[MMPAMM/IBI U IPYTUE TEHEPATOPBI DHEPTOMH®OPMALIMOHHBIX ITIOJIEU Crp. 1

[Mupamugbl u gpyrne reHepaTtopbl
9HEPronHMOpPMaLMOHHbIX NONewn

O-p M. lonbadenba

2. YCNOBUSA BOSHUKHOBEHUSA QHEPFETUYECKWX MOJENV B MMPAMUIOAX

[ns n3rotToBNEHMs Nupamug v Apyrnx reomeTpudecknx uryp 6ol ncnonb3oBaHsbl:
nnacTMacchl; MeTansbl; NAIEHKW; AePEBO; TKaHW U Ap.

Ha nepBom aTtane paboThbl, Obino
N3roTOBMEHO NATb YETbIPEXTPaHHbIX NMMpaMng,
OZHOro
pasmMepa, U3 NATN pPasfiMyHbIX MaTepuarnos.
Bce nupamuabl nogeeLlunsanmcb nooyepesHo
B oHOWM Touke. B Tpex nupamugax
BronokaTtop dukcmpoBan Hanuyue nons. B
ABYX - UHCTPYMEHT Obif NpakTuyeckn
HenoaBwxeH. MHOrokpaTHble NPOBEPKN C
3aMeHoN onepaTtopa He Aanuv Kakomn-nmbo
HOBOW MH(popmaLumn. Bbino BbINOSTHEHO
TecTupoBaHue obpasuoB MaTepmanos.
TecTnpoBaHue nokasaro, YTo nosieBble
CBOMCTBa MaTepuanoB aHOMaslbHbIX
nupamMu CyLeCTBEHHO OTNnYatTCs OT
CBOMWCTB MaTepuanos ocTasbHbIX. bbina
pa3paboTaHa MeTogmMKa BXOOHOro TECTMPOBaHMSA NMobbIx MaTepmanos. 3TO NO3BOMNIO
BCE MMEBLUMECSH B HALLEM pacrnopshkeHun maTepuansl NogenuTb Ha Ase rpynnbl. 1o
KPUTEPUIO NPUTOAHOCTU N5 U3rOTOBEHMS NMPaMUA N APYrMX aHanorm4HbiXx O6bEKTOB
BCE MaTepurarbl MOXHO onpeaennTb Kak:

1. OHeproakTUBHbIE, KOTOPbIE MPAKTUYECKM MIHOBEHHO MONSAPUIYIOTCA NPU M3MEHEHUN
BeKkTopa reonons ().

2. DHepronaccuBHble, NOSie KOTOPbIX HE3HAYNUTENBHO pearnpyeT Ha N3MEHEHNE
BEKTOpa reonons.

B npepenax kaxxgow rpynnbl 3HEProMHTEHCUBHOCTb MaTepuaroB CyLLECTBEHHO
oTnuyaetcs. [Noatomy rpynnbl 66101 pa3butbl Ha NOArPyNMbI.

OTmeTuMm, 4TO MaTepwmansbl, Kak NepPBOW, Tak U BTOPOW rpynn MoryT obnagatb
OAMHaKOBbIMW Apyrnmu ceoncTBamu (5), HaNnpuMep ANEeKTPUIECKUMN,
ONANEKTPUYECKUMN, MarHUTHbIMK U T.4. OgHako, Ans N3roToBNeHus NnMpamMua u
HEKOTOPbIX APYrMX 06BHEKTOB, rae NPpoM3BOAUMbIM NPOAYKTOM SBNSETCA
9HepreTudeckoe nosie, Matepuarbl BTOPOW rpynnbl HenpurogHbl. icnone3osBaHue
9HEProakTMBHOroO Matepuana anst U3aroToBrieHust nipammapbl SIBMsIETCA YCOBUEM,
Heob6XoaUMbIM, HO HE OCTAaTOYHbIM AN1S1 BO3HUKHOBEHMWS QHEPreTUYECKNX NOSEN.

JT0 ycrnosue BTopuyHoe. [lepBuYHbIM YCroBrUEM ABMSETCHA reooumsnyeckas
(aHepreTudyeckas) cuTyaumsi B JaHHOM foKanbHOM pernoHe. KonebaHne aton cutyaumm
NpUBOAUT K KoNnebaHuo aHeprun B nupamuae. Peskme mMaMeHeHus, Tuna MarHUTHbIX
Bypb, (PO30BbIX (PPOHTOB, BLICOKOW COSTHEYHOM aKTUBHOCTM U Ap. NPUBOAALLME K
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N3MEHEHMI0 BEKTOPA reornosis, MoryT HemTpanu3oBaTb 3HEPreTUKy nMpamMuabl, Unv
Aaxe MOMHOCTbIO U3MEHUTb €€ UCXOAHYIO NOSIAPHOCTb. AKPaHUPOBaHWE Nnupamuabl OT
BHELLHNX 3HEPronosien, NnepeBoanT ee B HEUTParbHOE COCTOSIHUE.

3. QHEPTETMKA MMPAMUIbI M BINAHWE EE HA QHEPTETWKY OKPYXAIOLLEN
CPE[ObI.

( B aTom pasgene, B OCHOBHOM, paCcCMOTPEHbI FIMHENHbIE MNONSA Ha NpumMepe 4x-
rPaHHON OTKPbITOM NMpamuabl.)

