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MPEAUCNIOBUE

EXerofHo B MUPOBOW NPaKTUKe anMasHbiM cnocobom Bypenus ocywecTansaeTcs
MPOXOAKa MWNNTMOHOB METPOB CKBRXKMH. YBEPEHHO MOXHO NPOrHO3VpOBATE, YTO Takoe
NOMNOXEeHKE COXPAHMTCA M B AarnbHEMWeM, noka He OyflyT CUHTEe3MpPOBaHb! HOBLIE YHU-
KanbHbie CBEPXTBEPAbIe MaTepuankl, aAexBaTHO 3aMEHAIOLMEe anma3 B Nopoaopaspy-
LUAIOLLEM MHCTPYMEHTS.

[lo HacToAwero BpemeH pa3pylleHne ropHO NOpoAL! Npu BypeHun ocTaercs
O[HMM M3 HaUMEHEeEe M3YYEeHHDbIX TEeXHONOMMYecKuX npoueccos. OBLACHWTL 3TO MOXHO
TEM, HTO OCHOBHOW MH(pOpPMaLWeli O xapakTepe NpoTekaHna 3aboiHbIX NPOLECCOB AB-
NAKTCA MOKa3aHWs Ha3eMHbIX NPUOOPOB U COCTOSHWUE MHCTPYMEHTa NOCNe NOALeMa ero
Ha MoBepxHOCTb. Ha OCHOBE TaKoi MHGOPMALMW B MPUHLMING HEBO3MOXHO onpeaenuTb
(br3nyeckyio CyLIHOCT ¥ OCYLLECTBNATL 3 dEeKTUBHBIN KOHTPOSb npouecca paspyue-
HUS.

B KHure paccMOTpEHb! OCHOBbI HOBOTO CAMOCTOSTENBHOMD HAYYHOrO Hanpasne-
HWS B 0BNacTh TeXHWMKM WM TEXHONOMMN BYPeHUs CKBEKUH “aKyCcTuKO-CcneKTpansHon aunar-
HOCTHKM MEXaHW3Ma PaspyLieHna ropHsIx nopoa npw SypeHun” AsTtop caenan NONbITKY
MPKIICKUTE BO3MOXKHOCTH TeXHUMECKOIH JMArHOCTUKA K NPOLECCY PA3PYLIEHUS FOPHLIX
nopog npu Gypexuu, paccMoTpeB MexaHvam paspylieHus B kadecrse obbeKkTa guarHo-
CTHPOBAHUS.

B pamkax HOBOTO NOAXOAA TEOPETUECKM W SKCTIEPUMEHTAILHO OBOCHOBAHO Cy-
LjecTsoBaHue B Npu3aboiiHO 30HE "aKyCTUYeCKOro LUYMa paspylueHus” 1 paspaboTaHbl
TEXHUYECKMe CeCTBa, peanmsylolme BO3MOXHOCTH aKYCTMKO-CNeKTPansHOW AuarHo-
CTvkY B 0BNACTH UCMbITaHMWA BYPOBOro MHCTPYMEHTa, AMdBbePeHLMALMN re0NOMMYecKo-
ro paspesa 8 npotecce OypeHmns u nccnefoBaHus BYPUMOCTI rOPHLIX NOPOJ.

A8sTOp BblpaxasT rnybokyio MPU3HATENLHOCTL COTPYAHMKaM BUTP: WU. C. Aca-
Hackesy, . A. BnuHoay, B. W. Bacunsesy, N. M. Tuxabypry, O. C. lfonosuny, B. H.
Topuny, H. W. Koprunosy, M. H. Kypoukuny, H. H. Muxeesy, B. 1. OHuwuny v 4. H.
lnasckoMy 3a NOCTOAHHOE BHUMaHWE W NOMOWL B paGate. ABTOp 6naropapex . C.
Boskosy, A. B. Earpacbosy, B. ®. Wrnatsesy u . A. MNepecaetosy 3a yuyactue B 3kcne-
PUMEHTanbHbIX MCCneaoBanusAx. ABTop ocobo npuaHarteneH 0. M. Mapuiickomy w1 M. A.
Nasbigosy 3a LieHHbIe COBETLI NPY NOATOTOBKE PYKOMMACH.

Bce 3ameuaHns No KHUre aBTOP NPOCUT HaNPABIIATHL N0 agpecy: 199106, CaHkr-
NMetepbypr, ®epepansHoe rocyaapcreeHHoe npeanpusTMe Beepoccuickui HayuHo-
WCCrIeA0BaTENbCKIAW MHCTUTYT METOAVKA 1 TEXHWUKM pa3sseaxv (BUT P).

5
BBEOEHVE

B revenne pnuTenbHoro BpemeHy 3aboiHble npouecchl Obiny NPaKTUHecKU He-
ACCTYNHbI ANA W3y4eHrA. TMNOTe3bl O PasPYLLeHW NOPHbLIX NOPOA CTPOMNNCL, B OCHOB-
HOM, Ha OLEHKE COCTOSHUA NOPOAOPA3PYLUSIOLSTO MHCTPYMBHTA, aHANW3e NapameTpoB
PeXHMa ¥ TEXHUKO-TEXHOMOMMYecKux nokasarenein GypeHun. Cutyayua nocTeneHHo me-
HANACcH BMECTE C NOSBIIEHWeM HOBbLIX METO[0B WCCNEfoBaHUi, NO3BONMOWMX rnyGxe
NOHATL (U3UYECKYI0 NPUPOAY NPOLECCOB, NPOTEKaKLWMX Ha 3aboe.

