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1. Berymuienue

Bubpoakyctuueckue nadpa3BykoBble HHTepdEiCch TpeIHa3HaYeHbI AJIs IIMPOKOBEIIATEIbHON IEpejaul SHEPTUH B YIIPYToi cpene(Boia, TPYHT).
AKTHBHO MTPUMEHSIOTCSI MOPCKUMHU SKUBOTHBIMH (KUTBI, KOCATKH) JJ1s1 00IIeHus Ha pacctosHusX cBbiie 1000 kM (quanazon 18..30 I'm).
MakcumaabHOe paccTosiHKe, 3aUKCUPOBAHHOE TS CHHEro Kuta, coctaBuino 1300 km(Miller, 1951; Scharf, 1970) [1].

AHaJOTUYHBIE CHCTEMBI pa3padareiBasivch B 20 BeKe ISl OpraHU3allMU CBSI3H C TIOJIBHYKHBIMU MTOIBOAHBIMU OOBEKTAMHU.

Ho, noOuThCs y10BIETBOPUTEIBHBIX PE3YIbTATOB B 3BYKOBOM JIMAINa30HE HE MOIYUYHUIIOCH.

BmecTo 3T0OT0 OBLIH pa3zpaboTaHbl IECKTPUUYCCKHUE NIEPEAATIYMKH ¢ PAIHOCUTHAIOM Juana3ona ceepxuuskoi gactotel SLF(CHY) (30-300 I'm).

D¢ deKTHBHBIE pa3sMephl AHTEHH IS TAKMX 9ACTOT COCTABIAIOT Thicsan KumoMeTpoBs (L=3*108/300=3*10° M=3000 km).

PeanpHO fenaroT aHTEHHBI B ICCATKH KIJIOMETPOB, pu 3ToM KII/] aHTeHH CTAaHOBUTCS OYeHb HU3KUM U TIPUXOIUTCS KOMIICHCUPOBATH 3TO OOJIB IO
MOIIHOCTBIO TUTAHHUS.

Jlist paboTHI ATUX MEPEIATIUKOB HCIIOIB3YIOT AIEKTPOCTAHIINHU OOJIBIION MOIIIHOCTH.

W3 OTKPBITHIX UCTOYHUKOB CETOJIHS U3BECTHBI:

-Cucrema ""3eBc" , Poccus, 82 I'L.

-Cucrema "Seafarer", CIIIA, 76 I'11 .

Bepositao, uto Poccust u CIIA, cmorin moctpouts niepenatanku B quanazone ELF(KHY) (3-30 '), Ho »Ta nHpOpManms kpaliHe CeKpeTHasI.
CtonMOoCTh U pa3Mephl TAaKUX MepeJaTYNKOB YPE3BBIYAITHO OTPOMHBI.

PamuocurHabl TakKMX 9acTOT JIETKO MMPOHUKAIOT B TOJIITY BOABI U JIbJIA, YTO JCNIAeT MX HE3aMEHUMBIMH JUISI CBSI3U C ITOJABOTHBIMUA O0BEKTAMHU B JIIO0OM
TOYKE MJIAHETHl ¥ Ha 000 TIIyOrHEe OKeaHa.

B cTatbe MBI pacCMOTPUM HECKOJIBKO HH(PPA3BYKOBBIX MEPEIATUMKOB quana3oHa 9-16 I'u.

OT0 NpeBHUE UH(PPA3BYKOBbIE T€HEPATOPHI, pabOTAIOIINE Ha YHEPIHUH BO3YIIHBIX TOTOKOB.

WHudpa3BykoBble epeaTuUNKH BecbMa 3(h(hEKTUBHBIL, TaK KaK CKOPOCTh 3BYKa 3HAYUTEIbHO MEHBIIE CKOPOCTU 3JIEKTPOMArHUTHOM BOJIHBI.
JlnmHa BOJIHBI 3ByKa J71st 4acToThl 12.25 I'1 B Bo3ayxe coctaBisieT 28 M, B kamHe 460 M.

D¢ dexTuBHAT aHTEHHA JOJKHA OBITH CONIOCTABUMA C TOJIOBUHOMN JJIMHOM BOJIHBI B CpEJe paclpoCTpaHEHHUS.

[ToaTomy nosyuuts 3¢ (heKTUBHBIE aHTEHHBI(BUOPATOPHI) B 3BYKOBOM JIMANla30HE 3HAUUTEIBHO JIETYE, YEM B JIEKTPUUYECKOM JIHaIa3oHe.

Poccuiickum nHkeHEepaM He yJ1aloch NOCTPOUTh HH(PPA3BYKOBYIO CUCTEMY BEIlaHUs, HO Mbl MO’KEM ONHCATh MPUHIIMI PabOThl AITUX APEBHUX
JHEPIreTUYECKUX YCTaHOBOK.

Jyig aTOro Oy/1eM UCHOIb30BaTh U3BECTHBIE HAYyUHbIE 3HAHUS U TIOHSTHS, TaKUe KaK pe30HaTOp, TeHepaTop, SHEPTUs, IHEPreTUUECKUH TOTOK.

Tak e Oynem ucnonbs3zoBath TOP(TeopeTnyeckre OCHOBBI paIMOTEXHUKH), TaK KaK 3TO HanboJiee pa3BUTas Hay4Hasi TEOpUs OMUCHIBAIOIIAs NIepeaady
SHEPTUH BOJHOBBIMU IPOLECCAMH.
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1.1 Pe3onarop, reHepaTop, JHepreTHYeCKuii NOToK.[2]

Pe3oHaTop - 5TO 00BEKT, KOTOPBI MOKET COBEPIIATh CBOOOIHBIN 3aTyXaIOLINH KoIe0aTeIbHBIH MPOoIece Mociae 0HOKPATHOTO YIHEPTETHIECKOTO
BO3JICHCTBUS Ha HETO.

Pe3onartop xapakrepu3syercs COOCTBEHHOM YaCTOTOM BO30YKIEHUS M IOOPOTHOCTHIO.

JloGpoTHOCTD ompeenseT 3aTyXaHue CBOOOIHBIX Koie0aHui, YeM BhIIIE T0OPOTHOCTH, TeM 00JIbIlle CBOOOAHBIX KOJIeOaHUN COBEPIIUT PE3OHATOP.
Pe3onarop, mory4nB NOPIHIO SHEPTUHU, PACXOAYET €€ C KaXKIbIM KoJeOaHueM.

YacTb SHEprUM TEPSETCS Ha HArPEB CPeJibl U pe30HaTOpa 3a CUET CUJT B3aUMOICUCTBUS C MaTepuel U MOJISIMHU.

Jlpyrast 4acTh SHEprUU NepeaeTcs B PU3NUECKYI0 Cpey B BUIEC BOJIHOBOM YHEPTUHU B OMPEAEIEHHOM MOJIOCE YacTOT.

Uem MeHbIIIe MIUPHUHA MTOJIOCH YaCTOT, B KOTOPOI! Iepe1aeTcsl JHEPTHsl, U MEHBIIIE TOTepU Ha TPEHHE, TEM BBIIIE TOOPOTHOCTH pe30HATOpA.

Pe3onarops! ObIBAIOT pa3HbIE:

1. MastHuk

2. CtpyHa

3. Komoxon

4, KamepToH

5. KBaprieBslit pe3onarop

6. ATOMHBII pe30oHaTop.

Pe3oHaTopbl MOTYT OBITH pa3JIMYHbI, HO OMUCHIBAIOTCS OHU OJIMHAKOBBIMM YPAaBHEHUSMU BOJTHOBBIX ITPOLIECCOB.

CyTb KoebaTeabHOro MpoLecca 3aKJI0YaeTcsl B TapMOHMYECKOM Iepexo/ie YHEPIUU U3 OTEHIUAIbHOM B KUHETHUYECKY10 (hopMy U 00paTHO, 3a
ONpEEIEHHBIN NTEPUOJ BPEMEHH.

Uto0s! K0os1€0aTENBHBIH MpoliecC HE 3aTyXall B pe30HaTOpe, HY’)KHO KOMIIEHCHPOBAThH MOTEPIO SHEPTUH KaXKIbIH MeproJ| KoJieOaHusl.
YcTpoiicTBa, KOTOPBIE 3TO JIENAI0T, HA3bIBAIOT T€HEpAaTOpaMH.

['enepaTop 10JKEH MOJKIIOYATh PE30HATOP K SHEPTeTUYECKOMY MOTOKY Yepe3 MHTEpPBaJl BpEMEHHU KPaTHbIN epuoly KojeOaHus pe3oHaTopa.
Hanpumep, kauenu Hy>KHO OJJKaUUBATh SHEPTUEH ¢ HHTEPBAJIOM KPATHBIM 4aCcTOTE KayaHUsl.

JHepPreTH4ecKuii MOTOK - 3TO IMOTOK YACTHI] IBUTAFOLINXCS MO AEHMCTBUEM CUIIBI CO3/1aBAEMOM pa3HUIIEH SHEPrETUUECKOT0 MOTEHIAIa MEXTY
JBYMsI TOUKaMU ITPOCTPAHCTBA.

JI1st BOSHUKHOBEHUS IIOTEHIIMAJIA HY KHA CUJIA, KOTOPast MOXKET JACHCTBOBATh HA YACTUILY SHEPI€TUYECKOIO ITOTOKA.

Cunbl MOTYT UMETh Pa3IMUHbIE IPUUNHBI BOSHUKHOBEHH S, HO BBIYMCIIEHUS €€ NEHCTBUS ONUCHIBAIOTCS OJUHAKOBBIMU YPAaBHEHUSMHU.

Haan/IMep, BO3bMEM JIBA OJJMHAKOBBIX JIEMEHTA MIpOCTPAHCTBA U TIOMCCTUM B OJHO 50 YacCTHll, a B Apyroc 10 JacCTHII.



I[OHYCTI/IM 9TO MOJICKYJIbI BO3/1yXa UJIX 3JICKTPOHBI, MCXKY HUMU CYHICCTBYCT CHUJIa OTTAJIKUBAHU.

B 3TuX 351€MeHTax NpOoCTpaHCTBa CUjla B3aUMOAEHCTBHS OIPEAETIUT SHEPreTHUEeCKUI MOTeHIUaI (01 ¥ @2 .
[Torenuuan @2 Oyner 60NBIINM, TaK KaK Ha YaCTUIBI OyIeT 1eWCTBOBAThH OOJIbIIAS CHJIa OTTAIKUBAHUS.

Puc.1 OnunakoBbIe 3I€MEHTHI POCTPAHCTBA C PA3HBIM KOJIMYECTBOM B3aUMOJICHCTBYIOIIUX YaCTHII.

P ?

Pa3nuna noteHnnanos Ha3bIBaeTCs HanpskeHueM U= @2- p1, OHO XapaKTepU3yeT CyMMAapHYIO CHITy, JE€HCTBYIOIIYIO HA YaCTHIIbI MEXY IBYMS
TOYKaMHU MPOCTPAHCTBA.

Ecim Tenepb cOeMMHUTE 3TH JBa 3JIEMEHTA MPOCTPAHCTBA (PH3UIESCKON CPEIOH CITOCOOHOM MPOITYCKATh YaCTUIIBI, TO BOSHHUKHET YHEPTeTUICCKHI
MOTOK.



Puc.2 Bo3HUKHOBEHME SHEPrETUUECKOIO IOTOKA.

% ¥

DHEPreTUYeCKUil MOTOK XapaKTepU3yeTcsl CUIION MOTOKA.

Cuna noToka onpeneisieT CKOpocTb NEPEHOCA SHEPTETUYECKOIO MOTEHIIMAIA MEXKAY ABYMsI TOUKaMH IIPOCTPAaHCTBA.
Benuuuna cunel notoka I 3aBucut ot Hanpspkenust U(pa3HOCTH MOTEHIIMATIOB) U COMPOTUBIICHUS cpefibl R.

B o6mem cityuae 370 3akon Oma: 1=U/R.

YacTu1ipl, MpeooseBas COMPOTHBIIEHUE KaHala CBA3HU, MIEPEIaloT CBOIO YHEPTUI0 Ha HArPEB U Ha MOJIE3HYIO paboTy.

HazoBém moTok 3TUX MaTepHaIbHBIX YacTull MoTokoM "Pa", umm sxeprueit "Pa', B cuily HICTOPUYECKUX aHATOTHH.

Hanpumep, ecnu B BO3AYIIHBIN TOTOK TOMECTUTH MAPYCHUK, TO HA HETO OYJET NEeHCTBOBATh CUJIa, KOTOpAsi 3aCTABUT €r0 IBUTAThCS B HAPABICHUU
MOTOKA.

[Tpu 5ToM moTOK OyAET COBepIIaTh MOJIE3HYI0 paboTy (ABMKEeHUE mapycHUKa) paBHy0 A=F*S (rme, A-padota B [[xoynsx, F-cuna HeroToHax, S-myTh
B METpax).



Pabora coBepriaemasi B €IMHUILY BpEMEHHU HA3bIBACTCS MOIIHOCThIO P=A/t (u3Mepsietrcs B Barrax).
Taxke MOIIHOCTH OIPeNEeNIOT, KaKk MPOU3BEICHNE HANPSKEHUS(Pa3HOCTh SHEPTeTUYECKUX MTOTEHIINAIOB) Ha CUITY MOTOKAa(CKOPOCTh MEpeHoca
norennuana) P=U*I (Br).

Tabnuna 1. DHEepreTHYecKne MOTOKH

MoToK Yyactmua Pa3HOCTb NOTEHLUMANoB cuna
[OXAb Kannasa Bofbl BbicoTa (m) rpasutaums
peKa MOJNIEKY1a BOAbI nfasnexue (Pa) rpasutaums
BeTep MONEKYNbl BO3AYXa nasneHue (Pa) cXaTtue
CXaTbl BO3AYX MONEKYNbl BO3AYXa nasneHue (Pa) cXaTtue

anbda-paguauus NPOTOH (eV) AnepHble CUbl
beTa-paanaumn 3/1eKTPOH (eV) A0epHbIe CUbI
3N1EKTPUYECKUIA TOK 3/1EKTPOH HanpsaeHue (V) KynoHa

B pa3nnuHbIX HayKaxX 3TH MPOIIECCHl Ha3bIBAETCS MO-Pa3HOMY, XOTS UMEIOT OOIYI0 CYITHOCTb.

Hanpumep, B mHeBMaTHKe MOTEHIMAI- 1aBJIEHUE, HAIIPSDKEHNE -Pa3HOCTh JaBJIEHUS U T.I1.

HauOosnee npakTHueCKy 3HAUUMO U TOJIHO OMMCHIBAET 3TH MPOIIECCHI ANIEKTpUUYECKUe HayKH, Hanpumep npukiaasas TOP(TeopeTnueckrne 0CHOBBI
PaMOTEXHUKH).

TOP MosxeT onucats Bce KoneOaTeabHbIE MPOLECCH HE3aBUCUMO OT UX MIPOMCXOXKACHUS: MEXaHUUECKUE, AaTOMHbBIE, SJIEKTPUUECKUE, 3BYKOBBIE.
OCHOBHOi TeHepaTop B paINOTEXHUKE TOCTPOEH HA KBApLIEBOM PE30HATOPE.

KBap1ieBblil pe30HaTOp - TO KaMEeHb, KOTOPBIH CTYYHUT B KaX/10M MOOMIIbHUKE, CMapT(oHe, TeIeBU30pe, KOMIIBIOTEPE, MyJIbTE, CIYTHUKE U T.JI.
OH ormpenensieT HayaJlo U KOHELl BCeX JIBUKEHUH 3JI€KTPOHOB BHYTPH YCTpOIiCTBa.

Kpowme toro, Tonbko TOP nosHOCTBIO ONUCHIBAET NIEPEady T€HEPATOPOM BOJIHOBOM 3HEPTUHU B IIPOCTPAHCTBE.



1.2 3ByKkoBbIe reHEepATOPHI HA BO3AYIIHbBIX OTOKAX.

I'enepatop nomkeH 3 PEKTUBHO MPEBpaIIaTh IHEPTETUUECKUN TTOTOK B BOJIHOBYIO SHEPTHIO CPEJIBI.
JIJ1s1 3TOTO OH U TpeHAa3HAYCH.
3BYKOBBIE TEHEPATOPHI pa0OTAOIINE HA BO3AYIIIHOM SHEPTETUYECKOM MOTOKE BechbMa 3()(DEKTHBHBI.

Hauném ¢ caMbIX ApeBHUX:

1. T'osi0coBOIi anmapar 4yejioBeKa.

[IpencraBnsier u3 cebss MHOTOMOJIOBBIN T'eHepaTOp 3BYKOBBIX BOJH, PAa0OTAIONIMK HA SHEPTHH C)KaTOTO BO3AyXa.

HNMeeT HECKOJIbKO PE30HATOPOB - TOJOCOBBIX CBs30K (85..255 I'm).

Bxomut B coctaB nepenaTdrka (TI0TKa, S3bIK, POTOBAs MOJIOCTh, 3yObI, TYObI) CITOCOOHOTO MOYJIMPOBATH HECYIIHNE 3BYKOBBIE YACTOTHI 00EPTOHAMH.
Hcronp3yercst 4e0BEKOM JIJIsl IIMPOKOBEIIATEIbHOTO 0OMeHa HH(pOpMAIHel B ynpyroii cpeze yepe3 unrepdeiic "Peun(romoc-ciyx)™.

Becpma s hexTuBeH u yHUBEpCaJIeH.

ObecrieynBaeT 1aIbHOCTh CBSI3H IO COTEH METPOB B BO3yXE.

2. I'ojiocoBoii anmapar KuTa.

CriocoOeH renepupoBaTh HH(PPa3BYKOBBIE YACTOTHI B Iuamna3zoHe yactot 18-30 I'm.
Becema s extuBen.

ObecneunBaeT HaMOOJBIIYIO JATBHOCTh epeaaun curuaia B Boae 10 1300 km.

Co31aHHbIE YETIOBEKOM:

1. lyxoBble My3bIKaJabHbIe HHCTPYMeHThI. (Dieiita, TpyOa, BanTOpHA U JIp.)
3BYKOBOH TeHepaTop paboTarOUIMil Ha SHEPTUU BO3AYIIHOIO IOTOKA.

HmeeT HECKOIBKO BCTPOSHHBIX PE30HATOPOB HA Pa3HbIE YaCTOTHI.

Hmeet MOIyISTOPBI 0OEPTOHOB M DIIEMEHTHI YCHIICHHUS aMIUTUTY/IbI CUTHAJIA.

2. CBHCTOK
[Ipocreiiinii 3ByKOBOM IT'€HEPATOP HA YHEPTUU BO3AYILIHOTO IIOTOKA.

3. IIupamMmuaanbHble HHPPa3BYKOBbIe FeHEPATOPBHI.
Onucanue 3TUX 3BYKOBBIX F€HEPATOPOB CM. B 11.3.4



Bce renepatopsl, nepegaTuuky M MPUEMHUKN PabOTAIOT 1O OOLIMM MTPUHIIUIIAM.

B ocHOBe KOTOpPBIX JIe3KaT pe30HAaHCHBIE CBOMCTBA 0OBEKTOB U Iiepeauya YHEPrUH BOJTHOBBIM CIIOCOOOM.
[ToaTomMy paboOTy ITHUX yCTPOMCTB JyUIlle BCEIO MOKHO OOBSICHUTH Ha 3JIEKTPUUYECKUX YCTPOUCTBAX.
Tak Kak coBpeMEeHHasl HMBWIM3ALMs 3/1€Ch CUIIBHO MpeycIena.



2. DJaeKTpUYecKHe nmepeIaT4YuKu FJHePruu.

2.1 ®yHKUMOHAJBHAA cXeMa reHeparopa.|[3]

B Hacrosiiee BpeMs Mbl yMEEM CO371aBaTh paroNepelatollie yCTPOCTBa, KOTOPBIE HCIOIb3YIOT 3JEKTPOMArHUTHBIE BOJIHBI TSI IEPEIaun SJHEPTHU
MEXy 00BEKTaMH.

OTH ycTpoiicTBa paboOTalOT Ha OCHOBE IT'€HEPAaTOPOB IEKTPUUECKUX KosleOaHUl (reHepaTop NEpeMEHHOI0 TOKa).

['enepaTopsl HIEPEMEHHOTO TOKA CO3/aJTi OOJIMK COBPEMEHHOW ITUBHIIN3AIINH, TTIOYTH BCE JIOCTHKEHUSI COBPEMEHHOTO YEJIOBEUECTBA CBSA3aHBI C 3TUM
TIOHSITHEM.

Puc.3 OynkiuonanpHas cxema reeparopa.
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Jlnst pyHKIMOHUPOBAHUS TeHepaTopa HEOOX0IUMO:
1. DHeprus (MOJOKUTENBHBIN U OTPULIATENIbHBIN MOTEHIIMAN, CO3/IAIOLIIE SHEPTETHUECKHH MOTOK).
2. Ycunurensb - yCTPOMCTBO, KOTOPOE YCHIIMBAET CUTHAJ CO BXO0JIa HA BBIXO/I.
3. Pe3onarop - xonebarenbHOE YCTPOHCTBO, IMEIOIIIEE YaCTOTY PE30HAHCA M BEICOKYIO JOOPOTHOCTB.
4. O6parnas nonoxurenbHas cBsa3b (IIOC) -kaHan, Mo KOTOPOMY YacTh YHEPTUU CUTHAJIA C BBIXOJIAa YCHIIUTEIS, MTONAIaeT Ha €ro BXOJ.



Jist Toro, 4TOOBI reHepaTop Havad paboTaTe HEOOXOIUMO:
1. YToObI cUrHal ¢ BbIXO/1a yCUIIUTEIIS BEPHYJICS 0OpaTHO HA BXOJI C 33J€pKKOI paBHOI neproay Kojebanus (WM KpaTHO NEPUOAY).
2. AMIUTUTY/Ibl CUTHAJIOB HA BXO/I€ M BBIXO/I€ YCUJIMTEINS JJOJDKHBI OBITH paBHBI (T.€. Ko uuueHT ycuneHust ooparnoii ceszu [10C nomxen
OBITH PABEH €UHUIIC)
[Tpu 3THUX yCIIOBHUS BOSHUKHET TaApMOHUYECKOE aBTOKOJIeOaHue, B KOTOPOM KoJieOaTeTbHBIN MPOLIECC MOAICPKUBACTCS MOTPEOIieMON SJHEPTUEH.
ITo cyTtu nena noctosiHHas sHeprus (moTok Pa) mpeobpasyeTcs B mepeMeHHYI0 3Hepruio (moTok Pe).
31ech, MBI BBEIH €IIé OJIMH HOBBIN TepMuH "Pe" s 0003HaYeHHS TOTOKA MEPEHOCSIIIETO YHEPTHUIO0 BOITHOBEIM CIIOCOOOM, TO €CTh 0e3 TiepeHoca
MaTEpUU.
[lepemeHHas sHEPrUs pacpoOCTPAHSIETCA B IPOCTPAHCTBE BOJIHOBBIM IPOLIECCOM, KOTOPBIH MEpeMEIaeT FIHEPTHIO 3a CUET MHEPLIUOHHBIX CBOMCTB
CpeIbl.
To ecTb, cpena cnocoOHa nepemMenaTh B IPOCTPAHCTBE MEPETEKAIOLIYIO IPYT B ApYyra NOTEHIUAIbHYIO U KUHETHYECKYIO SHEPTUIO, TIOJYyUYEHHYIO OT
re’eparopa.
B cpene Bokpyr reneparopa o0pa3yeTcsi BOIHOOOpa3HOE SJHEPTETUUECKOE 10JIE, KOTOPOE PACUIMPSAETCS B IPOCTPAHCTBE CO CKOPOCTHIO
pacipocTpaHeHus CUTHaja B JaHHOU cpejie.
Ecnu B 9T0 SHEpreTH4eckoe mojie moMecTUTh 00bEKT UMEIOIINI PE30HAHC Ha JAHHOW JJTMHE BOJIHBL, TO 3TOT OOBEKT HAYHET 3a0UpaTh SHEPTUIO
MOJIy4EHHYIO CPEJIoi OT reHepaTopa.
B pesynbrare yacTh 3HEpruil reHepaTopa HauMHAET MepeaaBaThCsi 3TOMY 00BEKTY, KOTOPBIM Ha3bIBaeTCsl MPUEMHUKOM, YepEe3 BOJIHOBOE MPOCTPAHCTBO
CpElpbl.
Ecnu rerepaTop v npuéMHUK UMEIOT a0COJIFOTHO OJJUHAKOBYIO YAaCTOTY, TO MPUEMHUK MOKET 3a0MpaTh TaKOE KOJUYECTBO SHEPTUM, UTO T€HEPATOPY
HayHET HE XBaTaTh MOILIHOCTH.
B pe3ynbrare 3TOro aMIinTy1a SJHEpreTUYecKoro MoJjsi BOKPYT reHepaTopa HauHET YMEHbIIAThCs, ypaBHOBEUINBAs OTpeOIeHIE SHEPTUU
MIPUEMHUKOM.
Jli1g HopManbHOTO (PYHKIIMOHUPOBAHUS CUCTEMbI T€HEPATOP - MPUEMHHUKH, MOIIIHOCTh F€HEPATOpa J0JKHA IPEBBIIIATH CyMMapHYI0 MOILITHOCTb BCEX
MPUEMHHKOB (B TOM YHCIIE U TTAPA3UTHBIX).



2.2 OyHKUNOHAJIBHAS CXeMa NepeaaTuynKa.

Cxema nepenaTunka COCTOUT:
1. 'eneparopa nepeMeHHOTo TOKa.
2. BosiHOBOrO KaHasa - OrpaHU4eHHOT0 yJacTKa Cpe/ibl C 3aJaHHBIMHU CBOMCTBaMHU, MpeIHA3HAYEHHOT0 IS TIepelaul IePEeMEHHOM SHEPTHii B
3aJJaHHYI0 TOYKY IIPOCTPAHCTBA C MUHUMAJIbHBIMH ITOTEPSIMH.
3. Bubpatopa (AHTEHHBI) - YCTPOHCTBO I 3 (EKTUBHOHN Mepeiaun YHEPTUU Ha 3aJJaHHOM YacTOTe U3 OJHON (PU3UUECKOH CpeIbl B APYTYIO.
4. Cornacyromux yCTpOUCTB -yCTPONCTB YPaBHOBEIMBAIOIIUX CKOPOCTH ITOTOKOB SHEPIHMU MEX/y T€HEepaTOpOM, BOJTHOBOJIOM U BUOPATOPOM.
5. ®u3n4ECKOM cpelbl pacIIpOCTPAHEHUs CUTHAA.

Puc.4 @ynknuoHanbHas cxema rnepeaaTyuka.
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Yro6sl nepesaTunk MOr paboTaTh MbI JIOJKHBI CJIEJIaTh PABHBIMU: BBIXOJHOE COIIPOTUBIIEHHE F€HEPaTOpa, BOIHOBOE CONPOTHUBIIEHUSI BOJTHOBO/A,
BXOJIHOE CONPOTUBIICHHE BUOpaTOpa.

J1J1s 5TOro MPUMEHSIIOT ClIeUaIbHbIE COTIACYIOIINE YCTPOICTBA, KOTOPhIE YPABHUBAIOT COITPOTUBIICHHS MEXKIY BCEMHU YacCTAMHU NepeaTurKa.
ComnpoTuBieHHE B JaHHOM ClIy4yae MOKa3bIBaeT OOPaTHYIO BEIMUMHY CKOPOCTH MEPEHOCA FHEPTETUYECKOTO MOTEHIIHAIA €UHIUYHBIM 3aPsIOM.
Ecnu renepaTtop OyzAeT BbI1aBaTh SHEPTUIO € OOJbIIEH CKOPOCTHIO, YEM MOKET MepeAaTh BOJTHOBO, TO YaCTh SHEPTUU OTPA3UTCs 0OpaTHO.

B pesynbrare Ha BceX CThIKaX, IJI€ CONMPOTUBIICHNE HE BEBIPOBHEHO, BOSHUKHET OTPa)keHHE YHEPTUU B OOPAaTHYIO CTOPOHY.

Otpaxasicb 00paTHO, SHEPTHUs HE MOMNAJAET B CPely pacIpOoCTpaHeHus U d3PPEKTUBHOCTD NepeiaTIhKa MaiaeT.

Taxum 00pa3oM mporiecc corjaacoBaHus reHepaTopa ¢ BUOPaTopoM(aHTEHHOM) - TO OCHOBA BCEH BOJIHOBOW TEXHOJIOTHH.



2.3 OyHKINOHAJIBHAS CXeMa NepeJaTYuKa ¢ YACTOTHOM MOAYJIsIUei.

Hepe;[aBaTL PIH(bOpMaI_[I/IIO NnepcaaTInKOM, IMOKa3aHHbIM Ha pI/IC.4, MOZKHO TOJIBKO BKJIFO4asA U BBIKJIFOYaAsA €0, TO €CThb BPCMCHHBIM KOAWUPOBAHUCM

THMa a30yku Mopse.

B coBpeMeHHBIX nepenaTunkax nHHOpMaIUs MepeIaeTcs ¢ MOMOIIBI0 MOIYJISIHA Hecyiel 4acToThl(UM), MOATOMY BBIKJIFOYATH TEHEPATOP HET
HEOOXOIUMOCTH.

YacroTa nepenaTyrka MEHSIETCS MPOMOPIIMOHATBHO N3MEHEHUIO NHPOPMAITMOHHOTO CUTHAJA.

Puc.5 ®ynkunonanpHas cxema rnepejaTurka ¢ YaCTOTHOM MOAYJISALUEH.
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HJ’I?I HN3MCHCHHUA YaCTOThI HECYIIECTO r€HEpATopa OOBIYHO HCIIOJIB3YIOT CMCCUTCIIN, KOTOPBIC ITO3BOJIAIOT CYMMI/IpOBaTI)/ BbIYHUTATh 4aCTOTHI CUTHAJIOB
IIOJaHHBIX HAa UX BXOJbI.



Bropoii cioco6 nonyuenne UM moaymsiiiuu, 3T0 U3MEHEHHE BpEMEHH 3a1€P KKU CUTHaja B LIeNM 00paTHOM CBSI3U reHepaTopa HeCyIlleld YacTOThI.

Puc.6 ®yHkunoHanbHasi cxeMa reHeparopa Kadyarouencsi 4acToThl.
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Takoli reHepaTop Ha3bIBAETCs FEHEPATOPOM KadaroLIENCsl 4acTOThI, T.€. OJIMH I'€HEepaTop pacKauyuBaeT Apyrou reHeparop.

Ecnu BMeECTO BepXHEro reHeparopa, BCTpOUTh EMKOCTHOM YIIPABIISIEMBIN AJIEMEHT -BapUKal, KOTOPbIA U3MEHSET CBOKO EMKOCTh B 3aBUCUMOCTH OT
MMOJAHHOTO Ha HETO HANPSDKEHHS TO, YBEIMYCHHE EMKOCTH B IIEMTH 0OpaTHOM CBsI3M OyAeT yBennuuBaTh 3aaepxkky curaaina B [IOC, B pe3ynbrare uero
4acToTa reHeparopa OyJeT YMEHbIIAThCS.
Takum oOpa3om, Mbl moryuuM UM-niepeaTdank, B KOTOPOM 9acTOTa CUTHANIA OyIeT U3MEHSATHCS MPOTOPIUOHATBFHO HHPOPMAIIMOHHOMY CUTHAITY

IMOAaHHOMY Ha BapHUKall.

B 37011 cxeme nmpoucxoauT MOIYJISLUS BpEMEHH 3a/IepKKH LIeTIH MoJI0KuTenbHON oOpatHoit cBs3u(I10C).
JIOCTOMHCTBO MEPBOW CXEMBI - 3TO CTAOMIIBHOCTh HECYILEH YaCTOTHI, BTOPOIl - 3TO MPOCTOTA peaIn3alluy.



3. Buopoakycruueckui reneparop SCIROCCO ¢ nuraHueM OT BETPOBOI0 MOTOKA.

3.1 OyHKUNOHAJbHAS CXeMa M OIEHOYHbII PacYéT MOIIIHOCTH IeHepaTopa.

JlaHHbI# TeHepaTop npeodpa3yer IHEPru0 BETPOBOT0 MOTOKA B MH(PPA3BYKOBYIO BOJTHOBYIO SHEPTHIO.
[Tutanue reaeparopa OCyIIECTBISETCS MOCTOSIHHO AytomuM BeTpoM, Harpumep LIIMPOKO (moctosiaubit BeTep B CeBepHOii Adpuke).
Bertep oauH 13 MOITHBIX SHEPTeTUYECKUX UCTOYHUKOB, KOTOPBII U€I0BEYECTBO HAYUMIIOCh UCTIOIB30BATh MPEXK/IE BCETO.

Cuua BeTpa BeIYHCIsCTCS 110 hopMmyJie: F:CVZDS/ 2 [13]
rjae:
C- koo dunueHt Gpopmbl BETPOBOIl HATPY3KH, IS MJIOCKOW OOJBIION MIACTUHBI ¢ OcTpbiMU yriamu C=1.33
p- IWIOTHOCTH BO3ayXa, 1.29 kr/m°
S- mIoImaas MONEPEeYHOro CEYSHHs BETPOBOM HATPY3KH, M
V- CKOpOCTh BeTpa OTHOCHUTEIHHO BETPOBOM HArpy3KH, M/C

2

Boruncnum snepreruueckue Bo3moxxknoct Berpa SCIROCCO:
Cpennee 3HaueHue Berpa npumepHo 10 m/c, ¢ mopeiBamu 10 30 m/c, nHOTAA OcIabeBarmuM A0 2 M/C.
PaccunTaeM TeOpeTHIECKYI0 MaKCUMATBHYIO MOIITHOCTh, KOTOPYIO MOKHO CHATB C TeJIa TIOTepeYHbIM cedenreM B 1 M2 ipu cune Betpa 10 m/c:

Cuna 1aBJeHHs BETpa IIPH YCJIOBHH, YTO TeJo HemoasmkHo F=1.33%102*1.29*1/2=85,785 H (t.e. mpumepHo 8,4 KT)

MoutHoCTb - 3T0 paboTa, coBeplIaeMasi CHIION 3a €IMHUIYY BPEMEHHU.

Ecnu Teno HemoABMKHO WIIM IBUTAETCSI CO CKOPOCTHIO TIOTOKA, TO OTpedIsieMasi MOIIHOCTh PaBHA HYJIO, TaK KaK HET MOJIE3HOU PaOOTHI.
MaxkcumanbHast MOITHOCTh BBIAEISAETCS MPU ABMXKEHUM Tella (BETPOBOM HAarpy3KH) co CKOPOCThIO 1/3 OT CKOPOCTH MOTOKA BETpa.
[TosTOMy YTOOBI BBIYMCIUTh MAaKCUMAIILHO BO3MOXHYIO MOIITHOCTH OyJIEM CYHTATh, YTO BETEP JIBUTAET HAIIIE TEJIO CO CKOPOCTHIO 3.3 M/C.
Torna ckopocTh BeTpa OTHOCUTENBHO Tena OyaeT paBHa 10-3.3=6.7 m/c.

Cuna Berpa, JeiicTByroImas Ha Tejio, Oyaer pasHa F=1.33%6.72%1.29%1/2=38.5 H

BbruncianM MOIIHOCTH Kak OTHOLIEHUE paboThl K BpemeHu P=A/t=F*L/t=F*Vm*t/t=FVm=38.54*3.3= 127 Bt

I'ne:

P=A/t- momHocTs, BT

A=F*L- pabora, [Ix

L=V*t- paccrosiHMe, NpOIiIeHHOE TETIOM, M

t- Bpems, ¢

Vm- CKOpOCTh TeNa, M/C



Puc.7 I'padpuk MOIHOCTH OTPEOIISIEMOi TEIOM ¢ MONEPEYHBIM CeUeHHEM B 1 M?, IBUKYIIErocs B BO3IYIIHOM MOTOKE, KOTOPHIil HMeeT CKOpocTh 10
Mm/c.
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ITo ocu X moka3aHa CKOPOCTh JIBHIKEHHSI TeJla B M/C.
ITo ocu Y mokaszaHa MOIIHOCTb IoTpediiseMas TejoM B BT.
Bunno, yto nanHas gpyHkuusg nuMmeeT MakcUMyM B Touke 3.3 m/c (1/3 ckopocTu noToka).

Hamnpumep, MmakcuManbHO BO3MOXHAsE MOIITHOCTD MOTPEOICHUS MUpaMU/Ibl Xeorica IMpu TaKkoM BeTpe OyeT paBHa:
P=S*127 =0.5%*230%146*127=2132330 Bt =2 MBT.

rjae:

S, M2-TTomak TONEPEYHOro CEUeHNs MUPaMUIBI (PaBHOOEIPEHHbII TPEYTONEHHUK)

127 B1/M? - MakcHMabHOE KOJIMYECTBO BATT, KOTOPOE MOKHO MOMYdHTh ¢ 1 M2 mpn cuie Betpa 10 m/c.

OdeHb MpHWIKYHAST MOITHOCTH JJIs1 JIF0OOTO NepeaaTyrKa.
Hanpumep, momnHocTs nepenarunka Ilepsoro kanana B Ocrankuno 0,04 MBT, To ecte nupamnia Xeonca B 50 pa3 MolHee.

®ynkumoHanbHasa cxema reHeparopa SCIROCCO noctpoeHa Ha KJIaCCUUECKOM cXeMe reHepaTopa oKa3aHHoM Ha Puc.3.



Puc.8 ®usnueckas cxema Bubpoakyctuaeckoro reaeparopa SCIROCCO.

+U peTpa -U seTpa

Ha cxeme nudpamu 0603HaYEHBI:

. Pe3onarop (kamepToH).

. Kamepa akTUBHOTO pe30HAaHCHOTO YCUIIUTEIS.

. oKyCUpYIOIINNA YTOJIKOBBIA OTpaKaTeb.

. Kanan nogaun monoxuteapHOro MOTEHIIMAa SHEPTUH.

. Kanan nmoymaun orpunaTenbHOro MOTEHIMAA SHEPTHH.

. Kamennas mactuna(MemMOpaHa) MoJI0KUTEIBHOTO MOTEHIMAa BETPOBOM SHEPTHH.
. Kamennas nmnactuna(MeMOpaHa) OTpHIIATEIBHOTO MMOTEHIINANIA BETPOBOM SHEPTHH.
. OTBOJ cUrHana ¢ BbIX0JIa YCHIIUTENS B MOJIOKUTENbHYI0 00paTHyto cBs3b (ITIOC).
. YerpoiictBo ympasieHust BenuanHoi [10C.

10. Kanan obpaTHOM CBSI3H.

11. BonHoBoI kaHai.

12. Pe3oHaHCHBIN BUOpaATOP.

13. YcTpoiicTBa coryiacoBaHus.
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Bce anemeHThI reneparopa, paboTarolye Ha OTPaXEHUN 3BYKa, CACNaHbl U3 KaMHs, )KeJIaTeIbHO U3 TBEPIOTO.

Hanpumep, rpanura niu 6a3anbTa.

XOTs BIOJTHE JIOIYCTUMBI U 0OJiee MSTKHE KAaMHH, TaKWE KaK MMeCYaHUK 1 U3BECTHSIK.

Bce miockocTH, o KOTOPBIM JABHKETCSI aKyCTUUYECKask BOJIHA JOJDKHBI ObITh TTIQJIKUMH U MOJIMPOBAHHBIMHU.

Bo3moxHO ucnonk3oBanue 60see MATKAX KaMHEH, IIPU 3TOM IMOTEPU Ha HArpeB MOBEPXHOCTEH BOJTHOBOIOB U MeMOpaH OyAeT OobIIie.
@Dokycupyromue 31eMeHThl KOHCTPYKLUH, TaKhe KaK JIMH3bI, IPU3MbI(TJIE€ HET OTPaXKEHHs) MOTYT ObITh BBIIIOJHEHBI U3 Pa3IMYHbIX KAMHEH U
JaXKe U3 TJIMHBI WIN 3€MJIH.

B nepByto ouepeib 3T0 OTHOCUTCS B TEIy MUPaMUIbl, KOTopas pokycupyeT HHGPa3BYK Ha CKally MO CBOUM OCHOBAaHUEM.

Temo mupamMuab! ABISETCS HU3KOJIOOPOTHBIM IIUPOKOIIOJIOCHBIM yCHITUTEIEM(KOHIICHTPATOPOM) HH(PPA3BYKOBOM BOITHOBOH SHEPTHH.

IlosicHeHHUs1 K YCTPOMCTBY 3JIEMEHTOB reHepaTopa:
Pe3onarop(kamepron) (1).
Pe3onarop -aHanor coBpeMEHHOr0 KBapLEeBOI0 PE30HATOPA, T.€. JIEKTPUUECKUE T€HEPATOPBI CErOAHS BO30YKAAI0TCS OT KAMHEH.
[ToaToMy coBceM HEyAMBUTENBHO €ro ucnoib3oanue B reaepatope SCIROCCO.
Pe3onarop MoxeT ObITh TF000H (POPMBI, ITyCTOTEIBIM, OTKPBITHIM, 3aMKHYTHIM U T.1I.
OH J0o/mKeH OBbITh CAeTaH U3 TBEPJOro(3BOHKOI0) MaTeprana U UMETh BBIPAKCHHBIM PE30HAHC ¢ BBICOKOW JOOPOTHOCTHIO.
Jliia obecriedeHust BBICOKOM TOOPOTHOCTH, PE30HATOP JOHKEH OBITh IPUIIOAHST OT 110JIa U IOCTABJIEH Ha OYE€Hb TBEP/IbIE MOACTaBKU
(HampuMep, KpEMHHUEBBIE).
Pe3onaropnas kamepa (2).
JlomKHa UMETh 4acTOTy KPaTHYIO PE30HATODY.
[Ton pesoHaTopHOI KaMepbl 10JIKEH ObITh BHIJIOKEH HE 3a’KaThIMM KAMEHHBIMU INIUTAMU C 3230pOM U TBEPABIMH MOJKJIaIKaAMH.
OT0 ycuiauBaeT BUOpAIMIO B PE30HATOPHOI KaMepe 3a cUeT BTOPUYHOTO Meper3TydeHusI.
VYTroaKoBBIN OTpaxarenab GOKyCHpYET aKyCTHUECKHUI CUTHAJI Ha 110JI KaMephl B pailoHe pe3oHaTopa.
3TO NPUBOAUT K YMEHBILIEHHUIO BBIXOJAHOTO COMPOTUBIICHUS YCUIIUTEINS U CIIOCOOCTBYET Oosiee 23 PpeKTUBHOI 0T1aue SHEPTUU B BOJTHOBO/I.
Kamepa moxeT ObITh cHaOkeHa peBHOPAIIMOHHBIMU OanKkaMH (TUPEKTOpaMH), KOTOPbIE YCUIIUBAIOT CUTHAJ, UIYIIUH OT YTOJIKOBOTO
OTpakaTeJsl.
B kamepy noymxHbI ObITh 3aBeieHbl KaHanbl nmutanus u [IOC.
PerynupoBka 4acTOThI KaMepbl OCYLIECTBIISIETCS U3MEHEHHEM 00bEMA PEryIMpoOBOYHOTO KOJIOALA.
B perynupoBouHBIN KOJOAEI JOJIKEH 3aChIIAThCSl KBAPLIEBBIN MECOK.
Haubonee nyumiee Mecto Jyisi pe30HAaHCHON KaMepbl YCUIIUTENS - 3TO T€OMETPUUYECKHM LIEHTP MUPaMU/IbI UM LIEHTP OCHOBAHUSI.
Kanaael nuranus (4,5).
Kananbl nuTaHus NOJI0KUTENBHBIM U OTPULIATEIBHBIM MOTEHIAIOM MPEACTaBISAIOT COO0M OTKPHIThIE KAMEHHbBIE BOJTHOBO/IBI.
OHH mepearoT 3ByKOBYIO BOJTHOBYIO SHEPTHIO, CO3/IaBaeMyt0 KaMeHHBIMU MeMOpaHamu (6,7), B pe30HaTOpHYIO Kamepy (2).



HaunHaroTcst 3TH KaHabl O] KAMEHHOW OOIMMBKOM NMUpaMUIbl U HAITOMUHAIOT JOKTOPCKHUH (POHEHTOCKOTI.

DT KaHaJbl JOKHBI ObITh OTKPBITHI, TaK KaK MPH 3aIlyCKe reHepaTopa NepBUYHAs SHEPTHS MOXKET CO3/1aBaTh MOCTOSIHHBIN WK OUYEHb
HHU3KOYACTOTHBIN MOTECHIINAI.

Koropslii onpenensercs MeJIEHHBIM U3MEHEHHEM BETPOBOM Harpy3KHu.

[Tocne 3amycka remeparopa, mupamua BHOpUpyeT ¢ yactoroi 9-16 ' u ¢ MemOpaH CHUMAaeTCsl BOJTHOBAsi HEPTHUS C 9TON YaCTOTOU, KOTOpast
XOpOIIO ITPOXOAMT YEPE3 BO3/IYyX U CIIE JIyUllle Yepe3 KaMeHb.

Ecnu 3Th kaHaIBI clienaTh 3aKphITBIMA KAMHEM, TO 3allyCTHTh TCHEPATOP HE MOJIYIUTCS, XOTS 3aMyIIEHHBIA TeHEPATOP CMOT ObI IPU 3TOM
paborarsb.

To ecTb, OTKPBITHIE KaHAJIBI HY>KHBI TOJIBKO MIPH 3aITyCKE MUPAMU/IBI, ITOCIE 3aITyCKa X MOXKHO OYJIET 3aKpbITh KAMEHHBIMH JIBEPKAMH.

Boanosbie kanajsi (8,10,11).

BosHoBbIE KaHAJIBI UCTIONB3YIOTCS JUIsl IEPEAAYU BOJTHOBOW SHEPTUH I'€HEPATOPA.
BoxHoBOABI HE y4acTBYIOIIUE B 3amycke reHeparopa (Jtan 1), MOTyT ObITh 3aKPBITHI KAMHEM.
Hcnonb30BaHne KaMEHHBIX JIMH3 B BOJIHOBO/IE MO3BOJISIET PETYIMPOBATh BPEMS IIPOXOKIACHUS BOJIHBI YEPE3 BOIHOBO.

Kanajbl noJioxkutebHoii 00paTHoii cBsizm (8,10).

OueHb BayKHBIE KaHAJIbl, CUTHAJ, UJIYIIUHN C BBIXOJA YCUJIMTENS, JOJKEH IPOMTH 110 3TUM KaHajaM 3a BpeMs KpaTHOE NIEPUOAY BOJIHBI.
V3HavanpHO KaHAJIbI JeNatoT ¢ OOIBIINM BPEMEHEM 331€P>KKH CUTHAIA.

[Tocne okoHuaTeNnbHOI COOPKH reHepaTopa MPOU3BOAAT TOHKYIO OJICTPONKY BPEMEHU 3aJIep’KKU CUTHATIA.

JU1s1 3TOro B KaHAJbI BCTABJISIOT KAMEHHBIE JIMH3bI 3aJaHHOMN TOJILIUHBI.

Tax xak ckopocTb 3ByKa B KaMHE B 15 pa3 Oosblile, ueM B BO3/yXe, TO 3a/I€pKKa CUTHajla B KaHalle YMEHbIIAEeTCS.

[Ton6opoM KaMEHHBIX JIMH3 JOOMBAIOTCS HAJISKHOTO 3allycka FreHepaTopa Ha pe30HAHCHBIX YacTOTaX.

Boaunoson (11).

BonHoBOABI ITpeIHA3HAYEHBI IS TIEPEIaYd BOJIHOBOU 3ByKOBOM SHEPIUU.

OHu XapakTepu3yroTcs BOJTHOBBIM COIIPOTUBIIEHUEM, T.€. CKOPOCTHIO IIEPEHOCA MOTEHIMaIa €IMHUYHBIM 2JIEMEHTOM CPEJIbI.

BonHoBOE conpoTHBIIEHHE BOJIHOBOAA JOKHO OBITH COTIACOBAHO C BHIXOJHBIM CONPOTHUBIIEHUEM I'€HEPATOpa U BXOTHBIM COIIPOTHBIICHHEM
BUOparopa.

OTO COIIaCOBAHME U €CTh OCHOBHAS CYIIHOCTh MHKEHEPHOIO pacyeTa NepeaaTduKa.

KagecTBo coriacoBaHust THX 3JIEMEHTOB OIleHUBaeTCs KoadduirenToM crosiuerd BosiHsl (KCB).

KCB xapakrepusyer COOTHONIEHUS IEPENAHHON U OTPAKEHHON YHEPTUU B BOJTHOBO/IE.

B cormacoBaHHOM BOJIHOBOJIE BCSI SHEPTUs, BbIpabaThiBaeMasi TeHEPATOPOM Yepe3 BOJTHOBO/I, IIOCTYIIAET B BUOpATOp U jajee
pacrpocTpaHsieTcs B GU3NYECKOH cperie.

ITpu mtoxom coriacoBaHUM OOJbIIAs YAaCTh YHEPTUN OTpaXkaeTcsi 0OpaTHO B TEHEPATOP.

PacyeTom BOJTHOBBIX CONPOTUBIIEHUH U UX COTJIACOBAaHMEM 3aHMMaeTcs pukiagHas Hayka TOP (TeopeTnyeckue OCHOBBI PaIMOTEXHUKH).
Kpome oTpaxkeHus curHana B BOJIHOBOJAX €CTh HEBO3BPATHBIE IOTEPU HA HAIPEB BOJIHOBO/A.



