JHeprus 3¢upa «Opron» Buiabresnbm Paiixa u aHTUrpaBUTAIMOHHBIE
MHUKpPOsiUencThbie PMIbTPhI-KaNI03u rpasuromiiana B.C. I'pedeHHuKOBa
BbINOJIHeHHOr0 B Bapuante BTI'. Yacte |.

Anjnpent IBaHOB

(ITpennonoxxenue aBropa)
24.06.2026 1.

Bunbrensm Paiix (1897-1957rr.), o1MH U3 OCHOBOIOJI0KHUKOB €BPOMEHCKOM
LIKOJIbI IICUX0AHAJIN3a, Bpad, OIUH U3 yUeHUKOB Dpeia.

beut uccnenoBarenieM B 00JaCTH adbTEPHATUBHOW MEAMIIMHBI, YBIIEKAJICS
MOMCKOM «KU3HEHHBIX CHJD).

B cBoe Bpems OH ciaeman OTKpBITHE Jis1 ce0si paHee HEM3BECTHOW eMy
SHEPrUH, CYIIECTBYIOINIEH B aTMOC(eEpe, B KOCMUYECKOM MTPOCTPAHCTBE U B JKUBBIX
OpraHu3Max, M Ha3Baj ATy YHHUBEPCAIbHYI0 KOCMHUYECKYIO )KU3HEHHYIO SHEPIHUIO
«Oprou»'. BblnenuB B Hell ABE COCTABISIONIME: IOMOKUTEIBHYIO IS JKH3HH
oprou/a¢upHyro 3Hepruto (cokpamieHHO Ha3BaHHy0 «POR») u Bpeanyro
OTpHUIATENbHYIO d3QupHYI0 d3HEepru0 «DORY.

Camoe rmmaBHOe m3o0perenue B. Paiixa - akkymymnsatop «Oprona». Ha 6asze
IPUHIIMIIOB pabOThl KOTOPOTO MM OBbUI CO37aH psAJl TEXHUYECKUX YCTPOUCTB, B
OCHOBHOM TMPUMEHSIBIIUXCA B TOCJIEICTBUM JUIsI BO3JCHCTBUS Ha MPUPOJIHBIC
nporecchl (Poto.1) u B menuiuae (Poto.2; 3- 4).

IlepBasi KOHCTPYKIMSA.
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@omo. 1. I'enepamop o5 pazeona ooaaxos « Cloud Buster».

[IpuHIUN AEWCTBUS TAKOTO YCTPOWCTBA OCHOBBIBAJICS HA MPEAIOJIOKEHUH, YTO BOJA, KaK
IpeaTeda KU3HU, camMa 1o cebe mnputraruBaer «Oprow», M 4YTO o0OJaKa CKPEIIATCS
JONOJIHUTENbHON  «OproHHOW» SHeprueil, yaaleHue KOTOpoil U3 O00JaKkoB, 3a CyeT
HCKYCCTBEHHOI'O NPUTSKEHUS €€ BOJOI0 Yepe3 TEXHUYECKOE YCTPOMCTBO, - KaK pa3 U 3aCTaBiseT
9TH 0bnaKa OBICTPO pacnaaaTbCs.

ITo cBoeit KOHCTPYKIIMK, 00Ja4YHBIA YKPOTHTENb Paiixa cocTosa U3 psaa yCTaHOBJICHHBIX
OalIeHKOi MeTalIMuecKiX TpyO, CBI3aHHBIX PE3MHOBBIM ITaHTOM. Boza B nianre coobmanachk
¢ OONBIIMM BOOEMOM JIJIsl 00€ecredeHns SHEePreTHIecKoro 0TBO/1a, KOTOPHIil paccenBan obaka,
3a0upasi «OPrOHHYIO» JHEPrHi0, CKPEIUIIIOUIYI0 UX. DTOT paccenBaTelb, NMPH UIUTEIHHOM H
OCTOPOXHOM BO3/I€H CTBUH, 3HAYUTEIbHO U3MEHSI IOT OJHBIE YCIOBHSL.

1 . .
Konrooit Hukonait AnekceeBnu. Knura 5. Hacte 9. 3epkana Ko3eipesa.
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VYcerpoiictBo Paiixa moka3bBano BBICOKYIO 3((EKTHBHOCTb, HO TaKKe OBLJIO U OYEHb
OIaCHBIM IIPH HEOCTOPOKHOM HCIONIb30BaHUM. Tak kak Oosbinoe koauuectBo «DOR» (BpenHoit
OTpPUIIATEIBHOM A(UPHON SHEPTrUH) HAKAIUIMBAJIOCh B TPyOax BO BpPEeMs BO3ICHCTBUSA, U JlaXKe
MTHOBEHHBI KOHTAKT C OTOJCHHOW KOXKEH BBI3BAJ Y HEKOTOPHBIX OINEPATOPOB PEAKLIUIO OT
MHTEHCUBHOM 00N 10 JJIMTEJILHOTO IIapaanya KOHEYHOCTH.

Bropasi KOHCTPpYKIIHS.

@omo.2. Annapam J{opbacmep (DOR Buster) Peiixa.

C nomorpo 3toro ammapara B. Paiix (mo ero cioBam), MO MOJHOCTbIO YIPaBISThH
yenopekoM! OH Mor cyOIMMHpOBATH SHEPIHI0 U 4YEJIOBEK ObLI OECKOHEYHO «CUaCTIIMBY,
npeObIBall B 2U(POpUHM W TPUIIOAHATOM HACTpOeHWHU. Mor HaoOOpOT, YCHITUTH, BBECTH B
TPAaHCOBOE COCTOSIHHE.

TpeThbsi KOHCTPYKIIMSA

@omo. 3-4. «Opeonnviity akkymynamop B. Paiixa, suympu xomopozo, npu 3akpulmou e2o
0gepye npeonoiazaemcs pemenHoe npedvleaHue yeno8exd.

Kak mnpaBwiio, B CTeHKax KOHCTPYKUMH «OpProHHOr0» akKyMyJsTopa
B. Paiixa (®010.3-4) HCII0JIb30BANIOCH IMOMEPEMEHHOE YepEeIOBaHHE CIIOCB W3
JIUCTOB METajllla U MHOTOMOJIOCTHBIX STUEHCTBIX CTPYKTYpP (Hampumep APEeBECUHBI).
Moro TakXe MPUMEHSThCS COUYETAHUE WHBIX OPraHMYECKUX M HE OPraHUYECKHX
MaTepuagoB, OTIMYAIOIIUXCS MO CBOMM CBOMCTBaM TMOTJIONIATh, WJIM HU3Jy4aTh
KOHKPETHBIN BU «opronHoi» sHeprun («POR» mmm «DORY).
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OkcnepuMeHTaIbHO B. Paiix yCTaHOBWI, 4YTO €CJIM METaulbl HMEIOT
TEH/CHLIUIO MPOBOAUTH 3(UpP, TO OpraHUYECKHE MaTepuaabl HaoOOpOT, WMEIOT
TEHJICHIIUIO MOTJIoNaTh Aup.

CoenvHeHne (CKJIAJbIBAHWE B «CaHJBUY») BMECTE JIBYX THIIOB TaKUX
MaTepualioB TO3BOJISIIO CO3/1aBaTh HalpaBiCHHbIE MOTOKKM d>dupa. I[Ipuuem
BBISICHUJIOCH, YTO, €MKOCTh IMOCTPOEHHOrO IO TaKOMY MNpUHLHUIY «OpProHHOTI0»
aKKymyJsiTopa TeM Oofblle, 4em OoJiblliee B HEM KOJHWYECTBO B3aUMHO
YEePENYIOIUXCs CI0eB (YCIOBHO «H30JIATOPa» U «METalJIa») U UX 00BEM.

MHoronetHuil onbIT paboThl B. Paiixa ¢ «OproHuoit» sHepruei, mo3BoJIuI
eMy 0000IIUTh U CUCTEMAaTU3UPOBaTh CIEAYIOIINE €€ CBOMCTRA:

OGoGuiennsie  B. Paiixom cBoiictBa «OproHHO#»  SHEpruu’,
npuBOIUMBIE (C YI€TOM WX QJalTallid aBTOPOM STOW ITyOJIHKAIIHH)
IUI TIOCNIEAYIOIIET0 WX MCIOJIb30BaHMUs B YTOYHEHHH crHenupuku
pabotsl rpaBuTomiana B.C. ['pebennnkoBa:

1. «OpronHas» 53Heprusi NPUCYTCTBYET BCIOJY, XOTS W B pa3IM4YHOU
KOHLIEHTpAIlNH, 1aK€ B BAKyyMeE.

2. «OproHHasi»  JHEPrus  SABISETCS  CPEAOW  DIIGKTPOMArHUTHBIX |
rPaBUTALMOHHBIX B3aUMOJICHCTBHIA, cyocTpatoM OOJIBIIMHCTBA
(yHIaMEHTAbHBIX IPUPOJHBIX (DEHOMEHOB.

3. Bricokass  KOHIIEHTpalusi  «OpPrOHHOW»  DHEPrud  JIOMOJIHUTEIHHO
IPUBJIEKAET «OPrOHHYIO» SHEPIHI0 U3 MEHEE KOHILIEHTPUPOBAHHOIO OKPYKEHHS
(4TO «IIPOTUBOPEUYUT» 3aKOHY FHTPONHUHU U MOKA3BIBAET TEM CaMbIM, YTO €CTh €IE
Oonee BceoOHIMil 3aKOH, OOYCIABIMBAIOIIMNA TaKyl CHEUGUKY CBOMCTB
«OPTOHHOI» YHEPTHH).

4. TTockonbky «Opron» HEBECOM, TO €CTb HE MMEET MAacChl U MHEPLUHU, TO
TPaJUIMOHHOE H3MEpUTEIbHOE 000pyAOBaHUE, TpeOyloliee peakuud WiH
COIMPOTUBJICHUS JIs1 U3MEPEHUSI YCUIIHs, HEIP(HEKTUBHO.

5. «Opron» mnpuxoaut ot CoyiHIIa B OTPOMHBIX KoJmyecTtBax. [loaromy, ¢
y4€TOM  3ama3fplBaHUsl TEMIEpPaTypbl, MAKCUMyM IUIOTHOCTH «OproHay
IPUXOAUTCA Ha MOJIICHb, 4 MUHUMYM Ha paHHUE YTPEHHHE Yachl. bpUto 3amedeHo,
YTO HEKAYECTBEHHBIE «COHIABUY» STUYEMKH C MOJIOCTHBIMU CTPYKTYPAMU MEPECTAIOT
paboTaTh, WM «KyMUPAIOT», TPUMEPHO € 3 10 4 4aCOB HOYH.

6. «OproH» JABWXKETCS NPEUMYIIECTBEHHO BBEPX M BHU3 Ha 3eMHOM
noBepxHocTH. Mcxomut u3 3emiin U yxoauT B 3emito. OH JBHXKETCA TaKKe
MPEUMYIIECTBEHHO BJOJIb IJIOCKOCTEW (IpaHMI] SJEKTPUK-IAUDIEKTPUK) U Cpel,
orcroga — 3 dexT GopM — BOSHUKHOBEHHE MOJIEH y MUPAMU/I, IIAPOB U T.J.

TenaeHIua NOCTOSIHHOTO ABMKEHUA «OproHa» BBEPX M BHU3 KpalHE BaKHA
JUTSI Ka4€CTBEHHON YCTAaHOBKU SYCHKHM B TEXHUYECKOM YCTPOMCTBE (Hampumep, B
3aBUCUMOCTH OT KOHCTPYKIIMM AHTUTPABUTAIIMOHHBIX  (DHIBTPOB-KAIIO3M:
NEpPEeBOJl UX W3 TOPU3OHTAILHOI'O TMOJOXEHUS B BEPTUKAIBHOE MOXKET HX
BBIKJIFOYAaTh, @ HAKJIOH TOPU3OHTAIBHO PACIOJOKEHHBIX MHUKPOSYEHCTHIX
(bUIBTPOB-KATIO3U OTHOCUTENIBHO MOBEPXHOCTH 3€MJIM, - U3MEHSITh U CMEIIaTh



MAaKCUMYMBI pacrpeieeHUs YPOBHEH KOMIUJIEKCHOW KOHIEHTpanuu «OproHa» B
MHOTOSTYEUCTBIX CTPYKTypax dTUX (UIBTPOB-KAIIO3U O00OMX OJIOK-TIaHemnei
FPaBUTOIUIAHA, W TEM CaMbIM W3MEHSITh TPACKTOPHUIO €ro JBWKEeHUA. JlaHHas
cnenuuka TMOSCHAET OCHOBHOW (hakT TOro, 4To Kak Obu1o 3ameueHo B.C.
['peOGEHHUKOBBIM U  HCIONB30BAIOCH KM Ha TPAKTUKE, - U3MEHEHUE C
TOPU3OHTAIIBHOTO Ha BEPTUKAJILHOE TOJIOKEHUE AaHTUTPABUTAIIMOHHBIX OJIOK-
QUIBTPOB JKATIO3M €ro TPaBUTOINIAHA KAK H «HEOOBIYHOTO XHUTHHOOTIOKa»’
OTHOCUTEJILHO MOBEPXHOCTU 3eMJIH, - HApYIIaJI0 UX pab0TOCTIOCOOHOCTH ).

7. «OproHHasi» 2HEpPrusi JIBWKETCS BJAOJb JUHUN MAarHUTHOTO MOJisL. ODTOT
dakTop HE TOJIBKO OOYCIABIWBAET TIOJIOKEHHE U TOJSPHOCTh BHYTPEHHHUX
COCAMHECHUN SYCUKHU, YTO OYEHb BAXHO [JI1 KOHCTPYKUMU TEXHUYECKUX
YCTPOMCTB, HO U ONPEACISIET MAKCUMAJIBHYIO CTEIEHb OCTATOYHOTO MarHeTus3Ma,
MIpU KOTOPOH siueiika erie padoTaer.

8. Ilocne BkIOUEHHUs sueek, HE MeHee ueM udepe3 30 CeKyHJ BO3HUKAET
MPOLIECC «3aCEBaHUS» U «Pa3MHOXKEHUs» B HUX «OproHHoW» sHepruu (ee
JONOJHUTENLHOI0 HaKoIieHus ). Jljisi moaiepxkaHus mpolecca «pa3MHOKEHUS B
«CaHJBUY» SYEHKE MOTYT MCIIOJIb30BAThCA JJIEKTPUYECTBO, MArHETU3M U
3JIEKTPOJIA3, YTO YKA3bIBAET HA MHOXECTBO BApPUAHTOB KOHCTPYKTUBHOTO
WCTIOJMHEHUS TakuxX sA4eeKk (a CleNoBaTeIbHO W aHTUTPaBUTALIMOHHBIX
MUKPOSTYEUCTHIX JKaIt03U-(QUIHTPOB IPABUTOILIAHA).

9. Konnentpamusi «OproHHOW» dHEPrUM B AYEUKAX  «CaHIBUY»
KOHCTPYKIUM MHOI'OMOJIOCTHBIX SYEUCTBIX CTPYKTYP IO CBOEMY KOJIMYECTBY
orpaHnyeHa. Ecnu syelka 3apsauiack 0 €€ MaKCUMAJIBHOTO 3HA4YE€HUs, TO
«OpPTrOHHAas» PHEPrusi HAUMHAET MPEBPAIATHCS B AJIEKTPUUECTBO U B TaKOH popme
VICKaTh pas3psia.

[Bosiee moapobHOE MosicHeHHe aBTopa 3ToW nybimkanuu: Eciu staelika 3apsaunach 10 ee
MaKCHUMAJIbHOI'O 3HAa4YCHUA, TO «OpI‘OHHaH» SHCPrusaA Ha4YWHACT MPCBpallaThCAd B CMCHIAHHYIO
OJICKTPOHHYIO COCTABJIAIOLIYIO 3JICKTPUYCCTBA (KaK qucTad COCTaBJIAKOMIAsA XOJIOOAHOI'O
3pupHOrO  d3JeKTpuuecTBa TpaHchopmatopa Tecio B CMEMIAHHYIO  COCTaBILSIOIIYIO
JJIEKTPOHHOTO JJIEKTPHYECTBA ° ) M B TakoW ¢opMe HCKaTh paspsga (UTO XapaKTEpU3yeT
HarpuMmep CII0CO0 MOSIBJIEHUS QJICKTPOHHOT'O JJICKTPHUYCCTBA U3 S(prHOﬁ COCTaBJ'ISIIOHlef/i
QJICKTPUYCCTBA OT IICPCHOJHCHHBIX AYCCK «CAHABHUY» KOHCTPYKIHUH }KaJ'IIOSI/I-(i)I/IJ'IBTpOB u
MHOTOIOJIOCTHBIX CTPYKTYp JE€pEBSIHHOM maTgopMmel Jjersiero rpaButomiana B. C.
I'pebennukoBa U GOpMUPOBAHUS K3-32 ITOTO SBJICHUS YCHUJIECHHOTO CBEYEHHS B atMocdepe Ha
TpaHMIE PA3[BUTAIOIIETO €€ MPOCTPAHCTBO BHEIIHEH OOOJNOYKH «KOKOHA» BOKPYT
I'paBUTOILJIaHA. TunuaHeIM 06pa30M BO3HHUKACT OJJICKTPOHHAA COCTaBJIAOMIas CMCIIAHHOI'O
QJICKTPUYCCTBA Ha IOBCPXHOCTU MW BOKPYI TCJIa JICTAIIUX HaCCKOMbIX). HNmenHO [MO3TOMY B
I'pPaBUTOILJIAHE (I[J'IH 0€30IIaCHOCTH IHJI0TA M CHIJKEHHS CBETHMOCTHU aTMOC(i)epLI BOKpPYyTI

rpaBUTOIUIAHA) JODKHA OBITh MHpPEAyCMOTpeHa cucTeMa 3(PQPEKTHBHOIO aBTOHOMHOIO
3a3eMJICHUS 10 AJIEKTPOHHON COCTAaBIISIOLIECH 3JEKTPUYECTBA U YpaBHUBAHUS MOTEHIMAIOB (110

2 B.C. I'pe6ennnko. MOM MUP. r. HoBocuGupek: «Coserckas Cubupb». 1997- cc. 206-208 u
c. 220.

3 Anppeit IBanoB. ['pasutomian B.C. I'peOeHHMKOBA M €r0 aHAJIOTH MOl PaKypcoMm paboT
Huxona Tecna mo «3dupHOMY 35iekTpudecTBY». [lyOnukanus pacrojiokeHa Ha tuiathopme
Real Strannik.com



TUIy KaK y BO3IYIIHOI'O CyJIHA), a TaKXKe CHCTeMa YINpaBJICHUS MaKCHUMaJbHO MOJIE3HON
Harpy3koi slueeK «CaHJIBMY» KOHCTPYKLUUHU TI'PAaBUTOIJIAaHA, YTOOBl HCKIIIOYUTH TEM CaMbIM
3¢deKT u3NIMIIHEro  HakomuleHus «OpProHHON» 3HEPrMH «XOJOCTOrO0 XOAa». DIEeMEHThI
cucteMbl 3a3zemieHust B rpaBuroriaHe B.C. I'pebenHukoBa BuaHbel Ha (Poto. 4 a) xak TO:
MeTaJuIn4yecKas pyJieBasi CTOWKa IpaBUTOIIAHA, IIPOYHO COCAMHEHHAsi BUHTOM B CBOEH HMXKHEH
YacTH METAJIMYECKOM CKOOOH; JBEe MeTa/UIMYeCKHe IMMHBI (PUKcaluu oO0oMX OJIOK maHeseil
pa3BepHYTOM MIaT(opMBbI MO KpasM 3TOH MIATHOPMBI (BIUTHIBAIONINE U3IUIIEK (DU PHON YacTu
XOJIOJHOTO DBJIEKTpUYECTBA U Mpeodpas3yrolue ee B CMEIIaHHYI0 YacTh 3JEKTPOHHOTO
JNIEKTPUYECTBA), a TaKXKe IIONEpPEeYHO pACIOJIOKEHHAss pOosulbHAs MeTajllMuecKas MeTis
(coenuHsromas JBe OJOK MaHeIM TPAaBUTOIJIAHA JJIsi CBOpPAauyMBaHUA M pPa3BOpauMBaHUS
iatdopmsl). [Ipu aTom (kak BuaHO U3 Doto 4a), cam B.C. 'peOCHHUKOB CTOUT Ha B3JICTEBIICH
waTpopMe B PE3NHOBBIX KeaX M JCPKUTCA 3a PYJIEBYIO CTOMKY Uepe3 pacroyoKeHHbIe Ha Hel
JHMAJICKTPUYECKHE PYUKH yIpaBiieHus (Ha ¢ororpaduu He moKa3aHo)].