C Havana WwecTuecsTLIX TOA0B ABAAUATOIO BEKa CTAN0 PasBUBATLCA Harpaese-
Hue uccnedosanuil 3a600HBIX NPOUYECCO8 C UCMOMLI0EAHUEM 3800UHLIX UIMEDUMEeIb-
Hbix cucmem. B cucteme Munreo CCCP paspaGotkoi annaparyp ans ronyyeHmn Tex-
HUKO - TexHonormuyeckon uxdopmaymm Ha aaboe aanumanucs BUTP v CKB. Moa pyxo-
soacteom . C. Bpopoea s 1960-67 r.r. 8 BUTPe paspabotana annapatypa OKPAH-5
ANs 3MEpeHus Ha 3a00e CKBAKUHBI OCEBOW HArPY3ku, KPYTALLENO MOMEHTA U AaBNeHWs
npomMbIBOYHOW XakocTu. B CKB B 1967 ropy paspaboraHa annapatypa TUCC-1200
LTS U3MEPeHUS NPK 6ybeﬂuu Ha 3a00e CKBEDKWHLI OCEBOI HArPY3kM U KPYTALLEro Mo-
meHTa. Annapatypbl TUCC-1200 u SKPAH-5 umenn rnybudy geictens go 1200 m npu
AuameTpe CKBaKWHbI He mense 93 mM. B 1968 - 70 r.r. . H. Jopora, A. W. BorgaHosw,
A. H. Vicaxos u gp. (BUTP) coanam feicTeyiowmii MakeT annaparyps! ans namepeHus
OCeBOW Harpy3kv Ha 3a6oe npu Byperum ckeaXmMH AuameTpom 59 u 76 Mm. Bo Beex yka-
3aHHbIX annaparypax uCnonsL3oBancs 3snekTpudeckuii BecnpoBofHOM kaHan CBA3MW 3a-
Goit - nosepxHocTe. B CKB 8 1968 r. paspabotana annapartypa P -2 ans namepexms
¥ 38NMCK Ha NPOBONOYHLIA HOCUTENb Ha 3360 OCEBOW HarPy3KU U KPYTALLBrO MOMEHTA,
Pacwudpoeka 1 nepesanuce Ha QOTOMNGHKY 3aUKCUPOBAHHBIX AAHHBIX npouasogm-
nack nocne NoALeMa annaparypb! Ha NOBEePXHOCT.

Mpumererne 3aboiiHbIX CUCTEM TIO3BONUNO BLIABUTL HA 3a6oe KorneGaHus oce-
BOW HArpy3Ki U KPYTALLErO MOMEHTA, @ TAIOKE OTNUUUS UX 3HAYeHWI OT 334aBAEMbIX Ha
nosepxHocTy [30]. lNo cpasHeHwo C 3a1aBaeMoil Ha MOBEPXHOCTA BEMMUMHON OCeBas
Harpyska Ha 3ab0e okasanace MeHbLIe Ha AECATIW NpoyeHTos. Berieacteve orpaHuyeH-
HbIX BO3MOXHOCTEH 3a00MHLIX CHCTEM NO YaCcTOTe NepefaBaeMbIX CUTHANOB Ha 3aboe
Bbinm 3aMKCHPOBAHBI TONBKO HUIKOYACTOTHLIE KONeBGaHUA OCeBol Harpy3ky ¥ KpyTs-
Lero MomeHTa, CessaHHbie C YacToToW BpaueHns cHapaga. B ganbHeiiuem, 3a6oiHbie
CMCTeMbI NOMYYEHUA TEXHUKO-TEXHOTOMYECKOR WH(OPMELMM HE HaWM LIMPOKOro
NPHMEHeHWs B passeo-HOM GYpeHun W3-3a OrPpaHMueHHOCTH PeliaemMbIX 3a[1ay, BLICO-
KOV CTOMMOCTH W HEAOCTATOMHOMN HAJEXHOCTHA,
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Komnnexc uccnedosanull paspyweHusi 20pHO NOPoOL! SOUHUYHBIM anMa3oM HE

OCHOBE MEH3IOMEeMPUPOBAHUSR younull U CKOPOCMHOU KUHOCHEMKU nposeged & BUTPe
B nepuop 1970 - 80 r.r. [47]. B vccriegosanmax npuHumani yuactne: M. H. Kypoukun,
0. B. Meanos, I'. A. Bruroe, M. W. Ucaes u ap.. UndopmaLpei o npouecce paspyws-
HUA CNYXKANK. OCLMNNOIPaMMbl OCEBOIA W TAHTBHLMANBHOW COCTABNAIOWEN YCUNnus pe-
38HMA Ha anMase, KMHOTPamMb! ABIOKBHUA anmala, pasmeps! 6opo3jaes! B ropHo Nopo-
Ae. Ha ocHOBE M3yueHWA KMHOTPEMM GIENAH BLIBOA, YTO KENALIA BnMas B KOPOHKe
MOXHO paccMaTpuBaTe KaK peael, ABWMYLMICA C ONPeAeneHHOR cxopocTei [47].
BaaumopeiAcTere anmasa C ropHO NOPOROI HOCUT MMMYNLCHLIA XapaxTep, a paspyuwe-
HWe ropHOW NOPOALI NPOUCXOAMT CkaukoobpaaHo. OTMEeYeHOo, YT nNepes anwasom ne-
PeMeLLEeTCA YNpyran BoNHa OKaTUA, KOTOPas PacnpOCTPaHAETCA PABHOMBPHO BO BCE
CTOPOHL! ¢ HaUBONLWeR MHTEHCUBHOCTLIO BBPES MO ABIKEHWIO 8nMasa. AMRnUTYaa
YCUIWIA Ha aNMase HeNpPepbLIBHO WSMEHAETCS W KKAOMY MMNYNbCY HA OCLMNNOTpaMMe
COOTBETCTRYET SAMHWMHbIA 8KT DA3PYLIeHWS rOPHOW nopoabl. Ha 1 MM nyTh aBuwxerns
anmasa npovMcxoanT oT 1 A0 3 CKONOB rOpHOW NOPOAbI, 8 aMINWTYAS YCUNUA HA anMase
xonebnercs or 3 go 15 paH. Yacrora B3auMONEHCTBYA anMasa ¢ rOPHON NOPOROH Co-
crasnseT 300 - 700 My v Buuue [NPOROIDKUTENLHOCTE UMIYNECA COCTABNRET AECATKNA
MWMITACEKYHA, @ YCUNWE Ha anMas’e AOCTUTaeT MaKCUMAINbHLIX 3HAYEHWI 33 CoThie U
ThICSYHbIE A0NK CeKYHALL. JT0 nossonuno M. H. Kypoukuky CpaBHWTL aKT B3BUMOABHCT-
BUA anMasa ¢ 3a608m C MUKPOY1apOM.

