-
KuBaHNA HACTYIMJO MPUTAKeHne. A reneps BepHeM MAarHuT B Iep-
BOHAUANBHOE NONOKeHHE, KOTga OH ob6xBaThiBasl TpyOKYy CHuU3Yy.
a, nATHO WO-Ipe/KEEMY OTKIOHAETCA KBEpXY; HO IOBepHEM Mar-
rur Ha 180° BORpYr BepTERANLHOI ocH, aro0Bl OH mMe Bul OYHBEL
U, Ho yimke ¢ mepecTaBleHHbIME nongiocamu. CMoTpure-Ka, MATHO
NpHTAET BHH3 W OCTAETCA TaM, JasKe eCIH Mbl IEPEeBOPAYNBAEM Te-
neps U BBepx Horamu.

Yto6bi NOHATH TAKOE CBOEOOPA3HOE LIoBeJleHMe, HYKHO NpHUay-
MaTh KaKkyio-1o uEyl xoMOuramuio cui. O0bACHAETES BCe 3TO BOT
Kak. Bgonn MarHWTA, 0T modica K MONIOCY, TAHETCH MAZHUMHOE
nose. OHO HAIpPABJAEHO BCETHA OT OAHOTO OIPEAETEHHOIrO MOJICa
(roTopHIl MOKHO CHAOAUTHL KaKOH-HMUOyIb METKOil) R Rpyromy.
Bpanieame Maramta BOKDYT €ro ocH He MeHseT HailpaBleHus
nojsi, a IepecTaHOBKA MOXIOCOB MecTaMm MeHsier. Hampumep, eciin
BICKTPOHbI JIETAT TOPU30HTANBHO TO OCH T, 4 MATHUTHOE T0Je TOMEe
TOpPH30HTANBHO, HO HAIPAaBIEHO IO OCH ¥, TO MarHUTHad CIHJA,
JelicTByOIMas Ha Osusywuiics a4ekmpor, HApPaBieHa HO 0CH 2
(BBEpX MM BHU3, 9TO YIKE 3aBUCUT OT TOTO, KAK HAIPABJIEHO HOIE —
D0 OCH ¥ HAH IPOTHB Hee).

M oKa He JajguM HOJHOTO 3aKOHA CHJ B3auMOAENCTBHS 3aps-
I0B, NBIKYNIUXCH TPYT OTHOCHTEJBHO APYra B IPOU3BOJbHHIX Ha-
OpaBJCHWIX, IOTOMY 9T0 OH Yepecdyp CHOKeH, HO 3aT0 NPHBEIeM
dopMyasl s exydas, koeda noas ussecmuul. [lelicTBie cmanl Ha
3apsUKEHHBI IpeAMeT 3aBHCHT OT €ro JBIKeHIsi; KoTga mpejMer
HeTIO/IBIDKEH, CuJia, JefcTByomas Ha Hero, CYUTAeTC:A HPOHOPIHOo-
HaAbHOIl 3apsany ¢ ®o5GPUUNEHTOM, HABHIBAEMLIM JACKEMPUHECKLLM
nosem. HKorja Texo ABUIKeTCSs, CHIa M3MEHHETCH, W IONpaBKa, Ho-
BLIIT «KYCOK» CUIIBI, OKA3BIBAOTCH INHENHO 3a8ucAleli om cKopocmu
1 HalOpaBIeHHON nonepek CKOPOCTH V W TOMepeK APYIoil BEeKTop-
HOIl Beaaauubl — Mazrumuot undyryun B. Korga cocrasagmomue
saexTpudeckoro mois E m MarHuTHo# mupykomn B cyTs coorser-
crserno (£, E,, E,)) u (B, By, B,), a cocrarisionue cKopocTn
v ¢yTh (v, vy, ¥,), TO COCTABIIIOUINEG CYMMApPHON 3JERTPHYECKOIT
M MATHATHOIT cuJl, MefiCcTBYIOIuX HAa ABIKYIMUHACA 3apsAT ¢, TAKOBH:

Fx =q (Ex—§" Usz—— Usz)a
F!IZQ(E!J—\[_UZBx_Usz)v (1211)
Fz: q (Ez + va!/ - v!/Bx)~

Ecnn cayuaiiHo MarEATHOE Mojie MMeeT TONHKO KOMIOHEHTY B,

a CKOpoCTh — TOJBKO ¥,, TO ¥ MaTHUTHOH CHIBI OCTAETCH COCTAB-
JAA0Hasa BAOJIb Z, moneper B u y.
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§ 5. Ilcesdocuant

OuepegEOR THII €U, KOTOPSHII HAM TPEACTONT PacCMOTPOTH, —
3TO TCEBIOCHINL.

B ra. 11 Met 00cyusin B3anMoOTHOILGHES IBYX MOJIONBIX JIOfEI,
Hxo m Mura, obnajareneil pasdaunsx cucreM roopamaar. Ilycrn
TON0KeHne IacTulsl o uaMepeEnaM Muka ects v, a lso maer mus
Hee £'; TOT/la CBA3b MERIY HHMH TaKOBa:

z=zx" s, y=y', z2=2’,
rjile § MOKa3biBaeT, HACKONBKO cMecruiack cuerema Jxo ormo-
cutenasno cacremsr Muka. Ilycts y Muka B cucteme BHIONHSOTCH
sakoHs apwkeRnsa. Kax orn serraagat gag [mco? Cuepsa mur o6nA-

PywuM, YTO
de dx' | ds

i A T

Paubuie Mpl camTaay s MOCTOAHEHON W yOEAMIUCH, YTO 3aKOHL XBIU-
JHEHWSI OPU 9TOM He MEHAITCA, Tax Kar ds/di=0; B KOHEYHOM CYe-
te B 00eMx cucTeMax Bce 3aKOHBl QuaMKH ogmHawkose. Ho mycro
s=ut, rge u — MOCTOSTHHAS CKOPOCTH JBIKeHuUa mo upamoii. Torma
s HegocToAHHA 1 ds/di — He Hyab, a u, 1. . koucranra. Ho ycrope-
nue d2z/di? takoe e, Kak d2z'/dt?, moromy uro du/di=0. 3taM mo-
Kas3pIBAeTCA 3AKOH, MCIO0Ab3oBaHALI B ri. 10, a UMEHAHO: Korjga Mul
IBUAEMCA 110 NPAMOH ¢ MOCTOAHHON CKOPOCTHIO, BCE BAKOHH n-
SUKY BHIIJANAT TaK, KAk ecau G ME ¢TOAdM. ITO HpeobpasoBa-
e Dammies. A Temepb MH XOTHM PacCMOTPeTH CHyYail MOMHTEpEC-
lee, KOTJA S 3aBHCHT OT BPEMEHU elle CJO0jKHee, HampmMep
s=at?/2. Torma ds/dt=at, a d®s/di®=a, T. e. yCKOpeHHE WoO-
CTOSHHO; MOKHO PaccMOTpPeTh TaKKe CcIydall, Korja YyCKopeHue
CaMo OKA3nBAETCA (VHKIHEH BpeMenm. JTo 3HAYWT, 9TO XOTHA

3aKO0H CWIBI C TOYKM 3pPEHUu:A ,11?1{0 BRITJIAAUT KaK
dz
mop= = Fy

HO 3aKOH CcHIH, Ho MHeHuio Mwka, uHOIlL:

2.7
m %—fé =F, —ma.
Wuave ToBops, MOCKOJBRY cucTeMa Koopamaar Muxa yckopseres
1o oTHOmeHHIO Kk cucreMe [;10, MoaABagerca HoOABOIHEIN WieH Mma.
Uro6s paborats ¢ saxoHamu Hspioronma, Mur ofgsal mopnpaButh
CHJIBI, BBECTH B HHUX 3T0T WieH. [pyruMm ciosaMu, HOABIAETCS
KayKyIAnAcs, MACTHIECKAA, HOBAasd CWJIA HEBEJOMOTO MPOMCXOK[Ie-
HUA; OHA BO3HUKAET, KOHEYHO, M3-3a TOTO, 9T0 y MuKa KoopjguBar-
Hasg CHCTEMA HeIpaBUIBHA. JT0 — HPUMEp ICeBIOCUIb; C APYTEMHI
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l l K ncegdocusam

g g

npnmepaMn MOHO BCTPETUTHCA, ecJIil  cucreMa HOoopaumHAT
spaujaemci.

[Ipumepon mceBgo- (kKaxk ObI-, BPOJe-) CHIIEL ABJIAETCA XOPOIIO
u3BecrHas «entpobernas cmiay. Habawojareas Bo Bpamammelics
cucTeMe KOoOpAHHAT (BO BpamiaIoeMcs Auiuxe) 00HADPYIKUT TawH-
CTBEHHBIE CUJIBl, He BERI3HIBAEGMBIE HU OJHHM W3 W3BECTHHX HCTOY-
HIIKOB CIJT; OHHI OTOPACHIBAIOT NPEJMETH K CTeHKE AmuKa., A o6bsac-
HAKTCA OHE MPOCTO TeM, 910 y Haljaoparels HeT HbIOTOHOBOH cu-
creMbl KOOpAWHAT — TPOCTEHINeH M3 BCEX.

ITceBocminl 0GHapyKUBAIOTCA HA JTI000MBITHOM OIBITE, COCTOSA-
[eM B TOM, 9TO MBHI TOJAKaeM ¢ YCKOPeHHeM KYBIIMH C BOJOH 1O
crony. Tsamects geficrByer Ha BOJY BHH3, HO ¥3-33 TOPM30OHTATL-
HOTO YCKOPEHHsS eCTh emie ¥ NCeBocuIa B TOPH30HTAIBHOM Halpas-
neH s, Haszajg M0 OTHOIEHHI K yeKopeHmio. CyMMa CHIN TAMKECTH
I IICeBIOCHIBI 00pasyer yrod ¢ BePTHKAJBIO, BO BPEMS YCKOPEHUA
HOBEPXHOCTH BOAH HEpHeHJUKYJIApHA K 98TOH cymMMe cmi, T. e.
HAKJIOHEHA MOJ YIIIOM I CTOAY, W BOJa MPHUIOTHATA K 3aHell CTeHKe
wypmzHa. Horga MBI mepecraeM TOJNKATh KYBHIWH, KOTJA OH 3aMe[-
JseTCA BCAEACTBHE TPEHHUA, HCEBJOCHIa MEHAET CBOe HANpaBIeHWe
¥ BOJa IPWINBaeT K NepefHei creHKe KysmuHa (pur. 12.4).

OueHb Ba/KHBIM CBOIHCTBOM ICEBIOCH]I CJAEIYEeT CYHTATH TO, 4TO
OHM BCErJIa MPOMOPIHOHAIBHE MACCAM; TO 3Ke CHpPaBeIJIUBO U AJIA
Taokectn. CymIecTBYeT HOITOMY BO3MOKHOCTB, YTO MAKNCECMb —
amo moxce ncesdocuaa. He Momer au craThbcd, 9TO TATOTCHNE BHI3EHI-
BAeTCA OTCYTCTBMEM IPAaBWABHOH cucremol koopfguHat? Bemb mu
BCer/[a Mo;KeM HOAYYIdTH CHIY, HPONOPHHOHANBHYIO MAacce, CTOHT
TOJBKO MpPEefCTaBUTh, 4T0 Tedao ycxopsAerca. Hampumep, genorex,
TUOMeIeHHN B AMMK, KOTOPHIA CTOMT HA 3eMie, o0HApDY:KHMBAerT,
9T0 ero 4To-TO HPIWRHMAET K M0AYy ¢ cmioll, HpONmopIHOHAILHORK
ero Macce. Ecam Gbi 3eman me ObII0 BOBCe, a AINMK BCE eIie HOKO-
HICA, TO WeJoBeK Iiasan Ob B mpoctpadcree. C gpyroil cropoHH,
ecayr GH omATH He OBIIO B3eMJIH, a AMMK KTO-TO mawus 6ol 6eepx
C YCKOpDEHNeM g, TO 4eJIOBEK B AllMKe, aHAJAW3UPYA (PHUBHKY 3TOro
ARTeHusA, 00HAPYKAN OBl MCEBIOCUAY, HPMKEMAIONIYIO €r0 K HONy
TOYHO TAK jKe, KAk 9TO JeNaeT TAReCTb.

JiiHMTeiH BHABHHYI 3HAMEHHTYIO THIOTE3y, 4TO YcKOopeHne
BBI3LIBACT MMHTANuI0 (mojgobme) TArOTEHWH, 4TO CUJIH YCKOPEHHA
(IICeBIOCHIB) HEAb3R 0MAUNUMY OT CUJI TATOTCHRA;, HeJAb3A CKa3arb,
KaKasl 9acTh JAaHHOH CHIB — TAKECTb, 4 Kakad — IICeBJOCHJA.

Kasanoce Gb, HEYTO HE MEILABT CYHMTATD THAKECTH LCEBNOCHIOIL,
TOBOPHTH, UTO HaC OPIKUMAeT BHM3 OFTOT0, UTG HAC YCROpAeT
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BBEDX; HO KaK OBITH Cxureanmy [Tonoi denammmr, Ha APYroii cro-
poHe 3eMiIH — HX-TO KYyJa yckopser? Diimwrelin woHsI, 9T0 TH-
roTeHde MOMKHO CYHTATH ICEBJOCHION ONHOBDEMEHHO TONLKO B
OFHO# TOYKE; €ro pacCy/K[eHHA NPHBENH K IPEAUONOKEHHIo, UTo
eeomempus mupa ciaoxHee o0pgHON reoMerpum Esrumuya. Hame
0fcyskieHEe BOMPOCA YMCTO KadecTBEHHOE H He IPeTeHjyeT HH Ha
q10, Kpome oflmei wmieu.

Yt1o0s DOACHATH B OOLUIHX 9epPTax, KAk TATOTEHHE MOALeT
OviTh pesynbraToM feiicTBHA HUCEBIOCHJ, ME IPUBEIEM GHCTO
reoMeTpUYeCKUi TpmMep, HWIeTo 00Mero He HMEIOMNIl ¢ HCTHH-
HEM 1mojoskeEmeM semeidl. [Ipegmosmoskmm, 910 MBl ¢ BaMix
ofiiTaeM B JABYMEPHOM MHpe M HHYEr0 O TPETbeM H3MEDPEHHUH He
3HaeM. Mu1 GB cauTaau, 9T0 KUABEM HA ILIOCKOCTH, a4 Ha caMOM Jeile,
HIPeANOMO:KEM, RuIn Gbl Ha mape; LycKail remeps Msl GpoCHIAR
mpegMeT BOJB Halieil IOBePXHOCTH, HE eificTBYsa 0OABIIE HA HEro
HEKakuMu cuixamu. Hak 6ut om geurancs? Ham raszaiocs Oui, 4TO 0H
IBWKETCH L0 UPAMOW JUHME, HO HOCKOJIBKY TPETHETo H3MepeHus
HOT B OH ZOJKeH OwLI Ob OCTAaBATHCH HA DOBEPXHOCTH INAapa, TO OH
nsuraicda Ol 10 KpardaiimeMy paccrosduio Ha cfepe, T. e. OO
okpy:xEocTH GobIIOTe Kpyra. BpocuM ToYHO Tax ke Apyroi npes-
MeT, H0 B HHOM HALPaBJACHNHM; OH HaIpPABHTICA TOKe IO Ayre 6oib-
moro Kpyra. Mel nymaem, 910 HaXO{HMCS Ha OAOCKOCTH, M Haje-
eMcd IO03TOMY, UTO DACCTOAHME MEKAY NBYMA mpeaMmeramu Oymer
pacTd JMHEHHO ¢ TedeHueM BpemeHu. Ho tmarennHsie HaGIOASHAA
eJpyr o0HApy/KaT, 9T0 HA JOCTATOYHO 00JBIIOM PAacCTOAHMH Npes-
METhHl CHOBA HAYHYT CONKATHCA, KaKR ecau O OHM IPUTATHBAAK
apyr apyra. Ho oHu #e mpuTATHBAIOTCSA OZUE K NPYIOMY; BCe A0
B TEOMETPHH, 9TO ¢ HE0 HPOMCXOAHT UTO-TO «TynHGe». XOTA 3Ta
KapruHKa U He Kacaercsa TeoMerpun EBkanga (He mokassBaer HaM,
910 B Hell ecTh «IyFHOro»), HO OHA IIOKABHIBAET, UYTO, 3aMETHO MCKA-
3UB FeOMETPHIO, MO;KHO BCe TATOTEHNE OTHECTH 34 CIET HCOBIOCIIH.
B atoM u cocromT ofmas mues Teopuu TAroTeHHa JHHIMTEIHA.

§ 6. doeprvte cuant

MEr 3aRA109UM BTY IIAABY KPATKUM 0630pOM eJUACTBEHHBIX HLIHe
N3BECTHEIX CWI, OTIMYAIMNAXCA OT TNEepPeYnCieHHHX,— Adepnblr
cus. ITH CIIH [IEfiCTBYIOT BHYTPH AApa aroMa, W, XOTH MX MHOIO
H3yYaJn, HEKTO HU Pazy eiie He CMOT paccauTaTs Cwily, [AeficTByio-
Y0 MEAKIY ABYMS siIpaMm; N GaKTHYECKH 3aKOH HIEPHBIX CHJ celi-
vac He M3BECTEeH. JTH CHJIH BMEIOT KpaiiHe HEe3HAYUTEIBHYIO PO T~
JREBHOCTH [eflcTRUA — OHU JefiCTBYIOT TOABKO HA pasMepax Ajpa
okoso 1071 cau. IlocKOMBRY TACTHIEL CTONB MAJB, a PACCTOAHUS
TaK KOPOTKH, HAM HEYero HaJesThCA HA B3axodnl Hbworoma —
37ech JIefiCTBYIOT TOJXBKO 3aKOHBI KBAHTOBOH MexaHUKH. AHaan3u-
pys Axpa, Msl (ojiblie He TOBOPEM O CWIAX; Mbl 3aMeHsAeM
NOHATHE CHAB TOHATAEM DHEPIUH BIAUMONEHCTBNA ABYX YaCTHIL
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(mozme o6 arom Gyner cxasaHo mogpoduee). JloGete dopmysnr,
KOTOPHIE MOMIHO HANHCATb JUAA SA/JePHHIX CWi, OPEICTABIAIOT
70BOABHO rpyOsie TPUSIIEHNA, B KOTOPHX OIYIEHH MHOrHe
JeTadl B3aWMOAEIICTBUA; BHILIAJAT OHU IPHMEPHO TaK: CHJH
BHYTpH sAjfep yOBBAIOT He o0paTHO KBaJpaTy PACCTOAHUA, & OTMH-
PaIOT DKCIOHEHIHAIBHO 33 HEKOTOPHIM paCcCTOAHHEM &, (HOPAJKa
1018 ca) war F=(1/r%) exp (—r/r,). Inave rosops, ayTh HacTHI(B
YAQJMATCA, KAR CHUJABL TYT jKe mcdesaior, xors Oamre 10~ cu ounm
OYeHb BeAUKH. 1l0-BHAMMOMY, 3aKOHBI SJCPHBX CHJI CHOKHBL [0
upesppyaiinocTy; MK X He HOHUMAaeM, U BCH 3ajJada aHaamsa QyH-
MaMEeHTAJbHOT0 MEXAHH3Ma, CTOAIILr 0 38 HUMH, He pemena. ITomerr-
KIT PENIHTEH 9TY 3a/1a9y HPHUBEJIH K OTRPHTHIO MHOKECTBA HeoOHIY-
HBIX YACTHI, HATIPIIMEpP J-ME30HOB, HO HPOHCXOKIEHHME CHI BCE
paBHo oCTaetcsi TEMHBIM.



