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Yacts 2. PUTMOJUHAMURKA

Onupambucs MO*CHO MOJLbKO HA MO,
ymo conpomugasemcs!

Bcé B mupe aBuketcsa! Ho mouemy? Ha sToT Bompoc mbiTa-
JIUCHh OTBETUTH U HAIIU JaJIEKVe MPeIKu, U cefuac IbITaloTCs
OTBETUTHL MHOTHE YUEHEIE.

OdpunuanpHas HayKa JejaeT B, UTO 9TOT BOIPOC JaBHO
PeIléH, HO TaK Jiu 9TO Ha caMmoM geje? OKassIBaeTCs, UTO Jaje-
KO He Tak. BOT UTO II0 3TOMY IIOBOAY T'OBOPUT M3BECTHBIMN
yuéuniii A.Il. CMupHOB:

«Yiuce 8 cpedune amozo 8exa cmaJio U3BECMHO 0 Kpumuiec-
KOM COCMOAHUU PUIUKU, 63a6ULeil Ha cefs poab eedyuieil Ha-
yKu, popmupyroueil mupososspernue. Muozue gvidaoujuecs yyué-
Hble 04eHb COMHEBANUCHL 68 NPABULLHOCMU 6bl00PA UCXOOHbBLX
nocmynamos, A8AA0UUXC YYHOAMEHMOM COBPEMEHHO20 3HA-
Husa. Ilo mepe pazsumus sxcnepumeHmanvHoil puauku cma-
J10 ACHO, YMo PUUKU He NOHUMaAm npupodv. aerenuil. Yem
Odaavuie yxolunru IKCNePpuUMeHmamopvl 8 NoUcKe djieMeHmap-
HbLX Yacmuy, wem 60abUle OHU YcogepuleHcmaosaau 6asy 0as
maxkux uccaedo8arnuil, mem cuJjbHee 0003HAUANLCA PA3PHLE
mexncoy ABLEHUAMU U UX NOHUMAHUeM. B Hacmosuee apems
NOABULUCHL MAmMepuaibl, 8 KOMOPbLX U3LA2AEMCL CYMb OULU-
00uHbLX cumyauuil 6 meopuu naa3movt U uHbLx meopuax. Mul
CManu NOHUMAMb, WMo 68 PYK0600AUUX KOHUENYULX 1e20-MmOo
He xeamaem. B nacmosawee epems pusura Haxodumes 6 Kpu-
mu4uecKkom cOCmosHuu — amo mpazedus 0as awdeil, nomomy
umo mo, imo CYumaJsocb 060CHOBAHHbLLM U OCHOB0Il, 0Ka3a-
JlOCb Hecoomaeemcmaynwum momy, umo npoucxodum 6 Ilpu-
pode. To, umo 6vL10 comHU Jlem Ha3ad co030aHO 2eHUAMU YeJlO0-
geyecmea, 8000uie He B80WA0 6 @QYHIameHm @UIUKU.
BuvisacHuochb, ¥mo uenogeiecmao He 3Hakomo ¢ udeamu I'anu-
Jaesa U3-36 HeUMEHUA B03MONCHOCMU 03HAKOMUMDbBCA C OpU2U-
Haaamu ezo mpydos. Hckasxicenvl slemenmaprovle 3aKOHbL OU-
HaMuKu, co30annvie Hvtomonom. To, umo mvL 3Haem 06 amux
3aKOHAX, 9MO HeBepHbLiL nepesod ezo pabom ¢ JLAMUHCKO20
A100bMU, KOMOPbLE He NOCTMUZAU €20 MUPONOHUMAHUSL U MUDO-
owyuwenus, mo npedcmasJienue 0 mupe, Komopoe 0bLi0 NPu-
B6HECeHO IMUM BeLUKUM YMOM. IMo mpazedus Lenoseiecmaa.
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Ecau 6v1 mpucma nem Has3ad amu mpyodv. 6vlil NPaGUSLLHO
nepegedenst, Yy Hac OvLa ObL Opy20il Mup, Opyzasa YUEUAIUIAYUS
U He 6bL10 ObL MO20, ¥Mo celluac cocmagsem mpazeduio nupa.
U 3-3a mozo, umo 6 pyrndamenm Quauku He owau QyrHoameH-
maavhble omipuimus Hviomona u Tanunaes, daxce uszsecm-
HbLil KaxicOomy WKONbHUKY 3aK0H Kyaona HeeepHo npedcmas-
JLeH.

Yenogeyecmso He 60CNPUHALO UOe00ZUlL, npedcmasieH-
HOIl 8 KJacCuwecKolli MexaHuKe, @ NOMOMY NOWLLO NO NYmMu
Cc030aHUS UCKYCCMBEHHOU MO0eau MUpa, JUULEHHO020 08udice-
HUs, #U3HU u passumus. B ocnose cospemennoii pusuru se-
Jeam molenu He83auMoOeliicmayWUX YaAcmMuly, JUULEHHbLX
BHYMPEHHUX NPOYeccos 6000uLe. B amoil (pusuke Hem HU3SHU,
amo mépmaeas usura, amo pusukxa modeneil, 8 KOMOPvLX Hem
Huuezo om peasvHOocmu. B Hacmosuiee epems popmupyemcs
HoBas uauka — usura npoyeccos, Quura 068UNCCHUL».

Hrax — saragouHoe gBuKeHue. YTo mMOOyKIaeT Tejaa K
aBmiKeHuio? JIJia MHOTHX OTBET OUeBHUIEH: CTOPOHHee JeiicTBre
— cma. A UTO Takoe Ccuia, ecijiu JiIo0oe CTOPpOHHee aeficTBue —
ToxKe nBuKeHne? Kak ObITh?

HomycTuM, 4TO MpUUYMHA ABUMKEHUS — AeHCTBUE, KOTOPOE
ObIJIO OKAa3aHO Ha TeJIO TaK JAaBHO, UTO Bce 00 3TOM y:Ke 3a0bI-
au. Ho Torma umo, B pesyabTaTe 3a0LITOTO JEHCTBUS, 3aCTPAIIO
B TeJie, 3aMOPO3UJIOCH, Ia TaK IIPOYHO, YTO 0 CUX IIOP IIOAIEP-
JKUBaeT nBUsKeHUe atoro Teaa? Ilo Apucroresnio, HaIpUMep,
HeOecHOU mamepuu (meaam ) npucyuie HYympernHee C80ilcmaeo
60CCMAHABAUBAMY CULY, KOMOPA el Heobxoduma 01 coxpa-
HeHus nocmoancmea dsudxcenus. YTo Kacaercs 00'bsICHEHUH
9TOT0 Bompoca O(PUIIMAIIbHON HAYKOM, TO MX IIOIIPOCTY HET —
aBTOPHI MHOTOUYMCJIEHHBIX Pa0OT BUPTYO3HO YKJIOHAIOTCA OT
IpAMOTO OoTBeTa. BHauase 1ymMaioch, UTO IPOUCXOIUT 9TO U3-
3a 00A3HU IOTEPATH ABTOPUTET, HO CO BpeMeHeM MHEeHUEe W3-
MEHUJIOCh — IIPOCTO HE IIOJOIIE] TOT MOMEHT, YTOOBI BJIaJIeTh
STUM 3HAHUWEM.

IIposaBuM cMesaoCTh, 6e3 KOTOpPOii pas3obpaThbCs B 9TOH
CJIOKHOI, 3aTyTAHHON M BMECTe C TeM MHTEPEeCcHOU IIpodieMe
He IIpeAcTaBJigeTcs BO3MOMKHBIM. CHauaja HaAM HOPEICTOUT
OTBETUTH HA BOIIPOC: KAKOE U3 BHYMPEHHUX CB0lcmaE mena
yuacmaeyem 8 COXpPaHeHUuu (8 nodlepiHaHuu ) nocmosHCcmea
dsuscenusa? 3aTeM MBI O0OHAPYKUM NPAMYIO CBSI3b BbISBJIEH-
HOT'O CBOMCTBA C MOHATUAMU: UMNYJLbC, CULA, UHEepUUs, macca,
epasumayus. I TONbKO OCO3HAB (PU3WUECKOe HAMNOJHEHWE
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ePeYnCIEHHOT0, Mbl MOYKEM MIOIIBITATHCS IIOHATH, KAKUM 00-
pasoM MOYKHO YIPaBJIATH NBUKEHUEM, a YK€ TOJBKO IIOTOM
CTaHeM Pa3MBIIILIATE O HOBBIX CIIOCO0aX IepeIBUKEHNA B IIPO-
CTPAHCTBE U O IPUHIUIINAJIBHO HOBBIX JIeTATEJIbHBIX amnmnapa-
Tax.

Bynem mcxoauTh M3 MOJIOMKEHUS O Haauuuu spupa, oc-
HOBHBIM [TOCTOBEPHO YCTAHOBJEHHBIM CBOMCTBOM KOTOPOTO
SABJISAETCSA CIOCOOHOCTH PACIPOCTPAHATL MH(MOPMAIIUIO O IPO-
UCXOIAIIEeM IIOCPEICTBOM BOJIH.

W3 onpiTa HAM M3BECTHO, YTO HAJIMYME BOJIH BCErAAa IIOL-
pasyMeBaeT HaJnune BUOPUpPYIOIero mcrounuka. OT uacTo-
ThI ¥ TUIIa BUOPAIIK 3aBUCUT AJMHA U (J)OPMAa BOJIHEI, HO MBI,
pany yOpoIleHnsa, OCTAHOBUMCS HA TaPMOHNYECKUX, CHHYCOU-
IaJbHBIX BUOpamusax. Bubpaiinu, B CBOIO ouepenb, MOTYT OLITh
BO3BPATHO-IIOCTYIIATEIbHBIMY, BPAIATEJIbHLIMU U IIYJIbCHPY-
formuMu. HecomHeHHO, uTO J1I000€ TEJIO COmep:KUT B cebe Bce
TUIIBI BUOpAIUii, HO Hac OyJeT MHTepecoBaTh Ta BUOpaIsd, KO-
TOpasi COOTBETCTBYET HAMMEHbBIIIEMY 3JIEMEHTY BeIlleCTBa — IIPO-
TOOCIIUJLIIATOPY.

JomycTuB HATUYMe TPOTOOCIIUIIIIATOPOB, KaK HAUIIPOCTEM-
IINX COCTABHBLIX YacTell JIIOOLIX YaCTHIl, MBI BO3jaraeM Ha
HUX POJIb MEPBOKUPIUUYNKOB, U3 CTAOMIBHOM COBOKYITHOCTH
KOTOPBIX BOSHUKAIOT IIPOTOHBI, HEMTPOHEI, 9JI€KTPOHBI, ATOMBI,
MOJIEKYJIbI, PA3HOOOpas3HbIe BeIlleCTBa, IJIAHEThI, 3BE3/IbI, TajlaK-
TuKu. Ho BIIOJTHE yMeCTHBI BOIPOCHI: UTO u3 cebsa mpeacTas-
JISIeT TIEPBUYHBINA OCIMJIIATODP, KakoBa )opMa ero CyIecTBo-
BaHUsA, HO caMoe TJIaBHOE — TJe OH OepéT HEpTUI0 IJIdA
ocrmLaAnru? MbI BEIHYKIeHBI PACCMOTPETE T BOIPOCHI, II0-
TOMY KaK HX PelleHue OIpeaesideT XapakTep CBA3AHHBIX C
IBUKEHMUEM IIPOIeCCOB.

Jlio6oMy OefcTBUIO eCTh HpUUYMHA. PYKOBOACTBYSCH IIO-
CTyJIaTOM O 0ECKOHEUHOCTH MHPa B MaKpPO- U MHUKPOHAIIPaB-
JIEHUAX, MBI TOBOPUM, UTO 8C€, 0ydyiu npuyuHoil 011 nociedy-
owezo, asasemca caedcmeuem om npedvidyuiezo. B stom
CMBICJIE MUD HETIO3HABAaEM B I1eJIOM, HO IIO3HAaBaeM JIOKAJIbHO,
IIPU YCJIOBUM BBENEHUSA IIpejesa TpedyeMoll JOCTaTOUHOCTH.

IIuKaHTHOCTD CUTYAIlUN — B HEJOCATAeMOCTH IITyOMHHBIX
OPUYNH, IO3TOMY MbI MOTJIM OBl IOCTYJIMPOBATHL BUOpAIIUIO,
O0BABUTHL €€ BPOKIAEHHBIM CBOMCTBOM HPOTOOCIIUJLIATOPA.
Ho xoTenoch ObI 3HATH, MOKHO JIU BBICTPOUTH, IIYCTL IIPUMU-
TUBHYIO, HO JIOTUYECKHU HEITPOTUBOPEUNBYIO TUIIOTE3Y C PACUE-
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TOM Ha MOHWMAaHNEe BPEMEHHOCTH €€ OCHOBHBIX IIOJIOMKEHUI.
Ilo kpaiiHeli Mepe B aHAJOTUYHBIX CUTyaIlUAX MHOTHE HCCJTIe-
IOBaTeJIU IPEAIIOYUTAIOT XOTh KaKoe-HuOyab 00 bACHEHUE OT-
CyTCTBUIO 00bAcHeHUA. IloaTOMYy MBI, 3aBEIOMO BBLI3LIBAsI Ha
ce0s OTOHDL HEroJOBaHUS CTOPOHHUKOB WHBIX BUIAEHUI, OIIN-
meM (hUBUUECKUHA IIPOITECC, OTIPABIBIBAIOINI CIIOCOOHOCTD TIED-
BOOCIIMJLJISTOPOB BUOPUPOBATH (IIyJIECUPOBATH) «O0ECKOHEUHO»
IOJITO.

PaccmoTpuM abCTpaKTHBIN IIpUMeEp:

ITycmov 8 Hawux pykax o0vluHbLI Pe3UHO08bLI UWAPUK U
ML, wanocmu padu, pewuau ezo Hadymv. Kax monvko mbut
amo cdenanu, mo 00 HAPYHCULUL, YMO BHYMPU UWLAPUKA U CHADY-
U 803HUKJA pa3Huua dasaenuil. Ho uepes necrkonvko Onell
Mbl 3aMemuil, imo 6030yxa 8 wapuke noybasuiocs — ULAPUK
camonpou3eonbio coyacs. Ob6sacHums npoudoweduiee Moic-
HO 00HUM eOUHCMBEHHbLM CILOCOOOM: NPeOnosoNCeHUeM, LMo
8030yx npocaiusaemcs CKe603b pe3uHosyr o6oaouxy. Ecau
02 060CHOBAHUS 2UNOMe3bl NPUBJLEYDb IJeKMPOHHBLIL MUKDPO-
CcKOn, mo Hawa uHmyumusHas 0ozadka nodmeepdumcs —
cmpyKkmypa pe3urnosoil 06004ku nopucmas. Ho nocmompum,
K KAKUM 8bL800aM MONCem npusecmi Hac c0esanHoe OMmKpPbL-
mue?

ITycmos o6os0uka wapuxka umeem OUeHb MHO020 MUKPO-
cKonuyeckux 0vlpouek, uepe3 KOMopvie NPOCALUBACMCS B03-
Oyx. [{na Hac oweudHo, umo pasmep Ovipoiek onpedensemcs
cmenenvio pacmsanymocmu 000J404KU, @ 3HAYUM, Pa3Huyeil 0as-
JaeHull. [las cayuas, kozda pasnuya 0asaeHuili omcymemayem,
nonepeunuwiii pazmep Ovlpoiex CMAaH08UMCS NPAKMULECKU PAs-
HbLM HYJI0 — OHU CXJONbLEAIOMCS, HO UHpOpMAyuU o cebe
xpaunam 0o yo0o6HO20 AHALO2ULHOZ0 CAYUASL.

Cmpemaerue 2a3a YpasHamov 803HUKWLUL epaduenm 0as-
JeHus 6ydem cuumams ecmecmeenblM. IMOo cmpemaeHue no-
posxcdaem Osuixcenue 6030yxa wepe3 OblpOLKU HAPYHCY, LMO, C
no3uyuu 8HympeHHezo Habawdamens, daém HAM Npaso Ha-
38amb ux cmokamu. Cxopocmwv 6030yxa 8 cmok 6ydem 3a8u-
cemb onameb-maxku om paznocmu dasnaernuii. C mouku 3peHus
6HeuwlHez0 Habawdamens 0003HAYUBULAACSA cXeMa npednona-
zaem HaJauyue ucmokos. Ham marice usgecmuo, no kpaiiHeil
Mepe max 2080pum HAUL ONbLM, YMo 08UNCEHUE 8 CIOK DOMiC-
Odaem subpayuu, a nomomy Kaxoym OblPOLKY MONICHO paccmam-
pusamb, KAK ecmecmaeHHbLil OCUULLAMOD, NOONUMbLEAEMbLIL
npoyeccom urnOl Quauveckoii npupodst. [JrumeavHocmy 6ub-
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pauuil, pagHo KAk U 6pems cyu,ecmeos8anus 0bipouek, onpede-
aAsgemcs 00sEMOM WAPUKA U PASHOCMbIO 0a8JeHUil.

Croxxuinachk CUTyaIiis, B KOTOPOM OJHA M Ta Ke ABIPOUYKa
OJTHOBPEMEHHO ABJIAETCA CTOKOM U UCTOKOM. [l1d Hac, Tpex-
MEpPHBIX, HIYEro B 5TOM CTPAHHOT'O HET, HO KaK JaHHOe II0JIO0-
JKeHHne corJjiacyercd C JIOI‘HKOfI TUIIOTETUYECKUX OBYMEPHBIX
cyimecTB?

Eciiu gBymMepHBIE CyIllecTBa C IIOMOINBI0O JBYMEPHOM Ma-
TEMATUKHU CTaHYT ONUCHIBATD IJIOCKYIO IJIA HAC OBIPKY, TO UM
OyJzeT TPYIHO IIOHATH, KAK OHA OJJHOBPEMEHHO MOYKET OBITH U
TeM, U JPYIruUM (CTOKOM U MCTOKOM). IJIg 3TOT0 NBYMEDPHBIM
MaTeMaTUKaM IIPUIETCS BBOAUTL HE TOJBKO OBA MOIOJHU-
TeJbHBLIX U3MEePeHMNA, HO U HEeCKOJIbKO 3aMbICIOBATBIX HMOCTY-
JIaTOB.

Puc. 41. Illapuk u HeBHUANMBIE I'Ia3y MUKPOALIPKYU B PE3UHOBOI 000JI0UKe

JomycTuM, 4TO CKOPOCTh BO3IYXa B CTOK IPEBLIIIAET CKO-
POCTB 3BYKAa, a, B CBOIO OUepeb, 3BYK AJIA IBYMEPHBIX CYIIECTB
SABJISETCA OCHOBHBIM CIIOCOOOM oOIeHus (mepemauu MHQPOP-
manun). Kaxkue adexTsl OyayT HaOMIOAATH IBYMEPHBIE CY-
miectBa?

%

Purmyc: HackonbKo A MOHAJ, MEPBUYHBIM SBJISETCS DA3HUIA [aBJIEHUI,
TIOpOsKaatoIas cHauYala TOK a(pupa, a 3aTeM MyJIbCAIINI0 CTOKA-OCI[UJIJIATO-
pa. Ho Torma mepBUYHBIN 3JIeMEHT BEIECTBA — ATO PE3YJIbTAT B3aWMMOEeM-
CTBUSA JBYX OCIWJIJISTOPOB — CTOSYAs BOJIHA IIOXOXKAS HA COJUTOH?

Jdunamukyc: SIBieHne mepBoasieMeHTa BeIeCcTBa AefiCTBUTEIbHO YHUKAJb-
HO. B pesynbraTe B3auMOAEUCTBUA IIYJIbCUDPYIOIINX CTOKOB BO30YKIAEeTCI
Heymo, Ha3bIBaeMoOe 3(pup. 31ech MBI IMEEM OeJI0 ¢ KBAaHTOM BeII[eCTBa,
KaK CJIeJCTBUEM, CAMOIOCTATOUYHAS MPUUYNHA KOTOPOTO — ABa OCIUJIJIATO-
pa, ImomaBIlIe B Y3Jbl COOCTBEHHOM CTOSYEl BOJIHEI.
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Ilox geificTBEM TOKA BO3AyXa «JIyuW» 3BYKa OYAyT HC-
KPUBJIATLCS, a HEKOTOPbIE 13 HUX CTAHYT 0€3BO3BPATHO YBJIe-
KaTbhesa B cToK. He HamoMuHAET JM HAM BCE 9TO CUTYAIHIO C
«UEPHBIMU U 0EJILIMU JBIPAMM» ?

Ho Bpemsa ugét u mpoiieccy IpuXoauT KoHer. OCTaBIINMCSA
BHYTPU IBYMEPHBLIM CYIIIECTBAM IIPUIETCS OOJT0 WM YIOPHO
JKJIaTh, IOKAa KTO-HUOYAb, IIIAJIOCTHA PAAU, OOATHL HALYET «IIa-
PHUK».

Ha mpuMepe ¢ IITapuKOM MBI JUIITh HAMEKHYJIU Ha HEKO-
TOpbIe 3P PEeKThI, HO U ITOTO MOXKET 0OKa3aThCA JOCTATOUHBIM,
yTOOBI CEepPhE3HO 3aAyMaThCA O MPOIleccax B OKPYIKAIOIIEM
Hac Muposganuu. Ecau Mbl AeficTBUTEIBLHO UMEEM JEJIO C dJIe-
MEHTApHBLIMU CTOKaMu s(upa 1 00bABIAEM UX, IO KpailiHei
Mepe IJid Hac, HAauMEeHbIITNMHU dJIEMeHTaMU BeIlecTBa, TO 005-
3aHBI IIOACHUTD, YeM, C HaIllell TOUKY 3PeHUsd, BeI[eCTBO OTJIN-
yaeTcsa oT Marepuun?

Mpz1 moHMMAaeM, YTO B aOCOJIIOTHOM CMBICJIE OTJIMYUE ITO
YHCTO YCJIOBHOE U JJIA HAC CKOPEee BCIIOMOTAaTeJIbHOE, TTI09TOMY
npediazaemcs cCuumams nepeodieMeHmom geu,ecmaea cucme-
MY U3 08YX OCUUNLALMOPOE, HAXO00AUUXCA 8 Y31aX 603HUK-
weil mexcly HUMU cmosiell 60JHbLY,

Termnepb, 2080ps 0 seuiecmae, mvl 6ydem umemsv 88udy KOH-
KpemHbulLil puduneckuil npoyecc, caedcmaus Komopozo mo3Bo-
JISIOT XOTh YTO-TO OO'BACHUTD.

Hnes nerskeHusa 3dupa B CTOK BHICKA3bIBAJIACh HEOTHOK-
patHo. Iloxoske, UTO 1 UIeA O pasHUIlE NaBJIEHUIN MOIKET II0-
JIYYUTHh HEOXKUJAAHHOE PA3BUTHE, B KOTOPOM MBI OyaeM MMeTh
IeJI0 ¢ KOHEYHOl BO BpeMeHM M IIPOCTPAHCTBe BcesleHHOI.
Ecau B Taxoii BeceneHHOU OgHAMKIBI NCUE3HET PA3HUIIA JaBJe-
HU#, TO UCUEBHYT U YCJIOBUA IJIA TPeoOpa30BaHUA BEIECTBAa,
OCTIMJLIATOPHI cxJonuyTcsa! He HamoMuHAET JI 9TO HAM UAEI0
0 KOHIIe cBeTa?: «Bcé ucuesnem, CL0BHO U He OblLa0 HUYE20 — U
MOps, U peKu, u seca, u 2opvt. Ocmanemcs Mpax, Ho 00120 eué
6ydym ceemumob uciesHysuiue 36é30v. U MaHUmMb Kk cebe 0yx
yenogeueckuil, u 0onzo euwé 6yoym memamuvcs no BeceneHnHoil
*

Purmyc: Ho eciiu «uieMeHTOM » IJI BEILIECTBA SBJISAETCS CTOSIUAS BOJIHA MEK-
Iy OCIIMJIIATOPaMHU, TO IIPeKpallleHrne ToKa d(pupa o3HauaeT U IpeKpalie-
HUe MyJbCAllUil OCHUJIATOPOB. VcuesHyT u crosuue BojaHbI. Ho Torga o
BEIIECTBE TOBOPUTH Y HAc He OyJeT OCHOBaHUA?

Juaamukyc: CoBepIlIeHHO cIIpaBeAinBoe 3aMmeuanue. OCTaIOTCA CXJIONHYB-
mIrecs OBIPKU, O HATUYUY KOTOPBHIX MOYKHO TOJBKO AOTaAbIBATHCS.
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He Yycnesuiue soiimu 8 uapcmao Booscue. U Huuezo ¢ amum
nodenamov Heslb3SA».

Ho cxjonbiBanme OCIUIIATOPOB He O3HaUaeT MCUe3HOBe-
HUsA MaTepuu BoobOire. Ha mpumepe ¢ IIapmKoM MBI BUINM,
uTO 000JI0UKA U BO3AYX OCTAJHCH, IIO9TOMY, II0 OTHOIIIEHUIO K
IBIPOYKAM, 3TH O0'BEKTHI B 00JIbIIIell CTeIeHN IOAIIAAAI0T IO/
ompenesienne Mmatepun. Ho 1 BeriecTBo He mcuesaeT OeccJesn-
HO* — mH@OpMAIUI 0 HEM OCTAETCA B HEBUAMMOM IJII HAC
TeJie Pas3meUTeILHON «O000JIOUKM» .

MbI BREIIBUHYJIM TUIIOTE3Y, KOTOPAsS IIOMOT'aeT YBUAETDH BO3-
MOJKHBIN ITpoIlecc B II€JIOM, M B 3TOM IIPOIIECCE e€CTh MECTO
SHEePreTUYeCcKo MOANUTKE OCIUIIATOPOB. Ho Torma mosyua-
eTcs, UTo 3eMJIs 1 nHbIe BeceleHcKre 00bEKTEI IPEeICTaBISIIOT
c000Ii rurauTCcKMe CTOKM aupa, Hacockl? Takoii BapuaHT nMMe-
€T IIPaBO OBITh, MBI JJEHICTBUTEIBLHO MOXKEM NMETh JeJIO C OUeHb
IPOCTBHIM, a IIOTOMY HAIEXHBIM B paboTe spuposrHaMUUeC-
KuM mnpoiieccoM. Ecamu ObI 5TO OBLIN HCTOKU, TO, HAIIPUMED,
SKCIIEPUMEHT IO OTKJOHEHUIO Jiyua cBeTa BOu3u CoJrHIla Jaj
ObI HAM MHOW pe3yJIbTar.

* % %

BaXHBIM [JIA HaC SABJISAETCA BOIIPOC O TUIE OCITAJIIAIUH.
Wcxons na3 TPEXMEPHOCTH HAINEero BOCIIPUSATUS, MBI IToJara-
eM IEepPBOOCIUJIIATOP IYJIbCUPYIOIIeH cdepoil, myJIbCUPYIO-
M CTOKOM®, BO30yauUTeJeM BOJH B d(upe.

Ho pas ecTs cepruecKkuii CTOK, 3HAUUT MOJKEH OBITH U
chepuuecKUl MCTOK (IO aHAJOTUU C ABYMEPHBIM CJIyUaeM).
W xora mpemyio:kenHas cxeMa TpeOyeT BBeOeHUS TOIIOJIHI-
TeJbHBLIX TPEX U3MEPEeHUH (B cyMMe HoJIydaeTcs IIecTb (pusu-
YeCKMX KOOPJAHHAT, HO IIYCTh 3TO OYAYT TPYAHOCTHU HAIIIErO
MUPOBOCIIPUATHUS), OHA UMEET IIPENMYIIeCTBO: B KAKOM-TO CTe-
IeHU NCKaKEHHO, HO JAET IOHMMAaHNE IPUYUHBI U CJIeACTBUMA.
%
Purmyec: Ho ocnmunnaTopsl aumb Bo3OYKAAIOT 3QUD, He ABIASACH €r0 IPO-
IYIIEHTOM, WJIX 9TO UYTO-TO eIré?

Juuaamukyc: Bce nmanpHelimue paccy:xeHusa 6a3UpyOTCa Ha CBOIMCTBE OC-
IUILIATOpa Bo30y:kaaTh adup. KakoB MexaHU3M TaKOro BO30Y:KEHUA, TPYA-
HO CKasaTh, HO eCTb CXOXKMe MeXaHU3MbI, HalpuMep, npu padore PopcyH-
KU, BOPBICKUBAIOIEH TOMJINBO B MapoBOil KoTés. OmepaTophl 3HAIOT, UTO
IpU OIPeneIEHHOM PeKVUMe BIPBICKA BOSHUKAET CUJIbHENNIAasl IIyJIbCaI{us
BO31yxa; ecau (GOPCYHKY OTKJIOUUTH, TO IyJbCalusa IpeKpaliaerca. AHa-
JIOTUYHBIM PE3OHAHCHBIN IIPOIECC BIIOJHE MOJKET IIPOUCXOIUTEH U B MUKPO-
Mupe, HO TOTZA AJA ero MOJJep:KaHusA HeoOXOAUM TOK sdupa.
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He cienyer 3anmKJIMBaThCA Ha IpeljiaraeMoi cxeme, HO
OTMETUTEL €€ HATJIAAHOCTH M CIOCOOHOCTH IIPOCTHIM OOpasoM
00BACHATH PAM SBJIEHUI, B TOM YHCJie 1 KOCMHUYECKOTO Mac-
mraba, crout. Hampumep, ecau cKOpocTh adhupa B dJIeMeHTap-
HBIN CTOK OOJIBIIIE CKOPOCTH CBETa, TO CTOK OyJIeT BOCHPUMHU-
MaTbCA HaMU YEPHOM ABIPOUKOII. ITO 03HAUAET, UTO 1 OOJIBIIIOE
CKOIIJIeHWEe OCHUJJIATOPOB TaKiKe MOKeT BBbI3BATHh 3(PPeKT
yépHO#l ABIPHI (/A HaOJIOmATeNsI ¢ TOW CTOPOHBI — Oesoi
IBIPHI).

B cBaA3u c BhIlIe CKA3aHHBIM U OO TOUW IIOPBI, IMOKAa MBI
OKOHUATEJbHO He pa3bepéMcs B CYTH IIPOUCXOLAIIET0, IPe-
JaraeTcs OTHOCUTLCS K BeIlleCTBY, KaK K CJIeACTBUIO 3(UPO-
IUHAMHUYECKOTO IIPOoIiecca, B KOTOPOM CIIOHTAHHO (HO TOJBKO
IJIA Hac) BOSHUKINUH I'paJueHT AaBJeHUA Moy IaeT sapup K
OBUKEHUIO Yepes ABIPKU B MHYIO, HEBUIMNMYIO I'JIa30M W He-
IOCTYIIHYIO COBHAHUIO 00JIaCTh OBITHA.

Ho uro ecTh adup, KaxoBa ero nmpupoma*, Kaxosa (u3u-
yecKada cyTh? UTO eCTh IIeperopogka 1 moueMy MbI He BULUM
eé? Ecau mipoliecc yrajaH IIpaBUIbLHO, TO 00a 5TU IIOHATHA (PYH-
JaMeHTAaJIbHBI, HO MbI, B CIJIY OI'PAHMYEHHOCTH MUPOBOCIIPHSI-
THsI, BBIHYK/AEHbBI IOCTYJINPOBATD UX IO JIYUYIINX BPEeMEH.

®NJI0COPUA ITEPEXOJA K HOBOH ITAPATUTME

st TOro uTOGBI HAYYUTH PeOGEHKA YNUTATD II0 CJIOTaM, He-
o6xomuM ron obyueHus. Jid TOro UTOOBI OOYUUTH UeJIOBEeKa
VHOCTPAHHOMY S3BIKY, HEOOXOIMMO HECKOJIbKO JeT. [[jia Toro
uyTOOBI B HAYKe IPOU3OIILIA IIOJHAS CMEeHa MUPOBO33PEHU,
HeOOXOAUMBI JeCATUICTUA, a NHOTAA U CTOJETUA.

HekoTopbIM MOXKET IIOKa3aThCsA, UTO CMeHa MHPOBO33pe-
HUS IIPOUCXOAUT OBICTPO. OcMe I0Ch apryMeHTUPOBAHHO BO3-
pasuTh. Bo-mepBBIX, YeJIOBEUECTBO HE TAK YACTO MEHSJIO CBOE
Hay4YHOe BujeHNe Mupa. Bo-BTOPHIX, ITIOKa APEMJIET Ha JIaBpax

*
Purmyc: Ilonyuaercd, uTo apup — BelrecTBO, OJHO U3 CBOUCTB KOTOPOTO —
nepenada Koyie0aHUH.

