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IMPEAUCJOBHE K PUTMOJUHAMHUEKE

9Ta KHUTa — AJs CTYJeHTOB U UX 00Jiee YMYIPEHHBIX OIIBI-
TOM TIPodhecCcopoB, AJS MCCaeoBaTe el U WHIKEHEepPOB B pas-
HBIX 00JIaCTSX HAYKU U TeXHUKHU, IJI5 KOTOPBIX KPUSKC COBPE-
MeHHOII (pu3MUYecKOil KapTUHBLI MHPaA CTaJ YK€ OUEeBUIHBIM
daxToM, u HacTodAlasg pabora OyAeT BOCIPUHATA UMHU Kak
€CTeCTBeHHAasI, MyJYUTeIbHAS IIONBITKA e NHOMBIIILICHHNKA Hali-
TH BBIXOJ U3 CJOMKUBIIETOCS IMOJIOMKEHUA.

CerogHs, K KOHITY XX BeKa, Bce IepefoBhie HayUHbIE IITKO-
JIBI TPUIILIN B 08uldceHue O0beInHAACh BOKPYT umgeu «Ilepe-
cmpoiiku ecmecmaeo3Harnus» . VI Kak Bceria, B KPUSUCHBIE IJIA
HAYKU IIEePUOALI, HAavaJICAd KPUTUUYECKUH aHaJIN3 YCTAHOBUB-
muxcsa PyHIaMeHTAJIbHBIX MOJOMKEHNH, B TOM UHCJIe U TaKO-
IO SCHOTO U, KaXeTCsA, OUEBUTHOTO MOHATUA KaK JdsuiceHue.
Ho uro ecths 0suicenue? Bece yacTu HAIUX 3HAHUNA O HEM —
HAJINIIO, HO IIeJIOCTHOE IIPeACTaBJIeHNe YCKOJIb3aeT.

B macrosiieit paboTe caeaaHo 0600IIeHNE CYIIIECTBYIOIIUX
IpeAcTaBIeHUHA O OABUKEHUUM U HA 9TON OCHOBE pPa3padboTaHOo
HOBOoe HayuHoe Hampasienue — PUTMOJIMHAMUEKA.

OCHOBBI pumMmMmOOUHAMUKU BEIXOAAT AAJEKO 3a PaMKU CO0-
CTBEHHO (PM3UKM U IPOHUKAIOT B XUMUIO, OMOJIOTMIO, 01O(pIM-
31KY, ACTPOHOMMNIO, MH(POPMATHUKY, MEIUITNHY, IICUXOJIOTHIO 1
BCIOZY T'lle eCTh ABUKeHUe, PUTM, KJIeOaH!s 1 BOJHBI, BUOpa-
NN, JKU3Hb.

CToJIb IIUPOKUI TOPUBOHT PUMMOOUHAMUKY OTKPLIBAET-
cs Oaromapsa HEKOTOPBIM KJIIOUEBBIM UAESM, OMUPAIOIIAMCS
Ha HATypPHBIE D9KCIEePUMEHTEI U 60jiee OLICTPOE U IEIIEBOE MO-
IeJNPOBAaHNE SIBJICHUIH C IIOMOIIbI0 KOMIBIOTEPHBIX TEXHOJIO-
ruii. MaTemaTuuecKasi CTOPOHA BOIIPOCOB M CO3JaHMe MaTe-
MaTHUUYECKOro ammnapara pummoouHamMuKy HaXOIUTCSI B CTaUN
paspaboTKu.

YuTraTe o Ba)XHO MOHATH CIenU(MUKY HOBBIX uaeil, MHU-
IMUUPYEMBIX pUMMOOUHAMUKOIL. ITO — HOBOE 00'bACHEHUE CTa-
peIx 1IpobisieM. HeKoTophle men MOTYT HOKA3aThCs YUTATEIIO
OIMMOOYHBIMY WJIU Haske aOCYypIHBIMU, HO 9TO €CTEeCTBEHHBIN
IIPOIlecC BOCHPUATHSA JII000T0 HOBOTO HAYYHOTO HAIIPaBJIEeHUS,
KOTOpOe 3aTparuBaeT MHOTHE pasfiesbl HAYKU U TeXHUKMU.

* % %
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PUTMOJIMHAMMUMEA - sT0 BoJIHOBasA KapTUHA MUPA, B KO-
TOPOIi AVUCKPETHOCTH MATEPHM TPAKTYeTCS KaK PUTMUUECKII
TIPOIIECC SHEPTeTUUYECKUX BCILJIECKOB C IIEPHOANYHOCTBIO 27T

Ecam B kBaHTOBOH (hudmKe (pas3oBBIfl CABUT paccMaTpuBa-
eTcd KaK (DYHKIIUS SHEPTUU, TO B pUmMMOOuUHAMUKe dTA 3aBU-
CHMOCTDH UMeeT 00paTUMBIN XapaKTep, T.e. CABUT (as mopork-
IaeT SHEPTHUI0. JTa IIepeKpPEecTHas 3aBUCUMOCTh MAaCKHPYeT
OIPUUYNHHO-CJIEACTBEHHBIH MeXaHW3M JIBUKEHUA.

Bo Bcex BHemrHux HabaOAaeMbix adderTax pummodura-
MUKQ yCMaTPUBaeT BHyTPeHHUE cOOLITUSA. TONIBKO IIpociennB
nepapxXuio IBUKEHU, MOMKHO IIOHATH Pa3BUTHE IIPOIIECCOB.

BzaumogeiicTBuA — 5TO mepapxusd OBUKEHUMN: IBUKEe-
Hue{ nBM:KeHUs [ ABMIKeHUs (IBUKeHUs) | } ... B CTEIIEHHOM
pPAny UX IPOTEKaHUs, T/le B TAKOH Ke CTEIeHHON 3aBUCUMOC-
TH MOXKET OKa3aThCs M CKOPOCTh B3aMMOJEeHCTBUII (CKOPOCTH
3BYyKa, CKOPOCTL cBeTa U T.HA.). Pummodunamuveckuil mexa-
HUBM COIIPAMKEHHBLIX IPOIECCOB ABUIKEHUA IIO3BOJISAET IPUIi-
TH K €INHOOOPa3HON MOMIENN UX ONHCAHUA.

Tak manpumep, B pummoOuHamMuKe BOIPOC IpaBUTAIIUH,
3TO BOIIPOC (ha304aCTOTHOTO COCTOSAHMSA, IPUBOAAIIETO K CAMO-
YCKOpeH1I0 00beKTOoB. KapTuHa mpeaesbHO IPOCTA: PAcCOr-
JIaCOBaHMe YaCTOT BCero Juiinb Ha 1.6+ 10 ¢ 'y mpuBOIAUT K
CaMOJBIXEHNIO ¢ ycKopeHueM 9.8 m/c?. VIMeHHO 5TO U IIPO-
MCXOAUT C TeJIaMU BOJIM3U IMOBEPXHOCTU 3eMJIM, IIOTOMY Kak
UX dHEPTreTHYeCKU KOM(POPTHBIE COCTOAHUA BO3SMOYKHBI TOJIb-
KO B PeKIMe YCKOPEeHHOro caMmoaBu:KeHus. OTcioga BOSHUK-
JIO U IIOHSATHE — Mpembe COCMOAHUE NOKO0S, KOTOPOe BBITJIS-
IUT CBOOOMHBIM HaJeHWEM M XapaKTepusyeTcsa MUHUMYMOM
pacxona coOcTBeHHOM sHepruu. s cKopelIero JOCTHKe-
HUS 9TOT'O0 COCTOSHHUSA B XOJ IIyCKAaeTCs BCE, 4ueM O0BEKT pac-
mojaraeTt, — KoJie0aHusa U M3JIyUYeHUs Ha BCeX YPOBHAX opra-
HU3AIuN, T.K. JKeJAoInX — 0eCKOHeUHOoe KotnuecTBo. Orcioza,
casuru — (pa3oBrle, YaCTOTHBIE, BeKTOpPHAasA AedopMalius, B3au-
MoJelicTBUA, HaTAKeHMe (HAIIpsKeHne) IIPOoCTPaHCTBa-BpeMe-
HHA.

WuTepecHoil miIocTpaleil Bceil 9TOM CBaJIKU, Hepasbe-
puxu B pummoluHaMuKe ABJIAETCA O0BEMHBIN cnaildep-agh-
¢exm, no nHAUiickol aHamoruu — Bpaxma-agpgexm. Mruo-
BeHHAA KapTuHa cnaiidep-agppexma (mHTephepeHIUOHHAA
KapTWHAa) IPeJCTaBJAeT B CEUEHNH IeoMeTpPUYeCKoe paclipe-
IeseHVe cUH(pABHBIX TOUEK, JTUHAMUYECKYIO0 QUrypy, 0co0yIo
¢dopMy pasBUTUSA COOBITUIMA.



Hpeducnosue k¥ PHTMOJHHAMHKE 9

B cnaiidep-agpperxme oOHapy:KMBaIOTCA UCTOKU IBUIKE-
HUS, BRI3LIBAEMOTO cIBUTOM (ha3 1 pasHOCTHIO uacToT. Mepap-
xusa da3 U 4acTOT IOPOIKAAET BCE BUABI ABUMKEHUI, N3BECT-
Hble (pusuke. VX couleHeHNs, X CYNEPIO3UINNA B JUHAMUKE
POKIAIOT PUTMBEI, OXKUBJISIONINE BECh CIIEKTP ()a30BOTO IIPO-
cTpaHcTBa. MOKHO IIpeICTaBUTh KAaK IepeKpeluBaHue I0-
Jeli IPUBOAUT K M3MeHEeHHI0 (a30YacTOTHOTO COCTOSHUSA U
9TO aBTOMATHUUYECKH HAET HAUYAJO, YCKOPAET MJIU 3aMeAJISIeT
IBIKEeHUe, 6e3 BugumMoro yuactusa cui. CKopee, Haob6opoT, (a-
30YaCTOTHBIE CABUTY MOPOYKIAIOT BCE CUJIBI, KOTOPHIE IO Pas-
HBIMIJ HA3BAHUAMU (PUIYPUPYIOT U B MEXAHUKE, U B DJIEKT-
POIMHAMUKE, U B TATOTEHNN, I B XUMUUYECKUX, U B SNEPHBIX
U CcyObAmepHBIX IIPOIeccax.

OauH 13 COOPHBIX, HO MHTEPECHLIX BOIIPOCOB: M300pake-
HUe cnaiidep-aghgpexkma Ha TPO3PAYHOM HOCHUTeJe paboTaeT
KakK uaydaTesib. He o3Hauaer Ju 5TO, UTO Uepes IIOCPeTHUKA-
yeJoBeKa (popMa BO30YKIAET IIOJEBYI0 MaTepuio 0ojee TOH-
KO CTPYKTYpPHI? A MoskeT (hopMa caMa IIOPOKIAEeT TaKoe U3-
ayuerne? ApdeKT popmbi? PopMa HAUNMHAET IPOSIBIATEL ceOs
KaK nHGOPMAITMOHHO-9HEepreTnUYecKuit mpoBogHUK? Jleso Tex-
HUKU U BpeMeHU U3YUUTH ITOT 3P(PEeKT BO BCeX IIPOABJIEHU-
AX.

MogenupoBanue (Ha OCHOBE TOIXOMIOB PUMMOOUHAMUKLL)
SHEPreTUYeCKOro II0JIsI BOJTHOBLIX 00Pa30BAHUI IIPUBEJIO K OT-
KDPBITUIO HEeU3LYLAIOWUX B0JIHO8bLX CIMPYKMYP, CO3NAIONINX, B
OyKBaJIBHOM CMBICJIE, 80JIHO6ble KOKOHbL. Heusnyuwarouwue o-
HOBble C2yCMKU OTINYAI0TCA OOJIBIIION yeTolunBocThio. Ha BoI-
HOBOI CI'YCTOK yIAJIOCh IEPEJIOKUTH BCe KaUeCTBA YaCTHUII, HC-
MOJB3ysA TOJBKO (pasy um uacTory. Bech mMup, ciieoBaTesIbHO,
MOJKHO IIPEJICTaBUTh COCTOAIIUM TOJBKO M3 BoJH. Takoil moa-
XOJI TTO3BOJIAET 000MTHCEH 6e3 myaausMa 0HA—YACMUUG.

Orcrofa BBITEKAaeT BOJIHOBAS IIPUPOLA BCAKOIO JBUMKEHMU,
BOJIHOBAsA IIPUPOJA BCEX B3aMMOJEHCTBUM, BOJHOBAS IPUPOLA
cui. Ha sT0li mouBe TepseT CMBIC JejeHre (PUSHKN HA KJac-
CHUECKYIO U PeJIATUBUCTCKYIO. Ha 5Toil mouse, Kak OTMEUEHO
BBIIIIE, OOHAPYIKeHa TeCHasl CBA3b PA3HOPOIHEIX TEOPHil, a Bce
3aKOHBI, HAUMHAA C 3aK0HOB Apxumena, I'anmniaea u HeroToHa,
IMOAJAIOTCA eNUHON MHTEPIpeTanun — (pa3ouacTOTHOM’.

Ha 2-ii u 3-ii crpaEuIax o0JI0KKK BLI YBUAUTE HOBLIE,He-
WHBapUaHTHBIE U3BECTHBIM, (DPMYJIbI PUMMOOUHAMUKU, B KO-
TOPBIX IPOCMATPUBAETCS HOBBIH B3TJIAI HA CTapble IMIOHATHA.

IIpoBepka HEKOTOPHIX SABJEHUI 00HAPY'KMBAeT MHTEPeC-
HbI€ 3aKOHOMEPHOCTHY BOJHOBBIX B3aMMOIENCTBUIA.
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B Teopuu siaexTpoHa Bopy mpuimiochk IpUAyMAThL KBaH-
TOBBLIE UMCJIa I 00bsICHEHUS IIePECKOKOB AJIEKTPOHOB C Op-
OuTHI Ha OPOUTY, B TO BpeMsA KakK II0 pUmMMOOUHAMULECKOMY
aHAJIN3y B OPOMTAJIBHOM ABMIKEHUU 3JIEKTPOHA COAEPIKUTCS
BOJIHOBasA MHMoOpManusa o (PasoBOM COCTOSHUUN W COOCTBEH-
HOIT uactoTre. He mpuBieKasa anmmapaT KBAaHTOBAaHMUS, MOMKHO
MOKAa3aTh KakK, IPKU MaJieileM paccorjiacoBanuu (pasbl U dac-
TOTBI, 9JIEKTPOH M3JyUas 3aHMMAaeT HOBOe IOoJIoXKeHne. KBaH-
TOBBIE TEPeXOoAbl — 9TO 00A3aTEJbHO (PAa30BbIE M YACTOTHLIE
3MEeHeHUsd BOJIHOBBIX OCHHHHHHHﬁ. HOHﬂTHO, Telepsp, IIode-
MYy 9TO ABJIEHUWE HCIIOJb3yeTcsA B yecKopureadax. Pummoduna-
MUKQ MOJYKEeT BbISIBUTH HOBbI€ Pe3epPBLI YCKOPEHUS B CO3Ma-
HUU Pe30HAHCHBIX YCKOPUTeJel, miIasMeHHbBIX (0a304aCTOTHBIX
yCKOpUTeaei OeryIieil BOJHBI 1 BOJH OMeHNA, XOPOIIIO NUJIJII0-
CTPUPYEMBIX Ha I/IHTep(I)GPEHHI/IOHHBIX MoOaeJIAX.

B ssemenTax ¢ orpuiatesbHON nud)pepeHnnaIbHON IPo-
BoauMOCThIO (a(pdexT I'ara) HaOKeHMe BHICOKOTO HAIPMKe-
HUSA Ha MOJYIPOBOIHUK MIPUBOAUT K MeHepaIluy IIepeMeHHOro
TOKa, HajaoxkeHue CBU-KosebaHmil IPUBOAUT K YMHOMKEHUIO
YACTOTHI, SMUCCUU 3JIEKTPOHOB, TepM0II[C u poTod]IC, uTo 3a-
MeyaTeabHO 00bACHAETCA (Pa30YaCTOTHBIM ITOJAXOIOM.

B adderre :xo3edpcoHa reHepaliusa 3JeKTPOMarHUTHOTO
OJIA IPY HAJOMKEHUU IIOTEHIIMAJa Ha ITOJYITPOBOTHUK TOJIK-
Ha MOJOIIOJIHUTEJIBHO COIIPOBOMKAATBCA CHUJIOBBIMUN (l)aSOBBIMI/I
addeKTaMut, HO TaK BOIPOC HUKTO He CTABIUII.

By marorye sJIeKTPOHBI, KaK OOMYKBI, UITYT cebe IpucTa-
HUIle U HaxomaT (6omic-agpgpexm). OOpesamHble (JIUIIEHHBIE
CUMMETPUU — CeK8ecmp-a(hhexm) BOJHOBBIE CUCTEMBI OBICTPO
BOCCTaHABJIMBAIOT Ce0s B IEJIOCTU. ITOT cekgecmp-adgexm mpo-
sAcHAET NMPUUYMHBI noABJaeHuA (panTomubix JTHK kKak ocoboit
MaMATHU BOJTHOBOTO reHOMAa UejioBeKa U MH(GOPMO-3HepreTruyec-
KYI0 CTOPOHY cnaiidep-agppexkma. ITo xXe 0OCTOATETBCTBO Je-
JIaeT TOHATHBIM BOCCTAHOBJIEHWE ToJOrpadmyuecKoro msodpa-
JKeHus Mo OoOpbIBKaM roJiorpaduueckoil KapTUHKU O0BEeKTa.
TpagunMoOHHBI POCT KPUCTAJIIOB, B TOM YHCJIE MOJIEKYJIAP-
HBIX, CTAHOBUTCA YIIPABJIAEMBIM IIPU AUATHOCTUKE BOJHOBOU
CTPYKTYPHI KPUCTAJLIA, T.K. KPUCTAJLJI HAPAIIINBAETCA 10 MeXa-
HUBMY 60MH*C-ahhekma, JoCTpanBasi BOJHOBYIO PEIIETKY.

Ha mouBe cousieHeHUS BOJHOBBIX IIOPTPETOB MCXOAHBIX
KOMIIOHEHTOB MOTI'YT BOSHUKHYTH HeaJIbHbI€ YCJIOBUA MATKO-
'O CUHTE3a BellleCcTBa 6e3 TEPMOAAEPHOI'O HACUJINA.

B pasubIx Bapuanuax gasodacToTHbIe 9 (EeKTHl yiKe IpU-
MEHSAIOTCSA B HeJIMHEHHBIX TeHepaTopax (jr1azepax) HaACTOJNBKO
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IINPOKO, UTO JOKA3bIBATH MX PEAJbHYIO CBS3b C BOJHOBLIMU
MOIeNAMU cnaiidep-agppexma y:xe He TPEACTABUT OOJBIION
CJIOKHOCTH.

Xopoilliee IpeacTaBIeHNE O (PAa30UYaCTOTHBIX BOJIHOBBIX
Ipolleccax MOKHO IIPOMJIIIOCTPUPOBATE Ha IIpHUMepe IIpoIiec-
COB, IPOUCXOASAIINX B CETAX DHEPreTUUeCKUX CUCTEM, I'e Ie-
PETOKU 1 YTEeUKH MOIIIHOCTH, OCOOEHHO Ha MEXKIOCYIapCTBeH-
HBIX JWHUAX dJIEKTPOIepemau, IPEeACTABISIOT OOJBIIYIO
npobiemy. B cBeTe BBISIBJIEHHBIX IPUUYUH KPAXNA IJTEKMPO-
9Hepzuu MOKeT OBITH He pesyJybTaToM yMmbIcaa(!), a mpocTo
ciaencTBrueM (Pa3ouacTOTHOTO rpagueHta. Haawmiio mpakTu-
YyecKoe 3HAUeHUue pUmMOOUHAMUKY B OTITUMU3AIINN PAOOTHI
60Jlb6m1/1x U CJIOJKHBIX SHEPTOCHCTEM B IOCYJapCTBEHHOM MAac-
mrrabe.

OpHMM 13 3HAUNMBIX 9(h(PeKToB, 00HAPYKEHHbBIX C BOJHO-
BOIi TOUKHU 3PEHUS, ABJAETCA IPHeKm CHUMAHUSL CMOSUUX
80JIH B aKyCTHUKE U 9JIEKTpoAMHaAMUKe. ITOT 3PPEKT I03BO-
JIVLJI JeMOHOIIOJIN3UPOBATh IpeodpasoBaHuA JlopeHIia A JBU-
JKYIITUXCA Macc, HO CKopee IMIO3BOJINJI OUePTUTh I'PAHUILI IPHU-
MeHuMOoCTHU npeobpasoBaHuit I'anuies, Jlopeuna u Heanosa.

910 cBOEOOpPa3HOE MHAKOMBLICINE B PEJIATHUBU3ME HEJIb3s
MOHATH 0e3 9K3aMeHOBKU Ha MHBAPUAHTHOCTL. MaTeMaTuuec-
Kasd MHBAPUAHTHOCTL npeobpasoBanuii JlopeHiia mociy:xkuia
JKECTKUM IIPECCUHIOM IJIs IIOKOJIeHMH (PU3UKOB, KaK BIPO-
yeM, 1 CHeINaIbHAasd TeOPU OTHOCUTEIbLHOCTH JUHINTeliHa. B
KHUTEe 3Ta CUTyallus HasBaHa 0J0KuUposroil. HenoBeuecTBO
IJIYTaJa0 B Ae0psAX MHBAPUAHTHOCTH M OTHOCHUTEJIbHOCTH, HO
3aTO OCTAJOCh *KMBBIM. Pummodunamurxa — ouepenHas 0.10-
KUpo8Ka Ha CJIEIYIOIHUe CTO JIET, YTOOBI JATh BO3MOXKHOCTDH
OCBOUTH COJTHEUHYIO CUCTeMY, HO He Oosee. Myapoii ITpupozae
He pe30H pacKpBLIBATh Bce TallHBI cpasdy. Baokuposka — 3To
HOPMAJIbHO [JIsI He BIIOJIHE HOPMAJIBHOM 3€MHOM I[MBUJIN3A-
nuu. YTo KacaeTcd MaTeMaTUYeCKON MHBAPUAHTHOCTH, KaK
OCHOBAHUSA JOCTOBEPHOCTH, TO B HEJIMHENHBIX MIPOIECCaX, OIIH-
ChIBAEMBIX PUMMOOUHAMUKOIL, OHA He YKas.

B 1o xe BpeMA HUMKOI'O HEe CMyIllaeT HEMHBAPUMaHTHOCTH
3aKOHOB KJIACCUUYECKON 1 PeNATUBUCTCKOM pusuxu. Hampu-
Mep, SJIEKTPOINHAMUKA HEIPUMEHNMA K JBUIKEHUIO OTIeJIb-
HBIX 3JIEKTPOHOB. BOoT M MopaJib: TaM, I'jie BBIT'OJHO — IITYyMU-
Xa II10 BceM I/IH(I)OpMaI_U/IOHHBIM KaHaJslaM; TaM, I'rie HeBBII'OJHO
— KOJLIEKTHUBHOe moMajakuBaHue. Ho Torga penarusucrcKas
MHBAPpMAaHTHOCTH — TaBTOJIOTUA, BOBBeﬂéHHaH B 'MITHOTHNUEC-
Kyio ¢dopmy abcouroTa.
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MaTtemaTuyecKu HeMHBapuaHTHbIe npeodpas3osanus Hea-
HO8a JIeXKaT B OCHOBe JI0Kas3aTeJbcTBa (husmyuecKux (a He Ma-
TeMaTUYeCKNX, KaK B mpeoOpasoBanuax JlopeHIia) yCJIOBUM
CKUMaHUsA 00BbeKTOB B ABm:KeHUU. OcobeHHO 3aMeTeH 3TOT
9((PeKT c:KUMaHUA B OKOJIOCBETOBBIX CKOPOCTAX IBUKEHUA
YaCTHUII.

Korpa ke ¢ momoIrpio cnaiidep-agphexma yaanoch IOCMOT-
peThb Ha (pu3uUecKoe, BOJHOBOE COJepKaHe Ipeo0pasoBaHmil
JlopeH1ma, T.e. TeCTUPOBATh UX Uepe3 BU3YAIM3aINI0O Ha UH-
TepdepPeHIINOHHBIX KapTUHKAaX, TO OHU He IPOIILIN 9K3aMeH
Ha MHBapPHAHTHOCTb. B oTsimunme or aToro, npeobpasosanus Hea-
Hoga nokasanu 100% 601H08YI0 UHEBAPUAHMHOCTY.

Hayunble n IpUKJIAZHBIE BOZMOKHOCTH PUMMOOUHAMU-
Ku IIOKa He IIOAMAaIOTCS TOYHOI omeHke. TeM He MeHee OHa
yiKe CIYKUT Cepbe3HBIM MHCTPYMEHTOM IJisi IPOBEPKU CBO-
eii Jxe coOCTBEHHOU paboTOCIOCOOHOCTY B TEOPETUUECKOM (hu-
3UKe, KOCMO(IM3UKe, THAPOINHAMUKE, ILIa3MEHHOI 2JIEKTPOHIKE,
aKyCTOOIITHKE, OIITOJIEKTPOHIKE, MAarHUTOOIITHKE, KPUCTAJLIO-
rpadpun.