[ns n3rotoBneHns nupammg xxenatenbHo BbibupaTb Matepuansl, UMerLme
MakcuMarnbHO cOanaHCUMpPOBAHHYO SHEPreTuky. TexHonornyeckme gedexTol
Npoun3BOACTBa, TUNa gucnokauun (5) HapyLarT aHepreTnyeckmn 6anaHc. BxogHoe
TecTupoBaHue no3eonsieT otobpaTb MaTepman C MUHMMAasbHbIMU 3HEPreTUYEeCKUMMN
aedektamu. [pr 3roToBneHMM nNUpammnabl UCXOOHbIE S3HEPreTUYECKME Mo
MaTepuana MoryT nepepacnpenenartscsa. MHTeHCUMBHOCTL NepepacnpeneneHuns
3aBUCUT OT KOHCTPYKLMN N FEOMETPUYECKMX NapaMeTpoB nupamuabl. [1py aTom MoxeT
BO3HWKHYTb NIOKanbHbIN 3HepreTuyecknin gucbanaHc. 3sectHo, 4To nodoe Teno
obrnagaeT BHYTPEHHUM U HapyxHbIM nonsamu (2). Owmbo4HO NpeacTaBnATb, YTO 3TU
NONS XECTKO CBA3aHbl: BHYTPEHHeEe C 06beMOM Tena, a BHELLIHEE C ero NOBEPXHOCTLIO.
[Mpn N3aMeHeHUn BHELLHUX NOJSIEBbIX YCITOBUA MOXET NPOU3ONTU NnepepacnpeneneHme
BHYTPEHHMX 1 HAPY>XHbIX Nofien ansa Hambonbllen agantaumm 4aHHOro Tena K
n3meHuBLLENCS cpeae. [ns NnpoBepkn CBOMCTBA nepepacnpeneneHuns nonen 6oin
BbINOJSTHEH CNEeayoLLMIA AKCNEPUMEHT.

Pacnnas cteapuHa Obin 3anuT B TPU NPOHYMEPOBAHHbIE (POPMbI, ANAMETPOM
100mM. 1 BbicoTor 10 mMm. [NepBas bopma Gbina noMeLleHa B NNOCKOCTU OCHOBaHUSA NO
ocu nupamuabl. Bropas n TpeTbs 6binv yCTaHOBMAEHbI CHAPYXM B TOW XKe MIOCKOCTH, B
KOHTaKTe CO CTeHKamMu nupamuibl, CUMMETPUYHO OTHOCUTENBHO ee ocu. [Nocne
3aTBepAeBaHus U U3BeYeHns M3 popMbl y nepBoro obpasua 6b1510 3aMepeHo
BHellHee none. 1o Bcem NoBEPXHOCTSIM OHO BbINo NonoXxuTtenbHbiM. 3aTem obpasel
ObIN pasgeneH Ha ABe YacTy MO OCEBOM NITOCKOCTU. B pasnome 6bino 3admkcnpoBaHo
oTpuuaTenbHoe none. ViccnegosaHme nonsa BToporo obpasua nokasano, YTo BHELUHee
€ro none oTpuuaTenbHOE, a BHyTPEHHEE - NONOXUTENbHOE. AHANOrMYHOE BHELLHEE
none umen TpeTun obpasel. bes paspyleHnsa B TBEpAOM COCTOSHMM OH Obln NoMeLLeH
noa nupaMmuay B NonoxeHue nepsoro obpasua. Yepes 20 MuHyT TpeTumn obpasel, 6bin
n3srieveH n nposepeH. OH UMeS NOMOXKUTENbHOE BHELLHEE NOSE N oTpuLaTenbHoe
BHyTpeHHee. CnegoBaTtenbHO, NoA BMsSiHAEM NOIEBON cpeabl NMpamMuabl B Matepuane
obpasua npousoLuna nonHaa nepenondpusaumns B TBEPAOM COCTOAHUN. DKCNEPUMEHT
TaKke nokasarn, 4to nupamuaa obnagaet cnocobHOCTLIO HaBA3bIBaTb CBOKO MOMNEBYIO
CTPYKTYpY Haxogsawmmcs B Her o6bekTam. M3 akcnepMmeHTa ACHO, YTo Y
YyeTbIpeXrpaHHOM NMpamMmuabl BHyTPU JOMUHUPYET NMOMOXUTENBHOE NOJie, CHapPYXu
oTpuuaTenibHoe.

Mupamnga ocyLiecTBASET IHEPreTUYECKYH0 OpraHmM3aumio (nonapmsaumio)
OKpy>KatoLwero npoctpaHcTea. o ocu nupamnabl BHU3 1 BBEPX 06pasytoTes uenm
aHepreTUYeckux nupamui. NepBas HUXKHAS aHepreTudeckas nupammaa uMeet
nonoxutenoHoe none. lNepeas BEPXHAA - oTpuuaTenbHOe. [epBble HUXKHAS U BEPXHSS
3HepreTnyeckme nMpammnabl reoMeTpU4ECKn 3epKasibHbl MO OTHOLLEHUIO K peasibHON.
Mocnepytowwme - 3epkanbHbl NO OTHOLLEHUIO K NpeablayLuM. QHepreTuyeckme
nMpamMmuabl pasgeneHbl iMbo y3nomMm MHBEPCUM 3HEPrum (B Criydae KOHTaKTa BEPLLVH)
nnB0o 30HON MHBEPCUM IHEPTUN (B Criydae KOHTakTa OCHOBaHUK). B yane n 3oHe
WHBEPCUM IHEPreTUYECKOE NoSie MEHSET CBOM 3HaK. B ropnsoHTanbHOM HanpaBfieHnn,
nepneHauKynspHO OCx 4-rpaHHON NMpaMnabl B OKpY>KaroLeM NPOCTPaHCTBE
OOMUHMPYET oTpuuaTenbHOe aHepreTnyeckoe none. [lanbHogencTeme BepTUKAIbHbIX U
FOPU3OHTAbHbIX 30H SHEPINN 3aBUCUT OT pa3MepoB NMpamMuabl, €e reoMeTpn4eCcKmnx
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napameTpoB U maTepuana. Pasamepbl aHepreTnyeckmx nupamma (no BbICOTE) MOryT
coBnagaTb UM He coBnagaTb C peanbHOW nMpammaon. Hambonblwas MHTEHCUBHOCTb
nons Ans pasHblX NMpaMmna HaxoauTCsa HUXKE OCHOBaHUSA, Ha pacctoaHum 1/3 - 1/4
BbICOTbl. Hanbonee MHTEHCUBHbBIM NOMEM cpeaun BbiNyKnbIX nnpamug obnagaet 4x-
rpaHHas, ecriv oHa BbINOSIHEHA NO ONTUMarbHbIM NapamMeTpam.