Juaamukyc: Ber 3aTpoHYIN 0UeHDb BaXKHBIN BOIIPOC, HO IIOKA OH HAXOLUTCSA
3a IpefejaMy HAIIMX BO3MOXKHOCTEH IATh eMy OJLHO3HAUHOE TOJIKOBaHUE.
Ilymaercs, 4TO 3TOT BOIIPOC OO KOHIIAa HepaspemuM, n00 Bcerga HangeéTcsa
ouepenHOe Heumo. B aToM cMbICIe ITO3HAHWIO HET IIpefelia.
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OJHa MapagurMa, B €€ HeJpax BeJETCAd NHTeHCHUBHAS IOAT0OTO-
BUTeJIbHAasA paboTra IJd Iepexosa Ha HOBOe BuaeHue Mupa. Bo
BCAKOM CJIyYyae CMEHBI IIOJUTHYECKUX (POPMAIIUI IIPOUCXO-
OAT UMEHHO TakK.

T'1o6anbHBIE CMEHBI IPEACTaBIeHNT 0 Mupe IIpoOuCXoqAT
ropasio pe:ke IMOJUTHUYECKMX KarTakjamsmMoB. Ha mHameir ma-
MATHU TaK0e IPOUCXOAUIIO JIUIIH HECKOJIBKO pa3: 3eMJId IJI0C-
Kad — KpyrJiad B IIEHTPe MUPO3JAHUA — BPAIlAeTCA BOKDPYT
Cosnnia — u 1.1. Ho BOT BOmIpoC: OKMIaeTcA iU CMeHa Iapa-
IUTMBI B ouepeaHoi pas?

MuI He MOKeM YTBEPAUTEJILHO OTBETHUTh HA 3aJaHHBIN
BOIIPOC, TIOTOMY KaK OTKAaT Ha paHee OCTAaBJIEHHbIE MO3UIIUU
HEeJIb3A CUUTATH PEBOJIIOIMEN B3IJVISANOB, & CKOpee — IIepeoc-
mbiciieHre. Ho BodHUMKaeT cTpaHHOCTb, KOTOPYIO MBI 0003HA-
YUM BOIIPOCOM: KTO MPUAET K BJACTH B HaykKe?

OIBIT yUUT, UTO B CJIyUyae CMEHELI MUPOBO33PEHUA K BJIAC-
TH IPUXOAAT BCE Te JKe, HO HECKOJIbKO IIOMEHSIBIIINE B3TJISAAbI,
auna. BuguMmo sTa xareropus Jogeit mamneaesna Ilpupomoit ma
BBIIIOJIHEHIE BeAyIel, PyYKOBOAAIIEN poju. A oTcioma M UX
noBefeHnre. Kak TOJIbKO OHUM IOYYBCTBYIOT PEaJIbHYIO YIPO3y
CO CTOPOHBI IPAAYIIIET0 MIPOBO33PEHUA, TO IIOCTAPAIOTCA IIep-
BBIMH IIOAXBATUTH CBEKYIO MBICJIb, CBEXKYIO UJIEI0, IePBLIMI
OTPEKYTCS OT IPOILILIX 3a0Iy:KIeHN 1 0e3 3a3peHus COBec-
TH CO3AAAYyT HOBOTO KyMIpa. SHAUUT He 0ela, ecJau TaK JOJIMK-
HO ObITh. Ho Ha mepBBIX IIOpax Iepem HUMHU OymeT mpobiemMa:
KaK cHejaTh IePBLIH IIar, KTO U3 HUX CAeJIaeT MepPBLIi miar?

Kro 3Haer, MOKeT TaK OHO U IOJMKHO IpoucxoauTts? Hy a
€ecJIi TaK, TO MbI 00s3aHBI C MAKCUMAJIBHOI II0JIb30H IJd 00-
IIero AeJja HCIIOJb30BATh CUTYAIUIO.

To, 4TO TeOPHUA OTHOCUTEJbHOCTH PacliaJaeTcs Ha I1a3ax,
a ToOuHee — JOCTHUIJIA IIPeeJia CBOEro PAa3BUTHUSI, OUEBUIHBIN
daxr. HabmiomaioTes, IpaBaa, HEYKJIIOMKNIE, HUUEM He apry-
MEHTHPOBAHHBIE IIONLITKN COXPAHUTE OBLJION €€ aBTOPUTET, HO
cKopee 9TO aroHuA (paHATHUUHO HNPeJaHHLIX uiaee Joneii.

Ho moka nepen ogauMu npobJiemMa BbIOOpPA, a mepen Apy-
ruMu — 00pb0a ¢ KOHTPpPeBOoJIoIeil, MBI IIOATOTOBUIN Teope-
TUYECKYIO 0a3y [JIs MepeBoia HayUHOro MUPOBO33PEHUA B THOE
pycJio, caejajii IepBble ITaru M OOHAPYIKUJIMU, UTO ITPOIECC
TIOTIIE.
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J 151 TOTO YTOOBI TaKOIi ITepexo 000IIEaca HaM MeHbIIIetd
«KPOBbBIO», HEOOXOAMMO BOCIIOJIb30BATLCS YiKE€ CO3MAHHBIM U
XOPOIIIO OTJIAYKEeHHBIM AIllIapaTOM YIIPABJIEHUS C IIOCIEHYIO-
M W3MeHeHHeM HeKOTOPBIX ero (pyHKI[HUIA.

Eciiz KTO-TO JyMaeT, YTO MBI HAMEPEHEI OJHOCTbIO YHIY-
TOXKUTH CTAPOE, TO OH KTO YIOAHO, TOJILKO He YuéHbIi. CTapoe
HeOoOXOAMMO COXPaHATH A0 TeX II0P, IOoKa He OyAeT IOCTPOEHO
HOBOE.

KOHIEIIINUS JIOTHYECKHUX ITPOCTPAHCTB

MogennpoBaHUe PeJITUBUCTCKUX 9(PPEKTOB B HEPEIIATHU-
BUCTCKUX CpeJaX, HalIpuUMep B BOJE WJIN B BO34yXe, II03BOJISAET
Ha IpHMepe 3BYKa OIHmcaTh Bce ocHOBHBIe ahpdeKTsl CTO u
OTO, a mo-cyTH POAUTH CXOKYIO MOJHOIEHHYIO TEOPHIO.

Takas HepaBHOIleHHAS 3aMeHa o0y KIaeT Hac ITOCTABUTD
BOIIPOC O TPAaBOMOYHOCTHM ITPETEH3UM KaKou-iInbo (usmuec-
KO KOHIIENIIMY Ha IIPaBO CUMTAThCS OKOHUATEJabHOU. MBI He
MOKeM 3HaTh, KAKOB MUP MCTUHHBIN, KaKOBLI (DHU3UUECKUE
mpoIiecchl B HEM, Y HaC HET MexXaHuU3Ma mepexoja oT pusuyec-
KOT'0 IIPOCTPAHCTBA K JIOTHUYECKOMY, 1 HA000POT, a IOTOMY MBI
BBIHYKIEeHBI Bcerga padoTaTh (BOCIPUHUMATL MUP) B COOCTBEH-
HOPYYHO CO3JaHHOM JIOTMUECKOM MUpE.

B npupoge cyiiecTByeT 00JIbIIIOe KOJINIECTBO 0€30THOCHU-
TeJIbHBIX B3aMMOIEHMCTBUI, KOTOPhIE, HAKJIAAbIBAsCh Ha CIIe-
MuGUKY HAITEero BUAEHU, 00eCTIeUNBAIOT POKIEHNE JIOTUYEC-
KOro MHOT000pasusa (CyObeKTUBHBLIX IIPOCTPAHCTB), METPUKA
KOTOPOTO MOKET OBITH BhIpasKeHa MaTeMaTHUUeCKU.

Cy1ecTByeT MHOKECTBO JIOTMUYECKUX IIPOCTPAHCTB, B 9TOM
y Hac coMHeHUudA HeT. IIpuBeném mpumep:

Jozuueckoe npocmpancmeo aAfzYyulKu KaiecmeenHo om-
AUYAeMCcs 0m J02Uu1ecKk0z0 NPOCMPAHCMEaA Yea08eKa No Npu-
YUHe, ¥mo JAA2YwKa su0um moavko 08UNCYULUECS OMHOCUMEeb-
HO Heé 00seKmbvl U HUKAK He B0CNPUHUMAENn NOKOAWUECS.
Imo ceolicmeo npusodum K momy, ¥mo JAA2yuKa uHave oye-
HUsaem u ycmpoiucmaeo Mupa, u npoucxodaujue 8 HéEM npoyec-
col. CpasrHusas KapmuHvl MUPA ¢ NO3UYUL NAYWKU U Yeao-
8eKa Mbl HAX00UM PA3AUYUSL, 6 MOM YUCJIe U JozuiecKue.
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Jlozuueckue pazauuus obaradarom unmepecHoil 006 eHHOCMbIO:
OHU NPpu600am K nOJLHOMY HeNOHUMAHUIO, @ NOMOMY He6OCH-
pusmu0 uHbLX 6UOEeHUIL.

Hukro He pyraer JATYIIKY 3a TO, YTO OHA BUIUT MUP
WHaue, a MOTOMY €CJIM OHa OMMCLIBAET KaKoe-TO sSBJIEHUE C
MO3UINY COOCTBEHHOT'O BUAEHUA, Mbl TOBOPUM, UTO OIMCAHNE
9TO BEPHO, HO TOJLKO B JIOTMYECKOM IIPOCTPAHCTBE JIATYIITKHA.

Bcesa coBpeMeHHas TeopeTuyeckasa pusuKa paboTaer C Jio-
TUYECKUM IIPOCTPAHCTBOM, IOPOKIEHHBIM OTIEJILHON JUUHO-
CThIO, & TIOTOMY MBI IMEEM [JIeJIO ¢ (POPMYJIaMU U ABJIEHUAMU,
WHOTIa He YKJaILIBAIOIIMMUCA B JIOTUKY 3J0POBOTO paccy/i-
KOM YeJIOBEKaA.

Puc. 42. Tax Bugur udesoBek. Tax BuguT jaaryiika (rumoresa). JIErkuit
BETEPOK IPUBOAUT B IBUIKEHNE TOJIHKO JUCTBY U TPaBY

Jloruueckoe IIPOCTPaHCTBO M3-3a HECOBIIaAeHUA C He3a-
BUCHMBIM OT HaAC (bHSquCKI/IM MHOI‘OOGpaSI/IeM, SABJIAETCSA BCE-
roa (I)I/IKTI/IBHBIM, T.€. BTOPUYHBIM, OTPaHNYE€HHBIM.

Bce nmpuayMaHHBIE HAMU ITPOCTPAHCTBA — JIOTUUYECKHE, TI0
IIPpUYWHE TOTO, YTO MBI HE 3HaeM, KaKOBO MCTUHHOE, aBCOJIIOT-
HOEe TPOCTPAHCTBO. ITUM YTBEP:KAEHWEM Mbl IIPUBOIUM B
paBHOIpaBUe He TOJbKO BCE BUIBI JJOTMUYECKUX IPOCTPAHCTB,
a 3HAYUT U COOTBETCTBYIOIIME UM TEOPUHU, HO U 00OCHOBHIBA-
eM HeoOXOAMMOCTh MCCJIeLOBATEIbCKOM PaboThl BO BCEX DTUX
OPOCTPAHCTBAX OAHOBpPeMeHHO. ToJbKO TaKuM 00pasoM MbI
cMOsKeM 0oJiee SICHO M BCECTOPOHHE OIyIlaTh MCTHUHHOE IIPO-
CTPAHCTBO.
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HarnagaeiM npuMepoM CKa3aHHOTO ABJISETCA OPTaHU3M
yejioBeKa, a TouHee — paboTa ero opraHoB 4yBCTB. MBI y:Ke
TOBOPHUJIU, UTO C NOMOULbIO OP2AHOE LYBCME Ues08EK CNOCOOeH
0eCKOH(IUKTHO AHAJLUIUPOBAMb NPOUCX00AULee KAK MUHU-
MYM 6 namu aozuieckux npocmparcmeax. Eciau B moJie 3pe-
HUS IIONaJl KPaCHBIH IpPeIMeT, TO IIasa MOryT CYAUTH O €ro
uBere u popme, PYKH CKAXKYT, UTO MPeAMeT TEIJILIN U IIIepIIa-
BBII, A3BIK — YTO IPEeAMET CJIaJKOBATHIA Ha BKYC, HOC — YTO OH
nypHo maxHeT. Eciy mo mpegMeTy IIOCTyYaTb, TO IIO 3BYKY
VI MOTYT OIPEAEeJUTh MaTepuaJs, 13 KOTOPOTO OH CHAeJIaH.

Ho BoT Hesazmaua: riasaM HUKAK He IOHATH, KaK 9TO OLITH
IIePIIABBIM M AYPHO IAaXHYIIMM, a MHBIM OpraHam abCcOJIIOT-
HO HEeBIOMEK, KaK 5TO ObIThH KpacHbIM. TemM He MeHee OpTraHbI
He CIIOPAT MeXK Iy co00i, He CCOPATCS, IIOTOMY KaK 3HAIOT, UTO
BBIXKUTHh OHM MOTYT TOJBLKO AOIOJHAA APYT Apyra. Moxker u
MbI, YeJIOBEKH, OJHAK Il YCBOMM 5TO IIPABUJIO U IPUMEM ero?
HNuTepecHo — uepes CKOJBKO ThICAUETCTHIA?

Hrak, ecTh peasbHOE IIPOCTPAHCTBO, O KOTOPOM MbI MaJIo
YTO 3HAeM, U €CTh HAJIOKEHHEIE Ha HEero JIOTUYeCKUe IIPOCTPaH-
crBa. Cucrema mupa 1o IlTosnemero u peasmugusm mpeacTaB-
JIIO€T 3TOIleHTPHUUYEeCKIe TUIILI JJOTUUECKUX IIPOCTPAHCTB, CH-
creMa Mupa 1o KomepHUKY WM pummo0uHAMUKA JIATIEHBI
aroneHTpusMa. Jlonyckaercs, YTO KaxKJ0e U3 JIOTUYEeCKUX IIPO-
CTPAHCTB UMeET CBOU HENOCTAaTKU U IIPEMMYIIECTBA, IO3TOMY
JII00BIE CIIOPBI BOKPYT IPEACTABISIONINX 3TH IIPOCTPAHCTBA Te-
opuii nMeroT (puI0COPCKYIO IIPUUNHY, a IIOTOMY BO3MOXKHBIE
¥ BOBHHUKAIOIMEe KOHMINKTHI HelIPUHIIUITHAAIbHbI!

Yem yiiepOHee JTOTUYECKOE IIPOCTPAHCTBO, TEM CJIOMKHEe
oTo0OpakeHme IIPOIIECCOB, yIllepOHee JOTrMKa cBA30K. Ilpeacra-
BUM, YTO HAINM TIJia3a BUAAT TOJBKO YJIbTPA(UOJIETOBBLIN U
nH(@pPaKpPacHBIN auamnas3oHbl. Takoe oO0CTOATEILCTBO aBTOMA-
TUYECKU HaBA3BIBAET HAM WMHYIO, OTJIMYHYIO OT HIPUBBIUYHOM,
KapTuHy Mupa. I XoTsa 13 pasHBIX JOTUUYECKUX ITPOCTPAHCTB
MUP BUAUTCSA IIO-PA3HOMY, B OCHOBE dTUX BUACHUN JECIKUT €IU-
HOe IPOCTPaHCTBO-HOCUTEJIb, KOTOPOEe, HE3aBUCUMO OT BHUA JIO-
THUYeCKOTr0 IPOCTPAHCTBA, HABA3LIBAET €My KOHKDPEeTHbIe 3aK0-
HbI. IloHATHO Telnepb, MOUEMY CTOPOHHMKAM TOTO MJIU MHOTO
JIOTMYECKOTO BUJEHUS MUPA BCET/a YAAETCSA CO3JaTh HEIIPO-
TUBOPEUYMBLIN M MCHOJHAIINICA Ha NPaKTUKe MEXaHU3M
ONUCAHUA ABJEHUH. ITO IPOUCXOAUT IOTOMY, UTO B OCHOBE
IPOCTPAHCTBEHHO-JIOTUUECKOTO0 MHOMKECTBA JIEXKUT OJHO, Ha-
IeJIEHHOE KOHKPETHBIMY CBOMCTBAMU, IIPOCTPAHCTBO-HOCUTEJTD.
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Puc. 43. 3ByKoOBOe JIOTHYECKOe IPOCTPAHCTBO HAJIOYKEHO Ha cBeToBoe. Ml
HaTJISITHO BUAWM, KaK B 9TOM CJIyuae «3BYKOBasi» JIOTMKA OTINYAETCS OT
«CBETOBOIi»: II0 OTHOIIIEHWIO K «CBETOBOI», «3BYKOBaf» IIPEJCTABIIAETCS
HaM KpuBoJsuHeWHOU. C TOUKU 3peHUa abCOJIOTHOrO HabIromaTesns, B Ha-
1IIeM cJIydae «CBETOBOTO», HaJWuye 3BYKOBOM UEPHOM IbIPHI HEe OKA3bIBAeT
BJIUSHUSA HA CBETOBYIO MAacIITa0HYIO ceTKy. ECay MONmBITATHCS IIOCTPOUTH
3BYKOBYIO MAacCIITaOHYIO CETKY, TO Y «3BYKOBOTO» HAOIIOJaTesIsI BOSHUKAET
npobisieMa KpuBu3HBI, a notomy 0Oe3 mzpeir H. Jlobauesckoro u I'. Pumana
37IeCh TPYAHO 000¥iTHCh. B TouHOCTH 3Ta XK€ mpobyeMa BOBHUKAET U Y «CBe-
TOBOrO» HaOJIOJAaTessA B CJIydae CO CBETOBOM UEPHOU ABIPO, a IIOTOMY OH
BBIHY’KJI€H BBECTU abCOJIIOTHYIO MacIITabHYIO CETKY, 4 3aTeM MCKATh MeXa-
HU3M IIepexoja OT IPAMOJMNHENHO cucTeMbl KOOPAUHAT K MECTHOI, 1 Ha-
o6opor. Crenyer IOHNMATh, YTO paspelnieHre IpobIeMbl BCceria YIPOIaeT-
cd, KOTZAa OHa paccMaTpHBaeTcsa ¢ 0oJiee COBEPIIEHHOM MepapXuduecKOoit
no3unuu. JTo Kak jJabupusT. Haxonscs BHYTPY TPYAHO HANTH BBIXOX, HO
ecyiu BBI OyZleTe MMETH BOSMOXKHOCTDH HAOII0AaTh ce0A U JJaOUPUHT CBEPXY,
TO IIpobJieMa BaIllero ABUIKEHUA 10 JAOUPUHTY OyeT peIaTbesa ¢ IO3UIIN
WHOI JIOTUKU, a IIOTOMY ObICTpEe.

B aTom cmbIcae npo6GieMa NCKPUBJIEHUSA «IIPOCTPAHCTBA» CBOJUTCHA K
IIOUCKY IIPOIlecca, 3aCTABJISAIOIIETO JIyU CBETa UCKPUBJIATE TpaeKkTopuio. Ox-
HOIl M3 HamboJiee BEPOATHBIX IIPUYUH 3IECh MOYKET ABJIATHCA ABUKEHUE
adupa B cToK. Ho MOTyT GBITh 1 MHBIE IIPUUYUHEI.
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Puc. 44. CBeToBoe JOoTHYeCKOe IIPOCTPAHCTBO HAJIOKEHO Ha BBHIIIECTOSAIIEE.
MsI HArIALHO BUAMM, KaK B 9TOM CJIyuyae «CBETOBAsi» JIOTMKA OTJIMYAETCS
OT «BBIIIIECTOAIIEH » : 10 OTHOIIEHUIO K «BBIIIIECTOSIIEH », «CBETOBASI» IIPe.-
cTaBJsgeTCA HaM KpuBoJmHeHHOU. C TOUKY 3peHUA abCOJIIOTHOTO HabI0na-
TeJls HaJWYWe CBETOBOI UEPHOM NBIPHI He OKA3BIBAET BIUAHUA HA MACII-
TaOHYI0 CETKY BBIIIECTOSINEro MOpsgKa. KCAM MOmBITATHCA IIOCTPOUTH
CBETOBYIO MAacHITa0HYIO CETKY, TO ¥ «CBETOBOTO» HabJIOfaTes s BOBHUKAET
npobisieMa KpuBu3HBI, a moromy 0e3 mpeir H. JlobaueBckoro u I'. Pumana
37IeCch TPYAHO oboiiTrch. B TOuHOCTH BTa 3Ke mpobieMa BO3HUKAET M Y «BBI-
IIeCTOSAIIEer0» HaOIIomaTeN d B caydae ¢ YEPHOI ABIPOI Ha ero ypoBHE opra-
HU3aIUY, a IOTOMY OH TaKiKe BHIHY KJeH BBECTU a0COJIOTHYIO MaCIITa0HYIO
CEeTKY, & 3aTeM HCKATh MEXaHW3M IIepexofa OT IPAMOJUHEHNHOHN CHCTEMBI
KOODPJWHAT K COOCTBEHHOM, 1 Ha060poT. MEI yiKe TOBOPMIIN, UTO Pa3pelleHne
npobeMbl YIIPoIliaeTcsa, KOTAa OHA paccMaTpUBaeTcs ¢ 60Jiee COBEPIITEHHOM
nepapxXmuuecKoi MO3UITUH.

IToxosxke, 4TO AJ1s KAXKIOr0, HAUWHAA OT 3ByKa, YPOBHA BOJIHOBOM opra-
HU3AIUY MaTepPUM CYIIECTBYEeT CBOSI TEOPUSA OTHOCUTEJIBLHOCTH, (POPMYJIH-
HBIF ammmapaT KOTOpoii oguH u ToT Ke. Emié B 1982 rogy aBTOp camMocTOsA-
TEeJIbHO IIOCTPOUJ 3BYKOBYIO TEOPHIO OTHOCUTEJBHOCTH IJISI «3BYKOBOTO»
HabmomaTes s u obHapysKua mosHoe eé cxoncTBo ¢ CTO. ViiTu ke u3 moxn
STOIEHTPHUYECKOTO BOCIPUATUA MOYKHO TOJIBKO C ITOSUIIUY BHIIIECTOAIIETO
BOJIHOBOT'O YPOBHS.



KOHIIENIIIUA JIOTHYECKEUX IIPOCTPAHCTB 81

o O Q o] o] O O o] o] o] o)
KoopjqMHATHEIE
OCIIALIATQPBL _|

ooo/o/\ooooooo

(©) O O o O O o O O O O 19}

o O O O O O O
Be[I[eCTBeHHbI
1 OCHUJISTOPHI

o) / o)

..Q....QOO/.Q.

(0 O O o O O o o .o. O 19}

o O o © © o © © o Oo & o

Puc. 45. KooppuHaTtHas ranuOpoBka. CMBICI KOOPAMHATHON KaauOpPOBKU
CBOAUTCS K HAIIOJHEHUIO IPOCTPAHCTBA OCIUJIIATOPAMHU, YACTOTa KOTOPHIX
He 3aBUCUT HU OT HCCJIeLYyEMOTr0 YPOBHA BOJHOBOI OpPraHM3aIUy MaTepUH,
HU OT YCJIOBUM, OIIpefesigeMbIX IIpoIlecCaMu, a IIOTOMY BcerJa OqUHAaKOBa,
T.e. abcosrroTHa. AGCOTIOTHBIE KATNOPOBOYHBIE OCIIUJIIIATOPEI HE MOTYT OBITh
IIPUBA3aHBI HU K OZHOMY U3 YPOBHell opraHnsauy MaTepuy — B 3TOM CMbICJIe
MBI IMEEM [IeJIO C UIeaJN3UPOBAHHBEIM CIOCOOOM PACCMOTPEHUS IIPOUCXO-
IAIIEro B JII0OOM U3 JIOTUYECKUX IIPOCTPAHCTB, 6YAH TO 3BYKOBOE, CBETOBOE,
a(upHOE u T.I.

Teneps, Korjga uMeeTcs MoJie KOOPAUHATHBIX OCIUJIJIATOPOB, MBI MO-
JKeM aHaJIVM3WPOBATh 3aBHCUMOCTH KOJIEOAHWU BEIIECTBEHHBIX YACTHUIL OT
6,IM30CTU MaCCHI, 9JIEKTPUUECKU 3aPAKEHHOT0 Tejla, UICTOUHNKA MarHUTHO-
ro IOJIf, OT CKOPOCTH OTHOCUTEJHHO HOcuTesd BoiNH. Hampumep, adderT
Méccbayspa. MecTHbIi HabII0OgaTeIh KOHCTATUPYET, YTO B €T0 CUCTEME Ya-
CTOTa BEILIECTBEHHOT'O OCIMJLIATOPA (YACTUIIBI) HE 3aBUCUT OT PACCTOSHUSA
o moBepxHOCTH 3emiu. Ho mpu cpaBHEeHUY ¢ KOOPAWHATHBIM OCIIUJIJIATO-
POM OH TOBODHUT, YTO YACTOTA IIOCJIEIHETO 3aBUCHUT OT BBICOTHI HAJ IIOBEPX-
HOCTBIO, IPUUYEM Ha yPOBHE IIOBEPXHOCTU YaCTOTAa KOOPAMHATHOT'O OCIIMJI-
JIATOpA BHIIIIE, YeM JACTOTA BEIIIECTBEHHOIO, a IIPY 3HAYUTEIbHOM yIAJIEHUN
OT IOBEPXHOCTH YaCTOTA KOOPAMHATHOIO OCIUJIIATOpPa yMeHbImaerca. C
STOIEHTPUYECKON TO3UIINY HAOII0LATeIb CKAMKeT, UTO YaCTOTA KOOPAMHAT-
HBIX OCIIMJIJISITOPOB YOBIBAEeT C pacCTOsSHMEM; abCOJIIOTHBIN ke Habsiona-
TeJb CKAaKeT, YTO YACTOTA BEI[eCTBEHHOTO OCIVJLIATOPA YBEJIUUYUBAETCS C
paccrossHueM. BosHuKaer 3(@(eKT ABOWHON JIOTUKU: STOIEHTPUUYECKON U
abcooTHOI. Ecim B oCHOBY ommcaHus mpocTpaHcTBa u 3h(eKToB B HEM
TIOJIOKUTH JIOTUKY HabiiomaTess, TO Mbl Hen36eKHO NPUAEM K MCKDPUBIIE-
HUIO IIPOCTPAHCTBA U WHBIM HeJnuHeHHBIM s(ddexram. Koopruuaruasa ke
KaJuOpOBKa IIPOCTPAHCTBA IIO3BOJIAET YHTH OT HeJWHEHHOCTelf, KOTOphIe
€CTECTBEHHBI JJIA KaJIuOPOBKU 0oJiee HUBKOI'0 YPOBHSA, UTO IIO3BOJISAET YBU-
IeTh GUBUKY IIPOUCXOIAIIETO ¢ 60Jiee BLICOKUM Da3pelleHneM.
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ToBopsAa 0 MHpe ¢ HO3UIMU PA3HBIX JIOTUYECKUX IIPO-
CTPAHCTB, MBI BCerga MOKeM HAlTh MeXaHM3M IIepexonia OT
OOHOTO BUAEHUS IIPOIECCOB K APYroMy, HO AejilaeM MBI 9TO
MHTYUTHUBHO Uepes (Ppu3nuecKoe IPOCTPAaHCTBO-HOCUTENE. Ecan
B CBOUX (hUBUUECKUX KOHIEIITNAX MBI BCTPEUAEMCS C UeM-TO
CTPaHHBIM, HAIPUMED C COOTHOIIIEHMEM HEOIIpe e IEHHOCTEN
Teiizenbepra, sTo BBLI3BEIBAET Y HAC HeJOyMeHMe. A Hammuume
COMHA y YacTHI], KaK Heu3BeCTHas HaIllell JIOTUKe CTeleHb
CcBOOOIBLI, a MOsSBJIEHME HOBBIX KBAHTOBBIX UMCeJ B (PU3UKeE
3JIeMEHTaPHBIX UaCTHUIL, TAKIKE TOBOPAIITUX O HEU3BECTHBIX CTe-
HeHAX CBOOOARI, a IMOCTYJIaT DUHINITENHA 0 HEM3MEeHHOCTH CKO-
poctu ceera?

Ecyiz MBI XOTUM IIOHATHL MUP, TO 00sI3aHLI IIOHUMATD, UTO
Hallle BUAeHNE MUpa Bcerjga (puKTUBHO, UJLJII0O30pHO. W x0TA
MbI, B CHJIy CBOero (hpu3mojioruuecKoro ycTpoiictBa u (usu-
YeCKUX OTHOIIIEHU C MUPOM, He B COCTOSTHUM BUIETH MHAUE,
HO Bcerjga o0s3aHbI MOMHUTH, UTO B IPOCTPAHCTBE-HOCUTEJIE
BCE UMEEeT CBOIO YETKYIO ONPeaeIEHHOCTD.

B sTuX cuTyanuax MbI JOJIKHBI IPU3HATH HECOBEPILIEH-
CTBO HAIIEro BUIEHUA, a IIOTOMY BBIHYKIEHBI CTPOUTDH JIOTHU-
YyecKue IIPOCTPAHCTBA, COBEPIIIEHCTBOBATD UX, UTOOBI IIepeoc-
MBICJINBAThH, CHCTEMATU3NPOBATh M HAXOAUTL He3aMeUYeHHbIe
paHee CBA3M B mpoucxogsAaiieM. He MCKJIIOUEHO, UTO Iie-HU-
OyIb B M3OJALUN CYIIECTBYIOT JIIOAM MHOIO YPOBHS pasyMa,
HaxomAluecsad B ropasgo 0oJjiee PACIIMPEHHOM JIOTHUYECKOM
IIPOCTPAHCTBE, ¥ TaM AJIA HUX HET MePEeUYMrCJIEeHHBIX JOrrYec-
KUX TPYyAHOCTEH, HO HaBepHAKA €CTh CBOU.

EcTh Kpyr ABJIeHUU, He MOAJAIONIUXCA IIPAMOMY OIIHCA-
HUIO uepe3 HAIlle KUTEHCKOe TPEXMEPHOe JIOTHUYECKOe IIPO-
ctpaHcTBO. IloHMMaHIe 9TOTO MOOYKIAET CO3MAaBATH MHBIE
JIOTHMUEeCKYe IPOCTPAHCTBA, HAIIPHUMED IIIeCTUMEPHOe, AJIA TOTO,
uyTOOBI C €r0o IOMOINBIO OMMCATh sABJeHue. Ho sTo BOBce He
03HAUAaeT, UTO JIOTHMKA IIPOUCXOAAINEro Bcerga OyaeT HaMu 10
KOHIIA ITOHATA.

Ho nHOrza MMEHHO MBI, B CUJIY CBOEI'O HEBEXKECTBA U IIPHU-
POIHOM OrPaHNYEHHOCTH, ITIOPOXKIaeM HA00OP UJIII030PHBIX JIO-
TMUYECKUX IIPOCTPAHCTB, IPEIIATCTBYIOINX JABIKEHIIO BIIEPE.
MpbI orpaHUYeHbl B COOCTBEHHOM BHIEHHUU, a IOTOMY K3 BCETO
MHOT000pa3us BOCIPUHUMAEM JIUIIIL HEKOTOPhIe (pparMeHTsl
MCTHUHHO IIPOUCXOIAINEr0, a MHOrIa 13-3a JIEH! U BOBCE HUUe-
o He JKeJaeM BOCIPUHUMATH.



KOHIEINIHAA JOI'HYECKHX ITPOCTPAHCTB 83

B sTOM cMBICIIEe ILIEMEHA, TAe-HUOYAb B MKYHIUVIAX AMa-
30HKU, UMEIOT 0OJIbIllee IPEUMYIIIECTBO IIepe] IPeJCTABUTE-
JIAMU TEeXHOKDPATUU, C NETCTBA 3a0JIOKMPOBAHHLIMU B CBOEM
Bugenuu. [llaman roBopur: «Bbydv omkpsim 018 Mupa U HU-
wezo He ompuyail, u mozda mut YysuduWsb MUP MAKUM, KAKO8
OH ecmb. Bcé, umo muL yeuduuis, 6c¢€ ecmb Ha camom dege».

U «uesioBeK-IUKapb» PAaCKPbIBAETCSA U He OTPUIIAET, a Ha-
0JIrofaeT, KOHCTATUPYEeT U OCO3HAET, B TOM UICJIe, COOCTBEHHOE
MeCTO B OTKPBIBAIOIIIEMCS IIepel] HUM OeCKOHEeUHOM MHOTO-
ob6pasuu. He MyapeHO ITO9TOMY, UTO «IUKAPU» IPOCTO BUIAT
MIPOUCXOasAIIee, KaK IIPOIIECC, a IOTOMY IIPOCTO 3HAIOT O HEM.

TexHOKpAT Ke, OyAydH ¢ AeTCTBa 3a0JIOKMPOBAHHBIM (9TO
HeIIpaBUJIbHO, TaK HEJIbL3d JeaTh, 3a 3TO TeOA YBOJIAT, ¥ TeOs
raJIIIOIUHAIIUY — 00paTuch K IICUXUATPY #U T.HA.), IIBITAETCS
CHATH 6JIOKI/Ip0BKI/I C IIOMOIIBIO MaTeMaTUKW N MHBIX MHCTPY-
MEHTOB IIO3HAHUSA OJIS TOTO, UTOOBI TOKe yBHIETh. Teopus
JIOTUYECKHUX IIPOCTPAHCTB II03BOJISIET BCKPBLITH IPUUYUHY, IIO
KOTOPOH MBI, HaXoAAIluecsa B 60Jjiee IPUMUTUBHOM IIPOCTPAH-
CTBe, BCE PABHO IPUXOAUM K aHAJIOTUYHOMY C «TUKAPEM» BU-
IeHUnIo mpoucxomasAinero. M eciu aTo BugeHne IPUXOIUT, 3Ha-
YAT Yy YeJIOBEKa PACIIMPUIOCH COOCTBEHHOE JIOTMYECKOe
IIPOCTPAHCTBO.