TeopeTnuecKkuil 1 SKCIEPUMEHTAJIbHEIN 3a1eJ pummoou-
HAMUKU PAcTET KaK CHE)XHBIA KOM, BBUAY IIOSBJIEHUS MHO-
IIX DHTY3MaCTOB HOBOTO HampasjeHudA. I[Ipomoikaercs mepe-
OCMBICJIEHIIe MHOTI'MX IIOHATHH B KBAaHTOBOU MeXaHUKe, B
TeopUN KAJIMOPOBOUHBIX I0JIel, B (PU3UKeE 9JIeMEeHTAPHLIX Ua-
CTHII, CTPOSATCS JEeMOHCTPAI[MOHHLIE MOZeJ N (Da30BLIX U (has3o-
YaCTOTHBIX JBUTraTeJIeH.

WuTepecHOl HayKe IIPEACTOUT MHTEpecHad KU3Hb B Tpe-
TbEM ThICAUYEJIETUU.

12.09.97 r. H.U. BaxkywmiieB
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Yacts 1. CGRUMAHHUE CTOAYUX
BOJIH

IIpeaucaoBue

Ha npors:xeHNN mocaeqHeTro CTOJIeTHU He ObLIO HeJoCTAaT-
Ka B cCMeJIbYaKaX, YKAasbIBaBIIINX HA OIMMOOYHOCTEL SHHIIITET-
HOBCcKoOro moaxonaa. Ho Tonbko uepes 100 et mocie mposene-
Hua MalikeJIbCOHOM OJKCIEePHMMEHTa, CTaBIIero KaMHeM
IPETKHOBEHNS, IMOSBUINCH peabHbIe OCHOBAHUA OJIA PEBU-
3UHU MOCTyJIaTa O IIOCTOSHCTBE CKOpPOCTH cBera. [loHecTu ke
Pe3yabTAThI 9TOH PEeBU3UU A0 HAYUHOM OOIIEeCTBEHHOCTU CTAa-
JI0O BO3MOJKHBLIM OJiarofapsd BO3HHUKIIIEMY B HayKe KPU3UCY,
OPUUYEM CIOPOBOIMPOBAHHOMY CAMUM K€ PeJATHBU3MOM, a
TakKe IepecTpoiike, B pe3yabTaTe KOTOPOIi ObLI yTPaueH KOH-
TPoJIb HaL (popMUpPOBaHUEM O(PUIINAIBLHOIO MUPOBO33PEHUS.
Kax ObITHb B ciIoKuBIIIElicA cUTyalimm, Kak mocTynarth? Benb
ocTajiachk cTapas TUTYJIOBaHHAs I'BapAus, Ha KOTOPYIO II0 MHEP-
NN OPUEHTUPYETCs TrocammapaT — MOJI, APYIHMX HaAEKHBIX
CTPYKTYP Yy HUX HeT. [la ¥ rBapAus XOpollla — MHOTHE U3 HUX
YBEPAIOT, UTO HUKAKOT0 KPU3Kca HeT, a HAalIPpOTUB, HYKHO eIré
Kakux-Euoyae 100 mapa.$ USD gua Toro, 4TobbI peasm3o-
BaTh I'eHEePAJbHBIHA IIPOPHIB.

Ecau BcTaTh Ha MECTO PYKOBOIMTENSA TOCYJapCTBOM U
IIOCMOTPETH BOKPYT, TO AeHCTBUTEILHO BOSHIKAET OIIyIeHue,
YTO KpoMe AeHCTBYIOIIel akaJeMuM HAyK HUKOMY 0oJiee He
CIIPABUTHCA C OIIpedesieHrMeM HAYUYHOM IMOJMUTHUKM. [JIy6oKoe
3a0JIy:KIeHre, BO3HUKAIOIIEEe M3-3a TOT'0 UTO 3aXBAaTUBIIAA
BJIACTD T'PYIIIa OIOPOKPATOB OT HAYKU B O00phOe 3a COOCTBEH-
HOe BBIXKMBaHNE CTapaTeJbHO 3aMajuuBaeT BCcé HoBoe. He B
UX II0JIb3Y, €CJM K YIIPaBJIEHUIO HAYKOU IPUOET JUAEP MHOM
KOHIIENIINY — BOT U IIePeCTPanBAIOTCA OHU IIOTUXOHBKY, YTO-
OBl OMHAKILI Uy KMe UAeH BhIIaTh 3a cBou. Ho 3To He o3Haua-
€T OTCYTCTBUE MPOPLIBHBIX OTKPBITHUI, IIIUPOKOE 00CYKIeHIIEe
KOTOPBIX 3aTPYAHEHO CKPBLITON OOPHOOH 3a MHTENJIEKTyaJlb-
HOe IIPeBoCcX0AcTBO. OIHAaK0, KAKOBBIMU ObI HU OBLIN B3aMMO-
OTHOIIIEHUA MeXK Y HaYUHBIMU IITKOJIAMU, IIOBJIUATEL Ha 00IIIee
HaIIpaBJIeHNe Iporpecca HUKTO He CMOJKET.

CienyeT oco3HaTh, HAKOHEII-TO, UTO HayKa — He 60pn0a 3a
KOPMYIIIKY, & CePbE3HBIN IIPOMEICEJ, CEPhE3HOE 00IIeUeI0Be-
yeckoe geso. Ha Hac ¢ HamgeXIol CMOTPAT «HEPOAMBIINECS
eIé» MOKOJeHUsA. UTO OHM CKa)KyT B HAIl agpec, €CJU MEI
OCTABUM UM HUKUYEMHBIE 3allyTaHHbI€ SHAHUA U 6IOpORpaTI/I-
YyecKle CHUCTEMbI, Kapalolirue BCAKOro NHAKOMBICISAIIEro?
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IIpoGiema spupa m mpobaema aBm:xkeHudA. OHM g0 cux
mop KAYT cBoero peieHus. OKOJIO MeBSHOCTa JIeT Hasal C
3(UPOM 00OIILJINCH, MATKO I'OBOPS, HECIIPABEAJINBO — B3AJIU U
BBIOPOCHJIM €T0 Ha CBAJIKY «HEHYKHBIX uaeii». Ho JKus3Hb mpo-
IOJIYKAaeTcs M MOTOMKH TeX, KTO IIOCTYIINJ OITPOMETUNBO, 3aIll-
JIU B TYIUK — 0003HaumiIcsa Kpusuc. Iloxosxe, YTo BO3BpAIATh-
cAd K JO9UHIITEHHOBCKUM HAeAM HHUKTO M3 YIOMAHYTBIX
IOTOMKOB He IIOJKeJlaeT U3 IIPUHIUIIA (BOCIUTAHNE He II03BO-
JISIeT, TeHEeTUUECKUH KO NHOM), a IIOTOMY U3 C80UX JKIYT MHO-
Tve M3 HUX MECCHUIO, KOTOPBIH CBEPIIUT PEBOJIIOIUI0 HUYETO
Ipu 9TOM He MeHAdA. K cokasieHMnIo, TaK He OLIBaer.

Ho ocranuch u mmocjaenoBaTesn Tex, KTO J0 IOCJESHNX SHeMH
CBOUMX HE OTPeKaJICA OT MOeHu cyllecTBOBaHUA sdupa. Y BoT
Temepb HaCcTaJIO BpeMsi, KOT1a, OMHAaMK bl CTaBIIasd HeHYKHOM,
cpena 3asABJISIEeT 0 cede HOBLIMHU OTKPBITUIMU, a IIOTOMY IIpa-
BoMepeH Boimpoc: 'oToBa Ju 3a0/IyAUBIIAACA HayKa IMOMKepPT-
BOBaTh COOCTBEHHEIM UECTOJII001EM, UTOOLI HAKOHEI[-TO Pa300-
paTbcsa? Beab a1 3TOro HEOOGXOAMMO, XOTsI ObI Ha BpeMsi, 3a0bITh
000 BCEX CIIOPHBIX ¥ COMHUTEJIBHBIX TEOPUAX, IIOABUBIINXCA
mociie 1900 rozma, ¥ MOCMOTPETD, IIOUEMY BCE IIOJIYUMIOCH MMEH-
HO TaK.

Ot aBTOpa

JABuKyIeit cuyioii HacToAImleld paboThI SABISAETCA KeJa-
HUe pa3odpaThbCs B CJAOMKHUBIIENCA IyTaHUIE IPeACTaBJICHUN
o mpupoze Beieii*. EcTb TOJIBKO OAUH CIIOCOD CHeJIaTh 9TO:
Heo0XO0AMMO IIOCMOTPETH Ha IIPOMCXOAAINee CO CTOPOHEBI. MHO-
Tiie TLITAJNCHL COEeJATh 3TO, HO He BCAKOMY TaKas BO3MOMK-
HOCTb JAETCA — OUEHb YK TPYAHO OTPEUBLCS OT BPOKIEHHOTO
STOIEHTPU3MA U IIPU3HATD, UTO IIPOABJIEHHBIN HAIIIEMY CO3HA-
HUI0O MUP ABJIAETCA PATOBBIM M 0OECKOHEUHO MAJIBIM (par-
MeHTOM OecKoHeuHoro EdumHozo.

Eciu mup GeckoHeUeH B MUKPO- 1 MaKPOHAIIPABJIEHUAX,
TO OH HEIIO3HAaBaeM B IIPDHMHIIUIIE. Ho rax Torga 6BITB, KaK
II0OCJIE TAKOI'0 3adBJIEHUA OTHOCUTHBCA K HaAYyYHOMY 3HAHUIO?
Ckopee Bcero Taxkoe OTHOIIIeHMEe He00X0INMO BEIPAOOTATE, a B
cayuae yJauyHOTO IPOHMKHOBEHUS B 3alpefe bHble* HaIIM
opraHaM UYyBCTB 00JIaCTH, KOPPEKTUPOBATH €ro.
%
Purmyc: Ho npupozoii Bemeit sarumaerca puiaocodpusd.., Kak ObITH?

Juaamukryc: @uiocodusa, Kak, BIIpOUEeM, U MHBIe HAYKHU, He MOXKET OBITH
cama 110 cebe. 3HaHUeE OLHO, OHO HEPA3JeJINMO, OHO JIN0O0 eCcTh JJIA BceX HAYK,
aubo ero HeT. 3HaHWE HE MOYKET OBITh II0 HayKaM.
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Puszuka IPOUCXOAAINETO HEePA3PLIBHA M 0€30THOCUTEb-
Ha, a IIOTOMY MBI MMeeM JIeJIO C IeJIOCTHBIM M 0eCKOHEeUHBIM
B 00e CTOpPOHBI IIpoleccoM. IIpusHaHme GECKOHEUHOCTU JIU-
IIaeT HAC BO3MOXKHOCTH OIIPeeIeHNs IIePBOIPUUNHEI Uero Obl
TO HHU OBLJIO, & IIOTOMY, TOBOPS O IPUUYNHAX KOHKPETHOTO SBJIEe-
HUSA, MBI 00s3aHBI IIOHMMATEL, UTO OHU ABJAIOTCA PALOBLIMU
CJIeICTBUSAMU UHBIX, 00J€e YIAJEHHBIX OT HAC TPUYUH. B aTOM
cMbIcJe, ToBOpPA 0 BmecTuauiie, B KOTOPOM IIPOUCXOIAT CO-
3epraeMble HAMU ¥ II0 CYTH COKPBLITHEIE OT HAC IPOIECChI, MBI
TOBOPUM O IIEeIOUKe CJIEeACTBUM, TAHYIINXCSI U3 OOHON 0eCKo-
HEUYHOCTHU B APYTYIO¥.

HnMmes meso ¢ IpUUYMHHO-CIEICTBEHHON 0ECKOHEUHOCTHIO,
MBI, OZHAKO, MOKeM IIOJIOUTH K TaKOMYy IIpeaesy, I'le B IIPU-
BBIYHOM IIOHMMAaHUU He OOHAPYKUBAIOTCS CJAEACTBUE WU IPU-
YMHA — OHU KaK Obl PACTBOPSAIOTCA, IePEeXOIAT HA KaUueCcTBEeH-
HO MHOM, HEJJOCTYIITHLIA HAIIIUM JIOTUKE 1 CO3HAHUIO, YPOBEHb.
Ecau xummT Boma B KacTpiojie, TO OYAYUM KUTEJIAMU BOIBI
MbI HE CMOJKEM IIOHATH YTO €CTh OTOHb II0 HPUUYMHE OTCYT-
CTBUS ONBITA, & IIOTOMY BCAKOE 00'bsICHEHUE 371eCh CTAHOBUTCS
HeIIOCTMKMMOM abcTpaKIueii, IpuBoOgAIeii K mocTyaaraM. Ho
B aOCOJIIOTHOM CMBICJI€ 11 OTOHb He SABJISETCA HPUUYNHON KU-
MmeHusA BOAbl — IPOCTO HEKMmo, M0 HAIIUM MepKaM 0ecKOoHeu-
HBIH, PELINJ CBapUTh cyIl. Ho Kax 00HapyKUTH IIPUYUHY IPO-
HCXOJSINEro ¢ HaMM, €CJN Y Hac U y IIPUYNHHOTO CYIIIecTBa
HEeCOIIOCTABUMbIE MACIIITAOBI BOCHPUATHUS BPeMeHU U IIPOCTPAH-
crBa? To, 4uTo A1 Hac — MHOTO MUJIJIMAPIOB JIET, OAJA Hero —
HECKOJIbKO ceKyHA. To, uTo 11d Hac 0eCKOHEeUHOe KOJINUECTBO
mapcek, IJd Hero — aurcTpeM. BoT u mpuxoguTcesa HaM IIpude-
raTh K IIOCTyJaTaM, KaK K JIEKAPCTBY OT COOCTBEHHOT'O HECO-
BePIIIEHCTBA.

OcozHaB 9TO, A PEIIUJ He TPAaTUTh BpeMs IIOIyCTy, a CO-
CPEeIOTOUYNTh BCE CBOM CHJIBI Ha PEIIeHUUN KOHKPETHBIX IIPO-
0JieM ¢ mocJenyIoleil UX aganTanueil K JOCTYITHOMY HaITM
opraHaMm UyBCTB Mupy. Tak mosgBuiachk HayKa O IPUPOJE TBU-
sKeHus — pummodunamukra. Ho KHUTY MBI HaUHEM C IIepeoc-
*

Purmyc: Kto sHaer, kakoB mpezen?

Juaamukyc: Peus néT 0 MUHIMAIBHO HOCTATOYHOM YPOBHE BOCIPUATUSI
TIPOUCXOAIIETO0, IIO3BOJIAIONIEM UeJIOBeKaM ObITh U PA3BUBATHCS B OCO3HA-
BaeMOM MUDpe.

Purmyc: 3HauuT ecTh KOHeI?

Junamukyc: U 1a, u Her, Ho npaBusibHee: EcTh mpepest A1 Kaa0T0 KOH-
KPeTHO IPOABJIEHHOTO YPOBHA (YPOBHSA BO30OYKAeHU 9(upa). ITO KakK mpe-
IleJ1 1Jis BOOBI B BaHHE: BOJle TPYJHO 0CO3HATH, KAKOB MUD, T'ae HeT Boabl. Ho
MBI, €CJIM CMOTPHUM CO CTOPOHBI, roBopuM: KoHeI[ — 3TO BCEro JUIIb YCJIOB-
Hasd TPaHUIA MEXKIY IBYMS KaueCTBEHHBIMU YPOBHSIMMU.
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MBICJIEHHMSA OCHOB €CTeCTBO3HAHNS, IOTOMY KaK MMEHHO B HUX
KpoeTcsa IMPUUYNHA KPU3NCA COBPEMEHHOM HAYKH.

Tax mocTymaioT B JIlOOOM neiie, Korga mpuxméer. Ilpen-
CTaBUM, UTO MBI PeIrujau Bo3ABUTHYTH 100-sTaskHOE 3manme.
Hoiigs mo 50-ro sTaka MbI O0HAPYKUJIU, UTO (HYyHIAMEHT He
BBIAEp:KuBaeT. Ho s3aTpayeHO OTPOMHOE KOJUYECTBO CUJ U
CPEJICTB, TIO3TOMY MBI B pa3ayMbe, KaK ObITh. IIpomosKaTh CTpo-
UTENIbCTBO — 0e3yMue, MPeKPaTUTh — JKaJIKO 3aTPavyeHHOTO.
Ho Br160pa meT. MBI BEIHYKIEHBI PAa300paTh 10M, HANTH OIITHUO-
KU B QyHIZAMeHTe, YCTPAaHUTDb UX U TOJBbKO IIOTOM BO3JBUTATH
3IaHue 3aHOBO¥.

Ho, monycTuB OIIMOOYHOCTL OCHOB M BCTAB Ha IYTh PEBU-
31U, MBI JOJIXKHBI OyIeM MOCTOSHHO JOKAa3LIBATH CBOIO IIPABO-
Ty. TakoBa BeKaMu CJIOKUBINAACA TPAOUIINISI K HHACIIPOBEPTa-
TelaM 3abay:KgeHuii. Bpemg Kaxkoi-To: Thl OOWH, a HuX,
yOeKIEHHBIX CTOPOHHUKOB, BEJINKOEe MHOYKEeCTBO. VHTepecHO
3/Iech TO, UYTO 3TUM IPaBUJIAM HUKTO HUKOIIA He CJIeI0BaJ, 1
MBI CJIeZOoBaTh He OyJgeM — HET CMLICJIA HUATKH HA IIOBOAY Y
OpuUBemINuX K Kpusnucy. Ho ecTh CMBICT COBEPIINTE IIyTeIlle-
CTBUE B TO UCTOPUUYECKOE BpeMs U MECTO, I'le BOSHUKJIO HeIO0-
pasymeHwue, T.e. B KoHerr XIX Beka.

Takoil ImepeHoC BO BPeMEHM MMeeT OJHO 3aMedaTeIbHOe
JOCTOMHCTBO — OTIIAfaeT HaZOOHOCThL KPUTHKU YKOPEHUBIIIE-
rocsi B COBPEMEHHBIX HAYUYHBLIX KPYrax MHPOBO33PEHUS U IIO-
ABJISIETCSA BO3MOYKHOCTD 3a4aTh CIIPaBeIJINBLII BOIIPOC: «A umo
0bL0 ObL, ecalu u3nazaemovle 8 KHUzZe OMKPbLMUSL NOABULUCH 00
evixo0a 6 ceem snamenumoii CTOZ»

Temeps y HaC €CTh peaabHas BO3MOMKXHOCTb Y3HATL 00 5TOM.
U ue Oepma, eciu MbI, C OHNO3JAHHEM B CTO JI€T, OTKPOEM IS
ce0s HeUTO, UTO He CYMEeJIN OTKPLITh HAIIIY IIPeAIIeCTBeHHUKH,
Benb aaa oTKpeITuA — 100 Jer He omosmanme?!

Opuiu Heanos

%
Purmyc: Tax y:x um pasobpaTh 10 yHmameHnta?! MoKHO CHATH ABa-TPU
arayka u 3aBepruTs! ITo KpaitHeir Mmepe u 801KU OYIYT LEJbI, X 08UblL CHITHI!
JAunamukyc: To, 4TO 068ubl MOJKHBI OBITH CBITHI, A €INé KaK-TO IOHATh
MOTY, HO IIOYeMY AOJIXKHBI OBITh 804KU TEJIBI?

Purmyc: Kaxk xe 0e3 HUX? OHU MMEIOT 3aCIyTH, K UX MHEHUIO IIPUCIIYIIN-
BalOTCA, Y HUX OOJIBIIION ONBIT...

Junamukyc: Hanerocs, 4To 9TO Ballle JMYHOe MHEHHE. B IpOTUBHOM cCJy-
Yae MpUYEM Torjga Hayka?
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I'nasa 1. TEOMETPHA CTOAYUX BOJIH

§ 1. Crodguyas BOJIHA KaK 9TAJOH XJIUHBI

Emé B8 XVII croseruu cTaBUJICSA BOIPOC O CO3TAHUU €IU-
HBIX €IUHUIT NU3MEPEHUSI, HO PEIIaoIui IIar K BBeIeHUIO eIu-
HO# (MEeTPUUYECKO) CUCTEMBI OBLI CAEJIaH JUIIL Tociie PpaH-
IMy3cKoil peBoaionuu. HammoHaabHOE cobOpanme Ppaniiuu
OPUHAJJO PeIlleHle 0 HeoOXOAMMOCTH paspadoTaTh IPUMEHN-
MYIO BO BCEM Mupe cuctemy mep u BecoB. OOCYyKIAJOCHL UC-
HOJIL30BAHNE TPEX €CTECTBEHHBIX OCHOB JIJIS OIpeneIeHIs equ-
HUIBI IJIUHBL: 1) IJauHA MasTHUKA ¢ IepUOIOM KoJiebanuii Ic
(Iepuon Kosebauuii MaTeMaTUUYECKOTO MAATHUKA 3aBUCUT TOJIb-
KO OT ero JJIUHLI), 2) JJIUHA OSHON YeTBEPTOI UacTU dKBaTOpa
3emin, 3) AaUHA OSHOUN YETBEPTON MEPUAMOHAILHON OKPYIK-
HOCTU 3eM.JIu.

B pesyabraTe IIUTENbHON UM KPOIOTIMBOI paboOTHI yaa-
JIOCh TPUUTH K HEM3MEHHOMY CTAHAAPTy Mepbl, U OBLI M3T0-
TOBJIEH 9TAJIOH — IJIATUHOBAaSA KOHIIEBAas Mepa IJIUHBI.

B xoze pa3BuTHUA N3MEPUTEIbHON TeXHUKHU dTAJOH MeTpa
OKasaJjiCs HeJOCTAaTOUYHO TOUHBLIM, a KaK KOHIleBas Mepa IJIu-
HBI — 4acTO Hed(p(PeKTUBHBIM.

Ko Bpemenu nposenenus I I'enepanbHoil KoH(pEPEHITUN IO
mepam u BecaMm (1889 r., BBemeHnue stayoHa merpa) A. Maii-
KeJIbcoH 1 9. Mopiu yKasaau, 4To ¢ HOMOIILI0 HHTepdepoMeT-

Puc. 1. A. MaiiKkeJbCOH U ero mHTEpPhepomeTp
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pa (MM) BO3MOKHO COIIOCTABJIEHVE METpa C AJUHOI BOJIHBI
CBETOBOTO UBJIYUEHUS OIPeNeJEHHON YaCTOTHI.

Takum ob6paszoM, MHTep(PEPOMETPUSI CTAJIA OCHOBOM IJIsd
peasusanuu efUHUIBI JJIUHBI, a HAaX0KIeHNe CTa0MIbHBIX KC-
TOUHUKOB OOJIBIIION CTEIeHW KOTEePEeHTHOCTH II0O3BOJIWJIO eH
CTaTh WM CAMBIM TOUYHBIM CIIOCOOOM.

Ho ecTh y sTOll McTOpHMU O4HA MaJIeHbKAs W Ha IIePBBLINA
B3IJISI HeIPUMETHAas JeTajlb — TOBOPA O KoJuuecmae OAUH
80/, VKJIaABbIBAIOIIIUXCS B OMHOM MeTpe STaJIOHA IJIUHBI, MbI
yMaJIuruBaeM, HO CKopee 3a0bIBaeM, O TOM, UTO UMEeM JeJiO C
KOAUYeCmE0M CMOAYUX 60JH, & 3TO, KaK yAAJI0Ch IOKa3aTh, HE
OIHO U TO JKe. I[JIa Toro uToOLI pa3obpaThCA B 3TOM MAaJiOM,
HO IIPUHITUIINAJIBHOM BOIIPOCE, HE0OXOIMMO IIOABEPTHYThH aHAa-
JIN3y BOJIHOBBIE IIPOIIECChI, IpoucxoasAmniue B IM Ha yuacTKax
MEXKIy IOJYyHPO3pauHOil IIJIACTHHOM U 3epkajamMu. Taxoi
aHaJu3 OBLT BIIepBbIe caesaH B 1981 rogy u mpuBEN K OTKPHI-
THUIO HEeM3BECTHOTO pamee ABJICHUSA, HA3BAHHOTO CHUMAHUEM
CMOoSAYUX BOJIH.

§ 2. 9xcmepumeHTsI 'epa U cTogume BOJHBI

Bcxkope, mocisie cospauusa [[:x. MaKCBeJIJIOM TEOPUU dJI€K-
TPOMAarHUTHOTO IOoJis, I'. I'epIl sKcmepuMeHTaIbHO JOKA3AJI Cy-
IIeCTBOBaHME 9JIEKTPOMATHUTHBLIX BOJIH.

Bo Bpemsa ogHOTrO 13 cBoux sKcrepumMeHToB (1888 r.) I'epir
HAIIpaBUJI U3JIyUYeHre Ha OOJILIION MeTalandecKuit auct. I1a-
marolnas 1 oTpak€éHHasA Oeryiue BOJHBI CKJIAABIBAJINCH, 00-
pasya croauyio Boauy. IlepegBuras suOpaTop, I'epi HamIEn
Y3JIBI ¥ MYYHOCTH CTOSYEI BOJIHBI, I3MEPUJ PACCTOAHNE MEXK-
Iy y3JaMu U OIpPeJesus JJUHY BOJHBI. 3aTeM OH, BHIUUCJIUB
COOCTBEHHYIO YacTOTy BuOpaTopa, OMpemenyl CKOPOCTh pac-
IIPOCTPAHEHUA SJIeKTPOMATHUTHON BOJHEBI ¢ = VA. Iloayuwn-
Jach BeJIMUMHA, PaBHASI CKOPOCTH CBETa. JTO JOKAa3bIBAJIO dJIEK-
TPOMATHUTHYIO MPUPOAY CBETA.