MccnenoBaHme aHepreTMYecKoro ganbHo4eNCTBUA nnpaMmnibl BbiIcCOTON 50CM.
6bI110 BLINOSIHEHO NO OCK B Npeaenax +5 meTtpos. B aTtom ananasoHe 3adnkcMpoBaHbl
Lenn HWXKHUX N BEPXHUX SHEPreTUYECKUX NMpamng. QHeprus nupammabl cBo604HO
npeogoneBaeT NOTOMOYHbIE NePeKpPbITUSA. [lepneHanKynapHO OCU SHePrus NnupaMmmnibl
domkcmpoBanacbh Ha pacctosHuu o 10 meTpoB. Y nupamuibl, 3anofIHEHHOW FPYHTOM,
9TO paccTosiHMe YMEHbLUAETCH B NATb pas. [1poCTpaHCTBO MeXAy OCEBbIMU U
paguanbHbIMU NONSAMM 3aMOSTIHEHO NMPOMEXYTOYHLIMW NONAMM, 3HAYNTENBbHO MEHbLLEN
MHTEHCMBHOCTU. Vicnonb3ysa adhdekT nepepacnpeneneHns nonen MoXxHoO co3gaBatb
nMpamMuapbl C pasnnUyHbIMU NOSIEBLIMU CBONCTBaMU.

1. JOMUHUPYIOLLIEE MNONOXMUTENBHOE NOSE BHYTPU, OTPULIATENBHOE CHaPYXW.
2. loMmunHupytoLee otTpmuaTernibHoOe Nosie BHYTPW, NOSTIOXKUTENBHOE CHaPYXW.
3. JoMuHupytoLLiee NonoXuTenbHoe Nosie BHYTPU U CHapyXu, U T. A.

Y 4x-rpaHHOM NUpamMnabl C 3aKpbITOM MIOCKOCTLHD OCHOBAHUSA NPUCYTCTBYIOT BCE
Nnosisi, CBOMCTBEHHbIE 4N OTKPbITON NUpamMubl. HECKONBbKO MEHSETCS CTPYKTypa noneu
N YMEHbLLAETCH UX UHTEHCUBHOCTb.

[ns Kaxxgaon KOHCTPYKUMN NMpamMuz aKCrnepuMeHTarnbHO onpeaeneHbl reomeTpuyeckme
napamMeTpbl MakCUMarnbHOW 3HepreTuku. [1ns kaxxaon KOHCTPYKUMN B 3aBUCUMOCTU OT
€€ reoMeTpuUn MHTEHCUBHOCTb NOJIS MOXET MEHATLCS B HECKOSTLKO pas. [NapameTpbl
nMpamMm MakCMmManbHOW HEPTrEeTUKN CYLLLIECTBEHHO OTIMYAKOTCH OT NapaMeTpoB,
COOTBETCTBYHOLLMX NPONOPLMSM 30510TOro ceveHnd. [NonyyeHHble pesynbTaThbl
NO3BONUITM PaHXMpoBaTb BCe UCCIeA0BaHHbIE KOHCTPYKLMU NUpamMug, rno ypoBHIO
MaKCUManbHOW MHTEHCUBHOCTM NOSIS.

3.1. BABUCUMOCTb MHTEHCMBHOCTWU SHEPIMW OT YITIA NPV BEPWWHE MPAMWAbLI

McecneposaHusa npoBoavnucb Ha doparmeHTax. Kaxagbin pparMeHT coctosn us
ABYX NPOTUBOMOMOXHbIX rpaHen nupamngpl. dparmeHTbl Obinv M3roToBrneHbl 13 5
pasnUYHbIX SHEProakTUBHbLIX MaTepuanos. [Jns 3amMepoB Nonen ncnonb3osarcs
B6uonokatop 2. 3amepbl NPOBOAUIIUCH: @) B MNIOCKOCTU CUMMETPUM FrpaHen - oceBas
WHTEHCUBHOCTb 1 6) B NNIOCKOCTU, NEPNEHANKYNSIPHON OCEBOWN — paguanbHas
MHTEHCMBHOCTb. BenuunHa yrna npu sepLlinHe rpaHen parMeHToB U3MeHsinach B

anana3soHe ot 30° o 150°.
PesynbTtatbl. ¥ BCcex hparMeHTOB NPOCeXMBanocb OAnHakoBas TeHAEHUMS

BMVSIHNS U3MEHEHNS YINa Ha MHTEHCMBHOCTL nonsi. B 3oHe manbix yrnos 30° — 50°
oceBas 1 paguanbHas CocTaBnaoLLne NPUMEPHO paBHbl. [1pn yBennyeHun yrna
HabngaeTcst pOCT 0CEBOM MHTEHCUBHOCTU M YMEHbLLEHNE paananbHOn. [Npu
HEKOTOPOM 3Ha4YeHuM yrina oceBasi UHTEHCUBHOCTb CTaHOBUITAaCb MakCUMarbHON, Npu
9TOM paguarnbHas yMeHbluanacbh Ao Hyns. [Npu gansHenwem yBenmyeHum yrra oceBasi
WHTEHCUBHOCTb YbbIBana, paguanbHas — Bo3pacTana. [Ana pasnuyHbix oparMeHToB
(MaTepunarnoB) MakcMmarbHas oceBasi MHTEHCUMBHOCTb HECKOSbKO OTnnyanach (B
npeaenax 20%). lNMpu aToM — pagmanbHas Bcerga obinia paBHa HymMto, a yron npu
BEpLUMHE NMen OOHO U TOXe 3Ha4YeHue.