T'enuu, BpeMsa OT BpeMeH! HOSABJSIOIINECS B OOIIecTBe
Jonei, MMEeT BPOXKIEHHOe, 3aBeJOMO PACIINPEHHOE JOIMYec-
KOe IIPOCTPAHCTBO, a IIOTOMY B CPABHEHUHU C OOBIYHBIM UeJIO-
BEKOM BUIAT ropaszo OoJblllee YKCJIO0 B3aMMOCBI3EH MEXKIY
ABJEHUAMH U COOBITUAMU. VIMEHHO IT0STOMY UM ropasmio Jierie
oIpeneasaTh Hambojiee IIepPCIeKTHUBHLbIe HAIPABJIEHUA HCCJIe-
JOBaHMI, 4YeM OTHOCHUTEJILHO CJIEIBIM ero copogmuaM. B Ta-
KHX CJIyYasiX FOBOPST, UTO Y UeJIOBEKAa XOPOIIIO PA3BUTA UHTY-
unua. Ho Ttorga unmyuyus npencraBiasieT coboi 8poixcdeénHoe
Kauecmeo Obimb 8 60J1ee PACULUPEHHOM JL02UYLECKOM NPOCMPAH-
cmae. JIIogsaM ¢ XOPOIIIO Pa3BUTON MHTYUIHEI 3aBeIOMO JAHO
BUJETh W 3HATHL I'Opas3mo 6OJIbINle MHBIX JIIOHeli.

O1bIT TOKa3BIBAET, UTO U APYTHE JIOANU MOTYT PACIITIUPUTH
BUJeHTEe MUPAa C IIOMOIILIO CIIEIUAIbHBIX 3aHATUHN 1 METOINK,
a MOTOMY HIpEeAIIoJIaraeTcd, UTO V YeJIoBeKa eCTh BpEMEHHO He
pasBUTHbIe JOJIKHBIM 00pasoM 00JIACTH MO3Ta, BKJIIOUNB KO-
TOpBIE, OH 3alyCKAaeT MHbIe YYBCTBEHHbIE MEXAaHU3MBbI, IIOCJIE
yero mHaue, 0oJjiee PACIINPEHHO, BOCIIPUHIMAET OKPYIKAIOIIYIO
IeCTBUTEILHOCTD.
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IIpumep: Ecau y uwenosexa ¢ poxOeHus OMKJLIOUEHbL 2]143A,
Mo y Hezo 8blpabambl8aemcs cneyupuieckoe iozuieckoe npo-
CMPAHCME0, C NOMOULLI) KOMOPO20 OH YYUMCSA OPUCHMUPOBAMb-
csa 6 amom mupe. Ho cmoum cayuaio 8xniovums y Hezo opza-
Hbl 3peHUs, KAK OH M2ZHOBEHHO OKA3blBAECMCS 8 UHOM
J02UYEeCKOM NPoCcCmpancmae, Komopoe pamnee emy 0bLlLO co8ep-
ULeHHO He0oCMYNHbLM, & NOMOMY HENOHAMHbLM.

T'oBopsa 00 UHTYUIIUY, MBI TOBOPUM 00 MHOM JIOTUYECKOM,
0oJiee COBEPITIEHHOM, YPOBHE BOCIIPUATHA TpocTpaHcTBa. OubIT
JII0zieli, « BBIXOQUBIIINX U3 TeJia» B KPUSUCHBIX CUTYAIIUAX WU
BO BpeMs MeAUTAIlUM, TOBOPHUT, UTO OTOPBABIIIASACSA OT TeJja
CYIITHOCTDH dJIEMEHTapHO IIOHMMAaeT U CYyTh MHOTuUX (usudec-
KUX IIPOIIECCOB, W CMBICJ MHOTOTO ocTaysibHOro. HOo «BO3Bpa-
masgch» B TEJO, UeJIOBEK KOHCTATHUPYET, UTO IMOHATOE TAKUM
00pasoM BHOBb CTAHOBUTCSA HEIIOHUMAEMBIM, KaK OyATO KTO-
TO 3aKPBLI, COPATAJ, OTKJIOUNJ MOCTYI K 3HAHUIO. MMeHHO
TaKOBa Tpareius IIepexoja M3 BBICIIIEr0 JIOTUYECKOTO IIPO-
CTpPaHCTBa B HUS3IIIEE.

IIpencraBum, UTO y HAC BAPYT IPOIIaja CIOCOOHOCTEL BU-
Ierb. MBI IIomajjaeM B IMOKUPYIONIYIO CUTYAIUIO0, HO IIO IIPO-
IIeCTBUY BPEMEHU CMUPSIEMCA ¢ Hed U YUUMCS OPUEHTUPO-
BaThCA B YCJOBUSAX HMHOTO JIOTMYECKOTO IpocTpaHcTBa. Ho
OPenbIAYINe 3HAHUSA W OIBIT BCE PABHO OTKJIAABLIBAIOT OTIIE-
YaTOK Ha JIOTUKY BAPYT OCJIEIIIIETO0 YeJIOBeKa, 1 OH, HaXO4ACh
B cpelie CJIEIIBIX OT POKAEHUSA JIoAei, MMeeT OTIUYHYIO OT
HUX JIOTUKY BOCIPUATHUA CUTyaI[Uil. ¥ HETO eCTh C UEM CPaB-
HUTH, OH IIOMHUT...

Muorue aBTOPHI JeJaloT YIOP Ha ONPOBEp:KeHNte TeOpuu
diimmiteiina. Ho, B ¢cBA3U ¢ BRIIIE cCKasaHHLIM, TO B IpuHITHIIE
OIIPOBEPrHYTh HEBO3MOXHO, KAK BIPOYEM M MHbIE BHYTPEHHE
HEIIPOTUBOPEUMBLIE TEOPHUM, IMOTOMY KAK OHU CO3LAHBI JIs
BIIOJIHE KOHKPETHBIX JOTMUYECKUX IIPOCTPAHCTB. B MHEBIX JIO-
TMYeCKUX IIPOCTPAHCTBAX 9TH TeOPUU OYAYT paboTaTh ILIOXO
M3-32 BOBHIKHOBEHUS JIOTMUYECKUX TPYAHOCTEMH, HO B Pse CIIy-
yaeB, KOTJa HAM HeoOXOoAMMO OyIeT IMOJYyUYHTh OBICTPHIHA pe-
3yJbTaT, caenyeTr npuberatb K GopMyJIbHLIM HapaboTKaM 3THUX
TEeOPUi.

B ocHoBe pummodunamuru nexuT 60Jiee pacIIuPEeHHOE, B
cpaBHenuu c¢ TO, jJormueckoe ImpocTpaHcTBO. Taxk JIM 9TO —
MOKaXKYT HaJbHeHIe uccjaeqoBaHsa U IPaKTUKA.
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HAYAJA PUTMOJUHAMHRHU

s Toro uToObI pasodpaThcsa B GU3NMUECKUX Ipolieccax,
POKIAIONINX MOHATUA — 08UNMCeHUe, UHEePUUS, CULA, MACCA, MBI
OyIeM MCXOLUTEL M3 CJIEHAYIOIIEero:

1. MsbI mpuHUMaeM B KaYeCTBe OCHOBBI JAJbHEMIITUX IIOCT-
POEHUI M TOCTYJUPYEM HPOTOOCUULAAMOP, KOTOPBHIA B OT-
pBIBe OT cebe MOMO0OHBIX, T.€. caM Io-cebe, HaJeasgeM TOJIbKO
OJHUM CBOIMCTBOM — HeyracamwlIieili BO BpeMeHU CIIOCOOHOC-
ThIO BO30YXIATh BOJHBI B a()upe. B a6COIIOTHOM CMBICTIE OH
He UMeeT HY MHePIHNU, HXU MacChl, OJHAKO CBOMCTBA 9TU IIPO-
ABJISAIOTCS He3aMeIJINTeIbHO, KOr'la peub ULAET O CUCTEME OC-
UUALAMOPO8, U3MEHSAIOINX COCTOAHUS OTHOCUTEJIHHO APYT
apyra u cpenbl. MBI TaK)Ke mojaraeM, 4TO YCJIOBHAS ILJIOT-
HOCTDb U OCUULAAMOPA, U CUCMeMb. PaBHAa IIJIOTHOCTH 3(dupa.

ITO IOJIOMKEHMEe HYKAAeTCs B MOoscHeHuu. MHorue, oco-
OeHHO Kypslline, HaOII0AAIN CTPaHHOe MOBeIeHe JbIMAa B TaM-
Oype ABMIKYINErocsa Baroua. KEcau OyCcTUTH ABIMOBOE KOJIBIIO,
TO OHO CTAHET ABUTaThCs IOCTyHaTeJabHO. Eciiu BBI IOIBITaE-
TeCh OCTAHOBUTH 9TO ABUKEHIE PYKOM, TO IOUYBCTBYETE JIET-
Koe IIPMKOCHOBEHNe, YKa3bIBalolllee Ha CHUJIOBOE JelCcTBue, a
3HAUNT, MOYKETEe YTBEePKAATh, UTO ABUXKYIIleecs KOJILIIO 00JIa-
naet nHepuueii. Eciyu KoJel HeCKOJIbKO, TO U JeHCTBHE BO3-
pacraeT IPOHOPIIMOHAJBbHO. UeM OoJbIlle KOJell, TeM CUJIb-
Hee JNelCTBHE — a 9TO yoKe IMPU3HAK MAacChI.

Ho BoT moesn momaJ Ha HEPOBHLIN YYAaCTOK 1 BaroH, BMe-
CcTe ¢ HaXOAIMUMCA B TaMOype BO3OYyXOM, CTaJl MHTEHCUBHO
packaumBaThCcia. B aToM caydae obiamaroiiee nHepIueil KOJIb-
Mo OymeT pacKauMBATBhCA B TaKT C BarOHOM, T.e. BeCTU ceds
abcoI0THO 0e3bIHePIIMOHHO. EcaIu Barod pesKo OCTAHOBUTD,
TO U 3[IeCh KOJIbI[0 HUKAKKNX WHEPIIMOHHBIX CBOIMCTB HE IIPO-
ABUT. BO3HMKaeT BOIIPOC: €CJM Ha BeIleCTBEHHbIE 00HEKThI
pe3Kasi ocTaHOBKA OymeT AeificTBOBATH B IIOJTHOM COOTBETCTBUH
¢ sakoHaMu HbloTOHA, TO mOUEeMYy KOJIBITO, 00JIaaolee mHep-
e, a 3HAUUT U MACCOli, He MOAUNHAETCA STUM 3aKOHaM?

BuuMaTe bHBIM aHAJNINU3 WHBIX, HO aHAJOTUYHBIX OIBITOB
TIO3BOJIAET IOJYUYUTH OTBET: BCE J€JI0 B COOTHOIIIEHUU YeJIb-
HOT'0 Beca Cpelbl U UCcCaeayeMoro Teja. Ecau moMecTUTh TeIo
B Pe3epByap C JKUIKOCTHIO, VIeJbHBIN BeC KOTOPOI paBeH yesb-
HOMY Becy TeJjia, TO IIPY PE3KOM YCKOPEHUU MUJIU TOPMOKEHUU
pesepByapa ¢ TeJoM OyIeT IPOUCXOAUTD TO K€, UTO U C JBIMO-
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BBIM KOJIBIIOM B Baroue. Ho Kak moBeféT ce0s mccIeayeMbli
00'bEeKT, ecJIM: a) ero yAeJbHBIN BeC MeHbIIe yAeJbHOTO Beca
JKUJIKOCTH; B) €T0 YAeJbHBIN Bec 00JILIIE YAEJIbHOTO Beca sKU/I-
KOCTH.

Puc. 46. BiusaHue yCKOpeHUA Ha TeJIO, VAEJIbHBINA BeC KOTOPOro: a) MeHbIIe
YAEJIHLHOTO Beca KUAKOCTH; 0) paBeH yaeJbHOMY BeCy; B) 60JIbIIIE YIeJIbHOTO
Beca JKUAKOCTH

2. B paBHBIX YCJIOBUAX BCE MPOTOOCIHUJLIATOPHEI MMEIOT OIMU-
HaKOBBIe MapaMeTpPhI M, 00pas3ys BOJIHOBLIE CBA3M, O0beHA-
IOTCSA B CUCTEMBI, KOTOPEIE B3aNMOJEHCTBYIOT C aHAJOTMUHBI-
MH CHCTEMAMH ¥ OTAEJbHBIMU OCHMJLIATOpPaMu. B cBoio
ouepelb, CUCTEMBEI, BIUASA APYT HA IPYyra, NCKPUBJIAA IBUMKE-
HUe APYT Apyra, co3maioT 0oJiee TyIo0aibHbIe 00pas3soBaHUS C
coOCTBEHHOU KOJLJIEKTUBHON uacToToi. M Tak mo Tex mop, moKa
Oecunc/ieHHOe MHOKECTBO HAaNMEHBIIIIX 3JIEMEHTOB BellleCcTBa
He co3gacT 0003peBaeMyIo ueJJoBeUecKM I1a3oM BeelleHHYIO.

3. MBI yMBINLJIEHHO YKJOHAEMCA OT PACCYKIEHUUA O CBOI-
cTBax a(upa, OCTaBIAA TOJHLKO OMHO: OBITH HOCUTEJIEM BOJIH.
B aToM cMBICIIe OCIIUIIIATOPHL U CPeia CBA3AHBI MEXKIY COOOI
TaKuM 00pasoM, UTO B IIpoIlecce BUOpaIuy (GopMUPYIOTCSA BOJI-
HEI.

HAYKA O IIPHPOJE NBUKREHUSA

Jlo cux mop npAMOJNHENHOe IBUKEHNE CUUTAJIOCH BPOXK-
IEHHBIM CBOMCTBOM O0'BEKTHUBHO CYIIECTBYIOIETr0 MUpa, a mo-
TOMY HErJIaCHO IIPUHUMAJIOCh 0e3 00bSCHEHUSA — IIOCTYJIUPO-
BAJIOCh.

PaccmarpuBas IBU:KeHUS B cpefie Ha IIpUMepe IIPOCTHIX
BUOPUPYOIIUX CUCTEM, MBI OOHAPYIKUJIN, UTO UX BHYTPEHHEE
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paBHOBeCHE HANPAMYIO COIPIMKEHO ¢ COOCTBEHHBIM (haszouac-
TOTHBIM cOCTOsSSHUEM. llanbHeiiIllee mM3ydyeHUE STON 3aBUCHU-
MOCTH II0Ka3aJI0, UTO ABMKEHMEe W (PA30YaCTOTHOE COCTOSHIE
B3aMIMO3aBUCUMBI: CTOUT HAM 3a4aTh M1 N3MEHUTL BUJ JBI-
JKeHHNs, 1 MBI OOHAPYKHUBAEeM, UTO YV CHUCTEMbI BO3HHUKAET IIO0-
TPeOHOCTh U3MEHUTH JIN00 (pa3oBOe, JIMOO UACTOTHOE COOTHO-
IIeHre MeXKAY OCIUJLIATOPaMM, M Hao00pPOT. ITOT, KA3ajaoCh
ObI, MAJIOIIPMMETHBIHM (PAKT U IMOCIYIKHUJ IIOBOJAOM AJIS CO31a-
Husa PUTMOOVHAMMWKN — HayKu o (hm3mMUeCKONl IIpupoje
IBUYKEHUSA.

Ho He TOJIBKO ABM:KeHNE B KOMIIETEHIITUU PUMMOOUHAMU-
KU, a ¥ TaKue MOHATUS, KaK UHepuuUs, Culd, Macca, KoTopbie
MPOABIAIOT ce0sA HEMeAJIeHHO, KOr'la Peub UIET 0 KAKOM-JI100
M3MEHEeHUY BHYTPEHHEr'o COCTOSAHUS CHUCTEMBEI.

IIpennaraerca ornocurbea K PUTMOIMHAMUEKE kKak k
HOBOMY pasfely HAyKM, N3yUYaroIeMy PAUTMbI YACTHUIL, UX W3-
MEHEeHUA U B3aUMOJEeHCTBUA, 1, KAK CJeJACTBNE, BO3BMOXXHOCTh
HOJIYUeHNs JIOOBIX BUAOB IBUMKEHUSA 34 CUET MCKYCCTBEHHO
co3JaBaeMbIX 1 YIIPaBJAEMBIX M3MEHEHUH (PasoBOTO M Uac-
TOTHOT'O COOTHOIIEHUSA MEXAY OCIUJLIATOPAMU CHUCTEMBI.

* k% %

IIporooctmnnarop. Hamemy BooOpasKeHHIO OH HEIOCTY-
meH, Taske eCJiM MbI BXOAMM B HAUTJIYOOUAHIITYIO MEIUTAIIHIO.
Ho Torga, xax 0uiTh? OgHY 13 THIOTE3 MBI BLICKA3aJIM paHee —
chepryeckas TyJbCcUpPYIOIad Y€pHas ObIpa. B MenuraTub-
HOIl IpaKTHKe m3BecTeH (heHOMEH MIPOHWKHOBEHUA B TaK Ha-
3bIBaeMbIil cgemabLit mup dyepes pesyuwiuii. mynHeav. He cra-
HeM yray0JaAThCcA B JeTaid, a JUIIb 3aMEeTUM HaJudue
HEKOTOPBIX OOIUX YePT: ¥Mmo-mo Kyda-mo IBUKETCA ¢ 00JIb-
II0¥ CKOPOCTHIO. IToHIMMAas BCIO CIOKHOCTD CUTYAITUMK MBI JIN0OO
IOJIKHBI OTKA3aThCS OT KOHKPETUKHY, HA KOTOPYIO XOTh KaK-
TO MOYKHO OIIMPAThCA, JUOO OCTAHOBUM CBOI BHIOOD Ha pesy-
wem myHHese, KOTOPBIA II0 OTHOIIEHHWIO K BeIleCTBEHHBIM
TesaM OyJeM CUMTATH HePBOOCHUIIATOPOM. MOKHO BBIOpATH
WHYIO MOJIeJIb 1 Ha €€ OCHOBE MOCTPOUTH HEITPOTUBOPEUUBYIO
TEOPUI0, HO TOTAA OYAEeT CI0KHO O0BSICHATH Y9HEPTEeTUUECKYIO
MOANUTKY BuOpanuii. B cBsA3u ¢ MHOKEeCTBOM BapUaHTOB
00'BSICHEHUH TPUIILJIOCH IIONTU HA KOMIIPOMUCC: He OTKAa3bI-
BasACh OT MOJIeJIel, ITOCTYJIUPOBATh 8UOPAL U, KAK €TUHCTBEH-
HOe CBOMCTBO NPOMOOCYULLAMOPA, HO HA 9TOT IIIar MBI UAEM C
nouuMmaHueM. [lo Mepe pa3BUTHA HAIIUX TIPEACTABIEHUNA MBI
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CMOJKeM He TOJBKO KOHKDPeTU3UPOBaTh 00BLEKT UCCJIeTOBaHN’,
HO ¥ OTOABUHYTH CHUCTEMY IIOCTYJaTOB BIJIyOb W 3TUM cCa-
MBIM 0003HAUHUTHL HOBYIO I'DAaHUILYy HMO3HAHUS.

Ho cyiecrByet mpobJjema oleHKHN IpoucxomsAinero. OmeH-
Ky ymoOHee BCero Mpou3BOAUTEL CO CTOPOHEI. 3[IeCh POJIb Oec-
OpPHCTPACTHOTO (a0COIIOTHOT0) HAOTIOAATE A OUeHb BasKHa (9TO
KaK Ha IoJjie OUTBEI, I'lle TOJBLKO OIeHKA CO CTOPOHBLI MOJKET
IaTh MOHMMAaHMNe cuTyanuu). Eciu MBI He HalgéM B cebe TO-
JUKY MYJIPOCTH, UTOOBI YHATH OT CYyObeKTUBU3MA, TO OOpeUeHbI
Ha 6eCKOHEUHEIE CIIOPEI, B KOTOPBIX, YBbI, ICTHHA HE POXKIAET-
cs. 3mech MbI He cTaHeM IIpuberath K moHATHIO Bora, HO yc-
JyraMu abCOJIIOTHOTO HabJIIomaTelNsd, KaKk Mepuja IIPOuCXona-
miero, BocmoJb3yeMmcdA. OmpemennM OCHOBHOe TpeboBaHUE K
abcoJrroTHOMY HaOJIomaTe i0: OH 00JIafaeT CIIOCOOHOCTHIO BU-
IeTh MIHOBEHHYIO KapTUHKY IIPOMCXOIAIIEr0. ITO ero CBO-
CTBO SABJISETCS JJIsI HAC IIePBOCTEIIeHHBIM, MO0 MbI, paboras ¢
KOHEUHOII CKOPOCTBLIO PACHPOCTPaHEHUSA BOJIH, Bcerma OymeMm
NPUXOAUTh K MCKAKEHHOMY BHUIEHUIO IIPOMCXOIAIIETrO.

Bpemsa. Kak maM OTHOCUTBCA K 9TOMY IIOHATUIO, KOTIA, C
OJTHOM CTOPOHBI, MBI OIIEHUBAEM €T0 TeUeHMe II0 KoJeOaHUAM
IIPOTOOCIUJIJIATOPOB, & C APYT'OM CTOPOHBI, IIOABJIAIOTCA YTBED-
JKIOeHUA 0 ero MaTepuaabHocTu? HexkoTopble GU3UKYU PATYIOT
3a BBeJleHUE CIIEIIUAJILHOTO IOHATUSA XPOHAJAbHOEe noJe. Mbl
JKe mpeajaraeM OTHOCUTBHCS KO BPEMEHU, KaK K OTBJIEUEHHOM
BeJINUNHE, KaK K BBIHYXKACHHOMY MaTeMaTUYeCKOMY IIPUEMY
OJId OIMCAHUA CKOPOCTH OBUMKEHUA, KaK K KO3PPUIIneHTyY
IJINTEeJILHOCTH .

OmeHuBasg TeueHMe BpPeMEHU II0 KOJe0aHUSIM IIepBOOC-
IUJLJIATOPOB MBI 3aJa€MCA BOIPOCOM: C HMO3UIMH KAaKOTO Ha-
omogarena? Eciu dacToTa OCIMIIATOPA 3aBUCUT OT OKPYIKa-
IOILIUX €ro 00CTOATENILCTB (YMEHBbIIIEHE YACTOThI IIPONUCXOUT
BOJM3M 3eMJIM M UHBLIX MaCCUBHBIX TeJ), TO C TOUKU 3PEHUT
ATOoIleHTPUCTA (MECTHOTO HaOII0AaTe/ 1) HUKAKOr0 M3MEeHEeH! I
YACTOThI He MPOUCXOoAuT. Ho 3TOIEHTPUCT yTBEPKIaeT, UTO B
crucTeMe, YIAJIEHHO OT MACCUBHOTO TeJia, BpeMs, SKOObI, TEUET

*

Purmyc: 9To UTO, IMOMBITKA a6CTParupoBaThCA OT BPEMEHM, KaK OT HAIOJI-
HEHHOro (pusnuecKuM (B CMBICJIE — MATEPUANLHBIM) COLEPIKAHUEM IIOHS-
THA?

Juaamukyc: CKopee, IPeIIPUHATA IONBITKA OIIPENEINTDL KEAHNM 6PEMEHU,
KaK 8eNUYUHY, DABHYI0 MUHUMALLHO BO3MONCHOMY nepuody e0uHU4YHO0z0
Koe6anus nepsoocyuaramopa. Jlymaercs, 4To U MOHATUIO 8PeMs B I[eJIOM
MBI CMOJKEeM MoA00paTh COOTBETCTBYIOMMM (GUBUUECKUII CMBICJI.
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ObICTpee, T.e. UACTOTA OCIHUJLIATOPOB yBeamumiaack. Ho sro-
HaOJIfomaTe el MHOTO, U €CJIU KasKIbIN U3 HUX CTAHET OTCTal-
BaThb COOCTBEHHOE BHUAEHNE IIPOUCXOASINEro, TO COIJIACUS I0-
OUTLCA B MNPUHIIUIE HEBO3MOYKHO, a IIOTOMY HEOOXOIHNM
MHPOBOI CyAbsa. B KauecTBe TAKOro CyAbM MBI BBIOpaan adbco-
JIIOTHOTO HalbJrofaTessd, KOTOPLIH, IIALA HA MUP B MIHOBEH-
HOM €er'0 COCTOSIHNU, TOBOPUT: «3eCh UYyTh MeJIeHHee, a 3][eCh
qyTh ObIcTpee». Hy a mjis Toro, 4roOBLI COTJIacOBATh MHEHIE
CYyAbU C COOCTBEHHBIM BUIEHHNEM IIPOUCXOMASAIIEr0, Mbl BBEJIU
HOBBIE TpeoOpa3oBaHUsI KOOPAUHAT, MCII0JIb30BaHME KOTOPBIX
MO3BOJISET OCYHIECTBJATL CBSA3b MCTUHHO ITPOMCXOISAIIETO C
Ccy0O'beKTHUBHO HAOJII0gaeMbIM, 1 HA000POT.

B crapbele mo0Opble BpeMeHa TaK UM IOCTYIIAJIH, a IOTOMY
HEKOTOpPhIe TEOPUHN TOT'O0 BPEMEHH! OTJIMUYAIOTCSA OT COBPEMEH-
HBIX CTPOTOCTBI0O M IpocToToii. Ho Temepsr M MBI HauMHAaeM
MOHMMATH, YTO TOJBKO INPUHATHE IO3UINK abCOJTIOTHOIO HAa-
OJIroaTesisi, CIIOCOOHOTO BHUIETH COOBITHUSA B MI'HOBEHHOM WX
OTPasKEHUM, IIO3BOJUT HAM Pa300paThCA C MPOUCXOMSIIIIIM.
ITlepexon »xe K peajIbHBIM CHCTEMaM OTCUETA, K pPealbHBLIM
HaOJII0fATeIAM, HerM30e/KHO IPUBOAUT K NCKAKEHNIO BUACHUS
IPOUCXOAAINEro, 0 YéM MbI O0A3aHBLI IIOCTOSHHO HOMHUTE!
3HaHMe 0 HeCOOTBETCTBUM CYO'beKTUBHOI'O BUAEHUS C JeHACTBU-
TEJIbHO IIPOMCXOMAINM IO3BOJUT HAYKE N30aBUTHCA OT OIIaC-
HBIX 0OJIe3HEH — SrOLEeHTPU3MA U OTHOCUTEIHHOCTH.

C mosABJIeHMEM BBIYNCJIUTEIBHON TeXHUKHW H3MEHUJINCH
u cmocobnl mayuenus apiaenuii Ilpupogbi. K ommomy m3 Ta-
KHX CIIOCOO0B OTHOCHUTCS BU3YyaJM3allus BOJHOBBLIX IIPOIIEC-
COB, IIO3BOJIAIOIIA He TOJbKO O0JIETUUTE TPYI UCCIeI0BATE I
IPpU YTOMUTEJbHBIX T€OMEeTPUUECKUX ITOCTPOEHUAX, HO M OXKUB-
JATh, aHUMUPOBATL Ipoliecchl. HarisgHBIM ITPUMEPOM Ieii-
CTBEHHOCTH BU3yaJMU3allUUW CTAJI0O OTKPBITHE HEU3BECTHOTO
paHee ABJIeHU — 0coboil medopMaruy moJis nHTepdepeH Ny,
Ha3BaHHOU cnaildep-appexmom*. [lanpHeiiee n3yueHme STOTO
YHUKAJBHOTO 1, BMECTE C T€M, OUeBUJHOTO IIPUPOJHOTO ABJIE-
HUSA YKPEIjIo Bepy B HEOOXOAMMOCTU CO3JaHWSA HOBOTO Ha-
YUYHOTO HAIIPaBJIEHUs, HA3BAHHOTO — pUummoduHamuKxa.
*
Purmyc: Yem cnaildep-agppekm oraudaercs, Hampumep ot Guryp Jleccaxy
unu duryp Kyaara?

Juaamukyc: I gymaro, 4To B Myapax dalire BCeTO MOYKHO YBUAETH CXOACTBO
co cnaiilep-appexmom, HO TaM, KaK IIPABUJIO, PACCMATPUBAETCA CTATHUKA.
Ms1 xe Bce a(h(peKTHI paccMaTpuBaeM B JuHaMuKe. 1 XoTa y Hac IOKa HeT
WHCTPYMEHTA AJIs IPOCMOTpa cnaildep-agpexmos B 06HEMe, 0H, 00BEM, II0-
CTOSTHHO uMeeTcdA BBURYy. Cnaildep-appexm — 910 00BEMHBIN 3DHEKT.
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Heo0xoauMoCTh CO3AAHNA HAYKY O IBUMKEHUM, OTJINUYHOMN
OT HUCKAKEHHOH IociienoBaTeaaMy HploTOHA MeXaHUKU, XO-
poiiio obocHOoBaHa B paborax B.A. Amoxosckoro, K.II. ByTy-
coBa, A. Biaxosa A.Il. CmupsoBa, 1.I'. Kiarommuua, A.JO. Ky-
mieneBa u [I.H. Ko:xeBHukoBa, A.®D. Uepnsesa, B.B. Byouénkosa,
I0.A. ®omuna, A.B. Pposora, FO.I'. Be1oCTOIIKOro 1 MHOTHX
npyrux. Ilo 6onbiromy cuéty Hu HbioTOH, HU JUHINITENH, HU
UX IIOCJeNOBATEeNN TAK M He CyMeJu HalTh yO0emuTeIbHYIO
NIpUYNHY ABM:KeHHsA. I[o cux mMop He SICHO, IIOUEeMY, 3a CUET
KaKMX BHYTPEHHUX IIPOIECCOB MPOUCXOAUT ABUIKEHUE TeJ B
adupe, B GU3MUIECKOM BaKyyMe UJIU B aOCOJTIOTHO# mycToTe?
Ha pemrenve mMeHHO 9THMX BOIIPOCOB W HAalleJeHa pummolu-
HAMUKA.

IIpuBeném mmpuMep, KOTOPBIT HA MAKPOYPOBHE IIPSIMO OT-
HOCHUTCS K PUTMOAUMHAMUKE, 1 B JaJbHEHIeM IIOMOMKeT HaM
OTHOCHUTBLCA K MOHATHUIO 08UNCECHUS, KAK K NPOABJEHUI ()a30-
YACMOMHO20 COCMOSHUSL.

IIycTh MBI HAaXOAMMCS B JJOJIKE ¥ HAMepeBaeMcs OJHOBpe-
MEHHO C CHJION OpOCHTH ABa PaBHBIX IIO0 Macce KaMHSA B IIPO-
TUBOMOJIOKHBIe HallpaBjieHusA. Eciaum MBI OpocuM MX OTHOBpeE-
MEeHHO, TO JIOJKA OCTaHeTcsa Ha MecTe. Ho UTO mpousoigéT B
YCJIOBUSAX OTCYTCTBUA TPEHUS JIOAKHU C BOJIOM, €CJAM MBI CHAaUa-
Ja 6pocUM OAWH KaMeHb, a II0 IPOIIEeCTBUU BPeMeHU — BTO-
poii*?

Puc. 47. WnmocTpanus K IpuMepy

%
Purmyc: Kak aTo, ymo npous3oitdém? — nogKa HOJ'KHA BEPHYTHCA Ha MeCcTo!

JuaamMukyc: YBBI, KOJJIETa, MHOTYE TaK YTBEPIKIAJIN.., HO BDEMeHHad 3a-
JepKKa MeskAy OpocKaMu Bcerja MpUBOAUT K ABuskeHuIo! 1 mexanmka Hbro-
TOHA TOBOPHUT 00 3TOM ’Ke, M pUMMOOUHAMUKA. DTO IPABUIO HEYKOCHU-
TeJIbHO BBHINIOJIHAETCA HA BCEX YPOBHAX OPraHU3AIIUY MATEPUHU, & €CJIU BAPYT
HaM IIOKa’KeTcs, YTO OHO HapYIIIaeTcsl, 3HAUUT JeJI0 B HAC, 3HAUUT MBI YeTro-
TO HEZOCMOTPEJIN.
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3a IPOMEKyTOK BpeMeHUM Me:KAy OpocKaMu JIOAKa CMec-
TUTCSA, HAaTIpuMeDp, Ha 100 mempos. O3HAYAET JIU 9TO, UTO IIOCJIE
BTOpPOTO OpOCKa JIOAKA JOJI?KHA BEPHYTHCA B MCXOMHOE II0JIO-
JKeHIe U OCTaHOBUThCA? EcTh, KOHEUHO, U pelleHue, Koraa Joi-
Ka OCTaHOBUTCS, HO JayKe €CJIM 3TO IIPOU30UIET, Mbl, MCIIOJIb-
3y 3allePIKKy BO BPEMEHU MeXAy GPOCKaMu, OCYIEeCTBUIN
eé mepemerrienue Ha 100 Mempos. Ecau MBI mOBTOPUM IIpOIIE-
Iypy, TO mepemMectuMcs eiré Ha 100 mempog 1 3TO IPU TOM,
YTO B 00€ CTOPOHEI OBIJIO OTOPOIIIEHO OAMHAKOBOE KOJNYECTBO
BeriectBal Hy a ecau sToT mporecc 6ecKoHeUeH BO BpeMeHH,
MMeeT BOJIHOBYIO IPUPOAY, a IIOTOMY HEBUAUM U IPOUCXOIUT
6e3 motepu Mmaccwui? He OyzeT sz Torga mepeIBUKeHUE JIOAKU
B IIPOCTPAHCTBE KasaThCA HAM uymoM?