®omo.4a. Obwuii  6u0 HUdCHel U
B.C. I'pebennuxosa ¢ uOuUMbIMU DIEMEHMAMU €€ «3A3eMAeHUs» (KpacHas
cmpenKka Hu npuyem)

acmu pynesou CMOUKU 2pasumoniaHa

10. BOKpyr «MOILIHBIX» TEXHUYECKUX YCTPOWCTB, CO3JaHHBIX Ha 0aze
PUMEHEHHUsI MHOTOIOJIOCTHBIX CTPYKTYp, B Ipolecce UX padoThl cO3Aaercs
NOBBILIEHHBIN YPOBEHb BHEIIHETO U3Iy4eHUs «3(hupHOiD» s3Heprun. CrocoOHOI
pacmpoCTpaHsAThCS Ha OTHOCHTENbHO Oombinne paccrtosHusa. [lpu stom (mo
uccienoBanusM B. Paiixa), MUHUMAanbHBIM pajgnyC OKPYKHOCTH TaKOIo
W3JIYYEHHS COCTABIISIET BEJIMYMHY OKOJIO 48,8 M.

11. IToBbllIEHHBI YPOBEHb HAKOIIEHHON «OProHHOI» SHEPIUU B «CAHIBUY
A4YerKax IMOCJe UX BBIKJIIOUEHHS (HapuUMeEp, 3a CUET UX MEPEBOJA B BEPTUKAIBHOE
MOJIO’KEHHE) HE MOXKET OCTaBaThCA J0JIbIIE, YEM OJIUH Yac.

12. «OproH» 3aBUCHUT OT MOTOJbI, TO €CTh OT BIIAXXHOCTH, OOJIAYHOCTH,
TEMIEpaTypbl U BPEMEHU CYTOK. ITOT (HAaKT IOMOraeT IOHATH CTPAHHOE
IIOBEJICHHE HEKAYECTBEHHBIX «CaHABUY» SYEEK TEXHUYECKUX YCTPOWCTB, KOrja
OHH B OIPENEIECHHBIX MOTOAHBIX YCIOBUAX PabOTaIOT HE YCTOWYHUBO.

13. «Opron» ABMKETCS MO MPSIMBIM YIJIOM K 3JEKTPUYECKOMY TOJII0, UTO
OYEHb BXKHO JJI1 BHYTPEHHEH KOHCTPYKIMH «CaHJBUY» SYEEK.

14. «OproHHasp» >Heprusi He IKPAHUPYETCS U NPOHUKAET CKBO3b JIOOBIE
dbusnueckue nperpaabl (HanpuMep, 3TO CBOMCTBO CIIOCOOCTBYET MPOHUKHOBEHUIO
ATOM SHEPrMM BO BCE MHOXECTBO MHOTOMNOJOCTHBIX CTPYKTYp 000X OJIOK
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nmaHesje nepeBsHHOM Tutargopmbel rpaBuTomiana B. C. ['pebennukoBa u
00ECEUEHNI0 MX CHUHXPOHHO-IMKIMYECKOIO (DYHKIMOHUPOBAHUSA KaK €IUHOU
CHCTEMBI TI0 BEPTHKAIHHOMY (POPMHUPOBAHUIO HA OMPEACICHHBIX PACCTOSIHHUIX OT
JIBUKYIIETOCS I'PaBUTOILIAHA BOJTHOBBIX MaKCHUMYMOB BHEIIIHETO
(MH(OPMAIMOHHOr0) 0TOGpaXKeH s BOJIH ae Bpoitms * ).

15. «OproHHas» >HEPruusi UMEET JIBE COCTABIISIONINE: MOJOXKUTEIbHYIO IS
KU3HU OProH/2(UPHYIO0 SHEPrui0 (CokpamieHHo Ha3BaHHYI0 «POR») u Bpemnyro
oTpULATENbHYIO 3pupHYI0 3HEepruo «KDORY.

16. «OproHHas» dHEpPrus MOXKET OTPaXKaThCs OT 3€PKAJIbHO MOJTMPOBAHHBIX
MIOBEPXHOCTEH, UTO MO3BOJISIET HCIIOIB30BaTh 3TO CBOMCTBO /i (OPMUPOBAHUS €€
KOHIICHTPUPOBAHHO HAMPABJICHHOTO MOTOKA OT «CaHIBUY» SUEEK TEXHHUUECKOTO
dopMupoBaTeNs W HAMpPaBJICHHO CO3/aBaTh PACIOJIOKCHHBIE HA OIPEICICHHBIX
JanpHOCTAX OT pabotatouux «POR» u «DOR» o0OTnenpHbIX KOHCTPYKLIHMA
TEXHUYECKUX yCcTpoucTB BoJHOBbIE «POR» um «DOR» MakcuMymbl BHEIIHETO
(uH(pOPMALIMOHHOTO) OTOOpaXKeHHsI BOJIH J¢ bpoiins, coBMmelieHne KOTOPBIX IO
naneHOCTH B 00myto «POR» - «DOR» my4HOCTH BBI3BIBACT B 00JACTH HX
COBMAJIEHUs TIposiBieHHe (peHoMmeHa «cBepX 3¢ dexra» (Kak Hampumep 3TO OBLIO
peann30BaHoO IpH C]ga6aTBIBaHI/II/I nByx «bompmux «POR» u «DOR» koHycoB»
B.C. I'pebennukona )

17. Opranudeckue CIou TPUTITUBAIOT U BCACBIBAIOT «Oprony», Torga Kak
METAUTMYECKHUE CIIOM OTBOST €r0 OT OPraHMYeCKUX CIIOEeB U u3nydaior ero. [Ipu
HEOCO3HAaHHOM (WJIM HE YMEJIOM) CMELIMBAaHUM PAa3HO-TIOJIAPHBIX CJIOEB B OJHOM
KOHCTPYKIIMH, 0€3 ydeTa crneuu(UKd OCHOBHOTO HAIpaBJIEHUS PaclpOCTpaHEHUs
«OproHHoi» H2HEPrumM, ATa KOHCTPYKIUsA JTuOO0 He paboTaer, aubO padoTaeT
HEKa4eCTBEHHO.

18. YpoBeHb HaKOIJIEHHOM dHEPTUHU B «OProHHBIX)» AKKYMYJISITOpAaX 3aBUCUT
OT KOJMYECTBAa HCIOJB3YEMBIX B HUX HAKJAJbIBAEMBIX JPYr Ha Jpyra CIOEB,
KaXJIbI U3 KOTOPBIX («CaHABUY» CIIOH) 00pa30BaH YIMOPSAIOYEHHBIM COUYCTAHUEM
MaTepUaANIOB HAMPABICHHO TMPUTATUBAIOIINX W  HAMPABICHHO  OTBOJISIINX
(n3nyuaromux) «Oprony.

19. Buytps «OproHHOr0» akKyMyJsTOpa €ro 3SHEprus H3JydyaeTrcs B BUIE
BpaIllaloIeCsl BOJIHBI «BUXPS»;

20. «Opron» HaKamjiIMBaeTCs B MYEIMHOM BOCKE U OMPEIETICHHOM THUIIE€ BOIBI.
Jlns paboThl C HUM B KaueCTBE HAKOMHUTENS MOXET HCIOJB30BAaThCS M CTEKJIO
(orctoma Kk mpumepy — ciaydaid  npokuranus mnpooupku (Poro.4B ) U He

4 Annpeii MBanoB. IIpoBepouHblli pacyeT JaJbHOCTH pACIOJOKEHHS OTOOpakeHUi
My4HOCTEN (BOJHOBBIX MAKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp IO JAaHHbIM nepenucku B. C.
I'pebennukoBa ¢ B. @. 3omorapeBsiM (CkoppekTupoBanHas Bepcus), 2025 r. [lyOnukarus
pacronoxena Ha atdopme Real Strannik.com

> Anpnpeit MBanoB. OOmme cBeneHUs O KOHHYECKMX M WHBIX T€HepaTopax MOJITepreicra,
MpUBOAMMBIE IO MaTepuasiaM nepenucku B.C. I'peOeHHIKOBA ¢ JOKTOPOM TEXHHUYECKHX HayK
B.®. 3onoTtapeBbimM u kaure « Mot Mupy, 2025 r. Ily6nukanus pacronoxkeHa Ha miaTgopme
Real Strannik.com



OJTHOKPAaTHOTO  pacChiaHUsl CTEKISIHHBIX NpoOupok B  Kapmanax B.C.
['pebeHHMKOBA MpU €ro MOJIETaX Ha TPAaBUTOIJIAHE, @ TAKXKE MOSBICHHE CKBO3HBIX
KOHUYECKHX OTBEPCTUN B OKOHHBIX CTEKJIAX, p€4b O KOTOPBIX MOUJIET AaJiee).

@omo.46. Obwuii  6u0  CMEKIAHHOU NPOOUPKU C UMEIOWECS 8 ee CMEHKe 08AIbHOLL
ObIPKOU ¢ KOPUUHEBbIMU, KAK Obl «XUMUHOBLIMUY» KPASAMU, B03HUKWIEl NpU
HaxoxcoeHuu npooupku 6 kapmaue ooexcovl B.C. I pebennuxosa 6o epems e2o
nonema na epeumoniane. Crumox 3sm u3 kuueu MO MHUP.

21. ((OpFOH» IMOpOXKAACT MATCPUIO, KOTOpPaAsd MOXKCT OCAKIAATHCA Ha OHO

SAYEEK MHOTOMOJIOCTHBIX CTPYKTYP, YaCTHYHO BIUAS HAa UX pabOTOCIIOCOOHOCTS.

[3T0 siBIEHME NPEAOI0KHUTEIBHO HCII0JIb30BAIOCh B IDEBHOCTH JUIS 1I€JICHATIPABICHHOT O
nosyyeHus: BHyTpu ropusix KonoxonpHbix nemiep (®oTo.4r.) onpeneneHHbIX KPUCTAIOB, C UX
YHHUKaJIbHBIMU cBoWicTBaMu nposiBiieHUst «POR» um «DOR» snepruu.

Kpucraisl BepalliiBaIuch U3 ClIEHUAIbHBIX PACTBOPOB, 3AIUTHIX B CO3JaHHBIE AJIS ATON
LIE€TM MHOTOIIOJIOCTHBIE CTPYKTYPhl YCTPONCTB-KOHLIEHTpaTOpoB BHemHed «POR» nimm « DOR»
SHEPruM, KOTOpble pa3Melianuch 1o HeHTpy KolokoiapHOM mnemniepbl HENOCPEICTBEHHO Ha
KaMEHHOM CTOJIOY M Tepuoaudeckd (Mpu T'€OMETPHYECKOM COBIAJCHUU Jyda CO CTOJIOOM)
OCBEILIAIMCh Yepe3 CKBO3HOE OTBepcTHE B BepXy KoJIOKOIBHON memiepbl MPOXOASIIMM Yepes
HEro M3Jy4eHHeM OT KOHKPETHOro ydacTKa 3Be3gHoro Heba. B camoil memiepe, B ee cTeHax,
TaK)K€ HMMEJIHCh COrJACOBAHHBIE MO CBOMM XapaKTEPUCTHKAM MHOTOMOJIOCTHBIE CTPYKTYpPbI
TpeyroJibHO# Gopmbl (BuaHbI HA DOTO. 4T)].

@omo.4e.  Buympennuti  6ud  KonokonvHoeo — ycmpouicmea — 6Hympu — 2opul,
NpeonoNoNCUMenbHo 01 BbIPAWUBAHUSI  KPUCALL08  C  3A0AHHbIMU
ceovicmeamu «POR» unu « DOR» 3¢hupnoii cocmasnsoweti snepeuu « OpeoHar.



22. «OproH» OKpyXeH MepeMeKamuMucs chepruueckuMi 30HaMU
IPOTUBOMOJIOKHOW MOJIIPHOCTH, YTO MO3BOJIAET MCIOJb30BaTh 3TO CBOMCTBO IS
OIIpEAENICHUS] TUAaMETPOB MOJIOCTHBIX HUJIMHAPOB U COOTBETCTBYIOIIMX 3a30pOB
ONTUMHU3ALIUA OTHOCUTEIIBHOTO PACHOJIOKEHUS pabO4YMX AJIEMEHTOB «CaHIBHY»
AYEUKHU.

[Ipu >TOM, AJNMHHA MOJIOCTHBIX LUUJIUHAPOB BBIYUCISAETCA MOJOOHO JJIMHE
karymku Tparcdopmaropa Tecma® . Dta JIHHHA T0DKHA ObITh PABHA IPUMEPHO
ONHOH YeTBEPTH IMHBI BOMHBI (L), KOTOpAs BBIYMCISACTCS 110 METOXHMKE I
KOHKPETHOT'O 3HaYEHUs TUAMETpa EAUHUYHON TPyOKH MOJIOCTHOU CTPYKTYpPHI, pU
y4eTe KOHKPETHO TpeOyeMoro Homepa rapMoHUKH (N) ¥ HoMepa mydyHocTH (M), Ha
KOTOpPBIX  OOECrneYuBaeTcs COBNAJCHUE MEXIy Cco00H 1o  JaIbHOCTH
pacnoiokeHust o01Iero (BHEUIHEro, H(MOPMAIMOHHOT0) OTOOPa’KEHUsI BOJHOBBIX
MaKCUMYMOB (XNM) sl KOHKPETHOM YacTOTHI (TaK Kak OTOOPa>KEHMS BOITHOBBIX
MaKCUMyMOB COJIepKaT HECKOJbKO 4YacTOT OT pa3HbIX 3HaueHud (Nn) ). Takas
crenuQuKa pacuera XapakTepUCTUK AUaMeTpa U JJIMHHBI €TUHUYHOTO MOJIOCTHOTO
(dopMupoBaTeNsE MHOTOIMOJOCHOW CTPYKTYpbl —00ecnedynBaeT BO3MOXKHOCTD
IIOJIyUCHHsI ~ KOMIUIEKCHOIO  YETBEPTHBOJHOBOIO  PE30HAHCA  OT  BCEH
MHOT'OIIOJIOCTHOM CTPYKTYPBI.

23. Ha «Opron» BIMSIIOT XHUBBIE CYIIECTBA, MO3TOMY HEMOCPEICTBEHHOE
pacroioKeHne HKCIEpUMEHTaTopa BOJIM3U A4YEEK MHOIOIOJIOCTHBIX CTPYKTYP
paboTaIOIIUX C «OPrOHHOW» YHEPrUeH BIUSAET HA MIPOLIECCHI B HUX.

AHallU3 U3BECTHBIX KOHCTPYKIMHU «OpProHHbIX» akkymyisaTopoB B. Paiixa
noKasaj, 4YTo HaubOojee YacTo Npu (OPMUPOBAHUHU CJIOSI U3 OPraHUYECKOTo
MaTepuajia B HUX HCIOJb30BAJINCh TaKUE MaTepuajbl Kak: JEpeBO, IIEPCTh,
IEJUTOTEKC, TIACTMACCHI, CTEKJIO U T.]I.

B cBowo ouepenp, s (GOpMHpOBaHUSA CIIOS M3 METANJIOB, Yallle BCETo
MPUMEHSUIINCH. CTaJlb, MEJIb U aJTFOMUHHI.

JI1s1 HaKOTUICHHS TIOBBIIEHHOTO YpOBHS «OproHa» B CBOUX aKKyMYJISITOpax
(monumas, To 4yto «OproH» CHayajga MEAJIEHHO TIOIJIONIAETCS OpPraHUYECKUM
BEIIECTBOM, a 3aTeM OBICTPO MEPEXOANT B METALT M BEIOPAChIBACTCS MM BOBHE), -
B. Paiix, xak npaBuiio, UCMOJB30BaJl B UX CTEHKaX OT TpeX, ABEHAIIATH U Oosee
COBMEIIIEHHBIX («CaHIBHUY») CJIOEB C ONTHMH3MPOBAHHBIMU 3a30paMH MEKIY
HUAMH.

Tak kak akkymynsarop «OproHa» B COOTBETCTBHM C TII.18 HakamivBaer B
cebe CyIIeCTBYIONIYI0 BOBHE oOpro/a¢upHyto sHepruto «POR» mmu «DORy,

6 Anpnpeit IBanoB. I'paButomian  B.C. I'peOCHHMKOBA W €r0 aHAJIOTH T0J] paKypcoM padoT
Hukona Tecna mo «3dupHOMy 3aekTpuuectBy». 2026 1. IlyOnmukamms pacrojiokeHa Ha
mwiardpopme Real Strannik.com

Annapeit MBanoB. IlpoBepouHblii pacueT JaldbHOCTH PACIOJIOKEHUS OTOOpakKeHUi
MMy9HOCTEH (BOJHOBBIX MAKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp IO JaHHBIM niepenucku B. C.
I'pebennukoBa ¢ B. @. 3omorapeBbim. 2025 r. . [lyOonukanus pacrojiokeHa Ha 1uiatdhopme
Real Strannik.com



KOTOpasi 3aTeM YK€ MPUMEHSETCS MO KOHKPETHBIM LEJIAM M 33JadyaM, TO 3TO
yCTPOMCTBO OTHOCcHUTCS K 0e3 TommuBHOMY reneparopy (BTI). Taxxke kak u
CoJIHEUHasi OaTapesi, KOTOpash BOCHPOM3BOJIUT M HAKAIUIMBAET DJICKTPUUYECKYIO
SHEPIu0 OT coylHevyHoro ceera, - 310 Toke (BTI). Ho BTI He ecTth BeuHbIid
JIBUTATEIb, U OTU TOHATHS HE CIEAYeT MyTaTh U 00001IaTh MEXy COOOM.

