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I'naa 4. TPETBE COCTOAHHE IIOROdA

MBI O0HAPYKUJIU JKECTKYIO CBA3h MEKIY AuchasHOCTHIO,
YCKOPEHHBIM ABUKEHNEM U COCTOSHHEM OTHOCHUTEJIBHOI'O IIO-
Kos. Ho rme mckaTh ImpaKTHUeCKOe IIOATBEP:KIeHUE STOMY?
Camoe OJIM3KO€ MECTO — OKPECTHOCTH 3eMJIN; 3[eCh OJHOBpe-
MEHHO eCTh MeCTO M UYaCTOTHOM pasbasiaHCcUpPOBKe, M YCKOPEH-
HOMY OBUKEHHIO U COCTOSHUIO ITOKOSA. BBITh MOKET, UMEHHO
KOJLJIEKTUBHOE U3JIyUeHre 3eMJIU CO3IaéT B OKPYIKaIoIlleM IIpo-
CTPaHCTBE YCJIOBUS, IIOIIAB B KOTOPEIE, TeJia UCHBITHLIBAIOT BHYT-
peHuuil 1ucKoM@opT (BEeKTOPHYIO me)OpMAaIinio) M YTOObI U3-
0aBUTHCS OT HETO, HAUMHAIOT CAMOABUTATHCS C YCKOPeHueM ?

§ 1. O6mue BOMpOCHI

Tax y»K IIOBeJOCh, UTO OTCYTCTBHME JIIOOOTO BUAA CUJ U
BHYTPEHHUX HAIPSMKEHUH MBI BCerJa CBA3BLIBAEM C COCMOS-
Huem noxos. Ecau mabamogaresb, KaK 4acTh CHCTEMBI, OyaeT
HAXOIUTHCS BHYTPU CAMOYCKOPSAIOIIelics CUCTeMbI, TO OH KOH-
CTATHUPYET OTCYTCTBHE 00sI3aTENbHBIX IJIs1 YCKOPEHHOI'O IBI-
KeHud 9p(heKTOB, a €CJIN €r0o JIUIIUTh BO3MOYKHOCTU CPABHU-
BaTh, T.€. BRITVIAALIBATL HAPYIKY, TO Y Hero He OyJeT ciocoba
OIIpeNeIUTDh, NBUKETCA JIU OH YCKOPEHHO, IMIPAMOJUHEHHO U
PaBHOMEPHO WJM He ABUKETCS BooOIme. B aToM cMmbIcie yc-
KOPEHHOE CaMOJBHXKEHIE CHCTEMBI SBJISETCS HEeM3BEeCTHBLIM
paHee mpembuM COCMOAHUECM NOKOS.

Ecin coxpaHeHWe PaBHOMEPHOTO ABUKEHUS IIOIAEPIKU-
BaeTcad (PUKCHUPOBAHHBIM CABUIOM (hpa3, TO YCKOPEHHOE IBU-
JKeHMe MBI 00'BSACHSAEM IIPOTPECCUPYIOITUM U3MEeHEHUEM CIBH-
ra ¢as Bo BpemeHu. Eciim uamenenue capura a3 00ycI0BIeHO
KOHCTPYKIIVEH CUCTeMbI, TO MBI TOBOPUM O mMpembvem COCMmos-
HUU NOKOA.

JIfo0ble TOTBITKY U3MEHUTH Mpembe COCMOSHUE NOKOS
POKIAIOT OTBETHYIO PEaKIINIO B BHUIE IIPOTUBOAEHCTBUA — B
9TOM CMBICJIE€ CHCTEMa, OIBUKYNIAACA C caMOyCKOopeHueM, 00-
aagaetr urnepyueii. YTobbl yOeIUTHCA B 3TOM, HOCTATOUYHO Ha
CBOOOIHO IIamaloliee B IIOJIe TATOTEHUS TeJO IIOAEeNCTBOBATH
IOIIOJIHUTEIbHON CHUJIOM, T.e. K OOBIYHOMY YCKOPEHUIO J00a-
BUTH JOTOJHUTEJIHLHOE — U BBl OYYBCTBYETE UHEPUUIO Ueped
He)KeJlaHMWe TeJia OBUTATHCA C OOJIBIIINM YCKOpPEHHEeM. OTOT
TUI UHEePYUU XOPOIIIO M3BECTEH B aBUAIIMU — €CJU JETUYUK,
HaXO0JsACh HA OOJILIIION BHICOTE, HATIPABJIAET CAMOJIET K IIOBEP-
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XHOCTU 3eMJIH U IIPU 9TOM BKJIIOUaeT (opcask, TO BMECTO He-
BE€COMOCTH MUCIBITHIBAET CUIY, IPUKUMAIOIIYIO €70 K CIUHKE
Kpecaa(puc. 98). 3To MPOUCXOAUT OTTOTO, UTO YCKOPEHUE IBU-
JKEeHUA CaMOJIETA TOPas3A0 BBIMIE eCMeCmEeHH020 YCKOPEeHUS
CBOOOJHOIO IMAJEHHUs.

JULIBEVg

l ) ;

Puc. 98. Curyauuu B ca-
MoJiéTe u JaudTe MOTyT
OBITh UAEHTUUYHBIMU

W B onmcaHHON CUTyallul, ¥ B CJIydae C IOCTOAHHON CKO-
POCTBI0O MBI MMeeM OLHY M Ty Ke peakIluio — HeXKeJlaHUe
CHUCTEeMbl M3SMEHATHh YCTaHOBHUBIIIEECA COCTOAHNE IIOKO. Ta-
Koe conpomusJjeHnHue CmoOpoHHeMmYy Oellcmaeur HaA3vbl8aAemcs
uHepyueil (peaxiiueil Ha U3MeHEHUE).

IIpuunHy peakIuu MbI CBA3LIBAEM C M3MEHEHHEM CIBHU-
ra ¢as3. Ho u mHble XapaKTepUCTUKU 08uixceHus (Umnyasc,
cuny, CKOpocmbv, M YCKOPEHUe) MBI CBABBIBAEM CO c08uUz0M Qa3
— B 9TOM CMbICJe c08Uz (ha3 ABIIAETCA OIMPEAEIAIONINM, a II0-
ToMy mepBUYHBIM. Ho eciu cdsuz ¢pa3 Mbl OOHABUIN IEPBUY-
HBIM, TO JiI000€ BO3MelcTBIE Ha Hezo OyIeT MPUBOAUTH K U3-
MEHEHUIO BCeX XaPaKTEPUCTUK 0B8UMNCHUSL.

Crenyer, ogHAKO, IIOHUMATh, UYTO c8Uz (a3 N 08uieHUe
HepaspbIBHBI, 4 IIOTOMY OHU APYT IJIA APYra ABISAIOTCSI U CJe/I-
CTBUEM, U IPUUYNHON. MeHsasa ogHO, MBI U3MEHSIEM JPyroe, u
Haob6opoT. Ecam HaM Heo0XO0AMMO M3MEHUTHh CKOPOCTH JBU-
JKeHNs, TO, BO3AelcTBYA Ha (Da30oBOe COOTHOIIIeHNEe, MBI JOOU-
BaeMcsA 3Toro. Eciin MBI pelniain UM3MeHUTh (pasoBOe COCTOS-
HUe, TO CIeJIaTh 9TO MOYKHO uepes M3MeHeHHe cKopoctu. Ho
o0paTuM BHMMAHNE, YTO M3MEHUTh CKOPOCTHL MBI MOJKEM O/I-
HUM CIIOCOOOM — OeHCTBHUEM CO CTOPOHLI, X TOJBKO IOCJIE
sToro MmeHsiercs dasa. Ho ecau so3deiicmaosams Ha Os8uiice-
HUe Mbl MO}CeM MOAbKO CMOPOHHUM delicmeuem, mo Ha coom-
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HouleHUue a3 Mvl MOHCeM 8030elicmeo8amsv HANPAMYIO, He Bbl-
x00s 3a npedeavl cucmembt.

Mz 00HAPYKUIIN 9TO IPABUJIO0, HAOIIOHAs 3a IPoIleccaMu
B peaJibHBIX YCTPOMCTBax, a IIOTOMY HaMepeHBI pacIpocTpa-
HUTH €ro Ha IpobJieMy IBUKEHUA B IiejioM. PaccMOTpUM IIpu-
Mep:

Iycmov moL umeem 100Ky, HA KOPpMe KOMOPOU YCMAaAHOBLEH
sunm. Ocv sBunma (8au ) uepes cucmemy nepedai coeOuHeHa ¢
2eHepamopoM, KomopbsLil 00HOBPEMEHHO MOHCEN 8bLNOJIHAMYb POJIb
anexmpodsuzamens. B nodke Haxodamcs axKymyasmopHboLe
6amapeu, Komopvie nodcoeduHeHbL K ILeKMPOMOmopy 080iUHO-
20 delicmaus, a nomomy, 6 3a8UCUMOCTU OM CUMYAUUL, MO2Yym
aubo 3anacamv, 1ub60 omoasamyv IHepzuio.

Ecau deiicmeosamv Ha 100KY CMOPOHHEl CUNLOll, MO No-
aeumcsa 0sudcenue, a 6UHM, 6PAULAACL OM 6CMPELHOZ0 NOMO-
Ka 800bL, npueedém 6 deilcmaue zeHepamop, IHepzus om Komo-
PO20 cmaHem HAKANJLUBAMbCA 8 Gamapesx. Imom npoyecc
o6pamumbvlil, nOMOMY KAK HAKONJLEHHOU 8 6amapesx IHepzu-
eil MbL MONMCeM 3aCMaBUMb 8PAULAMbCA BUHM U 8 pe3yibma-
me noayiumy 08uicerue, He 8bLX008 U3 CUCMEeMbl.

H3mMmeneHre CKOPOCTU OBUKEHUSA Uepe3 CTOPOHHee meli-
CTBHE IIPUBOAUT K M3MEHEHUIO BHYTPeHHeH sHepruu (caBura
(dasz). Ucmosmb3oBanne BHyTpeHHel sHeprun (13MeHeHre CABUra
a3 MBHYTPH CHUCTEMBbI) IIPUBOIUT K M3MEHEHHIO CKOPOCTU
IBIKEHUA U He HYKIJaeTcsd B CTOPOHHEM OelicTBUMN.

B TouHOCTH 5TO K€ IPOUCXOAUT M HA YPOBHE dJIeMeHTap-
HBIX CHCTEM. ¥ BEJIMUUBASA CKOPOCTHb CUCTEMbI, Mbl YBEJIUUM-
BaeM e€ KMHeTUUYecKylo sHepruioo. Ho KTo MellraeT HaM HC-
TOJIb30BATh 9Ty DHEPTHUIO IJIS N3MEeHEeHUA CKOPOCTH CHUCTEMbI?
Hy:xHO TOMBKO moragarhbcs, KaK 5TO cAejaTh He BBIXOASA 3a
Ipenesbl CUCTEMbBI, HAWTH TOT YCJIOBHBIN MepPeKJII0UATE b, C IO0-
MOIITbI0 KOTOPOTO HAKOILJIEHHYIO SHEPTUI0 MOYKHO MCIIOJBH30-
BaTh JIJIA U3MEHEHUA NBUMKEHUA.

Termneps caenaTh 3TO OyAeT ropasao MpoIle, IIOTOMY YTO €CTh
IOHMMAHUe, HA 4YTO HeOOXOAUMO BJIUATL. HaiinéM criocod, Kak
BJIUATHL Ha COCTOAHMNE (Da3 M3HYTPU CHUCTEMBI — IIOSABATCA U Y
Hac coocrBenunle HJIO. Taxkosa Mmoda 1eab 1 meuTal

Ecau KTO-TO IymMaeT, 4TO MBI (hbaHTa3E€PLI, NI TOBOPUM O
IaJaéxoM OymyIeM, TO OH olltnbaeTrcs. Y mpuIeabiibl, BpeMe-
HaMM IIOCeIaloliue HAIly 3eMJ0, KOraa-To OLLIM B aHAJO-
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TUYHOM IIOJIOYKEHUM — U HUYETO0, CIIPABUJIUCH C COOCTBEHHBI-
MM HeBepHeM M HeBeXKecTBOM. JlymaeTcs, UTO U MBI He JIbI-
KOM IIIKUTHI, a IOTOMY O0paTuM BHUMAaHUE Ha IPOOJIeMY TSTO-
TeHusi. Belb MMEHHO B IIOJie TATOTEHUS MTPOUCXOIAT Te
3arajJlouyHble IIPOIecChbl, 00 OCBOEHUM KOTOPBIX TaK MeUTaeT
HaIlla MTUBUJIN3AIUA.

§ 2. 9dpderxT Méccoayspa u rpaBUTALUA

O6cynum msBecTHBIN appexm Méccoayspa. llprnumua:
SKCHEPUMEHTHI Ha €r0 OCHOBe IPAMO yYKa3bIBAIOT HA CTPAaH-
HYI0 3aBUCHUMOCTH YACTOTHOTO COCTOAHUA OCIUJLIATOPOB OT
PAcCCTOAHUSA OO IIOBEPXHOCTH 3eMJIH. ITOT SKCIEPUMEHTAb-
HBIN (hakT AJIS Hac KpaiiHe BasKeH, IOTOMY YTO OH MMeeT IIpsi-
MOe OTHOIIIeHVE K BOIIPOCY TATOTEHU.

Ippexm Méccobayapa ObLI 0OHAPYKeH B 1958 1., a akcie-
PUMEHTHI HA ero OCHOBE HHTEPIIPEeTHPOBAJINCHL KaK JIoKasa-
TeJIbLCTBO MHpPeICKAa3aHHOW JUHINTEHHOM 3aBUCHMOCTH XOIa
BpeMeHU OT 0JIM30CTU K I'PaBUTHUPYIOIIe Macce. B pesyanTa-
Te CJOMKUJIOCH yOe)kJeHNre, UTO BOMM3W 3eMJIU BPeMS TEUET
MeJJieHHee, YeM BAAJIA OT HeE.

ddderT 3amedrenus ckopocmu npoueccos (1o OUHIITEH-
HY — 3aMe[JieHus BpeMeHU) HUJIIIOCTPUPYETCA I'PaBUTAIIMOH-
HBIM KpAacHBIM CMeIlleHrmeM u HabJiomaeTcs B CIEKTpajb-
HBIX JuHUAX COJHIIA ¥ MACCUBHBIX 3BE31[. ITO TOBOPUT O TOM,
YTO aTOMHBIe yachl Ha moBepxHocTu COJIHITA MOJIMKHBI UATH
MemJieHHee (mukamos peske), 4YeM TaKue Ke Jachbl Ha YPOBHeE
opbuTsl 3emuu. To ke camoe, HO B MEHBIIIEH CTEIIeH!, TOJIMKHO
MIPOUCXOIUTh U B I'PABUTAIIMOHHOM II0Jie 3eMJIH.

IIpoBepuTs 5TO CTAlo BO3MOMKHBIM OJaromaps cTaHaap-
TaM YaCTOThI, B KOTOPHLIX MCIOJH30BAJINCH (POTOHBI, U3IyUae-
Mble PaAOaKTUBHLIMU AAPaMU JKeJjie3a, BHeIPEHHBIMU B KPIU-
craymia. VI XoTs B 9KCIIEpUMEHTAaX, II0 Mepe IIPUOIMIKEeHUT K
3eMiie, HAOJIIO4AIOCh YMEHBIIIEHNE YACTOThI MCTOUHUKA, 9TO
VHTEePIPETUPOBATIOCH COBPEMEHHON HAYKOM KaK 00yCJIOBJIEH-
HOe TpaBuUTaIMell (MCKPUBJICHNEM) 3aMeJeHlie BpeMeHN!.

Ho ecau gpems onpedenamo uepe3 nodcuém koaedameiv-
HbLX NPOYecco8, TO, TOBOPS O CKOPOCTH €T'0 TeUEeHUsI, MBI TOBO-
PUM TOJBKO 00 M3MEHEHUU YACTOTHI HEKUX IMALOHHBLYX KO-
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neb6anuil. T'oBopUTE JKe 0 BpeMeHH, KaK 0 IKOObI MaTepuaJib-
HOM cyOCTaHIIMM, YV HAC IOKA HET HUKAKUX (PU3UUECKUX OCHO-
BaHUMN.

Ho ecTh cMBICT TOBOPUTH O (pU3UUECKOI IIPUUMNHE, 3Me-
HAIOMIEH STaJI0OHHYIO YacTOTy. Bompoc sTOT yepe3BhIUATHO Ba-
JKeH, 100 HaIPSAMYIO KacaeTcs IPUPOALI TPaBUTAIUHU, a TIOHU-
MaHUe QUKW ITIPOUCXOMAIIET0 ITO3BOJUT OCMBICJIEHHO
WCHOJIE30BaTh HEMBBECTHBIE JTOCEJIE CIIOCOOBI BO3MEHCTBUS Ha
npakTuke. K Bompocy MpUYMHLI MBI €Ié BepHEMCA, a IIoKa
6osiee moapobOHO ocTaHOBUMCS Ha appexme Méccbayspa, Ko-
TOPBIM OMUIIEM KaK MOYKHO ITPOIIE.
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Puc. 99. HabGaromarenam A u B Ka)ercsl, YTO IMEHHO B UX CHCTEME YaCTO-
Ta OCIMJLIATOPA OCTaJach Hem3MeHHOoM. Takoe MOKeT IPOUCXOLUTEL B OI-
HOM eJMHCTBEHHOM CJIydyae — KOT/JAa BCe IPOIIECCHI, B TOM YMCJe W KI3HEeH-
Hble, YCKOPAIOTCA UK 3aMeAJIAIOTCA CHHXPOHHO C YACTOTOM OCIUILIATOPA

IIycTh MBI MMeeM ABa OQMHAKOBEIX OCIHUJJIATOPA, ¥ KOTO-
PBIX IIPU PaABHBIX YCJIOBUAX Va=Vp, U OOUH KaJNOPOBOUHLIM
NPUEMHHUK, C IIOMOIIHI0 KOTOPOTO MBI OyIeM OIleHUBATH 3aBU-
CHMOCTD YACTOTHBIX M3MEHEHUHN OT PACCTOAHUSA IO IIOBEPXHO-
cTu 3eMJIu.

Ecay MBI pPacmojiOKUM OCHUJIJIATOPHI M NPUEMHUK Ha
OIMHAKOBOI OT MOBEPXHOCTH BbIcoTe (puc. 99a), To IpuéMHUK
3a(pUKCUPYyeT PaBEHCTBO 4acTOT (Va=Vg).

OcTaBuB IPUEMHUK B NCXOTHOM II0JIOXKEHNU, PACIIOIOMKIM
ocrmnaTopsl A u B (kak Ha puc. 990). Ilpuémauk 3adurcu-
pyeT uaMeHeHHe YaCTOT 000UX OCITHJLISITOPOB, IIPUUYEM:

Var>Va, & Vgr'<Vg, T.€. (VA'>VB'). (41)
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IlomenaB MecTamMu OCHUJIATOPHI (pric.998), MbI ITOJIyUM
HECKOJIbKO MHYIO KapTUHY:

Var<Va, a Vs> Vg, T.€. (VA'< VB') (42)

Crenyer moHUMATD, UTO C IIOMOIIIBIO OOLIUHOT'O MIPUEMHI-
Ka 1 OOBIUHBIX M3JIyuaTeJiell MbI BOOOIIe He IIOJYUYMM HUKA-
KHUX Pe3yJIbTaTOB — JIJIA 3TOTO MX M30MpPaTeLHOCTH HeIOoCTa-
TouHo. Ho 5To 3aMeyaHMe TOJBKO AJIA HECIEINaJNCTOB.

Puc. 100. Ectb 30HBI, B KOTOPBIX coBepIuaau nmocagku HJIO. B stux 3omax
BCe IIPOIEeCCHI MMEIOT aHOMAJIbHBIN PUTM (YCKOPEHHBIN NI 3aMeIJIeHHbIH).
IIpenmnonaraerca, 4To B TaKux 30Hax adpdext Méccbayspa OymeT HAOJIIO-
IaThCS U IIPU F'OPU30HTAJIBLHOM PACIIOJIOMEHUY IMPUEMHUKA U NCTOUYHMUKA

KoHcTaTupyeMm Ba)KHBIH (paKT: B CHCTEeME ABYX KOTepeH-
THBIX OCIUJLIATOPOB, IIOIABIIINX B II0JI€ TATOTEHU, IMEeT MECTO
yacTOTHasA pasbaaHCHUPOBKA. JTOTO HEe PUCKHYT OTPUIIATH
Iaske caMble gpble IIPOTUBHUKY HAIIIETO IOAX0a, IIOTOMY KaK
VMMeHHO OHUM oOHapy:xuau sdpdexT Méccoayspa. I xora Ha-
OsromaeMoe pasJnule B YacTOTaX MCUes3aloIle MaJio, HAac 5TO
CMYIIIATh He MOJKHO: IIYCTh YK JIyUIlle CTOJILKO, UeM HIC-
KoabKo. KTo 3Haer, OBITh MOXKET MMEHHO B CTpeMsIeiica K
HYJII0 apUTMUA 1 KPOETCA PasrafKa MexXaHnu3Ma IrpaBUTAINN ?
HukTo Bems mo cux mop He paccMaTpPUBAJ BapuaHT IIOBefe-
HUS CHCTEeMbLI C MCUe3alollleil B BOCbMOM 3HaKe IIocje 3allsfd-
Toii pasHuiieil yactor? Ho Temeph y Hac ecTh BCe IPEAIIOCHLI-
KU [JId IPOBEIeHNs aHAJIN3a, IIOTOMY UTO MBI 3HAEM:

1. ®opMyILHYIO 3aBUCUMOCTDb MEXKAY apUTMUEH U YCKOPEeHU-
eM, a TakiKe MMeeM OIleHOUHbIe BHIUUCIEHUA.
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2. 3HaueHNe YCKOPEHUSA CBOOOMHOTO IMaJeHus BOIM3U 3eMJIu
(2=9.8 m/cex?).

3. Ilopanok orHocuTeabHOM apurvuu (1071%) B Tesax, Haxomsa-
IIIMXCA B I'PaBUTAIITMOHHOM IIOJIE BeMJII/I.

IIpuBenéM (popmyiry, KoTopas MCIIOJIb30BaJIach AJIA OIle-
HOYHOTO pacyéra apuTMUHU IIPK YCIOBUHU, uTo ¢=3 * 10%m/c, pac-
CTOSTHIE MEXKAY OCIIUJIIATOPAaMHU paBHO I M, a YyCKOPEHUe CH-
CTeMBI, B KOTOPO# OHM HAXOLATCS, paBHO 9.8 m/c?:

Av/v= gl/c? (4.3)
Av/v=9.8/(9+10%) = 1.1-107

IlokasxkeM MexaHU3M CBA3U 5TON (GOpMYJIBI ¢ paHee IIO-
JYUYEeHHOH IJid yeKopeuus. Eciu paccTossHme MexXK Iy OmsKari-
IIUMHA OCIIAJIIATOPAMY PABHO IMOJOBUHE AJIMHBI CTOAYEI BOJI-
HBI, TO [=c/2Vv. Torga

Av= gv/ct+c/2v, —» g = 2cAv (4.4)

Temnepsb, uMes 3Ty (POPMYJIY, MBI MOYKEM OIEHUTDH CTEIEeHb
apUTMUU, BO3HUKAIOIIEl B CUCTEME IBYX OCIUJIJIIATOPOB B CH-
Tyanuu KOHKPETHOro yCKopeHuHs. UyTh mos3gHee MBI IOKa-
JKeM, UTO 3a OJHY CeKYHIy CBOOOAHOTO IMaJeHusa K UCKOMOMY
caBury (as npubasiaserca 5.88 ¢+ 1076 zpad. 1o sroit mpubaske
MOJKHO CYJIUTh O Pa3HUILE YACTOT, KOTOPYIO HECTIOKHO BBEIUUC-
anThk: Av=1.633+1078'y.* VIMeHHO IIpU TAKOH pasHUIlE B YacC-
ToTax Tpebyemoe, 1A KOMIIEHCAIINY BEKTOPHOI AedhopMaiiuu
CHCTEMBI, YCKOpPeHMe JOJIKHO ObITh 9.8 M /c?. Ho Torma KaxoBo
IOJIYKHO OBITH YCKOpeHue ajsa aputvmuu B 11'y?

Av=1 I'y orcioga a = 600000 km/c?

HuTepecHBIM 3/IeCh ABJISIETCA TO, UTO JJSA IIPOTOCUCTEM,
COCTOANTUX M3 OAHOM cTosueil monyBoJHbI(!), yckopernue (a)
He 3a8ucum om ucxXo0HbLX YACMOm, @& MOJbKO OM UX PA3HU-
ubt (AV). ATOT BBIBOJ C JaJIeKO UAYIIUMU IIOCJIEICTBUSIMMU.

BreIBOoABI ABHO 00ECKYPa'KMBAIOT, XOTA B OOIIEM-TO MBI
OIPaKTHUYECKN HIUETro He JOOABUIN B YyKe CYIIeCTBYIOIHI Ma-
TeMaTUYeCKU annapar. PaccuéTs KasKIbIH MOMKET IOBTOPUTD.
%
P]{TMyct Bor Te Ha, HEYMXeJIn CTOJIb MaJio€ OTJIHNYME B YacCToTaX MOMKET
SABUTHCS MPUUYNHON HafeHUs TeJ, Ja elé U ¢ yCKopeHuem?

Junamukyc: A nouemy 651 1 HeT? HuuTto Begb B KocMoce aToMy He MemiaeT!
JymaeTrcs, 4TO €CTh CMBICJI PACCMOTPETDh U TAKO# ITOAXON K IIpobieMe IIpu-
poAsl rpaBuTanuy. Yem 4€PT HE IIYTHT...
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Ho me OymeMm JMKOBaThH paHbIlle BpeMEHU, XOTA U OUEHbD
XO0UueTcs, HaM Bedb eIlé MPeICTOUT pasodpaThcs B Hpoliecce,
OTBEUAIOIIEM 3a apUTMUIO B OKOJI03eMHOM ITpocTpaHcTBe. CKO-
pee Bcero, MbLI MMeEM [eJI0 C KOJIJIEKTHUBHBLIM H3JIyUeHUEM
3eMJH, ¢ TOM CKPBLITOM OT IJia3a M IIPUOOPOB dHEPruei, cyM-
MapHAA aMILIATYAa KOTOPOil IpaKTu4YecKku pasHa Hyiio. Ho
00 9TOIl TeMe TOBOPUTH EIIEé PaHo; Hmpe:kjae HeoO0XOAMMO pac-
CMOTPETh BOIIPOC O TaK HA3LIBAEMOM MpembveM COCMOSHUU
NOKO0s CO BCEX CTOPOH.

§ 3. T'paBuTAIlUd U TPEThE COCTOAHME IMOKOA

«Ilouemy 6 cayuae 8o3deiicmeus Cuabl HA MeJo0 OHO YcC-
Kopsemca u npu amom Oepopmupyemcsa? a npu c60000HOM
nadeHuu meaa 8 8aKyyme YckKopeHnue ecmv, a Oedopmauuu
Hem? 3Hayum Jau 3mMo, YUMo NPU YCKOPEHHOM nadeHuu om-
cymemayem 8cem U3BeCMHAs CULA, HA3bl8AeMAs — mszome-
Hue? — degopmauyuu 8edo Hem!» ITOT BOIPOC 3amaBau cede
MHOTHE HCCJIeIOBATEJIN I'PDABUTAIIVIN.

M&bI yCTAaHOBUWIIN, YTO NPUYUHOL YCKOPEHHO020 08UNCCHUS
He 0043aTeJIbHO JOJIKHA OBITHL CTOPOHHSASA CHJIa — €10 MOMcem
ABAAMBCA U APUMMUSL, T.€. YBEJIUUNBAIOINUNCA BO BpeMeHH
caBur (¢as. PaccmarpuBas cBsa3b Ae()eKTa YaCTOTHI C JBUKE-
HUEM, MBI BCEPHE3 3aJaJIMCHh BOIIPOCOM: @ He A6AAEMCA U
wacmomuulil ducbananc (apummusn) npuiunol c60600H0-
20 nadenus men ¢ yckopenuem? Bedv umenno npu nade-
HUU CAMOYCKOPAIOU,eeca meno He UCTLbLMmbléaem 6HYmpeH-
Hux Oegopmayuii (Komnencupyem ux YCKOPEHHbBLM
camodsudicenuem)!

H3yueHue Bompoca 0 mpembvem COCMOAHUU NOKOS TIPAMO
yKasbIBaeT Ha (PUKTUBHOCTH (MJIJIO30PHOCTD) ZPABUMAYUOH-
Holl cuavt. Tenepb, TOBOPA O 2pagumayuiil, Mbl 3aMeHAEeM €€
camodsuiiceHuem, T.e. CTpEMJIEHUEM TeJ K mpemvemy cocmo-
AHUI0 Nnokos. B a3ToM cMbIc/Ie 9KCIIEPUMEHTHI Ha OCHOBe (-
dexTa Méccbayspa caysKaT HaM JIJAKMYCOBOI OYMasKKOM uac-
TOTHOTO COCTOSAHUSA BEII[eCTBAa, OKA3aBIIIEerocs B I0Jie 3eMHOTO
usayueHus. Tenepb c80600H0e nadeHue mes Mvl UHMepnpe-
mupyem pasHuuyeil wacmom, MeXaHW3M BO3HUKHOBEHUS KO-
TOPOIi HaM eIl€ IIPEeACTOUT MO3HATh. ITO TaKyKe U o3Hauaem,
umo Mol umeem 0esao ¢ ecmecmaeHHbvlMU YCA0BUAMU, HA KOMO-
pule meaa peazupyiom camoos8uiceHuem ¢ YCKoOpeHueM.
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3HAUNT, TATOTEIOI[MEe MacChl CAMOJNYHO He IMPUTATHUBA-
for? IToxoske Ha To! Ho riiaBHoe, 4TO MOJIyUYeHHbBIE HAMU BBEIBO-
OBl He IIPOTHBOPEUYAT HU OQHOM M3 M3BECTHBLIX KOHIEIINIi,
XOTSA W BCTYIIAIOT B IIPOTHUBOPEUYNE C PAJOM HAeil, HaupuMep
ugeeil 00 MCKPUBJIEHUU IIPOCTPAHCTBEHHO-BPEMEHHOI'0 KOH-
THHyyMa (B HPUJIOKEHHM MbI IIOKa)KeM COOCTBEHHOE OTHO-
mieHre K (U3NUYECKON CYyTH HUAeH MCKPUBJICHUS).

IIpennaraemMoe HaMu IPOCTOE O0BACHEHME TATOTEHUS CO-
TJIacyeTcsl cO 3apPaBLIM CMbBICJIOM, HO TJIaBHOE — PACKpPLIBAET
MeXaHMW3M, 3aCTaBJAIONIUN Tejla CAMOABUTATLCA APYT K APY-
ry. IHTepecHO TaK’Ke U TO, UTO OJHA U3 CBAIIEHHBIX KHUT —
Kopan TpaxkTyer mpuTasKeHUe MeXKAY IIJIaHETAMU, KaK IIOJI-
TaJKUBaHUE UX OPYT K APYTY OTYXOBHBIMU CYNITHOCTSIMU.

Puc. 101. Bce Tena, He3aBucCu-
MO OT TPAEKTOPUU CAMOJBUKE-
HHUA B II0JIe TPABATAIIMN, HAXO0-
OATCA B TPETbeM COCTOAHUN
TIOKOS

Eciu rpaBuTanusa — aTo caMOABUIKEHNE, a CUJIA — CIIPOBO-
IIUPOBaHHOE apUTMUEN CJIeICTBUE, TO KaKkoBa (pusuKa Irpoiiec-
COB, IIOJCTPEKAIoNINX Teja K (PaszsoBO-UACTOTHBLIM HECOBIIAZe-
HUAM? STOT BOIIPOC U3YUAJICS C 0COOOM TIIATEILHOCTBIO, 11 OTBET
OBLLII HaWileH.

Eciu o cuyie geiicTBuA U3JIYUYEHUS CYAUTE II0 aMILINTYIeE,
TO KOJUJIEKTHUBHOE M3JIyUeHle TeJjia 3eMJIU cOo3TaéT Oecmperie-
JEeHTHYIO CUTYaIlNi0, B KOTOPOM M3JIyUeHNe eCTh, a aMILIUTYIbI
MPaKTUYECKU HeT.

H3znyuenue 63 aMIJIUTYABI — 9TO UTO-TO HOBEHbKOE, XOTS
HEKOTOPBIM TeopeTuKaM o0 3TOM mu3BecTHO. Ecaum roBoputh
0 IJIOTHOCTH TAKOTO U3JIyUYeHUsI, TO OHAa, OyAyUU IIPOIIOPIIHO-
HaJIbHOM Macce, yObIBaeT ¢ paccrosuueM. Ho eciu MIOTHOCTD
ATOTO CTPAHHOIO UBJIyYeHUs 0e3 aMILJIUTYAbI YOBIBAET C pac-



I'nasa 4. TPETHE COCTOAHHE ITOKOA 155

CTOSTHUEM, TO U €€ IpezmnoJiaraeMoe Bo3AelicTBUe Ha KoJieda-
TeJIbHBIE ITPOIIECChI IIOMABIINX B II0JIe TeJl yOBIBAET C PACCTOS-
HueMm. Ho Torma pasHsie yvacmu mena, Haxo0sacb HA PA3HbLX
paccmoanusx om 3emMau, Haxo00amces U 8 Pas3HbvlX Yycaosuax?!
WNmenHO Tak, 1 5TO JAa€T HAM OCHOBAHVE I'OBOPUTH O BO3HUK-
HOBEHUU BHYTPEHHMX BEKTOPHBIX AedopMaIinii, «IoIcTpeKa-
OIIUX» Teja K I'PaBUTAIIIOHHOMY CaMOCOJIUIKEHUIO.

HecKoIbKO mO3:Ke MBI PACCMOTPHM OUE€Hb BAMKHBINA 3(-
(heKT 3aTATUBAHUSA YaCTOT, KOTOPLII BCerga IPOABJISIeT cebs,
KOr[la peub UIET O B3aMMOIEUCTBYIONINX OCIUJLIATOPaX. BoJb-
IO OCIHUJIISATOP IO MMEHUM 3eMJIsI PYKOBOACTBYyeTcs 3 dex-
TOM 3aTATUBAHUS BCAKUI pas3, KOTga B II0Jie ero OeHCTBUS
momajgaeT BCcAKasd macca. YeMm gasbiiie oT 3eMJIM, TeM cJadee
s (dexT 3aTArNBaHUA, 4 3HAUUT, 1 OoJiee cjaaba TeHIeHIUA K
T'PABUTAIIMOHHOMY COJIMIKEHUIO.

Tax ae(popmupyemwt none unmepgepernyuu Puc. 102. B pasusix
66yx ocyunnamopoé 66ausu 3emauw. ERIEIGEDEENiywl(ediszezehliie
Yem 6nuxrce cucmema k 3emne, EEEGNIN) OKPYKEeHUS
mem CulbHee 6e¢opmal;uﬂ nonna. IIJaHeTbI Rann6p030q_
B HbIe OCIIUJIIIATOPHI QUK-
CUDPYIOT Pa3HYIO0 YacTo-
Ty. (KaaubpoBouHbIe
OCI[UJIIATOPHI — MOHA-
THe TUIIOTEeTUYEeCKOoe, CO-
cTodAIllee M3 ABYX UaC-
Teti: 13 abCOJIOTHOTO U
BeIeCTBEHHOTO OCITHJI-
JaaTopos. CpaBHUBAas II0-
Kal3aHusA BEIeCTBEHHOTO
OCITUJLIIATOPA C KaJInuOpo-
BOUYHBIM, HAaOJIOLATEJb
CMOXKET OIleHUBATh Yac-
TOTHOE COCTOSHUE WC-
cyieLyeMoii 061aCTH Ipo-
CTPaHCTBA)

Va=Vp'; VB =Va’
Va<Vs; Vp <Va

Ho ecThb u e1né ogHa aHaJaorus A4 o0bsICHeH!sI IPaBUTA-
IMOHHOT'O CONMMMKEHNA TeJl — TUAPoAuHaMuYecKas. Parmee Mbl
MPEAIIONIOMKIIIN, UTO 3eMJsA, KAaK 1 UHbIE Teja, ABJISIEeTCS CTO-
KoM s¢upa. CKOpPOCThL TOKa a(dupa yOLIBaeT C PaCCTOSHUEM
OT IleHTpa 3eMJ, HO U3 KJAaCCUUeCKON (PU3UKU HaM M3BECT-
Ha 3aBHUCUMOCTH MEXKAY CKOPOCTHIO M JaBJIEHWEM: UeM MeHb-
IIIe CKOPOCTh a(hupa, TeM OOJILIIIe ero JaBjaeHue, 1 Hao00pOoT.
Teso, momas B OMMCAaHHBIE YCJIOBUS, OyIeT UCIILITHIBATE Ha cede
rpagueHT JaBieHu adupa, a 3SHAUNUT, CTAHET BBITAJIKNBATLCS
(BBITECHATHLCS) UM B HampaBjeHuH K 3emye. Hy uem He BbI-
TaJlKuBampIlaa cuaa Apxumena?



156 PHTMOJHHAMHEKA

‘(Hezamus)

Puc. 103. Sdup aBuKeTrcs B Ha-
npaBjaeHnn 3eMJiu. BosHUKIIAA
Pa3HOCTh MOABJIEHUHN BBITECHAET
TeJla B HampaBjieHuu K 3emie. B
TalbHEHIIeM MBI IIOKaMKeM IIPs-
MYIO CBSI3b JABJIEHUS C YACTOTOM
(uem GoOJIbIIIE HABJIEHUE, TEM BbIIIE
YyacToTa)

Mo)%XHO, KOHEUHO, IPUHATEL U TaKoe 00'bsACHEeHNEe, HO CJIe-
AyeT IIOMHUTH, YTO MbI, BBICKa3aB I'MIIOTE€3y CTOKOB, HE MOMKEM
IIOKa OTBETCTBEHHO I'OBOPUTH, TAK JIA BCE IIPOMCXOLUT HA Ca-
MoM fesie. Ham Takske He cOBCeM SICHO (DU3MUECKOE HAIIOJI-
HeHUe NOHATH 0as/lenHue U 8blMAIKUBAULASL CULG, TIOITOMY
IIpUMEM K CBE€JE€HHNIO BBICKA3aHHYIO I'MIIOTE3Yy.

Temneps, TOBOPSA 0 2pasumMayull, CJIexyeT IOHNMATh, YTO MbI
UMeeM JIeJI0 C ONHUM U3 PASOBBIX TUIOB CAMO0BUNCCHUS, CIIPO-
BOITMPOBAHHOTO B3aNMHOM HPOCTPAHCTBEHHON HEOTHOPOIHOC-
THIO UB3JIYyUYEeHUH, CO30aBaeMbIX «IPUTATHUBAIOIINMUCI» TeJa-
mu. OcTaBUM 3a 3TUM YHUKAJIBHBIM IPOIIECCOM BCEM XOPOIIIO
M3BECTHOE U IIPUBBLIYHOE HAa3BaHUWE — 2pPABUMAUUOHHOE noJe,
TeM 6oJiee YTO MBI IIOCTEIIEHHO HAIOJHAEM JTO MOHATHE pe-
aJbHBIM (PUSUYECKUM CMBICJIOM.

§ 4. I'paBuranuonnslii nayk u asiaeaue BPAXMbBI

Korga Brepsrle ObLIa IIOTyUeHa NHTEPPEPEHIITMOHHA Kap-
TUHKA, JeMOHCTPUPYIOIA IIPOIleCC TOKA SHEePTUU B IOJIe Ipa-
BUTAIlUU, HTOSBUJIACH MBICIb: @ He PACNoaazaemcs Au Nayx
Ha naymuHe 8 MOYHOCMU KAK HA NOJLYYeHHOU moldenu? Y
MeHs U TeHU COMHeHUu# He ObL10, uTo B [Ipuponae moa:KHO OBITH
nMeHHO Tak. OOHapy’KeHHOe COBIajJeHMe IIOATBEePAMIOCH —
mayk, HeliCTBUTEJIbHO, paciiojiaraeTcs Ha IMayTHHE BCermga ro-
JIOBOM BHU3, €CJIM IIayTHUHA BepTUKaJIbHAadA, KoHmeuHno. Ho B cBa-
31 C 3TUM BO3HHUKJM HMHBLIE BOIPOCHI: OTKYyZA y HMayKa TaKoe
CXOJCTBO C MHTEeP(PEPEHIIMOHHON KAPTUHKON? MoueMy MMEHHO
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IayK, a He MHbBIE CyInecTBa? XOTSA U Y MHBIX CXOICTBO 3TO MOXK-
HO IIPOCJIEAUTH!

Co BpeMeHeM MTOSABUJICA U OTBET, HO CAMOe MHTEPECHOe JK1a-
JIO Hac Buepenu: A He colepicum au MUGoaozus ULU HACKANL-
HASA HUBONUCH UHGOPMAYUIO 06 OMKPLLMbLX HAMU Npoyeccax?
Boimb moxcem, moL He nepavie*, Gbimb MOXcem, HAWU JanéKue
npedku 6cé amo 3HAU, HO 6 pe3y.abmame 2100aAbHbLX KAMAK-
AUSMOB He cYyMenu Yoepiamsb 3HAHUE 6 CB0UX PYKAX?

Panee mbI VIIOMHUHAJIN YTO:

— Y amepukaHckux undeliyed ecmy nezenda o Yenosexe-Ilay-
Ke, ubs NAYMUHA C8s3bleaem HebecHbvle MUPbL ¢ 3eMmaéil;

— cexpemHnbie wroabt Hrduu npedcmasnsiom Hexomopwvlx Bo-
208, Komopvle mpyduaucv Had co3danuem Beenennoil, kax mry-
Wux cemv-naymury, KOmMopas césa3vléaem Mup c6ema U MUp
moumul. Cmpoumedseil KOCMUYLECKOIL cucmembl, C613A6WUX 3a-
podvituw Beceaennoii ¢ Hesudumoii Cunoii, onu Hasviearom Bo-
eanmu-Ilaykamu, a ux npasumens — Beauxum Ilayxom.

Puc. 104. «Ilayupsa CeTb» — nuHTEPDEPEHIINA OT TPEX UCTOYHUKOB. Haburro-
IaeTcsd aCUMMETPUYHASA AYeucTasi CTPYKTypa, AedopMupoBaHHAS apUTMU-
eii. Takada cucrema OyIeT CTPEMUTHCA K CAMOABUYKEHUIO BJIEBO

%
Purmyc: Het MBI mepBbIe — T.K. 0O0paTUIX BHUMAHUE U CAEJIATNA MPABUIIE-
HBIH BBIBOJI, 0000IIIUB 3aKOHOMEPHOCTH.

Juaamukyc: Eciu 9To 1bcTUT Bamemy 920, TO wycTh 0yzer Tak. I TOIBKO
YTO POAUBIIIEMYCS PEOEHKY KaKeTCs, UTO 0 HET0 HUKTO eIIé He BUAEJ MUD
TaK KaK OH. B3pocJible B 9TUX CIyYasax pamyroTcs: « MaJblin mosHaéT Mmup!»
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Hy a mocaenHei Katieii, IpUBeAIIe HAC B BOCTOPT, CTAJIA
dororpadpuu usBasgauit bpaxmel, Illussl u Buinay. Ilouctuie
9TO OBLIIO TPOMOM CPEeAU SCHOro Heba. MBI IMOJOMKUIN PALOM
dororpaduio Bpaxmbl, n3o0pakeHre Mayka 1 KOMIILIOTEPHYIO
pacieuaTKy crnaigep-ad@perTa 1 IMOHAJIN CMbICT IPOIeJaHHO-
TO CpaBHEHUS.

BHe BCAKOTO COMHEHMA MBI CTOJIKHYJIUCH C ceHcalruel, 3Ha-
YNMOCTL KOTOPOH He moamaeTcs oleHKe. Ho riasHoe B 1Ipo-
M30IIeIIeM TO, UTO MBI YKPEIUJH CBOIO Bepy B IIPABUJIb-
HOCTH BBIOPAHHOTO HAIIpaBJEeHUsS uccjemnoBaHuii. IMeHHO B
BTOT IepHuoJ, U IPHUILIA Hesd Ha3BaTh ABJEHNE, IPOUCXOLI-
mree BOsm3u 3emuu, — [PABUTAIIMOHHEBIN IIAVK , HO
ObLIV U MHLIe BapuaHThl, HampuMep BPAXMA — 9ODEKT.

Cienyer 0cob60 OTMETUTH, YTO CO cIiaigep-spdexTom, KaK
¢ hopMoO0OOPa3yIOIIel TPUINHOMA, Mbl CTAJIKNBAaeMCs IPAKTHU-
YeCcKM BO BcexX (popMax 3eMHOU KU3HMU.

§ 5. AHTHUrpaBUTAIMA M Bec

Ecyiu MBI ITOCTaBUM BeIleCTBEHHBIN OOLEKT Ha BEChI, MO
Mmepa ezo cmpemieHUs K c80000HOMY nadernurw 6ydem urcu-
posamuvcsa nokasanuamu npubopa. B ¢cBaA3u ¢ 9TUM ObLjIa IIO-
cTaBJIeHa 3a4ada: 4TO HeoOXOAUMO U3MEHUTh B O0'bEeKTe, UTO-
ObI IOTACUTh €r0o CTPeMJeHHe K ABUKEeHUHIO0, a 3HAUUT —
HeHTpaJn30BaTh Bec KakK AelicTBue?

Temnepsb pellleHre TaKUX 3aJau He IPEICTABJIAECTCS CJI0MK-
HBIM, IIOTOMY UTO OOHAPYsKeHa CBA3b MEKIY BECOM U BEJIUUN-
HOM HECOOTBETCTBUA YacToT. BocmosibayeMcsa reoOMeTpUUECKM
CIIOCOOOM peIlleHNns, IMO3BOJIAIOIINM O0OHTHCHL 0e3 IIpuMeHe-
HUA MaTeMaTuKHu.

Hayimmmune ecTecTBEHHOM apUTMHUM IPUBOAUT K TAKOHM me-
dopmaluy 1 IBUIKEHUIO IOJIA MHTeP(depeHIin, KoTopasa CooT-
BEeTCTBYETIOT HOpMaJbHOMY Becy Teisa (puc.105a). OrcyrcTBue
aApUTMUM IPUBOIUT K HMCUYE3HOBEHHWIO Ae)OpPMAIINU TOJSA WH-
Tepdpepeniiuu. O:KumaeTcs, 9TO 00BLEKT, HAXOAAIININCSI B IIOKOe
¢ COOCTBEHHBIM IIOJIEM WHTep(pepeHIn, MIOoTepseT Bec
(puc.1056). HanbHeilllnee M3MeHEHNE€ COOTHOIIIEHU YaCTOT MO-
JKeT IIPUBECTH K JTedopMaliuy U IBUKEHUIO II0JII HHTepdepeH-
IUY B HAIPaBJIEHUU OT 3eMJU. BLIIPaBUTH BO3HUKIIYIO Ie-
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(hopmMaIruo MOXKHO TOJIBKO B YCKOPEHHOM CAMOJBUKEHHU 34
CIIOJI3AIOIUM BBepX HMHTep(epeHIIMOHHBIM NaykoMm. He ma
AU MO 3a8eMHAL AHMUZPABUMAUUL, O KOMOPoil mak 0020
meumaJsu yuéHble, KOHCTPYKTOPHBI, (paHTaCThI U JIIOAU CTPEMA-
mrecs BBIPBATHCS M3 COCTOSHUA IIEPBOOLITHOTO HeBeykecTBa?!

Puc. 105. Kynga moasér «uHTepepeHIINOHHbBIN TayK », TyAa U JBUMKETCSA TeJIO

Mzl Temephb 3HAEM, umo HEOOXOANMO M3MEHAThH AJIA IIOJY-
YeHNS aHTUTPABUTAIIMOHHBIX CHJI, HO IIOKA HE YMEEeM 9TO Je-
Jatbk. TeM He MeHee, y:Ke HaleHO PeIlIeHUe IJIA IepPeIBUIKe-
HUS B OBEILECTBJIEHHBIX Cpelax, HaIpumep B Boge. VMeHHO
MOSTOMY MbI HPUCTYIININ K JeTaJIbHOMY OCMBICJIEHHIO KOHCT-
PYKIIMH alliapara, CIIoOCOOHOTO IIepeaBUTraThCsa 0e3 TpaauIlunoOH-
HBIX BEceJ, BUHTOB U Ipomnejiepos. Eciu BepuTh mpecce, KOTO-
pas pagum CeKYHAHOM ceHcallid TOTOBA M3BPATUTh
nHGOPMAIIIIO, TO TAKNe SKCIePUMEHTHI ICCIEI0OBATEIIMHI YiKe
ImocTaBJeHbl. BygeM pagoBaThCs, €CJIM 9TO HOATBEPAUTCS!

N xoTs B BeIlecTBeHHOM cpeje HCIIOJb30BATH CHamgep-
s(derT mau (Ghas3oBLIT CABUT TOPa3a0 Jierdye, yeM B a¢upe, pas-
pabaTbiBaeMasa «UTPYIIIKA» CTAHET MEePBLIM B MHUPE IIPOTOTH-
moM OyayIeid jeraroleil TapeJkn. Bckope, mocie mepBhIX e€
WCIILITAHUM, IOABATCA U IIePBble KOCMUUECKIe allapaThl, KO-
TOpbIe CKOpee OYAYT IOXOXKM Ha «IPUMUTHUBHBLIE KPBLIbI»,
KOTOpbIe IPUMEHUJI YeJIOBEK, UTOOLI CIIPLITHYThH C IIePKBU.

