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HPEANCJIOBHUE

IIpasda — o0un uz cnoco6o6 uckaicerusi ucmumol!

B 80-x romax mpomioro croieTuss MHOTHE (paHTacTHUecKue (PUIbMBI Ha-
YUHAJINCH MpUMEpHO Tak: «2015 rop...», a manee MOKa3bIBAINCH JIOCTH-
KEHHS 3eMHOW IMBIIIN3AIINH, TTO3BOJISBIINE €€ MPEICTaBUTEISIM CBOOOI-
HO TMYTEIIECTBOBATh HE TOJNBKO K OJIM3JIeKAINM TUIAaHETaM, HO U B Jayé-
Knii kocMoc. Y Bo3HMKaa yBepeHHOCTh, YTO Tak OHO W Oyzaer. Ho yBHI,
KaueCTBEHHBIH MPOPHIB B HAYKE U TEXHOJIOTUSAX HE COCTOSAJICS TI0O MHOTHUM
npuuuHaMm. OHa U3 HUX: 0 CHUX MOP HET BPAa3yMHUTEIHHOTO OOBSICHEHUS
(yHIaMEHTaIbHBIM SIBJICHUSAM TPHUPOJABI, HET MOHHMAHUS IPOIECCOB,
(hopMUpPYIOIIMX 3TH SIBIEHUS. TakuxX SBICHWA HE MHOTO: JBH)KEHHE,
MHEPLUUOHHOCTh, CWJIA, TATOTEHUE, IPUPOAA MOJEH, NpUpoJa IEKTpHUYe-
CTBa, MPHUPOJA IIEMEHTAPHBIX YACTHIl. DTH SIBICHUS M MX CBOWCTBA JI0
CHX TIOpP CUMTAIOTCA BPOXAEHHBIMH, N3HAYAIHHO JAHHBIMH, a TIOTOMY HE
HY)XKJAIOIUMHUCS B OOBSICHEHWH. BHAMMO MO3TOMY MOSBHUIOCH MHEHHE,
YTO pacKkphITHE (U3NKK TEPEUMCIICHHBIX SBICHUI B NMPUHIUIE HEI0C-
TYIHO YeJIOBEUECKOMY pa3yMmy, Kak, HalpuMep, cobake HEeJOCTYMHO IO-
HUMaHHE PadOoThI Jake CaMOT0 MPOCTEHIIIEro TEXHNUECKOTO YCTPOMCTRA.
Ho Tak cunraror He Bce.

[Ipn HeraTMBHOM OTHOIICHUH K COOCTBEHHBIM CIIOCOOHOCTSIM €J1Ba JIM B
HayKe BO3MOXKEH KaueCTBEHHBIH NpOpHIB. Bo3Hukaer nuimemma: oo
COOCTBEHHOE HeauIIupyemMoe Oeccuine Y3aKOHUTh, T.e. OOBSIBUTH CO-
BPEMCHHBIC MPEICTABICHUS O MHPO3JaHHM OKOHYATEIBHBIMU IOTOMY,
YTO MHBIX HE MOXET ObITh HUKOTIa!, TMOO YEeCTHO NMPH3HATHCS B HECO-
CTOATENBHOCTH (UPEBATO MMIIMYMEHTOM), U XKJIATh IPUXOAA MUCCUU, KO-
TOPBIH UIMEHHO B HayKe BCE paccTaBUT 1O cBOMM MectaM. OmHaKo, npu-
X00 Muccuu HeOOXOIMMO TOTOBHTE..., H TOTOBSITCS, HAIPUMEp, KOE-KTO
YK€ BO3POAMII HHCTUTYT OOpHOBI ¢ MHAKOMBICIHEM B HAyKe — KOMHUCCHIO
o OoprOe ¢ mkeHaykol U anbcudukanyeil HayYHbIX uccienoBannii. Ho
9TO WHAS TEMa.

B 1997 rony 6bi1a m3nana kaura-monorpadus «PUTMOJUHAMUKAY,
B KOTOPOW aBTOP HM3JOXKWI PE3yJbTaThl MHOTOJETHUX WCCICIOBaHUMA
(yHIaMEeHTaIbHBIX MPoOIeMHbIX sBiIeHui. [Ipomo 10 ner. 3a 3To Bpems
OBLIO MPOBEJICHO MHOXECTBO KCIEPUMEHTOB, MOJTBEPAUBIINX OIMyOIIHU-
KOBaHHbIC B MOHOTpa( MK BBIBOJIBI U TPE/ICKA3aAHMSL.

B nogoit penakuuun PUTMOIMHAMUKA mnpeacraBieHa Kak METOJ UC-
CJIEJIOBAaHUS MPOIIECCOB, YYACTBYIOUIMX B ()OPMHUPOBAHHH SBJICHUH U UX
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cBoiicTB. ABTOp moguépkuBaet, uto PUTMOAMHAMUKA He npereHay-
€T Ha POJIb YHUBEPCATHLHOMN MapajurMbl, HO KaK HHCTPYMEHT, MIPH pellie-
HUU 3a9aCTYyI0 CIIOXKHBIX HAYYHBIX W MPUKIAIHBIX 3a7a4, OHA BIIOJIHE Jee-
criocobHa. Hampumep, cpencTBaMu puTMOJIMHAMUKHN YIAIOCH BU3YaTH3H-
poBath mporiecc GOPMHUPOBAHUSI TATOTSHHSI Yepe3 HAJIOKEHUE HA COCTaB-
JISTFOIIME TEJIO 3JIEMEHTHI aJICKBaTHBIX MM 10 (ha3e M 4acTOTE OCLUIUIATO-
poB. Harnsnnod wuitocTpanueil JeMcTBUS T'paBUTALMOHHOIO TOJISI Ha
CUCTEMY U3 JIBYX CBSI3aHHBIX aTOMOB CTajla MHTEPGEPEHIIHS B BUJIC CIIaii-
nep-addexra. Ilpeackasan crnocod AOCTHKEHUS aHTHTAroTeHUs. [IpuBe-
NEH KYpbE3HBIN BBIBOJ (DOPMYJIBI JUIS ONPE/ICIICHUS] YCKOPEHHsI BEIeCT-
BEHHOH CHICTEMBI B TPABUTAIIMOHHOM ITOJIC 3a CUET paccoriacoBaHus (a3
¥ 9acToT 3TuM nojeM. Uto 3to? Otkpeitae? Ho Torna — 9BPUKA!!!?

Hpyrum npumepoM 3¢ (HeKTUBHOCTH PUTMOIMHAMUKY SIBIISICTCS BU3YalH-
3alusl MPEANOoJIaraéMblX MEKaTOMHBIX MPOLECCOB, (OPMHUPYIOLIUX CaMO-
JBIDKCHHE OTAENBHBIX MoJiekys, Hampumep H,O. Takoe camonBmxeHue
BITOJIHE MOXET SIBJIATHCS IPUYMHOM OpPOYHOBCKOTO JABHKCHHS.

Ocoboe MecTo yaeneHO (HU3UMYECKOMY SIBICHHIO, HA3BAaHHOMY aBTOPOM
«CKUMaHME CTOSYMX BOJHY». SIBnenme Obuto oTKpbITO B 1981 romy mpu
TEOPETUUECKOM aHajHM3e MNpoIeccoB HHTepdepeHIMu B npudope Maii-
KelbcoHa. beuto 00HapyKeHO, 4TO AT OOBSICHEHUS MOIydeHHoro Maii-
KEJTbCOHOM IPAaKTHYECKH HYJIEBOTO, T.€. HE COOTBETCTBYIOIIETO PAacUET-
HOMY, pe€3yJibTaTa 1OCTATOYHO IMMPUHATH BO BHUMAHUC BOJHOBYIO IIPUPO-
Iy BEIIeCTBa W MOJIOKUTh B OCHOBY HM3MEHEHHS pa3MepoB HHTEpdepo-
METpa CBOMCTBO CTOSTUMX BOJIH COKMMATBCS npu YBCIUMYCHUU CKOPOCTH,
T.e. peasibHOE (pr3mueckoe sBiIeHUE. Takoi moaxo1 n30aBiIsIeT OT MHOTHX
CIEKYJISIUI BOKPYT MHBAPUAHTHOCTH, MOCTYJIATA O IOCTOSIHCTBE CKOPO-
CTH CBETa, 3all0JHEHHOCTH MPOCTPAHCTBA MyCTOTOM, YBIeKaeMocTH d(u-
pa 1 MHOTUX HUHBIX.

[lo MHeHuUIO aBTOpa AOCTMXKEHHUS B 00JacTH METPOJIOTHM HOMOTYT, B
Omkaiiiee BpeMsi, IPOBECTH AKCIIEPUMEHT IEPBOrO MOpsAAKa IO ompe-
JIETICHUI0 CKOPOCTH CBETa B OJHOM HAlpaBlICHHUH, PE3yJbTaT KOTOPOTO
n30aBUT (PU3HKY OT «Mycopa» Kak TEOPETHYECKOIo, Tak U B chepe Hayy-
HOW mpaeonoruu. YenoBeyecTBy Hy)kKHa SICHasi KapTUHa MUpa, 3PQPeKTuB-
HbIE HAay4yHbIE WHCTPYMEHTHI, CIIOCOOHBIE pellaTh NPUKIAJHbIC 3adayu
0oJiee BHICOKOrO YPOBHS M BO 0J1aro Bcero oomecTna.

B kauecTBEe OJHOrO M3 MHCTPYMEHTOB IPEIJIOKEHA «BOJHOBAs I€O-
METpHU», KOTOpas yKe cama 1o cede SBISETCS OTAEIbHBIM HayYHBIM
HarpaBieHneM. C MOMOMIIBIO 3TOT0 MHCTPYMEHTA YAAIOCh OTKPBITH
psaa Gu3MYecKHX SBJICHUH W CMOJEIUPOBAaTh (HOPMHPYIOIIHE UX TPO-
neccel. Hanpumep: co3ana MOJ€Nb CUCTEMBI OCHMILIATOPOB, Y KOTO-
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poil OTCYTCTBYET HW3JIydeHHE BOBHE; IOKa3aHa BO3MOXHOCTH Oe3aM-
IUIATYTHOTO crmoco0a CyIEeCTBOBAHMS DJHEPTHH; BEHISIBICHA 3aBUCH-
MOCTb CKOPOCTH M YCKOpPEHUS KOJICOIONIEH ST CHCTEMBI OT caBura (a3
U 4acTOT MEXAY 3JIEMEHTAMHU CHUCTEMBI; PACCMOTPEH BOIIPOC O 3aKOHE
COXpaHEHHUs] SHEPTUU U JaHa HOBas €ro 3aluch B BUAE CYMMBbI MPOSIB-
JICHHOW M HENPOSABJIECHHON KOMIIOHEHT.

B moHorpadgum 3arpoHyTa TeMa MHOTOMEPHOCTH HAIIero Mupa, olna-
JAIOIIET0 yacmomuou 2ayourou. TlpeanoxkeHa KOHIEHIMS YaCmOmHo20
npocmpancmeda, T.e. B IPUBBIYHYIO CUCTEMY KOOPAMHAT BBEJEHA KOOPIH-
HaTHasl OCh Yacmomuou 2ayoursl. Takol MOAX0/a MO3BOJSET apryMEHTH-
POBaTh HAJIMYKE TAK HA3bIBACMBIX «IAPaJUICIBbHBIX MUPOBY», KOTOPBIE CY-
LIECTBYIOT B €JMHOM C HaMHU NPOCTPAHCTBE, HO B MHBIX, OTJIMYHBIX OT
HAIlleT0, YaCTOTHBIX MHTEpBaJIax.

PurmomuHaMuika 1o3BoJiniia nepenucath (HOpMyJibl KIacCHYECKOH Mexa-
Huku (KM) TakuMm oOpa3oM, 4TO B HUX MOSBWIKCH (ha3za, 4acToTa, CKO-
pocTh cBeTa u nocrosiHHas [lnanka. He mpsimoe i 310 yKa3aHue Ha MyTh
equaeHUS KM ¢ SIEKTPOIMHAMUKON ¥ KBAHTOBOW MEeXaHWKOU? BBITH MoO-
JKET UMEHHO C 3TUX MO3HIIMA MBI HAKOHEII-TO CMOYXEM TOBOPHUTH O TpakK-
THYECKHUX IIMarax MO CO3JaHUI0 eAUHOW (HH3UKU, B KOTOPOH Makpo- U
MHKPOYPOBHU OpTaHU3AINH MAaTCPHUH, SIBJICHUA W TIPOIECCOB HE OyayT
HCKYCCTBEHHO Pa3leiAThCS?

BblaeuM riiaBHbIe BOITPOCHI

O pyHaamMeHTAJIbHBIX SIBJIEHUSX:

1. Kakum o0pa3oM KOHKPETHO OOECTeYMBAETCS MPSIMOJIUHEHHOE H
paBHOMEpPHOE TNEepeMelleHne Tell B MPOCTPAHCTBE (IBIKEHUE I10
HHEPIUN)?

2. Ortkyna y ten Oepércsi cnocoOOHOCTh COMPOTUBIATHCS BHEITHHM BO3-
JeHCTBUAM (MHEPITMOHHOCTE)?

3. KakoBa nmpupoja cuil, IeHTPOOeKHON U rpaBUTanuOHHON? Kakue
mpoIecchl 00ecrneuynBaloT BOZHUKHOBEHHE IEHTPOOEKHOW CHITBI
NpU JBMXKEHUHU Tella 10 KpUBOJMHEHHON TpaekTopuu? Kakue us-
MEHEHHUs B TeJax MPOWU3BOJUT T'PABHTAIMOHHOE MOJIE, W KaKUM
00pa3oM KOHKPETHO 3TH U3MEHEHUS MPUBOIAT K TATOTCHUIO?

4. TlocpencTBoM Yero W KakMM 0Opa3oM IPOUCXOIUT B3aUMOICHCTBHE
MEX]Ty «3JIEMEHTapHBIMHU YaCTHUIIAMIY», MEXy MakpoTeIamu?



5. Tlo3naBaema nu ¢u3ndecKasi CyTh IEKTPUIECKOTO U MarHUTHOTO TI0-
neit? JIoCTHKUMO JIM TIOHUMaHHE TPOIECCOB, 0OCCIICUMBAIOIIINX TOK
SHEPTHUH, B TOM YUCJIE U DJICKTPUICCKON?

Oomeduiaocodckue npodaeMbi:

1. Yro ecTp BMECTHJIHINIE JUIS BCETO CYIIEro W MBICIMMOIO, M Y€M OHO
3aI0JTHEHO KOHKPETHO?

2. KakoBa npupoga koHTHHYyMa? VIMeeTcs T MepBO3JIEMEHT Y KOHTH-
Hyyma? SBisieTcs JIM KOHTHHYYM CIUIOIIHBIM U HEpPa3phIBHBIM, WU
JKE OH JMCKPETEH JI0 0ECKOHEYHOCTH BIiTyOh?

3. Ecnu g0onycTUTh KOHTUHYYM CIUIOIIHBIM, HEJICIHMbIM, HEpa3pbIBHBIM
Y HETPEPBIBHBIM, TO KAaKUM 00pa3oM BOOOIIE B HEM YTO-THOO MOXKET
MIPOUCXOANUTH?

4. BO3MOXXHO JIM CyIIECTBOBAaHHE HEro-IN00 BO BMECTWJIHILIE HPU OT-
CYTCTBHHU Y KOHTUHYYMA ITEPBOAIEMEHTOB — KUPIIUYUKOB?

5. MoOXHO 5 cO37aTh yJOBIETBOPUTEIBHOE MPEACTABIEHHE O MHPO-
3/IaHUM 0€3 IOHSATHS «JJAaHHOCTh)?

Bonpocel ICUXUKHU U AYXOBHOM COCTABJISIIOLIEH HcCIe 0BaTeIs:

1. Kro «3aka3unk» mHQOpManuy, coOMpaeMoil OpraHaMy YyBCTB Tela
yeJioBeKa?

2. B xakoMm BuIe mpepcTaBUTENb 3aKa3duHKa NMpeObIBaeT B Tene, T Ha-
XOHUTCH 3aKa34uuK?

3. Jlns xakoil nenw 3aKka3z4uKy HeoOXxoanMa uHpopManms?

Ot aBTOpAa

«Bcé cywecmeyloujee umeem ocHosanue Oisi C60e20 CYUWecmeo8anusy.
Jleibnuy

B ocHoBe 111000T0 SIBIICHMSI WM CBOHCTBA JIekKaT (POPMUPYIOIIUE UX MPO-
ueccol. B Hay4yHOH NMpaKkTUKE NPUHATO, YTO MOKAa HET TEOPUM U UHCTPY-
MEHTapHsi, C MOMOIIBIO KOTOPBIX 3TU MPOLECCH MOXHO BBISIBUTH, CaMH
SIBJIEHUA W CBOWCTBA CUMUTAOTCA BpOXAEHHbIMU. Hampumep, mnosstue
«raroreHue». Jlo MOSBICHUS PUTMOJMHAMUKHA TATOTEHUE OOBSCHSIOCH,
HanpuMep, UCKPUBJICHUEM IMPOCTPAHCTBA WIIM K€ TOKOM 3(upa B Bellle-
CTBO. MBI IOHUMAEM, YTO TaK OHO JICHCTBUTEIHHO MOMKET OBbITh, OJIHAKO
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TpeOyeM OOBSCHEHHS W MCKPUBIICHHUIO MPOCTPAHCTBA, U TOKY 3¢dupa. Ec-
JI UCKPUBJICHUE TIPOCTPAHCTBA MM TOK 3(hUpa HUKAK HE OOBSICHATS, T.C.
CUMTATh JaHHOCTHIO, TO BO3HHKAET UEpapXHs T'MIIOTE3, B KOTOPOW HEro-
HATHOE OOBSICHSAETCS C IOMOIIBIO eI 60JIee HETTOHATHOTO. A 9TO B HAyKe
SIBIISICTCS JTypPHBIM TOHOM

Hpyroii mpumep — IBHXKEHHE, T.€. CIIOCOOHOCTH TEJ NEpeMelaThCs B
MPOCTPAHCTBE MO HMHEpUMU. Takoe IBMKEHHE CUMTACTCS JaHHOCTbIO,
T.€. YeM-TO M3HAUYAIbHBIM U 33JJaHHBIM «CBBIIIE», @ TOTOMY HE TpeOyto-
muM oObsicHeHus. A marepus, Kak (unocodcekas kareropus? A ¢Gusn-
YecKHe I0JIs, KaK OCOOBIH BHJA MaTepuH, HO TOYHEE — OCOOBIN BUA (u-
nocockoii kareropun?

C mosiBiIeHMEM MaTeMaTHKH (B OCHOBE BCEX BHJIOB MAaTEMAaTHK JEKHUT
apu¢pMeTrKa) cTaso BO3MOXHBIM yCTaHABIMBATh COOTHOIICHHS MEXIY
JAHHOCTSIMM MHUKPO M MakpoMupa. M 3TO modemy-TO CTajlyd CUUTATh
HacTosmel ¢usukoi. [Ipumep: mpsMoliMHEHHOE IBHXKEHUE Tella MO
VHEPLUU XapaKTEPU3YETCSI CKOPOCTBIO — CKOPOCTh ONPEAEIISIETCs OT-
HOLIEHMEM IPONJEHHOIO PAacCTOSHMUS 3a €JUHMIy BpeMeHHU. Bompoc:
KakoBa mpuynHa JIBIKeHUs? OTBET: MpUYMHA B paHee MOJeHCTBOBaB-
niei Ha tejo cuie!

Takol OoTBeT HE SABJISETCS IO CyHIeCTBY, T.K. BOIIPOC ObLI HE O IMPpUYINHE
Ha4dajJla JBUKCHUA, a O IPUYUHC ABHUIXCHHA, KAaK IIpOoLECCa: 3a CU€T Yero
KOHKPETHO TCJIO ABUIKCTCA (nepeMemaeTCﬂ) B IIPOCTPAHCTBC PaBHOMCEPHO
nu HpHMOHHHeﬁHO, 4TO €My B 3TOM IIOMOracT, KakoBa HpI/I‘II/IHa? COBpC-
MCHHas (1)I/I3I/IK3, HC OTBCYACT HA 3TOT Ka)KYI]_II/If/iCH MIPOCTBHIM BOIIPOC.

Ho TOorga Kak OTHOCHUTHBCA K HBIHE MOJHBIM (1)I/I3I/I‘-ICCKI/IM npeacraBiic-
HHSIM O MHPO3JaHWHU, €CIIU MPUYUHHAS CYyTh ABWKEHHUS (HET MaTepuu
0e3 IBUIXKEHHMS...) 10 CUX MOP HE YCTaHOBJCHA?

CoBpeMeHHasi HHTEPIIPETAlUS OCHOBHBIX (DYHIAMEHTAJIbHBIX SBIICHHIMA
M CBOHCTB 0OoJiee MOX0Xka Ha CHUCTEMY 3aKJIMHAHUH, 4YeM Ha Hay4dHOe
oObscHenue. M MHOTUX HcclienoBareneil 3To He ycTpauBaeT. [Ipuxo-
JUTCSI CAMOCTOSITEILHO HCCIEN0BATh U pa30MpPaThCsl C HEPEUIEHHBIMU
npobneMamu B Qusuke. B pesyiabTaTe Takux UCCIEAOBAaHUN MOSBUIACH
PUTMOJUHAMUKA, cpencrBaMu KOTOpPOH CO3JaHbl MOJIECJIbHBIC
aHaAJIOTW W3YYEHHBIX siBIeHHH. boiiee mpoctoro moaxona u crmocoba
00BSICHEHUSI MHE, K COKAIICHUIO, CO3JaTh HE YAAJIOCh.

FOpuii H. Heanos



Purmoaunamuka (P/): ueau u 3agauu
Hem obpasa, — nem nonumanus!

B ¢usuke cymectByeT npodiiema 00bsICHEHHUS MIPOLECCOB, YUACTBYIOLIMX
B (hopMupoBaHNH (QyHIAMEHTAJIBHBIX SBICHUA W UX CBOHCTB. IIpobiema
CBsI3aHa C aKCMOMAaTHYEeCKUM XapaKTEepOM OCHOB, a 3HAYUT, C SIKOOBI He-
HaJI00HOCTHIO MX TIIyOMHHOrO TOHUMaHHS M, TeM Ooyiee, — 00pa3HOro
npenacTtaBieHus. OAHAKO, UMEHHO B PAaCKPBITUM YKa3aHHBIX MPOIIECCOB
KJIIOY K HOBOMY KaueCTBEHHOMY IOHMUMaHHIO Npupoabl. 3aeck PJI, —
OJMH W3 WHCTPYMEHTOB JUIS YTIyOJeHHs TOHUMAaHUs, 00eCreunBarOIINMA
HOBO€ Ka4€CTBO 3HAHMSI HATTISAHOCTBIO IIPOUCXOASILETO.

Tepmun «PUTMOJIMHAMUKA)Y coCcTOUT U3 ABYX U3BECTHBIX MOHATHM:
«PUTM» U «AMHAMUKa». HalmtOMHAM UX CyTh:

PUTM, a, m.[rpeu. rhythmos]. PaBHOMepHOE mepuoauueckoe YepejoBaHue Ka-
KHX-HAOYIb MPOIECCOB, MOMCHTOB (YCKOPCHHUS W 3aMEUICHUS, HANPSHKCHUS U
ocnabeHns B IBIKCHAH FITH TCICHUN YeT0-HUOYIb).

JANHAMMKA — 1.Pa3znen MEXaHUKH, U3yYalOUK IBUKEHUE TEJ MOJA ACUCTBU-

€M TIPUIIOKEHHBIX K HUM CHIL. 2.X0J pa3BUTHS, U3MEHEHUS KaKOTO-HUOYAb SIBIIE-
nus. 3.JIBuxkeHue, AeicTBUe, pa3BUTHE.

Torna:

PUTMOJANUHAMUKA (PI) — pa3nen HayKu, U3Yy4alOlIUi pPoOJb Ie-
PUOJIMYECKUX TIPOIIECCOB B (OPMUPOBAHUM SIBJICHUH NPUPOJBI U UX
CBOIICTB.

B uwactHoctu, PJ/I, BHenpss B KIacCHYECKYI0 MEXaHUKY MOHSITHUS
«BOJIHOBAA cpenay, «(haza» M «4acToTa», MOAEIUPYS U BU3YyalU3U-
pys mpoiecchl, GopMUPYIOLINE U3yUaeMble SIBICHHUS U UX CBOMCTBA,
MO3BOJISIET YIJIyOUTh MOHUMaHUE MPOUCXOISAIIEI0 HArISJHOCThIO, a
TaKkXe YCTaHOBUTH paHEe HEU3BECTHBIC CBSI3M MeXAy (yHIaMeH-
TaJIbHBIMH SIBJICHUSMH, CYUTABIIMMHUCS CAMOCTOATEIbHBIMHU.

Hesan u 3agaum PJI

enn:

— W3yYEHHUE SIBIICHHUI W CBOWCTB IIPUPOJIBI Yepe3 CO3/TaHne MPOCTHIX U Ha-
TIISTHBIX CITIOCOOOB UX OTOOPAKEHUS;

— JOCTI>KEHUE TIOHMMaHUS TPOIECCOB, YUACTBYIOMIUX B (OPMUPO-
BAHUU SIBJICHUU U UX CBOWCTB, B TOM YHMCJIE HA CTAJIUU 3aPOKICHUS;
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— YCTaHOBJIEHHE aJIeKBaTHOCTH pa3pabOTaHHBIX MOJENel 0ToOpakaeMbIM
C MIX TIOMOIIIBIO SIBJICHUSM;

— BO3BpaT K KJIACCHYECKOMY MOJIXOY B (pH3UKE, HO YK€ Ha IPyroM Kade-
CTBEHHOM YPOBHE.

BrigenuMm 3aaauu:

— CO3/1aTh HATJISIHBIN TOJH30BATEIbCKUA MHCTPYMEHT Ha 0as3e eBK-
JUJIOBOW TEOMETPUHU, apUPMETHKH, aNreOpbl U TPUTOHOMETPUHU IS
aHallM3a M ONHCaHWS IPOIECCOB, YYacTBYIOIIHUX B (OPMHUPOBAHUH
SIBJICHUH U CBOMCTB.

— TpoBepuTh A(PPEeKTUBHOCTH PabOThl MHCTPYMEHTa Ha IpUMepax
PacKpBITHSI MEXaHU3MHOW CyTH HamOojee aKTyallbHBIX NMOHSATHH, SB-
JIGHWH U CBOMCTB, KOTOPBIE TPAAUIIMOHHO CUUTAIOTCS BPOKAEHHBIMH.

O:xupgaemblii pe3yJbTaT

Y4uThcs HOBOMY OCOOCHHO TPYIHO, €CIH JeNaTh 3TO HE CO IIKOJIBHOM
ckambu. [loaToMy mzaeanbHBIN BapuaHT, — MOSIBJICHHUE (BHEIpEHUE) 3Je-
MeHTOB PJ[ B mkonbHBIX yueOHMKax. Hampumep, co3ganHble yueOHbIE
nocobus (cm. DVD) yxke cerogns MOryT ynpoOCTUTh HpoOIecc Mpernoja-
BaHUSl U YCBOCHHSI HEKOTOPBIX U3BECTHBIX SIBJICHUI. DTOMY OXHIACTCS
N KECTKOE KOHKYPEHTHOE MPOTHUBOJCHCTBHE B BUAC 3aMAIYMBAHHUA U
Henyumanua. Ho kaura nanucana! U ona g Tex, KTO HE MPUBBIK B CBO-
UX PacCYKACHUSAX O PEAIbHOCTH LIEJIMKOM I10JIaraThCsi Ha aBTOPUTETHI,
Ui TeX, KTO XOTsl OBl MBITACTCS MBICIUTH CAMOCTOSTEIbHO, KTO UyBCT-
BYET, YTO, KaK U B OOILECTBE, B CUCTEME HAyUHBIX B3IJISJIOB U 3HAHUHN HE
BCE Tak IMAAKO U HE BCE 3aBEPILICHO, KTO JKEJIaeT Pa3o0paThCs, MOHATh U
COJeICTBOBAThH MPOrpeccy, T.€. U3MEHEHHUIO CUTYALUH K JIy4IIeMy.

Putmyc: MoxHO mojymarb, 4TO Hporpeccy HeoOXoanma 4bsi-TO HOMOIb. S
YBEpEH, 4TO OH Kak-HHOYb 000HMETCS 1 cBOMMU critamu. Tem Oosee, 4TO M MH-
CTPYMEHTOB OoJiee 4eM IpeqoCTaToOqHO: MexaHuka [ ammnes-HrpioTona, Teopus
DifHIITeiHa, KBAHTOBAsi MEXaHWKa, MOIIHEHIIINI MaTeMaTHYEeCKHI anmapart, cy-
nepcoBpeMeHHbIe JlabopaTtopun U TexHojoruu. Ono3xanu Bel, yBakaeMslid, JieT
371aK Ha CTO MSTHJAECAT, HE MEHBLIE.

duuamukyc: Bel xoTuTe yOeauTs Bcex W MEHs, B TOM YHCJIE, YTO BCE B MHpE
Cyero yxe oTkpbiTo? U mprpona MHEPUUH, U IPHPOJIA TPABUTALUH, IPUPOJA
JJMeKTpUdecTBa U T.4.7 Y MEHs HOJA03PEHHE, YTO NEePEeUYHCICHHBIM BBl IbITae-
TECh MPUKPBITH HECIIOCOOHOCTh COBPEMEHHON HAYKH OOBSICHHTH Ia)Ke Camoe
00BIICHHOE M 0YEBUAHOE MPOCTO. JIIsl 3TOro, HaBepHOE, U KOMHCCHIO 110 60pb-
0€ co JDKeHayKOW KOe-KTO COo3/1al, YTOObI UX (KOEe-KOTo) IpH )KU3HU HE CMOTIIN
YIIUYUTH B HEKOMITETEHTHOCTH?
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I'naBa 1. HAYAJIA

Huuezo ne cywecmayem kpome KOWMUHyymMa u uiio3uu 6Hympu Hezo!

KOFI{a C MMO3ULIMU MaTepuainiMa U 3JpaBOro CMbICJIa MbI IIbITAEMCA OCO3-
HAaThb «Ha4dajla 3TOro MHpa», TO B CO3HAaHUHW BO3HHUKACT IMapaJOKCaJIbHaA
CUuTyanus, B KOTOpOﬁ HEBO3MOXHO HUYCTO N0 KOHIIA HHA ONPCACIINTb, HU
oco3HaTh. HEIMH CJIOBaMH, MMOHATH — HEJIb34, IPUBBIKHYTb — MOJKHO!

§ 1.01 O normax, akcuomMax u nocryJjarax B pusuke

W3 4yero KOHKpPETHO COTBOPEH MUP, B KOTOPOM MBI KHUBEM, a TOUHEE — U3
KaKUX TEPBOKUPIHYMKOB? Y COBpEMEHHOW (PU3MKH HET €AMHOJYLIHOTO
OTBETa Ha 3TOT BONpPOC. MHOTHE MCCIEN0BATENHN 3TO 3HAIOT, 8 HEKOTOPbIE
JIaXK€ YECTHO B 3TOM IIPU3HAIOTCS.

Ho Torma mocraBuM Bompoc WHa4Ye: TaKOB JIW MHP Ha CaMOM Jielie, KaK
MPEJICTABIACT ero coBpeMeHHas (u3uka? ONUCHIBAET JIM COBPEMEHHAs
(u3rKa peajbHBI MUp, WIH OHA OIUCHIBAET CYObEKTUBHBIEC MIPECTaBIIC-
HUA UCCIIeaoBaTeseil 0 HEM?

HccnenoBarenn m3y4aroT W OMUCHIBAIOT PEAJbHBI MHpP, HO B paMKax
COOCTBEHHBIX, CYOBEKTHUBHBIX CITOCOOHOCTEH W BO3MOXKHOCTEH. DTO 3Ha-
YHT, 4YTO COBPEMEHHas (pU3MKa HE OTPaKaeT MUpP TaKUM, KaKOB OH €CTh Ha
camMoM Jiefie, a IOTOMY SIBJISIeTCSl HayKOH CyOBeKTHBHOH 00 OOBEKTHBHO
cymectBytomieMm. Ousznueckas kapTuHa MUpa CyObEeKTHBHA, T.K. B OCHOBE
e€ COoCTaBJICHHS JIEXKAT CIIOCOOHOCTH CYOBEKTOB, X CIIOCOOBI OTPasKEHUS
JIeMCTBUTENBHOCTH (OpPTaHbl YyBCTB, pa3yM) BHYTpHU ceOsl.

OtcyTteTBHE y CyOBEKTa XOTS OBl OIHOTO U3 OPTAHOB UYBCTB, PABHO KaK U
HaJIM4Me JTOTIOJHUTENBHOTO U HAM HEU3BECTHOTO, CYIIECTBEHHO BIIHSET
Ha CO3/IaHHYIO0 UM (H3MUECKYIO0 KapTUHY MHpa. UToObI MOHATH 3TO, JOC-
TATOYHO MPEACTABUTH ceOs CIBIMIAIIMM B MUpPE TIYXHX, WIH 3pIYUM B
MUpE CIIETIbIX.

A 3HauuT ¥ QU3KKa, CO3MAHHASI OJHOU TPYIIOH 0OUHAKOBO MBICISIINX
YW YyBCTBYIOUIMX CyOBEKTOB, HMYEM HE Jydlle APYruX (U3HUECKHX
HpeZ[CTaBHeHHﬁ, KOTOPBIC CO3J1aHbI CY6T)€KTaMI/I, MBICIAIIMMU U YYBCT-
BYIOII[MMHU HECKOJIbKO MHaue. B 00oux ciydasx pusndyeckue mpencras-
neHust OyayT cyOBEKTHBHBI. 3HAYUT, OOIECTBO MOXKET HMETh OoJiee O]
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HOW Hay9YHOW IIKOJIBI, T.€. HECKOJIBKO B3TJIS0B HA MHUP U CIIOCOOBI €T0
HO3HaHUS.

PaCCMOTpI/IM pas3jan4ue BO B3IVIgAaX HA KOHTUHYYM Pa3HbIX, IO MUPOBOC-
MPpUATHIO, TPYTIIIL HCCHGHOB&TGHCﬁZ

e JleMOKpHUT U ApPHUCTOTENb YTBEP)KIAM, YTO KOHTHHYYM COCTOWUT W3
OeckoHEYHO JennMBIX dacTeill: «HempepsiBHOE ecTh TO, 4TO AETUMO
Ha YaCTH, BCAKUH pa3 I€IUMbIE CHOBAY.

e KoOHTHHYyM »>J€HCKON IIKONbBI, MPEACTABUTEISIMH KOTOPOW OBLTH
Kcenodan, [Mapmenun 1 3eHOH, B KOpHE OTJIMYAICS OT KOHTHHYyMa
Hemokputa n Apuctorens. B ocHoBy ux yueHus nosnoxeno Exaunoe,
nmn AbcomotHoe beitne. OcHOBHOI nocTynat: beiTre cymiecTByeT B
Be4HOCTH. KOHTHHYYM HenpepsIBEeH, 1 HE MOXKET COCTOSITh M3 KaKhX-
00 YacTel JeTMMBIX MM HeleTHMBbIX.

CoBpeMeHHOH HayKO NPHUHAT MOCTYJIaT-aKCHOMa KOHTUHYYMa B TpaK-
TOBKE «I10 ApPHCTOTENIO». YIO0OHO M JIETKO OOBSACHATH MOJIBHIKHOCTD
«LENoro», T.K. Bce 10 OECKOHEYHOCTH AEIMMBIC YacTH NEPEMEIIAI0TCs
JOpYyTr OTHOCHUTEIBHO Jpyra. DTO MHTYUTHBHO TOHSTHBIA U YCIIOBHO
NErKuil BapuaHT, 0JHAaKO, TPeOYIOMIMH OTBETa Ha BOMPOC O MEpBO3JIe-
MEHTE KOHTHHYYyMa.

CroxHee OOBSACHATH MOJBIKHOCTH HAOII0IaeMOTO MHpa C TO3HIUU
HEJICJTMMOTO Ha YaCTH, HENPEPBIBHOTO U OE3rpaHUYHOr0 KOHTUHYYMA.
Takoii KOHTHHYYM, O ONPEJCICHUIO, HE B MPaBE Jae IICIOXHYThCS,
T.K. TI000€ CMEIICHNE YKaXXET Ha HaIM4re B HEM JacTei. I MOXKeT 1mo-
Ka3aThCsl, YTO B TAKUX YCJIOBHUAX MOCTPOUTH (PU3MKY IMOJBUIKHOTO HE
MpeJCTaBsAeTCs BO3MOXHBIM, OJHAKO, 3TO HE TaK, €CTh CJIydYau, B KO-
TOPBIX peaIbHBIC MPOIECChI MPOUCXOAAT 0€3 OKa3aHWs BO3MYIICHUN B
TeJe CBOEro HOCUTEIIS.

B mpeacraBiieHnn COBPEMEHHUKOB KOHTUHYYM — 3TO CIUIOIIHAs MaTe-
puanbHasi cpena, CBOMCTBA KOTOPOH M3MEHSAIOTCS B IPOCTPAHCTBE He-
npepbiBHO. He wnMeromuii ke yacTeil KOHTHHYYM HamlpOTHB, CBOH
CBOICTBa B MPOCTPAHCTBE HUKOT'/1a HE MEHAET. A 3TO YK€ COBEPLICHHO
Ipyroit moaxon, npyras ¢u3uKa, Apyroi nepBopoaHbIid 6a3uc. 1 0110
OBl MOJIE3HO 3HAaTh, KAKUE SIBJICHUS U MPOLECCHl CKPHIBAET OT HAC 3TOT
HEUCCIIEeIOBAHHBIN MyTh.

bes raybokoro monmmanus Oaszuca Haykw, €€ HaATypuiIocohckoro
(dyHIaMEHTa U IePBOPOJAHBIX MPOOJIEM HU MOJHOICHHON KapTHUHBI MU-
pa, HU HOPMAJIHHON HAYYHOW IIKOJBI HE CO3/aTh. A 0a3WC HAyKH B
MEePBYIO0 0YEePe/ib OMUPACTCS HAa KaXyIIeecs €CTECTBEHHBIM YTBEpIKIe-

13



aue: «Mup ECTh! u on mMarepuanen». 3To — B UHCTOM BHUJIC — IOTMa,
HE MPUHSIB KOTOPYIO O TAKOW MaTepHAIMCTHYECKON HayKe, KaK (pu3uka,
MOXHO 3a0BITh. A dYTOOBI JOKa3aTh CIPABEIUBOCTh BEIABUHYTOM
JOI'MBbI, t1.e. maTepuanbHOCT, Mupa, HEOOXOIUMO MPEIbABUTH IEP-
BODJIEMEHT, M3 KOTOPOTo 3TOT Mup co3naH. 3amada CI0KHAS M HEBBI-
MOJTHUMAS, T.K. KDOME «MATEPUU» €CTh €MIE «UTO-TOY», MOATOMY JTOKa-
3aTEIbCTBO 3/IECh MOJMEHSETCS YyBCTBCHHBIMHU YOCKICHUSIMHU, HO Ya-
1€ UCTIOJIB3YIOT TTOHATHE — OAHHOCHD.

Ho He cnumikoM u MHOTO OaHHOCHEN U 8PONCOEHHBIX CEOUCME HAKO-
MIIOCHh B apceHalie coBpeMeHHOl Hayku? [lepeuncianm ucmonb3yemMbie
B (pU3MKE MOHATHSA M CTOSALIME 32 HUMU SBICHUS, KOTOPBIE IO CHX IOP
HE MOJYYWJIM Hay4YHOTO TOJKOBAHUS HAa YPOBHE MPOLECCOB, OOecreyn-
BAIOIIMX 3TH SBJICHUS: KOHTHHYYM, (DU3NYECKUH BakyyM, 3¢dup, cko-
pPOCTh CBeTa, UCKPHUBIICHHE NPOCTPAHCTBA, PA3HOTO POAA TOJIS, JABHIKE-
HHUE, HHEPIIMOHHOCTh, Macca, CHJIa, TPAaBUTAIIMS, SHEPTH, dJICKTpHUYe-
CTBO, WHBAapPHAaHTHOCTb, DJIEMEHTAPHBIC YACTHUIIBI, PACHIMPEHHE IIPO-
CTPAHCTBA, CUHTYJIIPHOCTb.

OueBHIHO, YTO OECKOHEYHO JCTUMBIA KOHTHHYYM OSCKOHEUYCH BIIIyOB, T.C.
no Ero mepBonauana mobparbcs B MPHUHIMIIE HEBO3MOXKHO. He BhI3BIBaeT
CIIOPOB W TIyOMHHAsS OECKOHEYHOCTH MPUYUHHO-CICICTBEHHBIX OTHOIIIE-
HU#, 00ecTeunBarONIMX HA0J0JaeMble (DU3UUCCKUE SBJICHUS, MPOLECCHI U
CBOKMCTBA. DTO 3HAYMT, YTO Y JHOOOTO 8PONCOEHHO20 CEOUCMBA WA OAHHO-
cmu 00s13aTeBPHO €CTh MpUYMHA. Harmpumep, MBIKEHHE, a KOHKPETHEE —
MIepEeMEICHIE Tella B MPOCTPAHCTBE (B KOHTHHYyyMe). UTOOBI Temo mepe-
MEIIAIOCh B KOHTHHYYME U OTHOCHUTENIEHO HETO, TOJDKHBI BO3HUKHYTH W3-
MEHEHHS B IPOIECccax, 00eCIeUnBAOMNX 3TO Tiepementenue. [Ipuaém, ec-
JU CKOPOCTh TEPEMENICHUSI W3MEHWIAch, TO W3MEHWINCh U TPOIECCHI.
Bepno u obpaTHOe: M3MEHEHHE XapaKTepa MPOIECCOB MPOBOANUT K U3MEHe-
HUIO0 cKopocTu. Cremyer Takke IMOHUMATh, YTO U OTCYTCTBHE IEpEMEIIe-
HUS 00€CIIeUnBACTCS KOHKPETHBIMHU MTPOIIECCAMH, a T.K. T€JI0 U KOHTHUHYYM
HaXOJATCS B TIOCTOSTHHOM B3aMMOJCHCTBUH (TEJIO €CTh MPOSBICHUEC KOHTU-
HyyMa), TO JIIOOBbIC M3MEHEHHUS B MIPOIECCaX BIIEKYT 32 COOON PEaKIuio Te-
na. Ho KaKoBBI ATH MPOIIECCHI, KAKOBA MX MEXaHW3MHAs CyTh? A €CITH KOH-
TUHYYM HETIPEPHIBHBIN W HE COCTOUT M3 4acTeil, Kak ObITh? Benp y Takoro
KOHTHHYyMa He MOKET OBITh BO30YKIEHHBIX YacTeil. ..

Purmyc: Hy u cnoseuko — mexanusmHas. [lodyemy He — MexaHUUYeCKasi, UM HE —
¢uzngeckas’?

I[I/lHaMI(IKyCZ Hpoueccm HMEIOT MeXaHu3MHOCTh. [loie ﬂeﬁCTByeT Ha TCJIO U

3aCTaBISIET €r0 MEHITh PEXUM TepeMenienus. Ho kakue mporecchl B KOHTHHYY-
Me o0ecreyrBaroT (GakT Mo, Kak siByieHusI? Kakum 00pa3om 3TH mpoIecchl Bo3-
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JIEHCTBYIOT Ha TEJIO M 4YTO B HEM MeHAI0T? Kak 3TW M3MEHEHHs Mepexoisir B
JIBUKEHUE, T.€. KakoB MexaHu3M? Eciu roBopuTh, YTO MCTUHHON NPUYMHOU
JIBIDKCHUS SIBIISIETCS] IEWCTBHE TIOJIS, TO TaKasl MOCTAHOBKA OOJIBIIE HAIOMHHAET
3aKIMHAHKE, YeM (Qu3nKy. MexXxaHU3MHOCTB, 3TO MpeAroiaraeMas Wil BbIABICH-
Has TI0CJIE€A0BATEIbHOCTD IPOLECCOB, 00ECIEYNBAIOMINX (AKT SIBICHHUS.

Wrak, mMpl npunsanu gormy: Mup Ects, n on Marepuanen! Uro0sl npu-
CTYIUTh K TIOCTPOCHHUIO MOJICITN MUpPO37aHus (y aBTopa 0ojiee CKpoMHas
3aaya: TOCTPOUTH MOJENW SBJICHUH B MHPO3JAHUHU), HEOOXOAMMBI:
BMECTUJIUINE, KOHTHHYYM, HaJIW4he IIpoIeccoB, HaOmromartens. I[lo-
CTpOEHHE HAYMHAEeM C KOHIIa, T.e. ¢ Habmonarens. Bkmouenue Habmio-
JaTelis B MOJICIb BAKHO, IPEXKIC BCEro, IOTOMY, YTOOBI HE YIIYCTUTh U3
BH/JIa BIMSHNE CaMOTO HaOJI0/1aTeNs Ha NCCIIeNyEeMYI0 PEaTbHOCTh M €T0
BOCIIPHSITHE PEaTbHOCTH.

Habmronarens: — rnaBHoe 3BeHO. Ipu oTcyTcTBUM HaONIOAaTEN KOHTHU-
HYYM U IIPOHMCXOJsIIee B HEM HE HYKIAIOTCs B OIMCAHUH, — OHU IIPOCTO
ectb camu 1o cede! [lonHOTa OnMMCaHUs 3aBUCUT OT UCHOJIb3yEMbIX Ha-
OmofareneM MHCTPYMEHTOB: OpraHbl YyBCTB, MBICJIUTEIBHBIE CIIOCO0-
HOCTH U TEXHHUYECKHE YCTPOICTBA, pacIiupsomue HaOIroaaTelbHbIe
BOo3MOKHOCTH. llpouecc cocraBieHuss KapTHHbBI MHpa MHOTOCTYIEHYa-
TBII: OpTaHbl 4YyBCTB BO30YXAAlOTCS OT NOIafaromeil Ha HuX uapopma-
IUU — BO30YXKACHUS MpeoOpa3yroTcs B CUTHAJBI, KOTOPhIE MMOCTYHAIOT
B MO3I — MO3T HOCTYNHUBIIYI0 HHPOPMALHIO OLIEHUBACT, CUCTEMAaTH3HU-
PYeT U mpeBpalaeT B yA00HYIO Ui peacTaBlIeHUs] GopMy — a Jajiblie
BCTAET BONPOC O 3aKa3YMKE U €ro MpeJCcTaBUTeNe, T.C. O «HEUTO», KOTO-
poO€ HENOCPEICTBEHHO IPUHUMAET 3Ty HHPOPMALIHIO.

Ham He ymaércs B moiHON Mepe oxapaKkTepH30BaTh HAOINIOJATENs, XOTS
MMEHHO B HEM MPOHUCXOIUT (POKYCHUPOBKA 3HaHUI 00 okpykatomeM. Eciun
MPEICTABUTENIs 3aKa3urka HHPOpMaIIMH, T.€. «HeuTo», Ha3BaTh JJYIIA u
MPEINPUHATE ACWCTBUS MO BBISBICHHIO, YTO OHA W3 ce0s MpencTaBIseT,
TO MBI CTOJIKHEMCS ¢ OYepeTHON TI00aNbHON POOIEMON, KOTOPYIO OTh-
SIBIICHHBIE MAaTEPHAJNCTHl TIIATEIbHO TIBITAIOTCA OOXOAWTH CTOPOHOM:
MOJI, HET e€ (IyIIn), T.K. HET 3KCIEPUMEHTAIBHBIX JJOKA3aTeIhCTB. A BEIh
MMEHHO yIIa, U 3TO YyBCTBYET KaXIbIil YEIOBEK, MPUHUMAET U OICHH-
BaeT uH(popmanuo. Emé cioxHee cuTyalus ¢ «3aKa3duKOM», HO 3TOT
BOIIPOC HE SABJISIETCSA MPEIMETOM JTaHHOW KHUTH.

[Tonumasi ClIO)KHOCTH HpOLEIYpHl NMpeoOpa3oBaHMs BHEIIHEIO NPUXO-
JSIIEro BO BHYTPEHHHUI 00pa3, Mbl Telephb HE BIpaBe YTBEP>KAATb, YTO
OKpY>KaloLINi{ MUP UIMEHHO TaKOB, KAKHM MBI €ro cede mpenacrasiseM. B
3TOM CMBbICIIE HAIIM CYXAEHHUS O MUPE, O MMPOUCXOASIIEM B HEM, BCeraa
CyOBEKTHBHBI, T.€. BHEIIHE MUP MOXET BBITJISIETH COBCEM HE TakK, Kak
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Hallle BHYTPEHHEE O HEM IIpEeJCTaBJICHHE. XOpOUIEH aHalorueil 31ech
SIBJISIETCS COOTHOIIICHHUE MEXITy BUIOM ((popMON HaxoXIeHHs) UHPOP-
Malliy Ha XECTKOM JIMCKE KOMIBIOTEpa M €€ BHEITHUM IpeICTaBIeHUEM
Ha MOHUTOpE: HA MOHUTOPE MBI BUANM KPAacCHUBYIO KapTHHKY, a HA HOCH-
Tene mHQpOpMAIUsi HAXOJUTCS COBEpIIEHHO B ApyroM Buae. Ilo momy-
yaeMoi ¢ MOHHTOpa WH(POPMAIIH HUKAK HENb3sl CyUTh O €€ UCTHHHOM
BHJIe HAa HOCUTeNe. BRIBOA: MBI HE 3HaeM, C YeM MMEEM JAENI0 M YTO 3TO
Bc€ 0ob6o3HauaeT?
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Her comHeHUsI, YTO ¥ M3y4YaeMblii HAMH MUD BBITJISJUT COBEPIICHHO HE
Tak, Kak Mbl cyauM o HEM. Hanpumep, pagyra He ©MeeT [[BETOB, HO €CTh
pasHble M0 YacTOTE CHTHAJNBI, MO3T PACKPAIIMBACT 3TH CUTHAIBI Pa3HbIM
1BeToM, U He Oosee. [1o 3Toit mpuUYMHE MHOTHE €CTECTBEHHbBIC ISl HC-
TUHHOTO MHpa SBJICHUS U MPOIECChl KAXKYTCS HAM WHBIMH, CTPAHHBIMHU U
QIOTUYHBIMHU, & WHOTJIA U BOBCE HEJOCTYMHBIMH JUIS TMOHHMAaHHS. JTO
CBSI3aHO M C TEM, YTO B apceHaje WCCIEeNoBaTellsl HEAOCTaET OpPraHoOB
YyBCTB, CIIOCOOHBIX B IOJIHOW Mepe NMPUHUMATh UMEIOLIYIOCS B OKpYKe-
Hun wHpopMaruto. Takas wHGOpMaIus SBISeTCS I HAOMIOmaTeNs He-
MPOSIBJICHHOM, T.e. SIBJICHUS W TIPOLECCHI €CTh B JICHCTBUTEIBHOCTH, HO
croco0a UX YBUJICTh MEPBOPOIHBIMU UITH 3aPETHCTPUPOBATh, HET. B aTOM
CMBICIIe HAOIO/IaTes b BCET/Ia UMEET JICNIO C YPE3aHHBIM MPE/ICTABICHUEM
00 M3y4aeMoM MpeMeTe, MOITOMY COo37iaBaeMble UM (pru3ndyeckue MojeIu
BCETJ]a HEMOJHBIC, T.e. B OTUX MOJENAX 00s3aTENbHO MPHUCYTCTBYIOT J0-
NyIieHus: (JIOMBICIIBI) B BHJIE aKCHOM W MOCTYJIATOB. YBbI, HO HHOTO CIO-
coba CyZuTh 0 MHUPO3JIaHWH, ¥ HAcC HeT. U mpu 3TOM MHOro€ CyIeCTByeT
W TIPOUCXOJIUT 32 TPe/ie]IaMi BO3MOXKHOCTEH ero HaOIr1aTh.
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BmecTuniuine 1 KOHTHHYYM

BMGCTI/IJII/IIIIC u 3aHOJIH$[IOIlIPII>’I €0 KOHTUHYYM OTHOCATCA K KaTCropuunu
HeoTpeeNnseMbIX. 3/1eCh TOJIbKO U MOXHO, 4TO (unocopcTBoBaTh Ja
paccykJaTh, HO IPOHUKHYTh B (PU3HKY U MOKA3aTh JIOTHUKY, B Pe3ylib-
TaT€ KOTOPLIX 3THU O6pa30BaHI/I$I HUMECKT MECTO 6BITB, MbI HC B CHJaX.
ITo CYTH U COACPKaHUIO Mbl HE 3HACM, C YCM KOHKPETHBIM MMEEM NC-
JI0, HO 4YyBCTBYCM, YTO BMCCTHUJIMIIC U KOHTHHYYM €CTbh Ha CaMOM [¢C-
Jie, T.€. B MYCTh JJaKe 3anpeeibHON, HO IEHCTBUTENBHOCTH, U MIOTOMY
MIpUHUMAEeM MX KakK JaHHOCTH. J[a m BEIOOpa ocoboro HEeT: MubO Mare-
puamu3M, 6o — uaeanusM. [IpencraBum cOOCTBEHHOE BUICHHUE BME-
CTUJIMIIA U KOHTUHYYMa.