Ho me cimexyer 3abbiBaTh, uTO I'epll, KaK U BCce yUEHBIE
TOrO BpeMeHU, ObLJI CTOPOHHUKOM 3(PUPHON KoHIennun. Kak
¥ IJI1 MHOTHUX, eMy OLLIM HeIIOHATHLI IPUUYNHLI Heygauu Maii-
KeJlbCOHA, a IMOTOMY OH, KaK M APYyrue, NbITAJICA O0BACHUTDH
HOHCEHC.
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Yuénnie KoHa XIX Beka pasmeauanch Ha aBa Jiareps.
IlepBble BBIABUHYJIW 0e3q0KasaTeJbHYIO THIIOTE3y yBJIeKae-
Moro 3eMJiel a(pupa, BTOPhIe IPOAOJIKAINA UCKATHL HAYIHO-000-
CHOBAHHYIO MPpUUNHY. VI XOTA IJIsT OTKPBITUSI CHUMAHUSL CMO-
auux eoaH I'epIly ocTaBajioch caesjaTh MeHee uUeM IIoJara,
OH IPUHSAJ IIO3UIIUIO TEePBOM TPYIIIBL yqumx — THUHOOTEe3y
yBIeueHus sadpupa. BcKope Mosonoi yuEHBIN 3a00Jiea 1 CKO-
POIOCTHKHO CKOHYAJICA, TAK M He Y3HaB O IPeo0pasoBaHMAX
Jlopenma (1895 r.) — runmorese, o0bsCHABIIEH Heygauy Maii-
KeJbCOHA COKpallleHHeM pasMepoB mHTepdepoMeTpa.

UBAYHATEAD

Puc. 2. I'.T'epi u coBpeMeHHAaA TPAKTOB-
Ka ero mnpubopa

T'epmr geficTBUTEIHLHO OBIT OJM30K K OTKPBITUIO ABJICHUS
C)KMMAaHUA CTOSYMX BOJIH, HO OTAAHHOE UM IIpPeIIouTeHIe
TUIoTe3e YBJIeKaeMoro a¢hupa MO3BOJIAET IPEII0IOKUTD, Uer0o
OH TaK W He CMOT IOHATH, KAKUM 00pa3oM 3JIEKTPOMATHUT-
HbIe CTOAYMNE BOJHBI MOT'YT COCYII[ECTBOBATH C IBUKEHUEM
npubopa OTHOCUTEJABHO a¢dupa. B camom nmese, eciiu maTEepdhe-
pupyiomiue B mpubope I'epiia BOJHBI, BCIEICTBUE MBUKEHU
OTHOCHUTEJILHO 3hupa, OyAyT MMeTh pasHble JJIUHLI M CKOPOC-
TH, TO COXPAHUTCS JU cToAuad Bosua? Ilpeamosaraercs, 4To
ecJiu ObI I'epIr IPOKMII JOJIBIIIE, TO OH 003aTeJIbHO IIPOaHAaJIN-
3UPOBaJI ATy CHUTyalldio M HaIien Onl pernenue. Ho cymbba
pacmopsaauaach Tak, uTo TOJabKO B 1981 rogy yamaiaocsk chop-
MYJHPOBATh U PEIIUTDL 3a4aUy CTOAUYUX BOJH B JUHAMUKE.

W B maiie BpeMsa MHOTHWE YUEHBIE IIOIIPOCTY He 3HAIOT, a
HEKOTOpbhIe He JKeJIaloT 3HaTh, 0 HAJTUYNH IIPO0JIeMbI CTOSUNX
BOJIH, IIOSTOMY C IIOPOTa YTBEPKIAIOT, UTO B CMOJEJINPOBAHHOMN
CUTyalluy HU O KaKOU CTOoAUell BOJIHE PeUMr MIATH He MOYKET.
Tak su 3TO Ha camoM meje?
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JdToT BoOmpoc ObLI m3yueH B Havase 80-X romos, a B pe-
3yJbTaTe CAeJaHO OTKPBLITHE HEM3BECTHOTO paHee SABJIEHUS —
CHCUMAHUSL CMOAYUX BOJLH.

§ 3. I9xcmepument 0. UBanoBa

Jlerom 1990 r. ObLiIa IpoBeaeHa cepus SKCIEPUMEHTOB CO
3BYKOBBIMU CTOSTYMMU BOJIHAMHU. B sKcliepuMeHTax ObLIO JOC-
TOBEPHO YCTAHOBJIEHO, YTO IIPU YBEeJIWYEHUU CKOPOCTH BeTpa
OTHOCUTEJILHO HEIOBUIKHBIX W3JIydYaTessd 3BYKOBBIX KoJieba-
HUH 1 3epKajia IPOUCXOIUT C:KUMaHNe MaKeTa CTOSYNX BOJIH.

.
*

Puc. 4. HpI/IHIlI/IHI/IaJIbHaH CcXeMa 9KCIIepMMEeHTa
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B Ge3BeTpeHHYIO ITOTOAY MEXKIY M3JaydaTresieM I U 3epKa-
JOM 3 coszmaBajiach CTOSYAsS BOJHA (SKCIIEPUMEHTHI, KaK IIpa-
BUJIO, HAUMHAJNNCHh B 3aTUINIbe mHepen rpos3oit). C ImOMOIILIO
uHANKAaTOpa 2 (GhUKCUPOBAJICS y3eJl CTOsSUYell BOJHBI, m300pa-
JKEHHOH cIuIolHON JamHuMel. Ilpm modABJeHUU BeTpa (PUKCHU-
POBAJIOCH CMeIlleHe KOHTPOJILHOTO y3J1a B HAIIPABJIEHUH 3€P-
kajga 3. HabGmmomaeMblii aeKT TPaAKTOBaJCA CKUMAaHUEM
maKeTa CTOAYMX BOJH (CXKABIIMUICS MaKeT N300paKEH TOUKA-
MH).

-1 3 YH4Y

1 1y AN 1=
LAV

FlamyyaTens FlraTaToR 2epKana

Puc. 5. Biok-cxema MCIOJIB3YEMOTO B 9KCIIEDUMEHTaX Ipubopa:

1 — 3BYKOBOI1 TeHepaTop; 2 — YMHOKUTEJIb YaCTOTHI (X4), CIyKUT AIA pop-
MUPOBAHUA IUJIOT-CUT'HAJA; 3 — CMecUTelb; 4,8 — TUHAMUKU; 5 — MUKPO-
(¢oH ana mpuéMa IUJIOT-CUTHAJA; 6 — AeauTesb 4acToTsI (:4); 7 — BoccTaHO-
BUTeJIb 6a30BOT0 CUTHAJIA

U xoTsA B 9KCHepUMeHTe ObLI0 HENMPUHIININAJILHO, KaKOo-
Ba 4aCTOTA 3aJaI0Iero reHepaTropa, oHa ObLIa BIOpaHa TaKoi,
yTOOBI AJMHA BOJHEI paBHAIACE 10 cm, a pacCTOAHNE MEXKIY
IUHAMHKOM M 3epKaJjioM paBHsIoch 70 m. Ilpu mosasBiaeHun
BeTpa PUKCUPOBAIOCH OTKJIOHEHNE KOHTPOJIHHOIO y3JIa B CTO-
POHY 3epKaJjia Ha BeJIUUYUHY [0 5 CM, UTO COOTBETCTBOBAJIO CKO-
poctu Berpa mopAaka 30 km/4. Beliu u OOJIbIIINE OTKJIOHE-
HUS, HO IJIABHBIM Pe3yJIbTATOM CEePHUU 9KCIEPUMEHTOB ObLIa
YETKO BBIPAYKEHHAsI 3aKOHOMEPHOCTDL — NPU NOABJLCHUU 8ent-
pa naxkem cmosAYUX 80JH CHUMALCA He3a8UCUMO, OYa JU Ge-

mep 8002b npubopa, Uil nonepéx.
*

Purmyc: Ho nosBosibTe, Benb nHTEpGhEPUPYIOT BOJHEL Pa3HON AJIUHEL... Hu
0 KaKoi cTosiueil BOJIHE 3JeCh PeUy UATH He MOJKET...

JunamMukyc: YBBI, Balll BEIBOJ IIOBEPXHOCTEH, IIOTOMY KaK OIMpaeTcsad Ha
OOIIeIPUHATHIN, KOHCEePBATUBHEBIN TOAX0/. Ecau BBl paccMoTpuTe reomer-
pHIO 00CYKIaeMOoro sIBJIEHUs, TO YOeJUTECh B OIINO0YHOCTY YKOPEHMBIIINX -
cs mpejcraBieHuii. BospMuTe, Ha XyZ0il KOHeI], MIJIIIMETPOBKY U BOOpPO-
COBECTHO IIPOBEAVITE CEPUI0 IIOCTPOEHUH — AyMar, YTO CAMOCTOATEJIHHO
TIOJIyYeHHbIe BBIBOALI Bac yoenAT Oosbire. U He 3a6yAbTe, YTO BOJIHEI, He-
CMOTPA Ha PasjududA B JUIMHAX, UMEIOT OJUHAKOBYIO JaCTOTY.
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§ 4. C:kmMaHHe CTOSIYMX BOJIH

I[JIH TOI'0 YTOOBI y6e,D;I/ITLC§I B peaJIbHOCTH 3adABJIEHHOI'O
OTKPBITUIA, HeO6XOI[I/IMO OCYIIIECTBUTHh DAL MaTeMaTHYECKHUX
OPOIeaypP, a4 MO CYTHU — PEIIUTh YpPpaBHEHUE CTOSUYel BOJIHBI
OJId YCJIOBUA, KOTga HpI/I60p I‘epua ABUMKETCSA B B(I)I/Ipe CO CKO-
pocthio V>0.

Speed system = 0 knoc

P>+

Speed system = 124000 kmn-c

- o -

rredLL

Puc. 6. Yacrora usnyuareneii HeusmeHnHua. IIpu yBelInueHUN CKOPOCTH Ia-
KeT cTosA4YuXx BOJH cyxkuMmaerca. (IIpubop gBuikeTcsa BIOJIb OCHU X.)

Pemenve ypaBHeHUA CcTOSAYEH BOJHEI.
3anuiiieM ypaBHeHMNE CTOAYEH BOJIHBI:

E=E0[c052Tlv (t-x/¢,) = cos2mv (t+x/c2)] ) (1.1)
Hcnonbayss TPUTOHOMETPHUYECKOE COOTHOIIIEHE

+ —
cosA—cosB = 2sinB 5 A I]sinB A

2
HOJTyYrM:
0 O x(e,-¢)d.. O Oc(e,+¢,)H
E=2E,sin 21w O - 2 YUrrmin qu 02 g,
5 O 2c, [¢, A g O c, &, H

HO E=2E;sinw¥'sink'x ,

t'=t—x(c2_c1) k'zm(cz+cl)

rae
A 2¢, e, ¢, &,
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Ho A =2m/k
rora c oo 2l (1.2)
Vv (c2 +c1)
Ho ¢, =cyJ1-B*sin’a -V cosa (1.3)
¢, =cy1-B’sin’ a +V cosa |
2 [k [Bosa 1-p*
rorna ,=,_v/"720S g 1B gy
1-B vV [1-pIsin*a
2
a=0° "= _V/C IZ}; A;m=Acn(1_I32);
Mpu 1-B (1.5)

0=90" = ALEN B

B mpexpigyiem maparpadge MBI OIHCAIN aKYCTHUYECKIIA
SKCIIEPUMEHT, HMOATBEPIKAAIONINI CIIPABEAJINBOCTD IIOJYUYEH-
HBIX 3aKoHoMepHocTei. Ho cylecTByer mpobJiemMa mepexona
OT Pe3yJIbTATOB aKYCTUUYECKUX DKCIIEPUMEHTOB K 3JIEKTPOIN-
Hamuke*. ITpobyiema BEI3BaHA NCKAMKEHHBIM, IIOKA, IIPEACTaB-
JeHUeM IIPOUCXOIAIIEero, Ho BO BpeMeHa MaliKelbCOHA TAKOH
npobeMbl He cTosaa0. Eciiu ObI HAINM IIPEAKU 3HAJIU O CHCU-
MAHUU CMOAYUX 80J1H B aKYCTUKeE, TO IIPU IIPOBEIEHUN NHTEP-
depoMeTPHUUECKIX SKCIEPUMEHTOB OHM PACCUNTELIBATIM ObI He
Ha ompejejieHrie CKOPOCTHU B 3(hupe, a Ipeskae Bcero ma ooHa-
PYy:KeHUe CHUMAHUSL ILeKMPOMAZHUMHbLX cmosdiux 80aH. Te-
mepb MBI IIOHUMAaeM IIPUYNHY, II0 KOTOPOil HEBO3MOXKHO OOHA-
PYKHUTh CYKMMAaHNE OJJEKTPOMATHHUTHBLIX CTOAYMX BOJH
uaTepdepomerpom MailikenrbcoHa, HO 00 dTOM UYTh II03:Ke.
He Oymem moka roBopuTh M 0 IIPAaBOMEPHOCTH IIepeHOoca pe-
3yJBbTATOB aKYCTUUYECKUX SKCIEePUMEHTOB B 00JIaCTh 3JI€KTPO-
MarHUTHBIX BOJIH, HO IIPOCJIEANM KaKle TaKOH IIePeHOC JAET

CJIeICTBUS.
*

Purmyc: ITonepeunoe c:kuMmanue crosumx BoaH? CTpaHHBIN BBIBOA. U BBI
HaOJIIOJAIN 3TO B dKCIIEPUMEHTaX ?

Juuaamukyc: ITo xpaifHeil Mepe, IJIg 3BYKOBBIX BOJIH TaKO€ CIKUMaHUE J0-
Kas3aHo sKcliepuMeHTaJ b0 B 1990 r.

Putmyc: Ho Bexb Ha 3TO CTpaHHOE OOCTOATEIHLCTBO HUKTO €INE He YKa3bl-
Bas? Heysxenu aT0o — oTKpbITHE!?

Junamukyc: Tak u ects! U cimaBa Bory, uTo Temeps 06 9TOM M3BECTHO.

Purmyc: A Kax oOCTOAT fesia ¢ 9JeKTPOMarHuTHLEIMY BosHamMu? Eciu Gbl
Takoe C:KuMaHue ObLIO, OHO 00paTujIo ObI HA ce6si BHUMAHUe, 9TO TOUHO?!
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§ 5. IIpeo6pasoBanusa JlopeHma

B 1895 r., uepes rox mocJie yxoja M3 KU3HU HEMEI[KOTO
dusura-sxcaepuMmenTaropa I'. I'epiia, cBeT yBugein mpeodpa-
3o0BaHUA KoopauHAT JlopeHniia. JlopeHt, B orsimune ot I'epiia,
IpuHALIeXKAaJ K IPYIIIe YUIeHbIX, ICKABIINX AJbTePHATUBHOE
TUIIOTEe3e yBJIeUeHUs d(upa perieHue mpodiemMsl MaiKeabco-
Ha. CIpaBeAJMBOCTH paay OTMETHM, UTO HUAesd COKpallleHUs
pasmepoB UM Bmosis ocu x Obljla BbICKaszaHa u J»Kopm:xem
dunmxeparbioM, HO y JlopeHma Oblia KOHKpeTHAsA TeOpusd,
YTO U MOCJYKUJIO IIPUUNHON IIPHUCBOSHUS TPeo0pasoBaHUAM
ero paMuJInNU.

,_ x-—-Vt
X -
1-B°7
y':y (1.6)
7'=z
y t-V /e Ik
1-B*?

Puc. 7. T. Jlopern u ero npeodpa3oBaHusa

Ho u JlopeHii He cyMeJsl 4O KOHIlA PEIINTL IPOOJIEeMYy, a
BBIIBUHYTASA UM TeOpHUsA ObLIa He TOJLKO HEeJIOCTATOUHOI, HO
u TpeboBaJja IJIs CBOETOo K13HeobecIeueHN I BBOA BCE HOBBIX
U HOBBIX T'HIIIOTES3.

EcTecTBeHHBIM 3aBepIllleHMEeM HECIIOCOOHOCTH HAYKU
O0'BSCHUTL IPUUYNHY BOSHUKIIETO TYINKAa CTAaJIO IOABJICHUE
crenuajabHOU Teopuu oTHocureabHocTu OJiHINTeirHA (CTO).
«KpyTo pacupaBuBmIUCE» ¢ uaeeil spupa, OUHIITCHH 00HA-
BUIJI CKOPOCTBL CBeTa MUPOBOII KOHCTAHTOM, a IIOTOMY KakK APY-
I'IX IPemIOKeHUI He OKal3aJioCh, YUEHbIE MY:KU, XOTA U He
cpasy, HO IIPUHAIN eé€.

cM.cTp.24

Junamukyc: C syieKTpoAMHAMUKOH cioskHee. CIOKHOCTH B TOM, UTO U Be-
IIECTBO, M3 KOTOPOT'O COCTOAT IPUOOPHI, U O0BEKT U3yUEeHUA (BOIHOBEIE AB-
JIEHUS) UMEIOT OJHY IIPUPOAY — BOJHOBYIO. OTO OOCTOSATEJIHCTBO IIPUBOIUT
K CHHXPOHHOM peaKIIuy Ha M3MeHeHNe CKOPOCTH, T.e. K OJHOBPEeMEHHOMY U
PaBHOMY C)KVMMAHUIO CTOSYUX BOJIH U COKPAIEHWIO Pa3MEPOB IPUOOPOB.
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Puc. 8 A. OUHINTENH U... OTHOCUTEJIBHOCTD, KO-
TOPOH HAYYUIUCH OOBACHATH BCE

Kasxapiii 3HaeT, 4To 3aJHUM YMCJIOM Paccy:KIaTh Bcerna
Jerdye. VIMeHHO IIOSTOMY HHOTJA CJHABINHUIIL: «Kawxoili e s
6ecmonikosulil, Hado OvLao ObL c0enamb 80m mak, U mozoa 6cé
0bL10 ObL uHaue». BoT u MBI, ¢ 3aI03JaHeM Ha CTO JIeT, IIbITa-
eMcCsS BBIICHUTB, KaK CJIeI0BAJIO Obl MOCTYIIUTL HAIIIUM JIaJIé-
KuM npenkam. To, 4To mpu BBIOOpPE HAIIPABJICHUS OHU COBEP-
MIWJIN OITUOKY, IJ1s1 Hac oueBuaHO. K uemy ara ormmbKa mpuBesa,
IJIS MHOTUX TOKE€ OUEBHUAHO — K 3aTAKHOMY KPHU3UCY HAYKU
Ha Bcex ypoBHAX. Ho Torma KakoBa CyYTh 5TOM OIIMOKKM U B
KaKoOM MecTe McKaTh e€? Ecam MBI OTBETMM Ha 3TOT BOIPOC,
TO y BCEeX IIOSBUTCS He TOJbKO Hale:KIa, HO M peayibHasi BO3-
MOXKHOCTL BBIATH U3 KPU3NCAa, IpaBla HAM Heo0X0omuMo Oy-
IeT COBEPIIUTH IMOABUT HAJL CaMUMM cO00Ii — OTKa3aThCSA OT
YCTOSABIIIETOCS MIPOBO33PEHNA, 32 KOTOPOe MHOTHE JO CUX IIOP
IOJIYUAIOT 3apILIATy.

Ecau BHUMAaTeIbHO MPUCMOTPETHCA K IPeoOpasoBaHUAM
JlopeHIla ¥ ¢ UX TO3UINII IMOUBITATHCA OOBACHUTL ABJICHUE
COKUMaHUA CTOAYUX BOJIH, TO O0OHADPYKUMBAETCH, UTO C ITUM
SABJEHUEM IIPeo0pa30BaHUsA He CIpaBadaioTcsa. IIpoTuBopeune
COCTOUT B TOM, UTO B IBHMIKYIIEHCS CHCTEMEe CTOAYMNEe BOJIHBI
CXKMMAIOTCS He TOJIbKO BIOJIb OCH X, HO U I, U 2, a 9TO IPAMOe
HEeCOOTBEeTCTBIE TpeOboBaHUAM mIpeobOpasoBanuii JlopeHia.

Mmuorue u3 Tex, KTO IPU3HAET IpeodpasoBanus Jlopena,
IIOCTPOMJIN HA UX OCHOBE COOCTBEHHOE IIPEeCTABICHNIE O MUPEe
¥ HAYYHYIO Kapbepy, OyayT 3aIuIlaTh X, a TO M IPOCTO 000Ii-
IyT MOJTUaHUEM HalJleHHOe HECOOTBETCTBYE — IMIPAKTUKA YMOJI-
YyaHUA BCerjga IoMoraja YUYEHBLIM IIPeoaoJieBaTh MHOTHE IIPO-
TuBopeunsd. Te Ke, KTO MSBABUT KeJaHUE OTKA3aThCA OT
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HaBABAHHOTO NCTOPUEN MUPOBO33PEHUA, IIOUAYT C HAMHU JaJIhb-
mie. MicTuHA JOpOXKe KOPMYIIKH.

MzI yoKe YTOUHMIIN, YTO UMEHHO CTOSA4YAas BOJIHA JIEKUT He
TOJIBKO B OCHOBE 3TaJIOHA [JIMHBI, HO ¥ B IPUPOJE CBA3EH M1y
MOJIEKYJaMU M aToOMaMM, KOTopas sABJsgeTcs BoJHOBou. Ho
KakK O0BACHUTH CUTYAIINIO, B KOTOPOM CIKMMAHNE CTOAYNX BOJIH
U CyKMMAaHNe Pa3MepPOB 3TAJTOHA IPOUCXOAAT cUHXPoHHO? TIpn;-
3HaATh HeleecIoCOOHOCTh mpeobpasosanmii Jloperia? Eciu Mbl
nobouMcsa cheiaTh 9TO, TO 00A3aHbI CKa3aTb, 4YTO HHUKAKOI'O
COKMMAaHUSA CTOAYNX BOJIH B IIPUPOJE HET.

Bo3HUKINNI HOHCEHC MMeeT BIOJHE KOHKPETHOe pelle-
HUe — HeoOXO0IMMO BhIOPATh TaKMe IIPeo0dpa3oBaHM A, KOTOPhIE
6YD;YT HaXO0oUTHBCA B IIOJTHOM COIJVIaCHMHM C OTKPBITBIM ABJIEHM-
eM.

§ 6. IIpeoOpasoBanua (pU3UUECKUX pPa3MepoOB

Ha ceroguaImHuii JeHb YCTAHOBJIEHO, YTO CBS3U MEXKIY
sJIeMeHTaM!U BellecTBa (MOJeKyJIaMU 1 aTOMaMM) UMEIOT dJIeK-
TPOMATrHUTHO-BOJIHOBYIO Impupoay. Eciu aTo Tak, TO, B rpyoom
IpUOINIKEHNN, JI000U BeIlleCTBEHHbIN 00BEeKT MOXKHO paccMaTr-
puBaTh, KaK KPUCTAJJINUECKYIO PEIIETKY M3 9JEKTPO- Mar-
HUTHBIX CTOSTUMX BOJIH, B y3JaX KOTOPOII pacmoJaraioTcs dJe-
MEHTHI BeIlecTBa.

Puc. 9. Pusuueckue pasmMepbl BOJHOBON KPUCTAJLINUYECKON PEIIETKU:
a) ITpu V=0 gas Bcex npeobpasoauuii; 6) IIpu V=0.7¢ o Jlopenny; B) IIpu
V=0.5¢ o BaroBy

Hanuuwme sapupa cosgaér cuTyarunio, B KOTOpoi Jiobdoe us-
MeHeHU’e CKOPOCTH MeHSeT JUHAMUKY BOJHOBBIX ITPOIIECCOB,
OTYEro B BJIEKTPOMATHUTHOU KPUCTAJINUECKON PEIIETKe 13-
MEHSAIOTCA PACCTOAHUSA MEMKAY y3JIaMu. JTO 3aCTaBJIAET dJIe-
MEHTHI BeIlleCTBa NMEPEeIUCIIONUPOBATHCA, T.€. 3aHATH YCTOMU-
YKBOE MOJOKEeHVEe B M3MEHUBIINX MECTOIIOJIOKeHMe y3JIax (B
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JaJbHeHIIeM Mbl MOKaKeM IPUUYUHY, I0OUeMy MUMEHHO Y3JIBI
SABJISIOTCS IJIA 9JI€MEHTOB BelllecTBa HauboJee ONTUMATbHBIM
MECTOM).

_x—W
e
v =y/\1-p
4 =z/\/1—[32

t'=t

1

(1.7)*

Puc. 10. 0. IBarOB u ero npeobpa3oBaHusa
usuueckux pasmepoB (¢gporo 1981 r.)

Y KasaHHBIN IIPOIlecC He TOJIbKO MPUBOAUT K €CTECTBEHHO-
My npeobpasoBaHUIO QUBMUYECKUX Pa3MepPOB, HO ¥ HATJISATHO
JIeMOHCTPUPYET IPUUMHY COKpalleHmusa pasmepoB. Tak, mpu
YBEJIMUEHNU CKOPOCTH, PACCTOSTHUA MEKAY Y3JIaMU BOJTHOBOM
KPUCTAJINUECKON PEeIIETKN YMEHBIITATCI U TeJO0 COXMMETCA*
(YMEHBILIUT 00'HEM ), IIPY YMEHBIIIEHUY CKOPOCTU MPOIIECC ITOM-
IET B OOpPATHYIO CTOPOHY — TeJO pPas3oiKMeTcs (YBeIHMUUT
00BEM).