TPaguUUMOHHbIM HANPEBNSHUeM UCCNE0BaHMIT MOXHO CMUTETL U3YNEeHUE apaky-
flomMempuYecKoe0 cocmaea wnama, obpaayioujerocs npy Bypenmn. Mpw anmasHom By-
peHun 0BpasyloTCs, B OCHOBHOM, YacTuLbl Wwnama pasmepom go 250 mkm [59, 63). 3to
No3BONsAeT OUeHUTL MacWTabHOCTL PalpylLieHWs], KOTOPaR OKA3bLIBAETCH 3HAYKHTONLHO
MEHbLLe, YeM NP LLIAPOLLeYHOM 1 TEepAoCINasHoM Byperun.

E. P. Pfleider u R. L. Blake, uccnedyn 3aboii creaxums: npu GypeHvi TaKoHuTa,
YCTEHOBUNK HEOAWHAKOBLIA XapaKTep PaspylleHus pasnuMuHbiX MuHepance [771. Mpy
paspylueHun marHetura obpasywotcs Gopoankt co cnabo aameTHbMM rpebHaAMKY, a To:-
LWHbI pacnpocTpaHeHs! Ha Hebonbluyio rmySuHy. PaspywieHrme kaapua conposoxaaeTen
BO3HWKHOBEHWEM CeTH OTHOCKHTeNbHO rnybokux TpewwH. B MecTax arpervpoBaHins wmar-
HeTuTa W KBapua otmeuerbl 6onee rnyboime GOpoaabl, 4eM Ha MOHOMUTHBIX YHACTKAX
3abosn.

Hccnedosatue hopMUPOSaHUs NPU anMaHoM BypeHulU 30Kb! NPedeapumensHo-
20 paspyweHus (30HbI MPeWuHosamocmu) 2opHoll nopodst, npuMsikawed K 3a6cio,
Havanuce B CMe c nomanenvem MeToaa MOMWHWMCLIEHTHOR J8(eKTOCKONMN U Npo-

7

" pofKanMch B TeueHue 1970 - 80 rr. B wccneaoBaHuAX npuHumanu yqacrue: 9. M.

Bunnuk, M. A. Ceewmmroe, B. ©. ®apgees, . B. Apuyumoswd 1 ap.. B peaynbTarte npu-
MEHBHVA METOAE MOMUHIUCLISHTHOM AS(MBKTOCKONMK YCTAHOBNEHO cneayuiee. Mnybu-
Ha PA3BUTUR TPEILMH OT NOBBPXHOCTW 38608 HaMHOTO npesbiaeT yrnybky sa oGopoT U
3@BMCHT OT TOPHOM NOPOALI W BENMUNHLI ocesoit Harpysku [10]. Tpu Byperm ¢ oceeon
Harpyskoit 12,5 kH, rnybuHa pasBUMTUR TPeWMH B rpaHrTe cocTasnaeT 3,1 MM; Keapum-
Te - 2.1 mum; rabbpo - 0.55 mMm. [INA KeXAOro MUHEpana XapaKTepeH CBOIH MeXaHW3M
dopMUpOBEHUA TpeLwHoBaToCTH. MNyGuHa pasenTiA TPELWH B PasnN4HbLIX M1Hepanax,
NepecekasMbly NAHUAMY PB3aHUR, HEOAMHAK0oBA: MaKCUMANbHA Y MONeBLIX LWNATOB WU
MUAHMMANBHE ¥ KEapua u criod. Tpounu NUHWA pe3aHMs umeoT nunooBpasHylo
cbopmy; BRAAMHEI, KK MPABANG, NPKYPONeHBI K YYACTKAM NONeBbIX WNAaToB, 8 BoICTYTb! -
K Mémam HAXOMABHNA 38peH xeapua. TPYAOSMKOCTLIO METOAA MOMUHUCLeHTHOR A8~
hexTocKonuY, No-BUIUMOMY, OOBACHABTCH, OrpaHu4eHHOCTe Habopa ropHbiX NOpoA ¢
pesiuiMoB BYPEHWRA, UCHONBb3OBAHHBLIX NPW UCCNEAOBaHUSX.

Wccnegosanvs Npouecca paspyLueHun MemodomM CKOPOCMHOL KUHOCBLeMKU npu
Sypenuu Keapyeeoeo (onmuvecxoao) cmexna npoeogurm BUTP u MIPU e nepwop
1978- 1980 r.r. {21, 50]. CropOCTHER KMHOCHEMKA OCYLBCTBRANACE CO CTOPOHL! 3abon
co cxopoctbio 500 - 4000 xaapoe B cexyHay. Bravane wccneosaHns Goinv COBMECT-
Hilvi 1 NpoxoauniA Ha Gase BUTP, sarem, uccnepoaanwa M. M. Moxomapesa, B.A. Kay-
nuHa 1 ap. (BUTP) Buinu HanpasneHbl Ha U3yweHwe npouscca keproobpasosanun, a
neenegosanva MMP npoaormkmMnucs B HaNPasneHu Way4eHnn KMHeMEaT/i ABYDKOHUA
KOPOHKM 1 B3aMMOASHCTBMA anmMasos ¢ 3aboeM. Ananua kuHorpamm nossonun B. M.
Murepckomy, . A. BopoGbeay, b. A. Hosoxmnoey n E. A. Koanosckomy ycTaHOBUTL
cnegyowme ocobeHHocT pabothl anmasHbix kopoHok [50). TNpu Gyperwn Ha septw-
kansHom GypoBOM CTEHAS C ANUHON KONOHHL! 2 M YTNOBAA CKOPOCTHL BPaLLBHWA KOPCH-
¥W BOXPYr COBCTBEHHOW OCH MOCTOAHHA W PaBHa 38]aBaeMON YacToTe BpaleHun. An-
#a3bl paGoTaT B PEXMME MMKDOYAAPOB, MpDK 3TOM OHOBPOMBHHO PaspyluaioT nopoay
5 - 25% anmaz0B, BLICTYNEIOWMX K3 TOPLE ANMA3HOK KOPOHKW, OCTarbHbLIe HAXOAATCA B
YPYroM KOHTaKT® € Nopogoi. Konu4ecTeo anma3os, OfHOBPEeMEHHO Pa3pyLLatoLX Nno-
POAY, YBRNUuMBAGTCA C NOBLILLIGHWEM 0CABOM HaNPY3KK K He U3MEHASTCA NPU yBenMue-
HE “acToTel Bpawyenmn. NMpw Byperm xoponoi 15A3 obpasyeTcn “npeapaspyLIeHHan
3oHa" ¢ rNyOvHOM PacnpoCTpaKkeHya TPelMH OT NosepxHocTy 3aton 2-3 mm. KnHemartu-
Ka anmasHON KOPOHKK NP Gypeum Ha TOPU3OHTANBHLIX CTEHZAX C ANMHOK KonoHHbI 40
- 50 m nenseTch Gonee CNOXHON, YeM Mpw BypeHna Ha BepTHKANLHOM CTeHAe W, B Ya-
CTHOCTH, CBAsaHa C pexmmom paloTsl cHapaga. BoijeneHbl HECKONLXO BUAOS ABVXSHWR
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KOPOHKW. KAYeHWe , PaBHOMOPHO® BPALLOHWE , KPYTUNbHBLIe aBTokonebarna 6e3 octaHo-
BOK W C OCTaHOBKamMu. [pr U3MEHEHUM OCEBON HATPY3KK, YACTOTbI BPALLEHWA CHAPAAA 1
pacxofia NPOMBLIBOYHOA XUAKOCTH NPOUCXOOUT 3aKOHOMEPHOS W3IMEHEHWE BUAR [BIDKe-
HWA KOPOHKM.