BMeCTI/IJII/II].leZ OCCKOHEUHOE M a0COIIOTHO mycToce, 0E30THOCHTENIBHOE K
‘IeMy—J'II/I60 " CyHICCTBYHOIICC CaMO IIO ce6e, HE uMeruiee HU CyTH, HU
COACPIKaHHMs, HC NOAMAAROIICCC JIOTUYCCKOMY OCMBICICHHUIO H (1)1«1314%—
CKOMY OIIMCAHUIO, T.C. — 000CHOBaHHIO.

Ha3znauenue: BMemaTs 4ro-1u0o.
CBOHCTBO: HUKOT/]a HE MOXKET OBITH MYCTHIM.

Eciu abcoitoTHas mycrora CyIIECTBOBATh HE MOXKET IO OIPEAEICHUI0 U
HE SICHO, Y€M 3aIT0JIHEHO BMECTHIIMIIE, TO TOBOPAT O KOHTHUHYyyMe. CyTh
KOHTHHYYMa TaKke He MoAnaéTcsi GU3NIECKOMY OTPECTICHUIO U JIOTHYe-
CKOMY OCMBICIICHHIO.

KoHTuHYYM: CHIIOIIHOM, HENpPEphIBHBINA, HEPa3pbIBHBIM, HEACIUMBIA U
IIPY 3TOM HH U3 YEro HE COCTOUT.

Jloruka nocneaHero yTBepKIAEHHUS TAKOBA: €CIU CIUIOUIHOCTD OIIPENEISATh
JETMMOCTBIO 10 OECKOHEUHOCTH, TO Y TaKOW CIUIOITHOCTH HET U HE MO-
KeT OBITh TIEPBOdJIEMEHTA. A €CJIH Y JIeTMMOT0 KOHTHHYYMa OTCYTCTBYET
MEPBOAIEMEHT, TO BCTA€T BOMPOC O (hPU3MUECKON pealbHOCTH KOHTHHYY-
Ma. JIaHHBIH HapagoKC MOXKET ObITh PEIIEH TOJIBKO Yepe3 YCIOBHOE CO-
TJIalIeHNe, B KOTOPOM KOHTHHYYM NMPHU3HAETCSA PEabHO CYIIECTBYIOLIIM.

I'maBHBIC Ha3HAYEHHE M CBOMCTBO KOHTUHYYMa: OBITH HepBOOCHOBOﬁ
BCCTO.

IIpoueccsl

[IpencTaBuM >yeMEHTHI BEIIECTBA BO3MYIIEHHBIM COCTOSHUS KOHTHHYY-
Ma. Hamre momymieHne ckopee BBIHYXACHHOE, 4eM oOocHOBaHHOE. KoH-
THHYYM BCET/Ia SBISIETCS U OCTAETCSl HOCUTENIEM BO3MYIIEHHH, JJaKe eCITn
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3TH BO3MYIICHHS HE CBS3aHBI CO CABHTOBOW MpHpOoi Hocurens. (B
oanvHeluemM Mol NPeOvbAGUM NPUUUHY B03HUKUIE20 COMHEHUsS, M.e. Onu-
uiemM cocmosiHue peanbHulx 07 HaAbI00amens npoyeccos, npu Komopom
He mpeOyemcs NPUeLeKams 603MYUjeHUs KOHMUHYYMA).

BHemiHuii 1 BHyTPpeHHUII Ha0JII01aTEIN

Ot ¢ukcanuu siBICHUS HEJIb3sl OTIACNIUTh HaOmoaarens. [lomyuaemblie Ha-
OmojarteneM 3HaHMS Bcerja cyObekTHBHBbI. HaOiromarenb sBiseTcs ya-
CThIO KOHTMHYyMa W BCETJia HaXOAUTCs BHYyTpu Hero. HaOiromarens He
MOXeT 0003peBaTh W3y4aeMbIii MHUp CO CTOpPOHBI, T.e. u3BHe. Habmioxa-
TEJIb MOXET CO3/aBaTh MOJICIU, B paMKax KOTOPBIX SIBJISICTCS BHEIIHUM
Habmronatenem. Takum oOpas3om, y HaOmromaTessl MOSBISETCS BO3MOXK-
HOCTh HE TOJBKO OICHHBATH MPOUCXOsIIee, Oyayud BHE CO3IaHHOW UM
MOJICJIH, HO U JIeNaTh aHAIW3 WU3HYTPH, KaK €Clii Obl OH CTAHOBHJICS 4Ya-
CTBIO UM JK€ B MOjeNu u3ydaemoro. OJHOBPEMEHHBIN B3I W3BHE U
W3HYTPU MO3BOJISIET COCTABUTh 00JIee MOJTHOE MPEACTABICHHE 00 M3yvae-
MoM mipeamere. HanGosee 1ieHHOE KayecTBO HAOIIOJATENs: YMCHHUE BbI-
XOJIUTh 3a MpPENeNibl MOJCIH, B PaMKaX KOTOPOW W3ydaeTcs SIBIICHUE, U
OILICHUBATh MPOUCXO/IAINCE U3BHE.

[Ipu riry6okom ocmeiciennn HAUYAJI He HaXOMUTCS HAYETO, YTO MOTIIO
OBl apTyMEHTHPOBATh «UX» NMPUHATHE B Ka4eCTBE OCHOBBI JUJISl CO3JIAHUS
¢usnyeckort kapTuHBI Mupa. [Ipeacrapnennst HaOIIOAAIOMIETO O HAUALAX,
CKOpee BCETO, UCXOAT U3 €ro TiIyOnHHOH ayxoBHOU cyTu. «Hedto» m3-
HYTPH TIPEAIMCHIBAET, IIOATOMY MBI BBEIHYK/IECHBI IPUHATH IMEHHO TaKHe
Hauyana ¢ OTHON CTOPOHBI — M3-32 HECITOCOOHOCTH BOOOPA3HUTh M MPEIIO-
XKHUTh YTO-TO WHOE, C IPYTOi — M3-3a BHyTPEHHEH yOEKIEHHOCTH B TOM,
YTO UMEHHO TaK U €CTb.

Putmyc: HTepecHO monmywaercs: (yHIaMEHTAJIbHBIE OCHOBHI (M3MKH — HE
Oosee, UeM HalllM BHYTpEeHHHE yOeXJeHHs. A KaK ke SKCIEPUMEHThI, MHOT'OBe-
KOBOH OmBIT, cTporas matemaruka? Mnu Bcé s3To He B cuér? Ilo Bamemy Bcs
¢u3MKa, B TOM 4YUCIE M COBpEMEHHAas, HE UMEET B CBOEH OCHOBE HaJ&KHOTO
¢dbyHnnamenTa?

Junamukyc: CoBpemMeHHas (pr3nKa, 3TO — 3HAHUS U TeX, KOMY He 00s3aTeib-
HBI TIyOUHBI: €CTh (JOPMYJIBI, COBIAAAET C pacuéTramu, 3HAYUT IPABHILHO, 3Ha-
YHT, TaK YCTPOeH MUp. Y Mano k1o 3a7gaércsi BOMpocoM, Kak BOOOLIE MUPO3aa-
HHE YMYJOpSieTCS BBIMJIAACTH Ul HAC pealbHbIM, U PEabHO JIX OHO Ha CaMOM
nene? Tem Oonee, 4TO B €ro OCHOBE, KPOME JOMBICIOB M YYyBCTBEHHO-
SKCIIEPUMEHTAILHOT'O OIBITA, HUYETO B MPUHIIMIE OBITH HE MOXKET.
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Iocrynarel

Hanomuum: nocmynam (om nam. postulatum - mpebosarue), npednoice-
Hue (ycrogue, OOnyujenue, NPasuiio), 8 CULY KaKux-iubo coobpaiceHuil
«npuHumaemoey 6e3 00Ka3amenbCmed, Ho, KaK Npaguno, ¢ 060CHOBAHU-
em, npuyém UMEHHO MO 0OOCHOBAHUE U CLYHCUM O008000M 6 NOAb3IY
«NPUHAMUSLY.

CoBpeMeHHasl TPAaKTOBKa IMOCTylaTa: B kadecTBe J0BOJa OOBIYHO WC-
TTOJIB3YETCS OMBITHBIN (akT. [IprMepoM MokeT OBITH TIOCTYIAT 00 WHEp-
IUOHHOCTH: UHEPIIMOHHOCTh TMPOSBISIET ce0s1 MOYTH BCETIa.

Yacro B ¢usuke He MMeromMe OOBSCHEHHS SKCIEPUMEHTABHO yCTaHOB-
JICHHBIE SIBJICHUS MPEACTABISIOT nocTynaramu. O cBOWCTBaX 0OBIYHO TOBO-
PAIT, KaK 0 BPOXKAEHHBIX, a IOTOMY — He TpeOyromux o0bscHenus. Hanpu-
Mep, CBOMCTBO IMPOCTPAHCTBA UCKPUBILATLCS, 3TO BTOPUYHBIM IIOCTYJIAT,
KOTOpBIH OOBSICHSETCS BPOXKAEHHBIM CBOWCTBOM MAacCChl HCKPUBIISATH MPO-
CTpaHCTBO. Macca e He HyXIaeTcst B 00bSICHEHHUH, T.K. SIBJISIETCS SKCIIe-
PUMEHTAILHO YCTAHOBJICHHBIM (DAKTOM, T.€. — HEPBUYHBIM TIOCTYJIATOM.

MHorue ncciaefoBaTeal CYATAIOT M3JIUIIHAM OOBSICHATH BPOXKIAEHHBIS
CBOIICTBa 4epe3 MpOLecChl: HET HAaJOOHOCTH, T.K. MaTEMaTHYECKHI ar-
mapaTr (U3WKH HE HYXIAeTCs B JOMOIHUTENbHBIX CymHOCTIX. CoBpe-
MeHHas (U3rMKa B HEKOTOPOM CMBICJIE HATIOMUHAET KOHCTPYKTOpP, Habop
JeTaield KOTOPOro ajfieKBaTeH moctynaraM. Eciu B pU3NIecKoM «KOHCT-
pPYKTOpe» HE XBaTaeT KaKOW-HUOYIb COEIWHUTENBHOW IeTald, TO e&
CHavajia MPUIYMBIBAIOT, 3aT€M CO3/Jal0T IMOCTYJaT-TUIoTe3y, Tak mpo-
M301UT0, HATIPUMEpP, C HEUTPUHO M TPaBUTAlMOHHBIMU BosHaMu. Hemoc-
Talee MPUAYMaad, MOCIe Yero MPHUCTYMUIN K €r0o WHTEHCHBHOMY
JKCIIEPUMEHTAIBHOMY TIOHCKY.

Ho xonnuecTBo mocTynaToB B (PU3HKE MOXKHO CYIIECTBEHHO YMEHBLIHTS.
Kak? Ilosichum Ha mpuMepe KOHCTpPYKTOpa «Jiero». s 3Toro Kaxmiyro
CIIOKHYIO JieTanb pa30uBalOT Ha HECKOJBKO 00Jiee MENKHUX OJHOTHITHBIX
3JIEMEHTOB TaKUM 00pa3oM, YToObl M3 MX Habopa MOKHO ObLIO cOOpaTh
JOOYI0 CJIOXHYIO JIeTallb, a U3 3TUX JeTaleil — KOHCTpykumwoo. Eciu
MHOXECTBO CJIOKHBIX JAeTalleil paHee BBIMONHSIN (DYHKIHMIO CaMOCTOS-
TEJNBHBIX «MOCTYJIATOB», TO MOCJIE BBEACHUS HECKOJBKHX THIIOB Oosee
MEJIKAX HMCXOJAHBIX 3JIEMEHTOB KOJHYECTBO JACTANCH-MOCTYIaTOB MOXET
PE3KO COKpaTHThCS. Ho ecTecTBEHHO M MOsIBIIEHHE HOBBIX, paHEEe OTCYT-
CTBOBABILIUX AJIEMEHTOB.

UT0OBI OCYIIECTBUTH TAKOE COKpaIleHue B (hHU3MKE, HEOOXOIUMO HAWTH
4TO-TO OOINee y psijia sIBICHHUH, TO, YTO OTBETCTBEHHO 3a (HOPMHUPOBaHUEC
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ux cBoicTB. Tak Mbl BBISICHWIH, YTO JBUXKEHUE, UHEPIUSA, Macca, CUJIO-
BbI€ B3aUMOJICMCTBHUS, CaMOOpraHU3alus, COKpallleHUE pa3MepOB IpHU
JBYDKCHUU U TOK SHEPTUU OOBSICHSIIOTCSI C SUHON MO3HIIHH, T.€. B OCHOBE
(hopMHUpPOBaHUS ITUX SBICHUH W CBOWCTB HAXOJUTCS CAWHBIA aTOPUTM.
OTOT aNTOPUTM MPEACTABICH B BUJE M3BECTHBIX 3JIEMECHTAPHBIX SIBJICHHMA
U TPOLECCOB, COYETAHHWE KOTOPBIX JAET pa3Hble KauecTBa: JBUIKECHHUE,
HWHEPLIMIO, MacCy, CHIJIOBbIE B3aUMOJIEHCTBUS, COKpAIlIEHUE pa3MepoB IIPHU
JIBU>KEHUU, TOK SHEPTHHU.

Purmyc: D10 uTO, OuepenHas peBosmonusa? Kpaitne nnrepecHo. Y npu stom Brl
nomyckaere, 4to MUP, B KOTOpOM MBI CyIIECTBYEM, MOXKET HE CYIIECTBOBATH?!
W npuaém 3xeck Bama pgorma?, — MUP mpocTo ects, u Bcé! IT0 Beap KaxIoMy
TIOHSITHO, @ IOTOMY B JIOKa3aTeJIbCTBE HE HYXKAaeTcs!

JAunnamuxkyc: Jlokazats, yto MUP ecTh B A€ICTBUTENBHOCTH, T.€. HA CAMOM Je-
Jie, 1 He Mory. Bamim e Joka3aTelibCTBa IPUMUTUBHBL: HA YPOBHE KHYTA U Mps-
HuKa. HayuyHpIMH MeTogamMu BOOOIIE HUYEro I0Ka3aTh HEBO3MOXKHO. MOXKHO
TOJILKO IPUHSATH TO WM UHOE CYXKJEHUE O MpeaMeTe uccienoBanus. MlHaue HU o
Kakol MaTepuaibHOCTH PEUM UATH HE MOXKET, & 3HAUUT, U O HAYKE — TOXKE.

§ 1.02. Bo16op nHCTpyMeHTapus

lanuneii BBen B PU3HUKY SKCIEPUMEHT, KaK CPEJICTBO NMO3HaHUsL. [1Jisi CBO-
€ro BPeMEHH 3TOT Wiar ObLI PEBOJIIOLMOHHBIM, T.K. MO3BOJAI OTICIUTH
M3y4aeMble MIPEAMETHI U SIBICHUS OT BBIMBICIOB U 3TUM BBIBEI HAYKY Ha
HOBBII YPOBEHb OCO3HAHMS CYyTH INpOsiBIeHUM mpupoasl. Ho kak-1o Tak
MOBEJIOCh, YTO KPUTEPUEM IPABUIBHOCTU TOW WIM MHOU TEOPUM CTal
CUHUTATHCSI UMEHHO SKCIEPUMEHT. A Bellb SKCIIEPUMEHT, 3TO BCETrO JIMIIb
nocieHsis asza MccieayeMoro, KOHEUHbIH pe3yJbTaT; BCE OcTalbHOE —
HalIU JOMBICIBL, AOTaJKH, TUIIOTE3BI O IIPOLECCAX, KOTOPHIE, 10 MHEHHUIO
HaOmoaTens, obecrneuuBaroT (akT npoucxoxsiiero. Hampumep, eciu
TEJO MajaeT Ha MOBEPXHOCTh 3EMJIU, TO €T0 MaJIeHHE OMUCHIBAECTCS MaTe-
MAaTUYECKU, A NPUYUHOM CUMTAETCA HAJIWYUE IPABUTALMOHHOIO IIOJS.
[Mapenue, 3To Qakr, a rpaBUTALlMOHHOE TIOJIE, IO KpaliHeld Mepe Ha mep-
BOM JTalle, 3T0 — JOMBICEIL.

Jla, mpaBUIBPHOCTh MaTEMaTHYECKOTO OINHCAaHUS MPOBEPSETCS B DKCIIE-
pUMEHTe, HO HU MaTeMaTHKa, H TOYHBIE 3aMephl MEHSIONINXCS TPH T1a-
J€HUU CKOPOCTHBIX MapaMeTpPOB, HUYETO HE TOBOPSAT HaM HHU O MPHYHHE
MajieHus, HU O MPUPOJE ACHCTBYIONMIEH CUIbl. DKCIEPUMEHThI KOHCTa-
THPYIOT COBMAJCHHE MAaTeMaTHYECKOTO WX OMHCAaHHsS C (aKToM, U He
6onee. Hammpumep, g = F'/m . I'ne B aT0ii GopMysie npuunHa naaeHus?
Ecnm ckazatp, 4TOo mpUYMHA MaJCHHUS — CHJIa, TO OTKyJa OHA B3sU1ach W
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KakuM TakuM 00pa3zoM yMyZApseTcs MPUHYKIATh TeIO K MepeMEeNeHUI0
B mpoctpaHcTBe? Ecnm ckazaTh, 4TO MPOCTPAaHCTBO HCKPHUBHIOCH, TO
MMCHHO 4YTO MCKPHUBUJIIOCH, KaK, noquy? Ecmm CKa3aTb, YTO Mbl UMCEM
JIeJ0 C BPOXKIAEHHON AAHHOCTBIO, TO TOTJA pedb UAET O HENOCTYIHOU
MMO3HAHHUIO JCHCTBUTENBHOCTH, a (U3MKA TOJBKO U JIENaeT, 9YTO MaTeMa-
TU3UPYET 3TO HEJIOCTYIIHOE.

He3nanne mexaHM3MHOMN MIPUYHHBI OOBIYHO 3aMOJIHICTCS FHHOTC30ﬁ, KO-
TOPYIO aBTOP U €ro IMOCJICAOBATCIIN BCAYCCKU NbITAOTCA 000CHOBATH Ma-
Tematukon. Ecin APryMCHTOB AOCTATOYHO, TO T'MIIOTE3a 06pCTaCT craryc
TCOpHUH, T.C. KTCOPUsS, 3TO XOPOUIO APryMCHTHUPOBAHHAA THMIIOTC3a». Ho
CJICAYCT MMOCTOSIHHO IMTOMHUTD, YTO m000e Haile NpeaACTABJIICHUEC O MUPO-
3JaHUHA Cy6’beKTI/IBHO. By,Z[L Y HaC UHBIC OpraHbl YyBCTB, — U NIPCACTaBJIC-
HUA O MHUPC ObLTIH ObI ApYyrumMu. A sT0 3Ha4YuT, 4TO U mo0as THIoTe3a
ecTh He Oollee yeMm CY6’B€KTI/IBHO€ IpeaACTaBJICHUC PCAJIBbHOTO. HOBTOMy
Ha CMCHY O,Z[HOﬁ TUIIOTE3€ 00A3aTENHHO NpUXOauT Apyrasi.

Hanpumep, tsarorenune. Bce mpuBBIKIN OOBSICHATH MajJeHWE HATUYHEM
IPaBUTAIIIOHHOTO TOJII M €r0 BPOXKAEHHOIN CIIOCOOHOCTBIO OKa3bIBATh
JIeiCTBHE Ha HaxXOZsIIMecs B HEM Tena. DTy CIIOCOOHOCTH HA3hIBAIOT CH-
so#t tarorenus. Ho yto 3To 3a cuina? EcTh M OHA B AE€HiCTBUTEILHOCTH?
Mosxer npaBuibHEe ObUIO OBl CKa3aTh, YTO TPABUTAIIMOHHOE TI0JIE CO3/1a-
€T B IPOCTPAHCTBE HEKUE YCIIOBUS, II0IIaB B KOTOPBIE MEHSETCS CaMO Te-
710? MoXeT IMEHHO B CAaMOM TeJIe YTO-TO IPOUCXOIUT TaKOe, YTO 3aCTaB-
JISIET €r0 caMOIIepeMeNIaTbCs B HAPaBJICHUH UCTOYHHKA IO ?

Takass mocTraHoBKa BOIIPOCOB HABOJAWUT Ha MbICIb O HNPHUYUHHO-
CJIGZ[CTBGHHOf/i LCMOYKE: MACCUBHOC TCJIO —> IIOJIC I'PAAUCHTHBIX YCJ'IOBI/Iﬁ
(FpaBI/ITa]_[I/IOHHoe HOJ'IG) — MaJIO€ TCJIO0 — HaBsA3aHHBLIC ITOJIEM H3MCHC-
HUA B MaJIOM TCJIC — HAPYLICHUC Oananca BHYTPCHHHUX CUJI —> PCAKIUA
Ha HApyHICHUC, MMONbITKA BOCCTAHOBUTH Oajganc — CaMOJBHXXCHHUEC C yC-
KOpPCHUCM, KaK CII0CO0 BOCCTAHOBJICHUS paBHOBECHA.

Ho torpa nocnenneit npuunHO#, nepea akToM NajleHUs] Majioro Teja B
HampaBJIeHUN OOJIBIIIOTO, MOKHO CUHTATh HE IOJe, a TC W3MCHCHUS,
KOTOpBIE TPOUCXOJAT B caMoM Tene? BricTpoeHHas TakuMm 00pazom
NPUYMHHAS JIOTUKA MO3BOJISIET YMO3AKIIOUUTh, YTO €CJIM M0JI€ HUKAKUX
M3MCHCHUU B MajiOM TeJie He MPOU3BEAET, TO Y Tela He OyleT mpudu-
HBI pearupoBaTh Ha MOJIE, T.€. TAKOE TeJIo He OyAeT magaTh. Her 3BeHa
B TMPUYMHHO-CJIEJCTBEHHOW LENu MOPOILECCOB, HET W KOHEYHOro pe-
3yJbpTaTa — MnajeHusl.

EnBa nu KTO CTaHET OTPULATH, YTO «CHJIA — €CTh CYTh /1eiiCTBHS, HO He
neiictBue camo mo cede». Hampumep, MOXKHO C OAMHAKOBBIM YyCEpAHEM

21



JIEHCTBOBATH MArHUTOM Ha CTOSIIINE PSIOM TEJa U3 JUJICKTPUKA U JKelie-
3a, OJJHAKO CYTh JeHCTBUA OymeT pasHodd. U 31ech mpaBOMEpeH BOIPOC:
KaKnM€¢ KOHKPETHO IapaMCETpPbl U IMPOUECChl MarHUTHOC I10JIC USMCHUJIO B
TeJe U3 XKele3a, KAaKUX HE CMOTJIO M3MEHUTH B JUAJICKTPUKE?

B cuiy mpuBBIYKM HE MHOTHE OCO3HAIOT, YTO KOTJa BCTaéT BOIPOC O
NPUYMHHOM OOBSCHEHUHM (DyHIAMEHTAIBHBIX CBOWCTB, JOKa3aTeNIbCTBA
YacTO MOJAMEHSIOTCS aKCHOMaMH M B MIPSIMOM CMBICIIE — 3aKJIMHAHUSMH.
Hanpumep: nBuxeHHEe, 3TO BPOKAEHHOE CBOWCTBO MaTEPHAIBHOTO MU-
pa; MHEPIMOHHOCTh M Macca — BPOXKIEHHBIC CBOWCTBA BEIIECTBEHHBIX
TEJI; CKOPOCTh CBETA MOCTOSHHA B MHEPIMAIBHBIX CHCTEMax OTCUETa B
CHJTy CIIPAaBEJIMBOCTH MPHHLUIIA HHBAPUAHTHOCTH; CHJIA JICHCTBHS paB-
Ha CWJIE NMPOTHBOACHCTBHS; 3AIOJHSIONINN MPOCTPAHCTBO (UIUUCCKUI
BaKyyM pacLIMpSIeTCs W NPHUBOAMUT K 3PQeKTy pa30eraHusi rajakTHK.
[Tpu 3TOM yTBepXkIaeTcs, 4To TaK yCTpoeHa NMpHupoja. M mouTu HUKTO
HE CTPEMUTCS BBISIBUTH MEXaHU3MHYIO NPHUUHY TEX JKE CaMbIX IBHIKE-
HUSI, THEPIIMOHHOCTU WJIM NPHHIMIIA WHBAPHAHTHOCTH. HekoTopbie uc-
ClIe/IOBATEIM MCKPEHHE CYMTAIOT CaMOJIOCTATOYHBIMU HMMEIOIUECS Ma-
TEMaTUYECKUE CIIOCOOBI OMMCAHMS TOTO WIIM MHOTO SBIICHHUS, @ TAKXKE UX
B3aUMOCBSI3U (MaTeMaTHYECKOW, KOHEYHO) C JPYTUMHU sIBICHUAMHU. Ma-
TEMaTU4eCKOe OIMCaHMEe SBJICHUI WJIM INPOIECCOB HE ecTh (usmka, a
JIUIIb 00CITyXKUBaHUE (DUZHKHU.

Ecmu cpean ¢m3nkoB mpoBecTH OMPOC O MPUYUHHOW HMPUPOJE ABMKEHUS
Tela M0 MHEPIUH, TO OONBIIMHCTBO YOSKAEHHO OTBETUT: MPUIMHON IIe-
peMeleHus Tejla B MPOCTPAHCTBE SBIISETCS NMPUIIOKEHHAs K HEMY CHJIa,
KOTOpast COOOIIHIIA TeTy HEKOTOPOE KOJIMUECTBO ABMKEHHUS

Ft2—t)y=m(V2-11). (1.01)

qDOpMaJ'IBHO — MNpaBUJIBHO, HO BOIIPOC ObLI HE O MNPUYIMNHC Ha4dajla ABHKC-
HUA TCJA, 4 O BHYTPCHHUX W BHCUIHUX IPOIECCAX, O6GCHC'{I/IBaIOH_II/IX ne-
peMCIICHUC TCIa MMOCJIC TOr0, KaK Ha HECTO HOHGﬁCTBOBaJ’Ia cuia.

Muorum Takasi IOCTaHOBKa BOIpOCa MOKAaXeTcsl HeJenoM, T.K. B KJac-
CHYECKOW MEXaHWKE HE MPUHITO TOBOPUTHh O KAKUX-TNOO BHYTPECHHHX
mpoiieccax, odecrneynBaronmx caM (HakT ABMKCHHS 10 MHEPLHUU: Melo
08UIICEMCST PABHOMEPHO U NPAMOAUHEUHO, eCU HA He20 He 0elcmeyiom
BHEWHUEe CUNbL, TUOO eCd CyMMA OCUCMBYIOWUX HA MeN0 CUL PAGHA HY-
0. Jla ¥ KOJTMYECTBO JBMXKEHHUS, OJJHAXKIbI COOOIIEHHOE TEy BHEUIHEH
CUJION, HE ABJSETCS NPUYMHOW €ro JajbHEWIlIero nepemMenieHus, T.K.
MpU TEPEeX0JIe B CUCTEMY OTCUETA JBUXKYIIErocs Teja €ro KOJIUYECTBO
JBIDKCHUSI CTAHOBUTCS PaBHBIM HYJO. 37€Ch OOBIYHO CCBHUIAIOTCS Ha
MIPUHIAI WHBAPUAHTHOCTH ["anmiies U OTHOCUTEIbHOCTH HbIoTOHA; 3TH
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MPUHIAIBI 3aIPEIIAl0OT Pa3indaTh MapaMeTpPhl JIBYX OJMHAKOBHIX TEI B
ClIydae OTCYTCTBUS Y HUX OTHOCHUTEIHLHOTO JIBIDKCHHS. 3/1€Ch MBI BIIEp-
BbI€ CTaJKMBAEMCSI C MPOSBJIEHUEM JOIMHIITEHHOBCKOM TEOPUH OTHO-
CUTEITHLHOCTH, HETJIACHO HAJararomieil 3ampeT Ha U3yUYeHHE a0COFOTHRIX
pa3uuuii ¥ PeKOMEHIYIOIMIEH paccMaTpUBaTh TOJBKO Pa3IMYHsi OTHO-
cutenbHble. U B paMKax KJIaCCHYECKOW MEXaHUKH ATO MPaBUIBHO, T.K. B
e€ OCHOBE HESIBHO JIEKHT MOCTyaar o0 abCOIIOTHO MyCTOM, HHYEM HE
3aI0JIHEHHOM BMECTHIIHIIIE.

Ho abcomnroTHyI0 mycToTy enié HUKOMY He yJajoch IOJHOLIEHHO BooOpa-
3UTh; a0COJIOTHAS MyCTOTa B 00BEMHOM BMECTHIIMILE KaK-TO HE COBMe-
MIAIOTCSl CO3HAHMEM 4YeloBeka. M XOTs OKpyjKarolee MPOCTPaHCTBO Ka-
KETCS HaM ITyCTBIM, CYLIECTBYET JOCTaTOYHOE KOJIMYECTBO (HU3MUESCKUX
a¢dexToB, HanpuMmep UHTEepdepeHus u Audpakius CBETOBBIX BOJIH,
YKa3bIBAIOUIMX HA HAIMYUE B TOM HPOCTPAHCTBE «HEUYTOY, 00JIa/IaI0IIEro
CBOHCTBOM IEPEHOCA BOJIH. DTO «HEYTO» MO CYTU ONIKE K BOJIHOBOM
cpelie, Hexelu K adCOMIOTHOI mycroTte. B ToM 4nciie U 1o 3Tol npudnHe
B PaHHEM HAayYHOM OOMXOJI€ IPOYHO yTBEPAMIOCH HOHITHUS «3()UP»: TOH-
Kasi, HEOI[yTHMasi Cpea, OTBETCTBEHHAs 3a paclpocTpaHeHHe cBera. B
JajbHEeWIIeM Mbl OyaeM n30eraTb 3TO IMOHATHE M3-3a HaJH4Hs OOJBIIOTO
YHCJIa BBIMBIIUICHHBIX MOJeNed adupa: 3¢up — CBepXTeKydass KBaHTOBAs
KUAKOCTB; 3Up — Kpuctawt; 3gup — ras, 3Gpup — MWIOTHO yHaKOBaHHbIE
UJieabHbIC MAPUKH U T.JI.

KakoB cBeToHOCHBIN 3dup Ha camoMm Jene, Mbl He 3HaeM; JUIS Hac y
HEro ecTh TOJBKO OJIHO JJOCTOBEPHO YCTAHOBJIICGHHOE CBOHCTBO — CKO-
POCTBh TMEpPEeHOCa CBETOBBIX JIy4dei (3JIEKTPOMAarHWTHBIX BOJIH), paBHAs
299792,5 xm/c. Ho u 371ech MBI CTaJIKMBaeMcsi ¢ MpodIeMoi — ¢ Tpya-
HOCTBIO OTIPEJICIICHHSI CKOPOCTH CBETa B OJIHOM HampasiieHud. Ha mpo-
OJIEeMHOCTh CHUTyallMH yKasbiBaj emlé MakcBellll B CBOSH 3HAMEHUTOU
pabote «TpakTtaT 00 AJIECKTPUIECTBE U MATHETU3MEY.

OnbITHEIM TYTEM JAOKa3aTh PEANTbHOCTh CBETOHOCHOrO 3¢upa Opaics
A.Maiikenbcon. B 1881 rogy oH mocTaBull CBOM H3BECTHBIM 3KCHEpPU-
MEHT, HO OOHapyXHUTh aOCOMIOTHOE ABWXEHUE 3eMIIM CKBO3b 3(Up eMy
He yJanock. B HayuHOM coo01iecTBe BO3HUKIIA KPU3KUCHAS CUTYaLHs, T.K.
K TOMY BPEMEHH pealbHOCTh 3Hpa cunTanack HeocnopumMoi. Kpusuc, Bo
BpeMsl KOTOPOro MPEeANPUHUMAINCh MHOTOYHMCIICHHBIE MOIBITKH OObBsC-
HUTH OTPULATEIbHBIA pe3yNbTaT SKCIEPUMEHTa, pojoinkancsa 24 roxa.
Y4EHBIM TOrO BPEMEHU TaK M HE yAAJIOCh MOHATh UCTUHHYIO IPUUYHHY, 110
KoTopoi onbIT Malikenscona norepnen Heyaady. B 1905 rony Beinuia B
cBeT pabora A.DiHmTeHa «K 35MeKTpoArHAMUKE ABIDKYIIUXCS TEI, B
KOTOPOH OH MPEAJIOKHI AJTOTUYHBIA I TOrO BPEMEHH, HO OPUTHHAJIb-
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HBIH c110c00 OOBSCHEHHUS 3JICKTPOMArHUTHBIX SBICHUH 03 MpHBIICUCHUS
sdupa. YTOMIEHHOE KPU3UCOM HaydyHOE COOOIIECTBO BOCIPHUHSIO Pabo-
Ty ODWHmTeitHa 63 0c000r0 BOCTOpra M Kak BPEMEHHYIO Mepy N0 TOHU
MOPBI, ITOKa He OYEeT OTKPBITO YCKOJIB3aolIee OT MCCIE0BaTeNeH sBIIe-
HHUE, yJacTByIolllee B OOHyJeHHH (B MAaCKHpPOBKE) pe3yJbTaTa, OXHIaB-
merocs B skcrepuMenTe A.Maiikenscona. Takoe sSiBIeHUE TeHCTBUTEIHLHO
OBUIO BBIYMCIICHO TeopeTruecku B 1981 roay, T.e. Tosibko uepes 100 er,
Y TIOATBEPKIACHO dKcTepuMeHTanbHo B 1990 romy, HO K 3TOMy BpeMEHHU
Teopusl DUHINTEHHA yXKe TOMydniia CTaTyC TJIABHOW PYKOBOJIAIIEH mapa-
qurMmel. K 3ToMy Bompocy Mbl emé BepHEMCS, T.K. Y HAac IMOSBHJIACH HE
TOJIBKO YHUKaJIbHasg BO3MOKHOCTh OOBSICHUTH NMPHUUMHY HEYJA4d OIbITa
1o oOHApY>KEHHIO a0CONIIOTHOTO JIBHKCHUSI 3€MIIM, HO M, BEPHYBIIUCH K
npexxuum, 10 1881 roga, 3pUpHO-KIACCUYSCKUM MO3UIIMSIM, TPOIOJIKUTh
passutue B 1905T. mproCTaHOBIEHHOTO, a 3aTEM M OTBEPIHYTOTO HAyYHO-
ro Hampasienusa. OTciofa 1 3a7ada: CO3JaHue TaKOTO YHHBEPCAIBHOTO U
0eCKOH(IMKTHOTr0 HAyYHOTO UHCTPYMEHTA, KOTOPBIM MOT OBbI BOCIIOJIB30-
BaThCS KaKIBIM JKEIAIOIINH, HE3aBUCUMO OT CIIOKUBIIMXCS Y HETO HAY-
HBIX TpeayOeKIeHNN.

B HAay4YHOM BHJAC ACATCIBHOCTU TAKUM HHCTPYMCHTOM SABJIACTCA TCOPUS.
n Bcerjga BCTaéT BOIPOC: «3aueM HY’XHa HOBas TCOpU:, 3aUCM elé oauH
HOBBIH I/IHCTPYMeHT? Hx u Tak HaIrIioJujIn Oolee yeM...»

UToObl MOHATH MOTHBAIMIO, BBI3BAHHYIO HEYJOBJIETBOPEHHOCTHIO, Ha-
IpUMEDP, KIIACCUYECKON MEXaHUKOU, TPUBEAEM HECKOJIBKO TPUMEPOB.

Knaccuueckas mexaHuka HCIIOJIB3YCT NPUHIUIIBI UHBAPUAHTHOCTU U OT-
HOCHUTEIBLHOCTH. B 3TOM ecTh MNpeuMyHIeCTBa, HO €CTh U HEJOCTATKHU.

[Tpumep:

ITycTb Teno A v Teno B OBMKYTCS B OJHOM HAIIPABIECHHU CO CKOPOCTSAMU
Va=10xm/c n Va=5kxm/c. Y xakoro u3 Tea KOJUYECTBO JBUKCHUS
OoJtblile, €CITM UX MacChl paBHBI?

Ecnu Obl B yCTIOBHH 3a/1a4y IPUCYTCTBOBAJIA CHCTEMa OTCYETA, B KOTOPOit
W OTHOCHUTEIBHO KOTOPOW H3MEPSIIUCh CKOPOCTHBIC PEXHMMBI TEll, TO pe-
LIEHHUE OBUIO ObI OJHO3HAYHBIM:

mVai>mVs.

VcnoBue 3aa4y HCIOJHOC, MOTOMY Ha BOIIPOC €CThb KAK MUHUMYM JBa
MMPpaBUJIBHBIX OTBCTA!

1. Otnocurensno tena A: mVa=0, mVs >0
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2. Otnocurensno tena B: mVe=0, mVa>0

Hpyroii mpumep, Moka3plBalOUMi aOCypAHOCTh MPUHLMIIA MHBAPH-
AHTHOCTH.

HaGnrogarens cucreMbl OoTCYETa, MMEIOIICH Maccy m, TOJIKAeT OT ceOs
cucreMy orcuéra ¢ maccoit M, npuuém M >>m. Habmonatens m KOH-
CTaTUPYET, YTO NMPUIIOKEHHAs UM cuiia Fm cooOmwia tery M konudect-
Bo nBmwxkeHus MV. OH Takke 0OHAPYKUBAET, YTO €ro ACHCTBUSI cOOOMITH-
JIU CKOpPOCTh V He TONBKO Teny M, HO M BCEM BHUAMMBIM OOBEKTaM BCe-
nenHo¥. HaGmrogarens m AemaeT BBIBOM: YTO TeNO M KakuM-To oOpazom
KECTKO CBS3aHO CO BCEMHU OOBEKTAMU BCEJICHHOW, M 1O M3BECTHHIM (op-
MyJiaM BBIYHCIISIET Maccy BeeseHHou mVm = MV, eciu ckopoctsh cuc-
TeMbI OTC4€Ta HaONoJaTeNnss paBHAa HYJIIO (MMEHHO CBOIO CHCTEMY Ha-
OJIr01aTeNh CUMTACT TJIABHOM), TO M Macca BcesieHHon M=0.

«Ho mo3BosbTe, — BO3pa3uT OMIOHEHT. — B mporecce NPUI0KESHUS CHITBI
WMEHHO Ha0I0aaTeNb m, B OOJNbIIEH, YeM M, CTerneHH, MOYyBCTBYET CBS-
3aHHYIO C HHEPIMOHHOCTHIO PEAKIIMIO Ha YCKOpPEeHHE. 3HAYUT, IMEHHO OH
(m) M3MEHWIT CKOPOCTh, a HE TeJI0 M.

ITycte Tak. Ilycts cuctema m u3MeHuna ckopocts. Ho oTHOCUTENBHO ye-
ro? Jla u Teno M ToXe M3MEHWIO CKOPOCTh OTHOCUTENBHO 3TOTO *Ke. Kak
obITh? CebliaThCsl Ha coxXpaHeHue HeHTpa Macc? Ho u OH oTHOCHTENEH. . .,
BOT TOJIBKO HET OMpPene’IEHHOCTH, OTHOCUTENbHO 4ero? B 3ToM cweicie
Mmexanuka ['anunes-HproTOHa B YMCTOM BUIC — TCOpUA OTHOCHUTEILHOCTH!

Paccmotpum emé oy mo0ONBITHYIO cuTyanuio. [lycTe Mbl nMeeM ma-
PYCHYIO JIOJIKYy, Ha KOpPME KOTOPOH >ECTKO YCTaHOBJICH BEHTUIIATOP
(puc.2). IToTok Bo31yXa OT BEHTHWJISTOpA HampasieH B mapyc. C Kakoii
CKOpOCTBIO V mapycHas nojka norbiBET? T1omipBET n BooOIme? A eciu
NOIUIBIBET, OyIeT 1 €€ CKOPOCTh OTHOCUTENBHON?

B TOM, 4YTO IapycCHas JIOJAKa MOIUILIBET B HarpaBJICHUM IIOTOKAa BO3yXa,
CO3/1aBa€MOT0 BEHTWJISITOPOM, T.€. BIIEpENa, COMHEHH He Obu10. Tak oHO 1
oKazayiock. JlelicTBytomas MOACb TaKOW JIOJKH ObLlIa MU3TOTOBIICHA U HA
UCTIBITAHUSX TOKa3ajia cKopocTh 3km/4. [lapycHas nojka Obuia He3aBU-
CUMO IIpUuaAyMaHa U U3TrOTOBJIEHA aBTOPOM HE TOJIBKO JIsI ACMOHCTpalun
HCIIOJIHOTHI 1aBA€MBIX B IIIKOJIC 3H3HI/II71, HO U JJId pa3BJICYCHUSA B KaQ4€CT-
BE UTPYIIKU TSI B3POCHBIX U aereil. OIMHAKO BCKOpE, TOCPEIACTBOM HH-
TEpHET, YIaJ0oCh HANTH aHAJIOT «IIOBO3KA C BEHTHJIATOPOM M ITapyCcOM»
(cM. ccpuIKy puc.3).
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Puc.2 B HeKOTOPBIX y4eOHBIX 3aBEICHUX YUallUMCA 33/1al0T 3a/1ady Cleayole-
ro coaepkanus: «MOXHO JI ABUraTh MAapyCHYIO JIOAKY, HalpaBidsd Ha mapyca
MOTOK BO3/yXa W3 MOIHOTO BEHTHJIATOPA, YCTAHOBJIEHHOTO Ha Joake?» [lns He-
panuBBIX MPUBOJUTCS CTaHIApTHBIA 0TBET: «Her, 10/1ka He MOIIBIBET, TaK Kak B
9TOM CIIydae CHJjia JaBJICHHUS MOTOKAa BO3JyXa SIBIAETCS BHYTPEHHEH CHIIOH, KO-
TOpast HE MOXKET COOOIIUTH OJHO OOIIee JIBIDKCHHE JIOAKE C HAXOAAMMMCS Ha
HEl BEHTUWIATOPOMY.

Puc.3 VYerpoiictBo (FAN CART WITH
SAIL), nemMoHCTpupymollee 3aBUCUMOCTb
U HampaBIICHUE MBIKYIIEH CHIBI OT (pop-
MBI TTapyca.

Hcrounuxk: http://www.oberlin.edu

[lepeuncnum nelicTByIOIME Ha JIOJKY CHJIBL: peakLus BEHTWJIATOpA Ha
MOTOK OTOpachIBacMblii UM B CTOPOHY IMapyca; peakuus mapyca Ha MOTOK
OT BEHTWISITOPA; PEAKIMs IMapyca Ha BCTPEUHBIM MOTOK BO3yXa, BO3HH-
KaloUMHd B pe3ynibTaTe ABWKEHHUS JOAKH (BCTPEYHOE COMPOTHUBIICHHE);
TpEHHE KOpITyca JOJKHU O BOLY.

[Nepeunciiennpie (HakTOpbl NENATCS HA JBE KaTETOPUH: ACUCTBYIOIIAS M
nporuBoeiicTByomas. Eciu nelicTBre U MPOTHBOACHCTBHE TIO a0COIIOT-
HOH BEJIMYMHE PaBHBI, TO JIOJKA IUIBIBET C MIOCTOSSHHOM CKOPOCTBIO, U B
TaKUX Cllydasx FOBOPSAT: cuja ACUCTBUS IO MOIYJIIO paBHA CHJIE NPOTH-
BOJEUCTBUSA. A €CIM BCTPEYHbIE CHJIBI PaBHBI, TO MO KaKOH Tako#l 3ara-
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JIOYHOM MPUYHMHE JIOJKA TUIBIBET?, BElb CyMMa JCHCTBYIOIMX HA HEE CHII
paBHa HYJO!

Hcxons u3 onpeneneHus «CHJIa — ecTh CyTh JelcTBUS, HO He JAeiicTBHe
caMo 1o ce0e» CIEIyeT 3aJaThbCsl BOIIPOCOM: YTO CHJIBI, AeiCTBYIOLIHE
Ha JIOAKY, MEHSIIOT B TeJle JIOJKH, KaK 3aCTABJIAIOT e€ nmepeMelaTbest
IIPpU paBHOBeCHHU CUJI? SIBISIOTCS I 3TH W3MEHEHUS PEAbHBIMU U TPU-
CYLIMMH TeNy JIOJKH, WM OHU HOCAT (PUKTUBHBIN xapakTep? A eciu u3-
MEHEHUS peajbHbl, TO KaKOBBl OHM; HAa KAKOM YPOBHE OpraHH3allu Be-
LIECTBA IPOMCXOIAT U OTHOCUTEIILHO 4ero?

3arnsHeM BIUIyOb BENIECTBa, KaKWUE M3MEHEHHWs TaMm mpoucxoisat? Tena,
JBIDKYIIEECS W TOKOSIIEeCs B KOHTUHYYME, OTJIMYAIOTCS MapaMeTpamu
B3aMMOJICUCTBYIONINX JJIEMCHTOB. BHENTHNE MakpoABMXKeHHS (hopMupy-
FOTCSI M TIOAJICPIKUBAIOTCS PACCOTIIACOBAHUEM TPOIIECCOB HA MUKPOYPOB-
He. UT0OHBI pa3o0paThcsi ¢ STUMHU PACCOTIIACOBAHUSIMH, HEOOXOIUM WHCT-
pyment. Ho metonoB ananmmsa um mpubOpoOB HET; Teopuil Toxe HeT. PJ|
MIpe/yIaracT BOCIIOJIB30BATHCS BOIHOBOU 2eomempueli, KOTOpasi OTIMIaeT-
Csl OT EBKJIMJIOBOI HATMIMEM aKCHOMBI OCHOBAHWISI.

§ 1.03 Akcuoma oCHOBaHUSI (BBezeHNE HOCUTENS ITOCTPOCHUH B
TEOMETPHIO)

Hayka u3HauanbHO XOTS U omMpaeTcs Ha JHorMy «Mwup ectb! U oH Mmare-
puaiieH!», HO B COBPEMEHHOM CBOEM BHUJIC yTpaTuia HaJI&KHYIO IEPBOOC-
HOBY, TIOJUIOXKKY, MEpBOCYOCTpaT. BMecTo 3TOro mpuHSATHI Apyrue pas-
MBITBIC MOHATHS — (PU3NYCCKUI BaKyyM, CAMOCTOSITEIILHBIC MOJIEBBIC 00-
pa3oBaHusl, MPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM, OTHOCUTEIBHOCTD.
Hanpumep, «duznueckuii Bakyym» JIOCIOBHO O3HA4aeT: OTCYTCTBUE 4Ye-
ro-nubo, UMeEIoIIee, MpU 3TOM, peayibHbIe (Qu3uveckue cBoiicTBa. [Ipo-
CTPAaHCTBCHHO-BPEMEHHOW KOHTUHYYM HCKPHUBIISICTCS, PaCIIUPSIETCs, KO-
rJla 3TO yJA0OHO MaTeMaTHKaM, a OTHOCHUTEIIbHOCTH I0JIpa3yMeBaeT OT-
CYTCTBUE a0COJIIOTHOMN MEPBOOCHOBHI, OMOPHI. ['J1laBHAs 3/1eCh HCIIOJIb3Yye-
Mas aprymeHTanus: «Tak yctpoena mpupojaly

Ho Moer 11 cyliecTBOBaTh peaNbHbId MUP 0€3 TEePBOOCHOBBI, KOTOPYIO
HAIlleMy CO3HAHUIO YJOOHO MPEJACTABIATh B BUJC HOCHTEINS, Cpelbl?
MHorre COBpEMEHHBIC HCCIICOBATEIH CUUTAIOT TAKOW HOCHTENb H3JIHUIII-
HAM aTpuOyTOM, T.e. UMH HalACH cIoco0 0OXOIUThCS O€3 Cpelnbl, 3ame-
HUB €€ MyCTOTOM (KOTOpasi, IIPH 3TOM, BOBCE HE SIBJISCTCS TaKOBO¥i), MO-
JISIMH — OCOOBIMHU BHJIAMH MaTEPHU ¥ MATEMAaTHKOM.
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Jleéa camonéma nemsam napainenvHo omHocumenvHo 8030yxa. Cxopocmb
nepeoeo camonéma pasua 500 km/u, a smopozo — 600 km/4. Eciu mpeby-
emcst onpedenums MoIbKO OMHOCUMENbHYIO CKOPOCb, MO HYICHA U
CKOpOCMb 8030YXa OMHOCUMENbHO camonémos? Bo3dyx, kak onopa 0is
nonémos, npucymcmeyem, m.e. cam HOAém 06e3 He20 He803MOJICEH, HO 8
pacuém moodicem He npuHuMamsbCcs. Jla u 018 naccanicupos cKopocms om-
HOCUMENbHO 8030YXA KAK Obl OMCYMCMEYem, HO MO He 3HAYUM, Yo e2o0,
6030yxa, Hem. Omuocumenvras dce ckopocms camonémos — 100 km/u. A
ecnu He NPUHUMAMb 80 GHUMAHUE 8030YX, MO He HYNICHO U ONpedensimsy
CKOPOCMb OMHOCUNENbHO He20. 3auem «MHOICUMb CywHOCmu Oe3 Heob-
xooumocmuy? Bom eciu Obi 6030yX 3a0y8aNl 6 ULIOMUHAMOPHI, MO020d
opyeoe deo...

OTHOCHUTENBHOCTh MPHUCYTCTBYET UM B reomerpun Epxnmpa. Ilpuumna —
OTCYTCTBHE HOCUMEIA NOCMPOEHUll B AKCHOMaX OCHOBAaHHSA (B CIIOBE «I'€0
METPHs» HOCUTENb MOCTPOCHUI NPUCYTCTBYET, HO IO KaKUM-TO HPUYH-
HaM OH HE BOMIEN B YMCIO akcuoM). Ha mpakTuke TakuM HOCHUTENIEM MO-
TYT SBJSITBCS: TIOBEPXHOCTH 3€MJIM, IIKOJIbHAS AOCKA, JIUCT Oymaru, Auc-
IUIeH KOMIIbIOTEpa U JIp. B reomeTpun HOCHTENb MOCTPOSHUN BCEra Kak
Obl moapa3syMeBaeTcsi, HO €ro 3HaueHHe OOBIYHO MEpPEKPHIBACTCS YCJO-
BUSIMH pemiaemMoil 3anaun. Eciam reomerpryeckue NoCTpOeHUsI U3MEHSIOT-
csl BO BpEeMEHH, HaIlpUMep, JIBE TOYKHU MEPEMEIA0TCs 0 JUCTY Oymary,
TO, KaK Obl TEOMETp HE ONpPaBIBIBAT CBOM PACCYKICHUS OTHOCHUTEIBHO-
CTBbIO, OHHM, TOYKH, IPEXKIEC BCEro, NepeMEeLIaoTcsl OTHOCUTEIBHO Mate-
pHana, Ha KOTOPOM NPOU3BOJSATCS HOCTPOCHUSI, T.€. OTHOCUTENHHO HOCHU-
Tessl MOCTpoeHU. IMEHHO K 3TOMY HOCHTEINIO CIIeAyeT HpPHUBSI3bIBATH
ITIaBHYIO CHCTEMY KOOpAMHAT.