Ho Bepuémcs K 6ecy, KOTOPBIH IO OMPEAESEHUIO PaBeH

Macce TeJjla YMHOKEHHOM Ha YCKOpeHMe CBOOOMHOTO MaJeHUs
(P=mg).
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Temnepb, KOrjJa MBI OIPEAEJUINChL C I'paBUTAIlEeH, KaK C
0COOBIM THUIIOM CAMOJIBUKEHUS, HOHATHE 8eC 00pEeJIo IJIs Hac
HOBOE€ CMBLICJIOBOE 3HAUEHUe.

MbI yCTAHOBUIIN, UTO CULA U UMNYJAbC CULbL O CB0ell (hu-
3UuuecKoll cymu ecms cmpemaeHue Kk camodsuixcernuio. Mul pac-
CMOTPEJIHN, UTO COCMOAHUE NOK0S, 08uiceHue 1 c08uz (a3 B3a-
MMOCBSA3aHBI MEXKIY CO00, 1 YCTAHOBUIIM, UTO 3AMOPOHCCHHBLIL
cdsuz (a3 TPUBOIUT K IIOCTOSTHHOMY BO BPpeMeHU IEMCTBUIO, a
durcuposarHoe pasauyue 8 yacmomax (B JalbHEUIIEM IJIA
KPaTKOCTU — aApuUMMus, T.e. HECOBIAJEHUE YACTOT) — K Aeil-
CTBUIO, YBEJINUYKNBAIOIIEMYCS BO BpeMeH!.

Cunraercs, 4TO 6ec TeJl He MeHAETCA BO BpPeMeHHU, HO B
YCJIIOBUAX 3eMJM 9TOT HPOIlecC IIyCTh MeAJIEHHO, HO TOJIKEH
OPOUCXOAUTE. TaKkoii BEIBOJ HACTOPAKUBAET U BPOJie ObI IPU-
BOAUT K mpoTtuBopeunio. Ho B peaJbHOM MUpe pPasHOUTEHUN
He CYIIIeCTBYeT, OHY BO3HHUKAIOT 13-3a HeCOBEPIIIeHCTBA Hallle-
IO JIOTUYECKOT'0 IIPOCTPAHCTBA, T.€. OT HEJIOCTATOUYHOCTH IIO-
HUMAaHUS IIPOUCXOMAINEr0. B ¢BA3M ¢ 5TUM K 3aMeUeHHOMY
IIPOTUBOPEUNIO OyZleM OTHOCUTHCA KaK K BPpeMeHHOMY, II0Jia-
rasi, 4YTO ero CHIOMUHYTHAasA BUAUMOCTh 00eCIIeunBaeTCs IIepe-
CTPOEHUSIMU OCIIMJIJIATOPOB Ha aTOMapHOM W TIJIy0iKe YpPOB-
HAX opraHmsanuu. Ho BepHEMCS K BOIIPOCY 8eca.

Hror: cuna — amo o0HA U3 KOJAULECMBEHHbLLX XapaKme-
pucmuk 0suixcenus, svipaxcaouaica 6 cosuze ¢pa3! B rpaBu-
TAIlMOHHOM IIOJIE 8eC MmeJaa SA8JASemcs NPepeaHHbLM COCMOS-
HUuemM NOKO0A, XaApaAKmepuyrnwumca HAAUYUEM BeKMOPHOIL
degpopmayuu, T.e. nedopMaIiu, CYMMapPHBIN BEKTOP KOTOPOIA
HampaBJieH K IeHTPYy 3emuu. IloHATHE 3aMOPONCEHHOE KOAU-
yecmaeo 08uUldceHUs SBJIAETCS BEKTOPHOM Mepol BHYTPEHHUX
nepopmanuii. Ho Torga MoXHO IrOBOPUTH O 6ece, KAK O 6ekK-
mope 3amMOPOIHEHHO020 Korudecmea deuxcenus. B ciyuae c
rpaBUTAIEl MOKHO CKasaThb, uTo BEC — amo sexmopHas mepa
cmpemeHus meaa K COCMOAHUI0 NOKOs.

Bripasum ckopocmb uepes cdguz (a3, a YyckopeHue uepes
apummulo M TIOJCTaBUM dTU M3MEHEHUs B (DOPMYJBI 8eca:

P = Ft = mo,c/11* Ad = mAd, (4.5)
VI P =m.g = 2m,cAv= mAw (w=2mv). (4.6)

MbI BUIMM, UTO M 86C HAXOAUTCS B IIPSIMOY 3aBUCUMOCTH
or cdsuza ¢as. Tenepb TOHATHO, uMO HEOOXOIUMO MEHATD,
uyTOOBI MOBJIUATHL HA 8ec. 3aMeTHM, UYTO yCTpPaHeHUHe CIBUTa
¢das TPUBOAUT JUIIL K IIOTEPE 8eca, HO HEe MAaCCHI.
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Iloxa OTKPBITHIMHU OCTAIOTCS BOIIPOCHI: HAa KAKOM YpPOBHE
OpraHmM3aIliU BeIlecTBa HEOOXOAMMO YCTPAaHATH cABUT (a3 u
apuTMuio? KakK BJAMATH HA HUX He BBIXOMS 3a IpeJesbl Teja
niau anmnapara? Bes sKcepuMeHTOB MBI HE CMOYKEM OTBETUTD
Ha 3THU BOIIPOCHI.

ok ok

HN3yuyasa cocTOAHUA IIOKOSA MbI O0OHAPY KU KECTKYIO, He-
PasphIBHYIO CBS3b MEXKIY O8uxdceHuem W (Pa308blM COCMLOS-
Huem. BOSMO)RHO, YTO BJUATH Ha ABUMKEHIE MOYHO He BbIXO-
O M3 CHUCTEeMBI, HO IJS 3TOr0 HEeOo0XOAWMO HAYUYUTBLCS
yaopaBiaATh PA30BBIM COCTOSHHUEM.

M&5I yCTAaHOBUJIM, UTO CULA, UHEPUUS, 08UMNCCHUE eCTh He
YTO MHOE KaK eCTeCTBEHHAs PeaKI[Us OCIUJIJINPYIOIINX CUC-
TeM Ha (paKTOPhI, U3MEHSIOIINE COCTOSHNE MOKOs. PaKTOPbI
MOTYT OBITh BHEIITHUMY ¥ BHYTPEHHUMM, HO YaIlle — KOMILIECK-
cupiMu. K BHEITHUM (paKTOpaM OTHOCATCA: MPAMOe KOHTaK-
THOE JelicTBUe, BOJHOBOE I'PaJHUEHTHOE BO3IeCcTBIE, BO3eli-
cTBUe Ha YypoBHe InymMoB. K BHYTpeHHHM (darKTopam
OTHOCSTCS: M3MEHEHIe YaCTOThI, M3MeHeHre (pasoBOro COoT-
HOIIIEHN S, CO3JaHNe NCKYCCTBEHHBIX HAIPAKEHWIM.

Baarogapsa spdexTy Méccbayspa HAM yIaa0Ch IOIMETUTDH
CBA3b TATOTEHUS C APUTMUEH, NJIH, YTO TO JKe caMoe, MEeHSIIO-
IMMCS BO BpeMEHU COOTHOIIIEHNEM (pas, 1 BRIPA3SUTDL 3TOT IIPO-
mecc MaTeMaTuuecKku. [[ymaeTcs, 4To MBI TE€IIEPhb B 9TOM 3KYT-
KO HMHTEpecHOM BOIIpoce HaMepeHHO pasbepémcs (9To, Kak
BeHIEeTTa 3a HEeBEe)XeCTBO0), IIOCJIe Yero CMOKeM TBEPAO T'0BO-
PUTHL O KAaUeCTBEHHOM IIOHMMAHNU IPUPOLBI I'PABUTAIIN.

T'1aBHOE Hallle TOCTUIKEHWE B TOM, UTO MBI MHAUE CTAJIU
OTHOCUTBLCS K MOHATHUIO CUJLA, & B CJIyUyae I'paBUTAIIUU TeIepPhb
MOHUMAeM (3TOT MOMEHT OUeHb BayKeH), UTO TeJia He IPUTATH-
BAIOT APYT APYTa, a CO3AAI0T YCJIOBUSI BO BHEIITHEM IIPOCTPAH-
CTBe JIJIsI CAMOJBMIKEHHUA HAaBCTPeUy ApPyT Apyry. BHeltHe 3TOT
000IOMHBINT TPOIIECC BBITVIAAUT IPUTHAKeHHeM 0e3 BUIMMOMR
HIPUYUHEL.

Temeps y HAC TOABUJICA €IIE€ OAUH CIOCO0 OIIEHKHU BCETO,
YTO CBSBAHO C IEPEIBUIKEHNEM B IpocTpaHcTBe. HacKoIbKO
STOT CHOCO0 JIyUIlle IPEeKHUX, IIoKaKeT Bpema. 1 xoTsa pac-
cMaTpHBaeM MbI IOKAa IMPOCTEHINNe Caydan, ¥ HaC TeIepb eCTh
BCe OCHOBAHUS PACIPOCTPAHUTL METOAUKY U Ha 0oJiee CJIOMK-
HbI€ CHUCTEMBEI.
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§ 6. I'paBUTAITMOHHBIN CHUHTE3

M xota B aToM maparpade mMeioT MECTO YTBEPAUTEIbHBIE
opMBbI UBJIOKEHUT, OyIeM K HUM OTHOCUTBCA C IIOHUMAHUEM
— YK CJIHUIIKOM WHTPUTYIOIIElH TpeaCcTaBIsAeTCa UAes 00bsc-
HUTH «CaMOIIPOM3BOJIbHOE» IIPEBpAIlleHre OMHUX XUMUYECKUX
2JIEMEHTOB B Apyrue He mpuberas K 3alpenejbHBIM IOIYIIe-
HUaAM. /1o cuX mOop HUKTO TOJKOM He 3HAeT, KaKuM 00pasoM,
mo Kpaiitmeli Mepe Ha 3eMJie, BO3HUKJIO XUMUYECKOe MHOT'000-
pasue 1 KaKOB MeXaHU3M 9THUX IIpeBpartiennii? EcTh rumoresa,
YTO YeCTU ObITHL HOcHTeJeM Tabauilbl MeHIeseeBa yIOCTOEHBI
He Bce ILJIaHeTHI, a TOJIbKO M30paHHble — HO 37eCh OIATH IIoIIa-
XUBAeT 9roleHTpu3MoM. MBI Ke M3JIOKUM HWHOe BUAEeHNe.

ITocTosAHHOE BO BpeMeHM H3MeHeHHe COOTHOIleHus ¢as
(apuTMusa) TauT B cede YAUBUTEIbHOE CBOMCTBO — B YCJIOBUAX
IJIaHeT, a MOJKeT ObITh, ¥ 3BE3]], IPeo0Pa30BbIBATH BEIeCTBA.
Hao6miomas 3a mpeBpaliieHreM pagrloaKTUBHBIX 9JI€MEHTOB, MBI
ABJIAEMCS CBUIETEIAMU CAaMOIIPOU3BOJILHOIO ITpeo0pa3oBaHU
BeiiecTBa. IIpuuéM oOTAeIbHBIE PAANOAKTHUBHLIE IPOIYKTEI
MIpPeACTaBIAIOT U3 cedsd JUIllb 0ojiee MM MeHee YCTOMUYMBBHIE
MIPOMEKYTOUHBIE CTYIIEHHN; B TOM CMBbICJIE IIPEBPAaIllaeMOCTh
OIHUX JJIEMEHTOB B ApPyrue MOKHO CUMTATh AoKasaHHoii. He
ABJIAETCA JU 3TO IPUMEPOM OTHOCTOPOHHE HAIIPABJIEHHOTO
BOCCO3TaHUS CJAOMKHEHIITNX XUMUUECKUX 9JI€MEeHTOB CII0CO00M,
0 KOTOPOM MbI HMUUETro He IoJ0o3peBaeM? — 9TO OAUH U3 BaXK-
HEeHMIINX BOIIPOCOB €CTEeCTBO3HAHMUS.

Villzilz

\ oy
- i

A
%

N

Puc. 106. 3aBucuMoCTh padMepoB BOJHOBOU PEIIETKU OT YACTOTHI

Ecnu cTpyKTypy Tesa IpencTaBUTh BOJHOBOM KPHCTAJI-
JVNYECKOM PEeNIeéTKOM, BOJHOBBIM ITaKETOM, B y3JIaX KOTOPOTO
HaXogATCA OCIIUJIJIATOPBI, TO IIPU IIOIIaJaHNM Ha IIOBEPXHOCTH
IJIAHEeTHI eMy TFapaHTUPOBAH IIOCTOSHHO YBEJIUUYUBAIONTUIACS
BO BpeMeHU caABUr as. Takoe yBesuueHne IIPUBOAUT K BO3pa-
CTaHUIO UMITYJIbCA TeJIa, a IIOTOMY CO BpeMeHEM OHO, TeJIO, J0JI-
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JKHO TsoKesdeTh. Ho yTsixenenne Tesna 0e3 BO3pacTaHUSA Mac-
Chbl, T.€. YIJIOTHEHUE, MOKET IIPONCXOAUTh TOJIBKO Yyepes yBe-
JuYeHNe YyIeJILHOTO Beca, a 3HAUUT, C IIOTePel IepBoOHAYAIb-
HOT'0O 00'bEMA.

ITOT BBIBOJ MOSABJIAETCA €CTECTBEHHBIM MYTEM U KasKerT-
csA HaM IapajJoKcaJbHBIM, IOTOMY KaK €CJIHM 3TO U HPOUCXO-
IUT C TeJaMU, TO KpaliHe MeIJeHHO II0 CPaBHEHUIO CO BpeMe-
HeM JKM3HU OTHeJILHOTO uejoBeKa. TeM He MeHee, KOTAA-TO
¥ Hallla IJIaHeTa ObLjIa CT'YCTKOM ITPOTOBEINEeCTBA, WM TOJBKO
IOTOM, B PE3yJIbTAaTe MOJITUX ero IrpeodpasoBaHnil, BOSHUKJIN
sJeMeHTHI Ta0muibl Meugenaeesa. 1 B HacTosAIee BpeMs aHa-
JOTUYHBIe ITPeo0pas3oBaHUSA MMEIOT MeCcTO — 00 3TOM CBHIE-
TeJbCTBYET HAJINUNe PaSUOAKTUBHBIX M30TOIIOB, KOTOPLIE II0
OKOHUAHUY BHYTPEHHeH peopraHusaiiuy IIepexonsaT B Oojee
CTaOMJIbHYIO (Dasy CBOETro CYIIIeCTBOBaHUAY.

HenoHATHOCTL CUTYALLUN U B TOM, 4TO aputMusa B 1078y,
BeJIMUNHA 3HAUNTEJNbHAS M I03BOJISET YBEINUYUTH NMIIYJILC
SJIEMEHTAPHOM CHUCTEMBI IO MAaKCHMAJIBHOTO 3HAUCHMS, IO Kpaii-
Heii mepe, 3a 1 200. IHOoe fejio, OT/INUMEe MEXKIY dJIeMeHTAPHbBI-
mu cuctemamu B 10718 pa3, Korma AJst aHAJOMMYHOIO IPOIlecca
Tpebyercsa okosio 300.000.000 nem. 3nech He cjaenyeT 3a0bI-
BaTh O AApPE CO BCEeMM ero aTpubyTaMu 1 00 DJIeKTPOHHBIX
000JI0UKaX, Y KOTOPBIX €CTh BO3MOKHOCTEL IOJIAPHU30BAThCA,
T.e. BEIOMPATh TaKle TPAeKTOPUH, IIPH KOTOPLIX HAKOIJIEHIIE
UMIOYyJabca OyaeT MUHUMAJIbHBIM.

HHoe mpoucxXoguUT Ha ypPOBHE BOJHOBOUN KPHCTAJIINUYEC-
KOIi PemIéTKH, I'le CAMU ATOMBI BBIIIOJHAIOT POJIb OCIIAJLISATO-
poB. 3mechk MBI UMeeM 0oJiee JKECTKYIO CHCTEMY, a IIOTOMY B
Hel JOJIXKXHO IIPOMCXOAUTH CaMOIIPDOM3BOJIBHOE HAaAKOILJIEHUE
BHyTpeHHUX aedopmaruii. OueBUIHO, BpeMs OT BPEMEHU B
TeJaxX JOJKHA MPOUCXOAUTD II00abHAS PEKPUCTAJIIN3AINA,
COIIPOBOXKIAIOIIASICSA cOpaCchIBaHIEM UBJINIIIHEr0 NMITYJIbCA II0-
CpeICTBOM H3JIYYEHMUS.

B ymep:XuBaeMbIX IIOBEPXHOCTHIO 3eMJH TejaX, 3a CUET

MEHAIOIErocs BO BpeMeHU cABura (pas, IIpoucXonAT eBa 3a-
%

Paccy:xkznas o cHHTe3e XMMUUECKUX 9JIEMEHTOB, BCIIOMHUHAIOTCSA CTPaH-
HbIe CUTyaIluu ¢ 3a0POIIIeHHBIMY 30JIOTOHOCHBIMY ItaxTamu. CiaydaiiHo 3a0-
pelIInii crapaTesnb BAPYT OOHAPYKMBAET 30JI0TO, XOTS IIO0 BCEM ITAHHBIM
MECTOPOXKeHVe MCCSIKJIO JaBHO U IIOJIHOCTHIO. BO3HMKAaeT BOIIPOC: OTKYAa
oHO TaM BaAsock? VI XOTA NPUBENEHHBIN NIPUMEP OTHOCUTCSA K JPYTOMY
MeXaHM3My CUHTe3a, MbI er0o IPUBEJIN B KauecTBe UJLIIOCTPAI[UY HAIIIeH cJa-
6011 OCBEZOMJIEHHOCTH O MHOTOM IIDOMCXOASIIEM.
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MeTHBbIe IIpeBpallleHus HTOT'0 BelllecTBa B Apyroe. JTO fABJIe-
HUe IIpeJjlaraeTcs Ha3BaTh 2PA6UMAYUOHHBLI cuHme3. BrITh
MOJKeT, UMEeHHO TaKuUM o0pas3oM, 4Yepes II0CJIeJOBATEIbHYIO
eperpynIuPOBKY OCIUJJIATOPOB, MBI CMOYKEM IIOHATH IIPU-
YMHY BOBHUKHOBEHUS Ha 3eMJie TaMMbl CTaOMIBHBIX XUMU-
YEeCKUX 9JIE€MEHTOB, a TaKKe U PAJUOaKTUBHBIX N30TOIIOB, HAa-
XOOAIINXCA B IPOMEKYTOYHON CTaIUU 2PA6UMAUUOHHO20
cunmesa.

Ecnu upnes o zpasumayuoHHOM cCuHmMe3e TOATBEPAUTCA, a
ATO Temepb BCEIIeJIO 3aBUCUT OT IIPOBeIeHUsA 3aqyMaHHBIX Ha
ATy TeMy SKCIIEPHMEHTOB, TO MBI CMOKEM OTBETUTh Ha PAI
BOIIPOCOB, HAIIPUMeEP: OTKyAa 3BE3ALI OepyT SHEPruio Ha M3-
aydenue? OyneT jiu mepuoguyeckasa Tabsuia MeHgemeeBa 1o-
TOJIHeHA HOBLIMU CTAOMIbHBIMU XUMUYECKUMU dJIeMeHTaM1 ?

I'paBuUTAIMOHHLINZ CUHTE3 W BBIOPOC MB3JIUIIKOB SHEPTUU
— Ipoliecchl B3auMOCBsA3aHHBIe. Ec/in He KacaThCs IMEePBOIIPU-
YWHBLI BUOPAIUiA, TO ¥ CO3JaHNe YCJIOBUH AJISA apUTMUM, U YBe-
JUYEHNE UMIYJIbCa 3a CUET MOCTOSHHO PaCTyIero casura das,
U 2paBUMAYUOHHbLIL CUHME3 C BBIOPOCOM UBJIUIITKOB 9HEPTUU
— camo co00ii pasdymMeroIrecs IIPOIlecChl KAUYeCTBeHHBIX IIpe-
obpasoBaHUi1, OJaromgapsa KOTOPEIM MbI mMeeM Ty BeeneHnyo,
KOTOpas ecTh.

Crenyer moHMMATD, UTO HA CUHTES €II€ HECYIIECTBYIOIITUX
Ha 3eMJie XUMHUYECKUX DJIEeMEHTOB TPeOyeTcs HeCKOJIbKO M-
JIMapAOB JIET, HO 9TO B YCJIOBUAX HAaIllel miaHeTsl. Ha 3Bé3max
WIN Ke Ha IIaHeTax ¢ 0ojiee MOIITHBIM TATOTEHUEM, TaKOu
CHHTe3 JABHO YKe MOT IIPOU30ITH, a IOTOMY, IIOIIaB, HAIIPUMED,
Ha IOnuTep, MBI MOXKeM CTOJKHYTHCA C HEBEJJOMBIMU HaM Be-
IIecTBaMM, a €CJIM OHU B pedyJbTaTe IPeoOdpa3soBaHUM He IIe-
pepoauanch B 0ojee JIETKME 9JIEMEHTHI, TO 1 C UX YHUKAJIbHBI-
MU COeMHEHUIMHU.

Panee MBI BBeJIM TIOHATHE A0CONLIOMHbLI UMNYJLbC, TIPU-
HAB B KauecTBe Hauajsa orcuéra A¢ = 0. Ho MBI BUaguM, UTO B
oJie TPaBUTAIIUY CABUT (Das3 yBeJIUUUBAETCSI caM co0oii, a mo-
TOMY KOHCTATHUPYEM, UTO A0CONLIOMHbLI UMNYAbC YBEINUNBA-
ercs.

p=moc*Ap/T ectu Ad - T, Top > Mmoc  (4.7)

MakcuMaabHBIM UMIIYJIBC CTAHOBUTCA B cayuae A¢ =71 B
9TON CUTyaIlMM CKOPOCTH ABYX B3aMMOIEHUCTBYIOIIUX IIPOTO-
OCIIMJLIIATOPOB HoJi:KHA ObITh 300000 kMm/c, a ecliu TIPUHATH
BO BHUMaHUe IpeobpasoBaHnA QUBUUECKUX PAa3MeEPOB, TO Ie-
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pen cucTeMoii BCTAaET BHIOOD: KOJIJIATIC MJIM pacHanm. A MOKeT,
u TO, u apyroe?

Bospacranmne umMiyjbca OIPUBOIUT K YBEJIWUYEHUIO BHYT-
PEeHHeH Hepruu, KOTOPYIO CHCTEeMAa MbITAETCS KOMIIEHCUPO-
BaTb BHYTPHUAIEPHBIMU IIEPECTPOCHUAMU, a €CJAU dTO He yIa-
éTcs B IIOJIHOM Mepe, TO OHa M30aBJAETCSI OT MU30BITOUHBIX
OCIIMJLIIATOPOB M SHEPTrHUHU Uepe3 MX M3JyUeHMe BO BHeIIIHee
IPOCTPAHCTBO. B 5TOM cMBIC/Ie MBI MMEEM JeJI0O C TaK Ha3bI-
BaeMbIM 2PABUMAUUOHHBIM PeaKmopom.

§ 7. T'paBMTAIIMOHHBIN MOTEHI[NAJ

Kaxoe 13 y:xe pacCMOTPEHHBIX ABJIEHUHA yUacTBYeT B Gop-
MUPOBAHUU MOHATUA 2pABUMAUUOHHbLI nomernyuaa? Kak ou
dopmupyetca? Bompoc oTHOCUTCS K PaspsAny CIOKHBIX II0 IIPU-
YrHe CKYJZOCTH HAINNX JKCIEPUMEHTAJIbHBIX BO3MOYKHOCTEM.
Tem HEe MeHee...

Ecin, Hanmpumep, HaM HEOOXOAMMO IIPOBEPUTH, KAKUM 0Y-
IeT yCKOpeHue CBOOOMHOIO IaJleHUs y TeJia IIPU ero Hadyallb-
HOU cKopoctu 20 KMm/c, TO MBI HE MOXKEM ITOTO cHesaTh, a
IOTOMY CTapaeMcs TaKUX 3ajlayu He pelllaTh, a TO U IOIPOCTY
IejlaeM BUJ, UTO UX peIlleHre MOTUNHIETC O0IITen3BeCTHOMY
3akoHy. Ho Belb UMEHHO B SKCIIEpIMEHTaX TAKOT0 MacITada
MOJKEeT OKal3aThCsd, UTO TeJO OyJeT MMeTh OTPUIlATEIbHOE yC-
KopeHue, T.e. TOPMO3SUTLCA — II0 KpaliHell Mepe, y Hac HeT oc-
HOBAH!A OTPUIATDH 9TO. A TOTOo YTOOBI XOTH KaK-TO IPOsC-
HUTHh CUTyaIlli0, PAcCMOTPUM 3amady HMHOTO IOpAAKAa: O
IPUPAIEHUN CKOPOCTH CBOOOTHO Iagalolero ¢ yCKOpeHUeM
TeJia Ha eIUHUITY BpeMeHU U Ha eIWHUILy IyTH. BygeM mcxo-
IUTHb U3 TOTO, UTO KaAMO0il MZHOBEHHOI CKOPOCMU coomaeem-
cmayem KOHKpemHbLil cd8uz (a3, a cTaHZAPTHBIE (POPMYJIBI
IJIsi cBOOOMHOTO MajieHus Ha yuyacTKe B 500 m oTpasKaioT JIei-
CTBUTEJHbHYIO PEaJbHOCTD.

YcnaoBuMcsA, 4TO aTrMocdepa OTCYTCTBYET, TEJIO HaJaeT C
BBICOTBI 500 M, a g=9.8 m/c?. Hac uHTEpecyer:

1. 3aBucuMOCTh IpHUpAIlleHuA cABUTA (a3 Ha PaBHBLIX OTPE3-
Kax MPOHAEeHHOTO MYTH.

2. 3aBUCHUMOCTh IpuUpallieHus capura (as 3a paBHbBIEe IIpOMe-
JKYTKU BpeMeHH.
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Pemtenne 1

1. BeruucauM 3HaUeHNEe MI'HOBEHHO CKOPOCTH Tejia B KOHT-

ponbHBIX Toukax 10, 20, 30, 40...

OIBUKeHuA 1o hopMyJiaM

V,=at=(2Sa )’ Ap=0.6 - 10° -V

MEeTpOB OT MeCTa Hadajia

3aBHUCHMOCTH NPUPANIEHUA CKOPOCTH U (ha3bl

OT MPOMIEHHOTO IIYTH

S)| Vuu(xM/C)| AV ¢ (rpax) Ad
0 0 0
10 14.0 +14.0 84-10° +84-10°°
20 19.8 +5.8 11.88-10° +3.48-10°°
30 24.25 +4.45 14.55-10° +2.67-10°°
40 | 28.0 +3.75 16.8-10°° +2.25-10°°
50 31.3 +3.3 18.78-10° +1.98-10°°
60 | 34.3 +3.0 20.58-10°° +1.8-10°°
70 37.04 +2.74 2222107 +1.64-10°°
80 39.6 +2.56 23.76-107°° +1.54-10°°
90 42.0 +24 25210 +1.44-10°°
100 | 44.27 +2.27 26.56-10°° +1.36-10°°
110 | 46.43 +2.16 27.86-10° +1.3-10°
120 | 48.5 +2.07 29.1-10° +1.24-10°°
130 |5048 +1.98 30.29+107° +1.19-10°°
140 | 52.38 +1.9 31.43-10° +1.14-10°°
150 |54.22 +1.84 32.53+10° +1.1-10°
160 | 56.0 +1.78 33.6-10° +1.07-10°°
170 |57.72 +1.72 34.63-10° +1.03-10°°
180 |594 +1.68 35.64-10° +1.01-10°°
190 |(61.02 +1.62 36.61-10° +0.97-10°°
200 16261 +1.59 37.56-10° +0.95-10°°
300 |76.68 +14.07 46.0-10°° +8.44-10°°
310 |77.95 +1.27 46.77-10°° +0.77-10°°
320 |79.2 +1.25 47.52-10°° +0.75-10°°
400 | 88.54 +9.34 53.12-10°° +5.6-10°
410 | 89.64 +1.1 53.78-10° +0.66-10°°
500 | 98.99 +8.26 59.39-10°° +4.95-10°°
510 | 99.98 +0.99 59.99-10° +0.6-10°°

IlonryuaeTcs, YTO ¢ TOUKM 3PEHUS IIPONAEHHOTO IYTU HA
KasxcOom nocaedynuiem yvacmie npubasKa Kk CKOpocmu YymeHby-
waemces. ATO MOXKHO O0BACHUTL TOJBKO OJHUM — YMEHbIIIe-
HHEeM J00aBOUHOIO AelcTBUdA. Eciu MCKaTh aHAJIOTUU, TO Ke
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caMoe IPOUCXOAUT U C IIPUIITBAPTOBAHHBIM HaPYCHUKOM: CTOUT
eMy OTAATh IIIBapTOBLIE, 1 OH, ITIOATOHSIEMbINl BETPOM, HAUMHAET
HabupaTs cKopocTb. CKOPOCTh HMapyCHUKA OymeT IMOCTOSHHO
BO3pacTaTh, HO IpUpAIlleHle CKOPOCTH Ha PaBHBLIX OTPe3Kax
nyTu OyaeT YMeHbIIaThbeAa. Ecau CKOPOCTh TapyCHUKA CTaHeT
00JIbITIEe CKOPOCTH BETPA, TO MOSBUTCS TOPMO3SAIIAA CUIa. ITO
cpaBHeHUe He 0JIeIleT MOJHOM aHAJIOTHel, HO JOCTATOUHO yoe-
IUTEJBHO.

U xoTa Ha paBHBIX OTpe3KaXxX IIYTU IpPUpaIleHne CKopoc-
TH YMEHBIIIaeTCs, OHO, IIPUpPAIIleHNe, OCTAETCA ITOCTOSHHBIM 34
paBHBIE IIPOMEKYTKH BpeMeHu. Ho IJid 9TOro Teyy IIPUXO-
OUTCA IIPOXOIUTEL BCE OOJIbINNE 1 OOJBIIINE OTPE3KU PACCTOS-
HUIA.

Pemtenne 2
V=at, S=at?/2, Ap=0.6 10V

3aBHCHMOCTH CABMTA (pa3 M MpHUpPAIIEeHUA caBura ¢as
OT BpeMeHH NaJeHUusd

t(c)| V(rkm/c) S(m) Ad (2pad) $+A

0 0.0 0.0 0.0

1 9.8 4.9 5.88-107° +5.88-10°
2 9.6 19.6 11.76-10°° +5.88-10°
3 294 44.1 17.64-10° +5.88-10°
4 39.2 78.4 23.52-10° +5.88-10°
5 49.0 1225 29.4-10° +5.88-10°
6 58.8 1764 32.28-107° +5.88-10°
7 68.6 240.1 41.16-10°° +5.88-10°
8 784 313.6 47.04-10° +5.88-10°
9 88.2 396.9 52.92-10° +5.88-10°
10 |98.0 490.0 58.8-107° +5.88+10°°
11 107.8 592.9 64.68-10° +5.88-10°
12 1176 705.6 70.56-10° +5.88-107°
13 1274 828.1 76.44 107 +5.88+10°°
14 137.2 960.4 82.32-107° +5.88-10°
15 147.0 1102.5 88.2-10° +5.88-107°
16 156.8 12544 94.08-107° +5.88+10°°
17 |166.6 1416.1 99.96-10°° +5.88-10°
18 176 .4 1587.6 105.84-10° +5.88-107°
19 186.2 1768.9 111.72-10°° +5.88+10°°
20 196.0 1960.0 117.6-10° +5.88-10°

ecJi (A¢2 - A¢1)/At=A(A¢)=5.88 «10%[1/c],
TO a=ko[J¢
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rme:
[J¢ — pasHocTh pasHocTH (a3 3a 1c (CKOpOCThL M3MeHe-
HuA pasHocTu (as),
ky — dasoBas mocrossuHaA (ke = ¢/180=1.665514+ 10°m/c * zpad?’).

MpbI 3HaeM, 4TO IO Mepe yaajleHusA OT 3eMJIM 3HaueHue
YCKOPEeHNs YMeHbIlaeTcs, a 3HauUuT, u Beauunna A(AP), Koro-
PYyIO MBI HAaMEepPEeHbI IPUHATE (00CYINThH) B KaUueCcTBe OCHOBHOM
XapaKTEePUCTUKY 2PABUMALUOHH020 NOMEHYUALA, OyaeT MHOMH.

Ho Torma zpasumauyuoHHblil NOMEHUUAL — MO XAPAK-
mepucmuKka cocmosAHUSL NOJLsL, NONA8 8 KOMOpoe, meia udme-
HAIOM a304acmommblLii pexcum u o6pemaiom cnoco6Hocmbv K
YCKOPEHHOMY CAMOCOLUNCCHUIO.

Criemgyer moHUMATh, UTO HET CTAIMOHAPHBIX II0JIeil, HO eCTh
KOJLIIEKTUBHOE U3JIYUeHNe, KOTOPOe IIOCPEICTBOM MeliCTBUSI Ha
OKpYsKaloIliye Tejia CO3MAAET NJIIIO3UI0 CTAIlMOHAPHOCTH, 3aMO-
posxenHocTu. Ecau IpuHATH BO BHUMaHNE (Da30BBLINI PHMCYHOK
U3JIydYeHUus, TO AeliCTBUE Ha IOIABIIUUA B HOJie O0BEKT OymeTr
ompeneaAThbCS 3TUM PUCYHKOM (pumc. 107).

7
~

Puc.107. XapakxTtep [eiicTBUS BOJHOBOTO IIOJI OAMHOYHOT'O MUCTOYHUKA 3a-
BUCUT OT PACCTOSHUA N0 00beKTa. BOmmsy ocrnmiaTopa OOBEKT IIepPeKphI-
BaeT BOJIHBI C PasiIUYHOI (azoit, YTO HaBA3BIBAIOT eMy clenmuduyecKue fe-
dopmatuio u popmy KosmebaHusda. Baaau or ocuuasaTopa (GPOHT BOJIHEI IIPaK-
THUYECKHU IJIOCKUH, a II0TOMY ero JieficTBIe NHOe, UTO 3aCTaBlIsgeT O0BEKT KoJle-
0aTbCa IO MHOMY 3aKOHY. KEciau HabIomaTes b BUAUT TOJBKO O0OBEKTHI, TO ¥
HEro BO3HUKAET BOIIPOC: IIOYEMY OHU KOJIEOJIOTCA IO PA3HBIM 3aKOHAM?
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IIpoBeném MbICTIeHHBIN 9KCcIIepuMeHT. [lomycTuM, 4TO BOJI-
HBI He BUIHBI, HO 00 UX HAJIWYUU MBI MOKEM CYAUTH IO JIeii-
CTBUIO Ha IpeaMeThl. Eciiu Ha TOBEPXHOCTDH TAKOM CPebl MbI
IIOMECTHM JABa OAWMHAKOBBLIX HNPAMOYTOJILHUKA M3 OyMaru, To
PasMOKHYB, OHU B TOUHOCTHU OYAYT IIOBTOPATH KOH(MPUTYPAITHIO
BOJIHOBOTO IIOJIfA, T.e. KojiebaThCcAd B TAKT C €r0 aMILIUTYIOMH.
Ecau paccrosHme me:xay KycoukaMu OyMaru Bcerjga (puKcH-
POBaHHOE, TO, YAAJAA UX OT UCTOUYHUKA, MBI 3aMETHUM U3MeEHe-
HUe XapakTepa KoJjiebaHWUil, MPUUEM Ha 3HAUUTEJIbHOM yIa-
JeHnUn o0a OyMasKHBIX IIPAMOYTOJbHUKA OYAYT KOJIeOAThCS
OIPaKTUYECKHN IO OTJHOMY 3aKOHY.

Ecau MBI IepeiiiéM OT MBICJIEHHOTO SKCIIEPUMMEHTa K pe-
aJILHOMY ITPOCTPAHCTBY, TO JJOTUYHO YTBEPKIATh, UTO KOJLIEK-
TUBHOE U3JIyUeHre 3eMJIN HaBA3bIBAET BEII[eCTBEHHLIM 00heK-
TaM HAEHTUUYHYIO CUTyaIllio: KoJiebauHus Oojee OJUBKUX K
3eMJie OCIMJIIATOPOB MO XapaKTepy OTJIMYAIOTCSA OT KoJjeba-
Huil Oojiee ymaléHHBIX. UeM maJjbliie oT 3eMJH, TeM MeHb-
UM CTAaHOBUTCA oTJinuue. Ho MbI YCTAHOBUJIN, UTO UMEHHO
pasnuua 6 xapaxkmepe KoaeOaHUll A6Jsemcs OCHOBHOU npu-
wuHoil camodsuxcenus. Boanosoe usnyuenue Semau cousaem
co0cmeEeHHble KONeOAHUA I HANOAHAIOULUX Mead OCUUNLLAMO-
pos, u amom npouyecc, (Kak BapUaHT) HAMU NOJONEH 8 OCHO8Y
008SCHEHUS 2PABUMAUUU.

Ha poJis rpaBUTAIIMOHHOTO IIOTEHIIMAIA MOTYT IIPeTeH10-
BaTh TOJBKO T€ XapaKTEPUCTUKU, KOTOPbIe MEHSIIOTCSA C pac-
cTosTHUEM. SIPKO BBIPA’KEHHBIX XapPaKTEPUCTUK KaK MUHU-
MyM JBe: aMILIUTYIa U Pagnyc KPpUBU3HEI BoJHBI. KpoMme aToro
BEIIEeCTBO, HAXO/[SICh HA TPAHUIIE Pas3fiesia JBYyX YaCTOTHBIX CPe/I,
MOMKET JeTeKTUPOBATh CKPBITYIO DHEPTUIO U3JIYUYEHUA.

OueBHIHO, YTO KAMKAOM XAPAKTEPHCTUKE COOTBETCTBYET
CBOM TN cuJI. BUAMMO II03TOMY MBI MMEEM PasHbIe BUIBI II0-
JIel CHUJI: 9JIeKTPUYECKOoe, MArHUTHOE, TPAaBUTAI[MOHHOE 1 T.4. 1
XOTs PasJINYUsA HAJIUIO, MEXAHN3M B3aMMOIEHCTBUS B IIPUH-
I[AIIe eIVH.

Mb1, TOBOPA O TPaBUTAIIMOHHOM IIOTEHIIUAJE, CKOpee Bce-
ro UMeeM [eJi0 C AeTeKTHPOBaHMEM HENPOSBJIEHHBIX XapakK-
TEPUCTUK M3JIydeHUil. B pesyibraTe NeTEeKTUPOBAHUA HU3ME-
HAOTCA (ha30YacCTOTHHIE ITapaMEeTPhI, IIOABISAETCA BEKTOPHAA
IedopManusa, a 3HAUUT BOBHMKAIOT IPEAIIOCBLIKY AJIA CaMO-
IBUKEHUA TeJ B OIPENeNAeMOM YCJIOBUAMU HaIpPaBJIECHUU.
Mo:KHO CUMTATh II0Jie€ TPAaBUTAIIUU HETPOSABJIEHHBIM, HO OHO
peasbHO, U MBI 3TO IIOKAYKEM B IIOCJIENVIOIIUX TJIaBaX.
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AmnajioruuHbie yCJOBMS MOTYT CO3AaBaThCA M MCKYCCT-
BeHHBIM nyTéMm. ITomaB B 9TH ycJ/I0BUs, TejJaa OYAyT BecTu ceds
B TOUHOCTHU KaK B IIOJIE €CTeCTBEHHOU rpasurtanuu. Ho aTo —
Oynmylllee HAyKM, a IIOTOMY MbI PACCTaBJIAEM BEXMH.

§ 8. JleBurammusa

K corxaseHnio, MprUMephI JIEBUTAIIUN PEIKHU, a €CJIU KTO U
yMeeT JIEBUTHUPOBATh, TO U3 KAKUX-HUOYIb COOOpArKEeH U TIA-
TeJIbHO CKPBIBAET CBOM HEOOLIUHBIE, HO BasKHbBIE MIJIA HAYUHBIX
HCCJIeLOBAHUI, CIIOCOOHOCTH.

JleBuraius neauTcs, Kak MUHUMYM, Ha JBe PA3HOBUIHOC-
TH: HEOIPOW3BOJbHAasA (ciiyduaiiHasi) u oco3HaBaemasa. Cayuan
HerOH3BOJILHOfI JIEBUTAIIlUN MOTI'YyT BO3SHHKATDh B CTPECCOBBIX
CUTyalIuAX, BO BpeMdA KOTOPBIX IIPOUCXOOUT YaCTUYHaA UJIN
IMOJIHASA TOTePs Beca YeIoBeKa.

. e T :
" i - = - - e

Puc. 108. JleBuTupyromuii MmoHax (caeBa). Mucyc XpucToc moaaep:KuBaeT
ITerpa Ha BosHax (cmpasa)

Huorma rosopar: «Crpecc GBI HACTOJNBKO CHUJIBHBIM, UTO
YeJJ0BEeK MOTEPSJ B Bece HECKOJIIbKO KuaorpaMMoB» . Ho ObICT-
pas moTeps Beca B KOPOTKUI CPOK, BO-IIEPBLIX, — HEPeaJIbHa, BO-
BTOPBIX, — UpeBaTa r'M0eIbIo YeJOBeKa, IIOTOMY UTO CBA3LIBAET-
csd C IIOTEpel KUAKOCTH. Kcam CBS3BIBATH IIOTEPIO B Bece C
o0peTeHreM JIEBUTAIIMOHHBIX CBOMCTB, YTO B IIOAOOHBIX CTPEC-
COBBIX CUTYaIlUAX BIIOJIHE MOJKET IIPOUCXOIUTDL, TO Y «IIOCTpA-
IaBIIIETO» YMEHbULAeMCS MOAbKO 8eC, HO He Macca. Y MeHbIITe-
HUe JKe Beca MbI Tellephb BIIOJIHE MOYKEM CBA3ATh CO CIIOHTAHHBIM
u3MeHeHrneM (pas30BbIX COOTHOIIIEHUN B TeJjie UeIOBeKa, IIO3TO-
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My B3BellIMBaHUE Ha OOBIYHBIX Becax He IT03BOJIAET HaM IIO-
JYYUTH UCTUHHYIO MH(MOPMAIUIO 0 mpousolienmieM. s Ta-
KX CJjiydaeB H606XO,Z[I/IMO HWCIIOJIB3OBaHME TOPM30HTAJBHBIX
mpuciiocodennii (KpyTUJIBHBIX BECOB), KOTOPbIE MO3BOJISIOT
OIIPENIeIATH Maccy uepes MHEPIIMOHHBLIE CBOMICTBA TeJja.

IIpeanmonaraeMbpIMU IIpUMeEpPaMU OCO3HAHHON JIEBUTAIIUU
MOTYT CIYKUTh: X0xKAeHne Mucyca 1mo Bojae, B3aeéTel Cepadu-
ma CapoBCKOTr'o BO BpeMs MOJeOHOB, Bo3Hecenue Mocuda us
®dpaHUCKAaHCKON MTepKBU BO BpeMsA CIYKOLI HA BUAY y IIPH-
XOXKaH M MHOTHE JPyrue CBUIEeTEeIbLCTBA MCTOPUU.

* % %

Ho cyiectByioT u adpdeKTHBIE TPIOKH, OIIMNO0YHO IIPUHIMA-
eMble 3a JeBUTaInui. K TaKOBBLIM OTHOCATCS, HATIPUMeE], ITOJETHI
Isunga Konnepdunga, rprokauectBo(!) FOpusa Jlouro (3gecs moc-
TAaTOYHO BCIIOMHUTD CKaHIaJI C O’KMBJIEHEM IIOKOMHUKA). B aTOi1
CBsI3 MHOTHE «aBTOPUTEThI» YTBEPs;KAAIoT, uTo Kommepduian geii-
CTBUTEJIbHO JIEBUTHUPYET, HO €CTh U NHbIe MHEHUS, HAIIPIMeEP, YTO
OH TIOJIBeIlleH Ha HeBUAUMBIX B I'oJIyOOM CBETe HUTOUYKAX, a TO U
BOBCe — MBI IMEEM [IeJI0 C OUeHb JOPOroi rojiorpaduyuecKoii ui-
aiosueii. Ilo OONMBITIOMY CUETY HOSBUJICA €II€ ONUH TaJIaHTJIU-
BBIU Y€JI0BEK, KOTOPBIN CBOMMM JIeICTBUAMU HAJIOXKMJ HA CO3HA-
HUe CephIX JIofell ouepeIHYI0 TUITHOTUYECKYI0 0JJOKUpPoBKY. Ho
ecyu OJIOKMPOBKY JMHINITEIiHA MHe, KaK (PU3UKY, IPHUIILIOCH IIpe-
0J10JIEBATH B TE€UEHNE HECKOJBKUX JIET, TO CEKpPeT moJyieToB Kor-
neppuiama (BepHee — OOUH M3 SK30THUYECKHX BapUaHTOB) yha-
JIOCh PACKPBITH (He 0e3 MOMOIIHY *KeHIITNHBI — MacTepa CUUTHLIBATD
uH(GOPMAIHUIO JasKe C BUAEO3aITIMCH) 3a TPU AHA aHAJIU3a BUIEO-
3amnucu BeICTyILIeHUH. [loHAUAY OT TEHMAIBbHOCTY TPIOKA Y MEHSA
«IBIMUJIACH MO3TH», II03TOMY HEMYAPEHO, YTO a0COJIOTHOE UHCJIO
JIomeli momajaoch Ha BeJIMKUI 00MaH aABaanaToro Bexka. Ho Kamx-
IOMy OOMaHy IPUXOIUT KOHEI.

«B camom feste, — 4acTO CIpAIINBAIN MEHS OCJe OUepPeTHo-
r'0 TeJIEBU3UOHHOIO IOy «Mara», — JetaeT Komnnepduim, uin HeT? »

§1 3HAI0 MHOYKECTBO MOIBITOK O0BACHUTH IIPOUCXOMASIIee, HO
HU OfHA U3 HUX He BBIAEPIKUBAET KPUTUKU IIPOCTOTOM. JlOIKHO
BeIb OLITh MAaKCHMAaJbLHO IIPOCTOE M KPAcHUBOE pelleHne 00CyIK-
maemoro eHOMeHa moJieta. Ho 1 Haliisg TakoBoe, MbI HE MOXKEM
rapaHTUPOBATh, UTO FeHUAJbHBINA MAT UCIIOJIb3yeT UMEHHO ero —
VoK CIHUIIIKOM Iropasibl OHM, Marud Ha BeIAyMKHU. Ilompobyem pa-
300paThcs, 160 6e3 peleHusa 3aJaul TAKOTO YPOBHSA TOBOPUTH O
pelieHuu TPoOJIeMBbI JEeBUTAIMU He mMeeT cMmbiciaa. OT6pocum
BApMAHTLI C HUTOUKAMM ¥ roJiorpadueil u pacCMOTPUM OBa IIO-
JIOMKEHUS:
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1) Konnepduin neButupyer;
2) Konnepduian seraer, HO He JIEBUTUPYET.

Eciu Kommepdwuan jeBUTUPYET, TO OH MOYKET IIOBTOPUTH
moJIET B JI0OOM MecTe U B Jir00oe BpeMsi. Kpome sToro, Jrobomy
apTUCTyY MPUCYINb cOBGJIAa3H I0JIeTATh He TOJBbKO HaJ CIeHOMH, HO
¥ B 3puTesbHOM 3ajsie. Hu mepBoro, HU BTOPOTO OH He AesaeT. A
Beb JIeBUTAIIMA 00s3aTeJIbHO CBA3aHa C M3MEHEHUeM COCTOs-
HUSA CO3HAHUS, KOTOPOE BCEr[a YyBCTBYETCH, OCOOEHHO JKEeHIIH-
HAMU U SKCTPACEHCAMU, Uero ONSATh He HaOJI0gaeTcs, a eClIu KTO
¥ YTBEP:KIaeT, YTO UyBCTBYET, TO CKOpPee BCero OH BBIAAET JKeJja-
eMoe 3a gericrBuTeabHOoe. Ho camoe riaBHOe, uTo cam Kommep-
(ua roBOPUT TOJMBKO 00 YMEHUH JIeTaTh, 4 He O JIEBUTAIIUU — B
aTOM ero orimuue ot JIowro.

Ecau Konnepduin He JeBUTUPYET, HO JeTaeT, UYTO CaMo CO-
60i1 mapaJoKCANbHO IJA JIoJel, He 3HAKOMBIX ¢ (PHU3UUYECKIMU
ABJEHUAMHU U 3aKOHAMM, TO MbI 00A3aHbI O0BbACHUTDL, KaK OH 5TO
MOJKeT JesaTh. IMeHHO 3TMM MBI U 3aiiMéMcH.