B 11060M BOTHOBOJIE €CTh MOTEPH SHEPTHM MpH €€ nepeaaye, 3a C4eT TPEHUs], U3TUO0B M HAPYIIEHUs] CHMMETPHH BOJIHOBO/IOB.
[ToaTOMy K YUCTOTE NOBEPXHOCTH M CUMMETPHUYHOCTH BOJTHOBOJIOB MPEIbSBIISIOT MOBBIIIEHHBIE TPEOOBAHUS.
YerpoiicTBa coriiacoBanms (13).
CreuunanbHble 00BEMHBIE H OTPAXKATEIBHBIE 3JIEMEHTHI, KOTOPbIE MPU3BaHbI COMJIACOBATh BHIXOHOE COMPOTUBIICHUE YCUIIUTEIS, BOJIHOBOE
COIIPOTHBIICHUE BOJIHOBOJA U BXO/IHOE CONPOTUBIIEHUE BHOpaTopa.
bes aTux snemeHTOB paboTa nepenaTyrka NpakTUYECKU Oecrione3Ha 13-3a O0JIbIIOro OTPaKEHUs CUTHAA.
Buoparop (12).
VYeTpoicTBO 1S Iepeiayn aKyCTUYECKOM SHEPTUU U3 BO3AYIIHOM Cpeibl BOJIHOBOAA B CpEly KAMEHHOI'O MOHOJIMUTA.
Bubpatop npencrasisier co60ii mpsAMOyroasHOE IOMEIIEHHE, BEIPYOJIEHHOE B MOHOJIUTE, M UMEIOIIEe /IBE apajlielIbHbIe CTeHKH Ha
PaCCTOSIHUU MOTYBOJIHBL.



3.2 Onucanue padotrsl renepatopa SCIROCCO

Jrtan 1. Bo30yxkaeHue renepaTopa oT nepeMeHHON BeTPOBOii HATPY3KH.
[TepBUuHBIii 3aITyCK reHEpaTOpa MPOUCX0auT Ha odeHb Hu3Kor yactore (0,001..1 I'r), koTopas co3maeTcss U3SMEHEHHUEM CHITBI BETpa BO
BpPEMEHH.
Berep, u3meHss CBOIO CUITy CO3/1a€T HAa KaMEHHBIX MeMOpaHax (6,7) 3ByKOBYIO BOJHY OU4€Hb HU3KOW 4aCTOTHI.
3ByKOBas BOJIHA, CO3JaHHAsI U3MEHSIOIIMMCS BETPOM IO OTKPBITHIM KaHajiaMm (4,5), monajaeT B KaMepy pe30HAHCHOTO YCUIUTes (2)
DTOi1 SHEepruu AOCTATOYHO I BO30YKIEHHS KaMEpTOHA Ha YaCTOTE CBOErO Pe30HAHCA.
[Mpu Brmoyenun Beikmovarens [TOC (9) oOpaTHas nonoxxuTenbHas cBsi3b (8) 3aMbikaeTcs yepes kaHai (10) Ha pe3oHaHCHYIO Kamepy (2).
DT0 NPUBOAUT K BOBHUKHOBEHHUIO F€HEPAIIMH C YACTOTOM KPAaTHOM YacTOTE KaMEPTOHA, Ha KOTOPYIO HaCTPOEHAa KaMepa Pe30HAaHCHOTO
yewurens (2).
Pe30HaHCHBIN YCHIUTEIb COCTOUT U3: KaMepsbl (2), yroJakoBoro orpaxarens (3), nurarommx kaHaios (4,5).
VY CHUJICHHBIN CUTHAJI C BBIXO/Ia KaMePhl PE30HAHCHOTO YCHIIUTEIS MOMAIaeT Ha coriacyroiiee ycrpoictso (13).
Cornacyroliee ycTpoiCTBO BRIpaBHUBAET BOJHOBBIE CONMPOTUBIIEHUS KaMmephl (2) u BoaHoBoAA (11), uToObl n30€KaTh OTpaskeHUsI CUTHAJIA.
1o BonHOBOAY (11) curnan nocrynaer B BUOpaTop, KOTOPBIM pacpOoCTpaHsAET BOJHOBOE IHEPIETUUECKOE 110JI€ B KAMEHHOM MOHOJIUTE.
Yactp BeixoaHoro curnana oroupaercs [IOC no BonHoBoay (8) u momaércs nmo kanany (10) oOpaTHO B pe30HATOPHYIO Kamepy.
I'enepaTop HaunHaeT BO30YK1aThCs, YBETUUHUBAsI MOIIIHOCTh OTPEOJIEHUS C KaXKIbIM IIUKIIOM.
Jrtan 2. Pasron reneparopa Ha pabou4eii yacrore.
Pabouas yacroTa reneparopa coctasisieT aecsaTku repi (9...16 '), kaMeHb JIETKO TPOBOUT TaKylO 3ByKOBYIO YacTOTY, OH JUIsl HEE MpO3padeH.
Bubpatop, HacTpoeHHBII Ha pabouyIo YacToTy, CO37aeT B KAMEHHOM MOHOJIUTE BOJHOBOE 3BYKOBOE I0Jie paboueil yacTOThI.
Pa3mep ocHoBaHus mUpaMuIbl paBeH JUIMHE pabodeil 3ByKOBON BOJIHBI B KAMEHHOM MOHOJIMTE U 1/2 1JIMHBI BOJIHBI B IIEHTPE MUPaMUbI, T
PacrojIokKeH pe30HaTOpP.
[Mupamuia HauMHAET BXOAUTh B PE30HAHC, TOCTENIEHHO YBEIMUMBas aMIUIMTYAy BUOpaluu Ha paboyeil yacTtore.
Tax xak kameHHbIE MeMOpaHbl (6,7) HAUMHAIOT IBUTATHCS ¢ paboueill 4acTOTONH OTHOCUTENHFHO BETPa, TO OHU CO3/Ial0T 3BYKOBYIO BOJTHY
paboueii yactoTsl (9..161')
Teneps nepeMeHHBIN BeTep HE BaXKEH, OH MOXKET OBITh TIOOBIM, B TOM YHCIIE ¥ TIOCTOSTHHBIM.
OcHOBHOE 3HaY€HHE YaCTOTHI 3BYKOBOM BOJIHBI, CO3/1aBaéMOi MeMOpaHaMu, Oy1eT ompenensiTcs paboyeit 4acToToi renepaTopa.
AMIUTya KoNeOaHus MUpaMuIbl OyIeT YBETUYUBATHCS JI0 T€X MOP, MOKA HE JOCTUTHET MAaKCHMAILHOTO MOTPEOICHHUS] MOIIIHOCTH.
Jrtan 3. PaboTa Ha MOJIHOH MOIIHOCTH.
Tak xak kaMeHb Mpo3payeH s paboyeit 3ByKoBoii BOHBI(9-16 I'11), TO KaMeHHOE TeNO MHUpaMUIbl HAUMHAET aKTUBHO 3a0UpaTh 3ByKOBBIC
BOJIHBI CO BCEH MOBEPXHOCTH MEMOpaH.
[To cyTtu nena, Bcs mupamuia CTAHOBUTHCS 3BYKOBBIM IIMPOKOIIOJIOCHBIM YCUITUTENIEM CUTHAJIAa C YaCTOTOM 3a/1aBaeMOM HIYKHEN KaMepoi.
[Mupamuna poxycupyet nHPPa3BYKOBYIO SHEPTHIO, KOTOPYIO OHA MOJIy4aeT ¢ MeMOpaH, Ha CKally, HAXOSIIYIOCS 1101 €€ OCHOBAaHHEM.



Jiist HOKYCHUPOBKH SHEPTUU TEIIO MUPAMUJIBI MOXKET OBITh U3 TIOOOTO KaMHs, TaK KaK 3/IeCh HET OTPAKCHUS, TBEPIOCTh KAMHS 3HAYCHUS HE
UMeeT.

Teno mupamMuabl MOXKET OBITh TITMHSHBIM WA 3€MJISTHBIM.

Hanpumep, HeBa)kHO U3 YET0 y Bac c/ejIaHa ONTUYECKasl JIMH3a, U3 CTEKJIa WK IUIACTUKA, IJIaBHOE, YTOObI OHA OblIa MPO3pavyHas.
Pe3oHaTop BBICOKOH TOOPOTHOCTH MOAIECPKUBACT ITY YaCTOTY C BBICOKOH TOYHOCTBIO.

Pynopnas ¢popma nupamuisl GOKyCHpPYeT BCIO COOpaHHYIO 3BYKOBYIO SHEPTHIO Ha KAMEHHOM MOHOJIUTE O]l OCHOBAaHHEM MHUPAMU/IbI.
Uro B CBOIO 0Yepeb eiié O0bIle pacKkaunBaeT MUPAMHUTY.

Teneps aHEprus BeTpa HAMPAMYIO OTPEOIISAETCS ABIKYIICHCS TUPAMHION.

Teno mupamMuabl CTAHOBUTHCS IIIHPOKOTIOIOCHBIM (HU3KO JOOPOTHBIM) YCHIIMTEIIEM CHTHANA, TIepepadaThIBAIONINM ITOCTOSTHHBIN
SHEepreTuyeckuii notok "Pa", oT KOTOpOro oHa MUTAaETCs, B IEPEMEHHYI0 3Hepruto "Pe".

B aTOM pexxrme BHYTpEHHSISI CTPYKTypa reHepaTopa HAYMHAET BBITIOIHATD TOJIBKO YIPABISIONIYIO 33at0ITYI0 QYyHKIIHIO.

OcHOBHast MOIIIHOCTH BOJTHOBOT'O CUTHAJIA HAUMHAET PACHPOCTPAHATHCS MO MOBEPXHOCTHU IJIAHETHI cO ckopocThio oT 1500 10 5500 m/c.

JonoTHUTEIbHBII KOMMEHTAPHUH VISl HeCTIeUAJNCTOB B BOJITHOBOM TeOpHH:

Xouy 0oiee MPOCTO MOSICHUTH CIAEAYIOINE MOMEHTHI:

-BHyTpH nupaMuabl HeT BO3AYIIHBIX IOTOKOB, BeTPa, TATM M a3POAUHAMMKH.
BuyTpu nupamuibl NIPOUCXOIUT TOIBKO BOJHOBOE (3BYKOBOE) MIEPEMEIICHUE SHEPTUH.
Hanpumep, xorza Baiie cepiie ClylaeT Bpay, OH IpUKJIaIbIBaeT MeMOpaHy (hOHEHJOCKONa K Ballel IpyIu.
MembOpaHa CHHXPOHHO KOJIEOJIeTCs C yAapaMu cep/ia, co3aBasi 3ByKOBYIO BOJIHY, KOTOpasi IO BOJIHOBBIM KaHaslaM (TpyOKaMm) OCTyIaeT B
yILIU Bpaya.
[Ipu aTOM B TpyOKax HET BO3YIIHOTO MOTOKA, a €CTh KOJIeOaHUsI MOJIEKYJI BO3/4yXa(BOJIHA), KOTOPasl IepelaeT SHEPTUIO cepAlia.
Yem Oosbliie MeMOpaHa, TeM CHIIbHEE aMIUIUTY 1 3ByKOBOM BOJHBI (TpOMYE 3BYK).

-Jla1s1 TOroO, 4YTO0BI MUPaAMKU/AA COBEPIIAJIA MOJIe3HYI0 PadoTy (10TPedJIAIa MOIIHOCTH) OHA 10JIKHA IBUTaThCH.
OTO HE 3HAYUT, YTO OHA JOJDKHA MOI3aTh Mo mycThiHe Caxapa, 10CTaTOYHO, YTO OHA OyAeT ApoXKaTh (BUOPHPOBATh) HAa MECTE.
Kak Obu10 ckazaHo Bbllle, paboTa — 3TO KOT/a MO/ JEMCTBUEM CUJIbI TEJIO MIEPEMECTHIIOCH Ha Kakoe-To paccrosinue. A=F*S (A-pabora, F-
cuia. S-myTh).
Ecnu teno He neuraetcs, To S=0 otcrona A=F*0=0 none3Hoi pabOThl HET U HET MOTPEOIEHHON MOIIHOCTH, TaK MOIIHOCTh — 3TO padoTa,
coBeplIaeMas B €UHUILY BPEMEHH.
Ecnu teno aBuranoch co CKOpocTh noToka, To F=0 Tak kak HEeKOMY TOJIKaTh Teso (OHO JIETUT B MOTOKE Oe3 TpeHus), ciaenonarenbHo A=0*S=0.
OnsTh HET NOTPEOICHNS MOIIIHOCTH.
OTcro/1a CTaHOBUTCS SICHO, YTO MOIIHOCTb MOTPEOIISIETCS TOJIBKO KOT[a TEJIO JBUTAETCS ¢ MEHbBIIEH CKOPOCThIO, YEM CKOPOCTh MOTOKA.
[Ipu 3TOM HE TPYAHO MOCYUTATh, YTO MAaKCHMaJIbHasi MOIIIHOCTh OyAET MOTPeOIAThCS IPU CKOPOCTH JABMKEHHUS Tena B 1/3 ckopocTu moToka.
IIpu Bcex ocTaIbHBIX CKOPOCTSIX MOLTHOCTH OYJIE€T MEHbIIIE.



Tak MBI OIPCACIINIIN MAaKCUMAJIbHYIO MOIIHOCTD IMTUPaMHUbI Xeorca CM. BHIIIE.
Hanpumep, Ha BeTpsiHYIO MENBHUILY Ty€T BETEP, BUHT MEJIbHUIIBI 3aKaT.
Pa6ora HOMB, MomTHOCTE O (;KEpHOBA HE KPYTSTCH).
OTnycTuiau BUHT, HO MIPUBO/] C KEPHOB CHSUIH, BUHT PACKPYUYHMBAETCA O CKOPOCTHU MOTOKA.
Pa6ora 0, MmomHOCTh 0 (3kEpHOBA HE KPYTSTCS).
Bxmrounnym npuBo )KEPHOBOB, BUHT CTAHET KPYTHUTHCSI MEJJICHHEE, )KEPHOBA HAYHYT KPYTUTCS.
Pabota ecTh, MOIIHOCTE €CTh.
Teneps Hamo Mog00paTh TakKe KEPHOBA(HATPY3KY ), IPU KOTOPBIX JIONACTH OyIyT Bpamarbes ¢ 1/3 CKOPOCThIO OT MaKCUMAaIbHOM.
[Tocne sToro paboTa MEIHHHIIBI CTAHET MAKCUMAIBHO YPPEKTHBHOIA.
[Ipu 5TOM caMa MeNnbHHIIA HUKY/a HE JIBUTAETCS.
-3anmyck reneparopa SCIROCCO B npocTOM H3/10KE€HUU:
Bonee mpocTo 3TOT mpoliecc MOXKHO MPEACTaBUTh KaK 3alyCK aBTOMOOUIIS.
BHyTpeHHSISI CTPYKTypa MAPaMHJIBI 3TO- CTApPTEP M CUCTEMA 3Q)KUTaHUSI B aBTOMOOHIIE.
UtoObl ABUTaTEeNbh HaYall CAMOCTOSTENIbHO pad0TaTh, €r0 HYKHO PACKPYTHTh C TOMOIIBIO CTapTepA.
[Tocre Toro Kak OH 3aIyCTUTCS, OH OyIeT epepadaThIBaTh MOTOK C)KATOTO BO3AYXa, CO3JAHHOTO CTOPAHUEM TOIUIHBA, B IIEPEMEHHYIO SHEPT IO
BpallleHUSI.
HpI/I 9TOM CUCTEMA 3aAKUT'aHUA 6YI[CT TOJIBKO 3aJaBaTh 4aCTOTY BPAILICHHA ABUTATCIIA.
Cam aBurarens OyaeT MHPOKOMOIOCHBIM (PabOTAIOIIKUM Ha Pa3HBIX YACTOTAX) YCUIUTENEM C MOJI0KUTEIBHON 00paTHOM
CBA3BIO(TEHEPATOPOM).
Cucrema 3a)XHTraHus TPATUT Ha CBOIO pabOTy COBCEM HE MHOTO SHEPTHUHU.
OCHOBHYIO SHEPTHIO 3aITyIIEHHBIN IBUTATENb TOTPEOIISIET CAMOCTOSTEIFHO OT YHEPTETHUECKOTO MOTOKA CKATOTO BO3TyXa.
JIBurarensb BHYTPEHHETO CTOpPaHUs — 3TO €I OJUH MpUMep reHepaTopa padoTaroIIero Ha MOTOKE CKaTOro BO3IyXa.



3.3 Kopuosmcos ycuianrtesab. OpueHTanus nepegaryuka. JluarpaMmma HanpaBJIeHHOCTH U3JIy4YeHHS

[Tupamuia gomwKHA OBITH TOYHO OPUEHTHPOBAHA 10 CTOPOHAM CBETA.

[IpaBuiibHas opueHTAIUS THPAMUIBI TO3BOJISET:

-B/IBO€ YBEJIMYUTH [10JIE3HYIO MOIIHOCTH BOJIHOBOT'O CUTHAJIA 3a cueT cuiibl Kopuosnuca.

-clleNaTh KPyroBoil uarpaMMy HaIpaBJIEHHOCTH UH(PA3BYKOBOTO U3IyUYCHHsI MIUPAMUBI (T.€. BO BCE CTOPOHBI CBETA).

Kopuoauncona cuia.
Kopuonucosa cuna BO3HHUKAET MU NepEMEILIEHUN 00BEKTA, 110 TOBEPXHOCTH BPAIIAIOIIErocs Tea.

HepeMemaeMHﬁ 00BEKT JOJIDKCH O6J'IaIlaTI> Maccoi U CUJION TPCHUA, KOTOpOfI OH CBA34aH C TCJIOM BpalllCHUS.

Puc.9 Bo3uukHosenue cuibl Kopuonuca, npu nepeMenieHre 00beKTa u3 ToUku 1 B TOUKy 2.

A

Ecnu 00beKT HaXOAMTCS HA MMOCTOSIHHO BPAIIAIOIIEMCS Telle, TO OH UMEET MTHOBEHHYIO CKOpocTh Vo=2*3.14*Ro/T.
Ecnu Hayate nepemenaTh 0ObEKT OT OCH BpAIIEHHUs, TO €r0 MTHOBEHHAs! CKOPOCTh HAYHET yBenmuuBatbes V1=2*3.14*R1/T, tak kak R1>Ro.



M3MeHeHne CKOpOCTH 3TO YCKOPEHUE, a 3HAYHT, Ha O0BEKT OYyJIeT JeCcTBOBATh CHIIa, KOTOPYIO Ha3bIBaroT cuiioil Kopuonuca.

VHTYUTUBHO MOHATHO, YTO TOJIKaTh MEAJICHHbIH 00BEKT OyeT 6osiee ObICTPOE TENO BPaLLCHHs 32 CUET CUIIbI TPEHHUSL.

[Tpu 3TOM 00BEKT OyAET YCKOPATHCS, HAKAIUIMBAs KWHETHYECKYIO SHEPTHIO, TIOIYYaeMYI0 UM OT Tejla BpallleHHs..

B npoTHBOIOI0KHOM cilyyae, Korja 0ObeKT HAUHET IpUOJIMKATHCS K OCH BpalleHus, cuina Kopuonuca HauHET TOPMO3UTH €ro, TO €CTh IOMEHSIET
HaIpaBJIEHUE Ha IPOTUBOIOJIOKHOE.

OOBexT OyzeT 0T/1aBaTh CBOK0 KHHETUYECKYIO SHEPTHUIO BpAlalOIEMy Telly, YCKOPsisl €ro BpalleHue.

KOpI/IOHI/ICOBa CHhJia UCIIOJIb3YCTCA B COBpeMeHHOﬁ TCXHHUKHU:
-KOPHUOJIMCOBBI paCX0d0MCPbI, USMEPUTCIIU MACCEHI ITIOTOKAa- OCHOBHOC CPCACTBO U3MCPCHUS ITOTOKA I'a3da U He(l)TI/I.
-KOPHUOJIMCOBBI PETYJISTOPHI O60p0TOB JBUTaTesnei BHYTPCHHETO CrOpaHusl.

Jlronu naBHO Hcnonb3ytoT cuity Kopuosuca B TaHIax.
TaHuopsl packpy4rBarOTCs ¢ pa3MaxHyThIMU PyKaMHU, IIOCJIE YEro NPUKUMAIOT PYKH K Telly 3acTaBisis cuily Kopuoinnca yBenuuuBaTb 000pOTHI TeNa.

KopuosiucoBa cuiia B nmpaMuIajibHbIX NepeIaTinKax.

[Tupamuia gomKkHa OBITH YETHIPEXTPAHHOM U TOYHO OPUEHTHPOBAHA IO CTOPOHAM CBETA.

B takoii nupamue ecth ABe NeprneHANKYIIpHbIE TUIOCKOCTH KauyaHusl, HalpaBJIeHHbIE Yepe3 IPOTUBOIMOIOXKHBIE TPaHU.

Kayatbcs B Ipyrux HarpaBlIeHHsX MeLIatoT pedpa MupaMubl.

3BYKOBOW BUOpPATOp MOJI MTUPAMUJION SBIIIETCS MOTYBOIHOBBIM BUOPATOPOM, IIJIOCKOCTH KOTOPOT'O PACIIONOXKEHBI OPTOTOHAILHO OCH BOCTOK-3aMa/l.
To ecTp, BOJTHOBAs 3HEPrUs OT TAKOTO BUOpaTopa co37aeT MEXaHUUYECKYI0 BUOPAIIUIO B0JIb OCH CEBEP-IOT, CKUMAst U Pa3/IBUTasl IPOAOJIbHbIE CTEHKH
KaMephl.

3BYyKOBasi BOJIHOBAs 3HEPTUs, CO37aHHAs BETPOM, pacKaurMBaeT MUpaMuy(co31aéT BUOPALIMIO) C TOMOIIBIO BUOpATOpa C Fora Ha CeBep.

B pe3ynbrare 3TOro ABMKEHUS MEHSETCS] pacCTOSIHUE JIO OCH IIJIAHETHI, UTO BBI3BIBAET BOSHUKHOBEHHE cuiibl Kopronuca, koTopasi packauynBaeT
UpaMyUy ¢ BOCTOKA Ha 3ama.

IIprueM nenaeTcs 310, 3a CYUET SHEPTUU BPAILAOLIEICS IIAHETHI.

Tenepb ecnu MOCMOTPETh Ha MUPAMUJY CBEPXY, TO €€ BepIIMHA OYIeT COBEpIaTh KPYroBoe ABUKEHHE TPOTUB YaCOBOM CTPENIKH (1151 CEBEpHOTO
MOJTyIIapHs 3EMIIH).

[Ipu nBUKEHUM KOHYMKA MUPAMUJIbl Ha ceBep(IpuOImkeHre Kk ocu 3emiin) OyaeT Bo3HUKaTh cuila Kopuomnuca HanpaBieHHas Ha 3amal.

[Tpu ABMKEHMM KOHYMKA IMHpaMUJIBI Ha Ior(0TAaleHne oT ocu 3emiin) OyieT Bo3HUKaTh cuiia Kopuosuca HanpaBieHHas Ha BOCTOK.

B pesynbrare nH(ppa3BykoBast BojaHa OyI€T paclpoCTPaHITHCSI KPYTOBBIM JIBUKEHUEM BO BCE CTOPOHBI CBETA.



OneHOYHBIH pacyéT MOIIHOCTH co31aBaeMoi cuioii Kopunoanca.

BriBenem gopmyity, Ui pacyéra MaKCUMaIbHON MOIIHOCTH OTPEOJICHUS SHEPTHH, co3/1aBaeMoii cuioit Kopronmca, nmpenMeToM BUOPHPYIOIIUM Ha
cepruuecKoil MOBEpXHOCTH BPALAIOILErocs Tea.

[Ipenmer nepememnaeT K notocy (U3 TOYKH 1 B TOUKY 2 IO OBEPXHOCTH c(pepsl) 3a BpeMsi paBHOE MOJIOBUHY Ilepro/ia HH(pa3ByKoBoi BoiHbI (12.25
I'a) T.e. t=0.5/12.25=0,04 cexyHabI.

Jliig ynpoleHus pacueToB 0yieM cuuTaTh GopMy IJIAHETHI BPAILIAIOLIUMCS IIAPOM.

PaccunraeM MOIIHOCTb IIPU IBUKEHUS IPEIMETA U3 TOUKH 1 B TOUKy 2.

Kunernueckas sneprus B Touke 1 u 2:
Ei=m*V1%/2

Eo=m*V/,%/2

rae:

M- Macca mupamMu/Ibl;

V1, V2 - MTHOBEHHAs CKOPOCTh B TOUKax 1,2.

CkopocThb JBUKEHHSI Ha TOBEPXHOCTHU CEPBHI:

V1=2*p*R/T

Vo=2*p*(R1+L)/T ,

rue:

T=24*60*60=86400 c, mepro/1 BpalieHus MIaHEThI;

R1- paauyc TpaekTopuu i TOUKH 1;

L=(R2-R1)- pa3uuIiia paccTosHHIA 10 OCH TUIAHETHI MKy TOYKaMu 1 u 2;
p=3.14, 4ucino nu.

Pab6ora, coBepiraemas cunoit Kopuonuca:

A=E;-E1= m/2*V2% - m/2*V12 = m/2 *((2*p*(R1+L)/T)? - (2*p*R4/T )?)
A=m/2*4*p?T?*(R? + 2*R1*L + L? -R?)

A=2.64*10"*m*(2*R,*L+ L?)

OxkpyriuM OTOPOCUB HE3HAYUTEIBHYIO YaCTh L2
A=5.28*10%*m*R,*L



Brruuciamm MOIHOCTE, Kak paboTy 3a €IMHMILY BpEMEHH ISl 4acTOThl BuOparuu 12.25 T
P=A/t=A/0.04=1.32*10"*m*R*L

rae:

t- BpeMs 3a KOTOpoe coBepIIeHO aBmkeHus, t=1/2/12.25=0.04 ¢, momoBuHa nepuoia 4acToThl Kosebanus B 12.25 I'n.

PaccunraeM 3Ty hopMyIty AJis TUTAHETHI, C YYTEM BIUSHUE TeOrpadUIecKOi IUPOTHI:

L=sin(a)*S - 3aBUCUMOCTb Pa3HOCTH PACCTOSHHSI 0 OCH MKy Toukamu 1 1 2 OT reorpaduveckoii MUpOThl B JAHHON TOUKE.
rue:

L=(R2-R1)- pa3uuria pacCTosiHU# 10 OCH IJIAHETHI MEXIY TOUYKaMu | u 2;

a- rpaayc IMMUpPOTHI;

S- MyTh MO MOBEPXHOCTH IIapa MEKIy TOUKaMu | 1 2 B HampaBJICHHUH IOJIIOCA.

dopmyiia s pacuéra MaKCUMAIIbHOW BO3MOYKHON MOIIIHOCTH Telia Mo/ AecTBUEM critbl Koprosuca, npu BUOpariuu(IBM)KEHUH ) Tella Ha 4acTOTe
12.25 T'm:

P=1.32*10"*m*R*sin(a)*S .

rue:

M- Macca reHepaTopa;

R- paccrosinue 10 ocu TUTaHETHI;

a- reorpaduueckas MupoTa;

S- ammunTy1a BUOpanuy B HaIIPaBICHUN CEBEP-TOT.

Ecmu yaecth, 4T0 R=Rienm™C05(2)=6366197*C0s(a) -T.€. paanyc B JaHHOM TOYKE 3aBUCHT OT IIMPOTHI, TO POPMYIIa IPUMET BH/I:

P=0,84*m*cos(a)*sin(a)*S=0,84*m*sin(2*a)/2=0.42*m*sin(2*a)*S.

OxonuarenbHas GopMyiia OIEHKH MaKCUMAJIbHOW MOLTHOCTH MOTPeOIsieMOoil SHepriH,
co3naBaeMoii cuiiorr Kopuosnrca, BHOpUPYOIIMM MpeaMeToM ¢ yactoTou 12.25 I,
HaXOJAIIErocs Ha IOBEPXHOCTHU Bpallarouieiics mapa pagnycoM 6366197 metpos, ¢ nepuogoM BpameHus T=86400 cexyHn:

P=0.42*m*sin(2*a)*S.

rIe:



M- macca Tena;
a- rpagayc reorpaduueckoil mupoThI
S-TyTh IPOHICHHBIN TEJIOM B HAIIPaBJICHUH ToJtoca 3a Bpems paBHoe 0,04 cexynbl (1/2 meproa 3ByKOBOI BOJHBI 4acToTO0 12.25 T'r)

Taxum 00pa3oM, MOIIHOCTH co3/1aBaeMas cuiioil Koprosnurca 3aBUCHT OT MacChl, IUPOTHI, M aMIUIATY bl KOJICOaHHUS.

Hanpuwmep, npu BuOpanuu nupamuasl Xeorca ¢ yactotor 12.25 ' m amrunty 1ol B 1 MM, MakcUMaibHas MOLTHOCTH co3aaBaeMas cuiioi Kopuomnuca
OyZIeT paBHa:
P=0.42*6.5*10**sin(2*30)*10°=2364249 Bt = 2.4 MBT

brarogapst npaBMIIbHON OpHEHTAMY TUPAMUIBI IO CTOPOHAM CBETa MOYKHO YJIBOMTH MOIIHOCTH TIEpEAaTIYUKa U ClIeIaTh TUarpaMMy HallpaBJICHHOCTH
U3ITYYCHHS KPYTOBOIA.

['eorpaduyeckas mupora B 45 rpajaycoB Hau0oJiee BHITOIHAS MMO3UITUS TUPAMHIAILHOTO BETpOBOTO MH(ppa3BykoBoro reveparopa SCIROCCO, rak
Kak sin(2*45)=1.

3.4 Boi0op mecTa pacnoJioxkenus nepeaaryuka ¢ reseparopom SCIROCCO

TpeboBaHUS K pacION0KEHUIO:
-HaJTMY1e MOHOJUTHOMN CKaJbl TI0J] OCHOBAaHUEM I€HEPaTOopa.
-HaJINYKE TTOCTOSTHHO TYIOIINX BETPOB(HAIpaBICHUE BETpa 0COO0N PO HE UTPAET)

TpeboBaHue K MMpaMUAATLHOMY T€HEpaToOpy:

-nupaMuansHas GopMa(pyKoTBOpHAs WM MPUPOJIHAs], HE BasKHO)
-HaJIM4yKe CKaJIbHOTO BUOpaTopa 1moj nupaMuaon

-HaJIM4ME€ BHYTPEHHEN CTPYKTYpBI

-)KeJaTeIbHO MaKCUMaJIbHO BO3MOYKHBIH Bec

-J)K€JaTeJIbHO TOYHAsl OPUEHTALUs TPaHH Ha I0JII0C

-)K€JIaTeIbHO YIUIOTHUTh IPAHU MUPAMUIBI.

BoiBoa: J{ns1 coznanus nH(pa3ByKOBOTro reHEpaTopa MPaKTUHISCKHA MOKHO UCTIOIB30BATh JIFOOYIO IPUPOIHYIO TOPY MUPAMHUIATBEHON (OPMBL.



4. BuOpoakycruyeckne HHQpPa3ByKoOBbI¢ reHepaTOPbl HA MJ1aTO ['U3bI.

4.1 O01Iee onmucaHue.

OTH TEXHUYECKHE COOPYKEHUSI ObLIIM TOCTPOEHBI HA MOHOJIMTHOM IUIATO [ 'M3bI B 3110XY NUpPaMUI.
OcHOBHOE Ha3HAUEHHE ITHX COOPYKEHUI- 3TO reHepanus HHPPa3ByKOBOK BOJTHOBOM SHEPTHH.
ITosTOMy OIHUM M CIIOCOOOB MCITIOJIb30BaHUE HHPPA3BYKOBOIO HHTEpdeiica Moriia ObITh riio0anbHas(MIaHeTapHas ) CUCTEMA CBA3H.

ITo cyTtu nena sto ananor cucremsl ''3eBc' (Poccus) u "Seafarer"(CILIA), HO ¢ Ty4YmIMMH XapaKTePUCTHKAMHU.

OOBscHseTCs 3TO 00JIee KOPOTKOU JJTMHOM BOJTHBI TIPU OJIMHAKOBBIX YacTOTaX (M3-3a Pa3HUIIBI CKOPOCTH AJICKTPOMArHUTHOW U 3BYKOBOM BOJIHBI).
[ToaTomy BUOpaTOp B aKyCTHYECKOU CpeJie MOYKHO CIIeNaTh MEHBIIIEr0 pa3Mepa, a Ipyu OJAMHAKOBBIX pa3Mepax oH OyneT Oosee 3 (EeKTUBHBIM.
DTO YHCTO TEXHUYECKHUE, MParMaTUYHbIe(HET HA OJIHOTO YKPAIIIEHUs ), JOPOTOCTOSAIINE COOPY KCHHUS.

4.2 Tpu Moaeu BUOPOAKYCTHYECKHX NePeIaTYUuKOB JHEPTUH.

Ceroans Ha nato ['u3bl HaXOIATCS TPU FeHepaTopa UCIOIb3YIOUMX BHOpoakycTnueckuit nH@paspykoBoit renepatop SCIROCCO.
OHu neficTBYIOT MO 00LIeMy IPUHIIMITY U MIPEeIHAa3HAYEHBI Ul CO3aHus UH(PPa3BYKOBOM BOJIHBI B TPYHTE U BOJE.
I'eHepaTopbl HOCTPOEHBI B pa3HOE BPEeMs U SIBIIIOTCS OAHON MOAM(DUIIMPOBaHHOI cepueil.
[TopsiAOK MOCTPOMKY F€HEPATOPOB:
1. IMupamunia Xedpena.
2. [Impamuna Xeorca.
3. [lupamuia MuxkepuHa.


http://www.vlf.it/zevs/zevs.htm

Puc.10 Cxembl BHYTpEHHEH CTpYKTyphl upamua XedpeHa, Xeorca, Mukepusa.

Menkaura

IInpamuna XedpeHna sBiseTcst IPOCTEHIINM MEPEIATYMKOM SHEPTUH, PYHKIMOHAIbHAS CXeMa KOTOPOro IpecTaBieHa Ha puc.4.
OTOT nepeAaTyuK MOKET TeHEPUPOBATh TPU YaCTOTHI.

OH npenHa3zHayvancs A1 TeHepaui HH(Pa3ByKOBOM SHEPIHH.

Xots ObLTa BO3MOXXHOCTH IepeaBaTh HHHOPMAIHIO OMHAPHBIM KOJIOM.

BapuaHThl HCTIOIb30BaHUS 3TOM SHEPTUU MBI OCTABUT 32 MpeAeIaMU HAIero 00CyKICHHS.



Puc.11 Ilonzemuas gacte nupamuabl XedpeHa
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OcHoBHasl CTpYKTYypa nepeiaTyrka Obula cHavaja BeIpyOsieHa B cKaJle, [IOTOM CIOXKWIJIM MUpaMHLy.
IIpu cxitagpIBaHUK MUPAMUJIBI OCTAJIOCH TOJIBKO MTpoBecTH BOIHOBOABI [IOC u nuTaromue KaHamisl.
OOpaTtuTe BHUMaHKE, YTO YTOJIKOBBIM OTpa)kaTeslb HAaKJIOHEH B CTOPOHY BOJIHOBO/IA.

IInpamuna Xeonca ycoBepiieHCTBOBaHHbIHN 7(13) 4acTOTHBIN nepeaTunK SHepIruu, pyHKIHMOHAIbHAs cXeMa Moka3zaHa Ha Puc.5.

CrniocoGeH ogHOBpeMeHHO reHepupoBath 7(13) nHPPa3ByKOBBIX YAaCTOT, KOTOPbIE MOTYT BKJIIOUaThes ¢ nepekitoyarens [10C.

Hecymas yacrora nepenaturka 12,25 ' ¢ TOHAIBHBIM HAOOPOM U3 HIECTH JTOTIOJIHUTENBHBIX YacTOT.

NwmeeT B cBOEM cocTaBe J1BE€ PE30HUPYIOIINE KaMepbl U CMECUTEND (MOIYJIISATOP).

[lectn yacTOoTHAs pe30HUPYIOLIAs KaMepa pacIioyio’keHa B CaMOW BBITOJHON SHEPreTHUECKONW MO3HUINHU (LIEHTPEe MUPaMUIbI), YTO CYIIECTBEHHO
YCIIOKHUJIO €T0 TIOCTPOMKY O CPAaBHEHHIO C MHUpaMuIoN XedpeHa.

Tak kak NpUIIOCH BCIO CTPYKTYPY NepeAaTyrKa BBIKIAIbIBaTh B POLIECCE CTPOUTENHCTBA MUPAMUbI, a B MUpamMuie XedhpeHa OCHOBHAS 4acTh
CTPYKTYpHbI ObllIa c/ieJlaHa B cKaJie 10 €€ MOCTPOIKH.



ITupamuaa Mukepuna

Tpetuii u HanboEe CIOXKHBIN NEepeJaTIYMK SHEPTUH ¢ CeMU(TPUHAALATH ) TOHAIBHBIM HA0OPOM YacToT.

OcHOBHast 4yacTh €ro CTPYKTYphI ObLIa BEIpYOJIeHa B CKaJle 10 YKJIAJKU MUPAMUIBI, TIOATOMY HECKOJIBKO MOTEpsiHA AP PEKTUBHOCTH MTPEOOPa30OBAHUS
SHEPIUH.

OueBUAHO, TPYAHOCTH, C KOTOPBIMHU CTOJIKHYJIUCH CTPOUTENN MUPAMUIbI Xeorca, ObUIN B UX MaMATH.

ITocne mocTpoiiky nMpamuibl, MOLITHOCTH NEpeaaTyrKa SBHO HE XBaTalo, I03TOMY MpaMu/ia Obljia yBeJIMYEHa B /IBa pa3a.

IIpu aTom npunuiocsk crpouts HOBBIN BosIHOBOX [TOC (Teneprs BHyTpu nupamuist A8a BoaHoBoga IIOC( cm. Puc.10).

Puc.12 IlonzemHas yactb nupamuabl MukepruHa
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JInHWn 3agepxkn

3T0 reHnanbHoe coopyxkeHue! S He npencTapisl cede, UTO ApeBHUE 0N 001a1a)Id TAKMM YPOBHEM 3HAHUI B BOJIHOBOW TEOPUU Mepelaul SHEPTUH.
[ToHsTH pabOTy 3TOTO COOPYKEHUE MOMKET TOJIBKO CIEHUATHUCT MO PAAUOTEXHHUKE.

Bo-niepBbIX, MBI BUJIUM YIIpaBJISIEMBII T€HEPATOP HA 6 YacTOT.

CwMmemmBasi 3TOT CUTHAJ € HECyIel 4acTOTON MOXHO mostyduTh 7(13) uHGPa3ByKOBBIX YaCTOT, UCHOJB3YS OJHY WK 00€ OOKOBBIE TIOJIOCHI CUTHAA.



Bo-BTOpBIX, TOCMOTPUTE KAKOM 3JIEraHTHBIA CMECUTEND B OTJIMYUU OT X€O0IICa, KAKUE BOJHOBBIE CTBIKUA YCTPOMCTB.

OO0bacHUTD (OPMY ITHUX CTHIKOB YEM TO, KPOME MPAKTUYECKOTO OIBITA COOPYKEHUS BOJTHOBBIX YCTPOMCTB HEBO3ZMOXKHO.

B-Tperbux, 31echk npumenena OOC -oTpuniaTenbHas oOpaTHas CBsI3b JJIs CTAOMIN3AIUN Y CUTTUTEIIS.

B-uetBepThIX, peryiaupyromiee yCTpoiiCTBO- OHO 3aJIepKUBAET paCIIPOCTPaHEHNE CUTHAJA B METJIe MOJIOKUTEIbHOM 00paTHON CBS3H Ha 3aJJaHHOE
BpeM.

B nupamune Xeorica i 3Toii perynupoBku B BoHOBO [IOC ycranapnuBanuch rpaHUTHBIE TPOOKH (KOTOPBIE B Pe3yJIbTaTe MEPEKPHIBAIU MYTH
poxoa).

3n1ech myTH CBOOOIHBI, 33J€pKKa CUTHAJA PETYIUPYETCs PUCYHKOM Ha CTeHE KaMepbl(TI0JIOCKOBOM JIMHUEH 3aJIEPIKKH).

OTO eIMHCTBEHHO MECTO B MMPAMUAAX TJ€ €CTh PUCYHOK(YKpalIEHHE KaK CUUTAIOCh).

[To MoeMy MHEHHIO, 3TO HACTOsIIAs 3BYKOBasl IIOJIOCKOBAs IMHUSA 3a/ICPHKKH.

CoBpeMeHHas MTOJIOCKOBAS JIMHUS 33]ICP’KKH COCTOUT M3 HabOopa MapayuielIbHBIX JTHHUA HAHECCHHBIX Ha KEPAMHUYECKYIO MJIACTHHY .

Pa3aBuras nMHUM MOKHO U3MEHHUTH BPEMs IIPOXOKAEHUS 3ByKOBOT'O CUTHAJIA YEpEe3 IUIACTHHY.

AHaJIorM4HbIe 3BYKOBBIC JTUHUU 33]ICPKKH UCTIONB3YIOTCS B COBpeMEHHBIX TV-NpuéMHHUKAX U nepeaTInKax.

YpoBeHb 3HAHMI TOTO, KTO 3TO CAeNall, HE HUKE HAIIMX 3HAHUI B PaIUOTEXHUKE.

Puc.13 PucyHoK 110JIOCKOBOM JTMHUM 3aJI€PKKU B npamuae Mukepusa.
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4.3 BuOpoakycrtuiyeckuii HHGpPa3ByKoBO# nepeAaTYNK NMPaAMUIbI Xeorca.

PaccmoTpum Gosee moapoOHO 0IMH U3 TPEX MepelaTINKOB SHEPTuu ¢ 1iato ['u3sl - mupamuay Xeorca.
Texuuueckue xapakrepuctuku nepeaarurnka SCIROCCO nupamuabl Xeorica:
-Bec nepenarunka: 4*10° ke
-rabaputhl: 230x230x146 m
-MOIIHOCTh TIepeIaTurKa, co3iaBacMast CuIoi Berpa: 2 MBm (nipu cuite Betpa 10 M/c)
-MOIITHOCTh TIepeaTyrKa, cozaaBaemas cuioii Kopuonuca: 2 MBm (npu cuie Betpa 10 m/c)
-00111as MOILHOCTb nepeaatuuka: 4 MBm
-Hecymas yactota: /2.25 I'y (npu +20° C 6 nudicnell kamepe)
-IITTMHA BOJIHBI HECYIIEH YacTOThI: 28 v (6 o30yxe 343 m/s), 498(mpamop 6100 m/s), 368 m(b6emon 4500 m/s), 314 m (6 epanume 3850 m/s),294
M(kupnuy 3600 m/s)
-4acTOTa KaMEHHOT'O pe30HaTopa HOMUHabHas: [96/98 [y 3akpvimuiii/omkpuimelil
-Habop vactoT BapuanTt 7 (13 ygacror): 6,89-7,65-8,17-9,19-10,21-10,77-12,25 -(13,73-14,29-15,31-16,33-16,85-17,61) 'y
-MCTOYHUK 3HEPTUU: 6eMPOBOL NOMOK (NOCMOAHHO OViowuil 10dcHblll éemep "Scirocco”)



Puc.14 Cxema nupamuasl Xeorca.

Ha cxeme 0003HaueHBbI:
1- Beixmouarens [IOC, otcrona ynpasisics nepefarduk (I'maBHbli BXon).
2- Tynnens, mpoOUThIii Mo1eMu Anb-MamyHa B 831 roay.
3- Mecro otBona curnana [10C, ¢ Tpemsi rpaHUTHBIME IPOOKaMHU(JIMH3aMH), YCTAHOBJICHHBIMH JIJISl YMECHBIICHHS BPEMEHHU 3a/ICPXKKU CUTHAIIA
B nietiie I[1OC.
4- Bonnosog k Budpatopy (Hucxoasimuii kopuaop).
5- Bubpartop Ha Ha nojoBuHY JuinHBI BoJHbI 14 M (IToazemHas kamepa).
6- BorHOBO T TTOCITe cMecHTeds, siBisiercs YacThio netiu [1OC (Bocxoasmuii kKopuaop).
7- Illectu pe3oHaTopHas Kamepa ¢ nuTaronmMu kananamu (Kamepa napuisr).
8- BotHOBOT K cMecuTento (I Opr30HTATBHBINA TYHHEH ).
9- Cmecutens (bonbias ramepes).
10- Kamepa pe30HaHCHOTO YCHIIMTENS ¢ uTaronmme kanairamu (Kamepa dapaona).
11- Cornacyromiee ycrpoiicto (IIpeakamepa).
12- DBaxyanmonHsIi kKoxozaer. Komoaen npoOUT nocie mocTpoiKy MUpaMHIBI, CITY>KUT IJIs1 00X0a TPAaHUTHBIX JIMH3.
13- KameHHbIe II0CKOCTH TUPAMUJIBI.



W3 cTpyKTypbl BUIHO, UTO CTPOUTEIH HE CMOTJIM BCE IPETyCMOTPETb.

Bpems 3aneprkku B rietie mosioxxkurenbHoi oopatHoi cBs3u(I10C) okazanach 04eHb OOJIBITUM M UM IIPHUIILIIOCH TIOJICTPAUBATh €r0 BCTAaBKOH
TPaHUTHBIX TIPOOOK(3) B BOIHORBO (6).

Bcero onu BcTaBuiiv Tpu MPOOKH, TIepBasi camasi IJTUHHAS, TOCJICTHSS camasi KOPOTKasl.

HNudpa3Byk MpoxoauT B TpaHUTHOM IIpoOKe B 15 pa3 ObICcTpee, 4eM B BO3IyXE.

[Ipexae ueM mocTaBUTh MPOOKH UM MPHUIILIOCH BBIOJIOUTH B YK€ CJIOKEHHOM MUPaMHJIe BEPTUKAIBHBIN poxo (12), 4To0BI MOKHO OBLIO
MIOTOM TIOTACTh K PE30HATOPaAM.

Puc.15 CXGMa nupamupl Xeorca 3D-mozens.

XOTs €CTh BEPOSITHOCTh TOTO, YTO MUPAMHUTY MBITATHCH TIEPECTPOUTH Ha APYTYIO HECYIIYIO YaCTOTY TOpa3zo Mo3Ke.

Te kTO M3HAYAILHO CTPOUIIU TaKYHO KOHCTPYKIIHIO 0€3YCIOBHO ObLTH CITOCOOHBI MPABUILHO PACCUMTATh BPEMS 3a/IePKKH B KaHalle 00paTHOM
CBSI3H.

3aueM HyKHa ObLIa Takas MepecTporKa Mbl pACCMOTPUM TO3KE.



4.3.1 Beikarouartean I1OC.

Brixmouatens [IOC npennaznaydancs Ais BKIOUEHUS(3aITyCKa MTUPAMHIBI) Iy TEM 3aMbIKaHUS MTOJIOKHUTEIHHON 00paTHOM CBSI3M UH(PA3BYKOBOTO
re’eparopa.
Bo3MokHO, 371€Ch K€ HaXOIWINCh PErHCTPhl TOHAJILHOTO HA00pa 4acToT, KOTOPhIE 331aBaJId HAOOP IepelaBacMbIX 4acTOT.

IIpu BXOozie B TyHHEb HA CTEHKAX BUHBI KPYIIHBIE OTBEPCTUS ISl OCEH IOBOPOTHOI'O MEXaHU3Ma, CaM MEXaHU3M HE HauJcH.

Puc.16 Onno U3 oTBEpCTUI OBOPOTHOIO MEXAHU3MA




Puc.17 Onna u3 Bepcuil IOBOPOTHOTO MEXaHU3Ma
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Han Beikmrouatenem [TIOC Mbl BUIUM YTOJKOBBIN OTpaXKaTelb.
3TO TOBOPHUT O TOM, YTO CUTHAJI 3/1€Ch MOXKET YCUITUBATHCS.




Puc.18 I1nomanka nepex BoikmovateneM [1OC, oTcrona ynpasisuics epeaTauk.

371ech UMEETCsl €AMHCTBEHHAs HAJIIKCh B MUpaMKJie XeoIca CAeIaHHAsl CTPOUTESIMHU.
B nenTpansHOil BhieMKe TpeOSHKH HAXOUTCS HAIHUCH.
Kotopas o603Havaet To i1 mudpy, TO U MOCAAOYHOE MECTO AJII MEXaHU3Ma YIIPABICHUSI.
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Puc.21 Taxxe rpeOeHKa OUYeHb TOX0Ka Ha BHICTYIAIOIIYIO YaCTh OOJIBIION MIECTEPHU, KOTOPasi OKaMeHea.

[Tepenuuii 60IBIION KaMEHHBIN OJIOK TIepe]] TpeOEHKON OTIIOMaH.

BeposiTHO 371eCh HAXOAMIICS MEXaHU3M TEPEKITFOUSHHSI TMPAMUJIbl Ha TOHAIBHBIM HA0Op YacToT.

Kaxk BeITJIsI1€) 7TOM MEXaHHU3M MBI HE 3HAEM.