CdhopmynupyeM HelOCTAIONIYI0 B reOMeTprH EBKIIMIa aKCHOMY OCHOBa-
Husa. Ha3zoBéM e€ OCHOBHOM, T.K. 0e3 €€ HaJ u4us OTCYTCTBYET BO3MOXK-
HOCTB JJIs1 0003HAUEHUS WITH TIOCTPOCHUS YeT0-IH100.

Axcnoma OCHOBAHUMA: Cyuiecmeyem ocnoganue é 6ude nocumensn
onsa nocmpoenus (0moopasxrcenus) mMouex, NPAMBIX JUHUI, NI0CKO-
cmeil, OKpyscnocmeil, naockux u 00vémuvix ¢ueyp. Touku, npamvie
JIUHUU, OKPYICHOCHMU, NIOCKOCHU, NI0CKUEe U 00vémnble uzypol He
Mozym Ovlmp omoodpadicenvl 6e3 Hocumens, Oaxce ecau IMOM HOCU-
menb 6000pasicaemulil.

Purmyc: Ho 3auem HykeH Hocumens IOCcTpoeHui? OO0Xoammch Beas 06e3 Hero?
Junamukyc: Jla, mouemMy-To 00xommmuch, u 10 1905 roma oH ObLT Kak OBl HE

HyXEH. MOKeT MOTOMY, 9TO COMHEHHUH B €r0 HAJIMYUU HHU y KOTO HE BO3HUKAJIO?
Kcrary, B pusnke 10 cux mop nNpUCyTCTBYIOT CTHIIJIMBbIE CHHOHUMBI HOCUMENIO:

28



MIPOCTPaHCTBO, (hu3nuecknit BakyyM. OIHaKO, HalO BEJb KOTZA-TO OMPEICIUThH
cBOIO no3unMio. Ecnu Ml npusHaéM Hocumens, TO BCE IPOUCXOIUT B HEM U OT-
HOCHTEIIBHO HETO; MOSBISIETCS ONPENENEHHOCTh U OfHOUTEHHE. Ecnu nocumens
oTBepraercs, To B (pu3nke HACTyMaeT MPOM3BON: KaXXIblil BOJIEH CBOOOIHO H30-
OpeTaTh OCHOBEI.

§ 1.04 BostHoBasi reomeTpus

B reomerpun HOCHUTENH MOCTPOCHUI BBINOIHACT (GYHKLUUIO aOCOTIOTHOM
cuctembl koopauHat (ACO). DTo HyXHO U HCIOJb30BaHUs EBKINIO-
BOW T€OMETPUH MPHU MOJACIHPOBAHHH BOJTHOBBIX (PU3NUECKUX MPOLIECCOB.
be3 Hocutens MomenMpoBaHHE BOJHOBBIX NMPOLIECCOB HEBO3MOXKHO, WU
BO3MO’KHO TPH JIOTIOTHUTENIBHBIX HauyalbHBIX YCIOBHIX.

BuoB reomeTpuii HECKOIBKO:

o CraTH4yeckasi TeOMeTPHUS: 3aCThIBIIUEC TOYKU, TUHUU, (PUTYPBI U OT-
HOUIEHUSI MEXAY HUMHU. B cTaTUYECKOW reOMETpUr OTCYTCTBYET MO-
HATHUE «BPEMS».

e KunemaTuyeckasi reoMeTpus: JBIKYIIUECS MO 3aJlaHHBIM IIPABH-
JaM TOYKH, JUHUU, (QUTYPBI M M3MCHSIOIIMECS OTHOIICHUS MEKIY
HumH. KrHemaTnueckass TeOMEeTpHUs HEMbICTUMA 0€3 MOHSTHS «Bpe-
M.

e BoJuHoBasg reoMerpusi: pa3sHOBUIHOCTb KMHEMAaTHUYECKON TI'€OMET-
pUH, OPUEHTUPOBAHHAs HA MCCIIEIOBAHUE NEPUOJIUUYECKUX BOJHOBBIX
SIBJIEHUM, TTPOLIECCOB M OTHOLLECHUM MeXAy HUMH. BoiiHOBas reomer-
pYsl OCHOBaHa Ha aKCMOME O HOCHUTEJIE MOCTPOEHUM, T.€. «BOJIHOBOU
cpene». Bece nBUKEHMs U NIepeMELICHNS B BOJIHOBOM F'€OMETPUU IIPO-
WCXOJST B/HA HOCHUTENEC MOCTPOCHHU, a MOTOMY MapaMeTphl 3THX
JBI)KCHUN M TEPEMELICHUN H3MEpAIOTCSA, NPEXIE BCEro, OTHOCH-
TeJIbHO HOcuTenss. Hocurens mocrpoeHuil Hen3MeHeH, HeleopMUpy-
€M TIPU BCEX 00CTOSTEIBCTBAX, T.C. CIIYKUT TOJBKO JIJISl OTOOpasKEHUS
Ha HEM MEPEeMEIICHUIN BOJIH, a TAKXKE TOYCK, IPSIMBIX U QUTYP.

B npupone HocuTeneMm BOJH SIBIISIETCS BOJHOBAS Cpena, KOTOpas mepe-
HOCHUT BOJHOBBIE BO3MYIICHHS BCETAAa C MOCTOSHHON CKOpPOCTBIO TIO-
CPEIICTBOM H OTHOCHUTENIBHO camoii cebs. BBeass akcmoMy OCHOBaHUS
MBI, TaKUM 00pa3oM, MPHUOIN3NUIN BOJHOBYIO T€OMETPUIO K pPEaTbHBIM
¢u3mueckuM cpenaM u BomHaM. OTIMYHE B TOM, YTO B BOJIHOBOW T€O-
METpPHUH HOCHUTETh He JAedOopMUPYETCS HH MPHU KaKUX 0OCTOSTENbCTBAX,
TOTZa KaKk B pPeaJbHOCTH, HalpUMep, Ha TIOBEPXHOCTH BOJBI WIIH B aKy-
CTHKE BOJIHBI HEMBICIUMEBI 0e3 nedopmariu cpeapl. UTo KacaeTcs diex-
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TPOAUHAMHKHU, TO MBI HEC 3HACM, YTO IPOUCXOAUT C HOCUTCIIEM IIPHU IiC-
PEHOCEC DJICKTPOMArHUTHBIX BOJIH.

Putmyc: Hy BoT, onsiTh B HEsIBHOM BHJIe BO3BpaT K 3¢dupy. okazano Beap Maii-
KEJIbCOHOM, 4YTO 3¢Hpa HET U ObITh He MoxeT. Mn y Bac ocoboe HocTambriye-
ckoe MHeHne? Kak Hajoenu 3TH anbTepHATUBIIHKY. . .

Junamukyc: He ocoboe, a Terepp norudeckn o0ocHOBaHHOE! YOEAUTHCS B OT-
CYTCTBUH BOJIHOBOM Cpebl, KOTOPYIO Ha3bIBAIOT 3(pUPOM, MOKHO €ANHCTBEHHBIM
crocoboM, — U3MEPEHNEM CKOPOCTH CBETa B OJHOM HarpasieHud. Her takoro
9KCTIEPUMEHTA, 3HAUUT, U HET J0Ka3aTelbCTBA OTCYTCTBMsA! A Beap Ha HE0O0XO-
JUMOCTb TaKOro 3KclepumeHTta euié Makcsemn ykaspiBal. Ho coBpeMeHHBIM
Hay4HBIM H/I€0JIOraM, NPEBPATUBIINM HayKy B OW3HEC, OH KpailHe HEBBITOJICH.
[TosTOoMy 3KCHEpHMEHT MO0 YMBIIUIEHHO HE CTaBsT NMPWIOAHO (caMa IocTa-
HOBKa BOIPOCA CYMTAECTCS IPU3HAKOM HEKOMIIETEHTHOCTH ), TMOO €ro NpOBEJIH U
He adUIIMpPYIOT, 3aMaTYNBalOT pe3ynbTatel. Ecinu 310 Tak, To HaaMo Qanbcu-
(uKanus Hay4YHBIX 3HaHUH, T.e. JhkeHayka ¢ 0oJbmoi OyKBb!!

Paccmotpum npumep:

[TycTh Ha MJIOCKOM HOCHTENE MOCTPOCHHH €CTh TOYKa (MCTOYHHMK), M3
KOTOPO# MCXOIAT NMEPUOTUYECKUE BOJIHBI B BHJIE KPYTOBBIX (DPOHTOB.
Kaxnast Touyka BOJHOBOTO (PpOHTA PaBHOMEPHO YAAISETCS OT MecTa
CBOETO M3JIy4eHUs, NPUIEM CKOpOCTh GPpPOHTA MPUBSI3aHA UMEHHO K HO-
CHTEIIO TIOCTPOCHHH, a HE K HCTOYHHKY, KOTOPBIH MOXKET IepeMeIaTh-
cs. Bokpyr McTOYHMKAa BO3HUKAeT CHCTEMa PACXOMSIIMXCS BOJHOBBIX
¢ponroB. Eciam yactora m3nydeHus (QUKCHpOBAaHHAs, a UCTOYHUK HE
JBHIKETCS, TO PACCTOSHUS MEXIy (POHTaMH OJMHAKOBHIE U paBHBIC
nHE BOJHBL. [IpsMonmMHEiHOE W paBHOMEpPHOE NepeMeleHHe HCTOY-
Huka (V<c) cMmelaeT MOJOXEHHE PACXOAALIMXCS BOJHOBBIX (DPOHTOB
JpyT OTHOCUTENBHO Apyra. Camu (GpOHTHI BCETAAa OCTAIOTCSI KPYTOBBIMH
C LIGHTPOM B MecTe HMX H3JIyueHHs Ha Hocutene. [locne u3nmydeHus
(GpPOHT BOJIHBI YK€ HE CBS3aH C JBMIKYLIMMCS UCTOYHUKOM U JPYTHUMHU
(¢poHTaMu, T.e. cyliecTByeT caM 1o cede (puc.4).

Knaccuueckoe IIpaBUJIO CIIOKCHUA CKOpOCTeﬁ 3aIlInIIEM B BUJIC
c'=cxV, (1.02)
npasuiio Jloriepa

CiVnp

1.03
ctVo ( )

Vnp =Vo-
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Puc.4 Tak BEITISAIAT TPOIIECCH B BOJHOBOW reoMeTpuH. BoaHOBEIE (PpOHTHI pac-
MIPOCTPAHSIOTCSI B HOCUTEINE C NMOCTOSHHOM CKOPOCThIO. [IBMXKEHHE HCTOYHHKOB
HUKaK HE BJIUSET Ha PAaCIpOCTPAHEHHUE U3ITyUYEHHBIX UMU BOJIH.

OTCcyTCTBHE HOCUTENS, T.€. BOJIHOBOW CpeNbl, MPUBOJUT K HEOMpeaeaEH-
HOCTH, OCOOCHHO KOI'JIa K CUCTEMaM OTCYETa MPEAbSBISACTCS TpeOOBaHUE
MHBAPUAHTHOCTH.

Puc.5 B reomerpun 6e3 HocuTemst HEIb3st OOOMTHUCH OJHUM PUCYHKOM, T.K. KaX-
JIBIH OCHMJUIATOP B 3aBUCUMOCTH OT JKEJIaHWS TEOMETpa BIIPABE CUMTATHCSA Hada-
oM otcuéra. OTCYTCTBHE HOCHTEINS IMOCTPOCHUH M MPUHLIUI WHBAPHAHTHOCTH
MIPUBOJAT K HEONPENEIEHHOCTH, T.€. K HEBO3MOXHOCTH ITOCTPOCHUS OJHO3HAY-
HOW MHTEPPEPCHIINOHHON KAPTHHKU.

[IpumeuaTensHo, uTOo reoMeTpusi EBKinaa HecoBMeCTHMa € MPUHLHUIIOM
nHBapuantHocTH ["amuies. HeBo3M0XXHO, B paMKax OTCYTCTBUSI HOCHTEIS
1 OOBSIBICHHOW OJHOBPEMEHHON MHBAPHMAHTHOCTH HCTOYHUKOB, IOCTPO-
UTh YAOBJICTBOPUTENIbHYIO KapTuHy uHTepdepenuun. [Ipumep: Ilycts nsa
PaBHBIX [0 YacTOTE WCTOYHHWKA MHBApHUAHTHBL IlycTh CKOpPOCTH OJHOTO
WCTOYHHUKA paBHa HyJIO, a Broporo — V. TpeOyercs mocTpouTh pa3Bu-
BAIOIIYIOCSI BO BPEMEHH MHTEP(EpeHINIO BOJH OT UCTOYHHKOB (pHC.S).
OueBunHO, 4TO, 0€3 HApYyLICHHS YCJIOBUS MHBAPUAHTHOCTH, 3TOTO Clie-
JIaTh HEBO3MOJXKHO, T.K. B CHJIy PaBHONPABHUS HCTOYHHKOB OTHOCHUTEIHHO
Ka)JIOTO M3 HUX BOJIHBI JOJDKHBI OBITH KPYyroBBIMH. B 3TOM cMmbIcie reo-
MeTpusi EBKiIMAa ¥ MHBapHMAaHTHOCTb HE CTBIKYIOTCS. Ilomywaercsi, uro
Ja’ke TpocTeilee Henb3sl IOCTPOUTh KOPPEKTHO, T.€. COBpeMeHHas (u-
3MKa ¢ reoMeTpuel EBkinia HecoBMecTHMa.
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BBEZ[CHI/IC AKCMOMBI OCHOBAaHHA MCHICT CHUTYalUIO. Ho IIpu 3TOM MBI
KEPTBYEM TOJIBKO MPUHLUIIOM HWHBApPUAHTHOCTH. B nanpHelimem mo-
Ka)XEeM, YTO Ha CaMOM JieJie UMEET MECTO MJUTIO3HMS MHBAPUAHTHOCTH,
T.€. C MO3HIHU aOCOJNIIOTHOTO HAOIIOAATENsl B Pa3HBIX CHCTEMaX OTCUE-
Ta MPOIECCHl HEMHBAPUAHTHBI, HO ATOTO HAOIIOAaTENN CHCTEM OOHa-
PYXHUTb HE MOTYT.

Bonnosas reoMCTpust ABJIACTCA baszucom PUTMOAVHAMUKHU. OcCHOBHEIC
MOCTYJIaThl PH COBITIAJAaOT C HAYaJIaMH BOJIHOBOH reoOMCTpPUH.

Axcuomsl BosiHOBOl reomerpun IMocrynarsl PUTMOAMHAMUKH

Touka SBIAETCS UCTOYHUKOM Ce-
PUYECKHUX BOJIH, OCLUIUIATOPOM
BounHbl pacnpocTpaHstoTCcs B HO-
CUTEJIE€ TOCTPOEHUH W OTHOCH-
TEJIBHO HETO C IOCTOSIHHOM CKOPO-
CTBIO

MoeT OBITh CKOJBKO YTOIHO TO-
YeK, SBISIIOLIUXCS HCTOYHUKAMH
BOJIH

OctmursaTop 6ECKOHEYHO Maioro
pazMepa, UMEIOIIUI OQHO CBOMCT-
BO — 6])ITI) NCTOYHHUKOM HepI/lO[lI/I-
YEeCKUX KOJIeOaHWH B BHJE IMyJib-
calun

BonHoBast cpena, mpeobpasyrorias
MyJIbCAIMI0 OCIUIUIATOPA B pac-
Xojsiuecs cepuyeckue BOJIHBI
1 o0ecreynBaromas UM IOCTOSH-

HYIO CKOPOCTh TIEpeladd BO3MY-
IMIEHUH OTHOCHUTEIBHO CaMoOM ce-
0.

3. Tlpu mosIBIEHWH €Ié OJHOTO OC-
MUWJUIATOPA BO3HUKAET CUCTEMA.

CpencTBa BOJIHOBOM IeOMETPUH MO3BOJISIOT MOJICIUPOBATH MPOLIECCH U
pacCUMTBIBATh PE3yJIbTAThl IKCIIEPUMEHTOB. Tak ObUIM MpeAcKa3aHbl (YTO
BIIOCJIECTBUU OBUIO SKCIEPUMEHTAJIBHO TOATBEPIKACHO) SIBICHHE CHKU-
MaHHUs CTOSYUX BOJIH, 3aBUCUMOCTH CKOPOCTU CHUCTEMBI OCLIUJLISATOPOB OT
caBura ¢a3 MeXIy HUMH, YCKOPCHHUS! CUCTEMbI HICTOYHUKOB OT Pa3HOCTH
4acTOT, CKOPOCTh TOKa SHEPruu, 0€3aMIUIMTYAHBIH croco0 CyliecTBOBa-
HUS DHEPTUU U JIp.

§ 1.05 CBoiicTBa 00bEKTOB BOJITHOBOI IreOMETPHH

BomnoBas reoMeTpusa, Kak HHCTPYMEHT, HNPCAOCTABIIACT BO3MOXHOCTH
MOJICJIMPOBATh MPOIIECCHl CAMOOPTaHU3AIMH MTPOCTHIX U CJIOKHBIX CUCTEM
0e3 kakux-nmubo crenuduueckux pacyéToB CHJ B3auMojeicTBus. B oc-
HOBC MOJCIIMPOBAHUA JICKUT OLCHKA COCTOAHUA CPECAbl BOKPYI' UCCIIC-
JyeMOTO OCIHJUISATOPA C MOCIEIYIONUM MEPEMENICHUEM 3TOT0 OCIHILIS-
TOpa B CTOPOHY 00JIacTH paBHOBecHsl cocTosiHuid. Ecim o6iacts paBHOBe-
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CUd CMeEIIAaeTcsi, TO OCHWIISATOP MOCIylHO cienyer 3a Heil. Ho cme-
HIAIOLIANCS OCIMILIATOP, BesieacTBUE dddexTa Jlomiepa, H3nydyaeT BOJIHBI
yKe IPYrod JUIMHBL. DTH BOJHBI PaCIPOCTPAHSIOTCS 110 HOCUTEIIO U BHO-
CSAT M3MEHEHHUS B COCTOSHHE BOJHOBOTrO Moiisi. Uepe3 HEKOTOpoe Bpems
HU3MCHUBIIHUE JJJIMHY BOJIHBI JOCTUTAIOT APYroro oCOujIAToOpa U U3MCHsA-
IOT COCTOSIHHME €r0 OKpy’Karomed cpennl. Takoe M3MEHEHHE TPHUBOIUT K
CMEIEHUIO 00JIACTH PaBHOBECHS M, CIE€JOBATEIHHO, K N3MEHEHHIO T0JI0-
KEHHSI BTOPOTO OCHIIIIATOpA: TEIEph OH M3Iy4aeT B OKpY’Kalollee Mmpo-
CTpaHCTBO BOJIHBI N3MEHEHHOMN JJIUHBI. D1H H3JIyUYCHHA OOCTUTar0T IEp-
BOTO OCHMJUIATOpPA M TOT pearupyeT ABIKEHHEM. 3aTeM IMpPOIECC IMOBTO-
psieTcs U 0 TEX IOp, MOKAa OCLMLIATOPHI HE 3aliMyT yCTOHYMBBIE I10OJIO-
JKEHUS APYT OTHOCHUTEIHHO IPyTa.

VY ocuumisTopa HET OpraHOB YYBCTB, M1 OH HHYEro HE 3HAET O IPYTUX
ocumsiTopax. OCOUIIIATOP TOJNBKO O0INaeTcs C OKpysKaloued cpe-
JIO1, OTCIICKUBAsI U3MEHEHUSI B €€ COCTOSIHUU U 0OHapy>KuBas Il ceost
30Hy KoMdopTa. OCHMIIIATOPHl B3aUMHO ACHCTBYIOT JIPYT Ha APYyTa, HO
HE HampsMyl0, a 4yepe3 HOCHUTENb BOJH, Yepe3 M3MEHEHHs B €ro co-
crostHud. Ha 3T M3MEHEHHUS OCLHMIUIATOP M pearupyer nepeMelieHu-
€M, U JUIsl HeTO a0COJIIOTHO HE Ba)KHO, YTO OBLIO MPUYMHON, KAKUM 00-
paszoM U moyemy.

HarnsinapiMu npuMepaMu 371€Ch MOTYT CIIY>KHTh SKCIIEpUMEHTHI bbhepk-
Heca, a Takxe MBanoBa u uauna.

Eme B cepenuHe M03amnpoluioro crojietus Hopeexckuil ¢usumk Kapn AnrtoH
Beepkrec (1825 —1903 rr.) mokazan, 4To IBa MyJBCHPYIOMUX Iapa, paanychl
KOTOPBIX MaJIbl 10 CPAaBHEHHIO C MX B3aMMHBIM PacCTOSHHEM, OylydH ITOMEIIEH-
HbIe B (HEC)KMMAEMYI0) KUJKOCTh, CIIOCOOHBI NMOPOXKIaTh MPUTSDKEHHE WU OT-
TAJIKWBaHKE 110 OTHOIICHHIO APYT K APYTY.

Junamukyc: B xoHIe npomioro Teicsuenetus aBTop U A.JlunuH nokasanu, 4To
JIBa KOT€PCHTHBIX MCTOYHMKA BOJIH, HaXOIALIUXCS HA IIOBEPXHOCTH BOJBI, CIIO-
COOHBI MPUTITHBATHCS, OTTAIKMBATBHCS MM K€ CO31aBaTh YNPYTYIO BOJHOBYIO
CBSI3b JPYT C JIpyroM (OpraHW30BBIBATHCS B CHCTEMY), a TaKXKe IOCTYNaTeJbHO
TepeMeniaThes Py HATMYUK CIBUTa (a3 Mex1y HUMHU.

Crnenyetr 0co00 OTMETUTH, YTO B BOJIHOBOW T€OMETPHUH 3a MPOIIECCOM Ca-
MOOPTaHU3aIMK CICAUT TOJILKO OJWH, CTOPOHHHUN HAOIOJATeNb, a caMm
MPOIIECC HE HYXKAAETCS BO BHEAPECHUM MECTHBIX HAOMIOAaTeneil v mpuH-
IUIa WHBAPUAHTHOCTH, KaK 3TO JIeNaeTcs B coBpeMeHHou ¢usuke. IIpo-
Heaypy HaOIIOACHUS, KOHEYHO K€, MOXKHO YCJIOKHHUTB, €CITH 3aKPEIUTh
3a KaX/bIM OCIHJUIATOPOM 10 MECTHOMY HaOJoJaTeNnto U yoparb CTO-
ponHero HaOmonatens. Ho Torna Hem3zOexxeH KOH(MIMKT MEXIy HaOIro-
JATENSAMH, T.K. K&Kl U3 HUX BIIPABE CYATATH UMEHHO CBOU OCIHIUIATOP
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[JIABHOM cucTeMoM oTcuéra. Hu k yemy, KpoMe IMyTaHUIbl, 3TO HE IPUBE-
n€T. SIcHas KapTUHA MPOUCXOMSIIETO, KOTOPYH MbI MOIJIM Obl HMETh,
MpeBpaIIaeTcss B MaTeMaTHIeCKHe CIIOCOOB! BEISICHEHUS OTHOIICHHUH.

EcTp pasHuna Mexny BUICHUEM U3BHE, U BOCHPUATHUEM IPOUCXOISAIIETO
n3HyTpu. Ecnm yuuThIBaTh 3T0 OOCTOSTENBCTBO, TO CTAHOBUTCS IOHST-
HBIM, TIOYEMY OIIEHKa (MHTEpIpEeTaIys) SBICHUI IPUPOIbI OTJINYAETCS B
3aBUCHUMOCTHU OT BHIOOpPA MO3UIMH AJIS1 HAOIIOACHUS.

Puc.6 Hanpumep, Tak BUAUTCSI «MHP» U3BHE (CJI€Ba), a TAK — U3HYTpH (CIIpaBa)

CXOI[CTBO HadJaja BOJHOBOU T€OMETPHUU U MMOCTYJIATOB PUTMOJAUHAMUKHU
TMO3BOJIACT MOACIHUPOBATDH SIBJICHUA MIPUPOABI U Ha6J'IIOI[aTL IIPpONLECChI B
UjieaJbHOM, B HEHMCKa)XEHHOM reomerpudeckoM Buae. I1o cyTu, cto-
poHHMI HaOmogaTenb mnpuobOpeTaeT OGQUIMANBHBIN CTaTyC,
JAIONIMNi €My MpaBO HE TOJIBKO OECIPUCTPACTHO CYAHUTH O MPO-
UCXOJSAIIEM, HO M TI0O CBOEMY Pa3yMEHHIO 3a/1aBaTh YCIOBHsI, Me-
HSTH MapaMeTpbl U MPH 3TOM Bcerja ObITh BHE MPOUCXOISIIETO,
T.e. Ha0JII0IaTh — KaK €CTh.

Putmyc: Hy BOT, OT 4ero tak J0Jro yXoJuiid, K TOMY U BEpHYJIHCh: a0COIIOT-
HBII HA0JIFOIaTeNb, a0COFOTHAS CUCTeMa OTCuéTa, BOJTHOBas cpena. He comm-
KOM JIM MHOTO CYHIHOCTEH, OT KOTOpBIX B XX BEKe ¢ TaKUM TPYJAOM YIaJIOCh
n30aBUTHCA?

Junamukyc: [Ipexe Bcero, peds HAET O BOJIHOBOW T€OMETPHH, B KOTOPOI Oe3
reoMeTpa, Kak CTOPOHHEro HaOirojaTens, Hy HHKak He oOoiTHch. Ecnm ke Bam
yoOHee OLICHUBATh IIPOUCXOAAIIEE N3HYTPHU, OLICHUBANWTE, HUKTO BE/lb HE Mella-
eT. MHe ke MBICIUTCS, YTO CO CTOPOHBI HeEKOoTopoe BuaHee. Hanpumep, pasHuna
B OINHCAHMH CJIOHA M3HYTPU M CHAPYXKH OYeBUAHA. Eciu BBl MpeArnovnTacTe Ha-
XOIUTHLCA BHYTPH, TO 5 IPEATIOUTY OBITH BHE. J[JIs co31aHMs LENOCTHOM KapTHHBI
00a omucaHus BaXHBL. YTO KacaeTcsl KaXyIIMXCs W3IMIIHUMH CYIIHOCTEH: I10-
pOOYITE MPUTOTOBUTH ILIOB OE3 BOIBI.
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§ 1.06 Bo3amoxxkHOCTH BOJTHOBOI reOMeTPUM

Jlnst onieHKH BO3MOXKHOCTEH BOIHOBOW reomerpud (B]7) mpeacTaBuM mpo-
CTOI MOAENbHBIN 2D 3KCIEPUMEHT: IBa KOTEPEHTHBIX OCHUIIIATOPA CHA-
yajia MOKOSTCS, a 3aTeM, NP HEU3MEHHOM MEXAY HUMHU PacCTOSHUH,
JIBUXKYTCSI C HEKOTOPOU MOCTOSIHHOM CKOPOCTBIO.

v
L T

Puc.7 Cnsur a3 orcyrcrByer. Ile-
ﬁ pemelienus B cpeae HeT V=0 . Bos-

HHUKJIO II0Jie WHTepepeHuuH, a B

A IPOMEXKYTKE MEXIy OCHMILIATOpA-
MH — CTOST4as BOJIHA.

\
v
™

v Puc.8 Casura ¢a3 wer. OpueHTanus

[\ K IIEPEMEIIEHHIO B CpeJie MEPIEHAN-

kymsipHast (0=90°). CkopocTh mepe-

MmenieHus: V'=0,75¢ . HanpasneHue nepemenieHus cieBa HampaBo. MHTepdepen-

LIMOHHOE T0JIe cxkanock. [losBuimch JONOJIHUTC/IbHBIC MYYHOCTU U Y3JIOBBIC 30-
Hbl. Paccrosinue MCKAY y3J1aMu CTOSTYEH BOJIHBI COKpaTHJIOCh.

Puc.9 Casur ¢a3 orcyrctByer. Cuc-
TEMa JBHKETCS BIPABO YTOI OPHEH-
Taus K HANpaBICHHIO IIEPEMEIIE-
Hus 6=45° . CKOpPOCTh MepeMeeH s
V=0,75¢.
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Puc.10 Cnura a3 nmer. OpueHta-
M K HalpaBJIEHUIO NEePEMEIEHNs
(6=0°) mnapaencHas (OBUKEHHE
OCIMIUISITOPOB ~ CIIEBA  HAIPABO).
| l CkopocTs mepemerenust ¥'=0,75c¢ .

Mgl 6e3 pacu€ToB BHIUM, UYTO KapTUHA HHTEPPEPEHIIMH MEHSIETCS — OHa
3aBUCHUT HE TOJILKO OT CKOPOCTH, HO U OT OPUEHTALIMM CHUCTEMBI OCLIUJI-
JATOPOB K HaNpaBJCHUIO ABWXeHUs. [Ipu BappUpOBaHUM CKOPOCTHIO
CUCTEMBI M OpHUEHTAllMeil aHANIOTHMYHbIE KApPTUHKU TOKa3alu Obl, 4TO
4YeM BBILIE CKOPOCTh U MEHBIIE yIrOJl OPUEHTALUHU, TEM IUIOTHEE IPYT K
JIpYTy CTAHOBSTCS y3Jbl M IIyYHOCTH. EClIM Ha3HAUUTh yCIOBUEM KOJIU-
YECTBEHHOE COXPAHEHHE Y3JI0B U IIyYHOCTEN MEXAY OCUMILIATOPaMH, TO
MBI OOHapyXHM COKpalmleHue paccTtosHus. Mbl HaOM0gaeM, Kak CKH-
MAIOTCSI CTOAYUE BOJIHBI U COKpaLIalTCs pasMepbl cucteMsbl. IIpumeyda-
TEJIBHO, YTO MNPOUCXOIAIIEE HE NMPOCUUTAHO MATEMATUKOMN, a CMOJEIIHU-
POBaHO B IMHAMUKE.

Paccmotpum npyroii mpuMmep: MHTEPPEPEHLUMOHHYIO KapTHHY Mapbl pas-
HOYACTOTHBIX OCUMIIIATOPOB. DTOT 3¢p(hekT momyuns Ha3BaHUE «cHanaep-
3¢ deKT» 3a ero CXOKeCTh C HayKOM.

C rTex mop, Kak ObUIM W300pPETEHBI MyapoBble KapTUHKH, NPECTaBICH-
HBII Ha puc.11 3¢ dexT MHOTOKPATHO BO3ZHUKAN TIepe B30POM KakK Mpo-
CTBIX JIIOZICH, TaK M CEepbE3HBIX McciepoBareneid. Ho Tak momxydmiocs,
4TO 3TOMY HHTEpPEpEeHIHOHHOMY 3(PPEKTy HUKTO HE MpHUIAT 0coO0To
3HAYEeHHs, T.€. ITOT KPacUBBIA (P (HEKT TaKk U HE MOTYUYHII CTATYC BaXKHO-
1o (U3NYECKOTO SIBIICHHS.

Puc.11 Cnaiinep-addexr
36



A Besib UMEHHO 3TOT 3 (eKT BO3HHKAET BCSKHIA pa3, KOTa B3auMOJIeiCT-
BYIOT (MHTep(QEPUPYIOT) BOJHBI OT HCTOYHHKOB Pa3HOM YacTOTBHL. DTO
SIBIICHUE YKa3bIBa€T Ha KOHKPETHBIE MPOIECCH], B TOM YHCIIE CHJIOBBIE U
JHEepreTHYecKue.

Eme MpUMEP: HEeU3JIyvyarumue CUCTEMBI. Mano kTo 3HacT, 4TO MOXKHO
TaK pacroJIOKUTh OCHUIIIIATOPBI B IIPOCTPAHCTBE, YTO UX CYMMAPHOC U3JTY-
YCHUEC BOBHC 6YI[CT HYJICBBIM. OOBIYHO B TakKoi CUTyalluu YTBCPXKIAAKOT,
4TO BCi SHCPIUs ocTaércs BHYTPU CUCTCMBbI, HO MbI IOKAXXEM, YTO 3TO Cy-
JKICHUEC HE a0COJIOTHO: OHCPIrud MOKCET U3JIydaTbCd B TAK HA3bIBACMOM
«HCHPOABICHHOM» BHU/IC.

Puc.12 Cucrema KOTrepeHTHBIX OC-
MIDIITOPOB Ha IJIOCKOCTH. BomHO-
BOE€ H3JyuYe€HUE BOBHE MPAKTHUECKU
orcyrcTByeT. OIHAKO 3TO U3Iyde-
HHE MOXKET HauaTh HPOSBIATH ceOds
Ha HEKOTOPOM YJIAJICHUU OT CHUCTe-
MBI, T.C. €CJIH HE 3HATh 00 MCTOYHH-
Ke, TO PHEpPrusi B BOJHOBOH cpene
OyJIeT MOSIBIIATHCS «HM3 HUOTKY/Ia.

1) ”“ ) |

Puc.13

Cnytlaf/i, B KOTOPOM HMCTOYHHUK H3JIYyHacT ABC PAaBHBLIC 110 YaCTOTC BOJIHbLI B
OJIHOM HaIpaBJICHUH, HO KaXKJas BOJHA UMEET COOCTBEHHYIO CKOPOCTh B
cpezie (TakOBO CBOMCTBO cpelibl: OHa ABYXcKopocTHas). MHTepdepenmms
TaKuX BOJIH HaéT CTOAYYIO BOJIHY, T.C. B IIPOCTPAHCTBC IMOABJIAIOTCA HU-
KyJla HE [IEPEMEILAIOIINECS Y3JIbl U IIyYHOCTH. BHYTpH KaXX10i Iy4YHOCTH
HUMECT MCCTO NMEPECHOC DHEPTHUU B HAIIPABJICHHUU OT UCTOYHUKA, OJHAKO HE
SICHO, B KAKOM COCTOSHHU MECPECHOCUMAS SHEPIrusd HAaXOAUTCA B y3Jax. Ec-
JIM paccMaTpuBaTh IpoliecC B Mpeaesax OAHOW CTosuel BOJIHBI, T.€. OT
y37a 70 y3Jja, TO JJIs HaOJMoaTenss SHEprusi OyJIeT MOSBIATHCS Kak Obl
HUOTKyJa (M3 BaKyyMma, MOJIPOCTPAHCTBA), MPOXOINUTh HEKOTOPOE pac-
CTOAHUEC U MCYE3aTh B HUKYIA.
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| Vi i S N W e O R e N i
U eSS —

Puc.14

Jpyroii BapuaHT He MeHee UHTepecHBIH. [lycTh MBI IMEeM Ba KOTepEeHT-
HBIX MCTOYHHUKA, M3yYarOLMX 3HEPTHIO B BUJC Jy4ed B OJHOM Halpas-
JICHWH, HO MOl OYE€Hb MAJIBIM YIJioM. B HekoTopoil obiacTu nmpocTpaHcT-
Ba JIy4M MEPECEKaoTCsa CTPOro B MPOTHBOdA3ax U CO3AAI0T 30HY, B KOTO-
poli mpakTH4YecKH racsiT Apyr Apyra. Ilycts 3ta o06macTe 10CTaTOYHO Be-
JMKa, a HaOJro#aTeNb HE MOXKET 3aperuCTpUpOBaTh CyMMAapHYIO aMIUId-
Tyny u3nydeHuil. Bonpoc: mpucyTcTBYeT Jin 3HEprust B 3Toi obnacTH, a
€CIIH «J1a», TO B KAKOM COCTOSIHUU?

B 30ne nepecevstin $at) BOAH COBNAAOT
B 20ne nepeceysHys BONHE B NPOTHEOPa3S

Puc.15

Puc.16 Crpenkoii yka3zaHa To4ka, B KOTOPOH MPOSIBIEHHAs SHEPTUS PaBHA HYJIIO,
a HCTIPOABJICHHAA SHEPTUA MaKCUMaJlbHa

OHeprus, KOHEYHO ke, IPUCYTCTBYET, @ COCTOSAHNE, B KOTOPOM OHA Haxo-
JUTCS, Ha3BaHO Oe3aMIUIMTYIHBIM. be3aMIuIMTyqHOEe COCTOSIHUE SHEPTUU
NprUMeyYaTeNIbHO TeM, YTO DHEPTHsi B HOCHTENE (IOCPEACTBOM HOCHTEIIS)
HepeMeIaeTcs, & HOCUTEIb IIPU 3TOM OCTa€ICs B COCTOSHUM IOKOSA. DTO
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3HA4YUT, YTO IIOJIHAsA SHCPIUsl OT UCTOYHHUKOB MOKET HAXOOUTHCA KAaK B
IMPOABJICHHOM, TaK U B HEIIPOABJIICHHOM COCTOAHUAX.

3Heprml u 6e3aMl'lJII/ITy)IHl)II71 c1nocoo CylIeCTBOBaAaHUSA

Paccmorpum mopens. IlycTh MBI MeeM JBa pa3HECEHHBIX HE3aBHCHMBIX
KOT€PEHTHBIX MCTOYHHKA MOHOXPOMATHYECKHUX BOJH. IlycTh MCTOUHUKH
M3JIy4aroT BOJIHBI B OJIHOM HaIpaBJICHUM BAOJL OcH X. OYEeBUIHO, YTO B
obnactu, T/Ie BOJNHBI OyIyT HAKIaAbIBAThCA JPYT Ha JpyTa, BO3MOXKHBI
BapHaHTHl YJBOCHHUS aMIUIMTYAbI wiu oOHyneHus. Ecnu paccrosHue me-
Iy UICTOYHUKAaMU obecrieurBaeT BoJiHaMm caBur ¢a3 180°, To Ha ocu x 0
BCel JuTMHe MBI OyZieM HaOIoJaTh OOHYJICHHE aMILTUTY Ibl. BOHEI ecTh B
JEHCTBUTENBHOCTH, KaX/1as M3 HUX MEPEHOCHT DHEPTHI0, HO COCTOSIHUE
ATOW PHEPTHHU JJISl IKCTIEPUMEHTATOPA U €r0 MPHOOPOB HYJIEBOE, & TOTOMY
He noanaéTes perucrpanun. MoXXHO yTBEpkaTh, YTO HUKAKOTO TIEPEHO-
ca sHepruu HeT. Ho 3To He Tak. Iy moaTBepaeHus ¢akra rmepeHoca
SHEPIrHH B TaK Ha3bBaeMOM 0€3aMIUIMTYJIHOM (HEMPOSBICHHOM) COCTOSI-
HUU MOXXHO PaCCMOTPETh JPYTOil MBICIIEHHBIN IKCIIEPUMEHT.

[Tyctp 1BE MOHOXpOMATHYECKHE BOJHBI OT JIByX KOT€PEHTHBIX MCTOYHH-
KOB PAcIpOCTPaHSAIOTCS B BUE Jy4del B OJHOM HAIIPaBJIEHUH I1OJ OYEHb
MaJIbIM yTJIOM (JOJSI CEKYH[IBI B JECATOM MM Oojiee 3HAKE ITOCINe 3aris-
TOH). 30Ha, B KOTOPOH SHEPTUS HAXOIUTCS MPAKTUIECKU B O€3aMILTUTY I~
HOM COCTOSIHUM, BEJIHKa (4eM MEHBIIE YroJl, TeM OOJbIIe 30Ha), U €CIH
MBI, HaXO/ISICh B OTOM 30HE, HUYEro He 3HaeM 00 IKCIIEPHMEHTE C UCTOY-
HUKaMH, TO C TOMOINBI0O MPHOOPOB KOHCTATHPYEM OTCYTCTBHE KaKOMW-
mubo sueprun. Ho rame-to manmexo, T.e. B HEIOCTYIHOM Ui HAaC MecTe
MPOCTPAHCTBA, Jy4YH CTAIN pacXoAuTbcsa. Habmromaremro, HaxoadmeMycs
B 3TOl 30HE U TOXKE HMYETO HE 3HAIOMIEMY 00 3KCIIEPUMEHTE, MOKAXKETCS
YyJIOM TOSIBIICHHE SHEPTHH KaK Obl «M3 HUOTKYa.

A Tenepb NMpeNCTaBUM, YTO 3TOMY HAOIIOAATEN0 HYXHO JaTh BPa3yMH-
TEJNbHOE OOBSICHEHUE «UyIy» M CO3laTb OOOCHOBAaHHYIO TEOPHIO CTpaH-
HOT'O MOSIBJICHUSI SHEPTUH U3 IIyCTOrO MPOCTPAHCTBA. TaKyl0 TEOPHIO OH
CMOXXET CZeJiaTh YJOBJIETBOPUTEIBHOM TOJNBKO IPHU HAAECICHUU ITyCTOTO
MPOCTPAHCTBA BPOXKAEHHBIM CBOHCTBOM poOXAaTh 3Hepruo. Ho Ham-to
MPUYMHBI U3BECTHBL, a IOTOMY Y Hac OyIeT Apyrasi TEOpHSL.

Putmyc: S nonsu, Kyna Bbl KiIoHUTE. Teneps Kaxabli «cyMaciuemunin n3oope-
TaTesb MOJyYUT BO3MOXXHOCTh ONPAB/BIBATh 3a00JIaYHbIE KIIJI CBOMX MEXaHHU3M-
HBIX YCTPOMCTB MX CIIOCOOHOCTBIO IEPEBOAMTH SHEPTUH M3 0€3aMIUIUTYIAHOTO
COCTOSIHUS B aMIUIMTYIHOE, T.€. BBITACKUBATh €€ U3 HYJIEBOU TOUYKH, U3 BaKyyMa.

39



Junamukye: Ha npumepe s TOJIBKO MOIBITANCS OOBACHUTH CMBICT Oe3aMILIU-
TynHocTu. Hanerocs, runoresa o HaXOXXJIEHUU B MPOCTPAHCTBE PealbHOM 3HEp-
MM B OE3aMIUIUTYIHOM COCTOSHHM TOJIy4HJIa, MOXKET HE CaMylo JYYIIylo, HO
apryMeHTanuo. MHe QyMaercs, 4TO B NPEICTaBICHHOM OOBSCHEHUM CIpSATaH
KJIIOY K TIOJTyYEHUIO JIF0OOTO KOJIMYECTBA SHEPTHH U B JII0OOM MECTE IPOCTPAHCT-
Ba. Hy)XKHO TOJIBKO HAy4IHThCS MEPEBOIUTH €€ U3 OE3aMIUTUTYTHOTO COCTOSIHUS B
amruTygHoe. M 111 MOHUMaHus 3TOTO y Hac TENeph €CTh MOJECIBHOE NTPEACTaB-
JICHUE IPOUCXOJIAILETO.

Wrak, Hukakoro uyna Het. Ecnu Ba mmyda mepeceKkaroTcst ToJT MajbIM yT-
70M @, TO TOJHOTO TOTaIlEH s HE TIPOMCXO/INT:

v, =sin[k(xcos @ +sindy)] (1.04)
v, =sin[k(xcos@—sinfy)] (1.05)
BBIYMTAEM U T10JIy4aeM

v, —Vv, = 2cos(kx cos @) sin(kysin 8) (1.06)

Ctporoe 3aHyJieHHE TPOUCXOJUT TOJBKO €CIH YTOJl MEXAY JIydaMH
260 =0. TlosTomy B 0obnacTy mepeceveHus Iydeil BojHa He 00pamaercs
CTpOro B HOJBL! DTO XOpOIIO BUAHO Ha pucyHke. Ho u3 dopmyn u Ha pu-
CYHKE HE BHJIHO, B KAKOM TaKOM CTPAaHHOM COCTOSIHUU HaXOJUTCS dHEp-
rHs BOJM3M 30HBI 3aHYJICHUS W Kak ed ynarcs, IpouIsl 3Ty 30HY, MOJHO-
CTBIO BOCCTAHOBHUTHCS?

15 10 5 0 5 10 15

=R OR B

Puc.17

WHTepec K HEMPOSIBIEHHOMY COCTOSIHUIO IIEPEHOCUMON BOJIHAMH YHEPTUU
BO3HHMK B CBSI3HM C MOITBITKOM OCMBICIIEHHUS CymHOCTHOﬁ IIPpUPOJbl KOHTH-
HyyMma. Eciiu KOHTHHYYMY NPUIIMCATh CBOMCTBA CIUIOIIHOCTH, HEACIUMO-
CTU U HEPA3PLIBHOCTHU, TO CTAHOBUTCA COBCPUHICHHO HCIIOHATHBIM, KaK OH
BOOOIIE CITOCOOEH MOCPEICTBOM Ce0sl caMoro TepeiaBaTh U3 OJTHOTO MeC-
Ta TPOCTPAHCTBA B Jpyroe Kakue-nubo Bo3mymieHus? Benp moboe cme-
IIEHUE OJTHON YaCTH Teja KOHTHHYYMa OTHOCHUTEIIBHO JIPYToi OyIeT yKa-
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3BIBaTh Ha €r0 JIETMMOCTh U pa3pbIBHOCTH?! UTOOBI BRIATH U3 BO3ZHUKIIIE-
r0 3aTPyAHEHUS, MOKHO MIPHUMEHUTH XOPOIIO UCTIBITAHHBIN B HayKe MpH-
€M U O0BSBUTH, UTO «TaK yCTPOCHA MPHUPOJIA U HUYETO C ITUM IOJIENATh
Heunb3s!» YacTo Tak ¥ MOCTYHAKOT.

B camowm zene, 3auem, yTOObI IepeaBaTh SHEPTUIO U3 OJJHOTO MECTa Ipo-
CTpPaHCTBA B IPYroe, KOHTHHYYMY HYXHO M3MEHSTb CBOE coCTOsiHUE? DTa
SHEPrusl BIOJIHE MOKET MPOXOAUTH CKBO3b TEJO (IO TENly) KOHTHHYyMa B
TaK Ha3bIBAEMOM O€3aMILIUTYIHOM COCTOSHUH, M NPH 3TOM CaM KOHTHU-
HYYyM He OyJeT UCIBITBIBATh HYXXKIbl B KAKUX-THMOO OTHOCUTEJIBHBIX CMe-
nieHusix yacreil camoro ce0si. Torma u mpeacTaBieHHS O KOHTHHYYME
3JICHCKOM LIKOJIBI, BIIOJIHE ONPaB/AaHbI.

E1

E1+E2

Puc.18 WnmocTparmst K Bonpocy 0 6€3aMIUTUTYJTHOM COCTOSHIH YHEPTUH

Cutyaruro 6e3aMIUTHTY THOCTH JICHCTBUTEIBHO CIOXKHO MPEJICTABUTH, KaK
W CJIO)KHO OTBETUTH HA BOIPOC O COCTOSHUH NMEPEHOCUMOMN DHEPTUH B pe-
ILHOW cpelic BOJNHAMH, HAXOIAIUMECS B mpoTuBodaze. OIHAKO, MBI
Ternephb MOHMMAEM, YTO TAKUE BIOJHE PealbHbIC MPOIECChl MOTYT OBITh U
HEeHa0JtojaeMbIMU. VIHBIMU CJIOBaMH, HEPTHSI, IEPEHOCHMAsT BOJHAMU B
peanbHOit cpelie, MOKET HAXOJAMUTHCS B JIBYX COCTOSIHUSIX: B MIPOSIBICHHOM
(aMIUIUTYTHOM) M HenposiBIeHHOM. DOpMabHO CUTYalui0 MOXKHO BhIpa-
3UTH CIACAYIOMHUM 00pa3oM:

> E = Enp+ Eunp = const (1.07)

Takas 3anuch pa3gBUracT NPeICTABIECHUS O 3aKOHE COXPAHEHUS DHEPTUH,
T.C. yKa3bIBa€T, qToO BHCpFI/ISI MOKET HAXOAUTHCSA B JII060M N3 OIIMCAHHBIX
COCTOSIHUH.
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Putmyc: Ilockonbky Enenposen y Bac npuHIMNUansHO HeHaOlrogaema, JUis
9KCTIepUMeHTaTopa Barre paBeHCTBO BBITVISINT KAk HapyIIeHHE 3aKOHA COXpa-
HeHus SHeprun. Pazymeercs, BBeAsS B TEOPUIO TaKOW "MHCTPYMEHT'", MOKHO CMe-
J10 00€IIaTh 3JICKTPOCTAHIINH, BHIPA0ATHIBAIOIIUE SHEPTHIO ""13 Bakyyma'.

Junamukyc: [la, Bcé Kak BBl U CKa3ajiu, KpOME OC30TBETCTBEHHBIX OOCIIAHMIA,
TI0 KpaifHeil Mepe, ¢ Hallel CTOPOHBL. A TexX, KTO 00elaeT MHOTO SHepruu u 0e3
0co00ro TpyJa, MyCcTh pa3zodiiagaeT KOMUCCHS IO 00ph0e C IKEHAYKOMA.

BecbMa mro00mnBITHOM MNpeACTABIACTCA CUTyallus MEPEBOAA HCIIPOSIBJIICH-
HOM SHEPrun B MPOSBJICHHYIO. HOHHTHO, YTO HCIIPOABJIICHHOC COCTOSAHHC
OHCPrur BIIOJIHC MOXHO XapaKTCpHU30BaTb YacTOTOU. DTO 3HA4YMUT, 4YTO B
MNpOCTPAaHCTBEC OAHOBPEMCHHO MOTYT IMPUCYTCTBOBATH PA3HOYACTOTHBIC
HCIIPOSABJICHHBIC JHCPTUU. YToObI MOJIYy4YUTh HPOABJICHHYK 3SHCPIULO,
AOCTATOYHO HCIPOSABJICHHYI 3HCPIHUIO O,ZlHOI;’I YaCTOThl I'PpaMOTHO IICPE-
BECTH B 00Jiee HM3KOYACTOTHOE HCIIPOABJIICHHOC COCTOSIHUC. (DOpMaHLHO
3aIllMCh BBITJIAOUT TaK:

Enp = Eunpl — Ennp2 (1.08)

T.€. HEKOE YCTPONCTBO, Ha30BEM €ro 4acTOTHBIM TpaHchopMaTopom, 3a-
XBaTHIBACT HEMPOSBICHHYIO SHEPIHIO BBICOKOW YaCTOTHI M MEPEBOIUT €6
B HENPOSIBIICHHOE HU3KOYAaCTOTHOE cocTosiHue. [Ipu 3TOM pa3HOCTh dHep-
THI BIIOJIHE MOXET MEPEXOIUTh B MPOSBICHHOE COCTOSIHHUE.

Purmyc: Tloxoxe, 4To Hajo emie pa3 MPOLITYAUPOBaTh Teciia Ha IpeMeT MOUC-
ka sHeprud. ['oBops, yto "HyXHO TONBKO HAyYHUTHCS MEPEBOAMTH €€ M3 Oe3aM-
IJIUTYAHOTO COCTOSAHUSA B aMHJ’II/ITyI[HOC", Bbl, OYCBUJIHO, XOTHUTC CACJIaTh KaKom-
TO MpUOOP, KOTOPBIA MOT OBl TPAaHCIMPOBATh YHEPTHUIO U3 JIIOOOTO MPOCTPAHCTBA
B pe3epByap 3HEPTUH, KOTOPBIH MOXKHO OBUIO OBl TOTOM HCIIOIB30BATh B KAYECT-
BE€ MCTOYHUKA AJIEKTpUUECTBA?

