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BBenenue

B nsroii kaure nsatutomuuka «Havana adupoauHamudeckoro ec-
TECTBO3HAHMSA» OMMCAHbI BBITIOJIHEHHBIE Pa3HBIMU HCCIIEIO0BATENIIMH
9KCTIEPUMEHTBI, TMOATBEPAMBLINE TPEICTABICHUS S(PUPOANHAMUKH.
[TocTaHOBKa OJHMX 3KCHEPUMEHTOB Oblla OOYCJIOBJICHA JKEeJTaHUEM
aBTOpa MPOBEPUTH HEKOTOPbIE TEOPETHUYECKUE MOJIOKEHUs 3(PUpOIu-
HAMHUKH, TOCTAaHOBKA 3KCMEPHUMEHTOB IPYIMMH aBTOPaMH IMPOMCXO-
J1J1a He3aBUCHMO OT (HMPOJMHAMHUKH, HO UX Pe3yJIbTaThl OKa3alUCh
TaKMMH, YTO OOBSACHUTH UX OKa3aJ0Ch BO3MOXKHBIM TOJIBKO C MpPUBJIE-
YeHHeM 3(PUpOIMHAMUYECKHUX MPeCTaBICHHUI.

Cnemyer, oHaKO, 3aMETUTh, YTO COBMAJCHUE PE3YJIbTATOB JKC-
NEPUMEHTOB C TeM, YTO ObUIO Mpe/ICKa3aHO TeopHueid, BOBCE He 03HA-
YaeT NMPaBUIBHOCTH CaMOM TEOPUH, U O3HAYAET JIUIIb TO, YTO TEOPHs
HE MPOTHUBOPEYNUT UMEHHO JTaHHBIM SKCTIEPUMEHTAM.

Korpa pe3ynbraThl SKCIIepUMeHTa, nipesicka3anHblie CrienuanbHON
TEOpUei OTHOCHTENILHOCTH, OTpULatoliei 3up, COOTBETCTBYIOT STHM
npescKa3aHusIM, TO, HA CaMOM JieJie, OHM B JIydIeM cllydae MOj-
TBepXKIAlOT (B Mpezenax MOrpelIHOCTel 3KCMeprMeHTa W crocoba
00paboTKK ero pe3yJbTaTOB) CIPaBeAIMBOCTh NpeodpazoBanuii Jlo-
peHIa, UCXOAIINX U3 TIPEACTABICHUH O HAIMUUM B MpUpoe ddupa.
CnpammBaeTcs, 4TO K€ MOATBEPAWIN TOJIOKHUTEIIbHbIE Pe3ySbTaThl
SKCIIEPUMEHTa — TEOPHI0 DWHINTEWHA, OTPULIAIOUTYIO 3QUp, U TEO-
puto JlopeHua, yreepxaatonryto 3hup?

ITosTOMy B TOJIKOBaHMM pe3yJIbTAaTOB JIIOOOTO HKCIIEPUMEHTa BCe-
raa MpUCyTCTBYET NMPEIB3ATOCTh, HE MMEIOLIass HUKAKOrO OTHOIICHHUS
K JICHCTBUTEIILHOMY MOJIOKEHHIO JIeJT: KaXKIblil TPaKTyeT pe3yJbTaThl
9KCTIEPUMEHTOB B CBOIO TOJIb3Y, PEISTUBHUCTHI B CBOIO, CTOPOHHHUKH
a¢upa — B cBor. To ke OTHOCHUTCS M K DKCIIEPUMEHTaM, NOCTaBJICH-
HBIM JJ15 IPOBEPKH MOJIOKEHU I 3(UPOANHAMUKH.

Ha camom nene, pesynbratsl J1000r0 SKCEpUMEHTa, TTOCTABIICH-
HOTO /IS TIOATBEPIKASHHS OTAENbHBIX MOJOKEHUH 3(PHUPOINHAMUKH,
MOTYT TPaKTOBAThCs CaMbIM Pa3JIMYHBIM 00pa3oM, B 3aBUCMMOCTH OT
(unocodckoil opueHTaMK U BKYCOB TpakTytouiero. OJiHako ocoOeH-
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HOCTBIO CaMOW 3(MPOIMHAMHMKH SBISETCS TO, YTO 3()UPOJMHAMMKA
€CThb pe3yJbTaT >KEeCTKOHW JIOTMKHM, OCHOBAaHHOH He Ha TMOCTYyJaTax,
«IIPUHLMUMAX» U aKCHOMaX, a Ha aHaJM3e U 000OILIEeHNH LUPOKO W3-
BECTHBIX M TPOBEPEHHBIX BCEM XOAOM ecTecTBO3HaHUs (akroB. K
TakuM (pakTaM, B EpBYIO oUYepeIb, OTHOCATCS (DAKT MaTepHaIbHOCTH
JIIOOBIX OOBEKTHBHO CYIICCTBYIOUIUX OOBEKTOB M MPOLECCOB, (akT
CYLIECTBOBaHUS MPOCTPAHCTBA, B KOTOPOM pa3MelleHbl Bce OOBEKTHI,
¥ (hakT cyecTBOBaHMS BPEMEHH, OXBATHIBAIOIETO BCE MPOLIECCHI.

HimeHHO 3TH TpM KaTeropuu, oObeAMHEHHBIE B €IMHYIO KaTero-
PHIO IBMDKEHHSI MaTepUU B MPOCTPAHCTBE M BO BPEMEHH Al OCHO-
BaHME CUUTAThb MX BCEOOMIMMH (U3NUECKUMHM HHBapUaHTaMH, a U3
3TOTO JIOTMYECKH BBITEKJIM M BCE OCTAJIbHBIEC TMOJIOKEHHs d(UpOIrHa-
MHUKH — TEOPUH ra30MoJ00HOro 3dupa, SBISIOLIErocs CTPOUTEbHBIM
MaTepHuasoM AJisl BceX MaTepuaibHbIX 00pa30BaHUi, ABUKEHHs KOTO-
POro COCTABIISIOT CYIIHOCTH BCEX MPHPOAHBIX MPOLIECCOB U B3aUMO-
JedcTBUid. Bce ocranbHOe B 3TOM TEOpPUMU €CTh pe3yJbTaT >KECTKOMU
JIOTMKH, MPUBOASLLIEH Ha KOKIOM LIAry K €IMHCTBEHHO BO3MOYKHOMY
pEeLIeHHIO.

ITockonbky B 3¢MpoaMHAMUKE HET HUKAKUX IMOCTYJIATOB W W30-
OpeTeHuil, U MOCKOJIbKY OHA OXBAThIBAeT BCE MUPO3/AaHUE, UMEHHO Y
Hee eCThb HauOoJNbLIMe IIAaHChl B LIEJIOM COOTBETCTBOBATH PeajlbHOMY
YCTPOMCTBY MHpa. DTUM M OmpeesnseTcs mpeanovTreHue 3hpupoarHa-
MHUUECKOW KapTHHBI MUpa Nepel APYTMMHU TEOPHUSIMH, a TaKkKe OTHe-
CEHME Pe3yJIbTaTOB SKCIIEPUMEHTOB K (PAKTHUECKHM MOATBEPKIAIOLINM
OCHOBHBI€ MOJIO’KEHUS] UMEHHO 3()UPOJMHAMUKH.

IlepBast T1aBa KHUTM TOCBSIIEHA SKCTIEPUMEHTaM I10 HCCIIeIoBa-
HHMIO 3(GUpHOro BeTpa — MOTOKOB 3¢upa, oOmyBarollero 3eMmio U3
kocMmoca. CTOUT HAMOMHHUTB, YTO MOCTAaHOBKA 3ajaud Oblla mpeasio-
xena Jhx.K.MakcBennoMm, MCXOASIUM W3 MpelcTaBleHus o0 adco-
JIOTHO HeNoABWXKHOM 3¢dupe B mpoctpaHcTBe (Teopus DpeHens-
JlopeHlia) M YTO TaK Ha3bIBAGMBIH «HYJIEBOW» pe3yJIbTAaT OIBITOB
Maiikenscona u Mopnu 1881-1887rr., nonbiTaBuinxcs 0OHAPYKUTh
3(UPHBIN BeTep B MOIBAILHOM MOMEIICHNH U TMOYYHBIINX <HYJIEBOU
pe3ysbTar» (Ha caMOM Jese — HeoNpeIeIeHHBIH), TOCITyKHI OCHOBOM
co3nanus A.DiHImTeHOM CrielnanbHON TEOPUH OTHOCUTEIHLHOCTH U
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npuBes (U3MKOB K YOexJIeHHI0O 00 OTCYTCTBHMM B mpupoze 3dupa.
970 MMImMNO GU3MUYECKUe MO B3aUMOJICHCTBUI MaTeprUaTbHOTO HO-
CHTellsl SHePTrUH B3aMMOJICHCTBUI M 3aBeJio BCIO (pU3MKY B Tynuk. U
9TO HECMOTPS Ha TO, YTO HEOOXOAMMOCTh HaIW4Us 3pUpa B MPUPOae
nozxe Obula npusHaHa camuM DiiHmTerHoM (1920, 19244 uTo npo-
(deccopom KericoBckoit mikosibl npukiaaHoi Hayku (Kamudophust)
J.K.Muepom ObUTH MOJTy4YeHbl BEJTMKOJICTIHbIE, CTATUCTUYSCKH J0C-
TOBEpPHBIE Pe3yJIbTaThl OOHapYKeHHUs F3PUPHOTO BETpa.

B Hacrosmee Bpems HaiineHsl mpocTeie U 3()(HEeKTHBHBIE METOMbI
uccieoBaHusl 3(QUPHOrO BeTpa, KOTOPbIE peai30BaHbl B KOHIIE
Mpouwioro U Havaiue storo crojietuit FO.M.I'anaeBbiM, MOJHOCTHIO
KOppenupyemble ¢ pe3yabTaTaMd Muiiepa KOHLA J1BaJLaThIX TOI0B
nponutoro crojietus. Paspaboranneie FO.M.[amaeBbiM 1 aBTOpOM
crocoObl OOHapykeHUs 3(UPHOrO BeTpa MEPBOro MOpPsAKa MO3BOJIH-
JIA TIOCTPOUTH TIPOCTBIE TTPUOOPHI, HYBCTBUTEIIBHOCTh KOTOPBIX Ha 4-5
MOPSAKOB TpEBBIIACT WHTEP(EPOMETPBI, MOITOMY €CTh OCHOBaHHMS
noJiarath, 4To MCclieqoBaHus (UPHOTO BeTpa OyIyT MPOIOKEHBI U
NpHOOPETYT CUCTEMHBIN XapakTep.

Bropas riaBa nmocsiieHa ucciae0BaHUSAM IeOoNnaTOreHHOro oIS 1
NaTOreHHOTO MOJIsl, COMPOBOXKIAIOLIETO BHICOKOYACTOTHBIE 3JIEKTPO-
MarHUTHbIe siBJIEHHs. 37ech OoOpalleHO BHMMaHWE Ha (u3nyYecKuid
3¢ deKT OTKIOHEHMs JIa3epHOTO Jiyda MO BO3JeHCTBHEM 3(PUPHBIX
MOTOKOB, 4TO MO3BOJIMJIO CO3/1aTh MaKeT U3MEPHUTEILHOIO YCTPOHCTBA
JU1sl OOHAPYI)KEHHUs FeONnaToOreHHbIX 30H, OCHOBAHHbBI Ha TOM, 4TO JIy4
na3epa OTKJIOHSETCS OT HEeHTPaTbHOTO MOJIOKEHHUS TI0]T BO3CHCTBHEM
reonaToreHHOro M3JIy4YeHHs, a TakkKe HalTH MpOoCTble CrocoObl Heil-
TpaJIM3aliy reonaTOreHHOrO M3y YeHHS.

[ToMUMO MPHKIAAHOrO 3HAYCHHUS SKCIIEPUMEHTOB, TOATBEPIKAAIO-
IIMX BO3MOXHOCTb MHCTPYMEHTAJILHOrO OOHApY>KEHHS M HEHTpasu-
3allMM 3THX 30H, HEraTMBHO BJIMSIOIIMX Ha 3/I0POBbE JIIOJCH, 3leCh
TaKXe MPUCYTCTBYET W BeCbMa JIIOOOMBITHBIA (QU3MUECKUi dPPeKT,
CUMTAIOIIMics BOOOIE HEBO3MOXKHBIM. JIyd Jiazepa, T.e. CBET, HWC-
KPMBIISIET CBOIO TPAGKTOPHIO, YTO HE MOXET ObITh OOBSICHEHO HHUKa-
KAMH OOBIYHBIMH CIOcO0aMHM, HaNpuUMep, IBH)KEHHEM BO3IyXa B 00-
JIACTH TEOTNaTOTeHHBIX 30H MIIM M3MEHEHHEM ero TeMIiepaTypbl, Tak
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KaK JIBIDKEHHs BO3[yXa M M3MEHEHWH TemmepaTypbl HET, MOCKOJIbKY
BCE MPOUCXOIMT HE TOJIBKO Ha MPUPOAE, HO M B 3aKPBITHIX MOMeLIe-
HUSIX.

B »s1o0#i ke rnmaBe omMcaHbl MPOCTbIE 3KCMNEPUMEHTHI C BOAOH U
YepHWIaMH, TO3BOJISIOLIME YOSIUThCS B TOM, YTO 3eMiis, KaKk U Bce
HeOecHbIe Tesa, Moromaer 3puUp KOCMHYECKOro MPOCTPAHCTBA, KO-
TOPBIF BXOJHUT B HEE CO BTOPOH KOCMUYECKOH CKOPOCTBIO, YBEJIUYH-
Bas ee Maccy.

Tpetbs rmaBa cTaBUT NOA COMHEHHe odUIManbHYO OHoornye-
CKYIO KOHLEMLHIO, COMNIACHO KOTOPOH POCT pacTeHWil 00yCloBiIeH
MOTJIOUIEHHEM JIMCTbSIMHU PacTeHUH YTIeKUCIIOThl W3 BO31yXa, MO-
CKOJIBKY COZAEp>KaHMs YIJIEKHCIIOThl B BO3AyX€ SBHO HE XBaTaeT AJIs
obecniedeHus Toro npouecca. [locrasneHa nog coMHeHHE poJib XJI0-
podunna, obecrneurBaroliero 3TOT MPOLecc, U BbIABUHYTA IMIOTE3a
TpaHCMYTalMH XJIOPO(MHIUIOM KHUCIIOPOAA BOIBI B YIJIEPOM, SBIISIO-
LIMHACA BAXKHOM YacTblO CTPOMTEJIBHOIO MaTepuaya Tejl BCEX pacTe-
HUM, MOJ BO3JEHCTBUEM KPACHOM COCTABJISIFOLIECH COJIHEYHOrO CIEK-
Tpa B  OOBIYHBIX YCJIOBMSX. OKCIEPUMEHTbI, MPOBEICHHBIE
W.H.T'ankuasim u A.B.lllecronanoBeiM, OpUIIEOIINX COBEPIIEHHO
HEe3aBHCUMO JIpYT OT Apyra v OT aBTOpa K TeM K€ BbIBOJIaM, MOJTBEP-
WY, 10 KpaliHeil Mepe, UMEHHO TO OOCTOSITENIbCTBO, YTO PACTEHUs
MPOJODKAIOT PACTH U MPU M30JISILKHU UX JINCTHEB OT BHELIHETO BO3MY-
Xa. Pe3ynbpTaThl 3TUX 3KCIIEPUMEHTOB €11e XKIyT CBOEro MPU3HAHUS U
MPaKTUYECKOro UCIOIb30BaHUS.

B uerBepToii riaBe omucaHbl IEKTPOTEXHUUYECKHE 3KCIIEPUMEH-
Thl, IPOBEJCHHBIE aBTOPOM M €ro nomoiiHukamu B @unnane JletHo-
MCCIIeIOBaTeNIbCKOro MHCTUTYTA, a 3aTeM B HWUM aBuanmonHoro o6o-
pyaosanus (r. XKykoBckuit MockoBckoii obnacti) B neproa ¢ 1960
no 1990rr. Lenbto 5TUX 3KCIEPUMEHTOB Oblia MPOBEpKa TeopeThHye-
CKHMX BBIBOJIOB, MOJYYEHHBIX aBTOPOM B CBSI3U C U3MEHEHHEM Mpes-
CTaBJIeHUH O (PU3MUYECKOH CYLIHOCTH 3JIEKTPOMArHUTHBIX SIBIICHHH,
BBITEKAIOLIMX U3 MOJIOKEHUH d(UPOIMHAMUKH.

ABTOpY MNpHULIIOCh MOAEPHU3UPOBATb W3BECTHbIE YpPaBHEHMS
MakcBesuia, 4TO cpa3y JK€ BbI3BAJIO HEraTUBHYIO PEaKLHIO0 Cpeau
ANIEKTPUKOB-TIPOPECCHOHANOB. BOIBIIMHCTBO CHELMATNCTOB CUUTACT
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ypaBHeHHMs MakcBesula BEeHLIOM TEOPETHUECKOro TBOPEHUs, TeM Ooliee
YTO 3TH ypaBHEHHUS MOJIOKEHbl B OCHOBY MHOTHMX METOAHMK, MOJIHO-
CTbIO OMpaBAaBUIMX ceOs Ha MPAKTHKE.

OpHako He cliefyeT 3a0bIBaTh, YTO JOObIE YpaBHEHHS! OXBaThIBa-
IOT TIPeIMETHI W SBJICHUS JIMIIb YaCTUYHO, TIOCKOJIBKY oOlee 4mciio
CBOMCTB J11000TO TIpeaMeTa M JIFo00ro sSBIEeHHS OSCKOHEYHO BEJIHKO.
Bce oxBatuTh HU OTAEIBHBIMU YPaBHEHUSMH, HU TPYIIION YpaBHEHUH
HEBO3MO>KHO. [lo3TOMY pasBuTHE AONKHO MPOU3BOAUTHCS HEMPEPHIB-
HO TIO Mepe HaKoruleHus moTpeOHocteit. M ypaBHenus Maxkcsesa
BOBCE HE SIBJISIFOTCS UCKIIIOYEHHEM.

3nech MOMYYEHO MOATBEP)KACHHE CYLECTBOBAHHMS MPOAOJbHBIX
3JIEKTPOMArHUTHBIX BOJIH, B KOTOPBIX, B OTJIMYME OT OOBIYHBIX Paano-
BOJIH, HAIpaBJE€HUS! BEKTOPOB PACIpPOCTPaHEHHUs] M 3JIEKTPUUECKON
HanpsLDKEHHOCTH coBnafatoT. [Ipy 3ToM MOATBEpAMIMCH MPEAnosio-
JKEHMsl aBTOpa O BO3MOXKHOCTH PaclpOCTPaHEHHs! BbICOKOYACTOTHBIX
MPOJOJIbHBIX BOJH B COJIEHOW MOPCKOHM BOAE, OAHAKO HE MOITBEPAM-
JMCh TIPEAMNONOKEHUs] O BO3MOKHOCTU MPOHMKHOBEHHS! UX BIIIyOb:
TaKWe BOJIHbI, KaK BBbISICHWIOCH, PacHpOCTPaHAIOTCS TOJbKO B IMO-
BEPXHOCTHOM CJIO€ BOJbI, HO 3aTO Ha OOJIbIIME PACCTOSIHUS, COCTaB-
JISIFOLLME MHOTHE AECATKH KUJIOMETPOB.

3acnykMBaeT BHMMaHME W Pe3yJibTaT MPOBEPKH KOMIEHCAUH
MarHUTHOrO MOJIA MPH MyJIbCUPYIOLIEM 3JIEKTPUUECKOM MoJe. 3Aech
ObUIO TEOPEeTHYECKH MpeIcKa3aHO OTCYTCTBUE MArHMTHOTO MOJSl B
PaBHOMEPHO PacHpOCTPAaHEHHOM B MPOBOJSLLEH cpele MepeMeHHOM
TOKE, ¥ 3TO MOATBEPIMIIOCH SKCTIEPUMEHTOM.

OTtnenbHO HEOOXOAMMO YKa3aTb Ha TO, YTO BbISIBJIEHA BO3MOXK-
HOCTb ONEPUPOBAHUS MOHITHEM B3aMMOMHAYKLUH TPOBOJHUKOB, B TO
BpeMsi Kak B OOBIYHOM BJIEKTPOTEXHHUKE CYLIECTBYET TOJbKO Tpen-
CTaBJICHHE O B3aMMOMHAYKLMHM KOHTYPOB. DTO OKa3ajoch BecbMa IO-
JIe3HBIM 17151 omnpeaesieHds: (OpM CHTHAJIOB, MPOMYyCKaeMbIX MO WH-
(opMaLlMOHHBIM MPOBOJAM W MpPeArnoyYTeHus: AUdQepeHLrnaTLHOro
criocoba mepefauyd M NpuUeMa CHUTHAIOB B OOPTOBBIX aBHUALMOHHBIX
CBSI35X, YTO HALIIO MPUMEHEHHE B aBUALIMM BCEro MUpa.

[sTas rnaBa nocesiieHa 3KCIEPUMEHTaM MO MOJTYUYEHHIO SHEPTUU
u3 s¢pupa.
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Cnemyet 3aMeTHTh, UTO YCTPOMCTB, Ha BBIXOAE KOTOPBIX MOIYyHYEHO
SHepruM OoJIbllle, YeM 3aTpayeHO Ha BXOJE, B HACTOSIIEE BpPeMs M3-
BECTHO MHOXKECTBO. BOJIBIIMHCTBO aBTOPOB MPOCTO (PUKCHUPYET 3TOT
(dakT U oTOMBaeTCS OT KPUTHKM COMHEBAIOIIMXCS B JIOCTOBEPHOCTH
MOJTyYeHHBIX Pe3yNbTaToB. HeKoTOpbIMH TMOTyYeHbl MPOMBIIITIEHHO
3HaUYMMbIe Pe3yJIbTaThl, B OCHOBHOM, 3TO TaK Ha3bIBa€MbI€ TETLIOTe-
HepaTopbl, M30BITOK PHEPIUU B HHUX TPEICTaBIICH B BUIEC HU3KOTEM-
nepaTypHOro Terula, U 3TO He MO3BOJIMIIO aBTOpaM 3aMKHYTh CUCTEMY .

OnHako B mocjeqHue rofpl Onaromapsi TpyaaM rpy3HMHCKOTO M30-
Operatens Tapusnsa KanaHansze co3nmaHbl JeiicTBYoLMe 00pasiibl re-
HepaTopoB 3MekTpuueckoi sHeprun B 3, Su 100 kBT, npuyem B 1o-
ciefiHeM ciiydae B Buje Tpexdasznoro Hanpsbkenus 22 50 'y, yuro
y’Ke MOKET ObITh UCIOJIb30BAaHO B MPOMBIILIEHHOCTH. CamMa yCTaHOB-
Ka 3amyckaercss oT Oarapeiiku Tumna «KpoHa» HampsbkeHueM B 9
Bonbt, KOTOpas 3aTeM OTKIIOHYAaeTCs. 311€Ch pean30BaHa MOJIOXKH-
TellbHast 00paTHas CBS3b, MO3BOJIMBILAS 3AMKHYTh CHCTEMY.

HecMoTpst Ha TOCTUIHYThIe MHOTUMH aBTOPaMH YCTIEXH IO peaiu-
3allMM YCTPOWUCTB C KM/, OOJIBIIMMHU €IUHULIBI, TPAKTHYECKA HU Y KO-
ro U3 HUX HEeT OOBICHEHHS TOTYYEeHHBIX UMK 3P (PEKTOB: OHU CO3HA-
0T, YTO SHEPTHI0 CO3aTh HEJIb3sl, TaK e KaK U YHUUTOXKHTb, HO OT-
KyJa oHa OepeTcsi B X 3KCIIEPUMEHTaX, aBTOPbI CKa3aTh HE MOTYT.

D¢upoarHaMurKka >ke BCe CTaBUT Ha CBOM MeCTa, Mpejyiarasi CBOe
00OBbsICHEHHE: IOTIOJHUTEIIbHAS SHEPTHS TOJIyYaeTcs U3 OKPY KatoLero
YCTaHOBKY 3(Hpa MyTeM CO3/1aHHs STUMH YCTaHOBKAMH BUXpeid d(u-
pa B OKpY’KarollleM MPOCTPAHCTBE, KOTOPBIE W TOCTABIISIOT 3Ty JI0-
TIOJTHUTEJIEHYIO SHEPTHIO.

O ToM, 4TO MpoLEecChl KOHLIEHTPALUKA YHEPTHUH W3 OKPY KaIOLIEro
ra3oBble BHXPH MPOCTPAHCTBA CYLIECTBYIOT peajbHO, CBHICTENBCT-
BYIOT 3KCMIEPHUMEHT C TaK Ha3bIBaGMBbIM «IIIMKOM Byna», ¢ momorsto
KOTOPOrO MOKHO TMOJIy4YaTh TOPOMIAibHbIC BO3IYIIHbIC BHXpH. Y
9TUX BUXpell 00HapyKuJlach 0COOCHHOCTh — CAaMOTIPOM3BOJILHOE CiKa-
THE Ha MEepBOH CTaUM TojeTa. DTOMY O0OCTOSTENbCTBY HUKTO HU TO-
raa, HA B Oosiee rmo3Hee BpeMs He TpHUall 3Ha4eH s, HO UMEHHO 3TOT
npolece IeMOHCTPUPYET HAJTMUMe B MPHUPOJIEC aHTHIHTPOIUHHBIX SIB-
JICHWH, Korla SHeprys He paccenBaeTcs, a KOHLIEHTPUPYeTCs.
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Ipouecc KOHIEHTpALMK SHEPTHH B TPOCTPAHCTBE SBIISIETCS OTHUM
n3 BaxkHelwux 3¢dexkToB puzMkM, MOCKONbKY MMEHHO Omaronaps
Hemy oOecrieurnBaeTcsl BEeHHOE CyIeCTBOBaHNUE BceneHHoi, B KoTopoi
HHUKOTa He KOHYAIOTCS (PM3NYECKHe MPOLIeCChI, MePeXoIsIIre 13 Of-
HUX (opM B apyrue. 3Heprus B COOTBETCTBMU cO BTopbiM Havajgom
TEPMOJMHAMHUKH paccerBaeTcs B MPOCTPAHCTBE, a B COOTBETCTBHUHU C
YKa3aHHBIM MPOLECCOM KOHLEHTpHpYyeTcs. [IponcxoanT BeUHbIl Kpy-
roo0OpOT SHEPTrUH, U OH He 3aTYXHET HUKOTAA.

B nepBoM npunioxkeHUM K KHUre MpUBEACH MaTeHT aBTopa Ha yCT-
poicTBO A MoOydeHHs Hepruu u3 s¢upa. HecmoTps Ha To, 4TO
aBTOPOM OBUI MOJyYeH pa3oBblii 3deKkT, MoaTBepKAAIOIHUIA MPaBo-
MEPHOCTb 3aJI0KEHHOM B YCTPOMCTBO MIEH, HE YyIaloCh MOKa CO3AaTh
MOJTHOLICHHBI MaKeT TOro YCTpOICTBa, MOCKOJIbKY TaKoe CO3/1aHHue
TpeOyeT Hanuus 000pyAOBAHHOM JIAOOPATOPHH, CPEACTB, MOMOIIHH-
KOB M BpEMEHH, 4ero rnoka Her.

Bo BTopoM npunoxkeHnH npuBeneHbl GoTorpaguu AEMOHCTpaLMU
MakeTa 3JIeKTporeHepatopa u mareHt Tapuans Kamanangze, koTopseiid
JOCTHUT CePbE3HBIX pe3yJIbTaTOB MO MpeoOpa3oBaHUIO dHEPrUM ddupa
B DJICKTPOIHEPTHIO.

B Tpetbem npuiioxkeHun B cBs3M ¢ oTpuiiaHieM CrieruanbHOR Teo-
puell oTHOCHTENbHOCTH A.DWHINTeHA Hanu4us dhupa B MPUPOE,
JaH KpUTHYeCKUl aHanu3 ocHOB Teopuu oTHOcUTENBbHOCTH A.JMH-
mITeiiHa, a TakkKe MNpUBeNeHbl BKCMEePUMEHTBI, CUMTAIOLIMecs MOJ-
TBEP)KICHUSMHU 3TOM TEOPHH, HAa CAMOM JieJie TAKOBBIMU BOBCE HE SIB-
JsttolMecs. ODKCIEPUMEHTOB, OJHO3HAYHO MOATBEPKIAIOMIUX OTY
TEOPHIO, HUKOTAAa He ObUIO, HET M, caMoe WHTepecHoe, ObITb He MO-
XKET, MOCKOJIbKY JIF000H HKCTIEPUMEHT MOXKET OBITh MCTOJIKOBaH Oec-
YHUCJIEHHBIM KOJIMYECTBOM CIOCOOOB, BOBCE He TpeOYIOMMX MpHU3Ha-
HUs Teoprn OTHOCUTENBHOCTH

Llens HacTosmmel MyOaMKaMK — peKOMEHAIMS BCEM JKENaloIInuM
MOBTOPUTH OMHMCAHHBIE HKCTICPUMEHTHI C TeM, YTOObI yOeauThes, UTo,
XOTS B 9()MpOAMHAMMKE CYLIECTBYET €lle MHOXECTBO HepeLIeHHbIX
npobseM, 3Ta objacTe TeopeTHdecKoil (PU3MKKM CTOMT Ha TBEPAOM
(¢yHnameHTe M y Hee, B OTIMYME OT T€OpPMH OTHOCHTEIILHOCTH
A.DiiHmTeliHa, cepbe3Hoe Oyayliee.



12 Beenenne

CrnemyeT 3aMEeTHTDh, YTO HEKOTOpPbHIE peanbHble TEXHOJOTHH JTaBHO
UCTIOJIb30BANIA TIOJIOXKEHUS 3(DUPOIMHAMUKY, HANpUMep, B DJIEKTPO-
TEXHUKE, HO 3TO ClIeIaHO SMITUPUYECKH, METOIOM Npo0 U OMIMOOK, a
Ha OTKJIOHEHME MOJIYUYEHHBIX PE3YJIbTATOB OT COBPEMEHHOW TEOPUU
AJIEKTPOMArHeTH3Ma UCIOJIHUTENH MPOCTO 3aKpbIBAIOT riiaza. Ha 6aze
3(hUpPOTMHAMUYECKUX TPEJCTABICHUH 0 (U3MYECKOW CYIHOCTH SB-
JIEHUH MOSIBIIsIETCS BO3MOXKHOCTH YCTPaHEHHs MOJOOHBIX MPOTHBOpE-
YUH.

HecmoTpst Ha NpOCTOTY M OTHOCUTENIBHYIO IELIEBU3HY MPOBEIEH-
HBbIX MCCJIEJOBAaHUI, OHU MMEIOT NPUHLMINUAILHBIN Xapakrep, Io-
CKOJIbKY UX pe€3yJIbTaTbl HAXOAATCS B IMIPOTUBOPEYUU C CYLIECTBYIO-
nieid  pU3MUECKOl Teopueid, CUUTAIoLIecs OCHOBOW COBpPEMEHHOMN
TEOpeTHUYeCKOl (hM3UKU, — Teopueli OTHOCUTEILHOCTH A.DlHIITelHa,
HO COOTBETCTBYIOT MOJIOKEHUSM 3(PUPOJUHAMUKK. B KoHLEe KOHLIOB,
9TO 0OCTOSATENBCTBO JIOJHDKHO ChITPaTh PEUIAIONIYIO pOJib B Onpeesie-
HUM JATbHEHIIero mMyTH pa3BuTHs (PHU3UKH, & 3HAYNT, U BCETO €CTeCT-
BO3HAHMSL.

IIpoBeneHHbIE HKCIEPUMEHTHI HU B KOEH MEpe HE MCUEPIIbIBAIOT
MEPEYHs HKCIIEPUMEHTOB, KOTOPbIE HYKHO BBINOJHUTh 71l MOJHOIrO
YTBEP)KACHHUS 3PUPOAMHAMUKH, Kak HOBOH (PU3MUECKOH TEOpHH, IMO-
3TOMY 3[1€Ch OTKPBIBAETCS MPOCTOP, KaK Il TEOPETUUYECKHX, TAK U
JUISl DKCIIEPUMEHTAIbHBIX M3bICKaHUWA B 3TOH HOBOM W BecbMa mep-
CIEKTUBHOW 0o0JacTH, 3aTparuBarolleii MHTepechl Bcex obmacteil ec-
TE€CTBO3HAHMSL.

[IpuBeneHHbIE B KHUTE SKCIMEPUMEHTHI TTPOCTBI M MOTYT OBITH TO-
BTOPEHbI BCEMH XKENAIOIIMMH, JaXe IIKOJIbHUKAMU CTAPIUIMX KJIACCOB,
TeM Oonee, CTyAEHTaMM, WH)KEHEpaMH M Hay4YHbIMH pPaOOTHUKAMH.
OTo uenecooOpa3HO clenaTh Kak MOXHO Oojiee HIMPOKUM KpPYrom
JIML, NOCKOJIBKY OT 3TOr0 HEMOCPEACTBEHHO 3aBUCHUT Pa3BUTHUE TaKOH
BXHOM 00J1acTH HayKH, Kak TeopeTudeckas (u3uka, KoTtopas sBis-
€TCs1 OCHOBOM BCEro €CTECTBO3HAHUS.
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I'naBa 1. UccnenoBanue r3¢upHoOro serpa

1.1. Kparkasi HCTOpHS H COCTOSIHHE IIPO0OJIeMbI

Bo Bpemena Makceenna, T.e. B koHlle 1940 cronetus HuU 'y Koro
W3 yYeHBIX HUKAKUX COMHEHHUil B CyIIECTBOBaHMM d(upa B MpUpoOIe He
ObL10, HO BepcHH 00 ero YCTpOMCTBe U CBOWCTBaxX ObLTH pa3Hble. OQHOM
W3 Bepcuil, mojy4MBLIel HauOosbliee NpU3HAHHWE, Obljla KOHLEMLHS
O.®Dpenens, BrnocnencTsuu passutas [ .Jlopenuem, o6 abcontoTHO He-
MOJBHKHOM B MPOCTpPaHCTBE d(upe. ABTOPbI 3TOH KOHLEMLMH, TaK XKe
KaK W aBTOpbI IPYrHMX MHOTOYMCIIEHHBIX TEOpHWH, TMIIOTE3 M MoJesei
s¢upa HUKaK ee He 0OOCHOBBIBAJIM, TEM CaMbIM, COBEpILIas MPUHLUIHI-
ATBHYIO0 WJICAJIMCTHYECKYIO OLIMOKY: He M3yuHMB mpupoay (Marepwio)
s¢upa OHU Ha MEPBOE MECTO BBHIABUTAIM YMO3PHUTEIbHbIE MOJIOKEHHS
(co3HaHuMe), MO KOTOpbIe 3aTeM MbITATMCH MOATOHATH (aKThl, a KOr/a
5TH (aKThl HE COOTBETCTBOBAJIM MX TMPEACTABICHUSIM, OHH JIMOO MPOCTO
OTKa3bIBAIMCH OT CBOMX TEOPHI, HUYEro MHOTO He mpejiaras, Kak 3To
Jenano OONbIIMHCTBO M3 HUX, JUOO HAuWMHaJIM COPTUPOBaThb (aKThl,
MpPUHAMAs TO, YTO COOTBETCTBOBAJIO TEOPHSM, M, OTOpackiBasi TO, 4TO
HX TEOpUSIM He COOTBETCTBOBaNO. K mocieiHMM OTHOCHIMCH U OTHO-
cATCS ceifiuac Bce CTOPOHHUKH TeoprH OTHOCUTENBHOCTH DHIITEHA.

O ToMm, uTo 3emis IoKHA 00/1yBaThes (UPHBIM BETPOM, BIIEPBbIE
Hanucan Jx.K.Makcgenn B cratbe «Odup», nomemeHHoi B 1877r. B 8
tome Bosnbioii bpurtanckoit sHumknoneanu [1]. B coorBeTcTBHM € 3TO#
KoHLenuueld 3emysi B CBOeM OpOUTalIbHOM JABMXKEHUH BOKpYyr ComHua
MPOXOANT CKBO3b HETIOABWKHBINA 3(HUp, U MOITOMY Ha €€ MOBEPXHOCTH
JoJDKeH Habmronatbest a¢upHbiid Betep («ether drift»),koTopeiii Hamo
OBl UI3MEPUTb.

MakcBesul TaM ke yKas3ajl Ha TPyIHOCTH, CBSI3aHHbIE C U3MEPEHHEM
3(HUPHOrO BeTpa: TOrJa CyLIECTBOBAJI €IMHCTBEHHBIH CrOco0 M3Mepe-
HUS — C TIOMOLLBIO JTyda CBETa, MOChLIIaeMOr0 B HAalpaBJIeHUH CKOPOCTH
JBMO>KEHUs 3eMJIM 1 TIPOTUB HETO, a 3aTeM CTPOsl U3 MOChIJIaeMOro U BO3-
BpalllaeMoro MOTOKOB cBeTa MHTep(depeHIMoHHyI0 KapTuHy. CABUT HMH-
Tep(epeHUMOHHBIX MOJIOC U JOJDKEH CBUICTETIbCTBOBATH O CKOPOCTH
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spupHoro Berpa. OnHako MakcBelll TaM ke yKasasl, YTO BeJTHUYWHA
caBura OyJieT OYeHb Majla U ee BPSJ JIU YAacTcs ONPeaesuTh.

«Ecnu Obl MOXKHO OBLIO OMpeneNuTb CKOPOCTb CBeTa, Habionas
BpeMs, yIoTpebisseMoe UM Ha NPOXOXAEHHE OT OIHOTO MyHKTA 10 JIpY-
roro Ha MOBEPXHOCTH 3eMJIH, TO, CpaBHMBAs HaOIIIOJaeMble CKOPOCTH
JIBIKEHHSI B TIPOTUBOIIOJIOKHBIX HATIPABJICHUSX, MBI MOTJIH OBl ompesie-
JIUTH CKOPOCTh 3(hMpa MO OTHOLICHHUIO K 3TUM 3eMHbIM IyHKTaM. Ho Bce
METO/IbI, KOTOPhIE MOXKHO MPUMEHHUTh K HaXOXJIEHHUIO CKOPOCTH CBETa
W3 3€MHBIX OMBITOB, 3aBHUCAT OT M3MEPEHHs BPEMEHH, HEOOXOIMMOro
JUIs JBOWHOIO Mepexoja OT OJHOro MyHKTa 10 Apyroro u odpartHo. M
yBeJIMUYEHHE 3TOT0 BPEMEHH BCIIEICTBUE OTHOCUTENBLHOM cKOpocTH 3¢du-
pa, paBHOE CKOPOCTH 3eMITH Ha ee OpOuTe, COCTABWIIO Obl BCErO OKOJIO
OJIHOW CTOMMWIIJIMOHHOM JOJIM BCEro BpeMeHHW Tmepexoia W Obuio Obl,
cJleloBaTebHO, COBEPIIEHHO HE3aMETHO>.

[Asx.K.Makcsent. Dpup. Cratbu u peunt. M.: Hayka, 1968.C. 199-200].

Tem He MeHee, MONOJONW aMepHUKaHCKUHA ydeHblid A.MaiikenbcoH B
1880r. Takoit npubop crenan, ¥ ¢ ITOr0 MOMEHTa Hayajiach CJI0KHas U
JpamaThyeckas HICTOpHs Moucka 3(pUpHOro BeTpa

Hctopus nouckoB 3GpUpHOro BeTpa sSBISIETCS OJHON M3 caMbIX 3a-
MyTaHHBIX MCTOPUHA COBPEMEHHOI0 eCTeCTBO3HAaHWS. 3HaYeHHE Hcclie-
JOBaHMWK 3(hpUpHOTrO BeTpa BBIXOAWT JAJIEKO 33 PaMKH HCCIIEIOBaHHUM
KaKoro-moo (hU3MUECKOro SBICHHS: pe3ybTaThl MEpBHIX paboT 3TOro
HalpaBJIeHHUs OKa3aM pellarollee BIUsHUE Ha BCe ecTecTBO3HaHU XX
cronerusi. Tak Ha3biBaeMbld «HYyJIEBOW pe3yabTaT» MEPBbIX DKCHEpPH-
MeHTOB A.MaiikenbcoHa u 3.Mopiu, BBITIOJTHEHHBIX 3TUMH aMepUKaH-
ckumu uccnenosaresismu B 1881u 1887rr., npueen ¢pusukor XX cro-
JIeTUS K MBICIM HE TOJbKO 00 OTCYTCTBMM Ha 3€MHOM MOBEPXHOCTH
3pUPHOTO BETpa, HO U K YOSXKACHHUIO, UTO dUp — MUPOBas cpena, 3a-
MOJTHSIOIAs co00i Bce MUPOBOE MPOCTPAHCTBO, HE CYLIECTBYET B MPH-
poae. Hukakue nonoxkurenbHble pe3yabTaThl, MOJYyYEHHbIE STUMH Ke U
JpYTUMH HcclieoBaTesiMU 3UPHOTO BeTpa B Oojiee MO3IHUE TOAbI,
yke He mokonebanu 3Tol yBepeHHocTH. M naxke xorna cam DiHIITEHH
B 1920u 1924rr. B CBOMX cTaThiX CTajl yTBEPKAATh, UTO «pU3UKA He-
MbIcMMa 0e3 3dupa», 3To He U3SMEHWIIO HUYero.
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Kak BbIICHWIOCH HenaBHO, B 00JIaCTH MCCieNOBaHWN 3(UpHOTrO
BeTpa PAAOM YYEHBIX ObUIM TNMPOBENCHBI BeChbMa OOIMIMpPHBIE PabOTHI.
HexoTopeie 13 HUX AanM UCKIIIOYUTENbHO OOraThlii MO3UTHUBHBIA MaTe-
puan. K HUM Hy>KHO, KOHEYHO e, B MEepBYIO ouepelb OTHECTH Hcclie-
JIOBaHUsl, IPOBEJCHHBIEC 3aMeYaTesIbHbIM aMEPHUKAHCKUM YYEHBIM Ipo-
teccopom KeiicoBckol tikonbl npukinanHoit Hayku Jlpiitonom Kiapen-
coM MusiepoM, NOTPaTUBLLMM Ha 5TH UCCIIEI0OBaHUs IPAKTHUECKH BCIO
*u3Hb. He ero BuHa, a ero u Hama Oesa B TO, YTO BCe MOTyUSHHBIE UM
W €ro rpymnrol pe3ysbTaTbl COBPEMEHHUKAMH Y4YeHOro v Oosiee mosn-
HUMH (U3MKAMHU-TEOPETUKAMH OTHECEHBbl K KaTeropuu «He MpU3HaH-
Heix». K 1933roay, koraa ucciegosanus Musuiepa ObLTH 3aBEpIICHBI,
LIKOJIa PeJISTUBUCTOB — MOCJIeA0BaTelNell crieluaqbHON TEOpUH OTHOCH-
TeNbHOCTH A.DHHIUTElHA MPOYHO CTOsIAa Ha HOrax MW OQuTeNnbHO ciie-
JIuiia 3a TeM, YToObl HMUYTO HE MOIJIO MokoyiebaTh ee ycTou. Takomy
HEMPU3HAHUIO» CMOCOOCTBOBAIM TAKXKe M Pe3ybTaTbl HEKOTOPBIX
9KCMEPUMEHTOB, B KOTOPBIX MX aBTOPbI, CAMH HE XeJas TOro, Hajenasiu
owMOOK U He MOJMYUYHIIM HyXHOro 3¢ dekra. X He HyKHO OOBUHATH B
MpeIHaMePEeHHOCTH TAaKOro UCXO/a: OHHM MPOCTO He MpeaCTaBIIsu cebe
npupoay 3¢upa, ero cBoicTBa, €ro B3aMMOJICHCTBUE C BEIIECTBOM, U
MO3TOMY TpU MPOBEAECHUWH OKCMEPUMEHTOB MMH OBLTH JOMYLICHBI
MpUHUMIHANIbHBIE OIIMOKM, HE MO3BOJNIMBLIME UM JOOHUTHCS ycrexa. K
YUCIIy TAKUX OLIMOOK, B YaCTHOCTH, OTHOCHUTCSI SKPaHUPOBAHUE UHTEp-
¢depomeTpa — OCHOBHOIO MpHOOpa, MUCMOJIBL30BAHHOTO AJISl UCCIe0oBa-
HUI 3QUPHOrO BeTpa, METANIMYECKUM SKPaHOM. MeTasul, Kak BbISCHU-
JIOCh Temnepb, OTPaKaeT HE TONbKO 3JIEKTPOMArHUTHBbIE BOJIHBI, HO W
mo0ble cTpyH 3¢Hpa, a MOITOMY U3MEPSTh CKOPOCTh A(PUPHBIX MOTOKOB
B 3aKpBITOM METaJIMYecKOil KOpoOKe, 3TO Bce paBHO, UTO MBITATHCS
W3MEpPUTh BETep, KOTOPBIA OyeT Ha ynuue, MMsAs Ha aHeMOMeTp, ycTa-
HOBJICHHBIN B MJIOTHO 3aKynopeHHoi komHare. [Ipu Bceii abcypaHocTH
MoJO0OHOro 3KCHEepPUMEHTa, YBbI, TaK OHO U Obl10. B 3TOM umMTarens
cMmoxkeT yOenutbes, mpouutaB ctatbu P.Kennenu, K.mnunreopra,
E.Crasns, A.Ilukkapa. K umcny apyrux ommOOK OTHOCSTCS TIOMBITKH
VIIOBHUTh JIOTUICPOBCKHI 3 QeKT, TKOObl BOZHMKAIOUIMH MPU HAJTUYUU
3¢UpHOro BeTpa, Y B3aUMHOIO HEMOABWKHBIX UCTOYHMKA U MTPUEMHHKA
3JIEKTPOMAarHUTHBIX KojiebaHuid. M 310, yBbI, HE BBIIYMKAa: HMEHHO Ha
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3Tol ocHOBe ObLT moctariieH B 1958-1962rr. skcnepuMeHT Tpymmnoi
Jbx.Cenapxonsma n Y. TayHca. DTOT 3KCIEpUMEHT He MOT KOHYHTBCS
HUYEM MOJIOKUTENIBbHBIM, OO 2(UPHBIA BeTep naeT caBHr (asbl Kolie-
0aHusl, a BOBCE HE MEHSET ero 4acToTy, U HHUKaKas BbICOKas YyBCTBH-
TEJILHOCTB MPUOOpPA K M3MEHEHMIO YacTOThI 3J1eCh HE TTOMOJKET.

OpnHako, Tak WM MHaue, B KOPPEKTHBIX 3KCIIEpUMEHTaX psa uc-
cnenoBateneil — J[.Mumnepa, 3.Mopau u camoro A.MaiikenbcoHa B
nepuoy 1905 — 1933r. sadupHblit BeTep ObUT 0OOHApYKEH, 3HAUSHHE ero
CKOpOCTH M HarpaBJieHHe ObUTH OTpeieNieHbl ¢ HeTIOXOH [T TOTO Bpe-
MEHH TOYHOCTbI0. OKa3ajaoch, YTO HampapJeHHE STOro BeTpa BOBCE HE
COBIA/IaeT C HANPABJICHUEM JBIKEHHs 3eMIIH, KaK 3TO MPEeAINoiaraaoch
BHauase, a MoYTH MEepreHINKYIIpHO K HeMy. BbiscHuIoCh, 4To opOu-
TajlbHasi COCTABIISIONIAs CKOPOCTH 3eMJIM MOYTH HE 3aMeTHA Ha (oHe
0onbIIOH KOCMUYecKoi ckopocTu o0ayBa CoONHEYHOU cuUcTeMbl d(u-
pom. IIpuumHBI 3TOrO, TaK k€ Kak M NMPUYMHBI YMEHBIIEHHS OTHOCH-
TEeJIbHOM CKOpOCTH 3¢upa U 3eMiIH MO Mepe yMEHbILIEHHUs BBICOTBI Hal
MOBEPXHOCTHIO 3eMJIH, TOrJla OCTAJIMCh He BbIsICHeHHbIMHM. Ho ceromus,
B CBSI3M C MOSBJIEHUEM 3(DMPOJMHAMHUKH — HOBOM 00acTh (pU3MKH, OTH-
paroleiics Ha TPEICTaBJICHHS O CYLIECTBOBAaHWM B TPHPOAE Ta3oro-
no6HOTO 3¢upa, 3TH HelOyMEHHbIe BONPOCH CHATHI. C Mo3uLMii npen-
ctaBieHus 06 3¢upe, kak 06 0OBIYHOM BA3KOM C)KUMAEMOM Taze, MOX-
HO HEeNpeB3ATO OLIEHUTh W BCe AaHHbIe, MoidydyeHHble Mopau, Musuie-
pom 1 MaiikellbcOHOM 00 3(HUPHOM BETpe, a TAKIKE OLIEHUTh BCE OLIKO-
KU, JIOMYIIEHHbIC HCCIISI0BATEIIMH, MOTYyYUBIIUMU <HYJIEBBIC PE3yJib-
TaThI».

D¢upoarHaMuKa cerogHs AejaeT JHIIb MepBble wmaru. [ocmon-
CTBYIOLIas LIKOJIA PEJIATUBUCTOB BCE €lle UTHOpUpYeT 3¢up, mostomy
3a ero npusHaHue uaet 6oppOa. OHa 00s3aTeIbHO YBEHYASTCs Yycrie-
XOM, TaK KaK TOJIbKO Ha MyTSAX MpHU3HaHWA 3(pHpa OKa3bIBaeTCs BO3-
MOYKHBIM BCKPBITh BHYTPEHHWI MeXaHW3M (pU3MYECKHMX SBJICHH, MO-
HSTb MX CYLIHOCTb, YTO cerofHs, 0e3ycioBHO, HEOOXOAUMO BCeM 00-
JacTsM ecTtecTBo3HaHMA. 60 6e3 3TOro CTaHOBUTCS HEBO3MOKHBIM
MPOJBUraThCsl BO MHOTHMX TPHUKIAIHBIX HarpaBieHusX. OqHako Hax
npu3HaHUueM 3(dupa Mo-MpeKHEMY BUCHUT MpeayOekIeHHe OTHOCHTEIb-
HO «OTPHLATEJIFHOTO pe3ysbTaTay» sKkcrepuMmeHTa Maiikenscona 1881u
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1887 rr. /st Toro 4ToOBI CHATH 3TO MpeAyOekKIAeHUE MOHATO0UIOCh
BBIITYCTUTh COOPHUK TEPEeBOOB OPUTMHAIBHBIX CTaTel aBTOPOB DKCIIe-
PHUMEHTOB 110 3UpHOMY BeTpy [5].

CeroaHs HeoOXOOUMO BHOBb CTaBUTb SKCIEPUMEHTHI MO OOHapy-
JKEHHUIO 3()MPHOTO BETpPa, HO C YYETOM JIOMYLIEHHBIX paHee OMNOOK M
Ha COBPEMEHHOM OCHOBE — C aBTOMAaTHYECKON perucTpanueil 1 apToma-
TU3UPOBAHHOW 00pabOTKOI pe3yabTaTOB M3MEPEHHWH, Ha pPa3UYHBIX
BBICOTAaX, BKJIOYas ycTaHOBKY mnpubopoB Ha MC3 — HCKycCTBEHHBIX
cnyTHUKax 3emusd. J[is 9TOro He 00s3aTeIbHO MCTIONB30BAaTh HHTEpP(e-
POMETPBI, MOYKHO MOCTYMUTh IOPa3lo MpOLIEe — ONpenessTh OTKIOHe-
HUS JIa3€PHOrO JIyya OT €ro CPeAHEro MojoKeHHs, MOCKOJIbKY YCTaHOB-
JIeHO, YTO 3(DMPHBII BeTep OTKJIOHSET JIa3epHbIH JIyd MOJOOHO TOMY,
KaK OOBIYHBIM BETEep OTKJIOHSAET OT HOPMAIBHOIO TMOJIOKEHHUS KOHCOJIb-
HO 3aKperuieHHyo OaJiKy.

CocrosiHre 3¢upa, ero IOTHOCTh, BA3KOCTb, HANPaBIeHWE W CKO-
pPOCTB TOTOKOB B OKOJIO3EMHOM TPOCTPAHCTBE HEOOXOAMMO 3HATh, MO0
UMEHHO 4epe3 3(pUp KOCMOC OKa3blBaeT CBOE BJIMSIHUE HA 3€MHbIe Mpo-
Heccel. 3HaHME MapaMeTpoB 3(Hpa MO3BOJIUT TMO-HOBOMY MOCTaBUTH
MPOTHO3 MHOTHX COOBITHI Ha 3eMile — KIIMMaTHYeCKHX, Te0JTOTHUECKHX,
(U3HOIOTMYECKUX U MHOTHX JPYTHMX, a TakKe yuecTb psij SBJICHUH B
caMOM KOCMOCe, BKITIOYas MOJIETbl CIIYTHUKOB, a TakoKe MEXKIJIaHEeTHbIE
1 B OyIymieM MeK3Be3JHbIC TOJIeTHI.

A TOKa, TIOCKOJIBKY <«HYJICBBIC PE3YJIbTaThD» MEPBbIX 3KCIEPHUMEH-
ToB A.MaiikenbcOHa NMPUBEIH K HEMPU3HAHUIO CYLIECTBOBAHMUS B NPH-
poze He TOJIbKO 3(hPMPHOTO BeTpa, HO M caMoro 3¢gupa, mpeacTaBiseTcs
TMOJIE3HBIM HAIIOMHUTD, XOTS ObI BKpATLE, HCTOPHIO €r0 MOUCKOB.

Tex, KTO MPOSIBUT MHTEpec K 3TOW mpobiemMe, MOXKHO OTOCHaTh K
kHure <«OdupHbIit BeTep» [5], B KOTOPOiil BriepBbie Ha PYCCKOM SI3bIKE
OIyOJIMKOBAHBI TEpeBOAbl OPUTHHANBHBIX CTaTel HcciienoBaTesnei
a¢upHoro Berpa, HaumHas oT A.Maiikenbcona (1881) no Y.Tayhca
(1962).
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1.2. 3KCﬂeplflMeHTLI, AaBIINE€ HEONPEACJICHHbIC WA II0-
JOKUTECJIbHBIC PE3YyJ/IbTAThI

B 1881r. amepukaHckuii yueHblii A.Maiikenbcon crenai nepByko
MOMNBITKY OOHAPYKUTh 3()UPHBII BeTep, AJIsl 4ero OH MOCTPOMI KPecTo-
o0pa3Hblii HHTEephepomMeTp, cxeMa KOTOporo rnpuBeeHa Ha puc. 3.1.

=l

Puc. 1.1.Cxema unrepdepomerpa A.Maiikeancona (Basuios, c. 28)

Amnmnapat MaiikenbcoHa CKOHCTPYMPOBaH Tak, YTO B HEM MPUCYTCT-
BYIOT JIBa JIy4a CBEeTa, KOTOPbIE MPOXOIAT 1O TPAeKTOPHSIM, pacriono-
JKEHHBIM TIOZI TIPSIMBIM YTJIOM JIPYT Y OPYTY, U UHTEPHEPUPYIOT MEKITY
coboii. Jlyu, KOTOpbI MPOXOAWT B HAIPaBICHWW JABMXKEHHUsS 3eMIH, B
JNEeWCTBUTEIILHOCTH TPOMIET Ha MO0 JUTMHBI BOJHBI O OOIblIe, Yem
ecsi Obl OH Tipoiest Obl, ecu Obl 3eMiis HaxXoaAWIach B Nokoe. BTopoii
Ty, MPOXOAALIMNA MOJ NPSAMBIM YIJIOM K ABWXEHHUIO, He OyIeT HCIbI-
THIBAaTh 3TOTO BIUSHUS.

Ecnu e annapat 6yaer nopepHyT Ha yron 90 takum o6pazom, uto
BTOPOM JIyd MpPOMIET B HAMPABICHUW IBH)KEHUs 3eMJIM, TO €ro Tpaek-
TOpHs yBenuuuTcs Ha J. OOlee jke M3MEHEHUe TOJIoKeHHUs nHTepde-
PEHIIMOHHBIX TOJIOC COCTaBUT 20, BEJIMUMHY, KaK [ojlarajq BHavase
MaiikenbCOH, JIerKO N3MEpAEMYIO.
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[Tockonbky I TOro, 4YTOOBI TMOCTPOUTH HHTEPHEPEHLIMOHHYIO.
KapTHHY JIyud CBeTa AOJKHbI 00S3aTeJIbHO BEPHYTBCS K MCTOUHHUKY
CBETa, TO 3TO €CTh 3KCMIEPUMEHT BTOPOro MOPsIKA, B KOTOPOM UCKOMBII
a¢¢eKkT onpeaessieTcsi BTOPOM CTEMEHbIO OTHOLIGHHUS OpOUTaIbHOM
CKOpPOCTH 3eMJTH V K CKOPOCTH CBETa C, @ UMEHHO!

3aeck D — aniMHa ONTHYECKOro MyTH CBETOBOTO JIy4a, paBHas B pubope
Maiikenscona 1200mm.

Ecnu onmparbes Ha MpenochbUIKH, 3a10)KeHHbIE B 3KCIIEpUMEHTE, O
TOM, YTO 3(HpP BCEMPOHHUKAIONL U HE HUCIBITHIBAET HUKAKOTO TOPMOXKe-
HUS TIPY MTPOXOJIe Yepe3 MpeIMeThl M Cpeibl, HapuMep, Yepe3 MoBepx-
HOCTHBIN crioil 3emin (3KCHepUMEHT MpoBoAMics B nojaBaiie bepiuH-
CKOrO YHUBEpCHTETa, a 3aTeM B MojBajie yHuBepcurera B [lorcname),
YTO TIPUPOAA CBETa HOCHUT BOJHOBOI XapaKTep W CBET MOITOMY IOJHO-
CTBIO 3aXBaThIBAETCS IBIKYIIMMCS 3(PHUPOM, U YUUTbIBas, 4TO OpOM-
TajbHas CKOpocTh 3emian cocrasiseT okono 30 km/c, oblee OTKIOHe-
HHe WHTep(epeHLIMOHHOW KapTUHBI MPHU MOBOPOTE HWHTepdepomeTpa
coctaBut) 0,04 1MHBI BOJIHBI CBETA, T.€. HHTEPPEPEHIIMOHHbBIE TTOJIOCHI
capunytes Ha 0,04 wara untepdepeHUMoHHbIX Mojoc. Ho 3To Tonbko
NpPU TOM YCJIOBHMH, YTO 3()UP HE UCIBITHIBAET HUKAKUX TPENsSTCTBUIA B
CBOEM paclpOoCTpPaHEHHH CKBO3b aTMoc(epy M CIIOH 3eMJIH, OTHeNso-
it pudop OT MOBEPXHOCTH 3eMJTH.

Ha puc. 3.2noka3an cam npubop, B KOTOPOM BCsI ONITHYECKas 4acTh
pacrosio’KeHa Ha BpallaoLeMcs OCHOBaHUU.

MalikenbCOH MULIET:

«[lepBblii pa3 anmapar ObUT pa3MelleH Ha KAMEHHOM OCHOBaHWH B
nozasaie dusnyeckoro uHcrutyta B bepnune. [lepBoe sxe HaOmoneHue
MOKa3aJio, YTO M3-3a MCKIIOYMTENIFHO YYBCTBUTEIBHOCTH mNpubopa K
BUOpalusM paboTa He MOXKET BBHITIOJHATHCS B TedeHHe Bcero nHs. To-
raa SKCIeprUMeHThI MonpoOoBany MpoBoaAWTh Houblo. Korma 3epkana
ObUTM YCTAQHOBJIEHBI Ha CepelMHe TIey, MOJOChl CTali BUAMMBIMH, HO
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WX TIOJIOKEHUE He MOTrJio ObITh M3MepeHo a0 12 yaco Houw, a ganee —
TOJBKO B HEKOTOpBIE MHTepBajbl BpeMeHH. Korza ske 3epkana ObLIH
CABMHYTHI K KOHLIAM TlJIeY, [0JI0Chl ObUTA BUIHBI JIMLIb SMTU30UUYECKH.

3.2.Untepdepomerp Maiikeabcona 1881r.

Torpa e BBIICHUIIOCH, YTO SKCTIEPUMEHTHI HE MOTYT BBIMIOJIHATHCS
B bepaune, n annapar 6bu1 nepemellied B Actpoduzndeckyro jgabopa-
toputo B [lorcmam. Ho nake 3mech oObIUHBIE KaMEHHBIE OMOpbI HE
YIOBIIETBOPSIM TPeOOBaHMWsIM, W ammnapaT OmsITh ObUl MepeMelleH, Ha
3TOT pa3 B MOJBaj, KPYIJbleé CTEHbl KOTOPOrO CIYXKWJIM OCHOBaHUEM
JUTsl OMIOPBI SKBaTOpHasia (CTalMOHApHOTo Tesieckona — B.A4.).

B 0OBIYHBIX YCTOBHUSX MOJNOCH OBUTM OYEHb HEUETKUMH, M UX OBIIO
TPYAHO U3MEPHUTD, MPUOOP ObLT HACTOJBKO YyBCTBUTEIBHBIM, UTO JayKe
aru Ha TpPOTyape B CTa MeTpax OT oOcepBaTOpuM ObUIM MPHUUYMHON
MOJTHOTO MCUE3HOBEHHUS MOJIOC!».

B pesynbrate 06paboTku M3MEPEHU BBISICHUIOCH, YTO CYLIECTBY-
10T HebobLIMe cMellleHHs MHTepepeHIIMOHHBIX Mojioc. A aanee Maii-
KEJIbCOH IMUILET:

«Hebonbmme cmenienus -0,004u -0,015 —s10 npocto morpeurHo-
CTH 3KCIIEpUMEHTA.

Ilonmy4eHHble pe3ynbTaThl, OQHAKO, OOJiee YETKO MOKa3aHbl MPH MO-
CTPOCHUH pealibHOW KPUBOW BMecTe ¢ KPUBOH, KOTOpas JOJKHA ObITh
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MOCTPOEHA, €CJIi TeOpHs BepHa. ITO Moka3aHo Ha puc. 1.4 Boech —
puc.3.3 —B.4).
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Puc. 3.3.Pe3yabTaThl H3MepeHHii: KPUBasi, MOTydeHHas MalKkeIbCOHOM B pe-
3ylbTaTe 00paboTKH OTCYETOB UHTEp(hepomMerpa ( ) ¥ TeOpeTUUecKast KpuBas
(- - - - ).IIo ocu abcuuce — yroa HoBopoTa UHTEPHEPOMETpa, IBYM IEPHOLAM TEOPETU-
4eCKOW KPUBOM COOTBETCTBYET OJUH 000POT, [0 OCH OPAMHAT — CMellleHHe UHTep(e-
PEHIMOHHBIX MOJOC B AOJIAX PACCTOSTHUA MEXKAY OCAMU COCCAHUX I10JIOC.

[lyHkTupHas kpuBas U300paxKeHa, UCXOsl U3 MPEANONIOKEHUs, YTO
oxumaemoe cmetteHre cocrtapiser 1/10 paccrosHust Mexay uHTepde-
PEHIIMOHHBIMHM TIOJIOCAMH, HO €CJIU 3TO CMEIleHHE COCTAaBJISeT JIMIIb
1/100, 10 nomaHas nuHus Oy7eT elile OnmxKe K MPSIMOM JIMHUH.

OTH pe3yabTaThl MoJicHO unmepnpemuposams (! — B.A.) kak oTcyT-
CTBHE CMelleHUs MHTep(epeHUHOHHBIX MoJioc. Pe3yibTaT rumnoresb
CTauMoOHapHOro 3¢upa, TakuM 00pa3oM, OKa3bIBaeTCs HEBEPHBIM, OTKY-
Jia cJeayeT BBIBOJ. 9Ta FMMoTe3a OLIMO0YHA.

...Mbl He OyJileM CKIIOHHBI MOBEPUTHh 0€3 SBHOTO MOATBEPXKIACHUS,
4T0 3(hUp ABMIKETCS CBOOOTHO Yepe3 TBEPIYI0 Maccy 3eMITh».

A.Maiikejbcon. OTHOCUTEIBHOE NBIKEHHE 3eMJIM B CBETOHOCHOM 3(u-
pe. 1881 r. Ha pycckom s3bike B c0. Ddupnbiit Betep. [lom pen. n.T.H.
B.A.AmoxkoBckoro. M.: Dueproatommsmar, 1993. C. 6-7. Ilep. ¢ anrm.
JI.C.KHs3eBoii.

B 1887 r. Maiikenscon npuBnek i MoMolu Tpodeccopa
D.Mopnu. Natepdepomerp ObUT pa3MellieH Ha MpaMOpPHOM TUIMTE, KO-
Topasi Oblia BOJpY)KEHa Ha JEpPEeBSHHBIA KOJbLEBOW MOIUIABOK, IUia-
BAIOIIHIA B jkes100e, HanoJIHeHHOM pTyThio (puc. 3.4).
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Puc. 3.4.UnTtepdepomerp Maiikenncona-Mopiu

Kamenb, Ha KOTOpOM OBLTH pa3MellleHbl BCe ONTUYECKUE STIEMEHTHI,
uMmen wiowaas B 1,5m% u tomuHy B 0,3 M. OH pacrosioskeH Ha KOJlb-
1eo0pa3HOM JepEeBIHHOM IUIOTY, UMEIOIIUM BHelIHWH nuametp B 1,5
M., BHyTpeHHui nuamerp 0,7 M., a tonmunay B 0,3 M. [lnot mokouTces
Ha PTYTH, 3aJIMTON B 5KeJI00, OTJIIMTHIN U3 JKene3a, TONIMHOW B 1,5¢M 1
TaKUX pa3MepoB, YTOOBI BOKPYT IJIOTa OCTaBAJIOCh paccTosiHue B 1 cM.
Omnuras U3 xkeje3a (opMa MOKOUTCSA Ha LIEMEHTHOM OCHOBaHUM W Ha
HU3KOM KHUPIUYHOM (hyHIaMeHTe, UMeroleM GopMy MPOCTOro BOChMHU-
YTOJIbHUKA.

Takoe pasmelneHHe HHTEpepoMeTpa UCKIIOUUIO BUOpPAIIMOHHBIE
MOMEXH, W BpallleHHe arnmnapara jajiee MpoUcXOouiIo 0e3 BHECEHUs JI0-
MOJTHUTENIbHBIX UcKakeHnH. Kpome Toro, ObLIO YBETMYEHO YHCIIO MO-
BTOPHBIX OTPAKEHUM OT 3epKajl U 3TO MO3BOJWIO YBEJIUYHUTh JUITHHY OII-
TH4eckoro myTd B 10 pa3 o cpaBHEHHIO ¢ MPEKHUM 3HAYCHUEM.

ABTOpBI MOAPOOHO OMUCHIBAIOT MPUMEHEHHBIE UMM CITOCOOBI pery-
JIUPOBKH 3epKasl (TPH BHA — MO BBICOTE U MO a3MMYTY), a TaK)Ke Crocod
HaOJIOIEHHS.

Habnronenust ObUTH NpOBESHBI CIICAYIOMIUM 00pa3oM: IO OKpPYXK-
HOCTH TUTaT(QOPMBI, OTIIUTON U3 Xkelie3a, ObUIM HaHeceHbl 16 oTMeTOK Ha
pPaBHOM PacCTOSHHUHM JPYT OT JApyra. AnmapaTt oueHb MEJJICHHO Bpaliali-
cst (oauH 060pOT 3a 6 MHHYT) U MOCIIE HECKOJIBKHX MUHYT MPOBOJOYHOE
nepeKkpecTue MUKpOMETpa ObIJIO YCTAHOBJICHO HA CaMOM YeTKOW W3 WH-
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Tep(epeHLIMOHHBIX MOJIOC B MOMEHT MPOXOXKIEHHUSI OHON W3 OTMETOK.
JIBr>keHus ObIJIO HACTOJIBKO MEUIEHHBI, YTO 9TO MOYKHO OBUIO clienaTh
TOYHO M aKKYpPaTHO.

Bou1o obHapyskeHo, YTO npH noafep>kaHuM MEIJIEHHOTO paBHOMEp-
HOTO JIBMKEHHUS armapara pesyJibTaThl MOJIyHauch ropasao Oonee of-
HOPOJIHBIMH M TTOCIIe0BATEIbHBIMU, YeM KOT/1a KaMEeHb OCTaHaBJIMBAJI-
¢Sl Uil KaKAOro HaOMIOAeHus], B CHITy TOTO, 4To 3¢pdexTrl nedopmanuu
MOTyT HaOmiofaTeCs elie B TeUeHWe, Mo KpaiHed mepe, MOJIMHHYTHI
rocJie Toro, Kak KaMeHb OyJeT OCTaHOBJIEH, OTOMY YTO B 3TO BpeMs
HauWHAET OKa3bIBaTh BIMSHUE U3MEHEHUE TEMIEPaTyphl.

PesynbpraTel HabnromeHuil mpeacrasieHsl rpaduuecky Ha puc.3.5.
BepxHsis kprBasi —3TO THEBHbIC HAOIIOICHNS, HIKHSS — BeUepHHUe Ha-
6mtoieHus. [TyHKTHpHBIC KpHBBIE MPEACTABISIOT coboit 1/8 Teopetnue-
CKOTO CMELLEHHS.
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Puc. 3.5. PesyabraThl Habmogenus: a¢pupHoro Berpa. [lo ocu abemmce — yron
MOBOPOTA MHTEP(PEPOMETPA, IO OCU OPAMHAT — 3HAYECHHS OTKIOHEHUH MHTEp(EepeHIH-
OHHBIX MOJIOC B AJMMHAX BOJH cBeTa. llITpuxamu nokasaHa Teoperuyeckasl KpuBasi: pac-
4eT CJeNaH U3 NPEAINoJokKeHus, 4yTo S3UPHBINA BeTep UMEET HaNpaBlICHHUE, POTHBOIO-
JI0’KHOE JIBUKEHHIO 3EMJIM B TJIOCKOCTH IKIMITHKH.

ABTOpBI MUIIYT:

«Kaxcercst BNoHE cripaBeyIMBBIM 3aK/IIOUUTh U3 PUCYHKA, YTO €CIIH
€CThb Kakoe-JIMOO CMeLleHHEe U3-32 OTHOCUTEJIbHOTO IBMXKEHUS 3eMIIM U
CBETOHOCHOTO 3¢Hpa, TO OHO He MOkeT ObITh Gonbiue, yem 0,01 pac-
CTOSIHUSI MEXTY MOJIOCaMH.

...Ecnu Terepb, Ha OCHOBaHWHU JaHHOW pabOThI, MOXKHO OBLIO ObI
BIOJTHE 3aKOHHO CZEJaTh BBIBOA O TOM, UTO 3(h)Up HAXOAWTCS B MOKOE
OTHOCHTENIbHO 3eMiH, a corylacHo JIopeHIly MOXKeT He CyLecTBOBaTb
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MOTEHIMANA CKOpocTel, To coOcTBeHHas Teopus JlopeHlia Takxke oka-
3BIBACTCS HECOCTOSATEIILHONY.

B nononHeHnH K ctaTbe aBTOPBI MHULIYT:

«M3 WM3M0)KEHHOTO BbIILIE OYEBHIHO, YTO OE3HAJEKHO MBITATHCSA
peluTh Bonpoc o AprkeHnH COJIHEYHOM CUCTEeMBbI MMyTeM HaOMroIeHU
ONTUYECKUX SBJICHUI Ha MOBepXHOCTH 3emiii. Ho He HEBO3MOXKHO 00-
HapYKUTb OTHOCHTENIbHOE JBI)KEHHE armnapaTtoM, MOAOOHBIM HCIOJb-
30BaHHOMY B OMNHCAHHBIX JKCIEPUMEHTaX, Ha CPEJAHHUX BBICOTAX HaJ
YpOBHEM MOpsl, HalpUMep. Ha BeplUIMHE OTJAENBHO cTosulel ropel. Be-
POSITHO, €ClIM DKCMEePUMEHT OyaeT Koraa-mudo MpoBOAMTHECS B MoA00-
HBIX YCJIOBHAX, KOXKYX ammapara JOJDKEeH ObITh BBIMOJHEH W3 CTeKiIa
WK BOOOIIE OTCYTCTBOBATH.

C./.BaBunoBeiM npuBeieHa Tabinia, B KOTOPOU MOKa3aHbl 1aHHbIC
ero o0paboTKkM pe3ysIbTaTOB M3MepeHus 3¢upHoro Berpa Malikenbco-
Ha-Mopinu. Ha puc. 3.6.moctpoeH rpaduk cMmeteHuid o tabnuiie, pac-
CUMTaHHOU BaBUIOBBIM.
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Puc. 3.6.I'paduk cmewenusi nojoc, paccuutanublii C.U.BaBusioBbiM

Kak BuaHO u3 rpaduka, coBeplieHHO OTUETIMBO MPOCMaTpUBAETCS
BTOpasi rapMOHMKA, COOTBETCTBYOWas 3upHOoMy BeTpy. Uto kacaercs
TOTO, YTO MaKCHMMaJIbHOE CMeIleHHe UHTephepeHIMOHHBIX Tosoc B 10
pa3 MeHblIe TeOpEeTUYEeCKOro, TO, YUUThIBAs TOT (DaKT, UTO CMeELleHHe
MOJIOC MPONOPLMOHANBHO KEAopaniy OTHOLUEHHUS OTHOCHUTENIBHOW CKO-
pocTtu 3¢upa 1 3eMIH K CKOPOCTH CBeTa, HEOOXOIUMO KOHCTaTHPOBATh,
4YTO B PacCMOTPEHHOM 3KcrepuMmeHTe MalikesnbcoHa-Mopuu ObL10 A0-
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Ka3aHO CYyLIeCTBOBaHUE S(UPHOIO BETPa, CKOPOCTh KOTOPOrO COCTaB-
asima oT 3 10 6 KM/c, 4TO HE COOTBETCTBOBAJIO KTEOPETHUSCKOMY>» 3Ha-
yeHuto ckopoct B 30 kM/c, HO, OZIHAKO, BOBCE HE SBIISIIOCH «HYJIEBBIM»
pe3yIbTaTOM.

A.MaiikeabcoH U I3.Mopau. O6 OTHOCUTENbHOM MABIKEHUM 3eMIH U

cBeTOHOCHOM 3¢upe. Tam xe, c. 17-32.I1ep. ¢ anri. JI.C.KHs3eBoii.

C.!.BaBujioB. DKCIepUMEHTABHBIE OCHOBAHUSI TEOPUM OTHOCHTETHHOCTH. B KH.
Cobpanue counnenwii, 1. V. M.: AH CCCP, 1956.C.33.

Bbu1 mosyueH pe3ysibTaT B BHIOE CKOPOCTH 3(UpPHOro BeTpa B 3
KM/C. DTO MPOTUBOPEYMIIO UCXOJHOMY TMOJIOKEHHIO, TI0 KOTOPOMY OKH-
JIaNioCh, YTO CKOPOCTh 3(UPHOro BeTpa Jo/bkHa coctaBisth 30 km/c
(opburanbHas ckopocTh 3emiH). Bo3HHKIIO mpearnonoxeHue, 4To Mo
JeiicTBUeM 3(HUPHOrO BeTpa JUIMHBI IUied MHTepdepoMeTpa COoKpalla-
I0TCS, YTO HHUBENUpPYET 3PQEKT, WK YTO CKOPOCTh FPHUPHOrO MOTOKA
yObIBaeT ¢ yMEHBIICHHEM BBICOTHI. Pelninm paboThl MPOAOIKHUTS, MOA-
HsIB MHTEep(depoMeTp Ha BBICOTY HaJl yPOBHEM 3eMJIH.

B 1904-1905cr. B paboTtax 1o qajbHeHeMy UCClIe0BaHUIO ShUp-
HOro BeTpa MalikelbCOH HE YYacTBYeT, WX MPOBOIAT TMpodeccopa
3.Mopau v J{.K.Munnep — npodeccop KelicoBckoil wKkombl mpukan-
HOH HayKH.

[lepBble MccnenoBaHUS MMENN LEbIO TPOBEPUTH IMPEATIONoKEeHHEe
Ouipkepanbaa v JlopeHLa o TOM, YTO MPH JIBHIKSHUU CKBO3b dHUp pas-
Mepbl anmnaparypbl MOT'YT U3MEHSThHCS.

Jlns mccnenoBaHus STOro Borpoca ObIIM CKOHCTPYHMPOBaHBI J1Ba
anmapaTa. B mepBoM ObUT MCTONIB30BaH MECYaHMK, MPUMEHSBIIUICS B
1887 r., obpamneHHblii fockamu U3 Oenoii cocHel. CuiloBoe mepeceve-
HHe ObUTO MOCTPOEHO U3 OpycheB, uMeromux 14 moiiMo (355mm) 1mu-
punbl, 1ByX moiiMoB (51 mm) TommuuHbl u 14 ¢ytoB (427 cM) UTHHBI.
Bce BMecTe ObUIO  pa3MellleHO Ha KPYIJIOM TOIUIaBKe, KOTOPBIA ObLI
MoMeleH B 004Ky, 3alOJIHCHHYIO PTYThIO, M MOT B Heid Bpamiathes. Ha
puc. 3.7.mpuBeieHa HeMacIuTaOHas ONTHYecKas cxeMa MHTepdepomeT-

pa
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Puc. 3.7.MuTtepdepomerp Mopiau-Muiiepa: a) oOuuii Buz; 6) onTuueckas cxema

ABTOpBI OIMUCHIBAIOT METOAMKY MPOBEACHUsI SKCIIEPUMEHTA.

«OauH HabronaTeNb XOAWII MO KPYry BMecCTe ¢ ABMXKYLIMMCS af-
napatoM. Ero rzia3 Bce Bpems Kacaics TeJIECKOMNa, MO3TOMY OH MoJAep-
JKMBaJI BpallleHne npubopa ¢ MOMOIIBIO HePeTYIISPHBIX MATKHUX TOJIKOB
yepe3 BEPEBKY, 3aKPeIJICHHYIO TaK, YTOObI HE BHOCUTb KaKUX-JIMOO Ha-
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npsbkeHuid B ruieur anmnapata. Komnara Oblia 3aTemHeHa. Bropoii Ha-
OnroaTenb Takke XOJUI N0 KpYyry BMecTe ¢ anmnaparoM. Korna uHaeke
yCTaHaBJIMBAJICS HAa OJHOM M3 IIECTHAECATH PacloJIOKEHHbIX Ha paB-
HOM PacCTOSHUM APYT OT JIpyra OTMETOK, BTOPOi HabiroaaTeNs Ha3bl-
BaJl a3UMYT WJIK NoJjaBall Kakoi-nmubo npyroit curHai. [lepebiii HaOr0-
JlaTellb CYUTHIBAJI TTOKA3aHUsl [Isl TAHHOTO a3MMYyTa, KOTOPBINA 3aIrChl-
Bajn BTOpoil HaOmonmaresnb. HasbiBancs creayromuid a3uMyT, CUMTbHIBaA-
JIUCh TIOKA3aHWA U Tak janee. YacTh BpeMeHH, OJHAKO, 3aTpauynBallach
Ha TO, YTOOBI CKOPPEKTUPOBAaTh Upe3MepHOe CMelleHne HHTepdepeH-
LMOHHBIX TOJIOC, BBI3BAHHBIX M3MEHEHUSIMH TeMIIEpaTyphl: Ha 3TO Bpe-
Ms1 HaOJIIOJeHUS TIPEKPaLaIkCh.

3neck TpebyeTcs TeprieHHe U camoobiananue, 6€3 KOTOPBIX HeNlb3s
MpoBOAUTH padoThl momoOHoro poaa. [Ipoberu mo nBaauaTh WK Tpu-
IuaTh 000poToB, Brmodaronux B ceds 320unu 480 cunteiBanuil, Oblu
00bIuHBIM JiesioM. [Ipober B TpuanaTh 000OpOTOB O3HAyal, YTO HaOIFO-
JlaTelb, KOTOPBIi TOJDKeH ObLJT J1eaTh 3a OIMH 00OpOT MIECThAECIT CUH-
ThIBaHW 3a 65 nnu 75 cekyHJ, MpoXoaus NOJIOBUHY MUJIH, C TPYIOM
yAep KuBasi CBOM TJ1a3 Ha OKYJIsipe, C TeM UYTOOBI B TEUEHHE ToJTydaca He
npepbIBaTh HaOMIOIeHHH. OTa paboTa, KOHEYHO, BEChMa YTOMUTEIbHA.

...MBI 3aIJIJAHUPOBAJIA CO3JlaHWE HOBOTO arrmapara W MpoBeJIH He-
CKOJIbKO 9KCHEPUMEHTOB, YTOObI YOEIUThCS, XOTS U OBLIO XOPOIIO W3-
BECTHO, HE TMOBJMACT JIM Pa3HULA MArHUTHOTO MPHUTSHKEHHUS HKEJIe3HbIX
yacTeil Hallell anmaparypbl Ha Hamu HabmoaeHus. OqHako HaOmone-
HHS J1aBalld TOT K€ pe3yJbTaT, uYTo M paHblie. Mbl McciaeqoBaiy, Ha
KaKoe pacCTOSHHE CMEIIAIOTCs WHTep(epeHLMOHHbIE MOJIOCHI 0]
BJIMSIHUEM Jkene3Horo rpysa B 100r. u yGenunuck B TOM, YTO OBLIO U3-
BECTHO W paHbllle: 3eMHON MarHeTu3M He SBJISIeTCs MeIlarouM (hakTo-
poM.

Bo BTOpOM anmnapare Bce ONTHYECKHE ITyTH NPOJIETraik MO CTaTbHOM
pame, BBITIOJIHEHHOW W3 TUIACTUH M YTOJIKOBOTO jKejie3a M HECKOJIBKO
HarmoMHuHarouei# MocToBble OJiokd. Ha KOHLIAX MoOJBELIeHBI pPaMKH,
yIACpKHBaIOLIMEe 3epKajia, B paMKH YIHPAKOTCS COCHOBBIE PEUKH, MpO-
MyIIeHHbIE TI0 BCeil JUTMHE B JIaTyHHbIE TPYOKH, Tak 4TO TOJIOKCHHUE
3epKajl 3aBHCUT TOJILKO OT JJTMHBI COCHOBBIX peeK. JTa KOHCTPYKLHs
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MO3BOJISIET YIOOHO 3aMEHSATh CTEP)KHU Ha Jpyrue W3 Jpyroro marepua-
J1a, TaK YTO SKCIIEPUMEHT MOXKET OBITh JIETKO HUCTIOJIL30BAH IS MPOBEp-
KM TOTO, MO-Pa3HOMY JIM 3aBUCST pa3Mepbl Pa3IMYHBIX MaTEpPUAlIOB OT
JIBHXKEHUSI CKBO3b 3up.

Habnronenust mpoBOIMIIKMCH MO TOH JKe cXeMe, UTO U MPH UCTIONb30-
BaHUM MPEABAPUTEIIBHOM anmaparyphl.

Msi nonyuwiu 260 NoaHBIX HAOJIOJICHUH, COCTOSIIUX KaXa0e W3
CUYHUTAHHBIX IIECTHAIATH a3MMYTOB BOKPYT OKPYXKHOCTH. M3 NaHHBIX
HaOJFOICHUI TOJJIOBOTO JIBHXKEHHS 3eMITH €€ CKOPOCTh BMECTE CO CKO-
pocTbio ABM>KeHUsE CONHEUHOM CUCTEMBI MOXKET ObITh MpHHsTa kKak 33,5
km/c. Ckopoctb ceeta 300.000km/c, OTHOIIEHHE KBAJAPATOB CKOPOCTEH
cocrasmsier 0,72-16. Jimna mytw nyua B Hamewm anmapare cocrassiia
3224 cM, B 3TOM pacCTOSIHUU YKJIaJbIBa€TCS 5,5-10 soan HaTPUEBOTO
cBera. Oxkumaemblii 3hdekT npospiseTcs ABAXKIBI IPU MOBOPOTE Uepes
9(0°, cmemeHKe UHTEP(EPEHIIMOHHBIX MOJIOC B COOTBETCTBUM C MPOCTOMH
KUHEMaTU4eCKOU Teopuel cocTapiiseT 1,1-1(‘3 - 0,72-1& 9to 1,5 nu-
HbI BOJIHBI.

Vepennenue nannbix Habmoaenuit gano 0,007611MHbl BOJIHBI, MO-
STOMY MBI MOTJIM JIEKJIAPUPOBATh, YTO HKCIECPUMEHT TMOKa3aJl: €Ciu
“MeeTCsl HeKOTOPbIN 3(peKT MpUpoTHOTO MPOUCXOKIACHHS, OH COCTaB-
nsieT He Gosiee COTOW YacTy BHIYUCICHHOTO 3HAYCHUS.

...MOXHO JIyMaTh, 4TO MPOBEACHHBINA SKCMIEPUMEHT JI0KA3aJl JIUIIb,
YTO B CMIOKOWHOM MOJIBAJIbHON KOMHaTe 3(Up yBJIeKaeTCs BMECTe ¢ Hell.
[TosTOMY MBI XOTHM TOAHATH MECTO pa3MElLICHHWs amnrapara Ha XOJIM,
3aKPBITh €0 TOJILKO JIUIIb MPO3PAYHBIM MOKPBITHEM C TeM, YTOObI TMO-
CMOTpETh, He OyJeT i1 o0HapyKeH Kakoi-nubo 3pdexr».

3.Mopau u . Mwuiep. OtueT 00 3KCIIEpUMEHTE 10 OOHAPYKESHUIO (-
(exra «Dupkepansaa-Jlopenma». Tam xe, ¢. 35-42.

Pesynbrarer Habmonenuii Mopnu u Muiepa mo MccieI0BaHUSIM
a¢uproro Betpa 1904-1905. Obutn omybaukoBansl 3umoii 1905r.

B noknane, npountanHom B BammHrronckoit AkageMuu Hayk, Mpo-
¢eccop J.K.Musnep nuimer:

«MIMeHHO B 3TO BpeMs BOMPOCOM 3auHTepecoBajica DitHmTeldH. OH
omybnukoBan B 1905 r. pabory noj Ha3zBaHMeM <«DJIEeKTpOAMHAMMKA
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JBIDKYIIMXCS Teq». DTa paboTta ObUla MepBOi B JUIMHHOM psijly CTaTel
OHHIITelHA U IPyrUX, KOTOPbIe Pa3BUIIN COBPEMEHHYIO TEOPHUIO OTHO-
cuTenbHOCTU. B ynomsiHyTo# paboTe DIHIITEHH BHICTABISET MPUHLMIT
MOCTOSIHCTBA CKOPOCTHM CBETa, YTBep:KIas, 4To Ajs HaOmiojarens Ha
IBIKYyIIeiics 3emie u3MepeHHasi CKOPOCTh CBETa JI0JKHA OBITh MOCTO-
SHHA, HE3aBHCHMO OT HArpaBIeHHs M CKOPOCTH JBWKEHHS 3eMIIH.
I'naBHbIM (uzryeckum PakTOpoM TEOPUH OTHOCHUTENBHOCTH SIBJISETCS
JOMYyIIEHWe, YTO OMBITHI ¢ (UPHBIM BETPOM ANl OMpeesICHHBIN pe-
3ynbTarT. QOHAKO UCHMOJIKOBAHUE IMO20 ORbLIMA 0714 A8Mopa 0bli1o
Henpuemiemo (KypcuB MON — B.A.), u u1s pa3peleHus: Bonpoca Obliu
MpeaNpUHATHI AajbHelIe HabmoaeHuS .

Ocenbto 1905t. Mopnu u Munnep nepeneciiv uHTephepoMeTp Ha
EBknunoBbl BeicoThl 0113 Knueienaa, Ha Boicoty npumepno 300 dy-
TOM HajJ 03epoM OpH, B MECTO, CBOOOJHOE OT BCIKHMX IMperpaa v mo-
cTpoek. Bbuto mpopenaHo nate cepuii HaGmoaenuit (1905-1906rr.),
KOTOpBIE Jalb ONpeNesICHHBIH MONOKUTENbHBIN 3(deKT, cocTasisio-
mmx npubnusutensHo 1/10 oxkumaemoro Berpa. CyliecTBOBaO MO103-
peHue, YTO 3TO MOTJIO OBITh BBI3BAHO BIMSHHUEM TEMIEpaTypbl, OTHAKO
MPSMBIX YKa3aHWH Ha 9TO He ObLIO

Ha Beicote 250 M. Han ypoBHeMm Mops (EBKJIMIOBBI BBICOTBI OKOJIO
o3epa DpH) mosyueHa CKOpocTh adupHoro Betpa B 3-3,5km/c. Pesynb-
TaT YBEPEHHbI, HO HEMOHATHBIA. HanucaHbl OTYETHI M CTaThbU. XOTENIH
paboThl MPOAOKHUTH, HO YYaCTOK 3eMJIM OToOpau, paboTbl ObLIM OT-
JIOXKEHBI.

1905 r. A.ditnmmeiin nNyONUKyeT CBOIO 3HAMEHHTYIO cTaThio «K
ANIEKTPOAMHAMUKE JABIKYIMXCS TEJ», B KOTOPOH MUIIET, YTO MpPH BBe-
JCHUH JIBYX MPEANOCHUIOK — MEPBOM, HTO IJs BCEX KOOPAMHATHBIX
CHCTEM, JUISl KOTOPBIX CHPaBeUIMBbI YPAaBHEHUS! MEXaHUKH, CIpaBeIn-
BbI T€ )K€ CaMble AJICKTPOAMHAMUYECKHIE 3aKOHBI», U BTOPOH, YTO CBET B
MyCTOTE BCEr/la PaclpoCTPaHIETCs C ONPEeAeNIeHHON CKOPOCThIO, He 3a-
BUCSILEH OT COCTOSIHUS M3Ty4arolero tena. Torna «BeeeHue «cBeTo-
HOCHOTO 3(Hpa» OKaKeTCs HW3JIMLIHKM, MOCKOJIBKY B MpeiaraeMoit
TEOPUM HE BBOJUTCS <«@0COJIOTHO MOKOSIIEecs MPOCTPAHCTBO», Haje-
JIEHHOE 0COOBIMM CBOWCTBAMH, a TAKXKE HU OJTHOIM TOYKe MPOCTPAHCTBA,
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B KOTOPOH MPOTEKAIOT 3JIEKTPOMAarHUTHbIE MPOLECChl, HE MPUITUChIBA-
eTcsl KaKOi-HUOYIb BEKTOP CKOPOCTH.

ADitnmreiin. K anektponnHamuke ABmKynmxcs ten. CoOp. HaydH. Tpy-
noB. U.: Hayka, 1965.C. 7-8.

1910r. A.Jiinmimeiin B crathe «[IpUHIUT OTHOCUTENLHOCTH U €r0
CJIEZICTBHS», CCHITIasACh Ha OonbIT PHU30 MO YBICUEHHIO CBETa IBHKYIIIEH-
1 JKUAKOCTBIO (BOOM), MpoBeaeHHbIM B 1851r., nuiier:

«Mtak, 4aCTHYHO CBET YBJIEKACTCS NBIKYIICHCS HKHUIKOCTBIO. DTOT
HKCTIEPUMEHT OTBEpraeT TMroTe3y MOJHOro yBiedeHus s¢upa. Creno-
BaTEJIbHO, OCTAIOTCS JIBE BO3MOXKHOCTH.

1. Ddup MOTHOCTHIO HEMOJBHKEH, T.€. OH HE MPUHUMAET abCOIOT-
HO HMKaKOT0 Y4acTHs B ABWKEHUH MaTEpPHH.

2. Ddup yBnekaeTcs ABKYLIEWCs maTepueil, HO OH JIBHXKETCS CO
CKOPOCTBIO, OTIIMYHON OT CKOPOCTH IBMIKCHHUSI MATEPUH.

Pa3Butne BTOpOI rumore3sl TpeOyeT BBEACHUS KaKUX-THOO Mpea-
TMOJIO’KEHUH OTHOCHUTEIIBHO CBSI3M MEXIY 3(HUPOM M ABHXKYLLeics Mare-
pueii. [lepBas >ke BOZBMOXKHOCTh OY€Hb MPOCTa, M Ul €¢ Pa3BUTHs Ha
OCHOBe Teopur MakcBensia He TpeOyeTcs HUKAKON JOMOJHHUTEIbHOM
TUIOTE3bI, MOTYIIEH OCIIOKHUTb OCHOBBI TEOPHN».

WU nanee:

«OTcrloza cieyer, YTo Helb3sl CO3/1aTh yIOBIETBOPUTENBHYIO TE€O-
pHIO, He OTKa3aBIIMCh OT CYLIECTBOBAHMS HEKOEW Cpelbl, 3aroHSIO-
el Bce MPOCTPAHCTBO.

370 U ecTb Bce 000CHOBaHME OTCYTCTBHS B mpupoae 3¢dupa: ¢ a¢u-
POM TeopHsl OKa3bIBAETCs CIAMLIKOM CJIOKHO!

A.DiiHwTeiiH. [IpUHIUN OTHOCUTENLHOCTH W €ro cieacTBus. Tam ke, c.
140, 145-146.

1914r. M.Canbak nyOnukyet pe3ynbTaTbl SKCIEPUMEHTOB MO M3-
MEpEeHHIO CKOPOCTH BpalleHHs MIaTGOopMbl, HA KOTOPOH CBET OT pacro-
JI0)KEHHOTO Ha Hel MCTOYHHMKA CBETa C TIOMOILBIO 3epKall oOeraeT riar-
¢dhopmy o nepudepur o YacoBO CTpesike U MPOTUB YACOBOM CTPEJIKH.
OOHapy>keHO cMelleHHe MHTepEepEeHIIMOHHBIX MOJIOC, BEJTMUYMHA KOTO-
poro MponopLUHOHaTbHA CKOPOCTH BpaieHus ruiatdopmsl. [TonoOHbIH
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omnbiT O6buT npoBeneH ®.I'appecom (Mena, 1912).B Hactosiiiee Bpems
a¢ppext Canbsika ucnonb3oBat B nasepHbix JJYCax (qaTurkax yrioBbix
CKOPOCTEH), BBIMYCKAEMbIX MPOMBILIUICHHOCTHIO MHOTHMH ThICSYaMH
AK3EMILISIPOB.
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Puc. 3. 8.Unteppepomerp Canbsika

C.U.Baeunog B xHUre <«JKCIIEPUMEHTAIIbHbIE OCHOBaHHS TEOPHH
OTHOCHUTEITbHOCTH IMUILET:

«Ecnu Ob1 siBneHue CaHbsika ObLJIO OTKPBITO paHblie, YeM BbISCHH-
JUCh HYJIEBblE pe3yJbTaThl OMBITOB BTOPOro MOPs/AKA, OHO, KOHEYHO,
paccMaTpuBaioch Obl Kak OJecTsinee SKCepruMeHTATbHOE 10Ka3aTelb-
cTBO Hannuus s¢upa. Ho B cutyauuu, cozgaBlueiicss B TEOPETUYECKOM
¢uzuke nocie onsita MaiikenbcoHa, onbIT CaHbsKka pa3bsCHT HEMHO-
roe. Manenbkuii uHTepdeporpad Canbsika OOHAPYKMBACT <«ONTHYE-
CKUH BUXPb», CIIeJIOBATENIBHO, OH HE yBIieKaeT 3a coboii adupa. TakoBo
€/IMHCTBEHHO BO3MOJKHOE TOJIKOBAHWE 3TOrO OMNbITA HA OCHOBE Mpe.-
cTaBnieHus 00 aupe».

C.M.BaBuj10B. JKCIIEPUMEHTAIbHBIE OCHOBAHWS TEOPUH OTHOCHTEb-
HocTu» (1928).Cobp. cou. T. IV.M.: u31. AH CCCP, 1956.C. 52-57.

1915r. A.2dnmmeiin Bo BTOpOI YacT crtaTbu «l'eopusi oTHOCH-
TEJILHOCTH» BIEpBbIe (OPMYIHMpyeT OCHOBHOW mpuHLImn OOmeit Teo-
PHH OTHOCHUTEJIEHOCTH!
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«...CBOMCTBa MaciiTaboB M 4acoB (reoMeTpHs MM BOOOIE METpH-
Ka) B 9TOM KOHTHHYyMe (YeThIPeXMEPHOM KOHTHHYYMe MpOCTpaHCTBa-
BpeMeHU — B.4.) onpenenstoTcsi TpaBUTAMOHHBIM TIOJIEM; TOCIIeIHee,
TakuM 00pa3oM, MpeacTapiseT co0od (U3MUECKOe COCTOSHUE Mpo-
CTPaHCTBA, OJHOBPEMEHHO OTpeeIstolIee TATOTeHHe, HHEPLMIO U MEeT-
puky. B aToM 3akirodaeTcs yriiyoneHue U 00beTMHEHHE OCHOB (DU3UKH,
JIOCTUTHYTOE OJiarofaps oOIIel TeOPHUH OTHOCUTETLHOCTH.

AJiinwreiiH. Teopuss oTHocutenbHOCTH (1915). Cobp. HaydH. TPYIOB.
M.: Hayka, 1965,C. 424.

1920 r. A.dnmwmeitn B crathe «OPUp U TEOPUS OTHOCUTEILHO-
CTU» THILET, YTO «...00IIas TeopHs OTHOCHTEIbHOCTH HaJeNseT IMpo-
CTpaHCTBO (DU3UUECKUMH CBONCTBAMH; TAKUM O0Opa3oM, B 3TOM CMbICIIE
s3¢up cymectByer. CornacHo oOIlIed TEOPUH OTHOCHTENILHOCTH MpO-
CTPAHCTBO HEMBICIIMMO 0e3 3(urpa; AeHCTBUTEIILHO, B TAKOM MPOCTpPaH-
CTBE HE TOJIbKO OBIIIO OBl HEBO3MOXKHO PACIPOCTpaHEHHE CBETa, HO He
MOMIH Obl CYIIECTBOBATh MAcIUTa0bl M Yachl U He ObLTO OBl HUKAKUX
MPOCTPAHCTBEHHO-BPEMEHHBIX PACCTOSHUN B (PU3UYECKOM CMBICIIE 3TO-
ro cioBa. OgHaKO ATOT 3(pUp HENMb3s NPEJACTaBUTh ce0e COCTOSIINUM K3
MPOC/IeKUBACMBIX BO BpEMEHH 4acTeii (YacTH —3TO B MPOCTPAHCTBE, BO
BpeMeHH — mpotiecchl! — B.4.); TakuM CBOHCTBOM 00JiafiaeT TOJBKO Be-
comasi MaTepus; TOYHO Tak K€ K HEMYy HeJb3s MPUMEHHTH TOHSATHE
JIBKEHUSI».

AJiinwreiiH. Ddup u treopus otHocutensHocTH (1920).Tam xe, c. 689.

1924 r. A. Diinmmenn B crathe «O0 3¢dupe» coobuiaer, yTO
«...MBI HE MOXKEM B TeopeTHUeckol ¢u3rke oboiTHch 6e3 adupa, T.e.
0e3 KOHTHHYYyMa, HaJlelIeHHOTo (PU3UYECKUMH CBOWMCTBaMH, OO olmias
TEOpHUsi OTHOCUTEIBHOCTH, OCHOBHBIX MJIei KOTOPO# (pU3HKH, BEPOSTHO,
OynyT npuaepxkuBatbhes Beerna (?! —B.4.) uCKIIIOYaeT HENMOCpeICTBEH-
HOe JAJIbHO/ICHCTBHE; KaXKaas Ke TeopHs OJTM3KOACHCTBUS Mperoara-
eT HaJlMuhe HeNpepbIBHBIX MOJICH, a, CieoBaTelIbHO, CYIIECTBOBaHHE

adupa».
A.DitHmreiin. «O6 3¢upe». Tam xe, T. 2, 1966¢. 160.
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1925 r. A.Maiikenscon u I'.I'enp B crathe «BnusiHue BpaileHUs
3eMJIi Ha CKOPOCTH CBETa» OITyOJMKOBAIM Pe3yJIbTaThl SKCIIEPUMEHTOB
MO U3MEPEHHIO CKOPOCTH CBETa B JKeJIe3HbIX TpyOax nuamerpom B 305
MM., PacroJIOKEeHHBIX Ha 3emJjie Ha rope MayHT Buiicon no nepumMerpy
npsMoyroynbHuka 62340 M, U3 KOTOpbIX ObUT OTKayaH Bo3ayX. Pe-
3yJbTaThl YeTKO 3a()MKCHUPOBAIM BpalleHHe 3eMJIH, YTO MOXHO ObLIO
OOBSCHHUTH TOJIKO HAJIMYUEM B TpyOaX HEMOJBMIKHOTO OTHOCHTEIBHO
MHPOBOTO TMIPOCTPAHCTBA dpHpa.
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Puc. 3.9.Cxema sxcnepumenta A.Maiikeabcona u I'.I'enst

A.MaiikesnbcoH u I'.I'esib. BiusiHue BpaieHust 3eMJiM Ha CKOPOCTh CBeETa.
Ha pycckom si3bike B ¢6. DdupHbiii Betep. [lox pen. a.1.H. B.A.AmokoBckoro.
M.: DHeproaromuzaat, 1993.C. 22-61.I1ep. ¢ aunru. JI.C.KHs3eBoii.

B 1925r. JI.K.Munnep B BallMHITOHCKON akaJieMUH HayK MpOYH-
Tas qokian «I(PUpHBIA BeTep», B KOTOPOM KOHCIIEKTUBHO W3JIOKHI MO-
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JIOXUTENBHBIC pe3yJIbTaThl paboT Mo oOHapyKeHHIO 3pUpPHOro BeTpa Ha
rope MayHt Busicon Ha Beicote 6000¢yToB (1860Mm).

[Tpodeccop Mopau orcTpanuiics ot aktuBHOM padoTel B 1906T., 1
MPOAOJDKEHUE 3KcepuMeHToB nepeino B pyku . K.Munnepa.

Munnep nuuier:

«OnyOnMKoBaHUE Pe3ylbTaTOB HAOIIOJCHUI COTHEYHOTO 3aTMEHUS
1919r., koTopoe ObLIO UCTOJIKOBAHO KaK TMOJITBEPIKACHNE TEOPHUU OTHO-
CUTETILHOCTH, BHOBbL NIPOOYIUIIO UHTEPEC K OMbITaM ¢ 3UPHBIM BETPOM.
DKCepuMeHThl ObUTM TPOJOJDKEHBI W TepeHeceHbl B 00cepBaTOpHIO
MayHT BuiicoH. Anmapar B OCHOBHOM OB TOT K€ CaMblid, YTO HUCIIOJIb-
3oBasicss Mopnu 1 Musutepom B 1904, 1905u 1906 rr. HaGmronenus
TaKXKe MPOBOJUIUCH B KOHLIe 1921r. v BHOBb —B 1924T 1925r1T.

Bcero na Maynt Busicon 6biio nmpouseeneno okoiio 5000 otnenb-
HBIX W3MEPEeHHUI A(UPHOro BeTpa B pa3jMyHbIe Yachl JAHSA M HOYH. DTH
HaOmroneHust Oblu cBefieHbl B 204 pa3inyHble cepuu, MpUUeM Kakas
cepusi OTHOCHJIaCh K OJIHOMY 4dacy BpemeHH. HabmioneHus Obutn ciena-
HbI B YEThIPE pa3lIMuHbIX BpEMEHH roJia:

15anpens 1921r. — 117cepuii HabmoAeHWH;
8nexabps 1921r. — 42cepun;
Scentsa6ps 1924r — 10cepuii;
lanpens 1925r. 35cepwii.

s NS

Cambie mepBble HaOMOAeHMS, TpolenaHHble B MapTe 1921 r. nanu
MOJIOXKUTENbHBIA 3((deKT, COOTBETCTBYIOMIMN peabHOMY 3S(HUPHOMY
BETPY, KaK eciy Obl OH ObIIT OOYCIIOBJIEH OTHOCHTEIbHBIM JBHKCHHEM
3emiu u 3¢dupa co ckopocthio okoso 10 km/c. OmHako mpexae uyem
OIyOJIMKOBATh ATOT Pe3yJIbTaT, MPEACTABISIIOCh HEOOXOAUMBIM H3YyUUTh
BCE BO3MOXKHBIEC PUUYHHBI, KOTOPbIe MOTJIH Obl BbI3BaTh 3P PEKT, 1Mo100-
HbI 3QUpHOMY BeTpy. DTH BO3MOXKHBIE MPUYHMHBI MOTJIH Obl CBOAMTHCS
K MarHUTHBIM JiepopMaLisiM CTalIbHOM pambl HHTEphepoMeTpa 1 BIIUs-
HUSM TeTUIOTHI M3Iy4eHHs. B 1ensx mojaHoro ycrpaHeHUs BIUSHUS Terl-
JIOTHI M3JTyYeHHUS! BCe METaIMYecKHe 4acTu uHTepdepomeTpa ObLTH CO-
BEPLICHHO 3aKPbIThI CIOEM MPOOKH TOJIIMHON OKOJIO OJHOTO JroiMa.
[TarenecsaT cepuii HaOMOAEGHNH, CAETAHHBIX MPH ATUX YCIIOBUAX, OOHa-



HccnenoBanus 3¢gpupHoro serpa 35

PYKHITH TIEPUOANYECKOe CMeEIleHHe T10JI0C, COBIMAAoIIee C MPEeXHUMH
HaOJIOAEHUSIMU.

Jletom 1921 r. cranpHas pama uHTepdepomerpa Oblia pazoOpaHa.
Ha mecto ee Ha pTyTHOM moIIaBKke ObLT YCTaHOBJIEH O€TOHHBIN (hyH1a-
MEHT, YKPEIUICHHbIH JIATyHHbIMU CTEPKHAMM. 1 ONTHYECKUX YacTei
ObUTH cleTIaHbl HOBBIE MOACTaBKM M3 AOMHUHUS M JaTyHH. Takum oOpa-
30M, anmnapar OblUT COBEpIICHHO He MOJBEP)KeH MarHUTHBIM BIIMSHHSM, a
BO3MOKHOCTh HarpeBaHHsl CUIIbHO YMEHBIIANACh.