[ns npoBepkun Nony4YeHHOro pesynbtata Kaxabii doparMeHT 6bin cocTaBneH ua
ABYX pasrnuyHbIX MaTepunanos. ViccnegoBaHus aTux oparMeHTOB He Januy Kakux-nmbo
3aKOHOMEPHbIX pe3yNnbTaToB. YPOBEHb MHTEHCMBHOCTM NoMen Obin B 2-3 pa3a MeHbLUe,
yeM y oparMeHTOoB, COCTOSALLUX U3 OOHOro MaTepuana. Hantu ycrnosue, npu KOTOPbIX
OflHa U3 COCTaBNALLMX NHTEHCUBHOCTY ObiNla paBHa Hyro, He yaanoch.

http://vb.futurisrael.org/Pyramid/Pyramid3.htm 01.01.2008 03:44:23



[MMPAMM/IBI U IPYTUE TEHEPATOPBI DHEPTOMH®OPMALIMOHHBIX ITIOJIEU Crp. 4

AHanornyHble pparMeHTbl 6bINY BIMNOMHEHbI N3 3HEProNacCUBHbLIX MaTepmnarnos.
MHTeHCMBHOCTbL Nonen Bo Bcex cryvasix bbina B 6-8 pa3 MeHbLUe, YeM Y hparMeHTOB U3
ogHoro matepuana. Hanbonee nHTepecHbIM 6bIT cnegyowmn pesynbTaT. Y
9HepronaccuBHbIX MaTepuanos B AnanasoHe yrnos o1 45 no 120 rpagycos oceBas v
paguanbHasi COCTaBMALWME NHTEHCMBHOCTM ObIN NPaKTUYeCKM paBHbl. [1OBTOpHbIE
Cepum ONbITOB HE BHECIN KaKnX-Nnbo CyLLEeCTBEHHbBIX UIBMEHEHMWI B ONUCAHHbIE Bbille
pesynbTaTtbl. OTO NO3BONUIIO CHOPMYNMPOBATL CreayHLLMA, BO3MOXHO
npegBapuTenbHbIv, BbiBOA. Ng nnpamua, BbINOSTHEHHbIX N3 3HEPrOaKTUBHbIX
MaTepuanos, UHTEHCMBHOCTb OCEBbIX U paguarnbHbIX Nonen He 3aBUCUT OT (OU3UKO-
XUMUYECKNX CBOUCTB MaTtepuarsos, a aBnaeTcs yHKUMen yrna npu sepLunHe.
MakcumarnbHoe 3HayeHne 0CeBOM MHTEHCUBHOCTM A5 NobbIX MaTtepmanos
domKecupyeTca Npu OOQHOM U TOW Xe BenudunHe yrna. PaguansHasa coctaBnsawoLwas npu
9TOM 3HA4YeHUM yrna paBHa HyIo.

[MonyyeHHble pe3ynbTaThl 4al0T OCHOBaHWE NPeanosioXnTb, YTO B OCHOBE
BO3HWKHOBEHMWS NOMen B npammae ENCTBYET MEXAHU3M « CMUH-CMMHOBOIO
B3aMMOAENCTBUS, KOTOPOE PacnpoCTpaHSET YNopsAOYEHHYIO OPUEHTaLMIO OOQHUX
A0epHbIX YacTul Ha apyrmne» (9).

B cnyyae nupamua opueHTaums CNMHOB OQHOW rpaHu BO3AENCTBYET Ha
OpPMEHTALMIO CMIMHOB NPOTMBOMNOSIOXHON rpaHn. Bo3aMOXHbI B3aMMHble
OpUEHTALMNOHHbIE BO3OeNCTBUA. [1pn 3TOM 3HEpreTnyeckme nongd CNUHOB Npu BoMbLLIMX
UM ManbIX yrnax 4acTUYHO CyMMupyroTcs. [pu BenvymHe onTumarbHOro yria rnpu
BepLUMHE NMpamMuabl OpUeHTaunsa CnNMHOB MOXET CO34aBaTth YCOBUS SHEPreTU4EeCKOoro
pe3oHaHca, 4To obecnevnBaeT MakCMMyM OCEBOW COCTaBAOLLEN NHTEHCUBHOCTU U
HyneBOe 3Ha4YeHne pagmanbHONn.

3.2. T-TOPCNOHHLIE MNMONA

B cpencteax I/IHCbOpMaLl,VII/I nepunoan4eckn BO3HMUKaOT OUCKYCCUM NO noBoOy
TOPCUOHHbIX nonewu. CyLLl,eCTByPOT ABe MNMondpHbli€ TOYKU 3peHUnA. TOPCUOHHbIE NMOJIA
pealibHbl; TOPCUOHHbIE NMONA He pealribHbl.

ABTOp AaHHOM paboTbl Habna4an T-TOPCUOHHbIE MONS eXXeAHEBHO, MPUYEM OT
pasnuyHbIX reHepaTopoB. C NOMOLLbIO BbICOKOYYBCTBUTENBHOIO GuorokaTopa
BU3yanusauus

T-TOPCUOHHOIO NOoJiA OCyLWecTBnAeTCA HageXHO U BECbMa NpPoOCTO.

3admkcnpoBaHHbIE€ NCTOYHUKN T-TOPCUOHHBIX MNOSIEN MOXHO NO4EeNUTb Ha ABe
rpynnbi:

1. EcCTecTBeHHble — B KOTOPbIX T-TOPCMOHHOE MoJie reHepmupyeTcs 3a cyeT
cobCTBEHHOM

SHeprun martepuana u 3Heprum oKpyxatoLen cpeabl. ATO NUpaMmubl, LUNMHAPLI U
Ap. K

aTomn rpynne, no-enanMomMy MOXXHO OTHECTU T-TOPCUOHHbIE MOJIA ouonornyeckmx
MCTOYHUKOB.