OnsIT HEOOHOKpAaTHOro mnpuMeHeHuss B Paiixom ero akkymynsTopoB
«OproHa» BOJM3M HCTOYHUKOB oTpunateiapbHoir sHeprun «DOR» (aTomHbIe
AJIEKTPOCTAHIIUM, PATUOMAYTHI, U T.]l.) MOKa3aj, YTO aKKyMYJIATOPHI C JIETKOCTHIO
BOCIIPUHUMAIOT U «BINUTHIBAIOT» AHEprur0 «DOR» u3 BHEMIHEro mpoCTpaHCTBa,
HaKalyiuBas €€ BHYTPU ce0s 70 YpOBHS, TNOTCHIHMAT KOTOPOM SBIISIICA
JIOCTAaTOYHBIM JIJI1 HAaHECEHUs Bpejaa JIIoOOMY, KTO B MEPBYIO odepelb HAXOAUTCS
BHYTPHY aKKYMYJISITOpPA.

U3 sToro ombita, B. PaiixoM ObUI cienaH «00001IIaI0NIN BLIBOI». O TOM,
YTO BO3MOKHOCTH UEJUTEJbHOI0 WM TIyOMTEJIBHOI0 BO31eiCTBUA
«Oproupix» aKKyMYJAATOPOB ISl HAXOASAUIMXCH B HUX JIOAeH, 3HAYUTEJIbHO
3aBHCAT OT (PAKTHYECKOr0 OTCYTCTBHUS, WJIM HAJIMYUS HA TEPPUTOPHUM HX
HUCIOJIb30BaAHUA, BHELIHUX HCTOYHHKOB IOBBIILIEHHOI' 0 YPOBHS
KOHLEHTpauuu orpuuareabHoi 3Hepruu « DOR».

BosBpamasice k Teme maHHOW MyOJUKAIMK HEOOXOAMMO OTMETHTBH, YTO H
rpaButoruiad B.C. ['peGennukoBa 1o crnenu@uke cBOed KOHCTPYKIHH C YYETOM
WCMOJIb30BAHUS B HEM MHOTOMOJIOCTHBIX CTPYKTYP U BOCIPOU3BOJMMOIO OT HHUX
apdexra (ITIC), Takke OTHOCUTCA K aBTOHOMHO yrpaBiisieMoMy «OproHHOMY»
AKKyMYJISITOPY M K OTHOMY U3 TUTIOB 0€3 TormBHBIX reneparopoB (BTI) suepruu.

CnenoBarenbHO, COAEPXKAHUE TPUBEACHHOTO «0000LIAKIIEr0 BbIBOAA»
B. Paiixa pacnpoctpansercs u Ha paboty rpaButoruiana B.C. ['pebennukoBa.

A 3TO 3HAYUT, YTO OCOOCHHOCTH (yHKIMOHUpOBaHUS co3nanHoro B.C.
['peOCHHUKOBBIM TpaBUTOILIAHA, Kak «OProHHOTO0» aKKyMYJIATOpa U YCTPOMCTBA
(BTT’), Takke MOryT OBITh TMOSCHEHBI UEpe3 TEPEUMCIECHHBIE paHEe CBOWMCTBA
«OproHHO» YHEPTUH.

Tak Hanpumep coaepkaHue «o00o0IaKmero BiBoAa» B. Paiixa, ¢ yuetom
OTICNIbHBIX, paHee IMepeUHcIeHHBIX NYHKTOB (1 + 23) cBoiicTB «OproHHOM»
SHEPrMU II03BOJIWJIO TOSICHUTH TJIABHBIE IPUYMHBI «BECbMa HEYIAYHOIO U
puckoBanHoro nojieta» B.C. ['peObeHHuKOBa Ha cBoeM rpaButTorliaHe. KoTopwiii
OH coBepmiwil B HOub ¢ 17 Ha 18 mapra 1990 roma, m ommcam e€ro B HUXKE
NPUBEJACHHOM (parMeHTE TEeKCTa U3 kHATH®. B CcKOOKax o X0y W3JIOKEHHUS
TEKCTa, aBTOPOM ATOW MyOJMKAIUU JaHbl (Y TOYHEHHS: ) MPUYUH TaKOTO TOJIeTa
IPaBUTOILIAHA C YUCTOM BIIMSIONINX HA HETO CBOMCTB «OProHHOM» SHEPruu):

«...Becbma HeynauHbli, KpaliHE pUCKOBAHHBIN MOJIET s COBEPIIUI B HOUb ¢ 17 Ha 18 MapTa
1990 rona, He 1OXKIABIIKCH CE30HA U MOJIEHUBUIMCH OThEXaTh B OE3JII0/IHYI0 MECTHOCTh. A HOYb
— 4 YK€ XOpomoO 3HaJl — CaMO€ PUCKOBAHHOC BPEMsA CYTOK JJIA 3TOM paGOTBI. (YTOHHCHI/IC:
MIPUYHMHA 3TOMY TMOSICHSAETCS MI1.5 TPUBEIEHHBIX CBOMCTB «OPrOHHOW» SHEPTUN).

HOI[LGM HavaJiCda BpOAC OBI HOPMAJIbHO, HO YC€PE3 HECKOJbKO CCKYHJ, KOrjla Joma C

PEAKUMHU CBETAINIMMUCIA OKHAMH YIIJIU BHU3 U A OBLT METpax B CTa HaJ SCMHeﬁ,— IMOYYBCTBOBAaJI
ceOst aypHO, Kak rmepen oOMOpokoM. (YTOYHEHHE: MpUYMHA ITOMY pAaCKphiTa B CYTH

8 B.C. I'pebennmkos. MO MUP. r.HosocuGupek: «Coserckas Cuéupby. 1997 - ¢. 208-209.
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«00o0maromero BoiBoAa» B. Paiixa, B yacTHOCTH 0 HEraTUBHOM BO3zecTBUM dHepruu « DOR»
BHEIIHET0 MCTOYHHMKA Ha HaxoJsierocs BHyTpu «OproHHOro» akkymyJssropa uenoBeka). Tyt
OITyCTUTHCA ObI, HO 51 ATOTO HE C/eNall, U 3ps, TaK KaK Kakas-TO MOIIIHAs cuJjia Kak Obl BhIpBajia y
MEHsl YIIPaBJICHUE IBHUKEHHEM M TSKECTbIO — M HEYMOJMMO IOTAlllMJIa B CTOPOHY TOpOJa.
(YTouHeHue: npuYrHA 3TOMY TOSICHSETCS NI1.3 PUBEACHHBIX CBOMCTB «OPrOHHOW) SHEPTHUH).
Bnekomblii 3TONH HEOXKWJIAHHOW, HE MOJAIOIICHCS YIPABJIEHUIO CHUJION, S TEpeceK
BTOPOM KPYT AE€BATUITAXKEK JKUIIONW 30HBI TOPOAKA (OHU PaCIOIOKEHBI IBYMsI OTp OMHBIMH — 10
KUJIOMETPY B AMaMeTpe — KpyramMH, BHYTPH KOTOPBIX MATHAITAKKHU, B TOM YHCJIE M Halla),
nepeneTesl 3aCHEKEHHOE HEHIMPOKOe II0JIe, HAaMCKOCOK mepecek mocce HoBocubupck—
Axanemroponok, Cesepo-Uemckoil kunmaccuB... Ha MeHs HajgBuranace — M HaJBUTalach
ObIcTpo — TeMHas rpomana HoBocuOuMpcka, W BOT YK€ HMOYTH PAIOM HECKOJIBKO «OYKETOB»
3aBOJICKMX BBICOYEHHBIX TpPyO, MHOTHME U3 KOTOPBIX, XOpOLIO IOMHIO, MEJIEHHO U TYCTO
IBIMIIIK: paboTana HoOYHas CMeHa...(YTOYHEHHe: NpUYMHA JTOMYy mosicHsercs .10
MIPUBEACHHBIX CBONCTB «OpPrOHHOW» SHEPruM U MOX0XKHM C ycrpoiictBom dorto.l
ucnosab3oBaHueM Tpy0). HykHo ObUT0 4TO-TO cpouHO mpeanpuHuMarh. C BeMn4aluM TpyaoM
OBJIAJIEB CUTYyallMel, s CyMel ¢ IpexoM IIOoIoJiaM clellaTh aBapUHHYIO MepeHacTpoOiKy OJoK-
naHesned (YTOouHeHHe: MPUYMHA 3TOMY IMOSCHAETCS .23 NMPUBEAEHHBIX CBOMCTB «OPrOHHON»
sHepruu). ['opu3oHTaIbHOE ABMKEHHE CTajJ0 3aMENJIAThCS, HO TYT MHE CHOBa CTajo XyZO
(YTouHeHHMe: MpUYMHA 3TOMY pacKpbiTa B CyTH «00o00miamomero BbiBoaa» B. Paiixa), urto B
II0JIETE  COBEPIIEHHO Hexomyctumo. Jlumpe ¢ 4deTrBepToro pasa ynajaoch IOTacuThb
TOPU30HTAIbHOE JIBM)KEHUE U 3aBUCHYTH HaJ 3aTyJMHKOM — 3aBoAcKkuM KupoBckuM palloHOM
ropozra (YTouHeHHE: NMPUUMHA ATOMY HOSACHSAETCS MI.23 MPUBEICHHBIX CBOWCTB «OPrOHHON»
SHEepruu). 3yoBemue Tpyobl MPOAODKaIM OE3MOJIBHO M KPYTO JBIMUTH COBCEM OJM3KO MO0
MHO10. (YTouHeHue: mpuumHa 3ToMy Kak B3aumoneiictBue DIIC tpy6 u DIIC rpaButoruiana
MOSICHSIeTC MI. 22 TMpPUBEIEHHBIX CBOWCTB «OPrOHHOM» SHEPruM, a BHICOTA 3aBHCAHUS
rpaBUTOIIaHA HAJ| TpyOaMH, KaK 30Ha COBIAJEHUS COBMECTHOM MyYHOCTH OJJHOTO M3 BOJIHOBBIX
MaKCHMyMOB pa0oTalomux TpyO M pabOTaoIEero rpaBUTOIUIAHA, MOXKET OBITh BBIYMCIICHA II0
Merozuke paboTsi’). OTIOXHYB HECKONBKO MHUHYT — €CJI1 MOKHO Ha3BaTb OTJBIXOM CTPaHHOE
BHCEHHE HaJl OCBEIICHHHIM 3a00pOM KaKOro-TO 3aBOJa, PAJOM C KOTOPHIM Cpa3y HauyMHAJINCh
KHWIble KBapTaslbl, U ¢ oOJierueHueM yOeqUBIIMCh, YTO «3Jlas CHJIa» Mcue3ia, s 3aCKOJb3UJII
o6patHO (YTOUYHEHHE: MPUYMHA UCUE3HOBEHHS «3JI0M CHIIBb» MOSCHSAETCS TEM, YTO I'PAaBUTOIIAH
Oynyuyd W3HAYaJbHO NMPHUTAHYT B COOTB. ¢ NM.3 K MOIIHOMY HCTOYHHKY OTpPHUIATEIHHOMN
sHeprun  «DORy», Haxomscb ompeneneHHOe BpeMsl HEMOCPEACTBEHHO Haja —TpyOammu-
(dbopMHpOBaTEIIMU SHEPrHM, HA OCHOBAHMM YINOMSHYTHIX B TIL8 CBOWCTB «Pa3MHOXEHHS»
«OPrOHHOI» DBHEPrHHM, B COOTB. C MI.18 1IOCTUI MAaKCHMajlbHOIO YPOBHS BHYTPEHHETO
HakomieHus: sHeprun «DOR», 4TO ypaBHANO KOHLEHTPAlMI0 HAKOIUJIEHHOHM  JHEpPruu B
I'paBUTOILIAHE C KOHLIEHTpaLMell SHepruy BOIN3K BHEUIHEr 0 MICTOUHUKA U TEM CAMBIM B COOTB. C
1.3 MPHUBENO K UCUE3HOBEHHIO «3JI0W CHIIbI»), HO He B cTopony Hamero BACXHWJI-roponka, a
npasee, K ToamaueBy — 3anyTaTh Clel Ha CilIy4ai, €ciaM KTO MeHs 3aMeTwil. M npumepHo Ha
MOJIIYTH K 3TOMY a3pOIOPTY, HaJ KaKUMU-TO TEMHBIMH HOYHBIMHU HOJIIMHU, I'Ji€ IBHO HE OBLIO
HU JyUIM, KPYTO MOBEpHY A0MOM... Ha ciienyromuil 1eHb, eCTECTBEHHO, s1 HE MOT IIOAHATHCS C
noctenn» (YTOYHEeHUe: MPUYHUHA 3TOMY PacKpbITa B CyTH «00001maioiero Bbisoaa» B. Paiixa).
Takum 00pa3oMm, NPUBEACHHBIN (QparMeHT TEKCTa W YTOUYHEHHUS B HEM,
KOCBCHHO YKAa3bIBAIOT Ha (I)aKT TOI'O, 4TO 3JICMCHTBI KOHCTPYKIHHN I'PaBUTOILIdHA
B.C. I'peObeHHMKOBA M OCOOEHHOCTH HX pabOThl, MOT'YT OBITb BBISIBICHBI U

JETAIM3UPOBAHbl  4Yepe3  CPaBHUTEIBHOE  COIMOCTABJICHHE  OCOOCHHOCTEH

’ Anppeii IBanoB. [IpoBepouHBbIil pacueT JaqbHOCTH PACHOIOKEHUST OTOOpPaXKEHUH MydHOCTEH
(BOJTHOBBIX MAKCUMYMOB) OT IOJIOCTHBIX CTPYKTYp 1o JaHHbIM nepenucku B. C. I'pebeHHukoBa
¢ B. ®@. 3onorapeBbim. 2025 r. [Tybnukanus pacnonoxena Ha matgpopme Real Strannik. com
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KOHCTPYKIIMU OTAEIbHBIX THNOB «OpProHHbIX» akKymyJssiTopoB B. Paiixa u ero
nocjenoBaTesield, C Yy4eTOM CHEUU(PUKH HCIOJIB30BAaHUS DSJIEMEHTAMHM 3THX
KOHCTPYKIIMM CBOMCTB «OPTOHHOW) SHEPIUH.

WNnaue rosops, Ta umH(pOpManusg O TPaBUTOILIAHE, KOTOPYIO YMBIIIJIEHHO
cokpell oT obmecrBa B.C. I'peOeHHUKOB, - MOXET OBbITh BOCIOJHEHA 4Yepes
o0LIeAOCTYHYIO B ceTh VHTEpHET, OTKPBITYI0 MH(POPMALMIO O KOHCTPYKIUSAX U
pabore orAenbHBIX «OproHHbIX» akkymymaropoB B. Paiixa wu ero
nociaenosarener. Mcxons us3 nToro,

OCHOBHOM LIeJIbI0 MCCJIEI0BAHUS ABJIACTCH:

YTOYHUTH NpeanojiaraeMyl0 KOHCTPYKIHIO M OCOOCHHOCTH PpadoThI
AHTUIPAaBUTALIMOHHBIX ceTOK rpasuromiana B. C. I'pedGennumkoBa uepe3
BbIAIBJIEHHYI) Ha 0a3e CpaBHEHHMSl THUINHUYHOCTbL KOHCTPYKTHBHOIO
ucnoiHeHusi (M1 (PYHKUMOHUPOBAHMS MO CBOWCTBAM <3(UPHOH» IHEPrHM)
OTAEJbHBIX 3JIEMEHTOB KOHCTPYKIMHA «OProHHbIX» akKymyJasaTopos B. Paiixa
U ero 1mocjeaoBarejieili M OTAEJbHBIX  JJEMEHTOB  KOHCTPYKUUiA
MHOronoJioctHoix ycrpoiicts (I11C) B.C. I'peGennukoBa.

Peanuzannio HaMEUEHHON LEIM M0 CHUCTEMATHU3UPOBAHHOMY BOCIIOJHEHUIO
HemocrTaromed wHpopmaruu o rTpaButoruiane B.C.I'pebeHHUKOBA HadYHEM C
PacCMOTpPEHUS CICAYIOIINX CPAaBHEHUM:

CpaBHeHue Nel.

Cornacuo skcrepumenTaMm b. Cenda (1992), nocnenoatens B, Paiixa: «...HeOGobioi
«OproHHpIit» aKKyMYJSITOP JJISl JIOKAJIbHOTO OOJYy4EHUs aKyMyHKTYPHBIX TOUEK JIETKO MOXHO
craenath ¥ caMomy. J[Jist 3TOro Ha jKeae3Hyro TPyOKy, 3amasHHyI0 ¢ oaHoN cTtopousl ( L=30 sm u
d=1sm.) ciemyeT HaMOTaTh MO XOAY YacCOBOH CTpeikH makeT u3 40 depemayromuxcs JHCTOB
amomuHHeBO Qoibru u nenodana, pazmepamu 30x40 cM. Tak, 9TO ObI TOCTIEIHUM CJIOEM OBLIT
nenopan. Cuny WH3IydeHUS MOXXKHO MEHSTh YBEIMYECHHWEM WM YMEHBIICHHEM CIIOCB
MeTajuim4eckoil ¢oneru W oprmarepuana. BoszgelictBue ostuM  mpubopom Ha BAT,
OCYIIECTBIISIETCS C PACCTOSIHUS 1-2 CM. B TEUEHUH 5 MUHYT Ha Kaxayro. Hago umers B Buy, 4TO
ATOT BUJT KOPT'OHHOT'0» HAKOIMHUTENSI UMEET TOJIbKO TOHU3UPYIOIIEE BO3ACHCTBUEY .

Texanuecknm ycrpoiictBoM B.C. I'peOEHHHUKOBA, TaKXe€ MCIOJIB3YIOIIMM B OCHOBE CBOCH
KOHCTPYKIIUM MHOT'OCJIONHOE COYETaHHE aTIOMIUHHEBON (DONBIU U MOTUITHIICHOBOW TJIEHKU IS
(dhopMupOBaHUsS HANPaBJIEHHOro Jiyda «3(upHOi» sHepruu, siBisiercs «buoremonHmgykTopy,
BBIIIOJIHEHHBI B (OpME yCEUueHHOro KOoHyca, oOmmui Bua Koroporo npuseneH Ha (Puc.l),
B35ITOM U3 UCTOYHUKA

«BHOreNHOMHAYKTOP® M3 CBePHYTHIX
B HOHYC ONBIM W NOAHITHAGHOBOR
NAEHKM, C YCNOBHO NOMAIAHHLIM «NPo-
THEOCONHENHLIM XBOCTOMS,

Puc.1. Obwuii 6uo «buoeceruounoykmopay 6 gpopme yceueHHo20 KOHYCa KOHCMPYKYUU
B.C. I'pebennuxosa. Imom eapuanm KOHCMPYKYuU Ha36aH um « bonvuiotl konycy.