Wcnonb3oBaHme CKOPOCTHOW KMHOCHeMKKM 3a60R NO3BONWITO CUCTEMATU3UPOBATL
PAINUYHBIE BUALI ABWKEHWA KOPOHKM. OAHAKO peaynbTarsl, NONy4YeHHLIe Ha KBaPLIEBOM
CTeKNe, He MOryT DbiTh AaBTOMATUMECKW MNEPEeHEeCceHb! HA BECL KOMNNEeKC TOPHbLIX NOPOA.
MprMeHsHXe Xe METO/la CKOPOCTHOW KMHOCHEeMKIA 3a00R Ha HeNpPo3apaqHbIX MaTepuanax
HeBo3aMOXHO. OrpaHuyervie Ha obbem nonmyyaeMon MHopMaLMK C NOMOLLBIO CKOPOCT-
HOW KMHOCHEMKM TaIoKe HaKNaabiBaeT UCONb3yeMasn YacToTa Kaapos, YTO He Mo3BOMs-
e 3admkcuposaTk 60nee BbICOKOMACTOTHBIE NPOLECcCH!, NpoTeKaowme Ha 3aboe.

Pagom uccnepoeannid B 30 - 60 I.r. ABAAUATONO CTONETUA ObiN0 YCTAHOBMEHO
BO3HVMKHOBEHME MPY MEXaHW4eCKOM pa3spylUeHWW ropHbIX NOpog aKyCTUYecKoro, 3MneK-
TPOMAarHUTHOrO, TENOBOMO U 3NEKTPUMeCKOro Nonel. 3Tn peaynsTatsl obycnosuny Ha-
vano uccnedoganul u3uNeCKux AsMeHud, B KaYeCTBE BOIMOXHOIO MCTOUHUKA nonyye-
HUA MH(OPMaLK 0 paspywenun roptieix nopoa. B CCCP uccneposanua hramyeckux
ABMeHWA B npoljecce anMaaHoro OypeHWA Ha TBepAbIe MOMEe3HbIe UCKONaeMbie Hava-
nucs 8 BUTPe ¢ WwectMaecaTsix rofos ABaALATOO CTONETUA, B NEPUoL MHTEHCUBHOIO
BHEAPEHIA anMaaHoro BypeHun B NPaKTUKy reonoropassefoyHbix pabor.

KoMnnexkc WccnefoBaHWid 110 U3yYeHUI0 MEeMNepamypbl U HanpmXeHHo20 co-
CMORAHUA KOPOHKU U 3ab0A npu GypeHuu Bbin nposegex B BUTPe M. H. KypoukmHbim ,
M. WU. Ucaesbim, 1. C. Monoguom 1 gp. B koHue 60-x Hateane}?o—x ropos [33, 34, 38, 39].
Ana 3amepa TemnepaTypbl U HaNPFOKEHHONO COCTOAHWA KOPOHKW Obin M3raToeneH cne-
uuansHbId CHapsf © CUCTEMOA Chema curHana. Tepmonapb! yCTaHaBnuBani B KOPOHKY,
a TeH3oAaTYMKM HaKnemBanucL Ha ee Kopnyc wnv matpuyy. Kabent OT garuyvkos npo-
KN3aALIBaNY BAONL BHYTPEHHE!N NOBEPXHOCTW KOMOHKOBOW TPYObi A0 CTPYHHOIO TOKO-
ChOMHVKA, NO3BONRAIOEr0 OCYLeCTBIATE CHeM CHrHana C BPaLAoWIerocn cHapaaa.
Mpwu GypeHun TaKke WIMEPANW HaNPSOKeHHOe COCTOAHWE W Temnepatypy aabos. [ins
3TOM0 YCTPOWCTBO KPenneHusi ropHoi nopoabl obopyaosanu TeHaogauvkamu, a e nas,
NpoAenaHHbLIA B rOpHONW NOPOAE NO TPAeKTOPWUW ABWKEHWS KOPOHKM, YKNAALIBANack KOH-
CraHTaHosan nposonoka. B peaynerare nccnénoaaﬂmﬁ nony4eHsl AaHHbie 0 Xapakrepe
M3MEHEHUA TEeMNEepPaTyphbl U HANPSKEHHOrO COCTORHWUA KOPOHKU NpU GypeHuu, KoTopbie
MOXHO CBECTH K .cnep.yromeﬁy. AvHamuueckre HanpsiKeHus, UCTILITLIBAeMbIS KOPOHKOH
npu GypeHuK, GonbLue CTaTMYeCKMX HAaNPsKeHvA B 4.5 pa3a. LinknuuHocTs AedopMatmm
KOPOHKIA COBNAAAT C YMCNIOM 06OPOTOB KAPOHKM, NPW 3TOM HANPAXEHWA, ABNCTBYOWME
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B MNONePeYHOM HanpPasneM 1y, 3AHAYUTBNbHO MeHbLLe, YoM npoaonsHoM. Tennosown Ga-
NeHc Ha 38608 CKBEKMHEI NPYU CKOPOCTV BpaueHus 800 muH ' HacTynaeT B TeveHue 4-5
¢ (50 - 80 o6opoTos KOPOHKK). 3a 3TOT NePWO/A TEMNePaTYPa MaTPHLLI KOPOHKA Npu By-
PeHWM COPOrD MPAHUTA HAPACTABT A0 MEKCUMANEHLI 3HAYEHWI, 8 3aTeM OCTaeTCs no-
cTosHHOW. Temnepartypa Topua KOPOHKM (NPW PacXOAe NPOMBLIBOMHOW »aakocTu 5-10
AM/MMR) He npessiwaet 150 °C. Boicome Temnepartypbl HAGNIASIOTCA TOMBKO B TOH-
KOM CIoe MaTpuLibl KOPOHKY, MIMEPAEMOM COThIMM AONAMA MANNKMETPA.

