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BBenenue

B maroit kaure maruroMunka «Hadgana a3hupoImHaMIIECKOTO eCcTe-
CTBO3HAHMS» ONMCAHBI BBITIOJHEHHBIE DPAa3HBIMUA HCCIIEIOBATEISIMHU
9KCHEPUMEHTHI, TOATBEPIUBILNE TPEACTABICHUS SPUPOIUHAMUKH.
[TocTaHoBKa OAHUX IKCIIEPUMEHTOB ObUIAa OOYCIIOBIICHA JKETaHUEM aB-
TOpa MPOBEPHUTH HEKOTOPHIE TEOPETHYECKHE TOJOKEHHS d(HUpOIHA-
MHUKH, TIOCTAHOBKA SKCIIEPUMEHTOB IPYTHMH aBTOPAMH MPOUCXOIMIIA
HE3aBUCHUMO OT S(I)I/IpO)II/IHaMI/IKI/I, HO HMX PE3yJIbTaTbl OKa3aJIUCh TaKU-
MU, 9TO OOBSICHUTHh WX OKa3aJ0Ch BO3MOXKHBIM TOJBKO C TIPHUBIICUYCHU-
eM 3(pupoTMHAMHYECKUX MTPEICTaBICHUH.

CrnenyeT, 0HaKO, 3aMETUTh, YTO COBMAJICHUE Pe3yJIbTaTOB JKCIIe-
PUMEHTOB C TEM, 4TO OBUIO MpEACKa3aHO TEOpHUEH, BOBCE HE O3HAYaeT
MPAaBIIIFHOCTA CAMOW TEOPWH, M O3HAYAET IJIUIIh TO, YTO TEOPHs HE
IMPOTUBOPCYUT UMCHHO JaHHBIM 3KCIICPUMCHTaM.

Korga pesynbrarhl SKcnepuMeHTa, npeackasanuble CrenuanbHOR
Teopuell OTHOCHTEIBHOCTH, OTPHUIIAIONIEH 3(hHp, COOTBETCTBYIOT 3TUM
MpeJICKa3aHusIM, TO, Ha CaMOM Jielie, OHM B Jy4IlIeM CITydae TMOATBep-
KIAIOT (B TMpejaenax MOTPelrHoCTed IKCIepuMeHTa U crocoda obpa-
0OOTKH €ro pe3yJbTaToB) CIIPAaBEIIMBOCTh NpeoOpa3oBanuii JlopeHia,
UCXOIINX U3 MPEICTAaBICHUH 0 HaJIMYUK B ipupoze d¢upa. Copamu-
BAaC€TCiA, YTO K€ MNOATBECPAUIIN IMOJIOXKUTCIbHBIC PE3YJILTATHI 3KCIICPHU-
MEHTa — TCOPHI0 DWHINTEWHA, OTpULatoNIyIo 3dup, wim Teopuro Jlo-
peHIa, yTBep K Iaronryto s¢up?

[TosTOMY B TONKOBaHWHU PE3yJIBTATOB JIFOOOTO AKCIIEPHMEHTA BCe-
TIa IpUCYTCTBYET MPEAB3ATOCTh, HC UMCIOIIIass HUKAKOI'0O OTHOIICHHSA K
JEHCTBUTEIHLHOMY IOJIOKECHUIO [ENl: KaKABIM TPaKTyeT pe3yJbTaThl
OKCTIIEPUMEHTOB B CBOIO MOJB3Y, PEIATUBUCTHI B CBOIO, CTOPOHHHUKU
a¢upa — B cBo10. To XK€ OTHOCHUTCS M K DKCIEPUMEHTaM, TOCTaBJICH-
HBIM JIJIs1 TPOBEPKHU TOJIOKEHUH 3PUPOJUHAMHUKH.

Ha camom nene, pe3yabTaThl JIIOOOrO 3KCIEPUMEHTA, NOCTaBICH-
HOI'0 JJId MOATBEPKACHUA OTACIBbHBIX MOJI0KEHUN B(bI/IpOJII/IHaMI/IKI/I,
MOTYT TPaKTOBAaThCS CaAMBbIM Pa3IMYHBIM 00pa3oM, B 3aBUCHMOCTH OT
¢uocodckoil OpHUEeHTalMUd U BKYCOB TpakTyromero. OqHako ocobeH-
HOCTBIO CaMO# >(UPOTUHAMUKHU SIBIAETCS TO, YTO 3(PUPOAMHAMHKA
€CThb pe3yNbTaT >XECTKOW JIOTWKH, OCHOBAaHHOW HE Ha TOCTyJaTax,
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«IIPUHLMIIAX» U aKCHOMax, a Ha aHalu3e M 00OOILEHHH IIUPOKO M3-
BECTHBIX M NPOBEPEHHBIX BCEM XOJIOM ectecTBo3HaHus (aktos. K Ta-
KM (pakTam, B MEPBYIO OuYepelb, OTHOCATCA (AKT MaTECPUAIBHOCTH
JOOBIX OOBEKTHBHO CYIIECTBYIOIIUX OOBEKTOB M TIPOIECCOB, (aKT
CYLIECTBOBAaHUS POCTPAHCTBA, B KOTOPOM pa3MeIleHb! BCE OOBEKTHI, U
GbaxT cylecTBOBaHUS BPEMEHHU, OXBAaTHIBAIOIIEr0 BCE IPOLIECCHI.

HIMeHHO 5TH TpH KaTeropuu, O0beJMHEHHBIE B €IUHYIO KaTETOPUIO
JOBIDKEHUSI MaTepUM B IPOCTPAHCTBE M BO BPEMEHHU Jajd OCHOBAHUE
CUMTaTh UX BCEOOUIMMHU (U3MYECKMMU MHBApHAHTAMH, a U3 3TOTO JIO-
TMYECKH BBITEKIM M BCE OCTANbHBIC TOJIOKEHHS 3(PUPOIMHAMUKU —
TEOPUH Ta3010100HOr0 3(Upa, SBIAIOMIETOCS CTPOUTEIBHBIM MaTePH-
aJIoOM Ul BCEX MaTepUaNIbHBIX 00pa30BaHMM, IBMXKEHHUsSI KOTOPOTO CO-
CTaBISIOT CYIIHOCTh BCEX MPUPOAHBIX MPOLIECCOB M B3aUMOJICHCTBUH.
Bce ocranbHOE B 3TOM TEOpUU €CTh PE3YJIbTAT XKECTKOU JIOTHKH, IIPU-
BOJSIIICH HAa KQKIOM IIAry K €AMHCTBEHHO BO3MOKHOMY PELICHHIO.

ITockonbky B 3¢hrpoarHAMHUKE HET HUKAKHX IIOCTYJIATOB U M300pe-
TEHHH, ¥ TIOCKOJIbKY OHa OXBAaTHIBAECT BCE MUPO3/IaHUE, UMEHHO y Hee
€CTb HaumOOJNIbIIME IIAHCHI B ILEJIOM COOTBETCTBOBATH PEAILHOMY
YCTPOMCTBY MHpa. DTUM U ONpPEAENsIeTCs] NpeArnouTeHne 3pupouHa-
MUYECKOW KapTHHBI MUpa Tepe]] JPYTUMH TEOPUSMH, a TaKKe OTHece-
HHUE PE3yJbTAaTOB JKCIIEPUMEHTOB K (PAKTHYECKH TOATBEPKAAIONIM
OCHOBHBI€ MOJIOKEHHUSI IMEHHO 3()UPOINHAMHUKH.

[TepBas rinaBa KHUTH MOCBSIIIIEHA IKCTIEPUMEHTAM 10 HCCIICIOBAHHIO
3¢UpHOTO BeTpa — MOTOKOB 3(upa, 00yBaromiero 3emMiro U3 KocMoca.
CrouT HamOMHHTB, YTO TIOCTAHOBKA 3aJaud ObUIa IpeJIoKeHa
Jx.K.MakcBemiom, HUCXOASAIIMM M3 TPEACTaBIeHUs 00 aOCOIHOTHO
HETIO/IBIKHOM d¢upe B npoctpaHcTBe (Teopust Openens-Jlopenia) u
YTO TaK Ha3bIBAEMBIN «HYJIEBOW» pe3yibTaT ONbITOB MalikelbcoHa U
Mopin 1881-1887 rr., moneiTaBmuxcs 0OHAPYKUTh SPUPHBINA BETEP B
MOJIBAILHOM TIOMEIICHUU W TONYYHMBIINX «HYJIEBOH pe3ynbTar» (Ha
caMOM JieJie — HEOINpeAeNeHHBIN), TOCTYXKHJI OCHOBOW CO3JTaHUS
A.DiiHmreliHoM CrienualbHOM TEOPHHM OTHOCHUTENBHOCTH M IPHBEN
(hU3KKOB K YOSKICHHIO 00 OTCYTCTBHH B PUPOAE dupa. DTO JIUIIIIO
(bu3NYecKue 1Mol B3aUMOJICHCTBII MaTepUATLHOTO HOCUTENSI SHEPTHH
B3aUMOJICHCTBUI U 3aBeNo BCIO (pu3uKy B Tynuk. U 3TO HecMOTps Ha
TO, YTO HEOOXOJMMOCTh Halnuus 3¢upa B MPUPOAE MO3kKe OblIa Ipu-
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3HaHa camuM DiHmrTeiinoM (1920, 1924) u uto npodeccopom Keiicos-
cKoit Kol npuknagaoi Hayku (Kamudopuus) . K.Mumnepom Osutm
MOJY4YeHBl BEJTUKOJICTIHBIC, CTATUCTHYECKH JIOCTOBEPHBIC PE3YNbTaThI
oOHapyxeHus: 3pUPHOTo BeTpa.

B HacTosimee Bpemsi HaWAEHBI MPOCTbIE U IPPEKTUBHBIE METOBI
UCCIIeloBaHusA 3(UPHOTO BETpa, KOTOPhIE peaan30BaHbl B KOHLE IPO-
1UIoro ¥ Hagane 3toro cronetuit FO.M.["anaeBbiM, moONHOCTBIO KOppe-
JUpyeMBble ¢ pe3yabTaTaMd Mwujuiepa KOHIA JBAaALATHIX T'OJOB IIPO-
nutoro cronetus. Paspadorannsie KO.M.I"anaeBsiM 1 aBTOPOM CIIOCOOBI
oOHapyxeHHs: SPUPHOTO BETpa MEPBOTO MOPSIKA TMO3BOJIUIN MOCTPO-
UTh MPOCTHIC MPUOOPHI, YYBCTBUTEILHOCTh KOTOPBIX Ha 4-5 MOpsAKOB
IpEeBbIIAEeT HHTEP(HEPOMETPBI, TOITOMY €CTh OCHOBAHHS M10JIaraTh, 4To
ucclefoBaHus 3PUPHOTro BeTpa OyAyT MPOJOIKEHBI U IPUOOPETYT CH-
CTEMHBII XapakTep.

Bropas riaBa mocssiieHa MCCIEAOBAHUSAM I€ONATOI€HHOTO MO U
MaTOr€HHOI'0 IOJISI, CONPOBOKAAIOLIETO BBICOKOYACTOTHBIE JJIEKTPO-
MarHUTHBIC SBJICHHS. 3/1eCh OOpaIlleHO BHUMaHHE Ha (PU3UYCCKHI d(-
(EeKT OTKIOHEHHMS JIA3EPHOTO JIy4ya M0J BO3ACUCTBHEM 3()UPHBIX MOTO-
KOB, YTO IIO3BOJIMJIO CO3/aTh MaKET U3MEPHUTEIBHOTO YCTPOWCTBA LIS
06Hapy>i<eH1/15{ T'€OIIaTOr€¢HHbIX 30H, OCHOBaHHBIA Ha TOM, 4YTO JIy4 Jia-
3epa OTKJIOHSIETCS OT HEUTPaTbHOTO TOJOXKEHHUS O] BO3JCHCTBHEM
reonaToreHHOro M3JIy4eHHs, a TaKKe HaWTH TNPOCThIE CHOCOOBI
HeﬁTpaHHSaHHH reéonaToreHHOro U3JIy4YCHuUsA.

ITomumo IMMPUKIIAITHOTO 3HAYUCHHUA JSKCIICPUMMEHTOB, MOATBCPIKIAI0-
IIMX BO3MOKHOCTh MHCTPYMEHTAJIBHOTO OOHApY)KEHHs M HeHTpanu3a-
LIUM 3TUX 30H, HEraTUBHO BIMSIOMINX HA 370POBBE JIFOJIEH, 3/1ECh TaKKe
NPUCYTCTBYET U BeChMa JIFOOONBITHEIN (pusndyeckuid apdekr, cunraro-
muicss BooOIlle HEBO3MOXKHBIM: JIyd Jia3epa, T.e. CBET, HCKPHUBIISET
CBOIO TPAEGKTOPHIO, YTO HE MOXET OBbITh OOBACHEHO HMKAKMMHU OOBIY-
HBIMHU CIIOCO0AaMH, HAIPUMEp, JBHKEHHEM BO3JlyxXa B OOJIACTH reora-
TOI'€HHBIX 30H WJIM U3MCHCHUCM €TO0 TEMIICPATYPhI, TaK KaK IBUKCHUSA
BO3/1yXa M WU3MEHEHUH TeMIepaTyphl HET, IOCKOJIBKY BCE MPOMCXOIUT
HE TOJIBKO Ha MPHUPOZE, HO U B 3aKPHITHIX TOMEILICHHSX.

B 310l ke r1aBe onucaHbl MPOCThIE SKCIIEPUMEHTHI C BOJION U 4ep-
HUJIAMH, TIO3BOJIAIONINE YOSAUTHCS B TOM, UTO 3eMJlsl, Kak U Bce HeOec-
HBIE TeNa, MOTIomaeT 3GUp KOCMUYECKOTO MPOCTPAHCTBA, KOTOPBIH
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BXOJIUT B HEE CO BTOPOH KOCMHUYECKOH CKOPOCTBIO, YBEIIMYUBAs €€
Maccy.

TpeTbst TaBa CTaBUT TOA COMHEHHE O(HIHMAIBHYIO OHOJIOTHYC-
CKYI0 KOHIICTIIHIO, COTJIACHO KOTOPOH POCT pacTeHUil 00YCIIOBIIEH TO-
TJIOIIEHUEM JIUCTBhSIMHA PACTEHUM YIVIEKUCIOTHI U3 BO3/1yXa, IIOCKOJIBKY
COJEpKaHus YITIEKUCIOTH B BO3[yXe SIBHO HE XBaTaeT AJs obecmeue-
HUs 3TOro mporecca. [loctaBneHa moa cOMHEHHE pojib XJopoduiia,
00ecreynBaroLIero 3TOT MPOLECC, U BbIABUHYTA TMIOTE3a TPAHCMYyTa-
UM XJIOPOGUIIOM KHUCIOPOJa BOIBI B YIIIEPOA, SIBISIOIIMNACS BaKHOU
YaCThI0 CTPOMUTENBHOTO MaTepHualia TeJl BCEX PACTEHUM, MOJ BO3AEH-
CTBHEM KpacCHOW COCTABIIIOIIEH CONHEYHOTO CIEKTpa B OOBIYHBIX
YCIOBHSIX.  ODKCHEpUMEHThI, npoBeldeHHble M.H.IankuneiM u
A.B.IllecTonanoBbIM, MPUIIEANINX COBEPIIEHHO HE3aBUCHUMO APYT OT
JIpyra ¥ OT aBTOpa K Te€M € BBIBOJaM, MTOATBEPAWIH, 110 KpaliHeH Me-
pe, UIMEHHO TO OOCTOSITEIbCTBO, YTO PACTEHHS MPOJODKAIOT PACTH U
MIPU H30JSIIMH WX JIUCTHEB OT BHEIIHErO BO3AyXa. Pe3ynabTaThl 3THX
SKCIIEPUMEHTOB eIlle KIYT CBOET0 MPHU3HAHHUA M MPAKTUYECKOTO HC-
MOJIb30BaHUSL.

B ueTBepToil I1aBe OMMCcaHbl ANEKTPOTEXHUUECKHE SKCIIEPUMEHTHI,
IIPOBEJICHHBIE AaBTOPOM M ero nomomHukamu B Dwinane JletHo-
MCCIIEIOBATEIbCKOI0 MHCTUTYTa, a 3areM B HMM aBmannonHoro o6o-
pynosanus (r. XKykoBckuii MockoBckoii 06macTu) B iepuosi ¢ 1960 mo
1990 rr. Llenpto 3TUX SKCIIEPUMEHTOB OBLIa MPOBEPKA TEOPETHIECKUX
BBIBOJIOB, TIOJyYEHHBIX aBTOPOM B CBSI3UM C U3MEHEHHEM IIpe/CTaBiie-
HUM O (PU3NYECKON CYIIHOCTH JIEKTPOMATHUTHBIX SIBICHUH, BBITEKA-
IOLIMX U3 MOJIOKEHUH SPUPOIUHAMUKH.

ABTOpY HPHUIITOCH MOJEPHU3NPOBATH U3BECTHBIE ypaBHEHH Makc-
BEJUIa, YTO Cpa3y >K€ BHI3BAJIO HETATHBHYIO PEAKIIUIO CPEIU IJIEKTPH-
KOB-TIPO()e€CCHOHANOB. BONBIIMHCTBO CHELMAIMCTOB CUUTAET ypaBHe-
HUS MakcBenia BEHIIOM TEOPETUYECKOT0 TBOPEHHS, TeM 00Jiee U4TO 3TH
YpaBHEHUS MOJIOKEHB B OCHOBY MHOTHUX METOJHK, ITOJTHOCTBIO OTPaB-
JaBIIMX ceOsl Ha MPaKTHKeE.

OpHako He cieayeT 3a0bIBaTh, UTO JIIOOBIE yPaBHEHUSI OXBATHIBAIOT
MpeaMeTsl W SBJICHHS JIMIIb YaCTHYHO, ITOCKOJIbKY o0O0Ilee Ynciio
CBOWCTB JII00OTO TpeAMeTa W J000ro sBICHHS OCCKOHEUHO BEJHKO.
Bce oxBaTuTh HU OTAENBHBIMU YpaBHEHHMSIMH, HU TPYNION ypaBHEHUH
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HeBO3MOXKHO. [loaTOMYy pazBuTHE HOIKHO MPOU3BOIUTHCS HENMPEPHIBHO
Mo Mepe HakoruleHus: morpedbHocreld. U ypaBHeHuss MakcBenia BoBce
HE SBJISSFOTCS UCKITIOUYCHHEM.

31ech TMOJIyYEHO MOATBEPIKICHUE CYIICCTBOBAHUS NPOJOIBHBIX
AIIEKTPOMArHUTHBIX BOJIH, B KOTOPBIX, B OTIWYHE OT OOBIYHBIX PaJHO-
BOJIH, HaIIPaBIIEHUS BEKTOPOB PACHPOCTPAHEHHS M AIIEKTPHUIECKOM
HANPSHKEHHOCTH COBMANaroT. [Ipy 3TOM MOATBEPIMIIUCH MPEIITOI0XKE-
HUS aBTOpa O BO3MOXXHOCTH PACIPOCTPaHEHUSI BBICOKOYACTOTHBIX IPO-
JIONBHBIX BOJIH B COJICHOW MOPCKOW BOJIe, OJHAKO HE TOJTBEPIUIIHCH
MMPEATIOJIONKECHUA O BO3MOXHOCTU IMPOHHUKHOBCHUA HUX BFJIy6I)§ TaKue
BOJIHBI, KaK BBIACHHUIIOCH, PACIIPOCTPAHAIOTCA TOJIBKO B IOBEPXHOCTHOM
CJI0€ BOJIBI, HO 3aTO Ha OOJBIINE PACCTOSIHUSA, COCTaBIISAIONINE MHOTHE
JICCSITKU KUJIIOMETPOB.

3acnmy’KuBaeT BHUMaHUE U Pe3ysIbTaT MPOBEPKH KOMIIEHCAIIUU Mar-
HUTHOTO TIOJISI TIPY ITYJIBCHPYIOMIEM AJIEKTPUIECKOM ITole. 3/1ech ObLIO
TEOPETHUYECKH TPEJCKA3aHO OTCYTCTBHE MAarHWTHOTO TIOJS B PaBHO-
MEpPHO PacIpOCTPaHEHHOM B MPOBOSIICH cpeie MEPEMEHHOM TOKE, H
3TO TOJTBEPIUIOCH IKCTIEPUMEHTOM.

OTtnenbHO HEOOXOMMO YKa3aTh HA TO, YTO BEISBICHA BO3MOXKHOCTh
ONeprupoOBaHrd MOHATUEM B3aMMOUWHAYKIIUH IMTPOBOJHUKOB, B TO BPEMA
KaK B OOBIYHOM 3JIEKTPOTEXHUKE CYIIECTBYET TOJIHKO MPEICTABICHUE O
B3aMMOMHIYKIIUH KOHTYPOB. DTO OKa3aJOCh BEChMa IOJIE3HBIM IS
ompeJiesieHust (JOPM CUTHAIIOB, MPOITYCKAEMBIX MO MH(POPMAIOHHBIM
MPOBOJIaM M MPEANOUTECHUS AU HEpeHITUAIBHOr0 croco0a nepeiauu u
MpreMa CUTHAJIOB B OOPTOBBIX aBHAIIMOHHBIX CBS3SX, YTO HAILIO TIPH-
MEHEHHE B aBUAI[UN BCETO MUDA.

IIgarast rnaBa TMMOCBAIICHA SKCIIEPUMEHTAM I10 MOJIYUYCHHUIO SHEPIUH
u3 upa.

CrnenyeT 3aMeTUTh, YTO YCTPOWCTB, HA BBIXOJI€ KOTOPHIX ITOJIyYEHO
SHEpruMu OOJIbIIIE, YeM 3aTPauycHO Ha BXOJE, B HACTOSIIEE BPEMs W3-
BECTHO MHOXKECTBO. BOJBITHHCTBO aBTOPOB MPOCTO (PUKCHPYET ITOT
¢dakT 1 OTOMBAETCSI OT KPUTHKH COMHEBAIOIIUXCS B JIOCTOBEPHOCTH
MOJTyYEHHBIX Pe3yNbTaToB. HEKOTOpBIMU MMOJTydeHBI MPOMBINIICHHO
3HaAYUMBIC PE3YyJIbTaTbl, B OCHOBHOM, 3TO TaK Ha3bIBACMbIC TCIIJIOTCHE-
paTopsl, H30BITOK SHEPTHY B HUX MPEJCTABIICH B BHUJIE HU3KOTEMIIEpa-
TYpPHOTO TEIUIa, ¥ 3TO HE TIO3BOJIIIO aBTOPaM 3aMKHYTh CUCTEMY.
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OpHako B MOCIETHUE OBl Ojaromapst TpyJaaM Tpy3HHCKOTO H300-
petarens Tapuansa Kamanaaze co3maHbl nefCTByIONEe 00pasIlbl TeHE-
paTopoB anekTpuyeckoit 3Hepruu B 3, 5 u 100 kBT, npudem B nocnen-
HeM ciy4ae B BHIe Tpexdasznoro nampsoxenus 220B 50 I'm, uto yxe
MOJET OBbITh HCIIOJIb30BAaHO B NpoMbInuieHHOCTH. Cama ycTaHOBKa 3a-
myckaetcs oT 6arapeiiku Thuna «Kpona» manpspkenneM B 9 BomsT, KO-
Topasl 3aTeM OTKJIOYaeTcsa. 3/eCh peaji30BaHa MOJOKHUTENbHas 00-
paTHasi CBs3b, II03BOJIMBIIAS 3aMKHYTh CUCTEMY.

HecmoTpst Ha JOCTUrHYTHIE MHOTMMH aBTOPaMHU YCHEXHU IO Peau-
3al[U YCTPOUCTB C KII/I, OONBIINMH €IMHULBI, TPAKTHYECKH HA Y KOTO
U3 HUX HET OOBSCHEHHS IMOJIYYCHHBIX MMM 3(PQPEKTOB: OHU CO3HAIOT,
YTO PHEPTUI0 CO3JaTh HEJb3sl, TAK K€ KaK U YHUYTOXUThb, HO OTKYyZa
oHa OepeTcs B WX SKCIIEPUMEHTAaX, aBTOPbI CKa3aTh HE MOTYT.

O¢duponrHamMuKa e BCE CTaBUT HAa CBOM MeECTa, Mpenjaras CBOE
00BsICHEHHE: JONOTHUTENbHAS SHEPTUS IOJIy4aeTcsi U3 OKPYKAOLIETo
YCTAaHOBKY 3(Hpa IMyTeM CO3IaHusl ’TUMHU YCTaHOBKaMH BUXpeHd s¢upa
B OKpPY>KaIOIlleM MPOCTPAHCTBE, KOTOPbIE U MOCTABISAIOT 3Ty JAOMOIHU-
TEJIbHYIO SHEPTUIO.

O TOM, YTO TpoLEecCHl KOHLUEHTPALUH SHEPIHU U3 OKPYKAIOLIEro
ra3oBbl€ BUXPH MPOCTPAHCTBA CYIIECTBYIOT PEaIbHO, CBUAETEIHCTBY-
I0T 3KCIIEPUMEHT C TaK Ha3bIBAEMBbIM «IIUKOM Byzma», ¢ momMorpro
KOTOPOT0 MO>KHO TIOJIy4aTh TOPOUJANIbHBIE BO3IYLIHbIE BUXPU. Y 3THX
BUXpel 00HapyKUJIaCh OCOOEHHOCTh — CAMOTIPOU3BOJILHOE CIKATHE Ha
MEePBOM CTAIUM MoJieTa. DTOMY 0OCTOSTENCTBY HUKTO HU TOTJA, HU B
Oosee mo3aHEE BpeMsl HE MPHIAJ 3HAUYCHHS, HO HIMEHHO 3TOT MpoLecc
JIEMOHCTPHUPYET HAIMYUE B NMPHUPOJE aHTHUIHTPOIHUMHBIX SBIECHUH, KO-
T/1a SHEPTHsI HE PacCEMBAETCA, 2 KOHIIEHTPUPYETCSI.

[Iporiecc KOHIIEHTPALINU SHEPTUN B MMPOCTPAHCTBE SBISIETCA OJTHUM
n3 BakHeHmMX 3((exToB (HU3MKH, MOCKOJIBKY HMMEHHO Onaronaps
HEMy o0ecIiedrBaceTCsl BEYHOE CYIIeCTBOBaHUE BceenmeHnHo, B KOTopoi
HUKOT/Ia HE KOHYAIOTCS (DPU3UYECKUE TPOIIECCHI, MEePEeXOIsIie U3 O/1-
HUX (OPM B JpyrHe: SHEPrusl B COOTBETCTBHMHM cO BTopriM Hauaom
TEPMOJAMHAMHUKH pPacCEMBAETCS B MPOCTPAHCTBE, a B COOTBETCTBUHU C
YKa3aHHBIM IIPOLIECCOM KOHLEHTpUpyeTcs. [Iporcxoaut BeYHBIH Kpy-
roo0OpOT PHEPTHH, U OH HE 3aTyXHET HUKOTa.
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B mepBoM mnpuioXEeHWH K KHWI€ IIPUBEACH IIaTEHT aBTOpa Ha
YCTPOMCTBO IUIsl MTOJIydeHUs 3Hepruu u3 s¢upa. Hecmotps Ha To, 4TO
aBTOPOM OBUI MONY4YeH pa3oBblidi 3((EKT, TOATBEPKAAIOIMINN MPaBO-
MEPHOCTH 3aJI0)KEHHOM B YCTPOMCTBO HJIeH, HE yIajoCh MOKa CO31aTh
NOJHOLICHHBIH MaKeT 3TOr0 YCTPOMCTBA, MOCKOJIBKY TaKO€ CO3JaHHE
TpeOyeT Hanm4wsi 000pyIOBaHHON JTaOOPAaTOpHH, CPENICTB, TOMOIITHH-
KOB ¥ BPEMEHH, YEro MoKa HeT.

Bo BrOopoMm mpunoxeHuu npuBeneHsl (GoTorpaduu IeMOHCTpaLuu
MakeTa aJeKTporeHeparopa u nateHT Tapuosns Kananaase, kKoTopblid
JIOCTHUT CEPhE3HBIX PE3YIHTATOB MO NMPEOOPa30BaHUIO IHEPTUH d(Upa B
3JEKTPO3HEPTHUIO.

B TpeTheM npuinoxkeHuu B CBSI3U ¢ oTpUliaHueM CrenuaibHON Teo-
pueit OTHOCUTENBHOCTH A.JWHIITeHHA HAIM4Ks 3dupa B IpUpo/ie, AaH
KpUTHUYECKU aHalu3 OCHOB Teopuu oTHOCUTENbHOCTH A.DHH-ITEHHA,
a TaKoKe MPUBEAEHB! IKCIEPHUMEHTBI, CUUTAIOLINECS IOATBEPKICHUAMU
3TOH TeopHuH, Ha CaMOM JeJie TAKOBBIMH BOBCE HE SIBJIAIOLIMECS. DKC-
MEPUMEHTOB, OJJHO3HAYHO MOATBEPKIAIOIINX 3Ty TEOPHIO, HUKOT/Ia HE
ObUIO, HET U, CAMOE MHTEPECHOE, OBITh HE MOXKET, IOCKOJbKY JH000M
9KCTIIEPUMEHT MOKET OBITh MCTOJIKOBaH OECUHMCIEHHBIM KOJIMYECTBOM
Croco0oB, BOBce He TpeOYyIOIUX Npu3HaHus Teopur OTHOCHTEILHOCTH

Ienp HacTOsAIICH NMyOJMKAMKA — PEKOMEHIAINS BCEM JKEJIAIOIINM
MOBTOPUTH ONHMCAHHBIE 3KCIIEPUMEHTHI C T€M, YTOOBI yOEAUThCS, UTO,
XOTSl B (QUPOJMHAMUKE CYIIECTBYET €Illeé MHOXKECTBO HEPEIICHHBIX
npo0JeM, 3Ta 00JIaCTh TEOPETUIECKON (PU3UKU CTOUT HA TBEPAOM (PyH-
JaMEeHTe ¥ y Hee, B OTIMYHE OT TeopuH OTHOCHTEIBHOCTH
A.DiiHImTeliHA, cepbe3Hoe Oyayliee.

CrnexyeT 3aMETHTh, YTO HEKOTOpPHIE pealbHbIE TEXHOJIOTHH JTaBHO
WCTIONIb30BAIM TIOJIOKEHUST A(UPOAMHAMUKH, HAIPUMEpP, B DJIEKTPO-
TEXHUKE, HO 3TO CIEJIAHO SMIHUPHYECKH, METOAOM Npo0 M OmHMOOK, a
Ha OTKJIOHEHHE TOJY4YEHHBIX Pe3yJbTaTOB OT COBPEMEHHOW TEOpPUHU
3JIEKTpOMarHeTH3Ma MCIOHHATENN MPOCTO 3aKphIBalOT rima3a. Ha Gaze
3pUPOIMHAMUYECKUX MPEACTABICHUN O (U3NYECKON CYLTHOCTH SIBJIE-
HUH MOSBIISIETCS] BO3MOXKHOCTD YCTPAHEHHsI OJOOHBIX IPOTUBOPEUHIA.

HecMoTtps Ha MpOCTOTY W OTHOCHUTENBHYIO JEIIEBU3HY MPOBEICH-
HBIX HCCIIEZIOBAaHUN, OHM HMEIOT NPHHLUUIHAIBHBIA XapakTep, IMO-
CKOJBKY MX PE3YyJbTaThl HAXOAATCS B IMPOTHBOPEUHH C CYIIECTBYIO-
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el Gu3nIecKoit Teopuel, CINTAIOIICHCS OCHOBOW COBPEMEHHOU TEO-
peTHYeCcKOi (HM3UKH, — TEOPHEH OTHOCHUTEIHHOCTH A.DWHINTEWHA, HO
COOTBETCTBYIOT IOJIOKCHUSAM 3(QUPOJUHAMUKY. B KOHIIE KOHIIOB, 3TO
00CTOSITENLCTBO JIOJDKHO CHITPATh PEILIAIONIYI0 POJib B OMpEeIeHUH
JATBHEUIIIETO TMYTH Pa3BUTHS (DM3HUKH, a 3HAYHUT, U BCETO €CTECTBO3HA-
HUSL.

[IpoBeneHHbIE PKCIEPUMEHTHl HU B KOEH Mepe HE HCUYEPIBIBAIOT
MepeyHsl SKCIEPUMEHTOB, KOTOPbIE HYXXHO BBIMTOIHUTH AJIS TIOJHOTO
yTBepXAeHUS >PUPOAMHAMUKH, KaK HOBOH (PM3NYECKON TeopwH, IO-
3TOMY 37I€Ch OTKPBIBAETCS POCTOP, KaK JIJIsl TEOPETUUECKUX, TaK U IS
9KCIEPUMEHTAIBHBIX U3BICKAHWW B 3TOM HOBOW U BEChbMa MEPCIIEKTUB-
HOW 00JacTH, 3aTparuBarolIield HHTEpEChl BCeX 00IacTel ecTecTBO3HA-
HHS.

HpI/IBCZICHHI)IC B KHHUI'C SKCIICPUMCHTHI IIPOCTBI U MOTYT 6])ITI) I10-
BTOPEHBI BCEMH JKEJAIOIINMHU, JTAXKe IIKOIFHUKAMH CTAPIINX KIIACCOB,
TeM OoJee, CTy/IeHTaMH, HH)KeHEPaMH W HayYHBIMU pabOTHHKAMH. DTO
1esecoo0pa3Ho cienaTh Kak MOXKHO 0oiee IUPOKUM KPYTOM JIHII, 10-
CKOJIBKY OT 3TOTO HETIOCPE/ICTBEHHO 3aBUCUT PA3BUTHE TaKOW BaKHON
obnacTu HayKu, Kak TeopeThudeckas (Qpu3uka, KOTopas SBISIETCS OCHO-
BOM BCEIro €CTECTBO3HAHUSI.
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I'naBa 1. UcciaenoBanue 3upHOro BeTpa

1.1. KpaTkasi ucTOpHsi ¥ COCTOSIHHE NIPOOIeMbl

Bo Bpemena Makcgena, T.e. B KOHIIE 19-TO cTONeTHs HHU Y KOTO
U3 yYCHbIX HUKAaKUX COMHEHHH B CyILIECTBOBAHUH 3(rpa B IpUpoIe HE
ObLTO, HO Bepcuu 00 ero yCTpOMCTBE M CBOWMCTBaxX ObuTH pasHble. Of-
HOU W3 BEpCHii, NOIYyYMBIICH HanOoJbllee MPU3HAHUE, ObUIA KOHLICH-
st O.Openens, BrocneacTsuu paszpuras 1 .Jlopenmem, 06 abcomoTHO
HETIO/IBIYKHOM B MPOCTpaHCTBE 3dupe. ABTOPHI 3TOW KOHIEIIINH, TaK
K€ KaK M aBTOPbI JPYTUX MHOTOYMCIICHHBIX TEOPUH, THIIOTE3 U MOJIe-
neil a3gupa HUKaK ee He 00OCHOBBIBAIIM, TEM CaMbIM, COBEpILIAs IPUH-
LUMHAANTBHYI0 HICATUCTUYECKYIO OLIMOKY: HE W3y4YdB IpUpoay (Mare-
pHI0) dQupa OHH Ha MEPBOE MECTO BBIABHUTAIN YMO3PHTEIBHBIEC MOJIO-
JKeHHs (CO3HAHME), O]l KOTOPBIEC 3aTE€M IBITATUCh MOJATOHITH (DAKTHI, a
KOTJa 3TU (PaKTbl HE COOTBETCTBOBAIM MX IPEACTABICHUSIM, OHU JHOO
MPOCTO OTKA3bIBAIUCH OT CBOMX TEOPUH, HUUETO WHOTO HE Tpejsarasi,
KaK 3TO Jiesiano OOJBIIMHCTBO M3 HHX, MO0 HAYWMHAIM COPTUPOBATH
(baxTbl, IPUHUMAS TO, YTO COOTBETCTBOBAJIO TEOPHSM, M, OTOpAchIBas
TO, YTO UX TEOPHUSIM HE COOTBETCTBOBaJO. K mocCiesHUM OTHOCHIIUCH U
OTHOCSITCSI ceifuac Bce CTOPOHHUKM Teopur OTHOCHUTENbHOCTH OMH-
HITeiHa.

O ToMm, uto 3emis 10HKHA 001yBaThCs 3QUPHBIM BETPOM, BIIEPBBIE
Harmcan Jx.K.MakcBemn B ctatbe «O¢up», momenienHoi B 1877 r. B
8 Tome bompmmoit bputanckoit sHnukinoneauu [1]. B cooTrBeTcTBHM C
9TOM KOHIenuer 3eMist B CBOEM OpPOHMTAIbHOM JABHXEHHUH BOKPYT
CoutHIIa TPOXOJUT CKBO3b HETOJBHKHEIN d(Up, ¥ MOITOMY Ha ee I0-
BEPXHOCTH J0/UKeH Habmomarbes >hupHeii Betep («ether drifty), xo-
TOPBIN HAJO0 ObI U3MEPUTD.

MakcBenn TaMm ke yKasal Ha TPYIHOCTH, CBA3aHHBIE C U3MEPEHH-
eM 3(pHpHOTO BETpa: TOTJa CYIIECTBOBAI EAMHCTBEHHBIN CIIOCO0 M3Me-
PEHHUS — C TIOMOILBIO Jy4a CBETa, MOCHIJIAEMOT0 B HAIIPABICHUH CKOPO-
CTH JBIKEHMS 3€MIIM U IIPOTHB HETO, a 3aTEM CTPOS U3 MIOCHUIAEMOT0 U
BO3BpAIlla€MOr0 II0TOKOB CBETa MHTEP(PEPEHLIMOHHYIO KapTuHy. CIBUT
UHTEP(PEPEHLIMOHHBIX [10JIOC ¥ JOJDKEH CBUIETEIbCTBOBATh O CKOPOCTH
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sapupHoro Berpa. OmHako MakcBemT TaMm K€ yKas3al, YTO BeJIHMYHHA
caBura OyZieT OYeHb Majla U €€ BPSIJ JIU YAACTCS ONPEICITUTh.

«Ecnn ©b1 MOXXHO OBUIO ONpeAeinTh CKOPOCTh CBETa, HalIromas
BpeMsi, ymoTpeOiasieMoe MM Ha MPOXOXKICHHE OT OJHOTO IyHKTa 10
JPYroro Ha MOBEPXHOCTH 3eMIIH, TO, CPABHUBAs HAOJIIOIaeMbIe CKOPO-
CTH JBWKCHHS B TMPOTHBOIOIOKHBIX HANPABICHUSIX, MbI MOTIIH OBl
OTIPEACTUTh CKOPOCTh 3(Upa MO OTHOIICHUIO K 3THM 3EMHBIM ITyHK-
taM. Ho Bce MeTozbl, KOTOpPhIE MOXXHO HMPUMEHUTh K HAXOXKICHHUIO
CKOPOCTH CBETa M3 3¢6MHBIX OMBITOB, 3aBUCST OT U3MEPEHHs BPEMEHH,
HEOOXOUMOTO JIJIsl IBOMHOTO Mepexoa OT OAHOTO IMyHKTa IO JPYroro
u o0patHO. U yBenmmueHne 3TOro BpeMeHHU BCJICACTBUE OTHOCUTEIHHOM
cKkopocTH d(hupa, paBHOE CKOPOCTH 3eMITH Ha ee OpOHTe, COCTABUIIO OBl
BCETO OKOJIO OJIHOW CTOMWJIJTMOHHOM J0JM BCETO BPEMEHH MEPeXoaa
OBLIIO OBI, CIEIOBATEIILHO, COBEPIIICHHO HE3aMETHOY.

[A:x.K.MakcBemn. Ddup. Crateu u peun. M.: Hayka, 1968. C. 199-200].

Tem He MeHee, MOJIOON aMepUKaHCKUI yueHbld A.MalikenbCoH B
1880 r. Takoit nmpubOp czesiall, ¥ C 3TOr0 MOMEHTA Ha4yajach CJIOKHAs U
JpaMaTudecKasi ICTOPHS MOUCKa 3UPHOTO BETpa

Hctopus mouckoB 3¢pupHOTO BeTpa SBISETCS OJHOM U3 CaMbIX 3a-
MIyTaHHBIX UCTOPUNA COBPEMEHHOTO €CTECTBO3HAHUS. JHAUCHHE HCCIIE-
JIOBaHW 3(UPHOTO BETPa BBIXOIUT JAJEKO 32 PAMKH HUCCIIEIOBAHUN
KaKoro-In00 (hYU3MUYECKOTO SBIICHHS: PE3yIbTaThl MEPBBIX PadOT 3TOTO
HaIpaBJICHUS OKa3aji PelIalolee BIUSHUE Ha BCE €CTECTBO3HAHUSI XX
crosietus. Tak Ha3bIBaEMbIN «HYJIEBOU pe3yJbTaTy INEPBBIX JKCIEPH-
MeHTOB A.MaiikenbcoHa u 3.Mopiu, BEIIOIHEHHBIX 3TUMHU aMEpPUKaH-
ckumu uccnenosarensmu B 1881 u 1887 rr., mpusen ¢usukoB XX cro-
JIETUST K MBICIIH HE TOJIBKO 00 OTCYTCTBHH Ha 3€MHOW TOBEPXHOCTH
3UpPHOTO BeTpa, HO U K YOSXKIEHHUIO, YTO 3PP — MUPOBas cpeaa, 3a-
MOJTHSIOIIAs COOOM BCe MUPOBOE MPOCTPAHCTBO, HE CYIIECTBYET B IPHU-
pone. Hukakue moIoKuTeNbHbIE pe3yIbTaThl, TOJYICHHBIC STUMU K€ U
JIPYTHMHU MCCIIEA0BaTeIIIMUA 3(QUPHOrO BeTpa B OoJiee MO3IHHME TObI,
yKe He MOoKoyie0au 3Toi yBepeHHocTH. U naxke xorga cam DHHIITEHH
B 1920 u 1924 rT. B CBOHX CTaThsIX CTaJl YTBEPKAATh, YTO «(pH3MKa He-
MBICTIIMa 0e3 dupay, TO He U3MEHIIIO HIYETO.
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Kak BbIICHWIIOCH HENaBHO, B OOJIACTH HCCIENOBAHUM 3(QHPHOTrO
BETpa PAIOM YYEHBIX OBLIM MPOBEACHBI BeChbMa OOIIMPHBIE PabOTHI.
HexoTtopsie U3 HUX JanM UCKIIOUUTEIHHO OOTaThlii MO3UTHBHBIN MaTe-
puan. K HUM Hy»HO, KOHEYHO k€, B IIEPBYIO OYEpeb OTHECTH HCCIIe-
JIOBaHUsI, IPOBEICHHbBIE 3aMeUaTeIbHBIM aMEPUKAHCKUM yYEHbIM IIPO-
¢eccopom KeiicoBcko#t mkonbl mpukimagHoid Hayku J[pittoHom Kima-
peHcoM Muunepom, NOTPaTUBIIMM Ha 3TH HCCIEA0BaHUS MPAKTHUECKU
BCIO )KH3Hb. He ero BuHa, a ero u Hama 0eza B TO, UTO BCE IOIyYCHHbIE
UM U ero rpymiod pe3ysbTaTbl COBPEMEHHUKAMH YY€HOro M Oojee
MO3IHUMH (PU3UKAMHU-TEOPETHKAMU OTHECEHBI K KaTETOPUH «HE TPH-
3HaHHbIX». K 1933 roay, korma uccienoBanus Muniepa Obud 3aBep-
IICHBI, IIKOJIA PEIATUBUCTOB — IIOCJIEAOBATENEH ClIEUaIbHON TEOPUH
OTHOCUTENBFHOCTH A.DWHINTEHHA MPOYHO CTOsIIA HA HOTaX W OAUTEIb-
HO cIieluia 3a TeM, YTOObl HUYTO HE MOTJIO MOoKoyiebaTh ee ycrou. Ta-
KOMY «HETPU3HAHUIO» CIIOCOOCTBOBAIN TAaKXKE U PE3yJbTaThl HEKOTO-
PBIX 3KCIIEPUMEHTOB, B KOTOPBIX MX aBTOPbI, CaMH HE Xejas TOro,
HaJlenalu OMIMOOK M HE MONYYHIN HYXHOTO 3ddekra. X He HYKHO
OOBUHSTH B IPEAHAMEPEHHOCTH TaKOT'O MCXOJa: OHH MPOCTO HE Mpen-
cTaBisuIn ceOe mpupoay 3¢upa, ero CBOMCTBa, €ro B3aUMOJECHCTBHE C
BEIIECTBOM, M MO3TOMY NPHU MPOBENECHUU 3KCIIEPUMEHTOB MMM OBLIH
JIOYIIICHbI TPUHIUITHATILHBIE OIHMOKHU, HE TIO3BOJUBIINE UM JOOUTHCS
yenexa. K uncny takux ommOOK, B YaCTHOCTH, OTHOCUTCS SKPaHUPO-
BaHKe UHTEpdepoMeTpa — OCHOBHOTO MPHOOpPA, UCIIOIH30BAHHOTO JIIS
UCCIIeIOBaHUH A(UPHOTO BETpa, METALIMYECKHM 3KpaHoM. Merai,
KaK BBIACHWIOCH TEIeph, OTPaKAaeT HE TOJBKO SJICKTPOMArHUTHBIE
BOJIHBI, HO U JIAMUHApHBIE CTPYHU 3(upa, a M03TOMY U3MEPATH CKOPOCTh
3(MpPHBIX TOTOKOB B 3aKPHITON METAITHYECKO KOpOOKe, 3TO BCE paB-
HO, 9TO TBITATHCS U3MEPUTH BETEP, KOTOPHIN MyeT Ha YJHIE, TIIsAd Ha
AHEMOMETp, YCTaHOBJICHHBIM B IUIOTHO 3aKyHOpeHHOM koMmHare. [Ipu
Bceil abCypTHOCTH MOI00HOTO AKCIIEPUMEHTA, YBBI, TaK OHO U ObLTO. B
9TOM YHTaTelIh CMOXET YyOemuTbcs, NpounTaB craTh P.Kenuenw,
K.Wnnuarsopra, E.Crasnu, A.llukkapa. K unciy apyrux ommbok ot-
HOCSITCSI TIOTIBITKU YJIOBUTH JOIUIEPOBCKUH 3¢ (eKT, IK0Obl BO3ZHUKAIO-
MK TPY HAJIMYUW 3QHUPHOTO BETpa, Y B3aUMHOT'O HETIOJIBUKHBIX HUC-
TOYHHKA W IPUEMHHKA 3JICKTPOMarHuTHEIX Konebanuid. U 3To, yBHI, HE
BEIIyMKa: UMEHHO Ha 3TOW OCHOBE ObLI mocTaBiieH B 1958-1962 rr.
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skcniepumenT rpymmoit Jx.Cegapxomsma u Y. Tayrca. DToT 3xcnepu-
MEHT HE MOT KOHUUThCS HUYEM IOJIOKHUTEJIbHBIM, 00 3()UPHBIH BEeTep
Jaet caBur (aspl KonebaHHs, a BOBCE HE MEHSET €r0 4acTOTy, U HUKa-
Kas BBICOKas YyBCTBUTEIBHOCTh NPUOOpAa K HW3MEHEHUIO YacTOTHI
3/1€Ch HE TIOMOXKET.

OpHako, Tak WIKM WHA4Ye, B KOPPEKTHBIX HKCIEPUMEHTAX pAla HC-
caenoparencit — J.Mwunepa, 9.Mopnu u camoro A.MailikenscoHa B
nepuox 1905 — 1933 rr. sdupHbIi BeTep ObUT OOHApYKEH, 3HAUCHHE
€ro CKOPOCTH M HampasjieHHE ObLIM ONPEAEICHBI C HEIUIOXOW Ul TOrO
BpPEeMEHH TOYHOCTHI0. OKa3aIoch, YTO HAMpaBIICHHE STOrO BETPa BOBCE
HE COBIAJIACT C HAMPaBIICHUEM JBWKCHUS 3€MIIH, KaK 3TO Mpejoiara-
JIOCh BHAuaie, a MOYTH NMEPIEHAUKYISIPHO K HeMy. BrisicHmiocs, uto
opOHTaNIbHASI COCTABIAIONIAS CKOPOCTH 3€MIIM TOYTH HE 3aMeTHAa Ha
(oHe OOJIBIION KOCMUYECKOH CKOPOCTH 00ayBa COJHEYHOW CHCTEMBI
s¢upom. [IpuunHEI 3TOTO0, TaK XKe KaK ¥ HPUYUHBI YMEHBLICHUS OTHO-
CUTEJIBHOM CKOpocTH 3dupa U 3eMiIu N0 MEpPEe YMEHBLICHHS BBICOTHI
HaJ MOBCPXHOCTHIO 3eMJ'II/I, TOoraga OCTaJIuChb HE BbBISICHCHHBIMU. Ho ce-
TOJHSI, B CBSI3U C HOSBJIEHUEM 3(UPOIMHAMUKYA — HOBOM oOnactu ¢u-
3HMKH, ONUPAIOIICHCS Ha NPEACTaBICHUS O CYLIECTBOBAHUU B NMPHPOJE
ra3onoa00HOro 3¢upa, ST HeJJOYMEHHbBIE BOIPOCH! CHATHL. C MO3uIuit
npezcraBieHus 00 adupe, kKak 00 0OOBIYHOM BS3KOM CXKHMMAaeMOM rase,
MOYKHO HEIPEIB3ATO OLEHWTh M BCE JaHHbIC, NOIydeHHble Mopiu,
Mustepom 1 MaikebcoHOM 00 SUPHOM BETPE, a TAKKE OLEHUTH BCE
OHH/I6KI/I, JONYIICHHBIC HMCCICAOBATCIIAMUA, IMOJTYUYUBIIMMU «HYJICBBIC
Pe3yNbTaThI».

O¢uponnHamMuKa CerofHs AejiaeT JHIIbL NepBble maru. ['ocrmoa-
CTBYIONIAS IIIKOJIA PEJIITUBHCTOB BCE €Ille UTHOPHUPYET dPUpP, MOITOMY
3a ero mpusHaHue uaetr 6oppbOa. OHa 00s3aTeNPHO yBEHYAETCS ycIie-
XOM, TaK Kak TOJBKO Ha MyTSIX NpU3HaHMA d(QHpa OKa3bIBaeTCS BO3-
MOKHBIM BCKPBITh BHYTPEHHHI MEXaHW3M (DU3WYecKUX SBICHUH, 1O-
HATH UX CYITHOCTH, 9TO CETOMHsI, 0€3YCI0BHO, HEOOXOMUMO BCeM 00ITa-
CTsIM ecTecTBO3HaHMs. V160 06e3 3TOro cTaHOBUTCSI HEBO3MOKHBIM TIPO-
JBUTaThCS BO MHOTHMX NPHUKJIAIHBIX HamnpasieHHsx. OJHAaKo Hax MpH-
3HaHUEeM d(Upa TO-TNPESKHEMY BHCUT TpeayOekIeHHe OTHOCHUTEIBHO
«OTPULATENIBHOTO pe3yabTaTa» dKclepuMeHTa MaiikenscoHa 1881 u
1887 rr. [lng Toro 4ToObl CHATH 3TO MpeAyOexaAeHHe MOHAI00MUIOCh
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BBITYCTUTh COOPHHK TIEPEBOJIOB OPUTHHAIBHBIX CTAaTell aBTOPOB HKC-
HepUMEHTOB 110 3(upHOMY BeTpy [5].

Ceroans HE0OXOAUMO BHOBb CTaBUTh HKCIEPUMEHTHI [0 OOHApY-
JKEHHIO H(HUPHOTO BETPa, HO C YYETOM JOMYLICHHBIX paHee OMNOOK M
Ha COBPEMEHHON OCHOBE — C aBTOMaTHYECKOU perucTpanyen u aproma-
TU3UPOBAHHOW 00pabOTKOW PE3ylbTaTOB HM3MEPEHHUH, Ha Pa3iIHMIHBIX
BBICOTaX, BKJIIOYast yCTaHOBKY npuOopoB Ha MC3 — MCKYCCTBEHHBIX
cryTHUKax 3eMid. /st aToro He 00s13aTeNFHO HCIIONE30BaTh HHTEpde-
POMETPBI, MOXKHO TOCTYITUTH TOPA3I0 MPOIIE — ONPEAETSATh OTKIOHE-
HUSI JIA3epHOTO JIyda OT €r0 CPEJHEro IOJIOKEHHS, MTOCKOJBbKY yCTa-
HOBJICHO, YTO d(DUpPHBINA BETep OTKIOHSET JIA3EPHBIHA JIyd MOJOO0HO TO-
My, KaK OOBIYHBIA BETEP OTKJIOHSET OT HOPMAIBHOTO TIOJIOKEHUS KOH-
COJILHO 3aKpeIUICHHYIO OanKy.

Cocrostaue 3¢upa, ero MmWIOTHOCTh, BA3KOCTh, HAMPABICHUE U CKO-
POCTh MMOTOKOB B OKOJIO36MHOM MTPOCTPAHCTBE HEOOXOAMMO 3HATH, HOO
UMEHHO 4epe3 3Qup KOCMOC OKa3bIBaeT CBOE BIMSIHHE HA 36MHBIE MTPO-
Hecchl. 3HaHWE MapaMeTpoB 3(GHUpa MO3BOJHUT MO-HOBOMY IMOCTaBHUTH
MPOTHO3 MHOTHX COOBITHI Ha 3eMje — KIUMATHYECKHX, TeOJorHde-
CKHX, (PM3HOJIOTHYECKUX M MHOTHX APYTUX, a TAKKE YIeCTh PsI sBIie-
HUI B CAMOM KOCMOCE, BKJIFOUasi TIOJIEThI CTYTHHKOB, a TAK)KE MEXILIa-
HCTHBIC U B 6YILYIIIEM MEXK3BC3HbIC ITOJICTHI.

A TIOKa, TTIOCKOJIbKY «HYJIEBBIE PE3yJIbTAaTh) MEPBBIX IKCIIEPHUMEH-
TOB A.MaiikenbcoHa MpUBENIH K HEMPHU3HAHUIO CYIIECTBOBAHUS B MPHU-
poJie He TOJbKO 3(UPHOTO BEeTpa, HO U caMoro 3dupa, mpeacTaBisieTcs
TMOJIE3HBIM HAIIOMHHUTH, XOTS OBl BKpATIIe, HICTOPHIO €r0 TIONCKOB.

Tex, KTO MPOSIBUT MHTEPEC K 3TOM MpoOieMe, MOKHO OTOCTaTh K
kuure «DdupHsiii BeTep» [5], B KOTOpOIi BliepBbIe HA PYCCKOM SI3BIKE
OIMyOJIMKOBaHBl TIEPEBOMBI OPWUTHHAJBHBIX CTaTeld WccienoBaTeneit

sadupHOTO BeTpa, HaunHas oT A.Maiikenbcona (1881) no Y.Taynca
(1962).
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1.2. 3KcnepI/IMeHTLI, AaBIIME HEONPEIACJICHHbIC WUJIH I10-
JIOKUTECJ/IbHBIC PE3YJ/IbTAThI

B 1881 r. amepukanckuii yueHblii A.Maiikeabcon caenain nepByro
HONBITKY OOHAPYKHUTh 3QUPHBII BeTep, IS 4er0 OH MOCTPOUIT KPECTO-
00pa3HbIii UHTEphEPOMETP, CXeMa KOTOPOTro MpHUBeIcHa Ha puc. 3.1.

=il

Puc. 1.1. Cxema unrepdepomerpa A.Maiikeabcona (Baemios, c. 28)

Anmapatr MaiikeabcoHa CKOHCTPYHPOBAH Tak, YTO B HEM IPHUCYT-
CTBYIOT JIBa JIy4a CBETa, KOTOPHIE MPOXOAST IO TPACKTOPHUSIM, PacIo-
JIO)KEHHBIM TOJl TPSAMBIM YIJIOM ApPYT y JAPYTY, W HHTEPPEPUPYIOT
Mexay coOoi. JIyd, KOTOpBI NPOXOJUT B HANPABICHUW JIBHKCHHS
3emiH, B ACHCTBUTEIBHOCTH MPOMAET HA JOJIO JUIMHBI BOJHBI 0 O0Jb-
11e, 4eM eciii Obl OH mporien Obl, ecii Obl 3eMJIsl HAXOAUIACh B MOKOE.
Bropoii i1yd4, mpoxoasmmii Mo MpsSMBIM YTIIOM K JIBIDKEHUIO, He Oyner
WCTIBITBIBATD 3TOTO BIIMSHHUA.

Ecnu sxe anmapar Oynaer moBepHyT Ha yroi 90° takum oOpaszom,
YTO BTOPOMW JIyd MPOMAET B HANPABICHWW NBIXKEHHUS 3eMJIH, TO €ro
TpaeKkTopusl yBeqnuuTcst Ha J. OOliee e W3MEHEHHE OJI0KEHUs MH-
TepdepeHIMOHHBIX MOJIOC COCTABUT 24, BEJIMYHMHY, KaK MoJjlarajl BHava-
Jie MailkenbCOoH, JIETKO U3MEPIEMYIO.

ITockonmbKy mIst TOrO, YTOOBI TOCTPOUTH HHTEP(EPEHIIMOHHYIO.
KapTUHY Jy4Yd CBETa JOJDKHBI O0S3aTENbHO BEPHYTHCS K MCTOYHHUKY
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CBETa, TO 3TO €CTh AKCIIEPHMEHT BTOPOTO TOPSIKA, B KOTOPOM HCKO-
MBI 3 PEeKT ompemensieTcss BTOPOH CTETICHBIO OTHOIICHUS OpOUTAIb-
HOW CKOPOCTH 3eMIJIH V K CKOPOCTH CBETa C, a UMCHHO:

v?2
0=2D ,
c?2

31ech D — yiMHa onTHYeCcKOro mMyTH CBETOBOTI'O JIyda, paBHasi B mpubo-
pe Maiikenscona 1200 mm.

Ecnu onupaTbest Ha NMPEANOChUIKH, 3aJI0KEHHBIE B 3KCIIEPUMEHTE,
0 TOM, YTO 3(HpP BCENPOHMUKAIOL] U HE UCHBITHIBAET HUKAKOI'O TOPMO-
JKEHUS TIPU MPOXOJe uepe3 MpeAMEThl U Cpelbl, HallpuMep, Yepe3 Io-
BEPXHOCTHBIN 1ol 3emiin (3KCIIepUMEHT MpOoBOAMICS B nonaBaie bep-
JIMHCKOTO YHHUBEPCUTETA, a 3aTeM B IoJBaie yHUBepcureTa B IloTcna-
M€), 4TO IPUPOAA CBETA HOCUT BOJHOBOM XapakKTep M CBET MOITOMY
MOJTHOCTBIO 3aXBAaTHIBACTCS ABIKYIIMMCS (QHUPOM, M YUUTHIBAS, YTO
opOuTabHAsE CKOPOCTh 3eMJIM cocTaBisieT okoiio 30 km/c, obmiee oT-
KJIOHEHHE MHTep(EepEeHIMOHHON KapTHHBI MPU HOBOpPOTE MHTEep(epo-
Mmetpa coctaBuT) 0,04 AIMHBI BOJHBI CBETA, T.e. MHTEP(HEPECHIIMOHHBIE
noJiocsl caBuHyTes Ha 0,04 mara uaTepdepeHmonHbIX monoc. Ho ato
TOJILKO TIPH TOM YCJIOBUH, YTO 3(HUP HE HUCTBITHIBAET HUKAKUX MPETIAT-
CTBHH B CBOEM PaCHpOCTPAHEHWH CKBO3b aTMOocdepy M CJIOH 3eMilH,
OTJIEJISIFOIINI TIPUOOP OT MOBEPXHOCTH 3EMITH.

Ha puc. 3.2 nokazan cam npuOop, B KOTOPOM BCSl ONTHYECKas
4acTh PacloyIoKEHa Ha BPAIAIOIEMCS] OCHOBAHUH.

MaiKeNnbCOH MUIIET:

«Ilepelii pa3 ammapar ObUT pa3MellleH Ha KAMEHHOM OCHOBAaHWHU B
nogsanie ®usznyeckoro nHcTutyta B bepnune. Ilepsoe ke HabmroneHue
MOKa3allo, YTO W3-32 WCKIIIOYMTENBHO YYBCTBUTENHLHOCTH TpUOOpa K
BUOpanusiM paboTa He MOXKET BBITIONHATHCS B TEUSHUE BCETO JHS. To-
I71a SKCIIEPUMEHTHI MONpoOOBaIM MPOBOAUTH HOYbl0. Korma 3epkana
ObUIM YCTaHOBIICHBI Ha CepelMHE IUIeY, MOJIOCH CTANN BHIUMBIMH, HO
UX TOJI0XKEHHE HE MOIJIO ObITh U3MEPEHO 10 12 4acoB HOYH, a Jaliee —
TOJIBKO B HEKOTOpBIE MHTEpBaibl BpemeHH. Korna xe 3epkana ObLTH
CABHMHYTHI K KOHIIAM IIJI€Y, TOJIOCHI OBUTN BUIHBI JIUIIB SMTU30JHUECKH.
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3.2. Uutepdepomerp Maiikenbcona 1881 r.

Toraa K€ BBIAACHUJIOCH, YTO SKCHECPUMECHTLI HE MOT'YT BBIITOJIHATHCA
B bepnune, n anmapat ObuT IepeMenieH B ACTpodu3ndeckyro Jadopa-
toputo B [lorcaam. Ho nmaxe 3mech OObIYHBIC KaMEHHBIC OTOPHI HE
YJIOBJICTBOPSUIM TPEOOBAHUSIM, U aIllapar OINATh ObLI MEepPeMEeIleH, Ha
3TOT pa3 B MOJBAJ, KPYyIJble CTEHbI KOTOPOTO CIIY)KHJIH OCHOBaHHEM
JUTSL OTIOPBI KBaTOpUasia (CTallMOHAPHOTO Telieckomna — B.A.).

B 0OBIYHBIX YCIIOBHSIX TIOJIOCHI OBUIM OYEHb HEUSTKUMHU, U UX OBLIO
TPYAHO U3MEPUTH, TPUOOP OBLIT HACTOJILKO YYBCTBUTEIBHBIM, YTO JAKE
[Iard Ha TPOTyape B CTa MeTpax OT 00CEepBATOPUU OBbLIM MPUYUHON
MOJTHOTO MCYE3HOBEHUS MOJIOC!».

B pesysnbTare 00pabOTKM M3MEPEHHN BBISCHUIOCH, YTO CYIIIECTBY-
10T HeOOJNbIINE CMENeHUs] WHTep(EepeHIIMOHHBIX TOoJoc. A jganee
MaiikenbCOH MUIIET:

«Hebonpmmue cmemienus -0,004 u -0,015 — 310 TpocTo morpenrHo-
CTH 3KCIIEPUMEHTA.

Tonmy4yeHHbIC Pe3yNIbTAThI, OTHAKO, OOJIee YETKO MOKA3aHbI MPH TMO-
CTPOCHUH PeabHON KPUBOW BMECTE ¢ KPHBOM, KOTOpas JOJKHA OBITH
MMOCTPOEHA, €CIIM TEeOopHs BepHA. ITO MokazaHo Ha puc. 1.4 (3mech —
puc.3.3 — B.A).
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Puc. 3.3. Pe3yabTaThl HU3MepeHUii: KpuBas, IOIy4yeHHas: MailkeIbCOHOM B pe-
3yJbTaTe 00pabOTKU OTCUETOB HHTEpdepomeTpa ( ) X TEOpeTHYEecKasl KpUBast
(- - - -). ITo ocu abcuuce — yroi moBopoTa HHTEpHEpOMETpa, ABYM IIEPHOIAM TEOPE-
THUYECKOW KPUBOH COOTBETCTBYET OJMH 000pPOT, IT0 OCH OpJMHAT — CMELIEHHEe HHTEp-

(epeHIMOHHBIX M0JI0C B JOJSIX PACCTOSHUS MEXKITY OCSIMU COCETHUX MOJIOC.

[TynkTupHas KpuBasi U300paXkeHa, HCXO/S U3 MPETIONI0KEHHSI, YTO
oxxugaeMoe cMmernieHne cocrasiseT 1/10 paccrosHust Mexay uHTEpde-
PEHLIMOHHBIMH T10JIOCAMH, HO €CIIM 3TO CMEIIEHHE COCTABISCT JIHIIb
1/100, To TomaHast TUHMSL OYJIET elle ONrKe K IPSIMOM JTHHHH.

OTH pe3ybTaThl ModcHo unmepnpemuposams (! — B.A.) Kak OT-
CYTCTBHE CMEILEHHsI MHTepEPEeHIIMOHHBIX NoJoc. Pe3ynbraT runore-
3Bl CTAIlMOHApHOTO 3(Upa, TAKUM 00pa3oM, OKa3bIBAETCS HEBEPHbBIM,
OTKY/Ia CIIe/lyeT BBIBOJI: 3Ta TUIIOTE3a OIIMO0YHA.

...MBl He OyZeM CKJIOHHBI NIOBEPUTH O€3 SIBHOI'O IOJITBEPXKICHHMS,
YTO 3PUP ABMKETCS CBOOOHO Yepe3 TBEP/YIO MaCCy 3eMIINY.

A.MaiikenabcoH. OTHOCHTENBHOE IBIKEHHE 3eMJIH B CBETOHOCHOM 3(hu-
pe. 1881 r. Ha pycckom s3pike B cO. D¢wupHnsni serep. [lox penm. n.1.H.
B.A.AmrokoBckoro. M.: Dueproatomuznaat, 1993. C. 6-7. Ilep. ¢ anrm.
JI.C.KHs13eBoH.

B 1887 r. Maiikenvcon mnpuBiek mius nomornu mpodeccopa
3. Mopau. arepdepomerp ObLI pa3MeIIeH HA MPAMOPHOHU IUIUTE, KO-
Topasi ObUIa BOJPY)KEHA Ha JACPCBSIHHBIA KOJBIIEBOM MOIIIABOK, LTaBa-
IO B KeJI00e, HATIOJTHEHHOM PTYThIO (pHC. 3.4).
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Puc. 3.4. Unteppepomerp Maiikesbcona-Mopiu

Kamens, Ha KOTOpOM OBLITH pa3MeIIeHBl BCE ONTHYECKUE DIIEMEH-
THI, ©MeN maomans B 1,5 M2 u Tommuny B 0,3 M. OH pacronoxkeH Ha
KOJIBIICOOPA3HOM JICPEBSIHHOM ILJIOTY, UMEIOIIMM BHEITHHH JTUAMETP B
1,5 m., BHyTpeHHuit nuamerp 0,7 M., a Tonmuny B 0,3 M. IInoT noko-
UTCS Ha PTYTH, 3JIUTON B XKeJI00, OTIUTHIN U3 jKere3a, TOMIUHON B 1,5
CM H TaKHX pa3MepoB, YTOOBI BOKPYT IUIOTA OCTABAJIOCh PACCTOSHUE B
1 cMm. OTinTas U3 xee3a popma MOKOUTCSA HA IIEMEHTHOM OCHOBaHHUU
YW Ha HU3KOM KHPIUYHOM (yHIAMEHTe, UMEIoIIeM (OopMy IPOCTOTO
BOCHMHYTOJIbHHKA.

Takoe pa3meleHue UHTEPHEPOMETPa MCKIIFOUMIO BUOPAIMOHHBIC
MMOMEXH, ¥ BpAIlICHUE armapara Jajee IpPOUCXoIniIo 0e3 BHECEHHS 10-
MOJTHUTENFHBIX UCKakeHnH. Kpome Toro, OBUIO YBETHMYEHO YUCIO TO-
BTOPHBIX OTPAXEHUH OT 3epKaj M 3TO MO3BOJIMJIO YBEIIUYUTH JIIHHY
ontryeckoro myTy B 10 pa3 1o CpaBHEHHIO C PEKHUM 3HAYCHUEM.

ABTOpBI IOJPOOHO OMKCHIBAIOT TPUMEHEHHBIE MU CIIOCOOBI pery-
JIMPOBKHU 3€pKaJl (TPU BHJIA — 110 BBICOTE U 10 a3UMYTY), a TaKXke CIIO0-
c00 HaOJIOACHHUS.

Habmtonenust ObUIM pOBENEHBI CIEIYIOIM 00pa3oM: M0 OKPYX-
HOCTHU IJIATGOPMBI, OTJIMTON U3 Keje3a, ObLIM HAaHECeHbI 16 0TMETOK
Ha PaBHOM PACCTOSHUW APYr OT Jpyra. AmnmapaT O4YeHb MEJICHHO
Bpaiaics (oauH 000pOT 3a 6 MHHYT) U ITOCIIE HECKOJILKHX MUHYT TPO-
BOJIOYHOE MEPEKPECTHE MUKPOMETpa OBUIO YCTAHOBJICHO HAa CaMOW
YETKOW M3 MHTeP(EPEHIIMOHHBIX MOJIOC B MOMEHT TIPOXOXKIEHUS OTHON
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U3 OTMETOK. J[BW>KEHUs OBLTO HACTOJBKO MEJJICHHBI, YTO 3TO MOXHO
OBLIO c/IeNaTh TOYHO U aKKYPaTHO.

Beuo oOHapykeHOo, YTO MpH MOAJEPKAHUW MEAJICHHOTO paBHO-
MEpPHOTO JBMKCHUS allllapaTta pe3yJbTaThl MOIy4aluch ropasno Oomnee
OJTHOPOZIHBIMU ¥ TOCIE0BATEILHBIME, YeM KOTJla KaAMEHb OCTaHABIIHU-
BaJICS /ISl KaXXAOTO HAOIIOJEHHS, B CHIy TOTO, 4TO 3(dexTs nedop-
MalMyd MOTYT HaOJI0aThes elle B TEUCHHUE, 110 KpaiHel Mepe, MoIMu-
HYTBI MOCIIE TOTO, KaKk KaMeHb OYJET OCTAaHOBJICH, TIOTOMY YTO B 3TO
BpeMsI HAUMHACT OKa3bIBaTh BIUSIHUC U3MCHEHHUE TEMITEPATYPHI.

PesynbraTel HaOMIOACHUI MpeAcTaBiICHbI rpadudecku Ha puc.3.5.
BCpXHHH KpuBad — 3TO JHCBHBIC HaGH}OHCHI/IH, HWXHAA — BCUCPHUC
HaOmoneHus. [IyHKTHpHBIE KpHBBIE TpPEACTaBISAIOT coboit 1/8 Teope-
THUYECKOTO CMEIICHUSI.
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Puc. 3.5. Pe3yabraTsl HadoneHus 3¢gpupHoro Betpa. [lo ocu abeuuce — yroa
MOBOPOTa UHTEP(EPOMETpPa, [0 OCH OPAUHAT — 3HAYCHHUSI OTKIOHEHUH HHTepepeHIIH-
OHHBIX TIOJIOC B ANMHAX BOJNH cBera. LlITprxamu Mmoka3aHa TeOpeTHYECKas KPUBasi:
pacHer cienaH U3 MPEAIOIOKEeHUs, YTO I(UPHBIA BETep UMEET HalpaBICHHE, MPOTH-
BOITOJIO’KHOE JABM)KEHUIO 3€MITH B TJIOCKOCTH AKITHIITHKH.

ABTOpBI MALIYT:

«Kaxxercs BHOJHE CHpaBeNTBBIM 3aKIIIOYUTHh U3 PUCYHKA, YTO €c-
JIM €CTh KaKoe-I1M00 CMEIIEHUE U3-3a OTHOCUTEIBHOIO JBHKEHUSA 3eM-
JIM U CBETOHOCHOTO 3¢Hpa, TO OHO HE MOXET ObITh Oonbiie, yem 0,01
paccTOsHUS MEX]Ly II0J0OCaMHU.

...Ecnu tenepp, Ha OCHOBaHWH NaHHOW PabOTHI, MOKHO OBLIO OBI
BIIOJIHE 3aKOHHO CJENIaTh BBIBOJA O TOM, YTO 3()UpP HAXOOUTCS B IOKOE
OTHOCHUTENBHO 3eMJIH, a corjacHo JIopeHiy MOKeT He CyIlecTBOBATh
NOTEHIIMaIa CKOPOCTeH, To coOcTBeHHas Teopusi JIopeHla Takxke oka-
3BIBACTCS] HECOCTOSATEIBHOM.
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B momonHeHNY K cTaThe aBTOPHI IMUIIYT:

«/3 WM3II0)KEHHOTO BBIIIE OYEBUAHO, YTO OE3HANEHKHO MBITATHCS
peluTh BOpOoC O ABmkeHUH COTHEUHOM CUCTEMBI TyTeM HaOH0ACHUIA
ONITUYECKUX SIBICHUI Ha MoBepXHOCTH 3emun. Ho He HEBO3MOXKHO 00-
HapY>XKUTh OTHOCHTEIIFHOE IBIKEHHE almapaTroM, TOAOOHBIM HCIOIb-
30BaHHOMY B OIMCaHHBIX JKCIEPUMEHTAX, Ha CPEIHUX BBICOTAX Hal
YPOBHEM MOpsi, HAIpUMEp. Ha BEPIIMHE OTAEIBHO CTOsIIEH ropel. Be-
POSITHO, €CJH KCIIEPHUMEHT OyAeT KOr/a-mu0o0 MPOBOAUTHCSA B MOI00-
HBIX YCJIOBHSX, KOXKYX armapara JOJKeH OBITh BBIITONHEH M3 CTEKIa
WK BOOOIIIE OTCYTCTBOBATDY.

C./.BaBuiioBbIM mpuBejicHa TabauIla, B KOTOPOW TOKa3aHbI JIaH-
HBIE €r0 OO0pabOTKH PEe3yNbTAaTOB M3MepeHus 3(UPHOTO BeTpa Maii-
kenbcoHa-Mopiu. Ha puc. 3.6. mocTpoeH rpaduk cCMemeHui o 1ao-
JILIe, pacCYuTaHHOW BaBUIIOBBIM.
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Puc. 3.6. I'padux cMmemenus nojoc, paccuutanublii C.U.BaBuioBbsim

Kak BunHO 13 rpaguka, COBEpIIEHHO OTYETIMBO IPOCMATPUBAETCS
BTOpasi TApMOHUKA, COOTBETCTBYIOIIAs 23upHOMY BeTpy. UTO Kacaercs
TOTO, YTO MaKCUMaIIbHOE CMEIeHne HHTep(EePEHIIMOHHBIX Tojoc B 10
pa3 MEHbIIEe TEOPETHUECKOTO, TO, YUUTHIBAsl TOT (HAKT, YTO CMELICHHUE
M0JIOC MPOIIOPLMOHATIBHO K6a0pamy OTHOILICHUS OTHOCHUTEIBHON CKO-
poctr 3pupa 1 3eMIM K CKOPOCTH CBeTa, HEOOXOJAUMO KOHCTATHPO-
BaTh, YTO B PaCCMOTPEHHOM dKcrepuMenTe Maiikeabcona-Mopiu Obl-
JI0 I0Ka3aHO CYIIECTBOBaHHE 3()UPHOrO BETpa, CKOPOCTH KOTOPOTO CO-
CTaBIsUIa OT 3 10 6 KM/C, UYTO HE COOTBETCTBOBAJIO «TEOPETUICCKOMY»
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3HaYeHUIo ckopocTh B 30 KM/C, HO, OJTHAKO, BOBCE HE SABISIIOCH «HYJIE-
BBIM» PE3YJIIBTATOM.

A.Maiikeabcon n J.Mopau. O0 OTHOCHTEIBHOM JABIXXCHHU 3eMIH U
cBeToHOCHOM 3dupe. Tam xe, c. 17-32. [lep. ¢ anrn. JI.C.Kus3eBoii.

C.!.BaBujoB. DKcriepiMEHTaIbHBIE OCHOBAHHS TEOPUU OTHOCHTEIBFHOCTH. B KH.
Cobpanue counHenud, T. IV. M.: AH CCCP, 1956. C.33.

B monydeH pe3ynbTar B BHAE CKOPOCTH 3(HUpPHOrO BeTpa B 3
KM/C. DTO TPOTUBOPEUMIO HCXOAHOMY IIOJIOKEHHUIO, IO KOTOPOMY
OKHJANIOCh, YTO CKOPOCTH A(UPHOTO BeTpa MOIDKHA COCTaBIATH 30
kM/c (opOuTanbHas CKopocTh 3eMiin). BO3HMKIIO MPEaooKEeHUE, YTO
noj JeiictBeM 3(pUPHOrO BeTpa JUIMHBI Iuled HMHTepdepoMeTpa co-
KpaliamTcs, 4TO HHUBETHpyeT 3(D(EKT, WiIn YTO CKOPOCTh IPUPHOTO
MOTOKa yOBIBAET C YMEHBIICHHEM BBICOTHI. Pemmim paboTel mpoao-
JKUTb, TIOJHSB UHTEP(EPOMETP Ha BBHICOTY HaJl yPOBHEM 3EMIIH.

B 1904-1905 rr. B paborax Mo [NaidbHEUIIEMY HCCIIEIOBAHUIO
a¢upHOro Betpa MaiiKelbCOH HE y4acTBYeT, X MPOBOAST Mpodeccopa
A.Mopau u JI.K.Munnep — npodeccop KelicoBckoii KOIbI MpUKIIal-
HOH HayKH.

IlepBble uccnenoBaHUS UMENHU IIENIBI0 TPOBEPHUTH MPENITOJIOKEHNE
Ouipkepansaa u JlopeHnia 0 TOM, YTO MPH JIBMXKEHHH CKBO3b 3(huUp
pasMepsl anmnapaTypbl MOTYT U3MEHSTHCSL.

Juist ucciieoBaHms 3TOrO BOMpoca ObUIM CKOHCTPYHPOBAHBI JIBa
amnmapata. B mepBom ObLI MCIIOIB30BaH TIECUAHUK, PUMEHSBIIHICS B
1887 r., oOpamiieHHBIH gockaMu U3 Oenoit cocHbl. CuiloBoe mepecede-
HUE OBUIO MOCTPOCHO M3 OpycheB, MMerImux 14 aroiiMoB (355 Mm)
UIMPHHBL, IBYX JMOUMOB (51 MM) Tommuubl U 14 ¢yrtoB (427 cMm) au-
Hbl. Bce BMecTe OBLIO  pa3MelIeHO Ha KPYIJIOM IOIUIaBKE, KOTOPBIH
ObUT MOMenIeH B 00UKY, 3allOJHEHHYIO PTYThIO, U MOT B HEW BpallaTh-
csa. Ha puc. 3.7. mpuBenena HemacimrtabHas ONTHYECKas cXeMa WHTep-
depomeTpa
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6)

Puc. 3.7. Uutepdepomerp Mopau-Muiiiepa: a) obuuii BT, 6) onTHUecKas cxema

ABTOpBI OIIUCHIBAIOT METOUKY [IPOBEIEHUS IKCIIEPUMEHTA.

«OnnH HaOmMIOAaTeNh XOAWI IO KPYTY BMECTE C JBIKYIIMMCS all-
naparoMm. Ero rma3 Bce Bpems Kacajicsl TEJECKOIa, MO3TOMY OH IOJ-
JIepKuBaj BpalleHue NpuOopa ¢ MOMOILIBIO HEPEryJISPHBIX MSTKHX
TOJIKOB Yepe3 BEPEBKY, 3aKPEIUICHHYIO TaK, YTOObI HE BHOCHTh KaKHX-
n0o HampspDKeHUH B Tuieur anmapara. KomHara Obuta 3aTemHeHa. Bro-
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poii HabmromaTens TaKkKe X0 Mo Kpyry BMecTe ¢ anmaparoM. Korna
MHJIEKC YCTaHaBJIMBAJICSA HAa OIHOHM W3 IIECTUAECATH PACHOI0KEHHBIX
Ha PaBHOM PAcCTOSHHUHU JIPYT OT Apyra OTMETOK, BTOpOW HaOIIIoAaTeNb
Ha3plBal a3MMYT WJIM MOJaBajl KakoW-nmubo apyroit curnan. [lepBebrit
HaOJIrofaTeNb CUMTHIBAJ MOKA3aHUS AJSl NAHHOTO a3uMMyTa, KOTOPBIH
3ammchIBa)I BTOpOW HaOmromarenb. HaspiBancs ciemyromuid a3uMmyT,
CUMTHIBAJINCH MMOKA3aHUA U Tak jaajiee. YacTb BpeMEHH, OAHAKO, 3aTpa-
YyHBajach Ha TO, YTOOBI CKOPPEKTUPOBATH YPE3MEPHOE CMELICHUE HH-
Tep(epeHIMOHHBIX MOJIO0C, BBI3BAHHBIX H3MEHEHUSIMU TEMIIEPaTyphI:
Ha 9TO BpeMs HaOIIOJCHUS MPEKPAIIAIHCh.

3neck TpebyeTcs TepIeHE U caMoo0aaHne, 0€3 KOTOPBIX HEJIb3s
MPOBOAUTE PaboTHl oo0HOTO pona. [Ipobern mo nBagNaTh WK TPUI-
1aTh 000pOTOB, BKItoUaromux B ce0s 320 win 480 cunuThiBaHUM, ObLTH
00bryHBIM AenioM. [Ipober B TpuaaTe 060pOTOB 03HAYAl, YTO HAOIIO-
JaTesb, KOTOPbIM NO/DKEeH ObUI JenaTh 3a OOUH OOOpOT ILIECThAECHT
CUUTBIBaHUM 3a 65 winu 75 cexkyHH, NPOXOAWI MOJOBUHY MUJIH, C TPY-
JIOM YZAEPKUBasi CBOU TJ1a3 Ha OKYJIsIpe, C TeM YTOOBI B TEUEHHUE MOJY-
yaca He NpephiBaTh HaOmoaeHuid. JTa paboTa, KOHEYHO, BECbMa yTO-
MUTEJbHA.

...MBI 3aIUIAHHPOBAJH CO3/IaHHWE HOBOTO alapara U MPOBETH He-
CKOJIBKO DKCIIEPUMEHTOB, YTOOBI YOCIUTHCS, XOTSI M OBLIO XOPOIIO H3-
BECTHO, HE TOBJIMSET JIM Pa3HULA MATHUTHOTO NPHUTSKEHUS >KEJIE3HBIX
yacTell Hallel anmapaTypsl Ha Haimu HaOmoaeHus. OxHako Habroe-
HUS JaBaIM TOT K€ pe3yJbTaT, 4TO W paHblne. MbI ucCCleoBaly, Ha
KaKoe pacCTOSIHUE CMEIIAIOTCS HHTEPEepEeHIMOHHBIE TI0IOCH O/ BIIH-
SHUEeM >kese3Horo rpysa B 100 r. u y0enunuch B TOM, YTO OBUIO H3-
BECTHO M paHbIlle: 3eMHON MarHeTU3M He SBISETCS MEMAonnM (ax-
TOPOM.

Bo BTOpOM ammapaTte Bce ONTHYECKUE ITYTH MPOJIETaIH M0 CTallb-
HOH pamMe, BBIIIOJIHEHHOM U3 IUIACTUH U YTOJIKOBOIO JKEJIe3a U HECKOJIb-
KO HAallOMHHAOIIEH MOCTOBEIE OI0KH. Ha KOHITax MOJBEIEHBI PaMKH,
yIEPKUBAIOLINE 3€pKalla, B PAMKH YIIHPAIOTCSl COCHOBBIE PEHKH, MPO-
NyILIEHHBIE 110 BCEH ANMHE B JaTyHHBbIE TPYOKH, TaK YTO IOJIOKEHHE
3epKajl 3aBHCUT TOJIBKO OT JJIMHBI COCHOBBIX peeK. JTa KOHCTPYKITUSI
MO3BOJIACT YAOOHO 3aMEHATH CTEP)KHU Ha Jpyrue U3 APYroro Marepua-
Ja, TaK YTO KCIIEPUMEHT MOXKET OBITh JIETKO KCIOJIB30BaH AJISl MpPO-
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BEPKHU TOTO, TIO-Pa3HOMY JI 3aBUCST Pa3Mephl Pa3INIHBIX MATEPHAJIOB
OT IBWKCHHS CKBO3b PHP.