1 . .
0 Konrrosoit Hukomaii Anekceesid. Kunra 5. Yacts 9. 3epkana Kossipena.
1
B.C.I'pe6ennunkoB. CekpeT M4ennHOro ruesa.
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Bot uto numer B.C. ['peOeHHUKOB B TOH XK€ MyOJMKALlUU, XapaKTepu3ys 0COOEHHOCTH
pabotsl npuBeaernoro (Ha Puc.1) ycrpoiicrsa:

«OKka3asiocb, 0COOEHHO CHUJIbHO NYYOK TPYOOK <«JIy4yuT» TOrAa, KOrja OH HalpaBieH
«napaduuoBbiM» (11.11.20) koHnoMm Ha CoJjHIEe - B JIIOOOH KOMHATE JIIOOOI0 3Taka, 3a JIIOOLIMHA
JIOMaMU M TIepeKpbITUsIMU (Y TOUYHEHHE: MPUUMHA dTOMY MOsICHIETCA 1M.5 U M.20 nmpuBeACHHBIX
CBOMCTB «OProHHOM» H3Hepruu). BoOT 5TO0 W 3acTaBUIO MEHS YCTPOUTh [UJIA CBOUX
«BHOTeNMMONHIYKTOPOBY  TMOABM)XHBIE  TMOJCTAaBKH, CHAaOAWTh WX  BEPTHKAJIbHOW W
TOPU3OHTATIBHON IIKanaMu; Tmosio)keHue ColHIa M3BECTHO 3apaHee [0 HOMOTpPaMMaMm,
BBIUEPUEHHBIM MO JaHHBIM ACTpoHOMHYECKOro KajeHaaps. HecMoTps Ha To, 4TO TpyOKHM
OTpaXkaTh TEIUIO PYKH MPAKTHYECKH HE MOTYT, a «aHTHCOJHEYHBIC» KOHIIBI MOWX JIPYTHX
YCTPOWCTB 3aTSHYThl CHHEH TKaHbIO (CHHEE IOJDKHO Ka3aThCs XOJOIHBIM), OOIBIIMHCTBO
UCHBITYEMBIX TOBOPHUT: «OTTYZAA YTO TO KapuT». [Ipruem B 1r00yI0 Moroxy, M Kak HH CTPAHHO,
HOUYbIO, HANPAMHK, CKBO3b rop0 3eMHOro Iapa, KOrjaa yCTpONCTBO MPHUXOIUTCS HAKIOHSATH
«HOCOM BHU3Y...KcTatn mostomy-To s u 6aTapero U3 BOPOHOK TaKKe CIeNall HeTOABMKHOM.

Ocobenno xopomo paboraetr «bonblmiod KOHYC», W3 HECKOJBKHX JECATKOB JIMCTOB
ATFOMUHUEBOM moMrpadudeckoit ¢hoapru (Kaxapii muct pazmepom 450 X 370 mm, tomuHa 0,1
MM) B NEPEMEXKKY C YIUIOTHEHHOM, «B KIJIETOYKY», MOJUITHICHOBOM IJICHKOW IJIsl TETUTUI]
(YTounenue: mpuumHa 3ToMy mosicasercs nm.l7; 18; 9; 16; 22 npuBeACHHBIX CBOICTB
«OproHHoi» sHeprun). nmmna konyca - 600 mMm, pabouunii pactpyo 150 MM; OH 3aKpBHIT penKOM
CEeTKOW M3 TMPOBOJOKM M TOXE 3aTIHYT CHHEW TKaHbIO; OCTaJbHOE OKJIeeHO OyMmaroii.
«M3myuenue» U3 MIUPOKOro pacTpyda B ylayHble JHU U Yachl (Bce ke Haumydmui 3¢ ekt - npu
BBICOKOM JHEeBHOM COJIHIIE) HANpoOYb <«IPOIIMBACTY» METajul, ABEpH, CTeHbl (YTOYHEHHE:
PUYMHA 3TOMY TOSICHIETCS 1M, 5; 14 npuBeIeHHBIX CBONCTB «OPrOHHONY 3HEPrUH): U3 APYroi
KOMHAaThl «aHOMAaJIbHOE ISTHO», - KOHEYHO 0oJiee IUPOKOE, PasMbITOE, YIABIMBACTCS J1aJOHBIO
BIIOJIHE YBEPEHHO (€CIM Yy CTEHbl HET APYTruX MPEIMETOB, MOTYILIMX CO3JaThb «IOMEXU).
MHorue, npuOImXKarmmme K pacTpy0y WO, TOBOPAT, YTO KHUCIUT Ha S3bIKe, Kak OT
raJlbBAaHUYECKOW OaTapeu, XOTsA JJEKTpocTaThudeckoro 3¢dexkra y  «bombIioro KoHyca»
npakTudecku HeT. Koe-KTo 4YyBCTBYET SI3BIKOM «TONYKH», @ y OTAENbHBIX HCIBITYEMbIX
HaOolaeTcss HeYyTo IMO0J00HOE€ MECTHOW aHecTe3suu B o0jacTM pra - Kak IpHU
CTOMAaTOJIOTHYECKUX Mporeaypax (YTOuHeHHe: MpUYrHa dToMy mosicHsercs mm. 10; 15; 19
MIPUBEJICHHBIX CBOICTB «OPrOHHOW» YHEPrUH); Uepe3 HECKOIbKO MHHYT 3TO TMPOXOIUT...»
(YTouHeHue: mpuuMHa 3TOMY mosicHsercs nm. &; 9; 11 mpuBeIEeHHBIX CBOMCTB «OPrOHHOM»
SHEPrUH, T.K. TEJIO YEJIOBEKA TAKKE COCTOMT U3 MHOTOMOJIOCTHBIX CTPYKTYP).

Hemuoro mnozxe B.C. I'pebeHHHKOBBIM ObIa coO31aHa M HUCHBITAaHA ASPPEKTUBHO
cpaboTraBmiasi B pacueTHOe Bpemsi OoJiee COBEpIICHHAas KOHCTPYKIUS, Pa3HECEHHBIX MEXIY

coboif Ha Oonbuioe paccrossHMEe BYX «bonpmmx KoHycoB» . B KaXkaoM M3 KOTOpPBIX IO
3aBEpUICHUI0 UX IIHPOKOro pacTpyda, NOBEPX KPYMHOSYEHCTONM METaUIMYECKOW CETKH U
HaxoAsIIeNcss Ha Hell TKaHu, Oblja 3aKpelyieHa CUCTeMa U3 TPEX IOCTOSHHBIX MarHUTOB (CM.
®o010.5 n ®ot0.6). IIpenHa3HayeHneM KOTOPOH, Ha OCHOBAaHUHM NPUBEACHHBIX B TLI. 7; 9
CBOMCTB «OPrOHHOMY YHEPIHH ¥ IPHUBEACHHBIX B IyOIHKALMA  MOSCHEHUH 11eIeco00pasHOCTH
UCIOJb30BAaHUSI  CHCTEMBI IIOCTOSIHHBIX ~ MarHUTOB  SIBJISUIOCH: JIONIOJIHUTEIIbHOE
«(hpakIMOHUPOBAaHUE» (pa3feNeHne) ¢ MX IOMOLIbI0 B3aMMOCBA3aHHON Mex1y co0oi

12 Anppeit iBanoB. O01Me cBeIeHHsI O KOHWYECKUX U MHBIX T€HepaTopax Mojrepreicra,
npuBoAUMBIE IO MaTepuanaM nepenucku B.C. 'pedbeHHUKOBA ¢ JOKTOPOM TEXHUUECKUX HAYK
B.®. 3onoTapeBbiM u kaure «Moit Mupy. [Tyonukanus pacrnonoxena Ha miatdopme Real
Strannik.com

13 Anppeit IBanos. ['paButoran B.C. ['peGeHHUKOBA U €0 aHAJIOTH MO/ PAKYypCOM paboT
Huxkona Tecna mo «3¢upHOMY 31eKTpruecTBY». [IyOnmukarus pacrnonoxena Ha miatdopme Real
Strannik.com
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«3(hUpPHOI» ¥ 3JIEKTPOHHOW COCTaBISIONIEH B HAKOIJIGHHOW BHYTPU  KOHycCa SHEpPruu
BPALIAIOIICICS BOMHBI (JHEPTUH AIEKTPUUECTBA B IIMPOKOM CMBICIIE) BO BPEMsi €€ HAYaIbHOIO
U3Iy4eHus oT Upokoi yacTu «boJboro konyca» B ¢opme j1yya.

B pesynpraTe uero, ocBOOOAMBHINCH «()PAaKLMOHUPOBAHUEM)» OT CBSA3BIBAIOIIEIO U
MEUIAIOIIEr0 BJMSHUS JJEKTPOHHOW COCTaBIAIOIIEH B «TPSI3HOM» JJIEKTPUYECTBE, €0
«dupHas» cocTaBsionas («OProHHas» HHEPrus), yKe€ Ha BBIXOJE MAarHUTHON CHCTEMBI
«bonpmoro KkoHyca», mnpuoOperasa CBOIO «UYUCTOTY» M TEeM CaMbIM MAaKCHMAaJbHYIO
CIOCOOHOCTh K IMPOSBIEHUIO BO BHEUIHEE MPOCTPAHCTBO MMEIOIIUXCS CBOMCTB «paJUaHTHON»
sueprun™®. CyIIECTBEHHBIMH M3 KOTOPHIX SBISIOTCS HE TONBKO MTHOBEHHAS CKOPOCTH
pacnpoCTpaHEHUsl «PaMAHTHON» 3HEPruM B Jyde «bOdbIIOro KOHyca» M €€ BCEPOHUKAIOIIAs
CIIOCOOHOCTh, HO W BO3MOXXHOCTb 3HAUUTENBHOTO YCHJICHHS OJHEPTHH B JIyde 3a CYET
JONOJTHUTEIBHOTO TPUBJICUCHHUS SHEPrHH dpHpa W3 BHEIIHEr0 MPOCTpaHCTBA (cM. M. 3 paHee
NPUBEICHHBIX CBOWMCTB «OPrOHHOI» JHEPruu) B OOJIACTH ITYYHOCTEH pPACIONIOKEHHBIX Ha
OIpENIeJICHHBIX JAJIBHOCTAX OT KOHYCa BOJHOBBIX MAKCUMYMOB BHEIIHEr0 (MH(OPMAaLOHHOI0)
oToOpakeHus BOJH Ae bpois.

@omo.5 u omo.6. Odbwuii 6ud «borbuoco KOHyca» ¢ 3aKpPeneHHbIMU HA HeM mpems
NOCMOAHHLIMU MACHUMAMU.

[Tpu 3TOM, BHYTpEHHSSI HAYMHKA OJHOTO KOHYCa IO BCeW BUAMMOCTH KOHIIEHTPHUpOBAla
opros/3¢upnyro sHepruto «POR» u popmupoBasa Ha ee OCHOBE J1yd XOJOAHOTO 3JIEKTPHYECTBA
Y BHEIIHEe MHPOPMAIIMOHHOE OTOOpaKEHUE IO NATbHOCTH MTYYHOCTEH BOJHOBBIX MAaKCHMYMOB,
a HauMHKa BTOPOro KOHYyca paboTaja 1o cocraBistoniei opron/a¢upHoit sneprun «DORy.

OOnacte  COBMECTHOTO  COBNQJCHHS IO  JAJIBHOCTH  KOHKPETHBIX 10  CBOHM
XapaKTePUCTUKAM IYYHOCTEH BOJHOBBIX MAaKCHMYMOB BHeEMIHEro (MHGOPMAIMOHHOTO)
oroOpaxeHus BojiH Jie bpoins or «POR» u «DOR» koHYcOB, pa3HECEHHBIX MEXAy cOOOH Ha
OIIPEIIENIEHHOE PAaCCTOSHUE, - o0eclevmia MOSABJICHHE B 3TOH 00JacTH HE TOJBKO OOIIEro
BOJIHOBOI'O MaKCUMyMa BHENIHMX (MH(OPMAIMOHHBIX) OTOOPKEHHH OProH/>(UPHBIX dHEPrUit
«POR» u «DOR» oT 000oux KOHYCOB, HO M peaJbHYIO KOHIEHTPAIHI0 M3 BHEIIHEro
MPOCTPAHCTBA B 3Ty COBMECTHYIO O0JIACTh KOHKPETHBIX IO CBOMM XapaKTePHUCTHKAM, CaMUX
opron/a¢upnbeix sHepruii «<POR» u «DOR» (cm. m.m.3 cBoiicTB «OproHHOi» 3HEPrUuu), 4TO U
SIBUJIOCH TIPENIIOJIaraéMol MPHUYNHON BO3HUKHOBEHHS 3P (PEKTa «AaHHUTHILSIIIUIY» B 3TOH 00J1acTH
STUX DHEPruH, C BHITEKAIOUIMMHU IOCIEICTBUSIMHI MCUE3HOBEHUS WJIHM PA3pyLICHUS PE30HAHCHO
BOCIIPUUMYHMBBIX MaTEPHAIBHBIX 00EKTOB, MOMABIINX B ATY PE30HAHCHYIO 00JIaCTh .

1 Anppeit IBanos. 'paButoran B.C. ['peGeHHUKOBA B €T0 aHAJIOTH TIOJT PAKypcoM padoT
Hukona Tecna mo «dydpupHOMY dmekTpudectBy». 2026 r. [TyOonukanus pacmoioxeHa Ha
wiatpopme Real Strannik.com

> Monrepreiict ot B.C.I'peGennnkosa 1991 rox ChéMka B KBapTHPE.
https://my.mail.ru/mail/ammiark/video/_myvideo/4339.html
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[IpuHumass BO BHHUMaHHE cojepKaHUE «00o0mialomero BbiBoaa» B. Paiixa, MOoXxHO C
YBEPEHHOCTBIO yTBepKIaTh, 4To 1aBa «bompmmx konyca» B.C. I'pebenHmkoBa, Kak
aKKyMyJsTOpbl «Oprona», mo CBOMM CBOMCTBaM CIOCOOHBI OBIIM HaKarumBaTh «OProHHYIO»
SHEprur0 He TOoNbKO OT COjHIAa, HO U OT WHBIX MOIIHBIX NMPUPOIHBIX HJIM TEXHOTCHHBIX €€
dbopmupoBareneii. CienoBaTelbHO €CIM  Y3KHH KOHEI OJHOr0 M3 BoJIbIMX KOHYCOB «A» 1O
MPOJOJIBHOM OCHM KOHyca coBIajl ¢ opueHtauued Ha CoJHIE, - TO Y3KHH KOHEL BTOPOIo
Bonbmioro konyca «C» Mo MpOJONBHOM OCH 3TOr0 KOHYCa JOJDKEH OB B 3TO K€ PacyeTHOe
Bpems (3.40 yrtpa 23.04.1991 r.) coBmactb ¢ MHBIM OOBEKTOM MOIIHOT'O HW3JIy4CHHS (MHAYE
KkoHyc 061 «C» He paboTai).

HaxoxneHuto 3TOro MCTOYHMKAa OHHEpruum s KoHyca «C» ObLIO MOCBSIIEHO
JOTIOJTHUTENIBHOE UCCieoBaHue. B pe3ynbraTe KOTOPOro ObIIO YCTAaHOBJIEHO, YTO Ha MEPUOJT
cpabateiBanus (3.40 ytpa 23.04.1991r.) BCTpeyHO HAmpaBICHHBIX MEX1y co0oW OoibIIMMHU
pactpybamu Ipyr Ha Apyra bonblimx KOHYCOB, MTPOAOJIbHBIE OCH KOTOPBIX ObUIM COBMEILIECHHI, a
KOHyCa pa3HECeHbl Ha 3HAYUTEJIIBHOE pPACCTOSHUE OAWMH  OT JPYroro M YCTaHOBJIEHBI B
KOHKPETHBbIE TOYKH KOOpAMHAT, 00ECIIEUNBAIOIINE COBIAJEHHE MEXy COOON MX TJaBHBIX OCEH
[omnH u3 KoTOpBIX (KOHYC «A») ObLT pacmojioxeH B nocenke KpacHooock (HoBocuOupckoi
obnactu), a Bropoir (koHyc «C» ) Hemajeko oT mocenka Mcuibkynas (Omckoit obmactu)], -
OCHOBHBIMU BHEIIHUMHU HCTOYHUKaMH «OProHHOW» 3HEPruM ISl STUX KOHYCOB SBWJIUCH HE
tosibko Hame ConHie, HO W 3Be3abl (MHOecTBO CouHil) co3Be3ausi «OBEH» W CO3BE3IUS
«Becw» (cM. Puc.2).

90° Pax

120° Nes 60° Bnusreybl

150° [esa 30° Teney

0° OBeH

@
=)
o
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3
o
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]
v
<,

210° CkopnwoH 330° Poibubl

240° Ctpeney 300° Bogonewn

270" Kosepor

Puc.2. Ionosxcenue Cornya omunocumenvro coszgesous «Oeeny» u «Becwvl» na epems
cpabamuisanusi bonvwux xonycos B.C. [ pebennuxosa 3.40 ympa 23.04.1991 e.