Eciin s1eKTpOMarauTHbIE CTOSYNE BOJIHBLI I BHYTPEHHUE
CIJIOBBIE CBSI3U JII0O0OTO BelrecTBeHHOTO o0bekTa (IM He wuc-
KJIIOUeHNre) UMEIOT OOIIYI0 IIPUPOIY, TO OHU JOJIMKHBI ITOTYUM-
HATHCA eJUHBIM 3aKOHAM, II09TOMY Ha M3MeHeHNe CKOPOCTH B
a(upe OHU OTPEarupyioT OAMHAKOBBIM 00pPa30M — CHUHXPOH-
HO cxkmMasics! Ho ecim cokmMaHMe CTOSAUYMX BOJH M CIKMMA-
HUe pasMepPoB CHUCTEMbBI B TOUHOCTH COBHIAJAIOT, TO HeT OoJiee
JIOTUYHOTO IIara, Kak IPeAIoJIOMKUTh, YTO OCHOBY IIpeobpaso-
BaHUU KOOPAWHAT COCTABJIAET peaibHoe (pu3nuecKoe ABJIeHNIe
- COKUMAHUE CTOAYNX BOJIH.

*

Purmyc: He mousn?! Bcem Beb M3BECTHO, UTO IIOMEPEYHOTO COKMMAHUS
HeT. A 4TO 9TO 3a Kyuasa dhopmyJia AJs BpeMeHu?

Juuaamukyc: Eciu reomerpusa BepHa (MM BBl COMHEBaeTeCh?), TO HAM HET
PasHUIBI, C KAKUMU BOJHAMU MBI IMeeM Jesio. Bompoc ckopee cy6beKTUB-
HBIU, a IPeo0pa30BaHUA ¥ HEOOXOJUMEL JJIsI TOT0, YTOOBI IIEPENTH OT CYObEK-
THUBHOT'O BOCHPUATUA K PeaJbHO IIPOUCXOnAIIeMy. B aToM cMbIciie mIpeol-
pasoBaHUA MOYKHO CUMUTATH 'eOMeTpUUecKMMU. UTo KacaeTcs BpeMeHU, TO
TaKOBBIM OHO BBIT€KAeT M3 Mpeo0pas3oBaHUIA.
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I'naBa 2. OKCIIEPUMEHT A. MAUKEJBCOHA

B 5101 ri1aBe OyzeT mama MHaS TPAKTOBKA Pe3yJIbTATOB,
HoJIyUeHHBIX B sKcriepumeHnTe Matikeabcona. Taxoii mmiar BeI3-
BaH OTKPBITHEM HEOOBIYHOTO MOBEJEHUS CTOSUYNX BOJIH B IBU-
JKYyIIUXCA cucTeMax (C:KMMaHMEM II0 BCeM KOOPAMHATHBIM
0ocsM), a TaK:Ke HOBBIMU IIpeo0pas3soBaHUSIMU KOOPAWHAT, IO-
SABUBIIUMUCA B PE3yJbTaTe CAEJaHHOTO OTKPBITUSI.

1A mocTH:KeHUs MOJHOTO ITOHMMAHUS IIPOUCXOMISIIEr0
paccMoTpuM BOIIpoCc 006 MHTepdepoMeTpruuecKoM cIocobe pe-
aIn3anuy STaJ0HA AJUHBI, IIOCJIE Uero clejaeM aHaJIu3 CJIe]-
CTBUI 13 HOBBLIX IPeo0pa3oBaHMnii KOOPAMHAT, 00Jee IOAPO0-
HO pacCMOTPHM CMEBICJ IIpeobpasoBauuii I'annines, Jlopenia,
HBanoBa m TOJBKO IIOCJIE 3TOTO JAAUM OIEHKY IIOJYyUYeHHBIX
MaiikerbCcOHOM Pe3yabTaTOB.

§ 1. Peaausanus 3TajOHA IJIWHBI

HurepdepomeTpuduecKuii CMbBICT OIIpedesIeHUs STajoHa
IJIUHBI CBOOUTCA K PACUETy KOJMUYeCTBa IJNH BOJH CBETa, VK-
gagpiBaomuxcss B 1 m. Ho, paboras B yCca0BUSAX peabHOI
cpenbl, B JaHHOM cjaydae — a()upa, MbI IIOHUMAaeM, UTO IJINHA
CBETOBOU BOJIHBI OyZeT mpPsAMO 3aBUCETHb OT CKOPOCTH IBUKe-
HUS HAIleW CUCTEeMBbI, a IIOTOMY CJeAyeT OIepHupPOBaTh IMOHS-
TeM OJIUHA CMOosYell B0JHbL.

s ypoireHus o6cy:K1aeMOoro BOIpoca IPUMeM, UTO TP
HYJEBOM CKOPOCTH CHCTEMEI B 3()Upe IJIMHA CTOSUYEH BOJIHEBI
IIOJIHOCTBIO COBIIAJAaeT C STAJOHOM IJIWHLI 1 paBHa I m. Ho
IpU WU3MEHEHUUN CKOPOCTH CHUCTEMbLI IJINHA CTOSYEN BOJIHEBI
MEHsSEeTCs, UTO IIPUBOAUT K HEBO3MOXKHOCTH €€ MCII0JIb30BAa-
HUS B KauyecTBe cIIoco0a peaymsallidy dTajOHa AJUHBI. Pac-
CMOTPUM CHUTYAIIMIO IJA PasHBIX IIPeoOpasoBaHUI KOOPIH-
HAaT.

Ecau BepHbI npeodpasoBanus Iamuiaes

IIpeo6pasoBanusa 'amuaes mosaramT HE3aBUCUMOCTD ATAa-
JIOHA IJINHBI OT CKOPOCTHU B 3Qupe.
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L l I
0.00 0.50 1.00m

Puc. 11. V=0. IynuHa cTosiueil BOJHBI U AJNHA 9TAJIOHA COBIALAIOT

Ho HamM m3BeCTHO, UTO IIPU YBEJIMUEHUHN CKOPOCTH CHUCTEe-
MBI JJIMHA CTOSUYEel BOJIHBI, BLIOPAHHOW B KauecTBe MepHJa,
YMEHbIIaeTcsd.

Tl el Tl Tl

| ] ]
0.00 0.50 1.00m

Puc. 12. V=0.3c. Crosiuas BosiHa c:kajachk. [[JinHa sTajIoHA OCTAIACh IPEXKHEN

ITO 3HAUNT, YTO BOZHUKIIIEE HECOOTBETCTBUE MOKET ObITH
OOHAPYIKEHO YKCIEePUMEHTAIBLHO.

Ecau BepHBI npeobpa3oBanusa JlopeHina

PaSMep 9TaJIOHA OJIMHBI II0 X 3aBHUCHUT OT CKOPOCTHU U U3-
MeHdAeTCdA II0O 3aKOHY:

L'= Lo(1-B2)°5. (2.1)

Ecau npu HyJ1eBoli CKOPOCTH pasMephl 3TajJI0HA COBIIaza-
IOT CO CTOSAYEH BOJIHOM, TO STOTO He HAOJ0JaeTcsa B JBUKY-
mieiica cUcTeMe 10 TOU IMIPUYMHE, UYTO CoKMMaHue CTOAYEN BOJI-
HBI HE COBIIQJIAET C COKpAIIleHMeM dTajloHa:

L'w= L..(1-2). (2.2)

L l |
0.00 0.50 1.0

Puc. 13. V=0.5c. HecoBraneHue BeJUYNH CXKUMAHUSA CTOSYEH BOJHBLI U
COKpAIIleHUs STAJOHA IIPUBOAUT K BO3MOXKHOCTHU SKCIEPUMEHTAIBHOTO 00-
HAPY KEeHUS HECOOTBETCTBUS
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Ecau BepHBI nmpeodpasoBanuda mo UBaHOBY

IIpomopIiMoHAIbHOCTS COKPAIIEHUA 9TAI0HA U CKUMAHUA
CTOAYEN BOJHBI IPUBOAUT K IMOJHOMY COOTBETCTBUIO JJIA Pas-
JUYHBIX CKOPOCTHBIX pekuMOB (puc. 14)

L'= Ly(1-B2) L'a= La(1-2). (2.3)
Tl Tl Tl el

| l ]

040 0.50 100w

Puc. 14. V=0.5¢c. Ecu HeT HECOOTBETCTBUSA, 3HAUUT 1 HET 9KCIEPUMEHTAIb-
HOT'0 ero O0HapYKeHUs

§ 2. CpemHsasa CKOPOCTH CBeTa

i Toro uyTOOBI OIpPENEeNUTh CPENHIOI CKOPOCTH CBETA,
Heo0XOAUMO 3HATh CKOPOCTL CUCTEMbLI, NJUHY IIYyTH U BPeMs
IBUIKEHUSA CUTHAaJa Tyga WM oOpaTHO, a 3aTeM ITPOMIeHHBIN
CUTHAJIOM IIyTh Pas3/eJUTh Ha BpPeMdA ero NBUMKEHUA.

g 2 I
ﬂ_i)r T "
—e >
0 e+tv i i I

Puc. 15. 3aBuCHMMOCTH PaCcIOIOKeHUA 3epKajia OT CKOPOCTH U IIpeobpaso-
BaHU# KoopauHat: 1 — mo Ianunero; 2 — mo Jlopeniy; 3 — mo MBaHoBy

IIycTh cucTeMa "MCTOUYHMK-3€PKATIO  IBUMKETCSA BIOJL OCHA
X ¢ HeKoTopoi ckopocThio V. Torga ckopocTs curaasa ot O K
M o6ynet con=c—V, a or M x O 0ymer cy,=c+V. Paccuuraem
CPeIHIO0 CKOPOCTh ABMIKEHUA CUT'HAJIA 10 a0COJIIOTHOMY 3Ha-
yeHHIO IpoiigenHoro nytu. Ho Hac OymeT MHTepecoBaTh He
TOJIBKO a0COIIOTHOE 3HAaUeHue cpenHell CKOPOCTU CBeTa, HO U
€€ sHaueHM’e C TOUKHU 3PEeHUS ABUIKYIIErocs HaOJIomaTe .

Ecau BepHbI npeodpasoBanus Iamuines

1) Bpemsa gBu:xkenusi curtasa or O K M:

tow=Lo/(c=V ).
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2) Bpemsa gBusxkeHus curHaina ot M x O:
two=Lo/(ct+V ).

3) CymmMapHOe BpeMs ABMKEHUS CHUTHAJA:
2t=2L./c(1-32).

4) CpenHssI CKOPOCTh CBeTa B CHCTEME:

c¢'=2L,/2 t=c(1-2). (2.4)

M&I HOIyYMIN CpefHee 3HAUeHe CKOPOCTH CBETa AJIA JBY-
sKymeiicsa cucreMbl Ianniaess. C TOUKYM 3peHUs JBUMKYIIEr0Cs
HabJI0aTe A, 3HAUeHNEe CPeJHeH CKOPOCTU cBeTa OyAeT B TOU-
HOCTH TaKUM Ke II0 IpudnHe HesaBucumocTu (L' =L,) sTajo-
Ha JJIMHEI €r0 CUCTEMBI OT CKOPOCTH

c¢"'=2L"/2 t=c(1-3?%). (2.5)
Ecau BepHbI mpeoOpas3oBanusa Jlopenma
dusnueckas AJIUHA 9TAJIOHA YMEHbBIINIACH U CTajla PABHOI:
L=L,(1-3%)%>.

Cy0beKkTuBHaAA AauHA 9TaidoHa (L) coxpaHmia mepBoHAYATD-
HOe umncyieHHoe 3uaueHue (L'=L,).

Pacuém ¢ mouru 3perus abcoaimruozo Habawdamens:

1) PaccrosHme Me:KIy MCTOUHUKOM M 3€PKaJIOM YMEHBIIIHU-
JIOCh M CTaJI0 PaBHBLIM:

L=L,(1-B2)5.

2) Bpemsa gBu:xkeHus curHaya ot O ¥ M:
tow=L/(c=V).

3) Bpemsa gBukenus curxana or M x O:
two=L/(ctV).

4) CymMmMapHOe BpeMs IBUKEHUSA CUTHAaJA:

2t=2L/c(1-B?)=2L,/c(1-3%)°5.
5) CpenHsasa CKOPOCTL CBETA B CHCTEMeE:

¢'=2L,(1-B2)"%/5 t=c(1-B2). (2.6)

Kak BugHO, CpemHsas CKOPOCTDH CBETA COXPAHIJIA CBOE 3HA-
yeHIe, HO KaKOBO OyIeT e€ 3HaueHle ¢ TOUKY 3PeHnsa HAaOJIIo-
maTess, Yy KOTOPOTO 3TAJIOH AJUHBI COKPATHICA?
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Ecnu B (1.21.8) Bmecto Lo(1—32)%5 ou moxcrasut L', To
MOJIYYHT:

" =2L"/> t=c(1-32)">. 2.7
Ecau BepHBI mpeoOpa3oBanusa (Gpu3HIECKUX Pa3MepoOB
dusuueckasa AJNHA 9TAJOHA YMEHBINJIACh U CTajla PABHOIL:
L=L.(1-52).

Cy0beKkTuBHaAA IanHA 9TajdoHa (L') coxpaHmIa mepBoOHAYATE-
HOe umncjeHHoe 3HaueHue (L'=L,).

Pacuém ¢ mouku 3perus abcoriomuozo Habawdamens:

1) PaccrosHue MeKIy MCTOUHHUKOM M 3€PKaJIOM YMEHBIIIHU-
JIOCh ¥ CTaJI0 PaBHBLIM:

L=Lo(1-B2).
2) Bpemsa gBukenusa curzasa ot O k¥ M:
tow=L/(c=V).
3) Bpemsa gBuikeHusa cur"ayia or M x O:
two=L/(ctV).
4) CymMmMmapHOe BpeMs IBUKEHUS CUTHAaJa:
2t=2L/c(1-B?%)=2L,/c.
5) CpemHsasa CKOPOCTHL CBETA B CHCTEMe:
c'=2L,(1-B%)/Zt=c(1-2). (2.8)
M B sTOM ciayuae cpefHss CKOPOCTH CBETAa COXPaHMJa

CBOE 3HaueHNe, HO KAKOBOH €€ yBUAUT HAOI0IaTe b, Y KOTO-
POTo 5TaJIOH AJNHBLI COKPATUJIC?

Ecnu B (1.21.3) Bmecro Lo(1—(32) ou moacrasut L', To
MIOJIYYHT:

c'"'=2L'/3t=c. (2.9)

Takum oOpasoM, ABMKYINUIiC HAOIOLATEIb, HE3aBUCHU-
MO OT COOCTBEHHOM CKOPOCTH, BCcerga OyaeT mMeTh AeJIO C IO-
CTOSTHHOM CKOPOCTBLIO CBeTa, paBHOHU ¢. Termepbs MBI IIOHUMAEM,
uyTto MaTh IIpupoma «COTBOPHMJIA 9TO COBIAAeHMNE AOCOJIIOTHO
HEYMBIIIIJIEHHO», HO HaIlleé HEeBEeXECTBO 3aJepiKaJji0 IIOHMMAa-
HMe 5TOr0 BOIIPOCA POBHO HA CTO JIET.
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§ 3. 3amemiieHHe BpeMeHH

PaccmorpuM, Mo mpemioskeHHON A. OUHIITEHHOM MeETO-
IUKe, 3aBUCHUMOCTb XOJIa BPEMEHU OT CKOPOCTH ABUKEHUA B
a¢pupe. Ho mina Hac OymeT Ba)KHO paccMaTpPUBATL HE TOJIBKO
IBUKEHHUe Jiyda CBeTa IO Y-, HO U IO X-KOOpAMHATE.

IIpumem 3a egWHUIY MaKCHUMAJLHO OLICTPOTO BpPeMeHU
t, IPOMEXKYTOK MEXKAY M3JYyUYeHUEeM CUTHajJa U IPUXO0A0M
€ro B HaUYaJbHYIO TOUKY IIPU HYJIEBOH CKOPOCTHU CHUCTEMBI.

0
Puc. 16. Cxema pacuéra 3aMe[JieHUS BPeMeHU

s nmpeodpaszoBanuii ['anunes

IlycTs cucTema OBUMKETCS C HEKOTOPOUM CKOpPOCThio V>0.
Paccuuraem Bpemsa ABMiKeHUs curHaJja mo nytu ONO:

co=(c?-V? )05=c(1-2)"%,
t'5=2Lp/c(1-B2)*=t/(1-B2)°s,
t'o=t/(1-B*)". (2.10)

Paccuuraem Bpemsa ABM)KeHUs curHaJja mo nytu OMO:

t'11=2L11/C(1—Bz)zt/(.l_,[)’z),

t'11=t/(1—BZ), (211)
t'o< t'n-

Boiee ob6iumM O6yaeT COOTHOIIIEHME:
t'= t(1-B%sin®a )% /(1-2), (2.12)

rme: O — yroj Me:XKIy OChIO X M HalIpaBJieHHeM 3epkajia N.

MbI BUAUM, YTO BpPeMs ABUKEHUS CUTHAJIA 3aBUCUT OT
BbIOOpa HampaBiaeHusa. Ho laaumeit Huyero He 3HAJT O METO-
IVKe OUHINTEHHA, a UCXOANJ 13 UYBCTBEHHOTO BOCIPUATHUA
npoucxonsainero. M tem 6oJiee, I'anamieii He paccMaTpPHUBAJI
cBepx00JbIlIe CKOPOCTH — B €r0 BpeMeHa TAaKOM 3aJaduu He
crosno. [TosTomy, a TakKe IO STUYECKUM COOOPaAKEeHUSIM, MbI
He cTaHeM KPUTUKOBaATh l'ajmmies 3a oOHapy:KeHHOE HaMU
HECOOTBETCTBUE B €Tr0 IPeodpa3soBaHUAX.
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das nmpeodpasoBanmii Jlopenma

IIycTh cucTeMa ABMIKETCS ¢ HEKOTOPOM CKOpPOCTBIO V>0.
Paccunraem BpeMsa aBmiKeHus curHaja mo nytu ONO:

. L t |
w orentz Wanow
N
..... { [ eemmamaa
C Ci C
v
0 o o

Puc. 17. Cxema OBMIKEHUS CUTHAJIa IIPU Y-OPUEHTAIIUN
cq=(c2-V?)05=¢(1-2)%%,
t'o=2Lo/c(1-B2)"*=t/(1-B*)"”,
t'o=t/(1-B2)%5. (2.13)

Paccuuraem Bpemsa aBmikKeHUsa curmajia mo nytu OMO:
t'w=2L"n/c(1-B?)=t/(1-B*)"’,
t'11=t/(1—B2)0'5, (214)
t'|:|= t'11= t/(I—B2)0‘5. (215)

CoOTHOIIIeHNE OIIMCHIBAET M3BECTHYIO 3aBHMCHMMOCTBb T€MIIa Xoaa

BpeMeHU OT CKOPOCTH.

g reomerpudyeckux mpeoopasoBanuii (mo BaHoBy)

IIycTh cucTemMa ABUMIKETCS ¢ HEKOTOPOM CKOpocThbio V>0.
Pacuuraem Bpems aBuikeHus curHasiga mo mytu O'N'O':

CD=(C2—V2)0‘5=C(1—B 2)0.5,
to=2Ln/c(1-B?)"=t,
t'o=t. (2.16)
Paccunraem Bpems aBmikeHus curuaJja mo nytu O'M'O':
t'11=2L'11/C(1 —ﬁ 2):ts
t'n=t, (2.17)
t'|:|= t'11= t. (218)

B oToii cuTyanuu y Hac HeT OCHOBAHUSA T'OBOPUTH O 3aMeJJjie-
Huu BpeMeHU. TeMI Xoa BpeMeHU He 3aBUCUT OT CKOPOCTH.
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§ 4. Anaaus puznUecKuX Mpeodpa3oBaHUM

Hu omgmo m3 paccMOTpeHHBIX HaMU IpeoOpasoBaHUI
KOOPAMHAT HE MMeeT HoJ cO00#l CTPOroil MaTeMaTHUUYeCcKOM
6a3bl, a IOTOMY B pPasHble MEePUOALI UCTOPUN OHU IIPUHMU-
MaJIUCh II0 HEOOXOAMMOCTH, AJS OIHNCAHUS TON WJIN NHOU
rpynnsl sBiaeHuii. IIpeobpasoBaHusa (puamuecKmUX pasme-
poB (reoMeTpUUECKNE) OTJIMUYAIOTCSI OT HPEAIIeCTBYIOITUX
npeoOpas3oBaHUM TeM, UTO B UX OCHOBY IOJOYKEHO OTKPHI-
Toe B 1981 roay sABleHue CKUMAaHUS CTOSYUX BOJH BO
BCeX HAIIPaBJIEHUIX, He VUUTHIBAEMOE B IIPe0OPa30BAHUAX
JlopeHnra.

IIpenmpuHsaTas IONLITKA ONPABIATEH I1€J1eCO00Pa3HOCTD
HOBBLIX IIpeo0pasoBaHUU MHOCPEICTBOM HEKOTOPBLIX II0JO-
JKeHUM KBAHTOBOII MeXaHMKHU OKasajach ymaumoii. Ha ce-
TOOHANIHUYN AeHb, HAIIPUMEP, YCTAHOBJEHO, UTO CHUJIOBBIE
cBsa3U (CBA3U MeXKAY MOJEKYJaMu U aTOMaMM) UMEIOT BOJI-
HOBYI0 mpupony. JI:o60ii BeIleCTBEHHBIN 00BHEKT MOXKHO
OPeACTaBUTh MMAKETOM JJEeKTPOMArHUTHLIX CTOAYUX BOJIH,
B y3JIaX KOTOPOTO PACIOJOMKEHBI aTOMBI 1 MOJIEKYJIbl. Ecau
TaKoil 00beKT OyJeT ABUTaTLCA CKBO3L 5()UP, TO PACCTOS-
HUA MeXXIy y3JaMM BOJIHOBOTO IIaKeTa, a 3HAYUT MEXKIy
aToMaM¥ U MOJIeKyJaMu, OyIeT 3aBHUCETh OT CKOPOCTH. ITY
3aBUCHUMOCTh Mbl YCTAHOBUJIN, PEIIINB ypaBHeHUE cToAUel
BOJIHBI OJis JIIOOOHM CKOPOCTM, MEHBIIIEeHl CKOPOCTH CBeTa.
Okaszaysoch, 4Mo npu HAAULUL CKOPOCMU NPOUCXO0UM CHCU-
MaAHUe nakema CMOAYUX B0JH NO 6CeM KOOPOUHAMHBLM
ocam: x, y u z. llonyuuB GopMyabHBIE BHIPAKEHUSA CIKU-
MaHUSA CTOSYUX BOJH, Mbl OOHADPYKUJIHN, UTO OHU BCTYIIUIN
B IpPOTHBOpeUne ¢ npeodpasoBanuaMu JlopeHIla, KOTOpPLIE
moJaraiT OTCYTCTBUE CXKUMAHHA II0 KOOPAWMHATHBIM Ha-
IpaBJeHUusIM Yy U 2.

%
Purmyec: [a, Temeph s BUIKY NMPUUYUHY OTCYTCTBUSA 3aMeAJIEHUS Bpeme-

Hu. Ho ecTh 9KCIIEPUMEHTHI, KOTOPBIE TOBOPAT 06 00paTHOM — 3aMejJie-
HUe BpeMeHU peayibHO!

Junaavmukyc: He cTouT BaauTh BCE B Kyuy, TIIaTeJIbHO Ke pa3odbpaThesa B
IIPOUCXOAAINEM — Hamla 3a7ada. BEITh MOKeT, UMeIoImuecsa B BUAY 9KC-
MepUMEeHTHI HeO0XOAMMO TPAKTOBATh MHAUe? 31ech HAM IMIPUAETCA Kpell-
KO IIOJIOMATH T'OJIOBBI, €CJIM MBI MCKPEHHE CTPEeMUMCsS K IIporpeccy, Ko-
HEYHO.
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V=0 V>0

Puc. 18. Bimsanue cKopocTu JBUIKEHUS B cpefe Ha GpU3UUECKUE Pa3Mephl
BOJIHOBO¥ KPUCTAJIJIMUECKO PeIIéTKu

JJist Toro UTOOBI BaTAAHYTHh B CYTh IIPOMCXOASAINET0, 00-
patuMca K akycTuke. PaccMoTpuM, KaK 3aBUCUT IJINHA 3BY-
KOBO#l cTOAYEll BOJIHBI OT CKOPOCTH B Bo3dnyxe. Iaa mocrTu-
JKeHUSA KOTEePEHTHOCTU H3JIydyaTe/JM 3aluTaHBI OT OLHOTO
rereparopa (V=3.3 kl'uy).