'aasa 13

PABOTA I IOTEHITHAJBHAA
BHEPTHA (I)

§ 1. Paboma nadaiowiezo meaa

B ra. 4 M pasofpann BompoC o coOXpaHeRHN
sepruu. Ilpu stom sawomamu Hbloroma ME He
noab3oBasiuch. MHTtepecHo Tenepb IOCMOTpeTh,
KaKk BO3HHRaeT coXpaHeHWme 9HEPImM H3-3a TOro,
970 FEHCTBYIOT 3TH 3aKOHB. Jlas scHOCTA MbI
HayHeM ¢ CaMHBIX IPOCTHX IIPEMEPOB B LOCTEHeHHO
OypneM #X YEIOKHATH.

Ipocrefimmit npnMep coxpaHeHHUs BHEPrud —
3TO TeJNo, NAaJAMIiee BHE3, T. €. Telo, ABUAKYIeecs
TONHKO B BePTHKAJLHOM Hampasjaenuu. Ecam oHO
MeHseT CBOI0O BHICOTY IO/ BABAHEEM TOJBKO TAME~
CTH, TO M3-33 IBM:KEHWA oHO o0majaer KHHETH-
veckoil sueprmeil 7' (mnu k. 3.) Hpome rore, y
HEeTO eCcTh IMOTeHHMAJNbHAsi dHeprmaA mgh (coxpa-
wenno U, winm nm. 3.). Ux cyMMa mocrosiHHA:

% mv*® ++ mgh == const,
KB,  ILA.

T + U = const. (13.1)

Mpl xoTuM IOKa3aTh, 4TO BTO YTBED)KIEHHE IIpa-
BIJIBbHO. YTO 3HAUNT [OKA3aTh €0 IPABHILHOCTE?
Bropoit 3axon HboroHa roBOpHT, Kak [BUKETCA
TENO, KaK CO BpeMeHeM H3MeHAeTCA ero CKOpocThb
(a mMeHHO, €TO B MaJeHHH OHA PACTET IPOIOpPIH-
OHAJbHO BpPEMeHH, a BHICOTA MAJCHUA MEHAeTcA
KaKk Ksajapar spemeHun). Ecrm H0aTOMY 0TMEpATH
BHICOTY OT HYJeBOil TOYKHU (T/ie TeJ0 MOKOMIOCH),
TO He Oy/AeT HWYero CTPAHHOTO B TOM, Yr0 OHA
oKaMeTcs paBHOI KBagpary CKOPOCTH, YMHOMEH-
HOMy Ha Kaxme-70 mocrostgHmre. OQHAKO BCe ke
paccMOTPUM 3TO TOBHHMATEJIbHEH.

IHonpo6GyeM BBHIUNCJAWNTH RPAMO B3 BTOPOTO
sakona HporToHa, xax o00A3aHA MeHATbCA Kume-
THAYecKad JHEpPrua; Mh OpopuddepeEnupyeM

niIn

§ 2.

§ 3.

§ 4

PaGora manar-
mero Tela

PaéoTa,
BLIDOJHAECMAA
TAXKECTHIO

Caesmenne
sHepruii

Toae rarores
O0apInX TET
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hy D ue. 13.1. Tero, dsuryuyeecs nod
deticmeuem msasxcecmu no Kpudoti Ges

mperus.

v |dr/dt

KHHeTHIeCKYI0 DHEPTHI0 N0 BPEMEHH H IOTOM IIPUMEHHM 3a-
ron Heworona. Jduddpepennupys Y, mv? mo sBpemenm, mojydgaeM
T .
%:%(%mvﬂ:%m‘lv%:mv% , (13.2)
IOTOMY dTo m cyuraercsa mnocrosmuoi. Ho mo Bropomy saxomy
Heworona m(dv/dty=F, rar gro
dT .
S =Fv. (13.3)
B oGmem cayuae noaydaerca F.v, HO AJs Halmero OJHOMEpPHOTO
caIydas Jydile OCTABHTH MPOCTO MPOM3BEJEHHE CHIE Ha CKOPOCTD.

Cniia B HalleM TPOCTOM IIPpHMEpE TOCTOAHHA, PaBHA —mg
U HaTpapJeHA BHU3 (3HAK MUHYC NMMEHHO BTO M MOKa3BBAeT), a CKO-
pocTh eCTh CTeNleHb W3MEHEeHMS HOJO/KeHHAA 10 BePTHKAIH (BHICOTHI
i) co spemeneM. IToaTomy creneHb n3MeHEHUs KUHETHYECKOIH BHEp-
ruu pasHa —mg(dh/dt). Barnsaaure: 9to 3a uypmo! Ilepen mamwm
CHOBA 9hs-TO CKOPOCTDH MBMEHEHHS — CKOPOCTH M3MeHeHMs cO Bpe-
MmeHeM pexmgmnabl mgh! IloatoMy BHIXOAHT, 9TO ¢ TeZeHHEM BpeMeHu
HI3MEHEeHHs B KHHETHYeCKOH 3Heprum U B Beawmaune mgh ocTamoTcsA
PaBHHIMHE ¥ MPOTHBOIOJOMHHIMHE, TAK UTO WX CYMMa O0CTAaeTCA He-
nsMensoeii. Ure u rpeGoBalioch JORA3aTh.

Msi TobEKO YTO HmOKazanM, MOAb3YyACH Bropmm sakoHoM Hbio-
TOHA, UTO JJif MOCTOSIHHLIX CHJI JHEepPIHsf COXPAHIETCHA, eCIH TOIBKO
npubasiaTh HOTEHIWAJBHYI0 JHEPrHI0 mgh K KUHETHIECKOIl
1/, mp®. Wccaegyem 3TOT BOHOPOC JAJIbIIE; MOCMOTPHM, MOMKHO il
ero 0000muTb, MOYKHO JIW 6lie MPOJBHHYThCA B ero HOHUMAHHIN.
HeifictByer am 3T0T 3aKOH TOABKO AJiA CBOOOAHO MAJAIMHX Tex
wiaa apagerca 6osgee obmum? M3 toro, 910 MBI 3HAaEM 0 COX PAHEHHH
DHEePIuM, MOKHO OKHUEATH, YTO OH OYIeT BepeH A Tejaa, JBHIKY-
[EeTocA U3 OJHOH TOUKY B APYI'YIO 0 KPUBOii G6e3 TpeHHus U Hoj Jeii-
crBueM oauoil mums rsrectu (¢ur. 13.1). Korga temo, Hauas aBu-
rathCcA ¢ BEICOTH H, MocTUTAeT BHICOTH 2, TO OMATH JOJKHA OBHITH
BEPHOII Ta ;re gopMyaa, XoTsa OBl CKOPOCTb yike He OblTa HATIpaBJe-
Ha 1o Beprukain. Ham HaJo DOHATH, novemy OHA BCe eIe TpaBuiIbHA.
ITposemem ror ke aHaims; OTHILEM CKOPOCTh M3MEHEHUA KHHETHIE-
cKoil sHeprum Bo BpeMenu. Omate Gymer moayuarbes mu(dv/dt) —
CKOPOCTDh M3MEHEHHS BeJIWUHHE UMIYJIbCA, T. €. CULE 6 HANPABACHUU
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Osuncenua — xacatexpHas cmia F;. Urak,

daT dv
—m =Yy — = F .

dt dt t
CKOpocTh — 3TO CKOPOCTH M3MEeHEHHA pAacCTOARMA BAOADL KpHBOIl
ds/dt, a RacatenbHast cwia f, Telepb OKasbBAeTCA MEHLINE Mg B
OTHOIIeHAMW, PABHOM OTHOINEHHIO PACCTOAHUA ¢S BLONL OYTH K Bep-
THKAJABHOMY paccrosumio dh. VHNME cr1oBaMu,

dh
Fi=—mgsin@=—mg—",
TaK 9TO
Fods (ahY (dsY_ . dh
tar = ™8\ ) @) T g1t

(ds Bumagaer). W omsare, Kak Dpekae, ME TOJYIHIN BEIUYHHY
—mg(dh/dl), paBHYIO CKOpoCTH H3MeHeHusi mgh.

Yro6nr TouHO ysacuuth cebGe, Kak Boobme cobiwjgaerca coxpa-
HEHHE DHEPruu B MeXaHMKe, pacCMOTPHUM ceifdac HeKOTODHE Noe3-
HBI¢ TOHATHS.

Bo-mepBeIX, paccMOTPEM CKOPOCTH H3MeHEeHHA KWHETHYECKOI
9Hepruw B OOMEM TpexMepHOM ciydae. Humerwdweckas sHeprud,
KOIJla JBWKeHWe WMMeeT TPpH W3MePEeHHS, paBHA

1 i
T———?m(vi—i— v2 - 03).

Hupdepennupys ee mo mpemenm, moaydaeM TPH YCTPAIIAIOMIHX

qijieHa:
ar _ vy vy g 42 13.4
d—t——m<xdx+ydt+vzdt>' ( )

Ho segp m(dv,/dt) — arto cmia F_, peiicTyiomas Ha Texo B Ha-
nOpaBieHuu z. SHATHUT, B upaso dgactu dopmyast (13.4) crour

vx+Fyz;y—I—szz. ITpusBap Ha 10OMOmMP BEeKTOPHHI aBalIuas,
BecmoMuuaeM, d9ro a3to F.v. Wrak,

dT
W ::F.V_ (13.5)

A MomHO 3TO BHBeCTH B OhcTpeil: eciim a m b — 1Ba BekTOpA, 3aBU-
cANAX OT BpeMeHH, T0 Hpom3BOAHAas or a-b pasua

d{a-b) ___ db da .
a *a"(ﬂ+\d—z)'b' (13.6)

Hoycrasum ciona a==b=

d{(,mv®) d(ymv-v) _dv . __p.ds
b= T =m-——-v=F.v=F.—-. (13.7)

Tax rax nDoHsiTHe KUHETHYECKO#l sHeprwH W BoOOImIE sHEpPrHH
09€Hb BAIKHO, TO PA3JIMYHKM BeJnNUNHAM B 3THX YDPABHEHHsX NpH-
CBOGHHI pasHble MMeHa: 1/, my? HashBaeres, KAK U3BECTHO, KUHEMU-
ueckol gnepeueti; F- v HasbIBARTCA MOWHOCMBIO: CHJIA, HeHCTBYIOM AN
Ha TeJ0, YyMHOKEHHasg ((CKANAPHO») HA CKOPOCTH Tema,— aro
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MOIIHOCTL, coobumacvasn reny stoit cmioit. Iloxywaerca Beruroxen-
Hasd TeOpEMa: CcKOPOCInb UBMEHEHUSL KUHEMUYeckot aHepauy meaa pas-
H@ MOUHOCINU, 3GMPAYEHHOU cuiamit, Oelicmeywujml HA meao.

Ho pis maydenna cox paHeHUS dHePTUY aHAIN3 CJAeyeT IPOfosI-
sruTh. JlapaiiTe OneHIM N3MeHeHWe KUHETHUSCKOI 9HEPTHH 33 0ueHb
KOpOTKoe BpeMs df. YMuoaus o0e gactm ypashenma (13.7) ua dt,
HaiiieM, 9T0 HM3MEHCHIe KITHEeTHIECKO dHeprum paBHO CHJIE, Cha-
IAPHO YMHO:meHHOI Ha aunddepeHnHan mpoiifeHHOT0 PacCTOSHNA

dT =F.ds. (13.8)
A unuTerprnpys, Hoaydaen
AT ={F-ds. (13.9)

1

Yro 10 3Haunt? 16 3HAYMUT, 4To, KaK Oul W N0 Karoil Gsl KpHBOIl
TPAGKTOPHH HM ABUTANOCH TEJO HOJ feilcTBHeM CHJBI, BCe DAaBHO
U3MEHeHHE B K. 9. OPU Iepexoje OT OfHOH TOYKH KPHBOIH K Ipyroi
paBHO HATErpajJy OT KOMIOHEHTH CHJIB BEOJHL KPUBOH, YMHOREH-
ol Ha mguddepeniuan cmemenus ds (MHETEFPHPOBaHUE OT MepPBOil
TouKn jo Bropoit). M y aroro mmETerpama ecth mMA: €ro Ha3HBAIOT
pabomoii, coseputerntioti cuaoii Had meaon. Hemenmerno Mot obHapy-
JKEBAEM, UTO MOWHOCMb — 9mo paboma 3a cexyndy. W emie MH 3aMe-
9a€M, 9T0 paGoTy MPOW3BOAUT TOJBKO COCTABIAIOMAA CHIBL 800.4b
Hanpasaenua Osuscenus. B HailieM NepBOM mpoCTOM IpHMEpE ydact-
BOBAJIH TOJIbKO BEPTHKAIBHAIE CHIB C OJHOH-6HHCTBEBHON COCTaB-
aapouell [',, pasuoil —mg. B atmx ofcTofTesibCTBAX COBEPIICHHO
HEBJKHO, KaK TCJO JBWKETCH, NPAMO BHE3 wmin mo napaboe, Bce
pasro or F.ds (koropoe mo;xHO Banmears Kak F dx+4-F dy+F dz)
ocTaercd TOAbKO F,dz == —mgdz, I0TOMY YyTO HpOUHe COCTaBIAOILILE
CWIbl — HYIW. JHAYHT, B 9TOM CIydae

/
2 Z,

{ Fras= (—mgdz = —mg(z,—2,), (13.10)
1 2z,
Tag YTO B HOTEHIUAJIBHYIO dHEPTHIO BXOINT TOABKO 8blCOMA, C KOTO-
poH Teso magaer.

Heckonpro cuos o egmmmmax. Tark raw cmra maMmepsierca B
HBHIOTOHAX, a JJIsl IO ydeHnsa PaGoT ee YMHORAIOT HA pacCTosAHHe,
TO pafoTy H3IMEPAIOT B eJIUHUIAX HbIOMOH - Memp, HO BOIbUIRHCTEO
nio/lell 9TOr0 HaszBauWA He MOOHUT, NPEJIOYNTAA HA3BAHHE OHOY.ib
(0x). D10 TOABLKO Apyroe cioso, a efmHunAa ra xe. Mrax, pabory
UBMEPAIOT B KOYJAAX. MomHocTh ke — B KOYIAX B CERYHAY;
BTy eIHHNIY HaswBaoT éamm (6m). Ecian yMHOMHTD BATTH HaA Bpe-
MS, TO [OJIy4nM IIpousBeieERY0 pabory. Paboty, KoTopyio MecrHas
pHEprocucreMa IPOMBBOAHT B HAINMX KBAPTHpPax (B TEXHHYIECKOM
CMEICJI6), OleHMBACTCA B BAaTTaX , YMHOReHHEX Ha BpeMA. Hanpumep,
Kmiropart-uac — 310 1000 em X 3600 cer, T. e. 3,6-10¢ daxc.

282



ITpnpeeM euie HecKOABKO mpumepos paforTe 1 COX PAHEHN I
3H9I)I']/II/I. PaCCMOTpHM T€J10, KOTOpOe BHAauaje mumMeer KVMHETHYECKYIO
BHEPrui0 W OHCTPO JBUTAeTcA, CKOJB3A [0 oAy ¢ tpeHmem. OHO
OCTaHaBJINBAETCS. DB Hauyase KUHETHIECKas DHEDPIUs He pasua
HYJ0, & B KOHUC OHa pagua HYa0, cymiecrsyer pabora, Ipous-
BEJEGHHAS CHJIAMII, IIOTOMY 9YTO pa3 ecTh TpeHHe, TO0 ecTb H
COCTABJSIOMIASL CHIB B HAaOpaBlieHNu, HIPOTHBOMOJO;KHOM Ha-
NPaBJIEHNI0  [ABIGKEHUS, W HHEPrus  TMOCTeIeHHO TepseTcs.
Temepwr paccMoTpnM Maccy Ha KOHIe MasTHURA, KOTOpPHI Ka-
9aeTcs B BEPTHKAJIBHOH ILIOCKOCTH B HoJde TsrecTn 0es Tpe-
HisA. Jneck Halmlofaercs HEYTO APyroe, MOTOMY 4T0, KOTAa Macca
OnycKaeTcd, CHJIa HANMpaBJieHA TOKe BHU3, a KOT/IA MojAnMaercsd,
cuia HampaBiena B ofparHyw cropoHy, Tak 9t0 y F-ds Ha cmycke
¥ HA MO beMe PasHpie 8HAKU. B COOTBETCTBYIOHIEX TOUKAX CHYCKA
¥ nogheMa 3HaveHuA F - ds paBHH 10 BeIWIAHE, HO NPOTHBOMOIOHK-
HEI 10 BHAKY, TAK YTO B UTOTE WHTET Pall €CTh YHCTHIA Hyab. Ilosromy
KMHOTAYECKA S 9HEPT s B KOHIE CIIYCKA B TOUHOCTH TaKas ke, KaKoil
oHa GBLJIA B HaYaje MOoIbeMa; 970 U eCTh NPHHI[UI COX pAHeHU SHep-
run. (3aMeTbre, 4TO B NPUCYTCTHHUU CHJI TPEHHS COXPAHEHME DHEP-
CMH HA TepPBHI B3IJAJ He BHIOJIHAETCH. JHAYMT, HY/KHO UCKATH
Zpyryio diopmy sueprun. M gelicTBUTEIBHO, OKA3EIBAETCA, UTO KOTAA
ABa Tella TPYTCS APYr O APyra, TO BOBHMKAET TEIJIO, MHI jKe ceiiqac
IexaeM Buj, 910 00 9TOM He 3HAEM.)