. 1

Pacuem evinonnen no ounaiin KaivKyisamopy 6

BbruncneHHble IO 3TOMY JK€ OHJIAHH KaJbKYJIATOPY pacyeTHbIE 3HAYEHUS IOJOKEHUS
Connua u Jlynsl Ha otaensHble yncna anpenst 1991 r. npusenens! B Tabu.1

1% Omaiin KaJbKyJIATOp: 3Be3aHas 1oarota JIynel u CosiHIa B reoLEeHTPUUYECKON MOAEIN MUPA.
https://planetcalc.ru/9168/
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Tabmmua 1.
3gez0nan ooneoma Coanya u JIynvi 6 ceoyenmpudeckoii mooenu mupa Ha anpeiav 1991 2

Amnpenb 1991 r. JHounrora Homnrora Bo3zpact [Mpumeuanue
Bpewms 3:40.35 ConHua JIyHsI Jlynsl
1 2 3 4 5
7 352°39'16" 260°5'56" 51.4 % CorHIle 3aX0IuT 3a Kpait co3se3aus «OBeH»
MPUOTU3UBIINCH K HEMY
15 0°38'58" 2°12'4" 0.9 % CoutHne mo meHTPy co3Be3aust «OBeH»
16 1°38'43" 16°1'16" 8.0% CoJHIIe CMEIIaeTcst OT IEHTPa CO3BE3Hs
«OBeH»
23 8°36'25" 115°28'48" 59.4 % CouiHe Ha Kparo co3Be3nusi «OBeH»
(cMm. Puc.2)
28 13°33'39" 182°46"22" 94.0 % CoJHIIe 0TOIIO OT Kpast co3Be3ust «OBeH
29 14°33'0" 195°29'4" 99.5 % Comnaie Mexay co3e3areM «OBEH» U
(ITomaony | «Temerny, nBmxercs K « Tembiry»
HUE)

PacCUnMTAHHbIE 110 OHJIANH KaJIbKYIATOPY ' KOOPAMHATEI TOYKH MeCTONonoxKeHns ComnHia
Ha BpeMs 3.40 ytpa 23.04.1991 r. nia HoBocubupceka u OMcka pUBEAEHbBI HUKE 110 TEKCTY.

r. HoBocuoupck (moc. KpacHooock =~ 10 -15 kM oT Hero), KOOpAHHAThI HAMPaBJICHUS
IUISE TPUOTIM3UTENBHOT O HaBeIeHUs 110 HUM BoJbIoro Konyca «Ax:
AzumyT (Tpagychl): 34.20
Bricota Hax ropusonTom (rpanycel): - 17.41

r. Omck (moc. Ucuibkynb =~ 137 KM OT HEero), KOOPIAUHATHI HAIIPABICHHUS
JUTSE TPUOTM3UTENBHOT O HaBeIeHHs 110 HUM boJbimoro konyca «Cx:
AzumyT (Tpagaychl): 39.35
Bricora Hag ropu3onTom (rpamycel):  -15,25

[Tpubnu3uTensHo 1O  3TUM KoopauHaTam  Obul HaBegeH Ha ConHIE B TOCEJKE
Kpacnoob6ck (HoBocubupckoii 007acTv) CBOEH Y3KOH YacThl0 KOHYC «A» (KOOpAMHATHI
HaBeneHus: 34.20; -17.41 rpan.) U pacnonoxeHHbI okoyio mocenka Mcunbkyns (Omckoit
obnacTn) cBOeH MHUPOKON YacThio KoHYC «C» (KoopauHatel HaBeaeHus: 39.35; -15.25 rpax.).

TouHbple NaHHBIE KOOpAMHAT MecTonosiokeHuss CoJHIIa Ha pacyeTHOE BpEMs, Kak U
TOYHBIE JaHHBIE KOOPAMHAT YCTAaHOBKU BOJBIIMX KOHYCOB B 3TOM MyOJUKAallMM YMBIIIJICHHO HE
IPUBOJATCS, a NMPHUBEAEHBI NMPUOIU3UTENbHBIE KOOPAUHATHI TOYKM MecTononoxeHus CousHia
JUIs1 IBYX HauOosee 6JIM3KUX TOPOJIOB.

ITockonbky mmpokass 4acTb bosibmioro konyca «C», YCTaHOBJIEHHOIO OKOJIO ITOCEJIKa
Hcwnbkyns ObUla HaBeleHa Ha pacyeTHYIO TOYKy mnosiBaeHus Hamero ConHpoa (4To
00ECreunBago0 TEM CaMbIM BBIIOJIHEHHUE YCJIOBHMSI COBMEILIEHHS Oceil 000HMX KOHYCOB), TO €ro
y3Kas dacTh (IpeAHa3HauyeHHas Juid Bocupusatuss «OproHa»), B COOTBETCTBMM C Puc. 2 u
naHHbIMU Tabm.1 okazanach IIpU 3TOM HAaBEAECHHOW Ha 3BE3JHYIO CHCTeMY co3Be3aus «Bech»
(Ha MHOkecTBO COJIHI] 9TOTO CO3BE3IUS).

Takke 1 y3kas yacte bonbioro konyca «Ay, ycraHoBieHHOro B noc. KpacnHoo6ck Obliia
HaBeleHAa HE TOJIBKO Ha pPAaCyYeTHYI TOYKy KoopauHaT nosBieHus Comxnna B 3.40 yrtpa
23.04.1991 r. (uro OoOecneunBaIO TEM CaMbIM BBHITIOJIHEHHUE YCIOBHUSI COBMEIIEHUSI Oceil 00oux
KOHYCOB «A» 1 «C» 1 HENMOCPEICTBEHHOE BOCIIpUsITUE KOHYcOM «A» «Oprona» or ConHua), HO
U Ha 3BE3HYI0 CUCTeMy co3Be3iusi «OBEH», TOXKE SBISIOUIYIOCS H3TydaTeneM OproH/>gpupHoi
sHepruu oT MEHOKecTBa CoJHII 3TOro co3Be3nus (cMm. Puc.2).

17 o
Ounnain KaJIbKYJIATOP: A3I/IMYT H BbICOTA COJIHIIA HaJl TOPU30HTOM

https://planetcalc.ru/320/
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Briie mepedncieHHbIe MCTOYHHMKH BHEHIHEW OproH/>¢upHoil sHepruu (a 3TO Hamie
Connne u muoxxectBo CouHir co3Be3nust «Becw» u co3pe3aust «OBeH») U SIBUIMCH OCHOBHBIMU
ncrouHukamMu «OproHay Ijs Mpolecca «3aceBaHusy, «pa3MHOKeHus» (cM. .. 8, 1, 5, 14 ) u
pabotsl (cM. m.a. 16, 18,19) «POR» u «DOR» akkymymistopoB «Oprona» B.C. ['pebennuxosa,
KOTOpBIE€ TEXHUYECKH OBLIIM PEaM30BaHbI UM KaK KOHCTPYKIIUU ABYX BOIbIINX KOHYCOB.

DddexT 0THOBPEMEHHO-COTJIACOBAHHOIO CpadaThIBaHUs Pa3HECEHHBIX MEXay co00i Ha
OONbIIOE pPAacCTOSIHME JBYX bBONBIIMX KOHYCOB (B COOTBETCTBHM C BBISBICHHbIMH H. A.
Ko3bipeBbIM cBoOiicTBaMH BpEMEHM) MOSCHSETCS 4epe3 MpOsBIEHHE CIEAYIOMUX (u3nueckux
CBOMCTB «aKTHBHOTO BpeMeHM»

«BpeMs He pacnipocTpaHseTcs], IO3TOMY HE IEPEHOCUT UMITYJIbCa, HO MOXKET IIepeaTh JIBE
MPOTHBOIIOJIOXKHO HaIpaBJIEHHBIE CHJIBI U MOMEHT BpallleHus. B 1000l cucteme KoopauHAT
BpeMs MOsBIAETCA cpa3y BO Bcell Bceenennoil. IoaToMy aeiicTBHE BpEMEHH OCYILECTBISACTCA
BCIOJly B TOT k€ MOMEHT. [Ipy 5TOM HUUYTO HE ABMXKETCS, U, CIENOBATENBHO, HET IPOTUBOPEUHS
CO CHENMATBbHBIM MPUHIIUIIOM OTHOCUTEIHHOCTH.

«Bpems He sBIIsIETCS OJIEM, TIO3TOMY Yepe3 HEro Helb34 NepeaTh UMITYJIbC 3Hepruu. Ho
BOT M3MEHsS IJIOTHOCTh BPEMEHU, MOXKHO IepenaTh MHPOPMAalLHIO, TPUYEM MTHOBEHHO. XOJ
BPEMEHHU IIPH 3TOM HE MEHSETCs, MEHSETCS JIUILb MIOTHOCTb...).

«HWTak, n3MEeHEHNEe COCTOSIHUS U CBOWCTB BELIECTBA MOXKET IPOMCXOAUTH HE TOJBKO CO
BpEMEHEM, HO U TOJ JAeHcTBHMEM BpeMeHU Ha Hero. llepBoe 0OCTOSATENBCTBO COOTBETCTBYET
3aKOHaM, JEHCTBYIOIIMM B MAacCUBHOM T'€OMETPUYECKOM BPEMEHHU, a BTOPOE — OOYCIOBICHO
AKTUBHBIMH, (PU3MYECKUMU €r0 CBOWCTBAMMY.

C mnosunuu B3rmsga H.A. KoseipeBa, crneunduka mnposBieHHs BpeMeHH oOnaaaer
JIIBOMCTBEHHOCTBIO:

1. IlposiBieHus BpeMEHH! B IPOCTPAHCTBE KaK «IIACCUBHOE BPEMs», POLI€CChl MPOUCXOAAT
CO BPEMEHEM.

2. U nposiBieHre BpeMEHU KaK «aKTUBHOE BPEMS», U3MEHSIOIIEE COCTOSIHUE U CBOWCTBA
BELIECTBA.

Takum o00pa3om, BbINIE TpPHUBEIEHHBIE OCOOCHHOCTH cpabaThiBaHMs JBYX bosbmmx
KOHYCOB yKa3bIBalOT Ha TO, YTO CaMHM IO cede ITU KOHyca, 0e3 BOCIPUATUS U UCIOIb30BAaHUS
uMHU BHeIHUX opron/3¢upHeix «POR» nmu «DOR» sHepruit, - 3T0 mpocto He paboTaroliye
koHcTpykuuu (BTI), Tak e kak ¥ He paboTarole KOHCTPYKIIMH COJHEYHBIX OaTtapeir Oe3
BOCIIPUATHS UMM BHEIIHUX SHEPrUd COJHEUHOrO WJIM 3BE3IHOTO CBETA OT COOTBETCTBYIOIIMX
HMCTOYHUKOB.

OTc10/12 IPOMEKYTOYHbII BBIBOI Nel:

JIro6as TexHuueckasi KOHCTPYKIUsSI padoTocnoco0HOro «OproHHOro» aKKymyJisiropa
B. Paiixa u ero mocjenoBareJieii, a Take BCEBO3MOKHbIe Pad0TOCNOCOOHbIe TEXHUYECKHUE
yerpoiictBa (II1C) koncTpykuun B. C. I'pedGeHHUKOBA, B TOM YHCJ€ U €r0 TPABUTOILIAH, -
BC¢ OHHM /ISl CBOEro HOPMAJBHOr0 (PYHKIHOHMPOBAHHMA, B 00f3aTeJIBLHOM IOPSIAKe
AOJIKHbI M30MPaTeJbHO MCIOJb30BATH OProH/3()MpHbIC YHEPru¥ OT MOUIHBIX BHEIIHHX
HCTOYHUKOB MX M3JIy4eHHS.

YuuTeiBass 3TOT NMPOMEXKYTOUHBIA BBIBOJ CIEAYET Iojararb, YTOo AJs TIPaBUTOILIaHA
B.C. I'pebennnkoBa, kak akKyMmyJsitTopa «Opronay, BHEIIHUM UCTOYHUKOM €0 OproH/3(upHOI
SHEPruu SBJSJICS OKOJIO3eMHBIM «Opron», KOTOPbIA (B COOTBETCTBUHU M.M. 6 CBOMCTB 3TOMU
JHEPruM) [BUraeTcs MPEHUMYIIECTBEHHO BBEPX U BHH3 OTHOCHUTEIBHO MOBEPXHOCTH 3eMIIH,
HCXO0 U3 3eMIIM U YXOIs B 3EMIIIO.

[Ipu 3TOM, OTCYTCTBHE CTPOTrOM BEPTUKAIBHOCTH IBMXKEHUST «OproHa» BBEpX W BHU3 IO
OTHOIIIGHUIO K TOBEPXHOCTH  3eMIM MOsicHAeT ToT ¢akT, moyemy mo cmoBam B. C.
I'pebeHHUKOBA: «CTPOTO BEPTHUKAIBHBIE B3JET U IMOCAJAKa OYEHb 3aTPyJHEHBI, U HavalbHas

18 Anppeii IBanoB. I'paBurtomian B.C. ['peOGeHHMKOBa 10T paKypcoM padoT JIOKTOpa (U3HKO-
MaTeMaTUYeCKuX Hayk npodeccopa Huxonas Anexcanaposuuda Kossipesa. 2025 r. [Tyonukanus
pacrnionoxena Ha ruiatgopme Real Strannik. com
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TpaeKTopHsi OOJbIIEH YacThlO CKOIIEHA, OCOOEHHO MpH B3jeTe, Korga miaardopMmy ModyeMy-To
OTHOCHT B CTOPOHY, IPOTHBONOIOKHYI0 COJIHILY, & HHOT/Ia ¥ HA06OPOT... » .

Cyna noromy, uto rpasuromiad B.C. I'pebeHHMKOBa HEKOHTPOJIMPYEMO MOTSAHYJIO Ha
paboTtarone 3aBOJACKHE TPyObl (Kak 3TO ObUIO OMHMCAHO paHee B IMPUBOAMMOM (pparmMeHte
TEKCTa), - 9TO 3HAYUT, YTO HCIOJIb3yeMas B IOJETE I'PaBUTOIIaHA BHEMIHSS OproH/>¢upHas
SHEPrusi OT OCHOBHOI'O MCTOYHHMKA (@ ITO MCXOAAIMN U3 3eMJIM BBEPX M YXOISALIMH BHU3 B
3emmo «Opron»), Mo CBOMM XapaKTEPHCTUKAM CXOXKa C XapaKTepHUCTUKAMU OpProH/>(pHUpHOI
SHEePruM, BO3HUKIICH OT pabOTaIONINX YIOPSIOUYEHHO PAaCHOJIOKEHHBIX 3aBOJICKUX TPYO OHOTO
13 3aBojioB ropoja HoBocubupcka.

B cBs3u ¢ yeM, 3Has [uaMeTp U JJIMHY 3THX TPyO, IO UX pa3MepaM MOXKHO BBIUHCIHUTBH C
TIOMOII[BIO METOIHUKH pabouyr0 4acTOTy W JAJMHY BOJIHBI BHEWIHETO (MH(OPMALMOHHOIO)
OTOOpaXeHHsI ONHOM M3 MYYHOCTEH BOJHOBOrO MaKCHMyMa OT TpyObI-popMupoBaTens, B
KOTOpYyI0 NpuTsHyso rpasutoryian B. C. I'pebeHHNKOBa, 3aBUCIINN Ha ONpEAEICHHONW BBICOTE
HaJ TpyOamu 3aBoja (Tie U pacrojiarajach 3Ta My4HOCTh OJHOT'O U3 BOJHOBBIX MAaKCUMYMOB), U
110 XapaKTEPUCTUKAM ITOH IIyYHOCTH KOCBEHHO yCTaHOBUTb KOHKPETHBIN IHMAINA30H JUIMH BOJIH,
4acTOT, HOMEPOB FaPMOHUK U HOMEPOB BOJIHOBBIX MAaKCUMYMOB (BHEIIHEr0 OTOOpa’kKEeHUs BOJIH
ne bpoitns oT rpaBuTOmIIaHa), HA KOTOPBIX OBUIM PE30HAHCHO-U30MPATEIbHO HACTPOCHBI U HA
KOTOpBIX (PYHKLUMOHUPOBAIM aHTH TI'PAaBUTALMOHHBIE MHUKPOSUYEHUCTbIE (DUIBTPBI-KAIIO3U
IpaBUTOIJIAHA.

HpOI[OJ'DKI/IM HCCIICAOBAHNC MW JOIOJIHUTCIBHO PACCMOTPpUM CICAYIOIIHC

KOHCTPYKIMHU «OpProHHBIX» aKKYMYJIATOPOB:

«OproHHbIt» aKKyMYJISTOP-IIACTIPL pa3paboTaHHbIN ocnenoBarensimu B. Paiixa.

st ero M3roTOBJICHHSI MCIIOJB3YETCS BOCEMb I0JOC TOHKOH aTlOMUHHEBOW (DOIBrU M
nemwtopana mupuHoi 10-15 MM KoTOpEIE, Yepenys B BUAC BOCBMHCIONHOM JICHTBI, CKJIAIbIBAIOT
MATUKPATHO TapMOIIKOW, (HUKCUPYS TMaKeT IMOJIOCKaMHU K JHCTy MeTamia (JIaTyHb)
COOTBETCTBYIOLIEr0 paszMmepa. Ilpu ueMm, HapyXKHBIM JOJDKEH OKa3aTbCid JIMCT LesuiodaHa.
N3rotoBuB naket TakuM o0pa3oM, €ro BpEMEHHO MPUKPEIUIIOT B MecTe BoiOpanHOoi BAT.

«OproHHbI» aKKyMYJISTOpP B BHJIe KaOUHKH, B KOTOPYIO IOMEIIAJICS YeJI0BEK, CUIs WU
nexa. Kabunka usrorasiuBanack u3 mmuctoB pazmepom 200 x 100cM. a motonok u kpeima 100 x
100cM U3 MHOTOCITOWHBIX «CaHIBUYEH» U3 JPEBECHHBI U MeTana. Bpems npeObIBaHMs yeroBeKa
B KaOMHKE peKoMeHA0Basoch OT 15 10 40 MUHYT.

«OproHHbI» aKKyMYJISITOp ceAaTUBHOrO Bo3nencTBus. [Ipubop, oTmyaronuiics Tem, 4To
C 3alasHHOrO KOHIA TPYOKM JeslaeTcsl BBIBOJ M3 METAJUIMYECKOro MpoBoja IIMHHON B 1,5 M
OJTHUM KOHIIOM NPUTIASHHOTO K TpyOKe, a IpYyroi OMyIIeH B COCY C BOAOM, JIy4Ille TPOTOYHOM.

[Ipu ucnonp3zoBaHUM NpuOOpa ero TPyoOKy 00s3aTeNbHO CleAyeT OOEPHYTh TOJICTHIM
JMCTOM TOJUATUIIEHA, HO Jy4llle BCEr0 3aKPENUTh Ha IITaTHUBE.

IIpoMeXKYTOYHBIH BLIBOJ No2:

B paccmoTpeHHBIX KOHCTPYKUMAX «OpProHHeix» akkymyastopos B. Paiixa um ero
nocJjieoBaresieil 0TMe4aercss Hajauyue 0053aTeIbHOI0 HCHOJIb30BAHMS MHOIOCJIOMHBIX
«CaH/JABHYel» M3 OPraHM4YecKOro M He OPraHUYecKOro MaTrepHaja, 4YTO COOTBETCTBYET
npakTuyeckoii peanusanumu mn.a. 17 m 18 cBoiicTB «OproHHoi» 3HePpruM B ITHX
KOHCTPYKIHUSX H /1eJ1aeT X TeM CaAMbIM NOJHOLCHHO 3aBePIICHHBIMH.

ChnenoBaresibHO, HapylleHHe IPHHOMIA TEXHUYECKOH peaJu3anud CO3AaHUA H
HCIO/b30BAHUSL «CAHIABHY» CJI0€B H3 OPraHUYeCKHMX M HEOPraHUuYeCKUX (WM HHBIX)

YB.C. I'pebennnkos. MO MUP. r.HoBocuGupck: «Coserckast Cubupsy. 1997 - c. 220.

20 Awnppeit Banos. IIpoBepouHbIii pacueT 1aJbHOCTH PACHOJIOKEHUs 0TOOpaXKeHUH MyYHOCTEH
(BOJTHOBBIX MAaKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp N0 JaHHbIM nepenucku B. C. I'peGenHukoBa
¢ B. @. 3onorapessiM. 2025 r. [Ty6nmkanus pacnosioxena Ha miatdhopme Real Strannik. com
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MATEPUAJOB B KOHKPETHBIX KOHCTPYKIHUSIX AKKyMYJATOpoB «Oprona», aejaer 3TH
KOHCTPYKIIUM AKKYMYJ/ISITOPOB HENMOJHOLECHHBIMH 110 CBOEi 32BePIICHHOCTH U TeM CaMbIM
CHIIKaeT d3PPeKTUBHOCTH MX HOPMAJIbHOMH PadoThI.