2. WckyccTBeHHbIe — B KOTOPbIX T-TOPCMOHHOE Morie reHepupyeTcs 3a cYeT
NCMONb30BaHNS
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Kakoro-nnbo Buga nogBeaeHHON 3HEPTUN: MEXAHUYECKOMN, SNEKTPUYECKON,
XUMUYECKOM U

ap. JTo:

a) Bpawaroimecs getanu: AUCku, MaxoBuKK, Koneca aBToMobunsi, potopbl TYpouH u
T.0

6) geTanu, HaxogaLWKecsa B COCTOSHUN ynpyron geopmauumn noa AencTBneM
CcTaTUyeCcKnx

NN OUHAMUYECKUX Harpy3oK: Barbl, MIOCKUE 1 cnvpanbHble NPYXXWHbI, Kopryca u
T.0.

B) 3NIEMEHTbI 3M1IEKTPUYECKUX CXEM: PE3NCTOPbI, KOHAEHCATOPbI, UHOYKTUBHOCTU U Ap.,
HaxoasLWmecs B COCTOSAHUM (OYHKLIMOHMPOBaHUSI.

B naHHOM oTuyeTe ByayT pacCMOTPEHbI ECTECTBEHHbIE MCTOYHWUKM T-TOPCUOHHBIX MONEN.
OOHVMM 13 NPUHLMNMAanbHbIX BONPOCOB, Ha KOTOPbIN He06XxoAmnMo Gblfo NonyYnTb OTBET
3aKnYaeTcs B crieqyroLLeM: YTo SBnsieTcs nepBuYHbIM? MonsipusoBaHHas cpefa B 30He
AEeNCTBMA NMpaMuabl, NOpOoXaaroLLlas T-TOPCUOHHOE Nofe UM T-TOPCUOHHOE Mone,
nopoxkaatoLLiee NnonsipuaoBaHHyo cpefy. B npouecce novcka oTBeTa Ha 3TOT BONPOC Obino
NOArOTOBIIEHO M BbIMNOSIHEHO HECKOSBKO aKCnepmMMeHToB. Heobxoammo Gbino co3aatb
YCINOBWUS, NPY KOTOPbIX CyLLLeCTBOBANOo Obl TOMbKO OAHO None.

C nomoulbto cnewlmansHoM TEXHONMOMMM BHYTPU U CHapY»Xu nupamuabl bbina cosgaHa
ofHononsapHas nonspusoBaHHasa cpeaa. MiccnenosaHue aTol cpeabl nokasarno, YTo
nMpamMuaa co3gaeT BCe ANeMEeHTbl SHePreTUYeCcKon opraHn3aumm NPoCcTpaHCTBa: Lenu
OCEBbIX 3HEPreTUYECKUX MMPaMUA C y3nammn 1 30HaMu MHBEPCUU, a TakKe paanarbHble U
NMPOMEXYTOYHbIE NOS.

T-TOpCVIOHHbIe nosid npm 3ToM OTCYTCTBYIOT.

Bbino HangeHo 1 nccneagoBaHO HECKOMBbKO FrEOMETPUYECKUX TEI, KOTOPbIE CO34al0T
NONAPM30BaHHYHO Cpeay, HO HE FTEHEPUPYIOT T-TOPCUOHHbIE NoNsA. OTU pe3ynbTaThl
nogpobHee B6yayT N3NOXEHbI HUXE.

OGHapyXuUTb T-TOPCUOHHOE MoJie BHE NONSiPU30BaHHOM Cpeabl NPy UccneaoBaHum
€CTECTBEHHbIX reHepaTopoB He yaanoch. Pe3ynbTaTbl ONMCaHHbIX UCCNEeAoBaHUI
no3BoNUNN chopmMynmnpoBaThb:

3.3. YCNOBUSA BO3HUKHOBEHUA T-TOPCVMOHHOIO MONSA.
1. T-TOpCMOHHOE nosie BO3HMKAET B NONSAPM30BaHHOM cpeae.

2. TlonspwusoBaHHas cpefa AoMmKHa CoaepXaTb NONOXUTENbHYIO U OTpULATENbHYO
KOMMOHEHTbI MONS.

3. T-TOpCVIOHHOG nosie BO3HMKaET Nnpun ycrnosumn CyLleCtBoBaHNA MNOCTOAHHOIO U

nepemMeHHoOro aHepreTn4eckoro ancbanaHca mMeXxay noJIoOKUTESTbHbIMU U
oTpuuateribHbiIMM KOMNOHEHTAMU HOHFIpMSOBaHHOVI cpenbl.
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4, T-TOpCVIOHHoe none BO3HUKAET, ECI NOJNIOXUTEJIbHbIEe N OTpULaTENbHbIE
KOMMOHEHTbI NOMSA BXOAAT BO B3auMOOENCTBME.

5. Ecnu Bo B3aumogenctesmm OMUHUPYET NOSTOXKUTENBHAA KOMMOHEHTA, TO
BO3HUKaET

T-TOPCMOHHOE MOJe NEBOro BpalleHus (MpoTMB YacoBon cTpernku). MNpu
AOMUHUPOBAHMM BO B3aUMOAENCTBUM OTPMLATENBbHON KOMMNOHEHTbI, BO3HUKAET T-
TOPCUOHHOE MOoJfie NPaBoro BpalleHns (Mo YacoBOW CTpeSike).