WMccnenosanus, BeinonHedtbie M. H. KypourksHbiv, a Taioke M. U, Mcaeseim 1
J1. C. lNonoaLomM ABMNUCE 3HAUMTENLHBLIM WATOM B NOHUMAHWA NPOLBCCoB, NPOTeKaIn-
tmx Ha 3aboe. VIx rnasHbiM peayhbmrom MOXHO CYMTaTL yCTaHOBNeHve dakTa wame-
HEHWA TeMNepaTypbl U HaNPsSUKEHHONO COCTORHUA KOPOHKW B SEBUCMMOCTW OT peXdiMa
GypeHua. HegocTarku WCCNeAoBaHWA, B OCHOBHOM OMPeNensioTCs CyueCTBOBaBLIMM
YPOBHEM DASBUTUA MaMEPUTeNbHOW TexHuku: 663 asTomMaTM3aumM cuema u obpaboTkm
RaHHbIX OKa3an0Ch HOBOIMONKHLIM HAXOKASHNE YETKIX IFBUCHMOCTEN MEXIY U3MEPRe-
MbIMW NApEMeTPaMK, a OTCYTCTEWE annapaTtypbl CNeKTPaNsHOMo aHanMia orpaHuuuMno
AWanaoH uccnenosaHnii KoneGatniA KOPOHKM NBPBbLIMA FEDUAMM.

Wcenedosanun INeKkMpuHECKUxX U ynpyaux xonebaruil, sosrmratoupx npu Gype-
HitW, Gbinu nposegerist B BUTPe B nepwog 1971 - 75 r.r. nog pyrosoacteom B. W. Bens-
xosa [14, 15]. B paborax npurmmanu yuactue: . A. Bnwdos, . M. Mpuropenixo, O. B.
Waaros, 3. B. Komaposa 1 ap. [INA Npos3soACTBEHHLD! MCCNeAOBaHWi  Guna paspabo-
Taha annapartypa, NoIBONAIOWANR B NPOLECCe BYPeHMR PErMCTPMPOBATE SNEKTDUHBCKHE
U ynpyrue konebanna u nepefaBath wux no kabenio Ha NoBePXHOCTL. aboparopHble Uc-
CneposaHa nposoavnM Ha OypoBOM CTeHOe W CTeHAaX “efuHuuHLM pesel’ u
“eAvHniHBIA yaap”. B pesynstate MCCNeAOBAHWN YCTAHOBNEHO, MTO Npu YASPHOM BOS3-
AefiCTBUNA B FOPHOW NOPOJE BOIHIIKAET NEPEeMEHHOE INEKTPUNECKOE W YNpYroe nonsm.
fMapameTpbl 3NeKTPUHECKOro NOMA CaA3aHb! C MUHEPANbHLIM COCTAEOM W CEOMCTRAMM
TOPHOI NOPOALI B TOUKE YAAPA. AMINNUTYAS 3NEKTPUYECcKOrD CurHana BO3pacraeT npo-
NOPUMOHANEHO 3HEPTMM yAapa W MOKET YCUNMBaTkCs nbesoadiperrom. MNapameTtpe! yn-
PyTux BuGpaLuii NOPOACPE3PYLLAIOLIENO MHCTPYMEHTa “P" GypeHin KoppenupyroT ¢ Me-
XaHA4YECKMMN XapaKTepUCTUKaMKU PaspyLLIGemMbiX ropHbiX ropog. OTHOCUTENLHOS W3Me-
HEHW® aMNuTy/ ANEeKTPUHeCKOro W yripyroro Noneit Ans pasnuyHbLX Nopod OKa3anoch
HEOAWHAKOBLIM, 4TO nossonvno B. U. Bensoey, . A. Bnmwosy, O. B. Wsanosy v ap.
MPSANOKMTL HOBLIR CNOCOG ONPeAeneHWA CBOWCTB ropHLIX Nopop B npouecce ﬁype;ma
N0 BENUYMAHE OTHOWEHMA aMNNUTYA 3NEeKTPMUYECKOTD W YRpyroro curHanos. K coxane-
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Hwo, paboTht B. . Benakosa Gbinu BHe3anHo npexpaujeHb B 1975 r. v 3aseplunnvcs
Tonkko oGobLeHHeM Pe3ynLTATOB nccneaosaHni [14).

WecneposaHia dranveckux ABneHuWd sosobHosunucs 8 BUTPe ¢ 1980 r.  lMop
pyxosoncreom b. b. arposa B nepwos 1980 — 1992 r.r. BenucL UCCNBAOBAHWA C L8~
nblo pa3paboTi MeToAa W annaparypsbl AuddepeHyMaLmMi reonorM4eckoro paspeaa B
npoyecce GypeHus [64, 65, 66). B paGotax npuHumanu yuactue: O. C. Axgpees, /1. M.
Crpuirvn, H. M. Pypakoea, A. . Apxvnos, C. A. Aejees v gp. Mocne HauanbHbIX 3KCne-
PYIMEHTOB NO NPUEMy aKyCTUMBCKWX, 3NGKTPUUECKMX W INEKTPOMBIHWTHLIX CUrHanoe Ans
AanbHerRWNX uccnaaosatuwi BLino BuibpaHo akycmuveckoe rione, kak Hauwbonee nerko
wamepremoe ¥ uHdopmaTveHoe. CylisCTBOHHBIM OTIMYMEM MWCCIISAOBAHUA ABUNMCL
NOMBLLeHNe aKyCTUYECKOoro gaTymka B npusaboiHyio 30Hy OypALSics CKBaXWHBI W WC-
NONL30BaHWE CNEKTPANLHOTD BHANK3A CUrHanos B auanasone. 0 - 20 k'Y v BbiIwe Ha co-
BPeMeHHOW 4NA TOro BpeMeHU annapaType.