Habmtogenust mpoBOIUIIMCH MO TOW K€ CXEME, YTO U MPH UCIONb-
30BaHMM MPEIBAPUTEILHOHN arnapaTyphl.

Msr nonyuwnu 260 oTHBIX HaOMIOASHHUH, COCTOSIINX KaXIoe U3
CUMTAHHBIX IIECTHA/NATH a3UMYTOB BOKPYT OKpY>KHOCTH. M3 maHHBIX
HAOJIOJICHUI TOJJOBOTO JIBWXKCHUS 3€MJIU €€ CKOPOCTh BMECTE CO CKO-
pocthio aBmkeHUsT COINHEYHOH CHCTEMBI MOXET OBITh MPUHSATA Kak
33,5 xM/c. Cxopocth cBera 300.000 kM/c, OTHOIIEHHE KBaIPATOB CKO-
pocreii coctapnser 0,72-108. [lnuna nyTu dyda B HalleM anmapare co-
crapisia 3224 cM, B 3TOM DacCTOSHMM yKiIaabiBaeTcs 5,5-107 Bonn
HaTpueBOro cBera. OkmmaeMbldi dPGEKT TPOSBISAETCS TBAKIBI MPU
noBopore yepes 90°, cMmerienne MHTEPHEPEHIIMOHHBIX MTOJIOC B COOT-
BETCTBUH C MPOCTON KMHEMATUYECKOH Teopueil cocrasmser 1,1-108 —
0,72-10%. D10 1,5 HIMHBI BOJIHBIL.

VYcepennenue nanHbix HaOmroaeHui aano 0,0076 IIMHBI BOJHBI, MO-
9TOMY MBI MOTJH ACKIApUPOBATh, YTO IKCIIEPUMEHT IOKa3al: €Clin
UMEETCsI HEKOTOPHIH 3(h(PeKT MpUpoaHOTO TPOUCXOKSHHSI, OH COCTaB-
nsieT He 0oJiee COTON YacTH BHIYMCIIEHHOTO 3HAUCHHS.

...MOXHO JlyMaTb, 4TO MPOBEICHHBII SKCIIEPUMEHT JI0Ka3aJl JIUIIIb,
YTO B CHOKOWHOW IMOABAIILHOW KOMHATe 3(Up YBIEKAeTCS BMECTE C
Hell. [loaToMy MBI XOTHM TOIHATH MECTO pa3MEIIeHHs arapara Ha
XOJIM, 3aKPBITh €r0 TOJBKO JIMIIb MPO3PAuyHbIM MOKPBITHEM C TEM, YTO-
OBI TOCMOTpPETH, HE OyIeT I OOHAPYKEH KaKoH-THO0 3P hexT».

9.Mopau n J.Muuiep. Otder 00 3KCIIepuMEHTe 10 00HAPYKEHHIO d(-
(ekra «dumxepansaa-Jlopenna». Tam xe, c. 35-42.

Pesynbrarel HaOmoaernii Mopiau 1 Muiiiepa Mo BCCleOBaHUSIM
adupHoro Berpa 1904-1905 rr. Obutn orryOarkoBans! 3umMoi 1905 .

B noknage, mpounTaHHOM B BamuHrTOHCKONH AKageMUH Hayk,
npodeccop JA.K.Mumiep murmier:

«/IMeHHO B 3TO BpeMsI BOIIPOCOM 3aWHTEpecoBayicH DHHITEH. OH
omyOnukoBan B 1905 1. paboty mon Ha3BaHHEM «DJIEKTPOAMHAMHUKA
JBIDKYIUXCS Te». DTa paboTa OblIa MEPBOi B JUTMHHOM psIy cTatei
OWHIITEWHA U IPYTHX, KOTOPhIE Pa3BUIIM COBPEMEHHYIO TEOPHUIO OTHO-
CUTEIBHOCTU. B ymomsnyToii paboTe DWHIITEHH BICTABIISICT IPUHIHIL
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MIOCTOSIHCTBA CKOPOCTH CBETa, YTBEp)KIas, 4YTO Ul HaOIromaTens Ha
JOBIDKYLIEHcsa 3emile U3MEPEHHasi CKOPOCTh CBETa JAOJDKHA OBITh IIOCTO-
SHHA, HE3aBUCHMO OT HAmpaBlICHHUS W CKOPOCTH JABWKEHHUS 3EeMIIH.
I'maBabIM Qu3nyeckuM (HaKTOPOM TEOPUU OTHOCHTEIBHOCTH SIBIISETCS
JOIYLIEHNE, YTO ONBITHI C 3(UPHBIM BETPOM AU OIPEIENICHHBIH pe-
3ynbTaT. OOHAKO UCMOJIKOBAHUE IMO20 ONLIMA O A6MOpPa 0Oblio
Henpuemaemo (KypcuB MO — B.A.), u JUid pa3pelieHus: Bonpoca Obun
IPEANPUHATH] AajbHENIINE HAOIIOACHUS.

Ocensio 1905 r. Mopnu u Munnep nepeHecnu naTepdepomerp Ha
EBxnmunoBsl BeicoThl 01u3 KnueneHnna, Ha BeicotTy npumepho 300 ¢dy-
TOM Haj 03epoM OpH, B MECTO, CBOOOTHOE OT BCAKHX IpErpaj U Io-
cTpoek. beuto mpoaenano mate cepuit Habmogerni (1905-1906 rr.),
KOTOpbIE Jallb OIpEeTCHHBIA MOJ0XKHUTENbHBINA 3¢ dekT, cocTapmsio-
nmx npudnusutenbHo 1/10 oxumaemoro Berpa. CyliecTBOBAJIO MOIO-
3pEHHE, YTO 3TO MOIJIO OBITh BBI3BAHO BIMSHHEM TEMIEpPaTyphl, OJHA-
KO MPSIMBIX YKa3aHUI Ha 3TO HE OBUIO

Ha Bricote 250 M. Hag ypoBHeM Mops (EBKIMIOBBI BBICOTHI OKOJIO
o3epa JpH) HoIydeHa CKOpocTh 3¢upHOro Berpa B 3-3,5 km/c. Pesynb-
TaT yBEpEHHbIH, HO HENOHATHBIA. Hanucansl oT4eTsl ¥ cTaTby. X0TENU
paboThI IPOIOIDKUTh, HO Y4aCTOK 3eMJIM OTOOpasu, paboThl ObUIM OT-
JIOKCHBI.

1905 r. A.2itnwmernn nyOoIMKyeT CBOIO 3HAMEHHUTYIO craThio «K
QJICKTPOAMHAMUKE ABMIKYIIUXCA TCID», B KOTOpOﬁ MMUIICT, YTO IIPH BBEC-
JICHUU JIBYX TPEANOCHUIOK — MEPBOH, «YTO JJISI BCEX KOOPAWHATHBIX
CUCTEM, I KOTOPBIX CIIPABEIJIMBBI YPaBHEHHS] MEXaHHKH, CIIPaBE/l-
JIMBbI T€ K€ CaMBIC JJICKTPOJUHAMHNYCCKHUE 3aKOHLD», U BTOpOﬁ, qTO
CBET B ITyCTOTE BCET/Ia PACIIPOCTPAHSETCS C ONPEACIICHHONW CKOPOCThIO,
HE 3aBHCAIICH OT COCTOSHHS HM3Tydaromero tena. Torma «BBeneHue
«CBETOHOCHOTO 3(pHpa» OKaKETCS W3JUIIHAM, TOCKOIBKY B Tpejara-
MO TEeOpHH HE BBOJUTCS «aOCOJIOTHO TOKOSIIEECs MPOCTPAHCTBOY,
HaJIeJIeHHOE OCOOBIMHU CBOWCTBAMH, a TaKK€ HHM OJHOM TOYKE MpO-
CTPaHCTBA, B KOTOPOH MPOTEKAIOT 3JIEKTPOMATHUTHBIC IMPOLECCHI, HE
TIPUITHCHIBACTCSA KaKOH-HUOYIb BEKTOP CKOPOCTI.

AJiinmreiin. K anexrpoannamunke apmwxymumxcs ten. CoOp. HaydH.
tpynos. W.: Hayka, 1965. C. 7-8.
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1910 r. A.utnmumeiin B cratbe «lIpHHINIT OTHOCHTEIHLHOCTH H
€ro CJCJCTBUM), CCHUIASACh HA OMBIT DU30 MO YBJICUCHUIO CBETA JIBU-
KYIIEHCS JKUAKOCTHIO (BOJOM), MpOBeeHHBIN B 1851 r., nurer:

«Ttak, yaCTHYHO CBET yBIEKAETCS JABIDKYIIEHCS JKUIKOCTHIO. DTOT
SKCIIEPUMEHT OTBEpraeT THIIOTe3y MOJTHOTO yBiedeHus 3¢upa. Crnemo-
BaTEJBHO, OCTAIOTCS JBE BO3MOYKHOCTH.

1. Ddup MOTHOCTHIO HEMOABIKEH, T.€. OH HE IMPHHUMAET abCco-
JOTHO HUKAKOTO YJYacTHs B ABIDKEHUN MAaTEPHU.

2. Ddup yBrekaeTcs ABIKYIICWCS MaTepueil, HO OH JIBHXKETCS CO
CKOPOCTbBIO, OTJIMYHOHN OT CKOPOCTH JIBUYKEHHS MaTEPHHU.

PazBuTHe BTOpOI THIIOTE3BI TPeOyeT BBENEHUS KAKUX-IMOO TIpeJI-
MOJIO)KEHUH OTHOCHTENBHO CBS3M MEXKAY 2(DUPOM U JABMKYILEHCS Ma-
tepueii. [lepBast ke BO3MOXXHOCTh OYCHb IPOCTA, U JUIS €€ PAa3BUTHS Ha
OCHOBe Teopnu MakcBeluia He TpeOyeTcsl HMKAKOW JOTIOJHUTEIBHOM
TUTOTE3bI, MOTYIIEH OCIOKHUTH OCHOBBI TEOPHID.

U nanee:

«Ortcrona ciemyer, 4To HeJb3sl CO3AaTh YAOBIETBOPUTEIHHYIO TE€O-
pUIO, HE OTKAa3aBIIUCh OT CYI[ECTBOBAHWS HEKOEW CPEJbl, 3aIlOITHSIO-
EN BCE IPOCTPAHCTBOY.

DTO0 U ecThb BCe OOOCHOBaHME OTCYTCTBUS B NPHUPOJAE d(upa: ¢
3GUPOM TeOpUs OKA3bIBACTCS CIIUIIKOM CIIOXKHOM!

A.JiiHmTeifH. [IpuHINI OTHOCHTENFHOCTH U €To CIeACTBHA. TaMm xke, C.
140, 145-146.

1914 r. M.Canbak nyOnuKyeT pe3yabTaThl SKCIIEPUMEHTOB T10 W3-
MEPEHHI0 CKOPOCTH BpalIeHHUs IIaTGOpMbl, HA KOTOPOH CBET OT pac-
TIOJIOKEHHOTO Ha HEW MCTOYHWKA CBETa C MOMOIIBI0 3epKall oferaer
wiatpopMmy 1o Tnepudepru O YacOBOH CTpENKe W MPOTHB YacOBOU
ctpenku. OOHapyXeHO CMelIeHNEe WHTEPPEPEHIIMOHHBIX 0JIOC, BEIH-
YMHA KOTOPOrO MPOIOPLHMOHAJIbHA CKOPOCTH BpallCHHs IMIaT(OpPMBI.
[omo6ubIi onbiT Okl MpoBenieH @.I'appecom (Mena, 1912). B nacro-
siee BpeMs dddext CaHbsika ucnonb3oBaH B nazepHeix Y Cax (mat-
YHKaX YIJIOBBIX CKOPOCTEH), BBIITYCKAEMbIX MPOMBILIIIEHHOCTBIO MHO-
TUMH ThICSIYaMU SK3EMILUIIPOB.
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Puc. 3. 8. Untepdepomerp Canbsika

C.U.Basunoe B xuure «IKCIEPUMEHTAIbHbIE OCHOBAaHUS TEOPUHU
OTHOCHUTCIIbHOCTH» IMTUIICT:

«Ecmu 61 sBnenne CaHbsika OBUTO OTKPBITO PaHbIIIE, YeM BBISICHU-
JIUCh HYJICBBIC PE3yJbTATHI OMBITOB BTOPOTO MOPSJIKA, OHO, KOHEUHO,
paccMaTpUBaioch ObI Kak OJecTsiee SKCIePUMEHTAIBHOE JJOKA3aTelb-
cTBO Hanmuuus >pupa. Ho B cutyaruu, co3aaBuieiics B TEOPETUIESCKOI
(usmnke nocne onbiTa MaiikenbcoHa, onbIT CaHbsSKa Pa3bsICHI HEMHO-
roe. Manenskuii untepdeporpad CaHbsika OOHAPYKHUBACT «OINTHUE-
CKHI BUXPb», CIICIOBATEIILHO, OH HE YBJICKAeT 3a co00i 3dupa. TakoBo
€JIMHCTBEHHO BO3MOXKHOE TOJKOBAHUE 3TOTO OIMbBITA HA OCHOBE IMpPE/-
cTaBJeHUs 00 Apupe».

C.M.BaBuioB. DKCIIepUMEHTAIbHbIE OCHOBAaHUS TEOPUH OTHOCHUTEIb-
Hocty (1928). Cobp. cou. 1. IV.M.: u31. AH CCCP, 1956. C. 52-57.

1915 r. A.Ditnumenn Bo BTOpOH YacTu ctathi «Teopus OTHOCH-
TEJILHOCTU» BIIEPBBIE (POPMYIUpYyeT OCHOBHOW mpuHImn OOmel Teo-
pHH OTHOCHUTEIBHOCTH:

«...CBOWCTBa MacuITadOB U 4acoB (T€OMETPHS MM BOOOIIE METPHU-
Ka) B 9TOM KOHTHHYyMe (4E€TBIPEXMEPHOM KOHTHHYYME MPOCTPAHCTBA-
BpeMeHH — B.A.) onpenemnsroTcsl TpaBUTAIMOHHBIM II0JIEM; TTOCTIEIHEE,
TakuM 00pa3oM, MpPEACTaBiIsIeT COOOH (HU3MUYECKOe COCTOSHHE IpO-
CTpaHCTBA, OIHOBPEMEHHO OINPEACISIONIEe TATOTCHHE, WHEPLHIO H
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MeTpuKy. B aTOM 3akmrouaeTcs yrimyOienne u 00befMHEeHHe OCHOB (u-
3WKH, JOCTUTHYTOE Oirarofapst o0Iei TeOpiur OTHOCHTETBHOCTI.

A.Jitamreiin. Teopus otHOocuTenbHOCTH (1915). CoOp. Hay4H. TPYHOB.
M.: Hayka, 1965, C. 424.

1920 r. A.Ddéinwmeinin B cratbe «IPUP U TEOPHUS OTHOCHTCIHLHO-
CTH» MUIIET, YTO «...00IIasi TeOPHsl OTHOCUTENBHOCTH HAJENseT Mpo-
CTPaHCTBO (PU3MYECKUMHU CBOMCTBaMH; TAKUM 00Pa30M, B 3TOM CMBICTIC
a¢up cymectByer. CorilacHO OOIIEH TEOPUH OTHOCHUTENBLHOCTH TPO-
CTPaHCTBO HEMBICIUMO 0e3 upa; IeHCTBUTEIHHO, B TAKOM IIPOCTPaH-
CTBE HE TOJHKO OBIJIO OBl HEBO3MOXHO PACIIPOCTPAHEHUE CBETA, HO HE
MOTJIM OBl CYIIECTBOBAaTh MACHITa0bl M Yachl U HE ObLIO Obl HUKAKHX
MPOCTPAHCTBEHHO-BPEMEHHBIX PACCTOSIHUA B (PU3UYECKOM CMBICTIE
sTOTO cioBa. OgHAKO 3TOT 3(PHUP HENb3s MPEJACTABUTH ce0e COCTOSIIUM
U3 TIPOCIICKUBACMBIX BO BPEMEHH YacTel (4aCTH — 3TO B IPOCTPAHCTBE,
BO BpEMEHH — IMpoLecchl! — B.4.); TaKUM CBOHCTBOM 00JIaJjaeT TOJIBKO
BEeCOMasi MaTepwisl; TOYHO TaK XK€ K HEMY HeNb3sl MIPUMEHUTH TOHSATHE
JIBAKCHHUSI.

A.JiiHmTeitH. Ddup u Teopus orHocutenbHOCTH (1920). Tam xe, c. 689.

1924 r. A. Sinwmeiin B cratee «O0 3dupe» cooduiaer, yTO
«...MBl HE MOXXEM B TEOPETHUYECKOH (u3uke 00oUTHUCH Oe3 adupa, T.e.
0e3 KOHTHHYYMa, HaJICJICHHOTO (PM3MUECKUMU CBOMCTBaMH, KOO 00IIas
TEOPHsI OTHOCUTEIBHOCTH, OCHOBHBIX M KOTOPOH (hM3UKH, BEpOST-
HO, OynyT mpunepxkuBatbest Beerna (7! — B.A.) UCKIII0OYaeT Hemocpe/I-
CTBEHHOE JIANBHOJICHCTBUE; KX Iasl )Ke Teopusi OJIU3KOJICHCTBUS ITpe /-
nojiaraeT HalW4YMe HENPEpPHIBHBIX MOJIEH, a, CIIEJ0BATENbHO, CYIIe-
CTBOBaHHE dupar.

A JiinmreitH. «O06 >duper. Tam xe, T. 2, 1966, c. 160.

1925 r. A.Maiikenvcon u I'.I'env B cratbe «BiusiHue BpallleHUA
3eMJIM Ha CKOPOCTb CBETa» OIyOJIMKOBAIN PE3YJIbTaThl SKCIIEPUMEHTOB
IO U3MEPEHHUIO CKOPOCTH CBETa B JKEJIE3HBIX TpyOax amameTpoM B 305
MM., pacloJIOKEHHBIX Ha 3emiie Ha Tope MayHT Buiicon mo nepumerpy
npsmoyronsHuKa 620x340 M, U3 KOTOpBIX OBUI OTKauyaH BO3OyX. Pe-
3yJIBTAThl Y€TKO 3a(UKCHPOBAIN BpallleHHE 3eMIIH, YTO MOXHO OBLIO
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OOBSICHUTH TOJIBKO HAIMYHAEM B TPyOaX HETMOABHIKHOTO OTHOCHTEIBHO
MHUPOBOTO MPOCTpaHCTBa 3upa.

Puc. 3.9. Cxema 3xcniepumenta A.Maiikenbcona u I'.I'ens

A.MaiikeabcoH u I'.I'esqb. Bousinue Bpatienus 3eMiu Ha CKOPOCTb CBe-
ta. Ha pycckom s3pike B ¢0. Ddupneiit Berep. [lom penm. n.T.H.
B.A.AmokoBckoro. M.: Dueproatomusaar, 1993. C. 22-61. Ilep. ¢ aur.
JI.C. Kns13eBoil.

B 1925 r. /. K.Munnep B BammHITOHCKON aKaJeMUH HAYK TIPOYH-
Tan jgoknan «I(QUPHBIA BETEpP», B KOTOPOM KOHCHEKTHBHO H3JIOXKHI
MOJIOKUTENBHBIE PE3yNIbTaThl PadOT 10 00HAPY)KEHUIO 3(QUPHOTO BETpa
Ha rope MayuT Buiicon Ha Beicote 6000 dytoB (1860 m).

IIpodeccop Mopiu oTcTpaHuics OT akTUBHON padoTsl B 1906 1., u
MIPOJIOJKEHUE SKCIIEpPUMEHTOB nepenuio B pyku . K.Mumnepa.

Musnep nunier:

«Ony0nrKoBaHrEe pe3yIbTaTOB HAOIOICHUNA COTHEYHOTO 3aTMEHUS
1919 r., KoTOpPOE OBLIO UCTOJIKOBAHO KaK MOITBEPKICHUE TEOPHUH OTHO-
CUTEIILHOCTH, BHOBH MPOOYAMIIO MHTEPEC K OMBITaM C I(PUPHBIM BET-
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pOM. DKCIEpPUMEHTHI ObUTH TPOAODKCHBI M TIEPEHECEHBI B 00CEpBaTO-
puto MayHT Briicon. Anmapar B OCHOBHOM OBII TOT K€ CaMblil, YTO
ucnonb3oBaiicss Mopnu 1 Musiepom B 1904, 1905 u 1906 rr. Habmro-
JIEHUs TaKXKe MPOBOIMINCH B KOoHIle 1921 r. u BHOBE — B 1924 1 1925 rT.

Bcero ma Maynt Buicon 6put0 npousseaeno okoio 5000 ormens-
HBIX U3MEPEHUH 3(UPHOTO BETpa B Pa3IMYHBIC Yachl JHSI M HOYH. DTH
HaOmoeHNs ObUTH CBelleHbI B 204 pa3mudYHbIC CepUM, IPUYEM KaXKIas
cepus OTHOCHIIACH K OJTHOMY 4acy BpemeHu. HaOmomenus OputH criena-
HBI B YETHIPE PA3INYHBIX BPEMEHH Tofia:

15 ampenst 1921 r. — 117 cepwuii HaOnrO1CHUIA;
8 nexabps 1921 r. — 42 cepun;
5 centsiops 1924 r — 10 cepwii;
1 ampenst 1925 . — 35 cepmil.

bl N e

Campble TiepBbIe HaOMIOMIEHNS, MPOJIeNaHHble B MapTe 1921 r. mamm
MOJIOKHUTENBHBIH 3()(EKT, COOTBETCTBYIOUIMIA peanbHOMY 3(QUPHOMY
BETPy, Kak eciM Obl OH ObUI 00YCJIOBJIEH OTHOCHUTENBHBIM JIBHKECHUEM
3emiu u 3¢dupa co ckopocteio okono 10 km/c. OgHaKO Hpexae yem
OmyOJIMKOBaTh ATOT Pe3yJbTaT, MPEICTABISUIOCH HEOOXOJIUMBIM H3Y-
YUTh BCE BO3MOXKHBIC MPUYHUHBI, KOTOPhIE MOTJIM OBl BBI3BaTh 3(deKT,
noJ00HbIN 3¢UPHOMY BeTpy. DTH BO3MOXKHBIE IPUIMHBI MOTJIN ObI CBO-
JUTBCS K MAarHUTHBIM JleOpMaIisiM CTabHON paMbl HHTEpepoMeTpa
Y BIIMSHUSAM TEIUIOTHI U3Ty4YeHHA. B 1ensx moJHOro yCTpaHEHUs BIIUA-
HUS TEIUIOTHI M3JIYYEHHsI BCE METAIUIMYECKHE 4acTH HHTepdepomerpa
ObUIM COBEPIIEHHO 3aKPBITHI CJIOEM MPOOKH TOJIIMHOW OKOJIO OJHOTO
moriMa. [lareaecsaT cepuii HaOMIOACHUH, CACIAHHBIX MTPH ITHUX YCIOBH-
X, OOHAPYXWIH TEPUOINYECKOE CMEIIEHHE II0JIOC, COBIAIAIOIIEe C
NPEXHUMH HAOIIOACHUSIMH.

Jletom 1921 r. cranpHas pama mHTepdepoMerpa Obuia pa3zoOpaHa.
Ha mecTo ee Ha pTyTHOM TOTUIaBKE OBLT YCTAaHOBIICH OCTOHHBINA QyH/Ia-
MEHT, YKPEIJICHHBIH JIATYHHBIMH CTEp)KHAMH. J[J1s1 onTHYecKuX vacteit
ObUIN clienaHbl HOBBIE MOACTABKU M3 aJllOMUHUS U JaTyHu. Takum oOpa-
30M, ammapar ObIJI COBEpPIIEHHO HE MOJBEP)KEH MarHUTHBIM BIHSHHSAM,
a BO3MOYKHOCTb HarpeBaHUsl CHJIBHO YMEHbILIAIACh.
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B nexabpe (4-11) 1921 r. 6su10 MpoBeneHo okoio 900 OTHAETBHBIX
HaOIOIEHN, CBEICHHBIX B 42 cepun. Pe3ynbrarhl ¢ TaKM HEMarHuT-
HBIM HHTEPHEPOMETPOM AU TOJIOKUTEIbHBIN 3¢ dekT, cooTBeTCTBY-
IOLIMK A3QUPHOMY BETPY TOYHO TOH K€ CKOPOCTH W HAIlPaBJICHUS, KAKUE
OBLTH TTONTydeHH B anperne 1921 r.

bbumu nepenpo6oBaHbl MHOTOYMCIICHHBIE BapHalliy YCIOBUH OIBI-
Ta. HabmogeHuss mpoBOAMIMCH TPH BpallleHMH HHTEepdepoMeTpa Mo
4acOBOM CTpeNKe U MPOTHB Hee, mpu ObicTpoM (1 oboport 3a 40 cekyHm)
U TIpU MeJJIeHHOM BpaieHu# (1 000poT 3a 85 ceKkyH) ¢ TSKEIBIM TPy-
30M, TIOJIO)KEHHOM Ha KPOHIITEHH TPYyOBI, a 3aTeM Ha KPOHIITEHH JIaM-
I, C MOIJIABKOM, BBICOKO TOIHSTHIM HaJl YPOBHEM PTYTH BCIICACTBHUE
TOTO, YTO CHAyYaja Harpy>kajics OIWH KBaJPaHT, a IOTOM Opyrou. Accu-
CTCHT, 3alMCBHIBAIONINN HAONIOJICHNS, XOIWI BOKPYT WM K€ CTOSII B
Pa3INYHBIX YacTSAX MOMEIICHHS, TAJIIEKO OT ammapara WX ke ONHU3KO K
Hemy. Ha pe3ynpTaTsl HAOMIOIEHU HU OJ[HA W3 ATHX BapHallUi HE OKa-
3bIBaJIa HUKAKOT'O BIIMSIHUS.

3areM Bech ammapaT ObUT HepeHeceH oopatHo B Kimeienn. B Teue-
Hue 1922 u 1923 rr. ObuT0 MPOBENEHO MHOXKECTBO MCIBITAHUS TIPH pa3-
HOOOPAa3HbBIX YCIIOBHAX, AOCTYIHBIX KOHTPOJIO, M C Pa3IUYHBIMU BUIO-
M3MEHEHUSIMH B PacloiIOKEeHUH YacTel anmnapara.

...Ilocne oOKOHYAaHHWSI ONMHCAHHBIX OINBITOB HWHTEpdepomeTp ObLI
BHOBB IlepeHeceH Ha MayHt Buiicon. B 1921 r. ammapar 0wt pacmosno-
JK€H B IIyOOKOM KaHbOHE. S omacasics, 4TO MOTOKH BO3/yXa U HECHM-
METPUYHOE paclpeiiesieHHe TOPHBIX MOpOJ B KaHBOHE MOTYT BHECTH
He)XeNaTelbHbIe HapylieHus. B aBrycre 1924 r. 6put0 BHIOpaHO HOBOE
MECTO Ha CJIeTKa OKPYIJIEHHOM XOJIMe, YIAJIeHHOM OT KaHboHOB. Ilo-
MeleHue it nHTepdepomMeTpa OBUIO BO3BEACHO TaK, YTOOBI €r0 OpH-
EHTHPOBKM — HAINpaBJIeHHE KOHbKA KPBIIIN M PACIOJIOXKEHHE JIBEpEeH —
cocraBisuio 90° ¢ opuentupoBkoit 1921 r. Uarepdepomerp Bo Beex ze-
TasIx OBUT TOT ke, uTo ynorpedmsuics B Knmenenne B utone 1924 r. B
ceHtsiope (4-, 5- u 6-ro 1924 r. 6pu10 MpOBeAeHO 275 U3MEpeHH cMe-
LIEHUS TI0JIOC, TIPHYEM H3MepeHHst ObuIM pacmosiokeHbl B 10 cepusx.
Pesynprartel HaOmogeHUHA OOHApPYXHUIM OIPEesICHHOE CMEIICHHE, B
MIPOTHUBOIIOJIOKHOCTh HE3HAUMTENbHBIM pe3yJIbTaTaM, MOJYYeHHBIM B
Kmuenenne. CoOOTBETCTBYIONUI 3TOMY CMEIICHUIO S(UPHBIN BETEp 1O
CKOpPOCTH W HAaIIPaBJICHUIO BIIOJIHE COOTBETCTBOBAJ BIIEpBbIC HabmroAa-
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emomy Ha MayHT Buicon. Yacte m3mepeHuii Oblla mpoBeneHa IPHU
YCIIOBHUSIX, YTO IIYTH CBETOBBIX JIydell ObUIM MPHUKPBITHl CTEKISIHHBIMU
AUIMKaMHU, O0JI0KEHHBIMU TO(MPUPOBAHHOW OyMaroif, Kotopas, Kak IMo-
Ka3anu onbsIT B KiMBrieHe, COBEpIIEHHO MCKIIIOYaa BIUSHUE TETIOTHI
n3nydeHust. OZHAKO 3T MOKPHIIIKY HUCKOJIBKO HE U3MEHWIM PE3yIbTa-
Ta, OTKYZa CJIEAYET, YTO TAKUX BIUSHUNA BOOOIIE HET.

HaGmronenuss Ha Maynt BuiicoH ObLiv BO300HOBIIEHBI 27 Mapra
1925 r. u mpogomKamuch A0 5 ampens. B 3TOT mpoMexyTok BpeMeHHU
osu10 cnenanol600 m3mepenuii, cBeneHHpIX B 35 cepuit. MaTEepdepo-
MeTp OBLI TOT K€, 4TO B ceHTsI0pe 1924 T.

B tedenue aToro mepronaa yciaoBus Jisi HAOMIOACHUS OBLTH UCKITIO-
YUTENbHO XOopomHu. HekoTopoe Bpemst cTosaI TyMaH, KOTOPBIH HOAIEp-
JKMBAJI TEMIIEPATypy BECbMa paBHOMEpHOW. Ha BHEIMIHMX CTekiax 1o-
MUKa OBUTH TIOBEIIEHBI YeThIPEe TOUYHBIX TEPMOMETpPa, BO MHOT'HX CITy4a-
AX Bapualuy Temunepatypsl He npesbimany 0,1° u 0ObIYHO OBIIIM MEHB-
mie 0,4°. OnHako Jake M3MEHEHHE Ha HECKOJBKO IPalycoB, KOTOPOE
MOJKET BBI3BaTh MOCTOSIHHOE CMEIEHHE MTOJIOC HHTepPEepEHIINH, HE MO-
KET U3MEHUTh NEPUOJMUYECKOr0 CMEIIEHHS HHM 10 BEIMYMHE, HU TI0
HalpaBJICHUIO.

Habnronenust B anpene 1925 r. nanu pe3ynbTaThl, COBEPUICHHO
TOXKJIECTBEHHbIE pe3yibTaraM 1921 r., HeCMOTps Ha TO, YTO WHTEP-
(bepoMeTp mepecTpoeH, YTOo MPUMEHsIIAaCch Apyrasi CUCTEMa OCBeLle-
HUSI ¥ MHBIE METOJBI HAOIIIOJCHUS, HECMOTpPS HAa TO, HAKOHEII, 4TO
uHTEepepoMeTp OBUT YCTAHOBIIEH B JPYrOM MECTE U B JJOME, HHA4e
OpPUEHTUPOBAHHOM.

OnucaHHbIE OIBITHI, BHITOJHEHHBIE HA MayHT Buiicon B Teue-
Hue 1921 — 1925 rr., npuBOAAT K 3aKIIOYEHUIO, YTO CYIIECTBYET
OTIpeJIeNIEHHOE CMeEllIeHHe HHTePPEPEHIIMOHHBIX MOJIOC, KaKoe OBLIO
OBl BBI3BAHO OTHOCHTEINIFHBIM JIBWKEHHEM 3eMJIH M d(upa Ha 3TOH
o0cepBaTOpUU CO CKOPOCThIO MPUOIM3UTENBbHO 10 KM/C, T.€. OKOJIO
OJTHOM TpeTH OpOUTaTHLHON CKOPOCTH 3€MITH.
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Puc. 3.10. CoBMeleHne TeOpeTHYECKHX KPUBBIX (IUIAaBHAS KPUBasi)
¢ pe3yJIbTaTaMH IKCepuMeHTa (J1omMaHas): 1) a3umyT; 2) CKOPOCTb;
a) 1 anpens 1925 1.; 6) 1 aBrycra 1925 1.; B) 15 centsbps 1925 .

IIpu cpaBHEHHU 3TOTO pe3yibTara C MPEKHUMHU pe3yJbTaTaMH, I0-
nmy4deHHBIMU B KimBIieH7e, HapammBaeTcs MbBICIb O YaCTHYHOM YBIIE-
YyeHuH 3(hupa, KOTOPOE YMEHBLIAETCS C BBICOTOM».

JA.K.Munnep Ddupnstii Berep. [lokinan, NpOYUTaHHBIN B BaIIMHI TOHCKON
akazemun Hayk. [lep. ¢ aurn. C.M.BaBunoBa. Tam xe, ¢ . 62-67.

1926 r. /I.K.Munnep myOonukyeT OOMIMPHYIO CTaThl0 «3HAUYCHUE
SKCTIIEPUMEHTOB 0 OOHapykeHuto 3¢upHoro Berpa B 1925 1. Ha rope
Maynt Buncon». B craThe AetanbHO M3NOXKEHBI ONMHMCaHUE Ipuodopa,
METOJIUKA ITPOBEIACHHS SKCIIEPUMEHTOB U 00pabOTKHU pe3ynbTaroB. [1o-
Ka3aHo, 4TO d()UpPHBIA BeTep UMEET HE OpPOUTANBbHOE, a TATaKTHIEeCKOe
HamnpaBJIiCHUE M UMEET arekc B co3e3auu J[pakona (65° c.mr., 17 u.).
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Ckopoctb 3dupHOro Berpa Ha Bbicote 6000 ¢dyroB cocramisier 8-10
KM/C.

J.K.Munnep. 3HaueHHe SKCIICPUMEHTOB 110 OOHApyKEHUIO 3()UPHOTO
BeTpa B 1925 1. Ha rope Maynt Buncon. Ilep. ¢ aurn. B.M.Baxuuna. Tam xe.
C.71-94.

1926-1927 rr. P.Kenuneou, a 3arem K.Hnaunzeopm omnyOIMKOBaIH
pe3ynpTaThl M3MEepeHuil ApUpHOTrO BeTpa Ha rope MayHT Buiicon c
MOMOIIBI0 MaJICHBKOTO (C JUTMHOW ONTHYeCKOoro mytu 1 M) uHTepde-
poMeTpa, 3aImassHHOTO B METAIUTHUECKUN KOpOO W 3arlOTHEHHBIN Teiu-
eMm.

Puc. 3.11. Cxema nunteppepomerpa Kennean

Jns momHsSTUS 4yBCTBUTEIBHOCTH MMM HUCIOJB30BAHO CTYyIEHYA-
TOE 3epKaio. Pe3ynbraT HeonpeeeHHbIN, B peIeax OMTHOKH.
P.Ax.KenHeau. YcoBepluieHCTBOBaHHE »JKcrepuMeHTa MaiikeabcoHa-
Mopau. Iep. ¢ auri. B.A.Amrokosckoro. Tam xe, c. 95-104.
K.K.Miunreopr. IToBropenue skcnepumenTta MaiikenbcoHa-Mopiu ¢
HCIIOJb30BaHUEM  ycoBepuieHcTBoBaHUs ~ Kennenu. Ilep. ¢ aHmm
JI.C.Kus3eBoii.
Tam xe, c. 105-111.1927 r. 4 u S denpas.
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B oGcepBatopun Maynt Busncon Obiia nposenena Kondepenmus
M0 OOCYXACHHUIO PE3YNbTATOB, MOJTYYCHHBIX Pa3IUYHBIMH HCCIIET0BA-
TEJSIMU B 3KCIIEPUMEHTAaxX 1Mo 3(pupHOMY BeTpy. BricTymuim Bemymune
ydeHble Toro Bpemenu. [loxnans! caenanu J.K.Munnep u P.Kennenu.
IlepBblil TOMOXKUI O CBOUX PE3YJIbTAaTaX, BTOPON O TOM, YTO OH HE IO-
myumnn Hudero. Kondepenmus mobmarogapuna uX 3a HHTEPECHBIE CO-
00IIeHUs, HO BBIBOJIOB HE CJIeNIalla HUKAKHX.

Kondepenuus no sxcnepumenty Maiikesbcona-MopJiu, cocTosiBIIA-
sicsi B oOocepearopun Mayur Buiicon, r. [lacanena, Kanudopuus, 4 u 5

¢eBpaas 1927 r. Ilep. ¢ aurn. B.A.AmokoBckoro u JI.C.KuszeBoil. Tam xe,
c. 112-173.

1927 r. 20 urons B 10 yacoB Bedepa Ha a’pocrtare «[ embBerus»
AJdIukkap v E Cmazns TpeIUpuHSIIN TOJbeM HHTEpepoMeTpa Ha
BbicoTy 2600 M. Mcmomnp3oBancsi HeOONbIIOW HHTEPPEpOMETp, OBLIO
caenaHo 96 06opotoB. Pe3ynbrar HeonpeneIeHHBIMH.

OkcnepuMeHT ObUT TOBTOpeH Ha rope Puru Ha Beicote 1800 M Hax
ypoBHeM Mops. [lomyueno 3Hauenue 1,4 KM/C py TNOTPEMIHOCTH NPHU-
6opa B 2,5 km/c. Coenan BbIBOA 00 OTCYTCTBUH 3()UPHOTO BETpa.

E.Crasasb. DxcnepuMeHnT MaiikenpcoHa Ha cBOOOIHOM aspocrate. [lep. ¢
nem. C.®.MBanosa. Tam xe, c. 173-175.

A.Ilukkap n E.Ctasab. DxcnepumeHT MaiikenbCoHa, TPOBEACHHBIH Ha

rope Puru Ha Bbicote 1800 M Hax ypoBHeM mops. [lep. ¢ Hem. C.d.MBanoBa.
Tam xe, c. 175-177.

1929 r. A. Maiikenscon co cBoumu nomomuukamMu @.IMucom n
@.ITupconom BHOBB MPOBEJT IKCIIEPUMEHT 110 0OOHAPYIKEHUIO dPUPHO-
ro BETpa, Ha ATOT pa3 Ha rope MayHT BuJCOH B cnenManbHO HOCTPO-
E€HHOM ISl 3TOW 1enu GyHIameHTanpHOM jaoMme. [lomydeH pesynbTaT
nopsiika 6 KM/c.

A.A.Maiikeascon, ®@.I'.Iluc, ®.Ilnpcon. IToBTOpEeHHE 3KCHEPUMEHTA
Maiikenscona-Mopau. [lep. ¢ anri. B.A.Amtokosckoro. Tam xe, ¢ 177-178.

@.I'.Ilnc. DxcriepuMeHT 10 3PUPHOMY BETPY M OIpeesieHHe abCoI0T-
Horo apmkerus 3emun. [lep. ¢ anrn. JI.C.Kuszesoit. Tam ke, c. 179-185.
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1933 r. /. K.Munnep omy6iukoBai GONBITYIO HTOTOBYIO CTAaTHIO O
cBomx pabotax. Hukakoro pesoHanca B Hay4yHON OOIIECTBEHHOCTH OHA
HE MOJIyYHnJIa.

J.K.Munaaep. DxcniepuMeHT 1o 3(GUPHOMY BETPY M OmpeielicHHe adco-

moTHOTO ABMokeHus 3emnu. Ilep. ¢ anra. B.A.Amrokosckoro. Tam xe, c. 185-
259.

1958 r. ['pymma aBTOpOB BO IIaBe ¢ M300peTaTesieM Ma3epoB Jiay-
pearom HoOeneBckoii mpemun Y.Tayncom TpoBena SKCHEPUMEHT C
WCTIONB30BaHUEM Ma3epoB. J[Ba Maszepa pa3memanuch Ha ITOBOPOTHOM
watopme, UX U3ITyIeHHs OBUTH HAIIPaBIEHBI HABCTPETY IPYT APYTY.
buenue yactor cocrapisio nopsaka 20 k[, [pu Hamuumuu 3¢upHOTO
BETpa MpeAronaraloch 3MEeHeHHe MPUHIMAeMOl 4acTOTHI 3a CUeT J0-
iepoBckoro ddexra. [lo MbIcam aBTOpOM, MOBOPOT ILIAT(HOPMEI
JOJDKEH ObLI M3MEHHUTH COOTHOIICHHE YacTOT, YTO HE HaOI0AaloCh.
Bbi1 cienan BeIBOA 00 OTCYTCTBHH B pHpoJe 3pUpHOTo BeTpa, a, clie-
JIOBAaTeNbHO, U 3(upa.

Jax II.Cenapxoabm, I''®.baana, b.JI.XaBenc, Y.X.Taync. HoBas skc-
NEPpUMCEHTAJIbHAasA IMPOBEPKaA CHeLIPIaJ'IbHOﬁ TEOPUN OTHOCHUTCIBHOCTH. Hep C
anri. B.A.Amrokosckoro. Tam xe, ¢. 259-262.

Jix.I1.Cenapxoabsm, U.X.Tayne. HoBas skcnepuMeHTanbHast MpoBepKa

CHelHanbHOM Teopuu OTHOcUTeNnbHOCTH. Ilep. ¢ anri. B.A.ArrokoBckoro.
Tam ke, c. 262-267.

1974-2003 rr. B.A. Aytoxoeckum pa3paboOTaHO HOBOE HarpaBJe-
HUE TEOPETHYECKON (Du3mMku — 3(UPOAMHAMHUKA, MCCICIYIOIIee CBOM-
cTBa 3(Hpa B OKOJIO3EMHOM TPOCTPAHCTBE, dIPUPHBIE CTPYKTYPHI U OC-
HOBHBIE B3auMoJIeiicTBUS. McX0as U3 M3BECTHBIX SIBICHUH, YUCTO JIO-
THYECKUM IyTEM, MCKIIOYAIOIINM HCIIOJIb30BaHUE KaKUX-JINOO MOCTY-
JAaTOB W aKCHOM, 3(pHpOoIMHAMHUKON OTpezesieHsl BceoOuiue (Gpu3nde-
CKHME HMHBAapHaHTBl M ONpENEeIeHbl CBOWCTBA 3(pHUpa B OKOJIO3EMHOM
npoctpanctBe. [lokazano, uto 3dup sBiseTcs ra3onomoOHON cpemoit
CO CBOWCTBaMHU OOBIYHOTO PEANBHOTO, T.€. BA3KOTO CKUMAEMOTO0 Ta3a, ’
Ha 3TOH OCHOBE pa3paloTaHbl A3PUPOIUHAMUYESCKUE MOICIN OCHOBHBIX
YCTOMYMBBIX JIEMEHTAPHBIX YAaCTHUL MUKPOMHpPA — IPOTOHA, HEUTPOHA,
9MEKTPOHA, (POTOHA, ATOMHBIX SIIEp ¥ HEKOTOPBIX MOJIEKYJI, OIpenee-
Ha (uU3MYecKas CYIIHOCTh OCHOBHBIX (DyHIaMEHTAJIBHBIX B3anMOMCH-
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CTBUM, Pa3pelICHbl OCHOBHBIE KOCMOJIOIMYECKUE MAPAJOKChl B paMKax
€BKJINOBOIO IIPOCTPAHCTBA M PABHOMEPHO TEKYILETO BPEMEHH.

B.A.AmokoBceknii. O6mas >¢upoauHamMuka. MoJienupoBaHie CTPYKTYp
BEILlECTBA M TOJIEH Ha OCHOBE IPEACTAaBICHUI O ra3onomo0HOM s¢upe. 2-¢
uzganue. M.:OHeproromuszaar. 2000. 580 c.

1993 r. B.A.Ayrokoeéckuit coOpan 1 BIepBbIe TiepeBeN Ha PYCCKUAN
S3IK OCHOBHBIE CTAaThH aBTOPOB SKCIIEPUMEHTOB II0 HCCIICTOBAHUIO
a¢upHOro Berpa. B 3akimrounTenbHO cTaThe K COOpHUKY «DUpPHBIH
BETEP» PACCMOTPEHBI BCS MPOOJIEMATHKa, OIIMOKH, TOMYIIEHHBIE aBTO-
paMH SKCIEPUMEHTOB, M 3a/a4d 10 JajbHEHIIEeMYy HCCIEIOBaHUIO
a¢upHOro Berpa. B crarhe mokazaHo QpyHAaMeHTaIbHOE 3HAUYEHHE T10-
JIOOHBIX PaboT AJs cyed ecTecTBO3HAHUS, IOCKOIBKY OATBEPKICHUE
HaJM4YMs Ha IOBEPXHOCTH 3eMJIM 3(HUPHOTO BETPa aBTOMATHYCCKH
O3HayaeT HaJu4yue B mpupone 3(upa, a 3TO B KOPHE MEHSET BCIO TEO-
PETUYECKYIO OCHOBY €CTECTBO3HAHHS M OTKPHIBAET MHOXKECTBO HOBBIX
UCCIIEZIOBATENICKIX WM TPHUKIATHBIX HampaBieHnid. Tam ke mokazaHa
BO3MOKHOCTB CO3J[aHUsI TpHOopa 1-ro mopsiika Ha OCHOBE JIa3epa: MoJ
JeiictBueM 3(UPHOTO BeTpa Jyd Jiazepa OyAeT OTKIOHSTHCS OT MPSIMO-
JMHEHHOTO HaNpaBJIeHUs TOJ00HO yIPYroi KOHCOJIBHO 3aKpPeIICHHOMN
Oayke MO BETPOBOW Harpyskod. [Ipu umHE ONTHYECKOro MyTH II0-
psnka 5-10 M pu ckopocTH 3pUPHOTO BeTpa B 3 KM/C MOKHO OXKHUJIATh
otkionenue syda Ha 0,1-0,3 MM, 4TO BHOJNHE (PUKCHPYETCSI MOCTOBBI-
MH (POTOJETEKTOPAMH C YCHITHTEIIEM.

B.A.AutokoBcknii. DPupHEBIH BeTep: MpoOieMbl, OmuOKH, 3amaun. Tam
Ke, ¢. 268-288.

C yderoMm 3(hUpOIMHAMHYECKUX MPEACTABICHUN O ra3onoA00HOM-
CYITHOCTH 3(Upa B OKOJIO3EMHOM MPOCTPAHCTBE M U3 aHAIN3a Pe3yJib-
TaTOB DKCIIEPHUMEHTOB TI0 MCCIIEI0OBaHUIO 3(UPHOTO BETpa, MPOBEJICH-
HBIX Pa3TUIHBIMA aBTOPAaMH, HEOOXOIUMO CAENIAThH PsIT BHIBOJOB.

Bce uccnenosanus 3¢upHoro Berpa koHua 19-ro u nepBoil moso-
BUHBI 20-TO CTOJNETHH, HE NABIINE IOJOXHUTEIHHBIE PE3yJbTAaThl, HE
YUUTBIBAJIM Ta30M0A00HOr0 CTpoeHUs 3¢upa, WAeaIu3upOBaINd CBOM-
cTBa 3pupa U MOITOMY AOMYCTHIH CEPbE3HbIE METOAMYECKHE U WH-
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CTPYMEHTAaJIbHbIE OIINOKH, O0YCIOBUBIINE OTPULIATENbHBIA PE3yIbTaT
UX IKCIIEPUMEHTOB.

B ocHoBy m3MepeHMii 3(UPHOTO BETpa OIHKHO OBITH MOJIOKEHO
npezcTaBieHue 00 dpHUpe Kak 0 Ta30nogo0HON cpene, MOJUNHSIOIEH-
Csl BCEM M3BECTHBIM 3aKOHaM OOBIYHOTO PEaJbHOrO, T.€. BA3KOIO H
CKIIMAaeMOT0 ra3za. JTo TpeOyeT ydera psaa 0OCTOSTENHCTB.

1. Tlotoku »dupa, obayBaromiero 3emiito, JOJHKHBI TOPMO3HUTHCS
aTMoc(epoii U, ClIeI0BaTEIbHO, C YMEHBIIEHHUEM BBICOTHI H3MEPUTENb-
HOI'O IyHKTa OTHOCHUTEJIbHAsi CKOPOCTb IOTOKOB 3dupa — 3¢pupHOro
BETPa OTHOCHUTENHHO MOBEPXHOCTH 3€MJIM JOJDKHA YMEHBIATHCS, a B
MOJBAILHBIX TIOMEUICHUSIX U3MEPEHUE CKOPOCTH MOTOKOB 3(hUpa OTHO-
CHUTEJIHHO MOBEPXHOCTH 3eMJIM CTAHOBUTCS HEBO3MOXHBIM B CHILY TOP-
MOJKEHHsI MTOTOKOB 3(Upa 3eMHBIMH TIOPOAAaMH; 3TO OOCTOSTEIBCTBO
OBLJIO MOATBEPKIEHO omnbiTaMu Malikenabcona U Mopnu 1881 u 1887
IT., IPOBOAMMBIMU B MOJBAJbHOM IOMEIIEHHH, a Aajee paboTaMu
Mopnu u Mumnnepa 1905 r., BeinoaHeHHbIMA Ha EBKJIMIOBBIX BBICOTaX
(BbIcoTa 250 M. HaJ ypOBHEM MOPsI), TTOIYYUBIIUMH CKOPOCTH ITOTOKOB
spupa mopsimka 3-3,5 KM/C, W OCOOGHHO HCCIEIOBAaHUSIMHU
J.K.Mwunnepa, BemonaHeHHbIMEH B 1921-1925 rr. B oOcepBaropuu
MaynTt Buscon Ha BeicoTe 1860 M. 1 MOIyIHBIIEMY CKOPOCTH MOPSIIKA
8-10 km/c.

Otcrona cienyeT BbIBOA, YTO U3MEPEHUSI CKOPOCTH 3(UPHOTO BET-
pa HEOOXOAMMO MPOBOJUTH HA BO3MOXKHO OOJIBIIECH BBICOTE OTHOCH-
TEJIHHO MOBEPXHOCTH 3€MIIM U, N0 BO3MOXKHOCTH, BJAJIH OT MECTHBIX
NPEIMETOB, PACTIONIOKEHHBIX Ha TOU K€ BBICOTE.

2. IlockonbKy MuiiepoM YCTaHOBIEHO, YTO aneKc 3(PUPHOTO BET-
pa coctaBisier 26° ot [lomroca Mupa, HEOOXOIUMO HYJIEBBIM ITOJIOKE-
HUEM JI000T0 MpUOOpa, HCIIOIB3yeMOTO0 B DJKCIIEPUMEHTE, CUNUTATh
HanpaBJieHHe Ha ceBep. Toraa cyTouHOe BpallleHHe 3eMJId IpUBEIET K
CUMMETPUYHOMY OTKJIOHEHHWIO HAINpaBlIeHHs 3(pUpHOTO BeTpa B Teue-
HUE CYTOK.

3. Ilockonbky 3¢up npeacrasiser coOOW peanbHBIA ras, oOH JI0JI-
JKEH TOPMO3UTHCS JIIOOBIMH, OCOOCHHO METANTUYECKUMHU NPEeIMETaMH,
MME-IOIUMHU TTOBEpXHOCTh DepMu, MO3TOMY TMOMEIIEHHE, B KOTOPOM
npeAronaraeTcs MpPOBOAUTh H3MEPEHHE CKOPOCTH 3(PHPHOTO BETpa,
JOJDKHO HMMETh, MO0 BO3MOXKHOCTH, TOHKHE CTEHBI M JKEJIaTebHO, HeE
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COIEpPKALIMMU METaUIMYECKUX BKpamieHud. HeoOxomuMocTs 3TOTO
Obu1a moATBepKAeHa dKcrepuMenTamMu [Iukapa m Crasnsa (1926 1.), a
takke Kenneau u WUnnmuarsopra (1927 r.), ymakoBaBmuMu nHTEpdE-
POMETPBl B METAJUIMYECKHE SIMIMKA W HE TOJIYYMBIINMHU BCIIECACTBHUE
3TOTO MOJIOKUTEIBHBIX PE3YJIbTATOB, XOTSA M MPOBOAUBIINMHU H3MEpe-
HUW Ha ool BeicoTe. Kpome Toro, mosmaue (1928-1929 rr.) skc-
nepuMenTsl Malikenbcona, [Iuca u Ilupcona, mpoBeneHHble B oOcep-
BaTOpUK MayHT BWICOH B clienuaibHO MOCTPOCHHOM (yHIaMEHTAJIb-
HOM JIOME, XOTh W JaJNH TOJIOKHUTEIbHBIN pe3yiapTar (6 Km/C), HO
MEHBIIINH, YeM Noay4YeHHbI Munepom (8-10 xkmM/c), mockoiabKy Muii-
Jiep PpacIloJIOKWII M3MEPHUTENBbHYI0 amnmaparypy (uHTepdepomerp) B
JIeTKoH (haHepHOU MOCTPOHKe, CIad0 TOPMO3siei 3(pupHBIEe TOTOKH.

4. JInst TOro 4ToObI BBIABUTH TOHKYIO CTPYKTYpPY BapuallH CKOPO-
CTH 3(QHUPHOTO BETpa, HEOOXOIAMMO MPOBOIUTH KPYIIOCYTOUHBIE H
KPYIJIOTOZIOBBIE M3MEPEHHUSI CKOPOCTH 3(UPHOTO BETPa ¢ MEPHUOAUIHO-
CTBIO He 0oJiee 4eM uepe3 5 MUHYT, @ BO3MOKHO M HEIIPEPHIBHO.

2000 r. FO.M.I'anaes, nayunblii paOOTHUK XapbKOBCKOT'O Pajuo-
(U3NUECKOr0 MHCTUTYTa OMYOJMKOBAJl AaHHBIE U3MEPEHHUH 3(UPHOrO
BETpa B IMANa30HE paJMOBOJIH MpH JJIMHE BOJIHBI 8 MM Ha 0aze 13 km.
Hcnionb3oBaiicst TpalieHT CKOPOCTH 3(UPHOTO BETpa U BPaIICHUE 3EM-
. [laHHBIE PUKCHUPOBAIMCH aBTOMATUYeCKH B TeueHue 1998 r., a 3a-
TeM OBUIH CTaTHCTUYECKH oOpaboraHbl. BeIicHMIOCH Hamuuue >hup-
HOT'O BeTpa y MOBEPXHOCTH 3eMIIM B paiioHe XapbkoBa okoio 1500 m/c,
B OCHOBHOM, COOTBETCTBYyIOLIME AaHHbIM Mwuiiepa 1925 r. Pa3nuua
MorJia ObITh OOBSICHEHA Pa3HOW BBICOTOW MeCTa MPOBEAEHUs SKCIIEpPH-
MEHTa U HAJIMYHEM Pa3HBbIX MECTHBIX MPEIMETOB.

FO.M.I'anaeB. OdexTsr 3pupHOTO BeTpa B OMBITaX MO PAaCHpOCTpaHe-
HHIO pasnoBoiH. Pannodusnka n anextponuka. T. 5 Ne 1. C. 119-132. Xaps-
koB: Han. AH Ykpaunst. 2000.

Takum obpazom, cywecmeosanue Ihupnozo eempa, 060ysarouje-
20 3emaio, ObL10 panee u 8 Hacmoauiee pPema NOOMEEPIHCOEHO IKC-
nepuMeHmanIbHo.
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1.3. CoBpeMeHHbIE 3KCIEPUMEHTHI, JaBIINE IOJI0MKHU-
TeJbHbIE Pe3yJabTAThI

1.3.1. Hcecneoosanus sghupnozo eempa c nomouibio nazepa

B.A.Ayroxoeckuii
I'ocynapcTBeHHBIN YHUBEPCUTET yIpaBiacHUs, I. MockBa

Ieanb0 3KcNepUMEHTA SBISUIOCH MOJATBEP)KICHUE BO3MOXKHOCTH
u3MepeHust 3(QUPHOTro BeTpa METOJOM IIEPBOTO TOPSIKA, O3BOJISIO-
MM YBeIH4IHTh 3P PeKT Ha 4-5 MOPSAKOB U TEM CaMbIM PE3KO CHU3UTH
TpeOOBaHUS K N3MEPUTEITLHOMY HHCTPYMCHTY.

B kadecTBe MecTa MpOBEACHUS SKCIIEPUMEHTa Obljla BhIOpaHa OT-
JIebHAsE KOMHATa, pacrojioxkeHHast Ha 9 ataxe koprnyca JICK (nabopa-
TOpHO-CTeHIOBBIA Kopiyc) Dunmana JIMU (mozxe — HUMAO) Ha
tepputropun JletHo-HccnenoBaTenpsCKoro MHCTUTyTa B I'. JKyKOBCKOM
MockoBcko# obnacTu.

B kavecTBe U3MEPUTETHHOTO HHCTPYMEHTA ObLT BHIOPAH OOBIUHBIN
nazep (JI[-65), ucxons u3 mpennonokeHus, 4To d3(UpHbIE TOTOKH, 00-
JIyBasi Ja3epHBIA Jy4, OyIyT €ro HMCKPHBIATH MOAOOHO TOMY, Kak
OOBIYHBINA BETEpP HMCKPHUBISIET KOHCOJIBHO 3aKpeIuIeHHyHo Oanky. OT-
KJIOHEHHE JTy4a OT HEUTPAIBLHOTO TOJIOKEHHUS MOXKET OBITh OOHapyKe-
HO C MOMOIIBI0 (OTOMUOAOB, (GUKCHPYIONIMX TOJOKEHHE CBETOBOTO
ISITHA.

Hcnonb3oBaHue OOBIYHBIX UCTOYHHUKOB CBETA JUIS MMOCTABJICHHOMN
1eny ObUIO OTKIJIOHEHO, MOCKOJIBKY OOBIYHBIA MCTOYHUK (OpPMHUpPYET
OTHOCHUTEIIFHO KOPOTKHE (POTOHBI, KOTOpBIE d(DUPHBIM BETPOM OyIyT
MPOCTO CHOCUTHCS, B TO BPEeMsI KaK JIa3epHBIH JIyd MPeNCTaBIseT coOon
€IMHYI0 CHCTEMY M BIOJHE YHOAOOJSETCS KOHCOJBHO 3aKpEIUICHHOM
Oarke, cleIoBaTeNIbHO, OHA OY/IET U3rn0aThCsl, M OTKIIOHEHUE JTy4a Oy-
JIET TIPOTIOPIUOHAIILHO KBA/IPaTy €ro JUTHHBI.

OTKJIOHEHHUE TISITHA JIA3EPHOTO JIyda OT €ro HEBO3MYILIEHHOI'O IO-
noxeHus: pukcupyercss 1ByMs mapamu (OTOAHOAOB WIH (HOTOCOMPO-
TUBJICHUH, BKJIIFOUYCHHBIX COOTBETCTBEHHO B JIBE MOCTOBBIE DJICKTPOH-
Hble cxeMbl. OaHa napa GoToauo 0B ((hOTOCOPOTURIICHUH) PACTIONO-
JKE€Ha TOPU30HTAIBHO M (UKCUPYET OTKIOHEHHE JIyda B TOPU30HTANIb-
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HOW TITOCKOCTH, BTOpasi Tapa pacIioiokeHa BEPTHKAIBHO U (PUKCUPYET
OTKJIOHEHHE JTy4a B BEPTHKAIEHON MIIOCKOCTH.

OupHbLIN BETEP 5
4

AVA)
w

Puc. 1. Cxema u3MepeHns CKOPOCTH (PUPHOT0 BeTpa ¢ MOMOIIBIO JIa-
3epHoro Jy4a: 1 — mazep; 2 — netekrop; 3 — GOTOCONPOTHBIICHUS; 4 — MaTO-
BOE CTEKJIO; 5 — Henmpo3payHasi Heperopojka; 6 — yCHIIUTeNlb CUTHANA BEPTH-
KaJIbHOTO OTKJIOHEHHMs JIy4ya; / — YCHIIUTENIb CUTHaja TOPU30HTAJIBHOTO OT-
KJIOHEHUS JIyda.

JJisl MOBBINIEHHSI 4yBCTBUTENFHOCTH NPUOOpa MyTEM YBEJIWYCHUS
JUIMHBI JIA3€pHOTO Jy4a MOXKET OBITh MCIIOJIb30BaHO MHOTOKPATHOE OT-
pa)keHHe JIyda OT 3€pKaJl C TOBEPXHOCTHBIM OTPaKEHHEM.

B skcmeprMeHTe UCIIONB30BAIACH ONITHYECKAst CKaMbsl, TUIMHOH 1,2
M, IIMPHHA CKaMbu 15 cMm, TommmHa 8 CM, BBITIOJTHEHHAs W3 HCKYC-
CTBEHHOro rpaHuTa. CkaMbsl pasMmelnanach Ha JBYX MOJYIIKax, IOJO-
JKEHHBIX Ha JiBa CTyJla, YeM IpPeJOTBPAILAIOCh BIHMSIHHE BO3MOMKHBIX
BHOparmii. B moMmemenny moaep kuBaiach MMOCTOSTHHASI TEMITEpaTypa.

B ycraHoBke ucnonb3oBaincs razossld sazep JII'-65, B merekrope
Oobun mpuMeHeHsl 4 ¢otoconporusnenus tuna OC-1, pasMemieHHbIe
KpecTooOpa3Ho — JIBa 10 BEPTUKAIH, J[Ba 10 ropuzoHTanu. [lepen do-
TOCOIPOTUBICHUAMHU OBLTO MMOMENIEHO MaTOBOE CTEKIJIO JJIsi obecrede-
HUSl pacCEUBaHMs CBETA, M BECh JETEKTOp pa3MEIEH B 3a4€pHEHHOMN
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W3HYTPU ANMIOMHHHEBOH TpyOKe AIWMHON 15 cM. JUIS mpemaoTBpaIeHHs
BHEIMIHEeW 3acBeTkr. OOIas IiHA Ja3epHOro Jyda COCTaBIsIa 7 M.

3anuch MPOM3BOAMIACH HA CTaHJAPTHBIM MPOMBIIUICHHBIH Camo-
nucell ¢ IUPUHONW OymakHOH NeHTHl B 27 cM. CKOpOCTh HPOTSIKKH
neHTsl cocTaBisuia 0,1 cm/muH. [TapamreasHO 3amMCHIBATINCH TOPH3OH-
TaTbHOE W BEPTHKAIGHOE OTKIOHEHHUS Ja3epHOTO JIyda OT €ro
HEUTPaIBLHOTO MOJIOKEHHS.

Pe3yabTar 3kcniepuMeHTa

Hecmotpst Ha TO, UTO 3a Bce BpeMs IPOBEJCHUSI SKCTIEPUMEHTOB He
yIAIOCh MPOBECTH CHUCTEMATHYECKHE HCCIICIOBAHUS CKOPOCTU 3(Hp-
HOT'O BETpa, TAKXK€ KaK U OLEHUTh €0 BEIUYHUHY, CIIEAYET CUUTATh, YTO
MEPUOANYECKUE CYTOUYHBIE OTKJIOHEHHUS JIa3epHOro Jiyya B TOPU30H-
TaJIbHOM INIOCKOCTH U B BEPTUKAIBHOW MMEIU MECTO, IPUYEM B TOpHU-
30HTAIBHOM MJIOCKOCTH B 2-5 pa3 0oJblle, 9eM B BEepTUKAIHHOH.

I'maBHBIM pPe3ylbTATOM SBISETCS TO, YTO MOXKHO CUMTAaTh IOJ-
TBEPXKJICHUE BO3MOXKHOCTH MCIOJb30BaHMs (pu3rueckoro 3dpdekra o1-
KJIOHEHHMS JIa3epHOTO JIyda OT HEHTpaJbHOTO IOJIOKEHHS MOJ BO3ICH-
CTBHEM S3(QHUPHBIX MOTOKOB. DTHM CaMbIM IOATBEPXKIACTCS BO3MOXK-
HOCTb B JaJIbHEHIIIEM CO3/IaHMsI U3MEPUTENSI CKOPOCTH S(UPHOTO BET-
pa epBOTo MOpsKa, YTO B CBOIO OUYEPE/h MO3BOJIUT MEPENTH K Macco-
BBIM M CUCTEMAaTHYECKHM HCCIIEIOBaHUSAM 3(UPHOTO BETpa.

BropsiM pesynbTaToM siBisieTCs GaKT CyTOYHOW BapHaldH OTKIIO-
HEHUS JIa3epHOT0 JIyda, YTO MOXKET OBITh MCTOJIKOBAHO KaK CyTOYHAs
Bapuanys M3MEHEHHMS HaIpaBiIeHUs 3(QHUPHOTO BETpa OTHOCHTEIHHO
36MHOM MIOBEPXHOCTH.

TpeTBI/IM PEIYIBTATOM ABJIACTCA HECOXHUIAHHOC JIsI aBTOPOB I1OAB-
JIEHWE TIEPUOJUYECKUX KOJIeOaHWH JIa3epHOTO JIy4a C MEepPHUOJaMH OT
J0JIeii MUHYTHI, 10 €IMHHI] YaCOB, YTO MOXET OBITh UCTOJIKOBAHO Kak
BINSAHUC OOIIOJIHHUTCIBHBIX BOSMYIHGHI/IP'I, CBA3aHHBIX C U3JIIYYCHUEM
ComnHna, BEIpaKEHHBIX B U3BEPraeMbIX UM 3(PHUPHBIX MOTOKOB MPEATIO-
JIOXKHUTENBHO (POTOHOOOPA3HON CTPYKTYPHI.

B kauecTBe BBIBOJIOB CIIEYET TAaKXKe yKa3aTh Ha 1eJ1eco00pa3HOCTh
CO3JIaHMs TIOPTATUBHBIX TIEPEHOCHBIX MPUOOPOB U UX MACCOBOE MPOU3-
BOJICTBO JIJIsl CUCTEMaTHYECKUX HCCIIEOBaHUN 3(h)UPHOTO BETpa B pas-
JMYHBIX TOYKaxX 3eMJIM Ha Pa3sHbIX BBICOTAaX, BKIOYaAs TOPBI M Pa3iIny-
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HBIE JIETaTeNbHBIC aNMapaThl, B TOM YWCIIE€ FCKYCCTBEHHBIE CITyTHUKH
3emin, B pa3HOe BpeMs Trofa W CyToK. llempro Takmx mcciemoBaHUit
MOJKET SBUThCS OIPEIEIICHUE KOPPEuU Bapualuii 3¢upHOro Berpa
U Pa3JIMYHBIX 36MHBIX COOBITUH, KOTOPBIE MOTYT OKa3aThCs CICICTBU-
SIMU DTUX BapHualliid.

CoBepITICHCTBOBAaHUE JIA3epHOTO TIpubOpa IS  HCCICHOBAHMI
3()MPHOTO BETpa U CaMH TaKWe MCCIICAOBAHUS CIEAYET MPOJIOJIKUTh U
BCSTYECKH Pa3BUBATh, IPUBJIEKas HOBBIX UCTIOTHHUTENEH.

1.3.2. Hccneoosanus sgpuprozo eempa ¢ nomouwyvio unmepgepo-
Mempa MUIAUMEMPO8020 OUANA3OHA PAOUOBOIH
HO.M.I'anaes
Wucrutyr paguodusukn u asnexkrponnku HAH  Vkpaussl, r. XapbkoB

B Hacrosime#t pabote s M3MEpEeHUsT aHU30TPOITUH CKOPOCTH pac-
MIPOCTPaHEHUs] PaJHOBOJIH MPEATIOKEHBI METO U YCTPOICTBO MEPBOTO
TopsAIKa.

Metoa n3MepeHust OCHOBaH Ha 3aKOHOMEPHOCTSIX

TEYEHHUs] BA3KUX Cpea BOJMU3M MOBEPXHOCTH pasfeia U paclpo-
CTpaHEHHUS PaJMOBOJIH MIUIMMETPOBOTO [Mana3oHa BOJM3M 3€MHOM
HOBEPXHOCTH B TIpenenax npsmMoi Bumumoctu [23-26]. [lpunuun aei-
CTBHSI MOKHO TOSICHUTB CJIEAYIOMIMM. Pa3mecTrM BOJIM3U 3€MHOM I10-
BEPXHOCTH PagHOHHTEP(EPOMETDP, B KOTOPOM PAJHOBOIHBI PUXOIAT B
TOYKY HAOMIOACHUS HHTEP(EPEHIMOHHON KapTHHBI IIOCIE Paclpo-
CTpaHEHHUS Ha Pa3HbIX BbICOTaX HaJ 3eMHON MOBepXxHOCThIO. Ecnu Te-
neph NOBOpauUBaTh PagHoOMHTEP(HEPOMETP B MOTOKE (PU3UUECKOrO Ba-
KyyMa, TO B paMKax MCXOJHOMN THIOTE3bl, BCIEACTBUE HA3BaHHBIX BbI-
e cBoiictB usnyeckoro Bakyyma, 3pQeKToB aHHU3OTPOIHH U BHICO-
ThI, MHTEPEPEHITMOHHAs KapTHHA JOJDKHA CMEIAThCd OTHOCHTEIHHO
ee HadaJIbHOrO MoJjioxkeHus. Takoi paguouHTepdepomMerp 4yBCTBUTE-
JIeH K Pa3HOCTU CKOPOCTEH JBYKEHUS (PU3MUECKOTO BaKyyMa Ha BBICO-
Tax paclojOXKeHHs Jydel paguonnTepdepomerpa. [Ipyrumu croBaMu
MpeIaracMblii METOJI U3MEPEHUST UYBCTBUTENIEH K BEJIMUMHE IpaieH-
Ta BEPTHUKAIBHOTO MPOQHIS CKOPOCTH MOTOKa (PU3NUECKOTO BaKyyMa.
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Metoa n3MepeHus ABISIETCS. METOIOM [IEPBOTrO MOPSIIKA, IIOCKOIbKY HeE
TpeOyeTcs BO3BpAIaTh U3JIyYEHHBIE PAIHOBOIHbBI B HCXOIHYIO TOUKY.

MeTtox u3MepeHHs ObUI PEaIM30BaH C MOMOILBIO MPU3EMHOHM pa-
JUOJHMHUM TPSIMOM BUAMMOCTH, B KOTOPOH OCHOBHBIM MEXaHH3MOM
(dbopMHUpOBaHUS TIOJIA B IIYHKTE NIpUEMa SIBIIAETCS MHTep(depeHIHs Mpsi-
MO BOJTHBI ¥ BOJH, OTPAKEHHBIX OT 3eMHOU moBepxHOCTH [25]. Takyro
PaIuONMHUI0 MOYHO paccMaTpuBaTh KakK paauouHTEpPEepOMeTp, C
BEPTUKAIBHBIM PACIIONOXKEHUEM JIyde. UTOOBl HCKIIIOUUTH BIIUSHHUE
M30TPONHBIX 3(p(PEeKTOB, HA TOUHOCTH U3MEPEHUIl, HAIPUMED, BIUSHHUE
Bapualyii MapaMeTpoB BEPTUKAILHOTO MPOopwisi KodpUIMEHTa mpe-
JoMiieHusT atMoc(epbl, OBUIM HCIIOJL30BAHbI IMOJIOKEHUST NPUHIINIIA
B3aUMHOCTH B 3JeKTpoauHaMuKke. COrjgacHO NPUHIMILY B3aUMHOCTH
YCIIOBHUSI paclpOCTpaHEeHUsl PaJAMOBOJIH U3 OJHOTO MyHKTa B Jpyroit
COBEpILIECHHO TAaKOBBI, KAK U B 00OPATHOM HAIPABICHUH U 3Ta CUMMET-
PHsI HE 3aBHCUT OT CBOMCTB IIPOMEKYTOYHOI'O NMPOCTPAHCTBA, KOTOPOE
JUIIG TIpeanoaraeTcst n30TponHbM [27]. CrieqoBaTenbHO, €Cd TMpH-
MEHUTh PAJUOIMHUI0 CO BCTPEUYHBIM pPACHpPOCTPAaHEHHEM paJHOBOJIH,
TO, BBIYMTAsl PE3YJIbTaTbl OJHOBPEMEHHOI'O W3MEpeHHsl MHTepdepeH-
UM BOJIH B 00OMX IYHKTaX, MOKHO UCKJIIOYUTH W30TPOIHbIE 3()(HEKThI
U TEM caMbIM BBIIETUTH 3(D(EKTh aHM30TpONWHU. Pamuonuuuio co
BCTPEYHBIM PacIpOCTPaHEHHEM PaJMOBOIH U CPE/ICTBA H3MEPECHUS WH-
TepdepeHI paJvoOBOIIH MOKHO paccMaTpUBaTh Kak paguouHTepde-
POMETp JUISl UCCIICAOBAHUS M30TPOIMH MPOCTPAHCTBA BOJIHM3HM 3E€MHOI
TTOBEPXHOCTH.

PaccmoTpuM 0cOOEHHOCTH peanu3alui NPEAOKEHHOIO METOoAa
n3Mepenus. Ha puc.] mokasana cxema BO3MOKHOTO pa3MEIIEHHs pa-
JTUONMHUY Ha MecTHOCTH. Ha pucynke OykBamu "A" u "B" 0603HaueHBI
MpUEeMO-TIepeIAtoIINe AaHTEHHBI OJIHOMMEHHBIX ITYHKTOB PaJIOJIMHUMY,
F(Aa) — HOpMHPOBaHHbBIC XapAaKTEPUCTHKU HANPABICHHOCTH AHTCHH.
IIpoTspkenHocts panuonvHud AB =r. AHTEHHB NPUIOAHATHL Haj
TUTOCKOW 3eMHON MOBEPXHOCTBIO Ha BBICOTY ZUP >>A , TJe A — JUIMHA
panuoBONIHEL B paguonuHUsIX ocH AuarpaMM HallpaBiICHHOCTH aHTEHH
00b19HO coBranaroT ¢ uaued AB (o = 0). B kaxaprit u3 mynkros "A"
u "B" mpuxonAT 1Be BOJHBL NpsiMasi, N0 TpackTopun AB Ha BeIcOTE
Zup , u BoiHA 1o Tpaektopun ACB, oTpakeHHas OT 3eMHOM ITOBEpX-
HocTH B Touke C. BykBo#l \y 00603HAaUEH yroji cKommkeHuSI. CpemaHss
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Boicota Tpaektopud ACB paBHa ZI. VYrom Mexmy HampaBICHHIMH
pacrpoCcTpaHeHus! NPsIMBIX BOJH M BOJIH, OTPa)KEHHBIX OT 3€MHOH IO-
BepxHOocTH 0003HadeH Kak Ao.. Ctpenku Wrup m Wrl, moka3siBaroT
HalpaBJIeHHE PaJuaIbHON COCTABIIIOLICH CKOPOCTH IBHMXKEHUS (HU3U-
YECKOT'0 BaKyyMa, T.€. COCTABIIAIOIIEH, NEUCTBYIOIIEH BIOJb PAaJUOJIN-
HUH. J[MMHBI CTPENIOK HMpONOPLHOHATIBHBI CKOPOCTSAM JBIKEHUS (HU3H-
YeCKOro Bakyyma Ha Bbicotax Zup u ZI .

B peanbHBIX paguonuHusax, Zup <<, B CHJIy 4Ye€ro yriel Yy U Ao
MaJlbl M M3MEpSIIoTCs nojsiMu rpangyca. Ha puc.l, mis HarmsimHoCTH,
BEPTUKAIbHBIA MaciiTad pacTsHyT, IOTOMY YIJbl ¥ M Aol HE OTpaxka-
IOT JICUCTBUTEIbHBIX 3HAYE€HUW. PaMONMHUIO, MPEICTABICHHYIO Ha
puc.l, MOXKHO paccMaTpUBaTh Kak pajuiouHTEp(EepoMeTp ¢ BEpPTUKAIb-
HBIM PACIOJIOKEHUEM Jy4yel. bnarogapsi CyToUHOMY BPALLICHUO 3€MJIIU
TaKoW paznouHTepPepoOMeTp MOBOpaUYMBAETCS B MOTOKE (PU3MYECKOTO
BaKyyMa.

s u3MepeHus: nmapaMeTpoB MHTEPPEPEHLUH PATUOBOIH, B KaX-
oM u3 myHKTOB panuonuauu ("A" u "B") mpuMeHeH crocob m3mepe-
HHS XapaKTEPUCTUK PAIMO-TPAKTOB, MPEIOKEHHbIH B pabote [28].
OTO MO3BOJIMIIO CYIIECTBEHHO OOJIETYNTh 3a/1auy CO3JaHHUsA M JKCILTya-
TalU{ MPUEMO-TIEPEIAIOLINX YCTPOMCTB PaiuoIMHNH, IOCKOJIBKY CIIO-
co0 [28] He TpeOyeT MPUMEHEHUS KOTEPEHTHBIX MCTOUYHUKOB M3JTyue-
HUI 17151 TpOBeIeHNsT (pa30BbIX H3MEPECHUH.

zZ up

Z

Puc.1. Cxema onbiTa
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[Ipuanmn neiicteus crocoba [28] 3akmouaeTcs B cienyromeM. 13
Mepeaoniero MyHKTa H3Iy4aeTcsl 30HIUPYIOIIUN MOIYTUPOBAHHBIN
currai | ¢ Hecymieit yacroroit fo u wacroramu mwkuei (f1 =fo— Fn) u
BepxHeit (f2 = fo + Fn) OokoBBIX cocTaBisionux, rae Fn — yactoTta Mo-
nyssiyd. [Ipu pacpocTpaneHnd Kaxkaas i-ast cocTaBisironas curuana |
nonydaet npupanienue dasbl ¢ = kilp, rae: ki — BonmHoBoe umcio, Ly —
JMCTaHIus pactpoctpanenus (uHAekcsl | = 0,1,2 COOTBETCTBYIOT 4a-
croram fo, fi, f2). B mpueMHOM ycTpoOiCTBE COCTaBIISIOMIAS TPUHSATOTO
cWrHaja ¢ yactotoi fo pasmenpHO mepeMHOXAETCs ¢ Kakaoi U3 O0Ko-
BBIX COCTaBJISIOIINX, & (pa30BBIN CIBUT A@ U3MEPACTCI MEKIY PE3yJib-
TaTaMu MEPEMHOKECHUH, HMEIOIUX Pa3HOCTHBIC YacTOTHI. BhIpakeHne
i Ag uMmeer BUA!

Ap=(@y =) — (0, —®,) - (2)

Taxkast komMOuHaMs (a3 MHBApUAHTHA K M3MEHEHHIO Hadyaja OTCYe-
Ta BpEMEHH U Toirydmia B pabote [29] HanmeHoBaHMe "(ha30BbIl HHBA-
puant".

...IlpennoxeHHbIil METOA M3MEPEHHS YYBCTBUTENEH K HCKOMBIM
a¢dexTaM aHU30TPOITHOTO PACTIPOCTPAHEHHUS PAAHOBOJH.

JKcnepUMeHTATbHASA PAANOJINHNA. ATpoOarus MpeaioKeHHOTO
METOJIa M3MEPEHHUS BBINOJIHEHA C MOMOIIBIO MPU3EMHONW PajHOIUHUT
OpsSAMON BUAMMOCTH NpPOTSHKEHHOCTHIO 13 kM.  IIpodwmine pagmonnuaum
NoKa3aH Ha puc.2. JIns HarIagHOCTH OTOOpaKeHHs pelibeda MEeCTHO-
CTH, BEPTUKAJIBHBIN MacmTad pacTsHyT. Ilo ocm abCIMCC OTIOXKEHBI
3HAUEHUS MPOTSHKEHHOCTH PAIMOJIUHUY B KUJIOMETPax, 10 OCH OpJUHAT
— BBICOTHI HaJ] YpOBHEM Mopsi B MeTpax. Ha pucynke Touku "A" u "B" —
KOHEYHbIE MpHUEMO-Tiepeaatoliue MyHKThl paauonuHuu. [lynkr "A"
HaXOAMJICS Ha CEBEpHOU OKpauHe T. XapbKoB, MyHKT "B" — B cene "Pyc-
ckue Tumkn". B myHKTax paguoIvMHNUU YCTaHOBIICHBI HICHTUYHBIC TIPHU-
eMo-TiepeIaloIIre 3epKajbHbIe aHTEHHBI ¢ JUarpaMMaMy HallpaBJIEHHO-
cru mupuHOi ~ 0,5°. AHnrenna mynkra "A", B MecTe CBOETO pa3Melle-
HUs, noxHsATa Ha 30 M OT NOBEPXHOCTU 3€MIIM, @ AHTEHHA IIyHKTa
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"B" na 12 M. Bepuinna xonma D, u MecTHOCTB B parione Touku C nume-
IOT TPaBSIHOM MTOKPOB.

Puc.2. Ilpoduib 3xcniepuMeHTAJbHOMH PaIuoJIMHUU

Bepmuna xonma E 3ansrta necomocaakamu. CpemHsis BBICOTa Tpa-
exropun AB Hag moBepXHOCTBIO 3eMin Zyp ~ 42 M. Benmnunna npocBera
Haja BepmmHOW D, coctaBmser Hiy =~ 25,3 M. Bemmumna mpocBeta Haj
toukoii C cocraBiser Hz ~ 24 M. Paccrosiaue ot nmyHkra "A" 1o Bep-
umHel D 1 = 2200 M. ABUMYT pajMOJIMHUHM &, U3MEPEHHBIN B TYHKTE
"A" OTHOCHTENHLHO MepuamaHa, a~45C°. Jlng yTouHeHMs MexaHU3Ma
(hopMuUpOBaHUS TIOJNST B PaJUONUHUM, B MyHKTEe "A'" M3MepeHa BepTH-
KallbHasl CTPYKTypa Moisa. l3MepeHus BBIONHEHHI JIETOM, B aBTyCTe
Mecsie. M3mydeHue Beoch aHTeHHOU MyHKTa "B Ha Hecymiei yacTore
30H/IMPYIOIIETO CHIHaNa 3Toro myHkTa fos. BepTukanbHoe 30HaMpOBa-
HHUE BHIIMOJIHEHO C TIOMOIIBI0 BCIIOMOTATEIFHOTO MPHUEMHOTO yCTPOM-
CTBa, CHAOKEHHOTO aHTEHHOW C OTHOCHTENBHO IIUPOKOH JIHarpamMmoit
nanpasieHHocTH (~10°). Pe3ynbTaThl M3MEpEHHMI IMOKA3aHbI TOYKAMHM
Ha JieBoM ¢parmente puc.3. CruiomHas JUHUS allpPOKCUMUPYET BUJ
M3MEpPEeHHOH CTpYyKTyphl nonsd. Ha ocu aGcuucc OTJIOKEHO OTHOLICHHUE
MOIIIHOCTH TPHHMMAEMOT0 CHTHaya P K yCIIOBHOMY YpPOBHIO MOIITHO-
ctu Po, B neumbenax. [lo ocn opauHar omiiokeHa BBICOTa MOIAbEMa
BCIIOMOTaTe€IbHOIO MPUEMHOIO YCTPOMCTBa B METpax, HadyWHasA OT
YPOBHSI PacmoIOKeHUsT aHTeHHBI TyHkTa "A". Ha puc.3 BumgHO, 49TO
BEPTHKAJIbHAS CTPYKTYPa MOJISI COAEPKHUT JBE OCHOBHBIE KOMITOHEHTHI.
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Puc.3. BepTukajabHas cTPyKTypa moJist

IlepBast mpencTaBieHa HECKOIBKUMH MEPUOAAMU HU3MEHEHHMs, BTO-
pasi — TOJIBKO 4acThlO CBOETo Mepuoja. M3mepeHHas CTpYKTypa MOXKET
OBITH omMcaHa UHTEp(depeHel TpeX BOJIH: MPSIMOA, KOTopasi pacipo-
cTpaHsieTcss 0o nytd BA, BONHBI, OTpa)KeHHOU OT BepIuMHbI D u pac-
npoctpanstoueiica no mytu BDA, u BOJIHBI, OTpa)KEHHOH OT 3eMHOMU
MOBEPXHOCTH B OKPECTHOCTH TOUKH C, pacIpoCTpaHSIOIIecs 1Mo MyTH
BCA. Pemenue 3anaun 00 nHTEpHEPEeHINN HECKOJIBKUX BOJH H3JI0XKE-
HO B pabote [25].