CBepXIIPOBOAMMOCTE — XOPOIIIO M3BECTHOE (hU3UMKaAM ABJIE-
Hue. Ecau oX1aauTh CBUHIIOBYIO UAIlly A0 TeMIIEPATYPhI KUIKO-
To TeJus, TO IIOMEIIEHHBIA Hal Hell OObIKHOBEHHBIM MATrHUT OY-
Iner cBOOOZHO TIapuTh B Bo3ayxe. KEcam BBl cropsuere
CBEPXITPOBOJASAIIYIO YAITy IO/ CTOJI 1 HUKOMY O HEH He CKa’KeTe,
TO MapPAIUil HaJ CTOJIOM MATrHUT Oy[eT BBITJISAETH HACTOAIIIM
yygoMm. Eciu uaria Oymer cHaGyKeHa YIIPABIAeMBIMU MeXaHU3-
MaM#u BO3BPaTHO-IIOCTYIIATEJbLHOTO IBMI)KEHUS, IIepeMeIleHud
BBepPX-BHU3 U HAKJIOHA, TO BEI, II0 COOCTBEHHOMY JKEJIAHUIO U He-
3aMeTHO IJIs IPYTUX, CMOKeTe YIPaBJIATh IBUKEeHUEM MarHuTa

Hama CTOJIOM.

Puc. 109. OxnaxaéuHass 40 OUYeHb HH3KOM TeMIIepaTyphbl dallia-CBePXIIPo-
BOJHUK HAaJ, KOTOPO ITapUT MATHUT
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Ecim BBl mycTHTe IO CTOJY *KMUBOE CYIIECTBO, HAIIPUMEP
MBIIITb, TO OHA CBOOOJHO MPOGEIKUT B TPOMEIKYTKE MEKAY CIpPs-
TaHHO# uaireil u marautoMm. CosmaBaemoe dallieil ¥ MarHUTOM
IMoJie HUKAKOro MOAbEMHOr0 NefiCTBUA HA MbIIIbL He OKAaYKer.

Ho MBI yTBep:KIaeM, YTO MEBIIIIb MOMKET JI€TaTh, IIPUUEM 0e3
0c06020 ywepba 05 300p06bsi. MBI BHIIEJIUIN 9TOT MOMEHT IJIS
TOro, 4TOOLI HMKTO He OOBMHMJI HAC B CALMCTCKUX HAKJOHHOC-
Tax. [ Toro 4ToOBI peasn30BaTh 3aABJIEHHOE, HEOOXOAMMO J0-
ragaThbCs, UTO JJIS 9TOTO HYXKHO caesaTh. Hy a ecau BbI ¢ HaIlei
moJaun ysKke JoTafalllich, TO IOBEPhTE, €IIlé JOJIro OyaeTe CMesAThb-
cs HaJ coOCTBEeHHOII HecooOpasuTeJIbHOCThIO.

W emié ogmu mcuxoJIOTMUYECKUM HIOAHC — reHuaIbHBIN Kom-
nepduiL mocaagus Bcex BHYTPDb cBoero (okKyca, a aTo, KaK U3Bec-
THO, OJIOKHPYET MO3T UeJOBeKa M MeIllaeT eMy IOHATb, UTO JKe
OPOUCXOAUT Ha caMOM Hejie. ¥ IMBUTEJIbHBIA uesioBeKk Kommep-
¢uig — 3aTyMaHUJ MO3THU BCeMy MHUPY, HUKOMY U B TOJIOBY He

. q-'."neil-

Puc. 110. (Komnviomepruiii monmadc) Ecim 661 Matixka J[[3KeKCOH OBLT TaK-
ske 6orat, kak JleBun Konnmepduizn, To cMor 6bI CTATH IIEPBLIM JIETAIOIUM
neB1OM. {151 9TOro emy OBIJIO OBl [OCTATOYHO IIOCTPOUTH IIOJ CIIEHOM I'MIraH-
TCKYIO Yallly M3 CBEPXIIPOBOAAIIEr0 MaTepuaa, 3aMacKupOBaTh II0J] CBUTE-
POM MArHUTHYIO «KOJIbYYTY» U, YIIPABJIAS JBUYKEHUEM Yallld U3 3aj1a, CBO-
IUTH C yMa IiceBAOGU3UKOB 1 cBoux moumrtareineii. (Illymxal)
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MOJKET TPUNTHU, YTO OH IIOIPOCTY M3TOTOBUJI OTPOMHYIO CBEPX-
IIPOBOJAIIYIO YaIlTy, HaJlesl Ha ce0s KOJIbUyTry U3 «00JIbIIOTO UKic-
Jla MaJIEHbKUX MArHUTOB», CIPATAJ BCE 3TO IIOJ OJNEKIOU U 3a-
paboTaJ Ha yAMBUTEJIHHOM O0OMaHe IpoMagHoOe cocTossHue. [loIio
Jake 0 TOTO, uTo oawH (usmk nocsaan Konnepduiany nucsmo ¢
TPOCch00# TOATBEPANTH MPABUJILHOCTL PaspaboTaHHON MM Teo-
pun jeButanuu. Ho He cTaHeM OTBJIEKATbCA HA CTPAHHBIX JIIO-
nell m IPOILOJIFKIIM.

Ecim MBI KONMBUyry M3 MaJIeHPKUX MArHUTOB HaJleHEM Ha
MBIIITh ¥ 3aMacKUPyeM BCE 9TO IIIEPCTHIO, TO OHA Telephb He CMO-
JKeT Oe3HaKasaHHO IpoberkaTh II0 CTOJIY Hal CBEePXIITPOBOMASIIEH
yarei, a B3MOeT BBepX. BaM TOJIBKO M OCTAHETCS, YTO yIpPaB-
JATH OIBUMKEHUSMU CIPATAHHON TOJ CTOJIOM YaIllyl W 3TUM MO-
POYUTH T'OJIOBHI JKAKIYITUM uyaa. TakuMm o6pasoM, B pesyJibTa-
Te HEeCJOKHBIX PACCYKICHUMN, MBI IIOJYUUIUN «JIEBUTUPYIOIIYIO»
MBIITh. I TOTO UTOOBI «3aJI€BUTHUPOBATHL» CAMUM, HAM TOJBKO
U OCTaHETCS, YTO M3TOTOBUTH YIPABIAEMBIA MEXaHU3M C TUTaH-
TCKOM CBEPXIIPOBOAAIIEH Ualleil, CIIpATATh €T0 IO apeHoi Iup-
Ka WJM TeaTpa, HaZeTh MATHUTHYIO KOJbUYT'y W IojieTeThb. Hy
yeM He JIeBUTaIusa?

Ho me Oymem msmeBaTbCd HAJA HAIIUM HEBE)KECTBOM, HAaJ
Y30CThIO U 3aMeJbUEHHOCTHIO MBIILJIEHUS, a 00pUCYyeM TepcIek-
TuBbl. Ecam HaWAETcss cMeJblii OM3HECMEH, TO MBI MOYKEM CO-
3[IaTh aHAJOTUYHBIA aTTPAKIMOH B OJHOM M3 MOCKOBCKUX IIUD-
KOB MJIM IIapKoB. U Torza KasKABIA KeJJaloIluil CMOXKeT HaJleTh
Ha cebs MATHUTHYIO KOJbUYKKY U Ha BpeMsd ctaTh Kommepdui-
nom. B sToM cmBIc/E MCKYCCTBO U IOy — OM3HEC IMepeXOoiAT Ha
0oJiee BBICOKUI YPOBEHBb: JIETAIONUHA IIUPK, JieTAalIIuil Oajer,
JeTaloniye IEeBIIbI, aTTPAKIMOHBI B IIapKaX THUIIA <«JIETAIOIIHe
TapeJKU» AJIA NeTel W B3POCJIBIX.

* k%

IToxa MbI He 3HaeM, KaKoe 13 HallpaBJeHUH OyaeT peas-
30BaHO II€EPBBIM — JI€eBHTAaIlWd, WJIN M3MEHEHNE BeCa TeXHMU-
YeCKHuX allllapaToB, HO HaM BUJAUNTCA, YTO MbI HaXOJAMMCSA Ha
IOpore HOBOM APLI PA3BUTHUA ITUBUIN3anuu. MHTYyUTHBHOE UyB-
CTBOBaHUE OKMNAIOIINX HaAC COOBITUI IIPAMO I'OBOPHUT, YTO MHO-
rve U3 HAC eImlé IIPU JKUBHU CTAHYT CBUAETEISIMU OCBOEHUS
HOBBIX CIIOCO0OB IIePEeIBMKEHNS B IIPOCTPAHCTBE. BrIparkaeM
HaZe:x Iy, UTO CTPeMJIeHIEe pasoOpaThcsa MPUBJIEUET HA HAIITY
CTOPOHY BCEX, KTO IO-HACTOAIIEMY KejlaeT y3HATh XOTh Ka-
KYIO-TO IIpPaBAy O MHPe, KOTOPBIA MBI TAK HOJITO W MAaJod(d-
(eKTUBHO TTO3HAEM.
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I'naBa 5. CHJIA APXHUMEJIA

ITouemy meno, nozpyxicenroe 6 HUIKOCMb,
mepsem 6 c80éM 8ece CMoONbKO, CKOJbKO
gecum 6bLMeCHeHHAS UM HUIKOCMb?

IIpumepro 2250 neT Tomy Hasan Apxumen chopMyaIuPO-
BaJI CBO¥l 3aKOH, KOTOPBIN BHOCJIEACTBUU IIOJIYUUJI €r0 MMS.
IToaBuoch 1 MOHATHE «BBLITAJKUBAIONIAA cujaa Apxumena,
HO [0 CUX TIOP HUKTO He MMeeT UETKOTO IIPeACTaBJICHUA O
(usuyecKuxX mporeccax, JeKaIlluX B OCHOBE 9TOTO BAaYKHOTO
IIPUPOIHOTO SABJIEHUA.

B camom gmese, moueMy OZHM IIOTPYKEHHBIE B JKUIKOCTD
TeJia HE TOHYT, a Apyrue ToHyT? [louemy Te Tena, KOTOPHIE TO-
HYT, CTAHOBATCS Jierue, KakoB Mexauuam? Ilouemy cuia Apxu-
Meqa JeficTByeT U B YCJIOBUSIX HEBECOMOCTHU?

IlonbITaeMcs ¢ TO3UIMIT PUTMOANHAMUKN Pa300paThCa B
CTOJIb M3BECTHBIX 1, BMECTE C TeM, HEIOHATHBLIX SBJIEHUIX.
CremyeT mOHUMATD, UTO 3a ONMH 3aXO0J HaM HE ONMNCATDL IIPO-
NCXOJAINee B IIOJIHOM Mepe, a MOTOMY, KaK U B IPeAbIIYIITUX
cayJyasX, OTPAHUYUMCS OOIITUM ITOAXOIOM.

Puc. 111. Ilorpy:xeH-
HOE B BOZAY TeJIO CTAHO-
BUTCA JieTue

I HAC COBEPINIEHHO OUEeBUIHO, UTO HA TEJIO, HOTPYKeH-
HOe B KUJIKOCTb, AeiicTByeT cuaa. Ho mpexkae ueM MBI OyaeM
TOBOPUTHL O €€ (pusmuecKoil CyTH, PACCMOTPUM BaiKHOe IJIs
HAaC ABJIeHUE — 3aTATUBAHUE YacTOT, NN CTPEeMJIeHNe CBI3aH-
HBIX BHUOPUPYIOIIUX CUCTEM K CHUHXPOHUIAITUU.
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Puc. 112

F =pghS, F,=pg(h+H)S, F=F,—F =pgHS,
HO: gH=c?*(v,~v,)/v, rorna F=m.c’Av/Uv S7'.

Ho npuuém 31ech BhITAJKUBAaONIaAa cujaa 1 4actoTbl? EcTh
CBsI3b, 4 IOTOMY MBI HAMEpPEeHBI OIUCATh CUIIy ApxXuMena de-
pe3 YaCTOTHYIO apUTMUIO B3BEIITBAEMOTO TeJia, BOSHUKAIOIITYIO
B pe3yJibTaTe IMIOBEPXHOCTHOTO KOHTAKTAa eTro C KUIKOCThIO.

§ 1. YacroTHasa MOCTOTHHAA

Mo:KHO JM C IIOMOIILI0O M3BECTHEIX (POPMYJ BBHIPA3UTH
yIOeJIbHBINA Bec uepes 4acToTy? A ecju MOMKHO, TO KaK TOTJa
cJaenyeT OTHOCUTBHCSA K BhITAJKUBaMoINeil cuie Apxumena?

Breipasum yaeabHBIN BeC yepes YacTOTY, MCIIONb3YA IIPU
5TOM M3BECTHBIE (DOPMYJIBI:

p=m,/U [e/cm®], (5.1)

rme: 0 — yIOeJbHBIN Bec,
m, — Macca,
U — 00BbéM.

Bripasum maccy uepes mocrossHHYI0 Ili1anka, CKOpPOCTh cBeTa
M 4acToTy:

moc? = hv wumm m, = hv/c? (5.2)

rme: ¢ — CKOpOCTh cBera (¢ =2,997925+ 10 cm - c™t),
h — nmocrosuuas Ilnauka (h = 6,6256 1073 [Tnc+c =
=6,6256+102"9pe - ¢),
V — 4acTora, KOTOPYIO HaM MIPEACTOUT ompenenuTsb (I'uy).
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ITogcraBuM

p = hv/Uc? (5.3)
Bripaszum ugacrtoTy

v= p-Uc?/h. (5.4)

IIpunsae U paBubiM Icm® U HMOACTABUB M3BECTHLIE 3HAUCHMN,
BBIPa3WM 3aBHUCUMOCTB YaCTOThI OT yAEJHHOTO Beca:

v=p-1,3565-10" [Ty], (5.5)
o p=v0,7372-10"" [2/em*]; o=v/p  (5.6)

O6o3HauMM HaHIEHHYIO YACMOMHYI NOCMOAHHYI0* OYKBOU
0 U 3amuileM e€ pPa3MepPHOCTh:

o= 1,3565+10"" [cm?+apet-c3]. (5.7)

Tenepb, roBopsAa 00 yIeJbHOM Bece, Mbl IIOHMMAaeM, UTO
KajKkJoe BeIlleCTBO MMeeT COOCTBEHHYIO YACTOTY. OTO O3Haua-
eT, 4TO IPH MaKCHMaJILHO BO3MOYKHOM KOHTAKTe BeI[eCTBEH-
HBIX TeJI Ha I'PAHUIle UX COIPUKOCHOBEHHUS IMPOUCXOAAT 00ycC-
JIOBJIEHHBIE PA3HOCTBIO YACTOT 9HepreTruuecKue mpoieccel. Ho
9TOr0, IJIs IOJIHOTO MOHMMAHUS IIPOUCXOIAIEro, HaM IIOKa
HEeJOCTATOYHO.

§ 2. 3ararmBaHue 4acToT (CAMOCHHXPOHHU3AINT)

CaMOCHMHXPOHM3AIIUA HEeYyPaBHOBEIIIEHHBIX CHCTEM IIpej-
CTaBJsAET CO0OM OJHO M3 YAUBUTEJNLHBLIX SBJIEHUI, 00YyCJIOB-
JIeHHBIX BuOpamueii. B MexannKe sBJIeHIE COCTOUT B TOM, UTO
HecBA3aHHBbIE MeXKIy co0oil BpaIaloliuecs CHUCTEMBI (POTo-
pBI), YCTAHOBJIEHHBIE HA OOIIIEeM IIOABU:KHOM OCHOBAaHUU, Bpa-
IIIamwTcA CI/IHXpOHHO, T.€. C OIMHAKOBBIMMU YI'JIOBBIMMN CKODPOC-
TAMU U C OUPeNeJEéHHBIMU B3auMHBIMU (Pazamu. I[Ipm sTom
COTJIaCOBAaHHOCTL BpAIlleHWH BO3HUKAET HEeCMOTPsS Ha W3Ha-
YaJbHO 3aJlaHHOEe Pas3jinyue YTrJIOBLIX CKOPOCTEH.

Bo MmHOrmx cjaydasdaX TeHJEHIINA K CaMOCHMHXPOHHU3allun
OKa3bIBaAeTCsdA CTOJIb CHHBHOﬁ, UTO OJaKe BBIKJIIOUEeHUe OOHOI'O
NN HECKOJIBKHNX POTOPOB HE IIPMBOAUT K BBIIIAA€HMWIO MX N3
*

Bnepsvie nocmoannasn nepegoda ydenvHozo eca 6 yacmomy O0blia noayye-

Ha 6 19962. H.H. Bakymuyesblm 60 6peMs CO8MeCMHO020 00cyndernus wac-
MomH020 xapaxKmepa vimanxusaoueil cuivt Apxumeoa.
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CUHXPOHM3MA: POTOPHI C BBIKJIIOUEHHBIMU ABUTATEJIAMU MO-
I'yT OPOAOJIKATH BpaIllaThCA HEOTPAHUYEHHO IOJITO.

JHeprusd, HeoOXoaMMAas AJA IoAAePKaHUA UX BpalleHus,
mepemaércsa OT aKTHUBHOIO poTopa OJaromaps BUOpaIUsAM OC-
HOBaHUs, HA KOTOPOM POTOPHI YCTAHOBJEHBLI. JTa BUOpamus
MOJKeT OBITh €IBa 3aMeTHAa; y HaOJmogaTess CKJaIbIBaeTCs
BIeUaTJeHue, OyATO MEXKAY POTOPaMHU WMEIOTCSI He3puMbIe
CBA3U.

-

A ”
Puc. 113. a) Mexay poropa- 21 ’
MU CBS3b OTCyTCTBYeT. 0) Po-
TOPBI YCTAHOBJEHBI Ha 00IeM
IIOABHUXHOM OCHOBaHHNM, HO CO- [+ w
3maéTcsa BIeyaTaenue, 6yaTo Po- @ @ %

Z

TOPBI UMEIOT OTHOCUTEJILHO Ke-
CTKYIO MEeXaHU4YEeCKYI0 CBA3b

(8). (1.1. Baexman "Bubpamu-
OHHAA MeXaHuKa')

CaMocUHXPOHUBAIINS HEYPaBHOBEIIIEHHBIX POTOPOB ObLIa
OOHapyKeHa CAYyUYaHO IIPY NCILITAHUN BUOPAI[MOHHON MAIITH-
HBI C ABYMS MeXaHUYEeCKUMU BUOPOBO30OYAUTEIIMU — OTCOEIH-
HUJIOCh IIUTaHUe y OZHOTO W3 dJeKTpoxsurareseii. Hamuuue
00pbIBa OOHAPYIKMJIOCH CIIYCTS HECKOJBKO YacOB, B TeUYeHUE
KOTOPBIX YCTAHOBKA IIPOIOJIKAIa HOPMAJIBLHO paboTaTh.

Ecau MBI mMeeM ABa poTopa C M3HAYAJIBHO, HO HEe3HAUU-
TeJIbHO PA3HBIMHU YTJIOBBIMU CKOPOCTSIMU, TO IIPOUCXOIUT YCPE-
HeHMe YTJIOBBIX CKOPOCTEH 3a CUeT mepefayuu HeKOTOPOM MOIII-
HOCTH OT 0oJiee OBLICTPOrO BO3OYyAUTE ST K Oojiee MeIJIeHHOMY.

SIBJIeHMe caMOCHMHXPOHUBAINY OBLIO TaK:Ke BBIABICHO U
IJIs1 3BYKOBBIX, U IJI 5JeKTPOMArHUTHBIX reHepaTopoB. Taxk,
HAIIPpUMeED, JBe CJIeTKa OTJINYAOIINecs 10 TOHY OpraHHbIe TPY-
ObI C PACIIOJIOMKEHHBIMU PAJSOM OTBEPCTUSAMU, HAUNHAIOT 3BY-
YyaTh B YHUCOH, T.e. IIPOUCXOAUT B3aMMHASA CUHXPOHU3AIUSI
KOJIeOaHIIA.

B MexaHUKe sIBJIeHUEe CAMOCUHXPOHU3ATIUHY (3aTATUBAHU S
YacTOT) U3YUYEHO JOCTATOUHO XOPOIIO, Yero HeJb3s cKalsaThb O
CBOOOJHO KOJIEOIIOIIUXCA B Cpelax OCHUIATOPaX. ITO 3aMe-
YyaHe CYIeCTBEeHHO, IIOTOMY KaK YKa3bIBaeT Ha HEM3YYEeHHOCTD
rccJeIyeMbIX HAMM IPOIECCOB M3-3a MX CJIabOTO0 BOJIHOBOTO
B3anMMOIEHCTBUA.
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Ho Tak i 06CTOAT Aejia B MUKPOMUPE, M OCOOEHHO KOTaa
MBI CTaHeM HOPUOJMMKATHCSA K HaWMEHBIIINM dJIeMEeHTaM Be-
miectsa? BeITh MOXKeT, B MUKPOMIPE MHOM MacIliTabd B3auMO-
netictBuii? IlompobyeM IPOACHUTEL CUTYAITUIO Ha IIPUMeEpPe IBYX
OCIIMJIJIATOPOB € IOCTATOYHOM MOIITHOCTBIO B cpelax, UMelo-
MIUX PasHyI0 MJIOTHOCTh.

IIycTs HaUIM OCHMJIIATOPHI CJIETKA OTJIMYAIOTCA IO Yac-
TOTe M HEe3aBHCUMO OT YCJIOBUH Te€HEePUPYIOT BOJHBI CTPOTO
uKcupoBaHHON aMIIINUTYAbI. ECJi MBI cTaeM U3MePSATh CTe-
IIeHb WMX BO3JeliCTBUS APYT HA Apyra B BO3AyxXe, TO OOHApPY-
KM BecbMa U BecbMa ciabnie sadexTrl. [lomecTuB sty Ke
OCIIMJLIISITOPBI B BOAY, MbI OOHAPYsKUM yBeJHUeHHe BO3Ieli-
CTBUSA. ITU Ke HKCIEPUMEHTEI B PTYTH JaAyT HaM OITYyTHMOE
3HAYEHUeE BO3IAENCTBUA. SHAUUT, JejiaeM MBI 3aKJII0UEeHNE, UeM
BBIIIIE TJIOTHOCTH CpeIbl, TeM CUJIbHee BIUAHWNE OCIIUJIJISATO-

pOB ApPyT Ha ApyTa.

Ecau mocTaBuUTH 9KCIIEPUMEHT Ha IIPeAMeET IOJYyYeHUA
IBUKEHUSA 3a CUET caBUTA (Pas3, NI apUTMUM, TO B YCIOBUAX
BO3IyXa MBI BPAJ JIX IIOJYUYUM CKOJNL-HUOYADL OIIYyTHUMbBIE Pe-
3yJBbTAThI, HO IEPexXofsa K OoJiee MJIOTHBIM CpelaM, OKUIae-
MbIe 5(@PEKThI CTAHYT IIPOABIATEL cels.

Jlo HacTosAIero MoMeHTa MBI OOXOIMJIN BOIIPOC CBOMCTB
s(upa o TOH IPUUMHE, UTO aOCOJTIOTHO He 3HAeM, C UeM uMe-
eMm meno. Ho scHO OZHO: IIO OTHOIIEHUIO K OCIMJLISTOPAM
STUX CBOMCTB JOCTATOYHO AJIA MPEAIIOIaraeMoro B3alTMOBJIM-
anusg. YeMm maabliie MBI OTXOAUM OT MHKPOMHUPA, TEM cjaabee
B3aMOBJIMSAHUE — 9TO IIOATBEPIKIAETCS CPaBHEHUEM SAAePHO-
0, aTOMapPHOTO, MOJIEKYJISIPHOTO U ILJIAHETAPHOT'O YPOBHEH B3a-
UMOJEHCTBUM.

Ho BepHEeMCA K BOIIPDOCY, HEIIOCPEACTBEHHO KacCaloIllleMy-
CdA 3aTATMBaHUA 9acCTOT.

100 100 100 bBO B0 B0

Puc. 114. YacrorHOe cocTos- a. KouTaxTa HeT

HUe TeJ [0 U IIPpU KOHTaKTe.

Ipu xourakre usmenserca 100 99 il 51 50
cpelHee YaCTOTHOE COCTOSHUE
o6oux Tes.

a) Kouraxra Her.

0) 30Ha MaKCHUMAJIbHO BO3MOMK-
HOTO KOHTaKTa

0. 30HA IIIOTHOTO
KOHTAKTA



180 PATMOJHHAMHEA

Mb1 yTBep:KJaeM, UTO B 30He KOHTAKTa PasHBIX IO Yac-
TOTHOMY COCTOSHHUIO TeJ BO3BHUKAaeT TOK BOJIHOBOII SHEPTruUu
or A K B. 910 aBienune o0bsicHeHO HaMu B maparpade «Ckro-
POCTH TOKA B IIPOBOJAX» M MMeeT IPAMOe OTHOIIIeHUE K CIIaii-
nep-spPexTy.

OmnuiiteM HEKOTOPLIE CBOMCTBA 00pa30BaBIIIelicsa maphbl TeJ.

Puc. 115. OGpaimaer
Ha ce0s1 BHUMAaHUE Pas-
HOCTh IIOTEHIIUAJOB, |
KoTopasa (puKcupyerca
¢ IIOMOIUIHI0 MUKPOaM-
nepMeTrpa. 9TO ABJIE-

HUe JOCTaTOYHO XOPOo- A EE B
110 U3YYE€HO U MIUPOKO 0

IIpuMeHdeTCA Ha IIpakK-

TUKE B 3JIEKTPOTEXHU- m <_)
e &2

Crenyer 3aMeTHUTh, UTO cIaiifep-spdeKT B 30He KOHTAKTA
IPUCYTCTBYET HE3aBHUCHMO OT TOTO, 3aMKHYTa Iellb MU Pa-
30MKHYTa. Eciu memb 3aMKHYTa, TO BOSHUKIIHNN 5HEPTreTU-
yecKUll mepeKoc ycrpanaerca ToKoM oT B x A. Eciu ke 1memns
PasoOMKHYTa, TO IIEPETOK OCYIIECTBJIAETCS J1uO0 uepes OKpy-
JKAIOIIYIO Cpeny, Jubo yCTpaHseTCs YCKOPEHHBLIM JBUXKEHU-
eM BmpaBo. Ho HUKTO 1 HUKOTrIa He HAOJJIOIAT CTPEMJIEHUS
ONMCAHHOM CHCTEeMEI K caMOABMKeHUo. ITouemy?

IIpe:xge Bcero HUKTO He CTABUJI IIepes co00i TaKkou 3aa-
yu. Bo-BTOPBIX, MBI He IIpeAcTaBjsgeM cebe MOKa, KaK OymyT
BecTHu cebs CHCTeMBI ¢ PasHUIEH YacTOT B ABa W OoJjiee pasa.
Ham Begp Temeph HECJI0XHO BBIUMCJINTL, UTO B CHCTEMeE U3
IOBYX OCIMJLIATOPOB oOTaMume udacToT Ha I 'y TIPUBOAUT K
ycxkoperuio B 600000 km/c?. BoT m moiaydyaeM MBI BMECTO
MeXaHUUYEeCKOro ABUMKEHUS CPLIB B UHYIO (pOPMY — B DJI€KTPU-
yecKkuit Tok. Ho ¢ aTuM BompocoM HaM eIré IIPeIcTOUT pa-
300paThbcH.

ok ok

IIpupoga, ogHaKo, II0-CBOEMY periaeT aTy mpobsaemy. MmeH-
HO II0ATOMY MbI OOpaTUJIM BHUMAaHME Ha BBITAJKHBAIOIIYIO
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cuny Apxumena. BBITh MOMKET HIPU PACCMOTPEHHUHN IPOUCXO-
OAIMIero HeTPUBUAJIBHBIM METOAOM HaM XOTh YTO-TO YOACTCS
MOHATh, XOTh YTO-TO IJs ceda mposcuuTh? W 3mech MBI He
obosbITaeMcs HA JOCTUMKEHUUW CKOPOT0 MOHMMAHUS, HO IIO-
CMOTPUM, KaKue N3MEeHEeHUs B YaCTOTHOM pacIIpelesieHUN BO3-
HUKAIOT B CJIyuae IOTPYKEHUA Tejla B JKUIKOCTD?

Puc. 116. VYgpennHBII Bec IOTPY:KeH-
HOTO B JKUJKOCTH HECIKUMAaeMOTO TeJa
MeHbIlle YAEeJIbHOr0 Beca KUIKOCTHU

©:p:p,= 02 :0.8 :10)

Mb1 6ymeM paccMaTpuBaTh TOJIBKO TOPU30HTAIbHBIE ILIOC-
KOCTH COIIPUKOCHOBEHHUS CPE., a IIOTOMY IIOTPYKEHHOe TeJo
HUKHEH IIJIOCKOCTHIO MMEET IIPSIMOM KOHTAKT C YKUAKOCTBIO, a
BepXHEH — ¢ BO3MyXOM. YUUTHIBAA ABJIEHHE CAMOCHHXPOHI-
3alliU, IPUBOAAIIEH K B3BAUMHOMY 3aTATUBAHUIO YaCTOT B 30He
MIPSIMOT'0 KOHTAKTa PAa3JIMYHBIX BEIIeCTB, Mbl YTBEPIKIaeM, UTO
B IIOTPAHUYHOM CJIO€ KOHTAKTa C BO3AYXOM YaCTOThI BO3AyXa
U Teja YCPeNHSIOTCA U CTAHOBATCA pPaBHBIMU. To Ke camoe
IIPOMUCXOAUT U B 30HE KOHTAKTAa Tejia C JKUJKOCTBIO:

(0+p)/2 = 0.6 (p+p,)/2 = 09.

IlonyuenHble pe3yJIbTaThl YKA3bIBAIOT HA aPUTMUIO, IIPU-
uyéM BOSHUKAIOIIYIO U 8 6030yXxe, U 8 meJe, U 8 HuUdxKocmu.
Eciu Mbl, IOMHSA O IPAMOI 3aBUCUMOCTH MEXKIY VIEJIbHBIM
BECOM M YaCTOTO#, CTAHEM pacCMaTPUBATh COOTHOIIIEHUE Ya-
CTOT II0 BEPTUKAJU, TO IOJYUUM HUKECJIeAYIONINN PAmI:

4 4 " ”
(V<V ) <(V,<Vy<V")<(V',<V,)

KOHTAKT C BO3OAYXOM B TeJie KOHTaKT C BOJON

(r,<p,”) < (p,<p,<p,") < (p,"<p,) (5.8)
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HHTepecHBIM 3eCh ABJISIETCS TO, UTO CTPEJOUKHN YKAa3bI-
BalOT HA HAIIPABJEHIE CAMOJBMIKEHUS BCeX TPEX KOMIIOHEHT:
BO3IyXa, TeJjla U KUIKoCcTu. VIHaue OyaeT BBITJISAETHL COOTHO-
IIIeHre YacTOT, eCJU y TeJa YAeJIbHbII Bec OyaeT 00JIbIlle, YeM
y SKUIKOCTHU

(p:p:p,=0.2:12:1.0)

Puc. 117. Vaenbublii Bec y 1mo-
IPY’XaeMoro TeJjia BBIIe, 4YeM Y
SKUIKOCTI

3anuriem BO3HHEKaIOIIIee COOTHOIIIEHNE YaCTOT U1 ,I[aBJIeHHfIZ

(V= V) < (Vi< v V) > (V> V)

KOHTaKT C BO3AYXOM B TeJe KOHTAKT C BOJAOM
(p<p,) < (p,/<p>p,") > (pP,">p,). (5.9)

HOHyHHB HEOJHO3HAYHYIO CUTyalll1l0, Mbl I'OBOPHXM, YTO
OBeIeHNE UCCJIEYEMOTO Tejia OyAeT 3aBUCETH OT CYMMBI CO-
OTHONIEHUH YacToT. B IpenpIaynieM cjaydae COOTHOIIIeHUE U
qacToT, n IIJIOTHOCTEN OOHO3HAYHO IIPMBOAMNJIO K BBITaJIKHNBa-
HUIO TeJia.

KpomMme aTOro, Mbl HaMepPEeHHO 3aKJIOUNJIN B CKOOKM COOT-
HOIIeHUS AJIA KayKJO0ro Bell[ecTBa — 9TO IOMOraeT IIOHATE II0-
BelleHMe KaKJOoro M3 HUX B OTPLIBE OT BCEX OCTAJbHEIX (Tpa-
IUEHT IIJIOTHOCTEH Bcerjga NPUBOAUT K ABH:KeHU0). Ho Torma
IOJIy4aeTCs, UYTO KasKJasd KOMIOHEHTa pacCMaTPUBaeMOM CIC-
TeMbl HAXOOUTCA B COOCTBEHHOM peXHMe CAMOIBIKeHMUA?!
HNmenno Tak! B mepBoM ciiyuae BeKTOpa caMOABUYKEHUM BO3-
IyxXa, TeJa W KUJKOCTH HaIpaBJIEHBI BBEPX; BO BTOPOM CJIY-
yae: IJs 00JacTH BO3AyXa HaJ TEeJIOM — BBepX, IJs Teja u
o0JiacTy BOABI IIOJ TEJOM — BHUS.

E
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Tenepb, TOBOPA 0 3aK0He ApXUMeaa C IMO3UIIUN PUTMOI-
HAMWKM, HAM CTaJIX IOHATHLI (pU3UUYeCKIe IIPOIEeCChl, JeiKa-
e B ero ocHoBe. MBI OIrPaHUYUJINCHL PACCMOTPEHUEM TOJIb-
KO IBYX CJydYaeB, IIOJIarasi, UTO M MHOTHE OCTAJLHELIE MOXKHO
OIIKCATH C IIOMOIITLIO IIPEAJIOKEeHHON MeToguKM. Bojee riay6o-
Kuii aHaaIn3 IPOMCXOAAINEro IMOMOMKET HaM IIOHATh, KaKUM
o0pas3oM cJiefyeT BO3AeHCTBOBATH Ha TEJO B CBOOOTHOM IIPO-
CTPaHCTBE, UTOOLI Uepe3 M3MeHeHIe ero (pasouyacTOTHOT'O CO-
CTOSIHUSA IOJIYUYaTh ABUYKEHNE.

§ 3. IloBepxHOCTHBIE U 00HEMHBIE 3((PeKThHI

IIpu paccmoTpeHNY (PUBUKU IIPOIECCOB, MPUBOAAIINX K
BOSHUKHOBEHUIO CAMOJIBUKeHUSA (K BBITAJIKUBAIOIIEN cuje
Apxumena), Mbl 00paTUJI BHUMAHUE, UTO OCHOBHAS 08UMCY-
was Cula 803HUKAem 34 CUém NOBEePXHOCMHbLX IPHerxmos,
HO IIOKa He fCHO, KaK IIPOUCXOAUT TOK SHEPTUU II0 O00BEMY
Tejia. MexaHU3M IIPOMCXOISAINEro KpaiHe BayKeH W MOMKET
OBITH BBISIBJIEH C IIOMOIIBIO 9KCIEPUMEHTOB. KaKoB moixeH
OBLITh SKCIIEPHUMEHT, TPYAHO IIOKA CKa3aTh, HO IVIABHOE HAUATD,
He PacCUMThIBAs HA CKOPBIN ycIex.

Eciiu B mpoiiecce 9KCIIEPUMEHTOB OKaKeTCsA, UTO IIPUCYT-
CTBHUE KUIKOCTH BJIMSET Ha BeC B3BEIIIMBAEMOTO Tejia MU Ha
YacTOTY YCTPOMCTBA, HAXOAAIIEroCs BHYTPY BBITAJTKNBAEMOTO
Tejia, TO, IyCTh Jajke He3sHAUNTEIbHOE, PACIIPOCTPaHeHNe CIIaii-
Iep-ABJIEHNsI Ha BeCch 00HEM OyIeT JOKasaHo.

Puc. 118. [IBa KBapIeBbIX YCTPOUCTBA, IPEeABAPUTEIbHO HACTPOEHHBIX HA
OLHY YacTOTy, IIOMEIleHbl B pasHble ycaoBud. HTepecHO, OyAeT Ju UATH
TOK BHYTPH CTEKJIAHHOTO COCYJa C MeIHBLIMU OOKJIagKaMu?
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Eciu paccMaTpuBaTh YCTPOMCTBA TUIIA «KPBLIO», OBUMKE-
HUE Y KOTOPBIX MPOMCXOAUT 3a CUET IIOBEPXHOCTHHIX (pasoua-
CTOTHBIX IIPe00pPa30BaAHMIA, TO OKUIAETCH, UTO IIPU YCKOPEHHOM
IBIKEHUY BBEPX HAXONAIIMECS BHYTPHU JIOOU U IPUOOPHI OY-
IyT UCHBITBIBATH IIeperpys3Ku. B ciryuae ke, Korma sTH »Ke mpe-
oOpasoBaHusA OyAyT KacaThCsS BCEero o0béMa almapara, a 3Ha-
YUT, U HAXOAAIIUXCS B HEM JIIOJEH, TO OasKe IIPU CAMbIX
HEBEPOATHBIX YCKOpeHuax, Hampumep 1000 m/c?, o HabaOme-
HUM KaKuX-JI1100 apeKToB, BCeraa CBSI3aHHbIX C YCKOPSIOIINMCS
IBHKEHUEeM, He OyaeT uatu u peun. PacmpocTpanenue sddex-
Ta Ha Bech 00BLEM OyJeT ONHOBPEMEHHO 1 B PAaBHOM CTeIleH!
YCKOPSATDH U TeJIO alapara, M Bcé, UTO HaXOIUTCS Y Hero BHYT-
pu. OTO 03HAYAET, UTO HE3aBUCUMO OT YCKOPEHUS pPasTOHse-
MBIN O0BEKT OyIeT HaXOAUTHCA B COCTOSTHUY BHYTPEHHETrO IO-
Ko (cMm. TpeTbe cocTOSAHME ITOKOS).

Yo Ke Ha IpaKTUKe HeoOXOIMMO IJisi o0ecIeueHUs 9To-
ro adpdexra? MajsocTs — paboTa Ha YPOBHE YaCTOT, AJIsI KOTO-
PBIX TeJIO ammapara MPaKTUYeCKM HJIM XOTA Obl YACTHUYHO
«Ipo3pauHo» . Ho 1 mosiHasa «Ipo3pavyHOCTh» Tejia He O3Haua-
€T, YTO MbI CPa3y CMOKEM JOCTUTraTh TPeOyeMbIX a3(h(eKTOB.
%
P]([TMyCZ ITO YTO Ke Imojgy4aercd, boJiee ABYX TBICAY JIEeT 4eJIOBEeYEeCTBO OIIIN-
6anocek? Wiu ke BBl faguTe o0bsICHEHUE CBOEH MO3UITUM?

Juaamukyc: Hukakoil omubKu ueJI0BEUECTBO HE COBEPIIAJIO, IIPOCTO BCE
9TO BpPeMs OTCYTCTBOBAJIO HAIIOJHEHWNE MOHATUUN 8blMALKUBAHUE W CULA.
IoJsiroe BpeMs 9T MOHATHUA ABJISINACH CAMO CO00H Pa3yMeIOIUMUCS, CaMO-
IOCTAaTOUYHBIMHU, HO C OTKPBITHEM cnaildep-agpgpexma, T.e. Uepe3 BUIyaInsa-
U0 Psga HTeP(PEePEHIINOHHEIX IIPOIECCOB, CTAJIO BO3MOXKXHBIM PACIINPUTD
IIpeJCTaBJICHNE O IOHATUU CuU/d. PopMUPYIOIIasica UCKIUYNTEJILHO BOJI-
HOBBIM IIYTEM CHJIa HEIIOCPEACTBEHHO yYacTByeT B (DOPMHUPOBAHUU BEKTOP-
HOU medopmanuu, IPUBOLAIIEH K IBUKEHUIO. B pesybpraTe cTaso BO3MOXK-
HBIM IIOHATH, YTO €CTh 08UMCEeHUE.

Purmyc: Ho Torza uto ects cnaildep-agppexm? Hey:xenm oH Tak yHUBepCa-
JIeH, YTO IIPUCYTCTBYET BO BCEM?

Junamukyc: Eciu Ham MUp COCTOUT M3 OCIUJIJISATOPOB ¥ BOJH, TO HEW3-
0eXHOCTDb cnaillep-agphexma odeBUIHA IO IPUYNHE OTCYTCTBUS Y OCIIVJI-
naropoB 100% crHXpOHM3MA KaK B OTHOIIEHWM YACTOT, TaK U B OTHOIIIE-
Hum (as. A 3T0, KaK MBI y3Ke IIOKa3aju, BCerja IPUBOIUT K AedopMaruu
BOJIHOBBIX B3auMogeiicTBuii. Cmpemaenue o6pa3oBaBIIeiicss CUCTEMBI yiimu
om Oepopmayuu u poxcodaem O0suxcerue. 3nech MBI IMeeM JAeJO C SBJICHU-
€M CaMOBO3HUKHOBEHUS IBUIKEHUS.

Purmyc: Ho Torga uro ects cusa? Unu amo npepgannoe camodsuxrcerue?

Jdunamukyc: He coBcem Tak. IIpepBamHOe caMOJBUKEHNE, T.€. UMIIYJIbC —
TOXKe CcuJja, HO yObIBamIllasg BO BpeMeHH u3-3a mepectpoenusa das. Cuuaa —
9TO KOTZa MBI UMeeM [eJI0 C HeyracamIinuM AeficTBueM. s 9TOTO HOJIK-
HBI OBITH: JI0OO cABUT (pa3 3aMOPOKEH, JTNO0 apUTMUsa. Y 00bEKTOB, ITOIAaB-
IIKX B II0Jie TPaBUTAL[UU, U TO, X APYTOe UMeeT MECTO aBTOMATHUUYECKHU.
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I'maBa 6. CAMOJBHRYIIUECSA CHCTEMBbI

Hcnonb3yemMble ITUBUIN3AIINEH CIIOCOOBI IOJIYUEHUS IBH-
JKeHHIs mcuepiaan ceds, a IIOTOMY HACTAJIO BpeMs MHBIX TeX-
HUYECKHUX PeIleHuil I IepeMelleHus B mpocTpaHcTse. g
TOro 4To0bI MAaKCHUMAJBbHO OJM3KO MOAONTH K ABUMKEHUIO 34
cuéT m3MeHeHusA (Pa3soBOTO COOTHOIIEHUS B CHUCTEME, HYKHEI
sKcanepuMeHTBI. Ho UTOOBI cO3MaBaTh peaibHbIe MOJIENIU, He-
00X0AMMO TOUHO 3HATH, UTO M KAK B HUX JOJYKHO IIPOHCXO-
IUTHL. Bocmosb3dyeMcs ammapaToM IeOMeTPUUECKOr0 KOMIIhb-
IOTEPHOTO MOJEJHUPOBAHUS IS TOrO0, UYTOOBI IIPOM3BECTHU
BU3YAJbHYIO OIIEHKY OKUIAaeMbIX Ha HNpaKTuke 3(pPeKTOoB.

§ 1. /IBuskenue uepe3 (pa30BHIH CABUT

PaccmoTpuM cucteMy M3 mpudyamiu OCIUJLISTOPOB. Yc-
TAHOBUM MEXKIY ABYMS OJIMKAUIINME OCHUJLIATOPAMU CIBUT
daz B 180°, a paccTosiHue — B IIOJOBUHY JJIUHBI N3JyUaeMBbIX
umu BosiH. Takoe coueTanue mapaMeTpoB MO3BOJIAET HaM OpTra-
HMU30BaTh yA00HOE IJIs BU3YAJbLHOM OIEHKU M3JIyUYeHUe.

Hac maTeEpecyIoT ciaenyooIiue CUTyaIlun:

1. CaBur ¢as oTCyTCTBYET:
— cucteMma Hemnoasmxkua (V=0),
— cucTeMa ABUKETCS BIPABO cO cKopocThio V=0.111c.

2. CaoBur das paseu 20°:
— cucrtema HemnoasmxkHa (V=0),
— cucTeMa ABUKETCSA BIPABO cO CKopocThio V=0.111c,
— cucTeMa ABUIKETCS BIPABO CO CKOpocThio V=0.2c.

1. CaBur (a3 orcyrcrByer

CucreMa HeDOIBUXKHA.

OTcyTcTBHE CKOPOCTH W cABuUra (as sBjaseTcsa aTpuoy-
TOM IIEPBOTO COCTOAHMUSA MOKOS CHUCTEMBI. ITO COCTOSHUE Xa-
paKTepu3yeTcs CHUMMETPUYHOCTHIO KaK BHYTPEHHEro, Tak u
BHEIITHETO I0JIA UHTeP(hEePeHIINN, a TaAKKe CUMMEeTPUYHOCTHIO
pacipeeseHus: U3JIydaeMOi CHUCTeMOII SHEePTUHU.
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Puc. 119. Tax BwITISA-
ouT gortorpadusa BoJI-
HOBoro noJiA. Cucrema
HaXOOUTCA B IIEPBOM
COCTOSAHUU ITOKOS

Puc. 120. Tax BwIrIs-
IWUT pacIpeesieHue ns-
JIy4aeMoy SHeprun

Puc. 121. 9ror cmo-
cob 00paboTKu nHGOP-
MaIuu HasBaH «Treoje-
3UYECKUM>» U IIO3BOJISA-
et GoJiee AeTAIbHO, TI0-
CJIOMHO OIIeHUBATH
9HEPreTUYECKYI0 [e-
dopmManuio B CUCTEMe

CuMMeTpuUYHOE pacipefeieHre SHepPruu M3JIyUYeHUs sIB-
JIgeTcsA BHENTHe XapaKTePUCTUKON COCTOSHUSA CUCTEMEI, HO,
npu 60Jiee BHUMATEJIHLHOM OTHOIIICHUU K PACIIPEIeICHNIO SHEP-
TMH BHYTPU CHUCTEMBI, OOHAPYKUBAIOTCA dJIeMeHTHI AedopMa-
UK, pacipeaejeHne KOTOPOil TaKKe CUMMETPHUYHO.
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CucreMa ODPUHYAWTENbHO ABUMKETCA BOPABO CO CKOPOCTHIO

V=0.111c

Puc. 122. ®ororpadpus
BOJIHOBOU KapTUHKU

Puc. 123. IIpowusorir-
JIO IepepacIpesieeHye
SHEPIUU UBJIYYEHUS C
MaKCHMyMOM BEIOpOCa
B HAIIPABJIEHUU BEKTO-
pa ckopoctu. Takas
cucrema OymeT cTpe-
MUTBHCA BBIATH W3 CO-
crosHus aucbajanca, a
9T0 OyZeT IPUBOIUTD K
CaMOTOPMOYKEHHUIO, T.€.
K HEe)KeJaHWIO CUCTe-
MBI JBUTATHCS C KAKOM-
Jaub0 CKOPOCTHIO, OT-
auuHoi ot V=0.
3aBopaskuBamIIe i
peJCcTaBaAeTCa Kap-
TUHKA pacupeneIeHns
DHEPTUU II0CJIE «Teoe-
3UYECKOro» cuocoba
00paboTKu
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2. CaBur a3 opraHM30BaH BIOJb OCH X, MEKIY COCETHUMH
ocuMIaATOpaMu OH paBeH 20° a B IeJOM IJI CHCTEMBI —

180°

Cucrema HenmoasuxkHa (V=0)

f, JlBru:KeHME C yCKOPEHUEM

-.

el

i # f
) | #'J’

Puc. 124. Pororpa-
(uA BOJTHOBOI KapTUH-
Ku. Hamumo nedopma-
U1 BOJTHOBOTO I10JIS

Puc. 125. IIpowusorr-
JIO IIepepacIpeesieHre
9HEPTrUU M3JIYyUYEeHUS C
MaKCHMyMOM BbIOpOCa
BJeBO. BoaHuKmU
IucbasiaHCc MOKET ObITh
YCTpaHEH ABUMKEHUEM
cucteMbl Bupaso. Ilo
CyTH, MBI MM€eM CHC-
TEMY C 3aMOPOKEH-
HBIM HMIyJbcoM. [le-
TaJI IOBEIeHUs TaKOoi
CHCTEMbI HAMH OIIICA-

HBI paHee.
O6parmraer Ha ceb0s
BHUMAaHMNE CXOICTBO

IIPOUCXOAAIIETO C OIH-
CaHHBIM B IIPENbBIAY-
el CUTyaruu
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CucremMa OBUIKETCS BIPABO CO CKopocTeio V=0.111c

Oxumaercs, 4YTO UMEHHO TaKYIO CKOPOCTDL IPUOOPETET CH-
cTeMa B CBOEM CTPpEMJIEHUN BBIATH U3 COCTOAHUS BBIHY X OEH-
HOU medopMaIiuu.

Puc. 126. VY pgBuxy-
mieficsi cuCTEeMBI BOC-
CTaHOBMJIACH CHMMET-
PUs BOJHOBOTO ITOJIS

. .
" "
+ +

Puc. 127. Boccraso-

§ . BUJIACHh ¥ CUMMETPUS B

¢ pacupefeieHun 3HEP-

J ruu. Temeps cucrema
U3JIyYaeT ONMHAKOBOE

€€ KOJIMYecTBO, a MOTO-
My y HAC €CTh OCHOBA-
HUEe TOBOPUTH 00 eé
peOLIBAHNHT B COCTOSA-
HUU TOKOos. Ecau He
obpairaTh BHUMAHUA
Ha He3HauuTeJIbHbIE
pasauumus, TO BHEIIHe
| 3aTPYyAHUTEIHHO OTJIN-
YUTEL 9Ty CATYAIUIO OT
CUTyal U OTCYTCTBUA
IBU)KEHNS M CIBUTA

das
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CucremMa ABHUKETCS BIPABO CO CKOPocThio V=0.2c

3acraBidasa CUCTEMY ABUTAThCSA C TAKOH CKOPOCTHIO, MBI
HapyIlaeM COOTHOIIEHNE MeXKIY CKOPOCTBIO U CABUIOM (a3
BHOBb BBLIBOAUM CHCTEMY M3 COCTOSHUS IIOKOS.