B nexabpe (4-11) 1921r. 6buto npoBenero okosio 900 oTmesbHbIX
HaOJIIOICHMI, cBeIeHHBIX B 42 cepuu. Pe3ynbraThl ¢ TAKM HEMarHUTHBIM
MHTep(EPOMETPOM AT TMOJIOKUTENbHBIA 3()(EKT, COOTBETCTBYFOLHIA
3(HUPHOMY BETPY TOUHO TOM K€ CKOPOCTH M HAmNpaBJIeHUs, KaKkue ObLIH
noJy4eHsl B anpene 1921r.

bbiy nepenpoOoBaHbl MHOTOYHCIICHHBIC BAPHALIMK YCIIOBHI OMBITA.
HaGmonenus nmpoBoAMNMCh NMpU BpallleHUH WHTepdepoMeTpa 1o 4aco-
BOW cTpesike W NpoTHB Hee, npu Obictpom (1 obopot 3a 40 cekyHn) u
npu MeaieHHoM BpauieHuu (1 060pot 3a 85 cekyH) ¢ TSKETbIM FPy30M,
TMOJIOKEHHOM Ha KpOHIUTEHH TpyOBl, a 3aTeéM Ha KPOHLITEHH JaMIbl, ¢
MOTUTABKOM, BBICOKO TIOAHATHIM HajJ YPOBHEM PTYTH BCIEICTBHE TOTO,
YTO CHayasia Harpys>kajicsi OJJiH KBaJpaHT, a MOTOM OPYroil. ACCHCTEHT,
3aNKChIBAIOIIMI HAOIFOICHUS, XOJMI BOKPYT HWJIHM K€ CTOSUI B pasiivu-
HBIX YacTSX MOMEIIeHHMs, TaJIeKO OT ammapara Wi ke OJIM3KO K Hemy.
Ha pe3ysnbraThl HaOJIIOAEHUI HU OJJHA M3 ATUX BapHallMii He OKa3bIBajia
HHMKAKOTO BIIMSHUSI.

3areM Bech ammapar ObLT nepeHeceH obpatHo B Kimernena. B Tede-
Hue 1922w 1923rr. 6bUIO NPOBEIEHO MHOXKECTBO UCTIBITAHUS TIPU pas-
HOOOPA3HBIX YCIIOBHUSAX, TOCTYIHBIX KOHTPOJIIO, U C Pa3IMYHbIMHU BUJIO-
M3MEHEHUSIMH B PacIiOIOKeHHUH YacTel anmnapara.

...ITocne OKOHYAaHWS OINMUCAHHBIX OMBITOB HHTEphepoMeTp ObLT
BHOBb NepeHeceH Ha MayHT Busicon. B 1921r. annapat Obin pacnosno-
JKeH B TIyOOKOM KaHbOHe. S| omacaJicsi, YTO MOTOKM BO3yXa M HECHM-
METPUYHOE pacrperielieHne TOPHBIX MOPOJI B KAHbOHE MOTYT BHECTH He-
JKenaTenbHble HapyuieHus. B aBrycre 1924r. 6bi10 BEIOpaHO HOBOE Me-
CTO Ha cjierka OKpYyTrJICHHOM XOJIMe, yIaJleHHOM OT KaHbOHOB. [Tomelne-
HUe Juis uHTepdepoMeTpa ObIIIO BO3BEJCHO TaK, YTOOBI €ro OpUEHTH-
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POBKM — HAaIpaBJieHWe KOHbKA KPBIIIM W pacroyioKeHue JiBepeidl — co-
crasisuio 90° ¢ opuenTuposkoii 1921 r. Unarepdepomerp Bo Beex jeTa-
JIX ObLT TOT ke, 4To yrotpebisuics B Kiuenenne B utone 1924r. B cen-
Ts0pe (4-, 5-u 6-ro 1924r. 6110 NpoBeieHO 275KU3MepeHuil cMeLeHus!
MoJIoc, Npu4eM n3MepeHus ObuTh pacnionokeHbl B 10 cepusx. Pesynbra-
Thl HAOJIFO/IEHUI OOHAPYKUITH OMpeJieieHHOe CMellleHH e, B MPOTUBOTIO-
JIOXKHOCTb HE3HAUMTENbHBIM pe3yJibTaTraM, Mojy4deHHbIM B Knuenenne.
COOTBETCTBYIOIHI 3TOMY CMeIleHHIO 3(QUPHBIA BeTep MO CKOPOCTH H
HaTpaBJICHUIO BIOJIHE COOTBETCTBOBAJI BIIEPBBIE HAOJIIOJaeMOMY Ha
Maynt Buinicon. YacTb uzmepenuii Obiia MpoBeeHa MpH YCJIOBHSX, YTO
MyTH CBETOBBIX JIy4el ObLIM MPUKPBITHl CTEKISHHBIMU SLIMKaMH, 00J10-
JKEHHBIMU roprUpoBaHHON Oymaroi, KoTopas, Kak MOKa3ajld OIbIT B
Knupnenne, coBeplieHHO HCKIIOYana BIMSHUE TEIJIOTHI W3TY4EHHs.
OpHaKko 5TH MOKPBILIKKM HHUCKOJIBKO HE M3MEHWIIM pe3ysbTara, OTKyda
clielyeT, YTO TaKUX BIHUSHUI BOOOIIE HET.

Habnronenust Ha Maynt Busnicon Obinmv Bo30OHOBieHbl 27 Mapra
1925r. u nponmomkanvck 10 5 anpesns. B aToT mpomexyTok BpemMeHHU
obuto cnenanol600 usmepenuii, ceeneHHbix B 35 cepuil. MuTtepdepo-
MeTp ObLIT TOT ke, 4TO B ceHTsI0pe 1924r.

B Teuenue sToro nmeproaa ycioBus Ajis HaOMOACHUS ObLIIM UCKITIO-
yuTeNbHO XopouH. HekoTopoe Bpems CTOSUI TyMmaH, KOTOpBIA moaaep-
JKUBAJl TEMIIEPaTypy BecbMa paBHOMEpHOi. Ha BHelTHUX cTekiax JTIoMu-
Ka ObIJIM MOBELLEeHbl YeThIpe TOYHBIX TEPMOMETpPa, BO MHOTHX CIIydasx
Bapvaluu Temreparypbl He npeBbimand 0,1 u 0ObIMHO OBLIM MEHbILE
0,4. OnHako gaxke U3MEHEHHWE HA HECKOJILKO IPayCcoB, KOTOPOE MOKET
BBI3BaTh MOCTOSIHHOE CMEIeHHEe TMOJI0C UHTep(EepeHIU, HE MOXKET M3-
MEHHUTB MEePUONYECKOro CMELICHUs! HU M0 BeJIMYMHE, HU [0 HarpasJe-
HHUIO.

Habnronenust B anpene 1925r. nanu pe3ynbraThl, COBEpIICHHO
TOXKJIECTBeHHbIe pe3ysibTataM 1921r., HecMOTps Ha TO, UYTO UHTEp-
(depomeTp MepecTpoeH, UTO MPUMEHsIIACh ApYras cucTeMa OCBelle-
HUSI U WHBIE METO/bI HAOMIO/IeHHs, HECMOTPSl Ha TO, HAKOHEIl, YTO
nHTEepdepoMeTp ObIT YCTAHOBJIEH B JIDYTOM MecTe W B JOMe, UHaye
OPUEHTHUPOBAHHOM.
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OnucaHHbIe OIBITHI, BBITIONHEHHbIE HA MayHT Buncon B Teue-
Hue 1921 — 1925r., nprBOAST K 3aKIIFOYESHHIO, YTO CYIIECTBYET OIl-
peziesieHHOe CMeLleHHe HMHTep(EepEeHLMOHHBIX I10JI0C, Kakoe ObLIo
Obl BBI3BAHO OTHOCHUTEIILHBIM JIBHXKCHHUEM 3eMiid U 3¢dupa Ha 3TOoi
obcepBaTopur CO CKOpOCThIO mpuOm3uTesnibHo 10 km/c, T.e. 0KOJIO
OJIHOM TpeTH OpOUTATTLHON CKOPOCTH 3eMITH.
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Puc. 3.10.CoBMellieHHe TeOPeTHYECKUX KPUBBIX (MJIaBHAsi KPUBasi)
¢ pe3yJibTaTamMH 3KcrepumMenTa (iomanasi): 1) a3umyT; 2) cKkopocTs,;
a) 1anpens 1925r.; 6) 1 aBrycra 1925r.; B) 15cenTsi6ps 1925r.

[Ipu cpaBHEeHHH ITOTO pe3yJibTaTa ¢ NMPSKHUMHU pe3ysibTaTaMH, Mo-
aydeHHbIMU B KuMBiieHIIe, HanpaluvBaeTcs MbICIb O YaCTHYHOM YBIIe-
4eHUH 3(hupa, KOTOpoe YMEHbIIAETCS C BEICOTOM.
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A K.Munnep DupHblii Betep. JIokiIam, TPOYNTAHHBIN B BaIIMHTTOHCKOM
akazemun Hayk. Ilep. ¢ anri. C.1M.BaBunosa. Tam xe, ¢ . 62-67.

1926 r. 4.K.Munnep nybnukyetr OOIIMPHYIO CTaThio <«3HaueHHe
9KCMIEPUMEHTOB MO OOHapykeHHIo 3¢gupHoro Berpa B 1925r. Ha rope
Maynt Buscon». B crathe neTanbHO M3IIOKEHBI OMUCaHWe mpubopa,
METOJMKa TPOBE/IEHHs] SKCIIEPUMEHTOB M 00paboTKH pe3yibraToB. [lo-
Ka3aHo, 4TO 3()MpHBINA BeTep UMeeT He OpOMTaJIbHOE, a TalaKTHYecKoe
HamnpaBJiecHUEe U MMEET arekc B co3se3quu Jlpakona (65’ c.ur., 17 u.).
Ckopoctb 3¢dupHoro Berpa Ha Bhicore 6000 ¢yroB cocrapnser 8-10
KMm/c.

JA.K.Mwuanep. 3HaueHWE SKCIIEPUMEHTOB TI0 OOHAPYXECHHIO >(QUPHOTO

BeTpa B 1925r. Ha rope MaynT Bunicon. [lep. ¢ anrn. B.M.Baxuuna. Tam xe.
C. 71-94.

1926-1927rr. P.Kenneou, a 3atem K.Hanunzeopm onyOGIUKOBaIM pe-
3yJabTaThl U3MEpeHuit 3¢upHOro Betpa Ha rope MayHt Buiicon ¢ mo-
MOIIBIO MaJeHBKOTo (C UIMHOW omTHyeckoro mytd 1 m) wHTepdepo-
MeTpa, 3anasitHHOro B METAJUTMUECKUI KOPOO W 3aMOJIHEHHBIN TeTHeM.

Puc. 3.11. Cxema unteppepomerpa Kennean
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Jnst nonHATHS 4yBCTBUTEIBHOCTH UMH MCHOJIB30BaHO CTYNEHYATOE
3epkasio. Pe3ynpTaT HeomnpeaeneHHbIH, B peaenax OMNOKH.

P.I:x.KeHHenu. VYcoBeplleHCTBOBaHME JKcrepuMeHTa MaiikeabcoHa-
Mopiu. [1ep. ¢ aarn. B.A.Amokosckoro. Tam ke, c. 95-104.

K.K.Unnunreopr. IloBTropenne skcnepuMeHnTa Maiikenscona-Mopnu ¢
UCIOJIb30BaHueM ycoBeplueHcTBoBaHUs Kennenu. [lep. ¢ anrn. JI.C.Kusa3eBoil.
Tam xe, c. 105-1111927r. 4u 5 peBpans.

B oOcepBatopun Mayut Buncon 6bina nposeneHa Kondepenuus
Mo 00CYX/IEHHIO pe3yJIbTaToB, MOJYUYEHHBIX Pa3IUUYHBIMH HMCCIEAOBA-
TeNIIMM B SKCMEpUMEHTaxX 1o 3(upHOMY BeTpy. BeicTymmnu Bemyiue
yueHble Toro Bpemenu. Joxnaner cnenanu J.K.Mumnep u P.Kennenu.
[lepBbIii ONMOXKKUI O CBOMX pe3yJibTaTaX, BTOPOH O TOM, YTO OH He Mo-
ayunn Hudero. KondepeHums moGmarogapuia ux 3a WHTEPECHbBIE CO-
OOIIIeHHs1, HO BBIBOZIOB He cfejlajla HUKaKHUX.

Kondepenuuss no skcnepumenty MaiikeabcoHa-MopJiu, €oCTOSIB-
masicsi B oocepBatopun MayHnt Buiicon, r. [lacanena, Kanugopuus, 4 u 5

tepans 1927r. [lep. ¢ anrn. B.A.Amokosckoro u JI.C.KuszeBoit. Tam xe, c.
112-173.

1927r. 20 nrons B 10 yacoB Beuyepa Ha adpoctare «l enbBeLUsI»
Adluxkkap v E Cmazne npeAnpuHsUIA NOabeM WHTepdepoMeTpa Ha
Beicoty 2600 m. Ucnonw3oBaics HeOosbIIoON uHTepdepoMeTp, ObUIO
caenano 96 o6opoToB. Pesynbrar HeonpeaeIeHHBIH.

DkenepuMeHT OblT MOBTOpeH Ha rope Puru Ha Bbicote 1800M Han
ypoBHeM Mops. [lonydeHo 3HaueHue 1,4 km/c Mpu MOTPEeLIHOCTH MpPH-
6opa B 2,5km/c. Crenat BbiBOJ 00 OTCYTCTBUM 3(HUPHOTO BETpa.

E.Crtass. DkcriepuMenT Maiikenbcona Ha cBoGoIHOM aspocrare. Ilep. ¢
"em. C.d.Msanosa. Tam xe, c. 173-175.

A.Ilukkap n E.Ctasab. DkcnepuMeHT MaiikenbCcoHa, MPOBEACHHBIN Ha

rope Puru Ha Beicote 1800M Ham ypoBHem mops. [lep. ¢ vem. C.®.MBaHoBa.
Tam xe, c. 175-177.

1929 r. A. Maiikenbcon co coumu nomouiHukamu @.ITucom u
@ ITupconom BHOBH MPOBEN SKCMIEPUMEHT IO 0OHAPYKEHUIO 3(PUPHOTO
BETpa, Ha ATOT pa3 Ha rope MayHT BuiicoH B crielMaibHO MOCTPOSHHOM
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JUTSL TOM 1en GyHIaMeHTanbHOM joMe. [lomydeH pe3ysnbTaT nopsjaka
6 km/c.
A.A.Maiikenbcon, @®.I'TIuc, ®.IMupcon. [loBTOpeHUe >KCHEpUMEHTa
Maiikenscona-Mopimu. [lep. ¢ aari. B.A.AmokoBckoro. Tam xe, ¢ 177-178.
@.I'".Inc. DxcrepuMeHT 1o 3(UPHOMY BETPY M OTpesiesieHre abCoMI0THO-
ro gemkeHns 3emuin. [lep. ¢ anrn. JI.C.Kusa3eBoit. Tam ke, c. 179-185.

1933r. J.K.Munnep onyOoaukoBan 0OJbINYIO UTOTOBYIO CTATBIO O
cBoux pabortax. Hukakoro pezoHaHca B Hay4yHO# OOIIECTBEHHOCTH OHa
HE IOJIy4HJIa.

I K.Muanep. DkcniepuMeHT o 3(UpHOMY BETpy M olpeneneHue adco-

nroTHOTO nBWKeHHs 3emin. [lep. ¢ anrn. B.A.AmokoBckoro. Tam xe, c. 185-
259.

1958 r. I'pynna aBTOpOB BO IiaBe ¢ M300peTaTesieM Ma3epoB Jjay-
pearoM HobeneBckoil npemun Y.Tayncom npoBena 3KCIEPUMEHT C KMC-
MoJIb30BaHMEM MazepoB. J[Ba Maszepa pasMemnaiich Ha TMOBOPOTHOM
miatdopme, UX W3TydeHHUs: ObLTM HalpaBeHbl HABCTpEdy APYr ApPYry.
buenune yacrot cocrapnsio nopsaaka 20 kl'n. [Ipu Hanuumu s¢upHOTO
BeTpa MpeIosarajoch N3MeHeHHe MPUHUMAeMOW YacTOThI 3a CYET JI0-
riepoBckoro 3¢ dekra. [1o Mbicin aBToOpoM, MOBOPOT maatdopMbl 1071-
JkeH OblJT U3MEHHUTh COOTHOLUEHHE YacTOT, YTO He Habmoaanoch. buin
c/ieTiaH BBIBOJI 00 OTCYTCTBHMHU B MpUPOE 3PHUPHOTO BeTpa, a, CieaoBa-
TeJIbHO, U dupa.

Mk I1.Cenapxonbm, I'.®.bnana, B.JI.XaBene, U.X.Taync. HoBas skc-
MepUMEHTabHas MPOBEpKa CHeLUaIbHON TeopuHM OTHOocuTenbHOCTH. Ilep. ¢
aHri. B.A.AmokoBckoro. Tam xe, c. 259-262.

Jx.I1.Cenapxoanm, Y. X.Taync. HoBast skcnepumeHTanbHas NpoBepKa

crenuanbHoil Teopuu oTHocuTenbHOCTH. [lep. ¢ anrn. B.A.AmrokoBckoro. Tam
xKe, c. 262-267.

1993r. B.A.Autoxoeckuit cobpan v BriepBble NiepeBell Ha PyCCKUi
S3bIK OCHOBHBIE CTAaThbH ABTOPOB HIKCIEPUMEHTOB MO HCCIICTIOBAHUIO
spupHOro Betpa. B 3akimounTenbHOM craThe K cOOpHUKY «DUpPHBIiA
BETEp» PacCMOTPEHBI BCsl MpobieMaTnka, OLMOKH, TOMyLeHHbIe aBTO-
paMHM SKCMEpUMEHTOB, W 3aJa4d MO JajibHEHIeMYy HCCIIeIOBaHHIO
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s¢dupHOro BeTpa. B craThe mokazaHo ¢pyHaaMeHTaNbHOE 3HAYEHHUE TO0-
NOOHBIX paboT s cyned ecTecTBO3HAHMS, MOCKOJIbKY MOATBEP)KICHUE
HaJIMuKs Ha TIOBEPXHOCTH 3eMJid 3(pUPHOrO BeTpa aBTOMATHUYECKH 03-
HavyaeT HaJlM4ue B nmpupoe 3¢upa, a 3T0 B KOPHE MEHSET BCIO TEOPETH-
YeCKyl0 OCHOBY €CTECTBO3HAHHMS M OTKPHIBA€T MHOKECTBO HOBBIX HC-
CJIeIOBaTeNIbCKUX M TIPUKJIAIHBIX HamlpaBieHui. TaM ke moka3zaHa BO3-
MOXKHOCTb CO3/1aHusi mpubopa 1-ro mopsigka Ha OCHOBE Jasepa: IMOA
nelicTBreM 3(pupHOro BeTpa Jiyd slazepa Oy/eT OTKIOHAThCS OT MPSIMO-
JIMHEHHOTO HarpaBJIeHUs: TO00HO YNpYroil KOHCOMBHO 3aKpeTIeHHOM
Gasike Mo BeTpOBOM Harpy3koii. [Ipu anvHe onTHYecKoro myTH nopsii-
ka 5-10M npu ckopocTH 3¢UpHOro BeTpa B 3 KM/C MOKHO OXKHMIATH OT-
kioHenue nydya Ha 0,1-0,3mmM, uto BnonHe (UKCHpyeTCs MOCTOBBIMH
(hOTOETEKTOPAMH C YCUITUTEIIEM.

B.A.AurokoBekuii. D¢upHbIil BeTep: mpobiemsl, omubOky, 3agaun. Tam
xe, c. 268-288.

2000 r. O.M.I'anaes, nayvHblii pabOTHUK XAapbKOBCKOTO PAjMoO-
(pM3MUECKOr0 MHCTUTYTA OMyONMKOBAJl AaHHBIE M3MEPEHUI 3(UPHOTro
BeTpa B qUara3oHe paJIMOBOJIH MU JUIMHE BOJHBI 8 MM Ha Ga3e 13 km.
Hcnonb30Basicst rpajieHT CKOpOCTH 3(hMpPHOTO BeTpa M BpallleHHe 3eM-
. JlanHble (ukcupoBanuch aBToMaTHyeckd B TedeHue 1998r., a 3a-
TeM ObUIM cTaTucTHYecku oOpadoTaHbl. BeiscHUock Hannune 3¢puUpHO-
ro BeTpa y MOBEpXHOCTH 3eMiin B paiione Xapbkosa okosio 1500m/c, B
OCHOBHOM, COOTBETCTBYIOIIMe AaHHBIM Munepa 1925r. Pasauna mor-
na ObITh 0OBsICHEHA pa3HOW BBICOTOM MecTa MPOBEACHUsI SKCIIEpUMEHTa
W HaJIMYMeM Pa3HbIX MECTHBIX MPEIMETOB.

IO0.M.TI'anaeB. D¢ dexTsl 3pUpHOTO BeTpa B OMbITaX MO paclpocTpaHe-

HUIO pagroBosiH. Pagnodumsnka u snekrponuka. T. 5 Ne 1. C. 119-132 . Xapsb-
koB: Hau. AH Ykpaunst. 2000.

Taxum obpazom, cywiecmeosanue Ihupnozo eempa, 000ysaiouie-
20 3emiio, b0 panee u 6 HacmoaAwjee gpema HOOMBEPICOEHO IKChe-
PUMEHMATBHO.
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1.3. CoBpemeHHbIe IKCIIEPHUMEHTHI, JABIINE MOJI0KUTETb-
HbIe Pe3yJbTAThI

1.3.1. Hcecneoosanusa yghupnozo eempa c nomouivio 1azepa

B.A.Auroxosckuii
lNocynapcTBeHHBIN yHUBEpCUTET ynpasieHus, . MockBa

Hwxe npuBeneHo KpaTKoe OMUCAaHUE 3KCIIEPUMEHTOB M0 HCCeno-
BaHUIO rajlakTHYecKoro 3()MpHOro BeTpa, MPOBEJACHHbIE aBTOPOM M €ro
noMoiHUkoM Muxaunom EdumoBnuem IlaBneHko, HbIHE MOKOHHBIM,
BO Bpems pabotsl B HUM aBuanoHHoro o0opynoBaHus, pactoiokKeH-
HoM B T. JKykoBckuid MockoBckoit obnactu B nepuon ¢ 1990mno 2000
rr. K coxanenuto, B cuity psaa oOCTOSTENbCTB M 3arpy>KEHHOCTH OC-
HOBHOM T€MaTHKOH 3TH MCCIIEI0BaHMSI HOCWIN BCErO JIMLIb SMU3014e-
CKHH XapaKTep, XOTS M MO3BOJIMIIN ClleslaTh HEKOTOpbIe MpeBapUTelib-
HbIE€ BBIBOJIbI, KOTOpPbIE MOTYT OBbITh MCIOJIB30BaHbl MpPU JAaibHEHIINX
ucciaeoBaHus d(QUPHOTO BeTpa METOJaMM 3HAYMTENTbHO Oosee mpo-
CTBIMM Y€M Te€, KOTOPbIMU pacrnofiaraiu A.MalKkebCOH U ero nocieao-
BaTeIU. A 3TO 3HAYUT, YTO UCCIIEOBaHUs 3(PUPHOro BeTpa, 0O1yBato-
LIero 3eMHOH 11ap, B HeAanekoM OyayleM MOTYT cTaTb MAacCOBBIMHU M
CHUCTEMHBIMH.

Bce uccnenoBanus a¢upHoro Berpa koHua 19+o u mepBoii nosjo-
BuHBbl 2070 croneTui, He NaBLIME MOJIOKUTENbHbIE PE3yJbTaThbl, He
YUHUTBIBAJIM Ta30M0100HOTO CTpoeHus 3(prpa, ureaaTn3upoBaiIl CBOMCT-
Ba 3(hupa M MOITOMY JOMYCTHIIN CEePbe3HbIe METOIUYECKHe M MHCTPY-
MeHTalbHble OUIMOKHM, OOYCIOBHMBILME OTPHULATENBHBIN pe3ysbTaT HX
IKCTIEPUMEHTOB.

B ocHOBY m3MepeHMii 3(MPHOrO BeTpa JOLKHO OBITH IMOJIOKEHO
npezcTasiaeHue 00 3dupe kak o razonoJoOHOM cpene, MoJUUHSIOLIEHC s
BCEM H3BECTHBIM 3aKOHaM OOBIUHOTO peajbHOro, T.e. BA3KOrO M CIKH-
MaeMmoro raza. JTo TpeOyeT yueTa psijia 00CTOSITENbCTR.

1. IMotoku s¢upa, obayBaroniero 3emito, JOMHKHBI TOPMO3UTHCS
aTMocdepoii , clieIoBaTeNbHO, C YMEHbLIEHHEM BbICOTbI U3MEPUTENb-
HOTO IMYyHKTa OTHOCHUTENIbHAs CKOPOCTb TOTOKOB 3¢pupa — 3PHUPHOro
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BeTpa OTHOCHUTEIILHO MOBEPXHOCTH 3eMJIM JOJDKHA YMEHBINAThCs, a B
MOABATBHBIX MOMELICHUSIX W3MEpPEHHE CKOPOCTH MOTOKOB 3(Hpa OTHO-
CHUTEJIbHO MOBEPXHOCTH 3€MJIM CTAHOBUTCS HEBO3MOXKHBIM B CHJTY TOp-
MOKEHHs TIOTOKOB 3(Mpa 3eMHBIMM MOPOAAMH; 3TO OOCTOSTEIbCTBO
ObLIO MOATBEPXKIEHO omnbiTaMu Maiikenbcona 1 Mopnu 1881u 1887
IT., TIPOBOAMMBIMH B TMOABAJIBHOM IIOMEIICHWH, a Jaiee paboTramu
Mopnu 1 Musiepa 1905r., BbINOTHEHHBIMU Ha EBKJIMIIOBBIX BBICOTAX
(BeicoTa 250 M. Hag ypoBHEM MOPS), MOJTYYMBIIMMH CKOPOCTh MOTOKOB
sapupa mopsaka 3-3,5 km/c, u 0COOEHHO HCCIIEIOBAHUSIMU
J.K.Mwunnepa, BbinonneHubiMd B 1921-1925rr. B oOcepBaTopun Ma-
yHT Buncon Ha Bbicote 1860M. 1 nosyurBLIeMy CKOPOCTb nopsiaka 8-
10kwm/c.

Ortctonia ciefyeT BbIBOA, YTO U3MEPEHHS] CKOPOCTH 3(UPHOTo BeTpa
HEOO0XOIMMO MPOBOJAUTH HA BO3MOXHO OOJbLIEH BHICOTE OTHOCHTENBHO
MOBEPXHOCTH 3eMJIM H, TIO BO3MOXKHOCTH, BAAIM OT MECTHBIX IpeaMe-
TOB, PacIOJI0KEHHBIX Ha TOM e BBICOTE.

2. Ilockonbky MunepoM ycTaHOBJIEHO, YTO anekc 3UPHOro BeTpa
cocrasisier 26" ot Ilomoca Mupa, HEOOXOIUMO HyJIEBBIM MOJIOKEHHEM
moboro npubopa, UCTIONB3YeMOTrO B SKCIIEPUMEHTE, CUNTATh HarlpaBlie-
HUe Ha ceBep. Torma cytouHoe BpauleHHe 3eMIH MPUBEAET K CUMMET-
PUYHOMY OTKJIOHEHHIO HarpaBlieHHs1 3()UPHOTO BeTpa B TEYEHHE CYTOK.

3. [Mockonbky 3¢hup npeacTaBiseT coOOM peanbHbIii ra3, OH J0JKeH
TOPMO3UTHCS JHOOBIMU, 0OCOOEHHO METATUIMYECKUMH MpeaMeTaMH, UMe-
IOLIMMH TIOBepXHOCTh DepMu, O3TOMY MOMeLIeHHe, B KOTOPOM Tpe.-
rosiaraeTcsi MpoBOANUTH M3MEpeHHe CKOPOCTH S(HPHOTO BETPA, TOJKHO
WUMeTh, TI0 BO3MOXKHOCTH, TOHKHE CTeHBI M )KeJlaTeJbHO, He coaepika-
MMM MeTaJUTMYeCKUX BKparuieHuid. Heo6xoaumocTs 3Toro Obuia moj-
TBepkIeHa skcnieprMeHTamu [Tukapa u Crasns (1926r.), a Takke Ken-
Henu ¥ Mnnuureopra (1927 r.), ynakoBaBuiMMu HHTEp(EpOMETphl B
MeTaUTMYEeCKHUE SIIMKU U HE MOJTYYUBIIMMH BCIISICTBUE ITOTO MOJT0XKH-
TENIbHBIX Pe3yJIbTaTOB, XOTS U MPOBOJUBIIMMHU U3MEPEHHH Ha OOJIBLION
Boicote. Kpome Toro, mozauue (1928-1929rr.) skcnepumMeHTsl Maid-
kenbcoHa, [Tuca u Iupcona, mpoBeaeHHble B obOcepBaTOopurd MayHT
BusicoH B cneuuanbHO MOCTPOEHHOM (DyHIAMEHTaIbHOM JOME, XOTh U
JIaJTH TTOJIOKUTEIbHBIN pe3ysbrar (6 KM/C), HO MEHBIIHIA, YeM MOJTy4eH-
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HbIi Muiepom (8-10km/c), mockonbKy Musuiep pacrtosioxK|I H3MEpH-
TeNIbHYIO amnmaparypy (MHTepdepomerp) B Jerkoi ¢paHepHO# MocTpoi-
Ke, c71a00 TopMo3siiieit 3QUpHbIEe MTOTOKH.

4. ]I Toro 4toObl BBIIBUTH TOHKYIO CTPYKTYPY BapHalli CKOpO-
CTH 3(UPHOrO BeTpa, HEOOXOMMMO TPOBOAWTH KPYIJIOCYTOYHBIE U
KPYTJIOTO/IOBBIE U3MEPEHHSI CKOPOCTH 3(UPHOTO BeTpa ¢ MepHOANYHO-
CThIO He Oosiee ueM uepe3 5 MUHYT, a BO3MOXHO M HETIPEPBIBHO.

B kauecTBe ke MHCTpyMEHTa ISl U3MepeHHsi S3(pUPHOro BeTpa Mo-
ryT OBITh MCIIOJIBb30BaHbl CBOMCTBA 3(Hpa, BBITEKAIOIIME U3 €ro ra3orno-
JNOOHOCTH — IaB/ICHHE Ha MPEAMETBI, BA3KOCTh U IpyrHe MapaMeTpsi.

ITocTanoBKa Hccle0BaHUI 3(PUPHOTO BeTpa

Vuer nepeurceHHbIX BbIlIE METOAMYECKUX OCOOCHHOCTEH MpoBe-
JNeHUs U3MEPEHHs1 CKOPOCTH 3(PUPHOro BeTpa MO3BOJIMIN HM30eKaTh Oc-
HOBHBIX METOJIMYECKHMX OIIMOOK, JOMYIIEeHHBIX BCeMH, Kpome Muiuie-
pa, “cceoBaTeNsIMU CKOPOCTH S(UPHOTO BETpa.

Henbio 3xcnepuMenTa ObUIO MOATBEP)KAECHME CYLISCTBOBAHHS B
npupoae 3(pupHOro BeTpa M MOATBEPXKICHHE BOSMOXKHOCTH €ro M3Me-
peHus He MHTephepOMETPUUECKHM CIOCOOOM, MpUYeM He BTOpPOro, a
MEepBOro MopsiKa, MO3BOJISIOIMM YBETUUUTh 3P dekT Ha 4-5 nopsaKos
W TE€M CaMbIM PE3KO CHU3UTh TpeOOBaHHs K U3MEPHUTEILHOMY MHCTpY-
MEHTY.

B kadecTBe Mecta MpoBeleHHUS dKCIepUMeHTa Oblia BbIOpaHa OT-
JieJibHasi KOMHaTa, pacrnoyniokeHHas Ha 9 staxe kopryca JICK (;1abopa-
TOPHO-CTEeHI0BBIN Kopryc) Punuana JIMU (nozxe — HUMAO) Ha Tep-
putopun JletHo-HccmenoBarenbckoro HHCTUTYTA B T. JKykoBckoM Mo-
CKOBCKOH 0bnacT.

B kadecTBe M3MEpUTENBHOrO MHCTPYMEHTa ObLIT BHIOpaH OOBIYHBIN
nazep (JII-65), vcxons U3 npeanonokeHus, 4to 3pupHbie MOTOKH, 00-
JyBasi JJa3epHBIii JTyd, OyAyT €ro MCKPUBJIATH MOJOOHO TOMY, Kak 0ObIY-
HBII BETEp MCKPUBIISET KOHCOJIBHO 3aKperuieHHyto Oanky. OTkiIoHeHue
Jqy4a OT HEHTPalbHOTO TMOJOKEHHS MOXKET OBbITh OOHApY>KEHO ¢ TIOMO-
B0 POTOANOAOB, GPUKCHPYIOLIUX MOJT0KEHHE CBETOBOTO IMATHA.

Hcnonb3oBaHue OOBIYHBIX MCTOYHUKOB CBETa Ul MOCTABJICHHOM
Henau ObUTO OTKJIOHEHO, MOCKOJbKY OOBIYHBIH HMCTOYHHMK (hopMHpyeT
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OTHOCHTEIIbHO KOPOTKHE (DOTOHBI, KOTOpble 3(UPHBIM BETpOM OymyT
MPOCTO CHOCUTBCS, B TO BpeMsl KaK JIa3epHBIN Iy MpeacTasiseT coboit
€MHYI0O CHCTEMY M BIIOJIHE YMOAOOJseTcss KOHCOJNIBHO 3aKperuieHHOM
Oanke, ciegoBaTeNbHO, OHA OyAeT U3rudaThbes, U OTKIOHEHHe Jyva Oy-
JIeT MPONOPLMOHAIIBHO KBaApaTy €ro AJHHBI.

OhupHbIn BETEP S
- i =¢= i_ :i:i:—i—j—_i_*j—_:{—_j E; 3
1 - N

Puc. 1. Cxema usMepeHusi CKOPOCTH 3(PUPHOIO BeTpa ¢ MOMOLIBIO J1a-
3epHoro jayya: 1 —na3sep; 2 — neTektop; 3 — pOTOCONPOTUBIEHUS; 4 — MaTOBOE
CTeKJIO; 5 — Hempo3payHas neperopojka; 6 — ycuiuTeNlb CUTHajla BepTUKaJb-
HOTO OTKJIOHEHUS Jiyya; 7 — yCUJIUTENb CUTHAJIa FTOPM3OHTAJIBHOTO OTKJIOHEHHSA

Jyya.

OTKJIOHEHHE MATHA JIA3€PHOrO JIyya OT €ro HEBO3MYILIEHHOIro IIO-
noxeHus: GUKCUpyeTcsl IByMs napamu (OTOJUOAOB WM (OTOCOMpPO-
TUBJIEHUH, BKJIIOYEHHBIX COOTBETCTBEHHO B JIB€ MOCTOBbBIE 3JIEKTPOH-
Hble cxembl. OnHa napa ¢oroanoaos (hoToconpoTUBIEHHH) pacmoo-
JKeHa FOPU3OHTAIBHO U (PUKCHUPYET OTKJIOHEHHE Jy4a B TOPHU3OHTaJIb-
HOM TUTOCKOCTH, BTOpas Mapa pacroioykeHa BepTUKAIbHO U (PUKCHPYeET
OTKJIOHEHHE JIyya B BEPTUKAJIbHOM IJIOCKOCTH.
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JIns TOBBILIEHUs] YyBCTBUTEIBHOCTH MPUOOpa MyTeM YBEITUUSHHUS
JUTMHBI JTa3€PHOTO JIy4a MOXKEeT OBITh MCIOJIb30BAHO MHOTOKPAaTHOE OT-
paskeHHe Jiyya OT 3epKaJl C MOBEPXHOCTHBIM OTPasKEHHUEM.

B skcniepriMeHTe HCIoib30Baiach onTUYeckas ckambsl, AjMHOM 1,2
M, IIMpHHA cKaMbd 15 cM, ToimuHa 8 cM, BBHIMOJIHEHHAs U3 MCKYCCT-
BEHHOTO rpannTa. Ckambs pa3Melnaiach Ha ABYX MOAYLIKAX, MOJO0KEH-
HBIX Ha J]Ba CTYJia, YeM MPeJOTBPaLIaoch BIUsSHUE BO3MOXHBIX BUOpa-
uuid. B nomeuieHun nogaep kuBanachk NOCTOSIHHAS TeMIepaTtypa.

B ycraHoBke ucnonb3oBaiics raszosbliii nasep JI[-65, B netekrope
Obuin nmpumeHeHsl 4 ¢oTtoconpoTtueiaeHus tuna OC-1, pa3meleHHbIe
KpecTooOpa3HO — JBa MO BepTHKaM, ABa no ropusoHTanu. [lepen do-
TOCOTIPOTUBIICHUSAMH OBTO MOMEIIEHO MaToOBOE CTEKJIO A obecrieye-
HUSl paccerBaHMsl CBeTa, U BeCh AETEKTOP pa3MelleH B 3auepHEHHOM
W3HYTpU aJIlOMUHHMEBOH TpyOke miMHOW 15 cM. myis mpemoTBpalueHus
BHelIHe 3acBeTku. O01mas IJIMHA Ja3epHOTro Jy4ya coCcTaBisia 7 M.

3anuchk MPOM3BOIMIIACH HA CTAHIAPTHBINA MPOMBILIJICHHBI CaMOITH-
cell ¢ IWUPUHON OyMa)KHOH JIeHTbI B 27 cM. CKOPOCTb MPOTSHKKH JICHTHI
cocraBmsia 0,1 cm/muH. TlapaiesibHO 3aNKMCHIBATNCH TOPU3OHTAIBHOE
Y BepTHUKAIbHOE OTKJIOHEHHS JIA3ePHOTO JIyda OT €ro HeMTpanbHOro mo-
JIOXKEHHS.

Pe3yabTaT 3KCIEpHMEHTA

HecMmoTtps Ha TO, 4TO 3a BCe BpeMs MPOBECHUS SKCIIEPUMEHTOB He
yAanoch NPOBECTH CUCTEMAaTUYECKHE UCCIIeIOBAHUSI CKOPOCTH 3(PUPHO-
ro BEeTpa, TaKKe KaK M OLEHUTh ero BEeJIMYMHY, CIeIyeT CUMTaTh, YTO
MEepHOINYECKHe CYTOYHBIE OTKJIIOHEHHMS JIa3epHOro Jyda B TOPH30H-
TaJIbHOM TUIOCKOCTH U B BEPTUKAJILHON MMM MECTO, NMPUYeM B TOpH-
30HTaJIbHOM MIOCKOCTH B 2-5pa3 Gosnblie, 4eM B BEPTUKAIBHOM.

['maBHBIM pe3ysbTaTOM SIBJISETCS TO, YTO MOXKHO CUHMTATh MOJATBEp-
JKIeHHe BO3MOXKHOCTH KCIIOJNIb30BaHUs (hm3udeckoro 3ddexra oTKIIo-
HEHUS J1a3epHOTO JIy4a OT HEeHTPaJbHOTO MOJIOKEHHs MOJ BO3/1eHCTBH-
eM 3(pHUPHBIX TTOTOKOB. DTUM CaMbIM TMOATBEPHKIAETCS BO3MOXKHOCTH B
JabHEHIIeM CO3/IaHUsl U3MEPUTENST CKOPOCTH 3(MPHOTO BeTpa MepBo-
ro MopsJika, YTO B CBOI OYepedb MO3BOJMT MEPEeHTH K MAacCOBBIM U
CHCTEeMaTHYEeCKUM MCCIIe0BaHUSIM 3(hUpHOTO BeTpa.
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BropbiM pesynbraToM sBiseTcs (akT CyTOYHOW BapHalWHM OTKIIO-
HEHMS JIa3epHOro Jiyda, YTO MOKET ObIThb MCTOJIKOBAHO KaK CyTOYHas
BapHaLMs M3MEHEHHUs HallpaBjieHus 3(QUPHOTo BeTpa.

TpeTeuM pe3ynbTaToM SIBISETCS HEOXKHJAHHOE ISl aBTOPOB MOSB-
JIeHWe TepUOJMYECKUX KosleOaHWH J1a3epHOro Jyda ¢ MeprHoaMH OT
JoJield MUHYTBI, 10 €IMHHML] YacoB, YTO MOXET ObITh MCTOJIKOBAHO KaK
BJIMSIHUE JOTOJIHUTENIBHBIX BO3MYIUEHUH, CBA3aHHBIX C H3JIyY€HUEM
ConHua, BEIpaKEHHBIX B U3BEPraeMbIX UM 3(UPHBIX MTOTOKOB.

B kauecTBe BBIBOJOB ClleyeT TaKKe yYKa3aTh Ha LIEJECO00Pa3HOCTb
CO3/1aHUsl MOPTATUBHBIX MEPEHOCHBIX MPUOOPOB M UX MAacCOBOE MPOM3-
BOJICTBO [yl CUCTEMaTMYECKUX HMCCieqoBaHUi 3(hMpHOro BeTpa B pas-
JIMYHBIX TOYKaX 3eMJIM Ha pa3HbIX BbICOTAX, BKJOYAs TOPbl U Pas3ivy-
Hble JieTaTelbHbIe anmnaparbl, B TOM YHCJI€ HUCKYCCTBEHHbIE CITyTHUKH
3emid, B pa3HOe BpeMsi rojia U CyTOK.

HccenenoBanus 3pupHOTo BeTpa clieyeT MPOJOIKHTh.

1.3.2. Hccneoosanua rgpupnozo eempa ¢ nomouivio unmepghepo-
Mempa MuiIuUMempo8020 OUAna3oHa paouosoin

I0O.M.I'anaes
Wuctutyt pammodusuku u snextpoHukn HAH Vkpaunsl, r. XapbkoB

B HacTosweit pabote A1 U3MepeHUst aHU30TPONUM CKOPOCTU pac-
MPOCTPaHEHUs PaJAMOBOJIH MPEASIONKEHbl METOJ U YCTPOHUCTBO MEPBOTO
nopszaka.

e¥icTBue mMeTola M YCTpPOWCTBa OCHOBAHO Ha 3aKOHOMEPHOCTAX
TeUeHUs! BA3KUX cpe]] BOIM3M MOBEPXHOCTH pa3jena U pacnpocTpaHe-
HHS PaJvoOBOJIH MHJUIMMETPOBOTO JMana3oHa BOJIM3M 3€MHOM MOBepX-
HOCTH B TipeneniaXx npsMoil BuaumocTu [23-26]. [NpuHumn neicTus
MOKHO TOSICHUTH CIEAyIOIMM. PasMecTnm BOJIM3M 3eMHOM MOBEPXHO-
CTH paguouHTepdEepOMETp, B KOTOPOM PaAUOBOJIHBI NPUXOIAT B TOUKY
HabmroneHus: MHTEp)EePeHUMOHHON KapTUHBI TMOC/E PaclpoCTpaHeHUs
Ha pa3HBIX BBICOTAX Haj 3eMHOMW MoBepXHOCThIO. Ecnu Temeps moBopa-
YMBaTh PaJUOMHTEPPEepOMeTp B MOTOKE (HU3MYECKOro BaKyyma, TO B
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paMKaxX HCXOIHOW THIOTE3bl, BCIESICTBHE HAa3BaHHBIX BBILIE CBOWCTB
¢usnueckoro Bakyyma, 3pQeKToB aHU30TPONUU U BBICOTHI, UHTEpdE-
PEHIIMOHHAs KapTHHA JOJDKHA CMEIIAThCsl OTHOCHTENIBHO ee HadallbHO-
ro nosoxenus. Takoii paguonHTepdepoMeTp UyBCTBUTEICH K Pa3HOCTH
CKOpoCTeil IBMKeHHs (pU3MuecKoro Bakyyma Ha BBICOTaX pacriojioe-
Hus Jtydeit pagvountepdepomerpa. J[pyrumu cioBamu npejasiaraemblii
METOJl M3MEPEHHUSI YYBCTBUTEJICH K BEJIMYMHE TPareHTa BePTUKAILHO-
ro NMpoQuIs CKOPOCTH MOTOKAa (GU3MUYecKOro Bakyyma. Meron usmepe-
HHS SIBIISIETCS. METOJIOM TIEPBOTO TOPSIKA, TOCKONBKY He Tpelyercs
BO3BpAIaTh H3TY4YEHHbIC PaJIMOBOJIHBI B HCXOHYIO TOUKY.

Metoa uzMepeHusi OblT pealv30BaH ¢ MOMOILBIO MPU3EMHOHN pa-
JUOJIMHAN TIPSIMOM BHAMMOCTH, B KOTOPOH OCHOBHBIM MEXaHHU3MOM
(GopMUpOBaHHUs TOJIS B MyHKTE MpUeMa SBJSIeTCS MHTep(pEepeHLHs Mpsi-
MOM BOJIHBI U BOJIH, OTPa)KEHHBIX OT 3eMHOI nmoBepxHocTH [25]. Takyro
PaIMOIMHUIO MOXKHO paccMaTpUBaTh Kak paguonHTepdepomeTp, ¢ Bep-
THUKAJIbHBIM PACTIOJIOKEHUEM JTyueil. UToObl MCKITIOUHUTH BIUSIHUE HM30-
TpOMHBIX 3P (EeKTOB, HA TOYHOCTh U3MEPEHUH, HaNpUMep, BIUSIHUE Ba-
pualuii napaMeTpoB BEPTHKAIBHOrO npoduis koddduimenra npeaom-
JeHust aTMOocdepbl, ObUTH UCTIONb30BaHbI MOJ0KEHHS MPUHIKIA B3aUM-
HOCTH B dJieKTpoanHaMuKe. COrjacHO MPHUHIMITY B3aUMHOCTH YCJIOBHS
pacnpocTpaHeHHs1 PaJMOBOJH U3 OJTHOTO IyHKTa B IPYrOd COBEPILICHHO
TaKOBBI, KaK M B OOpaTHOM HarpaBjIeHUH U 5Ta CUMMETpPHUS HE 3aBHCHUT
OT CBOWCTB MPOMEXKYTOYHOTO MPOCTPAHCTBA, KOTOPOE JIUIIb Mpe/roia-
raercs M30TponHbiM [27]. CrenoBaresibHO, €ciid MPUMEHUTh paauoIiv-
HHUIO CO BCTPEYHBIM paclpoCTpaHEHHWEM paJMOBOJIH, TO, BBIYMTAS pe-
3yJbTaThl OZIHOBPEMEHHOTO M3MEpPeHHs] MHTep(EepeHIIMH BOJIH B 000MX
MYHKTaX, MOKHO MCKJIFOUMTh M30TPOMHbIE 3)(EKThl U TEM CaMbIM BbI-
nenuTh 3(PQPEeKThl aHU30TPONUU. PaMOIMHUIO CO BCTPEUHBIM pacrpo-
CTpaHeHHeM paJMOBOJH M CPEICTBa M3MEpPEeHHs HMHTep(hepeHLnH pa-
JMOBOJIH MOXKHO paccCMaTpUBaTh Kak paJMOMHTEpdepoMeTp A uccie-
JOBaHMsI M30TPOIHH MPOCTPAHCTBA BOJIM3M 3€MHOM MOBEPXHOCTH.

PaccMoTpuM 0COGEHHOCTH peanv3aliM MPeUIOKeHHOTo MeTona
m3mepenus. Ha puc.l mokazana cxema BO3MOXKHOTO pa3MeIleHHs pa-
JUOJMHUM Ha MecTHOcTH. Ha pucynke OykBamu "A" u "B" 0003HaueHsI
npueMo-Tiepealole aHTeHHbl OJJHOMMEHHBIX IyHKTOB PaIHOIUHUH,
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F(Aa) — HOpMUpOBaHHbBIE XapaKTePUCTHKH HANpPaBIeHHOCTH aHTCHH.
[IpoTszkeHHOCTD pannoaHuu AB = r. AHTEHHBI PUIIOJHSATHI HA TJI0-
CKOM 3eMHO# MOBEPXHOCTBIO Ha BBICOTY ZUP >3\ , rae A — ajuHa pa-
JUOBOJIHBI. B pagvonuHUsAX OCM OuarpaMM HampaBjieHHOCTH aHTEHH
00bI4yHO coBnagarot ¢ iuHuedt AB (0 = 0). B kaxnpiit u3 mynkros "A" u
"B" mpuxonAT ABe BOJHBI: MpsiMas, 1o TpaexTopun AB Ha BricoTe ZUp ,
1 BosiHA 1o Tpaektopun ACB, oTpakeHHas OT 3eMHOI MOBEPXHOCTH B
touke C. BykBoii Y obo3HaueH yron ckoibxeHus. CpeqHss BbiCOTa
tpaekTopur ACB paBna Z| . VYrom Mexmy HampaBlIeHHSIMH pacrpo-
CTpaHEeHHUs MPSMbBIX BOJIH U BOJIH, OTPayKEHHBIX OT 3€MHOM MOBEPXHOCTH
obo3HaueH kak Ad. Ctpenkn Wr upu Wrl , nokasbiBaloT HarpapjieHHe
pagManbHOM COCTABIISIOMEH CKOPOCTH IBMKEHHUS (PU3NUECKOTro Bakyy-
Ma, T.e. COCTaBJISIOLUEH, ACHCTBYIOLIEH BAOIb pPagUOJMHUU. JIMUHBI
CTpPeJIOK MPOMOPLUHUOHANIBHBI CKOPOCTSIM JBMXKEHUsI (U3MUYECKOro Ba-
Kyyma Ha BbicoTax Zupu ZI .

B peanbHbIx panuonuHusax, ZUP<<T, B cuiy uero yriasl Y u Ad
Majibl M U3MepAIoTCS AoisAMH rpamyca. Ha puc.l, nns HarmsgHocTH,
BEPTUKaIbHBIA MaclITab pacTsHYT, MOTOMY YIibl P 1 AQ He oTpaxaroT
JIEeHCTBUTENFHBIX 3HAYeHWH. PaaronnHmio, mpeacTaBlieHHyo Ha puc.l,
MOYKHO paccMaTpuBaTh Kak paguoOMHTEp(epoMeTp C BEPTUKAJIbHBIM
pacniosioxkeHueM Jiydeil. bnaronaps cyrouHoMy BpallleHHIO 3eMiIH Ta-
KOW pannouHTepdepoMeTp MOBOPAYMBACTCS B TOTOKE (DU3MUECKOTO
BaKyyMa.

Jns u3MmepeHus: mapameTpoB MHTepdepeHMH PaAMOBONH, B KaX-
oM u3 nyHkToB paauoiunuu (A" u "B") mpumeneH crocob u3mepe-
HHSl XapaKTePUCTHK paJlo-TPaKTOB, MPeIoKeHHbIN B padote [28]. DTo
MO3BOJIMJIO CYLIECTBEHHO OOJIErYUTh 3a/1auy CO3/aHHs U SKCIUTyaTallu
MpUeMO-TIepeJaloLUX YCTPOHCTB paIuoIMHUHN, TIOCKOJIBKY criocol [28]
He TpeOyeT NPUMEHEHHUs KOTE€PEeHTHBIX WCTOYHMKOB M3JTyYeHHH IUis
npoBeAeHus (a30BBIX U3MEPEHHH.



50 T'nasa 3.

Zup

Z;

Puc.1l. Cxema onbita

[Mpuniun nedictBus crnocoba [28] 3akmtouaercs B creayoiem. M3
Mepearolero MyHKTa W3Iy4aeTcs 3OHAMPYIOIIUMA MOJIYJIMPOBAHHbIM
curHain | ¢ Hecymeit yacroroit fo u yacroramu nmwxueit (fy = fo— Fp) u
BepxHeit (f, = fo + Fr) OokoBbIX cocraBnstommx, rae Fn — yactora mo-
nynsumn. [Ipu pacnpocTpaHeHUH Kakaas i-asi cocTapisiomas curyana |
nomyuaeT nmpupainenue ¢assl @ = kL, rae: ki — BonrHoBoe uucino, L, —
JQMcTaHLMs pacripoctpanenus (Muaekcsl | = 0,1,2C00TBETCTBYIOT YacTo-
tam fo, 1, f2). B npueMHOM ycTpoiicTBe COCTABIISAIONIAs PUHSATOTO CHI-
Hanla ¢ yactoroii fp pazienbHO mepeMHOKaeTCsl ¢ KaKAoi M3 OOKOBBIX
COCTaBIISIIOLIMX, a (ha30Bblii cIBUT AP U3MepsieTcss MeXIy pe3ysibTaTaMu
MEePEeMHOKEHHH, UMEIOLIMX Pa3HOCTHBIC YacTOThl. Beipakenue mist Ag
UMeeT BUI:

Ap=(p,—¢,)— (9, —9,) - (2)

Takas komOuHanms (a3 MHBapMaHTHA K MI3MEHEHHUIO Hayasla oTcyera
BpEeMEHHU M nonyuuia B padore [29] naumenoBanue "(ha3oBblii HHBApH-
aHt".

...IIpennoxeHHbIi MeTOA W3MEepeHHs YyBCTBHTENEH K HMCKOMBIM

a¢exkTaM aHU3O0TPOITHOTO PACTIPOCTPAHEHUS PATHOBOIIH.
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JKcnepaMeHTAJIbHAs PAIHOJHHAA. AnpoOauus TNpeIoKeHHOTO
MeToJa M3MEpeHHs BBIMOJHEHa C TOMOIIBIO MPU3EMHON PaaHOIMHUM
MpSAMOM BUIMMOCTH TpoTskeHHOCThIO0 13 kM. Ilpoduns paguonunuu
nokasaH Ha puc.2. J[s HarmsaAHOCTH OTOOpakeHUsl pefibeda MECTHOCTH,
BepTHKAJIbHBIA MaciTad pacTsHyT. [lo ocn abcrcce OTIOXKEHBI 3Haue-
HUSl POTSHKEHHOCTH PalMOIIMHUM B KUJIOMETpax, M0 OCH OpAMHAT — BbI-
COTHI Hajl ypoBHeM Mops B MeTpax. Ha pucynke toukn "A" u "B" — ko-
HEeuHble MpUEeMO-TiepealolIne MyHKTbl paauoiannuu. [lyHkr "A" Haxo-
JIAIICS Ha CeBEepHOM okpauHe r. XapbKoB, myHKT "B" — B cene "Pycckue
Tuwku". B myHKTax paguMonvHUM yCTaHOBJIEHBI MASHTHUYHBIE MPHUEMO-
nepeslalole 3epKajbHble aHTEHHbI C JAWarpaMMaMH HarpaBIeHHOCTH
LUMPUHON = 0,5°. Amurenna nynkTa "A", B MecTe CBOero pa3MelieHus,
nogHata Ha 30M OT TOBepXHOCTH 3€MJM, a aHTeHHa IyHKTa
"B" Ha 12m. Bepumna xonma D, u MecTHOCTb B paiione Touku C ume-
10T TPaBsSIHOM MMOKPOB.

Puc.2. TIpo¢uab 3xcnepuMeHTATbHON PAAHOTHHUT

Bepmmna xonma E 3ansTa neconocagkamu. CpeaHsisi BbICOTa Tpaek-
Topun AB Han nosepxHocThlO 3emiH Zy, = 42M. Benuuuna mpocsera
Haj BepwmHoW D, cocrarmser H; = 25,3m. Benuuuna mpocreta Haj
toukoit C cocraBnser H, = 24m. Paccrosinue ot mynkra "A" no Bepuu-
Hel D r;=2200M. A3uMYyT pajvONWHUM @, U3MEPEHHBIH B TYHKTE
"A" OTHOCHTENbHO MepHaMaHa, a=45>. Jlns yTOYHEHHs MeXaHH3Ma
¢opmMHpoBaHUs TONS B PagvoONMHUM, B MyHKTe "A" W3MepeHa BepTH-
KaJibHas CTPyKTypa mosis. M3MmepeHus BBIMOSHEHBbI JIETOM, B aBrycTe
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Mmecsie. M3nydenne Benoch aHTeHHOHM MyHKTa "B" Ha Hecymiei yactore
30H/IMPYIOLIEro cUrHana storo nyHkra fog. BeprukaneHoe 30HaMpOBa-
HHUE BBIMOJIHEHO C MOMOLIBIO BCIIOMOIaTelbHOrO MPUEMHOr0 YCTPOMCT-
Ba, CHA0)KEHHOT'O aHTEHHOW ¢ OTHOCHUTENBbHO LIMPOKOW AuarpaMMoi Ha-
npasnentoct (=10°).  PesysbTaThl M3MepeHHil MOKa3aHbl TOUKAMM Ha
neBoM parmente puc.3. CrulomHas JMHAS anpoOKCUMHUPYET BUI U3Me-
pPEeHHOM cTpYKTYypbl moiisi. Ha ocu abGcuucc OTI0KEHO OTHOLIEHHE MOLL-
HOCTH MPUHUMAEMOro cursasa P K ycJIOBHOMY ypOBHIO MOIIHOCTH Py, B
neumbenax. [lo ocu opAMHAT OTIOXKEHAa BBICOTa TMOABEMa BCIOMOTa-
TeJBHOTO MPUEMHOI0 YCTpOicTBa B MeTpax, HauMHas OT YPOBHS pacro-
JIoXeHUs1 aHTeHHbl myHkTa "A". Ha puc.3 BuAHO, YTO BepTHKaJIbHAs
CTPYKTYpa MoJis COACP>KUT IB€ OCHOBHBIE KOMIIOHEHTHI.

Z,mf [o—— -
=
2 <D L <>
e <>
=1 <
1k > L >
] <
1 1 >|
-1 0 1 -1 0 1
P/P,. 1B 0] | 1B

Puc.3. BepTukanbHasi CTPyKTypa mojst

IlepBas mpeacTaBieHa HECKOJBKMMH MEPUONAMH M3MEHEHHMs, BTO-
pas — TOJIBKO YacThi0 CBOero mepuona. MamepeHHas cTpyKTypa MOXKET
ObITH OnMucaHa UHTepdepeHureld TpeX BOJH: MPSIMOM, KOTopas pacrpo-
cTpansercs no mytu BA, BomHbI, oTpaxkeHHOH oT BepmnHbl D 1 pacrpo-
crpanstomeiics nmo mytd BDA, u BONHBI, OTpaXeHHOH OT 3eMHOH Mo-
BEPXHOCTH B OKpecTHOcTHM To4kM C, pacmpocTpaHstoleiics mno myTH
BCA. Pemienue 3anaun 06 uHTEpepeHnr HECKOIbKUX BOJH U3JI0KEHO
B pabore [25].
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...Annaparypa.

KoHeuHble MyHKTBI paanonuHuu (puc.2) OCHAIEHbI WACHTUYHBIMH
KOMIUIEKTaMHU TPHEMO-TIepe/Ialolleil U perucTpupyrouiell anmnaparypbl.
B kaxIoM M3 MyHKTOB paJMOJIMHHUK JUIS Tepellaud U NpueMa 30HIU-
PYIOLIMX CUTHAJIOB MCTIOJIB30BAIach O/IHA M Ta JK€ aHTeHHA 3epKaJIbHOTO
TUNa. AHTEHHBI 00OMX MYyHKTOB WIeHTUYHBI. Jluamerpsl 3epkan 1,1m.
AHTEHHBI YCTaHOBJICHBI HA OTOPAaX, U3 KOHCTPYKLMOHHOM cTaiu. Onopsl
CHa0>KeHbI MOBOPOTHBIMU YCTPOICTBAMH /1JIsl HABEJICHHUS aHTEHH 10 a3u-
MyTy W yrimy Mecta. Ha puc.4 mokazaH BHEIIHWH BMI TpHEMO-
nepeAarolero ycTpoiictea myHkra "A". YcTpoicTBO pa3MelleHO Ha
KpbILLE 3JaHus.

Puc.4. I3mepurensHnelii nyHkt "A", r. XapbkoB

Ha puc.4 nokazaHo ycTpoicTBO ¢ aHTEHHaMH Pa3HbIX AUAMETPOB.
B Hacrosieit paboTte, 1Jis U3ydYeHHUs W MpUeMa CUTHaJIOB, HCTIOIb30Ba-
Jlach TOJBKO aHTeHHa OoJjbimero auaMerpa. B myHkre "B" ananormunoe
YCTPOKCTBO ObLIO pa3MeLIEHO TaK, Kak MoKa3aHo cTpeskoi Ha puc.5. Ha
OTOPHBIX yCTPOWCTBaX, MOMUMO AaHTEHH, pa3MellajInch KOHTEHHephl ¢
CBY yznamu nprieMoniepeaaromnx MyHKTOB. HU3KkouacTOTHBIE Y3Ibl W
perucTpupyouias anmnaparypa pa3Mellaldch B MOMEIIEHHUSX 34aHuH.
I'enepaTopbl Hecymmx kKoneOaHWH uMenu 4acToTsl okono 371w, a re-
HEepaTopbl MOAYIUpYoIUX Konedbanuii okono 0,51 Tu. Jlnsg paznenenus
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W3JTy4aeMblX ¥ MPUHUMAEMbIX CUTHAJIIOB, HOMHHAIbHbIC 3HAYCHHUsS Yac-
TOT FeHEePaTOPOB HECYIIMX M MOAYJUPYIOIUX KOJIeOaHUH OTINYAIHCE.
B nynkre "A" Hecywmas vactorta foa = 36,951 T, a B myHkTe "B" Hecy-
mas yactora umena 3Haudenue fog = 37T (ormune 50MI'm). Coor-
BETCTBEHHO YacCTOThI MOAYJIALUM WMenu 3HaueHus Fua = 0,47TT u
Frg = 0,5IT11 (oTmmure 30MI ).

BbIxogHass MOITHOCTh KaXI0TO U3 MepeAaloIuX YCTPONCTB, BBITOJI-
HEHHBIX Ha nuozaax [aHHa, coctapmsia okono 70MBT. Pexxum paboThl
reHepaToOpOB — HEMpepbiBHBIN. ['eHepaTopbl HeCylmMX U MOJYJIUPYIO-
KX Koe0aHWH C COMYyTCTBYIOLIMMU Y3JaMU pa3MellleHbl B TepMOCTa-
Tax ¥ OXBa4€Hbl CUCTEMaMH aBTOMATHYECKON MOJCTPOMKH vacToT. U3-
MEpUTEJIbHBIA KOMIUIEKC MPOINeN BCECTOPOHHME J1adOopaTOpHbIE U Ha-
TYypHbIE WCIBITAHWS B JMAara3oHe TeMIIepaTyp OKpYKarolield cpebl
—-25°C ...+35C. WcnbiTanusi BHINONHEHBI B pa3INyYHBIX METEOPOJIOTH-
YEeCKHX YCIIOBHSAX U BO BCEX CE30HAX rojia.

Puc.5. U3mepurenbHnsiii nyHkr "B", c¢. Pycckue Tumku

Jns pervctpauuu pe3yabTaToOB U3MEPEHH BeTMUMH (a3oBbIX MHBA-
puaHToB A@p U A, B 000MX KOHEUHBIX MyHKTaX HCIMOJIb30BAIUCH Ca-
Monwucubl. B myHkTe "A" AOMOTHUTENEHO PErucCTpUpOBAIACh aMILTUTY-
Jla MPUHUMAeMOro CUrHaia. Ota UH(OpMaLHs MO3BOJISIA BBIISIATh MH-
TepBajibl BPEMEHH, Ha MPOTIKEHUH KOTOPBIX BbINAJAINW THAPOMETEOPHI
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(mo>kzb, CHer), 4TO He Bcerga MOXKHO ObUIO OMPENEeNUTh BU3YallbHO.
AMIUTUTYIHBIA KaHal BBIMOJHA Takke (YHKLHIO HeNpepbIBHOTO KOH-
TpoJisi paboThl M3MEPUTETBHOM CHUCTEMbl. AHAIM3 pealbHBIX XapaKTepH-
CTHK anmapaTypbl U pe3yJIbTaTOB €€ MCIBITAHUI MOKa3all, 4TO pe3yJIbTH-
pyroLas cpeHeKBaipaThyecKas anmnaparypHas omuOKa W3MepeHus Be-
muunHbl @ He mpeBbimaeT Jp < 2,4°.  Huke MokasaHoO, 4TO UyBCTBH-
TeJbHOCTb MU3TOTOBJICHHOTO paJMOMHTepdepoMeTpa K BeTUYMHE aHHU30-
TPOTMHUHU CKOPOCTH pacrpocTpaHeHust paaroBoiH Wh min = 108 m/cexk.

MeTtoauka u3mepennii. 3oHaMpyolIMe curHansl |A u |B u3nyua-
JUCh HaBCTpeuy ApYyr Apyry w3z myHktoB "A" u "B" cooTBeTCTBEHHO.
OnHOBPEMEHHO B KKIOM W3 MyHKTOB OCYIIECTBISUIMCH TMPHEM 30H/IH-
PYIOIMX CHTHAJIOB U MX 00paboTKa COTacHO MPHHATOMY CIIOCOOY W3-
MepeHHs. B 000X MyHKTaX n3MepeHHbIe 3HaYeHUs BelYuH APy u Adg
3anMCBIBAIMCH HA JIGHTaX caMmomnucieB. MeTKH BpeMeHHM BbIpabaThbiBa-
auch B myHKTe "A" ¥ ¢ momoulblo curHaia | A mepeaaBanuch B MyHKT
"B". Takum cnoco60M METKH BpEMEHH CUHXPOHHO 3alUCBIBAINUCH CaMO-
nvcuaMd o0oMX MyHKTOB. M3MepeHHs MpOBOAWIIMCH HEMPEPBIBHO H
KpyriocyrouHo. KannOpoBka anmapaTypbl U KOHTPOJb €€ (YHKLMOHH-
pOBaHUs OCYLIECTBIISIACH C MOMOLIBIO aBTOHOMHOI'O YCTPOMCTBA, KOTO-
poe BbIpabaThiBajO UCMBITATENbHbIE CUTHANBI ¢ KOHTPOJIMPYEMbIMH a-
pamMeTpaMH M CIIEKTPaMH, aHAJOTMYHBIMH CIIEKTpaM 30HIUPYIOINX
CUTHAJIOB.

Pe3yabTaTsl n3Mepennii. B cooTBeTCTBUM ¢ 3ajayamMu UcceqoBa-
HHS, pe3ysIbTaThl HACTOSIIEH paboThl PacCMOTPUM MapaulesIbHO C pe-
3yabTaTamMu skcrepumentoB [15,16], [5-7,14] u [13]. Ha3pauubie ue-
ThIpE HKCMEPUMEHTA, BKJIIOYask HACTOSILIMI SKCIIEPUMEHT, BHITIOJIHEHbI B
pa3NMYHBIX TOYKAX 3€MHOIO Llapa ¢ MOMOIIBIO TPEX pa3iNyYHBIX METO-
JI0OB U3MEPEHUH M B Pa3IMUHbIX IMaNa3oHaX 3JIeKTPOMAarHUTHBIX BOJIH.
OOcyxaaeMble pe3ysbTaThl HACTOSIIEH pabOThl OTHOCATCS K CEpUU M3-
MEpEeHHid, MPOBeNEeHHON B AMana3zoHe MWUIMMETPOBBIX PaJUOBOJH Ha
npoTsbkeHun 6 mecsiueB roza (c aBrycra rno sSHBapb) ¢ MOMOLIBIO ONHU-
CaHHOrO BBILLIE METOJa N3MepeHus neporo nopsaka (Ykpauna). Obuiee
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BpeMsl HeNpPepbIBHBIX U3MEepeHHid B 3TO# cepur coctaBuio 1288uacos.
OkcnepumenT [15,16] BbINOJIHEH ¢ MOMOIIBIO ONTHYECKOr0 METO/A M3-
Mepenus nepsoro nopsaka (Ykpauna). Dxcriepumentsl [5—7,14] (CILIA)
u [13] (CIIA) BbIMOJIIHEHBI C TOMOIIBIO ONTHYECKHUX METOIOB M3Mepe-
HHsI BTOPOTO MOPSIJIKA, B KAYeCTBE KOTOPBIX MCIOJIb30BaHbI KPecTO00-
pazHble uHTepdpepoMeTpbl, MalikenbcoHa. JleificTBue MeTOOB H3Mepe-
HHIi, TPUMEHEHHBIX B HacCToOsIel pabote u B skcrepumentax [15,16],
[5-7,14] u [13] ocHOBaHO Ha MpPEACTABICHHUSIX O PACMPOCTPAHEHHUH BOJIH
B JIBIKYILIEWCS cpelie, CBOMCTBA KOTOPOW OMpeNesNsstoT CKOPOCTh pac-
MpPOCTPaHEHHs IEKTPOMArHUTHBIX BOJIH. B paMkax MCXOIHOM rUMoTe3bl
3TO /aeT BO3MOXKHOCTb TPAaKTOBATh Pe3yJIbTaThl HAa3BaHHBIX HKCIIEPH-
MEHTOB B TepMHMHAX aHM30TPOMHH CKOPOCTH PAcTpOCTpPaHEHHUS dIIeK-
TPOMAarHUTHBIX BOJIH.

PaccmoTpum niposiBiieHHe UCKOMBIX 3((eKTOB B IKCIIEpUMEHTaX O
PacIpOCTPaHEHMIO 3JTEKTPOMArHUTHBIX BOJIH.

Ha ¢parmenrax puc.9 npencraBiieHbl CpeHHE pe3ysIbTaThl dKCIie-
pumenta [15,16] (puc.9a), Hactoseit padotsl (puc.9b), u skcnepumen-
ta [5-7] (puc.9C), koTopble MoydeHbl B pa3Hble roJbl B AMOXY aBrycTa.
TepmuH "smoxa" 3aMMcTBOBaH U3 aCTPOHOMHHM, B KOTOPOI HaOmoaeHHs
Pa3HBIX JIET, BHITIOIHEHHBIE B OJTHOMMEHHbIE MeCALbl, OTHOCAT K HaOJ0-
JeHUsIM OJHO# smoxu. Pesynbratel skcnepumenta [13] Ha puc.9 He
Mpe/ICTaBJIeHbI, TOCKOJIBbKY aBTOPbI OTPAaHUYMIIUCH TOJIBKO CBEICHUSMH O
MaKCHMaJbHOM 3HaUYeHWH W3MEPEeHHOW WMM BEeJIMYMHBI aHW30TPOIHU
W, = 6000m/cex. Tlo ocsM opaMHAT OTIOKEHBI 3HAYEHHS BETUUUHBI
annzotponuud W B M/cek, Mo ocsiM abCcLUce — COMHEYHOE BPeMsi CYTOK
Tm B 4yacax. BepTukainbHbIMM ITpUXaMH 00O3HAUYCHBI JOBEPHUTEIIbHbIC
uHTepBaibl. Kaxkaplit U3 pparMeHTOB puc.9 WILTFOCTPUPYET MpPOSIBICHUE
uckomoro 3¢ddekra anuzorponuu. B skcnepumenrtax [15,16], [5-7,14],
[13] addext anuzoTponrK 0OHAPYKUBAJICS TOBOPOTOM ONTHYECKUX HH-
TepdepoMeTpoB, B HacTosMIeH padoTe MPUMEHSIIOCh BCTPEUHOE Pacrpo-
CTpaHeHHe PaaMOBOJH. Pe3ysibraThl paccMaTpUBaeMbIX 3KCIEPHUMEHTOB
MOKa3aJid, YTO BEJMYMHA aHU30TPONMH M3MEHSETCS B TCUCHHE CYTOK, U
TaKkue W3MEHEHMsl HOCAT CXOIHbIM Xapakrep. Tak koauumeHTs Kop-
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pensiumu [, BbrumcieHHble Mexay 3aBucumoctsmu Wh(Tn), Jexar B
npenenax 0,73< [J < 0,85.
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Puc.9. U3MeHeHHe BeIMYHHBI AHU30TPONUH B 3MOXY aBrycTa Mo AaHHbIM
Pa3IMYHBbIX IKCMEPUMEHTOB: a) skcriepumMeHT [15,16]; b)nacrosiuas padora;
¢) akcniepumenr [5-7]

B pabortax [5-7, 14] usmeHeHne BeJTUUMHBI aHU30TPOITHH B T€UECHHE
CYTOK 00bsicHEeHO ABeHHeM COJTHEUHOH CHCTEMBI K aneKkcy ¢ KOOpIu-
HaTtamMH, ONM3KMMHM K KOOpAMHATaM CEBEpHOro Mojoca SKIMNTUKU. B
3TOM cilydae BCIEACTBHE CyTOYHOTO BPALCHHUS 3€MJIM MPOEKIMS BEKTO-
pa CKOpPOCTH OTHOCHUTENIBHOTO ABMXKEHHMS HA TOPU3OHTANBHYIO MJIOC-
KOCTh TpuOopa W, cieaoBaTeibHO, BemuurMHa aHu3otpormu W, Oyner
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M3MEHSTHCS B TeUeHHe CyTOK. Takoe OObsICHeHHe He TIPOTHBOPEUMT pe-
3yJbTaTaM HacTOSIIEeH paOOThl K MOXKET OBITh IPHUHATO KaK HCXOIHOE.

Pesynbratel  Hacrosied pabGoTel W 3kcnepuMeHtoB [15,16],
[5-7,14], [13]uwitocTpupyrOT MPOSIBJICHHE U IPYroro KCKoMoro 3¢ dex-
Ta — 3(h(eKTa BBICOTHI. B 3THX YeThIpex sKcIepuMeHTaX U3MEPEeHHUS Bbl-
MOJTHeHBI Ha MATH Pa3MuHBIX BeicoTax: 1,6M u 4,75M B sKcriepUMeHTe
[15,16]; 42m B Hactosueii padote; 265m u 1830m B skcneprMeHTe
[5-7,14] Knuenena u obcepaTopusi MayHT BHICOH COOTBETCTBEHHO).
B skcniepumente [13] u3mepeHus NpoBOAMIIMCH TaKKe Ha 00CepBaTOPUH
Maynt BuncoH. IposiBnenve sddekra BHICOTBI MOXKHO BWJIETh Kak Ha
¢parmenTax puc.9, orMeuas, HarnpuMep, MaKCUMallbHbIe 3HAYEHHs Be-
avuubbl aHuzotpord W, Tak v Ha puc.10, rae nmokasaHa 3aBUCHMOCTb
BEJINYMHBI aHU30TPorM W, OT BBICOTBI MeCTa PacrhoJIOKeHUS] U3MepH-
TEJIbHBIX YCTPOMCTB Ha/l 38MHOM MOBEPXHOCTHIO Z.

Jnst noctpoenust puc.10 ucnonb3oBaHbl cpeTHHE OT MAKCHMAITbHBIX
3HaUeHWH BEJIMYMH aHU30TPOITMH, U3MEPEHHBIX B HacToswIel padore u B
skcniepumenTax [15,16], [5-7,14], [13]. [To ocsiMm abcuucc ¥ OpAMHAT
OTJIOKEeHBI 3HaueHus sjorapudmos otHoureHuin Wh /W u Z/Z- cootsetcT-
BeHHO. 3HavyeHus BenuuuH Wi U Z. npuHATH paBHbIMH 1Mm/cexk u 1M
COOTBETCTBEHHO. J[/is HarjsimHOCTH, Ha BepXHeW M Ha MpaBOW 4YacTAX
puc.10 mo ocsiM KOOpPIMHAT OTIIOXKEHbI 3HaYeHHs1 BennunH Wi B M/cek U
Z B metpax. Ha puc.10 BugHO, 4TO pe3ynbTaThl pa3iWYHBIX dKCIIEPH-
MEHTOB MOAYMHSAIOTCS €IUHOM 3aKOHOMEPHOCTH U pacioaratotcs BOJId-
3u npsimoii. B nnanazone Beicot ot 1,6m no 1830M BenuunHa aHM30-
Tporuu yBesnnunBaercs ot 200m/cex n1o 10000m/cek, uTo cocTaBiseT
cootsercTBerHo ot 6,710 10 3,310 0T cKOPOCTH CBeTa.

Pe3ynbTaThl SKCIIEpUMEHTOB, TpencTaBieHHble Ha puc.9 u puc.l10,
WITIOCTPUPYIOT BBICOKYIO KOPPEJSLMIO MEXIY pe3ysibTaTaMu paziiuu-
HBIX 9KCTIEPUMEHTOB, HaOJFOIaeMOCTh SIBJICHUS] aHW30TPOITHOTO Pacrpo-
CTpaHeHMs >JIEKTPOMArHUTHBIX BOJIH, TIOBTOPSIEMOCTh CBOWCTB SIBJICHHS
B pa3lIMuHbIX YCIOBHUIX HAOJIIOICHHWH, BOCIIPOM3BOAUMOCTb CBOWMCTB SIB-
JICHUs TIPH KCIIOJB30BAHUM PA3JIMYHBIX METOJIOB JKCIIEPUMEHTAJIbHBIX
WCCIIeIOBaHUI M Pa3IMYHBIX TMara30HOB 3JIEKTPOMAarHUTHBIX BOJIH. Bee
9TO J1aeT OCHOBAHHWE MOJIOXKUTEJILHO OLIEHUBATH TOCTOBEPHOCTDH PE3yJib-
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TaTOB 0OCY)KIAEMBIX dKCTIEpUMEHTOB. ClielyeT OTMETHUTh, YTO U3MEpeH-
Hbl€ 3HAUYeHUS aHW30TPOITMH OTHOCHUTENHHO HEBEJIMKH, WU BO MHOTHX
MPaKTHYECKUX CITydasiX UMU MOXKHO npeHeOpeub. B »aToM cmbicie mpo-
CTPaHCTBO BOJIM3U 36MHOMN MOBEPXHOCTH MOXHO CUMTATh U30TPOIHBIM C
TOYHOCTBIO, 3aBHUCSIIEH OT BPEMEHH CYTOK W OT BBICOTBHI HaJ 3eMHOH
noBepxHocThio. CBejieHWs, npuBeeHHble Ha puc.9 u puc.10, MoxHO
paccMaTpuBaTh Kak TPaHUIbI MPUMEHUMOCTH TIpeACTaBIeHHUsS 00 ONTH-
YEeCKOM M30TPOTHH MTPOCTPAHCTBA BOIM3M 36MHON MOBEPXHOCTH.

W, m/cex x10°
0,2 1.4 10

8
{1830
6 {265
N
N 4| ez %
8 N
2r {475
{16
0 | 1
4 6 8 10

In W, /Ws

Puc. 10. 3aBucuMoCTb BeITHYMHBI AHU30TPONHHU OT BBICOTHI HA/l 3¢MHOi MOBepX-
HOCTBIO 110 JAHHBIM Pa3JIHYHBIX IKcrepuMeHToB: 1 — skcniepument [15,16];
2 — nacrosiias padora; 3 — skcrniepument [5—7]; 4 — sxkcniepument [13]

Hrtoru Hacrosuieit paboTel u skcnepumenTos [15,16, 57, 13] naror
BO3MO)KHOCTh ~ TMOKa3aTh,  YTO  OTpPHULIATENbHbIE  PE3YJIbTAThI
skcriepumenToB  [20,22] moryT ObITh OOBSCHEHBI HEIOCTATOYHOM
4yBCTBUTEBHOCTBIO TMPUMEHEHHBIX MHTephepomeTpoB. Tak, Ha puc.10
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BUJHO, YTO BOJIM3M 3€MHOI MOBEPXHOCTH BEJIMYMHA aHM30TPONUM HE
npesbimaer 200m/cex. CrenoBarenbHo, B sKcrnepumentax [20,22],
BBIMIOJIHEHHBIX B MOJBAJIbHBIX MOMEUICHUSAX, YYBCTBUTEIBLHOCTD
unrepdepomerpoB Wiin K BeTMYMHE aHU30TPONMUH OJKHA OBITH He
xyxe 200wm/cek. TTomcunTaeM 4yBCTBUTEIBHOCTH UHTEPHEPOMETPOB, B
skcriepumenTax [20,22]. Byaem nomarate, uto BeauuuHe Wi
COOTBETCTBYET CMeElIeHHe WHTePPEepeHIIMOHHBIX Tonoc D = 0,04.
Takoe cmelneHne 0XHOAIOCh HAOJOAATh, HANPUMEp, B JKCHEPUMEH-
te [20]. U3 Beipaxkenus (1) Haiinem

W, =c(D,,, A17)V2, (36)

min

B skcnepumenrax [20], [22] nnunbl nyueii | coctaBnsim 2,4M u
22M COOTBETCTBEHHO, IMHBI BOaH A= 6010 M. C nomoIpeo
Beipakenus  (36) nmosmyunm, uyto B 3kcnepumeHte  [20]
Wiin = 30000m/cek, a B skcriepumenTe [22] Wi, = 10000m/cex . Crie-
nosatenbHo, B 9kcrepumenTtax [20] w  [22] 4yBCTBUTENBHOCTH
uHTep(hepoMeTpoB, Oblla HEAOCTATOYHOM. Pe3ynbTaT TOJNBKO 4TO
BBIMOJIHEHHOM OILIGHKM MO)KHO TMOKa3aTh W 0oJjiee HArjsHO, €Ciu
MOJCYMTAaTh  JUIMHBI  Jyued |, Tpebyemble i  MOCTPOEHHS
KpecTooOpa3HOro OnTHYeckoro uHrepdepomerpa MaiikeslbcoHa ¢
YyBCTBUTEJILHOCTBIO K aHU30TpOMHu cKopocTh cBeta Wiy, = 200m/cexk.
W3 Boipakenus (1) Haiimem

| = DAcW 2. (37)

[MogcraBum B Bblpakenue (37) 3Hauenus Benmund D = 0,04,
A= 600"M; n W= 200m/cex. Tomyunm | = 54000m, MoxHO mpesno-
JIOXKUTB, YTO 3a/a4a W3rOTOBUTb KPECTOOOpa3HbI ONTHUECKUI MHTEp-
depometp ¢ muHamu sydeii | = 54000m ckopee Bcero TeXHHUECKH He-
peanbHas. CinenoBarenbHo, B 3kcniepumenTtax [20] u [22] anuzoTponus
MPOCTPaHCTBA He MOTJIa ObITh OOHApY)KeHa, B CHITy €IMHON MHCTPpyMEH-
TaJIbHOM MPUYMHBI — B 3TUX SKCMEPUMEHTaX NMPUMEHSUIUCh HHTepdepo-
MEeTpbI BTOPOT0 MOPSAKA HEJOCTATOYHOW YyBCTBUTEIBHOCTH.
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VYMecTHO elie pa3 MOI4YepKHYTh MPEUMYILIECTBO METO/Ia U3MEPEHHUS
MepBOro Mopsaka, MpemIoxkeHHoro B paborax [15,16]. MoxkHo
MO/ICUMTaTh, 4YTO BOJMM3M 3E€MHOM MOBEPXHOCTH, MpPU BeIHYHUHE
anmzorporui = 200M/cek M MpU  NPOYMX PABHBIX  YCIIOBHSX,
NpeUIOKEHHbIA ONMTUYECKUM METO/ TMEePBOro Mopsaka, B MOJITOpa
MUWJIJIMOHA pa3 4yBCTBUTENIbHEE MeToa uHTepdepomerpa MaiikenbcoHa
BTOPOTrO MOpsi/iKa. DTO OOCTOSTENBCTBO 3aTPYAHSIET NPUMEHUMOCTD
unTepdepomerpa MaiikenbcoHa Al U3YUSHHUsE aHU30TPOIMH CKOPOCTH
cBeTa BOJIM3M 3eMHOM MOBEPXHOCTH. BBIMONHEHHAs! OLEHKA CrpaBe/iin-
Ba M MO OTHOLIEHHIO K dKcneprMenTam [8—11]. Kpome Toro, uroru Ha-
crositei paboThl U paboThl [16] MO3BOJSIIOT MPENOI0KNUTh, YTO CBOM-
CTBa MOTOKOB (hM3MYECKOrO BaKyyMma OJIM3KHM K CBOWCTBAM MOTOKOB W3-
BECTHBIX ra30B, OrMOaTh MPEMATCTBHUS M T€Yb B HATPABJISAIOIIMX CHCTE-
max. B skcnepumentax [8—11] 310 06CTOATEIBCTBO MOIJIO OBITH MpPH-
YHUHOW HEyJauHbIX MOMBITOK BBIABHUTh AHWU30TPOIMHBIC CBOWCTBA MPO-
CTPaHCTBA C MOMOILBIO MPUOOPOB, 3aKIIOYEHHBIX B FepMETHYHbIC Me-
TaJUTHYECKUE KaMepbl.

Hrtoru Hactosuieii paboTel 1 paboThl [16] mo3Bosuiu nokasars Bo3-
MOJKHbBIE MPUUYMHBI OTPHULIATEIBHBIX PE3YJIbTATOB COBPEMEHHBIX JKCIIe-
PUMEHTAIIBHBIX TOMBITOK OOHAPYKUTh aHW30TPOIHBIE CBOWCTBA MpPO-
cTpaHcTBa, Hanpumep, [37-40]. B pabote [37] mpuMeHeHO ONMTHYECKOE
M3MEpPUTENIbHOE YCTPOMCTBO CXeMa M JICHCTBHE KOTOPOrO MPHMHLMIH-
albHO He OTJIHMYAIOTCA OT YCTpOMCTBa, mpumeHeHHoro M.I'ekom B
1868r [41]. B oboux ciyyasix aBTOpPbl 0XKMAAIM HAOIFOAATh CMEIeHHE
MOJIOC MHTeP(EPEeHLIMOHHOM KapTHHBI MPOMOPLIMOHAIBHOE TEPBOM CTe-
MEeHH OTHOLIECHHS BEJIMYMHBI AaHU30TPOMHMH K CKOPOCTH CBeTa. JKCIie-
pumenTtsbl [37] u [41] nanu oTpULIATEbHBIC Pe3yIbTaThl — AHU30TPOIHS
NpOCTpaHCTBa He Habmoaanack. Ommbka ['eka HeoJHOKpaTHO pazdupa-
nack. Tak, B pabote [21] ncuepnpiBarolie MokasaHo, 4To y4uet koaddu-
ueHTa yeiedeHus dpeHens NpUBOIMT K KomreHcauuu 3¢ ¢ekra nep-
BOTO MOps/IKA, KOTOPbIA MOr Obl OBbITH BbI3BaH JBM)KCHHEM 3eMIH, H
KOTOpBIN OXHIanoch Habmonate B skcrnepumente [41]. DToT BbiBOA
pabotsl [21] B osiHOM Mepe oTHOCUTCS U K pabote [37]. B npyrom ciy-
Yae, B TakuX skcriepuMenTax kak [38—40], noBTOpeHbl OMKMOKH dKCIie-
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pumeHTOB [8—11, 42] B KOTOPBIX M3MEpHUTENIbHbIC YCTPOWUCTBA MOJTHO-
CTBIO 3aKJIIOYEHBbl B MeTaJlinyeckue skpaHbl. Kak crnencteue pesynbTa-
Thl 3KkcnieprMeHTOB [38-40] naeHTHYHBI pe3ysibTaTaM 3KCIEepHUMEHTOB
[8-11, 42]- uckomblii 3ddext anuzoTponun He Habmomancs. Hemnpu-
MEHMMOCTb MACCHBHBIX 3KPaHOB B MOAOOHBIX OMBITaX BMEPBbIE OTMe-
yeHa eme B paborax [22,14]. Octaetcs n106aBUTh, YTO aBTOPbHI HKCIIE-
pumentoB [38-40] paspabotanu HanexHble METOIbl SKPaHUPOBAHHS
MPOLIECCOB, MPOTEKAIOIIMX BO BHEIIHEM (pHU3HMUECKOM BaKyyMme, OT Ipo-
LIECCOB B BaKyyMe BHYTPH JKCIEPUMEHTAIbHOH YCTaHOBKH, OJHAKO He
MpeACTaBiIseTCs] BO3MOXKHBIM M3y4daTh CBOMCTBA OKPY)KAIOLIEro Mpo-
CTPaAHCTBA C MOMOLIBIO U3MEPUTEIILHBIX YCTPOUCTB OTAEIEHHBIX OT TO-
ro MpOCTpaHCTBAa. MOXHO TMpPEANOI0KNUTb, YTO HWHCTPYMEHTaJIbHbIE
omnbku padot [37-40] HocaT obwmmit xapaktep. [Ipu mocTaHOBKe JKC-
MEPUMEHTOB aBTOPbI OTKA3aJTUCh OT MOMBITOK pacCMOTPETh BO3MOKHBIE
¢u3nueckue NpUUKHBIL, 00YCIOBIMBAIOUIME MCKOMYIO HMH aHM30TpO-
M0 TpOCcTpaHcTBa. MiHaue MHCTpyMEeHTalIbHbIE M METOIMYECKHe TpHe-
MBI UX TIOUCKOB ObUTH Obl HHBIMH.

B 3akmtoueHune oTmeTuM cienymoulee. B pabGote mpeanpuHsaTa mo-
MBITKA TPAKTOBATh Pe3yJIbTaThl UCCISOBAaHUS B paMKax pabouei rumno-
Te3bl O BA3KOM Ta30-MoJOOHOM (U3MUecKoM Bakyyme. B pabotax
[5-7,14] utoru skcniepumMeHTa OOBICHEHBI KaK Pe3yJibTaT OTHOCHUTEb-
HOTO JIBW>KeHMs1 HaOmoaTenst U 3gpupa — cpepl OTBETCTBEHHOM 3a pac-
NPOCTpPaHEeHHE DJIEKTPOMAarHUTHBIX BOJH. B akcnepumente [15] ¢ aroii
JKe LeJIbIO0 MCTOJIb30BaHa MOJENb BSI3KOro ra3o-nogobHoro agupa, pas-
BuTas B padote [43]. MoXHO BUIETh, UTO UTOTU HAcTOsLIECH pabOThI U
pa6or [5-7,14], [15,16]He npoTHBOpEeUYAT OCHOBHBIM MOJIOKEHHUSIM, KaK
TUIOTE3bI BA3KOTO (M3MYECKOr0 BaKyyMma, TaK W MIIOTE3bI BI3KOTO ra-
30-noo0Horo 3¢hupa, 4To, Ha MEPBBIN B3I, 1a€T OCHOBAaHUE CUMTATh
9TU TUIOTE3bl SKBUBAJIIEHTHBIMU. TeM He MeHee, FMMOTe3bl SBISIOTCS
KOHKYPHUPYIOIIUMH. JleHcCTBUTEbHO, MpeacTaBlieHHe KBaHTOBOM Teo-
pUM oM O BUPTYaAJTbHBIX YacTHUIAX (U3MUYECKOro Bakyyma TpeOyer
BBEJCHHUS JTOMOJIHUTENBHOTO MPEANOIOKEeHUsI O HaJM4YMHM B BaKyyMe
"cTpouTenbHOro" Marepualia TakKMX YacTHL, YTO He MNpPeAyCMOTPEeHO
cyliecTBymolel Teopueil. B pamkax runoressl 3dupa Takue nmpodiaeMsbl
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CHSATBI TPEJCTABICHHEM O CYIIECTBOBAHWUM YacTHIl 3(upa Kak CTPOH-
TEJBHOTO MaTephala BeIECTBEHHBIX 00pa30BaHMi, U MPEACTABICHHE O
CYILECTBOBAHMU BUPTYaIbHbIX 00pa30BaHUM SIBISETCS W3IUIIHUM. 3a-
Jaya OMUCAHUSI MEXaHW3MOB B3aUMOJCUCTBHI CTAHOBUTCS MPHHIIUIHU-
aITbHO pelaeMoi B paMKaX COBPEMEHHOM THAPOIUHAMMKH. JTO [esaer
TUMOTE3y BS3KOTO Ta30-MoJo0HOro sdupa MpUBIEKaTeTbHON IS K-
pokoro uzyuenusi [43-51]. Paspewnts co3aaBuieecs MoI0KEHUE MOXK-
HO JIMIIb HA MyTH HOBBIX HAOJIOJEHHUH U SKCTIIEPUMEHTOB, YTO BO3MOXK-
HO TOJIBKO C MPUMEHEHHUEM HOBBIX METO/IOB M CPEJICTB U3MEPEHHUHA.

BeiBoabl. B pabote mosydeHsl cliefyrolue OCHOBHbIC pe3yJibTa-
TBI.

[pennoxkena paboyas TMMOTE3a O CBOMCTBAX MPOCTPAHCTBA, B paM-
KaX KOTOPOW aHW30TPOIUS CKOPOCTH PAacIpOCTPaHEHUs PaavOBOJH
o0ycsioBlIeHa OTHOCHUTENbHBIM [IBM)KEHHWEM HaOmomaTessi U BI3KOro
ra3o-noao0HOro (PU3NUECKOro BaKyyMma.

Pa3paboTaHbl MeTOl ¥ YCTPOHCTBO MEPBOTo MOpsAKA IS MPSIMOTo
W3MEpeHUs] aHU30TPONUHU CKOPOCTH PaclpoCTpaHeHHs PaAUOBOIH MUJI-
JUMETPOBOro auanazoHa. M3rotoeiaeH paavouHTepdepoMeTp ¢ UyBCT-
BUTEJIBHOCTBIO K BEJIMYMHE aHW30TPONUHN CKOPOCTH PAaCHpOCTpaHEeHHs
paauroBosin 108wm/cek.

B pamkax paboueii runotes3sl onpeaeseHsl 3QQeKTbl aHU30TPOIKH,
KOTOpBIE MOTYT HaOJIIOAThCsl B OMBITAX MO PaclpoOCTPAaHEHHIO paavo-
BOJIH BOJIN3M 3€MHOW TMOBEPXHOCTH. BhIMonmHeHa cepusi AKCrepuMeH-
TanbHBIX HcclienoBaHuid. [lokazaHo mposiBieHWe MpeAcka3aHHBIX d¢-
¢dexToB. M3MepeHbl: BeIMYMHA aHU30TPONMH, W3MEHEHHE BEJIMYMHBI
AQHM3OTPONHHU B T€UEHHE CYTOK, POCT BEJIMYMHBI aHU3OTPOIHUH C POCTOM
BBICOTBI HaJl 3€MHOW MMOBEPXHOCTHIO. DKCMEPUMEHTAIBHO MMOKa3aHo,
YTO Ha BbICOTE pa3MELIeHHs paauoMHTepdepoMeTpa Hall 3eMHOH Mo-
BEPXHOCTHIO (= 42M) BeJIMYMHA aHU30TPOITUHM CKOPOCTH PacrlpocTpaHe-
HUS PaaroBOJH He npesbinana 1400m/cek.

Pe3ynbrarel paboThl comocTaBieHbl C UTOTaMU TMPEALIECTBYIOIINX
ONTHYECKUX SKcrepuMeHToB. [lokazaHbl HaOmI0IaeMocTb, MOBTOpSsie-
MOCTb M BOCIPOM3BOAMMOCTb M3MEHEHMs BEJIWYMHBI aHU3OTPONHHU B
TeUeHHe CYyTOK B HKCIIEPUMEHTaX, MPOBEIEHHBIX B Pa3IMYHbIE TOJbI, B
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Pa3IMYHBIX TeorpaguyecKuX YCIOBHAX C NPUMEHEHHWEM pa3lInuHbIX
METOJIOB M3MEPEHWI M pPa3INYHBIX JUAMA30HOB JJIEKTPOMArHUTHBIX
BOJIH, YTO JAeT OCHOBAHHUE IOJIOKUTENILHO OLEHUBATH JTOCTOBEPHOCTb
[OJIyYEHHBIX PE3YJIbTaTOB.

Takvm 00pazom, B paboTte pa3paboTaHbl METOJI U YCTPOWUCTBO HU3Me-
PEHMI TEPBOro MOpPsSAKA YYBCTBHUTENBHBIE K AHM30TPOIUH CKOPOCTH
pacrnpocTpaHeHHsl paAvoBOJIH. Pe3ynbTaTel 3KCIEpUMEHTATIBHON arnpo-
0aLMM MeTo/1a U yCTPOMCTBA MOKA3ajiM, YTO BOIM3M 3eMHOM MOBEPXHO-
CTH NMPOCTPAHCTBO MOYKHO CUUTATh U3OTPOITHBIM C TOYHOCTBIO, 3aBUCS-
LIeil OT BBICOTHI HaJl 3TOW MOBEPXHOCTHIO U BPEMEHHU CyTOK. Pesyinbra-
Thl pabOTbl MOTYT MCIOJIB30BAThLCS sl pa3padOTKU CPEACTB Paguomn3-
MEPEHUI U pa3BUTHA MPEACTABICHUN O CBOMCTBAX OKPYXKAIOLLIEro npo-
CTpPaHCTBA.
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1.3.3. Onmuueckuii unmeppepomemp 011 uUMepeHUA AHU3O-
mponuu cKopocmu ceema

I0O.M.I'anaes
Wuctutytr pammodusuku u snextpoHukn HAH Vkpaunsl, r. XapbkoB

[IpennoskeHbl METON M YCTPOWCTBO UIs U3MEPEHHs aHW30TPOIHHU
CKOpOCTH cBeTa B Bs3KMX cpedax. M3roToBieHO M3MepHUTENIbHOE YCT-
pOMCTBO M BBHITIOJIHEHA €ro KCIepUMeHTalbHas anpobauus. Pe3ynbra-
ThI UCIIBITAHUI COTOCTABJIEHBI C UTOTaMH TPEIIECTBYIOMNX dKCTIepH-
MeHTOB. [lokazanbl HabIIOIaEMOCTb, BOCIPOU3BOAMMOCTE M MOBTOpSie-
MOCTb 3P (PEeKTOB aHU3O0TPOMHOTO PACMPOCTPAHEHHs cBeTa. Y CTPOICTBO
MOKET MCTIONIb30BaThCA JUT M3YUeHHs TeUeHHs Ta30B B TpyOax.

B Hacrosieit pabote ans mpsMoro uaMepeHus: 3(h(eKToB aHU30-
TPOMHOTO PaclpoCTpaHEeHUs CBETa MPEeAoKEeHbl METOI M YCTPOMCTBO
MepBOro MOps/AKa AeHCTBHE KOTOPBIX OCHOBAHO Ha M3BECTHBIX B TMIPO-
JMHAMMKE 3aKOHAX Pa3BUTHS TEUCHHW BSI3KHX JKHUJKHMX U ra3000pa3HbIX
cpen B Tpydax [22,23]. [IpuHUMI AeHCTBUSI MOXKHO MOSCHUTH CIIEAYIO-
mumM. [ToMecTnm oTpe3ok TpyOBl B MOTOKE rasa Tak, YTO MPOAOJIbHAS
ochk TpyObI OyIeT neprneHInKyJIsipHa BEKTOPY CKOPOCTH MoToka. B aTom
ciydae o0a OTKPBITBIX KOHLA TPyObl HAXOASTCS B OIMHAKOBBIX YCIOBH-
X MO OTHOLIEHHIO K BHELIHEMY MOTOKY rasa. [lepenana naBnenus rasza
Ha KOHIIaX TpyObl HE BO3HMKAET, U ra3 BHyTpH TpyObl HeroaprxkeH. Te-
nepb MoBepHeM TPyOy Tak, YTO BEKTOpP CKOPOCTH TMOTOKa rasa Harpas-
JIeH BJOJIb OcH TpyObl. B 3TOM ciyuae CKOPOCTHOM Hamop rasa co3facT
Ha KOHLIaX TpyObI nepernaz 1aBJIeHHs, o] JeHCTBUEM KOTOPOro B TpyoOe
pa3BHBaeTCs TeueHWe rasza. Bpems pasBuTHs TeueHus rasa B TpyOe u
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CKOPOCTh YCTaHOBHUBILETOCS TEUEHHs ra3a OMpeelsioTesi 3HAUYSHUSIMU
KMHEMaTH4eCKON BS3KOCTH Tasa, reOMEeTPUYECKHMH pa3MepamMH TpyObl
W CKOPOCTBIO BHEIIHEro notoka rasa [22,23]. BakHO OTMETHTb, 4TO
pa3BUTHE TeYeHUs ras3a B TpyOe, 10 yCTAaHOBHBLIECTOCs 3HAUYEHHsI CKOPO-
CTHM TeYeHMs, 3aHMMaeT KOHEUYHbIH OTpe30K BpemeHH. PaccmorpenHas
uziesl 1aeT BOSMOXKHOCTh MPEIUIOKUTh METO M3MEPEeHHs, UyBCTBUTEIb-
HBII K aHU30TPOINUH CKOPOCTH CBETa, M CXEMY YCTPOMCTBa sl M3Mepe-
HHS BEJIMYMHBI aHU30TPOTIMK U KMHEMaTHYEeCKOW BA3KOCTH (hr3nyecko-
ro Bakyyma. Tak, COrflacHO MCXOJIHOM TUMnoTe3e cBoiicTBa (hU3NUECKOT0o
BaKyyMa OMpEENISIOT CKOPOCTh PacrpoCTpaHEHHs! 3IeKTPOMArHUTHBIX
BOJIH. DTO O3HAYaeT, YTO CKOPOCTh AICKTPOMArHUTHOM BOJIHBI OTHOCH-
TEeJIbHO HaOJIIoaTeNsl BISETCS CyMMOM BEKTOPOB CKOPOCTH BOJIHBI OT-
HOCHTEJIHO (pU3MYECKOro BaKyyMa M CKOPOCTH (pU3HMYECKOro BaKkyyma
OTHOCHTENIbHO Habmoaatess. B aToMm cityuae, eciii MOCTPOUTH ONTHYE-
CKMI1 MHTepdepoMeTp, B KOTOPOM OJHMH JIyd CBETa MPOXOJWT BHYTPHU
noJoi TpyObl, a Apyroi BHe TPyObl, BO BHELIHEM MOTOKE (HU3NUECKOTO
BaKyyMa, U MOBEPHYTh MHTEP(EpOMETp B MOTOKE (PU3NYECKOTrO BaKyy-
Ma, TO MO’KHO OXKHMIaTh, YTO Ha MPOTSHKEHUH BPEMEHH YCTAaHOBIICHHS B
TpyOe ABMKeHHs (PU3NYECKOro BaKyyMma JOJDKHO HaOIIoIaThCs cMelle-
HHe M0JI0C MHTep(epEeHIIMOHHOM KapTHHBI OTHOCUTEJIBHO MX HavallbHO-
ro nosioxkenus. [Ipu 3TOM BenMuKMHA CMEIeHHs ToJIoc OyneT mpornop-
LMOHaJIbHA CKOPOCTH BHEIIHEro MOTOKa (hpU3MYEecKoro Bakyyma, T.e.
BEJIMYMHE aHM30TPOIMH CKOPOCTH CBETa, a BpeMsl BO3BpaTa MoJioc K UX
HayaJlbHOMY MOJIOXKEHHIO, OyIeT MpOMOPLMOHAIILHO 3HAYCHUIO KHHE-
MaTHUYeCKOH BSI3KOCTH (pu3nueckoro Bakyyma. [IpemioskenHsle MmeTon u
YCTPOWCTBO HU3MEPEHUM SIBISIOTCS METOIOM U YCTPOWCTBOM MEPBOIO
NopsiJiKa, MOCKOJIbKY He TpeOyeTcs BO3BpallaTh JIyd CBETa B UCXOAHYIO
TOYKY. PaccMOTpHUM BO3MOKHOCTB MX pean3aliviu.

Jlnst ommcaHus NBWXKeHUS (PU3MYECKOro BakyymMa B Tpybax
BOCIIOJIB3YEMCs MAaT€MaTHYEeCKUM almaparoM TIUIPOAUHAMUKH,
KOTOpPBIA pa3BUT B paboTax [22,23] mist T03BYKOBBIX CKOPOCTEH
TEYEHUH KUIAKOCTEN U ra3os.
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Puc.1. Tpy6a B noroke rasa

Ha puc.1 nokazan oTpe30K KpYriol HUIHHAPHUECKONW MeTayinde-
CKOii TpyOBI AnuHOM |, KOTOPBIH HAXOAUTCS B MOTOKE (PU3UUECKOrO Ba-
kyyma. HampaBiieHue notoka 0003Ha4YeHO TOHKUMH HAKJIOHHBIMH JIU-
HUsIMH co cTpenikamu. [IpogonbHas ock TpyObl pacroyioskeHa rOpHU30H-
TaJIbHO ¥ COBMECTHO C BEKTOPOM CKOPOCTH (pM3MYECKOro BaKyyma Jie-
JKUT B BEPTHUKAJIbHOW TJIOCKOCTH, KOTOPYIO MPEICTaBIIsCT IUIOCKOCTb
pucyHka. byneM momarath, 4TO MOTOK (HU3MYECKOrO Bakyyma, JEHCT-
BYIOIIIUI CO CTOPOHBI BHEIIHEH MOBEPXHOCTH TPYObl, HE MPUBOJUT B
JBIKEHUE BaKyyM BO BHYTPEHHEH MOJIOCTH TPYObI, MOCKOJBbKY 3TH Yac-
TH TIPOCTPAHCTBA pa3ielieHbl METAUTHUECKOW CTeHKOM TpyObl. (3mech
YUTeHO YNOMSHYTOE BbIlIe Tpearnoioxenne Muiepa 00 3KpaHUpYIO-
IeM JICHCTBUHM METAJTMYECKUX MOKPBITHI ONTHYECKUX MyTel nHtepde-
pomeTtpoB [14].) opusoHTalibHAs COCTABIIAIONIAS CKOPOCTH MOTOKA (u-
3udeckoro Bakyyma W, JeHCTBYIOIIAs cO CTOPOHBI OTKPBITOrO TOpIa
TpyOBl, CO3IAET B TPyOE NBUIKEHHE BAKyyMa CO CKOPOCTBIO Wp, . Crenio-
BaTeJIbHO, MeTaJllMueckas TpyOa sBisSeTCS HaINpaBJISIOLICH CUCTEMOI
JUTS TIOTOKA (u3rueckoro Bakyyma. [loBepHem TpyOy B ropv30HTaIbHOMN
TUIOCKOCTH TakK, YTO €€ MPOJOJIbHAS OCh 3aliMeT MOJIOKEeHUE MepIreH/1-
KYJISpPHOE TUIOCKOCTH pUC.l WM, 4TO aHAIOTUYHO — MEPNeHANKYJIIPHOE
BEKTOPY CKOPOCTH (PU3MYECKOro Bakyyma. B aTom monoxkeHun oba ot-
KPBITBIX TOpLA TPyObl HAXOAATCS B OJMHAKOBBIX YCIOBHUSX MO OTHOILLE-
HHIO K MOTOKY (pr3nueckoro Bakyyma, rnepenaz naejieHus AP Ha oTpeske
TpyOBl JNTNHOM |, paBeH HyIIO U B COOTBETCTBHU C BbIpaxkeHueM (5) cko-
pPOCTh JIBU)KEHUSI BakyyMa B TpyOe paBHa Hymo. B MoMeHT BpemeHH tg
NnoBepHeM TpyOy B MCXOIHOE MOJIOKeHHe. B 3ToM ciiydae OTKpbITHIE
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TOpPLBI TPYObl HAXOAATCS B Pa3HBIX YCIOBHAX MO OTHOLIGHHIO K MOTOKY
¢m3nyeckoro Bakyyma. ['opusoHTanbHas cocrapisonas ckopoctu W,
CO371acT Ha OoTpe3Ke TpyObl nepenan aasjieHus: AP, noxa AelcTBUEM KOTO-
poro B TpyOe OyzeT pa3BUBaTbCs IBMKEHHE (PU3NUECKOTO BaKyyMa.