Takum o00pa3oM, eciaM aHaTU3UPOBATh KOHCTPYKIMU OTIEIBHBIX aKKyMYJSTOPOB
«OproHa» mo UX COOTBETCTBUIO TPEOOBAHUSIM MPOMEKYTOYHOrO BbIBoga No2, TO HapylleHue
3TOro TpeOOBaHUS OTMEUAETCs HAlpUMEp B YCTPOWMCTBaX, KOTOpbIe MoKazaHbl Ha Pot10.7;
®orto 8; ®oro0.9; ®Poro 10. Puc.3. KpaTko mMOsSCHNM HECOOTBETCTBHE H IIeNecO00pazHoe
JIOTIOJTHEHH € B KaXKJIOM M3 dTUX YCTPOUCTB.
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®ot0.7. ®parment nuckMma B. C. 'pebennuxoBa k B. ®@. 3onorapeBy creayromero
comepxkaHusi: «BecpMa CHIBHO JeWCTByeT Ha uenoBeka (M MOXKET H3MEHHUTH
AJIEKTPOHHBIH ITy40K) KOMIJIEKT U3 TPYOOK, TOJNIIMHON KaXKaas ¢ JbDKHYIO Nanky. Jlemaercs 3To
tak: {nmuasl Tpyook: 65 MM, 120 MM, 140 MM (B KaXXOM CIIO€ THITMYHO PACIIOIOXKEHO MO AT
TpyOok: 65 MM, 120 mm, 140 mm, 120 MM, 65 Mm) 1-i1 cnoit, 2-i coi U T.A. CIENYIOLIUN CION
MOBEPHYTh B Ty € CTOPOHY (CIHpaNbHO, [0 YaCOBOW CTPENKEe) IPYr HaJ APYroM Ha TPUALATH
rpanycoB. Ciou HakiaenBaroT Apyr Ha apyra [IBA, snokcuakoit nwnm np. kieem. Beero Hago 12 -
20 cnoeB; MOTYYUTCS BBICOKUN KpacUBBIA cTon0. J[enaTh ero Hy>KHO OTAENbHBIMH CEKIUSMU IO
4 -5 cnoes, a COENUHSATH 3THU TPYIIIBI MOCIE, CPa3y, IOJT0 HE BO3UTCA (MOXKET CTaTh XYJO0).
Bnpouem, HEKOTOPBIX (OYE€Hb HEMHOTHX) 3Ta MITyKa «HE Oeper». CTond paboTaer ria. obpa3zom
BBEpPX M BHU3 (€CIIM OH BEPTUKAJICH), @ BOOK - OECIOPSAI0UHBIE «Ty4r» Pa3HOMN JITUHBI (S TOBOPIO
TONBKO 00 omymieHusx). VIMEHHO Takoil «CTom0» y MeHS yrHeTal MHKPOOOB, KOPEIIKH
MIIEHUIBI U T.11., BBI3bIBas GOC(EHBI U MHOTOE HHOE Yy JIFOACH .
HecootBeTcTBUE: B 3TOI KOHCTPYKIIMHU, €CJIM HE cUUTaTh Kiei [IBA umm snokcuaky, - HeT
«CaHJIBUY» CJIOEB, YTO JI€JIa€T €€ HENOJIHOLEHHOH IO CBOEH 3aBEpIIEHHOCTH U CHUXKAET
HOPMaJIbHYIO Pab0TOCIIOCOOHOCTD.
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®ot10.8. DopmupoBatens (ochenoB B.C. ['peOcHHHMKOBA, BBINOJHEH B BHUJC
MHOTOCJIOWHON KOHCTPYKIIMM W3 THUIWYHBIX MPOKJIAJAOK OpPraHWKd (KapTOHA) I XpaHEHUs
KYPHUHBIX SIULI.

HecootsercTBre: HenosHOnEHHOE MO CBOEH 3aBEPIIEHHOCTH YCTPOMCTBO T.K. B HEM HET
MHOTOKPAaTHO MOBTOPSIOIINXCS «CAHJIBUY CJIOEB, MPEIyCMATPUBAIOIINX B KAXK/IOM U3 HUX OHY
KapTOHHYIO MPOKJIAIKy U OJUH JIMCT aJIOMUHHUEBOM (OJIBIH, YTO CHUXKaeT 3(h(EeKTUBHOCTh
paboTHl TAKOTO yCTPONCTBA KaK MOJHOLEHHOTO akKymyJsaTopa «OproHa» u3 3a HE COOTBETCTBUSA
ero KoHCTpykuuu 1.m. 17; 18 coiictB «Oprona». ITOT )K€ HEAOCTATOK €CTh U Y IPUBEACHHBIX
KOHCTPYKIMH ¢ Ha3BaHue «I apmoinka u3 Oymarny, «L{Betok» nu «Bomxaok».

Puc. 3. «Ex A.W. Beitnukay», cxemMaTudeckoe u3o0paxenue. [l IMOTHOTH KOHCTPYKIMH
yCTpONCTBA, B HEM, BIIJIOTHYIO COBMECTHO C KaKJ10M MeTaJUIMYecKOil MiIacTuHOM (3a
Heil) oJpKHa pacroJiaraTbCs TUIHWYHAS MO pa3Mepy IJIaCTHHA W3 OPraHUYecKoro
Marepuana (Torja B COOTBETCTBUM C M.1. 17 u 18 cBoicTB «OproHa» KOHCTPYKIIHS
«Ex A.U. Beiinukay GyaeT NOTHOLEHHO 3aBEPIIECHHOM.

®o0t10.9. «O6e36omuBarens B.C. I'pebeHHHMKOBa», CO3l1aH B BHUJE MHOTOCIOWHON
KOHCTPYKIIUU TOJBKO M3 MMUEITHHBIX COT (HA3BIBAEMBIX CYIIBIO).
HecooTBeTcTBHE: DTO HEMOJHOLIEHHOE N0 CBOEH 3aBEPIIEHHOCTH YCTPOWCTBO
TaK KaKk B HEM HET MHOTOKPAaTHO MOBTOPSIOIIUXCS «CaHIBUY» CIOEB, COCTOSIINX M3
OOpe3aHHBIX C OJHOH CTOPOHBI MYEIHHBIX COT (0Ope3ka (OpMUpPYET TIIABHYIO
HanpaBJIeHHOCTh «OProHa» B yCTPOMCTBE) M JIMCTOB METaJIMY€CKOU (DOJIBIH.
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3aBepleHHbIM BapuaHT KoHCTpykuuu «O6e36omuBarens B.C. ['pebenHukoBa», ¢ yuerom
peanmzanuu B Heil m.n. 17 u 18 coiictB «Opronay, noka3aH Ha Puc. 4.

[Toctynnenne «Oprow»/3pupa OT BHEIIHErO HCTOYHHKA

OQHOCTOPOHHHKE
o0 pe3aHHbIC NYENHHBIE
COThI

Merammyeckas (osbra

llepsas  chopmuposatHas
MYYHOCTh  HOJIOAKH TeNbHOM
COCTABIMIIOIIEH BHELIHErO
(HHPOPMALHOHHOIO)

orodpaxenus  Bonnosoro
MaKCHMYMa Ha KOHKPETH O ‘ L
JANBHOCTH 0T  MYENHHBIX 11 ’

§ mu

Bropas  copmupoBaHHan
NYYHOCTh  FIOJIOKH TENbHOI
COCTABIMIONMEH  BHELINET O
(MH(DOPMALHOHHOT0)
orobpaxenns  Bonnosoro
MAKCHMYMd Ha KOHKPETH Off
JIIBHOCTH  OT  MYEIHHBIX
coT

Hanpagnenus spaiiesus
00IIEro BHXPA BHELIHErO
(HH(OPMATHOHHOFO)
oTo0paxkeHHs
«IONOKHTEN BHOHY
COCTABNAOLIECH MEPBOro H
BTOpPOro Bosinoskix
MaKCHMYMOB Ha KOHKPETHBIX
JTBHOCTAX OT MYEIHHBIX COT

Puc.4 3aBepuiennslif BapuaHT koHcTpykuuun «Oo6e30ommBatens B. C. I'peOenHukoBay,
BBIITOJIHEHHBIH B BHJI€ MHOT'OCIIOWHOTO Habopa «CaHIBUY» CIOEB M3 OAHOCTOPOHHE
00pE3aHHBIX MUEINHBIX COT M JINCTOB METAJUINYECKON (OIIBIH.
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®oto. 10. «IlaccuBnslii reneparop A.JO. CMupHOBaY.

HecoorBerctBue: [lonHOTa KOHCTPYKIMHM 3TOrO YCTpOiiCTBa, Ha OCHOBAaHUU
mna. 17; 18; 19 cBoiictB «OproHa», JI0DKHA NPEAyCMAaTpUBAaTh COBMECTHOE
UCIIOJIb30BAaHUE C KaXJbIM METAJUIMYECKUM KOHYCOM, BIUIOTHYIO PacIIOJIOKEHHOro
KOHyca W3 OpraHMyeckoro marepuana (torga oOpasyercs «caHaBuu» cioi). Ilpu
9TOM, NEpBBIH KOHYC M3 OpPraHMKH paclojaraercsl BIJIOTHYIO HaJ Y3KOM YacTbio
IIEPBOIO C JieBa KOHYyca (3TO IpHEMHas 4acTh ycTpoiicTBa «Oron»/3¢upa BHELIHErO
ucroynuka). [locnenyroye KoHyca U3 OpraHUKU pacIojararoTcss THIHYHBIM 00pa3omM
HaJ CBOMMHU KOHycamMu u3 Metaiuia. lllupokas 4gacTh mociaeIHEro MeTalsInuecKoro
KOHYyCa SIBJIIETCSI BBIXOJHOM 4YacThlo «OproHHOro» axkkymysisropa. Pe3oHaHcHas
HacTpOMKa yCTPOMCTBA OCYIIECTBIISETCSA MMOJ0O0POM PACCTOSHUM MEXITY KOHHUYECKUMH
«CaHABUYY.

Haubonee momnas peamusanmst na. 17; 18; 19 mepeuncieHHBbIX cBOHCTB «OproHay,
21 .
OCYIIECTBJICHA B KOHCTPYKIIMH «JIETAIOIIEro JUCKa A3aHOBa» ~, CXeMaTHUECKHI BUJ KOTOPOTO
noka3aH Ha Puc. 5

13

Puc.4. Cxematnueckoe m3o0paxxeHHE «JIeTarollero aucka AszaHoBay». KoHCTpyKuus
COCTOUT U3 16 coOpaHHBIX B OOUIMH JMCK CEKTOPOB, KaXIbI W3 KOTOPBIX
COIEPKUT AJTIOMUHUEBBIM KJIUH M TOCTOSIHHBIM MarHuT. Y CTPONCTBO HAauyMHAET
B3JIETATh MPH CBOEH PaCKPYTKE /10 BLICOKUX 0OOPOTOB.

21 Jlerarommii nuck A3aHOBa M TOPCHOHHAs YCTaHOBKA - MHTEPBbIO — Buneo ot Kenesnbii
Yenosek. https://yandex.ru/video/preview/7364012840934670066
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B npuBenennom Ha Puc. 4 ycTpoiicTBe KaKIblil «CaHABUY» CIOW O0Opa30BaH COYETaHHUEM
AJIOMHUHUS M MaTepHaia U3 KOTOPOro BBINOJHEH MOCTOSHHBIA MarHuT. [Ipu sTom oguHakoBas
HaIPaBJIEHHOCTH OJIIOCOB BCeX 16 MOCTOSIHHBIX MAarHUTOB, o0ecrednBaer 3ToMmy «OproHHOMY»
AKKyMYJISITOpY (hpakimoHUpOBaHUE YPUPHOTO IEKTPUIECTBA U3 00pasyrolieics Mpy BpallieHu!
JIUCKA CMEIIAHHOM 3JIEKTPOHHOUW COCTAaBJISIIONIEH JIEKTPUUYECTBA.

Co3manne B akkymynaropax «OproHa» KOHKPETHOTO «CaHABUY» CJIOS MOXET OBITh
peanu30BaHO HE TOJBKO Ye€pe3 HCIOJIb30BAHME B HEM OPraHMYECKUX U HE OPraHUYECKUX
MaTepHayioB, HO U MHBIX XUMHUUYECKHX DJIEMEHTOB U MX coenuHeHuid. Hampumep B Tabmn.2, mo
JaHHBIM HcclieqoBanuil B. Paiixa, yka3aH He MOJHBIN MepeueHb HE OPraHMYeCKUX MAaTEPHAaJIOB,
KOTOPBIE TAKKE MOTYT UCIOJIb30BAThCS I CO3[JaHUS «CaHABUY» CIIOEB.

Tabmuma 2.

He opranmueckue martepuanbl Uil CO3JaHHMS HAa MX OCHOBE «CaHIBUY» CIIOEB B

MOJIHOIEHHO 3aBEPIICHHBIX KOHCTPYKLIHSAX aKKyMyJIaTopoB «OproHa» (He MOJIHBIN

TIepPEUCHB )
nonoxurenbHblit Oprox oTpuuarenbHbli Oprox
OTPULATENBHOE 3NEKTPUYECTBO NONOXWTENLHOE 3NEKTPUYECTBO

xeneso (4] cenex
Meab cepa
0NOBO Hop
CBUHEL, nannagmui
NaTyHb kobaner

Oty xe ocobeHHOCTh ¢opmupoBanus OIIC or BemecTBa TOA Ha3BaHUEM
«Hadramua» obHapyxkun u B.C. ['pebeHHNKOB? (KOTOpBIA CYMTAl, 49TO B MAacIITabax
MHUKPOMHEpA €r0 MOJICKYJIbI HMCIOT TOJIOCTH OMPEASICHHON (OPMBI) M TIOATOMY «HA(DTAITHHY
BocrpousBoaut IIIC.

O0o0naone BpLIBOALI M0 « CpaBHeHU IO Nel ».

AHanu3 KOHCTPYKTUBHBIX 0COOEHHOCTEH paccMOTpeHHBIX B «CpaBHenun Nely
akkymynsaropoB «Oprona» B. Paiixa, ero nocienosateneit u B.C. I'peGenHuKOBa (110 pU3HAKY
3aBEpIICHHOCTH HCIOJIb30BaHUS B JTUX YCTPOWCTBAX KOHKPETHBIX CBOHCTB «OproHa)
MO3BOJIMJI BBISIBUTH CIEAYIONIYIO, OOIIyI0 I1€71eco00pa3HOCTh B KOHCTPYHMPOBAHUU TaKHUX
YCTPOMCTB:

1. O0s3arenpHOE HCHOJIB30BAHUE MHOTOCJIONMHBIX «CaHJIBUYEH» U3 OpPraHUYeCKOro, He
OpraHu4yeckoro (WiaM HMHOI0) Marepuana (HampuMep: JPEeBECHMHbl W MeTasla; MOJMATUJICHA U
Merayyia W TJ.) JUis oOecreueHHs TOJHOLEGHHOH paboTOCHOCOOHOCTH KOHCTPYKLUH
«OproHHbIX» aKKyMYJSTOpOB Ha 0a3e MOHOHM peanmu3anuu CBOUCTB M.I. 17; 18 «OproHHoii»
SHEPrHH.

2. Obs3aTenbHOE WCHONB30BAaHUE Ml PalbOThI akKymymsitopa «OproHa» BHEIIHETO
UCTOYHUKA «OPrOH»/3(QUPHON dHEPrUuH, Ha KOTOPBIN JOKHA OBITH OPMEHTHUPOBAHA €r0 BXOJHAs
(mpuHMMaromas 4acTh) M PE30HAHCHO HACTPOEHBI IO BOCIPUATHIO 3TOH «OProH»/3(PUpPHON
SHEPrUM €ro «CaHJIBUY» CIIOU.

22 B.C. I'pebennmko. MO MUP. r.Hosocubupck: «Coserckas Cubupb». 1997 - ¢.235 .
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3. OGs3aTenpHOE (OPMUPOBAHUE B I'€OMETPHUECKOM 00JACTH BHEIIHEr0 OKOJIO3€MHOI'0
IIPOCTPAaHCTBA, KOHKPETHO HAIIPABJIEHHBIX U PACIIOJIOKEHHBIX Ha ONpPeNeIeHHON AaJbHOCTH OT
«OproHHOro» akKymyjisTopa-GpopMupoBaTens (UM BHYTPU €ro, OTHOCHTEIBHO MOBEPXHOCTH
€ro KpailHero BHYTPEHHETO «CAaHJBHUY» CJI0S1) KOHLIEHTPUPOBAHHBIX BOIHOBBIX MaKCUMyMOB
BHEIHEro  (MH(GOPMAIMOHHOr0)  OTOOpakeHMs BOJNH Ae  bpoins  (co  cBommu
XapakTepucTukamu). Peanuzanus 3Toro TpedoBaHus MOXKET OBITh TIOCTUTHYTa, HAIIPUMEP Yepes:

-MHOT'OCJIOITHOE MCIIOJIb30BAaHUE «CAHIBUY» CJIOEB C KOHKPETHBIMHM XapaKTE€PUCTUKAMMU
MIPUMEHSEMBIX B HUX MHOT'OIOJIOCTHBIX CTPYKTYpP € pa3MepaMy UX Pe30HAHCHO BOCITPUUMYHUBBIX
MHOJIOCTEH,

- CO3JaHHMEM ONTHUMAJBHO (OPMUPYIOIIMX BOJHOBBIE MAaKCHUMyMbl KOHKPETHBIX
TeOMETPUYECKUX (POPM KOHCTPYKTHBHOTO MCHOJMHEHUS «OProHHBIX» aKKyMYJISITOPOB (CO CBOEH
BXO/IHOM M BBIXOJHOW YacThi0) U3 OOBEAMHEHHOTO COYETAHUS B HUX «CaHIBUY» TPYOOK, JMOO
«CaHIBHY» KOHYCOB, JINOO MHBIX MO CBOEH (opme «caHaBUu» (uryp (M3 OpraHMYECKUX, HE
OpraHUYeCKUX MK HHBIX MAaTEPHAJIOB).

4. Kaxk nmokazaqM HUCCIENOBaHMUS, K BHEIIHMM €CTECTBEHHBIM  HCTOYHHUKAM
«OpProH»/>(pUpHON 3HEprun OTHoOcATCS He Toibko Hame ConHue, HO U CojHIA pPa3IMYHBIX
CO3BE3AMHM a TakkKe caMa IulaHeTa 3eMJisl, M3 KOTOPOHM HCXOJUT M B KOTOPYIO MOCTyHaeT
«Oprony».