HoBBIM I1IaroM K MOHWUMAHUWIO ABUMKEHUS II0 MHEPIUHU
CTaJI0 OTKPBITUE ABJLCHUSL CHUMAHUS CMOALUX 0JH U CNAll-
Odep-aghghexma c mocaenyomIuMuU uccaenoBanuamu. Cnaiidep-
agherxm XOPOIIIO BIUCHIBAETCSA B Pa3JINYHBbIE U3BECTHBIE KOH-
menmuu, OyaAb TO KJaccMuecKas WM KBAaHTOBas MeXaHUKA,
n-MepHada pusuKa mau peaaTHBu3M. MOKHO 3aMedaTh WJIU
He 3aMeuaTh 9TO ABJeHUe KaK (akT, HO 3aMOJIYaTh €70 HEBO3-
MOXKHO. ITO O0'BACHAETCA TEM, UTO chraiidep-aghghexm 3ameua-
TeJbHBIM 00pa3oM moAmaéTcsa Buayaamusanuu. Temepb, Ha0IIO-
Iasi IPOUCXOAAINEee C IOMOIIbI0O COOCTBEHHBIX OPTaHOB 3PEHU
WK ¢ IPpUMeHeHreM BUAEOTeXHUKU, HUKTO He CMOJKET CKa-
3aTh, YTO He BUAUT. MHOTUe HCCIeIOBATENN HANIYT B HEM
OTIOPY AJs1 00'bACHEHUS HEOUEBUIHBIX IIPOIIECCOB. ¥ Aauu um!

W spode 6o He 6op, HO npu2o8op:

Boime He makum, kak éce, Ho Ha 3emae
H xums cpedu Atded, ymo 6e3 uded
3axoqews 4ymo-mo coeaams — met 3400ed.

Kax y6edums cozdamera-omya,
Ymo eonysed cmae He HyxHa osya?

"l/y)kﬂa' " — ckasan odHaxds boe-omey —
"Unaye 4eroseyecmsy kotey!.."

fOpud Hsanos
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7600 200 (Axopdato BpyHo u utkeusugua)

"q doaxeH modno 3Hams!"
"Hem, met 06s3an eepums!”
Myme Kk 3HaAHUtO KOCMPAMU MOXHO Mepums...

7687, 71905 200a

"da 6ydem ceem!" — Ckasan npuwedwud Hetomot.
Mpuwén dinwumedn — Mup cHoea cmaa 3anymatd...

437200 0o #. 3. — 71997 200

B nadexode 6e3 mpyda docmuds hpospetss
Toaha 83s16aem Ho6020 meopyd.

B cyemax nem Odasto crosa 3absiswu
Ywedwezo 6 6ezsecmuocms Myopeya:

437 200 do #. 3.

"Mte oueHns xans, umo 8udeHse HA MUp
3asucum om mozo, Kmo Baw kymup..."

*k*k
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I'maBa 1. CHAUJTEP-9®®DEKT

§ 1. /IBu:kenue, nHTEp(GEpEeHIUA U COCTOTHUA MOKOS

eusxcenue no unepyuu xaparxmepusyem-
cAa He MOJbKO COCMOAHUEM NOKOA, HO U
cdsuzom a3z, obecnewusarULUM YCmpaHeHue
BHYMPEHHUX HANPAICEHUT

Haimre 3HaKOMCTBO ¢ mpoGJieMaM¥ BOJHOBOM TeOMETpPUH
TIIOKAa3aJI0 HEeIIOJHOTY UMEIOIMNXCA 3HAHUHA B BOIIPOCAX UHTEP-
(heperHnuy maxe OJis IPOCTEUIINX CIYUAEB.

HurepdepeHIIMOHHBIe KAPTUHBI HAOIIOAAINCEH JIOILMU C
He3alaMsATHBIX BPEMEH, HO OKOHYATEJIbHO NPUHUUN UHMepge-
peHyuu 0b11 chopmynampoBan Toabko B 1802 r. T. IOurowm,
BpauéM II0 mpodeccuu.

Humepgeperyueil Ha3bIBaeTCA KapTHUHAa, BOSHUKAIONIIASI B
pesyJbTaTe CJO:KeHus BoJiH. Cumraercs, UTO AJA HaOJIIOIe-
HUSA nHTepdepeHIINN HYKHBI KOT€PEeHTHbIE NUCTOUHNKY, U3JY-
YaloIye BOJHEI ¢ (PMKCUPOBAHHON Pa3HOCTHIO (Pas.

HurepdepeHIIMOHHBIE ABJIEHNA MOKHO pacCMaTPUBATh B
OIHOM, ABYX U TPEX u3MepeHusax. IIpuMepoM OmHOMEpPHOM
UHTePGEPEHIITNN MOYKET CIYKUTDH HOJyUeHHAasa C IIOMOIILIO Be-
PEBKU MJIN IPYIKUHLI CMOAYAS B0NHA.

}":C‘I'

S

i
1'\.
JL\L

Puc. 48. CosmaHue crosguyeil BOJHBI C IIOMOIIbIO OOBIUHOM BEPEBKU

He npencraBisercs CJO0MKHBIM HabJoqeHne nHTeppepeH-
U1 B ABYX M3MEPEHUAX, HAIIPUMEP HA IIOBEPXHOCTU BOJHI.
TpéxMepHble MHTeP(PEPEHIIMOHHLIE KAPTUHBI IIOJYUYNUTEL IPO-
CTO, HO HA0JI0aTh CIOKHEe, IOATOMY MBI, B OOJBIITNHCTBE CJIY-
yaeB, OrPAaHUUYNMCS PACCMOTPEHMEM OJHOMEPHBIX W AByMep-
HBIX KapTUH, OTOBOASA MX COOCTBEHHBIM BOOOpPasKeHHEeM MO0
TPEXMEPHOTO BUIA.

HurepdepeHIinio, Kak IPaBUJIO, PACCMATPUBAIOT OTPaHU-
YeHHO — UCTOUYHUKHU U cPeJla HAXOAATCA B COCTOSHUYU OTHOCH-
TeJIbHOTO MoKosA. Ho uTo MBI 3HaeM o cocmosHuu noxkos? Hu-
yero, Kpome JeKJapaTUBHOTO ompezenenns. OKasaioch, 4TO
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COCTOAHUI TOKOS MHOKECTBO, HO YCJIOBHO X MOYKHO Pa30UTh
Ha TPU THUIIA:

Ilepeéomy cocmoanuio nokoa COOTBETCTBYET OTCYTCTBUE BU-
sKeHus cucrteMsbl B cpene (V=0), oTrcyTcTBUe BHYTPEHHUX Ie-
dopmanuii, a B cUCTeMe OCIHUJIIATOPOB — OTCYTCTBUE Aedop-
Manuy MHTEPPEPEHIINOHHON KapTUHKMU.

Bmopoe cocmoanue nokoa xapaxmepusyemcs paBHOMEPHBIM
Odsucenuem cucremsbl B cpene (V>0), komneHcupyowum HYm-
perHio deghopmayuio, a B CUCTEME OCIUJIIATOPOB YCMPAHSIO-
wum degpopmayuro uHmeppepeHyUuOHHOU KAPMUHKU .

Tpembve cocmosanue nokoa peanusyercsad B YCKOPEHHO IBU-
sKymuxcesa cucremax (V=at), xapakTepusyeTcsa OTCYTCTBUEM
BHYTpPeHHUX aedopManuii, a B CUCTeMe OCIIUJLJISTOPOB OTCYT-
cTBUEeM nAeopMany MHTeP(PEPEeHIINOHHON KapTUHKH.

Ecsau mepBble JBa COCTOSTHUSA® IMOAPA3YMEBAIOT OCITUJIIIS-
TOPbI KOT€PEHTHLIMI, TO TPETHE COCTOSIHIIE MMEET MECTO IIPHU
HaJINYNN MEXIY OCIIMIIATOPAMI IIOCTOSHHO YBeJINUMBAaIOIIe-
rocsa casura as, UM, YTO TO JKe camMoe, — (PMKCHUPOBAHHOMN
PA3HUIILI YaCTOT.

PaccMoTpuM IIPOCTEHRINTYI0O OQHOMEPHYIO MOJIeJIb IBYX B3a-
MMOJIEMCTBYIOIINX OCIIUJIJISITOPOB IJIS TOTO, YTOOLI BLISCHUTD
WX peaxIinio Ha M3MeHeHM’e TOro WJIKM MHOTOo Imapamerpa. Hac
OymeT MHTEPecoBaTh TOJbKO BOJHOBOI aCIeKT, II0ATOMY He3sa-
BHCHMO OT BLIOPAHHOM CXEMbI PACCMOTPEHUSA MbI IIpuberHeM
K Uaeajus3alnuu, IIPeAIoJaraiornieil OTCYTCTBUE CUJI TPeHUA U
TMOHATUMN UHepYUs, cura, macca. Ilpennaraemasn ugeannsanmus
MO3BOJIUT IIPOCJENUTHL MEXAHMW3M BO3HUKHOBEHUS peaKIluii,
CBOMCTBa KOTOPHIX OYAYT IPAMO COOTBETCTBOBATH U UHEPUUL,
" cuJse, U macce.

Chopmynupyem sagauy:

IIycTh MBI IMeeM TeJeKKY, K IepeKJIaguHe KOTOPOii mo-
BeIlleHbI JBa OCIHUJLIATOPA OAMHAKOBOII uacToThl. Kak OymyT
3

Purmyc: Eciu mepBoe cOCTOSHME TOKOSA SBJIAETCA YACTHBIM CJIyUYaeM BTO-
poro, TO 3aYeM TaKoe JeJieHue?

Junamukyc: IlepBrie ABa COCTOAHUA HEOOXOJUMBI TOJIBKO AJIA TOTO, YTOOBI
ePelTH K I'JIaBHOMY — TPETHEMY COCTOSAHUIO IIOKOS, U BEIIEJIUTH ero. Eciau
YIIIyOUTHCS B MEKPOMUD, TO TaM II€PBBIE ABA COCTOAHMS — BCerja abcTpak-
U, BBUAY OTCYTCTBUA IMOKO0A. IIpeanpuHATOE feIeHNe IIOMOTaeT IepeiTu
K eJUHCTBEHHO PeaJIbHOMY TPeTheMy COCTOSHUIO MOKosA. B aToM cMbIce Ha
MakKpOypPOBHE IIEPBBHIE [BA COCTOSHUS BCErga ABJAIOTCA CYMMOM TPETbUX
COCTOSAHUI IOKOA Ha MUKPOYPOBHE.
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BeCTHU cels OCIUJJISATOPHI U TeJIEKKA €CJIM MBI CTaHEM Baphb-
UPOBATh YacTOTON M caBurom ¢as?

B rnaBe «CkpbiTasg 9HEPrusa IIPOCTPAHCTBA» MBI PACKPO-
eM IIPUYNHY, IT0UYeMY OCIIMJLISTOPEI BCET[a CTPEMATCA IOIIacThb
B Y3JILI COOCTBEHHOI CTOsSUYell BOJHBI, a II0OKA IIPUMEM 3TO yT-
Bep:KIeHre 3a OCHOBY.

PaccmoTpuM moBeseHNe OCHUJIATOPOB IJS CAyUasa, KOT-
Ia X CKOPOCTh paBHA HYJO. ECIM OCIUIIATOPLI KOTEPEHT-
HBI U CABUT (pa3 OTCYTCTBYET, TO BCerga MOKHO II0A00paTh Ta-
KYI0 UX YacTOTy, UTOOBI HUTHU IIOABeca OBLIU IIapaJljieIbHBbI.
Mge1r moruiz ObI 00OHMTHCH 0€3 TeJIeKKU U II0OLBECOB, HO TOIAA
rcues3aeT HATJIAAHOCTD 1 YCIOMKHAETCA ONMNCAHNE IIPOUCXOI -
I1ero.

OnbIT TOKA3bIBAET, UTO OCIUJIISATOPHI CTPEMATCA 3aHATH
BBITOTHOE 9HEPreTUYECKOe IOJIOKEHNE B y3JIaX CTOSAYEH BOJI-
HBl. CTpeMJieHUEe OCIIUJIATOPOB K y3JaM COOCTBEHHOM CTO-
AYel BOJHBI O0HAPY:KHMBaeT MHTepecHbIe aderTr. Ecau ya-
CTOTY M3MEHUTH B KaKyl0-JIu0O CTOPOHY, TO HU3MEHUTCS He
TOJIBKO AJINHA CTOAYell BOJHBI, HO U OCIIUJIIATOPLI U3MEHSAT
CBOE MeCTOIIOJIOKeHre. ITO CBOMCTBO Mbl HaMePEeHBI TOJIOKUTH
B OCHOBY OOBACHEHUA IIPUUYUHLI IBUKEHUA, a TaKiKe MHBIX
peakIuil TeJeKKU (CUCTEMBI) HA M3MEHEHNEe ITapaMeTpPOB.

a.
Puc 49. V=0. Ocuumasaropsr O1 u O2 KorepeHTHSI (a), cABUT ()a3 OTCYTCTBY-
eT. YMeHbIIIeHNEe YaCTOThI MPUBOAUT K YBEJINUYECHUIO PACCTOAHUS MEKIY
ocimyisitopamu (6). TesesKKa CTOUT Ha MecTe

a. 0.
Puc. 50. V=0. YacToTa J1eB0i1 mapsl OCHUILIATOPOB YBEJINUNIACH, UTO IIPHU-
BeJIO K uX cOmxenuio (a). IaMeHUB cooTHOIIeHUE (a3, Mbl UBMEHUJIU CHU-
Tyamuio TaKuM 06pasoM, uTo nmpu V=0 y3Jbl cCTOAYeil BOJHBI BCeTa CMellle-
HBI OTHOCHUTEJILHO OCIIUJIISATOPOB (0)
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a. 0.

Puc. 51. V=0. CrpemiieHre OCIMJIJISATOPOB IOIACTb B Y3Jbl COOCTBEHHOM
CTOsTUel BOJIHBI IPUBOIUT UX K IBUKEHUIO BIIPABO, a TAKMKe IIepegaue 9TOro
IBUIKEHUSA TesieskKe (cucTeMe) (a), HO TaKas peaKkI[Us He CIAcaeT II0JI0Ke-
HUsI, IOTOMY KaK IIPU Haes/e Ha IPEIATCTBYE Y3JIbl OIIATH CMEIAI0TCSA BIIPABO
(6). CTpemiieHUE OCIIMJIIIATOPOB JOTHATH Y3JIbl U 3aHATH 9HEPTeTUUYECKH BBI-
rogHOe IJs1 ce0sl IOoJIoKeHUe IIOPOsKAaeT aeilicTBue. Eciu 3TO cTpeMiieHue
TIOCTOSTHHO, TO U JieficTBUe, OOy Kalolee K JBUKEHNIO, TIOCTOSIHHO. Tererx-
Ka CTPEMUTCA IBUTAThCH, HO MEIIaeT IPEIATCTBUE, 4 3HAYUT BOSHUKAET JIeii-
CTBUE Ha IPEISATCTBUE

PaccmoTpuM, Kak IPU OTCYTCTBUH caBura ¢as OyayT Bec-
T ce0sl OCIUJIJIATOPBI, €CJIU MbI OyJAeM BapbHPOBATH CKOPOC-
TbI0 TejexXKu? Ilpu sTOM BOSHUMKAET CUTyaIlus, B KOTOPOil
OTCTaBaHMUE Yy3JI0B OT OCIUJIIATOPOB IIPUBOAUT K OOpaTHOI
peakuy — K TOPMOYKEHUIO.

V>0 V>0

LIS

(O] @) @)
a. 0.

Puc. 52. V>0. HacunbcTBeHHOE IBMKEHHE IIPU OTCYTCTBHU CABUTa (has.
OcCHUIIATOPBI MPOTUBATCA AelicTBUIO. TesleKKa COIMIPOTUBIIAETCS IIepeMe-
mieHnio (a). Ho KoHGIUKT MeKIy ABUIKEHUEeM U IPOTHUBOAENCTBUEM MOK-
HO YCTPAHUTH IIOAOOPOM cooTHOIeHuA Gas. IIpu cooTBETCTBYIOIEM CIBU-
re a3 MeKAYy OCIMJISATOPaAMHU IIPOTHBOAelicTBUe mcuedaeT (0). 3mech MbI
MMeeM JKUBYIO CTOSUYIO BOJIHY, CO34ABAEMYIO U IIOAIUTHLIBAEMYIO NBUKY-
IIUMUCS BMeCTe C Hell OCIMLISTOPaMU

Ha puc. 526 Mbl HaMepPeHHO 0TOOPA3UIN CUTYaIINIO UCKAa-
JKEHHOM MJIA TOTO, UTOOBI OBLT BuAEH 3(PPEKT 3aBUCUMOCTHU
IJUHBI CTOSTYell BOJHBI OT CKOPOCTH. ITOT 3P HEKT OB OmU-
cau B riaBe «Cxxumanue Crosuux BosH» . UHTepecHBIM 31eCh
SABJISIETCS TO, UYTO PACCTOSAHUE MEKAY OCIHUJIIATOPAMHU IIOJTHO-
CTBHIO COBIIAAET C TPEOOBAHUAMU HOBBIX MPeoOpasoBaHUI KO-
opaunart. IIpeoopasosanusa Jlopeniia u, Tem 6ojee, 'aauiaes B
9TOM CJydae HEeIIPUTOTHLI.



I'nasa 1. CHAHJEP-9DDEKT 97

Pernrenne 3agau aTOro THUIa IO3BOJISAET IMOHATH CBA3h pe-
aKIUI CUCTEMbBI Ha cOBUT (a3 1 ABUIKEHUeE.

Eciu KTo-TO cTaHeT yTBEP:KAATh, UTO HAJLUYUe c08U2a (a3
Y OCUULNAMOPO8 npusedém cucmemy K camod8uieHu, To OH
OKasKeTcs COBEPINeHHO IpaB. Bo3HMKaeT cuTyalus CBOeoO0-
pasHoro cephuHT-3(hPEKTa, B KOTOPOUH OCUULLAMOPLL BbLMAIL-
Kueamomces (CKaTBIBAIOTCA) U3 IHeP2eMULeCKUX nyiHocmell 8
nomeHyuaabHble ambl Y3106. IIporecc BEITATKUBAHUA OCITIII-
JIATOPOB OyZEeT MPOUCXOAUTH IO TeX MOP¥, IMOKa He YpaBHOBe-
CUTCSA COOTHOIIIEHVE MEXKIY CKOPOCTBHIO 1 CABUTOM (has.

Puc. 53. Ecau KoIn4ecTBO OCIIULIATOPOB BEJINKO, TO U ITIOPOXKIAE€MOE CIBH-
rom ¢as aelicTBUe yBeInUuBaeTcsi. B 9TOM ciyuae MBI OBOPHM O Macce,
KaK 0 KoJudecTBeHHOI Mepe. He ciokHO Temeph HOHATH, IIOUEMY CyMMa
CHUJI IIpoHopIuoHabHa Macce. Teseskka OeficTByeT Ha IPEATCTBUE

st Hac Temepb OYEBUAHO, UTO: a) HAPYIleHue (pasoBoro
COOTHOIIIEHUSA MIPUBOAUT CUCTEMY K HEOOXOOUMOCTHU H3MEHe-
HUS CKOPOCTH; 0) M3MeHeHNe CKOPOCTH IIPUBOIUT K HEO0XO-
IUMOCTU M3MeHeHUs caBura ¢das. Ecam cucrema ocruaiasaTo-
POB He MMeeT BO3MOXKHOCTH YCTPAHATL HECOOTBETCTBHUE, TO
MOABJIAETCA 8eKmopHas degopmayus (CM. CIOBAPD).

s Toro 4TOoOBI OIIPENESINTh TOYHOE COOTHOIIIEHME MEXK-
Iy caBurom (as M CKOpPOCTBHIO, HEOOXOAUMO cPOPMYINPOBATH
3a7auyy 1 BBINOJHUTHL MaTeMaTHUUYeCKUil pacuér. B aToii riase
MBI IIOCTABUM 3aaUy W IIPUBEIEM pPe3yabTaT €€ pellleHusd, a
caM pacuér OyzerT maH B mpuiokeHuu 12. Pemienuwe samaum
IpUMeEUYATEeJbHO TEeM, UTO IIOKA3bIBAeT (PHM3UKYy MeXaHn3Ma
COKMMAaHUS BOJHOBBIX CHCTEM, KOTOPOE IIPEACKA3aHO HOBLIMU
IpeoObpa3oBaHUAMEI KOOPAMHAT.
%
Purmyc: Eciu cKopocTs u cIBUT (a3 COrIaCOBAHbBI, TO OCIUJIIATODPHI Oy YT

B TOUHOCTHU HAXOIUTHLCA B y3eJaxX cTosuell BoaHbl. Ho Torgma HeT OCHOBaHUS
TOBODPUTH 0 cepduHT-3((DeKTe, KOTOPHIH MOO0YKIAET CUCTEMY K JBUKEHUIO?

Juuaamukyc: Ber npaBuibHO nogmetrunu. Takaa curyanusa TpedyeT BBeze-
HUS NOHATUA UHEPYUs I OTHEJIbHOTO OCHMJLIATOPa. 3AeCh eCTh Hal YeM
noxgymatb. Ho st TOro 4To6hI PEIInTh BOIPOC ABUKEHUS B IPUHIHUIIE, MBI
BBIHYJKJI€HBI JINIINTH OCHMJIIATOPHI BCEX CBOMCTB KpPOMe BUODAIIVIU.
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IIycTh mMeeTcA cucTeMa JBYX OCIIMJLISTOPOB, HAXOAAIIINX -
csa B mepBoM coctosaHumu 1mokos (V=0). PaccrosHue Me:KIy
ocIuLIATOPaMu do. OcHMILIATOPBI KorepeHTHEI (A¢=0), a ux
gyacToThl (V) paBHBI. MeKAy OCHUIIATOPAMH BO3HUKJIA CTO-
sg4yasa BOJIHA.

OcmuisaTopaM IPUAATNA CKOPOCTH OTHOCUTEIBLHO CPEeIbl,—
YBJIBI CTOAYEN BOJHBI CTAJIM OTCTABATDH OT IIOJIOMKEHUA OCITHJI-
JISITOPOB.

Bompoc: Kakoii caBur (as ciaemyer 3aJaTh MEKIY OCITHJI-
JATOPAMM, YTOOBI UX IOJIOXKEHNE U IIOJIOXKeHNe y3JI0B BHOBD
coBmaao?

Pemtasa ypaBHeHMEe COCTOSHUSA IOJA B 00JaCTU MEXKIY OC-
MULIATOPAMHU i V=0, MBI HAXOIUM, UTO:

_m _
Ap = - V—C#, (1.1)

Ap=mp , 1.2)

rIe: ¢ — CKOPOCTh CBeTa,
V — CKOpOCTh CUCTEMEI,
A¢p — caBur das,
Tl — yTOJI.

ITo cyTu MBI 3aniCcany OCHOBHOE YpABHEHUE PABHOMEPHO-
20 08uJiceHUs, TIPU YCTAHOBUBIIINXCS IIapaMeTpax KOTOPOTO CHU-
cTeMa Bcerga OyAeT HAXOOUTHhCA B COCTOAHHUN BHYTPEHHETO
%
Purmyc: A Kyna ke mesoch t B dopmyse Ajas ckopoctu? Wiau BBl XOTHUTE
yiimu om 8pemeHU, KAK 0M MamepuaivHoil cybcmanyuu?

Juuaamukyc: a, sTo Tak. ITokaskem onuH u3 (GopMaybHBIX ImyTeil. Ecau
S=V '+ t, rie BpeMs IPUCYTCTBYET B IBHOM BUJE, TO TeIlePb MBI MOXKEM 3aIIN-
catb aTy opmMyIy nuHade, a umeHHo: S=ct + A} /1. Ho ct ecTh HEKUIL OTPE3OK
nyTtu Se, TOITOMY MOXKHO 3amucarb: S=Sc+Ad/Tl. 3mech moHATHE 8pems B
SIBHOM BHJIe OTCYTCTBYeT. B KauecTBe mH(MDOPMAIK HATIOMHIO, UTO eIé A.
IIyankape mpeAmoumnTasn XxapaKTepu3oBaTh JTUHAMUUYECKYIO CUCTeMY e€ (da-
30BBIM IIOPTPETOM, B KOTOPOM BpeMsi BOOOIIle OTCYTCTBOBAJIO.

Purmyc: BceMm M3BECTHO, UTO TeXHOJIOTHYECKAs IIUBUIN3AINS IPEKPACHO
ob6xoauTcsa 6e3 a6COIOTHOTO BpeMeHu. IloueMy BbI 9Ty KOHIIEIIIIUIO IIbITae-
Tech BO3POAUTH?

Juuaamukyc: Oxpyxcarowuil mup — eguHAA, XOPOIIIO OPTaHU30BAHHAS CHUC-
TeMa, IIPaBUJIBHO ONUCAMb KOTOPYIO MONHO MOJbKO ¢ NO3uyuu eO0unozo
8peMeHU, UICTOPUYECKY IIPUHATO HA3bIBATH TaKOe BpeMs abconiomHuuvim. Ho
4TOOBI He CIIyYaoch IYTaHUIL, He0OXOJUMO JOTOBOPUTHCA!. .
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MOoKos. VI3 ypaBHeHUs CIeqyeT, UYTO ABE MepeMeHHbIe BeJIUYUN-
HBI, CKOPOCTb U CABUT (a3, BCErAa CTPEeMATCA K IMPOIOPIIIO-
HanbHOCcTH. Cilemyer moJjiarathb, 4TO Jii000€ HECOOTBETCTBUE
MEKIY STHUMU HmapaMeTpaMu OyAeT MPUBOAUTH K PA3JIUMUHOTO
pola peaKIuaM cucTeMbl. Eciu, HampuMep, CKOPOCTh CHCTe-
MBI paBHA HYJIIO, a cABUT (pa3 paBeH HEKOTOPOI KOHKPETHON
BeJIMUUHE, TO 32 CUET HOABJIEHUS 8eKMOPHOI 0eqh)opMayul OKU-
IaeTcs npomuasodeiicmaue cucmemvl USMEHEeHUI0 COCMOSHUSL.
Ecau ke caBur ¢as oTcyTcTByeT, a MBI CTOPOHHUM AeHCTBU-
eM IIepeMelllaeM CHCTEeMY C IIOCTOSAHHOM CKOPOCTBHIO, TO OKU-
JIaeTcs COIPOTUBJIEHNE CCTEMBI TAKOMY IIepeMelrennio. Omu-
CaHHBIE PeaKIIUU MbI y:Ke OOCYy KIajiu.

Oo6paimaer Ha ce6s1 BHMMAaHUE COOTHOIIIeHNE /T, KOTOpoe
IIOCTOAHHO, maxke ecau V u A¢ paBHBI (CTPEMATCS) HYJIIO, T.€:

V/Ap= ¢/, (1.3)
roe ¢/T=1.665514-10°[m/c]; (c/T)'=0.600415«10-[c/m]

EcTb momospenme, UTO 37eCh MBI MMEEM JeJI0 C HeoObIU-
HBIM BRLIpasKeHHEM eJUHHNYHON MacChl M HEOOBIUHOII €€ pas-
MEPHOCTBIO: p=m,V=m.c/T* Ap, rne m,=1,2,3,4... Eciu m,=1,
TO MBI IMeeM [eJIO C efUHUYHON MAaccoil — K8AHMOM, U IU-
mem: p=(c/T)*A¢p. 3mechb ¢/Tl BBICTyIIaeT MUHHUMAJIbLHO BO3-
MOKHBIM K02(h(MUIIMEHTOM IIPOHOPIINOHAIBHOCTH MEKIY M-
myabcoM u casurom ¢as (¢/T=p/A¢P). Ho B ToJ00HBIX caydaax
K03 (PUITHEHT IIPOIOPIIMOHAJIBPHOCTY IPUHATO HA3bIBATh MACCA
(B HamieM cjydae — aJeMeHmapHas macca, t.e. dm). Ilpu-
HATL dm=c/TI CTAaJI0 BO3MOKHBLIM TOJBKO 0JIarogaps TOMY, UTO
%
Purmyc: OueBuano: V - ¢, roraa AP — TI(B rpagycax?). Ho Torma Mmbr umeem
IIeJIO ¢ HOBBIM KO03(h(PUIIMEeHTOM IPOIOPIIUMOHAIBLHOCTH ¢ /Ti=const?

JuaaMuKyc: Y JUBUTEIbHBIM OKa3bIBAE€TCA TO, UTO IIPU JIIOOBIX, B TOM YHC-
Je u HyJaeBbix V u A, oTHOIIEHME ¢/Tl BCerga OCTAaéTCsA MOCTOSHHBIM, T.€.
mosABUJIach HOBasi HUKOMY Heu3BecTHasl KOHcTaHTa. M XoTs BCcE 9T0 HE00XO-
IUMO elIré He pas IIOJBEePrHyTh COMHEHUIO, HAIIPAIIINBAETCA IIOHATHE K8AHM
Maccovl, T.e. BeIUYNHA HE3aBUCAIIAA OT COCTOSAHUSA CUCTEeMBI: dm=c/TL

Purmyc: Ho mouemy Torja Takasi cTpaHHas pa3MePHOCTb Y HOBOSBJIEHHOTO
Keanma maccol?

Juaamukyc: CI0KHBIN BOIIPOC, HO €CJIN YUECTh, UTO BCe eAUHUIILI U3Mepe-
HUSA ABJIAIOTCA MOHATUAMU NOTOBOPHBIMU, TO mouemMy Obl u HeT? Ecau mac-
ca — Mepa KOJIUYeCTBeHHAdA, TO €€ Pa3MEePHOCTh — «WMYKU», YMHONCEHHbLe
Ha HEU3MEHHYIO, I BCeX DEXKUMOB IBUIKEHUA, KoHcmarmy. Ecim pas-
MEepPHOCTb KoHcmarmul [Mm/c], To U macca GyoeT MMeTh 3Ty Ke pasMmep-
HocTh. Ho ecsimt BEI OKeIaeTe WMYyKU HASBIBATE KUJL02PAMMAMU, TO MOXK-
HO JIOTOBOPHUTHCA. B 9TOM ciyuae pasMepHOCTH 6yaeT [Kr - m/c].
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MbI PAaCKPBLIN BHYTPEHHEE HAIIOJTHEHUE IIOHATUSI CKOPOCMb U
O0HAPYKUJIM B HEM HEYUYUTHIBAEMBIE paHee IIOCTOSHHBIE Be-
JUYUHEBI ¢ U TL

Ecinu maiimeHHOE coOOmHOULeHUE ABAACMCA 3AKOHOM 08U-
JHCeHUs, TO IIPU cooTBeTCcTBUU V U AP 9TOMY 30KOHY, MBI T'OBO-
PHUM, UTO Meso HAX00UMCsA 8 COCMOAHUU NOKOSA. ITO 03HAUAET,
YTO IIPU M3MEHEeHWH! OJHOTO W3 IIapaMeTpPOB cpasy Ke MeH:-
erca apyroi. CieayeT Takike IMOHUMATh, UTO JIIOObIe M3MeHe-
HUS IPOUCXOIAT He MTHOBEHHO, a ¢ KOHEUHOM CKOPOCTHIO.

Craenyer moJiaraThb, 4ToO c08uz (a3 nepsuiern, IOTOMy KakK
UMEHHO OH onpedensem 83AUMONONONCHUS OCUULLIMOPOS C
yaaamu cobcmeennoil cmoaueil 60aHbl. Eciu Mbl nognuaem
Ha cdeuz (a3, TO NBMEHUTCSA XapaKTepP BOJHOBOTO B3anMO-
IeliCTBUS, 603HUKHEem Hecoénadenue norioliceHus OCYULN-
mopoé u Yy3noe, a IIOTOMY noseumca 06uiceHue — B ITOM
CMBICJIE CKOPOCTb CHCTEMBI OCIIUJIIATOPOB ABJIAETCS CJIELNCTB-
eM. Ho ciefcTBre 1 mpuunHa HACTOJILKO CBA3AHEI APYT C APY-
TOM, UTO M3MEHSsS CKOPOCThb, MbI 3aCTABJISEM OCIUJIJIATOPHI
WCKATh MHOEe COOTHOIIeHre (das. 3aech MIPUUNHA U CJIEICTBUE
MEHSIOTCS MeCTaMH.