0,95

0,51

Wy (t)/ Wpq

1 t; t
Puc.2. U3meHeHne BO BPE€MEHH CKOPOCTH ABUKEHUS KUIKOCTH B pr6e
[IponycTum BOSIB OCH TPYOBI Sy CBETa.

MoxHO 3anucaTh, 4TO (pa3a CBETOBOW BOJHBI Ha OTpe3Ke JUIMHON
|, N3MeHUTCS Ha BETMUNHY @

g=2mfl V", (11)

rae f—yacrora anekTpoMarHUTHOM BOJHBI; V — CKOPOCTH CBETa B
Tpy6e. CornacHo UCXOIHOM TUIOTe3e CBOMCTBA (PM3MYECKOro BaKyyMa
OMpPEIeIISIIOT CKOPOCTh PACIPOCTPAHEHHs AJIEKTPOMArHUTHBIX BOJIH.
U3 storo cnenyer, uto ecau B TpyOe anauHoi |, cyimecTByer notok ¢u-
3UYECKOT0 BaKyyMa, CKOPOCTh KOTOPOT'O U3MEHSIETCS BO BPEMEHH, TO U
(aza cBeTOBOI BOJIHBI Ha OTpe3Ke TPYObI JUTHHOIA |p, OyneT M3MeHsThCs
BO BPEMEHH B COOTBETCTBHH C M3MEHEHHEM BO BPEMEHH CKOPOCTH
ABWKeHHs (uzuueckoro Bakyyma Wy(t). Torna Beipaxenue (11) momy-
YUT BUJ

p(t) =2fl, [exw,(B)] (12)
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rjie C— CKOpPOCTh cBeTa B (PU3UUECKOM Bakyyme, HEMOABHIKHOM
OTHOCHTENIbHO HabsonaTens. B Beipaxkenun (12) 3Hak "+" npuMeHnM,
KOIJla HamnpaBlieHWE PaclpOCTPAHEHUS CBETa COBMAJACT C Harlpaslie-
HUeM JBIKeHHs (Qr3nveckoro Bakyyma B TpyoOe, a 3Hak "—", koraa sTu
HarpaBjeHUs MPOTHUBOMOIOXKHBI. Benuunna @ (t) moxkeT ObITh H3Me-
peHa ¢ MOMOLIBIO ONITHYECKOr0 HHTepdepomeTpa.

B Hacrosuieii pabote ucnosnb3oBaHa cxema uHtepdepomerpa Po-
s ectBeHckoro [24]. Ha puc.3 npezacrapieHa cxema uHTepdepomeTpa
¢ TpyOoii 1 MmokazaHbl €ro OCHOBHBIE y3Jbl: 1 —OcCBeTHUTENb; 2 —OTpe-
30K MeTaJuIn4eckoil TpyObl; 3 — oKyJisip co mkaiou; P, P, — miocko-
napanienbHble TONyrnpo3pauHbie riacTuHel; M;, M, — 3epkana. Xon
Jydel MOKa3aH TOJCThIMU JIMHUSAMHU cO cTpelikamu. OnuH U3 Jyuei
CBeTa MPOXOJMUT BIOJIb OCH TPYObl M HAa PUCYHKE MOKa3aH MyHKTHPHOM
nunueit. JInuna TpyO6st |, = PIM,. Vanst P, My u P,, M, ycranasnusa-
I0TCS IOMAPHO MapasuiesIbHO.

M, Py

Puc.3. Cxema onTuueckoro uatepdepomerpa

Mi, M, ycTaHaBiuBarOTCS JIpyr OTHOCHUTENILHO JIpyra Ha Mallblid
yrojl. Yribl Iy, Ip — YIJIbl MEXAy HOPMaIsAMH K TUIOCKOCTSM 3epKal
M1, M, u niyuamu, nagarompMu Ha HEX. Pacctosaus PIMy = M,P;, =1,
M;P, = PM,=1,. B knaccudeckoM ciiyuae, €Clid He YUUTBIBATH JIBU-
JKeHHe (U3NYecKoro Bakyyma, JeHCcTBUe HHTephepoMeTpa CBOIUTCS K
cnenyroniemy. Jlyu cBeta ¢ AJMHOM BOJIHBI A pazziensercs MIacTHHOM
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P: Ha nBa my4a, KoTOpBIE TOCTe OTpaykeHus oT 3epkai M u M, u ipo-

XOKICHUsI TUIACTHHBI P, 0Ka3bIBalOTCs MapasiesbHbIMKU C Pa3HOCTBIO
¢a3 [24]

0 =4l A (cog, —cosi,) . (13)

Vrnel iy, i ycTaHaBNIMBAKOTCS NPH HACTPOiKe HHTepdepomeTpa
Tak, 4ToObl B OKyjsipe 3 Habonanacy MHTephepeHIMOHHAsS KapTHHA.
(V3nbl HaCTpOMKHM Ha cXeMe YCJIOBHO He MoKasaHbl.) B HacTpoeHHOM
uHTepdepomeTpe BennurHa O= CONSt.B mnpaBoii yactu puc.3 cemeii-
CTBO CTpeJIOK 0003HayaeT ABMKeHHEe (PU3MYECKOro BaKyyMa cO CKOpo-
cteto W, . Ecnin pazmectuts y3mbl uHTEpdepoMeTpa Ha rOpU3OHTAIIb-
HOM BpalaloleMcs OCHOBaHUH, TO TaKoW MpUOOp MOXHO MOBOpauu-
BaTh B TMOTOKe (u3nveckoro Bakyyma. Ock BpallleHHS MEpreHINKY-
JIIpHA TUIOCKOCTH PUCYHKa 1 0003Ha4eHa Kak A, .

Paccmotpum neiictBue uHTepdepomerpa ¢ Tpyooii (puc.3) B moto-
ke ¢usnueckoro Bakyyma. [lomoxeHnue mosoc vHTephEepeHLIMOHHOM
KapTUHBI OTHOCHTENIBHO LIKAJbI OKYJsipa 3 onpezaenseTcs pasHOCThIO
(a3 myueli cBeTta, KOTOpbIe pacrpocTpaHstoTcs mo mytsam PMoP, u
PiM,P;.

JleiicTBre naTepdepomeTpa ¢ TpyOoii, B YCTAHOBHUBLIEMCS PEXKUME
paboThl, He OTIAMYaeTcs OT AeHCTBUS MHTephepomerpa PoxnecTBeH-
ckoro. B o6oux uHTepdepoMeTpax nosokeHue Mojaoc HHTepepeHLu-
OHHOM KapTHHBI OTpe/eiieTcsl Ha4albHOW pa3HOCThIO (a3 0. UHrep-
¢depomeTp ¢ TpyOoii, B ycTaHOBUBLIEMCSl peskuMe paboThbl, HE YYBCT-
BUTEJIEH K CKOPOCTH JIBWKEHHUS (PU3MUECKOTO BaKyyma, U ¢ TIOMOLIBIO
TAKOT0 YCTPOWCTBA HeNb3sl MOKa3aTh HAIUYME WM OTCYTCTBHE OMNTH-
YecKOH aHHM30TPONMUM MPOCTPAHCTBA, OOYCIOBIEHHOTO JABHXEHHUEM
BaKyyMa.

B nunammueckoMm peskume paboThl MHTepdepoMeTpa, U3MEeHeHHe
BO BPEMEHHM HOPMHUPOBAHHOW BEJMYMHBI CMELICHUs MMOJoc MHTepde-
penimonHo# kaptunbl D(t)/D(tp) Oynet umeTh BHI, MpeAcCTaBICHHBIN
Ha puc.4. PucyHok 4 MmOCTpUpYyeT CHeNIaHHBIA BBILIE BBIBOA, YTO
uHTEeppepoMeTp ¢ TpyOOH, B AMHAMUUECKOM pekKUMe paboThbl, YyBCT-
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BUTENIEH K CKOPOCTH JIBUKEHHS BHELIHErO MOTOKA (DHU3MUYECKOro Ba-
kyyma W, ¥ C TIOMOII[BIO TAKOrO YCTPOMCTBA MOKHO MMOKA3aTh HaJIM-
Yype WM OTCYTCTBHE ONTHYECKON aHHU30TPOIMM MPOCTPAHCTBA, 00Y-
CJIOBJIEHHOTO TaKWM JBWKeHHEM. M3 puc.4 u Beipakenus (22) cieny-
€T, YTO €CJTH B MOMEHT BpEMEHH ty H3MEPUTH BEIMYMHY CMEIIEHHUS 10~
soc D(to)

[a—y

0,05

D(t) [ D(1y)

<

Puc.4. Cmewmenne nosoc MHTepgepeHIHOHHOI KAPTHHBI B IHHAMHY€ECKOM pe-
JKMMe padoThbl MHTepdepoMeTpa

OTHOCHTEITFHO WX HAYaJIbHOTO TIOJIOXKEHUs Ha IIKaJle OKyJsipa WH-
TepdepomMeTpa, TO MOKHO HAWTH CKOPOCTb IBMIKEHHUS (PU3NYECKOTrO
Bakyyma W

W, =£D(t,) c A 1" (24)

Beipaxenust (22), (24)u puc.4 WUTIOCTPUPYIOT Pean3yeMOCTh
NPEUI0KEHHOTO MEeTO/Ia MPSIMOT0 M3MEPEHHs] aHM30TPOITMH CKOPOCTH
cBeTa, B KOTOPOM He TpebyeTcsi, kKak B UHTepdepomerpe Maiikenbco-
Ha, BO3BpALLATh JIy4 CBETa B UCXOJHYIO TOYKY. B BbIpakenuu (22) uz-
MepsieMasi BellnurHa D mponopuuoHanbHa MepBoil CTeneHu OTHOLLe-
HHSl CKOpOCTH (PU3MUYECKOro BakyyMa (BEJMYMHBI aHU30TPOIHH) K
ckopoctu cBeta (W, /C).

CrieioBaTeNnbHO, MPEIOKEHHBIE METOA M YCTPOMCTBO SIBISIOTCS
METOZIOM U YCTPOMCTBOM MEPBOrO MOPSAKA AJIs MPSIMOrO W3MEpEeHUs
AQHU30TPOIHMH CKOPOCTH CBETA.
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CmpyKmypHas cxema uamepumenbHozo yCmpoiicmed

CxeMaTH4eCKuil pUCYHOK M3TOTOBJIEHHOTO HHTepdepoMeTpa Mo-
KazaH Ha puc.5 (Bua cBepxy). 34ech coxpaHeHbl 0003HaYEHHs OCHOB-
HBIX y3JI0B, MPUHATHIE Ha puc.3. JlonmomHuTenbHO nokaszansel: 4,5 y3-
JIbI HACTPOMKKM MHTepdepomeTpa; 6,7 —CTONKHM Ui KperuieHUs TOoTy-
MPO3payHbIX IJIACTHH U 3epKal,

Puc.5. KoHerpykuust uatepdepomerpa

8 — pama uHTepdepomeTpa; 9 — HUCTOYHMK NMHUTAHUS OCBETHTEIS,
10— Brimovarenb ocBetuTens; 11— y3en kperuieHus okynspa; 12—
TETIOU30JIMPYIOLINI KOXKYX (pa3pes); 13— cheMHas cTeHKa KoxyXa co
CTOpOHBI OKyJsipa. Pama 8 wu3roroeieHa M3 CTaJbHOTO MPOQUIIS
IT — o6paznoro ceuenus. TonmmuHa ctenok npoduns 0,007m. Bricota
npoduns 0,02m. nuna pamel 0,7M, wupuna 0,1m. V3nsl untepde-
poMeTpa yKperuleHbl Ha TUIOCKOM moBepXHOCTH pambl. Ctoliku 6 n 7
W3TOTOBJICHBI U3 MPAMOYTOJIEHBIX MEIHBIX TPYO ¢ BHYTPEHHHUM ceve-
nuem 0,01m % 0,023wm. Jlyun cBeTa mpoxoasT BHYTpHU 3THUX TpyO. Pac-
cTosine Mexay Jdydamu PiM, u M;P, pasno 0,12m. Ha crolikax, B
Toukax P;, P, ycTaHOBIICHBI ONTYNIpO3pavHble MIACTHHBI, B TOUKax My,
M, — 3epkana. B usrotoBneHHOM uHTepdepoMeTpe B KauecTBe MOJy-
MpO3payuHbIX IUIACTHH HCIMOJB30BaHbl IUIOCKONAapaliebHble CTeKJIa
tomuuHoi 0,007m. Crekna 1 3epkana yiepKUBaloTCs Ha CTolKkax 6 u
7 ¢ nomouipto npyxuH. CTekna, 3epKaja W y3Jbl UX KpeIruieHHs Ha



HccnenoBanust 3¢upHOro BeTpa 77

pHC.S YCIIOBHO HE TIOKa3aHbl. Y37bl 4 ¥ 5 TIO3BOJISIOT U3MEHSATH T0JIO-
JKeHHe CToeK 6 1 7 B AByX B3aMMHO MEPIEHIMKYISIPHBIX TUIOCKOCTSX.
Tpy0a 2 cranpHas ¢ BHyTpeHHUM paguycom a, = 0,0105m. Jnuna tpy-
o6l |, = 0,48M. V37bl kperieHus TpyObl yCIOBHO He MoKa3aHbl. B ka-
YeCTBE OCBETHUTEJISl NMPHUMEHEH TMOJTyTPOBOHUKOBBIN J1a3ep C JUTMHOM
BonHbl A = 6,510 M. Okyssip 3 €O MKanoi Mo3BONSET U3MEPHUTH MH-
HUMAJIBHOE CMeLIeHHe MOoJIOC MHTepPEePeHIMOHHON KapTHHBI BEITUYH-
HOM Dpin = 0,05.0nTHyeckre myTH pacroyioxkKeHbI MapauiebHO MI0C-
kocTH pambl. Ha puc.6 npencrasineH (oTocHUMOK HHTepdepoMeTpa.
CHATBI BepXHUI 1 OOKOBBIE (pparMeHTHI 3aIIMTHOrO KoXKyxa. B pabo-
YeM TOJI0KEHUH WHTep(epOMeTp MOTHOCTBHIO 3aKPBIT KOXKYyXoM 12 u
pa3MelleH Ha MPeIMETHOM CTOjle W3  JUIJIeKTPUUECKOro  mare-
puana Tonmuuaoit 0,02m. IToBopoThl mHTepdepomeTpa obecrieunBa-
JIOCh C MOMOUIBIO TIOBOPOTHOTO YCTPOWCTBA, PACHONIOKEHHOTO MEKIY
MpeaMETHBIM CTOJNOM W onopoii. KoHcTpykuust onopsl obecrievrBaeT
YCTaHOBKY MHTep(hepoMeTpa B TOPU30OHTANILHOE MOJIOKEHHE.

Puc.6. ®otocHumok uHTepdepomerpa

Koxyx 12 M3roToBjieH M3 JKeCTKOro BCIIEHEHHOTO TEIIOU30JIsLH-
OHHOrO MaTepuana W B MOMEPEYHOM CEYEHHH MNpecTaBiseT coOoM
NpSMOYTOJIbHYIO TpyOy C BHYTPEHHMMH pa3MepamMH. LIMpHHA
b, = 0,22m, BeicoTa h. = 0,11m, mnuHa | = 0,8m. TommmHa cTEHOK
kokyxa 0,06mM. Ctenka 13 U3roTOBNIeHa W3 MSTKOTO TETUTOM3O0JISIIH-
oHHOro Matepuasia. Ha puc.7 nokasan ¢poTocHUMOK HHTepdepomeTpa
Ha M3MEPUTENILHOM TMyHKTe. BHIHBI omopa, Kpyr MOBOPOTHOrO YCT-
poiicTBa, IPEMETHBII CTOJ U HHTEP(HEPOMETP B 3aLLUTHOM KOXKYyXeE.
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Puc.7. UnTepdepomMeTp Ha H3MePUTETEHOM MYHKTe

OTMeTuM 0coOeHHOCTH PaboThl M3TOTOBJIEHHOTO MHTEpdepomerT-
pa. B oTnume ot cXxembl, NpUBECHHOMN Ha puc.3, peajibHas KOHCTPYK-
LU COACPXKUT KOXKyX 12, KOTOpBIIi MOXET CYIIECTBEHHO BIIMSTH Ha
paboty uHTepdepomerpa. PaccMoTpum aBMKEeHHE (PHU3NYECKOrO Ba-
KyyMa CKBO3b MaTepuasl Kokyxa 12, kak JBM)KeHHE raza CKBO3b MO-
PUCTYIO Cpefy, UTO TO3BOJISIET MPUMEHNUTD MOJIOKEHHS TeOpUH (PUITbT-
pauuu [25]. Tlycte Ha puc.5, cripaBa HaJleBO, IBHKETCS MOTOK (pu3u-
4ecKoro Bakyyma. B moToke ycioBHO BbinenuM Tpu 4act. [lepsas
4acTh JIBMKETCS 32 MpenesiaMy Koxkyxa 12, Bropast — BHYTpH OOKOBBIX
CTEHOK KO)KyXa, TPeThsl MPOXOAUT 00€ TOPLIEBbIE CTCHKH KOXKyXa U
JBIDKETCSl BO BHYTPEHHEH MOJIOCTH KOXKyXa. M3BecTHO, 4TO CKOpOCTh
¢dbunbTpauu We onpenensiercs 3akonom lapeu W = kg hoL™ roe ke —
aMnupuueckuii koadduiment ¢punprpanuu; h, — Hamop, TepsieMblii Ha
umHe TyTd unbTpanuy L. CornmacHo 3akoHy Jlapcu ckopocTh OTOKa
npu GUILTpayu 0OpaTHO MPOMOPIMOHATBHA JJIMHE MYyTH (UIILTpa-
. MOKHO BHIIETh, YTO U3 TPeX BbIICICHHBIX BbILIE YacTei MOTOKA
¢usnyeckoro BakyyMa HaWMEHbBIIEH CKOPOCThIO 00JiafaeT BTOpas
4acThb, JBIKYINAsCS BHYTPHU OOKOBBIX CTEHOK KOXKYXa, MOCKOJIbKY OHa
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MMeeT HauOOoIbINYIO UIMHY TyTH (unbTpaimu L, paBHyo mMHe Ko-
xyxa. CoryacHo ypaBHeHHIO bepHyIuH, B 4acTH MOTOKa rasa, IBUKY-
HIerocsi ¢ MeHbIel CKOpOCThIO, aBieHue Haubombinee [22,23]. Cre-
JIOBATEJIbHO, B YacTH MOTOKa (pU3MYECKOTO BaKyyMa, IBHXKYLLErocs B
ToJIEe OOKOBBIX CTEHOK KOXKyXa, AaBJIeHHE BBIIIE, YeM B TIPHIISIKALINX
4acTaX MOToKa. Takas 4YacTh MOTOKA, C TOBBIIICHHBIM BHYTPEHHUM
JaBJICHUEM, BBIMOJTHSIET POJIb CTEHKH TPYObI, KOTOpasi, MO0 OTHOILEHHIO
K KOXKYXy MHTepdepoMeTpa, pasienseT MOTOK (pHU3NYEeCKOro BaKyyma
Ha BHEIIHWH W BHYTpeHHHMH. OTciofa ciemyeT BBIBOJ, BaXKHBIW IS
JaJibHeliero aHanuza paboThl W3FOTOBJIEHHOTO HHTepdepomerpa —
3alIMTHBIA KOXKYX HMHTepdepoMeTpa, M3roTOBJICHHBIH M3 MOPHUCTOrO
JUDJIEKTPUUECKOTO TEITOM30JIMPYIOIIEro Marepuana, Mo OTHOLLIEHHIO
K MOTOKY (PU3MUYECKOro BaKyyMa MCTIOJIHSET POJib HampaBJIsoLel cuc-
TeMbl. (Pe3ynbTaThl SKCHEPUMEHTAILHOM MPOBEPKU 3TOrO MPEATNoNo-
JKeHUsI TIPUBEICHbI HIJKE B paszesie "ucnbitaHue natepdepomerpa”.) B
TAKOM Clly4yae, BHELIHUM [0 OTHOLIGHHUIO K TpyOe 2 MoTokoM (hu3nye-
CKOTO BaKyyMa cJIe[yeT CUMTaTh JBW)KEeHHEe (PU3NUEcKOro BaKyyma BO
BHYTpEHHEH MoJocTH KoxyXxa 12, B KOTOpPOH, Kak M B Tpybe 2, Hauu-
Has ¢ MOMeHTa tp, OyaeT pa3BuBaTbCcsl ABMKEHHE (PU3UYECKOTO Bakyy-
Ma.

Ha puc. 8 B HopMHpOBaHHOM BHIE MpEACTaBICH pe3yJbTaT pacue-
Ta 3aBucumoctu D(t)

I | f
| 0/1'?::I Ild
S5 | 1
% o |
0 - " " | 1

0 5 10 {.sec

Puc.8. U3meHeHue cMeLieHHsI M0J10¢ HHTeP(ePeHIIMOHHOI KAaPTHHBI BO BpeMeHHU
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Oskupaemasi IJIMTENTbHOCTh IMHAMUYECKOTO pesKUMa paboThl MH-
teppepomerpa ty= 10,3cex. Bennuunsl D(ty) v ty B npemiokeHHOM
MeToJie U3MEpeHus ABIAIOTCS n3mMepsieMbiMu. M3 puc. 8 cnemyer, uro
JUISl BBITTOJTHEHHSI OZTHOPA30BOTO M3MEPEHUsl BEJTMUMHBI CMEILeHUS 110~
noc uHTephepeHuMoHHOM KapTuHbl D(ty,) TpeOyercs Bpems tsp = tm.
COOTBETCTBEHHO Ul OJHOPA30BOT0 M3MEPEHUs JIMTEIbHOCTH JTUHA-
MUYECKOro pexkuMa pabotel MHTepdepomerpa ty TpeOyercs Bpems
tsy = tg. OTHOCHUTENBHO MaJible 3HAYSHUS JAJTMTEIbHOCTH OIHOPA30BBIX
usMepenuii BenuunH D(ty,) v ty cyiecTBeHHO oGsieryaroT TpeOoBaHUs
K TapameTpaM TeIUIOBOM 3aiuThl uHTepdepomerpa. CoryiacHo puc.8
TeIJIOBasl 3allUTa J0JKHA ObITh TaKOM, YTOOBI MPH U3MEPEHHSAX BEJIH-
yuHbl D(tm) ckopocTh TemnepaTypHoro apeida nosioc uHTepdepeHim-
OHHOM KapTuHbl Vp He mnpeBbimiana 3HadeHus Vp = Dpin/tp, wium
Vb < 0,06m050ck1/cek, a MpU U3MEPEHUIX UTUTEILHOCTH JIWUHAMHuUeE-
cKoro pexkuma pabotel uHTepdepomeTpa ty BennunHa Vp He J0MDKHA
npeBbimaTh 3Ha4eHUst Vp = Dyin/ tyy, i Vp < 0,0048momocki/cek.

HcnbiTanue unrepdepomerpa. Hcenbitanus BrIoYanu B cels
CTaTHYECKHe M TUHAMHYECKHE HCIIBITAHUS JKECTKOCTH KOHCTPYKLUH
M3rOTOBJICHHOTO MHTep(hepoMeTpa U YCTOMYMBOCTH MHTepdepomeTrpa
K TeIUIOBBIM BoO3IeicTBHsAM. Ha 3akitounTeslbHOM 3Tamne UCIbITaHHUi
M3MEpEeHO 3HaYeHHe KMHEeMaTHYeCKOW BS3KOCTH (DU3MYECKOrO BaKyy-
Ma, 4TO TO3BOJIMJIO KCIEPUMEHTAIbHO YTOYHUTh METPOJIOTMYECKHe
CBOICTBa UHTEephepoMeTpa.

XKecrkocTh MHTEpdepomMeTpa mpoBepeHa AByMs crocobamu. [lo
nepBoMy croco0y HHTep(hepoMeTp yCTaHABIMBAJICS HAa TBEPAOW TOpH-
30HTaJIbHO# MoBepXHOCTH. OMH U3 KpaeB pambl MOJHUMAJICS TaK, YTO
yroJl HakKJIOHa IUIOCKOCTH paMbl K IUIOCKOCTH TOBEPXHOCTH IOCTH-
ran = 2(°. B TakoM MOJIO)kKEHUU PaMbl CMEIIEHHE TIOJIOC UHTEpdhepeH-
LMOHHOW KapTHHBI, OOYCIIOBJIEHHOE YNPYruMu aedopMauusMu HH-
teppepomerpa, He npebimaio 0,3 nomocel (D < 0,3). [lo BTOpOMY
Croco0y JKECTKOCTh MHTephepoMeTpa NpoBepsIach B COOPaHHOM BH-
ne, B paboveM MoJIoXkeHUH. YTiibl HakioHa uHTepdepomerpa g0 10°
CO3/1aBAJINCh HAKJIOHOM IPEAMETHOrO CTOJA. 3aMETHOrO CMELIEeHMS
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nosioc He Habmoxanock. CreoBaTeNbHO, B YKa3aHHBIX Mpejenax H3-
rOTOBJICHHBI MHTEP(hEPOMETP He UyBCTBUTEIICH K OLIMOKaM ero ycra-
HOBKH B TOPHU30HTAJILHOE MOJIOXKEHHE.

[TpoBepeHa ycTOHYMBOCTE MHTephepoMeTpa K yJapHbIM Harpys-
kaMm. Jlerkue yaapbl o pame uHTephepoMeTpa, MpeAMETHOMY CTOIY U
Orope BbI3bIBAIM JPOKAHUE MOJIOC MHTEP(HEPEHIIMOHHON KapTHHBI Ha
NPOTSHKEHUU J1oJiel ceKkyHabl. [Ipu 3ToM MHTephepeHIMOHHAs KapTH-
Ha He paspyuianack. [locse mpekpalleHus yaapHbIX Harpy3o0K MmoJiochl
COXpaHsJIM Ha4yaJlbHOE MOJIOKEHHE.

Hcnbitanns uHTEphepoMeTpa Ha MECTHOCTH, BBIOPAHHOM IS 9KC-
MepUMEHTAIbHBIX KCCIIeIOBaHUM, MOKazanu cieayomee. J[BmkeHue
MeLIeX0/I0B M JIErKOBBIX aBToMoOM e B 20 MeTpax OT MecTa yCTaHOB-
KU MHTep(depoMeTpa M NepeBMKeHUE HaOJrojaTesnsi B HEMoCpecT-
BEHHOM OJIM30CTH OT MecTa YCTAHOBKHM HE BBI3BIBAJIO 3aMETHOTO CMe-
IIEHUSI WM JpOoXKaHWsi Mojioc. B BeTpeHyto moromy, nmpu CKOPOCTH
BeTpa /10 6 M/cek, MHTepdepeHIMOHHas KapTuHa yctoiuuBa. Cienosa-
TeJIbHO, MECTHOCTb, BbIOpaHHas AJisi pa3MelIeHHs H3MEepPUTENTbHOTrO
MyHKTa, NPUrOHA ISl MPOBEICHUSI CUCTEMATHUECKUX M3MEPEeHH B
OMNTHUYECKOM JIMaria3oHe BOJIH.

TeroBble WcHbITaHUS MHTEp(epoMeTpa B HATYpPHBIX YCIOBHSAX
NPOBEJICHBI B JIETHEe BpeMs roja, B 6e300s1auHyto rnoroy. 3ajaBaiach
pasnuuHas opueHTauus uHTepdepomeTpa 1Mo azumyTty. B Hemoapmxk-
HOM TIOJIOKCHUH MHTep(epoOMeTp HarpeBajicsi COTHEYHBIM H3JTy4YCeHH-
em. 3a Bpems 30MHUHYT CMeIlIEHHE TOJIOC HE TPEBBIIANO 3HAYCHUS
D =0,35 ¥p=0,0002n0n0cki/cex). CraenoBaTenbHO, KOHCTPYKLIMS
uHTep(depoMeTpa U Ka4eCTBO €ro TeIUIOBOW 3alllUThl TAKOBbBI, YTO MO-
3BOJISIIOT BBIMOJHATH B HATYPHBIX YCJIOBHSAX OHOPA30BbIe M3MEpEHHs,
C JUIMTENILHOCTBIO Tpouenypbl uaMepenus ao 250cek, uTo cylect-
BEHHO MpEBbILIAeT TpeOyeMyl0 JUTUTENBHOCTh NPOLEAYPbl OJHOPA30-
Boro mmMepenus (= 15 cek).

[MpuHLMN eficTBUS METO/a U3MEPEHHUS TO3BOJIHI BBINOJIHUTD JTU-
HaMHYECKHE MCITBITAHHUsI )KECTKOCTH KOHCTPYKLMH MHTepdepomeTpa B
pabouem monoxeHud. [Ipu 3TOM npouenypbl UCIBITAHUI HE OTJIMYa-
JIMCh OT MPOLEIYpP MPUHATOW METOIMKHN 3MepeHHuid. CyIHOCTb UCTIbI-
TaHWii 3aKirouaeTces B crenytomeM. [Tycts B uHTepdepomeTpe Kaxabiii
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u3 JIydell cBeTa MPOXOIMT BOJbL ocel TpyO ¢ paBHBIMH reomeTpuye-
CKMMH pazmepamu. Torna B JUHAMUYECKOM pexXume padboTsl MHTepde-
pomeTpa MpOLECcChl YCTAHOBJICHHS IBHKCHUI (PU3NUECcKOro Bakyyma B
Ka)XJOM M3 TakuxX TpyO MAeHTHuHbI. B 3TOM cityuae, coriacHo BbIpa-
sxeuuto (36), BeiMunMHa CMEIeHHs TOJI0C MHTep(hepeHIIMOHHON Kap-
TiHBI D(t), 0/KHA paBHATBCS HYJIO M 9TO JOJDKHO BBIMOJHATHCS MPU
JOCTATOYHOW JKECTKOCTH KOHCTPYKLMH. MCrbITaHWs BBITIOJIHEHBI B
HaTYPHBIX YCIIOBUSX B PA3JIMUYHBIX CE30HAX rojia M B pa3jiniyHOe BpeMs
cyTtok. Ilpumensice TpyObl paBHBIX '€OMETPHUYECKUX Pa3MepoB, W3-
TOTOBJICHHBIE KaK U3 OJHOPOJIHBIX, TaK M U3 Pa3HOPOJHBIX MaTepHAJIOB
(MeTam1, Hempo3payHblid AMAIICKTPHK, CTeKI0). Bo Bcex ciydasx mo-
clie TIOBOpOTa MHTepepoMeTpa 3aMETHOTO CMEILEHHUs MOoJIoC MHTep-
(epeHLIMOHHOI KapTHHBI He HA0JIIOAAI0Ch. 3a UCKITIOYEHHEM TOTBITOK
MPUMEHEHHUS] Pe3KOro, Hecrneuu(UuecKoro npeKkpauieHus BpaleHUs
uHTepdepoMeTpa, ¢ 1ebto HabroneHus 3¢GdekToB ynpyroi aedop-
Maluu KOHCTPYKLUMH MHTepdepomerpa. B Takux momnbITkax Habmoxaa-
Jock cMelieHre nonoc BennunHoil D < 0,2 Ha npoTshkeHuu noneid ce-
KyH/Ibl, IOCJIE Yero MOJIOChl 3aHUMAJIM UCXOJHOE TMOsIoxkKeHHne. Pesyiib-
TaThl IMHAMUYECKUX MCTIBITAHUN MOKAa3allv, YTO )KECTKOCTh KOHCTPYK-
LM W3TOTOBJICHHOTO MHTep(epoMeTpa NOCTATOYHA /TS BBHIMOTHEHHS
npoLenyp, MPeIyCMOTPEHHBIX METOIUKOW MpPOBEACHHS H3MEepeHHH.
BakHbIM pe3ysbTaTOM 3TOTrO 3Tana MCHBITAHHUN SBUIIOCH IKCIIEPUMEH-
TaJlbHOE MOATBEP)KICHUE MPEICTaBICHHs, YTO ISl TIOTOKOB (u3nde-
CKOTO BaKkyyMa TpyOBbl, M3rOTOBJIEHHbIE M3 JW3JEKTPUKOB, MOTYT SIB-
JSTHCSI TAKMMH )K€ HAIpaBJISIOMIMMH CHCTEMaMHU, Kak M MeTaJuinde-
CKHe TpYOBbI.

JluHaMuyeckre MCTIbITaHUS HMHTepdepomeTpa ¢ IBYMs TpyOamu
PaBHBIX Pa3MEpOB IMO3BOJIMIM CHATH MPEAINOJIOKEHHE O BO3MOKHOM
BJIMSHUM BHYTPSHHHUX TeMIIepaTypHbIX 3((EeKTOB Ha pe3yJbTaThl W3-
Mepenuil. Tak, MOXKHO MPeAINoI0KUTh, YTO B HATYPHBIX YCIOBHAX OT-
JeIbHbIe Y3JIbl MpUOOpa MOTYT HWMETh pa3M4Hble TeMIepaTyphl.
BcenencTre 3T0r0, B AMHAMUYECKOM peXuMe paboThl, MOTOKH BO3MY-
Xa BHYTPHM KOXKyXa, B Pa3HBIX 4acTiX MpubOopa, MOTYT MpHOOpeTaTh
Pa3IMYHYIO TEMIEepaTypy, YTO MOXKET MPUBOIUTH K OIIUOKaM H3Mepe-
HUA. Pe3ynbTaThl HCIIBITAHUI TIOKA3aJIM, YTO €CJIM CIeJaHHOe TPe/ro-
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JIOXKEHHUE M UMEET MECTO, TO BIIMSHHE €ro Majo M JIGKHUT 32 OPOroM
YyBCTBHUTEJILHOCTH U3FOTOBJICHHOTO HHTEpdepomeTpa.

JlMHaMuyYeckre HCIbITaHUs HHTepdepoMeTpa MOATBEPAMIA H3-
BECTHBIN pe3ysbTaT, YTO JIBMIKCHHWE OJHOPOJHOrO TMOTOKA BO3IyXa B
ONTHUYECKUX MyTAX UHTephepoMeTpa He MPUBOJUT K 3aMETHBIM OLIHO-
kam u3mepenwii [20]. Tem He MeHee, Oblia BBIMOJHEHA OILIEHKA MaKCH-
MaJIbHO BO3MOKHOT'O 3HaueHUs TakoW omuOku. [Ipennonaranock, 4to
BO3yX ¢ mokazareiem npenomisienus N = 1,0004 aemxkercs co ckopo-
ctbio V = 10 m/cek TosibKO B 0JiHO# TpyOe uHTepdepomeTpa (3HaueHHe
BeMMYKMHBI V B3ATO CYyIIECTBEHHO Gofbiine okuaaemoro). C ydeTom
koahduimenta yeneuenns Openens K = 1-N"> MOKHO MOTYYHTh, YTO
CMelIeHHe T0JIOC UHTepPEePeHMOHHON KapTHHBI, 00YCIIOBJICHHOE Ta-
KUM JIBU)KCHHEM BO3/yXa, He TpeBbilnaeT 3HaueHus D = 3,5][0_6, 4TO
B 14000pa3 MeHbllle MUHUMAJILHO BO3MOKHOTO HAOJIFO/IaeMOro 3Ha-
yenust D, = 0,05.

3aKIIIOYUTENIbHBINA 3TalN WCIBITAaHUK NpeAcTaByisi coboi ycTaHo-
BOYHYIO CEPUI0 M3MEPEHHH, BBIMIOJIHEHHYIO C 1IEJIbI0 YTOYHEHUSI MET-
POJIOTHYECKUX CBOWCTB HMHTepdepomeTpa. DKCIEPUMEHTAIBHO yCTa-
HOBJICHO, UTO TMOCJIe OKOHYAHUS TUHAMUYECKOTo pexxuMa paboThl MH-
Tepdepomerpa He HAOIIOAATIOCH 3aMETHOTO CMEIICHHS TOJIOC UHTep-
(epeHUMOHHOW KapTHHBI OTHOCHTEJILHO MX HAYaJbHOTO TMOJIOKEHUS,
T.e. BesinunHa cmettenus nojoc D(t)_.., = 0. Takoii pe3ynbrat He npo-
TUBOpeunT mpennoynoxkenusM (17) u (34) o MajioM CONMPOTUBICHUU
TpyO wuHTephepoMeTpa IBUKEHUIO (U3UYECKOTO BaKyyMa BHYTPH
3THX TpyO. B 9TOM cityyae MOXKHO CUUTATH, UTO

W, ()0 SW, (), = W, (37)

Hpyrumu cioBamu Bbipaxkenue (37) mokasbiBaeT, 4TO B YCTaHO-
BUBLIEMCSl pexxume paboTel uHTepdepomerpa (mpu t—00) ckopocTH
JBWOKeHHs (usndeckoro Bakyyma B Tpybax Wy(t) m Wi(t) croms mano
OTJIMYAIKCh APYT OT APYra U OT CKOPOCTH BHelnHero moroka W, , 4to
3HayeHHe BeauduHbl D Jiexxano 3a MoporoMm 4YyBCTBUTENIBHOCTH WH-
TepdepomeTpa. ITOT IKCTIEPUMEHTATIBHBINA Pe3yIbTaT ObLT MCIIONB30-
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BaH MpH BbIBOAe cooTHoleHus (18). PesynbraThl 3aK/HOUUTENIBHOIO
sTana MCMBITAHMH M3TOTOBJICHHOrO MHTepdepoMeTpa Mokasaiu, 4TO
n3MepeHHble 3aBucumoct D(t) He mpoTHBOpeyaT UCXOAHBIM TEOPETH-
YeCKMM MpEeICTaBICHUAM O NEHCTBUM METOAa M3MEPEeHHUs, KOTOpble
nokasanbl Ha puc.8. Tak, U3MepeHHOe 3HauUeHUe BeUYuHbI {y = 1 cek;
M3MEpeHHbIe 3HaYeHHs MIMTEIbHOCTH TMHAMHYECKOro pexknma pado-
Thl uHTephepomerpa Jexanu B npegenax ty=10...13cex. HeonHo-
3HAYHOCTh W3MEPEHHBIX 3HAaUE€HHUI BEJIMUMHBI Iy 00yCIIOBIICHA, TIpeXx/e
BCEro, TPyAHOCTSIMM BHU3yaJIbHOI'O OTCHETAa MasbIX 3HAUYCHUH MeUleH-
HO M3MeHstolIelcs BennuMHbl D B KOHLE IMHAMHUYECKOro pexuma,
T.e. iput - t4.

PesynbTaThl cnbITaHUI MOKa3alv, YTO B paMKaxX MPUHATOW METO-
MKW TIPOBE/ICHHUs M3MEpeHHH MHTeppepoMeTp YCTOHUHMB MO OTHOLIE-
HUIO K MEXaHUYECKUM U TETUIOBBIM BO3JCHCTBUSM.

Metonaunka usMepennii. 3MeputenbHbld MYHKT pacroyiokeH B
13 kM oT ceBepHOIi OkpauHbI T.XapbkoB. Ha myHkTe 00opynoBaHoO JiBe
no3uunu. Ha no3unmu Nel unrepdepomerp ycTaHaBiIMBaics Ha BbICO-
Te 1,6M Hang moBepxHOCThEO 3emid. Ha mosuimm Ne2 Ha BbIcOTE
4,75M. Hanmuuue Takux IBYX MO3MIUN TpeOOBANIOCh ISl HAOIIOCHUS
"a¢dexrta BoicOTHI". M3MepeHHsi OCYIIECTBISUIUCH TUKJINYecKd. JImu-
TEJBHOCTh OJHOro LMKiIa 25-26 uvacos. B TeueHue ogHOro mecsua
BBINOMHsIIOCH 2—4 nmkia. Kakaplii UK coiepkan ciaeayrolue mpo-
uenypel. MHTepdepomerp ycTaHaBnuBasics Ha TO3MILMH, TaK 4TOOBI
MJIOCKOCTh €ro BpalleHus Oblla ropu3oHTaimbHON. [locne ycTtaHOBKHM
vHTepdepoMeTp BhIIEPKUBAJICS B HOBBIX TEMIIEPATYPHBIX YCIOBHSX B
TedeHue OJHOTro 4aca (mpubop XpaHWIICS B MoMeleHuH). Pa3oBblii oT-
cYeT M3MepseMbIX BEIMYMH BBITIONHSUICA TO cienyromeii cxeme. [1po-
JIOJIbHAs OCh HMHTepdepoMeTpa ycTaHABJIMBAJIAch BJIIOJb MEpHUHMAaHA,
TaK 4To OcBeTUTeNb 1 Ol oOpallieH Ha ceBep. B TakoM UCXOIHOM TIO-
JIOXKEHWH, B YCTAHOBHMBLIEMCSl peKUMe paboThl HHTepdepoMeTpa, Ha-
OJiro/1aTeNib PEerucTPUPOBANl HAYaJIBHOE TOJIOKEHHUE MO0JIoC UHTepde-
PEHIIMOHHOW KapTHUHBI OTHOCHUTEJIBHO WHIKAIBI OKYJisipa. JTOMY Ha-
YaJIbHOMY TIOJIO’KEHHUIO TOJIOC TPHCBAWBANIOCH 3HAYEHHWE BEJTUYHUHBI
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D = 0.3arem HabmoaTe b MEHST CBOIO MO3UIIMIO — 3aHUMAJT MECTO Y
ocsetutens. Uureppepomerp nopopaumsaica Ha 180C. [ToBopoT BbI-
MOJTHSIJICS 3@ BpeMsi OKOJIO Tpex cekyH.. [Ipu moBopoTe aBukeHue Gu-
3MYEeCKOro Bakyyma B Tpybax mpepbiBaniock. MHTephepomeTp nepexo-
W1 B AMHAMMYECKHH PEXUM pabOTbl, KOTOPbIM OMUCHIBACTCS BbIpa-
xenueM (36). B muHamuueckoM pexxuMe paboThl MHTephepoMeTpa,
HabJroaTeNb OTCYUTHIBAI MAKCUMAIbHOE 3HAUYCHHE CMELIEHHs MOJIOC
D(ty) u BpeMs Bo3Bpara moJioc ty K X HavaJIbHOMY MOJOXKEHH0. 10
MCTeUYCHUH BPEMeHH tq MHTepdepoMeTp Nnepexoan B yCTaHOBUBLIMICS
pexuM paboThl M MOBOPAYMBAJICS B HCXOJHOE MOJIOXKeHHe. B TeueHue
BpeMeHH onHoro msmepenus (10 10 MHHYT) BBINONHAIOCH 57 paso-
BBIX OTCYETOB H3MepsieMbiX BeiuuuH. CpelHee 3HaUYCHHE OTCUYETOB
MPUHUMAJIOCH 3a W3MepeHHoe 3Hauenue BearurH D(Ty) u tg, roe Ty, —
CpelHee COIIHEYHOE BPeMsl U3MEPEeHHUS.

O0pabGoTka pe3yabTaToB H3MepeHuii. Pe3ynbrarel M3MepeHMi
npezcTasieHsl B Buae tabiuy BeananH D(Ty). DT naHHbIe HCTONB30-
BaJIMCh IS BBIYMCIICHUS 3HAYCHUH aHU30Tponuu ckopoctu ceera W, .
BbruncrieHrs BBINONHEHBI ¢ MOMOLIBIO BhipakeHHs (42). JlanpHelmast
00paboTKa BKIIIOYasia B ce0sl CTaHAapTHBIC NPOLICAYPbI, IPUHSTHIC TPH
00paboTke pe3ysbTaToB 3KcrepuMenTa [26]. [Ipu 5TOM BBIYHMCIISIINCH:
W3MEHEHHE BeJIMYMHBI aHU30TPONMU B TEUEHHE CYTOK; CpedHee h3Me-
HEHHE BEJTMUMHBI aHU30TPOIHUY Ha MPOTSHDKEHUH STIOXH TO/1a; CpejiHe-
KBaJ[paTHUECKUE OTKJIOHEHHS BEJIMYMHBI AHW30TPOIHUU OT CPEIHEro
3HAYCHUs Gyy; KOIDOUIMEHTH KOPPENsUH I MEeXKIY pe3ylbTaTaMu
Pa3IMYHBIX DKCIIEPUMEHTOB. JloBepUTebHbBIE OLEHKH CPEeAHUX 3Haue-
HUU BBIYUCIISUIMCH C HaJIeXKHOCThIO paBHoi 0,95 .

Pe3yabTaTsl n3mepenuii. B cooTBeTcTBUM ¢ 3ajayamMu UcCaen0-
BaHUsl, pe3yJibTaTbl HACTOsMIEH paboThl pacCMOTPUM MNapajjiesbHO C
pesyabratamu skcriepumentoB [15], [5-7,14] u [13]. Ha3BanHble ue-
ThIpE SKCIIEPUMEHTA BBIMOIHEHBI B PA3JUUHBIX TOUKAX 3€MHOTO Liapa
C MOMOILBIO TPEX Pa3IUYHBIX METONOB M3MEPEHMH M B Pa3IUUHbIX
JMana3oHax »SJIEeKTPOMArHUTHBIX BOJH. OOCykaaemble pe3ybTaTbl
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HacTosAlIe paboTel OTHOCATCA K CepUH M3MEpEeHHi, MPOBEIeHHOH C
TOMOIIIBIO OMUCAHHOTO BBILIE ONTHYECKOTO METOa M3MEPEHHUs TIepBO-
ro nopsizaka ¢ asrycra 2001r no suBaps 2002r (Ykpauna). Ha npors-
JKEHUH CepUM BBIMOMHEHO 23220TcueTa U3MepsieMOoi BeTMUMHbI. JKC-
nepuMeHT [15] (Ykpaumna, 1998-1999rr.) BbINONIHEH B JuUamnasoHe
MHWUTMMETPOBBIX PAAMOBOJIH C TIOMOIIBIO METO/Ia U3MEPEHUsI TIEPBOTO
nopsaka. Dkcnepumentsl [5-7,14] (CLUA, 192+1926rr.) u [13]
(CIIIA, 1929r) BBIMOIHEHBI ¢ TIOMOIIBIO ONTUYECKUX METOIAOB H3Me-
peHHs BTOPOTO TMOPsJIKA, B KAYECTBE KOTOPBHIX HMCIOIB30BAaHBI KPECTO-
o0pa3zHble MHTEep(epOMeTpbI, U3rOTOBIICHHBIE TIO cXeMe MaiikesbcoHa.
e¥icTBre METOAOB M3MEPEHUH, TPUMEHEHHBIX B NEPEUMCICHHBIX KC-
MeprUMeHTaX, OCHOBAHO Ha MPEJICTaBICHHUAX O paclpOCTPaHEHUH BOJTH
B JIBUKYLIEHCS cpese, CBOWCTBAa KOTOPO# ONMpeAeNsioT CKOPOCTh pac-
MPOCTPaHEHHs AIICKTPOMArHUTHBIX BOJIH. B pamKkax MCXO/IHOM rumore-
3Bl 3TO JTaeT BO3MOXKHOCTb TPAKTOBATh Pe3yJIbTaThl HA3BaHHBIX HKCIIe-
PUMEHTOB B TepMHHAX aHU30TPOIUH CKOPOCTH cBeTa. PaccMoTpum
MpPOSIBJICHUE MCKOMBIX 3((PEKTOB: aHU30TPOIUH, BBICOTHI U THAPOJH-
HaMuueckoro 3¢ddekra, B SKCMepUMEHTax MO PaCHPOCTPAHSHHUIO HITeK-
TPOMAarHUTHBIX BOJIH.

Ha ¢parmenrax puc.9 npencrarieHbl CpefHHE pe3ysbTaThl Ha-
crosieit pabotel (puc.9a), skcnepumenta [15] (puc.9b) u skcnepu-
meHTa [5-7,14] (puc.9C), koTopbie MoTyYeHbl B pa3Hbie TObl B SMOXY
aBrycra. TepmuH "smoxa" 3aMMCTBOBaH W3 acCTPOHOMHH, B KOTOPOWM
HaOJIIOGHUsS Pa3HBIX JIET, BBIMOJHEHHbIE B OJHOWMEHHbBIE MeECSLbI,
OTHOCST K HaOJIIOICHHUAM OJHOM 3Moxu. PesynbraThl sKCniepuMeHTa
[13] Ha puc.9 He npencraBieHbl, MOCKOIBKY aBTOPbI OIPaHHUYMIIHCDH
TOJIBKO CBEICHUSIMH O MAaKCHMaJbHOM 3HAYEHUM W3MEPEHHOW HMH
BesinunHbl anuzotporur W, = 6000m/cek . [To ocsiM opauHAT OTI0XKe-
HbI 3HaUCHUS BelMuMHbI aHu3oTporuu Wi B M/cek, o ocsim abcrmce —
COJIHEYHOE BpeMs CYyTOK Ty B yacax. BepTukanbHbIMU 1ITpUXaMu 000-
3HaueHbI OBEpUTENbHbIE MHTepBanbl. Kaxkaplii n3 ¢parmenToB puc.9
WIUTIOCTPUPYET MpOosiBIIeHHe Uckomoro 3¢ dexra anusorponuu. B Ha-
crositei pabote u B skcrnepumenTax [5—7,14], [13]addext aHuzorpo-
n1uM OOHapy’>KUBAJICS MOBOPOTOM ONTHYECKUX HHTEp(EepOMETpPOB, B
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skcrepuMenTe [15] npumeHsIoch OJHOBPEMEHHOE BCTPEYHOE pacipo-
CTpaHEeHHE paJIuOBOJIH.
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Puc.9. U3mMeHeHHe BeIMYHMHBI AHH30TPONUH B 3MOXY aBryCTa M0 AaHHBIM pa3-
JIMYHBIX IKCIIEPUMEHTOB. &) HacTosiias padora, b) skcrnepumenr [15],
C) aKcriepumMeHT [7]

Pe3ynbraTel Bcex TpeX SKCMEPUMEHTOB MOKa3ajH, YTO BEJIMYMHA
aHU30TPONHHU U3MEHSETCS B TEYEHHE CYTOK, U TaKHe U3MEHEHHs HOCST
CXO/HbIN xapakrep. Tak K03 PULIMEHTbI KOPPENSLMH I, BHIYHUCIIEHHbIE
Mexay 3asucumoctsamu Wh(T.), nexar B npeaenax 0,73<r<0,85 B
pabotax [5—7,14] u3sMeHeHHe BEJIMYMHBI AaHU30TPONUHU B TEUCHHE CY-
TOK 00BsicHeHO JBM>keHHeM COJIHEYHOM cHCTeMbl K arnekcy ¢ KOopau-
HaTaMM OJM3KMMH K KOOpIAMHATaM CEBEPHOTrO MOJ0ca SKIIUMTH-
KA. B aTOM cilyyae mpoekuus BEKTOpa CKOPOCTH OTHOCHTEIIEHOTO
JBM)KEHUSI Ha TOPU3OHTANIBHYIO MJIOCKOCTh MPUOOpa M, ciiedoBaTellb-
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HO, BenmnurHa aHuzoTporu Wi, OyzieT M3MEHAThCS B TEUEHHE CYTOK.
Takoe oObscHeHHE HE MPOTHBOPEUUT pe3yJIbTaTaM HacTosLIeld paboThl
Y MOXKET OBITh MPUHSTO KaK UCXOJTHOE.

Pesynbratel HacTosel paboTel u skcniepumenTos [15], [5-7,14],
[13] unmrocTpupyrOT NpOsIBIEHHE U APYroro uckomoro sddexra — a¢-
(ekTa BbICOTHI. B 3THX ueThipex sKCIepUMEHTaX M3MEpPeHHUs BBITOJ-
HEHbI Ha TIATH pa3UYHbIX BhicoTax: 1,6Mm u 4,75M B HacTosiel pa-
6ote; 42w B skcriepumente [15]; 265m n 1830m B sKcriepuMeHTe
[5-7,14] Knuenenn u obcepBaTopuss MayHT BuiicoH cooTBeTCTBEH-
HO). B akcniepumente [13] namepenusi mpoBOAMIIMCH Takxke Ha obcep-
BaTopur MayHT Buiicon. [lposiBieHne s¢dekra BbICOTBI MOKHO BH-
JeTh Kak Ha (parmeHTax puc.9, oTMeuvas, HanpuMep, MaKCUMaJIbHbIE
3HaueHUs1 BeJIMUYMHBI aHm3orpornuu Wy, Tak u Ha puc.10, roe npen-
CTaBJieHa 3aBUCUMOCTb BEeJIMYMHBI aHM30Tporiu Wi, OT BBICOTHI MecTa
PACTIOJIOKECHUSI M3MEPUTENIbHBIX YCTPOWCTB HaJ 3€MHOM MOBEPXHO-
ctbto Z. Ha puc.10 ncnonbs3oBaHbl cpeiHie OT MaKCHMMAalIbHBIX 3Haye-
HUH BEJIMYMH aHW30TPONMH, M3MEPeHHBIX B Hacrosuiel pabore W B
skcnepumenTax [15], [5-7,14], [13].T1o ocsim abGcumce U OpauHAT OT-
JIOKeHbI 3HaueHus Jioraprudmos otHowenuii Wy /Ws u Z/Z. cootBeTcT-
BeHHO. 3HaueHus BenudnH Wk v Z« mpuHATHI paBHBIMU 1 M/cek 1 1w
COOTBETCTBEHHO. [[1s1 HArsiAHOCTH, Ha BEpXHEH M Ha MPaBOi 4acTixX
puc.10 o ocsiM KOOpAMHAT OTJIOKEeHbI 3HaueHus BennuuH W B M/cek
u Z B Metpax. BuagHo, 4To pe3ynbTaThl pa3iUuHBIX 3KCIIEPUMEHTOB
MOAYMHAIOTCS €IMHOM 3aKOHOMEPHOCTH W pacriojiararorcs BOJIU3M
npsMoii. B nuanazone BoicoT oT 1,6 M 10 1830M BenvurHA aHU30TPO-
MUK YBEITMUMBACTCS C POCTOM BBICOTHI HaJl 3MHOM MOBEPXHOCTBIO OT
200m/cex no 10000m/cek, YTO COCTaBJISE€T COOTBETCTBEHHO OT
6,710 " no 3,310° or CKOPOCTHU CBETA.

Cy1liecTBOBaHHE MCKOMOTO THIPOJMHAMHYECKOro dddeKra moka-
3aHO cienyromuM. B paboTe ucronb3oBaHa TeOpHs TEUEHHH BS3KHMX
cpen B TpyOax, paseuras B pabotax [22,23], 4T0o MO3BONUIO B paMKax
MCXOIHOW TMIIOTE3bl MPEIUIOKUTL. METOJ] M YCTPOIMCTBO MEpPBOro Mo-
paaKa Ui IPSMOTO M3MEPeHHs] aHU30TPOIUHM CKOPOCTH CBETa; METO
W YCTPOWCTBO JJIsl UI3MEPEHHs KHHEMAaTHUECKOM BSI3KOCTH (pU3NYECKO-
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ro BaKyyMa, MeTOJ pacueTa KOHCTPYKTHBHBIX MapamMeTpoB H3MepH-
TEJIFHOTO YCTPOMCTBA M €r0 OJKMIAEMBIX METPOJIOTMYECKUX CBOMWCTB.
PesynbpTaThl MCMbITAHUI M3rOTOBIEHHOTO YCTPOICTBA HE MPOTHUBOpE-
yaT pe3yibTaTaM pacueToB. Pe3ynbTaTbl U3MepeHUH, MONyUYeHHbIE Ha
Pa3HBIX BBICOTAX OT 3€MHOH MOBEPXHOCTH, HE MPOTHBOpEYAT U3BECT-
HBIM B THAPOJMHAMHKE 3aKOHOMEPHOCTSIM TE€USHHUS BSI3KUX cpen BOIH-
31 rpaHuipl paszaena [22,23]. CnenoBaTenbHO, Waes MeToaa M3Mepe-
HUS, pe3yJIbTaThl UCTIBITAHUH M3MEPUTEIbHOTO YCTPOHCTBA U Pe3yJib-
TaThl HKCIIEPUMEHTAJIBbHBIX MUCCIIE0OBAHMI JAalOT OCHOBAHME T0JIararh,
YTO MNpOsiBIeHHE TUAPOAMHAMHYECKOrO 3¢ ¢eKTa 3KCnepuMeHTaIbHO
MOKa3aHo.

W, m/sec x<10°
0,2 1.4 10
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Puc. 10.3aBucHMOCTb BeTHYHMHBI AHH30TPOMMHU OT BBICOTHI HaJl 3¢MHO#i MOBepX-
HOCcThIO: 1 — Hacrosmas paboTa; 2-skeniepumeHr [15]; 3 — akenepument [5-7];

4 - skenepument [13]

Pe3ynbraTel 3KCHepUMeHTOB, TpezcTaBieHHble Ha puc.9, 10 un-
JIOCTPUPYIOT HAOIOAaeMOCTb SIBIEHHS aHW30TPOITHOIO pachpocTpa-
HEHUs JIeKTPOMAarHUTHBIX BOJH, MOBTOPSIEMOCTb CBOWCTB SIBJIEHUS B
pa3IMyYHBIX YCIOBUAX HAOJIIONEHUH, BOCIPOU3BOAMMOCTE CBOMCTB SIB-
JICHUS NP UCMOJIb30BAaHUN Pa3IMYHBIX METOJOB 3KCIEPUMEHTAIbHBIX
WCCIIEIOBAaHUHA M Pa3IMYHBIX JUAra30HOB 3JIEKTPOMArHUTHBIX BOJIH.
Beicokne 3HaueHHs KOI(PPUIMEHTOB KOPPEIILNA MEXIy pe3ysbTara-
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MH pa3IMYHBIX SKCINEPHUMEHTOB, TMpPEACTaBJICHHBIMM Ha puc.9, mator
OCHOBaHME TOJIOKHUTEIIBHO OLIEHMBATh WX JOCTOBEPHOCTH. M3mepeH-
Hble 3HAYeHHs aHW30TPONUHM OTHOCHTENbHO HEBEJHMKH, U BO MHOTHMX
MPaKTHYECKUX CITy4asX MU MOXKHO TipeHeOpeub. B 3ToMm cMbiciie npo-
CTPaHCTBO BOJIM3M 3€MHOW MOBEPXHOCTH MOXKHO CUMTATH U30TPOITHBIM
C TOYHOCTBIO 3aBHUCSILEH OT BpEMEHH CyTOK M OT BBICOTBI HaJl 3MHOM
MOBEPXHOCTHIO. Pe3ysibTaThl 3KCIIEpUMEHTOB, MpHUBEICHHbIE Ha puc.9
u puc.10, MOXKHO paccMaTpuBaTh Kak rpaHHLI IPUMEHUMOCTH TIpe.-
CTaBJIeHUs 00 ONTHYECKOW W30TPONUH MPOCTPAHCTBA BOJIM3M 3€MHOM
MOBEPXHOCTH.

Hrtorn Hactosuiel paboThl JalOT BOBMOXKHOCTh MOKa3aTh, YTO OT-
puuartesibHble  pe3ybTaThl  dKcrepumeHToB [19,21] moryT GbITh
OOBSCHEHBl ~ HEJOCTATOYHOM  YYBCTBHTEILHOCTBIO — MPUMEHEHHBIX
untepdpepomeTpoB. Ha puc.10 BugHO, uyTo BOIM3M 3eMHON MOBEPXHO-
CTM  BenWyMHa  aHu3oTpormu  He  npembimaer  200wm/cexk .
CnenoBarenbHo, B 9Kkcnepumentax [19,21], BbIMOJHEHHBIX B
MOABAJBHBIX MOMELICHUSX, YyBCTBUTEILHOCTD HHTephepomMeTpoB Wi
K BEJIMYMHE AaHW30TPONWHM [O/UKHA ObiTh He xyke 200m/cexk.
[TogcunTaeM YyBCTBUTENBHOCTh HMHTEP(EPOMETPOB, B HKCIEPUMEH-
tax [19,21]. Bynem mnonarath, uTo BenuuuHe Wi, COOTBETCTBYET
cMmelneHre UHTepdepeHIIMOHHBIX noJioc Dy, = 0,04. Takoe cMelnieHue
MoJIOC OXKHMIAJOCh HaOmoaath B skcrepumenTte [21]. M3 BeipaxeHus
(1) maiimem

W, =c(D,, Al H"2. (43)

min

B skcnepumentax [19], [21] nunbl yueii | cocraBnsim 2,4M u
22m, gmmHel BonH A=600'M. C momompio Beipaxenus (43)
nomyuuM, 4tro B 9kcrnepumente [19] Wy, = 30000m/cek, a B
skcriepumente  [21]  Wiyin = 10000m/cex.  CremoBatesibHO, B
skcriepumenTax [19], [21] dYyBcTBUTENLHOCTE HWHTEP(HEPOMETPOB,
OblJIa HEJ0CTATOYHOM. Pe3ynbTar TOJBKO YTO BBIMOJHEHHON OLICHKH
MOKHO TOKa3aTb W Ooiee HarIsAHO, €CITH MOACYMTATh JAJIMHbI Jyyeii |,
TpeOyeMbie Ui TOCTPOCHHS KpecTooOpa3Horo wuHTepdepomeTpa
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MaiikenbcoHa ¢ YyBCTBUTEIBHOCTBIO K aHM30TPOIMU CKOPOCTH CBETa
Whin = 200M/cek. 13 Beipaxkenus (1) Haiinem

| = DACPW 2, (44)

IMoacraBum B Bbipaxkenue (44) suauenus BenuuuH D = 0,04,
A= 610 "m; u W= 200m/cek. Monyuum | = 54000m, MosxHO mipermno-
JIOKUTh, YTO 3ajlaya W3rOTOBUTH KPECTOOOpPA3HbId ONTHYECKHH HH-
Tepdepomerp ¢ anuHamu sydeii | = 54000m ckopee Bcero TeXHUYECKH
HepeasibHast. CienoBatenbHO, B akcriepumenTax [19] u [21] aHuzorpo-
MK CKOPOCTH CBeTa He MOrJia ObITh OOHapy)KeHa, B CUITy €IMUHOW HH-
CTPYMEHTAJIbHOW MPHYMHBI — B 3KCHEPUMEHTaX MPUMEHSTUCh UHTEp-
(epomeTpbl BTOPOro nopsijaka, 00aagaBuIkie HeI0CTATOYHOW YyBCTBH-
TEJBHOCTBIO. YMECTHO ellle pa3 MOJ4YepKHYTh MPEeUMYLIECTBO MeToAa
W3MEpPEeHHs TIEPBOro MOpsIIKa, MPEeIOKEHHOro B HacTosLleil paboTe.
MO>KHO NOACYHUTATH, YTO BOJIM3M 3eMHOI MMOBEPXHOCTH, NIPH BEJTMYHHE
aHM30TponHuK ckopocTd cBeta = 200M/cek W MpU MPOYMX PABHBIX
YCJIOBHUSIX, METOJA TEpBOro TMOpsjaKa, B MOJATOpa MHJUTMOHA pa3
4yBCTBUTENbHEE MeTosia HHTepdepomeTpa MaiikeabcoHa BTOPOro
nopsiika.  OJTO  OOCTOSTENILCTBO  3aTPyAHSET  MPUMEHMMOCTh
uHTephepomeTpa MaiikenbcoHa sl U3yYSHUs] aHU30TPOITHH CKOPOCTH
cBeTa BOJIM3U 36MHOM MOBEPXHOCTH.

BeInosiHeHHast OLiEHKa CIpaBe/UIMBa W 10 OTHOIICHHIO K TaKHM
skcnepumenTam kak [8—11]. Kpome Toro, npeacraBieHHbIe BbIIIE UTO-
I'M MCTIbITaHWI UHTepdepomeTpa, ¢ TpydaMu U3 paziuvHbIX MaTepua-
JIOB, pacCYMTaHHOE M U3MEPEeHHOe 3HAa4YeHHs KMHEeMaTH4eCKOM BSI3KO-
CTH (hU3MYECKOro BaKyyMa, MO3BOJISIOT MPEATNONIOKHUTh, YTO CBOWCTBA
MOTOKOB (hpM3HYECKOr0 BaKyyMma OJIM3KH K CBOMCTBAM MOTOKOB U3BECT-
HBIX ra30B, OrMOaTh MPENATCTBUS U TeUb B HAMPABJISIOUIMX CUCTEMaX.
B skcnepumenTtax [8—11] 9T0 06CTOATENLCTBO MOTIIO ObITH MPUYUHON
HeyIa4uHBIX MOMBITOK BBIIBUTH aHU30TPOIHBIC CBOMCTBA MPOCTPAaHCTBA
C MOMOLLIBIO TPUOOPOB, 3aKITIOUSHHBIX B FEPMETHYHbBIC METAITHYECKHIE
Kamephl.
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Hrorn HacTosmei paGoThl MO3BOIMIN MOKA3aTh BO3MOXKHBIE TIPH-
YUHBI OTPULATENIEHBIX PE3yJbTaTOB COBPEMEHHBIX 3KCIIEPUMEHTAIIb-
HBIX TOMBITOK OOHAPYKUTh AHWU30TPOITHBIE CBOWMCTBA MPOCTPAHCTBA,
Hanpumep, [27-30]. B pabore [27] nmpuMeHEHO ONTHYECKOE H3MEpPH-
TeJIbHOe YCTPOMCTBO CXeMa M JIeHCTBHE KOTOPOrO MPUHLMITHAIBHO He
OTJIMYAIOTCS OT YCTpOiCTBa, npumeHenHoro M.I'ekom B 1868r [31]. B
000MX CllydasX aBTOPbl OXKWAAIW HAOOaTh CMEIIEHHE T0JI0C HH-
TepepeHUIMOHHOM KapTHHBI MPONOPLUOHAIBHOE TIEPBOM CTENEHU OT-
HOUICHHS BEJMUMHBI aHU30TPONUHU K CKOPOCTH CBETA. DKCIIEPUMEHTHI
[27] w [31] mamu oTpuuaTenbHbIe Pe3yJbTAaThl — ONTHYECKAs aHU30-
Tpomus mpocTpaHcTBa He Habmoganack. Ommubka ['eka HeOAHOKpPaTHO
paszbupanacek, Hanpumep, B pabote [20], rae ucuepnbiBarolie Mokasa-
HO, 4TO y4eT ko3¢ ¢uureHTa ypiedeHus DpeHenst NPUBOAUT K KOM-
nieHcalyu 3¢ deKra mepBoro MopsijaKa, KOTOPbiid MOT Obl ObITH BhI3BaAH
JBIKEHHUEM 3eMITH, U KOTOPBIH 0XKHMIaJI0Ch HAOMOaaTh B SKCIIEPUMEH-
te [31]. BeiBog pabotel [20] B mosHOM Mepe OTHOcHUTCS U K pabo-
Te [27]. B mpyrom caydae, B Takux skcnepuMenTtax kak [28-30], mo-
BTOPEHbI OIMHMOKH 3KcriepuMeHTOB [8—11, 32]B KOTOPBIX H3MEPHTEIIb-
HblE YCTPOMCTBA TMOJHOCTBHIO 3aKJIIOUCHBI B METANIMYECKUE JKPaHbl.
Kak cnencreue pesynbrarhl skcriepuMeHToB [28—30] vaeHTHUYHBI pe-
3yabTaTaM skcrepumenToB [8—11, 32]— uckomblit 3 ekt aHu30Tpo-
1K He HaOmronancs. HempuMeHMMOCTh MacCHBHBIX SKPaHOB B TI0/100-
HBIX OIMbITAaX BMEPBbIe OTMeUeHa elle B paborax [21,14]. Ocraercs no-
6aBUTb, UTO aBTOpPHI dKcniepuMeHTOB [28—30] pa3zpaboraiv HaeKHbIE
METO/bl SKPaHUPOBaHUS (PU3UUSCKHX MPOLIECCOB, MPOTEKAOIIUX BO
BHEIITHEM (pU3NUecKoM BaKyyMme, OT MPOLIECCOB B BaKyyMe BHYTpPH JKC-
MEepUMEHTAIbHON YCTaHOBKH, OJIHAKO HE MPECTABISIETCS BO3MOXKHBIM
M3y4aTh CBOMCTBA OKPYIKAOLIErO MPOCTPAHCTBA C MOMOLIBIO U3MEPH-
TENIBHBIX YCTPOWCTB OTHEJEHHBIX OT 3TOr0 MPOCTpPaHCTBA. MOKHO
MPEANOI0KUTh, YTO MHCTPYMEHTaIbHbIe OmKMOKK padot [27-30] Ho-
cat obumii xapakrep. [Ipu mocTaHoBKe SKCNEPUMEHTOB aBTOPBI OTKa-
3aJIUCh OT MOMBITOK PacCMOTPETh BO3MOXKHbIE (DPMU3MUYECKUE TMPUYHHBI,
00YCIIOBJIMBAIOIIME HWCKOMYIO HMH aQHHU30TPONHUIO TMPOCTPAHCTBA.
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HHave MHCTpyMEHTaIbHBIE M METOAMYECKHE TIPHEMBbI UX TTOUCKOB ObI-
J1 Obl UHBIMH.

B 3akmrouenue ormeTuMm cienyrounee. B pabote npeanpuHsaTa no-
MBITKA TPAKTOBATH PE3YJIbTaThl MCCIEJOBaHUs B paMKax paboueil ru-
MOTE3bl O BA3KOM Ta30-nofoOHOM ¢u3nveckoM Bakyyme. B paborax
[5-7,14] utorn skcniepuMeHTa OOBSICHEHBI KaK pe3yJIbTaT OTHOCH-
TEJNILHOTO JBWXEHHWS Habroaatens v 3¢upa — cpellbl OTBETCTBEHHOM
3a pacnpocTpaHeHHe JICKTPOMArHUTHBIX BOJH. B skcrnepumente [15]
C OTOH JKe MLeNbI0 HMCIOJIb30BaHA MOJENb BS3KOTO Ta30-TI00OHOTO
adupa, passuras B padbote [33]. MOXKHO BUIETh, YTO UTOTH HACTOSIIEH
paboThl U dKkcnepumeHToB [5—7,14], [15] He npoTHBOpeYaT OCHOBHBIM
MOJIOKEHHUAM, KaK THMOTe3bl BA3KOro (hPU3MYECKOro Bakyyma, Tak H
THIOTE3bI BS3KOTO Ta3o0-mofo0Horo 3¢upa, 4ro, Ha MEpBBIA B3I,
JaeT OCHOBaHHWE CUUTATh STH TMIOTE3bl SKBUBAICHTHBIMU. TeM He Me-
Hee, TUIOTe3bl SBJISIOTCS KOHKYpHUpYIOLMMU. JlelicTBUTENBHO, Mpel-
CTaBJIeHHe KBAaHTOBOM TEOPHMH MOJsS O BUPTYaJbHBIX yacTHLAX (uzu-
4ecKOro Bakyyma TpeOyeT BBeIE€HHs JOMOIHUTEIBHOTO MpeAroIoke-
HUS O HAJTMYMH B BaKyyMe "CTPOMTENBHOTO" MaTepualia TaKUX YacTHul,
YTO He MPEeayCMOTPEHO cyllecTByolIel Teopueil. B pamkax rumnoresbl
a¢upa Takue MPOoOIEMBbl CHATHI MPEACTABICHHEM O CYLIeCTBOBAHUM
yacTull 3Qupa Kak CTPOMTENbHOr0 MaTepralla BellecCTBeHHbIX 00pa3o-
BaHWii, U MpelIcTaBleHHe O CYLIECTBOBAHWM BUPTYalbHBIX 00pa3oBa-
HU SBJISIETCS M3JTUIIHUM. 3a1ada ONMCcaHusl MEXaHW3MOB B3aUMO/IeH-
CTBHI CTAaHOBHTCS MPUHLMITHAIBHO pellaeMol B paMKaX COBPEMEHHO#
TUOPOAMHAMUKU. DTO JeiaeT TMIIOTe3y BA3KOTo ra3o-nonoOHoro s¢u-
pa mpuBIeKaTeNIbHON Ui mupokoro uzyuenus [33-39]. Pazpeuntsb
co3zaBlieecs MOJI0KEHHE MOYKHO TOJIBKO Ha MyTH HOBBIX HAOIOAEHUIA
Y HKCTIEPUMEHTOB, YTO BO3MOXHO TOJIBKO C MPUMEHEHHUEM HOBBIX Me-
TOJIOB U CPENICTB UBMEPEHHI.

BoiBoabl. B pabote mosiydeHsl caeayrolie OCHOBHbIE pe3yJibTa-
ThBI.

[Ipennoxena pabouas rumore3a 00 ONTHYECKOW aHU3OTPOIHH
MPOCTPAHCTBA, B paMKax KOTOPOH aHU30TPOITHsS CKOPOCTH cBeTa 00Y-
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CJIOBJICHA IBWKEHHEM BS3KOTO Ta30-TI0I00HOTO (M3MYECKOro BaKyy-
Ma. Bbluncriena kuHeMaTHYecKas BI3KOCTb BakyyMa V. = 7010 °m/cexk.

[TpennoskeHbl METO U3MEPEHHUS M CXeMa YCTPOMCTBA MEPBOTO T10-
paaKa Ut MpSIMOTo U3MEpeHHs aHM30TPONMK CKOPOCTH CBETa M KHHe-
MaTHYeCKOM BA3KOCTH (hU3MUecKoro Bakyyma. [IpemioskeHbl MeTOmbl
pacyeTa KOHCTPYKTHBHBIX MapaMeTpOB YCTPOHCTBA U €r0 METpPOJIOTH-
YeCKMX CBOMCTB. M3roTOBIICHO M UCTIBITAHO M3MEPHUTENIBHOE YCTPOICT-
BO C YYBCTBUTEJILHOCTBIO K BEJIMYMHE aHWU30TPOIUHM CKOPOCTH CBETa
26 m/cek.

B pamkax paboueit rumoressl onpexaeneHbl 3¢dekTbl aHU30TpO-
MK, KOTOPbIE MOTYT HAOMIOAAThCS B ONBITaX BOJIM3W 3€MHOM MOBEPX-
HOCTH. BbInonHeHa cepuisi 3KCNepUMEHTANIbHBIX HMCCIe0BaHUM. DJKC-
MEepUMEHTAIEHO TIOKa3aHO TMpOsIBJICHHE TpeacKa3aHHBIX 3((eKToB.
H3mepeHsl: Ben4YrMHa aHU30TPOITMH, U3MEHEHHE BEJTMYMHBI aHU30TPO-
NMUA B TEYEHHE CYTOK, KMHEMaTH4ecKas BSI3KOCTb (PM3MYECKOro Ba-
KyyMa Ve = 6,2410°m%cek, pocT BeTHUMHBI aHW3OTPOIHMM C POCTOM
BBICOTBI HaJl 3MHOM TOBEPXHOCTBHIO.

INokazaHo, uTo Ha BBICOTaX A0 2 M OT 3eMHOM MOBEPXHOCTH, BEJU-
YrHA aHU30TPONUHU CKOPOCTH cBeTa He npesbimaerT 200m/cek, U B Ta-
KHX YCJIOBHUSX MCKJIFOUSHA MPaKTHYeCKash BO3MOXKHOCTh MCCIIEI0BaHUS
CBOWCTB MPOCTPAHCTBA METOAAMM W3MEPEHUH BTOPOro MOpsjKa, Ha-
npumep, HHTepdepomeTpoM MaiikeabcoHa.

Pesynbrathl M3MepeHH COMOCTaBICHbI C WTOraMH MpPEALIecT-
BYIOUIMX SKCrepuMeHTOB. [loka3aHbl HaOJIIOAaeMOCTh, BOCIIPOHM3BO-
JMMOCTb ¥ TIOBTOPSAEMOCTh 3((PEKTOB aHU30TPOITUH CKOPOCTH CBETa B
AKCIIEPUMEHTAX, BBIMOJHEHHBIX B Pa3HUUYHbIX reorpapuueckux ycio-
BHUSIX C MOMOUIBIO Pa3JIMYHBIX METOIOB U3MEPEHHI U pa3iIMuHbIX JHa-
Ma30HOB AJICKTPOMArHUTHBIX BOJIH, YTO JAaeT OCHOBAHWE TOJIOKHUTEIIb-
HO OLICHUBATH JIOCTOBEPHOCTH PE3YJIbTATOB HACTOSIIECH pabOTHI.

[pennoxxeHHbIE METOM M YCTPOMCTBO M3MEPEHUI MEpPBOTO MOPS-
Ka MOTYT OBbITh IPUMEHEHBI KaK Ul U3y4eHUs] 0COOCHHOCTEH pacrpo-
CTpaHEHMs CBETa B BA3KMX cpelax, TaK M JJIs U3y4eHHs TeUeHWH Bs3-
KHX Ccpell B HAMpaBJIsIOUIMX CUCTeMax, HalpuMep, KHUIKOCTEeH U ra3oB
B TpyOax.
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HccienoBaHusi reonaToreHHOro moJisi U NaTOreHHOro MmoJisl, compo-
BOXAAKLIETro BbICOKOYAaCTOTHbIC 3JIEKTPOMArHUTHLIE SIBJICHUSA 929

I'nmaBa 2. UcciieqoBaHus reonaTOreHHOro moJis u
MaTOreHHOr 0 MOJisl, CONMPOBOKAAOIIET0 BHICOKOYAC-
TOTHBIE 3JIEKTPOMATHUTHbIE SIBJICHHUS

2.1. Ilornomenue 3¢upa 3emeii 1 reonaToreHHOE H3JIyUeHUE

Kak nokazaHo B pasgene 6.4.[paButanus u pacummpenue 3emiu
Kuuru 3 HacTosiliero niTUTOMHUKA, 3eMJIsl, Kak U Bce HeOeCHbIe Te-
J1a, HEMPepBIBHO MOTJomaeT 3hup U3 OKPY’KaroLIero MpocTpaHCTBa.
OTO BBI3BAHO TEM, YTO MPOTOHBI M JIEKTPOHHBIE OOOJOYKH, KaK U
nro0ble ra3oBble BUXPH, UMEIOT OoJiee HU3KYIO TeMIeparypy, YeM OK-
pykaroluii ux ras. PazHocTh TemnepaTyp NpUBOJUT K Pa3HOCTH JaB-
JIeHWe, W 3Ta Pa3HOCTh JaBJICHWI 3acTaBiseT 3(up, OKpyKaromuit
HeOecHble Tena, MepeMellaTbesl K MPOTOHaM Mo BceMy 00beMy Hebec-
Horo Tena. [lanee adup mornoiaercs MpOTOHAMH, YBEIMUYMBAs HMX
Maccy M 3aMemsisis CKOPOCTb BpallleHHs, MPOUCXOIMT MepecTpoiika
BelllecTBa HEOECHBIX Tel M 00pa3oBaHMe HOBOTO BeIlECTBAa, KOTOPOE
BBIXOJUT Ha MOBEPXHOCTH 3eMJIM B BU/I€ CUCTEMbI PUPTOBBIX XpeOTOB
rop ¥ OCTPOBOB.

He Bech moctynuBmmii 3up ycBamBaeTcs BELIECTBOM 3eMIIH, a
yacTh ero, mpeTepneB agvadaTHvyecKkue M3MEHEHHs, BbIpbIBaeTCs Ha
MOBEPXHOCTb JMOO B BUIIE BUHTOBBIX MOTOKOB, YTO BOCTIPUHUMAETCS
KaK TeornaToreHHoe H3Jy4eHHe, MO0 B BHAe S(QHUPHBIX BHIOPOCOB,
00pazyst Topouabl — OyAylIMe KOMEThI, YHOCS B KOCMOC MOBEPXHOCT-
HYIO MOpOLY M OCTaBlisisi Ha MOBEPXHOCTHM 3eMiM acTpoOneMbl —
KOJIbIIEBBIE BOPOHKH C TOPKOM Ha JTHE M KOJBLEBBIM MOAHATHEM IO
nepudepun.

Motinsle BbIOpOCH 3¢dUpa, MPUBOASILINE K 00Opa30BaHUIO KOMET U
acTpobsyieM sBIIEHWE HE YacTOoe, HO T'eONaTOTeHHBIX 30H Ha 3emiie
MHOTO, CHeT HMIEeT Ha MHUTHOHBI, OHH CYLIECTBYIOT B KBapTHpPax,
CITy>keOHBIX U MPOU3BOJCTBEHHBIX MOMELICHHUX, a TaK)Ke Ha aBTOJ0-
porax, NpuBOAsS K MHOTOYMCIIEHHBIM aBapUsiM U XKEepPTBaM, NPUYKHbBI
KOTOPBIX MpPHU CYIIECTBYIOIIEH METOMAOIOTMH YCTAHOBUTH HEBO3MOXK-
HO, MX OOBIYHO CIIMCBHIBAIOT HA TaK HA3bIBAGMBIN «JeJIOBEUECKUi (ak-
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TOp», T. €. Ha OWMOKH, NOMyIIEHHbIE BOAWUTEISIMH TPAaHCIIOPTHBIX
CpPeZCTB, KOTOpBIe caMH Mo cebe, KOHEUHO, TOKE UMEIOT MECTO.

CywectBytomue cnocodbl 0OHapy>KEHHsT TeOnaToreHHbIX 30H
CBOAATCS OOBIYHO K TOMY, YTO HEKOTOpbIE JIFO/IH, 00Ia1alolne CHlb-
HBIM COOCTBEHHBIM OHMOIOJIEM MOTYT OOHapy»XHMBaTh TaKHe 30HbI JIH-
60 ¢ nmomoleio [-00pa3HBIX MPOBOJIOYHBIX PaMOK, KOTOpPBIE B pyKax
oreparopa MoBopauuBaroTes Apyr Kk apyry (puc. 2.1), 1160 ¢ momo-
IBI0 MasTHHKA — METAUTMYECKOMY TpeaMeTy, MOIABELIEHHOMY Ha
HWTB, KOTOPBI Ha/l 30HOI HAYMHAET JABUTAThCA MO OKPYKHOCTH. DTH
crocoObl AaT 3(QeKkT, HO OHU B ONPEIEICHHON CTeNeHU HOCAT
CyOBeKTHBHBII XapakTep, BbI3bIBas HelOBepHe OKpyxaromux. [lo-
3TOMY HEOOXOIMMO MMETh MHCTPYMEHTaJbHBIE CIOCOOBI OOHapyKe-
HHs TakuX 30H. Ho, mpexkae Bcero, Hy>)kHO yOeIUTbCS B TOM, YTO T10-
TOKHU 3(HUpa U3 KOCMOca JeHCTBUTEIBHO BXOJAT B MOBEPXHOCTh 3eM-
JIM ¥ 4TO OHH CMOCOOHBI CO31aBaTh BUHTOBBIE MOTOKHM TOTO ke 3(hupa,
BBIXOIALINE U3 3eMJIIH

[Ipoctoii nabopaTopHbIii 3KCMEPUMEHT MO OMpPEASIICHUIO TOro,
YTO MOTOKH d(pHpa M3 KOCMOCa JIBHXKYTCS BIIIyOb 3eMJIM U YTO OHH
CMOCOOHBI CO3/1aBaTh BHUHTOBBIE BEPTHUKAIbHBIE BHHTOBBIC IMOTOKU
Oobu1 mpoBeneH AnekceeM ['epmaHoBuyeM JleonTtbeBbiM  (Hapo-
domunck, MockoBckoii obnacti) B 2009r. Mm e 6bu1 paspaboran
nosieBoll prOOpP, B KOTOPOM peaiM30BaHa HMaes WM3ruda ja3epHOro
Jlyda MpH MepeceueHrnt reonaToreHHoM 30Hbl.

2.2. O HeKOTOpPHIX BO3MOKHOCTAX HPOTHO3HPOBAHHS
3eMJICTPACEHUH U M3BEPKCHNI BYJIKAHOB

B Hacrosiee BpeMs MpOrHO3MpOBaHUE 3eMIIETPSICEHUH SIBIISETCS
OJIHOW M3 aKTyaJbHEHIIMX MpoOJeM COBPEMEHHOCTH. 3eMJICTPSICEeHUS
BO3HMKaJIW M OyayT BO3ZHHMKATh BHE3alHO, TOMYTHO BbI3bIBAS OMOJ3-
HU, LlyHaMW WU pazKWKEHHWEe TPYHTOB MOJ AOMaMH, MPUBOASIIMX K
paspyLICHUIM MHOTOJIFOHBIX JKMJIBIX MaccuBOB. OT pelIeHus] 3TOH
npoOsIeMbl TIPSIMO 3aBUCHT JKM3Hb MHOTHX TBICSY M JIa’ke MUJUTHOHOB
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JIF0J1eH, UEeTOCTHOCTh KPYIHBIX FOPO/IOB, TakKX, Kak Tokuo (SInoHus),
Cuern (CLLA) u MHOrMX Opyrux, HaJ KOTOPHIMH B MOCJIEAHUE JIeCs-
THJIETHs BO3HUKJIA YTPO3a UCUE3HOBEHUS C JIMLA 3eMITH.

B nactosiiee BpeMsi U1 MPOrHO3MPOBAHUS 3€MJICTPSICEHMI 1LK-
POKO HCHOJIb3YIOTCSI METOJbl CTATUCTUYECKOrO aHAIu3a, C MOMOLIBIO
KOTOPBIX COCTaBJISIFOTCS KapThl CEHCMHYECKOH aKTHBHOCTH, KapThbl
COTPSICAeMOCTH M TpadvKU MOBTOPSIEMOCTH 3eMJIETPSCEHUH, UTO T10-
3BOJISIET 3apaHee HaMeTUTb O0JacTH, B KOTOPBIX CIEAyeT OXKUIaTb
3eMJIETPSICEHUI, CYIIECTBYET TaKXKe METOJ MPOrHO3HPOBAHUS 3eMJle-
TPSACEHUH MO «IPEeABECTHUKAM» — CJIa0bIM TOJYKaM, MPEeALIeCTBYIO-
LIMM CWJIBHBIM 3emiieTpsceHusM. Ho MHCTpyMeHTaIbHbIX METOOB,
MO3BOJISIOLUM MPOTHO3UPOBATH 3€MJIETPSACEHUS] HAKAHYHE UX COBEp-
LIEHUS] IPAKTUYECKH HE CYLIECTBYET, XOTd HaJlu4yhe TaKUX METOAOB
MO3BOJIMIIO OBl JIFOJSM BOBpPEMsl MOKMHYTh MOMELLEHMS, U 3TO MO3BO-
7110 661 U30EKATH MHOTHX YKEPTB.

[IpoGnema mornia Obl ObITH B HEKOTOPOM CTENEHU peLleHa, eciu
OBl yIanochk MPOrHO3UPOBATh POCT HATPSHKEHHOCTH TIIyOMHHBIX 3€M-
HBIX MOPOJ Ha OONBUIMX TIOLIAIAX, O BO3MOXKHOCTH Yero, B MPUHLIU-
ne TOBOPUT M TOT (PaKT, YTO 3a HECKONBbKO CYTOK IO MOA3EMHBIX
TOJYKOB >KMBOTHBIE UM NTHLBI CTPEMSTCA MOKMHYTh MECTO OyayLIero
3eMJIeTpsICeHMs. DTO 3HAYMT, YTO U3 Teja 3eMJIM Mepel 3emiieTpsice-
HUEM M3JTydaeTcsl HeKasi 3Heprus, KOTOpYO YyBCTBYIOT YKHBBbIE Opra-
HU3MBI.

B npeBHell flnmoHuM CyLIeCTBOBAJIO YCTPOMCTBO, COCTOALLEE W3
KyCKa €CTECTBEHHOI0 MarHWTHOIO JKeJe3HsKa, MPUBI3aHHOIO K Bep-
THUKaJIbHO CTOSILIEH TOCKe, MOJA KOTOPBIM pacrosiarajics MeAHblil Tas3.
Kycok »xenesHsika ynep:kuBan >kese3Helid Torop. HenmocpenctBeHHO
nepes 3eMJIETPSICEHHEM MarHUTHBIN JKeJIe3HSIK pa3MarHU4MBasICs, TO-
Hop najal B Ta3, pa3faBajics 3BOH, U [0 3TOMY CUTHAJTY JIFOAH JOJDK-
Hbl ObUIM HEMEAJICHHO MOKMHYTb XWJIMILA. DTO 3HAYMT, YTO W3 Tena
3eMJTi B 3TOM MecCTe M3JTydaiach HeKas DHeprus, crocoOHas pa3mar-
HUTUTb €CTECTBEHHBIH KeJe3HsIK.

ABTOp HacTosllIel cTaTbW MOCBSTUI MHOTO JIET W3YYEHHIO Mpo-
OneMbl 3¢upa W BBISICHWI, B YaCTHOCTH, YTO TOTOKH 3(HUpa, OMBI-
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BafOIMe U3 KOCMOCA 3€MHOM I1ap, COCOOHBI OTKJIOHATH JIy4 Jlazepa B
J0CTaTOYHO OONBIIMX mpenenax (JecsThie IOMM MUIUTUMETpA), UTO
MO3BOJIIET OLIEHUTb CKOPOCTb TAKUX MOTOKOB. ABTOPOM TakK>Ke BbIsic-
HEHO, YTO B MECTaX TaK Ha3bIBAEMbIX I'€ONaTOreHHBIX 30H MPOMCXO-
JIMT BBIXOJI BUHTOBBIX S()MPHBIX MOTOKOB M3 Tella 3eMIIM BEPTUKAIBHO
BBEpX, NMPHUYEM TaKHe MOTOKH NMPOHM3BIBAIOT HACKBO3b MHOTOITAXK-
Hble I0Ma. DT MOTOKU HEOJIArONpHUsITHO BIUSIOT Ha 300POBbE JIIOACH.
ITogoOHbIe MOTOKKM MOTYT OBITH CTAlMOHAPHBIMHM, HO MOTYT OBITH M
OJTy>KJalOLIMMH, BBI3BIBAIOLIMMH HEOIaronpusITHbIe U TPYIHOOOBSIC-
HUMBbIE SBJICHUS B IOMAaX M CI1y>KEOHBIX MOMEILEHHUIX U, OCOOEHHO, Ha
JOporax, Tae akTMBHU3alUs 3TUX M3JIyYeHUH MPUBOAUT K MHOTOYMC-
JIeHHBIM aBapusiM. OCOOEHHOCTBIO M3ITyYEHHUH SBISETCS MX BBICOKAS
NPOHUKAOLIAs CINOCOOHOCTh Ha)K€ CKBO3b METAJIMYECKUE JIUCTHI,
KOTOpbIe UX OTPaXKAIOT JIMILIL YaCTUYHO: BO BpeMs MepeceueHus 30H
Ha aBTOMOOMIJILHOM TPaHCHOPTE OHU JIETKO OOHApPYy’KMBAIOTCS Orepa-
TOpPaMH C MOMOIIBIO MIPOBOJIOYHBIX PAMOK.

B Hactosiliee BpeMs HaiiieH MpocToli METOA MHCTPYMEHTAJIbLHOTO
oOHapy>keHHs! TOOOHBIX W3ITyYeHWH, OCHOBAaHHBIM Ha (M3MYECKOM
a¢dekre N3rndaHus Ta3epHOro Jyda MpHU HaXOKACHUH HaJ reornaTo-
TeHHO 30HOM, a Takke UX HelTpanu3zaiuuu (pacceMBaHus) C MOMO-
LIbI0 XaOTHUYECKH CMyTAHHOH TOHKOW MPOBOJIOKH, YTO MO3BOJIMT, B
Omkaiimem OymymieM B ONpeNesIeHHOW cTerneHn 00e30MacuTh mome-
LIEHUS] U aBTOMOOUJIbHBIE JOPOTH.

Ectb Bce ocHOBaHMs mosiaraTh, 4TO MPH HAapacTaHUKM MeXaHWue-
CKOH HampspKeHHOCTH B INIyOMHAX 3eMJIM, YTO TMpPEeALIecTBYET 3eMIle-
TPACEHWIO, M3 Tesla 3eMIIM TaKXKe H3y4aroTcs BHUHTOBBIE TTOTOKH
a¢upa, KOTOpbIe MOTYT ObITh 3aQUKCUPOBAHbI C TOMOLIBIO JIA3€PHOTO
npubopa. TOT NMpUbOP aHAIOTMYEH OMMCAHHOMY BbILIE MPUOOPY AT
oOHapy>keHHs1 reomaroreHHbIX 30H. [Ipu HeoOXxomumocTH mpUOOp
MOXeT ObITh cHaOXeH TeJeMeTpueil s nepenayu nokazaHui B LEeH-
TpasbHbIM MyHKT. Hukakux ocoObix TpeOoBaHMii K OTiIaake mpubopa
He mpenbsBisercs. [Ipubop newmes, HagekeH B paboTe M MpaKTHYe-
CKM He TpeOyeT HHMKaKoro oOCIy)KHMBaHHUS, KpOMe 3aMeHbl OaTapeid
WK 3apAaKy akKkyMmyJstopa. [Ipyn Heo0XoaUMOCTH MOKET OBITh JIETKO
HaJIaKeHO MacCcOBOE MPOU3BOICTBO MOJOOHBIX MPHUOOPOB, UYTO MO3BO-
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JIUT OXBaTUTh U3MEPEHUSIMHM 3HauUMTeNIbHbIe Miowanu. Eciau npeamno-
JIOKEHHUSI aBTOPa OKa)KyTCS BEPHBIMH, 3TO MO3BOJUT MpobeMy npo-
THO3MPOBAHUS 3eMJIETPSICEHUH MPUOTU3HUTE K PELISHHIO.

2.3. UcciiefoBanne reonaToreHHbIX 30H ¢ MOMOIIBIO JIa-
3epHOr0 H3MepHTeJIsl M IPOBOJIOYHOI0 HefiTpaIn3aTopa

B.A. Auwxoeckuit, A.I' Jleonmobee

ITocTanoBka 3aga4un

[To Bceit moBepxHOCTH 3emMiu pa3dpocaHbl Tak Ha3bIBaeMble Ieo-
MaToreHHbIe 30HbI, T.€. 30HbI, U3 KOTOPBIX UCXOAMUT d3(UpoIuHaAMUYE-
CKOE M3JydeHHe, MpUpoJa M CTPYKTYpa KOTOPOrO MPAaKTUYECKH He
M3y4yeHa A0 CUX MOp. DTH 30HbI OTPULIATESILHO BJIMAIOT Ha 3J0POBbE
monei [Amrokosckuii B.A., Bacunbes B.I'. OOHapyxeHue U HeliTpa-
JM3alys reonatoreHHoro m3nydeHus 3emin. M.. «lletut», 2007],a
TaKkxke Ha paboTy mpubopoB U obGopyaoBaHus. OOHapyKEeHHE TaKWUX
30H 10 HACTOSIIEro BPEMEHH MPOU3BOAMTCS ONEpaTOpPaMu BPYUHYIO €
MOMOILBIO MPOBOJIOYHBIX PAMOK — M30THYTHIX B (hopme OykBbl I mpo-
BOJIOK. MMOMEIIEHHbIX KaX/1asi OJHUM KOHLIOM B JEPEBSHHYIO WM IUIa-
CTMAacCOBYIO PYUKY, B KOTOPOH pamMKa MOKET CBOOOJHO BpalLaThbCs.

OnepaTop Aep:KUT paMKu nepe] coOoii mapauiesibHO APYT ApYry,
HEMHOT0 HaKJIOHHUB MX OT ceOs. [Ipu mpoxoxneHuH reomnaToreHHon
30HBI PAMKH [E€PECEKalOTCs, a MO BBIXOAE U3 30Hbl OHU BHOBb BOCCTa-
HaJIMBAIOT CBOE NMapalljiesIbHOE MOJIOKEHHE.

HecmoTps Ha addekTrBHOE HCMONB30BaAHME TAaKUX PAMOK MpPH
MOMCKE T'eONaTOreHHbIX 30H (B CpeqHMe Beka JUisl 3TOM Lenu U s
MOWCKa MOA3EMHBIX BOJ M PYI MCIOJb30BAJIM CBEKECOPBAHYIO C Jie-
peBa BETKY-pOTYJIbKY) M MIMEHHO B CBS3U C Te€M, 4TO 0e3 HaTpeHHpO-
BAHHOT'O oreparopa HU BETKH, HU paMKH He paboTatoT, caM (akT Ha-
JIM4YUs omeparopa, T.e. CyObeKTUBHOCTb, BbI3bIBAET COMHEHMs B €ro
J00pOCOBECTHOCTU Y MOCTOPOHHUX Habmopatesneld. [losromy oGHa-
PY’KEHHE Te0NnaTOreHHbIX 30H JO CHUX MOpP HE HOCUT CUCTEMAaTHYeCKO-
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ro xapakrepa. [IpakTuueckn He BHeIpeHBI U METOIbl 00e3BpeKMBaA-
HUsI F€0NaTOreHHbIX 30H.

PopMyJIHPOBKA 32/1a4H

TpebOyetcss HallTU MHCTpYMEHTalbHble METOIbl OOHApPYKEHHS W
JIMKBU/IALMM T€OMaTOreHHbIX 30H. [IpennonaokurensHO U3lydeHue B
reonaToreHHbIX 30HaX MpezcTaBisieT co00l BBITEKAIOIMH BEPTHKAIb
BBEPX W3 Tena 3eMJM BUHTOOOpa3HbIi MOTOK 3dupa, KOTOPbI MOXKET
ObITh OOHapy’KeH ¢ MOMOILBI0 BEPTHKAIBHOTO OTKJIOHSHHUS JIyda Jia-
3epa OT €ro MEepBOHAYAIbHOIO TOPU3OHTAJIBHOTO MOJIOKEHHUS. DTO
OTKJIOHEHHE CBS3aHO C MEXaHWYeCKHM BO3JEHCTBMEM MOTOKa 3dupa
Ha Jy4 NoAaoOHO TOMY, Kak OOBIYHBII BeTep OTKIIOHSET OT HeUTpalib-
HOTO TOJIO’KEHHSI KOHCOJIBHO 3aKperuieHHyto Oanky. Takum oOpazom,
(ukcalMs OTKJIOHEHMs TOJOXKEHHUs Jyda Jjasepa OT HeHTpajibHOro
MOJIOKEHHUS TO3BOJISIET BBIIBUTH I'€ONAaTOTEHHYIO 30HY WHCTPYMEH-
TaJIbHBIM CIIOCOOOM.

Uro kacaeTcst HEUTpaIM3aLMK U3TYHYEHHs!, TO MPEAOIOKHUTETBHO
MOXET OBITh MCIMOJIb30BAaH CIOCO0 pacceMBaHUsl M3ITyUEHHs C MOMO-
LIbIO XaOTHYECKOr0 MOTKa MTPOBOJIOKH, Yepe3 KOTOPBIHA MpOIycKaeTcs
W3JIydeHHe. TPOXOXKIEHHE TMOTOKa 3(Hpa CKBO3b IyCTOTHI MOTKA
JOJDKHO MPHUBECTH K MOSBICHUIO MHOTOYHCIIEHHBIX BUXPEBBIX TOPOU-
JANIBHBIX MEJIKUX CTPYKTYP, KOTOpble OyayT camH pa30pachiBaThCs BO
BCE CTOPOHBI M TEM CaMbIM pa30pachiBaTh BECh MOTOK, AECTPYKTYpH-
3ysl U HEUTpasuzys ero.

[ocTaHoBKA SKCIEPHMEHTA

B kauecTBe M3MEpHUTENILHOTO YCTPOWCTBA 11 OOHAPYKEHUSI T'eo-
MaTOreHHOMN 30HBI ObLT MPUMEHEH JIa3ePHBIN JUOJ C KPaCHBIM JTyUYOM,
JUTMHA BOJIHBI KOTOPOTO cocTapiisieT okoyio 640 mmk, B kayecTBe (ho-
TOMPUEMHHUKOB HCIOJIb30BaHbl B OJHUX Ciy4dasX — (OTOJMOMBI, B
Jpyrux — (hOTOCONPOTUBIICHUSI.

JlazepHbIil Jyd mporyckaeTcs MexAy ABYMs MapajiiebHbIMU
3epKayiaMH JIJIsl YBEJIMYCHUS JJTUHBI MyTH Jla3zepa, MOCKOJIbKY OTKIIO-
HEeHHWe JIyYa MOJ BO3/JEHCTBHEM Harpy3ku (MOTOKOB 3¢upa) mpornop-
IMOHAJILHO KBAJIpaTy JUTHHBI Jiy4ya (KOHCOJBHO 3aKperuieHHON Gaiku)
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Oba ¢otonmona unu (HOTOCONPOTHUBIICHUS PACIIONIOKEHBI JIPYT
HaJ JpPYroM, OHHM pa3/iesieHbl HeNpo3pavyHOM MeperopojKoi, mnepen
HMMH PAaCrONIOKEHO MaTOBOE CTEKIIO, pacceHBaroliee iy Jjazepa. B
HEUTPaTbHOM TMOJIOKEHUH JIyY 3acBEeYMBaeT OJWHAKOBO oba ¢oTo-
auona ((oToconpoOTHBIICHUS), a TIPH OTKJIOHEHHH TOJ BO31eHCTBUEM
noroka 3dupa Jiyy cMmermaercs, U oauH auoj ((hoToconpoTHBIIEHHE)
3acBevMBaeTCsl OOJblle, APYroi MeHbIle, 3THM Hapyluaercs OanaHc
MOCTa, MOJYYCHHBIH CUTHAI TIepefaeTcs uepe3 yCHUIIUTENb Ha MUKpPO-
amIiepMeTp, OTKJIOHEHHE CTPEJIKM KOTOPOro OT HEHTPalbHOro MOJIo-
JKEHHs! TOKA3bIBAET HAJIMYHE 30HBI.

O\

Puc. 2. Cxema ontuueckoro nmytu [NOI'NU3: 1 —nazep; 2 —nyu nazepa, 3, 4 —
3epkana, 5 —oTonpreMHuk

Puc. 3. JIaGopaTopHbIil MAKET JIa3ePHOro U3MEPHUTEJIsl reonaToreHHoi
30HbI (pazpabotka A.I'.Jleontsea, Hapo-Domurck MOCKOBCKO#R 001acTH)



106 T'naBa 2.

Puc. 4. TlosieBoii BAPHAHT MaKeTa JIa3epPHOr0 U3MEPHUTEJIsl Fe0NnaTOreHHOM
30HbI (pazpaborka A.I'.Jleontsesa, Hapo-®omunck MoCKOBCKO# 06acTu):
a) euod cooKy; 0) euo ceepxy
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B kauectBe HelTpanuzaTropa 30HbI NPUMEHEH XaOTHUYECKH CITy-
TaHHBII MOTOK MEJHOM JIAKUPOBAHHOM INPOBOJIOKU JJIMHOU MOpsaKa
100m u nuamerpom ot 0,120 0,18 MM. MOTOK CIUTIONIEH B JIEHCIIKY
nuameTtpoM rnopsiika 80-100mM 1 ometnieH B OyMaXKHbII KOHBEPT.

Hanuune 30HbI pUKCHpyeTCs MyTeM OTKJIOHEHHs CTPEIKM MUKPO-
amriepMeTpa OT HEUTPaTIbHOrO MOJIOKEHHs, HeMTpanu3alus 30HbI MO-
clie TIOMEIeHHsI B Hee MPOBOJIOYHOT0 HelTpanu3aTtopa (Gukcupyercs
BO3BpAILlEHUEM CTpEeIKH MUKpoaMIepMeTpa B HEHTpabHOE MOJIoXKe-
HUeE.

Pe3yabTaThl 3KCIEpHMEHTA

C noMolbio MPOBOJIOYHBIX PaMOK OMEpaTopoM HaxoAujach reo-
naTtoreHHasi 30Ha, BHECEHHE B Hee MpUOOpa MPUBOAMIO K OTKIIOHE-
HUIO CTpeNIKW MUKpoamIiepMeTpa. BHeceHHe B 30HY MPOBOJIOYHOTO
HeWTpanu3aTopa NPUBOAMWIO MPAKTHYECKU K MTHOBEHHOMY paspylie-
HUIO 30HBI, YTO (DUKCUPOBAJIOCH BOCCTAHOBJIEHUEM HEHTPaIbHOTO MO-
JIOYKEHHS CTPEITKW MUKpOaMIIepMeTpa.

[Ipu yOupanuu HeliTpanuzaTtopa W3 30HBI CTpelKa MHKpoammep-
MeTpa MeIUIeHHO BoO3Bpallajach B HelTpanbHoe mnonoxkeHue. [lpu
9TOM OOHApYKEHO, UTO BpeMsI BOCCTAHOBIICHHS 30HBI 3aBUCHT OT Bpe-
MeHH TipeObIBaHUs HEWTpan3aTopa B 30HE. €ClM HelTpanu3aTop Ha-
XoAuics B 30He He Ooniee 1-2 cekyH[, TO BOCCTAaHOBJIEHHE 30HBI MPO-
ucxoaut 3a 15-20cekyHn, ecnu e BpeMs NpeOblBaHUS HeWTpanuza-
TOpa B 30HE COCTABNsEeT 3-5 MUHYT, TO BOCCTAHOBJICHHE 30HBI MPOMC-
xouT 3a 30-40MuHYT, eciu ke BpeMs MpeObIBaHKs COCTABJISET XOTs
Obl CYTKHM, TO BOCCTAHOBJIEHHE 30HBI MOXET IJUTHCS HECKOJIBKO
JTHEH.