A, =10cm 3

A, =9.5cm 0»

Ap=d-len o QOOGOOO

SOOOOC v
A =36cm 1 GHEGOEO0OBOLOGEB0OG0EO0HE v

Puec. 19. V1=0; V2=0.230; V3=0.4c; V4=0.57c; V5=0.7c; V6=0.8c

Hac Tak:ke MHTepecyeT 3aBUCUMOCTD IIpoIlecca Pa3BUTHUA
cTOosYeil BOJIHBI BO BpeMeHH’ OT cKopocTu. PoKyc B TOM, UTO B
IOBUIKYINlElics cucteMe (popMUpPOBAaHME CTOSAUYEH BOJIHBI IIPO-
WCXOJUT B Pe3yJIbTaTe CIOMKEHUS KOZepeHMHbLX BOJIH pPa3Hou
IAUHBI. VI XOTA YacToTa STUX BOJIH OAMHAKOBA, UTO COOCTBEH-
HO TOBODSA U IIO3BOJIAET CTOSYEH BOJIHE OBITH, IIPOIECC UX CJIO-
JKeHUs BechbMa HEeoObIUeH W IOYyUYUTeJIeH.
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Puc. 20. V=0.15c. PasBurue cTosdeii BOJHLI B IIOCJIeJOBATEIbHbIE MOMEH-
THI BpeMeHU. Taxkoe pasBUTHE COOBITHAA MOMKHO HAa3BaTh He2aAPMOHUYECKUM

§ 5. JKuBaa croauas BoaHA

¥Y06enuBINUCh UTO U B ABMIKYIIUXCS CHUCTEMAaX CTOSUME
BOJIHBI UyBCTBYIOT cebs cTabujabHO, IepeliiéM K paccMOTpe-
HUIO HeWCCJIeIOBaHHBLIX paHee ciaydaeB. MbI He cTaHeM 3ar-
pysKaTh 3Ty YacTh paboThI IIOCTAHOBKOI 3a7a4, a YKayKeM, UTO
n300paKEHHbIe HA PUCYHKAX CUTYaIlN PACCUUTAHBI JJIS IBU-
JKEHUA OTHOCUTEJILHO CPEeJIBI.

AbderT Husoii cmosaueii sonrnwvl (puc.21) Ol 00HAPY-
JKEH BCJIENl 32 OTKPBITHMEM CKUMaHUA CcTOAYnX BOJH. CyTh
SABJIEHUS TIPOCTA: KAK TOJHBKO MBI CO3aéM DPA3HUILY YaCTOT
(apuT™MuUIo0), CTOAYASA BOJHA IMIPOIAJAET, a B3AMEH ITOABJIAETCA
OueHMe, CBOMCTBA KOTOPOTO Mbl HAMEPEHBI PACCMOTPETD.

M&5I yTBEPIKIAEM, UTO B CJydae C apuTMueil Bcerga MOXKHO
HaWTHU TaKyIO IBM)KYIITYIOCS CHCTEMY, B KOTOPOM MHTep(pepu-
pyIoIire BOJHBI OYAYT MMETh PaBHBIE YACTOTHI. 37eCh JOCTA-
*
Purmyc: Ha puc. 20 pasHble JINHBI BOJH. 3HAUUT U YacTOTa pasandyHa?

Juaamukyc: Ilo OTHOIIEHNIO K JBUIKYIIIEMYCS BMECTE C CUCTEMOM HabJIIO-
IaTeJIo YacToTa mafaioleil 1 OTpasKEHHOM BOJIH ogfuHaKoBa. Ho MbI nMeem
eJI0 ¢ MBUKEHMEM CHCTEeMBI B cpefe, a 3HAUUT — u ¢ adderrom Jommepa.
Orciofa U pasnuuuA B AJIUHAX ITaJalolleil 1 OTPakKéHHOI BOJIH.
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Puc. 21. Crosauas BoJiHA IBUMKETCS BMECTE C 9KPAHOM, HO OHA MMeeT MeCTO
TOJILKO JJISI IBVIKYINErocs HAGMIONATe A, II09TOMY Mbl HA3BAJIU €€ «KUBOM
CTOSTYell BOJIHOM »

' "i"l‘""_‘“.‘. LR

Puc. 22. 3aTo aad MOKOAIIMXCS HaAOMIOAATE e cTosIuasi BOJIHA HEeHAa0JIo-
maema.

TouHo opmya [Homsepa, omepanuy ¢ KOTOPHIMU JAIOT HaM
TOUHYI0 ()OPMYJIY [Jis OIPEAeIeHUuA CKOPOCTU CUCTEMBbI:

V= C(V2—V1)/(V2+V1). (219)

Purmyc: 9T0 UTO K MOJYUYaETCA: JJIA TEX, KTO OEKUT — CTOSAUAs BOJIHA €CTh,
a IJIsd TeX, KTO CTOUT — €€ HeT?

ZIP[HaMHKyci HNwmenno B aTOM BCcA IIpeJieCTb ABJIEHUSA, UMEHHO TaKUM 06pa-
30M IIpoucCXxopsdIliee BCeX c6uBaer ¢ TOJIKYy, co3gaBad y ABUMKYLIErocda Ha-
6Jno;[a'rem{ UJLJIIO3UI0, OCOﬁeHHO, €CJI OH MeeT [1eJI0 C 3JIEKTPOMAarHuTHLI-
MK BOJIHAMHU, UTO KaK ObI HUUETO He M3MeHAEeTCsd.

Purmyc: Ho Benp MBI MOYKEM M3MEPATH AJIUHEBL IPAMOI U 06pATHOM BOJIH, a
U3MepUB, OOHAPYKUTH HECOOTBETCTBUH. ..

JduaamMukyc: YBbI, HO S TIOKa €I He CJBIIIAN 00 9KCIIepuMeHTax, B KOTO-
PBIX M3MEPAINCH AJIUHBI OeryInmx BoJH. [0 cux mOp O IJIMHE BOJIHBI MBI
CYIUM TIO JJINHE CTOsUYeil BOJIHBI, a 9T0, KaK MbI Tellepb 3HaeM, He OJHO U TO
sKe. CTodguasi BOJIHA MOJKET BOBHUKATH B Pe3yJIbTAaTe CJIOYKEeHUS BOJH OIU-
HaKOBOM Y4acTOTHI, HO PasHOIi, B ¢BA3u ¢ adderTom Hommepa, aauabl. O6-
HIETTPUHATOE CYKIeHUe O CTOsSuell BOJIHE 3[IeCh SBJIAETCA YACTHBIM CJyda-
em maa V=0.
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HHTEepecHBIM 3€Ch ABJIAETCSA TO, UTO IIPU 9TOH CKOPOCTU
HabJI0faTeN b YBUAUT ABUIKYIIYIOCS IapajlIeJbHO ¢ HUM U
BIIOJIHE HOPMAJIbHYIO CTOAYYIO BOJHY. OTO O3HAUaeT, UTO Ha-
OJIIOaTh HCUBYIO CMOAYYI0 80JHY MOKHO B OJTHOM €IWHCTBEH-
HOM CJIy4ae — eCJIi CKOPOCTBL HAOJII0AaTes sl COBIAZAET CO CKO-
POCTBIO e¢ NBUMKEHUA B IpocTpaHcTBe. MBI M300pas3uyiu 3Ty
CUTYaIlMIO HAa PUCYHKe, a TaK:Ke IpuBeau GopMyJIy, Mo KOTO-
poii, 3Has YaCTOTHYIO PA3HUILY, MOXKHO OIIPEIeJUTh CKOPOCTh
JKUBOI CTOSYEN BOJIHBI, a II0 CYyTH — CKOPOCTh TOKAa y3JIOB U
OYYHOCTEMH.

Mzl errié BepHEMCS K OOCY:KIEHUIO 9TOTO ABJIEHUS, 100
MMEHHO JecTabuIn3anus NCTOYHNKOB CIIOCOOHA IPOJIUTE CBET
Ha BOIIPOCHI DHEPTUU, CHUJILI, MHEPIIUU, MACChI 1, KOHEUHO e,
IpaBUTAINHA.

Aa=10cu [ C
Aa = 30cMm
Na=3,3Kru Ma=14kry
3r 3r
Puc. 23. Kupas croguas BomHa V jop —C y1—V2 (2.20)

vitv,

PaccmatpuBasa Boupoc #u6oii cmosayeil 60JiHbL, MbI BIIED-
Bble CTOJIKHYJIUCH ¢ MHTep(MEPEHITINEN OT UCTOUHNKOB Pa3HOM
YacTOThI U BBeJU IIOHATHE CKOPOCMb MOKA Y3108 U NYYHOC-
meil. Ho MOKHO JI CO3AATh JKUBYIO 9JIEKTPOMArHUTHYIO CTO-
AYYI0 BOJIHY, HaIpUMep, B mpoBoaax? Eciu MBI cyMmeeM IOKa-
3aTh, UTO 3ajada He JIUIIIeHa CMBbICJIa U UMeeT pellleHue, TO
TOorJa HaM CTaHeT IIOHATHA IIPUPOLa, II0 KpaliHeir Mepe, IIepe-
MEHHOT'O 3JIEKTPUUYECKOTO TOKa.

§ 6. CkopocTh TOKa B IPOBOAAX

IIycts MBI MMeeM [OBa TeHepaTopa IIePeMeHHOI'0 3JIeKT-
PHUYECKOTO TOKa, 00beINHEHHBIX B €IUHYIO SHEPTOCUCTEMY IIPO-
BogaMu. Il IPOCTOTHI PACCMOTPUM ITPOUCXOISAINEE TOJIBKO
B OJTHOM IIpPoBojfie. Ecyin 4acTOTHI reHepaTOpOB OMMHAKOBBI, TO
HY 0 KAKOM IBMIKEHUWU YHEPryuu II0 IIPOBOAY He MOKET ObITh
W peuu, HO 3aTO MBI OyJeM HMeTh JeJI0 ¢ TaK Ha3bIBaeMOIi
DJIEKTPUYECKON CTOsTUell BOJIHOM.
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Va=Vg
OVA = =y S A VBQ
el = W= f

Puc. 24. Mexay paBHBIMHY II0 YaCTOTE UCTOUYHUKAMHU HET IIePEeTOKA SHEePruu

s Toro uToOLI HAOJIOMATDH JKejlaeMoe IBUKeHUe (TOK)
9JIEKTPUYECKOM CTOosUYell BOJIHBI, HanpuMep oT A Kk B, Heobxo-
IVMO YMEHBIIINUTEL YacTOTy reHeparopa B. Kak Toibko yacTo-
Ta B yMEHBIIIUTCS, CTOSIUAA BOJIHA HAUYHET ABUTATHCA OT A K B
CO CKOpOCThIO V, a MBI, €ClI CTaHEM ABUTAThCA C ITOH Ke
CKOPOCTBLIO 1 B 3TOM JKe HAIIpaBJIeHNN, OOHAPYKUM JKUBYIO
cTOAUYIO BOJIHY. Ho eciu [iis moxosierocs HabIogaTe s BCE
IpoucxoasIiee OyaeT BHITJIALETh MOSIBJICHNEM TOKa B IPOBO-
e, TO OJs ABUIKYINErocs HaOJIIofaTeNs HU O KaKOM TOKe B
IPOBOJIe HE MOJKET OBLITh M PEeUM.

OueBUHO, UTO OIIPENE/ B CKOPOCTh JKUBOM CTOAUYEll BOJI-
HBI, MBI OIIPEIeJIUIN 1 TaK Has3bIBA€MYIO CKOPOCTh TOKAa SHep-
TUH JJI TOKOSAIIerocsa HabIroaaTe s, 4To, II0 CBOei CyTH, SABJIs-
eTcs OOHUM U TeM Ke. AHaIM3UPysA HCHOJIb3YEeMYIO IJIs
pacuéra GopMyJly, MBI YTBEP;KIAEM, UTO B PACCMOTPEHHOM CH-
Tyaruu CKOPOCMb MOKA 3A6UCUM MOJAbKO OM UCKYCCMBEHHO
co30anHOl pasHuybt yacmom. Tak, HampuMep, eclu pPasHUIA
Mexxkay uactoramu or A u B Oygmer paBua I I'y (Va=50 'y,
ve=49 I'y), CKOpoCcTh TOKa sHepruu Oyaer paBHa 3030 km/c, a
npu uactoTHoi pasHuie 0,001 I'y cKOpoCTh TOKa OyAeT BCero
Sxm/c. OTO O3HAUAET, UTO €CJU MbI CTaHeM IBUTaThCAd B Ha-
IPaBJIEHUU TOKA Y3JIOB U ITyYHOCTEI CO CKOPOCTBLIO 3 KM/C, TO
CPaBHAEMCSI CO CKOPOCTHIO TOKA B IIPOBOZE, a IIOTOMY OH, Kak
CHMBOJI TIepeHoca 9HePIruu, IJIA Hac He OyIeT MMEeTh CMbICIA.

Puc. 25. Buemruuii Buj KUBOM CTOSUYEH BOJIHBI AJIA MOKOAIIErocsa HabIio-
maTesis

Y TBep:KIeHNE O TOM, UTO CKOPOCTH TOKA MOYKET K0JebaTh-
csA B IIMPOKUX TIpejesax, JerKO IPOBEpUTh. [Jia sToro HeooO-
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XOAMMO IIPOBECTH 3KCIEPUMEHT, B KOTOPOM YacTOTa reHepa-
TOPOB AOJIKHA OBITHL rOpasmo BuIllle, Hanpumep, 600 ml'y. Ilpu
TaKOM 3HAUEHUY BCTPEUHBIX YaCTOT B IIPOBOJIE BOSHUKHET CTO-
Adasg BoaHa aamuou 0.5 m. MBI IPUHSAIN CTOJIL BHICOKOE 3HA-
YeHNe YaCTOTHI TOJIBKO AJIA TOTO, UYTOOLI O0JIETYUTD IIPOIeayPY
KOHTPOJISI 32 CKOPOCTHIO TEPEeMeIeHUs KOHTPOJBLHOTO Yy3Jia.
Eciu MBI msMeHUM (YMEHBIIIIM) YaCTOTY reHepaTopa B Ha 1Ty,
TO KOHTPOJILHBIN y3€J CTOsSYell BOJIHBI CTaHET IIepeMeIlaThCs
mo mposoxy oT A k¥ B co ckopocthio Bcero 0.25 m/c. Ho eciu
JUIA TIOKOAIIeroca HaOJII0[aTesNisi TaKoe NBUIKEHWE BOCIPUHU-
MaeTcA KaK TOK 9HEePTUH, TO JJIA HaOJIoAaTeN A, BUKYIIErocs
co ckopocThio 0.25 m/c B HampaBiaeHUUu B, TOK sHepruu OymaeT
OTCYTCTBOBaTh. Ec/ii MBI TTOXKeIaeM YMEHBIITUTh CKOPOCTh TOKAa
suepruu a0 0.125 m/c, To dacTtora remeparopa B mo:KHA OTJIN-
yaThesa oT A Bcero Ha 0.5 I'y.

O;

Puc. 26. Beryiuii Haba0gaTe b BUAUT IPEABIAYINYIO KAPTUHKY WHOM

Ha paccmoTpeHHOM IIpuMepe MbI BBIACHUJIU, YTO ApUm-
Mus medxncdy uCmoiHUKaMu npugodum 8 08ulceHUe IHep2ulo,
CKOpOCMb MOKA KOMOPOil 3a8UcCUm MoJAbKO OM PA3HUUbL 1ac-
mom. He ciaenyeT myTaTh CKOPOCTh TOKA CO CKOPOCTHIO Iiepe-
HOoca uH(MoOpMAIIUM O Hauajie ero ABM:KeHuA. WMupopmarus
pacupocTpaHAeTCcs 10 IPOBOAY CO CKOPOCTBHIO CBETA.

Hy a uTo Xe TOr[a MOXKET IPEACTABJIATL U3 ce0A ITOCTO-
SHHBIN TOK, UTO 3TO 3a (pusnuecKuii mpoiecc? Ha KakoM ypoBHe
OpraHMB3aIlMM BeIllecTBa CJeJyeT MCKATh MOPOKIAOIIYIO ero
npuunny? Hameioch, YTo ogHA M3 OXKUIAOIINX YUTATEIIA TJIaB
IPUOTKPOET 3aBecy HAJ 9THUM IJIaBHBIM IJIA SHEPTeTUKU BOII-
POCOM TPUPOJHI.

*

Purmyc: B 6bITy MBI HaGII0]aeM JeiCTBHE 9JI€KTPUUECKOT0 TOKA, CJIU CO-
3[laHa PA3HOCTD IIOTEHIIVAJIOB, Y BaC K€ Peub UAET O PA3HOCTU YaCTOT reHe-
paTopos, T.e. Ap=kAv. Ho Torma k-xosddumuesTt qaét mepexoq OT 4aCTOTHI
K sapany (morenmuainy) k=A¢p/Av?

Juaamukyc: PasHoCTh MOTEHIMAIOB — MOHATHE YCJIOBHOE, HO 3aTPOHYT OUYEeHb
Ba’KHBIM MOMEHT, IIPY A€TAJILHOM PACCMOTPEHUY KOTOPOT'O MOYKET ITOSABUTHCS
MOIIIHAS 3aBA3KA HA HOBYIO MHTEPIIPETAI[NIO BCEX IMIPUHATHIX MOHATUM (criia
TOKa, paboTa ToKa U T.X.).
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B ToM, UTO pasHOCTb YACTOT OTBETCTBEHHA 34 TOK, MOYKHO
yOequThCs Ha IpUMepe:

«14.02.96 r. B equHoii sHeprocucreme Poccuu u YKpau-
HBI ITPOUIOIIES SHEPreTUYeCKUA KOH(MINKT. B pesyabrare mpu-
OCTaHOBKH I0:KHO-yKpamHcKoit AJC B sHeprocucremMe ¥ Kpau-
HBI ITPOMS3OIILJIO MOHUKEHNE YACTOTHI, UTO IIPUBEJIO K IIEPETOKY
Tyla 3JeKTposHepruu u3 Poccuu, rme yacToTa ObLia BBIIIE.
YT00BI MCKIIOUNTH DHEPTeTUUYEeCKNe IIOTePHU POCCUIICKAA CTO-
poHa BHIHY:KIEHA ObLTIa OTKJIIUUTHECA OT SHEPTOCUCTEMBI ¥ K-
PauHBI».

§ 7. Ilpamsbie U oOpaTHBIE MPEOOPA30BAHUS

HecuMMeTpUYHOCTD IPAMBIX M O0PATHBIX IIPeodpasoBaHUiz
TpebyeT ImepecMOTpa OTHOIIIEHNA K MHBAPpUAHTHOCTU. Bech mpe-
OBITYIITUHN 1 TOCJIeAYIONIT MaTeprua Oy IeT IIpsaMO YKa3bIBaTh,
YTO UHBAPUAHMHOCMb — NOHAMUE I20UeHMPUiLecKkoe, a IoOTOMY
pasoupaThbCcs B IPOUCXOLAINEM yOOOHEee C IIOSUIIUU a0COJIIOT-
HOTO HaOJIIOATEN s, MMEIOIIEer0 BO3MOMKHOCTS MI'HOBEHHOT'O BH-
neHus. AOCOJIIOTHOMY HAOJIIOIaTe 0 HeBasKHO, KaK BUIUT TO
WJIY MHOE sABJIEHNE MECTHBIN HalOIoaaTe b, HO Kejlad eMy II0o-
MOUYb, OH YTBEP:KIAeT, YTO UHBAPUAHMHOCMb — TIOHATHE OTHO-
CUTEJIbHOE, & IOTOMY UMeem Mecno moavko 00 mozo MOMEeHma,
noka npu u3yieHuu co0CMeEeHHO 8eu,eCmeEeHH0-60H0B80IL CUC-
membL UCTIONIb3YEMC S NOHAMUE «CKOPOCMb C8emay.

Puc.27 Ilpoucxopsiree ¢ mosunuu AGCOIIOTHOTO HabIogaTe s (JieBassi KOM-
MO3UIINA); C MO3UIMY ABUKYIIerocAa HabarogaTensa (IpaBasd KOMIIOSUIIUA. )
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IIpsambie u obpaTHBIe TPeoOpa30BaAHUA:

x'=(x—-Vt)/(1-B?) x=x'(1-B%) +Vt

=1 t=1t

y =y/(1-B*)* y=y(1-g2)  (2.21)
2 = 2/(1_B2)0.5 z = 21(1_B2)0,5
Vi=-V/(1-B*) V=-V(1-p*)

V — CKOpOCTH OTHOCUTEJIBHO 9(Upa;
V' — cy0'beKTUBHOE BOCIPUATHE CKOPOCTU CHUCTEMBI.

U= (U=V)/(1-B2) U =V=U'(1-82)

U' — cy0'beKTHBHAS CKOPOCTh O0BEKTA B IBUMKYILENCA CHCTE-
Me;
U — CKOpOCTh OTHOCUTEJHHO d(pupa (abcoroTHAasS CKOPOCTD).

§ 8. T'eomeTpuueckas MHTEPIpPETAIHA
MHBAPMAHTHOCTH

HaM HeoO0XOZMMO ITOKA3aTh reOMeTPUUYECKYIO MPUUUHY
MOHATUA UHBAPUAHMHOCMb U IIPOAHAIN3NUPOBATL €€ BBIIOJI-
HeHNe NPUMEHUTENbHO K Pa3JIMUYHBIM IIPeo0pa3soBaHUAM KO-
opauHat. UHBIMU cJI0BaMM, HaM IIPEACTOUT IIOKa3aTh, UTO He-
Ha0JII01aeMOCTh KaKUX-JIN00 N3MeHeHni, HaTpuMep B HOJIAX
HHTep(PepeHIny, MIPUCYIa TOJbKO TeM Ipeo0pa3oBaHUAM, B
OCHOB€ KOTOPBIX JIEKUT BOJIHOBAA IreoMeTpumsd.

Bynewm niocsiefoBaTeNIbHEI, & IOTOMY ITOOYEPETHO ITOKAYKEM
U3MEHEeHUs B MOJIAX MHTepdepeHIInn I PasIundHbIX IIPeod-
pasoBaHUT KOOPAMHAT.

IIycTh MBI MMeeM CHUCTEMY OABYX KOTE€PEHTHBIX OCITMJLIISA-
TOPOB ¢ UBMEHAIOIIENCA CKOPOCTHIO ABUKEeHU B cpenie. IlycTs
MEXAY OCIUJIIATOPAMY COBUT (had paBeH HYJIIO, a PACCTOAHUE
COOTBETCTBYET TPEOOBAHUAM HCCIEAYEMbIX IIPeoOpasoBaHmid.

Bepnsl npeoopazosanua l'anuiaes
MbI BUAMM, UTO IPU U3MEHEHU CKOPOCTH I10Jie nHTepde-

pennuu gepopmupyercsa. Ecam Mbl M Jajbllle CTaHEM Hapa-
IIUBaTh CKOPOCTD, TO AedopMaIlius yBeJIUUUTCA. B mambHeli-
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Puc. 28. YBemuuenue CKOPOCTH IIPUBEJIO K IIOABJIEHUIO BOCHMO¥ IT0JIOCHI

ieM, AJIs HATJIIOHOCTH, MbI OyAeM OTOOpaKaTh TOJBKO Y3JIO0-
BbI€ JINHVHW, & TaKXe CHUMBOJIMUYECKUI IIPAMOYTOJIBHUK, IIO 13-
MEHEHHIO PasMepOB KOTOPOr0 MOKHO CYIUTh O COKPAIIeHNN
pasMepoB CHCTEMEI.

Ciengyer oOpaTuTh BHUMAHIE HA IIOABJIEHNE JOIIOJHUTEIb-
HOIi y3JIOBOM JIMHUU, a CJIeOBATEJbHO, 1 HA IIePEKOC II0JIS UH-
TepdepeHIIuu. 3IeCch MBI BIIePBLIE CTAIKMUBaeMca ¢ gedopma-
e, BEKTOP KOTOPOU CIIOCOOCTBYET TOPMOKEHUIO IBUKEHIS.

\ |/ / ________________ VA
DI

[

U=0 U= 16000 U= 30008
Puc. 29. Yewm BbIllle CKOPOCTh, TEM CHUJIbHee HedopMarius

Bosaukamomniyo gedopMaInio MOMKHO YCTPAHUTDb CABUTOM
¢az, HO reomeTpusa nHTEPPEPEHIINYN B JTUHAMUKE TAKOBa, YTO B
WCCJIeIyeMOM CJydae IO Mepe BO3pacTaHUA CKOPOCTU CHUCTe-
MBI OCIMJIJIITOPOB MBI Bcerja OyaeM MMETh AeJi0 C KOJIMue-
CTBEHHBIM YBEJUUYEHUEM JUHUN WHTEep(epeHITnn.
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Puc. 30. C YBeJIMUEeHHEM CKOPOCTH BO3pacTaeT KOJIMYEeCTBO IIOJIOC MHTEP-
deperIIU

CT0J1b HEOOLIUHOE IIOBeeHNe I0JISI NHTEP(EPEHITIN 00hAC-
HseTCS OIMCAHHLIM paHee SBJIEHUEM CHKUMAaHHUA CTOSUUX
BOJIH — HA YYacTKe MEXKAY OCIWIIATOPAMU HX CTAHOBUTCS
6osbirie. Ho ecau ecTh pasiamune, TOTQa OHO MOXKET OBITH 00-
HapysKeHo, a 3HAUNT, mpeodbpazoBaHud 'anniiesa gaxke Teope-
THUYECKU He B COCTOAHUU O0ECIIeUNTh MHBAPUAHTHOCTD.

Bepnsl npeoopazoBanua Jlopenma

U npeobpasoBanusa JIopeHIIa He B COCTOSHUN 00€CIIeUUTDH
VWHBAPUAHTHOCTh — B 9TOM HECJOXKHO YOeIUTHCA OIATh-TAKU
yepe3 reoOMeTPUUYECKUH MeTO aHaJIN3a 10 NHTepP(PepeHInn.