§ 2. Padboma, 66lN0AHACHAL TRANECINDIO

Temeps 3aiiMemca zajaueil mMoTpyZHEe, KOTJA CHIBL yiKe HE 10~
CTOAIHHHL M HC HANPAaBJIEHH BHW3, KAk panbme. M paccmorpmMm,
HanpuMep, ABMAeHUe MiaameTol BOKpyr COMHNA MM COYTHHKA BO-
Kpyr 3eMian.

Crieppa MBI paccMoTpHM JABIKEHUe Tejxa, KOTOPOoe TMaJaeT U3 ToU~
ku 1 npamo ma Coanne uaum na 3emaio (fur. 13.2). Byger su
B atmx o0cToATENBCTBAX CcOXpaHATbea oHeprusa? EpmacrBenHoe
OTIAWYHME OT TOTO,9T0 OBIJIO pAHbLIE, — YTO TeNeph CAJa He HOCTOH-
HA, OHA MeHAemCA WMo Mepe nageHus. Mo s3HaeM, 410 cmia paBHA
npoussefenuio GA1/r? ma Maccy m nanawmero teia. HoHedHo, u
Tenephb KUHEeTHYECKad 3HEPTUA NMPH HAJeHHE BO3PACTAET, KaKk BO3-
pacraja m ToTfia, KOI/Ia Hac ele He BOJHOBANO W3MEHEHWE CHIH ¢
BBICOTOII. Bompoc TouIbko B TOM, MOYKHO ¥ OTHICKATh MHYIO, OTJINY-
Hy10 oT mgh, GopMyny Mis UHOTEHHMAILHOR dHeprum, HaHTH Jpy-
Iyio pyHRIHIo paccTosgnus OT 3eMiu, IT00Bl jlIA Hee COXpPaHeHue
SHEPTHE He HAPYHIAIOCh.

ITOT OJNHOMEPHHII ciydail paccMaTpuBaTh JerKo, HOTOMY 4TO
MBI 3HAEM, 9TO U3MEeNeHAe KUHeTHYCCKOll 9HepTUU PAaBHO HHTErpPaTy

Due 13.2. Dadenue maaoil maccol m M
z —_— s

nod Oelicmeuem msaxecmu Ha 604b- ° 2

wyn amaccy M.



7
D ue 13.8. Bamrnymui nyme /\
K
06z00a 6 nose macomeHus. ,m/
w3

oT HavaJsia JBHKEHNA 10 KoHna or cmist —GMm/r? umo mepemelne-
Huwo dr

T,— T, — —5 GMm Y. (13.11)

B ¢opMyre HeT HURAKOI0 KOCUHYCA, IOTOMY UTO CHJIA ¥ HepeMeie-
Hue HanpasieHs! oiuHaKoB0. UaTerpuposars dr/r? jerko; nonyvaer-
ca (—1/r), rag 4ro
7,—T, = +GMm(;1.—f-). (13.12)
2 1
Ilepen mamm gpyras ¢opMmyaa [if NOTEHIUAIBHONE 9HEPIUM.
Ypasuenue (13.12) rosopur HaM, uro Beaudnra Y, mv— GMm/r,
BHIAHCAeHHEAs B Touke [, B Touke £ mum B mi000ii gpyroii, ocraercs
TOCTOAHHOMN.

Y mac temeps ecTb gopMyda A NOTEHOUAABHOH SHEPTHH B
HOJie TATOTeHUA 1A BEPTUKAJIBHOTO IBHKEHHA. 3Jech BOZHUKAET
AHTEPECHBIH BONPOC: MOIKHO JIN BOOUTHCA 8e¥H020 JsuaceHus B MOoNe
marorerusa? Iloje-To MeHseTcs, B pasHEIX MecTax y HETo pasHasn
HalpsAKEeHHOCTh B pasHoe HampasieHune. Heubss jau B3ATH OecKo-
HeyHYI0 JIeHTy 0e3 TpeHus U 3amyCTUTh ee, CKayKeM, TaK: IMyCcTh oHa
crepBa HOZHHMAET Tell0 W3 OJHOH TOYRH B APYryI0, HOTOM IIPOBO
JIUT ero mo gyre ORPY;KHOCTH B TPETHIO TOIKY, OMYCKAaeT Ha HEKo-
TOpHIl YPOBEHB, CBHIAET N0 HAKIOHHOMY HANPABJICHUIO U BHBOJUT
Ha HOBHI myTh W T. II., TAK 4TO MO BO3BPAMEHWH B HAYaNb-
HyI0 TOYKY OKA3bIBAETCSI, UTO IOJIe TATOTEHHA COBEPIIMI0 HEKO-
Topylo pabory W KmHeTHUecKad SHeprus Teiga Bozpocia? Heabss
AU TaK HAa4epTHTH 3Ty TpaexkrTopulo, grobsr, oboiifs no Hel, Teno
npuodpeno ayTb-4yTh GoJibliie CKOPOCTH, YeM mMesdo BHagane? Tar
moaysuTcsl BeuHoe jABm:xeHne. Ho Beb 0HO HEBO3MO;KHO, 3HAYMUT,
Mbl 00g3aHBl AOKA3aTh, 4TO TaKasg TpaeKTopus HeMmsbicaumMa. Mbt
DOJKHEB I0KasaTh cjaeAyioimee TMpeANoJo;eHHe: pas TPeHAs HeT,
TEeJ0 JOJKHO BEPHYTHCH HU ¢ MEHbINeH, Hi ¢ GONbuIed CKopoCcThio,
a KakK pas ¢ Taroif, 9To6sl eme 1 eme JeIaTh KPYTH [0 3TOMY 3aMK-
gyromy nyrtu. Wmm, gpyruMn ciosaMm, scA pabora, npouseedennas
8 DBUNCEHUU RO 3AMEHYMOMY RymU, oaxcHa Ovimb HyJaeMm JIA CUA
TANKECTH, TTOTOMY 9T0 eciiy OBI 0OHA He OBLTa HYJeM, TO MOMKHO OELIO
OB MOJyYNTH BHEPIHIO 3a CUeT TaKoro gsuxeHus resa. (Ecam Gut
pabora oxasasachk MeHBIe HYJIA, TAK 9T0 CKOPOCTH B KoHIe o0Xoga
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yMeHBIIHAACh OBl, TO g MOAYUEHHS DHEPTHH CTOWIO OB TOJBKO
N0BEPHYTHL 00PATHO; CIJIBI Beb 33BUCAT HEe OT HANIPABJICHUA ABH-
FREHNA, a TOJILKO OT MoJoxeHusa. Ecan B oHOM HanpasieHnn paGo-
Ta NOJAYUYUTCA ¢ INIIOCOM, TO B 0GpaTHOM 0Ba OyJeT ¢ MUHYCOM; JIIO-
Gas Hemysesasa pafora o3HauaeT Co3JaHUe BEUYHOTO ABHIATENA.)

Tax 410 ske, felicTBuTeapHo Ju pabora pasra mym0? llonpobyem
HOKazaTh, 910 Aa. Cruepsa Mbl Julb Ha HadbOaX HOACHAM, TOUYEMY
8TO TaK, a Yk mOTOM opopmuM MareMatnuecKu. Jloaosrnm, MBI BbI-
DyMaji;m TPAeKTOpuI, Mokazanuylo Ha ¢ur. 13.3; macca majaer or
1 r 2, moBopaumBaer go 3, o0parHo mogHuMaercs K 4, 3aTeMm uepes
9,6,7,8 aemmerca ooparho K /. Bee muauu uayr aubo no pajnyey,
mnbo mo Kpyry ¢ meaTpom M. Kakas pafora coBepInaercs Ha TaKoM
nytu? Mesgay I u 2 ona pasHa upoussepennto GAMm Ha pasHoCTb
1/r B 3THX TOYKaXx:

Wn:fF-ds_ (( GMm ) GMm(i—i)
1 1

ry Ty

O1 2 7o 3 cuma B TodHoCTH HAIpaBiieHA IONepeR ABWKEHIA, R
I/Vzg:O. Ot 3 R 4
1

Wusz.ds:—GMm\——_).

Tar e noxywaores Wi =0, Wis=—GM m(1 re—1/r;), We;=0,
Wis=—GMm(1/rs—1/r;) u Wg=0. Beero

W=GMm <———+—-——+———+——r1)
i 7 8
Ho Beaw 1y = r3, ri=ry, re=ry, rgs=ry. llosromy W=0.

Ho Bosammrkaer mopgosperume, He CJOHIIKOM Ju 9Ta KpuBag
npocta. A uTo gacT nacmoawas TpaexropuA? YUro ;k, mompobyem
HacToAmyio. Cpasy e ACHO, 9TO ee MOKHO JOCTATOUYHO TOYHO Hpeli-
CTaBUTHL Kak pajg 3a3yOpun (dur. 13.4) n mosroMmy... u T. 1., 4T0o 1
tTpeGoBanoch JoKasarh. Ho Hafo eme HOCMOTPEThH, JECTBUTENLHO
au pabora o0Xofa BORPYT MaJTeHBKOTO TpeyTrodbHHKA TO/Ke pasHa
HyJ10. YBeJHIHM OMH u3 TpeyroibHmkos {(cM. ¢ur. 13.4). PasHH
7 paboTsl O NyTH oT @ K b m ot b K ¢ pabore, coBepmaeMoil, KoTja
aews Hanpamnk or a K ¢! Ilyers cuia pmeiicTByer B KaroM-1o Ha-

D ue 13.4. «laasnbuiy nymb 06-
zoda, M
Ioxasan yeeiuueHHu OMpPe3or 9moeo °
nymu U 6AUIKAL K HEMY Mpaermopus,
cormorwal U3 pa@ua./tbnbtx U Kpyeosux
yuacmros, a makde odun us aybyos
#Mmou mpaermopuu.




npasiennu. PacnonomnM TPeyroIbHIK Tak, 4To0H y ero KareTa be
6LLT0 Kak pas rtakoe Hanpasiaenue. IlpegtomomuM rarre, 410 caM
TPeyTONMBHAK TaK MaJ, 9T0 CHJIA BCIOAY HA HeM HmocTosiHHA. HakoBa
pabora Ha orpeske ac? Ona pasHa

W, = F.ds= Pscost

a

(nocronbKy cuiia mocrosuaa). Temeps ompemennym pabory Ha ABYX
karerax. Ha BepruraspHOM Katere ab cuia HepIEHABKYISAPHA K
ds, rag uro pabora pasua Hymo. Ha ropusoHTanbHOM kartere be
c
W,,= | Fds=Fa.
b

Mut y6erxpmaeMcsa TaknM o6pasom, aTo pabora o0xona mo GoraM Ma-
JEHbKOrO TPEYrOAbHRKA TAKasd jKe, KaK U 0 CKIOHY, IIOTOMY 9TO
scosB pasuo x. Mst yike nokasanu mpemzge, ato palora mpu ABm-
aenun nmo sasyGpuram (kak ma ¢ur. 13.3) pasHa Hymo, a Temepb
BO/IMM, YTO mOpoussoguMman paboTa OfWHAKOBA, HE3ABUCHMO OT
TOro, ABYAKEMCH JIA MBIl 110 3a3y0pIiHAM #WIN Cpe3aeM NYTh MEmKIy
HiMB (€CJHM TOXBKO 3a3yOpuWHSI MaJXH, HO BeJb HUYTO He Mellaer
cJeJaTh UX TAKHMH); D03TOMY paboma obzoda no aw6omy 30MKEHY-
moNy nYmu & noae momenus pasHa HY.Lo.

‘lto oueHB NipuMeuaresNbHbIl pesyibrar. bmarogapa emy mam
CTAHOBATCHA W3BECTHH TaKMe MOAPOOHOCTH 0 ABWKEHUH IUIAHET, O
KOTOpHIX MBI PaHbIle W He AoTajnBaluch. BuisgcHAeTCA, U9TO Korga
naagera sepTuTca Bokpyr Coanma ofHa, 6e3 CIYTHUKOB A B OTCYT-
cTBUE KaKuX-nubo JpyTHX CHJ, TO KBAfpaT ee CKOPOCTH MHHYC
HeKoTOopasd KOHCTAHTA, JesdeHHad Ha paccrosnne ao Coanna, Brons
opbuter Be mMeHsgercsa. Hanpumep, dem O6mmxe miadera x Coumny,
tem Omcrpee oHa asmmerca, Ho sacKoapko 6vicTpee? A BOT Ha-
CKOJBKO! eCIM BMECTO fABUsKeHus BOKpyr CoJHIla BH TOJKHETE ee K
Connny ¢ Toif Ke CKOPOCTBLIO W MOAOMKAETe, IIOKA OHA He ylajger Ha
Hy;KHOE pacCTOfHUE, To MpuOOpeTeHHAs CKOPOCTH OyMeT Kak pas
rarkoli, Kakol IraHera obnanaer Ha 9T0i# opbuTe, OTOMY 4TO LOJY-
THIICA TPOCTO APYToil mpuMep ciaosuoro nytu obxonma. Ecim mna-
1era BepHETCH IO TAKOMY IyTu o6paTHo, ee KHHeTUYECKAd SHEPrus
oxkasxercsa npesueil. IlosToMy HezaBHCHMMO 0T TOTO, ABIKETCH Ju|
0OHa MO HacToAmEe!l HeBO3MYIMEHHOH op0uTe HAU e 10 CIOMHOMY
nyra (o Ges TpeHHst), KUHeTHYeCKasA BHEPIUsA B MOMEHT BO3Bpaile-
HuA Ha opOmTy OKaspiBaeTCA KAK PAa3 TAKOH, KaKodl HYKHO.

3HAUNT, KOTA MBI [IPOBOIM YHCICHHbI aHAINS IBUMEHAA 1J1a-
HeTsl 110 opGuTe (KaK MBI feajiy PaHBINe), MEl MOKEM IPOBEPHTH,
He ¢Jeqaiu U 3aMeTHHX omiu0oR Opu pacdeTe 3TOH MOCTOAHHON
BENIMYVHBL, SHEPTHH, Ha KUKIOM [Iare; OHa HE [JOMKHA MEHATH-
ca. [Jlaa opGurer, mpusenerHoit B Tabx. 9.2 (crp. 170), smeprus
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MeHsercsl * mpumepHo wma 1,5% ¢ Havana aBmmeHus 710 KOHIA.
Houemy? To Iu moromy, 9T0 B UMCICHHOM MeTo[e MBI 110JIp30Ba-
JACH KOHEYHBIMA NPHPAMEHIAMII, TO IH H3-38 MEJKAX MOTPeIHoC-
Teil B apudMernxre.

Paccmorpum sHepruio B gpyroil sajade: sajgaue 0 Macce, mouBe-
imeHmnoll Ha npyskune. KorTaa OTKIOHAIT MACCY OT MOJNOKEHUs pan-
HOBeCils, CINIA, BOCCTaHAaBIuBalmasd ee MOJIOKEHHWe, TPOTOPHITO-
HajgbHa cMemeHuo. MoyKHO nll B 9THX YCJIOBUAX BHBECTH 3aKOH
coxpanenus oueprmi’ Jla; moroMmy 4ro padora, coBepiaeMas 9Toii
cuioii, pasHa

X X
W= {Fdx={ () dv—=—aka'. (13.13)
0 0

3HaunT, ¥y MAcchl, MOABEMICHH O HA UPYKHUHE, CYMMa KIHETHIeCKOiT
oHepruy ee Kosxedammii u !, kz? mocroauna. IlocMorpuM, Kak 3To
nponcxoant. OTTAHEM MacCy BHU3; OHA HeIOABIKHA U CKOPOCTH ee
paBHa HyII0, HO Z He PABHO HYJIO, Telepb BeIWYHHA & MAKCHMAJb-
Ha, TaK 4T0 MMeeTcs H HeKOTOPHIl 3ammac »Hepruu (IoTeHIAaIbHOII).
OrnyceruM remeps Macey: HavHeTCA KAKOI-To mpomecc (B eTaaym Mbl
He BHUKaeM), HO B J060e MTHOBeHHME KWHETHYECKAsA IIIOC HOTEH-
HuajnbpHasl sHEprmu OyayT mocTosHHHE. Hampumep, Korza Macca
TIPOXOAMT Yepes TOYKY NepBoHAYaJbHOTO pasHoBecwsA, To =0,
HO TOTHa 3HadeHme v? Hauboibllee, W 4eM OOIbINe BeAWYNHA I3,
TeM MeHbINe ¢ U T. f[. JHAYUT, BO BpeMsa KojgebaHmil cobaiomaercs
paBHOBeCHe MeyK/y BeamdnHamu z? u v?. Mot monyunan, raknm o6pa-
30M, HOBOE NPABUJIO: MOTEHIUAJTbHAS BHEPIUA IPYMHHE paBHA
Yo kx?, ecniu cmia paBHa —kx.