VYcTaHOBIIEHO TakXkKe, UYTO M3IyYeHHe JISHCTBUTENLHO UAET U3 Te-
na 3eMJIH, TTOCKOJIbKY MPH KPAaTKOBPEMEHHOM MpeObIBAHUM HEUTpasu-
3aTopa B 30HE W3JIyueHHE YHHUTOXKAETCS HaJl HeHTpau3aTopoM, a
MOJI HAUM COXpaHSETCs, YTO MPOBEPSNIOCh HA JIECTHULAX JKUIIBIX JIO-
MoB. Haubonee 3ppekTUBHBIM METOAOM HEWTpau3allid B MKHUIIbIX
JOMax M cyKeOHBIX MOMELICHUIX 0Ka3anoch MOMELIEeHUe HeNTpasu-
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3aropa B MOJBaJax 3JaHWM, TOraa W3ly4deHUe HeHTpanu3yercs cpasy
BO BCEX dTa)kaX 3JaHUM.

BriBoabl

[IpoBeneHHbIE SKCMEPUMEHTHI MOATBEPAWIIN CIEIYIOLUE MOJI0-
HKEHHUS!

1. leonaToreHHOe M3NY4YEeHHE MpPEACTABISIECT COOON CIUpAIbHBIN
NMOTOK 3¢upa, HAMpaBICHHbIH U3 Tella 3eMJM BEPTUKAIBHO BBEPX U
o0JamaeT BBICOKOHM MPOHUKAIOUIEH CIIOCOOHOCTHIO, MMPOHU3BIBAS 3Ta-
KM MHOTO3TXHBIX 3aHUH;

2. Manydenue okasbiBaeT BIMSHUE HA MOJ0KEHHUE TOPU3OHTAIIEHO
PACHOJIOKEHHOr0 Jlyda Jjla3epa, 3acTaBisis €ro OTKIIOHATHCS BBepX,
noIo0HO TOMyY, KaK OTKJIOHSET KOHCOJIBHO 3aKperuieHHYH Oaliky
OOBIYHBII BeTep. DTUM cO3/1aHa OCHOBA [T CO31aHUsI U3MEPUTENLHO-
ro MHCTPYMEHTa AJisl OOHapYKEeHHUs Te0NaToreHHbIX 30H J1000ro npo-
HCXOKACHHUS,

3. PazpabotanHblii MeTOll HEMTpanU3alMy reonaTOreHHbIX W3ITY-
YeHUH 3eMJId MOoKa3ajl BBICOKYIO 3(EKTUBHOCTb U MOXKET OBbITh pe-
KOMEHJIOBaH, M0 KpaiHe# mepe, Ui HEWTpalu3allMi reonaToreHHbIX
M3JTy4YeHHUH B KBapTUPaX U CIyKEOHBIX MOMEILEHUSX.

4. CnenyeT NpOJOKUTb UCCIEAOBAHKS MO OOHAPYKEHUIO U HEel-
Tpaju3alry TeoNaTOreHHBbIX 30H MPUMEHHUTENILHO K OMacHbIM IS
JKU3HM JIOJIed AoMaM, MoJITepreicraM, aBapuiHbIM y4acTKaM aBToO-
MOOHMIIBHBIX JOPOT € LEJbI0 MOBBILIEHUS! 0€30MacHOCTH HaXOXKICHHUS
B HUX JIIOJIeH, a Takoke K BYJIKAHUYECKUM M CEHCMUYECKUM 30HaM AJIst
npecKa3aHus BO3MOXKHOM WX aKTMBH3aUMK (KMBOTHBIE W MTHLIBI
YyBCTBYIOT NPHUOJIMKEHNE aKTUBHOCTH U 3a0J1arOBPEeMEHHO TTOKUIAIOT
9THU MeCTa) ¥ CBOCBPEMEHHOTO MPHUHITHN HEOOXOIUMBIX Mep MO cra-
CEHMIO JIIOJIeH | MMHMMM3aLlii BO3MOYKHOTO yiepoa.

5. Llenecoobpa3Ho onpenennTh BO3MOXKHOCTh MPUMEHEHHUs TpH-
Oopa B apyrux o0jacTsaX — Npu MPOXOXKIEHUHM TIeONaTOreHHBIX 30H
MOJBWKHBIMU O0BEKTAMH — Ha3eMHBIM TPaHCTIOPTOM, MOPCKUMH M
MOJIBOHBIMH KOpalbJisiMH, BO3AYIIHBIM TpaHcropToM u MC3, a Ttaxoke
JUIS McclieioBaHus 3(UPHOTO BeTpa, 00yBatoIero 3eMilo, U Npe-
CKazaHMsl 3eMJICTPSICEHUH W W3BEP>KEHHs BYJIKAHOB, TIOCKOJBbKY BCS
(ayHa cTpeMHuTCs MOKMHYTh MecTa OyIyIIMX 3eMIIETPACEHUI W M3-
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BEPXKEHHI 3a HECKOJIbKO CYTOK JI0 COOBITHIA. JTO 3HAUUT, 4TO SPUp-
Hble BUHTOBbIE MOTOKM M3 Tella 3eMJIM YK€ UCXOISAT, a 9TO O3HayaeT
NPUHLUIUATBHYIO BO3MOYKHOCTB 3a0JIarOBPEeMEHHOTO MX OOHapy»Ke-
HUS.

2.4. UccnenoBanue BEPTHKAJLHBIX NOTOKOB 3¢upa
¢ nomombio «kopouo» b.I1.-logonoBa

A.I' JIleonmbes

Bpau-6uonor bopuc [lerporuu JlonoHoB u ero cein Poman bopu-
coBu4 J[0JOHOB MHOTO JIET MOTPATHIIM HA U3YYEHHE BIUSHUS pa3iiuy-
HBIX TIPEIMETOB HAa DHEPreTHKY OHMOMOJIs uelioBeka M pa3paboTaiiv
KOppEeKTOp OHOIoNIs, Ha3BaHHBIM MMHU «xopOHO». KoppekTop mpen-
CTaBjiseT coOON LMIMHIP, BBHIMOJHEHHBIA W3 JepeBa, MeTaluia WIu
JpYrUX MaTepyaioB, B KOTOPOM Hape3aHbl yriuyosenus (puc. 2.2).

[Nonanas Ha Metaundeckuiit Mmoaynarop (puc. 2), apupHas ctpys
WAyas U3 KocMoca B 3eMITI0, OTpa)kaeTcsl OT MOBEPXHOCTH MeTaslia
W, Onaromaps Hape3Ke, 3aKpy4HMBaeTcs, OJHOBPEMEHHO C)KUMAsCh.
IMonanast Ha mepeBsiHHBIA MoLyssTOp (puc. 3),3dupHas cTpys mpoxo-
JIUT HaCKBO3b, HO TaK)Ke 3aKpyudrBasch. B o0oux ciydasx cTpys o00-
JajaeT SHEPreTUYeCKUM BO3ACHCTBUEM U B pAlle CIy4aeB MOXKET
OBITH MCTIONIB30BaHA JJISl TIOANUTKA W KOPPEKIMK OHOMONS YeloBeKa,
YTO MOKET OBITh UCTIOJIH30BAHO B MEIUIIUHCKUX 1IEJISX.

KoppekTtopbl 6uorosis peKOMeHI0BaHbl aBTOPaMH ISl UCTIOJIB30-
BaHUS B MEJUIUHCKON TEXHHMKE IS KOPPEKIMH OUOMONS YelloBeKa,
YTO CnocoOCTBYeT TapMOHM3AIMA COOCTBEHHOTO HSHEPreTHYECKOro
TOJIs, KOTOPOE OMpEAEIeT COCTOSHHE €ro 310POBBS.

[Mockonbky W3 KOHGUrypauuH KOPPEKTOpa HENoCpeICTBEHHO
BUIHO, YTO OH MpeAHa3HaueH ajs MpeoOpa3oBaHUs JUHEWHBIX MOTO-
KOB 3(hvpa B BUHTOBbIC, BO3HUKJIA UES MCIIOJIb30BaTh KOPPEKTOP AJIs
JIEMOHCTPAIIUY 3aBUXPEHUS MMOTOKOB 3(prpa, MOCTYNAIIUX B 3eMITIO
13 KOCMOca.
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IMonanast Ha MeTanryeckuii Moayssatop (puc. 2), sbupHas cTpys
WIyIIas U3 KOCMOca B 3eMITIO, OTPayKaeTcsi OT MIOBEPXHOCTH MeTaia
v, Onaromapsi HapesKe, 3aKpy4HMBaeTCs, OJAHOBPEMEHHO CHKUMAsSCh.
[Monanas Ha nepeBsiHHBINA Moay siTop (puc. 3), 3hupHas cTpyst Mpoxo-
JWT HAaCKBO3b, HO TaKXe 3aKpy4uBasch. B o6oux ciyuasx crpyst 00-
JafiaeT SHEPreTHYeCKMM BO3IEHCTBHEM M B psIe CIyYaeB MOXKET
OBbITh HUCIOJIb30BaHA ISl MOAMUTKH M KOPPEKLMK OHOMOJs YeoBeKa,
YTO MOXKET OBITh UCIIOIB30BAHO B MEAMIIMHCKHX LIEIISIX.

fuz?

Puc. 2.2. Crpykrypa koppekTopa 6monosi JJo10HOBBIX:
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@ur. 1. Koppexrop 6uomnons "KOPBUO" [lononossIx; ¢ur.2. Bug cBepxy, 1m-
JMUHIPUYECKO 1 MHOTOrpanHo# (opMsl; ¢ur.3. [lonepeynsie ceueHuns kaHaa Mo
¢ur.1u 2.

KoppexTopsl 61onons pekoMeHA0BaHbl aBTOpaMM AJIsl UCIIONb30-
BaHUS B MEJMLUMHCKON TEXHMKE I KOPPEKLUMH OMOMOsl YeloBeKa,
YTO CMOCOOCTBYET rapMOHM3alMU COOCTBEHHOIO 3HEPreTHYeCcKOro
T0J151, KOTOPOE OTNpeaesisieT COCTOSHUE €ro 310POBbs.

[lockonbky M3 KOHGUrypauMM KOppPEeKTOpa HENoCcpenICTBEHHO
BU/IHO, YTO OH MpeJHa3Ha4yeH AJs npeoOpa3oBaHusl JTMHEHHBIX MOTO-
KOB 3(¢Mpa B BUHTOBbIE, BOSHUKJIA HJIEs UCTIOJIb30BaTh KOPPEKTOP IS
JeMOHCTPALIMK 3aBUXPEHHUS MOTOKOB 3(Hpa, MOCTYMAIOMHNX B 3eMITIO
U3 KOCMoca.

eab s3xcnepumMenTa
Co3naHue yCTaHOBKM s A€MOHCTpALMU MpoLecca 3aBUXPEHUS
3(UPHBIX MOTOKOB, MOCTYNAIOLIMX B 3eMJIIO U3 KOCMOCa.

CymHoCTh 3KcIepuMeHTa

B Ganky ¢ Bojoit yepe3 TpyOKy OIMyCKalOTCs Ha JJHO YEPHHIIA, KO-
TOpbIE pacTeKaloTcs Mo AHy OaHKW. 3aTeM Ha OaHKY yCTaHaBIIMBAeTCS
KopOro — 6rokoppekrop JlonoHoBbIX. Bo BTOpoM BapnaHTe MeTanm-
YeCKUil KOPPEKTOp YCTaHaBIMBAeTCs MOJA OaHKy Mpope3siMH BBEpX,
WHaue HUKAKoro s dekTa HeT

Osxupnaemslii 3 dekt — BeneacTeue odpa3zoBaHusi B 0aHKe TOPOU-
JajbHOTO BUXPs 3(upa YepHUIa JOJDKHBI COOMpaThes Ha JHE OaHKH
BO BCE YMEHBUIAIOMIYIOCS KPYIIIYIO JIEMIEUIKY, KOTOpasi JOJDKHA BBITSI-
T'MBaThCS BBEPX B COOTBETCTBHHU CO CTPYKTYpPOH TOPOMIATBLHOTO BHUX-

ps adwupa.

IIpoBenenue 3xcnepuMeHTa
Jlns mpoBeneHHs 3KcrepruMeHTa ObUTH W3TOTOBJICHBI KOPPEKTOPBI
U3 MeTasa u aepesa (puc. 2.3).
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Puc.2. CraapHoii moayasitop B.IT1.JlonoHoBa (kopGuo), co3garomuii Ha-
NpaBJieHHOe BUHTOBOE MATOreHHoe n3jy4eHune

a 0)

Puc. 3. lepeBsinnbie moayJasitopel B.I1. lonoHoBa ansi Koppekuuu Guomno-
JIsi: @) JICBOBUHTOBOH; 0) PaBOBUHTOBO
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1

2)

Puc. 2.4. ®opmupoBaHne 4epHUIBLHOT0 BUXPs B 6aHKe ¢ BOAOiI mocJe ycra-
HOBKH Ha Heii JepeBsSIHHOIr0 KoppekTopa 0A0HOBBIX: @) Hepe3 IoJdaca Mocie
YCTaHOBKH; 6) Uepe3 4ac IocIie YCTAHOBKY, B) Uepe3 MOJTOPa Yaca MOCiIe YCTaHOBKY,
2) uepe3 15 MUHYT 10CIe CHATHSL KOPPEKTOPaA ¢ OaHKH.
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B onHoM ciyyae MeTayUIMYECKHH KOPPEKTOp YCTaHABIMBAETCS
noz 6aHKy, BO BTOPOM — I€PEBSHHBIH KOPPEKTOP YCTAaHABIMBACTCS HA
Oanke. PesynbTar mpakTHuecku OAMHAKOBBIM, HO d(¢eKT npu ycra-
HOBKE METAIJIMUECKOro KOppeKTopa moja OaHKOW HECKOJIbKO MEHb-
Wi, YeM TMpU yCTaHOBKE IePEeBIHHOTO KOPPEKTopa Ha OaHKy.

[MponomxutenbHOCTh 3KcmepuMeHTa cocTapnser 1,5-2 yaca ot
MOMEHTa YCTaHOBJIeHUs1 Ha OaHke kopOuo. B pesynbrare, kak v 0xH-
JIAJIoCh, YUSPHUIIA cO Beel MIonany OaHku coOMparoTes K ee LISHTPY, U
W3 YEepPHWIBHOIN <«IeNelKn» BBEpPX BHITATHUBAETCS CTOJO 4epHMI, a
cama «lernemika» npuoOpeTraeT BWA BOPOHKM TOHKOW 4HacTH BBEpX
(puc. 2.3.)

BriBoabl

Cnenyert mosaraTh, YTO 3KCHEPUMEHT MOATBEPAUI HAJIUYUE MO-
TOKa 3Qupa, BXOIAIIETO B 3eMIII0 M3 KOCMOCA, MOCKOJIbKY HUKAKHX
JpyruX MPpUYUH AJsi oOpa3oBaHus BUXps B OaHke HeT. Kpome Toro,
SKCHEPUMEHT TMOATBEPAW BO3MOXKHOCTb 3aKpYTKH JIaAMUHApPHOU
CTpyH 3(upa ¢ MOMOIIBIO0 BUHTOBBIX MOAYJATOPOB THMA Kopouo Jo-
JIOHOBBIX.

IIpyuHUMNIUaNbHO OTCIOAA BBHITEKAET BOZMOXHOCTh B MEPCHEKTHUBRE
KCIIOJIb30BaHUSI MOAYJISTOPOB J{0IOHOBBIX B KAYECTBE ATAJIOHOB IS
TapUPOBKHM NIPUOOPOB, MpeTHA3HAYESHHBIX T OOHAPYKEeHHs Teornaro-
TFeHHBIX 30H.
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2.5 HccaenoBanne BJNSIHAS TeoNaTOreHHOTO H3JIYUYECHHS HA
METAJNIHYECCKHE IJIOCKOCTH

B.A. Auroxoeckuii, A.I'. Jleoumbes

ITocranoBka 3aga4un

B cBs3M ¢ TeM, YTO MpH CKOJIBKEHUHM Ta30BOTO MOTOKA BOJIb
IJIOCKOCTH IUIACTUHBI JABJICHUE ra3a YMEHbIIAETCs, BO3HUKAET Liese-
cO00pa3HOCTh MPOBEPKH ATOTO OOCTOSTENBLCTBA, MOCKOIBKY 3TO O3HA-
YaeT, 4TO Ha 3Ty IUIACTHHY OyJeT BO3JAeHCTBOBAThH JIABJICHHUE C TPO-
THUBOIOJIOXKHOM CTOPOHBI, CMEILAOLLEE IUIACTUHY B CTOPOHY 3OHBI.
[IpoBepka MOKeT OBITH OCYLIECTBIEHA C MOMOLIBIO KPYTHIIBHBIX Be-
coB M MoxyisTopoB JlomoHoBa, mpeoOpa3yromux MoTok 3¢upa, mo-
riomaemMelid 3eMseil, ABUraroluiicss BEpTUKAIBHO CBEPXY BHU3.

1 ]

—

Puc. 2.5. Cxema BecoB 115 onpeaesieHusi BJusiHUsI MoayJisitopoB logoHoBa
Ha MeTAJUTHYecKy10 nuiacTuHy: 1. JIepeBsHHBII MOIYJISITOD, TP €ro NOMEIICHUN
HaJl METAJUIMYECKOH TJIaCTMHOM OHa JIOJDKHA MATH BBEpPX; 2. MeTauiM4eckuii Moy-
JSTOP MPH €ro MOMEIIEHUH MO/UI METAUINYECKO# MIIaCTHHOM OHa JI0JDKHA MITH BHU3;
3. Tonkas merammdeckas riactiHa 30x30 cm Tommunoii 0,5mm. Kpenutest Ha koH-
e Kopombicna 4 JUIMHOHM 0koJI0 MeTpa; 5. ToHKas cTaibHas IPOBOJIOKA, HA KOTOPOR
KPEMUTCsI Majika, MPOBOJIOKa HATATUBAETCS MEKIy cToiikamu 6; 7.TIpoTuBosec,
YPaBHOBEILIHMBAOIINH MJ1aCTHHY 3.
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MeTamnueckuii MOOYJIATOP AOJDKEH OTpaXkaTh JAMUHAPHBINA IMO-
TOK 3¢Upa U npeodpa3oBLIBATHL €r0 B BUHTOBOM MOTOK, JEPEBSHHBIM
MOJIYJIATOP JOJDKEH MPOIyCKaTh CKBO3b ce0s JJaMUHAPHBINA TMOTOK
a¢upa u npeoOpa3oBEIBaTh €ro B BUHTOBOM NOTOK. [loaTomMy merasn-
JIMYECKUH MOAYJSTOP HY’KHO CTaBUTh MO/ METAINIMYECKYHO TIACTUHY,
3aKPEIUICHHYIO Ha OJHOM KOHLIE KOPOMBICJIAa BECOB, a JEPEBSHHBIN
MOJYJIATOp — Haj miuacThHOM. OxunaeMeiid 3h(eKT: MeTaTHIeCKUi
MOAYJISTOP IOJKEH OTKJIOHAThH IUIACTUHY BHM3, a JIEPEBSIHHbIA 10J-
JKE€H OTKJIOHATD IJIACTUHY BBEPX.

IMocranoBKa 3IKCIEPUMEHTA

JIis mpoBepKH BBICKA3aHHOTO TMPEATNONONKEHUS HCTIONb30BaAHBI
KpYTUJIbHBIE BEChl — JIEPEBIHHOE KOPOMBICIO IIMHOM 1,2 M, mojBe-
IIEHHOE 32 HUTh K CTOMKeE.

Ha omHoM KoHIle KOpOMBICIIA 3aKperieHa jKecTsHas TUIacTHHA,
miowansio 0,1v% Ha MPOTHUBOIOJIOKHOM KOHIIE MAaJKU UMeeTCs Mpo-
THUBOBEC, MOJA00paHHBINA TaKUM 00pa3oM, YTOOBI KOPOMBICIIO HAXOJH-
JIOCh B TOPU3OHTAIIBLHOM MoJiockeHUH. Ha kopombiciie 3akperuieHa Jia-
3epHas ykaska, oTOpachiBarolias Jy4 Ha CTEHY, Ha KOTOpO#l cienaHa
OTMETKa HeUTPAJIBLHOTO TMOJIOKEHUS JIy4a, OT KOTOpoit U pukcupyercs
OTKJIOHEHHE.

p 1 \
Puc. 2.6. prTl/lJ'leble BeCbl 1JIsl IPOBEPKU BJIUSIHUSA IeonaToOreHHoro u3-
JlydeHUsl HA MeTAJIMYecKHe MI0CKOCTH, O0IIMii B
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PesyabTaT 3KcnepumMenTa

IIpn ycraHoBKe MeTaUIMUECKOro MOAYJISITOpa MOA MOIBEIIEHHON
JKECTSHOM IUIACTUHOM paBHOBECHE BECOB HapylUaeTcs, U IJIaCTUHA
OTKJIOHSIETCS BHU3 K MOAYJISITOpY Ha yron nopsiaka 10-15". Ilpu ycra-
HOBKE JIEPEBSHHOIO MOIYJATOpa Haj IUIACTMHOW OHAa OTKJIOHSETCS
BBEpX, MPUMEPHO, Ha TOT JKe YTOJl.

Puc. 2.7. KpyTnibHble Bechl AJ1sl TPOBEPKH BJIMSTHHS T€ONATOreHHOT0 U3-
JIy4eHHs] HA MeTANIMYecKHe IUIOCKOCTH: yCTaHOBKA MOLyJIATOpa JlonoHOBa o]
JKECTSIHOM TUIACTUHOM, YKPEIIJIEHHON Ha KOPOMBICJIE BECOB.

BriBoabl

1. DkcrieprMeHT MOATBEPANIT:

— ToNoXKeHUe d(PUPOIMHAMUKH O TOM, UYTO B 3eMJIIO MOET MOTOK
a¢upa,;

- TOJIOXKEHUe d(PUPOAMHAMUKM O BO3MOXKHOM CHJIOBOM BIIMSTHUM
reonaToreHHOro M3JIyueHus Ha MeTalJIMuecKhe MIOCKOCTH, YTO MO-
JKET B HEKOTOPBIX CIIy4asX OKa3aThCs MPUUYMHON aBapuil U KaTacTpod
BO3/YLUHBIX U MOPCKHX CYZOB,;

— BO3MOKHOCTb CO3/1aHUsl C MOMOIIBIO METATTMUECKOTO MOAYJIs-
Topa JlomoHOBa MMHTALMM T€OMAaTOTEHHOTO M3Jy4YeHHs 3eMJIM, YTO
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MOKET OBITh MCIIOJIb30BAaHO B JAIbHEWIIEM /s TapUPOBKHU H3MEpH-
TEJIBHBIX CUCTEM, MpeIHa3HaYeHHbIX AJIi OOHApYXKEeHHsl reonaTroreH-
HOT'O U3JIyUYEHHUs.

2. llenecooOpa3HOCTh YCTAHOBKM HA KPYMHBIX MOJIBHKHBIX 00B-
eKTax MpruOOpOB, CIOCOOHBIX OOHAPYKMBATh M PErMCTPHUPOBATH BXO-
KIIEHHWE 3TUX OOBEKTOB B T€ONaTOTeHHYIO 30HY [UIs MPeI0TBPAIleHHs
aBapuil.

2.6. ObHapy:KeHHe NATOreHHOr0 W3JIYYEeHHS B 3JIEKTPO-
MATHHUTHBIX SIBJICHUSIX

B.A. Aurokoeckuil

IlocTanoBka 3agaun

BosHukiio mpeamnosioxkeHwe, 4YTO pa3HOOOpa3HbIE BO3ACHCTBUS
TOKOB BBICOKOH HacTOTHI HA YKUBBIE OPTaHU3MBI SBJISIOTCS HE TOJBKO,
a, MOXeT ObITh, U He CTOJIbKO Pe3yJbTaTOM BIHMSHHUS BBICOKOYACTOT-
HOT'O MarHUTHOIO MOJIsl, CKOJIbKO pe3y/bTaTOM MAaTOr€HHOIro U3Jly4e-
HUS, COTPOBOXK/IAIOIIETO 3TO Tojie. B mpuHLMIE, MaToreHHoe H3Iy-
YeHHE MOXKET COTMPOBOXKAATH Pa3MUHbIEe AJIEKTPOTEXHUUYECKHE SBJIe-
HUs, 4TO TpeOyeT MPOBEPKH.

ITocTranoBKka YKcnepuMeHTa

Jns BoIsicHeHMs aKTa HaJIMYMS MTATOTEHHOTO M3Ty4YeHHs B BBICO-
KOYaCTOTHOM DJICKTPOMAarHWTHOM MoJjie Obljla UCTOJIb30BaHa KaTyllKa
Pymkopdoa c paspsanukom (puc. 2.7).

Karymika Pymkopda npencraenser codoit xene3Hblil cepeuHuK,
Ha KOTOpbIA HAMOTaHbI ABE KAaTyLIKH — MEpBUYHAs, UMEIOLIas OTHO-
CUTEJIbHO HEOOJbIIOE YMCIIO BUTKOB, U BTOPUYHAS, UMEIOLLas 3HAYU-
TebHO OoJblliee YMCIIO BUTKOB. IlepBHYHas KaTylika 3amdTaHa oT
MCTOYHMKA TMOCTOSHHOTO TOKa, MOCIENOBaTEIbHO C TpepbIBaTesieM,
KOTOPBI pa3peiBaeT Lemb. [Ipu pa3pbiBe Lenu BO3HUKAET 3.1.C. caMo-
WHIYKLMH, U BO BTOPUYHOM LIEMH BO3HMKAET MWK BBICOKOIO HaMpsi-
JKEHUsI, BBI3BIBAIOIIMHA MCKPY B Pa3psaHUKE, MOMKIIOYEHHOM K BTO-
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pUUHON 0OMOTKe. YCTPOMCTBO LIMPOKO MCIOJIB3YETCsl BO BCEBO3MOXK-
HBIX CHCTeMax MOKWra, HampuMep, B aBTOMOOMJIbHBIX JABUraTessX.
OnHako (akT BO30OYKIEHHUsSI B OKPECTHOCTAX KaTyumku Pymkopda ma-
TOTE€HHOI'O M3JIy4€HHs! 1O HACTOSALIEro BPeMEHH He OblL1 N3BECTEH.

IIpoBeaenue s3xcepuMenTa

Bo3HukHOBeHME MaToreHHoro mnoJjsi Haja KaTylikoit Pymkopda c
paspsAHUKOM MPOBEPSUIOCH € MOMOILBIO MPOBOJIOYHBIX pamok. One-
paTop Jeprkai paMKH HaJ KaTyUIKOHM mapajulesbHO ApPYT APYTYy W He-
CKOJIBKO HaKJIOHWB WX Brieped. [lociie BKJIIOUEHUS KaTyLIKHM pamKu
HekoTopoe BpeMs (rmopsiaka 5-7 ceKyHI) OCTaBaIuCh HEMOABMKHBIMH,
a 3aTeM MepPeKpelMBaINCh, OCTaBasCh B TAKOM IMOJIOXKEHUH BCE Bpe-
M, MoKa Oblla BKJIIOUEHA KaTyllKa.

Puc. 2.7. ®ukcanusi naToreHHOro M3JIy4eHHs] B OKPECTHOCTSX KATYLIKH
Pymkopda ¢ momous10 npoBoIOYHBIX PAMOK.

[Mocne BeikMtOveHust katyuiku Pymkopda pamku 10-12 cekynn
OCTaBaJIMCh HEMOJBMKHBIMU M MEPEKPELICHHBIMH, a 3aTeM ME/IEHHO
PacXoIuiTUCh, 3aHUMas BHOBb MapajljieJIbHOE IPYT IPYTY TOJIOKEHHE.
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BriBoabl

Bbicoko4acToTHOE 3IIEKTpOMAarHUTHOE ToJie, co3aaBaeMoe pabo-
Tatouied katymkod Pymkopda ¢ pa3psaHMKOM, cOMPOBOKAAETCS BO3-
HUKHOBEHHEM MaTOTeHHOro MOJIsl, KOTOPOe MOXKET OKa3aTbcs MpPUYHU-
HOM HEKOTOpPBIX SIBJICHWH, MPHUMHCHIBAEMBIX BBICOKOUYACTOTHOMY H3-
nydenuto. [lonyueHHbIH 3¢ dekT TpeOyeT NallbHeHIINX HccenoBa-
HU.
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I'maBa 3. UcciienoBaHue MOrJIOMEHUS] PACTEHUAMH
YIJIEKHCJI0THI U3 BO3AyXa

3.1. CocTosinne mpoodaeMsbl

Kak u3zBecTHO, B OHOJIOTH CylecTBYeT KOHLENIMS O TOM, 4TO (o-
TOCHHTE3 €CcTh 00pa30BaHMS BBICIIMMH PACTEHUSIMH, BOAOPOCISAMH,
(POTOCHHTE3NPYIOIUMH OaKTEPUSIMH CJIOKHBIX OPraHMYeCKUX Be-
LIECTB, HEOOXOIMMBIX AJI5 )KU3HEAEATEIbHOCTH, KaK CaMUX PacTeHHH,
TaK W BCEX JIPYTMX OPraHU3MOB M3 MPOCTHIX COSMHEHHH (Hanmpumep,
YIJIGKMCIIOrO Ta3a M BOJBI) 3@ CUET SHEPrUH CBeTa, MOMIOIAeMOM
XJIOPOPHIIIOM M JPYTMMH (POTOCHMHTETHYECKUMH MUTMEHTaMHU. DTO
OJIMH W3 Ba)KHEHIIMX OMOJOrMYecKUX MPOLECCOB, MOCTOSIHHO U B OT-
POMHBIX MacmTabax COBEpIIAIOLIMXCS Ha Halllei riaHeTe.

B pesynbraTte (OTOCHHTE3a PaCTUTEIBHOCTH 36MHOTO IIapa eKe-
ronHo obpasyet G6osnee 100 mipa. T. opraHMYecKkuX BelecTB (OKOJIO
MOJIOBUHBI 3TOTO KOJIMYECTBA MPUXOAUTCS HA JOJIO (POTOCHHTE3a MO-
peii 1 okeaHoB), ycBauBasi ipu 3ToM okosio 200mipa. 1. CO, 1 Bbide-
JIs1s1 BO BHELLHIOIO cpeny okojio 145mnpa. T. ¢cBOGOJHOrO KMCI0poaa.
[onaratot, uro Gnaromaps GoTocuHTe3y 00pa3yercsi Bech KHCIOPO.
armocdeps! [1. HuuunopoBuu A.A. @orocunre3. bCD 3 uw3n. T.27,
c. 592-595M.: Bosbiuas coBerckas sHuuKIoneaus, 1977].

He craBs noa coMHeHue (akT HAJMUMs B PUPOJE YIOMSHYTBIX
BBIIIE MPOLIECCOB, CIIEYeT, TeM He MEHee, YCOMHHUTBCS B TOM, YTO B
CTPOMUTENIECTBE TeJla PacTeHWi, BOJOPOCeld U (POTOCHHTE3UPYIOIINX
OakTepuid UAET 3a CUET YCBOEHHMs MMH YIJIEKHUCIIOro ra3a BO3Iyxa, a
He WHbIM myTeM. OCHOBaHWEM IJISi TMOJOOHOTO COMHEHHMS SIBIISIETCS
(aKT HECOOTBETCTBHMS MPOLIEHTHOTO COMAEPXKAaHWsS Yriepoia B Tele
pactenmii (nopsaka 13% 0T Macchbl pacTeHuit) U coiepKaHus yriiepo-
na B Bo3nyxe (npu 0,03%conepkanuis B BO3IyXe YIJICKHCIOTO rasa
Ha jonio yriiepona npuxoautcs He Gonee 0,01%). Takum oOpaszom,
uMes B Buay, uto 1 mM° Bosmyxa Becut 1 kr, mans obpazosanms 1 kr
Macchl pacTenus Heobxomumo 3atpatuts 1300m° Bo3yxa npu yero-
BUM, YTO BECh YIJICKHMCIIBIA Ta3 BO3/yXa YCBAaWBAeTCS PAaCTEHHSMH,
4yero ObITb HE MOJKET.
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Kak paccunran U.H.Tankun [M.H. Taaxun. [lpixaHue pacte-
HMI.], 1 obecniedeHHss pOCTa PacTeHMl YIiepoaoM 3a cueT Morjo-
LIEHUs YTJIEKUCIIOro Taza u3 atMocdepbl HyXKeH BeTep, AYIOLUA co
CKOPOCTBIO COTEH ThICSY KMJIOMETPOB B CEKYH/Y, YETr0O Ha CaMOM JieJie
HeT.

CoMHeHUs cBA3aHbl TAKOKE U C TEM, YTO BECHOM, KOTr1a BOAbl MHO-
ro, COJIHEYHOE OCBEILEHHUE SIPKOe, a HUKAKOro BeTpa HET, POCT pacTe-
HU Hanboyiee MHTEHCHBEH, MO3TOMY HM O KAaKOM pOCT€ pacTeHHUH
TOJIBKO 3a CHET YCBOGHHUS yIJIepoAa BO3AyXa B 3TOM BpeMs roja He
MOXeET ObITb U peuH.

Boznukaer Borpoc, 3a cueT Kakoro ke MeXaHH3Ma MOXKeT MpOou3-
BOJIMTBCS CTOJIb MHTEHCUBHBIM POCT PaCTEeHUH, €CJIM HE 3a CUET yriie-
pona, coxepskauierocs B Bozayxe. [IJ11 BO3MOXHOIO OTBeTa Ha 3TOT
BOMPOC CleAyeT 00paTUThCs K 3PUPOIUHAMUYECKUM TpeACTaBICHH-
SM O CTPYKTYype s1ep aTOMOB YIJepoa, a30Ta U KMCIOopoa.

Kak u3BecCTHO, OCHOBHBIM H30TONOM YIJIepona SBJISIETCS W30TOM
12C, ero Apo COCTOUT U3 TpeX albda-yacTHll, Haubosee yCTONIUBOM
YacTHULbl, COCTOSIILEH M3 IBYX MPOTOHOB M JABYX HEHTpOHOB. fAmpa
aTOMOB a30Ta M KHMCJIOPOJa COCTOST KaXKI0€ U3 siipa yriiepoaa ¢ 1o-
OaBlieHMEM K S/IpY aToma yriepoa B a30Te MPOTOHA WM AEUTpOHa,
T.e. IPOTOHA M HEMTpPOHA, a B aTOMe KUCJIOpoJa elle OJHOH ajibda
YaCTHULbl, COEAUHEHHBIX C SIPOM YIjepoJa, Kak U BCEe HYKJIOHBI, CH-
JIaMH CHJIBHOTO SiAEPHOTO B3aUMOAEHCTBHS.

Bopa, sBnstomascs HeoOXOAMMBIM YCIOBHEM pOCTa PacTeHUH,
KaK M3BECTHO, COJEP>KUT B CBOEM aTOME OJIMH aTOM KHMCJIOpoAa U J1Ba
aToMa BOJIOPOAA, U, XOTs OOIIENpPUHATON (HOPMYIION 11 BOJBI SBIIS-
etcs popmyna HyO, To, yuuThiBas, uTo 00a aToMa BOJIOPO/IA CBSI3aHbI
C KHUCJIOpOJZIOM, a He JAPYT ¢ IPYrom, mpaBujibHee Obulo Obl OnmucaTh
tdhopmyny Bojabl kak H-O-H. B ocHOBe ke keT4aTku pacTeHUi JIGKHUT
monekyna H-C-H, koTopas XMMHUYeCKUM MyTeM MOXKET TpaHCHOpMHU-
poBaTbcd U B JIpyrve yriiepoJo- U BOJOPOAO- CoAeprKallrie MOJIeKy-
nbl. Takum 06pa3oM, ecin Obl OKa3aI0Ch BO3MOXKHBIM M3 spa KUCIIO-
pona, cozepiKalierocs B BoJe, yAaIUTh O/IHY ayb(ha-4acTHILy, TO cpa-
3y Obl oOpaszoBanack uenb H-O-H, npurognas ObiTh OCHOBOM AJist
CTPOMTENIBHOIO MaTepraia pacTeHHUM.
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Obpaiaer Ha ceOs BHUMaHWE TOT (aKT, YTO JIUCThS pacTeHHM
MMEIOT 3€JIeHbIH LBET, MOTOMY YTO OHHM MOIJIOLIAIOT KPACHYHO COCTaB-
JISIFOLLYIO COJTHEYHOTO CHEKTPa, T.€. CaMyo cl1a0ylo 4acTb COTHEUHOTO
CIEKTpa, XOTS B CMIEKTPe UMEIOTCs U OoJiee CUITbHbIE 3eJieHble, CUHHE
¥ (PHOJIETOBBIE KOMIOHEHTBI. DTO 3HAYMT, YTO M3 BCEro COCTaBa COJ-
HEYHOI'O CIIEKTpa pacTeHHe yCBaMBaeT TOJBbKO TO, YUTO COOTBETCTBYET
pe30HaHCy BHYTPEHHHUX MPOLIECCOB.

KpacHomy cBeTy cooTBeTCTBYeT uTMHA BOJHBI ropsinka 7O00MMK,
a uacrora nopsiaka 4-10* I'u, npu neproze 2,5-10™%.

[lone cunbHOTO SiIEPHOTO B3aUMOAEUCTBHS YCTaHABIIMBAET paB-
HOBECHOE MOJIOKEHHE HYKJIIOHOB Ha PacCTOSHUM MEXAY HYKIOHAMHU
nopsimka 107'® M, OTK/IOHeHHe HYKIOHA B TIOGYIO CTOPOHBI CO3AET
CHJIbI, BO3BpALIAIOLINE HYKJIOH B 3TO PaBHOBECHOE MOJIOXKEHUE, T.€.
CWJIbHOE SiIepHOE B3aUMOJEHCTBHE BBIMOJHSIET POJib MPY>KUHBI, allb-
(a-vyacTuia, yaepKuBaemMas 5T CHJIaMH B PaBHOBECHOM IOJI0KEHUN
umeeT maccy. Crie1oBaTeNnbHO, 3Ta CUCTEMAa UMEET PE30HAHCHYIO Yac-
ToTy. Pacuer nokasaj, 4ro yacToTa pe3oHaHca Ajsl 3TOro ciydas co-
crapmsier nopska 10T, uro coorercTByeT meprony B 10 %,

Ipu packauke B pesoHaHce anb(a-yacTHlbl, KoTopas ciadee apy-
I'MX CBSI3aHa C OCTAJbHBIMH, U MOCTENIEHHOM HapallMBaHUM aMILIUTY-
Ibl KoJieOaHUH HAacTyNaeT MOMEHT, KOr/la aMIUIMTYJa MPeBbICUT pac-
CTOSIHME, MPU KOTOPOM CHJIbl OTTAJKMBAHMS 3JIEKTPOCTATHUYECKUM
MoJIeM TPEBBICAT CUITbI MPUTSKEHUSI CUIBHOTO SAEPHOTO B3aUMOZCH-
CTBHA, W anb(a-yacTUa BBUICTUT U3 sIIpa, OCTABUB TP B3aUMOAeH-
CTBYIOLIME ajib(ha YacTHUIIBI B COCTaBe S/Apa TeTeph yKe yriiepoa.

OTOT pe30HaHC BOBCE He 00s3aTeNbHO JOJDKEH OBITh BBI3BAaH Ta-
KO# e uvacToTol BO30YkIeHus. Brmonne mocrarouHo, eciu Takoe
B030y>kaeHre OyaeT BbI3BAHO TOJMYKAMH, UMITYJIbCAMH, KOTOpBIE MO
JUTATESIbHOCTH HE MPEBBICAT IJIMTEJIbHOCTD MOJIyNEepUoia pe30HaHC-
HOH 4aCTOTBI.

B cootBercTBMM ¢ mpencTaBaeHUsM d()UPOIAMHAMUKH DIEKTPOH-
Hasg 00oJIouKa aToMa ecTb MPHCOEAMHEHHBIH BUXpb 3(upa TOPOH-
JaJbHOTO THUMA, B KOTOPOM CKOPOCTH MOTOKOB 3(hrpa Ha BHYTpEeHHEH
yacTH BOJNM3M aTOMHOTO szipa cocTaBisor mopsaka 107 m/c, a ua
BHemnHeit nopsaka 10" m/c. K amekTpoHHON 0600UKe NPUMBIKAET
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MpUCOeIMHEHHBIH BUXph — obosouka Ban-mep Baanbca, B koTOpo#t
COOTHOLLEHHE CKOPOCTEH COCTABJISIeT HA BHYTPEHHEH yacTd Mopsaka
10" m/c, a Ha BHeILHEl COCTABIIAET BCErO AECATKH METPOB B CEKYHIY.
[lo Bcemy ke Temy oOonouku Ban-nep Baanbc umeer wwumpokwuii
CIEKTP CKOpPOCTEH OT HECSATKOB IO MHOIMX MWUIMapAOB METPOB B
CEeKYyHAY.

@DOTOH B COOTBETCTBUM C TNPEACTaBICHUAMH 3()UPOAUHAMMKH
UMeeT CTPYKTYpY, COCTOSILIYIO W3 MHOTHX JIMHEHHBIX BUXpel d¢upa,
00BbEIMHEHHBIX B €UHYIO CUCTEMY MU COIEPXKALIMX B CBOEM COCTaBE
MUWJUTHOHBI BUXpel (M0 JaHHBIM ONTHUKOB KaXKAblid (OTOH COCTOMT U3
MWJUTHOHOB KoneOanuii [["omkaeB. Ontukal. Ho nuHeiiHbie BUXpH,
obpasyromire GoToH (cM. KH. 4), IMEIOT B CepelMHE KEPH — Y3KYIO
yacTh auameTpoM nopsiaka 107° M., B KOTOpOit MIOTHOCTb MOBBIIIEHa,
a CKOPOCTH MHOT'OKPAaTHO MPEBBILIAIOT CKOPOCTh cBeTa. [I[pOHMKHYB B
BEpXHHE CJIOM MPHUCOCAMHEHHOTO BUXPS JIEKTPOHHOM 0605104KH, (o-
TOH OTJaeT el YacTh Macchl M 4YacTh SHEPTHH, KOTOpbIe Ae(opMUpPYIOT
ee 1 Jajiee MPUHUMAIOT Y4acThe B ABMKEHUH d(PUPHBIX MOTOKOB ATON
000JIOUKH, YBEJUUMBAsi CKOPOCTb IBM)KEHMSI M COKpallasi CBOU pa3mMe-
pbl IO Mepe MPOABHKEHHUS K BHYTPEHHEH 00acTH 3a cdeT yBenuye-
HUsI TUIOTHOCTH TOTOKa BONK3M aapa. [Ipoxons BOmu3mM siapa Bo30yx-
JIeHUe Yepe3 MEeKXHYKJIOHHBIA MPOMEXYTOK BbI3bIBAE€T TAKOe e BO3-
OykneHue B sape, BbI3bIBas KojeOaHWs ciabo TMpPUBS3aHHOHW K OC-
TaJIbHOW YacTH sizpa anb(a-yacThlibl, KOTOpas, pacKayaBLIMCh, uepe3
HEKOTOpOe BPeMs BBIXOJUT 3a MpeAesbl MEXHYKJIOHHOTO CJI0sl U BbI-
JIeTaeT U3 saapa.

Takum 00pazoM, MOXKHO MPEANOJIOKUTb, YTO OCHOBHBIM CTPOM-
TeNbHBIM MaTepHanoM JUis Tejla pacTeHWM ABJsSeTCs yriepon, Moiy-
yaeMblii TpaHCcMyTalued kuciaopoga Boabl. ClieCTBHEM 3TOro Mpo-
ecca JA0JDKHO OBITh M3JTyYeHHe TeiMs BCEMH PacTyLIMMH U, TeM 0o-
Jiee, UBETYLIMMHU PACTEHUSIMHM, YTO NOMJISKUT JalIbHEHLIeH MpoBepKe.

CrenyeT OTMETUTb, YTO MPOBEPKY ITOr0 OOCTOSTENbCTBA MOKHO
BBITIOJIHUTE TyT€M [I€TeKTHPOBaHMS ajib(a-yacTHll, KOTOpbIe, eciu
TUIIOTEe3a BEPHA, AOJKHBI BbIAEIATHCS U3 JIMCTHEB.
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IlocTanoBka 3axa9n

[TpoBepky BbICKa3aHHOTO TPEATONIOKEHHS O TOM, YTO YTriepon
oOpa3syeTcs U3 KUCJIOpOAa BOJbI ¢ MOMOIIBIO XJIOpoduLIa, 1esieco00-
Pa3HO OCYIIECTBUTH C MOMOUIbIO KOMHATHBIX PACTeHUM, U30JIMPOBAB
WX OT BO3/yXa, HO o0ecreurB MOCTYIUIeHHe BOJbI U cBeTa. PacTeHus
HEeoOXOIMMO BBIPALMBATL HA BOZMOXKHO Oosiee CBOOOAHOM OT mpuMe-
celd MouBbl, HANPUMEp, Ha YUCTOM MECKE.

IlocTaHoBKA PKCIEPHMEHTA

Heo6xonumble sxcniepumenTsl 6butn BoinonHeHsl WL H.["ankuHbM
(r. AnekceeBka benroponckoi obmactu), a 3artem A.B.lllectona-
noBbIM (MoCKBa), KOTOpBIE MPHUIIUIK K MOJO0OHBIM K& BBIBOJAM paHee
Y HE3aBUCUMO JIPYT OT ipyra M OT aBTOpa HACTOSILENH KHUTH.

Metoauka skcnepumenTa, paspabortannas W.H.I'ankunbiM, 3a-
KJIFOYaiach B TOM, YTO pa3jM4YHble KOMHAaTHbIC pacTeHHs M30JMpOBa-
JIUCb OT BHEILUHEro BO3[yXa MPO3payHOil IUICHKOH, a B HEKOTOPbIX
cllydasix MoJ IJIeHKY 3aImycKascs OajuIoOHHbIH a30T WM UHEPTHBIH ras.

A.B.lllectomanoR momeman pacTeHHs B CTEKJISTHHbIE COCY/BI.
OueHuBasICs POCT pacTeHUH Ha MPOTSHKEHUM HECKOJIbKUX MECSLEB.
BbIsICHUIOCH, UTO HUKAKOTO BIIMSIHUSL HA POCT PACTEHW M30JIALIMS X
OT BHEUIHEro BO3yXa He OKa3bIBaeT.

Hwxe npuBopsites crareu M.H.I'ankuna u A.B.lllecronanora, B
KOTOPBIX OMMCaHbl MPOBEJCHHBIE UMU OIIBITHI, TOKAa3bIBAIOILINE, YTO
POCT pacTEeHUil OCYLIECTBI/IIETCd HE 3a CYET YIJIEKUCIIOro rasa, co-
nepokaterocsi B Bosayxe. Tekcr man B aBropckom (M.H.Tankuna wu
A.B.1llecTomnanosa) U310KEHHH, KPOME PEAaKLMOHHBIX MOMPABOK.

3.2. ®oToCHHTE3. ONBITHI He MOATBEPKAANT CYIIECTBOBAHUS BO3-
AYUIHOTO NMHTAHUS H IbIXaHHS PAaCTeHH

H H.I'ankun

Kak u3BecTHO, B Hayke AaBHO YTBEPAWJIOCH MHEHHME O TOM, YTO
YIJIEPO, BXOAAIIMKA B CTPOUTENIBHBIA MaTepuasl pacCTEeHUM, pacTeHUs
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NOJTy4yaloT M3 BO3[yXa, yCBaWBas YIJIEKHCIIBI ra3 W3 aTtMocdepsl.
OnHako crieruabHO MPOBEIEHHBIE /IS POBEPKH TOTO TMOJIOKSHUS
OIBITHI HE MOJATBEPAMIIM CYIECTBOBAHUS BO3AYIIHOTO MUTAHHS U JIbI-
XaHHsl pacTeHUH.

IMutanne W ApIXaHWe SBISIOTCS JKU3HEHHOW HEOOXOIMMOCTBIO.
be3 npIxaHus *KUBOTHBIE YMUPAIOT MPAKTHYECKHU cpazy, a 6e3 MUTaHus
YMHUPAIOT Yepe3 HECKOJIBbKO JTHEeW WM HaYMHAIOT NoeaTh APYT Apyra.
B pacturensHOM MMpe M3BeCTHa >KM3HEHHas MOTPeOHOCTH B BOJE:
€CJIM TIOJTHOCTBIO OTOJIUTh KOPHU PAaCTEeHUs, TO THOENb pacTeHUs He-
n3bexxHa. A BOT mpo rubenb pacTeHUH OT YIiepoJHOro TojoAaHus
WM OT yIylIbs HAYEro He U3BECTHO. B Hay4HOM M yueOHOM juTepa-
Type He OITyOJMKOBAaHO HU OIHOTO OMbITA, MOATBEPIKAAIOIIETo rHdenb
pacTeHus IPU OTCYTCTBHHM YIJIEKHCIIOrO ra3a Wiy kuciopona. He or-
MeTW/ia HM OJHOTO TaKOro ciiydas W BCS HWCTOPHS MUCbMEHHOCTH,
HauyMHas ¢ HACKAJIbHBIX PUCYHKOB. TepMUHBI «yriepoiHOe rojioiaHue
PACTeHUIT» M «KHMCJIOPOAHOE TOJIOAAaHHE PACTEHHI» He CYIIECTBYIOT
HH B HayKe O PaCTEHMsSX, HM B MPAKTUYECKOM PaCTEHUEBOACTBE, HU B
OBITY.

[Tpo mzonsauuio pacteHuii ot arMocdepsl clienyeT cka3aTh 0co0o.
PacTeHus He UMEIOT OpraHOB IBMKCHUS M JbIXaHWs. EIUHCTBEHHBIH
Croco0 MOJIY4HUTh HOBbIE MOPLMM YTJIEKUCIIOTO ra3a U KUCI0poaa 3TO
BeTep. Beuncanm HeoOxonmmyro ckopocTk BeTpa. Ha onuH kBagpat-
HbIIl MeTp JIMCTOBOM IUIOLIAM pacTeHHWe HaKaruiMBaeT 3a yac 1 — 2
rpamMMa cyxoro BewiecTBa, kotopoe Ha 45% coctouT u3 yraepona. To
ecTb 3a yac pacrenue HakarunBaeT 0,45 — 0,9pamMmoB yriepona Ha
Ka)XIbIi KBaapaTHBIA MeTp JucTheB. KyOomeTp Bo3myxa y MOBEpXHO-
ctu 3emii Becut 1290rpammos. B Bozayxe 0,03 — 0,04%rnekucio-
ro rasa, B nepecuere Ha yriaepona 3to 0,01%.CnenoBarenpHo, oiuH
kyOomeTrp Bozayxa conepkut 0,129 rpamma yriepoia U pacTeHHIO
HE0OXO0/IMMO B3ATh YIJIEpOJ HEe MeHee, YeM M3 TPEX KyOOMeTpoB BO3-
JyXa JUls CBOEr0 HOPMAJILHOTO pa3BUTHA. BIOXHYTh BO3AyX pacTeHHe
He MokeT. MoxkeT OBbITh, pacTeHHe CIIOCOOHO yCBaMBaTh YTIEKHUCIIbIN
ra3 Npy BHEIIHEM KOHTaKTe He W3BECTHBIM HaM TOKa crocobom?
MBICIIEHHO TopekeM TpH KyOoMeTpa Bo3/ayXa Ha TUIACTHHKU TOJILIH-
HOIM B OJHY MOJIEKYJTy YIJIEKHUCIIOTO rasa, MoJlydylM TpU MHUIMapaa
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METPOBBIX HAaHOIUIACTUHOK. «dIpolIMHKyemM» UX 3a 4ac Mo MOBEPXHO-
CTHM KBaJPaTHOro MeTpa JIMCTbEB. TpyU MUIIIMapAa MeTpoB 3a yac. To
ecTb HeoOXoAuMasl CKOpPOCTb BeTpa paBHa TPEM MUJJIMOHAM KHIIO-
meTpoB B yac! HepeanbHblit BeTep u To 310 npu ycinouu 100% yc-
BOGHUS YIJIEKHUCIIOrO rasa, yero He ObiBaeT. M301upoBaHHBIMU OT at-
MOC(EpHOTro yrieposa HaXosATCs BCe PacTeHHs Ha IUIaHeTe, MOTOMY
YTO €ro TaM HeT, KAJIKUE CIIeJIbl.

B cBs#3u ¢ BO3HMKUIMMH COMHEHMSIMH B IPaBUIBHOCTU YTBEp-
KIEHHUS OQHULMATBHONW TeopuH (OTOCHHTE3a O TOM, YTO pPacTEeHHs
pacTyT 3a cyeT MOIJIOLIEHHs Yriepola U3 BO3AyXa, MHOIO ObLjl MO-
CTaBJICHO HECKOJIBbKO OMBITOB Il MPOBEPKH 3TOrO MosioskeHus. Orbl-
Thbl IPOBOAMIIMCH HA KOMHATHBIX PACTEHHUSX:

- repanb Jomausss (pelargonium);

- anos (aloe);

- kananxos (kalanchoe);

- kakTyc «Mopckoit ex» (astrophytum asterias);

- KapJIMKOBBIN NepeL FTOpbKUil;

- KapJIMKOBbIE IOMUIOPHI YeppH;

- BBIOHOK KOMHaTHBIH (convolvulus);

- raxuuaHx,

- OOBIYHBIE TOMHUIOPHI U OTYPLIBI.

Omnwit 1. [lo coBpeMeHHOI Teopun (OTOCHMHTE3a pacTeHUe Abl-
IIUT BO3YXOM, YCBauBasi U3 BO3yXa YIJIEKUCIbIN ra3 (ero copepka-
Hue cocrapisier Bcero 0,03%),u nuieHHOe BO3AyXa JODKHO MOrH0-
HYTb.

B skcnepumeHTax 3TOH cepuM JIMCTOBbIE YacTH PACTEHUiA, a He-
KOTOpble PacTeHHsl LETMKOM ObLIM TIIATEJbHO M30JMPOBaHBI MPO-
3payHOi MJIEHKOW WM CTeKJIOM, WJIM pa3MelleHbl B OaHKax, B IMpo-
oupkax, B konbax, B cyxux akBapuymax co 100% rapantueii He no-
najaHus HOBBIX MOpLMH Bo3ayxa. Bmecto Toro 4toObl moruOHyTH,
MOZIOTIBITHBIE PACTEHHS WM HaYMHAJIM JIy4Ille PacTH M TJI0I0HOCHTD,
YeM KOHTPOJIbHbBIEC, OCTaBJICHHBbIE B OOBIYHBIX YCJIOBHSX, MM HHMKAK
He pearupoBajii Ha u3MeHeHue ycioBuid. CiyyaeB rubenu pacTeHUi
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BooOIIe He ObuT0. [TpOoaOmKHUTETPHOCTD Ka’KAOTO OMBbITa COCTaBIIsIIA
HE MeHee TPEX MEeCSLEB.

B omnbITax 1o u3onsuuu pacTeHUit ObIIM UCTIONB30BaHbl OOBIYHbIE
B Ka)KJ10il KBapTHpe KOMHATHbBIE PACTEHUS! TPOMHUYECKOro MPOUCXOXK-
neHus. g uccrnenoBaHMsl BAMSAHUMSI M3OJSILMM PAcTEHUH OT aTMo-
cdepbl Ha TIIOIOHOLIEHHE, ObUT UCTIONB30BAaH KapJIMKOBBIM COPT TO-
MaTOB «MaJIFOTKa» U FOPbKUI CTPYYKOBBIH Mepel; «oroHék». B ombi-
TaxX y4acTBOBaJIM 0053aTeSbHO 30POBbIE, MOJHOLEHHBIE PACTEHUS C
Xopoleit KopHeBol cucTteMoid. OTBITHBIE PACTEeHHs pacrojarainch
Ha MOJOKOHHHMKAX, Ha OallkoHe, HA Jaye B TEIUIMYKEe U B OTKPBHITOM
rpyHTe. Psgom ¢ n3onmpoBaHHBIM pacTeHueM 00s3aTesbHO pacrosa-
raj Takoe e, HO He M30JIMPOBaHHOE, KOHTPOJIbHOE pacTeHue. [lns
OMBITOB MCIOJIB30BAJIMCh HE IOPBaHHbIE, PO3pavHble Le/IopaHOBbIe
WM TOJIMATUIICHOBBIE MaKeThl, BHYTPb KOTOPBIX MOMELIAICS FOpIIOK
C pacTeHHEeM WJIM JINCTOBAs YacTh pacTeHus. OueHb yI0OHBI AJIs OTIbI-
TOB TUIACTMAcCOBbIe OYTHUTKM M3-TI0/1 HanUTKOB. Hackimaror B OyThII-
Ky (ot 0,31uTpa 1 Gosee) HEMHOTO 3eMJTH, KWAAIOT Ty/a CeMeHa pac-
TEHHIA, KaKhe 3aXOTAT (OryplLibl, TOMaTbl, POCTKH KapTOLIKH, JKeITy/H,
ceMeHa Oepé3bl, KIEHA, LIBETOB), KJIaayT OyThUIKY Ha OOK, HAJTMBAIOT
HEMHOTO BOJbI AJISl MOJIMBA, TUIOTHO 3aKPY4YHMBAIOT MPOOKY W MOMe-
maroT OYTHUIKY Ha CBETY, HO Tak, 4yTOObI He meperpeiiach. Bee 310
OYeHb HarJSAIHO M yoeauTenbHo. Takoi ombIT 51 BCerzia COBETYIO Mpo-
nenatb Ha Gopymax. CKEeNTHKH MOcie 3TOro MepecTaloT COMHEBATHCS.

U3 crexnsHHOlM mocyabl ucnonb3oBaiuck Oanku ot 0,3 mo 10
JIUTPOB W aKBapUyMbl, 3aKpbITble CBEPXY CTEKJIOM. [y ombITOB Mo
BBIPALLMBAHUIO PACTEHUH U3 KJIETOK 00pa30BaTesIbHOW TKAHHU UCIIOJb-
30BIMCH OOBIYHBIE POOUPKU M KOIOOUkH. KybTypa TkaHeil Bbipa-
HIMBaeTcs 00s13aTeNbHO B MIIOTHO 3aKPBITOH, MPO3pavyHOl Mocyae ma-
JIeHbKOT0 00BEMA, MHAaYe BBICHIXaHWE U THOEITb.

['pamoTHbIe MOAM, ceNeKUMOHephl U OM3HECMEHBI, 10 Beel 3emiie
€KEJHEeBHO MOMELIAIOT KJIETKH 00pa3oBaTeIbHOM TKAaHU B MPOOUPKHU
Y CMOTPSAT Ha pe3yJbTaThl MUWUTMOHOB aKTOB W30JISILMH BBIPOCLIMX U3
KJIETOK pacTeHHH OT aTMOc(epHOro yriiepoaa u kuciopoaa. M audero
HE BUIAT, HUKAKOTO BIIMSIHUS aTMOc(epHOro yriepoaa Ha pocT pac-
TeHui!
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OnbIT 2. M3BeCTHO, UTO yNIyYIIEHWE TTUTaHUS yBEIWYHUBAECT POCT
M IUIOIOHOIIEHWE pacTeHWd W OKUBOTHBIX. C 3TOM  wLenbio
Ha JIMCTOBYIO YacTh pacTeHWs ObLT HAaJeT MpOo3pauHblii MakeT, KOTO-
pblii ObLT 0OBsi3aH Ha CTBOJIC, U B MAKeT ObUI MOJAH YIIICKUCIIbIA Ta3
u3 OamioHa. B cooTBeTcTBHMU ¢ OGUIMANBHOW Bepcueit STUM ObLIo
yJIy4IIeHO TIMTaHue pacTeHus. ['a3 momaBancs ¢ pa3HONW WHTEHCHBHO-
ctbto. OHAKO pacTeHHe He YIYYIIWIO POCT M IUIOJOHOLICHHE, a
yXyaumuiao. 3aTeM, He peKpalas nojgady yrieK|ciaoro rasa, B makeT
C pacTeHMeM ObLJT MOJaH KUCIOPOJI U3 KUCIIOPOAHOTO OayutoHa. Takum
o0pa3oM, ObUIM CO3[aHbl MeabHbIC YCIIOBUS JJIsl MMUTAHHUS W JIbIXa-
Hus. OIHAaKO pacTeHWe He TOJBbKO He YJIYYLIMIO POCT M IUIOOHOLIe-
HHMe, a yXYALIWIO, BO3MOXKHO, M3-3a OOpa3oBaHWS KHCIIOH Cpenpbl.
[TpoaomKUTEIPHOCTh KXKAOTO SKCIePUMEHTa TakKe COCTaBlisia He
MeHee TPEX MeCALEB.

OnpiT 3. Kak n3BecTHO, pacTeHHs BBIACISIOT KaKk KUCIOPOJ, TaK
W YrJIeKUCIblid ra3. YToObl He ObIJI0O COMHEHHMH B MCTIOJIB30BaHUN WIIH
HE WCTIOJIb30BAaHUU PAaCTEHHUSIMHU COOCTBEHHBIX OTXOMSIIMX Ta30B, ObLT
MIPOAEIIaH OMBIT C MPOTYBKOM paCTEHUI a30TOM H aprOHOM.

B naxer, HageTbIi Ha TMCTOBYIO YacTh PACTEHUs], CHU3Y MoJaBa-
csl a30T, KOTOPBIH uepe3 OTBEpPCTHE BBEPXY BBIXOAWI B aTMocdepy.
Taxoii ske OmnbIT ObLT MpOJeNiaH ¢ UCMOIb30BaHUEM aproHa. B oboux
cllydasiX pacTeHHsl He MOrvOJIM U HUKaK He OTpearupoBajy Ha M3Me-
HEHUE YCJIOBUM CYLIECTBOBAHUS.

B omnblTax MCMoONb30BalnCh OBOLIHBIE PAaCTEHHs AJsl 3aKPBITOrO
IPYHTa, a TaKXke KapJIMKOBbIE COpTa TOMATOB, MepLeB. Mcnoab3oBanuch
TaK ke PacTeHUs! TPOMUUECKOTO MPOUCXOXKIEHHS.

ITponomkuTenbHOCTb KaXKA0ro onbiTa 4 Mecaua. Ha natu nonuatu-
JIEHOBBIX pykaBax mpoaenaHo 20 onbIToB. PA10M ¢ MOJONBITHBEIM pacTe-
HHEM B a30Te KayKABIi pa3 pociio Takoe e KOHTPOJIBHOE pacTeHue 6e3
TUIEHKH Ha BO3/lyXe.

Bo Bcex onbiTax pacTeHus N0 INIEHKON B a30T€ Pa3BUBAIUCH U IUIO-
JOHOCWIIN He XY>K€ W JIy4llle, 4eM KOHTPOJIbHbIE pacTeHus 0e3 TIEHKN
B BO3AyXe. BbIpaxkanock 3To B TOM, YTO NP B3BELIMBAHWH B KOHLIE OIbI-
Ta OKa3bIBATOCH, YTO PACTEHMS B a30Te 3a TOT JKe MePHOJ BpEMEH! Ha-
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pawyBany 6onbliie GMoMacchl M ¢ HUX Moyvascs OoJblie ypoxaid, ueM ¢
KOHTPOJIbHBIX paCTEHUI.

OnbIThI C BBIPALIYBAHMEM PACTEHUI B a30Te MPOCThI U UX MOXKET 10~
BTOPUTS JIFOOOI YenoBek.

—= a30T BaTMOChepy

npoeonouHbli “dyTnap” ans
NOAWITHREHOBOMO PYKaBa

M3MEpMTeNb AABNEHUA LMAMHAP U3 NPO2PAUHON
NONM3TUNSHOBON NNEHKN @ 100 MM
BHICOTa 1200 MM

BOAA + MUHEpanbHbie YaobpeHua
AnA nonwuaa

pacTeHue B ropiuKke ¢ MMHepanbHOoM

MOYBOI W NUTATENLHBIM PaCcCTBOPOM .

-=— a30T U3 GannoHa

Puc. 1. YcraHoBKa 115 BHIPAILMBAHUSI PACTEHHsI B a30Te (PHCYHOK)

Onsit 4. JIng yv3MepeHusl AaBjeHUS B JIUCTBAX PacTeHUil Obul
MPOJIENaH OMBIT C TEPMETHYHON M30JISLIMel pacTeHuii OT atMochephl.

Bbuta B3siTa cTeknsHHas OyThbIIb ¢ TEPMETHUYHON KPBILIKOW, U B
Hee HachblllaH MUHepalIbHBIN TPYHT, a BHYTpPb Oblia rnocTasieHa OyThbI-
JIOYKa C TMUTATeNIbHBIM PacTBOPOM M TMPUCTIOCOOIEHHEM UTs TOJHBA.
Pactenue Obi1o mocakeHO B OYyThUTh (B OTAEIBLHOM OMbITE OBLIH TO-
Ca)KeHbI CEMEHa).

BHyTpb OyThUTH OBbIITM MOMELIEHBI TaKXKe 0apoOMeTp U TEPMOMETP.
3aTeM OBIJIO MpOfENaHO HECKONBKO IE3MHGHLUMPYIOMNUX MEpPONpHsi-
THH, a U1 TOTO YTOOBI BHYTPH OyTBHIIM He OBbLIO THUEHUs, OyTbUIb
Obl1a MpoAyTa a30TOM, MOCJIE YEro repMeTUYHO 3aKaTaHa >KEeCTSHON
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KpbIlIKOW. Psmom Obla mocTaBieHa TOYHO Takas jke 3aKpbiTas Oy-
TBUTb, HO 0€3 pacTeHus .

JlaBneHuve BHyTpH OYTBIJIM C paCTEHHUEM MOCTENEHHO MOAHSIOCH
J0 BEJMYMHBI, 3Ha4UTeIbHO Oousbiie armocdeproro (mo 1000 mm
PT.CT.), CTaJlM MEHATHCS MPOTOPLIMHM PACTEHHS, YCKOPUIICS POCT, yBe-
JIMYUIIOCH TUIOJJOHOIICHHE.

Takum 0Opa3oM ObIIO JOKa3aHO, YTO BO3/AYX HE MOXKET Momnajarhb
BHYTPb JINCTHEB, TIOCKOJIBbKY JaBJI€HHE B JIMCTBAX OoJblIe aTMochep-
HOTO.

B cemenax mano opranukd. Korma BbIpociv M OTIUIOOHOCHIIH
pacTeHus, OpraHukM ctajio MHoro. Opranvka pasMHoxwuaach. To ecTb
B JIMCTBSIX PACTeHWI MPOUCXOANUT Pa3MHOKEHHE OpPraHMKH Ha BOZE B
CBETJIOE BpeMsl CYTOK, 9TO HeocrnopuMmblii ¢akT. CuHTe3a B JIUCTHIX
pacTeHuil HeT.

Bo Bcex ombITax MCMONB30BAJIMCH KOHTPOJIBbHBIE PACTEHHUS, HaXO-
Jsecs: B OOBIYHBIX YCJIOBUSX. [IpoaomkUTeIbHOCTD KayKI0TO JKC-
nepuMeHTa JUinjack He MeHee TpEx MecsueB. B mocnegHem ombite
NPUXOJUIOCH OCOOEHHO TILIATENIbHO MPOBOJAWTH AE3WH(EKLHUIO, TaK
KaK B OECKHCIIOPOIHOM cpesie pacTeHHUs OOJIeNH.

BriBoabl

W3 n3nokeHHOro cliefyeT, 4To BOMPEeKH OQUIMAIBHOW TeOpHH,
Ha caMoM JeJie U3 Bo3ayXa pacTteHus Huuero He Oepyt. Ho koraa ce-
MeHa, B KOTOPBIX OPraHUKK MaJjo, MpopacTaroT U pacTeHUs TI0AO0HO-
CSIT, OpPraHrKa pa3sMHOXKAeTCs. DTO BO3MOXKHO TOJIBKO 3a CUET BOABI U
TOJILKO B cBeTioe Bpems. CMHTe3a B TOM BUAE, B KOTOPOM MpPEICTaB-
JISieT ero COBpeMEHHas TEOpHsl paCTEeHHEBOJICTBA, B PACTEHHUSAX HET, a
KakuM 00pazoM M3 BOABI oOpasyeTcs yriepo, cieayeT pa3ouparbes
OTIEJBHO.

CrnenyeT OTMETHUTb, UTO pe3yJIbTaTbl MPOBEAEHHBIX OMBITOB MOJ-
TBEp)KJAeT BCS MpaKTHKa pPacTEHWEBOJCTBA — YUYEHbBIE, arpOHOMBI,
oOBbIBaTeNI CMENO M30JIMPYIOT PacTeHUs] OT aTMocdepbl, B YaCTHO-
CTH, B OpaHXepesiX, 3Has, YTO Ul PacTeHUH 3TO OyJeT TONbKO JIyy-
ure.
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3.3. [IpoBepka Bepcuu TOro, YTo NpH (poTOCHHTE3E HE
MPOHMCXOANT MOTJIOMEHHS YIJIEKHCJI0T0 ra3a

A.B.Illecmonanoeé

IlocranoBka 3agaun

BriepBbie uaer0 O BO3AYLIHOM THMTaHWKM PAcTEHHi BbICKazal B
1753roay M.B.JIoMOHOCOB, KOTOPBIf OTMETHII, UTO TYYHbIC JIEPEBbS,
pactyuie Ha OeJHOM MUTATENILHOM BeELIeCTBAMH MECKe, He MOTyT
MOJIY4UTh Yepe3 KOPHU HEOOXOAMMOrO KOJMUYECTBA MUTATEIbHBIX Be-
IIECTB, U ClIeJIal BEIBOJI, YTO PACTEHUS TOJIyHYalOT MUTaHHWe Yepes3 JH-
CThsl M3 Bo3myxa [1].

Bce nocnenyromue uccieoBaHUs TOJIBKO MOATBEPHKIATIU U Pa3-
BUBAJIM 3TOT Te3MC. [locTeneHHO BBISCHUIIOCH, YTO PaCTeHHs Ha CBETY
YCBaMBAlOT M3 BO3yXa YIJIEKHUCIIBII ra3, BBICNAIOT KUCIoposa, oOpa-
3ylI0T B pe3yJlbTaTe 3TOro OpraHMuYecKHe BellecTBa, 3amacas B HHUX
9HEPruI0 COJIHEYHOro cBeTa. Bo Bropoii nonoBune 19 Beka Tumups-
3eB K.A. mokasasi, 4To 3HEprus COJHEYHOTO CBETa BBOAWTCS B LETh
(hOTOCHHTETHYECKUX MpeBpallleHUi depe3 3elieHblil MUIMEHT pacTe-
HU — XJOpOQUWIUL: CHEeKTp AeWCTBHS (POTOCHHTE3a COOTBETCTBYET
CMEKTpY TMOTJIOLUIEHHUs CBeTa XJIOPO(UIIIOM, U MHTEHCUBHOCTH (hOTO-
CHHTE3a YBEeIIMUMBACTCS C YBEJIMYEHHEM WHTEHCUBHOCTH cBera. OT-
CloZia, B COBPEMEHHBIX YUeOHHKaX MpeANnuchIBaeTCs pacTeHusM obpa-
30BBIBATh YIJIEBOJBI M3 YIJIEKMCIIOTrO rasa ¥ Boxbl. Ilpu sTtom ponb
CBETa MPEIoJaraeTcsi He3HauMTeNbHOW (KpaTKOBPEMEHHbIE CBETO-
BbIC XUMHUYECKHE PeaKklMy M MPOJOIDKUTENIbHbIe TeMHOBBIE). TeMHo-
Bble peakuuu Obutn oOHapyxenbl B 1905rony, a nokazanel B 1937
roay. B 1931roay ObijI0 MOMOXKEHO HAYAIO MPEACTABICHHIO O (OTO-
CHHTE3€ KaK OKUCIIMTEeIbHO-BOCCTAHOBUTEIBHOM MpoLecce, IIe BOc-
cranosnieHre CO, ocyluecTBaseTcs NpyU OAHOBPEMEHHOM OKMCICHHUH
noHopa Bojopoaa. B 1941rony BunorpanoseiM A.IT. v ap. Obino yc-
TaHOBJICHO, YTO UCTOYHUKOM KHMCJIOPOAA, BBIJEIISIOIEroCs B MpOLeC-
ce OTOCHHTE3a BBICLIMX pacTeHWH W BOJOPOCIEH, ABJsieTCs BOJa, a
He CO,, kak cuurtanu panee. C cepenunbl 20 Beka uzyueHHo (oOTO-
CHHTE3a CIOCOOCTBOBAIO CO3JJaHWE HOBBIX METOIOB HCCIIEOBaHHUS
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(razoBblii aHAIN3, U30TOMHBIE METO/IbI, CIIEKTPOCKONHMSI, JJICKTPOHHAS
MHKPOCKOITUS U JIp.), YTO MO3BOJIMJIO pa3paboTaTh MpeacTaBIeHHs O
TOHKMX MEXaHM3MaX y4acTus xyiopoduuia B poTocunTese [2].

B sToM e 0030pe no ¢usronoruu pacteHuii oMUOOYHO Mojara-
10T, uTo Onarojapsi OTOCHHTE3y oOpasyeTcs Bech KHUCJIOPOJ aTMo-
cdepsl (B reoJoruu U3BECTHO, YTO OH TITyOMHHOTO MPOMCXOMKICHUS).
Tam >xe mpuBOAATCS BrieHaTISIOIME LU(PBI, 4TO B pe3yibTaTe GoTo-
CHHTE3a PacTUTEIbHOCTh 36MHOTO Ilapa eXerojHo oOpasyeT Ooiee
100 mipa. T OpraHMUYecKoro BewecTB (OKOJIO MOJOBHHBI ATOrO KOJH-
4yecTBa MPUXOAMUTCS HA JONMIO (OTOCHHTE3a pacTeHH Mopeil U okea-
HOB), ycBauBas npu 3toM okojo 200 mupa.t CO, u Bblaenss BO
BHEIIHIOK cpeay okosio 145mipa. T ceoboaHoro kuciopona. OaHako
He OOBACHAeTCS, KaKUM O00pa3oM YIJIeKHCNIBI Ta3 cobupaercs H
TPaHCIIOPTUPYETCS K JIMCThIM B 0€3BETPEHHYIO TIOTOly M BOOOILE re
pactenus ero OepyT, Tak Kak B aTMocdepe 3eMin ero HeT. Y Hac Ou-
HapHas atMocdepa: 80% azora u 20% kuciaoposia U eciiu OYeHb To-
UCKaTh, TO MOXKHO HaliTh 1% aproHa — ocTajibHble ra3bl B Cleaax, B
T.4. ¥ yrnekucinslii 0,03-0,04%I1o MoeMy MHEHHIO TIO CETrOTHSIITHHIA
JieHb OOIIeNpPUHATOro MexaHusma QotocuHTeza Her. [locne pabot
Aurokosckoro B.A. [3] o ToM, uTo siapa cocTosT U3 anbha-4acTHLl U
nyTeM yJajeHus] OIHOW ayib(ha-4acTHULbl KUCIOPOJ BOIBI MpeBpalla-
eTcsl B yIJiepol KJIeT4aTKH, CTAHOBUTCS SICHO, YTO /IS MUTaHUS pac-
TeHU OCHOBHBIMH HEOOXOJMUMBIMU KOMIIOHEHTaMH SIBJISIFOTCSI TOJIBKO
BOJIa M COJTHEYHBIN cBeT. OnbiThl, noctaBieHHbie ["ankunbiv W.H. [4]
M0 M30JIMPOBAHUIO KPOHBI PACTEHWH OT YIJIEKHUCIIOrO Ta3a TMoKa3ai,
YTO pacTeHUSM YTIJIEKUCIIBbIM ra3 sikoObl He HykeH. Ho ocTamoch co-
MHEHHe, YTO pacTeHHs MOIJIM MOJy4YaTh €ro W3 BOJbI Yepe3 KOPHH.
Jl1s 3TOro MHOIO OBUIO MOCTAaBIEHO HECKOJIBKO SKCIIEPUMEHTOB I10
BBIPALIMBAHUIO PACTEHUH TMOJ CTEKJISTHHBIMHM KOJIMAaKaMH, POBETPH-
BaCMbIMH BO3/1yXOM OUMILEHHBIM LIETOUYBIO OT YIJICKHCIIOrO ra3a.

B TeueHue Tpex JIeTHMX MecslEB, 3aXBaTbiBas YaCTUYHOM Mail U
ceHtsa0pb 2009 rona, ObUIM MPOBENIEHBl TPU CEPUU OIBITOB YCIOBHO
Ha3BaHHbBIX «KcrepuMeHTbl Nel, Ne3 u No5» [5]. Iesb akcniepumenTa
Nel: BeissicHUTB, OyAyT 7K BOOOLIE PacTH pacTeHHs B YCJIOBUAX IJa-
HUPYEMOTO SKCIIEPUMEHTA; OMNpENeNIUThCS, KaKue PacTeHHs JIydlle
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UCTIONIb30BaTh, OTpaboTaTh METOAMKY MpPOBEAECHHUS SKCIepUMEHTA.
Llens skcnepriMenTa Ne3: ¢ ydeTOM MOJTYYEHHOTO OITBITA MPOBECTH
SKCMEePUMEHT TOJ| MPOBETPUBAEMBIMHU KOJIMTAKAMH, ¢ HU3KOPOCIBIMH
pacTeHUsIMH, MOCAKEHHBIMU B FOPLIOYKH, CHA0KEHHbIE OTBEPCTHIMU
B JHE Ui BbITekaHus Boabl. Llenb skcnepumenTta NebS: mpaktuuecku
MOBTOPUTH MPENbIAYLIMHA SKCIIEPUMEHT, MaKCUMaIbHO MCKJIIOUMB MO-
naJjaHyue BO3MOKHO BPeIHBIX XUMUYECKHX BellecTB (peHondranenna,
TUIPOOKKMCH KaTUsl ¥ JIP.) MO/ KOJIMAKH.

Oxcnepument Nel (26.04-05.08.2009)IkcnepriMeHT ObUT He-
yJIauHbIM, pacTeHUs! BBIOpaHbl HEMPaBHIbHO (rOpoX M (acosb He IMo-
MeLIAJIMCh B CTEKJISIHHOM COCY/[Ie), U3-3a OTCYTCTBHsI JABIPOUEK B JIHE,
BOJa He MpoTeKala MOJHOCTBIO, YTO CMOCOOCTBOBATIO MOSIBICHUIO
rpubkoB (ruiecenu). B 3Toi cTaThe MOAPOOHOCTH 3KCIEpUMEHTa HE
OIMUCHIBAIOTCA, TaK KaK /10 W3OJSLMHM PACTEHUH OT YIJIEKHCIIOro rasa
JIe7I0 He JIOLIJIO, OrPaHUYMIIOCh IOCTHKEHHEM YKa3aHHOM BbIIIE e
Y JaNbHEHIIero pa3BUTHS HE TIOTY4HIIO.

Oxcnepument Ne3 (28.05-21.07.2009)DkcneprmMeHTalibHas yc-
TAHOBKA COCTOSUIa U3 PACTEHHH, MOMEIEHHBIX MO/ CTEKJISSHHbIE KOJI-
MaKW, HIDKHEW Y4acThiO MOrPY>KeHHbIe B BOMLY, HAUTYIO B BaHHOUYKY.
ITpu 5TOM pacTeHHsi HAXOJHUIIUChH B TUIACTUKOBBIX TOPIIOYKAX, HMEFO-
IIMX B JHE OTBEPCTHE ISl CTOKA BOJbI M CTOSIIMX Ha HEKOTOPOM BO3-
BBIILICHUH, YTOOBI HE MMETh KOHTAaKTa ¢ BOJAOW B BaHHOuke. Yepes
BEPXHIOIO YacTh KOJIMAKOB MMOJaBaJHCh. OJWH pa3 B CYTKH B I03HPO-
BAHHBIX KOJIMYECTBAX BOJA JUTS TMOJIMBA W HEMPEPHIBHO BO3AYX LIS
nposetpuBanus. [Ipu 5ToM Bcero Obu10 4 KoJMaka, ABa U3 HUX MPO-
BETPUBAJIUCH BO3AYXOM XHMHYECKUA OUYHMLIEHHBIM OT YIJICKHCIIOrO ra-
3a, a 7Ba OPYrHX OOBIYHBIM BO3XyXOM. M3 Kaaoil mapsl B OXHOM
KOJIMAKe PAcTeHHs! MOJUBAIUCH BOJOM JIMLICHHOM YIJIGKUCIIOro rasa
MyTeM KHIISIYCHHs, B APYrOM KoJmake OObIMHOM OTCTOSIHHOM ChIPOi
BO/IOM. Pactenust ObuM BbICaKkeHBI (MMOCESHBI CeMEHa) B MPOMBITHIN
pedHoii mecok. McnbITyeMbIMU pacTeHHsIMH ObUTH IIMIMHAT | I[aBeJb
B PABHOM COOTHOLICHHH. DKCIIEPUMEHT MPOXOHI B KHIOM MOMeLIle-
HUM TIPH HOPMAaJbHOW Temrepatype. Bce pacteHus MoJMBajInch Of-
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HUM KOJIMYECTBOM BOJBI M MPOBETPUBAIMCH KOMIIPECCOPOM C OIMHA-
KOBBIM pacXoJOM Bo3[yXa 4epe3 oAauH kommak mnopsaka 0,551/muH.
Jlnuna npoGera Mmy3bIpbKOB BO3yXa B OapbaTepe OUMCTKM COCTABIIS-
na npuMepHo 35-45¢m. OO1mii Bua ycTaHOBKM Ha puc. 1.

ITpoaomKUTEIEHOCTE OYMCTKH OTIPEAeIsach PacueTHBIM IyTEeM,
MCXO/S M3 KOHLIEHTPALMH TMAPOOKHCH Kallus, U MpUHUMasack He 00-
Jiee MOJIOBUHBI pacyeTHOTo BpeMeHH. B ombiTe vcnonb3oBaioch 2051
IIeJIOYM, KOTOPOW TpH CKOPOCTH TPOBETpHBaHMs yepe3 Oapbarep
0o4MCTKU 111/MHH TO/KHO XBaTUTh Ha 38 ¢ MOJIOBUHOM CYTOK, T.€. 3a
MOJIOBUHY cpoka MoxHO npuHATE 19-20cytok. KoHuentpauus KOH
onpeJensaach U MepernpoBepsiach HECKOIBKUMHU croco0aMu: Beco-
BbIM, TUTPOBaHHEM KHUCIIOTOW U pH-merpueli u dakrudecku koneda-
Jlack B TeYeHHe dKcrepuMeHTa B npenenax 4-6%. B koHue skcnepu-
MEHTa Ka4eCTBO OYHMCTKH BO3yXa MPOBEPSIIOCH MyTeM MPOIYCKaHUS
€ro yepe3 HaCBILEHHbII pacTBOP TMAPOOKHUCH Kanblms. [lomyTHeHNne
WHIIMKATOpa MpH 0apOOTHpPOBaHMK OOBIYHBIM BO3JAYXOM HACTYMAJO
yepe3 15 MHHYT, a MOMyTHEeHHe TpH 0apOOTHPOBAHUM OYMIIEHHBIM
BO3YXOM BO BpeMs DKCIIepUMEHTa He OBbIJI0 OTMEYeHO HH pa3y Ha
NPOTSHKEHUH Yaca u Ooee.

Puc. 1. O6muii Bua s3xcnepumenta Ne3.
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Oxcnepument Ne5 (14.08-26.09.2009)To ke, 4To U BKCMEpH-
MeHT Ne3, oTinMyaroIUiics: KOHCTPYKTUBHBIMH OCOOCHHOCTSAMH Oap-
OaTepa OYMCTKH, MO3BOJIAIOIIMMH JOOABJIATh peareHT M OTOMpaTh
npoObl BO BpeMsl SKCIIEPUMEHTA; HaJTHUreM OOJbIIOro (mopsiaka Tpex
JIMTPOB) BaTHOrO (UIBTPA B MIMPOKOH TpyOe; KOHCTpyKImei Gapba-
Tepa 3arpakIeHUs MO3BOJSIONIEH 3aMEHSTh BOIY 4epes Jitoboe Bpe-
Msl; BUJIOM MCIBITYEMbIX PACTeHHH (MCKITFOUUTENLHO TOJBKO IABEb);
WCTIONIb30BaHHUEM JUTS TOJIMBA JIBYX HCIBITYEMBIX, C Pa3MuHOM cXe-
MO TMPOBETPUBAHUS, OOBIMHOM BOJOMPOBOJHON OTCTOSHHOMN BOJBI.
OO1uit BU1 yCTaHOBKH MPUBEICH Ha PUC. 2.

BBuy He3HauMTEbHBIX OTIMYMH B 3KcriepuMeHTax Ne3 u Ne5, He
BIIMSIOIIMX Ha OOILYI0 KapTHHY pe3yJIbTaToB, JajbHEMIIee onrcaHne
KacaeTcs 000MX IKCIEPUMEHTOB. Bce akcrieprMeHThl ObLIM 330KY-
MEHTHPOBaHbI ©KEIHEBHOM BUICO U (OTOCHEMKOH, (ailiibl BbUIONKE-
HbI B MHTEPHET U CUCTEMaTH3UPOBaHbl Ha OJorax (IHEBHHKAX) BBIXOJ
HaxoauTes no azapecy http://www. shestopalov.org/fotosintez [5].

OkcnepuMeHTsl Ne3 11 Ne5 cocTOsIIM M3 ABYX ITAroB WCIBITAHUS
pactenuii: 1) ¢ MOMeHTa MoceBa CeMsiH; 2) pa3BUBAIOIIMXCS 10 TOTO
HeKoTopoe BpeMs (mopsiaka ABYX Hezenb) BHe kousmnaka. J{ns aToro
Opanioch 8 ropioYKOB ¢ MOCESHHBIMU CEMEHaMH, KOTOpPbIE eTHITUCh
Ha «OCHOBHBIX» U «Ty0JIepOB» MOPOBHY, T.€. MO 4 ropuioyka.

Puc. 2. O6mmii Bua 3xcnepumenTa Neb.
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B pe3sysbTaTe 3KCIIEpUMEHTOB ObUTO YCTAHOBJIEHO, YTO PACTEHHUS
BCXOJIAT U PACTyT B T€UEHUE MEPBOI HeJleM OMHAKOBO, HEB3Hpasi Ha
aTMoc(epy MPOBETPHBAaHKS U COJCpPIKaHHE YIJIEKHMCIIOrO Ta3za B WC-
NoJIb3yeMOM [UTsl TOJMBa BOje. Tak Ha3biBaeMasi «BBIFOHKA» MOXKET
OOBSCHHUTH TaKOe MOBEJCHHE JJIsi PACTeHHWM ¢ OOJBLION JTyKOBHIIEH
WK ceMeuKkoi (ceMeHeM) Kak, HarpuMep, ropox uiu ¢aconb u abeo-
JIFOTHO BBITJISIANT He YOEIUTENbHO /IS 1IaBjisg, Y KOTOPOro ceMeHa
HACTOJIBKO MEJTKHE, YTO MX HE C YeM Jiake cpaBHUTH (puc. 3).
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Puc. 3. Cemena mases.

IMocie «BBIFOHKK» POCT 3aMEJISIeTCsl M Yepes JIBe Helesn CTaHo-
BHUTCS OYEBHIHBIM, YTO PAcCTeHHsl MPOBETPHBAEMble BO3LyXOM 0e3
yTIIeKUCIIoro rasa, morubarot. Yepes Tpu Henenu nosHas rubess. [lo-
cJie 3aMeHbl OCHOBHOI'O COCTaBa MCIBITYEMbIX Ha JyOiepoB Bce IO-
BTOPSIETCS: Yepe3 [IBe HelleJ CTAHOBUTCS OYEBHMIHBIM, YTO PACTEHHs
MPOBETPHUBAEMbIE BO3/LyXOM 0e3 YIIIEKHCIIOro rasa, MmoruarT U npu-
MEepHO 4epe3 TpW Helesu nosHas rubenb. Cpoku MOryT kosiedaTbes
IUIFOC MUHYC Mapy JHE#, HO ISl MPOCTOTHI 3alIOMUHAHHUS OKPYTJICHBI
10 Hezelsb. Hanmuvme yriieKucioro rasa B BOjie HECKOJIBKO MPOJUIeBaeT
CPOK KHM3HH PacTeHHiA, HO HaJMuKe auckomdopTa oueBuaHO (pHc. 4).

W3 npoBe/ieHHBIX SKCMIEPUMEHTOB CIIEYeT, YTO, YIIEKUCIbIA ra3
pacTeHUsIM HY)KEH, HO 3a4eM, MOKa He M3BECTHO, BOBMOXKHO, MOA0OHO
TOMY, KaK YeJIOBeKy HyXEH XJIOPUCTBIH HATpHii, 6€3 KOTOPOro 4eso-
Bek ymupaer. OJHaKO, KaK M3BECTHO, YEJOBEK KaMEHHOW COJIbIO He
nuTaeTcs.
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Puc. 4. Uepe3 Tpu Heesiu NPOBETPUBAHHS OYHILEHHBIM BO31YXOM.

Takum 00pazoM, CUUTATB, YTO MACCHI JPEBECHHBI U JIMCTHEB, 00-
pasyloTCs U3 YIJIEKUCJIOro rasza, KOTOporo INpakTUYeCKH HET B aTMO-
cepe 3emiM, HET OCHOBaHMH. DKCMEPUMEHTANbHYIO K€ MPOBEPKY
MexaHu3Ma (OTOCHHTE3a, KaK XOJOAHOW TPaHCMYTALMHU SAep KHUCIIO-
poda BOIBL B spa YrJIepona, MPeACTaBsIeTCsl BOZMOKHBIM OCYILECT-
BUTb TOJIBKO MO MPUHLMITMAIBHO OTJIMYHOW OT MCMOJIb30BAHHOM Me-
TOOWKA 0e3 W30MIALMM PACTeHWH CTeKJISHHBIMU KOJIaKaMH, HO ¢
NPUMEHEHHEM JIETeKTopa aib(a 4acTull.

Jumepamypa

1. Py6un B.A. - http://www.help-rus-student.ru/text/83/961.htm

2. Huunnoposuu A.A. - http://www. cultinfo. ru/fulltext/ 1/001/
008/ 117/264.htm

3. AuroxoBceknii B.A. - http://www.atsuk.dart.ru

4. Tanxun ULH. - http://blogs.mail.ru/mail/oneeno50

5. IllecronasioB A.B. - http://www.shestopalov.org/fotosintez
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I'naBa 4. UcciaenoBaHus JIENTOHHOM MEHBI

4.1. CnjoBoe BjUsIHHE KOBAJEHTHO!H peaknHyu HA
MeTANINYeCKHH napyc

[MocTranoBka 3axa4un

Kak nokasano B paznene 3.2.KoBajieHTHbIE CBSI3M M XeMOJMHAMU-
YecKoe B3aUMOJICHCTBHE YacTH 2 KHUTH 2 HACTOSIIEero cOOpHUKA KHHUT
«Havana s¢upoauHaMUUecKOro ecTeCTBO3HAHMs», NP 0Opa3oBaHUU
KOBAJICHTHOMW CBSI3U CyMMapHasi JIMHUS TOKa OOIIEero MpucoeMHeHHO-
ro BUXpsi (3NIEKTPOHHOI 000JIOYKHM aToMa) OKa3bIBAaeTCsl KOpoYe CyM-
MBI JIJTMH JIMHUH TOKOB pa3ZeIbHBIX aTOMOB, B MOMEHT 00pa3oBaHUs
KOBaJICHTHOW XMMHYECKOM CBSI3M YacTh YIULIOTHEHHOTO 3aBUHTOBaHHO-
ro 3¢upa oka3bIBaeTCs BBHIOPOIICHHON M3 MOJEKyJbl. Takol Kycouek
BUXPS HE MOXKET CYIIECTBOBATh B TOM K€ BHJE, M OH MO0 Oyner mo-
[JIOLEH B APYroM MecTe, TIe WIET peakUus pa3ioKeHHs MOJIeKYJ,
6o mpeobpa3yeTcs B TOPOMAANbHBIM BUXPh €1abo cxkatoro 3¢hupa,
KOTOPBIII MOXKHO YCIIOBHO Ha3BaTh JIENTOHOM, MOCKOJBKY €ro macca
MEHbIlIe Macchl 3JIeKTpoHa. PacyeT mMokasbiBaeT, YTO Macca TaKoro
Topouaa coctasiser nopsaka 0,0001macchbl 37eKTpoHa, HO AUAMETP
ero cocrapset nopsaka 0,01mm.

B pesynbraTe KOBaNeHTHOW peakuuH AOHKHA oOpa3oBaThbes JieT-
TOHHAsl MeHa, COCTOAIIAs W3 MHOXKECTBa HEBUIMMBIX IJIa30M JIETITO-
HOB, BO3/ICHCTBYIOIIAs Ha METaJUIMYECKHE MOBEPXHOCTH, TOCKOJIBKY
MEX/Ty JIeITOHHOW TMEeHOW M MOBEepXHOCThI0 DepMu MeTaTUUecKOi
TUIACTUHBI JIOJDKEH BO3HMKHYTh TPaJUEHT CKOpOCTH 3(upa, MOHU-
JKaloLMK 1aBjieHre d(upa Ha MOBEPXHOCTH TUIACTHHBI. DTO TOJKHO
NPUBECTH K CHJIaM, CTpeMALIMMCS MpUOIM3UTH TUIACTUHY K MeECTy
NPOBe/ICHHs KOBAJIEGHTHOW peaKlMH, a 3aTeM, 10 MPOLISCTBUU BpeMe-
HH, JIENTOHHBIE 00pa30BaHMs JOJDKHA caMOpa3pyllaThesi, YTO MpUBeE-
JeT K TOSIBJICHUIO CHJI, OTTAJIKMBAIOLIMX TJIACTHHY OT MecTa MpoBee-
HUA peakiyu. [To okoHYaHMM Tpoliecca CHITbl TOJDKHBI HCHe3HYTh. Bee
9TO BO3MOKHO MPOBEPHUTH C MOMOIIBIO YyBCTBUTEIIBHBIX KPYTHIBHBIX
BECOB.
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ITocTanoBka KCIIepUMEHTa

Jnis mpoBepku 3TOro 00CTOATENbCTBA ObUIM MOCTPOSHBI CHieLallb-
Hble KPYTHJIbHBIE BEChbl, HA OJHOM M3 IUIeY KOPOMBICIA KOTOPBIX 3a-
KperJieHa alloMUHHUEeBas riacThHa (mapyc), COeIMHeHHbIH ¢ MeTaslIu-
YeCKUM KOopITycoM BecoB depe3 10-MeromHoe cOnMpoTHBIEHHE BO W3-
OekaHue BO3MOXKHOTO BITUSIHUSI DIIEKTPOCTATHKH, KOPIYC 3a3eMJIsyics
Ha 6aTapero mapoBOro OTOIICHHS.
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Puc. 4.1. Cxema j1a00paTOPHOro IKCMEPHMEHTA MO BLISIBJEHHIO JIENTOHHOI
MeHbl MPH 00pa30BAHUN KOBAJEHTHOH XUMHYecKoil ¢Bsi3u (@) u rpaduk oTKJIO-
HeHHUsl mapyca BecoB MpPU NPOBeJeHUH XUMHYeCcKoil peakuuu (0):

1 —crakaHYMK C XUMUYECKUMH PEaKTUBAMH; 2 —KPYTHIBHBIE BECHI, 3 —Iasep;
4 —camornucel,.
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B neHTtpe kopombicia KPYTHJIBHBIX BECOB OBLIO MPHKIEEHO 3ep-
Kajblle pa3MepoM 2x2 MM, KOTOpOe OCBEIAIOCh HEMOJBHXHOM Jia-
3€pPHOM YKa3KOM, OTpaKEHHBIM Jyd nmonajajl Ha KapeTKy CcaMONucLa,
OTCIIEeKMBAIOLIEH MOJI0KEeHHE JTyYa.

[InacTmaccoBbIil cTakaHUYMK yCTaHaBIMBAJICS HAINPOTHB Mapyca Ha
paccrossuuu 10 cM. PearupoBanu cyxas menous KOH u koHneHTpu-
pOBaHHas cepHasl WM COJIsIHAS KUCIIOTa.

Pe3yabTaT 3KCHIepHUMEHTA

[Ipu npoBefieHNH peakiMK Mapyc CHayajga MPUTITUBAICS K peak-
LU, a 3aTEM, TIOCJIE €€ OKOHYAHUS, OTXOAMWII OT Hee Ha MaKCUMAJIbHOE
paccrostaue (10 yropa) u uepe3 1,5—24. Bo3Bpartnasicst 06paTHO.

ToT e pe3yabTar MoJyvascs, €C/ii peakiyuss MPOBOIWIACH B TOM
JKe CTaKaH4YMKe, YCTAHOBJICHHOM Ha JIEPEBSHHOM WJIH MEHOMIaCTOBOM
KyOMKe Baajau oT BecoB. [logHeceHHe 3aTteM 3TOro KyOHMKa K Becam
JaBajio TOT e pe3yJsbTaT. Bee GUKCHpOBaIoch aBTOMAaTHUECKUM Ca-
MOITUCLIEM.

OObsicCHEHHE Pe3yJIbTATOB SKCIIEPUMEHTA 3aKJIFOYaeTCsi B TOM, YTO
NPy NPOBEICHUH XMMHUYECKOM peakiik ¥ 0Opa3oBaHUM JICITOHHOM
MeHbI JIENTOHBI KacaroTesl mapyca. [1ockofibKy ABMXKeHHe 3¢upa Ha
MOBEPXHOCTH JIENTOHOB MpHU JFOO0M WX OpHEHTAllMK Bceria mapaii-
JIeJTbHO TJIOCKOCTH Tapyca, To 00pasyercs rpaJueHT ckopocTei adupa
C MOHWKEHHBIM JaBiieHueM. [lapyc HauMHaeT MPUTATUBATHCS K pearu-
PYIOLIMM BEIECTBAM.

Iociie OKOHYaHUSI peakiiiK JeNTOHHAS TleHa HauuHaeT TU(QyHIH-
poBaTh, MpUYEeM B TEPBYIO OYepelb YHHYTOXKAIOTCS JICMTOHBI, OKa-
3aBIIHECS B BEPXHEM CJIO€ MEHbI, MOCKOIbKY I'PaJUEHT CKOPOCTEH Ha
UX TOBEPXHOCTH MEHbIIE, YeM Yy BHYTPEHHUX JIETOHOB, Clie[0Ba-
TEJIbHO, BS3KOCTh BBIIIE M BPEMS CYIIECTBOBAHHS MOBEPXHOCTHBIX
JIENTOHOB MeHblle. Ho JIenTOHbI, KaK W BCAKWE BUXPU, UMEJH TUIOT-
HOCTh 3(upa OoJjiee BBICOKYIO, YeM IUIOTHOCTh 3(HUpa B CBOOOIHOM
npoctpancTee. [loaToMy naBieHue 3upa Bo3pactaer, W mapyc OTo-
npuraetcs. [locse Toro kak Bee jenToHbl quddyHANpOBaIH, TaBIeHHE
B 3(upe BhIpaBHUBAETCS, U MPYKMHKA BO3BpAILAET KOPOMBICIIO BECOB
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B HMCXOJIHOE cocTosiHHME. PasnmudHbie BelecTBa HarOT pas3inu4yHOE OT-
KJIOHEHHUE, HO XapaKTep NMOBEACHUA BECOB COXPAHACTCA.

BriBoabl

Bo Bpewmst kOBaJIeHTHBIX peakiuii BeIIeNsseTCs JISTOHHAS TIeHa, KO-
TOpasi OKa3bIBaeT CHIIOBOE BO3ACHCTBHE HA METAITUYECKYIO TUIATHHY.
DTO B3aUMOJAEHCTBUE MEXAY XUMUYECKUMU BELIECTBAMH, OCYIECTB-
JITIOIUMH PEAKIHI0, U METAJUIMYeCKOW TUTACTUHONW MOXKeT OBITh Ha-
3BaHO XEMOAMHAMHUYECKHM, KOTOpOE€ HEe MOXKET OBITh CBEAEHO HH K
OJTHOMY W3 CYIIECTBYIOIIUX (YHAAMEHTAIbHBIX B3aUMOICHCTBUN —
CWJIBHOMY W CJIa0OMY SJISPHOMY, 3JIEKTPOMAarHUTHOMY W T'paBHTallU-
oHHOMY. llenecooOpa3Ho MPOAOIKUTE WCCIENOBaHUS IS Ompererie-
HUS KOJIMYECTBEHHbIX 3HAYEHU MMapaMeTPOB JAHHOTO SIBJICHUS

4.2. Binsinue JIeNTOHHOI MeHbI HA YYBCTBHTEJIBHOCTH
(¢oTodbymaru

ITocTanoBKa 3ana4n

DKCNEePUMEHTBI ¢ «ISNITOHHOW MEHO» ObIIIM MPOBEICHBI  CTYIICH-
tamu 1 kypca xumdbaka u ¢usdaka MI'Y 10.Jl.JloGapeBbiM U
B.A.CepebpsnarkoBbiM B 2000T. UM ObUTO BbICKa3aHO MpeJoo-
JKeHHe, YTO JICTITOHHAs TeHa JOJDKHA BJIMATh HA YYBCTBHUTEJIBHOCTH
(oTobymaru, 4To U SIBUJIOCH MOBOJIOM Uil TPOBEICHHUS SKCIIEPUMEH-
Ta.

IMocranoBKa YKcIepHMEHTA

[TnacTMaccoBbIli CTaKaHYMK C THUIPOKCHAOM HATpHs YCTaHABIIH-
Bajics Ha JHCT GoTOOYMard, MoMelleHHbI BO n30ekaHHe 3acBevnBa-
HHs B KOHBEPT M3 YepHOH IoTHOW Oymaru. B peakuuio Berynaiu
TUAPOKCHU]T HATPUS M YKCYCHAsl KMCIoTa. 3ateM oToOymara B TEMHOIA
KOMHaTe M3BJIeKajJach M3 KOHBEPTA, 3aCBEYMBAIach ciabbiM OenbiM
CBETOM U MPOSBIISIIACE.
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Pe3yabTaT 3KCHepHUMEHTA

[Mocne nposiBienus: porodymaru okazainoch, 4To Bce TMoJje, KpoMe
y4yacTKa, Ha KOTOPOM CTOSUI CTaKaHYMK C peakTHBaMH, MOYEpHelN, a
9TOT Y4acTOK ocTasicsi OesibiM, Kak Obl He 3acBeYeHHbIM. TakuM obOpa-
30M, OTKPBITO, YTO:

1. «ienToHHas TeHa» WM HEKOTOpOe HEHW3BECTHOe 110 Ha-
CTOSILLIETO BPEeMEHM M3JIyYeHHe MpPU MPOBEICHUHM KOBAJICHTHOM peak-
LI CYIIECTBYET,;

2. 9TO M3JTyYeHHe CMOCOOHO OKAa3bIBaTh BIMSHHE Ha CBOWCTBA
XHUMHUYECKOro cocTaBa (POTOIMYJIBCHM M TMPHBOIUT K CHHIKEHHIO ee
YyBCTBUTEJILHOCTH K CBETY.

BriBog

DKCMEePUMEHT MOATBEPAWI, YTO MPU KOBAJEHTHOW peakLMU BblIe-
JISeTCS W3JIydeHHWe, TPeNaroyIOKUTENIbHO B BHIE JIEITOHHOM TIEHBI,
MPOHUKAIOLICH CKBO3b IJIOTHYIO OyMary W MpuBOJislIeld K 3HAYHUTEIb-
HOMY CHIKEHWIO YyBCTBUTEJIbHOCTH (hoTOOYyMaru, T.e. BIUSIONIEH Ha
CTPYKTYPY H, BOBMOXKHO, XMMUYECKUH cocTaB (HOTOIMYIIbCHU. JKCIe-
PUMEHTHI B 5TOM HAIPAaBIIEHUH CJIeTyeT MPOHAOKUTH.

4.3. Bausinne JIENTOHHOM MeHbI HA TUIJIEKTPHYECKY IO
NMPOHHUI[AEMOCTh

IlocTanoBka 3axa9n

[Mockonbky nrobas razoas BUXpeBas CTPYKTypa Bcerja WUMeeT
TUIOTHOCTH OoJiee BBICOKYIO, YeM TOT K€ ra3, HaXOAsIuicsS B CBOOO/I-
HOM TMPOCTPAHCTBE, a JUAJIEKTPUUECKass MPOHULAEMOCTb €CTh IUIOT-
HOCTh Ta30mo00HOr0 3pHpa, TO CYIIECTBYET BEPOATHOCTb TOrO, YTO
JIUBJIEKTPUYECKasl MPOHUILIAEMOCTh B NIPOCTPAHCTBE BOJIM3HM MPOXOJS-
1iei KOBaJICHTHOM peakllu OKaxkeTcs Bhillie 00bIYHOM. [IpoBepky aTo0-
r0 TPEANONOKEHUS MOXHO BBITTOJIHUTH MyTeM H3MEPEeHHs eMKOCTH
BO3IYUIHOTO KOHJIEHCATOPa, pa3MelIeHHOro BOJIW3M peakTHUBOB, yua-
CTBYIOLMX B KOBAJIEHTHON PEaKLMH.

ITocTanoBKa 3KcepHMeEHTA
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OKkcnepyMeHT ObUT MPOBEIEeH CTYAEHT cTyaeHTamu 1 Kypca XuM-
tdaka u puscdaka MI'Y FO.J[.JloGapersiM 1 B.A.CepeOpsIHHUKOBBIM B
2000r. B skcnepuMeHTe MCIOIB30BaH IIACTMACCOBBIA CTaKaHYMK, B
KOTOpPbI ObUT MOMELICHIIUIPOKapOOHAT HATPHS, KOTOPBI 3aTeM Mo-
JIMBanach W3 MUNETKN YKCYCHON KHCToToM. KpaMudeckuiiii koHaeHca-
Top emkocThio 3000 nd Okl coearHEeH ¢ JIAOOPATOPHBIM H3MEpHTE-
JeM eMKOCTHM, caM KOHIEHCATOp pa3Mellancs B HENoCpeNcTBEHHOH
OJIM30CTH K CTaKaHYUKY C peaKTHBaMH.

Pe3yabTaT 3KcnepumMenTa

[Ipn Hauane peakuyy B TeUEHHE HECKOIBKUX CEKYH/ €MKOCTh KOH-
JeHcaTopa yBelIuuMBaiach npumepHo Ha 1% u ynepxuBanach nocTo-
SHHOM TO BpeMs, MoKa Ijla peakUus, a 3aTeM B TE€UEHHE JIByX C MOJI0-
BHUHOH 4acoB 3HaY€HHE €MKOCTH BO3BPALLAIOCh K MEpPBOHAYaIbHOMY
COCTOSIHHIO.