\ f’/ _________________ \ I/ __________________ § H/ ________

________ g \\ L /e

U= 1068880 VU= 172008 U= 228080

Puc. 31. Ilo mepe Bo3pacTaHUA CKOPOCTU HAOJIIOZAETCS KOJUUECTBEHHBIH
pocT IuHUH uHTepdhepeHI N

Bepnsl npeodpazoBaHus pasmepos mo UBaHoBy

IIpuMeHUTENIBHO K 3TOMY THUIY IpeoOpasoBaHUIl MBI IIO-
Jy4JaeM HeOKUJAHHBIN 000POT B IPOUCXOAAIIEM — OTCYTCTBUE
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KOJIMUeCTBeHHOM mpubaBKu JuHUN uHTepdepennuu. Ho u
3lecb MBI He MOKEM T'OBOPHUTh O COXPAHEHUU MHBAaPUAHTHOC-
TH, TOTOMY KaK BUAUM Pa3JUUYUA MEXKIY CUCTEMaMMU.

U= 186088 U= 1720088 U= 2280808

Puc. 32. OrcyrcTByeT mosBJieHME AOIOJHOTEIBHBIX II0JIOC MHTEP(hepeHIIn T

Cruenyer, OMHAKO, OXKUIATD, UTO AJIA MECTHOT'0O HabJrogaTe-
JI OPUHIUII MHBAPUAHTHOCTH OyIeT «padoTaThb», IOITOMY
MHBAPUAHTHOCTDb OH OyAeT BOCIPUHUMATH KaK CyO'beKTHBHOE
CBOMCTBO IIPOIIECCOB B CHCTEME.

Eciu aTu Ke caMble IIOCTPOEHUS OCYIIECTBUTHL AJIA APY-
T'IX CKOPOCTEeHM M MHOUW OPUEHTAIIMU K HaAIIPaBJIEHUIO IBUMKE-
HUS, TO PE3yJabTaThl OyAYT UAeHTUUHBIMU. OIleHuBas TeOMeT-
PHUYECKYIO I1eJ1eco00pPa3HOCTb TeX MM MHBIX IIPeodpa3oBaHUi
KOOPAMHAT, MBI TOBOPUM, UTO (pu3HUeCcKHe Ipeodpa3oBaHmsa 00-
Jee IPYTUX YAOBJIETBOPAIOT IPUHIINIY MHBAPUAHTHOCTHU — TIO-
3BOJIAIOT MHTEPGhEPEeHIIMOHHBIM IIPOIleccaM OCTaBaThCH, AJIA
MEeCTHOTO HabJIromaTe s, Hen3MeHHbIMU.

§ 9. I9xcmepument AanrOepra MalKeJbcoHA

B 1881 r. Annbepr MaliKeabCOH CKOHCTPYHPOBAJ MPU-
00p, C ITOMOIITbI0 KOTOPOT'0 HaMepeBaJjIcA O0HADPYKUTh JBUMKE-
HUe 3eMJIM OTHOCUTEJILHO 3aIlOJHSAIONIe MPOCTPAaHCTBO Cpe-
ael — ODPUPA. B ocHOBe ero pacuéToB JIesKaau: BceoOIlee
yOeskaeHre 0 HAJIMUYNY HEIIOABUIKHOTO 3(upa u mpeobdpasoBa-
Hudg annied.

IlonyueHHBIe B SKCHEPUMEHTAX PE3YJbTAThl MOPA3UIU
BCeX HYJIEBLIMHU 3HAUeHUAMU. 110 OOJBIIIOMY CUETY BOOOIIE
He OBLJIO MOJYUYEeHO HUKAKUX Pe3yJIbTATOB, a IOTOMY B (DU3UKE
00pasoBaJiCsi MUPOBO33PEHUECKU BAKYYM, 4 B HayKe KPU3IUC.
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Bosaa sToro Kpusuca oKaTuIach 4O HAIlero BpeMeHU, 1 XOTs
6oJiee ueM 3a CTO JieT OBLJIO CIEeJIaHO HeMaJo, BOIpoc O (usu-
YeCKOI CYIIIHOCTH OKPYKAIOIero Mupa IJisd HAac IOKa TaK JKe
TyMaHeH, KaK M CTO JIeT Hasaj.

Puc. 33. HM. [JuaamMmiKa pas3BUTHUSA IPEACTABICHUU 00 SKCIEPUMEHTE
MaitikenscoHna: a) mo I'amuiero pasmepbl MHTepdepoMeTpa Bcerga Heus-
MeHHBI; 6) o JlopeHmy — cOKpaImiamTca TOJBKO IO X; B) mo MABaHOBY —
COKpAaIllaloTCA II0 BCeM KOOPAWHATHBIM ocaAM (X,Y,2)

Muorue yuéHbIe ILITAJNCHL OTBETUTL HA BOIPOC, IIOUEMY
He cpaboTtaa naTeppepomeTp MaiiKeabCOHA, HO YAOBJIETBOPU-
TeJILHOTO OTBETa HAWTH TAaK U He yhajiochk. BoaBpamiasch K
00CTOATEIbCTBAM, IIOCJIYKUBIIINM OCHOBOII 151 co3ganus CTO,
ciaenyeT oco00 MOAUYEPKHYTh, UTO II0 UPOHUU CYyAbOBI HUKOMY
He IIPUIILJIO Ha yYM MCCJIEIOBATEL IIPOIeCChl MHTEep(epeHITn
BCTPEUHBIX BOJIH HA YUYACTKaX MEKIY IIOJYIPO3PAUHBLIM 3€ep-
kasiom O u moJaHBIMU 3epkanamMu M u N.

%
Purmyc: He ckporo, mHTepIpeTanus MHBAPUAHTHOCTH MHe HpaBuTcsa. Ho

IIOYeMy TOTZa HUKTO He BOCIIOJIb30BAJICA STUM IogxonoM? BrITh MoXKeT, OH
HEBEPEH, Pa3 BCe UCCJIeIOBATEIN O0OIILIN €TI0 CTOPOHOM ?

MuunamMukyc: BeITh MOXKET U He BEPEH, B 9TOM HAM €eIlé MPEeACTOUT Pasol-
parbesi. Hy a mpoiuim MMMO TAKOrO IIOAXO[A IO IPUYHWHE, UTO SABJICHUE
Coxumanus Crossunx BoJsiH GbLI0 OTKPBHITO TONBKO B 1981 rogy. A pas or-
CYTCTBOBAJIO OTKPBLITHE, 3HAUUT Y MCCJIeN0BaTeNeil He ObII0 OCHOBAHUSA IIPEJI-
JIOXKUTDH IIPeo0pasoBaHUA KOOPAUHAT, OTJIUYHBIE OT JIopeHIeBhIX U T.A. Hy
a ecau GUIOCOMCKHU, TO He IPUIILIO IJIs UeJOBEKOB BpeMs, YTO0OLI 3HATH 00
JTOM.

Purmyc: BBl TOCTOSSHHO YIIOMUHAETE CHUMAHUE cmosaiux 60aH. Heyxenn
9TO, Ka3aJIoCh OBI IIPOCTOE, SIBJIEHNE CIIOCOOHO TaK CHUJILHO M3MEHUTH HAIIIU
NpeACTaBJIEHUs O IPOUCXOAsAIIeM?

Junamukyc: VIMEHHO TakK U IPOMCXOAUT IO IPUYNHE, UTO OTKPHITHE BXO-
OUT B IPYIIY SIBJEHUM, HAXOAAIMIUXCA B (hyHJaMeHTe HayKu. B majnbHeii-
IIeM U BBI YOeAUTECH, UTO MPe0OpPa30BaHMSA KOOPAMHAT, MOABUBIINEC KC-
KJIIOYUTEIbHO 6J1arojaps OTKPBITOMY SBJIEHUIO, CYIIIECTBEHHO YIIPOIIAIOT, B
TOM YHCJIE, U MaTeMaTUUYECKVEe BHIKJIATKU.
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Puc. 34. Uurepdepomerp MaiikeabcoHa U cxeMa pacuéTa CKOPOCTH CBeTa
JIJIL IPOU3BOJILHOTO HAIIPABJIEHUSA

Taxkoit ananmua ObLT caesaH aBTopoMm B 1981 rogy u moxa-
3aJ, YTO eCTh MHOe, paHee He YCMOTPEeHHOe 00bsICHeHIIe OTPU-
IaTeJbHBLIX Pe3yJIbTaToB sKcrepuMenTa Maiikenbcona. Ocra-
HOBUMCS Ha 5TOM IIYHKTe 0OoJiee IOAPOOHO, MOTOMY KaK OT
pelieHns 9TOTO BOIIPOCA 3aBUCUT HaJibHelInas cyabba Bcex
paHee BBICKA3aHHBIX HIEH.
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§ 10. HoBasa mHTepnmpeTanmusa 3KCIIEePUMEHTA
MaiikeabcoHa

OOpaTumMca K cxeMaTHUYeCKOMY M300pasKeHuio mHTepde-
pomerpa (puc. 34).

Paccuntaem BpeMs XoZa PACIIEIJIEHHOIO Ha IIOJYIPO3-
pauHOM 3epKaJjie Jyda Ha yuacTke OM, mosaras uTo JBUKe-
Hue nHTeppepoMeTpa IPOUCXOIUT CO CKOPOCThIO V B Hampas-
JIeHNH, YKa3aHHOM CTPEeJIKOM:

t0M=LOM/(C_V).
To »xe camoe MBI caesiaeM OJis O6paTHOI‘O HaIlTpaBJIEHUA MO:
tMo=LOM/(C+V).

Ho paHee MBI yCTAHOBUJIM 3aBUCHUMOCTDH (DPU3UUECKUX pPasme-
POB OT CKOpPOCTHM ¥ opueHTanuu. [[Jis mapajieJbHO COPUEH-
THUPOBaAHHOTI'O IIJIeYa 9Ta 3aBHUCHUMOCTDb 6y;(eT NMeThb BUL:

Loy=L,(1-V?/c?),

rae: L, — pasmep 1maeua mpu V=0.

15 IepneHauKyIAPHO COPUEHTUPOBAHHOIO ILIeua:
Lg=L,(1-V?/c? )2,

ITosnHOE BpeMs IBUMKEHUS JIy4a BAOJb OCH X OymeT:

> tu=tom+tmo=Lom/(c—V )+Lom/(c+V )=2Lom/c(1-V?/c?).

Ho mer yeranoswn, uto Loy=L.(1-V?/c?),

TOrJA: 2 tu=2L /c. (2.22)

IIpoBeméM aHAIOTUYHBIN PACUET U IJIA MEePIEeHANKYJISIPHO CO-
puenTupoBaHHOro miaeua ON.

ITonmoe BpeMda Xoga Jiyda B 9TOM ILjIedue 6y;:e’r pPaBHO:

2 to=2Lp/c(1-V?/c?)"?,

HO Lo=L,(1-V?/c?)'?,
TOor;a: D to=2L,/c, (2.23)
OTCIO[]a CJIEAYeT: D =) tg. (2.24)

OueBUIHO, UTO IPOBEAEHHLIN 1 He TPEOYIOMIUHA JOIIOIH-
TeJbHBIX THUIIOTE3 PACUET MIPHU JIOOBIX CKOPOCTAX OyAeT ma-
BaTh HYJIEBYIO Pa3HHUILY BPEMEHH XOJa Jydeii, a 5TO IPAMOe
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yKasaH1e Ha HeCOCTOATEIHLHOCTh CAMOM UIeN MCIIOJIb30BaHUA
KJIacCUUYecKOo# MHTepdepoMeTpuu I 00HaApYy:KeHUs ABUMKE-
HUuA B apupe*.

* % %

OTKDBIB AIBJIEHUE COKUMAHUA CTOAYUX BOJIH, MBI OOHADY-
SKUJIU PAJ HeCOOTBETCTBUM, KOTOPbIEe YCTPAHUNIM IIYTEM BBe-
IeHNs HOBBIX IIPeoOpas3soBaHMI KOOpAMHAT. Jlormka HaIIIxX
pacCy:KJIeHUI He BBIXOAUT 3a IIpeeibl HOPMAaJILHOM, a IIOTO-
My MaTepuaJl IOCTYyIIeH TOHNMAaHUIO KaKJ0T0, KTO KeJIaeT pa-
300pamobcsa 8 npobaeme 6e3 o6 MaHa 0Ll camozo cebs. ITUM
KpuTepueM MbI OyZieM PYKOBOICTBOBATLCA U B JajibHeHIIeM.

BrITyeT mpejacTaBiieHre, 4TO BCE JIIOAU BULAT MUP OLU-
HakKoBO. AGcoJiroTHOe 3a0Jay:KIeHre, MOPOoKIarollee JUKTA-
TOPCKUM IIOAXOMA K M3YUYEHUIO IIpeaMera. 3aMeueHO, UTO U
cpenu CTOPOHHMKOB 9(pupa HET IIOJHOTO COTJIaCHUs, BbI3BAH-
HOI'O HEJOCTATKOM JKCIIEPMMEHTOB W JIMUHOCTHBIMU MOTH-
BaMHU. YCTpaHeHNe KOH(PINKTOB 9TOT0 PoJa IpeAIIoiaraeTcs
BBeJleHEM MHCTUTYTA HAYUYHBIX IIKOJ. 34eCh IPUHIUI He-
BMEIIIATeJhCTBA M B3aMMOYBAYKEHUA MOYKET OKAa3aThbCsA IIO-
age3unIM. IIpuBemém mpumep.

J 151 TOro 4TOOBI UMETh MaKCUMAaJBHOE IIPeICTaBIeHNEe 00
uccjaeqyeMoM IIpeiMeTe, UeJIOBEKY JaHbl pa3jIMuHble OPTaHbI
YYBCTB, KAXKABI M3 KOTOPBLIX HACTPOEH HA BOCHPUATHUE WH-
dopmanuu onpeneIéHHOTO YaCTOTHOTO nAuamasoHa. I'yiasa Bu-
IAT IPeaIMeT KPAaCHBIM, PYKHU — INEPIIaBLIM M TEILJIBIM, SI3BIK
— KucJabiM. Hanunio KOHQIUKT 110 TPUYNHE, YTO PyKaM HEMO-
HATHO, KaK 5TO OBITH KPACHBIM U KUCJBLIM, a IJ1a3aM HeIIOHAT-
HO, KaK 9TO OBITH INMePINABLEIM M TEmJbIM. MOXXHO, KOHEUHO,
IPUCJIOHUTHCSA 000J0UKOM I1a3a K IPeMeTy AJIS TOr0, UYTOObI
*

Purmyec: Brixoaut, uto sxcmepumeHT A. MaiikenbcoHa M3HAYAIBLHO OBLI
o0peuén Ha Heymauy? Ho Torma mosaydaercs, 4To y HaC HET HUKAKOTO IITaHCa
00HaApPYRUTEL 2hup?

Junaamukyc: Bel npaBsl 1 HenpaBbl. Bcé 1es10 B TOM, UTO U Tesio mpubopa, u
CBETOBBIE BOJIHBI — SBJICHUSA OJHOI'O IOPSIIKA, a IIOTOMY BCAKUE N3MEHEHUS
PacCIIpPoCTPaHAIOTCA Ha HUX B PaBHOUW Mepe. Eciau mpomsoIio c:KuUMaHUe
CBETOBBIX CTOSYUX BOJIH, TO BOJTHOBaSA KPUCTALINUYECKasa PEIIETKa Ipudopa
TOXKe ciKajach. B 9aToM cMbIcie aKcmepuMeHT MailiKkeabCcoHa AOKashIBaeT,
YTO ONHU U Te K€ 3aKOHBI BEPHBI U AJIA CBETOBBIX BOJIH, U JJIS BEIlECTBA.

Purmyc: 3HauuT, Bompoc o0Hapy:KeHUs d3(pupa He UMeeT PEIlIeHUs LakKe
TeOpeTUYEeCKH, T.€. Jake B MBICJIEHHOM dKCIepuMeHTe?

JAuaamukyc: Crioco6bl 00HADPYKUTE 3GUD ecTh — HHTEePpGHEePOMeTp ¢ HeB3au-
MOCBSI3aHHBIM ILJIEYOM, HampuMmep. EIMHCTBEHHBIN HEJOCTATOK 3TOTO 9KC-
mepruMeHTa — JOPOTOBH3HA M3-3a TEXHUUECKUX CJIoKHOCTel. Ho K Bompocy
9KCIIEPUMEHTA MBI €Ill€ BePHEMCA.
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MMOHATH, HO MOJIYyUEeHHBIE IIPU 3TOM OIIYIIeHnA OyIyT HecoIlo-
cTaBUMEBI ¢ nH(popMmaruei ot pyk. Hanpumep, B caydae onTu-
YeCcKOTo 00MaHa UJIM roJiorpaduu Ha IOMOIIb IPUXOIAT PYKH,
M OpPraHu3M UM BEpHUT.

Tax u B HayKe — IPeIMeT HCCJIeIOBAHUSA TOJKEeH 0003pe-
BaThCA CO BCEX CTOPOH, I B 9TOM CMBICJI CAMOCTOSTEIbHBIX HAa-
VUHBIX IIK0J. Ho Torma mo/i:KHA OBITH CTPYKTYypa, 0000IIaio-
miasd “HQOPMAIMIO, M POJh €ro AOJIXKHA BLIIOJHATH eIuHAasd
aKageMus HayK. Bo riiaBe 5TOro opraHa OOJXKHBI CTOATL He
OpeaCTABUTENN TON UM MHOH IITKOJIBI, a JIOAU OIPEeIeIEHHOTO
THIIA, OT IIPUPOLLI IIPUTOAHLIE IJIs BLEIIOJHEHU 3TO padoTHI.

IIpenyaraemast mocTaHOBKA Jlejia ITO3BOJIUT BCEM, Oe3 mc-
KJIIOUeHUA, HAYUHLIM IToaxomaM, B ToM uucyae u OTO, npunu-
MaTh y4YacTHe B IIO3HAHUYN 1 OCBOEHUM JOCTYITHOTO YesoBeue-
CTBY YPOBHS OBITHA.

B nepsBoii vacTu MoHOrpaduy MBI IOILITAJINCH PA300PATh-
cs B MeXaHM3Me HEeKOTOPBIX 3a0JyKIeHNH, BOSHUKIINX M3-3a
HeIIOJIHOTHI 3HAaHUU B o0JacTu mHTEpdepoMeTpuu. ITO HPHU-
BeJIO, B YACTHOCTH, K TAKMM N3MEHEHUAM KJIACCUUYECKUX IIPe/I-
CTaBJEHUM O MPOCTPAHCTBE M IIPOTEKAIOIUX B HEM IIpOIlec-
cax, KOTOpBIe IIO3BOJIMJIA IOHATH, IIOUEMY CKOPOCMb c8ema
8cezda kaxdcemces 00UHAKO0B80IL 8cem HaAOLOOAMENAM.

Teneps, Korga pacuajicsa M@ O BEINKOM (pU3UUECKOM IIa-
pagokce XXI Bexa 1 npaMasi HaJOOHOCTh B TEOPUU OTHOCUTEIh-
HOCTH OTIIaJIa, JaAUM IIPOM3OIIEAIIIeMy I'YMAaHUTAPHbLINA aHAINS.

He cekpet, uTo MHOTYE MMOKJOHHUKYN W TEOPETUKU 3(pup-
HOH KOHIEIIINY OYeHb CUJIbHO PYraloT KaKk JUHINITeliHa, TaK U
€ro JeTUIlle, B OCHOBE KOTOPOTO JIEKUT IIOCTyJIaT 00 MHBapU-
AHTHOCTH CKOPOCTHU CBETAa.

Pacmupennbiit ananams cutyanuu kKoHia XIX — mHauasia
XX BEKOB IIOKa3aJj, YTO B 3TOT MEPHUO/] UEJIOBEUECTBO TPUOJIN-
JKaJIOCh K IIePBOM, a 3aTeM KO BTOPOM MUPOBBIM BonHam. Ho
M3BECTHO, UYTO BOMHBI BCETIa TPeOYIOT M300peTeHU A N30IIPEH-
HBIX CIOCOOOB YHUYTOKEHUS, a IIOTOMY BCET/[a HAXOAATCS yUé-
HbIEe, KOTOPEIE BBIMIOJIHSIOT 9Ty He6JIaroBUAHYIO padbory. B KoH-
me Bropoii MupoBO#l BOITHBI Ha MHUPHBIX T'pakAaHax OBLIO
HUCTBITAHO AJepPHOe opysKue. VI X0Ta cuuTaoch, UTO Mepa aTa
BBIHY KIEeHHAsA, (PaKT IPUMEHEeHU MOIIN (PUIUUYECKUX IIPO-
IIeCCOB IIPOTUB caMUX cebs ABIAETCA yOeIUTEJTbHBIM JOKAa3a-
TEJIbCTBOM OTPAHMYEHHOCTH HAIIeTo yMa. BO3MOIKHO II05TO-
My «HeKmo» 3a0JIOKUPOBaAJ NYTh K pPEIIeHUI0 IIPO0JIeMbI
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CBETOHOCHOTO 3(upa. ITy paHee HEIOCTYIHYIO AJIA MOHWMA-
HUSA OPOLEAYPY MBI HasBaau «bBaokuposrxa JiiHuimeilHa».

HomycTuM, uTo (pusMKe KOHIA IIPOIIJIOTO BeKa yIaJIoCh
000#iTHCEL 0e3 TeOPHUU OTHOCHUTEIHHOCTU JUHINTENHA U CYIIe-
CTBEHHO MIPOABUHYTHCS B MOHMMAHUY IPUPOIHBIX IIPOIECCOB,
JIesKaliuX B OCHOBE IIPUPOALI BelllecTBa. IlpusHanme spupa u
BBISIBJIEHIE €70 B3aMMOOTHOIIIEHUI C BEIIeCTBOM — 3TO COOBI-
THe, KOTOPOoe Hen30e:KHO 1 OBICTPO IPUBOAUT K HAXOMKIEHUIO
crocoba yIpaBJieHUsT BHYTPUBEIIECTBEHHBIMU HPOITECCaMMU.

Teneppb mpescTaBUM, YTO B PYKaX HePa3yMHBIX eIlé AeTei
aBTOMAT ¢ 0OEBLIMU ITaTpOHAMM. EcCJiM BBl YMHBI I He XOTHUTE
«KePTBOIIPUHOIIIEHU » , TO 00A3aTEeJIHLHO IMTOATOUNTE (YKOPOTHU-
Te) 00éK. [leTu BUAAT, UTO Bpoje ObI BCe AeTAIU B HAIUYUU U
HaA CBOMX MeCTaX, HO MO-HACTOSAIIEMY CTPEJISATb UM HOYeMY-TO
He ynaércs. Eciiu BBl UM cKakeTe, KyJa HeoOXOAMMO YIAPUThD,
YTOOBI MOJIYUYNUTh BBICTPEJI, OHU OBICTPO COOOPABAT, UTO AJIS HC-
IPaBHOU pabOThI OPYIKUA BCETO-TO M HYIKHO HAPACTUTL OOEK.

HeuTo mogo6HOE IPOM3OIILTIO U B HayKe. TaK YK IOJaydn-
JIOCh, YTO Uepesd JIUYHOCTL DUHINTelHA BHEIPUJIN B CO3HAHIE
JIONEeN cJieTrKa HMCKa'KEHHOe 3HaHMe B BHUAe VHUKAJILHOTO OT-
KPOBEHHUS — IIOCTYJAaTa O IMOCTOAHCTBE CKOpPOCTH cBera. Ilo-
CTyJIaT U OKAa3aJICA TeM «IIOJTOUEHHBLIM OOMKOM», KOTOPBIHI
Ha CTO JIET 1, CKOpee BCero, BoO 0JIaro MCKAa3wnJj Pa3BUTHE IIPe/-
CTaBJIEHUN 0 PyHIAMEHTAJIbHBIX OCHOBAX MUPO3HaHusd. B mpo-
THBHOM CJIy4Yae 4eJI0BEeUECTBY MaJIo OBl He IIOKa3aJoch. IMeH-
HO II09TOMY CJIeyeT F'OBOPUTH O OJIOKMPOBKe DUHINTEHA, KaK
0 BO3MOYKHOM J[JIsI BCeX Hac OJiare®.

Ho Torgma BCTaéT BOIpOC: KAK CHATH OJJOKUPOBKY OJMHIII-
TeitHa? YBBI, HO 9TOT'0O BOIIPOCa yiKe He cylecTByeT. [lelicTBue
OJIOKMPOBKM OBLJIO CHATO B TOT MOMEHT, KOT/Jla MBI 3alUCAJIN
HOBBIE IIpe0oOpasoBaHUA KOOPAUHAT, HEe HY:KAAIOINeCA B OT-
HOCHUTEJIbHOCTH, 3aMe/JIEeHN BPEeMEeHU U IIOCTYJaTe O IIOCTO-
SIHCTBE CKOPOCTH CBeTa.

*

Purmyc: Ecnu 6imokupoBKa OWHINTEHHA NPEeZOTBPATHUIA THOEIb MHOTHX
JOIIOJIHUTEJbHBIX MUJIJIMOHOB JIIOZEl, TO He OOpeKaeM JI Mbl UeJI0BEYECTBO
Ha HOBBIE JKEPTBBI, €CJIU CHUMEM OJIOKUPOBKY?

JduaaMuKyc: 9TOT BOIPOC OTHOCUTCS K KATEerOPUHU apXUCIOKHBIX. JIIogam
He JaHOo 3HATh OTBETa Ha II0J00HBIE€ BOIPOCHI, MHAUYe ObI OHM U B KOCMOC He
oJIeTeJIM ¥ MHOTOTO Apyroro He 0bL10 ObI. CylllecTByeT Ipoliecc Iojm 00-
UM Ha3BaHUEM HU3Hb, U Y HTOTO IPOIlecca CBOM 3aKOHBI, CBOM IIPaBUJIA.
Mpg1 He 3HaeM 9THX MpPaBUJ, He 3HAEM 3aMbIcjia « BOXKbero», a MoTomMy cJie-
Bl ¥ BBIHYJKJEHBI TBOPUTH TpebyeMoe OT Hac.