MoeM TOJBKO MpenoiaraThb, YT0 OH H3MEHSIT BpEMsI IPOXO0XKICHUS 3ByKa B IIEMH 00PaTHOM CBSI3M I'eHEepaTopa.

C sToit IIJIomIaiK BBOJAWIIN IIE€PEAABAEMYIO I/IH(1)OpMaI_[I/IIO, B BUC IMOCIIEA0BATEIbHO IMEPEKITIOYACMBIX TOHAJIIBHBIX Ha60pOB 3BYKOB.



4.3.2 TyHHenb, npoouThIii J10abMu Ajib-MamyHa B 831 roay.

['pabuTenu nupamMuIbl HATKHYBIIMCH HA TPAHUTHBIE TPOOKHU MPOCTO MPOOUIIH TYHHENb B MSTKOM H3BECTHSAKE BJIOJb MPOOOK.

4.3.3 Mecto orBoaa curagia IIOC, ¢ TpemMsi rpAHUTHBIMH IPOOKAMM.

B 3TOM MecTe "acTh 3HEpTrHH 3ByKOBOW BOJIHBI OTOMPAIACH JUIS TOTO, YTOOBI BEPHYTHCS OOpAaTHO B PE30HATOPHBIE KAMEPHI reHepaTopa.
OcHOBHOE yIIpaBJI€HHE YaCTOTaMH FreHepaTopa 3aKJII0Yaioch B U3MEHEHUE BPEMEHHU MPOX0XKICHUS BOJIH MO KaHAITy OOpaTHOW CBA3H.

Puc.22 MecTo pa3BeTBIEHUS BOIHOBOJOB ¥ BHJ HA TPAHUTHYIO JIMH3Y(IIPOOKY)

Bce rpaHuTHBIC CTEHKH 3716Ch OBUTH YHUYTOKEHBI TPAOUTENSIMU TIPU PACIIMPEHUH TTPOXO/IA.



3aTo XOpOoIIO BUIHA OTHOJIMPOBAHHAS HICATBHO POBHAS MIOBEPXHOCTh IPAHUTHOM JIMH3BI.

Emé pa3 nosicHio, rpaHUTHBIE JIMH3BI YMEHBIIIAIOT BPEMs IIPOXO’KICHHUS BOJTHBI C BBIX0/1a TEHEpaTOpa 00paTHO Ha BXO/I.
YroObl reHepatop 3apaboTai 3TO BPeMs JI0JKHO ObITh KPATHO MEPHOAY BOJIHBI.

AHaJOru4Ho, 4ToObI pacKavyaTh KaueiaH, Hy>KHO TOJIKaTh UX KPaTHO KoeOaHUAM(TIEpUoy).

[Hanee, BHU3 3a peIIETKOM, UJIET KAMEHHBINA BOJIHOBOJ K BUOpaTopy.
CrpaBa mo3aiu, ocTajics MpoxoJl TpabuTeneii, KoTopbie 000N IPOOKU 1O IPABOH CTOPOHE.

4.3.4 BosiHOBO K BHOpaTopy.

BonHoBo naynwii K BUOpaTOpy MpeAHa3HAYCH IS TIepelaui YHEPTUU BO30YKICHUS CKATBHOMY BHOpaTopy.

ITocne Bo30yxieHUs reHepaTopa, OCHOBHOM IOTOK SHEPTUU BeTpa OyJIeT nepeaBaTbes 3a CuéT BUOpAaLUy MUPaMU/Ibl, HAMIPSIMYIO OT TeJla MUPaMUIbI
K CKaJe.

ITo sTOMY BOJIHOBOAY OyA€T MepeaBaThCsl TOJIBKO YacTh YHEPIUU, HEOOXOUMOM JUIsl MOIEPKAHUS 3aJaHHON YaCTOThI F€HEPALIUH.

Buu3 x BUOpaTopy UIET OYeHb KaueCTBEHHBI KaMEHHBII BOTHOBO/I.
[To Hemy nepenaBanack HH(Pa3BYKOBast SHEPTHS I BO3OYXKACHUS CKaJIbHOTO BUOpaTopa.



PamouHble KAMHH BOJIHOBOJA.
BonHoBOA MpoXOaUT yepe3 HECKOJIBbKO MOHOJIMTHBIX PAMOYHBIX KAMHEH.
PamMouHbIi1 KaMeHB MpeACTaBIsAET U3 ceOs paMKy BBIPYOJICHHYIO U3 I[EJIOr0 KyCKa KaMHS.

Puc.24 PamoyHbIi KaMEHB.
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OTU KaMHU U3rOTaBJIMBAJINCH OTACJIBHO U YCTAaHABJIIMBAJIMCh B IIMPAMHUY IIPU e€ CTPOUTCIILCTBE
Pamounkie kaMHH HE CJIy2KaT AJIst OIOPhI BOJIHOBOAA, OHU CBO6OI[HO 00XBaTBIBAIOT €TO.
Hawm ouenn IIOBE3J10, YTO UX O6HaPY)KI/IJIH, TaK KaK UX HaJIMYHUC, IMO3BOJIACT CACTIATh 3aMCUYaTCIbHBIC OHO3HAYHbBIC BBIBObI.

HeMHOT0 BOJTHOBO# TEOPHH O SBOJFOLUH DIIEKTPUIECKOT0 HH(GOPMAIIOHHOTO CUTHAJA:

1. Bravane nepenaBaii HHPOPMAIIMOHHBI CUTHAI IPOCTO Npeodpa3ys HH(GOPMAIHIO B SIEKTPUIECKYO BOJIHY (aMILTUTYIHAST MOYJISLIUS ):
tenerpad, TenedoH.

2. [ToToM TIOHSIJTH, YTO BBITOHO UCIIOJB30BaTh HECYIIYIO BOJIHY 33JaHHONW YaCTOTHI U TIPOCTO HEMHOTO MEHSATH €€ YacTOTy (YaCTOTHAS MOTYJISIINSA):
paaroCeTh.

3. 1 HakoHeII ceifuac, UCTOIb3YI0T YaCTOTHO-MO Iy TUPOBaHHbIE-TTaKETHBIS-KaIpUPOBaHHBIC-Pa3BEPHY ThIe-CHHXPOHH3HUPOBAHHBIC MHPOPMAIIMOHHBIC
CHTHAJIBI: TEJICBU/ICHHE, MOOWIIbHAS CBSI3b, KOMITBIOTEPHASI CETh.



To ecTb ceronus, HHGOPMAIUIO ACTAT HA YACTH: MMAKEThI, KAJIPHI.

Kanpsl pa3BepTsIBatOT B CTPOKH.

CTpoKH COEANHSIOT B [1OCJIEI0BATEIbHYO HUTh JaHHBIX.

B 5Ty HUTB 00s13aTeNIbHO OOABISIOT CHHXPOCUTHAJIBI CTPOK, KaJPOB, TAKETOB.

Jlanee 3Ty HUTh C CHUHXPOCUTHAJIAMHU MEPEAAt0T Yepe3 MOCIe0BATENbHbIA KaHaN CBSI3H.

[Tpuémunk nenaer odpaTHOE MPeoOpa3oBaHue:

-Bb1enser CHHXpOCUTHAIBL, 110 KOTOPBIM Hape3aeT CTPOKH.

-JlenaeT cBepTKy CHrHaJa, TO €CTh BOCCTAHABIMBACT Kaap MHPOPMALIUH 3aIIOIHSS €r0 CTPOKAMHU.

Jis paGoThl, NPUEMHUK JOJKEH YMETh BBIJCNIATH CHHXPOCUTHAIBI U3 TTOMYyYEHHBIX JaHHBIX U 00J1aaTh MaMsIThIO, €CITU IepeaBacMble CTPOKU HY>KHO
CKJIa/IbIBaTh (HaIlpuMep, 1IBETA).

B ananoroBbix npuémMHuKax (HampuMep, TeJIeBU30pax) B KaUeCTBE MaMITH HCIIOIb30BAMCH IOJOCKOBBIE YIbTPa3BYKOBbIE JIMHUU 33JICPKKU CUTHAIIA
Ha [IEPUOJT CTPOKHU.

3ameuy, yIbTpa3ByKOBbIC TUHUH 33I€PKKH JAETAINCh U3 KaMHs(KBapIl U JIp.), TO €CTh KaMeHb 3alIOMHHAN HHPOPMAIUIO(CUTHAT) 33 IEPUO] CTPOKHU.
DTO HEMHOXXKO YAMUBIISET, HO TEM HE MEHEE, IIEPBbIEC AIEMEHTHI MAMATH OBLIIM 3BYKOBBIE U KAMEHHBIE.

B uudpoBsix OMHapHBIX MPUEMHUKAX UCIIONIB3YIOT OMIEPATUBHYIO MaMsITh HA KDEMHHUEBBIX cXeMaX(4YTo TOKe KaMeHb Si, HO 6e3 3ByKa).

ITpu pabote ycuiuTeneit 1 MOIYIATOPOB Beeraa 00pa3yercsi BBICOKOYACTOTHBINA Mapa3uTHBIN CUTHAIL.

OH npakTUYeCcKH HE MelaeT paboTe nepeAaTynka U He CUJIbHO BIUSAET Ha (popMy CUTHaja.

Ha sty nomexy nosiro He oOpaiiaiy BHUMaHUS.

Hanpumep, roBopute Bl 1o UM-pangnocTaHiiuy, Hy MOJACBUCTHIBAET I/1€-TO, HO MH(POpMAIHSI OTIIMYHO TOHUMAETCS.

Curyanyst B KOpHE U3MEHWIACH IIPH MOMNBITKE UCIIOJIb30BaTh CUHXPOCHUTHAIIBI.

JIJ1s CHHXpOCHUTHAJIOB BaXKHO C BBICOKOM TOYHOCTBIO COOJIIOIaTh PACCTOSHUE MEXy PpOHTaAMH CHHXpOUMITYJIbCa, caMa (hopMa CUTHaja HE TaK BaXKHa.
A, BBICOKOYACTOTHAs TIOMeXa BBI3bIBACT Jpede3r (PPOHTOB CUTHAJIOB.

B pesynbrare, B TEEBU3MOHHBIX Kajipax, IpsiMasi BEpTUKAJIbHAS JIMHUS IPEBpAIaach B 3Ur3ar U N300paxxeHue MOKpPhIBAJIOCh MyapoM, TaK Kak
CTPOKH IUISIIIYT OTHOCUTENILHO JIPYT ApYTa.

Bbixon u3 3T0ro nosioskeHust Obl1 HaifieH IpUMEeHeHHnEM (peppUTOBBIX KOJIEI] M LIMJIMHAPOB, KOTOPbIE 0/I€BATHUCH HA BOJIHOBO(TIPOBO).



Puc.25 ®ortorpadus GeppruTOBOrO KOJIBIIA.

®eppuTOBOE KOJIBIIO XOPOIIO MOTIIOIIAET BHICOKOYACTOTHBINA CHTHAI.

BU-curnai mpoxo/is 1o KaHaTy CBSI3U 3aXBATHIBACTCS (PEPPUTOBBIM KOJIBIIOM M KPYTHUTCS B HEM TTOKA TIOJTHOCTHIO HE TIPe0Opa3yeT CBOIO BOITHOBYIO
SHEPIHIO B TEILIO.

3aiaya HHXKEHEpa paccuyuTaTh MapKy ¢depputa ,aTro0sl BU-mmoMexa 3axBaTbiBasiach, a HH()OPMAIIMOHHBIN CUTHAI HET.

Puc.26 ®ortorpadus ¢peppuTOBOro IWINHIPA HA HTHPOPMAILMOHHOM Kabere.

K uemy 51 Bc€ 310 TOBOPIO?
Jla k ToMy, 4TO 110 BULy Kabess ¢ peppUTOBBIM (PHIBTPOM, I MOTY OJIHO3HAYHO CKa3aTh , YTO 37€Ch MPUMEHEH CIIOKHBIM COCTAaBHOM CUTHAI
COJIep KALINI CHHXPOUMITYJIbCHI.



Ecnu He Tak, To U (GeppuT HEe HYKEH.
[TocmoTpute Ha kabenb k MoHUTOPY, USB Kabensb u np.

Puc.27 Tak BBIMISAAT COBpEMEHHBIE BOITHOBOAbI(KaHABI CBSI3U) UCTIOIB3YIOIINE CUHXPOCUTHABI.

be3 pamouHbIX kKaMHEH-(HEePPHUTOB 37€Ch HUKAK HE OOOMTHCH.
OTcrona OJHO3HAYHBIN BEIBO:

IMupamuaa Xeornca ucno1b308a/1a CHAHXPOHU3HPOBAHHBIN HH(POPMALMOHHBIN CUTHAJL.
CaenoBaresibHO HH(pOpManusi ObLJIA MOJABEPrHYTa KaAPUPOBAHUIO U Pa3BepTKe.



4.3.5 CkajabHblil BUOpaTOp(AHTEHHA).

CkanbHbIi BHOpaTOp MpeIHa3HAYEH IS CO3JaHus MH(PPa3BYKOBOIO TOJIS B CKajle, Ha KOTOPOH CTOMT MUPaMU/IA.

3a cyeT NMoNOKUTEIbHON 00paTHON CBA3HM MUpPaMUIa HAYHET BXOJUTH B PE30HAHC C MH(PPA3BYKOBHIM MOJEM CO3/IaHHBIM B CKaJle.
[TocTeneHHo nMupaMua HAYHET YBEIWYUBATH aMIUTUTYAY BUOpalnu 3a CUET pe30HAHCA U CHIIBI BETpa.

OcCTaHOBUTBHCA ATOT MPOILECC, KOT/Ia CKOPOCTh CTEHOK MUPAaMHU/Ibl, BBI3BAHHOI BUOparueil, Oyet paBHa 1/3 ckopocTH Betpa.
[Tpu 3TOM rernepatop OyZIeT BblIaBaTh MAaKCUMAIIbHYIO BOJHOBYIO MOIIIHOCTh HH(pa3ByKa MpH 3aJaHHOH CUiIe BETpa.

PasmMep mumHOI CTOPOHBI TIOMETIIEHHSI BBIIEPKaH OY€Hb TOYHO M PaBeH 14 M, 9TO COOTBETCTBYET MOJIOBHHE JITTMHBI 3ByKOBOI BOJIHEI B BO3/yX€ Ha
vactote 12.25 I'n.

CKopocTh 3BYKa B BO3JIyXe, BO BCEX MOUX pacuérax, npuHsata 343 m/c(+20°C).

CreHku, AJ ATOTO pazMepa, CAeTaHbl MapauIeIbHO IPYT IPYTY, C OYEHb BBICOKOW TEXHOJIOTHYECKONH TOUHOCTHIO.



OcranbHble pa3Mepsl OOJIBIION PO B BUOPATOPAX HE UTPAIOT.
I"opu30HTaNBHBIN U BEPTUKAIBHBIN KOJOEL B 3TOM KaMepe aHaJIOTHYEH OTBOJIaM MCII0JIb3yEMbIX B PaOaHTEHHAX.
OHH yny4ymniaroT AUarpaMmy HarpaBJIEHHOCTH BUOpaTopa B 3aJaHHO MJIOCKOCTH.

I[To pa3mepy AJIMHON CTOPOHBI BUOPATOPOB, MBI MOKEM JIETKO OIPEEIIATh HECYIIYIO YAaCTOTY IMHPAMHIAIbHBIX TEHEPaTOPOB.

Hannuue BubpaTopoB noj nupaMmuoi(ropoit), Ui yrpasiisieMblX FeHEPATOPOB 00s13aTEIBHO.

[TosToMy, Hann4Kre BUOpATOpa, SIBISETCS OHUM M3 OCHOBHBIX KBATH(DHUKAMOHHBIX MPU3HAKOB HH(PA3BYKOBBIX NEPEAATIYMKOB CO3/IaHHBIX Ha 0aze
[IMpPaMHIaIbHBIX T€HEPATOPOB.

Bubparop npencrasisiet u3 cedst mapauie/ibHbIA 3aKPBITHIH BO3AYIIHBIN pe30HATOP(TI0IYBOIHOBOI), COOCTBEHHASI 4aCTOTa KOTOPOTO OMPEAEIISIeTCS
o gopmyre:

F=V/2d=343/(2*%14)=12.25 T'u , rie V- M/c, CKOpOCTh 3ByKa B Bo3xyxe npu temneparype 20° C, d - M, paccTosiHEEe MEXTy MapaiieIbHBIMA
CTEHKaMH.

To €CTb, 3BYK OTpaxKasiCb OT HpOTHBOHOJ’IO)KHOﬁ CTCHKHU, BepHéTCH B NCXOJHYIO TOUYKY C 3az[ep>KK0171 Ha JJIMHY BOJIHBI.
Mou pacyYCThl pE30HAHCHBIX YaCTOT AJIA ITUPAMUIbL Xeorica caeaaHbl IIpu TEMIICPATYPEC BO3AyXa +20° C.

Ecnu Temnepartypa B HIKHEHW KaMmepe U upamue OyJeT MEHAThCS, TO 3TO MPUBEAET K CYIIECTBEHHBIM U3MEHEHUSAM CIIEKTpa U3JIy4aeMOoro
MH(Pa3BYKOBOI'O CUTHAIA.



Puc.29 PezonancHast yacToTa HIKHEH KaMephl MUpaMuJIbl XeoTica B 3aBUCUMOCTH OT TEMIIEPATyphl BO3IyXa B Kamepe.

3aBNCUMOCTb HECYyLEn YacToThl OT TEMNEpaTypbl BO3AyXa

B HWUXKHEN KamMepe nipamuibl Xeonca
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[Tpu moHMKEHUN TEMIIEPATYPHI CIIEKTP OYAET CKUMATHCS K HECYIICH, a caMa HeCyIlasi 4acToTa MOHMWKAThCS, a TIPY MOBBIIICHHE HA000POT.
Ha unTepnane -100 o +100° C, nnana3oH ckaTtusi U pa3kaTusi 3TON "TapMOLIKHK'" COCTaBUT CEMb ITOJIyTOHOB.

Nudpa3Byk n3inydaemblii TupamMuI0i OyJIeT XOPOIIO CIBIIECH B IIEHTPE 3eMITH, IOITOMY €CTh BEPOSITHOCTB, YTO MUPAMHUIBI OBIIIH OCTPOCHBI IS
3emin, a He IS JII0IEH.

3emursl, Kak KMBOM OpraHu3M, POXKJICHHBIN 3B€3/101 1 Oyymias 3Be3/a, 3T0 MOE TMYHOE MHEHHUE, MTOTYYMiIa OPraH YyBCTB, IIO3BOJISIOIINI €if BUJETh
MIOBEPXHOCTh 3EMJIU.

OTOT OpraH uyBCTB - [IupamMuganbHbI KOMILUIEKC, TOCTPOMIIN ApeBHUE boru -Hamm npeaku, KoTopble 3a00THIIUCH 0 3eMiie.

[TosToMy npeBHUE H300paKEHNE TUPAMHU/IBI C TI1a30M, TOKA3bIBAIM peasibHOE Ha3HAUCHHUE MTUPAaMUJI, KaK OPTaHOB YYBCTB TJIAHET.

OTcro/1a MOXKHO cIeNIaTh BBIBO/I, YTO JIFOJIM HY KHBI JUIs COBEPILIEHCTBOBAHUS IJIaHET U 3a00T€ O HUX.

K cosanenuro cerous, HayKa, peJMris U BJIacTh TaK HE CUUTAIOT, YTO MEYAIBHHO.



4.3.6 BoaiHoBoa mocJie cMecuTeis, siBjasiercst yactbio netyau IHOC.

[IpennasHaueH Ui peryIMpOBKU BPEMEHH 33aIePKKH HH(Pa3ByKOBOTO Habopa yacToT nogaBaeMoro B kanai [1OC u k ckaiibHOMY BHOpaTopy.
Tak ke BOJTHOBOJ, IIPeAHA3HAYAIICS JJIsSl COTJIACOBAHUS cMecuTeNs U pa3BeTBuTes curnana [10C.

Puc.30 BomHOBO OT cMecHTENA.

DTOT KaMEHHBIN BOJIHOBOJT OUYEHB CHIJIBHO ITOCTPAJIAT OT rpabUTeNIe, TOYTH BCSI TPAHUTHAST OONTUBKA OblIa COMTA B IIOMCKAX IMMOTAHHBIX XOJIOB.
DTOT BOJIHOBO/ 3aKaHYMBAETCS TPEMsI TPAHUTHBIMU JIMH3aMHU, KOTOPbIE€ YCTAHOBUIIU MTOCJIE MOCTPOUKH TUPAMUBI.
C nmoMomIbIO ATUX JIWH3 YCTAHOBUJIM HYKHOE BPEMSI 3a/IEPKKH CUTHAJIA B TIETJIE MOJOKUTEITLHON 00paTHOM CBSI3H.



4.3.7 Pe3onaropHasi kKamepa Ha mecThb 4actoT (Kamepa napumnsbi).

Ota KaMmepa SBISETCS YIPaBIIIEMbIM PE30HATOPOM HH(pa3ByKa Ha MIECTH YaCTOTaX.

OHa HaXxOAUTCS B FTEOMETPUYECKOM LIEHTPE MMPaMHU/JIbl, YTO [103BOJIET 04€Hb 3(PPEKTUBHO NPE0OPa30BBIBATH SHEPTHUIO TOJIYUYEHHYIO TUPAMHUION OT
BETpa.

Kamepa 3anuTana nepeMeHHbIM SHEPreTUYECKUM MOTEHIIMAJIOM, BbIPAOOTaHHBIM PE30HAHCHBIM YCHIIUTEIIEM.

[TosTOMy muTaromuye KaHajabl KaMepbl ObUIH 3aKPBITHl TPAHUTHBIMU JIMH3aMH, Yepe3 KOTOpbIe HH(PA3BYK MPOXOIMT JIydllle, YeM Yepe3 BO3IyX.
TonmuHON rpaHUTHBIX TPOOOK PEryarpoBaiu (Gpa3sl HHPPA3BYKOBBIX BOJIH MPUXOAAIIMX 0 MUTAIOIIMM KaHAIaM.

Bxonp1 B 3TH KaHaNBl ObUTH 00HAPYKEHBI IPOCTYKUBAHHEM U BIIOCICACTBUN OBUIN BCKPBITHI.

Puc.31 PezonaTopHasi kamepa reHepaTopa HeCyIel 4acTOThl.




Kamepa umeer cTyneH4YaTyro HUITY, KOTOpas MO3BOJISET Kamepe padoTaTh Ha HECKOJIbKHUX YaCTOTAaX.

[To aTuM pa3zmepam Mbl ONpEENIUIN HA0Op U3 IECTH MOTYJIUPYIOIIUX YaCTOT.

Cenpmas nieHTpabHast yactota(aecymasi) 12.25 ' BeipabaThiBaeTCsl PE30HAHCHBIM YCHIIMTEIEM C TIOMOIIBIO pe3oHaTopa(capkodara).

Hecymas yacrora Bcera npucyTCcTBOBaIa B TOHAJILHOM Ha0Ope 4acToT, NEepeJaBaeMbIX TUPAMUIOMN.

B cmecuTenu U3 3TUX 4acTOT M HECYILEH YaCTOTHI BBIpa0aThIBACTCSA TOHAIBHBIM HAOOP 4acToT.

[ToydeHHble TakKUM 00pa30M YaCTOTHI MOJAIOTCS HA CKAJIIbHBIN BUOpPATOP.

Crnenyetr OTMETUTD, YTO pacueT YacTOT KaMephl LIAPHUIIBI I€TAJICS OLIEHOYHO.

3/1ech UCIONB3YIOTCS TTOTYBOJTHOBBIE pa3Mephl CTYIIEHUATHIX 3JIEMEHTOB, U HENIMHEITHOE MTPeoOpa3oBaHne CUTHAIOB B BUJIE CTYIIEHBKU B KOPHIOPE.
Ora cTyneHbKa MOTJIa CO3/IaBaTh BHICITUE TAPMOHUKH, KOTOPHIE 00PAaTHO OTPaKaIMCh B KAMEPY HapHIIHI.

To ecTh, yka3aHHBIE BBIIIIE IIECTh YaCTOT HEJIb34 HA3BaTh TOUHO PACCUUTAHHBIMH, YUTUTE 3TOT (PAKT.

Puc.32 Yeprex mecTuMOI0BON PE30HATOPHON KaMephl.
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Gicbelspitze

3a KaMEeHHOMW OOIIMBKOM 3TOM KaMephbl UCCIIEIOBATEIN HAIIUIA HUIIK, B KOTOPHIE 3aChINAJICS CTICIIHATBHBIA MTECOK.

DTO KBaplIEBbIN MECOK C BHICOKUMH aKyCTHUECKUMU CBOMCTBAMH.

AmBanu3 rmecka nokasall, YTO OH He MECTHBIN M OBLI CIOJIa CHEIHAILHO 3aBE3€H, XOTA B 3TOM MECTHOCTH ITecKa OOJIbIIIE YeM JJOCTAaTOYHO.
Bce mecunHKM 3TOTO Mecka IMEIOT OMHAKOBBIN pa3Mep ¢ OOJBIION TOYHOCTHIO, 3TO €I OJJHA U3 3araJOK MHUPAMUJIBL.

[TuTaronue kaHasbl 371€Ch PACHOJIOKEHbI, KAK U B PE30HAHCHOM yCUJIMTENe, MpUMEpHO 1 M OT moJja (Ha BBICOTE BEpXHEH CTEHKH BOJHOBOJIA).
Kanans! Ob11M 3aKpBITHI KAMEHHBIMU IUIMTAMH, 3TO TOBOPHUT O TOM, UTO 3Ta KaMepa paboTalia Ha IEpEMEHHOM SHEPruu, TO €CTh HE y4acTBOBaJIa B



3aIrycKe MUPaMUIbl.

J1n1st HU3KO4aCTOTHOM BOJIHBI, KAMEHHAs! TPOOKa HE SBISETCS NPEISTCTBHEM, OHU MOTJIH UCIIOJIB30BATHCS ISl PETYJIMPOBKH BPEMEHHU IPOXO0XKICHHS
BOJIH.

[Turaromue KaHaIbl 3aKaHYUBAIOTCSI KAMEHHBIMH JIBEPKAMU C ABYMsI OPOH30BBIMH PYYKaMHU.

JBepku O0buH coTorpadupoBaHbl TENEYNPaBIsIEeMbIMU poOOTaMu, 3amyiieHHbIMU B KaHais! B 2002 u 2011 rogax.

Puc.33 JIBepku B IUTAIONMIMX KaHAJIAX KaMephl FeHepaTopa HECYIeH YacTOTHI.

Taxk xak ABCPKU HE NPCIATCTBYIOT IMTPOXOKIACHUTIO BOJIHOBOH BHCPFHﬁ(HepCMCHHOFO HOTCHI_II/IaJ'Ia),TO HX 3aJiada CKOpPEC BCCTO CBOAUTCH K pPa3BA3KE
MNEPEMEHHOTO U MOCTOAHHOI'O IMTOTCHIIUAJIOB SHCPIrUH.

3a sTuMHU ABCPKAMH, BEPOATHO paCIIOJIararoTCsAa O6H_II/IC OHCPICTUYCCKUC KAaHAJIbI ICpECAaTINKA.

Kaxk mons30BaThCsS 3TUMU ABCPKAMHU U PyYKaMH HCTIOHATHO.

CKopee BCETO, C O6p3THOI>i CTOPOHBI €CTh ITOMCHICHUS, N3 KOTOPBIX BO3MOXKCH NJOCTYII K 3TUM JIBCPKaM.

Ora KaMepa reHepupoBaia Habop 0 MIECTH YacToT.

Paboune yacToThl Kamepbl BO30YKIaTMCh BKIIOYEHUEM CUTHAJIAa OOPAaTHOW CBSI3U IS KQXKI0W U3 YacTOT.

DTHU CUTHAJIBI IOCTYNAJIA B KAMEPY Yepe3 KaMEHHbIE KaHAJIbI.

Bo3MmoxHO, Ha TUTOIIAAKE UCTUHHOTO BXO0/1a HAXOAUJICS MEXaHU3M MEePEKITIOUCHHS BPEMEHU 3aJIeP)KKH CUTHAJIOB OOPAaTHOM CBS3H, IJIsI ’TOW KaMephl.



4.3.8 BosiHoBO K cMecuTesii0 (I'opu30HTAIBHBIN TYHHEJIB).

KavecTBeHHBII KaMEHHBIH BOJIHOBOJ, UMEIOIINI CTYNEHbKY, KOTOpask HCIIOIb3YETCs, B TOM YHCIE, U1 (POPMHUPOBAHUS IIECTH JOTIOIHUTEIHHBIX
4acToT.
Ero 3agada noxaTe HECYLIYIO YaCTOTY HA CMECHUTEIIb.

Puc.34 BoiHOBOJ K CMECUTEIIO CO CTOPOHBI PE30HAHCHOW KaMephl.
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4.3.9 Cmecuteab (boabmas rangepes).

IIpenHa3HaueH 1151 OKTaBHOIO(KPAaTHOTO CTENEHU JIBYM) IOHMKEHUIO HECYILIEH YacTOThl M 00bEIMHEHNE MOAYIUPYIOLINX YacTOT B OJMH TOHAJIbHBIN
Ha0op ¢ HECYIIEeH YaCTOTOM.

CMmecuTenb CI0KHOE yCTPOMCTBO NEepejaTurKa, BbIpadaThIBAIOIIEr0 BHIXOAHON CUTHAJ U3 HECYIIEH U MOJIYJIMPYIOLIHX YaCTOT.

OTO yCTPOHCTBO UMEET peryiupyemyro (aza-yactotHyro xapakrepuctuky(PUX) u HanoMuHaet (a3oByI0 PeLIEeTKY.

ITo Bceil mymMHE cMecUTENsl PaCHOI0KEHbI 00Jiee IBYX JIECATKOB Map OTBEPCTUH, MPEAHA3HAYECHHBIX U1 (HOPMUPOBAHHS IPOCTPAHCTBEHHOM (haza-
YaCTOTHOM XapaKTEpUCTUKH.

OT0 yCTpOHCTBO 103BOJISIET MEHATH opMy rpadguka @UX no 3TUM ONOPHBIM TOUKAMHU.

PerynupoBka Touek OCyLIECTBISIIACh U3MEHEHUEM IITyOUHBI OTBEPCTUH.

Kak paboraeT 310 ycTpOHCTBO, Mbl HE3HAEM, TOJILKO IIPEJCTABIISIEM CE0E UTO OHO JOJIKHO JEJaTh.

Yrto6sl renepatop 3apaboTrai Hy»KHO 11oJ1aTh Ha BUOparop yactoty 12.25 I'u.

D710 cOOCTBEHHAs YacToTa BUOpATOpa U CPEeIHAS YaCTOTa MUPAMUJIBL.

CkopocTh 3BYKa JUIsl H3BECTHSIKA C 3a30paMu B 0yiokax paBHa 3128 m/c, nenum 12.25 ', mosrydaeM AJIMHY BOJTHBI 255 M.

[TonoBuHa AJIMHBI BOJIHBI paBHA 128 M.

Croii, umerouuii cropony 128 M Hax0UTCS MPUMEPHO B CEPEANHE MUPAMU/IbI.

OH BXOOWT B pe30HAHC ¢ Hecylel yactoToi 12.25 ', Tak Kak MOMHBIN MyTh (OT CTEHKH 10 APYTOM CTEHKU U OOPATHO) 3BYKOBOM BOJIHBI COCTaBUT
255 m.

OcTanbHbIe CJIOU COTIACOBAHbI ¢ MOAYJIUPYIOIIUMHU YaCTOTAMH T€HEPaTopa.

OHU HaxOATCS BBIIIE U HUXKE IIEHTPATLHOTO CJI0s, HaCTpoeHHoro Ha 12.25 T'm.

Kak Buaute, BUOpaTop M nupamMuaa uaeaibHO COTTIACOBAHBI.



Puc.35 Cnektp uH(ppa3ByKOBOro CUTHAI U3ITy4aeMOoro MupaMuon Xeorca.

CnekTp curHana, usnydaemblil nupaMmaaneHeiM KoMnnekcom Xeonca (npu 20°C)
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CMoTpuM ganblie:

OTKpBITHINA capkodar uMeeT coOCTBeHHYI0 9acToTy 98 I'm.(cM. B 1. capkodar)

Ecnu npenmnonoxut, 4to capkodar ObUT HAKPHIT KPBIIIKOM, TO COOCTBEHHAs yacToTa ero oyaet 196 I'i.(cm. B . capkodar)
Cootnomenue yactot 98/12.25=8 unu 196/12.25=16.

To ecTh, 4TOOBI TONYUHTH 4acToTy 12.25 I'll, Hy’KHO TIOAEIUTh YacToTy capkodara Ha 8 (2%) wm 16 (2%).

Taxue coBnageHust He MOTYT OBbITh CIyYailHBIMHU.

MBI yMeeT JeuTh YacTOThI C TOMOIIbIO CUETYUKOB, KPATHBIX CTETICHU 2.

Ecnu Obl, nupamuia paborana Ha ogHoU yactore 12.25 I'ii, TO HaZ0 MPOCTO MOJIENIUTh YaCTOTY NOJIYUYEHHYIO U3 KaMepbl apaoHa Ha 8, U BCE.
To ects! Bombimas ranepes - 3T0 IPOCTOi aKyCTHUECKHUi cuéTunk 2°,

Ho, ctpoutenu He Tak mpoOCTHI.
OHH NOJKITIOYWIIN B KOHIIE FAJIEPEU PE30HATOP € LIECTHIO MOAYIUPYIOLIUMH YaCTOTAMHU.

To ecTb, BbIXOJ ranepen paboTaeT eé U Kak CMECUTEINb YacTOT, U KaK MOJ0COBOM (puimbTp.
[TonocoBoit GpUALTp MpeaCTaBIEH MATHIO MapaMu OOKOBBIX OTBEPCTUH Pa3HOTO pa3Mepa, Ha CTHIKE rajieper U BOJHOBOJIA OT KaMephl LIapHIIbI.

OTcrona cTaHOBUTHCS A0COJIIOTHO SICHO, YTO MX II€JIb MOJY4YUTh Ha BeIxoJe 7 wiu 13 yactot (6 win 6*2 mimroc 1 Hecymias), B 3aBUCUMOCTH OT IOJIOCHI
¢bubTpa.
S nymato, 4To OHM Hcnonb30Basu 13 yacToT, 12 OCHOBHBIX U OJJHY HECYIIYIO YacCTOTY.



Puc.36 Cmecurens(bobias raaepes).

Kamepa cmecurens npeacraBiseT U3 cedst CTyneHYaThId TPOJOIbHBIN PE30HATOP.
KonnuecTBo ycTynoB onpeaensercss KOJIMYeCcTBOM 4acTOT 00pabaThIBa€MbIX KaMEpOH.



Puc.37 IToTosiok kaMepsl CMECUTEA( IETUTENS YaCTOTEI).
¥ B 9 ¥

CMmecuTesb NOJIHOCTRIO CACIaH U3 BBICOKOKAQYECTBCHHOI'O KaMHJI.
BHI/I3y CMECUTCIIb COCAHNHACTCA C BOTHOBOAOM (8), YCpe3 COrjiacyrouice YCTpOﬁCTBO, BBIITOJIHCHHOC B BUJIC TOPU30OHTAJIbHBIX HUIIL U CTYIICHCK.



Puc.38 CMmecurens ¢ oa0CoOBEIM (GDHIETPOM.




4.3.10 Kamepa pe30HaHCHOI0 YCHJIUTEJIA ¢ nuTaromumu kanagaamu (Kamepa ¢papaona)

DTO cepjilie reHeparopa.

[Tpu BriTFOUEHME MONOkUTENbHON o0paTHOU cBsi3u (I1OC), capkodar HaunHaeT neTh Ha yactote 196 I'u(98 I'm).

[Tpu 3TOM Ha KpaTHOM YacTOTE HAUMHAET BO30YKIaThCs PE30HATOPHASL KaMepa C JUPEKTOPHBIMHU OalKaMH MOJI YTOJIKOBBIM OTPaKaTelIeM.

[Ton kamephl BBIIOXKEH CBOOO/IHO JISKAIIMMU KAMEHHBIMH TDTUTAMH, KOTOPBIE OMHPAIOTCS Ha OOJIBIIYI0 KAMEHHYIO TUIUTY Yepe3 KpeMHEBbIE
[10/ICTaBKU(IIPEATIONO0KHUTEIBHO! )

[TnuTHI CO BCEX CTOPOH MMEIOT 3a30p, M OHH TOYKE HAYMHAIOT TIETh Ha CBOCH 4acToTe.

Curaaja MHOTOKPAaTHO YCHIIMBACTCS U (POKYCHUPYETCSl YTOIKOBBIM OTpaXkKaTeleM U TUPEKTOPaMHU.

JIMPEKTOPOM B paJIMOTEXHHUKE HA3bIBACT NTACCUBHBIN U3JTy4aTeNb CTOAIICH Tiepel peIeKTOpoM, KOTOPBIN 3a CUET MepenusiydeHus GOKycupyeT u
YCHIIMBAET CUTHAJI OTPAKEHHBIN OT peduiekTopa.

[epen yronkoBeiM oTpakaTeneM(pedIeKTOpOM) PACIIONIOKEHO AT CIOEB KAMEHHBIX JTUPEKTOPOB YCHIUBAIOIINX CUTHAI.

Puc.39 Cxema pe30HaHCHOTO YCUITUTEINS C PE30HATOPOM.

e TWT3IOWM KaHaN Ne2

MuTasowmi kaHan Net



B nony kamepbl UMeeTcst peryIMpOBOYHBIN KOJIOCII, KOTOPBI MOYKET MEHSITh PE30HAHC KaMephl 3a CUET U3MEHEHHS 00bEMAa.
B xamepy 3aBoAsTCS ABa MUTAIOIIMX KaHajla, KOTOPIE aKKypaTHO OrMOar0T OOJIBIIYIO Tajepeto(CMecUTeNh),
Ecnu Obl kaHaTBI OBLTH BEHTUISILIMOHHBIMY , TaK OBI JIeJIaTh HUKTO HE CTall.

Pe3onarop (Capkodar).

Pe3onarop 3amaér 4acToTy paboThl MUPaMUAATHLHOTO HH(PPA3BYKOBOTO reHepaTopa.

OH npeicTaBiieH BICOKOA0OPOTHBHIM(Y3KOIOJIOCHBIM) PE30HATOPOM.

Bricokast JoOOpOTHOCTB pe30HATOpa UTPAET OYCHb BAXKHYIO POJIb, IPH 3aITyCKE TeHEepaTopa U MOAACPKAHUN CTA0MILHOCTH YaCTOTHI.
HOBTOMy, JJIs1 IIOBBIIIICHUA ZIO6pOTHOCTI/I, CTPOUTCIIN NMPCANPUHAIN PAL KOHKPETHBIX MCP, OIIMCAHHBIX JaJICC.

Pe3oHaTop HOKEH COCTOSTH U3 IBYX YacTeH.
MaccHuBHOI KPBIIIKH U PE30HATOPHOTO KaMEHHOTO sAluKa(capkodar).
K coxxaneHuto Kphblllika pe3oHaTopa yKpaJeHa, HO 3T0 He Oe/1a, BOKpYT MMpaMuUbl B IIaXTaX 3aKOMaHbl COTHU CapKO(aroB ¢ TAKUMU KPbIIKaMHU.

Pe3oHaTop npuIoAHAT HaJj MOJIOM, U ITOCTABJIEH HA KPEMHEBBIE KaMHHU.
KpeMmuuit oueHs TBepAbIii MaTEpUa, IO3TOMY OH HE MELIAET IIETh PE30HATOPY.
AHanus 3Toro KpeMHHsI, MOKa3aj uTo OH He U3 AQpuku, cKkopee Bcero nmpuse3eH u3 EBpornsl.



Puc.40 Pe3oHaTOpHBIN SIMIMK TPAHUTHOTO PE30HATOPA.

Hactpoliky KaMeHHBIX pe30HaTOPOB MPOU3BOIST ABYMSI CIIOCOOaMH (aHAJTOTHYHO COBPEMEHHBIM KPUCTAJUTMIECKUM PE30HATOpaM):
-yCTaHOBKa OOKJIaI0K U3 0oJiee BA3KOr0 MaTepuana, BeIeT K yMEHbIIEHUIO YacTOTHI,
-CTaYMBaHUEM PE30HATOPA, BEJET K YBEITUYECHUIO YACTOTHI.



Ckopee BCEero CTPOUTEH MUPAMHUJIBI CTECAT YTOJI PE30HATOPA HACTPaMBasi €ro Ha 00JIee BHICOKYO YacTOTY.
Hanmuue tpéx mpoboxk B [TOC Toxe TOBOpUT 0 O0Jiee BEICOKOH YacTOTE HACTPOMKHU, YeM TUTAHUPOBAIIOCH, TO3TOMY BpeMs 00xoaa curHaia B [IOC
MPUILIOCH COKPAIIATh.

Puc.41 Pasmepsnl capkodara.

Pasmepbl capkocdpara Xeonca B cm. (Mo Metpu)

22763

[aBaiiTe paccuutaemM cOOCTBEHHYI0 4acTOTy capkogara:
Han capkodarom cTout yroiaxoBbslil peieKTop U MATh CIIOEB TUPEKTOPOB.
[ToaTomy HampaBiieHHEe IPOAOIHHON 3BYKOBOM BOJIHBI OJHO3HAYHO CBEPXY BHU3, OT pedIieKTopa.

Tak kak capkodar OTKpBIT , 10 HAMPaBIECHUIO K IPOJA0IHHON 3BYKOBOI BOJHE, TO €T0 COOCTBEHHAs 4acTOTa, OyJIEeT OMpeesaThCs BRICOTON CTOI0a
BO3/1yXa B HEM.
Pe3onanc B 3TOM citydae OyJeT Mpu paBeHCTBE BBICOTHI CTON0A 1/4 MIMHBI 3BYKOBOU BOJTHBI.

F=V/4h=343/4/0.8743=98 I'n
Ckopee Bcero capkodar ObLT 3aKPBIT KPBIIIKOH.

Pe3onaHc B 3TOM ciTy4ae HacTyImaeT, KOria pacCTOSTHUE MEXKITy THOM M KPBIIIKOW OyZeT KpaTHO 1/2 ATUHBI BOJTHBI.
F=V/2h=343/2/0.8743=196 I'n



W3 pacuéra BUAHO, UYTO YACTOTA PE30HATOPA yAMBUTEILHBIM 00pa30M KpaTHa CTETEeHU 2 K Pe30HaHcy BHOparopa:
98/12,25=8 (2°) nim 196/12,25=16 (2%
Taxum 06pa3om, yacToTa BHOpaTOpa, MOKET OBITH OYEHD MIPOCTO MOITYYEHA, C TIOMOIIBIO IBOMYHOTO aKyCTUYECKOTO CUETUHNKA.

Pe3onartop ObLT BHECEH B KaMepy B MOMEHT CTPOUTEIHCTBA, BHECTH €r0 CHAPYKU HEJb3sl.

XOTs OH IPOXOJUT 110 BOJTHOBO/Y, HO €CTh HECKOJIBKO MECT, /i€ €ro rabapuThl He MPOUIYT.

BriBona:

Psaniom ¢ kamepoii 1omkeH ObITh 3alIacHOM pe30HaTOp, MHAYe €r0 CTAYMBAHHE MOXKET MJI0X0 3aKOHYUTHCS.

[ToaTomy 3a 0HOM M3 CTCHOK KaMephl W B IOJTY JOJDKEH OBITh CKJIJI 3aIM4acTe, TaK KaK CHApY)KH MX yKe HE BHECTH.

IIuTaomme KaHaJIbI

[InTaroniye kaHabl IpeAHAa3HAYEHBI IS 3aIlyCKa FeHepaTopa OT CBEPXHU3KOYACTOTHBIX 3BYKOBBIX BOJIH, CO3/IaHHBIX U3MEHEHUEM BETPOBOTO
JIaBJICHUS Ha TPaHAX MUPaMU/IbL.

Ha BricoTe 1 M OT nos1a, Ha ypoBHE BEpPXHEH CTEHKH BOJIHOBOZA B KaMepy MOJAKOTCS MOJIOKUTEIBHBIN U OTPULATENIBHBIN IUTAIOLUINE BOJTHOBOBI.
3TO OTKPHIThIE KAMEHHBIE KaHAJIbI, KOTOPBIE BBIXOAT MOl KAMEHHYIO OOIIMBKY MUPAMUIBI C PA3HBIX CTOPOH.

Kamennas oOmmBKa nupaMu/isl sIBISETCS MEMOPaHHON, KOTOpasi TeHEPUPYET 3BYKOBYIO SHEPIHIO.

DT KaHaJbl JOJKHBI ObITh OTKPBITHI, TAK KaK FreéHepaTop Bo30y KIaeTcs epeMEHHbIM IIOTEHIINAIOM BETpa, 4acTOTa KOTOporo MeHsiue 12.25 I'.
Takast HU3Kas 4acTOTa HE CMOXKET ITPOWTHU Yepe3 KaMEHb.

[Tocne 3amycka reHeparopa mo 3TUM KaHaJlaM UJIET 3BYKOBasi BOJIHA ¢ yacToToi 12.25 I'1, KoTopast co3naércs MBUKEHUEM MUPAMU/IBI.

Puc.42 Kanan nogauu
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OTHU KaHAJIBI HE OBLUIN BCHTUJIAIIMOHHBIMH, OHHU HE BBIXOAWJIN 3a MPECACIIbI MUPaMH/IbI.
CCI‘O,[[HSI, Korjaa BCA KaMCHHas 00IIMBKA nupaMubl OTCYTCTBYCT, OTU KaHAJIbI UCTIOJIB3YOTCA U1l BEHTUJISLIUHA.



4.3.11 Coraacywmee ycrpoiictso (IIpegkamepa).

OTO CIIOKHOE coriaCyromee YCTPOﬁCTBO, KOTOPOE€ JOJI2KHO o0ecneyuThb MAaKCUMAJIbHYIO OTAa41y BOJIHOBOI OHEPIuu OT pE30HAHCHOI'O YCHUIIMTECIIA B
CMCCUTCIIb.

MaxkcumanbHas otaada sueprur(makc. KI1/1) Oyzner npu paBeHCTBE BHIXOJHOTO COMPOTUBIICHUS YCUIUTENSI COMPOTUBIICHUSM OCTAJIbHBIX YacTei
nepeaaTyrka.

BosiHOBBIE COMPOTUBIICHHST CMECHTEIS, BOJTHOBO/IA M BUOpATOpa MOCTOSIHHBI, & BHIXOIHOE COMPOTHBIICHHE PE30HAHCHOTO YCUITUTENSI ObLIO
HEO0OXOIUMO PETYJIUPOBATH.

Z[J'IS[ 3TOM PEryjinpoBKHU COTIACYIOIICEC yCTpOfICTBO HUMEJIO NEPpEMCIIACMYHO 3aCJIOHKY.

Puc.43 Cornacyromee ycrpoiictso (IIpeakamepa).
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Puc.44 3acioHKa B 1a3y, BUI CO CTOPOHBI CMECHUTEA.

3aci0HKa MOXKET CYIIECTBEHHO MEHSTH BBIXOJITHOE COMPOTHBIICHHE PE30HAHCHOTO YCHITUTEIIS.

CBepxy HaJ1 3aCTIOHKOM BUIHBI MTOJIYKPYTJIBIE BBIEMKH TSI KPETIJICHHsI TPEXOCHOTO MOoNIKcIacTa (J1e6eaku), C OMOIIBI0 KOTOPOTO
MOAHUMATH(OITy CKaJIN ) 3aCIIOHKY.

Ha ctene BUIHBI HAMTPaBIIAIOIINE KaHAJBI, IO KOTOPBIM BO3MOKHO JIBUTAJICS] BEPXHHM 00K, yMEHbIIAsk 00BEM MTOMEIICHHUS.



Puc.45 Hanpasstrommuye kaHajibl Ha CTEHKE MPeIKaMephbl.

VYnpasieHne 3TUMU MEXaHU3MaMU JI0JKHO KaK-TO 3aBUCETh OT CHJIBI BETPA, IOATOMY JOJIKEH OBITh PUBOJ] COITIACOBAHHBIN C CHIION BETpa.
be3 atoit perynuposku KII/] nepenarumka 3aBucesn Obl OT CHIIBI BETPA, YTO HE XOPOLLIO.
3/1ech TaKkKe UMEIOTCS KBaIpaTHbIE OTBEPCTHUS B IOy AJIsl HACTPONKHU (pa30BbIX XapaKTEPUCTHUK.



4.3.12 DBaKkyanlMOHHBbIN KOJIOEN.

DTOT KOJOIEI] He OBbLI 3aIUTAHUPOBAH IPU CTPOUTEIHCTBE MUPAMUJIBI.

Ero Hanuuue roBOpUT O TOM, YTO HECYIIYEO YaCTOTY MHUPAMHU/IbI ITBITATUCH U3MEHHUTD TI0CIIE CTPOUTEIBCTBA ITUPAMHU/IBI.
Komnonern npeanasHadeH AJis epeIBHKEHUS JIFOIeH IPU HACTPOINKHU TepeaTuanKa.

Kononer pputn cBepxXy BHU3 U3 KaMEpbl CMECHUTEJIS, TaK KaK PbITh U3 YK€ OCTPOSHHOTO BOJIHOBOA (6) OBLIO HEY100HO.