MpuBeaeHHas KMHemMaTrKa T-TOPCUMOHHbIX Nonel Gbina npoBepeHa u
noaTBepXAeHa Ha cTeapunHOBLIX obpasuax.

dusmyeckasa npupoga BXogaLmMX BO B3aMMoaencTane nonen MmoxeT 6biTb
pasnn4YHON: anekTpocTaTnyeckne, bruonornyeckme, MarHUTHbIE, ANIEKTPOMAarHUTHbIE.
CoOTBETCTBEHHO 1 NnoreBas CTPYKTypa T-TOPCUOHHbIX NONen JOSMKHA BbITb pasnnyHon.
B akcnepumeHTax 6binv Bocnpon3seaeHbl B3aMMOgeNCTBUSA INEKTPOCTAaTUYECKMX,
NONOXUTENbHbBIX U OTPULATENbHbLIX NOMEN, ANEKTPOCTaTUYECKUX U MarHUTHbIX, U T.4. Bo
BCEX Cnyyasax HanpasrieHne BpalleHUs OUKTOBanoCb AOMUHUPYOLUM NOSIEM.

3.4.TUMbl T-TOPCUOHHbIX MONEW

HabntogeHus nokasanu, 4To NONsipu3oBaHHas cpeaa, B 3aBUCUMOCTU OT YPOBHS
ancbanaHca U MIHTEHCUBHOCTU, MOXET NopoXaaTb TPW TUMNa T-TOPCUOHHOTO MONS.

1. Tun - NOCTOSIHHOE, XapaKTepu3sytoLLeecs BpallleHneM B OAHOM HanpaeneHuu (no
4acoBOW UNK NPOTMB YaCOBOW CTPESIKN), CBSI3aHHOE C NOCTOSIHHLIM AncbanaHcoMm.

2. Tun - nepeMeHHoe CUMMETPUYHOE, XapaKTepmusyeTCs LMKINYECKON CMEHOMN
HanpaBneHus BpaLleHns nong ¢ nepexogHon NpsamonmHenHon dason. Konnyectso
npaBbIX 1 NEBbIX BpalleHnn paBHo. [pouecc MOXeT ObiTb CTabMAbHBIM NN
3aTyxarLmm.

3. Tun - nepeMeHHOe acCUMETPUYHOE, XapaKkTepU3yeTCs LMKINYEeCKON CMEHON
HanpaBneHus BpaLleHNs ¢ NepexoaHon NpsiMoniMHenHon ason. KonnyecTtso npasbIX U
neBbIX BpaLleHuin pasnuyHo. Npyn JOMUHMPOBaHUM NEBbIX BpaLleHUn - nesas
accumeTpus. B npoTMBONOMOXHOM crnyyae - npaBas accumeTpus. [Npouecc MoxeT
ObITb CTABUNBbHBLIM UK 3aTyXatoLLMM.

3.5. T-TOPCUOHHBIE MONA B MMPAMUOAX

B pa6boTe (8) otmeueHo: "OcobbIn knacc TOPCUOHHbBIX FEHEPATOPOB COCTaBNAOT
YyCTPOMCTBA, UCMNOSb3YyoLLMe NOBEPXHOCTN C TOW UM MHOW Tononornen. "Paccmotpum
3TOT Bonpoc 6onee noapobHo. Beiwe ©Obino nokasaHo, YToO NUpaMmuga nonapusyet
BHYTPEHHEE U BHELUHEE NMPOCTPaHCTBO. IHTEHCMBHOCTbL Nongpusauumn no pasHbiM
HanpaBfeHnsIM He OAMHaKOBa.

Mo ocn 4x-rpaHHon Nnupamuabl 06pasyoTCs T-TOPCUOHHbBIE KOHYCa BHYTPU
pearibHOW U 3HepreTU4ecknx nupamug. B aHepronnpammge, nmetrowen
nonoxuTensHoe none, obpasyeTcs TOPCUOHHBLIN KOHYC NeBOro BpalleHus. B
3HepronupamMmuae ¢ oTpuuaTernbHbIM nosieM 06pa3yeTca TOPCUOHHbIN KOHYC NPaBoro
BpaweHusa. ObpasyioLine ykazaHHbIX KOHYCOB BCeraa HaxogaTCs BHYTPU
SHepronupamua. B yanax unm saoHax MHBepcum nons T-TOPCUOHHbBIM KOHYC MEHSIET
HanpasreHne BpalleHu s, a TaKkke npuobpeTtaeT 3epkanbHy (POpMy MO OTHOLLEHUIO K
npegbiaywemy. BHyTpn 4x-rpaHHon nnpamuabl O4HOBPEMEHHO reHepUpYyHTCA T-
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TOPCWOHHbIE NONS NPAaBOro U feBoro BpalleHusi. B BepxHel YacTu none npaBoro
BpaLLeHWsi, B HUXKHeN - neBoro. MNnockocTb, pasgenstoLlas 3Ty nons, nepneHankynspHa
OCM N HaxoamMTCs Ha paccTosiHumM H=1/3 BbICOTbI OT BepLUMHBLI Nupamuabl. CHapy»xu, y
NMOBEPXHOCTU NUpaMunabl, CUMMETPUYHO BHYTPEHHUM MOMSIM, PAcrosioXKeHbl, BBEPXY (B
npegenax 1/3 BbICOTbl) OTpULATENbHOE, BHU3Y - NONIOXUTENbHOE T-TOPCUOHHbIE NOoss.

Y 6-rpaHHon nupamuabl H=1/5. OHa B ABa pasa ycTynaet 4x-rpaHHOu nupamuae
MO MHTEHCUBHOCTU T-TOPCUOHHOTO NOJIA NPY OQUHAKOBbIX BblcoTax. Cpeau BbIMyKbIX
npamng 4x-rpaHHas obnagaet Hanbornee NHTEHCUBHBIM T-TOPCUOHHBLIM NOJSIEM.