§ 3. Caoscenue snepeuil

[epeiiiem Teneps k Gomee ofmeMy CIyd9alo 1 paccMOTpHUM, dTH
Hpou3oier, ecsn Ted Mmaoro. IIpenmoromxum, 910 IMeeTcA HECKOTb-
KO TeJs; mpoHyMepyeM ux: i=1, 2, 3, ... u mycrs Bce OHE HPUTATH-
BaoT Apyr apyra. Yro torja mpomsoiifer? MoskHo nokKasarh, 4To
eCJIM CIOMKUTH KHHETHYeCKue 3Heprud BeexX Tekx u J00aBuTh cioja
cymmy (110 BCeM rapam 9acTHil) WX B3AHMHBIX HOTEHIIMAILHEIX DHEP-
THHA TATOTCHHA —GMm/ri]., TO BCe BMeCTe JacT HOCTOAHHYIO:

1 N/ Gmany\ .
ZE’”#?‘F Z(mﬁjwconst. (13.14)
napsr i
Kak mxe s10o morasars? Mu npoauddepeninupyeMm oGe CTOPOHH 110
BPeMEHH U JIOKAKEM, 4TO moayIunTcsa Hyab. llpu aubdepermupona-

ApM Y, mp] MH TIONy4OM OPOU3BOJHBIE CKOPOCTH — CHUIH [Kak
B (13.5)], a HoTOM 3TH CHIE 3AMEHUM UX BeJIMYHHON, H3BECTHOR HaM

* Omeprua B ejummuax Ttabm. 9.2 ectn ', (vi+v;)—1/r.
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13 33KOHAa TATOTEHHUA, ¥ YBAJIUM B KOH€ KOHI[0OB, YTO OCTAHETCS KaK
pas3 mpou3BoJHAadA IO BpeMeHu OT

D ( _ S@m)
napst "ij

Haunmaem mokasartenscrso. Ilpomssopmas  wuHermdeckoll
SHEPTHH 10 BpPeMeHH eCTb

%;émiv§=2mivi~<(iyz’/ ZF
_Z<Z Gmrmjl,j) V.

i

(13.15)

HpOII3BOILHaH 0 BpeMeHu 0T HOTEeHUIANLHONA 9HEepPruu ecrb

d Gm;m Cmm dr;;
fadl iy J “rij
n (=)= B (=) (),

naphi napel
HO
ri/:l/(xi""xj)z+(yi_yj)2+(zl'_z/)2’
TAaK 4YTO
(l’l','j_ 1 /dfl‘i d.l'] dy, dy,
“T-—Q‘,l—,i[2(xi—x/)kd—t'——§+2 !/,)K +
dz;  dzz\| _ Vi—Vi_
+2(Zi—zl) (d—[_(ﬁ>] =T riy Tij; j+ /‘._T-
HOTOMY 9TO F; ;= —TF;, XOTa ry;=r .. Wrak,
d Z ( Gm,-mj> Z [Gmimjr,-j Gmimjrji .
NN Gmamy) N [Gmanty g Smm Gy (13.16)
dlnapm Tij naphl ?j rj.[. j]

Tenmeps BHUMATeJNbHO MOCMOTPHM, 9YTO BHAYUT Z {Z}
i 7
n L B (13. 15)2 12} 03Ha4Yaer, 9T0 [ IPpHHEUMAET [0 MOPANKY
napsr
BCe 3HAYeHns 1—1, 2,3,..., M g KaKIOr0 { MHAEKC j HpUHUMAET
Bce 3HaudeHus, kpoMe {. Ecau, Hanpumep, =3, 70 j npuHHMaeT 3Ha-
uenun 1, 2, 4,

C ppyroii cropons, B (13.16) Z 03HauaeT, 9T0 KayKpasA mapa
napel

i ¥ j BeTpenaerca auinb ogHaKIb . CRazkeM, qacTuist 1 u 3 faoT To0n-
RO ofuH 4jeH B cyMMe. UTo0Bl OTMETATE HT0, MOKHO JOTOBOPHUTLCH,
uro { HpnHUMaeT 3Hagenud 1, 2, 3, ..., aj 1aA KaRAOro i — TOIBKO
BHAYeHns, 6oabluue deM i Ecnn cKaxkeM, =3, To j paBHO 4, D,
6, ... Ho BCIOMHEM, 9T0 Kajijas mapa {, j maeT gBa cjaraeMbix
B CYMMe, Of{HO C V;, & ApyToe C V;, U 4TO 06a STH 4jeHa BHTIAIAT
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TaK jke, Kak wied B ypasHenuu (13.14) [Ho TonbKO B mocaenmem
B CYMMY BXO0nAT éce sHadenusi i uj (Kpomei=j)]. B ypasuennax
(13.16) u (13.15) qsen 3a 4ieHOM COBIMARYT IO BeluduAe. JHAKH X,
OffHaKo0, OyIyT HPOTUBOMO0AKHE, TAK 9TO IPOU3BOJHAN IO BPEMeHH
0T CYMMBI MOTEHIIMANBHOR U KMHETHIECKOIl sHepTHil geilicTBUTEIBHO
pasaa mymo. Vrak, MBI BHIUM, 9T0 U B CHCTEME MHOTHX TeJ KUHEmi-
ueckaa aHepeus COCMABASEMCA U3 CYMMbL dHepeuil omoeavHBlr mea
H 9TO0 MOTeHNUANbHAH SHEPrus TOKE COCTOHT M3 B3aHMHBIX IOTOH-
UHaXbAEBIX pHeprHil nap vactun. IlodeMy oHa cKIAIEBAETCSA U3 BHED-
ruit nap? 9To MOKHO YACHUTH cefe clepyIomuM 06pasoM: Mod0KuM,
MBI XOTHM Hafitm BCIO pabory, KOTOPYIO HYIKHO COBEPITHTE, YTOOBI
pasBecTH Tela Ha ONpejeseHHEE PACCTOAHAA APYT or gApyra. Mos-
HO 9TO ¢1eJaTh He 3a OFHH pas, a HOoCTeHneHHo, JOCTABJIAA HX OJHO
3a fipyruM U3 6eCKOHEYHOCTH, T/ HA HIX HUKAKAE CYJIBI He BIIMSIIH.
Croepsa Mol npuseenM Teqao 1, Ha aro paGorsl He norpebyerca, MOTOMY
9T0, NOKa HeT JpyTHX Ted, cwisl orcyrcreylor. JocTaska Tema 2
norpebyer padorsl Wis=—Gmmy/ri,. 1 Bor Temneps camurii cyiie-
CTBCHHBIIT MOMEHT: MBI JOCTaBlsieM Telo 3 B ToURy 3. B awboit Mo-
MeBT cuia, AeficTBylomas Ha 3, cjaTaeTcd u3 ABYX dacreil: W3 cu-
aB1, AeilcTBy0OMEN co cTopoHs 1, U cuibl ¢co cTOPOHHL 2. 3HATMT, U
6cs npoussedennan paboma pasna cymme pabom kazcdod u3 cua,
noToMy uro pas Fi; pasbuBaercs HA CyMMy CHJI

Fs = FlS -+ Fz

i 3

T0o pabora papHa
(Fyds=(F ds+ (F, -ds=W, +W,,

Crasio GniTh, Besi pabora pasHa cymMme pabor, mpon3BeJeHHHX Opo-
THB cwibl 1 M mpoTus cuibl 2, Kak ecian Gbl 0HH JeiicTBOBANN He3a-
sBucuMo. [Ipomosskan paccy:kaars TakuM o0paszoM, MBL YBUIUM, UTO
nojHAaA pabora, KOTOPYI HEOOXOANMO BBIIOJHHUTH, 9T0GH cOOpars
HAHHYI0 KOHQUTYpanuio TeJd, B TOYHOCTH paBHA sHaueHmo (13.14)
JIA DOTeHNHANBHON sHeprun. VIMeHHO m3-3a TOTO, YTO TATOTEHH®
HOAYMHIETCH NPHHIUIY HAJI0MKEHUA CHJ, MOKHO IIOTeHIHATHHYIO
BHEPIAIO NPEJCTABUTH B BUJIE CYMMHI 110 BCEM HapaM 9YacTHL.

§ 4. IToae mazomenua 60AVUWUX TeEA

Teneps paccuuraeM 1o0aA, BCTpedawmuecs BO MHOTHX (rszuge-
CRUX 3afavax, KOTAA pedb WIET o pachpedeaenuu macc. ME mora e
paccMaTpHUBANM pacHpesieieHud MacC, a 3aHNMAJINCh TOABKO 0T/IeJb-
HpIMY gacTuraMmu. Ho uHTepecHo paccuurarh u I0adA, 06pasyeMule
Gosiee uem ogHOI Jactumnei, [liad Hagana HaligeM CuIy TPUTKEHAA
€0 CTOPOHEI INIGCKOTO IVIACTa BelecTBa 6eCK OHOYH O TP OTAKEeRHOCTH.
Cuna mpuTA)KeHHs eINHUYHON MacCH B faHHOH Touke P (¢ur. 13.5),
KOHEUH?), HallpaBJcHa K INIocKocTu. PaccToAHHE OT TOYKH Ji0 IJIO-
CKOCTH ecTh @, & Macca eAMHANG IVIOMIAIN 3T0H IJIOCKOCTH €CThb WL.
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D yz, 13.5. Cusra npumsscenus
\ 1 MAMEPUAALLHOL MOYEU MaAmepuatb-
KOt naocKocmbio.
N

ycrs p 6yper mocroAnnoit: caoii onpopogen. Hakoil e BeamInas
noie dC cozmaerca Maccoii dm, ypnanenroi or O He Gimie, YeM Ha
Q, M He paiabiie, ueM Ha Q + do (0 — 970 TOUKa mirocKocrH, Ouu-
sraitmana g P)? Omsgem: dC=G(dmr/r®). Ho ono, aTo mone, Hanpas-
JIEHO BAOAL 7, a MHl HMOHEMaeM, 9To u3 Tpex cocrapasomux € moc-
ne caokerus Beex dC o/KHA 0CTATHCA JTHIIBL Z-COCTABIAKIIALA.
Ona pasna
dmr dma

dC, =G —* =G5~
Bee macent dm, KoTophie HaxogATCa HA OJHOM M TOM JKe PacCTOSBHU
r or P, pagyr ompo m To e sHaueHune dC,, Tar 9TO 3a dm MOKHO
cpasy NUPUAATH Maccy BCero KoJibla Memgy o u o--do, T. e.
dm=n2n0dy (2nodp— »ro mrOmManbs KOABIA PajuycoM @ H Hili-
puHoil do upu dp<Lp). Urax,

Ho odg==rdr mz-3a roro, 910 r?=9*+a? Hoaromy

Cx:fZ.ftGpLaj U —2n GMG-__) —2nGp.  (13.17)
a

Crano OHts, cuaa He sasucnt or paceTosuusa a! [louemy? He omn6-
auck aa MH? HKaszagocs 0bl, yeM gadspliie OT ILIOCKOCTH, TeM
cuna cuabee. Ho mer! Eciam Toura HaxoguTcA BIUVIOTEYIO K IIOCKO-
¢TH, T0 00JBIDAA YACTH BEIIECTBA HPUTATHBAET €€ NoJ HeyJadHEIMM
yTJ1aMHu, a ecJig BHaJeKe, TO y 60Jblleil wacTy BeHlecTBa NPUTAMKeHNE
HapaBleHo upsAMee k miocKoctn. Ha mo6oM paccroAnnnm caMas
«BAUSITENIBHASAY 9ACTh IUIOCKOCTH JeKHT B HekoropoM KoHyce. C
y/taneHneM cuna ocaabiasercs o6paTHO IPOHOPIHOBAILHO KBApaTy
paccTodHMsA, HO B TOM ;Ke KOHYce MO TeM jKe YTJA0M OKa3HBaeTcs
6oablze éewpecmsd, a POCT KOJMIECTBA BeMIeCTBA TOME NPOLOPLHO-
HaJeH KBajipatTy paccrosaua! 3ToT aHains MokeT O6HTE cliesan Gomee
CTPOTVM, ecld 3aMeTuTh, uro guddepeHINan BKIaRa J0boro man-
HOTO KOHyCa HEe BaBHCHT OT PACCTOAHNHA B pe3yjibrarTe NPOTHBOIO-
JIO}KHEIX U3MEHeHU i RaNPAKEHHOCTH T0AA JaHHO0H MAacCH 1 KoJnde-
cTBa caMoil aTol Maccwr (¢ pocroM paccTosnusa). Bupouem, Ha camom
Jele cuia He MOCTOAHHA, w60 Ha MApyroil CTOPOHE IJIOCKOCTH OHA

MeHSeT 3HaK.
MEr peutnny, KCTATH, ¥ 33149y 110 BJIeKTPUIeCTBY: MH JOKa3aJH,
4To y 3apsyKeHHON IJJACTHHB, KajkJad efHHNIA NJION[ald KoTopoil
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@D ue 13.6. Tomkuii chepunecruii
caoli mace (uau sapsdos).

HeceT 3apAj O, BIEKTPHYECKO® IIOJNe paBHO 0/2g, ¥ HaHpPaBJICHO
om naacmunsl, CIU OHA 3apAKeHa IOJIOMKUTENbHO, H K Hell, ecin
OHA 3apsAkeHa oTpuuaTensHo. UroGH goKasars 9T, HAJO IPOCTO
BCIIOMHHTD, UYTO B 3aKoHe TATOTeHns (G HWrpaer Ty Ke POib, 4TO
1/4ney B smexTpuuectse.

A Tenmepsr mycTh UMEIOTCA jBe IUIACTHHLI, OJHA € IMOJOKHTENb-
HBIM 3aPAAOM -0, A APYrad ¢ OTPULlATEJABHLM —0C (HA eJuHUIly W10~
majgn), ¥ IycTh HPOMeKyTOK Meskny HuMu pasen D. Haxoso mone
orux miaactue? CHapyMu miIacTwH Hosie pasHO Hymo. Ordero?
Orroro, 4ro 0/iHA W8 HHX OTTAJIKHBAET, a Apyrasg HpHUTATHBACT i y
00eux cula He 3a8UCUIMm oM PaccmosHUA; 3HAYNT, CHJIBL BCIOLY YHUY-
tTosaoTea! A BOT nosie mexcdy naacmunamu BEBoe 00blIe, 9eM Mo
OHOH IUIACTHHEI, HAIPABJIEHO OHO OT TOJOKHTEJIbHON HIACTHHLI
K OTpUIIaTeJdbHOH 1 paBHO E=0/¢,.

[lepeiigeM Teneps X eme 60Jee HHTEPECHOMY M BAYKHOMY BOIPO-
cy; BOpPOYEeM, MBI JaBHO yKe OTBETHJN HA HETo, NPeJNoJoRUB, YTO
cuila OPUTAKeHUA 3eMIn B TOYKe HA ee NOBEPXHOCTH WIH HAJ| HEIO
Takaf jKe, Kar ecad GH BCA Macca 3eMiu coCpejoTogusiach B ee
nenrpe. COpaBeTUBOCTE 9TOTO IPeJUOJOKeHIS He OUeBHAHA! BeJb
KOTja MHl HAXOJHMCA y caMoil 3eMJH, RaKad-TO 4acTh ee Macchl
oueHp K HaMm 6imsKa, a JApyras gajgera m T. 4. Horpga MBE CRIajsl-
BaeM [elicTBme BCeX TaKHMX MAacC, TO KayKeTCH 9yjoM, 4To B KORIeE
KOHIIOB cHJia CBOAUTCA K TOMy, 9TO BCA 3eMud cralach B OfHy
TOYKY, CTAHyJach K CBOeMy LeHTpy!

Mubt Teneps IOKaMeM, 970 3T0 4yA0 oOBIKHOBEHHOE; IT00B MpPOo-
JIEeMOHCTPHPOBATH 3T0, pazodpeM 3eMiII0 Ha TOHKHE cdepuiecKne
caoun. Ilycres BcA Macca cdepsr pasma m. Jlasafite paccumraeM
ROMEHYUAALHYID dHeP2ui0 9YACTUNE MAacChl /m’ HA paccTOAHHU
or meHTpa cdepH (Pur. 13.6). Mo yBmpmM, 9To HOTeHIHWAJbHAA
SHEePTHA Kak pas TaKasg, Kak ecau Oul Macca m cdepu Besa cobpa-
nace B ee nenrpe. (Jlerde mMers feso ¢ moteHMUANLHON dHEpTHEd
9eM ¢ HaPSKeHHOCTHIO TOMA: He HYRHO AyMaTh 00 yriaax, a mpocTo
CHJIAJBIBATE [OTEHI[HAJLHBIEe 3HEPTHH BCeX dacteit ceps.) Hape-
meM chepy Ha ysKEe HOACKH, B HYCTh £ — PaCcCTOAHHS IIOCKOCTH
Hogcka OT HeHTpa cepw; Torma BeA Macca HMoscKa TomammuHOl dx
HaXOAUTCA Ha OJHOM M TOM Ke PacCTOSAHWH r OT TOYKu P, a HoTeH-
nuajgbHAA DHePIUsA UPUTAKEHHA 3TOTO MOosCKa paBHa —Gm'dm/r.
CxonsKo e MaccH cogepurca B nosicke dz? Bor cronbko:

2nypdz _ 2nypdra ZJIapdx
- - ?

dm = 2nypds = G m
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rae p=m/4na® — mosepxHoCTHas MIOTHOCTH Macch. (Boobme mao-
mMajgb MDOBEPXHOCTH NIIAPOBOTO I0fica IPONOPHHOHANBHA €TI0 BH-
core.) IlostoMy moTeHumMAaNbHAs HEPrHA IPATKEHHUA MacCH dm

eCTh
AW = — Gm;dm _ _Gm’2i[apdx )

Ho mu Bugum, uro
r=y+R—z)=y*+2*+R*—2Rz=0a"+4 " —2Rx.

3uaunr,
2rdr = —2Rdz,
TH ’
dxr dr
TR
Hoaromy emomain
m'2napdr
dW = — —-—ﬁL—
H HOAydaercs
Gm/'2ra e Gm'2na Gm' (dna?p)
W=—-——-—E—M dr_—A—-—E—H2a=————Rh”_=
R-a

,
=L (13.18)
Crano 6KITH, AN TOHKOTO CLOA NMOTeHOUAJNBHAA BHePTHA Macce m’,
BHeIIHeli 10 OTHOLIEHHIO K CJIOI0, TAK0BA, KaK eciu OB Macca Clios
cofpanach B ero meHTpe. 3eMIIIO 3Ke MOMKHO IIPeJICTABUTD B BHJE PAJA
TAKUX CIOEB, M NPUTAKeHNe KHKIOr0 M3 CJI0EB 3aBUCAT TOIBKRO OT
€ro MaccChl; CIOKHB MX, MOJIYYUM 8CH0 MAaccy TIIAHETH; 3HAYUT, U BCS
3eMnsa AedcTBYeT Tak, CHOBHO BCE €6 BeM[eCTBO HAXOUUTCA B ee
neHrpe!