Puc.46 By 3BakyaninoHHOI0 KOJIOALA.
D DX : - pi.

Bo3M0oxHO 3TO ObLTO cBsA3aHO ¢ yX070M 20-i OKTaBHOM rapMOHUKH 3eMiH ¢ 4acToThl 12,25 'y Ha Ooniee HU3KY1O, 3a CUET 3aMeJICHHs! BpaIlleHHUs
3eMiIH.
Ceituac 20-s okTaBHas rapMoHuKa 3emin coctasisieT F=12.1695 ', a npu cTpouTenbecTBE MUpaMuIbl BO3MOXKHO oHa Obina 12,25 I'm.



4.3.13 KameHHasi 001IMBKA MUPAMUABI.

[Tupamuia 6pu1a OOIIMTA KAMEHHBIMU TUTUTAMU.

KameHnHast m10ckocTh nupamu/ibl IpecTaBisiia co0oi MeMOpaHy, KOTopas IpeoOpa30BbIBala SHEPTUIO BETPa B BOJIHOBYIO HH(PPA3BYKOBYIO SHEPI U0
1pU BUOpAIK TUPAMUJIBI.

ITon TpeyroiabpHOI KaMeHHOM MeMOpaHoii ObljIa M0J0CTh, 00pa30BaHHAsl BOTHYTOCTBIO TeJla TMPaMU/IbL.

W3 3THUX mosiocTeil HAYMHAIOTCS MU TAOLIHE KaHAIbI KAMEPhl PE30HAHCHOTO YCUITHTEII.

dopma MOoJI0CTH OUYEHb HATOMUHAET I'OJIOBKY JIOKTOPCKOI'O (POHEHAO0CKOIA, KOTOPBINA TOXKE UMEET aHAJIOTUYHYIO ITOJIOCTh O[] LIEHTPOM MEeMOpaHsbI.
OcHOBHOE Ha3HAYEHUE MOJOCTH ¥ KAMEHHOM MeMOpaHbl, 3TO HaYalbHOE BO30Y K/IeHHE TeHepaTopa (Koria MupaMuia ené He BUOPUPYeT).

ITosToMy, HeoOXxoaMMas 3HEPTHs, Ui BO30YKI€HHsI BBICOKO100pOTHOTrO pe3oHaTopa(capkodara), 6epeércsi ¢ MOIHOW KaMEHHONH MEMOpaHHBI.

Puc.47 Boruyrocts rpaHeii nupaMuibl.




B PE3YJIbTAaTC KaMCHHAA MeM6paHa 0Ka3ajach CaMbIM CJIa0bIM MECTOM B KOHCTPYKIWH IMTUPAMHbI, OHA ITOYTHU IMOJIHOCTBHIO 00BaINIIACK.

Kamennass MemOpaHa He sIBIISIETCS 00s13aTeNIbHBIM 3JIEMEHTOM MH(PA3ByKOBOTO TeHEpaTOpa.

B npunnune, pezoHanc nupaMugaIbHON TOPEI MOXKET OBITH yIIpaBisieM U 6€3 MeMOpaHbI(OOIMINBKH).
[TpocTo mist 3amycka MUPaMHUIaTLHOTO TeHepaTOpa MOHATO0UTCS CHIILHBIN MOPHIB BETPA.

[Tpu Hamm4uuu MeMOpaHsbI, capkodar 3aIyCTHUThCS JaXKe OT C1adoro BeTepKa.

Tak xe, memOpana yBenuunuBaet KI1J] remepaTopa, 4To MO3BOJISIET YMEHBIIUTE Pa3MepPhbl TUPAMUJIBL.

4.3.14 Pe3onnpyromue Mactadbl. KoMiiekcsbl reHepaTopoB JHePrum.

B MoHONIMTHOM cKajie BOKpYT MUpaMu bl X€eoIrca BbIpyOJIeHbl COTHH ILAXT.

B maxTel momernieHs! BbICOKOJOOPOTHBIE KAMEHHBIE pe30HaTOphI(capkodaru).

Haz sTuMu maxTamu ciokeHbl 00JIbIIMe KAMEHHbBIE TPANEIIUH - MAacTaOBbl.

Opnna mactaba umeet ot 1 10 3 maxrt ¢ pe30HaTOpaMH.

To ectb, BCs ckana BOKPYT IMpamMubl X€oIca HalllIMIOBaHA PE30HATOPAMM.

MacTtabbl CyIIeCTBEHHO YBEIMYMBAIOT MOITHOCTh MOJIE3HOTO CUTHAJA 32 CUET peBeOpalyy.

Kpome Toro, Mmactalpl paboTaroT Kak NPUEMHHMKH U BXOAAT BMECTE C OCHOBHOM MUpaMUI0i U e€ criyTHUKaMU(Mall. HTUpaMHUiaMH) B OJTUH
SHEPTreTHYECKUI KOMIUIEKC.

JIaHHBIN KOMILIEKC HCIIONb3yeT peky Hul, kak 0600co0IeHHbIN, OUeHb KaUeCTBEHHbIHN KaHas CBA3H.

OT KaXXJ10r0 TaKOro0 KOMITJIEKCA B PEKY CIIyCKaJICS 3BYKOBOM BOJIHOBO/I, OKAHUMBAIOLIUICS THIPOAKYCTHUECKON aHTEHHOM.



Puc.48 TunuaHbIi KOMITIEKC TeHEepaTopa SHEPruu ¢ ruapoakycTuueckoit anrennoi (Ilemu II).

ITo Bceit nmmue Huma pacmonosxeHst 6omee 1ecaTka TAKUX KOMITJIEKCOB, CKOPEE BCETO OHHU CTOSUTH B KPYITHBIX TOPO/AX AIOXHU MAPAMHUI.



Puc.49 Komruiekc reaeparopa uHdpazBykoBou suepruu Ilenu-I1.

Ha pucysnke Boimie Bol BuanTe Komruiekc [lenu-2 u3 kocmoca.

Ha ¢oto o6o3HaueHsI:

. [lupamuansHBIA TeHEPATOP HHPPA3BYKA.

. MomHbIi npuémMHUK (Mactaba).

. KameHHbII HH(Pa3BYKOBOI BOIHOBO/I.

. I'mppoakycrudeckas antenHa (Haxoaumnach B peke Hum 12000 et Hazan).
. 'pyHT OT packomnok.

. biox ynpaBieHHsI KOMITJIEKCOM.

. [lupamuipl ciyTHUKM(aKTUBHBIE 3JIEMEHTHI CXEMbI KOMILIEKCA).

. OTnenbHbIN TPUEMHUK.

0O JON WD B~ WN—



Ckopee Bcero, Bce KOMIUIEKChI ObUIH COEIMHEHHBIEC Yepe3 TuApoaKycTuuecKuil kanan cs3u(Hui) u npeactapisiig co6oi eIUHYI0 SHEPreTUYECKYIO
CETb.

Puc.50 Cucrema npoTtugasHoro nogaBieHus IIyMOB Ha BX0/1€ MAKPOCXEMbI TUPAMHUIATBHOTO KOMIUIEKCA.

E=(lU1+e) - (LU2+ke) = (k-1)e

[lee LWMpOKONONOCHbIX KaMepbl,
€ NPOTUBOHA3HLIM COEANHEHUEM,
B OfHOM 13 kamep 7 1/2pe3oHartopos

E=LlU2+ke , rpe k>1

H])OIHHGO¢(I3H(ZH cucmema nooas1eHus UIYMOG.

MBI BUAMM, UTO Ha BXOJI€ MAKPOCXEMBI Ky/1a BXOJIUT KAMEHHBIH BOJIHOBO/ MAYIINI U3 peku Hui ctost nBe npoTuBodasHble KaMepbl, TO €CTh KaMephbl
pacroJIoKeHHbIE ¢ pa3HbIX cTOpoH(Ha 180°)

OnHa xkamepa mycras, apyras ¢ HAOOpOM MOJTYBOJHOBBIX PE30HATOPOB, MapaJlJIeTbHBIX KAMEHHBIX CTEHOK BBICTPOEHHBIX B IPEOEHKY.

Pasmepsl kamepbl HACTPOEHBI B PE30HAHC C HYXKHEW KaMEpOU.

OpHa Kamepa paBHO YCHUJIMBAET MOJIE3HBIN CUTHAJ U IIYM, a pyrasi yCUIUBAET IOJIE3HbIA CUTHAII CUJIBHEE YEM IIIyM, 3a CUET CEMH PE30HATOPOB
BHYTPH KaMephl.

CurHaisl ¢ 3THX KaMep CKJIaJbIBAIOTCS B MPOTUBO(]A3€e, TO €CTh BEIUUTAIOTCA APYT U3 IPYra, TAKMM 00pa30M IIIyM MOJIABJISIETCs, a YCUIICHHAs 4acThb
ITOJIE3HOTO CUTHAJI ITPOXOJMT JIajblIe.

Hannune npotuBogazHoii cucTeMbl OJaBIE€HUS IIIyMOB, OJIHO3HAYHO FOBOPUT O TOM, YTO C PEKH CUTHAJ IPHHUMAJICS.

AHanoruusple NpoTuBO(a3HbIE CUCTEMBI ITOIABJICHUS ITYMOB CTaHIaPTHO MCIIOIB3YIOTCS B paAMOTEXHUKH ¢ 50-X r0/10B MPOILIOro BeKa Ha BXOAax
MIPUEMHHUKOB.



4.3.15 IIporokoJibl 00MeHa. MoaeJi reHepaTopoB.

Ha ceromHst MO’KHO BBIJICTIUTHh HECKOJIBKO OCHOBHBIX MOJIENICH HH(PPA3BYKOBBIX TEHEPATOPOB BXOASAIIMX B JHEPTCTUUECKUE KOMILICKCHI.
Oto Tpéx(Xedpena), cemu(Xeorca), onuaHaanaru (Pozopas) u Tpunaaati (MeHkaypa) 4aCTOTHBIC TEHEPATOPBHI.

Puc.51 Jluarpamma 4acToT TpEX U CEMHU YaCTOTHOTO MH(PA3BYKOBOTO reHepaTopa.

Hvarpamma yacToT 3/7-4acToTHOro curHana Mepuop
MPOEeKT LLNPOKO 1T1aKkT| 2 Taka 4 TaKkTa
9.19 Hz
s v
|_
o
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6.89 Hz,

9.19 Hz

| 4
10771z 4
\ 4

7.65 Hz 10.21 Hz

12.25 Hz

817 H
z 10.77 Hz IS

8.17 Hz

12.25 Hz
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12.25 Hz

Tpéx yacTOTHBIE FeHEPAaTOPBl HE UMEIOT MOLYJIATOPA U BTOPOH PE30OHATOPHOM KaMePBI.
[lepexmntoueHre 4acTOT BO3MOXHO M3MEHEHNEM BPEMEHH 3aJI€PKKH MOJI0KHUTENbHON 00paTHOW CBSA3HM HECYIEH YacTOTHI.



Bo3mosxno nupamuia Xedpena Obli1a UMEHHO TAKMM T'€HEPAaTOPOM YHEPTHUH.
K ceMu mnu TpuHaaaTH YaCTOTHBIM F€HEPATOpaM OTHOCSTCS NUpaMubl Xeorca 1 MukepuHa.

CeMu 4acTOTHBIC TreHepaTopbl UMCIOT B CBOEM COCTaBe ABE€ PE30HATOPHBIX KaMCPbl 1 KaMCPy CMECUTEIIA 4aCTOT.
CeMH 4aCTOTHEIC TCHCPATOPBI MOT'YT pa6OTaTL B TpéX YaCTOTHOM PCKUME, TO €CTh ITOJIHOCTBHIO OBITH C HUM COBMECTHUMBL.

Puc.52 3anucek nmpotokona ooMeHa B popMe KIMHOMUCH JIJIsl TPEX YaCTOTHOTO CUTHAIA.

ﬂmarpal\m\na TPEX YaCcTOTHOro curHana

npoekT LUWMPOKO
TpéX YacTOTHbIN reHepaTop [Mepuoa
1TaKkT| 2 Takta] 4 TakTa
10.21 > | | P—
7.865Hz 10.21Hz

'é 7.65 4| «|—a

(&)

©

© \4 v
12.25 Hz

12.25 Hz

Bo3moskHO, A1 3anucu CUTHAIa THPaMUJ] UCIIOJIb30BAIACh KIIMHOIKCh, CIIETAl0 TaKOe MPEANOI0KEHHE, XOTSI OHO MAJIOBEPOSITHO.
JInst 3anucu TpEX YaCTOTHOT'O CUTHAJA JIYYIlle BCEro MOJXOAUT TPEX 3HAKOBAs KIIMHOIMUCH, HAIPUMEDP KIMHOMUCH Y PapTy.

DTa KIIMHOIKCH MPEACTABICHA KaJpaMH COCTOSIIIUMH U3 CTPOK.

Kaxxnas crpoka 00s19HO cocTouT u3 10 cumuiabapues.

Kaxxapiii cunnabapuil coCTOUT U3 Habopa KIMHBEB, PACTIONOKEHHBIX B IBE€ WM TPH CTPOKH.

Cunabapwuii onpenensier Habop YacToT, KOTOPBIN NepeaeT MUpaMuiIa.



[TpuMeHeHre TPEX YaCTOTHBIX T€HEPATOPOB OBLIO KaK TO 000c00IeHO OT ceMuYacTOTHBIX (13).
Bot xaap 3anucu, oH ObUT YCTAHOBIICH B CTEHY KPETIOCTH CO CTOPOHBI Bpara.
Ckopee Bcero, 3T0 MpeaynpexIeHHe 0 HATMIHHA HHPPa3BYKOBOTO Te€HEpaTOpa B JAHHOMH KPEMOCTH.

Puc.53 Kanp KIMHOIIMCHOM 3aIIlMCH U3 KPEIIOCTH Y Papry.




Puc.54 3anucek nporokona ooMeHa B (popMe KIMHOMKMCH AJISi CEMU YaCTOTHOT'O CHTHAJIA.

Awnarpamma 4acToT 7-4acToTHOro curHana Nepwvon
npoeKT LI POKO 1 T1akT| 2 Taka 4 TakTa
9.19 H 4
o 2 ¢ /
5
-
§ 1021HZ P | P | J—
CeMu 4acTOoTHbI reHepaTop
6.89 Hz 9.19 Hz 10.77 HZ A *
MIA
7.65 Hz 10.21 Hz 12.25 Hz
8.17 Hz b ’
8.17 Hz 10.77 Hz /
12.25 Hz
765 Hz| € | < | ——umll
6.89 Hz ‘ \

B ceMu4acToTHON KIMHOMKUCH UCTIONB3YIOT YEThIPE JOMOTHUTENBHBIX KIIMHA, 0003HAYAIONINX JOMOJIHUTEIbHBIE YACTOTHI CUTHAA.
BOoJIBIIMHCTBO KIMHOMUCHBIX TEKCTOB MOAXOSAT MO CEMUYACTOTHYIO 3aMKCh.

CeMHYacTOTHBIE 3aMMCH OOBIYHO HAXOUJINCh B XpaMax.

U BBITIAIAT OHM HE TAKUMU KOJFOUUMU, KaK TPEX YaCTOTHBIE.

Hwuxe npencrasneHa 3anuch TpUHAAATA YaCTOTHOTO KOJIA U3 XpaMa HaJIekK/Ibl.

[[BeThI HAapUCOBAaHHBIE IO KpasiM 3TOM 3alIUCH UMEIOT 12 JIeNeCTKOB, BOKPYT IIEHTPAJIBLHOTO COLIBETHS.

Bo3M0xHO 3T0 12 4acTOT BOKPYT OJIHOM HECYIIEH YaCTOTHI.



Puc.55 Kanp knuHonucHoi 3anucu st cemu (13) yactoTHOro cursana.

I[aHHOC OpCAIOJIOKCHUC OCHOBAHO TOJIBKO Ha COBINAACHUHN KOJIUYCCTBA HACTOT U3JIYUACMbIX THUpaMHUIaMU C KOJIMYCCTBOM KIIMHBCB B KIIMHOIIMCHU 3/7.
Bo03MO0OXHO €CTh KIIMHOIMCH C JAPYTrUM KOJIUYCCTBOM KIIMHBEB, B 9TOM BOIIPOCE s HE CIICHUAJIUCT.



4.4 PoxxneHue nupaMmu/.

MHorue XHBOTHBIE CIBIIIAT HHPPA3BYK, KUTHI U CIIOHBI pa3rOBapHBAI0 HA HEM.
BosIbIIIMHCTBO KUBOTHBIX aKTUBHO UCIOJIb3YIOT HH(PPA3BYKOBYIO KAPTY MECTHOCTH.
IIepen€rHble NTULBI JIETAT HA POAMHY, OPUEHTUPYSICh TOJIBKO HA 3Ty KapTy.

OHH CMOT'YT HaiTH CBOIO POJUHY JaXKe C 3aBA3aHHBIMU IJIa3aMHU.

Kaxast MecTHOCTh UMeeT CBOM HaOop HH(Pa3ByKOB, KOTOPBIH (HopMUpPyETCS TPUPOIHBIME OOBEKTAMH: TOPAMH, JIECOM, PEKaMH, BOJOIAIaMU.
KpymHast ropa Bcerjja BUOpUpPYET MO/ TOTOKOM BETpa Ha CBOSH YacTOTE Pe30HAHCA U €€ CIBIIITHO 32 COTHH, & MHOTHE TOPHI 32 THICSYH KHJIOMETPOB.
JKMBOTHBIC 3aIIOMUHAIOT ATY MEJIOJIUI0 MECTHOCTH, OHA MIPAKTUYCCKH MTOCTOSIHHA.

MHorue >KMBOTHBIC YYBCTBYIOT CTUXUUHBIC OSICTBHSI, 36MIICTPSICCHUS, yparaHbl, HABOIHCHHSI, OTIOJI3HU.

OTH SBJICHHS CO3/IAI0T MOIIHBIE HH(PA3BYKOBBIE BOJIHBI, KOTOPHIE OOTOHSS O€CTBUS, pACIIPOCTPAHSIOTCS 110 TJIaHETE.

Takue sipkue n3mMeHeHusI THOPA3BYKOBOM KapThl MECTHOCTH ITyTaOT KUBOTHBIX, U OHU TBITAIOTCS yOEXKATh OT MPUOJIMKAIOIIETOCS HCTOYHHUKA
nH(ppa3ByKa.

EGBYCJ'IOBHO, I[peBHI/Iﬁ YCJIIOBCK 06naz[an boiee Pa3BUTBIM 00OHSIHUEM U CJIYXOM, OH TaKJK€ CJIbIIIAl ¥ OLTyIal I/IH(bpaSBYKOBBIe BOJIHBI U I10JIA.
boapmmue OAWMHOYHBIC I'OPLI CIIYKUJIU OTIIMYHBIM OPUCHTHUPOM B 0001 MCCTHOCTH, YCJIOBEK MOI" pa3JIMYUTh UX Ha CIyX .

HeKOTOpLIC NMUpaMUJAJIbHBIC T'OPHI IIEJIN PA3HBIMHA T'OJIOCAMH, B 3aBUCUMOCTH OT CHUJIBI BETpA U APYTUX (I)aKTOpOB.

C OHpG}I@HéHHOFO MOMCHTA Y€JIOBCK CTAJl 3aAyMAaThCA, KaK MOXHO HMCITIOJIB30BaTh IMECHU I'Op JJIA OITOBCIICHHA CBOUX COIMJICMCHHUKOB.



Puc.56 AMmunTy1HO-4acTOTHBIE XapakTepucTuku (AYX) rop paznoii GopMsl.

Kak BuHO U3 pucyHKa, IPSIMOYTOJIbHBIE FTOPBl UMEIOT OJIHY YaCTOTY pe€30HaHCa U U3MEHUTH €€ Helb3sl (TOJIBKO €ClIM U3MEHUTH pa3Mep Topbl).
CryrneH4arsle TOpbl UMEIOT HECKOJIBKO BBIPAKEHHBIX PE30HAHCOB, U TaKasi ropa MOKET IeTh Ha OJTHON M3 HECKOJIbKUX (PUKCUPOBAHHBIX YaCTOT.
[MupamuanbHbIe TOPB HE UMEIOT (PUKCUPOBAHHOTO PE30HAHCA U MOTYT METh Ha JII000H YacToTe BXOASIIEH B IIOJIOCY YaCTOT BO30Y KICHHUS.

YToObl 3aCTaBUTH NETh CTYNEHUYATYIO WM MHUPaMUIAIbHYIO TOPY Ha HYKHON 4acTOTe, HEOOXOUMO €€ HEMHOXKO MOATOJIKHYTh K 3TOMY.
JIJ1s1 5TOro JOCTaTOYHO IOCTPOUTH BHYTPU I'OPBI PE30HAHCHYIO KaMepy U MOMECTUTh BHYTPb IPSAMOYTOJIBHBIN WIHA CTEPKHEBOM pE30HATOP.
Hmes BBICOKYIO TOOPOTHOCTD, 3TOT pe30HATOp OyAET MepBbIM BO30YKAAThCs OT BETPA, 3aCTaBIISASI FOPY METh Ha HYKHOW JIIO/ISIM YacTOTe.



Puc.57 BozaymHas pe3oHaHCHas KaMepa BHYTPHU TOPbI ¢ KPATHBIM KaMEHHBIM MPSIMOYTOJIBHBIM PE30HATOPOM.

B Erurmer sTa TEXHOIOTUS MIPUIILIA YK€ B IIOJTHOM COBEPIIECHCTBE.

Jlronu B Erunrte To4HO 3HaNM, KaKk U 9TO HAJI0 AeaTh, YTOOBI CO3/1aTh MOIOIIYIO TOpPY.
H03TOMy OBOJIONUOHHBIX MPEAIICCTBEHHUKOB IMUPpaMUI B Erunre wer.

B oTcyTcTBUYM Ha paBHUHE NPUPOJHBIX T'OP, OHU CTPOWJIM TUPAMMIBI.

Ponunon nupamung ssiserca Espona u Aszus!
Ha naHHbII MOMEHT s peArnoarao Haluyue MeCcTH NMpaMualIbHbIX TeHEpaTOpOB €CTECTBEHHOIO MporcxoxaeHus B EBporre.
310 TpU OOCHUHUCKUX MUPaMUbI B BBICOKO, KOTOpBIE UMEET BHYTPEHHIOIO PE30HATOPHYIO CTPYKTYPY.

JBe mupamusl B ['pertuu, B HHPpa3ByKoBoM MUKEHCKOM Y3II€ CBSI3H.
Oto upamusl "Capa' u "XopBaTu'", y TOAHOXKHUS KOTOPHIX PACIIOI0KEH MUKEHCKHUIA aKpOIIOJIb.

I'opa na CeBepuom Kagkaze, mon nHazBanueM "Crapsiii ropox’", oocnenoannas 2011 roxy oosenunanennem KOCMOITOUCK.
PucyHOK pe3oHaTOpHOW KaMephbl, OIyOITMKOBAHHBIA N3BECTHBIM HCCIICIOBATENIEM,
koopauHaTopoM o0weauHeHns KOCMOITOWCK, Bagumom Yeproopos (http://vkontakte.ru/v.chernobrov).



Puc.58 Bun pezonaropHoii kamepsl B Tpéx npoekuusix.. Poccusi, CeBepuslit KaBka3z, Ctapsiii ropo.

OPEBHAA NELWEPA HA KABKA3E

IOBe—C3

103+—> (B L E— =
3AK0K080 'é1“:’;s”’m T L p o
PRaii 4 .
7 : g s 2T
A 3 09 %04n e
4 0 1 B

Wi AAL
W samera?

09%0m

Y UdveIAK
“ 2enona

4,0x05m

40%05m
min
15=10
max
3,0630
= ‘
.‘ﬁ\
E £ Th
r !
[ ) 20m 13 1
Npamou yroA

WIZT Do NGTOAKA

!*pua,a Kecmongick, 2001



PHC.SQ doto
i3
Bt

YAy

BEPTUKAIBHOIO TYHHENS K pe3oHaTopHoM kamepe. Poccusi, CeBepublit KaBkas, Ctapslii ropos.
o Sl e L Qv iy
: 9 ‘p - q

3

1
S
»

g



ITupamuasl B Beicoko.

B 1994 r. psaom c ropogom Bucoko B 22 kM. ot CapaeBo, cronuibl bocHun u I'eprieroBuHsl, BeaUch 00€Bble AEHCTBUS MEXAY cepOaMu U
OOCHHMIICKUMHU MYCYJIbMaHaMHU.

Bo Bpems apTuiiepuiickux 00CTpeIoB KUTEIN FOPOAA CIIbIILIAIN CTPAHHbIHN Iyl U «BUOpaLUU», KOTOPbIe UCXOMIN OT Topbl Bucouunna, ciioBHO
BHYTPH Hee Obljia IMyCToTa.

Jlerom 2005 r. B Bucoko npuexan Cemup Ocmanaruy (Semir Osmanagic), KOTOpPbIH OTKPBLUI TPU BEJIUKHE HpamMu il EBpoIb.

JlaHHbIE TUPaMUIBI OHO3HAYHO OTHOCSTCS K TUPAaMHIATBHBIM HH(PPA3BYKOBBIM T'€HEPATOPaM.

Puc.60 Tpu nmupamussr B Beicoko, bocHust.
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MuxkeHckasi nupamMuaa.
[Tupamuer B I'peruu, Bo3jie apeBHEro ropoja MukeHsl enié He 00CIe10BaHbl.
Ho, nuadpactpykTypa BOKpYT 3THX rOp, OAHO3HAUYHO FOBOPUT O HAJIMUME BHYTPHU 3TUX IOP YIPABISIEMBIX PE30HAHCHBIX Kamep.

Puc.61 Mukenckas nupamua "Capa', BUIl U3 aKpOIIOJSL.

B MukeHcKoM y371€ MPUCYTCTBYIOT BCE SJIEMEHTHI YJHEPTeTUUECKOTO KOMILIEKCa, 33 UCKIIOYEHUEM THIPOAKYCTUIECKOM aHTECHHBI.
B mecte, rae nommkHa CTOSATH MUpaMUa pacrojaraercs nupamuaaibHas ropa "Capa" pasmepom 500x500x500 meTpos.

Boxkpyr ropsl pacmonoxeHno 6oyee COTHU BEPTHKAIBHBIX KAMEHHBIX PE30OHUPYIOMINX IIaXT.

biok YHpaBJICHUA KOMIIJICKCOM UMECT BCC HeO6XO,Z[I/IMLIe DJICMCHTHI.



371ech e pacroI0KEHbl JEBAThH OJ3EMHBIX KYNOJbHbBIX IPUEMHUKOB U3 HUX TPU CaMbI€ KPYIIHbIE HA 3eMIIE.
MukeHCKHi y3e SBIISJICS [ICHTPOM U POJJOHAYaIbHUKOM HIMPOKOBEIIATEIbHON HHPPA3BYKOBOW CETH MOXU MUPAMHU/IL.

Puc.62 DneMeHThI CHCTEMBI YIIpaBaeHHsl HHOPa3BYKOBBIM KOMILIEKCOM B MUKeHaX.

i 3 3

S mymaro 4to, mupamMuIaIbHbIC yIIpaBsieMblie TOPBI CYIIECTBYIOT 1O Bcell EBporie, mo Bcemy modepexnio CpeauszeMHoro u YepHOro Mopei.
Hemanoe ux konuuectBo OyneT HaitneHo B KpbiMy, 3/1ech HAXOASITCS OTPOMHOE KOJIMYECTBO OOJBIIMX KYHMOJIbHBIX MOA3EMHBIX TPUEMHUKOB (THITA
[{apckoro kyprana).

Uro sBisieTCs MPU3HAKOM aKTUBHOTO MCTIOIBb30BaHMs MH(PPA3BYKOBBIX TEXHOIOTHIA.

B Erunte ectb 1 nupamMuaibHble T€HEPATOPHI MOCTPOECHHBIA HA OCHOBE MPUPOIHBIX TOP.

Hanpumep, camas Gomnbiniasi ecrecTBeHHas mupaMuaa Erunta HassiBaeTcst Dnb-KypH.

[Tupamuna naxoautcs B JIykcope.

Bxonut B coctaB camoro 00JBIIOT0 KOMITIEKCA C TUAPOAKYCTUUECKON aHTEHHOM.

DTO MEePBHIA, U CaMbIii MOIITHBIA, TUPAMHUTATBHBIN HHPPa3BYKOBOW TeHEpaTOp MOCTPOCHHBIN B ErnmTe.
Bcex ¢dapaoHOB XpaHUIU TOIBKO BO3JIE ITON MUpaMUbI (TJe UX MyMHUH U ObUTH HallJICHBI).



Puc.63 [lepBblii, U caMblif MOIITHBIN THpaMuIAIbHBINA Tenepatop Erunra. [Tupamuna Dns-KypH.

[TupamunanbpHas ropa 6bUIa HCKYCCTBEHHO 00paboTaHa MoJ| CTYNEHYATYIO0 MUPaMUIy.

BayTpu rops! moctpoena HeoOxoanMasi HHGPa3ByKOBasi BOJIHOBAS TEXHOJIOTHYECKasi CTPYKTYpa.

Bosse 3Toit nupamMuipl HIOCTPOEHBI Bce HEOOX0IUMbIe OJIOKH YIpaBlIeHUs] KOMIUIEKCOM, FeHEPHPYIOIIUM SHEPTHIO.
Taxoke 311eCh MBI BUJIUM 'HPOAKYyCTHYECKHE BUOPATOPHI, KOTOPHIE ObUIN OMyIIeHHBIE B B Hra.



Puc.64 Makpocxema nupamMuaibHOro komiuiekca 2ib-KypH.



4.5 I'mbes mupamMu.

I'unore3a nH(Pa3ByKOBOrO BEIIaHUs MIOXU MHUpaMU] He OyAeT 3aBepiieHa 6e3 oTBeTa Ha Bonpoc: "[loyeMmy nepecranu Bemars nupamuisi?"
OTBeT Ha ATOT BOINPOC YIMUpaETCs B 0oJiee BakHYIO rumoTe3y: "O CylecTBOBaHWE U THOENH Mpa-IuBUIn3au?" .

Cy1iecTByeT MHOKECTBO THIIOTE3 U BEPCHUH T10 3TOM TeMaTHKe.

A npunepuBarOCh 0JTHON M3 Hanbosee ApeBHUX rumnotes: "I umore3a BecemupHoro moroma'.

Jlanee st mpuBeAy CBOIO Bepcuio THNoTe3sl "BeemupHoro nmorona" u rudenu npeapayei UBIUIH3AIIH.

Kak mMHe kaxkeTcsi OHa JJOTHYecKHd 00beUHSIET U3BECTHhIE MHE (DaKkThl Ha 0a3e pU3MUEeCKHX 3HAHUN COBPEMEHHON HAYKH.

B ucroputo Hariei HIMBUIN3alUU 30JI0THIMU OYKBaMH JTOJIKHBI OBITH 3allMCaHbl UMEHA POCCUIMCKUX YUEHBIX, HHKEHEPOB, padouuX,

koTopsle ¢ 1970 roga nposenu BO JbaX AHTapKTH/Ibl MHOTO JIET, HA CTaHIUU BocTok(camoe X010JHO€ MECTO Ha IUIaHEeTe), 1OObIBask KEPHBI C
JEASHOTO NaHUUPS. AHTAPKTU/BI.

JlensiHOI KEPH COCTOMT M3 TOJIOBBIX KOJIEII, B KOTOPBIX 3areyaTaHbl My3bIPbKH BO3MyXa U3 aTMOC(epbl HaJ AHTapKTUIOH 3a TaHHBIH TO/I.
[IpoGypuB ckBaxkuny B 3750 MeTpoB, uccienoBatenu Hacuntanu Ha kepHax 425000 rooBbIX KoJell.

OT0 apXMB KJIMMATa IUIaHEThl 3eMJIN.

[To ananu3y cogepxanus uzorona O1g ObUIa OMpesieNieHa CpeaHss TeMIepaTypa 3eMIIH 3a KaK/Iblid TOJ1.

Tax e OblTM U3MEpEHbI COCTaB aTMOC(hephl, KOHIIEHTPAIMs bIJIM, MUKPOOHUOJIOTHS U MHOTO JIPYTHX [TapaMeTPOB.



PesynbraT ux paboTbl BOT 3TOT IpaduK.

Puc.65 I'paduk n3mMeHEeHUs: TEMITEpaTyphl, YIJIEKUCIOTO0 ra3a u nely 3a nociennue 400 000 net.
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Thousands of years ago

Ha ceronns 310 caMblif 1OCTOBEpHBIN rpaduk TEMIEPATyPHbIX U3MEHEHUH 3eMIIH 3a TaKOW TOJTHM MepHo/I.
Ero nerko npoBepuTh, Tak Kak KIuMaT 3emiu Habmoaercs ¢ 19 Beka.

OH NOJHOCTBIO OMPOBEPraeT rUNoTe3y ri00aaIbHOr0 MOTEMICHHUS U TOTOBUT HAC K JIEAHUKOBOMY NEPHOTY.
Ceituac Mbl )KUBEM B NEPHOJ MECTHOT'O MOTEIJICHUS ITT00AIBHOTO CIa/1a TEMIIEPATYPHI.

Yepes 10000 sret TemmepaTtypa nonusurtes Ha 8-9 °C.



Jliis Hac TIIaBHOE, YTO Mbl MOXKEM HalTH 10 3TOMY IpaduKy Bce KaTacTpodbl 3eMiIM, TaK KaK OHU CUJIIBHO BIMSIM Ha aTMochepy.
BoT k npumMepy rpaduk Bcex KpyIMHBIX U3BEP)KEHHI BYJIKaHOB 3a nocneanue 900 net, mo JaHHBIM cTaHIuu BocTok.

Puc.66 ['oapl n3BepKEeHUS KPYITHBIX BYJIKAHOB ONPEICIEHHBIX [0 KEPHY CTaHIIUN BOCTOK.
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3,[[60]: MbI BUJUM AK€ HCU3BECTHBIC HAYKE N3BCPKCHHUA BYJIKAHOB.

Teneps 3aiimémcs katactpodoii "Bcemupnslit moton".

ITo rpaduky Ha Puc.65 mbl BuanM, uto 12000 et Ha3ax Temreparypa Ha 3eMie cTajia pe3KO TOBBIMIAThCA.
Temmneparypa Ha 3emyie B TOT MOMEHT Obljia Ha 8° HUXKe, YeM ceiyac.

YpoBeHb MUPOBOTO OKeaHa, Toxe OblT Hike Ha 100-200 MeTpoB, 3TO OB MUK JIEAHUKOBOTO MTEPHOIA.

MHOTOKHIIOMETPOBBIE JIbABI CHIIBHO JIaBHIIN HA TEKTOHUYECKHE ITUTHI, B pe3yIbTaTe Yero, HAOF01aeTCs CHIIbHBIC U3BEPIKEHUS BYJIKAHOB.
3anbpUIEHHOCTH aTMOCdepa B 3TOT Nepro.1 OblJ1a MAKCUMATHHOM.



3/1ech siBHA BUJIHA [IEPUOIUYECKAsi 3aKOHOMEPHOCTh MPUBOJIAIIAS K KPATKOBPEMEHHOMY PE3KOMY MOTEIJICHUIO.

3emutst kKak OyATo HakarumBaeT Terio 3a 100 ThIC. JIET Mo JISTHUKOBOM 1IyOOH W TOTOM BBIOPACHIBAET €T0, CO3/1aBasi TETUIBIN EPHO/T
IIPOJOJKUTENBHOCTBIO 15-25 ThIC. JIET.

Takol ObICTpBII pa30rpeB 3eMJIM U OK€aHa, MOKHO OOBSICHUTh TOJIBKO PACKPHITHEM KOHTHHEHTAIBHBIX TEKTOHUYECKHUX PA3JIOMOB Ha JTHE OKEAHOB.

BarmsiauTe yepes Google Earth Ha ATnantrdeckuit i Tuxuii okeas.

JJAHTHYCCKOM OKCaHC.

Puc.67 TpemuHa(KOHTHHEHTATBHBIM TEKTOHHYECKHI pa3ioM) B AT
L T

ITocpenu okeaHa NpOXOAUT BEIUYAUIINN Pa3JIOM TEKTOHUYECKUX IIJIUT.
Kak Br1 nymaere, paznom koraa-HuOy b OTKpbIBasICA?



Puc.68 3acThIBIIME IOTOKH JIABBI HA IMPOTSKECHUC ThICAY KUJIOMETPOB.

Google ear
L.

A 4Tto 6y)1eT €CJIM pa3jioM PpaClIMPUTCH HA MPOTHAKCHHU THICAY KHJIOMETPOB MOCPEIH okeaHa?

HpaBI/IHBHO AYyMacCTEC, OKCAH HArpecTCA, U3-3a IMOTOKaA ropﬂqeﬁ Marmeal.

EHIG 6y21€T OITYCKaThbCsd JHO OKCaHAa, TaAK KaK Marma 6Y)1€T BBIXOJIUTH U3 TPCIINHBI, €€ MECTO KTO TO JOJDKEH 3aHSTh.

Eme 6yI[y'T HUATHU HCTIPCPBIBHBIC ITPOJIMBHBIC JJOKIU, KOJIOCCaIbHOMI CHIJIBI, I10 BCeM TCPPUTOPUH IIJIAHCTHI, N3-3a UCIIAPCHUA BOIBI.
HO)KJII/I CMOIOT IIbLIIb U3 aTMOC(l)CpI)I, YTO MBI U Ha6J'[IOJlaCM Ha rpa(bHKe, MMOCJIC MMOTCIUICHU A, KOHICHTpAaUW NbIJIM paBHA HYJIIO.

U uro?
Jla cMOET He TONBKO TOPOJa, JIOACH U KUBOTHBIX C pACTEHUSMH, HO M BECh ILJIOJIOPOIHBIN CIIOM 3eMJIM BO MHOTHX MECTaXx.

A 0bLI10 Takoe?
Bort , uto numyT 06 3TOM BenuYaiime mepBOMCTOYHUKY, HAIICH [UBUIN3AIIAHN.



Bertxuii 3aBer:

11 B wecmucomniii 200 sncusznu Hoesotl, 60 émopoii mecsy, 6 ceMHaoyamvlii OeHb Mecayd, 8 celi 0eHb PA38ep3iuch 6ce UCIOYHUKU 8eIUKOL Oe30HbL, U
OKHa HebeCcHble OMBOPUNUCH,

12 u nuncsa Ha 3emro 0024COb COPOK OHEU U COPOK HOUeEll.

19 U ycununaco 600a na 3emiie upe3eoluaiino, max Ymo NoKpbulLIUCh 8Ce 8blCOKUE 20Pbl, KAKUE eChb N00 8CeM HeOOM,

20 na namuaoyame 10Kmetl NOOHANACH HAO HUMU 800d, U NOKPBLIUCH COPb.

21 U nuwunacs Hcu3HU 8CAKASL NIIOMb, O8UIICYWASC NO 3eMile, U NMUYbL, U CKOMbL, U 36ePU, U 8Ce 2a0bl, NOA3aAI0WUe No 3emie, U 6ce Joou,

22 sce, umo umeno ovixauue 0yxXa HCUsHU 8 HO30PSX CBOUX HA cyule, YMepJlo.

23 Ucmpebunocs ecakoe cyuecmeo, Komopoe 0blio Ha NOBEPXHOCIU 3eMIU, OM Yel08eKa 00 CKOMA, U 2a008, U NMuly HeOeCHbIX, -- 6Ce UCMPeOUIOCD
¢ 3emau, ocmascs moavko Hoit u umo 6wi10 ¢ num 6 kosueze.

24 Booa dce ycunuganace Ha 3emjie cmo nsamv0ecsam OHel.

A yrto roBopuiu rpexu 2500 et Ha3ax:

IInaron "Kpuruit" o I'penun:

Ilockonvky dice 3a 0essamb MulCAY Jiem CYYULOCh MHO20 BEIUKUX HABOOHEHUN (A UMEHHO CIMONILKO Jlem NPOULlo ¢ mex epemen 00 ce20 OHs),

3eMis He HaKAnIuBaidcy 8 8Uoe CKOIbKO-HUOYOb 3HAYUMENbHOU OMMENU, KAK 8 OPY2UX Mecmax, Ho CMbl8alach GOJIHAMU U NOMOM UCYE3ANd 8 NYUUHE.
U som ocmancs, kak dvieaem ¢ ManbIMu OCMPOBAMU, CPAGHUMENLHO C NPEHCHUM COCMOSHUEM TUULb CKeNenm UCOUWEeHHO20 He0y2oM mead,

K020a 8Cs MASKAA U MYYHAS 3eMJIA OKA3ANACh CMbIMOLL U MOJILKO 0OUH OCMO8 euje neped Hamu.

Ho 6 me epemena ewje nenogpesicoennvili Kpai umein u 8blcOKUe MHO20XO0JIMHble 20pbl, U PABHUHBL, KOMOPbLE HbIHE 308VMCA KAMEHUCMbIMU,

a mo2oa 6wl NOKPbIMbL MYYHOU NOYE0U, U 0OUIbHBIE Jecd 8 20PaXx.

[InaTon "Kpurunii" o Atnantune:

IIpesicoe 6ceco 6kpamye NPUNOMHUM, YMO, CO2NACHO NPEOaHUI0, 0e6amb MblCAY Jem MOMY HA3a0 ObLIA BOUHA MeHcOy memMu HApOOaMU,
Komopble obumanu no my cmopouy I epaxiosvix cmonnos, u cemu memu, Kmo H#ui no clo CHMOpOHY:

00 5motl 8oliHe HAM U NPeOCmOoum noeeodama.

Coobwaemcsi, ymo 80 2nase NOCIeOHUX 8ell0 BOUHY, 008€05 ee 00 CAMO20 KOHYA, Haule 20CY0apcmeo,

a 60 2nage nepeuvix — yapu ocmposa Amaanmuosl, KaKk Mol yyce YROMUHALU, 9MO HeKo20a Oblil 0Cmpos,

npesviuiaguiuti genuyunol Jlusuio u A3uro, Heine dce OH NPOBAIULCA BCIe0CmEUe 3eMAeMPCEHUU U NPe8PAMUILC 8 HenPOXOOUMBLIL U,
3aepanxrcoarowull nyms Mopexooam, Komopbvle NONbIMAIUch Obl NIbIMb OM HAC 8 OMKPbIMOe MOpe, U Oelaruwull N1A8aHue HeMbICIUMbLM.

W3 nepBOMCTOYHUKOB CIEAYET, YTO AOXKAb(IIOTOI) MPOa0Kanock 40 CyTOK.
3a 3T0 BpeMs Ha TJIAHETY BBUIMIIOCH KOJIOCCATBHOE KOJUYECTBO BOJIBI, KOTOpas comwia yepe3 nmoaroaa (150 nueit).
[Torubmnu mroau, KUBOTHBIE, PACTECHUS.



CMBLIIO TUIOIOPOIHBIN CIIOH, B MOpE OBLIO MHOTO I'PS3H(MIT), TaK YTO CYAOXO/ICTBO OBLIO HE BO3MOXKHO.

Bepuemcs k rpaduky Puc.65 poccuiicknx yu€HBIX .

Temneparypa Ha 3emute 12000 neT Ha3zan OblIa HA 8 TPaTyCOB HUXKE.

CesepHnast Adpuka 6pu1a caMbIM KOM(MOPTHBIM MECTOM IpoXkuBanus 22-25 °C.

Cesepnee ['penun xu3Hb ObliIa ropa3o CIOKHEE, TaM IIPAKTUYECKH HE ObLIO JIeTa.

OusereHeHue CeBEpHOTO Motoca(JIeAHUK) JOXOAWI TOTAA 70 MUPOTH Topona Kuesa, To ectb moutH 10 6epera YepHoro mopsi.

CpenuzeMHOMOpCKasi IMBUIIM3ALKS B 3TO BpeMs JOCTHUIJIA BEJIMYAMILIEro pa3BUTHUs, CYs IO OCTABLIMMCS /10 TIOTOIHBIM COOPYKEHUSIM.
Ho, moron yHUYTOXKWII 3Ty LIMBUIU3ALUIO U CMBLI BCE €€ JTOCTUKEHUS B MOPSI U OKCaHBI.

OcTtanuch TOIBKO HEKOTOPHIE CKAIBbHBIE (DYHIAMEHTHI U IPOYHBIC METATUTUIECKHAE CTPOCHHUSL.

[Tupamubl yCTOSIIN, OHU pyLIATCS CaMM B €05 U CTOST Ha MOHOJIMTHBIX CKaJlaX, BOJOW UX HE CMOEIb, 3eMJIETPSICEHUEM HE Pa3pyLIUILb.

Artnantuja yuna Ha aHo okeaHna Ha 2000-4000 M, u3-3a BbIX0Ja MarMbl ¥ OITyCKaHUs JHA OKeaHa.
ATIaHTUYECKUI KOHTHHEHTAJIbHBIA Pa3JIOM MPOXOIHII YEPE3 3TOT OCTPOB.
[TnaTon mucall, 94TO Ha OCTPOBE OMIIM TOPSIYME UCTOYHUKU BOJIBI.



Puc.69 JIHO ATIAHTHYECKOTO OKEaHa, ¢ Xp

,ut . ‘ 3 ’k“‘i

€0TOM U3 3aCThIBIIEH MarMbl.
0 e % e

TommuHa ¢105 MarMbl BBITEKIIHA B OKEaH U3MEPSETCS KWIOMETPAMH, a IIUPUHA THICSYaMU KHJIIOMETPOB.

B pesynbrare 1HO OkeaHa, U3-3a BbIX0/1a MarMbl MEXIy pa3ioMoM U 6eperom Agpuku, onyctuiocs 1000-4000 m.

OT ATnaHTHIBI OCTAINUCH TOJBKO BEPXYILKH CEBEPHBIX rop (A30pCKHe OCTPOBa).

[TnaToH mucan, 4To OCTPOB ATIAHTUAY OT CEBEPHBIX BETPOB 3aILMIIIAIN BEICOKHE TOPBI, HAXOUBIINECS HAa CEBEPE OCTPOBA.

Kcratn, Ha 3TOM prcyHke BuzeH u Oeper EBpomsl 10 moTora, Koria ypoBeHb okeaHa jonroe Bpems 0but1 Ha 100-200 HuKe, 9eM ceroHsl.
3a MHOTHE ThICSYEIeTHS BO/Ia CO3/1aJIa BBICOKHUI M XOPOILIO MTpOCcMaTprBaeMblil Oeper.

Kak roBOpAT BOZa TOYUT KAMEHb.

Hanpuwmep, octpoB AHrnus Obl1 yacTbio EBpoIBI.

[[Berymas CeBepHasi Adprka IpeBpaTHUIach B MASIIYIO MYCTHIHIO, 3eMIIs OblJIa CMBITa, 00pa3zoBanach mycThiHs Caxapa.
W3-3a TassHUs OOJBIIIOTO KOJIMYECTBA JIbJa YPOBEHb MUPOBOTO OKeaHa MmoaHsuIcs U O0eper CpeauseMHoro Mopst B CeBepHO# Adpuke ObLT I0XKHEE
HBIHEIITHETO.



PI/IC 70 Bug 6epera C PEM3EMHOT0 MODSI CYLIECTBOBABLIIETO MOCIIE NOTOMA Caxapa, Adpuka).

Ha Puc.70 xopo1io BUAHO 4TO BOJa TOCTENEHHO OTXOIUJIA , OCTABIISsl HOBBIE OUepTaHUs OEperos..
[TepBoIit Oeper caMblii KpyTOd, OH 00pa30BaiICs 3a [UTUTEILHOE BPpEeMs TIOKa OKEeaH OCTHIBAJL.
OcranbHble Oepera 00pa3oBaIKCh B Pe3yIbTaTe MOCTENIEHHOIO OJIEICHEHNUS TJIAaHETHI.



Puc.71 Bun nepBoro(6-7 Teic. et Ha3zan) 6epera Cpenu3eMHOT0 MOpsI CymiecTBoBaBIero mnocie norona(Caxapa, Adpuka).

Ecnu B3s8Th mporpaMmy noka3bIBaIOUIYIO 3aTOIVIEHUSI MECTHOCTH OT BEJIMYMHBI YPOBHSI MUPOBOTO OKEaHa.

W nHavaTh moHUMaTh YPOBEHb OKeaHa, MMOKa cTapblii Oeper B mycThiHe Caxapa He COBMAET C YPOBHEM BOJIbI, TO MIOJTHOE COBMaieHNE Habm01aeTcs Ha
ypoBHe 150 meTpoB.

To ecth mocie Havana mororma, yepe3 150 qHel, koraa Boja conuia(mmo BETXOMY 3aBETY)I0 YPOBHs BObI Ha 150 MeTpOB BHIIIE, 4eM ceifuac.



Puc.72 Bun 6epera CeBepHoii Adpuku pu YBEIHMYESHUU YPOBHSI MUPOBOTO OKeaHa Ha 150 MeTpoB.
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Kak BuHO Ha pHECyHKE BBIIIIE, ITOCIIE TOToMa, B CpeIM3eMHOM MOpe 00pa3oBalicsi OCTPOB pazMepom ¢ Urammro.