Paborei nog pykosopcreom B. B. Warposa cranu OTNPaBHOW TOYKOW ANA
OhOPMNBHUA 2KYCTUKO-CNEXTPanbHBIX WCCnenoBaHuwih B npusaboiiHoi 3ore Gypaweicn
CKBEXWHBI B CAMOCTOSATEIIbHOS HAY4YHOe HANPaBNeHWe B 0DNacTy TEXHUKW U TeXHONOMN
BypeHun ckBakmH. OpraHWqeckas CBR3b BKyCTUHECKMX konebaHwi ¢ (hUsH4eckiMn npo-
Leccamy, NPOTeKaLMMIA Ha 32608, 4eNaeT UX He3aMEHUMEIM UCTONHUKOM WHOopMa-
L 0 pmum rOPHOIA Nopofbl, nonyueﬂue KOTOPO# TPAAULMOHHLIMU MeTofaMK
HEBOIMONGHO.

L
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nasa |. MEXAHWU3M PA3PYLUEHMSA FOPHbIX NOPOA NPY ANMA3HOM BYPEHWN

¥ NPUPOOA AKYCTUYECKOTO LUYMA PASPYLUIEHUA

: §1. Mexaxu3m pa3pyliesus ropHbIX NOPOA NP anuasHom BypeHun

PUIUYECKMe MONA NO3BONAIOT PACCMOTPETb NPOLIBCCHI B3AUMOABICTBUA anMas-
HO¥i KOpOHKM C 3a606M, U3HOCE arMa3HOW KOPOHKU 1 Pa3pyLUeHUA rOpHOIA NOPOAbL! KaK
BAVHYIO, B3AUMOCBA3AHHYIO CHCTEMY, OObLEAMHEHHYI0 NOHATMeM MexaHusM paspylue-
HuA. [lanM ONPE/IeNeHMUE NOHATUS “MEXaHU3M PaspYLUBHNS'.

MexaHuamM paspyweHus - cucmema 83aumMoCea3aHHbiX hU3UYECKUX MPOUECccos,
0OHOBPEMEHHO NPOMEKAIOWUX 8 alMa3HoM UHCMPYMEHMe, 20pHOU nopode U MeXKOH-
MaKMHOM NPOCMPaHCMEe Naps! UHCMPYMeHMm — nopoda, Npu cunosoM a3aumodeiicm-
6UU BPALLAIOLEE0CA AfTMA3HO20 UHCIMPYMEHMA C 3a006M.

MNpu paccMOTPeHUW MeXaHW3Ma pa3spylUeHWA BOIMOXKHLI ABa NOAXOAa. MepBebiii
OAXOA CBA3AH C U3YHEHUEM BHELLHUX NPU3HEKOB (COCTORHMA KOPOHKA, topmii 3ab6osa 1
[p.) U YCTEHaBMWBAET KMHeMAaTUKy 1 AUHaMUKY BIaUMOJGICTBUR KOPOHKW C 3aboem;
BTOPOIA Noaxoa GasupyeTca Ha ccneaosaHini (peHoMeHa paspyLleHs Ha ocHoBe 3Hep-
reTrkiA NPOL{ecCcos.

B nepsom nNpubnKeHUn MexaHu3m pa3pylieHns PeKOHCTPYMPYETCA CReaytolwmm
obpasom (puc. 1). Mpn GypeHun anMasHan KOPOHKa HAXORWUTCA B CWMOBOM KOHTAKTE C
rOpPHOM NOPOAOH U OAHOBPeMEHHO COBEpLUIaeT Bpallaren-Hoe ABKKeHWe. Bpaujascs,
KOpOHKa ucNbTbiBaeT konebaHua (Bubpatium) C pa3nu4HON YacTOTOW, aMNNUTYAO0N W Ha-
NPaBreHuem BCEACTENE BOIMYLLIZIOLMX -CUN MEXEHKYECKOH NPUPOALI. Baawmopencr-
BUe anmaza ¢ 3a60emM HOCHT LIMKIMYECKMI XEPaKTep W NPOMCXOAWT C HEKOTOPOH YacTo-
TOM. AnMashl ABWKYTCA MO KOHLEHTPUYECKMM OKPYXHOCTSIM M NEPUOANNECKM Nepeaatot
B 3ab0¥ NOPLMK 3HEPrMK W CKanbiBaloT Yacruub! nopoaet. fMocne ckona, anvas HeKoTo-
poe Bpemsi ABWKETCS, He BCTpeYasn oonpoméneum, 3aTemM NPOMCXOANT HOBLIA KOHTAKT
¢ 3aBoem v LMKN nosTopReTca. Beneacteue wepoxosaTocTy 3ab0s U LIMKIMHeCKOro xa-
paKTepa paspylLUeHs, KOHTaKT Pasnuu4HbIX Y4acTKOB MaTpuLbl ¢ 3aGoem Taike He Oyaet
MOCTOSHHBIM, @ HA anMa3 1 MaTpuLy ByayT HaKNaabIBATLCA HUKOHACTOTHbIe koneba-
Hus, oBycnoBneHHbIe HGYPEBHOBBLLIQHHOC‘I’HQ Macc B KONOHHE.