...Anmaparypa.

KoHeuHble MyHKTHI pajinoIvHUU (PHC.2) OCHALEHbI WICHTUYHBIMU
KOMILJIEKTaMHU MPUEMO-TIepe/Iatoleil ¥ PEruCTPUPYIONIEH anmnapaTypbl.
B KaXXIO0M M3 IMIYHKTOB paguOJIMHUU IJId nI€peaadd U nMprueMa 30HAUpPYy-
IOLIMX CHTHAJIOB MCIOJB30BAJIACH OJJHA MU Ta )K€ aHTEHHA 3€PKaJIbHOTO
TUNA. AHTEHHBI 000MX MYHKTOB MIEHTHYHBI. Juamerps! 3epkan 1,1 m.
AHTEHHBI YCTaHOBJIEHBI Ha OTMOpax, U3 KOHCTPYKIUOHHOHN ctaiu. Omno-
PBl cHaOXEeHbI TOBOPOTHBIMH YCTPOMCTBAMH JIJIsl HABEJCHHSI aHTEHH 110
a3uMyTy W yriy mecta. Ha puc.4 mokasaH BHEIIHUM BHJ NpPUEMO-
Mepesaroero ycrpoiictea myHKTa "A'". YCTpOHCTBO pa3MenieHo Ha
KPBILIC 30aHUA.

Ha puc.4 moka3aHo ycTpoOICTBO C aHTEHHAMH Pa3HbBIX JHAMETPOB.
B Hacrosmeit pabore, I U3ITydeHUs] M TIPHEMa CUTHAJIOB, HCIIOIB30-
BaJlach TOJIKO aHTEHHa OojbInero auaMmerpa. B mynkre "B" anamorny-
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HOE YCTPOWMCTBO OBUIO pa3MENIeHO TaK, KaK ITOKa3aHO CTPEIKOW Ha
puc.5. Ha onopHbIX ycTpoiicTBax, IOMUMO aHTEHH, pPa3MEIIAINUCh KOH-
terinepbl ¢ CBY y3nmaMu npueMornepenawnmx myHkToB. HuzkodactoT-
HBIC Y3JIbI M PETUCTPUPYIOIIAS alapaTypa pa3Menaiuch B TOMEIICHH-
X 37aHuid. ['eHepaTtopbl Hecymux KoJieOaHWH MMENN YacTOThl OKOJIO
37TTn, a reHepaTopbl MOAYIUpPYIOMUX Konebanuii oxono 0,5 I'Tm.
Jnst pasnencHusl U3Ty4aeMbIX U TPUHUMACMBIX CHUTHAJIOB, HOMUHAJIb-
HBIE 3HAYSHHS YaCTOT T€HEPATOPOB HECYIINX W MOMYIUPYIOUINX KOJe-
Ganmii oTmmyanick. B mynkre "A" Hecymias gacrora foa = 36,95 'y, a
B myHkte "B" Hecymias yacrora mmena 3uaueHue fog = 37 [T (ornu-
yrie 50 MI'1). COOTBETCTBEHHO YaCTOThI MOMAYJIALMK MMEIH 3HAUCHUS
Fna=0,47ITou Fng = 0,5 I'T'n (oTimmame 30MI ).

Puc.4. U3mepurenbHblii myHkT "A", r. XapbkoB

BrIxogHas MOIIHOCTD KaXJOTO W3 TMEPENaIONINX YCTPOMCTB, BBI-
MOJIHEHHBIX Ha quojax ['aHHa, coctarisia okono 70 MBT. Pexum pa-
0OTHI TEHEPATOPOB — HEMPEPHIBHBINA. | eHepaTophl HECYIINX U MOIYJIH-
pyIoLIMX KosiebaHuil ¢ COIYTCTBYIOIIMMH y3JIaMH pa3MeIleHbl B Tep-
MOCTaTaXx M OXBay€Hbl CHCTEMaMU aBTOMATHYECKOW MOACTPOIMKK 4Ya-
cToT. M3MepuTensHBIii KOMITIEKC IPOIIET BCECTOPOHHHE jaboparop-
HBI€ W HATypHBIE WCHBITAHWS B JHMANa30HE TEMIIEPATyp OKpY’Karomei
cpenbl —25°C ...+35°C. VcnbiTaHus BBINOIHEHBI B PA3IMYHBIX METEO-
POJIOTHYECKUX YCIOBHAX M BO BCEX CE30HAX IOJia.
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Puc.5. U3mepurensusiii nyHkt "B'", c. Pycckue Tumku

s peructpauny pe3ysibTaToB U3MEPEHUN BEIMYMH (PAa30BBIX HH-
BapuaHTOB A@a 1 A@e, B 000MX KOHEUHBIX IMYHKTaX HCIIOJb30BAIUCH
camonucupl. B myHkTe "A" 1OMOTHUTENBHO PErUCTPUPOBATIACH AMILIU-
TyJa IPUHAMAEMOro CUTHasa. JTa MHGQOpMAIHs MO3BOJSIIA BBIICIAT
HWHTCPBaAJIbl BPDEMCHH, Ha MPOTAKCHUN KOTOPBIX BbIIIadalu THAPOMETCO-
PHI (DOX[b, CHET), YTO HE BCErZla MOXKHO OBUIO ONPENEeTUTh BU3YaJIbHO.
AMIUTMTYAHBIA KaHaJl BBIIOJHSAJI Takke (PYHKUHIO HEMPEPBIBHOIO KOH-
TPOJs paObOThl U3MEPUTEIHHONW CHUCTEMbI. AHAINU3 PEalIbHbIX XapakTe-
PHUCTHK ammapaTrypbl M Pe3yJlbTaTOB €€ HMCIBITAaHHH IMOKa3all, 4To pe-
3yJIBTUPYIOLIasl CpeJHEKBagpaTHUeCKasl almaparypHas OLIMOKa H3Me-
penust Benmuuunbl @ He mpeBbImIaeT oo < 2,4°.  Hike mokasaHo, 4To
YYBCTBUTEJIBHOCTh HW3TOTOBJIEHHOTO paguouHTephepoMeTpa K BEIH-
YMHE  AQHU30TPONUHM  CKOPOCTH  PACHPOCTPAHEHUS  PAJANOBOIH
Wh min = 108 m/cexk.

Metonunka usmMepeHuii. 30HIUpyOLIIEe CUrHANGI |A U |B u3myya-
JMCh HaBCcTpedy Ipyr Apyry u3 nmyHktoB "A" m "B" coOTBETCTBEHHO.
OHOBPEMEHHO B KaKJOM U3 IIyHKTOB OCYLIECTBJISUIUCH IIPUEM 30H]IU-
PYIOIIMX CHTHAJIOB M MX 00pa0OTKa COIIACHO MPHHATOMY CIIOCO0Y H3-
MepeHust. B 000ux myHKTax M3MepeHHbIC 3HAYCHUS BETHUUH A@a U A@g
3aIHMCHIBAINCH HA JICHTaX CaMOITMCLEB. METKH BPeMEHM BhIpalaThIBa-
nuch B MyHKTE "A" M ¢ MOMOIIbIO cUrHana | A mepeaaBanuch B MyHKT
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"B". TakuM ciocoOOM METKH BPEMEHH CHHXPOHHO 3alMCBIBAJINCH Ca-
MOITUCIIAMU 00OUX MYHKTOB. M3MepeHus: MPOBOJAMINCH HEMPEPHIBHO U
KpyrinocyTouHno. KanuOpoBka ammapatrypbl 1 KOHTPOJIb €€ (DYHKIIMOHH-
POBaHUS OCYIIECTBIISUIACH C MOMOIIBI0 aBTOHOMHOTO YCTPOWMCTBA, KO-
TOpOE BhIPAOATHIBAIO MCHBITATEILHBIE CHTHAIBI C KOHTPOIHPYEMBIMU
napamMeTpaMyd W CIEKTPaMHy, aHAJIOTUYHBIMH CIIEKTPaM 30HIHPYIOINX
CUTHAJIOB.

Pe3yabTarhl n3mepeHuii. B cooTBEeTCTBUM C 3aayaMH HCCIENO-
BaHUsI, PE3yNIbTaThbl HACTOSIMICH pabOThI PACCMOTPUM MapajuieNIbHO C
pesynpTaTamu 3KcnepuMeHToB [15,16], [5-7,14] u[13]. Ha3BauHubIe
YeThIpe AKCIIEPUMEHTA, BKIJIIOYAsh HACTOSIIHIA IKCIIEPUMEHT, BBITIOIHE-
HBl B PA3JIMYHBIX TOYKAX 3€MHOTO IIapa C TMOMOIIBI0 TPEX Pa3IMIHBIX
METOJIOB M3MEPEHUIl M B Pa3jMYHBIX JHANA30HAX AIIEKTPOMATHUTHBIX
BosH. O0CcyKaeMble pe3ysbTaThl HACTOSIIEH paboThl OTHOCSTCS K ce-
pUH M3MEPEHU, MPOBEICHHON B OHAara3oHe MWIIMMETPOBBIX paano-
BOJIH Ha MIPOTSDKEHUU 6 MecsIeB roja (C aBrycra 1o sSHBapb) ¢ MOMO-
HIBIO ONMCAHHOTO BBIIIE METOJIa U3MEPEHUs MepBoro nopsaka (Ykpau-
Ha). OOuiee BpeMs HEMPEPHIBHBIX U3MEPEHUH B 3TOM CEPUU COCTABUIIO
1288 wacoB. Dxcnepumert [15,16] BBITIOTHEH C MTOMOIIBIO ONTHYECKO-
ro MeToja W3MepeHHus rmepBoro mopsaka (YkpawHa). DKCIEPUMEHTHI
[5-7,14] (CHIA) u [13] (CIIIA) BBIOJHEHBI C MOMOIIBIO ONMTHYECKUX
METO/IOB M3MEPEHUsI BTOPOTO MOPS/IKA, B KAYECTBE KOTOPBIX MCIIOJb30-
BaHBl KpecTooOpasHeie HHTephepomeTpbl, Maiikenbcona. J[leiicTBue
METOJIOB U3MEPEHUH, MPUMEHEHHBIX B HACTOAIIEH padoTe U B IKCIEPH-
MeHTax [15,16], [5-7,14] u [13] ocHOBaHO Ha MpEACTABIEHUSAX O pac-
NPOCTPaHEHHH BOJH B JIBHXKYILEHCS cpese, CBOMcTBa KOTOPOH ompene-
JSIFOT CKOPOCTh PAcIpOCTPaHEHUs 3JIEKTPOMArHUTHBIX BOJIH. B pamkax
WCXOJTHOW THIOTE3bI 3TO JaeT BO3MOXKHOCTH TPAKTOBaTh PE3yJbTAThI
Ha3BaHHBIX KCIIEPUMEHTOB B TEPMUHAX AHHU3O0TPOIIMU CKOPOCTU pac-
MPOCTPaHEHHUsI AIIEKTPOMATHUTHBIX BOITH.

PaccmoTpum niposiBnieHre UCKOMBIX 3((EeKTOB B DKCIIEPUMEHTAX TI0
PacrpoCTpaHEHHUIO 3JIEKTPOMArHUTHBIX BOJIH.

Ha ¢parmenTtax puc.9 mpencraBieHsl cpelHUE pe3yJIbTaThl SKCIIe-
pumenTa [15,16] (puc.9a), wHacrosmieir pabots! (puc.9b), u sxcmepu-
MeHTa [5—7] (prc.9C), KOTOphIe MOMYICHBI B pa3HbIE TOABI B AIOXY aB-
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rycra. TepmuH "smoxa" 3aWMMCTBOBaH W3 AaCTPOHOMHH, B KOTOPOH
HAOIOIEHNS Pa3HBIX JIET, BEITIOJHEHHbIE B OJTHOMMEHHBIE MECSIIBI, OT-
HOCST K HaOJIOJICHUSM OJTHOW 31moxu. Pe3ynbraTel 3kcniepumenta [13]
Ha puc.9 He MpeACTaBIeHbl, TOCKOIBKY aBTOPBI OTPAHHYUIINCH TOJIBKO
CBEJICHUSIMA O MaKCHMAJIbHOM 3HAYeHHH W3MEPEHHOW WMU BEIWYHHBI
aam3otporuu Wh = 6000 m/cek . [To ocsiM opAHHAT OTIOKEHBI 3HAYCHUSI
BenMIuHBI arm3oTponm Wy B M/cek, Mo ocsM abCIHce — CONTHEUHOE
BpeMsl CYTOK Tm B dacax. BepTukaiabHBIMU IITpUXaMu 0003HAYECHBI J0-
BepUTENIbHBIE UHTEPBaJbl. Kaxkablil U3 pparMeHToB puc.9 WILTFOCTpHUPY-
eT TposBICHHE HCKOMOro 3(ddexTa aHM30TpONmUHU. B 3xcmepumMeHTax
[15,16], [5-7,14], [13] abdekT aHu30TpONIHH OOHAPYKUBAJICS TOBOPO-
TOM ONTHYECKUX HHTEPHEPOMETPOB, B HACTOSIIEH pabOTe MPUMEHs-
JIOCh BCTPEUHOE PACIPOCTPaHEHHE PaMOBOJIH. Pe3ynbraTel paccMaTpu-
BaeMbIX JKCIEPUMEHTOB MOKa3aJIi, YTO BEJTHMYMHA aHHU30TPOIHU H3Me-
HSIETCS B TEUEHUE CYTOK, M TaKHe U3MEHEHHUSI HOCAT CXOIHBIN XapakTep.
Tak ko3 PummenTsr Koppensauu R, BEUUCICHHBIE MEXKIY 3aBUCHMO-
ctsimut Wh(Tm), exxar B mpeaenax 0,73 <R <0,85.

B pabotax [5—7, 14] u3MeHeHHEe BEJIMUMHBI aHU30TPOIIMU B TSUCHUE
CYTOK 00BbsicHeHO nBkeHreM COIHEYHON CHCTEMBI K alleKcy ¢ Koop-
JUHATaMH, OJIM3KUMH K KOOpJIWHATAM CEBEPHOTO IMOJF0CA IKIHUIITHKA. B
9TOM Cilydae BCIEACTBUE CYTOYHOTO BpalleHUs 3eMJIH MPOCKIUS BEK-
TOpa CKOPOCTH OTHOCHUTEILHOTO JBWKEHHUS! Ha TOPU30HTAJIBHYIO ILIOC-
KOCTh TpUOOpa W, CIIEOBaTENbHO, BenuunHa aHu3otrpormu Wy Oynmer
MU3MEHSTHCS B TeUEeHHE CYTOK. Takoe oObsCHEHHE HE TIPOTUBOPEUUT pe-
3yJIbTaTaM HaCTOsIeH paboThl U MOXKET ObITh IPUHSATO KaK HCXOIHOE.

Pesynprarel Hacrosmied paboTel u dKcnepuMeHToB [15,16],
[5-7,14], [13] WUIFOCTPUPYIOT MPOSIBICHUE WU JAPYrOro HCKOMOTO 3(-
¢bexTa — 3¢ dekra BHICOTHL. B 3THX YeThIpex dKCIepuMEeHTaX H3MEpEHHs
BBIMIOJIHEHBI Ha MSTH pa3jiU4YHbIX BbicoTax: 1,6 M u 4,75 M B aKkcnepu-
MmenTe [15,16]; 42 m B HacTosmieit padore; 265 m u 1830 M B skcniepu-
mente [5—7,14] (Knuenenn u obcepBatopust MayHT Buiicon coorBer-
cTBeHHO). B skcrnepumente [13] u3mepeHHs MpPOBOMUINCH TAaKKe Ha
obcepBatopun Maynt Buiicon. [posiienue 3ddexra BHICOTEI MOXKHO
BUJIETh KaK Ha parMeHTax puc.9, orMeuasi, HapuUMep, MaKCUMaJIbHBIE
3Ha4YeHUs BeNn4YuHbl ann3oTpornu Wh, Tak u Ha puc.10, rae nokasana



HccaenoBanusi 3pupHOro BeTpa 57

3aBUCHMOCTH BeIHYUHBI aHW30Tponmu Wh OT BBICOTHI MECTa PacIoiio-
JKEHUS] I3MEPUTENBHBIX YCTPOHCTB HaJ| 3eMHON TTIOBEPXHOCTHIO Z.

5 02
X
=
[
2 0,1
=
SN 0 ! . . . . )
0 4 8 12 16 20 Ty, uac
o 1,6
5 1
X
2 1,2 | b)
o
2
2“0,8 -
e
& 0’4 Il Il Il Il L
0 4 8 12 16 20 Ty, wac

L Bsr
A
2 <)
10,5
o]
2
= a5
§-§

4.5 | | | | | |

0 4 8 12 16 20 Ty, uac

Puc.9. I3MeHeHue BeJIMYMHBI AHU30TPONIUH B 3M0XY ABIYCTA MO JAHHBIM
Pa3IHYHBIX IKCIEPUMEHTOB: a) 3KkcriepuMeHT [15,16]; b) Hacrosmas paGora,
¢) aKkcrepuMenT [5—7]

Jlns noctpoenus puc. 10 UCoIb30BaHbI CPpeTHUE OT MAKCUMATbHBIX
3HAYCHMI BEJIMYUH aHU30TPOITMH, U3MEPEHHBIX B HACTOsIICH paboTe U
B okcriepumenTax [15,16], [5—7,14], [13]. TTo ocsim abciuce U opAvHAT
OTJIOKeHbI 3HaueHus sorapudmos orHomenuit Wy /W= u Z/Z+ cootBer-
cTBeHHO. 3HaueHus BenndnH W+ 1 Z+ mpuHATH paBHBIMU | M/cek 1 1 M
COOTBETCTBEHHO. [lJI HATJISTHOCTH, Ha BEPXHEH M Ha MPaBOW YacTAX
puc.10 mo ocsiM KOOpIMHAT OTJIOKEHBI 3HaYeHUs BeauunH Wh B M/cex U
Z B metpax. Ha puc.10 BumHO, 9TO pe3yibTaThl Pa3IUIHBIX IKCHEPH-
MEHTOB TIOJYUHSIOTCS €IWHOW 3aKOHOMEPHOCTH M PacIiOiararoTcs
BOM3M Tpsimoit. B muamazone BeicoT oT 1,6 M go 1830 M BenmmumHA
anm3otpormu yBenuuuBaercss or 200 m/cek g0 10000 m/cek, dro co-
CTaBJIET COOTBETCTBEHHO OT 6,7-1077 110 3,3-107° 0T cKOpOCTH CBeETa.
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Pesynprathl 3KCIEpUMEHTOB, IpeAcTaBiIeHHbIE HAa puc.9 u puc.10,
WITFOCTPUPYIOT BBICOKYIO KOPPEISALHUI0 MEXIY pe3yabTaTaMH pa3iuy-
HBIX OSKCIIEPUMEHTOB, HaONIONAeMOCTh SIBJICHUS aHHW30TPOITHOTO pac-
NPOCTPaHEHHsI AIIEKTPOMArHUTHBIX BOJH, TOBTOPSIEMOCTh CBOMCTB SIB-
JIeHWs B PpAa3lIMYHbIX YCJIOBUSAX HAOMIOAEHUH, BOCIPOU3BOAUMOCTD
CBOWCTB SIBJICHHS IIPU MCIIOJIb30BAHMU PA3IMYHBIX METOIOB SKCIEpU-
MEHTAIBHBIX UCCICIOBAHUM M Pa3UYHBIX JUANA30HOB AIEKTPOMArHUT-
HBIX BOJIH. Bce 3T0 maeT ocHOBaHHUE MOJIOKHUTENBHO OLIEHUBATH AOCTO-
BEPHOCTh PE3YNbTAaTOB O0CYXIAaeMbIX dKCIepuMeHToB. Cienyer oTMme-
TUTh, YTO W3MEPEHHBIE 3HAYCHUS] aHU30TPOIMH OTHOCHUTEIHLHO HEBEIH-
K{, 1 BO MHOTHX NMPAaKTHYECKHUX CIIy4asX UMW MOXKHO mpeHeOpedb. B
3TOM CMBICJIE TPOCTPAHCTBO BOJIM3H 3€MHOI MOBEPXHOCTH MOXKHO CUU-
TaTh M30TPOITHBIM C TOYHOCTBIO, 3aBUCSINEH OT BPEMEHH CYTOK U OT
BBICOTHI HaJ| 3¢eMHOH MOBEpXHOCTHIO. CBeIeHUs, MPUBEJCHHBIC Ha PUC.9
u puc.10, MOXXHO paccMaTpUBaTh KakK PaHHULBI IPUMEHUMOCTH IIpEN-
CTaBJIeHHA 00 ONTHYECKOW W30TPONHUM MPOCTPAHCTBA BOJHM3M 3EMHOM
TIOBEPXHOCTH.

Uroru nacTosiei paboThl U dKkciepuMeHToB [15,16, 5-7, 13] natot
BO3MOXXHOCTh ~ TIOKa3aTh,  4YTO  OTPUIATENbHBIE  PE3YJIbTATHI
skcriepumenToB  [20,22] Moryr ObITh OOBSICHEHBI HEIOCTATOYHOM
YYBCTBHUTEJIBHOCTHIO MPUMEHEHHBIX HHTEpdepomeTpoB. Tak, Ha puc.10
BUJIHO, YTO BOJIM3M 3€MHOH MOBEPXHOCTH BEIMYMHA aHWU30TPOIHU HE
npesbiiaer 200 m/cex.  CriemoBarenbHO, B skcnepumenrtax [20,22],
BBIMIOJIHEHHBIX B MOJBAJIBHBIX ITOMEIICHUSX, YyBCTBUTEIHHOCTD
uateppepoMeTpoB Wpmin K BEIMYHHE aHW3OTPOIHUH JOJDKHA OBITH HE
xyxe 200 m/cek. [TogcunTaem 4yBCTBUTEIHHOCTh UHTEPHEPOMETPOB, B
skcriepumenTax [20,22]. bynmem mnomarate, uto BenmmumHe Wi
COOTBETCTBYET CMEICHHE HHTEPHEPEHUHOHHBIX M0JI0C Dmin = 0,04.
Takoe cMmelnieHne OXHAANOCh HAOMIOAATH, HAIIPUMEP, B SKCHEPHUMEH-
te [20]. U3 Beipaxenust (1) Haiigem

W_. =c(D,, A1™)"2. (36)

min

B skcnepumentax [20], [22] mmuner nyueit | cocrasmsmn 2,4 M u
22 M COOTBETCTBEHHO, JUIMHBI BONH A~ 6-107"m. C nomo1pio
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BeipaxkeHuss  (36) momydmm, uro B 9kcmepumente  [20]
Whin & 30000 m/cek, a B axcriepumente [22] Wmin = 10000 m/cex . Cie-
JIoBatenbHO, B 9KkcrmepuMeHTax [20] u  [22] dyBCTBHTEIHHOCTH
uHTephEpOMETPOB, ObUTa HEJAOCTATOYHOH. Pe3ynbrar TONBKO HYTO
BBIMTOJTHCHHOW OIEHKM MOKHO IM0Ka3aTh W 00Jice HAIrAAHO, CCIIH
HNOACYMTATh  JUIMHBI  Jsiydeir |,  TpeOyemble Ui  TOCTPOCHUS
KPeCToOOpa3HoOro ONTUYecCKoro uHrepdepomerpa MaiikenbcoHa ¢
YYBCTBHUTEIBHOCTHIO K aHU30TPOIHH CKOPOCTH cBeTa Win &~ 200 M/cek.
W3 Beipaxenwus (1) naitnem

| = DACAW 2. (37)
W, M/ cek x 10°
0,2 1.4 10
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Puc. 10. 3aBucHMOCTb BeJTHUMHBI AHH30TPOIMH OT BHICOTHI HA/l 3MHOIi OBePX-
HOCTBIO 10 TAHHBIM PA3JIMYHBIX IKCIepUMeHTOB: 1 — sxcniepument [15,16];
2 — macrosias pabora; 3 — skcrepument [5—7]; 4 — sxcriepumenr [13]

[oncraBum B Bblpaxkenue (37) 3nayenust BenumumH D = 0,04,
A~6-10""m; m W = 200 m/cek. IMomyuum | ~ 54000 M, MoxHO npeamo-
JIOXKUTh, YTO 3a/1a4a M3TOTOBUTh KPECTOOOPA3HBIH ONTUYECKUI HHTEP-
depomerp ¢ mmmHamu syueit | ~ 54000 M ckopee BCero TEXHHYECKH
HepeanbHas. CrenoBaTenbHo, B dkcnepuMenTax [20] u [22] anuzorpo-
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MUSl IPOCTPAHCTBAa HE MOTrJia ObITh OOHApY)KeHa, B CHIy €AMHON WH-
CTPYMEHTaJbHON MNPUYHMHBI — B ITUX OKCIEPHUMEHTaX MPUMEHSIINChH
nHTEp(HEepOMETPEl BTOPOTO MOPSIKAa HEJOCTATOYHOW UyBCTBHTEIHHO-
CTH.

YMecTHO eme pa3 MOJYEPKHYTh MPEUMYIIECTBO  METOAa
W3MEpPEHHs TEepBOTO TMOpPsAKa, MpPeIOKEHHOro B pabdortax [15,16].
MO’XHO TIOJICYATATh, 9TO BOJIM3H 3€MHOMN MMOBEPXHOCTH, TIPH BEIHMYNHE
anm3otporimi  ~ 200 M/cek W TIPU TMPOYMX PABHBIX  YCIIOBHSX,
MPEIIOKESHHBIN ONTUYECKU METOJ] TMEPBOr0 TOpsIKa, B IOJITOpa
MWUIHOHa  pa3  YyBCTBHTENbHEe  MeTola  UHTepdepomerpa
MaiikenpCcoHa BTOPOTO TMOPSAAKA. OJTO OOCTOSTENHCTBO 3aTPYAHSET
MPUMEHUMOCTh ~ UHTepdepomeTpa MalKenbcOoHA JJIS  H3YYCHHA
AHM30TPOIMU CKOPOCTH CBETa BOJM3M 3eMHOW MOBEPXHOCTH. Brimor-
HEHHasl OIICHKA CIpaBeIiBa W MO OTHONICHHI0O K OJKCIIEPUMEH-
tam [8—11]. Kpome Toro, uroru Hacrosiiei paboTel U paboTsl [16]
MO3BOJISIIOT MPEIIONI0KUTh, YTO CBOWCTBA TIOTOKOB (PH3MYECKOTO BaKy-
yMa OJIM3KH K CBOHCTBaM MOTOKOB M3BECTHBIX Ta30B, OTHOATh MPETIST-
CTBHS M TeUb B HAMPABIAIONIMX CHCTeMax. B skcrepumentax [8—11]
9TO 0OCTOSITENBCTBO MOTJIO OBITh MPUYHHOW HEYNAYHBIX MOMBITOK BbI-
SIBUTh aHW30TPOITHBIE CBOMCTBA MPOCTPAHCTBA C TIOMOUIBIO MTPUOOPOB,
3aKJTFOYEHHBIX B TEPMETUYHBIE METALITUIECKHE KaMEPHI.

Hrorn nHacrosimeit paboTel u paboThel [16] mo3BomMIM TOKa3aTh
BO3MOKHBIC IPHYMHBI OTPHUIATEILHBIX PE3YJIbTaTOB COBPEMEHHBIX
HKCMIEPUMEHTAIBHBIX TOIBITOK OOHAPYXHUTHh aHW3OTPOITHBIE CBOWCTBA
pocTpaHcTBa, Hanpumep, [37—40]. B pabote [37] npuMeHEeHO ONTHYE-
CKO€ M3MEPHUTENbHOE YCTPOHCTBO CXe€Ma U ACUCTBHE KOTOPOIo MpPUH-
LUMHAATBHO HE OTIMYAIOTCA OT YCTPOUCTBa, IpuMeHeHHoro M.I'exoM B
1868 r [41]. B 00oux city4asx aBTOPBI OKUIAIA HAOJIIOAaTh CMEIIICHHE
NOJIOC MHTEPPEPEHUMOHHON KapTUHBI MPONOPLUUOHAIBLHOE MEpBOH
CTETIEH! OTHOILIECHMS BETMYMHBI aHU30TPOIMH K CKOPOCTH CBETa. DKC-
nepuMeHTHI [37] u [41] ganu oTpuLaTENbHBIE PE3YIbTATHl — AHU30TPO-
sl TPOCTpaHCTBa He HaOmojanack. OmmbOka ['eka HEOJHOKpAaTHO
paszbupanace. Tak, B pabote [21] mcuepnbiBaroIie moka3aHo, YTO y4eT
koo duumenta ysnedeHus: OpeHenss MPUBOAUT K KOMIIEHCALUH 3(-
(exTa mepBoro Mmopsiika, KOTOphId MOT OBl OBITH BBI3BaH IBIKEHHEM
3eMiId, U KOTOPBIA 0XKKMIAJI0Ch HaOM0IaTh B 9kcepumente [41]. DTor
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BBIBOJT paboThl [21] B moHO# Mepe oTHOcHTCS | K padore [37]. B mpy-
TOM Clly4ae, B TAKHX DKCIepUMeHTax Kak [38—40], moBTOpEHBI OIIMOKH
skcnepuMeHToB [8—11,42] B KOTOpPHIX H3MEpPUTENBHBIE YCTPOMCTBA
MIOJIHOCTBIO 3aKJIIOYEHBI B MeTaJUIMuecKue 3kpanbl. Kak crnencteue pe-
3yJbTaThl SKCIEPUMEHTOB [38—40] UIEHTUYHBI PE3yNbTaTaM 3KCIEPH-
MeHTOB [8—11, 42] — uckoMmbiii 3hdHeKT aHM30TPOITHK HE HaOIIoaaIICs.
HenpumeHnMOCTh MacCCHBHBIX 3KPaHOB B IMOJO0OHBIX OINBITaX BIIEPBHIE
oTMedeHa emie B pabotax [22,14]. Ocraercs mo0aBHTh, YTO aBTOPHI
skcriepuMeHToB [38—40] paspaboranu HageKHBIE METOABI DKPAaHUPO-
BaHMsI MIPOLIECCOB, NMPOTEKAIOLINX BO BHEIIHEM (DPU3UUYECKOM BaKyyMe,
OT IPOLIECCOB B BaKyyMe BHYTPH 3KCIIEPUMEHTAJIbHON YCTaHOBKH, O/I-
HAaKO HE MPEACTABISACTCA BO3MOKHBIM H3y4aTh CBOMCTBA OKPYKarolle-
ro MPOCTPAHCTBA C IOMOLIBIO U3MEPHUTENIBHBIX YCTPOWCTB OTACICHHBIX
OT 3TOTr0 IPOCTpaHCTBA. MOXKHO MPEANOI0KUTH, YTO UHCTPYMEHTAIb-
Hble omOku padot [37—40] HocsT oOmmii xapakTep. [Ipu mocraHoBke
SKCIIEPUMEHTOB aBTOPHI OTKA3aJIMCh OT IOMBITOK PAacCMOTPETh BO3-
MOJKHBIE (U3UYECKHE NPUYMHBI, OOYCIOBIMBAIOIINE HCKOMYIO HMH
AQHM30TPOIHIO NPOCTPAHCTBA. lHaUe MHCTPyMEHTAJIbHbIE U METOIIYe-
CKHE MPHEMBI UX TIOUCKOB OBLTN ObI HHBIMH.

B 3akmouenue oTMeTHM cienyroniee. B pabore mpeanpunsTa mo-
NBITKA TPAKTOBATh PE3yJIbTAThl MCCIEAOBAaHMS B paMKax padouel ru-
MOTE3bl O BA3KOM ra30-1ojJ00HOM (u3MYecKoM Bakyyme. B paborax
[5-7,14] utoru sKcniepuMeHTa 0OBICHEHBI KaK Pe3yJbTaT OTHOCHTEIb-
HOT'O JABWXKEHHUs HaOmogarens U 3(upa — cpelnsl OTBETCTBEHHOH 3a
pacnpocTpaHeHHEe JIEKTPOMarHUTHBIX BONH. B skcrepumente [15] ¢
9TOM K€ IENIbI0 UCIIOJIb30BaHa MOJIENb BSI3KOTO ra3o-noj00Horo 3¢du-
pa, pasButas B pabote [43]. MOXXHO BHIETb, YTO WUTOTH HACTOSIICH
pabotel u pabdot [5-7,14], [15,16] He mpoTUBOpEYAT OCHOBHBIM TOJIO-
JKEHUSIM, KaK TUIIOTE3bl BSI3KOI0 (PU3MYECKOTO BaKyyMa, TaKk M TUIIOTe-
3BI BSI3KOTO Ta30-TI0I00HOTO 3(upa, YTO, HA MEPBBIN B3I, JAET OC-
HOBAaHHME CUYHUTATh 3TH TUIOTE3bl 3KBUBAICHTHBIMU. TeM He MeHee, T'H-
MOTE3bl SIBJISIIOTCS KOHKYPHUPYIOIIMMH. JIeHCTBUTENBHO, MpeCcTaBile-
HUE KBAHTOBOM TEOPHUHU MOJsI O BUPTYaJbHBIX YacTUIaX (PU3NUECKOTO
BakyymMa TpeOyeT BBEIEHHs [JOIOJHUTEIBHOIO IPEANONOKEHUS O
HaJU4YMM B BaKyyMe 'CTPOMTENBHOrO" Marepuana TakKuX YacTHIl, YTO
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HE IpPEeayCMOTPEHO CYLIECTBYIOIIEH Teopueil. B pamkax rumoressl
adupa Takue TpoOIEMBI CHATHI MPEICTABIEHHEM O CYIIECTBOBAHHUH
YyacTI 3upa KaK CTPOUTEIBHOTO MaTepuana BeleCTBEHHBIX 00pa3o-
BaHWH, U TPEJCTABJIICHUE O CYIICCTBOBAHUHU BHUPTYalbHBIX 0Opa3oBa-
HUH SBISAETCSA M3IUIIHUAM. 3afjada OMHCAHUS MEXaHU3MOB B3aUMO/ICH-
CTBUI CTAaHOBUTCS MPUHIIUIIUAIBHO PEIIaeMO B paMKaX COBPEMEHHOMN
THUIPOAMHAMHKH. DTO JIENaeT THIOTE3y BSI3KOrO Ta3o-1mogo0Horo 3¢u-
pa mOpuBIEKATENBbHON U1 mUpPOKOro usyudeHus [43—-51]. Paspemmts
CO3/aBIIIeeCs TOJIOKEHUE MOYKHO JIMIIL Ha IIYTH HOBBIX HAONIOJCHUHN U
SKCIIEPUMEHTOB, YTO BO3MOXXHO TOJIBKO C MPUMEHEHUEM HOBBIX METO-
JIOB ¥ CPEJCTB U3MEPEHUI.

BoiBoabl. B pabote momyueHsl cienyrone OCHOBHbBIE pe3yibTa-
THI.

[Mpeanoxena pabodasi THUIOTE3a O CBOWCTBAaX NPOCTPAHCTBA, B
pamMKax KOTOpOi aHHU30TPOIUS CKOPOCTH PacIpOCTpaHEHHsI paIHOBOJIH
00ycJIOBI€HAa OTHOCHUTEIBHBIM IBIKEHHEM HaOIIONATENs] M BSI3KOTO
ra30-1mojf00HOro (GU3NIECKOTO BaKyyMa.

Pa3paboTraHbl METO/I B YCTPOHCTBO MEPBOTO MOPSIIKA JUISL IPSIMOTO
U3MEPEHHUsT aHU30TPOIMHM CKOPOCTH PACIpOCTPAHEHUS! PaIHOBOJIH
MWUIMMETPOBOTO Juamna3oHa. M3roToBieH paxuouHTepdepoMeTp ¢
YYBCTBUTENBHOCTHIO K BEJIMYMHE aHU3OTPOIHUU CKOPOCTH PaCIpoOCTpa-
HeHUs paaroBosH 108 M/cek.

B pamkax paboueii runotessl onpeneneHs! 3GpQeKTsl aHU30TPONHNHY,
KOTOpBIE MOTYT HaOJIOAAThCSA B OMBITAX IO PaCHpPOCTPAHEHHUIO PaJHoO-
BOJIH BOJNM3HM 3€MHOH TOBEPXHOCTH. BBIMONHEHA cepusi IKCIEepHUMEH-
TaNbHBIX HccnenoBaHnid. [lokasano mposiBieHue mpenckazaHHbIX 3¢-
¢dexToB. M3MepeHsl: BeNWYMHA aHWU3O0TPOIHMH, M3MEHEHHWE BEIMYHUHBI
AQHU30TPONHN B TE€YEHHE CYTOK, POCT BEIWYHHBI aHH30TPOMHUH C PO-
CTOM BBICOTHI HaJ| 36MHOI NOBEPXHOCTBIO. DKCIIEPUMEHTAIBHO IOKa-
3aHO, YTO Ha BBICOTE pa3MeIleHHs paAuoOuHTephepoMeTpa Hajl 3eMHOM
MOBEPXHOCTBIO (= 42M) BeNMYMHA aHU3OTPOIHMU CKOPOCTH PAacCIpo-
CTpaHEHUs paJMOBOJIH He npeBbimiana 1400 m/cex.

PesynbTathl paboThl COMOCTABICHBI ¢ UTOraMHU TPEAIISCTBYOMINX
ONTUYECKUX JKcIepuMeHTOB. llokazaHbl HaOIOJaeMOCTh, MOBTOpsie-
MOCTb M BOCIPOU3BOANMOCTh M3MEHEHHs BEIMYMHBI aHU30TPOIHH B



Hccienosanus 3pupHOTo BeTpa 63

TEYEHUE CYTOK B 3KCIEPUMEHTAX, IPOBEACHHBIX B Pa3JINYHbIC IOJbI, B
Pa3IMYHBIX TeorpadUIecKUX YCIOBHAX C MPUMEHEHHEM PpPa3ITHYHBIX
METOJIOB M3MEPEHHH U pa3iIMyHBIX JHANa30HOB 3JIEKTPOMAarHUTHBIX
BOJIH, YTO JAa€T OCHOBAaHUE MOJOKUTEIBHO OLEHUBATh 1OCTOBEPHOCTD
MOJIYYECHHBIX PE3YyJIbTaTOB.

Takum oOpa3om, B paboTe pa3paboTaHBl METOJ W yCTPOHUCTBO W3-
MEpEeHUH MEePBOro MOpsiIKa YyBCTBUTEIbHBIE K aHU30TPOIIUU CKOPOCTH
pacrpocTpaHeHUs] paJuoOBOJIH. Pe3ybTaThl 3KCIEPUMEHTAIIBHOM anpo-
Oanmu MeTo/a W yCTPOUCTBA TTOKA3AIH, YTO BOJIM3H 36MHOM TTOBEPXHO-
CTH MPOCTPAHCTBO MOYKHO CUMTATh M30TPOMHBIM C TOYHOCTHIO, 3aBU-
CAILIEN OT BBICOTHI HAJl 3TOM MOBEPXHOCTHIO U BPEMEHHU CYTOK. Pe3ynb-
TaThl PabOTHI MOTYT MCIONB30BATHCA U Pa3pabOTKH CPENICTB PaIvo-
U3MEPEHUHA W Pa3BUTHs INPEACTABICHUNM O CBOMCTBaX OKPYXKAIOILLErO
MIPOCTPAHCTBA.
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1.3.3. Onmuueckuii unmepghepomemp 0131 UMEPEHUSA AHU30-
mponuu cKkopocmu céema

I0.M.I'anaes

Wucturyr pammodmsukm u snexrporukn HAH Vkpaunsl, r. XapbKoB

[IpeanoxeHbl METOA M YCTPOWCTBO AJsl MU3MEPEHHS aHU30TPOIUH
CKOPOCTH CBeTa B BS3KUMX cpelnax. M3roToBlIeHO H3MEPHUTEIBHOE
YCTPOMCTBO M BBINOJIHEHA €ro 3KCIEpUMEHTalbHas ampobanus. Pe-
3yNbTaThl HMCIBITAHUNA COMOCTABJICHBI C HMTOTaMH IPEIIECTBYIOIINX
sKciepuMeHTOB. llokazaHsl HaOIIOIAEMOCTh, BOCIPOM3BOJUMOCTD U
MOBTOPSIEMOCTh 3(P(PEKTOB aHM30TPONMHOTO PACHPOCTPAHEHUSI CBETA.
YCTpoHCTBO MOXKET UCHOJIb30BaThCA JUIsl MU3YYEHHsS TEUEHMs Ta3oB B
TpyOax.

B HacTosmei#t padore mns mpsimoro m3MepeHus 3(pQPexToB aHU30-
TPOITHOTO PacHpOCTPAaHEHUs CBETa MPEAOKEHBl METOJl U YCTPOMCTBO
MIEPBOTO MOPAIKA JeHCTBHE KOTOPHIX OCHOBAaHO HAa M3BECTHBIX B TH/I-
POAMHAMHKE 3aKOHAX PAa3BUTHsI TEUEHUH BSA3KHX XHIKUX M ra3000pas-
HBIX cpeq B TpyOax [22,23]. IlpuHiun geiicTBUS MOXKHO TOSICHUTH Clie-
nytouuM. [ToMecTM oTpe30k TpyOBl B MOTOKE Tra3a Tak, YTO MPOI0JIb-
Hast OCcb TPYObI OYET MepneHANKYJIsIpHA BEKTOPY CKOPOCTH MOTOKa. B
3TOM cilyyae 00a OTKPBITBIX KOHIA TPYOBl HAXOAATCS B OAMHAKOBBIX
YCIIOBHSIX 110 OTHOIICHHIO K BHEIIHEMY MOTOKY rasa. Ilepemnana nasie-
HUS ra3a Ha KOHIAX TpyObl HE BO3HHMKAET, U Ta3 BHYTPU TPYOBI HETO-
IOBwkeH. Terepb moBepHeM TpyOy Tak, YTO BEKTOP CKOPOCTH IOTOKa
rasa HalpaBJIeH BIOJb OCH TpyObl. B 3TOM ciyyae cKOpoCTHOH Hamop
rasa co3zacT Ha KOHIAX TPyObl Tepemnaja NaBieHHs, MOJA JEHCTBUEM
KOTOpOro B TpyOe pa3BHBaeTcsl TeueHHe rasa. Bpems pasButus teue-
HUSI Ta3a B TpyOe U CKOPOCTh yCTAaHOBUBILIETOCSI TEUEHHUSI ra3a orpese-
JISIOTCS 3HAYEHUSIMU KHHEMAaTHYECKOH BSI3KOCTH Ta3a, T€OMeTphYe-
CKHMH pa3MepaMu TPyObl M CKOPOCTBHIO BHENTHETO MOTOKA rasa [22,23].
BaxHO OTMETHTB, YTO pa3BUTHE TEUEHHA rasza B TpyOe, 10 yCTaHOBHUB-
IIerocst 3HAYEHUs] CKOPOCTH TEUEHHs, 3aHMMaeT KOHEYHBIH OTPEe30K
BpeMeHH. PaccMoTpeHHas uzaes JaeT BO3MOXKHOCTh MPEAJIOKUTD METOA
M3MEpPEHHs], YyBCTBUTEIBHBINA K aHU30TPOIIMH CKOPOCTH CBETA, H CXEMY
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YCTPOWCTBA /TSI U3MEPEHUsI BEJIMYMHBI aHU30TPONMH M KHHEMaTn4de-
CKOH BA3KOCTH (pM3MUECKOTo BakyyMa. Tak, COTJIaCHO MCXOIHOMN THITO-
Te3e CBOMCTBAa (PU3MUYECKOTO BaKyyMa ONPEIEISIOT CKOPOCTh PacIpo-
CTpaHEHHsl SJIEKTPOMAarHUTHBIX BOJH. DTO O3HAYAET, YTO CKOPOCThH
HNIEKTPOMArHUTHOW BOJHBI OTHOCHTENIBHO HAOMIOATeNs SBISIETCS
CYMMO# BEKTOPOB CKOPOCTH BOJHBI OTHOCHTEIBHO (PU3MYECKOTO BaKy-
yMa U CKOPOCTH (PM3MYECKOro BaKyyMa OTHOCHUTENBHO Habumonarens. B
3TOM CIIydae, €CIM MOCTPOHMTH ONTHYECKHH HHTEepdepoMeTp, B KOTO-
pPOM OJIMH Jy4 CBETa NPOXOJUT BHYTPHU MOJOH TPYOBI, a Ipyroil BHE
TpyOBl, BO BHEIIHEM MOTOKE (HU3MUYECKOTO BaKyyMa, M MMOBEPHYTh WH-
TepdepoMeTp B MOTOKE (U3UYECKOrO BAKyyMa, TO MOXKHO OXKHMIATb,
YTO Ha MPOTSHKEHUH BPEMEHHU YCTAHOBJIECHUS B TPyOe ABIKEHUS (pr3n-
YeCKOro BaKyyMa JIOJDKHO HaONIOJAThCs CMEIeHHE TOJIoc HHTepde-
peH].[HOHHOfI KapTUHbI OTHOCUTEJIIbHO X HAYAJIBHOTO IMOJIOKCHUA. HpI/I
ATOM BEJIMYMHA CMEMICHUS I10JIOC OyAeT NMPONOpPLIHOHATbEHA CKOPOCTH
BHEIIHETO MOTOKa (PU3MYECKOrO BaKyyMa, T.€. BEIMYNHE aHU30TPOITUH
CKOPOCTH CBETa, a BpeMsl BO3BpaTa I10JOC K UX HAYAILHOMY IIOJIOXKE-
HHIO, OyZIeT NMPONOPIHOHAIBEHO 3HAUYCHUI0 KHHEMAaTHYeCKON BS3KOCTH
¢dm3ugeckoro Bakyyma. IIpe/uioxkeHHbIE METOJI B YCTPOHCTBO M3Mepe-
HUU SIBJISIIOTCS METOJIOM M yCTPOMCTBOM IEPBOTO MOPSAAKA, IIOCKOJIBKY
He TpeOyeTcsi BO3BpaIlaTh JIyd CBETa B MCXOJHYIO TOUKy. PaccmoTpum
BO3MOKHOCTB MX pealn3aliu.

Jns omucaHus ABWKEHUS (U3MUYECKOTO Bakyyma B TpyOax
BOCITOJIB3YEMCSI MAaTEMaTUYECKUM aIllapaToM T'HUAPOAUHAMUKH,
KOTOpBII pa3BuT B pabotax [22,23] ans 103BYKOBBIX CKOpOCTEH
TEeUEeHHH KUIKOCTEN U Ta30B.

Puc.1. Tpy6a B moroke raza
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Ha pwuc.]1 mokazaH oTpe30K KpyTioi NWIHHIPHYECKOW MeTajuTnde-
CKOW TpyOBI JUTMHOM lp, KOTOpPBI HAXOAUTCS B MOTOKE (PU3NUECKOro
BakyyMma. Hampapnenue moToka 0003Hau€HO TOHKHMH HaKJIOHHBIMH
JUHUSIMHA CO cTpenkamu. lIpomonbHas ock TpyOBI pacmoiioKeHa TOpH-
30HTAJIGHO U COBMECTHO C BEKTOPOM CKOPOCTH (DPH3HIECKOTO BaKkyyMma
JISKUT B BEPTHUKAIBHON MJIOCKOCTH, KOTOPYIO MPEACTaBISACT MIIOCKOCTh
pucynka. bygem moiarath, 94TO TOTOK (DYM3MYECKOTO BaKyyma, Aei-
CTBYIOIIUH CO CTOPOHBI BHEIIHEH TTOBEPXHOCTU TPYObI, HE IPUBOANUT B
JIBWKEHHE BaKyyM BO BHYTPEHHEH MOJIOCTH TPYOBI, MOCKOJIBKY 3TH Ya-
CTH TIPOCTPAHCTBA Pa3JielIeHbl METANTMUECKONH CTEHKOH TpyObl. (31ech
Y4TEHO YIMOMSHYTOE BBIIIE MpEeAroiokenne Mumiepa 00 3KpaHUPYIO-
EM JIEUCTBUM METALUIMYECKUX MOKPBITHM ONTUYECKUX IYyTEH HHTEp-
¢depomeTpoB [14].) TopusoHTadbHAST COCTABISIIOIIAS CKOPOCTH IOTOKA
¢usngeckoro Bakyyma Wh, neficTByIoIIas co CTOPOHBI OTKPHITOTO TOP-
11a TpyOBI, CO3/1aeT B TPyOE MBIKEHIE BaKyyMa CO CKOPOCTHIO Wpa .

0,95

wp(t)/wpa
o]
h

f iy ¢
Puc.2. U3meHenune BO BpeMeHU CKOPOCTH ABUKEHHS KMAKOCTH B TpyOe

CrnenmoBarenbHO, MeTaUIMYecKas TpyOa sIBISICTCS HAINpaBIstOIIEH
CHCTEMOH A7 IOTOKa (hu3mueckoro Bakyyma. [loBepHem TpyOy B ropu-
30HTAJIBHOM MIIOCKOCTH TaK, YTO €€ MPOJOJIbHAs OCh 3aHMET MOJIOKEHNE
MEPNEHANKYIAPHOE TUIOCKOCTH pHUC.] WM, YTO aHAJIOTMYHO — IEpIIEH-
JUKYJISIPHOE BEKTOPY CKOPOCTH (pU3MUYEecKOro Bakyyma. B sTom moio-
KEHHH 00a OTKPBITHIX TOPIa TPYObI HAXOSATCS B OAMHAKOBBIX YCIOBH-
AX 110 OTHOUICHHUIO K MOTOKY (PU3NYECKOro BaKyyMa, Ieperna] 1aBIeHus
Ap Ha oTpe3Ke TPyObI JIHMHOI |p paBeH HYIIO M B COOTBETCTBUH C BbI-
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paxkeHreM (5) CKOpPOCTh IBMKEHHS BaKyyma B TpyOe paBHa Hyimo. B
MOMEHT BpeMeHH lp moBepHeM TpyOy B MCXOJHOE IMOJIOXKEHHE. B aTOM
CJIy4ae OTKPBITHIC TOPIIBI TPYOBI HAXOAATCS B Pa3HBIX YCIOBHSIX 1O OT-
HOULICHUIO K MOTOKY (hM3M4ecKoro Bakyyma. ['opu3oHTanbHas cOCTaB-
nstrorast ckopoctd Wh co3macT Ha oTpes3ke TpyOBl mepernaj JaBIeHUs
Ap, mox AeWcTBHEM KOTOpPOrO B TpyOe OyAeT pa3BUBATHCS JIBHIKCHUE
(u3nIecKOro Bakyyma.

[IpormycTM BOJL OCH TPYOBI JIyd cBeTa. MOXHO 3amucaTh, 4TO
(a3a cBETOBOH BOJIHBI HA OTPE3KE JJIHHOMU |p M3MEHHUTCS Ha BETUYHHY

4

p=2xf1,V" | (11)

rae f— dwacrora smeKTpOMarHUTHOW BOJHBL, V — CKOPOCTb CBETa B
Tpybe. CornacHo MCXOAHOW THIIOTE3e CBOWCTBA (DU3UYECKOTO BaKyy-
Ma ONPEACISIIOT CKOPOCTh PACIPOCTPAHEHUS AJIEKTPOMATHUTHBIX
BoustH. W3 9TOTO Ciienyer, 4To eciik B TpyOe [utuHOM |y cymiecTByer mo-
TOK (PU3UYECKOTO BaKyyMa, CKOPOCTh KOTOPOT'O M3MEHSETCS BO Bpe-
MEHH, TO U (a3a CBETOBOM BOJIHBI Ha OTpe3Ke TPyOs! MTuHO# lp, OymeT
U3MEHSTHCS BO BPEMEHH B COOTBETCTBHU C U3MEHEHHEM BO BPEMEHHU
CKOPOCTH JBIDKEHHs (pusndeckoro Bakyyma Wy(t). Toraa BeipaxkeHue
(11) momyuuT BUI

pt)=2xfl,[ctw, o', (12)
rJie C — CKOpOCTh CBETA B (PU3NYECKOM BaKyyMme, HETIOIBHKHOM OTHO-
cutenbHO HaOmonarens. B Beipaskennn (12) 3Hak "+" mpuMeHHM, KO-
T/Ia HallpaBJIEHUE PAaCIPOCTPAHEHMsS CBETAa COBIAJAET C HAIpaBJICHU-
€M JIBIKeHUs (pu3ndeckoro Bakyyma B TpyOe, a 3HaKk "—", Korga 3Tu
HaIpaBJIeHHs MPOTHUBOIOJIOKHBI. Benmunna ¢ (f) Moxer ObITH U3Me-
peHa C MOMOIIBI0 ONTHYECKOTO HHTEpPEepOMETpa.

B mHacrosime#t paboTe ucmoib30BaHa cxema HHTephepomerpa
PoxxnectBenckoro [24]. Ha puc.3 mpencraBnena cxema uHTEpdepo-
MeTpa ¢ TpyOoil M MoKa3aHkl €r0 OCHOBHBIE Y3Ibl: 1 — OcBeTHTEND; 2 —
OTPE30K METaUTMIECKON TPyOBI; 3 — OKyisIp co mkaoit; Py, P2 — mio-
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CKOTIapaJuIeNIbHBIE TIONTYTIpO3padHble IUIacTUHBL, Mi, M2 — 3epkaina.
Xoq ydeii MoKa3aH TOJCTBIMU JMHUSIMU CO cTpenkamu. OuH U3 Iy-
Yyell cBeTa MPOXOJHT BAOJIL OCH TPYOBI M Ha PHCYHKE MOKa3aH IyHK-
THpHO# nuHue. JimuHa TpyOs! | ~ P1My. V3ner P, M1 u P2, M2 ycra-
HaBJINBAIOTCS MOMIAPHO MapaJljIebHO.

M, P,

M,

Puc.3. Cxema ontuuyeckoro unrepgepomerpa

Mi, M2 ycTanaBmuBaroTCs APYr OTHOCHTEIHHO ApPYyra Ha MaJbId
yrojl. YTIIsl i1, iz — YTJIBI MEXKIYy HOPMAISMH K TUTOCKOCTSM 3€pKail
My, M2 w nyyamu, mamalomMMH @~ HAa ~ HHX.  PaccTosHHS
PiM1=MyP2 =13, MiP, =PiM; ~1,. B kiaccuueckom cirydae, eciin
HE YYHUTHIBATh JABW)KEHUE (PU3NIECKOTO BaKyyMma, NeicTBre nHTepde-
poMeTrpa CBOIUTCS K cienyomemy. Jlyd cBera ¢ AIUHONW BOJHBI A
paznensiercs miacTUHOM P1 Ha NBa Jyda, KOTOpBIE MOCIIE OTPAKEHUA
oT 3epkail M1 u M 1 mpOXOXJeHuUs IIacTUHBI P2 oka3pIBatoTCs ma-
paUIETLHBIME C PA3HOCTHIO

das [24]
S =4rl X' (cosi, —cosi,) . (13)

Vruel i1, Iz ycTaHaBIMBAKOTCS MPU HACTPOIKe MHTEphepoMeTpa
Tak, 9YTo0bl B OKyJspe 3 HaOmronanacs MHTepQepeHMOHHAas KapTHHA.
(Y371 HACTPOMKHM Ha CXEME yCIIOBHO HE IMOKa3aHbL.) B HacTpoeHHOM
uHTEepdepoMeTpe BeIHuuHa O = const. B mpaBoii wactu puc.3 cemei-
CTBO CTPEJOK 00O3HAYaeT IBIKEHHE (PU3NYECKOro BaKyyMmMa CO CKO-
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pocteio Wh. Ecnm pasmectuTs y3mbl mHTEpdepoMerpa Ha TOPH3OH-
TaJGHOM BPAIIAIONIEMCsl OCHOBAHHUH, TO TAKOW MPUOOP MOXHO TOBO-
pauuBaTh B MOTOKE PU3MUECKOTO BakyyMma. OCh BpalleHHs MepIeHAH-
KyJISipHA TIOCKOCTH PUCYHKA M 0003Ha4YeHa Kak A

Paccmotpum geiictBue naTepdepomeTpa ¢ TpyOoi (puc.3) B mo-
ToKe (pn3ndeckoro Bakyyma. [lomoxkenne nonoc naTephepeHINOHHON
KapTHHBI OTHOCUTEIBHO LIKAIBI OKYJApa 3 ONpeaensercs: pa3sHOCThIO
(a3 mydeir cBera, KOTOPBIE PACIPOCTPAHAIOTCA TO MyTsM P1MoP> m
P1M1Ps.

[eiictBue natepdepomerpa ¢ TpyOOH, B YCTAHOBUBILEMCS PEXKH-
Me paboThl, HE OTJIMYACTCS OT JACUCTBUSA HHTepdepomerpa Poxne-
CTBEHCKOTr0. B 000mx nHTEphepoMeTpax MoJ0KEHHE IMOI0C HHTepde-
PCHIIMOHHOW KapTHHBI OMPENENsIeTCs HadalbHOW PasHOCThIO (a3 o.
HuTephepomerp ¢ TpyOOH, B yCTaHOBUBIIEMCS PEXHME PaOOTHI, HE
YYBCTBUTCJICH K CKOPOCTU ABHKCHUA (1)H31/I‘{€CKOFO BaKyyMa, U C I10-
MOIIBIO TAKOTO YCTPOWCTBA HENb3s MOKa3aTh HAIWYKAE WM OTCYT-
CTBHE ONTUYCCKOW aHHM30TPONUU TMPOCTPAHCTBA, OOYCIOBICHHOTO
JBIKEHUEM BaKyyMma.

—_

D(#) [ D(ty)
> o

<

Puc.4. CmemeHue noJjioc MHTepgepeHIIHOHHON KAPTHHBI B JHHAMUYECKOM pe-
JKMMe padoThl HHTep(pepoMeTpa

B nunamunueckom pexxume paboThl HHTEpHEpOMeTpa, U3MEHEHNE
BO BPEMEHH HOPMHPOBAHHOW BEIWYHMHBI CMEIICHUs IOJIOC MHTEpde-
pennmonnoi kaptuabl D(1)/D(to) 6yner uMeTs BUI, MPEACTaBIEHHBII
Ha puc.4. PucyHOK 4 WIMIOCTpUPYET CAETaHHBIM BBIIIE BBIBOJ, YTO
uHTEpPEepoMeTp C TpyOOil, B AUHAMHYECKOM peXnMe paboTbl, dyB-
CTBUTEJIEH K CKOPOCTHM IBHMKCHMS BHEIIHEro IOTOKAa (hU3MIECKOTro
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BakyymMa Wh, M C IOMOIIBIO TaKOro YCTPOHCTBA MOXKHO IIOKa3aTb
HaJIM4ME WIN OTCYTCTBHE ONTHYECKOH aHM30TPOIIMHM MPOCTPAHCTBA,
00yCJIOBIEHHOTO TakuM JBWKeHueM. M3 puc.4 u Boipaxkenus (22)
CJeyeT, YTO €CJIU B MOMEHT BpeMeHH to U3MEPUTh BEIMUUHY CMeEIlle-
Hust ostoc D(to) OTHOCHTENIBHO MX HAYAIBHOTO MOJOXKEHHS Ha HIKaJe
OKyJIsIpa MHTEp(EPOMETPa, TO MOKHO HAHTH CKOPOCTh ABMXKEHHUS (Hu-
3ndeckoro Bakyyma Wh

W,=%D(ty) c 21, (24)

Bripaxenus (22), (24) u puc.4 WLIIOCTPUPYIOT pPEATN3yeMOCTh
MIPEJI0KEHHOTO METO/Ia MPSIMOT0 U3MEpPEHUs] aHU30TPOIIUN CKOPOCTH
CBETa, B KOTOPOM He TpeOyeTcs, Kak B uHTepdepomerpe Malikeabco-
Ha, BO3BpAIIaTh Jy4Y CBETa B UCXOJHYIO TOUKYy. B BeIpaxkeHwmm (22)
u3MepsieMasi BennunHa D mpomoprpioHansHa NepBOi CTENEHW OTHO-
HICHUS] CKOPOCTH (PU3UUECKOTO BaKyyma (BEMYMHBI aHU30TPOIINH) K
ckopoctu cBeta (Wh/C).

CrnenoBaresibHO, MPEJIOKEHHBIE METOJ U YCTPOMCTBO SIBJISIOTCS
METOZOM U YCTPOMCTBOM IIEPBOrO NOPSAJKA JUIS IPSIMOTO U3MEPEHUs
AQHU30TPOIHHU CKOPOCTHU CBETA.

CmpykmypHaa cxema usmepumesbHo20 yCmpoucmea

CxeMaTHYECKUIl PUCYHOK M3TOTOBJIIEHHOTO MHTEpdepomMeTpa mo-
Ka3aH Ha pHc.5 (BUJ CBEPXY). 34ech cOXpaHeHbl 0003HAYCHUSI OCHOB-
HBIX Y37I0B, MpUHATHIE Ha puc.3. JlomonmHUTENnbHO MoKazaHbl: 4,5 —
y3JIbl HACTPOUKU MHTephepomeTpa; 6,7 — CTOWKM AJIsl KpeIUleHHus o-
JIYNpO3pavyHbIX IUIACTHH M 3epkKai;, 8 — pama umHTEepdepomerpa; 9 —
HCTOYHUK MUTaHUSA ocBetHTelss; 10 — BKIOUYaTeab ocBeTutens; 11 —
y3eJ KPeTUICHUs OKYJIsApa; 12 — TeITOn30IMPYIOHA KOXYyX (paspes);
13 — cheMHas CTEHKa KOXKyXa CO CTOPOHBI OKyJsipa. Pama 8 u3roros-
neHa u3 crtanpHoro npodwis I — obpasznoro cedenws. TommuHa cTe-
Hok mipoduiist 0,007 M. Beicora npodust 0,02 m. [Inmunaa pamsr 0,7 M,
mmpusa 0,1 M. Y3iel uHTEpdepoMeTpa yKperieHbl Ha MIIOCKOW TOo-
BEpXHOCTH pambl. CTONKM 6 M 7 M3rOTOBJIEHBI U3 NPSIMOYTOJIBHBIX
MeaHBIX TpyO ¢ BHyTpeHHHM cedenreM 0,01 m x 0,023 m. JIyuu cBeta
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NPOXOAAT BHYTpH 3TuX Tpyd. Paccrosume mexmy mydamu PiM: u
M;:P- paBro 0,12 M. Ha croiikax, B Toukax P1, P, ycTanoBieHs! moiry-
Ipo3pavyHble IUIACTUHEL, B TOUkax M1, M2 — 3epkaina.

4 M 6 8 7 P> 5 3

Puc.5. Koncrpykuust untepgpepomerpa

B usrorosnenHoM uHTEphEpOMETpE B KaUecTBE MOTYIPO3PAYHBIX
IUIACTUH HCHOJIb30BaHbl IUIOCKONApa/UICIbHBIE CTEKJIA TOIIIMHOM
0,007 M. Crexia u 3epKasia yaepKHBalOTCS Ha CTOMKax 6 U 7 ¢ oMo-
mpio mpyxuH. CTekna, 3epkaja W y3/Ibl UX KpervieHHs Ha pHc.S
YCIIOBHO HE MOKa3aHbl. Y31bl 4 U 5 MO3BOJSIIOT U3MEHATH MOJIOKEHHUE
CTOeK 6 1 7 B ABYX B3aMMHO NEPIEHAUKYJSPHBIX IUIOCKOCTAX. Tpy-
0a 2 cranbHas ¢ BHYTpEHHUM pajguycoM a, = 0,0105 m. JInuna TpyOsI
I, = 0,48 M. ¥Y311bI KperieHust TpyObl YCIOBHO He MOKa3aHbl. B kaue-
CTBE OCBETHUTENsSI NMPHUMEHEH IOJYNPOBOIHUKOBBIN Ja3ep ¢ IJIUHOMN
BOJIHBI A ~ 6,5:107 M. Okysisip 3 CO MIKaIO¥ MO3BOJISET U3MEPUTH MH-
HUMaJIbHOE CMELICHHE TO0I0C HHTEP(EPEHIMOHHON KapTHHbI BETUYHU-
HOM Dmin = 0,05. OnTudeckue MyTH pPaCIONOKEHBI MapayljIeIbHO
II0CKOCTH pambl. Ha puc.6 mpeacraBieH (pOTOCHUMOK HHTEphEpo-
MmeTpa. CHATBI BepXHUI 1 OOKOBBIE (hparMEeHTHI 3aIIMTHOTO KOXyXa. B
paboueM TOJOKEHUH HHTEP(EPOMETP TOJHOCTHIO 3aKPHIT KOXKY-
xoM 12 ¥ pa3MelieH Ha IPEAMETHOM CTOJE€ W3  JAUAJIEKTPUYIECKO-
ro Martepuana TommuHou 0,02 M. TloBopoTsl mHTEpdepomerpa
o0ecreynBaIoch € IMOMOIIBI0 MOBOPOTHOTO YCTPOMCTBA, PacIoio-
’KEHHOTO MEXJTy MPEeIMETHBIM CTOJIOM M oropoil. KoHcTpykius omo-
pBl o0eclieurBacT yCTaHOBKY HHTepdepoMeTpa B TOPHU3OHTAIBLHOE
MIOJIOKEHHE.
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Puc.6. ®oTrocHuMoOK uHTEepdepomeTpa

Koxyx 12 u3roToBiieH u3 K€CTKOTO BCIIEHEHHOTO TETIOM30JIALIH-
OHHOTO MaTepuajla U B IOINEPEYHOM CEUEHUH NPEACTaBISET cOoOOi
OPSAMOYTOJIBHYIO TpyOy C BHYTPEHHHMH pa3MepaMu: I[IUpUHA
b, =0,22 M, BeicoTa he = 0,11 M, muuna | = 0,8 M. Tonmmua creHOK
koxyxa 0,06 M. CreHka 13 M3roToBiieHa U3 MSTKOTO TEIJIOU3O0JIALIM-
oHHoro marepuana. Ha puc.7 nokaszan gorocHuMok unrepdepomerpa
Ha W3MEpPUTENBbHOM IyHKTe. BunHbel omopa, Kpyr MOBOPOTHOTO
YCTPOMCTBA, TPEAMETHBIH CTOJ W WHTEPPEpOMETp B 3AIIUTHOM KO-
KyXe.

Puc.7. UuTepdepomerp Ha U3MEPUTEIbHOM NMYHKTE
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OT™MeTM 0COOCHHOCTH PaOOTHI M3TOTOBIICHHOTO HHTEPPEPOMET-
pa. B ornmmume OT cxeMbl, MPUBEICHHOW Ha pHC.3, peanbHas KOH-
CTPYKLHS COACPIKUT KOXKYX 12, KOTOPBII MOXKET CyIIECTBEHHO BIIUSITh
Ha paboty mHTepdepomerpa. PaccMoTpuM nBHkeHHE (DU3UIECKOTO
BaKyyMa CKBO3b MaTephasl KoXyxa 12, Kak JBIKEHHE ra3a CKBO3b
TIOPUCTYIO CpEeay, YTO MO3BOJISIET NPUMEHHTH MOJOXKEHHUS TEOpHUHU
¢unsTpanuu [25]. Ilycte Ha puc.5, crpaBa HalleBO, IBUKETCS MTOTOK
¢u3ngeckoro Bakyyma. B moToke ycioBHO BbieTHM TpHu yacTh. llep-
Bas 4acTh JBIDKETCS 3a MpejaesiaMHu Koxyxa 12, Bropas — BHyTpu 00-
KOBBIX CTEHOK KOXyXa, TPEThsI IPOXOAUT 00€ TOPIIEBHIE CTEHKH KO-
J)KyXa U ABUXKETCS BO BHYTPEHHEW IOJNOCTH KOKyxa. M3BECTHO, 4TO
ckopocth  ¢unbTparmu Wi ompenenseTcs 3akoHoM Japcu
Wi=kih, L™, rne ki— omnmpuueckuii xospduiment ¢unsrpanuu;
h, — Hamop, TepsiemMbiii Ha MHe myTH ¢QuiabTpanuu L. CoriacHo 3a-
koHy Jlapcu ckopocTh IOTOKA MpH QUIBTPallii OOpaTHO MPOIIOPIHO-
HaJbHA JJIMHE TyTH GUiIbTpanui. MOXXHO BUAETH, YTO U3 TPEX BBIJE-
JICHHBIX BBINIE YacTel MOTOKAa (U3WYECKOTO BaKyyMa HaWMEHbINEH
CKOpPOCTBIO 00JIafiaeT BTOpAasi 4acTh, JBHXKYIIASACS BHYTPU OOKOBBIX
CTCHOK KOXYXa, TOCKOJIbKY OHA HMMEET HAuOOJBINYI0 UIMHY MyTH
¢unpTpanyum L, paBHyr0 umHe Kokyxa. CoriacHo ypaBHeHHUIO bep-
HYJIJIM, B 4aCTH IIOTOKa rasa, ABMIXYIIETOCA C MEHBIIENH CKOpPOCTEIO,
nasjieHue HaubombInee [22,23]. CieoBaTelbHO, B 4aCTH MOTOKA (H-
3MYECKOTO BaKyyMa, JTBUKYIIETOCS B TOJIIIE OOKOBBIX CTEHOK KOXKYXa,
JTABJICHHUE BBIIIe, YeM B NPUISKAIIMX YacTAX MOToKa. Takas 4acTh
IMOTOKA, C MOBBIIICHHBIM BHYTPCHHUM AAaBJICHHUEM, BBIIIOJIHACT POJIb
CTEHKH TPYOBI, KOTOpasi, 10 OTHOLICHHUIO K KOXKYXY HHTep(epoMeTpa,
paszensieT MOTOK (U3MYECKOr0 BaKyyMa Ha BHEIIHUN U BHYTPEHHHM.
Otcrozia cieyeT BbIBOJI, BaXKHBIH IS JallbHEHUIIero aHain3a paboThl
M3TOTOBJIEHHOIO MHTEpdepoMeTpa — 3alIUTHBIA KOXYyX HHTEphepo-
METpa, U3rOTOBJICHHBIN W3 TOPUCTOTO JUIJICKTPHUECKOTO TEILIOH30-
JUPYIOUIETO MaTepualia, 10 OTHOUICHHUIO K IMOTOKY (PM3HYECKOro Ba-
KyyMa HUCIIOJIHSIET pOJib Hampasisitoield cucremsl. (PesymbraTsl sKc-
HepHMeHTaJ’ILHOﬁ IIPOBEPKHU 3TOI0 IMPEAIIOJIONKEHUA ITPUBEACHBI HUXKE
B pazzene "ucnsiTanue mHTepdepomeTpa”.) B TakoMm cirydae, BHETI-
HUM [0 OTHOLICHHIO K TpyOe 2 MOTOKOM (PU3MYECKOTrO BaKyyMa clie-
JIyeT CUUTATh JIBIXKCHUE (PU3MYECKOT0 BaKyyMa BO BHYTpEHHEH MOJI0-
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CTH KOXyxXa 12, B KOTOpOii, Kak U B TpyOe 2, Ha4MHAas1 ¢ MOMEHTa 1o,
OyZIeT pa3BUBATHCS JABIKEHHE (PH3MUECKOTO BaKyyMa.

Ha puc. 8 B HOpMUpOBaHHOM BUAE MPEICTABICH PE3yJbTaT pac-
yeta 3aBucumoctu D(t)

tot t
b |

Q0,50 ! 1
5 | |
0 - - - - - - - - - - I

0 5 10 7.sec

Puc.8. U3meHeHune cMelieHHs 110J10C HHTepgepeHIHOHHON KAPTHHBI BO BpPeMEHH

Oxwunaemas [UIMTEIHHOCTh TUHAMHYECKOTO peXXUMa pabOThl WH-
tepdepomerpa tg ~ 10,3 cex. Benmuunbl D(tn) u t¢ B mpemioxkeHHOM
METO/Ie M3MEPEHUs SBISIOTCS M3MepsieMbiMu. U3 puc. 8 cnemyer, 4to
JUISL BBITIOJTHEHUSI OJIHOPA30BOTO W3MEPEHHs BEJIWYMHBI CMEIICHUS
nosioc uaTepdepeHnnonHoi kaptuubl D(tm) TpeOyercst Bpems tsp = tm.
CoOTBETCTBEHHO JISI OJTHOPA30BOTO U3MEPEHHUS JITUTEIFHOCTH JIUHA-
MHYECKOro pexuMa paboThl uHTepdhepomeTpa tq TpeOyercss Bpems
tsd = tg. OTHOCHTENBHO Mallble 3HAYSHHS JIUTEIBHOCTH OJTHOPA30BBIX
usmepenuii BesuarH D(tm) U ty cymecTBeHHO 00JeryaroT TpeOoBaHUs
K TapameTpam TeIUIOBOW 3amuThl nHTepdepomerpa. CorjiacHO puc.8
TEIUIOBAs 3alUTa JOJDKHA OBITh TAKOH, YTOOBI IPH U3MEPEHUSX BEIH-
gkl D(tm) ckopocTh TemmnepaTypHoro apeida monoc uHrepdepeH-
IMOHHON KapTuHBI Vp He TpeBbimana 3HaueHust Vp = Dmin/ tsp, wiun
Vp < 0,06 nonocel/cek, a Ipu U3MEPEHHSIX JUTUTEIBHOCTH JHHAMUYE-
CKOI'o pekuma pabotsl mHTEpPepomerpa ty BenuurHa Vp He I0JDKHA
npeBbimarh 3HaueHust Vp = Dmin/ tsq, i Vp < 0,0048 mosocs/cek.

HcnbiTanue nntepdepomerpa. lcnbiTanus BKIOYaTd B cels
CTaTMYECKUE M TUHAMMYECKUE HCIIBITAHUS KECTKOCTH KOHCTPYKLUHU
M3TOTOBJICHHOTO HHTEp(hepoMeTpa M yCTOHYMBOCTH MHTEepdepomeTpa
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K TEIUIOBBIM BO3A€HCTBUSAM. Ha 3aKiIrOYMTENHOM 3Tale UCHbITAHUN
M3MEPEeHO 3HAYCHHE KMHEMATHYECKOW BSI3KOCTH (PH3MUYECKOTO BAKYY-
Ma, 4TO MO3BOJMJIO IKCIIEPUMEHTANBHO yYTOUYHUTH METPOJIOTHYECKHUE
CBOICTBa HHTEpHEepOMETpa.

Kectrocts mHTEphEepomerpa mpoBepeHa aByms crmocodamu. [lo
TIEPBOMY CITOCOOY MHTEp(EpOMETp yCTAaHABIMBAJICS Ha TBEPIIOH TO-
pHU3OHTaNBHOM moBepxHocTH. OIUH U3 KpaeB pamMbl OJAHUMAICS Tak,
YTO YToJl HAKIIOHA TUIOCKOCTH PaMbl K IJIOCKOCTH MOBEPXHOCTH JO-
cturai ~ 20°. B TakoM MOJI0OXKEHUH PaMbl CMEIICHUE MOJIOC HHTepdhe-
PEHIIMOHHOW KapTHHBI, OOYCIIOBICHHOE YIPYTUMH aedopMarusMu
uaTephepometpa, He npebimaino 0,3 momocs! (D < 0,3). Ilo BTOpoMy
croco0y JKeCTKOCTh MHTEepdepoMeTpa MpoBepsIach B COOpaHHOM BU-
Je, B pabodeM MOJOXKEeHUHU. YTIbl HakjIoHa uHTepdepomerpa mo 10°
CO3/IaBAUIUCh HAKIIOHOM TIPEIMETHOTO CTOJIa. 3aMETHOTO CMEIEHHS
nonioc He Habmonanock. ClieZloBaTeNbHO, B YKAa3aHHBIX Mpeaeiax u3-
TOTOBJICHHBIH WHTEp(epoMeTp HE YYBCTBHUTENECH K OIIMOKAaM €ro
YCTaHOBKH B TOPU30HTAIILHOE TTOJIOKEHHE.

[IpoBepena ycToitunBOCTE MHTEpPHEPOMETPA K YAAPHBIM HATPY3-
kam. Jlerkue ynapel mo paMe uHTephepoMeTpa, MPEAMETHOMY CTONY H
OTI0pe BBI3BIBANIN JIPOKAHKE MOJIOC HHTEP(HEPEHIIMOHHON KapTHHBI Ha
MIPOTSHKEHUU JToNiel cekyHabl. [lpu aTom mHTEpdEepeHIIMOHHAs KapTH-
Ha He pa3pymanack. [locne npekpamieHns yaapHpIX Harpy30K MOJIOCHI
COXPpAaH:;IM HaYaJIbHOE MOJIOKEHHE.

HcnbiTanus uHTepdepoMeTpa Ha MECTHOCTH, BBIODAHHOW st
SKCIIEPUMEHTAIIBHBIX HCCIIeIOBaHUM, TTOKa3an clieayromiee. JIBike-
HUE TIEMEXOJ0B M JIETKOBBIX aBTOMOOWieH B 20 MeTpax OT MecTta
YCTaHOBKH MHTEpdepoMeTpa U TepelBuKeHre HabIroIaTelNsi B HEIo-
CPEACTBEHHOH OJM30CTH OT MECTa YCTAaHOBKU HE BBI3BIBAJIO 3aMETHO-
ro CMEILEHHS WK APOXKAaHUSA MOJI0C. B BeTpeHyro moromy, npu cKopo-
CTH BeTpa a0 6 M/cek, MHTepepeHIMOHHAs KapTHHA YCTOHYMBA.
CrnenoBarelibHO, MECTHOCTh, BBIOpaHHAS JUIS pa3MeIlleHHs W3MepH-
TEJILHOTO MYHKTA, NMPUroIHA AJISl MPOBEACHUS CUCTEMATHYECKHX H3-
MEpPEHHIA B ONITHYECKOM JIMAITa30He BOJIH.

TemnoBble WCTIBITAHNSA HHTEPPEpPOMETpa B HATYPHBIX YCIOBHAX
NpOBENIEHBl B JIETHEE BpeMs roja, B 0e3005auHyio morogy. 3axaBa-
Jach pa3NuyHas OpHeHTauusl uHTepdepomMeTpa mo a3umyTy. B Hemo-
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JIBUKHOM TIOJIOKEHHUH WHTep(hepoMeTp HarpeBasicsi COTHEYHBIM U3IY-
yeHneM. 3a BpeMs 30 MUHYT CMeleHHe TTOJI0C He MPEBHIIIaio 3Hade-
aus D = 0,35 (Vo = 0,0002 nonocei/cex). CraenoBaTenbHO, KOHCTPYK-
1ust nHTEp(depoMeTpa 1 Ka4eCTBO €0 TETUIOBOW 3aIIUTHI TAKOBEI, YTO
TIO3BOJIAIOT BBIMOJHATH B HATYPHBIX YCIOBHSX OIHOPa30BbIE M3Mepe-
HUS, C IITUTEITHFHOCTHIO MPOIEAYy Pl M3MepeHus 1o 250 cek, uTo cyie-
CTBEHHO IIPEBHIIIAET TPeOyeMyI0 ITUTEIBHOCTh MPOLEAYPHI OJHOPA-
30BOro M3Mepenus (= 15 cex).

[lpuHOMTT nMEeHCTBUS MeTOoNa M3MEPEHHUS TO3BOJIMI BBITTOTHUTH
JUHAMHYCCKUE UCTIBITAHHS JKECTKOCTH KOHCTPYKIIMH MHTEP(PEPOMET-
pa B pabouem monoxxeHuu. [Ipn 3TOM mpoueaypsl UCTIBITAHUI HE OT-
JUYAIUCh OT MPOLEAYP HNPHUHIATOH METOAUKUA uzMepeHuil. CylHOCTh
UCTIBITAHUI 3aKiodaercst B cienytomeM. [lycte B mHTEpdepomerpe
KOKIBIA U3 JIy4el CBeTa MPOXOAMT BAOJIb OCeH TPyO ¢ PaBHBIMH I'€0-
METPUYECKUMH pa3MepaMu. Torga B TMHAMHUYECKOM pEeXHMe PadOTHI
uHTEepepoMeTpa MPOLECCH YCTAHOBICHHS JBMKEHUH (PU3MYECKOTO
BaKyyMa B KaX/IOH W3 Takux TpyO HIEHTUYHBEL. B 3TOM ciryuae, co-
TJIacHO BeIpaxeHHI0 (36), BenMUMHA CMEMICHUs NOJoC MHTEepdepeH-
MOHHON KapTuHbl D(t), M0o/mKHA PABHSTHCS HYJIO M 9TO JOJDKHO BbI-
MOJIHATHCS TPU JAOCTATOYHOM JKECTKOCTH KOHCTPYKIMH. VcmbITaHus
BBHITIOJTHEHBI B HATYPHBIX YCIOBHUSAX B Pa3lIMYHBIX CE30HAX roja U B
pasiuyHOe BpeMs CyTOK. llpuMeHsunch TpyOBl paBHBIX T€OMETpHYe-
CKHX pa3MepoB, U3TOTOBJICHHBIE KaK U3 OJHOPOAHBIX, TaK U U3 pa3Ho-
POJHBIX MaTepuaioB (METail, HEMPO3PAUYHBIA JTUIIEKTPUK, CTEKIIO).
Bo Bcex ciyuasx mocie moBopora WHTephepoMeTpa 3aMEeTHOTO CMe-
IIeHUA TOJI0OC WHTep(EepEeHLMOHHON KapTUHBI He HaON0Janoch. 3a
UCKJTFOUCHHEM TONBITOK TPUMEHEHUsS] PE3KOoro, Hecreruduieckoro
TIpEeKpalleHnss BpalleHus HHTepdepoMeTpa, C IEelbl0 HaOI0IEHUS
a¢dexToB ynpyroi nedopManuu KOHCTPYKIMU HHTEpdepomerpa. B
TaKMX MOMIBITKaX HAOIIOMAIOCh CMelleHne noyoc BeauunHon D < 0,2
Ha TPOTSHKCHUU JI0JIel CEKYHJBI, TIOCJIe YEeTOo IOJIOCHI 3aHMMAJH HC-
XOJIHOE TOJIOXKeHre. Pe3ynbTaThl JUHAMHUYECKUX UCIIBITAHHN TIOKa3a-
JIM, YTO ECTKOCTh KOHCTPYKLIMH HM3TOTOBICHHOTO HMHTEpdepoMeTpa
JIOCTATOYHA JUIS BBIMIOJIHEHUS MPOIETYP, MPEIyCMOTPEHHBIX METOIH-
KOW MpoBeleHus1 u3MepeHni. BaxkHbIM pe3ylbTaTOM 3TOrO 3Tana uc-
MBITAHUH SBUJIOCH 3KCIIEPUMEHTATBHOE TOJITBEPKACHUE TIPEICTaBIIC-
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HUSL, YTO VI IIOTOKOB (PU3UUECKOro BaKyyMa TPyObl, H3TOTOBJICHHbIE
U3 IU3JIEKTPUKOB, MOTYT SIBISTHCS TAaKUMH K€ HANpPaBIIFOIUMU CHU-
CTeMaMHU, KaKk 1 METAJUIMYECKHE TPYODI.

JuHamMuueckue WCIBITaHUS WHTEpPepoMeTpa ¢ AByMs TpyOamu
PaBHBIX Pa3MEpPOB IO3BOJIMIM CHSITh NPEAINOJIOKEHUE O BO3MOXKHOM
BJIIMSHUM BHYTPEHHUX TeMIIEpaTypHbIX 3(GHEKTOB Ha Pe3ynbTaThl U3-
MepeHuid. Tak, MOKHO TPEANONOXKUTh, YTO B HATYPHBIX YCIIOBHUSX
OTIeNbHbIE y37Ibl MPHOOpa MOTYT UMETh Pa3IM4HbIE TEMIIEPATYpBHI.
Bcnenctue 3T0ro, B AMHAMUYECKOM PEXHUME PaOOThI, HOTOKH BO3Y-
Xa BHYTPH KOXXyXa, B pa3HbIX YacTSIX MpuOOpa, MOTYT MpHOOpeTaTh
Pa3INYHYI0 TEMIIEPaTypy, YTO MOXKET MPHUBOIUTH K OIIMOKAM HM3Me-
peHuil. Pe3ynpTaThl HCOBITAHUHN [TOKA3aJId, YTO €CJIM CAEIaHHOE Mpe-
MIOJIOKEHUE U UMEET MECTO, TO BIHMSHHE €ro Majo M JICKHUT 3a TOpo-
T'OM YyBCTBUTEIBHOCTH M3TOTOBICHHOTO HHTEphEpOMETpa.