Puc. 128. YBenuuenue
CKOPOCTH BHOBBL IIPH-
BOAUT K Ae(opMaIiun
BOJIHOBOTO IOJIS

Puc. 129. Pacnpege-
JleHue dHePruu BHOBb
CII0OCOOCTBYET TOPMO-
sKeHuio cucrembl. O0-
paliiaeT BHUMaHUe BHe-
WIHAA U QusnYecKas
CXOJKECTh IIPOUCXOISI-
Pakera pasBepnyJac ‘ IIeTo ¢ paHee PacCMOT-
TOpMO{’:.II/IT IBUKEHIIE DEHHBIMI CITydIasMH.

Il : BriaBasAmoTca 00IIHe

3aKOHOMEPHOCTU




L'naea 6. CAMOJBHMRYITHECA CHCTEMbI 191

Mo:XHO YBEPEHHO T'OBOPUTH, UTO KaXKIOMY COCTOSHUIO
BHYTPEHHET'0 IIOKO0S COOTBETCTBYIOT BIIOJIHE KOHKPETHEIE CIBUT
¢das u cxkopocthb. Ha mameHenue caBura (as cucrema pearu-
pyeT u3MeHeHUeM CKODOCTHU, a Ha U3MeHEeHUe CKODPOCTHU CHUC-
TeMa pearupyert caBurom ¢as. B nmpupojie sTa B3auM03aBUCU-
MOCTB SIBJIAETCS CBOMCTBOM, Ha U3MEHEHE KOTOPOTO TpedyeTcsa
3aTpara sHepruu. Eciiz Mbl n3MeHAEM CKOPOCTb CUCTEMBI W3-
BHE, TO TENePb HOHUMAEM, YTO SHEPIUs AeUCTBUA HeoOxXxoamma
Ha M3MEHEeHHNE COCTOSHUA (ha3 OCHMILIATOPOB. Eciu MBI 1IO-
ObITaeMCA U3MEHUTh COOTHOIIIeHNe (ha3 UBHYTPU CUCTEMBI, TO
JUISI aHAJIOTUYHOTO N3MEHEHUA CKOPOCTU 00A3aHbI OyIeM 3aT-
paTuTh UAEHTUUYHOE KOJMNUYECTBO HSHEPTHUU.

Ob6pairaer Ha ce6s1 BHUMaHNe BHEITHAS CX0KeCTh paciipe-
IeJIeHUs DHEePTUH, IIPOUCXOLAINEr0o B PeajIbHLIX annapaTax, 1c-
HOJIB3YIOIINX PEaKTUBHBIN IPHUHIIUII IlepeaBmKeHus. He me-
Hee YAUBUTEJIbHOE CXOJCTBO U C JIETAIOIINMU CYIIeCTBAMMU.

oo o 8 00 0 e

LRy
e e a 00 000 0 o
o o

o 0 0 0 000

R

Puc. 130. V=0. Cucrema yznepxxuBaerca. Casur ¢as oupegesnder popmy
pacipeesieHUs 9HEPTUY U IIPeJpacIojaraeT CUCTEMY K IBUIKEHUIO BIIPABO
co cropocTrio V= 0.6¢

He osuauaer Jau 00HAPYKEHHOE CXOJCTBO, UTO IJIA HOJY-
YeHUA OBUKEHUA OPraHM3MbI JABHO yiKe IOJIB3YIOTCA (paso-
BBIMU IpeoOpa3oBaHUAMU, HO MBI ITOKA eIlé He 3HaeM 00 aToM?
Ocmesioch BO3Pas3uTh: Temeph y:ke 3Haem!

" xoTsa cao:KHOCTEH Ha SKCIEPUMEHTAJHLHOM IIOIPHUIIE
OymeT y Hac eIlé MHOT0, MbI He 00sCh MOKeM I'OBOPUTHL O I'O-
TOBHOCTH K IIPOBEIEHUIO DKCIIEPUMEHTOB. VI XOTSA 3TOT IpPU-
KJIAJHOI acmeKT ABJSETCS IJIs HAC IePBOCTENeHHELIM, He 0y-
JeM CIIeIINTh M BHAUAJe PACCMOTPHM BOIIPOC O cIocobax
MOJIyUYEeHUA CAMOIBUIKEHUSA.
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§ 2. YckopeHHOe caMOJBU:KeHHe U cHaiigep-3ad@exT

Eciu uepes usmeHeHMe cooTHOIeHUA (a3 MBI 3aCTaBJIsA-
€M CHCTEeMY OBUTATHhCSI C KOHKPETHOHM IIOCTOSHHOM CKOPOC-
ThIO, TO Uepe3 M3MEHEeHNe COOTHOIIEHUA YacTOT Peau3yeTrcs
ABUMKEHNE C IIOCTOAHHBIM YCKOPDEHUEM.

Puc. 131. Cmaiigep-
a(eKT oT cucTeMbI CO
MHOKECTBOM OCIIWJI-
j JIATOPOB

HNMeHHO TaKOM THII CAMOJIBMIKEHUS SBJISIETCS MCTOUHU-
KOM HOHATHUS CUJLA, & HAMEK HA IPOUCXOISAINEe IO CIIeHAPUIO
cnaiidep-agppexma MBI MOKeM HAHUTH B OPOYHOBCKOM IBU-
sKeHUU. BpsAm i aToM KMCJI0POa U IBa aToOMa BOJIOPOAA MOTYT
Cco37I1aTh MOJIHOCTHIO CKOMIIEHCUPOBAHHYIO CUCTEMY — BEpOAT-
HOCTB 3TOT'0 KpaiiHe MaJia. BoT u mosryyaercs, 4TO Mbl IMEEM
IeJI0 ¢ HeyTracalollluM ABUXKEeHUEeM MOJIEKYJI.

Paccy:xmas Hag BOIIPOCOM PYKOTBOPHOT'O CO3JAaHUSA CIC-
TeM, CIIOCOOHBIX €CTEeCTBEHHBIM 00pa3oM CAMOJABUTATLCA C yC-
KOpeHHeM, yAajJ0oCh IPUNATH K 3aKJIOUEHNIO: TAKME CHUCTEMBI
— mejio Hegaséxkoro Oyayimero. Ho mpe:xae Heo6X0amMO OCBO-
UTh CIIOCOOBI MepeIBUKEHNA 3a CUET caBUra (as.

§ 3. Cmoco6s1 nmepeaBuskenus (cepunr-a¢gpgext)

CoBpeMeHHBIM TEeXHOJOTUAM ysKe B HacTodAIllee BpeMs
JOCTYITHO IIOJyUYeHNe OIBUKEHU 3a cUeT (ha30BLIX Ipeodpaso-
BaHui cucrembl. IIo cyTu, TaKme CHUCTEMBI YK€ CO3IaHbI U
3amaTeHTOBaHbI, HO HUKTO HE CTABUJI 3a/la4y MCIOJIb30BAHUA
X B KauecTBe ABUKHUTeJNel. PaccMOTpuM IINPOKO MCIOJIb-
3yeMbIH B paguonepenaieil TeXHKe CIIoco0 moJayueHns Ha-
IPaBJIEHHOTO CUTHAaJa 3a CUET mombopa (has3oBBIX COOTHOIIIE-
HUHN MeXXIy HEeCKOJLKHMU M3JyUYaloluMU BuOpaToOpaMu.
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Puc. 132. Paccroanme Mexxy BuOpaTopaMu PaBHO IIOJIOBUHE IJIWHEBI BOJI-
uel. CaBur das Mexxay Oamkaiimuvu Bubparopamu paseHn A¢. Taxas cucre-
Ma OyZeT MMeTh MMITYJIbC HAaIIPABJIEHHBIN BIIPABO

Mzb1 He MOXKeM HagedaTbCA Ccpa3y OT TaKou HpOCTOfI CHucC-
TE€MBI IIOJIYUYUTH OIIYTHMMOE ABUMEHME, HO IIO Mepe yBeJInde-
HMA 4aCTOThI 1 KOJIMYECTBa BI/I6paTOpOB ABUMKEHNE CTaHET 3a-
METHBIM.

Cnocob6 mBMMKEHUS TAKOU CUCTEMBI MOYKHO CPaBHUTH C
cepune-apghexmom, Ho 0COGEHHOCTH COCTOUT B TOM, UTO BUO-
pPaTOPBI CAMHU CO3JAIOT CTOAYYIO BOJIHY CO CMEIEHHBIMU B Ha-
IpaBJeHNN ABUIKEHUSA y3JaMU, a II0 3TOW IIPUYMHE OHU Ke
camMu (BuOpaTOphI) KaK OBl CKATHIBAIOTCA B CMECTUBIINECH
y3JIbI COOCTBEHHOM CTOSTUEl BOJIHBI.

Puc. 133. Cepdunr-apdexrrt
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Ecsiu Bompoc ¢ ABUMKUTENSIMU TUIIA AHMEHHA MOYKHO CUU-
TATh PEIIEHHBIM, TO ABH:KEeHNEe KOHKPETHBIX BeIleCTBEHHBIX
00BeKTOB IOKa mpobaemaruuuo. Ho oOparjaer Ha cebsA BHU-
MaHUe YJIbTPa3BYK CBEPXBBICOKOM UacTOTHI. JIJIMHA BOJIHBI Ta-
KOro YJIbTPa3BYyKa MOKET ObITH COIIOCTAaBUMA C PACCTOAHUEM
MeKJIy aTOMaMU, a IOTOMY BCeTa eCTh BO3BMOYKHOCTD CO3/IaTh
BHYTPH TeJia TaKoe nHTep(EePEeHIIMOHHOoe 110Jie, B KOTOPOM aTo-
MBI OKasKyTCs B y3JIaX YJIbTPA3BYKOBOIO mmoJisi. ITo aToi mpu-
YuHe Jake He3HAUUTeJbHBIN (pasoBLIN CABUI MOKET 3acTa-
BUTHb aTOMBI IPYKHO IBUTAThCS B HATPABJICHUU CMECTHUBIITUX CS
yaiyoB. IlonyuyeHnue ABUIKYINEH CUJIBI TAKUM HEOOBIUYHBIM CIIO-
coboM OymeT KasaThbCs UYAOM IJisI HAOJIogaTessi, HO U CaMo-
JIETHI KOTA-TO Ka3aJucCh YyI0M, U KOMIOBIOTEPDHI. ..

Ecyu omnbKu HeT, TO C IOABJIEHMEM HacTOsIeil padoTsl
IUBUJIN3AIUS CeJIaeT IEPBLI IIar B 3py cnaildep-mexHoao-
2uii. A 9TO MOXKeT 03HAUaTh, UTO TPEThe ThICAUeeTHe OymeT
BpeMeHeM OCBOEHHS JIETATEJNbHBIX AllllapaTOB TUIIA JIETAO-
X TAPeJoK.

§ 4. CmocoO0slI co3naHua 6eKmopHol degpopmayuu

daKT CcyIecTBOBAHUA JeTAaTeJbHLIX annapatoB tuna HJIO
YKasbIBaeT Ha HAJIW4YMe B IPUPOZE CIOCO00B MCKYCCTBEHHOI'O
CO3IaHUSA 6eKMOPHOU Oehopmayuu N3SHYTPU CUCTEMEL. B aToM
CMBICJIE CO3JaHVe aHAJOTMYHBIX JEeTaTeJbHBIX alllapaToB CBO-
OUTCA K DPEIIeHUI0 3aJadyy IIONy4YeHWs BeKTopa Iedopmarum
CHCTEMEI C IIOMOIIIBI0 MEXaHO-3JIEKTPO-aKyCTUYECKOT0 CIIoco0a.

Mgl pacCMOTPUM BOIIPOC HAJIOMKEHUS aKyCTHUYECKOH CTO-
AYel BOJHBLI HA ATOMapHYIO KPUCTAJJINYECKYIO PEIIETKY Keé-
CTKOTO CTEP:KHSA MIJA TOTO UTOOBI IOHATL €ro peakIlnio, II0
KpaliHell Mepe Ha M3MeHEHNe COCTOAHUA (pad aKyCTUUECKUX

NCTOUYHUKOB. CrepxeHb

1 2

Meneparop yanpa3ByKE?'\' 1.2 - H3ay4yaTenH

—1

Puc. 134. ocoo FH oo|PazoHHeepTop
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Puc. 135. ¥Y3abl 1 IyYHOCTH 3JI€KTPOMATHUTHOM U aKyCTUUECKOM CTOAYUX
BOJIH COBIIAJAIOT

HJomycTuM, 4TO aKyCTUYECKaA CTOAYASA BOJHA B TOUHOCTU
COBIIaJJae€T CO CTOAYEN BOJHON KPUCTAIJINYECKON PEIIETKMH.
HomycTuM, YTO aTOMBI B TOUHOCTU HAXOAATCS B y3JiaX aKyc-
TUUYECKOH CTOsUed BOJIHBI. HeoOXOAMMO pPEmIuTh BOIPOC MO-
BeIeHUA aTOMOB, €CJIU MEXKAY udaydareaamu 1 u 2 moABUTCA
caeur das (Ad).

CMELWEHHE Y3018 aKyCTHYECKOH
M CTOAYEHR BEOAHLL

Puc. 136. Kak orpearupyet cucrema Ha cutryanuio? J[puxenuem?

IIpenmosaraercs, UToO cMeIl[eHNe Y3JI0B aKyCTHUUECKOI CTO-
sueli BOJIHBI BLIBEJET CHCTEeMY 13 PaBHOBeCHs OJiaromaps IIo-
SIBJIEHUIO 8eKMOPHOIL Oepopmayuu, 1 OHa, CUCTeMa, CTaHeT ca-
MOJBUTATLCA B HaleK e BHOBb OOPECTH COCTOSIHIE ITOKO, T.€.
Oymer cTpeMUThCA pasdegopmuposamuvcs. TpyqHO TOKa cKa-
3aTh, TAK JIX OTpearupyeT CUCTeMa HA M3MeHeHIe COOTHOIIIe-
HUs (a3 HO TO, UTO PeakIiusd He3aMeAJIUTEJIbHO IOCIeIYeT, CO-
MHeHUi HeT. [[J1 Toro YToObl OTBETUTDH HA BOBHUKIIINI BOIIPOC,
HeoOXOAUMbI TOHKME JOPOrOCTOSAINNE DKCIEPUMEHTHI C IIPH-
BJIEUEHHEM CEPbhE3HBIX CIEI[MAJINCTOB B 00JIaCTH YJILTPAa3BY-
Ka CBEPXBBICOKUX UYaCTOT.

KpoMme ommcaHHOro ciioco0a IOJYUYeHUsS 8eKMOpPHOl Oe-
gopmayuu, CyIeCTBYIOT U MHBIE, HO 3TO yiKe CIlelluaJIbHasa TeMa
IJIS MCCJIeLOBAHUIMA.



196 PATMOJHHAMHEA

§ 5. Chmaiimep-IBMKUTENH

MbICJIb O cIIafep-ABUIKUTEIE IIOSIBUJIACh OJHOBPEMEHHO
C OTKPBITHEM OJHOMMEHHOTO shpPexTa. IlepBoHavanbHaa uges
CBOAMJIACh K CO3TAHUIO CJIOEHOI'O IIMPOra M3 eJBa OTJINUYAIO0-
IIIUXCdA II0 YacTOoTaM BeIleCTB, HO BIIOCJI€eACTBUM BBIACHMNJINCH
TEXHOJIOTHYECKNEe TPYAJHOCTU B CO3JaHNM TAKOI'O MaTepuaJa.
Cama mo cebe uaes BBITJIAAe]a OUeHL KpacuBo. IIpencraBnTe
cebe yCTPOMCTBO, ITOLO0OHOE KHUTe, T'Jle BMECTO CTPpaHNUYeK Ha-
XOOATCS MUJLJIMOHBI CJIOEB PA3JUUYHBIX II0 YaCTOTE BEIEeCTB.
Ecau «xHUTra» packpniTa, TO IBUKYIINE CUILI, BOSHUKAIOIINE
B pe3yJbTaTe IIOCJOMHOTO TOKA 9Hepruii, HAaUMHAIOT TSHYTh.
Ho cTout «KHUTY>» 3aKPbITh, CUJIBI KOMIIEHCUPYIOT IPYT APyra
U YCTPOMCTBO, HE IPOABJAA HUKAKON aKTUBHOCTH, CTAHOBUT-
CdA OﬁbI‘:IHI:IM TeJIOM.

Fl F

Puc. 137. Bo3mMoKHO B OyAyIleM TAKMMH yCTPOHCTBAMHU OYAYT OCHAIIEHbBI
BCe CpelCTBa MMepeaBrKeHusa. [laHHas cxeMa sIBJIAETCA IPUHININAILHON 1
CKOpee BCero HOCIYKHUT CTYIEeHBKOI Ha MyTH K OCBOEHMIO HOBBIX 0e33ar-
PaTHBIX CIIOCO0OB MOJIYUEHUA ABUIKYIIEH CUJIbL

§ 6. B uéM cexkpeT peaKTHBHOTO ABUKEHHA?

ITompoOyiiTe cKa3aTh CIEITNAJINICTY, UTO PeaKTUBHASA CHUJIA,
OBUIKYINAA JIETATEIbHLIN alllIapaT, IMeeT IeHTPOOeIKHYIO IIPH-
poay — U BBI IIOUYBCTBYETE BCIO CJIOKHOCTL cUTyanuu. §1 He
€IVMHOM bl BUAEJ HeJOYMeHUe Ha JIUIlaX TeOPeTUKOB, KOorza
3adaBJAT 00 dTOM, TEM He MeHee MBI, UTOOBI paso0paTbCcA B
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5TOM BOIIPOCE, OCTAHOBHMCS Ha HEM. JTO HEOOXOAMMO HAM
IJISI TOTO, UTOOBI yOeAUTHCA B IIOBEPXHOCTHOCTH HAIIIUX 3HAa-
HUH Jaske B KaXKYIIIUXCSA OCBOEHHBIMHU BOIIPOCAX.

ﬁ'aﬂepa C2O0GHIIT

Puc. 138. Kaaccuuec-
KU 1 MUBMEHEHHBIN pe-
aKTHUBHLIE JBUTATEHN

Cunraercs, UTO ABUIKYIAA CIJIa BOSHUKAET 32 CUET BLIO-
poca BelriecTBa. {151 TOTr0O YTOOBI OMIPEIEIUTD CUIY, HEOOXOIN-
MO 3HATHL CKOPOCTH BBEIOPACHIBAEMOT'O BEINeCTBA UM €0 MACCY

(p=mV).

ITO 03HAUAET, UTO HAM HET [eJia 4O TOr0, UTO IIPOUCXOIUT
BHYTPHU, IJIaBHOE UTOOLI UTO-TO BhLJIETAJIO C HEKOTOPOM CKOPO-
ctbio. Ho MBI XoTMM pasobpaThCca B CYTH IIPOUCXOMISAINETO,
IIOSTOMY MbICJIEHHO U3MEHUM KJACCUUECKUH JBUTATENb, B KO-
TOPOM T'OPIOUYYIO CMeCh 3aMEeHUM Ha ABa MAaCCHUBHBIX IIIapa.

ﬁZF

ha S al

Puc. 139. Moaepuusu-
POBaHHBI IBUTrATeNb B
paspese. Ha kaxxkmom
U3 IIOBOPOTOB ITIaphl 13-
MEHAIT CBOE (ha3oBoe
cocrosuue. CymMma 1ieH-
TPOGEIKHBIX CUJI B YCT-
poicTBe MMeeT BEKTOD
HAIIPaBJIEHHOCTHI
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Ilepe:x:kEéM HUTH IOJIA TOTO, UTOOBI IPYKUHA PACTOJIKHY-
Jia I1aphbl B IIPOTUBOIIOJIOKHEIE CTOPOHEI.

IToxa mIapel KaTATCs IO IPAMOJHUHENHBIM YUACTKAM, HH-
KaKux OelficTBUil ¢ MX CTOPOHBI He HAOJIOAAETCs, HO OUYepe/-
HbIE IIOBOPOTHI, 4 TOUHEE I[eHTPOOEIKHEIE CUJIbI, BOSHIKAIOII[IE
IpHU UX MPOXOMKIEHNN, 3aCTABJISIIOT KOPIIYC ABUTaTeIsI peari-
poBaTh. W 3mech cTpesiKaMu Mbl yKasajl HallpaBJIeHUe Iei-
CTBHUS CHJI.

Ho 1mm1apsI IpomokaioT CBOE IBUKEHUe U, IIPONAs Iocae-
OHIE IIOBOPOTHI, OTHAEJIAIOTCS OT CHCTEMBI CO CKOPOCTBhIO V.
ITocemuuii TOBOPOT IIpeACcTaBIAET AJIS HAC OCOOBIN MHTEpeC,
IOTOMY KaK MMEHHO Ha HEM IIOSABJIAETCA CABUT (pas3, KOTOPBIHI
OKa3bIBAETCA HUUYEM HEeCKOMIEHCHUPOBAHHBIM:

F=mcAd ?/TR (6.1)

TaxuM 00pas3oM, IBUKEHNE IIIapOB 0 PagUyCy POXKIAeT
IeHTPOOEKHYIO CUIY, HallpaBJeHe JefcTBUA KOTOPOi, B pac-
cMaTpHUBaeMOM CJIyuae, CIIOCOOCTBYET ABMKEeHNIO BIepén. Eciu
ObI MBI He 3HAJH YCTPOHCTBA MOAEPHU3NPOBAHHOIO ABUTATE-
Js1, TO CKOpee BCEro TaKk M He CMOIJIN Obl IIOHATH (PA30BOI0
XapakTepa CIJIbl, KOTOPYIO IIPUHATO CUUTATH PEAKTUBHOII. Benb
MMEHHO Ha MOBOPOTAaX ITaphbl U3MEHAIOT CBOE (ha30BOE COCTOs-
HUe, 1 3TO He CJIO0YKHO IT0Ka3aTh.

Puc. 140. FKamxawiii
pas u3MeHeHe COOTHO-
meHuda Gas y IpoTonu-
OJISA IPOUCXOAUT HA
nosopore. IIpu moso-
pOTe MEHSETCS paguyc
JBUKEHUS OCIIUIIIIATO-
poB. ImeHHO Ha IIOBO-
poTe IIPOUCXOJLUT Je-
dopmanma TOJA UH-
TepdepeHIIN, KOTOpasd
ABJIAETCA IPUYNHOHN
TIOSABJIEHNSI BEKTOPHON
nedopmManuu; B rase

Amnajiornusoe MPOUCXOIUT M CO CrOpaloIuM rasoMm. Ecin
MbI B MOJE€PHU3UPOBAHHOM BapuaHTe 3aMeHUM Iaphl Ha ras,
TO HEe CMOKeM OTPHUIIAaTh, UTO MMEHHO Ha IIOBOPOTAX IPOUCXO-
IUT POKIeHUWe ABUIKYINEel cuibl. PaccMoTpeHMe TPOMCXOms-
m1ero nHTephepoMeTPUUECKUM CIIOCOO0M ITIOKAa3bIBaeT, UTO IPU
IIOBOPOTE IIPOMCXOMUT CIIOJI3aHNE HMHTeP(PepPeHIIMOHHBIX JIH-
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HUH 0 paguycy OT IleHTpa IoBopoTa. SIBIeHMe CIIOJI3aHUsd
OTOKIECTBJISIETCS C IMEHTPOOEIKHON CHUJIOH.

Puc. 141. Mo:xerT oKa-
3aTbCs, YTO IEHTPO-
OesKHAas CHJIAa 3aBUCUT
oT crmocoba IPOX0oKIe-
HUS II0OBOPOTA

TaxuM o0pazoM, ¢ IOMOIIIBIO dJIEMEHTAPHOM, HO PaBHO-
IeHHOM 3aMeHbI, MBI IIOKa3aJIH IeHTPobeKHyIo (HHTepdepeH-
IIUOHHYI0) MPUPOAY PEAKTUBHOTO ABUIKEHMSA, a TaKiKe yKa-
3aJI1 KOHKDPETHOE MECTO B YCTDOWCTBE, TZe HPOUCXOIUT
DPOKIIeHUE CUJIBI.

BRCHepI/IMeHTI:I C MATKMMHU IIJIaHIaMM1 TaKiKe IIOKas3aJu,
umo 06u9fcyugaﬂ cuJjia 603HUKAem He Ha BbIXOJie dKUIKOCTHU U3
oijaHra, a Ha nocnednem HEeCKOMNEeHCUpPpoB8aAHHOM nosopome.

§ 7. IlomgpémMHaa cuiIa KpbLIa

Camonémos He 6vLo, a 3aKOH Obll. MbL He 3HaAu

0 3aKOHe, a K020a Y3HAAU — NOCMPOULU CAMONEM.

Tax u 8 omHoweHuu Jaemawuwux mapenoxk. Ecmo

makxoil 3aKoH, OH NOCMOAHHO pabomaen, Mvl NoLb3Y-

emes um Kaxcoolii 0eHvb, HO NOKA O HEM HUYez0 He
3HaeM.

H. HeaHnosa

KpbL10 — 9T0, IMOMKANYil, Ta YHUKAJIbHASA KOHGUrypanus,
cpe3 KOTOpoii OJimKe BCeX CTOUT K (popMaM JieTaTeJIbHBIX all-
ImapaToB HpuIllejbiieB. MIMeHHO KPBIJIO BhIOpaJia IIpupoia, a
IMOTOMY MBI C BOCXHIIleHHEeM HaOJ/ofaeM 3a IMOJETOM IITHIIL.

B aspopuHaMuKe IPUHATO CUUTATD, UTO MOABEMHAA CUJIa
B KpbLIe BOSHHKAET 3a CUET Pa3HUIIbI JaBJeHUI, KoTopas, B
CBOIO OUepeib, BOSHUKAET 13-3a PA3HON CKOPOCTU IIOTOKA HAJ
U 1o KpbLaoMm. [lyis pelreHmMs MHOTUX 3aJa4 TaKOHM ITOAXON
BIOJIHE IIPHEMJIeM, HO II0 OOJILIIIOMY CUETY OH He PACKPLIBAET
CYTH IPOUCXOMSAIIETO.
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Eciy MBI CHUB0HMIEM O MOJEKYJIAPHOTO YPOBHSA M BHUK-
HEeM B IIOrPaHUYHBIE IPOIECChI, TO IIOMMEM, UTO PA3HUIA IaB-
JIEHUN HUKAKOI'O OTHOIIEHUS K IMOABbEMHOM CHJIe He MMeerT.

Ho Torma xKak ObITh, KaK 00bACHUTH ITpoucxoasaiee? Ilisa
TOTO YTOOBI CAEJIATEH 3TO HMPO(PeCCHOHAILHO, HEOOXOLMMO II0-
HATH BHYTPEHHIOK CYTh IIOBEPXHOCTHBLIX B3aMMOAENCTBUI U
oImcaTh €€ II0 BCeM IIpaBuaaM. ITa IieJb He Ipecjenyerca B
JaHHOM IJiaBe, HO, UCXOMA U3 ViKe CAEJaHHOI0, MOYKHO YTBEp-
JKJATh, YTO PA3HOMY COCTOSHUIO BEI[eCTBA, KaK BIPOUYEM U
pPasHBIM BeIlleCTBAM, COOTBETCTBYET pasHasd dacTtora. Eciamu
pasHble IO YACTOTE BEINeCTBA BCTYIAIOT B IIOBEPXHOCTHLIN
KOHTAKT, TO BO3HHKAaeT (PYyHIAMEHTAJIBHOE AJIA 3THUX CUTya-
U ABJIEHNEe — CAMOCUHXPOHU3AIINUA, UJIN, YTO TO »Ke caMoe,
3aTArMBAHUE YacTOT.

Puc. 142. Paspes KpbLia camosiéra. Mexay ABU-
JKYIIUMCS BO3IYXOM UM IIOBEPXHOCTBHIO KPBLIa HMe-
er MmecTo nHTepdepennusa. Pasanure mpoieccos UH-
TepdepeHIIny B HUKHel 1 BepxXHell 30HaX KOHTAK-
Ta KPBLIA CO CPENOM IPUBOLAT K MMOABJICHUIO BEK-
TOpHOU nedopMaluu, Ha3bIBaeMON — IIOABEMHASA
cuiia

Ecau momycTuTh, UTO Ha MOBEPXHOCTHOM YPOBHE KPBLIa
IBUIKYIUICSA MMOTOK M3MeHsAeT ()a30BOE€ COCTOSHUE HAIIOJJIHS-
IOIUX KPBIJIO aTOMOB, TO 3aBUCHUMOCTH (DA30BOT'O CIABUTA OT
CKOPOCTU TIOTOKA IIPEJICTABJIAETCA JIOTUYHBIM YTBEPIKIEHU-
eMm. Ho pas ckopocTh mMOTOKa HaJ KPHIJIOM BBIIIE, YeM IIO[
KPBLJIOM, BHAUUT, U CABUT (a3 MeXKIy IJIOCKOCTAMU KDbLIa
OyIeTr pasiMueH. ¥ CJIOBUA pPas3jinUHbIe — HosaBageTcA 5PPeKT!

Mz yixe paccMoTpesiu BauaHue (ha30BOI0 HECOOTBETCTBUS
Ha CKOPOCTH, & IOTOMY YTBEPIKIaeM, UTO Hanbojiee BEpOATHOMN
OPUYMHON IMOABEMHOMN CUJIBI KPbhLIa SABJIAETCA €r0 CaMOJBU-
JKeHMe 3a CUET IOABJIEHUA caBura ¢as.

Jlpyro#i npuunHON MOKET 0Kal3aThbCA HECOOTBETCTBUE Ua-
CTOT, HO MBI YHJEM 3MIeCh OT IIOJIEMUKM, IIOTOMY KaK OJHO-
3HAUHBIN OTBET MOJKET OBITH JaH TOJBKO IIOCJIe IIPOBEIEHUS
CepLE3HLIX JTaOOPATOPHBIX HCCJEeTOBAHUIA.
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I'naa 7. CKPBITAA 9HEPI'UA ITPOCTPAHCTBA

B pusuke sieMeHTapHBIX YaCTHIL CYII[eCTBYET Macca IIpo-
6JjieM, oHA W3 HUX: IIOUEMY CTaOMJIbHBIE dJIeMeHTapHbIe Yac-
TUIIBI U3JIYYAIOT TOJLKO IPH IIEPexXoie C OTHOTO dSHepreTuIec-
KOTO YpOBHA Ha Japyroii? Ecam HaM yrgacTcsa IIOHATH
MPUYUHHBIN MEeXaHU3M OTCYTCTBUA MU3JIYUEHUS Y TAKUX dac-
THUIT, TO CBEPIIUTCA OAHA M3 MHOTOUMCJIEHHBIX PEBOJIIOIUI B
HaIlleM IIpefcTaBJeHUU o (pusmueckoM Mupe. Ho mepeirgém
K CYTHU IIPOUCXOIAIIETO.

Ha cBoiicTBO — He mM3IyyaTh* OBLIO O0pAaIlleHO0 BHUMAHIE
IpU M3YUYEHUU MeXaHu3Ma MPUTAKEHUS U OTTAJTKUBAHUS B
cucTeMe JBYX KOTE€PEHTHBIX OCIUJLIATOPOB. 'eoMeTpuuecKme
KOMIIbIOTEPHBIE Y9KCHEePUMEHTHI IIOKA3aJau IPUHITUITHATILHYIO
BO3BMOJKHOCTB CYIIIECTBOBAHUA HEUSTYUAIOIUX CUCTEM U3 JBYX
u Gojiee YACTHUI[ KaK B OJHOM, TaK UM B [BYX H3MEPEHUSIX.
OTcyTCcTBUME MHCTPYMEHTAPUS AJIA TPEXMEPHOT'0 MOIEJINPOBa-
HUS He II03BOJIMJIO IMPOBECTU AaHAJOTHMUYHYIO 9KCIIEPTUIY AJIA
00BEMHBIX CHCTEM, TeM He MeHee, Y Hac HeT OCHOBAHUS OTPU-
IaTh PeaJbHOCTh HEU3IyJalonIuX TPEXMEePHBIX MOJeJei.

§ 1. Mopgeau HeM3JIyYaIOUIUX CHCTEM

PaccmaTpuBas MexaHU3M B3aUMOJEMCTBUSA IBYX KOTepeH-
THBIX OCI[UJLIATOPOB, OBLIO 3aMeUeHO0, UTO IOJ00POM IIapaMeT-
POB MOXKHO IIOJHOCTBIO IIOTaCUTh U3JyueHUue BoBHe. IMeHHO
TOT/la M POAUJIACH Ued PaCCMOTPETh, KPOMe OJHOMEPHBIX, IBYX
U TPEXMEPHBIEe MOJeJ, TeM 0oJiee, UTO Y HAC Teleph eCTh BCe
OCHOBAHHUA HANEJATHh TaKUe MOJeJU MUHUMAJBHBIM «IKEH-
TIBMEHCKUM» Ha00pPOM CBOICTB, IPUCYIMUX BCAKOU JOOPOIIO-
PANOUYHOM MUKPOUYACTHUIIE: MACCOL, CKOPOCMbIO, UMNYALCOM,
anepeueil.

*
Purmyc: PasBe MoskeT BUODUDPYIOIIAA B Cpefie cUCTEMa He M3JIydaTh?
Juaamukyc: B GonbIuHCTBE ciiydyaeB Tak U npoucxonut. IIpumepos aTo-
My XOTb oT0aBJAM. Ilonpo0yiiTe HOUBIO BHIKJIIOUUTD JIAMIIOUKY W BBl YBUE-
Te TbMY. A BeJb B KOMHAaTe HAXO0OATCA BEIlll, COCTOAII e N3 6eC‘-II/ICJIEHHOI‘O
MHOKeCTBa OCIUJLISATOPOB. B aTom oxuo us TauuctB IIpupoas:!

Putmyc: A MoKeT OBITH, BCE-TaKU M3JIyYalOT, HO MBI He BUJUM 3TOTO?
Juaamukyc: 3xech BBl a0COIIOTHO IPABEL, HO BECh BOIIPOC B TOM, KyZa UcCUe-
3aeT uajrydyaeMad SHBPPHH? HO I'JIaBHOe€, IIOHATH KaK 3TO HpOI/ICXO,III/I'T?
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0.

Puc. 143. a) PaccrossHume MeHbIle IIOJOBUHBI AJUHBI CTOAYEl BOJIHBI. 0)
Paccrosmue 6oJbllle TOJOBUHLI AJUHBI CTOAYEH BOJIHBI

CinyuaiiHo BBIOpaHHOE MEXKJIY KOTePEHTHBIMU OCITHJIJIA-
TOPaMM PacCTOAHMNE, KaK IIPABUJIO, IIPUBOIUT K U3JIYUEHUIO
BOBHE, aMILIATYJAa KOTOPOI'O 3aBUCHUT OT paccTosHusA. Ho MoKEHO
PACIIOIOMKUTE OCIIULIATOPEI TAK, YTOOBI CIIpaBa U CJIEBA U3JIY-
yeHMNEe HCUYe3yio. B 3ToOM ciayuae MbI IIOJYYUM OJHOMEPHYIO
CHCTEMY U3 IBYX OCIUJIIATOPOB, Y KOTOPOH aMILIUTYIa U3JY-
YeHUSA BOBHE Bcerga OyzeT paBHa HY.JIIO.

He cioxH0 moramgaTbesa, KAKOBLIM JOJYKHO OBITH PACCTOS-
HUe MeXAy ocruiuiaTopamu. Eciu casur ¢as OTCyTCTBYET, TO
niast V=0 paccTosHNe BCeraa KPaTHO BBEIPAXKEHUIO:

ln =n+*As/2, rae n=1,3,5,7...— 11060€e HEUSTHOE YUCJIIO

oA D

Puc. 144. BosHOBOe 1OJIe OT ABYX OCHMJLIATOPOB (n=1). VIsnyueHne BoBHE
«OTCYTCTBYET»
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Puc. 145. n=3. lsnyuyenue BOBHE OTCYTCTBYET
HurepecHo, Kak OyaeT BeCTU ceds UaCTHUIA B IBUMKEHUU C

IMOCTOSAHHOM CKOpPOCThI0? OCTaHeTCs JIM OHA HEeU3JIydarolnei?
OkasnIBaeTcs, UTo HeT.

Puc. 146. V,=0.11 ¢, V,=0.22 c. Cxsur das orcyrcrryer. Ilo Mmepe Bospac-
TaHWA CKOPOCTH aMILIUTYAA U3JIYUYCHUS YBEJIUUNBAETCS

C Takoit peaxkiueil Mbl y:Ke 3HAKOMBI — OHA IIPUBOIUT K
TOPMOKEHUIO cucTeMbl. ENMHCTBEHHBIM CIIOCO00M YCTPAHUTh
U3JIyUeHNe SBJIAETCS M3MeHeHne COOTHOIIeHuA das.

M&b1 3HaeM 3aBUCHUMOCTh MEKAY CKOPOCTBHIO NBUIKEHUA U
casurom das (V=c /m* Ap), a moromy mourpaem caBurom das
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¥ IIOCMOTPUM, KaK HAIlIXA AeHCTBUA OYAYyT BIAUATH Ha aMILIN-
TYoy USJIyUeHUd.

Puc. 147. V = 0.25¢c, Ap,= 45° V,= 0.5¢, Ap,= 90°. TlocTpoenus BegyTCA B
npeobpasoBaHuax anunes

B uém mpuumHa, mouemMy ABUIKYIIAACSA IPOTOCHCTEMA
IpoJoJIsKaeT ns3aydarsb? Jlejo B ToM, YTO BO BCeX HAIIIUX IIOCT-
POeHUAX MOACHYAHO YUACTBYIOT IIpeobpasoBaHus ['amuies, a
OHU, KaK HaM M3BECTHO, He YUYUTHLIBAIOT 3aBUCUMOCTD JJINUHBI
cTosTueli BOJIHBI OT CKOpOocTHU cucTeMbl. Ho MoxkeT mmpeobpaso-
BaHus JlopeHIla HaM IIOMOTYT, MK IIpeoOpasoBauus VBauo-
Ba? Ckopee Bcero — mociaenuue. Ho mocmMoTpum, CMOTYT JIn
OHU IIOTACHUTh aMILTUTYLY?

OO d —
’.
| —

Puc. 148. V= 0.25c, Ap,= 45°. ianyueHue ucuesso, aMIIUTy/la CTaIa PaB-
HO# Hyso. IlocTpoeHUsT BeAyTCs ¢ YYETOM reOMeTPUUYECKUX IIpeobpasoBa-
HUNI
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OO

Puc. 149. V= 0.5¢, Ap,= 90°. Uanyuenne ucuesso, aMILIATYja CTAJIa PABHOI
HyJio. [TocTpoeHusa BemyTcA ¢ YIETOM HOBBIX IIpeoOpasoBaHU

3danuiieM IIPaBUJIO, KOTOPBIM MBI TeIleph OyAeM pPyKo-
BOZICTBOBATLCA IPU JANLHEUIINX ITOCTPOEHUIX:

lL,=n<A.(1-B%)/2 , (7.1)
rae B=V/c = cA@/Tc = A@/TT, Trorna
Li=n<Aa(1-(A0/10)2%)/2. (7.2)

HOJIY‘IGHHOG COOTHOIIIEeHnEe ,Z[aéT HaM TOYHOE€ 3HaYeHUue
PacCCTOAHUA MEXAY OCIUJIIATOPaMM, IIPY KOTOPOM H3JIydae-
Masd BOBHE aMIIUTyJa HMMeEET HYyJIeBO€ 3Ha4YeHUe. Eciu mbr
HONBITaeMCA COJMM3UTH WU JKe pacTaAHYTh OCIHUJIIIATOPHI, TO
CyMMapHO€e 3Ha4YeHHe aMIIJIUTYAbl N3JIy4YaeMbIX BOBHE€ BOJIH
6y/:[e'r oTJIMYaThCA OT HYJIA.

Puc. 150. Paccrosanue MeXAy OCIMJIIATOPAMU: a) MEHBIIIE [.; 6) 6obIie [,

OueBuIHO, UTO B ciayuae (a) Ha OCIUJJISATOPEI OyaeT meii-
CTBOBATH PacTaJKUBAIOIIasd CHUJIa, a B ciaydae (0) CUIbl — IIOJ-
TAJIKMUBAIOIINE K IIEHTPY, COMMMKAIoIe. T CUIBI OyAyT Heii-
CTBOBATH JIO T€X IIOP, IIOKA OCIIUJLIATOPEI HE OKAMKYTCSA B y3JIaX
COOCTBEHHOM CTOSAYEeN BOJHEI. OCIIMIIATOPEI CTAHOBATCS IIOM-
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MaHHBIMH B JIOBYIIKY COOCTBEHHOII cTOsAUeir BOJHBI. MIMEeHHO
B 9TOM M 3aKJIOUaeTcsad (PU3NKA YIEePKAHUS OCIUJIISATOPOB
IPYT BO3Jie Ipyra, II03TOMY OHU He Pa3JIeTAIOTCA U He CcOJIMKa-
IOTCs, a Momajas B CO3JaHHble UMHU K€ Y3JIOBbIe 30HBI, CO3/a-
IOT CTAaOMJIBHYIO HEM3JIyYaloNIyi0 BOBHE CHUCTEMY — Npomoou-
nonv, B KOTOPOH VB3Jbl ABJIATCA OIS OCIUJIJIATOPOB
MOTEHIINATLHBIMY dHEPreTUYeCKUMU IMaMMH.

Jloa Toro uToOBI 3aCTABUTL IIOTEHIIMAJNbHBLIE SIMBI IIepe-
MeIIaThCA, HeOOXOAMMO IIOBJIMUATH HA COOTHOIIIeHUe (a3 IPo-
TOAUIIOJS, & DTO Hen30eKHO BJIEUYET 3a cO00U M3IyUeHUe BOB-
He. Bor 1 monyuaeTcs, 4TO HAIIl IIPOTOLUIIOL U3JIyUaeT TOJIBKO
Ipu U3MEHEeHUN COOCTBEHHOM cKopocTu. KaK TOJIBKO CKOPOCTh
CcTabUIN3UPYETCs, a 9TO O3HAUAET U CTAOMIN3AIUIO (pa30BOT0
COOTHOIIIEHN S, U3JYUeHIe IPeKPalaeTcs.

BrL10 OBl TaKIKe HeBEPHBIM CUNTATH, YTO OTCYTCTBHE aM-
IJINTYAbI 03HAYAET OTCYTCTBUE UdaydeHus. IIpomodunons no-
CMOAHHO U3NYuaem 6 NPOCMPAHCMEB0, HO U3AYHeHUEe IMO UHOL
gopmui. IlpavmbiMu criocobaMu 3adUKCUPOBATHL TaKOE M3JTY-
yeHNe IPaKTIUECKN HeBO3MOXKHO, HO MBI HA TO U 3aHIMAEMCSI
9TO# MpobIeMOoil, UTOOBI HANTH CIIOCO0 TAKOM (PUKCAITUM.

i Toro uTo6bl OOHAPYKUTH ABUKEHNE SHEePTUH C HYyJIe-
BOII aMILIUTYJOH, T.e. UHYIO €€ (popMy, MBI BHECEM HEKOTOPLIE
u3MeHEeHUS B Pad0Ty OCHUJIJIATOPOB — HOOABUM IITYMBEI.

Puc. 151. [To6aBieHBbI
LTy MBI

Habaromas mpoiiecc B [MHAMUKE U UCIIOJIb3Ys IITYyMBI (CBO-
eo0pasHble MUJIOT-CUTHAJILI) B KaUeCTBe MHINKATOPOB IIPOIC-
XOHAIIEro, MbI HaOJIIOJaeM UX IBUMKEHUe, UTO IPAMO YKasbl-
BaeT U Ha ABUKeHNEe MHOT0 BUa SHEePreTUYeCKO KOMIIOHEHTHI.

Takum oO6pasoM, MBI IIOJYUYMUINA OJHOMEPHOE MOIEeJIbHOE
IIpecTaB/IeHe O JBMKeHUY 9HePreTHUeCcKy HACHIII[eHHOTO He-
1Mo, KOTOPOe, M3-3a OTCYTCTBUA ABHOM aMILINTY/IbI, HUKAK ce0s
He TIPOSBJISET.
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Ho MBI OIHOBPEMEHHO BUANM ABUKEHUE IITyMOB, aMILJIU-
TyZa KOTOPBIX HAXOAUTCA 3a HpeAesiaMH OOBIYHONM UyBCTBU-
TeJILHOCTH. SHAUUT, CYIIIECTBYET HEeKas IIyMOBasa 9HepreTu-
yecKasa cpela, KOTopas TaKyKe MOKeT OKa3bIBaTh BO3eiicTBIE
Ha 0JIM3KH1e eil o YacToTe ucTounuku mryma? Ilpu 6osee 61ms-
KOM pacCMOTPEHUHU IITyMa OKas3bIBaeTCs, UTO OH HANEJEH pe-
aJIbHBIMM BOJIHOBBIMU CBOMICTBAMM, a IIOTOMY BCTPEUHBIE IITy-
MOBBI€ IIOTOKHM MOTYT HHTep(epHUpOBATh MEXKIY CcO00H u
CO3aBaTh CJIOKHBIE BUPTyaJbHbIe (HeBOCIIPUHUMAaeMble Ha-
OpAMYyIo) mojid uHTepdepeunuu. Takue mMoJasa MBI Ha3bIBaeM
UH-(hopma-yu-eil, T.e. UHOU, CKPBITOM OT IPAMOM (hrkcamuu, op-
MOM SHEPruu, BO3MOYKHO, MHBIM €€ 3(hpUPHLIM YPOBHEM.

IIpencraBasieTcsa YHUKAJIBLHBIM CHUJIOBOE IeiicTBre nHGOP-
manuu. CKpbITad nHGOPMAIIMOHHAA 9HEPTUs (BOJIHBI) UHTEP-
depupysda MOKET cOo3aBaTh TOKU HH(popmManuu, nHpoOpMAaIu-
OHHBIE CTOSYME BOJHBI C SBHO BBIPA’KEHHBIMHU y3JaMU U
OYYHOCTAMU, NH(POPMAIIMOHHELIE BUXPHU, caniaep-adeKTsI. ITH
nH(MOPMAIIMOHHbIE SABJEHUSA CIOCOOHBI IIPOBOIIMPOBATL OCO-
0eHHO Pa3yMHYIO MAaTepPHIO HA Te UJIU UHbIe TeHCTBUSI, a IIOTO-
MYy OHQ — UHQOpMAyUs — BAPYT, 663 BUAUMOII HA TO IIPUUUHEI,
3aCTaBJIIET BEIEeCTBO IIepeMeIllaThbCsi. BCIOMHUM IPUTYY O
Xom:xe HacpennuHe, KOTOPEIHA, YTOOBI OT HETO OTCTAJIH IETH,
crazai: «Jletn, Ha KJIambuilie OecIIaTHO XaaBy pasmaior!» O0-
pamoBaHHBIEC JeTH MOBEPUJIN MYAPENY M IIo0e:Kaiu Ha KJan-
ourre. Ho u Xom:xa okasaica He mpoMax: «Eciu ObI Ha KJaaf-
Ouille XaJIBy He JaBajJu — HOAYyMaJ OH — TO JeTU TyJa Obl He
mobesxkanul», 1 caM mobekajyi. 37ech MIPUYNHA BO3SHUKIIIETO
IBUMKeHUA — nHGOPMAIIMOHHAA, UCXOAAIIAd OT dyxa.

Ecyu KTO-TO gyMaeT, UTO IPUUYNHBI IBUKEHUSA aBTOMOOHU-
JIs1, TIOJIETAa cCaMOJIETa, B3PhIBA AaTOMHOII 60MOEI — YHepreTruuec-
Kue, TO OH ITyOOKO 3a0ay:KaaeTca — OHM MH(POPMAIIMOHHEIE, a
ecJiu emné OJmKe K IIepBOIPUUYNHE, TO — TYXOBHBLIE. Bo3bMEM,
K mpuMepy, AeHbru. [1o cyTu — 0OBIKHOBEHHBIE OyMaKKM1, KO-
TOPbI€ MOXKHO C)KeUb MU BRIKMHYTh, HO KaK OHU IIpeodpaska-
IOT UeJIOBEeKa, IIPeAIIPpuATHe, TOCYIapCTBO, €CJAN UX JOCTATOU-
HOe KOJUYEeCTBO, WJIM MX MAJIO, WJIU BOBce HeT. IIpocThIM
JIOOAM BHYIIIAIOT, YTO JeHBI'M — 5TO 9KBUBAJIEHT TPyla, — He-
mpaBla, CKOpee — 9TO IPOABJEHNE CKPBLITBIX IIOTOKOB YHEP-
ruu. Ho ¢ sTuM BompocoM HaM eIé IIpeAcTOUT pasodparbes,
IOTOMY KaK uepes3 JeHbI'M, MMUTHUpPYIOIIue 0ojiee IIyOMHHBIE
B3aMMOOTHOIIIEHUSI B HEIPOSABJIEHHBIX AJIA Hac 00acTaX ObI-
TN, MBI HEOCO3HAHHO KeM-TO 30MOupoBaHbl. Ho Kem? rae uc-
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KaTh TeX, IOJ YbLWUM BJIMSHKEM MBbI IIOCTOSHHO HAXOLHUMCH?
HymaeTcs, 4TO 3a OTBETOM JaJIEKO XOAUTH He HALIO.