K ONMCaHUIO MEXAHM3MA PA3PYLUBHUA MOXHO NOAOHTY W C SHEPIBTUHECKON TOUKH

- 3peHus. MexaHuyeckan SHeprus, nogscavMan K NOPOACPAsPYWAIOWEMY WHCTPYMEHTY

OT ABWraTens craHka, npeobpasyeTcs 8 (UINHECKMe RBMEHUA (aKYCTUUBCKUE ABNEHWUS,
TENNO, ANEKTPUUECKME U ANEKTPOMArHUTHLIE BONHLI), KOTOPbLIE HAYWHEIOT pacnpocTpa-
HATECA OT 3a60s Brnybb Maccusa ropHbix NOPOA N MHCTRYMeHTa.
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Puc. 1. Cxema paspymenks 3a6os JRIOKYIMMCS aIMA30M
W, - Mexanwvecxas sncprug, W,, - 8KycTHuecKas 3HCPIES B TopHo# Nopone;
W_ - TeIioBag 3Heprus B ropHoi nopoze; W, - aKyCTHUCCKAS SHEPIHS B
TIOpOAOpRIPYMIAIOMEN KHCTPYMeHTe; W, - TCII0BAN FHEPTHE B NOPOIOPE3-
. PYHRIONIEM HHCTPYMEHTE

t
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Tlog aKyCThYeckumMy ABNEHUAMKU B AaHHON paboTe noHMMaeTca ynpyrvwe koneba-
H1S 1 BONHb! (BONHbI HANPSIKEHWIA) OT CaMbiX HU3KUX YacToT (ycnoewo ot 0 T'y) no npe-
ABNbHO BbiCokvx vactor (10'" - 10" ry).
3anvwsem Gananc sHeprum Ha 3a608 B BIUAE ypaBHEHUR:

W"= W~.-+ WA » Wg"‘ WQM ,ﬂJK i “1)

rae Wy - MexaHwyeckan aveprvs, noasefeqHan k aabow, [Ix; W, - aneprua obpaso-
BABLUMXCH akyctuueckux BonH, x; Wy - euinenvewanca vennora, [k, W, - aveprus
anexTpudeckoro nons, [k, Wi, - 3Heprus nexTpoMariuTHOro uanyyexus, [hx.

lpn pacomorpenny GanaHca 3HeprMW MOXHO npeHebpeus ANeKTPOMArHUTHLIM
W3NY4EHUSM 1 FHEDINEH INEeKTPUYECKOrD NONKA B CUNY MX HE3HAUUTENLHOMO BIUAHUS Ha
NpoLeccs! pa3pyLLIeHUA rOpHOR NOPOAL! U U3HOCA anMa3Hoil kopoHku. Toraa ypasHeHne
(1) npyHumaeT Bup;

W= Wi+ W, Ox . (1.2)

Mexaruyeckas 3Hepvn Ha 3a00e pacnpefenseTcs Mexay nopoacpaspyLLaK-
LM MHCTDYMBHTOM M rOpHOW MOPOJIOI: TENMOBLIE W BKYCTUYECKWE KONeGaHWn BO3HN-
KaloT KaK B ANMasHOW KOPQHKE, Tak U B ropHoit nopoge. Moatomy ypaeHeHwe GanaHca
3HEPIA MOXHO 38MKWCaTL UHave:

W.,. = W| + W2= Wh * Wm + WT'2+ WIZ v (IS}

rae W, - aneprus, notpebnenHasn 8 nopoopaspywarowem uHcrpymerte; W, - aveprus,
nepeaaHHan e ropHyto nopogy, Wi, - akycrinueckan aHeprusi B ropHom nopoge; Wy, - Te-
MNoBaR IHEPruA 8 ropHoi nopoae; Wi, - akyctudeckas aHepris 8 rnopoaopaspyluaioiem
uHcTpyMeHTe; Wy, - Tennoban sHeprvis B NopoAOpaspyLLaoLLIeM UHCTPYMBHTE.

Ans nonxoii oyerim srepriu W, , notpebneHoi nopogopaapyLuaiowmm WHCTPY-
meHTOM, 1 anepr W, , nepepanHoi B ropHyio noposly, Heobxoaumo OAHOBPEMEHHO

M3MEPATL aKYCTUHECKME W Ternosbie NONA KU B TOPHOW Nopogde U B WUHCTPYMEHT®, 4TO
NPBACTABNAGTCH TEXHUYECKN CIIOKHLIM. OpHako Ans kavecTBEHHOW OueHM pacnpese-
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NEHWS IHBPTUW MPU Pa3pYLLBHWA AOCTATOYHO U3MEPRTL OfHY COCTABRRIOWYIO KBKAOrO
BUa IHEPIMW B HCTPYMEHTE UK B rOpHOM Nopogs.

§ 2. Brmanue axyctnueckmx xoneGaHMil U renna Ha paspyweHue ropHomn
NOPOAI ¥ MIHOC ANMAIHOI0 UHCTPYMEeHTA

[o HacToswero spemeHy GONLLMHCTEO rMNOTE3 NPoLecca PaapyLLeHUA ropHoi
nopoakl U U3HOCA MHCTPYMEHTa Npw OypeHun 6asMpyIOTCA Ha YUCTO BHBLLHWX NPU3HAKAX
PaspyLUsHUR U KMHeMaruke AeikeHus peaua [16, 43, 51, 57, 58, 71, 82). Mpw atom non-
HOCTBIO WTHOPUPYIOTCA BHYTPEHHIWE, CKPbIThIe OT HabMIoAeHUA NPOLIECCHI, NPOTEKaILLMe
BHYTPW ropHOA NOPOABI M MaTEpUana MarpuLbl anNMa3sHoR KOPOHKM.

Bonpoc paspyuwieHna ropHoi Nopoabl NPK anma3HoM GypeHun HepaspLIBHO CBS-
3aH ¢ oBuwum pasBUTWEM NPeACTaBNEHWIA O NPOMHOCTH K Pa3pyLueHWh MaTepuanos. [ng
60rnee NOMHOIO NOHUMaHWA aKYCTUKO-CMeKTPANbHOTO acnekTa paspylueHWA TOPHOW no-
poabl OypeHuem KpaTko paccMOTPUM OCHOBHBLIE 3Tanbl PA3BUTUR NPEACTABNSHWA O Me-
XaHuke (peHomeHa paspyLUeHnn.

MepBbiM 3TanoM pasBUTUA MEXaHWKW Pa3pPYLLISHUA MOXHO CYMTaTL nepuog ot 17
Ao Havana 20 sexos. B 310 spemMs Obinu pa3paboTaHb! HBCKONBKO TEOPUA NPOYHOCTH,
obumm B KOTOPLIX RABMMCA NOCTYNaT, YTO PA3pYLIeHWe OAHOPOAHOTO W W3OTPONHOTD
TBepAOro Tena NPOWCXOAUT NPU OCTIDKeHWW B OO0 Bro TONKe HaNPMKBHWA KpUTUYe-
CKOro 3HaveHun. PaspaboTka TeopuM NPOYHOCTK CBASaHLI ¢ umeHamu P. Myxa, L. Ky-
noHa, A. Haebe, A. Cen-Benana u O. Mopa. 3toT nogxog 8 1950 - 70 r.r. aktueHo
NPUMEHANCA W ANA pacyeTa paspyLUeHU NOPHOW NOPOALI NP LIAPOLIEYHOM U TBEPAO-
cnnasHom OByperun N1. A. LLipeitsepom, B. C. Bnanucnaeneewim, b. B. Baiproxom, P. M.
Sitrenecom, A. U. Cnueakom v paaoM ApYrx UCCreaoBarereil.