Ho mocMotpuM, uro npousoiiner, ec1n Touka P oRaxkeTcs BHYTpH
cion. Ilpogenrisas Te jke pacders BHIOTH 10 WHTETPUPOBAHMUA, MH
MOJNy9uM pPasHOCTh ABYX B3HAYeHUN r, HO yime B Apyroi dopme:
(a-+R)—(a—R)=2R (psoiinoe paccrosaue or P go uenrpa). py-
raMu ciaoBamu, Temepb W cramnosures pasHoit W=—Gmm'/a, aro
me sagucum om R, T.e. Touka P eciody BuyTpu cgepst obiagaer
OJHOM u ToM jKe DHepruei TAroTeHWA. A 3HAUWT, Ha Hee He Jeii-
CTBYeT HUKaKafs CHia, H He HY;RHO HHKaKOil paborsi, uToGH
AsAraTh ee BHyTpu. Horja moTeHumajbHas SHEPrAs Teja BCIOAY,
B M0G0 TOYKe BHYTpU ceprl, OAMHAKOBA, TO Ha TeXo He JedcTByer
HUKakasg cana. Bryrpu cdepsr Teno He MCHHITHBaeT JeUCTBHA CHX,
CHIa AeMCTBYET TONHKO CHADY/KH.



roasa 14

PABOTA H MOTEHDHUAJDBHAA 3

SHEPTHA (IT)

§ 1. Paboma

B npemmiyymeit riape MeI BBeJIH MHOIO HOBLIX

HOHATUN U Uflel, UTPAIOIINX BAa;RHYIO PoJab B $u- -
suke. WUpmem sTH CcroJIb BakHBI, YTO, MOKaNyH,”

CTOWT MOCBSITHTH IEJIYI0 TIJaBy BHUMAaTeAbHOMY
O03HAKOMJIEHHIO ¢ HUMHU. MBI He GyjueM 3jech HOBTO-
PATH «OKA3aTeIbCTBay W KPACHBHS IPUEMbI, 1MO3-
BOJAKIINAEC TPOCTO NOJYYATh BaRHBIC Pe3yJabTaThl,
a BMeECTO 3TOoro COCpeILOTO‘II/IM Hame BHUMaHHe
Ha OOCY/KIeHHM caMuX HIei.

HItynupys nwdofi BOnpoc TeXHUTECKOT 0 XapaK-
Tepa, AJiA IOHUMAaHUA KOTOPOTO HY/KHA MaTeMa-
THKA, MBl Bcerja crajKuBaeMcs ¢ Heol0XomuMo-
CTHIO TOHATH W OTJIOKUTH B MAMATH Maccy GaxkrTon
U ujeit, 00beNHEHHHX ONPeieIeHHLIMY CBA3SIMIH.
CymecTBoBaHMe 3TUX CBA3EH MOKHO «HOKA3aThb»
unu «mokasarby. Huuero me cromr cmyrarb camo
IOKA3aTeJbCTBO C TEM COOTHOIIEHHEM, KOTOpoe
OHO ycraHaBiaumpaet. HOHeYHO, KyZa Ba’KHee BHI-
VUHTh W 3aMOMHUTH HE [OKa3aTeIbCcTBO, a CaMo
coorHomenne, Torga yix B a000M caydae MBI CMO-
7eM cKaszarh: «Jlerko mowasarth, 4YT0...» TO-TO U
TO-TO BEpPHO, a T0 U JAeficTBUTENBHO TWOKA3aTH JTO.
[IpusoguMble foxaszarTelbeTBA MOYTH Beerfa CO-
CTPANAHH, cpalpUKOBAHEI ¢ TaKUM pacderoM,
4T00B, BO-TMEePBHIX, UX JIETKO OBLJIO BOCTIPOU3BECTH
MeJIOM Ha JOCKe 1WIu mepoM Ha OyMare u, BO-BTO-
peix, 9T00B OHW BHTIAAfenn Toriaa:ke. B wmrore
J0Ka3aTedbCTBO BHIISAHT OOMaHIUBO WPOCTO,
X075, OBITH MOJKeT, Ha CAMOM JeJie aBTOp MHOTO
9ac0B MCKAJ pasHHe IYTH paciera, IOKa He Hamesx
caMpLil MBAMIHLK — TOT, KOTOPHIA IPHBOJUT K pe-
3yJBTATY 3a Kpardaiimee BpeMal L'msaa Ha BH-
BOX (OPMYJIBI, HAJA0 BCIIOMHHATH HE 3TOT BHBOL,
a CKopee caM (aKT, 9T0 TO-TO U TO-TO MONCHO
dorasamb. Koneuno, ecan [OKa3aTeJabCcTBO Tpedyer

9*
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0CcOOBX MaTeMaTHYeCKHX BBIKJANOK WM <(TPIOKOB», HHUKOIAA
mpe)K[e He BUIEHHHX, TO HaX0 o6paruTh BHUMAHME... BOPOYIEM, He
Ha caMU TPIOKH, & HA MX HIEI0.

Hnm ofHO m3 foxasartenbeTs, NPHBEIEHHKX B 3TOM Kypce, aBTOp
He 3alOMHMJ ¢ TeX BpeMeH, xorxa caMm yuud ¢usury. HaoGopor,
OH TPOCTO BCHOMHUHAET, YTO TO-TO ABJAETCHS BEePHBHIM, ¥, IEITANCH
TOACHUTH, KAK BTO J[OKa3hBaeTcs, CaM UPHUAYMBIBAET AOKAa3aTeNb-
CTBO B TOT MOMEHT, KOrza oxo Heobxogumo. W Bearwmii, xro meiicr-
BUTEIBHO M3yYUI MpenMeT, NoJKeH OHTh B COCTOSHHU TOCTYIATh
TAK jKe, He 3aloMuHag [okasarenscTs. Bor mouemy B 9roil raaBe
Mpt Gymem m3beraTh BHBOJA PAa3JIMYHBIX NONOReHHIl, CHeTaHHHX
paHee, a mpocto GyAeM MOABONUTH HTOIH.

IlepBast  wmpmen, KoOTOPYI HY/RHO OyaeT  mepeBaputh,—
910 TO, 4TO paboma npoussodumca cuacli. PuUsMIeCKHH TepMUH
«pabora» Hudero obmero He wuMeer ¢ Oo0meRUTEHCKUM ee
CMBICJIOM. ..

(Dusuueckag pabora BHpa;KaeTca B BUJE SF-dS, HIA «KOH-

TypHuit uaTerpas or F mo ds cranapHO»; MocnefHee 03Hadaer, 4TO
ecTu CHJiAa HalpPaBJIEHA, CKAa;KeM, B OJHY CTODOHY, 4 TeJ0, Ha KO-
Topoe cmiia AeficTByer, mepeMemaercs B Ipyrywo CTOPOHY, TO pa-
6omy cosepuLaem Moabko COCMAsAAIOWAL CUAbl 6 HANPABAEHUU Nepe-
mewgenus. Ecnu Gwi, manpuMmep, ciiia Ouda MOCTOSIHHA, a CMeile-
HHe DPOU30IUI0 HAa KOHEUHHH oTpe3or As, To pabora, BHIOJIHEH-
Hasd OOCTOSHHON cUI0H Ha pTOM myTH, OBlIa OB paBHA NIpOM3Rejc-
HUIO cocraBisAwmeil cuiasl BRoab As Ha As. Ilpasmao raracur: «pa-
€ora ecrh cHiia Ha OyThy, HO TIOJPAa3yMeBaeTCA UMb COCTABJIAIOIIAA
CHJIH B HAIPaBIeHHM LepeMeleHUs, YMHOKEHHAA Ha As, wim, 9T0
OJHO H TO Ke, COCTABIMIOMASN TMepeMelleHrs B HANPaBJleHUU CUJIBL,
ymHOenHas Ha F.

OueBugHO, YTO CHJIA, HAUOPABJICHHAA NOJ UPAMBIM YIJIOM K
mepeMellieHuio, HUKaKoll paboTel He TpPOM3BeAeT.

Ecau, manee, BeKTOp cMeilleHHs AS PABIORUTL HA COCTABJAL-
mpe, T. €. ecJiM MCTHHHOE cMemeHme ectb AS M MBI XOTHM CUHTATh,
9TO OHO COCTOMT K3 COCTABJAIOIMX cMeleHNsa Ar B HalpaBieHHH
z, Ay B HaupaBieRun y u Az B HaUpaBieHHH Z, TO BCA IIPOU3Be-
AeHHast paora mepeMemenus Teja 3 OFHOI0 MecTa B PYroe MOKer
OBITH pacciWTaHa [O TpeM dYacrAM: OTHeAbHO paboTa cMemeHns
BAOIL T, BLOJIL Y H BHOAb z. PaGorTa mepememenus BJ0JAb I Tpe-
fyer BHAHHA TOJIBKO COOTBeTCTBYIONeH cocraBigomed cuier F
# 1. 1., Tak 910 paGora paBHa FxAx—%—FyAy—}—FZAz. Rorpa cuna
He HOCTOsIHHA, a JBWKeHHe 3allyTaHHOe, KPUBOJXMHeIHOe, TO HYK-
HO pasbuTb IyTh HAa MHOMKECTBO Majbix AS, CIOKHTE PaGoThH
mepeHoca TeJa BAOABL Kakaoro As m Yepedtm K mpefeny mopm
As, crpemMameMcs K Hyxo. B 9TOM CMBICH DOHATHA (KOHTYPHHIA
HHTET paiy.
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Bcee, aro Me roabko wro ckasanm, cogep.mrca B Gopmyue
W= SF-ds. Ho ogso meno maspath 3Ty QOpMyJay IpeKpPACHOI, u

COBCEM Jpyroe — IOHITH e CMBICH I €€ CHEeCTBHA.

Cumprca ciosa «paborar B Qusnmke HACTONBKO OTIMYACTCH OT
TOT0, YTO TOZPA3YMEBAIOT HOJ BTHM CIOBOM B OORYHHX 00CTOATENb-
¢TBax, 94T0 HAJO 1MATEIBHO Hpocieqntsb a1o pasauuue. Hanpumep,
00 TOYHOMY CMBIcHY QU3MYECKOro ompejejeHus paGoThl, ecim BH
JepyRuTe B pyKax JIBYXUYNOBYIO MMPIO, BH He COBepIiaeTe HUKAKOIL
paborst. Bac Gpocaer B mor, Bamy PyK¥ [POKAT, BH ABILIATE TA-
Aeno, Kak Oyaro Babesnanum mo JectHHUIe, a paloTH B HE CoBep-
maere. Horga B B30eraere mo JEGCTHHOE, TO CIMTACTCH, 9TO BLI
cosepwaeme pabory; KOTga B cGeraere mo JeCTHHUIe BHUZ, TO, COI-
N1aCHO QU3MRE, MUP HPOU3BOXMT paboTy HAl BAMH, a BOT KOFJa BH
OeP)KUTe HpeaMer, CTOfA HEeIOJBUYKHO, HHKAKOW paborsl He mpouUs-
pogurcsa. Ousuveckoe ompejesnenue paboTs oraMYaeTcss ot PUsHO-
JIOTUYEeCKOr0 MO HPUIMHAM, KOTOPHIe ME CeHYac RPATKO H3IOMKUM.

Horpma BH gepasure rpys, B, KOHOIHO, BHIIOJHsETE «PU3HOIO-
ruveckyw» pabory. Oraero sac Gpocaer B mor? Ilouemy mas raxoro
3aHATHA BaM HeoOxofuMo xoponro nurarbesa? Ilogemy sce mexauuns-
MBl BHYTPH Bac paboTamT B HONHYI CHIY, KOTAAa BH NOJCTABAIH
cnudy moj rpys? Benb Mo;KHO Ha 3TOT Ipys He TPATHTh HUKAKHX
YCHJIHH, CTOUT JUIIb HOJOMKUTH €r0 Ha CTOJ, W CTOJ CHOKOIHO u
MUpHO, He HY:R[asch HH B KaKoil pHeprum, Oymer mepmarhb cele
TOT e rpys Ha 710l ke Beicotre!l (Duamosiormsa pgaer UPHUMEPHO
caelywomee o0baAcHEeHne. Y YeNO0BeKA M Yy APYIHX ;KHBOTHBIX €CTh
apa poma Mumr. OfHEH, Ha3LHIBAGMLIE NONEPEUHONOAOCATNBIMU
WA CKelemMblMu, KOHTDOJHUPYIOTCA Halleil BoJeil; TakoOBH, Ha-
npuMep, MBI pyK. Jpyrue MuIImIusl HasHBAWTCH 2440KuMU
(nampuMep, MBINIBE BHYTPeHHOCTEH WX Y MOJIIOCKOB G0JbHION
3aMHBIRAIONAA MYCKYJI, KOTOPHI 3aKpHBaer CrBopxHu). I'iagxme
MpLOOE paboTaloT O4eHL MEAJIeHHO, HO CHOCOGHBI «OIEHEHETHY;
3T0 BHAYHUT, 9TO €CIH, CKAKeM, MOIIIOCKY HY:KHO YAEP/KATh CBOH
CTBOPHKU B OIpeeIeHHOM IOJNOJKEHIH, T0 OH UX YAEP/HUT, KaKkas Obl
cmila Ha HUX HU HajkuMana. MHoTme wacel cmocofen on 6e3 yeranan
gep/Karb CTBOPKH TOJ Harpyswoif, momoGHO cTody, HA KOTOPLI
TONOMEH TPY3; MHIIIA «3ACTHBAETY B ONPEAeIeHHOM IOJOKEHNH,
MOJEKYJiH ee Kak OBl CXBATHBAKTCA APYT ¢ APYroM, He cOBepluas
HAKaKoH paGoThl, HE TpeOys OT MOJIIIOCKA HuKakmx ycmnmit. Ham
e HYKHB HEIPepPHIBHEIE ycuius, 4robu ygepmarb Bec. 3710
o0BACHAETCA TPOCTO YCTPOHCTBOM NOMEPEYHOMOJOCATHIX MBI,
Horma HepBHHI uMOYJIbC NOCTHTAEeT MAIMIEYHOTO BOJOKHA, OHO
HECKOJIBKO COKPAIlaeTcs W 3aTeM OmATh paccaabisiercd; KOTGa Ml
JiepsKUM IPY3, TO B MBIMINY CIUIOMHLIM B OOMIbHLIM HOTOKOM TEKYT
HepBHbIE MMIYJIbCH, MHOKECTBO BOJIOKOH COKpamiaercs, MoXa apy-
rue OTAMXAT. JT0 Jajke MOJKHO YBHETh: KOrja pyKa ycraer
JlepaTh TAKECTb, OHa HaumHaer fposkarsb. llpomexogmr aro
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nOTOMY, 9TO0 IOTOK MMIY/IbCOB HEPEryAApeH U YCTABITHE MBIIITE HE
ycHesawT BOBpeMs Ha HuX orpetuth. Hogemy sxe Mumpbl coGpaHs
no raxod HeygauHod cxeme? HewszsectHo modemy, HO npupoja He
cyMesa cosfarth Owiempodeiicmeyowur THAOKAX Meiui. A kyja
yno6uee Ob110 OH MOJHUMATH TPY3H MMEHHO TVIAJKHMH MBIIIIAMH:
OHHM CITOCOGHBI BAMHPATh HA MecTe, OHH MOTYT HEeIeHeTh U AJifA BTOT0
He HY;KHO Ono OB coBepliarh HHKAKOM paGorbl W He HY/KHA
Hukakas aeprusa. Ilpasma, y 91ux MeInI ecTb ofuH HEJOCTATOK:
OHH OYCHb MeIiieHHO paboraior.

Ho pepremcs x Qusuxe ¥ 3afafuM eme OSHH BOHPOC: 3auem
HaM MOJCYUTHBATH BHIIOJTHEHHYIO pabGory? Omeem: morToMy 4To
a10 umHTepecHo M modesso. Iloromy dro pabora, Koropyio mpo-
H3BOAUT HAJ WACTHIEH PaBHOHEHCTBYIOMIAA BCEX NPHJIO/KEHHHX
K Hell cHil, B TOYHOCTH paBHA MBMEeHEHWIO KHHETHYECKOH DHePTHH
910l gacryuel. Ecam rteqo ToarHyTh, OHO HaGeper cropocrh, H

A(r*) =2 F-As.

§ 2. Jsusnmcenue npyu HAAONCCHHBIX CEAZAX

Cunet 1 pabora 061axalor eme OXHEM HHTEPECHHIM CBOMHCTBOM.
Ilycrs mMeercss HEKOTOPHLE YHIIOH, KaRasfg-TO KPHUBOJHHeIHAaA Ko-
Jes, DO KOTOpOo#d YacTuma [OJ>KHA [BUTaTbesa Ges tpenuda. Uan
AMeeTCA MaATHHK — TFPYy3 Ha HHUTOUKE; HUTh MARATHHKA BEIHYKIAET
rpys HBUrarbess DO KPYry BOKDPYr Toukm nopaseca. Hamoras muth
Ha KOJBIIIEK, MOKHO B KadaHuM MeHATh TOYKY HOJBeca, TaK 410
TpaeKTOpus Tpysa Oymer CKIAABIBATLCA U3 IBYX OKPYIKHOCTeH
pasHoro papmuyca. Bce 510 mpuMepal TaK HA3BIBAEMBIX HENOOBUNCHBL
ceasell b6e3 mperud.

B mBwkeHun ¢ HeOABIRHHMI CBA3AMU (e3 TPeHUA ITH CBASH
He IIPOMBBOJAT HUKAKOMN PaboTH, HOTOMY UTO PEaKIuHU CBABEH BCer-
Ja OPWIaralprTcA K TeJy UOo[ HPAMBIM YIJIoM K CaMAM CBA3AM;
Tak 0oGCTOMT [ed0 M ¢ peaknueil Kojem WM ¢ HaTAKeHHeM HUTH.

Cuapl, BO3HHKAOIUe OPH ABWKEHUH YaCTULBl BHU3 IO CKJIOHY
moj, JeficTBHEM TAMECTH, BeChbMa 1 BechbMa 3amyTaHH: 3[ech B pe-
aKkIUM CBSI3H, M CHIA TrKecrd, u T. n. W Bce Ke, eclIm OCHOBHI-
BaTh CBOM PacYeThl [BUKEHUA [IHIIb HA COXPaHEHWM PHEPIUH W HA
yuere Mmoabko CUbl MAYNCECMU, HOJAYydaeTcs IIPAaBUIbHBIE pesyip-
Tar. J10 BHIJAAMT AOBOJILHO CTPAHHO, MOTOMY UTO 3TO HE COBCEM
npaBuabHO; Hamgo OBJO OR NOJB30BATHCH pasguodeiicmeyrouget

Hanpaanerue dounenus

Pearyus
onopel - Cuaa

MKecqw

@ ue. 14.1. Cuas, Oeiicmsyiowue
Ha meao, cKoavaalyee Ge3 MPEHUR.

246



cunoit. Tem me Menee pabora, HMPOUBBECHHEAN TONBKO CHAOGH Ti-
JHECTH, OKasHBAETCA DABHON HBMEHEHMIO KHHETHYeCKOH sHepruu,
noromy 9ro paGora cma csAseidl paBHa HyNo (Pmur. 14.1).