Boosze MokeT OBITH, UTO HA IITyMOBOM YPOBHE YHEPTrUU
CYIIIECTBYeT pasyMHAas JKU3Hb, II0 KpallHel Mepe 3alrpera Ha
TaKoe yTBep:KIeHue He cymiecTByeT. Ho mMeer MecTo u erné
OIHA OOoTamKa: NapajeslbHO HAuleMy cyuiecmeyem aHaJLO0-
2UYHDBLI NO macuimady, HO C80€00PA3HO NOAAPUIOBAHHBLIL MUD,
uMmenuwuil ¢ Hawum odwue vacmuysvt U usaryienus. To, 4To
HeIPOABJIEHO B HAIlleM MUpPE, ABJIAETCA IPOSIBJICHHBIM B IIa-
paiiaerbHOM, M Hao60poT. Eciiu omuckIBaTh ABA TAKUX MHpPA C
MOBUIINY CTOPOHHErO HaOJIogaTesisd, TO OH YBUIUT eIWHbBIH
(BJIOKEHHBIN, BBIITYKJIO-BOTHYTBIN, ITapaJJIeIbHBINA) MUD.

Ham, B cuay orpaHMUYEHHOCTH OPTraHOB YYBCTB, TPYIHO
IIpeICTaBUTh IPOUCXOAINEe, a IIOTOMY OHO IJIS HAc IapaaoK-
caJIbHO: CYII[eCTBYeT U He CYII[eCTByeT ogHoBpeMeHHO. IlocTa-
HOBKa BOIIPOCa, HOITyCKAIOIIasd HaJIUUNe HelIposaBaeHHO Bee-
JIEHHO¥, He HYJKJaeTcAd B MHOTOMEPHOCTH i OOBACHEHUA
cBoero cyinecTBoBauus. Ho Torga Ha mpakTuKe JOJKHO UMETh
MEeCTO IPAMOE B3aMMHOE BJIUSHNE KaKYIUXCS HelepeceKa-
omuMucsa GU3NUeCKUX MHPOB. BoOIIpoc sTOT KpailiHe HMHTE-
PEeCHBII, HO MbI OTBJIEKJIKUCH.

PaccmoTpuM B3aumMoOAeHCTBHE MEXKAY IIapaMy IPOTOMU-
moJieii. ByayT au gBa HeM3JIydaloIUX IPOTOLUIOJSA BO3Ieli-
CTBOBATHL APYr Ha aApyra? Byayr Jau oHM B3amMOmeiCTBOBATSD,
ecJy MX YacToTa OymeT pasauuuoi? UTo mponsoiieT, ecan OguH
IPOTOAUIOJEL IIOMECTUTh BHYTPhb APYTroro?

Puc. 152. [IBa mpoTonuIiona He OKA3bIBAIOT BIUAHUA OPYT HA NPyTra, JasKe
€cJIM MeXKJy HUMU eCTh Pa3jnydye B 4acToTax

Eciu coGcTBeHHBIE YACTOTHI IIPOTOAUIIOIEH OJIU3KHU APYT
K OPYTy, TO ODOIIYIO CHCTEMY MOXKHO Pa3JIOXKUTh HA JBE Mapbl
IPOTOAUMIOJEHN, HAaXOAAIINXCA B JErKoi apurmuu. Ho Torma
MBI MOJKEeM YTBEPXOaTh, YTO HaAXOAAIIIMECAd B apUTMUU IIPO-
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TOOAUIIOJIN CIIOCOOHBI co3gaBaThb HeﬁTpaJIBHBIe HeuaJiyuarwlInue
CHUCTEMBI.

- m
s
M SN

Puc. 153. Mexay IpOTOOUIIOJSIMHU MMeeTcsA pasjudue B yactore. IIpoTo-
IWIIOJIU IePEeCeKaloTCsA, HO He OKa3bIBAIOT BAUAHUA APYT HA Apyra

HEFORERIEAZIKE

Puc. 154. [IBa pa3HOYACTOTHBIX IIPOTOAUIIONSA HAXOLATCSA BHYTPU APYT APYTa.
Wsnyuenne BoBHe oTcyTcTByeT. O0pasoBaniach cucreMa, HMeIoIas cOOCTBEH-
HYIO 4acTOTy OueHus

HecKoJIbKO clI0XKHee co3aTh MOJe/Ib Hena3JayJalolleii ua-
CTUIILI B IBYX M3MEPEHUAX — HEOOXOAMMO HAUTHU eJUHCTBEH-
HO IIPaBUJIBHOE COOTHOIIIEHNE MEXKIY KOJIMUECTBOM OCITUJIIIA-
TOPOB, UX PACCTOSHUEM IPYT OT Apyra m uacroroi. Coeaars
9TO MOYKHO METOJOM HOA00pa, HO MOABUJCA 1 (hOPMYILHBIN
ammapar, JaroIui TOUHbIe 3HaUeHA TpeOyeMbIX IIapaMeTpOoB.

Puc. 155. MrHoBeH-
HasA pororpadusa Heus-
Jydarolneil 4acTUIIBI.
BHyTpu cuctembl oc-
IUJIIATOPOB BO3HUKA-
eT cTosuasi BoHa (IIyd-
HOCTb). O6GpasHo roBo-
P, BOJIHOBas 9HEPTUA
OKas3bIBaeTCA  «IIOWi-
MaHHOM B JIOBYIIIKY »
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Puc. 156. Eciau MbI ¥
TaKoll HemaJIydarolei
YaCTUIILI YOEPEM TOJIb-
KO OAVH OCHUJLIATOP (B
IaHHOM cJiyuyae Kpaii-
HUU IpaBEBIii), TO OHA
HAYMHAET MHTEHCHUBHO
uaayudathb. QiKugaercs,
YTO yYacTuila Oymer
CTPEMUTHCA K 3aXBaTy
OJIY2KIAIOIIEro OCITHI-
asaTopa (6oMK-9hHEKT)

Ecau moss sHepruii TaKMX 4acTHUIL 00padoTaTh «Teone3u-
YeCKMM» METOJOM, TO N3MeHeHMe B IIepepacipefeieHIN dHep-
' CTAHOBUTCSA OCOOEHHO OTUYET/IMBLIM.

Puc. 157. Ilpu moge-
JVPOBAHUY HEM3JIyda-
IOIAX YACTHUI[ MBI HC-
OJIb30BAJIY OCIUJILIISA-
TOPBI, AMILIATYIA U3JIY-
YeHUsS KOTOPHIX He 3a-
BUCUT OT PACCTOSHUA,
T.e. BCerja IIOCTOSHHA
(xkak y poToHa, HaIIpPU-
mep). Chesanu MBI 9TO
IIOTOMY, UTO y HAC HET
HPUYUHBI CUATATEH aM-
HJUATYAY 3aBUCAIIEH
OT PACCTOSHUS, HO IIPU
MO eJINPOBAHUM Yac-
TUI[ MBI O0OHAPYKUJIN,
YTO CBOMCTBO aMILIU-
TyAbl yOBIBATH C pac-
CTOSIHHEM BO3HHUKAET
camMo coboit




I'nasa 7. CRPBITAA SQHEPTHA IIPOCTPAHCTBA 211

Puc. 158. He coscem
cTabuIbHAS YACTHIIA, Y
KOTOPO¥M aMILJIUTyIa
yOBIBAET C PACCTOAHU-
eM. OTO IPOUCXOIUT 3a
CUET TOr'0, UTO BOJIHBI
OT IIPOCTPAHCTBEHHO
PAa3HECEHHBIX OCIIHJI-
JIATOPOB Ha yAAJIEeHUN
racar ApyT Apyra

ITO yCIIOBHE MOKET IIOKA3aThCSA CTPAHHBIM, TeM He MeHee,
B IIPOIECCe MOIEJIMPOBAHUA YAAJOCHh IIOJNYYUTb CyMMAapHOe
M3JIydeHne, aMILINTYAa KOTOPOro yOLIBAeT C PACCTOSHUEM II0
pasHBLIM 3aKoHaM. U B Ipupoje ecTh YPOBHU B3aMMOZEHCTBIMN
KOI'Zla YaCTHUILI JeMCTBYIOT APYT Ha APyra IOAUYMHSAACH 3aKO-
Ham: 1/r2, 1/r3, ... 1/r8, ur.m.

Puc. 159. Ilapamerpsl
IPOTOYACTHIL IT0J00pa-
HBI TakuM o0pasom,
UTO AMILIUTYOa HU3JIY-
YyeHUA OBICTPO TACUTCS

B miporiecce MoeTMpoBaHMS 00HAPYKIJIOCH, UTO €CJIM B IIEHTP
IIPOTOCUCTEMBI IIOMECTUTDH JOIOJHUTEIbHBIN OCIIMLISATOD U II0-
UTpaTh ero CABUTOM (a3, TO MOYKHO JOOUTHCS 3HAUUTETHLHOTO
ocabyieHnsA M TaK MOUTH TOoralneHHoi aMmauTyabpl. Co3maHubie
TaKUM 00pasoM MOJeJU IIOBeJeHWEeM Yy:Ke HAYMHAIOT ObITH II0-
XOKMMH Ha MPOCTeHIre 3jieMeHTapHble YaCTUIIhI.

EcrecTBEeHHBIM MBI MOYKEM CUHTATH YTBEPMKICHHE, UTO
WHTEHCUBHOCTh <«IIIyMOBOI'0» H3JIYUYEHHUS IIPOMOPIIHOHAJIbHA
Macce, a IJIOTHOCTh €ro pacipeeseHns B OKPYIKAIOIIeM IIPOo-
CTpPaHCTBe YOLIBaeT C PACCTOAHMEM. B 3TOM cMbIC/Ie H3JIydae-
MbIe TeJIAMHU IITyMbI BIIOJIHE IIOAXOIAT HA POJIb OCHOBLI, HAIIPU-
Mep, AJIsI IPABUTAIMOHHOIO IIOJIS — CTEIeHb MX BO3IAEHCTBUSI
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MaJia, a MPOHUKAIOIAas CIIOCOOHOCTD BesinKa. Eciu mamHoe mpe/-
TOJIOXKEHNE OKAMKeTCA BePHBIM, TO I'PAJNEeHT IIJIOTHOCTH IIIyMa
BIIOJIHE MOKET OBITH IIPUUYMNHOI PACCOTIACOBAHMSA YaCTOT Y TeJ,
HaXOIAIMXCA BOM3YU MOIITHOTO MCTOUHUKA.

HJomycTum, 4TO B caydae ¢ TpaBUTAIMEN BCE [EJIO B IITyMe,
TaKyIo IIOCTAHOBKY BOIIPOCA XYI0-0€QHO, HO IIPUHATL MOYKHO.
Ho kyna mncuesaeT To HeMMOBEPHOE KOJIMUYECTBO SHEPTi, KOTO-
poe mayuaeTcs IJIAHETAMH M 3BE3JaMH — SHEPrusa Begb He
MOJKeT mcuesaTh Oecciiegao? Hy a ecam sHeprusa He 1cUe3aerT,
3HAUNUT, OHA Ipsaderca oT Hac! Ho rae, u 3auem? Ecim MbI 0f-
HAXIbI BBISCHUM, YTO IIPOMCXOIHUT, TO IIOABUTCA U HANEKIA
HANUTH CIIoco0 M3BJIEKATD €€ 13 HEIIPOSIBICHHOTO COCTOSIHUS, Je-
TEKTHUPOBATh, UTOORI IIOJIL30BATLECA. ECTh, IIpaBaa, IoJ03peHue,
YTO POJIb TAKOTO JETEKTOPA BBIMIOJHAIOT CAMU BeIl[eCTBEHHBIE
TeJia 1 UMEHHO TaKHM CIIOCOOOM OHM OTOMPAIOT y CHPATABIIIE-
rocs IOJ HYJIEBOI aMILINTYION «9HEPreTUYeCKOro MOHCTPA»
YacTh SHEPTUHU IJIS COOCTBEHHON moauuTKu. IIomeiraeMcst MbIc-
JIEHHO, HO HA PeaJIbHBIX CpeJax 1 PeabHbBIX OCIMLIATOPAaX IIPo-
MOJIeJINPOBATE CUTYAIIUIO.

Paccmorpum mogmenb. IlycTh Ha IOBEPXHOCTU O3€pPa MbI
MMeeM KPYTOBYIO CUCTEMY U3 OMMHOUYHBIX OCIIUJIISITOPOB, aM-
IJINUTYAA W3JyYeHUsS BOBHe KOTOPBIX paBHA HYJI0. BHelrHe
IOBEPXHOCTh BOJALI HE BO3MYIIeHAa, a IOTOMY ¥ HAC HEeT BUIU-
MBIX OCHOBAHHUII TOBOPUTL O KAKOM-JINO0 ABUIKEHUU U BOMHI,
u sHepruu. Ho cTouT HaM Ha HEKOTOPOM PACCTOSHUU IIOMe-
CTUTHh IIPOOKOBLIH ITAaPUK, KaK MBI O0OHAPYKUM NHTEPECHYIO
«BOJIHOBYIO Te€HBb», KOTOpas He TOJbKO HaMeKaeT Ha IBUKe-
HUe BOJILI OT CUCTEeMEI, HO M CO3JAéT BIleUaTJieHue, OyATO ObI
OPOOKOBEIN HMIAPUK CTAJ MU3JIydYaTh B ONpPeNeIEHHOM HaIpaB-
Jeunnu 6e3 BUAUMOM Ha TO mpuuuHbl. Ho MBI 3HaeM, UTO HU O
KaKOM OBUKEHUM BOIBI PeUM He UIET, IOITOMY IpeimoJiara-
eM, UTO IPOOKOBBIH ITIapPUK ABUJICA ITpeodpas3oBaTeieM HeIpo-
ABJIEHHOII dHepruu B peajibHbIe KojebaHudA. Ho mrapuk 1mo-
TJIOIIaeT JIUIIh YaCTh BUPTYAJbHOT'O IIOTOKA U BBIMOJIHSIET
dyuKIIHIO cBOEro poaa GuIbTpa, AeTekTopa. OcraBIiascsa e
mocJie JeTeKTHUPOBAHUSA SHEPTUs MePeXOIuT 13 HeIIPOsaBJIEeH-
HOT'O COCTOSHUS B IPOABJCHHOE. JTO MPOUCXOAUT B CUJIY 3a-
KOHOB COXpaHeHUd, IPUUYEM Y Hac OyJeT BO3HUKATH MOJIHASA
WJLTIO3US TeUeHMA KUAKOCTU. Takoe MIIIO30pHOE TeueHUe
Oymer 06JiafaTh BCEMU CBOMCTBAMM PEAJIbHOIO TEUEHUS.

B ¢pusuke sseMeHTAPHBIX YACTHUIL ITPOUCXOAUT MHOTO 3a-
TaJJ0OYHOT0, HEOOBACHUMOTO. VI3BeCTHO, HAIpuMep, UTO IIPH OII-
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peIeNEHHbIX YCIOBUAX YaCTUILI HBIPAIOT B MHOM MUP, OCTaB-
JIsis TIocJie ce0s TOJIbKO BOJIHEI, KaK 9TO IIPOUCXOMUT HA COPEB-
HOBaHUMAX IIO IIPBI:KKaM B Boay. Kak 3HaTh, OBITH MOMKET, «CO-
ceJ 13 IOJIAPU30BAHHOIO MUPA» BUIUT B 3TOT MOMEHT YACTUILY
«BBIHBIPUBAIOIIYIO M3 HAIIIETO0 MUpa» ?

Puc. 160. VYrous orpaskeHusi He IIO3BOJISIET HAJBOIHOMY HAOJIIOLATENIO YBU-
JIeTh IIOABOJHbBIE O0BEKTHI, PABHO KaK ITOABOAHOMY — ITO/JIETAIOIIEr0 K IIOBEP-
XHOCTHU HBIpAJbIUKA. [lepexos uepe3 peasbHYIO ¥ OJHOBPEMEHHO YCIOBHYIO
rPAHUILY MEXKJY BO3AYXOM UM BOJOM COIIPOBOYKJAETCS He TOJBKO MCUe3HOBe-
HHEM O0OBbEKTa B OLHOM MUpPE U IIOABJIEHUEM €r0 B IPYTOM, HO ¥ WHTEHCUB-
HBIMM BOJHOBBIMHU BO3MYILEHUSMU TIPAHUIBI paspena. ¥ IIOLBOJHOTO
HabJII0aTes I MOJKET CIOKUTHCSI MHEHNE, UTO IIPOU3O0IILIO CHOHTAHHOE POK-
nenue (MaTepuaausamnusa) o0bEKTa, a y HaABOJHOTO — MCUe3HOBeHUe (IemMare-
puanusaiys). B nanHOM nprMepe rpaHUIla MKy Pa3HOYACTOTHBIMU CPeJaMU
OueBH/HA, T.K. HAIIIM OPraHbl YYBCTB IIEPEKPLIBAIOT 00a [UAIa30HAa YaCTOT.
WHTepecHOi IPeCTaBISAETCS CUTYallis, KOTa PA3HOYACTOTHLIE MUDEI (Cpe-
IbI) BJIOYKEHBI ONWH B IPYToil B 00béMe. Eciu pasphIB 110 YacTOTE JOCTATOUHO
BEJIUK, T.e. HAIIMMM OPTaHAMM! YyBCTB He II€PEKPHIBAETCS, TO IIEPEXO] M3
OJIHOT'0 YaCTOTHOTO JUAIAa30HA B JPYTOi OyeT COIPOBOKAATHCA adhdeKTamu:
HMCUYE3HOBEHUS B OZHOM MUDEe U IPOABJIEHUSA B JPYI'OM, BOJHOBHIMU BO3MY-
LIEeHUSIMU YCJIOBHBIX I'DAHUI] padgesna. ITu aHeKThl MOALAIOTCI HE TOJIHKO
MaTeMaTU4YeCKOMY OIMCAHWIO 0e3 IPUBJIEUYEHUS NOIOJTHUTENIHHBIX KOODAY-
HATHBIX U3MePeHU, HO U MOHUMAHUIO ITOCPEJCTBOM TPEXMEPHOH JIOTUKU.
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§ 2. Mup HenpoABJIEHHBIX IHEPTUi

He ot xopomieil :ku3HM HaM OPUXOAUTCA (haHTA3MPOBATh
0 HEMPOSABJIEHHOM MUPE, HAC BHIHY:KJIAeT K 3TOMY ITpoIlaKka
OTrPOMHOI'0 KOJIMYECTBA U3IYUAeMOIi OCINLIATOPAMY dHEPIUU.
B camom gmese, Kyza mcuesaeT sHEPrus KoJeOaHUil OT TAKUX
TUTaHTOB, Kak JlyHua, 3emis, FOnurep u Apyrux miaHer? — BeIb
OHU COCTOAT M3 0e3yMHOI0 MHOJKECTBA KOJEOJIOIUXCSA CIC-
TeM? CTOUT BBIKJIIOUNTE JIAMOOUKY IIof HaszBaHueM CoJIHIEe U
MBI IIOTPYy’KaeMcsA BO MpakK.

EcTb 001lee MeXOy IIPOTOUACTHUIAMHU W ILIAHETAMH — U
Te, U APYrue ABJIAITCA MPAKTUUYECKN HEM3JIYUYAIOIINMU CHC-
TeMaMu. B 9TOM CMBICTIE NJAHemMbl. MOMXHO CUNTATH I'MTAaHTC-
KMMHU HEeUBJIYYAIOITNMU OCYULLIMOPAMUY C BEeCbMa MaJIoii, o
HAIIIMM MacIiTabaM, KOJLIEKTHBHOM uactoToii. Ho BepHéMcsa
K IIPOTOYACTHUIIE, YTOOBI B KOTOPBIHA pas yOoequThCs B IIPABO-
MEPHOCTH BBIBOJA O HEYHUUTOMKMNMOCTH M3JIyIaeMO SHEPTUN.

Ha mpuMepe mI0oCKHX MOAeJael YacTHUI MBI BUIUM, UTO
IIPU OIIPeNeJEHHBIX YCJIOBUSAX MX KOJJIEKTHBHOE H3JyUeHUe
MIPOABJIAET YHUKAJbLHBIE CBOMCTBA CO3/TaBaTh BO BHEIITHEM IIPO-
CTPAHCTBE NEPUOJUYECKNE 30HBI OTCYTCTBUS BOJH — CBOE0O-
pasHbIe 00JlacTu C HYJIEBO# sHeprueii. ITO ABJIEHVE N3BECTHO
B paIuOTeXHUKe IO Ha3BaHMEM «30HLI 3aMHPaHUsI». BosHu-
KaeT IIOoJIHOe BIleUaT/IeHKe, UTO SJHEePTrUs B 9TUX 30HAX: OTCYT-
CTBYeT, pacTBOpsAeTCs, odpeTaeT NHYI0 ()OPMY CYIIeCTBOBAHUS.
Ecsu Takasd 30Ha BeJIWKa, TO MBI MOJKEM U HE BHATh O IPOUC-
XOAAIIEM 3a €€ IpefejiaMu U AyMaTh, UTO Be3Jie TaK, KaKk U y
Hac. Ho BepHEMcA K cIpATaBIlieiica OT HaIlero B3opa W IIpu-
0OpOB 2HEPIUMH.

Puc. 161. Cgsur das
OPraHM30BaH TaK, YTO-
OBl BOJIM3M YaCTUILI
SHEPrus HaXOAUJIACh B
HEIIPOABJIEHHOM BHJE.
ITo mepe ymamenus or
YacTUIBl SHEPIUsA Ha-
YNHAET MPOABIATHCS
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M&z1 yiKe FOBOPUJIM, UTO BHYTPU CUCTEMBI OCIUJJIATOPOB
ImoJie He racUTCs; B 9TOM 006JiacTu 00pa3yeTcs CToAYasd BOJIHA.
O6pas3HOo TOBOPsI, BOJTHOBAS SHEPTUSA OKA3bIBAETCS ITIOMMAHHOM
B JIOBYIIKY. Ecam roBOpUTh O TPEXMEPHO! MOJIEJM, TO T'eHe-
pupyoninii BOJIHBI chepUUecKUl MCTOUHUK CO3JAET MJIIIO-
310 OyATO OBl HMUYEro He M3JydyaeT M He MOorjolnaetr! XoTs
KoJsiebaTeIbHBINA mpoliece mporekaer. O0pasoBaBIuiics cryc-
TOK BOJIHOBOM 5HEPIruUM IIOKOUTCHA, a HAPY:KY HET HUKAKOTO
HOTOKAa. JdTa CTOPOHA PacCMATPUBAEMOII BOJIHOBOM CHCTEMBI
ABJIAETCS 0COOEHHO MPUBJIEKaTeJIbHO, MPUKOBBIBAET BHIMA-
HUe K JaHHOU cheprUuecKoi Momeau U MOOYy:KIaeT MCKaTh He
TOJIBKO MYyTU €€ MOAU(PUKAIINY, YCOBEPIIEHCTBOBAHUA C Iie-
JIBI0 MAKCUMAaJIBHOTO IPUOJIUIKEHUS K PeaJbHBIM dJIEMEeHTap-
HBIM MHUKPOOOBEKTaM, HO M IIEePECMOTPETH OTHOIIIEHUE K 3a-
KOHY COXPaHEHUS dHEPTUU.

s Toro yToOBI omrpaBAaTh 9PPEKT MCUE3HOBEHUS IIOTO-
Ka DHEepTUU ¢ HOCJEeOYIOIIUM €€ IMOSBJIIeHNEeM B MHOM 00JacTu
IIPOCTPAHCTBA U B MHOM BHUJE, BBEIEM HOHATUS HENPOs8JeH-
HAA U NPOSABJLeHHAsS dHEPTUA.

Kpome sToro Hac BoIHyeT 1 3aKOH COXPAaHEHUS dSHEPTUH,
KOTOPOMY MBI, BCE-TaKM, HAMEPEHEI CJIeJ0BaTh. B cBSA3U ¢ 5TUM
OpeaIosaraeTcsa, YTo CyMMa CKPBITON M ITPOABJIEHHOU dHEP-
I'Mi Bcerja IMOCTOSHHA.

H3n10XUM METOANKY OIeHKM CKPBLITON U IIPOABJIEHHON
sHepruii. BeipasuM cyMMy SHEPruii BOJH (GOpMYJIOH:

2E=E,,tE,,=const. (7.3)

IIpu paccmMoTpeHVM MOAEHTUYHBIX BOJH AJIA YaCTHUII U3 IBYX

ocuATOpoB (E;=0.5hv; E»=0.5hV) MaKcuMaJIbHAaA S9HEPTUI

WX B3aMMOJEMICTBUA pPaBHA IIPOCTOM apm(pMeTHUeCKON CyM-
me:

2E=E,+E>=hv. (7.4)

Hawm m3BecTHO, YTO ImPOSABIEHHAA SHEPTUA 3aBUCUT OT (paso-
BOT'O CIBUIa BOJIH:

E,,=E;+Es+ 2(E;*Ez)"?+cos.
Ecnu E,=E.=E, To0:
E,,=2E +2E cos¢p =2E (1 + cos@). (7.5)
Torga ckpsiTas sHEPrusa OyeT paBHA:

Ecxp:ZE - Enp: E+E; - 2(E1 'E2)1/2' COS¢.
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Ecnu E,=E,=E, To:
E.,=2E — 2E cos¢p =2E (1 — cos®). (7.6)

Torna:
2E=2E (1 — cos¢)+2E (1 + cosp)=4E, (7.7)

rme: ¢ — caBur a3 MeKIy BOJIHAMU,
E.p — CKpbITasd KOMIIOHEHTA SHEPTUH,
E., — npodBieHHad KOMIIOHEHTA DHEPTUMN.

Ecnu (¢ )=180°, To cos(¢ )= —1, Torga:

E.,=0; E.,=hv; ZE=hv. (7.8)
Ecnu (¢ )=0°, To cos(¢ )= 1, Torma:
E,,=hv; E.,=0; ZE=hv. (7.9)

Ecnu (¢ )=90°, To cos(¢ )= 0, Toraa:
E.,=0.5hv; E.,=0.5hv; ZE=hv. (7.10)

IIpu TaKoi mOCTAaHOBKE BOIIPOCA MBI 00A3aHBI IIOCTOSIHHO
MIOMHUTD, UTO IIPOSBJIEHHBIN HOJb SBJISETCA BEJIUUYUHON (pu-
3UYECKOI, 1 OH, KaK HOJATBEP:KAAIOT PACUETHI 1 KOMIOBIOTEP-
HBIE DKCIIEPUMEHTBI, COIEePKUT B cebe MOJHYI0 MH(pOpMAaIIIIo
0 BOJIHAX. BasKHBIM ABJISIETCS TO, UTO HEMIPOABJIEHHBIE BOJIHEI
B IOJIHOM CMBbICJIeé OO BLEMHEI, MHTeP(hEePUPYIOT MEXKIY CO0Oi,
€037aI0T COOCTBEHHBIE Y3JIbI U IIYYHOCTH, & IIOTOMY MOTYT OBITH
peasIbHOM OCHOBOM IJIsi HEOIPOSBJIEHHOT'O CIIOco0a CYIIecTBO-
BaHUA MaTepuu. IHOra pe3yabTaT 3TOM nHTephepeHIun MO-
JKeT B Bujle OMeHUU IIePeXOAUTh B IIPOSBJIECHHOE COCTOSHUE.
9TU CIIOHTAHHLIE IJIA HAC CUTYallMW MOTYT HPOABJIATH ce0sa B
BUJle OECIPUUYNHHBIX BLIOPOCOB SHEPTUU B PA3HBIX MECTaX U B
Pa3HBIX YaCTOTHBIX AUAITa30HAX.

% % %

JomycTM Hajmudue 4eJO0BEeKOMOI00HOI, Pa3yMHOMN KU3-
HU B MHUPE HEIPOSBJIEHHBIX IJsd Hac sHepruii. Ilomyuaercs,
YTO Pe3yJIbTaThl, HAIIPUMe], S9HePreTuYeCcKnuX dKCIEPUMEHTOB
mam BIIOJIHE MOTYT M3MEHSTHb COOTHOIIIeHNEe CKPBLITON M IIPO-
SIBJIEHHOU SHEPTUH — 0TCIOA U IIOABJICHNE CTPAHHBIX, BHEIITHE
OeCIIPUYMHHBIX aHOMAJBLHBIX ABJIEHUNA B BUIEe BOSHUKAIOIINX
«HUOTKYIa» CBETAINUXCSI W IOBMMKYIIUXCA IIapoB, CTOJIOOB,
OPUBUAEHUN M MHOTOTO MHOTO, C YeM MHOTUM M3 HaC JUUHO
XOTeJIOCh OBbI II03HAKOMUTHCS. He MCKJII0OUeHO TaKKe, UTO pa-
3YMHBIE CYIIECTBA M3 HEIPOABJICHHOTO0 MUPA HAYYMUJINCH IIe-
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PEXOIUTHL W3 OMHOTO JHEPTEeTHUECKOT0 YPOBHA B JIPYroii, a
IIOTOMY, BpeMsI OT BPEeMEeHU, 3eMJISHE COIPUKACAIOTCA C Tak
HA3bIBAEMBIMU NPUWLEAbUAMU.

PaccMoTpuM HEKOTOPBIE MOMEHTHI, CBS3AHHbBIE C BEJINYHL-
HOI cos( ¢ ) = —1. Taxoe sHAUEHNE MOXKET Peasn30BaTHCS TOJIb-
KO B cJyuae HAeaJNbHBIX BOJIH C HAeaJbHO (PHMKCHPOBAHHON
yacroroii. Ilosarats BBIIOJIHEHIE dTUX TPEOOBAHUM IJA pe-
aJIbHBIX, IIOCTOSHHO MEHSIOIINXCS, YCIOBUM OBIIO ObI HEJIO-
TUYHBIM, a IIOTOMY Ha IIPaKTUKe MBI BCerJa MMeeM MeJI0 CO
caurom (as, BubOpupylomuMm BOgu3um 180°. Ita curyanus
MPUBOIUT K BOSHUKHOBEHUIO Y9HEPreTUYEeCKUX IIIYMOB C HCUe-
3aroie MaJjou amnantynoi. Ho Torma, mouemy MbI HE BUAUM
aTux mrymoB? OTBeT IIPOCT: M3-3a IIOPOTa UYBCTBUTEIHLHOCTH
HaIINX IPHUOOPOB 1 OpraHoB uyBcTB. OTBeT OyAeT HEeIlOJNHEIM,
ecJIi He CKas3aTh 00 s3KCTpaceHcax, KaK 00 0coboil rpyIIme JIro-
e, 06JIaZAIOIINX CBEPXUYBCTBUTEILHOCTHIO I HATIPAMYIO BHU-
OANIIX IIPOUCXOIAIINEe PAJOM C HUMU, HO COKPBLITOE OT OCHOB-
HOM MacchI JIOLei.

Yro0BI JIeraamn3oBaTh «MIapajlIebHBIA» HAIIEeMy MUp u
HaAMETUTh IYTU CO3MaHUA YCTPOUCTB, C IIOMOIIBI0O KOTOPBIX
MOJKHO OymeT HAUpPAMYIO OOIATHCA C HENPOABJIIEHHBIM MU-
poM, TpedyeTcs pacliupeHre I'PaHUIl YyBCTBUTEILHOCTH IPU-
0OpOB U pacIiIupeHre TUHKTYPbI OPTaHOB YYBCTB.

* ok ok

Eciiu MBI cTaHeM paccMaTpuUBaTh MHbBIE dHEPreTUYecKIe
XapaKTepUCTUKU (IIJIOTHOCTb S9HEPTUH, IIJIOTHOCTh IIOTOKA 9HED-
TUH, UMITYJbC, IIJIOTHOCTDH IIOTOKA UMITYJIbCAa), TO OOHAPYKUBA-
€M, UYTO M K HUM IPUMEHUMBI TEPMUHBI NPOAEIEHHOE U CKPDblL-
moe.

TakuM 00pa3oM, MBI JOTYCTUJIN HEOOBIYHOE COCTOSHUE
SHEPTeTUUECKUX XapaKTepPUCTUK C HYJIeBOI aMILTUTYoON. ITH
COCTOSIHUSA SABJSIOTCA HPSIMBIM aHAJOTOM HEIPOSBJIEHHON
9HEPrum BaKyyMa, (PUBWUYECKUI CMBICJ KOTOPOM O HACTOSI-
IIeT0 BpeMeH! OBLJI aOCTPAKTHBIM, & IIOTOMY MaJIOIIOHATHBIM.
B cBA3U ¢ 5TUM MHTepeCHO! ABJsAETCA Ules O IlepeHoce SHeP-
TUu Yepes 00J1acTh IIPOCTPAHCTBA C HYJIEBOH IJIOTHOCTBHIO SHED-
run. Takoil mepeHoc HUKAaK ce0s He IIPOSIBJIAET, a IOTOMY CKJIa-
IbIBAeTCs BHIeYaTJeHWe OTCYTCTBUA B JaHHOU oOJacTu
4ero-anbo, HO IPOABIIAIOIIETOCA IIPU OIPEIeIEHHOTO POJa BO3-
myiieHusax. He MeHee mHTepeceH U CIocob Imepexaun MHAPOP-
Maluy IYTEM HEeIIPOABJIEHHON BOJIHBI, HO 3TO yiKe MHAA TeMa.
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§ 3. 9ddeKT TBOHHOTO TEUYECHHUS

Eciiz Ha IOBEPXHOCTH 03epa CMOeJINPOBATh HEUBIIYUato-
MU OCIIUJIJISATOP, TO AJIsI MHOTHX 9TO OyIeT KasaThCA UYI0M.
Ho emié GoaplmuM uygoM OyAeT, eCau HeJaleKO OT OCI[HJIIISA-
TOpa IIOMECTUTH KYCOUEK IIEHOILIACTA M IIOHAOJIIONATL 34 €ro
peakmueii. BOKpyr meHommacTa BOSHUKHYT cJla0ble BUXPEBhIE
BOJIHBI, CJIOBHO OH IIOIIAJI B JABMIKYIIYIOCA CPeNy W OHA IIbITAa-
eTCs ero yBJIeUb 3a COO0Oii.

Puc. 162. Heusnyuaro-
Iasg YacTUIA U KYCO-
yek neHomacta. (Bug
cBepxy). BousHoBas
TEeHb CO3TAET UILTIO3UIO,
OyATO IEHOILIACT CaMO-
CTOATEJNHLHO W3JIydaeT
BIIPABO, a 3HAYUT JOJI-
JKeH IBUTAThCA B Ha-
IIpaBJIeHUU YaCTUIBL

Ho MBI TOUYHO 3HaeM, UTO HM O KAKOM JBUKEHHU BOMbI
peun He unér. Torga B UéM IeJi0, OTKYAA MOSBUJIOCH 3aragodu-
HOe TeueHHe, Ja ellé U B MOKOoAIIeicsa Boje?

Takoe MOKeT BOSHUKATD JIUIIb B TOM cJjydae, €CJIN Bellle-
CTBEHHBIM 00BEKT BBIIIOJIHSIET POJIBb ,z:e'reKTopa, Cpe3amIIero 'y
HoralieHHON BOJIHBI TOJBKO BEPXHIOIO eé yacTh. IMeHHO IIO-
9TOMY 3a KYCOUKOM IIeHOIlJIaCTa BO3HMKAaeT BOJIHOBasd TEHb,
co3pamiiad UIIJIO3UI0 TOKa BOABI.

Puc. 163. IleHomnacT cpesaeT (ZeTEeKTUPYeET) BEPXHIOIO YaCTh aMILIUTYABI,
YeM CIOCOGCTBYET MepexoAy 9HEePIUH U3 CKPBHITOTO COCTOSHUS B IPOSIBJIEH-
HOe

Ecuiz B Bozie OyAyT 3aMeTHBIE IIa3y YACTUYKM, TO II0 HAM
MOJKHO CYIHUTh O ABUKEHUU KUIKOCTH, KOTOPOE B HAIleM
caydae orcyrcrByeT. Ho ogHOBpeMeHHO MbI HAOJIIOZaeM M-



L'naea 7. CKRPBITAA SHEPI'HA IIPOCTPAHCTBA 219

JIIO3UIO T€UeHUs, O KOTOPOIi CyAuM II0 BOJTHOBOII TeHU 3a IIe-
"HomyacToMm. IIpumep Takoil mapagoKCANIbHONU CUTyaIluN M3Be-
CTeH U HaOJII0aeTcs B CBEPXTEKYyUeM Iesiuu, KOTga CBepxTe-
Kyuas KOMIIOHeHTa He, cBOOGOIHO NMPOHUKAET Yepe3 OOBIYHYIO
He,.

Ho cmopenupoBaB cuTyanuio, B KOTOPOI 1 y BOABI IIOABU-
Jach CBepxXTeKyuas KOMIIOHEHTAa, Mbl HaUHaeM ITIOHUMATh, UTO
uMeeM [IeJIO C peaJbHBIM, HO HEIIPOSABJIEHHBLIM AJIA HaC Tede-
HUEeM dHepruu Kak Obl Ha MHOM ypoBHe. Eciii sTuxX ypoBHeI,
o KpaiiHeit mepe, IBa, TO TEUEHUS MOTYT OBITh BCTPEUHBIMMU.

CylecTBYIOT 1 TEOPUH, YTBEP/KIAOIINE, UTO B YCIOBUAX
3eMan 5(pup TEUET BO BCTPEUHBLIX HAIPABJICHUAX: BTEKaeT B
HeE B OJHOM COCTOSAHWU, 4 BLITEKAET B IPYTOM.

P
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Puc. 164. IlombITKa M300pasuTh MEXAaHUKY BCTPEUHBIX ABMMKEHUN apupa

Bunumo, 31ech ciaeayeT UCKATh MCTOKY T'MIIOTE3bl O MHO-
TOYPOBHEBOCTU 3(upa, a ToOuHee — O OECKOHEUHOM KOJIHUe-
CcTBe 9TUX ypoBHeli. Ecam sra rumoresa OJHAMKIBLI IIOATBEP-
IUTCsA, a CKOopee BCEro TaK OHO W OyIeT, TO BPAL JU MbI
Korga-inbo mobepémMcsa mo mepBoadupa, IOTOMY KaK 1 OH MO-
JKeT OKasaThCsa (PUKITMEl, 3a KOTOPOU cOpsTaHa ouepegHas
6eckoHeuHOCTh. HO ecim 9TO TaK, TO He JyUYIIle JI1 OTHOCUTHCS
K 9(pUpy KaK K OJHOMY M3 OCSA3aeMbIX HAMHI DHEPreTHUYeCKIX
ypoBHe# BO30Y:KIEHHOTO Heumo, Komopoe no gopme u cooep-
HCAHUI0 He0OCMYNHO 0CO3HAHUI0 HUK020a, HO obJiaiaeT BCeMu
cBOMCTBaMU peajbHOI cpenni? Ho Torga cienyer saMeTHUTh, UTO
abcourroTHO Jir06asA cpefa ecTh BO30Y:KIAEHHBIN a(dup.

PaccMoTpenHas CUTyallusa MPSAMO yYKa3bIBaeT Ha peaslb-
HOCTB NepeHOoca IHepzulU 6 Henpos8ieHHOM, 8 CKPbLMOM Om
Hac sude. Bompoc JuIllb B TOM, KaK MPOJETEKTHUPOBATEL 3Ty
SHepruio?
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Ho ecsiu ecTh HempoABJIeHHAs IJs HAC 9HEPrus, 3HAUUT,
HeT 3alperTa Ha HEeNpPOsABJEHHBIH s Hac mMup. MHTepecHO
ObLI0 OBI 3HATDH, KaK OH BRIMIAAuUT? IlombITaeMcsa BoCCO3IaTh
€ro, UCXOMAA U3 y¥Ke MMEIOINXCA Y Hac IPeACTaBJIeHnu O 3a-
KOHE COXPaHEeHUS dHEPrUuu.

3aKOH COXpaHEeHHUs SHePruu TpedyeT OT HAC BBeAEHUS B
00MX0 HAYyYHOTO IOHATHUA O HapajIeIbHOM HAaIlleMy, «BBI-
BEepHYTOM HauM3HAHKY», HO peaJbHOM MHupe. B mapasieins-
HOM MIUpPe JOJIXKHO OLITH BCE HAOOOPOT: TaM, I'le YV Hac TbMa, B
HEM CBeT; ecJIi y HAC IIPOTOYACTHUIIA He U3JIyUaeT, Y HUX IIpe-
MeThI M BeIlleCTBa M3JIUBAIOT CBET.

JLJ1s TOTO UTOOBI XOTh KaK-TO IPEICTABUTH 9Ty CTPAHHOCTD
¥ OomIpaBIaTh €€ IIpaBO Ha CYIIeCTBOBaHUE, ITPUIILJIOCH BCIIOM-
HUTH O MOJAPUIAIIUUI.

—
q | | |
1 1 1
I e

Puc. 165. U xora BOJHEL racaT gpyT Apyra, HO CPeLy HAIPATAIOT, a IIOTOMY
oHa (cpeza) obpeTaer ocoOble HEIPOSABJIEHHLIE cBoiicTBa. HenmposaBieHHYIO
BOJIHY HEBO3MOJKHO YBU/ETH OOBIUHBIMUY CIIOCO0aMY, 9TO HE O3HAUAET, UTO €€
TaM HeT. 3ech UMeeT MeCTO JBUIKEHVE B HEIPOSBJIEHHOM BapuaHTe

JoCcTaToOuHO CJI0KHO IPEACTAaBUTH cede Ba COCYIIECTBY-
IOITUX OJHOBPEMEHHO M B OJHOM OOBEME IMepHeHIUKYJIAPHO
HOJAPU30BAHHBIX MHUpa. Eciu MBI BCE-TaKU CMOXKeM IIpHU-
HSATH 3Ty BUPTYAJbHYIO CTPAHHOCTDH, TO CYIIECTBEHHO OO0JIer-
YUM IIOHUMAaHue 000CHOBAHHOCTY BBEIEHUS MHOTOMEPHOCTEHN
I 00bACHEHUS TeX MW UHBIX He MeHee CTPaHHBIX ABJIEHUI,
Hammpumep, B YPOmorumn.

Bpemsa oT BpeMeHU JIIOAW HAOJIIOAAIOT CBETAIINECS IMaphl
W WHBIE YHepreTuyecKue camoodopasoBanusa. Ho u MBI, MCITHI-
ThIBasd, HaIpUMep, aTOMHYIO 00MOY, MOKeM B HapaJijeIbHOM
MUpe BBIBBATh HEUTO moAo0HOoe. Eciu pasym B mapasiieib-
HOM MHpe HeBeKeCTBeHEeH, TO BAPYT BOBHUKIIINKN Y HUX CBETS-
mIuiics map OyIeT BhIMJIAAeTh HeoObaCcHUMBIM uyaoM. Ho ecau
pasyMHBIE CYIIIeCTBA B TOM MHpe 0ojiee pasBUTHI, YeM MBI, TO
OHU IIOMMYT, UTO MBI B CTPEMJIEHUY OCBOUTL COOCTBEHHBIN MUP
IPOBOAVM OUEPENHOU SHEPreTUUEeCKUll sKcepuMeHT. Ho Kak
UM yIaéTcA 3apaHee IIpeayragarTh Hamu mianbi? He equHOMX-
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OBl BeOb IIepe] HauaJoM KaKoro-Jmbo sKcIepruMeHTa HabJIio-
maauch Tak HaseiBaeMble HJIO? fIBadroTca gy Takue BU3UTHI
KOHTPOJIEM 34 IIPOUCXOLAIINM, a €CJIU IBIAIOTCS, TO IIoUemMy?

Temepb OTBET Ha 9TOT BOIPOC HE IIPEACTABIAETCS CJIOMK-
HBIM, JOCTATOUYHO BOOOPA3UTH CUTYAIlIO, B KOTOPOI MECTO MC-
OBITAHUSA aTOMHOII O0MOBI B HAIIlEM MKPE COBIAJIO C MECTOM
PaCIIOJIOKEHU JeTCKOTO cajla Y HUX — B HEIIPOSIBJICHHOM [IJIA
Hac mupe. Eciiz oHU OCBOMJIM CIIOCOO «IOATJISAALIBAHUA» 3a
HAIIUM MUPOM (a4 3TO MOJKEM CAeJaTh U MBI, €CJU HONMEM
KaKOB MEXaHU3M), TO HaBepHAKAa UMEIOT CIYyKO0y KOHTPOJIA 3a
IEeMCTBUSIMU CBOUX HEBE;KEeCTBEHHBIX OpaTheB II0 pasyMy. BeITh
MOJKET, M HaM CTOUT IIOCJeIOBaTh MX NIpuUMepy? — u Torga
MHOTHE IIPO0JeMbI B3AMHOTO COXKUTEJILCTBA 00EPHYTCA HAM
BO Osaro?!

§ 4. IlepunenapukyaspHo moasapusoBanasie MUPDHI

HJoragka o mapajuleJbHBIX MUPaxX CTapa Kak caM MUp.
Mp1, KOHEYHO, MOYKEM OITUOATHCA B ETANAX, ¥ 9TO MPOCTU-
TeJIbHO Ha HAYaJbHBIX ATalax, HO B I'NIABHOM OINHOKU HeET.
Heso B TOM, YTO MHOTOE IIPOUCXOISINEee MBI TEIePh MOKEM
00bACHATH 0e3 IIpuBJIeUYeHuA MOHATUS «Bor», 0es mpuseue-
HUS MUCTUKHU, a SHAUYUT JUAEPLl COMHUTEJIbHBIX MUCTHYEC-
KHX IIKOJ OYIyT TepATL BJIACTh HaJ IIACTBOM — BCE TpyIHee
0yIeT MOPOUYUTDH JIOAAM T'OJIOBBI. 3HAHMWE CTYYHUTCA B IBEPU.

IloamTasupyemM BOKPYT CUTYaIlUM <«BBIHYKIEHHOTO CO-
JKUTEJLCTBA» U PACCMOTPUM HeGJIaroBUAHLINM BapuaHT. BmoJ-
He MOKET CTaThCsA, UTO SHEPreTHUUecKoe 3arpssHeHUe B Ha-
mieM MUpe ABJAETCA 0JaroM AJis BUPTYAJNbHBIX COCelei,
HaobopoT. Ecin nx IMUBUIN3AIUSA CTPEMUTCSI K COOCTEHHOMY
6Jiary J1r000¥ IeHOIi, TO CAEeJATh OHU 9TO MOTYT TOJBKO uepes
BO3IelicTBMe Ha Hac, a 10 CYyTH — HaImMu pykamu. Moxker,
IIOSTOMY MM BBITOJHO HaIllle HEBEeXXeCTBO 1 OHU, Oyayuu OoJjiee
BBICOKOPa3BUTBLIMU, HeJal0T BCE BO3MOYKHOE, B TOM UHCJIE U
OpsaMoe 30MOMpPOBaHUE «IKOOBI CUJIBHBIX» MUPA CEeTro, UTOOBI
MBI KaK MOJKHO JOJIBIIIE OCTABAJWNCH B KHUBOTHO-IIPUMUTUB-
HOM cocTosgHuu. Ho Torma m JefcTBUSA IPaBAIIEH BepXYIIKU
IIPOTUB COOCTBEHHOTO HApO[a, B TOM UHCJIe U B HAyKe, CTAHO-
BATCA MOHATHBIMU. A MHaue, KAK 00bACHUTH TO YIIOPCTBO, C
KOTOPBIM MMEHHO IpaBAIlasd BepXyIIKa BCeMU NIpaBIaMU U
HempaBIaMu He JaéT HOBOMY XOJHa.
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Ho ecThb u emié oguH cmocod, KaK n30aBUTHCSA OT MeIIaio-
IIero UM »KUTh 4eJIOBeUeCTBAa — IIOJBECTH HAC K SKOJIOrHYecC-
Ko#l KaTacTpode, MO3BOJIUTHL HAM M300peCTH IPUHIITUINAIBHO
HOBBIE aIlIIapaThl AJIA IePeIBUKeHNS B IIPOCTPAHCTBE, HO TOIb-
KO JIJI TOT'O0, UTOOBI MBI JOOPOBOJILHO-BEIHYKIEHHO ITOKMHYJIN
3eMIio.

Ho mouemy OBl mapaJijieJbHON ITMBUIJIM3AINU IIPOCTO He
yYHUUTOXKUTEL Hac? IToxoxke, UTO OHM He MMEIOT Ha 9TO IIpaBa.
OHU 3HAIOT, UTO STUM CaMLIM OyAeT HapyIllleH BHUIOBOH Oa-
JlaHC B HaIllel obmieit BecesenHoli, B KOTOPOM M OHU HE SBJIA-
IoTCcsA mocJeqHeld MHCTaHIumed ObiTusi. Ho Torma cylecTByeT
HEYTO, UYTO BBIIIIE MX, UTO CIIOCOOHO BO3AeiCTBOBATL Ha HUX?
Ilo xpaiineii mepe, Tak YTBEP:KAAIOT IIPUITIENININE K HaM C
BOCTOKAa 3HAHUA O HePa3phIBHON MHOYKECTBEHHOCTHU YPOBHEM
JKM3HU B €IMHOM IIPOCTPAHCTBE.