BriBog

DKCMEepUMEHT J0Ka3al, YTO HEMOCPEICTBEHHO BOJIM3U KOBAJICHT-
HOWM peaKIMH UAJIEKTPUYecKas MPOHHWLIAEMOCTh MPOCTPAHCTBA YBe-
JUYUBAETCS, YTO MOATBEPIKAAeT UCXOIHOE MPEINON0KEHHE O TOM, YTO
MpU KOBAJIEHTHON peaklMU BbIAEIAETCS W3IyuYeHHEe TUMa JEeNTOHHOU
TMIeHbI, YBEJIMUMBAIOIIEe BEJTMYUHY JUAJIEKTPHUUECKOI MPOHHUIIAeMOCTH.



JKCHepUMEHThI B 00J1aCTH 3J1eKTPOMATHUTHBIX sIBJICHHIT 145

I'maBa 5. DxcnmepuMeHTBHI B 00J1aCTH JJIEKTpOMAr-
HUTHBIX AABJIEHUI

5.1. BzauMouHIyKIUsI MPOBOHUKOB

INocTranoBka 3axaun

B HacTosiiee Bpems IIUpOKOe NMPUMEHEHHe HalLIH MH(pOpMAaLHU-
OHHO-W3MEPHUTENIbHBIE  KOMIUIEKCH AJIEKTPOHHOW ammaparypsbl, cO-
CTOSILIME U3 IECATKOB M COTEH HJICKTPOHHBIX M UCTIOTHUTEIIBHBIX YCT-
poiicTB, Hanmpumep, MUIOTaXKHO-HABUIALMOHHBIE KOMIUIEKCHI JieTa-
TEeNTBbHBIX amnapaToB, KOpadiiel, MPOMBILIJICHHBIX aBTOMAaTH3MPOBaH-
HBIX JINHUH H T.11. Bo BcexX 3THX KOMIUTIEKCax MeXIy COCTaBIISIOIIUMU
UX CHCTeMaMH TMPOUCXOAMT Mepesaya Mo MPOBOAHBIM JIMHUSAM CBSI3U
CHTHAJIOB, HECYIIMX MH(OPMALMIO O Pa3HOOOPa3HBIX (PH3MYECKUX
napaMerpax. J{is TOYHOUM 1 HafeKHOM padOThl KOMITIEKCOB HEOOX0-
JIMMO, YTOOBI TPAHCISLMS CUTHAIOB MO MPOBOJAM MPOUCXOAMIA C
HEOOXO/IMMBIM OBICTPOJCHCTBUEM W BBICOKOM HaJeKHOCTBIO. M of-
HUM W3 TJIaBHBIX ()aKTOPOB, MPEMATCTBYIOLIMM 3TUM TpeOOBaHHUAM
SBJIAIOTCS SJIEKTPOMArHUTHBIE TIOMEXH, HABOJMMBIE Ha JIMHUM CBS3U
9HEPreTUYeCKMMHU MPOBOJAMH, T.€. CHJIOBBIMU MPOBOJAMHM, MOAKIIIO-
YEeHHBIMU K KAaKUM-JTUOO MUCTOYHHMKAM SHepruu. IMEeHHO B HUX BO3HHM-
KalOT MOIIHbIE UMITYJIbChI, CBSI3aHHBIE ¢ KOMMYTaLMel noTpeduTenei
9HEPruH, OCOOCHHO BCEBO3MOXKHBIMH MHIYKTUBHOCTSIMH — OOMOTKa-
MH pejie U KOHTaKTOPOB. DTH HUMITYJIbChl TPOHUKAIOT B MH(OPMALH-
OHHBIE CBSI3W Yepe3 eMKOCTHbIE CBsI3M (IEKTPOIMHAMUYUESCKUE HABOI-
KH) M 4epe3 B3aUMHYIO MHIYKTHBHOCTb (3JIEKTPOMarHUTHbIE HABOJI-
KH).

CylecTByIOT pazHOOOpa3Hble MeTOIbI OOPBOBI ¢ MOJOOHBIMH TO-
mexamu. 11lupoko pacnpocTpaHeHbl METOIbI LTyHTHPOBAHHUS 0OMOTOK
pesie ¥ KOHTaKTOPOB MCKPOTacsUIMMH LIMSIMU — AMOAAMH U LETSMH
KOH/IEHCATOP-PE3UCTOP, HO TallleHHe MPOUCXOAUT He TOJHOCTHIO, a,
KpOMe TOTO, He YUYHTHIBAETCS HMHIYKTUBHOCTH MOABOISIIMX MPOBO-
JIOB, COCTABJISIOLIMX ACATKA MUKPOI eHpH.
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DNeKTpOIMHAMUYECKHE TTOMEXH MPOHHUKAIOT B MH(OPMALMOHHbIE
NPOBO/IA Yepe3 B3aUMHYIO eMKOCTh MEXKIY CHIOBBIMH M WH(OpMALIHU-
OHHBIMH MPOBOJIAMH, JISKAIMMH B O0LIEM HKI'yTe, M OTCTpauBaHHE OT
ANIEKTPOJMHAMUYECKMX TIOMEX, CBS3aHHBIX C MMITYJILCHBIMU OpocKa-
mu HanpsbkeHus 1o 600 Bonbr ammnnutynoii u ot 0,1 no 10 mkc no
JUTUTETIBHOCTH JIOCTATOYHO YCIIELIHO MPOMCXOAMT MyTeM 3KpPaHUpO-
BaHUS MPOBOJOB HMH(MOPMAIMOHHBIX CBSI3el TPH 3a3eMIICHUH BCeX
pa3pbiBoB 3KpaHOB. OJHAKO 3KpaHbl MPAKTHYECKH HE CracaroT OT
9JIEKTPOMArHUTHBIX MMOMEX, CBA3aHHBIX C MPOHMKHOBEHHEM MarHWT-
HOT'O TOJIsA, BBI3BAHHOTO IMyJIbCalliell TOKOB, CKBO3b AKpaH, U UMEHHO
3[ech TaWTCs OMACHOCTh HAaBEJCHUsS TMOMEX Ha WH(OpMaLMOHHBbIC
curHanbl. PasHecTH jke MpoOBOJa Ha PaccTOSHMS, 0OecrevrBarolIre
CHIDKEHHE YPOBHSI MIOMEX JI0 JJOMYCTUMBIX 3HaUCHUH, B OOJIBLIMHCTBE
clly4aeB, 0COOCHHO Ha MOJBIKHBIX OOBEKTaX, HE TMPEACTaBIIACTCS
BO3MOXKHBIM.

Jlns onpenesnieHust ypOBHSI HABOJMMBIX 3JIEKTPOMArHUTHBIX MOMEX
JIOTUYHO OBUIO OBI MO aHAJIOTHU C B3AUMHOM €MKOCTBIO BBECTH TMOHSI-
THE B3aUMHON MHIYKLMH MEXIy MOMEXOHECYIMMH W uHpopmaru-
OHHBIMH MPOBOJIAMH, T.€. IyTeM BBEJCHHS MOHATHS B3aMMOMHIYKLIUH
NPOBOJIOB, HO TaKoe MOHATHE B AJIEKTPOTEXHHKE OTCYTCTBYeT. B
ANIEKTPOTEXHHUKE CYLIECTBYET MOHSITHE B3aMMOMHIYKIIMH KOHTYPOB,
XOTsl 0 JIOTHKE Belled KaXAblii KOHTYP COCTOMT W3 MPOBOJHHUKOB H
B3aMMOMH/IYKLIMSI KOHTYPOB JIOJDKHA Obl pacCUMTHIBATHCS Yepe3 B3au-
MOMHIYKLMH COCTaBIISIIUX UX MPOBOJHUKOB, HO B CAMHU BBIPAKCHHUS
JU1sl B3aMMOMH/IYKLMH TIPOBOJAHMKOB HE BXOJHT MOHSATHE B3aMMOMH-
AyKLUMH KOHTYpOB. IMEHHO 3TO 00GCTOATENBCTBO M BBIHY/IMIIO aBTOpa
NPOBECTH COOTBETCTBYIOIUE MCCIeA0BaHUs, Oaszupyrouyecs Ha d¢u-
POIMHAMUYECKHX TMPEACTABICHUIX O PaCHpPOCTPAHEHUH 3JIEKTpOMar-
HHMTHBIX BOJH.

PopMyJIHPOBKA 3a/1a4H

Kak n3BecTHO, B TEOPETHUECKOM 3JIEKTPOTEXHUKE TMOHATHE B3au-
MOMHAYKUMHM TMPOBOJHUKOB OTCYTCTBYET, XOTSl MMeEeTCS TMOHATHE
B3aMMOMHIYKLMN KOHTYpOB. B cooTBeTcTBHMHM ¢ 3akoHOM PDapanes Ha
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KOHTYpE, JICKallEM B IUIOCKOCTH X-) 3.4.C. €y, ONPCACIIACTCA BbIpa-
KECHHUEM

exy = —S , (ll)

rae S — miomaab KOHTypa, B, — MarHutHas uHaykuus B, = uHy; p —
MarHiTHasi MPOHUIIAEMOCTh; [, — HaIpsyKeHHOCTh MAarHUTHOTO TTOJIS
(puc.1.1)

a) 6)

Puc. 1.1. HaBenenune I/IC B koHType: a — o ®apazeto u Makcseiny; 6 — B pe-
IBHOCTH

W3 BeIpaskeHus ciiemyer, YTO MarHUTHOE MOJie U3MEHsIeTCs 1O Ha-
NPSHKEHHOCTH, HE MEHsIsl CBOET0 MOJIOKEHHs B MPOCTPAHCTBE, a HABO-
aumast DJIC obpasyercs o nepudepun Moss, MpUueM caMo MarHuT-
HOE TIoJie He NepeceKkaeT MPOBOIHUKOB KOHTYpA.

Ecnu B oHO# mockocTH Jexar aBa KoHTypa (puc. 1.2),u B nep-
BOM KOHTYype TedeT MepeMEHHbIH TOK, TO HaNpsKeHHOCTh MarHUTHO-
ro TOJIs, POHMKAIOIIETr0 BO BTOPOH KOHTYp, OyZleT ompenensTbes B
COOTBETCTBHMHU C 3aKOHOM TOJIHOTO TOKa

i = [Hdl, H=i/2ar, (1.2)
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rae | —BeJMYKMHA TOKa, I — PacCTOSIHUE OT LIEHTPa MPOBO/IA.

Puc. 1.2. TIpoHHKHOBEHHEe MArHUTHOIO MOJIsl, CO3AaBaeMOro OJHUM KOHTY-
PoOM, BO BTOPOii KOHTYP.

B stom ciywyae DJ/IC, HaBeneHHas BO BTOPOM KOHTYpe, ofpeje-
JIUTCS Kak

0B,
exy = _S ; (13)
ot
uloi ch_+h dr dj+2h dr i d+h de2h
e — (| — - )=——(nr| —Inf )=
% ot d r d+h r 2 d d+h
uloi (d+hy uloi
= In = f(h/d) (1.4)
2not d (d + 2h) ot
ITpu h >> dnomyuwm:
uloi (d+hy uloi h
e1= In = In (1.5)

zot  dd+2h) 2ot 2d



JKcnepuMeHThI B 00J1aCTH 3JIEKTPOMATHUTHBIX sSIBJICHHIA 149

®yukuus f1(h/d) npusenena Ha puc. 1.3.

B cootBercTBHM ¢ 3pHUpOANHAMHUYECKUMH TIPEICTABICHUSIMH TPO-
uecc pasBuBaeTcsi nHade. MarHuTHas BOJIHA, co3/laBaeMasi TOKOHECY-
LIMM MPOBOJHUKOM, CHavana mnepecekaeT OyvbkallMii K HEMY Mpo-
BOJJHMK BTOPOTO KOHTYpA, a 3aTeM yKe B oc/labJIeHHOM BHIE Mepece-
KaeT BTOPOi MPOBOIHHUK TOTO ke KOHTYpa, co3nasas B HeM DJIC mpo-
TUBOIIOJIOXKHOTO HAMpaBieHUs] U yMEHbIIEHHOH BeIWuYMHbI. To ke
MPOUCXOJUT W OT JPYroro MpOBOJHHMKA IMEPBOro KOHTypa. B stom
ciyqae D/IC Ha BTOPOM KOHTYpe COCTaBUT BETUIUHY

wlly o ool d uill 4 o
€= 1- + ) = f(hd), (1.6)
Zdot d+h d+2h Zudot

3nech lo= 1w (B cucreme CHU) —maciuTabHbIii KO3 HUIHEHT.

®ynkuus f, Takoke npuBeneHa Ha puc. 1.3.

Kaxk Buano u3 rpadukos, pyukuuu fi u f, cymecrsenno pacxoast-
csi: TiepBasi yXOIUT B JIorapu(p)MUUEcKyto OECKOHEYHOCTh, BTOpas Ha-
coimaercst. [lpu h/d = 10 oTHomeHHe 3HaYeHUH (GyHKIIMI OKa3bIBa-
eTcs OGonee 4.

[poBeneHHbIE SKCMIEPUMEHTBI MOTBEPAUIN 3aBUCUMOCTS f.

ok 5
4-
3-
2-
A
] 2
0 2 4 6 & 10 hid

Puc. 1.3. Pe3yabTaThl H3MepeHHsi HaBeAeHHOI 3/I¢c B MJIOCKOM KOHTYpe: 3aBHU-
cumocrts fy (Wd) ~ My u 3aBucumocts f, (W/d) ~ Ms.
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ITocTranoBka YKcnepuMeHTa

Ilpn mpoBepke MONyHEeHHBIX 3aBUCHMOCTEH Iienecoodpa3Ho Hc-
MoJIb30BaTh MEAHbII MpoBo 6e3 u3onsiuuu quaMeTpoM nopsiaka 0,5 —
1 MM, npu anuHe ctopoHbl kKoHTypa | ot 0,5M u Gosee, MeHss pac-
crosiHust d oT 2—3 MM 10 IECATKOB CAaHTUMETPOB. M3MepeHus Hy»KHO
NPOW3BOJUTE B 3BYKOBOM JMara3oHe 4acToT. Cxema sKcrepruMeHTa
MIPOBOJIUTCS B COOTBETCTBUM ¢ puc. 1.2.

BriBoabl

W3 u3n0KeHHOTO BBITEKAET 11eIeCOO0Pa3HOCTh BBEJICHUS B 3JIEK-
TPOTEXHUKY MOHATHA KO3(HIMEeHTa B3aUMOWHIYKIMKM MPOBOJIHU-
KOB, paBHOTO JIJIs TIAPaJuIeIbHO PACTIOIOKEHHBIX TPOBOAHUKOB BEJH-
qUHE

e ,U"o
M= — = _ 1.7)
oiy/ot 2nd

Ha ocHoBanumn TMOJIYYEHHBIX pPE€3YJIbTaTOB MOABUJIACh BO3MOXK-
HOCTb BBECTH B JJICKTPOTEXHUKY MMOHATUEC B3aUMOUHAYKIUHW TTPOBOI-
HHKOB.

IIpuxkaagHoe npuMeHeHue pe3yJabTaTOB

JIiis mpoBepKy 3aBUCUMOCTH KO3 PUILIMEHTa B3aUMOUHAYKIUHA OT
JIMaMETPOB B3aUMO/ICHCTBYIOLIUX MPOBOJHUKOB ObLT MMOCTABJIEH 3KC-
MEepUMEHT Mo onpeneiaeHuto BeanuuHsl DJIC, HaBOAMMOI ¢ OAHOrO
MPOBOJHMKA Ha Apyrou. Ilpm sTOM nuMameTpbl MPOBOIHWMKOB OBLTH
cymectBeHHO pasHbiMu (0,5 MM U 5 MM), npuueM OIMH M3 HUX ObLI
MOKPBIT XJIOPBUHWJIOBOM M MarepyaToi M3oJidluel (BHEIIHW qua-
MEeTp MPOBOAHHUKA C M30JIsLMeR cocTtaBui 6,5 MMm), BTOpoii — 1akoBOM
nsonsiueid. MexxoceBoe paccTosiHue coctapisuio 3,5 mwm. [IpoBoaHu-
KU MJIOTHO MpUJieraiu apyr K apyry. Harpyska Ha Bropom (M3mepu-
TeJIbHOM) MpoBoaHKMKe M3MeHsiack or 10 mo 1/3 Om. Crone mainoe
COTPOTHBIICHUE HArPy3KH ObIJIO HEOOXOAMMO JUTS yJAJIeHUs] eMKOCT-
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HOUW COCTaBJISIFOIIEH HABOJAKH, YTO CHIENIaTh MOTHOCTBIO HE YJalloCh.
3areM MPOBOJHUKH MO CXEME MEHSITUCh MECTAMH.

[Ipomyckaiics TOKk BenmuunHOM 3 A, MCHOIB30BAIUCH YaCTOTHI OT
500 no 4000111, Bce n3mMepeHUs MPOU3BOAMIUCH C MOMOIIBI) MarHH-
TOJIEKTPUUECKHUX MPUOOPOB C TepMonapaMu. Pe3yibTaThl U3MepeHHs
cBeneHsl B Tab. 1.1m 1.2,

3/1C Ha BTOPHMYHOM MPOBOJE NPH TOKe B IEPBUYHOM MpoBoae 3 A,
IJIHHE MPOBOAHUKOB 1,7 M

Tabnuya 1.1
Juamerp Juamerp Yacrora, I'n
HEPBUYHOTO BTOPUYHOT'O 500 1000 2000 3000 4000
[POBOJ, MM | TIPOBOJIA, MM
0,5 6,5 1vB | 19 44 83 122
6,5 0,5 15 32 64 99 125
K2rp/K1rp 1,5 1,68 1,45 1,08 1,025

Iepecuer D/IC Ha BTOPHYHOM MNpOBOAE NMpPH TOKE B NMEPBHYHOM

nposoje 1 A, njiMHe NPOBOAHUKOB 1 M.

Tabnuya 1.2
Juamerp Juamerp Yacrora, I'ny
HEPBUYHOTO BTOPUYHOTO 500 1000 2000 3000 4000
IIpOBOJIa, MM IIpOBOJIa, MM
0,5 6,5 2vB 3,8 8,8 16,6 24,4
6,5 0,5 3 6,4 12,8 19,8 25
Kotp/Kytp 15 1,68 1,45 1,08 1,025

Kak BumHO U3 Tabaui, ko3dUIMeHT B3aUMOMHIYKIMU TMPOBO/-
HHMKOB peajibHO 3aBUCHT OT TOT0, KAKOI M3 HUX SIBJISIETCS MEPBUYHBIM,
a kakoi BropuunbiM. [Ins 100071 pacuerHas sennunna DJIC, HaBo-
JMMO#i ¢ MEepBUYHOTO MPOBOJHMKA MEHBIIEro JMamerpa Ha BTOpHUUY-
HbI#1 OOJIBLIIErO AMaMeTpa MpH MPOCTON MPOMOPLMOHATBHOCTH, JOJIK-
Ha coctaButh Bcero 0,09MB, a npu ux nepecraHoBke MPOBOJTHUKOB —
1,16MB. U X0Ts COOTHOLIECHHS MOJY4YEHbl MHBIMH, YTO MOXKET ObITh
00BSCHEHO, HaNIPUMEpP TEeM, YTO TMPH TaKOH OJIM30CTH MPOBOJIHMKOB
yKe HeJib3sl CUUTaTh BECh TOK COCPEJOTOUYCHHBIM B UX OCCBOM JIMHUH,
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a TaKoKe HAJIMYUEeM eMKOCTHOM (DJIEKTPOAMHAMMUYECKO#) CBA3U MKy
MPOBOHUKAMH, 3aBUCHMOCTb KO3(QHUIMEeHTa B3aUMOMHAYKIHMH OT
COOTHOLLEHHS AUAMETPOB MPOBOAOB Ha KAYECTBEHHOM YPOBHE MOXHO
CUMTATh NOATBEP>KIACHHOM.

Takum 00pa3oM, SKCIIEPUMEHTATBHO TOATBEP/KAASTCS BO3MOXK-
HOCTB U 11e716CO00pa3HOCTb BBEICHHS B DIICKTPOTEXHUKY TPeICTaBIIe-
HU O B3aMMOMHIYKLUWH IMPOBOJHHMKOB, HA OCHOBE KOTOPBIX YIKe
MO>KHO OTIPEAeNISATh M B3AMMOMHAYKIMIO KOHTYPOB, MPOBEAS COOTBET-
CTBYIOLI[E€ MHTETPUPOBAHME.

[Ipu paccMOTpeHHH B3aUMOCBSI3M HE MEXAY KOHTYpamH, KakK 3TO
BbITEKAaeT U3 ypaBHeHMH MakcBemna u 3akoHa Dapajes, a Mexay
NPOBOJIAMH, CJIEAYeT pa3nuyaTh SJIEKTPOAWHAMHYECKYIO TOMEXYy M
NoMexy 3JIeKTpOMarHuTHyto. [lepBas cBsizaHa ¢ U3BMEHEHHUEM BeJINYHU-
HBI DJIEKTPUYECKOr0 HANPSHKEHHUS B EPBUUHOM DHEPreTUYECKOM Mpo-
BOJIC, OHA CYLIECTBYET Ja)ke TOT/a, KOrjaa TOK B MEPBUYHOM MPOBOJIE
NpeHeOPEeKMMO MaJl; BTOpas CBsI3aHa ¢ M3MEHEHHEM BEeITMUMHBI JIeK-
TPUYECKOTro TOKa B MEPBUYHOM MPOBOJE, OHA CYLIECTBYET Aaxe TO-
raa, Korjaa B IepBUYHOM MPOBOIE HANpshKeHHe MPeHeOpekruMo Maio.

DnexTpoarHaMUYecKas ToMexa TMPOHWKaeT Oyarofapsi pacrpo-
CTPAHEHUIO BOKPYT 3HEPreTHUYeCKOro MpoBOJA 3JIEKTPUUYECKOro MO
(s;mexTpuueckoit MHAYKLIMHM) 4Yepe3 B3auMHYyl0 eMmKkocTh (puc. 1.4),
9NIEKTPOMarHUTHas TIoMexa MpoHUKaeT Onarojgapsi paclpoCTpaHeHHIO
BOKPYT' 9HEPreTH4eCKOro MpoBoJa MarHUTHOTO MOJIs (MAarHUTHOW WH-
JOyKUMH) 4epe3 B3aMMHYIO MHIYKTHBHOCTH (puc. 1.5). CooTBeTCTBEH-
HO 1 Mepbl 00pbOBI ¢ HUMH pasHbIE.

B nepBoM npubmkeHUH 3HaUeHHE HaBEICHHOM IIEKTPOINHAMHU-
YecKOM MOMEXH OMpeaeuTCs BIpasKeHUEM:

C 4 L
Un = ) , & = _ (18)
C+Cy z+ 3z C

I'’a€ Z; —BOJIHOBOC COMPOTUBJICHUC JIMHUM CBS3U.
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. SN L

L pa‘l bi
_JVY\_D__. - U‘
Z.

: cLNE Zy
£,y

Puc. 1.4. JxBUBaJleHTHasI cXeMa JIEKTPOAMHAMUYECKOii cBsi3u neneii: U; —
HaIpshKEeHUe B MepBUUHOI nenu; U, — HanpspkeHue none3Horo curuana; U, — Hampsi-
JKEHHUe TTIoMeXH Bo BropuuHoii neny; Cj, G — B3auMHBIE yIelbHBIE paclpeeIcHHbIE
B3aMMHbBIE EMKOCTh U NPOBOJMMOCTD IEPBUYHOI M BropudHOi neneii; L, R, C. G —
yIEJbHbIE paclpe/ie]eHHbIe UHIYKTUBHOCTb, CONPOTHBIICHHE, EMKOCTh U MPOBOIH-
MOCTh BTOPHMYHO# 1ienu, Eg — nmonesHslit curnan, z — BHYTPEHHEE CONPOTHUBIICHHE
MCTOYHHMKA T0JIE3HOTO CUTHAINA; , Z, — CONIPOTUBIICHUE HArPY3KH

JlaHHOE BBIp@)KEHHE CIPABEUIMBO TOJBKO Ul HEIKPaHUPOBAH-
HBIX TIPOBOJOB. Ecimu MH(pOpMalmMoHHbIE MPOBOJA SKPaHUPOBAHbI U
9KpaHbI 3a3eMJICHbI ¢ 000MX KOHLIOB BO BCEX pa3pbIBax LM, HATIPH-
Mep, B pa3beMax MM MepexOJHbIX KOJOJKaX, TO MoMeXa OTBOJMTCS
Ha 3eMJTIO TIPH YCJIOBHH, OJTHAKO, YTO MHIYKTHBHBIM COMPOTHBICHHEM
3a3eMJIeHHUs1 MOXKHO TpeHeOpeub. He cremyeT 3a0biBaTh, YTO MHIYK-
TUBHOCTb OJTHOTO METpa MpoBoJia B cpegHeM konebnercs ot 0,5 o 2
MKI'H/M. TIOCKOJIBKY HWMITYJIbCHOE HAamnpspKeHHE MpPH KOMMYTALMsX
NePBUYHOM LIEMHA MOXET JOCTUraTh COTEH BOJIBT MPU UTUTEIBHOCTH
UMITYJILCOB OT J0JIeil 10 AECITKOB MHUKPOCEKYH/I, 11eieco00pa3Ho MH-
(hopmainMoHHBIE TIPOBOAA, OCOOEHHO JieXKalllue B OOIIMX C SHEpPreTH-
YEeCKUMHM MPOBOAAMH JKI'yTaX, BBIMOIHATh SKPAaHUPOBAHHBIMHU, 00pa-
1ias Mpyv 3TOM BHUMaHWE Ha KauecTBO 3a3eMJICHUs SKpaHoB.. Cremyer
TaK)Ke OTMETUTb, YTO JPyrHe MPOBOJA, HAXOSLIMECS B TEX JKe XKIy-
Tax, MOMeXy He SKPaHUPYIOT, a HA00OPOT, CMIOCOOCTBYIOT €€ MPOHUK-
HOBCHHUIO.
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ITpOHMKHOBEHHE 3JIEKTPOMArHUTHOM OMEXH OT SHEPreTHYEeCKOro
npoBoaa B MH(OpPMALMOHHBIE MPOBOJA OCYILECTBISIETCS Yepe3 B3a-
UMHYIO UHAYKTHBHOCTb (puc. 4.5).

Puc. 1.5. DxBuBajieHTHasl cXeMa 3JIeKTPOMArHUTHO# cBsi3u ueneii: M — xo-
¢ duieHT B3auMHON MHIYKTUBHOCTH, i1 — TOK B mepBu4HON nenu; U, — Hanpsoke-
HHE TIOMEXHM BO BTOpHYHOM 1eny; L, R —ynenbHble pacnpeneneHHble HHIYKTUBHOCTh
conporuBieHre BropuuHoit nermu; C, G, eMKOCTh M NMPOBOANMOCTH IOTEPh BTOPHY-
HOM 1enu; Eq — MoJe3Hblil curHai; Z— BHYTPEHHEE CONMPOTUBICHHE MCTOYHUKA I10-
JIE3HOT'O CUTHAJIA; Z, - COTIPOTUBIICHUE HATPY3KH

HaHpH)KeHI/Ie BHGKTpOMaFHHTHOﬁ MOMEXH OIpeAcIsICTCA BbIpa-
JKCHUECM.

ois
U =M—, (1.9)
ot

rae M — ko3 GUIMEeHT B3aUMOUHTYKIIUH SHEPreTHYECKOro MPOBO/a,
CO3JIAIOIIET0 MOMeXy W MH(OPMAIIMOHHOTO MPOBOJA, €€ BOCTIPHUHU-
Matolero. [[jisi cHHycouIaabHOro ToKa

U, = kfidl k,=22M, BcA™ M (1.10)

HsmepeHnHble s psaa aBUAIMOHHBIX OOPTOBBIX MPOBOJOB 3HA-
yeHus kodhdupenTa casu K, cocTapisioT:
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— ans npoogos tuna BIIBJI ceuennem ot 0,35 10 1 mm? K, =
(5,65 + 5,25) -10B-c-:A " m ™

— U1 napbl l'[pOBOI[OB tuna BITBJI-BITBJID tex ke ceuenwmii k,, =
(4,5+4) - 1°Bc-A M

— JI71s1 TIapbl HpOBOL[OB tuna BITBJID Tex e ceuennii k, = (3,8 +
3,5) -10°B-c:A™ M

Jlns mpoBOIOB APYTHX CeYEeHWi BeMurHa K, MokeT OBbITh ompe-
JefieHa U3 BbIPAXKEHUs

7-10 D, + D,
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rae d, CM — paCCTOSIHI/Ie Me)K,Z[y ocCsiIMHn 3HepreTquc1<0ro nu HH(bOpMa-

MOHHOTO TIpoBOJIOB, D; m D, — uxX BHelIHWe nuameTpbl, BKIIOYas
H3O0JTSILHAIO.
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Puc. 1.6. Pe3yabTaTbl 3KCHEePHMEHTAJILHOIO OMNpeesieHHUs] B3aHMOCBSI3H

nposoaos tuna BITBJI u BIIBJIJ pa3iuyHoro cedeHust (Ce4eHHUs! MPOBOJOB JAHbBI
2
B MM®)
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Ha puc. 1.6 npuBeneHsl u3MepeHHbIe 3HAUSHUS HATPSKEHUS T10-
MEXH, BO3HHMKAIOIIME Ha BTOPUYHOM MPOBOJIE MPH Pa3IUYHBIX 4acTO-
Tax TOKa B MEPBUYHOM MPOBOJIE.

Taxk, npu yactore B 400 'y mune nposona B 20 M, ceueHUH dk-
panmpoBaHHbIX TpoBogos BIIBJID 0,35 mm® 3HaueHHe HaBeICHHOM
nomexu coctaBut 30,3 MB, 4TO AN CHHYCHO-KOCHMHYCHBIX TpaHC-
(hopMaTOpOB 1acT MOMOJHHUTENBHYIO MOTPELIHOCTh W3MEPEHUs yriia
MOBOPOTa Basa B 12 yrioBbIX MUHYT, 3TO CYIIECTBEHHO OOJblIe, YeM
coOCTBEeHHas TIOTPEeIHOCTh MpeodpasoBarens. [l Tex ke YCIOBHH,
HO MPH UMITYJIbCHOM MOMeXe M 3KBHBAJICHTHOM 4yactoTe B 1 mMI'11 Be-
JMYMHA HaBEJCHHOM MOMEXH B HEIKPaHMPOBAHHBIX MPOBOJAX COCTa-
BuT nopsaka 600-800B, B skpaHHPOBaHHBIX 3HAYMTENILHO MEHBIIIE,
BCEr0 HECKOJIBKO BOJIbT, HO TOXKE€ JOCTATOYHBIX JUIs cOOSl TPaHCIIH-
pyemoit uudpoBoii HHPpOpPMALIUU.

CymecTtByeT omnMOOYHOE MHEHHME, YTO TOMEXY MOXHO YMEHb-
T IyTeM Harpy3kd BTOPUYHOTO MPOBOJIA HA OTHOCUTENEHO Masioe
CONPOTHUBIICHUE, OJIHAKO 3TO He Tak. Ha puc. 1.7 npuBeneHsl 3aBUCH-
MOCTH M3MEHEHHs HarpsHKeHUs MOMEXHM OT BEJIMYMHBI Harpy3kd Ha
BTOPUYHOM TIPOBOJIE.

Puc. 1.7. 3aBucuMocTb HanpskeHUsI HA BTOPUYHOM NPOBOAHHKE MPH JJIeK-
TPOMATHHTHO! CBSI3M MeKAY IKPAaHHPOBaHHBIMHU nposoaamu tuna BIIBJI-0,5
OT YacTOThI NPH PA3THYHON Harpy3Ke (IKCIIEPUMEHTAIbHBIC TaHHbIE)
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Kak BMIHO, 3HaueHHe MOMEXH MpPAaKTHYECKW HE 3aBUCHT OT Ha-
rpy3kd BIUIOTH A0 eauHul OM. Takum criocobom n30aBUTHCS OT TO-
MEXH HeJb3sl.

[IpakTHyeckd eOUHCTBEHHBIM crMOcoOOM W30aBIEHUS OT 3JeK-
TPOMAarHUTHOM M OT OCTAaTKOB AJIEKTPOAWHAMHUUYECKOH TOMEX SBIISET-

cs mepenadya M npueM MHpopMmauuu auddepeHIHalIbHbIM CIocoO0M
(puc. 1.8, 1.9).

e — e

R =

Puc. 1.8. B3aumogeiicTBHe 3J1eKTPOMATHHUTHON HABOAKH ¢ OGupuisipHbIM
noBoaoM. 1 — UCTOYHUK HABOJAKM, 2 — UCTOYHHUK CUTHANA;, 3 — JIUHUSA CBI3U;, 4 —
nuddepeHnnansHbI PHEMHNK

N 1o
U U
Ul

m o0
Il

bez nomexu £ nomexod

il

Cuenan 8
AuHuy  clasu

Cuznan 8
APUEMHUKE

Puc. 1.9. OTaejieHHe MOJI€3HOr0 CUTHAJIA OT MOMeXH B Au¢depeHIHATBLHOM
npUeMHHKe CUrHaja ¢ npumMeHenuemM RZ-koma («return tu zero»)
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[epenaua udposoii U aHaNOroBo¥ MH(GOPMALIMK MPOU3BOIUTCS
CKPY4EHHOH Mapoi NMpoBOIOB, MOMEIECHHOW B OOIIMH 3KpaH, 3a3eM-
JICHHBIM BO Bcex Mectax paspbia. Lllar ckpytku — 2-3 cM, cKkpyTka
HeoOXo/nMMa /il CUMMETPUPOBaHUs HaBeJeHHOW momexu. CymiecT-
BYIOIIME BBIXOJHBIE (POPMHUPOBATETH OOECIICUMBAIOT AMIUTUTYIY MM-
nyibcoB 5 + 0,5B, nonycrumoe conporusnenue Harpysku 400 Ow,
CONPOTHUBIICHHE BXO/1a MpHeMHUKOB He MeHee 40 kOwm, T.e. omuH dop-
MHpoBaTenb obecredrBaeT 0 cTa IMPUeMHHUKOB. [ ambBaHMYecKON
Pa3BS3KM MPUEMHHMKOB 3/1€Ch HET, OHAa U He TpedyeTcsl.

[Ipu 5TOM yuTeHO TO OOCTOSTENBCTBO, UTO MPOMYyCKHAsE CMOCO0-
HOCTb MOAOOHOW OUQUISPHOH JIMHUKM CBSA3M, HE COIJIACOBAHHON ¢
Harpy3koil (He WMerollell Ha KOHLIAX HU3KOOMHBIX COIJIACYHOLIMX
PE3UCTOPOB), TP TparnelenIaIbHON (opMe MUMITYJIbCOB C MPUMEHE-
HHMEM TPOBOJIOB JFOOOTr0 ceueHHs: coctapiisieT nopsaka 50 Mour-m/c.
IMpu cpenneit anuue npoeoaa B 10 M (Ha TsHKeNBIX camolieTax) Mpo-
MyCKHasi CMOCOOHOCTh OWGUIAPHOW JIMHWUU CBS3M COCTaBJisgeT 5
Mowurt/c, B TO Bpems Kak MH(pOPMALMOHHOE ColepKaHHe BCEi COBO-
KYITHOCTH CHTHAJIOB THJIOTaKHO-HABUTALIMOHHOTO KOMITIEKCa CO-
craBnsier He Oosee 1 KGur/c. DTO mo3BoOJIsIeT MCMOMB30BATh MOOYE-
pelHyIO mepenauy MocjeloBaTebHbIX KOJIOB C PUMEHEHHEM OTHO-
CUTEJIbHO HM3KWX YacTOT TpaHcisumu w3 psaga 12.5; 50; 100; 250;
500; 1000 Ko6wurt/c. TlpemnoururesnbHOi wactoToit seisercs 100
Ko6wur/c, koTopyto u npeanosaraercs 3a)MKCUPOBaTh KaK OCHOBHYIO B
NepPCIIeKTUBHBIX JIeTaTesIbHBIX ammnaparax. [lepemada mpou3BOIUTCS
TaK Ha3biBaeMbIM RZ- komom («return to zero»)s KOTOpoM KasKablid
out («1»unm «0») npeacTaBlieH OTASIbHBIM MMITYJIbCOM COOTBETCT-
BEHHO MOJIOKHUTENbHOW MM OTPULATENbHOM MOJIIPHOCTH € May30it
Mex 1y umIysbcamu. [lepenada v npueM UMITYJIbCOB OCYLIECTBIISCTCS
i depeHMaTBHEIM CIOCOOOM, YTO MCKIIIOYAET BIMSHHE MOMEX Ha
Ka4ecTBO MPUHUMAEMON MH(pOPMALIKH.

HUndopmaumns nepenaercs LMKIMYECKM C 4YAacTOTOM, ompenesse-
MOM TMHAMMKOM TpaHCIMPYeMBbIX MapaMeTpoB, Ha BXOJE MPUEMHHKOB
OCYILECTBIISIETCS KOHTPOJIb MH(GOPMALIMK 1O PsAy NMPH3HAKOB (KOH-
TPOJIb UMKJIMYHOCTH MOCTYIUICHHS, KOHTPOJIb MO KOJMYECTBY €AMHHUII
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B ciioBe M T.1.). [lepenaua kakux-mub0 BHUPYCOB IO TAKOW CBSA3U OT
OJTHOM CHCTEeMBI K Ipyroii MPUHIMIHAIBHO HEBO3MOJKHA.

Pa3ymeercs, 3T0 He KacaeTcs OTICNbHBIX JIMHHNA CBS3H, B KOTO-
PBIX TPAHCIMPYIOTCS KPYMHbIE MacCUBbl MH(OpMaLMH, HO OOBIYHO
TaKHUX JIMHUH CBSI3W MaJIo, M K HUM JIOJDKEH OBITh Ipyroi MoIXox.

[IpumeHUTENIFHO K aBMALMOHHOMY OOpPTOBOMY 00OpYIOBaHHUIO
3TOT crnoco0 mepenayd WHGOpPMAIUK, OOSCHCUMBIIMI €Il BBICOKYIO
MOMEXO03alHUIIeHHOCTb, OblT paszpabotaH B CCCP [1-4] u ¢ Tex mop
HallIeJT IIUPOKOe NpUMeHeHre Bo BceM mupe [5]. Kak mpu vcnbitanu-
sX Ha cTeHaax [4], Tak u 3a Bce Bpems (6osee 20 net) skcrutyaraiuu
aBualru ¢ GOPTOBBIM LU(PPOBBIM 000pyAOBaHHEM He ObLIO 3aduKcH-
poOBaHO HU OJIHOTO cOost nHpopmatmK. B uuTupyemoii murepatype [6]
NPUBEJCHbI BCe HEOOXOIUMBIC Ui peaii3allii JTaHHOTO —crocoda
CBSI3M TEXHUYECKHE TOIPOOHOCTH.

MOKHO HaJIeaThCsl, UYTO OMUCAHHBIN crocob nepenaaun uHopma-
UM, CTOJIb XOPOUIO 3apeKOMEHIOBABLUIMK ce0s B aBUALMM, MOXET
0Ka3aThCsl MOJIE3HBIM M B IPYTHX MH(POPMAIIMOHHO-U3MEPUTENIBHBIX U
YNPaBJISIOUIMX KOMIUIEKCaX 000pya0BaHus, UCTIOJIB3YyEeMbIX B SHepre-
THUYECKHX, MPOMBILUICHHBIX U TPAHCTIOPTHBIX 00BEKTAaX.

[lpu mpoBepkax JHMHUWI CBSI3M Ha TMOMEXOYCTOMYMBOCTH MOXKET
OBITh MCIOJIB30BAaH MPOCTOM METOJ OOepThIBAHUS MPOBEPSIEMOM JIH-
HUM CBS3M TPOBOAOM, HECYIIMM STAJOHHBIE MOMEXH, a OOpaTHBIN
NPOBOJI MOXKET HAaXOIUTHCS Ha MPOU3BOJILHOM PAcCTOSHHMHM, KaK He
BJIMSIOIIEM Ha pe3ysbTaTbl. DTO ObLIO Obl HEBO3BMOXKHO ClieflaTh Ha
ocHOoBaHUM 3akoHOB Dapanes n MakcBesuia, B COOTBETCTBUU C KOTO-
pbIMH HaBeZeHHas MoMeXa HEeMOCPEeICTBEHHO 3aBHUCHUT OT IUIOLIAAN
KOHTYPa, T.€. OT PacroJIOKEeHHUsI 0OpPaTHOrO MPOBOJA.
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5.2. IIpoBepka 3aK0HA MOJHOI'0 TOKA

IlocTanoBka 3axa4u

Kak n3BecTHO, MOLITHOCTH JIIOOOT0 CHIIOBOTO yCTPOWCTBA — JABUTa-
TeJI1 WIM T€HepaTopa OIpeAessieTcss SHepruel, 3alaceHHOd B BO3-
JIyLIHOM 3a30pe ctaTopHol yacTh. [loBcemMecTHO U B ABUraTesnsx, 1 B
reHepaTopax HCMOJIb3YeTCsl MarHWTHOE, a He 3JIEKTPUYecKoe IoJie.
OTO CBA3aHO C T€M, YTO B MArHUTHOM T10JI€ MOKHO JIOOMTBCS 3HAUM-
TEJIbHO OOJIBILEro 3araca 3HEPruy, 4eM B JIEKTPUUECKOM IoJie, Kpo-
Me Toro, paboTa ¢ MarHWTHBIM IOJIeM HecOM3MepuMo Oe3oracHee,
YeM C 3JIeKTPUUSCKUM IOJIEM.

B camom pene, sHeprus 31eKTPUUYECKOro MOJs, Pa3MEIIEHHOIo B
3a30pe MUUTUMETPOBOH TOJIIIMHbI, PH IUIOMAAN B 1 M°, U MpeiebHO
JOMYCTUMOM HarpsHKeHHOCTH aiekTpuueckoro nosii E = 1 kB/mm
(nanee HaunHaeTcs MPoOOI BO3AYLIHOTO MPOMEXKYTKA) COCTaBIISET

€0 E? 8,85-10%1¢
We = = = 4,43-16x/M-MM. (2.1)
2 2
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A JUIss MArHUTHOTO TIOJISI TIPH BITOJTHE YMEPEHHOMU IJIOTHOCTH
B H = 10A/M 1 MarHUTOMPOBOJIE C OTHOCHUTEIILHOW MAarHUTHON
npoHunaeMocteio B L = 400, 3Heprusi B TaKOM K€ 3a30pe Co-
CTaBIISIET:.

wpeH?  400-1,25-16.1F
= = 2,5-16I[>1</M-MM; (2.2)
2 2

i B 5,6 1CF pa3 Gonblue 1 Mpy 5TOM HUKAKKX OMACHOCTEH HE BO3-
HukaeT. OJHAKO TP 9TOM CJIeAyeT yOeAUThCS B TOM, YTO HaIpsOKeH-
HOCTb MArHUTHOTO TIOJISl PACCUMTBIBAETCS IPABHIIBHO.

Jlist pOBEpKHU MOCIIEHEr0 O0CTOATENBCTBA ObLI MPOBEIEH COOT-
BETCTBYIOLINIA SKCTIEPHMEHT.

We

@®opMyJIHPOBKA 321291
Kak u3BecTHO, 3aKOH MOJIHOTO TOKa

i = [Hdl, H=i/2ar, (2.3)

BBIpa)KAaeT 3aBMCUMOCTh MEXKIY BEJIMYMHOM TOKa I, A, mpoTekarouem
B MPOBOJIHUKE, U HAMPSHKEHHOCTBIO MarHUTHOTrO nois H, A/M, co3na-
BA€MOI0 MM Ha PaccTOSHUHU I, M, OT OcM npoBoaHuka. Kak BHIHO,
3/1eCb UIMEET MECTO rMNnepOOIMUECKUi 3aKOH YObIBaHUS HAIPSKEHHO-
CTH MarHMTHOTO MOJIs C yBeJIMYeHHeM paccTosiHus. HampsbkeHHOCTH
OJIHOTO M TOTO K€ MarHUTHOTO MOJISl HA pa3HbIX PacCTOSHUAX OT OCH
NPOBOIHHUKA OyIyT OTHOCHTBCS KakK

H, I

H, r

(2.4)

B cBs3u ¢ Tem, 4TO 3KCNEpUMEHTasbHAs MPOBEpPKA CrpaBelIMBO-
CTH 3TOro 3aKkoOHa B JMTEpaType OTCYTCTBYET, a TAaKKe B CBS3M C
NPEANoIOKEHUEM O HETOYHOCTH (POPMYJIBHOTO BBIPAXKEHUS BCIEICT-
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BHE CXKMMACMOCTH acbnpa H, CJICO0OBATCIIBHO, CXKUMACMOCTHU MAarHMuT-
HOT'O MOJId, YTO HE YUTCHO 3aKOHOM I10JIHOI'O TOKa, BO3HHKJIA HeoOXxo-
AUMOCTDH B MMOCTAHOBKE COOTBETCTBYIOLETO SKCIICPUMEHTA.

ITocTanoBKa 3KcepHMeEHTA

DKCMEepUMEHT CTaBUTCS MO cxeMe dkcriepumenTta 1.3 mapameTpsi
KOHTYPOB U YacTOT T€ K€, HO AKCIIEPUMEHT CTAaBHUTCS TPH Pa3HBIX
3HAYEHHUAX TOKOB M MPH Pa3IUuHbIX paccTosHusX d Mexmay Omusie-
YKalIMMHU TIPOBOTHUKAMHU KOHTYPOB.

B cBs3u ¢ Tem, yTo HaBoAMMAs Ha BTOpUYHOM KOHTYype DJIC mpo-
MOPIMOHATIbHA U3MEHEHUIO MArHUTHOTO T0JIs, & TAKXKE B CBSI3U C TEM,
4T10 B BhIpakeHHH 2.4 oTHowmenue Hy/H, MOXeT ObITh 3aMEHEHO Ha
OTHOLIEHUE e1/ey, Toraa

H, e1 2
= = . (2.5)
H, e r

OtnaneHHble NMPOBOAHMKK KOHTYpPOB OTOJBHMIAlOTCSl HA PaccTos-
HHE, MPU KOTOPOM HX BIIMSHHME HE OKa3bIBAET 3aMETHOIO BIIMSIHUS Ha
pe3ynbTaThl U3Mepenus (mocrarouno paccrosuus 0,5-1wm). Barem B
npenenax 2-20 MM MeHsieTcs pacctosiHre d Mexay OJU3IeKauMn
NPOBOAHUKAMHU KOHTYPOB. Y CTaHABIMBAIOTCS 3HAYEHHUS] TOKOB B Mep-
BuyHoMm mpoBoanuke 0,1; 1,0u 10 A Ha Bcex yacToTaX, UCTOJb3Ye-
MBIX MpU u3MepeHusx (ucrnonb3yercs ['CC ¢ MOHMKAIOIMM TpaHC-
(dhopMaTopoM Ha BBIXOIE).

OskunaeMasi 3aBUCMMOCTb NpUBeJeHa Ha puc. 2.1 @EwKHAS Kpu-
Bas).

Pe3yabTaT 3KCniepuMeHTa

Pesynprar skcniepuMeHTa Mokasai, YTo OXKHIaemas 3aBUCHMOCTb
MO 3aKOHY TMOJIHOTO TOKA BBIMOJIHSAETCS TOJIBKO MPH MabIX TOKax M
COOTBETCTBEHHO MaJIbIX HAMPsHKEHHOCTSIX MarHUTHOTO MOJIsl, MPH TO-
Kax ke yke HaunHas ¢ 0,1 A 9TH OTJIMYMS CYLIECTBEHHbIC U JaKe MpU
Tokax B 1 1 Oonee ammep OTIMUAIOTCS OT pacyeTHOM oT 2-X u (oJee
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pas. A 310 3HA4YUT, YTO BO BCE€ pacUE€Thbl CUJIOBbIX MAarHUTHBIX moJiei
JOJI2KHBI OBbITh BBE€ACHBI COOTBETCTBYIOIINE KOPPEKTHUBEI.

<

H/H,

0,5

0 2 4 6 8 wr,

Puc. 2.1. DxcnepuMeHTATbHbBIE HCCIeJOBAHUS 3aKOHA MOJHOI0 TOKA:
a — MExXaHW4YecKas aHaJoOrus — U3MEHEHHE CKOPOCTH MOTOKA CKMMAEMOM KUJIKOCTH,
NPUBOANMON B JIBUKEHHE BEPTYILKO C JONACTSIMU; 6 —3MEHEHUE HANPSKEHHOCTH
MAarHUTHOTO T10J151 B 3aBUCUMOCTH OT PAcCTOSIHUS OT OCH NPOBOJHUKA; 1 —TeopeTHye-
CKasi KpUBasi, BBIYMCIICHHAS U3 YCIOBHUS MMOCTOSHCTBA LIUPKYJISILIAA MarHUTHOTO TIOJIS;

2 — dKcIepUMEHTaNbHbBIC Pe3yabTaThl mpu Toke | = 1 A; 3 — skcnepuMeHTalbHbBIC
pesynsrarsl mpu Toke | = 10 A. M3mepenus nposoxmmucs npu dactorax 50, 400u
1000T 1t

BriBoabl

DkcnepuMeHTallbHasi MpoBepKa 3aKoHa TOJIHOrO TOKa MoKasala,
YTO B AJICKTPOAMHAMUKY HEOOXOAMMO BBOJAWTDH JIOTIOJIHUTEBHBIN Ma-
pamMeTp — cTerneHb CKaTHs MAarHUTHOTO TOJIST M YTO HEOOXOAMMO Co-
OTBETCTBEHHO YTOYHSTH 3aBUCHMOCTH, B KOTOPBIX, TaK WJIM HMHaue,
¢durypupyer HampsKeHHOCTh MAarHWTHOTO TOJISl WM MarHWTHAas WH-
TYKLHS.



164 I'nasa 4.

5.3. Ilepenaua >Heprunm Mexay ooMoTKamMu B TpaHcdop-
Martope

ITocranoBka 3aga4un

MexaHu3M niepeiaud SHEPruu U3 NepBUUHON 0OMOTKH BO BTOPHY-
HYIO B TpaHC(opMaTopax C >KeJle3HbIM CepISUYHUKOM OIMMCAaH Heloc-
TaTOYHO OTYETIMBO. B HEM HemoCTaToOYHO SICHBI MPUYMHBI, MO KOTO-
pbIM CHIDKEHHE COMPOTHMBIEHHS HAarpy3KM BO BTOPHYHOM OOMOTKe
TpaHcopMaTopa BbI3bIBaET yBeJMUYEHHE TOKa B €ro MepBUUHON 00-
MoTKe. OOBIYHBIM OOBSICHEHHEM SBJISETCS TO, YTO KOMIIEHCALUS Mar-
HUTHOTO TIOJIsI, CO3/1aBaéMOTr0 TOKOM TEPBHUYHON OOMOTKH, MarHuT-
HBIM TIOJIEM, CO3J]aBa€MbIM TOKOM BTOPHUYHOM OOMOTKH M MPOU3BOIUT
nono6Hoe aeiictBue. OnHaKoO Torga AoJbkHA Oblla Obl YMEHbLIATHCS
WHIYKTUBHOCTb NMEPBUYHON OOMOTKHM M YBEJIMUMBATHCS PEaKTUBHASL
COCTaBJISIFOLIAsl TOKA MEPBUYHOM OOMOTKM, a HE aKTHUBHAs, KaK 3TO
MPOUCXOAMT Ha CaMOM Jielie.

ITockomnbky mepenada SHEPrUd MOXKET MPOMCXOIUTH TOJBKO Hepes
MarHMTHOE T0Jie, CO3[aBaeMOe TOKOM, MPOTEKAIOIINM B MEPBUYHOMN
00MOTKE, TO BO3HMKJIO MPEAMNONOKEHHE O TOM, YTO SBJIEHHUE MpPOMC-
XOJIUT 3a CYET TOT0, YTO IPAJAUSHT HANPSHKEHHOCTH MarHUTHOTO TMOJS
W3MEHSETCSl ¢ yBeJIMYeHHeM TOKa BO BTOPUYHOW OOMOTKe, a 3TO U
Be/IeT K YBEJIMUSHMIO TOKa B MepBUYHON oOMoTke. [lockonbky ¢ yna-
JIeHWEeM OT MEePBUYHON OOMOTKM MarHUTHOE MoJie A0JHKHO OCIabisTh-
csl, TO KO3 duLMeHT TpaHchopMalMy TOKEH 3aBUCETh OT B3aUMHO-
ro pacrhoyIOKeHUs] BUTKOB MEPBUYHOM U BTOPUYHON OOMOTOK (paKTH-
YecKH HEe3aBMCHUMO OT 3HauY€HHWsi MarHUTHOW MPOHHULIAEMOCTH cepAey-
HHKA.

ITocTanoBKka MepBOro KcNepHMeEHTA

CxeMa nepBOro 3KCcrepuMeHTa npuBeieHa Ha puc. 3.1.

[Ipennonaraercs, 4To 3.4.c. BO BTOPUYHOM LIeNTH HABOAMTCS HE ue-
pe3 cepaeuHUK, a MarHUTHBIM MOJIeM, PaclpoCTpaHsIeMbIM BHYTPHU
OKHa cepaeyHHKa. [1ockonmbKy C yBeJIMYEHHEM pPacCTOSHHS OT Tep-
BUYHOII OOMOTKM HAarpsHKeHHOCTh MarHUTHOTO ToJisi OyaeT yMeHb-
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aThes, TO B NMPOCTPAHCTBE OKHA OyAeT MMEeTh MECTO TPaJHMeHT Ha-
NPSHKEHHOCTH MAarHUTHOTO TOJIS. DTO TPpaiueHT OyIeT pacTH 1o Mepe
noTpeOsieH!s: SHEPrUd MAarHUTHOTO MOJIE BTOPUUHONW OOMOTKOM, UTO
MOXeT ObITh 3a)MKCHPOBAHO MOSIBIIEHUEM 3.1.C. HA M3MEPUTENIbHON
oOMOTKe. DTa 3.11.C. JOIKHA OBITH MPOIMOPIMOHATBHA 3HAYEHUIO TOKa
BO BTOPHUYHON OOMOTKe.

~grad H
Wi
1,

55

N

0) e

Puc. 3.1. U3mMeHeHue rpaqneHTa HANPSKEHHOCTH MATHUTHOTO MOJISI B TPAHC-
(¢opmaTope ¢ H3MeHeHHeM HArpy3KH Ha BTOPUYHOI 0OMOTKe. ¢ — CXeMa paszme-
IeHUs 0OMOTOK B 3KCIEPUMEHTE; 6 — 3IIEKTPUUECKash CXeMa IKCIEPUMEHTa; 6 —
M3MEHEHHE 3.].C. Ha M3MEPUTEIHLHOM 00MOTKE MPU U3MEHEHNH HArpy3Kd Ha BTOPHY-
HOI OOMOTKE; & — SKBHBAJICHTHAs MEXaHMUYECKasl CXeMa IMepeaadyn YHEPruy B ra3o-
npoBoJe; | — mojokeHue ynpyroil CTeHKM MpU MajoM naaBieHuy; |l — momoxeHue
YIpYroit CTEHKH HpH OOJBIIOM JABJIECHUH; O — JIIOpa AABIEHUI B Ta30MPOBOJE; e —
3MI0pa CKOPOCTEH B ra30npoBoJIe
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Takum 00Opa3oMm, HeOOXOOUMO Ha cepievyHHKe TpaHchopmaropa
YCTaHOBHUTH TP OOMOTKHM — MEPBUUYHYIO M BTOPUYHYIO, pa3HECEHHbIe
Ha MakCUMaJbHOE PAcCTOsIHME APYT OT Jpyra, U TPEeTblO — M3MepH-
TEJIbHYIO, COCTOSIIYIO M3 JIBYX OJWHAKOBBIX MOJIOBHH, BKJIFOUEHHBIX
BCTPEYHO APYT APYTY, M3MepUTeIbHas 0OOMOTKA MOAKITIOHaeTcs K M3-
MEpHUTEIILHOMY BOJIBTMETPY .

IIpoBenenue 3xcnepuMeHTA.

Ha cepneunuk Tpancdopmaropa u3 TpaHcopMaTOpHOTO sKelnesa
LI-40 HageTbl nepBUYHas U BTOPUYHAs MHOTOCJIONHHBIE OOMOTKHM MO
100 BuTkOB Kakas LIMPUHOM Mo 5 MM. OOMOTKHM yCTaHABIMBAIOTCS
0 KpasiM CpeHero cepAaeyHuka. Mexxay HUMH pacrioyiaraercst TpeThbs
00MOTKa, COCTOsAIIAs U3 IBYX PACIOJIOKEHHBIX PSAAOM BUTKOB, BKIIIO-
YEHHBIX BCTPEUHO APYT APYTY U. OTa 0OMOTKa SIBJISIETCS U3MEPUTEb-
Hoii. BropruHas oOMOTKa Harpy»xeHa Ha MepeMeHHbI pe3ncTop, B ee
LeNb BKJIIOYEH aMMepMeTp [Tl U3MepeHus: Toka. M3mepurenbHas 00-
MOTKa MOAKJIIOUeHa K MUJUTUBOJIBTMETPY .

Kak u mpeanonaranaock, Mpy yMEHbIIEHUM COMPOTHUBICHHUS Ha-
Ipy3KH BO BTOPUYHOM LIEMU U COOTBETCTBYIOLLEM YBEJIMUEHHUS TOKA B
9TOM LeNH HaNpsKeHUe Ha U3MEPUTENIbHOK 0OMOTKe pacTeT Mpomnop-
LMOHAJIbHO 3HAYEHUIO TOKAa, YTO MOATBEPKAAET BbICKa3aHHOE Mpes-
MIOJIO’KEHHE O TOM, YTO Tepeaada SHepriuy U3 MepBUYHON OOMOTKH BO
BTOPUYHYIO MPOMCXOJUT HE uepe3 CeplAeHHHK, a 4epe3 M3MEHEHHe
rpaveHTa HamnpsKeHHOCTH MarHUTHOTO TOJIsl, CO3aBaéMOro TOKOM,
MPOTEKAIOLIUM B MEPBUYHON OOMOTKe.

BriBoabl

[IpoBeneHHBI SKCIIEPUMEHT MO3BOJISCT JIydllle TOHATh (PU3UKY
npoliecca rnepeayy 3Heprui ¢ TMOMOIIBIO CO3/1aBaEéMOTr0 TOKOM Mar-
HHUTHOTO TOJIsl U BBICKA3aTh MPEAINOJIOKEHHE O TOM, YTO B CBSI3H C
yObIBaHHEM HANPSHKEHHOCTH MArHUTHOTO TOJIS C yBEIWYEHHEM pac-
CTOSTHUS OT MEPBUYHON 0OMOTKH, K03 duireHT TpaHchopmarmu Oy-
JIeT 3aBUCETh OT B3aMMHOT'O PACIIONIOKEHHs TMEePBUYHON W BTOPUUHOM
0OMOTOK.



JKcnepuMeHThI B 00J1aCTH 3JIEKTPOMATHUTHBIX sSIBJICHHIA 167

Bropoii sxcriepuMenT. IIpoBepka 3aBucumMocTu k03¢ dpu-
HHEeHTA TPaHcopMaHH OT PACIOJI0KEHUS] 00MOTOK

IlocTanoBka 3axa9n

B HacTosiiee BpeMsi mojpasyMeBaeTcs, uTo MOPsI0K pacroioxke-
HUs OOMOTOK Ha TpaHc(opMaTope He UrpaeT CyIIECTBEHHOW poJiH,
XOTsS MPAKTHYECKH BCerja NepBU4YHas oOMOTKa pacroniaraercst mep-
BOi{, BTOpHUHbIE OOMOTKHU pacrofiararotes Haj Heil. CunrtaeTcs, 4To
TaKOe PacroyIoKEHHe BCe JKe JIyullle, MOCKOJIbKY YMEHbINAeT MOoJis
pacceuBaHHUs MarHUTHOro moss. OJHAKO MPH OTHOCHTENBHOW Mar-
HUTHOW TMPOHHMLIAEMOCTH TpaHcHOPMATOPHOTo >kene3a, paBHou 400,
MoJisl paccerBaHus He JOJDKHBI pebiiath 0,5 — 1%oT Beeit Benuun-
Hbl MarHUTHOTO MOJIsl, @ MPU OONBIIMX 3HAYEHUSX OTHOCHUTENIbHOM
MarHUTHOM MPOHMLIAEMOCTH 3Ta JIOJIS JOJDKHA coKpatnaTbes. Eciu Obl
3TO OBUIO TaK, TO B psle Cy4aeB ObLIO ObI ropa3fo yaoOHee MOTaTh
0OMOTKHM Ha HE3aBUCUMBIX KaTyIIKaxX, a 3aTeM HajJieBaTh X Ha OOIIMi
cepaeuHrk. OJHAaKO Takas MPaKTHKa He TPUBWIIACH B CBS3M C YXY/I-
HIEHUEeM MapaMeTpoB TpaHchopmaropa, MpUYeM He TONbko Koaddu-
[[MEHTa 3arOJIHEHUs, HO U He COOTBETCTBUS K03(pUIHMEHTOB TpaHC-
(dopmanmu pacyeTHbIM 3HaYeHUAM. [1oaTOMY BO3HMKIIA 3a/ia4a Mpo-
BEPKH 3aBUCUMOCTH Kod(duilMeHTa TpaHchopMmalui oT pacrnosioxke-
HHUSL OOMOTOK.

IlocTaHoBKA PKCIEPHMEHTA

Ha ¢eppuroBoe koJbLO ¢ OTHOCUTENIBHOW MarHUTHOM MpOHHLIAE-
mocThio 5000nageTh 18 06MOTKH 10 100BUTKOB TOHKOTO (IHaMeT-
pom 0,1-0,2mm) mpoBofa, OfHA HEMOABIKHAS, APYra — MOABHKHAS,
criocoOHas mepemeniathesi mo cepaevHuky (puc. 3.21). lupuna 06-
MoTok nopsaka 8-10 mm. U3mepseTcs paccTosiHue MeXIy LeHTpamu
obmoTok u otHommeHue DJIC Ha BBIXOJE BTOPUYHOH OOMOTKHM K Ha-
NpsOKEHUI0 Ha TiepBUYHON 0oOMoTke. B kauecTBe reHepartopa mepe-
MEHHOTro HamnpsbkeHust ucnonb3oBad ['CC. M3MepeHue mpousBoauTCS
Ha pa3HbIX YacTOTaX W MPU Pa3HbIX HAMPSHKEHUSX.
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CxeMa sKcriepuMeHTa NpuBeieHa Ha puc. 3.2.
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Puc. 3.2. 3aBHCHMMOCTb OTHOCHTEJbHOr0 3HaveHUsl Ko3(pduumeHTa TpaHc-
(opmauuu oT B3aUMOpPacnoJoxKeHNs1 0OMOTOK: g — CXeMa PacIojiokKEHUsi 0OMOTOK
Ha KOJIBIIEBOM CEpJIeUHHKE IPH MPOBEJCHUN IKCIIEPUMEHTA; O — U3MEHEeHHEe K03 u-
[FIeHTa TpaHc(OPMAUH MPU N3MEHEHUN PACCTOSHUS MEXKy 0OMOTKaMHU.

Pe3yabTaT 3KcniepuMeHTa

Ha puc. 3.2 npuBeneHa 3aBUCHMOCTh U3MEHEHUsS KO3 PUIMEHTA
TpaHcopMaly — OTHOLICHHS 3.11.C., HABEJEHHO BO BTOPHUYHOM 00-
MOTKe, K 9.1.C. B mepBu4HOM oOMoTke. Kak BUIHO, K03 (duLmeHT
TpaHc(hOpMaLMK CYIIECTBEHHbIM 00pa3oM 3aBUCHUT OT B3aUMHOTO
PAaCIOJIOKeHHUsI EPBUYHOM U BTOPUUYHOM 0OMOTOK TpaHcdopmaTopa.

BriBoabl

[IpoBeneHHbIE 3KCIEPUMEHTHI MOKAa3ajiM CYLIECTBEHHYIO 3aBHUCH-
MOCTh Ko3(duLMeHTa TpaHchopMalMd OT PaccTOSHUS Mexay o00-
MoTkamu (pasHuia coctamiser 10 11%), 4To cOOTBETCTBYET Mpea-
CTaBJIEHUSM O TOM, YTO 3.1.C. BO BTOPUYHOW OOMOTKE HAaBOJUTCS HE
yepe3 MarHWTHBIN CepACUYHHMK, a uepe3 MPOCTPAHCTBO OKHA, B KOTO-
POM pacrnpocTpaHeHO MarHuTHoe mose. OIHOBPEMEHHO 3TO K€ TMOA-
TBepIKJaeT BhIBOJBI dKkcrepriMeHTa Ne 1 o ToMm, 9TO HEOOXOAMMO pac-
CMaTpHUBaTh B3aUMOMHIYKLIMIO
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[IpoBeneHHblE 3KCHEPUMEHTHI MOATBEP)KAAIOT BBIBOIbI SKCIEPH-
MeHTa 1 0 ToM, 4TO LesIecoo0pa3HO ONepUpPOBaTh MPEACTABICHUIMH O
B3aMMOMHIYKLMM TMPOBOJHUKOB, a He KOHTypoB. Ha mpakTuke npu
HEOOXOOUMOCTH pa3HeceHUs] 0OMOTOK, HarmpuMep, B BBICOKOBOJIBT-
HBIX TpaHcdopmaTopax, HEOOXOOMMO YBEJIMYMBATH YHMCIO BUTKOB
BTOPUYHOH OOMOTKM O CPaBHEHHUIO C YMCJIOM BHTKOB, PacCUMTaH-
HBIM OOBIYHBIM CIIOCOOOM.

5.4. KomneHcanusi 3J1eKTPUI€CKOro noJisi B cpejae

IlocranoBka 3aga4un
B cootserctBum ¢ 3akoHom Papanes DJIC e, Ha KOHTYype, Jexa-
1IeM B MJIOCKOCTH X-), OTIPEIesieTcs BIpaKeHHEM

ey = —S ; (4.2)

rae S — miomaab KOHTypa, B, — MarHutTHas uHaykuus B, = uHy; y —
MarHuTHasi MPOHUIIAEMOCTh; H, — HaIpsHKEHHOCTh MArHUTHOTO TOJIS
(puc.4.1).

U3 sToro 3akoHa BHIHO, YTO M3MEHEHHE BO BPEMEHH HarpsKeH-
HOCTM MarHUTHOTO TOJIS BbI3bIBAET HA €ro nepudepur COOTBETCT-
Byrorrytro D/[C. Ha 3Toii ocHOBe cliokuiioch ycToitunBoe yOexaeHre
B TOM, YTO MPH U3MEHEHWH HaMPsHKEHHOCTH MarHUTHOTO TOJISl BCeria
nosierisiercss DJIC. 3akon Dapazgest Mpy 3TOM HHUKAK HE yYWUTHIBAET
BJIMSIHHSI MATHUTHBIX TIOJIeH, HAXOAAIIUXCS BHE KOHTYpA.

Mexmy Tem 3TO Aajieko He BCerja Tak, MOCKOJBKY B CIUIOLITHOW
cpee 00s3aTeNbHO Oy/IET MPOUCXOUTh KOMIICHCAIIWS BITUSIHUS Mar-
HUTHBIX T0JIel, HaXOASIIUXCS BHYTPH M BHE KOHTYpa. ITO MPOMCXO-
JIUT BCIIEICTBUE TOTO, YTO COCEJHHE OJHOHAIPABJIEHHbIE BUXPHU d(H-
pa, ¥Mest B COTpe/IeNbHBIX 00JIACTSIX MOTOKH d(Hpa, HAMPABJICHHBIE B
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MPOTHBOIIOJIOXKHBIE CTOPOHBI, CO3/IAIOT B3aUMHYIO KOMITEHCALIMIO T10-
neii (puc. 4.1).

a 0)

Puc. 4.1. KomneHncauuu noJjeii. g— MarHUTHOIO IOJISL B PaclpeleieHHOM cuc-
TeMe TOKOB; 6— DJIEKTPUIECKOTO TOJISI B pacHpeeIeHHO CUCTeMe MAarHUTHBIX 110-
TOKOB

000009
0@0@@0
.. L¢

Puc. 4.2. Bo3HUKHOBEHHEe MATHHTHOTO IOJIsi HA TPaHHIE CPeAbl U
BHYTPH cpeabl MPU NOMelleHUH B Hee H30JISIIMOHHOr0 00bemMa

CHGHOB&TGHBHO, YUY€T BHEUWIHUX OTHOCHUTEJILHO KOHTYpa noJier
ano6peTaeT MNPUHLUIIHNAIIBHOC 3HAUCHUEC.
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DopmMy/JIHPOBKA 321241

Heobxoanmo mpoBepuTh BIMSHHME IMyJIbCHUPYIOIIEr0 MarHUTHOTO
TOJIs1, ICTOYHUK KOTOPOIO PACIOJIO’KEH BHE MIIOLIAAH U3MEPUTETbHON
pamku, Ha O/IC, HaBOAMMYIO B paMKe.

IlocTanoBKa 3KcepHMeEHTA

Ha nnockoii niiacTuHe M3 M30LMOHHOrO MaTepuaia pacrosara-
FOTCS TIPOBOJIOYHBIE KOHTYPA, B KOTOPBIX MPOMYCKaeTCs MepPeMEeHHBIH
TOK, CO3JAIOUINi TMepeMeHHOoe MarHuTHoe mojie. KoHTypa coenuHs-
I0TCS MEXIy co00i Tak, 4ToObl 00pPa30BBIBATh KOHIIEHTPUYECKHUE PSI-
JIbI, TIPUYEM YTOOBI KOHTYpPA 3TUX PAAOB MPH MOJKIFOYEHUN OKa3biBa-
JINCh BKITIOUYEHHBIMU TIOCTIeIOBaTeNIbHO, YeM o0ecredrBaeTcsi CWH-
(ha3HOCTH MAarHUTHOTO TOJISl, HABOJAMMOIO WCTOYHHMKAMH, PACIIOJIO-
JKEHHBIMA BHYTPU pPaMKH, U HMCTOYHHKAMH, PACMOJIOKEHHBIMH BHE
pamKw.

Han koHTypamm pacrosiaratorcs M3MepUTeNbHbIE KOHTypa pas-
au4yHoro pasmepa. B akcnepumente uzmepsiercs DJIC Ha usmepu-
TeNbHBIX KOHTYpaxX MpH MOAKIIOUYEHUH Pa3IUYHBIX PSJIOB TOKOHECY-
X KOHTYPOB, HAXOISAIIMXCS BHYTPH U BHE U3MEPUTEIHHOTO KOHTY-

pa.
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Puc. 4.3. Usmenenue J/IC Ha U3MepUTENbLHBIX KOHTYpPaxX Mo Mepe yBejHye-
HHUSl YMCJIA MOAKJII0YAeMbIX TOKOHECYLIIUX KOHTYPOB. @ — DAaCIOJI0XEHUE H3Me-
PHUTEIBHBIX KOHTYPOB Ha MJIACTUHE C TOKOHECYIIMMH KaTYIIKaMH1, CO3IAIOIIUMH Mar-
HuTHOE moJie; 6 — DJIC Ha U3MEPUTETHHOM KOHTYpE M0 Mepe MOAKIIOUYECHHUS TOKOHE-
CYIIUX KaTyIIeK
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Pe3yabTaThl 3KCIEpHMEHTA

DKCMepUMEHT MOKa3aj, 4YTO MO Mepe MOAKIIOYEHHUs] BHYTPEHHUX
M0 OTHOILUEHUIO K U3MEPUTENIBHOMY KOHTYPY TOKOHECYIIHUX KOHTYPOB
OJIC Ha W3MepUTENIbHOM KOHTYpE YBEJIWYMBAETCS, MPH AOMOJHU-
TEJIbHOM MOJK/IIOYEHUH BHEIIHUX MO OTHOLIEHHUIO K U3MEPHUTENbHOM
pamke koHTypoB OJIC Ha M3MEpHUTEIbHOM KOHTYpe yMeEHbIIaeTcs
(puc. 4.3). TeM caMbIM MOATBEPHKIACHO, YTO MAarHUTHOE MOJI€, UCTOY-
HUK KOTOPOI'O pacrojioXKeH BHE paMKH, KOMIIEHCUPYET BIMSHHE Mar-
HUTHOTO MOJIsl, UICTOYHUK KOTOPOTO PacIoiOXKEH BHYTPU PaMKH.

BriBoabl

Pe3ynprarhl sKCepUMEHTa MOKA3bIBAIOT, YTO YCTAHOBUBLLIEECS
MHEHHUE O TOM, YTO MPH BCAKOM U3MEHEHUM MarHUTHOrO MOJid B MPO-
CTPAHCTBE BO3HHUKAET NEPEMEHHOE 3JIEKTPUYECKOE MOJIe, HEBEPHO.
DTO eCTh BCEro JIMIIb YaCTHBIN cITydal, CIIpaBeUIMBbIA B paMKax J0-
MyCTUMOTO TIpeHeOpEeKEeHHsI BIUSHUEM BHEIIHHWX 10 OTHOMICHHIO K
WU3MEpUTENbHON paMke moseid. B o0imem ciyyae Takve moJis JTOJDKHBI
yuntbiBatbes. OTCIO/Ia TakXKe CleQyeT, YTO U B TIEPBOM M BTOPOM
ypaBHEHUSAX MakcBesula yuTeHbl JIMUIb MPOLECChl Ha MOBEPXHOCTH
3JIEKTPOMArHUTHOM BOJIHBI U HE YUTEHbI MPOLECCHI, MPOUCXOIALLNE B
ee rIyOuHe.

5.5. C:kuMaeMoCTh TOKA

IMocTranoBka 3axa4un

Kak u3BecTHO, MJIOTHOCTH TOKa y B cpeie, UMEIOLIel MpOBOIM-
MOCTb ¢, IU3JEKTPHUUECKYIO MMPOHULIAEMOCTb & U MarHUTHYIO MPOHM-
LAeMOCTb 4 OTIpeJesisieTcs JeKTPUUECKON HaMpsKEHHOCThIO £ Kak

y= (0 +e0lot)E. (5.1)
ITocKobKY DJIEKTpUYECcKas HANPSHKEHHOCTh W MJIOTHOCTh TOKA B

KOHKPETHO# cpelie CBsi3aHbl MPOCTHIM KO3((HUIIMEHTOM MPOMOPLHO-
HaJIbHOCTH, a, KaK MOKa3aHO B MPEbIAyIIEeM pa3jiesie, pacrpocTpaHe-
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HUE DJIEKTPUYECKOH HAIPSHKEHHOCTH MOXKET MPOWCXOAUTH B TIPO-
JIOJIbHOM HAITpaBJIeHWH, TO M paclpOCTpaHEeHHEe TUIOTHOCTH TOKa MO-
JKET UMETh BOJTHOBOM XapakTep.

OpnHako BOJIHOBOW XapakTep JIFOOOro BO3MYIIEHUS MOXET MPOUC-
XOJIUTh TOTHAA, KOTJa MaTepUalbHBI HOCHUTENb 3TOTO BO3MYILICHHS
crocoOeH C)KMMaThes, 00paszysi TeM CaMbIM TPaJUeHT TUIOTHOCTH, KO-
TOPBIM B JaHHOM MECTe W SBIISETCS MPUUYMHOW JaJbHEWIIero mpo-
JBVDKEHHS TTpoliecca.

DopmyJIHPOBKA 321241
HeobOxomumo npoBepuTh (hakT cxkaThs M BOJHOBOTO PaclpocTpa-
HEHUS SJIEKTPUYECKOT0 TOKA B MPOBO/IHUKE.

I[MocTanoBKa KcepUMeHTA

Jlns mpoBepkyu dakTa cKaThsl 3JIEKTPUIECKOTO TOKa MOXKET OBITh
UCTIOIb30BaHa KOMMYTHpYyemasi Lienb. [lockonbky B pa3pbiBe Lenu Ha
KOHTaKTaX oOpa3yeTcsi pa3HOCTb MMOTEHLMAJIOB, TO MOCJE 3aMbIKaHUSA
KOHTaKTa OKa3bIBAETCs, YTO 3Ta PAa3HOCTh MOTEHIMAJIOB MOJAKIIOUeHA
K Y4YacTKy LIeTH C HYJIEBBIM COINPOTHBIIEHHEM, YTO JOJDKHO BBI3BATh
BCIUIECK TOKA Ha 5TOM HYJIEBOM COMPOTUBIIEHUH. DTOT BCIJIECK 3aTeM
OyzaeTr pacxoauThCs BAOJb Lenu. CxeMa SKCIepuMeHTa NpUBeeHa Ha
puc. 5.1a.

10

a)

Puc. 5.1. DxcnepumMeHT no onpenejeHnIo paKkTa C;KHMAaeMOCTH TOKA: d— CXe-
Ma OTBOOOB OT HpOBO,Z[HI/IKa; 0 — UMITYJIbCBI, BOSHUKAIOIIUE HA OTBOJAX
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OnekTpuyeckas Lenb NpelcTaBiseT coOoi 1Ba OTpe3ka MpoBoOAa
M0 HECKOJIBKO METPOB AJMHOM MOIKIIOUEHHBIX KaKIbIA OOHUM KOH-
LOM B DJIEKTPUYECKOM OaTapee, a BTOPbIM KOHLIOM K MEPHOAWYECKH
3aMbIKa€MOMY M pa3MbIKa€MOMYy KOHTakTy. OT NpOBOJOB OTXOAST
OTBOJIbl, MPUMAasiHHbIE K MPOBOAY OCHOBHOM LIENM HA PacCTOSIHUM OJi-
HOTO MeTpa Apyr ot Apyra. [Ipu 3aMbIkaHMM KOHTaKTa B LI€NH BO3HU-
KalOT WMIYJIbChI, KOTOPblE MOTYT (UKCHPOBATBHCS OCLMIIOTPadOM.
VYcranaBnuBaercs (akT TOro, YTO MPU 3aMBIKAHMM KOHTaKTa Ha Kax-
JIOW mape OTBOAOB BO3HHMKAIOT KOPOTKHE MMITYJIbChI, IIPH 3TOM Ha OT-
BO/IaX, yAJEHHBIX OT KOHTAKTa, aMIJIMTYAa UMIYJIbCOB YMEHBLICHA,
a JUIMTENIbHOCTh yBeJIMYeHa. DTO M O3HayaeT HaydallbHOE cXKaTue, a
3aTeM paccacblBaHHE TOKa BJIOJb MPOBOAHMKA. B mpuHuLMne 3TO Mo-
JKeT ObITh 0XapaKTepU30BAaHO KaK CBEPXIEPEXOAHOM PEKHUM KOMMY-
TaLHH.

Pe3yabTaThl 3KCIEpHMEHTA

PesynpTathl sxcniepuMeHTa npuBeneHsl Ha puc. 5.16. Kak BuaHo,
Ha OTpe3Kax MPOBOJHMKA, PACTOJIOKEHHBIX BOJIM3M MEpPHOIMYECKU
3aMBIKAIOLLEro U Pa3MbIKAIOLLEro LeMb KOHTAKTa BOZHUKAIOT UMITYJIb-
Chbl, aMIUIUTYJa KOTOpbIX OoJiblie, a ATUTENBHOCTH KOpOYe, YeM Ha
OTJAJIeHHBIX y4YacTKax.

BriBoabl

DKCMEepUMEHT MOATBEPKIAeT (PAKT CIKUMAEMOCTH 3JICKTPUUYECKO-
ro TOKa ¥ BOJHOBOM XapakTep ero pacrpoCTpaHeHHs BIOJb MPOBO-
HHUKa. DTOT MpoLlecC MOXKET ObITh OXapaKTepHU30BaH KaK CBepXIepe-
XOIHOHU mpouecc. PesynbTaThl SKCepUMEHTa MOATBEPKAAIOT TaKkKe
HEOOXOAUMOCTh M B 3TOUM 4YacTU YTOUHEHUS YPaBHEHWH 3JICKTPOAM-
HaMUKHU.
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5.6. [IpoobHOE pacnpocTpaHeHHe YIeKTPUIECKOIH BOJI-
HBI

1) IlpoBepka BO3MOMKHOCTH PACHPOCTPAHEHHsI NPOAOJILHOI
3JIEeKTPHYECKOii BOJIHBI B NMOJYNPOBOJAHHKOBOH cpeie B Pe3HHO-
BOM BOJIHOBOJI€.

ITocTanoBKa 3ana4n
U3 3ro ypaBHenus Makceesna

divD =, (6.1)

rae D —anekrpuyeckoe cmemenue paBHoe D = egoE, € — OTHOCHUTEIb-
HAsl MANIEKTPHUECKas MPOHMIAEMOCTh, & = 8,85.10" ®/m; E — Ha-
NPSOKEHHOCTD JIEKTPUYEcKoro moJisi, B/M, p — moTHOCTB anekTpuye-
CKOTO 3apsizia, BBITEKAET, YTO MPH OTCYTCTBHH 3apsiia

divD =0, (6.2)
T.C.

oDy oDy oD,
+ + =0. (6.3)
ox oy 0z

VYpaBHeHune 6.3. HOCUT YKCTO CTATHYECKHM XapakTep, HUKAKHX
BPEMEHHBIX MPOLECCOB B HEM HE MPENyCMOTPEHO. ITO COBEPLUECHHO
MPOTUBOPEYUT MPUPOJE BNEKTPUUECKOrO MOJsl, KOTOPOE B BaKyyMe
MOXKET PacIpOCTPaHATLCS TOJBKO CO CKOPOCTBIO CBETa, ompenesse-
MOM Kak

1
= (6.4)
\/EQU()
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r1e & U fo COOTBETCTBEHHO AMAJICKTPUUYECKAs W MArHUTHAs MPOHH-
IAEMOCTH BaKyyma.

Takum 06pa3oM, HAJTUIIO MPOTHBOPEUHE TEOPUH C PEATbHOCTBIO.

Obpaiaet Ha cebs BHUMaHWE HETMOJHOTA BBIBOA TPETHErO YpaB-
Henust Makcsesa (puc. 6.17).

ITo ocsim x, y 1 Z B 06bem dxdydzexoasT cocTaBistoLIMe 3JEKTPU-
yeckoi uHaykuuu Dy, Dy, D,. Ha Beixoe o6beMa MMeeM COOTBETCT-
BeHHo (puc. 6.1):

oDy, oDy, oD,
;Dy + D, +
OX oy 0z

D, + ; (6.5)

BBIYHTAs U3 KOTOPBIX BXOHBIE COCTABJISIONINE, MOJTyYaeM ypaBHEHHE
6.3,a 3arem u ypaBHeHue 6.2.

A
z D, +%T?dz+%it)zdt
B,
0Dy, 0D,
Dy / D+ K"d’ﬁra—t’%ﬂ
Z.
Z AV
oD, ODz
. Qv + d—y)dyf Spdt N

y

Puc. 6.1. K BoiBOAY ypaBHeHMii pacnpocTpaHeHHsi 3JeKTPHYecKoil HHAYK-
uuu

B cBa3M ¢ Tem, 4TO M3MEHEHHWE 3JIEKTPUYECKOrOo CMELIEHHUsS BO
BPEMEHHM TNPH TaKOM BBIBOJIE HE YYTeHO, 3 ypaBHeHHe MakcBeuia
HUKaK HeJb3sl IPU3HATH MOTHBIM.
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Ha camom pene, Ha BeIXo/le 00beMa COCTABISIOIINE BEKTOpA WH-
IYKIWHU OYIyT paBHBbI:

oDy, oDy, oDy, oDy oD, 0D,
+ ; Dy + + D, + + ; (6.6)
ox ot oy ot 0z ot

D, +

Y COOTBETCTBEHHO 3-¢ ypaBHeHHe MakcBesa mproOpeTeT BUA:

oD
divD + —— = 0. (6.7)
cot

rae CKOpoOCThb € paclpoCTpaHEHUSA BOJTHOBOI'O (I)pOHTa CBs3aHa € mpo-
€KLUAMH I10 OCSIM KOOPJAHWHAT BBIPAXKCHHUCM

1 1 1 1
= + + . (6.8)

[lony4yeHHOe ypaBHEHHE ecTh BOJIHOBOE YpaBHEHHE MEpBOM cTere-
HH, KOTOpO€ MOKa3bIBaeT, YTO IeKTpUueckas MHAykuusi D pacnpo-
CTpaHsieTcsl B HanpasieHuH BekTopa D, T.e. B mpononabHOM, a He Mo-
nepevyHoM HampasiieHHH. Jlenenue Bektopa D Ha BekTop ckopocTH ¢
TOBOPUT O TOM, YTO 3TH BEKTOpa KOJUIMHEApHbI, T.. MapasiesbHbl
apyr apyry. Pemennem ypaBHenus 6.7.0ynet BonHoBas (pyHKLMS:

D(r —ct) =0. (6.9)

OTcrofa BbITEKAET, YTO JUIOJb C COCPEIOTOUEHHBIMU MapameTpa-
MM OyZeT U3Jly4yaTh SHEPIHIO BO Bce CTOPOHHI (puc. 6.2), mpuueM, ec-
JM PacCTOSIHUE MEXIY MyJIbCHPYIOLIMMH 3apsaamMu (3JIeKTpoaaMHu)
OyzaeT paBHO MOJIOBUHE AJIUHBI BOJIHBI, TO SHEPTHsl BIOJb OCH AMIIONS
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OyJeT M3JTy4aThCsl CyHIECTBEHHO MHTEHCHBHEE, YEM TMOMEPEK TUITOIS
(puc. 6.19).

[+

E E E E E

Puc. 6.2. U3ny4yeHue SHEPrUU IUMOJIEM C COCPeI0TOYEHHBIMU NApaMeTPaMH

lznonep

lznpoa

L
e

Puc. 6.3. PacnpocTpaHeHune 3j1eKTPHYECKOro MOJIisi AMIOJIEM ¢ COCPEAOTOYEH-
HBIMH MapaMeTpamMH B TOHKOM cJjioe nojaynposoasimeii cpeabl. [IpogonbHas co-
cTaBJIsIoNIast 60JIbIIE ONEPEUHON COCTABIISIOICH MOJIs

DopmMyJJIHPOBKA 321241

Heob6xoanmo npoBeputh GakT pacipoCTpaHeHUs IEKTPOMarHHUT-
HOW BOJIHBI B HampaBjIeHUH BAOJIb OCH JUMONS C COCPENOTOUEHHBIMU
rnapaMeTpamMH, a Takke He3aBUCUMOCThb 3HaueHus DJ[C, mpruHUMaemMo-
ro OT PacCTOSHUS NPU OTPaHUYEHUH BO3MOXKHOCTH PacrlpoCTpaHEHUs
3MEKTPOMAarHUTON BOJIHBI B HaNpaBleHWH, MEPHEHIUKYJISPHOM OCH
JTUTIOJSL.
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IlocTaHoBKA PKCIEPHMEHTA

Jl1s mpoBepKM BBIIBUHYTOIO MOJIOXKEHHUS O CYLLECTBOBAaHUHU MpO-
JOJIbHBIX BOJH ObUT U3rOTOBJIEH JUIMOJIb C COCPENOTOYEHHBIMU Mapa-
MeTpaMH, T.e. KOHCTPYKLIMS, COCTOALIas U3 IBYX 3JIEKTPOJOB, HA KO-
TOpbIE MOJAIOTCS B MPOTHBO(A3e HaNpsHKeHWs OT reHepaTopa repe-
MEHHOro Toka. [l co3maHus BOJIHOBO/A Oblila MCTMOJIB30BAHA PE3H-
HOBas caJloBasi KMIIKA, HANIOJIHeHHAs NoficoJIeHol Bojiol (puc. 6.4).

X
SRS

Puc. 6.4. Cxema 3KcnepuMeHTa MO NMPOBepKe MPOAOJBLHOI0 pacnpocTpaHe-
HUS U3JTyYEeHUsI JUMNOJIAA ¢ COCPEAOTOYECHHBIMU napameTpamn:
1 — pe3VHOBBIN NUIAHT, HATIOJHEHHBIA TOACOJCHHOUW BOJON; 2 — DJIEKTPOJIbI U3ITY-
YalolIero JMMNous; 3 — 3IeKTPobl pueMHoro aumods; [T — reneparop; I1 — npuem-
HUK; C pj5p — YCIIOBHOE 0003HAYEHHUE TTAPA3UTHBIX EMKOCTEH

Kak m3myuaroumii, Tak ¥ MPUHUMAIOIIKI JUMOIH OBUTM M3TOTOB-
JieHbl OOWMHAaKOBbIMU. C HacTM KoakcHasbHOro kalens Oblia cHsTa
OIUIeTKa, M30JsLuMs coxpaHeHa. K KoHIly ocraBiueiicss OMIeTKH MpH-
nasH METAUTMYECKUH KpPYTJIbI JANCK, IUaMeTp KOTOPOTro HECKOJIBbKO
MEHbIlle BHYTPEHHEro jauvameTpa muianra. K KOHIly Wbl MpHIasH
no00HbIH ke AUCK. PaccTosiHue MeXIy TUCKAaMH Y KaKIOro JTUIMONsS
coctaisio o 15cm, nuamerpsl muckoB no 20 Mm.

B kavectBe reneparopa ucrnosnbszoBaics oosrunbiil ['CC, B kauecT-
BE NMPUEMHHUKA — JMOIHBII MOCT C MUKPOAMIIEPMETPOM.

BHyTpu mnanra ObUTH IPOTSHYTHI OEUEBKH, C MOMOIIBIO KOTOPBIX
MO>KHO CIIBUTaTh M Pa3[IBUraTh TUITOJIH.

Hsmepenus npopoawuck Ha yactorax oT 10kl go 10 ml 1.



180 I'nasa 4.

Pe3yabTaThl 3KCIEpHMEHTA

Ha Bcex vacrorax muamasona or 10kl mo 10mI'1y  Habmomanock
pacrpocTpaHeHHe MPOIOJIbHBIX DJIEKTPUUECKUX BOJTH.

HsMeHeHHe cUTHANA ¢ pacCTOSHUEM MEXIY JAMIOISAMH TOKa3aHO
Ha puc. 6.5.

U>U,

T\f2>f1
v

0 D/5

Puc. 6.5. 3aBucuMocTb CHrHAJa PUEMHHUKA OT PACCTOSTHUSI MEKAY AUMOJIS-
MH MPH NPOJ0JILHOM H3Jy4eHHH JHEPruu

C H3MEHEHHEeM pacCTOSHUS MEXIy IUMOJSAMH CHavyajla MpHUHU-
MaeMblii curHajl ObUT MOCTOSIHEH MO BEJIMUMHE, HO C HEKOTOPOro pac-
CTOSIHMS Havan 3atyxarb. C yBeJIMYEHHEM 4YacTOThbl CUTHaJ MpHU Ma-
JIOM pacCTOSIHUM AUMONeH APyr oT Apyra pacTeT, HO ¢ yBeJIMYEHHEM
paccTosiHUsl CUTHAJl Ha BBICOKOHM 4YacToTe 3aTyxaeT ObicTpee, YeM
CHIrHaJl Ha HU3KOM yactoTe. C yBEJIMUCHUEM COJICHOCTH BOJIbI (YBENu-
YEHUH TMPOBOAMMOCTH) aMIUTMTY/Aa CHIHajlla pacTeT BOJIM3M M3Jy-
YaOLIero IEeKTPoJa, HO 3aTyXaHHe CUTHalla MPOMCXOAUT Ha Oosee
KOPOTKOM pacCTOSTHUH.

BriBoabl

Pe3ynbrathl skcrnepuMeHTa MOATBEPAWIM BO3MOXKHOCTH TeHepa-
MU W TpHeMa TPOJOJBHOTO AJIEKTPUYECKOro W3IY4YeHHs B Bofe, a
TaKke MOATBEPAMIIM 3aBUCHMOCTH MO0 PaCpOCTPAHEHHIO MPOAOIb-
HBIX AJIEKTPUUECKUX BOJIH B MOJYHPOBOASIICH cpee — MOACOIEHHOM
BOJIE.

[ToaTBepkeHne CylecTBOBaHHUS MPOJOJIBFHOTO M3ITyYeHHs] O3Ha-
yaeT, 4To 3-¢ ypaBHeHUs MakcBesia BecbMa He TIOJTHO, TaK JKe Kak U
BCce ypaBHEeHUs MakcBesia, He MOJHOCThIO OTpakarolllMe CYL[HOCTb
9MEKTPOMArHUTHBIX TpoleccoB. DaKTHUECKH 3TUM TOIATBEPKAAETCS
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HEOOXOIMMOCTb M CBOEBPEMEHHOCTb Hadaja MepecMoTpa BCEro ma-
TEMaTU4ecKOro ammnapara iekTpomarHetusma. [loarsepxnenue cy-
LIECTBOBaHUs MPOAOJIBHOIO M3JIyYeHHsT MOXKET OKa3aThCsl Takke W
NPaKTUYECKH TMOJE3HbIM, HO Ui MOMy4YeHUs] MPUKIaIHBIX pe3ysibTa-
TOB HY’KHO TMPOAOJDKUTH 3KCIEPUMEHTANIbHBIE HCCIICNOBAHUS B yKa-
3aHHOM HarpaBJCHUH.

2) Ilposepka pacnpocmpanenus RPoOOOIbHOU INEKMPUUECKOU
BOIHBI 8 MOPCKOIL cpede

DopMyJIHPOBKA 321241
IIpoBepsieTcst pacnpocTpaHeHHe TMPOJOIBLHOW 3JIEKTPOMArHUTHOM
BOJIHBI B MOPCKOM cpeae.

IlocTaHoBKA PKCIEPHMEHTA

OKCNepuMeHThl TPOBOAMINCH Ha YepHOM Mope B MpUOPEx HOM
T0JI0CE B Pa3JINYHBIX YCIOBUSIX.

Dnektpuueckue konedanus yacroroid B 1 mI 11 ¢ Mmomynsuueii me-
aunpom B 1 k' u MomHocThio 10 400 BT reHepupoBanuck crienu-
aIbHO W3rOTOBJICHHBIM T'€HEPATOPOM, MHUTAIOLIUMCS OT cepeOpsHO-
LUHKOBOrO akkymyJsisitopa. CoOOCTBEHHO M3jlyuyaTesieM SIBJISJIMCH J1Ba
3JIEKTPOAA, BBIMNOJHEHHBIE W3 HEPXKaBEIOLLEeH cTany miowmaaso no 1
KB. M. OJIEKTPOJbl MOJKIIOYAIUCh K MeHepaTopy 4epe3 crelHaIbHO
W3rOTOBJICHHbIE Kalelu W CIyCKaluCh B BOIY, PAcCTOSHUE MEXAY
nepealolMMHi  3J1eKTpotaMu cocTtaBisiio 9 M. Jlng kommeHcanmn
pacnpenieleHHOW WHIYKTMBHOCTH Kabenei mocieqoBaTeslbHO ObIIH
BKJIIOYEHBI JOMOJHUTENIbHAS MHAYKTUBHOCTb M €MKOCTb, HACTpau-
BaeMbl€ B PE30HAHC.

[IpuemMHMKOM SBISUICS OOBIYHBIN MPUEMHHK, TPUHUMABIIMKA Yac-
ToTy B 1 MI'L1, BBIXOJ HA MarHUTOANEKTPUUECKHI MPUOOP U HA HAyLI-
HukH. [IpuemHuk nutascs ot Oartapeii.

Bbbu1 uccnenoBan Taioke crnocod nepeaayd CUrHaia MeKay IBYMs
JMTIONSIMU, CMOHTHPOBAaHHBIMHU Ha TOCKaX JUTMHOM 1o 3 MeTpa
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Pe3yabTaThl 3KCIEpHMEHTA

VYcrolunBBIi CUTHAN IPUHKAMAJCS Ha paccTosHUM B 20 KM, criery-
AJIbHO CO3JaHHOW KOMHCCHH OblT 3a()MKCUPOBAaH YCTOMUMBBIN CUTHAI
Ha paccTossHuM B 10 kM, 0 UeM cocTaBieH COOTBETCTBYIOLIHMN MPOTO-
koJ1. CUrHaj pacnpoCTpaHsUICs TOJbKO B MOBEPXHOCTHOM CJIOE BOIbI,
JOXOs Mo TiyOuHe He Oosiee ueM Ha 2,5M. B Bo3ayxe curHai nosn-
HOCTBIO OTCYTCTBOBAJ.

brina 3adukcupoBana y3kas quarpaMma HanpaBJI€HHOCTH: OCh IM-
10J1s1 JOJKHA 00s13aTeNbHO ObITh NpULETIeHa Ha TOUKY NpUeMa.

BriBoabl

[IpoBeneHHbIE Mccaeq0BaHUS TOATBEPIMIIA BO3MOXKHOCTD Pacipo-
CTpaHEeHHUs BBICOKOYACTOTHBIX JJIEKTPUUECKHUX KoneOaHWil B MOpPCKOH
BOJIE, HO TOJIBKO B TOBEPXHOCTHOM cioe. [l pacmpocTpaHeHus
BIUTyOBb 3TOT CIOCO0 OKa3aJicsi HeMPUTOAHBIM.

XO0Ts 3KCIIEPUMEHTHI HOCHITM KaueCTBEHHBIN XapakTep U UX HeJlb-
35 CUMTATh 3aBEPIISHHBIMHM, OHW MOATBEPAMIA BO3MOKHOCTH CO3/a-
HHS ¥ TIpUeMa TPOJOJIBHBIX AJIEKTPUYECKUX BOJH B MOPCKOW BOjE B
MOBEPXHOCTHOM CJIO€.
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I'naBa 6. 3(])upozmHaanec1me moAXO0dbI K pa3pemeHuro
IHEPIreTHICCKOro Kpusuca

6.1.00mas MOCTAHOBKA 321291

Kak nokazano s¢upoanHamukoii, nobas sHeprus B Jar00bIX (u-
3UYECKHX SBJICHHUAX U JIOOBIX (PU3HUECKUX B3aUMOJCHCTBUAX UMEET B
CBOEH OCHOBE JHEPryIO TEMJOBOrO [BMXKEHHS aMepoB — MOJIEKYI
adupa. Ddup npencrapnser coboi ra3onogo0HyI0 cpeay, U SHeprus
JOBW)KEHHUsT aMepOB €CTb €ro BHYTPEHHSS MOTEHLMaNbHAs DHEpPrus.
Ota 3HepruM BecbMa BeJIMKA U €€ peain3alys B BUAE IEKTPUUECKON
SHEpruM Morya Obl HaBEUHO 00ecTeunTh BCE YeIOBEYECTBO HKOJIOTH-
YECKH YUCTON dHeprueil. YunTeiBas rpsayLliMid 3HepreTH4ecKuii Kpu-
3Uc, pa3paboTka crnocoba MpsIMOro MONTyUYeHUs! IEKTPUUECKO IHep-
r'vu 13 3(hupa cTaHOBUTCS BecbMa aKTyallbHOM 3a/1aueii.

B Hacrosiee BpeMs M300peTEeHO MHOXKECTBO YCTPOMCTB, B KOTO-
pBIX KOO, T.. OTHOLIEHHE BBIACIEHHOH DHEPrvHM K 3aTpayvyeHHOM
Oonblue equHULBI. MHOTHE U3 HUX 3anaTeHTOBaHbl, MHOIHE peain30-
BaHbl B BUJE JNEHCTBYIOIMX 0Opa3noB. M mpakTudecku Bce aBTOPBI
9TUX YCTPOHCTB HE MOTYT OOBSICHMTb, OTKYJa OHU OepyT HOMOJHH-
TeJIbHYI0 dHepruto, He monumas ¢usnueckold CynIHOCTH HCTOJb3Ye-
MBIX UMM MPOLIECCOB, OHU MbITAIOTCS MOJABEPTHYTh COMHEHMIO CYIlie-
cTByloLIMe (hU3MUecKUe 3aKoHBI, Te ke Hauama TepmoanHamukw, a
9TO HeBepHO. Takoi MyThb TYMHUKOBBIH, MOTOMY YTO, BO-TIEPBBIX, 3TH
3aKOHBI BEpPHbI, a BO-BTOPBIX, aBTOPBI, HE Pa300paBIIUCh B WCIIOJb-
3yeMbIX UMM MpoLeccax, JIMIIAT ce0sl BO3MOKHOCTH yCOBEPIUIEHCT-
BOBaTh CBOM YCTPOMCTBA.

Ha camowm xe nene, B cBOMX MOIMBITKAX OOBSICHEHHUS MOJYHYEHHBIX
UMK 3¢ ¢eKTax OHU MPOCTO HE BCe OOCTOSITENbCTBA YUWUThIBAtOT. U
yaie BCero, OHW He YUYMTBIBAIOT HAJIMUMe 3(QHpa, OKPYKAIOLIEro uX
YCTAHOBKM, M3 KOTOPOTO 3THU YCTPOWCTBA W UEPHalOT AOMOJHUTENb-
HyI0 3Hepruto. MmMeHHo oOpa3oBaHMe >(pUpPHBIX BUXpEH B OKpY’Karo-
1IeM YCTPOMCTBO MPOCTPAHCTBE, a 3aTe€M MOIIOLEHUE UX MO3BOJISET
00BIICHUTB Bce d(h(EeKTh, CBSI3aHHbIE C YBEIMUEHUEM SHEPrUU Ha BbI-
XOJIe 3TUX YCTPOWCTB MO CPaBHEHHUIO C HEPruei, MmoyiyueHHON MMHU
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Ha Bxofe. M 3meck mpuHIMNMAIbHOE 3HAYeHHEe UMEIOT TaK Ha3blBae-
MbI€ TETUIOBbIE HACOCHI, Y KOTOPBIX DHEPrusi Ha WX BBIXOJZIE BCerna
MPEBBIIIAET SHEPTHIO, 3aTPAUSHHYIO Ha pabOTy yCTPOWCTBA M, TAKUM
0o0pa3oM, UX KI1J] OKa3bIBaeTCs Bceraa OOJIbIIe eIMHULIBI.

6.2 TemioBbI€ HACOCHI

TensoBble HACOCHI 3TO YCTPOIMCTBA, MPUHYIMTEIBHO OTOMparoLiee
TEIJIO Y XOJIOHOTO Tesla M Mepearoliee 3To Tero Oosee ropsyeMy
Tely.

Jo nzo0petenust XonoJUIbHUKOB CHUTANIOCH, YTO caMa uaes Tel-
JIOBBIX HAcOCOB MpPOTHBOPEYUT BTopomy Havady TepMOIMHAMUKH,
COIJIACHO KOTOPOMY TEIUIO CaMONPOM3BOJILHO MOXKET MEPEHTH TOJIbKO
oT OoJlee HarpeToro Teja K MeHee HarpeToMmy. JTOT MPUHLMM, cop-
mynupoBaHHbIil B 1865r0ay Ha ocHoBe BToporo Hauana TepmouHa-
MHUKHM aBcTpuiickuM ydeHeliM P.Knaysuycom, mpuBoaun k npencras-
nenusim o «l'ernoBol cMepTH», KOTOpas HeM30eKHO MocTUrHet Bee-
JIEHHY!O, MOCKOJIbKY MOCTENEHHO BCE TeMIepaTypbl Beex Ten Bo Bcee-
JICHHOM BBIPOBHSIOTCS, M BCE MPOLIECCHl OCTAHOBATCS. DTO MOJIOXKe-
HHUE cpa3y e BbI3BaJIO MPOTECT CO CTOPOHBI BceX (PU3MKOB, KOTOPHIE,
OJTHAKO, HUYEro KOHKPETHOTO BBICKA3aTh HE MOIJIM, MOCKOJbKY BCE
M3BECTHbIE K TOMY BPEMEHHM TEPMOJMHAMHYECKHE MPOLECChl MOJ-
TBepxAanu Bropoe Hauano, NpoTHBONOCTABUTH KOTOPOMY TOraa Obl-
JIO HEYero.

XoJoanIbHBIE MAIIMHBI WK TPOCTO XOJIOAWIBHUKH, U300peTeH-
Hble eule B Havane 19 Beka anrnuuanunom Jx. Jlecnu, a 3aTeM yco-
BepLIeHCcTBOBaHHble (paHiy3om @.Kappe u Hemuem @.Bunaxayze-
HOM, OpocHIM TeHb Ha BceoOlLyto crpaBeAauBocTb Hauan trepmoau-
HaMMKHM HE B CMBIC/I€ UX HECNpPaBEAJIMBOCTH, & B CMBICJIE BbITEKaIO-
LIEer0 U3 HUX YTBEPKACHUS O MPUHLUMITHATILHONH HEBO3ZMOYKHOCTH CO3-
JaHWsl BEUHOTO JABHUIaTeNs.

Kak u3BecTHO, B KaKIOM XOJOAMJIBHUKE MMEETCS XOJOIMJIbHAs
WK 1aXKe MOPO3UJIbHAsl Kamepa, U3 KOTOPOi MPUHYIUTEIbHO OTOMpa-
eTcsl TEeIUlo M MepefaeTcs B OKPYXKAIOLIYIO cpely, UMEIoLyto Oosee
BBICOKYIO Temriepartypy. [lomyuaercs, uro Terno oroupaercs ot 6osee
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XOJIOMHOTO Tena M Tepenaercss Oosiee TopsiueMy Teldy € MOMOLIBIO
LUPKYJUPYIOLETr0 MEKAY HUMU XJIafareHTa — >KUAKOCTH, CIIOCOOHOH
npeBpalaThCs B Map U TeM caMbIM OTOMpPATh TETUIO, a 3aTeM B IpyTroM
MecTe CHOBA MPEBPALIaThCs B KUAKOCTh, M TEM CaMbIM OTHABaTh TeM-
no. [IpaBaa, TOHATE 3Ty >KMAKOCTb HYKHO MPUHYIUTENBHO C MOMO-
IIbIO CMELUUANIBbHOrO LMPKYJISLMOHHOIO HAcoca, U MO3TOMY CJIOBO
“caMonpou3BoIIbHO", UMetolieecs B popmyrpoBke Broporo Hauana,
OKa3bIBaeTcs HU MpH YeM. Bee-Taku, He caMONpPOU3BOJILHO, a MPUHY-
JUTENIbHO, 3TO HECKOJIbLKO MEHSIET JIeIO0.
CTpyKTypHas cxema XoJIOAWJIbHUKA MpHUBeieHa Ha puc. 6.1.