Junamukyc: Bonpoc nepeBosa sHEpruu U3 0JJHOTO COCTOSIHUSA B JPYroe He Ipo-
CTOH, TpeOyeT JIOMOIHUTENEHONH MPOPA0OTKH, 1a00PaTOPHBIX SKCIEPUMEHTOB H
BocTpeOoBaHHOCTH oOmecTBa. YTo Kacaercs O€3aMIUTUTYIHON TpaHCIALUA
SHEpPruu U3 MyHKTa 4 B MyHKT B, TO, CKOpee BCero, 3T0 BO3MOXKHO. UTo kacaercst
0TOOpa 3HEPTUU HEMOCPEJICTBEHHO M3 IPOCTPAHCTBA, TO, B paMKax pa3paboTaH-
HOW MOJIeNH, OHO, TIPOCTPAHCTBO, TOJDKHO OBITH "HaOWTO" ’HEpTHe B Oe3aMIuIm-
TYJAHOM COCTOSHHUU XOTH 6])1 ImoTOMY, 4TO Ka)KI[LIﬁ 1/13J1yqa}0u114171 3JICMCHT BCIIC-
cTBa (€CNIM OH MpEACTaBIsieT cOOOH cucTeMy Ooliee MEIKHX H3ITyYarolux diie-
MEHTOB) SBIISIETCS CBOCOOPAa3HBIM TEHEPATOPOM TakoW sHeprun. PopMaibHO:
«HOIIbY MPHIIEN, «HOIBY yIIEN. B pesynprate 3acBetmnocsk ConHIle.
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[IpoGneMHBIM, B TaHHOM Ciy4Yae, SIBJISICTCS BONPOC 00 MCTUHHOM CO-
CTOSIHMU IIPOIIECCOB, KOTOPBIE PErHCTPUPYIOTCS HAIIMMH OpraHaMu
qyBCTB U npubopamu. He uckimodeHa cutyanms, B KOTOpoil HaOronae-
MBIl HAMH MHp, T.€. HAlll, CO BCEMHU aTpuOyTaMH HaXOJIUTCS Ha OJHOM
U3 HENPOSBICHHBIX YPOBHEH OpraHU3alliy MPOIEcCOB B KOHTUHYYMe. U
TaKUX ypOBHEH MOXKET ObITh MHOXECTBO, a €CJIM BBECTH BOOOpaKacMyro
KOOPJIMHATHYIO OCh, Ha KOTOPYIO HAaHU3aTh BOOOpa)kaeMble Oe3aMILIH-
TYIHBIE MHpPBI, TO MBI TOJIyYUM IIyCTh CTPaHHOE, HO em€ OJHO Ipo-
CTPAaHCTBEHHOE U3MepeHue (I ).

JlonmycTuM Haill MHp OIHMM U3 Oe3aMILTUTYAHbIX. Ho Haxomsch B HEM,
Mbl KOHCTATHUPYEM €ro aMIUIUTYJAHOCTb, T.€. OBELIECTBIEHHOCTb; IPHU
3TOM y Hac €CTb BO3MOYKHOCTb IIEPEBECTU TOT WM MHOM IHEPreTUUECKUI
mpoiiecc Ha 0osiee riyOOKuil ypoBeHb 0€3aMILIUTYAHOCTH.

[TpuHsB HaI MHUDP PSIOBBIM CpeAr 0€3aMIUTUTYAHBIX MHUPOB, MBI BBIHYX-
JICHBI JIOITyCTUTh U BO3MOXHOCTb «BELIECTBEHHO-IHEPIeTUUECKON» JKU3-
HU B MUpaX, aHAJIOTMYHBIX HameMmy. M XOTs Takas KapTHHA MUpa MHOTO€
Obl OOBsICHSIA, HAPUMEp, OTKyAa BJIEMEHTapHbIC YacTHIBI MOJyYaroT
SHEPTUI0 JJIs1 HOANUTKY, IJIsl HAyKH, OHa — He OoJiee yeM TUroTesa, KOoTo-
PYIO BCepbE&3 MOKHO IKCILTYyaTHPOBATh MOKA TOJNBKO B (miiocoduu, 330-
TEpUKE U MIPU HANMCAHUU (PAHTACTUYECKUX PACCKA30B.

Koneuno, 1o craryca Teopun M3I0KEHHAs TUTIOTE3a HE TOTATUBAET, HO Y
He€ ecTb HEOCIOPUMOE MPEUMYIIECTBO: OHA IMO3BOJISET TOHATH, KAKUM
00pa3oM KaKyIIuecs HaM peallbHbIMU SBJICHHS M TPOILECCHl CITOCOOHBI
peann30BaThC M MPH 3TOM HE BO3MYIIATh COOCTBEHHBIN HOCHUTEND, MEp-
BOOCHOBY, CyOCTpaT. B 3TOM cMBbICIe MBI HAIUTM CBEPXIPOBOIHUK IS
HIPOLIECCOB.

Cnez[yeT TAKXXC MPU3HATL, YTO Y HAC HET OIbITa OMMMUCHIBATH (1)I/I3I/I‘ICCKI/I6
SIBJICHUS U MPOLECChlI B paMKax 6e3aMHJ'H/ITyI[HLIX HpeHCTaBHeHHﬁ. I[a u
MaTeMaTHYSCKUH arnmnapar Ajigd 3Toro He HpI/ICHOCO6J'I€H.

HNHTepdepeHnns B CBEpPX3BYKOBOM pesKMMe — 3TO TaKXKe MaJIOM3BECT-
HOe ABiieHHe. TpyAHO ceOe MpeACTaBUTh CUTYaIUIo, B KOTOPOH KapTHHA
nHTep(hEepeHINN TIepeMeNIaeTCcsl B BOJIHOBOW Cpefie CO CKOPOCTBIO, IMpe-
BBIIIAIOLIEH CKOPOCTh PacIpOCTPaHEHUs! BOJIH B 3TOU cpefie.
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Puc.19 B cBepx3ByKOBOM KOHYyCE OJMHOYHOI'O OCLIJUIITOpA BO3HUKAET CTOSYEE,
OTHOCHUTENBHO HUCTOYHHKA, TI0JIe BOJIHOBOW 3Hepruu. CKOPOCTh 3TOTO MOJISA B TOY-
HOCTH paBHA CKOPOCTH MCTOYHHKA ( V'=1,5¢ ), T.€. OJIe JBIKETCA BMECTE C UCTOU-
HukoM. Ha doTo u3 xocMoca BuiHa Geryias 3a KaTepoM BOJIHOBasi KapTUHA.

——

Pnc.20 Tak BBIMIAAMT TOJIE pactpe-
JIeJIeHns] BOJTHOBOM (MHTepdepeHIn-
OHHOMN) PHEPTHU OT JIBYX CBEPX3BY-
KOBBIX KOTEPEHTHBIX OCLIUIATOPOB.
CkopocTh ¥ HalpaBlieHHE TepeMe-
IIEHUS TT0JIS1 B TOYHOCTH PaBHbI CKO-
POCTH ¥ HANpaBICHUIO OCLMIUIATO-
poB (V=1,5¢). CtapT pakeTOHOCHTE-
a1 «[Ipoton». B cBepx3BykoBoi
PEaKTUBHOM CTpye HYETKO BHJIHBI
SHEPreTUYECKHE Y3IIbl M IIyTHOCTH.

Puc.20a PacripeneneHie BOJTHOBOM SHEPTHH OT MHOXECTBA HCTOYHUKOB (MOJICITH
clieBa), HaXOMSIINXCS B CBEPX3BYKOBOM pexknme nprkeHus (12Max). IToxosxwmii
MIPOIIECC UMEET MECTO U B CBEPX3BYKOBBIX PEAKTUBHBIX CTPYSIX.

44



MHOTHUM TEOpeTHKaM H3BECTHO, YTO CYIIECTBYIOIIHE MaTeMaTHYECKHe
npuéMbl HE CIIOCOOHBI B MOJHON Mepe yBsi3aTh MEXIy co0O0# TO, Y4TO B
BOJIHOBOW TE€OMETPHH, & B MPUPOAE TEM Iaye, MPOUCXOANT JIETKO U Kak
camo coboii pasymeromeecs. Hanpumep, caMoopranusanys BOJHOBBIX
00beKTOB KoIM4ecTBOM Oosee Tpéx. st pacu€ToB HEOOXOIUM APYroit
MOJIX0JI, Ipyras jJoruka. [lepas Takas mporpaMma yke ecTb, HO ITOKa OHA
JlajieKa OT COBEPILICHCTBA.

Puc.21a HpOI/I3BOJ'II)HOe Ha4YaJIbHOC PACIIOJIOKECHUE KOICPCHTHBIX OCHUIUIATOPOB
Ha JUCIIIce.

Puc.216 Yepes He3HAUUTENBHOE BpEMs OCHMILIATOPHI CO3/aIM COBMECTHYIO Myd-
HOCTbH CTOSIYEH BOJHBI 1 CAMOOPTaHU30BAIIMCH BOKPYT HEE B KOJIBIIO.

Puc.218 [locteneHHo KOJIBLICBOC O6pa30BaHI/I€ Pa3acisaeTCsa Ha ABC 0oJiee MeNKHe
CHCTCMBI.
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§ 1.07 PurmoauHaMHKAa: OCTYJIATHI

IMocTynarsl B cOBpeMeHHOM pu3uke

MHorHe uccneaoBaTenu 10 CUX TOP CYUTAIOT, YTO OIBIT — €TUHCTBEHHBIN
HCTOYHUK U KpUTepuil uctuHsbl. IlycTh Tak, HO TOrza B OCHOBE COBPEMEH-
HOW (pM3NYECKON MapaurMbl JTOJDKHBI JIEKATh JOCTOBEPHO YCTaHOBJICH-
HbIC, a MOTOMY CUUTAIOIIMECs (yHIAMCHTAIbHBIMH SIBIICHUS U CBOMCTBA.
OpHaKoO, €CITU 3T SIBJICHUS U CBOWCTBA HHKAK HE OOBSCHEHBI Ha YPOBHE
MPOIIECCOB, T.€. HET MOHUMAaHUS, KaKue KOHKPETHO MPOIeCcChl obeceqn-
BalOT T€ WJIM MHBIE CBOICTBA, TO UX MECTO B PsILy (JEHOMEHOB IIPUPO/IBI.

*®@EHOMEH (ot rped. phainomenon - sBsromeecs), HEOOBIYHBINA, MUCKITIOYH-
TEJIbHBIH (DaKT, sIBICHHE.

K takum ¢enomenam oTHOCATCS: ABWKEHHE (HET OOBSICHEHHUS, TOYEMY
TeNa CIocoOHBI OECHPENsITCTBEHHO NepeMenaThcsi B MPOCTPAHCTBE);
WHEPLIHMOHHOCTH (J0 CHX IOp HE OIpejeNeHa IpUYNHA, ToYeMy Tesla CO-
MIPOTHUBIISIIOTCS BO3ACWCTBUIO M3BHE); CIIOCOOHOCTh K B3aWMOJIEHCTBHIO
(mampumMep, TATOTEHHE, IPUYMHA KOTOPOTO TaK)Ke HE OIpeNeleHa JI0CTO-
BEpHO, 3aMeTHM — Ooree uem 3a 300 JeT cymecTBOBaHUS IPOOIIEMB).

WNHpIME ciioBaMu, JieKallne B OCHOBE COBPEMEHHOH (pu3myeckoi ma-
paaurMbl SBJICHUS U CBOMCTBA XOTS W SIBISIOTCA JOCTOBEPHO yCTa-
HOBIICHHBIMU B SKCIIEPUMEHTAaX, HO MO0 MPUYHHE OTCYTCTBUS MOHUMa-
HUSI WX QU3MYECKOW CYTH MOTYT CUMTAThCA IOCTyJaTaMu. 3lech
MOXHO BO3pa3uTh, OJHAKO, BO3pa)xeHUs OyAyT OOOCHOBaHHBIMHU
TOJNBKO €CIIM OMNIIOHEHT MPEJIOCTaBUT NYCTh HECOBEPIICHHYIO, HO
KOHKPETHYI MOJiellb (OPMUPOBAaHUS XOTS OBl OJHOTO M3 IEPEYIC-
JICHHBIX SIBJICHUH WJIA CBOWCTB.

IMocTynaThl pUTMOAUHAMMKH

PutmonnramMuka mpeacTaBiuseT co00i KOHKPETHBIH criocold oToOpaxke-
HUsl SBJICHUH MPUPOIBI YEPe3 TeOMETPUUYECKOE MX MOJCIUPOBAaHUE B
BHJIC BOJIHOBBIX mporieccoB. s atoit menu B P/l cozman pazgen "Boin-
HoBas ['eomerpus", MO3BONIMBIINIK BBISBHTH PSJI BOJHOBBIX IPOIIECCOB,
SIBISTIOIIMXCS OCHOBOW W JEMOHCTPHUPYIONIUX (EHOMEHBI JBIKECHHS,
WHECPIUOHHOCTH, B3aHMOI[eI7[CTBH5[ U T.O.
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OpHrMM W3 TJIaBHBIX KPUTEPHEB JIIOOOW TEOPHH SBISETCS CIIOCOOHOCTH
MpeJICKa3bIBaTh T€ WJIM MHBIE COOBITHS W SIBIECHUS, KOTOPBIE BIIOCIECT-
BUU TPOBEPSIOTCS NPaKkTUKOW. D(PPEeKTUBHOCTH BOIHOBOW TE€OMETPUH
MOATBEPIMIIACH TIPU MPOBEICHUH 3KCIIEPUMEHTOB, B KOTOPBIX OBLIH MO-
JIy4eHbl IIPEJICKAa3aHHbIE €0 PEe3yJIbTaThl. DTO: 3KCIIEPUMEHT II0 OOHApy-
KEHHUIO C)KUMaHHS CTOSYMX BOJIH B aKyCTHKE; SKCIIEPUMEHT TI0 BBISBIIE-
HUIO 3aBHCHMOCTH CKOPOCTH JIBUKEHHS OCIIIIMPYIOIMIEH CUCTEMBI HC-
TOYHUKOB OT C/IBHTA (a3 MEXIY STUMH UCTOYHUKAMH; U APYyTHE.

PurmMoanHaMuKa 0OCHOBaHA Ha CHCTEMe MmoCTYyJIaTOB:

1.

l'umoTeTnyeckuii 3MeMEeHTapHBI O0BEKT — TOYEUHBIH 0Ee3MacCOBBIN
OCLMJIISITOP, KOTOPBI 00JagaeT CBOMCTBOM BHOpaluu (MM IMyJibca-
LI1H), BO30YKIAIOIIUI OKPY KAIOLIYI0 €ro Cpeay M pOXKIAOIIN B HEH
NEePUOANYECKHUE BOJIHBI.

Cpena, npeoOpasyromas BUOpalMI0 OCHMIUIATOPA B PACXOASIINECS
cepuuecKre BOJIHbI, 00ECIIEUUBACT UM ITOCTOSHHYIO CKOPOCTD Iepe-
a4yl BO3MYILICHHUS! OTHOCHUTENBHO IMOKOSLIETOCs B CpeAe MCTOYHMKA
(OTHOCHUTENBHO KOOPIAMHATHON CETKH, KECTKO MPUBSI3aHHON K Cpeae).
B3anmopeiicTBue, T.e. IpH MOSBICHUH 2-X U 00Jiee OCHUILISTOPHI 00-
pasyloT CHUCTEMY .

IlosicHeHusi BIOOPA MOCTYJIATOB:

OTCyTCTBHE Y OCIIILIATOPA MacChl OOECTIEYUBAET EMY, B CIIy4ae CTO-
pOHHETO NEHCTBYS, OC3MHEPIIMOHHBIA HAOOP CKOPOCTH IBHXKECHUS OT-
HOCHUTCJIBHO CpCIbI. I/IHepHI/IOHHBIe CBOMCTBA ITOSIBISIOTCS Yy ocuuJi-
JIMPpYyomX CUCTEM B 1I€JIOM, HO HE IMMPUCYIIHU CaMUM OCHUJIJIATOpaM B
OTJeNBHOCTH. MBI HE paccMaTprBaeM CBOMCTBA OTJIENLHOTO OCIIMII-
JATOpa, T.K. B 3TOM Cllydae OHH TpeOoBanm Obl oOocHOBaHus. Ho y
CHCTEMBI BSaHMOHeﬁCTBYIOHIHX OCHHUJIIATOPOB IMOABIIACTCA CBOMCTBO
CONPOTUBJIATBLCS, HAIpUMEP, U3MEHEHUI0 €€ ckopocTH. Ecnu panee
OTCYTCTBYIOIIEE CBOMCTBO MOSIBUJIOCH Y CHCTEMBI, 3HAUUT, 3TO CBOM-
CTBO CHCTEMBI, a HE DJIEMEHTOB, M3 KOTOPBIX 3Ta CUCTEMa COCTOMT.
Cpena BBezieHa 0e3 yka3aHusi e€ CTPYKTYpbl U opranu3anuu. He yka-
3bIBACTCA 3aBUCUMOCTDL aMIUIUTYAbI OT PACCTOAHUA. MoxHo Jaxe I10-
KasaTb, 4YTO 3aBUCUMOCTb aMIUIUTY/bl OT PAaCCTOAHUA €CTh CBOMCTBO
OCIWUIHPYIOIIEH CHCTEMBI, 8 HE OCIHJUIITOPOB B OT/AEIBHOCTH.
[TosiBIeHME CHUCTEMBI MO3BOJISET TOBOPHUTH 00 ycToiunBon opme e
CYLIECTBOBaHUS, & TAKXKE O JIOKAIW3AIMA DHEPTUM B KOHKPETHOM

47



MecTe mpocTpaHcTBa. Crucrema Mo3BOISIET Pa3iudaTh HapaMeTphl OC-
UUIATOPOB (Pa3HOCTh YacCTOT, COOTHOIIeHHE (a3). Y cucteMsl Briep-
Bble OOHAPYKUBAETCA HHEPIIMOHHOCTH (JJaHHOE CBOMCTBO M3HAYAIHHO
OTCYTCTBYET Yy OTHAEIBHBIX OCIIIISATOPOB) BCIEJICTBHE KOHEYHOU
CKOPOCTH pacrpocTpaHeHusi BOoMH (3(QeKTa 3ama3pIBaHus) MEKIY
3JIEeMEHTaMH CaMOOPTaHNU30BABIIECHCS CUCTEMBI.

JlJiss TOCTPOEHUS TIOJHOICHHON TeoMeTpo(QU3MUECKON MOAETH HE00-
XOJUuM pAd BCIIOMOT'aTCJIBHBIX yCHOBHﬁ. HaanMep, B CUCTEMC Kax-
IBIA  OCITWJUIATOP CTPEMUTCS 3aHATh yMOOHYIO st ceds 00macTh
3HeprokoMpopra, 30Hy yCTOMYMBOTO pPaBHOBECHS, MOTEHIHATBHYIO
sIMY U BCEI/la CJIeJIOBATh 3a HEW.

Hamune WHCPUHUOHHOCTH Yy OTACJIBHBIX 3JICMCHTOB (I/ICTOLIHI/IKOB
BOJIH) yYKa3bIBa€T HA MX CJIOXKHOE CTPOCHHE, T.€. HA HAINYHE CHCTEMBI
W3 COCTaBHBIX YacTeM.

§ 1.08 [TocTanoBKa 3a1a4 AJIs1 peLICHUS

ITo cytu P]I cBOAMTCS K PENIEHUIO XOTS U OTPAaHUUYEHHOI'0 Kpyra, HO OC-
HOBOITOJIATAFOIIINX BOIIPOCOB:
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3aBUCUMOCTH MAPaMETPOB CTOSYMX BOJIH OT JBUKCHUSI UCTOYHUKOB B
BOJIHOBOM Cpeze.

Toxk sHepruu u €ro 3aBUCUMOCTb OT Pa3HOCTH YacTOT.
BzaumopeiictBue uctoyHukoB BoiaH. OCHOBa camMOOpraHU3aIUU
CHCTEM.

Cneur (a3 u ero BIMSHHE Ha CKOPOCTHOW PEXKUM IEpEMEIlCHUE B
cpene.

[IprunHa peakiuy Ha BHEIIHEE U3MEHEHUE PEXKUMA JBUIKCHHUS.
[Tepemenienue B cpefie 3a CUET BHYTPEHHUX JBHXKYLLUX CHUIL.



I'nmaga 2. UHTEPOEPEHIIUSA

Bewu He makKue, KAKUMU Kaxdcymcsi...

§ 2.01 MoxHo au 000iTHCH 0€3 MOHATHS O BOJHOBOI
cpene?

TpynHo He 3aMeTUTh, 4TO K KOHIY XX BEKa B HayKe CJIOKMIIACh BECbMa
CTpaHHas CUTyalUs: «MaTepus ucyesia, OCTaJIUCh OJHU ypaBHEHUs»? O
TOM, 4TO Takas TEHACHLMS B HAyKEe UMEET MECTO, yKa3biBall elé JIeHuH B
onHOM 3 cBoux (puocodckux padbor. OnHAKO: «BO3 U HBIHE Tam». U
YTO YAUBHUTEIHHO: TEEPh Y CUYMTAIONIMX ceOs MaTepraaucTaMi B MOJC
SKCIEPUMEHTaTbHO-(DEHOMEHOJIIOTHYECKHH KOKTEWsIb, B KOTOPOM (U3H-
Ka IOJHOCTBIO 3aMElleHa MATEMAaTUKOW U HEAOCTYIIHBIMU IS 3PaBOro
yMa MozeisiMH. ['0cmoAcTBO MIMEHHO Takod (QyHAaMEHTaIbHOW (YU3HKH
HPOAOJIKANIOCH HAa MPOTHKEHUU Bcero XX BeKa U 10 UHEPLUU IPOCKO-
YUJIO B TPETHE THICSYEIIETHE.

Hecmotpst Ha TO, 9TO MpU3HAHA W BOJHOBAs MPHPOJIAa BEIIECTBA, BOJHO-
Bas TPUpPOJa CBETa, BOIHOBASI MPUPOJA PAIUOBOIH, CO CTOPOHBI HIEO0JIO0-
TOB OT HaYKH /IO CHX IOp HMEET MECTO APO€ OTpHUIIaHNE CaMOI BOJHOBOU
cpeasl. CTpaHHas CUTyalMs: BOJIHBI €CTh, @ BOJHOBOM cpenbl — HeT! He-
KellaHHue paccMaTpuBaTh OYEBHIHOE, MPUBOJUT K (parMeHTapHOCTH Ha-
YYHOTO MHPOBO33pPEHHS, COOTBETCTBEHHO, HECTIOCOOHOCTH CO3/aTh IIEII0-
CTHYIO M TIONIHYIO pabodyio mMozens. UTOOBI CKPHITh CBOIO WHTEIIEKTY-
ATBHYI0 HECITOCOOHOCTh, IPUXOAUTCS TpHOeraTh JUOO0 K "HCUEpIIBIBaIO-
M 00BsICHEHUAM, THA «Tak ycTpoeHa mpupoaal», B3sATEIM U3 00bIBa-
Tenbckoro apceHanma "Bce Takx JKuyt!", au00 K HHTEIIEKTyaIbHBIM
CHEKYJISIUAM THITA: TOJS KaKk 0COOble BUABI MaTepUH, Macca KaK BPOXK-
NEHHOE CBOWCTBO, WM K€ HMCKPHBIIEHHE IMPOCTpPaHCTBa-BpeMeHH. Bce
YTBEPAUTEIHHO TOBOPAT, HO HUKTO BPa3yMHUTENBHO HE OOBSICHSIET.

Uro xkacaercs aBTOpa U €ro PUTMOAMHAMMYECKONM MOJENH, TO
TYT BOJIHOBAsl CPEa HE MPOCTO CYIECTBYET, OHA HEOTAEIUMA OT BOJIHO-
BBIX SIBJICHUH: 0€3 MOHATHS BOJHOBOW Cpellbl MOJAEIb HE CMOXKET pado-
TaTh U BBIIOJIHATH CBOIO YHUBEPCAIBHYIO (QYHKIHUIO.
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§ 2.02 Crosiuasi BosiHA. OCHOBHbIE M3BEeCTHbIE U HO-
Bbl€ CBOICTBA

Crosturie BOJIHBI MMOBCHOAY. HpI/I‘II/IHa — OTpaXaTCJIbHbIC CBOICTBa TeIl.
HnpiMu CJIOBaMH, TaM, I'I€ €CTb BOJIHBI U UX OTPAXKCHHC, 00s13aTEeNIBHO
BO3HHMKAIOT CTOSYME BOJIHBI. BONHBI Ha BOJC, BOJHbBI aKyCTUYCCKHUEC, BOJI-
HbI CBCTOBBLIC (SHCKTPOMaFHI/ITHLIe) OTpaxasiCb OT IMOBCPXHOCTH, 00s13a-
TCJIBHO CO3JAar0T CTOAYUEC BOJIHBI BOmM3u Heé. CTosuMe BOJIHBI HIHUPOKO
HCIIOJIB3YKOTCA B paarO U JJICKTPOTCXHHUKE, 4 TAKIKEC B MCTPOJIOTHUH, HaA-
npuMep, Ui pealn3alu 3TaJlOHa JJINHBI. MHorvue XUMHKHA B OCOOCHHO
KpI/ICTaJIJIOFpaq)BI YK€ IMPpUXOAAT K BBIBOAY, YTO U CaMHU TEJla — ITO IaAKE-
ThI CTOSAYNX BOJIH, HCKHMEC BOJIHOBBIC pe].HéTKPI, B y3JIaX KOTOPBIX HAXOAAT-
Cs aTOMbI WK MOJICKYIJIBI. Crosture BOJIHBI MOT YT BBICTYIIATH B POJIK CH-
JIOBOT'O Kapkaca, U HC TOJIbBKO. HMmenno IIO3TOMY MbI an/:[aéM OoIbIIoe
3HAUYCHUC 5TOMY BaXXHOMY MPUPOJHOMY ABJICHUIO.

HepeT-II/ICJ'II/IM, YTO HaM U3BCCTHO O CTOAYMX BOJIHAX:

e Crosiuell BOIHOH Ha3bIBaeTCs BOJIHA, BOSHUKAIOIIAS B Pe3ysbTaTe Ha-
JIOKEHUS ABYX BOJIH, PACIPOCTPAHSIOIIMXCS HABCTPeUy JIpyT APYyTry H
YAOBIICTBOPSAIOLIMX CIEIYIOIIMM yCIOBUSM: YacTOTHI BOJIH OAMHAKO-
Bbl, aMIUIUTY[bl SBJSIIOTCA OJMHAKOBBIMU (YHKLUMSIMH KOOPJAWHAT.
Bo3HuKHOBeHME CTOSUEH BOJHBI ABJSIETCS YACTHBIM CIIy4daeM sIBJIC-
HUsI UHTEPQEPEHLIMHI BOJIH.

e Crosiuas BOJIHA BO3HUKAET, HAIIPUMED, NPU HAJOKEHUH MaJaloied U
OTpaXEHHOW BOJIH, €CJIM YTOJI NAJACHUs paBeH HyJo, a Koadduuent
OTpayKEHHUS PaBEH €AUHUIIE.

e AMIUIMTYJa CTOSYEW BOJIHBI SIBIISIETCS TMEPHOJMYECKON (yHKIne
KOOPJIMHATHI X U HE 3aBUCHUT OT BPEMEHH.

e Touku mpocTpaHCTBa, B KOTOPBIX CyMMapHasi aMIUIUTYa BCEraa pas-
Ha HYJIIO, Ha3bIBAIOT y3JIaMH CTOSYel BOJHBI. [IpoMExyTKH Mexay
y3J1aMy, [I€ CyMMapHasi aMIUIUTy1a OOJblIe HYJIs, HAa3bIBAIOT IyYHO-
CTSIMU CTOSIYCH BOJIHBI.

e JlnuHOHW cTosAYel BOJHBI HAa3bIBACTCS PACCTOSIHUE MEXIY IBYMs CO-
CeHUMH y3JIaMH WJIM MaKCUMYMaMH ITyYHOCTEH.

e B orianume ot Oeryuield BONHBI CTOsiYasi BOJIHA HE IEPEHOCUT DHEP-
rui0. 9TO, B YaCTHOCTH, MPOSABISAETCS B TOM, YTO MOJIOKEHUS B IPO-
CTPaHCTBE Y3JI0B M MYYHOCTEH HE M3MEHSIOTCS C TCUCHHEM BPEMEHHU
(mo3TOMY TaKue BOJIHBI M HA3bIBAIOTCS CTOSTUMMH). OTCyTCTBHE TIEepe-
HOCa HEPTUH CTOSYEH BOJIHOU SIBJISIETCS CIEACTBHEM TOTO, UTO 00pa-
3yIOIIKE 3Ty BOJHY HpsiMast U oOpaTHasi BOJIHbI IIEPEHOCAT SHEPTHUIO B
PaBHBIX KOJIMYECTBAX U B IPOTHBOIOIOKHBIX HAPABICHUSIX.

50



e Crosuas chepudeckas BOJIHA BO3HUKACT MPH HAJIOKECHUU CXOJIAIICH-
Csl M PacXOIAIICHCS TApMOHUYECKUX CHEPUISCKUX BOJIH.

[IpocTeimiM NpUMEpOM BO3HHUKHOBEHHS CTOSYEH BOJIHBI SIBISETCA
ONBIT CO IIHYPOM, OOMH KOHEL KOTOPOTO KECTKO 3aKpEIUIEH K HEemo.-
BIDKHOHM CTEHKE, a BTOPOH, CBOOOMHEIN, — K YCTPOHCTBY, COBEpIIIAOIIE-
My KosiebarenbHble OBMKeHUs. Ecnu nBurath cBOOOIHBIN KOHEL LIHYpa
HENpPEepbIBHO, 3aCTaBJIsIsl €T0 COBEPLIATH FApMOHUYECKHE KOoJeOaHUs, TO
M0 IIHYPY «IOOEKUT» CHHYycOHAanbHas BonHA. J{oias 10 TOYKM Kper-
JICHUS IIHYpa K CTEHE, BOJIHA OTPA3UTCS U «IIOOEKUT» B OOPAaTHYIO CTO-
pony. Hanoxenue Gerymux npsMoil 1 oOpaTHOH BOJIH AAacT HaM CTOS-
9yI0 BOJIHY Ha HIHYDE.

Puc.22
A Tenepp O BBISBJIEHHBIX pUTMOJUHAMHUKON HOBBIX CBOMCTBaX.

YcnoxxHnM 3KcriepuMeHT. Bmecto mHypa OynieM HCIoiab30BaTh TOHKYIO
ANACTHYHYIO PE3MHOBYIO TpYOKy (mmianr). J[is OGombImneit sscHoCcTH 0bOpa-
THMCSI K puC.23 W OIHUIIEM YCTPOHCTBO, C TOMOIILI0 KOTOPOTO OyneM
M3y4aTh OJTHY U3 HEOOBIYHBIX OCOOEHHOCTEH CTOSTYUX BOJIH.

Puc.23 a) PesunoBas TpyOka 3a-
TOJTHEHA BOJAOW, KpaH 3aKpBIT.
CKopocTH TIPSMOH U OTpaKEHHOM
BOJIH paBHbL. 0). Kpan oTkpeIT. 1o
Ul TpyOKe TedéT BOAa CO CKOPOCTBIO
‘ V. Ckopoctu npsiMoii B 00paTHO#
BOJH pa3nuuHbl. Eciu B ciyuae
(a) MOXKHO pacCUMTHIBATH Ha BO3-
HHKHOBEHHE CTOSYCH BOJIHBI, KaK
Ha puc.22, TO ynacTcs JU IOy-
' YHUTH CTOSYYIO BOJHY B CHTYallUH
._,l ( "Tl e (6)? Bens uHTEpdepupoBaTh Gy-
JOyT BOJHBI pasHOH  JJIMHBI!
Bcerpeunsie BonmHEI naxyT Ouenue,
B KOTOPOM CTOSUYIO BOJIHY Y3HAaTh
a 6 TpyaHo (puc.24).

c+V
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Pe3unoBas TpyOka OZHMM KOHIIOM BXOJUT B OTBEPCTHE WM BBIXOAWT Ha
JpyTOil CTOPOHE CTEHBI. DTOT KOHEIl MOJAKIIOYEeH K KpaHy, IPU OTKPBITHH
KOTOpOro B TpyOKy mocTymaeT Boga. Ha HEKOTOpOM pacCTOSIHUM OT CBO-
00/1HOTO KOHIIa TPyOKa MpHCOEeTMHEHA K KOJIeOaTeIbHOMY YCTPOHCTBY, a
CBOOO/IHBIN KOHEI] IIOMEIAETCs] B EMKOCTh JIJIsI CITUBA BOJIBI.

Hanonnum TpyOKy BOIOH, 3aKpoeM KpaH M BBIXOAHOE OTBEPCTHE TakK,
4T0OBI B IIpOLIecCe IKCIEPUMEHTa BOjIa OcTaBajach B TpyOke. [IBuras, kak
U B 3KCIEPUMEHTE CO LIHYPOM, CBOOOAHBIA KOHEL TPYOKH C BOJOH MBI
MOJY4YUM OErylIyl0 K CTEHKE M OTPaKEHHYIO BOJHBI PaBHOM [UIMHBI, Ha-
JIOKEHUE KOTOPBIX AACT HAM CTOSYYIO BOJIHY.

N3mennm ycnoBust skcriepuMenTta. OTKpoeM KpaH, PacIiOIOKCHHBIA 3a
CTEHKOH Il TOro, YTOOBI MO TPyOKe MOTEKNIa BOJAa C HEKOTOPOH CKOpO-
cThio V. B mpouecce, HanmpuMep, OAMHOYHOTO KoJeOaHnss CBOOOTHOTO KOH-
1na TpyOKH Mbl OOHAapyXuM, 4TO Oeryiias B HalpaBJIeHHUH CTEHKH BOJIHA
YMEHbIIIIA CKOPOCTh, & CKOPOCTh ITOW K€, HO OTPa3MBLICHCS] OT CTEHKH,
BOJIHBI BOo3pocia. Torna, eciu cBOOOAHBIN KOHEl TPYOKH COBEpILACT Tap-
MOHHUYECKUC KOHeGaHI/IH, MbI 6YI[GM Ha6J'IIOJIaTB KapTUHKY CJIOKCHUSA
BCTPCYHBIX BOJIH, UMCIOMIUX OJMHAKOBBLIC YaCTOTBI, HO Pa3HbIC CKOPOCTHU
pacnpocTpaHeHHsi B HOCHTENIEe, a CJIEJ0BATENIbHO, W pa3HbIe JUTUHBL. JTO
OOBSICHAETCSL TEM, YTO CKOPOCTh PACHPOCTPAHEHHsI BOJH JieopMaluu 1o
TpyOKe C BOAOI 3aBHCHUT OT CKOPOCTH M HAlpaBJICHHS IBM)KEHHS BOJBI B
TpyOKe. CKOpPOCTh BOJIH TI0 HAMPABIECHHUIO TOKa BOjbl — (¢ + V), a nmpoTus
toka — (¢ —V"). Torma, ecii 4acTOTHI BOJH OJMHAKOBBI, JIOJDKHA JIK BO3-
HUKHYTh CTOsiuasi BojHa? Min ske BO3HMKHET MHTEP(EPEHIIMOHHOE «HE-
YTOY, HUYEro OOIIEro cO CTOsueH BOJIHON HEe MMeroree?

II] L A T L A o A S N T T A e A

Puc.24 Tax BBINISIAUT KOMIIBIOTEpHAs MOJAENb, B KOTOPOW MCTOYHUK KOJIEeOaHHi
n300paxéH B BuJe nuHamMuKa. [Ipsmas u oTpaxx€HHas BOJHBI MMEIOT paBHBIC
YaCTOTHI, HO Pa3HbIE CKOPOCTH, a MOTOMY M AIHHBEL CIIOKEHHE 3THX BOJH AAET
pe3yJIbTUPYIOIIYIO B BUje OueHus. Eciim nmaHHBINA Tpoliecc paccMaTpHBaTh Mpo-
CYMMHPOBaHHBIM BO BPEMEHH, TO BBIPUCOBBIBAKOTCS IIyYHOCTU U Yy3/bl, 4TO U
CITy?>KAT OCHOBaHHUEM FOBOPUTH O CTOSTYEN BOJIHE.
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Ha mepBbIit B3MIs1 JOHKHO BO3HUKHYTh OMEHHE, KOTOPOE K CTOSTYEN BOJI-
HE HUKAKOI'0 OTHOIIEHUS He uMeeT. buenue I[CﬁCTBPITGJIBHO BO3HHUKACT
(puc.24), ogHako, UMEET MECTO U CTos4Yas BoiHA. B 3TOM HecnoxHo yOe-
TUTHCA TMOO Yepe3 pelleHne ypaBHEHUs CTOSYEH BOJHBI U KOMIIBIOTEP-
HO€ MOZIETIMPOBaHUE IIPOLIECCOB, JINOO B CAMOM 3KCIIEPUMEHTE.

[Ipu pemieHnn ypaBHEHHS U MOJEIUPOBAHMU Mbl HEU30EKHO CTAJIKHUBa-
€MCS C 3aBUCUMOCTBIO JUTMHBI CTOSTUEH BOJHBI OT ckopoctu V (2.02). OTa
3aBUCUMOCTh OTIMYAETCA OT paHee m3BecTHOH (2.01), u 3mech MBI BIep-
BbIE CTAJIKUBAEMCS C «Maru4eckum» B husuke kodduuumentom (1— 4 ).
TakoBa reomeTpusi CTOSUMX BOJIH, B KOTOpoi 2.01 sBisieTcsd 4acTHBIM
ciyyaeM 2.02. OOHapyXeHHOE SIBICHHE B PUTMOJMHAMUKE HAa3BAHO
«cxuManne crosanx BoH» (CCB).

c

Aem = — 2.01
cm > ( )
, c V?
V2
Aem = Aem-(1 -c—z) (2.03)

Ho crosiune BOiHBI 00pa3yloTCsi BO BCEX BOJIHOBBIX cpelax (3JIeKTpo-
MarHuTHasi BOJHOBAs cpeja He ABJgeTcd HcKiItoueHueM). Ctosiune BoJI-
HBI IaBHO UCIIONB3YIOTCS B 3JIEKTPOMEXaHUKE, PAIUOTEXHHUKE, B (DU3HKE
U METPOJOTUHU, KOTJA PeUb UAET CKAKEM, O PEaIUu3alUu 3TAIOHA JJIUHBI.
HNmenno nostomy ssinenuro CCB B purmomuHamuke mpuuaércst 00Jb-
LI0€ 3HAYECHHUE.

Crnenyer ynmoMsHYyTb, YTO CXXMMaHHE CTOSYHX BOJIH OBLIO OOHApyXEeHO
CHavajia B TE€OMETPUICCKUX MOCTpoeHUsX B 1981 romy (aBTOp MPOBOIMIT
TeOMETPUYECKU aHajN3 BOJHOBBIX SIBJICHHHA NMPUMEHHTEIBHO K JKCIIe-
puMeHTy MaiikenhCoHa), a 3aTeM 00OCHOBAHO W MaTeMaTHYIeCKH. M TOIb-
ko crycts 9 met (1990 r.) OBIT MTOCTABICH aKyCTHYECKHI AKCIICPUMEHT,
MONTBEPIUBIIHNIA 3TO OTKpbITHEe. OCTAaHOBHUMCS Ha HSKCIEPUMEHTE I0J-
poOHee o TOW MpHUYKHE, YTO B MPOIIECCE €To MPOBEACHUS OBIII0 OOHAPY-
KEHO C)KUMaHHe CTOSYMX BOJH HE TOJBHKO MPH MPOIONBHON OpHEeHTaInN
mpubopa K ABIKEHHUIO Cpelbl, HO W MpH Jr000i opueHTannu. MHBIMK
CJIOBaMH, B IKCIIEPUMEHTE OBUIM TIOJTHOCTBHIO TIOATBEPKACHBI TeOpeTHYe-
CKHe TIpeICKa3aHusl.
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[Ipexne yeM npUCTYIIUTh K OIMCAHUIO SKCIIEPUMEHTA, 331a1iUM, Ka3aJI0Ch
Obl, HEBHHHBIA BOIPOC: KaKOBa TPUPOJA aKycTUYeckux BoiH? OTBETOB
KaK MUHUMYM JIBa!

1. 3Byk — 3TO0 MexaHM4YecKHE (CIBHIOBBIC) BO3MYILEHHS, PaclpocTpa-
HSIOIIKECS B YIIPYTOil cpere.

2. AKycTudeckas BOJHA — 3TO CABHTOBOE B3aMMOJAEWCTBHE MOJIEKYJI I10-
CpEJICTBOM COOCTBEHHBIX 3JIEKTPOMArHUTHBIX MOJIEH, T.€. MPHUpOJa aKy-
CTUYCCKUX BOJIH — JJICKTpOMAarHuTHas.

Onwumem 3xcniepumedT 1990 rona Tak, 4ToOBI THOOOH JKETAOIIUNA MOT €ro
nmoBTOpuTh. Llemn u 3amaum SKCreprUMeHTa: MOATBEPIAUTh BIMSIHHUE JIBH-
KEHHSI Cpellbl MJIM OTHOCHUTEIIbHO CpEIbl Ha METPUYECKHE IMapameTphl
CTOSIYMX BOJIH.

Cxema aKyCTHYECKOTO 3KCIIEPUMEHTA (PHUC.25) IPUHIUIHAIFHO HUYEM He
OTIIMYAeTCsl OT cxeMbl ombITa ['epra (puc.26), B KOTOPOM TOT BIIEPBBIE
MTOJTyYHIT AIEKTPOMAarHUTHYIO CTOSTIYIO BOJIHY.

Puc.25 a) npsimass u oTpak€HHas BOJHBL, b) pe3ysbTaT CIOKEHHs BOJH: MIHO-
BEHHOE OTOOpa’KeHHE PE3yJIbTHPYIOIIEH; C) Pa3BHBAsCh BO BPEMEHH PE3YIIbTH-
pyIoIas IPOPHUCOBBIBAET B NMPOCTPAHCTBE KAPTUHY C SIPKO BBIPAKCHHBIMH ITyd-
HOCTSIMU U y3JIaMH, T.€. CTOSYYIO BOJIHY.

Puc.26 Pezonatop I'epua
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Jliist co3manust cTosiueii BOJHBI B 3BYKOBOM cpelie HEOOXOJUMBI UCTOUHUK
TapMOHUYECKUX KoieOaHWU M oTpakarenhb (aKycTHUeckoe 3epkaino). Uc-
TOYHHKOM MOXET CIIY>)KUTh TUHAMHUK, Ha KOTOPBIA Yepe3 yCHIHUTENb MO-
JIAIOTCSI CUTHAJIBI OT 3aJIal0NIero renepatopa. JlnHamuk nepenaér kouebda-
HUS aKyCTHYECKOW cpeJie B BHJIE CABUTOBBIX BO3MYIICHHH, KOTOPBIE Cpe-
Jla PacmpoCTpaHseT B MPOCTPAHCTBE IOCPEICTBOM caMoil cebsi B BHIE
BoJIH. CKOPOCTh PacipoCTpaHEeHUs] BOJH OINpEJeNsieTCS CBOWCTBAMHU Cpe-
JIbl, HapUMep, yNpyroctblo. B Bo3ayxe 3Ta ckopocTh KoieOiercsi, HO
npubmu3uTenapHo paBHa 330 M/c 'y 3eMHOW TTOBEPXHOCTH.

BonHbl 0T TMHaMuKa, pacpoCcTpaHssACh B Cpelle, MONAA0T Ha aKyCTHYe-
CKO€ 3€pKajI0 M, OTPaXKasiCh OT HEro, PacHpOCTPaHSIIOTCA B 0OpaTHOM Ha-
npasjieHud. B pesyibraTe cioxkeHus IByX Oeryiux HaBcTpedy ApYT Apy-
Iy BOJH B IPOMEXYTKE MEXTy MICTOUHUKOM U 3€pKajoM BO3HUKAET CTOA-
4as BOJIHA. DTO B ujeanie, T.e. IJIsl Cilydasi, eci Obl aMIUIMTYZAa BOJH Obl-
J1Ja HEU3MEHHOM, HEe3aBUCAIIEH OT pacCTOsHMA A0 ucTouHMka. Ho Ha
MIPAKTUKE aMIUINTYa MaJaeT ¢ pacCTOSHUEM, IIO9TOMY BO3HUKAIOT HEKO-
TOPBIE CIOKHOCTH YUCTO TEXHUUECKOTO IJIaHa.

: 3epkano

L

-
OWHAMHE

Puc.27 Kapra mectHOCTH, The TpoBOIMICS dKcnepuMmeHT (KanuHuHTpamckas
00u. moc. JIyxxku. Bun u3 kocmoca).

Ha puc.27 mokazana MECTHOCTb, I/l TIPOBOJHIICS SKCIIEPUMEHT, U PacIo-
JIO’)KEHHE OCHOBHBIX OJIOKOB (MCTOYHHK — MMHUTATOp 3€pKajia), C IOMO-
MIBI0 KOTOPBIX PEean30Bajach CTOSYas BOJIHA. PaccTosiHne MEXTy H3IIy-
JaTeJeM M 3epKaJoM paBHsIIOCH 70 METpOB. DTO 3HAYUT, YTO 3BYKOBAs
BOJTHA MIPOXOJHIIA MyTh TyAa U o0paTHO, paBHbIN 140 meTtpoB. KoHTpOIH-
HBII y3€II CTOSYeil BOJHBL, T.€. TOT, N3MEHEHHE MOJOKEHUS KOTOPOTo pe-
THCTPHPOBAIIOCH, HAXOIWICS BOJIM3M M3ITydaTess, MOITOMY B 30HE y3ia
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HEoOXOANMO OBLIO 00ECNednTh PABEHCTBO AMIUINTYN H3JIydaeMOd W
MIPUXOJIAIIEH BOJTH. DTO MPOOIIEMHBIH MOMEHT B SKCIIEPUMEHTE, KOTOPBIN
OBbLT peléH METOJIOM YMHOKECHUS U JICJICHUS YacToT.

HanyyaTenes Wmyarop
¥ zepKana
Anfl)- S (e
C TE—E—r |
= MK
NuHerka c'.
Bnok 1 Enox 2

Puc.28 biiox 1 cocTonuT U3 3ByKOBOTO T€HEPATOPa, YMHOXKUTEIS YaCTOTHI, CMECH-
TeJisl, YCHJIMTENS 3ByKa U TUHaMKKa. BIIoK 2 cOCTOMT M3 MUKpOQOHA, JAEIUTes
YaCTOTHI, BOCCTAHOBUTEISI CUTHAJIA, YCHIIUTEINS 3ByKa U JUHAMUKA. JInHelika ciry-
XKUT IJIsL PETUCTPALIY MECTOIIOI0KEHNSI KOHTPOJIBHOTO y37Ia.

3amarommii TeHepaTop ObUT HacTpoeH Ha dacToTy 3,3 K[ DToT curHan
OJTHOBPEMEHHO IOCTyNall KaK Ha yCHIIUTENb, TaK U Ha YMHOXXHTENb, T/Ie
€ro JacToTa yBeIMYHuBajach poBHO B 4 pasza (13,2 k['m). B xavectBe wmc-
TOYHHWKA HCIIOJIb30BAJIMCH JIBA YCUJIUTENS W J1Ba m3mydarens. OIuH u3imy-
yaTejgb — HU3KOYACTOTHBIA, BTOPOMl — BBICOKOYACTOTHBIA. MONIHOCTH
HU3KOYaCTOTHOTO HW3JTy4arens ObUta HEOOJBIIOH, a MOIIHOCTh BBICOKO-
9aCTOTHOTO MOAOWpaiach TaKOW, YTOOBI CUTHAJI OT HEro MOT OBITH IPH-
HAT MUKPO(OHOM, YCTAHOBJICHHBIM Ha aKyCTUYECKOM 3epKale.

IIpuHATEI «aKyCTHYECKHM 3€pKAJIOM» BBICOKOYACTOTHBIM CHUTHAJ IOJI-
Beprajicsl AeJCHUIO Ha YeThIpe, YTOOBI BOCCO3/1aTh HU3KOYACTOTHYIO CO-
CTaBJAIOLIYI0 M3aydeHus. 1locie BOCCTaHOBIIEHUSI HU3KOYACTOTHBIN CUT-
HaJl YCUJIMBAJICS U IEPEU3ILydalICs)» B HAIPABJICHUE K IIEPBOUCTOYHUKY.
MoHOCTh yCHIUTEN NOAOUpanack Tako, YTOOBI aMIUIUTYAA JOXO.s-
LIEero JO MCTOYHMKA CUTHaNa Oblla paBHOM aMIUTUTY/E CUTHAJIA U3Tydae-
MOI'O UCTOUYHUKOM.

Puc.29 ®ororpadun 3amaromero reeepaTopa, IMATATOpa 3epKaja, a Takxke, Go-
HEHJ0CKOIa, Te | — TOHKast MeiHast TpyOKa JUIs TIOMCKA y3/1a CTOSYEH BOJIHBI.
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Ot MAaHUITYJIAIUA TTO3BOJIMJIN PETUCTPUPOBATL Y3JIbI CTOSTYEH BOJIHBI B
HETOCPE/ICTBEHHOM OJIM30CTH OT MCTOYHMKA. [lookeHue y3/ioB onpeje-
JISUIOCH C TIOMOIIBIO MOJIEPHU3UPOBAHHOTO (DOHEHIOCKONA, B KOTOPOM
Karcysa ¢ MeMOpaHoil Oblla 3aMeHeHa TOHKOW MeAaHoH TpyOkoi. CBo-
0O0/IHBIN KOHEI TPyOKH TOMENIAJICSI B CTOSYYIO BOJIHY, 8 C TIOMOIIBIO Tie-
pemenieHus TPyOKH HaXOAMJIOCh MECTO B IIPOCTPAHCTBE, TJ€ 3BYK OTCYT-
crBoBaJl. [loojkeHre 3TOro MecTa COOTBETCTBOBAIO TOJIOKEHHUIO B MPO-
CTpPaHCTBE y3Jia CTOSAYEH BOJIHBI.

I/IsnyanenL 1N aKyCTHYCCKOC 3CpKaJI0 pacrojiarajlvuCb BCCraa Ha (l)I/IKCI/I-
POBAaHHOM PACCTOAHUU 6narouap$[ BKOIIAHHBIM B 3C¢MJII0 JACPCBAHHBIM
noACTaBKaM M PasMETKEC Ha HHUX. I[J'ISI CI)HKC&LII/II/I MECTOIIOJIOKCHHUA KOH-
TPOJIBHOI'O Yy3J1a CTOSYCH BOJIHBI HCIOJIb30Bajach ACpCBAHHAA HHHeﬁKa,
Ha KOTOpOfI KapaHJanmoM JACIalIuCb OTMCTKHU. Ilonoxenue y3i1a ompeac-
JIAJIOCH C MTIOMOIIIBIO (bOHeHIlOCKOHa BPYYHYIO.

Crnenyer 0co00 OTMETHTH, YTO 0€3 aKyCTHYECKOTO 3epKaja OOHAPYKUTh
CKMMaHHUE TaKeTa CTOSYUX BOJIH OBUIO OBl MPOOJIEeMATHYHO, OCOOCHHO
MY HaTpaBJICHUH BETpa BJIOJb OCH npubdopa. [leppoHauansHO mpesmnona-
raJIoCh YCTaAaHOBUTL ABAa BCTPCUHBIX M3JIydaTClisd, KOTOPBIC JOJIXKHBI OBITH
KOIr€pC€HTHBIMH, a IIOTOMY 3allUTAHHBIMU OT OAHOI'O 3BYKOBOI'O I'€HEPATO-
pa. Ho amanm3 mokaszan, 94To MOsBIIEHHUE BeTpa OyaeT cMemnarh uaTepde-
PEHIIMOHHYIO KapTHHY TaK CHJIBHO, YTO 3aMEPUTh MpearoiiaraeMblii 3¢-
(1)CKT OKa)KeTCs HEBO3MOKHBIM. IMeHHO TOrJa U nMpuuuia uacd co3aarb 1
MPUMEHHUTh aKyCTHYECKOE 3€pKallo, KOTOPOE IMOJHOCTBIO YCTPaHUIIO
«BpEIHOE» CMEIEHHUE MOJIsI HHTEP(EPEHIHH.

B mepuox moarotoBkM SKCHEPHMEHTa BBbIAANACh OE3BETPEHHAs IOroja
(Tpu neTHUX AHA). DTO OOCTOSTENHCTBO MO3BOJIMIIO yOEAUTHCS, YTO MPH
Ka)XJI0H yCTaHOBKE €IMHOX/bl HACTPOCHHOTO 00OpPYIOBAaHHS KOHTPOJIb-
HBII y3el Bcerja perucTpUpPOBAIICS HA JIMHEHKE B OTHOM M TOM JKE MECTE.
OcraBanoch J0XIaTbCs BETpa.

Puc.30 ®mrorep (cneBa). AHeMOMeTp
YanieyHsli (crpaBa)
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Jlnst omnpenenieHHsT HaNpaBJICHHUs BETpa HCIOJIb30BAICS CaMOCIbHBIN
¢urorep. [Tpubop a1 onpesesieHUs] CKOPOCTH BeTpa (aHEMOMETP) HE yC-
TaHaBJIMBAJICA BBUAY €0 OTCYTCTBHA.