Ectb u GoJiee momyaspHas TPpaKTOBKa BoIlpoca OajaHca.
Eciu mbl Ha 3eMmJe MOJHOCTHIO YHHUUYTOMUM ONUH U3 BUIOB
JKMBBIX CYIIIECTB, TO BO3SHHUKHET OMOJIOTUUECKUH AucOajiamc C
HENPeICKa3yeMbIMU ITOCJIECTBUAMMU.

BecbMa MHTEpecHBIM HOpeACcTaBJIAeTCS BOIPOC: KaK HaM
C IOMOIILI0 IPHUOOPOB HANIPAMYIO VBUAETh IIPEAIIOJIaraeMbIi
napaaiaenbubiii Mup? Tem 0osee, UTO MBI TeIeph JOTagbIBaeM-
¢ 00 00BbeIUHAIOINX HAIIKM MUPBI SHEePreTUYEeCKUX IIIyMaX.

§ 5. ¥YBuaeTs HeBUIUMOE

Her coMHeHUA B TOM, UTO HA YPOBHe IIIyMa MbI 00s3a-
TeJbHO UTO-TO YBUINM, HO CYIIIECTBYeT IIpobjeMa UyBCTBU-
TeJbHOCTHU IIPUOOPOB, a TAKIKe JeKOAUPOBAHNA MPUHIMAEMbIX
cur"ayioB. IToxo:ke, 4TO IPOUCXOAAIIIEe UMEET OOIIHe IITyMbI
W B HaIlleM, X B OJMKaiiIeM K HaM II0 MacmiTabaMm IapaJi-
agenbuoM mMupe. Haubosee 6m3Kass aTOMYy aHAJOTHSA — KBap-
THpPa Cocella C MJOXOH 3BYKOU3oJAlueii. Mbl He MOXKEM ycC-
JBIINATh, YTO MOEJIaeTCS y cocela, €CJU CIYIIIaeM TPOMKYIO
MY3bIKY, HO CTOUT HaM OTKJIIOUHUTEL BCE 3BYKOBBIE IPUOOPHI 1
MPUCIYIIATHCA K IIIyMaM IIePeropoaKMu, Mbl OOHAPYKUM, UTO
3a CTEeHKOII IIPOUCXOAUT OypHadA ceMeiiHass pasOopKa.

M B mImmoHCKO-pasBeabIBATEIbHON NeATEIbHOCTU IITUPO-
KO pasBHUTO IoaciymnuBanue. IIpocaymmuBaTh pasroBOphl Ha-
VUYMJINUCH II0 BHUOpPAIIMAM CTEKOJI; UYepPe3 TOJICThIE CTEHBI; IIO
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TejiepOHY, Y KOTOPOTO He MOAHATA TPYOKa; MOAKJIIYAACH K
MIPOTUBOMOKAPHBIM JaTUNKAM.

HawnGosiee mHTEpEeCHBIM IJisi OOINIEHUS C BUPTYAJIbHBIMU
cocelsAMHU IIPeICTaBJsIeTCA OPraHu3M uejgoBeKa. B Tom, 4To y
KasKIOoTo U3 HAC pa3jnyHas YyBCTBUTEJIHHOCTD, CIIOPY HeT. My-
3BIKAHT CJBIIIIUT W Pa3jnvaeT HEeIOCTYIIHble OOBIYHBIM JIIO-
IAM 3BYKH, JeTyCTATOP — BKYCHI U 3aIllaXU, €CTh JIOJAU C BECh-
Ma OCTPBLIM 3peHHEeM — HEKOTOphble M3 HUX MOTYT YBUIETH
cuytHuKN IOmuTepa HEBOOPYKEHHBIM TIJIa30M.

Ho cymrectByer mpo6aema npoBepku. Eciu ueioBeK HeBo-
OPYKEHHBIM IJIa30M BUAUT ciyTHUKHU IOmmTepa nian ke KOJb-
ma CaTypHa, 1 ecJiu JIOJel ¢ TAKOM OCTPOTON 3peHU IPaKTH-
YeCKU HET, TO Y Hero HeT cIrocoda T0KAa3aTh CBOUM « HE3PAUMM »
copoauyuaM peabHOCTEL Habmogaemoro. Y gaske rorga, Kormga B
pyKax cJIabOBUAAIINX IIOSABUTCSA TEJIECKOII, C IIOMOIIBLI0 KOTO-
POr'0o MOXKHO Y3HATh, TO JI BUAUT 3PAUNIL I HE TO, OH, 3PAUMIL,
OTOABUTAETCA Ha BTOPO# miaH. IlprunHa: «3auem Ham 3paiuil,
8edb menepv Yy HAC ecmb OecnpucmpacmHubulii meaeckon, u Mol
Mmodcem 06xodumucs 6e3 nocmoporHell nomowsu!»

Hnoe geno, xorga ObI BUJEIN BCe, KpoMe ogHOro. B aToit
CUTYAaIluM YeJOBeKa C IIJIOXOH OCTPOTOIH 3peHUus 00 bABUIN OBl
WHBAJUAOM — M HUKTO OBl €My HMUYEro He CTaJ JOKAa3hIBaTh,
MOJI — «3TO TBOH IIpo0sembl!» IloHMMas MOPOYHYIO OCOOEH-
HOCTbH YeJI0BEUECKOI'0 O0II[eCTBa — YCTAHABJINBATL UCTHUHY TI'O-
JIOCOBaHMEM, OBLLIO PEIIeHO BOOOIIEe OTKA34aThCA OT CHCTEMbI
IOKa3aTeJbCTBA U COCPEIOTOUNTHLCA Ha IIONCKE CIIOCO00B TeX-
HUYECKOU peayns3aliuy TOH wau uHOU maeu. Camoe CIOKHOE
3mech — He 00OMAaHBLIBAThH IIpeXkae Bcero camoro cebsa. Ho Bep-
HEMCHA K CBEPXUYBCTBEHHBLIM CIIOCOOHOCTSIM UeJIOBEeKa MIJIs
TOT'0, YTOOBI IIONBITATHCA HOHATH MEXaHN3M, HAIIPHUMED SACHO-
BUJEHNSA, SACHOCJIBIIIIAHNSA.

Jyx McImosb3yeT BelleCTBEHHYIO YacTh OpraHm3Ma B Ka-
YyecTBe MHCTPYMEHTA, C IIOMOIIHI0 KOTOPOT'O OH OIIEeHUBAET OK-
PYSKaIOIIyI0 CUTyarnio. YyBCTBUTEILHOCTh MHCTPYMEHTA OII-
penensercs, IO-BUANMOMY, IPUHITAIIOM CAMOJOCTATOUHOCTH.
Ho BosmukamT ob6cTosiTesbcTBa (CTpecchl, KJAMHHYECKAS
CMepTh), B pe3yJbTaTe KOTOPBLIX HEIOHATHBLIM AJA Hac obpa-
30M HOBBIIIIAETCS YYBCTBUTEILHOCTh OPTaHOB, OTBETCTBEHHBIX
3a 0oJiee IMIMPOKOE BOCHPUATHE AelcTBUTENbHOCTH. HO CcKoO-
pee Bcero HaUMHAIOT QYHKIIMOHUPOBATL OPTaHbl YYBCTB, IIPE/I-
HasHAUYeHHbIe JJIs OPUEeHTAI[MY Ha OUepPeJHOM YPOBHE ObITHS.
Ecsu aTo mpoucxogur — yeaoBeK CTAHOBUTCSA He TaKUM, KakK
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Bce. Bropoil BapuaHT IpeamouTUTEbHEe, IIOTOMY KakK 00Ja-
Jalolire SCHOBUIEHIEM YTBEPIKIAIOT, UTO IJ1a3a 3[IeCh HU IIPHU
yéM. PaHbIlle 3TUX «HECUACTHBIX» JifoAell 0e3TyMHO KIJIU Ha
KOCTpax, B HACTOAIIlee BpeMsA K HUM OTHOCATCA 0oJiee TyMaH-
HO — TepIAT, MOJb3YIOTCA UX CIOCOOHOCTAMU, HO OT HauboJee
HA30MJIMBLIX HBITAIOTCA OTMAXHYTHCA IICUXYIIKOM.

M&5I OpeamoJIoKUIN, UTO TEXHUUECKOe pellleHure mpobJie-
MbI HaOJIIONEHUS ITapajljieJLHOTO MUpa caeayeT UCKATh B IIy-
MaxX. 9TOT HeCYIIeCTBYIOIIUII IIOKa almapaT B KaKOM-TO cTe-
MeH’ JOJIKeH HAaIlOMUHATh BUJeOKaMepy, ¢ IIOMOIIIbI0 KOTOPOH
MOXKHO BHIETh OKPY:Kalolllee 1 B HMOJHOM TeMHOTe. OmHO U3
TpeOOBaHUU K anmapaTy — HeBOCIPUATHE MHAOPMAIIUU B JU-
amasoHaXxX CUJILHBIX m3ayueHuii. CieqyeT MOMHUTD, YTO, HE CO-
3IaB TUINUHLI, HEBO3MOKHO YCJBIIIATD, UTO JeJIaeTCAd Y coce-
neit. Mosker OBITh, ITIO9TOMY IJIsI MHOTHX YeIUHEHUE, YXOI OT
MHPCKUX OPOOJEeM, OT IITyMa MepPKaHTHUJIbHBLIX, YacTO Openo-
BBIX MBICJIEH, TJIYIILIX U IPUMUTUBHLIX KeJIaHUHA CIIOCOOCTBY-
eT 000CTPEeHNI0 HeOOLIYHBIX OPTAHOB UYBCTB?

HeT coMHeHIsA B TOM, UTO BeIl[eCTBA, KaK U JIOAU, pearu-
pPyIOT Ha mIyMbl. ECTb M IOATBEPKIAIOIIME STO MCCJEI0BA-
Hud. Ho Kax 3acTaBuUTH BCE 9TO paboTaTh HaM BO 6Ji1aro, ¢ uero
Hauats? «C mepBoro mara, — ckasajg Obl myapell. — JIro6oit
OyTh HAUMHAETCS C IIePBOTO Iaras.

§ 6. BmecTo 3aKII0OYE€HUS

Y ues0BeUECTBA €CTh MaBHAA MEUTA — BEIPBATLCS U3 2pa-
8UMAayUOHHOI miopbmbl. BecKOHeUHBIE IIPOCTOPHI BeesieHHOM
MHOTr000pas3HbI, HO, YTOOLI YOeAUTHLCS B 9TOM, HEOOXOAMMA CBO-
6oma oT caMux cebs, KOTOpas TAK M OCTAHETCsS HeCOLITOUHOI
MeUTOli, TOKAa UeJIOBEK He cOPOCUT ¢ ceOsa MyThl HeBEeyKeCTBa.

M oxma:kapl HaM gaHO OymeT y3HATh, KTO MBI M 3aUeM
JKM3HB. M OTKpoeTca HaM MHOT0ooOpasue MepernieTalonIuXCs
MeKIy co0oil MUPOB, M MBI CTaHEM JIOOUTh He TOJBKO cebsd,
IOTOMY UTO Y3HAeM, UTO OyAyUM 37eCh Mbl OJJHOBPEMEHHO Be3-
ze.

He marra BuHA B TOM, YTO MHOT'O€ COKPBITO OT HAC — TAKOB
nporecc. Ho MBI TPyZIOM 1 TepIeHMEM CBOMM OUYMILAEM IJIas3a
¥ CO3HAHME OT MeJIeHLI HEBEyKeCTBa U IIpospeBaeM. U Tak meHb
3a JHEM, I'OJ 38 I'OJOM, ThICAUYEJIeTHE 32 ThICAUEIeTHEM.
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OpHako cBOM IIyTh K CBOOOJE MBI HAUaJM C BapBapCKUX
IelicTBUM: 3araguyiu aTrMmocdepy, peKu U OKeaHbI, 3eMJII0, 3a-
TeM Oamsieskannii kocmoc. IToka eIré ecTh 4yeM AbIIIATh, HO
OJIMBUTCS JeHb, KOTJa MBI OyeM IIOKYIIaTh UNCTHIA BO3AYX U
3abymeM BKycC IIpupoanl — (paHTACTBI JABHO yKe IPEeapPeKaioT
HaM ragkoe Oyxayimee. Ilopoii KakeTcsa, 4TO BBIXOJa HET, a
Koe-Tlle pasgaloTces rojioca, YTo Tak OHO M JOJIMKHO OBITh. OT-
YaCTU OHU IPAaBHI: 1 PeOEHOK, IIOKA He BLIPACTET U He IIOMMET,
C YIOBOJILCTBMEM I'OTOB MAa3aThCsA OTXOAaMU COOCTBEHHOM MK 13-
HelesATeILHOCTH.

Ho geTcTBO mpOXOAuT, ¥ Mbl Y3HAEM O MUpPE C MHBIMU
npobiaemMamu. MHOrMe HAUMHAIOT OCBAMBATH YiKe cHejlaHHOe,
HO KTO-TO, BTaiiHe OT JIoAell 1 HacMeIlleK, CTPOUT JIETAIOII[YIO
TapeJIKy WUJIN K€ BEeUHLIIl JBUraTelb.

U camo€THI OBLIN KOTAA-TO TOJY00# MEUTOH, U ITOJIETHI K
mJIaHeTaM, HO IJISI Hac TeIlephb 9TO peajbHOCTh. M yabibaemcsa
MbI HaJ IIOBeJeHNEM TeX, KTO C eXUIell cMesca Hal MeuTa-
TeJIIMU, TeJIaBIINMU IIePBble HeYKJIIOMKUe IITaru, U CHUCXOIN-
TeJIbHO IIPOIaeM UM MX HEeBEXKEeCTBO: OTKYAA UM ObLIO 3HATD,
YTO CMEIOTCS W M3[eBaloTCd OHU Hal JIOAbMU U3 OymyImero?

Ecau KTo-TO AyMaeT, UTO BpeMeHa HeBeyKeCTBa KaHyJIU B
JIeTYy, TO OH 1 €CTh CAMBIN OOJIBLIIION HEBeXIa.

C mosuruu oObIBaTessd, IMOJUTHUKA WJIM OM3HEeCMeHa BCE
HOBOE COMHUTEJILHO 1 Heahp(PeKTUBHO, IIOTOMY UTO CKOPOM IIPHU-
OobLIu He maét. Ho u HOBoe mosABIAeTCSa KpaiiHe pegKo.

MoOKHO JI CUNUTATHL HOBBLIM IPEJCTAaBJIEHHLIN B KHUTE Ma-
Tepuan? s MHOTUX Jofeil MaTepuas ABJIAeTCA HOBLIM, HO
cJenyeT IPU3HAaTh, YTO B PA3PO3HEHHOM BHE ero MOKHO Hali-
T B OIMYyOJMKOBAHHBIX M HEONMYyOJMKOBAHHBIX paboTax yueé-
HBIX Pa3HBIX BpeMEéH. U ToabKO co3maB ocHoBbl PUTMOI M-
HAMUWEKW ypajgochk CHATH CTapble OIEMKILI C 0BUMEHUSA U
MHOroe O0BheqIUHUTL. PurTMomuHaMuka IIpuponbl — 5TO Bed-
HOe CaMOJBMKEeHIe, CAMOOPTaHU3aIlNA U HelIpepPLIBHOe 00HOB-
Jeune. Kak ImpexpaceH cTaHeT UeJIOBEeK, Hallisa OOIIUIl PUTM C
IIpuponmoit 1 MOHAB, UTO ABJIAETCSI HEYHUUTOKMUMOI, a IIOTOMY
BEYHO OOHOBJIAIOIIEHCS €T0 YacThIO.

M5 JIUITE cJIeTKa MPUKOCHYJIUCH K TeMe 08UliceHus U 00-
HapyKUJIU «HemaxaHoe ToJe» IJsS MeATeTbHOCTH. «AJsIcKa
3HAHUI» KIET CBOUX «30JIOTOMCKAaTEeJIe».
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PUTMOANHAMMUEKA B ecTeCTBEeHHBIX HaAyKax

HoBoe HanpaBienue, pummoduHaMuKa, 3aHTMAETCS TEMU JKe
3aJlauaMM, UTO 1 KJACCUUECKas, M KBAHTOBAA MEeXaHUKM: KIHe-
MaTHKa, JTUHAMHKA TeJI, Peakilini Ha KaKue-In00 M3MeHeHMs.
Ho B uém otTsimume ot Hux?

B xJjaccuueckol MexXaHUKeE TeJsia IIPeACTaBJISAIOT co0O0l aH-
camMO0JIM KaKUX-TO TBEPABIX O0BEKTOB, MEKIY KOTOPBIMU Ieii-
CTBYIOT CHULJIBI.

B pummodunamure Teso mpencTaBiaseT coboi aHcaMOJIb Oc-
MUJLIATOPOB (IIPOTOOCITUJIIATOPOB), KAXKIbII M3 KOTOPBIX U3JIY-
yaeT BOJHEI. B pesyibTaTe oOpasyerca nHTep(hepeHIIMOHHOe II0JIe,
M B 3aBHCHMOCTH OT STOI'O IIOJIS M3MEHSETCS COCTOSHNE MCXOJ-
HBIX OCHMJLIATOPOB. TakmMm o0pasoM, COBpeMeHHEIE IIPEeICTaB-
JIEHUSI O BOJIHOBOM IIPUPOJie BEIleCTBA OPraHNUYEeCKH BXOIAT B
WCXOMHBIE TIPEICTABIEHUA PUMMOOUHAMUKU.

PACIIUPEHME

CTPYKTYPA MATEPUH
CYBEMUKPOMUP MUKPOMMNUP
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IIpucraBka «puUTMO» B Ha3BaHUM YKAas3bIBaeT Ha TO, UTO KO-
JebaHus JIeKaT B IIEPBOOCHOBE HOBOT'O HAIIPABJICHUS.

JaHHOe HalpaBJeHNe SBJISETCS HOBBIM, OHO TOJBKO POAY-
JIOCh, a TIOTOMY MHOTO€ B HEM €IT€ IOAJIEKUT YTOUHEHUIO.

Ja Toro uToOBl YKa3aTh MECTO HOBOTO HaIpaBJIEHUA Ha
o0IIeM «JpeBe» (PU3MKM ObLIa IIPOBeNeHAa IIpeaBapUTeJIbHAS
OIleHKA OCHOBHBIX IIOJIOKEHUN pUMMOOUHAMUKU C TIO3UIAN
Teopuu moJs. OeHKa yKasaja Ha HaJludue HeM3BeCTHBIX pa-
Hee noyiet Gy u Fy, Bxoganux B rpymmy mnojeit kKaacca Wi .
BaxHBIM 0Ka3a10Ch TO, UTO pummoOuUHAMUKA MOKET U3ydaTh
SJIEKTPUUYECKY He 3apsKeHHbIe, SJIEKTPOHEeNTpaIbHbIEe 00heK-
TeI. B KauecTBe «3apsAga» 37eCh MOJKET BBICTYIAaTh TOK B ca-
MOM OOIIleM ero MOHMMAHUU (TOK BEPOATHOCTH, TOK MACCHI,
TOK 3apsna ¥ T.A.). B 8TOH CBA3U IOTOBATCA K U3TAHUIO OpO-
IITIOPEI, B KOTOPBIX OyZeT MaH IOAPOOHBIN TeOpeTUUeCKuil aHna-
JIU3 CJIEICTBUI M3 OCHOBHBLIX ITOJIOMKEHUHN pUMMOOUHAMUKU.
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MEI' AMJP

10°m 103%™

— EEEE — B TUSE — [ B reocdepa B 3N LT [ COTHETHAS BT A TARTHEA [ M 1R

knerkn i) opranst TONJAIHY B Gyocepa CHCTEMA

| oprann3Mbjidl SKOCHCTEMBI J |
|

TMEHCTBYIOIUX HAYVE
OU3UKH

F’HTMPI{HH?MHRA

Buonorus
| |
T'eonorus ACMPOHOMUSL

acmpou3ura
acmpoxumusa
NJAaHemon02Us
KOCMONL02USL

zeopusura
200XUMUSA
zeozpagus
zeodesus

Oxeanogorusa

Mmemeopoiozus



228 IIPUHJIOJKEHH A

Yacts 3. ITPAJIOKREHUA

1. ITouemy aMmiIuTysa BOJIHBI yOBIBaeT C
paccTosHUEeM

J 151 TOTO YTOGHI IIOJIYUIlle PACCMOTPETh BOJIHOBEIE IIPOIIECCH Ha
J1I000M PacCTOSHUMU, MBI BO BCeX IIPOrpaMMax YMBIILIEHHO 3aJaBa-
JIX aMILIUTYAY BOJH HeM3MeHsAoIelics, Heyracaolei. 9To o3Haya-
JI0, YTO aMILIUTYAa BOJIHBI OT OJWHOUYHOI'O MCTOUHMKA Ha JIIOO0M
yIaJeHUUW OT HEro OJHA W TaKe.

Ho ymusBuTenbHOE [eJ0: IPU MOLEJINPOBAHUU ILIOCKUX HEU3-
JYYAIOMINX CHUCTEeM MbI O0OHAPY KU, YTO OHU XOTH HEMHOI'O, HO 13-
JIy4aloT B OKpYsKalollee IpocTpancTBo. Kasamock ObI OTOPBaBIIASACS
OT CHCTEeMbl CyMMAapHas BOJHA TOYKe He JOJIKHA 3aTyXaTb, HO 3TO
OKAa3aJIoCh JAJIEKO He TAK — MHTEHCHUBHOCTH CYMMAPHOU BOJIHBI ObI-
CTpo yOBIBAaeT C paccTosgHmeM. IIprurHa CTOJIb CTPAHHOTO IIOBEJe-
HUSA CYMMAPHOM BOJIHBI KPOETCA B CYIIEPIO3UIINY BOJIH, a TaK Kak
SJIEMEHTAPHBIX MCTOYHNKOB HECKOJIbKO, BOJHBI HA HEKOTOPOM pac-
CTOAHUM OT CHCTE€Mbl HAUMHAIOT MacUTh APYr apyra. He B aToMm Jju
OpUuYrHA COOJIIONEeHNs 3aK0Ha 00paTHBIX KBAAPATOB THIIA:

F=gMm/r. (3.1)

Ecau okaskeTcs, UTO NMPU PACCMOTPEHUM OOBEMHOM CHCTEMBI
CyMMapHas MHTEHCHBHOCTL yObIBA€T MMEHHO OOPATHO IIPOIIOPIHO-
HAJIBbHO KBaJpaTy PACCTOSHMS, TO HMEET IIPABO HA KU3Hb 2unomesa
He3a8UCUMOCTIU AMNAUMYObL 0JIHbL OM PACCMOAHUS 00 dJeMeH-
mapHozo OCYUUNLLAMOPA. ITA TUIIOTE3a MOKET IIOKA3aThCs CTPAHHOIM,
KaK BIpoueM U (PaKT IIOCTOSHCTBA aMILIUTYAbI y (pOTOHA, KOTOpasa
TaKsKe He 3aBUCUT OT PACCTOSHUS IO UCIIYCTUBIIIETO €T0 UCTOYHUKA.

2. Crosuas BoJIHA BOJU3M YEPHOUN IBIPHI

Eciu 4épHYIO ABIPY CBA3BLIBATH C TeueHWEM aupa B CTOK, TO U
CKOPOCTH CBETa MBI JOJI’KHBI CBA3BIBATH C 9()UPOM, a TaKkKe ¢ abco-
JIIOTHOM CHCTEMOM OTCUETa, MepapXus KOTOPOM HA MOPSAMOK BBIIIIE
CHUCTEMBI OTCUETA, IPUBABAHHON K 3(pupy. BosTHOBBIM BO3MYIIIeHH-
SAM HeT JeJia, OBUIKeTcA 3(Uup KyAa-inbo MM HEeT, a IIOTOMY CKO-
POCTH 9TUX BO3MYIIEHUI OTHOCUTEIHLHO HECBA3AHHOTO C 9(hUPOM ab-
COJIFOTHOT'O HAOJIIOAATEIA MOYKET OBITH KaKOI YIOLHO U BCeTia paBHA

Cadc:VS(j)'i_c. (3.2)

IIpexncrasasier ocoObIil nHTEpec chepa [IBaprmuabaa, Kak Kpu-
TUYeCcKasd MOBEPXHOCTh, HA KOTOPOU CKOPOCTH 3(hrpa paBHA CKOPOC-
TH CBeTa:

V.= c. (3.3)
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s abcomtorHoro Habmomarens chepa IIBaprmuabaa ABIAET-
cs TOM KPUTUUYECKOM II0OBEPXHOCThIO, IIOIIAB 3a KOTOPYIO, CBET yiKe He
MOJKEeT BBIUTU HAPYKY — CKOPOCTH 3(hmpa B CTOK IIPEBBIIIAET CKO-
pocCTh cBeTa.

Ho MBI BoOOpasuM CUTyaIinio, B KOTOPO# Ha PACCTOSHUMN B OJMH
METp OT IIOBEPXHOCTH KPUTUUECKOH cdephbl YCTAHOBJIEHO 3€PKAaJIo, a
Ha JOCTATOYHO OOJIBIIIOM PACCTOSHUM OT YEPHOU ALIPHI MMEETCS HC-
TOUHUK MOHOXPOMATHUYECKUX BOJIH. HaM HE0OXOAMMO BEIACHUTD, KAK
OyayT BecTH cebs IMajaonias U OTparKEHHas BOJIHBI, HO CAMO€e IJIaB-
HOEe — BO3HHUKHET JI IIPU UX WHTEep(PEepPeHIuN CcToAUYasd BoaHA?

AGcooTHBI HAOII0gAaTe/ b BUAUT, YTO BOJIHA, HAAAIOINAA B UED-
HYIO JBIPY, YBEJIMYUBAET CKOPOCTH (Case=V 5p1C), HO TAK KaK €€ 4acTo-
Ta OCTAETCA BCErza IMOCTOSHHOM (Y HaC HEeT OCHOBAHUI CUMTATh MHA-
ye), OHa pacTATUBAETCS, IJINHA eé yBeanunBaeTcsa. Ho Ha myTu BoaHA
BCTPEUaeT 3epPKaJio, a MOTOMY BEIHYK/IEHA OTPA3UTHCA U JBUTaThCS B
o0paTHOM HAIIPaBJIEHUH, T.€. VAAIATHCA OT UEPHOI IBIPHI.

AOGcomoTHBIN HAabOJI0IaTEeIbh BUUT, YTO IOCJTIE OTPAXKEHUS CKO-
POCTBH BOJIHBI CHMJIBHO YMEHBIIIUJIACh U CTajla PABHOMH C'ase=C—V,p. U
OIlATH Y HAC HET OCHOBAHUI CUNTATH, UTO YaCTOTA TEIepPhb yiKe OTpa-
JKEHHOU BOJIHBI M3MEHUJACh, & IIOTOMY MBI YTBEP:KJIaeM, UTO B pe-
3yJabTaTe nHTEPHEPEHIINN IPAMOI 1 00PATHOI BOJIH BOSHAKHET II0JI-
HOIIEHHASA CTOSAYAasI BOJIHA, PACCTOSHUA MEXKIY Y3JIaMU KOTOPOH Oy Iy T
YBeJIMUMBATBCA IO Mepe yOajJeHUA OT 3epKajia U IeHTpa YEPHOU
IBIPHI.

Paduyc ceepor Illsapuwuavda !
R =300 n

Pacxod agpupa 6 cmok l\‘;
Q = 339292,8 km?/c £
Paccmosrnue om nosepxrocmu
cpepul Hlsapywunvoa (h) .
(pexomendyemoe 3navenue h <280 m)
h =280 m
Paccmosarnue om yenmpa weprHoil 0blpbl

R+ h=580nm

Cropocmb agupa Ha yposHe u3ryiamens

V =80261,59 xm/c

3epKrano pacnonodxiceno 6 00HoOM mempe

om IKBUNOMEHYUALbHOIL NOBEPXHOCMU
Crxopocmb agupa Ha ypoeHe 3eprana

V =298010 km/c

Cnpasa — cmosauwas 604HA, KAK pe3yibmam \
unmep@epernyuu nadaoueil u
ompaxceHHoil 601H

LA RNV AVAVAVAVAVAVAAVAV AV VS |

\ HEPHAA [P

Puc. 166. Ilaparomias u orpask€éHHas BoaHbI. CIipaBa — pes3yJbTaT UX WUH-
TepdepeHITUY — CTOSAYas BOJIHA
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Jloia Toro uTOoOBI mpeyiaraeMyio UAEI0 MOMKHO OBIIO IIONTYIATh
npubopaMu, HEOOXOAMMO 00PATUTHCS K I'MAPOAUHAMUKE, OPraHMU30-
BaTh B T’MTaHTCKOM OacceiiHe JIaMWHAPHBIN CTOK M, II0 AHAJIOTUU C
PUCYHKOM, IPOBECTH 3BYKOBOU sKcmepuMeHT. Ho MOKHO orpaHu-
YUTHCA 1 MAaTEMATHUYECKON MOJeJIbIo.

3. K Bompocy o macce u 3HEprumu

Kiaccrueckas MexaHUKAa IOBOPUT, UTO Macca ABJSIETCA Koad-
GUITMEeHTOM IIPOIOPIIMOHAILHOCTY MEK Iy CUJION U yCKopeHueM. Ho
IIOMMMO 5TOr0, HanboJiee PACIPOCTPAHEHHOTO OpPeeIeHIsI, TMEOT-
csl TeOpHuU, KOTOPhbIe (DOPMAaIBLHO IIO3BOJIAIOT HAM IIOJYYUTH Maccy,
3aIaBIINNUCh OIPENeJEHHON MOJeJblo. TeopeTuKM IIPUBJIEKAIOT IIO-
POl HeOKUAAaHHBIE UEH, II03BOJIAIOIINE PACCUUTATL 3Ty MAaccy, HO
YTO 3TO TaKoe, KaKMe IIPOIIeCChl OTBEYAIOT 3a 9TO IIOBCEIHEBHOE II0-
HATHUE, HUKTO He 3HaeT. TeOpeTUKH IBITAIOTCSA PEIIUTh 9TOT BOIIPOC
BKJIIOUEHNEM B TEOPHUIO CHJIbHBLIX HEeJHNHENHOCTeli, UTO B eIlé 00JIb-
el CTeleHu 3aIlyThIBAaeT IIOHMMAaHME IIPoIlecca.

B kjaccruecKoil MexXaHHKe Macca TeJI, YaCTHIl, BBOTUTCS KaK
K09(h(PUIIMEHT IIPOIOPIIMOHAJIBLHOCTY MEXKIY CUJIOH, MeMCTBYIOIeH
Ha TeJI0, U YCKOPeHneM, IIPro0peTaeMbIM STUM TEJIOM:

F=m.a wnm m.~=F/a. (3.4)

HUnnm B mHOU (hopMe: B pesyJsibTaTe BO3AENCTBUA HaA TEJIO €ro
UMITYJIbC 1 CKOPOCTb U3MEHSAIOTCA II0 IIPABUJIY:

Ap=m AV. (3.5)

B npusenéHHBIX (hopMyJsIax Macca Tejia BBICTYIIAeT KaK Ko3(]-
(QUIIVEHT IPOIOPIIUOHAJIBLHOCTHU:

mo=0p,/AV =0p,/AV ,=0p,/AV, ... (3.6)
T.€. Ap,/AV =Qp,/AV = invariant

¥ ¢ GU3NYECKOH TOUKYU 3PeHUs XapaKTepusyeT Mepy uHepnuu (MH-
BapMaHTHOCTH) TeJjia.

CoBpemeHHasi TeopeTnyecKasi (PU3MKA IBITAETCS OTBETUTH Ha
BOIIPOC O mpupoje Macchbl. OIHUM U3 «MOIHBIX» BAPUAHTOB TEOPUU
SBJISIETCS MEXaHW3M CIIOHTAHHOI'O HapyIleHus cuMmMerpuu. OmHa-
KO 9TO 00'bACHEHME JIUIIH IePEKJIaIbIBAeT BOIIPOC O IIPUPOLE HA Me-
XaHU3M HeJuHeiHocTu. VIMEHHO 1O 3TOM IMpUYMHE OCOOEHHO IIPH-
BJI€eKATeJIeH TaKoO#i cmocod oO0bsIcHeHUs, B KOTOPOM OBl He
KCITOJIb30BAJIACh KaKasi-In00 HeJIMHEHHOCTh, T.€. B PAMKAX TE€OPUU
KOTOPOM MBI MMeJX ObI JeJI0 TOJbKO C JIMHEHHbIMU NudepeHIin-
aJIbHBIMHN YPaBHEHUAMU.

3acayra PUTMOJIMHAMUKU cocTOUT B TOM, UTO C €€ TTOMOIITBIO
yIajJoch MHAUe B3TJIAHYTH Ha MPOOJIEMY U BBIJEJIUTDH ABE KOHKPET-
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HbIe (hprBMUeCKMe BeJIMUNHEL, KOTOPhIE OKA3aJINCh HEIIPEMEHHBIM CITYT-
HUKaMU BCEX BEIIECTBEHHBIX IIPOIECCOB, 9TO: CKOPOCTH PACIPOCTPa-
HEHUA BOJIH B 3dupe ¢ u ymciyo T. VIMeHHO 3TH JBe BEJWUYMHBI U
JIETJIN B OCHOBY OIIpeJeJIeHUA MOHATUA K8arnm maccovl (dm=c/T).

Oco3HaB, UTO B OCHOBE BCeX U3BECTHBIX IIPOIIECCOB JIEIKUT BUOpa-
s, ObLIO CAEeNIaHO MPEAIOJIOKEeHNe O HAIUYNY PEATLHBIX UCTOUHY-
KOB BUOpaIuy, KOTOpPble Ha3BaHbI NPOMOOCUULLAMOPAMU, T.€. — U3-
HaYaJILHBIMU, EePBUYHBIMU. HO BO3HUKJA mpobjeMa MPUUYUHHO —
CJIEJICTBEHHOTO XapaKTepa: a U3 4ezo coCmosim npomoocyuiiimopst?
ecmb AU mom npedes, 3a KOMOPbLM OHU — «meépdvie» yacmuybl?

Juisi Toro, 4TO0BI PAs3rpy3UTh CO3SHAHWE U PUTMOAUHAMUKY OT
TIOOOHBIX HEOIPeJeIEHHOCTEH, OBITI0 PEIIIEHO OTHATH Y IIPOTOOCIIII-
JIATOpPA BCe CBOICTBA, KPOME OZHOTO: OBITH HEYTACAIOIINM MCTOUHU-
KoM BuOpanuu. Bompoc ObLI IIOCTaBJIEH CIELYIOIINM 06pasoM: Ha
KAKoM amane y cucmemut u3 08Yyx, JTUULEHHBLX CB0LLCME, OCUULLANO-
P08 NOABUMCS HOB0E CBOILCMB0 — CONPOMUBAAMbCL USMEHEHUI CKO-
pocmu dsuixcenus? A ecau noagumcs, mo 3a ciém uezo?

Oxasajioch, UTO IIPU B3aUMOEHCTBUY JUINEHHBIX NHEPI[UU OC-
MUJJISITOPOB KOJIMYECTBO JajI0 CUCTEME HOBOe KauecTBO. M3yueHue
BJIUSAHUSA AEeNCTBUA HA TAKYIO CUCTEMY IIOKa3aJI0, YTO BOSHUKAET pe-
aKIusA CUCTeMBI Ha JeficTBUE. JTa PeaKIusa II0 CBOeMYy XapaKTepy B
TOYHOCTH ITOANALAET IO OIIpeieIeHre MHEPIIUU. Y IUBUTEIBLHOE JeJI0,
Y CUCTE€MBI U3 ABYX JINIIIEHHBIX CBOfICTB, HO BCTYIIMBIIINX BO B3aMMO-
IeHMCTBHE ITPOTOOCIIUJLISTOPOB, IIOABJISETCS HEMMEBIIIEECS PAaHee CBOM-
cTBO — uHepyusa. Ho Tormpa, 4To ecThb Macca, KaKkoBa €€ pPoJib B Kaye-
cTBe K0a(hPuIleHTa IPOMOPIIOHATILHOCTH?

IIpopaboTKa Bompoca MO3BOJHJIA BCKPBLITh HPSAUYIIUECS IIOL
maccoil BeanunHbl. [loKkaeM MeXaHU3M, IIO3BOJIAIOININYN BLISBUTH
HaIlOJIHEHWEe K8AHMA MACChbL, a TOUHEEe — M3BJIEUb U3 CKOPOCTH eIIé
OIVH «CHPATABHIMUACA» KO3(P(PUIMEHT IIPOIOPIINOHAILHOCTH:

p=m.,V, eciu mo=1, to p=V. 3.7)
Ho V=c/11* A, Torma
p=clT- A. (3.8)

B sT0i1 (hopmysie ¢/TT BEICTyIIaeT B KaUeCTBe PeaJibHOTO KO0a(d-
(hureHTa IPONIOPIIMOHAIBHOCTY MEK Y UMITYJIHCOM U CABUTOM (Das.
Ho mo ompexenennio KoahduiimeHT TPONOPIIMOHAIBHOCTI U €CTh
macca, a 9To JaE€T HAM IIPABO 3alMCaTh:

dm=c/T, - p=dm-A¢}, (3.9)
HO TOTJa m=n-<dm,

Tie: n=m, — YUCJIO0 KBAaHTOB B TeJie (BCIIOMHUM, Korjaa m.=1,2,3...)

IMonyunB KauecTBEHHO (HO He KOJHMUYECTBEHHO) HOBOE BBIpDaKe-
HUe MACCbL U K8AHMA MACCHL, MBI TEIIEPb NUMeeM BO3MOXKHOCTb CPaB-
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HUTb MEKIYy COOOM IIPE’KHIOI M HOBYIO (POPMYJIBI IJA CKOPOCTH U
UMITYJIbCA:

V=St V=dm + A}, (3.10)
p=m,V p=n-cltt- Ap=m + AQ, (3.11)
(ecau yuects, uto Ad/T=L, To p=m.c * ).

B HOBOII (hopMmyJie n ABASETCA KOJUUECTBEHHONU BEJIMUMHOM, a
TIOTOMY €€ Pa3MepPHOCThb — YUCJL0 K8AHMO08 (HO MOXKHO OCTaBUTH
MIPUBBLIYHYIO PABMEPHOCTh — K2), a ¢/Tl — KaueCTBeHHAasl BeJIUYNHA C
pPa3MepHOCTBIO — M/C.

(Panee Mbl 2060pUJU, LM O 20M0BbL 3Q4 KOJLUYECMBEHHbLM CUMB0JOM
n sakpenumosv 8cém npuBvbliHYlO pa3mepHocnv — K, HO 0053aHbL
nomMHuUmMb, 4mo UCmMuHHaA pa3dmepHocnmsb Cumeojla — wmy}cu)

31ech Hac He JOJKHA IIyTraTh padMepPHOCTD, a4 HAIIPOTUB, OHA II0-
Kas3bIBaeT, KAKOI CKOPOCTU JOCTUTHET TEJIO MACChI 11, €CJIU CABUT (a3
Yy KasKJOro KBaHTA MaccChl 3TOro Teja OyzxeT paBen Ad.

IIamATys 0 TOM, UYTO MHOTHE (hU3UUECKYe BeINUNHEI IBJIAIOTCA
MOHATUAMU NOTOBOPHBLIMU (B 9TOM HpPWUYMHA BO3HUKHOBEHUS pPas-
HBIX cucteM mamepeHusa: CU, CI'C u mp.), MBI BopaBe moj oOiiiee
MOHATHE MACCA TIOABECTU U KOJUYECTBEHHYIO, 1 KaUECTBEHHYIO CO-
CTABJIAIOIINE. ITOMY MOHATUIO OTBEUAET PUMMOOUHAMULECKASL MAC-
ca 1 HOBasA pUTMoAMHaMHuecKas cucrema usmepenus (PICH).

Ilepeonpedenernue noHamus macca

BbIIBUB IIPOMOPIIMOHANIBHOCTh MEMKIY CKOPOCTBHIO ¥ CABUTOM
das (V=c/1- Ad), MBI HE TOJTBKO yTBEPIKAAE€M, HO U BUAUM IPUCYT-
CTBUE peaJbHOT0 KoahduiineHTa MponopruoHaJIbHOCTH MEXAY M-
IyJabCOM U caBurom ¢pas, T.e.:

p=mAd coorsercrByer  p=m,V.

Ho MBI mOHMMaeM, YTO Macca B ()OpMYyJie cjieBa KOJNUEeCTBEHHO
He COOTBETCTBYeT Macce B hopmyJie cupaBa. PackpoeM mpaByio o-
MYJy, 4YTOOBI UMETH IIepe] TJIa3aMu e€ HalloJHeHue:

p=mo-*(c/Tt*AP), p=(n-c/T)Ad (3.12)

B s1eBoii hopmyie CKOOKAMM MbI BBIAEJNIN HAIOJHEHNE CKOPO-
CTH, KOTOPOE COCTOUT M3 mepeMeHHO# AP 1 mocTosTHHOI ¢ /T, a mapa-
METD Mo BHICTyNIaeT HEKUM UHCJIOM, IIPEAIIOIaraloIiuM KOJIMNIeCTBO
KB8AHMO6 NPOonopuuoHalbHocmu Mexay p u V. BrimenuB B npaBoit
dopmysIe CKOOKaMu Bce KO3(PPUIINEHTHI 1 O0beNHNB UX B IIOHATHE
nonxas macca (m), Mbl IOJyYaeM KaueCTBEHHO HOBBIA KO3(PUIM-
€HT IIPOIOPIINOHANBHOCT MKy p u Ad. Haru neificTBUA HUKOUM
00pa3oM He OTPAKAIOTCA HA IOHATUU UMNYJLbC, & HAIIPOTUB, CIIOCO0-
CTBYIOT 00Jiee pacCIIMpPEeHHOMY ero moHnMaHuio. Temepb MBI CMOXKEeM
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TPAaKTOBATh UMNYJAbC HE TOJIBKO, KAK KOJUUYECTBO ABUIKEHUS, HO U
KaK Kauecmaeo cocmoanus cucmemovl. HoBass nuTeprIpeTanus mo3Bo-
JISeT YTBEPIKAATh, UTO UMNYAbC 3A8UCUM TOJBKO om cdsuza (a3 n
He CBA3aH CO CKOPOCTBIO CHCTEMBI.

PI/ITMO,ZEI/IHaMI/IquICOG BBIpaKeHNe NMIIyJIbCa IIPpeAIIrChIBaeT ONnt-
HOCUMbCA K Macce He KaK K abCTpakTHOMY KO3 (MUIIUEHTY, a KAK K
8euLeCcmBeHHO-KOAUYECMBEHHOMY NAPAMEeMPY OCUULAIUPYIOULell cuc-
membl. ITO 0OCOOEHHO BAYKHO AJIA PEIATUBUCTCKUX CHUTYaIlii, B KO-
TOPBIX HA MACCy CIMCHIBAIOT BCE CTPAHHOCTH, BOSHUKAIOIIME B 9KC-
nepuMeHTax. Teleps 5TOro AejaTh HeJIb3d, T.K., TOBOPS O MaccCe, MbI
MMeeM B BHUAY KOHKPETHOE KOJMYECTBO OCIMJLINPYIOIIUX CHCTEM.
BuL10 OBI CTPAHHBIM, €CJIM OBl 3TO KOJHUYECTBO MEHSJIOCH IIPU U3Me-
HeHuu ckopoctu. Ho Torma Mbl MHAYe NOJIKHBI TPAKTOBATH TAKLeE
IOHATHUS, KaK PeJISTUBUCTCKAS MAcca, 9HEPIUsi, UMILYJIbC.

B penATUBUCTCKON JUHAMUKE UMITYJIbC OITMChIBAeTCS (hopMyIOTi:
p=mV/(1- V?/c?) 12, (3.13)

PackpbIB HAlOJHEHNE CKOPOCTH U IepenucaB GopMyay MbI IIO-
JIyYUM:

p = moc/T*Ad/(1— Ad2/112) /2, (3.14)
Ho moc/Tt=m, 9TOT MOAXOI MBI ysKe obcykaanu. Tormga:
p=m-0p/(1- Adp2/m?) 12, (3.15)

U xora y Hac ecTb BCE IJIs MHOM 3ammcu 3TOi (hOpMYJIbI, MBI
YKJIOHUMCS OT 00CY KIeHUs BOIIPOCca, IO KpaiiHell Mepe, A0 JYUIINX
BPEMEH.

Hraxr, Ipu onpeneIeHNN COAEePKAHNI PUTMOIUHAMUYECKOI Mac-
Chl MBI BRIIBIJIM BajKHYIO JeTaJlb — HAJHUUYNE IIapaMeTpa € B CKPLI-
ToM Buge. Ho mpu mepecMoTpe OOHOM M3 CAMBIX 3HAMEHUTEIX B
Hayke popmysa E=mec?, Bo3HMKaeT BOIIPOC: ¢ KAKON MMEHHO MACCOlL
MBI IIOJCIIYAHO UMEEM [eJIO: C IPeKHeil — Mo, U C IepeoIIpeIesIcH-
HOL — m?

Ecnu ¢ mpexxueii, To (popmyita 6ymer E=m.c?, rae mo — Kiaccu-
yeckas Macca; eciIu C IepeolpeseéHHol, To E=mc?, roe m — moJHas
Macca (puTMommHaMuUecKas). PaccMOTpuUM IpOIenypy Iepeormpe-
menenuda E mns nByx caydaeB. B mepBoM — MBI CJIETIO ITOICTABUM
puTMOIMHAMUYECKYI0 Maccy (m=nc/Tl), a BO BTOPOM — BBIpasuM KJac-
CHYECKYIO MacCy uepes PUTMOIAMHAMUYECKYIO (M.=mTi/c).

1. M=u1 3HaeM, UTO B IIOJIHOM Macce m IPAYETCS JOIOJHUTEeIbHBIH
BKJIaJ, CKOPOCTH CBeTa ¢, II03TOMY IIPUCOeSUHIM 3TOT CUMBOJI K yiKe
MMeEIOLIeMYCs ¢2, Torga:

E=mc?=n+dm-+c®=n- c/Ti-c* = (m'c)*c? = m'c3. (3.16)
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Mz mpubernyiu K MOHATUIO HenoaHas macca (m'=n/T), KOTo-
pas BBICTYIAET HEIIOJHBIM KOJUYEeCTBEHHBIM K09 GUIIMEHTOM IIPO-
mopiuoHagabHOCTH. Torma samuriem:

E=m'c® [rr-m®/c?. (3.17)

2. BbIpasuB KJIaCCUUECKYIO MAcCcy 4epe3 PUTMOAMHAMUUYECKYIO, 3a-
IUIIEeM IIEIIOYKY 9JIeMEeHTAPHBIX Ipeo0pasoBaHMii:

E=mc?=n+dm-+c2=(m+ m/c)-c2=(mme-c = m"c. (3.18)

Eciu yuecTsb, 4TO m"=moc, TO MBI, IPONAACH II0 KPYr'y, BHOBb
MPUXOOUM K MCXOAHOMH dopmyJie:

E = mo? [rr-m?/c?]. (3.19)

Tenepb, ZOIYCTUB PAJ BOJIBLHOCTEN 110 OTHOIIIEHUIO K MACCE, MBI
BUAWM, K UeMY 9TO MOJKET IIPHUBeCTU. XOTeJI0Ch ObI, KOHEUHO, NUMETh
00BEMHOE IIOHNMAHNIE IHep2ull C PA3MEPHOCTHIO KI' * M3/, HO TYT VK
KaK eCTb.

4. K Bompocy 00 3¢gdexre Méccoayapa

Otpurnanue abCoOJIIOTHOTO HAOJIOZATENA IPUBOAUT K CIOPY, B
KOTOPOM KaKIBIN 13 HabJromaTe el KaKkoii-JIinb0 CUCTeMbI IILITAET-
cs BBIIEJUTHh MMEHHO CBOIO cucTemMy oTcuéra. B atrom cmbiciie TO
IIO3BOJISIET BCeM HAaOJII0AATE/NSIM OSHOBPEMEHHO CUMTATL COOCTBEH-
HYIO CUCTEMY OTCUETa MPUBUJIETMPOBAHHOI, UTO ¥ IPUBOIUT K IIyTAa-
HUIlEe B TPaKToBKe spderTa Méccbayapa.