OceBble T-TOPCUOHHbIE NOSIA NUPaMuabl ABNAOTCS
nonsMu nepeBoro Tuna. B paguaneHOM HanpasreHun, B
npegenax BblCOTbl NUpPaMuabl BO3HUKAIOT T-TOPCUOHHbIE
nons NepBoro TMMna Ha PpacCTOSHUM OT OAHOW A0 ABYX
BbICOT OT OCY Nnpamuabl. PasHuua 3aBucuT ot -
MaTtepuana. Y nupamnsl U3 antoMmUHUS 3TO paccTosiHue o
COCTaBfAEeT [0 ABYX BbICOT. Y NUpamug u3 nofimmepHbix -~ 4 N
mMartepuanos 1-1.5 BbicoTbl. [10 Mepe yoaneHusi OT ocu f '
nMpamMmubl MHTEHCUBHOCTb T-TOPCUOHHOIO NONs
ymeHbluaeTcs. MeHsaeTcs u Tun nons. HabnogaeTca
CHayvarna T-TOPCUOHHOE Mofe BTOPOro Tuna, nepexoasiiee
B TPETUI TN NpaBon accumeTpun. [ns yetblipexrpaHHon
nupamuabl ¢ BbiIcoTon 50CM., Ha pacCcToaHUn 5.5m 1
Aanblue 6uonokaTop UKCUPYET TOMNBbKO HanNn4mMe nonsapmusoBaHHon cpeabl. Y
nMpamMunapl, BbIMOSTHEHHOW Ha OCHOBE LLIECTUKOHEYHOW 3BE3[bl, MakCuMarbHoe
paccTosiHne (OMKCUPOBaHUA paananbHOro T-TOPCUOHHOIO Nosis gocTturaet 7.5 meTtpa.
[MpuBeaeHHbIE pacCTOAHNS ONPeaenaTCa YyBCTBUTENBbHOCTLIO Bronokatopa. Hangex
AeTeKkTop-ycunuTenb T-TOPCUOHHOIO curHana. Ero ucnons3oBaHve no3Bonumio
3adukcupoBaTb T-TOPCUOHHOE MNose B Npeaenax Bcen Nonsspu3oBaHHOW 30HbI.

—

Bce nupamuapl, BbINONHEHHbIE HA OCHOBE 3Be3[,
MMEIOT OCEBbIE U pagnarbHble T-TOPCUOHHbIE NONS.
MHTEHCMBHOCTb Nonen 3Ha4nuTenbHO OTNNYaeTCs. 1
Hanbonee MHTEHCMBHbIE NOMS - y NMpaMubl Ha OCHOBE 6- i
KOHEYHOW 3Be3[bl, ECMNX OHA BbIMOSTHEHA B ONTUManbHbIX
napameTpax.

b

B npomMexyTOYHbIX 30HaxX Mexay OCeBbIM U
paguanbHbIM HanpasneHnamMun UKCMpyTca T-
TOPCUOHHbIE MO TPETLENO TUMA, 3HAYUTESTbHO MEHbLUEN
WHTEHCMBHOCTW. [1pn 3TOM Nosns NeBon accumeTpum

Haxo4ATcA B npefenax yrna 45° o1 ocu. Monst npaBown
accumeTpum - B Npedenax Takoro xe yrna oT nepnengukynsipa Kk ocu. HabniogeHus
NOKas3sbIBaKOT, YTO T-TOPCUOHHbIE MO OT UCTOYHMKA PACipOCTPaHSAKTCA MO 3aKOHY
chepbl, HO MIHTEHCUMBHOCTbL NOMEN B pa3HbIX HAaNpPaBNeHUAX CyLECTBEHHO OTNIMYAOTCA.

T W — -

4

3.6. T-TOPCVMOHHbIE NMONA B UMNNHOPE

WccnepgoBaHue npoBOAMIOCh Ha Tpybax B Anana3oHe avameTtpoB A£=50 —
220MM. Micnonb3oBanucb MaTepuarnsl NepBov rpynmbl, B TOM YUCHe CTanb U
nnactmacca. B otnnyme ot nupamug B Tpybax 3acmkcnposaHa nonapHas
nokanusauus nontocos. [Nontoca popmMupyroT NONAPU3OBaHHYIO cpeay, KoTopas
cosgaeTt T-topcmoHHoe none |l Tuna. NMonoxeHne ocn uMNUHApPa B NPOCTPaHCTBE
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(FOle3OHTaJ'IbHOe, BepTVIKaJ'IbHOG) He BIUAET Ha TUM T-TOPCUOHHOIO MNMosA. 3anonHeHue
pr6bl XMNOKOCTbIO TaKXKe He OKa3blBaeT BIIMAHNUA HA TUMN T-TOPCUOHHOIO NoJ4.

[nsa n3yvyeHus BNNAHUS BHELLHEro UHTEHCUBHOIO NMOJIS HA 3HEPreTuKy Tpyobl
ObINKN BbINOMTHEHbI 3KcnepuMeHTbl. Ha yyacTok Tpyobl £ 100MM. n3 ctanm 6eino
OKa3aHOo BO3genCcTBue NOCTOSAHHbIM MarHMToM. IHTEHCUBHOCTbL NOfen B 30HE NOJSIOCOB
pe3ko (B 3 pa3a) Bo3pocna. Ha aTom yyacTke BO3HUKIO T-TOPCUOHHOE none | Tnna.

AHanornyHbIn pesynbTaT 6611 NONyYeH NPU BO3AENCTBUN BHELLHETO
anekTpoctatuyeckoro nons. OnbiTel 6bIM NOBTOPEHbI HA NnacTMaccoBbix A£180MM. 1
AE220MM. Tpybax. Pesynbtathbl ObIM aHanornyHbIMK.

3.7. TEOMETPUYECKUE ®UTYPLI, HE CO3JAIOWNE T-TOPCNOHHOE MOJE

Bblwe 66110 NokasaHo, YTo Y 6-rpaHHON NMpaMmuabl T-
TOPCUMOHHOE MOJSIe MEHEE UHTEHCUBHOE MO CPABHEHUIO C 4X-
rpaHHon. Ho npu ncnonb3oBaHum nupamuabsl ¢ N=8, rae n -
YUCNO rpaHen, T-TOPCMOHHOE None He 6bino obHapyxeHo. [na
noncKa NPUYKUH 3TOro, Bbin M3roTOBMEH M UCCNE0BaH KOHYC
BblcoTOM 43.3 CM.