JuHamuueckue WCObITaHUS HHTEpdepoMeTpa MOATBEPAMIN W3-
BECTHBIH pe3yJbTaT, YTO IBM)KEHHE OJAHOPOJHOIO IOTOKAa BO3IYyXa B
ONTUYECKUX MYTAX HUHTEepepoMeTpa HE NPUBOJUT K 3aMETHBIM
ommnbOkam uzMepernuit [20]. Tem He MeHee, Oblila BBHIIOJHEHA OIICHKA
MaKCHUMaJIbHO BO3MOXKHOTO 3HaueHHs Takoi ommuOku. llpeamonara-
JIOCh, YTO BO3AYyX € MokasareneM npenomienus N = 1,0004 neuxkercs
co ckopocthio V = 10 m/cek Tonbko B 0JfHON TpyOe mHTEepdepomeTpa
(3HavueHre BeMUYrHBI V B34TO CYIIECTBEHHO OOJbIe okugaeMoro). C
yuetom kod(hduimenta yeiedenns Openenst K = 1-n? moxkHO modty-
YHUTh, YTO CMEIICHHUE TI0JIOC HHTEP(PEPEHIIMOHHOM KapTHHBI, 00yCI0B-
JICHHOE TaKuUM JIBWKEHHEM BO31yXa, HE MPEBbIIIAeT 3HAYCHUS
D~ 3,5:10°% uro B 14000 pa3 MeHbLIE MHHUMAILHO BO3MOXHOTO
HabmrogaeMoro 3HadeHust Dmin = 0,05.

3aKITFOUNTENbHBIN 3TAll UCIBITAHUN TPEACTaBIsUI COOOH yCTaHO-
BOUYHYIO CEPHIO M3MEPEHHH, BHIIIOJIHEHHYIO C 1I€JbI0 YTOUHEHUSI MET-
POJIOTMYECKHUX CBOMCTB MHTepdepoMeTpa. DKCIEPUMEHTAIbHO yCTa-
HOBJICHO, YTO IOCJIe OKOHYAHHS JTMHAMUYECKOTO pekuMa padoThl WH-
TepdepomeTpa He HAOIIOAATOCH 3aMETHOTO CMEUICHHS MOJIOC UHTEP-
(epeHIIMOHHOM KapTHHBI OTHOCHUTEJIFHO MX HAYaJbHOTO IOJIOXKEHHS,
T.e. BemMuMHA cMereHuss monoc D(t)i. ~0. Takoil pesynbraT He
npotuBopednT npeamnonoxkenuaM (17) u (34) o manom compoTHuBIie-
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HUU TpyO MHTEpPEpOMETpa IBIKEHUIO (PU3NIECKOTO BaKyyMa BHYTPH
3THX TpyO. B 3TOM ciiyyae MOXKHO CUUTATh, YTO

W, (O W (O = W, (37)

Hpyrumu cmoBamu BelpakeHne (37) moKasbIBaeT, 4To B YCTaHO-
BUBILIEMCSI pexkuMe paboTsl uHTepdepomerpa (mpu t—>0) ckopocTu
JBIDKCHUS (PU3HUECKOTO Bakyyma B TpyOax Wp(t) u We(t) cronp maino
OTIMYAIUCH APYT OT APYyra U OT CKOPOCTH BHewHero noroka Wy, 4ro
3HAYCHHUEC BCIIMYUHBI D JIC)KAJIO 3a MOpPOromM 4YyBCTBUTCIIBHOCTU HH-
Tepdhepomerpa. ITOT IKCHEPUMEHTAIIBLHBIA Pe3yJIbTaT ObUT HCIOJIB30-
BaH TpHW BBIBOJIE cOOTHOIIeHHs (18). Pe3ympTaThl 3aKIFOUUTENHHOTO
JTana WCMBITAaHUH W3TOTOBJICHHOTO MHTEepdepoMeTpa MmoKazalv, 4To
u3MepeHHble 3aBucumoctd D(t) He mpoTHBOpeyYaT MCXOTHBIM TEOpe-
TUYECKUM HPEACTaBICHUSIM O JEHCTBUHM METOJa U3MEPEHHs, KOTOPbIE
noka3ansl Ha puc.8. Tak, m3MepeHHOe 3HaYeHHEe BETUIUHE In = 1 cexk;
M3MEpPEHHbIE 3HAUEHUs! AIUTEIbHOCTH JUHAMHUYECKOTO peskuMa pado-
Thl uHTepPepomerpa Jexanmu B mpenenax tg=~ 10...13 cex. HeomgHo-
3HAYHOCTh U3MEPEHHBIX 3HAUCHUH BEIIMYUHBI g 00YCIIOBIICHA, IPEXKIC
BCE€TO, TPYAHOCTAMH BU3YAJIBHOI'O OTCUETA MAJIBIX 3HAUCHUI MCEAJICH-
HO M3MEHSIOLIeics BelnurnHbl D B KOHIlE TUHAMHUYECKOTO PEXHMA,
T.c. Ipu t = tg.

PesynbpraThl UCHIBITAHUH TOKa3and, YTO B paMKax MPUHITON Me-
TOJIUKY TIPOBEACHUS U3MEPEHUI NHTEpPEpOMETP YCTOHYMB IO OTHO-
MICHWIO K MECXaHUYCCKHUM U TCIIJIOBBIM BO3)IGI>'ICTBPI$IM.

MeTtoanka u3MepeHnid. lI3MepUTENbHBIN MYHKT pacloioXeH B
13 kM OT ceBepHOI OKpauHbI . XapbkoB. Ha myHKTE 000pYA0BaHO N1BE
no3uiuu. Ha mosuiiuu Nel wHTEpepoMeTp ycTaHABIMBAJICA HA BbI-
cote 1,6 M Hax mMoBepXHOCTHIO 3eMin. Ha moswmmmm No2 Ha BBICOTE
4,75 M. Hannume Takux JBYX MO3UIHIA TPEOOBAIOCH JIsi HAOIIOIEHUS
"3¢exra BeicOTHI". V3MepeHHs OCYIIECTBISUIHCh UKINYecKu. Jlmu-
TEIBHOCTh OJHOTO LMKJIa 25-26 yacoB. B Teyenue ogHoro Mecsua
BBIMOJIHAIOCH 2—4 nukia. Kaxaplii Huki comepkall Cleayroniue mpo-
neaypel. aTEpdepoMeTp ycTaHABIUBAJICS HA IMO3WIUU, TaK YTOOBI
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IUIOCKOCTh €r0 BpalleHus Oblia ropu3oHTanbHOH. Ilocne ycTaHoBku
UHTEPPEPOMETP BBIACP)KUBAJICS B HOBBIX TEMIIEPATYPHBIX YCIOBHUSX B
TEYCHHE OJHOTO yaca (mpuOOp XpaHWJICS B MOMEIIEHUH). Pa3oBbril
OTCYET HM3MEpSEMbIX BEIUYMH BBHINONHSIICA MO CIEAYIOUIEH cxeme.
[IpomonbHas ock uHTEp(PEpPOMETpa YCTaHABINBAIACH BAOJIb MEPUIM-
aHa, Tak 4TO OCBeTHTENh | ObLT oOpameH Ha ceBep. B TakoMm mcxon-
HOM TMIOJIOKEHHH, B YCTAHOBUBIIEMCS! pexxume paboTel MHTEpdepo-
MeTpa, HaOJoAaTeNb PEerucTpUpOBajl HayaJbHOE IOJO0XKEHUE II0JI0C
UHTEPPEPEHUMOHHON KapTUHBI OTHOCHTEIBHO LIKAJIBI OKYJIsipa. DTO-
My Ha4aJbHOMY MOJIOXKCHHUIO IMOJIOC MPHUCBAaUBAIOCH 3HAYCHUE BEIIU-
ynHbel D = 0. 3aTemM HaOMOAaTeNnb MEHSUT CBOIO MO3HUIHMIO — 3aHUMAI
MecTo y ocBetutens. MHTepdepomerp moBopaunBaics Ha 180°. Ilo-
BOpPOT BBIMOJHSJICS 32 BpeMsSl OKOJIO Tpex cekyHHI. [Ipu moBopote
JBIKEHHE (DU3MYEeCKOro BakyyMa B TpyOax mpepbiBasiock. MuTtepde-
POMETp HEepeXOonwl B TUHAMUYECKUN PEXHUM PabOThI, KOTOPHIA OIH-
ceIBaeTcs BhIpakeHHeM (36). B numHamudeckoMm pexxnme pabOTHl WH-
tepdepomerpa, HaOIOIATENh OTCUMTHIBAI MaKCHMAaIbHOE 3HAYCHUE
cmettenust mojoc D(tm) 1 Bpemst Bo3BpaTa mosoc tg K uX HayaaIbHOMY
nojoxeHuto. 1o ucreuennn Bpemenu ty HHTEpHEpPOMETp NEPEXOANT B
YCTaHOBUBIIMKCS PEXUM pabOTHl U TOBOPAYMBAIICS B MCXOJHOE MO-
noxeHue. B Teuenue BpeMeHH OfHOTO M3MepeHus (10 10 MUHYT) BBI-
TOJHSJIOCH 5—7 Pa30BbIX OTCUETOB M3MepsieMbIX BenmuuuH. CpenHee
3HaYCHUE OTCUETOB NMPUHUMAJIOCH 33 U3MEPEHHOE 3HAUY€HHE BEIUYMH
D(Tm) u ta, rme Tm — cpeHee COTHEYHOE BPEMsi H3MEPEHHSI.

Oo0padoTka pe3yJbTaToB U3MepeHMii. Pe3ynbraThl m3mMepeHuit
npescTaBieHsl B Bujae Tabnui Benuuud D(Tm). DTH JaHHBIE UCTIOINB-
30BAINCH JUIS BBIYUCIICHUS 3HAYCHHWH aHH30TPOIHUU CKOPOCTH CBe-
ta Wh. BbIunciieHHs BBINOJHEHBI C IOMOIIBIO BbIpakeHwUs (42).
HanpHeiinmas o0paboTKa BKIIIO4aia B ce0sl cTaHIapTHBIE MIPOLETYPHI,
NPUHATHIE TTPU 00pabOTKe pe3ynbTaToB dKcnepumMenTa [26]. [Tpu sTom
BBIYUCISUIMCH: U3MEHEHNE BEJIMYMHBI aHU30TPOIHU B TEYEHHE CYTOK;
cpelHee M3MEHEHHE BEJIMYMHBI aHU30TPONKHU Ha MPOTSHKEHUH SMOXH
rojia; CpEeIHEKBAAPATUYECKUE OTKJIOHEHUS BEIMYMHBI aHHU30TPOIHU
OT CpeAHEro 3HA4YeHHS Ow; KOIPPHUIMUEHTH KOPPEISIHU I MEKIY
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pe3yabTaTaMH Pa3IMYHBIX IKCIIEPUMEHTOB. J[OBepUTENbHBIE OIEHKH
CPeIHUX 3HAYCHHH BBIYUCIIINCH C HAJAEKHOCTHIO paBHO# 0,95 .

PesynabTaTrel n3amMepenuii. B cooTBeTCTBUM C 3agauaMu UCCIE0-
BaHMsI, Pe3yJIbTaThl HACTOAIIEH pabOThl PacCCMOTPUM MapauIENbHO C
pesynbratamu skcniepumentoB [15], [5-7,14] u [13]. Ha3pauubie ye-
TBIPE 3KCIIEPUMEHTA BBIIIOJIHEHBI B Pa3IMYHBIX TOYKAX 3€MHOTO LIapa
C MOMOIIBIO TpeX Pa3IUYHBIX METOJOB M3MEPEHUH M B Pa3IUUYHBIX
JMana3oHax 3JIeKTPOMAarHUTHBIX BOJNH. OOCyXKIaeMble pe3yibTaThl
HACTOSAIIEH pPadOThl OTHOCITCA K CEpUH M3MEPEHHiA, MPOBEIESHHON C
TIOMOIIIbIO OTHMCAHHOTO BBIIIE ONTHUYECKOTO METOa U3MEpeHUs mep-
Boro nopsijka ¢ aprycra 2001 r mo suBaps 2002 1 (Ykpauna). Ha npo-
TSOKEHUU CEPUM BBINOJIHEHO 2322 OoTcyeTa U3MEPSAEMOM BEIUYUHBI.
Okcnepument [15] (Ykpauna, 1998—1999 rr.) BeINONHEH B TUama3oHe
MUUTMMETPOBBIX PAJHOBOJIH C MOMOILBI0 METO/Ia U3MEPEHHS [IEPBOTO
nopsiaka. DkcnepumenTtsl [5—7,14] (CHIA, 1921-1926 rr.) u [13]
(CIIIA, 1929 r) BBIITOJHEHBI C MTOMOIIBIO ONTHYECKUX METOJIOB M3ME-
pEHHS BTOPOTO MOPSIJIKA, B KAYECTBE KOTOPBIX MCIOIB30BAHBI KPECTO-
oOpa3Hble HHTEpdEpOMETpPhI, H3TOTOBIEHHBIE IO cxeMe Maiikenbco-
Ha. JleficTBUe METOJ0B U3MEPEHUH, NPUMEHEHHBIX B IIEPEUMCICHHBIX
SKCIIEPUMEHTaX, OCHOBAHO Ha MPEJCTaBICHUAX O PaclpOCTpaHEHUHU
BOJIH B JBUXKYILEHCS Cpelie, CBOMCTBA KOTOPOU ONPEACIISIOT CKOPOCTh
pacrpoCcTpaHeHusl AIIEKTPOMAarHUTHBIX BOJH. B pamkax MCXOQHOM Tu-
MOTE3bl 3TO AAeT BO3MOKHOCTb TPAKTOBATH PE3YJIbTAThbl HAa3BaHHBIX
SKCIIEPUMEHTOB B TEPMHUHAX aHU30TPOIUU CKOPOCTH cBeTa. Paccmot-
PUM TPOSIBIIEHHE UCKOMBIX 3()()EeKTOB: aHM30TPOIHH, BHICOTHL U THA-
poarHamMuueckoro 3¢pdekra, B IKCIEPUMEHTAX 1O PacIpOCTPAHEHUIO
3IEKTPOMArHUTHBIX BOJIH.

Ha d¢parmenrax pwuc.9 mpeAcCTaBICHBl CpeIHUE PE3YIHTATHI
HacTosiei pabotel (puc.9a), sxcnepumenta [15] (puc.9b) u skcme-
pumenTa [5-7,14] (puc.9C), KOTOphle MOJyYeHBI B pa3HbIe TOJbI B
amoxy aBrycrta. TepMuH "smoxa" 3aMMCTBOBaH M3 aCTPOHOMHH, B KO-
TOpPOI HAONIOIEHUS PAa3HBIX JIET, BHIMIOJHEHHBIE B OJTHOMMEHHBIE Me-
CSILIbI, OTHOCST K HaOJrOIEHUsM OIHOMU 31moxu. Pe3ynbTaThl aKkcnepu-
MeHTa [13] Ha puc.9 He mpencTaBiIeHBl, MOCKOJIBKY aBTOPBI OTPAHHU-
YIJINCh TOJIBKO CBEACHUSIMU O MaKCHUMAJIbHOM 3HAUYCHUU U3MEPEHHON
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umu BennunHbl aHuzotpormu Wh = 6000 m/cex. Tlo ocsim opaunat
OTJIOKEHBI 3HAUEHHs BeNW4rHBl anuzoTpornuu Wh B M/cek, o ocsim
abcmmce — COJHEYHOE BpeMs CYTOK Im B dacaX. BepTukaiabHBIMHU
mITpUXaMu 00O3HAYCHBI JIOBEPUTEIbHBIC HMHTEPBAILL. Kax bl w3
(¢parMeHTOB pHUC.9 MILTIOCTPUPYET MPOSBICHUE HCKOMOTO 3(deKTa
aHm3oTponui. B Hacrosmielr pabore u B dkcmepuMmentax [5-7,14],
[13] addexT anuzoTponuH 0OHAPYKHUBAJICS MOBOPOTOM ONTHYECKUX
HHTEPPEPOMETPOB, B dKCTIEpUMEHTe [15] mpuMeHsI0ch OTHOBPEMEH-
HOE BCTPEYHOE PacpOCTPAHCHUE PATUOBOITH.
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Puc.9. U3meHnenne BeJJMYHMHBI aHU30TPONUH B 3M0XY aBrycTa MO JAHHBIM pas3-
JIMYHBIX IKCIIEPUMEHTOB: a) HacTosMIas paboTa, b) skcnepumenr [15],
C) axkcriepuMenT [7]

Pe3ynbraThel BCceX Tpex KCIEPUMEHTOB MOKa3aJd, YTO BEIMYMHA
AQHM30TPOIUU U3MEHSAETCS] B TEUEHUE CYTOK, M TaKhe U3MEHEHUs HO-
CAT CXOIHBIH xapakTep. Tak Kod(h(UIHMEHTH KOppesiuuu I, BBIYHC-
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aeHHbie Mexay 3aBucumocTsMu  Wih(Tm), Jexxar B mpemenax
0,73<r<0,85 B paborax [5-7,14] u3McHEHUE BEIUYMHBI AHHU30-
TPOIIMU B TE€YECHHE CYTOK OOBSICHEHO ABIMKeHHeM COHEYHOU cucTe-
MBI K alleKCy ¢ KOOpAUHATaMH ONM3KUMH K KOOpAWHATaM CeBep-
HOTO TOJIF0CA JKIUNTUKU. B 3TOM citydae mpoekIusi BEKTopa CKOpo-
CTH OTHOCHTEIIFHOTO JIBIKCHHUS HA TOPU30HTAIBHYIO TNIOCKOCTh
npudopa u, CIe0BaTeIbHO, BennunHa anu3orpornuu Wy Oyzaer uzme-
HATBCS B TEYCHHUE CYTOK. Takoe OOBSCHCHHE HE MPOTHBOPEUYUT pe-
3yJIbTaTaM HACTOSIIIEH paOOThI U MOXKET OBITh MPUHATO KaK UCXOIHOE.

Pesynbrarel HacTosIei paboThl U 3kcnepumeHToB [15], [5-7,14],
[13] wumroCTpUpPYIOT MPOSBICHHE M JPYroro MCKOMOro 3ddekra —
3¢ dekra BBICOTHL. B 3THX YeThIpeX 3KCIEPUMEHTAX M3MEPEHHS BBI-
MIOJIHEHBI Ha MATH Pa3lIW4HbIX BbIcOTax: 1,6 M u 4,75 M B HacTosALeH
pabote; 42 M B sxcniepumMente [15]; 265 M u 1830 M B akcmepuMenTe
[5-7,14] (Knusnenn u obcepBaropust MayHT BHiicoH cooTBeTCTBEH-
HO). B skcniepumente [13] u3MepeHus MpoOBOAMINCH TaKXkKe Ha o0cep-
Batopun MayHT Buicon. Ilposenenne s¢dexra BHICOTHI MOXHO BHU-
JIETh KaK Ha ()parMeHTax puc.9, oTMedasi, HalpUMep, MaKCUMaIIbHbIS
3HaueHUs BenuduHbl aHuzoTpornuu Wh, Tak u Ha puc.10, rae mpen-
CTaBJICHA 3aBUCHUMOCTh BEJIMYMHBI aHU30Tponuu Wh OT BBICOTHI MecTa
pacmoiOKeHHs W3MEPUTEIHHBIX YCTPOWCTB HAJ 3€MHOH ITOBEPXHO-
cthio Z. Ha puc.10 ucronb30BaHbl CpeiHAE OT MaKCUMANBHBIX 3HaUe-
HUN BEJIMYMH aHU30TPOIMHU, U3MEPEHHBIX B HACTOSINEH paboTe U B
skcniepumenTax [15], [5—7,14], [13]. TTo ocsaM abcuuce u OpIUHAT OT-
JoxeHbl 3HaYeHust orapumos otHoteHud Wh /W= u Z/Z+ coorseT-
CcTBeHHO. 3HaueHus BennduH W+ U Z» MPUHATHI paBHBIMH | M/CeK U
1 M cooTBeTcTBeHHO. JlJIs1 HATJISITHOCTH, HA BEpXHEW M Ha TIpaBoil Ya-
cTsx puc.10 Mo ocsiM KOOpAMHAT OTJIOXKEHBI 3HauYeHus Bennuud Wh B
M/cek U Z B MeTpax. BujHO, 4TO pe3ynbTaThl Pa3IMYHBIX SKCIEPH-
MEHTOB TOJYHHSIOTCS €IUHOW 3aKOHOMEPHOCTH U PAacIoararoTcs
BOIM3M TpsiMod. B nmuamaszone BeicoT oT 1,6 M g0 1830 M BenmmunHa
AHU30TPOIUHU YBEJIMUMBACTCS C POCTOM BBICOTHI HaJ 3¢MHOH MOBEpPX-
HocThIO OT 200 M/cek g0 10000 M/cek, 4TO COCTABIISIET COOTBETCTBEH-
Ho 0T 6,7-107" 10 3,3-10°° oT cKOpOCTH CBETA.

Cy1iecTBOBaHME UCKOMOTO THAPOAMHAMUYIECKOTO IPQeKTa MmoKa-
3aHO clenyromuM. B pabore mcmonb30BaHa TEOPUS TEYCHUH BSI3KHAX
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cpen B TpyOax, pazBuras B padorax [22,23], 4TO MO3BOJIMIO B paMKax
MCXOIHOW TUIOTE3bl MPEUIOKUTH: METOJ M YCTPOICTBO MEPBOTO IO-
psIKa Ut IPSIMOTO MU3MEPEHUs] aHU30TPOIIUU CKOPOCTH CBETA; METO]
Y YCTPOWCTBO AJIsl U3MEPEHHS KHHEMAaTHIeCKOH BA3KOCTH (pr3HIecKo-
ro BaKyyMa; METOJ pacdyeTa KOHCTPYKTHUBHBIX IapaMeTPOB H3MEpH-
TEIIBHOTO YCTPOWCTBA M €r0 O’KUIAEMBIX METPOJIOTHYECKHX CBOWCTB.
PesynbTaThl HCOBITAHUN M3TOTOBIEHHOTO YCTPOHCTBA HE MPOTHBOPE-
9aTr pe3ysbTaTaM pacueToB. Pe3ynbTaTel M3MEpeHHH, MOTyYeHHBIC Ha
Pa3HBIX BBICOTaX OT 3€MHOW MOBEPXHOCTH, HE MPOTUBOPEYAT U3BECT-
HbIM B THUAPOAWMHAMHUKE 3aKOHOMCPHOCTAM TCUCHHA BIA3KUX CpCI
BONIM3M TpaHuupbl paznena [22,23]. CienoBaTenbHO, e METOIA U3-
MEpEHUs], pe3yJbTaThbl HWCIBITAHUA H3MEPHUTEIHHOTO YCTpOHCTBA M
PE3YIbTAThl SKCIICPUMEHTAIIBHBIX I/ICCJ'ICILOBaHI/Iﬁ Jal0T OCHOBAHHEC
nojaraTb, YTO MPOSBICHUE TUAPOJUHAMUIECKOTO d(pPeKTa dKCIepu-
MEHTAJIbHO MOKA3aHo.
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Puc. 10. 3aBucuMoOCTh BeJIMYNHBI AHU30TPONUH OT BHICOTHI HAJl 3eMHOIi TOBePX-
HOCTBIO: 1 — HacTosmas paboTa; 2 — skcniepuMent [15]; 3 — skcniepument [5—7];

4 — sxcriepument [13]

Pe3ynbTarhl 3KCIIEPUMEHTOB, MpeACTaBICHHbIE Ha puc.9, 10 wmi-
JTIOCTPUPYIOT HAOIOMAEMOCTh SIBICHUS aHU30TPOITHOTO PacIpocTpa-
HEHUS DJICKTPOMATHUTHBIX BOJIH, MIOBTOPSIEMOCTb CBOMCTB SIBICHHS B
Pa3TUYHBIX YCIOBUSX HaAOMIOACHUN, BOCHPOU3BOAUMOCTH CBOWCTB
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SIBJICHUS. IIPU MCIIOJIB30BAHUH PA3IMYHBIX METONOB KCIIEPUMEHTANb-
HBIX MCCJIEJOBAaHMH W PA3IUYHBIX IWAINA30HOB 3JIEKTPOMATHUTHBIX
BOJH. Bricokue 3HaueHHsI KOXQQHUIMEHTOB KOPPENALUN MEXIy pe-
3yJIbTaTaMy Pa3lIUYHbIX SKCIIEPUMEHTOB, IIPECTaBICHHBIMU Ha pUC.9,
JAI0T OCHOBAaHHE IOJIOXKUTEIBHO OLICHUBATh MX JOCTOBEPHOCTh. M3-
MEpEHHbIE 3HAYCHHS AHU30TPOIHMU OTHOCUTEIBHO HEBEIMKH, U BO
MHOTHX TMPAaKTHYECKHX CIydasX UMH MOXHO TpeHeOpeub. B 3Tom
CMBICJIE TIPOCTPAHCTBO BOJIM3M 3€MHOM IOBEPXHOCTH MOXHO CUMTATh
M30TPOIHBIM C TOYHOCTHIO 3aBUCSIICH OT BpEMEHU CYyTOK U OT BBICO-
THI Ha/l 3eMHON TIOBEPXHOCTHIO. Pe3ynbTaThl SKCIIEPUMEHTOB, TIPHBE-
JIeHHble Ha puc.9 u puc.10, MOXXKHO paccMaTpyBaTh Kak TPaHUILIbI IPU-
MEHHMMOCTH TPEACTaBICHHUS 00 ONTHYECKONW N30TPOIHIH IIPOCTPAHCTBA
BOJIM3M 36MHOH MMOBEPXHOCTH.

Hroru HacTosIiei paboThl Jar0T BO3MOXKHOCT I0Ka3aTh, UTO OT-
puIaTeNbHbIC pe3ysbTaThl dKcrmepumeHToB [19,21] moryt ObITh
OOBSICHEHBl HEJOCTATOYHOM YyBCTBUTEIBHOCTHIO PUMEHEHHBIX
uaTepdepomeTpoB. Ha puc.10 BuaHO, 4TO BOJIM3HM 36MHOM MOBEPXHO-
CTH  BelNWYMHA  aHW3oTporiu  He  mpesbimaer 200 m/cex.
CrnenoBarenibHo, B 9kcrepuMenTtax [19,21], BBINOJHEHHBIX B
MOJBALHBIX TIOMEIICHUSAX, YYBCTBUTEIBHOCTh WHTEPHEPOMETPOB
Whin K BelM4MHE aHW30TPONHMH JOKHA ObITh He xyxe 200 m/cek.
IToncunTtaem YYBCTBHUTEJIBHOCTh uHTEP(PEPOMETPOB, B
skcnepumentax [19,21]. bymem momarars, uro Bemumumbe Wi
COOTBETCTBYET CMeIlleHHe WHTep(hepeHIMOHHBIX MOI0C Dmin = 0,04.
Takoe cMmelleHre M0JI0C 0KUAATOCH HA00IaTh B 3kcniepuMenTe [21].
W3 Beipaxkenus (1) Haitnem

W, =c(D,, A" (43)

n

B skcnepumentax [19], [21] miunst syueii | cocrasmsim 2,4 M 1
22M, gumHBE BOoJMH A~6-107'M. C nomompro BepaxkeHus (43)
noimyunM, 4Yto B okcrepumeHTe [19] Wi = 30000 m/cex, a B
skcniepumenTe  [21]  Wmin # 10000 mM/cex.  CremoBatensHO, B
skcnepuMmentax [19], [21] uyBCcTBHTENBHOCTE HHTEP(HEPOMETPOB,
OblJIa HEOCTAaTOYHOM. Pe3ynmpTaT TOMBKO YTO BBIMTOJHEHHON OIICHKH
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MOKHO TIOKa3aTh M 00Jiee HATJISAAHO, €CIIH TTOICUYUTATh JUTHHBI JTy4eii |,
TpeOyeMble Ui TOCTPOCHHS KpecTooOpazHOro uHTEpdepomMeTpa
MaiikenbCoHa ¢ YyBCTBUTEILHOCTHIO K aHH30TPOITUU CKOPOCTH CBETa
Whin = 200 M/cex. U3 Beipaskenus (1) Haiinem

| = DAc*W 2. (44)

[MoncraBum B BolpakeHue (44) sHauenust BenwuunH D = 0,04,
A~6-107"m; m W =200 m/cek. Tlomyuum | ~ 54000 M, Moo mpes-
MIOJIOXKHTH, YTO 337a4a U3rOTOBUTH KPEeCTOOOPa3HBI ONTUYECKUN HH-
tepdepomerp ¢ amuHamu syueit | ~ 54000 M ckopee Bcero TexHuue-
cku HepeanpHas. CienoBarenbHO, B dKcriepuMenTax [19] u [21] anu-
30TPOMNUsl CKOPOCTH CBETa HE MOIJIa ObITh OOHApyXeHa, B CHIY €IH-
HOW MHCTPYMEHTAJIHOW NPUYMHBI — B 3KCIIEPUMEHTAX MPUMEHSUIIUCH
UHTEpYEPOMETPEl BTOPOro MOpPAAKa, O0JaAaBLIME HEAOCTATOYHOM
YyBCTBHUTEIILHOCTBIO. YMECTHO €IlIe pa3 MOJUYEPKHYTh MPEHMYIIECTBO
METO/Ia U3MEPEHHsI TIEPBOTO MOPSIIKA, MPEAI0KEHHOTO B HACTOSIIEH
pabote. MOXKHO MOJCYUTATh, YTO BOJIM3HM 3€MHOW NMOBEPXHOCTH, IPHU
BEJIMYMHE aHWU30TpornHu ckopoctu cera =~ 200 M/cex u mpu Tpodnx
PaBHBIX YCJIOBUSIX, METOJl IEPBOIO MOPSIIIKA, B IIOJITOPA MIJIJIMOHA pa3
YyBCTBHUTENBbHEE MeTofa HuHTepdepomerpa MaiikenbcoHa BTOPOTO
nopsiika.  OTO  OOCTOSITENIBCTBO ~ 3aTPyNHSET  NPUMEHUMOCTD
uHTepepomerpa MalikenbcoHa Ui H3YyYEHHS  aHU3O0TPOIUH
CKOPOCTH CBETa BOJIM3U 36MHOM MTOBEPXHOCTH.

BrimonHeHHas OlleHKa CIpaBeiMBa U 10 OTHOIICHHIO K TaKUM
skcnepuMenTam kak [8—11]. Kpome Toro, mpeacTaBieHHbBIE BHIIIE
UTOTH HCIBITAaHUNA MHTEpPEpOMETpa, ¢ TPyOaMu U3 pa3IHMyHbIX Marte-
pHAaJOB, PacCUYUTaHHOE M HW3MEPEHHOE 3HAYCHUS KUHEMAaTHYECKOU
BSI3KOCTH (DU3UYECKOT0 BaKyyMma, MO3BOJIIOT TPEAINONIOKUTh, YTO
CBOWCTBA NIOTOKOB (PH3MYECKOTO BaKyyMma OJM3KH K CBOWCTBAM IOTO-
KOB M3BECTHBIX ra30B, OTM0aTh NPEMATCTBHS U TEUb B HANPABIISIOMINX
cuctemax. B skcriepumenTax [8—11] 370 00CTOATENBCTBO MOTIIO OBITh
NPUYMHONW HEYNAYHBIX TONBITOK BBIBUTH AHM3OTPOIIHBIE CBOWCTBA
IPOCTPAHCTBA C IIOMOIIBIO IPUOOPOB, 3aKIFOUYEHHBIX B FEPMETUYHbIE
METAJUINYECKUE KaMEpBI.
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Utorn Hacrosimied pabOTHl MO3BOJMIM II0Ka3aTh BO3MOXKHBIE
IPUYHMHBl OTPULATEIBHBIX PE3YJIbTAaTOB COBPEMEHHBIX JKCIEPHUMEH-
TaJIbHBIX TOMBITOK OOHAPYXHUTh aHW30TPOITHBIE CBOWCTBA MPOCTPaH-
cTBa, Hanpumep, [27-30]. B pabore [27] nprMEHEHO ONTHYECKOE U3-
MEpPUTEIBHOE yCTPOMCTBO cXeMa M ACHCTBHE KOTOPOTO MPHUHIHIHU-
aJbHO HE OTIMYAIOTCS OT yCTpoilcTBa, MpUMeHEeHHOro M.I'ekom B
1868 r [31]. B 0boux ciny4asx aBTOpPHI OKHJAU HAONOJATH CMEIle-
HHUE MOJIOC MHTEP(EpPEHINOHHON KapTHHBI MPONOPLUOHAIBHOE Tep-
BOW CTENEHH OTHOLICHHUS BEJTMYMHBI aHU30TPOIMH K CKOPOCTH CBETA.
Oxcnepumentsl [27] wu [31] mamm oTpumaTenbHBIE peE3yINbTa-
TBI — ONITHYECKAsi AHU30TPONMS IPOCTPAHCTBA HE HAOIIOAAIACh.
Ommbka ['exa HeoTHOKpaTHO pazOupanach, HarIpuUMep, B padote [20],
rlle MCYEPIBIBAIOIIE MMOKAa3aHo, YTO y4deT K0d(duIeHTa yBiedeHHs
OpeHens NpuUBOIUT K KoMrieHcauuu 3¢dekra mepBoro mopsaka, Ko-
TOPBIA MOT OBl OBITH BBI3BAH IBHKCHHEM 3€MITH, U KOTOPBIH OXHaa-
JIoCch HaOMmoIaTh B skcriepuMente [31]. BeiBog padotsl [20] B moiHOMH
Mepe OTHOCUTCS U K pabote [27]. B npyrom ciydae, B TakMX 3KCIIe-
pumentax kak [28-30], mMOBTOpPEHBI OMIMOKKA DKCIECPHUMEHTOB
[8-11, 32] B KOTOPBIX HM3MEPHUTENbLHBIC YCTPOHCTBA MOJHOCTHIO 3a-
KIIIOYEHBl B METAJUTMYECKHE dKpaHbl. Kak criefcTBie pe3yabTaThl dKC-
nepuMeHToB [28—-30] WAEHTUYHBI pe3ynbTaTaM dSKCIIEPHUMEHTOB
[8-11, 32] — uckombiii 3ddekr anuzorpornuu He HaOmomancs. He-
NPUMEHUMOCTh MAacCHUBHBIX SKPaHOB B TIOJOOHBIX OIBITAX BIIEPBEIC
oTMmeueHa emie B pabortax [21,14]. Ocraercs m100aBUTh, YTO aBTOPHI
akcriepuMeHTOB [28—30] pa3paboTanu HaleKHBIC METOABI SKPAHUPO-
BaHMsI (PU3MYECKHUX MPOLECCOB, MPOTEKAIOIINX BO BHEUIHEM (hU3UUe-
CKOM BaKyyMe, OT TPOIIECCOB B BAKyyMe BHYTPH 3KCIIEPHUMEHTAIBHOM
YCTaHOBKH, OJJHAKO HE IMPEJCTaBISIETCS BO3MOXXHBIM H3y4aTh CBOW-
CTBa OKPY)KAIOLIETO IPOCTPAHCTBA C IOMOLIBIO HM3MEPHTENbHBIX
YCTPOMCTB OTAEIEHHBIX OT 3TOr0 MPOCTpaHcTBAa. MOXKHO HpEArono-
KHUTb, YTO MHCTPYMEHTaJIbHbIE OIMOKK padoT [27-30] HocsT 0o0muit
xapaktep. [Ipu TOCTaHOBKE 3KCIIEPUMEHTOB aBTOPHI OTKA3aJIMCh OT
TIOITBITOK PAaCCMOTPETh BO3MOXKHBIC (pU3MYecKre MPUIHUHBI, 00YCIIOB-
JMBAIOILINE WCKOMYIO MU aHHM30TPOINHUIO MpocTpaHcTBa. MHavye uH-
CTpPYMEHTAJIbHbIE W METOIUYECKHE IMPHEMBbl MX IOUCKOB OBUIN OBI
UHBIMH.
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B zakmouenne otmeTnM creaytomiee. B pabore nmpeanpunsTa mo-
IIBITKA TPAKTOBaTh PE3YJIbTaThl UCCIEAOBAHMS B paMKax pabouell ru-
MOTE3bl O BSI3KOM Ta30-MmoJI00HOM (hu3mueckoM Bakyyme. B paborax
[5-7,14] utorn skcrmepuMeHTa OOBACHEHBI KaK pPe3yJabTaT OTHOCH-
TEJIBHOTO JBIDKEHHS HaOmomaress u 3¢upa — cpelsl OTBETCTBEHHON
3a pacHpoOCTPAHECHHE AICKTPOMArHUTHBIX BOJH. B skcnepumente [15]
C JTOH JXK€ LENbI0 HCIOJIb30BaHA MOJEIb BA3KOTO Tra3o-TIOZ0OHOrOo
adupa, pazpuras B padbote [33]. MoXHO BHIIETh, YTO UTOTH HACTOS-
el paboThl U 3KcrepuMeHToB [5—7,14], [15] He mpoTuBOpeyar oc-
HOBHBIM II0JIOKCHHSAM, KaK FMIIOTE3bI BI3KOTO (PU3NUECKOr0 BaKyyMa,
TaK ¥ THIIOTE3bl BSA3KOTO ra30-MoA0OHOro 3dupa, 4To, Ha MEPBBIN
B3[JIS1/1, JA€T OCHOBAaHUE CYMTATh 3TH TUIOTE3bl 3KBUBAJIEHTHBIMHU.
TeM He MeHee, TMIOTE3bl SIBISIIOTCS KOHKYpUPYIOIIMMHU. [lelcTBH-
TEJbHO, NMpeACTaBIeHNE KBAaHTOBOWH TEOPHUM MOJISA O BUPTYAIbHBIX Ya-
cTHIaX (PU3UYECKOro Bakyyma TpeOyeT BBEICHHS JOMOJHUTEIHLHOTO
MPEANOJIOKEHN O HAIMYUKU B BaKyyMe 'CTPOUTENBHOrO" MaTepuala
TaKUX YacTHI, YTO HE MPelyCMOTPEHO CYyLIeCTBYIOLIEH Teopuel. B
paMKax THIOTe3bl 3(upa Takue MpoOIEMBI CHATHI MPEJICTABICHHEM O
CYIIECTBOBAaHUM YaCTHIl 3pHpa KaKk CTPOUTETHHOTO MaTrepHaia Belle-
CTBEHHBIX 00pa30BaHUil, U MPEACTaBIEHHE O CYLIECTBOBAHUU BHUPTY-
aIbHBIX 00pa30BaHUM ABIAETCS M3IUIIHUM. 3a7adya ONMHCAHMUS MeXa-
HU3MOB B3aMMOJEHCTBUN CTaHOBUTCS NPUHLUIINAIBHO PEIIAEMOil B
paMKax COBPEMEHHOM I'MIPOANHAMUKU. DTO JEIAET TUIIOTE3Y BI3KOTO
ra3o-mogooHoro 3¢upa MpUBIEKATENbHOW Ul LIMPOKOTO H3Y4YEHUS
[33-39]. Paspenth co3aaBIiieecst MOJOKEHHE MOKHO TOJIBKO HA ITy-
TH HOBBIX HAOJIIOJICHUH W HKCIEPUMEHTOB, YTO BO3MOXHO TOIBKO C
MIPUMEHEHUEM HOBBIX METO/IOB M CPE/ICTB U3MEPEHU.

BeiBonbl. B pabore mosydeHs! cieyrole OCHOBHBIE pe3ybTa-
THI

[Ipennoxkena pabovas rumore3a 00 ONTHYECKOH aHU30TPOIHU
MPOCTPAHCTBA, B PaMKax KOTOPOH aHW30TPOIHUSI CKOPOCTH CBETa 00Y-
CJIOBJICHA JIBUKEHUEM BSI3KOTO Ta30-110JI00HOTO (DU3MUECKOTO BaKyy-
Ma. BelunciieHa KuHeMaTdecKas BI3KOCTh Bakyyma V. =~ 7-107°m%/cex.

TlpennoxxeHbl METOJ M3MEPEHHUS] U CXE€Ma YCTPOWCTBa MEPBOIO
NOpsiIKa I TPSIMOTO M3MEPEHHs aHWU30TPOIHH CKOPOCTH CBETa H
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KHHEMAaTHIeCKOH BI3KOCTH (hr3MdecKoro Bakyyma. lIpemioxxeHnsr mMe-
TOMBI pacyeTa KOHCTPYKTUBHBIX MapaMeTPOB YCTPOWCTBA U €r0 MET-
POJIOTUYECKUX CBOMCTB. V3rOTOBIEHO M HCHBITAHO U3MEPUTEIHHOE
YCTPOMCTBO C UyBCTBUTEIBHOCTHIO K BEJIMYMHE aHU3OTPOIHMH CKOPO-
CTH cBeTa 26 M/cexk.

B pamkax pabodeil rumoTe3sl onpeaesieHbl 3GGEeKTh aHU30TPO-
UM, KOTOPbIE MOTYT HaOII0IaThCsl B OMBITaX BOIM3M 3eMHOW MOBEPX-
HOCTH. BEITIONTHEHA ceprsi SKCTIepUMEHTAIBHBIX UCCIEA0BaHUM. DKC-
MIEPUMEHTAIBHO ITOKA3aHO TPOSBICHHUE TNpeAcKa3aHHBIX A(P(PEKTOB.
W3mMepeHsl: BelMYMHA AHU30TPONHMM, M3MEHEHHE BEJIWYHMHBI aHHU30-
TPONMM B TEUYEHHE CYTOK, KMHEMAaTH4eCKas BS3KOCTh (PU3MYECKOTO
BaKyyMma Ve ~ 6,24-1075m%cek, pocT BeNMUMHBI aHU30TPOIIUH C POCTOM
BBICOTHI HaJI 36MHOU ITOBEPXHOCTHIO.

Iloka3aHo, 4TO Ha BBICOTax A0 2 M OT 3€MHOM MOBEPXHOCTH, Be-
JIMYMHA aHU30TPOITUU CKOPOCTH CBeTa He mpeBbimnaeT 200 M/cek, U B
TaKUX YCIIOBHUSIX HCKIIIOUEHA MPAaKTUYeCcKasi BOZMOXKHOCTh MCCIIEI0Ba-
HUSl CBOWCTB MPOCTPAHCTBA METOAAMH M3MEPEHHUI BTOPOTO MOPSIKA,
Hanpumep, naTepdepoMeTpoM MalikenbcoHa.

Pe3ynbTaTel M3MepeHH COMOCTABIEHBI C UTOTAMHU TNPEAIIECTBY-
IONUX JKCIepUMEHTOB. [loka3zaHbl HAOIFOIaEMOCTh, BOCIIPOW3BOJIN-
MOCTb W TIOBTOPSEMOCTH 3(P(HEKTOB aHU3O0TPOIHH CKOPOCTH CBETa B
9KCIEPUMEHTaX, BBITIOJIHEHHBIX B Pa3IMYHBIX Teorpad)uiecKux ycio-
BUSX C TIOMOINBIO Pa3IMYHBIX METOJIOB U3MEPEHUN U PA3INIHBIX Ha-
MA30HOB 3JIEKTPOMArHUTHBIX BOJIH, YTO Ja€T OCHOBAaHUE ITOJIOKH-
TEJIHHO OLIEHUBATh IOCTOBEPHOCTH PE3YJIBTATOB HACTOSIIEH pabOTHI.

IIpennoxeHHbple METOI U YCTPOHCTBO U3MEPEHUI IIEPBOTO MOPSIA-
Ka MOTYT OBITb IPUMEHEHBI KaK JUIsl U3y4eHHsI OCOOEHHOCTEH pacipo-
CTpaHEHUS CBETa B BA3KHUX CpeNax, TaK W IS U3yUeHUs] TEUCHUH BS3-
KHX CpeJl B HAIPaBJISIONINX CUCTEMax, HaPUMep, )KUIKOCTEN 1 Ta30B
B TpyOax.
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I'naBa 2. Ucciie1o0BaHNA reonaToOreHHOro moJs 1 ma-
TOTE€HHOI'0 I0JIsl, COMPOBOKAAIOIEr0 BLICOKOYACTOTHbIE
3JIEKTPOMATHUTHBIE SIBJICHUS

2.1. Iornomenue 3¢upa 3emieii U reonaToreHHoe H3JIyYeHHe

Kak mokazano B pazaene 6.4. I'paButanus u pacmmpeHne 3eMiTd
Kuuru 3 Hacrosiero nITUTOMHUKA, 3eMJIsd, KaKk U Bce HEOECHBIE TEIa,
HETPEPBHIBHO MOMIIOMAET 3QUp M3 OKPYKAIOWIETO MPOCTPAHCTBA. ITO
BBI3BAHO TEM, YTO MPOTOHBI U JEKTPOHHBIC 00OJOYKH, KaK W JrOObIe
ra3oBble BUXPH, UMCIOT 0OJee HH3KYI TeMIIepaTypy, UYeM OKpYKaro-
Ui UX Ta3. PasHoCTh TeMnepaTyp NPUBOJNT K Pa3HOCTH JIABJICHUE, U
9Ta PasHOCTh JABIICHWH 3acTaBisieT d(GHUp, OKPYXKaloUIMid HeOecHbIe
TeNa, TepeMenaThCcsl K IPOTOHaM IO BCeEMY 00beMy HeOECHOTO Tena.
Janee a¢up mornomaercs NpOTOHAMH, YBEJIMYHUBAS UX MAcCy U 3aMe/l-
SISl CKOPOCTh BpPAlICHUs, IPOUCXOIUT TEePEeCTpoiika BelecTBa Hebec-
HBIX TN U 00pa3oBaHWE HOBOT'O BEIIECTBA, KOTOPOE BBIXOJIUT Ha IO-
BEPXHOCTH 3eMJTH B BHJIE CHCTEMbI PUPTOBBIX XpPEOTOB TOp U OCTPOBOB.

He Bech moctynuBimii 3Qup ycBauBaeTcsi BEIIECTBOM 3eMIH, a
4yacTh €ro, MpeTepreB aanabaTHUecKhue W3MEHEHHS, BBIPBIBAETCS Ha
MOBEPXHOCTh JIMOO B BUJIEC BHHTOBBIX MOTOKOB, YTO BOCIHPUHHUMACTCS
KaK TeoraToreHHOe U3Iy4YeHue, TM00 B BHUIe IPUPHBIX BHIOPOCOB, 00-
pasyst TOpouJIbl — OyIyIFe KOMEThI, YHOCS B KOCMOC TIOBEPXHOCTHYIO
MOPOJTy M OCTABIISIA Ha TIOBEPXHOCTH 3eMJIM aCTPOOIEMBI — KOJIbIIEBBIE
BOPOHKH C TOPKOU Ha JIHE ¥ KOJIBIIEBBIM MOIHATHEM I10 epudepuu.

MoiiHble BEIOPOCHI 3(ripa, MPUBOIAIIME K 00pa30BaHUIO KOMET U
acTpoOJieM sIBJIGHUE HE YacToe, HO T'eOMaTOTeHHBIX 30H Ha 3emiie MHO-
ro, CYeT WAET Ha MUJUIMOHBI, OHH CYLIECTBYIOT B KBapTHUPaX, CIIykKeO-
HBIX W TPOW3BOJICTBCHHBIX IMOMEIICHUSIX, 8 TaKKe Ha aBTOJIOPOrax,
MPUBOJIS K MHOTOYMCIICHHBIM aBapusiM U KePTBaM, MIPUIHHBI KOTOPBIX
NPy CYIIECTBYIOIIEH METOJOJOIMH YCTaHOBHTH HEBO3MOXHO, HX
OOBIYHO CHHCBHIBAIOT HA TaK Ha3bIBAEMBI «4eIOBEUECKUil GakTop», T.
€. Ha OIMUOKH, JIOMYIICHHbIC BOJAUTEISIMU TPAHCIIOPTHBIX CPECTB, KO-
TOpBIE CaMU 10 cebe, KOHEUHO, TOKE UMEIOT MECTO.

CymecTByromue crnocoObl 0OHAPYKEHUS T€ONMaTOTeHHBIX 30H CBO-
JSTCS OOBIYHO K TOMY, YTO HEKOTOpPBIE JIFOH, 00JIAIaloNIie CHIbHBIM
COOCTBEHHBIM OHOTIONIEM MOTYT OOHApY)KMBAaTh TaKHWe 30HBI JTHOO ¢
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noMoIuIbio I'-00pa3HbIX MPOBOJOYHBIX PAMOK, KOTOpBIE B PyKax omepa-
TOpa MOBOPaYMBAIOTCS APYT K Apyry (puc. 2.1), mubo ¢ moMomso Ma-
ATHUKA — METAJUINYECKOMY NPEIMETY, IOJBEIICHHOMY Ha HUTh, KOTO-
PBII HajJ 30HON HAYMHACT ABUIaThbCS IO OKPYKHOCTH. DTH CIIOCOOBI
naroT 3¢ dekT, Ho OHU B ONPEAEICHHON CTETIEHH HOCAT CyOBEKTUBHBIN
XapakTep, BbI3bIBAs HeAOBepHe OKpyKaromux. [loaTromy HeoOxoammo
UMETh WMHCTPYMEHTaJbHBIE CIIOCOOBI OOHapy)xeHus Takux 30H. Ho,
MpeXJie BCEro, Hy>KHO YOeTUThCS B TOM, UTO MTOTOKH 3(HUpa U3 KOcMoca
I[Gf/iCTBI/ITCHLHO BXOJAT B IMOBCPXHOCTH 3eMJIM U YTO OHU CIIOCOOHEI
C03/1aBaTh BUHTOBBIE IIOTOKHU TOTO XK€ 3(Hpa, BEIXOISIIUE U3 3EMIH

[IpocToii mabopaTOpHBIA SKCTIEPUMEHT TI0 ONPEEIEHHIO TOTO, YTO
NnoToKH 3(upa U3 KocMoca IBHKYTCS BIIIyOb 3€MIIM W YTO OHHU CIIO-
COOHBI CO3JaBaTh BUHTOBBIC BEPTUKAIbHBIE BHUHTOBBIC IOTOKHU OBLI
npoBeneH AnekceeM [epmanomuem JleonTheBriM (Hapo-DomuHCK,
Mockosckoit obmactr) B 2009 r. MM sxe Obul pa3paboTaH MOJNEBOH
npubop, B KOTOPOM pean30BaHa HJesl W3ruba Ja3epHOro Jydya MpU
NePECeUeHNHN Ie0NaTOre€HHON 30HBI.

2.2. O HEeKOTOPbIX BO3MOKHOCTSX MPOTHO3MPOBAHUS 3€M-
JIETPSICEHHU I M U3BEPIKEHUI BYJIKAHOB

B Hacrosimee Bpemsi MPOTHO3MPOBAHHUE 3€MIIETPSCEHUN SBISETCS
OTHOM W3 aKkTyaJbHEHIINX Mpo6JieM COBPEMEHHOCTH. 3€MIIETPSACEHUS
BO3HHMKAJM U OyAyT BO3HUKATh BHE3AITHO, MOITYTHO BBI3bIBAsI OMOJI3HHU,
I[yHaMHU U pa3kIKEHUE TPYHTOB MOJ JOMaMH, IPUBOASIIUX K pa3py-
MIEHUSIM MHOTOJTFOJTHBIX KMJIBIX MacCHBOB. OT pemieHust 3Toi mpooire-
MBI MIPSIMO 3aBHCHUT JKU3Hb MHOTHX TBHICAY W JJa)kKe MUJIJIHOHOB JTFOJIEH,
LEJIOCTHOCTh KPYIHBIX TOPOAOB, TakuX, kak Tokuo (SAnonus), Cuern
(CHLIA) 1 MHOTHX ApPYTHX, HaJ KOTOPHIMU B IMOCJEIHHUE JCCITUIETHUS
BO3HUKJIA yTPO3a HCUE3HOBEHUS C JIUIA 3EMIIH.

B nacTosimee BpeMs 11 IPOrHO3UPOBAHUS 3EMIIETPSCEHUM IHPO-
KO HCTIOJIB3YIOTCSI METO/BI CTATUCTHYECKOTO aHAJIN3a, C MOMOIIBIO KO-
TOPBIX COCTABIISIOTCS KapThl CEHCMIUECKON aKTUBHOCTH, KapThl COTPSI-
CaeMOCTH U Tpa(uKH MOBTOPSAEMOCTH 3eMJICTPSICEHHU, UTO TTO3BOJISET
3apaHee HAaMETUTh OOJIACTH, B KOTOPBIX CIEAYET 0XKUAATh 3eMIIeTpsice-
HUH, CyIIECTBYeT TakXe METO] NMPOTHO3UPOBAHUS 3EMIIETPSICEHUN II0
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«TIPEIBECTHUKAM» — CJIa0bIM TOJYKaM, IPEALIECTBYIOLIUM CHIbHBIM
3eMIIeTpACeHUAM. HO HMHCTPYMEHTAIBHBIX METOJOB, IMO3BOJIIOIIUM
MIPOrHO3HPOBATH 3€MIIETPSICEHUSI HAKAHYHE MX COBEPLICHMS MpaKTHYe-
CKHU HE CYLIECTBYET, XOTA HaJHMYHe TAKUX METOJOB MO3BOJIWIO OBI JIIO-
I5IM BOBpPEMsI IIOKHHYTh MOMEIIEHUS, 1 3TO IO3BOJIMIIO Obl M30€XaTh
MHOTHX KEPTB.

[Tpo6nema mormna Obl OBITH B HEKOTOPOH CTETNEHH pelleHa, eciiv Obl
yIaIoCh HPOTHO3UPOBATh POCT HANPSHKEHHOCTH TIIyOWHHBIX 3€MHBIX
NopoJ Ha GOJNBLIMX MJIOMAISNX, O BOSMOXKHOCTU YET0, B IIPUHLMIIE TO-
BOPUT U TOT (PaKT, YTO 32 HECKOJIBKO CYTOK 0 IMOJ3EMHBIX TOJYKOB
JKUBOTHBIE U MTHUIBI CTPEMSTCS HOKUHYTh MECTO OyIyIIero 3eMIIeTpsi-
CeHHs. DTO 3HAYWT, YTO M3 Tela 3eMIIM Nepe]] 3€MIICTPSICEHUEM H3ITy-
YyaeTcs HeKas SHEepPTus, KOTOPYIO UyBCTBYIOT KHUBBIE OPTaHU3MBI.

B npesHeil fInoHMM CyLIEeCTBOBAIO YCTPOMCTBO, COCTOSIIEE W3
KyCKa €CTECTBEHHOI'O MarHHTHOTO JKEJIE3HSAKA, IPUBA3AHHOTO K BEPTHU-
KaJIbHO CTOSIIEH JOCKE, MO KOTOPBIM pacnojaraics MeaHslid Ta3. Ky-
COK JKeJIe3HsIKa yAep KUBall xkele3Hbld Tonop. HenocpencrsenHo nepen
3eMJIETPACEHUEM MAarHMTHBIA JKENE3HSAK pa3MarHUYMBAJICS, TONOpP Ia-
Jall B Ta3, pa3faBajics 3BOH, M 110 ATOMY CUTHAITY JIFOJH JOJIKHBI ObUTH
HEMEIJIEHHO MOKUHYTh JKMIHINA. JTO 3HAYUT, YTO U3 Tena 3eMiH B
9TOM MECTE H3JIydanach HEKas JHEprHsl, CIIOCOOHAash pa3MarHUTUThH
€CTECTBEHHBIH KEJIC3HSK.

ABTOp HacTOSIIEH CTaThbH TMOCBATHJI MHOTO JIET MU3YyYEHHUIO IpO-
Onembl 3(upa ¥ BBISICHWI, B YACTHOCTH, YTO MOTOKH d(Hpa, OMBIBAO-
M€ U3 KOCMOCa 3€MHOM IIap, CliocOOHBI OTKJIOHSTH JIyY jla3epa B J0-
CTaTOYHO OOJBLIMX HpeAenax (IecsThle JOJIM MULTUMETpPa), YTO MO03-
BOJIAET OIEHUTH CKOPOCTh TaKMX MOTOKOB. ABTOPOM TaKkXe BBISICHEHO,
YTO B MECTaX TaK Ha3bIBAEMBIX T€OMATOT€HHBIX 30H MIPOUCXOANT BBIXO.T
BUHTOBBIX 3()UPHBIX IOTOKOB M3 Tela 3eMJIN BEPTUKAILHO BBEPX, NPH-
YeM TaKWe€ MOTOKH MPOHU3BIBAIOT HACKBO3b MHOTOATAKHBIE A0Ma. JTH
MOTOKK HeOJarompusATHO BIMUAIOT Ha 3A0poBbe monei. [logobubie mo-
TOKH MOTYT OBITh CTalIMOHAPHBIMHU, HO MOTYT OBITH M OJTyKJAIOIINMH,
BBI3BIBAIOIIMMHI HEOJIATONPHUATHBIE U TPYIHOOOBSICHUMBIC SIBJICHUS B
JIOMax ¥ CITy>KeOHBIX ITOMEIIEHUIX U, 0COOEHHO, Ha I0POTax, IIe aKTH-
BU3aLlMSA 3TUX M3IY4YEHHH TNPUBOJUT K MHOTOYHMCIEHHBIM aBapHUsM.
OCOOECHHOCTBIO M3ITyYEHHUH SIBIISIETCS UX BBICOKAS! IPOHHUKAIOIIAS CIIO-
COOHOCTb JaXe CKBO3b METANIMUECKHE JIUCTBL, KOTOPBIE UX OTPAXKAIOT
JMIIb 4YaCTUYHO: BO BpEeMs IE€PECEUEHUs 30H Ha aBTOMOOMIBHOM
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TPAaHCIOPTE OHM JIETKO OOHApY>KUBAIOTCS OINEPAaTOPaMU C MOMOIIBIO
MPOBOJOYHBIX PaMOK.

B Hacrosiiee BpeMsi HailieH OpOCTOM METOJ MHCTPYMEHTAJIBHOTO
oOHapyXeHHs TOJOOHBIX W3ITy4YeHHH, OCHOBAHHBI Ha (QU3NIECKOM
a¢dexTe U3rnbanus Ja3zepHOro Jyda HpU HAXOXKICHWU HaJ TeomnaTo-
TeHHOW 30HOM, a TakkKe WX HEeWTpanu3aluuH (pacceMBaHus) C MOMO-
IIPI0 XAOTHYECKH CIIyTAHHOW TOHKOM IIPOBOJIOKH, YTO IIO3BOJIUT, B
OmwkaiiieM OyaylieM B ONpEAENICHHOW CTENeHH 00e30macuTh MoMe-
HICHUS © aBTOMOOMIIBHBIE JIOPOTH.

Ectp Bce ocHOBaHUS mojaraTh, YTO MpPHU HApacTaHUM MEXaHU4e-
CKOM HampspKeHHOCTH B ITTyOMHAX 3eMild, YTO MPEALIECTBYET 3eMJie-
TPSICEHUIO, U3 TeNa 3eMIIM TAKXKE W3TY4alOTCsl BUHTOBBIE MIOTOKHU d(u-
pa, KOTOpble MOTYT OBITh 3a(MKCUPOBAHBI C TOMOLIBIO JIA3E€PHOTO MPH-
Oopa. OTOT mMpUOOpP aHAIOTHYEH ONMMCAHHOMY BHIIIE TPUOOPY It 00-
Hapy>KEHHS TeOMaTOreHHBIX 30H. [Ipn HE0OX0ANMOCTH MPUOOP MOXKET
OBITh CHAOXEH TeleMEeTpUEH ISl Tiepeiadn MOKa3aHui B IICHTPAJIbHBIH
nyHKT. Hukakux ocoObix TpeOoBaHuil K oTiagKe npudopa He MperbsiB-
nsiercsi. [Ipubop nemes, Hajie:)KeH B padoOTe ¥ MPAKTHYECKH HE TpeOyeT
HUKAKOr0 OOCITYKHBaHHUS, KpOME 3aMEHbI Oatapeil WM 3apsIKH aKKy-
mysstopa. [Ipn HeoOX0AUMOCTH MOKET OBIThH JIETKO HAJIa)XEHO Macco-
BO€ MPOU3BOJICTBO MOJOOHBIX MPUOOPOB, YTO MO3BOJUT OXBATUTH M3-
MEpEeHUsIMHA 3HAuYUTebHbIC IUIOmaau. Eciu mpenmoioxkeHus: aBTopa
OK&KYTCSl BEPHBIMH, 3TO TIO3BOJUT MPOOJIEMY MPOTHO3UPOBAHUS 3EM-
JETPSICEHUH IPUOTU3UTD K PELICHUIO.

2.3. UccienoBanne reomnaroreHHbIX 30H ¢ MOMOIIbLIO Jia-
3epHOr0 H3MEPHUTEJIS M MPOBOJIOYHOr0 HeliTpaim3aropa

B.A.Aurwkoeckuit, A.I'.Jleonmuves

IHocTranoBka 3anaumn

[To Bceli moBepxHOCTH 3eMiTH pa30pocaHbl TaK Ha3bIBAGMbIC Ieoma-
TOTE€HHBIE 30HBI, T.€. 30HBI, U3 KOTOPBIX UCXOIUT 3(DUPOAMHAMUIECKOE
M3JIydeHHe, IPUPOJIa U CTPYKTypa KOTOPOTO MPAKTUYECKH HE U3ydeHa
JI0 CHX MOp. OTH 30HBI OTPULATENBHO BIMSIOT Ha 30pPOBbE JIOAEH
[AmrokoBckmii B.A., Bacunbes B.I. OOHapykeHMe ¥ HeWTpaau3arys
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reomaToreHHoro maiayueHusi 3emun. M.: «Iletut», 2007], a Taxke Ha
paboty mpubopoB u obopynoBaHusa. OOHapyXeHHE TaKuX 30H [0
HACTOSIIIETO BPEMEHU MPOM3BOJUTCS ONEPaTOpaMH BPYUYHYIO C MOMO-
HIbI0 IPOBOJIOYHBIX PAMOK — M30THYTHIX B opMe OyKBBI I' MpOBOIIOK.
MTOMEIIEHHBIX KaXK/1ash OHUM KOHIIOM B JIEPEBSIHHYIO HJIH TIACTMACCO-
BYIO PYUKY, B KOTOPO#l paMKa MOXeT CBOOOJHO BpaIiaThCs.

Omneparop IOep:KUT paMKH mepes coO00H mapajulebHO JpyT APYTY,
HEMHOTO HAaKJIOHUB WX OT cebs. [Ipu mpoxokIeHWH TreomnaToreHHOM
30HBI PAMKH TIEPECEKAIOTCS, a TI0 BBIXOJIe U3 30HBI OHU BHOBb BOCCTa-
HAJIMBAIOT CBOE MapaJljIeNIbHOE MOJIOKCHUE.

Hecmotps Ha 3 peKTUBHOE MCIONIB30BAHNE TAKKX PaMOK IIPH IO~
MCKE TeONaTOreHHBIX 30H (B CpeIHME BeKa JUIA STON IeTU U IS ITOMCKa
MOJ3€MHBIX BOJI M Pyl UCTIOJIb30BAIIU CBEKECOPBAHYIO C JepeBa BETKY-
POTYJBKY) ¥ IMEHHO B CBSI3H C TEM, YTO 0€3 HATPEHUPOBAHHOTO Ollepa-
TOpa HU BETKH, HU paMK{ He paboTaroT, cam (akT HAIHYIHUS OIepaTopa,
T.€. CyOBEKTUBHOCTD, BBI3BIBAET COMHEHHSI B €r0 JOOPOCOBECTHOCTH Y
MOCTOPOHHMX Habmrogateneid. [loaromy oOHapyKeHHE TeonaTOreHHbIX
30H JI0 CHIX ITIOp HE HOCHUT CHCTEMAaTHUECKOTO Xapakrepa. [IpakTuuecku
HE BHEJIPEHBI M METOJII 00€3BPEKMUBAHMS T€OMATOTEHHBIX 30H.

DopMyJIMPOBKA 3a1a4H

Tpebyercss HallTH HMHCTPYMEHTAJbHBIE METOJBI OOHAPYKEHHS U
JUKBUJAIMHA TE€ONATOTeHHBIX 30H. [IpeAmnonoXuTenpbHO H3IydYeHUE B
reOoMmaTOr€HHbLIX 30HaX IPCACTABIACT coboit BBITeKa}OIlII/Iﬁ BCPTHUKAJIb
BBEpX M3 Tela 3eMJIM BUHTOOOPa3HbIN MOTOK 3(upa, KOTOPHIH MOXKET
OBITH OOHApYKEH C MOMOIIBI0 BEPTHUKAIBHOTO OTKJIOHEHUS Jy4a Jla3e-
pa OT ero HepBOHAYAIBHOTO TOPH3OHTAJILHOTO MOJIOKEHHs. JTO OT-
KJIOHEHHUEC CBA3aHO C MEXAaHHUYCCKUM BOSHeﬁCTBHeM II0TOKAa aq)npa Ha
Jy4 MOA0OHO TOMY, KaK OOBIYHBIA BETEp OTKIIOHSET OT HEHTPaIbHOTO
MIOJIOKEHHUSI KOHCOJIBHO 3aKpervieHHyto Oanky. Takum oOpazom, Quk-
canMs OTKJIOHEHHUs TOJIOKEHHS JIyda Jiazepa OT HEHTPaIbHOTO II0JIO-
KCHUA TO3BOJISCT BBIABUTH I'€OMATOICHHYIO 30HY MHCTPYMCHTAJIBHBIM
CIoCO0OM.

Yro kxacaercs: HEUTpanM3alUHu M3TY4YEHUsS, TO MPEAIONI0KUTEIHLHO
MOXET OBITh HCIOJB30BaH CIIOCOO pACCEUBAHMS W3ITYYEHHS C MOMO-
MIBI0 XaOTHYECKOTO MOTKA MPOBOJIOKH, Yepe3 KOTOPBIM MPOMyCKaeTcs
M3JIydeHHe: MPOXOKACHHE TMOTOKa 3(Hpa CKBO3b IIyCTOTHI MOTKa
JIOJDKHO TIPUBECTH K IOSBJICHUI0O MHOTOYHCICHHBIX BHXPEBBIX TOPOU-
JANBHBIX MENKHUX CTPYKTYpP, KOTOpBIe OYAYyT caMH pa30OpachiBaThbCs BO
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BCE CTOPOHBI U TEM CaMbIM pa30pachIBaTh BECh IIOTOK, IECTPYKTYpPHU3YS
Y HEUTpAJIU3ys €ro.

ITocTaHOBKA IKCIIEPUMEHTA

B kadecTBe M3MEpUTENBFHOTO YCTPOWCTBA AJsi OOHAPY>KEHHS Teo-
MaTOTeHHOH 30HBI OBLI MPUMEHEH Ja3epHBIH O] C KPAaCHBIM JY4OM,
JUTHA BOJTHBI KOTOPOT'O COCTaBIIsIeT OKojio 640 MMK, B KauecTBe (OTO-
NPUEMHHUKOB MCIIOJIb30BaHbl B OJJHUX CITy4asix — OTOAHOMBI, B IPYTUX
— (hOTOCOIIPOTUBIICHUSL.

JlazepHblil Iyd MPOIMYyCKaeTcs MEXKAY AByMs NapaylieIbHBIMH 3€p-
KaJaMu U yBEJIMYECHHUS JJIMHBI MYTH Ja3epa, MOCKOJIBKY OTKJIOHEHHUE
Jy4a MoJ| BO3JeHCTBUEM Harpy3kH (IOTOKOB 3(Hpa) MpOmOpLUHOHAIb-
HO KBaJIpaTy JJIMHBI JIyda (KOHCOJIEHO 3aKPETICHHOMN OaKi)

O6a doroanona unu GOTOCOMPOTUBIICHUS PACTIONOKEHBI IPYT HaJ
JIPYroM, OHH pa3fiefieHbl HEMpO3pavyHoil MeperopojKoi, mepea HUMHU
pacmoiokKeHo MaToBOEe CTEKJIO, pacceMBaoliee Jyd Jasepa. B
HEUTPaJIbHOM IOJIOKEHHH JIyY 3aCBEUMBAET OAMHAKOBO 00a (oTonnona
(doToconpoTHBieHHS), a IPU OTKIOHEHHWH MO BO3JCHCTBHEM MOTOKA
adupa Iyd cMemmaercs, U OJuH Juof ((POTOCONPOTHUBIICHHUE) 3aCBEUH-
BaeTcs 0oJIblile, IPYyrol MeHbIIe, STUM Hapylaercs 0ajJaHc MocTa, 1o-
Jy4EeHHBIH CUTHAJ NEepefaeTcs Yepe3 yCUINTENIb Ha MUKPOaMIIEPMETP,
OTKJIOHEHHE CTPEJIKH KOTOPOTO OT HEHTPAIbHOTO IOJIOKEHUS MMOKa3bl-
BaeT HAJIMYKE 30HBI.

. B xauectBe HeliTpanuzaTopa 30HBI PUMEHEH XAOTHYECKH CITy-
TaHHBI MOTOK MEIHOW JIAKUPOBAHHOW MPOBOJIOKM JJIMHOW TOPSAKa
100 M u quamerpom ot 0,12 mo 0,18 MM. MOTOK CIUTIOIIECH B JICTICIITKY
nuamerpoM nopsinka 80-100 MM 1 momenieH B OyMaXKHbII KOHBEPT.

Hanuune 30HBI QUKCHpYETCS MTyTeM OTKIOHEHUS! CTPEIKU MHUKPO-
amriepMeTpa OT HEWTPaIbHOTO TIOJNOKEHUS, HEHTpau3alys 30HbI 110~
clie TIOMEIIEHHUs B Hee MPOBOJIOYHOTO HEHTpamu3aropa (QUKCHpyeTCs
BO3BpAIIEHUEM CTPEJIKH MHKpOaMIepMeTpa B HEUTPAIbHOE IOJIOXKE-
HHE.
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Puc. 2. Cxema ontuueckoro mytu [IOI'U3: 1 — nazep; 2 — syy nasepa, 3, 4 —
3epkaia, 5 — GoTonprueMHHIK

Pe3yabTaThl JKCIIEPUMEHTA

C noMo1IbpI0 IPOBOJIOYHBIX PAMOK OIEPAaTOPOM HaXOAMJIACh Ieomna-
TOTCHHAsl 30HA, BHECCHUE B Hee MpUOOpa NMPHUBOAMUIO K OTKIIOHEHHUIO
CTpEeNKU MHKpoamrepMmeTpa. BHeceHne B 30Hy MpOBOJIOUHOTO HEHTpa-
TU3aTopa MPHUBOIWIO MPAKTHUECKH K MTHOBEHHOMY Pa3pyLICHHUIO 30-
HBI, YTO (PUKCHPOBAIOCH BOCCTAHOBICHHEM HEHUTPAJIILHOTO IOJIOKEHHS
CTPEJIKM MHUKPOaMIIepMETpa.

IIpu yOupanum HeiTpanuzatopa U3 30HBI CTpeNKa MHKpoamIep-
MeTpa MeUIEHHO BO3Bpallanack B HEHTpaiabHOE mosioxkenue. Ilpu stom
00HapyeHO, YTO BPEeMsl BOCCTAHOBJICHHSI 30HBI 3aBHCUT OT BPEMEHH
npeObIBaHUA HEUTpannu3aTopa B 30HE: €CIIM HEHTpaIu3aTop HaXOAMIICST
B 30HE He Ooisiee 1-2 ceKyH/I, TO BOCCTAHOBIICHHE 30HBI TPOUCXOIUT 32
15-20 cekyHz, ecnu ke BpeMsi NpeObIBaHMS HEWTpaiu3aTopa B 30HE
COCTaBJISIET 3-5 MUHYT, TO BOCCTAHOBJICHHE 30HBI IporcxoauT 3a 30-40
MUHYT, €CITU K€ BpeMs MpeOBIBaHUS COCTaBJISIET XOTSA OBl CYTKH, TO
BOCCTaHOBJICHUE 30HBI MOXET JJIUTHCS HECKOJIBKO THEH.

VY CTaHOBIIEHO TaKXe, YTO MU3Ty4YeHHE JACHCTBUTEILHO HIET U3 Tesa
3emiTu, TMOCKOJBKY TPH KPaTKOBPEMEHHOM NpeOBIBAaHUHM HEHTpan3a-
TOpa B 30HE M3IyYeHHE YHHUTOXAETCS HaJ HEHTPaInM3aTopoM, a MOJ
HUM COXpPaHSETCS, YTO MPOBEPSIIOCh Ha JIECTHHLAX KHJIBIX JIOMOB.
Haubonee 3¢(GeKTHBHBIM METOIOM HEHTpaIM3allii B KUIJIBIX JOMaxX U
CITy’)KEOHBIX TMMOMENICHUSIX O0Ka3aJoch MOMEIICHUE HeWTpaau3aropa B
noJBajiax 31aHH, TOrJa W3IyuYeHHe HEHUTpalM3yercsl cpa3y BO BcCeX
JTa)kax 31aHUM.
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Puc. 3. JIaGopaTopHblii MaKeT JIa3epPHOr0 U3MEPHUTEIs IeoNATOr eHHOIi 30-
HbI (pa3pabotka A.I.JIeonTheBa, Hapo-Pomurck MockoBckoii 061acTn)

BuiBoabI

[IpoBeneHHBIE 3KCIIEPUMEHTHI MMOATBEPAMIIN CIIEIYIOLINE MOJI0XKe-
HUSL:

1. I'eonaroreHHoe W3JIy4YeHHUE MPEACTABIACT COOOM CHUpaTbHBIN
NOTOK 3(upa, HaNpaBICHHBIM U3 Tena 3eMJIM BEPTUKAIBHO BBEPX H
o0aaeT BHICOKOW NMPOHHUKAIOIIEH CIIOCOOHOCTBIO, TPOHU3BIBAS ATAXKH
MHOTO3TXHBIX 3/IaHUM;

2. Uznydenue okasblBaeT BIMSHHE Ha TOJIOXKEHHE TOPU30HTAIBHO
PAacIIONIOKEHHOTO JIyya Jla3epa, 3aCTaBysisl €ro OTKJIOHSATHCSA BBEPX, IO-
JOOHO TOMY, KaK OTKJIOHSIET KOHCOJBHO 3aKpeIICHHYI0 OanKy oObId-
HBIH BeTep. DTUM cO3/1aHa OCHOBA JIJISI CO3/IaHHSI U3MEPUTETHHOTO WH-
CTpyMEHTa J1JIsl OOHAapYKEHHUS T€ONAaTOTeHHBIX 30H JII00OOT0 MPOUCXOXK-
JCHHUS;

3. Pa3pabotanHbIii MeTOJl HEMTpaTU3aIMK T€ONIATOTeHHBIX U3ITy4e-
HUM 3eMJIM TOKa3aj BBICOKYIO 3((EKTHBHOCTE U MOXET OBbITH PEKo-
MEHJIOBaH, [0 KpalHel mepe, A HeHTpanu3aluy reonaToreHHbIX H3-
Jy4eHUI B KBAPTUPAX U CITY)KEOHBIX TOMEIICHUSX.

4. Cremyer MpOJOJDKUTh HWCCIENOBAHUS MO OOHAPYXKEHUIO U
HEUTpaau3alyuy IeONaTOreHHBIX 30H HPUMEHUTENBHO K OMAacHBIM JUIS
JKU3HH JIIOJICH JoMaM, MoJITepreicTaM, aBapuiiHBIM y4acTKaM aBTOMO-
OWIBHBIX JIOPOT C IIENBI0 MOBBIICHHUS 0E30ITaCHOCTH HAaXOXKACHHS B
HUX JIIOACH, a TakkKe K BYJIKAHWYECKUM M CEHCMHUYECKHM 30HAM IS
NpeAcKa3aHusi BO3MOKHON UX aKTHUBH3aLWHU ()KHUBOTHBIC M NTHUIBI YyB-
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CTBYIOT IPUOJIIKEHHE aKTUBHOCTH M 3a0J1arOBPEMEHHO MOKUAAIOT 3TH
MECTa) U CBOEBPEMEHHOI'O IPUHITUN HEOOXOIUMBIX MEp IO CIACEHUI0
Troel 1 MUHMUMHU3AIKA BO3MOXKHOTO yiiepoa.

Puc. 4. IToJsieBoii BApHAHT MaKeTAa JIA3ePHOT0 H3MePHUTeIsl TeonaToreHHoit
30HBI (pa3zpabotka A.I'.JleonTseBa, Hapo-®omunck MockoBckoit obnactn):
a) 6uo cooKy; 6) euo ceepxy

5. IlenecooOpa3HO OMpeNeUTh BO3MOXHOCTh TPUMEHEHUS TTPHOO-
pa B Opyrux 0o01acTsSxX — MPHU MPOXOXKJICHUU T'eOMATOTCHHBIX 30H ITIO-
JBIKHBIMH 00BEKTaMH — Ha36MHBIM TPaHCIIOPTOM, MOPCKHMH H TIOJI-
BOJIHBIMH KOpaOsiMu, BO3AYIIHEIM TpancropToMm U MC3, a Takxke st
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WCCIIeIOBaHUs 3(pUPHOTO BETpa, 0OMyBalOMIero 3eMiIi0, U MpeicKa3a-
HUS 3eMJICTPSCCHUI M M3BEPXKEHUS BYJIKAHOB, MIOCKOJILKY BCs (hayHa
CTPEMHUTCS] TTOKHHYTh MECTa OyIyNMX 3eMIICTPSICEHUH U H3BEPIKCHUM
32 HECKOJIBKO CYTOK JI0 COOBITHI. DTO 3HAYHT, YTO I(PUPHBIE BHHTOBBIC
MOTOKY U3 TeJla 3eMIIH Y>Ke UCXOMST, a 3TO 03HAYACT NPUHITUIHAIILHYIO
BO3MOXKHOCTb 320JIarOBPEMEHHOTO UX 00HAPYKCHUSL.

2.4. UccnenoBaHne BEPTHKAJIBLHBIX NOTOKOB 3¢upa
¢ noMomp10 «kopouo» B.I1.JlonoHoBa

A.I.JIeonmuvees

Bpau-6mnonor bopuc Ilerpouu JlonoHoB u ero ceiH Poman bopu-
coBuY J[0ZJIOHOB MHOTO JIET MOTPATWJIM HA U3y4YEHHE BIMSHUS pa3iivy-
HBIX TPEIMETOB Ha SHEPreTHUKY OHOMNOJsl 4elloBeKa M pa3padoTanu
KOppEKTOp Ouomosisi, Ha3BaHHBIH UMM «KopOuoy». Koppekrop mpen-
CTaBIsieT coOOH IMIMHIP, BHITIOIHEHHBIN U3 JiepeBa, MeTajlia Wik Jpy-
TUX MaTepUaJIOB, B KOTOPOM Hape3aHbl yriayoaeHus (puc. 2.2).

[Tonamas Ha MeTalIMYecKUid MOILYATOp (pHc. 2), apupHas cTpys
UAYIAs U3 KocMoca B 3eMITI0, OTPakaeTcsl OT MOBEPXHOCTH METaJlia U,
Onarozaps HapesKe, 3aKpy4UHMBaeTCs, OJHOBPEMEHHO CokuMasck. lloma-
Jas Ha JepeBSHHBIN MoaynsTop (puc. 3), dupHas CTpys MPOXOAUT
HAacKBO3b, HO TAaKXKe 3aKpyuyHuBasch. B o0oux ciyuasx crpys obnamaer
SHEPTeTHYECKUM BO3JECHCTBHEM M B psAZE CIy4aeB MOXET OBITh HC-
MOJIb30BaHA /ISl TIONMUTKN U KOPPEKIIMU OMOMOJS 4eJIoBeKa, 4TO MO-
JKeT OBITh UCTIOJI30BAaHO B MEANLUHCKHX LIENISX.

KoppexTopsl 61onons peKOMEHI0BaHbl aBTOPaMH Ui HCIIOJIB30-
BaHUS B METUIIMHCKOW TEXHHMKE JJISi KOPPEKIWU OHMOIOJS YellOBEKa,
YTO CIOCOOCTBYET TapPMOHM3ALUU COOCTBEHHOI'O SHEPreTHUECKOro IO-
7151, KOTOPOE OMPEAEIAET COCTOSHUE E€TO 3/I0POBBSI.

[Mockonbky U3 KOHQUTYpAIH KOPPEKTOPa HETMIOCPEICTBEHHO BU/I-
HO, YTO OH TpeJHAa3Ha4YeH I MpeoOpa3oBaHUs JIMHEHHBIX MOTOKOB
s¢upa B BUHTOBBIC, BO3HUKIIA U/IES UCIIOJIB30BaTh KOPPEKTOp AJIS Jie-
MOHCTpAIMX 3aBUXPEHHS TIOTOKOB 3(Hpa, MOCTYMAIOINX B 3eMIII0 13
KOocMoca.
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Puc. 2.2. CtpykTypa KoppekTopa 6uono.st JJ010HOBBIX:

@ur. 1. Koppexrop 6nomnons "KOPBHUO" lononoBsIx; ¢ur.2. Bug cBepxy, mu-
JIMH/IPUYECKOi U MHOTOrpanHoit ¢popMsl; dur.3. [lonepeynsle ceueHuns KaHaia 1Mo
¢ur.1 u 2.

[lomagas Ha MeTaTUUeCKUid MOLynsSTOp (puc. 2), a¢upHas cTpys
UAYyIIas U3 KOCMOca B 3€MITIO, OTPa)kKaeTcsl OT MOBEPXHOCTH METalia |,
Onmarozmaps Hapeske, 3aKpy4MBaeTCsl, OAHOBPEMEHHO CkxuMasich. [loma-
Jasi Ha JepeBsSHHbIM Moaynstop (puc. 3), adupHas cTpys MPOXOAUT
HACKBO3b, HO TaKXKE 3aKpydHBasch. B o0oux ciryyasx ctpys oOnamaeT
SHEPTETHYECKUM BO3JICHCTBHEM M B pAIE CIy4aeB MOXET OBITh HC-
MOJIb30BaHa JJIs MOAMUTKH M KOPPEKIMK OMOTONS YeJlOBEKa, YTO MO-
JKeT OBITh UCTIONB30BaHO B MEJUIIMHCKUX TIelsiX. KoppekTops! Ouomons
PEKOMEHIOBaHbI aBTOPAMHU ISl MCIONB30BAHNSA B MEIULMHCKON TeX-
HUKE Ui KOPPEKLMH OMOTONS YellOBeKa, YTO CIIOCOOCTBYET TapMOHU-



HccnenoBaHus reonaToreHHOTO MOJS M MATOT€HHOTO MOJIsI, COMPO-
BOKJAAI0IIEr0 BHICOKOYACTOTHBIE 3JIEKTPOMATHUTHBIE SIBJICHHSA 111

3aMKd COOCTBEHHOTO DHEPTEeTHYECKOTO OIS, KOTOPOE OIMPEENIeT CO-
CTOSIHHE €T0 3/10POBBS.

ITockonbky U3 KOH(UTYpAUH KOPPEKTOPA HETIOCPEICTBEHHO BH/I-
HO, YTO OH TpeJHA3Ha4YeH I MpeoOpa3oBaHUs JMHEHHBIX MOTOKOB
3¢vpa B BUHTOBBIC, BO3HUKJIA UJIES HUCIIOJIH30BaTh KOPPEKTOP s Jie-
MOHCTpAIIMH 3aBUXPEHUS MMOTOKOB 3(hUpa, MOCTYMAIONINX B 3EMIII0 13
KocMoca.