Ecnu ydects, uTo 10 Hayana norona(cM. Beiiie), ypoBeHb 061 100-200 M HUXKE yeM ceifuac, TO ypOBEeHb MUPOBOTO OK€aHa IMOCJIe MOTOMa MOJHSUIICS Ha
250-350 meTpos.

Ecnu ypoBeHs okeana mocine norona crai Ha 350 M BbIIIe, TO KAKUM OH OB BO BpeMsl MOTOIMA, TToKa UK 10kau? TpynHo naxe MpeacTaBUTh 310!

3a 12000 et moce morona ypoBeHb onycTriics Ha 150 MeTpoB, 1 9TO OImycKaHue OyAeT Mpo0JIKaThCS Jajiee, TOKa He JOCTUTHET J0 MOTOTHOM
BEJTUYHHEI.



Ha npeBnem Oepery CpennzeMHOro Mopsi, IpOXoAsIero yepes Bcro Caxapy, Bbl MOXKETE HATH OTPOMHBIE OKaMEHEIbIE 1€PEBbsI TOM FMOXH.
Jpyrue nepeBbs 31ech 00JIbIIE HE POCIIU, TaK KaK I10CJIE MOTOMA CTaJI0 OYEHb JKapKO U OblIa CMBITA BCS I10YBA.
9710 roBopuT 0 TOM, uTo CeBepHas Adpuka Obuia 3e1EHOM, BETYIIEH CTpaHO.

Puc.73 OkamMeHernble 1epeBbsi Ha IEPBOM JIpeBHEM Oepery, cBueTenu noromna (30°26'25.85"N, 28°33'56.85"E Caxapa, Adpuxka).

B Hagane Temnnoro nepuoa, mocie mnotormna (TiepBbie 2-5 ThIC. JIET) , TOKa OKeaH OCThIBAJ, Ha 3emiie He ObLIO 3UMBI.
DTO OOBACHICT HAJTMYME OKAMEHEIIBIX JICPEBHEB B CEBEPHBIX CTPaHax, 0€3 roJIOBBIX KOJIEIL.

Beper AHTapKTHIBI B 3TOT 1epuoi(6-7 THIC. JIET Ha3ax) ObUT CBOOOCH OT JibJla, OCTPOB I 'peHIIaHusl ObLT I[BETYIIEH 3€IEHON CTPaHOM.
Oto eauHcTBeHHOE 00bsAcHeHHe KapTe [Tupu Peiica(1513 r.), Ha KoTOpoit n300paken Oeper FOxHOM AMEpUKH U YacTh AHTAPKTH/IbI O€3 JIEASHOTO
MIOKPOBA.



Kapra npunaanexana typeuxkomy aamupainy [lupu Peiicy (1513 r.) u 6bu1a BeicTaBnena B My3eu Tonkansi(Typuus) ¢ 1929 roga.
Jo xonma 20 Beka yu€HbIe He 3HAIM ouepTaHus Oepera AHTapKTUABI B 3TOM MECTE, TOJIBKO O1aroaaps CKaHUPYIOIIUM uepes3 JE CITyTHUKAaM yAaJoCh
COCTaBUTb TAKYIO KapTy.

Puc.74 Yacts xapts! [Iupu Peiica(1513 r.).

VY odunuansHOM HayKH Ja)Ke HET TUIIOTEe3, OTKY/Ia MOTJIa TTOSBUTKLCS 3Ta nHpopManus Ha kapte [Tupu Peiica.



[Tomyuaercst uto 6-7 ThIC. JIET Ha3ax K OeperaM AHTapKTH/IbI TUIABAIM JIFOU M OHH COCTABUIIA ATU KapThI.

BbonpmmHcTBO MUpamua noauHel peku Huut okazanuch B MOpe, Tak Kak JI0JIMHA CTajla MOPCKUM 3aJIUBOM.
Benmukue nmupamuasl Xeornca u XedpeHa HaX0IUIUCh B MOpe Ha rryouHe 80-90 MeTpoB, BEPOSITHO TOTIa OHU TIOTEPSIITH OOJTUIIOBKY.
[Toxoxe, 94TO BEpXHUH IITYKATypHBIN CJIOH MUpaMuabl XedpeHa ocTalicsi TOIBKO MOTOMY, YTO BBICTYIIAN U3 BOJBI.

[Tponuto MHOTO CTONIETHH, TOKA JIbJIbI CKOBATTU U30BITKH BOJIBI.
B nupammuaax no cux nop HaOJIIOJAIOTCS COJEeBbIe MOATEKU MEXIy OJOKaMH, YTO SBISETCS BEPHBIM MPU3HAKOM UX JI0 TIOTOMHOTO CYIIECTBOBAHMUS.
D10 00BSICHSET U BOIHYIO 3po3uto CuHKca.

CpenuzeMHOMOpPCKast U ATJIaHTUYECKAs IMBUIIN3AIMSA ObUIM YHUUYTOXKEHBI, CYMEJIN CIAaCTUCh CAMHUYHBIC CEMBH.
Hagepho 310 6611 Hoil ¢ cembéli B cBoéM kopabite. Ha rope Onumn B I'perinn, BO3MOXKHO criaccsi 3eBC M €T0 CEMbsI, MOYKHO TOJIBKO TaJIaTh.
Ho, xTo TO moBenan rpexkaM u eBpesiM Mpo 3TU COOBITUS, 3HAUUT, OB BHLKHUBIITHUE.

AOGCOIOTHO MOHATHO, YTO B OPOH30BOM M KEJIE3HOM BEKaX HE BO3MOXKHO IIOCTPOUTH TAKHE COOPYKEHHE.
Hu y onHoro apeBHero rocyiapcTsa Haulei 31oxu, He ObUIO HYKHBIX TEXHOJIOTUH, MHCTPYMEHTOB, 3HAHUM, JTIOACKUX PECYPCOB, ACHET IS UX
IIOCTPOMKH.

OquI/I,Z[HO, 4TO OO0 MOTOIIHBIC COOPYIKCHUS, KaK TO UCIIOJIb30BAJINCH JIFOAbMU 6p0H3OBOFO " TTOCJICAYIOIINUX BCKOB.
‘-Iame BCCTO 3T COOPYKCHUA HUCITIOJIb30BAJIUCH KAaK CBATHIIMIIA, OUCHb PEAKO B HUX HAXOJAT U 3aXOPOHCHUS.



BoiBoabI:
1. OcHOBHBIE apXEOJIOTHYECKHE PACKONIKH HEOOXO0AUMO IEPEHOCHUTD O WiKrcToe 1HO Cpeln3eMHOT0 MOpsl M ATIAaHTHYECKOTrO OKeaHa.
2. OcHoBHBIE TOpOAA Mpa-nuBIIIH3auK HaxoaaTcs Ha 100-200 MeTpoB HUKE COBPEMEHHOTO YPOBHS OKEaHa.

Jdannas Bepcus ""BcemupHoro norona' cMoriia 00beIHHUTH U O0BSICHUTD cjieaylomue GakTbl:

1. O6BscHsET IepuoANYECcKOe OTeIUIeHHe KiuMata pa3 B 140-150 Teic. et

2. llogrBepxaaet "BecemMupHbIil mOTON"- BBI3BAHHBIN JOXK/IEM, CMBIBIINH IIOAOPOAHBIHN CIOM 3€MIIM M YHUYTOKHUBILUHN TOCTH)KEHUS YEIOBEUECKOM
[UBUIITM3AIUH.

3. [onTBeprkmaeT onvcanue moromna B Berxom 3aBeTe.

4. [loareepxknaet nanupycsl [lnarona o rubenu ATIaHTUBL, 3arpsi3HEHHS MOPsI, cMbIB To4BHI 11500-12000 net Hazaz.
5. O0BsICHSIET TTOJIOKEHHE ApeBHEro Oepera CpeauzeMHOTo Mopsi B TycThiHe Caxapa.

6. OOBsICHSIET CONIeBbIe MOATEKU B MHUpPaMUIaX.

7. O0BsicHsieT BoAHY0 po3uto ChuHKca.

8. O0bsICHSIET HANMMYKE IITYKAaTYpKU B BEpXHEH 4acTu mupaMuisl XedpeHa.

9. O0mwscuser 3aranky kaptsl [Tupu Peiica.

10. OObsicHSIET yMEHBIICHHE TIBLUTH B aTMOC(epe Mociie NOTEIICHUS.

11. O6BsICHSIET OTCYTCTBUE TOJIOBBIX KOJIEI] Y UICKOTIAEMBIX JIEPEBHEB, B CEBEPHBIX CTPAHAX.

12. O6mwscHseT Ha3BaHue ocTpoBa I'pennannus (3enéHas cTpaHa).



S. llpuémuuku uHdpasBykKa.

Jiia npuéma nHdpa3ByKoBOIl SHEPTUU UCTIOIB30BAINUCH PA3IMUHbIE COOPYKEHUS U YCTPONCTBA, KOTOPbIE MbI HA30BEM HH(PA3BYKOBBIC IPUEMHUKU .
WX o4eHbh MHOTO ¥ OHU OYCHB PA3HOOOPA3HBI, YTO TOBOPUT O IMIMPOKOM HCIIOIH30BAHHH WH(PA3BYKOBBIX TEXHOJIOTHIA B ATIOXY MHUPAMH/I.

Ha ceronns uzBectno He meHee 100 000 nH(Pa3BYKOBBIX CTAIIMOHAPHBIX MTPUEMHUKOB BO BCEM MHE.

MHorue u3 HUX COXPAHWIUCH B pa00TOCTIOCOOHOM COCTOSIHHE MUJIM MOTYT OBITh BOCCTAHOBJICHBI.

Jlanee st onuILy OCHOBHBIE TUITBI HH(PPA3BYKOBBIX TPUEMHUKOB U MPEJICTABIIO UX KIACCH(PUKAIHIO.

Hudpa3ByKoBbIC BOIHOBBIC NPUEMHUKU COCTOAT H3:

-AHTeHHBI (YyCTPOHCTBO 15t 2P PEKTUBHOI Mepeaun SHEPruy Ha 33JaHHON 9acTOTE U3 OAHOHN (PU3MUECKON Cpebl B IPYTYIO).
-Coruacyouero ycrpoiicrsa (ypaBHUBaTellb CKOPOCTH NEPEHOCA SHEPTETUUECKOr0 MOTEHIMAIAa MEXK/1y AaHTCHHON U YCUIIUTEJIEM).
-Pe3oHaHcHOr0 ycmimTe s (pe30HAaTOPa YCHINBAIONIETO HH(PPa3BYKOBON CUTHAI 331aHHOI YaCcTOTHI)

-Bropuunoro pe3onaropa (npeobpa3oBartens HHPPa3BYKOBOH BOJHBI B 3BYKOBYIO BOJIHY)

[TpuémHuKOB HH(pPa3BYyKa JOBOJIBHO MHOTO U OHU MOTYT OBITh Pa3IMYHBI.
[IpuBeny cBoro kinaccuukanuo HHPPa3ByKOBBIX IPUEMHUKOB!



Puc.75 Knaccudukanus nHppa3ByKOBBIX TPUEMHHUKOB.

AL




5.1 CurnajbHble NIPUEMHHUKH.

CrepxHeBbIe M MASSTHUKOBbIC IPUEMHUKH.

OTu NpUEMHUKH OBUTH HABUTAIIHOHHBIMU MPHOOPAMH IPEBHOCTH.

WX MOXHO OBUIO JIETKO HACTPOUTH HA HY)KHYIO YacCTOTY.

I[OCTaTOIIHO OBLIO U3MEHUTH NJIMHY MasgTHHKA.

OHu noKa3bpIBaIy HAIIPaBJIEHUE HA HCTOYHUK MH(PA3BYKOBOTO CHTHAJIA.

ITo cytu nena ato GPS - npuéMHUK B IpEBHOCTH.

Ecnu umeetcst 1Ba 1 60s1ee HICTOUHUKOB MH(Ppa3ByKa, TO CTAHOBUTHCSI BOZMOKHBIM OIPEEIIUTh CBOE MECTOIOJIOKEHHE Ha MTIOBEPXHOCTH IIIAHETHI.
PaboTa npruéMHUKOB OCHOBaHa Ha PE30HAHCE MAsITHUKA KPATHO HACTPOCHHOTO HA YAaCTOTY MH(PA3BYKOBOT'O CHTHAJIA.

Puc.76 Ipunaiiun paboThl MassTHUKOBOTO IPUEMHHUKA HH(PPA3BYKOBOW BOJTHBIL.

HpI/I npuxonc I/IH(I)pa3By1(OBOI71 BOJIHBI MasATHUK Ha4YHWHAaJI KOHC6&TBC5I, MpUBOJAA B ABUKCHUC XpaHOBOﬁ MEXaHH3M I10Iar0IIHi IIapuKu.



Puc.77 lpunuun paboTel CTEPKHEBOT'O aBTOMATHYECKOTO MPUEMHUKA HH(PA3BYKOBOI BOJIHBI.

MpuémHuk [xan XaHa

B crepxHeBOM NpUEMHUKH aMIUIMTYAa KOJeOaHUs CTEP)KHS CUIIBHO YBEJTMUMBAJIaCh MPU COBMAIEHUU KPATHOCTH YAaCTOT CTEPXKHS M 3BYKOBOU BOJIHBI.
CunbHO BUOpUPYS CTEP)KEHB YJapsul IO TOJIKATEI0, KOTOPBI cOpachiBasl OUepeHOM apuK B HAKOMUTENBHYIO Yallry.



Puc.78 ®ortorpadusi CHrHAIBHOTO TPUEMHUKA.




Puc.79 ®@ororpadus 601b1I10T0 CUTHAIBHOTO TPUEMHUKA.

Takxe mogo0HbIe TPHUOOPHI UCTIONH30BANIN JJI1 HAX0XKJIEHUSI MECT [T TIOCTPONKH OOIBIINX HHPPA3BYKOBBIX MPUEMHUKOB.

CoBpeMeHHBIE yUeHbIE CUNTAIOT ATH MPUEMHUKHI IPEBHUMH celicMorpadamu.
C moMoIIIbI0 KOTOPBIX IPEBHUE JIFOIU TIPEICKA3BIBATH 3EMIICTPSICEHHUS.
3TO0 AOBOJILHO OECCMBICTICHHO, TaK KaK MpecKa3aTh 3eMJIETPSICEHNE C MTOMOIIBIO ceficMorpada Hemb3sl.



PyuHnble BUOpauoOHHbIE MPUEMHHUKH.
JlaHHbBIE MPUEMHUKH MTO3BOJISLITA KOHTPOJIUPOBATh HAIMYUE HH(PPA3BYKOBON SHEPTHH B TOMEIIICHUU.
Tak kak MH(Pa3BYK HENb3s YCIBIIIATh, TO €T0 HAJIMYKEe 0OHAPY>KUBAJIH 110 BUOpALIMU pe30HATOpa MPUEMHUKA.

Puc.80 Pucynok Auxa u [lepxaBsl.

AHX(Ankh) Hepxasa(Globus cruciger)

PesoHupyrowmn cTepeHs
AHTEHHa

PesoHaTopHoe konbLo

OBbEMHBIN pe3oHaTOp

YecTpoWCTBO cornacoBaHna

Ocs13anue yenoBeka crioco0HO, B OTJIMYHE OT CIIyXa, pETUCTPUPOBATh OYE€Hb HU3KOYACTOTHBIE KOJIEOAHHUS.
310 3G HEKT UCTIONB3YIOT B PYUYHBIX CUTHAJIBHBIX BUOPALIMOHHBIX MPUEMHUKAX UH(Dpa3ByKa.

®opma BUOpONIpUEMHUKA MOKET ObITh pa3HOOOPa3HOA.

IIpu xopoieM ypoBHE CUTHaJIa MOKHO MCIIOJIb30BaTh IIPOCTHIE CTEP’KHU WIIM KOJIbIIAa HYKHOT'O pa3Mepa.
31ech BaXXHO YTOOBI MPUEMHHUK MOMAN B KPAaTHBIM pe30HaHC ¢ NHPPA3BYKOBBIM CUTHATIOM.



Puc.81 Paznuunsie hopmMbl BUOPOTIPHUEMHUKOB.

OTuUM HpI/IéMHI/IKOM MOKHO OLUCHHUTBH CUITY U 4aCTOTY CUI'HaJIa, HO HC HAIIPAaBJICHUC HAa UCTOYHHK.
AHTEHHEBI HpI/IéMHI/IKOB HJacCToO ACJaJIN TpallCuCuJaJIbHBIMHA, UL YBEIIMUYCHUA HIUPHUHBI ITIOJIOCHI ITPOITYCKaHHU A HpI/IéMHI/IKa.

BropuyHnbie pe3oHATOPLI.

BropuuHblie pe30HATOPbI- 3TO pa3InuHble 00bEMHBIE U CTEPIKHEBBIE PE30HATOPHI HACTPOCHHBIE HA KPATHYIO JITTMHY BOJIHBI 3BYKa.

Onu npeHa3HauEHBI 71 TpeoOpa3oBaHus HHPPA3BYKOBBIX KojeOaHHH B KpaTHbIE 3BYKOBBIE YAaCTOTHI.

K HuM OoTHOCSTCS B IepBYIO ouepe/ib capko(daru - coCTaBHbIE PE30HATOPHI, COCTOSIINE U3 PE30HATOPHON KPBIIIKA U PE30HATOPHOTO SIILIUKA.
Capxkoaru moBceMecTHO MPUMEHSIOTCS B CIIOKHBIX HH(Pa3BYKOBBIX COOPYKEHHSIX.



Puc.82 YcrpoiictBo capkodara.

PesoHaTop(KpblILka)

MpoTuBOBEC
HaTs#eHue KPBIWKA

Pe3soHaTOPHbINA AWK

YeTpoicTBO cornacoBaHus

PaccunTaTre pe30HaHC KpBIIKY JOBOJBHO CIIOXKHAs 33/1a4a.

Omna paboTtaeT kak MeMOpaHa, KOTOpast UMEET BBIMYKJIYI0, YaCTO TPEYToJIbHYIO (hopMy.

Ha gacroty pe3oHaHca Takke BIUSAIOT IPOTUBOBECH], YCTAHOBJICHHBIE HA yTaX KPBIIIKHU.

OHM ycuIMBarOT CWITy NPHKATUS KPBIIIKYA U YBEJIMYUBAIOT YIIPYTOCTh KPBILLIKH.

Taxum 006pa3oM KpbIlKa paboTaeT Ha ONEPEYHOI 3ByKOBOH BOJIHE, KaK MEMOpaHa MM Kak JINH3a.

Ho, nerko paccuntars pe30HaHC PE30HAHCHOTO SIIIMKA.

DTO TOJIYBOJTHOBOM BO3IYIIHBIA PE30HATOP, pAOOTAIOIINIA HA TTPOI0THHON 3BYKOBOW BOJTHE.

IToaTomMy yacToTa pe3oHaTOpa pacCUUTHIBAETCS 110 PACCTOSIHUIO MEKIY JTHOM SILIUKA U TTOTOJIKOM KPBILIKH.
OTO PacCTOSHUS PAaBHO MOJOBHUHE JIJIMHBI 3ByKOBOM BOJIHBI B BO3YXE.



bonee nmpocTeie BTOpUYHBIE PE3OHATOPHI B BUE COCYI0B, PE30HATOPOB TUIa ['eMrosbla, CTEpKHEBBIE PE30OHATOPSI.
Wmu o0bruH0- MaccoBoro (uHorga 1o 30 000 miT.) 3an0IHSII0T TOMENICHHSI, B KOTOPBIX XOTST MOBBICUTh YPOBEHb CUTHATIA.

Puc.83 Paznuunbie popMBbI IPOCTHIX BTOPUYHBIX PE3OHATOPOB.




5.2 UudopmanuoHHble(IHEPreTHYECKHE) MTPUEMHHUKH.

NudopmanronHsie HHGPA3BYKOBBIC BOJHOBLIC MPUEMHIKY MPEIHA3HAYCHBI IJIs TPpUEMa SHEPTHH MIepeiaBaeMoi o HHPPa3ByKOBOMY HHTEpP(EHCY.
PaGoTaroT oHM 110 MPUHIUITY PE30HATOPOB, KOTOPHIE MO3BOJISAIOT YCUIIMBATH CUTHAJ MPUHATHIA aHTCHHAMH.
C moMoIIpI0 BTOPHYHOTO pe30HaTOpa MH(PPA3BYKOBOM CUTHAJ MPeoOPa3yIoT B 3alaHHBIN 3BYKOBOH THAara3oH.

Bo Tumy ucnons3yeMbIX aHTEHH WX pa30MBAIOT Ha JIBE OOJBIIIHNE TPYIIIIBL:

-O0béMHbBIE PE30HATOPBI ¢ MOHOJIMTHHIMH CKAJIbHBIMU AHTEHHAMM:

B kadecTBe aHTEHHBI OOBIYHO MCIOJIB3YIOT ECTECTBCHHBIN CKABHBI MOHOJIUT, PACIIOIOKEHHBIN OMpeIeIEHHBIM 00pa30M K MepeIaTInKy
nH(ppa3ByKa.

Ha 3ToM MOHOMIHTE CTPOSAT 0O0BEMHBIN pe30HATOP, C TOMOIIHI0 KOTOPOTO MPUHUMAIOT IAHHBIC OT BUOPAIIMA MOHOJIUTA.

-O0BbEMHBIE Pe30HATOPHI ¢ KAMEPTOHHBIMH AHTEHHAMU:

Bropoii Buj aHTeHH, 3TO KAMEPTOHHbBIE AaHTECHHBI, KOTOPbIE MOTYT OBITh U3TOTOBJIEHBI U3 KAMEHHBIX OJIOKOB MJIM OBITh BHIPE3aHHBIMU B CKaJle (KaMHe).
OTH aHTEHHBIE OX0XKHU HA MY3bIKaJIbHbIE KAMEPTOHBI, TO €CTh MPECTABIEHBI ABYMS MapajieIbHIMU HECUMMETPUYHBIMU JAUITOJISIMH.

Ecnu aHTeHHBI U3TOTOBJIEHBI U3 KAMEHHBIX OJIOKOB, TO HET HEOOXOIMMOCTH B CKaJIbHOM MOHOJIUTE.

Takoil npuéEMHUK MOKHO MOCTPOUTH B JIFOO0Il MECTHOCTH.

5.2.1 O0béMHO-KaMepTOHHBbIEe HH(Pa3BYKOBbIe HHPOPMAIIMOHHbIE TPUEMHUKH.

['maBHOM OTINYUTEILHONM OCOOCHHOCTHIO ATHX HpI/IéMHI/IKOB ABIIACTCA HAJIMYHUC pYKOTBOpHOﬁ AHTCHHBI U BO3YIITHOI'O KYIIOJIA.



5.2.1.1 KynosbHbIe 00bEMHO-KAMEPTOHHbIE HH(PPA3BYKOBbIE IPUEMHUKH.

310 OONBIINE U CIIOKHBIC TPUEMHHUKH STIOXH MTUPAMUI.

OnHu TpeOYIOT CTPOUTENBCTBO OONBIIOTO MOA3EMHOTO KYTIOJA.

Nx CTPOUJIK B CTOJIMLAX U 60FaTBIX KOJIOHUAX.

[TpuéMHUKY UMEIOT COOCTBEHHbIEC KAMEHHbIE aHTEHHBI (apX., "IpoMoc"), MOATOMY OHU HE HYkJAIOTCA B CKaJIbHOM MOHOJIUTE MOJ] KX OCHOBAaHUEM.
Wx MOXHO OBLIO CTPOUTH TJIC YTOIHO.

Puc.84 Cxema kynoiapHOTo 00bEMHO-KaMEPTOHHOTO HH(PA3BYKOBOTO MPHEMHUKA.

Cavity

resonance Matching
settings device
Honocms Antennas

O HACKPOTIKY Yempoiicmeo Anmeiion
PE3OHAHCA COCRACOBARUA
Resonance
amplifier

Pezonancuuiii
Vewiumeis

Secondary
Cavity

Bmopuunstii

PE30HAMOF.
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T'ne:

La-amuHa BOTHBI B BO3IIyXE;
Lg-nnvHa BOJTHBI B TPYHTE;
N-1Ie10¢ YHUCIIO.



Pabora npuémuuka:

WNudpa3BykoBas BoJIHa IPUHUMAETCS YePE3 TPYHT aHTEHHOM.

Corunacytoiiiee yCTpOHCTBO BEIPABHUBAET BOJTHOBBIE COMTPOTUBIICHUS aHTCHHBI U YCUJIUTEIIA.

Jlanee 3ByKoBasi JHEpPrusl MOMagaeT B PE30HAHCHBIN YCHUIIUTENb(KYII0N), KOTOPbIN ycuauBaeT((poKycupyeT) 3ByKOBYIO BOJIHY.

B doxkyce ycunurens ycraHOBIICH BTOPUYHBINA HEIMHEHHBIN PE30HATOP, KOTOPBIN TpeodpazyeT HHPPa3BYKOBYIO BOJIHY B 3BYK 33JJaHHOTO JHANa30HA.
J171 TOUHOM HACTPOWKH YCHIIUTEINS Ha 3aJaHHYIO YaCTOTY HCIIOJIb3YETCs OJIOCTh C U3MEHsIEMBbIM 00bEMOM (HANIPUMEp, KOJIOEl).

HaBepHo BbI 3aMCTHJIN, YTO I/IHCI)pa3By'KOBOI71 HpI/IeMHI/IK O4YCHb ITOXO0K Ha My3BIKaHBHBIﬁ_KaMepTOH, IMPAaKTUYICCKU 9TO OH U CCThb.

Bbosiee moapo6HO 0 yacTAX HH(PA3BYKOBOro MPUEMHHUKA C TOUKU 3PEHUS PAAUOTEXHUKH:

AHTEHHBI

AHTEHHBI NIPEJICTaBIIEHbI ABYMS MapajUIeIbHBIMU IITHIPSIMHU, IOX0KUMHU Ha KAMEPTOH WJIM MOJIYBOJIHOBOMN JUIIONb.

JlnuHa aHTeHH KpaTHa 1/8 [UIMHBI BOJIHBI B TPYHTE, XOTS B PAJIMOTEXHHUYECKOM JHITI0NIE OOBIYHO MCIIONB3YIOT JBA ITHIPS 1/4 AITUHBI BOJTHBI.
Bo3M0xHO, yMeHbIlIeHIE PEe30HAHCHOM JUTMHBI aHTeHHBI(1/8 BMecTo 1/4), cBsi3aHO ¢ €€ KaMepTOHHBIM BUAOM, B BUJIE IBOMHOM BUIIKH.

Tak kak cKOpoCTb 3ByKa B rpyHTe JIexkHT B npeaenax 1500..6000 m/c, To ATMHY aHTEHH pacCUUTHIBAIOT OT NapaMETPOB IPyHTa B JAHHOW MECTHOCTH.
CpenHee 3HaYeHHE CKOPOCTH 3BYKa B IPYHTE MOXKHO NMPHUHATH 3a 3528 m/c.

[TosTOMy TUTIMYHOE 3HAYCHUE NJTUHBI aHTeHHBI st 12.25 'y paBHO 3528/12.25/8=36 MeTpoB.

Coruacymomee ycTpoicTBo

Jj1s TOro 4yTOOBI SHEPrUs NPUHATAs AaHTEHHON HE OTpakaiach 0OpaTHO B TPYHT, a MOJHOCTHIO MOCTYyIIajka B yCHIIUTEIb HEOOXOIMMO COIJIacoBaTh
COIIPOTHBIICHUE AHTEHHBI U YCUJIUTEIS.

DT ycTpoiicTBa MOTYT OBITh pa3IMuHbl, HANOOJIEE MPOCTOE ATO BJIABJICHHAS 1IEJIb(KOPHUI0P) OTPAaHUYUBAIOLIUI POCTPAHCTBO ISl paCpOCTPaHEHUS
BOJIHOBOM 2HEPTUU MEX]y YCTPOHCTBAMHU.

Pe3onaHcHBIH yenanTesb

DTO0 MAaCCUBHBIN YCUIIMTENb , TAK KaK HET SHEPTreTHUECKOT0 OTOKA AJIs €ro MUTaHMUS.

[TpuHIMN yCUIEHHS aMIUTUTY/Ibl CUTHAJIa OCHOBAaH Ha BO3MOKHOCTH (DOKYCHPOBAaHUS 3BYKOBOM BOJIHBI.

To ecTh ycunuTenb, MO CyTH SIBISETCS (DOKYCHUPYIOIIECH JTMH30M JIs 3BYKAa.

[TosToMy ycunuTenu UMEIOT noxychepudeckyto GopmMy(KymnoibHYIO).

OHeprus, coOpaHHas cO BCEH MOBEPXHOCTHU KymoJia (OKyCUpPYeTCs B 3a/IaHHOM TOUKe, 3a CYET ITOT0 aMILIUTY/]a CUTHaNA B (DOKyCe 3HAUUTEIbHO
BO3pacTacr.

BropuuHblii pe3oHaTop

CrnywaTs ¥ pa3nuyaTh CUTHaJBI 4acToT 9.2-16.35 'l 4yenoBeKy HEBO3MOXKHO.



[TosTOMY HX EPEBOASAT C IOMOLIHIO0 BTOPUYHOT'O HETMHEHHOTO pe3oHaTopa B 6osee yJ00HbII YaCTOTHBIN IMaNa30H.

Bropuunslii pe3oHaTOp ycTaHaBIUBAIOT B (DOKYyCe MEPBUYHOIO HH(PPA3BYKOBOTO pE30HATOPA.

YacToTa BTOPUYHOTO pe30HATOPA JI0JDKHA OBITh KpaTHA YacTOTaM MH(PA3BYKOBOT'O CHTHAJIA, TO €CTh OBITh €Tr0 BBICIICH rapMOHHUKOM.

BropuuHslii pe30HaTOp JOHKEH OBITH JOCTATOYHO HIMPOKOMOIOCHBIM HIIM UX JOJHKHO OBITH TpU/CeMb (10 OTHOMY Ha Ka)Iyl0 4acToTYy).
[IpuBeneM HOMUHAIIBHBIN PsiJl TUIIOPAa3MEPOB BTOPUUHBIX PE3OHATOPOB U MX YACTOT.

Tabnuia 2 Bropuynabsle BO3AYIIHBIC pe30HATOPHI (Ha 1/2 IJTUHBI BOJIHEI).

pe3oHaTopa, M

[TapameTp [TepBuuHBIi BT. pezonarop | BT. pezonarop | BT. pezonarop | BT. pezonatop | BT. pezonatop | BT. pe3onartop
pe30HaTop tumn 1 THUII 2 U 3 Tumn 4 THUII 5 T 6

Yacrora 1, I'u (JJniuua | 6,89(49,8) 13,78(24,9) 27,56(12,45) 55,12(6,23) 110,24(3,12) 220,5(1,56) 441(0,78)

BOJIHBI ,M)

Yacrora 2, 'y ([Jnmuna | 7,65(44,8) 15,3(22,4) 30,6(11,2) 61,2(5,6) 122,4(2,8) 244,8(1,4) 489,6(0,7)

BOJIHBI, M)

Yacrora 3, I'u (Jmuua | 8,17(41,9) 16,34(20,9) 32,68(10,4) 65,36(5,2) 130,72(2,6) 261,4(1,3) 522,8(0,66)

BOJIHBI, M)

Yacrora 4 ' (Jnuna 9,19(37,3) 18,38(18,6) 36,76(9,3) 73,52(4,65) 147(2,33) 294(1,165) 588(0,58)

BOJIHBI, M)

Yacrora 5, 'y (JJmuua | 10,21(36,6) 20,42(18,3) 40,84(9,15) 81,68(4,58) 163,4(2,26) 326,8(1,13) 653,6(0,52)

BOJIHBI, M)

Yacrora 6, 't (JImuna | 10,77(31,8) 21,54(15,9) 43,08(7,95) 86,16(3,98) 172,3,4(1,99) 344,6(0,995) 689,2(0,5)

BOJIHBI, M)

Yacrora 7, I' ([Inmuna | 12,25(28) 24,5(14) 49,4(7) 98,8(3,5) 197,6(1,75) 395,2(0,875) 790,4(0,43)

BOJIHBI, M)

Pasmep nomyBomHOBOTO | 14...24,9 M 7..12,45 M 3,5...6,225 M 1,75..3,115m | 0,875...1,56 m 0,44...0,78 m 0,22...0,39 m

YewMm Goutbliie pe3oHaTop, TeM 3((HEeKTUBHEE OH OCYIIECTBIIIET MpeoOpa3oBaHUe U YCUIICHNUE CUTHATIA.
Bropuunsie pe3oHaTOpHI BhIlIE 6 TUIIA IPAKTUYECKH HE UCITONIB3YHOTCS.

IMosnocTh 1151 HACTPOHKH pe3oHaTopa.

[Tocne mocTpoiiku Kymouna, JUisi TOYHOW HACTPOMKU Pe30HAHCHOTO YCUIIMTEINS HA YAaCTOTY MIPUHUMAEMOM BOJIHBI HY>KHO IIOJCTPOUTH 00BEM KyTioa.
JlenaeTcs 3T0O ¢ MOMOLIBIO KOJIOAEB WK CHEIHATbHBIX KaMep(HHUIL), 00bEM KOTOPBIX MOKHO U3MEHUTD..




IIpuém MoayIMPOBAHHBIX CUTHAJIOB.

st npuéma HeCKOJIbKUX MH(PPa3BYKOBBIX YACTOT AHTEHHY HEOOXOAUMO JienaTh 0oJiee MHUPOKOIOIOCHOM.

I[JISI 3TOU LCJIN aHTCHHBI CTYIICHYAaTO CBOAATCA 663 HUCIIO0JBb30BaHUA KaAMCHHBIX 3aMKOB, TadK KaK 3aMbIKATh aHTCHHBI HCJIb341.
B pesynbrare Haj aHTEHHOW WK €€ 4acThio 00pa3yeTcst TPEYTroibHbIN 0e3 3aMKOBBIN PO UIIb.

Puc.85 Cxema npodwiist aHTEHH 7151 MOAYJTMPOBaHHBIX CUTHAJIOB.

Kaxnplii mocnenyromuit ot BUOpaTOpOB /AeatoT 601ee KOPOTKUM.
B pe3ynbrare kaMeHHBIE CIIOM aHTEHHBI HAIIOMUHAIOT CTONIKY KaMEPTOHOB YJIOKEHHBIX JIPYT Ha JpyTa.
HwxHuit kaMepTOH B TaKo#l CTOINKe, UMEEeT HAaMMEHBIIIYI0 YaCTOTY BO30YKICHHsI, BEpXHHUI HaHOOJIBIIYIO.

Ipumep 1. Undpa3BykoBoii npuémuuk Ha 12.25 I'u. Mukensl, I'penus.
Koopaunarsr: [lupota: 37°43'36.61"N Honrora: 22°45'12.17"E

PaccMmoTpuM Kitaccuueckuit, O4eHb ApeBHUN, MH(PPa3ByKoBOI NPUEMHUK Ha yacToTy 12.25 ', Haxosmeiics B ['perun, Bo3se ApeBHUX pa3BaIvH
MukeH.

ApXeoJIory Ha3bIBaIOT €ro- rpoOHuIEeH ATpes.

Y auBuTENHHOE CBONCTBO apXEOJIOTOB Ha3bIBATh 'POOHMIIAMH BCE, YTO OHU HE MOTYT OOBSCHHUTS JIFO/IsIM !



Puc.86 Cxema nmomzeMHOro KaMepTOHHOTO HH(Pa3BYKOBOTO MpUEMHHUKA Ha yacToTy 12.25 I'1r..
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[Ipr€MHUK COCTOUT U3 OCHOBHBIX YaCTEM:

-IIInpoKOmOIOCHOM aHTEHHBI JJIMHOO 36 M, 7 M MEXAY ITHIPSMH JTUTIONS, YTO HI€ATbHO COOTBETCTBYET MPUHUMAEMOM BOJTHE yacToToi 12.25 T'm.
-Cornacyroliero mejaeBoro yCTpoicTBa -CTOMHOHA (KOPUIOP).

-MemOpaHHOH KaMEHHOM TIJIACTHUHBI.

-lITnpoKONOIOCHOTO KaMEPTOHA, C PE30HATOPHBIM KOJIBIIOM, BCTPOEHHBIM B CEPE/IMHY KYIIOJa.



-Kamennoro kynosna quamerpom 14 METpoB y OCHOBaHUS, YTO COOTBETCTBYET 1/2 /yinHE 3BYKOBOM BOJIHBI B BO3AyX€ AJIst 4acTOThl 12.25 ',
-Pe3onaTropHoO# osa0cTH ¢ 1ByMS KOJIOALIAMH

Puc.87 Cxema noa3eMHOro KynojJbHOTO 00BEMHO-KaMEPTOHHOTO HH(PPa3BYKOBOTO MPHUEMHIKA MUKEHCKOTO THIIA.

1DpaHHas nnuTa
nbrane plate

HWRHSA YacTt
The lowe

T 4b

Apomoc (AHTEHHbI)
Dromos (Antennas) '
Huswapdur BJL IIHPOKO. Yacmy 1.4 hitpHisaftelectro.rulsciracco.html, 2013 2.

Kymnon coOpan u3 oueHb KadyecTBEHHON KaMEHHOM KIIaJKH.

OH He uMeeT yKpallleH!I U OTBEPCTUH JUIsl UX KPEIUICHUSI(TUIIMYHO JJIs1 TEXHOCOOPYKEHUI).

KTo 31€Ch OBLI, 3HAaET, HACKOIBKO 37€Ch XOPOILasi aKyCTUKA.

Pe3onaropHas nmosocTs npeaHa3HaueHa AJis TOYHOH HaCTPOMKK pe30HaHCa ITyTEM YBEIMUYCHMS WM YMEHBIIEHUs €€ 00bEMa.



Puc.88 Bun moazeMHoOro Kymona

Hukakux rpoOHUI] 1 COKPOBHIL 37€Ch HUKTO HE HAaX0AWI (3TO MU(]BI IPHyMaHHbIE HICTOPUKAMHU).

Jlronu, HaXOQUBIIKECS B 3TOM KyTOJI€, OTIIMYHO CIIBIIAIY [1epeiady JaHHBIX ¢ MMpaMuJIbl Xeolca.

B nenTpe 3ana HaxouIICs BTOPUYHBIN HEJTMHEHHBIN pe30HATOp, KOTOPBIN 3(pPeKTUBHO NMpeodpa3oBbIBaI HH(PA3BYKOBYIO BOJIHY B 3BYK.
Bxon B npMEMHUK HE UMEET HUKAKUX 3all0pOB M OCEH /IS IBEPU WIIM BOPOT, 3TO MIPOCTAsi KAMEHHasl LIElb.

BopoBatb 351ech OblIIO HEuero.



Puc.89 Ipoxon B Kymo: (IIeJIeBOe COTIACYIOIIee YCTPOUCTBO).




Bun Ha npuémHbIe aHTEHHBI JUTMHOIO 36 METPOB, COOpAaHHBIX U3 OOIBIINX KAMHEH.

31ech BUTHO HaJ BXOJOM B MPUEMHUK OKHO B JOpME MUPAMUIBIL.

Takue okHa OOBIYHO JENAI0T B BUJE apOK UMEIOIINX 3aMOK, a 37IECh C/IeJIaHa B BHJIE TPEYTrOIbHUKA(0e3 3aMKa).

3TO CUIBHO OCJIA0NISIET KOHCTPYKIIUIO OKHA.

OO6parute BHUMaHUE, YTO pa3Mep OKHa OOJIBIIE YEJTOBEYECKOTO POCTa.

TonbKO HE TOBOPUTE, KAK UCTOPHUKH, YTO CTPOUTENH HE 3HAIH aPOYHBIX KAMEHHBIX 3aMKOB, BE/Ib KYTIOJI OHH COOpaT UIEAIbHO 3aMKHYTHIM.
BBITSHYTHII TPEYTOJLHUK HAJ] BXOJIOM UCTIOIB3YETCS ISl PACIIUPEHUS TTOJIOCHI MTPOITYCKAHUS aHTCHHBI(ITMPOKOIOJIOCHBIN KAMEPTOH ).

3TO TOBOPUT O TOM, YTO JIAHHBIN MPUEMHHUK TPUHUMAT MOAYIMPOBAHHBINA CUTHAJ, TO €CTh TOHAJIBHBIN HA0OP U3 7 4acToOT..



Puc.91 Bun Ha mpuéMHUK cBEpPX

- o~

JlaHHBINA TPUEMHUK MOXHO HA3BaTh KJIACCHYECKHIA, B 00IIIEM KaK U BCE B IpeBHEH [ pernn, OH uaealbHO pacCUMTaH Ha 3BYKOBYIO BOJHY B 12.25 ',
Oco0OenHo BrieyatiisseT 14 METPOBBIN KYIIOJI, OH UealieH IS 28 METPOBO 3BYKOBOH BOJIHBI CO3/]aBaeMON TUPAMHUION Xeorica.
[TocTpouTth Takoi Kymos ObLTO YpEe3BBIUANHO CIOKHO.



IIpumep 2. Uuppa3ykosoii npuémauk Ha 12.25 I'u. Kepub.
Koopaunatsr: [lupora: 45°2226.57"N [onrora: 36°31'34.38"E
Apxeonoru Ha3biBaroT ero- Lapckuii Kypran (rpo6auna Mutpuara).

Puc.92 Cxema BepTukaibHOro paspesa [lapckoro kyprana.

Puc.93 Cxema paspesa, BUJ CBEPX apCKOTo Kyprasa.

[TapameTpsl MpUEMHHUKA!

-AHTEHHBI ITUHOIO 36 METPOB.

-Cornacyromero ycTpoicTBa B BUE CTYIIEHUATON IIeNU (aHAJIOTUYHOE €CTh B MUpaMUIe Xeorca. CM.puc.29).
-1IlnpokonosocHOro KaMepToHa, ¢ PE30HATOPHBIM KOJIbLIOM, BCTPOCHHBIM B KYTIOJ.

-Kynona n3 12 oTnenpHbIX KOJIEL.

-BropuuHoro HenmuHEHHOTO pe30oHaTOpa (TIOXHUIIEH)



Puc.94 Bxoa v BUI HA aHTEHHEL.

[[IupoKOoMmONOCHBIN KaMEePTOH MOJI0KEH HEMOCPEACTBEHHO HA IPOMOC(aHTEHHY), 0€3 MPOMEKYTOUHONH MeMOpaHHO! TUTUTHI.
Kaxapiii ciioii kaMepTOHa UMEET HACTPOIKY, B BUJE IIAIIEK, KOTOPhIE MOXHO CTaYMBaTh.
Ha dortorpaduu HIKE XOPOIIIO BUIHO, YTO YacTh CIOEB CTAUMBAIIHU JJIsi HACTPOMKM KaMepTOHA Ha HYKHYIO YacTOTY.



Puc.95 Bu Ha IMPOKOIIOJIOCHBINA KAMEPTOH U COTJIACYIOLIEE YCTPOMCTBO..

BubpaTtopsl kamepTOHa TIEPBOHAYATIBHO OBLTH HE 3aMKHYTHI.
Ho, k coxanenuto, ocie pectaBpanuu 1865 roja IpoMoc TOCTPOMIIN CBOJIOM, KOTOPOTO TaM HHUKOT/Ia He OBLIO.
Tax apxeoJIoTH HHOT/Ia MOPTAT HAaYaIbHBIN BHI TEXHOCOOPY)KEHUI CBOMMH (DaHTA3USIMH.



Puc.96 By Ha Kynmos cocTosAIMiI U3 Habopa KaMEHHBIX KOJIEIL.

\

KoHncTpykiius Kymosia mo3BoJisieT pe30HUPOBATh Ha 12 pa3Mu4HbBIX YacTOTaxX.
JlmHa OKPYKHOCTH KOJIEIl JOJKHBI OBITh KPATHBI JUTHHE IPUHIMAEMOM 3BYKOBOM BOJHBI.



IIpumep 3. Uudpa3Bykosoii npuéMHuk. c. Mesek, r. Ceuienrpan, boarapus.
Koopaunarsr: [lupota: 41°44'5.87"N Jlonrora: 26° 6'6.41"E
Kynonbnas rpoOHuna 61u3p Meseka.

UtoObl HE 00MKATH ApPXEOJIOTOB CBOMM HE JIOBEPHEM I B3sJI 3TOT MpUMeEp "HacTOsIIeH TpOOHUIIB".

DTO0 OAMH U3 YHUKAJIBHBIX CITy4aeB, KOTJa B TAKMX COOPYKEHHUSIX ObLIN HalIEHbI 3aXOPOHECHHUSI.

I'poOHuIIa OBLTa OTKPHITA COBCEM CITy4aiiHO MECTHBIMU KUTeIsIMHU B 1931 T.

OT0 caMas O0JbIIas U OJIHA U3 HanOO0JIee MHTEPECHBIX U BHYIIUTEIBHBIX KYHOJIbHBIX TPOOHUI] MUKEHCKOTO THIIa BO Dpakuu.

OHa 11eTMKOM COXpaHujIach B CBOEM OPUTHHAIBLHOM BUJIE.

Hccnenosana yceinanpHuia Osuia npod. bornanom @uiioBsIM — BUAHBIM O0ITapCKUM apXeoJI0roM U MOIUTHKOM, IpeMbep-MUHUCTPOM bonrapuu B
JBYX IpaBUTENIbCTBaX B nepuof 1940-1943 rr.

B rpo6nuiie ObLTH HaliIeHBI 3aXOPOHEHMS], 30JI0ThIE YKPAILIEHUS, CTaTy3TKH, IPEAMETHI 00MX0/1a.

3axOpOHEHHS TaTUPOBAHBI 4-2 BEKOM JI0 HAIlIEH APHI.

Oty uH(OopMaIHIO Bl HaiiIETE B TI0OOM CIPABOYHHUKE apXEOJIOra.

3TO KaK BBl IOHUMAETE MO3BOJISIET apXE0JI0rOM TOBOPHTH, uTo L{apckuii Kypran u rpoOHuIa ATpest ObUTH pa3rpaliIeHbl (XOTS CBUIAETEIBCTB TOMY
HET).

Bort otuer bornana ®@uioBa onyonukoBaHHbli B "M3Bectrs Ha bbharapckus apxeoinoruuecku HHCTUTYT, ToM. X[ yacTs 1, 1937."

Tak BOT, u3 otuéra dOuiioBa cienyer:

1. 3axopoHeHus 4-2 B. 0 H.3. HE UMEIOT OTHOLLICHUS K CTPOUTENBCTBY 3TOTO COOPYKEHHsI, OHU TOpa3zio 6ojee mo3iHue (€CTh BECKUE OCHOBAHUS).
2. 10 3TOT0, 3TO COOPYKEHHE JIOTO UCIIOIB30BATIOCH KAK MO3EMHOE CBSTHUIIHIIIE.

3. mepBOHaYaIbHOE 3aXOPOHEHHUs (T.€. Ul KOro Obljia MocTpoeHa rpoOHuIa) ObUIN pa3rpadiieHbl paHee (T.e. HUUero He HalllIN).

4. Mo apXUTEKTYPHBIM IIPU3HAKAM 3Ta IPOOHHUIIA OTHOCATCS K 12 B 10 H.3.

®uI0B MYyYUTETHHO JOJITO UILET J0Ka3aTeIbCTBa Oosiee paHHEero pa3rpalbiaeHus rpoOHUIIbI, HO HE HAXOIUT.

B pesynbrare rpoOHUIy JaTUpyeT 4 BEKOM JI0 H.3.(XOTS 3TO HE BSIKETCS ¢ APYTUMHU (DakTamu).

Taxum 00pa3oM mpuMeHsieMasi B apXEOJIOTUH MOTHIIbHAS TATUPOBKA BHOCHUT OOJIBIIYIO ITYTAaHHITY B HCTOPHIO IMBUIIH3AIINH.

[TokaykeM HECKOJIBKO PUCYHKOB U3 JToKJana bornana ®@unosa:
CtpykTypa UMeeT TUITMYHBIA BUI KAMEHHOT'O IIMPOKOIOIOCHOTO MPUEMHHUKA.
O6mras nymuHa nipeBbIaet 30 MeTpoB.


http://softelectro.ru/mezek.pdf

Puc.97 Cxema rpoOuuisr B Meseke.
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AHTEHHEI HpI/IéMHI/IKa CACIIaHbI 0e3 KaMEHHOTO 3aMKa.



Puc.98 Bxox B

pOOHUIY B Me3eke.

el -
“ved



Kymno:n cioxeH u3 ka4ecTBEeHHO 00pabOTaHHOTO KaMHSI.



Puc.100 Knanka kymosna.

B KYyIOJIC €CThb MOJHOTEIIBIMN npsaMoyr OJIbHBIN KaMEHHBIN PE30HATOP U ABA CUMMETPUYHBIX PECryJIMPOBOYHBIX KOJOALA.



IToJ107xeHNe KynOJBbHBIX 00bEMHO-KaAMEPTOHHBIX HH(PPa3BYKOBBIX NPUEMHHMKOB OTHOCHTEJIBLHO MUPaMHUbI Xeorca.
Tak Kak NPUEMHUKN UMEIOT HAIPABIEHHBIN AUIIOJNb, TO CYILECTBYET ONTUMAIBHOE ITOJIOKEHHUE TPUEMA BOJTHOBOTO CUTHAIA.
B npuBea€HHBIX IpUMepax Bce aHTEHHBI PAacIioaratoTcs Mo YoM 35 rpajycoB K HallpaBJICHUIO Ha IHpamMuay Xeolca.