Baskroe cBoiCTBO CHJI, 0 KOTOPOM MEI TOBODPHJH, COCTOHT B
TOM, 9T0 €CJIM CHJLY MOKHO Pa30uTh HA [(Be WIN HECKOIBKO «dacTeil»,
T0 paGora, BHIOJIHAEMas CAMOW CUJION IPH ABIWKEHUH 110 HEKOTO PO
KPHBOil, paBHa cyMMe paboT, HMPOM3BEJEHHBIX KaKHOH «9acThio»
cuisl. Eciam MB IpejfcraBideM cwjly B BHIe BeKTOPHOH CyMMBl He-
CKOJABKMX CHT (CHIB TAKECTH, peakiuum cBAzed H T. A., UM
Z-COCTABAAIONHX BCEX CHJL ILIIOC J-COCTABJAAWIIINE H T. [., HJIH enie
Kak-HuUOyIb), T0 pabora Bceil cunsl pagHa cyMme paboT Tex gacreit,
Ha KOTOpPEE MBI ee pasfenuiu.

§ 3. Koncepsamuenste cuant

B upupome cymecTsyioT Cwibl, CKa;KeM cmia TsmRecTs, obaa-
IAWOIIe 3aMeYaTelbHEIM CBOHCTBOM ~— «KOHCEPBATHBHOCTBIOY (HIf-
KaKuX HMOMHTHIECKHUX H/EH, HUTCr0 JBYCMBICTEHHOI0 B 3TOM HOHA-
THu Her). Horga Mbl HDOHCUUTHIBAEM, KaRKyio paloTy BHOOJHsET
CHJIA, ABUrasg TEJIO OT OFHOH TOYKH K APyroiu, 1o Boobme pabGora
3aBUCUT OT TPAGKTOPHH; HO B 0COOBIX CJIydasix 23Ta BaBUCH-
MocTh mpomajaer. Ecnm paGora He 3aBUCHT OT TPAGKTODHH, Mbl
rOBOPHM, 4YTO CHIIa KOHcepBaTubHA. VHKME CclOBaMH, eciad uil-
Terpasi OT IPOUBBEJNEHMA CHIH HA TNPUPAIHeHNs CMemeHHH# MeRny
roukamu I u & (pur. 14.2) oguH pas BEUHUCIEH BHOJIb KpuBoil A,
a Apyroi — BIONb KpuBOH 5, m 00a pasza moiyuaeTrcs OIHMHAKOBOE
KOJHIECTBO J/KOYJIeil, U ecJi 9T0 BBHIIOJHEHO I 410600 Kpugoil,
COeMUHAIONIEH 9Ty MAPY T09eK, M €CHH DTO 3Ke CIpPaBeIuBo Oa4
410601i RApsl MoYek, TO TOBOPAT, 9TO cUiIa KoHceppaTuBHA. B raxmx
ofcTosTeAbCTBAX HHTErpad paboTet MesKay ToukaMu I m 2 MOMKHO
JerKO MOJCUYMTATh U JaTh IJisi Hero opMyay. A B IPYTHX cAyUasx
9TO HEe TaK MPOCTO: HY;KHO 3afaBarhb emie QopMy KpHBOIl; HO Korja
pafora He 3aBHCHT OT KPHBOH, TO, fCHOE [eJ0, OCTAETCA TOJBKO
3aBUCHUMOCTD OT RoJdoxcenul touex I m 2.

Yro6H [0KazaTh 310, paccMorpum ¢ur. 14.2. Qurcupyem mpo-
u3BOABHYI TOYRY P. KpuBonuHeliHsii uHTeTr pas paboTh Ha ydact-
Ke (7,2) MOKHO BBHIYUCIUTH, pa3buB ero Ha ABe vacTH: pabory Ha
yaactre (I, P) u pabory Ha ydactre (P, 2), moromy 410 ceifgac y
Hac BCIOJy KOHCePBATHUBHHE CHJIH, W IO KAKOMY IyTH HH OOHTH,
aHadenue pabors ogHO W TO yke. Pafora mepemeunieHMA u3 TOUKH

D ue. 14.2. Boamodcuve nymu,

coedunaouue Bee MOUKU 8 nOLe CUA. .
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P B m0o06yi0 TOYKY IIPOCTPAHCTBA ABIAeTCA PYHKIHEHR IOI0MKeHus
rkoHeuHolnl Tourku. Oma saBueut u o P, HO MHl BO BceM JajibHellinenm
aHajm3e TouKy P saxpennM, Tak 410 padoTa mepeMelleHHA Tesia
ot Touxky P k rouke 2 Gyfer HeKoTopoil GyHRIHE T10J0KOHUA TOU-
ku 2. OHa 3aBHCUT OT TOTO, I'Ie HAXOQUTCA TOUKA 2; €CJU mepeMmec-
THTH TEJI0 B JPYyTryl TOYKY, OTBeT Oyjaer Apyroil.

O6o3uauum pTy QYHRIMIO HodokeHus depes —U(x, Y, z); Ke-
JAas OTMETHTb, 4TO PEYIb HAET WUMEHHO 0 TOYKe 2 ¢ KOOPIUHATAME
Zs, Yo, 23, MBI OyleMm mpocto mucark U(Z), corpamas obozHaueHUe
U(xs, Y2, 32). Pabory mepememenusn us rouxku / B 109Ky P MOKHO
pamucarb, O0pPaTMB HanpaBJeHWe WHTETPUPOBAHUA (IepeMeHUB
3HaKy Beex ds). dpyrnmm crosamu, paGora Ha ydactxe (Z,P) pau-
na pabore Ha yuacrke (P,I) co 3HaKOM MEHYC:

P 'l 1
{Fds= (F.(—ds)=—(F.ds.
1 P 4
3uaunt, pabora Ha ygactre (P,I) ectb —U(1), a Ha ygacrre (P,2)
ectb —U(2). Ilostomy wmarerpax or I go 2 pasen —U(2) miwoc
|—U(I) nasag], 1. e. +U(I)—~U(2):
b} 2
Uly=—{Fds. U@=—{F.ds
P

P
2

3 F.ds=U (I)—U (2). (14.1)

1
Bemuunna U(1)—U(2) HasmiBaerTci H3MeHeHHEM M[OTEHIHMAIBHOIL
sHeprum, a U/ MOKHO HasBaTh IOTeHNmMakbHON ameprued. Mu Gy-
JeM TOBOpAT, 970 KOIAa OpeMer HAXONMTCA B MOJIOREHUH 2,
TO OH objamaer moreAUmANbHON sHeprueii U(2), a B TOJ0meHHH
1 — porenumansHo#t pueprmenl U(7). Horza oH maxopmmrea B 1o-
ao:keEun P, ero moremnmanbHas 3Heprus pasHa Hyho. Eciou 6m
BMecro P B3sare mwobyio ppyryio T1odry (), To 0Kasaxoch Oul (91O
IpelocTaBiAeTCA A0KA3ATh BAM CAMHM), YTO NOMEHYUAIbHAL FHED-
2uUf 6cex MOUEK USMeHuAach Obl MOAbKO HA nocmoawkyw 006asky.
Tax Kax coxpaHeHUe DHEPTUH 3aBHCHT TOJNBKO OT U3MEHEHUL ee,
To ata gofaBodHasd HOCTOSHHAA HHKAKOrO B3HAYEHMS He MMeer.
Bor moaromy towyra P mpowusspoabHa.

Urax, y mac umerces gBa yreepsugenns: 1) pabora, srnosHse-
Mafg cuioll, paBHA WBMEHEHWI0 KHHETHYECKOH DHEPIMM CHCTEeMbI,
HO 2) MaTeMaTtuIecKy AN KOHCOPBATUBHEIX CHJ BHIIOIHEHHAH pa-
f6oTa paBHa MuHyc m3MeHeHWI0 ¢yHkmun U/, HassBaeMOH DoTeH-
nuanbHol sHeprueil. Hax ciefcrsue s1ux yrBep/AeHUA BO3HHKALT
elie ONHO: ecau Oelicmsyiom Moabko KoHcepsamusnsle Cuabl, CYMMaA
nomenyuarvrott U u kunemuueckoti T snepeull ocmaemca nocmosr-
HOU:

T + U =const. (14.2)
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Pacemorpuy GopMyly motrennmanbroi PHePIUH AJNA pAlla Cay-
yaep. Ecam mome 1HIroTeHnA OJHOPOIHO, €cili MBI He IOJHUMAECMCS
IO BEICOT, CPABHMMBEIX € PagHyCcOM 3eMIHM, TO CHJIA HOCTOSHHA H
HaTpaBjieHa BCPTHKAJIBHO, a paboTa paBHA IPOCTO HPOHBBEACHIMIO
CHJIRI Ha paccrospue mo pepruranu. Craxo GhTh,

U (2) =mgz, (14.3)

a 3a TOURy P ¢ Hy/eBoil moTeHIHAABHON DHEPrueil MOKHO IPUHATH
a06y10 Tourky Ha mopepxuoctd z == 0. Ho MOKHO TaksKe FOBODHUTD,
4TO NMOTeHIWasibHas sHeprus pasHA mg(z—6), ecinm HaM TaK Yik
sToro xogerca! Bcee peaynbrarhl B HameM aHAJIU3e OCTAHYTCA TEMH
JKe, KpoMe T10ro 49ro IMOTeHIUAJbHAs JHEPrus HA IMOBEPXHOCTH
z = 0 6yger pasHa —mg6. PasHuis HEKaKo#, Begb B pacyer HAJO
OpUHEAMATH TOJbKO pa3Hocmiy TMOTEHIINAJLHHX »Hepruii.

Oueprus, HeoOXoguMasg A CRATHA TPYHRNHE HA PAcCTOAHHE
I OT TOYKM PABHOBECHA, PaBHA

U () =5 ha*, (14.4)

¥ HyJb NOTeHNHMAIbNON SHeprun Npuxonurcs ua toyky z = 0, 1. e.
Ha PaBHOBECHOe cocrTosiHuMe npy:;xkuHK. W 31ech Toske MBI MOsKREM KO-
GaBuTh MI06YI0 KOHCTAHTY.
Nerennuancuas dHEPrus TATOTEHUA TOYeuwHHX Macc M m m
HA PACCTOAHMM r JPYyrL OT Apyra paBHa
U(r)= - (14.5)

r

Koncranra smech BeiOpaHa Tak, 9ro0B HOTeHpHWasa mcYe3ald Ha
oeckoHeuHocTH. l{oHeyHo, a7y e QOPMYNYy MORHO MPUMEHHUTD
¥ K 9JEKTpHYeCKHUM 3apPsAfaM, HOCKOIBKY 3aKOH OJMH U TOT jKe:

9192 4L
U () = fneer (14.6)

Hagaiite temepp mopaGoraeM ¢ oxHOH u3 ?1EX ¢opMmMyn, Io-
CMOTPHM, HOHSJIH JU MH WX CMBICT.

Bonpoc: C rakoil cKOpoCTbIO AOMIKHA OTHPABUTHCS panera C
demun, 9TOOH TOKHHYTH ee?

Omeem: CyMMa RITHeTHIECKOH U MOTeHINAJIbHO 1 DHEPruil AOKHA
OHITH MOCTOAHHOI, IOKAHYTh O€MJ0 — 3HAYHT YHAJHThCA OT Hee
Ha MIUIJIHOHB KMJIOMETPOB; €CJAM Y PAKeThl TOJBKO-TOAbKO XBaTaer
cmil, YTo0H HOKHHYTh 3eMJI0, TO HAZ0 UPeANOIOKHTb, ITO TaM,
BIAJIEKE, ¢e CKOPOCTh Oy/eT paBHA HYJNI M YT0 Ha GECKOHEYHOCTH
oHa Gyner exsa-enpa gsurathea. llycrs a — paguyc 3eman, a M —
ee Macca. HuHermueckas mIi0C TIOTeHIUANBHAA HYHEPTHMM HepPBOHA-
yaJdpHo OnLTE paBHbl Yo me? —GmM/a. B koHue mBIKEHHA dTH
o0e pHEpPruu JOJKHEL CPAaBHATHCA. MHeTHIeCK yI0 SHEPruio B KOHIe
'ABIDKEHAA MBEl CUATAGM HYJEBOl, DOTOMY YTO T€I0 elle ABIGKETCH
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(moyt:m ¢ HYJNEBOH CKOPOCTbIO), a MOTEHUHMAJIbHAS DHEPIHA paBHa

Beaudune GmM , fenenHol Ha GECKOHEYHOCTD, T. €. ONATH HYJeBas.

3Hayur, ¢ OJHON CTOPOHHE CTOMT PABHOCTH ABYX Hyleil; mMosTOMY

KBAXparT cKopocrd poiked Opire pasen 2GM/a. Ho GM/a? »s10

KAk pas T0, Y10 HA3BBAIOT YCKOpeHueM cuisl rsyrectd g. Mrak,
v?=2ga. .

C xarofl CKOPOCTBIO JIOJLKEH HBHIATHCS HCKYCCTBEHHBIN CHYT-
HAK, YTOGH He mamaTh Ha Jemaio? Mu Korga-to peimanum 9Ty 3aja-
9y u moayunian ¢2=GM/ a. 3naqur, uro6K TOKHHYTH 3eMII0, HYKHA
cKopocTh, B /2 Boapmas, 4eM CKOPOCTH BpAUIeHMA CHYTHHKA
BoKpyr 3emian. MamMu ciaoBaMu, 9To0H yaererh ¢ 3eMiIu, HYKHO
60eoe Ooabwe sHepeul (dHEPrWsA IPONOPIEOHANBHA KBAAPary CKO-
pocru), gem 491o0H oOaerers BOKpyr Hee. Iloaromy umcropmiecru
cHauaja OHIH COBEPUIEHK OGAETH HUCKYCCTBeHHBIX CUOYTHHUKOB
BOKDYD SeMJH, AIA 4€r0 TOHALOGMANCH CKOPOCTH OKOJIO 7,8 KM/cek.
U ronpko moroM rocMmueckue wopabiau 6huin 3a6pomIeHsl B Mupo-
BOE HpOCTPAHCTBO; ONA 9TOr0 HOTpefoBaNOChH yiie BIBOe BoJbiie
oHEpTHH, T. e. cKopocru okoso 11,2 wa/cex.

[IpogomsrumM Temeps Ham 0030p XapaKTEPHCTHK NOTEHIUATBHOI
gsHepruu. J[laBafite paccMoTpmM B3auMOJEHCTBHE JBYX MOIEKY
MM ABYX aTOMOR, HallpHMEp ABYX atoMoB Kuciopoga. Horma ounm
HaXOJATCS HAJeKo IPYr OT Apyra, OHU IPUTATHBAIOTCHA C CHIOM,
o0paTHO TpPONOPIHOHAJIBHON CeIbMOM CTEIEHHW PACCTOSHHSA, a
Ipy TecHOM ¢OIIKeHNH OHU CUJBHO orralruBalorca. llpounrerpu-
POBAaB MHHYC CEIbMYIO CTENEHb PACCTOAHHUA, YTOOH HONYIUTH pa-
60Ty, MBI YBUEUM, 9TO TmorednuadbHasg sHeprusa U (pyHKOmus pac-
CTOAHUA MEKAY aTOMaMU KUCJIOPOAA) M3MEHsIeTCsI RAK MHHYC IIec-
Tasg crelleHb PAcCTOfAHMA (Ha OOINBIIUX PACCTOSHHUAX).

Ecnm Mi1 9epruM HEKY0 KPUBYIO IOTeHNUANBHON dHeprum U(r)
(¢ur. 14.3), o ppm GoubHIWX r OHA BRHITJAANT KAk r~%, a mpu mo-
CTATOTHO MAJLX 7 IocTAraet MUAMMYyMa. MUHEMYM O TeHIMAXBROIT
BHEPIUH B TOYKE r = d O3Hayaer, 4T0 eCIU MH CABHHEMCA 0T Hee
Ha Majoe paccrosiHue, Ha OUeHb MaJoe pPaccrogHue, 10 IPOU3Ee-
gennas pabora, paBHas H3MEHEHUIO TOTEHIIMATBHOM dHEPIUU HA B3TOM
IIPOMesKyTRE, NOUTH PaBHA HYJIO, HOTOMY 9T0 Ha JOHBIIKE KPUBOIL
SHEPTHMA IMOYTH He MeHseTcda. SHATUT, B DTOH TOUKe CWla paBHA
HYJI0, 0 9T0 €CTh TOYKA paBHOBecHs. ¥ CJIOBHE PABHOBECHS MOMHO
BHICKA3aTh U WHAYe: JJIA yAAJCHUS M3 TOUKHM PABEOBECHA B JI06YIO
CTOPOHY HY/RHO sarpaTurb paGory. Horma pgsa aroma xmciopoga
PACIIONOKEHE TAK, ITO HUKAKOH PHEPIrUM U3 UX CHJBI B3amMogelict-
BHs GOnbIIe BEDKATL HENIb3fA, TO OHK HAXONATCA B HaWHUBIIEM dHED-
TeTHIeCKOM COCTOSIHMM U INpPOMeKYTOK M&KNYy HuMm paseH d. Tar
BHITJIAUT MOJIEKYJIa KUCI0pojia, KOTAA 0OHA He Harpera. Ilpn Harpe-
BAHIM aTOMBL KOJIeGIIOTCA W PacXOATCA; MX MOKHO M COBCeM pas-
BeCTH, HO GO 3TOT0 HY/RHO ONpPEefeleHHOe KOJIWIeCTBO PasoThH
MV DHEPTruM, PaBHOe PaSHOCTU NOTEHIMANBHEIX DHEPIRii B TOYKAX
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utr)
@ ue 14.3. Homenyuaabrnas snep-
eus e3aumodelicmeun 0syr amoxos

kak Pynryus paccmosnuid mexdy
HUMU,

\U( r)~1/rf

(ecmu r>>d)

e—d —=

r=d u r=o0. llpn nompiTre cO:1U3UTH ATOMBI DPHEPIHSA OHICTPO BO3-
pacraetr BeieJCTBHME X B3aMMHOTO OTTAJTRMBAHUA.