HHTepeCHLI ObLIH ABC CUTYyaAllMU: KOTr'Za BETCPp AYCT B HAIIPABJICHHUU OCHU
«UCTOYHHUK — 3CPKaAJIO», U NCPICHAUKYIAPHO ei. CoriacHO BBIYMCIICHHUSIM
CX)KUMAHHC CTOAYUX BOJIH OJOJIZKHO NPOUCXOAUTH U B IICPBOM, U BO BTOPOM
CllyJasX. HJ’IH YCTaHOBJICHUA (baKTa C)KMMaHHs MaKeTa CTOAYMUX BOJIH TPEC-
OoBajack perucrtpanyda CMCHICHUA KOHTPOJIBHOI'O Yy3Jla B HAIpPaBJICHUC
AKyCTHUYCCKOI'O 3CpKaJia. Huxe MIPUBOAUTCA Ta6m/1ua paC‘léTHOﬁ 3aBHUCH-
MOCTHU MCKAY CKOPOCTBIO BETpPA, COKPAICHUECM PACCTOAHUA MCKIAY Yy3J1a-
MH O,Z[HOﬁ CTOSYCH BOJIHEI U CMCIHICHHUEM KOHTPOJBHOTO Y3JIa.

CxopocTh BeTpa PacuyérHoe paccrosinue PacuyérHoe cmewieHue
(kM/4, M/c) MEIKAY y3JaamMu (cMm). KOHTPOJbHOTO0 y3J1a
(B10JIb, momepék) | ¢=330m/c, n =3,3xI'x (ecm) L-L’°. L=T70m.
0,0xMm/4. 0,00m/c 5,00cMm 0,00cMm

5,0xm/4. 1,39m/c 4,99991 6999,87 0,13

10xm/4. 2,78m/c 4,99965 6999,51 0,49

15xm/a. 4,17m/c 4,99920 6998,88 1,12

20km/4. 5,56m/c 4,99858 6998,01 1,99

25xm/4. 6,94m/c 4,99779 6996,91 3,09

30xm/u. 8,33m/c 4,99681 6995,53 4,47

I[JBI IMOATOTOBJICHHOI'O SKCIIEPUMEHTA YIAYHbIMU METCOYCIIOBUAMU MOXK-
HO CUUTATh MPEArPO30BYIO CUTYAIMIO, B KOTOPOH MMEET MECTO TEePHO
3aTullbs, a 3aTEM IMOABJIACTCA BETED, KOTOpBIfI IIOCTCIICHHO MCHACT Ha-
npasjieHue. B TedeHue mocnenyomei HeJlelld TaKue YCIOBUS BO3HUKAIH
JIBaXK/Ibl, U OHU OBUIM HCIIONB30BAHbI JJIS MpoBeaecHUS 3amepoB. OOpa-
0O0TKa MMOJTYYCHHBIX PEe3yIbTATOB MIO3BOJIMIIA OJJHO3HAYHO 3aKIFOUUTh: TPH
TMMOABJICHUHM BETpa U HE3aBUCUMO OT €TI0 HAIlpaBJICHUA KOHTpOJ]LHBIﬁ y3€i
CTOsiuel BOJIHA BCerjia CMelIajcs B HalpaBJCHUE 3epKajia, YTo CBHJIE-
TEJIBCTBOBAJIO O HAJIMYUH B aKyCTUKE 3aBUCUMOCTH JJIMHBI CTOSTYEH BOJI-
HbI B CUCTEME OT €€, T.€. CUCTEMBI, CKOPOCTU B BOJIHOBOU cpeze. Takum
o0pa3oM, TeopeTUdeckH mpezackasanHoe B 1981 rojy, siBjaeHue ObLIO MOI-
TBEPXKJAEHO IKCIIEPUMEHTOM !

OmnuiieM Opyrod SKCHEPUMEHT, KOTOPBI MOXKHO IOCTaBUTh B OOBIYHOM
IIKOJILHOW J1abopaTtopuu, Wi Jaxe y ce0st moma (puc.31). Jlnst mpoexe-
HUSl SKCIIEpPUMEHTa HEOOXOUMBI: 3BYKOBOH T€HEpaTop, YCUINTENb MOIL-
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HOCTBIO 1BT, TUHAMUK, OCIMIUIOTpad), MHE30IaTIYNK U TOCTATOYHO MOIII-
HbBI BEHTHJISITOP.

Puc.31 IlosBneHue moToka BO3MyXa MEXIy TUHAMHUKOM M CTEHKOW (IIOTOK CO3-
JaéTCsl BEHTHIISITOPOM) TIPUBOUT K Aedopmaiy nHTep(epeHIIMOHHON KapTHHEI
U CMEIICHHUIO KOHTPOJLHOTO y3Jla B HamlpaBieHUH CTeHKH. [lakeT cTosiunx BOJH
CIKMMAETCs.

ITopsinok npoBeIeHUs SKCIIEPUMEHTA CJIeAYOIIHI:

L.

10.

CoennHUTh MoCcIe10BaTeNbHO 3BYKOBOW IeHEpaTop, yCUIUTEIh MOIIl-
HOCTHU M TUHAMMK

Y CcTaHOBUTH YaCTOTY 3BYKOBOTO TeHepaTopa, Harpumep, 3 k't
JK€cTko ycTaHOBUTH IMHAMUK HA paccTOsSHUM 2 — 2,5 MeTpa oT Oe-
TOHHOU CTEHBI.

BKITI0YNTE yCHIUTENb W HA CIIyX YOEOUTHCS, YTO B MPOMEKYTKE Me-
KAy TMHAMUKOM U CTEHOH BO3HMKJIA CTOSYasl BOJIHA.

[Tee3omaTunk moacoeAMHUTH K ocummiorpagy. C MOMOIIBIO MBE30-
JaTUMKa CIEeIyeT BBIIBUTH 30HY MOJUYAHUS, SBISIOLIYIOCS Y3JIOM
crostueit BonHbl. Ha ocumnorpade 30Ha Moiauanus OyneT BBITTISACT
MHUHHMYMOM BCIUIECKa Oeryieil Touku.

Haiitu ¢ noMompio nbe304aT4nKa y3€i, PACIOIOKEHHbIM KaK MOXKHO
OMmKe K TUHAMUKY U MEXaHUYECKHU 3aKPEMUTh AaTYHK B TOM MeECTe.
OtMeTuTh Ha ocumiuiorpade aMImUTyay Oerymield Touku (Ha nudpo-
BOM ocuuiorpade 3Ha4eHUe aMIUIMTYAbl CHTHajda OyJeT BBIPa)KCHO
B 1u¢pax)

Y CTaHOBUTH BEHTUIISITOP Ha paccTosHuu 1,5 — 2 MeTpa OT yCIOBHOU
KpaT4aillleld JINHUYA MEXJy JUHAMUKOM M CTCHOM, HAIPAaBUTh €T0 B
CTOPOHY 3TOH JIMHUHU U BKJIIOYHUTE.

[ocne BkIOYEHMs] BEHTHISATOPA MOKa3aHUs Ha ocLuuiorpade m3me-
HATCS B OOJIBIIYIO CTOPOHY.

AKKypaTHO nepemMelnias JaTYUK B HANIpaBJIE€HUE OT IMHAMHKA K CTEHE
HAWTH HOBOE IIOJIOKEHHE CMECTHBILIErocs ysia (M3-3a ManocTu 3¢-
(dexTa mpouenypa mnepeMelleHHs OaT4MKa JOJDKHA MPOBOIUTHCS C
MOMOIIIbI0O MUKPOMETPHUECKOTO BHUHTA).
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11. CMmemenne y3ina B HalpaBICHWU CTEHKH JTOKA3BIBAET, YTO TOTOK
BO3/1yXa OT BEHTHJISATOPA M3MEHUJ METPHUECKHE TapaMeTphl CTOs-
4yeil BOJIHBI.

12. BpIBOA: MPOHU30IUIO C)KUMAHHE CTOSYMX BOJIH!

OTKpBITI/Ie JaHHOI' o Sq)(l)CKTa 3aTparuBacT MHOI'MC BAXXHBIC BCIIW, HAIIPH-
MCEp BOIIPOC 00 YCTaHOBJICHUHN (byHHaMCHTaHLHOFO OTaJIOHa AJIUHBI. ECJ'II/I,
MNpUMCHSISL MCTOJ I/IHTep(l)epeHLII/II/I, CO34aThb OJOTaJIOH JJIKWMHBI HCKJIFOYH-
TCJIBHO M3 n-HOTO KOJMYCCTBA CTOAYHX SJICKTPOMArHUTHBLIX BOJIH U CO-
MOCTaBUTH €ro, HAIIPUMEP, C MIIATUHO-UPUANCBBIM IIAPUKCKHUM 3TAJIOHOM,
TO BO3HUKACT MHTCPCCHAA CUTYyaluA: BEHICCTBO BEIET cebs B TOYHOCTH,
KaKk W HCKYCCTBCHHO CO3JAaHHBIC 3JJICKTPOMAIHUTHBIC CTOAYNC BOJIHBI.
HpI/ILII/IHa KpOCTCA B CTPOCHUM BCLICCTBA, B €ro BOJIHOBOH npupoac, B
BOJIHOBOH npuponac CBs3eH MCKAY 3JICMCHTAMM BCILICCTBA.

§ 2.03 KosieOanus, crosiyue BOJHBI U 3TAJOHBI Mep
(pu3nUecKux BeJHYNH

Konebanue (mynbcaiusi) SBISETCS OJHUM W3 OCHOBOIIOJIATAIOIIMX BUIOB
npwkenus. Jlroboe konebanue 6€30THOCUTENBHO K YeMY-JTHO0 CYIIECTBY-
eT caMo 1o cebc W B OTCYTCTBMU HaOmrojaresns oO0Xomutcs 0e3 KaKux-
MO0 YUCICHHBIX MAapaMeTPOB U pazmepHocTeit. OHO mpocTo ecTh! UToOb!
OIPE/ICTUTh MapaMeTPhl U Pa3MEPHOCTH MCTOYHHMKA KoJicOaHUl, He00XO0-
IUM HaOrogaress. Ho v HaOmrogaTellb HUYEro HE MOJXKET CKa3aTb O KO-
JICOIIOIEMCST UICTOYHUKE, ©CIIM PSJIOM HET JPYTMX MCTOYHUKOB KoyieOa-
uuii. Habmromarens TONBKO M MOXKET, YTO IMOJCYUTLIBATE KOJUYECTBO KO-
nebanuii B mitykax. Eciu psgoM NpuCyTCTBYIOT APYrue UCTOYHUKH, TO Y
HEro MOSBJISCTCS BO3MOXKHOCTh CpaBHMBATh. B pe3ynbTaTe Takux CpaB-
HEHMH HaOII0AaTeNlb MOXKET OOHApY>KUTh, YTO OAHUW MCTOYHHKH KOJeO-
JOTCS OBICTpEe PYTuX, T.e. — yanie. OTCro/1a ¥ Ha3BaHHE: YacToTa.

st cucTemMaTH3anuy  pe3yJbTATOB HAONIOACHWM BBEIOMPAIOT HamOoJee
CTaOMIIBHBIN W3 UCTOYHUKOB U, Harpumep, 1000 mTyK MOTHBIX €ro KoJje-
OaHwii Ha3HAYarOT (MIPUHUMAIOT) B KAa4eCTBE HMCXOJHOTO JTAJIOHA [JIH-
TEJIHHOCTH U JAI0T €My Ha3BaHHE — €IMHHIIA JITUTEILHOCTH (BpEMEHH).

DTanoH AJMTENBHOCTH OKa3bIBACTCS YJOOHBIM WHCTPYMEHTOM AJISI CHC-
TEeMaTU3aliH, MO3BOJISIONIEH JaBaTh OLECHKY JIOOBIX MCTOYHHUKOB KOJIe-
0aHWil ¢ eAMHOW MHTYUTHBHO MOHATHOW MO3MLUH. Pa3MepHOCTB: IITYKH
KoJIeOaHUH 3a eAMHUILY JUIMTENFHOCTH. TakuM oOpa3zoM, y HaOmrogaress
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MOSIBUJIACH TIepBasi pa3MepHOCTh [n-mTyk/1000 mtyk], B kotopoit «1000
MITYK» €CTh SIUHUIA JIIUTEIHFHOCTH (BpEMEHH). DTy pa3MEepHOCTh MOKHO
Ha3BaTh KaK yroJIHO, HAIPUMEp Ieplibl [TYKH/C].

[ToHsTHO, YTO JIFOOO ITAJIOH, B TOM YHCIE W STAJIOH BPEMEHHU, — He 00-
Jiee YeM JOTOBOPEHHOCTDH (COTJIAIIICHHE), B OCHOBE KOTOPOU JekaT BCE
Te ke KOJeOaHWs: CAMHUIA BPEMEHU OMPEACSeTCS MPOCThIM CYETOM
konebaHuit yero-nubo. M3HauanbHas pa3MEepHOCTh €AMHUIBI BPEMEHHU —
mTyKd!, HO JUIg ymoOCTBA HEKOTOPOE KOJMYECTBO MITYK KOJeOaHHH y
BBIOPAHHOTO MO JJOTOBOPEHHOCTH MEPHOAMUYECKOTO MPOLIECCa, HA3BAIU —
onHa cekyHpa (1c¢).

coowe s 35 %
“PYPBEE T
s . o

Puc.32 Ecnu cBepXTO4HOCTH HE TpeOyeTcsi, TO KBapLEBBI I€HEPaTOp CUTHAJIOB
BIIOJIHE MOJKET OBITh UCIIOJIB30BAH AJI YCTAaHOBJICHHS 3TaJIOHA BPEMEHH.

Purmyc: Kpyro! I'epubl — mityku, nenéHable Ha mTyKH. CKOPOCTh — METPHI Ha
IITYKH; YCKOPEHUE — METPHI Ha IITYKH B KBaJApaTe. DTaK Mbl H METPbI, U KHJIO-
rpaMMBbl CKOpPO CTaHEM B IITYKax M3MepsTh... Hem Bac He ycTpauBaroT cuctemsl
CH nmu CI'C?

Jdunamukyc: Ho Benpb Tak oHO U ecTh: Bc€ B mTykax! Hampumep, aTanon Bpeme-
HU 1c ecTh HE YTO MHOE, KaK MPOAOLKUTENbHOCTS 9192631770 mTyk KonebaHuit
M3IYMCHHA KBAHTOBOTO MEPEXOa MEXKIy JTMHHAMU CBEPXTOHKOW CTPYKTYpBI
atoma - Cs. A sTajnoH JuimHbl? TaM Toxe KoyieOaHHus U KOJIMYECTBO BOJIH B LITY-
kax. HopmaneHast yectHas pazmepHocTs. UeM oHa Bam He noHpaBunaces?

3anmyTaHHee OOCTOUT AENO C pealau3alyell 3TajJoHa UIMHBI, JUIi COBpe-
MEHHOI'O OIpele/IeHUs KOTOPOro HCIIONb3YETCsl IOHATHE «BOJIHA». B
METPOJIOTHH 3a 3TajoH JUMHBI 1 MeTp mpuHATo 1650763,73 mryk miuH
BONH oT °Kr, yK/IaJbIBAaIOIUXCS, ONSTh-TAKH, B JOTOBOPHOM OTPE3KE
IIPOCTPAHCTBA.
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Puc.33 Cxema wuHTepdepomerpa
MaiikenbCoHa C peryjJupyeMbIM 3ep-
KaJoM, HCIOJb3yeMas JUlsi MOACYETa
BOJIH. M — MUKpOMETpUYECKUI BUHT;
B — cBeronuona, ucnosb3yeMmblid B
N3MEPEHNN NHTEHCUBHOCTH CBETA.

JnuHa Oerymux BOJH OMpeNeNseTcsl YacTOTON KojeOaHHid 1 CBOWCTBOM
BOJTHOBOH CpeJibl MEPEHOCUTH (PaclpOCTPaHITh) BOJHBI C KOHKPETHON
CKOpPOCTBIO OTHOCHUTENBHO camoii cebs. CormacHo addexty Jomnepa B
CUCTEME, JIBIXKYIICHCS OTHOCUTEIILHO BOJIHOBOH Cpe/ibl, JUiHA Oerymieit
BOJIHBI 3aBHCHT OT CKOpPOCTH cucTeMbl, T.e. A =(c*V)/v, mosromy
HEJb34 COINIACUTHCS C YTBEPKICHUEM, UTO B IPOMEXKYTKE, IPUHITOM 32
1 MeTp, Bceraa yKkiaablBaeTCss HEM3MEHHOE KOJIMYECTBO OETyIIUX BOJH
u3IyueHus o “UKr (mepexos Mexay yposHamu 5ds —> 2pio).

YTBep)KACHUE K€, UTO JJIMHA BOJHBI B CUCTEME HE 3aBHCHT OT CKOPOCTH
CHUCTEMBbI, KOPPEKTHO TOJILKO B paMkax Teopuil HeloToHa u DiiHITEHA,
I7Ie OCHOBOH SIBIISIETCS OTCYTCTBHE BOJHOBOH Cpebl MO MpHYMHE e€ He-
HaJ00HOCTH.

Bomnpoc onpenenenust AnuHbI Oeryieil 3IeKTPOMAarHUTHON BOJHEI B Ba-
KyyMe siBisieTcst mpoOsieMHbIM. [lo cuX Mmop He M3BECTEH CIIOcOo0 MPsIMOro
W3MepeHHs AJMHBI TaKOH BOJNHBI Ha MapuipyTe. Jla W CylIeCTBYeT Jiu B
MPUHIHMIIE TPSMOH crtoco0 u3mMepeHus Oeryieii BoJHb1?

Putmyc: Hy Bbl 1 naére. A Kak >ke pacu€Tbl M paboTa CIOKHEHIINX paIrodJIeK-
TPOHHBIX ycTpoicTB? BBl X0Th aymaere, o 4éM 3asBiusere? C IMOMONIBIO BOJH
paccTosiHMe N0 IUTaHeT HAy4WJIMCh MEPUTh, KOCMUYECKUMH amlapaTaMu yIpas-
aath. A GPS HaBuranus?

JduHamuKyc: Bpl MeHs IIankaMu HE 3aKUIbIBaliTe, U BOAY 3aKJIMHAHUSMU HE
MyTHTE. BBI nydine OTBETbTE Ha BOMPOC: MPU U3MEHEHHU CKOPOCTH CHCTEMBI
3BYKOBBIE CTOSYME BOJIHBI CXKHMAIOTCS, MJIM HET? A €ClIU CXKHUMAIOTCS, TO YeM
ayIeKTpoMarHuTHele Xyxe? Eciu BBl ckaxkeTe, 4TO BOJIHOBOI cpefbl (3¢upa) Her,
JIOKQKUTE.

WnHoe neno — crosiuas BoyiHa, 0Opa3oBaHHAs OeTyLIMMHU NPSMOW W OTpa-
KEHHOI BoHaMu. Panee ObLIO MOKa3aHO, YTO YABOCHHAS JUIMHA CTOSYCH
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BOJIHBI COBITAIaeT C JJIMHAMH O0Opa3yronux e OeTryIIuX BOJH TOJHKO B
OJIHOM ClIy4ae — KOIJla CHCTEMa HEMOABMKHA B BoHOBOM cpene (V =0,

24, =4 =4,). Ecm cucrema nepememaercs B cpexe (V' >0), to
CIIpaBeUIMBa JPyras 3aBUCHMOCTh

—-

Alem = %, (2.04)
_I_

W3 KOTOPOH HUKAaK HE ClelyeT PaBeHCTBa MEXIY OEryIIMMHU BOJHAMHU H
yABOeHHOM crostueil. [loaToMy, Koraa peusb UAET 00 3TaNOHE JJUHBI, Cle-
JIyeT TOBOPUTH O KOJMUYECTBE CTOAYMX BOJH B IMIPOMEXKYTKE, IPUHATOM 32
sTanioH 1 mMeTp. D10 KomudecTBO paBHO 3301527,46 mTyK CTOSYUX BOJIH
ot u3nyuenus “Kr.

Ho Bo3HmKaer mpoOieMHasi CUTyalus: IpU U3MEHEHUH CKOPOCTH CHUCTe-
MBI HaXOMSIIUKHCS B HEW BOJTHOBOW ATAJIOH JJIMHEI OyIeT BeCTH ceOs He-
OJTHO3HAYHO, T.K.

2
Nem=Jem— B (2.05)

J1-p%-sin* @

20—

20

Ii

1000

M s g

-] Puc.34 Buemnuil BUI NpoToTUIIA MET-
pa (ero monHas mwHA paBHa 102 cMm).
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NupiMU crioBaMM, €CIIU B3SITh JKECTKUN TJIATUHO-UPUAUEBBIA 3TANIOH U
IoaACYUTaTh KOJIMYECTBO CTOAYUX BOJIH, yKJ'IaI[LIBaIOHII/IXCSI Ha OJJIHUHE 3TO-
ro 3TaloHa MPH OTCYTCTBUM ABMXKeHUs cucteMbl B cpene (V' =0), o no-
siBjieHne JBMKEHUS cucTeMbl (V> 0) D05KHO MPUBECTH K YBEIUYEHHUIO
KOJIMYECTBA CTOSYUX BOJIH Ha ydacTke 3TajoHa. Ho Ha mpakTHke 3TOro He
HaOiroaetcs. 3a OoJee ueM BEKOBOI MEpHOJ] YCOBEPIICHCTBOBAHUS CIIO-
CO6OB peaJ'II/I3aIlI/II/I J3TaJIOHA JJIMHBbI, HUKAKOI'O yBCHI/I‘IeHI/I}l NN YMCHI:-
IICHHUS KOJIMYECTBA CTOSIYMX BOJIH HAa y4acTke B 1 MeTp, HU pa3y oOHapy-
*keHo He Obut0. [Touemy?

[MpuunHa HeHAOMI0JAEMOCTH MOXKET OBITH OOBSICHEHa 3aBUCUMOCTBIO pa3-
MEpOB JIBUKYIIMXCS TEJI OT HX CKOPOCTHU B BOJHOBOIA CpeJie 1Mo TpaBHITy:

Pazmeps! Tena JlnvuHa crosiued BOJTHBI

AX’IAX-(I—ﬂZ) ﬂ’cm(x)zﬂcm(l-ﬂz)
Ay'ZAyw/l—ﬁz ﬂ'cm(y)Zlcm-\ll-,Bz
Az'=Az- 1—ﬁ2 /ch(z)=/1€m~\/1-,32

M2 12
Pt B | Jew=pem ——=E

J1-psin’ a J1-p’sin’ a

I'unore3a cTaHOBUTCA MHOHSTHOM, €CIM CPaBHUTh IPEANOJIAraeéMoe Co-
KpallleHUE pa3MepoB TeJl B JIBUXKYILEWUCS CUCTEME, C COKpPAILIEHUEM JUIMH
CTOSIYMX BOJIH B 3TOU K€ CUCTEME.

Puc.35 Ecnu 3TanoHy JUIMHBI COMOCTABUTH OCTYIIHME W CTOSIYME BOJHBL, TO CHUTYya-
IUsI C OTpENeNICHHEM JITMHBI TaJoHa depe3 MOACYET OCryImuX BOJNH CTAaHOBHUTCS
abcypauoi. MHoe neno, eciu peub UaET o moacuére crossuux BoiH. OMHAKO, pU
[IEPEOPUEHTALIMHN B MPOCTPAHCTBE WM U3MEHEHUHM CKOPOCTHOTO PEXUMA CTOSIUME
BOITHBI COKUMAatoTcs. Ecim ObI MaTepral KOHIIEBOM MEpBI HE CKUMAJICS B TOYHOCTH,
KaK 3TO IMPOHUCXOAUT CO CTOAYMMU BOJIHAMU, TO KOJIUYECTBO CTOAYMUX BOJIH MCHSI-
JIOCH OBI IPH U3MEHCHUU YCIIOBUI NBrKeHUs. Ho 3TOro He mMpoucXoIuT.
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Takoil CMHXpOHU3M BO3MOYEH TOJIBKO B ClIy4ae, €CJIM MEKaTOMHbIE CBSI-
31 B KPUCTAINIMYECKOU PEMIETKE UMEIOT BOJHOBYIO IPUPOJLY U UX MOMKHO
MPEJICTaBUTh B BUJIE CTOSUMUX BOJIH.

a & 8
Harpui @ ¥repon e Kansuwi
Xaop DTop

Puc.36 Crpyxkrypa kpuctamios: a — ranmut NaCl; 6 — anmas; 6 — gmoopur CaF,.
CocraBlIeHHBIE U3 Pa3HbIX aTOMOB, II0-Pa3HOMY PACIIOJIOKECHHBIX, BCE OHH 00pa-
3YIOT Ky0, T.€. OTHOCATCS K OZHOM M TOH K€ MPOCTPaHCTBEHHOW TPyTIIIE.

Ecin BHyTpeHHee cTpoeHHE BeIIeCTBa paccMaTpUBaTh WMEHHO TaKUM
00pa3oM, TO PAaCCTOSHUS MEKIYy aTOMaMu Bcerga OyIyT ONpenemsThCs
pasMepaMu CTOAYMUX BOJIH. HpI/I YBCIMYCHUN CKOPOCTU BEHICCTBCHHBLIX
TeJT B BOJIHOBOW cCpele MPOUCXOAMT COKpamleHHe (CKUMaHHE) CTOSIMX
BOJIH, YTO W NPUBOJUT K YMCHLIICHUIO paCCTOSIHI/Iﬁ MEXKAYy aToMaMu, a,
CJIEZI0BATEIbHO, K COKPAILEHUIO Pa3MEPOB ABHKYIIUXCS Tell.

Puc.37 Cesi3u B kpuctame (cripaBa) 0TOOpaKEHbI B BU/IE TTAKETa CTOSIYMX BOJIH, B
y3J1aX KOTOPOTO PacIojaratoTCsi aTOMBI.

Purmyc: 1 gem ke mioxu cokpameHus pazmepoB o dumypkepanbay-JlopeHiry?
3ayeM Hy>KHbI HOBBIE COKpAIEHUs, KOTJla €CTh XOpPOIIO 3apEKOMEHIOBABIINE
ce0s — crapeie? Vnu Bl pemmiy noiTH «IIpoTUB Beex»?

JAunnamukyc: B ocHOBe NpeajioKEHHONM MOJENU JIEKUT KOHKPETHOE SIBJICHHUE,
HA3BaHHOE «C)KMMAHHE CTOSYHX BOJH». A B OCHOBE COKpalieHui Duipnkepaib-
na-JlopeHnia HET HUKAKOTO SBICHHSA, T.€. OHU INPEACTABILIIOT COOOWH HHYEM HE
000CHOBaHHYIO THIIOTE3y, KOTOpasi B COBPEMEHHOH (pu3uKke cTajia He Ooyiee ueM
MaTeMaTH4ecKHM Kod(hGHUIMEHTOM MPOIOPIHOHAIBHOCTH DiHIITeHHa-JlopeHa.
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Pa3Be He Hy»)HO 000CHOBATH, TIOYEMY CBSI3M MEXKIY aTOMaMH B BEIICCTBE
MBI BIIpaBE MPEACTABIATh CTOSYAMH BOJHAMH, ITO BO-TIEPBBIX, a BO-
BTOPBIX, TIOYEMY aTOMBI JIOJDKHBI HAaXOJWTHCS MMEHHO B y3JaX IaKeTa
CTOSIYMX BOJIH U CJIEIOBaTh 3a y3JaMH B Cllydae, €CJIM Te 10 KaKoH-JIM0o
MIPUYHHE U3MEHSIOT CBOE TIOJIOKEHUE B IPOCTPAHCTBE?

Jns sToro cnemyer: 1) — paccMOTpeTh TOBEJSHHS 3alaHHOW MOJIENH C
MO3UIIMI BOJHOBOH TeoMeTpuu; 2) — 000CHOBaTh MPaBOMEPHOCTH TIPE-
CTaBJISITh CBSI3U B BEILIECTBE BOJHOBBIMH, & CAMO BEIIECTBO — BOJHOBBIM
MaKEeTOM CTOSYMX BOJIH C TIOMOIIBIO M3BECTHBIX KJIACCHUYECKUX TEOpHUH; 3)
— IIPOBECTH PKCIEPUMEHT. Pe3ybTaThl CPABHUTH.

PaccmorpuM mepBblii miar, B KOTOPOM YCIIOBUS 33Ja0TCSI U3HAYAIBHO
BOJIHOBOU IreOMeTpHEil.

[TycTh MBI MMEEM JBa KOT€PEHTHBIX OCLMJUISITOPA, 10 YCIOBHIO CTpE-
MSIIUXCS 3aHATh TAKOE MOJIOXKEHUE OTHOCUTEIBHO APYT APYra B BOJIHO-
BOM IIPOCTPAHCTBE, lITOGI)I BI0OJIb COG)IHHHIOIHeﬁ MX MBICJIEHHOM JIMHUU
CyMMapHOE M3JIy4YCHHE BOBHE OTCYTCTBOBajO. Takoe MUHMMAaJIbHO BO3-
MOXXHOE B3aWMOIIOJIOKEHHE PAaBHO JUIMHE CTOSYeH BONHBEI (puc.38).
[TycTs ycrnoBueM yCTOWYMBOCTH OYIyT: OCHMIUISATOPHI HAXOAATCA B y3-
JlaX CO3/IaHHOW WMU CTOSYEl BOJIHBI, BJIOJIb COCUHSIONMIEH OCIUIIISTO-

Ppbl JIMHUN HU3JTYYCHHUE BOBHC OTCYTCTBYCT, KOJIHUYECCTBO CTOSAYUX BOJIH
(TmyuHOCTEl) MEXAY OCHMIUISTOPaMH PaBHO JIFOOOMY HEYETHOMY IIEJIO-
MYy 4YUCITY. JIOHOJIHI/ITGJII)HI)IM N3MCHACMBIM MMapaMETPOM ABJIACTCA CABUT
(a3 MEeKIY OCHUILIATOPAMH.

Puc.38 Bnonp nmpoBenéHHON MEXIy OCLHMIISTOPAMU JHHUHU H3JIy4Y€HHE BOBHE
oTCcyTCTBYET (V'=0, Ap=0, [=1).

Ecnu Takyro cucremy, He MeHsIsI €€ MapaMeTpoB, IIEPEMEIATh B BOJIHOBOH
Cpefie € MOCTOSIHHOM CKOPOCThIO, TO KapTHHA HHTEPPEPEHLIMN U3MEHHUTCS,
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T.€. Hapymiatcs yCIIOBHS BHYTPEHHEro paBHOBecHs cucTeMbl (puc.39).
Ham HeO6XO)II/IMO BBIICHUTB, MOCPEACTBOM M3MCHCHHSA KaKHX IapaMeT-
POB MOXXHO BOCCTAHOBUTH YCJIOBHA PAaBHOBECHUA Y JIBI/I)K}’HIGI\/‘ICH CHUCTEMBI

OCHHUJIIIATOPOB.

Puc.39 Tlpousomuio HapylieHHe BHYTpEeHHEro paBHoBecus. [losBHiIoCh m3nyde-
Hue BoBHE (V>0 ,Ap=0, [=1).

Jns Toro, 4toOBl B JNBIKYIIEHCS CHCTEME IOJIHOCTEIO BOCCTAHOBHTH
BHyTpEHHee paBHOBECHE, HEOOXOIUMO, BO-TIEPBHIX, U3MEHUTH PaCCTOS-
HUE MEXAY OCHMILISATOPaMH B cOOTBeTCTBHH ¢ 2.06, BO BTOPBIX, CO31aTh
MEX]ly OCIHIUISITOPaMHU AOJKHBINA cABUT (a3 (2.07)

V2
Hem=Aem-(1-—) (2.06)
C

Ap=r-V/c (2.07)

Puc.40 brnaromaps mnpou3BEeAEHHBIM  U3MEHEHUSAM (I7>0 , Aep=rnVl/c,
2
I =1-(1- /")) BHyTpEeHHEE PAaBHOBECHE CUCTEMBI BOCCTAHOBUIIOCH.
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Ho
Vie=Ap/x (2.08)
Torna MOXHO 3anucaTh

A 2
2 (2.09)
T

Alem = Aem - (1-

JTO 3HAYWT, YTO B CBOOOJHO ABIIKYIIEHCS CHCTEME MapaMeTpbl — CKO-
pOCTh, ANMHA U CIBHT (a3 — KECTKO CBA3aHBI MEXKIY COOOM M sl BOC-
CTaHOBJICHUS PAaBHOBECHS TPEOYIOT B3aHMHOTO COTJIACOBAHMSL.

Takum 00pa3omM, MbI YCTAaHOBHIIM, YTO ABMKEHHE CHCTEMBI OCIIHILIISITOPOB
B BOJIHOBOM cpejie MPUBOJUT HE TOJIBKO K COKPALICHUIO PACCTOSHUSI MEX-
Ny OCLMJUIATOpPaMH, HO U TpeOyeT KOppeKIuH cABUra ¢a3 Mexay UCTOU-
HUKamMHu BOJIH. CKOpPOCTh CHUCTEMBI W CABUT (a3 OCHUIUIATOPOB HMEIOT
MOJIOKUTENbHYIO Koppemsuio. Ecnu aBmkeHne MpOMCXOIUT BHOJB CO-
EMHSIONIEH OCIIIISATOPHl MBICICHHOW JMHHH, TO PACCTOSHHE MEXIy
OCLMJUIATOPAMH U3MEHSETCS TI0 TIPABUITY,

V2
Aem=Aem-(1-25) (2.10)
C

Ecmu cucrema OCHUWJIATOPOB OPUCHTUPOBAaHA nonepéK ABUIKCHUS, TO IIPHU
OTCYTCTBUM CJBUTA (1)8,3, BBUAY €TI0 HeHa,Z[06HOCTI/I, pacCTOAHUC MCIKAY
OCHWJIATOPAaMH COKpPAIIACTCs 11O IPaBUITy

Aem=-S21- g2 @.11)
2v

BBIBOH: MOZACIINPYS BCHICCTBECHHOC TCJIO BOJIHOBBIM IIAKETOM, B Yy3Jax
KOTOPOT'O HAXOAATCS UCTOUYHHKH BOJIH (B BCHICCTBCHHOM TCJIC — aTOMLI),
MbI YKa3ajid Ha reOMCTPUYCCKYIO MMPUYINHY, IPUBOAAIIYIO K MPOAOJIbHO-
My U NOINCPEYHOMY COKpAIICHUIO pa3MCpOB ABMXXYUICTO TEjia, T.C. BbI-
SABUJIIN AJITOPUTM HU3MCHCHHA Pa3sMCpOB B 3aBUCUMOCTHU OT CKOPOCTU B
BOJIHOBOM cpeae. HpOHBI/IJIaCL U Apyras, O4YC€Hb BaKHasd, 3aBUCUMOCTb
MCKAY CKOPOCTBHO CUCTCMBbI (KOF,[[a OCIHUJIIATOPOB TOJIBKO I[Ba) nU CABHU-
ToOM (1)33 Y UCTOYHUKOB BOJIH 3TOWU CUCTEMBI.
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PaccMoTpuM MHOW mIAr, UMEKONIUA B OONBIICH CTENCHU OTHOIICHHE K
peanbHON auHamuke. Hac nHTEpecyer npuuuHa, o KOTOPOH OCLMILISTO-
PBI CTPEMSITCSI OCTABATBCS B Y3JIaX CTOSYEH BOJIHBI B CIIydae, €CJIM KaKHhe-
00 BHEIIHWE OOCTOSATENHCTBA MOIBITAIOTCS HACHIIBHO BBIBECTH HX 32
HIPEZEIIbl 30H YCTOMUMBOIO PABHOBECHSL.

B knaccuueckoit 37eKTpOIMHAMUKE T10JIaraeTcs, 4YTO aTOMBI U MOJIEKY-
JIBl B3aMMOJCHCTBYIOT B OCHOBHOM 32 CUET 3JIEKTPOMAarHUTHBIX cuil. B
TBEPABIX TeNax PACCTOSIHHUS MEXIYy aromMamu koinebdntores ot 1 1o 9
anrcrpeM. [lomycTHM, 4TO CBSI3M UMEIOT 3JIEKTPOMAarHUTHO-BOJIHOBOM
XapakTep, 1 MUHUMaJbHO BO3MOXHOE PAaCCTOSHHE MEXAY aTOMaMH
ompezeisiercs cTosiued BOJHOU. BriuncnuMm 4acToTy, HA KOTOPO#l mpo-
HUCXOJUT 3TO B3aMMOJCICTBHE.

Y 299 792 458

T 2,998-10" Iy,

YTO Ha YEThIpEe MOPsIKA BBIIIE YaCTOTHI BOJIH CBETOBOTO JHana3oHa (Jac-
ToTa cuHero csera 6,3:10" I') 1 COOTBETCTBYET PEeHTIEHOBCKOMY JIHAlIa-
30HY 4acTOT. DTO O3HAYAET, YTO TENA SIBJIAIOTCA JIOKAIN30BaHHBIMU «CTY-
CTKaMu» M MCTOYHUKAMM PEHTTECHOBCKOTO M3iyueHus. Ho Bo3HuMKaeT Bo-
POC, HOYEMY 3TO M3JIyYeHHE PaKTHYECKH HeHa0moaaeMo?

HenabmrogaeMocTh OOBSICHSICTCS CIEAYIOMMM 00pa3oM: B OCHOBE BCEX
W3BECTHBIX CIIOCOOOB U3MEPEHHUS JIS)KUT MPUHIIUIT CPABHEHUS TPUHUMAC-
Mol MH(OpMAIMK ¢ HEKMM HCXOJHBIM ()OHOBBIM DSTaJIOHOM, KOTOPBIH
MPUHUMAETCS 33 HYJIEBYIO OTMETKY; €CIIM HA4ajioM OTCYETa MPHHSAT 4YEp-
HbIid (POH, TO JFOOOE OTIMYKE OT YEPHOro — HAOJIOJACMO; CIIM H3ydae-
MbIe OOBEKTHI M OKpYIKArOIIasi MX cpejia UMEIOT OJIMHAKOBYIO TeMIlepaTy-
pY, TO B 3THX YCJIOBHUSIX M3MEPUTh TEMIIEPATypy OJHOTO O0OBEKTa C MO-
MOIIBIO JIPYroro HeBO3MOXKHO. CKOHCTPpYHpPOBaHHbBIE MTPUOOPHI U OPraHbI
YyBCTB, caMH, OyJIy4H JIOKaJHM30BaHHBIMH CTYCTKAMH PEHTT€HOBCKOTO
W3JIy4eHUsI, HE CIIOCOOHBI PETHCTPUPOBATh HU €CTECTBEHHOE (OHOBOE
COCTOSIHHE TTPOCTPAHCTBA, HU CXOXKHE 110 YacTOTE TeJa, aMIUTUTya U3Iy-
YeHUs] KOTOPBIX paBHa (OHOBOW, HO MpPHHATA 3a Hyllb. YPOBEHb (QoHA
MOYeT OBITh JIOCTATOYHO WHTEHCHBHBIM, HO JUIS HAC M HAIIUX TPUOOPOB
3TOT YPOBEHb BCE PaBHO SIBJISICTCS MCXOIHBIM HYJICBBIM HAYAJIOM OTCYETA.
[TosTOMy HAOIIIOTaEMBIMU OKA3BIBAIOTCSI TOJIBKO T€ OOBEKTHI, H3ITYyUCHUE
KOTOPBIX 0 aMIUIUTYJIC B YacToTe BbIie (oHOBOTO. M30bITOUHOE 110 aM-
TUIATYJIE U3Ty4YeHUE U PUKCHPYETCS TPUOOpamMHu.

HonyqaeTca, qTo O6Hapy)KI/ITI> CTOAYME BOJIHBI, HAXOAAIIUECA B (1)OHOBOM,
T.C. IIPUHATOM 3a HOJIb, KOPUAOPEC aMIUIUTYA U YaCTOT — MPAKTUICCKU HC-
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BO3MOXHO. IHTYUTHBHO MBI IIOHMAEM, YTO aTOMBI IEHICTBUTENTLHO MOTYT
CO3JaBaTh CUJIOBOW KapKac MMEHHO M3 TaKHX CTOSYHMX BOJH, HO MX YacTO-
THl ¥ aMIUTUTY/ABI JJIs1 IPHOOPOB SIBIISIIOTCS «CJEMBIM TISTHOM». BcE, uTto
MPOUCXOANT B (POHOBOM KOPUAOpPE, MOXKET HMETh MECTO, HO HE MOJIaETcs
npsaMoMmy oOHapykeHuto. Ho ecTh cuTyarusi, mpu KOTOPOH JiBa OIMHAKO-
BBIX M0 XUMUYECKOMY COCTaBYy U CTPOCHHIO 00BEKTa MOTYT B3aUMHO PETH-
CTPUPOBATH MOBBINIEHUE W MTOHWKEHUE APYT Y JApyTra U3JIyuYeHHs B PEHT-
TeHOBCKOM JTHAIa30He 9acToT. Takoe BO3MOXKHO B TPABUTAIIMOHHOM TOJIE,
MOTEHIIHAI KOTOPOT0 CHHXPOHHO CMEIIAET BCE YACTOTHBIE TapaMeTpPhI Tena
B Ty WJIH UHYIO CTOPOHY AuanazoHa. Ho B yClnoBusx 3eMiu 3T CMEUIeHUS
KpaifHe Majibl, T.€. UX MOPSIOK COMOCTaBUM C IPaBUTAIIMOHHBIM KPAaCHBIM
CMEIICHHEM JIJIsl ICTOYHUKOB JIFOOOTO M3Ty4CHHSI.

Purmyc: D10 uto xe nomydaercs? Ml sSBIsgeMCs HCTOYHUKAMHU PEHTTEHOBCKOTO
n3nydeHus1? U Bc€, 4To HaC OKPYKAeT, TOXKE SBISACTCS HCTOYHUKAMU PEHTICHOB-
ckux BonH? Ecnm 3TO Tak, TO TOYeMy MBI €IIé )KUBHI?

Junamukyc: {a, 3T0 Tak: MBI CaMH M BCE, YTO HAC OKPY)KAeT SBJIAEMCS MCTOY-
HUKaMU PEHTICHOBCKUX BOJIH. M Ha HameM 370poBbE MOYTH Cpa3y OTpa)kaeTcs
Jlake He3HAYMTENIbHOE MpEBBIIEHHE HOPMBI UMEHHO(!) PEHTI€HOBCKOTO U BBIIIE
[0 YacTOTe M3ITy4YCHHS ITOCKOJBbKY BCE BelIeCTBO COTKAaHO M3 W3Iy4YeHHH pas-
JIMYHBIX YaCTOT, IPOMUTAHO STHUMH U3ITyYCHUSIMH, & IOTOMY HapYIIUTh CJIO0XHB-
HmIMiCS UX OGajaHC MOXKHO TOJBKO TaKMMH K€ WJIM OY€Hb OJIM3KUMH IO 4acToTe
M30BITOYHBIMU BOJIHAMH. ECITH B OTHENBHBIX YacTsaX cOATaHCUPOBAHHOM BOJHO-
BOIi CUCTEMBI BOBHUKAET PE30HAHC, TO OHA HAYWHAET U3MEHSATHCS, T.€. NOACTPau-
BaThCsl 10/ HapyIICHHE WM e paspymarbes. [list yenoBeka Takoe HapylleHHe
TIPUBOAMNT JINOO K THKENOM O0Ie3HU, THOO — K CMEPTH.

BemiectBo kymaercst B 6acceitne OesrpaaueHTHON ((DOHOBOW) paauary, a ImoTo-
MY HET CII0c00a H3MEPUTh YPOBEHB TOH paJualliy.

YeTapesl ne Mofenin atoma

Mogens Tomooxa Mogens Haraomm Mogens Pesepd opaa

Puc.41 TomcoH cumTai, 4TO aTOM HPENCTABIAET COOOH BIIEKTPOHEHTPAIBHYIO
cucTeMy mapooGpasHoii GopMbl paguycoM npuMepHo paBHbM 1070 M. TTomosxu-
TEJILHBII 3apsi]] aTOMa PaBHOMEPHO paclpezielieH 110 BceMy o0beMy Iiapa, a oT-
PUILIATENBHO 3apsSKEHHBIE JICKTPOHBI HAXOASITCS BHYTPU HETO.
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CoBpeMeHHBIE TIPEJICTABIICHUSI O MPUPOJEC MEKATOMHBIX CBsI3eil BechMa
NpUOTU3UTEIBHEI U CYIECTBYIOT CKOpPEe Ha YPOBHE MOHSITHH, YeM MOjie-
neit. Jla u cam atom, 3T0 He Gojee yeM yAOOHOE y3JI0BOE MOHATHE C Ha-
00pOM SKCIEPUMEHTAIFHO yCTAaHOBJICHHBIX cBOMcTB. [lo Mepe oOHapy-
JKEHUSI HOBBIX CBOMCTB MOJIeNIb aToMa MeHsieTcs (puc.41). Her onHo3Hau-
HOT'O OTBETa M Ha BOMPOCHI: KAKMM KOHKPETHO CIIOCOOOM aTOMBI YIepiKU-
BalOT JpYr Jpyra B aTOMHOW KPHUCTAJUIMYECKOW pEelIETKe, MOCPEICTBOM
4ero, MOCPEICTBOM KaKUX MPOIIECCOB?

[Tycts MBI HMEEM [Ba MyJIbCUPYIOMINX KOTEPEHTHBIX OCLUIUIATOPA, KOTO-
pble BO30Y)XKIAlOT BOJHOBYIO CpEly, CO3IAOT B HPOMEXKYTKE CTOSUYIO
BOJHY. OCLM/UIATOPB! 3aHUMAIOT MOJOXKEHHUS B y3JlaX 3TOW BOJHBI, U B
pe3yJbTaTe BO3HUKAET 3JIEMEHTapHasi, T.6. MUHHUMAIbHO BO3MOXKHAs, yC-
ToiuMBas cucteMa. llombITKa BBIBECTH OCLMIUIATOPHI 32 MpPEIeIbl Y3JI0B
BBI3BIBACT PEAKLHUIO CO CTOPOHBI BOJHOBOI'O MOJIsI, HAPABJICHHYIO Ha BO3-
BpaT OCLUMWJIJISITOPOB B UCXOJHOE MosokeHHe. Ecnyu peficTBoBaTh TOIBKO
Ha OJUH OCUMJUISTOP, TO CUCTEMa IMEPEeCcTpauBaeTCs M NPUXOIUT B JBU-
xeHue. Y aToMy Bompocy OyZeT NOCBSIIEH OTACIBHBIN pa3aei KHUTH.

Puc.42 Jlumnons, TpeyroibHUK, TETPAdp SABISIOTCA CAMBIMU YCTOMYHMBBIMH CHC-
TEMaMH, T.K. MEXAy OOpa3ylOUIMMH HX HCTOYHHKAMHU INPHCYTCTBYIOT TOJIBKO
L[EJIOUNCIIEHHBIE CBSI3U B BUJIE CTOSAYHMX BOJH.

WneanpHO yCTOMYMBBIX BOJHOBBIX CUCTEM C MHUHHMAIBHBIMH pa3MepaMu
MOJKET OBITh TOJBKO TPH BHJA: [BA OCHMJUIATOPA M CTOSYAS BOJTHA MEXIY
HUMH; TPU OCIIIUIATOpPA, 00pa3yromne paBHOCTOPOHHUI TPEYTOJbHUK C
JUIMHON CTOPOHBI, PABHOM CTOSIYEH BOJIHE; YEThIPE OCLUIUIATOPA B BUIE
PaBHOCTOPOHHETO TETpadjapa ¢ UIMHON pebdpa, paBHOW JIMHE CTOSYEH
BOJHBI (puc.43).

Puc.43
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Bce ocranbHble reoMerpuueckue (GUIYpHI, CBSI3aHHBIE CTOSYMMHU BOJIHA-
MH, HMCIOT HeperéCTHBIe HCICJIOYHCIICHHBIC CBsI3U B BHUJIC TEX XKE CTOM-
YHUX BOJIH. HCHCHO‘II/ICJIGHHBIG CTOAYUC BOJIHBI YMCHBIIIAIOT yCTOi/’I‘lHBOCTB
CHUCTEM, T.€. JICJIAI0T CUCTEMY MeHee cTaOuibHOU (puc.44).

-

Puc.44

b 4E3

Puc.45 Kaptuna pacnpezneneHus SHEpTHH: d — AWIONb; 0 — TPEYTOJbHUK; B —
kBazpar. Ha puc.458 BUIHO, YTO OCIMJUISTOPBI HAXOAATCS B 30HaX HEYCTONUH-
BOT'O PaBHOBECHS

Bepnémcsa k Bonpocy 3TanoHa JUIMHBL. Eciu npu IBHKEHUH IPOUCXOIUT
CKMMAHHE JJIEKTPOMArHUTHBIX CTOSYMX BOJH, TO, CONOCTABIAS HEKOTO-
pOe KOJIMYECTBO 3THUX BOJIH C 3TAJIOHOM JUIMHBI, MBI HE OOHAPYXHBAaEM
HUKaKoro cxumanus. CTosunre BOJHBI U 3TAJOH 10 OTHOIIEHHUIO JPYT K
IpyTy BeayT ceOs Tak, OyITo ¢ HUMU BOOOIIE HUYETO HE NPOUCXOAUT, U
HUKaKMX C)KMMaHUN He cyllecTByeT. Takas cHUTyalus BO3MOXKHA, €CIIU
CBA3M MEXJy aTOMaMH y 3TaJOHA U MHBIX TEJ UMEKT OAMHAKOBYIO CO
CTOSTYEH BOJIHOM 3JIEKTPOMArHUTHO-BOJIHOBYIO MPHUPOAY, YEM M OOBSCHS-
eTcs HeHaOJI0AaeMOCh, T.€. U CTOSIYME BOJIHBI, M ATAJOH JUIMHBI OABEP-
JKEHBI OTUHAKOBOMY CKUMAaHHIO.

KOHG‘IHO, C)KUMAHUEC JJICKTPOMArouTHBIX CTOSAYMUX BOJIH, paBHO KakK U CO-
KpameHue pasMEepoOB BCUICCTBCHHBIX TECJI, ABJIACTCA I‘I/IHOTCSOI‘/‘I, B OCHOBC
KOTOpOﬁ JIC)KUT KOHKPETHOC ABJICHUEC CXKMMAHUA CTOAYUX BOJIH B aKyCTHU-
ke. [lepeHoc ATOTO SBICHUS W3 aKyCTHUKU B DJIEKTPOMArHETH3M BO3MOXKEH
B CHJIy OOIIHOCTH XapakTepa KojieOaTeIbHbIX MPOIIECCOB, HO MBI JIeaeM
3TO TOJIKO B paMKax pa3BHUBaCMbIX MOJICIbHBIX MpeacTaBieHuil. Tem 0o-
niee, 9to B ocHoBe P/ yiexar konebaHusi, BOJHOBAs Cpe/ia U BOJIHBIL
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§ 2.04 Cokpamenue pa3MepoB M IKCIIEPUMEHT
MaiikeJibCOHA

OKcnepuMeHT MaiiKkenbcoHa SIBISIETCS HArJAJHOM WUIIOCTpalue co-
KpaIlIeHUs1 pa3MepOB U BIHSHUS STOro (PeHOMEHa Ha OOHYJIEHUE OXKHuae-
MBIX pacY€THBIX pe3yibTaToB. PaccMoTpuM moapoOHo.

Kak Mbl mpeamnosiaraeM, pasmepbl HHTEphEpOMETpa 3aBUCAT OT €ro CKO-

POCTH B BOJIHOBOM Cpezie 10 IIpaBUiLy

e 128 (2.12)

J1-B*sin’ 0

€ — 510 yrosn opueHrauu rieda MHTEpHEPOMETPaA K HANPABICHHIO JIBH-
KEHUS

0=0° Li=L,-(1-5") (2.13)

0=90° L =L -\1-5 (2.14)

B aTux HanmpaBneHUSIX CTOAYNE BOJIHBI H3MEHSIOT CBOU pa3Mephl B TOH ke
MIPOMOPIIUH:

0=0° n-/l'cm=n~ﬂcm~(1—ﬂ2) (2.15)
0 =90° l’l'ﬂ'cm=l’l'ﬂcmw/1-ﬁ2 (2.16)

re: 1 — KOJIMYECTBO CTOSYMX BOJH, COIOCTaBICHHBIX, KaK B CiIydae ¢
3TAJIOHOM JITMHEI, JUTMHAM Iuied nHTepdepomerpa.