Iean 3xcnepumMenTa
Co3maHue yCTAaHOBKM AJIsI IEMOHCTpAaLMU Ipolecca 3aBUXPEHUs
3(¢HUPHBIX TOTOKOB, IOCTYNAOIINX B 3eMJII0 U3 KOCMOCA.

CylIHOCTB 3KCIIEPUMEHTA

B Ganky ¢ Bomoit yepe3 TpyOKy OIyCKAIOTCS HA JHO YEpHHIA, KO-
TOPBIC PacTEKAIOTCS IO THY OaHKHU. 3aTeM Ha O0aHKY YCTaHaBJIMBACTCS
KopOuro — 6uokoppekTop JomoHoBeIX. Bo BTOpoM BapuaHTe MeTaslIu-
YEeCKUIl KOPPEKTOp YCTaHaBJIMBAETCs IMOJ OaHKy HpOpe3sMH BBEpX,
WHave HUKaKoro 3dexra HeT

OxunaeMsiii 3G GeKT — BCIeIcTBIEe 00pa3oBaHusi B OaHKE TOPOU-
JaTIbHOTO BUXPs d(pupa uepHHIa JOIKHBI COOMPAThCs Ha JHE OAHKH BO
BCE YMEHBUIAIOIIYIOCS KPYIJIYIO JIETICIIKY, KOTOpasi JOJDKHA BBITATHU-
BaTbCsl BBEPX B COOTBETCTBUM CO CTPYKTYPOM TOPOUIAIBHOIO BHUXPS

a¢upa.

IIpoBeneHue IxcnepuMeHTa

s mpoBeieHUs1 SKCIIEpUMEHTa OBLIIH U3TOTOBJICHBI KOPPEKTOPHI
13 MeTaia u aepesa (puc. 2.3).

B ogHOM ciydae MeTaUIM4eCKUil KOPPEKTOP YCTaHABIMBACTCS MO
0aHKy, BO BTOPOM — JIEPEBSHHBIN KOPPEKTOp yCTaHABIMBAaeTCs Ha OaH-
Ke. Pe3ynbTar mpakTuyecku OIMHAKOBBIA, HO 3((EKT Npu yCTaHOBKE
METaJUIMYECKOr0 KOppeKTopa 1moj O0aHKOW HECKOIBbKO MEHBIINH, YeM
NIPY YCTaHOBKE JIEPEBSIHHOTO KOPPEKTOpa HA OaHKY.

IIpoaomKUTETHPHOCTS IKCIEpPUMEHTa cocTaBisier 1,5-2 waca or
MOMEHTa yCTaHOBJICHUS Ha OaHKe KopOwo. B pesyinbraTe, Kak U OXKu-
JTaJoch, YepHUIIA CO BCEH IUIOmMAaay OaHKH COOMPAIOTCS K €€ IICHTPY, U
U3 YCPHWIBHOHN «ICTICIIKI» BBEPX BBITATUBAETCS CTOJIO YEPHUII, a cama
«JIeTIeIKay MPHoOpeTaeT B BOPOHKH TOHKOH 4acTH BBepx (puc. 2.3.)
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Puc.2. CranbHoii moxyastop B.IL/loxonoBa (kopGuo), co3qa0UIMIi HANPAB-
JICHHOE BUHTOBOE IATOreHHOE U3Jy4YeHUe

a 0)

Puc. 3. lepesannbie moayasaTopsl B.I1. lonoHoBa 1Jisi KOppeKIUH GHOMOJIS:
a) JICBOBHUHTOBO#1; 0) MPaBOBUHTOBOM

BrIBOABI

Crnenxyet monarath, 9YTO 3KCIIEPUMEHT ITOATBEPANI HAJIMYHE TIOTOKA
a¢upa, BXOJSIMETO B 3eMIII0 U3 KOCMOCA, TTOCKOIIbKY HUKAKUX JPYTHX
MPUYWH i1 00pa3oBaHUs BuUXps B OaHke HeT. Kpome Toro, skcrepu-
MEHT MOJITBEPIMJI BO3MOXXHOCTh 3aKPYTKH JJAMHUHAPHOW CTPyH 3dupa ¢
MTOMOIIIFIO BUHTOBBIX MOAYJISITOPOB THITA KOPOHO Jl0TOHOBBIX.
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[IpuHIMNUANBEHO OTCIOAA BBITEKA€T BO3MOMKHOCTH B IIEPCIIEKTHBE
WCIOJIB30BaHMUsI MOIYJIATOPOB JI0IOHOBBIX B KAauyeCTBE 3TAJIOHOB JUISA
TapupOBKH NPUOOPOB, NMpEAHA3HAYCHHBIX 11 OOHAPYKEHUS Te0IaTo-
TeHHBIX 30H.

\

\

Il\"\\‘l\\I

Puc. 2.4. ®opMupoBaHue YePHIILHOTO BUXPS B 0aHKe ¢ BOAON mocJe ycTa-
HOBKH Ha Heil /JiepeBSIHHOr0 KoppekrTopa J[oAOHOBBIX: @) 4Yepe3 moidaca Iocie
YCTaHOBKH; 0) 4epe3 yac MOCJe YCTAHOBKH; B) 4epe3 IOJTOPa 4Yaca MOCIe YCTAHOBKH;
2) 4epe3 15 MUHYT mocie CHATHS KOPPEKTopa ¢ OaHKU.
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2.5. HccaenoBanue BJUSHUA Fe0NaTOreHHOT 0 HU3JIyICHUS HA
METANIHNYECCKUEC IIJIOCKOCTH

B.A.Auroxoeckuii, A.I'. Jleonmoes

ITocTanoBKa 3agaun

B cBsa3u ¢ Tem, 4TO NpH CKOJBXKEHUH Tra30BOrO IMOTOKA BOJb
TUIOCKOCTH TUTACTUHBI aBJCHHE Ta3a yMEHBIIAeTCsS, BOSHHUKAET Ilele-
c000pa3HOCTh MPOBEPKU ITOTO OOCTOSATENLCTBA, MOCKOJIBKY 3TO O3Ha-
YaeT, YTO Ha 3Ty IUIACTHHY OYJeT BO3ICHCTBOBATH JAaBJICHUE C IPOTH-
BOTIOJIOXKHOW CTOPOHBI, CMEIIAI0IIee TUTACTHHY B CTOPOHY 30HBIL. [Ipo-
BEpPKa MOXXET OBITh OCYIIECTBJIICHA C MOMOINBIO KPYTHUIBHBIX BECOB U
MoaysATOpoB Jlo0HOBa, MPeoOpa3yromuX MOTOK 3(upa, MOrioliae-
MBI 3eMJIeH, IBUTalOIIUKACA BEPTUKAIBHO CBEPXY BHU3.

1 ]
4 6 |
3 o
5
6
2

Puc. 2.5. Cxema BecoB /151 onpe/esIeHUs] BJUSTHUSI MOAY.IATOpoB /looHOBa
HAa MeTAINYeCKYI0 IJIacTUHY: 1. JlepeBsSHHBIA MOAYIATOD, IPH €r0 IOMEIIEHUH HaJ
METaJIJIMYECKOM TUIAaCTHHOM OHa JOJDKHA UITH BBEpX; 2. MeTaln4eckuil Moy sITop
IIPH ero TOMEIICHUH IO/ METaJUTHYECKO IUTaCTHHOM OHA IOJDKHA UITH BHU3; 3.
Tonkast Metamnnueckas iactuia 30x30 cm tonmmaoi 0,5 mm. Kpenures Ha koHLe
KOpoMbIcia 4 IMHOM okoJsio MeTpa; 5. ToHKast cTanbHas IPOBOJIOKA, HAa KOTOPOH Kpe-
IUTCS TaJlKa, IPOBOJIOKA HATATUBACTCSA MEXIy cToiikamu 6; 7. IIpoTuBoBec, ypaBHO-
BEUIMBAIOIUH IJIACTUHY 3.

Metannuueckuid MOJIYJISATOpP JOJDKEH OTpa)kaTh JIAMUHAPHBIN TTO-
TOK 3¢upa u NpeoOpa3oBhIBATh €r0 B BHHTOBOW MOTOK, JCPEBIHHBIN
MOJYJIATOP JOJDKEH MPOITyCKaTh CKBO3b Ce0sl TaMHHAPHBIN MOTOK d(u-
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pa u npeoOpa3oBbIBaTh €0 B BUHTOBOW NMOTOK. IloaTomy Metaminue-
CKUH MOZYJATOP HYXKHO CTaBUThH IOJ METAJIMUECKYIO IJIACTHUHY, 3a-
KPEIJICHHYIO Ha OJJHOM KOHIIE KOPOMBICJIA BECOB, a IEPEBSHHbIN MOLY-
TSATOp — HAJ IACTHHOW. OXumaeMbiil 3PPEKT: METATITHUECKUH MOy~
JIATOP JOJKEH OTKJIOHATH IUIACTUHY BHU3, a JAEPEBSHHBIA JOJDKEH OT-
KJIOHSITD TUTACTUHY BBEpPX.

IlocTanoBKa 3KCIEpUMeEHTa

Jnst mpoBepKH BBICKA3aHHOTO TMPEJIOIOXKEHUS HCIOIb30BaHbI
KPYTWIBHBIE BECHl — AECPEBSIHHOE KOPOMBICIO IIMHOW 1,2 M, moaBe-
IIEHHOE 32 HUTh K CTOMKE.

Ha ongHoM KoHIlE KOpoMBbICIa 3aKperieHa »KecTsHas IUIacTHHA,
wiomanpio 0,1 M2 Ha MPOTUBOMOIOKHOM KOHIIE MAJIKM UMEETCS POTH-
BOBEC, MOJ00paHHBIN TaKUM 00pa30M, YTOOBl KOPOMBICIO HAXOIUIOCH
B FOPU30HTAJIBLHOM MoJiokeHNH. Ha KopoMbiciie 3akperieHa JiasepHast
yKa3ka, OTOpachIBalollas JIyd Ha CTeHY, Ha KOTOPOH ClielaHa OTMETKa
HEUTPaJILHOTO MOJIOXKEHUs JIyda, OT KOTOPOH U (PUKCUPYETCsl OTKIIOHE-
HUC.

Puc. 2.6. KpyTuibHble Bechl 1JIsl IPOBEPKH BJIMSHUS I'e0NATOTeHHOT0 U3JIy-
YeHUs HA MeTAJNIHYecKHe MVIOCKOCTH: OO BUJL

PesyabTar 3kcnepumeHTa
IIpu ycTaHoBKE METaJUIMYECKOTO MOIYJIATOpA IOJ IOABELICHHON
JKECTSHOU IJIACTUHON paBHOBECHE BECOB HapylIIaeTcs, U IIACTHHA OT-
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KJIOHSIETCS BHH3 K MOIyNIsATOPY Ha yroux nopaaka 10-15°. IIpu ycraHos-
K€ JIEPEBSIHHOTO MOJYJIATOPA HaJ IUIACTHHOW OHA OTKJIOHSETCS BBEPX,
PUMEPHO, Ha TOT e yrodl.

Puc. 2.7. KpyTHibHbIe Becbl 1J1sl IPOBEPKH BJIMSIHHS FeONATOr¢HHOI0 U3JIY-
YeHUsl HAa MeTa/lJIN4YecKHe IJIOCKOCTH: YCTaHOBKa MOAyJsTopa JloJl0HOBa MO JKe-
CTSHOM MJIACTHHOM, YKPETUIEHHON Ha KOPOMBICIIE BECOB.

BpIBOIBI

1. ODxcriepuMeHT NOATBEP NI

— TIOJIOXKEHHE I(PUPOJUHAMHUKU O TOM, YTO B 3EMIIIO HJCT MOTOK
a¢upa;

- TOJIOKeHHE 3(QUPOANHAMUKHA O BO3MOXKHOM CHIJIOBOM BIIHMSHHUH
reonaToreHHOTo M3TyYeHHs Ha METaUTMYeCKUE TNIOCKOCTH, YTO MOXKET
B HEKOTOPBIX CITy4asiX OKa3aThCsl MPUYMHOW aBapuii U karacTpod Bo3-
IOYUIHBIX ¥ MOPCKHX CYJZIOB;

— BO3MOJKHOCTb CO3/IaHMsI C IIOMOILBI0 METAIIMYECKOIO MOJYJIs-
Topa Jlol0OHOBa MMUTALUM T'EONATOT€HHOI'O H3JIyueHHs 3eMJIM, 4TO
MOET OBITh HCIIONB30BAHO B JAJbHEHIIEM Uil TapUPOBKU H3MEpH-
TEJIBHBIX CHCTEM, MPEeJHAa3HAYCHHBIX ISl OOHApY>KEHHsI Te0NnaTOreHHO-
IO U3JIy4eHHUS.

2. llenecooOpa3HOCTh YCTAaHOBKU Ha KPYMHBIX MOJABMKHBIX 00BEK-
Tax MprUOOPOB, CIIOCOOHBIX OOHAPYKHUBATH U PETUCTPUPOBATH BXOMK/EC-
HHE 9THX OOBEKTOB B I'€ONATOTCHHYIO 30HY JUIS IPEIOTBPAICHHS aBa-
puii.
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2.6. O0Hapy:KeHHe MATOTeHHOT0 H3JIyYeHHS B IJIEKTPO-
MATHUTHBIX SIBJIEHUSX

B.A.Auroxoeckuii

ITocTanoBKa 3a1aun

Bo3HHKIIO TIpeanoIokKeHHe, YTO Pa3HOOOpa3HbIC BO3IEHCTBHUS TO-
KOB BBICOKOH YacTOTHI Ha JKHBBIE OPTaHU3MBI SBISIOTCS HE TOJBKO, a,
MOJKET OBITh, U HE CTOJIBKO PE3yJIbTATOM BIHSHUS BHICOKOYACTOTHOTO
MarHMTHOTO TIOJIsl, CKOJIBKO PE3YJIbTaTOM MaTOr€HHOTO U3IY4YCHHUS, CO-
MIPOBOXKIAIONIETO 3TO TMoje. B mpuHIune, matoreHHoe U3JIy4eHHEe MO-
JKET CONPOBOXKIATH PA3NUYHBIE DJIEKTPOTEXHUYECKHE SIBICHHS, YTO
TpeOyeT MPOBEPKH.

IlocTanoBKa 3KCIEpUMEHTa

s BeIACHeHHMs (aKTa HAIMYMS NATOT€HHOTO M3JYy4YEeHHUS! B BBICO-
KOYaCTOTHOM JJIEKTPOMAarHUTHOM ToJie ObLIa HMCIOJIb30BaHa KaTyIIKa
Pymkopda ¢ paspsimaukom (puc. 2.7).

Karymka Pymkopda mpencraBiser coOoil Kele3HbBIH cepAaeyuHuK,
Ha KOTOpBIM HAMOTAHBI JIB€ KATYIIKH — IEpBUYHAsI, IMEIOIAsl OTHOCH-
TEJEHO HEOOIBIIOEe YHCIO BHTKOB, MU BTOPHUYHAs, MMEIOIIAs 3HAYU-
TEJIbHO OOJIbIlIee YMCIIO BUTKOB. [lepBUUHAs KaTylIKa 3aluTaHa OT HcC-
TOYHHUKA IMOCTOSHHOIO TOKA, MTOCIEA0BATENBHO C IPEPBIBATENEM, KOTO-
phIii paspbeiBaeT uens. IIpu paspbiBe LENU BO3HHMKAET 3.1.C. CAMOMH-
IYKIMH, 1 BO BTOPUYHOM IIeTM BO3HUKAET MUK BBICOKOTO HAIPSHKEHUA,
BBI3BIBAIOIINI MCKPY B PaspsAAHMKE, MOAKIIOUYEHHOM K BTOPHYHOH 00-
MOTKE. YCTPOHCTBO IIMPOKO HCIOIB3YETCS BO BCEBO3MOXHBIX CHCTE-
Max IIO/DKUTA, HampuMep, B aBTOMOOWIBHBIX ABUTaTelsix. OmHako
¢axT Bo30YKICHUSI B OKPECTHOCTAX KaTylmKH Pymkopda maroreHHoro
M3JTy4eHHs! IO HACTOSIIETO BpEeMEHH HE OBbLT U3BECTEH.

IIpoBenenue 3kcnepuMeHTa

Bo3HHMKHOBEHHE IMATOTEHHOIO TMOJS Haj Karymkod Pymkxopda c
Pa3psAAHUKOM TPOBEPSITIOCH C MOMOIIBIO TPOBOJIOYHBIX paMoK. Omnepa-
TOp JAepKajd paMKH HaJ KaTyIIKOW MapaiIeNIbHO ApPYyr APYry W He-
CKOJIBKO HAaKIIOHMB MX BIepel. Ilocime BKIIIOYEHMs KaTyHMIKH PaMKH
HEKOTOpoe BpeMsl (MopsiAKa 5-7 CEKyH[) OCTABAINCH HENOJBIKHBIMH,
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a 3aTE€M IEPEKPEINNBATIUCH, OCTABasCh B TaKOM IIOJIOKCHUHN BCE BPEMAI,
Ioka Obljla BKIIFOUCHA KaTyuika.

Puc. 2.7. ®ukcanusi NATOreHHOr0 W3JIY4YeHHsI B OKPECTHOCTSX KATYIIKH
Pymxopda ¢ nomoub10 NpoBoJIOYHBIX PaMOK.

[Mocne BoikmroueHuss karymku Pymkopda pamkum 10-12 cexyHa
OCTaBAJIMCh HETOJABMKHBIMU U NEPEKPEIICHHBIMH, a 3aT€M MEAJICHHO
PacxXoIuiINCh, 3aHUMAas! BHOBb NAPaJUICIIbHOE APYT APYTY HOJI0XKEHHE.

BriBoabI

BbICOKOUaCTOTHOE 3JIEKTPOMAarHUTHOE MOJe, co3laBaeMoe pado-
Taromel KaTymkod Pymkopda ¢ pa3psmaHUKOM, COMPOBOXKIAETCS BO3-
HUKHOBEHHEM IMATOTE€HHOI'O IOJsI, KOTOPOE MOXKET OKa3aThCs MPHYH-
HOW HEKOTOPBIX SIBICHUH, MPUIHCHIBAEMBIX BBICOKOUYACTOTHOMY H3IIY-
yenuto. [lomyueHnslit a3 Qext TpedyeT qaabHEeHIINX HCCeT0BaHNH.
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I'naBa 3. UccienoBanue norJomeHusi pacTeHUAMU
YIJIEKUCJI0THI M3 BO3yXa

3.1. CocTosiHHEe MPOOIEMBI

Kak u3BecTHO, B OHOJIOTH CyIIECTBYET KOHIEMIHUS O TOM, 4TO (o-
TOCHHTE3 €CTh 00pa30BaHUs BBICUIMMHU PACTEHHUSIMH, BOIOPOCISIMHU,
(GOTOCHHTE3UPYIOIIMMHU  OaKTEpUsIMHU CIOXKHBIX OPraHUYECKUX Be-
HIECTB, HEOOXOIUMBIX IJISl JKU3HEACATEILHOCTH, KaK CaMUX PAaCcTCHUH,
TaK W BCEX APYIMX OPraHU3MOB M3 MPOCTHIX COCTUHEHUH (Hampumep,
YIJIEKHUCIIOT0 T'a3a ¥ BOJBI) 3@ CUET SHEPTUH CBETa, MOTJIOMAeMOil XJI0-
poduioM u ApyruMu (HOTOCHUHTETHYECKUMH MHTMEHTaMU. JTO OJWH
13 BOKHEUIINX OMOJIOTMYECKUX MPOILECCOB, MOCTOSHHO H B OTPOMHBIX
MaciTadax COBEpLIAIOLINXCS Ha HAIIEH IJIaHeTe.

B pesynbrate (oTOCHHTE3a PACTUTEIBHOCTH 3€MHOIO ILIapa exe-
rogHo oOpasyer Oosnee 100 mMipa. T. OpraHHMYECKUX BEHIECTB (OKOJIO
MOJIOBUHBI ATOT0 KOJIMYECTBA MPUXOIUTCA HA AOJI0 (DOTOCHHTE3a MO-
peii 1 okeaHoB), ycBauBas ipu 3ToM okojio 200 mipa. 1. CO2 u Bblze-
IS BO BHEILIHIOIO Cpey OKojo 145 mipa. T. ¢cBOOOAHOTO KHCIOPOJA.
Ionarator, uro Oyarogaps GoToCHHTE3y 00pa3yeTcs BeCh KHUCIOPO.
armocdeps [1. Huuunopouu A.A. ®orocuntes. BCO 3 m3n. T.27, c.
592-595. M.: Bosnbinast coBeTckas sHuuKiIoneaus, 1977].

He craBst moj comHeHHe (akT HAIWMYUS B MPUPOJE YIOMSHYTBIX
BBIIIE POLIECCOB, CIEAYET, TEM HE MEHEE, YCOMHHUTHCS B TOM, YTO B
CTPOMTENILCTBE Te€Ja PACTEHHH, BOAOpPOCIed M (OTOCHHTE3UPYIOIUX
OakTepuii UAET 3a CUET YCBOEHUS UMM YIJIEKHCIIOTO ra3a BO3yxa, a He
HBIM TyTeM. OCHOBaHHMEM AJIsl IOJOOHOTO COMHEHHUS SBIseTcs (aKT
HECOOTBETCTBUS MIPOLIEHTHOTO COACPIKaHMsI YIiepoia B TeJle pacTeHUN
(mopsimka 13% oT Macchl pacTeHUi) U COAEPKaHUS YTIIEPOia B BO3IyXE
(mpu 0,03% conmeprkaHusi B BO3AyXE YIIEKUCIOTO raza Ha JIOJI0 yrie-
pona npuxoautcs e 6onee 0,01%). Takum oOpa3om, uMest B BUAY, 4TO
1 m® Bosayxa Becurt 1 kr, 1711 06pa3oBanms | KT Macchl pacTeHHs HEOO-
xoaumo 3aTpaTuth 1300 M° BO3MyXa NpH YCIOBHH, YTO BECh YIJIEKHC-
JIBIA ra3 BO3[yXa yCBaWBAETCsl PACTEHUSIMH, Yero ObITh HE MOXKET.

Kaxk paccunran U.H.I'ankun [M.H. I'aaxun. /[pixanue pacteHuil.],
[uld o0ecriedeHusl POCTa PacTeHUH yriIepoioM 3a CUET IOIJIOLICHUS
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YTIEKUCIIOTO Ta3a u3 atMochepsl Hy)KEH BeTep, MYIOIIUH CO CKOpO-
CTBIO COTEH THICSY KHJIOMETPOB B CEKYH/Ty, 4€TO HA CAMOM JIeJIe HeT.

CoMHEHHUS CBSI3aHBI TAKXKE U C TEM, YTO BECHOM, KOTJIa BOJIBI MHO-
r0, COJTHEYHOE OCBEIICHHE SIPKOE, a HUKAKOro BETpa HET, POCT pacTe-
HUMl HamOollee WMHTEHCHBEH, IMOATOMY HH O KaKOM pOCTE pacTeHUi
TOJIBKO 3a CYET YCBOEHHS YIJIepoja BO3/AyXa B 3TOM BpeMs Tojaa He
MOKET OBITh U PEUH.

Boznankaet Bompoc, 3a CUeT KaKoro kK€ MEXaHH3Ma MOXKET MPOU3-
BOJIUTHCS CTOJIb MHTEHCUBHBIA POCT PAacTEHHUH, €CIM HE 3a CYeT yrJe-
pona, coiepiKamierocsi B Bo3ayxe. s BOBMOXHOTO OTBETa Ha 3TOT
BOIIPOC CJeIyeT 00paTUTHCA K 3PUPOIUHAMHUUCSCKUM TPEICTABICHUSIM
0 CTPYKTYype SiIep aTOMOB yTIepoia, a30Ta ¥ KHUCIOPO/Ia.

Kakx wu3BecTHO, OCHOBHBIM HM30TOIIOM YTJIEPOJa SIBISIETCS M30TOI
12C, ero sapo COCTOUT M3 TpexX alib(ha-yacTull, HauboJiee yCTONUUBOM
YaCTHULbl, COCTOSILIEH U3 JBYX MPOTOHOB U IBYX HEUTPOHOB. S apa aTo-
MOB a30Ta ¥ KHUCJIOPOa COCTOST KaXKJI0e U3 sapa yriepoaa ¢ obasie-
HUEM K SIIpy aToMa yriepoja B a30Te IPOTOHA WU AEHTpOHA, T.€. TIPO-
TOHAa ¥ HEUTPOHA, a B aTOME KHCJIOpOJa ellle OAHON anb(a JacTHIIbI,
COEIMHEHHBIX C SIPOM YIIIepoJia, KaK U BCe HYKJIOHBI, CUJIaMH CHIIBHO-
T SIZIEPHOrO B3aUMOJCUCTBHUA.

Bona, sBrsromiasicst He0OXOIMMBIM YCIIOBUEM POCTa PacTeHHH, Kak
W3BECTHO, COJIEPKHUT B CBOEM aTOME OJIMH aTOM KHCJIOpOJa U JIBa aTo-
Ma BOAOPOA, W, XOTs OOLICHPUHATON (OpMYIIOi i BOABI SBIISETCS
¢dopmyna HoO, To, yuuThiBasi, 4To 00a aToMa BOJIOPOJIa CBSA3aHbI C KUC-
JIOPOJIOM, a HE JPYT C APYTOM, IipaBUiIbHEe ObLIO OBI orucath (GopMyIry
Bozbl Kak H-O-H. B ocHOBe ke KIIeTYaTKU pacTEHUHN JICKUT MOJIEKYJIa
H-C-H, xoTopas XuUMH4YECKAM IIyTEM MOKET TpaHC(HOPMHUPOBATHCS U B
JIPYTHE YTIEPOI0- U BOJAOPOI0- COAEPIKAIIHEC MOJICKYIbl. Takum obpa-
30M, €CJIM OBl 0Ka3aJ0Ch BO3MOXKHBIM U3 siJIpa KUCIIOPO/Ia, COJIEpIKaIle-
rocs B BOJIE, YIAIUTh OJHY ayib(ha-dacTHIly, TO cpa3y ObI 00pa3oBaiach
et H-O-H, mpuromHas O6ITh OCHOBOM /ISl CTPOUTEIILHOTO MaTepuaa
pacTeHHH.

OO0pamiaer Ha ce0si BHUMaHUE TOT (PaKT, YTO JIMUCThSI PacCTECHUH
MMEIOT 3€JICHBIN ITBET, IOTOMY YTO OHH ITOTJIOMIAIOT KPACHYIO COCTaB-
JISIONIYIO0 COJTHEYHOTO CIEKTPA, T.C. CAaMyH0 ClIa0yI0 YacTh COJIHEYHOTO
CIIEKTPA, XOTS B CIICKTPE UMEIOTCS U 00JIee CUIIbHBIC 3€JICHBIC, CHHUE U
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¢uoeToBble KOMIIOHEHTHI. DTO 3HAYUT, YTO U3 BCEI'O COCTaBa COJHEY-
HOT'O CIIEKTpa pacTeHHE yCBAaUBAaeT TOJBKO TO, YTO COOTBETCTBYET pe-
30HAHCY BHYTPEHHHX MPOIECCOB.

KpacHoMy cBeTy COOTBETCTBYET /UIMHA BOJHBI mopsiaka 700 MMK,
a yactoTa nopsaka 4-10' I'n, npu nepuoze 2,5-10 ¢,

[lone cuiIBHOTO SIIEPHOTO B3aMMOJEHCTBHS YCTaHABJINBAECT PABHO-
BECHOE TIOJIOKEHUE HYKJIOHOB Ha PACCTOSIHUM MEXAY HYKJIOHaMH IO0-
psaka 1071° M, OTKIIOHEHHME HYKJIOHA B JIFOOYIO CTOPOHBI CO3/14€T CHIIBL,
BO3BpAILAIOLINE HYKJIOH B 3TO PaBHOBECHOE IOJIOKEHHE, T.€. CHIIBHOE
SJIEPHOE B3aUMOJICHCTBUE BBITIOJHSIET POJIb MPYKHUHBL, alb(a-4acThla,
yIep)KuBaeMasi 3TH CHJIaMH B PaBHOBECHOM TIOJIOKEHHH UMEET Maccy.
CrnenoBaresnpHO, 3Ta CHUCTEMa HMMEET PE30HAaHCHYI 4acToTy. Pacuer
MOKa3aJl, 4TO YaCTOTa Pe30HaHCca IS 3TOTO Cilydasl COCTaBIIsAET MOPSII-
ka 10%T', uro coorBercTBYeT Nepuoay B 10 8¢,

IIpu packauke B pe3oHaHCe anb(ha-dacTUIIBI, KOTOpas ciabee py-
TUX CBSI3aHA C OCTAJbHBIMHU, M IOCTETIEHHOM HapalIUBaHUH aMIUTUTYAbI
KoJIeOaHUIl HAaCTynaeT MOMEHT, KOTAa aMIUIUTY/a MPEBBICUT PaccTos-
HHUE, IPU KOTOPOM CHJIbI OTTAJKUBAHUS BIIEKTPOCTATHYECKUM MOJIEM
NPEBBICAT CUJIbI IPUTSDKEHHUS CUIIBHOTO SICPHOIO B3aUMOJICHCTBUS, H
anb(a-yacTua BBUICTUT W3 S/Ipa, OCTABHB TPH B3aWMOJICHCTBYIOIIUE
anba 4aCTUIIBI B COCTABE Apa TeIeph YKe yriepoa.

OTOT pe30HaHC BOBCE HE 00s3aTEIbHO J0JDKEH ObITh BBI3BAH TaKOH
)K€ 4acTOTOW BO30YXIeHHs. BronHe nocTatouHo, eciim Takoe Bo30yx-
JneHue OyeT BBI3BAHO TONYKAMHE, UMITYJIECAMH, KOTOPBIE 110 JTHTENb-
HOCTH HE HPEBBICAT UIMTENLHOCTH MOJIyNIEPHOIa PE30HAHCHOHN YacTo-
THI.

B coorBeTcTBUU € TipejcTaBieHUSIM dOUPOTUHAMUKHI JIIEKTPOHHAS
000JI04YKa aToMa e€CTh MPHCOCTUHEHHBIN BUXPh 3(Hpa TOPOUAATHHOTO
TUNA, B KOTOPOM CKOPOCTH IOTOKOB 3(upa Ha BHYTpEHHEHW YacTh
BOJIM3M aTOMHOTO sIpa COCTaBIAIOT mopsaka 101 m/c, a Ha BHemHeH
nopsaka 10 m/c. K anekTpoHHOM 000J109KE TPUMBIKAET MPHCOEIH-
HEHHBII BUXPb — 000siouka Ban-gep Baanbca, B KOTOpPO# coOTHOIIEHHE
CKOpPOCTEii COCTaBJISIET Ha BHyTpPeHHEH uactu mopsaka 10 m/c, a Ha
BHEIITHEH COCTABISIET BCETO JIECATKH METPOB B ceKyHIy. [lo Bcemy ke
Texry obonouku BaH-nep Baansc nMeeT mMpoKuii CIEKTp CKOpocTeil OT
JECSATKOB 0 MHOTMX MUJIJIMAPIOB METPOB B CEKYHAY.
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®DOTOH B COOTBETCTBHH C MPEACTABICHUSIMU dPUPOTUHAMUKH UME-
€T CTPYKTYPY, COCTOSIIYIO U3 MHOTUX JIMHEHHBIX BUXpel d¢upa, 00b-
€JIMHCHHBIX B CIUHYIO CUCTEMY U COZICPKAIUX B CBOEM COCTaBE MMJI-
JIMOHBI BUXpel (10 TaHHBIM ONTHKOB KXKIBIH (DOTOH COCTOUT U3 MHJI-
nroHOB Konebammii [[omxkaeB. Onrtruka]. Ho nunelinsie BUXpH, o6pa-
3ytome (OToH (CM. KH. 4), IMEIOT B CepefrHe KEPH — Y3KYIO0 YacTh
auameTpom nopsaka 107 m., B KoTOpoii MIOTHOCTE NOBBILIEHA, & CKO-
POCTH MHOTOKPATHO MPEBBINIAIOT CKOPOCTh cBeTa. [I[pOHUKHYB B BEpX-
HHUE CJIOM MPUCOCIAMHEHHOTO BUXPS 3JEKTPOHHON 00051049k, (HOTOH
OTJIaeT i YacTh MAacChl U 4aCTh SHEPTHH, KOTOPBIC 1ePOPMHUPYIOT €€ U
Janee MPUHUMAIOT YYacTHE B JBIKEHHU 3(QUPHBIX MOTOKOB 3TOH 000-
JIOYKH, YBEITMYUBAsI CKOPOCTh JIBHXKCHHUS M COKpAIlas CBOU pa3Mephbl 1Mo
Mepe MPOJBIKEHUS K BHYTPCHHEH 00JIaCTH 3a CUET YBEIHUYCHUS ILIOT-
HOCTHU TIOTOKa BOJU3M siapa. [Ipoxosis BOIM3HM sijpa BO30YKIACHUE Yepe3
MEXKHYKIIOHHBIA MPOMEXKYTOK BBI3BIBAET TAKOE JK€ BO30YKICHHE B 5/
pe, BbI3bIBas KoyieOaHus cnabo MPUBA3aHHON K OCTAJIBHOW YacTH sjpa
anb(a-4acTUIbl, KOTOpas, PacKayaBIIMCh, 4Yepe3 HEKOTOPOE BpeMs
BBIXOJIUT 32 TMPEJICIbl MEKHYKIIOHHOTO CJIOS U BBUIETACT U3 SIIPA.

Takum 00pa3oM, MOXHO TPEANOIOKHTh, YTO OCHOBHBIM CTPOH-
TEJIbHBIM MaTEpUAJIOM JJISl TeJla PACTeHUH SIBISIETCS YriiepoJ, moiayda-
eMBIii TpaHcMyTalueil kucinopoza Boabl. CleICTBUEM ITOTO Mpoliecca
JIOJDKHO OBITh M3TYYCHHUE TEIHs BCEMHU PACTYIIMMH U, TeM Ooliee, 1Be-
TYUIUMHU PACTCHUSIMU, YTO MOJJIEKUT JAIbHENIIEN TTPOBEPKE.

CrneyeT OTMETHUTB, YTO IMPOBEPKY 3TOr0 OOCTOSTEIHCTBA MOXKHO
BBIMOJHUTh MyTEM JICTCKTHPOBaHUS alib(a-4acTHll, KOTOPbIC, €CJIU TH-
MoTe3a BepHa, JOKHBI BELICISATHCS U3 JIUCTHEB.

IlocTanoBka 3agaun

[IpoBepKy BhICKa3aHHOTO MPEJIIOIOKEHHUS O TOM, YTO YTIIEpOJI 00-
pasyeTcs U3 KHCIOPOo/ia BOJIBI C MOMOIIBIO XJIopoduiia, 1eiaecoodpas-
HO OCYILECTBUTH C MMOMOIBI0 KOMHATHBIX PACTEHHUI, H30JIMPOBAB UX OT
BO3/1yXa, HO 0oOecleynB MOCTYyIJICHHEe BOJBI U cBeTa. PacTenus HeoO-
XOJIMMO BBIPAIIMBAaTh Ha BO3MOXKHO 0Oo0jee CBOOOTHOW OT MpuMecei
MOYBBI, HAIPUMED, Ha YUCTOM IIECKE.
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IHocTranoBKa 3KCHIEPUMEHTA

HeobOxomumbie skcriepuMeHTH ObuTH BBITONTHEHB! V.H.I aakuHBIM
(r. AnekceeBka benropojckoii o0iactu), a 3arem A.B.Illecrona-ioBemM
(MockBa), KOTOpbIE MPHUILUIM K MOJOOHBIM K€ BBIBOJAM paHee W He3a-
BHCHMO APYT OT ApYyra U OT aBTOPA HACTOSIIEH KHUTH.

Mertoanka 3KcniepuMenTa, padpadorannas U.H.I'amkuHBIM, 3aKiTio-
qajgachk B TOM, UTO pa3jNuHble KOMHATHbBIE PACTEHUS U30JIMPOBAIIUCH OT
BHEIIIHEr0 BO3AyXa MPO3PAYHOM IIICHKOM, a B HEKOTOPBIX CIy4asiX MOJ
TUICHKY 3aITyCcKaJicsl OaJUTOHHBIN a30T WM WHEPTHBIN Ta3.

A.B.IllectonanoB momeman pacTeHHs B CTEKJISHHBIE COCYIBI.
OneHuBasics pPOCT PacTEHUM Ha MPOTSHKEHUHM HECKOJIBKHX MECSIIEB.
BBISICHUIIOCH, UTO HUKAKOTO BIMSHUS HA POCT PACTEHUM H3OJALMS HX
OT BHEIIHETO BO3yXa HE OKa3bIBaeT.

Hwuxe npuBoaarcs crateu WM.H.I'ankuna u A.B.Illecronanora, B
KOTOPBIX OIHUCAHbl MPOBEACHHBIE MMHU OIMBITHI, JOKA3bIBAIOIIHUE, YTO
POCT pacTEHUI OCYLIECTBIIETCS HE 32 CUET YIJIIEKHUCIOro rasa, CoAep-
xamierocss B Bo3ayxe. Tekcr man B aBtopckoMm (M.H.I'ankuna wu
A.B.IllecronanoBa) U3JI0KEHUH, KPOME PEIAKIIMOHHBIX TTOMPABOK.

3.2. ®oTOCHHTE3: ONBITHI HE MOATBEPKIAIOT CYIIECTBOBAHUSA BO3-
AYIIHOI'O NUTAHUSA U AbIXaHUSA paCTEHI/Iﬁ

U.H.I'ankun

Kak u3BecTHO, B HayKe J1aBHO YTBEPJAUIIOCH MHEHUE O TOM, YTO yT-
JIEepOJ, BXOASIINNA B CTPOUTENbHBIN MaTepual pacTeHUH, pacTeHUs Io-
JMy4aroT U3 BO3/yXa, yCBauBas yrIEKUCIbIH ra3 u3 atMochepsl. OnHaKko
CIIeIMaIbHO MPOBEJICHHBIE /111 TPOBEPKU 3TOTO MOJIOKEHUS OMBITHI HE
MOJATBEPJUIIN CYILIECTBOBAHHSA BO3AYIIHOIO MUTAHUS W JIBIXaHUA pac-
TEHUH.

IIuranue u apIXaHUE SABISIOTCS JKU3HEHHON HeoOXoammocThio. bes
NIBIXaHWUS JKUBOTHBIE YMHUPAIOT TMPAaKTUYECKHA cpazy, a 0e3 MHUTaHus
YMUPAIOT Y€pe3 HECKOJIbKO JHEH WM HAYMHAIOT MOeAaTh APYT Apyra.
B pactutensHOM MUpe U3BECTHA KU3HEHHAS TIOTPEOHOCTH B BOJIE: €CITH
MOJIHOCTBIO OTOJINTh KOPHH PAaCTEHHUS, TO THOCNb pacTeHUS HEH30eK-
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Ha. A BOT mpo rubeinb pacTeHUil OT yIJEpOJHOrO IOJOAAHUSI WINH OT
yAyIIbS HUYEro He W3BECTHO. B Hay4dHO! M y4ueOHOU nuTeparype He
onmyOJIMKOBAaHO HHM OJHOTO OMBITA, TOATBEPXKAAIOIIEro rndeb pacre-
HUS TPU OTCYTCTBUU YIJIEKHMCIIOrO ra3a wiu kuciopoaa. He otmeruna
HHU OJHOTO TAaKOI'O Cllydas W BCA HCTOPHUS NHUCbMEHHOCTH, HauMHAas C
HAaCKaJIbHBIX PUCYHKOB. Te€pPMUHBI «yIJIEPOIHOE rOJI0AaHUE PACTCHUI
U «KHCJIOPOJHOE TOJIOJAHNE PACTEHHI» HE CYIIECTBYIOT HHM B HayKe O
pacTeHusIX, HU B IPAKTUYECKOM PACTEHNUEBOJCTBE, HU B OBITY.

[Ipo m3omsimuro pacTeHWt OT aTMoc(hepsl clenyeT cka3aTh 0c000.
PacTenusa He MUMEIOT OPraHOB ABWKEHHUS U JbIXaHWA. ENWHCTBEHHBIN
CHoCco0 TONYYUTHh HOBBIE TOPLUH YTIEKHCIOrO Ta3a U KUCIOopoJa 3TO
BeTep. Brruncianm HeoOXonumyro ckopocTs BeTpa. Ha oanH kBagpat-
HBIH METp JIUCTOBOM IUIOLIATU pacTeHHE HaKaruiMBaeT 3a wyac 1 — 2
rpaMma Cyxoro BeIIecTBa, KoTopoe Ha 45% coctouT u3 yriepoaa. To
ecTh 3a yac pactenne HakarumBaeT 0,45 — 0,9 rpammoB yriepona Ha
KKIBIHA KBaIpaTHBIA MeTp TUCTheB. KyOoMmeTp Bo3myxa y TIOBEpXHO-
ctu 3emuid Becut 1290 rpammoB. B Bozayxe 0,03 — 0,04% yriekucioro
rasa, B epecuere Ha yriepon 31o 0,01%. CnenoBatensHo, 0JuH Ky0O-
MeTp Bozayxa coxepxkut 0,129 rpamma yriepoaa u pacTeHHIO HEO0XO-
JIUMO B34Th YIJIEPOJ HE MEHEee, YeM U3 TPEX KyOOMETpOB BO3/ayXa s
CBOET0 HOPMAJILHOT'O Pa3BUTH. BIOXHYTh BO3yX pacTeHHE HE MOXKET.
Moxet ObITb, pacTeHHE CIIOCOOHO YCBaWBaTh YIJIEKHCIBIA ra3 Ipu
BHEITHEM KOHTAaKTE HE W3BECTHBIM HaM IMoOKa crocoOom? MeIcieHHO
MOpEeKeM TpH KyOoMmeTpa Bo3/yXa Ha IUIACTHMHKU TOJIIMHON B OJHY
MOJIEKYJIy YIJIEKHCIIOrO ras3a, MOJYyYMM TPH MWIUIMapla METPOBBIX
HAHOIIIACTHHOK. «IpolmmHKyeM» HX 3a 4ac MO0 MOBEPXHOCTH KBaJparT-
HOTO METpa JHCTbeB. Tpu MIJUIHapAa METPoB 3a yac. To ecTb HeoOXo-
JuMasi CKOpOCTh BETpa paBHA TPEM MWIIMOHAM KHJIOMETPOB B dac!
Hepeanbhslii Betep 1 TO 3710 Ipu ycnoBuu 100% ycBOeHUs yIJIEKHCIIO-
ro rasza, 4yero He ObIBaeT. M30IMpOBaHHBIMU OT aTMOC(HEPHOTO yIiIepo-
Jla HAXOZATCA BCE PAacTEHHs Ha IUTaHETe, TIOTOMY YTO €ro TaM HET,
JKaJIKHUE CIEbI.

B cBs3u ¢ BO3HMKIIMMU COMHEHUSIMH B NPaBUWIBHOCTH YTBEPXKIE-
HUS O(UIMATBHON Teopur (POTOCHHTE3a O TOM, YTO PACTEHHS PacTyT
3a cyeT MOMIOIIEHHs Yriepoja M3 BO3IyXa, MHOIO OBIJI MOCTaBICHO
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HECKOJIBKO OIBITOB VIS MPOBEPKH 3TOro MosiokeHHusA. OIBIThI IPOBO-
JVUIACh HA KOMHATHBIX PACTCHUSX:

- repaHb gomarHss (pelargonium);

- anos (aloe);

- kaimauxoo (kalanchoe);

- kakTyc «Mopckoii exx» (astrophytum asterias);

- KapJIMKOBBIY IIEpEL] TOPbKHIA;

- KapJIMKOBBIE IOMUIOPHI YEPPH;

- BEIOHOK KOoMHaTHBIH (convolvulus);

- Tax11aH;

- OOBIYHBIEC TOMUAOPHI U OTYPIIBL.

Omnsit 1. [To coBpemenHO# Teopun GoTOCHHTE3a paCTEHUE JBIIIHT
BO3JyXOM, YyCBauBas M3 BO3JlyXa YIJIEKHUCIBIH ra3z (ero cojepykaHue
cocrasisieT Beero 0,03%), u nuineHHOe BO3AyXa AOJDKHO TOTHOHYTE.

B skcnepuMeHTax 3TOH CepUu JIMCTOBBIE YACTH PACTEHUH, a HEKO-
TOpBIE PACTECHUS LIETTMKOM OBLTH TIIATEIILHO W30JIMPOBAHBI TPO3PAvHOR
IUIGHKOM MJIM CTEKJIOM, WIM pa3MelleHbl B OaHKax, B MPOOHPKax, B
Koyi0ax, B cyxux akBapuymax co 100% rapantueil He monajaHus HO-
BBIX MOPIMH BO3ayXxa. BmecTo TOoro 4ro0bl MOrHOHYTH, MOAONBITHEIC
pacTeHHs UM HaUWHAIIM Jy4Ille PacTH U IJI0JIOHOCUTb, Y€M KOHTPOJIb-
HBI€, OCTABJICHHBIE B OOBIYHBIX YCJIOBHSX, WM HUKAK HE PearupoBaH
Ha n3MeHeHue ycnopuid. CiyyaeB ru0enu pacTeHuid BooOuie He ObUIO.
IIpoaomKHUTEeNbHOCTh KaXKJIOTO OIBITa COCTABIIsAJA HE MEHee TpPEX Me-
CSILIEB.

B ombiTax 1o M301UMH pacTeHUH ObLIM MCIIONB30BAHBl OOBIYHBIC
B Ka)XJIOM KBapTHpPE KOMHATHBIE PACTEHHUS TPOMHYECKOTO MPOUCXOXK-
nenus. JIns uccnenoBaHus BIWSIHUS U30JISIIMH PACTEHUI oT atMocde-
PBl Ha TUIOJIOHOLICHHE, OBUT UCIONB30BAaH KAPIMKOBBIA COPT TOMAaToOB
«MaJIIOTKa» WU TOPbKUW CTPYYKOBBIM TIepell «OroHeék». B omblTax
YYacTBOBAJIM 00S3aTENFHO 370POBbIE, TMOJTHOIEHHBIE PACTEHUS C XO-
poieil kopHEBOW cucTeMoil. OIBITHBIE pPAaCTEHHs paclolarajuch Ha
MOJOKOHHMKAX, Ha OalKoHe, Ha 1auye B TEIUIMYKE U B OTKPHITOM I'PYH-
Te. PsiioM ¢ M30IMpOBaHHBIM pacTeHHEM 00s3aTENBFHO pacroyiarai Ta-
KO€ e, HO HE U30JINPOBAaHHOE, KOHTPOJIBHOE pacTeHue. s ombITOB
MCIIOJIb30BAJIMCH HE TIOpPBaHHBIE, MPO3pavyHble LEeUI0paHOBbIE MU T10-
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JTUATUICHOBBIE TIAKETHI, BHYTPh KOTOPHIX ITOMEIIANICS TOPIIOK C pacTe-
HUEM WJIH JTUCTOBas 4acTh pacTeHus. OueHb ymOOHBI AJIST OMBITOB
TIACTMACCOBBIC OYTBUIKU W3-TI0J] HAMUTKOB. Hackimarot B OyTHUIKY (OT
0,3 nutpa u Oojee) HEMHOTO 3eMJIM, KUJAIOT TyjJa CEMEHA PacTCHUH,
KaKue 3aXOTST (OTypIbl, TOMAThI, POCTKH KapTOIIKH, JKEITyIH, CEMeHa
Oepéspl, KI€Ha, 1BETOB), KIAAYT OYTHUIKY Ha OOK, HATHMBAIOT HEMHOTO
BOJIBI JUISI TIOJIMBA, TUIOTHO 3aKPYYHMBAIOT POOKY M MOMEUIAIOT OYyThLI-
Ky Ha CBETYy, HO Tak, YTOOBI HE Tieperpenack. Bce 3T0 04eHb HATISTHO
u yoenurensHO. Takoil OmBIT sI BCera COBETYIO MpojenaTs Ha (opy-
Max. CKeNTHKH MOCJIE 3TOTO MEePECTal0T COMHEBAThCS.

W3 cTekissHHOM MOCY/bI UCIOJB30BAIUCh OaHku oT 0,3 1o 10 ywut-
POB M aKBapUyMBbI, 3aKpPhITbIE CBEpXY CTEKIIOM. JlJIsi OTBITOB TIO BEHIpa-
IIMBAHHUIO PACTCHUI M3 KJIETOK 00pPa30BaTE/IbHON TKAaHU HCIOJIbL30Ba-
TCch OOBIYHBIC TPOOMPKU M KoOoukH. KynbTypa TkaHel BbIpaliuBa-
eTcsi 0053aTeNbHO B IDIOTHO 3aKPBITOM, MTPO3PAYHON MOCY/ 1€ MAIEHBKO-
ro o0béMa, MHaue BLICHIXaHUE U THOEb.

I'pamMOTHBIC JIHOAM, CENEKIIMOHEPHl M OU3HECMEHBI, 0 BCeH 3emiie
€XeTHEBHO TIOMEMIAI0T KIETKH 00pa3oBaTeIbHON TKaHW B MIPOOUPKH U
CMOTPSIT Ha PE3yIbTaThl MUIUIMOHOB aKTOB HW3OISAIMH BHIPOCIINX H3
KJICTOK PacTeHU# OT aTMOC(EPHOro yrieponaa u kuciaopozaa. M Hudero
HE BHJIST, HUKAKOTO BJIMSHUSA aTMOC(EPHOro yriepojia Ha pocT pacre-
HHi1!

OmnpbIT 2. VI3BECTHO, YTO yIy4IIEHHE TUTAHUS YBEIUYUBAET POCT U
IUIOIOHOIIEHHE  pacTeHWd ©  KUBOTHBIX. C  3TOM  1eBIO
Ha JINCTOBYIO YacCTh PAacTeHHsI ObLUT HAJIET MPO3PayHbIN aKET, KOTOPHIH
OBLT OOBSI3aH Ha CTBOJIE, M B MAKET ObLI MOJIaH YTIIEKHUCIIBIN Ta3 U3 0aJ-
noHa. B cooTBeTcTBUU C 0hUIMAIBHON Bepcrel 3TUM OBLIO YIIyUIIEHO
nuTaHue pacTeHus. ['a3 mojgaBaiics ¢ pa3HOW HHTEHCHUBHOCTHIO. OIHAKO
pacTeHHe He YJIYYIIMIO POCT W TUIOAOHOIICHHE, a YXYAIIWIO. 3aTeM,
HE MpeKpalias mojavy yrjieKuclIioro rasa, B IMaKeT C PacTCHHUEM ObLI
MOJIaH KHCJIOPOJ M3 KUCIOPOAHOro OayuioHa. TakuM 0o0pa3oMm, ObLIH
CO3/IaHbI HJICATBHBIC YCIOBUS JUIA MUTAHUS U abixanus. OHaKo pacre-
HUE HE TOJBKO HE YIYYIIWIO POCT W TUIOJOHOIIEHHE, a YXYALIWIO,
BO3MOJKHO, M3-3a 00pa3zoBaHUs KHCIOW cperpl. [IpogomKkuTenbHOCTh
KaXKI0TO IKCIIEPUMEHTA TaKKe COCTaBIIsIa HE MEHEE TPEX MECSIICB.
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Omnsit 3. Kak n3BecTHO, pacTeHHs BBIICJISAIOT KaK KUCIOPO, TaK U
YTAEKUCHTBIN Ta3. YToObI He OBUTO COMHEHUH B MCIIOJIB30BAHHUH HITH HE
WCIIOJIb30BaHUN PACTEHUSIMH COOCTBEHHBIX OTXOJSIIUX Ta30B, OBLI
MIPOJIENIaH OMBIT C POYBKOM pacTeHUH a30TOM U aprOHOM.

B maker, HaneThli Ha IMCTOBYIO YacTh PACTEHUS, CHU3Y I10JIaBaICs
a30T, KOTOPBII depe3 OTBEpCTHE BBEPXY BBHIXOAMI B aTMochepy. Takoit
K€ OTBIT ObLT MPOAETaH C UCTONB30BaHUEM aproHa. B oboux ciaydasx
pacTeHus He NOrHOIM U HUKAaK He OTpearupoBajy Ha U3MEHEHHE yCJI0-
BHI CYIIECTBOBAHMUSI.

B onmwiTax Mcnonab30Banuch OBOIIHBIC PACTCHHUA IJIA 3aKPBITOI'O I'PYH-
Ta, a TAKXKC KapJIMKOBBIC COpPTa TOMATOB, IICPIICB. Hcnons30Banuch Tak xe
pacTEHHs TPOIIMYECKOTO IPOUCKOKICHUS.

HpOI[OJ'DKI/ITeJ'ILHOCTL KaXJg0ro OIlbITa 4 MecAana. Ha nartu nonusTuie-
HOBBIX pyKaBax Ipojenano 20 ombIToB. PSIoM ¢ MOAOIBITHEIM pacTeHHEM
B a30Te KOKIBI pa3 pociio Takoe ke KOHTPOJIBEHOE pacTeHHe 0e3 IIEHKH
Ha BO3JyXe.

—= a3or BatMochepy

NpoBonouHbIN “dyTnap” ana
NOAUITUNEHOBOrO PyKasa

M3MepUTenb JaBNeHUA UMNVHAP U3 NPO3PauHON
NOAW3TUNEHOBON NNEHKK & 100 MM
8bicoTa 1200 MM

BOJa + MUHEpanbHbie yaobpeuma
AnA nonuea

pacTeHue B ropLuKe C MUHEPanbHOM
TNIOUBOV 1 NUTATENIbHBIM PACCTBOPOM ’.

(= -— a307 U3 6annoHa

777777777777 77777777777

Puc. 1. YcraHoBKa /151 BBIPAIMBAHUS PACTEHUS B a30Te (PUCYHOK)

Bo Bcex onbITax pacTeHus o MIEHKOH B a30T€ pa3BUBAJIUCH U IUIO-
JIOHOCHUJTH HE XYK€ WJIM JIy4llle, YeM KOHTPOJIbHbIE pacTeHus 0e3 MIEHKH B
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BO3/yXxe. BeIpaskamock 3T0 B TOM, 4TO IPU B3BCIIMBAHUY B KOHIIE OIIBITA
OKa3bIBAJIOCH, YTO PACTEHHS B a30T€ 3a TOT XKE MEPUO BPEMEHH Hapalu-
BaJIM 0OJIbIIIe OMOMACCHI M C HUX ITOJTydaJIics OOJIbIIE YpoXKal, 4eM ¢ KOH-
TPOJILHBIX PACTCHU.

OnBITH ¢ BBIPAIMBAHIEM PACTCHHI B a30T¢ MPOCTHI U UX MOXKET 10~
BTOPHUTH JIFOOOH YEITOBEK.

OnbIT 4. /{711 U3MEpEeHAS TaBIICHAS B JTUCTHAX PACTEHUH OBLT IPO-
JIeNIaH OTBIT C TEPMETHYHOMN H30JISIUCH PACTEHUH OT aTMOC(EPHI.

brura B3siTa crekisiHHAs OYTHUTh C TEPMETUIHON KPBIIIKOW, U B HEE
HACbhIIIaH MUHEPAJIbHBII TPYHT, @ BHYTpb ObliIa IOCTAaBICHA OYTHIJIOUKA
C MUTATENbHBIM PAacTBOPOM M NPHUCIIOCOOJCHUEM sl mojnBa. Pacre-
HHUE OBUIO MOCaXEHO B OYTHUIH (B OTAEIBHOM OIBITE OBLIM MMOCAKCHEI
ceMeHa).

BHyTpb OyThLIM ObLTH MOMEIICHBI TAK)KE 0APOMETP U TEPMOMETP.
3areM OBIJIO TPOJIEaHO HECKOJIBKO JIE3MHPHUIMPYIOIINX MEPOIIPHSTHH,
a mns Toro 4ro0bl BHYTpU OyTHUIM He OBUTO THHEHWS, OyTHUIb ObLia
NpoayTa a30TOM, MOCJIE Yero repMETHYHO 3aKaTaHa >KECTSHOM KpbII-
Ko#. PsagoM ObLta mocraBiieHa TOYHO Takas e 3aKpbiTasi OyThbUIb, HO
0e3 pacTeHwsl.

[aBnenne BHyTpu OyTHUTM C paCTEHHEM ITOCTENIEHHO MOIHSIIOCH 0
BEJIMYMHBI, 3HAYUTEIBHO Ooubie arMochepHoro (o 1000 mm pr.cT.),
CTaJIl MEHSTHCS MPOIMOPIUH PACTEHUS, YCKOPUIICS POCT, YBEIUYMIOCH
IUIOIOHOLIICHHE.

Takum oOpa3oMm ObLIO JOKa3aHO, YTO BO3AYX HE MOXKET MOIaAaTh
BHYTPH JIMCTHEB, MOCKOJIbKY JABJICHHE B JIUCTHAX Oobie armocdep-
HOTO.

B cemenax mano opranuku. Korma BeIpociy M OTIIOJOHOCHIIH
pacTeHus, OpraHuKu cTasio MHOro. OpraHuka pa3MHOXHIAchk. 10 €CTh
B JINCTBSIX PACTEHUM MPOUCXOJIUT Pa3MHOXKEHHE OPTaHWKH Ha BOJE B
CBETJIOE BpeMs CYTOK, 3TO HeocnopuMbli (akt. CuHTE3a B JHMCTBHIX
pacTeHuil HerT.

Bo Bcex ompITax HMCMOIB30BANACH KOHTPOJIBHBIE PACTEHUS, HAXO-
Jsimecst B OOBIYHBIX YCIOBHSAX. [IPOJOIKUTENBHOCTE KaXKAOTO IKCIIe-
pUMEHTa JUIMIach HE MeHee TpEX MecsleB. B mocnenHeM ombITe MpH-
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XOJIMIIOCh 0COOEHHO TINATEIBHO MPOBOJUTH JE3WH(EKIIHNIO, TaK KaK B
OCCKHCTIOPOTHOM Cpelie pacTeHHs OOJIeIH.

BoiBoabI

W3 u3n0XKeHHOTO CIeAyeT, 9TO BONPEKH OPHUIMAIbHON TEOpHH, Ha
caMoOM J1eJie M3 BO3yXa pacTeHus Hu4ero He 6epyr. Ho korma cemena,
B KOTOPBIX OPTaHUKHU Mallo, MPOPAcTalOT U PACTCHUS IUIOJOHOCST, Op-
raHWKa Pa3MHOXKAETCsS. JTO BO3MOXKHO TOJBKO 32 CUET BOIBI M TOJIBKO
B cBeTsioe BpeMsa. CUHTE3a B TOM BHJE, B KOTOPOM NPEIACTABISET €ro
COBpEMEHHAs TCOPHUS PACTCHUECBOJICTBA, B PACTCHUSAX HET, a KAKMUM 00-
pa3oM U3 BOABI 00pa3yeTcs yIiepo, ClIeyeT pa30ouparbCs OTACIIBHO.

Crenyer OTMETUTh, YTO PE3YNIbTATHl MPOBEACHHBIX OIBITOB MOJ-
TBCPKAACT BCA IpPaKTUKa PpacCTCHHUCBOJACTBA — y‘IéHLIC, arpoHOMBI,
0OBIBaTEIN CMEJIO M30JUPYIOT PACTEHUS OT aTMOC(ephl, B YaCTHOCTH,
B Opam)XepesiX, 3Hasl, 4TO JUIS PACTEHUH 3TO OyIEeT TOIBKO JIyHIIE.

3.3. [IpoBepka Bepcum TOro, YTo Npu GoTOCUHTE3E HE
NMPOUCXOHUT MOIIOIIEHHUA YIJIEKHCJIO0ro ra3a

A.B.Illecmonanoe

IlocTanoBka 3agaumn

Bnepsrie uneto 0 BO3AYIIHOM MUTAaHUU PACTEHUH BbICKa3al B 1753
rony M.B.JIoMOHOCOB, KOTOPBII1 OTMETWJI, YTO TY4YHBIE JIEPEBbS, pac-
Tymue Ha OeIHOM MHUTaTeIhbHOM BEIIECTBAMHU INECKE, HE MOTYT IONY-
YHUThH Yepe3 KOPHU HEOOXOIUMOI0 KOJIMYECTBA MUTATENbHBIX BEIIECTB,
U cJienan BBIBOJ, UTO PAacTEHMs MOJy4yaroT NMHUTAaHUE Yepe3 JINCThA U3
Bo3myxa [1].

Bce nocnenyromue nccienoBaHus TOJBKO MOATBEPKIAIN U Pa3BH-
BaJM 3TOT Te3HUC. [[OCTENEeHHO BBIACHWIOCH, YTO PAaCTEHHS Ha CBETY
YCBaMBAIOT M3 BO3/AyXa YIJIEKUCIBIA Ta3, BBIACIAIOT KHUCIOPOA, 00pa-
3yIOT B pe3yJbTaTe 3TOr0 OpraHMYecKre BEIIecTBa, 3amacas B HHUX
SHEPIUI0 COTHEYHOro cBeTa. Bo BTopoit momoBuHe 19 Beka Tumupsizes
K.A. mokasan, 4To 3Heprusi COJHEYHOTO CBETa BBOAMTCS B LIeTb (PoTO-
CUHTETUYECKUX MPEBpAICHUN uYepe3 3eNeHbId NMUTMEHT pPAacTEeHUW —
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XJIOpPOGUILT: CIEeKTp NEHUCTBUS (OTOCHHTE3a COOTBETCTBYET CIEKTPY
TIOTJIONICHNS CBETa XJIOPO(WIIIOM, M HWHTEHCHBHOCTH (DOTOCHHTE3a
YBEITMUMBACTCS C YBEJIIMUEHUEM WHTEHCUBHOCTH cBeTa. OTciona, B Co-
BpPEMEHHBIX Yy4eOHUKaX MPEANUCHIBACTCS PACTEHUSM OOpa30OBBIBATDH
YTIIEBOJIBI M3 YTIIEKHCIIOTO Ta3a U Boabl. [Ipu 3ToM poib cBeTa mpemno-
JlaraeTcsi He3HAYNTENbHONW (KpPaTKOBPEMEHHBIE CBETOBBIE XHMHIUYECKHE
peaKkIMu U MPOAOJKUTENILHBIE TEMHOBBIE). TeMHOBBIE peaklnuu ObLTH
obHapyxensl B 1905 roxy, a mokaszanst B 1937 roxay. B 1931 romy 6su10
MOJIO’KEHO HAYAIIO MIPEJCTABICHUIO O (POTOCHHTE3E KaK OKHUCIHTEIHHO-
BOCCTaHOBHUTEJIBHOM TIpoliecce, rae BoccraHoBieHue CO, ocymiecTBs-
eTCsl TIpU OJTHOBPEMEHHOM OKHCJICHHH JOHOpa Bojopona. B 1941 romy
Bunorpagosemm A.IL u ap. OBIIO yCTaHOBIIEHO, YTO HCTOYHUKOM KHC-
JIOpPOAa, BBIIGISIONIETOCS B Tpotiecce (POTOCHHTE3a BBICIINX PAacTeHUN
U BojopocheH, sisercs Boaa, a He COz, kak cunrtanu panee. C cepe-
nuHB 20 Beka U3ydeHHI0 (POTOCHHTE3a CIIOCOOCTBOBANIO CO3JaHHE HO-
BBIX METOZOB HCCIeAOBaHUS (Ta30BBIi aHANH3, W30TOMHBIE METOJFI,
CHEKTPOCKOMHSI, IJIEKTPOHHAS MHUKPOCKOMUS W JIp.), YTO IO3BOJIHIIO
pa3paboTaTh IMPENCTaBICHUS O TOHKHX MEXaHHW3MaxX y4acTHs XJIOPO-
¢wmmna B porocunTese [2].

B aToM ke 0630pe Mo GHU3HONOTHH pacTEeHHH OIIMOOYHO TMoJiara-
10T, 4TO OJyiarojaps GoTocuHTE3y 00pa3yeTcs BeCh KUCIOPO aTMoche-
PHI (B TE€OJIOTUU M3BECTHO, YTO OH TITYOMHHOTO MPOUCXOXKICHHS). Tam
JKe TIPUBOJIATCS BIIEUATIISIONINE IU(PHI, UTO B pe3ynbTaTe POTOCHHTE-
3a pacTUTENILHOCTh 3€MHOro Imapa exerogHo obpasyer Oonee 100
MJIPJ. T OPTAaHUYECKOTO BEIIECTB (OKOJIO MOJIOBHUHBI 3TOTO KOJIUYECTBA
NPUXOANUTCS Ha JOM0 (OTOCHMHTE3a PACTEHHUH MOpEHl W OKeaHOB),
ycBauBasi npu 3ToM okosio 200 mupa. T CO; u BbIAETSS BO BHEIIHIOK
cpeny okosio 145 mupa. T cBobogHOr0 KHciaopona. OmHako HEe 0ObsIC-
HSIeTCS, KaKUM 00pa3oM YIJIEKUCIBIN Ta3 coOMpaeTcs U TPaHCIOPTUPY-
eTcs K JIUCThSIM B OE3BETPEHHYIO TIOTOJY M BOOOIIE IJIe PACTCHHUS €TO
OepyT, Tak Kak B aTMocdepe 3emin ero HeT. Y Hac OMHapHas aTMO-
ctepa: 80% azota u 20% KHCIOPOJA U €CIIK OYEHB MTOUCKATh, TO MOXK-
HO HaiiTu 1% aprona — ocTanbHbIe ra3bl B CleAaX, B T.4. U YIJIEKUCIBIN
0,03-0,04%. [To MOoeMy MHEHHIO 110 CETOMHSIIHUHI JeHb OOIICTPUHATO-
ro Mexanusma ¢orocuntesa HeT. [locie pabot AmrokoBckoro B.A. [3]
0 TOM, YTO SIIpa COCTOSAT U3 alb(}a-yacTUL U MyTeM yJaJleHHS OJHOU
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anb(a-yacTUIBl KUCIOPO BOABI NIPEBPAILACTCSA B YITIEPO. KIETYATKH,
CTaHOBHTCS SICHO, YTO ISl IMTAHUS PACTEHUIl OCHOBHBIMH HE00XO0IU-
MBIMH KOMIIOHEHTAMH SIBIISIFOTCSI TOJBKO BOJAA M COJIHEUYHBIN CBET.
OnsIThl, ocTaBieHHble ['ankunsiM M.H. [4] no n3onupoBaHuio KpOHBI
pPacTeHHI OT YIJIEKUCIIOrO ra3a MOKAa3aJId, YTO PACTCHUSAM YIIIEKHCIIBINA
ra3 s;koObl He HyxeH. Ho ocranocs coMHeHue, 4TO pacTeHHS MOIJIU
MOJIy4aTh €ro U3 BOJBI Yepe3 KOpHH. JlJis 3TOro MHOO OBLIO MOCTaBIIe-
HO HECKOJIBKO DKCIIEPUMEHTOB 10 BBIPAIIMBAHUIO PACTEHUM MOX CTEK-
JISTHHBIMHU KOJIITAKaMH, MPOBETPUBAEMBIMU BO3IYXOM OYMILIEHHBIM IIle-
JIOYBIO OT YTJIEKHUCIIOTO Ta3a.

B TeueHue Tpex JIETHHUX MECSLEB, 3aXBaThlBas YACTUYHOW Mad U
ceHTs10ps 2009 roma, ObUTH TIPOBENEHBI TPH CEPHH OMBITOB YCIOBHO
Ha3BaHHBIX «OKcmepuMeHThl Nel, No3 u NoS5y [5]. Llens skcnepumenTa
Nel: BersicHUTB, OyIyT 71 BOOOIIE pacTy pacTeHHs B YCIOBHUSX IUIaHU-
PYEMOTO SKCIIEPHMEHTA; ONPEACIUTHCS, KaKhe PacTCHHs JydIle HC-
MOJIb30BaTh; OTPadOTaTh METOAUKY NMPOBEACHUS dKcHepuMeHTa. Llens
skcriepuMenTa Ne3: ¢ yueToM MOJIYYEHHOTO OMbITa MPOBECTH IKCIEPH-
MEHT O]l MPOBETPUBAEMBIMU KOJIMAKaMH, C HU3KOPOCJIBIMH PACTEHUS-
MU, IOCaKEHHBIMU B TOPIIOYKH, CHAO)KEHHBIE OTBEPCTUSIMU B JIHE IS
BbITekaHus Boabl. Llenp skcrepumenTta NoS: MpakTHYECKH MOBTOPUTH
MIPEIBITYINI SKCTIEPIMEHT, MAKCUMAJIbHO UCKITIOYMB TONaJaHie BO3-
MOYKHO BPEIHBIX XMMUYECKUX BemecTB ((peHondranaenta, rugpoOOKUCH
KaJIus ¥ Jp.) IO/ KOJIaKH.

Okcnepument Nel (26.04-05.08.2009). DkcrepuMeHT ObLT He-
y/IayHbIM, PACTCHHUsS BBHIOpAHBI HEMPABWILHO (TOpOX U (acoib He To-
MEIAINCH B CTEKJIISIHHOM COCYJIE), M3-32 OTCYTCTBHSI JIBIPOYEK B JIHE,
BOJIa HE TMpOTeKalla IIOJHOCTHIO, YTO CHOCOOCTBOBAJIO MOSIBICHHIO
rpudkoB (rwieceHu). B 3Toil cTaThe MOAPOOHOCTH SKCIIEPHMEHTa HE
OTMCHIBAIOTCS, TAK KaK JIO0 U3OJISIUA PACTCHUH OT YIJIEKUCIIOro Tasa
JIEJI0 He JIOUIO, OTPaHHYUIIOCh JOCTHKCHUEM YKa3aHHOM BBIIIE IIEH U
JaJIbHEUIIEero pa3BUTHI HE MTOTYUHJIO.

Oxcnepument Ne3  (28.05-21.07.2009). DxcrnepuMeHTaIbHAS
YCTaHOBKA COCTOsUIa W3 PACTCHUil, IOMEIICHHBIX MOJ CTEKJSTHHBIC
KOJITIAKY, HW)KHEW YacThIO MOTPYKEHHBIC B BOJY, HAIUTYIO B BAaHHOY-
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Ky. Ilpu 5TOM pacTeHus: HaXOIWINCh B IUIACTUKOBBIX T'OPLIOYKAX,
MMEIOIHUX B THE OTBEPCTHE IJIsl CTOKA BOJBI U CTOSAIIMX HA HEKOTOPOM
BO3BBIIICHUH, YTOObI HE UMETh KOHTAaKTa C BOJOW B BaHHOUYKe. Uepes
BEPXHIOI0 YaCTh KOJIMAKOB MOJABAINCh: OAWH pa3 B CyTKH B JIO3UPO-
BAaHHBIX KOJMYECTBAaX BOJA IJIS IIOJMBA M HENPEPHIBHO BO3AYX IUIA
nposeTpuBanus. [Ipu 3ToM Bcero Ob10 4 KoJaka, [Ba U3 HUX NIPOBET-
PpYBaIKCh BO3IYXOM XMMHUYECKH OUYHUIIEHHBIM OT YIJIEKHCIIOro Tasa, a
JBa IpYyrux OOBIYHBIM BO3AYyXoM. V3 Kaxzmoil mapel B OHOM KOJIIIAKe
pacTeHHs MOJMBAJIKCh BOJON JIMIIEHHON YIJIEKHCIIOrO rasa ImyTeM KH-
MISTYEHUSI, B IPYTOM KOJITIake OOBIYHOM OTCTOSIHHOW CHIpOH Bojoi. Pac-
TeHHs OBbUTH BBICA)KEHBI (ITOCESTHBI CeMeHa) B MPOMBITBHIN PEUHON TIECOK.
HcnpiTyeMbIMH pacTeHUSMH OBLIM LINMHWHAT U ILABEJIb B PAaBHOM COOT-
HOIIEHUH. DKCIEPUMEHT MPOXOAMI B JKWIOM IMOMEUIEHHH NpPU HOP-
MaJIbHOM TeMmieparype. Bce pacTeHus NOJMBaIUCh OAHUM KOJU4Ye-
CTBOM BOZBI U IPOBETPUBAINCH KOMIIPECCOPOM C OAWHAKOBBIM PaCXo0-
JIOM BO3IyXa Yepe3 oIuH Komak mopsaka 0,5 m/muH. [{nnHa mpobera
MYy3BIPEKOB BO3/yXa B OapbaTepe OYMCTKH COCTaBIisLia MpUMEpHO 35-
45 cm. OOmwmii BUJ yCTaHOBKH Ha puc. 1.

Puc. 1. O6mnii Bug s3xcnepumMenta Ne3.

TIpoIOKATETEHOCTh OYHCTKH OIPEAeIsyIach PACUCTHBIM ITYTEM,
UCXOZS M3 KOHIIGHTPALMK THMIPOOKUCH Kalus, U IpUHUMAIach HE 00-
Jiee MOJIOBUHBI PacueTHOro BpeMeHu. B ombiTe ucnonb3oBanocs 205 r
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IIEJI04YM, KOTOPOH IpH CKOPOCTH IPOBETpUBaHMA uepe3 Oapbarep
OYMCTKH | JI/MUH JOIDKHO XBaTWUTh Ha 38 ¢ MONIOBHMHOHM CYTOK, T.€. 3a
MOJIOBUHY CpOKa MOHO NpuHATH 19-20 cytok. Konunentpamus KOH
oTpelieNisuIach W TepenpoBepsulach HECKOIBKUMH criocobamMu: Beco-
BBIM, TUTpPOBaHMEM KHcIOTOi u pH-merpueil n ¢dakrtudyeckn kojeba-
Jach B TEUEHHE 3KCIIEpUMEHTa B npezaenax 4-6%. B koHue skcnepu-
MEHTa Ka4yeCTBO OYMCTKH BO3/AyXa MPOBEPSIIOCH MyTEM IMPOIMYCKaHUs
€ro 4epe3 HaChILEHHbIM pacTBOp TMAPOOKHCH Kanbiud. [lomyTHeHHE
MHIUKAaTOpa NIpu 0apOOTHPOBAaHMM OOBIYHBIM BO3IYXOM HACTYHaJo
yepe3 15 MuHYT, a MOMyTHeHHE NpH 0apOOTUPOBAHWUHM OYHILECHHBIM
BO3/IyXOM BO BpeMsl 3KCIIEPHMEHTa HE OBIJI0O OTMEYEHO HHM pa3y Ha
MIPOTSHKEHHUHN Yaca U Ooree.

Oxcnepument Ne5 (14.08-26.09.2009). To ke, 9TO U IKCIEPUMEHT
Ne3, oTnuuarommiics: KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH Oapbarepa
OYHCTKH, MO3BOJISIOIIMMH JOOABIATh PEareHT M OoTOMpaTh MpoOBI BO
BpeMs DKCIIEPHMEHTA; HaJWMYhueM OOJNBIIOro (MOpsAKa TPeX IJIMTPOB)
BaTHOro (puiabTpa B HIMPOKOW TpyOe; KOHCTpYyKIMeH OapOatepa 3a-
rpaXkJIeHHUs TO3BOJISIIOIICH 3aMEHSITh BOLY Yepe3 JI000e BpeMsl; BUIAOM
UCTIBITYEMbIX PACTEHUH (MCKIIFOUUTENBHO TOJBKO IIABENb); WCHONb30-
BaHUEM [JIA IOJIMBA IBYX HCIILITYEMBIX, C pa3anH0f/’1 cXeMon IIPOBET-
pyBaHus, OOBIYHOW BOJOMPOBOIHON OTCTOSHHOW BOAbI. OOIIMH BHI
YCTaHOBKM IPUBE/IEH Ha puc. 2.

Puc. 2. O6muii Bua 3xcnepumeHTa NeS.
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BBuny He3HAYUTENBHBIX OTAWMYHN B dKcriepuMeHTax Ne3 m No5, He
BIMAIOLIMX HA OOLIYI0 KapTHHY PE3YJIbTaTOB, JajJbHEWIIee ONHCAHUE
KacaeTcsi 000MX SKCIEPUMEHTOB. Bce 3kcmepuMeHThl ObUTH 3aI0KY-
MEHTHUPOBAHbI €KEAHEBHOW BUIEO U (POTOCHEMKOM, (pailiibl BHIIOKECHEI
B MHTCPHET W CHUCTEMATHU3WPOBAHBI Ha OJIOTax (IHEBHUKAX) BBIXOI
HaxoAWTCs 1o aapecy http://www. shestopalov.org/fotosintez [5].

OkcnepumenTsl Ne3 U Ne5 cocTosiu M3 OBYX 3TAlOB HCTIBITAHUS
pacteHuit: 1) ¢ MOMEHTa TIOCEeBa CEMsIH; 2) Pa3BUBAIOIIUXCS JI0 TOTO
HEKOoTOpoe BpeMms (TOpsAka AByX HeIenb) BHE Koimaka. Jms storo
Opasioch 8 TOPIIOYKOB C MOCESIHHBIMH CEMEHaMH, KOTOpBIE JECITHIIUCH
Ha «OCHOBHBIX» H «IyOJIEpOB» IOPOBHY, T.€. M0 4 rOpIIOYKA.

B pesynbraTe SKCHEPUMEHTOB OBLIO YCTAaHOBJIEHO, YTO PACTECHUS
BCXOOAT U paCTYT B TCUHCHUC HepBOI\/'I HEACIN OJUHAKOBO, HEB3UPAA Ha
aTMocqepy TPOBETPUBAHHS W COJACPKaHHE YTJIEKHCIOro ra3a B HC-
MOJIb3yeMON Ul MOJIMBA BojAe. Tak Ha3blBaeMasl «BBITOHKa» MOXKET
0OBSCHUTH TaKOE TIOBEJICHHE IS PACTEHUH C OOJBIION TyKOBHUIIEH WITH
CEMEUKOIi (CEMEHEM) KaK, HallpuMep, FopoX WK ¢acoiib U aOCOIFOTHO
BBITJIAOUT HE YOCOUTENbHO AJIS LIaBisl, y KOTOPOro CEMEHa HacTOJIBKO
MEJIKHE, YTO UX HE C YeM Aaxke CPaBHUTH (puc. 3).

* - - -
-
-
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Puc. 3. Cemena mases.

Ilocrie «BBITOHKH» POCT 3aMEIUIAETCS W 4Yepe3 JIB€ HeIeln CTaHO-
BUTCSl OYEBUAHBIM, YTO PAaCTEHHS MPOBETPUBAEMBIE BO3AYXOM 0Oe3 yr-
JIeKUCIIoro ra3a, norubatot. Yepes Tpu Henenu nonHas rubens. I[locie
3aMEHbI OCHOBHOT'O COCTaBa MCIBITYEMbIX Ha AyOJIEpOB BCE MOBTOPSIET-
csi: yepe3 JBe HEJENd CTAHOBUTCS OYEBHIHBIM, YTO PACTEHHS IIPOBET-
pUBaeMble BO3AYXOM O€3 YIJIEKHCIOro Trasa, HOrH0arT M NMPUMEPHO
yepe3 TpU Heaenu nonHas rudens. Cpoku MOTyT KojiebaThes IUTI0C MU-
HyC Iapy AHEH, HO IJI IPOCTOTHI 3aIIOMUHAHMS OKPYTJIEHBI IO HEAECID.



HccaenoBanue morjaomeHust PacTeHUusIMHU YIJIeKHCJIO0ThI U3 BO3/1yXa 135

Hamnmame yriexucioro raza B BoJie HECKOIBKO MPOTIEBACT CPOK KHU3HU
pacTeHuii, HO Hanm4Iue auckoMdopra odeBUaHO (puc. 4).

W3 npoBeaeHHBIX SKCIIEPUMEHTOB CIIEAYET, YTO, YIICKUCIBINA ra3
pacTeHUsIM HYXEH, HO 3a4eM, MO0Ka HE M3BECTHO, BO3MOXHO, MOJJOOHO
TOMY, KaK 4eJIOBEeKYy Hy)KEH XJIOPHCTBII HaTpHi, 6e3 KOTOPOTo YeI0BEK
ymupaet. OJHaKo, KaK M3BECTHO, YEIOBEK KAMEHHOH COJIbIO HE ITUTa-
ercsl.

Puc. 4. Yepe3 TpH Heesu IPOBETPHBAHUS OYULIEHHBIM BO3YXOM.

Takum 00pa3oM, CYUTATh, YTO MACChl JPEBECHUHBI U JIUCTHEB, 00pa-
3YIOTCSI U3 YTIIEKHUCIIOTO Ta3a, KOTOPOTO MPaKTHIECKH HEeT B aTMocdepe
3emii, HET OCHOBaHHUM. DKCIIEPUMEHTAIBHYIO e MPOBEPKY MEXaHU3-
Ma (OTOCHHTE3a, KaK XOJIOHOW TPaHCMYTAIUH SJIep KUCIOPOa BOIBI
B sJIpa yIJIepoja, MPeiCcTaBiIsieTcs] BOZMOXHBIM OCYIIECTBUTH TOJBKO
M0 TMPUHIUIHAILHO OTIMYHOW OT UCTIOIh30BAHHON METOJUKHU 0€3 h30-
TSI PACTEHUM CTEKJITHHBIMU KOJITAKaMH, HO C TTPUMEHEHUEM JICTEK-
Topa anb(da YacTuil.

Jumepamypa
1. Py6un B.A. - http://www.help-rus-student.ru/text/83/961.htm
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2. Huunnoposuu A.A. - http://www. cultinfo. ru/fulltext/ 1/001/
008/ 117/264.htm

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

4. T'ankun U.H. - http://blogs.mail.ru/mail/oneeno50

5. Illecronanos A.B. - http://www.shestopalov.org/fotosintez
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I'naBa 4. UccaenoBanus JJeNTOHHON MEHBI

4.1. CunoBoe BJMSIHHE KOBAJEHTHON peaKkuM Ha
MeTAJINYEeCKUH napyc

ITocTanoBKa 3agaun

Kaxk mokazano B paznene 3.2. KoBalieHTHBIE CBS3U U XeMOAUHAMUYEC-
CKO€ B3aWMOJCHCTBHE YacTH 2 KHHUTH 2 HACTOSIIETO COOpHWKA KHUT
«Havana >¢upoanHAMUYECKOTO €CTECTBO3HAHUS», MpPU 00pa3oBaHHUU
KOBQJICHTHOW CBSI3M CyMMapHasi JJMHUS TOKa OOLIEro MPUCOSTUHEHHOTO
BUXPA (IMEKTPOHHOW OOOJOYKM aToMma) OKAa3bIBACTCS KOPOYE CYMMBI
JUTHH JIMHUH TOKOB pa3JelIbHBIX aTOMOB, B MOMEHT 00pa30oBaHHs KOBa-
JICHTHOW XMMHYECKOM CBSI3M YacThb YIINIOTHEHHOI'O 3aBHMHTOBAaHHOI'O
a¢upa OKa3bIBACTCS BRIOPOMIEHHON M3 MOJIEKYIbl. Takol Kycodek BUX-
Pl HE MOXKET CYIIeCTBOBATh B TOM K€ BUE, U OH JIMOO OYy/IET MOTIIONIEH
B IPyTOM MeECTe, TJe UJIET PeaKiHs Pa3IoKeHHsT MOJIEKYI, TH00 mpeod-
pasyercs B TOPOWAAIbHBIA BHUXPh C1ab0 cxaroro 3¢upa, KOTOPHIH
MOYKHO YCJIOBHO Ha3BaTh JIENTOHOM, ITOCKOJBKY €ro Macca MeEHbIIe
Macchl AIEKTpoHa. Pacyer mokasbiBaeT, YTO Macca TaKOro TOpoUja Co-
craBisieT nopsika 0,0001 maccel 37EKTPOHA, HO AUAMETP €0 COCTaBIIs-
et nopsanka 0,01 mm.