C navana asaauatbix rogoe 20 Bexa NONy4Yuno passuTue HanpasneHwe, Censb-
Baloujee pa3pylieHue TBEepAOro Tena ¢ HanM4yueM 1 pasBuTHeM B HeM AedeKTos CTPyK-
TYPb!, B NEPBYIO ouepeab TpewmH. OCHOBY HOBOrO NoOAXoAa K (heHOMEHY paapylleHus
3anoxuvnu pabotbi A. Mpuddutca. CTepiHeM HanpasneHua Crano crpemMneHune obbsc-
HUTb MPUPOAY Pa3pYLIeHWA Ha OCHOBE CBA3M C KWHETUMOCKMMMW MPOLECCaMK, npoTe-
KaloLWMMK Ha 8TOMHOM YPOBHE.

Paspyluerne ropHoW nopoabl anmasHbiM BypeHWem NpoUCXOAMT NOCPeaCTBOM
otaeneHus or 33608 4acTul, a Ha NPUMbIKaOWeEM K 326010 yMacTKe Maccyuea ropHOW
MOPOALI BO3HWKAET 30Ha TPELMHOBETOCTH. 3TO HE NPOTHBOPeuUT Teopui A. IpudduT-
ca, HO 3afafuWMcs NPOCTbIM Bonpocom: “Becneacrere 4Yero TpelwHbl BO3HWKAIOT Ha He-
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KOTOPOM yaaneHuu ot 3abor?” OuesuaHO, YTO NosaneHwe aedexta CTPYKTYPbl Ha He-
KOTOPOM YAGNeHWH OT TOUKM NPUNOXEHWA CAN CBA3AHO NePeHOCOM 3Hepriuv. Ho nepe-
HOC 3HeprvK 683 NEBPeHOCA BELeCTBA BO3IMOXEH TONbKO (uaudackumu nonamu. OTcio-
A8 cnepyeTr HeobxoauMOCTL paccumpenym BONPOCAa BNMAHMA (DU3NMBCKUX NONSW Ha
Pa3pyLIeHUe rOpHOA NOPOALI W U3HOC MHCTPYMEHTA.

B NOAaBnsiowemM YMCne TeopeTUHecKMX W IKCMEPUMBHTANBHLIX WCCNeA0BaHWA,
KaCaIOLLMXCA OLBHKW BNUAHUA (DU3N4ECKUX NONeH Ha PaspyLLeHne ropHOR NOPOALI U 13-
HOC MHCTPYMEHTA, A8HCTBUe (PUINUBCKMX NONBH PacCMaTPYBaeTCR U30NWPOBAHHO ApYT
aT gpyra.

M. W. Wcaesbim w M. B. MoHomapesbm [34] B 1975 r. 6bina npeanoxeHa BONHO-
BaA TEOPWA PaIPYLLIBHIA rOPHOM NOPOAb! NPy anmasHom GypeHuu. CornacHo 3Toil Teo-
pyK, pa3spylieHe ropHoii NopoasL! NPOMCXOAWT 38 CYeT AeWCTBMA YNPYruxX BONH PacTs-
KEHWA-CKATUA, BOSHUKAIOWMX NPY B3aUMOASWCTBUM anMasa ¢ NopoaoH. MHTeHCUBHOCTL
PA2PYLUIBHWA rOPHOI NOPOALI ONPEeAenseTcs NapaMmeTpaMi yNnpyrux BOSH. ANWTENbHO-
CTbIO, CNeKTpanbHbiM COCTABOM W CO3fasaeMbiM HanpsxeHWeM. Xapakrep npoiecca
pPa3lpyWeHnn ONPeaenseTcsl CBOWCTBOM rOPHOA NOPoAL! Nornowars 3Hepruio ynpyron
sonHbl. M. B. Xanun, paccmarpusan (huandeckne NpouUeccs! PaspyLLUeHUa U MexXaHu4e-
CKOT0 WM3HALLMBAHWA METEPUanoB NPy TPeHWW, TeopeTuyecku 0BOCHOBAN 33BUCHMOCTL
paspylweHs NOBSPXHOCTHOrNO CROR C axycThudeckMmu konebaHusamM, reHepupyeMbiMn
npu Tpexkm [61]. OBwmm nonoxervem 8 Teopusx M. . Wcaesa v M. B. Moxomapeea u
M. B. XaHuHa ABnseTCA 3aBUCUMOCTDL (DEHOMBHa PaspyLLISHWA Marepuana OT Nornowe-
HWUA B HEM aKyCTUMeCKMX KoneGaHui.

Bonxosas Teopus MoxeT ObiTh NpegnokeHa U ANA 0GLACHEHWA M3HOCa anMas-
HOM KOpOHKkW npu Byperun. B npouecce B3aUMOABHCTBURA KOPOHKM C 3a60eM BO3HUKAIOT
KONeBaHUA YaCcTL TOPLA KOPOHKM W BBEPX NO KOMOHHE GypunbHLIX TPYD HaUWHaIoT pac-
NPOCTPEHATLEH aKyCTUMeCKME BOMHbLI. Topel anMasHoW KOPOHKM MOXHO paccMoTpeTh
KaK nanyJarenb akyCTU4eCKux BONH B HanpasneHum nHcTpymenTa. Mpu nnockoid opme
TOPUA KOPOHKM, MOXHO NPUHATL aKyCTUYECKYHD BOMHY NAOCKOW C KOHEYHOW BETUYMHOM
cmewenmn. BonHosoe none sHYTPM Matpuubl obpasyet yepeayoumecs obnactu pac-
TAKOHUA-CKATUA OTHOCUMTENLHO HEKOTOPOW CpeAHel BenuuMHbl. WMameHeHwe amnnury-

i Abl BOAHbI ONXCLIBAETCA YPaBHeHWeM:

k, X
A=A sinw(r——
ST (1.4)