Puc.46 O6mwmii Bux neporo nuureppepomerpa MalikenscoHa
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Ecnu tenepp, ¢ y4éTOM pacCMOTPEHHBIX BBIILIE COKPALLEHUS Pa3MEpoOB,
MBI ITOBTOPUM pacy€Tel MalkenbCOHa, TO HUKAKOM PA3HOCTH BPEMEHU
X0J1a JTy4eit He 00HapyKUTCS.

Coxpauienue pa3MepoB OTCYTCTBYeT, T.e. He 3ABHCUT OT CKOpPO-
ctu V cucremsl B 3¢gupe

Puc.47 IlpunnunuanbHas cxema HHTEpdepomerpa
IIpoananu3upyem 3TOT IKCIIEPUMEHT.

[Mycte mHTEp)EpOMETp pacHONOKEH TaK, YTO Jyd [/ JABHTraercsl BJOJb
NBIDKEHUS 3eMITH, a Jiyd 2 — meprneHauKysipao. Toraa ecinu 3¢up He yB-
JIEKaeTCsl IBMKEHUEM 3€MJIM, TO BPEMS MPOXOKACHHUS JTydoM [ COOTBET-
CTBYIOIIETO ITYTH PAaBHO

L L 2L
l’“ = + = 3 NG (217)
c=V c+V c(1-V"/c)
a BpeMs IPOXOXKICHUSI JTyya 2
2L 2L
t, = (2.18)

\/cz—V2 _C\/I—Vz/cz '

Takum 06pa3zom, Tyun / 1 2 3aTpavyuBaIOT pa3HOE BpeMs Ha MPOXOKACHNE
paccrosiHus 2L M pa3HUIAa BO BpEMEHU PaBHA

2L 2L

At =t,—t = -
U (=1t 1= e

(2.19)
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Ecnu tenepp moBepHyTh Bech mpubop Ha 90°, To, HA060POT, BpeMms, 3a-
TpaueHHOE JIy4OM [/, paBHO

2L 2L
{ = = , (2.20)
\/cz—V2 C\/I—V2/62
a BpeMs IPOXO0XKJIEHH JTyya 2 COCTaBIISIET
L L 2L
= 2.21)

+ - 2, 2y’
c—V c+V c(1-V~/c)
Pa3HOCTb MX

3 2L B 2L
C\/I—VZ/CZ C(l_VZ/Cz)

B pesynbrate HaOmogaemble B TpyOy HHTEp()EPEHIMOHHBIC IOJIOCHI
JOJDKHBI CMECTUTBCS, B XOTSI 3TO CMEIICHHE OMNpPEeNIeTCs BEIMIYNHON

At, =t —1, (2.22)

2 2
nopsiika V'~ /c”, TeM He MeHee, ero MOXKHO 3aMeTHTh. CJeI0BaTeNbHO,
U3MEPHB CMELICHHE IO0JO0C, MOXHO ONPEICIHTh M CKOPOCTh d(PUPHOTO
BeTpa Ha 3emuie.

lanunen Nopeny, Heanos

1.010
1.000
0.866

| | |
1.000 I 0866 ' 0.750 '

Puc.48 [muHa mied mHTEpdepoMeTpa 3aBHCHT OT BBIOOpa THIA COKpAIICHUH
pa3mepoB. Pacuér mpusenén s V=0,5c.

B purmMoanHaMuKe cOKpalleHne pa3MepoB MOIYMHIETCs] PaBHILY:

2
r-p.—=F

J1-’sin’ @

(2.23)
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Ly =1L, '(l_ﬂz) (2.24)

L =L \1-5. (2.25)
Torma Bpemst MPOXOKACHNS JIy4OM / COOTBETCTBYIOIIETO ITyTH PaBHO

, _L(l—V2/c2)+L(1—V2/c2) 2L

, 2.26
! c—V c+V ( )
a BpeMst IPOXOKIAEHUS Tyda 2
20N1-V?/c* 2L
— e —— (2.27)

t F
* eN1=V?/¢c? c

Takum 00pa3oM, Ha MPOXOKACHUE PACCTOSHHS Ty/a U 0OpaTHO JIyud [ U
2 3aTpavyrBaOT PaBHOE BPEMS, TOTOMY

At=t,—t =0 (2.28)

WupiMu crioBaMH BpeMsi IPOXOXKJIEHHS JTydyaMu [ U 2 TyTH N0 3aMKHY-
TOH TpaekTopHuu (Tylna U 0OpaTHO), HE 3aBUCUT HU OT OPHEHTAIMH WH-
TepdepomMeTpa K ABHKEHUIO, HU OT €r0 CKOPOCTH B BOJTHOBOM cpeje, T.€.
BCETJa O/IHO M TO Xe. DJTO HE CJIOKHO MOKa3aTh Ha CXeMe, KOTOPYIO HC-
MOJIB3YIOT TPUBEPKEHIBI UHOTO TMOJXOJa IUIsl OOBSICHEHHS IPUYHHBI
3aMeUICHUS] BpEMEHU.

L, Lorentz LT

Puc.49 Cxema niist pacuéra 3aMeyICHUS BpEMEHU

Coxkpamienue pazmepoB 1o JlopeHily nmoapa3syMeBaeT MonepeyHblid pa3mep
HE3aBUCUMBIM OT ckopocTtu V (L'(y,z) = L), nostoMy pacuér Temna xoaa
BPEMCHHU TNPHBOAUT K 3aME/JICHHIO TEMIla XOJa YacoB IO IPABUILY

At =At/N1-V?/c* ) re. CEKyH/Ia B JIBWKYILEHCS CUCTEME CTAHOBHMTCS
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JUIMHHEe. B puTMoarHaMuKe TOTepedHblid pa3Mep H3MEHIETCS 110 TIPaBH-

2, 2
ny L'(y,zy=L-\1-V*/c”, uro ycrpanser npobieMy 3aBUCHUMOCTH
TeMIIa X0/Ia YaCOB OT UX cKopocTH, T.e. At = At .

ECJII/I TEMIIbI XO0Jda HUIACHTUYHBIX YaCOB HE€ 3aBUCIAT OT HUX CKOpOCTeﬁ B
BOJIHOBOM CpEJIE, TO 3TO CBOMCTBO MOHO HMCHOJIb30BaTh I CHHXPOHU-
3auy pa3HECEHHBIX B MPOCTPAHCTBE YACOB C IEJIBIO, HAIIPUMED, MPOBE-
JICHUS DKCTIEPUMEHTA 10 OMPEICTICHUIO0 CKOPOCTH CBETa B OJTHOM HaIlpaB-
snenun. Ho mpexie u3n0XuM pUTMOIMHAMUYECKYI0 UHTEPIPETALUIO pe-
3yJIbTaTOB OMblTa MaiKeabCoHa.

§ 2.05 P/I unTtepnperanus pe3yjabTaToB onbiTa Maii-
KeJIbCOHA

B nmanHOM maparpade paccMaTpuBaeTcsi pUTMOJIWHAMHYECKAs WHTEpIIpe-
Tanus pe3yJbTaToOB ONbITa MalKeIbCOHA 10 MPUYHNHE OTCYTCTBHUS CTpO-
TOro, WIA XOTA OBl JIOTHYECKH OOOCHOBAHHOTO Pa3pelIeHHs CUTYallud C
3¢upoM, a TaKKe JBIKEHHEM 3eMIIM OTHOCHUTEIILHO JTOMW, IMOKa HEJ0C-
TYIHOH 7151 TOHUMAaHHUS, CPEIbI.

Emé MaxkcBemt paccMOTpell BOPOC O BO3MOXKHOCTH MOCTAHOBKH OMBITA,
KOTOPBIH MOT ObI OJIHO3HAYHO PELINTh, KaKasi U3 CYIIECTBYIOIINX TEOPUit
SIBJISIETCSI CIIPABEITMBOM (MMEETCSI BBUAY ITyCTOE TIPOCTPaHCTBO [ anmes-
HeloToHa, WM MPOCTPAHCTBO, 3aMOJHEHHOE BCEMPOHHMKAIOIIUM CBETO-
HOCHBIM 3(HpoM). ITO OIBIT, B KOTOPOM H3MEpsIach OBl CKOPOCTH CBETA,
HIYIIEro OT 3¢MHOTO MCTOYHHKA Ha JIBIDKYIICHCS 3eMiie B HANPaBICHUU
e€ JIBIDKEHUS, U 3aTEM CPaBHUBAJIACh CO CKOPOCTHIO CBETa, U3MEPECHHOU B
MTPOTUBOIIOIOKHOM HarpasieHnu. OYeBUIHO, YTO €CITH 3eMJIS He yBIIeKa-
€T MPHU CBOEM JIBIDKCHHH OKPYXKaIOMIMK 3QHUp, TO B TIEPBOM ciydae 3Ta

ckopocts paBHa ¢, =c—V =c(1-V/c), a Bo Bropom ciyuae
c,=c+V =c(1+V/c), rne V- cxopocts 3emnu. Takum 00pa3om, pas-

HUIIa B CKOPOCTH CBETa B MEPBOM M BTOPOM CIydyasX IEPBOTO MOpsIKa
MaJIOCTH OTHOCHTENbHO V'/c. Onnako Juisi MpOBEIEHUs TAKOrO OMbITa
HY’KHO YMETh U3MEpPSTHh BpeMsi, HEOOXOAMMOE ISl MPOXOXKACHUS CBETOM
M3BECTHOT'O PACCTOSIHMS B ONpeNeIEHHOM HaIpaBlIeHUH, HallpuMep B Ha-
MIPABJICHUM JIBUXKEHHs 3eMIIM. A 3Ta 3a7aya 3KCIEPUMEHTAIbHO HEpas-
pemrMa 1u3-3a CJI0KHOCTH CHHXPOHHU3ALNU Pa3HECEHHBIX B MPOCTPAHCTBE
gacoB. [loaToMy BO Bcex NMPOBOAMMBIX Ha 3eMJI€ OIBITaXx MO OIpejene-
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HUIO CKOPOCTH CBETA 3Ta CKOPOCTH OINpENENseTcsa 10 BPEMEHH, KOTOpPOe
TpeOyeTcs A MPOXOXKACHUS CBETOM PACCTOSHHA B MIPSIMOM U 00paTHOM
HanpasyieHussx. CliezoBaTenbHO, Ui TOTO YTOOBI ONPEAEIHUTH BIMSHUE
JBIDKEHHSI 3eMJIM Ha CKOPOCTh CBETa, OCTAETCSI BO3MOXHOCTh CPaBHUTh
BpeMsI MPOXOXKACHHS CBETOB OMPENENEHHOTO paccTossHuA L Tyna u 00-
paTHO OAMH pa3 BIOJIb JBMKEHUS 3eMIIM, a APYrou pas, HaNmpumep, B Ha-
[IPaBJICHUH, NEPICHIUKYIISIPHOM 3TOMY ABMXKeHUI0. OJHAaKO B 3TOM CIy-
Yae pa3HHIla BO BPEMEHHU B IIEPBOM M BO BTOPOM CIIy4asX SBIISETCS BEJH-
YHHOM YK€ BTOPOTO TOPSAIKA MAIOCTH OTHOCUTENBHO V /¢, T.e. Benu4u-

HOM mopsiKa V2/c2.

Puc.50 JI.MakcBemn

Takum o00pa3omM, XOTS NPHUHIMIIMAIGHO C TMOMOINBIO 3KCIIEPUMEHTa U
MOYKHO PEIIUTh BOIPOC O MOBEACHUH 3(upa NMpu ABWKECHUH 3eMIIH, TEM

HE MeHee BCIeACTBHME Manoctd Benmuuubl V7’ /c® =107 oxupaemsrit
3 deKT AomKeH ObITh Ype3BblUaiiHO Man. B cBs3u ¢ 3TuM Makcsein
CKENTUYECKU BBICKA3bIBAETCS 10 IOBOJLY MPAKTHYECKOH BO3MOKHOCTH
pelIeHus] JAHHOTO BOIIPOCA C IMOMOIIBI0 MOI00HOTO dKcrepruMenTa. Tem
HE MEHEee TaKol dKCIepuMeHT ObLT BCkope (yke B 1881r.) ocymecTBiaéH
amepukaHckuM (uzukom AnbOepToM Maiikenbconom. [lias cpaBHEHUS
BPEMEHH TPOXOXKICHMs B TPSIMOM M OOpaTHOM HANpaBJICHHUAX CBETa
BJIONIb IBWD)KEHWS 3eMJIM W B HAIIPABIICHUH, MEPHEHINKYIIPHOM 3TOMY
JBIKEHUIO, MalKelnbCOH BOCIOJIB30BANCS SBJICHHEM HHTEPHEPEHIIHH.
OH CKOHCTpYHMpOBAJI CIIEHMAIbHO A 3TOH 1enu uHTepdepomerp, H3-
BECTHBI 10/ Ha3BaHHEeM HHTepdepomerpa Maiikenbcona. MHTEepdepo-
METp MPEACTaBISLT cO00M aBa 3epkayia N 1 M M MONYyPO3padHyo ILIia-
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ctuHy O, pacroyioKeHHBIE, KaK ToKa3aHo Ha puc. 46. JIyd cBera oT Hc-
TOYHHUKA S jenuTcs miactuHod O Ha fBa ay4a / U 2, KOTOpbIE Mocie OT-
paxkeHus ot 3epkan M u N, a Takxke OTpa)keHMs Jyda 2 OT miuacTuHel O
nonaznawT B 3putenbHyro TpyOy K. Ilonoxenue mHTEpEepeHLMOHHBIX
[0JIOC, HAOJIIOJAaEMBIX B 3pUTENbHYIO TPYyOy, OIpeleisieTcs pa3HOCThIO
X0/a, KOTOpYIO Jy4u / ¥ 2 IpHOOpETAIOT 3a BpeMsi, B TEUCHUH KOTOPOTO
OHHU NIPOXOAAT COOTBETCTBEHHO IyTH OT IuacTuHbl O 110 3epkan N u M u
00paTHO ¥ KOTOPbIE MOXKHO CUMTATh OJAMHAKOBBIMU U PaBHbIMU 2L.

Puc.51 A .MaiikenbcoH

Cwmpicn onbiTa MalikenbcOHa COCTOSUI B TOM, YTOOBI NIPHU [TOBOPOTE IPH-
Oopa Ha 90° Mo CMEUIEHHIO TOJOC MHTEePPEPUPYIONINX Jydeid oOHapy-
XKWUTh cABUT (ha3, yKa3bIBAIOIIMK Ha Hauuuue ABWxKeHus B 3¢upe. B 1981
roay, IpHU TEOPETHUYECKOM aHallM3e dKcIepuMeHTa MaiikenbcoHa, ObLIO
00Hapy>KeHO, YTO €ClIM pacCMaTpuBaTh OOpPA30BAHUE CTOSYMX BOJH B
wieuax OM u ON unrepdepomerpa Maiikenbcona (puc.52), To ux JyiMHa
Acm JIOJKHA 3aBUCETH OT yIila OpHeHTanuu € npubopa 1o OTHOIIEHHIO
K HalpaBJICHUIO ABMKEHUS U CKOPOCTH (/) OTHOCUTENBHO BOJHOBOH Cpe-
16l (3Qupa) B COOTBETCTBUH C (DOPMYIIONA:

_ 12
Alem = Aem L (2.29)
J1-/sin’* @
Taec:

A'em — paccTosiHME MeXTy ONMKAWIIMMHU y3J1aMH CTOSMEN BOJIHBI B CITy-
Jae ABMXEHUs HHTepdhepomeTrpa
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Acm — pacCTOsHUE MEXKIY OMMKAWIIMMH y3JIaMH CTOSYEN BOJIHBI B CIIy-
Yae TIOKOs uHTepdepoMeTpa

p=Vic,
rue:
V - ckopocTh uHTEPhEPOMETPA

C - CKOpOCTb CBETa

6 — yron opueHTanuu MEXIy IIEYOM, B KOTOPOM IPOU3BOAUTCS 3aMep
JUTHHBI CTOSTYCH BOJIHBI M HATIpaBJICHHEM JBMXEHUS HHTepPepomeTpa

o[ 1HEfel R

g1y
cracey

P
L= Lo 1wt

F
&
La=Lal1-Were®) \-.-"'
¥ L

Puc.52 Nnarepdepomerp Maiikenscona. N, M — 3epkana, O — HOIyIpo3pavyHoOe
3epkaiio, 4C — ucroyHuk csera, MK — ycTpolcTBO 11 HaOmro/eHus: uHTepde-
PEHIIMOHHON KapTHHBI , ¢; — CKOPOCTh MPSIMON BOJIHBI, C; — CKOPOCTh OTPaXEH-
HOH BOJIHBI, CL — CKOPOCTb NEPIEHAUKYJISIPHONU IBUKEHUIO BOJHBI, V — CKOPOCTh
nHTepdepoMeTpa OTHOCHTENBHO 3¢dupa, Ly u L1 — pa3mepsl HHTepdepoMeTpa
pu V>0, L, — pa3meps! uaTepdepomMeTpa npu V=0.

WubiMu cioBamu, ecnu uHTepdepoMeTp MalkeabcoHa H3MEHSET CKO-
POCTb MJIM OPHUEHTALMIO K HANpPaBJICHUIO OBIKEHHUSA B 3QHUpE, KOIHYECT-
BEHHOE COOTHOILIECHHE CTOSYMX BOJIH JTOJDKHO MEHSTHCS.

CrnipaBeIIMBOCTh JTAHHOTO YTBEPIKICHHUS OblIa IOATBEPXKIEHA B JKCIIe-
PUMEHTE CO 3BYKOBBIMH CTOSIMMMH BOJTHaAMH: ObuT mocTpoeH (1990r.) Ha-
3eMHBIH 3BYKOBOW HHTep(EpOMETp, B KOTOPOM IMpHU IOSBICHUH BETpa
PETUCTPHUPOBATIOCH KaK C)KMUMAHHE CTOSUMX BOJH coriacHo (2.29), tak u
W3MEHEHUE KOJMYECTBEHHOTO WX COOTHOIICHHUS MPH MU3MEHEHUU HaIpaB-
JICHUSI BETpa.

B skcniepumenTe ¢ mHTepdepoMeTpoM MalikenbCOHA TaKMX WU3MEPEHUN
HanpsIMyI0 HE MPOBOAMIIOCH, HO MIPU pealu3alMy 3TaJIOHA JUITMHBI HHTEP-
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depomeTpuieckuM criocodbom [7], mpeanoxkeHHbIM MaliKelbCOHOM, Pedb
11a UMEHHO O MOJACYETE KOJIMYECTBA BOJH B HMPOMEXKYTKE MEXKITY MOJIy-
IPO3PAYHBIM U OTPaXaroUUM 3epkanaMu. HUKakux M3MEHEHMH Koynue-
CTBA BOJIH B 3TOH CUTyalluH HU pa3y He 0OHAPYKUBAJIOCh, YTO JOIYCKAJIO
m000e U3 TpEX BapUaHTOB OOBICHEHHE:

1. Ddup yBnekaercs TelaMH U MOJHOCTHIO HEMOABIKEH Y TOBEPXHOCTH
3emiu

2. Ddo¢wup Bceraa HEMOABMKEH; Tea ABHXKYTCS CKBO3b 3dup. Ux pa3me-
PBI MEHSAIOTCS TaKUM 00pa3oM, 4TO APQEKT IBUKEHUS CKBO3b dPUP
BCer/la HeHa0Iro1aeM

3. Ddupa He cymecTByeT (YTBEpXKICHHE CIEHUATBLHON TEOPHUH OTHOCH-
TEITHLHOCTH)

Crop o cnpaBeATMBOCTH MEPEUNCICHHBIX YTBEPKICHUN BENETCSA yxKe
6onee 120 ner. [Ipuuém HU OJHA M3 CTOPOH JI0 CHX TIOP HE MPEJAOCTABH-
71a yOeIMTeNbHBIX apTyMEHTOB B CBOIO IMOJIb3Y, OJHAKO, KaX/Aast CAUTAET
cebst mpaBoii.

Crenyer OTMETUTbh, YTO M3HAYANBHO 3(Up MoJlaraics HeNOABUKHON BOJI-
HOBOI1 cpenoil. CunTanock, 4o Tejaa «IpocavyuBaroTCs» CKBO3b 3up Oy-
JAy4u ero BO30YKAEHHBIM COCTOSIHUEM, T.e. 3(pUp CBOOOIHO MPOXOIUT
CKBO3b JIBHXKYyIIHecs B HEM Tena. 00 3hupe ToBOPHIIM Kak O CBETOHOCHOM
cpele, CKOpOCTh JIBUJKEHUSI OTHOCHTENILHO KOTOpOH MaiKelbCoH Hame-
peBajiCsl YCTaHOBHUTh C IIOMOIIBIO CO3/aHHOTO UM HHTepdepomeTpa. Ot-
CYTCTBHE MOJIOKUTEIBFHOTO pe3ysbTarta B €ro 3KCIEpHUMEHTE OPOIHIIO0
CIIPaBE/UIMBBIN BOIIPOC O MPUYMHAX HEBO3MOXKHOCTH IKCIIEPUMEHTAIBHO-
ro oOHapy>KeHUs JIBIKEHUS B dupe.

I'mmoTe3a cokparieHusi pa3MepoB BEIECTBEHHBIX TEJI BJIOJIb HaIpaBlie-
HUA ABUXKCHUS IMO3BOJIAJIAa OIMpaBAaTh OTCYTCTBUE ITOJOXUTCIBHOTO pEe-
3yJbTaTa, HO OKa3ajach HEIOCTAaTOYHOM, T.K. TpeboBasia s cBoeil pa-
00TOCIIOCOOHOCTH BBEIICHUE APYTOH TUIIOTE3bl O 3aME/ICHMH BPEMEHHU.
JIopeHI| mbITalCs TEOPETHUSCKH 0OOCHOBATh IMIIOTE3y COKPAIICHUS pa3-
MEpOB, HO HE CMOT HalTH SBJIEHUS, KOTOpOe OBl JEMOHCTPUPOBAIIO TIPHU-
POy COKpAIICHHSI.

Takoe sBnenue ObuTO HalizieHO B 1981 romy B pe3ynbraTe TEOPETUIECKOTO
aHalM3a TOBEJCHHUS CTOSYMX BOJH B CHCTEMAaX, JBIKYIIUXCS OTHOCH-
TEJIBHO Cpelbl U Ha3BaHO "SBJICHHUE COKMMaHUs cTosuux BoiH". B cBere
COBPEMEHHBIX TPEICTABICHUN O BOJIHOBOW NMPHUPOJE BEIECTBA, SIBICHUE
C)KMMaHUsl CTOSYUX BOJH OBUIO PACIPOCTPAHEHO Ha 3IEKTPOJAMHAMUKY
JBYDKYIIUXCS TEI.
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i Puc.53 10.UBanos (doro 1981r.)

MonenbHo Jr000€ TBEPAOE TEIO MOXHO MPEJICTaBUTh B BHUJC IaKeTa
CTOSYMX BOJIH, B y3JIaX KOTOPOI'O0 HAXONATCS aTOMBL. ATOMBI SIBIISIOTCS
HMCTOYHHKAMK BOJIH, @ CTOSYME BOJIHBI, 3TO Pe3yJIbTaT MHTEp(EpPCHIINY.
[Monaraercs, uTo J1r000E CMELICHHUE TIOJIOKEHHS Y3J1a HeU30€KHO BICUET U
CMEIICHHUE TOJI0KEHHUSI COOTBETCTBYIOIIETO aToMa.

LA
@Eﬂf,_@j’?
y’

AA 7

T

Puc.54 CkopocTs nakera cTossuux BoJIH V'=(0. Pa3zMepsl makeTa CTOSYUX BOJH
npu V=0,7c

Ecnu Takoli makeT cTOAYMX BOJH M3MEHUT CKOPOCTh OTHOCHUTENBHO 3(hu-
pa, TO U3MEHSTCS U PACCTOSIHUS MEXAY y3/1aMHU B COOTBETCTBUH C (2.29).
OT0 npuBEAET K COKPALICHHIO (PU3MYECKHX pa3MEpOB BCEro Makera, a
CJIeZI0BATENbHO, U CAMOIO TeJIa II0 BCEM KOOPAUHATAM:!

Ax'=Ax-(1- %) AV =Ap1-4° 5 AZ =Az1-4>  (2.30)
rmae:

Ax, Ay, Az — pa3mepsl Tena npu V=0
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Tenepb, NpoU3BOAS PACUET OKUJAEMOTO0 UBMEHEHHUS YUCIIA CTOSTYMX BOJIH
B Iuleyax uHTepdepomerpa MaiikenbcoHa ¢ y4ETOM COKpALICHHUSI €ro
pa3MepoB, OOHAPYXHMBAETCsA, YTO PE3yJbTaT Bceria OyAeT HYJIEBBIM.
AHaNOTH4YHBIA pacdy€T Pa3HOCTH BPEMEHH XOJa Jy4yeil B MmapajuieIbHOM
JIBIDKEHHIO W TIEPIICHANKYIISPHOM TUIedax MpH MOBOPOTe UHTEpdepomer-
pa, Takke 1a€T HyJIEBOW pe3yJIbTar.

Takum 00pa3oMm, B OCHOBE COKpAIllEHHs] pa3MepoB MHTepdepomeTpa Jie-
KUT (PU3MUECKOE SBIICHUE CKUMAHHS CTOSIYMX BOJH (2.29), KoTopoe ObLIO0
pacnpocTpaHeHO Ha BEIIECTBEHHBIE TEJa IoJ1arasi UX BOJIHOBYIO IPUPO/LY.

Ll

Puc.55 M3menenue pasmepoB uHTepdepomerpa mo JlopeHiy (ciieBa) U B COOT-
BETCTBHH CO C)KIMAHHEM CTOSYUX BOJIH (CIIpaBa).

Cokpalgesie paaHepan CoEpaigesie paasHepon

lFaamach Nopeny Heanow lManmaen Nopeny Heauon

Ve2B0000 emic Ve 290000 emjc

Puc.56 Ecnu npu npuGimXKeHUH K CKOPOCTH cBeTa Tena 1o JIopeHIy mpesparia-
I0TCA B «JIeTaroIue OJIMHBD», TO 110 VIBaHOBY pa3Mepsl Tel CTPEMSTCS K TOUKE.

OT GopMaibHOM TUIIOTE3bI MPOJIOILHOIO COKpaleHus DuipKepanbpia u
Jlopenua npejnaraemMplili MOAX0J OTJIMYAETCS TEM, YTO B €r0 OCHOBE Jie-
KHUT QU3MUECKOE SBJICHUE: CKUMAHUE CTOSYMX BOJIH.
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B ocHoBe IpoAO0JJIbHOIO COKpAlICHUA 110 .HOpCH]_Iy JIC)KUT cunome3a, Bbl-
ABUHYTAas UCKIIIOYUTCIIBHO paJgu CIIAaCCHUA UACU a(bnpa.

B ocHoBe cokpalleHus pa3MepoB BJOJIb BceX KOOpAuHaT 1o VBaHOBY Jie-
KUT (PU3NUECKOE SIBIICHUE: COICUMAHUE CIMOAYUX 60H. Y BEINUEHUE CKO-
pOCTH IPUBOAUT K O0BEMHOMY CKMMAaHHUIO Tena.

@OU3NYHOCTH HOBOTO OOBSICHEHHS [T03BOJISIET TOBOPUTH O CIIELUATLHON
TEOPUHM OTHOCHUTEIIBHOCTH, KaK O NMPOMEKYTOYHOW TMIIOTE3€, BBI3BAH-
HOM TeM, YTO NMEpBOHAYAIBHO OOBSICHUTH Pe3yJbTaT omnbiTa Maiikes-
COHa HE YyJaJIOCh B paMKax KJIaCCHUYECKMX NpeicTaBieHuid. Temepp y
Hac IMOSIBUJIOCH OCHOBAHHWE ISl OTKa3a OT IMPEAJIOKEHHOTOo DHWHIITEH-
HOM TpPUHIMIA WHBAPUAHTHOCTH CKOPOCTHU CBETa M 3aMEHBI €r0 Ha
NPUHLIMI WUTIO3UH HHBAPUAHTHOCTH CKOPOCTH CBETa (B PaMKaxX HOBBIX
npeoOpa3oBaHUil pa3MEpoOB M KOOPAMHAT Takas WJUIIO3US BO3HUKACT
cama co0oif). ['eomeTpusi BONHOBBIX U BHYTPHBEILIECTBEHHBIX MPOIIEC-
COB TaKoOBa, YTO HAONIOAATENh HE MMEET MPSMOIl SKCIepUMEHTAIbHON
BO3MOXHOCTH OOHApYyXHUTh HapylIeHWE NPUHLUINA HHBAPUAHTHOCTH
n3-3a KOMIIEHCATOPHOTro 3(¢eKTa, BHI3BAHHOI'O C)KUMAHUEM Pa3MepoB
JBUXKYLIETOCS Tea.

BoiBoa GopMyJibl 1J151 ONUCAHUS MOBEIEHHS IAPAMETPOB CTOsA-
Yyeii BOJIHBI B YCJIOBHSIX JIBHJKEHHSI CHCTE€Mbl OTHOCHTEIbHO
cpenasbl:

Jnis moATBepKIeHUsT 3asABICHHOTO OTKPBITHA, HEOOXOIUMO COONIOCTH
PSAA MaTeMaTHYeCKUX MPOIENyp, a IO CyTH PEIIUTh ypaBHEHHE CTOSYEH
BOJIHBI JIJISl YCIIOBHSI, KOT/Ia M3ITy4aTellb U OTPaXaTellb ABMXKYTCS B dhupe
C OJIMHAKOBOM CKOPOCTHIO V.

Jnst Gonblield BU3yallbHOH HArISTHOCTH Tpolece 00pa3oBaHUs CTOSUEH
BOJIHBI (puc.57) pa3ioxkeH Ha TPU COCTABHBIC YACTH:

— Ha BepxHeM rpaduke MoKa3aHbl NpsMas U o0paTHAas BOJIHBI U 3aBHCHU-
MOCTb UX JUIMHBI OT CKOPOCTH

— Ha CpeiHeM — Pe3yJIbTaT CI0XKEHUS BOJIH (Pe3yIbTUPYIOILAsT )

— Ha HIDKHEM — HAJIOJKeHHUE (CyMMa) Pe3yJIbTUPYIOLIMX 32 MOJHBIH IEPHOI.
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CEopocTe cHoTEMM = [ kMfc

Ceopocte cHcTeru = 124000 kmfc

Di] A O O N s s S s TR A

Puc.57 Yacrora usnyuareneidl Heu3MmeHHa. [Ipu yBenudyeHUU CKOPOCTH INpHU-
0opa OTHOCHTENBHO Cpefibl U B COOTBETCTBHHM C TpaBuioM Jlomnepa npsimas u
oOpaTHast BOJIHBI MEHSIOT CBOIO UMHY ( A4</,). Jns HaOmonarens, Haxons-
LIerocsi B M3MEHMBILIEH CKOPOCTh CHCTEME, 4acTOThl 3TUX BOJIH OCTaHYTCS
paBHBIMH (v, =V, ), HO XapakTep UHTeP(EPEeHIIUA U3MEHHUTCS, YTO IPUBEAET
K YMEHBIICHUIO PACCTOSHUS MEXIy OJMKaWlIMMM y3JaMH, K WU3MEHEHUIO
JUIMHBI CTOSIYE€H BOJHBI, K YBEJIMYEHHUIO KOJMYECTBAa CTOSYUX BoJH. [laker
CTOSIYMX BOJIH CIKUMAETCsI.

YcTaHOBIIEHO, YTO NPU HU3MEHEHHH CKOPOCTH CHCTEMBI «HCTOY-
HUK—3€pKajo» MEHSITCS (GopMa pe3yibTUPYIOMIEH U paccTOSHUE
MEXIy y3JaMH, YTO HPUBOJUT K C)KMMAHUIO MaKeTa CTOSYUX BOJH
o npasuiy (2.29).

BbiBo ypaBHeHHUsI cTOsSTYEli BOJIHBI 1JIsl CHCTEMBI, IBHKYIIEHCST
B cpeje:

E = Enacenus + Eompancenus
Enao = E - cos(wt — k, - x)

Eomp =—E -cos(wt +k, -x)
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rac:

w=2nv

k =2rnv/c
k,=2nv/c,
TOTJA:

E=E/[cos2zv(t—x/c)—cos2av(t+x/c,)]

cosA—cosB=25inA;B-sinA_B

2
E=2E sin{2xv[t —M]} -sin {m/[—x(c2 il cl)]}
2¢,-c, ¢ -c,
E =2E sinwt'-sink'x
rae
R k) 2.31)
2¢, -c,

o= wv(c, +¢))

GG
HO
Aem =71/ k'
TOT/HA
O R T 2311

v(c, +¢,)
HO

¢, =cyJ1-p7sin’> @ -V cos O
¢, =c4/l — f*sin® @ +V cos@ (cm. BeIBOZ pHC.58)
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IToxcraBnss 3Hayenus ¢, U ¢, B popmyisl (2.31) u (2.311) nomyvaem

Boipakenne aus ' u A'em 118 n000# OpMEHTAlMM CTOSMEH BOJIHBI B
JBYOKYIIEHCS CUCTEME:!

. V/c* x-cos@
'=t——m——— (2.32)
1-p

2
Jem=l. 125

T A (2.321)
2v J1- B*sin’ 6
2
Tpu 6 =0° u A'om = Aem(1— %) ' =t—VlLﬂ2x. (2.33)
, ) , Vie - -x
Ipu €@ =180° u A'em=Aem(1-7) ' =t+ (2.34)

-5
Bpewms xona ny4a tyna u oopaTHo

Viet-x V/cz-x_

— —+i+ > 2t.
1-p 1-p

=t

IIpu 8 =90° u ﬂ’cmZicm\ﬂ—ﬂz "=t (2.39)
HpI/I 0=270°u ﬂ,cm:ﬂ,cmﬂl—ﬂz l":t (2.36)
Bpewms xona ny4a tyna u oopaTHo

It =t+t=2t.

Uror: | Xty =2t (2.37)

DTO 3HAYMT, YTO:

1. IIpu nBwKeHUM Tena, MPEACTABIISIONICTO COO0M MaKeT CTOSYHMX BOJIH,

2
€ro pasmepbl H3MEHSFOTCS B IPOJIOJIHOM Hampasienun B 1 — 4~ pas, a B

/ 2
MOonepeYHOM — l—ﬂ , T.€. B TOYHOM COOTBCTCTBHH CXXHUMAaAHHWIO CTOA-
YHrX BOJIH B OTUX KC HAIIPABJICHUAX.
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2. CymmapHoe BpeMs xofa jyda (Tyaa U o0paTHO) B Iuiedax HHTEpdhepo-
MeTpa MalikelbCOHa HEe 3aBHCUT OT CKOPOCTH UM OPHEHTAIUH mpubopa, u
BCerja paBHo 2f .

3. Temn xola BpEeMEHHM HE 3aBHCUT OT CKOPOCTH CHCTEMbI U BO BCEX
HUJICHTUYHBIX CUCTCMAX OJJUHAKOB, ABUKYTCH JIMU OHU OTHOCUTCIIBHO BOJI-
HOBO#1 cpennl (3dhupa), Wi MTOKOSTCS.

Jannbie GOpMyIIBI MPSIMO YKA3bIBAIOT HA pelIeHue MpoOIeMbl, CBI3aHHON
C OTpHUUATENIbHBIMU pPe3yJibTaTaMU 3KcrepuMeHTa Maiikenbcona. HMcro-
pUYECKH UMEHHO OTCYTCTBHE SIBJICHHS, KOTOPOE MOKHO OBIIIO OBI MCTIOh-
30BaTh ISl OOBSCHEHHS, IPUBEJIO K MPUHATHIO CIICIIUAIBHON TEOPUH OT-
HOCHTEIBHOCTH 1 HAIPaBWIJIO HAYKY B TYITUKOBYIO BETBb.

Cxema 1J1s pac4éra CKOpPOCTH (PPOHTA BOJIHBI OTHOCHTEIHHO
ABMIKYIIETOCSI HCTOYHHKA

e —--\.__\_
-~ "
P
. -,
F .
Fi “ B
i i
i "
/ e\
| - £ 1
| Q -y O | ¥, x'
[
|I [ BT I|
| 7K f
1Y / |
1Y /
@ / /
", A ) i
'H.\L | _r" --__.-'
0 .
-
Puc.58
Ha cxeme:

N — IBUKYILIHANCS UCTOUHUK
V' — CKOpOCTh HCTOYHUKA
O — xoOp/AMHATA MECTa M3JIy4YeHUs! (PPOHTA BOJIHEI
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€ — CKOpPOCTh (PpOHTA BOJTHEI
€7 — CKOpPOCTh (hpOHTA BOJIHBI OTHOCUTEIBHO N
€2 — CKOPOCTh (PPOHTA BOJIHBI OTHOCUTEIBHO N

Pacuér ckopocTu (ppoHTA BOJIHBI OTHOCUTEIBHO ABHKYIIET0CS
HCTOYHMKA:

AK=KB;
KN =V cos@;
h=Vsin@;

KB=A+c*—h*;

¢;=KB—KN;
¢c;=KB+KN.

Pesynbrat pacuéra:

¢, =cyl—B7sin’ @ —V cos @ (2.38)
¢, =cyll-B7sin’ @ +V cos 0 (2.39)

OnuiieM aKyCTHYECKHHA 3KCIIEPUMEHT, MOATBEPKAAIOMIMN CIIpaBeJu-
BOCTb TOJIyYEHHBIX 3aKOHOMepHocTel. CymiecTByeT mpobieMa nepexoaa
OT PE3YJIbTAaTOB aKyCTHYECKHX 3KCIIEPUMEHTOB K 3JIeKTpoauHamuke. Ec-
1 Obl HallM NpeAKH (B YaCTHOCTH — MaMKeNIbCOH) 3HAM O CKUMAaHUHU
CTOSYMX BOJIH B aKyCTHKE, TO IPU NPOBEACHUH SKCIEPUMEHTa OHH
paccuuThIBaIM OBl HE Ha OIIpeJeNIeHne CKOPOCTH nHTepdepomMeTpa B 3¢du-
pe, a, Mpexae Bcero, Ha OOHAPYXKEHUE COKUMAaHMS 3JICKTPOMArHUTHBIX
CTOSIYMX BOJIH C MOMOILBI0 uHTEepdepomerpa. HBIMHU clI0BaMH, OTpHLA-
TEJBHBIA PE3yNbTaT TPAKTOBAJICS Obl HE Kak OTCYTCTBHE 3(upa, a Kak
MOITBEPXKICHUE CKUMAaHUs pa3MepoB uHTepdepomerpa. Tenepb Mbl MO-
HUMAaeM, YTO SKCIEPUMEHT 10 OOHapY)KEHHUIO JBMKCHHUS B CBETOHOCHOM
cpeze A0JKEH ObITh APYTHM.

3KCHepI/IMe}IT CO 3BYKOBBIMU CTOSAYMMHU BOJTHAMMU

Jletom 1990r. Oputa mpoBeneHa cepusi SKCIEPUMEHTOB CO 3BYKOBBIMHU
CTOSIYMMH BOJIHaMHU. B sKkcnepuMeHTax ObUIO JOCTOBEPHO YCTaHOBIICHO,
YTO IPpU YBCIIUYCHHUU CKOPOCTHU BETpPpa OTHOCUTCIHLHO HCIOJABWIXHBIX H3-
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JydaTensi 3BYKOBBIX KojeOaHUl M oTpaxkaTens (3epKana) MPOUCXOAMT
C)KMMaHUE TaKeTa CTOSINX BOJIH.

Puc.59 Curyanun c 6e3BeTprieM M CHIBHBIM BETPOM. VICTOUHMKH 3ByKa 3amlHTa-
HBI OT OZHOTO T'eHepaTopa.

[Ipu nosiBneHnn BeTpa JUIMHBI 3ByKOBBIX BOIH U UX CKOPOCTU M3MEHSIOT-
cs 1o mpasmty Joruiepa. YacToTa BOJNH B CHCTEME MCTOYHHKOB OCTA&TCS
HEU3MEHHOM.

Hna V =const, 8=0°
v=(-V)/A4; v=(c+V)/4, (2.40)

WnTepdheprpyroT BOIHBI pa3HOW AJIMHBI, HO OJUHAKOBOW YacTOTHL. B pe-
3yJbTaTe BO3HUKACT CTOAYAs BOJIHA, JUIMHA KOTOPOM:

Alem=c(1- %)/ 2v (2.41)
Hna V = const , @ =90°

v=Alcd =V, (2.42)
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WuTepdepupyroT BONHBI paBHOW JJIMHBI M OJWHAKOBOW 4acTOThl. B pe-
3yJIbTaTe BO3HUKAET CTOSYast BOJIHA, AJTMHA KOTOPOM:

Alem=c 1—/)’2/21/

-

(2.43)

Puc.60 [IpuHiunuanpHas cxema SKCIEPUMEHTa CO 3BYKOM.

B Ge3BeTpeHHy0 MOrony Mexay u3inydatenem / U 3epKajoM 3 co3aaBa-
Jach CTOsYas BOJIHA (PKCHEPUMEHTHI, KaK MpPaBWJIO, HAUMHAIUCH B 3aTH-
mbe nepen rposzoi). C momoupio MHAMKaTOpa 2 (UKCHPOBAICS Y3€l
CTOSYEeH BOJIHBI, W300pak€HHOW crutomHoW nuHued. [Ipu mosiBieHUn
BeTpa (UKCHPOBAIOCH CMEIICHHE KOHTPOJIFHOI'O y37la B HAalpPaBICHUH
3epkana 3. Habmomaemblil 3 ekt TpakToBaJICS KaK C)KUMaHUE IAKeTa
CTOSIYMX BOJIH (CXKABIIMKCS MAaKeT U300paKEH TOUKaAMH).

(2]

Mamy-arens

YH4Y

mnTaTop 2EpKana

Puc.61 brok-cxema wucmosib-
3yeMOTO B OJKCIIEPUMEHTAX
npubopa: 1 — 3ByKoBOH T'eHe-
patop; 2 — YMHOXHTEJb Yac-
TOTHI (X4), CIyXuT st Gop-
MHpPOBaHHSA NHJIOT-CUTHAJIA,
3 — cMmecurens; 4,8 — auHa-
MHKH; 5 — MUKpoGOH mist
npuéMa MUIOT-CUTHama; 6 —
JIeNUTeNs 4actoTel (:4); 7 —
BOCCTaHOBHTEIL  0a30BOTO
CUTHAJA.

HNmuraTop 3epkaina nmo3BoJIMII CO3aTh MHUMBIN KOT€pPEHTHBIN U3ITydaTelb
Y 3TUM PaCIIAPHUTH 0a3y 3KCIIEPUMEHTa B 2 pa3a, YTO 3HAUYUTEIHFHO TTOBbI-
CHJIO YyBCTBHTEIHHOCTH MPUOODPA.
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B skcnepumenTe ObUTO HEMPUHIMITHAIHHO 3HAYCHUE YaCTOTHI 3/1a101Ie-
ro re’eparopa; oHa Obliia BBIOpaHa TakoW, 4TO JIJTMHA BOJHBI COCTABIISIA
10 cm. PaccTossaue MexTy TMHAMHUKOM W 3€pKajioM paBHUIOCH 70 MeT-
poB. [lpu nosiBneHun BeTpa (PUKCUPOBATIOCH OTKJIOHEHHE KOHTPOJLHOIO
y371a B CTOPOHY 3€pKaja Ha BEIWYHHY A0 5 CM., 4TO COOTBETCTBOBAJIO
ckopoctu BeTpa mopsiaka 30 kM/4. Beuid u OoNbLIME OTKIIOHEHHUS, HO
[JIABHBIM PE3YJIbTaTOM CEPHU IKCIICPUMEHTOB ObLila YETKO BhIPAXKCHHAsS
3aKOHOMEPHOCTb - MPH MOSBICHUU BETPa MAKET CTOSUUX BOJIH CKUMAJICS
HEe3aBHCUMO, Ay JIU BETEP BIOJIb IPUOOpa, UITH MOMEPEK.

BeiBOA

OTKpBITI/Ie C)KUMAHHUA CTOSYUX BOJIH U PACHPOCTPAHCHUS 3TOr0 SABJICHUA
Ha 3JICKTPOAMHAMUKY ABUKYIIHUXCSI B HCYBJICKACMOM 3(1)I/Ipe TCJI, BHOBb
MMOCTAaBUJIO BOIIPOC CyHICCTBOBAHUA 3(1)I/Ipa, KaK BOJIHOBOM CpCAbl.

§ 2.06 CxopocTh cBeTa B OAHOM HANIPABJICHUU

CuHXpoHM3a1HMA X012 YaCOB

3amaya CHHXPOHHM3AIMU MMOKa3aHui yacoB 4 u B (puc.62) cBogMTCS K MX
3aIyCKy C MOMOILBIO MIEPEMENIAEMBIX C MOCTOSHHOM CKOPOCThIO YyacoB C
B HampasieHn# oT 4 k B. B MmomenT, xorga uaynme vacsl C U cTosmue
4achl A CPaBHSIINCH, POU3BOJUTCA 3aITyCK YaCcOB 4 TaKMM 00pa3oM, 4To-
Obl MX IOKa3aHHUsA B TOYHOCTH COOTBETCTBOBAIM IMOKazaHuio yacoB C. B
MOMEHT, KOoTJia 9achl C TOCTUTIH ¥ CPABHSUIHCH C YacaMu B, TIPOU3BOIUT-
Csl 3aIlyCK 4acoB B M MEpeBOJ UX CTPEJIOK TaKuM 00pa3oM, 4TOOBI MOKa-
3aHMs 4acOB B B MOMEHT 3aIlyCKa COOTBETCTBOBAJIM MOKa3aHUsM yacoB C.
Ha stoMm nponeypa CHHXpOHU3AIUU 3aKaHYHUBAETCSl.

Teneps, ecin CHHXpOHHU3ALKA MOKa3aHUN yAAIach, MOXKHO MPUCTYIHUTh K
OIPE/ICICHHI0 CKOPOCTU CUCTeMBl B 3dupe. g 3Toro HeoOXoauMo 3a-
(uKcHpoBaTh BpeMs JABMKCHUS cUTHalla OT A K B mo yacam B, KoTopoe

oyner ¢, =L, (1-V?*/c*)/(c—V), a 3atem ot B k 4 1o yacam 4, Ko-

Topoe Gyner cooTBeTcTBeRHo ¢y, = L, (1-V>/c*)/(c+V).
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Yo vy Muomenr rampies wamon B
W P RO CTEmo

Puc.62 CunxpoHM3anys C TOMOIIBI0 PAaBHOMEPHOTO MepeHoca JacoB. llpore-
Iypa CHHXPOHM3AIUHM Pa3HECEHHBIX B IIPOCTPAHCTBE YaCOB CBOIHUTCS K 3aIyCKy
yacoB 4 M mepejgade WX MOKazaHMK yacaM B mocpenctBoM yacoB C METOIOM
PaBHOMEPHOTO X IepeHoca.

Ho
L,(1=V*/c*)=t,,(c=V) (2.44)
L,(=-V*/c*)=t,,(c+V) (2.45)

IIpupaBHsieM npaBble YaCTH

tp(c=V)=t,,(c+V) (2.46)
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Pemrim ypaBHEHHE OTHOCUTEIBHO V

t,.—t -At
Vo= las "l € (2.47)
Ltz Xt

[TpuHsB MPOU3BOJIBHOE PACCTOSHUE MEXIY YacaMu A U B 1 nmpousseas
3aMepbl BPEMEHHU JABM)KEHHS CUTHAJIOB B COOTBETCTBUU C YCIOBHEM
SKCIIEPUMEHTa MBI MOXKEM BBIYUCIHTH (ONPENEIUTH) COOCTBEHHYIO
CKOPOCThH B 3dupe.

Takum o0pa3zom, MOXKET OBITh paspeméH Oojee 4eM CTOJETHHH CIOp O
BO3MOXHOCTHU U3MEPCHUA CKOPOCTU CBETA B OJHOM HaIlpaBJICHUM. HpOBe-
JICHUE TaKOTO 3KCIIEPHMEHTA TI03BOJIHIIO Obl TMOO YKPENUTh MO3UIHIO TEO-
pHUH B BOMPOCE HAIMYUS CBETOHOCHOrO 3(upa, MO0 MOKa3aTh HECOCTOS-
TEJILHOCTh 3TOM TEOpHUH. [[eJ10 3a SKCIEpUMEHTOM.

Pacuér sxcnepumenTa B undpax

Ha npumepe pemieHuss KOHKpETHOH 3a/aun MOKa)XkKeM, 4TO MPHU MpoBe-
JIEHUW CUHXPOHM3ALMU MOKa3aHUN pa3HECEHHBIX B IPOCTPAHCTBE ya-
COB C IOMOIIBIO TPETHUX PABHOMEPHO JBI)KYILIUXCS, HAM COBEPIIEHHO
HE BaXXHO, UMEET MECTO 3aMeJIeHHE TeMIla XOJa BPEMEHH B JIBHXKY-
LIMXcs yacax, UJn HeT.

[Iycte Mexny yacamu A u yacamu B paccrostaue /00 km. Ilycts B nBu-
Kyumxcs 9acax C UMeeT MeCTO 3aBUCUMOCTh TeMITa X0J1a BpEMEHHU OT MX

ckopoctd 1o mpasuny ¢ =¢/N1-V*/c*, rne t=S/V . Ilyctb cko-

pocTth epeHoca yacoB C ot 4 k B pasHa 100 xm/u (0,02778 km/c).

Toraa B nepemectuBmmxcs oT A k B yacax C npoiiéT MeHbIIe BpEMEHU
' =3600 - 0,99999999999999571262= 3600,000000000015434568c. D10
3HAYUT, YTO CUHXPOHU3UPOBaHHbIE ¢ nomoulpio C yacel B OyayT orcra-

BaTh oT yacoB 4 Ha At =1 —t =1,5434568-107""¢c.

[Tyctb ckopocth 3emiu paBHa 30 KM/C, & BEKTOP CKOPOCTH COBIAJIACT IO
HaIlpaBJICHUIO C MBICICHHOM TUHUEH MexXly yacaMu 4 u B.
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ta=5f{c+V) At=tas-—tos Las=5Hc-V

s [ c+V

A = (=
Ea=Se-V) L= SHe+V)
[ o] ceV c=V

A Q?I!} e e {Eli;l B

Puc.63

Torna Bpems 1BMKEHUS CBETOBOIO curHana oT A x B 1o yacam B Oyner
t,;=0,00033336667c, a or B x A mno wacam A Oyner

tp, =0,00033330000c. Ecnn 9achl U COBMEIIEHHBIE C HUMH MCTOYHHMKH

CUTHAJIOB COPHEHTHPOBAHBI 10 XOAY IBIKEHHA B 3(pupe, TO NpH mepe-
OpHeHTalMu 3eMJIM B IIPOCTPAHCTBE, 3a CUET €€ BpallleHus] BOKPYT cOOCT-

BEHHOI ocu u jBUxkeHus BOkpyr ConHua, f,, U f,, OylyT MEHATh CBOM

3HAYCHUS C IEPHOJIOM B 12 4acos..

Pasnuune mexnay BpeMeHEM NpPOXOXKICHHS CBETOM pPacCTosHus AB co
cKopocThio ¢ —V 1o wacam B, u BA co ckopocthio ¢+ V mo wacam A
HOSABIIETCS YK€ B §-oM 3HAKE IOCIE 3aISITOM, 4TO YK€ JOCTYIHO IS
perucrpauvi COBPEMCHHBIMH CPEACTBAMU U3MEPCHHA. 3aMeTI/IM, qTO 4a-
Chl A 1 B UMEIOT MpenojaraéMyi0 pacCCHHXpOHHU3AIMIO B //-om 3HaKe
HocJIe 3amsToi. BenuunHa 3TON pacCUHXPOHU3ALUU CIUMIIKOM Maja, 4To-
OBI CYHECTBCHHO MOBJIUATDH Ha OKUJIACMBIC PC3YJIbTAThI H3MepeHHﬁ.