B pesynbraTe KOBaJeHTHOH peakiuu ITOJKHA 00pa3oBaThbes JIeT-
TOHHasA II€HA, COCTOAIIasA U3 MHOKECTBAa HCBUIMMBIX TI'JIa30M JICTITOHOB,
BO3/ICMCTBYIOIIAs] HA METALTMIECKHE MTOBEPXHOCTH, ITOCKOIBKY MEXIY
JIENTOHHOM MEHOM U MOBEPXHOCTHI0 DEepMU METAJUIMYECKOU MIACTHUHBI
JIOJDKEH BOZHUKHYTH TPaJMEHT CKOPOCTH 3(hUpa, MOHMKAIOIIUHA JaBiie-
HUe hHrpa Ha MOBEPXHOCTH IUTACTHHBI. JTO TOJDKHO MPUBECTH K CHJIAM,
CTPEeMAIIUMCS] TPUOIM3UTD TUIACTHHY K MECTY IPOBEICHUS KOBAJICHT-
HOU peakIlny, a 3aTeM, MO MPOIIECTBUH BPEMEHH, JISNTOHHBIE 00pa3o-
BaHUA OOJDKHaA CaMopaspylmarbCsa, 4YTO IPUBCIACT K IMOABJIICHUIO CHUII,
OTTaJKUBAIONINX IJIACTHHY OT MECTa IMPOBeJAeHUS peakiuu. [lo oxoH-
YaHWH MPOIECCca CHITBI JIOJDKHBI MCUE3HYTh. Bce 3T0 BO3MOXKHO TpoBe-
PUTH C TOMOUIBIO YYBCTBUTCIIbHBIX KPYTHUIIbHBIX BECOB.
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ITocTanoBka IKCIIEPpUMEHTA

JIst IpOBEPKH 3TOTO OOCTOSATENLCTBA OBLIM MOCTPOCHBI CIICIIHATb-
HBIC KPYTHJIbHBIC BEChI, HA OJJHOM W3 IUICY KOPOMBICIA KOTOPBIX 3a-
KpeIicHa aTfOMUHHEBas IUTACTHHA (TIApYC), COCTMHEHHBIN C MeTaJlIH-
YEeCKMM KOPIYCOM BecoB uepe3 10-MeroMHoe CONMpOTHBIICHUE BO H30e-
JKaHUE BO3MOYKHOTO BJIMSIHUS AJICKTPOCTATHUKH, KOPITYC 3a3eMIISUICS Ha
Oarapero MapoBOro OTOTIICHUSI.

\
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Puc. 4.1. Cxema 1a00paTOPHOro YKCNEPHMEHTA MO BBISIBJEHHIO JIENTOHHOM
TeHbI NPU 00Pa30BAHUM KOBAJIEHTHOW XMMHYECKOH cBsI3M (@) U rpaduk OTKJIOHE-
HUs Iapyca BecOB NPH NMPOBeIeHHH XUMUYeCKOil peakuuu (0):

1 — cTakaHYMK C XUMHYECKUMH PEaKTUBaMH; 2 — KPYTHJIbHBIE BEChl; 3 — Jla3ep;

4 —camomucell.

B HCHTPC KOPOMBICIA KPYTHUIBLHBIX BCCOB OBLIIO MMPUKIICCHO 3CP-
KaJIbIIC pa3sMCpoOM 2x2 MM, KOTOPOC OCBCIIAIOCH HCHO}.‘[BH)KHOﬁ Jla3ep-
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HOHM yKa3KOMH, OTpa)KCHHBIM JIyd MOonajajl Ha KapeTKy CaMOIMCLa, OT-
CJICKMBAIOLICH TIOJI0KEHHE JIyda.

IlmacTMaccoBbIil CTakaHYMK YCTaHaBJIMBAJCS HAaNpOTHUB Mapyca Ha
paccrosHum 10 cm. PearnpoBanu cyxas menous KOH u koHuentpupo-
BaHHAs CepHasl WM COJISIHAS KUCIIOTA.

PesyabTar 3xcniepuMeHTa

[Ipu mpoBeneHNH peakLuy Napyc cHavanta IPUTSATUBAICS K PEaKLUH,
a 3aTeM, II0cJie ee OKOHYAHUS, OTXOAMJI OT Hee Ha MAaKCUMaJlbHOE pac-
cTosiHME (10 yropa) u uepe3 1,52 4. Bo3Bpainaics 00paTHO.

ToT ke pe3ynbTaT MoJay4ascs, €Clid peakius MPOBOJMIACE B TOM
K€ CTaKaHYMKE, YCTAaHOBJICHHOM Ha JIEPEBSHHOM WJIH IIEHOIUIACTOBOM
KyOuke Branu oT BecoB. [lomHeceHne 3aTeM 3TOro KyOuka K Becam Ja-
BaJIO TOT XK€ pe3ynbTar. Bece QuKcHpoBanoch aBTOMAaTHYECKUM CaMO-
MHUCLEM.

OOBpsicHEeHHE Pe3ybTaTOB HKCIEPUMEHTA 3aKJII0YaeTCsl B TOM, YTO
NIPY MPOBEJACHUHN XUMHUUECKON peakiuu U 0Opa30BaHUM JIENTOHHOM Tie-
HBI JIENTOHBI KacaroTcsl mapyca. Ilockonbky nBmxeHue 3¢upa Ha MO-
BEPXHOCTH JIENTOHOB MPH JI000 MX OPHEHTALUHU BCEraa mnapauiesibHO
TUIOCKOCTH TIapyca, To 00pa3yercsi IpaJueHT CKOpocTel 3(hupa ¢ MmoHu-
JKEHHBIM JiaBiieHreM. [lapyc HauMHaeT MPUTITHBATHCS K Pearupyronum
BEIIIECTBAM.

[Tocne oxoHYaHWsI peakIUM JIEITOHHAS TIeHa HauuHaeT auddyHau-
pOBaTh, MPUYEM B TEPBYIO OYEpelb YHHUTOXAIOTCS JICTITOHBI, OKa3aB-
IIMECS] B BEPXHEM CJIO€ IMEHbI, IOCKOJBKY TPaJUCHT CKOPOCTEH Ha MX
MOBEPXHOCTH MEHBIIIE, YeM Y BHYTPEHHHUX JIEITOHOB, CJIEIOBATENBHO,
BSI3KOCTh BBIIIE W BpPEeMs CYIIECTBOBAaHHS TMOBEPXHOCTHBIX JIENITOHOB
MeHbie. Ho NenToHbl, Kak M BCSKHAE BUXPH, UMEIH IJIOTHOCTH 3dupa
Ooyiee BBICOKYIO, YeM IIOTHOCTH 3(Hpa B CBOOOIHOM MIPOCTPAHCTBE.
[MosTromy naBnenue 3dupa Bo3pacraer, u napyc oronsuraercs. [locie
TOTO Kak Bce JIeNTOHbI AuddyHIUpOBan, qaBieHne B 3(hupe BEIpaBHU-
BaeTCA, U NPY>KMHKA BO3BPAILIAET KOPOMBICIIO BECOB B UCXOJHOE COCTO-
sHue. PaznuuHble BemecTBa Aal0T Pa3MuHOE OTKIOHEHHE, HO XapaKTep
TIOBEJICHHUST BECOB COXPAHSIETCS.



140 I'nasa 4.

BriBoabI

Bo BpeMs KOBaJIGHTHBIX PEaKITdii BHIAEISCTCS JCITOHHAS TIeHa, KO-
TOpasi OKa3bIBaeT CHJIOBOE BO3JICUCTBHE HAa METAJUIMYCCKYIO IUIATHHY.
OTO B3aUMOJCHCTBUE MEXIYy XUMHYECKUMHU BEIIECTBAMH, OCYIIECTB-
JISTIOIIAMH PEAKITUI0, H METAUTMIECKOHN TIIaCTHHOW MOKET OBITh Ha3Ba-
HO XEMOJUHAMHYECKUM, KOTOPOE HE MOXET OBITH CBEJCHO HH K OJHOMY
U3 CYIIECTBYIOIUX (YHIAMEHTAIBHBIX B3aMMOACHCTBUN — CUIIBHOMY U
c1aboMy sSIepHOMY, 3JIEKTPOMArHUTHOMY W T'paBHTarmoHHOMY. Llere-
COO00pa3HO TPONOIDKUTHh HCCICNOBAHUS [UISI OMpPENENICHUs KOJIHde-
CTBECHHBIX 3HAUCHHI MapaMeTPOB JAHHOTO SIBJICHUS

4.2. Bausinue JIeNTOHHON MeHbI HA YYBCTBUTEIbHOCTH
¢orodymaru

ITocTanoBka 3agaun

DOKCIIEPUMEHTHI C <«JICITOHHOW TMEHOI» OBUIM MPOBEIEHBI  CTYyJICH-
tamu 1 kypca xumbpaka u ¢Puzdpaka MI'Y 10./1.JloGapeBsiM u
B.A.CepebpsinankoBsiM B 2000 1. FiMu ObUI0 BBICKa3aHO HPEATIONONKE-
HUE, YTO JICITOHHAS TeHa JIOJKHA BIUATH Ha YyBCTBUTEIBHOCTH OTO-
OyMmarw, 4To U SBUJIOCH MTOBOJIOM /ISl TPOBEJIEHUS IKCIIEPHMEHTA.

IlocTanoBKa KCIEPUMEHTA

IInacTMaccoBBIN CTAKaHUUK C TUAPOKCUIOM HATPUSl yCTAHABIMBAIICA
Ha JucT (HoTOOyMard, MOMENICHHBIH BO H30€aHWE 3aCBCUMBAHUS B
KOHBEPT U3 YEPHOH TUIOTHOW OyMaru. B peaknuro BCTymaiu ruapOKCU
HATpHsI M YKCYCHasl KHcloTa. 3areM ¢oroOymara B TEMHOW KOMHATe
M3BJICKATacCh W3 KOHBEPTA, 3aCBEUMBANIACh CIAOBIM OEIBIM CBETOM M
MIPOSIBIISIIACK.

PesynbTar 3kcnepuMeHTa

[locne mposiBneHust poToOymMaru oKa3zanoch, YTO BCE ITOJE, KPoMe
y4acCTKa, Ha KOTOPOM CTOAJI CTaAKaHYUK C p€aKTUBaMH, IIOYCPHEII, 4 3TOT
Y4acTOK ocTaicsi OenbIM, Kak Obl HEe 3acBEYCHHBIM. TakuM o0paszoM,
OTKPBITO, UTO:
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1. «enToHHas TeHa» WM HEKOTOPOE HEM3BECTHOE JI0 HACTOS-
IIeT0 BPEMEHH U3Iy4YCHHE TPU MPOBEICHNN KOBAJICHTHOMN PEakIuu Cy-
IIECTBYET;

2. 3TO U3JIyYeHHE CIIOCOOHO OKa3blBaTh BIMSHUE HA CBOWCTBA
XUMHYECKOTO COCTaBa (DOTOAIMYJIBCHH W TPUBOIUT K CHIDKECHHUIO €€
YyBCTBUTENBHOCTH K CBETY.

BriBoa

DKCTIepUMEHT IMOATBEPANII, YTO MPH KOBAIECHTHOW PEAKITUH BBIIEIIS-
eTCsl M3IyUYCHUE, MPEATNONOKUTEILHO B BUJIE JICITOHHOW TIEHBI, TIPOHU-
KamIleld CKBO3b IUIOTHYIO OyMary W NPUBOJASAIICH K 3HAYMTEIHLHOMY
CHIDKEHHUIO YYBCTBUTENBHOCTH (hOTOOYMArwd, T.e. BIHSIOIICH Ha CTPYK-
TYypy H, BO3MOXKHO, XMMHYECKUH COCTaB ()OTOIMYJIBCUU. DKCIICPUMEH-
THI B 3TOM HaIPaBJICHUH CICAYET MPOIOJIKUTS.

4.3. Bausinue JIeNTOHHOW NMEHbI HA THAJIEKTPHIECKYIO
MPOHHUI[AEMOCTH

IlocTanoBka 3agaumn

[Mockonbky mrobasi rasoBasi BUXpeBas CTPYKTypa BcCerja HMeEeT
IUIOTHOCTB O0Jiee BBICOKYIO, YEM TOT )K€ Ia3, HaXOISIIUKCS B cBOOO-
HOM TIPOCTPAHCTBE, a AMIJIEKTpUYEcKass MPOHMIIAEMOCTh €CTh IUIOT-
HOCTh Ta30MoJ00HOr0 3Qupa, TO CYIIECCTBYET BEPOSITHOCTH TOTO, YTO
JIU3JIEKTpUUECKasi MPOHUIAEMOCTh B HPOCTPAHCTBE BOJIM3M NPOXOIS-
el KOBaJICHTHOM peaKkIui OKaxeTcs BhIlIe 00baHoM. [IpoBepky sToro
MPEIITOJIOKEHUS MOYKHO BBITIOJHHUTh ITYyTEM W3MEpPEHHS €MKOCTH BO3-
JTYITHOTO KOHJIEHCATOpa, Pa3MENIeHHOr0 BOJIM3M PEaKTHBOB, Y4acCTBY-
IOLIMX B KOBAJICHTHOH PEaKIH.

IlocTanoBKa 3KCIEpPUMEHTA

OKCTepUMEeHT OBLT MPOBEJCH CTYIEHT CTyIeHTaMH | Kypca xumdaka
u ¢puzdpaxa MI'Y 10.1.Jlo6apeBbim u B.A.CepebpsinankoBsiM B 2000 T.
B skcnepuMeHTe MCIOIB30BaH MJIAaCTMACCOBBIM CTaKaHYMK, B KOTOPBIH
OBLJT TOMeTeHIUAPOKapOOHAT HATPHS, KOTOPBINA 3aTEM II0OJIMBAJach U3
MUIETKN YKCYCHOM KucinoTod. KpaMmuueckuiiii KOHAEHCaTOp €MKOCTBIO
3000 n® Obin coequHEH C Ta0OpPaTOPHBIM U3MEPHUTENEM E€MKOCTH, CaM



142 I'napa 4.

KOHJICHCATOP Pa3MEIIaJics B HEMOCPEACTBEHHOW OJM30CTH K CTaKaHIH-
Ky C peaKTHBaMHU.

PesyabTar 3xcniepuMeHTa

IIpn Havase peaknyy B TEUEHUE HECKOIBKHUX CEKYHJ €MKOCTh KOH-
JeHCaTOpa yBeNWYMBajach MPUMEpPHO Ha 1% u ynepxuBajach IOCTO-
SIHHOM TO BpeMs, IIOKa 1IJIa PEaKLHus, a 3aTeM B TEYEHHE JIBYX C IIOJIO-
BUHOW 4YacOB 3HAYCHHE €MKOCTH BO3BPAINAIOCH K IEPBOHAYAIBHOMY
COCTOSTHHIO.

BriBoa

DKCHEepUMEHT JI0Ka3all, YTO HEMOCPEACTBEHHO BOJIM3H KOBAJICHTHOM
pCaKHI/II/I )Z[I/IC-)JICKTpI/I‘-ICCKaﬂ HpOHI/IHaCMOCTL HpOCTpaHCTBa YBGJ'II/I‘-II/IBa-
€TCiA, 4TO HOI[TBep)KILaeT HUCXOOJHOC HpCI[HOJIO)KeHI/IC O TOM, 4YTO HpI/I
KOBAJICHTHOM pEaKIK BBIACISAETCS U3IyYEHUE TUIA JICNTOHHOU IEHBI,
YBEIMYHMBAIOUIEE BEIUYMUHY IUAIEKTPUUYECKON MPOHULIAEMOCTH.
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I'maBa 5. DxkcnepuMeHTHI B 00J1aCTH 3JIEKTPOMATHUT-
HbIX SIBJIEHHI

5.1. B3auMouHAyKIUsI POBOIHUKOB

ITocTanoBKa 3agaun

B Hacrosimee BpeMst IIMPOKOE NPUMEHEHHE HALTH WHPOPMALUOH-
HO-U3MEPUTEIIBHBIE KOMIUIEKCHI 3JEKTPOHHOM ammapaTypbl, COCTOS-
OMe U3 JECATKOB M COTE€H DJJCKTPOHHBIX UM HCIHOJHUTEIBHBIX
YCTpPOMCTB, HapUMep, MUIOTaKHO-HABUTAIIMOHHBIE KOMILIEKCHI JIeTa-
TENBHBIX aIlllapaToB, Kopabieil, MPOMBINIICHHBIX aBTOMAaTH3UPOBaH-
HBIX JUHUHA U T.I. BO Bcex 3TUX KOMIUIEKCaX MEXIY COCTaBISIOLIUMU
UX CHCTEMaMM IMPOUCXOAMT Iepeada MO MPOBOJHBIM JHHHUAM CBS3H
CUTHAJIOB, HECYIINX HH(POPMALIUIO 0 Pa3HOOOpa3HbIX (PH3HYECKHX Ta-
pametpax. it TOUHON U Ha/IeKHON pabOTHI KOMITIIEKCOB HEOOX0IUMO,
YTOOBI TPAHCIAIUS CUTHAJIOB TI0 MPOBOJAM MPOMCXOIUIA C HEOOXOIH-
MBIM OBICTPOJICHCTBHEM M BBICOKOM HAJEKHOCTHIO. M1 OAHUM U3 TIaB-
HBIX (DAKTOPOB, MPETIATCTBYIOIINM 3TUM TPEOOBAHUSAM SIBIISTIOTCS 3JIEK-
TPOMAarHUTHbIE NTOMEXHU, HABOAUMBIC HA JIMHUU CBSI3U SHEPIETUYECKU-
MU TPOBOJAMH, T.€. CHJIOBBIMH IPOBOJAMH, MOJAKIIOYEHHBIMH K Ka-
KUM-TH00 MCTOYHHMKAaM dHEpruu. VIMEHHO B HHX BO3HHMKAIOT MOIIHEIC
UMITYJIbCHI, CBSI3aHHBIE C KOMMYTallMed MOTpeOuTeNneil SHEpruu, 0co-
OCHHO BCEBO3MOXKHBIMU MHIYKTHBHOCTSIMH — OOMOTKaMHU pejie U KOH-
TAKTOPOB. DTH MMMYJIbCHl MPOHUKAIOT B HH(OPMAIIMOHHBIE CBSI3U Ue-
pe3 eMKOCTHBIE CBS3H (DJIEKTPOJMHAMUYECKHE HABOJKH) M Uepe3 B3a-
MMHYIO HHAYKTUBHOCTb (3JIEKTPOMAarHUTHBIE HABOJKH).

Cyl11ecTByIOT pa3HOOOpa3Hble METObl OOPHObI ¢ MOJOOHBIMH I10-
mexamu. Llnpoko pacnpocTpaHeHbl METObI IIYHTHPOBAaHUS OOMOTOK
pelie U KOHTAaKTOPOB MCKPOTACALIMMH LEMSAMH — JAHOJAaMU U LEMsIMU
KOH/IEHCATOP-PE3NUCTOP, HO TaIIeHWE MPOUCXOJUT HE TONHOCTHIO, a,
KpOME TOT0, HE YYUTHIBAETCS WHAYKTUBHOCTH IMOJBOASAIINX POBOJIOB,
COCTaBIISIOIIMX AECATKHA MUKpOl eHpH.

DNEeKTpOJMHAMUYECKUE MOMEXU TPOHUKAIOT B WHPOPMAIOHHEBIE
MPOBO/Ia Yepe3 B3aWMHYI0 €MKOCTh MEXAY CHJIOBBIMUA W MH(OpMaIu-
OHHBIMHU TIPOBOJIAMH, JIEKALIUMU B OOIIEM XKIyTe, U OTCTPAaUBaHUE OT
9NEKTPOAMHAMHYECKHX TTOMEX, CBSI3aHHBIX C UMITYJILCHBIMH OpOCKaMHU
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HanpsokeHus 10 600 Bonet ammumrtynoit u ot 0,1 mo 10 mMxc mo amu-
TEJIBHOCTH JOCTATOYHO YCIELIHO NMPOUCXOMUT IIyTeM 3KPaHHUPOBAHUS
NPOBOJOB WH(POPMAIIMOHHBIX CBS3EH MpPU 3a3eMJICHHUH BCEX Pa3pbIBOB
3KkpaHoB. OJHAKO 3KpaHbl MPAKTUYECKH HE CIAacaloT OT 3JIEeKTpoMar-
HHUTHBIX IIOMEX, CBSI3aHHBIX C IPOHUKHOBEHUEM MAarHUTHOI'O IOJIsI, BbI-
3BAHHOTO IIyJbCAllMell TOKOB, CKBO3b IKpaH, U UMEHHO 3[€Ch TauTCs
OMAacHOCTh HaBeleHHs MoMeX Ha MH(OpMalMOHHBIE CHTHAJbl. PasHe-
CTH € IIPOBOJA Ha PacCTOSHUs, 00ECIEUNBAIOLINE CHUKECHUE YPOBHS
MOMeX 10 AOMYCTHMBIX 3HAUE€HHUH, B OONBIIMHCTBE CIy4aeB, OCOOCHHO
Ha MOJIBUKHBIX 00BEKTaxX, HE MPEJICTABISETCS BO3MOKHBIM.

[ns onpeneneHust ypoBHS HaBOAUMBIX 3JIEKTPOMAarHUTHBIX TOMeEX
JIOTMYHO ObUIO OBl IO aHAJOTMU C B3aMMHOW €MKOCTbIO BBECTU IOHS-
THE B3aMMHOW MHIYKIIMK MEXIY TOMEXOHECYIIMMHU M WH(POPMALMOH-
HBIMH MPOBOJAMH, T.. IyT€M BBEIEHHUSA IOHATUS B3aUMOMHIYKIIHH
MPOBOJIOB, HO TAKOE MOHATHE B AJIEKTPOTEXHUKE OTCYTCTBYET. B aiek-
TPOTEXHHUKE CYILECTBYET IOHSITHE B3aUMOUHAYKIHH KOHTYPOB, XOTS
10 JIOTUKE BELIEH KAXKIbI KOHTYpP COCTOMT U3 IPOBOJAHUKOB U B3aH-
MOMHAYKLHS KOHTYPOB JI0JKHA Obl PacCUUTBHIBATHCSA Y€pe3 B3aUMOWH-
OYKLIUU COCTaBISIIIMX MX MPOBOAHHMKOB, HO B CaMHU BBIPAXCHUS IS
B3aMMOMHIYKIIUU ITPOBOJAHUKOB HE BXOJUT MOHSITHE B3aUMOMHIYKIIUU
KOHTYpOB. IMEHHO 3TO 00CTOSATENHLCTBO U BBIHYIMIIO aBTOpPA MPOBECTH
COOTBETCTBYIOIIME HCCIENOBaHM, Oasupyrommecs: Ha 3QUpOJUHAMU-
YECKUX TIPEACTABICHHUSIX O PACIPOCTPAHEHUH IIIEKTPOMArHUTHBIX
BOJIH.

DopMyJMPOBKA 32/1a4H

Kaxk HU3BCCTHO, B TGOpGTH‘IGCKOfI OJICKTPOTEXHUKE IMOHATUEC B3aMO-
WHAOYKIUW ITPOBOJHHUKOB OTCYTCTBYET, XOTA UMECTCA ITOHATUEC B3aUMO-
MHAYKLIUU KOHTYpoB. B cooTBercTBHU ¢ 3akoHOM Dapasnes Ha KOHTY-
pe, JIeXxalleM B INIOCKOCTU X-) 3.11.C. €xy OIPENEIIAETCS] BEIpaKEHUEM

0B;
exy: _S—’ (11)
ot
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rjae S — mionaas KOHTypa, B; — MarHuTHas UHIyKuus B; = uHy;, i —
MarHuTHas MMPOHHUIIAEMOCTh; H; — HaNpsHKEHHOCTh MAarHUTHOTO TIOJIS
(puc. 5.1)

a) 6)

Puc. 1.1. HaBeaenne J/IC B kouType: a — no ®apaznero u Makcsemny; 6 — B pe-
aIBbHOCTH

W3 BeIpakeHHs CIEAyeT, YTO MATHUTHOE TMOJIe H3MEHSETCS I10
HANPSOKEHHOCTH, HE MEHss CBOETO IMOJIOXKEHHS B IPOCTPAHCTBE, a
HaBoaumasi DJIC obpasyeTcs 1o nepudepuu mossi, IpuyeM caMo Mar-
HUTHOE TI0JIC HE MepeceKaeT MPOBOAHUKOB KOHTYPA.

a9 0

Puc. 1.2. IlpoHNKHOBEHHE MATHHUTHOTO MOJIsl, CO31aBAeMOro OJHHM KOHTY-
POM, BO BTOPOIi KOHTYP.

Ecnm B omHO¥M TIOCKOCTH J€XaT IBa KOHTypa (puc. 5.2), u B mep-
BOM KOHTYpE TE€UET NMEPEMEHHBIN TOK, TO HAIPSLKEHHOCTh MAarHUTHOTO
TOJIs, TPOHUKAIOIIETO BO BTOPOH KOHTYP, OyJIET OMPEAENsThCI B COOT-
BETCTBHUH ¢ 3aKOHOM IIOJIHOTO TOKa
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i=[Hdl, H=i/2ar, (1.2)

rjie | — BeTMUMHA TOKA, I — pacCTOSIHUE OT HISHTPa MPOBO/IA.
B atom cirygae D/1C, HaBeneHHAst BO BTOPOM KOHTYpE, OIIPeIeNnT-
sl KaK

0B;
exy = — S —, (13)
ot
wloi  gen dr d+2n dr ui d+h d+2h
ez — (| — — | —)=——(nr| —Inr| )=
21 ot d r d+h r on d d+h
wuloi (d+h)? wuloi
= In = fi(h/d) 1.4
2not d(d + 2h) 2ot
I[Tpu h >> d nony4um:
wloi (d+ h)? uloi h
e1= In = In (1.5)

2n ot dd+2h) 2rzot 2d

@Oyuknus f1(h/d) npusenena na puc. 1.3.

B cootBercTBHM C 3)UPOJMHAMHUYECKUMH TPEICTABICHHSIMH IPO-
Lecc pa3BUBaeTCA MHaue. MarHuTHas BOJIHA, cO3JaBaeMasl TOKOHECY-
[IMM MTPOBOJTHUKOM, CHaYaia repecekaet OJIMKallmil K HeMy MpoBO/I-
HHUK BTOPOTO KOHTYpa, a 3aTeéM YK€ B OCIa0JICHHOM BHJIE NEPeceKaeT
BTOPOI NMPOBOAHMK TOTO K€ KOHTYpa, co3nasasd B HeM DJIC npoTuBo-
MIOJIOKHOT'O HAmpaBlieHWss U YMEHBUICHHOW BeIHMYUHBL. To e mpouc-
XOJUT W OT APYroro NMpOBOJHHKA TEPBOTO KOHTypa. B arom cimyuae
O/1C Ha BTOPOM KOHTYpE COCTAaBUT BEINUNHY



146 T'naga 4.

wlly 0i 2d d uilly 0i
o= — (1- + ) = fo(h/id),  (1.6)
2ndot d+h d+2h 2ndot

3mechk lo= 1 M (B cucreme CH) — MacirrabHbIH KOS PUIHEHT.

Oynkuus f, Taxoke npuBenena Ha puc. 1.3.

Kaxk BuaHO u3 rpadukos, ¢pynkuuu fi u f2 cymecTBeHHO pacxomst-
Cs: TmepBasg YXOIUT B JOTapU(PMUYECKYI0 OCCKOHEYHOCTh, BTOpas
Haceiaercs. [Ipu h/d = 10 oTHomeHne 3HaYeHMId QyHKINI OKa3bIBa-
etcs Oonee 4-x.

I[IpoBeeHHbIC SKCIIEPUMEHTBI TOTBEPANIH 3aBUCUMOCTS fa.

VAPA s
4 -
3 -
2 L
/
] 2
0 2 4 6 8 10 hid

Puc. 1.3. Pe3yabTaThl H3MepeHHUs1 HABEIEHHOM 3/IC B MJIOCKOM KOHTYype: 3aBH-
cumocts 1 (h/d) ~ M1 u 3aBucumocts f (h/d) ~ Ma.

ITocTaHoBKa IKCIIEPHMEHTA

[Ipu poBepke MOTYyUSHHBIX 3aBUCUMOCTEH 1EeTIeCO00Pa3HO HCTIOIh-
30BaTh MEIHBIN IPOBO 6€3 m3osmn uaMmerpom mopsaka 0,5 — 1 M,
npu JUTHHE CTOpOHBI KoHTYpa | oT 0,5 M u Oonee, MeHss paccTosHus d
OoT 2-3 MM 10 JECSATKOB CaHTUMETPOB. M3MepeHHs HY>KHO IPOU3BO-
IINTh B 3BYKOBOM JIMama3oHe 4acTor. Cxema dKCTIepUMEHTa TIPOBOIHT-
Cs B COOTBETCTBHH C puc. 1.2.
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BriBoabI

W3 M310)KEHHOTO BBITEKACT II€JIECOO0PA3HOCTh BBEICHHUS B JJICK-
TPOTEXHUKY MOHATHUS K03 PHIMeHTa B3anMOUHIYKIIMHA TPOBOJTHUKOB,
PaBHOTO IS MTapaJUIeIHHO PACTIONOKEHHBIX MTPOBOIHUKOB BETHUHNHE

€2 ,ullo
M= = _ 1.7
oivot  2nd

Ha ocHoBanum ITOJIYYEHHBIX PE3YJIbTAaTOB IMMOABUJIACHE BO3MOXXHOCTDH
BBCCTH B DJICKTPOTECXHUKY NOHATUEC B3AMMOUHAYKIIUHN ITPOBOJHHUKOB.

IIpukiaagHoe npuMeHeHHe Pe3yJIbTATOB

Jlnst IpoBepKH 3aBUCUMOCTH KO3 (UIIMEHTa B3aUMOMHIYKIIMA OT
JMAMETPOB B3aWMOJICHCTBYIONINX ITPOBOAHUKOB OBII TOCTaBJIEH JKC-
MEPUMEHT MO omnpeneneHuro BennduHbl IJC, HaBOOUMOHN ¢ OAHOrO
MPOBOJIHMKA Ha Jpyrou. [Ipu 3ToM JguaMeTpsl IPOBOJHUKOB OBLIH CY-
mecTBeHHO pa3HbiMu (0,5 MM u 5 MM), IpUYeM OJIWH W3 HHUX OBbLI TO-
KPBIT XJIOPBUHWJIOBOW M MaTepyaTod HM30JAIUell (BHEIIHUN ArameTp
MIPOBOJTHUKA C U3OJISIIEH COCTaBUI 6,5 MM), BTOPOH — JIAKOBOM M30JISI-
nueil. MexoceBoe paccrosiHMe cocTaBisuio 3,5 mM. [IpoBogHuUKH
TUIOTHO TpWJIETANH APYT K Apyry. Harpyska Ha BTOpoM (M3MepuTelNb-
HOM) MpoBoHHKe U3MeHsIach oT 10 1o 1/3 Om. Cronbs Manoe compo-
THUBJICHHE Harpy3kd ObLIO HEOOXOIMMO IS YIAJICHUS €MKOCTHOH CO-
CTaBJSIIOIIECH HABOAKHU, YTO CAENATh MOJHOCTHIO HE YAAJNOCh. 3aTeM
MIPOBOJIHUKH T10 CXEME MEHSTUCh MECTAMHU.

IIpomyckasicst TOK BEMMYMHON 3 A, HCIONB30BAINCH YaCTOTHI OT
500 no 4000 I'u, Bce u3MepeHus: NPOU3BOIMWINCH C TOMOLIBIO MAarHU-
TOBJIEKTPHUYECKUX MPHOOPOB C TepMomapamMu. Pe3ynbTaThl H3MEpEeHUs
cBeenbl B Ta0m. 1.1 u 1.2,
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3/1C Ha BTOPMYHOM MPOBO/e MPH TOKe B MEPBUYHOM MpoBoje 3 A,
JJIMHE NPOBOJHUKOB 1,7 M
Tabauya 1.1

Juamerp Juamerp UYacrora, I'p
HEPBHYHOTO BTOPHYHOT'O 500 1000 2000 3000 4000
IpoBOJa, MM | TIPOBOJA, MM

0,5 6,5 10mMB | 19 44 83 122
6,5 05 15 32 64 99 125
K2rp/K1tp 15 1,68 1,45 1,08 1,025

Hepecuer IAC Ha BTOPUYHOM NPOBOJE NPHU TOKE B IEPBUYHOM IIPO-
BoJe 1 A, nyinHe NPOBOAHUKOB 1 M.
Tabauya 1.2

Juamerp Juamerp Yacrora, I't
HEPBUYHOTO BTOPUYHOTO 500 1000 2000 3000 4000
IpPOBOJIa, MM | TIPOBOJA, MM

0,5 6,5 2 MB 3,8 8,8 16,6 244
6,5 0,5 3 6,4 12,8 19,8 25
korp/Kyrp 15 1,68 1,45 1,08 1,025

Kak BumHO M3 Tabnuil, KO3I(PQGUIMEHT B3aMMOUHIYKIIUU TPOBOJI-
HUKOB peabHO 3aBUCHUT OT TOTO, KAKOW U3 HUX SBJISETCS MEPBUYHBIM, &
kakoil BropuuHbiM. st 1000 I'n pacuetHas Benuuuna IJ(C, HaBoau-
MOH C MEPBUYHOTO MPOBOJHHKA MEHBINETO JAMAMETpa Ha BTOPUUIHBIN
OoJbIIeTO AMaMETpa MPHU MPOCTOU MPOMOPIIMOHATEHOCTH, JOJKHA CO-
ctaBuTh Bcero 0,09 MB, a mpu ux nepecraHoBKe MPOBOIHUKOB — 1,16
MB. U XO0TS COOTHOIIEHHS MOJTYYEHBI HHBIMH, YTO MOXET ObITh 00B-
SICHCHO, HallpUMEpP TeM, 9TO IIPH TaKOH OJIM30CTH MPOBOJIHHUKOB yIKE
HEJb3sl CUUTATh BECh TOK COCPENOTOUYEHHBIM B MX OCEBOM JMHUH, a
TaK)Ke HAMYUEM EMKOCTHOW (JEKTPOAMHAMUYECKON) CBSI3H MEXIY
MPOBOJHUKAMH, 3aBUCUMOCTb KOA(PQHUIIMEHTA B3aUMOMHIYKIIUH OT
COOTHOIICHUS TUAMETPOB MPOBOJIOB Ha KAYeCTBEHHOM yPOBHE MO>KHO
CUUTaTh MOJATBEPKICHHOM.

Takum o00Opa3om, SKCIEPUMEHTAIBHO TOATBEPKAAETCS BO3MOXK-
HOCTh U 1I€JI€CO00Pa3HOCTh BBEACHUS B JJIEKTPOTEXHUKY MpeICTaBiie-
HUN O B3aMMOUHIYKIIMU MPOBOJHUKOB, HA OCHOBE KOTOPBIX YK€ MOX-
HO OMpPEACNATh U B3aUMOMHAYKIIMIO KOHTYPOB, IIPOBEISI COOTBETCTBY-
IOI[ee HHTETPUPOBAHHE.
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[Ipu paccMOTpeHHH B3aMMOCBS3HM HE MEXAY KOHTypaMH, KakK 3TO
BBITEKAET U3 ypaBHEeHUI MakcBemia u 3akoHa dapazes, a Mexy npo-
BOJIaMH, CIEAYeT pa3nuiaTh 3JIEKTPOIUHAMUICCKYIO TIOMEXY U TIOMEXY
anekTpoMarHuTHyto. [lepBasi cBs3aHa ¢ M3MEHEHUEM BEJIMYUHBI DIIEK-
TPUYECKOTO HANPSDKEHUS B IEPBUYHOM SHEPTETHUECKOM IIPOBOJIE, OHA
CYLIECTBYET Ja)K€ TOTJa, KOTAa TOK B MEPBUYHOM IIPOBOJE IpeHeOpe-
JKUMO MAaJT; BTOpasl CBS3aHA C M3MEHEHHEM BEJMUMHBI SIEKTPHYECKOTO
TOKa B IEPBUYHOM IIPOBOJIC, OHA CYIIECTBYET AakKe TOrAa, Korga B
NEPBUYHOM IPOBOJIC HANPSHKEHUE MIPEHEOPEKNUMO MaJIo.

DneKkTpoJrHaMHUUecKasi ToMexa MPOHHMKAeT Onarojaps pacrpo-
CTPAHECHHUIO BOKPYT DHEPreTHYECKOTO MPOBOJA 3JIEKTPHUYECKOTO OIS
(97IeKTPUYECKON HHAYKIIMK) dYepe3 B3auMHYI0 eMKocTh (puc. 1.4),
9JIEKTPOMAarHUTHAs ToMexa MPOHUKAeT Oyaromaps pacripoCTPaHEHUIO
BOKPYT HEPTETHUECKOr0 MPOBOJA MAarHUTHOTO MO (MAarHUTHOW WH-
IYKINH) 4epe3 B3auMHYI0 HHAYKTUBHOCTH (puc. 1.5). CooTBeTCTBEHHO
1 Mepbl 0OPHOBI C HUIMU pa3HEIE.

B mepBoM npuOimKeHWH 3HAYCHHE HABEICHHOMN 3JICKTPOIUHAMU-
YECKOH IMOMEXH OIIPEEIIUTCS BEIPaKCHUEM:

G Zy L
U, = : 12 = \|—— (1.8)
C+C1  Zut+ Z4 C

rae Zgz — BOJJHOBOEC COIIPOTHUBJICHUC JINHUUN CBA3U.

JlaHHOE BBIpAXKCHUE CIPABEIIMBO TOJBKO JJISi HEOKPAHUPOBAHHBIX
npoBoioB. Eciu nH(pOpMAaIMOHHEIE MTPOBO/Ia 3KPaHUPOBAHBI M SKPAHBI
3a3eMIICHbI C O0OMX KOHIIOB BO BCEX pa3phiBax IICMH, HaIpHUMEp, B
pa3zbeMax WK MEPEXOHBIX KOJIOIKAX, TO IIOMEXa OTBOIUTCS Ha 3eMJIIO
MIPH YCJIOBUH, OJHAKO, YTO WHIYKTHBHBIM CONPOTHBIICHUEM 3a3eMIle-
HUSI MOXKHO HpeHereqb. He ciaenyer SaGBIBaTB, YTO UMHAYKTHBHOCTH
OJIHOTO MeTpa IpoBoja B cpeaneM koisebnercs oT 0,5 mo 2 MxI'H/M.
ITockonbky UMIYIBCHOE HANPSIKEHHWE MPH KOMMYTAIUAX TEPBUYHON
e MOXET JOCTUTaTh COTEH BOJBLT MPH JUTUTSILHOCTH UMITYJIBCOB OT
JIOJIEH JI0 JTECSATKOB MUKPOCEKYH]I, 11eecoo0pa3Ho MHPOpPMAaIMOHHbBIE
MPOBOJIa, OCOOCHHO JIeXKAITNE B OOIIUX C SHEPTETHUSCKUMHU TPOBO/IA-
MU KT'yTaX, BBITIOJHATH SKPAaHUPOBAHHBIMH, OOpaIlas Ipu 3TOM BHU-
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MaHHC€ Ha Ka4Y€CTBO 3a3€MJICHHSA 3KPAHOB.. CJ'ICI[yCT TAK)KXC OTMCTHUTBH,
YTO APYIUe€ NpoBOAa, HAXOAAIMIMUECA B TEX XKC KI'yTaX, IOMEXY HEC dKpa-
HUPYIOT, a HaO60p0T, CHOCO6CTByIOT €C IMPOHUKHOBCHUIO.

A" A5

L g Cib[]e
-M_.D._ - UL
Z;

£ &6 Zy
£,

Puc. 1.4. DxBUBaJIEHTHAasA cXeMa YJIEKTPOAMHAMMYECKOH cBsi3u ueneii: Ui —
HamnpsbKeHHue B nepBuuHOi neny; Uz — HanpspkeHne nosesHoro curana; Un — Hamps-
xeHue nomexu Bo BropuuHoi nenu; Ci, Gi — B3auMHbIE yJelbHbIE pacHpeleieHHbIe
B3aMMHbBIE €MKOCTb M IPOBOJUMOCTH NMEpBHYHON M BropuuHOil nenei; L, R, C. G —
yIeNnbHBIE paclpe/eleHHble HHAYKTUBHOCTb, CONPOTHUBICHUE, EMKOCTh M IIPOBOIH-
MOCTb BTOpPUYHOH nenu, Eo — MONe3HbIH CHIHAN, Zi — BHYTPEHHEEe CONPOTHBICHUE HC-
TOYHHUKA MOJIE3HOTO CHTHAJIA; , Zu — CONPOTHBJICHUE HATPY3KH

IIpOHMKHOBEHHUE ANEKTPOMArHUTHOW IOMEXU OT DHEPreTUHYECKOrO
NpOBOJIa B MHPOPMAIOHHEIE MPOBOJIA OCYIIECTBISETCS Yepe3 B3anM-
HYIO HHIYKTUBHOCTH (puc. 1.5).

HampsokeHne 21eKTpOMarHuTHOM MOMEXH OINpPENEIeTCS BhIpaxke-
HUEM:

oi1
Ui=M (1.9)
ot

rac M - KO3(1)(1)I/ILII/ICHT B3aUMOHWHAYKIIUHU 3HCPIreTUICCKOro IpoBoJaa,
CO3aaromIero rnmomMexy n I/IH(i)OpMaHI/IOHHOFO IIpoBoOJa, €€ BOCIIPUHHUMA-
omero.

ﬂﬂﬁ CUHYCOUJAJIBHOI'O TOKa
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Uy = kuf i1l; ku=27M, B-c-A LML, (1.10)

Puc. 1.5. DxBuBa/leHTHasi cxeMa JIEKTPOMATHUTHOIl cBsI3M uemnei: M — ko-
3¢ ULHEHT B3aMMHOM HHAYKTHBHOCTH; i1 — TOK B IepBUuHOM 1enu; Uy — HanpshkeHHe
MIOMEXH BO BTOpHYHOM Ieny; L, R — yzxenpHbIe pacripeneneHHble HHIYKTHBHOCTD CO-
nporusieHne BropuuHoil nemy; C, G, eMKOCTh U NPOBOJUMOCTD IOTEPh BTOPUYHOMN
neny; Eo — mone3Hslil curHai; Zi— BHyTpeHHeEE CONPOTHBICHHE HCTOYHUKA IOJE3HOTO
CHUTHAJa; Zn - CONPOTHUBIICHHE HATPY3KH

W3mepeHHble U1 psila aBUALIMOHHBIX OOPTOBBIX MPOBOJIOB 3HAYE-
Hust Ko uireHTa cBsi3u Ky cocTaBisioT:

— mia mpoojoB tuma BIIBJI ceuenuem ot 0,35 mo 1 Mm% Ky =
(5,65+5.25)-10°B-ccAm

— quist mapbl ipoBozioB Tuna BITBJI-BIIBJID tex ke ceyenuit Ky
(4,5+4)-10°B-ccA MY

— quist apsl ipoBozioB tuna BIIBJID tex ke ceuennit ky = (3,8
3,5) - 10°B-c:A M.

Jl1st IPOBOIOB IPYTUX CeueHMit BenmnunHa Ky MOXET ObITh omnpeie-
JIeHa U3 BBIPAKEHUS

7-10°° D1+ D>
Ky=— BcAlwml d=— (L.12)
d 4

rae d, cM — paccTosiHHE MEXIy OCSMH SHEPreTHYECKOro W WH(popMa-
IIMOHHOTO TIPOBOAOB, D1 1 D2 — X BHENIHWE TUaMETPHI, BKITIOYAsT U30-
JISAIHIO.
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b6N8N3 u 6N18713

=7A

246 810121%¢KIY 2468101214 % Ky

Puc. 1.6. Pe3yabTaThl 3KCIIEPUMEHTAJIBHOI0 ONpe/iejeHusl B3aUMOCBS3H MPo-
BoaoB tuna BIIBJI u BIIBJID pa3nnyHoro ceyeHus (ce4eHUs NMPOBOJIOB IaHBI B
MM2)

Ha puc. 1.6 npuBeneHs! M3MepeHHbIC 3HAYCHUS HANPSHKSHHS T10-
MEXH, BO3HHMKAIONIME Ha BTOPUIHOM IIPOBOJE MPHU PA3TUIHBIX YaCTO-
Tax TOKa B TIEPBUYHOM IIPOBOJIC.

Tak, npu yacrote B 400 I'u anuHe npoBona B 20 M, CEUEHUH IKpa-
HUpOBaHHBIX MpoBoaoB BIIBJID 0,35 MM? 3HAUCHHE HABEJICHHOW IO-
Mexu coctaBut 30,3 MB, 4To JIsl CHHYCHO-KOCHHYCHBIX TpaHc(hopMa-
TOPOB JIaCT JOMOJIHUTENbHYIO MOTPEIIHOCTh U3MEPEHUS yTiia IOBOPOTA
Baja B 12 yrJOBBIX MUHYT, 3TO CYIIECTBEHHO OOJIbIIE, YeM COOCTBEH-
Has MOTPELIHOCTh Mpeodpa3oBaress. [l TeX e yCAOBUM, HO MPH UM-
MyJIbCHON TIOMEXE W PKBHBAJICHTHOH dacTote B 1 MI 1 BeTudmHa HaBe-
JIGHHOM TOMEXM B HESKPAaHUPOBAHHBIX IMPOBOJAX COCTABUT MOPSAIKA
600-800 B, B skpaHHUpOBaHHBIX 3HAYMTEIHHO MEHBIIIE, BCEIO HECKOIb-
KO BOJIBT, HO TOXKE€ JOCTATOYHBIX JJIA COOS TpaHCIUPyEeMOu ¢ pPOBOi
UHPOPMALIUH.

CymiecTByeT ommuO0YHOE MHEHUE, YTO TOMEXY MOXXHO YMEHBIIIUTh
IIyTEM Harpy3Ku BTOPUYHOI'O MIPOBOJA HA OTHOCUTEIBHO Majoe COIPO-
TUBJICHHE, OJHAKO 3TO He Tak. Ha puc. 1.7 mpuBeneHbsl 3aBUCUMOCTH
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WU3MEHEHUS HATPSHKCHUS] TIOMEXU OT BEJIMYMHBI HATPY3KH Ha BTOPHY-
HOM TIPOBOJIC.

Puc. 1.7. 3aBHCHUMOCTb HANPSI’KeHUS] HA BTOPUYHOM HPOBOJAHUKE MPHU IJIeK-
TPOMATHUTHOI CBSI3M MEKAY IKPAHMPOBAaHHBIMHU npoBoaamu Ttuna BIIBJI-0,5 ot
YacTOThI NPH PA3TMYHOIl HArpy3Ke (IKCIIEPUMEHTANbHEIC JaHHBIC)

Kaxk BHIHO, 3HaUEHHE TIOMEXU PAKTUYECKH HE 3aBHCHT OT Harpys3-
K{ BIUIOTH 70 equHul] OM. TakuM crmocoOoM M30aBHUTBHCS OT MMOMEXH
HEJIb3s1.

[TpakTHYeCKN eITUHCTBEHHBIM CIIOCOOOM M30aBIICHHS OT JJIEKTPO-
MarHUTHOM M OT OCTaTKOB AJIEKTPOJAMHAMHYECKOMN TIOMEX SIBIISIETCS Tie-
penava u mpueM uHQopManuu auddepeHuanTsHpM criocodoM (puc.
1.8,1.9).

CHINSE

Puc. 1.8. BzaumopeiicTBue 31eKTPOMATHUTHOI HABOAKHU ¢ OMUISIPHBIM 110-
BOJIOM: 1 — NCTOYHMK HABOJKH; 2 — UCTOYHUK CHUTHAJA; 3 — IUHUS CBA3U; 4 — nudde-
PEeHLMAIbHBINA IPUEMHUK
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N o
L L
[l

I
I

ey nomexu | L nomexod

-
Smiw—

Cuzwan 8
AHUU  clasu

Cuzwan 8
NPUEMHUKE

Puc. 1.9. Otnenenne mojie3HOro CUrHaja ot moMexu B Aud¢epeHunaTbLHOM
NpHeMHHKe CHTHAJIA ¢ mpuMeHeHneM RZ-kona («return tu zeroy)

Ilepenaya undpoBoi W aHAIOroBOW HMHGOPMALUHU NPOU3BOAUTCS
CKpPYYCHHOH Tapoi MPOBOJOB, MOMEIICHHON B OOLIUI SKpaH, 3a3eM-
JICHHBIA BO BCEX MecTax paspeiBa. Lllar ckpytku — 2-3 cM, CKpyTKa
HeoOXoauMa AJIsi CHMMETPHPOBAaHUs HaBelAeHHOH nmomexu. CyiiecTBy-
IOLIME BBIXOAHBIE (OPMUPOBATEIN OOECHEUMBAIOT AMIUIUTYAY HM-
mynbcoB 5 £ 0,5 B, gomyctumoe compotuBieHue Harpysku 400 Owm,
COIIPOTHBJICHHE BX0Ja NpueMHUKOB He MeHee 40 kOm, T.e. onuH dop-
MHUPOBATENb 00ECIICUNBAET 10 CTa IPUEMHHUKOB. | albBaHMYECKOH pas-
BSI3KH NIPUEMHHKOB 371€Ch HET, OHa U He TpeOyeTcsl.

[Ipu 3TOM y4TE€HO TO OOCTOSTENHCTBO, YTO TPOIYCKHAS CIIOCO0-
HOCTh MOA00HOW OM(MWIAPHON JHHHU CBSI3H, HE COIJIACOBAHHOI ¢
HArpy3koi (He UMeromeil Ha KOHI[aX HU3KOOMHBIX COTJIACYIOIIUX pe-
3HCTOPOB), MIPU TparelueuIATbHON GOopMe UMITYIBLCOB C TPUMEHEHUEM
NPOBOJIOB JII00OT0 ceueHusi cocrasisier nopsinka 50 Mout-m/c. Ilpu
cpenneit ymHe npoBosa B 10 M (Ha TSDKENBIX caMoJjeTax) MPOIMyCKHas
CIIOCOOHOCTh OMGMIISIPHOW JIMHUHU CBSI3W cocTaBisier 5 MOwut/c, B TO
BpeMsl Kak MH)OPMAIIMOHHOE COJEp)KaHHE BCEH COBOKYMHOCTH CHTHa-
JIOB MHJIOTaKHO-HABUT'ALIMOHHOTO KOMIUIEKCa COCTaBIsieT He Oosee 1
Kout/c. D10 1M03BOJIIET UCIIOJIL30BaTh MMOOYEPEAHYIO ITepeIady Mmocie-
JIOBATEIbHBIX KOJOB C IPUMEHEHHEM OTHOCUTEIBHO HHU3KHX YacTOT
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TpaHcsmu U3 pana 12,5; 50; 100; 250; 500; 1000 Kowut/c. IIpemrmo-
yTUTENBHON YacToTol siBisiercs 100 Kout/c, koTopyro u mpenmosnara-
eTcs 3auKCUpoBaTh Kak OCHOBHYIO B IEPCIEKTUBHBIX JIETATENbHBIX
anmaparax. [lepegaua mpou3BoAMTCS Tak Ha3biBaeMbiM RZ- komom
(«return to zeroy), B koTopoM Kaxkaeiii OUT («1» mmm «0») mpemcraBieH
OTIENbHBIM HMMITYJIbCOM COOTBETCTBEHHO IOJIOKUTEIBHON WIIM OTpH-
HaTeJIbHON MONSPHOCTH € May30d Mexay ummylnscamu. [lepemaya u
MpHEM HMITYJIbCOB OCYIECTBIsAETCS MU GepeHINaATbHEIM CITOCOO0M,
YTO UCKIIOYAET BIUSHUE [IOMEX Ha KaueCTBO MPUHUMaeMON HHpoOpMa-
M.

Wudopmanust nepenaetcs HUKIMYECKH C YaCTOTOMU, OIpeaessieMoi
JUHAMUKOW TPaHCIMPYEMBIX IapaMeTpoOB, HA BXOJE MPUEMHUKOB OCY-
HIECTBIISIETCSI KOHTPOJIb MH(pOpMaMy 1O psAAy MPU3HAKOB (KOHTPOJIb
MUKJIAYHOCTH TIOCTYIUICHHS, KOHTPOJIb [0 KOJIHYECTBY €AMHUI] B CIIOBE
u 1.1.). Ilepenada xakux-mub0 BUPYCOB IO TaKOW CBSI3W OT OJTHOW CH-
CTEMBI K Apyrol NPUHUUIHNAIBHO HEBO3MOXKHA.

PazymeeTcs, 5TO He KacaeTcsl OTIENbHBIX JIMHUH CBSI3H, B KOTOPBIX
TPAaHCIUPYIOTCS KPYITHBIE MAacCHUBBI MH(QOPMAIMM, HO OOBIYHO TaKHX
JIMHUH CBSI3M MaJIO, M K HUM JIOJKEH OBITh JPYroi HOAXO.

[IpuMeHUTEIBHO K aBHALIMOHHOMY OOpPTOBOMY 0OOpYIOBaHUIO
3TOT cNoco06 nepenayn nHGOpMAaIK, 00eCIIEYNBIIHN €l BHICOKYIO T10-
MEXO03alUIIeHHOCTh, Obl1 paszpaboran B CCCP [1-4] u ¢ Tex mop
HaIIeJ MHAPOKOe MpUMEHEeHHe Bo BceM mupe [5]. Kak mpu ucneiranmsix
Ha cteHaax [4], Tak u 3a Bce Bpems (Oomee 20 JjieT) 3KcIUTyaTalluu
aBranuu ¢ 60pTOBBIM IH(POBBEIM 000pyIOBaHHEM HE ObLTO 3adUKCH-
POBaHO HM OJHOTO cO0sl nHpopMauuu. B nutupyemoit nmureparype [6]
NPUBEJICHBI Bce HEOOXOMMBIE ISl Pean3allii JAHHOTO croco0a CBsi-
3M TEXHUYECKHUE MOAPOOHOCTH.

MOoHO HaZeaThCs, YTO OIMCAHHBIA crocod mepenadn uHpopma-
[[UH, CTOJIb XOPOIIIO 3apEeKOMEH/IOBABIIHUI ce0s B aBHAIMH, MOXKET OKa-
3aThCsl MOJIE3HBIM H B JIPYrUX HH()OPMAIMOHHO-U3MEPHUTENLHBIX U
YIPaBISIOMINX KOMILIEKCaX 00OPYAOBaHMS, UCHOJIb3YEMBIX B DHEpTe-
TUYECKUX, TPOMBILIICHHBIX U TPAHCIIOPTHBIX 00BEKTaX.

IIpu mpoBepkax JIMHUHN CBSI3M Ha IOMEXO0YCTOMYHUBOCTD MOYKET OBITH
MCIIOJIb30BaH MPOCTOIM METOA 00epThIBaHMUS POBEPSIEMON JIMHUH CBS3H
MPOBOJIOM, HECYIIUM 3TAJIOHHBIE TIOMEXH, & OOpaTHBIA MPOBOA MOXKET
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HAXOIMTHCS Ha MPOU3BOJIBHOM PACCTOSHUH, KaK HE BJIHSIOIIEM Ha pe-
3yAbTaThl. ITO OBUTIO OBl HEBO3MOXHO CHIEJIaTh HA OCHOBAaHWH 3aKOHOB
®dapajes u MakcBeia, B COOTBETCTBUU C KOTOPBIMH HaBEJEHHAS I10-
MeXa HEMOCPEACTBEHHO 3aBUCHUT OT ILIOLIAJU KOHTYpA, T.€. OT pacmo-
JIO’KEHHsI 00paTHOTO TIPOBO/IA.
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5.2. IIpoBepka 3aK0HA MOJTHOI'0 TOKA

IlocTranoBka 3anaun

Kax u3BecTHO, MOITHOCTH JIFOOOTO CHJIOBOTO yCTPOWCTBA — JBHra-
TeJIsl WUIA TEHEepaTopa OMpeAeIIsIeTCsl SHEPTUEH, 3alTaCeHHON B BO3IYIII-
HOM 3a30pe cTaTopHOM yacTu. [loBCEMECTHO U B ABUTATENSAX, U B TE€HE-
paropax HUCIOJB3YeTCSd MAarHUTHOE, a HE JJEKTPUUYECKOE TOJe. ITO
CBS3aHO C TEM, YTO B MAarHUTHOM II0JIE MOXXHO JIOOUTHCS 3HAUUTEIHHO



JKCIepUMEHTHI B 00J1aCTH 3J1€KTPOMATHUTHBIX SIBJIEHUM 157

OoJbIIIero 3amaca dHEPTUH, YeM B AIIEKTPHUUECKOM IoJie, KPOME TOTO,
paboTa ¢ MarHUTHBIM TIOJIEM HECOM3MEPUMO Oe30IacHee, YeM C dIIeK-
TPUUECKUM TOJIEM.

B camowm pene, sHEPTUs 3IEKTPUUECKOTO MOJIS, Pa3MEIIEHHOTO B 3a-
30p€ MWIIMMETPOBOW TOJIIMHEL, TPU IUIOIAAU B 1 M?, M IIpEeaeiIbHO
JOITYCTAMOM HaNpsHKEHHOCTH dJekTprudeckoro monsg E = 1 kB/mm  (na-
Jiee HAYMHACTCs POOO0I BO3YITHOTO MPOMEXKYTKA) COCTABIISET

g0 E2 8,85-10712-108
We = = =4,43-10"° /M MM. (2.1)
2 2

A 171 MarHUTHOTO T10JIS [IPU BIIOJIHE YMEPEHHOM IJIOTHOCTHU B
H = 10A/M u MarHUTONpPOBOJE C OTHOCHUTEIHFHOW MarHUTHOM
npoHHLIaeMocThio B L = 400, sHEprus B TAKOM K€ 3a30pe COCTaB-
JSIeT:

W o HZ  400-1,25-1075-102

We = =2,5:-10?x/mM-mm;  (2.2)

2 2
Wi B 5,6:10° pa3 Gosnple ¥ IpU 3TOM HUKAKHX OMACHOCTEH HE BO3-
HukaeT. OJTHAKO TIPU 3TOM ClIeAyeT yOeAUThCS B TOM, YTO HaIpsDKEH-
HOCTb MarHUTHOTO TIOJISl PACCUUTHIBACTCS TIPABHUITBHO.
Jlns mpoBepKH MOCIIEAHEr0 00CTOSATENbCTBAa OBLT MPOBENICH COOT-
BETCTBYIOIIUI SKCIIEPUMEHT.

DopMyJIHPOBKaA 321241
Kaxk n3BecTHO, 3aK0H IMOJIHOT'O TOKA

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

BBIP@XKACT 3aBUCMMOCTh MEX/y BEIMUMHOM TOKA I, A, IPOTEKAIOIIEM B
MPOBOJIHUKE, ¥ HANPSHKEHHOCThIO MarHWTHOTO monst H, A/M, co3naBa-
€MOr'0 UM Ha PACCTOSIHMU I, M, OT OCH IpOBOJHHUKA. Kak BUIHO, 31€Ch
UMEET MECTO THIEepOOTMYECKH 3aKOH YOBIBaHUS HANPSIKEHHOCTH
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MAardiuTHOTO IIOJIA € YBEJIMYCHUEM PACCTOSTHUA. HaHpH)KCHHOCTI/I OJHO-
TO U TOr'0O X€ MAarHUTHOI'O IIOJIA Ha Pa3HBIX PACCTOSHUAX OT OCH IIPO-
BOJHHUKA 6YHYT OTHOCHUTBCA KaK

_= (2.4)
H> r

B cBs3M ¢ TeM, 4TO 3KCIIEpUMEHTANIbHAS IPOBEPKA CIIPABETMBOCTH
3Toro 3akoHa B JIMTEpaType OTCYTCTBYET, a TaKke B CBS3U C MPEIo-
JIOKEHUEM O HETOYHOCTU (OPMYIBHOTO BBIPAKCHHUS BCIECACTBUE CHKH-
MaeMocTy 3¢Qupa u, cIeqoBaTeIbHO, CKUMAEMOCTH MarHUTHOTO MOJIS,
YTO HE YYTEHO 3aKOHOM IIOJTHOT'O TOKa, BO3HHKJIA HEOOXOAMMOCTH B
MTOCTaHOBKE COOTBETCTBYIOIIETO SKCIIEPUMEHTA.

ITocTaHOBKA IKCNIEPUMEHTA

OKCIIEpUMEHT CTaBUTCS MO CXEMe JKCIepuMeHTa 1.3 mapaMeTpsl
KOHTYPOB M YacTOT T€ )€, HO SKCIIEPUMEHT CTaBUTCS NP PAa3HbIX 3HA-
YEHHSIX TOKOB M TPH Pa3IMYHBIX PACCTOSHUAX 0 MEeXIy OIH3IIeKaIu-
MU [IPOBOJTHUKAMH KOHTYPOB.

B cBs3u ¢ Tem, yTo HaBoguMas Ha BTopudHOM KoHType I/IC mpo-
NOPLMOHAJIbHA U3MEHEHHIO MarHUTHOTO TIOJISA, a TAKXKE B CBSI3H C TEM,
4TO B BbIpakeHUH 2.4 otHomenue Hi/H, MOXeT ObITh 3aMEHEHO Ha OT-
HOIIIEHHE e1/e;, Torna

H e1 r
= = . (25)
H> e r

OTtnaneHHple TPOBOIHUKHA KOHTYPOB OTOJIBUTAIOTCS HA PACCTOSHUE,
MpH KOTOPOM WX BIUSHHE HE OKa3bIBa€T 3aMETHOTO BIMSIHHSA Ha pe-
3yJbTaThl U3MepeHus (mocratouno paccrosiHusg 0,5-1 m). 3arem B npe-
nenax 2-20 MM meHsiercst pacctosiHue 0 MexIy OMM3JIeKalMU Tpo-
BOJHUKAMH KOHTYpPOB. YCTaHaBIIMBAIOTCSA 3HAYEHUS TOKOB B IMEPBHY-
HoMm npoBoanuke 0,1; 1,0 u 10 A Ha BceX 4acTOTax, UCIOIb3YEMBIX
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npu m3MepeHusx (ucnomns3yercs ['CC ¢ moHmKaroumM Tpaacopmaro-
POM Ha BBIXOIE).
OxuaeMasi 3aBUCMMOCTh PUBEICHA Ha pucC. 2.1 (HIWKHSSA KpuBasi).

Pe3yabTar 3kcIepuMeHTa

Pesynprar 3KCIepIMEHTa MOKa3ajl, YTO OXKUAAeMasi 3aBUCUMOCTb 110
3aKOHY ITOJTHOTO TOKa BBIMOJHSIETCS] TOJIBKO MPH MAIIBIX TOKAaX U COOT-
BETCTBEHHO MaJIbIX HANPSHKEHHOCTSIX MarHUTHOTO IIOJIS, IPU TOKax e
yxe HaunHas ¢ 0,1 A 3TH OTIMYMS CYLIECTBEHHBIE U JaXKe IPU TOKaxX B
1 u GoJsiee aMIiep OTIIMYAIOTCS OT pacueTHOM OT 2-X u OoJiee pas. A 3To
3HAYUT, YTO BO BCE PACUYEThl CHIIOBBIX MArHUTHBIX TOJICH TOJKHBI
OBITH BBEJICHBI COOTBETCTBYIOIINE KOPPEKTUBBI.

<

H/H,

0,5

L 1 ' ' L L L .

0 2 4 6 8 rr,

Puc. 2.1. DxcnepuMeHTAIBHbIE HCCIEA0BAHUS 3aKOHA MOJTHOT0 TOKA:

a — MeXaHM4YecKasl aHaJIOTHSI — U3MEHEHHE CKOPOCTH MOTOKAa CKMMAeMOH >KHIKOCTH,
NPUBOAVMON B JBI)KEHHE BEPTYIIKOH C JIONMACTAMHU; O —WM3MEHEHHE HANpPSHKEHHOCTH
MarHUTHOTO TOJIS B 3aBUCHMOCTHU OT PACCTOSIHUS OT OCH ITPOBOJHMKA; 1 — TeopeTHde-
CKasl KpYBasi, BHIYMCIICHHAS U3 YCIIOBHUS MMOCTOSHCTBA IUPKY/ISIUM MAarHUTHOTO TTOJIST; 2
— JKCIIEpPUMEHTANbHbIC pe3ynbTaThl mpu Toke | = 1 A; 3 — sKcreprMeHTaIbHBIE pe-
3ynbTathl Ipu Toke I = 10 A. M3mepenus nposoawuck npu yacrtorax 50, 400 u 1000
I'y
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BriBoabI

SKCHepI/IMeHTaHLHaH IMPOBCPKA 3aKOHA IMOJIHOI'0 TOKA ImoKa3aja, 4To
B JJICKTPOJUHAMUKY H€O6XOI[I/IMO BBOJIUTh JOIOJHUTCIBHBIN napa-
METP — CTCNICHBb CXKXAaTHUA MarHUTHOTI'O ITOJIA U YTO HGO6XOI[I/IMO COOTBECT-
CTBEHHO YTOYHATDH 3aBUCHMMOCTHU, B KOTOPBIX, TaK WJIM MHAYC, (bl/Il"ypI/I-
PYCT HANIPAKCHHOCTb MArHUTHOI'O ITOJISA WM MarHUTHAasE MHAYKIHWA.

5.3. Ilepenaya >Heprum Me:kay o0MOTKamMu B TpaHcdop-
Martope

IlocTanoBka 3agaumn

MexaHu3M Tepeaayy SHEpruu M3 MEePBUYHON OOMOTKH BO BTOPHY-
HYIO B TpaHC(OPMATOPax C KeJIE3HbIM CEPACUHMKOM OIMMCAH HeloCTa-
TOYHO OTYETJIMBO. B HEM HENOCTATOYHO SACHBI MPUUYUHBI, IO KOTOPBIM
CHIDKEHHE COIPOTHBIICHHS HArpy3kd BO BTOPUYHOW OOMOTKE TpaHC-
¢dopmaropa BBI3BIBAET yBEIMUYCHHE TOKA B €0 NEPBUYHOM OOMOTKe.
OObIYHBIM OOBSICHEHHEM SIBIAETCS TO, YTO KOMIIEHCALIUSI MarHUTHOTO
TOJISI, CO3/1aBaEMOT0 TOKOM IMEPBHYHON OOMOTKH, MATHUTHBIM IIOJIEM,
CO3/1aBa€MbIM TOKOM BTOPHMYHOH OOMOTKHM M MPOU3BOAMT MOAOOHOE
neiicrBue. OgHAKo TOraa JOJDKHA ObLia Obl YMEHBIIATHCS MHIYKTHB-
HOCTh NIEPBUYHOW OOMOTKM M YBEITMYMBATHCS PEAKTHBHAS COCTAaBIISIO-
1ast TOKa NepBUYHON OOMOTKH, a HE aKTUBHAs, KaK 3TO IMPOUCXOANT Ha
CaMoOM JeJe.

IlockonpKy Tmepenada HEPTUU MOXKET MPOUCXOTUTH TOJIBKO 4epes3
MarHMTHOE TOJIE, CO3/aBa€MO€ TOKOM, MPOTEKAIOIMM B IEPBHUYHOM
00MOTKE, TO BO3HUKJIO MPEIIOI0KEHHE O TOM, YTO SIBIIEHHE TPOUCXO-
JUT 3a CYET TOrO, YTO T'PaJUEHT HANPSHKEHHOCTH MarHUTHOTO IOJIS
U3MEHSIETCS C YBEIMYCHUEM TOKa BO BTOPHYHON OOMOTKE, a 3TO H Be-
JeT K YBEJIMYCHHUIO TOKa B mepBuuHON oOMoTke. [lockoneky ¢ ynane-
HUEM OT MEPBUYHOM OOMOTKHM MarHUTHOE MOJI€ JOJKHO OCIalIAThCs,
TO KO3(pPUIMEHT TpaHCHOPMAIIUK JIOJDKEH 3aBUCETh OT B3aUMHOT'O
pacmoIoKeHHnsT BATKOB MIEPBUYHON U BTOPUYHON 0OMOTOK (pakTHIECKH
HE3aBHCUMO OT 3HAUEHUS] MAarHUTHOM NMPOHNUIIAEMOCTH CEPACUHUKA.
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IMocTaHoOBKA MEPBOro IKCNIEPUMEHTA

Cxema MmepBoro SKCIepuMeHTa MpuBeaeHa Ha puc. 3.1.

[Ipenmonaraercs, 4TO 3.1.C. BO BTOPUYHOH IIETIM HABOJUTCS HE Ye-
pe3 CepACUHUK, 2 MATHUTHBIM TI0JIEM, PACIIPOCTPAHSIEMbIM BHYTPH OK-
Ha ceplieYHUKA. [I0CKONBbKY C YBETHYCHUEM PACCTOSIHUS OT MEPBHYHOMN
0OMOTKHM HaNpsHKEHHOCTh MArHUTHOTO TOJIsI OYJeT YMEHBIIATLCS, TO B
MPOCTPAHCTBE OKHA OYJEeT MMETh MECTO TPAJUCHT HANPSHKEHHOCTH
MarHATHOTO TOJs. DTO TPagHeHT OyNeT pacTd Mo Mepe MoTpeOIeHHs
SHEPTUU MArHUTHOTO TOJII BTOPUYHONW OOMOTKO#, YTO MOXET OBITh
3a(pMKCUPOBAHO MOSABJICHHEM 3.J.C. HA W3MEPUTEIBHOW OOMOTKE. DTa
3.J1.C. IOJDKHA OBITH MPOMOPIMOHANIBHA 3HAYCHHUIO TOKA BO BTOPUYHOMN
oOMOTKe.
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Puc. 3.1. M3MeHeHne rpaeHTa HANPSYKEHHOCTH MAarHUTHOIO MOJISI B TPaHC-
(¢opmaTope ¢ H3MeHeHHEeM HArpy3KH Ha BTOPUYHOIl 00MOTKe: a — cXxeMa pa3Mellie-
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HHSI OOMOTOK B OKCIIEPHMEHTE; 6 — JJIEKTpHUYecKas CXeMa dKCIEPHMEHTa; 6 — H3MeHe-
HHE 3.71.C. HA U3MEPUTENbHON 00OMOTKE IPH M3MEHEHHH Harpy3Kd Ha BTOPUYHOH 00-
MOTKE; 2 — S5KBUBAJICHTHAs] MEXaHWYEeCKasi CXeMa Iepeladyl YHEPTUH B ra3onposoze; | —
TIOJIO’KEHUE YIPYToi CTEHKU NpH MajioM JaBieHud; || — monoxxeHne ympyroil cTreHku
1pH GONBIIOM AABICHUH; 0 — 3ITI0pa JaBIEHHN B ra30IpPOBOJE; € — 3I0pa CKOPOCTEH B
ra3omnpoBoOJe

Takum oOpa3zoMm, HEoOXOOUMO Ha CepIeYHUKE TpaHChopmaropa
YCTaHOBUTH TPH OOMOTKH — NIEPBHYHYIO U BTOPUYHYIO, Pa3HECCHHBIC
HAa MaKCUMaJbHOEC PACCTOSHHUE APYr OT JApYyra, W TPEThI0 — HU3MEpH-
TENBHYI0, COCTOSIIYIO U3 JIBYX OJUHAKOBBIX TOJOBUH, BKITFOYCHHBIX
BCTPEYHO JPYT JAPYTY, U3MEPUTEIbHAsS OOMOTKA TOAKIIIOYAETCS K H3-
MCPUTCIbHOMY BOJIBTMETPY.

IIpoBeneHue 3KCIepUMEHTA.

Ha cepneunuk Ttpancdopmaropa u3 TpaHC(HOPMATOPHOTO IKele3a
[1-40 HameTsl MepBUYHAs W BTOPUYHAS MHOTOCJIOWHBIE OOMOTKH TIO
100 BUTKOB KaxKAast IUPHUHON 110 5 MM. OOMOTKH yCTaHABIMBAIOTCS I10
KpasiM CpellHero ceplieyHuKa. MexXly HUIMHU pacroiaraercsi TpeTbs 00-
MOTKa, COCTOAIad U3 ABYX PaCIOJOKCHHBIX PAAOM BUTKOB, BKIIFOUCH-
HBIX BCTPEYHO JPYT APYry H. DTa 0OMOTKa SIBJISETCS M3MEPUTEIHHOM.
Bropuunas 0OMOTKa Harpy>keHa Ha MEpEeMEHHBIA Pe3UCTOp, B €€ LEeb
BKIIIOUEH aMIlepMeTp JUIsl M3MEpeHusi Toka. M3mepurenbHas oOMOTKa
MOJKITIOYEHA K MUJUIUBOJIBTMETDY.

Kak u npeanonaraiaock, Ipu yMEHBLUICHUH CONPOTHUBIICHHUS HArpys-
KH BO BTOpH‘IHOﬁ LCu U COOTBETCTBYIOUIEM YBCIMUYCHHA TOKA B 3TOMU
e HalpshKeHHE Ha M3MEPHUTENbHOM OOMOTKE pacTeT MpPOINOpIHO-
HaJIbHO 3HAYEHUIO TOKA, YTO MOJATBEP)KIAECT BBICKa3aHHOE MPEATOIO-
JKEHHE O TOM, 4TO Nepeaaya SHEPTUU U3 MEPBUYHON OOMOTKM BO BTO-
PUYHYIO MPOUCXOTUT HE Yepe3 CEepACUHHK, a Yepe3 N3MEHEHHEe Tpajin-
€HTa HaIpPsHPKEHHOCTH MAarHUTHOTO TOJIS, CO3/I1aBa€MOr0 TOKOM, MpOTe-
KaloLIMM B IEPBUYHON 0OMOTKE.

BriBoabI

[IpoBe/ieHHBIN SKCIIEPUMEHT TMO3BOJSIET JIYYIIE MOHATH (QUIUKY
Mpolecca Mepelayd SHEPTUM C MOMOIIBI0 CO37aBa€MOro TOKOM Mar-
HUTHOTO TOJIA W BbICKAa3aTh MPEJIOJIOKEHHE O TOM, YTO B CBA3U C
yOBIBAaHMEM HANPSKCHHOCTH MAarHUTHOTO TIOJIS C YBEIMYEHUEM pac-
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CTOSIHHSL OT MEPBUYHONW 0OMOTKH, Kod(hduimeHT Tpanchopmammu Oy-
JIET 3aBHCETh OT B3aMMHOTO PACIIOJIOKECHUS MEPBUIHON W BTOPUYHOM
00MOTOK.

Bropoii 3xcniepuMenT. IIpoBepka 3aBucumocT Ko3ppuun-
eHTa TPpaHcpopMalMU OT PACIIOJIOKEHUST 00MOTOK

IHocranoBka 3axaumn

B Hacrosimee Bpems moapazyMeBaeTcs, 4TO MOPSIOK PacIookKe-
HUSI OOMOTOK Ha TpaHC(HOPMATOPE HE UIPAeT CYIECTBEHHON POJIH, XO-
TS TPAKTHYECKU BCErJa TMEepBHYHAS OOMOTKA pacrojaractcsi MepBOH,
BTOPUYHBIE OOMOTKH pacronaratorcsi Hajx Hedl. CuuTaercs, 4To Takoe
pacIoioKeHne Bce Ke JIydllie, MOCKOJIbKY YMEHBINAET IO paccenBa-
HUS MAarHuTHOro mnoss. OIHAaKo NpU OTHOCUTEIBHOM MAarHUTHOHM IMpo-
HUIIAEMOCTH TpaHchopMaTopHOro xene3a, paBHoi 400, mons pacceu-
BaHUs He JOJKHBI npeBbimath 0,5 — 1% ot Bcel BeMUUMHBI MATHUTHO-
TO TOJIsI, @ MPHU OONBIIMX 3HAYCHUAX OTHOCUTEIHLHONH MArHUTHOM Mpo-
HHUIIAEMOCTH 3Ta JIOJIs JIOJDKHA COKpamaThes. Ecnu Obl 3TO OBLIO Tak,
TO B psJie Cily4aeB ObUIO OBl ropaso yJao0Hee MOTaTh OOMOTKH Ha He-
3aBHCHUMBIX KATYIIKaX, & 3aTeM HaJeBaTh MX Ha OOUIMIA CepleYHUK.
OnHako Takas MpaKTHKA HE NMPUBUIIACH B CBSI3M C yXYJIICHUEM Mapa-
METPOB TpaHchopMaTopa, MpUYeM He TOJIBKO KOA(PUIIMEHTA 3aroiHe-
HUS, HO ¥ HE COOTBETCTBHsI KO3((UIIMEHTOB TpaHCHOPMAIUU pacueT-
HBIM 3HaueHHsM. [103TOMy BO3HHKIA 3aJla4ya MPOBEPKU 3aBHCHMOCTH
ko3¢ duIMeHTa TpaHchopMaIiK OT PaCIONI0KESHHUS 0OMOTOK.

ITocTaHoBKa IKCIIEPHMEHTA

Ha ¢eppuroBoe KONbLO ¢ OTHOCHTENHHOH MarHWTHOH NMpOHHUIIAe-
MocThio 5000 Hametsl nBe 06MOTKH 10 100 BUTKOB TOHKOTO (IMaMeT-
pom 0,1-0,2 MM) mpoBoza, oJJHa HEMOABWXHAsS, Apyra — IOABHXKHASI,
crocoOHas mepeMelnaThes 1o cepAaedHuky (puc. 3.2a). Hlupuna odmo-
TOoK mopsiaka 8-10 MmM. M3mepsieTcst pacCcTosTHIE MEXTy IEHTpaMu 00-
MoToK 1 otHomeHue D/IC Ha BBIXOZE BTOPHYHON OOMOTKH K Harps-
JKEHHIO Ha MEPBUYHON 00MOTKe. B KadecTBe reHepaTopa nepeMeHHOro
HanpsbkeHus ucnonb3oBad ['CC. M3smepenue npon3BOANUTCS Ha Pa3sHBIX
Y4acTOTax U MPH PA3HbIX HAMPSIKCHUAX.
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Cxema 3KCIepuMeHTa IpuBecHa Ha puc. 3.2.

W, 0 10 20 30 40 50 60 70 v mm
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Puc. 3.2. 3aBucHMOCTb OTHOCHTEJIBLHOIO 3HAUeHUsI KoY Puuuenta Tpancdop-
MallMM OT B3aHMOPACHOJIOJKeHUs 00MOTOK: g — CX€Ma PacIOJI0KeHHsI 0OMOTOK Ha
KOJIBIICBOM CEpJCYHHKE MPH MPOBEICHUU IKCIIEPUMEHTa; O — U3MeHeHne Koddduiu-
€HTa TpaHC(HOPMaLUH IIPH U3MEHEHUH PACCTOSIHUS MEXTy 0OMOTKaMH.

Pe3yabTaT 3KCniepuMeHTa

Ha puc. 3.26 npuBeneHa 3aBUCMMOCTh M3MEHEHHUs Ko3(duimenTa
TpaHC(hOpPMALMK — OTHOIICHHS 3.7.C., HABEJICHHOW BO BTOPHUYHOW 00-
MOTKE, K 3.1.C. B mepBuYHON oOMoTke. Kak BumHO, kK03(hUIHEHT
TpaHcOopMaIK CYIIECTBEHHBIM 00pa30M 3aBHCHT OT B3aHMHOTO pac-
HOJIO’KSHHUS IEPBUYHOI U BTOPHYHOM 0OMOTOK TpaHchopMaTopa.

BriBoabI

IIpoBeneHHBIE AKCIIEPUMEHTHI IMOKA3AJIM CYIIECTBEHHYIO 3aBUCH-
MOCTh KO3 uiueHTa TpaHcHopMaIlii OT PACCTOSTHUS MEXITy 00OMOT-
Kamu (pazHuIa coctapisieT 10 11%), 9TO COOTBETCTBYET IpeaCTaBIIC-
HUSM O TOM, YTO 3.1.C. BO BTOPUYHOH OOMOTKE HABOJIUTCS HE Uepes3
MAarHUTHBIA CEpIEYHHK, a Yepe3 MPOCTPAHCTBO OKHA, B KOTOPOM pac-
MPOCTPAaHEHO MAarHUTHOE Mmoyie. OTHOBPEMEHHO ATO e MOATBEPIKIaeT
BBIBOJIBI 3KcTiepuMeHTa Ne 1 0 TOM, 4TO HEOOXOJIUMO paccMaTpuBaTh
B3aMMOUWHTYKITUIO

IIpoBeneHHBIE DKCHEPUMEHTHI MOATBEP)KIAIOT BBIBOABI IKCIEPHU-
MeHTa 1 0 ToM, 4TO 1erIecoo0pa3Ho ONEPUPOBATH MPEACTABICHUSIMHE O
B3aMMOUWHIYKIIUH TPOBOJHUKOB, a HE KOHTypoB. Ha mpakTmke mpu
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HEOOXOIUMOCTH Pa3HECEHHsT OOMOTOK, HAIIPUMED, B BHICOKOBOJBTHBIX
TpaHchopmaTopax, HEOOXOMUMO YBEJINYHBATH YHCIIO BUTKOB BTOPHY-
HOU OOMOTKH TI0 CPaBHEHHIO C YHCIIOM BHUTKOB, PACCYMTAHHBIM OOBIY-
HBIM CIIOCOOOM.

5.4. KomneHcanusi 3JIeKTPUIECKOT0 MoJisl B cpeje

INocTaHoBKa 3ana4n
B cootBercTBuM ¢ 3akoHoM Dapaznes DJC ey, Ha KOHType, JexKa-
IIEM B IIJIOCKOCTH X-, ONIPEIEIISETCS BRIPAKCHUEM

0B;
exy= —S—; (4.1)
ot

rae S — miomaab KOHTypa, B; — MarauTHas wHAyKus B, = uHy;, u —
MarHuTHasl MIPOHUIAEMOCTh; H; — HANpPSHKEHHOCTh MAarHUTHOTO TIOJS
(puc.4.1).

a) 6)

Puc. 4.1. KomneHncanuu moseii: a— MarHUTHOTO TIOJISL B paclpeieieHHol crucTe-
M€ TOKOB; 6— 3JIEKTPHUYECKOTO TOJS B PaCIPEICICHHOW CHCTEME MarHUTHBIX TOTOKOB

W3 storo 3akoHa BUIHO, YTO U3BMCHCHUC BO BPEMCHH HAIIPSAXKCHHO-
CTH MarHUTHOTO TIOJNS BBI3BIBaET Ha €ro nepugepur COOTBETCTBYIO-
mryto DJ1C. Ha 3Toi#f OCHOBE CIOXKUIOCH YCTOWYHBOE YOCKICHHE B TOM,
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YTO TP U3MCHEHUM HAIMPSDKEHHOCTH MArHUTHOTO TOJIST BCETJa TOsB-
nsetcst DJIC. 3akon Dapages mpu 3TOM HUKAK HE YIATHIBAET BIUSHUS
MarHUTHBIX TIOJICH, HAXOISAIIMXCS BHE KOHTYpa.

Mexay TeM 3TO JajeKO He BCErja TaK, NMOCKOJBbKY B CILIOIIHOM
cpene 00s3aTenbHO OyJIET MPOMCXOAMTh KOMIICHCAIMS BIIMSHUS Mar-
HUTHBIX TOJICH, HAXOJAIINXCS BHYTPU H BHE KOHTYpa. DTO MPOUCXOTUT
BCJICJICTBUE TOT'O, YTO COCEJIHHE OJHOHAIPABJICHHBIC BUXPH 3(]upa,
UMesl B COTIPE/ICITIBHBIX 00JIACTSIX TIOTOKH 3(pHUpa, HANPABICHHBIE B TIPO-
THBOIIOJIOYKHBIE CTOPOHBI, CO3/[AI0T B3AUMHYIO KOMITCHCAIIHIO TTOJICH/

4 )\

Puc. 4.2. Bo3HNKHOBEHHEe MArHMTHOIO TOJISI HA TPaHHUIE CpPelbl M
BHYTPH cpebl IPH NMOMeLeHNH B Hee M30JISIHHOHHOT0 00beMa

CrnenoBaTeNbHO, y4YeT BHEIIHUX OTHOCHUTEIBHO KOHTypa THOJeH
npuoOpeTaeT MPUHLMITHAIBHOE 3HAYEHHE.