JKCIEPUMEHTHI IOKABKIBAIOT, UTO IIPU nepecmpoerul ¢as,
BBIBBAHHOM U3MEHEHUEeM CKOpOCmu U36He, CUCTeMa pearupy-
eT CTPEMJICHHEM COXPAHUTD IIPEKHUNA peKuM IBuKeHud. Ta-
Koe cTpeMJeHUe Mbl HasbiBaeM uHepuueii. Ho Torma unep-
yus — a2mo npomusodeiicmeue U3MEeHEHUI COCMOAHUS
sHYymMpernHezo pasrosecus. CKopee BCEro, TPOTUBOEHCTBIE BO3-
HUKaeT 3a CUET 3amasAblBaHuAa MHGOPMAIIUKU O HavaJe IIepe-
ha3upoBKU: OOUH OCIUJJIATOP yKe M3MeHHJ CBOIo (dasy, a
BTOPOI eIlé He 3HaeT 00 5TOM M IIPOJOJKAeT ABUTaThCS B
npe:xHeM pexuMe. OueBUIHO, UTO ecJaHu ObI CABUT (hpa3 IIpouc-
XOIWJI OTHOBPEMEHHO, TO HI O KAKOM IIPOTHUBOAEHCTBUU PeUN
ObI He IILIO.

ITO 03HAUAET, UTO UHEPUUS — NPOUECcC CONPOMuUBJeHUs
deiicmauio uzsne. HHmeHcu8HOCMb CONPOMUBACHUS XAPAK-
mepusyemcs 6eAULUHOU U3MEHeHUS COOMHOULeHUS (a3.

Ilepexona K peaJabHBIM TeJiaM, MBI BIPaBe yTBEPIKAATh,
YTO IBEe OAWHAKOBBIE CHUCTEMBI OYIyT COIPOTUBIATHCA B ABa
pasa cuybHee, TPU — B TPU pasa, U TaK gajee. S3HAYUT y IIOHA-
TUSA UHEPYUs UMEeeTCs KOJINUeCTBEHHBIN (haKTOp, Ha3bIBaeMbIH
B dusure — macca. Ho ecnu macca — amo xoauvecmeo edu-
HUYHbLX cucmem, 00HO8PEeMEeHHO Yiacmayowux 6 nepepasu-
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poB8Ke, TO CTAaHOBUTCA TIOHATHON IIPUYNHA IIPOIIOPIINOHAJBbHO-
CTH MaAcCCblL 1 UHepUuuUu.

Ho xax HaM Temephb OTHOCUTBHCH K TAK HA3BIBAEMBIM CO-
CTOSIHUAM NOKOA?

Temepb MBI IIOHUIMAaEM, YTO Peyub MOXcem udmu moavbKo O
COCMOAHUU BHYMPEHHe20 NOKOs, KOToOpoe npu PUKCUPOBAH-
HOM CKOPOCTH MMeeT KOHKPETHLIH cIBuUr (as. 3aBUCUMOCTH
MEKIY CKOPOCTBIO 1 caBuroM ¢as Mbl 3HaeM. OHa mMeeT BU:

V=(c/T)* Db ; Ap=TtV/c. (1.4)

Eciu nusmenaromuecsa mapaMmerpsl V u Ad He OyayT corJia-
COBaHBI MEXKAY CO0OU, a 9TO BOBMOKHO TOJHKO B HACUJIBHO
yIep:KUBaeMoOU cucTeMe, TO UMeeT CMBICJ TOBOPUTH HE O CO-
CTOSHUU ITOKOS, a 0 BEKTOPHOI medopManui, BLI3BAHHON He-
COBHIAJeHMEM OCIIMJIJIISITOPOB C y3JIaMHU CTOSUYeil BOJHBI.

Ecau mafinenHas 3aBUCUMOCTD BCET/Ia COMYTCTBYET COCTO-
SHUIO TTIOKOS, TO BCE ATU COCTOSAHUA OTJIMUAIOTCS APYT OT APY-
ra. Ilepexon cucTeMbl 13 OSHOTO COCTOSHIS IIOKOSA B APYroe
OCYII[ECTBJISIETCA Uepe3 CUHXPOHHOe N3MeHeHe caBura gas u
cxopoct. OueHb BaXKHOI 3/eCh ABJSIETCA 002a0KaA 0 HAJU-
Yuu HECMKOI 3asucumocmu ckopocmu om cdsuza ¢as, u Ha-
obopor, cdsuza ¢as om ckopocmu. K aToMy Ba)KHOMY MOMEH-
Ty MBI €Illé BEpPHEMCS, a IIPeABapUTEJbHO OTMETHUM, YTO
U3MeHAMb CKOPOCMb cCuCmeMb. MOMKHO He TOJIbKO JelficTBuEeM
CO CTOPOHBI, HO U YNpasais (aso8vlm COCMOAHUEM USHYMPU
— Heo0XO0JMMO TOJILKO J0TafaThCsd, KaK 9TO JeJIaTh.

§ 2. Hamo3uun, mpucymue TBUKEHUIO

C Touku 3peHHA abCOJIOTHOrO HAOJIOHATENs BeKTOPHAS
BeJIMUMHA, YKa3bIBAIOINAsd HA XapaxTep medopMaliuy CHCTe-
MBI, IPUBOIUT K JBUKEHUIO, T.€. K eUHCTBEHHO BO3MOKHOMY
cmocoby yxoza oT medopMaliuu yepe3 M3MeHEHUe CKOPOCTH.
B sTom cmbIcae medopmarius mepBUYHA, IBUMKEHUE JKe eCThb
caenctsue. Ho u mepopmariysa He ABISETCS IPUUYNHOM, a JIUIITH
ciaencTBreM (pasoBoro caBura. Taxkum o0pasoM BbICTpPAMBa-
eTcs IPUYMHHO-CJEACTBEHHASA IIEIIOYKA: COOMHOoweHue ¢aa
(vacmom ) o eexmopHas Oeopmauus — Osudxcenue (0eil-
cmaue).
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Eciu B KaKoIi-TO MOMEHT 3amopo3ums nedopMUPOBaH-
HYIO CHCTEMY (sadpukcupoBaTh caABUT (has), a 3aTeM U3SMEHUTD
€€ CKOpPOCTh, TO MbI O0OHAPYKUM IIOCTOSHHYIO PEaKIInio, ,uen-
CTBUE, HAIIPABJIEHHOE Ha BOCCTAHOBJIEHNE CKOPOCTH, 3aTaHHOMI
caBurom (das. Tarkyio peaKIuio MbI Ha3bIBAEM CUJA.

Mz=I ToKa He 3HAeM, KaK 3aMOPO3UTh Je(opMaIinio, YTo0b
IPOBEPUTH IPABUJILHOCTEL HAIIINX YTBEPIKACHII, a IOTOMY BbI-
HYXIeHBLI IPUOeTraTh K MbBICJCHHBIM 5KCIEPUMMEHTaM C IPHU-
BJIeUeHIeM abCOJIIOTHOI'O HaOJIIomaTeJid.

HNHTEpecHbIM ABJIAETCS TO, YTO HAOJIIOAATENb ABUMKYIIEH-
Cs CHUCTEMBI C IIOMOIIbI0O CBOMX CPEICTB U CIIOCOOOB M3Mepe-
HUS He B COCTOSHUYN OOHAPYKUTH OTJIUUUSA MEXKJIY COCTOSHU-
AMU IIOKOS M IIPU Pa3JINYHBIX CKOPOCTHBIX PeyKMMaxX BCeraa
OymeT HAOJMIOZATH OTCYTCTBHE caABUra (has. ITO MOIKET O3Ha-
YaTb, YTO MBI MMEeM [eJIO0 C HEeOOBIUHOU COIJIACOBAHHOCTBLIO
IPOUCXOIAIIETO, BCeTAa IPUBOAAIIEH K MJIIO3UN OTCYTCTBUS
Pa3IUYUMiA.

Tak, HanpuMep, C TOUKHU 3peHunsa a0COTIOTHOTO HabI01aTe-
Jisl, B IBUKYINENCSA 110 NHePIIUHU CHUCTeMe IIPUCYTCTBYET BIOJI-
He KOHKpeTHBIN caBur ¢as. C TOUKH JKe 3pEeHUs MeCTHOTO
HabOJII0maTe s CUCTEMBI CABUT (a3 HUKAK cebsa He O0HaAPYIKU-
BaeT, a MOTOMY Yy HabJiomaTesJsa CKJIaIbIBaeTCsA BIleUaTJIEHUe
OTCYTCTBUS ABUKeHUs. Bo3HUKAaeT Cy0ObeKTUBHO-IICUXO0JIOTH-
yecKuit (Ho He puUsHMUeCcKU) IapagoKc, KOTOPhIN MOKeT OLITh
PasperiéH AByMs CIIOCO0aMM;:

1. OTxas or a¢upa, HO Torga HeOOXOAMMO IIPU3HATL NHBAPU-
AHTHOCTh CKOPOCTHU CBeTa (3TO MBI YiKe IPOXOMUJIN);

2.ITpusuanue supa ¢ pacuéToOM Ha CKOPBIA 9KCIEePUMEHT II0
ero o0Hapy:KeHMI0, HO B 9TOM CJyuae HaM HeOOXOJMMO IPHU-
3HATHL HOBBLIE I'eOMeTpHUEeCKHe IPeodpasoBaHUA KOOPAUHAT
(upeobpazoBaHusa mo MBaHOBY).

BaxupiM HaOIOgeHNeM SBJSETCS TO, UTO U B IIEPBOM U
BO BTOPOIi cUTyaluAX BHYTPEHHUI HaOJ/0gaTelh Bcerga Oy-
IeT UMEThb AeJio ¢ Kaxylneiicsa(!) MHBApMaHTHOCTLIO — B 9TOM
cMbIcye (o IPOBeIeHIs PelIaolnero sKCIepruMeHnTa) oba cIo-
coba mpe[cTaBJIeHUS IIPOUCXOIAIIEr0 MMEIOT PaBHEIE IIpaBa.
Takoit mogxon OymeT CyIlecTBOBATh, IOKA HOBELIE MOPUB30HTHI
€CTeCTBO3HAHUSA He CTAHYT OUeBUIHLI BCEM.

Ho BepHéMcA K IIpobjemMe UALI030PpHOCMU NPoucxodauie-
20. Ecim cucremMa HaxXomuTCA B J000OM M3 COCTOSHUIH ITOKOS,
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TO BHYTPEeHHUI HaOJIOmaTeNb, Jaske eCcJU CHUCTeMa CaMOIBU-
JKeTcs ¢ yCKOpeHWeM, Bcerga OyaeT KOHCTAaTHUPOBATH OTCYT-
crBue casura as. Ho ecau mabaromaTess UCKYCCTBEHHO opra-
HU3yeT cABUT (pa3 B CBOeIl cUCTeMe U CTaHEeT yIEeP:KUBATDL ero
(A¢ = const), To HEKOTOPOE BpeMs OH OyZeT UMETH JeJiO C BeK-
TOpHOH nedopmalimeii, KoTopasd Bcerjga NpUBOAUT K V=at.

A b v

®
R H—

Puc. 54. TesexxKka B TeeKKe U 3JIeKTPUYECKUM aHAJIOT cuTyanuu. Temepb
n11060€ MexaHUYecKoe JBUKeHVe (TOK Macchl) MBI MOXKEM BBIDaXKaTh uepes
TOK U HaIPsYKEeHUe, a 9JeKTPUUeCKre [[ely OIMUCHIBATh Yepe3 caBur das u
pasHoCcTh yacToT. Eciau aHanorus mosiHas, TO GBICTPOE YBEJIUYEHUE COIIPO-
TUBJIEHUS PE3UCTOPA B JIEKTPUYECKOHN [eIN JOJKHO HOPOIKIATH MEXaHU-
YecKuil mMnyabc. Eciau ObI pe3ucTop MMes BO3BMOXKHOCTH CBOOOAHO IIepe-
JBUTATHCS 10 IIPOBOLY, TO IIPU MaKCUMAJIbHOM COIIPOTHUBJIEHNY HAOII0LAIOCH
OBI ero ABUKeHUE, KOTOPOEe COOTBETCTBOBAJIO OBI TOKY MacChl

HuTepecHa cuTyanus c TeJeXKKol b B Tenexxke A, rae
MbI CTAJIKMBAEeMCSA C TOHATUEM MOKA MACCblL. 3Iech IJid Ha-
oaromatenas B mpuumHON yCTAHOBUBIIErOCA ABUMKEHUS SIB-
JsgerTcsa BeKTopHas gedopmariusa 3a cuér caBura (pas. Ha-
oaromaTesaio ke A, UTOOBI CaMOCTOSATEJILHO OPTaHM30BATh
aHAJOTUYHBIN TOK Macchl, HEOOXOIMMO UMETh JEJI0 C Pa3HU-
et yacTor (cu. §§ 5, 6). B aToM cMBICTIE MEXKIY TOKOM Mac-
Chl U YJIEKTPUUYECKUM TOKOM IIPOCJIEKMBAIOTCA COOTBET-
CTBUA.

1. CaBur ¢as OTBETCTBEHEH 3a BEKTOPHYIO AedOopMAaIlUio U
HampssKeHue.

2. Pasuuia 4acToT OTBETCTBEHHA 3a JJEKTPUYECKHIN TOK U
TOK MAaCCHI.
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Yro KacaeTcA 3JEKTPUUECKOr0 COIIPOTUBIECHUSI U COIIPO-
TUBJIEHUSA TEPEMEIEHUI0, TO U 37eCh O0OHAPYKUBAETCA II0JI-
Has aHaAJIOTUA:

1. Ecau compoTuBIeHMe PABHO HYJIIO, TO B TeJEKKe U Ha KOH-
Ilax pesucTopa BeKTOpHasd AedopMaius M HaOpAKeHUe OT-
CYTCTBYIOT (IPUCYTCTBYIOT, HO HeHA0I04aeMbl), & TOK MacCChI
¥ BJIEKTPUYECKUHN TOK MaKCHUMAaJIbHBI;

2. Korga conporuBiienne «0eCKOHEUHO», TOK MACCHI 1 dJIEKT-
PHUYECKUH TOK OTCYTCTBYIOT, 3aTO BEKTOpHAA AedopMalius 1
HAIIPSAMKEeHNe CTAHOBSTCA MAaKCHUMAJIbHO IIPOSABICHHBIMMU.

J=U/(R+r)  Av=DAd/(R+7), (1.5)

rae J — TOK (dJIeKTpUUYECKUIl MU MAacChl),
U - HampsXeHHWe WM BeKTOpPHasA aeopMaIus,
R — compoTuBJeHUE PE3UCTOPa, UM COIPOTUBJIEHUE,
mepeMeIreHunIo,
I — BHYTPEeHHee COIIPOTUBJIEHUE MCTOUYHUKA,
AV — pasHOCTH YacCToT,
A$ — caBur das.

Bo1poc uii030pHOCTY IIPOUCXOIAINEr0 BeChMa aKTyaJleH
0CO0EHHO B CHCTEeMAaX, HAXOAIIUXCA B mpembvem COCMOsSHUL
nokos. PaccMoTpuM IpomcxXofsiliee Ha IMPHMEpPe ABYX B3au-
MOJENCTBYIOIINX OCIUJIISITOPOB.

IIycTe cucrema (puc. 55) HaAXOAUTCA B TPETHEM COCTOS-
HUU MIOKOS, T.€. CAMOJBUIKETCSA C HEKOTOPLIM YCKOPEHUEM a.
IlycTh ocuiminaTop A MMeeT yCIOBHYIO uacToTy 10, a ocIu-
asarop B — 9.

TpeThe COCTOSHUE ITOKOA XapaKTepuayeTcs TeM, UTO OC-
MUIIATOP A OyIeT BOCOPUMHUMATH M3JIyueHUe oT B, ¢ KOTo-
PBIM coOMpaeTcs B3anMOJeHCTBOBATh, C TOH JKe UacTOTOMH, Ka-
KoBa ero coocrBenHasi. To ke camoe OymeT HAaOJIIOZATHLCSA U C
OCIIIJIIATOPOM B — mpuHuMaemoe ot A usiaydenue OyaeT paBHO
ero coocrBenunomy (mo uacrore). MHBIMEU cioBamMu, Habaioma-
Tesr0 A OyIeT Ka3aTbCs, UTO OCHUJIATOP B umeer uactrory 10,
a HabJrogaTeno B, Hao00pOT, UTO IPUHIMAaeMasi UM OT A yac-
ToTa paBHa 9. Ecau MBI cTaHeM MeIJIEHHO IIepeMellaTh IpPu-
éMHUK OT A K B, To 00HApyKUM, UTO II0 MEPE ero MpuoImIKe-
HUSA K OCIUWJLIATOPY B, mpuHHMMaeMas UM C 00eMX CTOPOH
yacTtoTa OyJeT YMEeHbIIATLCS.
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Puc. 55. MorkHO Bcerga HaliT TaKyI0 MTHOBEHHYIO CKOPOCTH, IIPU KOTO-
poii npuéMHEUK O OyZeT BOCIPUHHMATL BOJIHEI Vi M V2 KaK PABHOYACTOT-
unle. Ho Torpa Ha6monarens O GymeT CIUTATD, YTO YACTOTHI OCIIMIJIIATOPOB
A u B usHauaiabHO paBHBI 9.5. [[1s1 TOTO YTOOBI TaAKOE COCTOAHUE ITapaMeT-
POB COXPaHAJIOCH U Jajiee, CUCTEMA AOJIKHA OBUTATHCA C YCKOPEHUEM

Takasa CUTyaInusa BO3MOKHA TOJBKO B YCIOBUSAX YCKOPEH-
HOT'O IBUKEHUS CUCTEMBI, IIPX KOTOPOM PA3HOLACMOMHbLE OC-
UUAIAMOpPLL 8cmynalom 60 g3aumodeiicmaue ¢ PABHbLMU NO
yacmome gosHamu. Takas KasKyIlascs CTPAHHOCTH ITPOWC-
XOOUT WCKJIIOUYUTEIbHO W3-3a IOCTOAHHO YBEJINYUBAIOIIETO-
cda (b0 yMeHBITAIoIIerocsa) BpeMeH! 3ala3AbIBaHua CUTHA-
aa. 3geck MBI mMeeM naeao ¢ 3pdexrom [lommepa pia
YCKOPEHHO IBMMKYIIMXCS M3JydaTesieii, MPUBOAAINUM K He-
COOTBETCTBUIO YACTOTHI MBJyUeHUS K HPUHUMAEMOI d4acToTe
— K ouepeqHO¥ reoMeTPUUYECKON MIIJITIO3UMN.

* K Bompocy medeKTa 4acTOThI

IlogBepraem nepBuuHOMy aHaiausy 3QderT Homiepa gyisa ycKo-
peHHO ABMIKYyIelca cucreMsl (puc. 55). Ilyers A — usayuarens (va),
B — nmpuémuauk (VB). IlycTh cumcTeMa ABUIKETCS C YCKOPEHHEM a.
Heob6xommuMo HaliTH MaTeMaTHUYeCKOe BEIpasKeHe, C IIOMOIIbIO0 KOTO-
pOTO MBI MOXKEM ONpPeNeATh NPUHUMAEeMyIo IPpuEMHUKOM B uacTo-
Ty.

OueBUAHO, UTO IPUHAMAEMAs YacToOTa OyAeT OTINYATLCA OT M3-
JYUYEHHO! 110 MpUYKHEe, UTO 3a BpeMs ABUIKEHUS BOJHEBI OT A K B
CKOPOCTh CHCTEMBI UBMEHUTCA. s TOro UTOOBI OIPENEeJUTh BO3-
HUKINNA geeKT 4acTOThl, HaM HeoOXOAMMO 3HATH MI'HOBEHHYIO CKO-
POCTh CHCTEMBI B MOMEHT M3JIYYEeHUA BOJIHLI I B MOMEHT €€ IIpuéma.

MrHoBeHHasT CKOPOCTh oIpeaeadercsa Imo  (QopmyJie:
Vvre=at. Eciu IpuHATL HAUAJIBHYIO CKOPOCTh CCTEMBI PABHOI HYJIIO,
TO MBI MOXKeM 3aIrcaTh TpedbyeMoe BhIpasKeHIe:

vB=va(c—-at, )/c ,

rie t, — BpeMs, Yyepe3 KOTOPOe CUTHAJ JOCTUTHET MPUEMHUKA.
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B moaroM Bume (popMyJia BBITJIAIUT:
ve=va(c—at,)/(c—at,).

Hns oupenenenus gedeKTa 4acTOTHI MOMKHO BOCIIOJIB30BATHCA
dopmyioii:

Av=alt/\ , (1.6)

rae At=t,—t , T.e. IDOMEKYTOK BPEMEHH, 32 KOTOPBIA CUTHAJ IIPEOJIO-
JeJ nyTh oT A mo B.

* PurMoagnHaMu4eckKas JOrukKa

— B 0CHO8e MeXAHU3MA Pealu3ayul PABHOMEPHO20 OBUNCCHUS Jie-
acum cosue Pas.

— Ilepexod om 00HoOUl ckopocmu O8uicernus K Opyzoil ocyuLecmaens-
emcs uepe3 usmeHeHnue cosuza as.

— B nepuod usmeHenus cosuza (a3 movL umeem 0eso0 ¢ PA3HOCMbIO
wacmom, Ha36AHHOU — APUMMUSL.

— H3menenue cosuza ¢asz npueodum K U3MeHEHUI0 CKOpocmu, a
3Hauum — K YCKOpPeHUIo.

— Ho mozda 8 ocHo8e MexaHu3ma peajusauuu YycKopeHHozo osu-
HCeHUA Jlercum apummus.

— Ecau peanuszosams 0suscenue He yoaémes, mo nosgasemcs oeil-
cmaue, KOmMopoe Mvl HA3bl8AeM — CULA, UMNYJLbC CUJDBL.

— Cuaa uHgpopmupyem npensmcmeue 0 HYMpPeHHeM COCMOSHUU
delicmayiouezo HA Hezo meJaq.

— BuympeHnHee cocmosHue meaa xapakmepusyemcs Oepopmayus-
MU, KOmopbLe mozym GbiMb CKOMNEHCUPOBAHHbLMU U HECKOMNEHCU-
POBaAHHLIMU (BEeKMOPHLIMU ).

— B ocHose degpopmayuu aexcum Hecoziaco8anHocmy eubpayuil (a
3HauUmM U 60JHOBbLX 83aumodeiicmeuil). Ima HecoziacO8GHHOCMb
ucKadxcaem 6HympernHee unmep@epeHyuornHoe noe obsexma (meaa).
Hcrasncerue moxcem 6vtmsb CUMMEMPULHBIM U ACUMMEMPUYHBLM.

— Cummempuuroe uckaxcernue unmep@peperHyuoHH020 NOAsS 6bl3bl-
6aem GHYMpeHHUE HANPAHCCHUS, CYMMAPHBLI 6eKMODP KOMOPbLX PA-
6eH HYal0. B amom cayuwae muL umeem deno ¢ 6HympeHHuMU degop-
MAYUAMU.



I'nasa 1. CHAHJIEP-9DDPEKT 107

— AcummempuiHoe UCKAXdCeHUe UHMepHePeHyUOHHO020 NOJLSL 6bL3bl-
6aem 6HYMpeHHUEe HANDANEHUS, CYMMAPHbLL 6eKMOpP KOMOPbLX
omauyen om HYas. B amom cayvae movl umeem deno ¢ 6exmopHOiL
degpopmayueil, m.e. ¢ npobaemamu mena, 6EKMOPHO BblX00AUUMU
Hapyxcy. Yempanums 6eKmopHY0 0epopmayuto MO*HO AUOO usme-
HUB CKOpOCMb 08UMNCEHUS, JUOO U3MEHUE COOMHOUleHUe (Pa3 UaU Yc-
mpaHu8 apummuio.

— B ocHose ecex 6udos naccusHbvlx (3a8YanLUPOBAHHBLX, HE UMeIO-
WUX S6HO BbIPAHCEHHOU NPUYUHbL) CUL Jexam YCA08Us, NONA8 6
KOMmopble meJjo peazupyem u3meHeHUeM CKOpocmu 08UNCEHUS.

— B ocHose 6cex 6u006 akmueHblx cus (cmopoHHee delicmaue, uc-
KyccmeeHnHoe usmeHenue c0guza pas) exam HaAcCULIbCMmEeHHble U3-
MEHEeHUs. BHYMPEHHUX YCA08UIL DBUNCEHUS Mmead.

— B ocHose dsuiceHus meaa Jeium CKOMNEeHCUPOBAHHASL CKOPOC-
mulo 6eKmopHas degpopmayus.

— B ocrnoge gexkmopHoil Jehopmayuu mena aexcum cosuz a3 u
apumamus.

— B ocHose cOsuza a3z nexcum cmeujenue nepuodos KosiedaHuil.
— B ocrosge apummuu nexcum HecognadeHue nepuodos Kosiebanull.

— B ocHoge Kone6anuil nexcum KOHKpemHbuLil pusuieckuil npoyecc,
nodnumouLearUUlL 3mu KoLe0 AHUA.
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§ 3. HuTepdepeHNA B TBUKEHUH

K mawmbojiee oOIIMM CBOMCTBAM BeEI[€CTBEHHBLIX O0OBEK-
TOB OTHOCHUTCS HX CIIOCOOHOCTH IIepeMeIaThbCsi B IIPOCTPAH-
crBe. 1151 00'bsICHEHNSA IPUYNH TAKOI'0 IePeIBUIKEeHnA KJac-
cruYecKas MeXaHMKa IPUBJIEKaeT IOHATHE CuJ. PaBHOMEpHOe
IBUIKEHIE XapaKTepu3yeTcs OTCYTCTBUEM BHEIITHUX cuJl. JIBa
COCTOSIHUS OJHOTO 1 TOTO K€ TeJla, XapaKTepPU3yIoIuecs pas-
anuyHbIMU cKopocTamu (Vi # Vi), oTandaioTess CBOUMY UMITYJIb-
caMHt ¥ KHHEeTHYeCKUMH dHepruamMu. Ho HamM MHTepeceH BOII-
poc: 3aBHUCHUT JiM BHYTPEHHEe COCTOSHIE Teja OT CKOPOCTH, a
€CJIM 3aBHUCHUT, TO KAKOBA 9Ta 3aBUCUMOCTD?

B pamMKax KJaaccuuecKON MeXaHUKU MBI He MOKEM II0JIY-
yuTh oTBeTa. Ilouemy? IIprunHa KpoeTcsa B TOM, UTO B KJIACCHU-
YEeCKOUM MeXaHUKe TeJIO OIIpedesideTcsa KaK «MaTepuaibHasd TOY-
Ka», oOJiamaloliiasg: COCPeSOTOUEHHOM B I[eHTPe Maccoii,
KOOPAMHATOM, MMITYJIbCOM, dHeprueii. OueBuIHO, UTO JaHHAA MO-
IeJIb Teja, Oyayun aOcTpaKIuell, HyKIAeTCs B MOTU(DUKAIIUN.
MBI IOILIN II0 3TOMY IIYTH ¥ OOHAPYKUIN, UTO €CJIU Ha YPOBHE
KJacCCUUeCKOH MeXaHHNKM KOHKPETHU3UPOBATh BHYTPEHHIOIO
CTPYKTYPY TeJa U PacCMATPUBATEL €TI0 KaK CBSI3AHHYIO CHCTE-
MY OCIIUJIJIATOPOB, TO BBIABJIAETCA MPAMAaa 3aBUCIMOCTEL BHYT-
PEHHEro COCTOSHMSA TeJIa OT CKOPOCTH ero IBusKeHus. Ho BoJI-
HOBasdA IIPHUPOLA BEIeCTBA — STO yiKe KBAHTOBAs MEXaHUKA.

Tak y»K IOBEJIOCH, UTO KJIACCUUYECKAasA MEXaHNKA ONUCHLIBAET
IPOUCXOMsAIIee HA MAKPOYPOBHE CBOMMU CITIOCODaMM, KBAHTOBAS
MeXaHWKa Ha YPOBHE 9JIEMEHTAPHBIX YACTUIL — CBOMMU, a CIIEI[1-
aJIMCThI 9TUX HAIIPaBJEHUN 0cO00 He BMEIIIMBAIOTCSA B IIPOOJIe-
MBI ApyT apyra. Ho Bce MakpoTesia COCTOAT M3 CUCTEM DJIEMEH-
TapHBIX YaCTHUI[, KOTOPbI€ HEIIOCPEACTBEHHO YYACTBYIOT B
PaBHOMEDHOM UM YCKOPEHHOM JBM)KEHUAX. HeBOZMOIKHO 00bsAC-
HUTh MaKPOABUIKEHNE B 00XO0/ MOHNMAHMS ITPOUCXOAAIIETO Ha
YPOBHE ITIePBUYHBIX B3BAMMOIEHCTBUI, IIYCTh MasKe eCJIU 9TU CKO-
pocTH U yCKOpeHUs Kpaiime manbl. W Kasajoch Obl, KapThl B
PYKHY KBaHTOBOI MeXaHWKe, aH HET, OKa3aJICs 9TOT BAKHBII BOII-
poC BHE TIOJIA €€ WHTEePecoB. A Belb MMEHHO 37€Ch, B YCJIOBHO-
TepexoAHOIi 30He, 3aTaWIUCh U JKAYT CBOETO Uaca yIPaBJISIIO-
e BeesenHOI 3aKOHBI MeXaHnKM. Ho KakuM o0pasoM K HUM
HOACTYIUTHCA, KAKUM 00pa3oM CMOeJINPOBATE, YTOOLI YBUAETE?
CroemnmuanabHO IJIsI 3TOr0 paspaboTaHa KOMIBIOTEPHAS IIPOrpaM-
Ma, KoTopas M IIOMOKET HaM paso0paThbcs B BOIIPOCAX ABUIKE-
HUA MaKpOTeJ Ha YPOBHE ITEPBOOCIIUJIIATOPOB.
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Hauwunats cienyer ¢ o6biuH0M nHTepdhepennun. IIpocreii-
IIre BapuaHThI JBYMEPHOM NHTephepeHIIny n3y4yeHbl, II03TO-
My MBI He cTaHeM 0c000 Ha HUX OCTaHABJIMWBATLCS, HO 3ajep-
JKMBaThCA OyJleM TaM, T'lle eCTh 3JIeMEeHTHI HOBU3HBI.

ITone maTEPdEPEHIIUY OT CUCTEMBI OCIIMJIJIATOPOB HEPAs-
PBIBHO, HO MBI HaMepPeHBI Pa30oUTh eTo Ha JBe MHTEPEeCcyoIue
Hac 06JIacTy: BHEIITHIO ¥ BHYTPEeHHIO0. [[JIsg MOHMMaHUs IBU-
JKeHUA HaM BayKHO 3HATh, UTO IIPOUCXOAUT BHYTPU CUCTEMBI,
HO 0003peBas IIPOUCXOIAIee B IIeJIOM, MbI YBUINM, YTO O BHYT-
PEHHUX IIpolleccax MOYKHO CYAUTH IO BHEIITHUM W3MEHEHU-
AM MHTEP(PEPEHIINOHHBIX MOJIEH.

Hauném ¢ paccMOTpeHUsI 3aBUCUMOCTH II0JISI MHTep(epeH-
U OT CKOPOCTH ABMKeHUA. Ecau paccMaTpuBaTh OUHOUYHEIE
OCIIIJIISATOPLI B mOoKoe (puc. 56) u mBu:kenuu (puc. 57), To
O00HAPYKUBAIOTCA PA3IUUYMUS B CO3MaBaeMbIX MMHU BOJHOBBIX
monax. Ho xax B aHAJOTMYHBIX YCJIOBUAX OymeT BecTu celds
mojyie mHTEePGEPEeHIINY OT CUCTEMbBI U3 ABYX OCIIHJLIATOPOB?