Puc.101 Ilonoxenust aHTeHHBI(IPOMOCa) OTHOCHTEIHHO HANpaBJIEHUs Ha TUpamMu Iy Xeorica, 1uis Llapckoro kyprana, Kepus.

N

Thoelos Tomb of Miflnidatcs
SCIROCCO Catalogue N VFDual



Puc.102 TTonoxenusi aHTEeHHBI(JpOMOCa) OTHOCHTEIHLHO HAIIPABJICHUS HA THpaMUAy Xeorica, st TpoOHuIel B Meseke, bonrapus.

Tholos Tomb Mezek ¥,
SCIROCCO Catalogue N VFDbgl

41°44'5'87°N| 26°6'6:41"E

~

N41244:5:28"



Puc.103 Ilonoxenust aHTeHHBI(IPOMOCa) OTHOCHTEIHHO HANPaBJICHHUS HA IUPaAMHy Xeorica, /Uit TpoOHHUIbI ATpes, Mukensl, [ pers.

Treasury of Atreus
SCIROCCO Catalogue N VFDgrlBARGY

Yrto HaTaIKMBAET Ha MBICJIb, YTO U APYIUC aHTCHHBI JOJDKHBI paciiojiaratbCsd o TaKMM yIJIOM K HalIPpaBJICHUIO HA HCTOYHHUK I/IH(I)paSByKa.



5.2.1.2 bapabanHble 00bEMHO-KaMePTOHHbIC HHPPa3BYKOBbIe MPUEMHHUKH.
OtH ABYXOTaKHBIC HpI/IeMHI/IKI/I HCIIOJIB30BaJIN 6apa6aHHHe NMOA3CMHBIC YCUIIUTCIIM, HAa KOTOPbIX BO3BOAMIIN BTOpOﬁ JTaX.

Bropoii atax npeacTasisi 00bEMHBIN pe30HATOP C KAMEPTOHHONW aHTEHHON M YCUJIUTEIHHON 3BYKOBOI KaMepoil.
[TpuémHukuM Takoro tuma crpounia Tpunonbckas KyJabTypa.

5.2.1.3 CkanbHble 00bEMHO-KaMePTOHHBbIE HHPPA3BYKOBbIE PHEMHHUKH.

B ckanpHBIX IPUEMHUKAX aHTEHHOH SBIISIETCA BBICTYNAIOINN CKAJIBHBIN IUIACT.
Cpe3 3Toro KaMeHHOr 0 IJIacTa JA0JKEH OBITh PACIOIOKEH MO yIJIoM B 35° K HanpaBJIeHUIO Ha UCTOYHUK UH(Pa3ByKa.

Puc.104 IlonoxeHne KaMeHHOI0 I1acTa OTHOCUTEIbHO HCTOUHMKA HH(ppa3ByKa.

Source
NeToqHMK

B kparo niacta BbeIpe3aeTcsi IIMPOKOIOJIOCHBIN Tpanenen1aabHblii KAMEPTOH.
KamepToH coemHseTCs C pe30HaTOPOM depe3 LIEJIEBOE COTIIACyIOIIEe yCTPOMCTBO.



Puc.105 Bua mmpoKonoiaocHOro KaMepTOHa C PEe30HATOPHBIM KOJIBIIOM, BEIPE3aHHOTO B KAMEHHOM I1JIacTe.

Suwapoun BJI ITHPOKQO. Jacime 1.
/ hitp :fisoftelectro.russcivocco.html, 2013 2.

Pe3onaHcHOE KOJIBLIO HIMPOKOIIOJIOCHOTO KAMEPTOHA BCTPAUBAIOT B KYIIOJIBHBIN PE30OHATOP.

JIOCTOMHCTBOM TakuX NMPUEMHHUKOB SIBJISIETCS JOCTATOUHO OO0JIbIIAsi MOLUTHOCTh CUTHAJIA MOJIYy4YaeMON ¢ aHTEHHBI(CKaJIbI).

[TosToMy KyIoJ pe3oHaTopa MOKET ObITh HEOOJIBIINM, T.€. MOXKHO MCIIOJIb30BaTh BTOPUYHBIN PE30HATOP KPATHBIN JUTMHE MPUHUMAEMON BOJTHBI.
BryTpH Kymosna aenaroT peryJaupoBOYHBIN KOJOAEL AJI NOJACTPOMKH YaCTOTHI PE30HAHCA KyIIOJIA.

Takve npUEMHUKH CTPOMIIMCH Ha HEOOIBIINX IPEUECKUX OCTPOBAX, TAK KaK CTOMMOCTb UX MOCTPOHKU HE BBICOKA.

I'maBHast mpobiema 3aKiioyanach B HaX0XKJICHHE HY>KHOTO CKaJIbHOTO BBICTYIIA, HA KOTOPOM KOHIIEHTPUPOBANIach HH(Ppa3ByKoBas SHEPIUs.
Ecnu npuémuauk HaunHan paboTaTh, TO B CKaJIbHOM BBICTYTIE JieJIall HECKOJIbKO MPUEMHUKOB, TaK KaK UX BMECTUMOCTH Oblila HEBEJIMKA.
YacTo B BepIIMHE KyIIOJIa JeIaJIH CIIyXOBO€ OKHO, KOTOPOE IO3BOJIsUIA YBEIUYUTH YUCIIO CIIyIIATEIIEH.



IIpumep 4. CxanabHbIH 00bEMHO-KAMEPTOHHBINH NPUEMHHUK HHPPA3BYKOBOI JHEPruM.
Kedanonus, ['perus

Koopaunatsr: 38° 7' 48.12"N, 20° 32' 40.04"E.

Apxeosoru Ha3wiBaroT: llaxTHBIe TpoOHMITEI MUKEHCKOTO TIepuoaa - Masapakara (Mazarakata)

Puc.106 IT Jb KAMEPTOHHOM aHTEHHBI.

BuyTpu Haxoauics HeOOIbIIONH BTOPUYHBIN HEMTUHEHHBIN pe30oHaTOp (THUI 3) ¢ peryIUPYIONIUM KOJIOALIEM.
Kynox nmen BepxHee CIryXOBO€ OTBEPCTHS ISl BBIXO/1a 3BYKA.

Pe3onarop coeanHAICS ¢ aHTEHHOU(APOMOCOM) € TIOMOLIBIO IIEJIEBOTO COTIACYIOIIEr0 YCTPOUCTRA.

B stoMm mpumepe, Ha ckasie 66110 TocTpoeHo Oosiee 10 mpuéMHHUKOB.

Cpe3 ckaibl 371eCh TOXKE PACIIONOKEH MO YoM 35 rpaaycoB K nmupaMue Xeorca.



Puc.107 Yroa Mmexay cpe3oM cKajbl U HallpaBJI€HUEM Ha IUpaMuay Xeorca..

: Cpes ckanbl
"” gl

nupamuaa Xeo



5.2.2 O0béMHO-HaCKaIbHbIEe HHPPA3BYKOBbIe HHPOPMAIHOHHbIC MPUEMHHUKH.

O0BEMHO HACKATbHBIC MPUEMHHUKH B OTIMYHE OT 00BEMHO KAMEPTOHHBIX TPUEMHHUKOB, OOBIYHO CTPOSITCSI HA TTIOBEPXHOCTH 3EMITH.

OnHu He UMeroT JpoMoca(II0I3eMHON aHTEHHBI).

Poib aHTEHHBI BBITIOTHSIET HEOAHOPOIHOCT CPEIbI pacpoCcTpaHeHH MHPPA3BYKa pa3iioM, XpedeT, ropa, peka.

HamnpaBnenue HeOJHOPOHOCTH JOJKHO pactosaratbes moj yriom 20-60° k uicTouHuKY HH(ppa3ByKa.

To ecTh, MOCTPOUTH TAKOK MPUEMHUK BO3MOXKHO TOJIBKO B MECTaX, Ii¢ MH(Pa3BYKOBBIC BOJHBI OT HCTOYHUKA CUTHAJIA KAK-TO KOHIICHTPUPYIOTCSI.
[Tpumepom 1ceBIOKYNOIbHBIX MPUEMHUKOB Ha T€OJIOTUYECKOM Pa3ioMe SIBISIOTCS TYMYJIyChl TPYCKOB BOM3H r. Uepsetu B Utanuu.

3/1ech MHOKECTBO MTPUEMHHUKOB BBITSIHYJIOCH JIMHUEHW B HAMPABJICHUH T'€0JIOTMYECKOT0 pa3jioMa.

OcHoOBHOH 3a7aueit AJi1 TOCTPOMKH 00BEMHO HACKAIBHBIX IPUEMHHUKOB SIBJISIETCS OOHAPYKEHUSI MECTa KOHIIEHTPALUK HH(PPA3BYKOBBIX BOJIH Ha
€CTECTBEHHBIX MOHOJIUTAX.

[Tocne oGHapyKeHHs TAKOTO MECTa YCTaHABJIUBAIOT TYMYJyC, JOJIbMEH WU MacTady.

Haubonee npocTo 3Ta 3a7a4ya pemaeTcst B TOPHOM MacCHBe.

3/1ech HY>KHO MPOCTO HAMTU TOPHBINA XpeOeT pacloI0KEHHBIN MO HY>KHBIM YTJIOM K HCTOYHUKY HH(Pa3ByKa.

Ha sToM xpeOTe Ha 3a4HIIEHHYIO 10 MOHOJIMTA TUIOMIA/IKY CTaBAT JOJIbMEH.

TyMmyJiyc- 5T0o KpynHbBIN IICEBAOKYIOIbHBIN MPUEMHUK, KOTOPBIN (OKycHpyeT HHPPa3BYK Ha MOJI U TIOTOJIOK TyMYyJIyca.
JoabMeH - 3T0 HEOObIIOW 0OBbEMHBIN BTOPUUHBIA PE30HATOP YCTAHABIMBAEMBIN Ha CKJIOHAX MPEATOPUN WIIM BO3JIE TOPHBIX PEK.

Macra6a- 3T0 KaMEHHBIN TpanelnenJaIbHbIN NPUEMHHK, POKYCUPYIOINN HHPPA3BYK HA HEKOTOPYIO TIIyOUHY M0 CBOUM OCHOBaHHUEM.



5.2.2.1 TymyJuycel- nH(ppa3ByKoBble 00bEMHO-HACKAJIbHBIE NICEBAOKYNOJIbHbIE MIPUEMHUKH.
910 KPYIHBIC ITICCBAOKYIIOJBbHBIC IPUCMHUKH, KOTOPBIC CTPOUJIN HAJl CCTCCTBCHHBIMU CKaJIbHBIMW MOHOJIMTAMHU.
[IceBmokyIon TyMyityca NpeACTaBIsIET COO0M KaMEHHYIO HIIM 36MIISTHYIO TIOJyCEPHUIECKYIO JIMH3Y, Pa3MEIIEHHYIO Ha/l KAMEHHBIM ITHJIMHIPOM.

[ceBnokymoun poxycupoBasl HHPPa3BYK Ha MOJI ¥ MOTOJIOK TYMYJIyca, B KOTOPOM OOBIYHO OBLITH BCTPOEHBI NPUEMHHKH HH(PPA3BYKA.

Puc.108 IlceBmokymon Tymymyca.

Kaxk cumnraercs, TyMyi1yChl CTPOUIIN ITPYCKH.

[TpréMHMKYN MOCTPOEHHBIE B TYMYJIycaX MO>KHO Ha3BaTh BEPILINHON HHKEHEPHOM MBICIH B UH(PPA3BYKOBOM MPUEME SHEPTUH.
PaccmoTrpuM npocTenimii JByXKaMepHbIi IPUEMHUK TymyJiaca Peronunu- I'anaccu.



Puc.109 JIByxkamepHblil nH(MPA3BYKOBOM MPUEMHHK C KOMIICHCAIIUEH LIyMa.

DATANAA N

[Ton xynon(pedaekTop) TyMyyca IOMEIIAIOT METIeBOM BUOPATOp C IBYMsI CHMMETPHUUHBIMU PE30HATOPHBIMU KaMepaMH.

Pe3onaTopHbie kKamepbl 0OBIYHO BBIPYOJIEHBI B CKaje MOHOJUTA, @ AaHTEHHBI(JIPOMOCHI) YaCTO CJIEIaHbl U3 TECAHOI'O KaMHS.

B onHy kaMepy momeniaro Tpu KaMEHHBIX NPSIMOYTOJIBHBIX pe3oHaTopa(capkogara), HACTPOCHHBIX Ha YacTOTHI NepeJaTuuKa.

Bropast kamepa 6e3 pe3oHaTOpOB, € AJIEMEHTaMH HACTPOUKH pe3oHaHca(00bEMa).

Kawmeps! pabotatoT B mpoTHBO(da3e, Tak Kak pacroyioKeHbl Ha MPOTHBOIOIOKHBIX JUITONSX.

[lepBas kamepa Bo30y>KJaeTcsl Ha YacTOTe NepeaaTynka nHppa3ByKa IUTIOC IIyMOBasi COCTaBIISAIONIAs, BTOpas KamMepa Bo30yKJaeTcsl Ha IIyMOBOM
COCTaBJIAIOLICH.

B pesynbrare npotrBoda3zHOCTH, B KOPUIOPE IPOMOCA CUTHAIIBI BBIYUTAIOTCS, U OCTA€TCSl TOJIBKO CUTHAN ¢ NepeJaTurka HH(pa3ByKa.
[Tonctpoiikoit 00bEMa IIyMOBOW KaMepbl JOOUBAIOTCS XOPOLIeH KOMIIEHCAIIMM [ITyMa B MEPEIaroIleM CUTHAJIe.

B KOpuaope ApoMoca pacrojiarato BTOpU4YHbIC pE30HATOPLI B BUAC MTPAMOYTOJIBHBIX KaMCHHBIX Ty'M6(CapKO(I)aI‘OB), PC30HAHCHBIX KaHAaB,
PE30HAHCHBIX COCYI0B.



Puc.110 TunuuHbliA BUA JByXKaMEpHOTO MPUEMHHIKA BEIPYOJICHHOTO B CKaJle U HAKPBITOTO KYIIOJIOM.

Ha ocHoBe JABYXKaMCPHOT'O KOMIICHCAITUOHHOT' O HpI/IéMHI/IKa Ha TP OCHOBHBLIX YaCTOThI ACIa]In HpI/IéMHI/IKI/I Ha CEMb 4acCTOT.



Puc.111 Tpéx/CemuuactoTHbIi TpuéMHHK. [ pOOHUIIA IIUTOB U Kpeced.

CMoTpHTE Kak FeHHAIbHO MPOCTO BCE paboTaer:

-aHTEHHA JAPOMOC, KOTOpasl 3aKaHYMBAETCs JBYMsI KaMe€paMU CUTHAJIbHOM ¥ KOMIIEHCAIIMOHHOM, MPUHUMAET CUTHAJ OT pedekropa(kymnona);
-Jlajiee UJIeT coriacylolee yCTpoicTBO (CTOMUOH), B BUIE KOPHJIOpa OIPaHMYUBAIOIIET0 IIPOCTPAHCTBO PACIIPOCTPAHEHUS BOJIHBL;

-Jiajiee uaeT BECTUOIONb C TeMs PE30HATOPHBIMU KaMepaMy HaCTPOSHHBIMU Ha TPU OCHOBHBIE YaCTOTHI MTEpe/laTuMKa;

-B K&XXOM YTJIy BECTHOIOJIS pacIooKeHO M0 TPU MPSIMOYTOJIbHBIX PE30HATOPA, HACTPOCHHBIX Ha JOMOJHUTEIbHBIC YaCTOTHI MepelaTunKa;
-B BECTUO0JIE PACIIONI0KEHBI JiBa Kpeciia Js clayliaTesei;

Takol MpuéMHUK MOT IPUHUMATh KaK TPEX TaK U CEMUYACTOTHBIN CUTHAIL.



Puc.112 Bectu6roib TpexKkaMepHOro ycuiuTens. I'poOHMIIa IUTOB U Kpecell.
.. ; o P Tt oo e s, elohit > Eriartoeisnr e ¢ x

-BOKPYT MPSAMOYTOJIBHBIX PE30HATOPOB Pa3MEIIal0T PE30HATOPHBIC COCYIbI (BTOPHYHBIC PE30HATOPHI), KOTOPHIE MPEoOpa3yroT HH(PPaA3BYK B 3BYK.

Puc.113 Pe3onaTopHbIe COCY/IBI BO3JIE KAMEHHBIX pe3oHaTopoB. [ podHuia Kammana.

Bropuunsie pezonaropsi(cocynsr) Tun 6(588-1046 I'ty) (cm. KynonbHble mpuéMHUKH), M3aBaIA 3BYKH 4acTOTOH B paitone 800 I'm.
Ot0 ObLTN camble O6Jaro3ByYHbIe(YTOHUEHHBIE) TPUEMHUKH SMIOXU MTUPAMU/I.



Bot nmocMoTpute Ha 3TH Y4yAeCHbIE TOBOPSIIUE COCY/ bl ATPYCKOB.

Puc.114 BropuuHsblil pe3oHaTOp B BUJIE AOJIbMEHA.




Puc.116 BropuuHblii pe30HaTOp B BHJIE€ TOBOPSILETO JIMIa (TUIIMYHBIN pe3oHaTop [ enpMmronbia).

B KPBIIIKAaX rOBOPAIINX COCYIO0B ACIATIN 3BYKOBEIC OTBEPCTHUSA, AJIA BBIXOJA 3BYyKa.



IIceBnokymosna 6bUTM OTPOMHBIX pa3MepoB, HHOTAA /10 50 M B TuaMeTpe.
Yacro, ecii mpuéM B 3TOM MecTe ObIIT XOPOILHUii, B HUX BCTPAUBAIH HECKOJIBKO MTPUEMHUKOB.

Puc.118 [Tnan u pa3pes tymynyca II B UepBerepu ¢ rpooHueit Xuxuusl. VII B. 10 H. 3.

_J' . |||’|

Ha Pwuc.118 MBI BUAMM TpY CTaHIAPTHBIX JBYXKaMEPHBIX MPUEMHUKA U OJMH MPUEMHHK C TPEXKAMEPHBIM YCHIIUTENIEM, PACIIOIOKEHHBIX B OJTHOM
KyTIoJe.



IIpumep S. Tymyaycsl aTrpycckoro ropaa Iepe.
Pa3zBanunbl npeBHET0 ropoja 3TpyckoB BOIM3M r. UepBerepu, Mranms.
Koopaunatsi: 42° 0'19.17"N 12° 6'10.87"E

OTH NpUEMHUKN HATIOMHHAIOT COBPEMEHHBIE KHHOTEATPhI, OHU OBLIH MOMYJIAPHBI M KaXKAas Oorarasi CeMbsl UMella CBOM MPUEMHUK.

JlnameTpsl KyI0JIOB COCTaBIIsUIU OT 14 10 48 MeTpoB.

BHyTpu KynonoB pa3zMemanock Mo HeCKOJIbKO TPUEMHUKOB HH(]pa3BYKa.

Kymnona onupanuch Ha BRIpyOJIeHHBIE H3 MOHOJIMTA KPYTJI0€ OCHOBAHUE.

Kymona npencrasistor coboii peduiekTopsl pokycupyronye HH}ppasByK Ha MOJ TyMyJIyca.

B npuémHuKax UCosib30Bajil HECKOJIBKO TUIIOB BTOPUYHBIX PE30HATOPOB capkodaru(tun 3), TyMObI(TUIl 4), TOJOCKOBBIE KaHABBI(THUII 5),
cocyabl(TuIl 6).

Capkodaru 1 TyMOBI YCTaHABIMBAINCh B PE30HATOPHBIX KaMepax, MOJIOCKOBbIE KaHABBI B TIOTOJIKAaX, COCYIbI BOKPYT TyMO.

Jlnst cimymaresnei BeIpe3anuch KaMeHHBIE Kpeciia, KOTOpbIe (PMKCUPOBAIIN PACTIONOKEHUE CITYIIaTesl.

Puc.119 ®otorpadust KyrmoasHBIX MIPHEMHUKOB HA MOHOJIUTHOM OCHOBaHUH.




Kpecna Toxxe BbIpyOanuch u3 KaMHs.

Puc.120 ®ororpadus kaMEHHBIX KPECE.

[Toronku Kamep ycesHbl BTOPHYHBIMU pe30HATOpaMH Thma 5 (cM. Tadi. 1).



papHr IIOTOJIKA.

B st0it MecTHOCTH npoxoauT T€0JIOTHYECKHUI PasjioM, B pE3yJIbTAaTC Y€TO MHOXKECTBO HpI/IéMHI/IKOB BBITAHYJIMCH B LICIIOYKY B CCBCPO-BOCTOUYHOM
HaITpaBJICHUH.



Puc.122 Hanpasnenue va nupamuny Xeorca i [Ipumepa 5.

IpasneHue Ha nupamnay Xeonga



5.2.2.2 JlonbMeHbI- HHPPA3BYKOBbIE 00bEMHO-HACKAJIbHbIE TPUEMHUKH.

3710 HEOOJNBIINE PHEPTETHUECKUE TPUEMHUKN HHPPA3BYKOBOW YHEPTUH.

JlonbMeHBI 3BYKOBBIE YCTPOICTBA, B KOTOPBIX UCKYCHO COYETAIOTCS IPUPOAHBIE U PYKOTBOPHBIE AJIEMEHTHI KOHCTPYKIIUH.

Jliis ux paboThl HY>KHA HEOJTHOPOJHOCTH CpeJibl B BUAE (DOKYCHUPYIOIIEH BO3BBIIEHHOCTH, KOTOpas cCOOMpAaeT 3ByKOBYIO DHEPTUIO KaK JIMH3A.
OTa BO3BBIILIEHHOCTh 00pa30BaHa pycllaMHi FOPHBIX PEK, TOUHEE UX BOAOPA3/EIbHBIMU BO3BBIILICHHOCTAMHU, KOTOPBIE U SIBIISIOTCS 3BYKOBBIMU
JMH3aMH.

Cama npupoJia caenana 3a cTpouTeneil(MHKeHepoB) O0JIbLIYIO YacTh pabOThI.

YTo roBOPUT O TOM, HACKOJILKO TITyOOKH OBUIM MX 3HAHHS 3BYKOBBIX TEXHOJIOTHH.

JloaBpMeH 3TO peryimpyemMoe 3ByKOBOE YCTPOMCTBO, KOTOPOE SIBIISIETCS MpeoOpa3zoBareieM HHPPa3ByKOBOW BOJHBI B 3BYK (Ha OMHAYHapHBIX
4acToTax).

JloabMeH UMeeT peryMpoBOYHOE OTBEPCTHE /ISl HACTPOMKHU Ha HYKHYIO OMHAYHAapHYIO YacTOTY.

O0BEM pe3oHaTopa MoAOHPAIOT KPATHO JJIMHE TpUHUMaeMoi BojHbI (Tabnuna 1).

Puc.123. @010 TUIIMYHOTO HOJILMEHA.




JlonpMeH Kak 3ByKOBOE€ YCTPOMCTBO UMEET HECKOJBKO YaCTEM:

. Pesonupyromuii kameHb 060J1b1110i Macchl (BepxHsis miuTa). [loaromy noapMeH 0e3yCiI0BHO SBJISETCS HACIEIHUKOM CEHIOB.

. KaMeHHBI# 1OTyBOTHOBOM BO3YIIHBII PE30HATOP, HA KOTOPBIN MOCTABIICH PE30OHUPYIOUIHIA KaMEHB(YTOO COTIacoBaTh, 3716Ch HHXK. pacuyeT HYKEH).
. Kamennas unnunapudeckas auH3a(nepeaHsis minTa), Ipoeuupyromas 3ByK B BUJIE CT0JI10a, 4yepe3 mopTa, Ha HEKOTOPOE PacCTOSHUE OT JOJIbMEHA.
. Brynka, kak 3ByKOBO# H3IIydaTellb U peryasTop OMHaAyHapHOW 4aCTOTHI.

. [lopTai, ycunuBarolmuii 1 HanpaBJIsOIUN 3BYK.

. [IaTouHbIC KAMHMU, TSI yCTOWYMBOCTU KOHCTPYKIIMU U YIYUIICHUS JOOPOTHOCTH 3BYKOBOTO YCTPOKCTBA.

. KamenHas nmojichInka rajJjeqHuKOM WM KaMHSIMH, peQIEKTOPHBIMU U TUPEKTOPHBIMU BaJlaMH, JJIsl KOHIIEHTPAIIMK 3BYKOBOW YHEPTHH.

. [Ipupoanas pokycupyromas JIMH3a, BEICOTOO JI0 COTEH METPOB M IIUPUHOHN B KWJIOMETPHI, 00pa30BaHHAs BO3BBIIICHHOCTHIO.

. Pexa, kak UCTOUHUK OKTaBHOU Pe sHeprum.
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Puc.124. YcrpoiicTBo 1oabMeHa.
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Hacrpoiika 10/1bMEHOB.
®opmoii 1 00BEMOM 10JIbMEHA IEPBOHAYAIIBHO 33Jal0T HY>KHYIO 4acToTY,
V3MeHeHreM HaKJIOHA TUIAT T0OWBAIOTCS HY>)KHOM IIMPUHBI TTOJIOCH MPOITyCKaHUS TPUEMHHKA.

B nonemeHe npope3aroT 0TBEpCTUE, B KOTOPOE BCTABIIAIOT PETYIMPOBOUYHBII CTEP)KEHb- BTYJIKY HACTPOWKHU YacTOThI MPUEMHUKA.

[Tocne HaCTPONKY OJIbMEHA, JUIMHHYIO BTYJIKY 3aMEHSIOT Ha CTAllMOHAPHYIO BTYJIKY HYXKHOMU JUIMHBL.

Puc.125 PerynupoBouHas pyuka J0JIbMEHa.
S e g V. I

ITocne HacTpoMKM Ha HY>KHYIO 4acTOTY, HACTPAUBAaIOT 3BYKOBYIO CUMMETPUYHOCTD JOJIbMEHA.

Omna 3aKIrovaeTcsl B HaCTpoKe BpeMeHHu mpoxokieHus [IAB(1ToBepXHOCTHON aKyCTHYECKON BOJIHBI) IO CTEHKaM JI0JbMEHa.
B pagnorexnuku, st HazBai Obl e€, moactpoiikoit @YX ((aza-yaCTOTHON XapaKTEPUCTHKN).

OTO0 TOHKAasi HACTPOHKA, KOTOpask MPOU3BOJUTCS HAHECEHHEM PUCYHKA HA TIOBEPXHOCTh AKYCTHYECKOTO JIEMEHTA.



Puc.126 IlonockoBast TMHUS 33JJePKKH Ha TTOBEPXHOCTH aKyCTHUECKOW TPaHH.

C moMouIbIo ATUX PUCYHKOB 1I00MBAIOTCS aKyCTUYECKOW CUMMETPUYHOCTH TPOTUBOMOJIOXKHBIX TPaHel JOJIbMEHa.

st 6oee deTkoi (hUKCAITH CTEPXKHS MHOT/Ia IPUMEHSUTH YTUIOTHEHUSI.
DTOT BBIBOJI MOXHO CJI€JIaTh IO BBIEMKE Ha KPalo PEryJIMpPOBOYHBIX OTBEPCTHIA.



Puc.127. PeryaupoBo4yHOE OTBEPCTUE C BEIEMKOI.

[Tocne HacTpoiiku 10IbMEHA, BTYJIKY OOBIYHO MOAKIUHUBAIN (U1 (PrKcaIum).

VY noapMeHa MOXHO OBLIIO TTOCHJIETh, OTJAOXHYTh M IIOCTYIIaTh 3eMHBIE HOBOCTH.
WNnu BocCTaHOBUTH 310pOBbE U MPOJIUTH CBOIO KU3HB?



Puc.128 Jlonemen B ['y3epemnib.

JlonbsMeH IpoerupoBa 3ByK B BUI€ BEPTHUKATHHOTO CTO0a, Oarogaps MUIMHAPUIECKON KaMEHHOM TMH3E U MOPTaly.
Kpome Toro, Ha 3TOM MumuHAPUYECKON TUH3E(TIEPETHIS TUTUTA), YaCTO pacioiaraics CPepruiaecKuil u3rydaTelib.
OH Mor OBITh YaCThIO BTYJIKH, JIUOO MPOCTO UCKYCHO BBIPE3aJICA U3 KAMEHHOMN CTEHBI.



Ilo CYTHU KOHCTPYKIHA HOpT&J’IBHOfI YaCTH JOJIbMCHOB IMOJTHOCTBIO MMOBTOPSACT HAIKM T'POMKOTOBOPHUTEIIN 1O CBOCH KOHCTPYKIHH.
[Tmroc ona Goiee CJIOKHA, TaK KaK UMCCT NUJIIMHAPUYICCKYIO 3BYKOBYIO J'II/IH3Y(HepeI[H$I$I HJ'II/ITa).

EcTb 1Ba BapraHTa yCTaHOBKH J0JIbMEHOB, Ha BOJIOpa3/ielie MM Ha CKIIOHE (POKYCHPYIOIEl BO3BBIIIEHHOCTH.

CoOTBETCTBEHHO U 3BYK IPUHUMAETCSI C BEpXHEN WM OOKOBOW MOBEPXHOCTU (POKYCHUPYIOIIEN IPYHTOBOM JIMH3HI.

B pesynbrare HECKOJIBKO pa3IndaeTcs U KOHCTPYKIUS 3TUX J0JIbMEHOB.

Kpowme Toro, ckiioHHbIE(OOKOBBIE) JOIBMEHBI BCEria Oy IyT CMOTPETh Ha peKy, KoTopas 00pa3yeT Kpail TMH3bI(BO3BBIIIEHHOCTH ), KaK HE KPYTH.

OTnenbHO MOKHO BBIIETUTH JIOJIbMEHBI PaclojIOKEHHbIE B KAPCTOBBIX pailoHax, I71e€ UMEeTCs] MHOXKECTBO PE3OHUPYIOIIUX MYCTOT.
Tam ycnoBus npuéma ObLITH OYE€Hb XOPOILHU, U MOXKHO ObUIO CTPOUTH YIPOLIEHHBIE KOHCTPYKIIMU JOJTbMEHOB.

Kpome Toro nonbMeHsI 37iech pacnoiaraiich LeIbIMU MOJISMHU.

Hanpumep, pexa Kusunka ct. barosckas, nonsMeHHbIe M0 B 594 IIT. HA KAPCTOBBIX I'PYHTAX.

Bompoc pacnipocTpaHeHHs JOJIbMEHOB Ha 36MJIE OCTAETCS] OTKPBITHIM.
Haperocs, uto runoresa nungpaspykosoro unrepdeiica IIIMPOKO nmomoxkeT 1aTh NpaBUIBHBIN OTBET Ha ATOT BOMPOC.



Puc.130 Kapra pacronoxxeHus 10JIbMEHOB Ha 3EMIIE.

J1o1bMEHOB OBLIIO0 OYEHb MHOTO.
Ha Kagxkaze uzsectro 6osiee 3000 octatkoB noiasMeH0B, Bo @pannum 6osee 4500.



5.2.2.3 MacTa0bl- ”H}Pa3BYKOBbIE 00bEMHO-HACKAJIbHbIE IPUEMHUKH.

MacTa0bI-01HN U3 caMbIX PAacCpOCTpaHEHHBIX HH(Pa3BYKOBBIX NpuéMHUKOB Erunra.

[Tpuniun paboTel MacTaObl O4Y€Hb MPOCT, 3TO YACTh MUPAMHUIBI PadOTAIOIIAsi B OOPAaTHYIO CTOPOHY.

Ecnu nupamuia noj neiicTBreM BeTpa BUOPUPYET U CO3/1a€T BOIHOBOE T10JIE B MOHOJIHTE.

To, mactaba BUOpUpPYET OT BOJHOBOT'O IOJISI MOHOJIUTA U (DOKYCHUPYET €ro Ha BTOPHUHBIN pe3oHaTop(capkodar).
[TosTOMy B OTIIHUME OT MUPAMUJL, MACTa0Bl HIMEIOT HEOOJIBIIYIO BEICOTY, BETPOBAs Harpy3Ka ei He HyKHa.
Hy>Ho, 4T00BI pa3mMep OCHOBaHUS MacTaObl ObLI KPaTeH OCHOBAHHIO MEPEIAIOIIEH THPaMHU/IBI.

Macra0a, 370 MaciITabHOE CTPOEHHE, OHO IIPONOPLMOHATILHO MEPEAIOLICH MUpaMuie.

Onu Oosblile KymOoJIbHBIX MOA3EMHBIX TPOOHUI], TAK KaK UCTHOIB3YIOT KAMEHHYIO (JOKYCHPYIOIIYIO JINH3Y, a HE BO3AYIIHYIO KaK KyMoJa.
[ToaTomy pa3mMep MepBUYHOTO Pe30HATOpA i HUX paBeH 227-230 M, B OTJIMYHH OT BO3AYIIHBIX KYIOJbHBIX 14 M .

[IpuumnHa 3TOrO pazHas CKOPOCTh 3ByKa B KAMHE U BO3/AYXE€.

Ho eruntsinam He npUBBIKATh CKIIAAbIBATh KAMHH.

Puc.131. Ctpykrypa mactaOsl.

Kamepa 1 kaHan
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Teno mactaOpl BUOpHpYET OT MH(pa3BYyKa U 3a CYET CBOEH Tpamnenen1aibHOCTH (OKYCUPYET ero MoJ| CBOE OCHOBaHUSI.

B otnnune ot ceprueckux Kymonos, rae GoKyc HaXoIWICsA Ha YPOBHE 10J1a, y TpaneenI1albHbIX MacTad (POKyC HAXOIUTCS MOJT 3eMIIEH.
[To3TOMy BTOPUYHBII PE30HATOP MOTPYIKAIN B M30THYTYIO IIAXTY, TaK YTOOBI IaXTa HE IMonaaina noj GOoKyCHpYOIIuii 1yd nH(pa3ByKa.
Haxonsce B pokyce MacTaObl, BTOPHUHBINA pe30HATOP MpeoOpa3oBbIBall HH(PPa3ByK B 3BYKOBYIO BOJIHY,

KOTOpas 10 BO3IYIIHOM IIaXTe MOCTYIaja B yCHINTEIbHBIE BO3YITHBIE KAMEPhl MacTaObl.

3nech HH(PaA3BYKOBYIO SHEPTUIO MOXKHO OBLIIO YK€ MCIIOIB30BaTh M0 HA3HAUYECHUIO

Puc.132. BekpoiThiii pezonarop(capkodar). Mactaba Nel7, Metiaym, Erurner.

B akycTuueckoM nmomenieHuu A npuéMa HHPPa3ByKOBOU IHEPTHH, B MacTabe, 0ObIYHO HaXOIUIIUCh KECTKasi KPOBATh € )KECTKUM IIEHHBIM
IIO/ITOJIOBHUKOM.

DTO HaBOJUT Ha MBICIb, YTO HH(PA3BYKOBask SHEPTHS HCIOIb30BANIACH JJI1 BOCCTAHOBJICHHMSI 3/J0POBbsSI UM KAKUX TO APYTUX MPOLETYp HaL
YEJI0BEKOM.

311ech MOXKHO MPOCIIEIUTh CX0XKECTh C OCTATBHBIMHA WHPPAa3BYKOBBIMU PUEMHUKAMHU.

Hanpumep, y 3TpycKoB KpoBaTH U Kpeciia TOXe ObLTH TBEP/bIC, U3 KAMHSL.

To ecTh HY>KHO OBLIO MPMKUMATHCSA K KAMHIO, KOTOPOil MoTy4yaeT HH(Pa3ByKOBYIO SJHEPIHIO



Puc.133 KpoBats u3 mactabsl. Erumer

Yacto macTalbl Jenaind Ha HECKOJIBKO PE30HATOPOB, TI0 OT/IETHHOMY BTOPHYHOMY PE30HATOPY ISl KaXI0H YaCTOTHI MepeaaBacMoOi TUPAMUION.
Tax >xe BcTpedaroTcsi MacTaObl CONPsHKEHHBIE C aHTEHHAMH (JIPOMOCOM), YTO YIy4IIaeT yCIOBHs puéMa HH(Pa3ByKOBOTO CUTHATIA.



Puc.134. Mactaba c 1pomMocom.

Macta6a ¢apaona LLlenceckada ( pekoHCTRYKUMS)

N3BecTHBI 1 00cie10BaHbl COTHH MacTab ¢ pe3oHaTopaMu(capkodaramu).

Hu B ogHOM 13 3amevyataHHbIX(HE pa3rpalbiaeHHbIX) capko(haroB OCTaHKU MyMH He HaliJIeHBbI.

VY apxeosoros ecTh €AMHUYHBIE CTy4an 0OHApYyKEHUsI OCTAHKOB, B JIEPEBIHHBIX capkodarax(siukax, rpodax) , B pa3rpadiieHHbIX MacTabax.
3TO NOATBEPAKIAET BTOPUUHOE UCIOIB30BaHNE MacTab B OPOH30BOM BEKE.

MHoro mactab ocTanoch B HETpOHYTOM BHUe(3arieuaTaHHOM BU/IE), 1aXkKe CEerOIHs.

OOBACHUTDH ITO MOKHO TE€M, UTO (papaoHaM HAJ0EJIO BHITACKUBATH MIyCThle KAMEHHBIE SIIIUKH U3 CKaJl.
Ha tex yto BhITammiIM, onn Hanucanu "3xieck Obl1 papaon Bacs-Tyrapxamon".

Otu capkodaru, KoTopble GpapaoHbl B3sIU ceOe B KaUeCTBE CyBEHUPa, ceifdac CTOSIT B My3esX.

Te capkodaru , 4To CTOAT B MIAXTaX U HE ObUIM BTOPHUYHO MCIOJIb30BAHBI, HAJIMUCEH HE UMEIOT.

VY nuBnser OyHCTBO (haHTa3MM €rUIITOJIOIOB PACCKA3hIBAIOIINX, KaK ChIH-(hapaoH, XOPOHHUT CBOIO MaMy, a B capkogar e€ MyMHIO 3a0bUTH TTOJ0XKHUTh.
UYuraeM 3Ty anTacTuky B Bukuneauu "Xerenxepec".



B 571011 e cTarbe Bbl yBUIUTE CTYJIBUUK U JIEKAHKY, KOTOPBIE HAXOAWINCH B HA3EMHOM aKyCTHYECKOW Kamepe, II€ CIIyIIAIN IIECHU Iop.
Takxke B 3T0# Kamepe HaXOAWINCh PE3OHUPYIOIINE COCYAbI(KAaHOIIbI), U 3BYKOBOI'O ITpeoOpa3oBanus nH(ppa3ByKa.

5.2.2.4 Hyparu- ua¢pa3BykoBble 00bEMHO-HACKAJIbHbIC IPUEMHUKH.

Hyparu — 510 6oplne KaMeHHbIE TpanenenaaabHbIe TPYObl, 3aKOTaHHbIE B KypraH.

Hypar, ynponieHHsbli BO3LyLIIHBIN KyNOJIbHbINA IPUEMHHUK.

CTpouTh KOHMUYECKYIO OAIIHIO CYIIECTBEHHO JIerye, YeM KaMEHHBIN BO3IYIIHBINA KYIIOL.

3a cueT O0JIBLION MAcChl 3eMJIM, BOKPYT Hypara, J00MBaJUCh Xopoulero npuéma nH(pa3ByKOBOTO CUTHAJIA.

Puc.135 Hypar usnyrpu. Jlas. Kypran ¢ nHyparom.

Bonbie Bcero HyparoB HaxoAUThCsI Ha ocTpoBe CapIUHUH.

[To manHBIM apxeosioroB, HyparoB Ha Capauauu 0610 octpoeHo 70-80000.
[TpakTHdecku KaxkJasi CEMbsl Ha 9TOM OCTPOBE MMella CBOU Hypar.

Hapon, ctpouBmmnii 3Tv NpUEMHUKY, HA3bIBAJICS HYPUHLIAMH.



CHapy»u Hypara ocTaBajoch OTBEPCTHUE - HOpa (Ha sI3bIKE HypHiileB, Nura).
Ha nomy BHyTpH TpyObI OBUTO OJ3EMHOE PE3OHUPYIOIEE TOMEIICHHE, C TPEYTOJIEHBIM BXOJIOM.
Hypuiiiet sToT BX0oa Ha3zbiBanu "Jlaz" (mypuiickoe, Laza).

5.2.3 KamepTOoHHbIe MH(PPA3BYKOBbIEe HH(POPMALUOHHBbIC MPUEMHHUKH.

KaMepTOHHBIe HpI/IeMHI/IKI/I - 3TO MOHOJIMTHBIC UJIM COCTaBHbIC KAMCHHBIC KOHCTp}’KHI/Iﬁ HMCIOIIUE 3a1aHHBIC PE3OHAHCHBIC CBOICTBA.

OTu NpuéMHUKH HE UMEIOT BO3AYIIHBIX PE30HATOPOB.

Onn YCTAaHABJIMBAKOTCA B MECTAaX KOHLUCHTpalIun I/IH(bpaBByKOBOFO CHUIrHajla Ha HCOAHOPOAHOCTAX CPEAbl PACTIPOCTPAHCHUS, 4 TAKKEC BO3JIC KPYITHBIX
KypraHHbIX IIPUEMHUKOB.

[To3Bossiiu monyyaTh HHPPA3BYKOBYIO SHEPTUIO HA TTOBEPXHOCTH KaMHS WU KOHIICHTPUPOBATH €€ B 3a/IaHHOM TOUKE(KPOMIIEX).

(I)PIprHbIe - 9TO KaMCHHBIC I/IH(I)paSBYKOBBIG HpI/IéMHI/IKI/I(KOHOCCH), BBITTIOJIHCHHBIC B BUJC CKYJIBIITYP HUJIN OO/IBIINX KaMHEH Ha KaMEHHBIX
noacTraBKax.
YcTraHaBIUBaIKCh B KYJIbTOBBIX MECTax U BO3JIC XpAMOB.

KpOMJIeXI/I - Ha60p MCHI'MPOB YCTAaHOBJICHHBIX B KOJIBIIO JJIs CI/IH(1)8.3H01"0 YCUIICHUA HH(bpaBByKOBOFO CHUI'Haja.

MeHFI/Ipr - OAWHOYHBIC BEPTUKAIIbHBIC KAMHH, YCTAHOBJICHHBIC B MCCTAX KOHIICHTpAallUuN HH(I)pa3BYKOBOﬁ BOJIHBI 1 UMCIOIIUEC PE30HAHC Ha 3aJIaHHOM
qacCcToT¢E.



5.2.3.1 ®urypHbie KaMepPTOHHbIE HH(PPA3BYKOBbIe IPUEMHUKH.
@urypnble HHOPa3BYKOBbIE TPUEMHUKH CTPOMIIUCH KaK CKYJIbITYPHbIE MOHYMEHTHI.

Kpome cBoero ocHOBHOro Ha3Hau€HUs - MPUEM U yCUIIeHHE HH(PPA3BYKOBOIO CUTHAJIAa OHU HECIIH B cebe enlé 3CTeTHUECKYI0 (PYHKIIHIO.
OObIuHO Takue MPUEMHUKN CTPOUIIH B KYJIBTYPHO 3HAUUMBIX MECTaX.

DHBIX KaMCPTOHHBIX HpI/IéMHI/IKOB.

Jlaner CuHKCa TpeACTABISIIN KAMEPTOHHYIO aHTEHHY, TeJIO IEPBUYHBINA PE30HATOP, TOJIOBA BTOPUUHBIN pe30HATOP.

[Tiockue rpaHu KOCBIHKH Pa0OTaIy Kak W3TydaTeIn 3ByKa BTOPHYHOTO PE30HATOPA, KOTOPHIA MOJHIMA YacTOTy HH(Pa3ByKOBOTO CHTHAJIA JI0 3BYyKa
KpaTHOM TapMOHUKH.

[TosTomy mipu pabote nupamu, CHUHKC 1Me , ¥ 9Ta MecHs 3Bydalia ¢ ero JInIa.

Tak kak mupamuaa Xeorca Moria u3ny4arh 13-Tu TOHaIbHBIA HAOOP YacTOT, TO BIOJIHE BEPOSTHO, IECHIO CPUHKCA MOXKHO OBLIO MOHATH KaK



CUHTE3UPOBAaHHYIO pEYb.
Ccunke ObUT 4y10M U yKpalIeHUuEeM Bcero komrekca ['u3sl.

Tax e K QUrypHbIM NpUEMHUKAM OTHOCSTCS OOJbIIINE KAMHU, YCTAHOBJIEHHBIE HA KAMEHHbBIE MTOJICTABKH.

Puc.137 Ceiin - "kameHb cribl"

I[J'IH CO3JaHusA Cefx’ma H0n61/1pam/1 OOJIBIIION KAMEHb C KpaTHBIM PE30HAHCOM U YCTAHABJIMBAJIX €T0 HA CKAJIy IIPABUJIIBHO PACIIOJIOKCHHYIO K UCTOYHUKY
CHUT'HaJla.

CKopee BCE€TO, ceinpl pacnosarajiucCb BO3JIC MECCTHBIX IIPUPOJHBIX UCTOYHUKOB I/IH(bpaBBy'Ka.

HpI/I)KaBHII/ICL K TaKOMY KaMHIO MO>KHO OBLJI0 BOCCTAHOBHUTD CHJIBI, BEb HE 3PS UX HA3BIBAIOT KaMHSIMU-CUJIEL.



[To manubBIM HccnenoBaTens ceiiioB Bonkosa Bacwmus BacunseBuda, Ha ceBepe Poccun Haxoqutcs He meHnee 100 000 celioB, KOTOpbIe 00pa3yrOT
OHEPreTUYECKYIO CETh.

BonkoBeiv B.B. 6bu11 poBeieHB! H3MEPEHHsI CUIIOBBIX JIMHHUM CEHTIOBBIX MMOJIEH, COCTaBIeHA KITaCCU(BHUKAIHS CEHI0B, IPOPUCOBAHBI CTPYKTYpPHBIC
CXEMBI CETH CEeHJI0B Ha TONOrpauyeckux Kaprax.

Bouikos B.B. Hayunsie Mudsl o ceitnax. I[lepexoa K JOCTOBEPHBIM 3HAHUSIM

Boakos B.B. UccanenoBanne meraautoB Pycckoro Cesepa. CrnoBble TUHNUH ceiiioB. HayuHoe mOATBEPKACHUE.

B moém nmonnmanum, Ceiif sIBASETCS PEAIISCTBEHHUKOM TPHITOIBCKHUX JOJbMEHOBHIHBIX CTPOCHHUH, KOTOPBIE CTAK ITPooOpa3om JonbMeHOB
Kaska3a.
Takum obOpazom ucroku JlonbmenoB Ha KaBkaze MoxHO mpocienuts no myTu: [lepmb-Tpunonse-KpreiM-ITlobepexbe UepHoro mopsi- [IpukyOanbe.


http://softelectro.ru/volk/1.htm
http://softelectro.ru/volk/2.htm

5.2.3.2 Crep:xHeBbIe KAMEPTOHHbIE IPUEMHUKH.

CrepkHEBbIE KAMEPTOHHBIC IPUEMHUKH - 3TO BTOPUYHBIE M3Ty4aTelId, OCHOBAHHBIE Ha CTEP>KHEBBIX PE30HATOPAX.

Wx ocHOBHas 3a/1a4ya rnepeaaTh SHEPruio, IPUHATYIO KPYITHBIMH HH(PPA3BYKOBBIMHU MPUEMHUKAMH, JIFOJISIM UM COOPYKEHHUSIM.

Pabora cTepHEBOro pe3oHaTOpa, OCHOBaHA HA CIIOCOOHOCTH 323KAaTOTO ¢ OJIHOTO KOHIIA CTEPKHS, COBEPIIATh TAPMOHUYECKHE KOJIeOaHNsI.
CrepikHEBbIE pe30HATOPBI PA0OTAIOT HA MOMEPEYHBIX 3BYKOBBIX BOJTHAX.

Taxne MexaHn4eckue KojeOaHusT Ha3BIBAIOT U3THOOBLIE KOJIEOAHMUS.

Pacuér pe3oHaHca 3a)KaTOro CTEPIKHS JUI U3TMOOBBIX KOJICOAHU JOBOJIBHO CIIOMKEH.

YBenuueHue TONIIUHBI U YIIPYTOCTH CTEPKHS YBEIIMYUBAIOT YaCTOTY COOCTBEHHOTO PE30HAHCA CTEPIKHS, @ YBEITUUYCHUE JJIMHBI YMCHBIIIACT.
[ToaTOMy pa3inuyHbIe 10 pa3MepaM CTEPIKHEBBIC PE30HATOPBI MOTYT UMETh OJIMHAKOBYIO COOCTBEHHYIO YacTOTY pe30HaHCa.

Puc.138 Konebanus 3a:xaToro CTep>kHs ¥ KaMepTOHA Ha OCHOBHOM yactoTe(1) u o6epTonax(2,3)

MeHFI/IpLI -OAMHOYHBIC BEPTUKAJIbHBIC KaAMHH, YCTAHABJIMBACMBIC B 30HAX KOHILICHTPAIL[UH I/IH(I)paSBy'KOBOFO CHUIHaJia.