IIpyFI/IM BApHUAHTOM SBJISICTCA 3KCIICPUMCHT 0e3 CHCI.IPIaJIBHOfI CUHXPOHH-
3allin IMOKa3aHHUM paSHeCéHHLIX yacoB 4 u B npu ycCJIOBUH, YTO YacChbl
HUMCIOT MAaKCHUMAJIbHO OAWMHAKOBBIC TCMIIbI X044 M 3THUM 00ecreynBaroT
CTaOUIIBHOCTD YaCTOThI H3Ty4aCMbIX HCTOYHUKAMH KOPOTKUX UMITYJILCOB.
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Puc.64

I'maBHas 3ama4a SKCIEPUMEHTA CBOJUTCS K OTCIC)KUBAHUIO TOUKH (MecTa)
BCTPEYM HMMITYJIbCOB, U3JIyYEHHBIX UCTOYHUKAMH A B CTOpPOHY B u B B
cropony A. B mponecce HaOMIOAEHHS 32 TOYKOM BCTpPEUM HMMITYJIHCOB
oXuzaeTcs e€ CyTOYHOE CMEIEHHE BCIIEICTBUE BPAILIECHUS JBHXKYILEHCS
B a¢upe 3emiu.

Puc.65

Tak mnst ckopoctu 3emuiu B 3dupe 30xm/c, pacCTOSIHUS MKy UCTOYHH-
KaMu 60xkm W COBHAJICHMS JIMHUM KpaT4aHILIEro pacCTOSHHUS MEXKAY HC-
TOYHHKAMHU C BEKTOPOM CKOPOCTH, 0KHUIaeMOe CyTOUHOE KoyleOaHue To4-
KH BCTpeuH (IepecedeHus) UMITYJIbCcoB cocTaBUT +300cum. Tlpu ckopoctu
conHe4yHoil cucrembl 300xm/c, a UIMEHHO Ha 3TOT MOPSAOK CKOpocTeit
YKa3bIBalOT HEKOTOPbIE HCTOYHHKH, OXHIAEMOE CYTOYHOE KosebaHue
cocTaBUT +30Mm.
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Puc.66 Pe3ynbTarhl SKCIIEPUMEHTOB 3aBUCAT OT OPUEHTAIMKU 3€MJIU TI0 OTHOIIIe-
HUIO K JIBIXKCHUIO B dQupe.

BoiBoa. Ecnu cymiecTByeT npuHIMOHANBEHA BO3MOXKHOCTh OOHAPYKUTh
COOCTBEHHOE JBIDKCHHE CHUCTEMBI B AJICKTPOMArHUTHOH BOJHOBOI cpeze
(«abCONIOTHYI0» CKOPOCTh), TO OBLIO OBl TOJNHOW HENENMUIEH OTPULIATh
HaJJ00HOCTh OOHAPYKEHUSI TAKOTO JABMKEHHS, PABHO KaK W OTPHIATh Ha-
JMYHE BOJIHOBOW CpEJIbI.

§ 2.07 CpaBHeHMe npeoOpa3oBaHUl KOOPAMHAT

ITo I'anunero [To DitHmTeitHy- ITo BaHOBY
Jlopenny
Y x—=Vt x,_x—Vt
x =x-Vt W l_ﬂz
4
y'=y y'=y Y= 5
,z
Z'=z zZ'=z 2= -
' ,_t=Pxlc t,_t_V/cz x-cosd
r=t 1—[32 l_ﬂZ
f+1=27 F+i=20/1-p> | THE=2
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Crnenyer nenarp pa3nudne MEKAYy COKpalleHHeM pa3MepoB U Mpeodpaso-
BAHMEM KOOPJMHAT: pa3Mepbl OTHOCATCA K pEalbHOMY Telly, a KOOpIHU-
HaTHBIE TPe00Pa30BaHUs — K MaTEMATHYECKOW SKBUIMOPUCTHKE B YTOAY
MPUHITUITY CYOBEKTUBHOW HHBAPUAHTHOCTH.

§ 2.08 ’KuBasi crosiuasi BOJIHA

Addexr «orcusoity cmosiueii 601l ObLT OOHAPYKEH BCIIE]] 32 OTKPBITUEM
CKUMaHHMS CTOSYUX BOJTH.

Ecnu 0CHOBHBIM YCJIOBHEM BO3HHKHOBEHHS CTOSUCH BOJHBI SABJISETCS pa-
BEHCTBO YAacTOT, TO TaKOBOE BCETAAa PEATM3yeTCs, KOT/Ia MMEIOT MECTO
majaromas U oTpaxEéHHas BoJHEL [Ipnaém, abcoroTHO He UMeeT 3Hade-
HUS, IBUKETCS OTPayKaroIIasi BOJHBI IOBEPXHOCTD, MITA TTOKOUTCS.

Hanpumep, HabmogaTenb HAXOIUTCS MEXKIY KOTEPEHTHBIMU UCTOYHU-
kamu. Eciin ckopocTh HaOmroaarens: paBHa HYJIO, TO OH PETUCTPUPYET
MOJIHOLIEHHYIO CTOsIuyI0 BoJHY. Eciin HabmogaTens nepeMemniaeTcs, TO
B €r0 CHCTEME OTCUéTa CTOsiuasi BOJIHA BUJIUTCA Kak OueHue (puc.71).
Ho uro mpousoifér, eciau oTpa)kareilb BOJH IIEPEMEINACTCS BMECTE C
HaOmonatenem? (puc.67)

WimyuaTens 1 Mimyuarens 2
QP> D> >
¥ v,
Hamyuarans 1 o Hamyqarents 2

) >ooPpeeed (|

o, BB

Puc.67 Wzmydatenu xorepeHTHHI (v;=Vv,). CTos4as BOJIHa JBMXKETCS BMECTE C
9KpaHoM, €€ mapaMeTpsl n3MeHWIMCh. CTos4ast BOJHA ¢ W3MEHEHHBIMU TTapaMeT-
paMy UMEEeT MECTO TOJIBKO JIsl IBMXKYLIETOCs HaOJIo1aTesst, HOATOMY Mbl Ha3Ba-
JH e€ «OKMBOM cTostuer BosHOW». Eciim Habmonaress N3MEHUT CKOPOCTbh, TO W3-
MEHSATCSI U TapaMeTpPhI CTOSUEH BOJHBI.
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Puc.67.1 Ctosgas BOTHA UMEET MECTO M B CHTYalllH, KOT/Ia KOTePEHTHBIC UCTOY-
HUKHU JBUXYTCS B BOJIHOBOH cpene. [Ipu yBeTHYEHHH CKOPOCTH CHCTEMBI OyaeT
HAOIOAATECS COKPAIICHUE PACCTOSHUS MEXIY y3JIaMH U IOSBJICHUC JOTOIHH-
TENBHBIX MYYHOCTEH, T.C. TAKET CTOSTYMX BOJH OyIET COKMMATHCS.

Casur ¢a3

PaCCMOTpI/IM IMOBCACHUC CTOSIUCH BOJIHBI OT MNPpOCTPAHCTBCHHO pa3HC-
CEHHBIX U MMOKOAIIUXCA B CpeAC MCTOYHHUKOB. B OPOMEIKYTKEC MCKIAY
KOTCPCHTHBIMU HWCTOYHUKAMU 06pa30Bach;1 DaKeT CTOAYHUX BOJIH.
CI[BI/IF (1)33 MCKAY UCTOUHUKAMH OTCYTCTBYCT. B »roit CUTyallul WH-
TGp(bepeHHHOHHaH KapTuHa 6y,I[CT CHMMGTpH‘IHOﬁ. OTMETHM IIOJIOXKE-
HUC I.IeHTpaJ'H:HOﬁ IMy4YHOCTH.

Cozgamum casur (a3 mexay xoiaeOanusMu. OUEBHIHO, YTO IMOJIOKECHUE
Y37I0B M TMYYHOCTEH CMECTHUTCS OTHOCHUTENIBHO MEePBOHAYAIBHOTO MOJIO-
xenust (puc.68). Ilo mepe yBenuueHus ciBura ¢a3 y3jibl U MyYHOCTH
CTOSYEH BOJHBI BCE J1ajiee CMEMIA0TCS OT CBOETO MEePBOHAYAIBHOTO IMO-
JIoKeHusI, a npu casure a3 B 180° oHM CMECTATCS Ha MOJIOBUHY JJTUHBI
crosiuedl BoJiHBI. JlanbHellmee yBennueHue capura (az mpuBeaéT M K
JTATbHEHIIIEMY CMELICHHUIO CTOSTYEH BOJHBI.

531111 CE

23111LC
NIE

Puc.68 Cnsur no ¢asze npuBOIUT K CMEIICHHIO TYYHOCTEH U y3JIOB.
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Ecmu 1o OIIPEACICHUIO CTOSAYAad BOJIHA XAPAKTCPU3YCTCA OTCYTCTBUCM B
MMPOCTPAHCTBEC MEPEHOCA SHECPIrUur, TO Mbl, UBMCHSA CABUT (1)8.3, TaKOH IIe-
PEHOC OpraHMU30BaJIM: U3BMCHCHUC CABUTA (1)33 MCKAY UCTOYHUKAMH NpPH-
BCJIO K HNCPCHOCY OSHCPIruv B MNPOCTPAHCTBECHHOM IIPOMCIKYTKE MCEKIAY
OTHUMHU NCTOYHHUKaAMM.

Ho mocTossHHO M3MEHSIONINicS BO BpeMEHHU CIBUT (a3 MEXIY MCTOYHH-
KaMH €CTh Pa3HOCTb 4aCTOT

dAp/dt =Av (2.48)

3TO 3HAYMUT, YTO HAJIMYHE Y MCTOYHHMKOB Pa3HOCTH YacCTOT MPUBOIUT K
NEePEHOCY 3aKIIOYEHHON B CTOSIYEH BOJHE SHEPrHM B HANpPABICHHH OT
MCTOYHMKA OOJIBIIEH YacTOThl K MCTOYHUKY MEHbLIEH 4acToThl. [Ipowmc-
XOJIUT MEPEHOC (TOK) SHEPTHU.

§ 2.09 PazHoCTh 4aCTOT U CKOPOCTH TOKA JHEPIHH

PaccmarpuBas moBe/ieHue CTOSUEH BOJHBI B CUTYAIlMU, KOTJa CABUT (a3
MEX/y UCTOYHUKAMH MEHSETCS BO BPEMEHHU, Mbl YCTAHOBUIIU, UYTO YBE-
JUYeHue c/Bura (a3 MPUBOJUT K CMEIIECHUIO CTOSYCH BOJHBI, a MOCTO-
SSTHHOE M3MCHEHME CIBHUTa (pa3 BO BPEMEHU €CTh HE YTO MHOE, KakK pas-
HOCTB 4acToT (2.48).

W3 3T0r0 cooTHOLIEHUS! BUAHO, YTO CKOPOCTh CMELIECHUS CTOSIYEH BOJIHBI
TeM OoJpIlle, YeM 3HAYHMTEIbHEE PA3HOCTh YacTOT. YUTOOBI OIpenennuTh
CKOPOCTh, HEOOXOIMMO HAWTH TaKyI0 NBIKYIIYIOCS CHCTEMY, B KOTOPOM
CMellleHHe CTOsiuel BOJIHBI Oy/eT OTCYTCTBOBATh. JTO BO3MOXKHO TOJBKO
B CUTYAallMM, KOTJ1a B IBUXKYIIECHUCS CUCTEME NMPUXOAUINE OT UCTOYHUKOB

! !
BOJIHBI UMEIOT PaBHBIE YaCTOTHI (V; =V,).

[osicauM 3TO clieayomuUM 00pazom.

HyCTI: MBI UMECM JIBa UCTOYHHUKA BOJIH, HaCTOTbI KOTOPBIX COOTBCTCTBCH-
HO V, u V,. Ilycts v, >Vv,. Tpebyercs onpeneanTs CKOPOCTh CUCTEMEI, B

KOTOPOM 4acTOThl V| M V, NPHXOISLIMX OT HCTOYHHKOB BOJIH PABHBI Me-

KTy COOOH.
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Hamywarens 1 Wamywarens 2
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Puc.69 HaGmomatento HEOOXOIMMO IBUTATHCS, YTOOBI PEaln30BaTh YCIOBHE
YaCTOTHOI'O PaBEHCTBA NMPUXOASIIUX K HEMy BOJH. M Torma oH perucrpupyer
CTOSYYIO BOIHY!

B nBmxymieiicst cucTeMe Mbl UMEEM

V{=VKL—K) (2.49)
C

V
vy =v,(1+—) (2.50)
c
Ho v| =v,, nosromy
V V
v(1-2)=v,(1+2) 2.51)
c c

PemmmM ypaBHeHHE OTHOCUTENIHFHO CKOPOCTH CHUCTEMBI, B KOTOPOW HaOII0-
JlaeTCsl IOJHOLCHHAS CTOsYasl BOJIHA!

Vi—V,

Vem =c- (2-52)

VvV, +V,

TakoBa ke U CKOPOCTb TOKA YHEPIUU, COACPKALLEUCA B CTOSIYEH BOJIHE.
OnHako, crosyell OHa SBIAETCS TOJBKO €CU HaOII0AATeNlb JBUXKETCS C
TOH 7K€ CKOPOCTBIO, YTO U BOJIHA.

Purmyc: Ha puc.69 pa3zHble AnuHBI BOJTH. 3HAUUT U 4acTOTa pa3auyuHa?

Junamukyc: [1o OTHOIICHHIO K JBIKYIIEMYCSl HAOJIOATEIII0 YaCTOThI MPAMOU
1 00paTHOHN BOJH OJMHAKOBHI. HO MBI IMeEM JeTI0 C IBH)KEHHEM CHUCTEMBI B Cpe-
Iie, a 3HauuT — ¥ ¢ 3pdexrom [Jormrepa. Otcrona u 3pHEKTHI.
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Puc.70 Mmeer MecTO pa3sHOCTB 9acToT (v, > v, ). CKOPOCTh TOKa SHEPIHH U CKO-
POCTh MalIWHBI OAWHAKOBBEI. [laccaknpbl MalMHBI HAOIIOAAIOT CTOSYYIO BOJIHY;

JUII HUX TIEPEHOC DHEPruu OTCYTCTBYET. HOKOHH.II/IGCX XKeE Ha6JHO,Z[aT€J'II/I BUOAT
CJIOKHYIO BOJIHOBYIO KapTHHY, KOTOpas CTOSTUCH BOJHOM HE SBJISCTCS.

PnTmyc: DTO UTO XK MOJIy4JaceTCs: I TEX, KTO OCKHUT WU €ICT — CTOsAYas BOJIHA
€CTh, a IJId TCX, KTO CTOUT UJIM CUAUT — eé¢ Her?

Junamukyc: VIMEHHO B 3TOM BCsl IPEJIECTh SIBJICHUS, UMEHHO TakHMM 00pa3oMm
MIPOMCXOJIAIIEE BCEX COMBACT C TOJKY, CO3AaBas y JBIKYIIErocs HaOmromaress
WITIO3UI0 WHBAapHAHTHOCTH, OCOOEHHO, €CIIM OH MMEET JENO C 3JIEKTPOMAarHUT-
HBIMH BoJHaMH. CMBICI MJUTIO3UHM B TOM, YTO JUIsl HaOIto/aTesst Kak Obl HUYEro
He u3MeHsercsa. Ha camom ke siene Bce SIBJICHUS U MPOLECCHl MEHSAIOTCS, HO Ta-
KHM COTJIACOBaHHBIM 00pa3oM, YTO OOHAPY)KUTh 3TH M3MEHEHHUS OYCHb U OYCHb
HEMpocTas 3a/1a4a.

Purmyc: Ho Benp B 31€KTpOJUHAMUKE MBI MOXKEM HU3MEPSTH JJIUHBI NPAMON U
00paTHOM BOJIH, a U3MEPHB, OOHAPY>KUTh HECOOTBETCTBHUL. ..

Junamukyc: YBBI, HO S TOKa emIé He CIbIIAT 00 3KCIIEPUMEHTAX, B KOTOPBIX OBl
HATIPSMYIO, T.€. HEIOCPEACTBEHHO, M3MEPSUTUCH JIMHBI OCTYIIMX 3JIeKTpoMar-
HUTHBIX BOJH. J[0 CMX IOp O AJIMHE BOJIHBI Mbl CYyJUM 110 JJIMHE CTOSIYEH BOJIHBI,
a 9TO, KaK MBI TeTeph 3HaeM, HE OJTHO U TO xke. CTosuasi BOJIHA MOXKET BOSHUKATh
B pe3ynbTaTe CIO0KEHHUS BOJIH OJWHAKOBOHM YacTOTHI, HO pa3HOU, B CBS3H C (-
¢dexrom Jlomiepa, mmHbl. OOIIENPHHATOE Ke CYKIACHHE O CTOSYel BOJIHE Te-
Iepb HY)KHO IPU3HATh YaCTHBIM cirydaem i V=0.

Ho BepHEMCA K TOI YacTu ONpeAesIeHUs] CTOSAYE BOJIHBL, T1i€ TOBOPUTCS: 8
cmosiuell 80He OMCYMCmayem neperHoc 3xepeuu. A xak Oyner BecTH ceds
3JIEKTPOMArHUTHAS CTOsYasi BOJIHA? ByJeT u B 3TOM ciy4ae TOK 3HEPTHH,
3aKJIIOUEHHON B JIEKTPOMArHUTHOM CTOSYEM BOJIHE, UJIEHTUYEH JJIEKTpU-
YeCKOMY TOKY B IpoBOAax? PaccMOTPUM MBICIEHHBIN 3KCIIEPUMEHT.
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Puc.71 PazHocTh 4acToT OTCyTCTBYeT. B cucreme mokosimmxcs HaOmopaTenei
TOK 3HEPTUH OTCYTCTBYeT. B cHcTeMe ABMXKYIIMXCS, OTHOCHTENBHO CTOSYCH
BOJIHBI, HaOJo/1aTeIell MeeT MecTo TOK 3Hepruu. CKOpOCTh TOKAa 3HEPrHU MO
MO/IYJIIO paBHA CKOPOCTH MalIMHBI. Hemb3st I 3THM COCO00M MILTIOCTPHPOBATh
BoHEI 1¢ Bpoiis?

[Tycte mMeroTcst Ba pa3HECEHHBIX B MIPOCTPAHCTBE MCTOYHHKA DIIEKTPO-
MarHuTHBIX BOJH (3000/y). Ilpu paBeHCTBE YaCTOT B MPOMEKYTKE MEXK-
Iy UCTOYHUKAMHU BO3HUKHET CTOsSYas BOJHA. HaOmromaTens, TOMECTHB B
y3eJ UHAUKATOp (HEOHOBYIO JAMITOYKY), KOHCTaTUPYET, YTO TOK DHEPTUU
OTCYTCTBYeET. J{JIs1 Hac 3TO 03HAYaET, YTO CKOPOCTh TOKA SYHEPTHH M OTHO-
CUTENFHO HAO0aTeNs, © OTHOCUTEIHFHO BOJIHOBOW Cpelbl, paBHA HYJIIO.

[onoxxeHue HEOHOBOrO0 WHAMKATOpPA 3a(UKCUPOBAHO B y3j€. YBEIUYUM
4acToTy oJHOro U3 ucrouHukoB Ha 0,1 I'm. CTosiuas BomHA HAYHET MeI-
JIEHHO CMEIAThCsl. DTO MBI OWMEM IO BO3pACTaHUIO CBEUYEHUS HEOHOBOM
JIAMTIOYKHU. TEOpETHUECKU CKOPOCTh TAKOTO CMEIICHUS OYJICT:

Vo Vi=V,y _ 30000000001 —0,0[n/c].
v,+v, 600000000,

3HaueHNEe CKOPOCTU HEBEIMKO, [TO3TOMY NEpPEMELICHHE Yy3]1a MOYKHO Ha-
0mtoaTh, €CIM BPYYHYIO «IIOMMaTh» y3€l HEOHOBBIM HHIUKATOPOM H
CONpoBOXkJaTh €ro. CKOpPOCTh MEepeMELIeHHs WHAMKATOpa, BCJIEH 3a y3-
somM, Oyzaer OIU3KoI K pacuéTHOH, T.e. 5 cM/c. Eciau moBBICUTH pa3HOCTH
yactoT B 10 pa3, uto coctaButT 1 I'll, TO U CKOPOCTH MEpPEMEIICHUS KaK
y371a, TaKk ¥ BCEr0 MHTEP(PEPEHLUMOHHOr0 mporuecca Bo3pacTeér B 10 pa3 u
cra"et paBHoit 0,5 M/c. [lng Hac 3TO OyneT 03HAYaTh, YTO CKOPOCTH TOKA
SHEPI'HH, 3aKIOYEHHON B cTOsUeH BonHE, paBHa 0,5 m/c.

[IpencTaBUM MBICJICHHO, YTO HAOJIFOAATENIb CMEIIACTCS B TOM K€ HAIPaB-
JIEHUU U ¢ TOH ke ckopocThio (0,5 M/C), B KOTOPOM CMEIIAeTCsl CTOsuas
BoJiHA. OTHOCHUTEIBHO JBUXKYIIETOCS HAONIOAaTeNs Y3Jbl U MyYHOCTH
OyJyT HENOJBHXKHBIMH, a TIOTOMY OH KOHCTAaTHUPYET, YTO TOK SHEPTrUU
oTcyTcTByeT. Habmronatenb Takke KOHCTATUPYET, YTO BOJIHBI, MPUXOJIS-
1€ K HEMY OT UCTOYHUKOB, UMEIOT PAaBHBIC YaCTOTHI, T.C. PA3HOCTH Yac-
TOT OH HE HaOJIIOJaET.
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Purmyec: Ilomydaercs, 4TO MOKHO AOTHATH JJIEKTPUYECKUM TOK, TEKYIIUN IIO
nposoxam? Ecnu anektpuuka OyeT exaTh coO CKOPOCTHIO TOKA, HIYIIEro 10 KOH-
TAKTHOMY IIPOBOAY, TO €€ 3JIEKTPOJBHUraTeNn IEPecTaHyT KPYTHThCSI? A Kak
ObITh ¢ epeMeHHbIM TOKOM? C KaKo# CKOPOCTBIO OH 10 POBOJIAM OSKHT?

Jdunamukyc: He cinenyer myraTh 37€KTPUYECKMM U UCKYCCTBEHHO CO3JaHHBIN
TOK 3JIEKTPOMAarHUTHOU 3Hepruu. Ha paccMoTpeHHOM mpumepe BUIHO U MOHST-
HO, KaK ()OPMHUPYETCS TOK SHEPTUH U 110 KAaKUM HMPUYMHAM CKOPOCTH 3TOTO TOKA
MOXeT ObITh pa3nuuHoil. UTo kacaercs nmepemenHoro Toka, To OH ectb Bo3BpaT-
HO-TIOCTYTIATEIbHOE JIBI)KCHNE MOCTOSHHOI'O 3JIEKTPUYECKOro Toka. YToObI 31O
MIOHSATH, HY’KHO BHUMATEIILHBIM 00pa30M pacCMOTPETh padOTy 3JIEKTPOreHepaTo-
pa. Torna craHer MOHSATHBIM, YTO HE TOK, a MH(OpPMAIsl B BU/Ie KOMaH/Ibl Haya-
Jla JIBWDKEHUS WIM CMCHBI HAIPaBICHUSA TOKAa B HOCHUTEIE PACIPOCTPAHAETCS CO
CKOPOCTBIO CBETA.

O4eBUAHO, YTO 3HAYUTEIHHOE YBEIMUCHUE PA3HOCTH YACTOT MPUBEAET U
K 3HaYNTEITFHOMY YBEIHMYEHHIO CKOPOCTH TOKa dHepruu. Hanmpumep, npu

pasHoctu 4actoT B aBa pasa (v, =300mly, v, =150mlYy ) cxopocts

TOKa 3Hepruu Oyaer

- 300000-150

= lOOOOO[KM/c].
450

Ecnu my4ynoctu cTosueld BoyHbI OyIyT MPOCKaKUBATh (IPOHOCHUTHCS) MU-
MO Hac C 3TOM CKOPOCTHIO, TO MEPEHOCUMas UMH 3HEPrHs OyAeT HaM Ka-
3aThCsl CIUIOIIHBIM MMOTOKOM. Ho MBI Temiepp 3HaeM, 4TO 3TOT MOTOK UMEET
KOHKPETHYIO CKOPOCTb, ¥ TIOHUMaeM, II0YEMY 3Ta CKOPOCTb OTJINYACTCS
OT MakCHMAJIbHO BO3MOYKHOT'O 3HAYCHHMS, PaBHOI'O CKOPOCTH cBeTa. Tak-
K€ CTAHOBUTCS SICHBIM, IIOYEMY TOK DHEPTHM BCEIr/la OCYIIECTBISETCS B
HanpaBJieHHE UCTOYHHKA MEHBIIEH YaCTOTHI.

[IpuBeném mpumep u3 xu3HU. «[4.02.96 2. 6 edunoii snepeocucmeme
Poccuu u Yrpaunvl npouzowén smwepeemuyeckuii kKou@auxkm. B pesynb-
mame npuocmarnosky xcHo-ykpaunckot AIC 6 snepeocucmeme Yrpau-
Hbl HPOU3OULIO NOHUNCEHUE YACHOMbl, 4MO NPUBENO K Nepemory myoa
anekmposHepeuu uz Poccuu, eoe uacmoma 6vina gviute. Ymobvi uckio-
Yumb dHepeemuyecKue nomepu, poCCutickas CMopoHd GbIHYHCOeHd Oblia
OMKIIIOYUMbCA 0N IHEP2OCUCTEMbL YKPaAUHbI.
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§ 2.10 O npupoae YIeKTPUIECKOr0 TOKA

By,Z[CM OTHOCHUTLHCH K COACPIKAHUIO JAHHOI'O naparpacba, KaK K T'MIIOTE3C,
OHI/IpaIOI]_ICf/iCH Ha PE3yJIbTaTbl paCCMOTPCHHUA BOIIPpOCAa O CKOPOCTU TOKa
SHGKTPOMaFHHTHOﬁ SHEPruu.

Ecnu momycTuTh, 4TO NOCTOSIHHBIH 3JICKTPUUYSCKUH TOK BO3HUKAET Oaro-
Jlapsl €CTECTBEHHOM Pa3HOCTH YacTOT MCIOJb3YEMbIX MaTE€pUaJIOB, Ha-
npumep napsl Cu-Zn, TO MOXET BO3HHKHYTh COOJa3H OMpeAeinTh Ha-
MpaBJieHNE BIKEHHS TOKa B IpoBojaHuKe. Ho 3/ecs akciepumenTtaropa
OKUIAIOT TPYAHOCTH. BO-MEPBBIX, TOK IHEPTHH MOXKET (HOPMHUPOBATHCS
Ha MHOTHX YacTOTaX OAHOBPEMEHHO, UYTO MPUBEAET K TOKY SHEPTHH C He-
onpeneaéHHON CKOPOCThIO (HAa OJHUX YacTOTax €ro CKOpPOCTh Oynaer
Oouibliie, Ha IPYTHX — MEHBIIIE).

OmnuieM npeanojaraeMblii 3KcrepuMenT. IlycTs MBI UMeeM JBa OAH-
HAKOBBIX JINCTA U3 MEIH, KOTOpPbIE MOABEIICHBl Ha KallpOHOBBIX HUTSIX
BOJIM3M APYT ApYyra U Ha OJWHAKOBOH BBICOTE OT MOBEPXHOCTH 3EMIIH.
W3MepuM pa3HOCTH 3JEKTPUUECKHX MOTEHIHAIOB MEXIY JHCTaMU C
MOMOUIBI0 YyBCTBUTENBbHOrO mpubopa. [nsg 3Toro Heo6Xoaumo mof-
COEIMHUTH BBIBOJBI NpHUOOpa MO0 BO3MOXXHOCTH OJJHOBPEMEHHO K 000-
UM JIUCTaM.

3aTeM 3aMEHHM OJIMH W3 JINCTOB HA ITMHKOBEIN W TOBTOPHUM IPOLEIYPY
U3MEPEHHUS.

O)KI/I,Z[aIOTCH CJICAYIOIIHNC PE3YJIbTAThI:

1. B mepBoM ciydae npu U3MEPEHUH dJIEKTPHUECKOTO MTOTEHIINAaIa MEkK-
Iy IBYMS TUCTaMHU MeJI HUKaKOTo TOKa He OOHAPYKHUTCH.

2. llpum u3MEpeHUH 3JIEKTPUYECKOro MOTEHUUANA MEXIYy MEAHBIM H
LMHKOBBIM JINCTaMU NPHOOpOM OyAET 3aperucTpUpOBaHO HAIMYHE
KPaTKOBPEMEHHOT'O TOKA.

B uém npuunna? [louemy mMexay miIacTHHAMU M3 OJMHAKOBOTO MaTepHa-
JIa TOK HE BO3HHUKHET, a ITOCJIC 3aMCHBI OJHOM MEIHOM IUIACTHHEI Ha I[HH-
KOBYI0, TOK TIOSIBUTCS?

YtoObl OOBSICHUTE OTCYTCTBHE TOKA B NIEPBOM CIIydae U €ro MOSIBICHUE —
BO BTOPOM, 00paTtuMcs K NpeaslayliemMy naparpagy, B KOTOpOM NpU4rHa
MEPETOKA SHEPTUH HHTEPIPETUPYETCS HATMUUEM Pa3HOCTH YaCTOT MEXKILY
WCTOYHUKAMH. DTO 3HAYUT, YTO JIMCTHI MEIM HA AaTOMHOM YPOBHE HUMEIOT
paBHbIC YaCTOTHBIC TAPAMETPBI, a B I1Ape JUCTOB MEAb-LIUHK IPUCYTCTBY-
€T Pa3HOCTb YaCTOT.
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Takum ke cocooom npeaACTaBIACTCA BO3MOKHBIM HMCIBITAaTh BCC 3JIC-
MCHTBI Ta6HI/IHBI MeHaeneeBa B p€ajIbHBIX SKCIICPUMCHTAX.

%k sk ok

Mpbl yaensieM BHUMaHUE CTOSYMM BOJIHAM IO TOW HNPUYMHE, YTO B paMKax
METOJIOB PUTMOJIMHAMUKH OHU SIBJIIFOTCS TJIaBHBIM CBS3YIOIIUM 3BEHOM U
Mepoii pu caMmoopranmu3auu cucteM. C X IOMOIIBIO TOCTPOUM MOJICTH
MPOIIECCOB, YYACTBYIOIMUX B (DOPMUPOBAHUH TIEPEMEIICHUN ITHX CUCTEM,
MOSIBJICHUS] UHEPUMOHHBIX CBOMCTB M CHUJIOBBIX B3aUMOJICUCTBUN MEXKIY
3JIEMEHTAMU CUCTEMBI, MEXy CUCTEMaMH.

BeIiBOABI:

Criocobamu P/ MogenupoBaHus cO3[[aHO MHOXKECTBO MOJIENel SBICHUM.
OpnHa u3 HUX, — CoICUMAHUe CMOAYUX GOJH, TIO3BOJIUJIA BEPHYTHCS K UH-
TepIpeTanuy pe3ylibTaToB onbita MaiikenbcoHa. [lokazaHno, 4To oTkas ot
MOHSATHS BOJTHOBOH cpenbl (3¢upa) sBiseTcs HenmpaBoMepHbIM. [Ipemso-
»KEHa HOBas MOJENIb OOBSICHEHHS omnbiTa MaiikelbcoHa, OCHOBaHHAs Ha
CUCTEeMe OCLMJLIATOPOB B BOJIHOBOM CpeJie.
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I'naBa 3. OCHOBbBI CAMOOPI'AHU3ALIUU

Camoopranusaius, 3To Croco0 CyIecTBOBaHMsI OKpyxKaromero mupa. Ho
YTO JIGKHUT B OCHOBE ITOTO CMOCO0A, KAKKE TPOIIECCH 00ECIeYnBAalOT Ca-
MOOPTaHU3AIHI0, KAKOB MEXaHU3M?

[TonsiTHO, uTO NMHOOBIC JCHCTBUS TPeOyIOT 3Hepruu. CpaBHUBAsI SHEPTUU
MEX/1y cO0O0Mi, TOBOPSAT O HEKOW Mepe, HO JI0 CUX IOp HET OTBETA Ha BO-
MPOC: YTO €CTh JHEPrus, ric e UCTOUYHHK U KAKOBBI MOMBICIEI 3TOTO
WCTOYHHKA?

§ 3.01 DHeprus, Kak Mepa IBUKECHUSA

9Hepm;1 €CTh €AruHasd ME€pa JABUXKCHUA MaTCpUH, T.C. HCKOTOpas BCIU-
YHHAa, IMOKa3bIBaromiasa, CKOJIbKO JBUKCHUA HAXOAUTCA B TOM HIIN WHOM
KOHKPETHOM OGBGKTC Ha ﬂaHHBIﬁ MOMCHT HE3aBHCHMO OT MNPUPOJbL
nBwkeHus. [log ABMXEHWEM MOHMMAaeM JI000€ MepeMeIeHue B BOJHO-
BOM cpeje.

§ 3.02 AGCOIIOTHOCTH U OTHOCUTEJIbHOCTH IHEPTUH

[TocTynaTel coBpeMeHHO# (hHU3UKH, KaK ¥ CO3[JaHHBIC Ha X OCHOBE T€O-
puH, HEe JOIMYCKalOT aOCONIOTHBIX TOHATHN: SHEPTHSA, CKOPOCTh, BPEMS,
cuctema otcuéra. [locTynaTel pUTMOAMHAMUKY ¥ BOJTHOBOH I'€OMETPHH,
HaIlpOTHB, YKa3bIBAIOT Ha HEBO3MOXKHOCTH MOCTPOCHHS SCHOH (hr3mde-
CKOM KapTHUHBI MHpa 0e3 HOCHUTEIs MMOCTPOSHUN B I€OMETPUU U BOJIHO-
BOH cpeapl B pUTMOAUHaMHuKe. [IpenmyInecTBo pUTMOIMHAMUYECKOTO
MO/IX0/1a B TOM, YTO OH TTO3BOJISIET ONEPHPOBATH KaK aOCOIIOTHBIMH, TaK
Y OTHOCHUTENBHBIMU TOHATHAMH. Hampumep, cKopocTs 00BEKTOB B BOJI-
HOBOH cpeje abCOIOTHA, a CKOPOCTh MEXKITY 00BEKTaMHU — OTHOCUTETh-
Ha. DTO K€ CIIpaBeUINBO M B OTHOIIIEHWUH YHEPTHI: YeM BBIIIE CKOPOCTh
00BbeKTa, TeM OOJIbIIIe aOCONIOTHOE 3HAYCHHE €r0 KMHETHYSCKOW dHEp-
TUH, OJTHAKO, CCITM TapaJUIeILHO MepeMEIaeTCs BTOPOH TaKoH ke 00b-
€KT, TO TIPH CPaBHEHUH HX KUHETHYECKUX HIHEPTUH MBI KOHCTATHPYEM
TOJIPKO HaJW4YWe Pa3sHOCTH. B 3TOM ciyuyae KWHETHUYECKas JSHEPTus —
OTHOCHTENbHAsE BennyuHa. ClleyeT MOCTOSHHO MOMHHUTB, YTO JI00as
OTHOCHTENIbHASI BEJMYHMHA BCEr/a €CTh Pe3yJbTaT Pa3HOCTH aOCOJIOT-
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HBIX BeJIMYMH. Hanpumep, OTHOCHTEIbHAS CKOPOCTh Y JABYX CaMOJIETOB
100 xm/u, a 3TO 3HAYUT, YTO B MPOCTEHIIEM Clydae BBIMOJIHICTCS pa-
serctBo V2—V1=100xm/u, rne Vi u V, — CKOPOCTH OTHOCHTEIBLHO
BO3/yXa (s caMOJETOB 3Ta CKOPOCTH SBISETCS aOCONIOTHBIM Tapa-
Metpom). Jlns camonéra cucrema otrcuéTa, MpUBA3aHHAS K BO3AYXY, SB-
nsierest abcomotHoi (ACO), HO, HAXOSICH BHYTPU caMOJIETa U HE UMeEsI
KaKUX-TM0O BHEITHUX OPHEHTHPOB HUYETO HENB3sI CKazaTh 00 3TOH ab-
COJIFOTHOM CKOpOCTH. CKOPOCTh MOYKET OBITH JIFOOOI.

Oxpykaromuid MHp TPEACTaBISIETCS HAM 3JIEKTPOMarHUTHO-BOJHOBBIM.
MBI He MOEM YBEPEHHO CKa3aTh, YTO HAa 3TOM YPOBHE €ro OpraHU3aluH
SBJICHUSI 00ECTICYHBAIOTCSI MMEHHO NEPBOPOAHBIM KOHTHHYYMOM, MO3TO-
My MPEIIOYTUTEIBHO TOBOPUTH 00 3JIEKTPOMAarHUTHO-BOJIHOBOHM Cpeje,
Kak 0 HEeKOM Onm3iiexanieM Oasuce. IMeHHO 3TOT 6a3uc u ciexyer Ha3bl-
BaTh ACO, T.K. Ul BELIECTBEHHBIX M MHBIX BOJHOBBIX OOBEKTOB HAILETO
MHUpa OH BBIIOJHSAET TY K€ POJIb, UYTO M BO3AYyX MUl camoiéra. Torna Bce
JBIDKCHHS CIIEyeT paccMaTpUBaTh KakK IIPOMCXOJSIIUE B 3JIEKTpoMar-
HUTHO-BOJIHOBOM cpeJle OTHOCHTEIBHO CHCTEMbl KOOPAMHAT, IPHUBSA3aH-
HOM K 3TOM cpene. Ho Bo3HHMKaeT mpoOIeMHBIA BOTIPOC C OTpEIeICHUEM
COOCTBEHHOH CKOPOCTH B BOJIHOBOH cpexe. Ilpu coBpemMeHHOM ypoBHE
PasBUTHS TAJOHOB MEp 3Ta 3ajJaya TEXHUYECKH pelaeMa M CBOAMTCS K
OIIPEICNICHUIO CKOPOCTH CBETA B OJJHOM HAIPABICHUH.

B purMonmHamuKe SHEPTHUs pacCMaTPUBAETCS, KaK «CIOCOOHOCTHY. Crio-
COOHOCTh MOKET OBITh KaK IOTEHIMAIBHOM, T.€. CKPBITOH U 0€3 HYKJIbI
HUKaK ce0s1 He TPOSIBIIIONIEH, TaK M KHHeTH4YecKoi. Knnertnaeckas snep-
T'Usl BCETJa CBS3aHA C JBM)KCHHWEM W B PUTMOJMHAMMKE TOPA3IEIIETCs
Ha «a0COIOTHYIO» W OTHOCHTEIBHYIO. JTO CBA3aHO C BOJHOBOW CPEO,
BBICTYTAIOMICH, IS HAXOSIIIMXCS B HEWM OOBEKTOB, OCHOBOH, TOJIOXK-
koi. K cpene nmpuBs3ana cucreMa KOOPAMHAT, BBITIOIHSIOMAS POJib a0Cco-
JIFOTHOM CUCTEMBI OTCUETA.

Jlnst Toro, 4To0bl OOHAKUTh MEXaHU3MHYIO CYTh KMHETHYECKOH dHEep-
T'HH, T.C. IEPEBECTU MOHATHE 00 PHEPTUU B MOJICIIbHBIC NPE/ICTABICHUS
Ha ypOBHE IPOLIECCOB, HEOOXOIMMO PEIIUTh JBE OCHOBOMOJAraIOIINe
pOOIEMBI:

1) BBISIBUTH IpOIECCHI, Oy1arogapsi KOTOPHIM OHOTHITHBIE AJIEMEHTHI Ca-
MOOPIaHU3YIOTCS B TENA;

2) BbISIBUTD, TIAPAMETPbI U UX U3MCHCHUSA, CAMOOPIraHU3yOIIUC IBUKCHUC
TECII.
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§ 3.03 Camoopranusanusi BOJJHOBBIX CHCTEM

Bce Tena B mpupoje, Kak U camMa mpupoJia, — 3TO CaMOOPTraHU3YIOIUECS
cuctembl. [IpumepoB camoopraHu3ayyi MHOTO Kak B Makpo-, TaKk ¥ B
MUKpOMUpE: caMO(OPMHPOBAHUE TAJAKTUK U TUIAHETAPHBIX CUCTEM TH-
Ma COJIHEYHOW, POCT KPHUCTAIUIOB, XUMUYECKHUE PEAKIUU, POCT KUBBIX
OpraHU3MOB, MOBEJIEHUE collMyMa. Ho Kak KOHKPETHO MPOUCXOJIUT ca-
MOOpraHu3aIus, Kakue MPOIeCcChl JIeKAT B €€ OCHOBE, CYIIECTBYIOT JIH
oO11ue anropuTMbI?

Hamnpumep, aTromMbl B KOHIEHCUPOBAHHBIX TeJaX HE KOHTAKTUPYIOT MEXIY
co0O# HampsMyI0, BECbMa YAAIEHBI JIPYr OT Apyra M COCTaBJISIFOT TPO-
CTPAHCTBEHHYIO pereTky. OObSICHUTH TaKyIO CBA3b AaTOMOB MOYKHO TOJIBKO
OJTHMM: aTOMBI CBSI3aHBI MEXIY COOOHM 3J€KTPOMArHUTHBIMH BOJHOBBIMHU
noJisiMU. MICTOUHMKaMU 3TUX MOJIEH SIBJISIFOTCSI CAMU aTOMBI WM UX 1pa.

Ho xak BO3HHKaeT CBsI3b MEXIY aTOMaMH, KOTOpasi, C OJHOH CTOPOHHI,
YAEpKUBAET UX HA HEKOTOPOM PACCTOSIHUU APYT OT ApYra, T.e. MPensiTCT-
BYET CIIUSHHUIO, a C APYTOi — He MO3BOJIIET aTOMaM pa3derarbes?

IIpexne 4yeM NPUCTYNUTh K PACCMOTPEHHUIO 3TOr0 Ba)XHOI'O BOIPOCA,
YTOYHUM 3HA4YEHHE TEPMHUHOB: HCTOUYHUK BOJIH M OCIMIIIATOP. OCImis-
TOpP MBI IOHUMAeM KaK F€OMETPUIECKHI 00BEKT — TOUKY, a MO/ UCTOYHH-
KOM BOJIH — PUTMOJAMHAMUYECKUNA OOBEKT, NMEIONINH MHUHUMAaJIbHO BO3-
MOXHBIE pa3Mephbl. ECiu ¢ MOMOIIBI0 OCHUIUIATOPA-TOUKH UCCIIEI0BATEb
OTCJIC)KHMBACT TIOJIOKEHHUE MOTCHIIMAIbHOM SIMBI Ha/B HOCHTEJE MOCTpOe-
HUM, T.€. OCHWUIATOP MO YCJOBHIO INEpEeMeIlaeTcsi BCIEJ 3a SMOW, TO
MMEIONINHA pa3Mepbl HCTOUYHUK YK€ CIIOCOOEH OIEHUBATh T'PAJAUEHTHI, KO-
TOpbIE HANPABISAIOT €ro K Oirkaiiiiel moTeHInanbHON sime. HamomManM:
BOJIHOBAsI TE€OMETPHS ABJIsETCS 0a31COM PUTMOAMHAMUKH.

[ToapoOHO paccMoTpuM 0a30BbIH pUMeEp.

[lycTh /1Ba UCTOYHKMKA BOJIH PACIIOJIOKEHBI B 30HAX M3JIyUCHHUS JIPYT JIpyTa
1 KoJicOmoTest cuH(pazHo. BoHBI KOTEPEHTHBI, HE COZCPKaT OMeHUH yac-
TOTBI U B MIPOMEIKYTKE MEXK/y UCTOYHUKAMH CO3/IaJId CTOsIUyIO BOJHY. Mc-
TOYHHMKH 3aHSUIM YCTOMUYMBBIC MOJIOKCHUS B JMHAMHUCCKUX MMOTCHIUAIIb-
HBIX sIMax (30HaxX KOM(OpTa) Ha PACCTOSIHUM OJHOM JUIMHBI CTOSYCH BOJI-
HbL. MeX]ly HCTOYHHKAMK CaMOIIPOM3BOJIBHO 00pa30Baiach ynpyras CBs3b.
PaccmoTpum mporiecchl, y4acTByOIIHE B JOPMUPOBAHUN 3TOU CBSI3H.

B npouecce ydaCcTByrOT TpU 00BeKTAa: ABa UCTOYHHKA W BOJIHOBas Cpcla
():[J'ISI BOJIHOBOH TCOMCTPUHN — JIBa OCHUJIATOPA U HOCUTCIIb HOCTpOGHHﬁ).
I/ICXOI[HH_IPIC OT UCTOYHUKOB BOJIHBI MOCJIC OTPbIBA CTAHOBATCS HE3aBHUCH-
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MBIMU 00pa30BaHHSMH, T.€. HUKAK C UCTOYHUKAMU HE CBSI3aHHBIMHU M CY-
LIECTBYIOLIMMU CaMOCTOSTENIbHO. BosHbI nepecexaroT aApyr apyra u cos-
JIAIOT TI0JIe TIEPEeMEHHBIX aMIUINTY]l B BUJE My4YHOCTEH M Y3IJIOB, a BJIOJIb
COEJTMHSIONIEH NCTOYHUKH MBICIIEHHON JIMHUU BO3HHUKAET CTOS4asi BOJHA.

[Ipennonaraem, 4To 7Sl ICTOYHUKA Y3€I CTOSYEN BOJIHBI SIBJIAETCSI 30HON
YCTOHYMBOrO PaBHOBECHUS, NMOTCHUUAIBHONW sIMOH, 30HOM komdopta. Hc-
TOYHUK CIIOCOOEH pearnpoBaTh TOJIBKO Ha MPHJICTaoliee K HEMy BOJIHOBOE
0JI€, ¥ €CJIM B OTOM I10JI€ UIMEET MECTO IPAaJUEHT NapaMeTpoB, TO HUCTOY-
HUK HauMHAeT NepeMelaTbcs B HAIIPABIEHUH MEHBIIETO 110 3HAYEHUIO Ma-
pameTpa JI0 TeX Hop, OKa He JOCTUIHET 30HbI OTCYTCTBUS IpajueHTa. [
HCTOYHHUKA 3TOT MPOLIECC BBIMVISAUT HEOAMHAKOBBIM BOJHOBBIM JIaBJIICHHEM
C pa3HbIX CTOPOH, NOATAIKUBAIOLINM €r0 B OTEHIIUAIBHYIO IMY.

. ‘ Puc.72
! ! Puc.73

I[Ba HUCTOYHHKA BOJIH HAXOJATCS B y3J1aX CO3J:[aHHOI>i HMU CTOSUCH BOJIHBI.
V3161 JJIs1 UICTOYHHUKOB SBJIAIOTCS 30HaAMU YCTOI‘/'I‘-II/IBOI‘O PpaBHOBECH. B
OTUX 30HAaX I'paIUCHT SHCPIrUH BOJIHOBOTO MMOJIA OTCYTCTBYCT.

[omnpiTKa COAM3UTH UICTOUYHUKH BOJIH, T.€. BBIBECTH UX U3 NOTCHLIUAIBHBIX
SIM, IPUBOJUT K PEAKLMK CTOSYEH BOJIHBI, HAIPaBJICHHOI Ha pacTalKuBa-
HHUE MCTOYHMKOB. Peakuus npomosnkaercst 10 TeX HOp, MOKa MCTOYHHUKH
BHOBb HE OK@)XyTCsl B 30HaX PaBHOBECHSL.
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' . Puc.74

ITombiTKa pasaABUHYTb MCTOYHUKHU, T.C. HACUIIbHO BBIBECTHU HUX U3 30HbI
paBHOBECHS, NPUBOAUT K BO3HUKHOBCHHIO ITOJIA MU3JTyYCHHUS BOBHC, KO-
TOPOC OKa3bIBACT HpOTI/IBOI[GﬁCTBI/Ie HUCTOYHUKAM, T.C. IMBITACTCA BECp-
HYTb UX B Y3JIbI.

Puc.75

Uem pnanplie MCTOYHHUKH BOJIH YAaaja€Hbl OT NMOTCHUUAJIBHBIX SM, TEM
CHJIBHCC OHH HCIIBITBIBAIOT HpOTI/IBO,Z[CI\/'ICTBI/Ie CO CTOPOHBI BOJIHOBOI'O
moJist. [Tome CTPEMUTCA BEPHYTH UCTOYHHUKH B IIOTCHIHUAJIBHBIC SIMBI.

N

Ha B3anMHOe ypajneHue MCTOYHHMKOB HEOOXOIMMO 3aTPaTUTh YCUIIHE.
[Ipu 3TOM OHM OKaXXyTCsl B 30HaX HEYCTOMYMBOIO PaBHOBECHS, T.€. HA
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BeplIMHAX enié He JI0 KOHIa COPMUPOBAHHBIX CTOSYUX BOJIH. 3a ITOMH
rpaHullell HCTOYHMKU HAaYHYT HCIBITHIBATh Ha ce0e pacTalKMBAIOIINeE
CHJIBI. B 3TOT MOMEHT NPUTSIKEHUE MEXKAY UCTOUHUKAMU MEHSETCS Ha
OTTaJIKUBAHUE.

2180

[lepemerniasich OT IEHTpa MOJ JIEHCTBHEM DPACTAIKHBAIOIINX CHIJI UCTOY-
HUKH, BCKOPE, CO3Q/IyT eI€ IBe CTOSYHE BOJHBI U MONAayT B HOBBIE Y3-
JIBL, T.€. B HOBBIE 30HBI yCTOHYNBOTO paBHOBECHS (TIOTEHITHAIBHBIE SIMBI).

2ICH

[IponomkuM ynaneHne MICTOYHUKOB APYT OT ApPYyTra, — 3TO BHOBb MIPUBEAET
K MX HEKEJIAHUIO BBIXOANTH M3 MOTEHLUANBHBIX SIM, BEIPQ)KEHHOMY, KaK U
paHee, B MOSIBJICHUH BHELIHETO BOJIHOBOTO MOJISl U €ro MPOTUBOJEHCTBUN

npoueaype.

Tax BBIMJISIIUT TPOIIECC CAMOOPTaHU3aIliU, B KOTOPOM MUHUMAJIBHO BO3-
MOJKHAsI CUCTEMa COCTOMT U3 JIBYX HCTOYHUKOB M BOJTHOBOTO ITOJISI MEXKTY
HUMH B BUJIC MyYHOCTH CTOSTYCH BOJHBI. TaKyr CHCTEMY MOXKHO Ha3BaTh
«PJ] — numonb» (pUTMOAMHAMUYECKHIA JTUTIOIND ).

PutMoauHaMUYecKHii UI0/Ib, 3TO CUCTEMA [IBYX UCTOUYHHUKOB, YAECPKHBAEMBIX
SHEpruel cTosdell BOJHBI B OJIMDKAMIIMX 30HAaX yCTOWYMBOTO paBHOBecus. PJ] —
JUNONb SABISETCA MUHMMAaJIbHO BO3MOXKHOHM B IPHPOJE CaMOOPTraHM30BaHHON
CHCTEMOI1 U MpeACTaBIsIeT COO0H MPOCTEHITYIO MOJIENb (PU3NIECKOTOo Terna.
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Jltobble 7Ba KOTEPEHTHBIX HCTOYHHUKA CAMOOPTaHH3YIOTCS B CHCTEMY.
PaccrosiHue ~ MeXay — MCTOYHMKAMH  YCTAHOBHTCS [0  HPaBIILY
[=2n+1)-Aem, T.e. MexIy HUMHU Beeraa OyaeT HEYETHOE YUCIO CTOSI-
4px BoJiH. OJIHAKO Y HCTOYHHUKOB (ha3bl MOTYT M HE COBIA/IATh.

§ 3.04 Camoopranusanus u caBur ¢as

Hanee Mbl OyJeM HCIOJIB30BaTh TEPMHUH «OCHIIUIATOP», Halelsisi ero
CBOMCTBaMU UCTOYHUKA BOJIH.