K BHEmHHMM HUCKYCCTBEHHBIM HCTOYHMKaM «OproHa» OTHOCSTCS: aTOMHBbIE
3JIEKTPOCTAHIMH, PaAMOMaUThl, BHICOKOBOJIbTHBIE JIMHUU 3JIEKTpoIepeay, padoTaronume Tpyosl
3aBOJIOB, JACHCTBYIOIME BYJIKAaHbI, JIABWIBHBIE 3JIEKTPO-AyroBbIE M€4YH, TypOHMHBI F€HEepaTOPOB
U T.J., a TAK)KE CHELUAIbHO CO31aHHbIe MCTOUHUKU «OproHay 1 UX 11eJIeBOro UCIOIb30BaHUS.

CpaBHeHue Ne2.

B cBoe Bpems, 0000mas pe3ynbTaThl CBOMX HccienoBanuii B. Pailx  Ha ux ocHoBe
MPHUILET K CIEAYIOIIEMY BBIBOAY:

0 TOM, 4YTO ONTHMAJbHBbIC TreoMeTpHYecKHe (opmMbl M MaTepHaabl MOIYT
HCI0Jb30BATHCH AJIA KOHCTPYUPOBAHUA TEXHHYECCKHUX yCTpOﬁCTB, KOTOPbI€ NMPOABJAIOT
YBEJUYEHHbIH OTKJIMK 3Qupa mox aeiicTBHEM TOJBKO JHIIL OKpY:Kawimux ycjaosuil. To
ecThb 0e3 JONMOJTHUTEJBbHOI0 BHEIIHEr0 CTUMY/IHPOBAHUSI.

IlpuyeM caM yBeJIMYEHHBIH OTKJIMK 3(uUpa B ITHX YCTPOHMCTBAX, CJeayer
paccMaTpuBaTh KaK <«QHEPreTHYecKHe IO0JId reoMeTpHYecKUX (popm», yepe3 KOTOpble H
NPOSIBJISIOTCH YHHKAJIbHBIE CBOICTBA d(pupa.

Choyctss HEKOTOpoe BpeMs, aMepukaHckui wuccienoBarens Jxeiitmc KoncTebmnb,
npoaoipkas uccienoBanus B. Paiixa mo 3ToMy HalpaBieHHUIO, COCPEAOTOUMII CBOE BHUMAHHUE Ha
ONbITaX C TeHepaTopaMH JOCTyna K <«oHeprum» ddupa, CO3TaHHBIMU Ha OCHOBE
«buoreomerpuueckux (opm». B pesynbraTte yero, ocHOBHBIM OTKpbITHeM JI. KoHcTeduis
SIBUJICH TOT ()aKT, YTO HeNOCpeICTBEHHOE NMPOsiBJIeHHEe B «0HMOreomMeTpuyeckux gpopmax»
PE30HAHCHBIX CBOMCTB UX CTPYKTYP, - KaK Pa3 U BbI3bIBACT YCHJICHHBIN OTKJIHUK 3¢upa.

910 otkpbiTHe . KOHCTEO1 SABUIOCH HAYAIOM CO3/IaHUSI UM HOBBIX BUAOB «OProHHBIX»
aKKyMYJITOPOB I10J] OOIIMM Ha3BaHHEM «Pe30HAHCHO d(HPHbIE YCTPOMCTBA.

Kak okazanoce  BHOCIEICTBUH, MPOCTHIMH  TI'E€OMETPUUECKUMHU  YCTPOMCTBAMHU,
UCHOJB3YIOIIMMHU PE30HAHCHBIE CBOICTBA CBOMX CTPYKTYP MOXHO HE TOJBKO CPOPMHUPOBATH
CKOHLICHTPUPOBAHHBIA JIyd 3(UPHBIX CHJI, HO U C OOJbIIOH TOYHOCTHIO HAMNPAaBUTh €r0 B
IIPOCTPAHCTBE.

@DakTHYeCKN CTeNeHb KOHIEHTpaluu 3¢upa B Jyde TAKMMU YCTPOWCTBAMH MOXXET OBITH
HACTOJbKO BEJMKA, YTO €ro pPE3yJIbTHPYIOLIEE «IaBJIEHUE» OILYIIAETCsS HENOCPEICTBEHHO
YeI0BeYeCKUMH OpraHaMHM 4yBCTB (YTO M MOATBEPIMIO MOBpexkaeHHe cerdaTku rnaza B.C.
I'pebenHUKOBBIM, O YeM caMuM [ peOEHHUKOBBIM U CKa3aHO HUXKE MO TEKCTy MaTepHalyia 3TOro
UCCIIC/IOBAHMUS).

23



HesaBucumo ot pabor B. Paiixa u JI. KoHcTeOssa, 3THMH K€ BOIpPOCAMH €Ie B T'OJbI
cyuiectBoBanust CCCP  3anumancas u B. C. I'peOeHHUKOB C KOJJIEKTUBOM CBOUX
€IMHOMBIIIUICHHUKOB, OCHOBATEJILHO M3y4asi OOHApYKEeHHBIH UM 3 (PEKT MOIOCTHBIX CTPYKTYP
(BIIC), nepras nmybsmkamus o kotopoM B 1984 romy Oblia mpuBeeHa B MCTOYHHKE™.

Bot nanpumep uyto numer B.C. I'pebennukoB Bo ¢parmente (Poro.11) cBoero mucema
ot 2.03.1984 r. k gokropy TexHuuyeckux Hayk B.dD. 3onorapeBy 0 NpoMeKyTOUHBIX pe3yJibTaTax
cBoero uccnenoanus (O11C) Ha 6aze TMYHO CKOHCTPYUPOBAHHBIX MM «HHIYKTOPOBY, a MO CYTH
Jiena, eCd MPHUAEPKUBATHCS O0IIEH TEPMUHOJIOTHH, TO CKOHCTPYHPOBAHHBIX UM TEXHUYECKUX
YCTPOHCTB AKKyMYJIATOPOB «OproHay:

Y wid Yows & MU MutonacGo bupswe wipatpl
BT 1. s oteqhyugge 11 At olodihy ( oo bz Yoy
Wh wr S Y Upefla” el wip 3 Wod MYCOL TN pidice
AREAA ) ® TeMeg trawt [Awww‘wwwe/vad "l nal w.s-yG\f-o, UV,
WV w B e i€ e AT Qe jushegquaie,
MVQTJS ”Wfb‘@w WLN%%"/ ’wi_j Lo pos f,‘lnx,u
T T"7§’ Bed stue € nopuikdipay muswehtS T WM, cos by
D Aonesbegricd funbuid  wh wwbece Wy MR WEA- difopged apa
ureonitige i — Wb S ppn pud ) AL
R L FT a7 L ante s B IR T
3/a hovgae§ utinadb vy W 9497'“0""""76‘).

®ot0.11. ®parment mnucema B. C. I'pebennuxkoBa k B. @. 3omorapeBy oT
2.03.1984 r., nocsioBHOe coaep:kaHue Tekcera: «Y MeHda nomMa u B HUM MHOXkecTBO BCAKHX
«MHIYKTOPOBY», B T.4. CHJIbHOJEHCTBYIOIINX U «IaJIbHOOOWHBIX» (KOMOMHAIMEN ABYX M3 HUX
g, YBBI, «IpoOOMI» cebe W3PAAHBIA KYCOK CEeTYaTKH MpaBoOro TJyasza, W Temepb TaMm
«0JIaronpruoOpPETEHHOe» CIIeNoe MATHO, YTO MHE XYAOKHUKY U BOBCE HU K YeMy). A JI0 TOro
HEOIHOKPATHO, MacTepsl «MHAYKTOPBI», MEePEeIo3UpOBAIICS MHOTO pa3 U Obwio Xymo. TyT Bce
[1eJ10 B IAPAMETPAX NOJOCTel (105 6CMABKa: MemMoOUKd pacuema npueedeHa 6 UCMmouHuKe™):
MPU «CO3BYYHH» - OJaroTBOPHOE BIIMSHUE Ha YEJOBEKa M TeX K€ MYEI-JIUCTOPE30B, MPHU
«UCCOHAHCe» - Tubenb OakTepui, 3epeH pacTeHUU, HEpPBHBIX KJIETOK MO3ra MWW Tlasza, U
HACEKOMBIX, NAPa3UTHUPYIOIIKX Y JUCTOPE30B (2 HAXJIEOHUKOB Y HUX MHOXKECTBO)».

Bonee monHoe 00001IeHHE pE3yJIbTAaTOB CBOETO MHOTOJIETHEI'O HCCIIEAOBAaHUS IO
BorpocaM (DIIC) u nenecoobpasHoil crnenupuke KOHCTPYKTUBHOI'O MCIOJHEHUS Pa3IUYHBIX
TUIIOB U BUJOB «HHAYKTOPOBY» (akkymynaropoB «Oprona»), B.C. ['peOeHHHKOB mpuBEN yxe
Ha CKJIOHE CBOMX JIET, JaBas TENe-WHTEPBBIO B BHACOGHIBME”, TOCIOBHOE COIEp)KAHME
KOTOPOT'O B BHJIE TEKCTA, C (PMKCHPOBAHHBIM BPEMEHEM JIEMOHCTPALIUH (HIIbMaA CIIEIyOIIee:

«18:20 - [IpumepHO Kakue TaiHbI ?
18:25 - Hy, ckaxxeM Tak, st ero Ha3Bal 3QPEKT MOIOCTHBIX CTPYKTYP.

2 B.C. I'peGennnkoB «O (pU3UKO-OHONOrHYECKHX CBOMCTBAX THE3IOBHI TUCIT-ONBUTHTENCH.
Cubupckuii BECTHUK CEIbCKOXO03sicTBeHHOM Hayku. 1984 1. Ne 3 B myOnukanuu mpuBeneHa
(dopmyna OTKpBITUS U KpaTkoe gusndeckoe oobsicHeHue sieHus JI1C.

Annpeii iBanoB. [IpoBepouHBIi pacueT JaIbHOCTH PACIIOI0KECHHS OTOOpaKEHUH MyYHOCTEH
(BOJTHOBBIX MAaKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp IO AaHHBIM nepenucku B. C. I'pebenHukoBa
¢ B. @. 3onorapesiM. 2025 r. [Ty6mkanus pacmoioxena Ha miatdhopme Real Strannik. com
2 Illar 3a ropusont / B. C. ['pe6ennnkoB ; Buaeo ot A. JlyruHa. - [DnextpoHsrii pecype] //
SAnnexc.Buneo. — URL: https://yandex.ru/video/preview/13898429482620289891
(08.06.2026 ).
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18:31 - Oxoisio THE31, MHOTOSTYCHUCTBIX THE3]] MOA3EMHBIX MY TAJIHUIITOB S OOHAPYKHUIT
CTpaHHOE, HEM3BECTHOE 70 CHX MTOp HayKe BOJTHOBOE ITOJIE.

18:47 - Korpa s ero crtan u3ydaTb, MOASIUPOBATH, TO ATO MOTSHYJIO 32 COOOH LENyIO LEeMb
HOBBIX U HOBBIX HAaXOJIOK - COBCEM, Ka3aJioCh OBI, AJICKHX OT MPEAMETa, TaK CKa3aTh, MOCTO
W3YUYCHHUS.

19:02 - CesazaHHBIX yXe ¢ (U3UKON TBEpAOro Tena, PU3UKOW dJIEeMEHTAPHBIX YACTHII,
KBAaHTOBOM MEXaHHUKOH U Tak Jajiee.

19:07 - Hy BoT Takas Bellb.

19:14 - N oka3anoch, 4TO MHOTOSTYEUCTHIA MPEAMET, MHOTOCIONHBINA, MHOT OTIOPUCTHIH,
€CJIM PUTMHYECKH PACIOJIOKEHBI TaM 3TH €r0 OTIEIbHBIC JJIEMCHTHI: SUYCHKU, TPYOKH WIIH
YTO-IH00 TAKOE, TAKOE U TaKoE...

19:34 - OH cnocoOeH HEMOHSATHBIM 00pa3oM, HEIKPAaHUPYEMO KCTaTH CKasaTh,
BO3JICICTBOBAThH HA KUBBIC CHCTEMBI, HA )KUBBIC OPraHU3MBI.

19:48 - B Tom umcie U Ha 4denoBedeckuii. Ha 9To s 1 HacKoumJs ciydaifHO. A TTOTOM
0Ka3aJioch, YTO OHU CIOCOOHBI BO3JICHCTBOBAaTh HE TOJHKO HA JKMBBIE CHCTEMBI, a H
B3aMMOJICHCTBOBATH APYT C IPYTOM.

19:59 - To ectb... Hy, oiHa MEéPTBas KOMNIO3MIHS, HCKYCCTBEHHAsl, BIIPOYEM MOKET
B3aMMO/1€liCTBOBATH C IPYIOii MEPTBOIl MCKYCCTBEHHOM - TAKUM XK€ 00pa3oM, WJIH HHBIM,
WM HeNMpPeABMIEHHBIM J1a)Ke KaKHM.

20:13 - Hy, To, 4TO Ha3bIBAIOT, 3HAETE, TEJICKWHE30M, KOIJIA NpeAMeThbl BIPYL
HEOKMIAHHO MePeJIeTAIT B JIPYIOi YIroJ TaM...

20:21 - Bce 3T0 COBEpIIEHHO 00BICHUMO, MOKHO J1eJIATh MCKYCCTBEHHO.

20:25 - Bce cyry6o 3emHoe, u Hukakue HJIO, nHonnanersne, 6apabauiku abCoiIOTHO
HU TIpH 4eM. Bce 3TO TEeXHOreHHBbIC BelM, JIMOO JeilaeMble KPOME MEHS KEeM-TO elle
CIIeIUaIbHO, JTU00 BO30YKICHHBIC CIIYYaifHO OKOJIO T€X MJIM MHBIX, WU JaKe HE OKOJIO, a Ha
ONPEACICHHBIX PACCTOSHUAX OT HEKUX TEXHUYECKHX YCTPOHCTB: MHOIOTpyOYaThIX,
MHOT'OIIOJIOCTHBIX, MHOT OSTY €M CThIX.

20:56 - Bor Ttakoe. Ho 3T0, moHMMaeTe, TOBOPUTh TO CJIOBAMH JIETKO, - MOKa3aTh OBI
HaJo B pabore, B neiictBuu... ». Jlamee B.C. ['peOCHHUKOB NE€MOHCTPUPYET B 3TOM (pusibme
BO3JICHCTBHE HA PACCTOSHUU CBOMMH PYKaMH Ha CTPEJIKY-WHIUKATOpP CBOETO MPUOOpPA, KOTOpast
B pe3yJIbTaTe BO3JICHCTBHUS OTKJIIOHHJIACH OT MIPEXKHET0 MOJI0KECHUSI.

Tak:ke cjelyer OTMETHTh, YTO K HauOoJiee CyIIECTBEHHbIM (HE 3aBHCHMBIM OT PaboT
B.Paiixa, J[.Koncrebns u ux mocnenoBatencii) BboiBogam B.C. ['peOeHHMKOBA M yd4eHBIX (€ro
€IMHOMBIIIUICHHUKOB), - OTHOCSATCSI CJICAYIOIINE UX MPAKTHKO-TeopeTH4Yeckue 00001eHus:

1. KakoBa xe ¢usudeckas mpupoma IIIC? HaumbGonbinero BHUMaHHUS 3aciTyKUBAET
TeopI/Iﬂ26 JICHUHTPAJCKOro (u3MKa, JOKTOpa TexHW4Yeckux Hayk B.®D. 3omnorapesa,
pa3paboTaHHasi UM €Ill€ paHbllle, a cedyac MOy4HBIIAs yOEAMTEIbHOE SKCIEPUMEHTAIbHOE
MOATBEPKAECHUE.

2. CymHOCTh OTKPBITUS COCTOMT B TOM, YTO COTJIACOBAHHOE JBMIKECHHUE JJICKTPOHOB B
TBEPJIOM TeJI€ MOPOKJIAET BOJHBI /i€ bpoiis, Tak 4TO MOJIOCTU OKa3bIBAIOTCS PE30HATOPAMH -
UCTOYHUKAMU CTOSIMUMX BOJH J€ bpoiis. Pe30HaHCHBIM XapakTep B3aUMOJIENCTBUSA
MpeArnoyiiaraeT KpaTHOCTh JJUH BOJIH M YacTOT, KOTOpPbIE ONPEACNISIOTCS IeéOMETPUUYESCKUMU
pa3sMepaMy B3aHMOJICH CTB VIOIIMX CTPYKTYP.

3. Bonnsl e bpoitnis npucyimy JBHXKYIMMCS MUKPOYACTUI[aM JI000ro Teja, B TOJIIE ero
CKOMIIEHCUPOBAHbI, HAa TOBEPXHOCTH K€ MPOSBISIIOTCS B BHUJE H3IYYECHHUS, HO HACTOJBKO
KOPOTKOBOJIHOBOT'O M CBEPXBBICOKOYACTOTHOT'O, YTO MPUOOPAMH ObLIM YJIOBJICHBI JIMIIL B BHUJIC

%6 B.C. I'pebennnkos, B.®. 3omorapes. Teophs MOIEBOr0 M3IYyYEHHS MHOTOMONOCTHBIX

crpyktyp. Tesuchl noxmamga. COopuuk yacth |l. Hemepuommueckue ObICTpOmpoTEKaronne

SIBJICHUS B OKpY’Karowieu cpene. Te3ncsl NOKIAJ0B MEKIUCIUIUIMHAPHON HAYyYHO-TEXHUYECKON

mkonbl-cemuHapa 18 - 24 anpens 1988 r Tomck: ToMckuii monuTeXHUYECKUM HHCTUTYT, 1988 T.
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nudpakuuu, HO TYT K€ MOMOIJIM HayKe: BCOOMHUM CBOEOOpa3HbIE MOPTPETHl AIEKTPOHOB U
HEHTPOHOB, IOJyYEHHBIE HA KPUCTAJUIaX U MJIEHKaX HMEHHO C ITOMOIIbIO BOJIH Jie bpoiins.

4. CBoell 3Hepruu crosiure BoJIHbI Jie bpoiiisg He HecyT, ¥ 3aKOH COXpaHEHUs JHEPTUU HU B
KO€H Mepe HE HapyIIaeTCs.

5. Tlockonbky BOJHBI 1€ bpoiins pacmpoctpaHsitoTes B ¢usnueckom Bakyyme, DIIC
JOJDKEH 00J1a/1aTh BCEMPOHUKAIOIIMMU CBOVWCTBAMHU.