Puc. 56. V=0. Ilokos-
IMUHACA  OCIUJLIATOP
BO30Oy:KIaeT  cpemy,
\ ‘ POKIAs KPYTroOBbIE BOJI-
HBbI
F \
Puc. 57.V=0.3c. Eciu
OCITMJLIIATOD JABUMKETCS
B cpefie, TO BOJHOBOE
h II0JI€ BBITJIAOUT HMHa4Ye
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Puc. 58. V=0. Taxk
BBITVIAAUT II0JIe UHTED-
(epeHn U OT KOTepeH-
THBIX OCIIUJIISATOPOB.
Yucio ostoc uuTepde-
peHiuu — 6

Puc. 59. V=0.3c. Ilome
uHTep(pepeHIuU CTa-
OMJIBHO U ABUIKETCS B
cpezie ¢ TOI 3Ke CKOPO-
CTBIO, YTO M CHCTeMa
OCIIUJLISATOPOB

Puc. 60. V=0.3c. Cra-
OMJILHOCTD IBUIKYIIIE-
rocss moJisg UWHTepQe-
PeHIIUYU He 3aBUCUT OT
OpUEHTAIIUY OCI[UJLJIS-
TOPOB M II0 OTHOIIIE-
HUIO K HUM Bcerjga
CUMMETPUYHO

IIpumeuanne. [[Jisg HOIyUYeHUS CHMMETPUUYHBIX KAPTUHOK B
caydasax, Kkorga V>0, ObLI NCIOJIb30BAH IPUHIUII aBTO(a3UPO-
BaHUS OCIMILIATOPOB. HecobirromgeHne 9Toro TpeboBauus IIPU-
BOAUT K ACUMMETPUU IIOJI.
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§ 4. HurepdepenmnoHHaa Te(EKTOCKONMUA
MHBAPUAHTHOCTH

KoMmmbioTepHOEe MomeampoBanme (PU3UMUECKUX IIPOIIECCOB
TO3BOJISIET MIePEeUTH K HATJIAIHON MHTeP(PhEePEeHITNOHHON JedeK-
TOCKOIIMY IPeoO0pasoBaHUM KOOPAUHAT B KJIACCUUYECKOI U pe-
aaTtuBucTcKoil pusuke. [TocmoTpuM, Kaxkue 13 IIpeodbpasoBa-
HUH BBIAEPsKAT dK3aMeH Ha MHBAPUAHTHOCTL (CpaBHEHUS Be-
IyTcs ¢ MHTeP(EePeHITNOHHON KapTUHKOI Ha puc. 58).

1. Bepubl npeobpasoBanug aanaes

Puc. 61. V=0.6c. Uc-
TOYHUKU KOT'€PEHTHHI.
Paccrosnme MemxIy
NCTOYHUKaAMU He 13Me-
Hunock. Hapany c ze-
dopmanuen moas yBse-
JUYUJIOCHh YHUCJIO WH-
Tep(hepPeHIIMOHHEIX II0-
Jgoc — 10, a ma puc. 58
ux 6wL10 6. I[TosiBIEHUIE
IOTOJHUTEIbHBIX II0-
JI0C 00YCJIOBJIEHO CoKHU-
MaHWEM CTOSYUX BOJH

Puc. 62. Casurom das
YIAJI0Ch BBLIPABHSATH
KapTUHKY, T.e. CAeJIaTh
€€ CUMMEeTPUYHOM, HO
IOCTUYDL CXOMKECTH C
puc. 58 He ymaiocCh.
Hamnumo orcyrersue
| MHBapuMaHTHOCTHU

Ecyiiu MCTOUYHMKYM KOTE€PEHTHBI, TO IIPU YBEJIUUYEHUU CKO-
POCTH CHCTEMBI IIOABJIAETCA aCUMMETPUA II0JIs MHTephepeH-
IUU, YCTpaHsaeMas IMoA00POM COOTHOIIeHuA (as.

IlosaBiieHVE HOTIOJTHUTEIBHBIX II0JIOC MHTEP(MEPEHITNY IIPO-
MCXOOUT II0 ABYM IIPUYMHAM:

1. IIpeobpasoBanusa I'amuiaes mosaraioT pPacCTOSHUE MEKIY
OCIIUJIJIATOPAMUN HEM3MEHHBIM;
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2. Mexay oCIULIATOPaMHU, IPU YBEJNUYEHUN CKOPOCTH, TMEeT
MeCTO C:KMMAaHUe CTOSUYel BOJHBI, a 3HAUUT, MOABJIAIOTCA HO-
BbI€ Y3JIbI W IIyYHOCTH.

BaxHBIM 37€ech ABJIAETCA TO, UTO Ipu V — ¢ IIPOCTpaH-
CTBO MEXKIY MCTOUYHHKAMU OyIeT MHTEHCHUBHO HAIOJHATHCHA
HHTEP(PEPEHIITUOHHBIMU II0JIOCAMU.

2. BepHbl npeobpasoBanusa Jlopewiia

Puc. 63. V=0.6c. e-

dbopmamnua ycrpaHeHa
caBurom ¢as. B cpas-
HEHUY C IPEeIbITYIITUM
cayJyaeM IIOJIOC WH-
TepdepeHIIE  CcTaJO
MeHbIle — 7, HO BCE
pPaBHO UX 0OJIBIIIE, UEM
Ha puc. 58. 3HauurT
npeobpasosauuii Jlo-
peHIIa HeIOCTATOYHO
JUI YCTPaHEeHUs Heco-
orBeTcTBUA. VHBapu-
aHTHOCTH OTCYTCTBYET ,

U xoTa npeobpaszoBaHusa JlopeHIiia JOIyCcKamOT yMeHbIIIe-
HHBEe PAaCCTOAHUA MEXAYy OCIIMJIJIATOPpaMu, IIOABJIEHME HJOIIOJI-
HHUTEJIBHBIX II0JIOC HHTephepeHIIUuN YKa3blBaeT, UTO AeKJIapu-
PYEMOro MMU COKpAIlleHUus HeLOCTATOYHO AJs COXPaHeHUsd
VWHBapUaAHTHOCTU MHTEP(MEPEHITMOHHON KapTUHKU.

3. BepHbI reomerpuueckue npeodpasosanusa MBaHosa

Puc. 64. V=0.6c. Uc-
TOYHUKHU c(asupoBa-
Hel. KoamuecTBo 1mmoJioc
uHTepdhepPeHIINN PABHO
— 6, KaK um B cJiyd4ae
puc. 58. 3mech MBI 10-
CTUIJIA CXOXKECTHU WH-
TephepeHIIMOHHBIX
KapTUHOK, a 3HAUMUT,
MOYKeM TOBOPHUTH O
BBITIOJIHEHUY IPUHITH-
a HBAPUAHTHOCTU
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IIpeobpasoBaHMsA MOJIATAIOT COKpAIIleHIe Pa3MepPOB II0 BCEM
KOOPAWMHATHBIM OCAM. ¥ MEHBIIIEHUE PACCTOAHUS MEXKIy OcC-
MUWILIATOPAMU TIPOHOPIUMOHAJBHO CXKUMAHUIO CTOAYMX BOJIH.
CoBmasieHre ycTpaHseT IIOSBJIEeHUE IOIMOJHUTEJIbHBLIX HWHTEP-
(hepeHITMOHHBIX JIUHUM, & TOTOMY MMEIOIIUX MEeCTO COKpaIle-
HUM IOCTATOYHO JJIs COXPaHEeHUA MHBAPMAHTHOCTU CUCTEMBI.

Mz1 npoBenu aedeKTOCKOINI0 TPEX THUIIOB IIpeodpasoBa-
HUII KOOpPAMHAT U YBUAEIHN, UTO HanbojJee NHTEPECHBIMH IJIs
ITAJbHENIITNX WCCJAeNOBAHUN ABJSAIOTCA IIocjenune. Mul yoe-
IUJINCH B TOM, UTO MMEHHO 3TU IIPeo0pa30BaHUSA KOOPAMHAT
0oJiee BceX COOTBETCTBYIOT TPEOOBAHMAM IPUHITHIIA MHBAPU-
AQHTHOCTHU.

HeckoabKko c0B 00 mHTephEepeHIUOHHBIX JuHUAX. [lo
CYyTHU MBI UME€eM [eJI0 C JUHUSIMU CMeHbI ()a30BOT'0 COCTOSAHUS
BOJIHOBOTO II0JIS, M3JIyuaeMoro BoBHe. Takas mocTaHOBKA BOII-
poca oueHb II0JIe3HA, T.K. IMO3BOJIAET T'OBOPUTH HE TOJIBKO O
MexXaHM3Me BO3HUKHOBEHUA PA3JIWUYHOTO TUIA II0Jeil BOKPYT
CUCTEM OCIIMJIIATOPOB, HO 1 00 MX KAUYECTBEHHBIX Pa3JIUUUAX
0 AeWCTBUIO HA WHBIE CHUCTEMBI. ITU Pa3JUUYuA MOTYT Je-
JKaTh B OCHOBE O0BACHEHUS MHOT000pasus II0JIeH.

§ 5. Cmaiinep-adpdexT

IIpu paccMOTpPEeHNYM OTHOMEPHBIX BAPDUAHTOB MHTEPdEPEH-
ITUY MBI OOHAPYKUIU ABJI€HNE, KOTOPOE HA3BAJIU HUBASL CMO-
auwas 6oana. PaccmarpuBasd aTo Ke ABJIE€HUE, HO B IBYX U3Me-
peHUsX, Mbl OOHaApPYy)KMBaeM HOBOe HHTeP(EepeHIIMOHHOe
sIBJIEHVE, KOTOPOMY, 3a CXO/ICTBO C ITayKOM, ObLIO JaHO Ha3Ba-
HUe cnaildep-apperxm.

Puc. 65. Haauuwne pas-
HOCTH YacTOT IIPHUBO-
IWUT K HEMeIJIeHHO1 Je-
dpopmanuu moius, xa-
pakTepusyoiecsa
CBOpAUUMBAHWEM JIU-
HUl nHTephEPEHIINN B
3aMKHYTBIE KOJIbIIEBbIE
obpaszoBanusa. Ilepexn
HaM#U KJAaCcCUUYEeCKUui
craiigep - ahdheKrT
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Puc. 66. Yem BbIlIe
YyacTOTHAA pPasHHUIA,
TeM sSHepruYHee CBO-
paumBaHuUe uUHTEpPdeE-
PEHIIMOHHOTO II0JIS L

3aBOPaKMBAIOIIUM CBOMCTBOM cnaiidep-agpgpexma sBIs-
eTcsd IMHAMUYHOCTD, co3fmaioniasa (B OTJINYME OT 3aCTHIBIIIETO
moJisi mHTepdepeHIinn) cuenuduiueckoe, Mo BO3AeHCTBUIO HA
WHEBIE CUCTEMBI, (hazoBoe 1moJie. B aToM cMbIcjIe IpeacTaBIsgeT-
csA cO0JIaBHUTENbHBIM CBA3aTh (PU3UUYECKYI0 CYTh MArHUTHO-
T0, 3JeKTPUUECKOTO, TPABUTAIIMOHHOTO 1 MHBIX II0JIeli CO CIIe-
MuUKOHA n3IyvYaeMbIX 00beKTaMu (ha3onHTEePPEPEHITIOHHBIX
nojeii. B manpHeHImeM MBI IIOKa’yXeM BHEIIIHIOI CXOXKECTb
HEKOTOPBIX ABJIEHUIH IPUPOABLI C UX WHTEP(HEepeHIITMOHHBIMU
aHaJIOTaMMU.

§ 6. Cnaiinmep-3¢ddexT B IBHMKEHUHN

Kak Bimser ABUKEHUE CUCTEMBI OCIUJIATOPOB Ha (hop-
MooOpas3oBaHUe U TUHAMUKY cnaiidep-agpperma? Ha aToT Bom-
pPOC MBI OTBETUM Cepuell PUCYHKOB, OTPaKAIOIX 3aBUCUMOCTh
IIOJISI pacupenesieHusa (a3 OT CKOPOCTH M OPUEHTAIUN.

Puc. 67. V=0.3¢c
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Puc. 68. V=-0.5¢,
Oa=0°

Puc. 69. V=0.5c,
] Ooa=120°

MbI BUIUM, YTO cnaiidep-aghghekm He 3aBUCUT HU OT CKO-
pOCTH, HU OT OPUEHTAIINN CUCTEMBI OCIIUJIJIATOPOB, HO 00 MH-
BapUAaHTHOCTU Pal3JUUYHBIX II0 (hopMe IToJiell mHTep(hepEeHITNN
MBI MOYK€M TOBOPUTH TOJBKO IIPUMEHMNTEIHLHO K HOBBIM IIpe-
obpazoBaHUAM KoopauHaT. MHble mpeodpa3oBaHUsa IPUBOIAT
K U3MEHEHHUAM B II0JIe MHTep(hepeHIIun, a 3BHAYUT, 1 K HeobOoC-
HOBAaHHOMY HapyIIeHUIO BHYTPEHHUX CBs3El B CUCTEME.

§ 7. Hamooaee aprue 3pdexTs!

OpHakIbl MBI IPUBBIKHEM K BHEITHEMY CXOACTBY IIPO-
WCXOJAIIEero B MUKPO- 1 MAKpPOMUpPax 1 IIOMMEM, UTO IPOILec-
ChbI MIPUOJIUBUTENHHO, & B Pse CIAyJaeB M TOYHO, IOBTOPAIOT
ce0s Ha Pa3IMUYHBIX YPOBHAX opraHmsanuu matepuu. CoBma-
JIEeHUs 5TU HeJIb3s Ha3BaTh COAYUYalHBIMU, U100 HE3aBUCUMO OT
paccMaTpUBaeMoOT'0 YPOBHSA Mbl UM€EEM JIEJIO C BOTHOBBIMU B3a-
UMOJeMICTBUAMU, HAa KOTOPbhIe PACIPOCTPAHAIOTCA OLHU U Te
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JKe 3aKOHBI. A eCJIM pasjinuduusa U O0HAPYKATCA, TO MBI JOJIMK-
HBI BCIIOMHUTD O TIOHATHUH JI0ZUYeCKOe NPOCMPAHCME0, O Jac-
TOM HECOOTBETCTBHUU Ha6JIIO,Z[aeMOI‘O C MCTHUHHO IIPOMCXOIdA-
M, 00 MJIJII030PHOCTH.

1. COommxenrie KOrepeHTHELIX OCIUJIIATOPOB

Puc. 70. IIBa paBHBIX
10 YaCTOTE OCI[UJLIISATO-
pa IPOJETAalT MUMO
ApPYT Apyra Mo IPsMo-
JIUHENHBIM TPAaeKTo-
puawm. ITo mepe mpu- ©
OnuKeHUA, IIPOJIETA
BOIMBY U pasiéra Ha-
6mromaerca TpaHchOp-
Manusa naTepdepeHn-
OHHOrO moJisg u3 X-00-
pasHoO# (opMEI B cuu-
panb S(ceacmukxa), a
3areM B D-nose

Puc. 71. ®-mose ot
pasyeTanIuxcsa oc-
IAJIISATOPOB
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Puc. 72. MaruuTHoe
IoJie, co3zaBaeMoe 3a-

" DPANOM, IBUKYIUMCS
i II0 KPYTOBOMY KOHTY-
py

Puc. 73. HacTo pesyIbTaTOM BCTPEUHOTO ABMKEHUS BO3AYIIIHBIX MAacC CTa-
HOBUTCSA TUTAaHTCKUI aTMoc(hepHLIN BUXPh (TalihyH — BUI U3 KOCMOCA)

2. YacToTa MCTOUYHUKOB M3MEHSIETCS

Puc. 74. Taxr BbIrIfA-
IuT 1moJie nuTepdhepeH-
J§ vy, Korga MBI UMeeM
#l 1e10 ¢ CUHXPOHHBIM
] yBesmueHMeM 4acTOTHI
OCIIMJIIISITOPOB

W
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nwIp) B paspese. Obpalraer Ha ce6s1 BHUMAaHNE CTATUYHOCTD
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. 77. O6béMmHOE moJie HHTeP(PEPEeHIIUN OT ABYX
¢as, T.e. He3aB

(4€pHBIX
CMEHBI

HCTOYHUKOB
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Mgl paccMOTpear HECKOJBLKO IIPOCTEHINNX CIydaeB BOJI-
HOBBIX B3amMoOelcTBUI. B majbHeHIieM MbI CTAaHEM paccMar-
pUBaTh CJIOYKHBIE CHUCTEMbI, KayKIas 13 KOTOPBbIX COCTOUT U3
Habopa mpocThbiX. MBI YBUAUM, UTO CJIOKHELIE CCTEMBI OYIYT
co3aBaTh MHbIE MHTEP(MEePEeHIINOHHbIE II0JA, BHEIIIHe OT/INYa-
IOI[1ecs OT PACCMOTPEHHBIX paHee.

I'nasa 2. USJIYYEHHUE U ®OPMA

§ 1. IImpamuga B ABYyX M3MEepPEHUIAX

Paccmorpum mpocreiiimuii ciayuaili — nupamMuja B paspe-
3e. CienyeT uMeTh BBUAY — MBI HCCJIEYEM ABYMEPHBIE MOJE-
JH, ToJiaras, YTO TPEXMEPHbIE UX aHAJIOTH JALyT CXOKUe pe-
3yJBbTATHI.

Puc. 78. C Kakoil IeJbI0 CTPOMINCH HUPAMULLI, KAKOEe M3 OCTATOUHEIX
3HAHUY OHU OJUIETBOPAIOT? A MOJKET, 9TO HAIlIM JaJIEKUe IIPeIKU MOACKAa-
3BIBAIOT HAM, OTKY/A MBI, KAKOT'O POJa-IIIeMeHn?
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Puc. 79. Ilnockaa mo-
Ienb MUPaMUALI U3 25
KOTePEeHTHBIX OCITHJLIIA-
TopoB. CaBur das ot-
cyrcrByet. Mbl HaOJIIO-
IaeM BUJ TIOJIS MHTEP-
¢epeHIIY U IPOCTPAH-
CTBEHHOE pacipejeJe-
Hue sHepruu. Kaptus-
KU IIOJIYY€HBI B PE3YJIhb-
TaTe KOMIIBIOTEPHOTO
JKcIepuMeHTa. a) do-
Torpadusa mosusa uHTEp-
tdepenmum; 6) pacmpe-
IeJieHUe IPOSBIEHHOM
9HEPTUU. Hanumo
acUMMeTPHUs, MOIITHBIHI
TIOTOK 9HEPTUU U3 OC-
HOBaHUS MOJEJNU, Ha-
MpaBJIeHHBIH  BHUS3.
Cyms mo pacmpepeJe-
HUI0O OHEPTUU €eCTh
CMBICJI TOBOPUTH O Ha-
JUYUU BEKTODPHOM Je-
¢dopmanum, a 3HAUUT, U
00 wumnyabce. Ecau
TUITOTEe3a CIIPaBeAInBa,
TO B OTKPBITOM KOCMO-
ce OygeT UMeThb MECTO
caMOABUKeHMe mIupa-
MUIBI

B ToM, uTOo hopMa IIepepacupeneasaeT SJHePruio N3JIYUeHNUd,
MBI elré He pas yoegumcs. Kak 3HaTh, MOMKET IpeaiaraeMbIii
HOAXOM MOMOMKET PasrajaTh TAWHBIN CMBICJI APEBHUX COOPY-
JKeHU, a TaKiKe IIPOJILET CBeT Ha 3araJKu, KOMX BOKPYT IIHpa-
MHJ BeJHNKOe MHOMKEeCTBO.

He uckiioueHo Tak:ke (Hac BeIb MHTEpPeCyeT IBUKEHUE),
YTO B YCJOBUAX KOCMOCA HNUPaMUIAJIBLHOE COOPYKEeHUe cTa-
HeT ABUTAThbCSA B HAIPaBJIEeHUU COOCTBEHHOI BepIIUHELI 0e3
KaKux-Jmnbo JOTMOJHUTEJHLHBIX 3aTPAaT 9HEPTUHU, HO 3TO MOKa
Hallle MPeJIoJIoKeHe.

§ 2. BauaHue KPpMBU3HBI HA CHMMETPHIO IOJIS

Temnepb, UMes 3aMeUYaTeJIbHBIN NHCTPYMEHT AJIA UCCJIEeo-
BaHUl (MMeeTcsa BBUAY IpOrpaMMHOe obecreueHue i KOM-
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MbIOTEPHBIX SKCIEPUMEHTOB), MbI MOYKEM 3a/aBaTh caMbIe He-
BeposTHBIE (JOPMBI M HAOJIIOLATE 34 IMPOUCXOMAIINM, aHUMU-
py4 mporeccbl. PaccMOTPUM IIPOCTEHIINI CIIyUail — BIAUSHUE
KPUBU3HLI HA u3aydyenne. [lepBoHAUAIBLHO MMEJIACH IIJIOCKAS
crucTeMa M3 ABAAIaTh KOTEPEHTHBIX OCIUIATOPOB (puc. 80),
KOTOpPYIO 3aTeM MBI medopMupoBaau B nyry (pumc. 81) mocie
IIepBOro dTamna KOMIILIOTEPHOTO sKciepuMeHTa. Hac mHTepe-
COBaJIO, KaKNe N3MEHEHU B IPOCTPAHCTBEHHOM paclipejesie-
HUY SHEPTUU IPOU3OHAYT B pedyJbTaTe gedopMaruu CHUCTe-
MbI OCITUJIJIATOPOB.

Puc. 80. Pacmpeneie-
HIUE SHEePruu CHUMMeT-
puuno. CmpaBa IIOKa-
3aHO PACIIOJIOMKEeHUe
OCIIMJLIISITOPOB

Puc. 81. B pacmupege-
JIEHUU SHEPI'UHU II0OABU-
Jjach acuMMeTpHUs.
CuopaBa nmokasaHo pac-
MIOJIOYKEeHUEe OCIIUJLIIA-
TOPOB

MHorue mccaeIoBaTeIN MOJO3PEBAIOT O HAJUYUU CBABU
MEXXKIY CHOCOOHOCTBHIO aIlllapaTOB IPEOI0JIEBATH TPABUTAIIUIO
¥ BBIIIYKJION TapeakooOpasHoil dopmoii. I xoTsa mame KOM-
OBIOTEPHBIN 9KCIEPUMEHT YKa3hbIBaeT Ha BO3MOYKHOCTDb TaKOM
CBSI3U, IIOJIHOM SCHOCTY B dTOM BOIIPOCE IIOKAa HET.



122 PUTMOJHHAMHEKA

§ 3. OcumaasaTOpBI-00MKH

MoryT iu y3Jbl 1 TyYHOCTH (HE CJIeAyeT IIyTaTh C Helpe-
PBIBHBIMU JIUHUAMU MHTepPhepeHI ) BOSHUKATh B CTOPOHE
OT CUCTeMBbI OCIMLIATOPOB? OKas3bIBaeTCs, UTO MOTYT.

PaccmorpuMm Jro0ombITHENININE 3(PPEeKT, KOrga croddas
BOJIHA BO3HHUKAET HE TOJbKO MEXKIY OCIMIJIATOPAMU CHCTE-
MbI, HO U JaJIeKO 3a e€ IpeaeaMu.

Puc. 82. 3a mpegena-
MU CUCTEMBI OCI{HJLIIS-
TOpPOB HabuionaoTca
y3abpl (OZWMH U3 HUX
00BeIEH KPYIKKOM) U
IIyYHOCTH. ¥ 3JIbI MOT'YT
BBIIIOJIHATH POJIB JIOBY-
ek OJis CBOOOITHBIX
OCHUJIIATOPOB-60M-
keii. IlomaB B Takyio
JIOBYIIIKY, OCIIUJIIIATOD-
0OMJK CTAHOBUTCA Ya-
CTBIO CHCTEMBI M BHO-
CHUT CBOIO JIETITY B BOC-
CTaHOBJIEHUE CHMMET-
puu. HNmenHo Ttakue
30HBI 3aMUPaHUA BO
BcenerHnoit moryT GbITH
TIPUBJIEKATEIbHBI AJISA
CBOOOJHOTO BellecTBa.
a) ¢ororpadua mossa
uHTephepernuu; 0)
NpOCTPaHCTBEHHOE
pacmpejiejieHue JHEpP-
ruu (y3JI0BbIe B30HBI
WMEIOT TEMHBIN IIBET)

ATOP-00MIK

6)

O6HapyKeHHBIN 2(p(PeKT BIOTHE MOMKET ObITh OCHOBOM IJI
00'BSICHEHUA POCTA KPUCTAINUYECKUX CTPYKTYP, HO HE TOJb-
Ko. Ha ocHoOBe cj1a60 mpucooco0JeHHOM A1 TAKOTO pPoja McC-
cJIeIOBAHMII IIporpaMMe ObLIO IPOBEIEHO MOAEJINPOBAHNE IIPO-
mecca caMOJOCTPAMBAHUA IIPOCTEHINell HEeCUMMEeTPUUYHOMN
CHCTeMBI OCIUJIIATOPOB C IIOMOIIHI0 OOMIKEHN-0CIIULIISATOPORB,
MOIIABIINX B MHTepP(epeHIMOHHbIE JOBYIIKN.
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§ 4. CexBectp - 3ddexT

IIpu aHanmnse BOJHOBBLIX KAPTUH B CHCTEMAX OCIUJILISATO-
POB, JUIIIEHHBIX CHUMMETPUYHOM CBOeli UacT, ObIJIO O0OHApYKe-
HO, UTO CHCTEMBLI HIBITAIOTCA JOCTPOUTH HEMOCTAIOIYI0O YACTh
sHepretTudecku. IIpocreiilre Moe/IbHBIE SKCIIEPUMEHTEL yOe-
JUTEJHLHO MIOKA3BIBAIOT CIIPABEAINBOCTD JAHHOTO YTBEP K IEHMS.

a.

Puc. 83. B panbHeii-
IIIeM MBI IIOKaKeM, YTO
CYII[ECTBYIOT CHMMET-
PUYHBIE HEU3JIy4Yaio-
1117 SHEePTUIO0 CUCTEMBI
OCIIUJLIATOPOB. ¥ Ta-
KUX CHCTEM 9YHEeprus
Kak ObI moiiMaHa B JIO-
ByHmIKy. MBI mOpuBo-
IUM MOJeJb TaKOii CU-
crembl. Ha (a) doto-
rpadusa nosd uHTepde-
penmuu; Ha (6) — mpo-
CTPAHCTBEHHOE paciipe-
IeJeHre SHePruu

Puc. 84. Mu1 yOpanu
(cexBecTHpOBAIN) IIpa-
BYIO UacCTh, W CHCTEMAa
craja acCUMMeTPUY-
Hoii. [Tpousonuin nsme-
HeHus. IHTeHCUBHOCTD
oy uHTephepeHIIun
3HAYUTEJHFHO BO3POCJA,
KapTUHKa JIUIINJIAaCh
CHUMMEeTPHUU, HO IIbLITAeT-
CsI IOCTPOUTH CEKBECTH-
POBaHHYIO IpPaBYyIO
YacTh BOJHAMH 0OOJIb-
| el "HTeHCUBHOCTH
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Puc. 85. WUsmenunnaco
¥ KapTUHA pacipeje-
neHus sHepruu. Ilo-
ABUJICHh 9HEPreTmuvdec-
KHe Jy4u, WHTEHCHUB-
HOCTBH KOTOPBIX 0COGEH-
HO BeJIMKa BOJIU3U He-
MOCTAIOIEel OJISA CHUM-
MeTpPUHU YacTH (9Hepre-
TUYECKUH BBIOpOC
BIIPaBO)

Ecau dpopma, TuiéHHAsA CHMMETPUN, HAUMHAET NHTEHCUBHO
M3JIy4YaTh, TO 3TO CBOMCTBO MOYKET OBITH IMITMPOKO MCIOJIH30Ba-
HO B MEIUIIMHCKUX IIEJSIX, a IIOTOMY 3TO HAIIpaBJeHUe Ies-
TeJILHOCTH HasBaHO HamMu «Kpucmaasomepanus».

CTossuas BOJHA B CBEPX3BYKOBOM DEyKMME

Eciiz paccmoTpers mHTEP(EPEeHITNIO BOJH OT OCI[HJIJIATO-
POB, ABHMKYIIUXCS CO CKOPOCTBHIO BEIIIIE CKOPOCTHU 3BYKa, TO
MbI OOHAPYKUM HMHTEPECHOE SABJIEHNE — CTOSUYYIO BOJHY, Ts-
HYIIYIOCS 34 OCIIJIIATOPAMHU C aHAJIOTUYHON CKOPOCTHIO.

IIpu paccMoTpeHUU TeOMETPUU BO3HUKAIOIIEro shdexTa
CTAHOBUTCA IIOHATHA ero MpuuYuHa. [[eJo B TOM, YTO B CBEPX-
3BYKOBOM KOHYCE PACIIPOCTPAHSAIOTCA OBe BOJHBI: OZHA y/a-
JIsIeTCS OT OCIIHJLIATOPA CO CKOPOCThIO V+c¢, Apyras ImbITaeTcs
JOTHATH OCIUJILISITOP CO CKOPOCThIO V— ¢. IMEeHHO 5TU BOJIHEI,

MpoHT BOAHK YA ANAETCA OT OCUHANATOPE
'-=\ ckopoctel C+Y = 850 m/c

CkopocTk hpOHTaE BOAHBE
¥-C =250 m/c

CkopocTb ocuuanaTopa
¥ =550 Mfc

Puc. 86. Cxewma, mmosic-
HAIAA Iporece Gop-
MUPOBAHUS CBEPX3BY-
KOBOI'0O KOHYyCa
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Puc. 87. CsepxaByKoO-
BOU KoHyc. TémHEbIe
30HBI B 00JIaCTH KOHY-
ca (HMXXHUI PDUCYHOK)
SABJIAIOTCS y3JaMU Ts-
HyIIelca 3a OCIUJLISA-
TOpaMu CTOAYell BOJI-
HBI; CBETJIbIE — IIYYHO-
cT!

CKJIQABIBAsCh IPYT C IPYyroM, M maioT HaMm adgdeKT crosueit
BOJIHBI, ABUKYIIelicA B HATIPABJIEHUU U CO CKOPOCTHIO OCITHJI-
Jdaropa.

ITO 03HAYAET, UTO 34 CAMOJIETOM, JIETAIIIUM CO CBEPX3BY-
KOBOI CKOPOCTBIO, TSHETCS, C 9TOM K€ CKOPOCThIO, HEBUAUMAS
uHTephepeHIInonHaA KapTuHa. KEciu ObI MUJIOT MOT Ha0JIo-
IaTb 9Ty KapTHUHY, TO OH KOHCTATHPOBAJ Obl €€ HEIIOIBUIK-
HOCTH OTHOCHUTEJBHO CBOEH CHCTEMBI OTCUETA.

Crossume BOJIHBI HAOJIIOZAIOTCA M B CTPye OTPabOTAHHOTO
rasa peakTUBHOUN TypOuHBI. CKOPOCTH MCTEUEHUA ra3a OOBIU-
HO IIPEBLIIIAET CKOPOCTh 3BYKA.

Mb&1 He 3aTparmBaeM IIOKa CBEPXCBETOBBIE IIPOIlECCHhI, Ka-
KOBEBIE B SRCHepI/IMeHTaJIBHOfI (l)I/IGI/IRe NMET MeCTO.
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I'naBa 3. CAMOJABUXKEHHUE B IIPUPOJE

§ 1. T'ymaHuTapHOEe OTCTyILIEeHHE

CamonBu:KeHUe ABJIAETCA ONHUM W3 YAWBUTEIbLHENIINX
CBOMCTB BEIIIECTBEHHBIX TeJ. B MPOSABJIIEHHOM [AJs HAc MUpe
BCe TeJla, a MOTOMY M UX HaIlOJTHEHUE Ha 5JIeMeHTapHOM YPOB-
He (aTOMBI, BJIEKTPOHLI, IIPOTOHLI, HEATPOHLI 1 T.[I.), HAXOAATCS
B IIOCTOSAHHOM CaMOJBI:KeHUMN. MBI y:Ke TOBOPUJIU O GecKo-
HEYHO¥ IeNOYKe IIPUYUH U CJIENCTBUI, UTO BHIHYIKIAeT HaC
OpU3HATh NPUHINNINAJILHYIO HEII0O3HABAEMOCTH JIO0OTO U3
YPOBHEN oprammsanuy Martepuu. Hain (pusamdecKuii MuUp He
UCKJLIOYeHUe, HO NPasuso B OECKOHEUHON IIETIOYKE ITPOUCXO-
IAIIEro, a IMOTOMY Jiio0ad cosfaBaeMas HAMM TeOPUSA BCeTAa
OyzeT onmupaThcA Ha CJAEACTBUS, KOTOPhIE 3aUaCTYIO KaKyTCHA
HaMm mpuumHaMu. OTcioza 1 TpeboBaHUSA K JIIOOBIM CO3IaBae-
MBIM TE€OPHUIM, IIPETEHAYIOITUM Ha QPYHIAMEHTAJIBHOCTh: Te-
opus JoJI:KHA 0a3MpPOBATHCS HA CJIECTBUAX, 4 TOUHEE — OIIM-
paThbcsa Ha CcBOMcTBa 5TuX cjeiacTBuii. MoXHO yKasaTh Ha
IpeaIojiaraeMble IIPOIeCChl, KOTOPEIE CIIOCOOHBI POKIATE CJIE-
CTBUSA C MHTEPECYIUMU HAC CBOMCTBAMU’, HO HEJNb3s OBITH
YBEPEHHBIM, UTO BCE IIPOMCXOIUT UMEHHO TaK. AHAJIOTUYHBIM
00pa3oM MBI HDOCTYIWJIUW, KOTJAA B KAayeCTBE II€PBONPUYUHBI
BuOpaInu BeIOpaIy ABUKEeHMe 3(dupa B cTOK. OCHOBHBIM CJIe[-
CTBHEM 9TOTO ABMKEHUS ABUJIACH TYJIbCAIUA, THQPOPMAIUI O
KOTOPOI IepegaéTcs MocpeacTBOM BOJIH B adupe. Y X0oTA IBU-
JKeHmre s(upa B CTOK MOKHO OOHAPYKUTL, HO B HACTOAIIEe
BpeEMs CIeJIaTh 9TOTO MBI HE MOXKeM, a 3HAUUT, ABJIEHUE BTO
IJIST HAC CJIY:KUT BEPOATHBIM IIpoIlleccoM, rumoresdoii. Ho Tor-
Ia OCTAIOTCs BOJIHBI 3(hupa, IepPBOIMPUUNHA KOTOPBIX — ITYJIb-
canusa TUIIOTEeTUYECKUX OCIHUJLIATOPOB. MOXKHO MHOI'O I'OBO-
PHUTHh O TAKUX XapaKTEPHUCTHUKAaX OCIUJISATOPOB, KaK Maccad,
UHepyus 1 Tp., HO B peayJibTaTe Mbl BBIHYKJIE€HBI OyJeM IIO-
CTYJIUPOBATH 9TH CBOMCTBA II0 IPUYNHE HEBO3ZMOXKHOCTH IIO-
HUMaHUa ux ¢usudeckoi cytu. Ho ects mHoM nmyTh. Heobxo-
IMMO abCTParupoBaTh OCIIMJIATOPBI, OTKA3aThCA OT HANEJIEHNA
UX KaKUMHU ObI TO HU OBIJIO CBOMCTBAMM, OCTABUB OUEBUIHOE
cJIe[ICTBME — W3JIydyaeMble BOJIHBI, U HA 3TOU 6ase IIOCTPOUTH
TEOPETUYECKYIO MOJEeJb.