1 2
| |
| |

s s | |
« o~ < | |

Puc. 6.1.CtpykTypHasi cxemMa X0JI0AUIbHHKA

1 - Mopo3unpHas kamepa; 2 — kanopudep, BBISISIONNN TEMIOBYIO YHEPIHIO B
OKpPYXAIoLILYyI0 cpeiy; 3 — XJIaJIareHT, UPKYJIUPYIOLIMiI MEX1y MOPO3HIBLHOM Kame-
poii 1 kanopudepom; 4 —Hacoc, 00ecIeUNBAIOIIMI IUPKYJIALMIO XJIa1areHTa.

Kak ysxe yka3pIBajioCh BbILLIE, IBUKEHUE MATEPUU HE MOXKET OBbITh
HHMKaKUM 0o0pa3oM HHM CO3/1aHO, HU YHHUTOXEHO. B mpuBeneHHOM
npuMepe XOJOAWIBHUK MOTPEOIISIeT U3 CeTH YHEPrHI0 B KOJMYECTBE,
HEoOXO/IMMOM JIJIsl TIpMBEACHHS B JBHXKCHHE Hacoca, MepeKavynuBaro-
IIero XJIaJareHT, a Ha KaJopudepe BbIACISIET 3TY SHEPrHIO ILUIOC TY,
KOTOPYIO OH MPHUHYAMUTEIbHO 3a0HMpaeT OT XOJOAMJIBHOW Kamepbl U
NPOAYKTOB, HAXOASIMXCS B Heil. OOuuii GanaHc SHepruM coOIOeH,
HO KIIJI 37IeCh C TOYKH 3pEHHs BbIZEICHHS Teruia Bceraa Oosbliue eau-
HuUpl. Ecim ke Lenblo sBrisieTcsi He 000rpeB KOMHATBI ¢ MOMOLLBIO
XOJIOMWIIbHUKA, a TIOHKEHHE TeMIepaTypbl XpaHsIILIUXCsS B HEM Tpo-
JOYKTOB, TO KIJ OKa3bIBa€TCS OTPHULIATEJbHBIM, OTOMY YTO TeMIlepa-
Typa B XOJIOJWJIBHOM Kamepe OIMycKaeTcsl, U Terio oToupaercs. ITo
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elle pa3 JIEMOHCTPUPYET HEOOXOJUMOCTh YTOUHEHHs CaMOro TOHS-
THS KNI — KO3 PULIHEHTA noe3H020 (U1 TOCTABICHHOW 11eJN) JIeH-
CTBUS.

Takum oOpa3om, Ha Kasopudepe, SBJISIOMUAMCS BBIXOAOM XOJIO-
JUITLHOW MAIllUHBI, BBIIEISIETCS DHEPTUH OOJIbIle, YeM 3aTpaveHo Jyis
obecriedeHus] UPKYIAIMK XiafgareHta. M aTo 3HauuT, uyto KO3ddu-
[UEHT TIOJIC3HOTO JCHCTBHS JIFOOOr0 XOJIOJWUIIbHHUKA OOJIbIIE €IUHH-
1pl. B HeKoTOpBIX ciiy4asx oH cocTaBiseT 3-4 1 naxe 5. A 3TO oueHb
BBITOJTHO, TIOTOMY YTO, €CJIM MOMECTUTh MOPO3WIILHYIO Kamepy B pe-
Ky, 03epO WJIM OKeaH, a Kajopudep pa3MecTUTh B JIOME, TO MOXHO
Opath U3 BOIbI 3Hepruu B 3-4 pa3a Oosblile, YeM eclid HeroCpe/CT-
BEHHO 00OrpeBaTh KOMHATY MPOCTON MEYKO. DTO JaBHO yKe MpHUMe-
HEHO BO BCEM MHUpPE M TMOJYYWIIO Ha3BaHWE “TEIUIOBBIX Hacocor”. U
Jlaxke pa3paboTaHa TEOpHsl, B COOTBETCTBHU C KOTOPOU TEIUIOBbIC Ha-
cochbl paboTaIOT, HUCKOJIBKO HE Hapylias MPUHIMIIOB TEPMOJWHAMU-
KH.

Ho Tyt nosiBnisieTcst cobia3H 3aMKHYTh CUCTEMY W 3aCTaBHUTh XO-
JIOJIUITLHYIO MAlllMHY paboTaTh BEYHO 0€30 BCAKOrO MCKYCCTBEHHOTO
MO/ABOJIA K HEW AHEPrUHU.

A noyemy Obl U HeT? Beslb MOXHO ke WU3OBITOK DHEPryH, Bbije-
nseMblii Ha Kasopudepe, UMEIoIeM TeMreparypy Oojiee BBICOKYIO,
4yeM MOpO3WJIbHAs Kamepa, HWCIONb30BaTh JUIS 3alycka Hacoca
(puc.6.2).

Toraa nocne nepBoro Toja4ka BCS CUCTEMa MPUAET B ABMKECHUE U
Oy/ieT He TOJBKO KauaTh XJIQJIOHOCHUTEINb MO TpyOaMm, HO M MOCTaBJIAThH
JIAPOBYIO DHEPTHUIO B MOMEIIEHHs Ut oToruieHus. Ho uis sToro Hyx-
HO, YTOOBI U30BITOK SHEPrHU ObLT OONBIIUM U YTOOBI TPOU3BEICHUE
3TOro M30BITKA Ha KI Hacoca ObUT Oonbliie earHuUllbl. Kopoue roso-
psl, HY>KHO, YTOOBI SHEPTHUM BBLICISIIOCH OOJblle, YeM MOTpediseT
Hacoc. A BOT 3TOr0 MMOKa U He NOJTy4YaeTcs.

W xoTs BO BceM MHpe MOCTPOCHBI MHOTOUYHUCIIEHHBIE TEIUIOBBIC
HACcOChl CaMbIX Pa3HOOOPa3HBIX KOHCTPYKIUM, YTO OYEHb BBIFOJHO
JUIS DHEPreTHKOB, 3aMKHYTh CHCTEMY Tak, 4ToObl MoOrja paboTaTh
BEYHO, MOKa He YAaJI0OCh HUKOMY.
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Puc. 6.2. MoaepHU3HpPOBaHHAsI CXeMa XOJOAMJIBHHUKA € 3aMbIKAHHEM CHC-
TeMbl, MPeBPALIAKLIas X0J0AWIBLHUK B BeYHbIil JBHraTellb!

1 - Mopo3uibHas kamepa; 2 — kajaopudep, BbIICISIOMNI TEIIOBYIO SHEPIUIO B
OKpPYXAIoLILYI0 cpeiy; 3 — XJIaJareHT, UPKYJIUPYIOLIMI MEX1y MOPO3HIBLHOM Kame-
poii u kanopudepom; 4 — Hacoc, oOecreUUBAIOIIMN LUPKYJISALMIO XJIajareHTa; 5 —
YCTPOMCTBO 0OpaTHOM CBsI3M, MEPEBOJSAIICE FHEPTUIO Kajopudepa B SHEPIUIO s
Hacoca XJ1aJareHTa.

OpHako 0O HACTOALIErO BPEMEHH BCE €lle He HAlUIOCh TEOPETH-
Ka, KOTOPBIN JOKa3an Obl MPUHUMIHUAIBHYIO HEBO3MOXKHOCTD 3aMbIKa-
HUsI XOJIOAMIBHOM CHCTEMBbI M NIepeBoja €€, TaK CKa3aTh, Ha caMo00-
CJTy’)KMBaHME C LIeJIbIO BBIMOJHEHHUS 3a/1a4M NepeKavky Tera u3 oonee
XOJIOAHOM peku B OoJiee Terioe MomMerieHre. A MO3ITOMY MOMBITKU
CO37IaTh TAKyIO 3aMKHYTYIO CUCTEMY MPOJOIKAIOTCS, U, MOJKET OBITb,
OHU YBEHYAIOTCSl YCIEXOM. DTOr0 BIOJIHE MOXHO OKMIATh, MOTOMY
4TO ycrexa J00MBaeTcs He TOT, KTO 3HAET, UTO 3TOrO Cle/IaTh Hellb3sl,
a TOT, KTO 3TOro He 3HaeT, u nostomy aenaetr. Mcropus usobperenuit
3TO MOATBEpPIKAAIa MHOTO pas.

OnHaKo CyLIECTBYET U elle OJUH CNOoco0 MepeKkauky SHEPruu u3s
HEKOEero pesepByapa NnoTpeOUTelIto.

[IpencraBum Takoii BapuaHT. 3a TUIOTHHOH, MOCTABJIEHHON Ha pe-
K€, HaKOMWJIOCh MHOTO BOJABI, HO 3HEPIusi CUJbl TSKECTH, KOTOPOH
OHa 00J1aaeT, He HaXOIUT BbixoAa. Ho BOT OTKpbIBalOTCS 3aC/IOHKH,
M BOZIAa MOCTyNaeT B TypOMHBI, KOTOPbIE HAUWHAIOT BPaLIATHCS U BbI-
pabaTeiBaTh HYXHYIO HaM DJIEKTPO3HEPTryio. AHAJIIOTMYHBINA MpoLece
NPOMCXOAMT M TOTJA, KOrAa Mbl Y ce0sl B KOMHATe 3a)KMraeM CBET.
HaxaTtrieM KHOMKH MBI MPOITyCcKaeM B JIaMIOYKY 3HEPryio OT reHepa-
Topa. Bo3HukaeT Bompoc, KakoB KO3(HIMEHT MOJE3HOTO JCHCTBHS
3TOro mpoLecca, MOXKEM JIM Mbl MOAETIUTh 3HEPruio, BblpabaTbiBae-
MYIO TYpOMHON MJM JaMIIOYKOM OTHECTM K 3aTpaTaM JHEpPruu Ha
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MMOJHATHE 3aCJIOHKM WIM HaXkaThe KHONKU? OYeBHIHO, YTO HE MO-
JKeM, MHaue TIPUIeTCS CUYUTATh STOT KIIJ, PABHBIM MHOTHM THICSYaM H
Jlake MWILJIMOHaM. A Ha camMoM Jiefie, 3TO MPOCTO APYroi mpouecc,
XOTSI U DHEPreTUUECKUIA.

6.3.0 IBH:KeHHMH TeJI 0 KPHBOJINHEHOH TPAeKTOPHH

MetonoB mpeoOpa3oBaHHs SHEPrUM W3 OOHMX (OPM B Apyrue
CYILECTBYET MHOXECTBO. JTO M MPeoOpa3oBaHUe TEIJIOBOI 3HEPTrUr B
MEeXaHUYEeCKOe JIBXKEHHE B TEIUIO3HEPreTHYeCKUX YCTaHOBKaX, Ha-
npuMep, B MapoBO3ax U napoxojax, npeodpasoBaHue TEUEHUH BOIbI U
BO3[yXa B JIEKTPUUECKYIO SHEPTHIO B THAPOTYpOMHAX W BETPOBBIX
reHeparopax, U npeoOpa3oBaHUE COJNHEUHOW PHEPrud B dJIEKTpUue-
CKYIO B CEJICHOBBIX 2JIEMEHTaX U MHorue npyrue. Ho cymecTsyer eiue
OJIMH YMCTO MEXaHWYeCKHi crocol npeoOpa3oBaHMsi SHEPTrUM MOCTY-
MaTeIbHOro JBMKEHHS TeJl B X JK€ BpallaTesbHOe ABM)KEHUE, KOTO-
PBbIii, ¢ OHOM CTOPOHBI, BCEM W3BECTEH, C APYTOi, KOTOPOMY A0 CHUX
MOp He OKa3aHO AOJDKHOro BHUMaHMs. s Toro ytobbl MOHATH, MO-
YeMy OH 3aciIy’KMBaeT 0co00ro BHUMaHMs, CiIeayeT HATOMHHTh, YTO B
MeXaHHKe CYLIECTBYET TPH 3aKOHAa COXPaHEHHUs ABHIKEHUS.

[lepBblii 3aKOH COXpaHEHUs1 — 3TO 3AKOH COXpAHEeHUs KONUYecmea
oguoicenust. Ero ¢hopMylibHOE BhIpayKeHHE

K = mv =const (5.1)

rjae M—3To Macca Tella, a V —CKOPOCTb €0 JBUKEHMUS.

PaHble 3TOT 3aKOH Ha3bIBalCs 3aKOHOM COXPaHEHUS >KMBOH CH-
JBI, a Mo3Ke (U3MKM Ha3BAJIM €ro 3aKOHOM COXpPaHEHHs HMMITYJIbCa,
MOCKOJIBKY CYLLECTBYET COOTHOLIEHHUE

K =mv = FT = P(umnysbc cCubl), (5.2)
rae F — cuna Bo3eiicTBUs HA MacCy WIIM MAacChl Ha Apyroe Teio, a T —

BpeMs BO3JCUCTBHUS. TyT €CTb COMHCHHE B CIIPaBECAJIUBOCTHU TAKOI'O
NMEPEUMEHOBaHUA, TMOCKOJIbKY B JIETALIEM TEJIE€ Macca M CKOPOCTb
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€CTb, a HA CWJIbl, HU BPEMEHHM €€ B3aHMOJCHCTBUs C APYIMM TEIOM
HET, U KOTJla OHU MOSIBATCSI, HUKOMY He U3BecTHO. [loaTomy Bbipaxke-
HUe “MMITyJIbC CHIIBIT COOTBETCTBYET MPEICTABIEHUSIM O TOM, YTO caM
(axT cymecTBOBaHMUS STOM Macchl, JIETSIIEeH B MPOCTPAHCTBE, UMEET
MECTO OBITh JIMIIb MOCTONBKY, MOCKOJBbKY OHa MOXKET ¢ KeM-TO Mpo-
B3aMMOJICHCTBOBATh. A €ClIM TaKoro HabJl0AaeMoro B3auMoIeHCTBUS
HET, TO CYILLECTBYEeT Macca B peajbHOCTU WM HE CYLIECTBYeT — He-
BRXHO, TOCKOJBKY HaOmojgaTh ee Henb3s. A 3To BeaeT k 00-0-
OJBIINM (pUITOCO(CKUM CIEACTBUSM.

Ho 3axoH coxpaHeHusi kojuuecTBa ABWXEHHS M B CaMOM Jeje
NpOsIB/ISi€TCS MPHU B3aMMOJEHCTBUM TeJl, HO TOJIBKO MPU UX YNPYrom
coynapeHuu. Tesna oOMEHMBAIOTCS KOJMMYECTBAMM JIBUOKEHUS, T.€. UM-
MyJbCaMHU U PA3JIETAIOTCS, YHOCS KaXKAbIM ¢ COOOH CBOIO 10JIH0 KOJHU-
YyecTBa ABMXKEHHUS, CyMMa KOTOPOro /10 U MOcCje COyJapeHHs OCTaeTcs
Her3MeHHOU. B 3Tom u 3akirouaeTcs 3akOH COXpaHEHHUs! KOJIMYecTBa
JBW)KEHUsI, OH Jke 3aKOH COXpaHEeHHUs UMITyJIbca.

Bropoii 3akoH coxpaHeHus] —3TO 3akoH coxparneHus sHepauu. Ero
(hopmynbHOE BbIpaskeHHE

m\?
W= ——=const (5.3)
2

¥ OTJINYAeTCs OH, TJIaBHBIM 00pa3oM, OT MpedbIIyIIero TeM, 4To CKO-
POCTb OBMXKEHMS Tella B HEM BO3BOAMTCS B KBaJpaT. DTOT 3aKOH CO-
OogaeTcs Mpy BeeX BUIAX B3aMMOJEHCTBUM, Kak YNPYrHX, TaK U HE
YNPYTHX.

B cepenune 1910 croneTus MexXIy €CTECTBOMCIIBITATENIMU eI
MHOTOJIETHUH O)KECTOUYEHHBbIH CMop, KAKOro Tuma “)KUBOWH CHIION"
HY>)KHO M3MepATh ABWKEHHE — MPOM3BEIEHHMEM MacChl Ha CKOPOCTb,
WM DHEprueH, T.e. MPOM3BEIEHHEM IMOJIOBHHBI MacCchl Ha KBaJapaT
CKOPOCTH, TMOCKOJIbKY OBbLTM W Takue, U Takue ciydau. [log “xkupoit
CUJION” pa3Hble yUeHble MOHUMANIM pa3Hble Mepbl IBHMKeHUs . DU3nkn
TOT/Ia HE CMOTJIM PELIUTh 3TOT CTOp, U B JieNo BMemaics (unocod
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Opuapux DHrenbe, KOTOPHIA B CBOEH W3BecTHOU padorte “JlnaiexTH-
Ka npupobl” B pasaene “Mepa nBukeHus - pabota” mokasain, 4ro obe
Mepbl JBUKEHHS CMIPaBEAJIMBbI, HO TOJIBKO O/IHA U3 HUX — KOJTUUECTBO
JBW)KEHUs CIIpaBeAiMBa [J1l HEYHUUYTOXKAeMOTO JIBIKEHHS, a BTOpas
— 9Heprust — U1l YHUUTOXKAEMOTO, T.€. MePEXOAALIEro B TEIUIo.

OHrenbe Tak v nuuier: “OQHUM CJIOBOM MV — 3TO MEXaHUYECKOe
JBIKCHUE, U3MEpIeMOe MEXaHUYECKUM ke JIBH)KeHHeM, MV/2 —3To
TO ’K€ caMoe MeXaHM4ecKoe JIBI)KEeHHe, HO U3MepsieMoe ero crocoo-
HOCTBIO TIpeBpallaThCs B ONpeIeseHHOe KOJINYeCTBO ApYyroit Gpopmbl
IOBWkeHus. M Mbl BUaenu, uto obe 3TH Mephl, TeM He MeHee, He Mpo-
TUBOpeYaT APYT ApYry, Tak Kak OHM Pa3IMuHOro Xapakrepa”.

C Tex mop Tak UMM M TOJB3YIOTCS, YacTo, Mpasja, 3a0bIBast, 4TO
9Heprusi — 3TO Mepa 3amnaca ABMKEHHs, CMOCOOHOro obpaiarbes B
TEIIo.

OHresibC MULIET. «...Uepe3 MV u3MepseTcs <JIBHKeHHe, Tepera-
BacMO€ M BHMIOM3MEHSEMOe MEXaHWYeCKHMMH TMPHCIOCOOICHUSIMUY,
TakuM 00pa3oM, 3Ta Mepa MPUMEHMMa K pbluary M BCeM MPOMU3BOA-
HBIM U3 Hero (opMam, Koiecam, BUHTaM M T.J. KOpode roBops, KO
BCEM MEXaHMYECKHMM TPHCIOCOOICHUSIM, MepealoliM JBHKCHHUE.
Ho onHo mpocTo M BoBce He HOBOE paccyKAEHHE MOKa3bIBaeT, UTO
371eCh B TOIl Xke Mepe, B KaKOH MMeeT cuay MV, HMeeT CHIy U MV,
Bo3bMem kakoe-HHOYb MEeXaHMUYECKOe MPHUCIIOCOOIeHHE, B KOTOPOM
TUIeYH PbIUaroB OTHOCATCS APYT K ApYyry kak 4:1, B KOTOpoM, cieao-
BaTeNbHO, rpy3 B 1 Kr ypaBHOBewuBaeT rpy3 B 4 kr. [lpunoxus co-
BEPIIEHHO HUUYTOXKHYIO 100aBOUHYIO CHITy K OJJHOMY IUIEHy, MbI MO-
xem monHATh 1 kr Ha 20 M; Ta e camas 100aBOYHAs CWIia, TIPUITO-
JKeHHasl 3aTeM K JPYyromy Iuiedy, MoJHUMeT 4 Kr Ha 5 M., ¥ npuTom
rpy3, MOy4aroluii iepeBec, OMyCTUTCS B TO JK€ caMoe BpeMs, Kakoe
Jpyromy rpy3y notpedyeTcs A ero MoAHATHS. Macchl U CKOPOCTH
3[ech 00paTHO MPOMOPLMOHANIBHBI ApYT Apyry: MV, 1x20 =m'v, 4x5.
Ecnu sxe MbI mpegocTaBiUM KaskAOMY M3 IPY30B — MOCJI€ TOrO Kak OHH
OBUTH TIOAHATHI — CBOOOHO YNacTh HA MEpBOHAYAIbHBIN YPOBEHB, TO
rpy3 B 1 kr, npoiias paccrosuue B 20 M, mproOpeTeT CKOPOCTh B
20m/c (MBI MpUHUMaeM 37eCh YCKOPEHHE CHIIbI TSDKECTH pPaBHBIM B
kpyrbix wadpax 10m/c? Bmecto 9,81m/c?);
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Jpyroii xke rpy3 B 4 Kr, npoiis paccTosHUe B 5 M, mpuodpereT
ckopocth B 10m/c.

mV = 1x20x20 = 40 =m'v'?= 4x10x10 = 400.

HaoGoport, BpemeHa majeHus 31ech pa3iuuHbl: 4 K NpPOXOAST
ceou 5w B 1cekyHny, a 1 kr ceou 20 M. B 2 cekyHnbl. Camo coboid
pazymeeTcsi, Mbl 3/1eCh MpeHeOperiii BIMSHUEM TPEHHs U COMPOTHB-
JICHUEeM BO3/yXa.

Ho nocne Toro kak kaxaoe U3 000X Tel ynajio co CBOeH BBICO-
ThI, €r0 JIBUWJKEHUE Mpekpainaercs. Takum obpa3om, MV okas3bIBaeTCsl
3[1eCh MepOi MPOCTO MEPEHECEHHOTO, T.€. MPOIOIKAFOLIETOCs IBUKe-
HUsA, 2 MV OKA3bIBAETCS MEPOH MCUE3HYBIIEr0 MEXaHMYECKOro JBH-
JKEHU» [TaM ke, ¢. 73].

Ho ecTh M TpeTHii 3aKOH COXpaHEHHs — 3TO 3aKoH coxpanenus
MOMeHMA KOIUYeCmea OB8UNCeHUs, BBIPOKAIOLUNCS Kak

L = mvR =const, (5.4)

¥ CTIpaBeUIMB OH JJIS CITy4yaeB, KOrJia Macca JIBMXKETCS 10 TPAeKTOPHU
C TIepeMeHHbBIM paarycoM R.

Ho tyT, onHako, BO3HUKAIOT HEKOTOpble TpyaHOCTH. [IpeactaBum
ce0e, UTO TeJO ABKXKETCS MO KPUBOW C M3MEHSIOLIMMCS PaguycoM,
Harpumep, 1ap, ABWXKYIIHHCS 10 jKeJIo0y ¢ TMepeMEeHHON KPUBHU3HOMK
(puc. 6.3).

Ecnu paanyc TpaeKTopuM yMeHbLIAETCs, TO COIIACHO 3aKOHY CO-
XpaHeHHWss MOMEHTA JBMKEHHUsI CKOPOCTh TOJDKHA BO3pacTaTh 00paTHO
MPOTOPLMOHAIBHO OTHOIIEHHUIO Pa/InyCOB:

Ry

Vo = Vp (55)

R
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Ho Torna HapymaroTCsa 3aKOHbI COXpaHEHHS KOJINMYECTBaA JABHIKE-
HUA U COXpaHEHUA SHEPruu, rnoToMy 4YTO HE BUIHO, 4TOOBI OHEPTrUAa
noaBoAWJIaCh K ABMXKYLIEMYCS 110 TPACKTOPUMA TEITY.

Puc. 6.3./IBUskeHHe LIapa M0 WHEPLUHU N0 KPUBOJINHEITHOMY KeJl00y

Ecnu sxe cKOpocTh coxpaHseTcst, To 00a 3aKOHa BBIMOJHAOTCS, HO
TOrJa HapylaeTcs 3aKOH COXPAHEHHS MOMEHTAa KOJIMYEeCTBa JBHIKE-
Hust. Kak ObITh?

OnHako 0Ka3aioch, YTO JBHIKEHHE 10 KPUBOM TPACKTOPUH MOXKET
OBITh OCYILECTBICHO ABYMs CIIOCOOAMH — C MOBOJIOM BHEpruu u 6e3
MO/IBOJIa SHEPTHH, M 3TO COBCEM paszHble ciydvau (puc. 6.4).

Ecnu Teno ABWKeTCS BOKPYT LMIMHAPA, YACPKUBAEMOE HHUTBIO,
HaMaThIBAOLIEHCA HA MIMHIP, TO LEHTP OKPYKHOCTH TepeMelaeT-
Csl MO LMIMH/APY, U paauyc ymeHbliaetcs (puc. 6.41). B atom ciydae
HHUTb BCE BPeMs HATSHYTa, M TEJIO MOBOpPAaYMBAETCS BOKPYT LIEHTpA,
HaXO/IIErocs Ha MOBEPXHOCTH LMIMHIPA. 37€Ch YroJl MeXIy Tpaek-
TOpUel IBIKEHHs Teda U HUThIO cocTaBisieT 90°, U 37eCh HET HHKa-
KOW MPOEKLMH CHJIbI HATSHKEHHUS HUTH Ha TPACKTOPHIO, M3-3a STOrO
HET YCKOpEHHMs Tesla, XOTsl paauyc TpaekTopun Mensiercs! TouHo Tak
’Ke OH OyJeT MeHAThCS U MPH KAueHUH Liapa Mo kejaoly ¢ nepemMeH-
HBIM PajIMyCOM, U MPU 3TOM CKOPOCTH MepeMelleH s apa OyaeT Me-
HATBCS 110 HAMpaBJIEHHIO, HO He Mo BeauduHe. 0o nonosnHuTe bHas
SHEPrus K HeMY He MOABO/UTCS.

Ecnu ke Teno IBHXKETCs BOKPYT MOCTOSHHOTO LIEHTpa BpalleHHs,
TO JBHXXEHHE OyAeT MPOUCXOJUTH MO KPHUBOW C MOCTOSHHBIM Pajiny-
COM, TOTJa TPACKTOPHs [BHXKEHHs Tella MPEACTaBiseT co00M OKpYK-
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HOCTB, TIOTOMY YTO TOJIBKO OKPY>KHOCTH €CTh KPHBAasi C MOCTOSHHBIM
panuycoM, apyrux Het. Ilpu 3ToM yron mexxay TpaekTopued Tena u
HUTBIO coctaBister 90°, cuna, ynepKuBaromas HUTh, HUKAKOW MpoeK-
MM Ha TPaeKTOpHIO He naeT. M ecnu mpu 3TOM HHUKaKUX TMOTepPh
SHEPruu He CYLIECTBYET, a TeJIO y)Ke JABMXKETCS, TO OHO MOXKET Bpa-
LIaThCSl BOKPYT LEHTpa CKOJIb YTOOHO JOJr0, U €ro CKOpOCTh MpH
sTOM OyneT noctostHHoOM (puc. 6.4).

ol

AL

6) mvr = const

[N
W2=(F21 )W1

lMoepaHuyHbIi

croti — p>p

8
Obnacmb mopMoxeHus

8)

Puc. 6.4./Ipn:keHue Tej1a N0 KPHBOJIMHEHHOI TPaeKTOPHH:
@) BOKPYT LIAMHJIPA; 6) BOKPYT HEMOIBHUKHOTO LICHTPA,;
6) pa3pe3 HIDKHEH 4acT cMepya.

A BOT eC/iM MPU JBU>KEHUHM MacChl BOKPYT HETOJBMXKHOTO LIEHTpa
32 HUTb MOTAHYTh, TO TOTAA paJuyC HauHET yMEHbIUATbCSA, U Yroi
MEXIy TpaekTopuell U HUThiO cTaHeT He 90°, a menblie. Torna cuna,
C KOTOpPOM TAHYT HUTb, JaCT MPOEKLHIO Ha TPAGKTOPHIO, U Macca Hay-
HET yCKOpsAThCS. TakuM 00pa3oM, YCKOpeHHe Macchl MPOUCXOIHT 3a
CYeT BHEepPrvM, KOTOPYIO BKJIAAbIBAeT TAHYIIMH 3a HUTH B NepeMelie-
HHUE Macchl K LeHTpy. [IpuMepom sToMy siBisieTcsl ABMMKEHHE KOHBKO-
Oexua, KOTOpBIA BpalaeTcs Ha JIbAy, NMPeIBapUTENIbHO BHIOPOCHB
PYKH B CTOPOHBI, a 3aTeéM MOATATHUBAIOLIHI UX K cede.
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Pacuer nokasbiBaeT, 4TO MpU TakoM crnocobe yMEHbLIEHUs pa-
JMyca He TOJbKO B TOYHOCTHM BBIMOJHSETCS 3aKOH COXPAHEHUs] MO-
MEHTa KOJIMUYEeCTBA IBM)KEHHs, HO U 3aKOHBI COXPAHEHHUs! KOJIMYeCcTBa
JOBW)KEHUs. W DHEPrvM, MOCKOJbKY DHEprus A00aBisieTcs BHELIHUM
MCTOYHUKOM, T€M, KOTOPbIH TSHET 3a HUTb.

Takum o6pa3zoM, okas3bIBaeTCs BOZMOXHBIM MpeoOpa3oBaTh dHEP-
IUIO0 HATSDKEHHMS HUTH B SHEPrHIO BpallleHUs Tena BOKpyr ueHtpa. Ce-
rOZIHS BBISICHWIOCH, YTO MMEHHO NMOAOOHBIA MEXaHU3M JISKUT B OCHO-
BE DHEPreTHKH ra3oBbIX BUXpel (puc. 6.48), U B 9TOM /Ul DHEPTreTUKH
Oonbluas NepcneKTuBa.

6.4.00 3HepreTnke ra3oBbIX BUXpeid

Jlna mpoBepku (akTa CKUMAEMOCTH Ta30BbIX BUXpell ObLT W3ro-
TOBJIEH TaK Ha3bIBaeMblii sk Byma (puc. 6.5).

—————————————————————————— N \
©-0-0-00-0-0--0
1 2 3

Puc. 6.5.@opMHpoBaHuE ra30BOro TOPOHJAIBHOI0 BUXPS € IOMO-
mblo simuka Byna: 1 —cragus cxxatust Toponna; 2 — cTaaus paciiupeHns
Topouza (nuddysus); 3 —craaus pa3saia TOPOUA.

Swmk Byna npeacraBnser cobGoili 0ObIUHBIA ALMK THMA TOTO, B
KOTOPBIM YMaKOBBIBAIOT MOCBIJIKK, HO BMECTO KPBILIKM Ha HEro ycra-
HaBJIMBAIOT yNPYryl0 MeMOpaHy, a B JHe NPOCBEPJIMBAIOT OTBEPCTHE
auaMeTpoM 5-6 cM. BHyTph 3akiiaapiBaloT «IbIMOBYLLIKY>, HAITPUMED,
TOPALIYIO pacuecKy

Peskuii ynap nmo memOpaHe NpUBOIMT K BbIOPOCY KOJBLEBOrO
BUXps U3 OTBepcTHs sAuuka. s BeiscHeHUs: ocoOeHHOcTel (opmu-
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pOBaHMUS BUXPS L1eJIecO00pa3HO MycKaTh BUXPh BIOJb CTEHKH, HA KO-
TOpOW HauepueHbl NoNockl. BUXpb OBMKETCS BIOJb CTEHKH, U BUJIHO,
YTO ero JIBWKEHHE COCTOMT M3 TPEX ITAIlOB.

1 sran — mocne BbIIETa W3 OTBEPCTUS TOPOMAAIBbHBIA BUXPb
YMEHbLIaeT CBOM pa3Mephbl, 3TOT Mpolecc ocHOBHOW. B mpouecce
COKaTHsl BUXPS €r0 DHEPreTHKa MOBbILIAETCS .

2 sTam — BUXpPb YBEJIMUMBAET CBOM pa3Mepbl M 3aMeIJIsieT CKO-
POCTb, @ SHEPrUsl, HAKOTJICHHAS! TOPOUJAIEHBIM BUXPEM, TPATHUTCS.

3 aTan — BUXpb OCTaHaBIMBaeTCs M paszpyluaercs (auppyHaupy-
er). 31ech ocaabiieHHbIH MOTPaHUYHBIN CIIOW YK€ HEe B COCTOSHHUH
MPOTUBOCTOATh LIEHTPOOESIKHBIM CHJIAM W TMPOUCXOAMT TUPPy3uUst
BUXDA.

Takum 00pazoM, STOT HKCIIEPUMEHT, KOTOPBIH MOKET MPOBECTH
nr000M LIKONBHUK, TOATBEPKAALT, YTO HA HAYaJIbHOM 3Tarle ra3oBble
BUXPU COKUMAIOTCS OKpyKarollei aTtMocdepoil U, cienoBaTesbHO,
HAKaIUIMBAlOT SHEPrHIo. JaBjeHue atMocdepbl npeodpaszyercs B KH-
HETUUeCKYI0 SHepruto Buxps. [IpeanonokeHne moaTBepanioch.

Kak n3BecTHO, Ha 3eMHOM LIape BpeMsi OT BPEMEHH MOSIBIISIOTCS
cMepud U TaidyHbl, MpencTapisiomiie coOOH BO3MYLIHbIE BUXPH,
paspyluaroiie Bce Ha CBOEM IyTH — Jieca, ropojia U cena, ocylias
6ostota ¥ ogHMUMAas B He0O KOPOB M Jisrylek. YacTo BO3HUKAIOT M-
KJIOHBI — 30HBI MMOHM)KEHHOTO AABJICHHUS, TOXKE MpPEACTaBJISIOLINE CO-
00l Bo3aywiHble BUXpU. LIMKIOHBI MepeMelnatoTes Mo MOBEpXHOCTH
3emiu, Hecst ¢ coboit yparanbl, oxau U MeTend. OOpaiiaeT Ha ceOst
BHUMaHHWe TOT (akT, YTO U LMKJIOHBI, K OCOOCHHO, CMEPYM W Taidy-
Hbl 00/1a7a0T 60JIBLION CUIIOM U, Clle0BaTeNIbHO, HECYT B ce0e MHOTrO
sHepruu. Bo3HukaeT Borpoc, OTKya OHH ee B3N ?

VY CTaHOBIIEHO HECKOJNBKO OOCTOSTENILCTB, CBA3aHHBIX C MPHPO-
HBIMH BO3/IyLIHBIMU BUXPSAMH. Bce OHM MMEIOT YIJIOTHEHHBIE CTEHKU
W TIOHWKEHHOE JIaBJieHHe B LieHTpe, B nukioHax — Ha 10-20%.Cko-
POCThb TMepeMeIleHNsT BO3AYIIHBIX Macc B BUXPSX COCTABIISET 3aMeT-
HYIO JI0JIIO OT CKOPOCTH 3BYKa — J10 MOJIOBUHBI €r0 3HAU€HHUs, T.€. 110-
psanka 150 u paxe 200 meTpoB B cekyHAOy, MpaBla, 3TO TOJBKO B
cMepuax W TaiidgyHax. Ho n B IMKIOHaX CKOpPOCTH BETpa MOTYT CO-
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crapisath 20 — 30m/c, a 910 yxke yparad. Camu ke [IMKJIOHBI TiepemMe-
HIAIOTCS MO TIOBEPXHOCTH 3eMJIH co ckopocThio 50-60,unoraa o 100
KM/4ac. DTO 3HAUUT, YTO CKOPOCTh MX MEPEeMELIeHHs COM3MepruMa co
CKOPOCTBIO JIBW)KEHHS BO3/lyXa B caMOM IMKJIoHe. M moToku Bo3ayxa
BO BCeX 3THX 00pa3oBaHMsAX — cMepuax, TalyHaX M LMKIOHAX JBH-
JKyTCsl IO BUHTOBOMW TPAeKTOPHH.
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Puc. 6.6. luiuHapuyeckuil ra3oBblii BUXPb: TONEPEYHOE CeUeHHE BUXPS (a);
pacnpeeneHue MmIOTHOCTH ra3a (6); SMmopa KacaTelbHbIX CKOPOCTe (6);  3aBUCH-
MOCTb YITIOBOM CKOPOCTH BPAIIIEHHUS ra3a B BUXpPE OT pajauyca (2)

HccnenoBanusi BO3AYIIHBIX BUXpei MOKa3ald, YTO BCE OHU UMe-
I0T TpyOYaTyl CTPYKTYpYy, B KOTOPOW CTEHKH BUXpPS YIUIOTHEHBI,
LEeHTpabHAasl 4acTh pa3pexkeHa, a Bpallarolmecs ¢ OONbIIOH CKOpo-
CTBIO CTEHKH OT/AEJICHbI OT OKPY’KartoLlel cpe/ibl MOrPaHUYHbIM CIIOeM
(puc. 6.6).
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B 3TOM crioe mpoucxoauT nepexo OT OTHOCHUTENIbHO HeOOIbIIOoH
TUIOTHOCTH BO3JyXa B OKPY)KAIOLIEM BUXPb MPOCTPAHCTBE K 3HAYM-
TeNTbHO OoJiee BBICOKOW TUIOTHOCTH BO3/yXa B Telle BUXps. B morpa-
HUYHOM CJIO€ TIPOMCXOIMT TaKXkKe Mepexo/ TeMIepaTypbl OT OTHOCH-
TEeJIbHO BBICOKOM B cpefie k Oosiee HU3KOM B Tene BUXPs.

B cooTBeTcTBUM € ra30Boii MEXaHUKOW rpaMEeHT CKOPOCTH MOTO-
KOB Ta3a, T.e. OTHOIIEHHWE PAa3HOCTH CKOPOCTEH MOTOKOB K PaccTos-
HUIO MEXIy MOTOKaMH MPHUBOAMT TAKKe K MepepacrpeaesieHUIO 1aB-
JIeHUs ra3a BHYTPHU MOTPaHUYHOTO CJIOS.

ITo Mepe 3aKkpyTKH LIEHTPAIILHOTO MOTOKA BO3/yXa LEHTPOOEKHAs
CHJIa CTaHeT BBITOHATH MOJIEKYJIbI BO3yXa U3 LIEHTpa Ha nepugepuio,
W JJaBJieHUE B LIGHTpe BUXpSA HauHeT cHWwkatbes. [lo Mepe cHuKeHus
JIaBJICHUs BHEITHee JaBJIHWE HAuyHeT MO/KUMAaTh BUXPh, U €ro Jna-
MeTp Ha4yHeT yMeHbLIaThcs. Toraa B COOTBETCTBIM € 3aKOHOM MOCTO-
SIHCTBa MOMEHTa KOJIMYECTBa BM)KEHHUS! CKOPOCTb BpallleHHUsl HauHeT
yBEJIMUMBAThCS, M JJaBIeHHE B LIEHTpe OyIeT CHUXKaThed elle Oonblie.
[Tponzoiiner naBUHHOE COKpAllleHHWE IUaMeTpa BHUXPS U COOTBETCT-
BYIOLLIEEe YBEIMUEHHE JTMHEHHOM CKOPOCTH MepeMellieHHs] BO3IYIHbIX
Macc Mo ero nepudepuu, oOpaTHO MPONOPLHUOHANIBHOE OTHOLIEHHUIO
JIMaMeTpoB BUXps B Hayasle W B KOHLe mnpoliecca. M ecnu nmepBoHa-
YaJbHBIA AMAMeTp BUXPs cocTaBiisul 1 KM, a B KOHILIE TIpoliecca BCero
10 M, To ecth auameTp cokpatuics B 100 pa3, To ckopocTh MOTOKA
raza Bo3pactet B 100pa3, a sneprus B 10 Thicau pa3. Ecnu HauanbHas
CKOpOCTb OOKOBOTO BeTpa cocTapisiia Becero 1 m/c, To ckopocTh ABHU-
JKeHHUS] CTEHKH BHUXpsI B KOHIIe rpouecca coctaBuT 100m/c, a 310 yixe
CKOPOCTb yparasa.

[Monyuaercs, uto popmuposanue Buxps armochepoit 3emiu mpo-
MCXOANUT CaMOMPOU3BOJIBHO, W TPH 3TOM TMOTEHLMAJIbHAS SHEPrus
JaBJIEHUs BO3yXa, OKpPY>KalolIero BUXpb, MpeoOpazyeTcss B KUHETH-
YeCKyl0 PHEPrHIO BpaIeHUs] BUXps. DTOT MpoLecc, HECOMHEHHO, Cy-
IIECTBYIOLIMI B MPUPOJE, TOJIHOCTBIO MPOTHBOPEUUT TIPE/ICTABICHH-
aM Hauan TepMonMHaMHUKH, €cliM €ro paccMaTpuBaTh B JIOKalbHOM
o0nacT.

OpnHako 3TO He Bce.
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VYaepikaHue YIUIOTHEHHOTO rasa B JIOKaJIM30BaHHOM MPOCTPAHCT-
B€ BO3MOXKHO TOJIbKO B Cllydae CHWKEHMs ero temmeparypbl. Dakr
MOHW)KEHUsI TeMIepaTypbl B BO3AYLIHBIX BUXPAX U BOOOLLE B Ipaau-
EHTHBIX TEUEeHUSIX BO3[yXa IIMPOKO MOATBepkAaeTcs. DTo u obnene-
HEHHe caMoJieTa BO BpeMs ToJjieTa, U 00JieeHeHne BO31yX03a00pHH-
KOB, U (hopMHpOBaHHME Ipajia B cMepUax ¢ BHIOPACHIBAHUEM €0 TOpH-
30HTAJbHO LIMPOKMM BeepoM. Ho Torzma BO3HMKaeT BOMPOC O TOM,
KyZa JeBaeTcsl SHepPrus TEIIOBOTrO ABUKEHMS rasa, KOTOpelid obpasy-
eT cMepd. M oTBeT TakoB: OHA W3 TEIUIOBOM Mpeodpasyercsl B MOCTY-
naTe/lbHyI0 SHEPruio MOTOKOB ra3a CTeHoK cMepya. CKOpocTh Kax1oi
MOJIEKYJIbl Fa3a COXpaHsAeT CBOKO BEJIMUMHY, HO Nepepachpeesercs
M0 HampaBJCHUSM, yBEJIMUYMBAsCh B HAIlPaBJICHUM IBMXKEHUS rasza B
CTeHKe (TaHreHIMabHOe HalpaBJeHHe) U COOTBETCTBEHHO YMEHbIIAsA
OoKOBYIO cocTaBisOlLyl0 (HOpMasnbHOe HampasieHue). [losTomy
CKOPOCTh JIBW)KEHHSI CTEHOK OyneT Oouiblle, YeM 3TO CIIeAyeT M3 COo-
OTHOLLUEHHUSI PaguyCcoB. A B NMpPHUBEAEHHOM MpHUMEpPe CKOPOCTb COCTa-
BuT yke He 100,a 150unu 200m/c.

Takum oOpa3om, B 11e7I0M BO3AYIIHbIE BUXPH, KaK U JIOObIE Ta30-
Bbl€ BUXPH, SBJSIFOTCA MPUPOAHONW MALIMHOM MO nepepaboTKe MOTEH-
LUUaJbHON PHEPryM JaBJIeHHUs BHEIIHEro MO OTHOLIEHHIO K BUXPIO Ta-
3a, 00YCJIOBIEHHOTO TETUIOBBIM JIBHKEHHUEM €ro MOJIEKYJl, B KHHETH-
YECKYIO 3Hepruio BpaieHus Buxps. M ecnu noreHumansHol sHepruen
rasa BOCIOJIb30BaThCs MPAKTHUECKH Helb3s WM, MO KpaiiHed Mepe,
BECbMa 3aTPyIHUTEIbHO M3-32 OTCYTCTBHUSI TPaJUEHTOB NaBl€HHS, TO
KWHETHYECKOM MOXKHO, HarpuMmep, MOMECTHB B BHUXpPb TYypOMHY.
[IpaBna, mpy 3TOM BO3HMKAET MpobiemMa yCTOWIMBOCTH BUXPS.

U3 u3noskeHHOro BbILLE CIEAYET, UYTO ra3oBblii BUXPb CHOCOOEH
npeoOpa3oBbIBaTh TEMJIOBYKO SHEPrHIO, MPEACTABICHHYIO XaoTHUe-
CKHM JIBH)KEHHEM MOJIEKYJl CaMOro BUXPS M MOJIEKYJ OKpPY’KaroIero
ero rasa, B ynopsio4eHHOEe IBWKEHHE, YTO MPOTHUBOPEUUT BCEM H3-
BECTHbIM YCTaHOBKaM TepMOAMHaMUKH. Ho He coBceM, MOCKONbKY
€CJIM PacCMOTPETh BCE COCTABJIAIOLIME MpoLiecca, HaXoAAIIMecs He B
TeJie BUXPS, @ BO BCEM OKpY’KarollleM MPOCTPAaHCTBE, B TOM YHMCIIE U B
Opyrux obnacTsX, B KOTOPHIX JOBWKEHHE ra3za MPOMCXOAWT COBCEM
HE3aMEeTHO, TO OKa)KETCsl, YUTO B CPEIHEM HHUKaKue TepMOAWHAMUYe-
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CKHMe 3aKOHBI He HapylIeHbl. Buxpb He OeckoHedeH, M MOTOKHU rasza B
Opyroil 4acTd BHUXpS HE CKMUMAIOTCS, a HAao0OpOT, PacLIMpSIOTCA.
3neck mporecchl UIYT B 00paTHOM HampasieHuH. Ecin ske k Tomy ke
paccMoTpeTh MpoLiecC BO BPEMEHH B CPETHEM, TO TeM OoJiee OKaKeT-
Csl, YTO HUKAaKOr0 HapyLIeHUs 3aKOHOB TEPMOIAMHAMHMKHM HET, MO-
CKOJIbKY SHEpPruio Heilb3sl HA CO3[1aTh, HU YHUUTOXWTh. JIBHXKeHHe
BeuHo. OHaKO mocye MOJO0OHBIX, YUCTO MEXaHMYECKHX Mpeodpas3o-
BaHW, NpOCMaTpUBaeTCs BO3MOXKHOCTb HCIMOJIb30BAaTh TETIOBYIO
SHEPrHIo rasa, NpeodpazoBaB €€ B MOCTYNATEIbHYIO SHEPIUI0 CTEHOK
BUXDA.

6.5. BuxpeBble TenmioreHepaTopbl

B nacrosiee Bpemst M300peTeHO M JaXe 3alyleHO B MaccOBOE
MPOU3BOACTBO MHOXKECTBO TaK Ha3bIBAEMBIX TEMJIOM€HEPAaTOpPOB, B
KOTOPBIX OTHOLIEHHE BBIXOJHOW MOLIHOCTH K 3aTpPau€HHOW MpeBbI-
LI1aeT eOUHHLYY.

OTMunTENbHON YepToil BceX 3THX eHepaTopoB — BUXPEBBIX, Ka-
BUTALIMOHHBIX, UEHTPOOEKHBIX U T.II. ABJSIETCS TO, YTO B HUX TEM WK
MHBIM CIOCOOOM pacKpyuMBaeTcsl BOASHOW BUXpb. MIMeHHO, Hannune
BOJITHOT'O BUXPSl MOBBIILIAET TEMIEPaTypy BOAbI, U SHEPTUU BOJASHOTO
Teryla Ha BBIXOJE YCTaHOBKM OKa3biBaeTcs OoJblIe, YeM 3aTpaueHo
SHEpruM Ha 0Opa30BaHUE ITOTO BUXPA.

Kak u3BecTHO, 3HEprut0 Hesb3sl HU CO31aTh, HU YHUUTOXKHUTh, U
€ClIM Ha BBIXO/I€ YCTPOMCTBA SHEPrUU OKas3bIBaeTcsl Oosiblie, YeM Ha
BXOJIe, CJIeIOBATEIbHO, 3TO YCTPOMCTBO paboTaeT Mo MPUHLMITY Ter-
JIOBOTO Hacoca, M HMMEeTCS SHEepPreTHUeCKHi pesepByap, OTKyda U
yeprnaercsi JOMoJIHUTeNbHAs 3Heprus. C TOukW 3peHust dhupoanHa-
MHUKH TaKUM Pe3epBYapoM SIBJISIETCS OKPY KAIOLIUH YCTAaHOBKY dHp.

OTHOcHTeNIbHAS AUANIEKTPUUECKas MPOHULAEMOCTb BOJbI, KaK U3-
BECTHO, paBHa 81. OTo 3HauMT, YTO BOjAa cMOcOOHA HaKarUIMBaTh U
YIJIOTHATH 3(Up, HAKOTUIEHHBI BOMOW 3(pUpP OTHOCHUTENBHO ci1abo
CBSI3aH C €€ MOJIEKYJIaMH, U NPU BPAaLLEHUH BOJbI BIOpachIBaeTCs U3
Hee.



200 I'nasa 5.

INonwxkenne naBnenus 3¢upa BHYTPH BOJSHOTO BUXPS MPUBOIAMUT
K BcachlBaHWIO 3upa mo ocu Buxps. Takum obOpasom, obOpasyercs
a¢upHbId AymieT — BbiOpoc 3¢dupa no nepudepun BUXpS U BCOC MO
€ro OCH, YTO MPHUBOJIUT K 3aMBIKaHHIO TIOTOKOB 3(upa: BOKPYT BOJS-
HOT'O BUXPsI 00pa3yroTcs JBa TOPOUAAIbHBIX BUXPs (puc. 6.7).
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Puc. 6.7. O6pa3oBanue 3pupPHBIX BUXPEBBIX TOPOMAOB. ) HayaJbHAs CTa-
nus; 6) o6pa3oBaHue SPUPHBIX TOPOUIOB; ) CXKATHUE FIPUPHOTO TOPOMIA BHELUIHUM
JaBieHueM 3¢upa

Kak Tonbko ctpyn adupa 3aMKHYyTCS, BHEIIHee aaBieHHe 3¢dupa
coxxmeT oOpazoBaBLIMecs dPUPHbIE BUXPH M 3arOHUT MX 0OpaTHO B
BOJY, T€M caMbIM, NepeJaB eil CBOI0 SHEepruro. JDTo U ecThb Ta 100a-
BOYHAsl DHEPrHUs, 3a CUET KOTOPOH MOBBIIAETCA TEMIIEPATYypa BOJBI.
ITo Bceil BeposATHOCTH, TaKOM MpoLECC MOBTOPSAETCS MEPUOIUIYECKH, H
9TO, B MPHUHLMIE, MOXKET ObITb OOHAPYKEHO C MOMOLLBIO PAMOK WM
CreMaIbHBIMHA MTPUOOpaMH, OCHOBAHHBIMU Ha (P QeKTe OTKIOHSHUS
JIa3epHOTrO JyYa OT ero OOBIYHOTO TOJIOKEHHS, YTO MOXKET OBbITh 3a-
(hukcupoBaHo HOTORTEKTPUUSCKUMH AETEKTOPAMH.

BHerne npoctoit BuxpeBoii addekt Ha camom ferie 3aKiIovacT B
cebe CIIOKHBIN Ta30qUHAMUYECKHUI MpOoLecc, MPOUCXOIAUINA B TPO-
CTPAaHCTBEHHOM TYpOyJEHTHOM MOTOKE BSA3KOrO CKMMaeMOro rasa.
OTUM, BEpPOSATHO, U OOBSACHIETCS HeyAaya MHOTMX MOMBITOK HalTh
aHaJMTHYecKoe pelueHre 3anaud. OJHAKO Ha OCHOBE MPOBEICHHBIX
uccienoBaHuil ObulM pa3paboTaHbl MONYIMIUPHUUECKHE METOIUKH
pacuera, Kak caMoro BUXpeBoro 3¢dQekra, Tak U HEKOTOPHIX BHIOB
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BUXPEBBIX anmapaToB. Ha 5Toif ocHOBe Hauascs Mephoa OCBOCHHS U
BHEJIPEHHUSI ero B MPOU3BOJCTBO, INIaBHBIM 00pa3oM, MpU CO3JaHHUU
BUXPEBBIX XOJIOAMIbHO-HArPEBATEIbHBIX YCTAHOBOK, BHUXPEBBIX XO-
JOAWIBHBIX KaMmep, BUXPEBBIX TEPMOCTATOB M BUXPEBBIX BaKyyM-
HAaCOCOB.

Buxpesoii agdexr nnu apdext Panka npospisercs B 3aKpyueH-
HOM TIOTOKE BSI3KOTO CKMMAeMOTo Ta3a M peau3yeTcsi B O4eHb Mpo-
CTOM YCTpPOICTBE, Ha3bIBAEMOM BUXPEBOM TpyOOil. cxeMaTHUHAas KOH-
CTPYKIIUSI KOTOPOH n300paxkeHa Ha puc. 6.8.
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Puc. 6.8.Cxema BuxpeBoii Tpyobl Panka

[Ipu BTekaHuu raza uepes comio o0pazyeTcss HHTEHCUBHBINA Kpy-
roBOIl MOTOK, MPUOCEBBIE CIIOM KOTOPOro 3aMETHO OXJIAXKIAKTCS U
OTBOZATCS Yepe3 oTBepcTHe nuadparmMbl B BUIE XOJIOIHOTO MOTOKa, a
nepudepuiiHbie CIOM MOJOrPEBAOTCA M BBHITEKAIOT Yepe3 Apoccelib B
BUje ropsuero noroka. [lo Mepe mpukpeITus Apoccens oOLMA ypo-
BEHb JaBJICHUS B BUXPEBOH TpyOe MOBbBILIAETCS, U PacX0od XOJOJHOrO
MOTOKA Yepe3 OTBepcTHe auadparMbl YBEJIMUMBAETCS TIPH COOTBETCT-
BYIOLIEM YMEHBIIEHUHM pacxoa ropsdero noroka. [lpu stom Temmne-
paTypel XOJOAHOrO U ropsiuero NOTOKOB Takke MeHstoTes. B pasnny-
HBIX KOHCTPYKLMAX TPYO MPUMEHEHbl YCOBEPIISHCTBOBAHMS, MO3BO-
JSFOIIME YIAYYIIUTh XapaKTePUCTUKU TPYObl MPUMEHUTENBHO K KOH-
KPETHBIM LIETISIM.

Crnenyer cneuuasbHO OTMETUTb, UTO B BHXpeBOH TpyOe Panka
o01mii 6anaHc YHEPTUM COXpaHsIeTCs.
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[TotanoB monbiTalicss MCMONIL30BaTh B BHXpeBol TpyOe Panka
BMECTO BO3[yXa BOIY, T.€. HECXKMMAEMYIO KUAKOCTb M TOJTYYMJI He-
OXKHMIAaHHBIM 3((eKT: Mo 0CeBOI JMHUM BBITEKAJIa HE XOJIO/IHAs, a Te-
niasi Boja, no nepudeprn ke BbITekasa ropsyas Boaa. [locie kao-
pPUMETPUYECKHX M3MEpeHHi OBbIJIO MPU3HAHO, YTO TETIOBOI SHEPruu
BbIJIeJIieTCs OOJblIIe, YeM MOCTynaeT, npumepHo, B 1,3 — 1,5aza.

[Tockonbky BceM SICHO, YTO HU CO3/1aHKe, HU YHHUYTOKCHUE DSHEp-
T’ HEBO3MOKHO B MPHUHLMIE, @ BO3MOXKEH JIMIIb MEepPeBOJl SHEPrUr
W3 OJTHOTO MECTa B IPYroe, TO TAe-TO JOJHKEH HAXOAWUTHCS CKPBITHIN
UCTOYHUK OOHApY)KEHHON IOMOJIHUTENIbHOM sHepruu. B kavecTBe
OOBSCHEHHS HEKOTOPHIMU YUCHBIMH OBIJIO BBICKA3aHO MPEIIONIOKe-
HHME O TOM, YTO B COOTBETCTBHM C HECKOJIBKO BHUIOM3MEHEHHOH Teo-
pueil OTHOCHTEeNbHOCTH B TeruioreHepatope IloramoBa mpoucxomut
npeoOpa3oBaHHe MacChl B SHEPTHIO, a, KPOME TOr0, B HEM OCYLIECTB-
JISIeTCsl TaKoKe XOJIOIHBIM siepHbIi cuHTe3. OnHaKo MoaoOHbIe Mpen-
TIOJIO’KEHHS TIPEACTABIISIOTCS BEChbMa MCKYCCTBEHHBIMHU.

MexaHu3m, oOecreurBaroIMii MOBBILLICHHE TeMIlepaTypa BOIbl B
ynuTke TpyObl PanHka ommcaH Beiie. DTO MOXET MPOUCXOIWTH Tie-
proanueckd. OHAKO BO3MOXEH WM JAPYroi BapHaHT, KOTZa BbILIEN-
Kt HapyKy (Hp 3aTeM BcachIBAaeTCs MO TOpLaM TPyObl, TOraa 3TOT
npoLecc MPOUCXOAUT HempepbiBHO. Bo Bcex ciiydasx MpOUCXOIMT
JOTIOJIHUTEJIHOE C)KaTHe BHELTHWM JaBJeHHeM 3¢upa oOpa3oBaBie-
rocst 3)UPHOro BUXPSl U TEM CaMbIM BBOJ JAOMOJHHUTEIbHOM SHEPTUH,
KOTOpas 3aTeM nepenaetcs Bozae. s obneryeHus BUXpeoOpa3oBaHUs
a¢upa KopIyc U Ipyrue Jetalid BUXpeBod TpyObl 1erecoodpa3Ho Je-
JaTh He U3 METallIa, a U3 JTI000Tr0 M30JSLMOHHOTO MaTepuara.

Heuto mogoGHoe oOHapy>keHO B YCTpPOMCTBaX, B KOTOPBIX HC-
NOJIB3YIOTCSl WJIM  CaMOTMPOU3BOJIEHO 00pa3yroTCsl KaBUTALMOHHBIC
ny3sipy. B npuHmne, Ha oGpa3oBaHue My3bIpel TOHKHO MOTPaTUTb-
Csl CTOJIBKO K€ SHEPIUH, CKOJIBKO MOTOM BBIJCITUTCS TIPH MX CXJIOMbI-
BaHuu. Ho 31eck Takoke 0OHApY»KEHO JOTMOJHUTENBHOE TETUIOBbIIeIe-
HHME, U MOKHO TPEATON0KUTh, YTO M 3[1eCh MPOUCXOANUT HEKWil aHa-
JIOTMYHBIN TIpolecc 3axBaTa 3¢Hpa, 3aTeM ero BHUXpeoOpasoBaHUe,
ckaThe A(PUPHBIX BUXPEH OKpYKAIOLIMM 3(HPOM C BBOJAOM TEM ca-
MBIM B BUXPH JIOTIOJHUTEIILHOW SHEPTUH, MOTJIOLIEHHEe 3aTeM 3pHp-
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HbIX BUXpEHl TOM ke BOJOM M Mepeaaya HAKOIJICHHOW SHEpruv BoAe,
YeM U BbI3BAH €€ OMOJIHUTEbHbIN MOIOrPEB.

B Hactosee Bpemss 1 B Poccuu U BO BCEM MUpE CO3[JaHO He-
CKOJIBKO BHJOB BUXPEBBIX TEIUIOT€HEPATOPOB HA Pa3jIMYHBbIE MOILLHO-
cti. CxeMa 0/IHOTO M3 BapUaHTOB TEIUIOr€HepaTopa MpecTaBlIeHa Ha
puc. 6.9.

—
] e

z

Puc. 6.9.Cxema BUXpeBOro BOASIHOI0 TemjioreHepatopa: 1 — nsurareins; 2 —
BOJITHOM IMAMHADP; 3 — AWCKH, HACAXKCHHBIC HA OCh JBUTATENs; 4 —BBOJ BOJBI, 5 —
BBIBOJ BOJIEI

[IpuBeneHHbII Ha cXeMme TeIUIOreHepaTop MpelCTaBiseT coOoM
OOBIYHBII aCMHXPOHHBIN ABHUIraTeNb, COMPSHKEHHBIN C POTOPOM, pas-
MEIIEHHBIM B TOJICTOCTEHHOM LIMJIMHIPE, B KOTOPBIH MOCTyMaeT BOAA.
Potop mpezncraBnser coboit och, Ha KOTOPYH HAacaKeHbI TUIOCKHE
OUckH. BpalueHue NUCKOB IBUTaTenieM MO3BOJIAET MOMYYUTh AOMOI-
HUTEJbHYIO TEIUIOBYIO DHEPrHio, OOJIbIIYIO, YeM 3aTpauyeHo ABUrare-
neM. PazBuBaroieecsi TaBieHHe COCTABIISIET HECKOJIBKO JECSATKOB aT-
moctep. [IpousBeneHHble aBTOpaMu U3MEpPEeHUsl MMOATBEPAMIN HaJIM-
yre U30OBITOYHOM Hepruu npu obiem Kk nopsiaka 1,6 (B HekoTo-
pbix obpasuax o 1,8).

TerutorenepaTop ycTaHaBIMBaeTCsl B OTAEIBHOM MOMELIEHHH BO
n3bexxaHue, Kak IyMOBBIX 3((EeKTOB, TaK U BO3MOXKHOTO 3PpUPOAH-
HaMHYECKOT0 U3ITyUeHHSI.

[lpu3HaBas mMoJE3HBIM cO3JaHME MOAOOHBIX WM KaKHX-THOO
MHBIX TEMJIOreHepaTOpPOB, MOYKHO, O/HAKO, BBICKA3aThb COMHEHHE MO
MOBOJY TOTO, YTO Ja)ke IUMPOKOE MPUMEHEHHE MOJO0OHBIX YCTPOWCTB
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MO3BOJIUT PElUTh SHepreThyeckyro npobdiiemy. [Ipu koaddunmenrte
teruooTnaun B 1,3-1,5061mas% SKOHOMHS SHEPrUH HE TaK YK W BEJH-
ka. Jaske eciu Obl BCe TEIUIOBbIE YCTAHOBKH M JIBUraTesId B MHUpPE T10-
BBICHJTM CBOM KIIJI, DHepreTryeckas rnpodsiema perieHa He Oblia Obl.

6.6. 3Hepl"lflﬂ MArHUTHOI'O I10JIF IPOBOAHUKA ¢ TOKOM

Kak Obu10 mokaszaHO BbILE, MPH CKATUM Teja ra3oBOro BUXPS
MPOUCXOAMT MEePexo NOTEeHLUHATbHON SHEPTUH OKPY’KaKOLLEro BUXPhb
raza (maBjieHHs Ta3a) B KMHETHYECKYIO DHEPrHMIO BpallleHHs BUXPS.
OT0 KacaeTcs JIIOObIX Ta30BbIX BUXPEH BO3AYIIHBIX U 3QUPHBIX

IIpoBepka (hakTa CKUMAEMOCTH T'a30BBIX BUXpEH OblIa ocymiecT-
BJIEHA ¢ MoMolIbIo smuKa Byna, nposepka dakra cxkumaeMocTH mar-
HUTHOTO TOJIs ObUla OCYLIECTBJIEHAa C TMOMOLIBbIO DKCIEPUMEHTa C
JOBYMS IPOBOIHBIMU paMKaMH.

U3 Bcex BMIOB CUIIOBBIX MMOJIEM MarHUTHOE MOJjie SIBAsSETCS Hau-
Oonee ynoOHBIM AJisl MPaKTHUYECKOro MpeoOpa3oBaHMsl MOTEHLMANb-
HOW BHepruu 3dupa B DIEKTPUUECKYIO SHEprut0. MarHutHoe moiie
9HEproemMKo, 0e30MacHo, JIErKO cO03/aBaeMo, CMOCOOHO OOecreunTh
CUJIOBbIE B3aMMOJEHCTBUS MEXKAY Pa3iMYHbIMU OOBEKTaMH, U UMEH-
HO 3TO 0OCTOSATENILCTBO MO3BOJIMIIO MPUMEHUTh MarHUTHbIE CUCTEMBbI
BO BCEBO3MOXHbBIX HHEPreTMYECKHX YCTaHOBKaX, B TOM 4HMCIIE B re-
HepaTopax W JABUIaTelIsX CaMbIX Pa3HOOOpa3HbIX KOHCTPYKLMH.

[TockonbKy CTpyKTypa MarHMTHOTO TOJIsi BUXpeBasi, TO MOSBIISET-
Cs1 BO3MOXKHOCTb MOMBITATECS MpeoOpa3oBaTh OTHOCUTENIBHO ciaboe
MarHuTHOE MoJjie B Oonee CHIIbHOE, HMCIMOJb30BAaB MMOTEHLUHUAIbHYIO
SHEPruro 3Upa —ero JaBjeHUE.

Kaxk m3BecTHO, 3Heprus, cojepskaiascsd B MarHUTHOM [oJie, On-
penesseTcs BbIpakeHUEM

dv, Br, (5.6)

rae i, = 4t.10° " Tu/m —maruutHas MPOHULIAEMOCTh BaKyyMa,
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H, A/M — HanpssKeHHOCTh MAarHWTHOro mosis, V, M° — 00BeM Mpo-
CTpaHCTBA, 3aMOJHEHHOTO MarHUTHBIM TOJIEM.

Pacnipenenenue Hamps>keHHOCTH MarHMTHOTO TIOJISE BOKPYT TMPO-
BOJJHMKA C TOKOM Ompesensercsi 3aKOHOM MOJIHOTO TOKa

[Hdl =i, (5.7)
roe |, M — IIMHA CUJTOBOM IMHUM MArHUTHOTO TOJIS BOKpYT IIPOBOJI-
HHUKA C TOKOM;, i, A —BeJIMUMHA TOKA, TEKYWICTO 10 MPOBOJHUKY.

W3 3akoHa moyHOTO TOKa CJICAYyET, UTO BEJIMYMHA HAIPAKEHHOCTU
MAarHuTHOroO noJjisd Ha paCCTOAHUUN Rot MNpOBOJHUKA COCTABJIACT

H=—F (5.8)
a OTHOILLUCHHC Hal'[piDKeHHOCTeﬁ MAarHuTHOro IoOJid Ha pa3HbIX pac-

CTOAHUAX JOJIZKHO MOAYHUHATHECA FI/IHep60J1H'—IeCKOMy 3aKOHY, T.€.

Hl Rg

; (5.9)
Hz R]_

U B OTHOCHUTEJIbHBIX KOOPAMHATAX MOXKET ObIThb M300pa)KeHO Kak I'u-
nep6osna. OmHAKO TIpSMble U3MEpPeHHs MoKa3aiM, YTO 3TO HE COBCEM
tak. Yxe npu Toke B 0,1 A oTHOLIeHWe HANpsHKEHHOCTEW CylIecT-
BEHHO OTJIMYAETCsl OT YKA3aHHOTO pacrpenesieHus, MpuieM C yBesu-
YeHHeM aOCONTIOTHOM BEJIMUMHBI TOKA OTKJIIOHEHHE YBEJTMUMBAeTCs BCe
6oubie (puc. 6.10).

Hanuuo sBHOe OTKJIOHEHHE peasbHOro paclpeieseHus Hamps-
>KEHHOCTH MarHUTHOTO MOJISt OT TMNEPOOIMUYECKOr0 3aKOHA, IPU ATOM
OTKJIOHEHHE OT 3TOTr0 3aKOHa B OTHOCHMTEIIbHBIX KOOPAMHATAX YBEIH-
YMBAETCS C yBEIMYEHHEM aOCOIFOTHOTO 3HAUSHHUS TOKA B MPOBOIHHUKE
(puc. 6.10,kpuBbie 21 3).
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H/H(l

0,751
0,501

0,251

Puc. 6.10.PacnipenesneHne HanpsizkeHHOCTH MATHUTHOIO MOJisl BOKPYT Mpo-
BOJHHKA C TOKOM

[TosydeHHOE PKCTIEPUMEHTAILHO OTKJIIOHEHHE MOXKET OBbITh 00b-
SCHEHO, €CJIM y4ecTh CKUMaeMOoCTh 3(upa W, Kak CJe/ICTBHE, CIKH-
MaeMOCTh BCEX CTPYKTYP, BKJIIOYAs U MArHUTHOE ToJie. 3aKOH TMOJTHO-
ro TOKa OKa3bIBaeTCs CIPaBEAJIMBBIM JIMLIb ISl MPEdesIbHO MasbIX
HanpsLDKEHHOCTe MarHUTHOTO MOJisl, MPU KOTOPBIX CKUMAaeMOCTBIO
MOJKHO TIpeHeOpeds. Ho oH He MmosHOCThIO BepeH A OOJBIINX TO-
KOB, Aaxxe BenuunHoi B 0,1 A. DT0 3Ha4MT, YTO peabHO MarHUTHOE
nojie B envHMLE 00beMa HeceT B cebe sHeprum Oosblie, YeM 9TO clie-
JyeT U3 3aKoHa MOJHOTO TOKA U CYIIECTBYIOIINX METO/IOB PacHeToB.

W3 M310:KEHHOTO BBITEKAET, YTO KOHTYP C BBICOKOJAOOPOTHBIMHU
KaTylIKaMH, HACTPOGHHBIH B pe30HAHC, JOJKEH HaKariuBaTh B ceOe
SHEPTUM CYIIECTBEHHO OOIbIIe, YeM 3TO CIieAyeT W3 CYLIECTBYIOLINX
pacdeToB, HOO dHEprus ompezAessieTcs] He TOJIBKO CKOPOCTHIO BHHTO-
BBIX MOTOKOB 3(upa, NpeACTaBIAIOUIMX COOOH MarHUTHOE MoJjie, HO U
MX MaccoBOM IUIOTHOCTBIO. B03MOXHO, 3TO 00CTOATENBCTBO OBLIO
yureHo Hukosoit Tecnoil npyu mocTpoeHMU CBOMX BBICOKOYACTOTHBIX
CHJIOBBIX TPaHC(HOPMATOPOB, B KOTOPBIX 00513aTeIbHO UCMOJIB30BAJICS
pe30HaHC M B KOTOPBIX MOJyYalUCh B pe3y/bTaTe BBICOKHE HarpsKe-
HUSl, ICUHUCIIIEMbIe MUJIJTHOHAMU BoJbT.
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6.7.0cobennoctu pa6oTsl TpancopmaTopa Tecabl

OnuH u3 MakeToB TpaHchopmaTopa Tecibl U U3ITy4YeHHe, UCXO-
Jsilee UX BepXHEH 4acTH BTOPUYHOM (BHYTpPEeHHE) OOMOTKH TOKa-
3aHbl Ha puc. 6.11.

6)

Puc. 6.11.Tpaucopmarop Tecsa: a) o6wuii Bua JaGopaTopHoOro odpasua;
6) BHA pa3psiia Ha BbIX0/le BTOPHUYHOl (BHYTpeHHeil) 00MoTKH TpaHchopmaTopa

OcobGenHocThiO0 TpaHchopmaTopa Tecibl sBAsSETCS TO, YTO TeEp-
BUYHAss OOMOTKa y HEro BHEIUHSS M COMAEPXKHUT OueHb HeOOoIbIIoe
4KCII0, Bcero 4 — 6BUTKOB TOJICTOTO MPOBOAA, a BTOPUYHAS 0OMOTKA
HaXOAMUTCS BHYTPU MEPBUYHOM M COAEPIKUT OTHOCHTENILHO OOJbIIOE
yuciio (cTo u 6osiee) BUTKOB TOHKOTO npoBoaa. Kpome toro, Bropud-
Has 0OMOTKa MO BBICOTE CYLIECTBEHHO, B 2-5 pa3 MpeBbIIaeT BBICOTY
nepBu4HOW 0OMOTkM. [Inamerp ke BTOpuuHONW 0OMOTKM B 4-5 pa3
MEHbIIIe TUaMeTpa epBUYHON OOMOTKH.
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OO6s13aTeNIbHON YacThIO CXEMbI, B KOTOPOW HCIIONB3YyeTCsl TpaHC-
¢dopmatop Tecnbl siBnseTCs paspsiiHUK, KOTOPBIH, MO BCEH BUIMMO-
CTH, BHOCHUT CBOIO JOJIIO B MIPOLIECC MOMYUYEHHUS SHEPrun U3 dupa.

B Tom, uTO paspsn B Bakyyme obnamaeT GoJbLIOW 3HEpruei, He-
CIIOXKHO yOeOUThCs, 3apsavB BBICOKOBOJIBTHBIH KOHIEHCATOP A0 Ha-
NpSDKEHUST B HECKOJIBKO THICSY BOJIBT, @ 3aTeM pa3psiiuB ero Ha /iBa
He3aBUCHUMbIE OPYr OT ApYra 3JeKTPOAbl CTapol paJuOTeXHUUECKON
JIaMITbl CTEKJISIHHOM cepuu. [ToBbIas mocreneHHo HanpsbkeHWe U eM-
KocThb KoHJleHcaTopa co 100 nd® u jpasee, M MOAKIIOYAs €ro K dIIeK-
TPOAaM JIaMIbl MOYKHO yOeAWThbCs, YTO, HAUMHAs C HEKOTOPOro 3Ha-
YeHUs, DJIeKTPO/Abl BHYTPH JIaMITbl HAYHYT B3PbIBAThCS, TaK YTO OT
HUX ocTraercs Tpyxa. Konba mammbl mpu 3ToM octaetcs uenoid. M3
3TOro cleAyeT, YTO BaKyyMHBbIH pa3psj caMm no ceGe UMeeT BbICOKYIO
SHEPreTUKY, MPEBBILIAOLIYI0 SHEPrHIO, COIepPKalllytocss B KOHJIEH a-
TOpE, pa3psHKaeMoro Ha 3JIEKTPOJIBI.

MO>KHO TIPeINONIOKHTE, YTO TpaHchopmarop Tecrbl Hcmonb3yer,
B OCHOBHOM TIPOLIECC HAKOTUICHHSI SHEPTMU MAarHUTHBIM TOJIEM B MPO-
CTpPaHCTBE, CO3/1aBaeMbIM MEPBUYHON OOMOTKOIA, a 3aTe€M 3Ta SHeprus
niepeaeTcst BO BTOPUYHYIO OOMOTKY

Ecnu B karyuike nHayktuBHocTH L, ['H TedeT Tok i, A, TO SHeprus
W, , 3araceHHasi B MAarHUTHOM T10JI€, COCTaBUT BEJTUUHUHY

w, =L ——, JIx (5.10)

Obpaiaer Ha ce0s BHUMaHHe TOT (akT, YTO B OTIMYME OT KOH-
nencatopa C, @, 3apshkeHHoro HampsbkenueM U, B, B koTopom 3ana-
CeHHas Heprus Wc, JK cOCTaBiIsIeT BeUYUHY

U 2
we = C —, Ik, (5.11)
2
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SHEPrusd COXpaHACTCA U MOXKET XPaHUTHCA CKOJIb YTOJAHO AOJIro, €ClIU
HET MOTEPb, B KaTYLIKE MHAYKTHUBHOCTHU SHEPrusa UCUE3a€T, KaK TOJIb-
KO MnpeKpamacT T€4Yb TOK, U 3allaCCHHasd B MAarHUTHOM IIOJIE SHEPIrus
BO3BpaIaceTca B LCMNb, CO3MaBUIYI0O MArHATHOE IIOJIC. Ho ecmm sTa
OHEPIrusd BO3Bpalla€TCsa HE B LECIb, CO3JAaBILIYIO MAarHUTHOEC I10JIC, a B
ApYyryro uerb, B KOTOpOﬁ OHEPIrusd MOXKET HakKallIMBaTbCA, HAIIpUMED,
B KOHIAEHCATOpE, TO 06Luee KOJIMYECTBO S3HEPIruu COCTaBUT BEJIMYUHY,
NpOoNnopUUOHAJIBHYIO KOJIMYECTBY UMITYJILCOB, T.€.
i 2
w, =N L——, Jix (5.12)
2

3nmeck mpenronaraercs, Yro 3HaUeHWe TOKa YCTaHABIIMBAeTCS B
KOKIOM HMIyJbCce 3a Mcuesatoule majioe Bpems. [lox ucuesarole
MaJibiM BPEMEHEM YCTAaHOBJIEHUs] TOKA B UMITYJIbCE MOXET MpeArnoa-
raTthCsl JJTUTEIBHOCTh (PPOHTA MMITYJIbCa, HECOU3MEPUMO Masas Io
CPaBHEHHUIO C JJUTENBHOCTHIO CaMOr0 MMIYJbCa, T.e. MPUMEPHO B
JlecATh pa3 MeHbluas. Torga HakomJiIeHHas B KOHJIEHCATOpe, BKIIIO-
YEeHHOM BO BTOPYIO LieTb, dHeprusi OyaeT HeorpaHWYeHHO pacTd CO
BpEeMEHEM.

MrHoBeHHasi MOUIHOCTb Ka)X[AOr0 HUMITYJbCa HMMEIOLIero Jiu-
TENBHOCTH T, COCTABUT:

Li?
pL= —,Br, (5.13)
x

H, €CJin (bopMa UMITyJibCa COOTBETCTBYCT MC€AHAPY, TO €CThb NJIMTECJIb-
HOCTb UMITYyJIbCa U JJIUTEJIbHOCTD Iay3bl paBHbI, TO 06H.Iaﬂ MOIITHOCTH
COCTaBHT.

P, = Br, (5.14)
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Ecnu papmycsl mepBU4HON OOMOTKH I U BTOPUUHOI I, HE paBHHI,
TO

r°FLi?
P=—— Br (5.15)
4,2

34ech ClieqyeT ydecTb, YTO OTHOLUCHHE PaJuyCcOB HE JIOJKHO
ObITh OOJIBILIMM, MOCKOJIBKY 3aBUCHMOCTb 371€Ch HEJIMHe#Has, U ee
elle MPeJCTOUT YCTAHOBHUTb.

[TocTosiHHasi BpeMEHH LieNH KoY — MepBUYHas 0OMOTKa TpaHC-
(hopmaropa coctapiser

TLR =L/ R, (516)

rine L —uHaykTHBHOCTE NepBu4HO 00MOTKH, ['H, R — conpoTuBnenue
KJTFOYa B OTKPBITOM COCTOSIHUU.

Ecnu nnutensHOCTh MMITYJIbCA paBHA MOCTOSIHHON BPEeMEHH 1IeTH
KJTIOY-TIepBUYHas 0oOMoTKa TpaHcdopmaropa, TO 3a BpeMs JUTHTEIb-
HOCTH HUMITYJIbCa TOK B LIEMH BhIpacTeT jo 3HaueHus 0,632mnomHOro
TOKA TMPY MUTAHWUU LIENH NIOCTOSIHHBIM TOKOM. Toria obimas rnpenenb-
Hasi MOII{HOCTb, KOTOPYIO MOYKHO MOJIyYUTh, COCTABHUT:

0,632R % 2 r?
P = =0,ARi? , Br. (5.17)
422 r22

[lpu oTHOWIEHUH PafUycOB 1/ F, = 2 MOMyYyHUM 3HAYEHUE Tpe-
JeJIbHON MOIITHOCTH

P.= 0,4Ri’ Br. (5.18)
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Ipu oTHOIEHUH paanycos Il / r2 = 3nomyumm:
P.= 0,9Ri? Br. (5.19)

[Tpu nanpsbxkenun nutanus U = 100B 1 conpoTuBIEHNH OTKpbI-
toro kmoya B 100 OM BennuuHa Toka coctaBuT 1 A u npenenbHas
nosfyyaemasi MOITHOCTh B MiepBoM ciydae coctaBut 40 BT, Bo Bropom
— 90BT. Ecnu e OyayT npuMeHeHbI KIIO4H, CIIOCOOHBIE MPOMYCKaTh
10 A., To B mepBoM ciy4ae npeAeibHas MOLIHOCTb cocTaBUT 4 kBT,
Bo BropoM 9 kBT. MoIHOCTh ke 3aTpaurBaeMas Ha TOJJEpKaHue
nporecca B 060mx cmyuasix cocrasut 0,1 R P, T. e. mpu Toke B 1A 10
Bt, npu Toke B 10 A — 1kBT. OTa MomIHOCTE BhIACIASTCS Ha KITIOYE,
41O TpeOyeT MPUHSTHUS CePhE3HBIX Mep JUTS €r0 OXJIaXKICHHUS.

[Tpu 3HaueHNM UHAYKTUBHOCTU mepBruHON oOMoTkK B 100 MkI'H
MOCTOSIHHAsI BPEMEHU LIeNU COCTABUT 104100 = 10° C, ClIe10BaTENb-
HO, 4acToTa nepekatodeHuii cocraBut S00 kI, a ¢ yueTom HeoOxo-
JMMON KPYTH3HBI ()POHTOB HAaCTOTHAs XapaKTePUCTHKA KITFOYA JOJIK-
Ha OBITh He Xyxke, yeM Sml 1.

Ecnu unnykTrBHOCTE NepBU4HOM 06MOTKM coctaBisier 100 Mkl H
= 10 I'n, a yacTOTa MOBTOPEHHS MMITYITbCOB cocTaBmser 1 Ml = 106
I'u, To mpu Toke B MMMyJbCe, paBHOM 1 A, MOIIHOCTE MarHUTHOTO
nosst coctaeut 100 Bt. Ilpu Gonbuinx yactotax oHa OyneT cOOTBET-
CTBEHHO OouiblIel, eclii 3a BpeMs AJMTENbHOCTH WMITyJbCa TOK B
MEepBUYHOM OOMOTKE YCMeeT YCTaHOBUTHCS IO TOJIHOTO 3HAYEHMS.
[Ipu 3TOM ANMUTENBHOCTH, KaK MepeJHero, Tak W 3aJHero (GppoHTOB
JOJDKHA KaXA0ro cocTaBisaTh He 6onee 0,1 OT AUTENBHOCTH caMOro
UMITyJTbCa.

W3 W31M0XKeHHOro BBITEKAET, YTO JJIs TOBBILIEHWS BBIXOAHON
MOLIHOCTH CEAyeT HaWTH ONTUMAJIbHOE OTHOLLIEHHE AUaMETPOB Mep-
BUYHOI M BTOPUYHOH OOMOTOK, a TaKXKe CTPEeMUTHCS K TOBBILICHHUIO
YacTOTHI MEPEKIFOUSHUS TOKA KITIOYEeM, YTO BO3MOXKHO JIMIIb TIPH T10-
BBILUEHUH €r0 COMPOTHBJICHMs], a 3HAYMT, MOBBIIICHHUS MHUTAIOLIETO
HanpsLKEHUs 1 COOTBETCTBEHHO BBIAEISEMO Ha KITIOYEe MOLIIHOCTH.
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[TpoBeneHHbIE U3MEPEHHsI TTOKa3aJIM, YTO C YBEINYCHUEM CEUeHUsI
NpoBOAa yaesbHas MHIYKTHBHOCTb MPOBO/IAa yMeHbluaetcs. [Ipu yBe-
JMYEHUH CEUYCHUsl MPOBOJA ero WHIYKTHBHOCTH CHIDKAETCS MO Jiora-
pudmmuueckomy 3akoHy (tabauua 6.1):

Tabmuua 6.1.
CeueHue IpoBozIa, MM° YV JieNlbHast MHILYKTHBHOCTh, MKI'H/M
0,35 1,65
0,5 1,45
0,75 1,2
1,0 0,97

[Ipu pacuete MHAYKTUBHOCTH COJIEHOMIOB, KaK MPaBUIIO, HE yUH-
TBHIBAETCSl CEYEHHE CaMMX MPOBOJOB, 3TO HEMpaBWJIbHO. TeM He Me-
Hee, OJHUM W3 TyTel COKpalleHWs 3HAa4eHWH WHIYKTUBHOCTH IS
MOJY4YeHHUs] KOPOTKUX (DPOHTOB SBJISIETCSl YBEJIMUEHHE CeueHHs Mpo-
BOJIA KaTYILIKH.

CymiecTByeT 1 BTOPOH CMocod — yBeIMYeHHE aKTHBHOTO COMPO-
TUBJICHUsI LeNHU i1 YMEHbLICHHUS MOCTOSIHHOW BPEMEHH LieMH, HO Ta-
KO# croco0 He BBIFOJeH, T.K. MOTpeOyeT yBelIWYeHUs] MOLIHOCTH M-
nysbca. Kpome Toro, Ha BBICOKMX YacTOTaX JOJDKEH ChITPaTh CBOKO
poJib CKUH-3()(EKT, B COOTBETCTBUM C KOTOPBIM B MEPBUYHOM KaTyI-
K€ WHIYKTUBHOCTH OyJeT MCIOJIb30BaHO HE BCce CeueHHe MpoBoJa, a
TOJBKO TIOBEPXHOCTHBIM CIIOH, KOTOpBI MpUBEOET K BO3PACTaHHIO
aKTMBHOTO COTIPOTHBIICHHS LIETIH.

Takum 00pa3oM, yBeJTMUEHHE CEYeHHs MPOBOAA MEPBHUUHON 00-
MOTKH SIBJISIETCSl HAMTYULIMM CITOCOOOM [T COKpAIeHUs! ITUTEIbHO-
CTH (PpPOHTOB MMITYJILCOB, YTO M cenaHo B TpaHchopmaTtope Tecmbr:
nepBUYHAs OOMOTKAa BBIMOJNHEHAa M3 TOJICTOrO MPOBOJA, MMEIOLIEro
ceueHHe AECATKM U COTHHU KBaAPaTHBIX MUIJTAMETPOB.

[Tpu Hanpsokenun nutanus kmoda U = 1000B, R = 1000w u To-
ke B 10 A Bobimensemas Ha Kkiode MouHocTh coctaBuT 10 kBT, a BbI-
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JaBaeMasi MOLLHOCTb C Y4Y€TOM IOTE€PH Ha BO3BPATHYIO MOLIHOCTb
coctaBut B iepoM cinydae 30kBT, Bo Bropom — 80kBr.

Tecna B cBOMX TpaHcoOpMaTopax MPUMEHSJT YacTOTHI MOpPsIKa
200 k[, MOKHO TpeArnoaraTh, 4TO Takas 4acToTa SBJISIETCS OMNTH-
MaJlbHOM, 1O KpaiiHel Mepe, s HaualbHOW cTaauu paboT.

Pacuer 3apsinHON eMKOCTH, WIYHTHPYIOLIEH LeNb MUTaHUs 3JIeK-
TPOHHOM CXeMbl MPOU3BEAEM, UCXOSl U3 COOTHOLUEHUS ISl SIEKTPH-
YecKoro 3apsaa

Q=CU=iT, (5.20)
UMECM
i
c= (5.21)
u

Ecnu Best anektpoHHas cxema nuTaercs oT Hanpsbkenus: 100B, o
s - 6 —
npu Toke | = 1 A m anurensHoctd ummyneca 7 = 107 ¢ (F = 0,5
MT'11), Moay4nm:

C = 0,01MmkD.

OnHako 37ech NpeanonaraeTcesi MoJMHbIA pa3ps] eMKOCTH, UTO He-
uenecooopasHo. s Toro uToObl €eMKOCTh yAep:KuBajla HalpsyKeHUe
NHUTaHUS B Mpeaenax u3MeHeHud He Gosiee 1%, HY)KHO YBEITUUHTH €€
B 100 pa3, cienoBarensHO, U1 PUBEAEHHOTO MpPUMEpa JA0CTaTOUYHO
UMeTh 3HaueHHe HIyHTHpyommei emkoctn 1 Mk® mpu pabouem Ha-
npsbkernd B 100B. u vactoTHBIX XapakTepucTukax a0 1-2vlu.

[Tpu pabouem Hanpsokennu B 1000B u Toke nmnynbea 810 A mo-
TpedyeTcs KOHIEHCATOp eMKOCThIOo Toi ke 1 Mk® mpu paboyem Ha-
npsbkeHry B 1000B u Tex ke yacTOTHBIX XapaKTepUCTHKAX.

Takum 006pa3oM, BBIPUCOBBIBACTCS CICIYIOMIMI MPHUHLKIT PabOThI
YCTPOMCTBA A7 OTyUSHHUS SHEPTUH U3 dpHpa.
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B nepBuuHyi0 (BHELIHIO) 0OMOTKY TpaHc(opMaTopa ¢ BO3MOXK-
HO Gosiee BbICOKOM YacTOTOM MOBTOPEHUs! MOCTYMAIOT UMITYJIbChI TOKA
¢ KOpoTkuMH (poHTamMu. C BTOPUYHOI OOMOTKH, UMetolLeii OosbLiee
YKMCIIO BUTKOB, Y€M MEpPBUYHAS, CHUMAIOTCS MMITYJIbChl U Yepe3 Bbl-
NpPSMUTEIbHBIM AMOM MOCTYNAIOT Ha KOHAEHCATOp, LIyHTHUPYROLIMI
Lenb MUTaHUsI FeHepaTopa MMITYJIbCOB, YEM OCYIUECTBIISIETCS MOJIO-
JKUTeNbHass obpaTHas CBs3b, MpU3BaHHAs TMOAJEPKUBATH BECh MpO-
uecc. HayanbHbli 3amyck Bcell CXeMbl OCYLLECTBISIETCS OT cTapTepa —
OT/IeNTIHOrO UCTOYHHMKA MUTAHHs FeHepaTtopa UMITYJIbcoB (ceTh, Oarta-
pes, aKKyMYJISITOp), KOTOPbI TOCe BXOXICHHS YCTPOWCTBA B pe-
JKUM, OTKJIFOHaeTCS.

OHeprus A7 BHELIHEro MOTpeOUTeNss CHUMaeTcs ¢ TpeThei 00-
MOTKH, MOMEIIAEMON aHAJIOTMYHO BTOPUYHONW OOMOTKE BHYTpbL Mep-
BUYHOW 0OMOTKH. K 3Toli TpeTbeli 0OMOTKe Takke MOAKIIOYAETCS
BBIIPSIMUTENIBHBIA MO/, a 3aTeM CrJaXuBarolluMid KoHaeHcaTop. Ilo-
Jy4eHHOE TOCTOSHHOE HAarpsHKeHHEe MOXKeT HCIONb30BaThCs JIMOO
HEMOCPEeACTBEHHO, MO0 Yepe3 COOTBETCTBYIOIIME MpeoOpa3oBaTeH,
npeoOpasyrolre NOCTOSHHBIN TOK B BUJ SHEPruM, HEOOXOAUMBIH MO-
TpeOuTeNto.

6.8.0co0eHHOCTH MOJI0KHTEIbHOIT 00PATHOM CBSI3H H
peryJiHpoBaHye YHePreTHYeCKHX NOTOKOB

Camornonaep:kMBaHue MpoLecca HU3BJICUEHUs] SHEPrUM U3 OKpY-
JKarolei cpeabl Mpu 00 cxeMe BO3MOXKHO JIMIIb B TOM cllyvae,
€CJIM YacThb NMOJYYEHHOH 3HEepryuu HanpasJgeTcsl Ha BXOJl YCTPOMCTBa,
3TO 3HAYWT, YTO CHUCTEMa JAOJDKHA ObITh OXBAaueHa MOJIOKHUTEIbHOM
oOpaTHOM CBA3bI0 M KOX(P(UIMEHT yCUIeHUs 3aMKHYTOW LM J01-
JKeH ObITh paBeH eauHuLe (puc. 6.12).

Ecnu Ha BXOA cHcTeMbl BO3BpalllaeTCsi 3HEPTUM MEHbIE, YeM
HY)KHO JUTA TIOJAepKaHus pabodero mporecca, mporecc Hen30e:KHO
3aTyXHeT. 3aTyXaHHe npolecca AaKe HOCSLIEero KojebaTesbHbIi Xa-
pakTep, OOBIYHO MPOMCXOAUT MO IKCIMOHEHUUATBLHOMY 3aKOHY, MpH-
YeM MOoKa3aTeJlb S3KCIIOHEHThl UIMEeT OTPULIATEbHbII 3HaK.
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Ecnu ke koadduiMeHT ycuneHus 3aMKHYTOH Lienu OoJblie eu-
HHMLIBI, TO CHCTEMa HAYMHAeT HAKAIUIMBaTh 3HEPTHUI0, MPoLecC pa3BH-
BAaeTCS MO SKCMOHEHLMAILHOMY 3aKOHY, HO TMOKa3aTesb SKCIOHEHTHI
MMeeT MOJIOKUTENbHBIN 3HAK, U CUCTeMa MAET B pa3HOC.

B sTom cimydae B cucTeme HaxoauTcs Kakoe-TuOo ciabeiiiee
3BEHO, KOTOPOE BBIXOAMT W3 CTPOs M MpepbiBaeT npouecc. OIHUM U3
BapHaHTOB TAKOTO COOBITHS SIBJISETCS B3PBIB.

95)( + HBb/X

\ 4

a)

6) 6)

Puc. 6.12. DHepreTuyeckasi yCTAHOBKA, OXBaueHHasl MOJIO0KHTEJbHOH 00-
paTHO#i CBSI3bIO. d) CTPYKTYPa; 6) 3aTyXaroUIuii MepeXoaHO Mpolece; 6) pacxos-
HMiics nepexoHoi npoiece

OOecnieunTh TOYHOE PABEHCTBO eIMHUIIEC KOADUIMEHTa YyCulle-
HUSI 3aMKHYTOM 1IeNu 0e3 peryJiMpoBaHus MPaKTHYECKU HE MPEICTaB-
JsieTcs BO3MOXKHBIM, BO BCeX Cllydyasx paboTa Takoil cucteMbl Oyaer
HEYCTOHUMBOM, OHa JIM00 OCTAaHOBUTCS, TMOO MOKMAET B pazHoC.

JInis Toro 4toObl 3TOr0 HEe MPOU3OIILIO, B CHCTEMY, OXBAYCHHYIO
TMOJIOKUTENIEHOM 00paTHOM CBA3BIO, 00fA3aTeNbHO JOJKEH  OBITh
BKJIIOYEH peryJjsTop, 3ajauyeil KOTOPOro sBJsIETCs OrpaHu4eHue TOon
YacTH DHEPruM, KOTOpas BO3BpAlaeTCsl Ha BXOJ| CHCTEMBI depe3 00-
patHyto CBsI3b. Takol perynsTop MOKeT ObITh BBITIOJHEH HECKOIbKH-
MU crioco0amH.

[TepBrIii cmoco0 — mpocToe OorpaHWYeHHe BeTHMYWHBI 00paTHOM
SHEPrUM HEKOTOPHIM HACKHIIAIOIIUMCS 3BEHOM. TaKUM 3BEHBAMH MO-
T'YT SBJIATHCS JIOObIEe 3B€HbS C HEJTMHEHHBIMU XapaKTepUCTUKAMU TH-
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na HachIIEHMS JKele3a WM CTabMIMTpoHOB. B ciydae wcnonb3oBa-
HUS TpaHchopMaTopa C KeJe3HbIM CEepAeYHMKOM YBeIWYeHHe Ha-
NpsDKeHUs] B NIEPBUYHONM OOMOTKE TOC/Ie HACBILLEHUsI CepAeYHHUKA He
NPUBOIUT K YBEJIWYECHUIO HANpsOKEHHS HAa BTOpUYHON oOMoTke. B
cllydae WCIONIb30BaHUS CTAaOMIUTPOHOB M30BITOUHAs SHEPrus Ha-
npasisieTcss B 00X0o/ 1enu oOpaTHO# CBS3M, YeM M OTrpaHHMYMBACTCS
MOCTYTUIEHHE SHEPTHUHU Ha BXOJl CUCTEMBI.
6.9.9¢upoanHaAMHYeCKHE TeHePATOPHI YHEPTHU

6.9.1.Cmpykmypnas cxema maxema IhupoouHamuueckozo ze-
Hepamopa Hepzuu

Ha ocHoBe Bbicka3aHHBIX BbIllIe COOOpPaXKEHUH MOXKET ObITh Mpe.l-
JIOKeHa MPUHUMMHUAIBHAS cXeMa MakeTa d(PUPOJIUHAMUYECKOTO reHe-
paropa sHepruu

Bce ycTpoiicTBO cocTOMT U3 aByX y3708B (puc. 6.13):

— BHELIHEro MUCTOYHMKA MUTaHUs, CIy>Kallero crapTepoM AJs 3a-
MyCKa CXEMbI,

— reHepaTopa UMITYJIbCOB, coAeprkallero Tpancdopmarop Tecsl,
UMEIOIIMI TPU KaTyIIKM — NEepPBHYHYIO (HapYKHYIO) M JIBE BTOPHY-
HbIX (BHYTPEHHHMX), OJIHA M3 KOTOPBIX CIIY>KUT IJIsi CO3/aHHs LENr
TIOJIOKUTENIBHON OOpaTHOW CBA3M, a BTOpas SIBISETCS BBIXOJHOM,
MOZIKITIOYAeMOM Yepe3 BBINPSIMHUTENIbHBIN MOCT K Harpy3Ke.

[IprMeHHUTENbHO K MakeTy LenecooOpa3HO KaTyLIKH BBIOJHUTD
B CJIEIYIOIIEM BapUaHTe:

1. lepeuunas — 4-5 BUTKOB MpoBoJia AUaMeTpoM 6-8 MM unu
TUIOCKOM IIHMHBI (METHOM WM alFOMMHHEBOM); AMaMETp KaTyLIKH T10-
panka 15-20cM, paccTosiHMe Mexay MPOBOJAMHU B CBETY nopsinka 4-6-
MM;

2. BropuuHas (katymka oopartHoii cBsazu) — 10-20BUTKOB MpoBO-
na nuamerpom 1,5-2 mm, nuamerp katywiku nopsaka 4-5 cm, pac-
CTOSTHHE MEXJIy MPOBOJIAMH B CBETY Mopsijika 2-3 MM;

3. Bropuunas (BbIxoaHas) — BUTKH MOAOUPAIOTCS B 3aBUCUMOCTH
OT BEJIMYMHBI BBIXOAHOTO HAMPSHKEHUs, MOTy4aeMoro Ha Harpyske, Ho
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9TO, BEPOSATHO, BCETO JIMIIb HECKOJIBKO JIECATKOB BUTKOB nipoBoaa 0,5-
1 mm.

Bropas 1 TpeTbsl KaTyLIKHA pacroyiaratoTcs COOCHO BHYTPH Nep-
BUYHOH OOMOTKHM, CepAeYHHK He Hy)keH. KoinuecTBo BHUTKOB BTO-
pUUYHON OOMOTKHM 0OpaTHOM CBSI3M IOJDKHO MOAOMpaThCsl B Mpoliecce
OTJIa/IKH.

FeHepaTOp 3HEepruun Tp

—1B
We | |
||

|

Llenb o6paTHOM cBA3K
U,

Craptep P,

Ul Pj

g
A
A 4

P;

Puc. 6.13.BapuaHT 6;10K-cXeMbI MaKeTa 1151 NOJy4eHHUsI IHepruu u3 3¢pupa:
BIT — 6ok nuranms; Tp — Tpancopmarop; W; — nepBryHas Katymika Tpancopma-
topa; W, — karymika obparHoit cBsa3u; W3 — BbIXOAHAS KaTyIlka TpaHc(opMaTopa;

v
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C, —3apsiHas eMkocTb nuTanus; C, — eMKOCTb KOHTYpa (He YCTaHOBJICHO, HY)XHa JIX
ona); Py — pazpsanuk nipsimoit cesizu (U; mpoGost mopsiika 1 kB/ mm); Py — paspsiiank
(mmm mox) o6pathoit csizu (Up > Uy); P3 — paspsutauk (Mt cxema) OrpaHudeHust
HanpspkeHust (Us>U; ); |3 —TOk B 1€ nepBUYHOM 00MOTKM TpaHcdopmaropa; |, —
TOK B Lien1 00paTHOM cBs3M; |3 — Tok B Lenu cOpoca U30BITOYHOM 3Heprun; B — BbI-
XO0[I.

Bce npumeHsiemble 351eMEHTBI A0IKHBI ObITh AOCTaTOYHO BBICO-
KOYaCTOTHBIMU U TOJDKHBI MIMETh 3amachl N0 pabounM HanpsKeHHUSM.
IIpenenbHble 4acTOTHI, HA KOTOPBIE NOJKHBI OBITH paccUUTaHbl BCE
9JIEMEHTBI CXEMbl, JOJDKHBI UCXOAMTh W3 JJTMTELHOCTH (PPOHTOB C
HEeKOoTOpbIM 3anmacoM. Hampumep, nns obecnieueHus ATUTETBHOCTH
¢pontor B 0,1 Mkc HEOOXOIMMO, YTOOBI BCE DJIEMEHTBI, BKJIFOUas BCe
MHMKPOCXEMBbI, TPAH3UCTOPbl, eMKOCTH M HOABI, MOTJHM paboTaTh B
pabouem pexkume Ha yactotax He MeHee 5 mI'u. OTnanka ycrpoiicTa
JOJDKHA MPOW3BOAUTBCS MO KAKAOMY Y37y B OTHENBHOCTH C YHUEeTOM
WX Harpy3Kky Ha MocjeIyromue Lery B o01Iel cxeme.

[Ipu nmonbope napamerpoB OOMOTOK TpaHC(oOpMaTopa cienyeT
UCXOIUTh U3 HEOOXOAMMOCTH O0ecrieueH s ABYX MOJI0KEHHS:

1. npeBbIlIeHUs] BBIXOIHOTO HAMPSKEHUS Ha BbIXoAe ooMoTku |l
HaIpsHKeHUs TUTaHUST UMITYJILCHOTO TeHepaTopa,

2. mpeBbIIEHUs] 3HAYEHHUS! BBIXOJHOW MOILHOCTH TOH, KOTOpas
noTpeOIseTcss UMITYJIbCHBIM TeHePaTOPOM.

OG6a 3T TMOJ0KEHHUs JOJDKHBI OBITh MOMyYeHBbl B PAa30MKHYTOM
peskuMe U 6e3 MX BBIMOJHEHUS! 3aMbIKaHWE MOJIOKUTEIbHOM o0pat-
HOM CBsI3U OECCMBICIIEHHO.

3amava nmoabopa napameTpos (3HaueHuit emkocteit C; u Cy, cooT-
HOIIIEHHUS JMaMeTPOB M BHUTKOB TMEPBUYHON M BTOPWUYHOM KaTylIeK,
sHadeHuit Hanpsokenuit U, U,, Ug) 3akimouaeTcss B TOM, YTOOBI TOK
o0OpaTHOM cBsA3U |, cTaHOBUIICS KaK MOXKHO OOJIbIIe MPHU COOTBETCT-
BYIOIIEM yMeHbLIeHUH ToKa |;. 3amada Oyner BHINOMHEHA, €Cli  TIPU
HaJIM4Mu Toka |, Tok | mpekpatuTcs monHocThio. Bo3HHMKHOBEHUWE
ToKa |3 B LleNM orpaHWYeHus] CBUACTENbCTBYET O MOMYyYEHHUH HU30bI-
TOYHOM SHEPrUHU.

B uenu nutaHus nepBuuHON 0OMOTKHU Nepes pa3psaAHUKOM, BEpO-
STHO, LIeJIECO00Pa3HO YCTAaHOBUTH JBE MOCJIEA0BATEIbHBIX UHAYKTHB-
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HocTH, niepBas — nopsinka 10 mI'H, BTOpas — 1 -2mI'H; B MecTe co-
eJIMHEeHUs WHAYKTUBHOCTEW MOAKIIIOUYUTh KOHJIEHCATOP €MKOCTBIO
nepebiit 10T. n®, BTOpOIi (BHIXOAHOIM, NIepes pa3psaaHukom) -1 1. nd.
OuUnbTPAIIMOHHBIN KOH/IGHCATOP, YCTAaHOBJICHHBIN MOCHe BHINPAMUTE-
7 ¥ 10 TIepBOM MHIYKTUBHOCTH, MOXKET OBITh JIFOOBIM, mopsiaka 0,1-
10 mx®, HO Ha COOTBETCTBYIOIIEE HAMPSHKEHUE, BEPOSATHO, NOpsAKa 3
kB. OOpaTHyto cBsI3b 3aBOANMTH Ha TMEpBBI KOHAeHcaTop. Bee mapa-
METpPbI OPUEHTUPOBOYHbIE.

Omiagka ycTpolcTBa I0JKHA MPOU3BOUTHCS 110 KAXKIOMY Y3I1y B
OTJIEJILHOCTH C YUETOM MX HAarpy3Kd Ha TMOCIieAyolre 1enyd B oorieit
cxeme.

[Ipu nonbope mapameTpoB OOMOTOK TpaHcdopmaropa ciemyer
UCXOJIUTh W3 HEOOXOAMMOCTH O0eCTieUeHUs IBYX MOJOKEHHIA:

1. npeBbIlIeHUs] BBIXOIHOTO HAMpPSOKEHUS Ha BbIXoAe oOMoTku |l
HaNPsDKEHUS! MUTAHUSI UMITYJTb,CHOTO TeHepaTopa;

2. TpEeBBIIIICHUS] 3HAYEHWS BBIXOJHOW MOIIHOCTH TOM, KOTOpas
noTpedIiseTcs UMITYJILCHBIM FEHEPATOPOM.

3anaua noabopa napametpor (3Hauenuii emkocteit Cy u Cy, coOT-
HOIIIEHHS1 JIUAaMETPOB W BUTKOB TEPBUYHOW W BTOPUYHOM KaTyllek,
3HaueHui Hanpsbkenuit U;, U, Us) 3akimouaercs B TOM, 4TOOBI TOK
o0OpaTHOM cBsA3U |, cTaHOBUIICS KaK MOXKHO OOJIbIlIe MPHU COOTBETCT-
BYIOIIIEM yMEHbIIeHHH Toka |;. 3agada OyaeT BhIMOJNIHEHA, ecliv TpU
HaM4YUK ToKa |, Tok |} mpekpaTuTcs MOSHOCTHIO. Bo3HMKHOBEHME
TOKa |3 B 1leMU OrpaHUYeHUs] CBUICTENBCTBYET O MOMYyYEHUH H30bI-
TOYHOM DHEPrUU.