DopMyJMPOBKA 32/1aYH

HeoOxoamMo mpoBEpHUTH BIUSHUE MyJIbCHPYIOMETO0 MarHUTHOTO
TMOJISl, ICTOYHUK KOTOPOT'O PACIIONIOKEH BHE IJIONIAIN H3MEPUTENBHOM
pamku, Ha O/1C, HaBOJUMYIO B PaMKe.

IlocTaHoBKa IKCIEPUMEHTA

Ha tutockoil mimacTuHe W3 HM30JSIIIMOHHOTO MaTepuaia pacroara-
I0TCSI TIPOBOJIOYHBIE KOHTYPa, B KOTOPBIX IMPOITyCKAETCS MEPEMEHHBIH
TOK, CO3/AIOIIUM MepeMEeHHOE MarHuTHoe Mnoje. KoHtypa coeauHsoT-
¢ MeXxAy co0oil Tak, 4ToObI 0OpPa30BBHIBATH KOHIICHTPHUUCCKHUE PSIBI,
prYeM 4TOOBI KOHTYpa 3TUX PSAAOB IMPH MOIKIIOYCHUN OKa3bIBAINCH
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BKITFOUEHHBIMH IOCJIEIOBATENILHO, YeM Oo0ecreunBaeTcsi cuH(pa3HOCTh
MarHUTHOTO TIOJIs, HABOJUMOTO HWCTOYHHKAMH, PACIOIOKEHHBIMH
BHYTPHU PaMKH, 1 HICTOYHUKAMH, PACIIOIIO)KCHHBIMH BHE PaMKH.

Han xoHTypaMu pacronaratoTcsi U3MEpHUTENbHBIC KOHTYypa Pa3jind-
HOTO pasMmepa. B akcnepumente m3mepsercs IC Ha W3MEpHUTEITHHBIX
KOHTYpax MpH MOJAKIIOYCHUH PA3TUIHBIX PSJIOB TOKOHECYIIUX KOHTY-
POB, HAXOMSIINUXCS BHYTPH M BHE U3MEPHUTEIHLHOTO KOHTYpA.

'oooooo’/—;U
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Puc. 4.3. Usmenenue J/C Ha U3MePUTEJBHBIX KOHTYpax MO Mepe yBeaude-
HHUSl YHCJIAa MOAKII0YAeMBIX TOKOHECYIIHX KOHTYPOB:  — DPAacCIOJOKEHNEe U3MEpH-
TEJbHBIX KOHTYPOB HA IUIACTHHE ¢ TOKOHECYIIMMH KaTyLIKaMH, CO3AAI0IINMU MarHUT-
Hoe rone; 6 — D/IC Ha U3MEpUTENFHOM KOHTYpE 0 Mepe MOAKIIOUEHHST TOKOHECYIIIHX
KaTyIIeK

Pe3yabTaThl 3kcniepuMeHTa

OKCHepUMEHT MOKa3ajl, 4YTO M0 Mepe MOAKIIOYEHHs] BHYTPEHHUX TI0
OTHOIIEHUIO K HW3MEPHUTENbHOMY KOHTYpPY TOKOHECYIIMX KOHTYPOB
O/IC Ha u3MepUTENbHOM KOHTYpE YBEIUYHUBACTCS, MPU AOMOJHUTEND-
HOM MOJKIIOYEHNHU BHEIIHHUX MO OTHOLIEHHUIO K U3MEPUTENBHON paMKe
koHTYpoB DJIC Ha M3MEpUTEIHHOM KOHType yMeHbInaercs (puc. 4.3).
Tem cambIM MOATBEP)KAEHO, YTO MATHUTHOE TI0JI€, HCTOYHUK KOTOPOTO
pacrojokeH BHE paMKH, KOMIEHCHPYET BIUSHHUE MAarHUTHOIO TOJIf,
MCTOYHHK KOTOPOTO PACIOJIOXKEH BHYTPH PAMKH.

BriBoabI

Pe3ynbrarhl 3KCHEpUMEHTa IOKA3bIBAIOT, YTO YCTAHOBUBIIEECS
MHEHHE O TOM, YTO MPH BCIKOM H3MEHEHWH MarHUTHOTO ITOJIS B IIPO-
CTPaHCTBE BO3HHUKAET MEPEMEHHOE DIIEKTPUUYECKOE T0JIe, HEBEPHO. DTO
€CTh BCEro JIMIIb YACTHBIM Cilydail, cripaBeJIMBBIA B paMKaX JOMYCTH-
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MOTO IpPeHEeOPEKECHUS BIMSIHUEM BHELIHUX I10 OTHOLICHUIO K U3MEpH-
TETbHON pamke moJieil. B obmiem ciydae Takue Mmojisi JOJDKHBI yIUTHI-
BaThcsA. OTCIO/Ia TAKXKE CIENYET, UTO U B TIEPBOM U BTOPOM YPABHEHUAX
MakcBesia y4TeHbl JIMIIb IPOIECCH] HA MOBEPXHOCTH JIEKTPOMArHUT-
HOU BOJIHBI U HE YYTEHBI [IPOLIECCHI, IPOUCXOSINNE B €€ IIIyOuHe.

5.5. C:xkumaeMoCTh TOKA

IlocranoBka 3a5a4n

Kaxk n3BecTHO, MIOTHOCTE TOKA ¥ B CPElle, UMEIOLIEH TPOBOJUMOCTh
0, IUBJICKTPUYECKYIO IPOHUIAEMOCTb &€ U MATHUTHYIO IIPOHULIAEMOCTh
[ OTIPENIENAETCS EKTPUUECKON HANPSKEHHOCThIO £ Kak

y= (o+ ¢ 0lOYE. (5.1)

[TockonbKy 2JIEKTpUYECKAs] HAIPSKEHHOCTh M IUIOTHOCTH TOKAa B
KOHKPETHOH cpelie CBS3aHBI MPOCTHIM KO3 PHIMEHTOM TpOmopIHo-
HaJIbHOCTH, 4, KaK MOKa3aHO B MpEeJbIAYIIEeM pa3jieie, pacinpocTpaHe-
HUE 3JIEKTPUUECKON HAIPSKEHHOCTH MOXKET MPOUCXOAUTH B MPOA0JIb-
HOM HaNpaBJIICHUHM, TO U PACIPOCTPAHEHUE IUIOTHOCTH TOKA MOXET
HMMETh BOJTHOBOM XapakTep.

OpHako BOJIHOBOW XapakTep JH00ro BO3MYIICHHS MOXET MPOHUC-
XOIWUTh TOrJa, KOIZla MaTepUabHBI HOCUTEIb STOr0 BO3MYILIEHUS
CIOCOOCH CXKUMAThCA, 00pa3ysl TEM CaMbIM TPaJHeHT IJIOTHOCTH, KO-
TOPBIM B JITAHHOM MECTE€ U SIBJISETCS NMPUYMHON JabHEHIIEro MpoBU-
YKEHUS TIpoliecca.

DopMyJIMPOBKA 3a1a4H
Heo6xonmnmo npoBepuTh GakT CKaTHS M BOJHOBOTO pPaclpocTpaHe-
HUSI SJIEKTPUYECKOTO TOKA B IPOBOAHUKE.

ITocTaHoBKa IKCIIEPUMEHTA

s nmpoepku (akTa cxKaTHS IJICKTPUYECKOIO TOKA MOXKET OBITh
HCIIOJIb30BaHA KOMMYyTHpyeMas 1enb. [lockolbKy B pa3pbiBe IIENU Ha
KOHTaKTax 0Opa3yeTcsi pa3HOCTh MOTEHIIMANIOB, TO TIOCIIE 3aMBIKAHHS
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KOHTaKTa OKa3bIBACTCSI, YTO 3TA PA3HOCThH MOTEHIMAIOB IOAKIIOYCHA K
YYaCTKy WEMH C HYJIEBBIM CONPOTHBICHHEM, YTO JIOJDKHO BBI3BAThH
BCIUIECK TOKa Ha 3TOM HYJICBOM CONMPOTHUBJICHUU. DTOT BCILIECK 3aTEM
OyIeT pacXoauThes BIONL Ienu. CxeMa 3KCIepUMEHTA MPUBEICHA Ha
puc. 5.1a.

10

a)

Puc. 5.1. DkcriepuMenT 1Mo onpenesieHNI0 (PaKTa CKHMAEMOCTH TOKA: d— CXeMa
OTBOJIOB OT NPOBOJIHKKA; O — UMITYJIbChI, BOSHUKAIOIINE Ha OTBOAAX

DneKTpryecKas 1enb IPeCTaBIIsIeT COOO0M 1Ba OTpe3Ka MPOBO/Ia O
HECKOJIbKO METPOB JJIMHON MOAKITIOYEHHBIX KKl OJHUM KOHIIOM B
JNEKTpHYECKO OaTapee, a BTOPHIM KOHIIOM K MEPHOANYECKH 3aMbIKa-
€MOMY U pa3MbIKa€MOMY KOHTAakTy. OT MNpPOBOJIOB OTXOISAT OTBOABI,
MIpUITassHHBIE K MTPOBOJY OCHOBHOM II€TIM HA PAaCCTOSHUH OJTHOTO METpa
Ipyr ot apyra. [Ipu 3aMbIKaHUM KOHTAaKTa B LIEMTH BO3HUKAIOT UMITYJIb-
CBI, KOTOpbIE MOTYT (PUKCUPOBATHCH OCHHILIOTpadoM. Y CTaHABINBACT-
cs (haKkT TOro, YTO MPH 3aMbIKAHWM KOHTAKTa Ha Ka)KIOH mape OTBOJOB
BO3HUKAIOT KOPOTKHE UMITYJIBCHI, TIPH 3TOM Ha OTBOJAX, YAAJEHHBIX OT
KOHTaKTa, aMIUTUTYAa UMITyJIbCOB YMEHBIIEHA, a JIUTEIbHOCTD YBEIU-
yeHa. JTO M O3HAYaeT HavyaJlbHOE CXKaTHe, a 3aTEM PacCachlBaHUE TOKa
BJIOJIb TIPOBOJHUKA. B mpuHINIIE 3TO MOXKET OBITH OXapaKTEPH30BAHO
KaK CBEpPXIIEPEXOIHON PeKUM KOMMYTAIIHH.

Pe3yabTaThl 3KCIEPUMEHTA
Pe3ynmbTaThl dKclieprMeHTa mpuBeneHbl Ha puc. 5.16. Kak BumHO,
Ha OTPE3KaxX MPOBOJHUKA, PACIOIOKEHHBIX BOIHM3U MEPHOINUSCKU 3a-
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MBIKAOIIET0 U Pa3MbIKAOMICTO LEIb KOHTAKTa BO3SHUKAIOT UMITYJIbCHI,
AMIUIMTyda KOTOPBIX 6OJ'IBH.IG, a JIIUTEJIIBHOCTh KOpPOY€, YEM Ha OTaa-
JICHHBIX y4YaCTKax.

BriBoabI

OKCIEPUMEHT TOATBEPKIACT (PaKT CKUMAESMOCTH JJIEKTPUICCKOTO
TOKa U BOJIHOBOM XapaKTep €ro pacupOCTPaHEHUS BIIOJb MPOBOJIHUKA.
DTOT mporecc MOXET OBITh 0XapaKTepHU30BaH KaK CBEPXIEPEXOTHOU
mporiecc. Pe3ynmpTaThl SKCIIEpHMEHTa IMOATBEPXKIAIOT TakXke Heo0Xo-
JTUMOCTB M B 3TOM YaCcTU yTOUYHEHUS YPAaBHEHUHN AJICKTPOJUHAMUKH.

5.6. IIpoaoJibHOE pacnpocTpaHeHHe YJIeKTPHYECKOi BOJI-
HBI

1) TIpoBepka BO3MOKHOCTH PACIHPOCTPAHEHHSI TNPOIOJIbHOM
3J1eKTPUYeCKOH BOJHBI B MOJYNPOBOAHUKOBOI cpe/ie B pe3MHOBOM
BOJIHOBOJIE.

IHocTranoBka 3axaumn
N3 3-ro ypaBHeHus MakcBesia

divD = p, (6.1)

riae D — snextpudeckoe cmerenue paBaoe D = egoFE, &€ — OTHOCUTEIND-
Has JUBIEKTpUYEcKas IPOHMIAEMOCTh; & = 8,85.107% d/m; E —
HANPSHKEHHOCTh 3JICKTPUYECKOro 1mojisi, B/M, p — IUIOTHOCTh 3JIEKTpH-
YECKOT0 3apsija, BHITEKAET, YTO MPH OTCYTCTBUH 3apsja

divD =0, (6.2)

T.C.

oDy oDy 0D,
+ + =0. (6.3)
ox oy 0z
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VYpaBHeHwue 6.3. HOCUT YHCTO CTATHYECKHIA XapaKTep, HUKAKHX Bpe-
MEHHBIX IPOIIECCOB B HEM HE MPETYCMOTPEHO. DTO COBEPIIEHHO MPO-
TUBOPCYUT MPUPOAEC ECKTPUUECKOTO TIOJSA, KOTOPOE B BAKYyME MOMKET
PacrpoCTpaHATHCS TOJIBKO CO CKOPOCTBIO CBETA, ONPEesieMON KaK

1
c=—, (6.4)
Veouo

rae éo U fo COOTBETCTBECHHO AUIJICKTPUYCCKAA U MarHuTHasd IIpOHUIIAC-
MOCTHU BaKyyMma.

Takum 006pa3oM, HAJHIO MPOTHBOPEUNE TEOPHHU C PEATBHOCTBIO.

OOpamaer Ha ceOsi BHUMaHUE HEMOJTHOTA BBIBOJIA TPETHETO YpaBHE-
Hus Makcseria (puc. 6.17).

ITo ocsim x, y 1 Z B 00beM dxdydz BXOAAT COCTABIISIOIINE SIICKTPH-
yeckot mHmykuu Dy, Dy, D,. Ha BprIxome oObemMa mMeeM COOTBET-
cTBeHHO (puc. 6.1):

de, ()Dy, aDZ
;Dy + ;D +
oX oy 0z

Dy + (6.5)

BbIUWTAasA U3 KOTOPBIX BXOJAHBIC COCTABJIAIOLIUEC, ITOJIyYacM YPaBHCHHC
6.3, a 3aTem U ypaBHeHHeE 6.2.

z -
z {gzd JZ)II‘)“dt

B

oDy, 0Dy
D+ E“d\” +orat

Puc. 6.1. K BbIBOIY ypaBHeHHIi pacpoCTPaHeHHsI JIeKTPHIECKOH HHIY KNI
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B cBs3u ¢ TeM, 9TO H3MEHEHHUE IECKTPHICCKOTO CMEIIESHUS BO Bpe-
MEHH IIPHU TaKOM BEIBOJIE HE YUTEHO, 3-€ ypaBHeHHE MakcBeIuta HUKaK
HEJIb3s PU3HATD MOJIHBIM.

Ha camom nerne, Ha BbIXoje 00beMa COCTAaBJISIONIME BEKTOpa WH-
IyKI# OyIyT paBHBIL:

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

1 COOTBETCTBEHHO 3-¢ ypaBHeHHe MakcBeluia mpruoOpeTeT BU:

oD
divD +

=0. (6.7)
cot

IJie CKOPOCTh ¢ PaclpOCTPaHEHHs BOJHOBOTO (poHTa CBsi3aHa C MPO-
EKIMSAMH 110 OCSIM KOOPAWHAT BBIPAKCHUEM:

= + + . (68)

Ilony4yeHHOE ypaBHEHHE €CThb BOJHOBOE YpaBHEHUE IIEPBOM CTene-
HHU, KOTOpOE€ IOKa3bIBACT, YTO 3NEKTpudeckas MHAyKuus D pacmpo-
CTpaHsieTcsl B HanpaBieHuH BekTopa D, T.e. B mpoAonbpHOM, a He more-
peuHoM HampaieHuu. Jlenenue Bekropa D Ha BekTop ckopocTH ¢ ro-
BOPHUT O TOM, YTO 3TH BEKTOpPA KOJUIMHEAPHBI, T.€. MapaJljIeJbHbI IpYT
npyry. Pemenuem ypaBHeHus 6.7. OyneT BOJHOBast (yHKIIHS:

D(r —ct) = 0. (6.9)

OTcroia BEITEKAET, YTO JAUIOIE C COCPEAOTOYEHHBIMH ITapaMeTPaMHu
OyIeT M3lydaTh SHEPTUI0 BO BCE CTOPOHBI (pHuc. 6.2), mpUuYeM, €Cliu
paccTosiHUE MEXY MyJIbCUPYIOIIUMH 3apsaaMu (3JIEKTpoaaMu) OyaeT
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paBHO IIOJIOBHHE JIJIMHBI BOJIHBI, TO DOHEPTHUA BAOJIb OCHU JHUIIOJIA 6y,Z[CT
HSHy‘IaTBCH CyH_ICCTBeHHO HWHTCHCUBHEEC, YEM IIOIICPEK OHIIOJIA (pI/IC
6.19).

Puc. 6.2. U3ay4yenne 3Hepruy AUIMOJIEM € COCPeI0TOYeHHBIMH apaMeTpaMu

lznonep

lznpoa

s

L
:y

Puc. 6.3. PacnpocTpanenne 3JeKTPHYECKOro MOJISI THIIOJIEM € COCPEIOTOYEH-
HbBIMH NapaMeTpaMH B TOHKOM cJjioe IoJiynpoBoasimieil cpeasbl. IIpononsHas co-
CTaBJsIrOIIast OOJIBIIE MOMEPEYHON COCTABIISIONICH OIS

DopMyJMPOBKA 32/1aYH

HeoOxoammo mpoBepuTh (akT pacHpoCTpaHEHHS DIEKTPOMArHUT-
HOW BOJIHBI B HANPAaBIEHHUH BJOJIH OCH TUMOJISA C COCPETOTOYCHHBIMHU
napaMeTpaMH, a Takke He3aBUCUMOCTh 3HaueHus DJ1C, npuHMMaeMoro
OT pACCTOSHHUS TPHU OTPAaHWYEHUH BO3MOXXHOCTH PAaCIpPOCTPAHEHHS
3JIEKTPOMArHUTONW BOJIHBI B HANpPaBJICHWHU, MEPHEHIUKYIIPHOM OCH
JTUTIONS.
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HﬁCTaHOBKa3KCHepHMeHTa
HHH IMPOBEPKU BBIABUHYTOI'O ITOJIOXKCHUA O CYIIECTBOBAHHUU IIPO-
JOJBHBIX BOJIH OBLI M3rOTOBJICH AUIIOJIb C COCPEAOTOUCHHBIMUA ITapa-

METpPaMH, T.€. KOHCTPYKIIUS, COCTOSIIAS U3 JIBYX AJIEKTPOJIOB, HA KOTO-
pBle TIOAIOTCS B MPOTHBO(A3e HANPSHKEHUS OT reHeparopa MepeMeH-
HOTO TOKa. {11 co3maHus BOJHOBOAA OBLIa WCIIOJIB30BaHA PE3NHOBAS
ca/ioBast KMIIIKa, HATOJHEHHAS MTO/ICOJCHOM BO10M (puc. 6.4).

—7
S A 1 s 1 7/

o =
e a oo reTe o ooz Ao e e T e e e e e T T Te A6 e eIt 23
R R R R R R RG>

Puc. 6.4. Cxema 3kcnepuMeHTa MO MPOBePKe MPOI0JLHOT0 PAcpoCTPaHeHUs
M3JIyYeHUsl TUIO0JIS ¢ COCPENOTOUYEHHBIMHU MapaMeTpamMu:
1 — pe3uHOBBIH NLIAHT, HATIOJHEHHBIH MOJACOICHHOW BOJOM; 2 — 3IIEKTPOIBI U3TyYat0-
HIETO JUTOJST; 3 — BIIEKTPOIBI pHeMHoro nunoust; [T — reneparop; I1 — npuemunk; C
nap — YCJIOBHOE 0003HaYEHUE MAPa3UTHBIX EMKOCTEH

Kak u3iyyaromui, Tak ¥ NPUHUMAIOLINNA TUIONN OBIIIM M3TOTOBIIE-
HBI OMHAKOBEIMHU. C 4acTH KOAaKCHAJIBLHOro Kabeist Obula CHSATA OIUIET-
Ka, U30JisLusl coxpaHeHa. K KOHIly ocTaBIIeiics OIUIETKH MpHUIIAsSH Me-
TAUINYECKUH KPYTJBIA AMCK, TUAMETP KOTOPOTO HECKOJIBKO MEHBIIE
BHYTPEHHETO Juamerpa mnuianra. K KOHITy KUkl MPHIIAsSH MOJ00HBIH
xKe JUCK. PaccTosHne Mexay TUCKaMHU y KaKJOTO JMIIONS COCTABIISLIO
o 15 cm, tuameTpsl AUCKOB 1o 20 MM.

B kauectBe renepaTopa ucnonbzoBaics oosrunblid ['CC, B kauecTBe
MIPUEMHHUKA — TUOJHBIA MOCT C MUKPOAMITEPMETPOM.

BayTpu nutanra ObUIM MPOTSIHYTHI O€YEBKH, C MOMOIIBIO KOTOPBIX
MOJKHO CJBUTATh U Pa3[BUTaTh AUIOJH.

M3mepenus npoBoamanchk Ha gactotax oT 10 kI mo 10 mI.
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Pe3yabTaThl 3KcIEpMMeHTA

Ha Bcex uactortax aumamaszona ot 10 xI'm mo 10mI'n  HaOmrogamocs
pacipoCTpaHEHUE TPOIOJIBHBIX JICKTPHUSCKUX BOJIH.

H3MeHeHne curHaia ¢ pacCTOSTHUEM MEXITy TUTOJISIMHU TIOKa3aHo Ha
puc. 6.5.

94 | U,
1>,
N\

0 D /s

U,

Puc. 6.5. 3aBMCHMOCTb CHTHAJIA IPUEMHHKA OT PACCTOSTHUSI MEXKIY AMIIOJISAMH
NPH NPOJ0JbHOM H3Ty4YeHHH IHepruu

C U3MeHEHHEM PacCTOSIHUS MEXIYy TUIOISIMH CHayajla MpUHUMAae-
MBI CUTHAJ OB IMOCTOSHEH IO BEJIMYWHE, HO ¢ HEKOTOPOTO PaccTosi-
HUS Hadaj 3aTyxaTh. C yBETMUYEHHEM YacTOTHI CUTHAI MPU MaJIOM pac-
CTOSIHUU JMIIONIEN APYT OT JApyra pacTeT, HO C YBEITUYEHHUEM pPacCTOf-
HUSl CUTHAJl Ha BBICOKOW YacTOTEe 3arTyXaeT ObICTpee, YeM CUTHaJ Ha
HU3KOH vacrore. C yBeIMYEHHEM COJIEHOCTH BOJbI (YBEIIMYCHHUU TPO-
BOJIMMOCTH) aMIUIATYJla CHTHaJla pacTeT BOJIU3U M3IYyYalolIero dJeK-
Tpo/a, HO 3aTyXaHHe CUTHAJIA TIPOUCXOIUT Ha OoJiee KOPOTKOM PaccTo-
STHUY.

BriBoabI

Pe3ynbrathl 3KcriepuMeHTa NOATBEPANIA BO3MOKHOCTh T€HEpalun
U TpreMa TPOAOIBLHOTO DJICKTPUIECKOTO M3ITyUYCHUS B BOJIE, a TaKKe
MOATBEPANIN 3aBUCUMOCTH IO PACHPOCTPAHEHUIO MPOAOIBHBIX 3JIEK-
TPUUECKHUX BOJIH B MOJYNPOBOSILEN Cpelie — MOJCOJIEHHOM BOJIE.

TTonTBepkIeHNEe CYMECTBOBAHUS MPOIOJIBHOTO M3ITYICHHS O3HAda-
eT, 4TO 3-¢ ypaBHEHHsI MaKcBelia BechMa HE TOJIHO, TaK JK€ Kak U BCe
ypaBHeHUs MakcBeia, He TOJHOCTBIO OTPaXaIOLIUE CYIHOCTh DJIEK-
TPOMArHUTHBIX MPOIECCOB. DaKTHUECKU ITHM MOATBEPIKIACTCS HEOO-
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XOJUMOCTh U CBOCBPEMCHHOCTh Hadajia II€peCcMOTpa BCETO MaTEMaTU-
YECKOro armiapara 3JEKTPpOMara€Tuima. HOI[TBCp)KI[CHI/IC CylIeCTBOBa-
HUA TTIPOAOJIBHOTO M3JIYYCHUS MOXKCT OKa3aThbCAd TAKIKE U MPAKTUUCCKU
IMMOJIC3HBIM, HO JJI MOJYYCHUA NPUKIAAHBIX PE3YJIbTATOB HYKHO IPO-
JOJDKUTH SKCIICPUMEHTAJIBHBIC UCCIICAOBAHUS B YKa3aHHOM HallpaBJiC-
HHWM.

2) Ilposepka pacnpocmpanenus RnPOOOIbHOU IJ1EKMPUUECKOLL
60JIHbL 8 MOPCKOIL cpede

DopMyIMpPOBKa 321241
IIpoBepsieTcst pacnpoOCTpaHEHHE MPOJOJIBHOM 3JIEKTPOMATHUTHOMN
BOJIHBI B MOPCKOM CpeIe.

IlocTanoBKa IKCIEPUMEHTA

DKCHEpUMEHTHI MPOBOAMINCH Ha UepHOM MOpe B IPUOPENKHOH 1MO0-
JI0CE B PA3INYHBIX YCIOBUSX.

OnekTpuyeckue KonebaHust yactotoit B 1 mIIl ¢ Momymsmueid me-
angpoM B 1 k' u MomHOCcTRIO 70 400 BT reHepupoBanuck cnenuaib-
HO U3TOTOBJIEHHBIM TEHEPATOPOM, MHUTAIONIUMCS OT CepeOpsHo-
IIMHKOBOTO aKkKymyJsiTopa. COOCTBEHHO H3JIydaTesieM SIBIISUIUCH JBa
AJIEKTPO]1a, BHITIONTHEHHBIE U3 HEPIKaBEIOIIEH CTaIH TUIOMIA B0 1o 1 KB.
M. DJIEKTPOJIbI MOAKIIOYAIIUCE K TEHEPaTOpy Yepe3 CIeNHUalbHO H3ro-
TOBJICHHBIE KaOeu U CITyCKaJUCh B BONY, PACCTOSIHHE MEXKIY Iepeaa-
IONIUMHE DIIEKTPOJIAMH COCTaBIsIO 9 M. J[mst KoMmeHcarumn pacrpee-
JICHHOW WHIyKTUBHOCTH KalOelell MociieJoBaTenbHO ObUIM BKIIOUYCHBI
JIOTIOTHUTENhHASI WHAYKTUBHOCTh M €MKOCTh, HACTPAaWBaeMbIEC B PE30-
HaHC.

[IprueMHHKOM SIBJISUIICS OOBIYHBINA TMPUEMHHK, IPUHAUMABIIUI 4acTO-
Ty B 1 MI'TI, BEIXOJ HA MarHUTORJICKTPUIECKUI MPUOOP M HA HAYIITHH-
ku. [IpuemMHuk uTancs ot 6aTtapei.

Brin nccnenoBaH Takke Croco0d Mepesavyd CUTHANA MEXITY IBYMS
JIATIONISIMU, CMOHTHPOBAHHBIMU Ha JOCKaX JAJIMHOM 10 3 MeTpa

Pe3ym>TaT1>1 IKCIICEPpUMEHTA
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VY CTOMUMBEIA CHTHA MPUHUMAJICS Ha pacCTOSHUN B 20 KM, CIICITH-
ThHO CO3AaHHOW KOMHCCHHU OBUI 3a()MKCHPOBAaH YCTONYMBEHIN CHUTHAT
Ha paccTosiHUM B 10 KM, 0 4eM COCTaBJIEH COOTBETCTBYIOIIUM MPOTO-
kos1. CurHan pacnpocTpaHsuIcad TOJNBKO B MOBEPXHOCTHOM CJIO€ BOJPI,
JoXo.iA 10 TITyOnHe He Oojee ueM Ha 2,5 M. B Bo3ayxe cUrHai MOJIHO-
CTBIO OTCYTCTBOBAJL

Brina 3adukcupoBaHa y3kas quarpamma HampaBJIeHHOCTH: OCh JIU-
TIOJIS IOJDKHA 00513aTeNIbHO OBITH MPHUIIENIeHA Ha TOUKY IpHeMa.

BuiBoabI

[IpoBeeHHbBIE HCCIENOBAaHMS TTOITBEPIMIIA BO3MOKHOCTh PAacHpo-
CTpaHCHHUSI BBICOKOYACTOTHBIX 3JCKTPHUECKUX KOJeOaHUH B MOPCKOM
BOJIE, HO TOJbKO B IIOBEPXHOCTHOM cnoe. s pacmpocTpaHeHHs
BIUIYOBb 3TOT CTIOCO0 OKa3aJICsl HETIPUTOAHBIM.

XOTS IKCTIEPUMEHTHI HOCHJIM Ka4eCTBEHHBIN XapakTep M UX HeNb3s
CUNTATh 3aBCPUICHHBIMH, OHU IMMOATBCPANUIN BO3MOXKHOCTL CO3AaHUA U
npueMa MPOJOJIBbHBIX IEKTPUUECKHX BOJIH B MOPCKOH BOJIE B MOBEPX-
HOCTHOM CJIO€.
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I'nasa 6. 3(])np0unHaanecRne moaxoabl K pa3pemieHuI0
IHEPIreTUHIECCKOro Kpu3suca

6.1. O01asg NOCTAHOBKA 3a1a4YH

Kaxk mokazano a¢upoanHaMuKoON, JTF00ast SHEPTHs B JIFOOBIX (Pu3n-
YECKHUX SIBJICHUSAX U JIIOObIX (PU3MYeCKHX B3aMMOIEHCTBUSX HMEET B
CBOEH OCHOBE DHEPTHUIO TEIJIOBOTO JABMKCHUSI aMEPOB — MOJIEKYJ 3¢hu-
pa. Ddup npexacrariseT coOoi Ta30M0A00HYIO Cpely, H YHEPrusl IBU-
JKEHHS aMEpOB €CThb €ro BHYTPEHHsS IOTEHLMalbHAas 3HEprus. Jrta
SHEPTUM BEChMa BEJIMKA U €€ peanu3alus B BUAE dJIEKTPUIECKON dHEp-
MM MOTJIa Obl HaBEeYHO OOECIIEYHTH BCE YEIOBEUECTBO IKOJIOTHUCCKH
YUCTOM AHEpruei. YUuThIBask rpsAyLIIUi SHEPreTUYECKUA KpU3HC, pas-
paboTka crocoba MPsIMOTO MONYYEHHs SJCKTPUUYECKOM 3HEPruu M3
3(Mpa CTAaHOBHUTCS BEChMa aKTyaJIbHOM 3aJIaueH.

B HacTosmee BpemMs W300pETEHO MHOXKECTBO YCTPOWCTB, B KOTO-
PBIX KIIZ, T.€. OTHOLUIEHHE BBIACICHHON SHEPIUHU K 3aTpavyeHHON OOJIb-
e €AUHUIbI. MHorue u3 HUX 3alaTCHTOBAHbI, MHOTHUC PCAJIM30BaHbI B
BUJIE JACWUCTBYIOIIMX OOpa3moB. M MpakTHUeCKW BCe aBTOPHI 3THUX
YCTPOHCTB HE MOTYT OOBSICHUTD, OTKYZIa OHH OEepyT OMOJIHUTEIbHYIO
sHepruto, He moHumass (U3NUECKOW CYINIHOCTH HCIONB3yeMbIX HMH
IMpoueccCCOB, OHU MNBITAIOTCA MOJABCPIrHYTH COMHCHUIO CYHICCTBYIOUIMEC
¢du3nueckue 3aKoHbl, Te ke Hauana TepMoguHaMHUKH, a 3TO HEBEPHO.
Takol MyTh TYNMKOBBIN, IOTOMY YTO, BO-IIEPBBIX, 3TH 3aKOHBI BEPHBI,
a BO-BTOPBIX, aBTOPHI, HE Pa300paBIINCh B HCIOIb3yEMBbIX UMH IPO-
meccax, JHINAIOT ce0s BO3MOXHOCTH YCOBEPIIEHCTBOBAaTH CBOH
yCTpOHCTBa.

Ha camom xe JCJIC, B CBOMX ITIOIIBITKAaXx 00BICHEHUS TMMOJTYYCHHBIX
umu 3 dekTax OHU MPOCTO HE BCE OOCTOSITENBCTBA yUHThIBatOT. U ya-
IIe BCEro, OHM HE YUYUTHIBAIOT HaNMW4ue 3Hpa, OKPYKAIOLIEro HX
YCTaHOBKH, U3 KOTOPOTO 3TH YCTPOMCTBA U UEPIIAIOT JOTOIHUTENBHYIO
sHepruto. MiMeHHO oOpa3oBaHue 3(QUPHBIX BUXPEH B OKPYKarOIIeM
YCTPOMCTBO MPOCTPAHCTBE, a 3aTE€M IOTJIOIICHHE UX TI03BOJISIET 00BsC-
HUTH Bce 3(QeKThl, CBA3aHHBIE C YBEIMUYCHHEM 3HEPrUM Ha BBHIXOJE
9TUX YCTPOWCTB MO CPABHEHUIO C SHEPTUEH, MOJyYeHHON UMHU Ha BXO-
ne. U 31ech NpUHIMNUAIBHOE 3HAUYCHUE UMEIOT TaK Ha3bIBaGMbIE TEll-
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JIOBBIE HACOCHI, Y KOTOPBIX SHEPTHs Ha UX BBIXOJE BCET/a MPEBBINIACT
SHEPTUI0, 3aTPAYCHHYIO Ha pabOTy YCTPOWCTBA U, TAKUM O0pa3oM, MX
KITJ] OKa3bIBaeTCs BCETa OOJbIIE SAMHUIIBI.

6.2.Temj1oBbIE€ HACOCHI

TensoBele HACOCH! 3TO YCTPOMCTBA, MPUHYAUTENBHO OTOMparoIee
TEIUIO y XOJIOJHOTO TeJIa U MEpelarollee 3TO TEIUIo Oosiee ropsuemy
Tey.

Jo n300pereHns XOJIO0AWIbHUKOB CUUTAIOCh, YTO CaMa HAEes Tell-
JIOBBIX HACOCOB IPOTHBOPEUUT BTOpOMYy Hadamy T€pMOAMHAMHUKH, CO-
TJIACHO KOTOPOMY TEIJIO CAMOIPOU3BOJIEHO MOKET MEPEUTH TOJIBKO OT
OoJiee HarpeToro Teja K MeHee HarpeToMy. DTOT MPUHIIHIL, CPOPMYITHU-
poBaHHbI B 1865 rogy Ha ocHoBe BTOporo Havaia TepMOIMHAMUKH
aBCTpuiickuM yueHsIM P.Kiay3uycom, mpuBOAMI K MPEACTaBICHUSIM O
«TennoBoit cMepTH», KoTOpas Hen30eKHO NOCTUTHET BeeneHnnyto, mo-
CKOJIBKY TIOCTENEHHO BCE TEMIIEpaTypsl BCEX TeNl BO BcelneHHOH BbI-
POBHSIIOTCSI, © BCE NMPOLIECCHI OCTAHOBATCA. DTO IMOJIOKEHHE Cpa3y kKe
BBI3BAJIO TIPOTECT CO CTOPOHBI BceX (PU3UKOB, KOTOPHIE, OJHAKO, HAYE-
ro KOHKPETHOTO BBICKA3aTh HE MOIJIM, IOCKOJIBKY BCE U3BECTHBIE K TO-
My BPEMEHH TEPMOAMHAMUYECKHE IPOIECChl MOATBepkaanmn Bropoe
HayaJo, MPOTHBOIIOCTABUTh KOTOPOMY TOTJa OBUIO HEYEro.

XonoauabHbIE MAIIMHBI WM MPOCTO XOJOAMIBHUKH, M300peTeH-
Hble enle B Hauvane 19 Beka anrnumuanuHoM [[x. Jlecnu, a 3aTem yco-
BEPILIEHCTBOBAHHBIE (bpaHIy3oM ®.Kappe u HEMIIEM
@&.Bunaxay3eHoM, OpOoCHIM TEHb Ha BCEOOIIYIO CIPaBEIJIHMBOCTh
Havan TepMogMHaMUKN HE B CMBICIIE X HECTIPABEAJIUBOCTH, a B CMBIC-
Jie BBITEKAIOUIETO M3 HHUX YTBEPXKACHHS O NMPUHLIMINAIBHON HEBO3-
MO’KHOCTH CO3/IaHUSI BEYHOTO JIBUTATETIS.

Kak u3BeCTHO, B KaXJOM XOJOJWIBHHKE HUMEETCA XOJIOAMIbHAsS
WIN J1a)Ke MOPO3WJIbHAS KaMepa, U3 KOTOPOil MPUHYIUTEIbHO OTOMpa-
eTCsl TeIIO W TIepelaeTCs] B OKPYKAIOIIyI0 Cpedy, UMEIOIIylo Oojee
BBICOKYIO TemIiepaTtypy. [loigydaercs, 4To Termio oToupaercst ot Oornee
XOJIOAHOTO TeJa U mepenaercs: 6oyiee TopsIeMy Tedy ¢ MOMOIIBIO LUp-
KYJIUPYIOIIETO MEXAY HUMHU XJIaJareHTa — KUAKOCTH, CIOCOOHOH Tpe-
BpaLIaThCs B Iap U TEM CaMbIM OTOMPATH TEIJIO, a 3aT€M B APYIOM Me-
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CTE€ CHOBA IPEBPALIATHCS B KUAKOCTb, 1 TEM CaMbIM OTAABAThH TEILIO.
[IpaBna, TOHATH 3Ty XHUIKOCTh HYKHO NPHUHYIUTEIBHO C HOMOIIBIO
CIIELMAIIBHOIO LMPKYJSILMUOHHOIO HAacoca, M II03TOMY CJIOBO ‘“‘caMmo-
NPOM3BOJIBHO”, UMetolieecs B ¢opmynupoBke Broporo Hauana, oxa-
3bIBAC€TCS HMU IpU uyeM. Bce-Taku, HE caMONPOU3BOJIBHO, & MPUHYAU-
TEJIBHO, 3TO HECKOJIBKO MEHSET JEeJIO.

CTpyKTypHas cxema XOJOAWIbHUKA pUBeaeHa Ha puc. 6.1.

1 2
| |
[ |
— =\
S B |

Puc. 6.1. CTpykTypHas cxeMa X0JOAMIbLHUKA

1 - mMopo3suibHas kamepa; 2 — Kanopudep, BbIICIAIONMI TEIJIOBYIO SHEPTHIO B
OKPYXAOIIYIO Cpeay; 3 — XJalareHT, HUPKYIUPYIOMINI MEeXITy MOPO3HIBHON KaMepoi
u kanopudepom; 4 — Hacoc, 00eCTICUNBAOIIIN TUPKYJLIINIO XTaIareHra.

Kak yxe yka3pIBaJIOCh BBINIC, IBHKEHHE MAaTEPUH HE MOXKET OBITH
HUKaKUM 00pa3oM HHU CO3JIaHO, HM YHHUYTOXXEHO. B mpuBeneHHOM mpu-
Mepe XOJIOAWIBHUK MOTPEOIIAET U3 CETH DHEPTUIO B KOJINYECTRE, HE0O-
XOJMMOM JUIsi TIPUBEICHUSI B JBHJKEHHE HAacoca, INepeKauyrBarolIero
XJIaJIaTeHT, a Ha Kajopudepe BBIIENSET 3Ty SHEPTHIO IUIFOC Ty, KOTO-
PYIO OH NMPHUHYTUTEIHHO 3a0UpaeT OT XOJOAMIBHOW KaMephl ¥ MPOYK-
TOB, HaxoJsmuxcsi B Heil. OOmuii GanaHC YHEPrUM COOIIIOACH, HO KIIJ
3]IeCh C TOYKH 3PEHHS BBIICIICHUS TeIlIa Beeria Oouiblne eauHuIpl. Ec-
T K€ LENbI0 SIBJIAETCS] He 000rpeB KOMHATHI C MOMOIIBIO XOJIOIUIIb-
HHUKa, a MIOHKEHUE TeMIEepaTyphl XpaHIIIUXCs B HEM MPOIYKTOB, TO
KITJI OKa3bIBA€TCSl OTPHUIIATENLHBIM, TIOTOMY 4TO TeMIIepaTypa B XOJIO-
JIUIBHON KaMepe OIyCKaeTcs, M TEIUIo OTOMpaercs. JTo eme pa3 fe-
MOHCTPUPYET HEOOXOAUMOCTh YTOUHEHHS CAMOTO TMOHSTHS KIJ — KO-
s urnmenTa noreznozo (s MOCTABICHHOHN IEJIH) ACHCTBUSL.

Takum o0pa3om, Ha Kanopudepe, SBISIONMMCS BBIXOJIOM XOJIO-
JUIBHON MAIlMHBI, BBIIENSETCS SHEPTUU OOJbIIEe, YeM 3aTpadueHo A
oOecrieyeHns] UUPKYISIIUK XJdanaresTa. M oo 3Haumt, yto Koapduuu-
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€HT II0JIE3HOTO JIEHCTBHS JTF000TO XOMOMMIBHUKA OONbIe eTUHUIBL. B
HEKOTOPBIX CIydasX OH COCTaBISET 3-4 U gaxe 5. A 3TO OYCHb BBITOJI-
HO, TIOTOMY 9TO, €CITH TIOMECTUTh MOPO3IIBHYIO KaMepy B PeKy, 03epo
WA OKeaH, a KaJopudep pa3MecTHTb B JOMe, TO MOYKHO OpaTh U3 BOJBI
3HEepruM B 3-4 pasa OOJbIE, YeM €CIM HETMOCPEICTBEHHO 000rpeBaTh
KOMHATY TPOCTOH MEUKOH. DTO JaBHO y)Ke IPUMEHEHO BO BCEM MUPE H
MOJTyYMIJIO Ha3BaHWE “‘TEIUIOBBIX HacocoB”. U maxke paszpaborana Teo-
pus, B COOTBETCTBUM C KOTOPOW TEIUIOBBIC HACOCHI pa0OTAarOT, HH-
CKOJIBKO HE Hapyliasi IPUHIIMIIOB TEPMOIUHAMUKHY.

Ho Tyt mosiBisiercst cobna3H 3aMKHYTh CUCTEMY W 3aCTaBUTh XO-
JOMIBHYI0 MAIIHy paboTaTh BEYHO 030 BCSIKOTO HCKYCCTBEHHOTO
MOJBOJA K HEW SHEPTUU.

A mouemy Ovl 1 HeT? Benb MOXHO k€ M30BITOK SHEPTHH, BBIIEIS-
eMBIii Ha Kanopudepe, IMEIeM TeMIepaTypy Ooliee BBICOKYIO, YeM
MOpO3HJIbHAS KaMepa, UCIIOIb30BaTh [UIs 3ammycka Hacoca (puc.6.2).
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Puc. 6.2. MoaepHH3HpOBaHHAsI CXeMa XOJIOAWIBLHHKA ¢ 3aMBIKAHNEM CHCTe-
Mbl, IPEBPAINAIOLIAS XOJOAWJIBHUK B BEUHbIi IBHIaTe/Ib:

1 - Mopo3unmbHAs KaMepa; 2 — Kalopudep, BBIICISIONNA TEIUIOBYIO SHEPTHIO B
OKPYXAIOIIYIO Cpefy; 3 — XJaJareHT, IHPKYIUPYIOIIHH MEXy MOPO3HIBHON KaMepon
U kajopudepoM; 4 — Hacoc, 0OecTIeYNBAIOIIMI LUPKYIIMIO XIagareHra; 5 — ycrpoi-
CTBO OOpaTHOM CBS3M, IEPEBOJAIIEEe DHEPTHI0 Kajopudepa B 3HEPruI0 ajis Hacoca
XJ1a/lareHTa.

Toraa mociie epBOro TOJIYKa BCS CUCTEMa MPHUJAET B JABMXKCHUE U
OyJeT He TOJIBKO KadyaTh XJIaJOHOCHUTEIb 10 TpyOaM, HO U HOCTaBJIATh
JTAPOBYIO SHEPTHUIO B TIOMEIICHHS I OTOIUIeHUs. Ho mist aToro HyX-
HO, YTOOBI M30BITOK SHEPrHH OBLI OONBIINM W YTOOBI MPOU3BEICHUE
3TOT0 M30BITKA Ha K Hacoca ObuT Oosbine enuHUIBI. Kopodue roBops,
HYXKHO, YTOOBI PHEPIHH BBHIICISUIOCH OOJIBINE, YeM MOTPEOIIIeT HAcoC.
A BOT 3TOTO TTOKA M HE TIOTy4aeTCsl.



182 T'n1aBa 5.

W xotsa BO BceM MHpE IOCTPOCHBI MHOTOYHCIICHHBIE TEILIOBBIC
HAaCOCBHI CaMbIX Pa3HOOOPA3HBIX KOHCTPYKIHUH, YTO OUYCHb BBITOJHO VIS
SHEPIreTUKOB, 3aMKHYTh CHCTEMY TaK, 4TOOBI MOTJa paboTaTh BEYHO,
MIOKa HE yJIaJl0Ch HUKOMY.

OnHako 10 HACTOSIIETO BPEMEHH BCE €IlIe HE HAIJIOCh TEOPETHKA,
KOTOPBIM J0Ka3an Obl MPUHLMIMAIBHYI0 HEBO3MOXXHOCTH 3aMBIKAHUS
XOJIOAMIILHOM CHCTEMBI U TIEpEeBOJia €€, TaK CKa3aTh, Ha CaMOOOCITYKHU-
BaHME C LIENbIO BBIIIOJHEHUS 3a/a4M IepeKadku TeIula u3 Oojee Xo-
JOAHOHM pexku B 0ojee Teloe MOMeEIIeHHe. A IO3TOMY MOIBITKU CO-
30aTh TaKyl0 3aMKHYTYIO CHUCTEMY HpPOJOJDKAIOTCS, M, MOXET OBITh,
OHU YBCHYAIOTCA YCIICXOM. DTOro BHOJHE MOXKHO OXHUJaaTb, IOTOMY
YTO ycrexa J0OMBaeTCsl He TOT, KTO 3HAET, YTO 3TOT0 CHEJIaTh HElb3s, a
TOT, KTO 3TOTO HE 3HAET, ¥ MO3TOMY JiesiaeT. Mcropus n3o0peTeHuii 3o
MOJTBEpIKalia MHOTO Pa3.

OpHaKo CyIIECTBYET M €Ile OAWH CHOCO0 MEPEeKauyKH SHEPruu W3
HEKOET0 pe3epByapa MOTPeOUTEINIO.

IIpencraBum Takoi BapuaHT. 3a IJIOTUHOM, OCTABIEHHOM Ha peke,
HAaKOINWJIOCh MHOTO BOJBI, HO HEPrHsl CHIbI TSDKECTH, KOTOPOH OHa
o0nagaer, He HAXOAMT BbIX0oAa. Ho BOT OTKpBIBalOTCS 3aCIOHKH, U BOJA
MOCTYyMaeT B TypOWHBI, KOTOPbIE HAYMHAIOT BpAIaThCsi M BBIPaOaTHI-
BaTh HYXHYIO HaM 3JIEKTPOIHEPTHIO. AHAJOTHYHBIA MPOIECC MPOUC-
XOIMT U TOTJa, KOTJa Mbl y ce0sl B KOMHaTe 3akuraem cser. Haxaruem
KHOIIKM MBI MTPOITyCKaeM B JIAMIIOYKY 3HEPTHIO OT reHepaTopa. Bo3nu-
KaeT BOIPOC, KaKOB KO3 (PUIIMEHT M0Ie3HOTO IEHCTBUS 3TOTO TPOILIeC-
ca, MOXKEM JIM Mbl MOJENUTh JHEPTUIO, BHIPAOATHIBAEMYIO TYPOMHOM
WIHM JJaMIIOYKOM OTHECTH K 3aTpaTaM 3HEPruu Ha MOJHITHE 3aCIIOHKU
WM HaKaTHE KHOIKH? OT-IGBI/I)IHO, 4YTO HE MOXEM, MHA4YC IPUIACTCA
CUHUTATh 3TOT KIIA, paBHBIM MHOTHYM ThICAYaM U JaK€ MUJUIMOHAM. A Ha
CaMOM JIeJIe, 3TO MPOCTO APYTOM MPOLECC, XOTA U S3HEPreTUIECKUM.

6.3. O ABM:KeHNH TeJI 0 KPUBOJIUHEITHOI TpaeKTOpun

MeTonoB npeoOpa3zoBaHusl SHEPTHH U3 OJHHUX (OPM B JPYTrHE CY-
IIECTBYET MHOXECTBO. JTO M TNpeoOpa3oBaHME TEIJIOBOM 3HEPTHUU B
MEXaHMYECKOe [JBIDKEHHE B TEMJIOPHEPIeTHUECKUX YCTAHOBKaX,
HarpuMmep, B ITapoBO3ax M MapoXojax, Npeodpa3oBaHNe TEUEHUH BOJIBI
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U BO3JyXa B AJIEKTPUYECKYIO 3HEPIHI0 B TMAPOTYpOMHAX U BETPOBBIX
reHeparopax, U NpeoOpa3oBaHUE COJNIHEUYHOW SHEPrHH B 3JIEKTpUUC-
CKYIO B CEJICHOBBIX JJIEMEHTax W MHorue apyrue. Ho cymecTsyer eme
OJIMH YHCTO MEXAaHWYECKUil crocol mpeoOpa3oBaHMs 3HEPTHM IOCTY-
MATeNIbHOTO JBW)KEHUS Tel B UX K€ BpallaTeIbHOE JBHUXKEHHE, KOTO-
PBIii, C ONHON CTOPOHBI, BCEM H3BECTEH, C APYTOH, KOTOPOMY IO CHX
IOp HE OKa3aHO JOJDKHOTO BHUMaHHUsA. [ TOro 4ro0bl MOHATH, [TOYe-
My OH 3acCiIy>KMBaeT 0coOOro BHUMAaHHS, CJeQyeT HAallOMHHUTbH, YTO B
MEXaHHKE CYLECTBYET TPH 3aKOHA COXPaHEHHUS ABMKEHUSI.

IlepBblil 3aKOH COXPAaHEHHUS — 3TO 3AKOH COXPAHEHUs KOIUYecmed
oguoicerus. Ero hopMyIbHOE BEIpaXeHIE

K = mv = const (5.1)

rze M —3To Macca Tefa, a V —CKOPOCTh €ro ABMKEHUS.

Panpliie 3TOT 3aKOH Ha3BIBAJICS 3aKOHOM COXPAHEHUS KUBOM CHUJIBL,
a mo3xe (PU3WKM Ha3BallM €ro 3aKOHOM COXPaHEHHs HMITYJbCa, I0-
CKOJIbKY CYIIIECTBYET COOTHOIIIEHUE

K=mv =FT = P (ummysbc cuiib), (5.2)

rie F — cuma BO3eiCTBUS Ha MacCy WIM MacChl Ha JApyroe Teno, a T —
Bpemsi BozfaeiicTBus. TyT e€cTh COMHEHHE B CIPaBEIMBOCTH TaKOTO
MEPEUMEHOBAHUS, IOCKOJIbKY B JIETAILIEM TEJIE Macca U CKOPOCTh €CTh,
a HU CWJIBI, HU BPEMEHH €€ B3aWMOJEWUCTBHUS C IPYT'HM TEJOM HET, U
KOI'ZIa OHM TIOSIBSITCSl, HUKOMY He HU3BeCTHO. [loaTomMy BeIpaxeHue “nm-
NyJbC CHIIBI” COOTBETCTBYET MPEACTABICHHUAM O TOM, YTO caM (akT
CYILLIECTBOBAHUS 3TOW MacCChl, JIETSMEH B MPOCTPAHCTBE, UMEET MECTO
OBITH JUIIb TOCTOJBKY, MOCKOJNBKY OHAa MOXKET C KEM-TO IMPOB3aMMO-
JeCcTBOBAaTh. A €CIIM TaKOro HaOJI01aeMOro B3aMMOJIEHCTBUS HET, TO
CYILECTBYET Macca B PEabHOCTH WM HE CYIIECTBYET — HEBAXHO, IO-
CKOJIBKY HA0JII01aTh €€ HEeNb3s1. A 3TO BelleT K 00-0-0JIbIINM (Qr10cod-
CKHM CJIEJICTBHSIM.

Ho 3akoH coxpaneHus KonndecTBa ABIXKEHUS M B CaMOM Jeiie
MPOSIBIISIETCS] MPU B3aUMOJEHUCTBUH TE€JI, HO TOJBKO IIPU UX yHPYyTroM
coynapenun. Tema oOMEHHMBAIOTCA KOJMYECTBAMH JBIKEHUS, T.€. UM-
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MyIBCaMH M PasIeTal0TCA, YHOCS KaXABIH C COOOW CBOIO JONIO KOIH-
YeCTBa JIBIKEHHSA, CyMMa KOTOPOTO J0 M TOCJIE COYAapeHHs OCTaeTCs
Heu3MeHHOW. B sToM u 3akmrodaercss 3aKOH COXpaHEHUS! KOJIMYECTBA
JIBUKEHMS, OH K€ 3aKOH COXPaHEHUS UMITYJIbCa.

Bropoii 3akon coxpaneHus — 3T0 3axon coxpanenust snepeuu. Ero
(hopMyITEHOE BEIpaKEHHE

mv?
= ——=const (5.3)
2

U OTJINYAETCs OH, IMIaBHBIM 00pa3oM, OT MPEAbIAYIIEro TeM, 4TO CKO-
pPOCTh JIBIKEHHSI TeJla B HEM BO3BOAMTCA B KBajapaT. DTOT 3aKOH CO-
OIofaeTcs MpH BceX BHIAX B3aUMOACWCTBHIA, KaK YNPYTHX, TaK U HE
YIPYTHUX.

B cepenune 19-ro croneTtus Mexay €CTECTBOMCIBITATEISIMU IIEI
MHOTOJIETHUHM O0KECTOUEHHBIH CIIOp, KaKOro Tuma ‘“KUBOM CHIION”
HY)KHO HU3MEPSTH JBMKEHUE — MPOU3BEJCHHEM MacChl Ha CKOPOCTH,
WM 3HEPTUEH, T.€. IPOU3BEACHUEM ITOJIOBUHBI MacChl HA KBaJpaT CKO-
POCTH, TIOCKONIBKY OBUIM M TaKue, U Takue ciaydau. [lox “>xuBoii cumon”™
pa3Hble yUeHble IOHUMANIX pa3Hble Mephl IBKeHHs. OU3NKH TOTa HE
CMOIJIM PELIUTh 3TOT CHOp, M B A€o BMmewancs ¢unocod Dpuapux
OHrenbc, KOTOPHIN B CBOEH M3BECTHOM paboTe ““/{nanekTrka npupoasr’
B pasjene “Mepa IBmKeHHs - paboTa” Mmokasaj, uTo 00e Mephl JIBHKE-
HUS CIIPaBEIJIMBBI, HO TOJIBKO OJHA M3 HUX — KOJMYECTBO JBHMKEHUS
CIIPaBeUIMBA AJI1 HEYHUUYTOXKAEMOIO IBUKEHMSI, @ BTOpask — SHEPTUs —
JUTSL yHIYTOXKAeMOT 0, T.€. IEPEXOISIIETO B TEILIO.

DHrensc Tak U nuuier: “OmgHUM CI0BOM MV — 3TO MEXAHHYECKOE
IBIDKEHHE, U3MEPSAEMOEe MEXaHUUECKUM K€ IBHOKEHHEM, MV?/2 — 3TO TO
e camMoe MEeXaHWYeCKoe IBI)KEHHE, HO H3MEpsSeMOe €ro CIIOCOOHO-
CThIO TIPEBpAIATECS B OMNPEICICHHOE KOJMYECTBO JAPYrod (QOopMEI
nBwkeHus. Y Mbl Buzenu, 4ro obe 3Tu Mephl, TeEM HE MEHee, He IPOTH-
BOpeyar JpyT APYyTy, TaKk KaKk OHU pa3iIMYHOro Xapakrepa’.

C Tex mop Tak MMHU U TOJIB3YIOTCA, YacTo, MpaBjaa, 3a0bIBasi, 4TO
9HEPIHUs — 3TO Mepa 3amaca ABHKEHHUsI, CIIOCOOHOT0 00palaTecs B Tell-
J10.
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OHresbe MUILIET: «...4epe3 MV U3MEepsIeTCsl «ABWKEHUE, NepeaaBa-
e€MOe U BHJOWU3MEHIEMOE MEXaHWYECKUMH MPUCTIOCOOICHUAMMUY», Ta-
KHUM 00pa3oM, 3Ta Mepa IPUMEHUMA K pblYary U BCEM MPOM3BOJHBIM M3
Hero (¢opmam, KojiecaM, BUHTaM U T.J. KOPOde TOBOPS, KO BCEM MeXa-
HUYECKUM MPHUCTIOCOOTICHUSIM, TIepeJaroluM ABmxkenre. Ho ogHo mpo-
CTO U BOBCE HE HOBOE PACCy’KIECHME MOKa3bIBAET, YTO 3/1€Ch B TOW XKe
Mepe, B KakOM MMeeT cuily MV, uMeeT cuiy u Mv2. Bossmem Kakoe-
HUOYIb MEXaHWYECKOE MPUCIOCOOJICHHE, B KOTOPOM IIJIEYH PBIYaroB
OTHOCATCS APYT K APYTy Kak 4:1, B KOTOpOM, CIEA0BaTEIbHO, IPy3 B 1
KI' ypaBHOBEIIUBAET I'Ppy3 B 4 Kr. [IpUI0XKHUB COBEPLUICHHO HUYTOXHYIO
00aBOYHYO CHITY K OJTHOMY TUIeHY, MBI MOXeM HOAHSTE 1 kr Ha 20 M;
Ta ke camas 00aBOYHAsI CHIIA, IPUIIOKEHHAS 3aTeM K IpYroMy Iuiedy,
MOAHUMET 4 KI Ha 5 M., U IIPUTOM IpY3, HOJy4YarOIUN MepeBec, Omy-
CTHTCSl B TO )€ CaMOe BpeMs, Kakoe APYroMy Ipy3y moTpedyercs s
ero MoAHATHs. Macchl U CKOPOCTH 3/1eCh 0OpaTHO MPOHOPIHUOHATBHBI
apyr apyry: mv, 1x20 = m'v', 4x5. Ecnu sxe MBI IPeIOCTaBUM KaXKIOMY
U3 TPY30B — MOCJIE€ TOTO KaK OHHU OBUIM MOJHSTHI — CBOOOAHO yHacTh Ha
NepBOHAYATIBLHBIN YPOBEHb, TO TPY3 B 1 Kr, mpoiias paccrosaue B 20 M,
npruoOpeTeT ckopocTh B 20M/c (MBI IPUHUMAEM 3/1€Ch YCKOPEHHE CHITBI
TSKECTH PABHBIM B Kpyribix nudpax 10 m/c? Bmecto 9,81 m/c?);

Hpyroit xe rpy3 B 4 Kr, Ipoiins paccTosHHE B 5 M, mpuoOpeTeT
ckopocTh B 10 m/c.

mv? = 1x20x20 = 40 = m'v' 2= 4x10x10 = 400.

Hao06opoT, BpeMeHa najieHus 3]1eCh pa3IndHbl: 4 KT IPOXOJIST CBOH
5 M B 1 cexyHay, a 1 kr cBou 20 M. B 2 cexkyHasl. Camo co0o#t pazyme-
eTcsl, MBI 3/1eCh NPEHEOPEray BIUSHUEM TPEHHUS M CONPOTHUBICHUEM
BO3/lyXa.

Ho mocne Toro xak kaxaoe n3 000X TeJ yNajlo cO CBOEH BBICOTHI,
€ro JABIKEHHE Mpekpamaercs. Takum oO6pa3oM, MV oKa3bIBaeTCs 311€Ch
MEpOH IPOCTO MEPEHECEHHOI'o, T.€. IPOJOJIKAIOIIEroCs JIBMKEHUS, a
mV2 OKa3bIBACTCs Mepoﬁ HNCYE3HYBIIECTO MCXaHUYCCKOTO JABWIKXCHUS)
[Tam xe, c. 73].

Ho ectp u TpeTHii 3aK0OH COXpaHEHUS — 3TO 3AKOH COXPAHEHUs MO-
MEHmMa KoAu4ecmea 08UdICceHsl, BbIpaKaroInics Kak
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L = mvR = const, (5.4)

U CIPaBEIJIUB OH JJIS CIy4aeB, KOIJIa Macca JIBIKETCS MO TPACKTOPUHU
C TIepeMeHHBIM pafmycoM R.

Ho TyT, omHako, BO3HUKAIOT HEKOTOPBIE TpyAHOCTH. [IpencraBum
cebe, YTO TEJO JBMKETCS 1O KPUBOH C W3MEHSIONIMMCS DPaTUuyCoM,
HampuMep, Iap, ABIDKYIIUICS MO XKeloOy ¢ MmepeMeHHON KpHUBHU3HOM
(puc. 6.3).

Ecnu paanyc TpaekTopuu yMEHbIIAeTCs, TO COTJIACHO 3aKOHY CO-
XpaHEHUs] MOMEHTA JIBHXKEHHS CKOPOCTh JOJDKHA BO3pacTaTh 0OPaTHO
MPOTIOPIIUOHATHPHO OTHOIIEHHUIO PAJHYCOB:

R1

V2 = Vg (5.5)

R2

Ho Torna HapymaroTcst 3aKOHBI COXPaHEHHUS KOJIMYECTBA JBHKCHHUS
W COXPAaHEHUs SHEPTUH, TIOTOMY YTO HE BUIHO, YTOOBI SHEPTHS TOJIBO-
JIAJIAch K ABWKYIIEMYCSI TI0 TPACKTOPUH TEITY.

Puc. 6.3. /IBuskeHne mapa 1o MHEPIUHU M0 KPUBOJIMHEITHOMY KeJI100y

Ecnu e ckopocTh coXpaHseTcsi, TO 00a 3aKOHa BBIMOIHSIIOTCS, HO
TOT/1a HapyIIAaeTCsl 3aKOH COXPaHEHHsI MOMEHTa KOJMYECTBA IBUKCHUSI.
Kak 6b1TB?

OnHako OKa3ajoCh, YTO JABM)KCHHE 10 KPUBOW TPAEKTOPUH MOXKET
OBITH OCYIIECTBICHO ABYMS CIIOCOOAMM — C IOABOJOM SHEpPruu u 06e3
HO/IBOJIa SHEPTUH, M 3TO COBCEM pasHble ciiydau (puc. 6.4).
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Ecnmn tenmo aBwKeTCs BOKPYT IWIIMHAPA, YASPKABaEMOE HUTHIO,
HaMAaTBIBAIOIICHCS HA [IUJIMHIP, TO IEHTP OKPYKHOCTHU MEPEMEIASTCS
MO IMITUHIIPY, U paanyc yMeHbInaetcs (puc. 6.4a). B atoM ciyyae HUTH
BCE BpeMs HATAHYTA, H TEJIO MOBOPAYNBAETCS BOKPYT LIEHTPA, HAXO -
HIerocsl Ha MOBEPXHOCTH LWJIMHApA. 37eCh Yrojl MEXIy TPaeKTOpuei
JIBUKCHHS Tela U HUTBIO cocTarisieT 90°, v 371eCh HET HUKAKOH MPOeK-
U CHUIBI HATSHKCHHSI HATH Ha TPAeKTOPHIO, M3-3a 3TOTO HET yCKOpe-
HUS TeJa, XOTS panuyc TpackTopuu MeHsiercsi! TouHo Tak e oH OyneT
MEHSATHCS U TPU KAYCHUU Iapa IO KeJo0y ¢ MePEMEHHBIM PaJlnyCcoM,
Y TIPH 3TOM CKOPOCTH TIEpeMeEIeHHS mapa OyJeT MEHATHCS 10 Hampas-
JICHWIO, HO He 10 Benmn4uHe. V100 momomHuTenbHas SHEPTrHsi K HeMy He
MOJIBOAMTCAL.

Ecnu xe Temo mBmXeTcs BOKPYT MOCTOSHHOTO IIEHTpa BpalleHUs,
TO JBW)KEHHE OyAeT MPOMCXOIUTH IO KPUBOHM C TOCTOSHHBIM pPajuy-
COM, TOT/Ia TPACKTOPHS ABMKEHHMS TENa MPEICTaBIseT cOO0i OKpYX-
HOCTb, TIOTOMY YTO TOJBKO OKPYXHOCTh €CTh KPHBas C MOCTOSHHBIM
paamycoM, npyrux Her. llpum 3TOM yrom Mexmy TpaeKTOpHel Tena U
HUTBIO cocTaBisger 90°, cuina, yaepKuBarIas HUTh, HUKAKOW TPOEK-
1Y HA TPACKTOPHIO HE JaeT. U eciu npu 3TOM HUKAKUX MOTEPh dHEP-
T HE CYIIECTBYET, a TEJO YXKe JIBIKETCS, TO OHO MOXET BpaIlaThCs
BOKPYT IIEHTPA CKOJIb YTOJIHO JIONITO, i €0 CKOPOCTh MPH 3TOM OyZeT
HOCTOSIHHOH (puc. 6.46).
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Puc. 6.4. /Ipn:keHne Te1a 10 KPHBOJUHEHHOWH TPaeKTOPHH:
@) BOKPYT LMIMH/APA; 6) BOKPYT HEIOABIDKHOTO LIEHTPA;
6) pa3pe3 HIKHEH 4acTH cMepua.

A BOT eCIli TIPU JIBIDKEHUH MacChl BOKPYT HEMOABIKHOTO IIEHTPA
32 HHUTh MOTSHYTh, TO TOTJA PaJUyC HAYHET YMEHBIIATHCS, W YTOJ
MeXy TpaekTopueil U HUThio cTaHeT He 90°, a menbIe. Toraa cuna, ¢
KOTOPOH TSAHYT HHUTh, JACT MPOCSKIMIO HA TPACKTOPHUIO, U Macca HAYHET
yckopsTbesi. Takum 00pa3oM, yCKOPEHHE MAacChl MPOUCXOJMT 3a CUET
SHEPIUH, KOTOPYIO BKIAJBIBACT TSHYIIUHA 32 HUTh B TEepeMEIICHUE
Macchl K IeHTpy. [Ipumepom 3ToMy SBISIeTCS IBMKEHNE KOHBKOOGKIIA,
KOTOPBIIl Bpalaercst Ha JbIy, HpeBapUTEIbHO BEIOPOCUB PYKH B CTO-
POHBI, a 3aTeM MOTITUBAOIIHNNA UX K cebe.

Pacder moka3spiBaeT, 4TO MPH TAKOM CIIOCOOE YMEHBIICHUS pajny-
ca HE TOJBKO B TOYHOCTH BBINIOJHAETCS 3aKOH COXpaHEHUS MOMEHTa
KOJINYECTBA ABMKEHMS, HO U 3aKOHBI COXPaHEHUs KOJMYECTBA JABHXKE-
HUSI M DHEPTUH, MOCKOJIbKY SHEprHs JA00aBIsieTcss BHEITHHUM UCTOYHU-
KOM, TeM, KOTOPBIH TSHET 32 HUTb.

Takum 00pa3oM, OKa3bIBAaeTCS BO3MOKHBIM NpeoOpa3oBaTh SHEP-
THIO HATSDKEHHS HUTH B DHEPTHIO BPAIICHUS Tena BOKpyr mneHTpa. Ce-
TOZHS BBISICHUIIOCH, YTO MMEHHO TOJOOHBIN MEXaHN3M JIS)KUT B OCHOBE
SHEPIreTUKH Ta30BBIX BUXpeH (puc. 6.46), U B 3TOM Ui SHEPIETHUKU
OoJTbIIas IEPCIEKTHBA.
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6.4. O0 YHepreTHKe ra3oBbIX BUXpPeil

Jns mpoBepku (akTa C)KUMAeMOCTU Ta30BBIX BHUXpEH OBLI M3ro-
TOBJICH TaK Ha3bIBaeMblii sk Byna (puc. 6.5).

R AL S 1R
©-0-0-0-0-0-0)--Y)
1 2 3

Puc. 6.5. @opMupoBaHHEe ra30BOro TOPOMIAILHOI0 BUXPS € MOMOLIBIO
siuka Byna: 1 — cragust cxatus Topousa; 2 — CTaaus pacUIMpeHHs TOPOuaa
(muddy3ust); 3 — craaus pazBana TOpOHA.

Smwmk Byna npencrasnser co0oi OOBIYHBIN AWK TUTIA TOTO, B KO-
TOPBIM YIaKOBBIBAIOT MOCBIIKH, HO BMECTO KPBIIIKH HA HETO yCTAHAB-
JUBAIOT YIPYTYI0 MEMOpaHy, a B THE NMPOCBEPJINBAIOT OTBEPCTHE AHA-
MeTpoM 5-6 cM. BHYTpb 3aKiiafibIBaiOT «IBIMOBYILIKY», HAaIPUMED, TO-
PSAIIYIO pacyecKy

Pe3kuii ynap mo memOpaHe MPUBOAMT K BHIOPOCY KOJBIIEBOTO BHX-
psl U3 oTBepcTHs suKa. [ BeIsICHEHUST ocoOeHHOCTEH (opMHUpOBa-
HUSI BUXPS 1eJIecO00pa3HO MyCKaTh BUXPb BIOJb CTEHKH, HA KOTOPOIl
Ha4YepUeHbI OJIOCHL. BUXpPb IBMXETCA BIOJIb CTEHKH, M BUAHO, YTO €T0
JIBUKEHHE COCTOUT U3 TPEX ITAIOB.

1 sram — mocne BbUIETA M3 OTBEPCTHS TOPOUAAIBHBIA BHXpPb
YMEHBLIAET CBOU pa3MEPBHI, 3TOT IIPOLIECC OCHOBHOM. B mpouecce cxa-
THS BUXPS €r0 SHEPreTHKA IMOBBIIIACTCS.

2 9Tan — BUXPh YBEIMUMBAET CBOU Pa3MEPHI U 3aMEIISIET CKOPOCTH,
a HepTHA, HAKOIIJICHHAS TOPOUIATbHBIM BHXPEM, TPATHUTCH.

3 9tan — BUXpb OCTaHABJIMBAETCA U paspyiaercs (nuddynaupyer).
3nech ocnabiaeHHBIH TOTPAHUYHBINA CIIOH YK€ HE B COCTOSIHUU NPOTH-
BOCTOSITH LICHTPOOEKHBIM CHJIaM W MPOUCXOIUT Auddy3ust BUXps.
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Takum 00pa3oM, 3TOT DKCIEPUMEHT, KOTOPBIA MOXKET ITPOBECTH
MO0OW ITKONBHUK, MTOATBEPIKIAET, YTO HA HAYAJIFHOM JTalle Tra3oBBIE
BUXPH CKHMAIOTCSI OKpY’Karomed atrmocdepoil M, CleAoBaTeIbHO,
HaKaITUBAIOT SHEPTHIO: AaBJICHUE aTMOC(ephl MpeodpasyeTcsa B KUHe-
TUYECKYI0 SHepruro Buxps. [Ipenmonosxkenue moaTBepAUIIOCE.

Kax m3BecTHO, Ha 3eMHOM IIape BpeMsl OT BPEMEHHU IOSBISIOTCS
cMepuH u Tal(yHBI, IPEICTABIAIOMINE COOOH BO3AYIIHBIC BUXPHU, Pa3-
pyIIaroe BCe Ha CBOEM ITyTH — Jieca, TOpojia U cefa, ocymas 6ojora
¥ ogHUMas B He00 KOpOB | JATyIIeK. YacTo BOSHHUKAIOT ITUKIOHBI —
30HBI TIOHM)KEHHOTO JIABJICHUsI, TOXKE MPEACTABISIONIME COOOH BO3-
OyuiHble BUXpH. L[MKIOHBI mepeMemialoTcsl Mo MOBEPXHOCTH 3eMIIH,
Hecsi ¢ co0oil yparassl, qoxau 1 Metenu. OOpaiaer Ha cebst BHUMAa-
HUE TOT (paKT, YTO U IUKIOHBI, © 0OCOOCHHO, CMEpUHU U Tal(yHBI 00Ja-
JAroT OOJBIION CHJIOHN H, CIIEI0OBATEIbHO, HECYT B ceb6e MHOTO SHEPIHU.
Bosnukaer Bonpoc, 0TKy1a OHU €€ B3sUIH?

YCcTaHOBIEHO HECKOIBKO OOCTOSATENBCTB, CBI3aHHBIX C IPUPOTHBI-
MU BO3AYIIHBIMH BUXpSIMH. Bce OHM MMEIOT YIUIOTHEHHBIE CTCHKU H
MOHW)KEHHOE J1aBJIEHUE B LEHTpPE, B LMKIOHAaX — Ha 10-20%. CxopocTh
MepeMenIeHns BO3YITHBIX MacC B BUXPSIX COCTaBIISET 3aMETHYIO JOJEO
OT CKOPOCTH 3BYKa — JIO MOJOBHHBI €r0 3HAYEHUs, T.€. mopsaka 150 u
naxe 200 MeTpoB B CeKyHIy, IpaBja, 3TO TOJLKO B cMepYax U Taidy-
HaxX. Ho u B muKIIoHax ckopocTH BeTpa MOTYT cocTaBisth 20 — 30 m/c,
a 370 yke yparad. CaMu ke IIUKIJIOHBI MIEPEMEIA0TCsl TI0 TOBEPXHOCTH
3eMJIu co ckopocThio 50-60, unorma o 100 km/gyac. TO 3HAYHUT, YTO
CKOPOCTh WX TMEpPEeMENIeHHs COM3MEpPHUMa CO CKOPOCTBIO JIBIDKEHUS
BO3/1yXa B CaMOM LIMKJIOHE. VM OTOKM BO3/1yXa BO BCEX 3TUX 00pa3oBa-
HUSIX — cMepyax, TaiQyHax M [UKIOHAX JIBUXKYTCS TI0 BUHTOBOHM Tpa-
EKTOPHH.

HUccnenoBanus BO3AYIIHBIX BUXPEH MOKa3ald, YTO BCE OHU UMEIOT
TpyOUaTyr0 CTPYKTYpY, B KOTOPOW CTEHKHM BHXpS YIUIOTHEHBI, IICH-
TpaJibHasl YacTh pa3pekeHa, a BpaIlaroIinecss ¢ OOJBIION CKOPOCTHIO
CTCHKH OTJEJICHbI OT OKpY>Kalolled cpelbl OrpaHUYHbIM CloeM (puc.
6.6).

B sTOM ci10€ TPOHCXOTUT Mepexoi OT OTHOCHUTEIHHO HEOOIBIIOH
TUIOTHOCTH BO3AyXa B OKPY’KalollleM BUXPh MPOCTPAHCTBE K 3HAYU-
TeJbHO OoJiee BBHICOKOW IUTOTHOCTH BO3/AyXa B Telle BUXps. B morpa-
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HAYHOM CJIOC€ MNPOUCXOOUT TAKXKE MNEPEXO0 TEMIIEPATYPhl OT OTHOCH-
TEJIBbHO BBICOKOM B cpeac K 0oJlee HU3KOM B Teje BUXPA.

al

- 6)

&)

Puc. 6.6. unuuapuyeckuii ra3oBplii BUXPh: IOIEPEYHOE ceueHne BUXPS (a);
pacripenieficHHe IIOTHOCTH Tasa (0); JIopa KacaTeNbHBIX CKOpOCTeH (8);  3aBUCH-
MOCTb YTJIOBOW CKOPOCTH BpAIl[eHHs I'a3a B BUXpe OT paauyca (2)

B cooTBeTcTBUM ¢ ra3oBOil MEXaHUKOW TPaJUEHT CKOPOCTHU IOTO-
KOB T'a3a, T.€. OTHOIIEHHUE PA3HOCTU CKOPOCTEHN MOTOKOB K PACCTOSHUIO
MEXy MOTOKaMHM HPUBOAUT TAKKE K NEPEPACHpPEACIICHUIO aBICHUS
raza BHyTPHU HOTPAHUYHOIO CIIOSI.

ITo Mepe 3akpyTKH LIEHTPAILHOIO IMOTOKA BO3[yXa LIEHTPOOSIKHAS
CWJIa CTaHET BHITOHITH MOJIEKYJIBI BO3/lyXa U3 IIEHTpa Ha nepudepuro,
W JaBJIEHUE B IIEHTPE BUXPS HA4YHET CHXKaThcsA. [lo Mepe cHuKeHus
JIaBJICHUSI BHEIIIHEE JIaBJICHWE HAYHET MO/XKUMaTh BUXPb, U €ro Jua-
METp Ha4yHET yMEHbIIAThCs. Toraa B COOTBETCTBUU C 3aKOHOM IOCTO-
STHCTBA MOMEHTa KOJIMYECTBA ABHUKEHHS CKOPOCTH BpALLECHUS HAYHET
YBEJIMYMBATHCS, U IaBJICHHUE B IIEHTpEe OyNeT CHIKAThCS eIle OOJIbIIe.
IIpou3zoiiner TaBUHHOE COKpAILEHUE OUaMeTpa BUXPS U COOTBETCTBY-
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IOLIEE YBEJIMYEHUE JIMHEHHOM CKOPOCTH IEPEMEIIECHHUs BO3MYLIHBIX
Macc 1o ero mepudepun, oOpaTHO MPONOPLHOHAIBLHOE OTHOLIEHHIO
OUaMeTpOB BHXpS B Hadale W B KOHIE mpouecca. M ecnu mepBona-
YaJbHBIA JUaMeTp BUXPS COCTaBsLT 1 KM, a B KOHIIE Mpoliecca BCero
10 M, To ecTh nuameTp cokpatmicsa B 100 pa3, To CKOpOCTh IOTOKA Ta3a
Bo3pacteT B 100 pa3, a sHeprus B 10 Teicsa pa3. Ecnu HaganbHas cko-
pocTh OOKOBOTO BEeTpa COCTABIsUIA BCero 1 M/c, TO CKOPOCTH IBUKEHUS
CTEeHKH BHUXpsS B KOHIE mporecca coctaBut 100 m/c, a 3T0 yke CKO-
POCTH yparasa.

[Mony4aetcst, yTo opMHUpOBaHKE BUXPsl aTMOc(epolt 3eMin mpo-
WCXOJIUT CaMOTIPOU3BOJILHO, W MIPU STOM IMOTEHIMAIbHAS SHEPTUs JaB-
JICHHSl BO3JyXa, OKPYKAIOIIEro BUXpPb, IpeoOpaszyercsi B KUHETHYE-
CKYIO DHEPTHIO BpaIlleHHUs] BUXPs. JTOT MPOILECC, HECOMHEHHO, CyIIe-
CTBYIOIIMH B TPUPOJIE, MOJHOCTHIO MPOTHBOPEUYHUT MPEICTABICHUSIM
Hauvan tepmMonnHaMuKy, eciu €ro paccMaTpuBaTh B JIOKAJIBHOW oOna-
CTH.

OmHako 3To He BCe.

VYaepikaHue YIUIOTHEHHOI'O ra3a B JIOKAJIM30BAHHOM IPOCTPAHCTBE
BO3MOXXHO TOJIBKO B CIIyyae CHMXKEHHMS ero Temmneparypbl. GakT NoHU-
JKEHHsI TeMIepaTyphbl B BO3JYIIHBIX BUXPAX W BOOOIIE B IPaJMEHTHBIX
TEYEHUIX BO3JyXa IMUPOKO MOATBEpKIaeTcs. DTO u 00Je/eHeHue ca-
MoOJIeTa BO BpeMsl M0JIeTa, U 00JIeICHEHHE BO31yX03a00pHHUKOB, U Hop-
MHUpPOBaHUE T'pajia B CMEpYax C BHIOPACHIBAHUEM €r0 TOPU30HTAIBHO
HIMpoKKUM BeepoM. Ho Torja Bo3HHMKaeT BOMPOC O TOM, KyJAa JeBaeTcs
SHEPrusl TEIJIOBOTO JBIKEHMS ras3a, KOTOpbIi oOpasyer cmepd. U ort-
BET TAKOB: OHA U3 TEIUIOBOH NpeolOpasyeTcs B MOCTYNATENbHYIO YHEP-
THIO TIOTOKOB Tra3a cTeHOK cMepda. CKOpOCTh KaXkKJIOH MOJIEKYIIbI ra3a
COXpaHSET CBOIO BEIMYMHY, HO IepepacnpeessieTcsl 0 HanpaBJIeHU-
SIM, YBEJIMYMBAsCh B HAIIPABJICHUH JIBM)KCHUS ra3a B CTEHKE (TaHIeHLIU-
aIbHOE HAlpaBlICHHE) U COOTBETCTBEHHO YMEHbINAsi OOKOBYIO COCTaB-
NSIOIy0 (HOpManbHOE HampaieHue). [103ToMy CKOpOCTh JIBHYKEHUS
CTCHOK OyzieT OoJIbIle, YeM 3TO CIEAYyeT U3 COOTHOLICHHUS paJAnycoB. A
B NPUBEAECHHOM IpUMeEpe CKOpPOCTh cocTaBUT yxke He 100, a 150 nmm
200 m/c.

Takum 00pa3oM, B LIEIOM BO3AYIIHBIE BUXPHU, KaK M JOObIEe Ta30-
BbI€ BHUXPH, SBJIAIOTCS MPHUPOAHON MAIIMHON MO mepepadoTKe MOTEH-
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[IUATBHOM SHEePTUH AaBIIEHUS BHEIIHETrO MO OTHOIICHUIO K BUXPIO T'a3a,
00YCIIOBJICHHOTO TEIUIOBBIM JBW)KCHUEM €r0 MOJICKYJ, B KHHETHYC-
CKYI0 DHEpPIruI0 BpameHus BUXps. W eciau moTeHUHanbHON »Hepruei
ra3a BOCIOJIB30BaThCS MPAKTHYECKH HENB3Sl WIH, 10 KpaliHeill mepe,
BEChMa 3aTPYJHUTEIBHO HM3-32 OTCYTCTBHSI I'PAJUCHTOB JaBICHUS, TO
KHMHETUYECKOH MOXHO, HallpuMep, TOMECTUB B BUXPh TypOuHy. [Ipas-
Jla, TIPA 3TOM BO3HUKAET MPOo0IeMa yCTONYNBOCTH BUXPSI.

W3 u310)KEHHOTO BBIIIC CIIEAYET, YTO T'a30BBI BUXPh CIIOCOOCH
MPeoOpa30BbIBATH TEIUIOBYIO SHEPTHUIO, MPEICTABICHHYI0 Xa0TUYCCKUM
JBIKEHHEM MOJIEKYJ CaMOr0 BHUXPS W MOJIEKYJ OKpPY KarOIIEero ero ra-
3a, B YHOPSIOYEHHOE NBIDKEHHE, YTO MPOTHBOPEUUT BCEM H3BECTHBIM
yCTaHOBKaM TepMoJuHaMUKu. Ho He coBceM, MOCKOJBKY €CiH pac-
CMOTPETh BCE COCTABJISIOININE MPOIIECCa, HAXOSIINECS HE B TEJe BUX-
psi, @ BO BCEM OKPYKAIOIIEM IPOCTPAHCTBE, B TOM YHCIE U B JIPYTHX
0071acTIX, B KOTOPBIX JIBUKCHHE T'a3a MMPOUCXOJUT COBCEM HE3aMETHO,
TO OKQXETCs, YTO B CPEIHEM HUKAKUE TEPMOIMHAMUYCCKUE 3aKOHBI HE
HapylieHbl. Buxpb He OeCKOHEYeH, W TOTOKH Ta3a B JPYrod 4acTu
BUXPS HE CXKUMAIOTCSI, a Ha00OPOT, PACIIUPSIOTCS. 37eCh MPOIECCHI
UIyT B OoOpaTHOM HampamieHuH. Ecim ke K TOMYy e pacCMOTPETh
MIPOIIECC BO BPEMEHHU B CPETHEM, TO TeM 0OJiee OKaKeTCsl, YTO HUKAKO-
ro HapymieHUs 3aKOHOB TEPMOJMHAMUKUA HET, IMOCKOIBKY JHEPTHIO
HCJIB3s HU CO34aTh, HU YHUYTOXUTD. ,Z[BI/I)KCHI/IC BEYHO. O,Z[HaKO I10CJIC
MOJOOHBIX, YHCTO MEXaHWYECKUX MPeoOpa3zoBaHUil, MPOCMaTPUBACTCS
BO3MOKHOCTh HCITONIb30BaTh TEIIOBYIO DHEPTHIO Tra3a, mpeoOpa3oBaB
€€ B MTOCTYIATEIbHYI0 PHEPTHIO CTEHOK BUXPSL.