Ilouemy MBi roopum o norenmmanpHOI aunepruu? Ilotomy uTo
e cu.ab, He OYeHb NPUrogHA JJIA KBAHTOBOI MeXaHUKH, TaM
Gonee ecrecTBeHHA mies sHnepeuu. Horga MM paccMarpunaeMm Gosee
CHOKHBIE B3auMOeIiiCTBHS: AePHOTO BelleCcTBa, MOJEKYN H T. A.,
TO, XOTA TOHATAA CHJIB U CKOPOCTH «PACCACBIBAIOTCSY W HCYL3AIOT,
OKashIBAETCH, YTO HOHATHE DHEPIHM Bee sKe ocraercs. lloaromy
B KHHIaX [10 KBAHTOROI MeXaHIKe Mbl HAXOANM K PUBbIE MOTeHIUA b-
HOil pHEpPIuH, HO OYEHDb PeIKO YBHAUM Ipadur CUJIR B3amMOJeN-
CTBUA ABYX MOJEKyJd, IOTOMY 4YTO Te, KTO H3ydaeT HTU SBJICHHUA,
GojbOie yiie MPUBHIKIM AyMath 00 pHepPrum, ueM o cuie.

3aMeTHM elle, 4T0, KOTJAAa HA TeJI0 OAHOBPEMEHHO HEHCTBYIOT
HECKOJBKO KOHCEpPBATHBHBIX CHJ, HOTEHI[HAJNbHAs SHEPrus Tela
€CTh CYMMa HOTeHI{MAJbHBIX HHEPruil 0T KasKA0H CHIbl, ITO TO, ITO
Mbl yTBEeKIAAU U paHblle, TOTOMY 9T0, KOTJAA CHJIA HPeJCTaBIsAeTCA
BEKTOPHON cyMMoii cmi, pabora, Npou3BOJuUMas €10, paBHA
cymme pabor, TPOU3BOJAHMEX OTHENBHEIMH CHIAMH, HO03TOMY €e
MOKHO MPeACTABUTh Kaxk M3MEHeHWsA MOTeHIIMANBbHHIX JHEPTHd 0T
KoM CHUIBl 0O OTHENBHOCTH. SHAYUT, 00mas OOoTeHruaJdbHaM
PHEPrUA paBHa cyMMe Bcex dacreil.

M MoseM 0Go0mUTh HTO Ha cliydail CHCTeMBl MHOTHX TE€JI, Kak,
nanpumep, IOmurepa, Carypra, YpaHa 4 T. . KA ATOMOB KACIOPO-
oa, azoTa, yriaepojga # T. J., B3auMOAEHCTBYIOIMUX APYTr C APyroM
HOYIADHO, MpHYEM CHIE B3auMOAeilcTBHA Kamjgoil Hapsl KOHcepBa-
THBHEL. B TaKuX YCIA0BUAX KUHETHYECKAas DHEPrus BCEIl CHCTEMBE
ecTh MPOCTO CyMMa KNHeTHYeCKMX DHOPTUIl BCex OTHENbHHX aTOMOB,
WIA IJIAHEeT, Wil 9aCTHI, 8 HOTeHNUalbHAasl BHePIUsA CHCTEMHl eCTh
cyMMa TOTEeHOHMAJTbHBIX SHEPTHil B3auMMOJEHCTBUSA OTHENLHEIX IIap,
pacCYMTAHEEX B HPEINONOKeHHMH, 4ro Ipyrmx gacrur Her. (Ha
caMoM jejie A MOJeKyJAApHBIX CHJl 9TO HepepHo, u GopMyna moay-
YaeTCA HECKOJBKO CIOMHEe; [JIA HBIOTOHOBA TATOTEHHS BTO OIpe-
IeJEeHHO CIPABERNHMBO, a IJis MONOKYJMPHBIX CUJ FOAMTCA JHIIb
Kak npubamxenue. Mo:kHO, KOHEYHO, I'OBOPUTL 0 MOTEHIUATLHOR
SHePIHH MOJEKYJIApPHHX CHJ, HO OHAa HHOTHa oxasmpaercd Ooneo
CHOKHOH QYHKIUeHd MOJ0/eHH aTOMOB, YyeM IpocTas cyMMma Io-
mapHux BaauMojeitcrBuit.) IlosroMy noredumanpnas oHeprus B
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9aCTHOM Cjyvae TATOTeHHs TPEACTABJIACTCS CYMMOIl IO BceM mapam
{ uj unenos — Gmm,/r,, [wax OblI0 LOKAB3aHO B ypaBHEHAH
(13.14)]. Ypasrenne (13.14) Buparaer MareMarudecku CIeKYIOMEe
npepioaenHne; ol0las MOTEHIMANbHAA WIIC 00MAas KuHeTHYecKas
SHEPrHH He MeHAI0TCA co BpeMeHeM. Ilycrb cefe pa3inTHEe IIaHOTH
BpamlaoTCA, 00pAaloTCA W MOKAYUBAIOTCS, BCE PABHO €cHU HOJ-
cYUTATh OBINYI0 MOTEHIMAABHYIO W OOM[YI0 KUHEeTHYECKYIO dHepruu,
TO OKaMKeTCs1, YTO HX CYMMa BCeIJa OCTACTCA MOCTOSHIOL.

§ 4. Herxoncepsamusnvie CuAbl

Mz morparuny HeMamno BpeMmeHU, ofcympad CRoicTBA KOHCep-
BATUBHHIX cHI. UYT0 K€ MBI Tellepb CKaKeM O HEeKOHCePBATHBHEIX
cunax? Mei xoruM pasobfparbes B 910M BoOmpoce Ooiee mogpoGHO,
9e¢M 370 OGBIKHOBEHHO [[€JA0T, H MOKA3aTh, 9r0 HEKOHCePBATUBHKX
cuin ve Onipaer! OraswiBaercd, Bce OCHOBHBIC CHJIBI OPHUPOAH, TO-
BUAMMOMY, koHcepBatuBHE. He mogymaiire, 910 210 CileAcrBHe
u3 saxonos Huroroma. Ha camom gee, HacKoJIBKO NpefCcTaBIi
ceGe 1o cam HpoToH, cHIIBI MOTYT OHTH HEKOHCEPERATUBHBIMHU, KaK,
HampuMep, TpeHue, KOTOpOEe KayKeTcsd HEKOHCeDPBATHBHHIM. YIOT-
peluisisi CIOBO «KAJKeTCHa», MBI HPOBOJIUM COBPEMEHHYIO TOYKY 3pe-
HHUA, KOTOPASA OKA3HBaeT, 470 Bee riyOuHALe CHJIbL, BCE CHUIIL B3an-
MOfeHCTBI MeKIy 9acTUHAaMM Ha caMoM PYHAAMEHTaIbHOM YPOBHE
¢yTh CHJIB KOHCEPBATHBHEIE.

Horga mMbi, HampuMep, aHaludwpyeM CHCTeMy Hamopolie 60Jb-
HIOTO [HAPOBOTO 3BE3HHOI0 cromieHusa (fororpadmi Taxoro ckom-
JEHUA Mbl IIOKA3HIBAJH) C THCAYAMH B3aMMOJeiiCTBYIOMINX 3Besf,
10 Qopmyna Hus 00mMeld HmOTeHIMATIBHON SHEPTHH COCTORT HPOCTO U3
CYMMBI c/TaraeMbIX, Kajoe u3 KOTOPHIX BHpajKkaer B3auMofieifcTBue
Karoii-t0 mapsl 3Be3J; TOYHO TAK ;KE M KHUHETHYECKAd BDHEPIuUsA
€CTb CyMMa RUHETHYECKHX 9SHepruii Bcex ormenbunx 3peax. Lo
UIAPOBOE CKONJIEHHE KaR IeJoe NBWKeTCs H B UPOCTPAHCIBE, U
OKa}{HCh Mbl OT HETO TAK JAJEKO, 9T0 He CMOI Ol pasiaudarb OT-
FeNbHBIX Jerajieil, M OB TPUHAIH €r0 34 eAnnii mpegmer. Eenn
OBl IpU 5TOM K HeMY ORIN HPHIOKEHNH Kalkue-t0 CHJIBL, TO 9acTh
W3 HEUX MOrsa OBl JBUraTh €ro Kax Leloe W ME Obl YBHWIEIH, Kak
LeHTP BTOTO Tesa ABIDRercA. (G Apyroil CTOPOLLI, IPOYHe CUIL MOTJIH
OB, eCAU TAK MOKHO BHIPA3HUTHCH, «TPATUTBLCA» HA IOBHIIEHHE TO-
TEHUHUAJTBHOR HIU KHHOTHYECKOd DHePIUH «JaCTULy BHYTPH «resan.
Tlomomum, Hanpumep, 4To AelicTBHE 3TUX CHUJ HPUBEJO OB K pacmu-
PCHHMIO BCeTO CKOIJIEHMA H YBEJIWYEHUI0 CKOPOCTEH «YACTHIp.
Q6mas sHeprus «rejiay Ha caMoM geiie coxpaHanack 6s. Ho, raaga
u3falexa HamuMu caabrMu riasaMu, He PasindaluMu 6ecmops-
JOYHHEIX BHYTPEHHHUX [BMyHEeHHiI, Mbl OH BUJENN TOXBKO KHHETH-
YeCKyIo DHEPTHI0 BCEro Teda v HaM OB Kazajoch, 94T0 DHEPrufd He
COX paHAETCA, XOTHA BCe Jeao 6hio OB B TOM, 9TO MBL HE Da3iudaeM
nmeraneit. OKasnBaeTcs, 4TO 3T0 Beerfa Tax: o0mias smeprus Bcee-
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JeHHON, KMHeTHIeCKas INIIOC HOTEHIUALbHAH, ecalm Kak creayer
IMOCMOTPETh, BCEr[a IIOCTOAHHA.

Nsyuan ronuaiimue cpoiicTBa BEmIECTBA HA aTOMHOM YpoBHe,
He 6ceeda aeeko pasNenuTh OOMIYI0 DHEPTHIO HA IBE YAaCTH, HMOTEH-
LHAJBHYI0O W KHHEeTHIeCKYI0, W He BCerjla Taxkoe pasieieHue Heol-
xonuMo. Bo Besaxom ciiygaae, OHO BOBMOMKHO NOYMU BCEIJA, TAK YTO
maBafite TOBOPHTH, 9T0 OHO gceed@ BO3MOKHO U YTO HOTEHIHATbHAN
IIIOC KUHETHIEeCKAs 3Heprum Mupa mocToaHHE. Mrak, obmas mo-
TeHnHaJbHasA MNIOC KUHEeTHYecKas DHePTHHM BHYTPH LeNOor0 Mupa
IIOCTO SIHHBL, i CJIH MHUP» — 3TO H30JHUPOBAHHHI KYCOK BeIECTRA, TO
BHEePrus ero MOCTOAHHA, €CJIM TOJBKO HeT BHewrHuX cul. Ho, kak Mbt
BHJEIH, YacTh KHHETHIECKOH W MOTeHINaJbHON sHepruil mpeaMera
MoskeT OHTH BHYTpeHHell (mawpuMep, BHYTPEHHHE MOJEKYJIAPHBI¢
JIBIDKEHU), BHYTPEHHEH B TOM CMbICJe, IT0 Ml ee He 3aMedaeM. Mp
3HAeM, YTO B CTAKAHEe BOJH Bee K0je0ieTcs, BCe 9acTH OecIipepuiBHO
IBWKYTCA, TAaK UYTO BHYTPH HMeeTcH OoIpefeieHHasd KHHETHIECKAn
DHEepPTHs, Ha KOTOPYIO MH OOBYHO HUKAKOI0 BHHUMAHUA He oGpamia-
eM. Mil He 3aMeuaeM ABWKEHHA aTOMOB, DOMKZAIONIETO TOILIOTY,
II NO3TOMY He HA3HBAeM ero KHHeTHYECKON BJHeprumeil, HO 0CHOBA
TeIlla — BCe-TAKM KHHeTuyecKas sHepruA. TogHO TaKk jKe U BHYTPeH-
HAA YOTeHIUaNBHASA BHEPrus MOKeT, HalpuMep, mMeTh ¢opmy
XHMHIECKON DHEPIHEN: KOrJIA MBI C;KUraeM GeH3MH, BHIJEIAOTCH SHe -
Tus, HOTOMY 9TO TOTEHOMAaJbHbIE IHEPIMH ATOMOB YPH HOBOM HX
pPasMeIleHnN OKAa3pIBalOTCH HIKe, YeM IPH HperkHeM pPacioloke-
Huu. CTPoro roBops, TEIIOTY HEJNb3A CINTATh YHCTO KHHETUIECKOIT
9Heprueil, B Hee BXOJWT M YACTh MOTEHIMAJAbHOH DHEPIWH; TO Ke
OTHOCHUTCA M K XMMHYECKON 9HEPI UM, TAK YTO Iy9ile 00beUHATL HX
A TOBODHUTH, UTO OOMIaA KHHeTHYeCKad U MOTeHOHAaJbHAsd DHEpPruu
BHYTPH Tella — 3TO YACTH4YHO TEIJ0, YACTHYHO XUMHIYecKasd 3Hep-
rusg u T. i. Bo Beakom cayuae, Bce 9TH pas3iudHEe GOpMbl BHYTPeH-
Hell SHEPruM MHOTHA PAacCMATPUBAIOT KAK (IOTEPAHHYK» SHEPrHIO
B TOM CMBIC/I€, KAK CKas3aHO BHINE; KOTLA Mbl M3y4UM TePMOIMHAMIH-
Ky, HaM Bce 2TO CTaHeT sgcHee.

B rawectBe mpyroro mpuMepa BozbMeM rtpeunme. Hemepro, 4rto
KUHeTHYECKasaA »HEPrusA B peaylibrarTe TPEHHA HCYE3aeT; ITO He-
BEPHO, XOTA CKOJb3fAMige TEJO M BUPAMB OCTAHABIUBAETCA H
KajRercd, UT0 KHHETHYECKAs 3Heprusa mpomana. Ho oma me mpo-
magaer, u60 aTOMBI BHYTDPH TeJa HAYHHAKT ABATATHCA ¢ OOJBIIMM
3aIACOM KWHETWYECKOH SHepruu; X0Th MBI BTOTO M HE MOKEM YBH-
IeTh, HO MOXKHO J0rajarbcs 00 3TOM IO MOBMMEHHI TeMOepaTypel.
Honeuno, ecaun He oOpamarh BHUMAHUA HA TEIIOBYIO DHEPTHIO, TO
TEOpeMa 0 COXpaHeHHH DHEPIHH NOKAMKeTCA HeNnpaBHILHOM.

Eme B ogHom caydae MOMKeT MOKasarbes, 4T0 JHePruA He
COXPAHALTCA: KOTZA Mhbl M3y4aeM 4YacThb BCeii CHCTEMEl. Bnoaue
€CTeCTBeHHO, YTO eCAH 4TO-TO B3aMMOJEHCcTByeT ¢ UeM-TO BHENTHHM
1 MB npeHe0peraeM BTHM B3aMMOjeHCTBHeM, TO TeopemMa O coxpa-
HeHWH dHeprum Oy/eT BHIJASAETh HEBEPHOIi,

258



B xiacendeckoit pusnke B HOTEHNUANBHYI0 DHEPTUIO BKIOUANHCH
TOALKO TATOTEHHEe M HJIEKTPHYECTBO, HO TEHePh Yy HAC €CTh ¥ aTOM-
HadA DHEPrus W MHOToe Apyroe. B Kiaccugeckoil reopuu, RaIpuMep,
cBeT — 310 ocobas dopMa SHEPIHH, HO MOKHO, €CITM HAM 3TOTO
X04eTCs, HPeNCTaBUTDL cebe DHEPrul0 cBeTa KAaK KHHETHIECKYIO
sHepruio ¢oroHOB, M Torfa Hama gopmyna (14.2) omsarp oramerca
cUpaBeIAROI.

§ 5. Homenvuaaist v noas

Tenepb o6paTuMCs K HEKOTODHM HAEAM, CBH3aHHBIM ¢ HOTEl-
HyaJbHOU dHeprueil u ¢ noHsTHeM noaf. Ilyers mBa Goabmux Tena
A u B upnrarusamor K cefe Tperne Majioe TeJN0 ¢ CyMMAapHOI CHIOil
F. Mur yse ormedasu B ra. 12, 4910 cmaa NpHUTSMEHENA YaCTHNE
MoskeT OblTh TpeJCTaBICHA KAaK TPOU3BENeHUe ee MacChl 1 Ha Bek-
rop C, saBucAlMi JUUIL OT RO40NCEHUSL FGACTHILL:

F = mC.

Tarorenne MOKAO aHANU3UPOBATE, CIUTAA, UTO B KAKAOM MeCTe
npocrpanctBa umeercs Bextop C, KoTOpHI «eficTByery Ha Maccey,
OOMENIEHHYI0 B 9T0 MeCTO, HO KOTOpPH mpucyrcrByer TtaM Gesor-
HOCHTEJILHO K TOMY, MOMECTHIK JIM MBI TyJa Maccy uiu HeT. Bexrop
C mMeer Tpu cocTaBIAIONAE, U KAMAAA U3 HUX ABIHeTCH QYyHKIMeH
or (z, ¥, z) — QyHKIHEil NONOKeHHUsI B mpocTparcTBe. TaKkyo Bemb
MBI HAasKIBaeM no4eM W roBopuM, 910 tena 4 u B cosdawom noae, 1. e.
«renatory sexrop C. Horma teno momeieno B mote, T0 cmia geii-
CTBHUSL Ha 9T0 TeJ0 paBHA ero Macce, yMHO)KEHHOH Ha BeIHINHY
BEKTOpA TOJA B TOH TOUKE, KyZa TEN0 TONATIO.

C moreHIMANLHOU HHepPruedl MOKHO cfiesath T0 e caMoe. Tar
Kak TOTeHImajibHafn sHeprus, wurerpax or (Cuna)-(ds), Momxer
OHTL 3anmucana B BHJE MAacChl m, YMHO)KEHHOW Ha HHTerpal OT
{tfone)-(ds) — 10 mpocToe m3MeHeHHe MacirTaba, — TO MOTEH-
nuaibHEyl0 sHepruio U(x, y, 2z) Tena, PacCIONOKEHHOIO0 B TOUKE
(z, ¥y, 2), MOMKHO 3aTMCATh KAK IPOMBBENEHNe M Ha APYTyI PyHK-

nuo. Hazosem ee nomenyuaaom V. Warerpan S C.ds pasen

— ¥, mogoGHO TOMYy Kak SF-ds: — U oHym oTIMYANOTCH TOMABKO

MacmraboMm:
U= —S F.ds= ——mS C-ds=mW¥. (14.7)

3Has B KayKIOH TOgKe mpocrpadcrBa a1y Gyrknmo WV (z, y, z),
MOKHO HEMe[JeHHO BHITHCIATHL NOTEHI[MAJbHYI0 »HEPIHi0 TeJa B
moGoit Touke, a umenno Uz, y, z2) = m¥ (z, y, z). Teneps, rax
BHJHTE, 2TO CTajxo AeaoM IycraxosuM. Ho ma camoM fene s1o or-
HIOHb He MyCTAK, HOTOMY 4YTO MHOTAA HAMHOTO NpusATHee OMHUCATH
ToJle, 3afaB pacupeeNeHne MOTeHNMAala BO BceM IIPOCTPAHCTBe,
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Duce. 14.4. Homenyuas mazomei-
wezo0 cepuneckozo caoa paduycon a.