CrnenyeT chenatb TMpelOCTEPEIKEHUE OTHOCHTEIIBHO TEXHUKH
0e30MacHOCTH: HeJb3s IUIMTENIbHOE BpeMsi HaXOAWThLCS BOIM3HM pabo-
Tarolield CXeMbl, T.K. MyJbCUPYIOIIHME BbICOKOYACTOTHbIE MarHUTHBIC
MoJIs OKa3bIBAIOT BpeAHOe BoznelcTeue. [loatomy crenyer pykoro-
JICTBOBAThCS MPOCTHIM MPABUJIOM: BCE M3MEHEHHUS B CXEMeE MPOU3BO-
JUTh TOJILKO TPH BBIKIIFOYEHHOM MUTaHUM. Bo Bce Bpems OTiaaku
BKJIIOUCHUE TUTAHUS JIOJDKHO OBbITh KPaTKOBPEMEHHBIM M TOJBKO Ha
MIEPUOJT CHATHUS MOKa3aHUM MPUOOPOB.
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Hacrosiee ycTpoiicTBO He ObLIO M3rOTOBJICHO JIaXke B BUJE Ma-
KeTa, XOTs MOAOOHBIE MOMBITKK ObIIM MpeAnpuHATE. Camo sBlIeHHe
ObUIO MOATBEPKACHO TE€M, YTO MMeEJI MecTO ciydail mpobosi BUTKOB
BTOPUYHON OOMOTKHM C 3aropaHueM IJIaMEHEM 3€JIEHOTO LBETa BBICO-
TOW OKOJIO OfHOro caHtuMmerpa. OIHaKO MOBTOPUTH pe3ysbTaTa He
yZaJIoCh, XOTSI CTajlo TIOHATHO, YTO BCe 3TO TpeOyeT MIaHOMepHOI
padoThl, MPOBECTH KOTOPYIO B TO BpeMsl HE yJaJloCh.

6.9.2.9puponmuammuyeckuii reneparop Tapmrnsa Kana-
HaI3e

I'py3unckum uzobperaternem u3 llxanty6o (['pysus) Tapusnem
Kanananse Obuia paspaboraHa coOCTBeHHash cXxema yCTpPOWCTBA Jyis
NOJTyYeHHUs] SHEPTruu U3 d¢upa, B KOTOPOH pe30HAHCY OOMOTOK TpH-
naetcs ocoboe 3HadeHne. He momy4nB nateHTa Ha cBoe M300peTeHHe
B Poccun, 1 He 3axoTeB nomyuuts ero B ['py3un, Kananamze momyunn
ero B Typuun (marent Ne WO 2008/103129 Abt 28 aprycra 2008
r.). B 2007 r. oH neMoHCTpUpOBa MakeTHbI o0pa3sel] yCTaHOBKH,
3aIyCKaeMblii OT aBTOMOOMIJIBHOTO aKKyMYJSTOpa M W3bIMaeMblil W3
yCTpoHcTBa mociie 3amycka npouecca. Jlanee ycraHoBka paboTana
MOJIHOCTBIO aBTOHOMHO, CaMOIIOJICPKUBASICh U TIOTPEOJIsisl SHEPTUIO
u3 s¢upa. OOmas MOUIHOCTh, BhipabaThiBacMasi ycraHoBKo# Kama-
Haa3e cocTaBimsyia S5 KBT: maTh OOMHAKOBBIX JlaMIia HaKaJMBaHMS,
paccuuTaHHbIX Kaxkaas Ha 1 KBT MOIIHOCTH, CBETHIIMCH TIOJIHBIM Ha-
kasioM. [lociie teMoHcTpalMK ycTaHOBKA pa3doupanach.

Kamananze yTBeprkaasi, 4To UM OMPOOOBAHO yCTPOWMCTBO aHAJIO-
ruyHoro tumna MoiHocTeio B 200kBT 1, Takum oOpa3oM, B MPUHIIUTIE
SHepreTUyeckas npodieMa pelieHa.

B 2009r. T.Kananajze npojaeMOHCTPUPOBAJl BTOPOH MAaKeT, BbI-
pabaTbiBaroinii 3 KBT a5ieKTposHepruu, 3amyckaeMblil yoke He OT aK-
KyMyJisTopa, a ot Oarapeiiki «KpoHa» U Takke Mmocye 3amycka pado-
TaromMid aBTOHOMHO. ['eHepaTop ObUT cOOpaH B IUIEKCHUTIIACOBOM
KOpIyce, M Bce ero BHyTpeHHee YCTPOCTBO OBbIJIO BUAHO.
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B tom xe rogy T.Kamanamze yxxe B Typuuu pazpabotan ycTpoii-
cTBO, BhIpabaTtbeiBatoniee 100kBT anekTposHepruu B Bujie TpexdazHo-
ro TOKa MPOMBIIIJICHHOM YaCTOThl U HANPSHKEHUS.

B IMpunoxennu 2 npusenensl ¢pororpadhun makeroB Kanananzse u
¢parmMeHThl WX JOeMOHCTpauuii. Tam ke TmpUBEOeH NAaTeHT
T.Kananasnze.
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nar, 2003.

2. AuroxkoBeknii B.A. ®uznyeckre 0OCHOBBI 3JIeKTpOMarHeTU3Ma
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mus. M., usa-so YPCC, 2001.

3. AuroxoBceknii B.A. Dueprus Bokpyr Hac. M.. «letur», 2009.

4. AumroxoBckuii B.A. YcTpoiicTBO A MOMy4YeHHs dJeKTpude-
ckoii sHepruu. [larenT Ha n3o6perenue Ne 2261521 Ilpuopurer uzo-
Operenus 12mas 2003r.
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AGI004T A1, 08.07. 1968 SU 2140 A,
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Byrvia, B, kn. 14, BA, Auoimociiy
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Aupomeciail BA (RU)
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Augorascmi Bragumemp Aomosdd [RU)
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154) YCTPORCTEQ ANA NOMNYHERWA INEKTFAYECKOR SHEPMAM

1ET) Peddepar:
AICEDOTEHIE DTHIGATEN K HKILOAHEDETHIN H
MomaT BT HENONESORAHD o CHOTENAK

COYLUBCTRIATEN & NOMOLEG TORTHER ATy
MEPTEAKOCTA,  POTAHCONGMMOR  COOCHD  NAp#ué
T A C HER ] a W

ANOETROCHISRAHHA DO Clep [ EE ]
moaAReTRA, TeMHMYOCHA POTYNLTAT JMCTO4OETCR &
L0, B AR ey

ANOETEASCROH SHBEIHR COSTOHT W FRYIEM-SEM0TD K
BHBLWHBHY  HCTOMHENY  OORIEAMECHDS  JHEQIME
NERCECEIGRATANA FAERND HENDAKEHAR B BLCONOR,
KOTODDA  WED03 MO0 DOARTCH KA Sapanmeld

ANAKTPH-BAA KOHGRHCATDR. Hakormeswnu A sapan, o
EOHEIATORD.  NEREI  DHIDESHAS  NEPHOOMMECT
HGOZETEA HE NBPEFH KATYLLG HIEKTABHOCTH, THY TR
KOTODOR COGGHI © HEfl YETAHOSNEHE STORER KETYILKS
BHOYKTHESOOTH  ©  yOGTAUDNHER  SIACOOM  BATHOR.
Bropam eETyusE € KCHOBHGETCRON HACTRRAHR R
POSIMANE 0 NEPMONON  PAIPRAD  PRADROHHKE

Manprwsas ¢ 498 YE0E3 OHCO NEDRNBATCE Ka

MEEAHWR  anoETpuscil  mohmemcaTap.  Bemog

ANGKTASBERGR  SHEPNA1  BRGUHGMY  NoTpetuToma
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ManBpeTeHs OTHGCHTCA K INGETEOaHERTBTHRD W MORET STk CNONLI0BEHD B CHOTEMEX
ANSKTEOCHEERKEHHA PE2NHHHER CoPED HEPOOHOND XO3AACTRA: NPOMBLINEHHROCTH, CENBEROM
HOAARCTES, GBOPOHHSN, TRAHENOPTHRE | BuToasx ofkaKToE.

WapecTi YCTROHCTES NOMYHEHAR BNEETRIHGCKOR DHERTHM G MCNONL30BEHAEM PESPRE
Gonewnd nnaTHORTH [1]. Ero HEROCTATHOM RENRETCA TO, 4TO GHG WMEAT MANWE IHEPRETRSSCKHA
BRIEE W HE MOEET BRITE HERGNEIEAHD LA NROMEILNEHHER YENEA.

HawBonss BNMIMMM K JaRENEHHOMY YETRORGTEY MOMYJEHAR ANEKTRMECKOR SHEPTUN ABNRSTCA
TpeHecpopratop Tecna, npeasTeenmsaupi coboll anekTpiuecko YOTRORCTRG
TREHEEOPMATORHOMD TR, CryHALLSS AN BoslyIEsUA BLICORDBONLTHEN BHOOROHAGTOTHN
¥oneCaHui B COCTORILIEE WA AEYR KATYILEL WHAYKTHEROCTW, BETAEMNAHHER ODYT B ApYTE,
PEIPROHVKE W SNEKTRHHECHIND KOHARHCATOPA, 8 TANKE HCTOYHWKE BRCOKOBONETHOM
sanpaEeHnn (2], En HeqocTaTioM SENAETCR HUEME ..

TeeHIHECENA POYNLTAT JAARIEHROMO WIOGDETEHMA JEKNHMABTCR B NOBLALEHIH BLXOAHOMH
SHEPMHH.

TexHMeckHA PEYNETAT 33ABNEHHOTD Wa0BDETEHHR ADCTHIAGTEA TaM, YT0 I YETROACTEES AN
NOMP-BHWA FNGHTEHHBCH0N SHEAMMH, COCTOALEM W3 NOOKNIHAAMOND K EHALUIHEMY HCTOHHNEY
SNEETRHYSCHOA 3HEPMMM npecbpazoaaTena wrakor wnEAKEHHA B BLICOKDE, BEICORDE
HANPRMEHIE YEPES QU0 NONSETCA HE 33PAAHSIA INAKTPMYECKHA KOHAGHGETOR, & KOTOPOTD
HEKOMNBHHLE JEEA HEPE PAIPAIHHE NERUGEHISCHH NCAISTCR HE NEPBYI KATYLIKY
WHOYETHEHOCTH, BHYTPH KOTOROH GOO0RS © HEA YETARGENSHE ETODER KRETYIUES WHAYKTMEHOCTH C
VEEMMMEHHLIM YHCNOM BEMTEDE, HOTOPAA © KOHOBHCATOROM HACTROSHA & PEIOHAHC C NBPHOLoM
PRIPAANA PAIPAOHAKE W ¢ BOTOROR HENPAMSHWS YEPEI GHOA NEPEJARTOR HA IAPANHEA
INEKTPHYELRMA KOHASHCATSR, & BEXG ANBKTRUYECKOR SHIDOMN BHEWHEMY noTRaGuTeND
OCYWSCTRNASTER © NOMOLWSH TPETEEA KETYWKH MHOYKTHIHOCT, YCTAHOSNSHHOH COOCHD Nepasin
AEYM, COAIAHHOA G HUMA ESEsaEod HHOYRWER B COBqUEEHHOR ¢ DRINDAMHTEREM,

YENOAHAMA NORLILEHAR BHEGGHORA SREPIMM B 33ABNEHHOM #30BDPETEHIH ABNAINTER BEGOKAE
NPOCTREHCTRAHHEIR TPRANEHTE HANGRMEHHOCTH MATHMTHOM NKNA HA BHEWHEH W BHYTREHHERA
MOBSMXHOGTAX KETYLUSK MHEYKTHEHOCTE, YTC ADCTHIEETCA NPOMYGEEHMEM YERE3 NEPRYH KaTyLIRY
MHAYRTHBHOCTH MM NEGE TOKE G KRy TEMAE NEREAHUM W 3BOHAM hpoumami,

Kpymie Gpom T iMiyneGa Tokd QOCTHIa T npMMeHeHReN SHCTPONERCTEYIOWSD KNKYE -
PEIPAAHMES MK INEKTROHHOM KNKGHA, NOAKMGHEHHON K SNEETRMUSCHOMY KOHASHCETOPRY,
MHTEEMONY OT HOTOWHHEA RENDAMSHHA. NpH CaMONPoM2ank HOM PERRRE HAMMYNEG TOKA
BOAHMKRAET M AGGCTHREHNN HE ANEKTRWYECHOM KOHSHEETOPS BHICOKDR PSIHOCTH NOTEHUMANGE,
B IESRDRLEHHE BA3EANA NP IMT fne NOTEHYWANS HE TOM HE 3NSETRHHECHOM
KOHASHCETOPE HUHE ONPERENEHROTD SHIYEHUA.

[ MENONESCEAHMM SMSKTROHHONS KNKAE BM0 CTEPRERIOT W 23MPR BT NEPHOIMYECKA
CREMORA YR,

Ha vyeprewe noxazaHa GNoK-CXeME YOTPORCTES NOMySEe JEKTRHUSCRON JHERMA,
COCTOSWEE WE CTEPTepHOR wacTu | 1 cobicTesrso reweparopa (1

CTapTEpHAR YACTH | CRYMMT [LNA SANYCHA BEEN0 YCTPORCTES NONYYEHWA BNEKTDHMECKORA
SHEPTMH, MCMONE3YETCR TONBKD B HEMENEHEIR MOMEHT W COCTOWT HI NOOKNIOMASMAND K DHELUHEMY
WCTORHIY 1 BNBKTPOSHEDMMH, B KEMSCTEE HOTOPONS: MOMET GHTL HCNONLE0BEHE FNEKTPHHECHER
CETE, SROMYNATON W ANSKTRHYECKSA BaTapen, Npecfpasosarens 2 HasHoro HENPRASHWR B
BHCOKDE, AM0A 3, YE0Ed KOTOPHEA HENPAXEHWE NOOASTCR HA IANAROHWE HNEKTpHLEECHME
KOHAEHGETOR 4 COBCTREEHHO reHEpATORE | BNEKTRWMECKDRA AHBPTMH.

CoOBETREHHD MEHEPATOD ANEKTPHYEENGE JHEPMM | CORGERHNAT SAPARHLA koHiaHcarop 4,
GrcTponefcraywml kod 5, B K34aCTES HOTOPOME MOKET BHTh MENONLINBAH PAIPAOHHK MM
SMNEKTROHHE KMHCA, EITYLUKM HHOYKTHEHOGTH & W, We, Wa, orpasstnaaiiumid sneMaHT T,
OrpHHHERI0ILANS BMNAHTYayY konafauwd B0 BTOPOR KATYLIKE MHOYSTHEHCCTH Wy B nausCTES
KOTORGRD MOTYT BEITE HENANEIOBRHE BEPRCTOR, STROWNOTRGH WNH PEIPARHNEK, AMeg 9 oBpaTHoR
GRS W AHOOHBR MOCTORGA BuipamMeTant 10

Pabora yoTpoACTEa NONYHEHUA BNSXTRMMECHDE BHEDMMH COCTONT B CREOYHYEM.

Hasonnetssii S3000H60M SNETPHISCHM KOHABHGATOROM 4 OF CTARTENHOM YETRORCTRA |

G &

5

2F
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AEPA, o GEICT [y R TEYHIWUWA K0y 5 N0JSaTEn B NapEyH LSETY IR MHOYKTHEHDOTH Wy,
LR B OREYHE G EM TECCTRSACTES ECECyNOBETIA MATINTIENE NO2E G etk
APOGT HELEHHER T8 LFEHTOM HENPSHEHRDCTH.

[0 DROHYEMR PEEES R S R e 0 e N EOE8ToE B ETOPYH) KETYIIEY
WHAMKTHEHOCTI: Wi, HANPFEKEHAS ETODOW KATYILER WY E DAEDSG T Wiy N0 @i a0paThod
CEFAN, B KOTORYH: HEIHHEH Tar B rasenaensn He SE0nHoi BapRaHEE BENERTprHasui
nonenGATAR 4, Mer 0cyIUSCTEMAATCR NONTFTENEHERA LEpaTIaE Guadh, Mo il earing
BPAMGHHA, 1GORR0MET AN PAGKAYEM TERSDaTCRa, CTERTEPHAR HBLTE | oTRIKHaET:A.

JLMA NPAIATBRALLEHARA G0 [ IWYEHIGH [itas i S4eErHH LUBCTh BWTHOB BTCRAR YWk
vk MEHOCT A Yy WYHTURPETIR CTEEMNMaMPYIILKAL #ncme mam 8,

FHEREMMHEEEMLIA |15 B UM SHISE AEGhEM KOHIEHCETOPE 4 3NSTPUMEciil 3apas
AeprtGHYEEH OBPECHEESTIA HEPE HNKDG 5 B NEpSyE: KLy @ IVKTHEHDETH Wy, BCERYT
m.‘npaﬁ W ¢|c|pr.|'.r_;;ly|;'[|;5| P I AR K s ki3l HWTHOE Nane NOEHLWEHHDH AHEQMMH.

015 NPeoBpasc2aHUA SHERMHA My NECARYHILSI k20 THOM NN B 3NEETEHUBCEY 1T 2HAAr R
BHYTPH Nepgi KATYLLNS HHOVKTWEHOCTH YCTAHEENSHE ATCEIR KaTYLLm MHFIAGMUHOET Wy 6
WHEMUUEHHEIM YHCRCH BTROE, HITOPAR ABMAL FEH (oS kHMEIN MATHUTHOTD N2MA W B KITORad &
CETy R F S IPHEME MEMHKWTHOM NORA, COXGEHACTD NEPR0RA G YIiE0R LAIyKTHEHIETH WY,
BOSKAKEST MYNPCHPFIWEA 0.4, JNA GBou MEHH HeNpaphlEROTD NANYYSHUA 3.0.0. B3 BTOPOA
Kt 110E MHOYKTHEACSTH W WOTBHBENME3NTT NOACA 1 e kA o OGPETHYH: CBASE G NOMALLEH
OMOAE 8, NOAKINIGE KHCe KD BTOR0RA KETYILKS MHOYKTHEHGCTH W W K MIERJNCHY
1Kk PHEEROMY FIHIAHCATODY 4. [RCna GOCTHHCHMM HRefEaUROR BMANUTYOH konetaHni
3.5, 11 fsad KETYIUKE WHIYKTHEHGCTA WWa 20 SELIA 2ncupeed BGknn KOHOEHCATOR &
HEWHAST BaPANATLES OT 20,0, IIAHALIEE B0 BTOROA ¥ETYLING HHOYETH3HOTTA W, nocne
SED CUIWE HETOMHWE SISKTEW IBCHINT HANER#AHKA, D0uowowed HEdansa npoyacte,
CTHTIHOSEETCA -

BLIX00 AHSPMUE BHEWHDKY 15T02ER 1 16 ORYWECTENRBTEA T NOMOLLEK TRETUER RITKIIM
HIWIYRIAGHSSTH Yilg, VOTEHDENEBHHON COOCHD NOPEWM Jisyrs Wy W g ¥ CEAZAHHON © HHMU
HAAHEASHHIYRUKEH. TTOSEONLEY INCHTPMGEREM AHRPIUA, CHIMBEMER © TPETLEH EATYLIMA
MHOWETHCTH Wi, MMEAT BRICSHY R SA0TOTY, MT0 | Kasfied 416 MaGCBora noTpaGHTenn, |
HEF MOORIHAHEH D IRR MG sE BENPRMKTENE 10, NEScSpaanoLyad ARoan-AETaTHER
JNEKTRHUBCEWE TOK B NOSTAORHHLG JRSTHWHEkA TOK, KOTOPET MOHAT HBNOCRE ST BN Ml
HEpE SUGTEETETERVKILYE NPEOGREIDEITENN MR ki TECH,

M=apesA KAy el WHAYKTHEACCTH Wiy COS0148H3 C uBnLIL iy 2 RCTEYOUL G KK O -

s HRIR A NEKTEWHackrl koHaeHcares 4. Mpw ion Ana aSecnedsrua NonmEHTaNHoH
GEpETHARA Giwse BEXGT ETORCR RETYLUM HHOYETHEHOET 1 Yz OSKNNEH apaa gwan 9 K
P GHONY BMERTRASECEOMY KU opy 4.

A eayNeTaTe ooyLLBLTEARETCA npauﬁumuwlmﬁ AHepndll MarHfTHOTD N3MA B 2eETRASSLHy I
SHEPMUK.

LNF BEGEHN FHG0IAM NOTRCEEr e wNank yeTia TRETER HATYLUKA ROYTURNTENW Wy,
COGAWHEHAH & QHOAHE 8 MOCTOBEIM EINpRsrrenee 10, NPecBoesntildn EHCONHECTOTHHS
#onEtEHMA QMK TPOaHED A B HENPR2HWE MOOTIAHHDNG: TTHE .

YICTOHHUEM ABIOprAz U

1. Marent WA M= S013189.

M=t AR, ANAKTAWHECTA. M, TR WML Kyiimegoea, 1918, Onaitd Yacne, G.4H-

opry NG HaodpoTenes
YoTROACTED ANA NUNPHSHMA 2 i Enind SHeprd, COCTORALES M NEWR EHICMOnS K
By MOTOMHIEY SNARTAWHBCAGH Hapray npeulipasoEsTana HMIkon FanoAsEaHKRA B
ERICDNDE, KOTOpR: YRRIES WO NOOBETCA HE BEPRAAHEIN ANGKTMUEHIMEA KOHGEHSATOR. G KOTOPDND
HAKAFNEHHEE 38pA0 o563 PAUNSHIHEE Epan USckd TOOEATCA Ha. NEPEYID HEITHILEKY
My AnsaGTH, BHyTOR H\ompcﬁ CAQCHD © HEA YU LEnAENeHs ETOREA ¥ATYLUME HHOYETHEHOCTH <
WIARAHGN L W AT BaTHGE, HOTEPAA T ROHOSHCATOROM 16 (MIRHA B AE0HERC C NEEWOO0M

fmea
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PRAPANA DAAPATKHMG W ¢ KOTOPO IRARAKEHNE YEPES Q00 NEPERBETEA HA 33pATHER
ENEKTPHMECKAA KOHABHCATOD, @ BLIXGL SNERTEHMECEON JHERMMM BHaWHEMY MOTReErTano
OCYLUSCTENRETEA © NOMOULES TPETESHE KETYLUNY MEAYKTHEROCTH, YOTEHOBMEHHCR CODCHO NapaLm
Oy, CERIFHEGH © HAMH BIANMHOH HHGYRLIMER 4 COS04HEHHOR G BENPAMUTENSM,
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Ipunoscenue 2
Domozpaghuu demoncmpayuu MaxKema 31eKmMpo2eHepamopa
u namenm Tapusna Kananaose

Puc. 2. UntepBnio Kananaase koppecrnoHAeHTY MeCTHO#i ra3eTnl
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Puc. 3. Buemnuii BUaI Makera

Puc. 4. Bo3aymnslii TpancopmaTtop
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Puc. 6. Ucnosib3oBaHue BOAOMNMPOBOAA B KaYecTBe 3a3eMJIeHUSA
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Puc. 8. KnioBatTHble JaMNbl HATPY3KH
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Puc. 10. I'enepauust 5 kBT 3;1eKTpoHepruu B ABTOHOMHOM pesKHMe MPH
OTKJIIOYEHHOM cTapTepe (aKKyMyJisiTope)
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Puc. 12. YcraHoBKa reHepaTopa
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Puc. 14. To ke
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Puc. 16. BapuaHT Harpy3ku - JiaMnbl HAKAJUBaHNUs 001eil MOIIHOCTBIO 3 KBT.
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Puc. 17. PaGoTa renepaTopa: renepupyemasi MoIHocTh 3 KBT,
3amyck ot 6atapeu «Kpona»
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(57) Abstract: The independent energy device improved with (his invention, starts operation with the initial electric energy received
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capacitor (2), points (3), high frequency generator (4), first filter (5), first bobbin (6), first frequency adjuster (7), second filter (8),
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INDEPENDENT ENERGY DEVICE
The present invention is a device both self sufficient (self feeding) and producing
ready to use electric energy, starts to operate with the initial electrical energy received from
accumulator or similar source of energy, transferring the magnetic field generated in first
bobbin to second bobbin through a frequency stabilizer, after rhythmically stabilizing the
magnetic field occurred between the bobbins; converts the independent energy -received by

the second bobbin from the air- to electric energy.

Today electric energy can be generated by using various kinds of technologies. In
order to summarize some of them; electric energy can be generated through dams, from the
motion of waves, by nuclear power plants, by using solar energy, fuel oil, hydroelectric power
plants and similar areas through using various technologies. There are different advantages
and disadvantages among these various techniques used for generating electric energy. The
general purpose of all these techniques is to generate energy cheaper and faster by providing
high efficiency.

The present invention is improved through using different technologies of today, by
less costly way and without harming the nature, and using a very different technique from the

above mentioned (present techniques used today).

The present invention receives energy externally only at first starting phase. This
mentioned energy can be easily generated from a small accumulator or chargeable battery or
similar sources. 1 -2 seconds after the device is started, the power switch at the energy input
of the device cuts the external electric (from accumulator or similar source of energy) off by
generating electric energy. A very few part of this electric energy generated is used by the
device to feed itself and the most part is discharged ready to be used. As long as the device is
not shut down or no problem occurred inside, the device generates energy consistently. By
recent technology, there is no device similar to the present invention producing energy

consistently by feeding itself.

In order to maintain the device to generate electric energy consistently, two circuits are

designed inside the device.

First circuit; consists of time relay switch, capacitor, points, high frequency generator,
first filter, first bobbin, first frequency adjuster (this circuit is displayed with bold line on the
figure)
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Second circuit; consists of second filter, frequency stabilizer, second bobbin, second

frequency adjuster.

First circuit is designed for generating electricity by transferring the electro magnetic

field occurred at the first bobbin with the electric energy received from the independent initial

5 power supply, to second bobbin. And as the second circuit; Due to the high magnetic field

received from the first bobbin, there occurs a magnetic field difference between the bobbins.

The magnetic field difference occurred between the second bobbin and first bobbin stabilized

by the help of frequency stabilizer within this circuit line. As stabilizing the magnetic field

difference by the help of frequency stabilizer, this circuit line also converts the energy which

10  is moving independently in the air at the second bobbin designed within this line to electric

energy. This electric energy formed by the second bobbin adjusts the necessary frequency

(220 V - 50 Hz or 110 V - 60 Hz) for use, by the help of second frequency adjuster designed

at the bobbin output. This generated electric energy is transferred to the intended usage area

via exit points. Through the circuit cables connected to the exit points, the device feeds itself

15  with the generated electric energy. This mentioned process eventuates 1 -2 seconds after the

device is got started. After this process, the time relay power switch designed at the input of

the device breaks the initial energy supply. After this stage, the device generates the energy
independently.

The present invention is designed as single phase and as the phase number is desired
20  to be increased, the bobbin number shall also be increased for each phase. Depending on the
number of bobbins, the capacities of other parts used in the device are increased

symmetrically.

It is possible to obtain energy in desired amounts of KW from the device. It is

necessary to increase the capacity of the parts depending on the value of the eleciric energy.
25 The figures related to the invention are given enclosed; from the related figures:
Figure 1- Schematic view of the present invention

The parts related to the invention are given numbers and the explanations responding

these numbers are as follows:
1- Power switch
30 2 - Capacitor

3- Points (as distributor of an engine)
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4- High frequency generator
5-  First filter

6~ First bobbin

7- First frequency adjuster
8- Second filter

9

¥

Frequency stabilizer (adjuster)
10- Second bobbin

11- Second frequency adjuster

12- Exit (phase) (positive)

12a- Positive transformation cable
13- Exit (neutral)

13a- Negative transformation cable
14- Neutral (grounding)

15- Initial power supply

A- First circuit cable

B- Second circuit cable

The operation of the present device is explained as below, giving reference to the

parts’ numbers through the figure enclosed.
Energy and frequency circuit on the first circuit (A)

Opening the power switch, the user gives the electric energy received from the initial
energy supply (15) to the first circuit cable (A). Being loaded with the electric energy
received from the energy supply (15) the capacitor (2) serves as a pump, and provides the
points (3) to give electric to the high frequency generator (4). High frequency generator (4)
transfers the high amount of frequency it generated to the first filter (5). First filter (5)
stabilizes the frequency received from the high frequency generator (4) and regularly transfers
to the first bobbin (6). Creating a magnetic field around itself with the high frequency
regularly received from the first filter (5); first bébbin (6) transfers it to the second bobbin
(10). Subsequently, following the first circuit cable (A), the high frequency passing from the
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first bobbin (6) passes to the first frequency adjuster (7). The first frequency adjuster (7)
stabilizes the received high frequency in accordance with the need and arranges without

causing any harm to the parts at its exit.

5 Energy and frequency circuit on the second circuit (B)

The high frequency rised from the first bobbin (6) enters to the second filter through

the second circuit (B). Second filter (8) transfers the frequency received from the first bobbin

(6) to the frequency stabilizer (9). The electromagneiic fields occurred at the bobbins (6, 10)

are different and the magnetic field at the first bobbin (6) is higher than the second bobbin

10 (10). At this stage the frequency stabilizer (9) stabilizes the different electromagnetic fields
occurred at the first and the second bobbins (6, 10). This stabilized high frequency exits from

the second bobbin (10) and is adjusted for the required (necessary for the use) frequency
degree by the help of the second frequency adjuster (11). The user uses the electric energy
generated in the device by the help of exit (phase) (positive) (12) and exit (neutral) cable (13).

15 The positive transformation cable (12a) at the exit of the device and the negative
transformation cable (13a) are connected to the power switch. 1-2 seconds after the device
starts to generate electric, the electric energy generated is transmitted to the power switch (1)
via positive transformation cable (12a) and negative transformation cable (13a). The time
relay at the power switch (1) breaks the energy received from the initial power supply (15).

20  After this stage, the device continues to generate electric energy feeding itself with the self
generated energy and independently without depending to any energy from outside. The
device continues to generate unlimited energy as long as it is not closed via the power switch

(1) or no problem occurred within the system.

25
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CLAIMS

An independent energy device, starting to operate with the initial electric energy received
from the independent initial power supply (15), transferring the electro magnetic field
ocourred at the first bobbin (6) to second bobbin (10), stabilizing the magnetic field
occurred between the bobbins (6, 10) with the help of frequency stabilizer (9), afterwards
converting the independent energy received from the air by the second bobbin (10) to
electric energy, both self feeding and generating ready to use electric energy; composed of
following parts; power switch (1), capacitor (2), points (3), high frequency generator (4),
first filter(5), first bobbin (6), first frequency adjuster (7), second filter (8), frequency
stabilizer (adjuster) (9), second bobbin (10), second frequency adjuster (11), Exit (phase)
(positive) (12), positive self feeding cable (12a), exit (neutral) (13), negative self feeding
cable (13a), neutral (grounding) (14), initial power supply (15).

An independent energy device of Claim 1 wherein characterized to include capacitor (2)

to transfer the electric received from the initial power supply (15) to points (3).

An independent energy device of Claim 1 wherein characterized to include points (3) to

transfer the frequency that the high frequency generator (4) needs.

An independent energy device of Claim 1 wherein characterized to include the high
frequency generator (4) to transfer the high frequency occurred within itself to the first
filter (5).

An independent energy device of Claim 1 wherein characterized to include the first filter
(5) to order the frequency received from the high frequency generator (4) and transfer to
the first bobbin (6).

An independent energy device of Claim 1 wherein characterized to include the first
bobbin (5); providing a high electro magnetic field around itself to transfer the high and
regular frequency received from the first filter (5) to the second bobbin (10) and the
electric energy received from the initial power supply (15) both to the first circuit cable
(A) and to the second circuit cable (B).

An independent energy device of Claim 1 wherein characterized to include first frequency
adjuster (7) to stabilize the normal frequency received from the initial power supply (15)
with the high frequency received from the first bobbin (6).
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8- An independent energy device of Claim 1 wherein characterized to include the second
filter (8) to order the high frequency received from the first bobbin (6) and transfer to the
frequency stabilizer (adjuster) (9).

9- An independent energy device of Claim 1 wherein characterized to include frequency
5 stabilizer (adjuster) (9) to stabilize the electro magnetic field differences occurred between
the first bobbin (6) and second bobbin (10).

10- An independent energy device of Claim 1 wherein characterized to include the second
bobbin (10) to generate electric energy combining the electro magnetic field received
from the first bobbin (6) and the independent energy received from the air, after the

10 frequency stabilizer (adjuster) (9) orders the electro magnetic field between the bobbins
(6, 10).
11- An independent energy device of Claim 1 wherein characterized to include the second

frequency adjuster (11) to stabilize the high frequency received from the second bobbin

(10) in accordance with the need to be used.

15.  12- An independent energy device of Claim 1 wherein characterized to include Exit (phase)
(positive) (12) and Exit (neutral) (13) designed in order to enable the device to use the

electric energy generated.

13- An independent energy device of Claim 1 wherein characterized to include positive
transformation cable (12a) and negative transformation cable (13a) designed in order to

20 enable the device to feed itself with the electric energy generated.

14- An independent energy device of Claim 1 wherein characterized to include the initial

power supply (15) to provide the device operates at the first time.

25
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®dopmanibHOE yueHue DHHIITeHa HeOCTIOpUMO,
eciu (?! —B.A.) TOUHBI €r0 OCHOBAHUS U CIIEICTBHS
C.U.Basunog. Beenenne k kKHUre «KCIEPUMEHTAIbHBIE
OCHOBaHHSA TEOPHH OTHOCUTENbHOCTH. 1928r.

B kn. C.1.BaBusos Co6p. Cou. 1. 4c¢. 16.

M.: AH CCCP, 1956

BBenenune

[Mpourio Gonee cra JetT ¢ MoMeHTa myOnukanuu A.Maiikenbco-
HOM pe3yJIbTaTOB CBOET0 3HAMEHUTOIrO HKCIIEPUMEHTa N0 OOHapyxe-
HUIO 3QUPHOrO BeTpa. DTH pe3yIbTaThl, MOKa3aBUINe, YTO HA YPOBHE
MOBEPXHOCTH 3eMJIM d(UPHBINA BETEp OTCYTCTBYET, XOTS OXKHMIAIOCH,
YTO €ro CKOpPOCTh OyJeT COOTBETCTBOBATh OPOMTAILHOW CKOPOCTH
newkenus 3emiu Bokpyr Comnua (30 km/c), s MHOTMX OKa3aiuch
HeoxkuaanHbiMU. [loBTopeHue skcnepumenta A.A.MalKkelbCOHOM U
E.B.Mopnu (1886-1887) noarBepansio TMOJIyYeHHBIH pe3yJibTarT.
HNmeHHO 3T0 00CTOATENIbCTBO MOCTYKUIO OCHOBaHWEM Ui POpMHUPO-
Banusg A.DiHireitnoM B 1905-1910rr. crienmansHoi, a B 1915-1916
rojibl 00LIeH TEOPUU OTHOCUTEIILHOCTH.

Bnectaupe ycrnexu TeOpUH OTHOCHTENILHOCTH B OOJNACTH 3IeK-
TPOJUHAMMKH JBWKYIIMXCS TeT U B 00JIACTH JIBUIKEHUM C OKOJIOCBE-
TOBBIMUA CKOPOCTSIMH, Hapsly C XOPOIIO W3BECTHBIMH TMOJIOKHUTEIh-
HBIMU M MPAKTUYECKUMH pe3ysibTaTaMH, MOBJICKIH 3a cO0OW Takke
HekoTopble ¢unocodckre TpakToBKU. OHU PACIPOCTPAHSIOT MOCTY-
JIaThl, METO/BI U BBIBOJBI TEOPHUHM OTHOCHUTEJILHOCTH 3a TMpeesibl TOH
o0jacTH, B KOTOPO# OHU anpoOHpOBaHbl, U MOITOMY MPHUBOAS K He-
KOPPEKTHOCTH B obIedunocodcekol miane. B aTux TpakToBkax cuu-
TaeTCs, YTO JIOTUYECKHUE MOCTPOSHUS TEOPUH OTHOCUTEIHLHOCTH UMe-
10T criTy abCONMOTHOM WCTHHBI, a €€ DKCIIepPUMEHTAIbHbIE MOATBEp-
JKIASHHUS 00JIaAaroT TOJMHOTONW W MCUEPITHIBAIOIINM XapaKTepoM, KpH-
THKa TEOPUU OTHOCUTENILHOCTH, PaHee IIUPOKO pa3BepHyTas Ha cTpa-
HUIIAX HAYYHBIX )KyPHAJIOB, HAYMHAS CO BTOPOU MOJIOBUHBI HIECTUIEC-
CATBIX TOJIOB, MPAKTHYECKH HUCUe3Ia.
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OnHako psn MOJIOKEHHH, BBIIBUHYTBIX TEOPUEH OTHOCHUTEIBbHO-
CTH, TO-TIpEKHEMY BBI3BIBAET COMHEHHS, a <OKCIEPUMEHTAIbHbIE
MOATBEPIKICHUS» HE BCEr/la OKa3bIBAIOTCS YOSUTeIbHBIMU. BhIBOIBI
’Ke, BBITEKAIOLIME W3 TOCTYJIATOB TEOPHUH OTHOCHTEIbHOCTH, UMEIO
Ja7ieKo MIyIIue MocyieAcTBUs. Tak, BBIBOJ CeUAIBHON TEOPUH OT-
HocurenbHocTH (CTO) 00 orcyrcTBMM B mpupone 3dupa Jdimaer
9HEPruIo ee MaTepuanbHoro Hocurens. [lonsTre «iose —ocoOblii BUI
MaTepur» SBISIETCS BCEro JIMIIb TOMBITKOW MOAMEHbI TEPMHHOB, C
OJTHOM CTOPOHBI, a C APYrod — OTKAa30M OT MPOHHWKHOBEHHS B MeXa-
HU3M YCTpOMCTBa MOJsl M 3aMEHOM 3TOro MeXaHu3Ma MaremaThye-
CKUM OINMCAaHHEM pe3yJbTaTOM BO3ICHCTBHS MOJIA. DTUM HaAKJIa/bl-
BAIOTCSl OrPaHMYSHMs] Ha MO3HABATENIbHbIE BO3MOYKHOCTH UellOBEeKa B
OTHOILICHHH TOJICH, a 3TO, B CBOIO Ouepe/ib, IPUBOAM K OrPaHUYCHHUAM
B BO3MOKHOCTH KCIOJIb30BaHHs CWJI TIPUPOABI Ul NPaKTHYECKOU
JeSTeITbHOCTH.

Wmeetcs u psa Apyrux IMojo)keHWH, MPEeTeHIyIoIMX Ha (yHIa-
MEHTaJIbHBIN XapakTep, KOTOpbIe, OJJHAKO, SBJISIOTCS JHLIb CICACTBH-
€M HEeNpaBOMEPHOrO PACIIMPEHHs] 00JIAaCTH MPUMEHEHHs HMCXOTHBIX
MOCTYJIATOB M JIOTMKHA T€OPUM OTHOCHUTEIBHOCTH M COOTBETCTBHE KO-
TOPBIX peajbHON CHCTBUTEILHOCTH JaIeKO HE OUSBHIHO.

B cBoeli cniencepoBckoit nekuun «O MeToae TeopeTudeckoit du-
3uku» [2, c. 184], npountannoii B 1933roxy, DitHIuTelH Tak usara-
€T CBOe MpeJCTaB/IeHUe O TOM, KaK HaJl0 CTPOUTb TEOPETUYECKYIO (hU-
3UKY:

«...aKCHMOMaTHYecKasi OCHOBAa TEOPETHUUECKON (M3MKH HE MOXKET
ObITh M3BJICUEHA W3 OMbITA, a JOJDKHA ObITh CBOOOJIHO U300pETeHa. ..
OnbIT MOXET MoAcKa3aTb HaM COOTBETCTBYIOLIME MaTeMaTH4ecKue
TIOHSTHSI, HO OHM HU B KOEM Clly4ae He MOTYT ObITh BBIBEJCHBI U3 He-
ro. Ho Hacrosiiee TBopueckoe Hayaslo MpUCYyIe MMEHHO MaTeMaTH-
ke. [losToMy 51 cumTato, B M3BECTHON Mepe, ONpaBAaHHON Bepy OpeB-
HHUX B TO, YTO YHCTOE MBIIUICHHE B COCTOSHHUU MOCTHIHYTH peajib-
HOCTB».

«...Crieryer corylacuThbes, 4To «OJIM30CTH» OCHOBHBIX MOHSTHI U
(yHIaMEHTaJIbHBIX TMIIOTE3 TEOPUU K ONBITY SBJISETCS BaXKHBIM €e
NPerMYLIECTBOM M Oolbliee JOBepUe K TaKOW TEOPHH, KOHEYHO, OI-
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paBaaHo. 3/1eCh MEHbIIIE OMACHOCTh YHTH COBCEM B CTOPOHY, B HacT-
HOCTH, TIOTOMY, 4TO TpeOyeTcs ropa3fio MEeHbIlIe BpeMEHH U CHJI, YTO-
OBl ONPOBEPrHYTh TaKyrO TeOpHIO0 Ha ombite. Ho cHOBa M cHOBa, Mo
Mepe YriayOJeHus] HalIMX MO3HAaHH, Mbl JOJDKHBI OTKA3aThCs OT 3TO-
ro MperMyLIeCTBa B HALIeM CTPEMJIEHHM K JIOTMUECKOH MpocToTe U
eIMHCTBY OCHOB (hu3nueckoit Teopum» [3, C. 726].

CpaBHMBasi M0JOOHBIE BBICKA3bIBaHHS C U3BECTHBIM MOJIOKEHHEM
JMAIeKTHYECKOTO0 MaTepHali3Ma O TOM, YTO «TOYKA 3PEHHUS KHU3HH,
MpPaKTHUKa JTOJDKHBI ObITh TIEPBOM M OCHOBHOM TOYKOMW 3peHHs TEOpHUH
nosHanus [1, €. 145],0 ToMm, 4TO «@IpU3HaHKHE OOBEKTUBHOM 3aKOHO-
MEpPHOCTH TMPHUPOJBbI U TMPUOIM3UTEIBHO BEPHOTO OTpPaK€HHsl 3TOMU
3aKOHOMEPHOCTH B T'OJIOBE 4YesioBeKa ecTh Martepuanusm» [1, ¢. 159],
MO’KHO KOHCTATHPOBATh CYLIECTBEHHYIO pPa3HHIy B OLICHKE POJI
NPaKTHKU B MO3HAHUHU 3aKOHOB MPUPO/IbI.

B cBs3u ¢ Tem, uro Bce Oosee ourymaercs HeoOXOIWMOCTb B
CTPOroM 0OOCHOBaHWM OOIIMX MOJIOKEHHWH €CTeCTBO3HAHUS, LETIeco-
00pa3HO BHOBb KPUTHUYECKHA OCMBICIIUTh UCXOJIHBIC TIOCTYJIAThI, JIOTH-
YeCKHe MOCTPOCHHUSI M HKCTIEPUMEHTATbHBIC MOATBEPKICHUS TEOPUH
OTHOCHUTEITBHOCTH C TeM, YTOOBI elle pa3 OLEHWTb MHUPOBO33pEHUE-
CKHe KaTeropuu U MOCMOTPETh, He MpaBUiIbHee ObLUIO Obl NPUBIICYb U
Jpyrue TpeacTaBieHHs, OTBEPrHyThie COBPEMEHHOM TEOPeTHUYECKOM
(u3nKoii 6e3 NOKHOTO OCHOBAHMS.

Kpurnueckoe ocMbICICHHE JIOTMYECKUX OCHOB TEOPHH OTHOCH-
TEJILHOCTH TeM 0oJjiee HeOOXOIMMO, YTO B HACTOSIIEEe BPeMs MOSBH-
JIMCh HOBBIE TEOPHH, MPETEeHAYIOUINe Ha Poib 0000IIAIOIIMX TeOpHit
€CTeCTBO3HAHMS, B TOM UYHCJIE pa3lInuyHble MOAECPHHU3ALUHN TEOPHH OT-
HocHTellbHOCTH A.DiiHITeiiHa. KpuTHKys OTHeNbHbIe, 4acTo Hecy-
IIECTBEHHbIE TOTPELIHOCTH TEOPHUH OTHOCHTEJIBHOCTH, 3TH TEOPUH
MIOBTOPSIOT ee (pyHIaMeHTaIbHbIe METOI0JIOrMYecKre OINOKH, Oa3u-
pysch Ha MPOM3BOJILHO BHIOPAHHBIX MHBApUAHTAX, MPOU3BOJIBHBIX
NocTyJiaTax, CBOAsS Bce pa3HOOOpa3ue peasibHbIX JIBUKSHUH MaTepuH,
KOHKPETHBIX JUT KOKIOTO (PU3NUECKOro SBIEHHS, K MPOCTPAHCTBEH-
HO-BPEMEHHBIM MCKKEHHSM.

Touka 3peHHss aBTOpa Ha METOIOJIOTHYECKUE MPOOJIEMbI, CBSI3aH-
HbIE C TeOpHeil OTHOCHTENILHOCTH, U3JI0XKeHa B padorax [29, 30, 173].
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I'maBa 1. Jlornyeckne OoCHOBaHMS TEOpUH OTHOCUTE/Ib-
HOCTH

1.1. O6 HCXOZHBIX MOCTYJATAX TEOPHH OTHOCHTEJIHHOCTH
A.JiiHmTeiina

Kak u3BecTHO, mocTynaTtaMu crelragbHO TEOPUH OTHOCHUTEIBHO-
ctH, paspaboranHoi A.DiHiTeiiHoM [4, €. 10; 5, c. 152kastoTes:

1. OnuHaKoOBOCTH MPOTEKaHUS B JIIOOBIX MHEPLHATILHBIX CUCTEMax
oTcyeTta BceX (pM3MUECKUX sBICHHIM (MEXaHMYECKUX, ONTHYECKUX Te-
TUTOBBIX U JIp.);

2. He3aBHCHMOCTb CKOPOCTH PaclpoOCTpaHEHHs CBETa B BaKyyMe
OT ABW)KEHHS UCTOYHHMKA CBETa M OJMHAKOBOCTH €€ BO BCEX HAIlpaB-
JICHUSX.

U3 nmepBoro noctynara BbITEKaeT HEBO3MOXHOCTb OOHApPYKEHUS
(hakTa paBHOMEPHOrO0 M MPSIMOJIMHEHHOrO NBKKEHHS] C TMOMOLIBIO
THOOBIX (PU3NYECKUX SKCMEPUMEHTOB, MPOBOIUMBIX BHYTPU IBHKY-
uielics nabopaTtopum.

U3 BTOpOro — HEBO3MOXKHOCTb MOJYYEHHS! CKOPOCTEH, MpeBbl-
IAIOIINX CKOPOCTh CBETa, a, KPOME TOro, He3aBUCUMOCTh CKOPOCTH
CBeTa OT CIOCOOOB HAOIIO/IEHUS] K U3MEPEHMS.

CrenctBueM 3THUX ABYX IMOCTYJIaTOB SIBJSIETCS 3aBUCMMOCTD MpPO-
CTpaHCTBa, BPEMEHHU M MacChl OT CKOPOCTU JBMXKEHUS Tel U psd ApY-
rux nojoxkeHuid. O6a OHM BO3MOJXKHBIE JIMIIL B TOM CITydae, eciid MH-
poBas cpena —3¢up He CyllecTByeT B Npupoje, HOo CyllecTBOBaHHE
TaKOM BCENPOHUKAIOLLEH cpelibl cpa3y ke METOA0JIOrMYecKu 000CHO-
BBIBACT TOMCKH CMOCOOOB OOHapyKEeHHWs [BW)KEHHS 3TOH cpebl
CKBO3b J1a0OpaTOpPHIO M, CIEeIOBaTeNbHO, OOHapyXeHus (akra IBH-
JKeHHs 1abopaTopuM CKBO3b 3(Up, HE BBIXOI 3a ee mpeesnsl. Takoe
JBWKECHUE, BUIUMO, HE MOXET OBITh OOHapyKeHO MeXaHWYeCKUMHU
criocobamH, 4ero, 0JJHaKo, 3apaHee HeJb3s CKa3aTh MPo CIOcOoObl OM-
TUueckue. Hanuuue cpenbl Mo3BosieT Takke UCKaTh pazivyus B CKO-
POCTH CBeTa B HEMOCPEACTBEHHOM OJM30CTH OT UCTOYHUKA U HA yJa-
JICHWH OT Hero, MpH ABWKEHHH JabopaTopuu M B MOKOE, paccMaTpu-
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BaTh MEPEXOAHBIE MPOLECCHl NMPH MepeMeleHnl (HOTOHOB, UTO OBIIO
ObI ompaBaaHO TS JIF000# ra30Mo100HON MITH )KHUAKOH Cpeibl.

Takum 00pa3om, BOMpoc O CYLIECTBOBAHWHM B MPUPOJIE MUPOBOM
cpeny —a¢upa TecHeHIIMM 00pa3oM MeperuieTaeTcsi ¢ BONPOCOM Ipa-
BOMEPHOCTH TPUHATHS OCHOBHBIX MOCTYJIATOB TEOPUH OTHOCHUTEIb-
HOCTH.

Kak wu3BecTHO, K MbIciM 00 OTCYTCTBMM B TpHpoae 3dupa
A.DiiHIITeliHa MPUILeNT Ha OCHOBE aHaJIM3a Pe3yJIbTaTOB SKCIIEPHUMEH-
toB ®u3o B 1851roay [6] u MaiikenbcoHa, MPOBEICHHOTO BIIEPBbIC B
1880-1881rr. u 3aTtem moBTopeHHOro BMecte ¢ Mopnu B 1886-1887
rr. [7-9].

DKCNepUMeHT, NMpoBeAeHHbI P30, CTaBWII LETbIO ONpPeeUTh
CKOpOCTh CBETa B BOJE, ABIXKYILUCHCS BIOJb HANpaBJICHUs pacrpo-
cTpaHeHHsi cBeTa. B pesynbraTte 0OpabOOTKM AaHHBIX DKCIIEPUMEHTA
OBITO MOKA3aHO, YTO CKOPOCTH CBETA B BOAE COCTABJISAET BEJIMUMHY,
paBHYIO

C 1
u=— =(1- —),
n n

rIe ¢ — CKOpPOCTh CBeTa B BaKyyme, N — MoKas3arellb MpeIoMICHUS
cpeibl; V — CKOPOCTh IBUKEHUS cpeaibl (BOIbI).

Takum o6pasom, onbiT PU30 A0Ka3al, YTO CBET YAaCTHYHO YBIIe-
KaeTcs ABWKYLIENCS Cpelloi.

DxcnepuMeHT MaiikenbcoHa-Mopiu CTaBWIT CBOEH 1eNbIO0 Ofpe-
JEUTh 3HAUYCHUE CKOPOCTH 3(HPHOrO BETpa, MOCKOJIbKY MpeArnoa-
rajoch, 4to 3¢up He yBiekaercs 3emineit (runoresa Jlopenua He yB-
nekaeMoro 3¢upa). PesynbraTel dKCepUMeHTa [OKa3aiH, 4TO, MO
KpaiiHeli Mepe, B MpejesnaX TOYHOCTH MPOBEICHHBIX OIMBITOB 3(Hp-
HbIIl BeTep Ha TMOBEPXHOCTH 3eMJIM OTCYTCTBYET, CIIIOBATEIbHO,
3¢up, €CIIM OH CYLIECTBYET, MOJHOCTHIO YBIIEKaeTCs 3eMIIei.

B pa6ote «IIpuHIMIT OTHOCHTEIBLHOCTH | ero ciaenctsus» (1910),
[5, c. 140]A.DitHiuTeliH, aHaTM3UPYsl pe3yJIbTaThl SkcriepuMeHTa du-
30, MMPUXOJUT K BBIBOAY O TOM, YTO YaCTUYHOE yBJIEUCHHE CBETA [IBH-
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KyIIeHcs KUIAKOCTBIO «...0TBEpPraeT TUIOTe3y TOJHOTO YBIICUEHHS
a¢upa. CrienoBaTebHO, OCTAIOTCS IB€ BO3ZMOKHOCTH:

1. Ddup NOAHOCTHIO HEMOJABUKEH, TO €CTh OH HEe MPUHHUMaeT ad-
COJIFOTHO HUKAKOT'0 y4YacTHsl B JBM)KEHUH MaTEepHH,

2. Ddup yBiekaercs ABWXKYLIEHCS MaTepueid, HO OH JIBUXKETCS €O
CKOPOCTBIO, OTJIIMYHON OT CKOPOCTH JBMKEHHUS] MaTePUH.

PasButue BTopoii runotessl TpeOyeT BBEACHUS KaKUX-TUOO Npea-
TMIOJIO’KEHWI OTHOCHUTEIIBHO CBSA3M MEXKIy 3(hPMpOM M IBIXKYLIEHcs Ma-
tepueid. IlepBast ke BO3MOXHOCTb OueHb npocma (KypcuB MO —
B.A.), v 11 ee pa3BUTHs Ha OCHOBe Teopuu MakcBesia He TpebyeTcs
HUKAKOW [OMOJIHUTENBbHOM TMIMOTE3bl, MOTYLLIEH OCI0XKHUTb OCHOBBI
TEOPUU».

VkazaB nanee, uro Teopusi JlopeHua o HemoABMKHOM 3dupe He
MOATBEPANIACE pe3y/bTaTaMU SKclepuMmeHTa MaiikenbcoHa, W, Ta-
KHUM 00pa3oM, HAJTMLIO MTPOTUBOpeUre, DHHIITEeHA 3asBIIseT:

«...Helb3s CO3JaTh YJOBJIETBOPUTEIbHYIO TEOPHIO, HE OTKa3aB-
IIMCh OT CYLIECTBOBAHUS HEKOEW cpelibl, 3amloJIHSIOLIEH BCe Npo-
CTPaHCTBOY.

W3 m3noxeHHOro BHUAHO, YTO A.DWHIITEHH paau <«ITIpPOCTOTHI»
TEOPUH CHEN BO3MOXHBIM OTKa3aTbCsi OT (U3MUECKOTO OOBICHEHUS
(hakT MpOTUBOPEUHs BBIBOJOB, BHITEKAIOLIMX M3 YKAa3aHHBIX IBYX K-
CriepuMeHTOB. BTopasi BO3MOXKHOCTB, OTMEUeHHasi DHHIITEHOM, Tak
HUKOI/Ia U He ObLIO pa3BUTa HUKEM W3 W3BECTHBIX (DM3UKOB, XOTS
MMEHHO 3Ta BO3MOXHOCTb He TpeOyeT OoTKa3a OT MHUPOBOW cpelbl —
a¢upa.

OTka3 OT HeOOXOAMMOCTH yueTa POk  (PU3MUYECKOrO HOCHTEJNS
9HEPruy BO3MYILEHHH, KOTOPBIM sBJsieTCs 3QUp, eCTb, B TNEPBYIO
ouepenb, 0TKa3 OT HeOOXOAMMOCTH U3yUYeHHUs (PU3NUYECKOI CYIIHOCTH
SBJIEHUHA. DTO €CTh MOMBITKA OrPaHUYMUTH SBJICHHE ero (opMalibHO-
MaTeMaTHYeCKHM OMNKMcaHWeM, Moao0paB mocjenHee TakK, YTOObI BbI-
BOJIbI, CJIEYIOLIHE M3 MPeIIOKEeHHbIX (YHAAMEHTAIbHBIX 3aBUCUMO-
cTei, (OpMAIbHO COBMAJM C SKCHEPUMEHTAIbHBIMK JaHHbIMH. Ha
HEJOCTATKH TaKoro MOJXOAa B CBOE BpeMs YKasblBal PsI aBTOPOB,

pa3dBUBAOLIMX TaK HAa3bIBAEMYIK0 KHUHETHUYCCKYHO TCOPUIO MaTepuu
[10-12].
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Hukakue maTemMaTHueckre BBIKIAIKH HE B COCTOSHHU OOBICHHUTH
(u3rUecKoe CyIECTBO SIBJICHHMS, €CJM OHO HE 3aJI0)KEHO B UCXOJIHBIE
ycioBus. O0bsicHeHHe (pU3NUSCKOl CYIIHOCTH O3HAYaeT He OMUCaHHe
SIBJICHHS, a BCKPBITHE €r0 BHYTPEHHEro MeXaHW3Ma, MPOCIIeKUBaHHE
NPUYUHHO-CJICICTBEHHBIX B3aUMOOTHOIICHHI MEKIy €ro cocTaB-
asirotMu. [IpocTo MaTeMaTHuecKux Ornepaidii, B TOM YKCiie U MaTe-
MaTHUYECKHX OIepalyii TEOPUH OTHOCHTEILHOCTH, HEIOCTATOUHO ISt
OTBEeTa Ha BOMPOCHI O (PU3HUUECKON CYIIHOCTH SIBJICHHI, pacCMaTpH-
BaeMbIX €10.

OTKa3 OT HOCHUTeJNs SHEpruM O3HAyaeT, KpoMe TOro, MpH3HaHHUE
BO3MOJKHOCTH CYILECTBOBaHHS ABHKEHUs 0€3 MaTepUH U COXpaHEHHE
SHEPruM B MPOCTpaHCTBe 0e3 MaTepHaIbHOrO HOCHTEIS B MOMEHT,
KOT/Ia 3Ta 3HEePrusi, HalprUMep, B JICKTPOMArHUTHOM (hopme, TTOKUHY-
Ja OJIHO TeJIO M He JOCTHIJIa BTOPOTO, — MPUMEp, MCIOJIb30BAHHBIM
Makcgesiom [13, €. 253].Cebiiika Ha «0cO0bIi BUI MATEPHH — MOJIE»
HE MEHSeT Jieia, TaKk KaKk HUYero He OOBSCHSAET M HE PacKpbhIBaeT Me-
XaHU3Ma yCTPOWCTBA ATOro «ocoboro Buaa Matepun». Takum obOpa-
30M, pa3BHTHE TEOPUH TOJILKO Ha OCHOBE «IIEPBOW BO3MOXKHOCTH
NpU HAJTMYMK <«BTOPOM BO3MOKHOCTHY» SIBHO HEIOCTATOYHO TMPaBO-
MEpHO.

Buaumo, nonumas 3to, B pabote «Idpup U TeopHsi OTHOCUTEIBHO-
cru» (1920) [13, c. 253\ .DiiHITeiiH U3MEHUIT TOUYKY 3PEHHs Ha Cy-
1iecTBOBaHue dupa:

«Pe3tomMupysi, MOJKHO CKa3aTh, 4TO 00IIas TEOPHUsSI OTHOCUTEIBHO-
CTH HaJessieT MPOCTPAHCTBO (DU3MUECKUMH CBOWCTBAMHM, TAKMM 00pa-
30M, B 3TOM cMbIciie 3¢up cyniectByeT. CoriacHo oOuiell Teoprn OT-
HOCHTEIIbHOCTH MPOCTPAHCTBO HEMBICIUMO 0e3 3dupa; nelcTBUTENb-
HO, B TAKOM MPOCTPAHCTBE HE TOJbKO OBbIJIO Obl HEBO3MOXKHO PACHpO-
CTpaHeHHe CBeTa, HO He MOTJIH Obl CYIIIECTBOBATh MAcIITAObI M Yachl,
¥ He ObLI0 Obl HUKAKUX MPOCTPAHCTBEHHO-BPEMEHHBIX PACCTOSIHUM B
(U3MUYECKOM CMBICIIE 3TOTO CIIOBaX.

B pabore «O6 sdupe» (1924) [15, c. 160A.DiiHiuTeliH BHOBL
MOIYEPKUBALT:

«MBI HEe MOXKEM B TeopeTHueckou ¢usuke odoiiTrck 6e3 adupa,
TO €CTh KOHTHHYyMa, HaJeJeHHOro (hU3MYECKUMH CBOMCTBAMH, MO0
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o01masi TeopHsi OTHOCUTEIIbHOCTH, OCHOBHBIX W/I€H KOTOPOH (DH3UKH,
BepoOsITHO, OyayT mpuaepkuBatbest Beerma (1? — B.A.), uckirouaer
HEMOCPEeACTBEHHOE NallbHOACHCTBHE, KaKaas yKe TeopHs ONM3KoAei-
CTBHUS TpEANoJaraeT HaJIMuue HeMpepbIBHBIX MOJIeH, a, ClieIoBaTe b-
HO, CYIIIECTBOBaHHE dupar.

Takum oOpa3om, clielyeT KOHCTaTUPOBaTh, UYTO pabovuii mpueM,
WCTOJIb30BaHHbIA DWHIITEHHOM, 3aKJIIOYAIOLIMICS B MPeANOYTeHUN
Oosiee «IPOCTOro» MyTH HMCCIIEAOBAaHUs, MPHUBEJ K MPOTUBOPEUHMIO:
crieranbHas Teopusi otHocutenbHocTH (CTO) HecoBMecTHMa ¢ mje-
eil cyuecTBoBaHus B npupoae ddupa, a o0las TeOpur OTHOCHTEIb-
Hoctu (OTO) HecoBMecTHMa C Mzeeil OTCYTCTBUS B Mpupoe ddupa,
XOTs 00€ YacTH TEOPUH BBITEKAIOT W3 OHHUX W TeX K& MPUBEICHHBIX
BbILLIE MOCTYJIATOB, U Aaxe Ooyiee TOro — ob1asi Teoprsi OTHOCHTEIIb-
HOCTH SIBJIICTCS IPSMBIM MPOJIOJKEHUEM CTIeLIMaIbHOW TEOPUH OTHO-
CHUTEIILHOCTH, M 00€ UMEIOT O/IHOTO aBTOpA.

Crnenyer OTMETHTh, YTO PabOTHI MO OOHAPYXKEHHIO S(UPHOTO
BeTpa O6bun npoaomkenbl E.Mopau u JI.Mumiepom (1904-1905) na-
nee J[.Mumiepom (1921-1925M, Hakonen, camum A.MaiikeTbCOHOM
(1929).D1u sKCHIEpUMEHTBI 1aJTb MOJOKUTEIbHBIN pe3ysbTat: 3(up-
HbII1 BeTep ObLT OOHAPYIKEH, YTO OJHO3HAYHO MOJATBEPIKAACT CYLIEeCT-
BOBaHME B MpHpoe 3pupa 1 B MPUHLIMIE HE OCTaBIISICT BO3MOYKHOCTH
JUTS BBIJBDKCHUS] TIPUBEJCHHBIX BBILIE TMOCTYJIaTOB TEOPUHU OTHOCH-
TEITLHOCTH.

B nocnennue roapl crany nossisThes padotsl [16-19], B koTophIx
aBTOPBI OOpalalOT BHUMAaHWE Ha HEJOCTATOUYHOCTh MCXOIHBIX MOJIO-
JKEHWI TEOPUH OTHOCHUTEIBHOCTH A.DHHINTeHHa. YKa3biBaeTcs, B Ya-
CTHOCTH, Ha TO, YTO BOMPOCHI OTHOCHTEIILHOCTH B CBOE BpeMs pa3pa-
OaThlBaIUCh W APYTMMH  MCCIICIOBAaTesIMH, B  YaCTHOCTH,
I".A.JlopeniieM, KOTOpBI# BbiBen cBOM npeoOpazoBanus B 1904 rony,
TO €CTh 3a TOJ 10 CO3AaHUs DHHIITEHHOM TEOPHH OTHOCHUTEIBHOCTH
[20] u3 ycnoBus ABMKEHUs 3apsiiOB OTHOCUTEbHO 3¢upa. [Tomyuen-
Hble TIpeoOpa3oBaHus, U3BECTHBIE BCEMY MHPY KaK «peoOpa3oBaHUs
JlopeHua», ObIITM UCTIONB30BAaHBl DWHIITEHHOM B CHEUUATBHON Teo-
pPHUM OTHOCHTENILHOCTH KaK OJTHO U3 CBUICTEJIbCTB OTCYTCTBHS B TPH-
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pone 3¢dupa. Bornpockl 0OTHOCHTENTLHOCTH pa3padaThiBainch GpaHIry3-
ckuM MatemaTkoM [lyankape [21] u psaom Apyrux Juil.

[lpu3HaBasi, 4TO BCSKHE OBMIKCHUS MOTYT OBITh TOJBKO OTHOCH-
TEeJIbHBIMHU, 3TH aBTOPbI BOBCE HE CUMTAIM O0S3aTENIbHBIM YCIOBUEM
NPaBUIBHOCTH 3TOTO TOJIOXKEHHUs OTKa3 OT 3¢upa, a Ha00OpoT, yKa-
3bIBAJIM Ha HEOOXOAMMOCTH ero cyuiecTBoBaHus. Mx Teopum Ommke
OTpaXkaloT PeajbHOCTh, HO, K COJKaJICHUIO, HEe CBOOOJHBI TaKke OT
HETIPaBOMEPHOT0 PacIIMpPeHus] 00IacTH pacrpoCTPaHEHHs CBOMX BbI-
BOJIOB M MJeaJM3allM TOMy4YeHHbIX MaTeMaTH4ecKux peuieHuid. He
MMesl HUKaKoro NpelcTaBiieHus: 0 npupoze 3¢hupa, 0 npupoae Hoei,
yKa3aHHbIe aBTOPBI JaJd BCEro JIMLIb HMICaTM3UPOBAHHBIC MOAEIH
HEKOTOPBIX SIBICHWH, XOTS W MeHe MPOTHBOPEUMBBHIC, YeM MOJEIb
@ .JiHIITeHA.

Kaxnoe ¢usnyeckoe sBICHUE OMUCHIBACTCS OINpeAeIeHHbBIMU
(YHKIMOHAIBHBIMHA  3aBUCHMOCTSIMU MEXKAY (U3MUECKUMH BEITHYH-
HaMu. B 3aBHCHMOCTH OT TOTO, KaKue W3 3THX BEJMUYMH SBIISIOTCS WIH
NPUHATHI MTOCTOSHHBIMH, HE3aBUCUMBIMU OT JAPYTUX, OCTallbHbIe Be-
JMYMHBl OKa3bIBaloTCs (GyHKUMsAMU. BennuuHbl, He 3aBHcAIINE OT
OpYTHX, SBISAIOTCS (U3MYECKMMH HWHBapuaHTamu. M3 moctymnaTtoB
TEOPUH OTHOCHUTEJIBHOCTH BBITEKAET, YTO BCe COOBITHS M Bee (hu3nue-
CKHe SIBJICHUSI PAaCCMaTPUBAIOTCS B CBS3U C SIBICHUEM pacrpocTpaHe-
HHS CBETa, M CKOPOCTb cBeTa (Y4acmmnoe CBONCTBO — CKOPOCTb YdacHI-
HO20 SIBIICHUS — CBeTa) BBICTYNaeT Kak eceoowjuit (1) duzndeckuii
WHBapHUaHT).

OnHako OYEBHMAHO, YTO ceodujumu (HU3NUECKUMH MHBapHaHTa-
MM MOTYT SIBJISATBCS JIMIIB (PU3NUECKHEe KaTeropuH, MPUCYTCTBYIOLINE
a0COJTIOTHO BO BeeX (PU3MYSCKHX SIBIICHUSAX HAa BCEX YPOBHSX OpraHM-
3auu MaTepud. TakuM MHBapUaHTaMU SBIISIOTCS KaTerOPUU OGUdice-
HuA, Mamepuu nPpocmMpancmea u épemeHu. Vimu He MOTYT BBICTY-
naTth HUKAKWe YacTHbIC CBOMCTBA YAacTHBIX (DU3MUECKUX SIBJICHHIA.
Wmes B BUIy, 4TO GONBIIMHCTBO (PU3UUESCKHX SIBJICHHUI HE COMPOBOXK-
JaeTcs M3TyuYeHHeM CBeTa M He MMEeT OTHOLICHWs K 3JIeKTpoMarHe-
THU3MY, HallpUMep, TPAaBUTALIMOHHBIE U SA€PHBIE SBJIEHHS, TO CUMTATh
CKOpOCTh CBeTa BCEOOIIMM WHBAPHAHTOM U PACIPOCTPAHATH ITY Be-
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JMYMHY KaK MCXOIHYIO IJISl BCETO 3/1aHusl (PM3MKH, 10 MEHBIIEH Mepe,
HET OCHOBAHHH.

Hcexons u3 M30)KeHHOro, MPUXOAUTCS KOHCTaTUPOBATh, UTO MpPH
BbIOOpEe  MOCTYJaTOB TEOPUM OTHOCHUTEILHOCTH €€  aBTOPOM
A.DHHIUTEHHOM, cIenaHbl HEKOTOpble HEKOPPEKTHbIE OMYLLESHMS,
MOCKOJIbKY BO BCEX €ro pacCy:KASHHSIX CKOPOCTb cBeTa (YacTHoe
CBOMCTBO — CKOPOCTb YaCTHOTO SIBJICHUsI — CBeTa) (PaKTUYECKH MPUHSI-
Ta 3a BceoOInii pu3nyeckuii MHBAPHAHT.

1.2.Jloruka CTO —cnenuajbHOil TEOPHH OTHOCHTEJILHOCTH

OCHOBHBIM HCXOJIHBIM TOHSTHEM CHELHaIbHO TEOPHH OTHOCH-
TEJBHOCTH SIBJISETCS MpeCcTaBieHHe 00 OIHOBPEMEHHOCTH MPOUCXO-
JAIIAX COOBITHI.

IToa omHOBPEMEHHOCTBIO NBYX coObITHI [4, C. 8], mporcxoasimux
B pa3MYHBIX TOYKAax nmpocTpaHcTBa A U B cooTBercTBeHHO, moapa-
3yMeBaeTCsl Takoe MX MPOTEKaHWe BO BPEMEHH, KOrja HabIoaaTenb,
HaxoJsIuics B TpeTbel Touke C, HeMOABMXHOM OTHOCHTEIBHO TO-
4yek A 1 B u pacnosioxkeHHON Ha paBHBIX PACCTOSIHUSAX OT 3THX TOYEK,
noJiy4aeT OT 000MX COOBITHSI CBETOBOWM CUTHAJ OJJHOBPEMEHHO.

Hasnuuue y Habnronatesniss HEKOTOPO KOHEYHOM CKOPOCTH OTHO-
cutesbHO ToukH C MPH MPeAnoNioKEeHUH PaBeHCTBA CKOPOCTH CBETA B
HEMO/IBUKHOM M JIBIKYLIEHCS CHCTeMax KOOPHMHAT OIpe/iesisieT pas-
HOBPEMEHHOCTh MPUXO0/Ja CBETOBBIX CUrHajoB. OTCIO[a 3TOT HabIIIO-
Jatesib JI0JDKEH C/ieNlaTh BBIBOJ O PA3HOBPEMEHHOCTH COOBITHM, XOTsI
ISl TIOKOSILIETOCs, Haxosiierocs B Toi ke Touke C apyroro Habuo-
Jatesist 5TH COOBITUS MO-TIPEXKHEMY OyIyT MPOUCXOAUTH B OJMH U TOT
JKe MOMEHT BpeMmeHH. Mcxons W3 3TOro paccyskaeHus, DWHILITEHH
clienaj BBIBOJA O 3aBUCHMOCTH TE€YEHHS BPEMEHH OT KOOpJAMHAT, OT
CKOPOCTH JIBHXKEHHS,  TAK)Ke OT crocoba U3MepeHus..
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Hcnonbs3oBaHue 1 pelieHus MOCTaBIEHHBIX DWHIITEHHOM 3a-
mau CTO mpenmosioskeHUs] O paBeHCTBE CKOPOCTH CBETa B CHUCTEMeE
KOOPJMHAT, IBMXKYLLMXCS C PA3TUUHBIMU CKOPOCTSAMH, COOEPIKUT
CEepbe3HOE JIOrMUECKOe MPOTUBOPEUHE. OAMH M TOT K€ MPOLEcC pac-
NPOCTPaHEHHs CBETa OKA3bIBAETCsS HEOTHO3HAYHBIM.

WnrepBan mexmy AByMs COOBITHSMM C YYETOM BBICKA3aHHOTO
BbILLE MpecTaBlieHuss 00 OTHOBPEMEHHOCTH cOOBITHI onpeaessieTcs
BBIpaKEHHEM:

= —x)+ (2 —y)° + (2 —2)* -t — 1) .

BenuunHa sToro mHTepBana oObsBIEHA BCEOOMNM (DU3MUECKUM
WHBAapUaHTOM, TO €CTb BEJIMYMHOI MOCTOSHHOH W HEU3MEHSeMOoil B
nro0bIX Mpolieccax, B TOM YKCIIe SASPHBIX U IPABUTALIMOHHBIX, XOTS K
HUM OJIHA W3 COCTAaBJISIOLIMX 3TOr0 MHTEpBajla — CKOPOCTb CBETA HHU-
KaKOro OTHOLUEHHS HE UMEET.

PaccMoTpeHne ABW)KEHHWE TOUKH OTHOCHUTENIBHO ApPYrol TOUKH
NPUBOIMUT B 3TOM cilydae k npeoOpasoBanusm JlopeHua:

\
to*——XO*
xo* — Vig* c?
XxX=— —— ;y:y*;zzzk;t:
N 1-42 V1-p2

rae f = VIC —oTHocHTeNTbHAs CKOPOCTh JBMKEHHS TelT; X*, y*, z*, t* —
KOOPAWHATHI JIBHXKYIIEHCS TOYKW B JIBMXKYIICHCS CHCTEME KOOPAH-
HaT; X, ¥, Z, t— KoOpIMHATHI JBUXKYILEHCS TOYKH OTHOCHTENBHO He-
TMOJIBUXKHOW CUCTEMbI KOOPMHAT.

[Ipenmonaraercs paBHOMEpHOE JABMKEHHE BIIOJbL OcH X. Mcxons
u3 npeobpazoBanuii JlopeHiia, nanee BHIBOAATCS:

— 3aBUCHUMOCTh BPEMEHH OT CKOPOCTH NBHXKCHMS TEJIa:
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6*

tz ———
V 1-82

— U3MEHEHHE MPOJIOJIBHBIX pa3MeEPOB Tejla MO HANPaBJICHHIO JIBU-
JKEHUS!
=1\ 1-82 ;
— IPaBUWJIO CJIOKEHUS CKOPOCTEN:
u+v

uv
1+—

t

OTKyJia BBITEKAeT, 4TO V<CHU V = CTOJIBKO P U = CHU V = C,

—3aBUCHUMOCTb MMITYJIbCA OT CKOPOCTH:

rgv mev
p=mv=—"—"—"" = -
N 1-p2 Ni1-82
rA€ MPOM3BOJBHO NMPOM3BEIECHA 3aMEHa MHACKCOB My = MV, 4TO

TPaAKTYETCs KaK 3aBUCUMOCTb MAcCChl OT CKOPOCTH:

~ M
T

m

M 1aJIe€ —3aBUCUMOCTD TEIJIa M TEMIIEPATypbl OT CKOPOCTH.
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de -
dQ=——""— T=T 1-5%;
\ 1-p2
yTo agajiee HpI/IBO,Z[I/IT K CBS3U MAaCChl U 3HepFHHZ
AT
Am= —— AT=m¢é-mc?
2
C
W, HAKOHEIl,
E=mc.

Takum 00pazoM, MOHATHE OJHOBPEMEHHOCTH COBMECTHO C TMOHS-
TUEM HHTepBaja OMNpEeJeNsiOT Mo DWUHINTEHHY, ¢ OOHOW CTOPOHHI,
B3aUMOCBSI3b NPOCTPAHCTBA M BPEMEHH, C JAPYrod — 3aBUCUMOCTH
pa3MepoB, Macchl ¥ DJHEPTUH OT CKOPOCTH ABMKEHHS Telna. 3/1eCh CKO-
POCTh PAcIpOCTpaHEHUs] CBeTa BhICTynaeT (pyHIaMEHTaIbHOW Bemu-
YUHOM.

JIroO0ONBITEH B CBA3M C OTHUM CIEJaHHBIA A.DHHIITEHHOM U SB-
JSIOUUKCS ceroHsl OOLeNpPU3HAHHBIM BBIBOJ O MPEIEIbHOCTH CKO-
POCTH CBETa MPU CYMMUPOBAHUU CKOPOCTEH:

«He MoOXkeT cyliecTBOBaTb B3aMMOJEHCTBUE, KOTOPOE MOXKET
pacrpocTpaHaThCs GBICTpee, YeM CBET B mycToTe» [5].

ITonoxkvB B OCHOBY MOHSATHS OJTHOBPEMEHHOCTHU PACCY>KIECHUU O
CBETe M clejiaB JIOTHYeCKUH Kpyr, A . DWHIITEHH MpHIIeN K BBIBOAY O
TOM, YTO CKOPOCTb CBETa SIBJISIETCS MPEAEIbHON BETMUMHON CKOPOCTU
JIBAJKEHUS.

BosHukaer Bonpoc, a Henb3s JIM B OCHOBY MOHSITUSI OJHOBPEMEH-
HOCTH TIOJIOKUTh KaKylO-HUOYIb JPYTyI0 CKOPOCTh, HANPUMEp, CKO-
POCTh 3ByKa, paclpoCTpaHsAeMOro B KakoW-HUOyab cpene. Oka3biBa-
€TCs, MOXKHO, U TOTJa, COBEPIIHMB BCE TE K€ MaTeMaTU4ecKHe Mmpeod-
pa30BaHUs, JIOTUUECKU NPUXOIUM K MBICIHU O NPEAEIbHOCTH U MOCTO-
SIHCTBE CKOPOCTH 3BYKa, XOTSl U3BECTHO, YTO 3TO HEBEPHO. TOUHO Tak
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K€ MOKHO ObUTO OBbI MPUHSATE 32 OCHOBY HEKOTOPYIO THITOTETUYECKYIO
CKOPOCTB, U TOTAa MOXKHO OBbLTO OBl MPUITH K BBHIBOAY O HEBO3MOXK-
HOCTH MPEBbILICHUsS] UMEHHO 3TOM TMIOTETHUECKOM CKOPOCTH.

Heo0x0aMM0 HanmOMHUTB, 4TO NPUHATHE A.DWHIITEHHOM UMEHHO
CKOPOCTH CBETa 32 OCHOBY BBITEKJIO U3 W3JIOKEHHOTO BBIIIE TOJIKOBA-
HUS pe3ysIbTaToB SkcniepuMeHToB du3o n Maiikenbcona. OnHaKo, Kak
MOKAa3aHo BBILIE, 3TO TOJIKOBAHUE HE SBISETCS SAMHCTBEHHO BO3MOX-
HbIM. Eciii ske yCOMHUTBCS B MPaBUIBHOCTH M €TMHCTBEHHOCTH 00b-
SICHEHHs pe3yJIbTaTOB 3KCMeprMMeHTOB MaiikelbCoHa, TO MOXKET OKa-
3aThCsl, UTO CKOPOCTH CBETA HeNb3sl MPUIABATh CTOMb GyHAAMEHTAIb-
HbII1 XapakTep. A camoe IJIaBHOe, U TMOHATHE OJHOBPEMEHHOCTH Tpe-
OyeT yTOUYHEHMS: Beib Ul ABYX HalOuoparteneld OJHOBPEMEHHOCTh
OJTHUX W TeX ke coObITHi OyaeT paszHas. CrienoBaTesnbHO, Habmroaa-
TeJlb He JaeT OOBbEKTHBHOW OLIEHKHM OJHOBPEMEHHOCTH, HAo0OpOT.
NpoTeKaHne cOOBITHI BO BPEMEHH JJOJKHO BBICTYTATh Kak OObEeKTHB-
Has peaJbHOCTh, HE3aBUCHMO OT OLIYILIEHWI Habronarenei, oT Toro,
KakMM BHJIOM CUTHasa coolluaeTcs HabmonaTento ¢GakT MpoTeKaHUs
coObITHii. B 3TOM ciiyuae Bcs cucTeMa paccyIeHHi, pacnpocTpa-
HsoLas (GopMyJibl CrielMaIbHOM TEOPHH OTHOCHTENILHOCTH Ha 00-
medunocopckue KaTeropuy NpOCTpaHCTBA U BPEMEHH, PYLUUTCS, TaK
KaK Jyis npeoOpa3oBaHUi KOOPAMHAT, BPEMEHH, MPOAOJIBbHBIX pa3me-
POB, CKOPOCTH, UMITYJIbCA, TETIIa M TEMIIEpaTyphbl HE OCTAeTCs MecTa.

Takum 00pazoM, cucTeMa JIOTMUECKUX MOCTPOSHUH crielianbHOM
TEOPUH OTHOCHUTEJILHOCTH MPECTaBIIsseT cOOO0W 3aMKHYTHIN KpyT, r1e
KOHEYHBIE PacCyXIEHHS M BBIBOJBI BO3BPALLAIOTCS K MCXOIHBIM T10-
HATHSIM, a 32 O0OBEKTHBHOE MpPOTEKaHWe COOBITHI BbITAeTCS CyOBEK-
THUBHOE BOCTIpHsATHE X HaOmonarensmu (puc.1.1).

1.3.JIoruka OTO — o01eii TeOpHN OTHOCHTEILHOCTH

Tak e kak ¥ B ClelMaJIbHOW TEOPUH OTHOCHTEIILHOCTH, OCHOB-
HBIM MCXOIHBIM TIOHATHEM B OOIIEi TEOPUH OTHOCHTENILHOCTH SIBIIS-
eTcsl MOHSATHe WHBapHaHTa — KBajJpaTa HMHTepBaia, reoOMeTpHYecKd
SBJISIOLIErOCs 3JIEMEHTOM JUTHHBI [22-26].

52 = (Xz —X]_)2 + ()/2 —y1)2 + (22 - 21)2 - Cz(tz —t]_)2 .



262 Mpunoxenue 3.

3nech MOHATHS MHTEpBaja COAEPHKHT SJIeKTPOMArHUTHYIO BEJH-
YUHY — CKOPOCTb CBETa, HUKAKOr0 OTHOLICHHS He UMEIOLIYIO K IpaBH-
TalMK, KOTOPOH MOCBsLLEeHa o01uas Teopusi OTHocuTensHOCTH. Llene-
co00pa3HO HAaNOMHHTh, YTO T'PAaBUTALIMOHHOE B3aUMOJICHCTBHE €CTh
(yHIaMeHTaIbHOE B3aUMOJCHCTBHE, MHOE, YeM DJIeKTPOMarHuTHOE, U
MO SHEepruM B3aMMOAEHCTBUs oTinyatomeecss or Hero Ha 42 (!) mo-
psaKa.

WHrepBas MoxkeT OBITH MpecTaBlieH B BUIE TEH30pa:

ds’ = (&) + (&) + (&) — ()
HJIK B COKpAllCHHOM BUAC
ds’ = gaxX'dx,
TakK 4ToO
On= -1 @1=®2=03= 1,6 = O;mpui#Kk.

Takoil B TeH30pa Ha3BaH ranuieeBckuM. [lepexon k HeHMHepLH-
JIBHOW CHUCTEME KOOPAMHAT, CBA3aHHOW C MPOM3BOJIBHBIM 00pa3om
JBWXKYILEHCA CUCTEMOM, 03HAYaeT BBEJIEHUE BMECTO YETBIPEXMEPHBIX
KOOPJMHAT HOBBIX KOOPAMHAT x", CBSI3AHHBIX CO CTAPBIMM Yepe3 MPo-
u3BosbHbIe GyHkimu f', Tak uto

M=),

B stom ciiyuae
ox'

dxi — dxi |

o xil
TaK 4YTO B HOBOM CUCTEM KOOpAWHAT
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d<? = ghidxHaxt,

rjae _
ox' ox"
glik = 0m— —
()xll ()xlk

— METPUUYECKUI TEH30p B HOBOM HEMHEPLMAIbHOM cUCTEME OTCUETa.
OcCHOBHOE MOJIOXKEHUE OOLIEeH TEeOpUM OTHOCUTENILHOCTU — T€Oo-

PUU TATOTEHUSI COCTOUT B TOM, YTO U IIPU HAJIUMYUU MOTEHLMAJIA Ipa-

BUTALIMOHHOTO MOJIsI, CO3JaBa€MOr0 TEJIaMH, HHTEPBATl UIMEET BUJL

ds = glikdxlidx“‘.

KomnoHeHTsl MeTprueckoro TeH3opa glik SBJISIFOTCS (DYHKLMSIMH,
YIOBIETBOPSIOLMMH YPABHEHUSM I'PABUTALIMOHHOIO MOJIs, & TEH30p
He CBOAMTCS K BHMAYy ramuieeBckoro. [Ipu sTom, mockosibky dS reo-
METPUUECKH €CTb DJIEMEHT [UIMHBI B MPOCTPAHCTBE-BPEMEHHU, U 3TO
MPOCTPAHCTBO HEEBKJIMIOBO, B HEM HMeEETCSl KPUBHM3HA, U CTEMeHb
9TOM KPWUBH3HBI OMpeseNsieTcsi MOTeHIMAIOM TAToTeHus. Tema B Ta-
KOM TPOCTPAHCTBE JABWXKYTCS MO KPHUBOJIMHEHHBIM TPAeKTOPHSM, B
YaCTHOCTH, CBET TaK)Ke UCIBITBIBAET OTKIIOHEHMUS.

N3 ckazaHHOro menaercs BBIBOA O TOM, YTO KPUBHM3HA JIBHKCHUS
TeJl ¥ CaMO TATOTEHHE SBIISIOTCS CIIEeACTBUEM KPUBU3HBI MPOCTPAHCT-
Ba B JaHHO# Touke. Takum obpazom, B cooTBercTBUM ¢ OTO BHece-
HHE Macchl B MPOCTPAHCTBEHHYIO 00JIacTh BbI3bIBAECT B OTOW objacTu
WCKPHBIICHUE MPOCTPAHCTBA-BPEMEHH, UTO CO3JaeT B HEW MOTeHIras
TATOTEHHUS.

Janee ycTaHaB/IMBaeTCs TEH30PHOE BbIPaKEHUE, OMUCHIBAOLIEE
MPOCTPAHCTBO B 00JIACTH JSUCTBHS MOTEHIMAIIOB TATOTEHHS, U3 HUX —
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CBOWCTBO KPMBH3HBI MPOCTPAHCTBA-BPEMEHH, a W3 3TOH KPUBU3HBI
OOBSICHATCS, UTO TATOTEHHE SIBJISIETCS CIAEICTBUEM 3TOW KPUBU3HBI.

To ecTb TAroTeHHe 0OBICHAETCS HAJTMYMEM Macchl B MPOCTPAHCT-
Be, U TATOTEHHE OOBACHSETCS ... TATOTeHHEM!

B paccMoTpeHHOM cityuae, Tak Xe Kak ¥ B PeablayLieM, JIoruye-
CKas LeNb pacCyXISHUIl MpeacTaBiseT co0OH Kpyr, rae KOHeYHOe
3BEHO SIBJIAETCS MPSAMBIM CIIEACTBUEM TIEPBOIO U CaMO SBJISIETCS STUM
cambIM 3BeHOM (puc. 1.2).,u X0Ts o0Luas TeopHsi TATOTEHHUs, Ha POJIb
KOTOpOH mpeTeHAyeT oOlias Teopusi OTHOCHUTEIbHOCTH, SIBIISIETCS
BHYTpHU ce0sl caMOCOrIacOBaHHON, HUKAK HeJb3sl COTJIaCUThCS C TeM,
4yTO Moao0OHas JIOrMKa MO3BOJIET OOBSICHUTE MPUPOAY TATOTEHHUS.

Pasnuune B moBeseHH (ABM)KEHWM) TeJ M M3JyUSHHUI B OHOM U
TOH ke 00JacCTH <UCKPUBJIEHHOr0» MPOCTPAHCTBA, 3aBUCUMOCTb MX
TPaeKTOPHI OT HAYAIbHOW CKOPOCTH W JIEHCTBYIOIMX CHJI 3aCTaBJIsi-
IOT T0JIaraTh, YTO UMEIOT MECTO pa3uuus B (PU3MUECKUX MPOLeccax,
COMPOBOJK/IAIOIINX JABWKEHHE TNl U M3Iy4YeHHH B 00JacTH rpaBHUTa-
UM, U YTO HUKAKOTO MCKPHUBJIEHUS! COOCTBEHHO MPOCTPAHCTBA 31€Ch
HeT. MMeroTes ¢usnueckre mpoueccsl, pasyinuHble U pasiuuHbIX
(opM IBIKEHUS] MaTepHH, M 3ajada 3aKJII04aeTcsl B BEISCHEHUH CYII-
HOCTH M OCOOEHHOCTEH KaKJOro U3 HUX, a HE B CBEICHUH MX K Hamdy-
MaHHOM KaTeropuu «UCKPHUBJICHHUS MPOCTPAHCTBA-BPEMEHM.

W3 nznoxenHoro cienyet, yto oOuias TeOpUs OTHOCUTEIBHOCTH
A.DlHIITeliHA sBaseTcss He Oosee, YeM OJHUM W3 BO3MOXKHBIX MaTe-
MaTHYECKUX MPHEMOB, HU B KOeil Mepe He OOBsCHsIOLas MPUPOAY
TaroteHus. Cuctema Jorumdecknx mnoctpoenuit OTO mnpencrasmsier
co0oi1 3aMKHYTHIN caM Ha ce0si Kpyr, He TPeICTaBIISIOIINI YBPUCTH-
YECKOW LIEHHOCTH.

CeenieHre Bcero pasHooOpasusi JBMXKEHHUs MaTepuu, B TOM YHCIIe
¥ TPaBUTALIMOHHOTO, B KKIOM (PU3MUECKOM SIBICHUH K MPOCTPAHCT-
BEHHO-BPEMEHHBIM HMCKaKEHHUSM CHHUMAaeT BOMPOC O BHYTPEHHEH
CYUIHOCTH SIBJICHHS, TEM CaMbIM JIMIIAET MCCIe0oBaTeNss BO3MOKHO-
CTH BCKPBITHS €r0 MEXaHU3Ma U OrpaHUUYMBAET MO3HAHUE MPUPOIbI.
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I'maBa 2. O MeToan4YecKHX 0COOEHHOCTSIX MOCTAHOBKH
IKCIEPUMEHTOB U HHTEPIPeTALMHU HX Pe3yIbTATOB

2.1 HeKOTOpble METOAHUYECCKHE 0COOEHHOCTH NMOCTAHOBKH H
NMpPOBEACHUSA IKCIEPUMEHTOB

[Ipu nmocraHOBKe KakMX-TMOO 3KCMEPUMEHTOB MCCIIe0BaTelb HUC-
XOAWT U3 KOHEYHOM MX LeJd, C OJIHOM CTOPOHBI, U CBOErO MpeCTaB-
JIeHHs1 O CYLUHOCTH H3y4yaeMoro MM siBjeHus, ¢ Apyroi. be3 mpen-
CTaBJICHHS LIeJIM SKCIIEPUMEHTa, a Takke 0e3 MpeacTaBlIeHUs CYLIHO-
CTH sIBJIEHHs BOOOIIE HEBO3MOXKHO MOCTABUThH DKCMEPUMEHT, HO 3TH
JK€ MPeCTaBICHUs SBJSIOTCS OCHOBHBIMH MELIAOUIMMHU (aKTOpamHu,
NPENATCTBYIOUMMH OOBEKTUBHOMY HCCIIEIOBAaHMIO TperMeTa U 00b-
€KTUBHOH OLIEHKE MOy4YEHHbIX PE3yJIbTaToB.

B camom pnene, Henb3sl CTaBUTH DKCIEPUMEHT, HE 3Has WIIM He
copMyIHMpoBaB, U1 4ero oH npoBoauTcs. OqHako BHIOOP LEH yke
caMm 1o cebe B 3HAUUTENIbHOM CTENEHH NMpeAonpeaesseT NOCTaHOBKY U
METOAMKY MpoBeleHHs paboTbl, KOTAa OKUAAIOTCS COBEPILEHHO Ofl-
pelesieHHble pe3ysbTaThl. A MOCKOJNBKY pe3yjbTaThl JIIOOOro dKCIe-
PUMEHTa COIMPOBOXAAKOTCS OLIMOKAaMH, TO BCEra eCTb BO3MOXHOCTD
BbIJAYM JKEJIaeMOro 3a JIeHCTBUTEIbHOCTb, OCOOEHHO €ClIM OXKHIae-
MBI{ pe3yabTaT HAXOAUTCS HA TPaHW YyBCTBUTEILHOCTH MPUOOPOB.

B sTroM nnaHe paccyxOeHUS O «KPUTHYECKOM>» 3KCIEPUMEHTE,
KOTOpPBIil SIKOOBI TMPOJIMBAET CBET Ha M3ydaeMoe SBJICHHE, KaKyTCs
COMHUTEJIbHBIMHU, TaK Kak AJisl TAKOrO poja cliyyaeB TpeOyeTcsi 0co-
OeHHO TIaTes bHas MOATOTOBKA SKCMepUMEHTa, OoJblas CTaTUCTHKA
1 0OBeKTHBHAsl OLEHKa AaHHbIX. OIHAKO AEHCTBYOIAs Ha MOMEHT
MOJATrOTOBKM W TMPOBEICHHUS dKCTIIEPUMEHTa Mapagurma, Kak npaBuJo,
OKa3bIBaeT CTOJIb CYLECTBEHHOE BO3ACUCTBHE, YTO HU O TILATETbHON
MOJrOTOBKE, HA O CTAaTHUCTHKE, HU 00 OOBEKTHBHOW 00paboTke pe-
3yJITaTOB peyb HE WAET, a MOJyUYeHHbIe PE3YNbTaThl JIETKO BbIAAIOTCS
3a MOATBEP)KIECHUE TOCMOJACTBYIOLIENW MapajurMbl, €CJIM OHU €l He
nporrBopeyat. Eciau ske mpoTuBopedar, TO OHM MPOCTO 3aMalduBa-
FOTCSl.
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MO>KHO MPHUBECTH MHOTO MPUMEPOB TOTO, KaK 3TO OBIBAET B HKH3-
HH.

B 1919rony A.Daunrton Ha octpoBe [lpunuunne y adpukaHckux
OeperoB MpoBesl MEpBbIii HKCIIEPUMEHT MO HM3MEPEHHUIO OTKJIOHCHHUS
Jydeit cBeTa 3Be3 okosio CoJTHIIa BO BpeMsi COJIHEUHOTO 3aTMeHus. B
1922r. noaoOHkIii sKcrieprMeHT npoBend Komnoenn u Tpromiuiep B
ceBepo-3amaHoil ABCTpaiuu. Pe3ynbTaT M3MepeHHs yKJIaablBaics B
npescKa3aHHble DWHIITEHHOM BEJTMUMHBI B TOM CMBICIIE, YTO OH MX He
npeBbIIan. OTO HEMEeUIEHHO OBLIO MCTOJIKOBAHO KakK MOATBEPIKIeHNE
o0uiell TeopuM OTHOCUTENbHOCTH DifHlITelHa. BooOuie Bcs rpymma
9KCTIEPUMEHTOB 3TOT0 HAIpaBJIeHHs XapaKTepHa TeM, 4To 00paboTka
pe3yJIbTaTOB MPOU3BOIUTCS B COOTBETCTBHUM C TOM TeOpHei, KOTOpYIO
OHH JIOJKHBI IOATBEPANTD, T.€. KpaiiHe HeOObEKTHBHO.

Pe3ynbrathl sKcriepuMeHTOB MaiikenbcoHa TPaKTYIOTCS Kak OT-
pULIaTeNIbHBIE MITH «HYJIEBBIE», HECMOTPSI Ha TO, YTO B HUX OBUT MOITY-
YeH ONpe/Ie/ICHHBIH MOJIOKUTENbHBIN pe3yIbTar.

DKCNEepUMEHTBI MO YKBUBAIEHTHOCTH I'PAaBUTALIMOHHOW W UHEPT-
HOM Macc ISl pa3niHbIX MaTepHaIoB TPAKTYIOTCS KaK MOATBEPIKIe-
HHE TIOJIOKeHWI OO0IIeil TeOpHHM OTHOCHTENBHOCTH, XOTS OOBIYHAsS
MeXaHWKa HUKOTAa He Jejiaja pa3jivuvii MeXKIy TrpaBHTAllMOHHON U
WHEPTHON MaccamH.

U Tak nanee.

PaccMoTpum o011yro nocsie10BaTeIbHOCTh MOCTAHOBKH U MPOBE-
JICHUsI DKCIIEPUMEHTOB, a TakKe OOpabOTKM W WHTEpHpeTalyu pe-
3yabTatoB (puc. 2.1).

Ha mocTtaHOBKy SKCrepUMeHTa peluarolee BIUSHHAE OKa3bIBAIOT
UCIIOJIb30BaHHBIC TEOPETUUSCKHE OCHOBBI, HCXO/IS M3 KOTOPBIX MCCIIe-
J0BaTeNIb CTPOMT MOJICITb SIBJICHHSI.

Hcnons3oBaHne TOW WIM WHOM MOJENW BBISBISET COOTBETCT-
BYIOIIME MapaMeTphbl, B3AUMOCBSA3b MEXKIY KOTOPBIMH MLIETCS B X0/
NPOBE/ICHHs DKCIICPUMEHTa, a TakkKe Te Melnaroume (GpakTopbl, BCero
NPUCYTCTBYIOIIME B JIIOOOM SKCHIEPUMEHTE, KOTOPbIE SKCIIepUMEHTa-
Top 00s3aH ydecTb. MHaue pe3ysnbTaT BO3AESHCTBUS STHX MEIIAIOLINX
(akTOpOB MOXKET OBbITh MCTOJKOBAH KaK OCHOBHOM pe3yJibTaT 3KCIie-
pHUMeHTa.
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Cyboexmubusie gaxmops.

Puc. 2.1. TocnenoBaTeNbHOCTs MONYYSHHS SKCNEPHMERTAIbHBIX JAHHBIX

K coxanenuto, ofuiee uucio Mmewaromux (akTopoB Bceraa U
NPUHLUIMHATEHO OECKOHEYHO BEJIMKO, MIO3TOMY BCEX MX yUYEeCTh Hellb-
35. B cBA3M C 3TMM NPUXOOWTCS YUHUTBHIBATH TOJBKO CYIIECTBEHHBIC
(hakTOpBI, KOTOPBIX HEMHOTO, HO 3aTO BO3HMKAET Apyras mpobiema —
npobsiemMa 10Ka3aTenbCcTBa CYHIECTBEHHOCTH MIIM HECYIIeCTBEHHOCTH
TOrO WJIM MHOTO MEUIAIoIIero (akropa MMEHHO JAJIsl TaHHOTO BKCTie-
pUMEHTa, MpeceayIOero JaHHYI0 KOHKPETHYIO Lielb. DKCIEePUMEHT
MOXKET OBITh HMCTOJIKOBaH HEBEPHO, €CIM HEYUYTEHHBIMH OKa3aJhCh
CyIIeCTBEHHbIE Melarouye (akTopsl, TO €cTh (aKTOPbI, BIUSIOLINE
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Ha KCXOJ B OOJbIIEH CTEeMeHH, YeM 3TO JIOMYCKAeTCsl BETMUUHOM J10-
MYCTUMOM MOTPEeITHOCTH. DTO 03HAYAET, YTO JIOJKHBI ObITH MPOU3BeE-
JIeHbI OLICHKH BO3MOXKHOTO BJIMSHHS Ka)KJOTO M3 MEIIalouuX (akTo-
POB, MO KOTOPHIM BO3HHUKAET MPEIIOJIOKEHHE O BO3MOXKHOCTH HX
BJIMSIHUSI HA KOHEUHBIN pe3ynbTat. K coxalieHuto, 5To enaercs iae-
KO He BCer/a.

B pesynbTare npoBeieHHs SKCIIEPUMEHTA BBISBISIOTCS (YHKIMO-
HaJlbHbIE 3aBHCUMOCTH MHOTHX TEPEMEHHBIX, B TOM YHCIie U Heyd-
TEHHBIX (aKTOpOB. B 3THX 3aBUCHMOCTSIX UMEIOTCSI BHIOPOCHI - Upe3-
MepHO 0oJblIMe OTKJIOHEHHsS OT oOLIel Macchl OTCUETOB, KOTOpbIE
MOTYT OBITH OTOpOILEHbI 0e3 JOIKHOrO 0OOCHOBAHMS, €CIM BO BHH-
MaHHe NPUHSITA TOJIBKO OMpeeTeHHas MoJieNb. To jke MOXKHO cKa3aTh
U O BBIOOpE SKCTPANOIMPYIOIIUX 3aBHCUMOCTei. Bwibop Toit mnm
WHOM M3 HUX W OmpeJiesieHne 00JIacTH pacrpocTpaHeHUe IKCTPArOH-
pyronux (GYHKUIWI Ha BCIO 00JacTh OTCYETOB TaKXKe CYIIECTBEHHO
omnpeJieNiseTcs BLIOOPOM MUCXOIHOM TEOPUN M MOJICITH SIBIICHHUS.

B kadecTBe mpumepa MOXHO TPUBECTH 0OpabOTKY pe3yJbTaToB
9KCTIEPUMEHTOB MO OTKJIOHEeHWIO cBeTa 3Be3n ConHieM. [lockomnbky
OTCYETOB OTKJIOHEHHH 3Be3/IHbIX M300paxkeHuid okono kpas ConHua
HE CYLIECTBYET M3-3a 3aCBETKHM 3TOM 00JaCTH COJTHEYHON KOPOHOM, TO
nokasaHusi oopabareiBatoTCs cratucTudecku. OHaKo Npyu 00paboTke
ObUTa NPUHSTA TUMEPOOTUYecKas SKCTPATONALHS, YTO OMPEACIoCh
o01ei Teoprell OTHOCUTENBHOCTH. DTO MPHUBEIO K MOIYUYCHHIO pe-
3ynbTaTa, OJU3KOro K MpeIcKa3aHHOMY 3TOi Teopueid. Eciu Obl 9kCT-
parosauus MPOU3BOUIIACH OOBIYHBIM CIIOCOOOM, UTOT GBI OBl HHOA.

2.2. HexkoTopbie 0COOEHHOCTH WHTEPHPETANHH Pe3yJbTATOB
IKCHEPHMEHTOB

HecMoTpsi Ha O4E€BUIHOCTB TOTO, YTO MOJYYEHHE OKUIAEMBIX pe-
3yJbTaTOB, Ka3aJloCh Obl, OJIHO3HAYHO MOJATBEPKIACT MPOBEPIEMYIO
TEOPHIO, HA CAMOM JIeJie 9TO HEe TaK.

Jleno B TOM, 4TO Tak e Kak Jiroboe Yncio (GpakTopoB MOXKET CO-
OTBETCTBOBaTh JOOOMY (OECKOHEHYHOMY) YMCIy TEOpHH, TaK ke U
MOJTyYEHHBIN Pe3yJIbTaT OMbITa MOXKET YKJIAAbIBATbCS M TEM CaMbIM
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«roaTBepxKIaTe» oboe (OecKkoHeYHOe) YKMCIO TeOpHH, Aae B3au-
MOMCKJTIOYAIOIINX JIpyr Apyra. AHajOTHel 3TOro sBISeTCs, HaNpH-
Mep, TO, YTO Yepe3 OrpaHUUeHHOE KOJUUECTBO TOUEK MOXKHO MpOBeC-
TH J1t000€ YMCIIO MIaBHBIX KPUBBIX, UK TO, YTO K OMHOMY U TOMY K€
CJI€/ICTBHIO MOTYT MPHUBECTH pa3HOOOpa3HbIe MPUUHHBI.

ITpumepom SIBISFOTCS SKCIIEPUMEHTHI 110 TTOATBEPHKICHUIO CTIeLH-
AIbHOW TEOPUM OTHOCHUTENLHOCTH, KOTOpBIC, KaK MpaBuIIO, MOATBEp-
»aaroT He cooctBeHHO CTO, kak 3TO 00BIYHO MPENOJHOCUTCS, a BCe-
ro JHIIb 3aBHCUMOCTH, YAAYHO amNNMpOKCHMMHUpyeMble MpeoOpazoBa-
HusiMu JlopeHua. CoOCTBEHHO, OHM U SIBJIAIOTCS TeM MaremaThye-
CKMM amnmaparoM, W3 KOTOPOTO BBITEKAIOT BCE OCTalibHble (DYHKLIMO-
HanbHbIe 3aBucuMocTH CTO. Onnako camu npeodpasoBanus JlopeH-
ua, npegnoxxkeHHsle M B 1904 rogy, To ecTh 3a rog 10 co3gaHus
CTO, ocHoBaHbl Ha COBEpLIEHHO MHOW HJee, HeXeIu crelualibHas
TEOpPHUsI OTHOCUTEIBHOCTH.

B cootBerctBuM ¢ Teopueii ['.A. JlopeHlia 0 HeMOABMKHOM 3dupe
BCE TeJia, MMes CBSA3U MEXIY aTOMaMH M MOJIEKYJIaMH 3JIEKTPHUUECKO-
ro XapakTepa, JOJDKHbI MEHSTh CBOW pa3Mephl NMPH JBHKEHUH CKBO3b
a¢up (mosne 3IEeKTPUUYECKHX 3apsaoB, Mo Mbicau JlopeHua, J0KHO
ne(opMHpOBATBCs, a PACCTOSIHUS MEKAY SApaMU aTOMOB MEHSTHCS).
BoiBog cooTBeTcTBYIOIIMX 3aBUCHMOCTel npuBen JlopeHua k npeob-
pa3oBaHUAM, KOTOpbIe M MOJTy4nsu ero ums. [loatomy coorBeTcTBHE
MOJY4YEHHBIX pe3yJbTaToB npeobpazoBaHusM JlopeHua BoBce He 03-
HauyaeT noarBepxaeHus CTO, 3To Mo)keT ObITh TPAKTOBAHO M Kak
noATBep kIeHUe TeopuH JlopeHla HEmoIBWKHOTO 3dupa. A, Kpome
TOTO, CYLIECTBYIOT ra30MeXaHNYeCKHe 3aBUCHMOCTH, B KOTOPBIX BMe-
CTO f — OTHOLUEHMS CKOPOCTH Tejla K CKOPOCTH CBeTa (UrypupyeT
4yrcao M — OTHOLIEHHE CKOPOCTH Tella K CKOPOCTH 3ByKa B I'a30BOM
cpene. o Benuuunsl f = M = 0,855T1 3aBUCUMOCTH JAIOT pe3yJibTar,
OTIMYAIOILMIiCS OT SHHIUTEHHOBCKOTO B Mpelenax eAMHUL] MPOLeH-
ToB. Ecau adup obOnagaer razononoOHOH CTPYKTYpOil, TO MOMy4eH-
Hele B dkcriepuMenTax o CTO pe3ynbTaThl XOpouio OyayT IeMOHCT-
pPUPOBATH HAJIMUYKE B TIPUPO/IE ra30moo00Horo 3dupa.

Ha unTepnperauuio pe3ynbTaToB peLiaroliee BIUsSHUE OKa3bIBaeT
BBIOOP MHBAPHUAHTOB U MpPECTaBICHHE SKCIEPUMEHTaTOPOB O CYIIHO-
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CTH SIBJICHMS. 31€Chb UMEIOTCA OOJbIIME BO3MOXKHOCTH UIsl pa3HOO0-
Pa3HOTO TOJIKOBAHHS UMH TTOJTY4YEHHBIX PEe3yJIbTaTOB.