C mosunuu abCcoIIOTHOrO HabJII0maTe s ye-
P MaTpPUBAETCS MPAMad 3aBUCUMOCTH CKOPOCTU
K0J1e0aTe/JIbHBIX IIPOIIECCOB B BEI[eCTBEHHBIX
00beKTax OT BBICOTHI. JIOTMUHBIM OBLIO OBI
00'BSICHATH MMPOUCXOMSAINEe TaK Ha3bIBAEMbBIM
3amszuéanuem 4acmom, KOTOPOe TeM CUJIb-
Hee, yeM OJIM)Ke MCTOYHUK K IIOBEPXHOCTH
3emuiu. Ho Torma KoJLIEKTHBHAA 4aCTOTa SeM-
JY, KaK OCIIUJIISATOPA, TOJMKHA OBITH TOPas3mao
HHUKe YaCTOTHI CUCTEMBI, B KOTOPOIl HAXOAUT-
CcA UCTOYHUK. ITO OOCTOATEIHLCTBO Uepes3 3a-
msazusaHue wacmom ¥ MPUBOIUT K 3aMejJie-
HUIO BceX 0e3 MCKJIOUEeHUsS KOoJiebaTelbHBIX
IIPOIleccOB B cucTeMe (He MCKJIIUYeHUe — XU-
MUYEeCKMe peakIny Ha OMOJIOTUUYECKOM YPOB-
IpuEnasaun He). Yem pmanbllle cucTeMa OT IIOBEPXHOCTH

p— 3emun, TeM caabee 3amszusaHue, a IIOTOMY
e BOPXHOCIE A
3eman CKOPOCTh BCEX KOJIe0aHUI YBeINUYNBAETCA.
Puc. 167. Cxema sKc- .
mepumenTa IlayuEma u IIpennaraemoe 00'bICHEHIE IIO3BOJIAET 000T-

PeGxe TH TaKyIO0 CTPAHHOCTH, KaK yBeJHWUYEeHHe Yac-
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TOTBI agamInero ()OTOHA, ¥ TPAKTOBATHL BOSHUKAIOIUI d3(D(heKT mc-
KJIIOUHTEJILHO 3aBUCHUMOCTBIO CKOPOCTH BCEX KOJIe0ATEeNIbHBIX IIPO-
IIECCOB OT PACCTOSHUA [0 I'DABUTHUPYIOIIErO Tejia. B 3TOM cMBICE
MBbI 065{33HBI IIPU3HATHh HAJINYNEe 3amednenus epéemeHu, HO IOHNMAarThb,
YTO mpensaraeMoe o0bsCHEHUE IP@erxma HUKAKOTO OTHOIIEHUSA K
TeOPpHH OTHOCHUTEJIbHOCTHU HEe MMeeT.

5. K Bompocy o caMOaBHKEeHHH

JelicTBys Ha CIMYEUHBIH KOPOOOK HasbIleM, MBI AYMAaeM, UTO
TaKUM 00pPa3oM ero TOJKaeM M MMEHHO 5TO SABJAETCA IPUUNHOIM
IBUKeHns Kopooka. Ho He ciaenyer 3a0bIBATh, UTO MBI, TOJIKAas KOPO-
00K, HEe MMeeM C HUM HEeIOCPeACTBEHHOTO, T.e. IIJIOTHOTO KOHTaKTAa.
B sTOM MOKHO yOEOUTHCS, €CJIH IIOCMOTPETh HA 30HY KaXKyIIerocs
KOHTaKTa uepes3 dJIEKTPOHHBLIM MHUKPOCKOI — MeXKIY KOPOOKOM U
maJIbIIeM BCErjla MMeeTCsA PacCTOAHUE.

Ho ecim masier He MMeeT MPSMOr0 KOHTAKTA C KOPOOKOM, TO
TOrga, KaKuM 00pasoM ymaéTcsa TOJIKATh KOPobok? EcTh mpexmolio-
JKeHMe, 4To JII00oe JelicTBIe, HAIIpaBJIeHHOe Ha IIepeMellleHre 00beK-
Ta, SIBJIAETCS CIOCOOOM CO3IAHUA B HEM IpaJUeHTa YacCTOT, IIPUBO-
IAIIEro K CAMOIBUYKEHUIO.

Jpyroit mpuMep KacaeTcs Tak Ha3bIBA€MOT0 KOCMUUYECKOTO IIa-
pyca, ¢ IOMOIIIbI0 KOTOPOI'o MOXKHO «0e33aTpaTHO» IIyTeIIeCTBOBATD,
o KpalHeil Mepe, B cOJIHEUHOI cucteme. Cunraercs, 4TO ammapar
TAKOI'0 THIIA CIIOCO0EH ABUraThCA 34 CUET TOTO, UTO COJTHEUHBIN CBET,
oTpakasch OT IIapyca, TOJKAeT almapar.

IIpenmaraerca mHOEe OOBbACHEHVE IPUYWHBI ABUKEHUSA KOCMU-
YeCKOro IapyCHUKa — PUTMOAMHaMUUYecKoe: nadamnwuil ceéem co-
30aém 6 mese napyca wacmomubwlii Oucbananc, npueo0AU UL K BeK-
mopHroil Odegpopmayuu. Ilapyc navunaem camodsuzamuvcs, a 3a00HO
U «MAHYMb» 30 co00il mexHuUYecKue ampuobynul.

6. HaTepdepeHIHOHHAA MPUYNHA PEeaKIUH
HA N3MEeHEeHUe CKOPOCTH BpalieHUsd

IloHATh IPUUYKMHY PEAKIIMY MOYKHO Ha IPHUMePe MPOTOAUIIOI, a
TOUHEe, — AHAJUBUPYS M3MEHEeHUA B MHTEePPEPEHIIMOHHBIX MOJIIX,
OPOUCXOLAIINNE IIPU U3MEHEHUN YCJIOBUU SKCIEPUMEHTA.

M3BecTHO, UTO IIPU BpallleHUM BO3HHUKAIOT IBA OCHOBHBIX THIIA
PeaKIuii: COPOTHURIeHNe (MHEePIuA) Ha N3MeHeHne CKOPOCTH Bpa-
IIeHUs U IeHTpobexHada cuma. O0a TuIla peakIiii UMeoT uHTeppde-
PeHIMOHHYIO0 Ipupony. Ilokaskem aTO.

IlycTh MBI IMEEM CHCTEMY, B KOTOPOI ABa *KECTKO CBA3AHHBIX
OCIIMJLIATOPA BpalaTca BOKPyT meuTpa O.
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0
PagHOMEpPHOE BEpaLUEHHE
C AONOAHHTEALHOH CTE-
NEHLH CBOGOAH ¥
CHCTEMBI OCLHANATOPOB

HCKDPSII!] UEECH EPALUEHHE

a. 0.

Puc. 168. a) Cucrema u3 JBYX OCIIUJIATOPOB KECTKO IPUBA3AHA K IIEHTPY
BpameHud. 6) OcIuIIATOPE UMeIOT NOIOJHUTEJIbHYIO CTelleHb CBOOOJHI,
KOTOpas CYIIeCTBEHHO M3MEHSET XapaKTep UX [JBUKEHUS OTHOCUTEJIHLHO
00111eTro IeHTpa BpaIlleHuA

Eciu Bpamenme orcyrcryer (w=0), TO MeXIy KOTrepeHTHLIMU
ocruLiATOpaMu A u B 6yieT UMeTh MEeCTO CTaHAapTHasa uHTephepeH-
muouHaA curyarnus (puc. 171). Ecau w>0, To usameHeHus B uuTepde-
PEHITMOHHOM KapTHUHKE CJIeIyeT CUNTATh ecTecTBeHHbIMU (puc. 170).
Yem BbBIIIIE YIJI0BaA CKOPOCTH, TEM CYIlleCTBeHHee maMeHeHusA. I1o
XapakTepy M3MEHEeHUU B IIojie MHTepdepeHIuu MBI BCErja MOXKeM
CYAUTH O BO3HUKAIOIIUX B CHCTeMe BEKTODPHBLIX medopmarnuax. IIpu
BHUMATEJIBHOM PACCMOTPEHUY MTPOUCXOIAIIET0 O0HAPYKUBAIOTCA YU~
BUTEJIbHBIE 3aKOHOMEDHOCTH B BOJIHOBBIX IIOJISIX, KOTOPhIE HEM30EK-
HO IIPUBOIAT K AedopmMaiium II0JIisd UHTep(EepPeHIInl, a 3HAUUT, U K
PasIMYHOTO Pojia PeaKIIUsIM CO CTOPOHBI CUCTEMBI OCITMJLISTOPOB.

Ecau gBa ociuiaATopa KECTKO CBSI3AHBI C IIEHTPOM BpallleHUsd,
a w=const, To n300paKEHHLIE YKUPHO JUHNN Y3JI0B U IIyYHOCTEH 3a-
MOPOJKEHBI OTHOCUTEJBHO CHCTEMBI OCHULIATOPOB. Ho cTouT marh
cucTeMe cTemneHb cBo6oabI (puc. 1680), KaK BeKTOPHO-MHTEPGhEpeH-
IUOHHAA gedopManusa TyT Ke UBMEHUT OpHeHTanuio cucreMbl. EcTh
B 9TOI1 medhopMaIy U BEKTOP IEeHTPOOEKHOI CUJIbI, KOTOPLIH (ecau
paccMaTpuUBaTh IPOUCXOIAINEE BAOJb JUHUU MEXKIY OCIIUJIIATOPDA-
MU) BOBHUKAET UCKJIIUNTEIbHO 3a CUET 3aBUCUMOCTHU JIJIMH BOJH OT
PacCcTOAHUS OO OCIUJIIATOPA. ITAa 3aBUCHUMOCTbL XOPOIIIO BUIHA Ha
OIpuMepe ¢ OOMHOYHBIM ocHujasaTopoM A. B pesyiabrate oTr A K B
IJIWHA CTOSTYel BOJIHBI YBEJIUYNBAETCSA. MBI TOJIBKO CJIeTKa 3aTPOHY-
JU ciocob pelreHus HpobJieMbl M IIoJIaraeM, 4TO B OyAyIIeM 3Ty
TEeMY yAacTCA OCBETUTH 0oJjiee TOAPOOHO.
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Puc. 169. Ocuumaarop A ABuKeTcs BOKPYT meuTpa O ¢ MOCTOSHHOM YIJIO-
BOIi cKopocThio. OOparraer Ha ce0s1 BHUMaHNe BOJIHOBOE I10JIe, YIIJIOTHEHHOE
cjaeBa U paspsiKeHHoe cinpaBa. MHTepec mpexacraBiaseT guHus AO, BIOJb

KOTOpOﬁ II0 Mepe ygaJieHus OT A BIIpaBO AJIMHa BOJIHBI yBeJIMYMBaeTCA, a
BJIEBO CHAYaJia YMEHbBIIIaeTCd, 3aTeéM yBeJIMUNBaeTCA

il #_%ﬂ(‘.ﬁ gg\? ) \)» ._
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Puc. 170. Tak BBITVIAIUT moJie MHTePMEPEHIINN OT CUCTEMBI KOT€PEHTHBIX
OCIHMJLIATOPOB A u B, Bparmatoniuxcsa BOKPYT meHTpa O ¢ IOCTOAHHOI yIJI0-
BOI cKopocThio (w>0). Eciu mabiarogarenb MPUBIA3aH K CUCTEME OCIIHJLIA-
TOPOB, TO Yy HETO BO3HUKHET IOJHASA WJLIIO3UA HENOABUIKHOCTU MHTepde-
peHIMOHHOM KapTuHKU. [[Jid BHeITHero Hab roAaTe s KapTUHKA BPAIllaeTcsa
BOKDPYT 1eHTpa O, HO cTa0WJIbHA OTHOCUTEIHHO CUCTEMBI OCIIMLISATOPOBR AB

A

e

e

N

Puc. 171. A Tak BBIMIAAUT I10JI€ MHTEP(PEPEHIINT OT TeX JKe CAMBIX KOTepeH-
THBIX UCTOYHUKOB A U B, ecii UX yrJjioBas CKOPOCTH BOKPYT 1eHTpa O paBHA
"y (W=0). CrenyeT cuuTaTh OUYEBUAHONU 3aBUCUMOCTD qehopMaIiuy NHTeP-
(bepeHITMOHHOI KAPTUHKHY OT YTJIOBOH cKopocTu. OUeBU/IHA U PeAKIIUA CUCTe-
MBI OCI[MJLJISITOPOB HA BOBHUKAOIIYIO AedopMaIiuio
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7. HNHTepdepeHIUA, TO3BOHOYHBIA CTOJIO
M MAJTEOHTOJOTHS

I103BOHOUHNK (POPMUPYETCS IO BO3LEHCTBHUEM CHUCTEMBI MHO-
JKEeCTB KOTePEeHTHBIX OCIIUJIIATOPOB, MMEIOIUX CABUT (Das3, UTO U AB-
JISIeTCsI OIIPeAesIAoNuM npu ero gopmoobpasosanuu. Ilo paccrosi-
HHUIO MEXJY COCeIHMMM CEerMEHTAMM’ MOKHO OIIPeNejIuTh 06a30BYIO,
3aaI0IIyI0 4acToTy. YeM 0oJIbIlle PACCTOSHNE, TeM MEHBIIE YaCTO-
Ta, 1 Ha000poT. BuanMo mosToMy MajieHbKIEe — Pe3Bhie, a 00JILIIIIe —
MeIJINTeIbHEIE.

KapTuaKa B pas3HbIX CBOUX MOAUMPUKAIINUAX CX0Ka U CO MHOTH-
MU MHBIMH OOMTaTEe/JAMM Halleil miaHerbl. CiaemyeT Iojarath He-
CJIyJyallHOUW BHEIITHIOIO CXOMKECTh JKUBBIX CYIIEeCTB C HEKMBBIMU HMH-
Tep(PepeHIITNOHHEIMY CUCTEMaMU: U IIEPBbIe, M BTOPhIe HAIleJIEHEI Ha
IIpeooJieHre TPaBUTAIIMOHHON CUJIBI U IIepeJBUKeHIEe B IIPOCTPAH-
CTBeE.

I'pynHas xiaeTka
(Bup criepenm) CkeJjieT ueioBEeKa
(bparmesnT)

HNuTrepdepeHInoHHaS KapTUHA
OT TPUALIATY OCIUJLIATOPOB

Puc.172 Cxkenet Dimetrodon (IjuHa OKOJIO 3.5.)
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AHajiorus CTaHOBUTCSA IIOJHOM, €CJIM CPABHUTH MEMKIY COOOM
OTIIeYaTOK HEeM3BECTHOTO cyIecTBa (puc. 173a), HalimeHHoro B ABCT-
panuu, ¢ nHTepHEePEeHIMOHHON KaPTUHKON OT ABYX OCIMJLIATODPOB
(puc. 1736). MoxHO IIPeAIOJIOMKNUTE, UTO B (hOPMOOOPA3OBAHUY MHO-
I'UX JKUBBIX OPraHM3MOB yUYaCTBYIOT 9JIeMEHTapPHbIEe aKThl HHTEepPde-
peHIIuH, a 0 CYyTH — €€ 3aKOHBI.

Takas IMOCTAHOBKA BOIIPOCA MOXKET CYIIECTBEHHO IIPOABUHYTH
HAYKy O BOBHUKHOBEHHUU XHW3HU K IIOHHIMaHHWIO q)I/ISI/I‘-IeCRI/IX Mexa-
HU3MOB, KOTOPLIE HeYmo, Ha3blBaeMoe — OYyX0oM, YMEJIO UCIOJIb3yeT
IJIsT BHEIPEHUS B OCO3HABAEMBI HAMU BeIlECTBEHHBIN MWD U IIpe-
BpAIllaeT HEeKWBOE B MKUBOE.

Ecau BeICKaszaHHasd THMIOTE3a BepHA, TO B OCHOBE IIOCTPOEHUS
KUBBIX OPraHM3MOB JIe:KaT He TOJIBKO CJIeIlble 3aKOHBI IIPUPOMIbI,
3aKOHBI T€OMETPUH U NHTep(DhepeHIUY, HO U 08UMCYULAsL CULA, KOTO-
pas, B COOTBETCTBUM C COOCTBEHHBLIM, HEM3BECTHLIM JJIS HAC IpeIHas-
HaUYeHUEM, 8blNOAHSIEM POLb OP2AHU3IAMOPA.

Ho Torpa Mbl BEIHYKAEHBI IPU3HATD, YTO BeIl[eCTBEHHASA YaCTh
JKMBOT'O OpraHu3Ma ABJISAETCA YCTPOMCTBOM, MEXaHU3MOM, BHYTPU KO-
TOPOT'0 OOUTAET Heumo, NCUEPIHIBAIOIIET0 ONPeeIeHN KOTOPOMY B
HacTosIIlee BpeMs He cymiecTByeTr. Ho ecTh moragKa, 0 COOTBETCTBUU
BUOpAIUil 3TOTO Heumo BUOpAIUSIM CO34aBaeMOTO MM TeJja.

8. YuebOHOe mocodue: «cnaiudep-apdpexm»

Ects, 1o kpaiineii Mmepe, 1Ba KAGMHETHHIX c10c00a HAOIIONeHU S
cnaiidep-agpperxmog: CTaTUUECKUHI — C HOMOIIBIO CHEIUATBHO Paspa-
60TaHHBIX (DOTOILIACTUHOK, I JUHAMUYECKUI — TPEOYIOIINHA KOMIIb-
I0TEP U CIleliajbHbBIe IIPOTPaAMMBI.

KpaTko ocTaHOBMMCSA Ha IIEPBOM CIIOCO0€, KOTOPBIN SIBJISETCS
3aMeuaTeJbHbIM yUYeOHBIM II0COOMEM IIPU M3YUYEHUM BOIIPOCOB WH-
TephepeHITY BOH (YIIPOIIEHHBIN BApUAHT U3TOTOBIeHuA: cTp. 110).

YuebHOe mocoOme COCTOUT U3 IJIACTUHOK, Ha KOTOPBIX THUIIOT-
padckuM coco00M HaHECEeHbI KOHIIEHTPUYECKUE KPYTHU, CUMBOJIU-
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3upylolre BoJHBI. Ha Kakaoll M3 IJIacTWH yKa3aHbl ITapaMeTphI
BOJIH B YCJOBHBIX eIVWHUIIAX, CKOPOCTh M HallpaBJIeHUEe IBUKeHUS
UCTOUHUKA (ocuyiATopa). s Toro 4To66I BOCIPOM3BECTH OTOOPA-
JKEHHBIEe HA PUCYHKAaX KaPTUHKU WHTePGhePeHIInn, TpedyeTca moL0-
6paTh JBe IJIACTMHKY C OIPEJIeIEHHBIMY IIapaMeTpPaMu ¥ HAJIOXKUTH
uX OIPYT Ha Apyra.

CJIe,lIyeT IIOHNMAaThb, YTO C IIOMOIIBIO IIJIACTUHOK MOMHO HabJII0-
AaThb TOJIBKO MI'HOBEHHO€ COCTOAHME II0JIA I/IHTep(I)epeHHI/II/I OJId KOH-
KPEeTHO BLI6paHHOI‘O PacCToAHMUA MEeXAY OCIHUJIJIIATOPaMM.

Jlsia Toro 4TOOBI AHMMUPOBATH U3yUaeMble IIPOITeCChl, He00X0-
JVMO KOMIIbIOTEPHOe MojesimpoBanue. CrenuaabHO IJI 9TOHM Ieau
OBLIY HAIMCAHBI IPOTPAMMBbI, KOTODbIE ITO3BOJISIOT HE TOJIHLKO CO3ep-
IaTh KPACOTY IPOUCXOAAIIETO B AMHAMUKE, HO U YIIPABJIATH IIPOIIEC-
COM uUepe3 M3MeHeHUe M3HAYaJbHO 3aJaHHBIX IIapaMeTpOB.

Hcnonb3oBaHre pa3paboTaHHBIX TOCOOUI B IITKOJIAX, CIIEIIUATb-
HBIX U BBICIIMX YUYeOHBIX 3aBeIeHUAX, CYIIECTBEHHO IIOBLICHUT HeE
TOJILKO KaueCTBO YCBOEHMUA MaTepuaJja, HO U Oy/IeT CIIoCOOCTBOBATH
PasBUTUIO O0'BEMHOTO MBIIIICHUA.
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Puc. 176.
Vi=0.06-c
Va= -0.06-c
A=Az

Puc. 177. V=0, uacro-
Ta OCIUJIJISATOPOB yBe-

7 / JIMYIBAETCS BO BpeMeHU
/

danractural!! [[na Toro uToObl BOSHUKJIMU 3TH IOTpsAcaiomniue shGheKTsl,
IOCTATOYHO HAJIOMKUTH IBE IJACTUHKU APYr Ha Apyra. Bel Oygere mpUATHO
YIAUBJIEHBI, €CJIU IIOCJIe UTPHI ¢ KADTUHKAMHU YJIYUIIINTCA 1 Ballle CAaMOYYB-
cTBHE.

9. K Bompocy sHeprum uepes pPeJIsITHBHCTCKYIO Maccy

®opmysny E=mc? mosxHO 3anucars Kak E=m.c?/(1-V?/c?)'/?, uan
E=mo.c®/(c*-V?)!/2, rme m — peqsATUBUCTCKAS Macca, a Mo — KJIACCH-
yecKasi, MHEPTHAs Macca.

Ho u3 zaBucumoctu V=c + AQ /T, rae V/c=Ad /T, BugHO, 4TO eciu
V ~ (coorBercTByeT) Ad, TO ¢ ~ Tl ITO JAET HAM IIPABO 3aMUCATH:

E=m.c?/(1-0¢%/T)V2 . (3.20)

WUz dpopmyssl ciaegyer, 4To IOJHASA 9Heprud E 3aBuUCHUT He OT
ckopoctu, Kak B TO, a or caBura ¢as Ad, KOTOpBIHT MOXKET UMEeTh
J000e 3HaueHWe W MIPU OTCYTCTBUU JUHENHOM CKOPOCTU CUCTEMBI
(V=0). Teneps y:xke MBI He MOYKEM OJHO3HAYHO I'OBOPUTH O 3aBUCH-
MOCTH MAacChl OT CKOPOCTH CHUCTeMbI. Eciin oOpaTuThes K maparpady
«I'paBUTAIIMOHHBIA CUHTE3», TO TaM MBI YK€ PacCyKIaJIl O BO3HUK-
HOBEHUU SHEPTUHU 34 CUET CAMOIIPOU3BOJIBHOTO BO3PACTAHUSA UMITYJIb-
ca, KOTOPBII MpaMO cBaA3aH co caBurom (as. ITosTomy 3mech y Hac
€CTh OCHOBaHMEe MO03PEeBATh O HAJMYUY HOBBIX WHTEPIIPEeTAIIMiA!
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B cayuae, ecau V=0, Ap=0. Torga: E=m.c?. U TOABKO B CJIy-
yae, Korga (c2-V?)1/2=], sgamenuTasa GpopMmyJia IPUHIMAET BPOLe
OBl KaK 00BEMHBIN BuL: E=m.c3. Ho Takasa Joruka MoXeT IIpuBe-
CTU K AKOOBI abCypAy, B KOTOPOM MBI OyZieM UMeTh 1ejo u ¢ E=moc*
npu (c2=V?)12=c™1, u ¢ E=moc® upnu (c*-V?)Y%=c2, u r.1., Ipu4éM
6e3 yiiepba aJas pasMepPHOCTH.

B cBsA3Y ¢ BO3HUKIIEH cUTyalue OblIa BRICKA3aHA MBICJIb: a He
SABJISIIOTCSA JIV II€PEUYNCICHHbIE IJIA SHePruu ()OPMYJILI OTPAKEHNEM
COCTOSIHISA BeIlleCTBA HA WHBIX YPOBHAX OPraHU3AalN, HAIIPUMED, Ha
AfepHOM, Ha cybsamepHoM u T.4.?7 Ecau gonyceTuts, uro (¢*—V?)Y2 xa-
pPaKTepu3yeT MaKCUMAJIbHO BO3MOMKHBIA HA 9THUX YPOBHAX Pa3phIB
MEKIY CKOPOCTBIO CBETA U CKOPOCTHIO JBUKEHUS OCIIUJLIATOPOB, TO
yeM riry0ske MbI Oy[ieM IPOHUKATh B MUKPOMUD, TeM OOJIBIIYIO SHEp-
TFOHACHIIIEHHOCTh OyJeM TaM HAXOAUTh.

OHOBpPEMEHHO MbI 003aHbI IIPU3HATH, YTO pUMMOOUHAMUKA, KAK
¥ MHBbIE KOHIIEIIIINN, UMeeT NOUYIIEeHNs TUIa: npednoioxum, donyc-
mum, npumem 3a ocHosy... MoxeT OBITh, IIOITOMY KPUTEPUEM IIpa-
BUJIBHOCTY IIBITAIOTCS CUUTATH npakmuky. Ho Bcerga su npaxmuka
— kpurepuii? OHa, IPAKTUKA, TOKE UCUEPIBIBAET CBOI ITOTEHIIHA U
BOSHUKAET KPU3UC, T.e. IOTPEOHOCTH B OCHOBATEJIBHOM IIEPECMOTDE
JIOMUHUPYIOIIE CUCTEMBI B3TJIA0B. SHAUUT U MIPAKTUKA HE SBJISIET-
ca Kputepuem npasuiabHoctu? W da, u Hem, HO 3TO OCOOBIN BOIIPOC.
IIpeonmosienue e BOBHUKAIOIETO «HEIOMOTaHUA» BCETIAa OCYIIEeCTB-
JIsIeTCSA CMEHOUM ompabomasuiezo HanpasgJieius Ha Ho8oe, NPOPbLEHOe.
Pummodunamura, B 9TOM ILJIaHE, UMEET BHIUTPHIIIHBIE TTIO3UITUU.

H pgaske ecsu KTO-TO, II0 MHEPIUHU, OYAET IIPOTUB, IYCTH OH, 9KC-
mepuMeHTa Pajgu, IPUMEDPUT «HOBYIO OLEKAY» K COOCTBEHHBIM HEpe-
HIEHHBIM TEOPETHUYECKUM MIpobjeMaM U IIOCMOTPHUT, UTO U3 BTOTO
BeIfizieT. Hekoropshle y:ke moctynuiau Tak. B.®. CremaHoB — QuU3UK-
TEOPEeTUK, OYAYyUYU OT'HSABJIEHHBIM DPEJIATUBUCTOM U IIOUUTATEIEM
KBaHTOBOII MeXaHUKU, 0Jarogaps OCHOBHBIM MOJIOMKEHUIM PUMMO-
JuHamMuKu cyMeJ 3a HECKOJBbKO HeJeJb PEelIuTbh MYYUBIIYIO €ro B
TeueHUe JeCATH JIeT IPodaeMy U3 paspsana Teopuu mojeii. B.A. MibuH
B cBoeli paboTe muiret: «IIpocTas MBICIbL 0 HEOOXOIUMOCTH IIPE06-
pasoBaHUSA KOODAWHAT IO TPEM HANPaBJIEHUAM Ha IIOBEPKY OKasa-
Jach OUYeHb MPONYKTUBHOM, B YaCTHOCTHU, B IPUMEHEHUU K SABJIEHU-
AM dJIeKTpoMarsHetusma... C Mo3UIUU PUTMOJMHAMUKM YAAJIOCH
IPOCTO ¥ WBANTHO OOBACHUTH, HAIIPUMED, MEXaHU3M BO3HUKHOBE-
HUSA TeJIYPUUECKUX TOKOB BOJIM3U MOBEPXHOCTU 3EMJIU».

10. HJIO — HeBMOUMEKH

Hangum Bouro haHTA3UM U JOIIYCTUM, YTO MBI, II0 CBOEMY YCMOT-
PeHHnI0, MOKEM MEHSTh YaCTOTHOE cocTosHmue TeJs. IlycTh Ha cToJie
CTOAT JBa OAWHAKOBBIX CTaKaHa. Eciu MbI udMeHUM (YBEeJIUUUM
WM YMEHBIIIMM B JBa pas3a) 4YaCTOTHOE COCTOSHUE aTOMOB U MOJIe-
KYJI, HAIIOJTHAIOIINX , HAIIPUMED, IPaBbIi CTaKaH, TO HAIIIU JeHCTBUS
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TIPUBEAYT K PeaJbHBIM U3MEHEHUAM B KPUCTAJIJINYECKOU DEIIETKE.
VBeanuyeHMe YACTOTHI IPUBEAET K YMEHBIIIEHNIO PACCTOAHUMN MEKIY
MOJIEKYJIAaMY W aToMaMM (CTaKaH YMEHBIIINUT CBOM pas3Mephl B JBa
pasa), YMeHbIIIeHNe — K YBeJIMUEHUIO (Pa3Mephl CTaKaHa YBEJINYATCA
B IBa pasa). Ho Bo3HMKaeT BOIIPOC: KAKUMHU eIl€ BU3YaJIbHBIMU 9()-
dexTamMu GyZeT COIPOBOXKAATHCA U3MEHEHNE YaCTOTHI?

Ecau o BHyTpeHHell YacTOTe MaTepWaja CTaKaHa CYyAUTh IIO
BHEIITHUM IIPU3HAKaM, T.e. II0 BOCIPUHUMAEMOM IJIa30M YaCTOTE
OTPaKEHHOTO U MPEJOMJIEHHOTO cBeTa (3eCh MMeeT MeCTO CTporas
3aBUCHMOCTH YaCTOThI OTPa’KaeMOro CBeTa OT MeKaTOMapHOH dac-
TOTHI CTEKJIAa), ¥ YCJIOBHO AOIYCTUTD, UTO oHA paBHa 500 HM, TO yBe-
JuueHne e€ B ABa pasa gacT nuyo Beanununy — 250 um. Eciu uacro-
Ta OyImeT yMeHbIlleHa B ABa pasa, To — 1000 um. VI B mepBoM u BO
BTOPOM CJyYasiX BHYTPEHHSS YacTOTa CTaKaHa CMECTUTCS B HEBU-
IUMbIe TJIa3y 00JIaCTH CIIEKTpPa: B MEePBOM — B YJIbTPadMOJIE€TOBYIO,
BO BTOPOM — B MH(PaKpaCHYIO.

Puc. 178. JIBa ctakaHa Ha croJie. JIeBbIii HabI0AATE b BUAUT TOJHLKO OOUH
craxaH. [IpaBeIil HaGIIOATENb CMOTPUT Yepes IPUGOp HOYHOTO BUAEHUSA U
BUIUT BTOPOIi CcTaKaH B MH(ppaKpacHOM auamnasoHe. IIpubGop mpeobpasyeT
uH(ppaKpacHble Jy4u B BUAUMEBIe. Eciaum M3MeHEHHBIN CTaKaH IIOTPOTaTh
HEJIb35, TO MOYKET BOSHUKHYTD OIINOOUYHAas ues 00 mHGPaKPaCHOH roJiorpa-
uu. BosmMokHO ¢ «Inapumpx», B GunaneabduilckoM dKCIepeMeHTe, IIPOo-
MB30IILJIO ATO Ke camoe, eciau NHGOPMALUs O HEM KOHEUHO He BBIMBICE]

IToxoske Ha TO, UTO IPABBLIN CTAKAH MCUYE3HET M3 II0JIS HAIIIEro
3pEeHUA U 3TO IPU TOM, UTO B €T0 PeaJbHOM CYIIIECTBOBAHUHU y HacC He
OymeT HUKAKUX cOMHeHUIl. IHTEepecHBIM 3JeCh MOMKET SBUTHCS U
TO, UTO MBI HE CMOJKEM IIOTPOraTh HEBUAUMBIN, HO PeaJbHBIN CTaKaH
pykamu (BO BCSKOM cJydae mpu 6ojiee TIIyOOKOM M3MEHEHUU BHYT-
PeHHel YacTOThl TaK OHO U OyAeT IMPOUCXOIUTH).

Ho Torga mosyuaeTcs cTpaHHasA KapTHUHAa — CTAKAH €CThb, OH pe-
ajieH, HO MbI, B CUJIY OTPAHUYEHHOCTU TJIa3HOTO 3PEeHUA, He MOKeM
ero ysunetrb. Kak ObITH?

A BBIXOJ €CTh, II0 KpaliHell Mepe, JJIs 3aJaHHbIX HAMI YCJIOBIIA.
Cy11ecTBYIOT IPUOOPHI HOUHOTO BUAEHI, KOTOPhIEe KaK pas u pado-
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TAIOT B OJHOM W3 QUANAa30HOB, B KOTOPOM HAXOAUTCS CTAKAH-HEBU-
INMKa, — B HHPpakpacHoM. Ec/ii BBl BOCIIOIb3yeTeCh TAKUM IPUGO-
poM, To mpomaska OyaeT oOHApPy KeHa — Bhl YBUANTE YBEJINUCHHLIN B
pasMepax CTakaH.

Temepsb, IOCJE 9KCKypCca B OMKUAAIONee U HAC (paHTacTHUYECKOe
Oynayilee, HET CMEICJIa O0BACHATh KOMY-JI00 MEeXaHu3M, C IIOMOIILIO
KOTOPOI'0 HAIIIA I'OCTHU-IPHUINEJbILI (& MOMET ObITh, X03seBa?) TO
IIOABJSIOTCA, TO KCUE3AIOT.

Kpowme aToro, Mbl HaunHAEeM CEPLE3HO 3aYMBLIBATLCS 1 HAJ IIPO-
6JIeMOl1 CYIIIeCTBOBAHMSA CKPLITOTO OT Hac BelecTBa. Eciu y Koro-To,
IO CUACTJIMBOM CIYYANHOCTH, BKJIIOUMJICSA MEeXaHU3M BUIEHUA B IPY-
TOM, e[IBa IIePeceKaloInMcs ¢ HAIlIUM, JUala30He YacTOT, TO MbI Te-
mepbL He MOXKEM OTPHUIATh HEepPeaJbHOCTh HAOJII0JaeMOMl CUaCTJINB-
yuKoM mH@opmarnuu. VI eciu 3TOT HeOOBIUHLIN UeJIOBEK TOBOPHUT,
YTO BUAUT, HAIIPUMED, IIapajjeIbHYIO Hallleil IIJIAHeTy ¢ e€ HelI0Xo-
JKMMHJ HA HAC O0UTATENAMU, TO AOJMKHO 9Ty MHMPOPMAIIUIO IIPUHATH
K CBEIEHUIO, 4 He «CIKUTaTh UeJIOBeKa Ha KOCTpe».

U y»X coBceM MPO3BYUYHUT (PAHTACTUUYECKHU IJIsA OOJBIIMHCTBA
3eMJIAH YTBEeP:KIeHNe, UTO ONMCAHHOE HaMu OyIeT peajnu30BaHO B
ommxkatitine 200—300 ser. Ilo KpaiiHeidl Mepe B 9TOT IIEPUOI y Ha-
yKu OygeT KOHKpeTHas IeJIb-MAHUMYM, KOHKDPeTHbIe 3aJauyu, IJId
peanusanuy KOTOPBHIX MBI B KOHIIE BTOPOT'O THICSUEJIETHS OT POXKIe-
HuA Xpucra 3axjaagbiBaeM (pyHIaMEHT.

OcCBOMB IPUHITUIINAIHLHO HOBBIE CIIOCOOBI ITIEPEIBUKEHUS B IIPO-
CTPaHCTBE, OCBOUB IEepeMeIeHre B YaCTOTHBIX AMAalla30HaX, MbI BAPYT
00HAPYKUM, UTO CTAJW B TOUHOCTU TAKUMHU K€ IIPHUIIETbIIaMH, O
KOTODBIX B HACTOsIEee BpPeMs TaK MHOTO CJIYXOB M JOMBICJIOB. M
OyzmeM MBI CHUCXOIWTENBHO YJabIOATHCS HAJ IMOTYyraM¥ HEIOCTUT-
WX HAIIEro ypoBHA OpaTheB II0 PasyMy U YJIbIOasich BCIOMUHATDH
mepBoOBITHBIM XX BEK.

Jeno ocramoch 3a MaJbIM — MMEHHO B HAyKe IIPEKPATUTL BCEM
HajioeBIIne 60pb0yYy NPOMUBONOJOHCHOCMEN U UMUMAUUI HAYLHOLL Oe-
SAMEJIbHOCMU Y COCPENOTOUNTLCA Ha JOOPOM CO3UJAHNM, Ha CO3LaHNN
Pa3OMKHYTBHIX (HEe3aMKHYTBIX Ha cebs camMux) Teopuii. TOIbKO TaKue
IIO3BOJISIOT YBEPEHHO ABUTATHCS II0 OECKOHEUHOM JOpOre K HCTHUHE.

Ocraércsa OTKPBITHIM BOIIPOC O (hMHAHCOBOM OOecIeueHuU 00-
PeuEéHHOIi Ha TBOPUYECTBO IPYyIIILI Jioaei. Ho mycTs aT0 OymeT mpo-
OseMa JUWEHHbLX Hedelcecmaa OM3HECMEHOB M PYKOBOJACTB CTPAaH,
3aMHTEePECOBAHHBIX B IPOIIBETAHUU U 06JIarOCOCTOSHUU UeJI0OBEUECTBA.

11. Moxrpuna — 3000

Horagka o ToM, 4TO B IPUPOJIE CYIIIECTBYET TOJbKO CAaMOIBUIKE-
HUe, II03BOJISIeT YTBEPIKIATh: HeT CUJI IIPUTKEHNUS WU OTTAJIKNBA-
HUSA, JeACTBUA WK IPOTUBOAEHCTBIUA, 4 €CTh YCJIOBUS, IIOIIaB B KOTO-
pble, Tejla PearnpyloT COOTBETCTBYIOIIUM 00pa3oM.
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Peaknuu Tes Ha U3MeHEHHUE YCJIOBUH BBITVIALAT IIO-PAa3HOMY, HO
HEe3aBHCHMO OT BHJA BCErja CBA3aHO C IepeMellleHreM, a 3HAUUT, C
u3MeHeH1eM ckopocTu. Eciiu mepemelrienrie HEBO3MOXKHO, TO BO3HI-
KaeT Ipyroro TuUila AelcTBue — cuja. B 9TOM cMBICJIE CKOPOCTD SB-
JIsIeTCs YHUBEPCAJIbHOM XapaKTePUCTUKOMN, KOTOpas 00beJNHAET MeXK-
Iy coboit Bce BUIBI PeaKInii.

Ho, s3agaBinch BOIPOCAMH «UTO JKe TaKoe — IBMKeHHe? B UM
€ro CyTh, KakoBa (hM3UKa 9TOTO YHUBEPCAJILHOTO SBJIEHUS?», MBI 00-
HapPY'KWJIN IPAMYIO CBA3h MEMKJY CKOPOCTHIO IEPEMEIeHMs Teja 1
ero ()a304acTOTHBIM COCTOSTHHEM. 3aMEHUB CKOPOCTh Ha cABUT das, a
yCKOpeHue — Ha HEeCOBIIaZieHNe YacCTOT, MBI IIOJYUYMIN BOSMOMKHOCTD
WHaYe B3IVIAHYTH HA MHOTHE IIPOOJIEMBI, UTO ¥ IPUBEJIO HAC K IIOHU-
MaHUIO TAKUX IIPOIIECCOB, KaK: IPUPOIa CuUibl (€€ cCaMOBOSHUKHOBE-
HUe), IPUPOJa UHEePUUU U CYThb MACCLL, IPUPOAa camodsuxcerus (B
TOM UYWCJIE U CAMOYCKOPeHUs). BBIsICHMIIOCH, HATIPUMED, YTO NPupody
zpasumayuy MOKHO O0BSICHUTD YCLOBUSAMU, TIOTIAB B KOTOPEIE, Tejia
pearupyior caMoaBuiKeHHeM. HampaBiieHume caMOIBUKEHUS 37eCh
OIIpesieIsIeTCs BOSHUKAIOIIUM B TeJIaX PaCcCOrJIACOBAHWEM YaCTOT —
aTaKas agmoapummus, He 3aBUCAIIAA OT JKeJIaHUS TeJl.

JlocTUTHYTO MOHMMAaHNE TOTO, UTO JIF000e IBUIKEHUE €CTh Pe3YJIb-
TAT BHYTPUTEJIECHON BEeKTOPHOU AepopMaIiuu: U3MEHUJICA XapaKTep
nedopManuy — N3MEHIJIACh CKOPOCTh M HallpaBJeHUe ABU:KeHus. Hy
a uTo 0 peaKIIuil TUIIa UHepyUs, TO OHU BCEIeJIO0 3aBUCAT OT BhIOOPA
cmocoba M3MeHeHUs BEKTOpHOH medopmarimu. IToka uesroBedecTBO
MOJIb3yeTCs HAUIIPUMUTUBHEHIIINM CIIOCOOOM MAHU—MOLKAIL, HO C
9TOIro, OYE€BHUIHO, HAYMHAJIN BCE€ BBICOKOPA3BUTHIEC IITNBUJIN3AII 1.

Ho ecau B IIpupone nusMeHeHMe YCIOBUI B IIPOCTPAHCTBE IIPEAOII-
peiesieHo (II0TOMY-TO MBI 1 Ha3bIBa€M UX €CTECTBEHHBIMMU), TO IIOHUMA-
Hye (PUSUKHN YCIOBUI HEeM30eKHO IPUBOAUT K HAXOMKICHUIO UCKYCCT-
BEHHBIX CIIOCOOOB BJIMAHUA Ha ycjaoBusa. Ham B 9TOM eIré mpeacTouT
yO0eAuThCA MPU OCBOEHUM HOBBIX IIPUHIIWIIOB II€PEIBUKEHUSA B IIPO-
CTPaHCTBE, a II0OKA MBI BHIHYKIEHBI aHAJU3UPOBATH OIBIT TEX PA3yM-
HBIX CYIIIECTB, KOTOPbIE C 3aBUIHOM HACTOMYNBOCTHIO IIOCEIAIOT SEMJTIO
¥ KOTOPBIX MBI OKPECTHMJIN IPUIIIEIbIIaMU 1 WHOILIAHETSHAMMU.

Habaromasa 3a ;KMBOM IIPUPOLOM, MBI HEM30€KHO MPUXOAUM K
OTKPBITHUIO, UTO KUBBIE CYII[ECTBA N3MEHAIOT CBOE MECTOIIOJIOMKeHIe
B IPOCTPAHCTBE UCKJIIOUYUTEIHLHO 3a CUET MBMEHEeHUT (Da304acTOTHO-
T'O COOTHOIIIEHUS MEXKIY BHEITHEH cpeoil 1 COOCTBEHHBIM OPTaHmU3-
MoM. MOXKHO CUMTATh €CTeCTBEHHBIM, C TOUKH 3PEHUA SHepro3arpar,
uTo KXHUBOe BBI6I/IpaeT IIYTh HAIMEHBbBIIIEI'O COIIPOTUBJICHMA. N3mene-
HUe K€ IPUBBIUHLIX YCJIOBUI IPUBOAUT K HEOOXOAMMOCTH N3MeHe-
HUS B cIIocobe mepeaBriKennsa. MUIIMOHOJNETHAS IIPUBLIYKA BbIpa-
0oTajsa JOTUKY: YTOOBLI ABUraThCs, HEOOXOAMMA cpena, OT KOTOPOii
MOJKHO OTTaJKUBaThcs. CaoMaTh YKOPEHUBIITYIOCS JIOTUKY ITPOCTHIM
ybOerxaeHreM — IeJio 0e3HamEKHOe, 0COOEHHO KOT/Ia Mbl MMeeM HeJI0
C OTKPBITHIM KOCMOCOM. ITO TO Ke caMoe, KaK HeIIOHMMAIOIIero YTo
Takoe IJaBaTh YOeAUTh, UTO OH MOJKET IIJIaBaTh.
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Ects B IIpupoze Tul »KUBBIX CYIIIECTB, KOTOPBIE, €CJIX BOJIEIO CYdb-
OBI OKaXKyTCA OAWH Ha OOWH C OTKPBITBIM KOCMOCOM, BBIXKHBYT UCKJIIO-
YUTEJIHHO 34 CUET TOTO, UTO OBLICTPO CYyMEIOT OCBOUTH IIPUHITUIUAIBLHO
WHOM cHoco0 TepeMeleHnsa 3a CUET MHOM opraHms3anuu (asouacToT-
HBIX IIpeoOpa30BaHUU B OpranusMe (JIeKTpUYecKre CKaT U yToph Hau-
0ojsiee OJMM3KU K 9TOMY, T.K. OT POMKIEHUS M B 3€MHBIX YCJIOBHAX
BIafeoT (paszoyacTOTHBIMY IIPeoOPa3s0BaHUSAMU B OpTaHU3Me, HO HC-
TIOJIL3YIOT UX B APYTrux Iessax). Co BpeMeHeM 9TU CyIllecTBa HaydaTcs,
a MOJKeT yKe HayUYUJIHNCh IyTeIecTBOBATHL OT 3Be3Obl K 3Be3le, OT
rajJjakTUKU K TaJaKTuKe. BLITh MOXKeT, HEKOTOpPhIe U3 HUX YIKe moce-
1Ty HaIly IIJIaHeTy, a JIIOoAW IpuHuMMaau ux 3a rexaorennoe HJIO...
Yro racaercs mosBieHus TexHoreHHbx HJIO y rymaHousoB, To B He-
KOTOPBIX CIYyYaAX 9TO MOYKHO CBA3ATDH C IIOMMKOM U TIITATeIbHBIM U3Y-
yeHreM 0e30II0OPHO JIETAIOIINX B KOCMOCE KMBBIX CYIIIECTB.

B kHure moxkasaHo, UTO HEOOXOAMMO MEHSATh BHYTPU ce0s, UTO-
6b1 Oe30mOpHO IepeMeIniaTbeA. VccaeqoBaHusa CABUHYJINCH C MEDT-
BOM TOYKHU. JKCIEPUMEHTHI CIeNyeT IEePeHeCcTH B KocMoc. Pummo-
JuHamMuuecKas 102uKa — onopa 6e30nopHo20 OBUNCCHUA.

12. dusuka c:KMMaHMA IBHIKYIIUXCA YACTHIL

CrnenuajabHass TeOPUs OTHOCHUTEJILHOCTH YTBEP KIAeT, 4TO Uac-
THUIA, JBUMKYIIAACI CO CKOPOCTBIO OJIM3KOIM K CKOPOCTH CBETA, YMEHb-
IIaeT CBOM pPa3Mephl B IPOAOJBHOM HampaBjeHuu. lIpuumHy 3TOTO
ABJIEHNSA OHA HAXOAUT B TPeOGOBAHMY KOBAPUAHTHOCTY TEOPUU OTHO-
cuTteJibHO IIpeobpaszoBanuil Jlopenma. OgHAKO 5TO 00'bsACHEHNE SB-
JISIeTCSI CKOPee MaTeMaTUIYeCKUM, YeM (PU3MUEeCKIM.

PurTMommHAMUKA TaKiKe IPeICKashbIBAeT yMEHBIIIeHUEe pa3Me-
poB mBMKyHIMXCA yacTuil. OmHAKO eé 00'bsICHEeHUE 3TOMY SBJIECHUIO
— IpUHIUIHAJIBHO Gusnyeckoe. OHa yTBEP;KAAeT, UTO IPUUYNHA — B
CTPEMJIEHNU BOJIHOBBIX CHCTEM HAXOAUTHCS B COCTOSTHUU C MUHU-
MaJIbHOU dHepruei. JlocTuraercsa sTo COCTOAHUE CIOHTAHHO, CaMO-
IIPOM3BOJILHO, 3a CUET Bapualluy COOCTBEHHBIX KOODAMHATHBIX U
$haz0BBIX MMapaMeTpoB, T.e. ABUIKYIAsCs BOJHOBAs CHUCTeMa Iepe-
CTpamMBaeT CBOI0 BHYTPEHHIOI CTPYKTYPY B CTPEMJIEHUU «CKATHUTD-
csi» B DHepreTudeckKkuit MUHUMYM (cepduHT-3PPeKT).

Ilokasxem 5TO Ha IIPOCTOM BOJIHOBOW CHCTEME M3 ABYX IIJIOCKUX
VCTOUHUKOB.

Puc. 179. [IBa mmockux ucrounuka S, u S,(n,=n,) HAXONATCA HA PACCTOA-
HuU d OPYT OT APYyra U OAHOBPEMEHHO ABUIKYTCS CO CKOPOCTBIO V BIIPaBO
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Bcé BosrHOBOE IOJIe YCIOBHO pasbuBaeM Ha Tpu yuactka: A, B u C.

B o6mactu A aMl'I.TII/ITy,Z[a CYMMapHOI‘O MoJIA paBHA:
x=x,0 X=X, 0

D+¢ D+A cos @HHT—+

O
@, = A cos @n + ]+¢2D. 3.21
H.IT 0 ( )

B o6smactu C aMminTyna CyMMapHOTO MHOJIA PaBHA:

x-x,0 0 O ot x-x,0 .0
[+ A,cos 2T - [+
H ¢1B+ 2 g %2 H ¢2E (3.22)

Y. =A,cos %T{Dt -
c = A L Hﬁ

IMonomum A1=A2=A,, T1=T=T..
Ormerum, uTo B cuiy adderra Jomnepa B 06gacT A IJINHBI BOJH

OyIyT PaBHBI A2a=A1a=Ao.C1/C=Ma,
a B obmactu C Aac=A1c=Ao.C2/Cc=Ac,

raue ¢, =cy/1-PB*sin’d =V cosd = ¢(/1-P*sin’ a - Bcosa)
¢, =cyJ1=B*sin’d +V cosd = c(/1-P*sin’ a +Bcosa) .
ITocJie HECIOKHBIX TPUTOHOMETPHUUYECKUX ITPE00PAa30BAHMUMI IOy UMM:

W, —2ACOS|2T[H::+—D+2TI( )y +o. 46, EIIOSDT -(6.- ¢1)]E

(3.23)
O 0Ot x0O d O O4d 10
=2Acos[2M———[+2n—+¢, + osTl— +(¢,-¢,)-
Y g B.IT )\CH A b, ¢1E& H[)‘c (¢2 ¢1)ZH.
ITonyuenHBIe BEIpA’KeHUA YKA3bIBAIOT HA TO, UTO B 00JacTax A
u C umeeTcAa BOJHOBasd sHeprus. MOKHO TaKyKe IIOKa3aTb, UTO B
9TUX O0JIACTAX CYIIECTBYIOT IIOTOKM SHEPruy M UMIIYJIbCA.