PHTMyc! Ho He moxkeT O6BITH Taroro, 4TOGBI XOTh KTO-TO He 3HaI?
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TyaBa 3. CTO — YACTHBIN CJAYYAN TEOPUHU
DOUPA*

3amoayuuB KauyeCTBEHHO HOBBIHM B3TJISAA Ha IIpeodpaso-
BaHUA (HUBUUYECKUX PA3MEPOB, OCO3HAB CMBICJIOBYIO HArpPy3-
Ky GopMyJIbHOM YaCTH, TOATBEPAUB BCE 3TO € IIOMOIIBIO I'€0-
METPUYECKOr0 aHajliu3a M aKyCTUUYECKUX DKCIIEPUMEHTOB,
OBLJIO peIlleHo HAWTKU MPUYUHY, I0 KOTOPOII XOPOIITO U3BECT-
Hasg Teopusd OTHOCUTEJIBHOCTH OKasajgach HEMMOBEPHO KU-
ByUel u meecrocoOHoO¥. HBIMU CIOBaMU, €CJIU MBI, OIIEepHU-
pPys CKOPPEKTHUPOBAHHBIMU KJIACCUUYECKUMM BO33PEHUAMU,
cyMeeM IIOKa3aTh TEOPUI0 OTHOCUTEJIHHOCTU YACTHBIM CJIY-
YyaeM dTUX BO33PEHUIN M IPU 3TOM, MUCIIOJNb3Yys IIPEIJIOMKEH-
HYyI0 OWHIITENHOM METOAMKY, MONMEM MeXaHH3M, BCermaa
OPUBOISAIII, B OTHOIIIEHUN CKOPOCTH CBETA, K OJTHOMY U TOMY
JKe pe3yJabTaTy, TO BCIKME COMHEHUS B IPABOMEPHOCTH KOH-
mennuu 3upa y HaC pacceroTcs.

Ilepen Hamu ciio:xkHAsI, HO MHTEpPEeCHAS 3aJada, B KOTOPOI, C
OIHOII CTOPOHBI, MBI Oy[eM MCIOJIL30BATh HEM3BECTHLIE paHee
3aKOHOMEPHOCTY PUTMOAUHAMUKHN, C JPYTOH CTOPOHBI, OyaeM
MOJIL30BAThCSA METONUKOM JUHINTEeHHa, (h)OPMaIbLHO OTPUIIAIO-
miei agup.

KoHeuHo Xe MBI PEIININ 9Ty 3aJauy, HO IIPOCIEINM XO/I
€€ pellleHns AJIS TOTO0, YTOOBI KaXKABIHA CMOT JIMUHO YOeqUThCSA
B ITPAaBOMEPHOCTH 1 IMOCTAHOBKHU BOIIPOCA, M IIOJIYUEHHOTO pe-
3yJIbTarTa.

*
Pg['rmyg: He xpyrto sz — wacmuwiii caywaii meopuu agupa? Moxxer, Ha-
obopoT?

JAunavmukyc: Eciiu MBI XOTUM ABUTAThCA BHEPEL, TO AOJMKHBI pa3odpaThed,
u ecau CTO geiicTBUTETBHO OKAXKETCA YaCTHBIM CJIydaeM, TO CJIeqyeT UecT-
HO B 9TOM IIPWU3HATHCA. ¥YBBI, HO MHOTHE Jake cebe 0OATCA 3amaTh ITOT
BOIIPOC — CJIMIIKOM Y3X OOPEMEHUTEIbHLIMI MOTI'YT OKA3aThCs IOCIEACTBUS. . .

cM. cTp.52

Juaamukyc: BrITh MOXXeT BBI U IpaBbl, HO A Ha BaIllleM MecTe ObLI OBl
ocToposxkHee. ToMy MOKHO IIPUBECTH MHOKECTBO IIPUMEPOB: €CJIY BBI ILJIbI-
BéTe IIOJ ITapycaMu B KadecTBe Ilaccaskupa, To BaM xopoiro. Ho ecau ko-
pabJIb IoIlaJI B MITUJIh, TO KAINTAH IPUKA3hIBAET IIaccaskupaM rpectu. Brr
BO3MYIIEHBI, BeJb 3allJIaueHbl JeHbI'H, & BAC 3aCTaBJIAIOT paboraTs. Boamy-
TUJINCH BCe IIAaCCAKUPHI, ¥ TOTJa KOMAaHIa BOOPYKUJIACh KHYTAMU U CTaJIa
CHUJIOH 3aCTaBJATH IacCa’KUPOB HajleraTh Ha Bécia. CTo MHIb IIpPeojoJesn
MapycHUK Ha BEcJax, IOKa He mJo0paJjica mo Oauskaiiiiero octpoBa. begunie
IIacCasKMpPHI yoKe HauaIu HOAYMBIBATh, UTO CTAJU pabaMu, IIOTOMY KaK Ha
KaskJi0e BO3MYIIleHYe [IoJyJatu yaap mietsio. Ho Bo3pazoBaarch OHU BCKO-
pe, IOTOMY KakK IIOIIOJIHWJIN 3aI1achl BOABI U ITUIIU.
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§ 1. CTO u teopusa sacpupa

BEBIBOABI TEOPUM OTHOCUTENHLHOCTH, OCOOEHHO KOT[a OHU
KacarTcsa CKOPOCTHM CBETA, IMOJATBEPKIAI0OTCSA BO MHOTUX 5KC-
nepuMeHTax. IMEHHO 9KCIepUMEHTAJbHbBIE Pe3yJabTAThI IIO0-
3BOJIMJIN 3TOH TEOPUU yIAeP:KUBATHCSI HA OJIUMIIE HAYKH CTOJb
nmoiaroe BpeMs. U Bcé ato Bpema y CTO cymiecTBoBasIa aabTep-
HaTUBa — Teopud 3(hUpa, CTOPOHHUKHM KOTOPO HUKAK He MOT-
JU O0BACHUTD CJOMKUBINIEECS B HayKe IMOJIOKeHNe U OTBETUTD
Ha caMbI# I'VIABHBLIA BOIIPOC: II0UYEMY CKOPOCTEL CBeTa He JKeJia-
eT CKJIAObIBAThCSA M BBEIUMTATHCSA CO CKOPOCTBIO ABMIKYIIEiCs
B Cpejle CHUCTEeMBEI.

B camom pnesie, MOYKHO JIU CEPHE3HO OTHOCUTHCA K KOH-
menmuy 5QuUpa, ecar oHa He MOKET II0Ka3aTh MEeXaHU3M, IIPH-
BOIAIMUN K HEJOTMUYHOMY Pe3yJbTaTy — K WHBAPUAHTHOCTH
CKOPOCTHU CcBeTa B yCJa0oBUAX adupa?

Hosroe BpeMsa CTOPOHHUKHU 3dupa OOPOJINCH C PEJIATH-
BU3MOM II0 HAWTHIO, HE MMes B IIPOTHBOBeC 3(PpPeKTHUBHBIX
aprymeHToB. I[oBOABI «3(UPUCTOB» OBLIU CAMBIMU Pa3JIUU-
HBIMU, BILJIOTH M0 OOBUHEHUA PEJIATUBUCTOB B YMBIIIJICHHOMN
danscudpuranum pes3yabraToB. OCHOBHOM yIIOp, KaK IPaBUJIO,
Iejajicd Ha 9KciepuMeHT MaliKe/IbcoHa, IPUUYEM OJHU YTBEp-
JKIAJIM, YTO OH COAEPKUT OIIMOKY B pacuérax, JPyrue — 4To
MOJIyYEeHHBIE C €r0 IIOMOIIbI0 PEe3YJIbTATEI YMBIIIJICHHO 3aMaJl-
YMBAIOTCS.

Ha Bompoc — «YKaxKurte mMecTo, rae B pacuére Maiikenb-
COHOM ObljIa JOIYIeHa NPUHINUINAJIbHASA OHINOKa?» — HU
pasy He yaaJoch IIOJYUYHUTDH SCHOTO OTBeTa. UTO Kacaercs 00-
BUHEHUU B haabcupUKAIIUY JaHHLIX, TO CJIeIyeT HallOMHUTD,
YTO BBUIY BBICOKOU CTAOMILHOCTU MHTEeP(hEepOMeTPUU OHA I0
CHX TIOP HCIIOJb3YyeTCA IIPU peanus3aliuy STAJOHA IJIWHBI, U
9TO IPU TOM, UTO 3eMJIsI [IOCTOSIHHO MEHSET CBOI0 CKOPOCTh B
s¢pupe. Kemanme o0ObACHUTL IIPOTHUBOPEUNE TOPOLUIO TUIIO-
Te3y yBiIeueHus spupa 3emuéii. TakuM o0pasoM poamIach
VHUKAJIbHAS BO3MOKHOCTb O0BSACHATL BCE!

Ot rumoTesbl yBIEKaeMoOTo 3(upa yaaaoch apryMeHTHPO-
BaHHO OTKAa3aThCA TOJBKO MOCJEe TOT0, KaK OBLIO OTKPBITO SIB-
JeHue CoKMMAaHUS CTOSYNX BOJH. AHANIN3 ABJIEHUSI IPUMEHM-
TeJIbHO K BOJIHOBBIM MEXKMOJEKYJAPHBIM M aTOMapHBIM
CBA3AM [JaJ MOHUMAaHUE MeXaHu3Ma, IIPUBOJAIIET0 K COKpa-
MIeHWI0 (pU3UUECKUX PasMepoB IIPU YBEJIUUYEHUU CKOPOCTHU B
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a¢pupe. Haiimena mocroiinasd 3ameHa mnpeooOpasoBanusam Jlo-
peHIla — npeoOpasoBaHuA (GU3UUECKUX PasMepoB (reoMeTpu-
yecKue mpeodpas3oBaHusA KOOPAMHAT).

Hacko1bKo MHe M3BECTHO, HUKMO 0 CUX IIOD He nokKa-
3an, wmo CTO mosxcem 6bimv LacmHuovlm caAydaem meopuu
agupa. Perrenve 3amaum 9TOro KJjacca CTAJIO BO3MOYKHBIM
TOJIBKO TIOCJIe OCOBHAHUA KECTKOM 3aBUCUMOCTU (DMBMUECKUX
pasMepOB CHCTEMBI OT CKOPOCTU B ddupe.

Crnenys ycTaHOBUBIIIEICA TPaaUINU, IEPEUYNCTUM HEKO-
TOPBIE CJAEACTBUS U3 IIPeodpasoBaHUN (PU3NUECKUX Pa3MepPOB:

1. B cucreme, IBUIKYIIIEiCs OTHOCUTEIBHO 3(hUpa cO CKOpoC-
TbI0 V, IIPOUCXOIUT peaibHOe CKUMAaHWe pPasMepoB o0beKTa
M0 BCeM KOOPAMHATHBIM OCSM.

BiiosiHe ecTecTBeHHO, UTO HAOJIOLATEIb, HAXOAAIIHUINACS B
crCcTeMe BMECTe C 3TaJIOHOM AJWHBI, HE MMeeT IPSIMOIi BO3-
MOXKHOCTU OOHAPYKUTh KaKoe-Inudo IBUKeHue B a(upe, MO-
TOMY KaK ¥ 5TaJIOH, 1 OH CcaM, 1 ABUXKYIIIHECS C HIM OOBLeKTHI,
B CHJIy CBOEH BOJHOBOI IIPUPOJLI, CKMMAIOTCA CUHXPOHHO 1
IPOIIOPIIMOHAJBHO. HEcin cy0OheKTHBHOE 3HAaUeHNe STAJIOHA
0003HAUNTh uepes L,, TO MBI MOXKEM 3alucaTbh (POPMYJIY AJIs
omnpeneaeHusa pU3NUECKON AINHBI dTAJIOHA:

L=L.(1-B%)/(1-B3sin’*a)’?. 3.1)

MzI 3ammcanu ooIyo (GOpPMYyJIy, N3MEHsA YToJ B KOTOPOH,
HECJIOXKHO TOJIYUYUTh 3aBUCUMOCTHU AJIA ITapajljieIbHON U IIep-
HNEeHIUKYJIAPHONU OPHMEeHTAIlN STajloHAa:

o =0° L=L,(1-3?) ; (s nanpapieHuu nBurKeHm) (3.2)
o =90° L=L,(1-3%)% (nepnenauxynspuo Hanpasiesumo) (3.3)

CirenyerT MOHMMATH, UTO B U3MEHSIOIIEN CKOPOCTh CHCTe-
Me cyOBbeKTHBHAS Pa3MEepPHOCTL STAJIOHA OyJeT Bcerga HeM3-
MEHHOI1, a 3HAUNT, YNCJIEHHO OTJIMYHOM OT (hM3UUECKOT0 CBOE-
ro sHaueHusa. ToabKo ipu V=0 cy0beKTUBHAA U (pusmruecKas
pasmepuocTu coBmamaioT (L,=L'). 9TOT MOMEHT KpaiiHe Ba-
JKeH, a IOTOMY MbI BBIHYKJIEHBI BBECTU IMOHATUA CYOHEKTUB-
HOTrO (MecTHOTO0) M (hUBUUECKOro (MI'HOBEHHOT'0) PACCTOSAHU.

2. Ecau npeobpasoBanus JlopeHiia TpeOyIOT BBeAeHUA 3aMe]-
JIEHUS BPEMEHHU, TO IeOMeTpHUUYeCcKMe IIPeo0pasoBaHusaA KOOp-
IUHAT He HYKAAIOTCA B TAKOBOM. [JIs MILIIOCTpAIINY CleIaH-
HOTO YTBEPKAEHUA BOCIIOJL3YEMCS BCEM XOPOIIO M3BECTHBIM
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METOJOM — MBICJI€HHBIM SKCIEPUMEHTOM C HCIIOJb30BaHUEM
TaK Ha3bIBAEMbBIX YacoB JiHITelHa. O0paTUMCA K PUCYHKY:

. L t I
vy orentz vanow
N
_____ . Rana—— |
c/ .. c
v
0 0 0

Puc. 35. Cxemsbl pacuéra 3amenieHus BpeMeru o Jloperny u nmo ViBanoBy

Mz1 paccMOTpesin [Be TeOMETPUUYECKHe CXEMBI PacuéToB
IJIS TOTO, YTOOBI UMETh HaTJIAMHOe IIpelcTaBJIeHne O CyTH II0-
HATUA «TE€MI X0Ja BpeMeHN» B 3aBUCUMOCTHY OT BBLIOOpa IIpe-
obpasoBaHuit KoopauHat. Ecau mmo JIopeHITy 3amenieHure Bpe-
MeHU BBI3BaHO YIJIWHEHWEM CYyMMAapHOrO HYTH CUTHAaJa B
HaOpaBJeHUU ABUKEHU (CKOPOCTh IIOCTOSHHEA), TO o MBaHO-
BY 5TOT IIyTh BCETrJla OCTAETCA IIOCTOAHHBIM U TOCTHUTAETCS
9TO CXKUMAaHUEM IjIeva, MePIeHIUKYJISIPHOTO HaIpaBJICHUIO
mBmkeHua*. Takasa IMoCTaHOBKA BOIIPOCA MO3BOJISIET YTBEPIK-
IaThb, YTO B HUeajie TeMII X0a BpeMeHU He 3aBUCUT OT CKOPO-
CTU CHUCTEMbI, a 3HAUUT, OBUKYIIHUECA U MMOKOAIINECS Yachl
OymyT MATH OAMHAKOBO. IIpumMeM maHHOe yTBep:KIeHHUE B Ka-
YyecTBEe BTOPOTO CJIEACTBUA M3 IIpeobpasoBaHuili (hU3UUECKUX
pasMepos.

Hrak, MBI IMeeM JeJIo ¢ ABUKYIIelica B 9()pe CUCTEMOI,
reoMeTpuYecKyre pasMepbl KOTOPOM IeHCTBUTEJIbHO M3MEHS-
%
PMTMch Heymem/l l'IOHﬂTIfe «3aMeJieHrue BpeMeHn » IIOABUJIOCH TOJIBKO 6.713.-
rogaps TOMY UTO B pacuéTax He yUYUTHIBAJIOCH COKpPAIlleHUE IIOIIePedYHbBIX

pasmMepoB? A Kak ’Ke TOrZa MHOTOUYMCJIEHHBIE SKCIEPUMEHTHI, B KOTOPBIX
daxrT 3aMexneHnA BpeMeHU 3apuUKCUpPOBaAH?

JTunamukyc: YBbI, 1 B CTPOIMX HAYKaxX MbI YACTO »KeJlaeMoOe BBIZAEM 3a
IelicTBUTENbHOE. B IPOTHUBHOM ciiyuae MBI ObI CIUIIKOM OBICTPO OCO3HAIK
UCTUHHBIE 3aKOHOMEPHOCTY IPOSIBJIEHHOr0 Mupa. Eciu HOBBIM MOAXOX OT-
pullaeT 3amMejJieHNe BPpeMEeHU B IPUHIIUIIE, TO HEOOXOAUMO MCKATh WHBIE
00'bSICHEHUSA IOJy4aeMbIM pesyJsbraraM. HO MOHATH IPOUCXOAAINEe MBI
CMOJK€eM TOJIbKO TOTZAa, KOTr/la IIOJHOCTHI0 OCBOOOLUM CO3HAHWE OT paboJe-
nuA Tepe] Y3aKOHEeHHBIM 3a0iyskaeHueM. [IepBBRIMU 3TO cAesaioT «Oesbie
BODOHEI».
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IOTCS B COOTBETCTBUY C HOBBIMU IpeoOpasoBauusmu. HeoGxo-
IMO TI0Ka3aTh, YTO SKCIIEPIMEHTAILHOE N3MEPEeHe IIapaMeTpa
«CKOPOCThb CBeTa» MPSIMO 3aBHCHUT OT BhIOOpa CIrocoba CHUHX-
POHMBAIINK YUYACTBYIOIIUX B 9KCIEepUMeEHTe 4acoB. MEbI mOKa-
JKeM [OBa CIIoco0a CHHXPOHU3AINU YACOB:

1) mpenIo:KeHHbIA JUHIIITEHHOM;

2) OCHOBaHHBIN Ha BBLIBOJEe O HE3aBHCHUMOCTH XOZa BpeMeHU
OT CKOPOCTH.

1. Cmoco6 CHMHXPOHU3AIMH MO0 JUHIITEHHY

IIycTts MBI UMeeM cucTeMy, B KOTOPOM Ha paccTosHuu L,
yCTaHOBJIeHBI n1Boe uacoB A u B. B Touke O Ha paccTOSHUU
L,/2 HAXOOUTCA UCTOYHUK, C IIOMOIILI0O KOTOPOTO MBI OyaeM
IPOU3BOAUTL CHHXPOHM3AIIMIO YacoB. MeToauKka CUHXPOHMU-
34l YaCOB MCKJIIOUNTEJHbHO IPOCTA M CBOLUTCA K 3aIlyCKY
YacoB C IIOMOIIbIO CUTHAJA OT ucTounuka O.

PaccmorpuMm gBa BapuaHTAa: a) cCUCTeMAa IIOKOUTCSA B 3(PuU-
pe; 0) cucTeMa ABUIKETCS C HEKOTOPOII CKOPOCThIO V.

a) Cucrema mokouTcs

L'=Lo

| |
| |
mo< 1> @

Puc. 36. Cxema CMHXPOHM3AIIUH [IJIs HYJIEBOI CKOPOCTHU

B 101 cutyanuu y Hac HeT BO3pasKeHUI IPOTUB M30paH-
HOM METOAUWKM — IOCJIe 3aIllyCKa Yachl JeHCTBUTEJIHHO OYIYT
UITU CUHXPOHHO U ITOKAa3hIBAaTh OfMHaKoBoe BpeMA. Ho omu-
I1eM 9KCIIePUMEHT, KOTOPLIM MBI OyIeM IPOBOIUTE U IJid V>0.

ITocie mpoleaypbl CHHXPOHU3AINK YACOB MBI JOJIXKHBI
M3MEPUTh CKOPOCTL CBeTa B OJHOM HampaBJeHHUu. VMeHHO
IJIs 9TOTO M HEOOXOAMMAa CHUHXPOHU3AINSI, IIOTOMY KAaK MBI
HaMepeHBI C IIOMOIIbIO IIaphl YacoB (PUKCHUPOBATHL BpeMs IPO-
XOMKJIEeHUS CBEeTOBOI'O CUTrHAJIa cHayaja oT A K B o uacam B,
a 3atem oT B ¥ A mo wacam A.

tag = Lo/c ; tga = Lo/c.
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B paccMmoTpeHHOI cuTyaliuu HU Y KOTO He OymeT Boapa-
JKeHUU MPOTUB PaBeHCTBA fap = Ipa.

0) Cucrema nBukercda B sdUpe CO CKOPOCThIo V>0

Lo |
L' |
= c+Y . C-¥ |
. ' . E :T\' % n ' AR I .
Yachkl ctoaT Yacbl cToaT
Yacsel ngyt MomeHT 3anycka 4acos

Puc. 37. Cxema cuExpoHUBaNUY g IBUMKYIIEHCA, HO M3MEHUBIIENH pas-
MephI CHCTEMBI

B nBumkyIeiicsa co ckopocThio V>0 cucreme (0=0°) pusu-
YyecKoe PAacCTOSHUEe MEKAy YacaMy M3MEeHUJIOCh U CTaJIO PaB-
HBIM:

L'=L,(1- B2).
CKopocCTh cHHXpPOHU3UpPYyMoIllero curaajga or O Kk Buor O K A
oymer:
c'o=c—V,a c'oa=c+V.
OueBUIHO, UYTO U BpeMsA ABUKEHUS CUHXPOCUTHAJIOB Oy-
IeT HeomMHaKOBBIM. CUHXPOCUTHAJ JOCTUTHET YacoB A uepes

toa=L" /2(ctV),
a yacoB B uepes
tos=L" /2(cV).
BosHuKaer cuTyanus, B KOTOPOM MBI MMeeM JeJI0 C 3aBe-

IOMO PACCUHXPOHM3UPOBAHHLIMU YacaMu. BeanunHa paccuH-
XpoHU3auu OyIeT paBHAa:

At:tog —tOA:_LOV/CZ. (34)

ITO 03HAUAET, UTO €CJU MEI CTAHEM M3MEPATh BpeMs IBU-
JKeHHUs curuajga oT A K B ¢ moMoIIbi0 4acoB B, To BeJIuUYMHA
omubKu O0ymet pasHa Af. To ke camoe OymeT, ecau MBI C IIOMO-
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b0 YacoB A OymeM M3MepATH BpeMs ABUKEHUS CUTHAJIa OT
B x A. IIpoBeném pacuér:

HWcruunoe Bpemsa aBu:KeHus curHajiaa ot A K B:
tap=L'/(c=V )=L,(c+V)/c>.

Wcrunnoe BpemMdA OBUIKeHUA cuUTrHaja oT B K A:
tpa=L'/(c+V )=Lo,(c-V)/c>.

Ecau MBI BBe,Z[éM IIOIIPABKMW Ha PaCCHMHXPOHU3aAIlWUIO Ya-
COB, TO IIOJIYYMM HHBIE PEe3yJIbTaThbI:

t"ap=L'/(c=V)=LV/c?=Lo/c, (3.5)
t"pa=L'/(c+V )+L,V/c?*=L,/c. (3.6)
Takum o6pasom t"sp=t"pa=L,/c,
a OTCIOZla U BBIBOJX: c=const. (3.7)

AHanus IoJyUYeHHBIX Pe3yJIbTATOB IIPAMO YKA3LIBaeT, UTO
MeToAuKa JUHINTEeHHA, a UMEeHHO: Yepe3 PAaCCUHXPOHU3AI[UI0
YYACTBYIOIINX B 9KCIIEPIMEHTE YaCcOB, BCEr1a IIPUBOIUT K JIOMK-
HOMY pe3yJbTaTy. B cBsI3U ¢ 9TUM, HET HUYEro CTPAHHOTO, UTO
T'pyIIlla OTBEPTHYBIINX 3(PUP YUEHBLIX, He 3HAIOIIAA O COKpa-
eHnn (pU3NUYeCKNX Pa3MepOoB U IIOBEPUBIIIAsA METOINKE CHH-
XpoHUB3ANY JDUHINTEHA, Bcerga OyIeT IPUXOIUTh K 3aKJII0-
YEHUIO O He3A8UCUMOCMU CKOpPOCMU ceéema om 08UNCEeHUS
cucmemwvt. MBI Ke, PYKOBOJACTBYACH KOHIlEIIIel a(pupa, BhId-
BUJIN MeXaHN3M, IPUBOAAIINN K KOHIENTYaJIbHON OIINOKe 1
MOKas3ajal MPUUYNHY, BCIEACTBHE KOTopoii BeiBoaALl CTO momy-
YaIOTCsA HEeBEPHLIMU, AABAS JIUIIL MIIIO3UI0* BEPHOCTH.

%

Purmyec: Nnmiosua npaBuibHOCTU... IHTEpECHO, 32 CUET Wero MBI BCerza
BUJUM MUD U IPOIIECCH B HEM He TaKMMU, KaKOBBI OHU Ha camoM fene? He
IIPUBEJET JIX HAC IIPeAJIaraeMblil IOAXO0h K MaXPOBOMY MIeau3My?