\—cp(r)z-Gm/r'

- @(r)=const=—Gm/a

uem sajgaBarb C. DBumecro Tpex CiOKHBIX KOMIIOHEHT BeKTODHOIf
dyuxumu npome sagare cransapHywo dymrumo V. Kpome voro,
KOrjla moJie co3faercd MHOTMMH MaccaMu, Beamamuy ¥ paccaursi-
BaTh Jerde, deM Tpu KommoHeHTH (@ TOTeHuWAIH —CKAJADH,
X MO/KHO HPOCTO CKIA/HBATE, He 3a00TACH 0 HANPABIEHUAX CHII.
A pose C, KaK Mpl cefiyac YBHIUM, JErKO BOCCTAHOBUTH, 3Hax V.

IIycre y Hac ecTh TOYCUHRIE MACCHL My, My,... B TOYRax 1, 2...,
¥ MEL XOTUM 3HaTh moreAnuas ¥ B HEKOTOPON HPOMSBOIBLHOH
tToyke P. Toraa oH orasbBaercs HPOCTOM CYMMOH TOTEHIIHANOB
OTHeNbHBIX Macc B To4Yke P:

wp)z}:(_ﬁ_’”t), i=1, 2, ... (14.8)
: rip

910l popMyiloif, TpeAcraBisgomeff NOTEHOUAN B BHIE CYMMBI
TOTeHINAATOB OTIEJBHKX MacC, Ml MONb30BAJMCh B mpedpAymeil
riase, 9T00b BRIYACHUTDH HOTEHIHAN CHEPHUECKOTO CJIOA (MBI TOraa
CJIOKIUIN TIOTeHUUAJHE BCeX NOJCKOB, Ha Karue Opll HapesaH cioif).
WUror pacuera mokasan Ha ¢ur. 14.4. [lorernuan orpunarenen, pa-
BeH HyJI0 Ha GeCKOHEUHOCTH, mafaeTr Kak 1/r, Hoxka rHe craHer paB-
HBIM @, U 3aTéM BHYTPH CJO0sI CTAHOBHTCA IOCTOAHHHM. BHe ciosa
poreHnuan paBeds —Gm/r (m — Macca Cios), UTO IOJHOCTBIO COB-
majaer ¢ ODOTEHOHMAJIOM TOYKH ¢ MAaccoil /m, HOMeHME@HHOW B IeHTpe
cdepuueckoro cioa. Ho rakoe cosmajenme CymecrByeT TOJBKO
IJIA TOYEK CHAPY/RH CJI0S, a BO BHYTPEHHHX TOYKAX TOTEHIUAJ
OKaspIBaeTcsi paBHIM —Gm/a u Goabme He MeHserca! A xozda
nOmMeHyuas ROCMosHer, mo noas Hem: €ClAH HOTEHIHAJBHAA DHED-
TUs He MEHAETCH, TO CHJIa OTCYTCTBYeT, HOTOMY 4T0, KOTHa MEl [(BU-
TaeM Telo u3 O HON BHY TPeHHe TOUYKHK B APYryI0, pafora, BHOONHAE-
Mad cmioif, B ToyHOCTH paBHa Hymo. [Togemy? /la noTomy, uro pa-
60Ta mepeABWIKEHUA Tella U3 OZHOW TOYKH B APYTyl paBHA MUHYC
WM3MEHEHHI0 MOTEHNUAIbHON sHeprum (WM COOTBETCTBYIONIHHA HH-
TErpaja oT HoJsi paBeH WsMeAeHMo noteHnuana). Ho norernuanbHas
DHeprufa B 00emx TOYKAX 00uHAK08d, 3HAYUT, e¢ K3MEHEeHHe DaBHO
HYII0, ¥ TI03TOMY HMKakod paforTs mpu NrOHX [BIKEHUAX BHYTPH
cepIIeCKOro cIog He IPOU3BOIUTCA. A 3T0 BO3MOKHO JIMILL TOPAA,
KOTJa BHYTDH CJO0si HeT HHKAKHX CHI.

B stux paccympeHHsAX KPOETCH KJIKY K BHUMCIGHUIO CHJIB MK
HaNPHKEHHOCTH- TI0JIfA, KOTIA MOTeHIWAJbHAS 9HEPIWA HU3BECTHA.



Ilyers norennuadbHas sHeprus rtela B ToYKe (I, ¥, Z) JHaHa,
a MB XOTHM Y3HaTh, KaKaA Ccujia [eilcTByeT Ha HEI'0 B 3TOH Touke,
Mas sroro Hy)KHO 3HaTh WOTEHIHAJI HE TOJBKO B 310l TOUKe, HO
u B cocegunx. ITouemy? IlonpoGyeM BHYMCINTH Z-KOMIOHEHTY CHIIbI
(ecam MBI 3TO CyMeeM CJeIaThb, TO TOYHO TAKHM JKe CcOOcOGOM ME
BHIUMCIAUM U }- U Z-KOMIIOHEHTHI, ONPeNiesIuB TEM CAMBIM BCIO CHJIY).
Ecau 6 MBI ciBuHyId Teso Ha Maioe paccrosiume Az, vo pabora,
NPOM3BEJCHHAS CHJIOIl HaJ TEJOM, paBHAIACh OB Z-KOMIIOHEHTE
CIITBI, YMHO;ReHHOH Ha Ax (ec.ti Az J0CTAaTOYHO MAJo), U AORHA
Opita Obl ObiTh paBHA M3MEHEHHI0 IOTEHIUAJBHOI sHeprum mpn
gepexome oT ofHOoH TOYRH K JApyroii:

AW = — AU = F Ax. (14.9)
Ms1 npocro mpumenunun GopMmyay SF-ds—————AU LA OueHb

Maaslxr paccrogumii. Temepb pasieianm Ha Az # o6HApYKUM, 410

citjia paBHa

o —c (14.10)

* Az °

Houeuno, 310 He cosceM rtogHo. IHa camoMm feire HaM HyKHO
nepeiitu B (14.10) ® mpemeny npu Az, cTpeMameMca K HY IO, TIOTOMY
qt0 (14.10) mouno cobmomaerca TOIBKO 1A GeCKOHeTHO MadHX Ax.
Msr ysuaem B mpasoit gacru (14.10) npoussogayw U no z m xortum
ganucars —dU/dz. Ho U saBucur u of &, M OT y, U OT z, M JUIsA TAKOTO
clydas MaTeMAaTHKM OPHAYMajiu Apyroe 0003HaYeHNe, KOTOPOE pac-
CINTaHoO Ha TO, YTOOB HAIIOMHHATH HaM, 9YT0 Hamo OBITH OYEHL OC-
TOPO;KHEIM, HufdepeHnupys raxkyio QyHKnUo. ITOT CHMRBOJ HATIO-
MUHAET, 9T0 MOALKO T CIMTACTCH UIMeHAIOWUMCA, & [ U z — HeT.
Bmecro d omm mpocro mmuryr «6 HaBmBopory, mim J. (Hlo-moemy,
KOrjja HaumWHAemb u3ydaTh JudepeHuuaJbHEE BCUUCIAEHUA, TO
BooOmie syame paborars ¢ J, a He ¢ d; d Bcerga X04eTcs COKPATUTE,
a BOT Ha J KaK-To pyka He noxuumaercal) Urax, oan mmmyr dU/0zx,
a MHOrNA B IPUIAJKE CTPOrOCTH, :Kejias OHTb oueHd GIMTEIBHHIMI,
oHm cTaBAT 3a Or crOOky ¢ MameHvKmMu y, z BHE3y (9U/d7),,,
gro osHavaer: «[lpomuddepennupyit U mo x, cumrag y ® 2 Ho-
croAanHuMmy. Ho Ma1 wame Bcero me GymeM 0TMeuaTth, YTO OCTAJIOCH
TNOCTOAHHEIM, M3 KOHTEKCTa BT0 BCerAa MoskHo moHaTh. Ho zaro
sceeda OymeM mucatb § BMecto d Kax mpelyHpe;RIeHme o TOM, 4TO
aTa IpouspofHag Oepercs YpM NOCTOAHHEIX 3HAYEHAAX TPOUYUX
unepemensanx. Ee HasmBalor wacmuol npoudeodnoli, T. e. IPOA3BOL-
HOW, AJA BEYHUCIEGHUA KOTOPOIl MEHAIT YaCTh IEpEMEHHEIX, I.

Wrak, Me obHApy:kmBaeM, 4TO cHja B HallpaBJieHHHW I PaBHA
MuHyC¢ "acTHOH mpomssopuoli U mo z:

ou
Fo=-3. (14.11)
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@uz. I4.5. Hore exdy naparsean-
HOLMU NAGCMURAMU.

!
E d
'

3
it
»

Toumo rax ;Ke W cmja B HampaBlleHHu [ noxydaerca nuddepenii-
poBaHmeM U 110 y IIpA MOCTOAHHBIX I X Z, & TPETHSA COCTABIAOIIASA
CUJIBE OHATb-TAKHK €CTh YIPOM3BOHAS JI0 2 TP T H Y MOCTOAHHBIX:

F — :——-7 . (14.12)

B 510M H COCTOHT ¢HIOCO0 M0AYyYaTH CUNY M3 MOTEHIHANbHOH HHEp-
run. ITose nonydaerca us nomeHyuaLa B TOYHOCTH TaK Ke:
. o oW ow
Cx=—51—, Cl’:"?ii , Cz=——$. (14.13)
3aMeTHM, KCTATH, 9T0 CYI[ECTBYeT U Apyroe o6o3HadeHue (BOpo-
ueM, moKa oHO HaM He moHagoburcsa). Tar rax C ecrb BekrOp ¢
KOMIOHEHTaMMu Z, Y, 2, TO CUMBOIK J/0x, /0y, 6/9z, mawiue
Z-, Y-, Z~KOMIIOHEHTHl IO, YeM-T0 HAaTIOMHUHAIOT BEeKTOpH. Marema-
THKE #n300penn 3HaMEHWTHA cuMBOX V, mim grad, HasHBaeMBIA
«IpajUeHTOM»; 3T0 He BEJIHYUHA, & OIIePATOP, OH JeJIaeT U3 CKaJAAPA
BeKTOp. ¥ Hero ecrb TPH COCTaBJAAIONME: Z-KOMIOHEHTA 3TOro
grad ecrp 0/dx, y-rwomMmoHeHta — /0y, a z-KOMIIOHeHTA — 0/0z,
M Mpl MO;KeM 1o03a(aBuThCs, Hepenmcas Hamm GOPMYNIH B BuHIE

F——VU, C=—VY. (14.14)

Taspga Ha V, MB MTHOBEHHO y3HaeM, 9T0 HAINM YyPaBHEHUA BEKTOP-
Hble; HO Ha camoM peie ypasuenue (14.14) osmadaer B T09HOCTH TO
me, uyro n {14.11) n (14.12); mpocro 310 mpyroii crrocob samucu. He
A@aA OUCATH KA/KOHI pa3 TPU ypABHEHMS, Mbl HUNIEM OHO JIMLID
VU.

Eme opun mpumep mojeil ¥ TOTEHIMANOB CBASAH C YJEKTPHU-
qectBoM. B atom caydae cuna, geficTeyoman Ha HeTOABIKHOE TEJO0,
paBHa 3apAAy, yMHOKeRHOMY Ha osie: F = ¢gE. (B z-cocraBasoniyo
CIJIHL BXOJAT, BOOOM[® TOBOPs, M YJIEHH, KOTOPHE BaBHCST OT Mar-
uurHoro noxs., Ho us ypapnenus (12.10) serxo yBugersb, yro cuia,
JefcTBYOMAd HAa YacTUmy cO CTOPOHHI MArHMTHHIX IOJeli, Bcerja
HAIIpaBJIeHA TOMEpeK HOoJAA W HOmepex ee cKOopocTH. Baarogaps
8TOMY CBOMCTBY MarHeTUSM He npousgodum uHukaxol pabomsr HaT -
IBIKYI[UMCA 3apAAOM, TIOTOMY 9T0 CHia NepPHeHIUKyJIApHA Iepe-
MeIjeHmo. SHAYHUT, BRUUCIAS KHHETHIECKYH) SHEPTUI0 B 3JICKTPH-
4eCKOM M MArHUTHOM IIOJAX, MOKHO NpeHeGpedsh BRIANOM MATHHT-
HOTO YIOJf, TaK KAk OHO He M3MEHsAeT KmHermueckoi smepruu.) llo-
JIOHUM, YTO HMEeTCH TOJBLKO 3JIeKTpHIecKoe oae. Torja ME MOKeM
paccanTaTh PHEPrui0 WM NPOU3BEJEHHYI paGoTy TOYHO TAKHM >Ke
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cI0co60M, KAK U IS TATOTEHHA: BEYUCIHUTH BEJIHYRHY @, PABHYIO
MuHYyc uaETerpany or E-ds ot npomsBonbHO#l QUKCHPOBAHHON TOYKHU
P o TouKH, B KOTOPOI BHIYHUCHAETCH HOTOHIMAJ; TOLHA IOTeHI(H-
aJbHASL DHEPIUA B DIEKTPUIECKOM IOJe paBHa IIPOCTO YMpou3Beje-
HUIO 3apAfa Ha 9Ty BEJIHYHHY !

@ (ry=—E-ds,
U = q9.

B xagecrBe mpumepa paccMorpuM ABe mapajiesibHEE MeTadi-
IudecKue IJIACTHHH ¢ MOBEPXHOCTHBIM 3apfAfioM -0 (Ha eQMHHUIY
miomanu) Kakmas. Taxkad HmiTyka Ha3BBaeTcs MIOCKUM KOHJGH-
catopoM. Mu y:x yOegmiuch pambiie, 9T0 CHAPY/KH IJIACTHH CHIA
paBHa HyJI0, & Me:#/TY HEMI CYIIecTByeT NOCTOAHHOE HIeKTPUYeCKOoe
none. OHO HampaBJeHO OT [UIcAa K MHHYCY H DAaBHO 0/,
(pur. 14.5). MEr xoruM 3HATDH, KaKyio paboTy HAO COBEPIIUTH, YTOOH
mepeHecTH 3apAd OT OfHOM miactmHe K Apyroii. PaGora pasHa
uurerpany or (Cuia)-(ds). Ero momH0 3ammcarh KaK IPOU3BeIeHNe
3apAjga Ha 3Ha4YeHWe NoTeHNuaJga HA TIacruHe ] MHUHYC Ta e
peJquuaHa Ha maacrmHe 2

2

W= F-ds=q (o, —0,).

1

arerpan sgecs JIerko BEIYACIMTB, TAK KAK CHJIA TOCTOAHHA, M
ecan 0603HAYUTH TOJNIUHY KOHAEHCATopa d, TO HHTETDPald paBeH
2 2
SF-a’s:zg gdxz god
& . & °
3 1
Pasunpa B morenumanax Ag=od/e, HasHBaerca Ha nPANCHUEM
I @ #3MepmOT B BOJBTAX. Horga MH rosopmM, YTO Hapa
UAACTHH 3apsAKeHa [0 OHPEJeIIeHHOT O HAaUPSAKCHASA , Mbl X OTHM 3THM
CKa3aTh, YTO PasHOCTb DIEKTPUISCKUX TOTOHINAJIO0B ABYX IIACTHH
paBHa CTOJBKHM-TO BOJBTAM. ¥ KOHJEHCATOpa, CAeAAHHOrO H3
ABYX TApaIeNbHKX IJIACTHH ¢ NOBePXHOCTHHIM 3apafoM -0,
HAmps;KeHHe (MM PA3HOCTH YOTEHIMATIOB 3TOM HAPHl IUIACTHH)
paBHO od/e,.



HEKOTOPbBIE NOCTOSIHHBIE

Ynecao ABoragpo
CropocTh CBETa
dapajn aneKTpoHa
Hocroannan Inanxa
Macca anexTpoHa
Macca nporona

1 x10pu

1 rox

Yexopenue CRInI
TANCCTH

1 aryocdepa

N=16,0249-10% moueryasje-moan
¢=2,99793-1010 cm/cen
e==4,80286 sa-cmam. ed.=1,06021.10"° xyson
i =6,5817-10~22 Mag- cer =1,054-10™%7 spe -cen
me==0,511006 Mase
M =1836,12 m,
3,7-10% pacnanoB B CeKyHIY
3,1536-107 cer (== m-107 cex)
980,67 cm/cer?

1033,2 2/cm?




ONNEMEHTAPHDBIE YACTHIIBL,

Bpemsa sknanau,

CamMBon Macca, Msa cor
Heiirpuno Ver Ge 0 )
H l
AHTHHEHATPUHO Ve Y, 0 } CraGuibHb
daexTpon et, e” 0,511006 I
4+ 0,000002 }
Mioon pt, p~ 105,659 2,2.10~¢
+0,002
Huon at, x” 139,60 2,55.1078
+0,05
n° 135,01 1,80.10—1
+0,05
Kaon E+, K~ 493,8 1,229.10°8
+0,2
H 498,0 0,92.10= 10
+0,5

E° 5,62.10~3




NX MACCbl 1 BPEMEHA HN3HU

CumBon Macca, Mos BP"""‘M?‘M'SHH-
LAPHOH BI
Hysaoms PP 938,200 1 Crabnabubt
o 40,005 j ’
AaHTHHYKJOHDI n, n 939,550 1,01-10°
+0,005
I'nneponm A, A 1115,40 2,62.1071°
M +0,11
ANTATHACHOHD] o+, T+ 1189,41 0,79-10~»
+0,14
%0, 3 1192,4 <10-1¢
+0,3
-, 3 1197,08 1,58-10~1°
+0,19
Ee, B 1314,3 3,1.10~10
+0,1
2, E° 1320,8 1.74.10°1°
+0,2
-, 0 1675 ~0,7.10~1°

+3