C (pusnueckoil TOUKM 3peHUS UCTOUYHUKU S1 U S2 HEIIPEPLIBHO
M3JIyYaioT BOJHOBYIO 9HEPIrHIO B OKPYIKAaIolllee MPOCTPAHCTBO U IIO-
TOKM DTOM dHepruu HaxogsaTcsa B objactax A u C. Ho sagagumcs
CJEIYIOIINM HEeOOBIUHBIM BOIIPOCOM: CYIIIECTBYET JIM TAKOE COCTOsI-
HUe paccMaTpPHUBaeMoil BOJTHOBOU CHCTEMEBI, B KOTOPOM OTCYTCTBOBA-
J OBl IIOTOKHM SHEPTUU 1 UMIyJabca B obaactax A u C? uin, 4To TO
JKe camoe, uTo0b! ammiIntyna Wa u We numesnu 6b HyJIeBble 3HAUCHU S
BCIOJY B 9TUX 00JacTax?

Ananus MoKasbIBaeT — 9TO BO3MOIKHO, €CJIU «PA3PEINTh» CUC-
TeMe CaMOIIPOU3BOJbLHO (CIIOHTAHHO) U3MEHSATh PACCTOSHUE d MEK-
Iy UICTOUHUKAMU U pasHoCcTh has Ad.

JIJIH Toro uTo0bl Wa 1 We nmenu HYyJIeBbl€ 3HAUEHUA OJIA BCEX
JC1>JC>JC2, JAOJIXKHBI OBITH CcIIpaBeqJINBbl COOTHOIIIEHMA:

O 4 1 O O d 1 O
cos[fi— - —(¢, -, )g=0 cos —+—¢ —¢ =0. (324)
I, "2 @m0 T, 20
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JlamHbIE COOTHOIIEHUA OYAYT BHIMOIHATHCA, €CIU
d 1 m d 1 T
n—-—(¢, - =+ T+ = - =—+Tm, . .
AT e)= g (e, m0 )=, (3.25)

IIycts n,= n,=0, a # 0, Torna TpeGOBaHUA HYJIEBbIX 3HAUEHUH YA
u Ye IpuMyT CJIeOyIOIINI BUI:

Elnd_Aq):E
HAr, 2 2
Bd AG T (3.26)
gA. 2 2.

Pemmas pyst ob1mero caydyasi CUCTEMY YPaBHEHHUI OTHOCHUTEIBHO
IBYX HEM3BeCTHBIX d u Ad, momyumm:

A 1-B*
d:_"D—B , (3.27)
2 1-B*sin’a
0 e O
ap=m - P 0. (3.28)

g J1-Bsin’a (\/I—stinza—ﬁcosa)ﬁ

Haiiném suauenus d u Ad nia npegesbHBIX cay4daes, Korga 0=0
u 0=T(/2, T.e. IJIs IPOJOJHLHON M MOIEePEUYHO OPUEHTAIINU NCTOUHH-
KOB:

A
o 0=0 A¢p=-mP; d= 7" E(l - Bz)HpOILOJILHLIe CIBUT (Da3 U CoKATHE;

Lag a=T/2 A¢p =0; d = )\T" 1- B’ momepeunsie caBur (a3 u cxraTHe.

(Jannubtit 661800 Kacaemcs aHepzemuyeckoil npupodvl CHUMAHUS
B0JIHOBbLX cucmem C nos3uyuu npuHuuna Cmpe.MJLeHuﬂ K MlI,Hu.ZVly-
my.)

Taxum o0pa3oM, B ciydyae HAJNOMKEHUS IOJYUYEHHBLIX YCJIOBUH

(3.28) ma BHYTPEHHIOIO CTPYKTYPY BOJHOBOI CHCTeMBI MBI BUIUM,
uTO OHA BeHET ce0A KaK HeMaJyJaromasa IJd yIaJdéHHOro HabIona-

Puc. 180. 3aBucumocTh pa3smMepoB HUaCTHUIIBI OT cKopoctu: a) V=0; 6) V=0.7¢
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ressa. g HabaomaTess, HaXOMAIIETrocsa B HeIIOCPEICTBeHHOM 6JIu-
30CTU OT HMCTOUHHKOB, UAET reHepalusi BOJH «HA IIOJHYIO KaTyIII-
Ky». JlanHadA mapagoKcaabHas CUTyaIlus, Ha Halll B3TJIA, UMeeT IpPs-
MOe OTHOIIIeHNe K (DU3NKe YaCTUI[ MUKPOMHUPA.

C npyroit cropous! u3 (3.27) ciaeayer, 4TO He TOJBKO IPOHOJIb-
HBIHU, HO U TIOIIEPEYHBIN padMep BOJIHOBOI CUCTEMBI YMEHBIIIA€TCH, U
9TO YMEHbIIIeHNE HAIIPSIMYIO CBSI3BIBAETCA C €€ CKOPOCTHI0. ITOT (haKT
IIPU OTBETE HAa BOIIPOC — II0 KAKOU IIPUUYMHE CKUMAIOTCA JBUMKYIIIU-
ecd Tesia? — IPSIMO YKAa3bIBAET HA SHEPTETUUECKYIO IIPUPOY CIKUMA-
HUS, a IIOTOMY CJIEII0 YBePATh, YTO BCE JeJI0 B KOBAPUAHTHOCTH II0
OTHOIIIEHUIO K IIpeo0pa3oBaHUsAM JlopeHIla, Y Hac Temepb HET OCHO-
BaHUA. JHEePreTHUYeCKoe TPaKTOBaHNE MHOTUX SBJIEHUNA — BECOMBI
KOBBIPh B PYKaX pummo0uHaAMUKU, a €€ BHYyTPEeHHNE TPAKTUKO-Te0-
peTuYecKye Pecypchl eIlé TOJIbKO HAUMHAIOT PACKPHIBATHCA.

IMonyuenHubie TAKUM 06Pa30M PE3YJAbTATHI ITOJHOCTHIO YIOBJIET-
BOPAIOT TPeOOBAHUSAM reOMeTPUUYECKUX IpeobpasoBaHuit MBaHosa.

13. IIapamokc ajs 3ApaBOro CMBICJIA

KoMmbioTepHoe MOIeInpoBaHMe BOJHOBBIX CHCTEM B OJHOMED-
HOM U IBYXMEDPHOM KOODPAMHATHOM IIPOCTPAHCTBE IIOKA3LIBAET, UTO
CYIIECTBYIOT TaKue OTKPHITHIE BOJHOBBIE OOBEKTHI, AJIA KOTODBIX
MOJKHO ITOI00paTh YCJIOBUSA, IIPU KOTOPHIX 9TU 00HEKTHI He M3JIyda-
IOT HEPTUIO B OKPYsKalolliee MPOCTPAHCTBO, HO TOUHEE — M3JIyYaioT B
HemposBJeHHOM Bujae. Tem He MeHee, YaCTh BOJHOBOII 9HEPTUU Ta-
KUX OTKPBITBIX BOJIHOBBIX CHUCTEM OCTAETCA NPOABJIEHHON M JIOKA-
JIM30BAHHOM B OrPaHMUYEHHOM 00JIacTHU IIpOoCTPaucTBa (IOMMAaHHOM B
CBOET0 Pojia «JIOBYIIKY»).

YuurbiBaA IPUHIIUITHNAIbHYIO BAXKHOCTHL OOHADPYKEHHOTO SIBJIE-
HUs, OBLJIO IIPOBEIEHO TEOPETUUYECKOE MCCIEOBAHNE C IIeJIbI0 ITIONCKA
AHAJIOTMYHBIX OTKDPBITHIX KOJIe0aTeJIbHBIX CHUCTEM B TPEXMEPHOM
IIPOCTPAaHCTBE.

B kauecTBe 00BEKTAa MaTeMaTHUYECKOTO aHan3a ObLI BbIOpaH
OCIIMJLIIATOP CO cheprUecKOoi n3aIydaloleil moBepxuocThio. Ilpunn-
MaeTcsd, YTO 3Ta MOBEPXHOCTD SABJIAETCA MCTOUHMKOM BOJIH, Pacipoc-
TPAHAIOIIUXCSA B 00JIACTAX IIPOCTPAHCTBA BHE c(heprUeCKU-U3aIy4a-
IOIIel TOBEPXHOCTU U BHYTPU €€.
e THE SR e T T e TR

T

L | LR B RHEA

EFSS D]

Puc. 181. CoepuuecKkuii OCIUILIATOD
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Bousna, pacxogsamiascsa oT chepuduecKoil MOBEPXHOCTH B OKPYIKAIO-
1Iee IPOCTPAHCTBO, UMeeT BUJ,:

w, = %cos%n@;_fgwlﬁ, (3.29)

rae: A1 — MOCTOSHHAA aMILIUTYAA,

— pazuyc-BeKTOp U3 IEeHTPa chepsl,
— BpeMd,

— IepuoJ;, BOJHEI,

— JJINHA BOJIHBI,

¢, — mocroannasa (dasa.

Bouna, cxogsiasacs B 00J1aCTA IPOCTPAHCTBA BHYTPU cePhl, OIIUCHI-

BaeTCda KaK:
_ A, t_r |
l.|J2 = 7" COS%T[ T —A§+¢ZH, (3.40)

rae: A; — OCTOSTHHAS aMILIUTYZA,
¢, — mocrosaHHaA (asza.

ITosmaraem, 4To Ha IMOBEPXHOCTU C(EPHI BBIIOJHAETCS YCIOBLE
HEIPEePbIBHOCTY AMILJIUTYAbI BOJHOBOTO IIOJIS:

>Ry N

Hr=ro~ " 2|r=ro- (3.41)
W3 sTOro ycmoBusa cluenyer: 4, = A, = A,
—21'[ +¢1—2n +6,=0¢,. (3.42)

Boana W: aBiserca cxo,umueﬁcs{ ¥ B ToOuKe r~(0, OHa UHBEPTUPYETCS
(BBIBOpPAUMBAETCS) U MIPEBPAIIAETCS B PACXOAAIIYIOCH:

Y, =%cos%nﬁ%—)\iﬁ+¢3§ (3.43)

W3 ycioBus MHBEPCUU:

Lps r-o0 =_Lp2r—>0
- - (3.44)
K3 r-o0 __Kzr—>0
¥,
ciemyer: A, =4, 0:=0,- 211)\—”

Ilocse yuéra ycI0BUSA HEIPEPLIBHOCTU W YCJIOBUSI MHBEPCUHU IIOJIyda-
eM, UTO CyMMapHOe BOJIHOBOE II0Jie B 00JacTu A oIpeessercsa Kak:

W,o=W +y, (r>n)
A, gt _r-r0 O A, Ot r+r,0 O
= —Scos@2m H* - —2cosppmO— — + , (3.45)
r % Hr ™ a ¢°H r % Bt~ H ¢°H
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a cyMMapHoe 1oJjie B objacTu B ommceiBaeTcs Kak:
W, =Y, + Y, (r<n)

r—r,

A

_ A4, O¢ 0 g 4, gt _r+n0 a
Yy, = p cos§n5;+ H+¢OH P cos%na; H+¢,,H. (3.46)

A

ITociie HECIOMKHBIX TPUTOHOMETPHNUYECKHNX HpeOﬁpaSOBaHHﬁ AJIA
BOJIHBI LPB IIOJIYyUHM:

24,

r

Y, =

sin@Zn%Q[ﬁinEﬁﬂ@%—;—"§+¢0§. (3.47)

W3 sToro BeIpasKeHus CJaeayeT, UTo B obiacTu B aMILIUTy A BOJI-
HbI IMeeT OTPaHNUYeHHOe 3HaUeHNe BO BCeX TOUKaX r<ro, B TOM YIC-
Je u B Touke r=0.

ITocne cooTsercTBYIOmMUMX Mpeobpa3oBanuii 1A W, HaXoquM, 4TO
B o0JlacTy A aMIJIUTya CYMMAapHOTO IOJIS paBHa:

_ 24, . t_r OninBnnH.  (3.48
v, . Bln%ﬂﬁ; )\§+¢°HB"‘HZ“AH ( )

3amaguMcsa BOIIPOCOM: CYINECTBYIOT JIM TaKWe YCJIOBUS, HPU
KoTopeix W, mpeBpamiaerca B HyJb JJIA BceX r u t? Jlna sToro B
BhIpakeHuu [y W, obpaTuM BHUMaHUE HA MHOMKHUTENb

sin |:|2'l'[ o [
H™H-
ITorpebyeM BBIIIOJHEHUS YCJIOBUSA:
O, r,O
sin(RT—0=0.
H* ™2 H
Ito YyCJIOBH€ BBIIIOJITHAETCA, €CJIN:

211;\—"=T[n n=1,2,3,...

7 W) 01 r, = —n, (3.49)

T.e. IIPY JAaHHOM YCJIOBHUM BOJIHOBOE II0Jie B oOsacTu A (CHApPY KU
chepuUecKoil MOBEPXHOCTH) MOJIHOCTHIO TACUTCA U JOKAJIU3YETCs
TOJIBKO B o0sacTu B (BHyTpu chepuuecKoii moBepxHocTu). BaxHo,
YTO IPU U3MEHEeHUN CKOPOCTU PaHee HeM3JIyUuarolliasa BOJIHOBAs CUC-
TeMa OyZeT m3JydaTh BOBHE — 3TO CBS3aHO ¢ (Da30UaCTOTHLIMHU IIepe-
crpoeHuAMU. KaK TOJBKO CKOPOCTH CTAOMJIMBUPYETCs, IIepecTpoe-
HUS IPEeKpalnalTcsa 1 YACTUIA BHOBbL CTAHOBUTCS HEM3JIyUaloIlei.
Taxoe puTMOAMHAMUUYECKOE CBOMCTBO HEUBJIYUAIOIINX 00 bEeKTOB-MO-
JIejyeil MPsAMO YKas3bIBaeT Ha MIPUUYUHY, HATIPUME]D, UCIIYCKaHUA KBaH-
Ta 9JIeKTPOHOM IIPU IePexo/ie C OAHON OpOUThI HA APYIyIO, a 3HAUUT,
MbI UME€eM BO3MOKHOCTB OLIEHUTH €I'0 BHYTPEHHIOIO CTPYKTYDY.
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Puc. 182. Hewusnyuaromasa dactuiia (a) msMeHUJIa CKOPOCTh, HO He ycCIiesa
nepecTpouTsh casur das (6). IIposiBUIOCH U3IyUeHNE, YACTULIA CTAJIA BUAMMOMN
[UIST OKPYIKAIOIINX

Taxum 06pa3oM, MPOBEAEHHBIN MaTeMATUUECKUHM aHaIN3 OKAa-
3BIBAET, UTO MOXKHO OZOOPATH (YKa3aTh) TAKKWeE KJACCHI OTKPBITHIX
BOJIHOBBIX O0O'BEKTOB B TPEXMEPHOM IIPOCTPAHCTBE, IOJE KOTOPBIX
JIOKaJIN3yeTcsA B OrpaHUUYeHHOI obsacTi. OTMETHM, YTO 9TOT BBIBOJ
UMeeT HENOCPECTBEHHOE OTHOIIEHNE K (PU3MKe dIeMEeHTAPHBIX Ua-
CTHUII.

14. PuTMognHAMHUUYECKas JJOTHKA B 3JIEKTPOIMHAMUKE.
EnuHo00pa3HbIii MEXaHU3M B3aMMOAEHCTBUM

IIpuémMbl PUTMOAMHAMUUYECKON JIOTUKMW HAXOAATCA B IIOJHOM
COTJIACVY C COBPEMEHHBIMY TEOPETUYECKUMU IIPEICTaBICHUSIMU DIIEK-
TposmHamMuKu. IIpomeMoHCTpUpPYEM 3TO.

ITosoK1uM, MMeeTCsI I0JIEe 3JI€KTPOHHLIX OCIIUJIISATOPOB (CIIMHOP-
Hoe moJie). PYHKIUA I0JIS 3TUX OCHUILIATOPOB B CIIy4ae PacIpPOCT-
paHAIoIIeica BOJHBI UMEeT BU:

w=we (3.50)

=

rae: S=Et—px — QyHKIuA AefcTBUS CBOOOIHOTO MOJS,
Y, — mocroaHHAA aMILIUTYA,
E — smeprua,
P — UMIYJbC,
t — Bpems,
X — KOOpAWHAaTa,
h — mocrosuuas Ilnanka,
i=(-1)Y2,

PaccMoTpuM B3aUMOZEHUCTBYE MEMKY IIOJIEM 9JIEKTPOHHBIX OC-
MUIISITOPOB ¥ BHEIITHUM 3JI€KTPOMATHUTHBIM moJsieM. Tak, B Teo-
pUU TIOJIST B3BAaUMO/IEMICTBIE MEXK/IY PACCMATPUBAEMBIMY ITOJISAMU OIIH-
cbIBaeTcs (pa3oBbIM MHOMKUTEJEM B (QYHKIIMU IIOJA:
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i S
W, = We h, (3.51)
roe: ¥ — (QpyHKIUA MOJSA 4O B3amMOJeHCTBUA,

Wps — QYHKIUSA OIS B YCJAOBUAX B3aUMOJIEMCTBUA,
So — (pyuKIUg OelicTBUs, XapaKTepU3yIoIlasa BO3IeiicTBIe
9JIEKTPOMATHUTHOI'O II0JISA Ha dJIEKTPOHHOE,
. S,
"h
e — (as30BBIf MHOYKUTEb.

HaxomguMm 006001éuay0 sHepruo W s 5JIeKTPOHHOTO IIOJIA:
GAY

W=E+ 0—;’ . (3.52)
Haxomgum 00006IéHHBIN UMITyabce I1:
iAY
n=p-—2", .
p-7 (3.53)

W3 mocaegaux GopMyJ BULHO, UYTO B Pe3yJILTATe BBEJEHUS (pa-
30BOTO0 MHOXKHTedAsS B (3.51) masa PYHKIMM IIOJA, B BHEIPAMKEHUAX
sHeprum, umnyJbea (3.52, 3.53) mosaBaseTCsa TOMOJTHUTEILHBIN UIeH,
KOTOPBI XapakTepusyeT Ae()eKThl SJHEPIUN U UMIIYJILCA 3JIEKTPOH-
HOTO TIOJIA.

B obmiem cayuae pyHKIUS geiicTBus S, paBHA:

S, =§J’A\,dxv; (v=1x,p,2.1), (3.54)
L

rae: {Ax, Ay, Az, O} — UeTHIPEXMEPHBIHA ITOTEHIIXAJ SJIEKTPOMATHUAT-
HOTO II0JI,
e — 9JIeKTpUYeCcKU 3apsa,
¢ — CKOPOCTH CBeTa.

«JleheKThI» 9HEPIUU M MMIIYJIbCA, KAK 3TO CJIEAyeT U3 II0CJe-
IHero BeIpaskeHUsd (3.54), 3aBUCAT OT IIOTEHIIUAJIOB 3JIEKTPUUECKOTO
I10JIsI, KOTOPEIE OTBETCTBEHHEI 34 M3MeHeHne (ha3 HeBO3MYIIEHHOTO
COCTOSIHUSA IIOJISA 9JI€KTPOHHBIX OCIIMJLISTOPOB.

Temeps pacCMOTPUM YaCTHBIN CcJIydail, KOT/la IIePBOHAYATbHBIN
UMITYJIbC 9JIEKTPOHHBIX OCIMJLIATOPOB paBeH HYJI0 (p=0), a pyHK-
uA OeUCTBUA S, 3aBUCUT TOJIBKO OT CKAJIAPHOTO HOTEHIINAJA, T.€.

Sy=efddt=chpt. (3.55)

Eciu B (3.55) BBINIOJIHUTE IIepeXo OT CKAJISAPHOrO IIOTEeHI[Aa
¢ x wacrore V KosebaHwmit, TO MOCIE TAKOTO Iepexofa Misd QyHKIuu
S, TToTyumM:

S,=hvit. (3.56)
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Cuta peakiiuu (Cra) MOJIA 9JIEKTPOHHBIX OCITUJLIITOPOB Ha BHEIII-
Hee Bo3JelicTBUe, KaK 3To caenyet u3 (3.53), BeruucaseTcs mo GopMy-

Je:
0 00 0 [os
F=—-—MN=-——3S§ =——§—“ 3.57
ot atox "’ dx OtE (8.57)
2
¥ paBHA: F = hAx . (3.58)

IonyuenHas Gopmysia SBIAETCSI HOBOM IPUMEHUTEIHLHO K TEO-
pUH TOJIA ¥ OTOOPasKaeT CBA3h PEAKIINY 9JIEKTPOHHOIO II0JIA Ha BHEIII-
Hee BO3AEeHCTBME CKAISIPHBIM IIOJIEM, C IPAJUEHTOM YaCTOTHI.

Taxum 00pa3oM, UMIYJIbCHO-9HEPreTUUeCKre CBOMCTBA BOJIHO-
BOUM CHCTeMBI OIPeAeATCA M3MeHeHNEM (Pas3ouacTOTHBIX Xapak-
TEPUCTUK 9TOU CHUCTEMEI.

I[aHHbeI BBIBO/], KaK IIOKa3bIBa€eT HaIll aHaJIN3, CIIpaBeaJIUB IJId
BCeX BOJIHOBBIX cucTeM. VI mMeHHO II0O9TOMY 06'be/:[I/IHeHI/Ie B3anMO-
,].IefICTBHfI cjefyeT WMCKaTh Ha IIyTHU IIPUBJEeYeHUA (PasodyacTOTHBIX
XapaKTepUCTUK BOJIHOBBIX IIPOIIECCOB.

B sakiiouenue oOpaTuM BHUMaHUE Ha (DM3UUYECKYIO MHTEPIIPe-
Tanuio BeIpakeHud (3.58) 1A peaKIiuu IoJid.

a). Eciu MeEXAY JIEKTPOHHBIMU OCIIUJLIIATOPaAMM, HAXOOAIIINMICA Ha
paccTodHNU Ax nmeercs COBUI 4aCTOT Av, To Ha HUX }_IefICTByeT cuJja:

F=-n—
Ax
6). Eciu Ha cucTeMy W3 ABYX OCIUJIJIATOPOB AeHcTByeT cuia F, To
MeXKJIy HUMU BO3HUKAET YaCTOTHBIN CABUT, OIpPeaeIaeMblil (hopMy-
JIOM: 1
Av = —;F Ax . (3.59)

ITH nBe (puU3MUECKHe CUTYalluU IPUCYTCTBYIOT B PA3TUUHBIX
MecTaxX HACTOAIIeH MOHOTpaGuM W OTPAXKAIOT HUCKJIIOUUTETbHYIO
BasKHOCTh (pa304aCTOTHBIX CBOMCTB BOJIHOBBIX CHCTEM. JTO TaK Ha-
3bIBa€MbI€ JB€ CTOPOHBI OMHOI (YM3UKU IIPOIECCOB, OTBETCTBEHHBIX
3a TMOHATHUE CULA.

15. PUTMOJIUHAMMUEKA upenckassiaer?!

MBI OPUBBLIKJIM IIE€PEMEIAThCA OTTAJIKMUBASICH., OTA IPUBLIUKA
chopMupoBasa HAIIY JIOTUKY, a II0 CYyTHU, 3a0JI0KHpOBaJa eé oT 6e30-
IOPHBIX CIIOCOOOB IIepeMelleHnsi. BepoATHO IO3TOMY MHOTHME HAIIINA
SKCIIEPUMEHTEI — OnopHBIe. Ho uTo OyZeT MponCcXOaUuTh, €CIN SKCIIe-
PUMEHTBI IPOBOAUTEL B YCJIOBUAX HeBecoMocTH? BBITHL MOXKeT, B Ta-
KHX 9KCIIEPUMEHTAaX yIaCTCs HAIyIIaTh IIYyTh K 0e30II0PHOMY Iiepe-
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merieHnio? Bo MHOTMX sKcHepuMeHTaX MBI IPOCTO He AaéM ycTa-
HOBKE JBUTATHCSA, a IOTOMY Ha BHIXOJle OHA, YCTAHOBKA, BBIHYKAEHA
cOpachIiBaTh UBJIUIITKN SHEPTUU B BUMIE HAIPABJIEHHOTO M3JIYUECHUSI
(adbdexrT [Ix03edcona, HaTpUMeD).

B KHUTre MBI IOKa3aJIi, YTO €CJI CO3AaTh CABUT (ha3 MeKIy BUO-
paTopaMu, TO MHOTO3JIEMEHTHAA aHTEeHHA JOJKHA JIBUTATHCA B KOC-
moce. Ho xak, Hanmpumep, OyaeT BecTu cebs B HEBECOMOCTH CBEpPX-
IIPOBOJSAIIEe KOJIBIO, ec/Iu 0 Hemy UAET ToK? IToaBuTes Jiu y KoJIblia
BeKTOpHAas AepopMaIiid UJIN BO3PACTAIOIINIA BO BpEMEHN UMIIYJIbC?
Ecau [IA, TO KOJIBIIO CTAHET CAMOPACKPYUUBATHCA.

Py HH/% FR
t g"% g
,\/’\//\H\)j ®&HEA®J

Puc.183. To ke camoe MOKeT IIPOUBOHUTH, €CJAU MBI CO3AAAUM 3aMKHYTYIO
B KOJIBITIO OaTapeiiKy MM 3aMKHEM B KOJIBIO U 3aPALUM LIEIIOYKY IIJIOCKUX
KOH/JIEHCATOPOB

BbpI00TOUHBIT aHAIN3 HEKOTOPHIX 9KCIIEPUMEHTOB IIOKAa3bLIBAET,
YTO B HUX MBI IPOXOAUM MMMO CAMOTO IVIABHOTO — MUMO 3((HEKTOB
caMOABUM KeHUA. A BeIb B 9TUX s(pdeKTax KpoeTcsa Oyaylnee HOBBIX
TEeXHOJIOTUH, OyAyIilee HOBLIX CIIOCOOOB mepenBUKeHUs Bo Bcesen-
Hol. Ecyin 4TO-TO M3IyyaeT, 3HAUUT €My He Jai0oT ABUTATbCS.

EcTb 1 HOBBIE 00'bSICHEHHUA CTAPBLIX 9KCIIEPUMEHTOB (uaeit), Ha-
IpUMep PUTMOAMHAMUUYECKHUI CTOJIOUK-IUOM U3 METAJJIOB, XOPOIIIO
MIPOBOJAINNX JIEKTPUUECKUIN TOK, T.€. UMEIOIIUX MaJioe COIIPOTUB-
nenne. OcraHoBuMca oapobHee (puc. 184).

4N7

Puc.184. PurmomuHamMuuecKuii cuaigep-aIuo COCTOUT U3 Habopa ILJIOTHO
NPUKATEIX APYT K APYry METALIAYECKUX IIJIACTUH

Ha rpaHuiiax KOHTaKTa MeTAJJIOB BOBHUKAIOT crHalimep-sddhex-
MeTannbl TaK MOAOOpPaHBI IO YACTOTHBIM XapaKTEePUCTHUKAM,
uyTOOBI HAIIpaBJeHUe craigep-a(h(GeKToB BO BCeX MecTaX KOHTAKTOB
ObL10 oxHO. Ecin K mM300park€HHOM e MIOAKJIIUYNTL MCTOUHUK
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OUTAHUSA TAK, YTOOLI €ro TOK COBIIAJAJ IO HAIPABJIEHMIO CO CIIAii-
nep-ahdexTaMu, TO COMMPOTHUBICHNE CTOJOMKA OyAeT He3HaUNTe/b-
HBIM, a TOK OaTapeiKy MaKCHUMAJLHO YCUJIEHHBIM. EC/IN IIOMEHATH
HOJIIPHOCTh MCTOYHNKA MUTAHNSA, TO COIPOTUBJICHIIE CTOJONKA Pes-
KO BO3PAcTET. ITO MOJIKHO IIPOUCXOAUTH II0 IPUUYUHE, UYTO BEKTOP
TOKa 0aTapeiiku 1 BeKTOP cHaiaep-apdpexToB cTOIONKA IPOTHUBOIIO-
JIOXKHBI, a 3HAUUT OyAyT TaCUTh APYT ApyTra.

16. K Bompocy o mpupoge cuix

HO‘IeMy B OMHHUX CJIydyadX Mbl UMeeM [JeJIO C IIPDUTAXEeHeM, a B
IPYTUX — ¢ OTTANKuBaHneM? PuTMOAMHAMUKA CIIOCOOHA OTBETUTEL HA
STOT BOIpPOC 0e3 IIPUBJIEUEHN 0CO00r0 MATEeMAaTHUUYECKOro amnapara.
O6parumcsa k puc. 185.

2 4

| (e D] 1

1 2

a. 0.

Puc. 185. MbI numeeM ABa MCTOUHUKA A W B, OTJIMYAIONINXCS 10 YacTOTe
(v,<<Vv,). Eciu ucrounuku A u B BBIKJIIOUEHBI, TO OCHUILIATOPEL 1,2,3 u 4
NMEIoT paBHLIe 4acToThI (V,=V,=V,=V, =V). Oﬁmee JK€e COOTHOIIIEHIE YaCTOT
TaKoBO: V,<V<V,

Paccmorpum cutyanuio (a). Eciu m3HauaabHO YaCTOTHI OCITHJI-
JSITOPOB I 1 2 ObLny paBHEL (V,=V,), TO IPU BKJIIOUEHUU UCTOYHUKA
A cooTHOMmeHMe yacToT B cucreMe C M3MEHUTCS (v, <V,). Taroe
M3MEHEeHIe BHI3BAHO SBJIEHMEM 3aTATMBAHUS UACTOT: UeM GJIIsKe
OCIIMJIJIATOP K MCTOUHUKY, TEM CUJIbHEEe U3MEHAETCS ero 4acToTa.

Jlia Hac OueBUAHO, YTO OCHUJILIATODP I OimiKe K A, UeM OCITHJI-
JIATOP 2, a MOTOMY MMEHHO ero 4acToTa U3MeHuTcs cuiabHee. Ho Tak
Kak yacToTa A MeHbIIle 4YacTOThI 1, TO BeaeacTBue s deKTa 3aTAru-
BaHUA IIPOUBOUAET YMeHbITeHre YacTOThI 1. Y yacToTa OCIUIIATO-
pa 2 yMEeHBIIINTCA, HO B MEHBIIIel CTeeH!, T. K. OH, OCIIUJLIATOD, Ha-
XOLUTCA JaJbIlle OT MCTOUHUKA.
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IlosBusInasca B cucreme C apuTMus IPpUBEHET K AepopMaIinu
coOCTBEHHOTrO MoJia uHTephepeHI . [Iasa Toro 4ToOBI BBHIIIPABUTH
nedopmariuio cucreMa C BRIHYKIeHA CAMOIBUTATHCSA C YCKOPEHUEM
B HampaBJjeHuu A.

Paccmorpum curyarnuio (6), B KOTOPOIl HYacTOoTa MCTOUHUKA B
BBIIIIE, YeM MCKOMBIE YaCTOTHI OCIUJIIATOPOB cucteMbl D. Kaxk u B
MpeabIAYIEeM CJIydae HIPYU BKJIIOUEHUU MCTOUHUKA B COOTHOIIIEHUE
4acTOT, Teleph yxe B cucreme D, nuamenurca (V, > V,). Ilo-cytu, B
curyanuu (0) IPOUCXOIUT BCE KAaK U B CUTYaI[UU fa), HO C TOYHOCTHIO
o Haobopor. ITosBuBIIasicsa B cucreMe D apuTMusA IPUBEIET K Ie-
dopmamuu coGCTBEHHOTO WOJA WMHTepdepeHnu. [[ad TOro 4TOoOBI
BBITIPABUTH JedopMarinio cucreMa D BHIHYKIEeHA CAMOIBUTATHCA C
YCKOpeHHEeM B HaIIPaBJIEHUU OT B.

M&I BUAMM, YTO U B IIEPBOM, M BO BTOPOM CJIyYasX BO3HHUKAET
CaMOIBU KEHIe CHCTEeM OCIMJIIATOPoB. Ho Torma mpaBoMepeH BOII-
poc: npuuém 30ecv cubl. npumsiienus u ommaaxkusarnus? Boapoc
He JIUIIEH CMBICJIa, T.K. B PACCMOTPEHHLIX IIPUMepax AeliCTBUTEeIbHO
HeT HU CUJIbI IPUTAMKEHNS, HU CUJIbI OTTAJIKUBAHUA, HO eCMb CAMO-
deudiceHue, Komopoe co30aém ULNI03UI0 IMUX CUL.

Ho Torza u camo nmoHATHE «cuya» — uinodud? a — uinnrosus,
oOMaH JIOTUKY, naryoHas npuBbryka. IIpocTo y cTopoHHEro HabJIo-
JaTesisd BOBHUKAET BIEUATJIECHUE, UTO UCTOUHUK JINOO IPUTATUBAET,
60 OTTATKUBAET CUCTEMY OCIMJLIATOPOB. VICTOYHUK JIUIIH CO3La-
€T YCJIOBUSA JIJIA CAMOJBUYKEHUS — MMEHHO K 9TOMY BBIBOAY U IIPUBO-
IUT pummoOuHAMUKQ.
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CJIOBAPb TEPMHUHOB UM OIIPEJIEJIEHHN

ApHUTMHUS — HecOBIajeHNe YaCTOT B CUCTEME OCIUJIIATODPOB, IPUBOAAIIEE
cucteMy Jaubo0 K pacmajny, Jubo K YyCKOPEeHHOMY CaMOIBUKEHUIO.

BekTopHas medopmManus — HanpaBlIeHHOE NCKAKEHWE MCXOJHOTO WH-
TepEePEeHIINOHHOTO I0JIsI, BEI3BBAHHOE CABUrOM (ha3, miau aputmueit. B or-
KPBITOM IIDOCTPAHCTBE IPUBOLUT K ABUIKEHUIO, B 3aKPHITOM — K JEHCTBUIO
Ha IPENnATCTBUE.

Bec — xonmuecTBeHHAs Mepa IPOSIBIEHUSA apUTMUM (BEKTOPHOHI Hedopma-
IUY) IPABUTAIMOHHOTO XapaKTepa; Mepa CTPEMJIEHUA K COCTOSHUIO BHYT-
PeHHero IIOKOH.

BemnrecTBO — peaysbTaT BOJTHOBBIX NIPe06Pa3oBaHUil 5hupa, XapaKTepusay-
IOIIUXCA YCTONYMBBIMYU CBOMCTBAMU.

BoaHa — nepuonuueckoe BoaMyllieHNe, IepeMelaiolleeca B Cpee-HOCUTe-
Jie BOJIH.

Bpemsa — aBrop oTHOCHTCS KO BpeMeHU KaK K MHCTPYMEHTY, C IIOMOIIbIO
KOTOPOTO CO3HAHUE ITOCTUTaeT 0e30THOCUTENIbEbIE GHU3UUECKIE IIPOIIECCHI, &
o6Hapy’KeHHbIE TAKUM 00pa3oM 3aKOHOMEDPHOCTU CTPEMUTCS MIPUCIOCOOUTH
JUI COOCTBEHHBIX HYIKJ. ABTOD IIoJIaraeT, 4TO €CTh TOJbKO HacTosAmee. Ho
Toraa Oyayliee — 9TO KOHKPETHbIE YCJIOBUSA AJA COOBITUI, KOTOPBIE CYIIle-
CTBYIOT B HACTOSAIIEM, HO €IIé He JOCTUIJIM HAIIIeTr0 MUPAa; IPOIILJIoe — YCJIO-
BUS, PeajibHO CYIIIECTBYIOIIVE B HACTOAINEM, HO yiKe IIPOIIEeAINre CKBO3h
IIPOABJIEHHBIN AJI HAC MUD. B 9TOM cMbIciie TOHATUA Oydyuiee U npouLioe
YCJIOBHBI.

I'paBuTAaIMOHHBIA CHHTE3 — [I€PEXO0/] BEIleCTBA U3 ONHOT0 KaueCTBeHHO-
'O COCTOSIHUSA B JPYroe, BEI3BAHHBIN YBEJINUYNBAIOIIMMCS BO BDEMEHHU CIABU-
rom ¢as. ConpoBoKgaeTcs yBeJINYeHNeM BHYTPUALEPHOTO UMIIYJIBCA, YaCTh
KOTOPOTO B IpoIlecce IpeodpasoBaHuil BhIOPACKIBAETCS HAPYIKY B BUIE U3-
JIyYEHUS.

I'paBUTAaIMOHHEIN PEAKTOP — 06/1aCTh IPOCTPAHCTBA, B KOTOPOM €cTe-
CTBEHHBIM HJIXA MICKYCCTBEHHBIM CIIOCOOOM CO3JAHBI YCJIOBHHA, IIONAB B KO-
TOpPBIE B TeJIaX IIPOUCXOAUT 2PABUMAYUOHHbLIL CURMES.

JABUiKeHne — nepemeleHrie OTHOCUTEIHLHO HOCUTEIS BOJIH.
3aMOPOKEeHHOE COCTOSIHHUE CHCTEeMbI — De3yIbTaT (PUKCHPOBAHHOIO CIBH-
ra a3, He3aBUCHAIIETO0 OT PEXKMMOB ABUMKEHUA. VIMIYJIbC 3aMOPOHCEHHOU
cucmembul He 3aBUCUT OT CKOpocTH. Mcosib3yeTca B aHTeHHAX AJIs IOJIyde-
HUS HAIPaBJEHHOTO U3JIyUYEHUA.
Nmnyase (xapakTepucTuKa BEKTOPHOR AedopManum):
NOCMOAHHDBLI — IPA OTCYTCTBAM B3aMOJeHCTBUN 00yCIOBIeH KOH-
KPETHBIM caBUroMm ¢as;
nepemeHHbLU — IPU OTCYTCTBUN B3aMMOJEHCTBUN 06YCIOBIEH U3Me-
HABIMUMCA caBurom ¢as (pasHOCTHIO YaCTOT).
3aMmopoNceHHbLU — 00yciIoBIeH (PUKCUPOBAHHBIM, HE 3aBUCAIIUM OT
CKOPOCTHU (3aMODOKEHHBIM) CABUTOM (has.

WNHepuus — peakiusa cucTeMbl Ha N3MEHEHVE BHYTPEHHET0 COCTOAHUS, Xa-
paKTepusyeTcsa NOABJIeHHEeM BEKTOPHOU AedopManuu 3a CUET U3MeHEeHUd
COOTHOIIIEeHU:A (pas.

KBaHT BpeMeHH — MpOMeKyTOK MEXIy COOBITUAMY HAYaIa U KOHIA €[u-
HUYHOTO K0JIe0aHUS IPOTOOCIIUIIIATOPA.

KBaHT Macchl — MUHUMAIBKBIN KO3(D(OUIUEHT IPOIOPIMOHATLHOCTH MEK-
LYy umnyavcom u cosuzom ¢as (dm=c/T) nnga npomodunons.

Jlornueckoe MPOCTPAHCTBO — KOHKPETHOE BUICHNUE, BOCIIPUATHE, TOHU-
MaHue.
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Henmosnass mMacca — HemoJHBIH Ko3hQUIUEHT MPONOPIUOHAIBHOCTHA
(m'=n/T). BrepBble BCTpeUyaeTcs MPU PACKDPBLITUU MOHATUA E=mc?.

Hocureas BOJH — cpefa pacipocTpaHeHus BOJIH, 3(Pup.

OTcyTcTBUE TBUMKEHHUS (IIOKOM) — YACTHBIA CIydaii JII060T0 BUAA JBUMKE-
HU{A, XapaKTepU3yeMbIi HyJIEBOH CKOPOCTHIO OTHOCUTENBHO dgupa. CKopocTh
— IIPU3HAK BCAKOI'O ABUKEHUA.

HeyeMemeHMe — H3MEHEHUE IIOJIOJKEeHUdA B CHCTeMe KOOPDAMHAT, CBA3aH-
HOM C HOCHUTeJIeM BOJIH.

ITose — 06BéMHOE pacpe/ieienne Yero-Iuto; 4acTb IpocTpancTsa (065seM,
BMECTUJIUIIE), B KOTOPOM OOHAPYKUBAIOTCA PA3JIMUYHOrO POAA BO3JENCTBUA,
HaIpUMep: 9JIeKTPUUECKOe, MATHUTHOE, FPABUTAI[IOHHOE, CEHCOPHOE, 3BYKO-
BOE U T.I. XapaKTePUCTUKHU HOJIA: 1) MOTOK sHeprum; 2) MJIOTHOCTh dHEP-
ruu; 3) HampaBieHUe; 4) HeIPEePHIBHOCTD (IIPEPBIBUCTOCTD); 5) IPOTAKEH-
HOCTb.

Ilone cui — pacupezeseHue OTHOIIIEHIT MeXKAY 06BeKTaM1; 00/1aCTh IIPO-
CTPAHCTBA, B KAKAOW TOUKEe KOTOPOTr'0 Ha IOMEIEHHYIO TyJa YacTUILy Aeii-
CTBYeT CHJIa, 3aKOHOMEPHO MEHSIOIIAACA OT TOUKHU K TOUKe.

Ilomnasa macca — cymma k8anmos maccol (m=n - c/T), CyMMapHBIA K03(-
(bUIMEeHT TPOIOPIMOHATBHOCTH.

IIpoTOOCTIHILIIATOP — eqUHNYHBIH (3JIeMEHTaPHBIN) IIPOIecC B d(hupe, CIIO-
COOHBIN reHepUpPOBaTh KOJIe0aHus.

HpOTOHHHOJII) — CUCTeMa U3 IBYX KOI'epPeHTHBIX IIPOTOOCIIUJIIIATOPOB, Xa-
PaKTepua3yrmasaca IeJIOCTHOCTBIO U OTCYTCTBHUEM M3JIYyUEeHUd 3HEePIruu BO-
BHE BIOJIb COEOUHAOIIEN UX OCH.

IIporouacTua AByMepHAsa — ILUIOCKAas 3aMKHYTas CHCTEMa U3 N-Kore-
PEHTHBIX IPOTOOCHMJIIATOPOB, XapaKTePHUBYIOIAACA I€JIOCTHOCTHIO U OT-
CYTCTBHEM H3JIyUeHUS SHEPIUU B IIIOCKOCTHU HX PACIIOJNIOMKEHU.

IIporouacrunma TpéxMepHasE — 06bEMHAS 3aMKHYTas CUCTEMAa U3 N-KO-
T'€PEHTHBIX OCIIUJIJIATOPOB, XapaKTePU3YIOI[adCHd I€JIOCTHOCTHIO 1 OTCYTCTBH-
€M H3JIyYeHHUsA SHEepPpruum BOBHE.

IIpeoOpa3oBaHuA KOOPAMHAT — MaTeMaTHIECKUH CIIOCOG OIMCAHILSA IIPO-
HUCXOJAIIET0o B OLHOM CUCTEMe OTCUETA C TO3UIIUY HaboaTesns Jio00i Ipy-
TOH CHCTEMBI.

IIpeoopasoBanusa I'aauiaesa — noasuinck opueHTHPOBOuYHO B 1600 roxy
KaK CPeACTBO AJs OOBACHEHWS HICHTUYHOCTU IIPOMCXOLSIINEro B IIOKOS-
mieica U JBUIKYIIENCcA cCucTeMax.

IIpeo6pasoBanusa Jlopenna — nossunucek B 1895 rony Kax BHIHYKIEH-
Has Mepa JJIs OIPABJAHUA OTPUIATEIHHOTO Pe3yIbTaTa dKcIepuMenTa Maii-
KeJabCcoHa. B JajibHeHIeM HCIIOIL30BAJINCHL DUHIITEHOM B KayecTBe HH-
CTPYMEHTa Iepexofia OT OJHON ABUKYIIelcsa CUCTeMBI K JPYTOi.

IIpeo6opasoBanus UBanoBa — nmoasuauce B 1981 roxy B pesysabTaTe Te-
OPEeTUYECKOTO OTKPHITHUS SIBJICHUS CKUMAHUSA CTOAYNX BOJIH IPY U3YIEHUN
BOJIHOBBIX IIPOIIECCOB B JBMIKYIIIEMCS OTHOCUTENIHHO 9¢upa nHTepdhepomMeT-
pe. fABinenue moaTBep:;kAeHO B 1990 roay B SKCHEPUMEHTAX CO 3BYKOBBIMU
CTOSAYMMU BOJTHAMU.

CaMoaBHIKEHHE — eCTECTBEHHAS PEAKIUA CUCTEMbI HA 8eKMOPHYI0 Jedop-
mayuw. B 3aBucuMocTH OT XapakTepa BEeKTODHO! medopManuy CaMOLBU-
JKeH1e MOJKeT OBITb PABHOMEPHBIM (C MOCTOSHHOM CKOPOCTHIO) U YCKOPAIO-
muMes.

CBoGomHOe maJieHue B IM0JIe FPABUTAIMH — eCTeCTBeHHAA PeaKIlis Teja
Ha BEKTOPHYIO Je(OpMAaIiio IPaBUTAIIMOHHOIO XapaKkTepa. Ilpu cBo6ogHOM
najieHny BeKTopHasA aedopMaIui OTCYTCTBYET.

Casur ¢as — HapAzy co cTaHIAPTHBIM ONpeeleHneM ABIACTCA XapaKTe-
PUCTUKOU BEeKTOPHOI medopManuu (HAIPIKEHU).
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Cuia — xapaKkTepuCTUKA OTHOLIEHUN MeX Iy 00beKTaMu; TOTeHI[NAIbHOE,
HO IIpepBaHHOEe IBUIKEHNE; Mepa HepeaJN30BAHHOTO IIOTEHIIUAIBHOTO JBU-
JKEHUs; Mepa 3aMOPOYKEeHHOro caBura (as; Mepa BPOMKIEHHON WK JKe BBI-
HYKIEHHO! apuUTMUM.

Cuia UMIyJIbCa — XapaKTePUCTUKA TUIIA NeWCTBUAA (CHJIbI), OTHOCUTCA K
cucTeMaM C 3aMOPOKEeHHBIM caBurom ¢as (cMm. cu.za).

Cuja rpaBUTAIIMOHHAA — O0BEKTUBHEBIE YCJIOBUA ITOJIEBOIO XapakTepa,
IIOIIaB B KOTOPHIE, Y TeJla N3MeHSIeTCA XapaKTep BOJTHOBOTO B3aUMOJAEHCTBUSA
HAa aTOMapHOM MU TIJIy0’Ke YpPOBHAX (BOBHMKAET apUTMUS) W IOABJIAETCS
HalpaBJeHHAsl BeKTOpHAas gedopMaIiusi.

CKOpPOCTh — XapaKTepUCTHUKA ITepeMeIeHns.

CoCcTOIHMA NOKOA (XapaKTepuayeTcs OTCYTCTBHEM BHYTPeHHUX Aedop-
Manuii):
Ilepeoe cocmoanue noKoa — coOTBETCTBYeT OTCYTCTBUIO JBUIKE-
HudA. [asa npomodunons xapaKTepusyeTcs OTCYTCTBHEM caBura (das.

Bmopoe cocmoaHnUue NOKOA — COOTBETCTBYEeT PABHOMEDPHOMY [BU-
sxeHu0. g npomodunona XxapaKTepU3yeTcsa CTPOTO (PUKCUPOBAHHBIM
caBurom as.

Tpemve cocmosanue noOKOA — COOTBETCTBYET YCKOPEHHOMY JBUIKe-
Huto. [na npomodunoas xapaxrepusyercad (PUKCHPOBAHHOU YACTOT-
HOH apUTMUeN, UJIN,4TO TOXKEe caMoe, MEHAIOIINMCA BO BDeMEeHU CABU-
rom (has.
Cnaiigep-apdexT — n-mepuas uHTepDEpPEHIMOHHAA KAPTHHA DacIpese-
JIEHUS JUHUU CMEHBI 3Haka (hasbl OT PA3JINYHBIX II0 YaCTOTE MCTOYHUKOB.
JleMoHCTPpUDYET BOSHUKHOBEHNE, HalIpaBJjieHue U qeficTBue cuibl. Ilox meii-
CTBUEM IIOAPa3yMeBaeTCA MHTEHCUBHOCTD CIOJI3aHU NHTEP(HEPEHITMOHHBIX
JuHUN (HasoBBIX MEPEXOI0B.

Temo — oOGbequHEHME YACTHULL, CIIOCOOHOE COXPAHATH (hOPMY U PA3MepHI.

Tunsl IBUKEHMI — cMeleHne, IIOBOPOT, AeopMaIua — pacCMaTPUBAIOT-
cs KaK MHBAPUAHTHI, OCTATbHBIE ABUMKEHUS — CYTh UX KOMOWHAIIMN.

Cmeuwenue — nuseiiHOe U3MeHEHVe KOOPAMHAT OCLUJIIATOPA B IIPO-
CTPaHCTBe OTHOCUTEJIHbHO IIePBOHAYAIBHOTO IOJTOKEHUA.

ITosopom — xpyroeoe cMeleHne KOOPAWHAT OCLIJLISTODA.

Hepopmayusa — naveHeHre KOOPAUHAT OCIUJIATOPOB, CBI3AHHOE C
YIJIOTHEHUEM T'eHePUPYEeMBIX MMU BOJIH.

Yacruma — gos14 BelecTsa, 061agamnIas cCO6CTBEHHBIMU CBOMCTBAMMY, IIPU
COEIVHEHUU C OPYTUMH YacTUIlAMU HPHoOpeTaeT yCTONUYMBEIE CBOIMCTBA
KOHKPETHOT'O BEIlleCTBAa.

ddup — runoreTnuecKaa cpena, 3aNOJHANAA BeCh 00beM BuAUMOI Bee-
JIEHHOI, ABJAIONIASACSI HOCUTEJEM BOJH U CTPOUTEJIHBHBIM MAaTePUAIOM IJIS
BCEX BUJOB BeIIeCTBA.