Juuaamukyc: [Ja, Mup uio30peH, 1 00 9TOM OBLIO M3BECTHO C He3aaMsAT-
HBIX BpeM€EH. Eciu roBOopuTh O BellleCTBEHHOM, TO €CTh, II0 KpaiiHell Mmepe,
IBa TUIIA WLIIO3UI: MOATINTHIBaeMasi CO CTOPOHBI U MOAIINTHIBaeMasi N3HYT-
pu. K mepBomMy Ty OTHOCUTCS ToJiorpadus, Te Uaao3us o0beKTa co3a-
€TCS U MOAIUTHIBAETCA M3BHE, a ITIOTOMY MBI MOKEM IOBJUATH Ha 00BEKT,
oJeiicTBOBaB Ha IMPUUYMHY (3TO HE IIPEACTABIAETCS CJIOKHBIM). Ko BTOpO-
MY TUIIY OTHOCUTCS JIF000€ BEeIlleCTBEHHOe TeJIO, BOJTHOBAS UJLIIO3U KOTOPO-
r'o IOAIUTHIBAETCS IIPOIleCCaMU HA MUKPOYPOBHE, & IOTOMY IPUYNHA HAXO-
nutca BHyTpu. IlomelicTBoBaTh Ha HOBeJeHMe TaKoli roJorpaduuecKon
WJLIIO3UU MOYKHO, OIATBH-TAaKMU, TOJBKO IIOBJIUAB Ha mpuuuHy. Ho eciu B
IIEPBOM CJIyuae IPUYNHA HaM JOCTYIIHA, 100 OHA COTBOPEHA HAIIINMMU PyKa-
MU, TO BO BTOPOM cJydae IPpUYNHA IPaKTUUYECKHU HeJocATaemMa, ubo, BO-Iep-
BBIX, HEIIOHNMAaeMa, & BO-BTOPBIX, YTOIAET B INIyOMHAX BEIeCTBA.
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2. CuaxpoHusanua yacos mo UeanoBy

Ecnu BpeMsa (TeMn XoJa 4acoB) He 3aBUCUT OT CKOPOCTH
CHCTEeMBI B 3()upe, TO HET HUUETO IIPOIe CUHXPOHU3UPOBATH
yacsl A 1 B ¢ TOMOIIBIO UAeHTUYHBIX YaCOB B IIPOCTBIM IIepe-
MellleHreM OT A K B ¢ IIOCTOSTHHOM CKOPOCTBIO.

Yacbl ngyt
B[] Y%
A
B 1
MomeHT 3anycka 4acoB Yacel cTodAt
B ¥
Yacel nayt [ ) —
b s
Yacel ngyt Yachkl cTosaT
B =
Yacel nayt |\ 1\
P A
L
.
Yacbl ngyt MomeHT 3anycka 4acoB u

nepesofa CTPenok

Puc. 38. CuHXpOHM3AIMA C IOMOIILIO IIePEHOCA YacOB

st Toro 4ToOBI yOeAUTHLCSA B HPABUJILHOCTA CUHXPOHU-
3a1uu, HeoOXoAMMa IIPOBEPKA, OCYIIeCTBIsIeMasa B 00paTHOM
MmopsiiKe, HO yiKe IPHU pPaboTaoINX JYacax.

Tenepb, ec/i CHHXPOHU3AINA yIaJIaCh, MOYKHO IIPHUCTY-
OUTHL K OIIPelesIeHUI0 COOCTBEHHOM cKopocTu B sdupe. Hisa
STOTO BCETr0-TO M Heo0X0oamMo 3a()MKCUPOBATL BpeMs ABUIKE-
HUuSA curHaja oT A K B, u B oOpaTHOM HampasJeHuu. Ecin
o0HapyKUJIACh PA3HUIlA B 3aMepax, TO, MOACTABUB IIOJIYUYEH-
Hble 3HAUEHUS B JOCTATOUHO IPOCTYIO (DOPMYJY, MbI HaligEM
BeJIMUYNHY COOCTBEHHOI CKOPOCTH OTHOCUTEJBHO d(pupa:

V=c(tag—tga)/(tasttsa); (3.8)
sTa GopMyaa BepHA TOILKO Aasa a=0°

E
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B 9T0i1 r1aBe MPOBEEH JIIOOOIIBITHLINA AHAJIN3 TJIABHOTO
noctysnata CTO ¢ mosunuu spupHoii KoHIenmnuu. Ho Bo3HU-
KaioT He MeHee JIIOOOIBLITHBIE BONIPOCHI: Kak menepb omHoO-
cumuvca K pesyavmamam dxcnepumenma Maiikenvcona, 6e0b
OHU ABAANMCA 00OHUM U3 2JABHBLX KO3blpeil persmueu3mas
9dmo, 8 KOHUe KOHU08, OH, IKCNepumerm, dokasvieaem?

Eciu 661 MaiikeJIbCOH 3HAJ O COKMMAHUU CTOSYNX BOJIH, a
TaksKe O BOJIHOBOII HmpPUpPOJe BeIllecTBa, TO HEIIPEeMEHHO BOC-
KJIUKHYJI: «Jspural A 00HapyHcuL, 1mo CHUMAIONMCS He MOJlb-
KO cmosiue 80JHbL, HO U MOl uHmep@epomemp!» YBbI, UCTO-
pusa pacmopsAujaach IO-CBOEMY...

§ 2. BmecTOo 3aKJIIOUYCHHUS

ToBopa o cymiHocTH 3dhupa, caeayeT IIOHUMATb, YTO MBI
mMeeM JeJI0 C OMHUM U3 YPOBHEN npossiaeHus Beaukoro Huu-
TO, (husUUecKass CyTh KOTOPOTO He MOKeT OBITh IIOHATA M3-3a
OeckoHeuHOCTH Muposgauus. Hambojiee ApKUM CBOHCTBOM
s(upa, Mo KpaiiHeii Mmepe IJsd Hac, ABJISIETCA €r0 CIIOCOOHOCTDH
OBITH HOCUTEJEeM CBeTOBBIX BoJH. Co BpeméH I'toiireHca cuu-
TajJoCh, YTO CKOPOCTh BOJIH BCET/A IIOCTOSAHHA OTHOCUTEJIHHO
a(upa, HO IocJIe IPOBeJieHNA bKenepuMenTa Maiike1bCoOHOM,
BBISIBUJIACH HECIIOCOOHOCTD YUEHBIX JIOTTUYECKU O0BACHUTD I10-
JydyeHHBIe pesyabTarTbl. O0pasoBajicd MUPOBO33peHUYECKUl
BaKyyM, B KOTOPLIi BopBasiachk Criermuanbuasa Teopusa OrHocu-
TeabHOCTH. Bes Kakux-nmmnoo oobacuenuit CTO orsBepriia cse-
TOHOCHYIO cpeny (MOZHO OIpPAaBABLIBATH 9TO TeM, UTO JUHII-
TeliH He 3HAJ 00 sKcIepuMeHTe MalKelbCOHA) U 3aMeHIIa eé
Ha00POM 3TOIEHTPUYECKUX IPEACTABICHUI 0 IPOUCXOIAIIEM.
Ho Torgma m aBTOp HacTosIeil paboThl MOXKeT CKa3aTbh, UTO,
paboTas Hanm mpobseMoii apupa, OH He 3HAJ 0 paboTax IMHIII-
TeliHa, a Y3HaJI 0 HUX TOJIBKO IIOCJIe TOr0, KOTaa HAIIEJ perre-
HUe 9TOH mpobseMbl. Ecau 1 mocje 9TOTo KTO-TO IIOMBITAETCS
O0BUHUTH aBTOPA B HEJIOIIYCTUMOCTHY TAKOT'O OTHOIIIEHUA K pa-
0oTaM IIpPeAIlleCTBEHHUKOB, TO IYCTh CIejiaeT TO Ke caMoe B
OTHOIIIEHUU CBOeTro Kymupa — cosgarensa TO.

Bugumo Tak OBIJIO YTOZHO CBBIIIE, UTO TOJBKO uepe3 100
JieT 00HapYKUJIach HEKOPPEKTHOCTD MOCTYIKA IIPEAIIEeCTBEeH-
HUKOB B OTHOIIIEHUY KOHIIENIIUU 3(upa, HY a 4TO IO aBTOpa,
TO OH He TOJILKO 3HaJI 0 paboTax JUHINITEeHA, HO U BOCXUIIAJ-
ca umu. VI HUKoOra He OBLIO ¥ aBTOpa IIeJii OIIPOBEpPrarhb, HO
TaK YK CJYYMJIOCH, UTO MM OOHAPYKEHO HeBOCTPeOOBaHHOE
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CBOMCTBO CTOAYMNX BOJH CKUMATHCA. ITO CBOMCTBO, OBITH MO-
JKeT, IIAJIOCTH Paay OH MPUMEHUJ IJS O0bACHEHUS PabdoThI
uaTepdepomerpa. Ho He cramemM ympeKaTh IIPEIKOB B TOM,
YTO OHHM MIPOIILJIX MHUMO 00jiee UeM OUEeBUIHOTO OTKPBITHUSI, a
HOABEIEM HEKOTOPBbIE MTOTH IIPOAEJAHHON HaMM PabOTHI.

1 Hauajsila cpaBHUM MeKIY cOo00U mmpeodpasoBaHUsS KO-
OPAWHAT, YTOOBI YBUAETH TEHIEHIINIO PA3BUTUS IIPEICTABJIE-
HUH O IIPOUCXOLAIIEM.

Tanmunein Jlopewnis HNBauos
x -Vt _x—W"n

x'=x-Vt x _W X _I—BZ 59)

y'=y y'=y =y/\1-p*

7'=z 7'=z z z/ﬁ
t-V/e*k

t'=t 1= ——— t'=t
\1-B?

OOpartaer Ha cebsd BHUMAaHNE OTKa3 OT HMOHATUSA 3amel-
JleHUue 8peMeHlU B TOM BUAE, B KOTOPOM OHO HPOABUJIOCH Yy
JlopeHIia 13-3a HETIOJIHOTHI OMMUCAHUA MPOUCXOAAIIETO II0 § U
2z koopauuaTtam. OTmanga Tak:ke HaJOOHOCTh B MHBAPHUAHTHOC-
TH CKOPOCTU CBeTa, KOTOpasd 3aMeHeHa OOLIYHBIM I'eOMeTPIH-
YeCKMM CJIOJKeHueM cKopocTeii. HaiimeH cmoco0 oOHapy:ke-
HUS IOIIEPEYHOI'0 COKPAILEHISI pa3MepOoB, IIOKa, IpaBaa, B BUIe
MBICJIEHHOI'O0 JSKCIEPUMEHTa, HO C INPUHIMONAJBLHONA TOUKU
3peHus HalJeHHOe MOYKEeT IIPOSCHUTL CUTYAIIHIO.

~
|

HuTepeceH U BOIIPOC CJIEACTBUH 13 TeOMETPHUUECKUX IIpe-
o0pas3oBaHUil KOOPAUHAT, OJHO M3 KOTOPBIX MbI IPOKOMMEH-
THUPyeM Ha OIpUMepe pellleHns KOHKPEeTHOUN 3aJaumn.

¥ 5 1
K K
V=0 V=0.7c

» U=D5-¢
—

M ' M .
0 | x 0 | : x
M

ot Oy

=C -
c=c-¥

=C =

= - c+V¥

Puc. 39. IBmkymiascsa U MOKOAIIAsCA CUCTEMBI
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PaccMmoTpuM Bompoc cJIO:KeHUs ckopocreii. Ilepen Hamu
mpocTas Ha MEePBBIA B3TJIAL 3amada:

Hmerorcsa aBe cuctemsl K u K'. IlycTh cucrema K aBiser-
cs abCoJIIOTHOM cucTeMOl oTcuéra, a cucrema K' gBuixercs
BJIOJIb OCH X CO CKOopocThio V. K'-HabaogaTe b OPOCHUII II0 XO4Y
IBUKEHUS TeJIo m co ckopocThio U'. KakoBa ckopocts U Tena
C TOUKHU 3peHuA HaOmogateasa K-cucrembr?

Ecnu paccmaTpuBaTh JaHHYIO 3aJady € IIOSUIMU abCco-
JIIOTHOTO HabJIofaTeNsd, a CKOPOCTh TeJja BbIpa’kaTh B eIUHU-
IaxX MeCTHOM CKOPOCTHU CBeTa, TO pellleHre OyaeT IPOCThIM:

U=v = U,

—

U'=0.5¢(c-V)=0.15¢=45000 [rkm/c],
U=0.7¢+0.15¢=0.85¢=255000 [1n/c].

Eciiz cKopocTh BBIpasKaTh B eIUHUIAX IBHKYIIIENCA CU-
CTeMbI, TO €€ 3HAUeHMe OyIeT:

U'=0.5¢)(1-V?/c? )=88235.3 [km/c],
T.€. IIOJIOBMHAa TOT'0O paCCTOAHNA, KOTOPOE CBET, IIO MEPKaM K'-

cucTeMbl, IpoiAéT 3a Ic. B aTom cayuae popmysaa CIoKeHUA
CKOpOCTell mprodpeTaeT MHOI BUL:

U=V+U'(1-V?/c?) =210000 +88235.3+ 0.51=255000[ xcn/c].

CinenmyeT Bcerga IOMHUTB, UTO CKOPOCTh TeJia HE MOXKET
OBITH 0OJIBIIIE CKOPOCTH CBeTa, T.e. U'< ¢. He yuuThIBas sTOrO,
MBI Bcerja OyzeM IoJaydyaTh KaKie YrogHO HelpPaBUJIbHEBIE pe-
s3yabpraTbl. CUTyalus ycyryoJisgercsa U TeM, UTO Y Hac HeT IIOKa
crmoco0a B ABMIKYIIENCS CHCTeMe OIIPeJelsaTh CKOPOCTh TeJia
m, KpoMe KaK uepes e€ cpaBHEHNE CO CKOPOCTBLIO CBEeTa, HO
BOIIPOC OUATH-TAKK YINPAETCSI B CUHXPOHU3AIIIIO YaCOB.

IIpoGyieMaTUYHBEIM HPEACTABIACTCA U OIpPeJeseHre CKO-
pocTH cBeTa, KOTOpas B ABHKYIIEHCA CHCTeMe MHasi, 4eM B
nokosdaieiica. C Touku 3peHusa a0COIIOTHOTO HADJII0ZaTe A 5TO
JelaeTcsi IPOoCTO:

= ¢ —V=90000 [xm/c],

= ¢ +V=510000 [rkm/c],

= 153000/90000=1.7 [c],

= 153000/510000=0.3 [c],
>t=2[c].

Cep=20"'M' 5./ 2 t=306000/2=153000 [rm/c].

TSR O Oy
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Ho mouemy :Ke Torma sTa TOUKa 3peHUsA Ha IPo0JieMy OT-
BepraeTcs MPOTUBHUKAMU CBETOHOCHOTO adupa?

M&z1 yiKe TOBOPHMIIN O IIPEII0KEeHHON DUHINITeTHOM CUHX-
POHMBAINU YaCcOB, IPUTOAHOM TOJIbKO B K-cucreme. B K'-cuc-
TeMe 9Ta MeTOAnKa JaéT cO0i M HAaCTpaMBaeT Yachl 3aBEIOMO
Tak, 4To fom BCerga paBHO tumo. Hy a ecom K'-mabaromaTesb
HaOTpe3 OTKA3bIBAETCS MCCJIEJOBATHL TOUKY 3PEHHUS OIIIOHEH-
Ta, TO IPU BBIUNCJICHUN CPeIHEN CKOPOCTH CBEeTa OH OOpeuéH
paboTaTh He ¢ O0BLEKTHBHBIM 3HaueHmeM paccrosuus O'M',
KOTOpoe IIPpU ABUMKEHUUN COKPATUJIOCH, a C CYOBeKTUBHBIM U
TOJIBKO IJis Hero paBHbIM 300000 km:

BesmunHa pacCUHXPOHU3AIUN:
At = —L'.ysV/c? = -0.7 [c],
t=17-0.7=1 [c],
t=0.3+0.7=1 [c],
2t=2 [c].

Hcroonp3ysa OJs OmpenesieHus CKOPOCTH CBETa COrJIACO-
BAHHO-NCKAKEHHLIE 3HAUEHNA, PEJIATUBHICT BCerga OyaeT IIo-
Jy4YaTh OQUH U TOT K€ Pe3yabTar:

¢ =L’cy6/f =300000 [xkm/c],
¢=1L',,/t =300000 [rn/c],
¢, =2L', /Zt=600000/2=300000 [xm/c].

Temepb MBI BUAUM, UTO ITIOCTOSHCTBO CKOPOCTH CBETA MJI-
JIIO30PHO U CBSA3AaHO MCKJIOUNTENHLHO C HAIIUM STOINEHTPU-
YeCKMM CKJagoM yMa. B aToM cMbIC/Ie TEOPUS OTHOCUTEIh-
HOCTH, IIOPOAUBIIAS WM3BPAIEHHBIN PEJATUBUSM, SBJISETCS
JOTUUYECKUM MPONOJIKeHHeM CHUCTeMbl Mupa o Iltosemero.
Bugumo, HemcTpeOMMO B KasKAOM M3 Hac JKeJaHue OLITh B
IeHTpe COOBITHUI, B IIEHTPEe MUPO3AaHUA.

Ho nmosiBuachk HOBas TOUKA 3PEHUs, a 3HAUNUT, IIOABUIACD
BO3MOJKHOCTH Pa3BeATh IOUTH CTOJETHUHN MU} O IPeIIOKeH-
Hoii CTO mHBapmMaHTHOCTH CKOPOCTH cBeTa. VI He cienyert
000JIBITIATHCS HA CKOPOe IIOHNMAHNe IIPOUCXOAAIIEro, 100 aup,
ABJIASACH DHEPreTUYEeCKUM CYyOCTPATOM AJIA CBEeTa, MOXKET IIe-
peMeIaTbCsa ¢ HeBOOOPasMMOI AJIS HAC CKOPOCTHIO CKBO3b He-
nos3uaBaemoe Huuto. B sTOM cMbIcjie MBI HMOCTOSHHO OyaeM
VMETH [eJI0 C WILIIO3UAMU U IPOTUBOCTOATH M.
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§ 3. HuTepdepomMeTp ¢ HEB3aMMOCBI3aHHBIM
ILJIeYOM

YT106bI IOHATH IPUHIUII PAOOTHEI TAKOTO MHTEepP(dhepoMeT-
pa, BIIOJIHE JOCTATOYHO 3SHAHUM, M3J0KeHbIX HaMmu. MbI He cTa-
HeM, KaK B IIPEeALIAYIIUX CJyUYaAX, YIJIYOIATHCA B BEIUKCIIE-
HUS, 9TO CHAEJAIOT Te, KOMY HAes MOKAMKeTCsI NHTePeCHOM.

s Toro uTo6b! nHTEPQEpOMeETp paboTasi, HeoOXOIMMO OT-
CYTCTBUE KECTKOUN CBA3U MeXKIY 3epKajoM N U OCHOBHBIM
TesoMm mHTepdepomerpa. Takum oOpaszoM, IPU YBEJIUUEHUU
CKOPOCTH MBI 00X0omuM s(h(MEKT CKUMaHUSI NePIeHIUKYJISIP-
HoOro miaeua. B oOnruHOM mHTepdepoMeTpe 3TOT 3(pPeKT CBO-
IUT Ha HET BCe IOUBITKU OOHAPYKUTHL 3pup.

Knaccuyeckuit untepcepometp UHTepdepomeTp ¢ pasopBaHHbIM NiIe4YOM
Pa3mepbl MHTepdepomeTpa: Pa3mepbl mHTepcdepomeTpa:
Ly=1, Ly'=0.71414 N Ly=1, Ly'=
Lx=1, Lx'=0.51 Lx=1, Lx'=0.51

Bpems aBuxeHusA curHana:
Ztx'=1, Zty'=
Zty'— Ztx'=|

BpeMﬂ ABWXEeHUA curHana:
Stx'=1, Sty'=1.40028
Sty'— Ttx'=0.40028

—_— V=210000 km/c V=210000 km/c

a. 0.

Puc. 40. B untepdepomeTpe (0) U3MEeHEHNE CKOPOCTHU TeJIa ¥ OTOPBAHHOTO
3epKaJja JOJIKHBI IPOUCXOAUTH OTHOBPEMEHHO. 3epKayio N U OCHOBHOE TEeJIO
IBUIKYTCS BIOJIb IApPaJlJIEIbHBIX CTBOPHBIX JIMHUM

PaccmarpuBasa IpPUHIIUIIMAIBHYIO BO3MOMKHOCTE OOHApPY-
JKeHUA TBUKEeHUA B d(hupe, MBI II0JaraeM CO3JaHNE B OTKPHI-
TOM IIPOCTPAHCTBE CUCTEMBI IIapajlieJIbHbIX CTBOPHBIX JIUHUM,
OPHMEHTHUPYSACh Ha KOTOpPbIe, MOYKHO OyIeT OIpPeneATb CKO-
pocTh, IO KpaliHeill Mepe, OTHOCUTEIbHO CUCTEMBI, OPraHU3YIO0-
el CTBOPHLIE JIMHUMU.



66 CKUMAHHE CTOAYHX BOJH

B HacTosIIee BpeMsA 9KCIIEPUMEHTBI TAKOI CI0KHOCTH He
MIPEACTABIAIOTCA BO3MOYKHBIMIU, II09TOMY HAM OCTAETCA YIIO-
BaThb Ha Oyaylliee, a TOUHee — Ha BpeMeHa, Korjga 6yayT ocBoe-
HBI IPUHIUINATLHO UHBIE CIIOCOOBI BBIXOAA B OTKPBITHIN KOC-
MOC U TIEPeIBUKEHUA B HEM.

N MeHHO TO9TOMY IpPEAIaraeTcs COCPeIOTOYUTh BeCh CBOM
TBOPUECKUU MOTEHITNAJ Ha OCMBICJICHUY IIOHATUSI J8uldceHue,
Ha BBIABJIEHUU CYTHU IIPOIIECCOB, JIEXKAIIMX B €r0 OCHOBE, Ha
BO3MOKHOCTU IIPUCIOCOOUTH 3TU IIPOIECCHI IJIA PEIIeHUud
HacyHniHbIX npobseMm. KTo 3HaeT, UTO TaM BIEpewu...

Boiina B 1aOUpPUHT MO3HAHUS, Mbl OOpeUeHbI Ha IIOIana-
HUe B Tynuku. MBI TPaTHM OUeHL MHOT'O BPeMEHH! Ha BbISAC-
HeHNe KaKoil TYIUK IpeAnouTuTeabaee. Ha co3manme e opra-
HM3aIIMOHHOM CHCTEeMEbI, KOTOpasa 0e3aMOMIIO3HO pearupoBaJia
ObI HA TYOWKHU, MBI He HAXOAUM BpeMeHH. TaKoil cucreMe He
oboiTHICch 0e3 OMHOBPEMEHHOTO ¥ PABHOIIPABHOTO COCYIIECTBO-
BaHNA, II0 KpaiiHell Mepe, HeCKOJbKNX HAYUYHBIX IIIKOJI, JaxKe
ecJiM UX IIPeACTABJIEHNs 00 yCTPOMCTBE MHPA MMEIOT IPUH-
uInajJbHble, He TepOAIue APYT APyra, pasjindisd.

Ho cucremy, IpUBOAAIIYIO K TAKOMY O0BEJUHEHUIO, MOK-
HO CO3JaTh TOJBKO B CJIy4yae KpaiiHell OMacHOCTU AJA BCETO
yeJioBeUecTBa — 00JIee CIIOKOMHBIe BpeMeHa OOBIYHO IPUBOIAT
K Oopb0Oe 3a MHMMBIE Ojlara M IPEBOCXOACTBa. A KUBEM Ju
MBI B cioKoiiHoe BpeMa? CobbiTus CosrHeuHOro Maciiraba yKa-
3bIBAIOT HA HECIIOCOOHOCTh HAYKU 3arJIAHYTh XOTSA ObI B 3aBT-
pamnHui neHb. IloATBep:KAeHMEM 3TOrO CJHIYKUT COJHIIETPSA-
cenme B anpesie 1997 r., Bo BpeMA KOTOPOTO Ha ITOBEPXHOCTU
CoJtHITa BOSHUKJIO TUTAHTCKOE ITyHaMu. (A 20e zapanmus moeo,
umo 00HaMObL HAUle C8EMUJLO He NPespamumcs 8 C8epxXHo-
8Y10? — mbL 8edb dajce COLHUemMpsCeHUe He CMOzIU Npedsu-
demp...)

HmeHHO 1O 9TOM HNpUUYMHE HYMKHO 3arofisi ObITh TOTOBBIM
K emé Hempouaolnenmniemy. Iloxaseem cpemcTBa Oad HAYKU
CeroJHsA — 3aBTPa 5TU CPEACTBA OKAXKYTCS 0€CCMBICIEHHBIMU.
Iaxxe camble 6oraTble JIOANW ILJTAHEThI He CMOT'YT KYIIUTh CIIa-
ceHme — JIeHeT He XBaTur.

IIporaosupoBaHUe CUTYaIlUil, IIPOTHO3MPOBAHME SIBJICHII
BO3MOJKHO CTaHET OOBIIEHHBIM JeJIOM, KOTHa 0gulceHue, KaK
IpoIlecc, paCKpoeTcs BCeMU I'PaHAMU B IIOSHAHUY €TI0 PUMMO-
JuHAMUKU.