6.5. BuxpeBble TeNJIOreHepaTopbl

B HacTosiiee BpeMsi M300pETEHO M JlayKe 3alylleHO B MacCcOBOE
MPOM3BOACTBO MHOKECTBO TaK HA3bIBAEMBIX TEIUIOTEHEPATOpPOB, B KO-
TOPBIX OTHOIICHHE BBIXOJHONH MOIHOCTH K 3aTPAueHHOW MpEBBIIIACT
e/IMHUILY.

OTIUUNTENHHON YepTOi BCEX ITHX T'€HEpaTOpOB — BUXPEBBIX, Ka-
BUTAIIMOHHBIX, IEHTPOOEKHBIX U T.II. SBISAETCA TO, YTO B HUX TEM WIIH
WHBIM CTIIOCOOOM pacKpydMBaeTCsl BOASHON BHXpPbh. MIMeHHO, Hammume
BOJISTHOTO BUXPS TIOBBIIIAET TEMIIEPATYPY BOJIBI, H SHEPTUU BOJISHOTO
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TeIIa Ha BBIXOJE YCTAaHOBKM OKAa3bIBACTCSl OOJIBINE, YeM 3aTpadyceHO
SHEPTHU HA 00pPa30BaHUE ITOTO BUXPSL.

Kaxk u3BeCcTHO, SHEPTHIO HEIb3s1 HA CO3/1aTh, HU YHHYTOXKHTh, H €C-
JIM Ha BBIXOJIC YCTPOICTBA SHEPTUU OKa3bIBAaeTCs OOJIbIIE, YeM Ha BXO-
Jie, CIIeIOBAaTeNbHO, 3TO YCTPOHCTBO PabOTAeT MO MPHHIHITY TETIOBOTO
Hacoca, U MMEETCsl YHEePreTHUeCKUi pe3epByap, OTKyJa W depraeTcs
JONONTHUTENbHAs dHeprusi. C TOUKM 3peHUs dPUPOANHAMUKU TAKUM
pe3epByapoM SABISAETCS OKPYKAIOIIUHI yCTaHOBKY (Hp.

OtHOcHUTeNbHAs TUAJIEKTPUYECKas MPOHUIIAEMOCTh BOJBI, KaK H3-
BECTHO, paBHa 81. DTO 3HAYMT, YTO BOJA CHOCOOHA HAKAILIUBATh U
VIUIOTHATH 3(Up, HAKOTUICHHBINA BOJIOH 3()Up OTHOCUTENBHO CJIa00 CBS-
3aH ¢ ee MOJICKYJIaMH, U IIPU BPAIICHUH BOJIbI BEIOPACHIBACTCS U3 HEe.

[Monmxenue naBneHust 3pupa BHYTPU BOASHOTO BUXPS TIPUBOIMT K
BcacbIBaHMIO d(upa Mo ocu BUXps. Takum o6pazom, obpasyercs adup-
HBIH TyTIIET — BEIOpOC d(upa mo neprudeprn BUXPsI ¥ BCOC IO €T0 OCH,
YTO TPUBOJIUT K 3aMBIKAHHIO ITOTOKOB 3(prpa: BOKPYT BOASHOTO BHXPS
00pa3yroTcs JIBa TOPOUAAIBHBIX BUXPs (puc. 6.7).
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Puc. 6.7. O6pazoBanne 3UPHBIX BUXPEBBIX TOPOHAOB: ¢) HAadaJIbHAS CTA[NS,;
0) oOpazoBaHUe SPUPHBIX TOPOUIIOB; §) CxKATHE IPUPHOTO TOPOHA BHEITHUM JaBJIe-
HUEeM 3dupa

Kak tonmpko cTpyn 3dupa 3aMKHYTCs, BHEIIHEE JaBieHue d¢upa
coxmeT oOpaszoBaBiInecs 3(QUpPHBIE BUXPH M 3arOHUT MX OOpaTHO B
BOJIy, TEM CaMbIM, TIEPEAAB €1 CBOIO SHEPTHI0. DTO M €CTh Ta 00aBOY-
Has PHEPIHs, 3a CUET KOTOPOH IOBBIMIAETCS Temiieparypa Boasl. 1o
BCEHl BEpPOATHOCTH, TAKOH MPOLECC MOBTOPSETCS MEPHOANIECKH, U 3TO,
B IIPUHIHIIE, MOXKET OBITH 00HAPYKEHO C TIOMOIIBIO PAMOK WU CIICIH-
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aJBbHBIMH TIPHOOpPaMH, OCHOBAaHHBIMH Ha d(h(eKTe OTKIOHECHMS a3ep-
HOTO JIy4a OT €ro OOBIYHOTO MOJIOKEHHUS, YTO MOXKET OBITh 3a(h)UKCHPO-
BaHO ()OTOINEKTPHUCCKUMH JIETCKTOPAMH.

Buemre npocToii BuxpeBoit 3d(deKkT Ha caMOM JAelie 3aKITI0YacT B
ceOe CIOKHBIA Ta30JMHAMUYECKUIA MPOIIECC, MPOHUCXOSIIIMNA B IMPO-
CTpPAaHCTBEHHOM TypOyJEHTHOM TOTOKE BSI3KOTO CXXHMAaeMOro rasa.
OTUM, BEpOSTHO, U OOBSICHSCTCS HEyJaya MHOTHX TOIBITOK HaWTH
aHaUTHYeCcKoe penieHre 3agadd. OIHAKo Ha OCHOBE MPOBEACHHBIX
WCCJICIOBaHUIN OBLIH Pa3pa00TaHbl MOTYIMIUPHUECKUE METOUKH Pac-
yera, Kak caMoro BUXpeBoro 3dekra, Tak U HEKOTOPHIX BHIOB BHXpeE-
BBIX amnmaparoB. Ha 3Toit ocHOBe Havaics mepuoJ; OCBOCHHUS U BHEJpe-
HUA €TO0 B IIPOU3BOACTBO, I'NTaBHBIM 06pa30M, IIpu CO3JaHNU BUXPECBBIX
XOJIOJMIBHO-HATPEBATEIBHBIX  YCTAHOBOK, BHXPEBBIX XOJOAMIBHBIX
KaMep, BUXPEBBIX TEPMOCTATOB M BUXPEBBIX BAKYYM-HACOCOB.

BuxpeBo#t addext wnn >pdext Panka mposiBusercss B 3aKpydeH-
HOM TIOTOKE BSI3KOT'O CXKMMAaeMOro rasa W peaju3yeTcs B OUeHb Ipo-
CTOM YCTpPOWCTBE, Ha3bIBAEMOM BHXPEBOW TPyOOH. cxeMaTH4yHash KOH-
CTPYKIIUSI KOTOPOH n300paxeHa Ha puc. 6.8.

A
i lop.
Xon I J_
Cxamebilli /' T
< 1 5
A

Puc. 6.8. Cxema BuxpeBoii Tpyobl Panka

[Ipu BTekanuu rasa yepes CoIuio 0Opa3zyercsi MHTEHCUBHBIA KPYTro-
BOIl TOTOK, MPHOCEBBIE CIION KOTOPOTO 3aMETHO OXJIaXAal0TCA M OTBO-
JIATCSL 4epe3 oTBepcTHe AuadparMbl B BHJIE XOJIOJHOTO MOTOKA, a Iie-
pudepHiiHbIe CJIOU MOJOTPEBAIOTCA M BBITEKAIOT Yepe3 APOCCelb B BU-
ne ropsuero noroka. [lo Mepe mpukpeITHS Apoccenst o0MUH ypOBEHb
JaBJICHUsI B BUXPEBON TpyOe MOBBIIIAETCS, U PAacX0]] XOJIOAHOIO IOTO-
Ka yepe3 OTBepcTHEe auadparMbl yBEJIMUUBAECTCS IPU COOTBETCTBYIO-
IIIEM YMEHBIIIEHUH pacxoja ropsdero noroka. Ilpu stom temmepatypsl
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XOJIOZHOTO U TOPSIYETo MOTOKOB TAaKK€ MEHSIOTCS. B pa3nuyHbIX KOH-
CTPYKLIMAX TPyO IPUMEHEHBI YCOBEPLICHCTBOBAHUS, IMO3BOJIIIOLIUE
YIY4YIIUTh XapakTEPUCTUKH TPYyObl MPUMEHUTENBHO K KOHKPETHBIM
LESIM.

CrnenmyeT crienuaibHO OTMETHTH, YTO B BUXpEBOil TpyOe Panka 00-
K OanaHC SHEPIUU COXPAHAETCA.

[ToranoB mombITasics KCIOIb30BAaTh B BUXPEBOi TpyOe PaHka BMme-
CTO BO3IyXa BOAY, T.€. HEC)KUMAECMYIO0 *XHMIKOCTh U TOJYYHI HEOXKH-
JaHHBIA 3¢ ¢EeKT: Mo 0CeBON JMHUM BHITEKAJIa HE XOJIOAHAs, a Terulas
BOJIa, IO Tepudepun K¢ BbITeKana ropsayas Boaa. [locne kamopumer-
PUUECKUX M3MEpEHHUH OBbLJIO MPH3HAHO, YTO TEIJIOBOW SHEPTHU BbIJE-
nsieTcst OOJIBINe, YeM TIOCTyTaeT, mpuMepHo, B 1,3 — 1,5 pasza.

HOCKOJ’IBKy BCEM SICHO, UTO HU CO3JaHUC, HU YHUUTOXKCHUE DOHEP-
' HEBO3MOKHO B IIPUHIMUIIC, & BO3MOXXCH JIUIIb IIEPEBOJ SHEPIrun 13
OJTHOTO MECTa B JIpyroe, TO IJe-TO JOJDKEH HaXOAMUTHCS CKPBITHII HC-
TOYHUK OOHAPYKEHHOW JOTIOTHUTEIHHON dHEprun. B kadecTBe 00bsIC-
HCHUSA HCKOTOPBIMU YUYCHBIMU 61)1.110 BbICKa3aHO IPCAIIO0JIOKCHHUE O
TOM, YTO B COOTBETCTBHH C HECKOJIbKO BHIOM3MeHeHHOU Teopuei ot-
HOCUTEJIBHOCTH B TeruioreHeparope lloTamoBa mpoucxoaut mpeoodpa-
30BaHHE MacChl B DHEPIHI0, a, KPOME TOr0o, B HEM OCYIIECTBISIETCS
TaKXe XOJIOMHBIN sfaepHbIi cuHTe3. OHAKO MOJ0OHBIE MPEIIOoIoKe-
HUSI IPECTABIISIFOTCS. BECbMA HCKYCCTBEHHBIMH.

Mexanu3M, oOecTieUHBaONINK MOBBIIICHHE TeMIIEpaTypa BOJbI B
ynuTKe TpyObl PaHka omucaH BBINIE. ITO MOXET MPOUCXOIUTH IIEPHO-
qndeckd. OnHaKO BO3MOXKEH M JAPYIOMl BapHaHT, KOT/a BBIICIIINIL
HapyKy 3(Hp 3aTeM BcachlBaeTCs MO TOpLIaM TPyOBI, TOT/AA TOT MpPO-
1IecC MPOUCXOAUT HEMPEPbIBHO. Bo Bcex cilyyasix MPOUCXOJUT JOTMOJ-
HUTEJBHOE CXXAaTHe BHENIHWM JaBjcHHEM 3(hupa o0pa3oBaBIIETroCs
3(pHUPHOTO BUXPS M TEM CaMbIM BBOJ JAONOJIHUTENBHON SHEPTUH, KOTO-
pas 3ateM rnepenaetcs Boxe. s obnerdenus BuxpeoOpa3oBanus 3¢hu-
pa KopIyc M JpyTHe AETalld BHXPEBOH TPYOHBI IIeIeco00pa3Ho AenaTh
HE U3 MeTajlla, a U3 JII0O00ro N30SHOHHOTO MaTepHraa.

Heuro nogobHoe 0OHApyKEHO B YCTPOUCTBAX, B KOTOPBIX UCHOJb-
3YIOTCSL MM CaMOIIPOM3BOJIBHO 0Opa3yroTCsl KaBUTAI[MOHHBIE ITY3bIPH.
B npunnune, Ha oOpazoBaHue My3bIpel JOKHO MOTPATUTHCS CTONBKO
JK€ JHEPruM, CKOJBKO MOTOM BBIIEIMTCA NMPH UX cxjonbiBaHuu. Ho
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3/1eCh Takke OOHApYXEHO JOMOIHUTEIHFHOE TEIUIOBBIIEIICHNE, H MOXK-
HO TPEATOJIOKHUTE, YTO U 37€Ch MPOUCXOIUT HEKH aHATIOTHYHBIN MPO-
Imecc 3axBara 3(upa, 3aTeM ero BUXpeoOpa3oBaHue, cKaTue d(HUPHBIX
BUXpeH OKpY’KaromiM >(hUpoM C BBOJIOM TeM CaMbIM B BUXPH JIOMOJI-
HUTEIILHOW YHEPIHH, MOTJIOUICHUE 3aTeM d(UPHBIX BUXPEH TOW JKe BO-
JIOW ¥ Tiepeiada HaKOTUICHHOW SHEPTUH BOJIC, YeM U BBI3BaH €€ JIOTO0JI-
HUTEJIbHBIN MOJIOTPEB.

B nHacrosmee Bpems u B Poccun 1 BO BCeM MUpPE CO371aHO HECKOJIb-
KO BHJIOB BHUXPEBBIX TCIUIOICHEPATOPOB HA PA3IHUYHBIC MOIHOCTH.
Cxema OJHOTO U3 BapHaHTOB TEIJIOTEHEpaTOpa IMpeICTaBIeHa Ha PUC.
6.9.

_—
| e

/,

4

Puc. 6.9. Cxema BHXPEBOTo BOJASTHOTO TelloreHeparopa: 1 — nsurarens; 2 —
BOASHON IMIMHADP; 3 — AWCKH, HACA)XCHHBIE HAa OCh JBHraTens; 4 — BBOJ BOJBL 5 —
BBIBOJI BOJIbI

[lpuBeneHHBI Ha CXeMe TEIJIOTCHEpaTOp MPEACTaBIsSET COOOMH
OOBIYHBI aCHHXPOHHBIH JBUTATENb, COINPSIKEHHBIA C POTOPOM, pas-
MCIICHHBIM B TOJICTOCTCHHOM IWJIWHIAPE, B KOTOpBIﬁ moCTymacT BOJA.
Potop mpencraBnsier co60it 0ch, Ha KOTOPYIO HaCaKEHBI TIOCKUE JHC-
Ku. Bpalienue AHMCKOB ABUTaTeNeM IO3BOJSET MONYYUTH HOIMOJIHHU-
TEIBHYIO TEIUIOBYIO SHEPTHUIO, OOJBIIYI0, YeM 3aTPAyeHO JBUTATEIICM.
PasBuBarormeecs qaBieHrnEe COCTABISIET HECKOIBKO NECSITKOB aTMocdep.
[IpousBeneHHbIe aBTOpaMU M3MEPEHUS MOATBEPAMIN HATHUYUE U30BI-
TOYHOW SHEPTUH MPH 00IIeM KIij mopsinka 1,6 ( B HEKOTOPBIX 00pasmax
1o 1,8).
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TemoreHepaTop yCTaHABIMBACTCS B OTJEILHOM IOMENICHUU BO
n30ekaHre, KaK MIyMOBBIX 3()(eKTOB, TaKk U BO3MOXKHOTO d(PUPOANHA-
MUYECKOTO U3TYUCHUS.

[Tpu3HaBas MoOJIE3HBIM CO3JJaHUE TOJOOHBIX WIIH KAaKUX-THO0 WHBIX
TEIIOTEHEPaTOPOB, MOXKHO, OJJHAKO, BBICKA3aTh COMHEHHE TI0 TOBOIY
TOTO, YTO JIaXKe MIUPOKOE MPUMEHEHHE TOJ00HBIX YCTPOWCTB MO3BOIHT
PEIIUTh SHEpreTHYecKyr npodnemy. [Ipu kodddunmente Temnoortna-
gu B 1,3-1,5 obmas skoHOMUS SHEPTHH HE TakK YK U Benuka. laxe ec-
71 OBl BCE TEIIOBBIC YCTAHOBKH W JIBUTATENIM B MUPE TMOBBICHUIIA CBOU
KIIJI, PHEepreTHyeckas npobiaeMa pemieHa He Oblia Obl.

6.6. 3Hepl"lflﬂ MAarHMTHOI'O IMOJIsI MPOBOJIHUKA C TOKOM

Kak ObUI0 TIOKa3aHO BHIIIIE, TIPU CXKATHH TEJIa Ta30BOT0 BUXPS MPO-
UCXOJUT TIepeX0]l MOTCHIMATBHON YHEPTUH OKPYKAKOIIETO BUXPh ra3a
(maBrieHuUs ra3a) B KHHETHUECKYIO SHEPTHIO BPAICHHUS BUXPS. DTO Ka-
caeTcs JITOOBIX Ta30BbIX BUXPEH BO3AYIIHBIX U 3(PHUPHBIX

IIpoBepka (hakTa CKHMAEMOCTH Ta30BbIX BUXPEH ObLia OCYIIECTB-
JIeHa C TIOMOIIbIO sAnvKa Byna, nmpoBepka (akTa CKUMaeMOCTH Mar-
HUTHOTO TI0JIs1 OblJIa OCYIIECTBJICHA C TIOMOIIBIO SKCIIEPUMEHTA C JIBY-
MsI IPOBOJIHBIMH PaMKaMH.

W3 Bcex BUOB CHUJIOBBIX IMOJICH MarHUTHOE TIOJE SIBISETCS HanOoO-
nee yaoOHBIM JUIS MPAKTHUECKOTO MpeoO0pa3oBaHUs MOTCHIUATBLHON
SHepruu 3Qupa B EKTPUUYSCKYIO SHEPrUui0. MarHUTHOE TOJIE SHEPro-
€MKO, 0E30MacHO, JIETKO CO37aBaeMo, CIIOCOOHO 00ECIIEUNUTh CHIIOBBIC
B3aUMOJICHCTBUS MEXKY Pa3IMYHBIMUA OOBEKTAMU, U UMEHHO 3TO 00-
CTOSATEIBCTBO TIO3BOJIMIIO MPUMEHNTh MarHUTHBIC CUCTEMBI BO BCEBO3-
MOJKHBIX JHEPreTHUECKHUX YCTaHOBKAX, B TOM YHCJIE B I'eHepaTopax U
JIBUTATEIISX CaMBIX Pa3HOOOPA3HBIX KOHCTPYKIIHIA.

ITockoibKy CTPYKTYpa MarHUTHOTO IIOJIsI BUXPEBAsi, TO MOSIBIIIECTCS
BO3MOYXHOCTH TIOTIBITATHECS TIPE0Opa3oBaTh OTHOCUTEIHHO ClIa00e Mar-
HUTHOE TI0JIe B 00JIee CHIIbHOE, UCTIOIB30BAaB IMOTCHINAIBHYIO YJHEPTHIO
a¢upa — ero JaBlICHUE.

Kak u3BeCTHO, SHEPrusi, COJACPIKAIIAsICsS B MATHUTHOM II0JIe, OIpe-
JISJISIETCS BRIPAXKCHUEM
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w=[——dV, Br, (5.6)

rae o = 4m.1077, CH/M — MaruuTHast IPOHUIIAEMOCTh BaKyyMa,
H, A/M — HanpsKEHHOCTh MArHUTHOTO T0Jis, V, M® — 00BbeM IpocTpaH-
CTBa, 3aMI0JJTHEHHOT'O MarHUTHBIM TIOJIEM.

PacnipesesieHne HampsHKEHHOCTH MAarHUTHOTO TIOJSL BOKPYT ITIPO-
BOJIHUKA C TOKOM OTpeJeNsaeTcss 3aKOHOM MOJTHOTO TOKa

[Hdl =1, (5.7)

rae |, M — anvMHa CHIOBO# TMHUK MAarHUTHOTO IOJISE BOKPYT IPOBOHU-
Ka C TOKOM; i, A — BEJIMYMHA TOKA, TEKYIIETO 110 MPOBOJAHUKY.

N3 3akoHa MOJIHOTO TOKA CIEAYET, YTO BEJIMYMHA HANPSKEHHOCTH
MarHUTHOTO IOJIsl HA PacCTOSIHUM R OT MPOBOJHMKA COCTABIISET

i
H=—, (5.8)
2nR

a OTHOIICHHEC HaHpH)KeHHOCTeI‘/'I MAaravuTHOI'O ITOJIA Ha Pa3HBIX pacCTOA-
HUAX OOJIDKHO IOJYUHATHCA FHHep6OJ’II/ILI€CKOMy 3aKOHY, T.C.

—=— (5.9)

U B OTHOCHUTEIHHBIX KOOPJAWHATAX MOXKET OBITh M300pakKeHO Kak TH-
nepbona. OmHAKO MpSAMBIE U3MEPEHUsS MOKa3alld, YTO ATO HE COBCEM
Tak. Yxe npu Toke B 0,1 A oTHOIIEHHE HANPSYKEHHOCTEN CYIIECTBEHHO
OTJIMYAETCSl OT YKA3aHHOTO pacIpelneieHUs, MPUUeM C yBEIHMUECHUEM
a0COFOTHOHN BEJIMYMHBI TOKA OTKJIOHEHUE YBEIIMYMBACTCS BCe OOIIbIIE
(puc. 6.10).

Hanuito sBHOE OTKIIOHEHWE peaqhbHOTO pacipeneCHIs HaMpsKeH-
HOCTH MarHHTHOTO TIOJISI OT THIEPOOIMIECKOTO 3aK0HA, TIPU dTOM OT-
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KJIOHEHHE OT 3TOT0 3aKOHA B OTHOCHUTEIBHBIX KOOPIMHATAX YBEINYH-
BACTCSl C YBENMUYCHHEM a0COJIOTHOTO 3HAUCHMS TOKAa B MPOBOIHUKE
(puc. 6.10, xpussie 2 u 3).

H/H()
1
0,751
0,501

0,251

L — o W

1 2 3 4 5 6 I/ro

Puc. 6.10. PacnpenejieHHe HANPS:KeHHOCTH MAarHUTHOIO NMOJISI BOKPYT Npo-
BOIHHKA € TOKOM

[MomyueHHOE PKCIEPUMEHTAILHO OTKJIOHEHHE MOXKET ObITh 00BsIC-
HEHO, €CJIM YYeCTh CXKMMaeMOCTh 3(upa U, KaK CIEJCTBHE, C)KUMae-
MOCTb BCEX CTPYKTYp, BKJIFOYas W MarHUTHOE IOJie. 3aKOH IMOJHOTO
TOKa OKAa3bIBACTCSI CIPABEUIMBBIM JIUIIL JJI MPENCTHLHO MalbIX
HaMpsHKEHHOCTE MArHUTHOTO TOJS, MPU KOTOPBIX CKUMAEMOCTBIO
MOJKHO TIpeHeOpedh. Ho OH He MOITHOCTHIO BepeH I OOJBIINX TOKOB,
naxe BenuuuHou B 0,1 A. DT0 3HAUUT, YTO peasbHO MarHUTHOE IOJIE B
eanHMIIe 00beMa HeceT B ceOe 3HEepPruu OOoJIblle, YeM 3TO CISAYeT U3
3aKoHa MOTHOTO TOKA U CYIIECTBYIOIINX METOIOB PAcUeTOB.

W3 U310KEHHOTO BBITEKAET, YTO KOHTYP C BHICOKOJIOOPOTHBIMH Ka-
TYIIKaMH{, HACTPOCHHBIH B PE30HAHC, JOJDKEH HAaKaluIuBaTh B cede
SHEPTUM CYHIECTBEHHO OOJIbIlIE, YeM 3TO CIEAYET W3 CYIIECTBYIOIIUX
pacdeToB, N00 YHEPTHsI ONPE/EIIIETCS HE TOJIEKO CKOPOCTHI0 BHHTOBBIX
MMOTOKOB 3(HUpa, MPEACTABIIOMUX CO00H MarHWTHOE TOJie, HO U HX
MacCOBOH IIOTHOCTHIO. BO3MOXKHO, 3TO 00CTOSITETECTBO OBUIO YITEHO
Hukomnoti Tecnot mpu moCTPOSHUN CBOMX BBICOKOYACTOTHBIX CHIIOBBIX
TpaHcPOPMATOPOB, B KOTOPBIX 00S3aTEIBHO UCIOJIH30BAJICS PE30HAHC
¥ B KOTOPBIX TOTYYaINCh B PE3YyIbTATe BHICOKHE HATPSIKCHUS, UCUHC-
JsieMble MUIDTHOHAMU BoJIbT.
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6.7. OcobennocTu padoThl Tpancpopmaropa Tecibl

Onua 13 MakeToB TpaHcopmaropa Tecnsl n H3IydeHne, NCXOs-
Iee X BepXHEH 9acTH BTOPUYHOU (BHYTPEHHEH) OOMOTKH TTOKa3aHbI
Ha puc. 6.11.

a) 0)

Puc. 6.11. Tpanchopmartop Tecaa: a) o6umii BUI 1a60paTOpHOro 06pasna; o)
BUJI pa3psiia Ha BbIXO/le BTOPUYHOI (BHYTpPeHHeii) 00MOTKHU TpaHcdopmaTopa

OcobenHocThi0 TpaHchopMaropa Tecnbl SBISETCS TO, YTO Iep-
BUYHAsi 0OOMOTKA Y HEro BHEIIHSS U COJIEPKHUT O4YE€Hb HEOOIBIIIOE YnC-
70, Bcero 4 — 6 BHUTKOB TOJICTOTO MPOBOJA, a BTOPHYHAass OOMOTKa
HaXOJIUTCA BHYTPH NEPBHUYHOM M COAEPKUT OTHOCHTENBHO OOJBILIOE
yrcno (cto u 0ojee) BUTKOB TOHKOTO MpoBoja. Kpome Toro, Bropud-
Has 0OMOTKa IO BBICOTE CYNIECTBEHHO, B 2-5 pa3 MpEBBINIAET BHICOTY
nepBUYHON 0OMOTKHU. Jnamerp e BTOpHUHOW OOMOTKH B 4-5 pas
MEHBIIE JHaMeTpa NePBUYHON 0OMOTKH.

O0s13aTeNbHON YacThIO CXEMbI, B KOTOPOH HCIIOJB3YEeTCS TPaHC-
¢dopmarop Tecnsl sBisieTcs pa3psIHUK, KOTOPBIH, IO BCEH BUAUMOCTH,
BHOCHUT CBOIO JIOJIIO B ITPOLIECC ITOIyUEHHS YJHEPTUH U3 3dupa.

B Tom, uTO pazpsam B Bakyyme obiamacT OOJBINION DHEpPrucH, He-
CIIO)KHO YOEOUThCS, 3apsAlduB BBICOKOBOJBTHBIM KOHIEHCATOp [0
HaNpsDKEHUSI B HECKOJIBKO THICAY BOJIBT, & 3aT€M Pa3psiiuB €ro Ha JBa
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HE3aBUCHUMBIE IPYr OT Ipyra 3JIEKTPOAbl CTApOH paAnOTEXHUYECKOU
JIaMITbl CTEKJIIHHOM cepud. [1oBblIas IOCTENIEHHO HANPSDKEHUE U eM-
KOCTb KoHzIeHcaTopa co 100 n® u nanee, ¥ NOAKIOYAs €r0 K IEKTPO-
JlaM JIaMIIbl MOJKHO YOETUThCsI, YTO, HAUMHAas C HEKOTOPOTO 3HAYCHHS,
3JIEKTPOABl BHYTPH JIaMIIbl HAUYHYT B3PbIBATHCS, TaK YTO OT HUX OCTa-
ercs Tpyxa. Konba mammsl mpu 3ToM ocraeTcs 1enoit. M3 atoro ciemy-
€T, UTO BaKyyMHBII pa3psa caM 1o ceOe MMeeT BBICOKYIO SHEPreTHKY,
HPEBBIIAIONIYI0 SHEPTHUIO, COIAEPIKAIIYIOCS B KOHACHCATOPE, pa3psiKa-
€MOr'0 Ha HIIEKTPOJIBL.

MOHO MPEaNON0KUTh, YTO TpaHcPopMaTop Tecibl HCIOIB3YET, B
OCHOBHOM IPOLECC HAKOIJICHUA SHCPIrUu MAarHUTHBIM I1OJIEM B IIPO-
CTPaHCTBE, CO3/1aBa€MbIM NIEPBUYHON 0OMOTKOI, a 3aTeM 3Ta SHEeprus
nepeaaeTcst BO BTOPUUHYIO OOMOTKY

Eciu B katymike uHAyKTHBHOCTH L, I'H Teder ToK i, A, TO sHEprus
WL, 3allaceHHasi B MAarHUTHOM IT10JI€, COCTaBUT BEJTUUUHY

i 2
we=L—— Jik (5.10)
2

OO0paraer Ha ceOs BHUMaHUE TOT (haKT, YTO B OTIIMYUE OT KOHJICH-
catopa C, @, 3apspxeHHoro Hanpsbkenuem U, B, B KoTopoM 3amaceHHas
3HEprust we, JK COCTAaBIISIET BEIMUUHY

U 2
we = C——, JIx, (5.11)
2

SHEPrust COXpaHACTCA U MOXKCT XPaHUTHCA CKOJIb YTOAHO AOJIIO, €CJIH
HET MOTEPH, B KATYIIKE WHAYKTUBHOCTU SHEPTUA UCUC3ACT, KaK TOJIBKO
IMPEeKpaIacT T€4Yb TOK, U 3allaCCHHAsA B MAarHUTHOM IIOJIE DHEPTIHUA BO3-
BpamacTCs B LICIb, CO3AAaBIIYHO MArHUTHOC I10JIC. Ho ecau sTa OHEprud
BO3BpalacTcsa HC B LCIIb, CO3AABIIYIO MArHUTHOC IIOJIC, 4 B JAPYI'YIO
Ocrb, B KOTOpOﬁ OHEPrusg MOXET HAKaAIlJIMBATbCA, HAIIPUMEP, B KOH-
ACHCATOpEC, TO 0611[66 KOJMYCCTBO SHEPTHUU COCTABUT BCIWYUHY, IPO-
MOPUOHUOHAIIBHYIO KOJIMYCCTBY UMITYJILCOB, T.C.
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i 2
we=NL——, Jix (5.12)
2

31ech MpenanonaraeTcs, YTo 3HAYCHUE TOKa YCTAHABIMBAETCS B
KOKIOM HWMITyJbCce 3a mcuesatome Maioe BpeMs. [lox mcuesarome Ma-
JIBIM BPEMEHEM YCTAHOBJICHHUSI TOKA B UMITYJILCE MOKET MPEANOIaraTh-
cs JUIMTEIBHOCTH ()POHTA UMITYJIbCA, HECOM3MEPUMO Majiasi TI0 CpaBHe-
HUIO C JTTUTENHFHOCTHIO CAMOTO MMITYJIbCa, T.€. IPUMEPHO B JECITH pa3
MeHbImag. Torna HakoIIeHHAs B KOHAEHCATOPE, BKIFOUEHHOM BO BTO-
PYIO LIeTb, SHEPTUs OyAeT HEOIrPaHUUYCHHO PACTH CO BPEMEHEM.

MrHoBeHHasi MOIIIHOCTh KaXKJIOTO MMITYJIbCa MMEIOIIETO JINTEh-
HOCTE T, coCcTaBHT:

Li?
pL= —, Br, (5.13)
2T

Hu, €CJIIn (I)OpMa HUMITyJIbCa COOTBETCTBYCT MCAH/APY, TO €CTh AJIUTCIIb-
HOCTb MMITYJIbCA U AJIUTCIBHOCTD I1ay3bl paBHBI, TO 06]]_[8.5{ MOIIIHOCTH
COCTaBHT:

FLi2
PL.= —,Br, (5.14)
4

Ecnu panuychl mepBUYHOM OOMOTKH It M1 BTOPUYHOH I HE paBHHI,
TO

I’12FL i
PL.= — Br. (5.15)
4 r22
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35ech cuenyeT y4ecTh, 4TO OTHOIICHUE PAJNyCOB HE TOJKHO OBITH
OOJBIINM, TIOCKOJIBKY 3aBUCHMOCTD 3]1eCh HEJIMHEHHAs, U e¢ elle Mmpe/-
CTOUT YCTaHOBUTb.

[locTosiHHAs BpeMEHM LMW KIIIOY — NEpBUYHAs OOMOTKA TpaHC-
dhopmaropa cocTaBseT

Tir=L/R, (5.16)

rae L — vHayKTHBHOCTH niepBUYHON 00MOTKH, ['H, R — compoTtuBieHme
KJIIOYa B OTKPBITOM COCTOSIHUH.

Ecnu anutenbHOCTh MMITYNIbCa PaBHA MOCTOSIHHOW BpPEeMEHH IIeTH
KITI0Y-TIEpBHYHAsE 0OMOTKa TpaHc(opmaTopa, TO 3a BpeMs JIHTEIHHO-
CTH UMITyJIbCa TOK B IIEMH BbIpacTeT a0 3HaueHus 0,632 monHoro toka
Npy TMHTAaHWW IIEMU MOCTOSHHBIM TOKOM. Toraa oOmas mpenenbHas
MOIIIHOCTD, KOTOPYIO MOYKHO TIOJTyYHTh, COCTaBUT:

0,6322Rr?i? r?
P, = =0,1Ri2—, Br (5.17)
4 r22 I"z2

ITpu oTHOWICHUH PagUyCOB 1/ I = 2 TONyYUM 3HAYCHHE MPEIEITh-
HOU MOIIIHOCTH

P.= 04Ri?% Br. (5.18)
[Ipu otHOmEHNH panuycos rl /12 = 3 nomyuum:
P.= 09Ri% Br (5.19)

IIpn vanpsoxernn nutaaus U = 100 B u conpoTuBneHnn OTKPHITO-
ro ximroua B 100 Om BenmumHA TOKa COCTaBUT 1 A U mipeaesbHas MOoy-
yaeMasi MOIIHOCTh B nepBoM cityyae coctasut 40 Bt, Bo Bropom — 90
Br. Ecium e OyayT mpuMeHEHbI KII04H, CIocoOHbIe Tiporyckats 10 A.,
TO B TIEPBOM CIIydae MpeesbHas MOIIHOCTh cocTaBUT 4 kBT, BO BTO-
pom 9 kBT. MomHoCTh e 3aTpauMBaeMas Ha MOJJep:KaHHe Mpolecca
B 06oux ciydasx cocrasut 0,1 R i, T. e. npu Toxe B 1A 10 BT, npu To-
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ke B 10 A — 1 xBt. DTa MOmHOCTD BBIAETSAETCS HA KIIOUE, 9TO TPEOyeT
NPUHATHS CEPBE3HBIX MEP JUIS €r0 OXJIaKACHHS.

IIpn 3HaYeHNH WHIYKTHBHOCTH NepBUYHOW oOMOTKH B 100 MKI'H
nocTossHHas BpeMeHu nenu coctaut 1074100 = 107 ¢, cnenosarens-
HO, yacToTa nepekatoueHuii cocraBut 500 k[, a ¢ yueTom HeoOXonu-
MOW KpYTU3HBI (DPOHTOB HaCTOTHAs XapaKTEpUCTHKA KII0Ya IOJKHA
OBITH He XyXKe, yeM SmI 1.

Ecnu MHOYKTUBHOCTH MepBUYHON 0OMOTKH cocTaBiser 100 Mx['H
=10 I'n, a yacTOTA MOBTOPEHMUS UMITYJILCOB cocTaBisieT 1 mI'm = 106
I'n, To mpu TOKe B UMIylbCce, paBHOM | A, MOIIHOCTP MarHUTHOIO
monst coctaBut 100 Brt. [Ipu Gompmmx gactorax oHa OyneT cOOTBET-
CTBEHHO OOJIBIIICH, €CIH 3a BpeMsl AIUTEIBHOCTH UMITYJIbCa TOK B TIep-
BUYHOW OOMOTKE YCIEeT yCTaHOBUTHCA 10 MOJHOro 3HaueHus. Ilpu
3TOM UIUTEIIBHOCTb, KaK NMEPEIHEro, TaK M 3aJHEro (POHTOB AOIDKHA
Ka)JIOTO COCTaBIATh He Ooree 0,1 OT ATUTEIBHOCTH CaMOT0 UMITYJIbCA.

W3 U310KEHHOTO BBITEKAET, YTO JISl TOBBIIICHHUS BHIXOJHOW MOII-
HOCTH CJIeJyeT HAalTH ONTHMalbHOE OTHOILICHHE IUaMETPOB IEpBHY-
HOW M BTOPUYHOW OOMOTOK, a TaKKE CTPEMHTHCS K TOBBIIICHUIO Ya-
CTOTHI TIEPEKIIIOYCHHUS TOKa KIIFOYEM, YTO BO3MOXKHO JIMIIb MPH MOBHI-
IIEHUH €ro CONPOTHBJICHMS, a 3HAYUT, IIOBBIIICHUS MHUTAIOLIETO
HaNpsDKEHUS 1 COOTBETCTBEHHO BBIACIISIEMOM Ha KITI0YE MOIIHOCTH.

[MpoBeneHHbIE U3MEPEHUSI TTOKA3aIH, YTO C YBEIMYCHUEM CEUCHUS
NpOBOJIa yJeNbHAss MHAYKTHBHOCTH MPOBOJia yMeHbInaercs. [Ipu yBe-
JMYCHUN CEYEHHS NPOBOJAA €r0 WHAYKTHBHOCTH CHIKAETCS IO JIOTa-
pudmryeckomy 3akony (tabdimia 6.1):

Tabununa 6.1.

2

CedeHne npoBosia, MM~ Y AeibHas MHIYKTHBHOCTB, MKI H/M

0,35 1,65
0,5 1,45
0,75 1,2

1,0 0,97

HpI/I pacueTe MHAYKTUBHOCTU COJICHOUZAOB, KAK IIPAaBUJIO, HEC Yy4HU-
ThIBACTCA CEYCHUE CaMUX ITPOBOJOB, OTO HCIIPAaBUJIIBHO. Tewm HE MCHCC,
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OJIHUM U3 ITyTel COKpAIeHUS 3HAaYCHWH MHAYKTUBHOCTH JUIA MOJTyde-
HHUSI KOPOTKUX (POHTOB SABJISIETCS! YBEJIMYEHHE CEUYEHHs NPOBOJA Ka-
TYILIKH.

CymecTByeT M BTOPOH croco0 — yBeIHueHHE aKTHBHOTO COIPO-
TUBJICHUS LIENH JUIsl YMEHBIICHUS [TOCTOSSHHOW BPEMEHHM LIETH, HO Ta-
KOH c1oco® He BBINOJCH, T.K. HOTPeOyeT yBEIUYEHHUs] MOIIHOCTH UM-
mynsca. KpoMe TOro, Ha BBICOKHX YacTOTax JOJDKEH ChITpaTh CBOIO
POJb CKUH-3()()EKT, B COOTBETCTBUU C KOTOPHIM B IEPBHUYHON KaTyIIKe
MHIYKTUBHOCTU OYyJeT HCIOJIb30BAaHO HE BCE CEYEHHE IPOBOAA, a
TOJIBKO TIOBEPXHOCTHBIH CJIOH, KOTOPBIA MPUBEIET K BO3PACTAaHUIO AK-
THUBHOT'O COIPOTHUBIIEHUS LIETIH.

Takum o0pa3oMm, yBenWUYeHHE CEYCHHS MPOBOJAA TNEPBUYHON 00-
MOTKH SIBJISIETCSl HAWIYYIIMM CHOCOOOM ISl COKpAICHUs ATUTEIbHO-
cTH (POHTOB UMITYJILCOB, YTO U cJieNlaHO B TpaHcdopmarope Tecisi:
nepBUYHAsi 0OMOTKA BBIIIOJIHEHA U3 TOJCTOTO IMPOBOAA, HMEIOILETO Ce-
YEHHE JECATKH M COTHU KBaJPaTHBIX MUJUIIMETPOB.

[Mpu Hanpspoxkennu nuranust kamoda U = 1000 B, R = 100 Om u Toke
B 10 A BeIzeNsseMas Ha KJIrode MoITHOCTE cocTaBuT 10 kBT, a BeIgaBa-
€Masi MOIIIHOCTb C yYETOM ITOTEPH Ha BO3BPATHYIO MOLTHOCTh COCTABUT
B niepBoM cirydae 30 kBT, Bo BTopoMm — 80 kBT.

Tecna B cBoMx TpaHchopMaTopax MpUMEHsSIT 4acTOTHI nopsiaka 200
k['1, MOXKHO IpeanonaraTb, 4TO Takas 4acTOTa SBISIETCS ONTHMAIIb-
HOMU, 10 KpaitHel Mepe, JJIsl Ha4albHOM CTauu padoT.

Pacuer 3apsHON €MKOCTH, IIYHTHPYHOUIEH LENb MUTAHUS JIEK-
TPOHHOM CXEMBI NMPOU3BEAEM, UCXOJS U3 COOTHOIUEHUS Ul IEKTPH-
YECKOT0 3apsaa

Q=CU=IT, (5.20)
NMCEM
iT
c= (5.21)
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Ecnm Best anekTpoHHAs cxema muTtaeTcst oT Hanpsokenus 100 B, To
npu Toke i = 1 A u mmarensHocTn umnyasca 7= 108 ¢ (F = 0,5 MI'n),
HOJTYYHM:

C=0,01 Mx®.

OpHako 34€ch IPEAIoIaraeTcsl NOJIHbIM paspsal eMKOCTH, YTO He-
nenecoodpasno. s Toro 4roObl €MKOCTh yJep:KHBaia HampsuKEHHE
NUTaHUs B Npeziesiax u3MeHeHul He 6onee 1%, HY)KHO yBEIHYHTH €€ B
100 pa3, ciaemoBaTenpHO, Ul MPUBEACHHOIO IpUMEPA OOCTATOYHO
UMETh 3Ha4eHHe IyHTHUpYyromei emkoctn 1 Mk® nipu pabodyem Hamps-
skeHun B 100 B. u gacToTHBIX XapakTepucTukax g0 1-2mlm.

ITpu pabouem nampspkennu B 1000 B 1 Toke nmirynsca B10 A mo-
TpeOyeTcs KOHIEHCAaTOp €MKOCThI0 Toi ke 1 mMx® mpu pabouem
HarnpspkeHud B 1000 B 1 Tex ke 9acTOTHBIX XapaKTepUCTUKAX.

Takum 00pa3oM, BBIPUCOBBIBACTCS CIEAYIOMIMN MPUHIMIT pabOTHI
YCTpOMCTBA /711 TOJYyUYESHUs SHEPTHH U3 3dupa.

B nepBuuHyto (BHEIIHIOW) 0OMOTKY TpaHcopMaTopa ¢ BO3MOKHO
0oJiee BBICOKOH 4YacCTOTOM MOBTOPEHHS MOCTYIAIOT UMITYJIBCHI TOKa C
KOpoTkMMHU (poHTamMu. C BTOpUYHONM OOMOTKH, MMEIOIIeH Oosbliee
YHCIIO BUTKOB, YeM IEPBHUYHAS, CHUMAIOTCS WMIIYJIbCHI U Yepe3 BBI-
MPSIMUTEIBHBINA THOJ TIOCTYMAIOT Ha KOHJEHCATOp, IIYHTHUPYIOIIHHA
Lenb MUTAaHUS TeHepaTopa UMITYJIBCOB, YEM OCYIIECTBISETCS MOJIOKHU-
TeJbHAas oO0paTHas CBA3b, NMPHU3BAHHAS MOJJIEPKUBATH BECh IPOLECC.
HauanbHblil 3amycKk BCeW CX€Mbl OCYHIECTBISIETCS OT cTapTrepa — OT-
JIETPHOTO MCTOYHWKA MTUTAaHUS TeHEpaTopa UMITYJIbCOB (ceTh, OaTaped,
AKKyMYJIATOpP), KOTOPBIH MOCE BXOXIEHHUsI YCTPONCTBA B PEKUM, OT-
KITFOYaeTcs.

OHeprust JUIsi BHEUTHETO MOTPEeOUTENs CHUMAeTCsl C TpeThed 00-
MOTKH, NMOMEIIAEMON aHaJOIMYHO BTOPHUYHOHM OOMOTKE BHYTpPbH IEp-
BUYHOW 0OMOTKH. K 3TOi TpeThelt 00MOTKE TaKKe MOAKIIOYASTCS BbI-
NPSAMUTENBHBIN MO/, a 3aTeM CINIAKMBAKOIIMK KoHaeHcaTop. Ilomy-
YEeHHOE MOCTOSHHOE HANpSKEHHE MOXKET HCIOIB30BaThCs JIMOO HEMo-
CpeICTBEHHO, OO Yepe3 COOTBETCTBYIOLIME IpeoOpa3oBaTemu, mpe-
oOpasyrolue IOCTOSHHBIM TOK B BUJ 3HEPIMM, HEOOXOIUMBIN MOTpe-
ourento.
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6.8. Oco0eHHOCTH MOJI0KUTETbHOI 00pPaTHOM CBA3U U pe-
ryJMpOBaHNe JHEPreTHYECKNX MOTOKOB

CamormnoaepxuBaHue MpoLecca U3BJICUECHUSI SHEPIHUU U3 OKpYXKa-
OIEel cpenpl pH 000K cXeMe BO3MOYKHO JIMIIG B TOM CITydae, €Ccliu
9acTh MOJyYEHHON 3HEPTHUHU HANpaBisieTcsa Ha BXOJ yCTPOUCTBA,
9TO 3HAYMT, YTO CHCTEMa JOJKHA OBITh OXBaueHa MOJIOKUTENBHON 00-
paTHOM CBsI3pI0 U KO3(HULUUEHT YCHIEHUS] 3aMKHYTOH LIEMH NOJDKEH
OBbITh paBeH equnuIe (puc. 6.12).

Ecnu Ha BXOJ cHCTEMBI BO3BPALAETCS] SHEPTUU MEHBIIE, YEM HY K-
HO JUIsl OAZepKaHus paboyero mpouecca, MpoLecc HeM30exKHO 3aTyX-
HeT. 3aTyxaHHue Mpolecca JIaxe HOCAIIETO KoieOaTeNbHBIA XapakTep,
O6LI‘IHO IMPOUCXOJUT 110 SKCIIOHCHINAJIbHOMY 3aKOHY, IIPUYCM ITOKa3a-
TeJIb HKCIIOHEHTH! UIMEET OTPHLIATEIbHBIN 3HAK.

Ecmn xe xoaddunmedT ycuineHns 3aMKHYTON LEeNmu OOJbIle eau-
HUIIBI, TO CUCTEMA HAYUHACT HAKAIJIMBATh S9HCPIrUio, IIpoOUCcCC pa3sBUBa-
€TCsl MO 3KCIIOHEHIMAJIBFHOMY 3aKOHY, HO II0Ka3aTelb SKCIIOHEHTHI
MMeeT TOJIOKUTEIbHBIN 3HaK, M CUCTEMa UIET B pa3HOC.

B sTOM cityuae B cuctemMe HaxOAMTCSl Kakoe-1u0o ciabeiiiiee 3Be-
HO, KOTOPO€ BBIXOJUT U3 CTPOS M MpepbiBaeT npouecc. OIHUM U3 Ba-
PHAHTOB TAKOT'O COOBITHS SIBIISIETCS B3PHIB.

ngIX
—

OBbIX QBbIX ’

6) 8)

Puc. 6.12. JHepreTnyeckasi yCTAHOBKA, OXBaueHHasl MOJIOKUTEJIbHOIH 00paT-
HOIi CBSAI3bIO: a) CTPYKTYpa; 6) 3aTyXaloLuil NepexoIHOH MPOLECC; 6) PaCcXOIIIHHCS
NEPEXOAHON Mpolecc
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ObecreuynTh TOYHOE PABEHCTBO €AMHHUIIE KOA(PDUIINEHTA yCUIISHUS
3aMKHYTOM I1eTi 0e3 peryJMpOBaHuUs MPAKTUYCCKH HE TPEACTABIIAETCS
BO3MOXHBIM, BO BCEX CIy4asx pa0doTa Takoil CHCTEeMBbI OyIET HEeYCTOM-
YHUBOH, OHA JTMOO OCTAHOBHUTCS, JINOO IMMOUIET B pa3HOC.

st Toro 4ToOBI ATOrO HE MPOM3OIUIO, B CHCTEMY, OXBAUCHHYO
MOJIOKUTEIIEHOM 00paTHOM CBSI3bI0, 00S13aTEIBHO JIOJDKEH OBITh BKITIO-
YeH PEryJIsATOp, 3ajJadell KOTOPOTo SIBISICTCS OTPaHUYCHHE TOW 4acTh
SHEPIuu, KOTOpas BO3BpAIIaeTCs Ha BXOJ CHUCTEMBI Yepe3 OOpaTHYIO
CBsI3b. TaKol perynasiTop MOXKET OBITh BBITIOJIHEH HECKOJIBKHMH CIIOCO-
Oamu.

IlepBsIii crmoco® — MPOCTOE OrpaHWYECHHE BEITUYHHBI O00paTHOM
OHEPTHUU HCKOTOPHIM HACBIIAONIUMCA 3BEHOM. Taxkum 3BeHBSIMU MOT'YT
SIBIISIThCSL JIFOOBIC 3BCHBS C HENWHEHHBIMU XapaKTePUCTUKAMH THIA
HACBHIICHNS JKejie3a WM CTaOWIMTPOHOB. B cilyuae WCHONB30BaHUS
TpaHchopMaTopa ¢ KeIe3HbIM CEPACUYHUKOM YBEIUUCHUE HAINPSHKCHUS
B NIEPBUYHON OOMOTKE IOCJIC HACHIICHUS CEPACYHUKA HE MPHUBOIUT K
YBEITUUCHHUIO HANPSOIKCHUST HA BTOPUYHOM 00MOTKe. B ciydae mcmosnb-
30BaHUA CTa6I/IJ'II/ITpOHOB I/I36BITO'—IH&H OHEPTHA HAIIPABJIIACTCA B OGXO}I
1enu oOpaTHOH CBS3M, YeM M OTPaHUYMBAETCA MOCTYIUICHHE SHEPTUH
Ha BXOJ] CUCTEMBI.

6.9. DpupoauHaMuyecKue reHepaTopbl FIHEPrun

6.9.1.Cmpyxkmypuas cxema makema IQupoounHamuueckozo 2eHe-
pamopa nepzuu

Ha ocHOBe BBICKa3aHHBIX BBILIE COOOPaKEHUH MOXET OBITh Mpea-
JIOKCHA IPUHOUIIMAJIbHAasg CX€Ma MaKeTa 3(1)I/IpOJII/IHaMI/IT-IeCKOFO TEHEe-
paropa >Hepruu

Bce ycrpoiicTBO cocTOUT U3 IBYX y310B (puc. 6.13):

— BHCHIHCTO MCTOYHUKA IMUTAHUA, CIIYKAIICTO CTAapTECPOM JId 3a-
MyCKa CXEMBbI;

— re”Heparopa MMIYJIbCOB, coiepxkamiero Tpanchopmarop Tecinsl,
MMEIOIUI TPH KaTyIIKH — MEPBUYHYIO (HAPYKHYIO) U IB€ BTOPUUHBIX
(BHYTpEHHHX), OZTHA U3 KOTOPBIX CIYXKHT JJIsl CO3/IaHMs LETIN MOIO0XKH-
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TETHLHON OOpaTHOW CBSI3W, a BTOpAs SBISCTCS BHIXOAHOU, MOAKITIOYAC-
MO uepe3 BBIIPSIMUTENBHBIA MOCT K Harpys3Ke.

FeHepaToOp 3Heprum

Llenb obpaTHOM cBA3MN

Craptep P; U, 2
U P
BR > » > >
C _l W31
£
A 4

Pz
I@/ y

Puc. 6.13. BapnaHT 6,10K-cXeMbl MaKeTa JJIs1 MOJyYeHHs] SJHEPTHH U3 dpupa:
BIT — 6nox nutanus; Tp — tpanchopmarop; Wi — nepBudHas KaTylka TpaHchopmaTo-
pa; W2 — karymka obparHoii cBsi3u; W3 — BEIXOAHAs KaTymika Tpanchopmaropa; C1 —
3apsgHas eMKOCTh muTaHusl; C2 — eMKOCTh KOHTYypa (He YCTaHOBJIICHO, HY)KHA JIH OHA);
P1 — paspsaauk npsmoit ces3u (Ur mpobos mopsinka 1 kB/ Mm); P2 — paspsmank (vmn
nuon) oopatHoit cBa3u (U2 > Ur); P3 — paspsaaHuk (MM cxema) OrpaHHYEeHUs HalpshKe-
aust (Us> Uz ); |1 — Tok B 11enu nepBuuHOM 06MOTKH TpaHchopmaTopa; |2 — Tok B rienu
o0patHo#t cBs31; |3 — Tok B Lenu c6poca n30bITOUHOI SHEpruu; B — BbIXO.
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IIpuMeHHTENPHO K MaKeTy [EeIeco00pa3HO KATYIIKH BBHITTOTHUTH B
CIIEYIOIIEM BapHaHTe:

1. Ileppuunas — 4-5 BHTKOB NIPOBOAA JHAMETPOM 6-8 MM WJIH
TUTOCKOM MIMHBI (MEIHOW WM aTIOMHUHHEBOH); AMAMETP KaTYyIIK{ II0-
panka 15-20 cm, paccTosiHie MEXIy MPOBOJIAMH B CBETY HOpsiika 4-6-
MM;
2. Bropuunas (katymika oopatHoii c¢Bsizu) — 10-20 BUTKOB mpoBoa
quaMetpoMm 1,5-2 MM, IuameTp KaTylIKH nopsiaka 4-5 cM, paccTOsHHE
MeXJly IPOBOJAMH B CBETY MOpsAKa 2-3 MM;

3. BropuuHas (BBIXOJHAs) — BUTKH MOAOUPAIOTCS B 3aBUCHMOCTH
OT BEJIMYMHBI BBIXOTHOTO HAMPSDKEHISI, TIOTy4aeMoro Ha Harpyske, HO
9TO, BEPOSITHO, BCETO JIMIIb HECKOJIBKO JIECSITKOB BUTKOB TpoBoaa (0,5-1
MM.

Bropast u TpeThsi KaTyIIKH pacIoiararoTcsl COOCHO BHYTPH Tep-
BUYHON OOMOTKH, CEpIEYHMK He HykeH. KolndyecTBo BUTKOB BTOpHY-
HOW OOMOTKM OOpaTHOM CBSA3M JOJDKHO MOJOMPAThCS B MPOIECCE OT-
TaJIKU.

Bce IMPUMCHSICMBIC DJICMCHTBI JTOJIKHBI GBITB JOCTAaTOYHO BBICOKO-
YaCTOTHBIMHW W JOJI’)KHBI MMETH 3arachbl II0 pa60‘H/IM HaIpsAKCHUAM.
[IpenenpHbIE YacTOTHI, HA KOTOPHIE JOJDKHBI OBITH PAacCUMTAHBI BCE
AJIEMEHTBI CXEMBI, JOJKHBI HCXOJIUTh U3 IJIUTEIHLHOCTH (hPOHTOB C He-
KOTOpBIM 3amacoM. Hanpumep, [t obecniedeHust JUIMTENbHOCTH (QPOH-
ToB B 0,1 MKC HEOOXOAMMO, YTOOKI BCE JIEMEHTHI, BKJIIOUAs BCE MHUK-
POCXEMBI, TPAH3UCTOPHI, EMKOCTH W JHMOMBI, MOTJIH paboTaTh B pado-
yeM pexuMe Ha dactoTax He MeHee 5 mlm. Otnaaka ycTpoicTBa
JO0JIDKHA IMPOU3BOJUTHCA IO KAXAOMY Y31y B OTACIIBHOCTH C YUETOM UX
Harpy3Kky Ha MOCJIEAyIOIINeE e B o01Iei cxeme.

[Ipu noxOope mapameTpoB 0OMOTOK TpaHchoOpMaTOpa CIEAYET UC-
XOOUTh U3 HCO6XOZII/IMOCTI/I obecrieueHust ABYX IIOJIOKCHUA:

1. mpeBBIIICHUS] BBIXOIHOIO HAINpsDKeHMs Ha BbIxoze oOMoTku II
HanpsDKEHUs! TMTaHUS! UMITYJIbCHOTO TeHEepaTopa;

2. TIPEBBIMICHAS 3HAYCHUS BBIXOAHOW MOIIHOCTH TOH, KOTOpasl 1MO-
Tpe6n51eTcs1 HUMITYJIBCHBIM I'€HEPATOPOM.

O0a 5T TON0XKEHUsI AOJLKHBI OBITH MOJyYeHBI B PA30MKHYTOM pe-
KUMe U 0€3 WX BBITIOJHEHHUS 3aMbIKaHWE IOJIOKUTENBHON 00paTHOM
CBSI3H OECCMBICIIEHHO.
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3amada moxbopa mapameTpoB (3HaueHuit eMkoctel Ci u Cz, cOOT-
HOLICHUS! JUAMETPOB M BUTKOB IIE€PBUYHOM W BTOPHUYHOM KaTyllek,
3HaueHui Hanpspkenuit Uy, Uy, Us) 3akimovaeTcst B TOM, 9YTOOBI TOK 00-
patHoii cBs3u |, cTaHOBMIICS Kak MOXKHO OOJIbILIE TIPU COOTBETCTBYIO-
IeM yMeHbIIeHnn Toka li. 3amada OyeT BhIMONHEHA, €Cli TIPH Hallu-
guu ToKa o Tok |1 pekparuTcs moaHOCThIO. BO3HUKHOBEHME TOKA |3 B
LENH OTpaHUYECHHUsI CBUICTENbCTBYET O MOJYYCHUH W30BITOYHON dHEp-
THH.

B nenu nutanHust nepBUYHON 0OMOTKM Hepen pa3psiiHUKOM, BEpO-
ATHO, 11€JIeCO00pPa3HO YCTAHOBUTH JIBE MOCIENOBATENbHBIX WHIAYKTHB-
HOCTH, niepBast — nopsiaka 10 mI'H, Bropass — 1 -2 MI'H; B MecTe coenu-
HEHMS MHIYKTUBHOCTEH MOIKIIOUYNTH KOHACHCATOP E€MKOCTBIO IIEPBBIH
10 1. n®, BTOpOI (BBIXOAHOM, mepen pa3zpsaHUKOM) -1 T. ndD. Ouns-
TPaLMOHHBIN KOHIIEHCATOP, YCTAHOBIICHHBIHM TOCIE BBIIPSIMUTENS U 10
MEePBOH MHIYKTHBHOCTH, MOXKET OBITh I0OBIM, mopsinka 0,1-10 mx®,
HO Ha COOTBETCTBYIOIIEE HANpsDKEHHE, BEpOATHO, mopsaka 3 kB. O06-
paTHYIO CBsA3b 3aBOJUTh HA IEPBbIA KOHJeHcaTop. Bcece mapamerpsl
OpPUEHTUPOBOYHEIE.

Otnaznka ycTpoicTBa JOIDKHA MPOU3BOAUTHCS 110 KaXKIOMY Y311y B
OTJIETFHOCTH C YY€TOM HMX Harpy3Kd Ha Mocjeylolue Ienu B o0men
CXeMe.

ITpu nmonbope napamMeTpoB 0OMOTOK TpaHCHOpMATOpa CIEAYET HC-
XOJIUTh M3 HEOOXOIUMOCTH O0CCIICUSHMSI IBYX TIOJIOKCHHUIA:

1. TpeBBIIEHUsS] BBIXOJHOTO HAMpPSKEHUS HAa BbIXoAe oOMOTKH I
HaNpsDKEHUS! TMTaHUS! UMITYJIbCHOTO TeHepaTopa;

2. TIpeBBILICHUS 3HAYECHUs BBIXOJHON MOLIHOCTH TOM, KOTOpast 1o-
TpeOsieTcst UMITYIIbCHBIM TEHEPATOPOM.

3amava noabopa mapamerpoB (3HaueHuit emkoctTet C1 u Ca, cOOT-
HOLICHUS! JIWAMETPOB M BUTKOB IMEPBUYHOM W BTOPUYHOM KaTylIek,
3HadeHuit Hanpsokernid Ui, Uz, Us) 3akimrouaercst B TOM, 4TOOBI TOK 00-
paTHOU CBs3M |, CTAaHOBUIICS KaK MOKHO OOJIBITIE TIPH COOTBETCTBYIO-
IeM yMeHbIIeHNH Toka l1. 3ajava OyAeT BINOIHEHA, eClid TpU Hallu-
ynn Toka o Tok |1 mpekpaTutcs monHocThI0. Bo3HMKHOBEHHE TOKa |3 B
[EeNH OTPaHHYCHHUsS] CBHJIETENBCTBYET O MOJYYCHUH U30BITOYHON dHEp-
THH.
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CrnenyeT chenaTh MpeIOCTEPEKEHNE OTHOCHUTENBHO TEXHHUKH 0e3-
OMACHOCTH: HEJIb3s JTUTEIHLHOS BPEMs HAaXOJIUThCsS BOIW3U paboTaro-
e CXeMbl, T.K. ITyJbCUPYIOIINE BRICOKOYACTOTHBIE MarHUTHBIE IO
OKa3bIBAIOT BpemHoe BozfeiicTBue. [loaTomy criemyer pyKOBOACTBO-
BaTbCsl MPOCTHIM TPABUIOM: BCE M3MEHEHHUS B CXEME MPOU3BOJUTH
TOJIBKO TPHU BBIKIIOYCHHOM NMUTaHUU. Bo Bce BpeMs OTIagku BKIIOUE-
HUE THTaHUS JTOMKHO OBITh KPAaTKOBPEMEHHBIM M TOJBKO Ha TEPHO
CHSATHS IOKa3aHUN PUOOPOB.

HacTosimiee ycTpoicTBO He OBLJIO M3rOTOBJIEHO JIaXe B BHJIC MakKe-
Ta, XOTA TOJOOHBIE TIOMBITKH OBLIH MpeanpuHSTE. CaMo sBIeHHE OBI-
JIO TIOATBEPIKIECHO TE€M, YTO MMEJI MECTO CIIy4aidl MpoOOsi BUTKOB BTO-
PUYHON OOMOTKHM C 3aropaHueM IUIAMEHEM 3CJICHOTO I[BETa BBICOTOU
OKOII0 OfHOTO caHThMeTpa. OJHAKO TOBTOPUTH pe3yibTaTa He yla-
JIOCh, XOTS CTaJO0 MOHATHO, YTO BCE 3TO TpeOyeT IIaHOMEPHOU paboTHl,
MIPOBECTH KOTOPYIO B TO BpeMs HE YAAIOCh.

6.9.2. Dpuponnnamuyeckuii reneparop Tapuras Ka-
naHajase

I'py3uackum m3o0peraterem u3 Lixanty6o (I'pysus) Tapudnem
Kananan3e Obina paspaboTaHa coOCTBEHHas cCXeMa YCTPOWCTBA ISt
MOJY4YEHUs SHEPTUH U3 3(upa, B KOTOPOH pe30HaHCY OOMOTOK NpHIa-
ercs ocoboe 3HaueHHe. He moiy4nB maTeHTa Ha CBOE M300peTEHHE B
Poccun, un He 3axoTeB monyuuth ero B I'pysun, Kamanaaze momydni
ero B Typruu (marent Ne WO 2008/103129 Al or 28 aBrycra 2008 r.).
B 2007 r. oH IeMOHCTpUPOBAI MaKETHbIM 00pa3el] YCTaHOBKH, 3aIlyc-
KaeMbIii OT aBTOMOOMJIBHOTO aKKyMYJISITOpa M M3bIMACMBbIi M3 yCTPOH-
CTBa IOCJIE 3aIycKa nporecca. Jlanee ycraHoBKa paboTana HOITHOCTBIO
ABTOHOMHO, CaMOMIOAJICPKHUBAsCh U IOTPeOsisl SHEpruo u3 3¢wupa.
OOmast MoIIHOCTh, BhIpaOaThiBacMasi ycTaHOBKOH Kamananse cocras-
nsma 5 kBT: mATP OAMHAKOBBIX JlaMIa HAaKaJIWBaHUSA, PACCUYUTAHHBIX
kaxzas Ha 1 kBt momHocTH, cBeTHIIMCh ONHBIM HakajoM. [locie ne-
MOHCTpAIMK YCTaHOBKA pa3dupaacs.

Kamananze yTtBepxman, 94To UM OmMpoOOBAaHO YCTPOWCTBO aHAaJo-
TUYHOTO TUTA MOIMTHOCTRIO B 200 kBT 1, Takum 006pa3oM, B MPUHITATIC
SHEpreTUUecKas mpodiemMa perieHa.
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B 2009 r. T.Kananazase mpoaeMOHCTPHPOBAT BTOPOH MaKeT, BhIpa-
OatpiBatomuii 3 KBT 3nexTposHEpruu, 3amycKaeMblil yKe He OT aKKy-
MyJsITOpa, a oT OaTtapeiikun «KpoHa» M Takke MOcie 3amycka pabdora-
0K aBTOHOMHO. ['eHepaTop OblT cOOpaH B MJIEKCUTIIACOBOM KOPITY-
ce, U BCE ero BHYTPEHHEE yCTPOICTBO OBLIO BUIHO.

B Tom xe rogy T.Kamanamze yxxe B Typuun pazpabotan ycTpoi-
CTBO, BeIpabateiBatomiee 100 kBT anekTposHepruu B Buae Tpex(asHoro
TOKa IIPOMBIIIJICHHON YaCTOTHI U HANPSDKEHUS.

B Ilpunoxxennn 2 mpuBeneHs! ¢potorpadun maketoB Kananamze u
¢parMeHTBl WX JAeMOHCTpanmid. Tam ke TpUBeIeH MaTeHT
T.Kananangze.
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1. AmokoBeknii B.A. O0miast »>dupoauHamuka. DdupoarnHamu-
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3. AmokoBckuii B.A. Dueprus Bokpyr Hac. M.: «Iletur», 2009.
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ManBpeTeHs OTHGCHTCA K INGETEOaHERIBTHRD W MOKET STk HCNONLIOBEHD B CHOTEMEX
ANEKTROCHABHEHMA DE2NHMHHEN CPED HEPDOHOMD XO3ARCTEE: NPOMBLLINEHHGCTH, CENBCROM
HOAARCTES, GHOPOHHSN, TRAHENOPTHRE W GuToasx ofkaKToE.

Hapecmil YCTROHCTES NOMPHEHAR BNEETRIHGCKOR DHERTHM G WCNONS3082HAEM DEIPROE
Goneund nnaTHORTH [1]. Ero HEROCTATHOM RENRETCA TO, 4TO GHG WMEET MANWE MHEPRETHSSCHA
BRIEE W HE MOEET BRITE HERGNEIEEHD LA NROMEILNEHHER YENEA.

HawBonss BNMIMMM K JaRENEHHGMY YETRORGTEY MOMYJEHAR ANEKTRMECKOR SHEPTUN ABNRSTCA
TpeHecpopratop Tecna, npeasreenmsaupi coboll anekTpiueCkoe YOTRORCTRG
TREHEDOPMATORHOMD TR, CryHALLSS AN BoslyIEHHA BLICORDBONLTHEN BHOOROHAGTOTHN
woneCaHui B COCTORILIEE W3 AEYR KATYILER WHAYKTHEROCTW, BETAEMAHHEN QDT B ApYTE,
PEIPROHVKE W SNEKTPWHECKIND KOHABHCATORE, 8 TANKE MCTOYHWKE BECOKOBONETHOM
sanpaEeHnn (2], En HeqocTaThoM SENAETCR HUEBME ..

TeHeeCknA PEIYNBTAT JARMEHRONO HIGEPETEHRA JAKNIKHEETCR B NOBHALEHIN BHXOAHOH
SHEPMHH.

TexHMeckHA PEYNETAT 33ABNEHHOTD Wa0GDETEHHR ADCTHIAGTEA TEM, YTO I YCTPORCTEES AN
MOTYHEHWA FNETPMHECH0R GHERME, COGTOAEM W3 NOOKNIKHMAAMOTD K BHELUHEMY METOHHUEY
SNEETRHYSCHOA 3HEPMMM npeabpazoeaTena Mrakor wNEAKEHWA B BLICOKDE, BEICORDE
HANPRMEHWE YEPEE JH00 NOASETCA HE 3APAAHSIA SNAKTPMYECHHA KOHAGHGETOR, & KOTOPOTD
HEKOMNBHHLE JEEA SRR PRIPAIHHE NEDUGRHISCHH NCAISTCR HE NEPBYID KATYLIKY
WHOYETHEHOCTH, BHYTPH KOTOOOH GOO0RS © HEA YETARGENSHE BETODER KETYILKS WHOYKTMEROCTH ©
VEENWMEHHLIM YHCNOM BHTEDE, KOTODAA ¢ KOHORHCATGHOM HACTRORHA B PEIOHIHC C NEPHOLoM
PRIPAANA PAIPAAHAKE W ¢ BOTOROR HENPAXSHWS YEPEI GHOA NEPEJARTOR HA IAPANHKA
INEKTPHYELHMA KOHASHEATSR, & BEXO ANBKTRUYECKDR SHIDOHN BHEWHEMY NoTpaGuTenD
OCYWSCTRNASTER © NOMOLWSH TPETEEA KETYLWKH MHOYKTHIHOCTR, YCTAHOSNSHHOH COOCHD Nepasin
AEYM, COAIAHHOA G HUMA ESEHMEod HHOYRWER B COBGMBEHHOR ¢ DRINPRMHTEREM,

YENOAHAMA NORLILEHAR BHEGGHORA SREPIMM E 33ABNEHHOM #30BDPaTEHIN ABNAINTER BEGOKAE
NPOCTREHCTRAHHEIR TPRANEHTE HANDRMEHHOCTH MATHHTHON KA HA BHEWHE M BHYTREHHERA
MOBSQXHOGTAX KETYLUSK MHAYKTWBHOCTE, YTG ADCTHIEETCA NPOMYGEERREM YEREs NEpRYH KaTyLIRY
MHAYRTHBHOCTH MM NEGE TOKE G KPYTEMAE NEREOHUM W 3BOHAM hposTami,

Kpyrie Gpom e iMiynecs Tokd QOCTHIaTE npMMEHEHREN SHCTPOREACTEYIOWSN KNKYE -
PEIPAAHMES MK INEKTROHHOMD KNKHA, NOAKMGHEHHON K SNEHTRMUSCHOMY EOHASHCETORY,
MHTEEMONY OT HOTOMHHEA RENDAMSHHA. NpH CaMONPoM2ankHOM PRIDRRE WAMIYNEG TOKA
BOAHMKAET M AGGTHREHIN HE ANEKTRWUECHOM KOHLSHEETOPS BHICOHDR PSIHOCTH NOTEHUMANGE,
B IESRDSLEHAE BAEANA T IMT e NOTEHLYWANS HE TOM HE 3NSETRHHECHIM
KOHASHCETOPE HUHE ONPERENEHROTD SHIYEHUA.

[ MENONESCEAHMM SMEHTROHHONS KNKAE BM0 CTEPLERIOT W 23N BT NEPHOIMYECKA
EREMGH YR

Ha weprexe noxazaHa GNoK-CXeME YOTPORCTES NOMyLEes JEKTRHUSCRON JHERMA,
COCTOSWEE WE CTERTepHOR wBeTY | 1 cobicTeerso reweparopa (1

CTapTEpHAR YAGTH | CRYHMMT [LNA S3NYCHA BEEN0 YCTPORCTES NOMYYEHWR SNEKTDUMECKORA
SHEPTMH, MCMONE3YETCR TONBKD B HEMENEHER MOMEHT H COCTOWT HI NOOKNKHASMAND K DHELUNEMY
WCTORHY 1 BNBKTPOSHEDNMN, B KEHSCTEE HOTOPONS: MOMET GHTh HCNONLE0BEHE FNEKTPHHECHER
CETE, SROMYNATOR Wi ANSKTRHYECKSA BaTapan, Npecfpasoaarens 2 HasHOTO HENPRASHWR B
BHCOKDE, AM0IA 3, YE0E3 KOTOPHEA HENPAXEHWE NOOASTCR HA IANAOHHE HEKTPHLEECHMA
KOHAEHGETOR 4 COBCTREEHHO reHEpATODRE | BNEKTRWMECKDRA AHBPTMH.

CoBETREHHD MEHEPATOD ANEKTPHYEENGE JHEPMM | COGEEHAT SAPARHLA koHiaHcarop 4,
GrcTponefcraywml oy 5, B K34aCTES HOTOPOME MOKET BHTh MENONLINBAH PAIPAOHHK MM
SNEKTROHHE KNHCA, EITYLLUKW HHOYKTHEHOGTH & W, Wy, Wa, orpassHuaaniumid sneMaHT T,
OrpaHsH BRI BMNAHTYAY konabauwd B0 BTOPOR KaTYLIKE MHOYSTHEHCCTH W) B navsCTES
KOTORGRD MOTYT BEITE HENANGIOBRHE BEPRCTOR, STROWNOTRGH KNH PEIPARHAIEK, AMeg 9 oBpaTHOR
COAS W QHOAHKE MOcToRod BenpaMement 10,

Pabora yoTpoACTEa NONYHEHUA BNSXTRMMECHDE BHEDMMM COCTONT B CREY:HLEM.

Haspnneksin S3pAH6IM SATPHIECKAM KOHOSHGATOROM 4 OF CTARTERHAMS YETRORcTDN |

G &

5

25
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FEPA, o GEICT oy R TEYHIWUWA Ky 5 NOJSaTEn B Napeyi STy IR FHOYHTHEHDOTH W,
LR B OREYHE G EM TECCTRSACTES ECECWROBETIA MATINTIKNE NO2E G Bailisus
MPOCT AU EHHEIR TPELFEHTOM HENPTHBHROCTH.

Tl ORDHYETTMA PSR WA 1 62 1 DEETo BD ETORYHD FETYIUEY
WHAVKTHEHOCTE W, HANPFKEHAS ETODON KATYILER WY E DK T W'y N0 @il a0peTrRod
CEFRIN, B KOTORYH: K IHHEH Tar B rasenaencn He SE0nHoi 2apRIHEE BREsTpreasui
nonenGaTap 4, er 0oy IISCTRMAATCR NONDHTENEHTR HEaT ik GiEdh, Mo il eatiang
BPArAGHE, 11GOBKI NG AN PAGKAVHY TERSSaTORd, CTERTEPHER HECTE | GTRNIGHAETSA.

JLMA NPEIATBRALLAHAR G0 [ IWEHICH [ias 4 S4eprHM UBCTD BWTHOB BTCRA KaTyIWRN
WK | MEHOCTA WYy WYHTURPETIR CTEOMNMAMPYIILKAE #ncme e 8,

FHERBMMHEEEMLIT |15 JIRH UM SHSE RS KOHIEHCETOPE 4 3NSTPUMaciil 3apan
AeprdGHYEEH OBPBCHEESTIA HEPEA HNKIG § B NEpsyi kU @ RYRTHEHDETI Wy, BOERYT
HOTOPDA W DOpMY AN TTER FY IR EN s ol HHTHOE NOns NDEELUEHHDE AHBPMH.

015 NPEoBRasc2aHHA SHBPMHA NYTECARYHILSM k0 THON NONA B 3NEETEMUBCEY 1T 2HAAr i
BHYTPH nepti KATYLLNS HHOVKTWEHOCTH WCTAHBENSHE ATCHIR KATYLL R MHFIANWIHOETH W 6
WHEMUUESHHEI YHCRCH BATROR, HITOPAR ABMAL FEH (oS MHMEIN MATHWTHOTD N304 W B KITopad &
pEmy R A S IPHEME MEMHKHTHOM NORA, COXGEHACTD NEPE0RA G WInROR Lo YKTHEHSETH WY,
BOSKAKEST MYNPCHPFIWEA 0.4, ANA GBou MEHU HeNpaphlERoTD NANYYSHUR 3.0.0. B3 BTOPOH
Kt VIR MHOYKTHEACSTH W WOTEHBENME3NTT NOACMM 1 e kA o ObpaTHYH: CBASE G NOMALLEH
OMOAE 8, NOAKINIGE KAero KD BTOR0A KETYILKS MHOYKTHEHGCTH Wy W K 2IERJMCHY
Sakeh i PHESROMY KIHAAHCAToD 4. TH0ona EOCTHHCNMM HSeER0IUROR BMNNWTEOH koneoEHA
3005, 11 o KETYIUKE WHIYKTHEHGCTH WWa 20A SELIA 2nciu el EEKNMA KOHOEHCATOR &
HEMAHAST BaPANMATLER OT 20,0, 1IHHALISE B3 BTOROA ¥ETYLING MHOYTEEHOTTHA W3, nocne
SEID CUINE HETOHWE SISKTEW IBOHINT HANER#EHKA, D0uoik-wowed HEdansa npoYacte,
CTHITHOSEETLA -

BLIX00 AHSPMUE BHEWHDKY 15T02ER 1 16 ORYWECTENRBTEA © NOMOLLEK TRETUER RITYIIM
HHAYKIAEHSSTH Vg, YETEHOENBHHOH CICCHD NBPBWE 15 Wy W Wa ¥ CAAZAHHOA © HHMKA
HAAMEASHH Y RUKEH. TTOSEONLEY INCHTPMUGE R AHROIUA, CHIMBEMER © TRETLEH EATYLIMA
MHAXETHHSETH Yy, MMEAT BHOSHYIE SAOTOTY, 4T0 1KaEfed 16 MaGCIE0ra noTpaGnTens, k
HER MOORIHAHEH [0 )RR SOG I sE BENPRMMTENE 10, NEScSpadnoLad Brman-AnTaTHeR
JNEKTRHUBCEME TOK B NOGTORHHLGE JRsiTpn-zeedd TOK, KOTOPET MGHAT HBMCPEQeTBGEIg ik
HEpE SUGTEETETEVHILYAS NPEOGRBI0EITENN ML RS TECH,

Mapesa kay nE WHIZETHBHCOTH Wy COAAAEHE T LUBNLIG Bricreofie o TEaLLpR ke O -
aapmLHER ANeKTEWHacknR koHaencares 4. Mpw 1ok N0 aSecnedsrsa NonoEHTEN:-HoR
CEPETHR Gisse BEXGT BTOROR KETYLUSH HREYKTHEHOGT 1 Yig MaSenBUaH napas guog 9 &

S PG GHORTY BIHEKTPRSECEOMY KOLCNGE Gy 4.

[ eayneTaTe ooyLsBLTEARETCA npauﬁumuwlmﬁ AHepndll MarHaTHOTD NJMA E e ETRAYSCHY IR
SHEPMUK.

[NF BHGEHW FHGEDIAM NOTRCEET e wank yeTsa TRETER KITYLUKE HROYTWANTEW Wiy,
SOCAWHEHHAH & QHOAHE W MOCTOBERM EINpR@renee 10, NPec@oemtlue EHCONCHECTITHHS
#onetEHMA AMCETPOaHED dd B HENPR2HWE TOOTIRHHDNG: TTHIE .
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1. Marent WA M= G013189.

7 FAncnans, A5, 3nakTouHecTaa. M., T, IR Kyiinenoea, 1918, Onaitel Tecne, G434
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opry NG HaohpoTenes
YETROACTES ANA NONYHSHKA S R HEnind SHeprd. COCTOAWLES 1 DR EHZICMOrS K
By MOTOMHWEY SNEETAWHBCGEH Hapraye npeuipasoEsTana HMIKkDn FAnpAREHKRA B
EHGONOS, BOTOR: YEES AMOJ NOOBETCA HE SBPRAKEIR JNCKTTMURCMEA KIHGEHSETOR. G KOTOpoND
HAKAFNEHHEE 3apR0 40663 PAUNSHIHEE IEpA USCkH TOOEATCA 43 NEPEVIO HEITYILEY
ML AuHaGTH, BEHyT DR mmpcﬁ COQCHD © HEA YU LEHAENEHS ETOREA ¥ATYINE MHOYKTHBHOCTH ¢
WIERAHG L W AT BaTHGE, HOTOPEA T ROHSSHCATOROM 16AGT MIRHA B AE0HERC © NERUOO0M
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POAIPANE PAapAAIsG W & KOTAPOR INDAKEHIE YEPES AKMOA NEPAERATEN HA SAPAAHL
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
Domozpagpuu demoncmpayuu makema 3nNeKmpozeHepamopa u
namenm Tapuirna Kananaoze

Puc. 2. UntepBbio Kananajgze koppecnoHIeHTY MeCTHOIf ra3eTsl
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Puc. 4. Bo3aymnslii Tpancpopmartop
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Puc. 6. Ucnosin30Banue BOAOIIPOBO/AA B Ka4eCTBE 3a3eMJICHUSA
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Puc. 8. KnitoBaTTHbIe JIJaMIIbI HATPY3KH
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Puc. 10. I'enepanust S kBT 31eKTpoIHEePrun B aBTOHOMHOM pe:KuMe NpH
OTKJIIOYEHHOM cTapTepe (AKKyMYJIsiTOpe)
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Puc. 12. YcranoBka reneparopa



226 Ipuiioxenue 2.

Puc. 14. To xe
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Puc. 16. BapuanTt Harpy3kH - JJaMIibl HAKaIMBaHHS 0011eif MolIHOCTHIO 3 KBT.
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Puc. 17. PagoTa renepaTopa: reHepupyemMasi MOIIHOCTb 3 KBT,
3anyck ot 0aTtapeu «Kpona»
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(57) Abstract: The independent energy device improved with this invention, starts operation with the initial electric energy received
from the initial energy supply (15) and afterwards generates energy consistently and is characterized to include power switch (1),
capacitor (2), points (3), high frequeney generator (4), first filier (5), first bobbin (6), first frequency adju
r (adjuster) (9), second bobbin (10), second frequency adijuster (11), exit (phas
i), exil (neutral) (13), negative self feeding cable (13a), neutral (grounding) (141, initial power supply (15).

) (positive) (12), positive sell
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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
5 bobbin to second bobbin through a frequency stabilizer, after thythmically 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
10 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.

15 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

20 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

25 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,
30 first filter, first bobbin, first frequency adjuster (this eircuit 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 eleciricity by transferring the electro magnetic
field occurred at the first bobbin with the electric energy received from the independent initial
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
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
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
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 electric energy.

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
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
5 8- Second filter

9- Frequency stabilizer (adjuster)
10- Second bobbin
11- Second frequency adjuster
12- Exit (phase) (positive)

10 12a- Positive transformation cable
13- Exit (neutral)
13a- Negative transformation cable
14- Neutral (grounding)
15- Initial power supply

15 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)

20 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)

25  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 bobbin (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. )

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 electromagnetic 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). At this stage the frequency stabilizer (9) stabilizes the different electromagnetic fields
oceurred 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).

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 eleciric, 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).
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.
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CLAIMS

1- 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
occurred at the first bobbin (6) to second bobbin (10), stabilizing the magnetic field

5 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

10 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).

2- 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).

15 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.

4- 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).
20  5- Anindependent 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
25 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)
30 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
stabilizer (adjuster) (9) to stabilize the electro magnetic field differences ocourred 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
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.

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
enable the device to feed itself with the electric energy generated.

14- An independent encrgy device of Claim 1 wherein characterized to include the initial
power supply (15) to provide the device operates at the first time.
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