OHM 1TO3BOJISUIN YBETMUUTH KOJIMYECTBO MECT, JUI MOTyYeHHUs HHPPAa3BYKOBOW IHEPTUU.
WNnorna, Bo3ne KpyMHbIX TPUEMHUKOB (KypraHoB), €Ay LeJble 0 MEHTHPOB.
Cxopee BCero sHeprur0 MEHIMpPOB UCIOIb30BAJIN B LIENSIX BO3ACHCTBHUS HA YEJIOBEKA.



Puc.139 [Tone MeHrupoB BO3JIe KPYITHOTO TYMYJIyca.
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Puc.140 ITone meHrupos.

99. Yiew of Battle-field at Kongsbacka. From Sjiborg.



MeHrupsl UMeNIH pe30HaHC KPaTHBIM HECYIel YacToTe NnepeaBaeMoro MHPpa3ByKOBOIO CUTHATIA.
I[JISI YBCIIUUCHUA IIUPHUHBI ITOJIOCHL HpHéMa HX JcJ1alid TpalnCuCuaJIbHbIMHU.

Puc.141 Byteutounoo6pa3subiii menrup. Ceno Llapes Opoa, boarapus.

Obeanck - cTep>KHEBOM MHUPOKOMOJIOCHBIN pe30HATOP C MUPAMUJIATEHBIM HAKOHEYHUKOM.
AKTHBHO UCIIOJIb30BaJICs B ipeBHEM Erumnte, oH co3gaBan MOIIHOE HH(PPa3BYKOBOE MOJIE BOKPYT ceOsl.
st ero Bo30y KeHHS OOBIYHO MCIIONIB30BAIM KOJIOHHALY W POTOHY, KOTOpasl mepeaaBalia dHEPTHI0 OT KPYIMHOTO MPUEMHHUKA.



Puc.142 O6enuck B Erunre, Batukane, Mockse.

Kak Bugute Ha poTo BhIIIE, B MOCKBE, 32 POTOHIOW HAXOIUTHCS KPYIHBIA KYTOJIbHBIH HHPPa3BYKOBOW PUEMHHK.
OTO TUMMYHOE KCTI0JIb30BaHUE 00EJINCKa, KaK CTEP’KHEBOTO U3IydaTesl IPUHATOr0 HHPPa3BYKOBOTO CUTHAIA.

KoJionHa - HanboJiee KpyIHbIe CTEPIKHEBIE PE30HATOPEI.

Yem OoJible pasMep CTEPIKHEBOTO PE30HATOPA, TEM OOJIBIIYIO MOITHOCTH OH MOXKET U3JTy4aTh.

Kosnouus! uu CToJIMbI - HanboJiee MOIIHBIC M3 M3BECTHBIX CTEPKHEBBIX M3JTyvaTelel nHdppasByka.

Jyis ux BO30YKIEHHSI HCIIOJB3YIOT apadonnyeckre (POKYyCHPYIOIIHE apXUTEKTYPHBIC TOBEPXHOCTH HIIK OTPOMHBIC KOJIOHHA/TBI.

Kpome Toro BOIM3H (HhOKYyCHPYIOIICH MOBEPXHOCTH JOHKEH OBITH MOIIHBIM HCTOYHUK HH(PaA3BYKa.

OOBIUHO 3TO HEOAHOPOJAHOCTh CPEJIbI, Yallle BCEro OOJIbIIas peKa, PacroIoKEHHas MOJT ONPEISIEHHBIM YTITIOM K HCTOYHHUKY HH(]pa3ByKa.



Puc.143 Anexcanapuiickuii CTONI (CaHKT HeTep6ypr) CHprOHmaumI XKuznu.
W 5 ¥,
Wl | CosdaHne VDJ'IOHW
H: éprun PE Bolbt

Auapoun B LIHPOXO, ‘Iasmb 14 http //soﬁglzvrm rufscirocco. hival, 2013 2.

[To Bepcuu runore3sl BHELIHENW cHHXpoHU3auuu JKu3HM, KoJTIOHHBI cMHXpoHM3aTopoB: Kononna, Konokoneshs, Komocce.

[To3BossitoT poxkaats bonpine Kuzuu (BO-XE), Kononuu. Hanpumep, ropoaa u rocyaapcrsa.

I'opon umeet uMms, 1aTy poKIEHUS, 1aTy CMEPTH, MOJIOIOCTh, CTAPOCTh, OOMEH BEIIECTB, TyMy, TOTPEOIISET YJHEPTHIO, BHIPAOATHIBAET OTXO/IBI.
Brr He HalinéTe oTnuumnii Mexxay co0oi u ropoioM. PasHuIla TOIRKO B MaciTade M 4acToOTe CHHXpOoHU3auu JKu3HHU.

Mer Birouensl B MHOTHE bonbiume XXuznu (KOJIO): INanaktuka, Connie, 3emis, ['ocynaperso, ['opon.

DT0 sHEepreTudecKre MOTOKHM Bpallaroieiics MaTepUH pa3HO YaCTOTHI, YTO U SIBJIsIETCA CyThio JKU3HU, 10 MHEHHIO TaHHOW IMIIOTE3bI.



Puc.144 Anexcannpuiickuii cronn (Cankt-IletepOypr). CriekTp nH(GPa3BYKOBBIX YaCTOT.

MecTo: Toura (horycHpoBaHMA M3 Ha 3uMHeM ABOpLE YCrOBHA HaMepens

Koopauxata 59°56'23 09"N 30°18'53 68"E ' Betep: ceBepo-BOCTONHbI CHNbHBIA

farta 27.052014 19:35(MSK) Temnepatypa +8°C

Amnnutyaa curHana: 2 cvmino MWINHMETDOBOI CETKE) Mpubop. DUPLEX-1 | ¢ aBYMA MUKDOIORANI 1 YCUNUTENAMM NOCTORHHOrO TOKE.
Pexim ckanmposanua 10/10 MIpOMOHB! HAXOAATCA B NOPTHENe, BEPTUKANBHO BHI3.

Nuanason cnextpa: 01300y MNopTdhernts yeTaHoBneH Ka achansT Boane CTeHsL! ABopla

Resot 1024

OcHoBHARA rapmoHika 74.61 Ty FO= 74,6058 Hz
Fi= 515263 Kz

2 236046 Hz
F3 941966 Hz
Fi= GR4THH;
— A IS ! : F5- 450855 He
515300 : : i | | : "
Fl= 976353 He
8,43y Fiie 1288150 He
Fx 1001006 Mz

Ampiiade
70Hz 80hz E 1104z 120H: RELH —]

L T4 | i ' ; 4 Fil= 746056 Hz
Fi= 515263 Kz
F2e 238846 Hz
F3e 941366 Hz
Fde BBA334 W
F5e 1288158 Hz
Fb= 45,0855 Hz
F7= 944543 Hz
FB~ 976353 Hs
F9= 20153He

Huurapoun B IIHPOKO. Qacmy 1.4 hitp Nsaftelectro.rufsciracca.himi, 2013 .



Kak Bl MOkeTe HaOMIOJaTh HA CIIEKTPOrpaMMe, AJICKCAaHIPUICKUI CTONIT U3ITydaeT dHepruro Ha yactote 74,6 ', 3T0 HOoTa PE G0NBIIO0I OKTaBHI.
B nupamMumax HUKHHUE CiI0M Beera HacTpauBathcsa Ha HOTY PE.
PE 510 sHeprus u marepus (Rerum), Ha sHEpruu KOTOPOii paboTana BCS METATUTHUECKAs [IMBUITH3AIIHS.

Oueprus PE (RE-Rerum, nar., BuOpanus Matepuu, sHeprusi) copMmectHo ¢ sHeprueit CHU(Si — Siderae, nebGeca, cusiHre) o0pa3yeT 0CHOBHOE KOJIbIIO
SHEPruu.

DTO KOJBIO SHEPTHil U onpeaesnseT Hanuure JKU3HU Ha HalIeH TUTaHeTe.

MBsI Ha3biBaeM ero Kpyrosopot Bozs! B mpupose.

Bopa npoiing Bepxuetro sHepruto CU(cusinue), nenaet gpazonslii nepexon -loxap (laromuii XKuznsp).

Tam roe Het 1ok, HET )KHU3HM.

Jlanee Bosa TeUeT B BUJE PEK K MOPSIM, /1€ TPOU3OMIET CaeaAyouuil (a30oBblid MEPEXO]l - UCTIAPEHUE BOIBI.
@Da30BbI€ NEPEXOJIBI U OMPEACIISIIOT HYJIEBbIE TOUKH NIEPEX0/1Aa MOTCHIIMAIBHON U KHUHETUYECKON SHEPTUH APYT B ApYTa.
DTO ¥ eCTh BOJIHOBOE YCTPOHCTBO MUPA, KOJIEOaHUE ABYX OCHOBHBIX dHepruil moreHnuansHoi(MHD) u kunetnueckoit(SIHD).

Tam rae pexu u3rubaroTcs WK NPOXOAAT KaMEHHbIE TOPOTH, Bblensercs sueprus PE -Bubpauusa(undpaspyk).
Ota 3Heprust MOXKeT KOHLIEHTPUPOBATHCS HAa BO3BBIIIEHHOCTSIX UMEIONINX (OpMy JIMH3bI, 3Ta TouKa HazBaHa ['APJIOM.
Ha 5Ty sHepruo MoKHO HaJIOKUTh HH(OPMAIIMOHHOE 10J1e, KoTopoe co3aacT kojonuto JKusuu(I'opon) nuinm oobeaunenue kononui(I'aprapuka).

CymiecTByeT MHOTO CIOCOOOB HaJI0XKEHUsI HHPOPMALIMOHHOTO MOJIsi(MbICIN) Ha 3Hepruto PE.

Hanpumep, TpoHHas TeXHOIOTHS - KyIOJl, KOJIOHHA, TPOH, TPOHHBII KaMeHb, KOPOHA, JIep>KaBa, CKUIIETP, TBOPEL 3-TO YPOBHSL.

OHa mo3BOJISET HAOXKUTh YM(MBICIIB) CHUASIIETO Ha TPOHE Ha MOTOK 3Hepruu PE(uH(pa3Byka), KOTOpbIil Oy1€T BOCIPUHAT HAXOAALIMMHUCS B KOJIBLIE.
DTa TEXHOJIOTHA U CO3/1ajla TOCYapCTBa, TPOHYB YMOM OOJIbIINE TPYIIIbI JTFOACH.



Puc.145 Konbio ocHoBHEIX dHepruit PE-CU.

PA-3Heprus

Sneprua CU

-

Sneprus PE

~—— Xy = BE-T-P(Bepxui T PE)
7777\; ...7/7”"' - l ¥ _//\\L
3emns aneprwa Of] —_—
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Suwapoun BJI LITHPOKQ. Yacms 1.7 hitp:isofielectro.russcirocco.htiml, 2013 2.

Ko0HHBI 00BIYHO U3TrOTAaBIUBAIOT U3 TBEP/BIX MOPOJ KAMHS WJIH U3 JKeJe3a.
Jenaetcs 310 /11 TOTO, YTOOBI TOBBICUTH IOOPOTHOCTH cTepKHEBOTO pezoHaropa(KIII).



Puc.146 Komonna Tposina(Pum). Kononna Ilo6easr (bepiun).
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WNHnuniickue jxene3Hble KOJOHHBI MOPaXKatoT YUCTOTOM COCTaBa JKeje3a.
Kpome Toro onu He moaBep>KEHBI KOPPO3UU, UTO JIJIS JKeJie3a HEOOBIYHO.



Puc.147 Onna u3 xxene3usix koiaoHH B Kyryo-Munape (Munns) .




5.2.3.3 KoJjioHHaabI.

OcHOBHOE Ha3HAUEHHE KOJIOHHABI- 3TO Mepeada HH(PpPa3ByKOBOIH SHEPTHH OT MPUEMHHUKA K CTEPKHEBOMY H3ITydaTelIio.

Yarie Bcero 3To CTepKHEBbIE PE30HATOPBI(KOJOHHBI) C 3aKaThIMU KOHILIAMM, YTO O4Y€Hb YJJOOHO JAJIs Iepe/laur BOJHOBOM SHEPruM Yepe3 BEpXHUIl 1
HIKHUW 3ByKOBOM KaMEHHBIN KaHAJL

3BYKOBBIE KAMEHHbIE KaHaJIbl OOBIYHO HAUMHAIOTCS B IPUEMHUKE HH(PPaA3ByKa (KyHNOJIbHOM WU KypraHHOM).

[IpennasHaueHne KOJIOHHAB! CPOKYCHPOBATH 3BYK OT KaXKI0 KOJIOHHBI B IEHTPAILHOM TOYKE KOHCTPYKIUH, TJI€ OOBIYHO PACTIOIOKEH KPYITHBIN
BBICOKOJIOOPOTHBIN CTEPKHEBOW U3IydaTeb.

Kpomuex- npencrasiser co0oil HaO0p MEHTUPOB, KaXK/bI U3 KOTOPBIX UMEJ KPaTHBIA PE30HAHC C KOHKPETHOM MOAYISIIMOHHON YaCcTOTOM
[IAPaMUJATIBHOTO KOMILIEKCA.

MeHTupbI yCTaHABIMBAIKMCH B KOJIBIO, B IICHTPE KOTOPOTrO (JOPMHUPOBAJIACH CYTIEPIIO3UIIMOHHAS TOUKA BCEX MEPEIaBAEMBbIX YacTOT.

HaxosxneHue B 3T0i Touke BO BpeMsl TPAHCIIALUU UH(PPa3BYKOBBIX OCIEI0BATEIBHOCTEN OKa3bIBAIO CUIBHOE BO3/ICIICTBHE HA OPraHU3M YeJIOBEKa.

Puc.148 Kpominex y cena onuu ['naBanax(bonrapus). Kpomnex y CtoynxeHmk(AHIIIHN)




PoToHaa- KOJIOHHBIM KPOMJIEX IIOCTPOCHHBIN BOKPYT KYIIOJIBHOIO MJIM CTEPKHEBOI'O PE30HATOPA.

Puc.149 Poronga BOKpyr KymnosibHOro HedoBoro npuéMuuka(Pum).




KosionHaa- cuMMeTpuYHbIC TIOTYKPYTIIble KOJIOHHBIE PETPAHCISTOPHI HH(PPA3ByKOBOM SHEPTUH OT MPUEMHHKA K H3JIy4aTelto.

Ha xapTuHe Xy10KHHKA, Mbl BUJIUM KPYITHBINH HE()OBBIN KYMOIBHBIA TPUEMHHUK TPAHCIUPYIONIUH GJIaroAaTHYIO SHEPTHIO HAa 00CITUCK C MOMOIIBIO
KOJIOHHAJ.

Puc.150 Kononnazas! Kazanckoro codopa(Cauxrt-ITerepo




5.2.3.4. bamiau ¢ 00bEéMHBIMH (BO3XYIIHBIMH) PE30HATOPAMHU.

B ropHoii MecTHOCTH, TJIe¢ MHOTO HH()PA3BYKOBOI SHEPTrUHU ¢ OKTaBHOM yacToToi PE, MOkHO HaOmI0OAaTh aNbHEHIIEE pa3BUTHE CTEPIKHEBBIX
MPUEMHHUKOB.

Mp1 BUIUM 00BeTMHEHNE O0BEMHBIX pe30HATOPOB TUIa J[obMeHOB ¢ CTEpKHEBBIMH PE30HATOPAMHE B OJHO CTPOSHHE UMEHyeMoe barHei.
Hanpuwmep, B yctpoiictBax bamen KaBkaza MOXHO MpocCiIeIUTh BCE JIEMEHTHI COBEPLICHHOTO HH(Pa3BYKOBOTO MPUEMHUKA.

Puc.151 Ctpoenue bamnu B Uarymeruu..

1 - Pe3onarop JOJIbMEHHOTO TUIIA

2 - KynonbHblil NpUEMHUK

3,4 - JlupekTopHbIe BO3AYIIHBIE PE30HATOPHI
5 - PepnexTopHbIil OTpaxkarTens.



Puc.152 Bamns B Yeuyne.

[TocmoTpuTe Ha cTyneHYaTsle MUpaMUJAIbHbIE IPOPE3U B CTEHE baliHu, HaJ OKHOM.
Taxue 3meMeHTbl Mbl Ha0II0JaNIK B TMpamuie Xeorca U rpooHuie MuTtpuaara, v B Ap. IIUPOKOTOJIOCHBIX TPUEMHHKAX.

VYerpoiictBo Takux balmien roBoput o ApeBHOCTU U MyAPOCTH HapooB KaBkasza.
To ecTh OHU BIAACIOT 3HAHUAMU CUHXpOHU3auK bonbuioi Ku3uu.

Kaxnas takas banins no3Bossiia co3aaBark HezaBUCUMBIN Pox JIronei, kotopelit siBisieTcss bosbiioi JKU3HbI0 [ BCEX €r0 YWICHOB.
Kpyr XKuznu renepupyemoit 3toit bamneii , Ta yactora, 00beIMHACT UX B €AMHBIN Bonbioi )kKUBOM opraHusm.
Ot1oT Pox 00beTMHEH YaCTOTON M SHEPTUEH ATOM barrHu, OT KOTOpO OHM YepnaroT KU3HEHHBIC CUITBI MATEPH TTPUPO/IBI.



5.2.3.5. KoJioko1bHH.
To4yHOCTH HACTPOWKH YacTOThI bamHu u cuiia reHepupyeMoro eto Kpyra JKu3Hu MOXKeT OBITh CyIIECTBEHHO YBEIUYCHA.
Jnst aToro B bamnu non pednekTopHbIil OTpaskaTellb yCTaHABIMBAIOT BEICOKOJOOPOTHBIM PE30HATOP.

OOBIYHO ATO OOJIBLION KOJOKOJ WU METAIUIMYECKUNA JTUCK.

Puc.153 Konokomnbus MBana Benukoro 8 Mockse.




C noMomibIo TaKUX TUTAHTCKUX CUHXPOHU3aTOpoB XKu3Hu MoxxkHO co3naBath ['opoaa u ['ocynapcraa.

Heo6xoaumo To1pk0 uMeTh qoctatouHo sHeprun PE, HanpuMep nmoBopoTa momtHo# PEk#.

Ecnu sueprun PE He xBataeT uist CHHXpOHU3AIMH, TO HHOT 1A CTPOAT [IMpamMuipl, BO3IyIIHbIE TeéHEepaTOPbl HHPPA3BYKOBOW YHEPTUH.

Otu bonemme XXuszau OyayT BKIFOYATh C CBOM KpyT MeHbIHMe JKU3HU : Topoa, IEPeBHH, poja, CEMbH.

Cawmu xe onu BxonaT B bosbmoii Kpyr Hamrelt Bpamiaromeiicst 3emiu, kotopast 6e3ycioBHo sBisiercs bonpmoit XKusupro(bO-KW) nis Hac.

ITo cyTu nena Mbl Bce CHHXPOHHM3HPOBAHBI HAIlIEH TJIAHETOH 3emiis, KoTopast IeslaeT 0AuH 000poT 3a 86164 cek.(3BE31HBIE CYTKH)

Ecnu oxTaBHO mepeBecTH YacTOTY BpalleHus 3eMin B nH(Pa3ByKoOBOil nuana3oH, To noixyyuM F=12.1695 ' (20-s1 okTaBHAs rapMOHUKA BpallleHuUs
3emin).

Oto 61u3ko k Hote COJIb=12,25 I'11 Haiero My3bIKalbHOTO PAA.

CkainbHbIi BUOpaTop nupamubl Xeorca TOYHO HacTpoeH Ha 12,25 ', BO3MOKHO OH ObLI COTJIaCOBAH € 4acTOTOM BpatieHus 3emian(20-oi okTaBHOU
TapMOHHUKOM).

C Takoil yacToToi 3eMiist MOrJia BpalaThes Korjaa crpounu [lupamuasl.

[Tepuon Bpamenue 3emnu it yactoThl 12.25 I'i(20-0if okT. rapm.) OyaeT paBeH 85598 cek.

To ectb, 3emitst 3aMe THIIa CBOE BpallleHUE 3a MEPUOJI OT OCTPOIKU mup. Xeorca 0 HalluX JHEel Ha 566 cek.

3Has cpe/iHee 3aMeIeHHEe BpallleH!s 3eMITH 3a TOJl, MBI MOXEM IOMBITaThCS OMPEACTUTh BO3pacT MUPAMHUIbI XeoTca.

3amemiienue 3emiu ¢ 1973 rona 3amMepsroT, OHO paBHO npuMepHo 1 cekyHay 3a 32000 ner.

Kpowme storo, 6p11a paboTa 1o oIeHKe 3aMeJIeHuUs BpallleHusI 3eMJIU 10 CYTOYHBIM KOJIblIaM KOPaUIOB(3UMa/JIeTO),Iie MOTYYHId TPUMEPHO 1
cexyHnza 3a 50000 ner.

Ecnu ucnons3oBatek 3T JaHHBIE, TO BO3pacT MUPaMUJIbI Xeorca JEKHUT B quana3one 18-28 MUIIIMOHOB JIET 710 H.9.

DT0 04YeHB OOJIBIION BO3PACT, 5 JIMYHO HE JyMAl0, 4TO TAKOW BO3PACT ISl IUPAMUJI BOBMOXKEH, HO BO3MOXHO y KOT0-TO €CTh JPyroe MHEHHE.



5.2.4 HazemHble kynoiabHble npuéMHuKk. Hedbl, Codopbl, Meuetn, Ctynsl, [laroasl.

Kynonsubie Hazemubie npuémanku (Hedsr) - 310 Hanbosiee coBepiieHHbIe Ha3eMHbIE MPUEMHUKNA HH(PPA3BYKOBOW YHEPTUU.
OTH NPUEMHUKH SABIISIFOTCS 3BOJIIOLMOHHBIM Pa3BUTHEM 00BEMHO-KaMEPTOHHBIX IPUEMHUKOB IPEBHOCTH.

OcHOBHas TEXHOJIOTUYECKAsL CTPYKTYPa ITHX 00bEMHO-PE30HAHCHBIX YCTPOMCTB HAXOAUTCS Ha TOBEPXHOCTH 3EMIIH.
be3ycioBHO, Kak ¥ Bce Apyrue NpUEMHUKH, OHU TATOTEIOT K €CTECTBEHHBIM KOHLIEHTPATOpaM UH(pa3ByKa.

To ecTsp, K pekam, ropam, CKajaM, pa3IOMaM.

MOHO IPOCIEANTH ABA 3BOJIOLUOHHBIX MPEAKA ITUX TPUEMHHUKOB.
[Toazemuble npréMHUKH MUKEHCKOTO THUIIA U MOIYNOA3eMHbIE TyMyycChl.
MBI BUIUM T€ 7K€ KOMIICHCAITMOHHBIC U CUTHAJIbHBIE PE30HATOPHBIE KaMephl, TPOMOC(aHTEHHA) U TPaIlelen1ajJbHbIE CBOJIBI.

Puc.154 TlogzeMHble KyIOJIbHbIE TPUEMHUKN MUKEHCKOT'O THIIA.

y Cyclopean Tholos ' Tiryns Tholos

\ CONGLOMERATE gL jz
s L 1 LIME/TONE :

H
9] '

[TonzemHbIe KynOIbHBIE TPUEMHUKN MUKEHCKOTO THIIA YBOJIOLMOHUPOBAIIN B MOJIYIIO3€MHBIE KYTOJIbHbIE MPUEMHUKU( TyMyychl).



Puc.155 IMonynoazemMHble ICEBIOKYOJIbHBIC TPUEMHUKH (TYMYJIYCHI).
JByxkamepHble ¢ ANVHHBIM APOMOCOM MHorokamepHele ¢ KOPOTKUM 4POMOCOM

Two-chamber multichamber

| S—

KoTtopsle, B CBOIO 0uepe/ib, SBOIOLMOHNPOBAIN B Ha3eMHbIE HE(OBBIE KYITOJIbHbIC TPUEMHHUKH.

Puc.156 Hazemnsie HedoBbIe KynoiabHbIe TPUEMHHKHU (COOOpHI).

TpéxHedhoBbIlil C ANWHHLIM APOMOCOM (AHrynem) MHOroHedoBbIif C KOPOTKUM APOMOCOM (AMBEM)
Three naves with a long dromos (Angulem) Multi nave short dromos

B npoduie npomoca 1 cTOMHOHA MOKHO OTCJIEIUTH 3BOJIOLMOHHYIO HUTh PAa3BUTHSL.
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HedoBble mpuéMHUKN OOBIYHO CTPOSATCS BO3JIE MPUPOIHBIX KOHIIEHTPATOPOB UH(Pa3BYKOBOI SHEPIUH.
OOBIYHO B POJIM TAKOTO KOHIIEHTPATOpa BBICTYIIAET KPYITHAS pEKa, XOJIM, CKala, T00epeKbe, pa3jioM.
To ecTb, 3TO TUITMYHBIE HEOAHOPOJAHOCTHU CPE/Ibl paclpoCTpaHeHHs HH(Pa3BYKa, PACIOI0KEHHBIX O] ONPEAEIEHHBIM YIJIOM K UICTOUHUKY SHEPTHH.

Jpomocsi(AHTeHHBI) He(hOB OOBIYHO HANPABISAIOT HA UCTOYHUK YHEPTUU WM KOHLIEHTPATOp MoJ yriom 35°



Puc.158 Co6op Iletpa B Barukane. O0muii Bug npuéMHIKA C H3TydaTelIeM U KOJOHHAOM.

KpynHeIF HehoBLIA NPUEMHKK

Qbenunck

Yron Mexay aHTeHHOR(ApOMOCOM) U HanpasneHem KonoxHana

npuéma curHana )35°)

HanpaeneHue Npuéma aHepritn

Kaxk BBI BUIUTE Ha pUC. BHIIIE, anTapb codopa IleTpa HaxXoaUTHCS Ha 3amaje, YTo MPOTHBOPEUYNT MHEHHUIO, YTO OH JIOJDKEH OBITH Ha BOCTOKE.
CBs3aHO 3TO € TeM, UTO cOOOp HaXOAUThCA 3amajiHee peku Hum, mostoMy npu npaBuiIbHONW OPUEHTHPOBKU MPUEMHHUKA TaK MOIYYUIOCH.



Puc.159 Co6op Ilerpa B Barukane. Hanpasiienus Ha 3HauMMBIE MECTA.
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[TocmoTpum McaakueBckuii cobop B Cankr-IletepOypre, puc. HIKe.

351ech anTapb pacroyiokKeH Ha CeBEpO-BOCTOK.

3aMeThTe, UTO IS POCCHICKHX FO)KHBIX XPaMOB, ajITaph OyJIET Ha IOTO-BOCTOKE, TaK KaK OOJILITMHCTBO XpPaMOM CMOTPST B OJJHO MECTO Ha IUIaHETe.
[ToaToMy, 4eM 10XkKHEe Xpam, TeM 0oJiee OH pa3BOpaunBaETCs ANTapEM K IOTY.

ITpocTpaHcTBO OT cOOOpa 10 pEKU HE 3aCTPOCHO, YTOOBI HE MEIIATh MPUEMY SHEPTHUH.
ITo cyTtH nena, 3TOT y4acTOK 3€MJIM BBIIIOJHSET POJIb COTIACYIOLIET0 YCTPOHCTBA(CTOMUOHA).



Puc.160 ITpumep ycrpoiicTBa Hﬂgpa:ns KOBOT'O KOHIICHTP a pexe Hea. Mcaakuesckuii cooop, Cankr-IlerepOypr.
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Auwxapoun BT IHPOXO. Yaomy LI htpiisqfelectro.rulsaivoceo. iamd 2013 2.

BrioiHe BO3MOXKHO, 4TO pa3nuvHble (OPMBI KPECTOB SBIISIOTCS MPOSKTAMH MPUEMHUKOB OJIaroAaTHOM SHEPTUu, KOTOphIe Tepeaaiu HaMm 30/19He.
Ha npaBocnaBHOM KpecTy emi€ yKa3aHo U HallpaBjIeHHe MpuéMa CUrHajia, YToObl Mpolie ObUI0 OPUEHTUPOBATh MPOEKT Ha MECTHOCTH.



Puc.161 IIpaBocnaBusIil kpecT. [IpoekT npuéMHMKa C yKa3aHUEM HaIpaBJICHUS MpUEMA.

OCHOBHO® HanpaeneHue
npuéma .

Bropoe Hanpasnexue
npuéma

C ToukM 3peHusi BOJIHOBOM CBSI3H, HAIIPaBJICHUN IpUEMa y TUIOJIbHON aHTEHHBI JBa.
Bropoe HanpaBieHne MeHee UCIOb3yeMOoe, TaK KaK YaCTHYHO MEepeKphIBaeTCsl OOKOBBIMU HE(aMH.

HazeMHbIe KynonbHbIE IPUEMHUKHA OUYE€HB 4aCTO BXOAST B COCTAB YCHIIUTEIbHBIX KOMILIEKCOB.

CocTosauux U3 KOJOHHA, CTEPKHEBBIX PE30HATOPOB(00ENINCK, KOJIOHHA), POKYCHUPYIOIIUX apXUTEKTYPHBIX CTPOEHUH.
Tak ke 9T KOMIUIEKCHI BKJIIOUYAIOT B ce0sl AlIeMEeHTHl JlaHmadra.

HGJ'II) KOMIIJIEKCA - MAKCUMAJIbHO YBCIIMYUTH JAJIbHOCTH TPAHCIALIUA HpHHHTOﬁ 6)'[211"0)13TH0171 OHCPIHUH.



5.2.4.1 YacToTHBIE XapAKTEPUCTUKH HA3eMHBIX KYNOJbHBIX IPUEMHHUKOB.
Ha3zemHble KynosibHble IPUEMHUKH ITPULILUIN HA 3aMEHY NPUEMHHUKAM IOXH TUPAMUT.
Hecymas actoTa MM 4acToTa CHHXPOHHM3AIMH dTUX MPHEMHHUKOB ObLlIa YBEJTMYCHA B JIBa pasa (TO €CTh OKTABHO).

HccnenoBanue npoBeieHHBIE MHOIO, TI0 U3MEPEHHUIO HHPPA3BYKOBBIX IMOJICH U PE30HAHCHBIX CBOMCTB COOOPOB, YACTUYHO MOTBEPKIAIOT 3TH
BBIBOJIBI.

Yacrora npuéma nuHpopmanuu(3Heprum) B cooopax paBHa B cpegeM 24,501, 4to B 1Ba pa3a BBIIIEC YaCTOTHI CHHXPOHU3AIUH TUPAMUIBI Xeorca.

Puc.162 Cnexrp unppa3BykoBbix 4actoT B Kazanckom cobope Cankr-IleTrepOypra nmpu CHIBHOM BETpeE.

Mecro: Kazauckuit cobop, npaesiit 6okos0n Hed, B CepRANHE, MEXY PAAAMN KOMOKH. YEnoena naMepeHus

Koopawsata 59°56'3 54"N  30°19'27.01"E BeTep: BOCTONHLIA CUMbH! C HRPYAW CoBopa

Nara: 27 05 2014 20:.00(MSK) Temnepatypa +8°C cHapyxu, BHyTpr +20°C

ANMAnHTYAA CHrHana: 2 oM (No MINNUMETPOBOR CeTKe) Mpubop. DUPLEX-1, ¢ aBymA Mupodhosamu ¢ YITT
Pexum ckanuposakma: 10/10 MuKpOMDOHb! HAXOAATCA B NOPTHENe, BEPTHKAMNEHO BHU3
Juanazor cnextpa 0. 130y MopThent yCTaHOBNeH Ha AepeBAHHELIA CTYN

OH: 10H: A H: 30R: AQHz S0H: B0He 70H: 80He SOH: 100H: 110 Hz 120H: 13 He Rzt 1024

| 100%

F= 0.2834 Hz
W% Fi= 05357 Hz
% F2= 08051 Hz
o 0% F3= 16102 K
2 B% Fé= 10735 Hz
Mx FS= 1.6796 Hz
wux Fé= 26.7632H2

i B0y Fi- 6836H:
= 2% - W0TH:
: i fox  F3= 233479H:
Id L i i mpni R hanonllasms Ao A A AN I oA AN AR A e AN A i O X
OHz 0F: EEE Whz Whe 50R: Bz Tikz E Eis T00Hz Tz Tz0Hz T
“ Mopsemnan vactora (4ansHAas)
24 | 0541y 0% Fo- O5%7H:
ki i 25,760y ! | ; Wy Fl- 02684 H:
4 HedhOBLIX PRIOHAHCE Wy P2 57%0H
£ 26,841y My F3= Z83%6H:
s 2335My 30.08ru W% Fee 0057H:
- B0% FS= 233479 H:
~ 0817y
{7 FBe 00051 He
s Fs 16102Hz
FBe 10796 Hz
: Fie 265582Hz

Huwapour BJL. IIHPOKO. Yacmy LY hittp Hsaftelectro.rufscirocca.htmi, 2013 .



OxkraBHas(X2) KpaTHOCTh HOBOM YacTOThI CHHXpoHU3auu(24,5 ') co crapoii(12,25 ') pemano mpodieMbl COBMECTUMOCTH YCTPOMCTB Ha dTame
3aMeHbl 000PYIOBaHUSI.

Tem HEe MeHee, Bce MPUEMHUKH ¢ Hecyel 12,25 ', ObIIM HCKYCCTBEHHO 3aKPBITHI TPYHTOM U3HYTPHU U CHAPYKHU.

Tymyycel B UTanuu 3achinany 0TXOAaMHU KEJIE3HBIX Py, OHU ObLIM OOHAPY>KEHBI BO BpeMsl 2 MUPOBOI1 BOWMHBI, IPH MOMBITKE TOBTOPHOM
nepepadOoTKU KeJIEe3HBIX PY.

80000 nyparoB Ha octoBe CapJuHMs, ObUIM 3aChIIaHbI TPYHTOM H3HYTPU U CHAPYXKH.

3TO KOJIOCCATBHBIN TPYA, U €CIH OBl 3TOTO HE Ha/l0 OBLIO JIeaTh, TO UX ObI TPOCTO OCTABHIIN KaK €CTh.

Co3pnaércs BneyarieHue, 4To cTapble MPUEMHHUKH MEIIaIl HOBBIM, U UX UCKYCCTBEHHO 3aKpbIBAIN(3apbIBaJIN).

Takxe X049y OTMETHTh, YTO OBLIIM OCTAHOBIICHHBI BCE UCTOYHHUKH C HeCcyIIen yactoToi 12,25 I'm.
Ha ceronnsimnuii 1eHb HET HU OJHOTO JeicTByomIero reeparopa(llupamuier).
YcTpolicTBa yIipaBiIeHUs TUPAMHE]T CHATBHI(OTIIOMAHBI ), CAMH MTHPAMUIBI 3a0POIICHBI, HEKOTOPHIE 3aCHITIAHBI.

Haznauenue [Tupamua u ux nu3obpakeHue Mbl MOkeM HabmoaaTh Ha poHTOHaX COOOPOB.

Puc.163 ®ponTton Kazanckoro cobopa Cankt-Ilerepoypra. PACCBET XU3HU




5.2.5 CoBpemeHnHbIe HHPPa3ByKOBbIEe CHCTeMbl HHPOPMALMOHHOT0 00MeEHA.

B naugane 20 Beka nmpou3olen nepexo/1 Ha COBpeMeHHbIe HH(PPa3BYKOBBIC TPUEMHHUKH.

CunxpoHu3MpyoLas yacTora OblUia yBenuyeHa 6osee 4eM B 4 pasa, 10 CPaBHEHHIO C ATIOXOH MUpaMu.

Ceroans HaOIIOMAFOTCS ABE CHHXPOHU3HPYIOIINE 4acTOThl: BocTounoe nonymapue 3emnu 50 ' u 3amagnoe 60 .
[TpuduHBI TAKOTO penIeHUs] 1 000PYI0BaHHE COBPEMEHHBIX HH(PA3BYKOBBIX HHTEP(HEHCOB 3/1€Ch OMUCHIBATHCS HE OYIYT.



6. YcrpoiicTBa 1j11 00pad0oTKuU HHPPA3BYKOBbIX BOJIH.

[Ipumino Bpems pacckazaTh 00 YCTPOHCTBAX, UCIOIb3YEMBIX B HH(PPA3BYKOBOW IHEPrETHKE.

B xnaccudukammu npuéMHaukoB (Puc.75) oHU BBIJIEICHBI B OTACIBHYIO TPYIIITY.

He nymaiite, ecinu oHn Ha3BaHbl "MIPUEMHHUKHU'", TO OHH TOJBKO NPUHUMAIOT SHEPTHIO.

JIr060¥ pUEMHUK HE TOJIBKO MPUHUMAET SHEPTHIO, HO U TMIEPEH3IIydacT e€.

Hamnpumep, pagnonpru€MHUK NPUHUMAET IEKTPOMATHUTHYIO SHEPIHIO, a U31y4aeT 3BYKOBYIO.

6.1 3ByKoBbIe MAaKPOCXEMBI.

[Tupamuna SBASETCS YCUIUTEIBHBIM JIEMEHTOM BXOJSIIEM B COCTaB YCTPOMCTBA, a MPU HAIMYUE BHYTPEHHEW MOJIOKUTEIBHONH 00paTHOM
cBsa3u(I10C), ona MOkeT OBITH TEHEPATOPOM OKTABHBIX IHEPIHA.

[Mupamuna ucnons3yet unppazpykoByro(Budpannonnyto, RE oktaBHyto sHepruto) noroka, oosiuno peku(PE KATsmas) unu serpa(BEpxuuii Ter Pe),
OHa K€ SBJIAETCS U OJIOKOM ITUTAHUS BCETO yCTPOHUCTBA

Jlist momHOGyHKIIMOHATBFHOM pabOoThI, MUPaMK/Ia TOJDKHA OBITh BCTPOEHA B MH(PPa3BYKOBOE YCTPOIMCTRO.

JIro60€e BOTHOBOE YCTPOICTBO BKIIIOUAET B ce0s M3BECTHYIO TPYMITY JIEMEHTOB: KOPITYC, OJIOK MUTaHMUsI, TeHEPATOpP, MOAYISTOP/AEMOIYISATOP,
YCUIIUTENb, PHIIBTP, KaHATI-BOJIHOBO/, aHTEHHY, COTJIACYIOIIUE YCTPOICTRA.

YacTpb 3TUX AJIEMEHTOB 00bEeIMHEHBI B MAKPOCXEMY- KOHCTPYKTHUBHO BBIJICIICHHAS TPYyTIa 3JIEMEHTOB AJis1 00paboTKU CUTHAA.



Puc.164 BonnoBoe ycrpoiicto. [Tupamuna Ilenu 11 ( Kat.Ne:PYReg088.SSK16.Lps XLI)
Yeunurenb Kopnyc

AHTEHa

Makpocxema

BonHoBoa

Bnok nutaHua Makpocxema
leHepaTop YCTPOWCTBa COMacoBaHuA

O6paTI/ITe BHUMAHHUEC, YTO OOJIbIIIast YaCTh JIEMCHTOB MaKpOCXCMBbI 3aKpPbITa KprH.IKOﬁ KopiIryca.

B nanmpHeiimem puCyHKH MakpocxeM OyIyT MOKa3aHbl 0e3 KPBIIKH, 9TOOBI OBUIO BHIHO CTPYKTYPY MaKpOCXEMBI, €€ COCTAaB.
OTtmeuy, 4TO KOrZla MaKpocXema 3aKpbITa KPBILIIKOM, TaM HET OKOH M BEHTWIILIMOHHBIX 11aXT, U YEJIOBEKY 3[€Ch JIeJaTh HEUYETO.

Puc.165 Bux makpocxemsr 6e3 kpbimku. [Tupamuna [lenu 11 ( Kat.Ne:PYReg088.SSK16.Lps XLI)




Puc.166 PaccmoTtpum moapobuee makpocxemy nupamuasl PYReg083.SSK11.Lps XXX VII

B 0011em-T0, ycTpoiCTBO MaKpOCXEMBbI MOBTOPSET HAIIM MUKPOCXEMBI pealIi3yIONIUe PaguOTPaKTHL.
CmotpuTte camu:

. YcuinrenbHbIe 3JIEMEHThI Pa3HOW MOIIIHOCTH, 4 IT.

. CTepxHeBbIE KOJIBIIEBbIE PE30HATOPHBIC YCHIIUTENHU OeryIei BOJIHbI, TPAKTUYECKH MarHETPOHBI.
. 'pebenuaTsie GUIBTPHI, HA pa3HbIE TPYIIIHI YACTOT.

. @uzepspl, KOHIEHTPUPYIOLUE SHEPTUIO HA U3Ty4aTellb

. DOKyCUPYIOIIUHN U3ITy4daTeb.

. Cornacyromiue ycTpoucTBa, eiu.

. Hakonmurenu -Oydepsl, EMKOCTH SHEPTHUH.

. Kopmyc.

. Bo3ty1iHble oyBOJIHOBBIE PE30HATOPHI.

O 00 IO\ DN B~ W=



TpakT 00pabOTKM CUTHAJIOB B MaKpOCXeMaxX THIIMYHO C/IEJIaH C MPOTUBO(A3HBIM IITyMOIIOIaBICHUEM.

To ecTb, Ha BBIXO/JI€ CUTHAJ BBIYUTACTCA OT ABYX PE30HATOPOB, B OJJHOM M3 KOTOPBIE €CTh CUTHAJI C IIyMOM, B IPYTOM CUTHaJIa HET(TOJIBKO LIyM).
Bepxuwuii pezonarop 9 mycToii, a HIKHUI 3a10IHeH rpeGeHYaThIM (PUIBTPOM BBIIEISIONIUM I€pPE1aBaeMbIE YAaCTOTHI.

Takas nByxxkamepHas cxema IOJAaBJICHUs IIyMa TUIIMYHA JJI OTPYCCKUX TyMYJIyCOB, KOTOPBIE Mbl PACCMATPUBAJIH BBIIIIE.

I'pebenuatsie GpunbTpbI(3) caenanbl 0O4eHb MPOCTO, HAOOPOM Pa3HOKATMOEPHBIX IMOTYBOJIHOBBIX PE30HATOPOB.
31ech 1 OOBICHATH HEUET0, TAKOW (PUIBTP MOXKET BBIPE3aTh U3 CUTHAJIA HYKHBIH CIIEKTpP 4acToT.

CreprkHEBbIE KOJIBLIEBbIE PE30HATOPHI(2), CMELLIMBAIOT U YCUIIMBAIOT 33JaHHbIC YaCTOTHI.
[Tpuuém 3amedy, KOJOHHBI B KOJIbIIE MOTYT OBITh Pa3HOI'O AMAMETPA, TO €CTh I1OO0THAHBI MOJ] HY)KHbIE YaCTOTHI.

OOBIYHO TH KPOMJIEXH CTaBSAT Ha BBIXOJIC MAKPOCXEMBI, TIEPE]] COTJIACYIOIINM YCTPOHUCTBOM U (DUIACPOM.

WHorma BMECTO KAMEHHBIX BO3IYIITHBIX MTOJYBOJIHOBBIX PE30HATOPOB(9) UCIIONB3YIOT IepPEBSIHHbIE 00BEMHBIE PE30HATOPHI B BHJIE OOTOB.
3TO0 04YEeHb BHICOKOIOOPOTHBIE PE30HATOPBI(IIPOAOITrOBaThIe OapabaHbl), KOTOPIE apXE0JIOTH HA3BAIU "'COTHEYHBIMU Ja/IbIMU" .

Xouercs OTMETUTH, UTO T€ KTO cTporu nupamusl ooianann SHAHWEM | a ve npocto OIIBITOM, Tak Kak OHH HE TOBTOPSUIUCH.



6.2 3ByKONIPOBO/bI, AKYCTHYECKHE JIMHUU.

DT ycTpolicTBa MpeIHa3HaYeHbI IS Iepeaun nH(Pa3ByKOBOIl SHEeprun Ha OOJIBIINE PACCTOSHUS.

Ha stu ycTpoiictBa Mano oOpamiaroT BHUMaHUs, 1 HH()OPMAIUIO 10 HUM OYEeHb TPYAHO HAWTH.

OOBbIYHO aKyCcTHUYECKas JTUHHS COSANHSIECT MUPAMUIATbHBINA KOMILIEKC C aHTEHHOH OIYIIEHHOM B peKy.

[Ipencrasnsier ona u3 ceds ABE KAMEHHBIE MIPSMOYTOJIbHBIE TPYOBI, BIOKEHHBIE APYT B IpYra, TO €CTh TUIIMYHBIN KOAKCHAIBHBINA KaOeb.

Puc.167 Bunen npoduns BoHOBOIA HA BEIXoze MakpocxeMbl. PYReg095.SSK23.Lps XLIV

B 5TOM kaMeHHOM BOJIHOBO/IE HET OKOH M BEHTUJISINH, IIEPEMEIAThCS 10 HEMY YeJIOBEK MOKET TOJIBKO MOI3KOM, YTO JIOBOJIBHO MPOOIEMATUYHO
YUUTHIBAS UX JUIUHY 1-2 KM.



Puc.168 BomHOBOIBI 0OBIYHO HAMPABJICHBI IO YIJIOM K PEKe.
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AHalornyHble HaKJIOHBI JJIMHHBIX JPOMOCOB MOKHO Ha6J'IIOI[aTL Y NOA3EMHBIX KYIIOJIbHBIX rpO6HI/IL[.
A CUHTAr0, OTOT HAKJIOH CBA3aH C BPAlICHUEM U KpHBHSHOfI 3CMJ'H/I, a HC C HAITPaBJICHUEM ITOTOKA PCKH.
OTOT BOIIPOC CH_[é MMPEACTOUT BBISICHUTD U 000CHOBATh.



6.3 Hakonure/in, yCUJIUTEH, IOCOXH, HEMECHI.

HakonuTenu npencTaBisitoT coO0i MacCUBHbIE KAMEHHBIE CTPOEHUS, CIIOCOOHBIE HaKaIIMBaTh BUOPALIMOHHYIO SHEPTHIO.
D10 EMKOCTHBIE HAKOITUTEJIHM SHEPTUH, KOTOPBIE UCTIOIB3YIOTCS KaK B MUPAMM/IAX TaK U Xpamax.
K HakomuTenssM OTHOCATCS M OYEHb TOJICThIE KAMEHHbIE TOJIbl XPaMOB, KOTOPBIE CITYKUJIU JIJISl MUTAHUS IEPEHOCHBIX U PYyYHBIX 3BYKOBBIX YCTPOUCTB.

6.3.1 Pyunble 3ByKkoBbIe KaHa/bl: Yac, Ilocox, Ckunerp.

OT0 yCTpOHCTBA MO3BOJISIOIINE NTEPEAABATh 3BYKOBYIO BOJIHY Ha HEOOJIBIIIOE PACCTOSHUE.
OOBIUHO UX W3rOTaBIMBAIOT U3 MaTepHaja XOPOIIO MPOBOASIIIETO 3BYK.

Ha oHOM KOHIIE TaKOTO YCTPONCTBA MOXKET HaXOIUThHCS PE30HATOP, HAIPUMEDP KAMEPTOH.

Ha npyrom koHIle HaXOQUTCs MOPTajabHAas IUIACTUHA, HAIIPABIIAIOIIAS 3BYK B HY)KHYIO CTOPOHY.

Puc.169 Ycerpoiicto Yaca.
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C nomourpio Yaca unu [locoxa MOXKHO MOCITyIIaTh 3BYK OT M0J1a UM KAMEHHOTO 00bEKTa, OJTHECS pe30HATOP(CTEeP KEeHb) K 00BEKTY, a MJIACTUHY K
rOJIOBE.

Ho Ttak >xe, MOXHO ObLJIO IepeiaTh CUTHAI U3 TOJIOBBI HA HIDKHUNA KaMEPTOH, TO €CTh IOCIATh €ro B O0BEKT.

Taxum 0Opa3oM Yac UCTIONB30BAJICS Ul CO3/IaHMUs OOPATHBIX 3BYKOBBIX CBS3EH B T€HEpATOPaX.

OT10 ocHOBHOE HazHavyeHue Yaca u [locoxa - co3garh 0OpaTHYIO MONOKHUTEIBHYIO CBSI3b, KOTOPAs MPEBPATUT I'OJIOBY U MTO3BOHOYHHK YEIOBEKA B
3BYKOBOU I'€HEPATOP.

YacroTa reHepaniuu 3ByKOBOI SHEpruu OyJeT ONmpeaeNsiThCsl BO3IYIIHBIM 3a30poM Mexay Koponoit u Yacom(Ilocoxom,), ueM oH Goblie, TeM
MEHbBUIE YacTOTa.

To ecTh uenoBek, KOTOPHIN BIAZEET ITUM METOJOM, MOXKET HACTPOUTH ceOs Ha JTI0OYIO YacTOTY.

JIJIss TOYHOM HACTPOWKH YacTOTHI YEJIOBEKA UCTIONL30BAIMCH pa3IMYHbIe BUOpaonHbie mpuéMunku: Aux, Humaanp, depxasa u 1p.

6.3.2 Pyunblie BUOpauMoHHble NPUEMHMKH: AHX, /lep:kaBa, Huannapel, KamepTonsl.

OTH 1prOOPHI MO3BOJISAIOT YEIOBEKY IIPOBEPUTH TOUHOCTh CBOEH HACTPOMKH Ha 3BYKOBYIO SHEPTUIO.

Anx nwin KamepToH 3aBUOpUpYET B pyKe YeJIOBEKa, KOI'/la OH HACTPOUTCS Ha HYKHYIO YacTOTY 3Hepruu ¢ nomouisko [locoxa.