Cpeau BcexX 3THX BOMPOCOB 0cO00 BayKHOE 3HAUCHHE UMeEET Tpo-
6neMa BbIOOpa oOLMX (HU3MUECKUX WHBAapUaHTOB. Tak, B pe3ysbTare
9KCTIEPUMEHTOB 10 OMPEIeNICHUIO MAacChl YaCTHILIBI TIPH MPUOTMKEHUH
€e CKOPOCTH K CKOPOCTH CBETa IOJy4aeTcsl CJIOXKHas 3aBUCHMOCTB,
CBSI3bIBAIOLIAs HANPSHKEHHOCTh JIEKTPHUYECKOTrO MOJIs KOHAEHcaTopa
Y HamnpsHKeHHOCTh MarHUTHOTO TIOJIsI, Yepe3 KOTOphIe MPOoJIeTaeT yac-
THLIA, C €€ 3api0M, CKOPOCTBIO TMOJIETa, paJiyCOM KPHUBHU3HBI TPacK-
TOPHUHU U Maccoit yactuupl [27, €.175].

[lpuHsTHEe B KauecTBe MHBApUAHTOB BEIIMYWH HANPSIKCHHOCTEH
nosied, 3apsaa 4acTuibl U KOd(pPHULMEHTa B3aUMOJICHCTBHS YaCTHLIbI
C JIEKTPUYSCKMM M MAarHUTHBIM TOJISIMU TMPHBOJHT K BBIBOAY 00 H3-
MEHYHMBOCTH Macchl. OJJHaKO, €ClM CYUTATh MHBAPUAHTOM Maccy, TO
Ta K€ 3aBUCHMOCTb MOXKET OBITh MHTEPIPETUPOBaHA Kak OOHapyske-
HHE 3aBHCHUMOCTH BEJIMYMHBI 3apsa OT CKOPOCTH, Ha 4TO OBbIIO yKa-
3aHo bymewm [28]. Ecniu sxe curtath Maccy, 3apsi M BeJIMYMHBI TOJICH
HEM3MEHHBIMM M HE3aBUCHMBIMHM BEJIMYMHAMH, TO HalpalIuBaeTcs
BbIBOJI 00 M3MEHYMBOCTH KYJIOHOBCKOTO KO3(QHIIMEHTa B3aUMOJIei-
CTBHUS MEXKIY IBHKYLIMMCS 3apSAZA0M U JIEKTPUUSCKHUM TOJIeM, Ha UTO
Obu10 OOpanieHO BHUMaHHe aBTopoM [29, C. 159]./Ins Takoii Tpak-
TOBKH €CTh OCHOBAHHSI, IOCKOJIBKY B3aUMO/IEHICTBHE YacTHLBI U MOJS
orpezeNseTcss OTHOCUTENILHOM CKOPOCTBIO pacrpocTpaHEeHHs MOJis U
JBIKCHUSI YaCTHULbI, IPU NMPUOTMIKEHHH CKOPOCTH K CKOPOCTH pac-
NPOCTPaHEHHs TOJISl CKOJIbKEHWe YMEHbIIAeTCs, TO JO0JDKHA YMEHb-
IIAThCS M CHJIA, BO3ICHCTBYIOIIAs HA YACTHILY CO CTOPOHBI TOJIS.

U3 u3noxkeHHOTO criefyeT, YTo MpU NpPOBEASHUU JIIOOBIX JKcIie-
PUMEHTOB HEOOXOIUMO HUCXOJMTh M3 OOIIMX (PU3NYECKMX MHBapHaH-
TOB W YUYHMTBIBaTh COIYTCTBYIOIIME (DaKTOpBI, a TaKkke BO3MOXKHbIE
BapUaHTbl TPAKTOBKM pe3yJbTaTOB JKcHeprMeHToB. He momyueHue
OXKHMIAEMbIX Pe3yJIbTATOB B MPUHLMIE O3HAYAeT HECOBEPILCHCTBO
MCXOJHBIX TPEACTAaBICHUH O CYTH JKCIIEPUMEHTa, TOIydeHHE OXKH-
JaeMbIX Pe3yJbTaTOB O3HA4YaT He MOATBEPXKICHHWE HMCXOIHBIX Tpen-
CTaBJICHHIA, a BCETO JIMLIb HE IPOTUBOPEYHE UM.
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I'naBa 3. BKCHepI/IMeHTLI 0 cIenuaJbHON TE€OPpHUH OTHO-
CHUTCJIBHOCTH

3.1. UccaenoBanus 3¢pupHOro BeTpa ¢ NoMoubo nHTEpdhepo-
MeTpa ¢ AJIHHOI onTHYecKOro myTH 6oJsiee 10m.

Cyugnocmo A61eHUA U Ue1b IKCNEPUMEHMA

[Mpoeepsiercs rumnoresa ['.A.Jlopenua HenoapwkHoro s¢upa. B
COOTBETCTBHHU C 3TOM T'MIIOTE30M MPHU OPOUTATBHOM IBMKEHUH 3eMITU
Bokpyr CoJHIIa Ha MOBEPXHOCTH 3eMITH JIOJKeH Habionathes dhup-
HBII BeTep, CKOPOCTb KOTOpOro foibkHa coctaisath 30 km/c. Llesns.
DKcnepuMeHTa SIBISETCs BbIsiBIEHHE (akTa HaTWUuus M BEJTMUMHBI
CKOPOCTH 3(UPHOTO BeTpa.

Cxema u memoouxa IKCnepumeHma

b

frd £y
6::' i
¢ .

Puc. 3.1.Cxema 3xcneprMeHTa 1Mo 00Hapy:KeHHI0 3(pUpPHOro BeTpa ¢ MOMO-
b0 HHTepgepomeTpa

iy

B skcniepumeHTe Ucnosb3yeTcs HHTeppepoMeTp ¢ IBYMs B3aUM-
HO MepreHIUKYIApHbIMH Tiedamu (puc. 3.1.)

Habntomaetcs cMelieHre monoc uHTEpQepoMeTpa Mpu MOBOPOTE
npu6opa Ha 90°. Oxkuaaemas BeJTMUMHA CMEILEHHs COCTABIAET
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v
5= D—i,
¢

rae D — anmuHa ontudeckoro myTH, V — CKOpOCTh BeTpa.
Bpema u mecmo nposedenusn yxcnepumenma [30]

1. 1880r., bepauH, Bbicota Ha ypoBHeM mops H < 0 m. (Maii-
KEJIbCOH);

2.1881-1882r., [lorcnam, H < 0 M. (MaiikenbcoH);

3. 1887r., Kiuenenn, CIIA, H < 0 M. (Maiikenbcon 1 Mopin);

4 1904-1905r. Knusneun, CIIA, H = 250m. (Mopau u Mun-
nep);

5. 1921-1925r., Mayur Buncon, CIIIA, H =1860m (Musiep);

6. 1929r., Maynur Busncown, CIIIA, H =1860m (MaiikenbcoH, ITuc
u [Tupcon).

IMapameTpbl npubopa, pe3yabTaThl H3MepeHuil U 06paboTKH Pe3yabTaTOB
agropamu [31, c. 27-52, 32-46]

Ton ABTOpBI D,m | n/km/c H M Vv, km/c

1880 | MaiikenncoH 1,2 0,0013 | <O <18

1881- | MaiikenbcoH 1,2 0,0013 | <0 <18

1882

1887 | MaiikenbCcoH 1 11 0,013 <0 ~3,5
Mopau

1904 | Mopnu u Munnep | 32 0,04 <0 ~3

1905 | Mopnu u Munnep 32 0,04 250 ~ 3-3,5

1921- | Munsep 32 0,04 1860 = 8-10

1925

1929 | Maiikenscon, Iluc | 25,9 | 0,03 1860 =6

u [Tupcon
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Bwi1600 aemopoe

Ha noeepxHocT 3emiin 3GUpHBINA BTep OTCYyTCTBYeT. BenmuunHa

CKOPOCTH 3(h)MPHOTO BETpa YBEIMUUBACTCS C BEICOTOM.

Kommenmpuii (B.A.)

1. C.M.BaBunoB o6paboTan nepBUYHBbIC JaHHbIC SKCIIEPUMEHTA

Maiikenscona-Mopau (1887) u moayuus  ClieAyroILyto
cMelieHus HHTepdepeHImoHHbIX nosoc [31, €.33]:

Ta0JIUILy

A3uMyT 16 1 2 3 4 5 6 8
Cwmemenne | +0,02 | +0,005| 0,00 -0,01 -0,080,005 0,00 +0,01§ +0,07
AzumyT 9 10 11 12 13 14 15 16
Cwmemenue | -0,02 -0,0015 0,00 +0,015 +0,02 +0,03 0,00 0[00

W3 tabnuupl criemyeT, 4TO MakcHMalibHash Pa3sHOCTb CMEILCHHUS
nojioc coctapnseT 0,06,4To naer BeIMUYMHY CKOPOCTH 3(DHUPHOTO BET-
pa B 4,5 km/c, mockobKy pacueTHOM BedauuuHe ckopocT B 30 km/c
COOTBETCTBYET CMelleHHe HHTeppepeHUHOHHBIX nosioc B 0,4. OnHako
3lIech ellle HeoOX0IMMO Y4eCTh HarpaBlieHHe 3(pUpHOro BeTpa, KOTo-
poe Obuto ycraHorieHo [J[.K.Mwuiepom nozxe. [lo ero gqaHHeIM Ha-
npaBJ/ieHHUE BeTpa — OT 3Be3/bl «(» co3Be3us JpakoHa, 4To cOCTaBIIs-
et 26° ot [Tomoca mMupa. C y4eToM TOro, YTO MECTO MPOBEIEHHUS JKC-
nepumenta Knuenenn (41° c. m.), miockocTs uHTEphepomeTpa Gyaer
MOBOPAYMBATHCS OTHOCHTENTLHO HampaBlieHHs! d3(GpUPHOTO BETpa B Cy-
TOYHOM BpalllEHUUd 3eMJId OT +15,5° 1o — 67,5, uro maer CYMMY
KOCHHYCOB C0S15,5 + cos (— 67,9 = 1, 34.

CrnenoarenbHO, B 9KkcriepuMmenTax 1886-1887rr. MaiikenbcoH u

Mopiv noyuuiiv BeTMUMHY CKOPOCTH 3UPHOro BeTpa B

Vo =

4.5
—— = 3,4xm/c,
1,34

a BOBCC HE HYJIb, KaK 3TO 00BIYHO YTBEPIKAACTCH.



Kputnyecknii aHaau3 0CHOB TeOPHH OTHOCHTEJIBHOCTH. 275

DTH pe3ysbTaThl XOPOILIo (B Mpeaenax ommMboK U3MepeHHi U pac-
4YETOB) KOPPETUPYIOTCs ¢ AaHHbIMU Mopiu u Muniepa 3a 1904-1905
IT., KOTAa UMM TOJy4eHa BeJMYMHAa CKOPOCTH 3(QHUPHOro Berpa B 3
km/c Ha BbicoTe 250M. Hax ypoBHeM Mopsi. OfHako 31ech npu obpa-
00TKe pe3ysIbTaTOB SKCMIEPUMEHTOB €llle He YUUTHIBAI HAIlpaBJIeHHe
3(HUPHOrO BeTpa B OKOJO3eMHOM mpocTpaHcTBe. C ydeToMm ke Toro,
YTO B HKCMEPUMEHTE ObLIO MOJYYEHO HE MOJIHOE 3HAUeHHE CKOPOCTH
BETpa. a JIWIIb €ro MPOEKLKs, TOyYeHHBbII pe3ysbTaT HyXKHO pasze-
JUTh Ha KaXIbIH W3 KOCHHYCOB, CUMTAas, YTO BEJIMYMHA CKOPOCTH
9(UpPHOrO BEeTpa HAXOIUTCA B Mpeenax oT

3
Voo = —————— = 3,1km/c
cos15%5
1o
3
V50 make = — = 7,8km/c
cos (- 67p

U, naxoneri, Ha Beicote 1860km/c BennurHa cKOpoCTH 3HUPHOTO
Betpa coctaBwia ot 8 mo 10 km/c (mo manHbiM Mumiepa, 1925r.).
Pa3Huna B BenMuMHE CKOpOCTH 3(HUPHOTO BETpa, MonyveHHas Mu-
JIepOM B 3TOM 3KCHEPHUMEHTE C yYeTOM M3MEHEHHs a3uMyTa B CYTOY-
HOM U TFOJJOBOM BpAILCHUSIX 3eMJIH, M TIO3BOJIMIIA ONPEIeNIUTh 001LIe-
rajJjakTHYeckoe HamnpapJieHHe CMelleHHs dpupa B OKOJIO3EMHOM Mpo-
CTpaHCTBe.

Ha Toi1 sxe BoicoTe B 1929r. MaiikeIbcOHOM OBLIO MOJIy4eHO He-
CKOJIbKO 3aHW)KEHHOE 3HaYeHHe CKOPOCTH 3(HpHOro Betpa — 6 Kkm/c,
YTO JIETKO OOBSICHAETCS YCIOBUSAMH MPOBEICHUS dKcnepuMenTa. Eciu
Musiep Ui ero NpoBEAEHHs MOCTPOMI <«ISTKUA» JIOMHK, O 4YeM
Musiep criellMalibHO YIOMHWHAET, MpUaBas 3ToMy OOJbIIOe 3Have-
HUe, To MalikeJIbCOH TIOCTPOWIT JIJIsl IPOBENICHUs SKCIiepuMeHTa (yH-
JaMeHTaJIbHOe 3[1aHKe, O YeM YNoMHHaeT caM MaiikenbcoH. Ectect-
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BEHHO, 4TO 3(QHMPOJUHAMHUECKOE COMPOTHUBIICHHE CTeH Joma Maii-
KeJIbCOHA JO0JDKHO OBITH BBILIE, YeM y JoMHKa Mwusuiepa, 4Tto U 00b-
SCHSIET Pa3HHULY B MOJyYSHHBIX JaHHbIX.

2. llonyueHHble JaHHBIE XOPOLIO YKJIAAbIBAIOTCS B TEOPHIO MO-
rpaHUYHOro cjos, ooaysarotero map (puc. 3.2) [47, ¢. 227-232KT0
YKa3blBaeT Ha ra3onoJlo0Hy0 CTpykTypy d¢upa. Kak mnokazaHo
B.A.AmokoBckum [29, €. 285],3emss mornomaer 3¢up, KOTOPbIi
BXOJIUT B Hee CO BTOPOM KOCMHUYECKOH ckopocThio, paBHoi 11,18
KkM/c. DTO 03HauaeT, YTO FOPU30HTAbHAs COCTaBJIsIOIIAs AGpUPHOro
BETpa 3aTyXaeT He Ha MIOBEPXHOCTU 3eMJIH, a Ha HEKOTOPOH ITyOHHe.

_{V_‘é-ﬁ.
#17

2

f-

7 as 7
g 7

Puc. 3.2.00TexaHue mapa noToKoM rasa

3. VI3 U3N0KeHHOr0 BBITEKAET, YTO:

a) aup cyiecTyer;

6) Ddup umeeT ra3ono00HYI0 CTPYKTYPY;

B) HarpasjieHue 3¢upHoro Betpa no naHueiM J.K.Mumnepa — ot
3Be3bl «» co3Be3qus JpakoHa, 4To cOCTABIISAET (260 , 174.10 mun.);

I) B CKOPOCTH 3(MPHOr0 BETpa CyMMHPYIOTCSl BCEe COCTABIISIOLINE
JBW)KEHUs 3eMJIM B COJTHEUHOH cucteMme, ABmkeHre COJHEYHOM cuc-
Tembl B ['anaktuke W JaBwkeHue s¢upa B [amaktuke. [lonHas cko-
pocTh 3(UpHOro BeTpa OTHOCHUTEIBHO 3€MJIM COCTaBISeT, TIO-
BUAMMOMY, AECATKH KUJIOMETPOB B CEKYH/Y.
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3.2. UccaenoBanus 3¢pupHOro BeTpa ¢ NnoMoubo nHTEpdhepo-
METPOB ¢ /JUIHHOI ONTHYECKOro MyTH MeHee 5 MeTpOB

Cyugnocme a6/1eHUA U Uelb IKCHEePUMeHmA
Ta xe, uro u B 1. 31.

Cxema u memoouxa npogedeHus IKCnepuUmMeHma
Awnanoruyso 1. 3.1.

Bpema u mecmo nposedenusn ykcnepumenma

1. 1926r. IMacanena, H = 1860m. (Kenneau);

2. 1926r. bproccenb, H = 2500m. (IMukap u Crasnn);
3. 1927r. [Tacanena, H = 186-m. (MnmuHrBopr.

IMapameTpsl npudopa, pe3yabTaTbl U3MepeHUi U 00padoTKH pe3yabTaTOB
asropamu [31, C. 42-47; 43¢. 267-373, 48-53]

Ton ABTOpBI D,m | n/km/c H,Mm Vv, km/c
1926 | Kennean 2 2.10° [1860 |0
1926 | INukap u Crasnu 2,8 4.10° 2500 7
1927 | UnnuHrBOpT 2 2-10° 1860 1

Bw1600 asmopos
Kennenu u Unnunareopt — 3¢upHeIii BeTep oTcyTcTBYeT; [lukap u
Crasnu — BBIBOJIbI M PE3YJILTAThI HEOTIPEIeNICHHBIE.

Kommenmapuii (B.A.)

ITpu pa3mbiTOCTH KpaeB MHTepepeHUMOHHbIX monoc oT 10 mo
15% o6ecrneunTs 4yBCTBUTENLHOCTD MPHGOPOB B (2-4)-10° momocs:
HEeBO3MOXKHO. Hcrnonb3oBaHue Mog00HBIX MPUOOPOB ISl IPOBEICHHS
yKa3aHHBIX 3KCMEPUMEHTOB HEJOMYyCTHMO. JKCIEPUMEHThI HE KOp-
peKTHBI. Pe3ynbTaThl He NpeCTaBIISIOT HUKAaKOW LICHHOCTH.
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3.3.UccaenoBanue »pupHOro Berpa B 4aCTHIHOM
BaKyyMme

Cyugnocmo a61eHusA U yeib IKCHEPUMEHMOB
UsmepeHue CKOpPOCTH CBeTa B BaKyyMe, OMpe/eieHHe BIUSHUS
3(HUPHOrO BeTpa Ha CKOPOCTh CBETA.

Cxema u Mmemoouka IKcnepumeHma

B skene3noii TpyOe auameTpoM 1 M yacTHYHO OTKayaH BO3AYX J0
nasnens 0,5-5mm pr.ct. C MOMOUIBIO Bpalllatollerocs 3epkaina u3-
MepsieTcsl BpeMsi TPOXOKAEHHWs CBeTa Ha (PMKCHPOBAHHOM PAacCTOs-
Hun (1650 m). [lpu Hanuumu 3¢upHOrO BeTpa 3TO BpeMs IOJKHO
ObITh epeMeHHbIM. TpyObI pacnosniokeHbl Ha BbicoTe 1860M (oGcep-
Batopust MayHT BusicoH, puc. 3.3).

v
00
=== -w

ﬁ,_() 233775 750 ?75 3571?
7

Puc. 3.3.I3mMepeHne ckopocTH cBeTa B TPy06ax ¢ YaCTHYHBIM BAKYYMOM:
a) cxema IKCIepUMeHTa; 0) pe3ysbTaT 00paboTKH MOTyYSHHBIX JaHHBIX

Pesynromamet 3xcnepumenma [54-55]
CkopocTh CBETa B CpeHEM MOCTOSHHA, MPSIMOTO BIHUSIHUS 3(Up-
HOTO BeTpa He 3aMeYEHO.

Bw1600 asmopos
DdupHoro Berpa Het. [Ipeapinyiue 3akitoueHus, BUAUMO, OIIH-
0ouHbl. OKOHYATEILHOIO MHEHHS HET.
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Kommenmapuii (B.A.)

ABTOpbl He ywIM 3KpaHHUpyromero >¢G¢eKTa MeTamia CTEHOK
TpyO, obnagaroiero rpoMagHbIM 3QUPOAMHAMUYECKAM COMPOTHUBIIE-
HUeM. Ddup BHYTpH TPYObl OKa3alcsi U30JMPOBAHHBIM OT HApPY>KHOTO
a¢upa, Ha uto Obuio obOpameHo BHumanue JI.K.Mwumnepom. Jlomy-
HICHHass MeTOJWYecKass OUIMOKa TOBOPHT O TOM, YTO Kak cam
A.MaiikenbcoH, Tak U ero corpyaHuku @.Iluc u @.[Tupcon, ocyie-
CTBIISIBIIME SKCIIEPUMEHT, HE TIPE/ICTaBIsLIIN cebe npupoay 3dupa.

Buigoo

DKCMEepUMEHT METOAONOTMYEeCKH OLIMOOYEH, ero pe3yjabTaThl He
NpPEACTaBNISIOT cO00H HHMKAaKOH 1eHHOCTH. [1o0GHbIN SKCrepuMeHT
MOT" YBEHYATHCS YCIEXOM, eciii Obl TPYObl ObIIM BBITIOJHEHBI U3 U30-
JSUMOHHOTO MaTepuana.

3.4.UccaenoBanue pupHOro BeTpa ¢ NoMombI0
Ma3epoB

CyugHocme a6/1eHUA U Uelb IKCHePUMeHmA
Te xe, utro u B 11.3.1.

Cxema u MemoouKa npogeodeHusn IKcnepumenma

Ha oOwieii moBopauuBatolieiics miargopme YCTaHOBIIEHBI JBa
mazepa M; 1 M, (reHepatopbl BBICOKOYACTOTHOIO M3JTy4YEHHs) Tak,
4TOOBI OT OHOTO Ma3epa M3TyueHHe ObIJIO HAIpaBJICHO 10 HampasJie-
HHIO, @ OT BTOPOrO Masepa MPOTHB HAmpaBjieHHs S(UPHOrO BeTpa.
W3nyueHns nmpuHUMAarOTCs TUIACTUHOM, HAa KOTOPO#, MO MBICIIH aBTO-
poB, oOpa3syercst nHTepdepeHunonHas kaptuHa. [lojocsl cmemmatoTes
C 4acTOTOM, paBHOM pa3zHOCTH 4YacTOT MazepoB (25 kI'w). PasHocTHas
YacToTa NMpUHUMAeTCsl (POTONMPUEMHHUKOM W OMpeeNeTcs 4acTOTO-
MEpOM € BBICOKOH TourHoCTHIO 0 107 (pric. 3.4).

ABTOpBI NpeAINoNaraiu, YTo YacTOThl IPUHUMAEMBbIX Ha TUTACTHHE
CUTHAJIOB OYIyT 3aBUCETh OT CKOPOCTH 3()MPHOro BETpa, a pa3HOCTh
YacToT, onpezesseMas 4acToToMepoM, OyaeT MpornopuruoHaibHa CKO-
poctu s¢upHoro Berpa. [losroMy s onpeneneHus: BETMUMHBI CKO-
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pocTr 3(MPHOrO BeTpa COMOCTABISIOTCS PAa3HOCTHBIE YACTOTHI IJIs
Pa3TMYHBIX MOJIOKEHHH BCEi YCTAHOBKH OTHOCHTEINTBHO HAIpaBIICHUSI
s¢upHoro Betpa (uepes 90).

/)

VI' l
i

M2—=¥ 4F
HACTOTOMED

Puc. 3.4. Cxema 3KkcnepuMeHTa mo 0OHapy:KeHHI0 3(pUPHOro BeTpa € HcC-
MoJIb30BAHHEM MAa3€epoB, pa3MeLleHHbIX Ha 001Ieil MOBOPOTHO maaTdopme

Bpema u mecmo nposedenun Ixcnepumenma
1958-1962r., Konym6Owuiickuii yausepcuret, CLLA.

Pesynomam 3xcnepumenma
Bo Bcex akcrniepuMeHTax pa3HOCTb YAacTOT MPH BCEX MOJIOKEHUSAX
1aTGOPMBI MOTHOCTBIO OTCYTCTBYET.

Bwi16o0 aemopoe
Dd¢upHbIii BeTep OTCYTCTBYET, ClieoBaTeNbHO, 3¢upa B MpUPOAe
HET.

Kommenmapuii (B.A.)

DkenepumeHT, ocyuiectrieHHbiit U. Tayncom (maypearom HoGe-
JICBCKOM MPEMHH) U €ro COTPYAHHKAMH METOOJOrMYEeCKH HEBEPEH,
TaK Kak MpPU B3aUMHO HETOJIBMKHBIX OTHOCHTEIBHO APYT JIpyra uc-
TOYHUKE W MPUEMHHKE BBICOKOYACTOTHBIX KosiebaHuii a¢dext Jlon-
Jiepa, Ha KOTOPbIH pacCUMTBIBAIIM aBTOPBI, MOJHOCTBIO OTCYTCTBYET.
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OT BeAMYMHBI CKOPOCTH 3(UPHOTO BeTpa OyAeT 3aBUCETh JIMIIb
pa3HOCTh (a3 MPUHUMAEMbIX CUTHAJIOB, KOTOPYIO €/1Ba JIM MOXKHO 3a-
MepuThb Mpu Oeryiiel HHTepdepeHUMOHHOM KapTHHE, HO Takas 3aJaya
Ja’ke He CTaBUJIACh.

Boieoo

DKCNEePUMEHT TOCTaB/ICH METOJUYECKH HEBEPHO M MPUHLIMIH-
aJTbHO HE MOJKET TMO3BOJIUTE OOHAPYKUTH S(UPHBINA BETep, Jake eciu
Obl OH UMen MecTo. Pe3ynbTaThl He MPeCTaBISIOT HUKAKOW EHHOCTH
Y CBUJICTEJIbCTBYIOT JIMIIb 00 OIIMOOYHBIX MPEACTABICHUSIX aBTOPOB
0 CYTH JIOMJIEPOBCKOro 3 deKTa.

3.5.UccaenoBanns porannonHoro 3¢dexra B 3pupe

Cywnocme aeienus u uyeib Ikcnepumenma [56-58)

[Tpu Bpamenun uHTepdepomeTpa, B KOTOPOM JIy4d CBETa OXBa-
THIBAIOT HEKOTOPYIO IJIONIAJb, B HEMOJBHKHOM 3(Upe NOHDKHO Ha-
OJiroIaThCsl CMellleHre MHTep(epeHIIMOHHBIX Tojoc. Pa3HocTh xona
Jydeill cBeTa, MPOMYyCKAaeMbIX 0 3aMKHYTOM KPHUBOH, JOJKHA COCTaB-
JATh

l&nS
A = —,

Cc

rae N —4uciio o0opoToB MHTep(hepoMeTpa B CeKyHAy, S — IuIouaip,
OXBaTbIBaeMasi JIyuaMH CBETa, ¢ — CKOPOCTh CBETa.

Cywinocms aenenus u yeay IKCnepuMenma

Ha oOuieii nnardopme yctaHaBIMBarOTCsS 3epkajia TakuMm oOpa-
30M, 4TOOBI JIy4d CBeTa MOCjIe Pa3[ABOCHHS MCXOIHOrO JIyda OT MC-
TOYHHMKA MPOXOMIIHU MO 3aMKHYTOMY KOHTYpPY U 3aT€M CKJIA/IbIBAIKCh
BMecTe, 00pasyst nHTepdepeHIIMOHHY0 KapTuHy (puc. 3.5)
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Ixpar

Puc. 3.5.Cxema 3kcnepuMeHTA MO BbISIBJIEHHI0 BUXPeBOro d¢¢exra CaHbsika

Habnromaercss cmeleHue Tooc TNpW BpalleHUH TIaTGOPMBI.
Dddext nomyuun HazBanue «@ddekra CaHbsIKa».

IMapameTpbl NpuOOPOB M pe3yabTaThl IKCIEPUMEHTA

I'on ABTOpBI S N ob/c | Alpacy | Ahoeen | [lpuMeuanue
1912 | I'appuc 0,1m° | 12,5 Ionyuen  mono- | Bpamiaromascs
KUTENbHBIA 3~ wiardopma,
dexr CBETOBOHU MyTh
B CTEKJIe

1913 | Canbsik 863 0,86 0,0297| 0,0264 | Bpamaromascs
em® 2,35 |0,079 | 0,077 | matdopma,
866 CBETOBOI MyTh
cM B BO3yXe

1925- | Toranu 0,125 | 20-30 | 0,920 | 0,920
1926 M2

1925 | Maiikens- | 2-10 | 7,5 0,236 0,230 | 3emms, cBertO-
COH U M 10°® BOW TMyTh B
T'enb YaCTUYHOM
BaKyyme
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Bpems u mecmo nposedenusn sxcnepumenma [31, c. 53-61, 108]
1912r. Mewna, lepmannus (Tappuc);

1913r. [Mapux, ®panuus (CaHbsk);

1925-1926r. Hena, I'epmanus (ITorann);

1925r. wr. Mnmunoiic, CIITA (Matikenbcon u I'enb).

Bui6oowst aemopoe

D¢dup, HECOMHEHHO, CYIIECTBYET, BpalleH!e miat(opMbl, B TOM
yucsie 3eMid, He 3axXBaTbiBaeT d¢upa. Pe3ynbTaTsl OmbiTa COOTBETCT-
BYIOT Teopuu JlopeHia HenoABMKHOTO d¢upa.

Kommenmapuii (B.A.)

1. Ilo muenuto C.M.BaBunoga, «ecnu Obl sBienue CaHbsika ObLI0O
OTKPBITO paHblle, YeM BBIACHUIUCH HYJIEBbIE pPe3yJbTaThl OMBITOB
BTOPOTO TOPSIZIKA, OHO, KOHEYHO, paccMaTpUBalIoCh Obl Kak OiecTs-
1Iee SKCIEepUMEHTaIbHOE T0Ka3aTeabeTBO 3dupa» [31, €. 57].

ITo noroay onbiToB Maiikenscona-I'enss Basuios numer [31, C.
60]:

«Takum oOpa3oM, mepes; HaMH CHOBa TOJIOKUTENbHBIN A ¢eKT,
cam no ce0e C MOPa3UTENILHOW TOYHOCTBHIO MOATBEP KOAIOLIMI npe-
MOJIOKEHHWE O He yBleKkaeMoM 3¢dupe, OTCTaloLleM MpU CYTOYHOM
BpAaIlEeHUH 3eMITH».

2. Hexortopsie uccnenosarenu, B ToM yucie C.U.BaBunoB ykasbi-
BAIOT HAa MPOTHBOpPEYHE MEXKIY <«HYJIEBBIMU» Pe3yJibTaTaMH OMbITOB
BTOPOTO TOPS/AKA M TIOJIOKUTEIIHBIMUA Pe3yJIbTaTaMH OMBITOB IO PO-
TalMoHHOMY 3¢ (deKThl, coo0Iasi 0OTHOBPEMEHHO, YTO POTAI[MOHHBIC
3¢ deKThl He MPOTUBOPEYAT TEOPUU OTHOCUTEIBHOCTH, MOCKOJbKY 3Ta
TEOpHUs He paccMaTpuBaeT BpallaTenbHbele OBWkeHHS. [Ipu sTOM
C.1.BaBunos oTtmeuaer:

«OnHOBpeMeHHas: HETOIBMIKHOCTh M JBW)KEHHs d(Hpa MeXaHu-
YeckH, OJHaKo, MbiciuMbl. Hampumep, JlyHa, koHeuHO, yBhekaetcs
3emJieii B ee qBM>keHHH BOKpYTr CoJHIIa, HO cOBepIeHHO Oe3ydacTHa
K CyTOYHOMY BpaiieHuro 3emun» [31, €. 60].

Cornacutbes ¢ TEM, YTO POTUBOPEUHUS MEXKAY pe3yJibTaTaMu po-
TAMOHHBIX OTBITOB M CHELNAJIbHOW TeOpHel OTHOCHTEIbHOCTH HeT,
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HeJb3s 10 ABYM npuuuHam: Bo-niepBbiX, CTO He mpuemiet 3¢upa B
NPUHLIMIE, a POTALMOHHBIC OMBITHI, XOTS U 4Yepe3 BpalleHHe, YKa3bl-
BAIOT HAa HAJIMUWE B MpUpoJe pHpa; BO-BTOPBIX, ABWKEHHE CBET MO
nepudepun riatTGopm MocTynaTesbHO, Kak W BCAKOE JBH)KEHHE HA
neprdeprun BpallaloLIerocs Teja He HyJIeBbIX pa3MepoB. Jlpyroe ne-
JI0, YTO 3TO MOCTYMATEIbHOE JBHIKCHHE COMPOBOKAACTCS elle U I0-
BOPOTOM JTyua CBETa, HO 3TO He MEHSET CYyTH Jielia.

3. Pe3ysibTaThl pOTALMOHHBIX OMBITOB JIETKO OOBSCHSAIOTCS, €CIH
yu4ecTh MaJIyio BSI3KOCTh (BHyTpeHHee TpeHue) 3(dhupa. Bpaiarorascs
matropma He ycneBaeT 3aXBaTUTh CBOMM BpauieHueMm s¢up. s
o0ecrieyeHus] TaKOTO 3axBaTa HY)KHO, YTOObI 3¢up BHYTpH miatdop-
MBI ObUT M30JIMPOBAH OT BHellIHero 3¢upa, U miardopma Bpalaiach B
OJJHOM HarpaBJeHUH JOCTAaTOYHO J0Jroe Bpems (BO3MOXKHO, He-
CKOJIBKO CYTOK M Jaxke mecsueB. [lojoxeHue ycyryOusercs euie U
TeM, uTo 3¢up normomuiaercs 3emiei [29, ¢. 285],mosTomy 3axsar
s¢upa BpamenneM 3emin (orbiT MaiikenbcoHa-I"esst) Mo cpaBHEHUIO
¢ Teoperryeckumu pacuetamu (0,230nporue 0,236)cBraeTenbCTBYET
B M0J1b3y YAaCTUYHOTO yBIieueHHe 3(upa BpallleHHeM 3eMITH, BeposT-
Hee BCero, 3eMHOM aTMOC(epoi.

4. Ddpdexr CaHbsika Halell B HAcTOsIIee BpeMs HIMPOKOE Tpo-
MBILIEHHOEe BHeApeHHe B OecruiaTGOpPMEHHBIX JIa3epHBIX HHEpPLH-
alTbHBIX CHCTEMax HaBMIalMH, IIe OH MCIOJIb3YeTCsl B JaT4YMKax yr-
noBeix ckopocteit (JIVC), obnanaromux BeICOKOM TOUHOCTRIO. Takum
00pa3oM, HUKaKMX COMHEHHIi B OTHOILCHWHW Haluuus d(dekra B Ha-
CTOsiIlIee BPeMsi HE BO3HUKAET.

5. YuuTbiBasi MOJOXKUTENIbHBIC PE3YJIbTaThl POTALMOHHBIX OIbI-
TOB, a TaKXKe MOJIOXKHUTEIIbHbIE Pe3YJIbTaThl ONBITOB BTOPOro MOPsAKa
Maiikenbcona 1 Mopun (1886-1887),Mopun u Mwunepa (1904-
1905), Munnepa (1921-1925)u Maiikenscona (1929), cnenyer cuu-
TaTh OJHO3HAYHO, YTO 3(UP — cpela, 3aroNIHSIIOLIAs MUPOBOE MPO-
CTPaHCTBO, CYIIECTBYET B MpPUPOJE, €ro CTPYKTypa ra3onojoOHa, a
€ro BSI3KOCTb UCKJTIOYMTEIBHO Maa.
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3.6 UcciienoBanusi 3aBHCHMOCTH MACChI OT CKOPOCTH € MOMO-
HIBIO 3aPSLKEHHBIX YaCTHI

Cyumocmb A6/IeHUA U Ue/lb IKcnepumenma

B cootBerctBuu ¢ nonoxenusimu CTO npu yBenmueHun ckopo-
CTH YaCTHLIBI €6 Macca JOJDKHBI YBETMUMBATHCS M0 3aKOHY:

~ N
VT

m

He./lblO IKcnepumenma SABJIACTCA ONPEACIICHUE PCAJIbHOTO YBE-
JIMYEHHA MaccChbl HaCTULbI KU COMOCTABJIEHUE pE3yJibTaTa C yKaSaHHOﬁ

thopmynoii.
Cxema u memoouxa npogedeHus IKCnepuUMeHma
3apsKeHHbIe YCKOPEHHBIC YaCTHUIbI MPOIYCKAIOTCS B AJIEKTpUYe-

CKOM TI0JIe KOHJIEHCATOpa W MarHUTHOM MOJIe OCTOSTHHOTO MarHuTa,
ciient OT yacTHil pukcupyetcs Ha GoToractirke (puc. 3.6).

Puc. 3.6.Cxema JKCNepuMeHTa Mno Uuccjaea0BaHuI0 3aBUCUMOCTH MacCChbl Yac-
THULBI OT CKOPOCTH
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HanpaBneHue MarHMTHOrO moJisi OPUEHTHUPYETCSl TaK K€, KaK W
3JIEKTPUUECKOe MoJie KoHaeHcaTopa. [lockonbKy yacTULbl 3apsKeHBl,
B 3JIEKTPUUYECKOM I10JI€ OHM OTKJIOHSIOTCS B HAIPABJIEHUM CHIIOBBIX
JMHUHA 3JIEKTPUYECKOro Mojis M jAajiee — B MEeprNeHAUKYJISIPHOM Ha-
MpPaBJeHUH MO0 OTHOLUEHHIO K CHJIOBBIM JIMHUSIM MarHUTHOTO MOJs, B
pe3ysbTaTe 4ero KOOpIMHATHI ciiefa Ha (POTOTUIACTUHKE OKa3bIBAIOTCS
(hYyHKUMSMH CKOPOCTH M 3apsiia YacTull.

Hcmyckaemble 4acTHILIbI YCKOPSIFOTCS JTMOO ecTeCTBEHHO (B cliyyae
MCTIOJIb30BaHMsI PAJIMOAKTUBHBIX M30TOMOB), JIMOO MPUHYIUTENbHO (B
cllydae UCIOJIb30BaHUS YCKOPHTEIei), MpyU 3TOM Ha (OTOMIACTHHKE
(ukcupyercsi KpuBas JIMHHUS, aHAIM3 KOTOPOW MO3BOJISIET BBISBUTH
3aBUCUMOCTb

e
— =fy(v),
m

a j1anee, Ta Kak BEJIMYMHA 3apsa CUUTAETCS] U3BECTHOH, TO

m = f,(v).

OTta TOCJICAHAA 3aBUCUMOCTD COITOCTABJIACTCA C 3aBUCHUMOCTBIO

Bpems nposedenusn u napamemput sxcnepumenma [31, c. 62-73;
78, c. 59-77, 79-81, 262-272].

1901-1906rr. Kaydman [59-61] —mo pacueTy uccienoBaHbl KO-
poctu 0 f = 1,034 (?!)c ucnonb3oBaHUEM paaMOAKTUBHOCTH Paaus»

1907-1909r. byxepep [62, 63, 64, 70,71] < 0,687c¢ ucnomnnb-
30BaHUEM PaIMOAKTUBHOCTH pasius;
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1914r. Heiiman [72] —f < 0,85c¢ ucnonp3oBaHueM paJrdoaKkTHB-
HOCTH pajus;

1916r. I'tou, Jlapanwmwm [73, 74] — 0,2X f < 0,49c¢ ucnosnb3oBa-
HHEM KaTOJHBIX JTy4eil;

1933r. I'epnax [75] ¢ ucnosib30BaHHEM KaTOHBIX JTy4ei;

1935r. Hakken [76] f < 0,7c ucrnonb30BaHHEM KaTOHBIX JIy4eH.

Pesynbrathl pacyeroB no gopmyne CTO, cBsa3biBatoLieil U13MeHe-
HHE BEJIMYMHBI Macchl CO CKOPOCTBIO TMEPEeMEICHUs YacTHLbI, WC-
MOJIB3YIOTCS TIPH pa3paboTKe METONOB YCKOPEHHS TSDKEINBIX 3apsiKeH-
HBIX YaCTHL — IPOTOHOB, JEUTPOHOB ayb(ha-4acTUL] B MArHUTHOM I10-
ne [78, v. 272].He yuet Bo3pacTaHusi Macchl MPUBOAUT K MOTEPE CHH-
XPOHM3ALUM MEXIY NEHCTBHEM YCKOPSIOUIEro MOJsS U JBHKCHHUEM
3apSAAKEHHON YaCTHULIBI.

Bwi1600 aemopoe

Kaydman: BbIBOJ Heonpe1e/IeHHBIN.

Byxepep: npuHuun otHocutenbHocTy noaTeepauics. [lpu 0,3173
< B <0,687nomyueHo 1,752-10<e/m<1,767-10.

Heiiman: npu 0,3915< # < 0,85 nonyueno 1,67-10 < e/m <
1,771-10. 5to o3Hauaer, uto ecnu npu f = 0,85 macca Bo3pacTaer
npumep B 3 pasa, To u 3apsia BozpacteT Tak xke B 3 (1) pasa.

I'‘on u JlaBaHmM: NPUHIMO OTHOCHTEIHOCTH TTOATBEPIMIICS.
ITpu 0,2581< f < 0,4829momyueHo 1,041-10<e/m<1,139-10.

Heo6xonumocTh BBO/IA MOMPAaBOK Ha PESITUBUCTCKHE 3PQEKThI
NpU pacueTax yCKOpUTeneH, Mo MHEHHIO pa3pabOTUMKOB, YCKOPHTE-
Jell U AKCIIePUMEHTATOPOB, padOTAIOUIMX HA HHMX, OJHO3HAYHO MOJ-
TBEepKAAeT crpaBeyiuBocTh nosoxeHuit CTO.

Kommenmapuii (B.A.).

1. Psan HenopasyMeHHH, CBA3aHHBIX C TMOJNyYEHHBIMHU DKCIEPH-
MEHTAJbHBIMU JaHHBIMH, OCTajJCs HEBBIACHEHHBIM [O HACTOSILLETO
BpeMeHH. K HUM OTHOCSITCS, B YaCTHOCTH:

a) pacuetsl, BoinonHeHHsie H.I1.Kactepuneim [70], mepemnpose-
pennbie H.H.lllanmounukoBbiM [71], moka3aBmue, 4to KpuBbie byxe-
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pepa He COOTBETCTBYIOT pacueTaM, BBIMOJHEHHBIM B COOTBETCTBUHM C
CTO;

0) pe3ysbTarel HeiiMaHa, U3 KOTOPBIX BBITEKAEeT CaMOMPOU3BOJIb-
HOE yBEJIMYECHHUEe 3apsijia YacTHIIbl, €CIM Macca ee PacTeT MpU YBelH-
YEHUU CKOPOCTH;

B) pe3ynbTaThl KaydmaHna, n3 KOTOpBIX BBITEKAeT, YTO YacTh yac-
THLL BHIOPAChIBACTCS CO CBEPXCBETOBOM CKOPOCTBIO;

2. Kak y»e yKka3bIBaloch BbILIE, MOJYYEHHBIE Pe3YJIbTaThl MOTYT
WHTEPIIPETUPOBATBCS M MCXOJ W3 TPEJCTaBICHUH O HEW3MEHHOCTH
MacChl YaCTHILIbI C YBEJTMYCHUEM CKOPOCTH:

a) KaKk U3MEHeHue 3apsaa yacTuiipl [27, 28];

0) kak u3MeHeHHe KOd((DHULMEHTa B3aMMOICHCTBUS SIIEKTpUYe-
CKOT'O M MarHMUTHOT'O TIOJICH € 3apsi[iOM YacTHILIbl, TOCKOJIbKY BEJTHYH-
Ha B3aMMOJICHCTBHS ONPEIeIIIeTCS] BEIMYMHOMN CKOBKEHHs TOJIs OT-
HOCHTEJIBHO YacCTHIIbl, a CKOJIbKEHHE YMEHBINAETCs C YBEIUYCHHEM
ckopoctu [29], Toraa sdpdexTrBHas 3eKTpUYEcKas HarpsKEHHOCTh
Oyner paBHa:

"
E=E.(1-—),
t

TO €CTh CWJIA, BO3JEICTBYIOIAs HA YACTHLy CO CTOPOHBI JIEKTpUUe-
CKOTO TIOJISl, yMEHbLIAETCS C yBEJIMYEHHEM CKOPOCTH W CTAHOBSTCS
paBHOW HYJIO TPH PAaBEHCTBE CKOPOCTH YacTHIBI CKOPOCTH CBETa,
4yeM U OOBACHSIOTCS Bce DD PEKTHI;

B) KaK CJIe/ICTBHE MOIYMHEHUs d(pHpa 3aKOHAM ra30BOM MeXaHH-
KH, B CBSI3M C YeM L1eJIeCO00pa3HO CPAaBHUTH TPU BBIPAYKEHUS:

m 1
—— =———=1+058%+0,3758" ...
m N\ 1-p2

Pl=
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P y-1
R= — = (1+——M)
Per 2
Y
Pn y-1 7T
R = = 1+—M)
Per 2

rae y = cp ley — kosdduumeHt aauabdbarel raza, paBHbIN IS OJHO-
aTOMHBIX ra3oB y =1,67, U1 IBYXaTOMHBIX ra3oB y =1,4, Ipu MoBbI-
IIEHWH Temrepatypbl y =— 1 s Bcex rasoB. M = V¢, — OTHOIIIE-
HHE CKOPOCTH JIBMKEHUS Tela K CKOPOCTH 3BYKA.

[Tpu y =1,67umeem:

1

P, = (1+—M?**= 1+0,833/+0,208M"...;
3
1

P; = (1+—M?»*°= 1+0,5M*+0,041M%...;
3

(mpuM=1 B = 2,05, B =1,54)
[pu y =1,67umeem:
P,=P = 1+05V+0,175M" +...;

(mpuM=1R = R =1,7).
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HutepecHo otMeTuTh, uTo Aiis Bennuubel f =M = 0,8 Bce yka-
3aHHbIC 3aBUCHUMOCTH aIMPOKCUMHUPYIOT IpYyTr JApPYra BIOJHE YJOBJe-
TBOPUTEJILHO, 3aMETHOE PAacXOKJIeHUe HaunHaeTcs co 3HaueHuit 0,85-
0,91 TosbKO C 3TOM BETMUMHBI MOKHO JI€aTh BBIOOP MEXy 3aBUCH-
MOCTSIMH,;

I) KaK CJIeICTBUE yBEIUYEHHUs MAcChl W3-3a MPHUCOEANHEHHs Mac-
Chbl OKpY»aroLero 3¢upa, Ha 4To o0pallanoch BHUMaHUEe HEKOTOpbIe
aBTopamu [69].

VYkazaHHBIMM BapyiaHTaMU BCE BO3MOXKHOCTH JAlIeKO He Hcyep-
nbiBatoTcsl. CyIIECTBYIOT U MHOTOYMCIICHHBIC WHBIE MHTEpIpeTalii
3(hdekToB, TpakTyeMbIX HbIHE KaK 3(PeKT yBeTMUeHUs MacChl YaCTHII
¢ yBelMUeHHeM nX ckopoctd. KoHeuHo, B peasibHO# cHTyaluu Ha ca-
MOM JieJie UMEIOT MECTO He OJIHA, & HECKOJIBKO MPUYMH OAHOBPEMEH-
HO, OJTHAKO MPAaKTHYECKH OHU HUKOT/1a M HUKEM He aHAJTM3HUPOBAITUCE.

Takum oOpa3oM, HET OCHOBaHMH OJJHO3HAYHO CUWTATh MOJy4YeH-
HbIe B 3KCIIEPUMEHTAX PEe3yJbTaThl MOATBEPHKAAONIMMU UMEHHO CIie-
LUUAJIbHYIO TEOPHIO OTHOCHTENBHOCTH: T€ W3 HUX, KOTOpPbIE YKJIaJbl-
Batotcs B opmynbHbie BhipaxkeHuss CTO ans yBeavueHUs Macchl ya-
CTHII C YBEJTMUEHHEM CKOPOCTH, MOTYT UHTEPIPETUPOBATHLCS pa3jiny-
HO, a Te U3 HHX, KOTOpPbIC HE YKJIQJBIBAIOTCS B 9TH 3aBUCUMOCTH, (pe-
synbrathl Kaydmana, Heiimana, Byxepepa) nomkHbI ObITh Tieperpo-
BEPEHbI U UCTOJIKOBAHBI MHAYE, HATIPUMED, C MO3KLIUH dupoanHamMu-
KH, KOTOPOH OHM HE MPOTHBOpEeYar.

3.7.AccaenoBanusi 3aBUCHMOCTH Te4eHHs BpEMEHH OT
CKOpOCTH

Cyugnocmeo A61eHuA U yeib IKCnepumeHma

B cootBerctBum ¢ nonoxenusimu CTO npu yBennueHun ckopo-
CTU Tejla ero cOOCTBEHHOE BpeMsl JO/KHO YBEJIMYUTHCS MO CpaBHE-
HUIO C BPEMEHEM IIOKOSILIErocs Teja [0 3aKOHy:
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Llenvio IKCnepumenma SBISETCS OIpeNeleHne pealbHOro Bpe-
MEHH JJIsl ABMKYIIErocs Tesla W MOJATBEp)KAeHHe YKa3aHHOW 3aBUCH-
MOCTH.

Cxema u memoouka npoeedenus xkcnepumenma [78, c. 266;
82-86].

B kadecTBe nBWKYylerocs Teia B SKCIEPUMEHTE MCHONB3YIOTCS
ME30HbI, BpeMsl KHM3HU KOTOPBIX M COOTBETCTBYIOIIME €My MyTH CO-
CTaBJISIOT:

JUTS L —Me30HOB (MIOOHOB) Tg = 2,2:10°%¢; |, = 600u;

JUTsS T —MEe30HOB (ITMOHOB) T = 2,56-10°¢; |, = 7,684.

VYcranaBnuBaercss (pakT HaJIMYUS ME30HOB, 3apOXKIAIOLIMXCS B
BEPXHUX closiX aTMocdepsl (MtooHbl Ha BeicoTe H = 18000M., muoHbI
— Ha Bbicote H = 46200M), B HIKHUX CJI0AX arMocdepbl, YTO JaeT
BO3MOJKHOCTB TPOM3BECTH PacueThl MO YKa3aHHOH (opmyiie.

ITapamemput u pe3ynomamst IKcnepumenma

1940-1941rr. Bunbsime u PoGepte [82] — HabnroneHrne camMornpo-
W3BOJIBHOTO pacriajia Me30HOB B Kamepe BuiibcoHa,

1940-1941rr. Oxe u Ma3 [83], Ma3 u lllamunan [84], Lllamunan,
®peon, Ma3 [85] — HabnroneHHe caMOMPOU3BOJIBHOTO pacmnaja ¢ Io-
MOIIBIO CYETYHKOB,;

1941r. Poccn n Xonn [86] — u3MepeHHe MmyTH, MPOXOISIIUX Me-
30HaMHU ¢ ompeiesieHHbIMU dHeprusmu 1o f = 0,99;

1838-1941rr. Aiic u Ctunyasn [89, 90] —nabmonenue ¢ TpyOKa-
MU KaToJIHbIX Jy4ei npu £~ 0,004.

Bw1600 asmopos

XoJl BpeMEHH 3aBUCHUT OT CKOPOCTH JIBUXKCHHS YaCTHIIBI U COTJia-
cyetcs ¢ pacuetamu CTO.

Kommenmapuii (B.A)

1. Camu uHBI IPOOETOB, YKa3aHHbIE Ui OOHAPYIKECHHUS B HUXK-
HUX cJ10sAX atMoc(epbl ME30HOB, PACCUUTAHBI HA OCHOBE MPUBEICH-
HOU PeNsSTUBUCTCKON (OpPMYJIbI IJ1sl BpEMEHH, HarpuMep, JJIMHa Tpo-
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Oera amst nvoHa B 46,2 KM MoJydeHa Ha OCHOBE MPETOJIOKEHHS, YTO
CKOpPOCTH MHOHa B aTmMocdepe uirb Ha 108 MeHblIe CKopocTH cBeTa.

Ho Takas ckopocTh cBeTa B aTMoc(epe yMeHbIaeTcs B OOJIbIIeH
crenienn u coctariser 0,00073c, momyyaeTcst, 4TO MU-ME30H JOJKEH
oborHath cBeT. Takum 0Opa3oM, pacueTbl HEe TOYHBI, U B Cllyyae Me-
30HOB peYb MOKET WJITH JIUIIb O KAYEeCTBEHHOW KapTHUHE SBJICHUS.

2. YBenuueHUe JUIMHBI npoOera HecTaOWIbHON YacTHIIbl B aTMO-
cepe MOXKET UMEeTh HECKOJIBKO MIPUYWH, HATIPUMEP:

C YBEJIMYEHUEM HAYaIbHOW CKOPOCTH BXOJa B aTMOchepy BpeMs
B3aMMOJICHCTBHUS YaCTHUIIbl C MOJISKYJIAMU BO3/yXa COKpAIIaeTcs, 4To
MPUBOAUT K YMEHbBIIICHUIO BO3JICHCTBUS AecTaOWIn3upyromero dak-
TOpa,;

C YBEJIMYEHHUEM CKOPOCTH JBW)KCHUS YACTUIIbI B Ta30M0J00HOM
a(upe yBeIMUMBaeTCs TPAJUEHT CKOPOCTH B TIOTPAHUYHOM CJioe 3(H-
pa, OKpY>Karollero Me30H, B pe3ysibTaTe Yero BA3KOCTb B MOrpaHUY-
HOM CJIO€ YMEHbIIAETCs, U YCTOHYMBOCTh ME30HA BO3PACTAET, TaK Kak
YMEHBIIAETCS OTBOJI IHEPTHUHU B OKPYIKAIOUTHIA Aup.

Otcrozia BbITEKaeT, 4To (DaKT yBeJMYECHUsS JJIMHBI podera Me3o-
HOB C YBEJIMYCHUEM HAYaIbHOW CKOPOCTH TOBOPUTH HE O TMOJTBEp-
xaenun CTO, a 0 HaTMYMK BHYTPEHHUX MEXaHU3MOB SIBJICHUH, KOTO-
pbie ToJyIekKaT U3YUYCHHIO.

Takum oOpa3oM, aHaJIM3 SKCIEPUMEHTOB, TPOBEJACHHBIX pa3jiny-
HBIMH HCCIIE/IOBATENIIMU B LIEJISIX MOATBEpKIIeHUs moiokeHui Crie-
UAJIEHOM TeopuM OTHOcUTeNnbHOCcTH D.JMHIITelHa, TToKa3al, 4To B
npoliecce MPOBECHUS SKCIIEPUMEHTOB ObIJIM HE YUYTEHbl MHOTHE CO-
MyTCTBYIOIIME (aKTOphI, a Pe3yJbTaThl 3TUX JKCIIEPUMEHTOB MMEIH
HaNpPaBJICHHYIO TPAKTOBKY, UMEIOIIYIO IEJIbIO BO UTO OBI TO HU CTaJIO
MOJITBEPKIACHHUE 3TOM TEOPHH, B TO BPEMs KaK CYIIECTBYET MHOMXKECT-
BO JIPYTUX TPAKTOBOK TEX XKE PE3yJIbTaTOB.
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I'maBa 4. dkcnepuMeHTHI MO 001IeH TeopHH
OTHOCHTEJIbHOCTH

4.1.1lpoBepka NPUHOMIA YKBUBAJEHTHOCTH

Cywinocmes agnenus u yeas ykcnepumenma [93-103].

[IpoBepsieTcs OTHOLICHHE MHEPTHOM W IPaBUTALIMOHHOM Macc, KO-
Topoe, B cootBercTBHU ¢ OTO, 10/KHO OBITH OIMHAKOBBIM JUIsi BCEX
BHJIOB MaTepHAaJIOB U CHCTEM OTCUETa.

Memoouka 3xkcnepumenma

1. Ha kpyTunbHBIX BecaX YCTaHABJIMBAIOTCS HA MPOTHBOMOJIOXK-
HBIX TUIeYax /IBe OJMHAKOBbIE MacChl U3 pa3inyHoro Matepuana. Eciun
OTHOIIIEHHE WHEPLMOHHOW W IpaBUTALMOHHOM Macc Ui HUX pa3ivy-
HO, TO BCJIEICTBUE Pa3IU4YMsi MOMEHTOB OT LIEHTPOOEKHOH CHJIbI
BpALLIEHUs1 3€MJIM U CHJIbI TSDKECTH IOJDKEH CO3[aBaThCsl Pa3HOCTHBIN
MOMEHT, 3aKpYUHBaIOLINIA HUTh.

2. UccnenyeTcs nmageHue IMmydka HEMTPOHOB CO CTMIMHAMH, OPHEH-
TUPOBAHHBIMU CHaYaja rOPU30HTAJIbHO, 3aTeM BEPTHUKAJIBHO B TOJIE
TSXKECTH 3eMJTU C LIENbIO BBISIBJICHHS pa3ivuus B MaJ€HUH.

Pe3ynvmamet ykcnepumenma

1890-1922rr. DtBew [93-96] —>KBUBaIIEHTHOCTh Macc MOJATBEp-
JKJICHA C TIOrPELIHOCTHIO He npeBbiatowmeit 1072,

1910r. Caysepuc [97] — 9KBHBAJICHTHOCTbh Macc MOATBEPIKICHA
JU1sl pa/IMOAKTUBHBIX BELIECTB.

1917r. 3eeman [98] — 5KBHBaJICHTHOCTh MacC Ka4eCTBEHHO MOJ-
TBEpIK/ICHA.

1957-1963rr. Juke [99, 100] —ycTaHOBI€HA 3KBHBAJICHTHOCTD
Macc Ui 30J10Ta U JIFOMHHHS C TIOTPELIHOCTBIO, HE TIPEeBbIIIAIOLICH
10

1965r. JIa66¢ [106] — ycTaHOBI€HA SKBUBAJICHTHOCTh MAacC IS
MyuKa HEHTPOHOB C MOTPEIIHOCTHIO, He TpeBbimaromeii 107,
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Buieoowvt agmopoe

[IpoBeneHHbIE SKCIEPUMEHTBI OJHO3HAUYHO MOATBEPAKIAIOT BBIBO-
ael OTO 00 3KBUBaJIEHTHOCTH TPaBUTALIMOHHOM W MHEPTHOM Macc.
DTO O03HayaeT 3KBHMBAJEHTHOCTb HWHEPLMAIIBHBIX CHUCTEM OTCYETA.
OOwass TeopuM OTHOCHTENBHOCTH TEM CaMbIM MOJy4YWsia 3KCIepHu-
MEHTaJIbHOE MOATBEPKACHHE.

Kommenmapuii (B.A.)

1. TlpyHUMI SKBMBaJEHTHOCTH TPAaBUTALMOHHON W WHEPTHOU
Macc MpsMo BbITeKaeT U3 MexaHuku [ anunes-HploToHa, U1 KOTOPBIX
OTHOILICHHE T'PaBUTALIMOHHOM M WHEPTHOIM Macc Bceraa He3aBUCUMO
OT MPHUPOJBI TeJa, OIMHAKOBO BO BCEX PABHOMEPHO U MPSMOIWHEHHO
JBIKYIIMXCS (MHEpUHMATbHBIX) CUCTEMax OTCUeTa.

Takum 06pa3om, Bce NepeyrciieHHbIe SKCIIEPUMEHTBI BCETo JIMIIb
MOATBEPKIAIOT OOBIYHYIO KITACCHYECKYI0 MeXaHWKy. OTHOCHTBH MOA-
TBEP)KICHUE STHX TOJIOKEHHUH 3a cyeT o0lIei TeOpur OTHOCUTEITbHO-
CTH HET OCHOBAaHUH.

2. HecMoTps Ha BbIlIEyKa3aHHOE, MOJKHO OTMETHUTb Pa3IMYHYIO
NPUPOY IpaBUTALMM ¥ MHEPLIMH, YTO BBITEKAET U3 3(PHUpOANHAMHUYE-
CKOM KapTHHBI MHpa [29]: rpaBuTaLMs ecTh MPOSBICHUE TEPMOIH]-
(y3HMOHHBIX TMpoLeccoB B 3upe, HHEPTHAS JKe Macca — M3HaA4YalbHOE
CBOMCTBO MaTepuH. JTO 03HAYAET, YTO B MHBIX, HEYKEIIM HA MTOBEPXHO-
CTU 3eMJIM YCIIOBUSIX, HaMpuMep, BOJU3HM OOJBIIMX IPaBUTALIMOHHBIX
macc, 100 B UX riyOuHe, rae 3gpupoaruHaMUUYecKue mpouecchl OyayT
YHUCJIEHHO HECKOJIBKO WHBIMM, TPAaBUTALMOHHAs TOCTOSHHas Oyner
YMEHBIICHHOH, B TO BpeMsi KaK MHEPLIMOHHAsi Macca OCTAHETCsl Hen3-
MEHHOM IpHU BCeX YCIOBUSX.

[TogoOHBIH KCTIEPUMEHT MOXKET ObITh B MPHUHLIMIIE TIOCTaBJICH Ha
3emisie B riryOOkMX mmaxTax. [Ipy 3TOM COMOCTABIATBCS JOJDKHBI HE
pa3Hble MaTepHalibl, HAXOJSIMECs] BMECTe Ha OJJHOM YPOBHE OT 3eM-
HOM MOBEPXHOCTH, a OJIMH W TOT e o0pasell, HaXOASLIMHCS CHavana
Ha 3eMHO# MOBEPXHOCTH WJIM Ha BBICOTE, a 3aTeM OITyLICHHbIH B [1aX-

Ty.
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4.2.HCCJ’[€)10B3HI/I€ IPABHTAIIHOHHOI'0 CMCLICHHUA CIEKTPOB

Cywnocme agnenusn u yeas Ikcnepumenma [22-25; 110]

TeueHue BpeMeHHM B IPaBUTALIMOHHBIX TMOJISIX B COOTBETCTBUM C
OTO 3amemiaTcs, 3TO O3HAYAET, YTO BCE MPOLECCHI OYAYT TaKKe 3a-
MezsieHbl. Llebio SKCEepUMEHTOB SIBJISETCS MOATBEPIKICHHE 3TOro
00CTOsTENBCTBA.

Memoouxa sxcnepumenmos [111-116]

1. Uccnenyetcst oTHOcUTENbHOE cMeleHre criektpa CojHIa, pas-
Hoe 1o Teopun 2,12-10°.

2. Uccnenyercsi cMellieHHe 4acTOThl W3JTY4YEHHUs] aTOMOB IMpU H3-
MEHEHHWH BbICOTBI pacToIOKEeHHsI ICTOUHKKA HaJ 3eMIiel.

Pesynomamesl IKcnepumenmoe

1960r. IMaynn, Pedka (CILLUA) [111-113] ([xedepcoHoBckas pu-
3u4ecKas J1abopaTopHsi) — MOJTYYSHO OTHOCHTENIbHOE CMEILeHHE CIeK-
tpa F€' npn m3menenny Boicothl Ha 21 M B (5,13 + 0,51) -10° npu
MpeJICKa3aHHOM 3HaueHuu B 4,92- 10,

1960r. Kpaumoy, Huddep, Yduiitxen (CLIIA) — uccnenoBanoch
cMelleHHe crieKTpa F€' Ipi H3MEHEHHH BbICOTBI, MIOJIY4EeHO KauecT-
BEHHO COBIMAaJIeHUe pe3ysbTaToB ¢ npeackazaHHeiMu OTO.

1964 r. MenbhukoB (ITynkoBo) [115] — u3ydeHue cmelieHHs
criektpa CosnHIIa, MoJy4eHO Ka4eCTBEHHOE COBMa/ICHHUE PE3yJIbTaToB C
npeackazanusmu OTO.

Buwi6oowvt asmopoe
[onoxenns OTO o 3amenneHMH BpEeMEHHM B T'PaBUTALIMOHHBIX
TMOJISAX MOATBEPIKAEHBI.

Kommenmapuii (B.A.)

1. ToT ke pe3ysibTaT rPaBUTALIMOHHOTO CMELIEHHS CIIEKTPOB MO-
JKET OBbITh OOBSACHEH YMEHBIIEHHEM YIPYTOCTH 3JEKTPOMArHUTHBIX
CBsI3ell aTOMOB B CJIOKHBIX MOJIEKYJIAX, YMEHbIIEHHEM SHEPIHH CBS-
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3eli HyKJIOHOB M YMEHBLICHUEM SHEPrHUH BO30Y)KJIEHHOTO COCTOSHUS
aTOMOB TIPY U3MEHEHHWH TPaBUTAIIMOHHOTO MOTEHIIHANA.

2. B cooTBeTCTBUM ¢ rUMNOTE30M razornogaobHoro a¢upa [29] rpa-
BUTALIMS ecTh MposBieHrne TepMoan(y3MOHHBIX MPOLECCOB B dupe.
VYBenuveHue TpaBUTAIIMOHHOTO MOTEHIIMANA CBSI3aHO C MOHWKEHHUEM
cOOCTBEHHOW TeMIiepaTypbl 3dupa u, clIeloBaTeNIbHO, TOHMKEHHEM
nasneHus B d¢upe. B pesynbTare Bce BUIBI CBA3E€H YMEHbLIAIOT Y-
pYroctb, U coOCTBEHHbIE UYacTOTHI KOJIeOaHWI MpHU Tex ke maccax
YMEHBLIAIOTCA.

3. KoppekTHOCTh 3KCHEPUMEHTOB BBI3bIBAECT ONpeesieHHbIE CO-
MHEHHS1, YTO OTMEUYEHO PsSA0M aBTOPOB.

DKCMepuMeHThI, IpoBe/ieHHble KpaHIIoy W ero rpymroi, KpuTu-
kytoTes B ctathe P.Ilaynna u I'.Pebka, roe onn nuiyT:

«Hamie uccnenoBanue nokasblBaeT, 4TO M3 dKcnepumenta Kpan-
110y BOOOIIIE HEMb3s cliesiaTh HUKAKKX 3akoueHuii» [113, c. 482].

Onnako u skcriepuMenTsl P.Ilaynna u I'.PeGka Takxke MoryT ObITh
MOJBEPrHyTbl COMHEHUsIM. MMM ke caMMMHM MoKa3aHo, YTO He y4eT
Pa3HOCTH TeMIepaTyp MpUeMHMKA M u3Tydarens B 1° BbI3bIBaeT TOT
ke ¢ dexT, uTo U uckomblid. Temmneparypa e Mpy NPOBEAEHUH JKC-
MepUMeHTa YUYHUThIBajach MyTeM BBOJA MOMPaBOK, M OTH MOMPaBKU
noctirany 5,5 kpaTHOW BENMYMHBI IO CPABHEHHIO C OTNpPEACIsIeMOi.
YBepeHHOCTH B TOYHOCTH BBOJIA MOIMPABOK HET.

Pesynbratel ke, nomydenHble O.A.MelbHUKOBBIM, HOCUJIHU JIUILb
KavecTBeHHbIN xapakrep [116, C. 219]1pu 3TOM OTMEYEHO, YTO TOY-
HBIH pacyeT 3¢deKkTa ¢ yueToM BCeX MellaroluX (akTOpoB CTOIb
CJIOJKE€H, YTO BPSJ JIM MOKET OBbITh BBIMIOJTHEH BOOOLIE.

Takum 00Opa3oM, HET OCHOBaHWU JJisi OJTHO3HAYHOTO YTBEpIXKJie-
HUs 0 noaTBep kaeHnn nojoxenuss OTO o 3ameieHUH TeYeHus Bpe-
MEHHU B pe3yJibTaTe HaJIM4uKs rPaBUTALMOHHOTO MOTEHLHAla.
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4.3.UccnenoBaHusi <KpacHOT0 cMeLIeHHs» CNIEKTPOB AaJIeKHX
raJakTHK

Cywinocme asieHus u yeap IKCnepUMeHma

B coorBerctBum ¢ BeiBogamu OTO Bceenennas pacmumpsercs, o
YeM MOXHO CYJIUTh M0 «KPACHOMY CMEIIEHHIO» CIIEKTPOB JalIeKhX
ranakTuk. [lo OTO «kpacHoe cMelleHue» SBSETCS pe3yJbTaTOM J0-
TUIEPOBCKOrO CMelleHHnsa. B skcrepruMeHTax OleHHBAaeTCs BeTUYHhHA
CMEIIeHHSI.

Pezyaromamut uccneoosanuil

1929 r. AmepukaHckuii actpoHoM 3.Xa00n ycraHoBWI (akT
«KPaCHOTO CMELICHHs» U BbIBEJI 3aBUCUMOCTh «CMEILICHHUS» OT pac-
CTOSIHUMSI 710 OOBEKTA!

Ao c

rae H = 310" ¢ — nocrostnnas Xa661a, R —paccrosinue 10 06bek-
Ta, Ao — UTMHA BOJIHBI W3JIyYEHHOTO CBETA; A — JUITMHA BOJIHBI MPUHS-
TOTO CBETA; C — CKOPOCTh CBETA.

3akoH Xab0ia MHOTOKpaTHO MPOBEPEH pa3iiUuYHbIMU acTpoOHOMa-
mu [121] ¥ cOOTBETCTBYET pealibHOM AeHCTBUTENBHOCTU. B skcnepu-
MEHTaX CHEKTp 3Be3/ (rajlakTHUK) CpaBHHUBAeTCs C OOBIYHBIM CIIeK-
TpoM. [To B3anMHOMY pacronOKeHHIO XapaKTepHBIX JMHHUH CIeKTpa
ornpezenseTcs BeJIMYMHA Z, a Mo spKOcTH — pacctosHue R. Otcrona
HaxOJUThCA BeNUUYMHA [, KOTOpas okazanach MPUMEPHO OJAHOW U TOU
e U151 MHOTHUX U3MEpeHHH.

Buvieoowst asmopoe
CMellieHHe CIIEKTPOB CBUJICTENLCTBYET O JOIUIEPOBCKOM 3(dek-
T€, 3HAYUT, TAJIAKTHKH YAAJISIOTCS APYT OT Jpyra, 5TO 03HA4aeT, uTo
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Bcenennas pacmupsercs, uto noareepxkaaet Beioabl OTO u crpa-
BemmBocTh camort OTO.

Kommenmapuii (B.A.)
1. Ecnm B 3akoH Xa60ma nmonctaBuTh BeIpakeHue 3aKoHa [ lmanka

hc
E=hy=—,
y)
MOJTYYHM:
E—-E, AE R
Z=—=—= H —,
E E C
Wi
de R
E C
Otkyna
E=Eoe ™= g e NP Ry= 100w,
WA

E= Eoe—Ht: Eoe—t/to

: to = 10° ner.
CrenoBaresibHO, <«KpacHOE CMEICHHE» CBUJIETENLCTBYET HE O
«pactmpennn BceeneHHoM, a 0 motepe (OTOHAMH SHEPrUM, HAIPH-

Mep, BCIICICTBHE BSA3KOCTH 3(upa, 3arojHSIOLIEr0o MHUPOBOE Mpo-
crpancTBo [29].
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2. CyliecTByeT 3HAYMUTENLHOE YHCIIO CAMBIX pa3HOOOPa3HBIX 00b-
sicHeHuii 3¢ (dexTa Ha ypoBHE OOBIYHOMN Kiaccuueckoi ¢usuku [122],
clieZloBaTeNbHO, HET OCHOBAHUI MoJjiaraTh, YTO «KPacHOE CMEIIeHHe»
CIIEKTPOB JajieKuX rajgaktuk noareepxaaer OTO, oHo Takke ykia-
JBIBAETCS B PAMKH MHOTHX JIPYTHUX TMIIOTE3 U TEOPHIA.

4.4 . UccaenoBanue cMelleHUs NepUTreIns OPOUTHI
Mepkypus

Cywinocmo A61eHUA U Ueb UCCTIe006AHUT

B cootBerctBum ¢ BhiBomamu OTO nepurenuii opoutsl Mepky-
pyst TofkeH cMmetnaTbes Ha 42,9” 3a cronerue. Llenbto nccnenoBanmii
SBJISIETCSl YCTaHOBJIEHUE (PaKTHUUECKOrO CMELIEHHs TMepurenus U co-
MocTaBJieHHe pe3yJIbTaToB HaOroaeHni ¢ npeackasanusmu OTO.

Pesynomamest uccneoosanuii [31, c. 91-92, 123-137].

1889r. Jlerepne [31];

1898r. Hetokom [123] —pacuetsi nanu ot 43,497
I'poccman — pacuetst nanu ot 29” no 38”;

1926r. 1lla3u [124, 125] — 34,96,

1943r. Knemenc [126, 127] — 42,56"+ 0,94";

1956-1958 . Junkom6ms [128, 129] — 43,117+ 0,45";

1973r. Moppucon [136] — 41,9"+ 0,54".

Bui6oowvt asmopoe

Pe3ynbrarel pacueroB, MpPOBEJEHHBIX Ha OCHOBAHWM BBITIOJHEH-
HBIX HaOJIIOJEHUH, MOKa3bIBaIOT, YTO (pakTHUYEeCKOoe cMelleHHe Mepu-
reaust Mepkypusi COOTBETCTBYIOT npenckazaHHbiM OTO.

Kommenrapuii (B.A.)

1. lpexxne Bcero, cieayeT OTMETUTBh, YTO SKCHEPUMEHTATbHbIN
matepuai nan He uudpy 43,49" kak Obuto onpeneneHo Herokomowm, a
menblyto. [lo I'poccmany sta Benmuuna coctasuia 407, mo [la3u —
35", bonee 6au3kue pesynbTarhl nany pacdyersl Knemenca, Jlnnkomo6-
751 1 MoppHrcoHa, HO BO BCEX CIIydasX HE MOYKET WATH U Pevr O COB-
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NaJieHUH ¢ TIOTPEITHOCTHIO, He peBbiatonieii 0,1", kak 3To nuueTcs
B HEKOTOpO# uactu sureparypsl. Kunne [31, €. 91]naet cnenyro-
IIylo TaONuUIly 3HAUEHUH BpallleHWs] MEepUreiaus Uisl pa3HbIX
IUTAHET, MOJIYYEHHBIX PACYETHBIM IIyTEM:

Ne/Ne [TnaneTs ® OHHIITEHH 3enurep

1 Mepkypuii + 6,18”" + 0,50 + 8, 82" + 8, 42"
+8,62" £ 0,50” + 8, 82"

2 Benepa —-0,08"+0,26” + 0, 06" + 0, 05"

3 3emus +0,21"+£0,13” +0, 06" +0,07”

4 Mapc +0,86" £ 0,36” +0, 13" + 0, 59”

Bo BTOpOoM cTondue conocTaBieHbl 3HaUC€HHs BpALLEHUs NIepHre-
JIMeB, YMHOXKCHHbIE Ha SKCLEHTPHUCUTETHI OPOUT COOTBETCTBYIOLIMX
TUTaHeT.

Kak ormeuaer C.M.Basunos [31, €. 91],5Ta BenuunHa gaxe s
MepkypHsi He MOJKET CUMTATHCS TBEPJO YCTAHOBJICHHOH, 10 OTHOILLE-
HUIO K JIPYTMM TUIaHeTaM HeolpenesieHHOCTh elie Oombiue. Kunne
yKa3bIBaeT, 4TO OOBIYHBIA pacueT BpAILCHWs] MepHresus, KOrjaa OH
paccMaTpuBaeTcs OTAeNBHO OT BO3MYIICHHS APYTMX 3JEMEHTOB Tia-
HETBI, B CYLIHOCTH TOBOps, He TOo4YeH. CBA3b BCEX SJIEMEHTOB Hepas-
pbIBHA, U U3MEHEHHE OJHHUX 3JIeMEHTOB B pacueTax BiedeT 3a co0oii
u3MeHeHue pyrux. Ho momHoe TouHoe pemeHne 3aJa4un MmpeacTaBis-
eT co00l HemnpeoaoIMMble TPy THOCTH. TakuMm 06pa3oM, BOMpoc O Be-
JIMYMHE BpaLICHUs Mepurenus opoOUT OcTaeTcsi JOBOJBHO Heompene-
JICHHBIM KaK B OTHOLICHWH TOYHOCTH HAOJIIOICHHMH, TaK U TOYHOCTH
pacuetoB [31, c. 91-92].CnenoBaTenbHO, CYATATH JOCTOBEPHBIMH M
pe3yJbTaThl U3MEPEHHIT TIOJIOKEHUsI TUITAHETHOW OpOUTHI, M pe3yJibTa-
Thl PACYETOB C YYETOM JIaK€ M3BECTHBIX BO3MYILICHHUI HEJIb3sl.

2. Pan aBTOpOB OOpaliaeT BHUMaHWE Ha TO, UTO pealibHas BeJu-
YMHA CMellleHHs nepurens Mepkypusi coctapiseT BoBce He 43" uiu
34", a 5327, xoTopbie BBI3BIBAIOTCS BO3MYLICHUSMHM APYTHX MJIaHET

(mns Bemum sTa BenmumHa coctaeiser 1154 3a cromerwe [138, C.
119].
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CobGcTBeHHOE ke ToJHOe BpalleHue nepurenus [26, €. 253-254]
cocrasnser 5557, 74,18 £ 0,85% Tosnbko pazHOCTh paBHa 42,56 *
0,94", 1.e. monHas, oOBIACHAEMAs JIETKO C MO3ULHUNA HBIOTOHOBCKOM
TeopuH BenuuuHa BpauieHus nepurenus B 100 pa3 Gonblue, yem sTa
pasnocth. Kak npausibHo orMetun Jlxk. Cunr [26, c. 254], &akas
CMeCh HBIOTOHOBCKOM M 3HHIUTEHHOBCKOW TEOPHH MCHXOJIOTMYECKU
HETIPUSATHA, KOO STH TEOPUH OCHOBBIBAIOTCS HA CIIMIIKOM Pa3HbIX HC-
XO/IHBIX KOHLeNUMAX». OIHAKO MOXHO TBEPAO CUHUTATH, YTO TMOI00-
Hasi cMeCh BOOOIIE HEJIOMyCTUMA.

HexkoTopblie aBTOpBI, yKa3biBas Ha BEJMYMHY COCTABJISIOLICH Ha-
omoaenuit nepurenust Mepkypusi, pasuyto 5024—-5027 'sa ctonetwue,
OTMEYAIOT, YTO «¥ 0e3 TOro elBa 3aMeTHbIH 3PQeKT, SBIAIOIIMICT
CIIEICTBHEM O0LIel TEOPUH OTHOCHUTEJBHOCTH, OKa3bIBAETCS 3acO-
PEHHBIM BO MHOYKECTBE BPaLICHHI MJIAHETHBIX OPOUT, HEe MMEIOLIHX K

DTOM TeOpUH HUKAKOro OTHOImeHUs » [31].

3. Umeetcs cepus MpeanonokKeH!H, BbICKa3aHHBIX Pa3IMYHBIMU
aBTOpaMHy O MPUYMHAX JIBWIKCHHUS Nepureins Mepkypus, KaxIoro u3
KOTOPBIX B OTJEIBHOCTH JOCTATOYHO AJISl OOBSICHEHHUS STOTO SBIEHMS,
€CJI OHO Ha CaMOM JieJie CYIECTBYeT, YTO TaKXKe He OUYEBHUIHO B CHITY
W3JI0XKEHHBIX BbILIE MPUYKH. Hike nepednciieHsl HEeKOTOpbIe U3 3THX
MPEATIONOKEHUIA!

a) crunocHytocTh COJHIA B pe3ysibTaTe ero BpallleHWs BOKPYT
cBOeil ocH, Ha uyto oOpauratoT BHUManue H.A.Townenna [78, c. 286],
P.JTuke [132]. JoctaTouHo uMeTh Beero uib 5-10° OTHOCHTETBHOTO
C)KaTusl, YTOOBI TMOJHOCTBIO OOBSCHUTH SIBICHHUS ([ CpaBHEHHMS,
3eMJIst HMeeT OTHOCHTeIbHOE CKaTHe, pasHoe 1:298,25 3,3-10"9);

0) Bpawenne CouHia, yka3zaHHoe PokcOyprom, kak BO3MOXKHas
NPUYMHA CMEILeHHUs nepuresius Mepkypus;

B) wusBepraemas CosiHileM Macca B Buje (orocdepsl, hakesos,
npoTyOepaHLeB, rpaHyJl U KOPITYCKYJT;

) COJHEYHBIN BeTep, CKOPOCTh KOTOPOro yObIBaeT Mo Mepe yja-
nenust ot ConHua, 4To AaeT 3(h(eKT, SKBUBAJICHTHBIM HETIOCTOSHCTBY
no panpHocTH oT COJHIA rPaBUTALIMOHHON MOCTOSHHOM (H0CTaTOYHO
sa¢pdekra B 0,07%)u Tak nanee.
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CrnenoBaresibHO, HET MPUYMH CUWTATh  JIBWKEHHE MepUrenus
Mepkypus cieIcTBUEM BbIBOJOB TEOPUH OTHOCUTENBHOCTH.

4. 5.UccaenoBanue OTKJI0OHeHHs cBeTa Maccoil CotHna

CyuiHocmb A671eHUA U Uelb UCCe008AHUI

B cootBercTBuu ¢ npencrasnenusmMu OTO npocTpaHcTBO B paii-
OHE T'PaBUTHPYIOIIMX Macc MCKpuBsercs. ClencTBUeM 3TOro J0JDK-
HO OBbITb MCKPMBIIEHHE JIyya CBETa, MPOXOIAIIEro BOJIM3M I'PaBUTH-
pytouteid macchl. [Ipu npoxoskaeHnu nyya ceera BOau3n CojHLA cMe-
LIeHHe BUAMMOTrO N300paXKeHHUs 3Be3/1bl JOJDKHO COCTABIISTh

Re
05 =1,75"——,
R

rae Re —panuyc Connia. [1o Hetotony npu R = R; oTkioHenue myua
CBETa COCTABHT TOJILKO

oy =0,84".

Llensto IKkcnepumenma sBISETCS OTHICKAHWE PAa3HMIILI B IOJIO-
J)KEHUU M300paXkeHus 3Be3bl Ha kpato Aucka CosHia:

As=1,75"-0,84"=0,91".

Cxema u memoourka IKcnepumenma

JBaxkapl poTorpadupyeTcs OUH U TOT XKe y4acTOK Heba:

a) BO BpeMsl COJIHEYHOT 0 3aTMEHHS;

6) npu orcytctBun CoJjiHIIA HA JAHHOM ydyacTke HebOa (pa3Huiia BO
BPEMEHH COCTABIISIET MOJIT0/1A).

[TonyyeHHble CHUMKH cpaBHHMBaIOTCS. M3MepsIOTCsl U CTATHUCTH-
yecky 00padaThIBalOTCSl CMELICHUSI U300paykeHHi 3Be3]1, a 3aTeM 00-
K pe3yabTaT IKCTpanonupyercs Ha kpai qucka ConHua (BeieacT-
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BHE COJTHEYHOM KOPOHBI HEMOCPeICTBEHHO Yy Kpast ConHIa 3Be31bl Ha
HaOJIFOIAr0TCs).

[Tpumeuanue: yrnosoi pazmep Connua coctasnser 1919”, Jlynsi
—1985",1.e. B 2000pa3 60sibliyt0 BETUUUHY, YeM UCKOMas).

Puc. 4.1. Cxema 3xcriepMMeHTa MO BbISIBJEHHIO OTKJIOHEHUs U300paxeHuit
3Be3/ MPH MPOXO0KIEHUHU CBETOBBIX Jyueii BO13u CosiHua

Pe3yavmamot sxcnepumenmos [31, c. 79-89; 109, c. 30-35; 139-
149].

CBoanas TabnMua pe3yibTaTOB SKCIIEPUMEHTOB IO HCCIIEI0BaA-
HUIO OTKJIOHEHMs Jiyueil cBeTa maccoi CosiHLIA MO JAaHHBIM aBTOPOB
npYBeaeHsl B Ta0I. 4.2.

Buieoowst aemopoe
Pesynbratel 00paboTky M3MepeHui, 6e3yCciIoBHO, MOATBEPKIAIOT
pacueTbl 00111ell TEOPUH OTHOCHUTEITLHOCTH.

Kommenrapuii (B.A.)

1. [Ipu obpaboTke pe3yabTaTOB U3MEPEHUs YIYLIEH Psill CyLIeCT-
BEHHBIX COITYTCTBYIOUIMX (DAaKTOPOB, OT KOTOPBIX MPSIMO 3aBHCAT pe-
3ynbTaThl M3MepeHuid. [lo manHeiMm Mutuennia [149, c. 415]takum
(hakTopaMu SBIISIOTCS:

a) MCKa)KeHHsl B TMOJIOKEHUH 3BE3/1 B ONTHYECKOW 4YacTH armapa-

TYpH;
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6) Hapymaroire 3GGeKTbl B M3MEPEHUH 3BE3HBIX U300paskeHUH
B CBSI3M C 3aCBETKOH MiacTUHBI KopoHov ConHIIa,;

B) CHUCTeMaTHuYecKHhe HCKakeHHs B QoTorpaduu. Pocec mokazai,
YTO YEpHEIoLasl YacTh KOPOHBI JAOJKHA COXHYTb ObICTpee, uyeM oc-
TaJlbHas 4acTh, BO3MOXKHO, TOJy4aeTcsi ckaThe B (UIbMe BHYTPHU
n300paxkeHns1 KOopoHbl. CrielyeT OTMeTHTh, 4To 1” OTKJIOHEeHWs u30-
OpaxxeHus 3Be31bl cooTBeTcTBYIOT Beero 0,01 Mm Ha miacTuHke, W
yKa3aHHbIE MCKQKEHHUS MOTYT UMETh TOT )K€ WM OOJNBLIMK MOPSIOK
BEJIMYMH;

I) HeHOpMaJibHasi pepakims B 3eMHOM aTMocdepe;

1) pedpakiius B coNHEUHOM aTMochepe;

e) rogoas pedpakiys, npeanoxerHas Kypsyasbe.

2. DKcTpanonsuus JaHHBIX NPOU3BOAMTCS B 00JIaCTb, IA€ HET HU
OJTHOTO M300pakeHHsl 3Be3/1bl, MOCKOJIbKY OKOJIO COJIHeUHas o0JacThb
3acBeueHa kopoHoi CousHia. [Ipu 3ToM 3KCTpanossys Mpou3BOANT-
cst rTurnepOoIIoi, YTO BBITEKAET W3 TEOPHH DHHINTENHA, Tak Kak 1Mo Hel

Re
05 =1,75"——-
R

OOGbIYHAs K€ IKCTPAIOJSALMS MO CpeIHeMYy 3HAUYeHHIO BCEX OT-
KJIOHEHHMI M300paKeHMId 3Be3]l aeT pe3yJsibTaT CyLIECTBEHHO Ooliee
OmM3kHii K BeIYMCIeHHOMY 1o HptotoHy. Hanpumep, B skcriepuMeH-
tax 1922r. sToT pesynbrar cocrapiser 0,91", uro ropazmo Oimke K
0,84" no Hetotony, uem k 1,75” no DitHiiTeliny.

3. Pa3bpoc mokazanuii coctaBnseT 2-3 B KaXIYIO CTOPOHY OT
PacyeTHOM BEJMUYMHBI VI JAHHOTO MOJIOKEHHS 3BE3/l, YTO BBI3bIBACT
COMHEHHS B JIOCTOBEPHOCTH OTCYETOB, KOTOPbIE B CHIIy MaJlOCTH Be-
JMYHMHBI HY)KHO TPOM3BOJAWTH Yepe3 MHKPOCKOI, CpaBHHBas Ba
CHHMKa, C/IeJIaHHbIe C MHTEPBAJIOM B MOJTOAa AJIS Ka)KI0ro u3obpa-
JKEHUSI 3BE3IbI.

B kavecTBe mprMepa CIpaBeUTMBOCTH W3JIOKEHHOTO LIeJIeCO00-
pa3HO pa3o0parth JaHHbIe, npuBeacHHble B kHure C.W.BaBunosa no
3atmenuto 1922r. (marepuassl Komnbenna u Tpromiuiepa).
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Ha puc. 4.2. u300paxkeHbl cMeleHUs 3Be3]] Ha MOJTy4YeHHbIX (o-
torpadusx [31, c. 83,puc. 34]. Ha puc. 4.3 nprBeieHbl pe3ysibTaThi
cTaTHCTHYeCcKOl 00paboTku cmetenwuii [31, €. 89 puc. 36].
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Puc. 4.3.Pe3ynbTat 00padoTKH cMeleHUiT H300paskeHMil 3Be31
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Kak BMOHO W3 pHCyHKa, B paiioHe He MeHee OJHOro paauyca
CouHIla 3a ero KpaeM HeT W300paXkeHUH 3Be3Jl, cpellHee ke apudme-
THYECKOEe OTKJIOHEHHE YMHUpaeTcs B BEIMYMHY, PABHYIO MPHUMEPHO
0,91”, a BoBce He B 1,75”, kak 3TO JOHKHO OBITH MO TEOPUM DUH-
uTeHa.

DKCTpanossuys JaHHBIX TUIEepOOIIoif, MO MEeHbILEeH Mepe, COMHH-
TellbHa, MO0 UET B YPE3BBIYANHO OTHAIICHHYIO 00JIaCTh.

4. OGpaboTKa TaHTeHIMAIBHBIX CMENIeHNH W300paskeHuil 3Be3[
NOKa3bIBaeT, uTo B paiioHe paccrosuus ot CosHua ot 1° 1o 1,5° ume-
eT MECTO CHCTeMaTH4eCKOW CMELIeHHEe M0YacoBOW cTpesike (BHXPB),
JIeTKO OOBSICHAEMBI HalM4reM TeHeBoro konyca JlyHel. B Gonee xo-
JIOAHYIO0 00JacTH CTeKaeT BO3IYX, 3aKPyUHBAsCh BOPOHKOB, KaK 3TO
MMeeT MeCTO B BaHHOMW NpH crycke Bojbl. [10TOk BO3ayXa K LIEHTPY
KOHyca B cuity 3¢ dekra Du3o 10JKEH TOMOTHUTEIBHO CMEUIaTh U30-
OpakeHue 3Be3/1 K LEHTpY. Takoe cMelieHHe OyneT MPOUCXOAWTH B
TOM K€ HAaIlpaBJIeHWH, YTO M OXXMIAeMOE CMELIeHHe OT «KPHBHU3HbBI
NPOCTPAHCTBA», YeM M MOTYT OBbITh OOBSICHEHBI MOJyYeHHbIe Ha (o-
TorpadusX JONOIHUTENLHbIE CMEIIEHUH, paBHbIe Beero nuib 0,05” =
0,91"-0,84".

5. BnusiHue cosHeuHoit atMocdepbl paHee He YUUThIBaJIOCh. [1o-
Has pedpakuus cBeTa B 3eMHOM atmocdepe coctapnsier 70”. lonon-
HUTEIBHOE CMElIeHHE M300paKeHHIA 3Be3]1 3a cUeT pepakiiu B COJ-
HeuHol atMmocdepe O0/bKHO ObITh He MeHee yeM 1”7, uToObl moJsiHO-
CTbIO 00BSACHUTH Bce d((eKThl, eci Obl OHU Ha caMOM jejie UMeNn
mecto. [lo mosydeHHBIM AaHHBIM JOCTATOYHO MMEThH JIOTIOJIHUTENb-
Hyto pedpakimio Becero B 0,17, uro Moryio Obl OBITH JaXke MPH TUIOT-
HocTH coitHeuHOU atMocdepnl B 40 000pa3 MeHbIIei, YeM IJIOTHOCTh
3emHoii. Takas armocdepa, koHeuHO, Obuta OBl BIOJIHE IMpO3payHa,
MOATOMY BO3pa)ke€HMs, CBSI3aHHbIE C TPEIIOIIOKEHUEM O Herpo3pay-
HOCTH COJIHe4YHOW atmocdepsl, oTmagaroT. Ceiiuac HM3BECTHO, UTO
CoJIHeYHas aTMoc(epa CyLIeCTBYeT W YTO OHa JTOCTATOYHO pa3perKe-
Ha. M XOTs uKcneHHble OLEHKH e TUIOTHOCTH MPAKTHUECKH OTCYTCT-
BYIOT, TEM HE MeHee, OTPULATh, YTO OHa He MOXKET UMeTh YKa3aHHOU
TUIOTHOCTH, TO)KE HET OCHOBAHMH.
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Jara Cranmms Pesynprar okcr- | Habmoparens IToBTOpeHue
panoJisinu pacyeToB
1919, 22.05 | Cobpau | 1,98"+0,12" Kpommenun JHamxoH
2,05"+0,2"
Cobpan Il 0,93"+£0,3" JIpBUaCOH XoKkMaH
2,16"+0,14"
1922 [Tpununne 161+0,3" Kertuaxom
DJUIMHITOH
Bamos | 1,74"+0,3” Yanr
IOnr
Bamos Il 1,72" £ 0,11 Komnoemn Jamxon
Tpromriep 2,05"+0,13"
Hpetinanuk
2,077
XokMaH
2,14+ 0,18"
Jxexkcon
2,127+ 7"
Basuos Il 1,82"+0,15" KoammGernn JlarkoH
Tpromriuiep 2,077
Kapamuio- 1,77"+0,3” JPBucoH
JlayHe Jlosenn
1929 Tankeron 2,24+ 0,10” OpelHamx Jamxon
BbpynH 2,04+ 0,27"
Kmo6ep JIxekcoH
1,987+ 0,14”
Tprommep
1,75+ 0,19”
1936, 19.06 | Kyiiopimeska | 2,71"+ 0,26” MuxaiinoB
Kosumumy 2,13"'+1,15” Marykyma
1,287+ 2,67"
1947,20. 05 | Bokoioa 2,01"+0,27"
1952, 25.11 | Xoptym 1,70"+0,10” Ban bucopyk

ITpu 06paboTke pe3yabTaTOB HKCIIEPUMEHTOB HU B OJHOM W3 HUX
He ObLTM chefaHbl OLEHKM BCEX CYLIECTBYIOLIMX COMYTCTBYIOLIMX
(hakTOpOB, KaKAbIM M3 KOTOPBIX CYLIECTBEHHBIM 00pa3oM BJMSAJ Ha
KOHEUHbI pe3yibTaT. TakuMm oOpa3oM, HET OCHOBaHMS PE3yJIbTaThbl
NpPOBEIEHHbIX OSKCIEPUMEHTOB CUUTATh MOATBEp KAeHHEM oOrei

TEOPUH OTHOCUTEIBLHOCTH A.DiHIITelHHA.
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4.6.9KcnepuMEeHTHI 0 00HAPYKEHHIO
rpaBHTANHOHHBIX BOJIH

Cywinocme a61eHUA U Uelb IKCREPpUMEHmA

B cootBerctBuu ¢ mpeacrapnenusMu OTO AOMMKHBI CyIIeCTBO-
BaTh T'PABUTALIMOHHBIE BOJHBI, BO3HMUKAIOIIME TPH TepeMelIeHnH
Macc.

L[ens ykcnepumenma
OO0OHapykeHHe TPaBUTALIMOHHBIX BOJIH U T€M CaMbIM TIOJITBEp-
sxaenne OTO

Memoouka Ixkcnepumenma

Ha paccTosiHiM B HECKOJIBKO COTEH (ThICSY) KHJIOMETPOB IPYT OT
Jpyra ycTaHaBJIMBAIOTCSl AJIOMHUHHUEBbIE LMIMHAPB] JUTMHOW KaXKAbIH
1,5m u Maccoii B 1,5 Tornsl. LIumuHApPHl NOABEIIMBAIOTCS HA TOHKHAX
HHUTAX K CTAJIBHOM paMe, aMOPTU3MPOBAHHOW Pe3UHON (aHTHCEeHCMHU-
yeckuid puibTp). LIMmuHap v pama noMelnaiTes B BaKyyMHYIO KaMe-
py. Bes ycranoBka pasmelnaercs BAaJIM OT MHAYCTPUATIbHBIX MTOMEX.

KBapuieBble WM €MKOCTHBIE NATUYMKW MPeoOpasyloT MexaHuue-
CKMe KonebaHusl UMIMHApa B dniekTpuueckue. Oxkuaaemas perucTpu-
pyeMas aMIUTMTyJa Ha KOHLAX LuiuHApa coctapiser 2-107° M wim
(2-10™ mxm), uto cootBeTcTBYET MOTOKY 3Hepruu 107 Br-m ™, a Ha
CaMOM JaTuuKe elle MEeHbLIE.

Pesynomamol IKCnepumenmos

DKCMepUMEHTHI TI0 00OHAPYKEHUIO TPAaBUTALIMOHHBIX BOJIH MPOBO-
aunucs B CHIA Jxx.Bebepom [165], B CCCP B.b.bparunckum [161-
164].Tlo muenuo Bebepa umeroTes coBnaieHusi KoJaeOaHUi HAITHHI-
POB, TOBOpALIME B MOJIB3Y PErMCTPALUM UMH T'PaBUTALMOHHBIX BOJIH,
npuxoasmux u3 kocmoca. [lo muenuto B.b.bparunckoro o pesynbTta-
TaxX HUYEro cKa3aTh HeJsb3s, M0 KpaiiHel Mepe, BIUIOTh 10 1987r. um
HE TMPHUBOAMTCS HUKAKMX JAHHBIX O TMOJIOKMTEJbHBIX pe3ysibTaTax,
HECMOTPS Ha MHOTOJIETHIOIO PErMCTPALMIO MOKa3aHUH TaTUMKOB.
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Buieoowvt agmopoe

OueHka aBTOpamMH pe3yJIbTaTOB 3KCIIEPUMEHTOB AOCTATOYHO He-
onpeesieHHa U He TOAKperieHa HUKaKUMH (pakTUYECKUMHU MaTepHa-
JaMH.

Kommenrtapuii (B.A.)

1. 10.C. Bnagumupos [169] yka3biBaet, uto Bebepy, BeposTHO,
HE yJaloCh HM30JIMPOBAThCS OT TOMEX, Harpumep, THUMa LIMPOKUX
KOCMHUECKHX JINBHEH, BO3/I€HCTBUS TMHAMHYECKUX IPaBUTALIMOHHBIX
noysied B 30He uUHAYKUMK. B.A.Apamsnu, A.J[.AnekceeB u
H.H.Konocuuupia [170] yka3bIBalOT Ha CyIIECTBOBaHHE MAarHUTHBIX
MoMeX, KoTopbie He OblTH yuTeHbl Bebepom.

2. TpeOoBaHMs K JaT4MKaM TMEepeMEIleHUs] CTOJIb HeueTku (Tpe-
Gyemast uyBCTBUTEILHOCTS B 2-10"°M npu pasmepe cBOGOIHOrO 3/1eK-
tpona B 107°M), uTo HeT HHU Maieiilei yBEPEHHOCTH B TOM, UTO T1O-
JIe3HBIH CUTHAJT MOXKET OBbITh BHIJENCH HA (JOHE MOMEX W IIyMOB, TEM
Oonee, UTO B CBA3M C KPAaTKOBPEMEHHOCTBIO MPHUXOASLIEr0 CUrHaia
craThcTHyeckas 00paboTka CHUrHasa MPakTHYECKH UCKITIOYEHa.

3. B pabore [17] nokaszaHo, 4TO MO YTBEPIKACHHIO OJTHMX aBTOPOB
([1-4] B uuTHpyemoii paboTe) rpaBUTALIMOHHBIC BOJIHBI He 00JIaaroT
SHEPreTHYECKUM UMITYJIbCOM, MO yTBepxkaeHHto Apyrux ([15-18], tam
’Ke) JieiaeTcsl BBIBOJ O MEPeHOCe IPaBUTALMOHHBIMU BOJIHAMH OTPH-
HaTelbHoM, a B TpeThuX ([5-14], Tam ke), — MOJT0KUTENbHON SHEPTUH.
B camoii pabote nokazaHo, uto dopmyna i noacyera NoTeps SHep-
I'MU Ha W3JIydeHHe TPAaBUTALMOHHBIX BOJIH, BIIEPBBIE IMOTYYeHHAS
A .DliHmTeliHoM, He sBisercs cinencteueM OTO, a pacueT «oHEpPruu»
U <AUMITYJIbCa» CUCTEMbI C MCIOJB30BAHUEM JIIOOOr0 MCEeBAOTEH30PA
SHEPrUU-UMITyJIbca He UMeeT (usrdeckoro cMeicna [171, c. 7].

4. Ilo npencrasiaeransasM OTO ckopocTs pacrpoCTpaHeHHs TPaBH-
TAlMOHHBIX BOJIH paBHa CKOPOCTM cBeTa. Mexay TeMm, ele
I1.C.Jlarmacom B 1787r. [172] Obl10 MOKa3aHo, 4TO 1J11 OOBSICHEHUS
NPUYUHBI BEKOBOTO ycKopeHus JIyHbl HEoOXOIMMO Tmojarath, 4YTO
CKOPOCTb PACTPOCTPaHEHHs! TPaBHUTALMHK He Meree dem 5-10 pas mpe-
BOCXOJIUT CKOPOCTb cBeTa (10 pacuetam, npuseneHHbiM B [29], B 107

pas).
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Bcsi coBpemenHast HeOecHass MeXaHMKa MCXOJHUT W3 TpeicCTaBlie-
HHUH 0 OECKOHEYHO OOJBIION CKOPOCTH PacTIpOCTPAHEHUs TPaBUTALM-
OHHOTO B3aWMOJEMCTBU Tel, YTO cieqyeT u3 (akra UCMOIb30BaHUS
et Tonbko crtatuueckux ¢opmyn Hetotona u Kennepa, He y4uThbI-
BAaIOIIMX 3ala3blBAIOLMX MOTeHUMaaoB. HecooTBeTcTBHE CKOpOCTEH
Hen30e)KHO MpuBeso Obl K CYIIECTBEHHBIM OIIMOKaM B pacueTax Io-
noxenuii mianetr CosnHewyHo# cucteMmbl. CrnenoBaTenbHO, CKOPOCTh
pacrpocTpaHeHusl TpaBUTALMd MHOTOKPAaTHO MPEBBILIAET CKOPOCThb
ceta. [Ipu TakMX CKOPOCTAX CUrHajl Ha JETEKTOpe HEeW30EKHO A0J-
JKEH OKa3aThCsl Mcyesarollee MabIM, TaK Kak yMEHbIIEHHe rpaaueHTa
B MPOCTPAHCTBE MPOMNOPLUUOHATBEHO YBEJIUYEHHIO cKOopocTd. CurHai
Npy HATWYMK TPABUTALIMOHHBIX BOJH M UX CKOPOCTH, 0OJIbILIE CKOPO-
ctu ceera B 5-10 wim B 10°° pa3 yMeHpIMTCS MO CpaBHEHMIO C pac-
uetHbiM cooTetctBenHO B 5-10 wnm B 10" pas, uto He ocraBnser
HUKAKOM Halekabl Ha oOHapy)KeHHe TaKoro CUrHaja COBPEMEHHON
M3MEPUTETIbHON TEXHUKOM.

OnbIT HebecHol MexaHukH npoTuBopedrT BeiBogam CTO u OTO,
a oTpuLaTesbHbIe pe3ysbTaThl Bebepa u bparnHckoro kocBeHHO noz-
TBEPXKAAIOT YKa3aHHOe MojioxkeHue. Het ocHoBaHMi cuMTaTh, YTO MX
OMBITHl KaKUM-TMO0 00pa3oM MOATBEPAMIM MPaBOTY OOLIEH Teopuu
OTHOCHUTENbHOCTH A.DHHIITElHA.

Takum 06pa3oM, BO BCeX HKCIIEPUMEHTAX, MPOBEICHHBIX pa3yiny-
HBIMU HCCIENOBaTeNsIMM B LeNisAX monaTBepkaeHus OOieil Teopuun
OTHOCUTENbHOCTH A.DHHINTEHHA, HE YUUTHIBAJIMCH 1aXKe CYLIECTBEH-
Hble (DaKTOpbI, CMIOCOOHBIE MCKA3WUTh pe3yibTaThl, a 00paboTka pe-
3yJbTaTOB MPOBOAMIACH HE OOBEKTHBHO M Tak, YTOOBI 00sS3aTeNbHO
MOATBEPANUTH UCXOIHBIE MoJoxeHus: OOLeil TeoOpud OTHOCHUTENBHO-
CTH.



Kputnyecknii aHaau3 0CHOB TeOPHH OTHOCHTEJIBHOCTH. 311

BriBoanl

1. AHanu3 NOrM4ecKMX OCHOBAaHMUH Kak creuuaibHOM, Tak U 00-
mield TeOpUM OTHOCHUTENBHOCTH A.DHMHILITeHHA MOKa3bIBaeT, UYTO Kak
Ta, TaK ¥ Apyrasi YacTH TEOPHHU.

a) 6a3upyrOTCs Ha MPOU3BOJILHO BBIOPAHHBIX M HE 00OCHOBaHHBIX
B IOCTaTOYHOM CTEMeHH MocTyJarax;

0) B kauecTBe 00IIero (PU3NUECKOr0 WHBApHUAHTA HEMPaBOMEPHO
MCMOJIB3YIOT KaTeropuio HHTEpBajla, COCTaBHOM YacTblO KOTOPOro
SIBJISIETCS YaCTHOE CBOMCTBO (CKOPOCTB) YaCTHOTO (PU3HUYUECKOTO SIBJIE-
Hus (cBeTta);

B) MMEIOT 3aMKHYTYIO caMy Ha ce0s JIOTHKY, KOr/ia BBIBOBI MpH-
BOJISIT K UCXOTHOMY TOJIOXKEHHIO;

) NIpOTUBOpEYaT APYT APYTY B MPUHLMIHAIEHOM M CYIECTBEH-
HOM [Tl HUX BOTMIPOCE — BOTIPOCE CyIeCTBOBAaHMS 3¢upa.

2. AHanu3 pe3yJsIbTaTOB 3KCIIEPUMEHTOB, MPOBEICHHBIX pa3iiny-
HBIMH HccrieloBaTeNs MU B LiesAX npoBepku nosoxkeHuit CTO u OTO
MOKa3ajl, YTO HKCMIEPUMEHTOB, B KOTOPBIX MOMTyUeHbI MOJTOKUTENbHbIE
M OZIHO3HAYHO MHTEPIPEeTHpYeMble pe3ysibTaThl, MOATBEPAMBLINE MO-
JIOKEHUS! U BBIBOABI TEOPUM OTHOCHUTENILHOCTH A.DlHIITeiiHa, He
CYIIeCTBYeET.
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