PaccmotpuMm cuctemy, B KOTOPO# JBa KOT€PEHTHBIX OCIMILIATOpa Ha-
XOJATCSA B y3Jax OJHOW cTosiuel BOJIHBI. Bocmosb3yemcs MOHSATHEM
«caBur ¢azy. Casur a3 Mexay OCHHIIIATOPAMH BBIpaXkaeTcss B OTCTa-
BaHWH WJIU OTIEPEKEHUN UX KOJeOaHWI Apyr OTHOCUTENBbHO Apyra. Ec-
U CABUT (a3 OTCYTCTBYET, TO OCIMILIATOPHI KOJIEOIIOTCS CHHXPOHHO,
T.€. U3JIy4aloT OJHOBPEMEHHO BOJHBI OJWHAKOBBIX IO 3HAYCHHUIO aM-
mnutya. Hanuawe cnpura (a3 o3Ha4aeT, 4TO BOJHBI U3IIy4alOTCs C He-
KOTOPBIM (PUKCHPOBAHHBIM I10 aMIUTUTY/I€ CMEIIEHUEM: OTIEPEeKEHHEM,
W OTCTaBaHHUEM.

@I©

Puc.79 ¥V ocruisiTopoB cIABUT (a3 paBeH HYIO Agp=0°

© @

Puc.80 Ociuuisitopsr B ipotuBodase. Casur ¢a3 Ap=180°
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OtcyTcTBUe ciBura (a3 y CHCTEMbI O3HA4aeT U OTCYTCTBHE IepeMellie-
HUSl 3TOW CHCTEMbI B BOJIHOBOU cpene. Hamuuue ciBura (a3 HanpoTus,
BBIHYK/IA€T CUCTEMY IEPEMEILATHCS B CPEJIE MO PaBUITY:

= (3.01)
T

Ecnmu cuctema nBumxkercs (IBMIKCHUWE HEHACHJIHLCTBEHHOE, T.C. IMOJ-
JIepKUBACTCsl CABUIOM (ha3), TO PacCTOSIHUE MEKIY OCIHUJUISITOPaMu
COKpaIaeTcs:

2
Al = Dlem= Aem-(1— A(pz ) (3.02)
T
1501040
V2
Hem=Aem-(1-=) | (3.03)
C

T.C. paCCTOAHUEC MEKIY OCHUIIIATOPAMU 3aBUCUT OT CKOPOCTU CUCTEMBI.

OTO 3HAYMT, YTO NMPU W3MEHEHUH CKOPOCTH CHCTEMBI OT HyJIS A0 V, Ha
OCHWJIJISITOPBI JICHCTBYIOT CHIIBI MHTEP(EPEHIIMOHHOMN MPUPOABI: MIPH TI0-
SIBJICHUM JIBUJKEHUSI CTOSYasi BOJIHA CTAHOBUTCSI KOpOYE, PACCTOSIHUE Me-
JKIy y3JIaMH yMEHBINACTCSA, OCHMIUIATOPBI OTCIIECKUBAIOT MOJIOKEHHUE Y3-
JIOB U CJIEAYIOT 32 HUMH.

PaccmoTpum B3auMocBs3b caBura as u ckopoctd. Jjist 3Toro cMmojenu-
PYeM CHTYyallio, B KOTOPOW MEXKIY MOKOSIIUMHUCS OCIHUUIATOPAMHU CO3-
naH casur das (puc.82).

Puc.81 Tak BBIITIAAMT CHCTEMA OC-
muIATOpoB (V'=0, Ap=0°), y Ko-
TOPO# mapameTpbl caBura a3 u cKo-
POCTH COTJIACOBAHBI [0 IPABHIY
V=cAoplr
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Puc.82 Cagur  daz  mexny
OCLIIIIATOpAMU  paBeH  Ap=45°
(V=0), NpOM30LIEN CABUI CTOSAYEH
BOJIHBI BIIPABO.

L

OTHOCUTENBHO OCHMJIISITOPOB MOTEHIUABHBIC SIMBI CMECTHJIMCH BIPABO.
[Ty4HOCTh CTasa OKa3bIBaTh JCHCTBHE HA MPABBI MCTOYHHK M IBITATHCS
ero CMECTHUTh B CTOPOHY YOBIBaHUSI aMIUIMTY/Ibl. Ha J1eBbIif HCTOYHUK OKa-
3bIBAeT JICHCTBUE MOSBUBIIICECS] BHEIIHEE M0OJIE, CMEMIAOIIee OCIHILISTOP B
NOTEHIUATIbHYIO siMy. [Ipu mosiBieHun y Takoi cuctembl (A@ =45°)
BO3MOKHOCTH CBOOOHOTO TiepemenieHus (¢ 3apuKCUpOBaHHBIM PacCTOA-
HUEM MCXKIY I/ICTO‘IHI/IK&MI/I), CUCTEMa CTAaHET JABUTaThCA BIIPAaBO CO CKO-
pocteio V' =0,25-c. Tlpu 3TOM paccTOSTHHE MEKAY y3JIaMH CTOSYEiH

2 2 o
BOJIHBI cokpatutcst 110 npauity A'cm = Aem-(1—V~/¢”), uro npusenér

K HECOBMAJICHUIO TOJOXKEHHS OCIIIIATOPOB U y31oB (puc.83). Ilossu-
JINCh CUJIBI, CTPEMANIUCCA MMOMECTHUTL OCHWLIIATOPBI B JABMIXXYHIUECH I10-
TEHIIMAIbHBIC SIMBI.

. . Puc.83

Ecnu cHATH QUKCALUIO PACCTOSHUS MEXKIYy OCUMIUISITOPaMH, TO, MOJ1 ACH-
CTBHEM BHELIHHMX BOJHOBBIX CHJI, OHH NEPEMECTATCS B MOTCHUHAJIbHbIC
SIMBl M PACCTOSIHAE MEXIY OCHMJUIITOPaMH B TOUYHOCTH CTAHET PaBHBIM
JUIMHE cTOsYel BOJHBI (puc.84):

2
V=c22_025¢, 1=Nan=den-(1-22
T T

)= Acem-0,9375
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Puc.84

C,I[BI/II‘ (1)33 OPpUBOAUT K CMCUICHHUIO MOTCHIUAJIBHBIX AM OTHOCUTCIIBHO
HCTOYHHUKOB TaKUM 06pa30M, qTo YCTOﬁqHBLIM COCTOSAHHUEM CHCTCMbI
CTAHOBUTCA €€ IBUKCHHUE C MOCTOSTHHOM CKOPOCTHIO. Takum 06pa30M,
CABHUI! (1)213 HapyHmiacT BHYTPCHHEC paBHOBCCUC CUJI, BOCCTAHOBUTH KOTO-
poc€ MOKXHO TOJIBKO B ABHIKXCHUMU. Takoe ABMIKCHUC — PAaBHOMCPHOC U
HpﬂMOJ’IHHeﬁHOC, MMO3TOMY BHCIIHC BBITJIAAUT ABUXKCHUCM 110 HHCPLUH.

Ecnu, mo xakoii-nmubo npuunHe, cIBUT Ga3 Mex1y OCHIIUIATOPaAMU U3Me-
HUTCS, TO U3MEHUTCS U CKOPOCTb CHCTEMbl. PaBHOMEpPHOE yBEIMYEHHUE
capura (a3 OyJer WHUIMUPOBATH YBEJIMUYCHHUE CKOPOCTH CHUCTEMBI, T.C.
cucremMa Oy/IeT CaMOJBHIaThCsi ¢ yecKopeHueMm. OTMETHM, 4TO HE MMEeT
3HAYCHUSI, U3MCHSICTCS JIM COOTHOIIeHUE (a3 BHEIIHUMH OOCTOSITEIbCT-
BaMU, WIH K€ B CUCTEME MOSIBIISIOTCS BHYTPEHHUE MPUYMHBI.

a=V2—V1=£.(A(p2—A¢1) (3.04)
-0 At

Ho u3smenenue casura (a3 BO BpEMEHH €CTh HHM YTO MHOE, KaK Pa3HOCTh
gactor AV . IIpeoGpaszosas popmyiry 3.04 Mbl 1Oy YHIIH:

a=2c-Av (3.05)

YroObl IMOHATH, C BCIMYMHAMU KAKOI'0 IOpsJiKa HaM HNPEIACTOUT HMMETH
JCJI0 Ha MPAKTUKE, BBIYUCIUM pa3HUIYy 4aCTOT Av MEXAYy OCHUILIATO-

pamu [UIs YCIOBHS: CHCTEMa IBIDKETCS C yckopenmem a =9.8m/c’,
ckopocth pactpoctpanenus BoaH ¢ =300000xm /¢ .

a 9.8
Av=L 20 163007
6-10° Ll
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PaccMmoTpumM Takxke ciydail ¢ OTCyTCTBHEM caBHra (a3 y HMCTOYHHKOB,
HAaCWJIbCTBEHHO TE€PEMEIIaeMbIX C HEKOTOPOH TMOCTOSHHOW CKOPOCTBHIO
BITPABO.

Puc.85 Ap=0°, V=0,25¢ .

B rtakoii cucreme Bo3HUKaET ieOpMalK CTOSYCH BOJIHBI: OHA CMellaeT-
Csl BJI€BO OT MCTOYHMKOB U IMOSBIISIETCS JOIOIHUTEIBHOE BOJHOBOE I10JIE
crpasa. Co CTOPOHBI MYYHOCTH W BO3HMKIIErO CIpaBa BOJIHOBOTO ITOJIS
MOSIBIISICTCS JIEMCTBHE HA MCTOYHMKH, HMPENATCTBYIOLIEE NEPEMEILEHUIO
CUCTEMBI.

[Tepemerienne TOH CHUCTEMBI B BOJHOBOH Cpelie HE MOJKET OBITh OCY-
IECTBIICHO 0e3 mpoTuBomelcTBusA. CucTteMa, He MMeromas caBura ¢as,
OyIIeT CONPOTHBIATHCA JIIOOOMY TEpEeMEIIeHNI0, T.K. €€ CBOOOIHOE OT
nedopManuii COCTOSTHIE BO3MOYKHO TOJBKO TPH HYJIEBOH CKOPOCTH OT-
HOCHUTEIIBHO Cpe/ibl. Tak MosSBIsSETCS CBOHCTBO HHEPIIMOHHOCTH.

Hesxenanue MEHSITh PEIKUM JIBIKCHHS CBA3AHO C OTCYTCTBUEM Y CHCTEMBI
BO3MOXHOCTH M3MEHUTH cooTHOIeHue (a3. [losiBnenue capura a3z, Ha-
o0opot, OyeT NPUHYKAATh CUCTEMY K JBM)KEHHUIO. Kak Mbl BUIUM, CKO-
POCThH MEPEMEIICHUS U CABHT (a3 — mapaMeTphl MKy OO0 CBSI3aHHBIC:

V=k Ap, (3.06)
rae k, =c/m =const

eciu ¢ = 299792458 m/c, a p =180°, To

c/ 7 =16599580,9 [m/(crpan)]

¢/ =95426903,18 [m/(c-pan)]
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OTHOLIIEHNE CKOPOCTH CUCTEMBI K CIBHTY (a3 MEX]y OCHUILIATOPaMU
(V' / A@) BenmuunHa Bcerja MOCTOSIHHAS M PaBHAS OTHOIICHHIO CKOPO-
CTH PacIpoCTPaHEeHHUs BOJH B cpefe K nojynepuony (¢/ 7).

Ecmu cucrema COIIPOTHUBJIACTCA HeﬁCTBHIO, HaIllpaBJICHHOMY Ha HU3MCHC-
HUC CKOPOCTHOTO pEXKHUMa, TO r'OBOPAT 00 HWHCPTHOCTH, KaK O MEpPC pCak-
O Ha ,I[eflCTBI/Ie. B PacCMOTPCHHOM Cliy4ac ,I[eﬁCTBHe Ha CUCTEMY IO~
pa3yMeBacT 1on co0oii HUMITYJIbC, ,Z[O6aBJ'IHIOH.[Hﬁ CHUCTEME KOJINMYECTBO
JABHXXCHU S

P=mV=m<-Ap (3.07)
T

W3 popmMynsl BUJHO, YTO MMITYJIbC MPOIOPLHMOHATICH CABUTY (a3, a oT-
HOLIEHUE C/ 7T SBISETCS HEKUM KOA()PUIMEHTOM, KOTOPHIA MOKHO Ha-
3BaTh KBAHTOM MAcCChl, T.¢. Tipu m =1

P=1-=-Ap (3.08)

<
Vs
r7ie MUHIMAaJIbHO BO3MOJKHAs Macca (KBaHT MACCHhI)
dm=clr (3.09)

EcTb cMBICII BBECTH ITOHSITHE «PUTMOJIMHAMHYCCKAasA Macca»

My, =mc/ (3.10)

Pa3MepHOCTh KOTOPOW [kem/(c:pad)]

§ 3.05 KunHeTn4yeckasi JHeprus

BzaumocBs3b MCIKAY CKOPOCTBIO U CABUT'OM (1)3.3 MO3BOJISICT MHAYEC B3IJIA-
HYTb HA MOHATUC KKUHCTUYCCKAA SHCPTUI».

Tak Kak PHEpPrus XapaKTEePU3yeTCs CIMOCOOHOCTHIO COBEPIIATH PadoTy,
a paboTa CBs3aHa C MOHITHEM «CHJIa», TO PACCMOTPUM TaKKE U IOHSI-
THE «CHJIay.

AV:VZ_VIZC.M (3.11)
v
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A=F-s (3.12)

F:m.M:mc.M (3.13)
t Tt
s=Veprt =0l LBRTAR) gy,
2r
J— . 2
U p.ge (Ap, —Ag) ct-(Ap, +Ap) _mc (M@ —Ag)

it 27 27

B me’ -Ap;  mc’-Ag}

A — 3.15

27’ 27’ (3.13)

A=Wi2—Wii (3.16)

=2 (Ap)’ (3.17)
27’

rne: me> =hv=E

®opmyna 3.17 ornmuaercs ot npuBbranoil (Wi =mV?>/2) Tem, uto B
NpaBoil €€ 4acTh NpsAMO OTpakeHa IPaJHeHTHO-(a30Bas MpUpoIa KHHE-
THYECKO dHEPruH, (T.e. BHYTPUCUCTEMHBIC MPOLIECChI, 00ECIICYMBAIOIINE
HaJIM4ue 3TOH SHepruu). MaccoBblif KOAQPHUIMEHT MPOTOPLUOHAILHOCTH
(m) oTpa)kaeT TOJBKO KOJMYECTBO AJICMEHTAPHBIX CHCTEM, KOTOPOE, IPH
BCEX BO3MOXHBIX cIBHTax (a3, a, CIIE0BATEIILHO, U IIPU BCEX COOTBETCT-
BYIOLIMX CJBHIaM (ha3 CKOPOCTSX, Bcernaa octaéresi Hen3MeHHbIM. Macca,
9TO KOJIMYECTBEHHAs Mepa (B IITYKax) DJIEMEHTapHBIX CHCTEM B Telle, a
MOTOMY B KAKOM OBbI CKOPOCTHOM PEKHME TEeJIO0 He HaXOHMIOCh, €r0 Macca
BCer/la HeM3MEHHA, T.K. KOJIMYECTBO OCHMIIIATOPOB U 00pPa30BaHHBIX UMH
CHCTEM HE MOYKET H3MEHHUTHCS 0€3 IPHYHMHBI.

Hammune B dopmyne 3.17 ciasura ¢a3, COOTBETCTBYIOIIETO HEKOTOPOMY
3HAQUCHUIO CKOPOCTH V, yKa3blBaeT Ha CTPEMJICHHE CHCTEMbI Pa3BHUTh
HMMEHHO TaKyl0 CKOpOCTb. B ciyuae BocnpensTcTBUsI CBOOOAHOMY JBHKE-
HHUIO cucTeMa OyJeT OKa3bIBaTh MOCTOSIHHOE ACHCTBHE HA MPEMSTCTBUE C
HEKOTOPOH MOCTOSIHHOM cuiioil. T.e., B ciydae yJaepaaHus TaKOM CUCTEMBbI
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e€ KHHETHYECKYIO0 SHEPTHIO CIIEAYeT pacCMaTpUBaTh, Kak MOTEHIIHAIBHYIO,
CTPEeMSIIIYIOCs TIPeoOpa3oBaThCcs B KMHETHUYECKYIO. Takas cucremMa MMeEeT
BHYTPEHHIOIO TOTPEOHOCTH JIBUTAThCS, a YHEPrHs, 00CCIIeUNBAIONIAs ITY
MoTpeOHOCTh, Ha3bIBAETCS MOTEeHIMAIBHON. [IpeoOpa3oBanne MOTeHINAIb-
HOW 3HEPruM B KHHETHYECKYIO NMPOUCXOJUT B CIydae MpEeKpaIleHus yaep-
YKAHWS CHCTEMBI.

IMpu ycnosuu A@ >0, V =c-A@/ 7 sHeprus sBiseTcss KHHETHYECKOM

2
Wi = ’;;2 (Ap)’ (3.17)

[Mpu ycnosuu Ae >0, V =0 s1a sxe sHEprust ABISETCS TOTCHIIMATBHOM

2
mc

Wn=—"'(Ap) .
o (Ap) (3.18)

Ipu cpasuenun dopmyn 3.17 u kmaccmueckoit Wk =mV?/2, u3 no-
ClIeTHeH HUKAK HE BBITCKACT NPUYUHHAS CYIIHOCTb HEPIUH, B TO BpEMs
KaK PUTMOJMHAMHUYECKHH MOAXOJ MOKa3bIBACT MPOIECCHI, OTBEYAIOIINC
KaK 3a HalpaBJICHHOE JBW)KCHHE, TaK U 3a MOHATHE KUHETHYECCKOW dHEep-
run. [Toka3zaHa equHas MEXaHU3MHAsl IPUYMHHOCTh KHHETUYECKOW M TIO-
TCHLUAJIBHOW JHEPTHii, 3aKIII0OYAIONIAsICs B HAJIMYMKM BHYTPEHHHX (ha3o0-
BBIX M3MEHCHHUI. DT U3MCHEHUS, B Cllydyae HEBO3ZMOXKHOCTH CBOOOHOTO
HepEeMEILCHNUS], POSBIAIOT ce0si B BUJIC BHYTPEHHEH JABMKYILCH CUIIBI (B
BUJIC CTPEMJICHUSI K JBHKCHHIO).

k ok sk

Temneppb y Hac €CTh MOJIENIBHOE NIPEACTABIEHUE O IPOLlEccax, OTBETCTBEH-
HBIX KaK 332 KHHETMYECKYIO U MOTEHUHUAJIbHYIO SHEPIUU, TaK U 3a JIBUXKE-
HUE. A 9TO 3HAYUT, YTO MOXHO MPOBEPHUTH B SKCICPUMEHTE MPABUIIb-
HOCTh PUTMOJIMHAMHUYECKOTO TI0JIX0/1a K CII0c00aM MOJTYUYCHHSI IBUKCHUS.
Tax:xe 04eBUJHO, YTO €CJIM BOJHOBOM CpPEJbl HE CYLIECTBYET, TO B PEalb-
HOM 3KCIIEpUMEHTE HaM HE YJAacTCs CO3JaTh B MPOCTPAHCTBE camoopra-
HU3YIONIYIOCS CUCTEMY U TeM 0oJiee 3aCTaBUTh €€ MOCTYNATeNbHO IMepe-
MEIIAThCs 33 CU€T YIPaBICHHS COOTHOIICHUEM (a3 MEKIY aKTUBHBIMU
3JIEMEHTAMHU dTON CUCTEMBI.
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§ 3.06 BostHoBasi MmojieJib YIIPYIOro TeJia

[Ipocreiimine MoAenbHBIE U HATYpPHBIE SKCIIEPUMEHTHI TOKA3bIBAIOT, YTO
BOJIHOBBIE CHCTEMbI MMEIOT TEHIACHLMIO BBICTPaWBAThCs (CaMOOPraHHU30-
BBIBATHCS) B MIPOCTPAHCTBEHHBIC PEIIETYATHIE CTPYKTYPHI, aHAJIOTHYHbIC
CTPYKTYpaM (pU3HYECKUX Tel.

Uro6p!I Mpon30IIIa CaMOOPTaHu3aysl U MIPH 3TOM CBSI3M MEXIy HCTOY-
HUKaMH TIOJIyYWJIH CBOWCTBO YNPYTrOCTH, HEOOXOAWMBI BOJHOBAs Cpeja,
KOJIEONIOIMECs] WCTOYHUKH W BO3HWKHOBEHHE MEXIY HCTOYHHKAMU
CTOSYHX BOJIH.

Hctounuku cuHda3Hbl U NMPEACTABISIIOT cOO0M MOJENb HCKYCCTBEHHOTO
YOPYTOro Teja, COCTOSLIETO U3 MHOXECTBA MaKPOCKOIMYECKHX 3JIEMEH-
TOB, PACIIOJIOKEHHBIX HA MAaKPOCKONUYECKUX PACCTOSIHUAX JIPYT OT IpyTra
W yOpYyro CBSA3aHHBIX BOCAWHO BOJIHOBBIMH MOJISIMH. DTO NpPOCTEHIIMi
NpUMEp CHCTEMbI, CaMOOPTaHM3YIOIICHCS B MPOCTPAHCTBE M BPEMEHHU.
OTOMy Tely CBOWCTBEHHBI ONPEACICHHBIC Pa3Mephl, OHO MOXKET ABUIaTh-
Csl M IIpeTepIeBaTh YCKOPEHUs, KaK U Tella eCTeCTBeHHBIC. BOHOBEIE 1O-
JIS1 ¥ CWJIBI, COCOUHSIOLINE 3JIEMEHTHI B €JMHOE TEJI0 HE CKPBITHI ITyOOKO
B MHUKPOMHpPE, U MBI IIOJy4aeM BO3MOXHOCTb OOBEKTHBHO PAacCMOTPEThH
TaKue BONPOCHI: KaK M MOYEMY Pa3Mephl Tesla 3aBUCST OT €ro CKOPOCTH,
Kak cIBUT (a3 W pasHOCTb YacTOT (OPMHUPYIOT MEpEeMEIICHHE Tela U
BJIMAIOT Ha €r0 CKOPOCTb.

Hauném ¢ Toro, 9ro Kaxmplii HICTOYHUK (OCIIIIISTOP) pearupyeT TOIBKO
Ha U3MCHCHHUSI, BOSHUKAIONINE B HEMOCPEACTBEHHOM OT Hero Onm3u. Pac-
XOJISIIIMECS OT MCTOYHHKOB BOJHBI TaKXkKe SIBISIOTCS CaMOCTOSITEITHHBIM
00BEKTaMH, T.€. B MOMEHT M3JTy4YeHHs] U OTPbIBa OT UCTOYHHKA BOJIHA Te-
pSeT ¢ HUM CBs3b. B MHTEp(EepEeHIIIOHHOM I10JIeé BO3HUKAIOT MOTEHIH-
aJbHBIE SIMBI B BHJI€ Y3JIOB CTOSYMX BOJIH, M 30HBI HEYCTOHYHBOTO PaBHO-
BecHs B BUJIe TpeOHEN MyyHOCTEeH.

YcroiiuuBoe PaBHOBECHE: KOTAa IMOCJIC MAJIOI0 OTKIIOHCHUSA OT IOJIOKCHUSA TC-
Jla, B CUCTECMC BO3HUKAIOT CWIbI CTPEMAIUCCA BO3BPATUTH CUCTEMY B COCTOSIHUC
pPaBHOBECHA, PAaBHOBCCHUEC HE HAPYyIACTCA , TCJIO BO3BPAMIACTCA B ITOJIOKCHHUC
PaBHOBECHUs, @ OTKIIOHCHUE OT paBHOBECHS HE BO3PAaCTA€T CO BPDEMCHEM.

HCYCTOﬁqPIBOG PaBHOBECHE: KOrJa IOCJIC MaJIOro OTKJIOHCHHSA OT IMOJIOKCHUSA
TECJia, paBHOBECUC HApPYLIACTCs, TCJIO HE BO3BPAIIACTCA B IMOJIOKCHUC PABHOBC-
CHs, @ OTKJIIOHCHUEC OT paBHOBCCHUSA BO3PACTACT CO BDCMCHEM.

Ecnu B MoMeHT YCTAaHOBJICHUA I/IHTepCI)epeHLII/IOHHOFO IO0JIsA KCTOYHHUKHU
HaxogsaTCsa BHC IMOTCHIHMAJIBHBIX SAM, TO IIOJEC I/IHTCp(l)epGHLII/II/I Hamrpas-
IISIeT UX B OJmKaiiiue NOTCHIHAJIBHBIC SAMBI. HpI/I NnepeMeuicHuu uc-
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TOYHUKH TPOJOJDKAIOT HU3Jy4aTh BOJIHBI, MHTEPPEPECHIMOHHOE II0JIC
MEHSIETCS BCJIE] 3a MEePEeMEMIAIOMMUMUCST UCTOYHUKAMH. DTO IPOUCXO-
AT C HEKOTOPBIM 3ala3bIBAHIEM, CBI3aHHBIM C KOHEYHONH CKOPOCTHIO
BOJIH B cpejie. 3a 3TOT UHTEPBAJ BPEMEHH MOJIO0KCHUE MOTCHIIHATBHBIX

SIM TOXC U3MCHUTCA.

Puc.86 30HbI yCTONUYMBOTO (MIOTEHIUAIBHBIC IMBI) U HEYCTOHYMUBOTO PABHOBECHSL.

BozHukaer kapTuHa, B KOTOPOil HECKOJIBKO MCTOYHHKOB BOJH IBITAIOTCS
HalTH ¥ 3aHATH OMIDKaiIIie MOTEHI[MATbHBIE SMbI B COOCTBEHHOM OCTO-
STHHO MEHSIOMIEMCS ToJie HHTepepeHIH. DTOT MPOIECC MOXKET 3aBep-
IIUTHCA 00pa30BaHUEM YCTOWYHMBON CHCTEMBI C YIIPYTUMH CBS3SIMH MEX-
Iy DJEeMEHTaMH, WIH pacmagoM emé HechOPMUPOBAHHONW CHCTEMBI.
MO>HO 1 C TIOMOIIIbIO COBPEMEHHON MaTEMAaTHKH OIHCATh MPOIECC TO-
WCKa MCTOYHUKAMHU TMOTEHIMANBHBIX SIM, a Takke M WHBIX WU3MEHEHH,
CBSI3aHHBIX C CAMOOPTaHU3aIlMel MHO)KECTBA ICTOYHUKOB BOJIH?

IIpupona He 3HAET MPUAYMAHHON YEJIOBEKOM MaTeMaTUku. To, 4TO B
OpUPOJE TPOUCXOIAUT ECTECTBEHHO, AJIi MaTeMaTHKH YacTo ObIBaeT
cnoxno. OHAKO, CYIIECTBYET APYrod, MaJIOM3BECTHBIN criocol pacué-
Ta. C ero moMoup0 MOXKHO OIKCHIBAaTh MOBEJAEHUE MHOXKECTBA HCTOU-
HUKOB NPH UX camoopranm3auuu. K cokajeHuio, 3TOT crocod Helb3s
U3JIOKUTH B HECKOJIBKHX CTPOKaX; OH TpeOyeT OTASIbHOT0 OMUCAHUS.

[IpencraBum, 9TO CaMOOPTaHMW30BAIOCH YCTOWYHBOE HCKYCCTBEHHOE Te-
JI0, aKTHBHBIE 3JEMEHTHI KOTOPOTO PACHOJOKWINCH B IMOTEHIHUAIBHBIX
sMax. Y Takoro Tena, Mpu M3HAYaJIbHO 3a7aHHBIX Hapamerpax (Ap =0),
BO3HHKAET MpobJieMa C IepeMeIeHIeM B BOJTHOBOU cpene. [loTeHnnans-
HBIE MBI, B KOTOPBIX PacIloJIaraloTCs aKTHBHBIE 3JIEMEHTHI, 00pa30BaHbI
BOJIHOBBIMH TIOJISIMH, U3JYYEHHBIMH JAPYTUMH dJIEMEHTaMHU Tela U3 Jpy-
IUX MecT. BOJHBI ABMXKYTCS C KOHEYHOW CKOPOCTBIO, IIOATOMY IFOOBIE
W3MEHEHHS B I0Jie HHTep(EepeHIINN MTPOUCXOIAT HE cpa3y, a C HEKOTOPOU
3anepkkoil. Ecnm mprBecTH B IBMKEHHE MCKYyCCTBEHHOE TENO, T.€. BCE
€ro aKTUBHBIE DJIEMEHTHI, TO NMOTEHIUANbHbIE MBI OyayT ABUTATHCS C
HEKOTOPBIM 3ama3fbIBaHUEM, T.€. OTCTAaBaTh OT JJIEMEHTOB. DJIEMEHTHI
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HaATBIKAIOTCA <«HaA CKJIIOHBD) INOTCHIHUAJIBHBIX SIM, M IIOABIIAIOTCSA CHIIBI,
TOPMO3AIINEC NBUKCHUC. ,Z[BI/I)KGHI/IH 10 UHEPUHWU HE MTOJTyHacCTCA.

JeiicTBHEe TOPMO3SIMX CHUJI HE MPEKPAaTHTCA, IIOKa YTO-TO HE H3Me-
HUTCS, a 3JIEMEHTHI He OyyT IBUraThCs B «SIMax» M COIJIACHO C HUMH.
B nporuBHOM ciywae Teno OyneT IBHUraThCsl JUIIb A0 TE€X MOP, MOKa
ero JBUXKYT BHewHue cuibl. [loss OyayT Bceraa oTcTaBaTh OT DJIEMEH-
TOB, U OyIyT AEWCTBOBATH CHJIBI, IBMIKYILHE 3JE€MEHTHI Ha3all K yCTOM-
YUBBIM HOJIOKEHUSAM. UTOOBI 3TH CHIIBI HE MOSBIISIIUCH, HY)KHO, YTOOBI
MOTCHUMAJIBHBIEC SIMBI 3apaHee, ellle 10 Hadalla JBM)KEHUs, BOSHUKAJIH
TaM, rIe OKaxyrTcs 37aeMeHTh. YTo HeoOxoaumo ais storo? Kak sto
OpraHu3oBaTh?

Kak MbI YK€ 3HacM, €CTh 3aBUCUMOCTb MCKIAY CKOPOCTBHIO JABWIXCHUA U
capurom (az. UmenHo capur ¢a3 crnocoOeH 00eCleuuTh CHUHXPOHHOE
JABUKCHHUEC DJIEMCHTOB U IIOTCHIUAJIBHBIX SIM. Torna JABM)XCHHUEC B BOJIHO-
BOH cpene OyAeT MpOMCXOIuTh Oe3 compoTuBieHus. HeoOxoaumo mpu-
HYHUTEIbHOE YIPABICHHE COOTHOLICHUAMH (a3, 110 caMOCHHXPOHHU3a-
st pa3oBBIX OTHOLICHHH.

Puc.87 1 SIBnenne B3auUMHON CHHXPOHH3ALIUU aBTOKOJIEOAHNH XOPOIIO U3BECTHO
paauonHXXECHEpaM, U IJIsI HUX HUYETO 06’])§ICHHTI) HC HYXHO. Te XKEC, KTO C 3TUM
SIBJICHHEM HE 3HAKOM, MOTYT OOPaTHThCS K MaTEMaTHUECKOMY YPaBHEHHIO, KOTO-
poe HEeTpYOHO COCTABHUTH Ul MMOKAa3aHHON Ha PHCYHKE IMPOCTOH CXEMBI TeHepa-
Topa. K KOHTYpYy MOKHO MOJKIIOYHUTH AJIEKTPUUYECKUI TUTIONb B BUE IBYX IIa-
PHKOB, KaK NIOKa3aHO, a KaTyIIKy 3KPaHUPOBATh, M MOJIy4nuTCs BUOpaTop [ epua.

Camoopranuszanus Oyner 0osiee NOJIHOM, a HCKYCCTBEHHOE Tello — Oimxe
K €CTECTBEHHBIM, €CIIM KOJIeOaHHsI B JIeMEHTaX OyayT aBTOHOMHBI M TOXKE
MOJBEPKEHBl CAMOCHHXPOHU3ALMH, T.€. aBTOMAaTHYECKOMY COTJIACOBAHHIO
M0 YacToTe M TEeKyIIuM ¢a3aM ¢ APYrUMHU dieMeHTamu. Chenatb Takyro
CHCTEMY MOXKHO CPEICTBAMH PalUOTEXHHUKH.
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§ 3.07 CBoiicTBa HCKYCCTBEHHBIX YIIPYTHX TeJl

3aBUCHMMOCTb CKOPOCTH OT cABHra (a3

Ecnn nckyccTBeHHOE Teno CO3JaHO Ha 3JIEKTPOMArHUTHOM OCHOBE, T.€.
€ro 3JIeMEHTHI MIPECTABIAIOT cOO0H aKTHBHBIE PE30HATOPBI, TO CKOPOCTD
JBIDKEHHSI TAKOTO Tena OyJIeT onpenessThes CABUroM (a3 MeKay pe3oHa-
topamu. [loncuntaem capur a3 HEOOXOAUMBIHN AJsT 00ECTIEeUEeHUs] CKOPO-
CTH Tela, Hanpumep, 1 xu/c.

Ap=7rV/c=0,0006°

3TO HE 03HAYAET, YTO Hallle HCKYCCTBEHHOE TEJIO TYT YKe COPBETCS C Mec-
Ta U HaOEpET yKa3aHHYI0 CKOPOCTh; CHJIBI JIEKTPOMATHUTHBIX CBsI3eH He
Tak BequkH. Ho y Tena OyneT TeHJeHIMsI K Ha0Opy CKOPOCTH MMEHHO 32
CUET CMEIEHUsI AJIEKTPOMArHUTHBIX NMOTCHIMAIBHBIX SIM Ha OIEpeKeHUE
OTHOCHTENIFHO PE30HaTOpOB. 31ech cABHUT (a3 co3MaT CUTYaIHIo, B KO-
TOpPOW TIEPBBIMU CMEIIAIOTCS MOTEHIIHAIBHBIC SIMbI, a JIBH)KCHUE Pe30Ha-
TOPOB H Tela, 3TO yxke cienctBre. CI0XKHOCT MPSIMOU IKCIIEPUMEHTAIIb-
HOU TPOBEPKH COCTOUT U B TOM, YTO HEOOXOJHMO OTKpPHITOE KOCMHUYE-
CKO€ MIPOCTPAHCTBO, B KOTOPOM JICHCTBHE CTOPOHHUX CHII MUHUMAIIBHO.

Puc.88

OKCHEepPUMEHT ¢ OOJIBIIEH CTENEeHbIO HAIISAHOCTH MOKHO PEaln30BaTh U
B KaKOH-HUOYIb IUIOTHOW cpeje, HalpuMep B BOJE. 3/1€Ch MOXKET OBITh
JIBa BapuaHTa: MMOBEPXHOCTHHIN U moaBoaHbIA. Ha prc.88 mana ¢ororpa-
(¥ MOBEPXHOCTHOTO 3KCHEPHMEHTAa, B KOTOPOM YYacTBOBAIM JBa BHO-
PHPYIOIINX MOIUIaBKA C AUCTAHIMOHHO YIPaBISIEMBIMH (ha3aMu.
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OCHOBHOI#1 3a/1a4eii SKCIIEPUMEHTa ObLIO MOJATBEPXKICHUE TEOPETUUECKO-
r'0 BBIBOJIA O 3aBUCUMOCTH CKOPOCTH JIBUYKCHHUS TEJI OT cABUTA (Da3 MEX Iy
¥X djeMeHTaMu. Ha mpumepe UCKyCCTBEHHOTO TeJia TMPaBIIIEHOCTh BBIBO-
na OblIa TIOATBEPKICHA: CABUT (ha3 CO37aBajICs MEXKIY DJIEMEHTAMH CHC-
TEMBI, YTO TPUBOIIIIO e€ B ABMKCHHE.

OKCHEpUMEHT € MyJbCUPYIOIIMMH HOA BOAOH OapabaHaMu ObUI MOCTaB-
neH K.A. Beepkrecom Bo BTOpoi monoBuHe 19 B. [logoOHBIE OMBITHL, 3a-
TEM, CTAaBWJIUCh B BO3AYXE U MOATBEPAMIIH, YTO CABUT (ha3 BIMSIET Ha IO-
BEACHUE NCTOYHUKOB.

Eme B cepenuHe MO3amnpoluioro crojietus Hopeexckuil ¢usumk Kapn AnrtoH
Beepkuec (1825 —1903 rr.) mokazan, 4To IBa MyJbCHPYIOIUX Iapa, pPaanychl
KOTOPBIX MaJlbl 10 CPAaBHEHHIO C MX B3aMMHBIM PacCTOSHHEM, OylydH ITOMEIIEH-
HbIE B (HEC)KUMAEMYIO) JKHJIKOCTh, CIOCOOHBI ITOPOXKIATh NPUTHKEHUE (IpaBHUTa-
IIM0) WM OTTAIKWBaHWE (AaHTUTPABUTAIMIO) IT0 OTHOIICHUIO IPYT K Apyry. [lpn
9TOM 3TH IIAPBI PUTATUBAIOTCA C CHIION IPSAMO NMPONOPLHOHAIBHON TPOU3BEC-
HUIO aMIUIMTYJ MyJIbCAllMi U 00paTHO MPOIOPIHOHAIBHO KBA/IPAaTy PacCTOSHHNA
MEXAY MX IEHTPaMHu B CIydae, €ClI 4acToTa MyJbcaluid U uX (a3 coBMataroT.
Ecnu ke ¢asbl mynbcanuii IPOTHBOIIOIOKHBI, TO MPUTSHKEHUE CMEHSIETCS] OTTal-
kuBanueM. (B. Brepkhec. JIeknuu o THIPOANHAMHYCCKUX JabHOACHCTBYIOIIMX
cuax no teopun K.A. beepkreca”, 1900 rox). [TomgepkHeM, 9TO 3TO OIHU U TE
XK€ TeJsla, HO HaJeJICHHbIC Pa3HBIMH YacTOTaMU. BeiiennuM, Kak (axT, 4To 1eMOH-
CTpaIisl ONBITa OCYIIECTBISUIACH B MIPAKTUYECKH HECKHMAEMON Cpefie — JKUAKO-
cti. To ecTs B onbiTe brepkHEC HMEN €TI0 HE TONBKO C UACAIBHBIM IPOBOIHH-
KOM BOJIH U YacTOT, HO M C MaKCHMaJIbHO OOJIETYEHHBIMH TEJIAMH WM KakK Obl
JIUIIEHHBIX Beca.

ITo BrepkHecy st TOro, 4ToObI OBUIO MPOSIBICHO NPUTSKEHHE, PABHOBECHE HMIIH
OTTAJIKMBaHUE, HEOOXOANMO UTOOBI ITyJbcalusl Oblla NpPOSIBJICHA TIPH CIIEAYIO-
UX yCIOBUSX:

o ITyJibCalysl BCEX YaCTUIl A0JDKHA COBIIAAATD 11O YaCTOTC U (1)2136;
o HWHTEHCUBHOCTH ITyJIbCAllUN JOJDKHA OBITh IponopuruoHajibHa NX MaccaM.

O dexTsl, pazpaboTaHHON THIPOIUHAMHYECKON TEOPUH I'paBUTAIMK HA YPOBHE
YaCTOTHO-BOJIHOBOM MOAYJIAIMY, bbepkHEeC HArlIsagHO NPOJIEMOHCTPUPOBAT B
1861 rony Ha ITapmkckoil 31eKTpHUECKON BEICTaBKE Ha IPUMEPE JBIKEHHS IBYX
MyJIbCUPYIONMX OapabaHOB, HAXOMAIIMXCS IO/ BOJOH, YeM IPUBIIEK BHHUMaHHE
OTJICTIbHBIX yueHbIX. Yike B 1885 rony apyroii yduensiii [Ibep Jlern oOHapyxu,
4TO 8 coicuMaeMoll cpede oelicmsue 08yX UApo8, NYIbCUPYIOUUX C 0OUHAKOBOU
uacmomoil u azou, MeHAIOm 3HAK, eClU PACCMOSHUE MeNCOY HUMU NPeoCxo-
oum nonoeuny OnuHsl 60aHbl. [103TOMY JUII KOPPEKTHOTO OOBSICHEHHS TATOTECHHS
4yepes IyJbcalnio brepkHeca Hamo0 ObUIO MPEAIONOKUTH “3UpP” KOCMHYIECKOTO
MIPOCTPAHCTBA a0COIIOTHO HECKUMAEMBIM, UTO OBUIO TPYIHO MPEACTABUTH, CUH-
Tas “a¢up” KaKOW-TO Pa3HOBHUAHOCTHIO BEIIECTBA.

B 1898 romy mosuiuu Teopun bpepkHeca CymeCTBEHHO YKPEMWIHCH HOCTe
TOro, kak BebOep BBIACHWI, YTO Bce IIyJIbCHPYIOIIUE Tela 00JIafaloT 3ameda-
TEJIFHBIM CBOWCTBOM CaMOPETYJIMPOBKH: CHIIBI, BO30YKJAaIOLIAE BOJHBI B CpPEle,
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OBICTPO MPHUBOAAT ITYJIHCALUIO B3aHMOJCHCTBYIOIUX MacC K CHHXPOHH3MY,
JlaKe eCIM BHaJalle 3TOro CMHXpoHH3Ma He Obuio. BebGep mpumien k BeIBOAY,
YTO COCTABJISIFOIIME BEIIECTBO CTPYKTYPHBIC 3JIEMEHTHI, MyJIbCHPYIOT 110 CBOCH
BHYTpeHHEeH (pu3nyeckoil mpupojie U 3TH IMyJbcaluu caMu co0oil aBTomMarnye-
CKH{ TIPUBOJAT K CHHXPOHU3MY, YTO 00ECIIEYHBACT BHIIIOJIHEHHE BTOPOTO YCIIO-
BUA 10 bhepkHecy — mpsiMylo IPONOPIHOHAIFHOCTh HHTEHCUBHOCTH ITyJIbCa-
Uil BEIMYMHE MAcC MyJIbCUPYOMUX Tel1. OTMeTHM, 4TO (HU3HUECKas MPUIHHA
B3aMMOJIeHCTBHS (TPaBUTAIMOHHOTO CBOMCTBA aJINTUBHOCTH) Oblja IOHATA Ha
YPOBHE MOHATHI MEXaHUKH.

I'maponunamuveckast MOJIETbh B3aMMOJICHCTBHS (TPaBUTAIMK) HAa YPOBHE YacTOT-
HO -BOJIHOBBIX IIPOIIECCOB, YHCTO (PYHKIMOHAIBHO ObLIa Ge3ynpeyHsIM 00BIICHE-
HUEM BCEX U3BECTHBIX TOTJ/Ia FPAaBUTAIIMOHHBIX dP(EKTOB, OIyCcKas MX C YPOBHs
B3aUMOJICHCTBUS OT HEM3MEPUMO OOJBIINX MACCUBHBIX TEll, IO CYTH, 1O MHUKpO-
CKOIIMYECKOro ypoBHs. Boinee Toro, oHa yBepeHHO 00BSACHSIA HE TOJBKO MPUPO-
Ay TATOTCHUS WU paBHOBECHUSA BSaHMOﬂeﬁCTByIOIHHX TCJI, HO, UYTO HCOGLI‘IHO u
PEBOJIIOLIMOHHO TIO TTOCJIEJCTBUSM, BIIEPBBIE MpeEJCcKa3aia BO3MOXXHOCTh OTTall-
KUBaHUS WIA AHTUTPaBUTALMH, YTO BBIXOJHUT 3a PAMKH NPEACTABICHUII COBpe-
MEHHOW (PU3HKH.

C >Tux mo3uimii K Hadairy XX Beka TeopHio bbepkHeca MOXXKHO OBIJIO CUHTATh
BEAYyILEH MEXaHWCTHYECKOW TeopueH rpaBUTalMu ( emie M ceroans Gpu3uka Ha-
XOANTCS TOJ BIMSHUEM MEXaHHCTHYEeCKMX uaeil HpioToHa), mMeBmiel Heco-
MHEHHBIE [TPEUMYINECTBA IIEPE] BCEMH JPYTUMH M3BECTHBIMHU Ha TO BPEMS TOJI-
KOBaHUSMH (PM3MYECKOW MPHPOJBI TATOTEHHS MM B3aUMOJCHCTBUII B MaTepH-
anpHOM MEpe. Bce ymupanock B dKcliepuMeEHTaIbHOE OOHapyXeHue “d¢upa’ —
BelIecTBa C MOTpeOHBIMU brepKHECY CBOWCTBAMH, B YaCTHOCTH — a0COIOTHOM HE
cxnmaemocTd. COOTBETCTBEHHO, HOBasi (puznka XX Beka, OJHO3HAYHO JOKa3aB-
mas To, YTO HUKAKOro “3¢upa”, eCTEeCTBEHHO B MEXaHHCTHYECKOM TOJIKOBAHHUH
9TOrO TOHSTHSA, B IPUPOJIE HE CYLIECTBYET, HAHECIA IPABUTALIMOHHON THIPOAH-
HaMHKe CMEpTEIbHBIN yaap.

Puc.89 Hasuxymns (cieBa), ocruisitopust (cripaBa)

CymectBytot ananoruu (prc.89) B )XKUBOU MPUPOIE: MUKPOOPTAHU3IMBI
JUTSL TIEpEMEIIEHUs. B cpeie OOMTaHUs MOTYT HCIOJIb30BaTh COOCTBEH-
Hble BHOpainuu. TakoBble HAIUIMCh CPEAd THAPOOHMOHTOB: HABUKYJIA,
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OCIIIIIATOPHUS, MUHHYJISApHUA. Y THAPOOMOHTOB oOpamand Ha cebs
BHUMAaHHE JBa OOCTOSITEILCTBA: 1) OTCYTCTBHE CPEICTB ISl TIEpeMe-
IEHHUs B Cpelie OOWTaHuUsA, 2) MEXaHU3M IEPEIBHUKCHUSI B cpenie oOu-
TaHWSI OKOHYATEJIBHO HE BBISICHEH.

Haukynst npencranser co0oi KBapLEBBIH MaHIHUPh C MOJIOCTSIMH BHYT-
PH, 3alI0JHEHHBIMH KUBOH TKaHbto. [Ipeanonaraercs, 4o B HUBOM TKaHU
BO3HHKAIOT JIEKTPHUECKHE OTEHLHAIBI, KOTOPbIE NPeo0pa3yroTcs KBap-
LEBBIM MAHIMPEM B BBICOKOYACTOTHBIE BUOpALMU U IepelaloTcs BOJE B
BUZAE BOJIH. BOKpYyr Tena HaBHKYJIBI BO3HHUKAE€T BBICOKOYACTOTHOE aKy-
CTHYECKOE T0JIe MHTEPPEPEHLIMN C ABYMs MOTCHUUAIBHBIMH SIMaMH (110
KOJINUECTBY M3nyyarenei). [losBrenre Mexly KOHUAMH MaHOUPS CABUIra
no Qasze cMelaeT NOTeHIUAIbHBIE SIMbl OTHOCUTEIBHO KOHIIEBBIX H3IY-
qaresieil, YTO U NPUBOJIUT B IBUKEHHUE TEJIO HABUKYJbI. VIHBIMU CllOBaMH,
HaBUKYJIsI cama ceOs IBUKET.

OcummnsaTopusi — BOJOPOCIb, YaCTH KOTOPOH TOCTYyNaTeIbHO camoriepe-
MEIIAIOTCS B cpenie oouTanus (B Boje). Y OMOIOroB HET €AMHOTO MHECHHS
0 MEXaHU3Me MepeMeNieHns ocHuIATOpur. CUuTaeTcs, 4To BOJAOPOCIb
BBIACIACT CJIIN3b U B HEH CKOJIb3HT.

Pa3MepLI TEJ/Ia 3aBUCAT 0T CKOPOCTH

OpHMM U3 KIIOYEBBIX BOMPOCOB €CTECTBO3HAHUS 10 CHUX IOP SBISETCSA
onbIT MaiikenbcoHa. CyliecTBYyeT HECKOJIBKO THIIOTE3, OO0BSICHSIIOUINX
Pe3ynbTaThl, HO HU OJIHA U3 HUX HE UMEET MOJEIbHOU MIIIIOCTPALUU U
HE MOKAa3bIBA€T KOHKPETHO KAaKUM 00pa3oM OOHYJseTCs pacuETHBIH
pe3ynbTar.

3Hast 3aBUCUMOCTbH JUIMHBI CTOSIYEH BOJIHBI OT CKOPOCTH, MOKHO TI€peHe-
CTU 3TO SIBJICHHE HA JTAJIOHBI MEP M KOHJCHCUPOBaHHbIE Tena. Takxke
MOXHO CO3/1aBaThb HCKYCCTBEHHBIC YIIPYIMe€ Tejla B PAa3JIM4YHBIX Cperax
JUIA IEMOHCTPALMHU IIPOLECCA 3aBUCUMOCTH Pa3MEPOB 3THX TEII OT CKOPO-
ctu. [ledicTByroniass MOJENb, IIPU OTCYTCTBHM IIPAKTUYECKOUN IIOJIB3BI,
CJIOXHA JUIsl HACTPOMKH, ITOATOMY JOBOJIBCTBYEMCSI MBICIEHHBIMH JKCIIE-
PUMEHTaMU U KOMIIBIOTEPHBIM MOJEIHPOBAHUEM.

PaccrostHust My y371aMu CTOsIYEH BOJIHBI 3aBUCST OT CKOPOCTH. Y3IIbI B
WCKYCCTBEHHOM TeJI€ BBIOJHSIOT ()YHKLIUIO HOTCHIUAIBHBIX M, T.€. IPH
MOSIBJICHUH JIBUKEHUS B CPEJIe PACCTOSHUS MEXIY SMaMH COKPAIIAIOTCS
W Ha JIEMEHTHI Tejla JeHCTBYIOT CHIIBI MHTEP()EPEHUMOHHON NPHUPOLIHL,
cOMmKaroIme 3T 3JEMEHTbl MexAy coboil. ClienoBaTenbHO, pa3Mepsl
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Tena COKpararcs. TakoBa MEXaHHW3MHAsl IPUUMHA COKPAILEHUs pa3MEpPOB
JIBHKYIIMXCS TEI.

OOHnapy>xuTh B omnbITe MaliKenbCOHa COKpalleHHE Pa3MEPOB HANPSMYIO
He yaaéTcs MOTOMY, YTO BCE Tella M 3TAIOHBI MEP M3MEHSIOT Pa3Mephl
CHHXPOHHO U B PAaBHBIX MPOMOPLMAX. ITO SBISETCA CIIECACTBHEM BHYT-
peHHel caMoOpraHu3alyy BCEX TEN B IPUPOJE.

§ 3.08 UHepIHOHHOCTH — CBOMCTBO CHCTEMBbI

OnpeneneHI/Ie UHCPUUOHHOCTU: UHEPYUOHHOCNb — ceolicmeo mena co-
npomuejisimsCs OKaA3bl8AeMOM) HA HeECO 6030€lcmeuto 00 mex nop, noka
€20 JjieMeHmol, cnocobHule K CAMOCURXpORU3AYUU, HeE 60110)/7’7’1 8 HOBbLIL
PENCUM CUHXPOHUIMA.

Kax 310 mponcxomut?

B MOMEHT Hauana ABUKEHUS aKTUBHBIE JIEMEHTHI CMELIAIOTCS OTHOCHU-
TEIbHO MOTEHIHUAIBHBIX M, T.€. NOTCHIHUAIBHBIE SIMbl OTCTAlOT OT JJIE-
MeHTOB. CONpOTHBJICHUE ACHCTBHIO (MHEPLHA) OyAeT MPOIODKATHCS 10
TeX MOp, MOKa He MPOM30HAET MOACTPOKa (ha3 AIEMEHTOB MOJ] COCTOSIHUE
nBwkeHns. Ha 3To HeoOXonuMo BpeMmsl, T.K. BOJHBI B Cpeie pacipocTpa-
HSIOTCA C KOHEYHOM CKOPOCTHIO.

«Omymenre» WHEPIHOHHOCTH B