WN3yuasa nmosegeHme TakoW MoAea M IIPU M3MEHEHUU Ilapa-
MeTPOB, OBbLIM O0HAPYKEHBI PeaKIu, S9KBUBAJIEHTHEIE IO CO-
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AEePKaHUIO KJIaCCUYECKUM OIIpedeJIeHUAM UHepuUuU, Maccovl, KO-
Juvecmaa 08uUNceHUs, CULbL.

IIpeparaemsliii cmoco® BBIXOJA W3 TYHOUKA CBOAUTCA K
BPEMEHHOMY OTKAa3y OT CBePXIJIyOMHHOIO IIOHUMAaHUS IIPONC-
XOOSAIIEro, HO TOJBKO JJIsI TOrO UTOOBI B IIPUHIIUIIE HOHATH
MeXaHN3M BOSHMKHOBEHNA OCHOBHBIX XapPaKTEPHCTUK BeEIIle-
CTBEHHBIX TeJI I BBIABUTH NX B3aMMOCBA3H C 1'Ip06JIeMOI71 ABM-
KeHusa. HamoMHUM, UTO cOBpeMeHHasA TeopeTudyecKasa huau-
Ka He UMeeT OTBeTa Ha BOIIPOCHI: IIOUEMY OJHO U TO K€ TeJIO
MOXKET IBUTATHCA C PA3HOM CKOPOCThIO? ITI0UeMYy PABHOMEPHO-
MYy OBUKEHHIO BCErJAa COIIYTCTBYET COCTOSHIE IMOKOs? KaKue
BHYTPEHHNE MPOIECChl CTUMYJINUPYIOT ABUKeHMe?

IIo cyTu, MBI yoKe IPUCTYIUIN K OTBETY HA 3TH BOIIPOCHI
¥ BBISICHUJIN, YTO MHTEPECYIoIlie HaC XapaKTePUCTUKY TeCHO
CBsA3aHBI ¢ mHTep(depernuei Bonu. Hanpumep, ageu:xenue. Mbl
MIPUHSJIA 3a OCHOBY Cpeny — 9(uUp, OTHOCUTEJIbHO KOTOPOTO
MIPOMCXOAAT BCE TUILI ABUIKEeHMUsI. MbI OOHAPYKUIU, UTO U3-
MEHUBIIAas CKOPOCTH CUCTEMA JBYX OCIIUJIIIATOPOB MOYKET TBU-
raTbCcA B Cpejie, He BCTpeUasd C €€ CTOPOHBI IPOTUBOAENCTBUA
TOJIBKO B CJIyUae, eCJId 3TOMY CIIOCOOCTBYET CABUT (has MexKIY
ocuuasasTopamu. CyIllecTByeT 3aBHUCHMOCTL MEXKIY CKOpPOC-
ThIO ABMIKEHUA M caBUroM ¢as, a Joboe HapyIlleHUEe 3TOH
3aBUCUMOCTY TIPUBOJIUT K PEaKIUsIM, B UEM MBI eIlé He pas
ybenumca. IlpexnaraemMas K pacCMOTPEHUIO MOZENb HPAMO
YKasbIBaeT Ha TO, YTO, TOBOPS O BEII[eCTBEHHBIX TeJIaX, MbI MMe-
eM [IeJio C ITaKeTaMHU CTOSYMX BOJIH, B y3JIaX KOTOPBIX HAXO-
IATCA OCHMJLIATOPBI. Takas MoAesb MPAMO YKasbIBaeT, UTO
cymo 08UICEHUS 68 NepeMeULeHUL IMUX 60JIHOBbLX NAKEMOos 8
agupe. 3gech 6e3 KaKUX-INO0 HATAMKEK MBI MOYKEM I'OBOPUTH
0 moke seujecmaa, nOO ¢ aHAJIOTUUYHBIM MBI yiKe UMEJU JeJI0
IIPpU OHMCAHUU cKopocmu moka 8 nposodax. Hy a pas ecmo
mox eeuiecmaa, mo 00K HbL OblMb U cneyupuiecKue nojs.

Mpb1 ymoMuHaAu ApPHUCTOTENsI, KOTOPBIM FOBOPUJI O BHYT-
PEeHHEM CBOfICTBe ABUKYIITUXCA TeJ BOCCTaHaBJIMBaATh CHUJIY,
HeoOXOANMYIO IJIS MOAAep:KaHuA ABM:KeHusA. Temeps oaTa yau-
BHUTeEJIbHAA MHTYUTHUBHAA JOoraJKa BEJIMKOI'O MBICJINTEJIA CTa-
HOBUTCS Teopuei, KoTopas MOAJaETCsS He TOJbKO MaTeMaTH-
YECKOMY OIIMCaHWIO, HO 1 MOJIE/JIMPOBAaHMIO Ha YPOBHE PEeaJIbHBIX
YCTPOMCTB I/ NepenBUKeHHudA. PaccMaTpuBas mpocTeiinue
MOJeNln B JUHAMUKE, Mbl OOHADPYKMBaeM B HUX HPUUNHHO—
CJIeICTBEHHYIO CBA3b, KOTOPAaA U IBJIAETCA BHYTPEHHEHN CUJIOM,
HOAEePKUBAIOIIEel ABUKeHre. B 9ToM cMbICJIe IBUKYIIIUNCS
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IMaKeT CTOAYMX BOJIH CAMOIOAIEP:KUBAET COOCTBEHHOE [IBU-
JKeHMe, KOTOpoe B JaJIibHeiIneM MbI OyJeM HasbIBATb CAMO-
dsujcenuem.

HarnsgubeIlM OpuUMepoOM CAMOIBUIKEHUS SBJISETCS BCS-
KUl 3JKUBO¥ OPraHU3M, B TOM YHCJIe U uejioBeK. JKuBbie opra-
HU3MBI HAIILJIX CIIOCO0 OCYIIECTBICHUS IIepeMeIeHUsa B IIPOo-
CTPaHCTBE W IIONULIM IO HNYyTH HauMMeHbIIero geiicrBusa. Ho
IJISI 3TOTO HYKHO XOPOIIIO 3HATEH 3aKOHEI, JIeXKAII[1ie B OCHOBE
OBM)KEHUsA. 3HAUNUT HEUTO, HAIOJHSAIOIee HaIll OpTraHu3M,
3HAeT 5TH 3aK0HbI, IT0Jab3yeTcsa numMmu?! MoyXHO BO3pasuThb, CKa-
3aB, YTO BCE MOJYYMJIOCHL caMO cO00I, UTO BUHA BCeMY — CJie-
nas sBoamonusdal Ho ckaszaB Tak, MBI OTceKaeM cebe IyTh K
MOHNMAHNIO, K OCBOEHIIO HOBOT'O, 4 3HAUNT, IIPEIISITCTBYEeM, B
TOM 4YMCJIe, COOCTBEHHOM 5BOJIIOIMH.

HarnagaplM IpruMepoM HMHTYHUTHUBHOIO 3HAHMUS O MeXa-
HU3MaX II€PEMEIeHUsI MOXKET CJIYKUTh IIOBeJeHHne JII000ro
W3 HAC B CUTyaIlH, KOTJa MBI, CTOS CIIMHOM K OOPBIBY BAPYT
moTepaAnn paBHOBecue. EcTecTBeHHAA peaKIsd Ha 5TO — Bpa-
mieHue pykaMmu. Ho B KaKyi0 CTOPOHY M KaK OeJaTh 9THU ABU-
JKeHUsd, 4ToObl n30exars nageHusi? He neiTaliTech OTBETUTDH
Ha 5TOT BOIPOC CXOOy, a mompoOyiiTe. Bul HempemMeHHO OOHA-
PYJKHUTEe, UTO BpAaIlleHNe JOJMKHO OBITh YCKOPAIOIIMMCSI U B
HaIpaBJeHUN, KaK IIoKasaHo Ha puc. 88.

MaxoB MK ¢ -

Buy, -

Puc. 88. CneBa mpubop — prluakHbIe Becbl. CIIpaBa 4e0BEeK, MOTePABIINH
paBHOBecue. Eciiu 651 BMeCTO PYK YeJIOBEK UCIIOIb30BaJ MACCUBHBIE AVICKH,
TO UX CHJIBHO YCKODPSAIOIEeCs BpallleHWe IIOMOIJIO ObI €My BOCCTAHOBUTH
paBHOBecue

Yro KacaeTcsa mpubopa, TO OH CHEI[NAJIbHO ObIJI IIOCTPOEH
IJIS N3YUeHNs PeaKInil Ha PesKMMBI Bpalenus. IIpubop mpex-
cTaBJsSgeT cCOOOM BeChl, HA OJTHOM M3 PBIYAaroB KOTOPBIX sKECTKO
3aKPeILIEH 3JeKTPOABUTaTe b C MaXoBUKamMu. Eciii MaxoBu-
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KU PacKpPydYuBaIOTCA, KAK IMOKAa3aHO CTPEJIKOH, TO BOBHUKAET
BIIeUaTJeHNe MOTepu Beca. EcCiIM MaXOBUKHU TOPMO3ATCS, TO
peakIiusi BecoB obpaTHas — OyaATO ObI BeC MAXOBUKA YBEJIUUH-
BaeTcdA. Brla mocTpoeHa BOJTHOBAs MOJENb IIPOUCXOASIIETO,
Ha KOTOpOIi yJIajJoCh YCTAHOBUTH CBs3b HAOJIIOZAeMOI peak-
IUU ¢ nHTepPepPeHIINOHHBIMHY IIPOIlecCaMU BHYTPH TeJia pac-
Kpy4YMBaIoIerocsa MaxXxOBHUKA.

Puc. 89. Cmaiigep-ad-
($EeKT OT MCTOUYHHUKOB,
COPUEHTHUPOBAaHHBIX
BEePTUKAJBHO B II0JIE
TATOTeHUsA. YeM BhIIlIe
PasHUIlA YaCTOT, TeM
Kpyde pedopmanmusa
noJsi nHTepdepeHuu

Puc. 90. Cunaiigep-apdexts: B IIpupozne
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Harmmynas nBepb K OHOMY U3 TAHHUKOB IIPUPOALI U CJIET-
Ka IPUOTKPLIB €€, MbI YBUAEIU IIyTh. TO HOBOE, UTO HETIOCPEI-
CTBEHHO OpPOCHJIOCH HaM B IJiasa, OLIeJOMMJIO HacC, IOTPSCIO
CBO€IO CXO0KEeCThIO ¢ Impuponoii. Hanpmmep, cuaiigep-sdexr.
Kak moxo:x oH Ha pacmyckaroiuecs OyTOHEI I[BETKOB, Ha He-
KOTOPBIX HACEKOMBIX, HaIPUMep Ha IIayKa.

He o3HauaeT Ju 3TO, UTO 3aKOHBI, Jie;Kall[ie B OCHOBE B3a-
UMOJEHCTBUN B MUKPOMHUPE, IIPOSABJISIOT ce0s M Ha HaIIeM
ypoBue? He osHauaer Ju 3TO, UTO €CJIM BHUMATEJLHO BIJISA-
IeThCs B HAIl MUP, TO B HEM MOKHO YBHUIETH CIPATAHHOE OT
HacC ¥ B MUKPO-, 1 MakpoMupax. MokeT ObITh, He BUIUM MBI
9TOTO OTTOTO, YTO CIIEIIINM, UTO HETePIEJUBhI ¥ BCETIa XOTUM
MHOTO 1 cpasdy? A MoKeT, MBI TaKHe OTTOTO, UTO HA KOHKpPeT-
HYIO *KU3Hb OTBEJeHO CIUIIKOM MaJio BpeMeHu — Bcero 60-80
ob6opoTos 3emuu Bokpyr Cosruiia?

S He coMHeBalOCh B TOM, UTO BCE MMEHHO TaK, W JOJKHO
IPOMCXOOUTH TAK, UTO OCHOBHASA 3a7ada, pelrnaeMas uepes Ipo-
mmecc, Ha3bIBaeMbIH — »K13Hb, BeINOJIHAeTCI. Hy a uTo Kacaer-
csd HAYKM, B KOTOPOii HAOJIIOAAI0TCA BCILJIECKU U yracaHus, TO
U OHA, KaK YacTh *KM3HEHHOT'O IIPOIleCcCa, IMOJHOCThIO peInaeT
HeobOxomuMble 3amaun. 1 He Oefga, UYTO Ha ABOpe KPUSUC: €CTh
IOeHb U HOUb, €CTh TeIlio m xoJon. Y1 Bo BcesenmHo#i 3BE3IbI
WHOTJA B3PLIBAIOTCA, 3HAUUT U TaM IIPOOJEeMbI, 1 HUUETO.

3araaabiBasd B MCTOPUYECKMEe TJIYOMHBI, OTBICKMBAS TaM
OTBETHI HA BOIIPOCHI «KTO MBI? UTO 3HAYUUT STOT MUP?», MBI
oOpalaeMcsl K CTApUHHBIM KHUTAM, K JeTreHaaM, K Mmudam, K
PeJUTUO3HBIM BEPOBAHUAM B HaleKAe XOTh KaK-TO IIPOscC-
HUTH cuTyanuioo. Kak sHaTh, 6bITH MOMKET, UMEHHO B HaCJIeInN
MPEeIKOB MBI CMOXKEM HaWTHU AJiA ceOA MOATBEPIKIeHUA B IIpa-
BUJIBHOCTH BLIOPAHHOTrO IyTU? BBITH MOXKET, MBI He IepBhIe B
POy UesoBEeUECKOM, OBITH MOJKET, HAIIIX IPEeIKH BCE 9TO 3HA-
JIY, HO B pe3yJIbTaTe TI00AaIbHBIX KATaKJIN3MOB MU MHBIX IIPU-
YWH HEe CyMeJHU yIep:KaTh 3HaHWe B CBOUX PyKax?

B pesyibTaTe 6erjioro, IOBEPXHOCTHOTO MHCCJIeTOBAHUS
yepes IPOCMOTP JUTEPATYPLI UCTOPHUKO-330TEPHUUECKOTO IIJIa-
Ha OBLIO O0HAPYKEHO, UTO:

— y aMepUKaHCKUX WHIEHUIEB ecThb Jereuna o Yemoseke-Ilay-
Ke, Ubs MayTHHA CBA3LIBAET HeOeCHbIe MUPEI ¢ 3eMJIEH;

— CeKpeTHBIE IIKOJBl VHINMN IpeicTaB/IsSIOT HEeKOTOPHLIX Bo-
roB, KOTOPBIE TPYAUJINCH HAJ CO3LaHneM BceleHHON, KaK TKY-
IUX CeTh-IIAYTUHY, KOTOPAas CBA3LIBAET MUP CBETA I MUP THMBI.



L'nasea 3. CAMOJ/IBUJKEHHE B IIPUHPOJE 131

Crpoureseii KOCMHUUYECKOM CHCTEMBI, CBA3ABIIUX 3aPOIBIII
Bcenennoit ¢ Hesugumoii Cuioir, ouu HaseiBaroT Boramu-Ila-
yKaMu, a ux npasurteasd — Bemukum Ilaykom.

ITocie TakoTo SKCKYypca HECJIOMKHO JOraJaThCs, HA KOTO B
uHAyu3Me noxoxxu 6oru Bpaxwma, Illusa u Buinny, u oTKyzga
noaBuiack ceacmuka. Ho ecau msBagHus bBoros BecbMma u
BecbMa HAIIOMHUHAIOT cliaiaep-apderT, To He ABJISIETC JIU Ta-
KOe CXOICTBO YKasaHMeM Ha TO, UTO HAIIN JaJéKue IpegKu
3Haau 00 ycrpoiicTBe Mmuposganua? Ho xax mepemaTs 9To 3HA-
HUe TeM, KTO OKumaetT ero B oyaymem? Kak cool0IiuTs HEpPo-
OUBIIIHMCS eIlé TOKOJIeHUAM, UYTO KOPHU UX He B 3eMHBIX 00e-
3bSgHAX, a B HEKOTJa MOTYIIeCTBEHHOU pace, BoJeo cyned
3a0polIIeHHOM Ha 3eMJII0 1 UyTh ObLIO He yracuieii? Yepes pe-
JIUTHUIO, KOHEUHO, MO0 OHA — TOT eUHCTBEHHBIN IIOUTAJILOH, KO-

TOPOMY MOMHO OJOBEPUTH CaMO€ I'IaBHO€ IIMCBbMO.

\'{(3{43*“’*’5535’#
S

Puc. 91. dAsnenue BPAXMEI (cnmai = _
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Mb1 cTonkHYAUCH ¢ A8nenuem BPAXMBI (Bpaxma-agp-
¢exm) u He Toe-HUOYAb, a B HayKe, IPU U3YUEHUU OCHOBBI
OCHOB BEII[ECTBEHHOI'O MHpPa — BOJIHOBBIX B3aUMOIEHCTBUI.
Ecau aTo He coBnaseHMe, TO UEJIOBEUECTBO UMEET JIEJIO C CEH-
camuei, a TaKKe ¢ BOBMOKHOCTBHIO IPUOJIMBUTHCA K ITOHUMA-
HUIO COOCTBEHHOM HMpUHAIICKHOCTHU.

Ho obOpaTtuMm BHMMaHNEe eIé Ha OOHO cOoBmajgeHue. Kak-
IBIN 3HaeT, YTO OYTOHBI Y ITBETOB 3aKPLITHI HOUBIO 1 B IIJIOXYIO
TIOT0y, HO CTOUT MOABUTHCSA COJHITY ¥ OHU PacKphIBAIOTCA.
Cxo:KecTh CcTpoeHus OYyTOHOB coO crmaimep-sa)(PeKTOM II03BO-
JISIeT JOUYCTUTh, UYTO MEXAHU3M PACKPBITUS OYTOHOB UAECHTHU-
YyeH pasBOpauYMBaHUIO craigep-spdeKTa B pe3yabTaTe YMeHb-
IIeHUA YaCTOTHOM PasHUIILI MEXKAY OCIUJIATOpaMu. B cBa3u
C 9TUM MPEAMNOoJIaraeTcs, UTO JIEIIECTKM I[BETKA IIOBTOPAIOT
moJIo:KeHre MHTepGhEePeHIINOHHBIX JUHNMN, CO3JaBAE€MbIX CHC-
TEMOUM OCIUJIJISTOPOB, HAXOAAINMXCA B OCHOBAaHUU OyTOHA.
CostHeUHBIE JIyUYX HPOTPEBAIOT IIBETOK M YMEHBIIIAIOT Pa3HU-
Iy YacToT, UTO IPUBOAUT K Pa3BOPAUYMBAHUIO (PACKPBITHIO)
JUHUHA MHTepdepeHInr, a JIEIeCTKH IIOIIPOCTY CJeNYIOT 3a
KapTUHKONM MHTePPEepPeHIIur, UYTO U HPUBOAUT K PACKPBITUIO
oytorna. CTouT morojfe UCHOPTUTHLCSI U IPOIlECC MOUIET B 00-
paTHOM MOPAIKE.

'|':'|,

| -.«x:r;f,%ﬁ;.”ﬁm\

Puc. 92. MnniocTpamusa K IPUMEPY € PACIYCKAIOIIMMCS OyTOHOM
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§ 2. JIBu:keHnue, cujia, 3HEPrusa

U xoms ecé npoucxodum om 08uiceHus, uCmuH-
Has npuiuHna ymonaem 6 6eCKOHEeUHOCMU...

Mpb1 Haie WU BJaeMeHTapHbIe OCIIUJLIATOPHI OJHUM €T H-
CTBEHHBIM CBOMCTBOM — Heyzacawuweil subpayueii. Mbl 10-
MYCTUJIN HAJIMUYMe MUPOBOM cpedvl, B KOTOPOI IIPOUCXOIAT BCE
M3BECTHLIE HAM IIPOIIECCHI W, CIIENYS TPAAUIINM, HAa3BaIUu €€ —
agup. MbI 00HAPYKUIU, UTO C IPUBLIUHLIMU UHepUUell, Mac-
coil, cuaoil, IHepzueil Mbl IMeeM JeJIo cpasy Ke, Korja y ABYyX
BCTYIMUBIINX BO BBAMMHYIO CBA3b OCI[UJIJIATOPOB ITPOUCXOAUT
U3MeHeHre ONHON M3 XapaKTepPUCTUK 08UMCEHUS.

§ 3. PaBHOMepHOe ABUKEeHHE

Ecsu BHATH yTBEePIKAEHUIO, UTO 68 [Ipupode ecmv moavko
OdsujiceHue, a BCE OCTAJIILHOE ABJISETCA CIEICTBUSAMU dTOTO 3a-
raJjouYHOT'0 U BMeCTe C TeM OYeBUJHOTO IIpoliecca, TO MbI, II0-
HAB CBA3b MEXKAY CKOPOCTBHIO NBUMKEHUA U (PasoBBIM COCTOSA-
HUeM, MMeeM Teleph BO3MOXKHOCTH MHaue IOKAa3bIBaATh U
UHTePIPETUPOBATEL TaKUe MOHATHUA, KaK UMNYAbC, CULA, IHED-
2us, a TaKk)Ke U UHBIE CJIEJICTBUSA OT ABUKEHUA.

IlepeuncieHHbIe KATETOPUU MOHATUNHO CBSA3AHBI MEXKIY
co0oii, 100 BCe IPOUCXOAAT OT 0BUMCCHUS, a TIOTOMY MBI HaMe-
PEHEBI 3a0CTPUTH HA HUX BHUMAHUE IJISI TOT0, YTOOLI MOHATD, C
yeM JKe MBI Ha IPOTA:KeHUe BCell KU3HU MMeeM JeJio, OIpe-
IeJINTH OTHOIIEeHNE K MIPOUCXOIAIIEMY U PEIIUTDH BOIIPOC, KaK
HUCIIOJIb30BaTh AOOBITOE 3HAHNME Ha IIPaKTUKE.

JoCTUTHYTO MOHUMAaHMeE, UTO Y 006eKmMo8 08UNCeHUS eCTh
mepapxusi, B KOTOPOil CKOPOCTH IIEpEMEIeHNUs B IPOCTPAaH-
CTBe OIIpejiesisgeTcda mapaMerpaMu BuOpamnuii. B aTom cMmbIce
BUOpanuy IEPBUYHBI — MMEHHO OHH, IIOCPEICTBOM H3MEHe-
HUI B I0Jie COOCTBEHHBIX B3aMMOJEHCTBUI, CO34AI0T YCIOBUSI
IJA caMOIBI)KeHUuA. B TaKoM ciyuae IBUKeHUE SABJSIETCS
PASOBOM XapaKTepUCTHUKOM COCTOAHUSA BUOPAIIMOHHBIX IIPO-
IIeCCOB MCCJEeAYyeMOTO TeJja: IO CYyTH — dTO JUIIL TpaHchop-
MaIus BUOpaInuii B pas3jndHble THUIILI JBUKEHMH.

Ho YCJIOBHO MOMHO CUMUTAaTh, YTO HET II€EPBMUYHOI'O N BTO-
PHUYHOIO, a €CTh JKECTKAsI CBA3DL MeX oy (I)aSOB]:IM COCTOAHM-
€M N CKOPOCTBIO. JTOo O3Ha4YaeT, 4TO HAaCHUJIbCTBEHHOE N3MEHe-
HMe CKOPOCTHM AaBTOMATHMYECKHN HN3MEHAEeT CIOBUI (1)3.3, a
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usMeHeHre (Pa3s0BOT'0 COOTHOIIEHUS HeM30erKHO IPUBOIUT K
WHON CKOPOCTU IBUKEHUI*:

V=c/m A, unu AY =11V /c= 13, wnu Ad/m1= L.

Ba:xHBIM B 3TOU (hopMyJie ABJIAETCA IIPsAMasi 3aBUCUMOCTh
CKOPOCTHU TOJIBKO OT caBura ¢as. B aTom cmbIiciie MBI nMeeM
JIeJI0 ¢ YHUBEPCAJBLHBIM ONKUCAHUEM [IBUKEHUSA, IIO3BOJISIO-
MMM HCIIOJL30BaTh OOWH M TOT K€ MaTeMaTWUYeCKMH allma-
paT OJis TeJ W CHUCTEM C PasIMYHOII BHYTPEHHEH YacTOTOH.

B pganbHeiiniem MBI OyZeM paccMaTpPUBATh CIIOCOOBI BJIM-
AHUSA Ha CKOPOCTh, Koux B IIpupoje TOJBKO ABa, 11 00a ABJIA-
IOTCSI HACUJILCTBEHHBIMHU. IIepBhIi — IMoApasyMeBaeT MeXaHu-
YyecKoe BO3JelicTBUe M3BHE, IPH 3TOM MbI CTAJIKHNBAEMCS C
COIIPOTHUBJIEHNEM B BHUe MHEPINN, BEISBAHHON Iepedasupos-
KO OCIMJLJISTOPOB. BTOpoi#l — ympaBjeHue caBurom pas ma-
HyTpu cucteMbl. O0a cmocoba N3MEHAIT CKOPOCTh JBUKEHU .

Ho m3sMeHeHHe CKOPOCTU BCerja CBSI3aHO ¢ YCKOPEHUEeM.
PaccMoTpuM 5TOT THUN IBUIKEHUA.

§ 4. PaBHOmEepeMeHHOE ABUKEHUE

Temneps, 3Hasg COOTHOILIEHNE MeXKAY (ha3oil U CKOPOCTHIO,
MBI 00paTUMCA K IIKOJbHOMY KYPCY AJISA TOT0, UYTOOBI MHAUe
B3IVIAHYTH Ha IIOHATHUE YCKOpeHUe. BarmmeM cJieBa CTaHOap-
THBIe (DOPMYJbI, a CIIpaBa — UX HOBBIE aHAJIOTHU:

a=(Vs—V1)/t; a= c/T(Ad>— Ap, )/, (3.1)

a=(V22—V21)/ZS; a= kz(A¢22—A¢21)/2S, (3.2)

rae:S — y4acTOK IIyTH, HA KOTOPOM OCYIIECTBJISAIOCH M3MeHe-
HHe caBura gas.

t — mepuoJ BpeMeHU, B TEUEHNU KOTOPOT'O OCYIIIECTBJIISIET-
ca caBur (aas.

*
PHTMch Ho asTo ke u ecTb IIpUYrHAa 1 CJIeACTBUEe, MEHAIOII[EeCad MeCTaMM.

Juaamukyc: Eciu HaM HEo6XOJWMO IOBJIUATH Ha CKOPOCTH, MBI MEHSEM
caeur (das. Ecau Mbl HaMepeHbI U3MEHUTDH CABUT (a3, TO BIMUAEM HaA CKO-
pocth. Ho BIMsHME HA CKOPOCTH CTOPOHHUM IeHCTBUEM, T.e. NeHCTBYS Ha
CJIe[ICTBUE, BHI3BIBAET CO CTOPOHBI CHCTEMBI PEAKI[NIO0 — NHEPIIUIO, KOTOPAas
00BsACHSAETCA HAMU KOHEUHOM CKOPOCTHIO PacIIpocTpaHeHusa nH(GOPMAaIul O
HavaJe fedictBud. Ecau MBI cTaHEM U3MEHATH CABUT (a3 USHYTPU CUCTEMEI,
T.e. IeMCTBOBATh HA IPUYMHY, TO CHCTEMAa OTPearupyeT n3MeHEeHNeM CKOpO-
cru. IlpeamosaraeTcsa OTCYTCTBHUE PeaKIMu (MHEPIMM) B IPUBBIYHOM MAJIS
Hac BUJIeE.




I'nasa 3. CAMOJBHJKEHHE B ITPUHPOJE 135

Ho B pgasnbHeiilieM MOT'yT OPUTOAUTHCSA W WHBIE COOTHO-
IIeHUs, KOTOPbhIE TIOJYUYNM, IIPUPABHAB MEKy CO00Ii ITpaBbIe
YacTu HOBBIX POPMYJI:

k(49— A9, )/t= K2(A9?, — Ap?, )/ 28,
S=tk(4,+ A0,)/2  [S=V.t+at?/2],
t=2S/k(Ap,+ Ab,)  [t=(2S/a)2].

MrHoBeHHAas CKOPOCTBb:

V=V tat,
Vien=kAd, + k(Ad,— A0, ),
Vien=kAD,.

Ho MBI MMeeM JieJio ¢ cuTyaiueii, B KOTopoit A nsmeHseTcs
0 IPaBUJIY:
Ad)n =A¢vn_1 +A.

ITO 03HAUAET, UTO MZHOBCHHASL CKOPOCMb NOCMOAHHO Me-
Hsaemcs, imobvl COOMEemcmaeosams UMeEULeMYCs HA KOHK-
pemublii. momenm cosuzy ¢pa3. ITOT BHIBOJ KpaiiHe Ba'KeH
IJIA HAIMUX HAJIbHEUIIINX paccysKIeHUH 110 TOM IPUUYUHE, UTO
IpU PACCMOTPEHUM YCKOPSAIOIIETOCA ABUMKEHUA MBI UMEEM
JIeJIO C TIOCTOSTHHO MEHSIOIIUMCS CABUTOM (has:

Vure=k A} .
Ecmu Ap, ~ Av, To a=dV/dt=k-d(A}_)/dt,
a=2¢(v, - V,), nin a=2cAv. (3.3)

¥ Hac mogBMJIACh BarKHAasd 3aBUCHMOCTE YCKOPEHUS TOJb-
KO OT Pas3HUIILI YacTOT*. JTa 3aBUCUMOCTD IIPSIMO YKa3LIBAET
Ha IPUUYNHY YCKOPEHHNs, a TaKyKe Ha He3aBHUCHUMOCTh YCKOpe-
HHS OT YaCTOTHOI'O COCTOSHMS BeIeCTBEHHBIX TeJI, T.€. OT UX
yaoenbHOTO Beca. Ho KakKoBa B TAKOM ciiydae IOJIKHA OBITh
pasHHUIA 4acToT, ecau a=9.8m/c??

Av=a /2¢ =1.6+1078Ty.

*
Purmyc: PaKTUUECKU IIOJIYyYEHO YCJIOBHE BOSHUKHOBEHWS IBUMKEHUS — OHO
eCThb BCerja, ecjau OyaeT MeHAThCA dyacToTa. Ho BbI roBopuTe 06 M3HAYAILHO
PaBHBIX JJIS BCeX OCIUJLIATOPOB YacToTax. Torma oTKya IOSBUIOCH IIEPBUY-
Hoe nBrkeHne? Hey:xenn He0OX0aAMM ObLI KTO-TO, KTO JAJ IIePBbII TOJIUYOK?

JuramMuKyc: Y CI0BHE PABHOYACTOTHBIX OCIIUJLISTOPOB OBLIIO HEOOXOAMIMO LIS
TEOPEeTUYECKUX UCCIEAOBAHMI, HO MAJOBEPOATHO, UTO B IIPHPOJIE UMEET MECTO
PaBHOYACTOTHOCTD U 0AHOGA3HOCTb. Buaumo, Kak HeT aGCOTIOTHO OAMHAKOBBIX
JIIofieli, TaKiKe HeT 1 aGCOJIIOTHO OJMHAKOBBIX OCIIMJLIATOPOB — B 9TOM CMBICI
«BEUHOCTH [BUKEHUs», CAMOBO3HUKHOBEHUS ABUIKEHUs. B aTOM CMBbICIE OC-
IUJIIAPYIOITYE CUCTeMbI O0peUYeHbl Ha JBUKEHUE.
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MzI npegmosiaraem, uto B IIpupone ecTh TOIBKO M2HOBEH-
Has CKOpoCcmb, KOTOPas BCErJa COOTBETCTBYET COCTOSHUIO (as
Ha KOHKPEeTHBIN MoMeHT. Ecau caBur (a3 MeHAeTCs, TO CUHX-
POHHO MeHseTcA U CKOpPOcTh. IloHATHE JKe ycKopeHue moaBU-
JIOCH B HAIIleM CO3HAHWU TOJBKO IJIs TOrO, UTOOLI OIMCATH
TaKoe M3MeHeHIe CKOPOCTH Ha SA3bIKEe MaTeMATHUKH.