AHX O4YE€Hb IPOCTON U COBEPLIEHHBIA TPUEMHHK 3BYKOBOM SHEPIUU COCTOSIIUN U3 PE30HATOPA, COIVIACYIOIIEr0 yCTPOMCTBA U AHTCHBI.
Mp1 paccmatpuBanu yctpoiictBa Auxa B 11.5.1

6.3.3 bunaynapHble yCHJIMTEU 3BYKOBOii dHeprum J:keabl.

OT1o0 Hanbomee 3araJJouHble YCTPOICTBA, KOTOPHIE YaCTO MOKHO BHJIETh HA ETUMIETCKUX (PpecKax ¥ MOYTH HUKOTIa BXKUBYIO MU Ha (OTO.
Yeunurens Jxen - npejHa3HaueH I yCUJIEHUS 3BYKOBOT'O MOJIsl HAKOMUTESI(110J1a, PEKH U TJ]) ¥ IEPEBOJ €r0 B IBOMHYI0 OMHAYHApPHYIO YacTOTY.
Jlxen 5To KepamuuecKkas Tpyoa Ha KOTOPYIO CBEPXY OJIEThI PE3OHUPYIOIIHE TUCKU(OUITBI), COTIIACOBaHHBIE TIOMApHO Ha 3aJaHHbIE OUEHUSI.

Korna 4 nosi6pst 1922 skenenunust Kaprepa oonapysxwia rpoouuity TyTaHxamoHa, MOTHYO 30J10Ta U COKPOBHII, OHU BCE 3adoTorpadupoany.
bout naiinen u Jlken, KOTOpBIA HUKOTAA HE IEMOHCTPUPOBAJICS, Ha (POTO 32 HOMEPOM 50 MBI BUJIUM €TO0 SIIHK.

AHrIMYaHe MUIIYT, 4TO SIIUK ObLT pa3rpalbieH v YTO B HEM XPaHWIUCH JIYK U CTPENbI C IPOTUKAMHU.

Ho B aTOM stiuke xpanuscs ke, 3To OTYETIMBO BUIHO 1O IBYM 3aMKaM CAEIaHHBIX B Buje Jlxena.

3aueM roBOpUTH, UTO TaM OBLIM IPOTHUKH, WIH y Hac ramonunHauuu??? He BepTe riazaMm cCBOUM YTO-JHU?

To ecTb aHrIMUaHe YMBIIIIEHO yMOTdanu o Jxene.

Bot ¢potorpaduu 1923 roga ¢ mecta coObITHI:

®dorol smuka B KOoTopoM Xpanuiics Jken, HaliieHHbIi B rpoOHuIe TyTaHxaMoHa,
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dor102 smuka B KoTopoM xpanwiics Jkes, HaliieHHbIi B rpooHuie TyranxaMoHa,

Kpowme JIxxena Obl1 HaliZieH 1 UICTOUHUK 3HEepruu KoBuer - AnyOuca, o COepKUMOM KOTOPOTO aHTIIMYaHE TOKE HE OXOTHO TOBOPSIT.

Ho nam u3BectHo, uTo Moucel ¢ eBpesMu npu Oerctse u3 Erunra npuxBaTuiv HEUTO 10100HOE U OHO ObUIO TOBOJIBHO SHEPreTUYHO, "'MOpe
paznBurasno".

®oto3 sHepreTryeckuil kKoByer AnyOuca, Tam xe,

[Ipumenenue [[xexa MEHOr0OOpa3HoO:

1. l1st ocBellleHUs1 XpaMoOB M MOA3eMHBIX TOPO/I0B.

B MHOTOsIpyCHBIX MOJ3EMHBIX TOPOJIaX, MOTOJIKK HE 3aKOMUEHBI, BO3MOYKHO 3/I€ChH JIFOJIU MOJIH30BAJIUCh 3BYKOBBIMH HCTOYHHUKAMH CBETA.
Bo3M0kHO, 3TO ObLIM Ta30BbIC WIIH (DIIFOMUHECIIEHITHBIE CMECH, KOTOPBIE MOTJIM CBETUTHCS HAa PE30HAHCHBIX YaCTOTaX.

Wi BO3MOXHO XEMITFOMHHECIIEHTHBIC CMECH, TO €CTh OaKTEepHH, KOTOPBIC CBETATCS OT BUOpALIUU.

Puc.170 Ucnonb3oBanue ycunurens "Jxen" s ocBenieHusI.
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2. Ucnoab3oBanme [:kena kak ABUraTesisi JIOA0K U KopaoJieil.

ErunTsae umenu caMmoIBYOKYIIIUECS JIOJIKH, KOTOPBIE paboTaau Ha MH(GPA3BYKOBOM SHEPTHH MOJTydaeMON U3 PEKH C MIOMOIIIbIO ycrunTens Jken.

Brl Haiinére MHOTO (hpecok ¢ M300paKEHUEM ITUX JIOJIOK U OOIBIINX KOopabieil, KOTopble He UMENH BECEN U MapyCOB, TOJIBKO PYJIb U SHEPTETHUECKYIO
YCTaHOBKY.

Puc.171 Wcnonbe3oBanue ycunurens "Jxen" B caMOIBMKYIIUXCS KOPAOIIAX.
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P. Jlencuyc AsnnGom 3 Tom 5, 1842-1845 1. Tempel von Semneh. Jnnere Westwand.

VY CTpoHCTBO CaMOABHIKYILETOCs KOpaOIIst ObLIIO TAKHM:

1. Ero nenanu B BUJE Kadyelu, TO €CTh C BBICOKO MOJIHATHIMH HaJl BOJIOM HOCOM U KOPMOI1, KOTOpble 00pa30BbIBAIM MOUTH MOTYKPYT, KayarolIuics Ha
BOJIE.

2. B neHTpe ycTaHaBIMBAIU JOBOJIBHO OOJBIIYIO YCHIIUTEIBHYIO YCTAHOBKY, B KOTOPYIO BXOJMIJIO MHOXECTBO J[>keT0B 1 00BbEMHBIX PE30HATOPOB,
THIIA KyBIIMHOB.

3. Hoc 1 kopMa JI0OAKM ITPECTABISUIA MAaCCUBHBIE TPYOBI, IPUUYEM Ha KOpME TpyOa Bcerja U3rudanach co3iaBas OOJIBLIYIO HETMHEHHOCTD IS
3BYKOBOH DHEPIUU.



Jloaxu MOTTIM IBUTATHCS 3a CYET MHPPA3BYKOBOW YHEPTUH, KOTOPYIO MUpPaMHIaIbHbIe KOMIUIEKCHI IIEPeaBalii B PEKy ¢ ITOMOIIBIO
THIPOAKYCTHYECKUX aHTCHH.

Ha moBepxHOCTH peku 0Opa3yeTrcsi HeOOJIbIask CTOsiuask BOJIHA, KOTOPas HUMEET IyYHOCTH U Y3JIbl BOJTHOBOM SHEPIHH.

Kopab:b umeeT npuéMHUK HHPPa3BYKOBOW SHEPTHH, 3TO BUIHO HA BCEX PHCYHKAX.

OOBEMHBIC PE30HATOPHI IPUHUMATH HH(PPA3BYKOBBIE YACTOTHI CO3/IaBa€MbIC MMUPAMHIAMU, & JKEIBI TPeoOpa30BhIBAIIN €€ B OYCHh HU3KUE OUCHUS.
[TepensnyyeHus 3TUX OUCHUIN B BOJLy MCHSIET KAPTUHY CTOSUCH BOJIHBI, 3aCTABIISS MyYHOCTH TIEPEMEINAThCS 110 IIOBEPXHOCTH PEKH, YBJIEKas 3a cO00M
KopaoJIb.

JIBHXKEHHUE JIOAKH BIiepel 00eceurBaIi TpyObl, MPsiMasi ¥ H30THYTasl, KAKUM 00pa30oM HE OYCHB TOKa MOHATHO, Y HAC HET HUYETO MOJ00HOTO.

S nymato, sHepreTuYecKas yCTaHOBKA IMPOKAYMBaia KaKk HacoC 3BYK 4epe3 3TH TPyObl, 00pa3ys KOJIbIIO 3BYKOBOW SHEPTUH, KOTOPOE 3aCTaBIISIIO
JIBUTAThCS MMyYHOCTH M y3JIbI CTOSIUEH 3BYKOBOM BOJIHBI, KaK ITHITY.

OueHb MOXKET 6I>ITI), 4TO Kadasd ITy4YHOCTH 110 OHpeHCHéHHOﬁ TPACKTOPUH, MOKHO HC TOJIBKO TOJIKATb KOpa6JII), HO U, HAIIpUMEP, pC3aTb KaMCHb.
Tak kak B My4HOCTH MPOUCXOIUT OOJIbIIIAs KOHIICHTPAIUS KUHETUYECKOM SHEPIHH 3ByKa, C OOJIBIION aMILTUTYI0W U BHICOKOH YaCTOTOM.

B rpo6uuie TyranxamoHa ObUTH HalI€HBI MOJIEH TAKHUX JIOJAOK, MHTEPECHO Y3HATh, 3TU MOJIEIH ObLTH paboTOCIOCOOHbIE?
doro 1923 r.. MOJENIH JIOAOK C 3BYKOBBIMHU TpyOaMu tumna JJKex U SIIUKU C CTaTYITKAMHU, TaM K€,

6.3.4 Mbiciie-MOayTUPYOIIMEe YCHIUTEIH JHeprun tuna Tpon.

Ycunurens TpoH - ycunutens HHPPa3BYKOBOW BOJIHBI MPEAHA3HAUCHHBIH 1 MOAysiiiu PE sHEpruu MBICIIBIO YenoBeKa.
Cy>XHT 7151 yIIpaBIICHUS KOJIOHUSIMU JIFOJIEH U )KUBOTHBIX.

TpoH cocTOUT U3: TPOHHOTO KaMHs, TPOHHO-TEHEPAaTOPHOU TpyObI, Kpecia.

3ajaua TpOHA HAMPABUThH MOTOK WH(PPA3BYKOBOM IHEPTUHU B MTO3BOHOUHBIN CTOJIO CHIAIIETO HA TPOHE.
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Puc.172 YerpoiicTa TpoHa.
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TpoHHBINM KaMEHb MTpeIHa3HAYeH ISl YCUJIEHHSI HY>KHOM 4acTOThl. OOBIUHO TPOHHBIE KAMHH ObUIN HAaCJI€[ICTBEHHBIE.
TponHo-reHepaTopHas TpyOa, 0ObIUHO KepaMHuyecKasi, UMella MHOXKECTBO OOPAaTHBIX CBSI3€H, M MPOaHAIN3UPOBATh €€ PadOTy JOBOJIIBHO CIO0XKHO.
Ha ¢peckax xopo1ro BUIHO, 9TO TPOHHO-TEHEpATOPHAs TpyOa Bceraa Oblia 4acThIO TPOHA .



Puc.173 TponHo-reneparopHas Tpyoa.

Camo Kkpeciio 0co00i oIy, Kak MHE Ka)KeTCsl, He UrpaJIo.



Puc.174 Kpecno dhapaona.

Kak BbI BUuTE, My3eiiHbie paOOTHUKH, OYCHB 3a00TIIMBO, IEMOHCTPUPYIOT Kpecio GapaoHa, Co CHATOM TpoHHO-TeHepaTopHoii Tpyoou (TT'T).
TonbKO BOT KAPTUHKHU HA 3TOM Kpeclie, MOKa3bIBAIOT KPECHO ¢ npucoeauHEHHON K Hemy TI'T.



PI/IC 175 PI/IC HOK <Daa0Ha Ha Kpeciie c TFT
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3auem Haio ObUTO cHUMATH 1 nipsitath TI'T ¢ kpecna gapaona B mysee Kanpa?

YrtoOs! mOHATH padoTy TpoHa, HEOOXOIUMO KPATKO 03HAKOMHTHCS ¢ TPOHHOM TEXHOJIOTHEH YIIPABICHUS JIFOIbMHU.



6.4 TponHasi TexHoJI0THSI. YIPaBJIeHUE KOJOHUEH KU3HU.

KuzHp MOXKeET CymI€CTBOBATh TOJILKO IMPHU HAJIMIUHN BHEIITHCH CUHXPOHHU3AUU U I/IH(l)OpMaI_II/IOHHOFO IIO0JISA XKU3HU.

3TO moJIe MPUCYTCTBYET Ha 3eMJIe U MTO3BOJISIET BCEM JKMBBIM OPraHU3MaM Pa3BUBATHCS U 0OMEHHUBATHCS HHPOPMALIUEH.
CYH_[GCTBYIOT OHEPIreTUUCCKNE MECTA UJIM MECTA CUJIbI, I'/IC€ 9Ta SOHEPIrUsd KOHUECHTPUPYETCH.

OTH TOYKH CHIIBI Ha3bIBAIOTCS Fapz[OM, TaM I'’I¢ KOHW HAYWHAIOT KYBBIPKATbCA.

Hammu npenku 7aBHO 3HAIHM O BOBMOYKHOCTH 3THX MECT OOBEIUHSATD JIFOJICH.

Puc.176 Touka I'apna.

Cronn, [epeso, KameHb

Iapn mpencrapisier co6010 X0aM((POKYCUPYIONIYIO JTUH3Y) PACTIOIO0KEHHYIO BO3JIE PEKH.
Oueprus PE Beinensiemast moTokoM pexu GOKyCHpPYeTCs TPYHTOBOM JIMH30M M MOXKET OBITh MCTIONB30BaHA B PA3IMYHBIX IIETISAX.

Hamm nipeiku caxaiy Ha BEpIIMHE TAKOTO X0JIMa OOJIBIIOE JIEPEBO, OOBIYHO Ay0, KOTOPBIH CTAHOBHJICS PE30HATOPOM COOpaHHOM 3Hepruu JKu3Hu.
B nocnenyromue BpeMeHa CTaial HCIOIb30BaTh MEHTUPHI HITH JIEPEBSIHHBIC CTOJIIBI C IMIUHOM.

BoKpyr 3THX CTOJIIIOB CTaJId YCTAHABIUBATh KAMHU HJTH CTOJITBI TOMEHBIIIE pa3MepOM(KPOMIIEXH ), YTO TO3BOJISLIO A3 (GEKTUBHO U3JTy4aTh SHEPTHIO B
TOPHU30HTAIFHOE TIPOCTPAHCTRBO.



Cromnmbl CTalIy CTPYKTYPHBIMH LIEHTpaMH WH(POpMaUOHHbBIX Tojel Poros u [Tnemén.

Hx sHeprerudeckoe MecTo U BbicoTa CToJIa ONpenessuli UX 3Ha4uMOCTb, CTONI ABJISIICS TOYKOW ocHOBaHuA Poxa.

[Tpu Cronmnax 6butn J{BOpHI, B KOTOPBIX PEIIAINCh MECTHBIE aAMUHUCTPATHBHBIE TPOOJIEMBI U HAXOJMIIOCH PYKOBOJICTBO Po0B.

Ot 3THX cTONNOBBIX JBOpOB nouuin CrosamnoBble /{BopsiHe , KOTOPBIX B nocieacTBue HazBanu CtonboBbMu [IBOpsiHAMHU.

Ecnu 3nakomMbl ¢ BykButiei, To jierko nomére o0passl 3tux Cios.

TOJI - 6ykBanbHO "TBEPIO OUEPUCHHBIN KPYT JHOJIeH", CHCTEMHO "TBEPAO pacTyias cujia Koibla >KU3HU"

CTOJIII - ¢ npucoenHEHHBIM(ITIOKOMHBIM) TBEPAO OUEPUEHHBIM KPYTOM JIFOJIEH, TO €CTh, 3TO OCHOBaHUE(0Ch, TO YTO HE BpalaeTcs) BOKPYI KOTOPOIrO
dbopmupyercs nponecc (Hampumep, "Cronmbl Hayku'")

CTOJIb - ¢ TBEpAO OYEPUCHHBIM KPYTOM JIIOJIei OBITH, TO €CTh, 3TO I'paHuIa ouepunBaromas npouecc (Hanpumep, "Ilorpannynsrii cTonb")

B nepuon 3akpbeiTus Bequdeckoit KyiabTypbl, CTommnsl ctanu 3aMmeHsTh Konokonbusmu wim PogoBeiMu bamnsmu, a Tak xe Kononnamu oGpa3yronmmu
KoJIOHUM JKU3HEeM.

"Ucropuku" ckaxyTt , uto "Cronbossie J[BopsHe" MONLIN U3 POJAOCIOBHBIX KHUT, Kyaa Mimena 3anuceiBanu B "CTonOIbI", O4Y€Hb CMEIIHO ;)

Torma nBopsine, Ha3piBasUCh Ob1 "CTON0IOBEIC [IBOpsiHe", a He "CTon00BBIC", SI3BIK HAIIl €IUHBIA MBI €IIE TOHUMAaEM.

Nmneparop Anexcanap He ctai 3anuchiBath cBoE Mmst B "CTonOIpl" HeomyOIMKOBaHHBIX KHUXKEK, Ha3J10 "UCTOpUKaM" HaBEPHO, a MPOCTO MOCTaBUII
HanpoTuB cBoero TpoHna "Anexkcangpuiickuit Cronn", umenno CTOJIIL, a ne CTOJIB.

D710 caMblii 0onbII0i KaMeHHbIH CTOMM, CeNaHHbIi U3 1IeJI0T0 KyCKa IpaHuTa, KOTOpbIil moqunnui cede Bce CtonmoBbie J[Bopsl Poccuu., a
cienoBarenbHO U "CTonb6oBwIX JIBOpsH".

Ha To0, on nu Umneparop, uro Mms ero PA-TOPA Ilepsoe.

Bokpyr Takux MecT 01 BOAUIN XOPOBObI, ETTU TIECHU U KTJIM OTOHB, MPU3bIBasi OOTOB MOMOYB UX POIY.
D10 OBLIN POJIOBBIC KAMUIIA, 00bEIUHSIIONIME CEMbU B OOJIBIIIKE POJIA.
NudpasBykoBas s3HEprHs 3TUX MECT MOJIyJIMPOBATIaCh 3BYKOM TECEH CBOETO POja.

B Erunre, a ckopee Bcero B ATiaHTH/I€, 3Ta TEXHOJIOTHs Obllla U3y4Y€Ha U CUJIbHO MOJAEPHU3UPOBAHA.
CyurHocTh 3TOM TEXHOJOTUHU 3aKitouaeTcs B coznanuu kouen PA-TOPA.
Konsno PA TOPA co3naércs nonoxutenbHoi o6patHoit cBs3pio(I10C) yeunurens padoTaroiiero Ha sHepruu noroka (PA).



Puc.177 T'eneparop - Hacinennuk PA TOPA. I'enepatop Ha TpU OKTaBHBIX 4aCTOTbI
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Kanan obpatHoi cBasu

Vcnonb3ys 3aiepKKy B pacpocTpaHeHue curtaia rno ka"aiay [1OC, MOXHO MOTyduTh JH0OYI0 4aCTOTY F'€HEpaLuu SHEPTUH U3 SHEPTUU MOTOKA.
Jlnst 3amanust Tounbix yactoT B KaHai [IOC o6eruno BetpaunBaoT PE-30HY-TOPA (pe3onarop).
Ha sneprum nosny4eHHol U3 3eMiM MOXKHO 3arycTuTh Koiblio PA-TOPA 4yepe3s yenoseka.



3nech u300paxeH npuéMHUK AHX(YenoBek), KOTOPBI MPUHUMAET SHEPTHIO OT (POKYCHPYIOLIEH KaMEHHOMN JINH3BI.

B pykax on nepxut nBa Yaca, co3aaBas MoJjoKUTeIbHbIE 00paTHbIE CBsI3U- Komblia PA Topa.

B pesynbrare uenoBek MOXKeT BO30YAUTh T'€HEpaIMIo PaBOH WIIM JIEBOM MOJIOBUHBI MO3Ta, KOTOpask Oy/AeT BKJIIOUYEHa B TOTOK MH(PPa3ByKOBON
SHEPTUH BBIXOJAIIEH U3 FOJIOBBI.



TpOHHaH TCXHOJIOTHA IMOMOTAaCT YCUJIUTD 3Ty SHCPIUIO C IOMOIIBIO TPOHA, KYIIOJbHBIX COOpy)KeHHfI " KOJIOH.

Puc.179 IlpuHiun ycuineHus CUiIbl MBICTH HAJIO)KEHHOW Ha MH(PPA3BYKOBYIO SHEPTHUIO.
Ceasb co chepamu BNUAHUA He6o - MoTeHuwan BepxHuia
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YesnoBek CUAALINM HA TPOHE MOIy4aeT MOIIHBIA MOTOK 3HEPTUH, HAlpaBJIEHHBIH TPOHHO-TEHEPATOPHOI TpyOOH, B €ro MO3BOHOYHHUK.

B oxHoit pyke oH nepkuT BuOponpuéMHuK AuX(uiau JlepkaBy), B Ipyroi pyke oH Jep>KUT Yac(Uiau CKUIETP).

Ha ronose y Hero oner Hemec(rnu Kopona) yBenn4uuBaronuii OTBOJ] SHEPTHH C TOJIOBHI.

[Tpubnwmxas K yganss nopTaibHYIO IJIACTUHY Yaca K roJoBe, YeJIOBEK MeHseT BpeMs 3a/iep:kku curHana B [I0C, Tem caMbIM MEHsIS 4acTOTy
reHepanuu.

Korna wacrora renepanuu cTaHeT 3aJaHHOM, AHX B €10 PYKe 3aIpOKUT, OH HACTPOEH Ha ATy YacTOTY.

YenoBek HE MOXKET YCIBIIIATh 3Ty BUOpAINIO, OHA HUXKE TIOpora CiIyXa, HO OH €€ YyBCTBYET PyKOM.

[TouyBcTBOBaB BUOpAIMIO B pyKe OH (UKCUPYET Yac U HAaUWHAET BKJIAAbIBaTh CBOM MBICIIU B TOTOK KU3HEHHOW SHEPTUH.



Jlanee 3TOT MOTOK YCHIIMBACTCSI KYIIOJIOM H Yepe3 CHCTEMY MaKpOCXEM IOCTyIaeT Ha CTEP)KHEBOW pe3oHarop- KomoHHy.
Ota Kononna u Oyner GopMUpOBaTh KOJIOHUIO KU3HU, MOAYNHEHHYIO YEIOBEKY co3aaBiieMy koibiio PA TOPA.

Konbio PA TOPA MoxHO BO30YX1aTh Ha IIPAaBOE€ MOPCKOE MOTYyIIapUe(MHTYHUIHUS ), UTO NI €TUNITSHE U aTJaHThI.
Wnu na neBoe nomymapue, HebecHoe(JIOTHKa), Kak 3TO JIeaeTcs ceifuac.
[TonoxxeHue cKUIeTpa U ACPKABBI OTMPEACIISET IIBET KOJIbIla KPaCHBIA(HEOSCHBII) WIIH CHHUN(MOPCKOIA).

Hcnonb3ys TPOHHYIO TEXHOJIOTHIO MOKHO MEHSITh JIFOJIEH: CTUpaTh NaMsITh, UHUIUAIN3UPOBATh, IPOrPAMMUPOBATh CO3HAHUE, KAaK MHAUBUAYAJIBHO,
TaK U MaccoBo.

Bursseil nonaBmux noj Bo3AecTBrE TPOHHOM TeXHOIOTUH, HAa Pycu Ha3zbiBanu "TpoHyThIX YMOM".

Onu 3a0bIBaIM MaTh POJHYIO U CBOIO JAEBYIIKY, U J€JIaJId 3TO ¢ HUMH O€CCMEPTHBIE KallleH.

Puc.180 UnnuBuayanbHas TpOHHAS HHUITMATA3AIH.




OcHoBHbIe rocynapcTBa(kononun) TpoHYyTEIX YMOM ObUTH CO3JaHBI , HA 00JIOMKaX pa3BalMBIIEHCS pooBoi Mmnepun.
[TosBunock nousarue 'O-CY I-APb , yto 3Hauut "unymmii cyauts Apues'.
O065acTh B KOTOPOH TOCYIaph BEPIIHII CY/I, C IOMOIIBI0 TPOHHOM TEXHOJIOTHH, CTAJIO0 Ha3biBaThes ['ocyaapcTBo.

B 17-18 Bekax ObUT KOJJOHU3UPOBAH OCTAITBHON MHP, POAOIIIEMEHHBIE O0BETUHEHUS HE CMOTIIU MIPOTHBOCTOSITH TPOHHON TEXHOJIOTHH.

LleHTpBI TPOHHOM TEXHOJIOTMH BCET/1a CTPOMIIMCH B SHEPTETHUYECKUX MECTaX, UX IIEHTPHI BCEr1a 0003HAYCHBI MOIIHBIMU U3JTy4YaTeIISIMU: KOJIOHHAMH,
KOJIOKOJIBHSIMH, KOJIOCCAMH.

Bbl MokeTe nerko 00HapyKUTh [EHTPBI CHHXPOHHU3AIMH TOCYAapCTB C MOMOIIBIO mporpammsbl ['yri-Ilnanera.

KOJIO MoCKBBHI,

KOJIO Cauxr-IlerepOypra,

KOJIO Acransl,

Bemikoe Bomkckoe KOJIO,

Bot MupoBas kapra, co3gaHHas BeHenuaHaMu Ha 1459 r., xpaHsimascs B OpUTaHCKOM My3ee.

Kapra 6puta xymiena B 15 Bexe B Benernuu 1o 3aka3y aHTIIHICKOTO KOPOJISL.

Kapra ©pa-Maypo,

371ech Mbl BUJIUM TIOJTHOE OTCYTCTBUE TOCYapCTB.

Ot0 KapTa MiMnepun, B KOTOPYIO BXOAWJIM CIIaBSHE, HEMIIbI, apaObl(apbl), TIOPKCKUE IJIEMEHa, MHIYCHI U JIp.

Pucosanace 310 kapta ot CeBepa, us C ceBepa U Jiepka e€ nepe coooi, Tl BUAET IPAaBUIBHO PACIOI0KEHHYI0 MECTHOCTb.
Ceituac kapThl PUCYIOT OT 10Ta, U Aepika e€ nepea co0oi Thl BUAMIIL MEPEBEPHYTYIO MECTHOCTb.

Nmneparop (Mwms TlepBoe, Hanbonee yBaxkaemoe B Pony), Haxoauncs B Cubupu, B ropoze Mmmepro (4To v JOTUYHO IO MHEHUIO BEHEIUaHIEB 15
BEKa).
[Tpu BHeIpeHUH TPOHHOM TEXHOJIOTHUH UCTOPHUS MOTEPsiIa BCIKUN CMBICH, TaK KaK MOXET ObITh 000U BBIIYMKOM MO KeJaHUIO BIaIebIIEB KOJIOHUH.


http://softelectro.ru/tronmsk.html
http://softelectro.ru/tronspb.html
http://softelectro.ru/tronkzh.html
http://softelectro.ru/tronvlg.html
http://softelectro.ru/scirocco_198.jpg

6.5 OxTaBHbIC YJHEPIrUH.

Ectb nepBuuHas enunopoanas sHeprusi PA, 310 sHeprus TBOPAILIETro MOTOKa, KOTOPasi BKIIIOYAET B ce0s Bce OCTaIbHbIe (DOPMBI DHEPTHUH.

Jlro6as s)xuU3Hb €CTh BUOPHUPYIOIIAs MaTepus, KOTOpas CO31a€T BOKPYT ce0sl SJHEPTeTUYECKOE T0JIe, TIO3BOJISIONIAs B3aUMOICHCTBOBATh(PE30HUPOBATH )
C aHAJIOTUYHBIMU >KU3HSIMHU.

To ecTb, aHAaJOTUYHBIC )KU3HU HAXOJSATCS B HETIPEPHIBHOM B3aUMOJICHCTBUU.

Oueprust PA nmu Oenblii CBET, COIEPIKUT B ce0e BCE OKTaBHBIC SHEPTHH.

Puc.181 Dneprus PA wnnu Genblii cBeT, COEPKUT B ceOE BCE OKTaBHBIC SHEPTHUH.

OkTaBHble SHEPIrumn

OHeprus PA

OxkTaBHBIEC YHEPTUH O0BEAMHEHBI B OKTABBI, YTO OMpenessieT (pakTaIbHOCTh MUPa U TIOBTOPSIEMOCTh CBOMCTB.
To ecTh, uHPOpPMAIMOHHAS CYIITHOCTH HE U3MEHSETCS PU TIEPEX0/Ie B IPYTYIO OKTAaBY.
Hota JIA ocranercst Hotoit JIS, ais mo00i OKTaBbl, BHE 3aBUCUMOCTH OT YaCTOTHI 3BYYaHHMSI.

OxTaBa COCTOMT U3 BOCbMHU(OKTa) OCHOBHBIX SHEPTUH, KOTOPbIE U OMPEENSIOT BCE CYIIIHOCTH U HACTPOSHUS MHpA.
VY nobHee Bcero nokasarb okTaBy uH(ppazsyka B L APMOHUUN.
["apMoHMS - 3TO BXOJ B €IMHCTBO BCEX CYLIHOCTENH MUpA.



HCpG‘II/ICJII/IM OCHOBHBIC OKTABHBIC SHCPTHUHU:

O/1 (Odius) - Oauro3nocts. Poxnenue. Bomopoa. benbiii cet.

Conb (Solis)- Comnnte. [puposusbiii cBet. A30T. KpacHsblii cBer.

JIs (Laus) - Bo3nyx. Hebecnslit qyx. bop. OparkeBblii cBeT.

Cu (Siderae)- Hebeca. Custaue. @top. XKentslii cBeT.

11O (Dominus)- Bona. I'enuii. 3enéublii CBeT.

PE(Rerum) - Marepus. Oueprus. Kucnopoa. Cunuii cger.

MU (Miraculum)- 3emiisi. Mopckoit nyx. bepunmii. U3ympynHbIil cBeT.

@A (Fate)-JIyna. ®aransHocTth. cKyccTBEHHBIH CBET. YTiiepo . DHOIETOBBIN CBET.

CooTHolIeHHE HOT U IIBETOB 3a/1aHbl IBETOM Pajyroi, Tak Kak CBET ecTh KojiebaHue MaTepuu ¢ yactotoi ot 394 mo 789 Tl'1 .
OOMaHyTh 371eCh HEBO3MOXHO, MBI BUJTUM PaIyTy COOCTBEHHBIMH IJIa3aMH, TOCTATOYHO OKTABHO OIYCTUTH PAAYTy B My3bIKAIBHBIN TUANIa30H, YTOOBI
MOHSTH IIBET HOT.

Puc.182 Onpenenenue nmpera HOT MO pajayTe.
CropocTb cBeTa ¢=299792458 m/c; [OnuHa sonHbl L=c/F; Yactorta F=c/L

NHdpakpacHbiit ceeT: L=1mm-760 Hm  F=300 Mu-394 Try,
KpacHbili ceeT: L=760-630 Hm ; F=394-476 Ty, RGB=FF0000(255,0,0)

OpaHxeebili ceT: L=630-590 Hm ; F=476-508 Tr'y; RGB=FF8000(255,128,0)

WénTbilt ceeT: L=590-550 Hm; F=508-545 Try; RGB=FFFF00(255,255,0)
Hota7 Cu=15*2A5=480Ty,  LiseT ¥énTuiii=15*2/45=527765581332480(528Tr,568HMm) RGB=FFFFO0
3enéHbili caet: L=550-510 Hm; F=545-587 Tu; RGB=00FF00(0.255.0)

CuHe-3enéHbliit ceeT: L=510-485 Hm F=587-618 Tly
CuHuii ceeT: L=485-440 Hm ; F=618-681 Try; RGB=0000FF(0.0.255)

Hota2 Pe=9*2/5=288ly LiseT cuHuii= 9*2:46=633318697598976(633TIy,474Hm) RGB=0000FF
®uonetosbiii ceeT: L=440-380 Hm; F=681-788 Tr'y; RGB=BFOOFF(191.0.255)

Hota3 Mu=5*%226=320ly, LieeT CuHedpunonHToBbIN= 5*2/r47=703687441776640(704TIy,426HMm) RGB=8000FF
Hota4 ®a= 10,546875 *275=337.5y, LiseTr ®uonerosniii=10,546875*2746=742170348748800 (742TI,404Hm) RGB=9F0OO0FF
YnbTpaduronetorbiit ceet: L=380-10 Hm; F=788-29979 TIy,




[IpencraBnenne HaTYpaIbHOTO PAa YHCEI 10 POJAaM YUCET U OKTaBaM, COCTOSIIIUM U3 BOCBMH YaCTOT B OKTaBe MH(Pa3ByKa OYeHb YJOOHO.

OTOT PUCYHOK XOPOIIIO OTPAXKAET I[BETA U HOTHI HATYPAIbHBIX YHCEIL.

31ech XOpoIIO BUIHO KaK CBA3aHBI IIBETA, CBET, HOTHI, YHCIJIA, XUMUYECKUE JIEMEHTHI, POJIa YHCEIl, CHMBOJIBI U JIp.

9TO TOJILKO OJVH U3 BApHUAHTOB INOCTPOCHHUA OKTaBHOM rapMOHUH B KOTOpBIfI MOKHO BKJIFOYAThb Pa3JIMYHBIC [TOCJICAOBATCIBHOCTHU U3 PA3HBIX C(bep
KU3HU.

Puc.183 IlpeacraBnenue rapMOHUN B OKTaBE M3 8 4acCTOT.
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3aKJII0UCHHE.

OcHoBHOE Ha3HaAYeHUe HHPpa3ByKkoBOro unrepgeiica HIMPOKO.

Wudpassykosoii uatepdeiic SCIROCCO npenna3zHaueH, Kak u 1000 qpyroi nHTEpdeEiic, A nepesadyn dHEPTUU M1y TOYKaMU POCTPAHCTBA.
OcHoBHasl 3a/1a4a MUPaMUAAIBHBIX KOMIUIEKCOB, 3TO TeHepalusi UH(Pppa3ByKOBOI 3HEPTUU.

[ToHATHO, €CITM MOXKHO TEepeaTh YHEPTHUIO B IPOCTPAHCTBE, TO MOXKHO TEepeiaBaTh U HHPOPMALIHUIO.

To ecTh BO3MOXHOCTB CBSI3H , 3TO TOJIBKO OJIMH M3 MHOTHX aCIIEKTOB MCIIOJIb30BaHMs HH(PA3BYKOBOM SHEPIHU.

[TupamuganbpHbIE KOMIUIEKCH TeHEPUPOBAIHN HH(PA3BYKOBYIO SHEPTHIO ¢ Hecymiel yactoTon 12.25 I'.

Ora 3Heprust Moria yJajl€HHO IPUHUMATBCS U UCII0JIb30BAThCA [0 Pa3HOOOPAa3HOMY Ha3HAUYEHHUIO.

51 BUXKY YeThIpE OCHOBHBIX HAIPABIICHUS MCIIOIH30BaHMUS HHPPA3BYKOBOK YHEPTHH:

1. Bo3peiicTBMe HA OPraHU3M 4eJIOBEKA.

OO0 »TOM roBOpUT aHAJU3 PACHOJIO0KEHNUS TPUEMHHUKOB.

Bce oHu cTpemaTcst crpynnupoBaThesi BOKPYT HICTOUHUKOB MH(pa3ByKa.

O06opynoBaHue NPUEMHHUKOB: KECTKHE KPOBAaTH U Kpecia U3 KaMHs, Pe30HUPYIOLIHE COCYIbI.
Ienu 3TOr0 BO3AEMCTBUS Ha YeIOBEKA OCTABUM 3a MpeieiaMu 3TOi paboThl.

2. lllnpokoBemaTenbHasA JATbHAA CBSA3b.

YacTth 060pyA0BaHMS 0OIHO3HAYHO TOBOPUT 00 MCMOJIb30BaHNE HH(PA3BYKOBOTO HHTEep(deiica i CBA3M.
CamMblii sipkuii IpuMep, 3T0 MUKEHCKUH y3€ll CBA3H.

3/1ech MOCTPOEHO JIEBSITh KPYIMHEHIINX KYTOIbHBIX 00bEMHO KAMEPTOHHBIX MPUEMHHUKA (CM. TpoOHUIIA ATpest).
AHTeHHBI, 36-TH METPOBBIE APOMOCHI IPUEMHHKOB, HATIPABJICHBI B Pa3HBIE CTOPOHBI:

Eruner, 3anagnas Adpuka, Llentpansnas Amepuka, CeBepHasi Amepuka, Autapktuaa, Kpeim, Kaskaz, Unaus.
D10 y3en npuHUMal HHYOPMALIUIO CO BCEX CTOPOH CBETA.

B Mukenax pacrnonaraicst MOLTHEHIINN HH(Pa3ByKOBOM MepelaTUuK 3MOXH MHPaMHUI.



Oto ropa "Sara", BbicoToro 500 METPOB, y IMOJAHOXKbSI KOTOPOI'0 HAXOAUTCS KOMIUIEKC YIIPABJIEHUS IEPEIATUNKOM.

3. Undpa3BykoBasi JHepreTuKa.

MHorue nocTporKy 3MOXU MUPAMUJ UMEIOT KAMEHHBIE I10JIbI U CTEHBI OTPOMHOM TOJILUHBIL, 1a)Ke TaM IJI¢ HET HUKAKOTO AABJICHUS Ha HUX.

3710 MH(PA3BYKOBBIC AKKYMYJIATOPHI SHEPTUHU - OyCTEPHI.

Ot HuxX MorH paboTaTh pa3IMYHbIC IEPEHOCHBIC U CTanoHapHbIe mpuOopsl, Hanmpumep [DKEJIbI.

B niepByto ouepep 3T0 OCBETUTENBHbBIE IPUOOPBL, KOTOPBIE MOTJIM IPUMEHSATHCS B OJ3EMHBIX TOpOax.

Hama coBpeMeHHasi TMBUIIM3ANNSA, TOXKE UCTIOIb3YeT HH(PPAHU3KYIO BOIHOBYIO YHEPTETHKY.

Hamma snektpocets B 50 I'11 - 3T0 BOJTHOBasi SHEPreTUKA.

I'enepaTop 37MEKTPOMarHUTHON BOJIHBI, HAXOSIIMNACS 32 THICAYU KM OT Ballleil TaMIOYKH, KOJIeOIeT B Hell 21eKTpoHbl ¢ yactoToi 50 ', ot yero ona
CBETUTCHL.

[To meTanmnyeckuM MpoBoAaM(BOJIHOBOIaM) PacIpOCTPAHIETCS AIEKTPOMarHuTHas BOJIHA.

Hukaxoro Toka (moToka 3JeKTPOHOB) 3/1€Ch HET, IPOUCXOIUT TOJIBKO BOJHOBOE MepeMelleHne YHepruu(koiedanne 3MeKTpoHOB ¢ yacToToi 50 ).
MoskeTe cunuTaTh 3TO UyA0M, ToAapeHHOe HaM uHxkeHepoMm Hukomnaem Tecna.

Jlymato, mo100HbIe Uyneca ObUTH JOCTYITHBI B SIIOXY MHUPaMH/I.

4. CUHXpOHU3ALMSA KU3HMU.

['mnorte3a cMHXpOHU3ALMHK )KU3HU BbIBUHYTA Bnagumupom Kosanéseim[ 17]

[IpuHsATHE 3TOM rUMOTE3bI CYIIECTBEHHO MEHSET B3IJISII HA MUPOYCTPOICTBO M CYITHOCTh JKU3HHU.

Ha 3emMie MOXHO BbIIETUTh HECKOJIBKO YPOBHEN KU3HU.

Hamnpumep, MunepanbHyto, pacCTUTENBHYIO, )KUBOTHYIO, YEJIOBEUECKYI0. XOTSI UX CYIIECTBEHHO OOJIbIIE U MacIITaOHEE.
HpI/I 3TOM 00s13aTENbLHBIM YCJIOBUEM PA3BHUTHUC KU3HU ABJISACTCSA HAJIMUUC BOABI.

Kpucrannsl 1 kaMHU coJiepkaT BOy U JUIS UX pocTa TpeOyeTcs Boja.

Boga ocHoBa u3HH, UMEIOIIast HEMOCPEACTBEHHYIO CBA3b C UH(POPMAIIMOHHBIM ITOJIEM KU3HH.

XKu3Hb- 3TO CIOCOOHOCTH (PUBNYECKUX T€JT BOCIIPUHUMATh U OOMEHUBATHCS HH(POpMAIUEi.
Nudopmanus ects CBOMCTBO SJHEPTHH.

JIr060ii ypoBeHb KU3Hb HE MOKET CYLIECTBOBATh BHE MH()OPMALIMOHHOTO TOJIA.
[Tpuém 1 oOMeH nHpOpMaIIUU B TAKOM I10JI€ HE MOXKET OBITh OCYLIECTBIIEH O€3 CHHXPOHU3ALNU, KaJpUpOBaHUs HH(pOpMaLuu,
MO/ILTYMOBOM(KOPPEISALIMOHHOMN) CBS3H.



[Tpu morepe CHHXPOHHU3ALNH )KU3Hb HE CMOXKET Pa3yMHO pa3BUBATHCS, 3TO OyneT 0e3yMHBII POCT WU JIeTpaialis KU3HU.

O(bI/II_II/IaJIbHaSI HayKa HC HpI/I3HaéT JOIIOTOIMHYH0 HUBUJIIM3ALUI0, XOTA COTHHU ThICAY OYCHBb XOPOIIO COXPAaHUBIINXCA CTpOGHI/Iﬁ PACIIOJJIOKCHBI 110 BCEMY

MUDY.
HenoHsATHB TUTAHMYECKUE YCHIIUS HCTOPUKOB M aPXEOJIOTOB MBITAIOIIUXCS BCTPOUTh UX B CYIIECTBYIOIIYIO MO/IETh OPOH30BOTO BEKa.

TpyaHo ceituac cyauTh, Kakasi IIUBUIIM3AIMS 100UIach OONbIIET0, OUIIMaNIbHAS HayKa HE MPU3HAET OYEBUIHOTO.
Kaxk koraa to He npu3HaBaia CoiHIE B IIEHTPE HAIIeH TJIaHETaPHOW CHCTEMBI.

HO, U3 TUITOTC3BI I/IH(i)paSBYKOBOFO BCIIAaHUA SIIOXU NMMUPAMU BUIHO, YTO OHU MPEB30OLIJIM HAC B AKYCTHKC.

Hamum AKyCTHKaM HCYCIro JCJIaTb BO3JIC TUpaMU, AJId Ha4dajla Hal0 I/I306peCTI/I XOTs OBl aKYCTI/I‘IeCKI/Iﬁ OHCpaI_II/IOHHHﬁ YCUIIUTCIIb.
Ecnu On1 He aHANOTH 3BYKOBBIX U 3JICKTPHUYCCKUX BOJIHOBBIX IIPOUCCCOB, BPA JIM Mbl CMOIJIX IIOHATH HA3HAYCHUC TUPpaAMU/I.

Onn YMEJIU ACJIaTh B AKYyCTUKHA BCE TO, YTO MbI ceiiyac MOKeM JCJIaTb B DJICKTPHUUYCCTBC.

Bnonne BO3MOJXHO, YTO IIOHATOC HAMHU MOXKCT OBITH JIMIIIb MAJICHBKOHN YaCThIO X BO3MOKHOCTEH.

ITo kpaiiHelt Mepe O4eBHUIHBI ClieAyIOIIME (HaKThl UX IPEBOCXO/ICTBA:

-ITo 06BEMY CTpOUTENBHOTO MaTepraa B OJJHOM COOpPY>KEHHH OHU IMPEB3OILIN HaC.

-J17151 HUX He CyIIeCTBYET MOHATHUS CPOK CITYKObI U3/IeNINs, OHU JeNlali OAUH pa3 U HaBCeTAa.
-J17151 paboThI X YCTPONCTB HE HYKHO I'yOUTh IPUPOAY, TaK KaK HE HY>KHO TOILIMBO.



BeiBoabI 3 runoTe3bl HHPPA3BYKOBOI0 BelIAHHUA 1I0XH ITUPAMUI:.

1. Berpogoii uadpassykosoii reneparop SCIROCCO 00bsCHSET HA3HAYEHHE U TPUHLIUIT AEHCTBUS TTUPAMK/L C TU1aTO [U3bL.
OTO TeXHUYECKUE, TparMaTUYECKHE COOPY>KEHUS JUIsl TeHEepaluy U repefadyn MHPpa3ByKOBOM SHEPrUH.

2. Iupamua Xeornca- 370 MOIHBIN, HH(PA3BYKOBON MIMPOKOBEIIATEILHBINA NE€HEPATOP SHEPIUH, C HeCylIel yactoroi 12.25 T'm.
DHeprust KOTOPOro MOXeT ObITh IPUMEHEHA B JOOBIX 1IEJIAX, B TOM YHUCIIE IS CBS3H.

Vcnonb3yronmii kKaapupoBaHue, pa3BepTbIBaHUE U CHHXPOHMU3ALNIO0 HHPOPMALIMOHHOM COCTaBIISIOIIEH SHEPTUH.

C OrpoMHBIM pagnycoM IEHCTBUS, BO3SMOYKHO JIa)Ke Ha BCIO TEPPUTOPUIO IIAHETHI.

3. Taxk xak nmupamMuibl CJIOKHBIC TCXHUYCCKHUEC yCTpOﬁCTBa, TO OJId UX U3YUYCHUS HYKHBI I'PYIIIbI CIICHUATIUCTOB!
'(1)H31/IKI/I U PAJUOHNHXCHCPBI JOJIDKHBI OTBETUTL: UYTO 3TO U KaK pa60TaeT?

-CTPOUTCIIN, APXUTCKTOPLI, TCXHOJIOI'U: KaK ITOCTPOUJIN KU YCM O6pa6aTbIBaJ'II/I?

-O9KOHOMHUCTEIL: CKOJIBKO CTOUT U KaK OPraHU30BaATb TaKO# OOJIBIION HpO@KT?

-UCTOPHUKHU U apXCOJIOTU: KTO U KOIr'Ja CO34aJ1 MCTAJIMTUYCCKUC CTpOGHI/ISI?

HpI/ILICM BCC€ OTBCTHI JOJI?KHBI OBITh COTJIACOBAHHBI MCKAY cO00M.

B OANHOYKY HUKTO HC CMOXCT JaThb HpaBI/IJ'H)HHﬁ OTBCT.

4, W3 ananuza paboThl IMPaMK MOXKHO C/IEIaTh BBIBOJI 110 YPOBHIO 3HAHUH UX CTPOHUTEINIEH:

-FMEeITU BEJIMKOJIEITHbIC 3HAHUS aKyCTHKH,

-00J1a/1aJ11 3HaHUEM BOJIHOBBIX ITPOLIECCOB MEpelauy YHEPTUU U MOHUMAJIK YTO TaKOE€ BOJIHOBOE COIIPOTHUBIICHHE,
-3HAJIM O CTIOCOOHOCTH MH(Pa3ByKa IPOHUKATH B BOAY U IPYHT,

-yMeJH JIeNaTh 3ByKOBbIe(BUOPAIIMOHHBIE) TeHEPATOPhl HA IHEPTHH BETPOBBIX IOTOKOB,

-3HAJIM TEOPUIO aHTEHH(BUOPATOPOB),

-IIOHUMAJIA YTO TaKoe BHOPATop, pedIieKTop, TMPEKTOp, pe30HATOP, OTPAXKATEIh, TOTOCKOBAS JIMHUS 3a/ICPIKKH.
-yMeJH pa3BepThIBaTh, CHHXPOHHU30BATh U CBEPTHIBATh HHPOPMAIIHIO.

-3HaJIM 4TO 3€MJIS 3TO Bpamaroieecs Teno u 3uainu 3¢ ekt Kopuomuca.



5. Kakue OTKpbITHS 0XKUIAIOT IIUpaMuIy Xeorica:

-O6napy:xenue BosiHoBoro kanana [T1OC.

-OGHapy>keHHe MOMEIICHUH 1 OTKPBITHIX YPHEPTeTHUECKUX KaHAIOB B paiione nBepok Puc.33

-B paiione MctuHHOTO BX0/a TOJKHBI OBITH 00HAPYKEHBI BBIXO/IbI 3aKPBITHIX BOJIHOBBIX KaHAJIOB. DTH KaHAJbI IOJKHBI OOBSCHUTD PaboTy
nepexmoyarens [10C.

-3a cTeHKaMH WJIH TTOJT TIOJIOM PE30HATOPHBIX KaMep MOJHKHBI ObITh TIOMEIIEHUS TSI CKIIaIMPOBAHUS 3aIIaCHOTO PE30HATOPA.

-JIoOKHBI OBITH HAWICHBI KAHAJIBI, 10 KOTOPBIM ABUTAIUCH TPOCHI (TOJKATEIH ), TOAHUMAIOIINE 3aIBIDKKY COTIIACYIOMIETO YCTPOHCTBA B 3aBUCUMOCTH
OT CHUJIBI BETpaA.

6. Kakue oTkpeiTus oxugaor Espomny:

-OOHapyxeHH1e MUPaMUAAIbHBIX TOP C YIIPaBISIEMbIM PE30HAHCOM.
-[Iupamuza B Beicoko yxe oOHapykeHa U UCCIeAyeTCs JIIOOUTEIIMHU.
-Ha ouepenu oTkpbITHS MpaMu] MUKEHCKOTO y3ia: Capa u XopBaru.