MccnenoBaHue aHepreTUYecKknx rnosen BHyTpu KoHyca flag]
nokasano, 4YTo nongpmnsoBaHHasa cpefa CoCTOUT U3 ABYX { \
KOMMOHEHT : NONOXUTESTbHOW U OTpULaTeNbHON. ]

OTpuuaTenbHoe none uMmeet oopMy KOHMYECKOrO KonbLa,
pPacrnofoXeHHOro KacaTeflbHO BHYTPEHHEN MOBEPXHOCTM KOHYCa. TOMLWWHa ero
N3MEHSIeTCA OT MakCMMyMa BHU3Y A0 HyIls BBEPXY.

BHyTpu oTpuuyaTenbHOro Korbla pacnosnioXeH NONoXUTENbHbIA 3HepreTuyeckum
KOHyc. OTpuuaTenbHoe KOMbLOo U NONOXUTESbHbIN KOHYC HaXOASATCA B
COMPUKOCHOBEHUU, HO HE B3aMOLENCTBYIOT. 3amMepbl 1 Nocneayowme pacyeTbl
nokasarnu, YTo 06 beMbl IHEPreTUYECKNX KOMMOHEHT B KOHYCE paBHOBENWKX. [ns
NPOBEPKN MONYYEHHOro pesyrbTaTta Ha Y4aCTOK BHELUHEN
NOBEPXHOCTM KOHYca BbINo 0KazaHo BO3AENCTBME MArHUTHbLIM
nosiem. 3amepbl NoKasanu HapyLleHne SHepreTu4ecKoro
B6anaHca. 3To NpMBENO K NOSABIIEHMIO T-TOPCMOHHOIO NOJIS
nepsoro Tuna. lNocne CHATUSA BHELLHEro BO3AENCTBUSA T-

. TOPCMOHHOE Mofie NCYE3NO0 Yepes HECKONbKO cekyHA. KoHyc
'\ CO3[aeT BCe 9NIeMEHTbl BHELLHEN NONIAPpU30BaHHOM cpeabl, HO
6es
~ T-TOPCMOHHOrO nonsi. Bce BepTukanbHble 3HEpreTuyYeckmne KoHyca
) ~ CO34at0T ABE KOMMOHEHThI Kak B pearnibHOM KOHyCe.
AHanormyHas aHepreTMyeckasi CuTyaumsa BO3HMKaET B BbINYKMbIX NMpamMugax npu n>8.

 Bbinu nsrotosneHsbl ewe ABe uUrypbl, KOTOPbIE HE FTEHEPUPYIOT
' BHELLHee T-TOPCUOHHOE Mone: MycToTenble TeTpasap 1 oKTasap.
3To 3aMKHYyTble reomeTpuyeckmne tena, y
' KOTOpbIX OTpULATESIbHbIE MO HAaX0aATCA
%BHyTpM, a NoONOXUTEenbHbIE HA BHELLHEN
noBepxHoCTU. Mons He UMET BO3MOXHOCTM
BOMTU BO B3anmogenctame. CooTBETCTBEHHO,
OHM He MOryT co3aTb T-TOPCUOHHOE More.
[lo cux nop paccmaTtpuBanmcb reoMmeTpuyeckue Tena

O6pa3OBaHHbIe nrockumMmu rpaHsamu. lNpeacraBnaeT nHTepec
QHEpreTunka Tern, O6pa3OBaHHbIX HEeMJI0CKNMUN NOBEPXHOCTAMWN.

Crp. 8
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Bbinin nsrotoBneHbl 4X-yFOJ'IbeIe BOrHYyTbl€ U BbINyKIble Tena. I'IepBaﬂ nMeeT
KOHCTPYKUUIO KpbILWW narodbl, BTOpagd - Kynona.

[nsa dopmmnpoBaHna 6GOKOBbLIX MOBEPXHOCTEN Obina
ncnosib3oBaHa reoMeTpust uunuHgpa. iccnegosaHus
SHepreTUKN Janu cnegyolmne pesyrnbTaTbl: MIMHENHOE Nnone
N3MeHsIeTCHa y 06enx KOHCTPYKUMIA. Y KpbilLn narogbl - OT
NONIOXUTENBHOIO B LLEHTPE 4O OTpMUATENBHOIO Ha Nnepudepun.

Y Kynona oT OTpMLIATENbHOrO B LIEHTPE, A0 NOMOXUTENBHOIo Ha

T - nepudepun. BHyTpu, B BepxHen yactu y "naroabl" - npaBoe

T-TOPCMOHHOE None, y Kynona - nesoe. Huxe, B npegenax 1/10

BbICOTbI 3adpukcmpoBaHa "MepTBas” 3oHa. B HWxHen yacTtu y naroabl nesoe T-
TOPCUOHHOE More, y Kynosa - npasoe. o ocu, 3a npegenamu Ten, Bbille BepXHeENn
TOYKWN U HUXKE NISTOCKOCTU OCHOBaHUS T-TOPCUOHHOE Morse OTCyTCTBYeT. HeT ero n B
paguanbHOM HanpasneHun. Ho HanbonbLINM NHTEPEC BbI3biBAET NOMSPU30BaHHas
30Ha nopg tenamu. B otnuyme ot nupamng, oHa nMeeT popMy KBagpaTHOM
9HEepreTn4ecKom KONOHHbI NOCTOSAHHOIO ceyveHnd. PacnpeaeneHune aHeprun B
NMOCKOCTN NepneHanKynapHON OCY aHanorm4Ho pacnpegeneHuto B caMmnx Tenax.
OTCyTCTBYHOT Y35ibl M 30HbI UHBEPCUN SHEPTrETUYECKOro Non4.
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