§ 5. HUmnyasc Tena, Mmacca, MMIIYJIbC CHJIBI

Temepb MbI MHAUE MOYKEM OTHOCHUTBCS K IIOHATHUIO UM-
nyJasc meaa, Uiau, 4TO TO K€ caMoe, KOJLULeCcma0 08UNCCHUS.
IIo cranmapTHOMY OHpEeAEJEeHUI0 UMNYAbC Mead SA8JASemcs
Mepoil MexanHuieckozo 08UNdeHUS 1 ONIUChIBaeTCS (popMyJIOi:

p=moV. (3.4)

Ho yuuTsiBas, uto V=(c/mn) * Ap, dm=c/1, a m=n*dm, MBI yT-
BepiKIaeM, UTo:

p=(n-c/m-Ad
UIn p=mAd, (3.5)

rome m — IIOJIHasd Macca (pI/ITMO,Z[I/IHaMI/I‘IeCRaH),
n — 4YMCJIO KBAHTOB MacCCHI.

Huorma HaMm 6ymeT yao0HO IMOJIH30BATHCA MITPUXOBAHHOM
Maccoii m'=n/T, KOTOPYIO Mbl HaMEepPEeHLI HA3BATh HENOJHOIL.
Torga dopmyaa o UMITYJIbCA OYAeT BBITJISAAETD:

p=m'c+A}. (3.6)

M&z1 BUMM, 4TO B TAKOM MHTEPIIPETAIIUU UMNYAbCA Mena
caBur (a3 MOKeT IPUHUMATD JIo0ble 3HaUeHuA. Tak, HaIpu-
mep mipu Ap=0, p=0, a nipu Ap=180°, p=mc. Ho mbI paboTaem B
CHuCTeMe OTCUETa, IPUBSAZAHHON K 3(hupy, IIOITOMY BIIPABE BBE-
CTHU TOHATUE a0CONIMHbBLI umMnyivc (B JaJbHEHIIEM IIPOCTO
UMNYabc), KaK YHUBEPCAIbHYIO MepPy abCOIIOTHOTO ABUKEHU S
(B manmbHeiieM mpocTo dsuxcerus). Kpome sToro mMel omnepu-
pyeM TIOHATHEM pummoOUHAMULECKAs MACCA, IO KOTOPHIM
MOHUMAEM IIPOCTYIO CYMMY dnemenmapHbvix cucmem. Taxroe
OTHOIIIEHUE K MACCe TTO3BOJIAET UCKJIIOUNTD BCAKUE CHeKYJIs-
I U CCBLIKM Ha e€ AKO0OLI OecIIpMUMHHOE BO3pacTaHue U
MIPeINUCHLIBAET UCCIeN0BaTe 0 NCKATh NHbIe 00bSICHEeHUS IIPO-
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HNCXOoOAIIeMYy, HAIIpDMMEDP, B YCKOPUTEJIAX ITPU Pa3roHe YaCTUIL
A0 OKOJIOCBETOBBIX CKOpOCTeﬁ.

Yrob6nI m36eKaTh B JAJbHEHINIeM IMyTaHUIILI, paciudpy-
eM BCe HCIIOJIb3yeMble HaMU 0003HAUEHUS MAaCChI:

m, — Macca KJiaccuuecKasd MHEPI[MOHHAas,
dm — mMacchl KBAHT PUTMOAUHAMUYECKUII,
m — Macca IoJHas PUTMOAMHaAMUYecKas,

U

m — MacCcCa HeIloJIHasd PUTMOJMHaMMN4YeCKad.

Cy1iecTByeT COOTHOIIIEHNE MEKIY UMNYAbCOM Meaad U UM-
NYabCOM Cuavl. UMNyavbcom cusbl CUNTAETCS Mepa H3MeHe-
HUSA umnyivca mena. Kak mpaBmuio, 5To MPOUCXOIUT IIPU B3a-
MMOJENCTBUY TEJI APYT C IPYTI'OM, BO BPeMsA KOTOPOTO Y OJHOTO
W3 HUX MMIYJbC BO3pacTaer, y Apyroro — yoeisaer. ITo oTHo-
IIIeHWIO0 K OSHOMY U3 TeJ IPOUCXOASIIee OIMCLIBAETCS CIemy-
IOIUM oOpasoM:

F(tz—t1):m0V2 - mon nin FAt=m’c(A(|)2 - A(I)l), (37)

rae: FAt — uMnOyabC CUJIBI,
mo.V1 =m'c 'Ad)l — UMIIYJIbC TeJa 0 BO3OeHUCTBUA,
mo.Vs =m'c 'A¢2 — UMIIYJILC TeJia IIOCJe BO3IEeUCTBUA.

H XOTsI MBI TOBOPUM, UTO U3MEHEHUE UMNYAbCA Meld PABHO
UMNYJIbCY CUAbL 83aumodeiicmaus, HO IOHUMaeM, UTO B IIPO-
Imecce B3aMMOAEMCTBUA TOJIBKO U IMPOMU3OIILIO0, UTO U3MEHEHME
cooTHOIIeHUs (a3 ¥ PeaKIus HA 9TO B BUAE MHEPI[UHU.

Ho xakoBoil OyaeT peakIiis CHUCTEMbI, €CJIN H3MEHeHNe
casura (as Oyzer mpousBeneHo U3HyTpu? ECTh TOJIBKO OOUH
OTBET Ha STOT BOIIPOC: TEJO OTPearupyeTr 08UNECHUECM.

§ 6. Cuma, 3aMOPOKEeHHBII MMILYJIbC U APUTMUA

Cusia Ha rpevecKoM fA3bIKe — dynamis, T.e. IBUXKeHIUe,
IpepBaHHOE ABUKEHIEe, HO CKOpee BCero — HAKONJEeHHbLIL UM-
nyavc. Mbl Tak)Ke TPUBBIKJIN, YTO TOBOPSA O BOBHUKHOBEHUU
CHJIBI, KaK O AeHCTBUM Ha TeJO0, MBI 00d3aTe/IbHO CBA3LIBAEM
9TO AelicTBUe ¢ ApyruMu Teinamu. Ho cymiecTByior B Ilpupone
CUTYalliU, B KOTOPBIX IMPUUYUHA MEHCTBUA, CULA POXxdaemcs
cama cob6oil, 6e3 sudumbvlx Ha mo npuyur. TaKUX CUTyaI[Ui
IBe: 3aMOpOMCeHHbLIL c08uez (a3 u HecosnadeHue yacmom.
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Mpz1 yiKe cerogHA TEXHUYECKU MOYKeM OpraHmusoBaTh Ta-
KUe CHUCTEMBI AJIA IOJYyUYeHUSA ABUIKEHUS, a B CKOPOM Oymy-
ImeM BcsAd TeXHUKa U dHepreTuKa OymerT paboTaTh Ha 3TOM
3aMeyaTeIbHOM OPpUHIUIE. Y YeJOBeUEeCTBa IIOIPOCTY HET MHO-
ro IIyTH.

Hauném ¢ 3amopoxcerHozo cisuza pas. 3amoporeHHbLM
MbL Oydem cuumams makxoil cosuez a3, KOMopwvLil He 3a8ucum
om cKopocmu u muna 08uXdceHUS cucmemvl u 8cezda ocmaém-
s NOCMOAHHBbLM. ITO 03HAUAET, UTO C KAKOM OBl CKOPOCTBHIO
cucTeMa He IBUTAJach, B KaKOM Obl THIIE IBUMKEHUS He yua-
CTBOBaJIa, CABUT (has MeKAy HATOJHSIONIMMU €€ OCIUJIISITO-
paMu Bcerja paBeH KOHKPETHOII BeJIuduHe.

Panee MBI yCTAHOBUJIH, UTO CABUT ()a3 HE TOJBKO yUACTBY-
eT B QOPMUDOBAHUY TOHATHUA UMNYJLbC, HO U ABJIAETCH OCHOB-
HOM ero xapakrepucturoii: p = maAd.

Hy a xak 6vITh, eciu A@ >0 = const, a V=0 km/c? Bosuu-
KaeT BHYTPEHHUI KOH(INKT, B KOTOPOM, C OSHOM CTOPOHKI, TEJIO
CTPEMUTCA K IBUKEHUIO, a C IPYTOil CTOPOHELI OHO yIePsKHUBAa-
eTCs IIPEHsTCTBUEM.

31ech MBI UMEEM [IEJIO C ITeHCTBUEM 3AMOPOHCEHHO20 UM-
nyJasvca, Wi, 4TO TO K€ CaMOe, 3AMOPOHCEHHO20 KOJIUYECMEa
dsuicenus. OnuieM IIOBeAeHNE TAKOM CHUCTEMBI.

IlocToAHHOE CTpeMJIeHWE «3aMOPOYKEHHOU CHUCTEMBI» K
IPOMOJIKEeHNIO IBIKEHU OJIs Hac OyJZeT KasaThCs HeoObsc-
HUMBIM YyJOM, HO HECMOTPS HM HA UTO CTPEMJIEHME 3TO Oue-
BugHO. [elicTBue jKe TaKOU CHUCTEMBI Ha IPEINSATCTBUE OyneT
MOCTOSHHBIM O TeX IOp, IIOKa COOTHOIleHHe caBura gas y
OPEnsATCTBUA He CTAaHEeT PABHBIM CABUIY (a3 «3aMOPOIKEH-
HOII CHUCTEMBI».

Ecau B mepBoHAYAJIBHBIN MOMEHT JEMCTBUS 3aMOPOIKEH-
HOM CcHCTeMBbI MAaccoii m Ha npenaTcTBue M mx o0Ias CKO-
pocTh paBHsAgachk HyJaio (V= 0), a 00Ul cyMMapHBIN UM-
TyJbC OBLI PABHBLIM:

Zp, = mldp, + MAY,,
TO II0 IIPOIIECTBUU BPEeMeHU OO0Iasg CKOPOCTH M3MEHUTCS U
CTaHeT PaBHOM:

VM=Vt=dmA¢t.

ITO 03HAUAET, UTO UMIIYJIbC OOIIel CCTeMbl U3MEeHUJICS:

2p,=dm(n+N)Ap, (m=n-<dm; M=N *dm)
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B paccmoTperHOM mpuMepe Ha (h)OHEe BO3PACTAIOIIErO M-
IyJbca MBI IMEEM [IeJIO ¢ YOBIBAIOIIIUM BO BPEeMEHU AEHCTBU-
eM Ha MPensATCTBUEe, a 3HAUUT, UM ¢ yObIBAIOIlell BO BpeMeHU
cuiyoii. Ho MBI 3HaeM, 4TO NpuuYnHAa AeNCTBUA — 3AMOPOHCCH-
HbLll UMNYJLbC, TIOATOMY MOKET HOABUTHLCA HOBOE MOHATHE —
CUNQ UMNYAbCA, KOTOPOE OYIET CIYIKUTh XapaKTePUCTUKOMN
OpUPOAbLl UMEHHO TaKOTO AeHCTBUA.

Fr= (p,— p,)/4t, (3.8)
Fp=M(Ad,— Ad,, )/ At (3.9)
HO (4, — A, )/At = a, torna Fp = Ma, 3.10)

rae a — y0GbIBaroIlliee BO BpeMeH! YCKOpeHUe.

3HAUNUT, IPEIATCTBIE Maccoii M OyaeT YCKOPATHCS M0 TeX
mop, MoKa ero CKOPOCTh He cTaHeT paBHOUM Vi. Kaxk ToibKO
ATOT MOMEHT HACTYIIUT, JeHCTBUE CO CTOPOHBI 3AMOPONCEHHOIL
cucmembvl IPeKpPaTUTCA.

B ommcanHoM IpUMepe MBI HMEJN OeJ0 C HeOOLIUHBIM
deilicmauem, Ha3BaHHBIM CUJIA UMNYAbCA 3@ TO, UTO OHO OUE€Hb
HaAIIOMMHAaAET IIOHATHuEe Ccu.Jida. HO €CTh CHUTyallu¥M, B KOTOPBIX
CuLa UMNYavca, KaK U CUJa, OCTaETCA IIOCTOSIHHOI BO BpeMe-
Hu. OHAKO TPUPOMa CULbL U CUJbL UMNYAbCA PAa3IUYHA.

PaccmoTpum cayuaii, B KOTOPOM IBe UIAEHTUUYHLIE 3AMO-
POJNHCeHHbLE cuCMeMbl PACTATUBAA WM JKe CoKUMAas IPYKUHY-
IMHAMOMETP CTAHOBSATCSA AHAJIOTOM BHYTPEHHUX AehopMaIiuii.

Ilpy:xuaa B cBo0ogHOM

COCTOAHHTHA
o= [ffARA
Puc. 93. Curyauus c -

OPYXUHOM-TUHaAMO-
MeTpOM, Ha KOHIIaX KO-
TOPOM 3aKpeILIeHbI IBe
3aMOpOJNCeHHbLe cucme-
Mol

Puc. 94. Maraursl
IIPU OTCYTCTBUU CHJIBI
TSXKECTH BeAyT cebsa
KaK 3aMOpPONCEHHbLE
cucmemul
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HeuTo momo6Hoe HabJIOLaeTCsa, HAIIPHMEP, B CHCTEME U3
PACTAIKMBAIOIINXCS WK IPUTATABAIOIINXCSI MATHUTOB.

Ho danTasupys, Mbl MOMKEM IIOCTYIIUThL MYyJApee — 3arll-
pPAYD 3aAMOPONCEHHble cucmemMb. B KPYroBoe ABUKEHMWE U 3a
CUET MX HEUCCAKAEMOIO CTPEMJIEHUA K ABUMKEHUIO, CHUMATD
9HepreTUUYeCKUe IPOIEHTHI.

M&bI paccMOTpeiu ajieKo He BCe CUTYAIIUU C 3AMOPONCCH-
HbLM UMRYALCOM, HO I ce0sS BBISICHUIU, UTO UMNYJLbC CULbL
no ceoeil gusuyeckoil cymu ecmsv yodepicueaemoe 06uicerue.

He MeHee mHTepeceH BOIPOC: KaK IIOBEAET cedsa crucTeMa
C 3aMOPOKEHHBIM CABUI'OM (1)3.3, €CJIN Mbl MI'HOBEHHO yJaJILM
npernsaTcTeue?

M5l He 3HaeM TOYHOTO OTBETA Ha STOT BOIIPOC, HO IIpej-
moJjaraeM, UTO TaKas CHUCTeMa HeBePOSATHO OBICTPO oOpereT
CKOPOCTh, COOTBETCTBYIOIIYIO 3aMOPOKEeHHOMY CABUTY (a3, HO
caMoe MHTepecHoe, UTO BCE 5TO OyAeT IPOUCXOIUThL Uepes ocC-
BOOOJKJeHMEe OT BBI3BAHHLIX YAEPXKAHNUEM BHYTPEHHUX Je-
dopmanuii. Eciu BHyTpU cuCTeMbI OYIYT HaXOIUTHLCSI OOU-
TaTeld, Ha KOTOPBLIX 3aMOPOMKEHHBIH WHMIIYJIbBC TaKiKe
pacipocTpaHsieTcs, TO B cJyuae yCTPaHeHUA yVIeP:KUBaIOIIe-
ro ¢akTopa OHM BOCIPUMYT M3MEHEHINEe CKOPOCTU Uepes CO-
CTOSIHIE HEeBECOMOCTH.

Puc. 95. 3amopoxennasn cucmema c odburarensamu BHyTpu. Ciesa — yzep-
JKUBaeMas, clIpaBa — HeyJep;KuBaeMas

JJia Hac, IPUBBLIKIIINX K MHOM peaKkIliny Ha CBEPXOBICTPOe
n3MeHeHre CKOPOCTH, CUTyaIlnA abcypiHa, IOTOMY KaK upeBa-
Ta rubesibio Bcero ;KuBoro. Ho Tak jgu abCypaHO IIPOUCXOLA-
mee? ecju MbI MOKeM HAHWTH eMy OIIpaBJaTe/JbHbLIe IPUMePhI
B JKU3HU.
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IIpuMepEs! eCTh — JOCTATOYHO 3aTJISHYTh B MUKPOMMUD, II0-
OeceIOBATH C IPEICTABUTEIIMYI KBAHTOBO MEXAaHUKM O IIOBE-
JeHN! Pas30bUThIX Ha OCKOJIKI 9JIeMEHTAPHBIX YACTHUIL, a TAKIKE
y Y®O10r0B 03HAKOMUTHCA ¢ MH(MpOopMaIlueii o mosegeaun HJIO
B MOJIETE.

EcTb u curyanuu, B KOTOPLIX MBI HEOCO3HAHHO, HO COO-
CTBEHHODPYYHO 3aMOpa’KMBaeM CIBUT (a3 — 3T0 paBHOMEDPHOE
IBUKEHUE IO OKPYKHOCTU. UMEHHO ueHmpoobexicnas cuia a6-
AAeMCSA AHAL020M 3AMOPOHCEHHOU cucmembl.

HdeiicTBue 1meHTPOOEKHON CUJIBI MBI UCIILITBIBAEM, KOTAA
eleM B aBTOMOOMJE II0 KPYTOMY IIOBOPOTY AOPOTHU: C ISTOH
CHUJIOM MBI TaBUM Ha CTEHKY, IPOTUBOIIOJIOKHYIO IIEHTPY 3aK-
pyrieHus moporu. IleHTpobeskHasa cUia MCIOJIb3yeTCsA B IeH-
Tpudyrax, e€ meilicTBMe MCILITHLIBAIOT HA cebe CIOPTCMEHHI,
Meraroiue MoJoT. IlompoOyiiTe OLICTPO BpaIlaTh PyKaMu, U
BBl OIIYTHUTE TSAMKECTb OT MPUJIUBIINEN K KHCTAM KPOBHU. JTa
JKe cuja JejlaeT 3eMHOII Iap CJjerka CILIIOCHYTBIM.

Puc. 96. Ilpumep meiicTBUs IEeHTPOOEIKHOI CHUJIBI B KOCMOCE

HuTepecHBIM ABISAETCS, HA IIePBLIN B3TJIAL aOCcypaHoe, yT-
BepiKAeHMe, UYTO UMEHHO IIeHTPOOeKHAaA CUJIa ABJISIETCS IIPU-
YNHOU peaKTUBHOU Taru. Ho mo mophl 10 BpeMeHU MBI He
CTaHeM B 9TOM KOro-Jubo yOesKIaTh, a IPOCTO BBIPA3UM I[€H-
TPOOEKHYIO CHUJIYy Uepes CABUT (as:

Foe=mJV?/ r,
A Fs=m,c? (A /T)?/ r. (3.11)
Ho m.c*=E, a Ap /=03,
TOTZA F.—=EB?/ r, (3.12)
AIn F=m'c?Ad? /T, (3.13)

Fs=mc - Ap?/1r. (3.14)
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Curyanusa ¢ apummueil 3aciay;KuBaeT He MEHBIIIero BHU-
MaHUSA — B HEW MBI OIAThL-TAKM MMeeM JeJo co caBurom ¢as,
HO TOJILKO M3MEHAIOIIUMCS BO BpeMeHU. Eciu MeXay OCIIHI-
JATOPAMHU CHCTEMBI IMEEeT MEeCTO M3MEeHAIONINHicA caBUr das,
TO MBI TOBOPHM, UTO TaKas cHCTeMa OyJeT pearmpoBaTh Ha
IPOUCXOLAIIee U3MeHeHIeM MI'HOBEHHOM CKOPOCTH, 4 3HAUNT,
U UMNYJAbCA:

Vien=dm « d (A )/dt, (3.15)

PaccmaTpuBas meiicTBHe TaKOM CUCTEMbI Ha IIPEIISITCTBUE,
MBI OOHADY!KUM yBeJWUEHNE 3TOT0 MeHCTBUA BO BpPEMEHU.
CBsA3aHO 9TO C IIOCTOAHHO YBEJIWUYUBAIOIIUMCA CABUIOM (has.
Ecin Takymio cucreMy IOCTaBUTL HA BeChl, TO MBI OyaeM Ha-
O6aromaTh yBeaundyeHue Beca. Hy uem He mapamoxc?

Cropsua MOKHO CKa3aTh, YTO MAaCCa CUCTEMbI YBEJIMUYNBA-
eTcsl, HO MBI He CJIy4YaiiHO aKIeHTUPOBaJIM BHUMAHUE Ha MAC-
ce U Jayin el KOHKPETHOe OIpejelieHie — KOJUUYEeCTBEHHOe, a
MOTOMY BBIHYKIE€HBI MCKATH WMHbIE O0BbSICHEHUS IIPOMUCXOJSI-

memy.

Puc. 97. Kunorpam-
- MoOBadg THpPSA C aHO-
P KoHTpOAbHbIE MaJIBHBIM CIBUI'OM
R Becul H ! ¢as MoKeT UMeTh I'o-
- P —— paszo GonbImii Bec

Hey:xxenu 9spural Hey:xenu 3gech COKPBITO ABJIEHUE CA-
MOBO3HUKHOBEHUS CUJbL VI TIPUUEM 0e3 KaKUX-JI100 HATIKEK
u napagoxcos?! Ho He OymeM ropsasumThbCs, a OMHUIIIEM IIOCJe-
IOBaTeJbHO, KaK 9TO MOYKET IIPOUCXONTh. B HauaJIbHBINA MO-
MEHT, KoTJa cABUT )a3 OTCYTCTBOBAJI, HUKAKOIO JAeHCTBUA CHU-
CTeMbI Ha IpenATCcTBUe He Obl10. Ho mosaBmica caBur a3 — a
3HAYUT, IIOSABUJIOCH U JedicTBue. IIpoIio einé HeMHOTO Bpe-
MeHU U cIBUT (pas3 YBEJUUUJICA eIlé, a 3HAaUUT, U CHUJA, Jel-
CTBYIOII[asA HA IPEIsSTCTBUe, YBeJanunaack. Y Tak mo Tex mop,
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moka caBur (as He mocturHer orMeTKu 180°. MbI He cTaHeM
IIOKAa paccy»KIaTh, UTO OymeT majblile, HO KOHCTATHPYEM, UTO
nMeeM JeJI0 C BO3PacTaloIMM BO BpPeMeHHU AefCcTBUEeM:

F=m'c-d(Ad)/dt.
Eciu d(Ad)/dt - 1, TO
F - mec. (3.17)

Temepb HaM CTAaHOBUTCA ITOHATHBIM HPOPOUYECKUU BBI-
BOJ, ApUCTOTEJISA O TOM, UTO HeOecHoll mamepuu ( meanam) npu-
cyuLe BHYmMpeHHee CE0UCcmaE0 60CCMAHABAUBAMb CULY, KOMO-
pas eil Heo6x00uma 0ns COXPAHEHUS NOCMOSHCMBA 08UNCCHU.
Mgu1 'Ke IPOABUHYJINUCH JAJIbINIe M Teleph He TOJLKO HaUMHA-
eM MOHWMAaTh (PUBUKY IIPOIIECCOB, MAIOIIUX TeJaM CUJIY AJIA
camodsuicerus, HO ¥ IPOIEMOHCTPUPOBAJIN IBJIEHUE CAMOB03-
HuxHosenus cua B Ilpupoge.

Ternepb, TOBOPA O CUJle, MBI IOHUMAaeM, UYTO OHA ABJLAeMC
crnedcmauem 00H020 U3 8U008 NPEPEBAHHOZ0 CAMOOBUNCHUSL,
BO3HUKAET 3a CUET medopMaIiid BHYTPEHHETO oA nHTepde-
peHIIuH, a IMOTOMY uMmeem ¢hasovacmomuyio npudurny. Ho u
9TO eIfé He BcE. MBI HaMepeHBI BBeCTU B (PUBWUYECKUI CJIO-
Bapb MOHATHUE CAMOOBUNCEHUE, KOTOPOE MOKET OBITh KaK PaB-
HOMEDHBIM, TaK W YCKOPAIOIINMCAH.

§ 7. NHepuus, sHEPTUA U COCTOAHHUA MOKOI

Cuuraercs, uTo mepa uHepyuu — macca. Ho B Halem mo-
HUMaHUU MACCA, 3TO CyMMa 9JIeMeHTapPHbIX cUcTeM. SHAUUT,
€CTh CMBICJI PACCMOTPETH BOIIPOC UHEePUUlU Ha IPUMepe OIHOMI
9JIEMEHTAPHOM CHCTEMBI, a4 YK IIOTOM PaCIpPOCTPAHUTH IIOHU-
MaHHe 9TOr0 BOIIPOCA HA UX CYMMY.

Hauném co craHmapTHOro olpenesieHUA uHepuuu: Bces-
KOoe meJsio COXPaHsem C60€ nepeoHaLaIbHOe COCMOSLHUE OMHO-
CUMeNbH020 NOKOS, ULU NPAMOJUHEIUH020 U PABHOMEPHOZ0 08U-
JCeHUus, NOKa Ha Hezo He nodeilicmayrom Opyzue meaa u He
8bLeedym u3 amozo COCMOSAHUSA.

Ecau rosoputh 00 mMHEPINU, KAK O BPOKIEHHOM CBOIM-
CTBE TeJI, TO MOABJIAETCA MOHATUE UHEPMHOCMb. [[1a xapak-
mepucmuKu UHepmHOCMU meJ 868eaU 0CO0YH BeNUYUHY —
Mmaccy. Bugumo oTciofja 1 MOABUJIOCH OTHOIIIEHNE K Macce, KaK
K Mepe UHepmHOCMmU.
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Taxoii I0AX0 HOCUT IIOCTYJATUBHEIN XapaKTep, a MOTo-
My Hac He ycTpauBaer. JIornuHee qaTh onipeeseHe UHEePUUL,
KAK cymMme pearuuil dJeMeHmapHbulX CUCmem HA U3MeHeHUe
YCcmaHosugulezocs pexcuma camoosuixcenus. B manHoi dop-
MYJINPOBKE MACCOU ABAACMCA CYMMA IeMEHMAPHBLLX CUCMeEeM
npPomMooOCyUNLIAMOPO8, & PeaKyUsl KarI0i 2JIeMeHTapHOH CcHC-
TeMbI Ha U3MEHEHNe PeKrMa IBUMKEHUA eCTh eOUHUYUHBLIL UM-
nyavc. Ho Torga ompenesieHue uHepyuu OyAeT MHBIM:

Ecnu sexmophas cymma eOUHUYHBbLX UMNYJLbCO8 OM. CUCTeM
OCUULILAMOPO8 HEUSMEHHA 80 BPEMEHU, MO Mea0 HaX00Uumces
8 COCMOSAHUU DABHOMEPHO20 U NPAMOLUHEILH020 camodsuice-
HUSL, T.€.

>dp=const.

B HOBOM ompefeeHNN WHEPIUH OTCYTCTBYET IIOHSATHE
cocmoanue noxkos. Eciu mox cocmosHuem noxkos mogpasyMe-
BaTh OTCYTCTBUE ABUKEHUS, TO 9TO OJHA IIOCTAHOBKA BOIIpOCA,
HO IJIsI TOTrO UTOOBI He OBLIO PA3HOUTEHUIT, JOTOBOPUMCS, UTO
ecau 8 cucmeme 8EKMOPHASL CYMMA B8CEX BHYMPEHHUX CUJ
PpasHa no gesuduHe U cosnadaem no HANPABILEHUIO ¢ BEKMO-
POM UMNYJLbCA, MO CUCTNeMA HAX00UMCS 8 COCTOAHUL 8HYM-
PeHHez0 NOKOoA.

Ecau no kaxum-au6o npuyurnam 00H08PeMEeHHO U NPONOPULO-
HAJAbHO OYO0ym Y8eaudiusamuvcs 6HYMpPeHHue CULbL U UMNYLLC,
mo cucmema 6ydem camo08uzamsvcs ¢ YCKOPeHUeM U npu Imom
Haxo0umuvcs 6 COCMOAHUU CKOMNEHCUPOBAHHO20 08UNCeHUeM
8HYMPeHHez0 NoKOos. ITO 0coboe COCTOAHNE HA3BAHO Mpentb-
UM cocmosHueMm noKos.

Ho rTorga moi:KHBI OBITH 8MOpOe U Nnepsoe COCMOAHUSA
norxosa? Cienyer mOHUMATh YCIOBHOCTH TAKOI'O Pas3ieieHus, a
[IOTOMY IPEJIaraeTcsi CUNTATh NePEbLM COCMOAHUEM NOKOSR
— omcymemaeue y cucmemsbl UMNYAbCA, 6MOPLLM COCMOAHU-
eM noKos — HaLu4ue NOCMOSAHH0Z0 UMNYAbCA, MPEMbUM CO-
CMosAHUEeM NOKOA — HAJLUYUE YBeULUBAIOULe20CA (YMeHbULA-
ouLezocs) 80 8peMeHu UMNYibea.

Kaxxkmoe u3 coCTOAHUU IMOKOA XapaKTEPU3yeTCA TUIIOM
IBUIKEHUA: Nep8oMYy CoOmeemcmayem omcymcmeue OmHo-
cumenvHoll ckopocmu dsuxcenus (V=0), emopomy — Haiuyue
camodsuixcerus ¢ nocmosnHoil ckopocmuio (V>0=const ), mpe-
mvemy — dsuxcerue ¢ camoyckopernuem (V=at).
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AHanmusupysa ZaHHBIE HAMU OIpPeNeJeHUS COCTOSHUN II0-
KOS, HeBOJIBHO 33JyMBIBACIIIBCS: & He ABJISAETCA JIU UMNYJLbC
cucmembul 6eKMOPHOIL cymmoil 6cex Hympernnux cua? Y xorsa
STOT BOIIPOC He OJIEIEeT OPUTWHAJIBHOCTHIO, MBI OTBETUM Ha
HETO: UMNYAbC eCmb 8CKMOPHASL CYMMA 6CeX BHYMPEHHUX
CuJl cucmembt.

3HAUYUT, TOBOPA O 0BUNCCHUU, UMNYAbCE U UHEPYUU CUC-
TeM, KOTOPbIe MMEIOT 00Illee — PeaKINio Ha U3MEHEHUSI COOT-
HOIIIeHU# (a3 OCIMIIATOPOB, MBI TOBOPUM O CTATyC-KBO, Ha-
pyllleHre KOTOPOT'O COIMPOBOKIaeTcs HpupalleHueM, Jubo
BBIIEJIEHUEM JdHepzul UMnynvca ( KUHemuueckoil sHepzuu ).

W3 Kypca IMIKOJIbHOU (pU3UKU U3BECTHO, UTO KUHemuuec-
KO0l Ha3bIBAIOT Y9HEPTUIO0, KOTOPOH 00JI1aJat0T ABVKYIIIMECA Tejia
(mnam gactunbl). KuHeTuueckass sHepPrus OMUCLIBAETCS CTaH-
IapTHON (GOpPMYyJIOii:

Wi=m,V?/ 2, ummu Wi=m.c? (A /T)?/ 2 3.18)
HO moc’=E, aAp /=03,
Torza: W=E(B%/2, (3.19)
ViR 011 Wi=m'c2Ad?/211; Wi=mc-Ad2/2T 3.20)

J_IJIJE[ caydyad mpembvezo COCnmosdAHUA NOKOsA BBIDAKEHUE
KUHETUYEeCKOH 9Heprmm 6y,z[e'r UHBIM O TOU IIpU4YnHEe, YTO
MBI IM€E€EM OeJI0O C YBEJIMYMBAKOIIIMMCA COABUIOM (1)3.3:

Wia=mo(Virn)’/2;  Wia=mo(at)?/2. 3.21)
Ho V= at=2cAvt,
TOTA: Wiae=mo(2cAvt )?/2, (3.22)
AN Wie=2mo.c*t?(Av )?; Ww.=2Et>(Av)>. 3.23)

Ecau MBI IIPOJOJIMKMM aHAJMW3 WHBIX IIOHATHUN KJIACCHU-
YyecKoll MeXaHUKHU, TO yOeIUMCs, UTO B KaXKJIOM M3 HIUX B TOM
WJIY MHOM BU/Jle IPUCYTCTBYET ABUKEeHMeE, a 3HAUUT, 8UOpayul,
B80JIHbL U ()A304ACMOMHbBLE PA3AUYUSL 6 COCMOSHUU CUCMeM.
HoBbifi mogxon HO3BOJIAET HAIIOJHUTL IIOHATUSA KJACCUYEC-
KOl MeXaHUKU BOJHOBELIM B3aMMOJEHCTBUEM.

Mz He cTaBUM Hepen coboil 3amauy IIepemucaTs BCo (u-
3UKY, HO Hac WHTEPeCyeT — KaK 3a Cuém UCKYCCMBEHHO CO-
30aHHOU apummuu 006UmMbCA OM CUCMeMbl CAMOYCKOPSIOULe-
zoca dsuxcenusa?