B COOTBETCTBHH C HCTOYHHKOM? : «Cpeje (pH3HIecKoro BaKyyMa MpPHUCYILU BCE MPU3HAKU
BUXpEBOM TYOKkH bepHynn: 3T0 HeBsI3KasA, HECKIMAEMAs KIIKOCThb (TJIOTHOCTH BEPOSITHOCTU
HE TpUCYILE CBOMCTBO CXKMMAEMOCTH, YTO COOTBETCTBYET HEU3MEHHOCTH pPa3MeEpOB KJIETOK
MPOCTPAHCTBA KaK KBAaHTOB), NPOHWU3aHHAsi BHUXPEeBLIMU TpyOkamu. lmeHHO Takas cpena
SIBJISIETCSI OCHOBOM 11 (POPMUPOBAHUS U PACIIPOCTPAHEHUSI DJIEKTPOMATHUTHBIX BOJIH....Takum
o0paszoM, cpena GU3NIECKOro BaKyyma MPEICTaBISIETCS] COBOKYITHOCTBIO KJIETOK MPOCTPAHCTBA,
KOTOpast 6y1arojiapsi CTOXaCTUYHOCTH T'€OMETPUH JUCKPETHOT O MPOCTPAHCTBA MAKPOCKOIIUY €CKI
MPENICTABIISICTCS KOHTUHYAJIBHBIM TMPOCTPaHCTBOM. [Ipu 3TOM cpenma (u3nUeckoro BakyyMa
IPOSIBJISIET CBOMCTBA JABYXKOMIIOHEHTHOW CBEpXTEKyuel >KUIKOCTHU THIIAa BHUXpeBOW ryoku. B
KaueCTBE IIJIOTHOCTH >KMJIKOCTH BBICTYNA€T KBAHTOBOMEXAHUYECKAas MJIOTHOCTh BEPOSTHOCTH
(Mos_scmaska: npusedennoe codepicanue n. 5 o pacnpocmpanenuu 6oaH Oe bpoins 6
Quzuueckom 6axKyyme u HenocpeoCcmeeHHo NPUeOeHHAs 6 dMOM NYHKMe XapaKmepucmuxa
@usuueckoeo eaxyyma, coomeemcmeyiom n.n. 2; 14; 15; 19; u 21 nepeuucnenuvix pamee
ceoticme « OpeoHHOUY dHepauu, uz ye2o ciedyem umo cpeoa ¢usuueckozo saxyyma («Opeonay )
U A61emcs mem OCHOBHbIM 00BLEKMOM, YCI0BHO 2080ps «OANbHOOCUCMEYIOWUM NOTeM», 8
KOMOpOM Cyujecmeyem CKAIsApHoe noje, NPoHu3sblealouee npoCmpancmeo U Komopoe moodHcem
nepeHocums dHepeuio noodoono eoanam. M ecnu nanpumep osuscyweeca Coanye Kakum mo
00pazom «mMooyaupyemy 3mo noe, co30aeas 68 Hem «CKAIApHble 0JIHbLY, MO HAXOOAWULC HA
nogepxnocmu 3emau 00beKm, HACMPOEHHBIN 8 PEe30HAHC C YACMOMOU SMux 60JH (Kak
PAOUONPUEMHUK HA YACMOMY pPAOUOCMAaHyuu) CnocobOeH GOCHPUHAMb Yepe3 MO CKAIAPHOoe
noJjie yacms dHep2uU Om KuHemuueckou snepauu osudxcyujecocs Connya).

6. CTeHKH MHOTOMOJIOCTHBIX CTPYKTYP Ha OCHOBAHHH 30HHOW SHEPreTUYEeCKOM CTPYKTYPHI
TBEPJIOTO TeJla, CBUAETEILCTBYIOMIEH 00 0000111€CTBICHUH 3JIEKTPOHOB IPUHATO paccMaTpUBAaTh
KaKk TpaHUIbl TMOTEHLIMAJbHOrO SIIIMKA JJIEKTPOHOB. OTO  CIOpaBeIIMBO Kak  JUId
JTUDJICKTPUYECKHUX, TAK U METAJUTMUYECKUX MaTEPUAJIOB, T.K. B METAJIC DJIEKTPOHBI BHIPOXKICHBHI.

O060011eCTBICHHOE JBUKEHUE 3JIEKTPOHOB COIMPOBOXKIACTCS CUCTEMOM CTOSYMX BOJIH i€
bpoitnis B mOTEHIMATbHOM SIIMKE, HMEIOIMX Kiaccuueckue dactorel /b.H. Pomumos
ABTOKOIEeOaTENbHAA KBaHTOBAas Mexannka. Tomck: TI'Y, 1976 r./.

7. HensBecTHOe paHee SBJICHHE B3aWMOJIEHCTBUS MHOTOMOJIOCTHBIX CTPYKTYpP C KUBBIMH
CHUCTEMaMH, 3aKJIIOYAaeTCsl B TOM, YTO CONYTCTBYIOLIME JBM)KEHHUIO SJIEKTPOHHBIX IOTOKOB B
TBEPIbIX CTEHKaxX IMOJocTell BOJNHBI Jie bpoiins, - oOpa3yloT mocpeacTBoM HHTepdepeHIHH
MUKPOCKOMUYECKOE  IOJIe  MHOTOMOJIOCTHBIX  CTPYKTYpP,  BBI3bIBAIOIIEE  M3MEHEHHS
(YyHKIIMOHATIBHOTO COCTOSIHUS KUBBIX 00BHEKTOB, HAXOISAMINXCS B TOM IOJIE.

WuTeHCcUBHOCT, BOJAH J€ bpoilass MOXHO HalWTH 1O 3aKkoHaM HHTEppEepeHLun
BOJIH. OJHAKO BOCHPUATHE HUX OPraHU3MOM OIpPEAENSIeTCS HE€ HMHTEHCUBHOCTBIO BOJH, a
YyBCTBUTEIBHOCTHIO OpraHuM3Ma, KOTOpas OIpeaessieTcs TIyOMHOM pe3oHaHca MEeXIy
OpraHu3MOM M MOJOCTHOW CTPYKTYPOH.

8. Hens0exxHOCTh TaKOTO pe30HaHCa OO0YCIOBIUBAETCS TEM, YTO MO SKCIEPUMEHTATbHBIM
JAHHBIM B OCHOBE OWOMOJIA JiexaT BOJHBI Ae bpoitns. 3amerum, uto none DIIC cocrout us
O0TOOpaXEHHBIX CTOSYMX BOJH A€ bpoiiis, T.€. TH BOJHBI HE U3y4aloTCsl, €CIU HET U3JIy4EeHUs
BEIIECTBEHHBIX uacmuy... /Teopus MOJEBOro HW3IY4YCHHUsS MHOTIOMOJIOCTHBIX cTpykTyp. B.C.
I'pebennukoB, B.®. 3omorapés. B kH.: Hemepuoaudeckue OBICTPONMPOTEKAIONINE SBICHUS B
okpyxarotieit cpene. Tomck, 1988, wacts 111, ¢.91-93/.

21 3onotapes B.®.; [llammes b.b. CtpykTypa u cBOiicTBa cpeapl ¢pusnueckoro Bakyyma. Ne 1
N3sectus By3oB MB u CCO CCCP, ®usuka 1985 r.
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9. Y MHOrOIOJIOCTHBIX CTPYKTYp, Iie IJIOLIAb OBEPXHOCTH TBEPJBIX TeJl BeJHKa, K
TOMY 7K€ MHOTOKPATHO WCKPHUBJIEHA, BOJHBI 1¢ bpoiins ckianbBaroTcs, o0pasys mogo0HO
MY3bIKQJIbHBIM 00€pPTOHAM, TAPMOHUKH C YK€ MEHBIIMMH YacTOTaMH. TaK, yIJIUHSACH, OHU
00pa3yIOT «IYYHOCTU)» - MAKCUMYMBI CTOSTYUX BOJIH Jie bpoitns. (Kommenmapuii asmopa smoit
nyonukayuu: UMEHHO NOIMOMY NO 6Cell GUOUMOCMU KAXHCOAA U3 MHCANIO3U 2PABUMONIAHA
uMeem C6010 UCKPUGIEHHYIO (OpMYy U OMHOCUMENbHO 001bUIYI0 NA0WA0L  C80ell
nogepxnocmu).

10. TIlockombky Bo3zaelicTBUE d(p@dekTa MHOTOMOJOCTHBIX CTPYKTYp TPOUCXOIUT
MMacCUBHBIM 00pa3oM 4epe3 KBAHTOBBIC IMOJS B COMPSDKEHHOM MHpE /BaKyyma/, TO HE JOJDKHO
HaOmoaThes skpanupoBanus JI1C.

11. Ilpyu OBMKEHUH KUBOKM CHCTEMBLI B IOJ€ BOJH Jie bpoiiisi, BO3NEHCTBHE MOXKET CTATh
AKTHBHBIM 4Yepe3 MpeBpallleHUue KMHETHUYEeCKOW YHEPruu CHCTEMbl B SHEPIrUI0 B3aMMOJCHCTBUS
M@Ky MHOTOMOJOCTHBIMU CTPYKTYPaMU U OPraHU3MOM, B PE3YJIbTAaTe YEero KMBasl CHCTEMa, B
LIeJISIX CaMOCOXPaHEeHHUs J0JDKHA MOKUAATh COCEJICTBO C MHOTOMOJIOCTHBIMHU CUCTEMAMH.

AKTUBHYIO 4YacTb BO3JEWUCTBHUA MOXXHO YCHJIUTh IIyTeM CO3JaHHUS HaIpPaBICHHOTO
nepeMenIeHns 3JEeKTPOHOB IO CTEHKaM IOJIOCTEeH, T.e. MyTeM IMPOMYCKAHUS AJIEKTPHUYECKOro
Toka. [IoHATHO, UTO B 3TOM Cllydae MHOTOIOJIOCTHASA CTPYKTypa AOJKHA OBITh M3rOTOBJICHA U3
AJIEKTPOIIPOBOISIIIET0 MaTeprara.

12. KBaHTOBaHHBIC IMOJII MHOTOMOJOCTHBIX CTPYKTYP /IIOTEHIIUAIBHBIX SITUKOB/ JTODKHBI
HPOSIBIISITHCSL B COOTBETCTBUM C MHBEpCHEH /KOH(POPMHBIM 0TOOpakKE€HHEM BHYTPEHHOCTH SIIIUKA
Ha HAPYXHOCTB/ - 3aKOHOMEPHOCTSIMU OTOOPa)KEeHHUs KJIETOK MPOCTPAHCTBA HA UX HAPYKHOCTb.
[Ipu >TOM ABOMYHOCTH BETBIIEHUS MPU 3aMOJHEHUU MOTEHIUATbHBIX YHEPTeTHUECKUX YPOBHEH
BJICUET 3a COOOW «pa3MHOXKEHUE» OTPaKEHHBIX Iy4YHOCTeHl crosuux BoyH 1€ bpoilns BHe
MHOTOCJIOWHON CTPYKTYpbI, YTO NPUBOJUT K 3aKOHOMEPHOCTH MECTOIOJIOXKEHHUS ITYyYHOCTEH
BoJH 1€ bpoilns Ha paccrosuuu (L) oT TpyOUaToil CTpyKTYypHI.

13. IHTEeHCUBHOCTbH BO3/ICHCTBHUS BOJIH Jie bpoliJis T0/bKHA BO3pacTaTh MPOIOPIIMOHATBHO
YHCITy MOJOCTEH B CTPYKType 3a CYeT MHTEePPEPEHIINN BOJH IPU JOCTATOYHO TOHKUX CTEHKAX
MOJIOCTEH, T.K. MOJOCTH B OSTUX YCIOBUSX SBJSIOTCS BOJHOBBIMU pe3oHaTopamu. B menom
MHOTOIIOJIOCTHAsT CTPYKTypa, CJEeJ0BaTENbHO, JOJHDKHA PAacCMaTpPUBAThCS KaK COBOKYIHOCTB
PE30HATOPOB, UM BOJIHOBO-MCTOYHUKOB CTOSTYUX BOJIH ¢ bpoiins.

14. TlpuHAaTO, YTO BO3JECHCTBHUE TOJISI CTOSYUX BOJIH ¢ bpoiins depe3 KBaHTOBBIC MOJIS
MOXET OBIThb TOJBKO MACCHUBHBIM, HE M3MEHSIOIIMM JHEPreTHUYECKOM HACHIIIEHHOCTU KUBOM
cuctembl. OAHAKO, MPH MEXAaHUYECKOM JIBHKEHUU OpraHu3Ma B II0Jie MHOTOMOJIOCTHOM
CTPYKTYPbI BO3/1elCTBHE YACTUYHO CTAHOBUTCS AKTHUBHBIM MO/ eiiCTBHEM MeXaHHYeCKOM
JHEPruM  IepeMellleHHsl OpPraHM3Ma WM __ MHOIONOJIOCTHOH __ CTPYKTYPbl  TyTEM
npeoOpa3oBaHUs 3TOI PHEPTMHM BO BHYTPEHHIOIO SHEPrUIO KUBOM CHUCTEMBI 4Yepe3 CKaJsipHOe
10JI€, BXOJIAIIEE B COCTaB MEXaHUYECKON /KMHETUYECKOW/ SHEPrUH.

(Kommenmapuit-npednonoxycenue _asmopa Imoii_nyoaukayuu. Ha OCHOGAHUU N.N. 55
11; 12 u 14 smux npaxmuko-meopemuueckux o0000weHuil ciedyem, umo IHepzueil
Pa3pyuinmensHo20 6030eicmeus Ha Keapmupy 6 20poode Omck (cm. nyoaukauuio/5/) npu
cpaodameieanuu 08yx (nouemy 08yx cm. nosichenue 6 mekcme @Domo. 11 u  peuu
I'peoennukosa na epema @uavma: 19:59; 20:13; 20:21) Boavuwiux Kowycoe ssunacsy
NPeoOnoNoNCUMenbHo Yacmby KUHEmuU4eckou Inepeuu osuxcyuwiezoca hnauwezo Connua,
osudcyuwguxca Conny cozee3ousn «0een» u osudxcywuxca Conny cozee3ouna «Becv» (Puc.2),
nepedannoil uepe3 cKanapHoe none uzuueckozo eaxkyyma («Opeona») Ha KOHKpemHOu
«moodynuposannoity Imumu ConHyamu uyacmome «CKANAPHBLIX GOJIH» U NPOAGUGULCICA 8
COBMEUeHHOI 00N1acmu NPOCMPAHCM 8EHHO20 PACNONONCEHUA PE3OHAHCHO CO2NACOBAHHBIX
nyunocmeit  Bonnoewvix maxcumymos eHewiHezo omoopaycenusa 60oaH Oe bpoiina,
oopazoeannvix om 060ux bonvuiux KoOHycoe Ha KOHKPEemMHOU 0anbHOCMU 0N HUX C NOMOULbIO
PE30HAHCHO CO2NACOBAHHBIX [C «<MOOYIUPOBAHHOI) YACHOMOIL KCKAAPHBIX 60IH) NO CEOUM
2eOMempPuUUecKuUM pasmepam noaocmeil U PACnONONCEHUIO ux cnoe¢ | cucmem
MHO20N0JI0CHIHBIX CIMPYKIMYP YN UX KOHYCOE.
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To ecmv noayuunoce mak, ymo coenaeuiue 6 O0OHOU o00wienl obdnacmu ecmpeuHo
Hanpaenennvie om o6oux bonvuwiux Komycoe peszonancno eocnpuumuuevie Bonnoswvie
MAKCUMYMbL 6HEWHE20 0moodpasicenusn 601H o0e bpoiina, 6 Momenm coemeuieHus nPUEMHbBIX
yacmeil 000uUx KOHyCcO8 ¢ HANPAGIeHUEM HA C60U GHEUIHUE UCHOYHUKU IHEPUU, - AGUIUCDH
C60€00paA3HBIM «NPUUEIOM-YKa3amenem» 6 my 00uiylo 001acms 6HeuIHe20 npPoCmpancmaed,
20e u 6o3HuUKna u3 eaxkyyma («Opzcona») MmowiHas, pe3OHAHCHO GO0CHPUHAMAA IHEPIUs
duzuueckozo 6o3oeiicmeusn na keapmupy 6 Omcke om gHewtHux ucmounukos, - Connuyy).

O0o0maromue BbIBOABI 0 « CpaBHeHHIO No2 ».

[IpuBenennass B cpaBHeHun Ne 2 wuHpopmanus o crneunduxke (QyHKIMOHUPOBAHUS
«Pe30HAHCHO J3(HUPHBIX YCTPOMCTB», C YYETOM M3JIOXKEHHBIX B OTOM CpaBHEHUU
uccienoBaTenbckoro oooodmenus B. Paiixa, ocHoBHoro orkpeitus [l. Koncre0ins, conepixanus
¢parmenta unTepBhio B.C. I'peGeHHMKOBA, TaHHOTO MM B BHIEO(QHIbME, a TaKXKe MPaKTHKO-
Teopetndeckux 00o0meHuit B.®. 3onorapesa u B.C. 'pebeHHUKOBAa IO 0COOEHHOCTSIM PaOOTHI
ycrpoiicts ucnonsdyromux OIIC,- no3Bomuna BBIABUHYTH CIENYIOIIME IIPEIIION0KEHUS,
KOTOPBIE IIPUHATHI 1JIs IPOBECHUS JaIbHEHUILIEro CCIeA0BaHus 3a 0a30Bble YTBEPIKICHUSA |

1. OntumanbHble reomeTpudeckue (GopMbl U MaTepuanbl MOTYT HCIOJB30BaThCS IS
KOHCTPYUPOBAHUSI TEXHUYECKUX YCTPOHUCTB, KOTOPBIE IPOSBISAIOT YBEJINYEHHBIH OTKIMK 3(pupa
0J1 IGMCTBUEM TOJIBKO JIMIIb OKPYXKAIOIUX ycaoBHi. To ecTh 6€3 JOMOIHUTENbHOIO BHELTHET O
cTuMyiupoBaHus. [IpuueM cam yBelIMYEHHBIH OTKIMK 3(pHUpa B 3THX YCTpOHCTBaX, CIleryeT
paccMaTpuBaTh KaK «IHEPreTMUecKue IOoJsl TeoMeTpHuecKux ¢GopMm», depe3 KOTOpble U
HPOSABIIAIOTCS YHUKAJIbHBIE CBOMCTBA 3(upa.

2. HemnocpeacTBeHHOE MpOsIBIEHHE B «OHOreomMeTpuuyeckux ¢Gopmax» pe30HAHCHBIX
CBOMCTB UX CTPYKTYD, - KaK pa3 U BbI3bIBA€T YCUJICHHBIN OTKIJIUK 3(upa.

3. MHOros4eucTsli MpeaMeT, MHOI'OCIOWHBIA, MHOTOMOPHUCTBIM, €CIM PUTMHUYECKHU
pACIONIOKEHbl B HEM €ro OTAEIbHBIE 3JEMEHTHI: f4YeiKu, TpyOKM MM 4YTO-IH0OO MHOE,
CrIOcOOCH HE JKpPaHHPYyeMO BO3ICHCTBOBATH Ha >KMBBIC CHCTEMBl U JKMBBIE OpPraHHU3MBI, a
TaKKe B3aUMOJEMCTBOBATH APYT C IPYroM (€ciau TaKuX J1Ba).

4. «OnHa MepTBasi MCKYCCTBEHHO CO3/JaHHAsi MHOTOMOJIOCTHAsi KOMIIO3UIUsS CIOCOOHA
B3aMMOJICMCTBOBATE C JPYrod MEpPTBOM HCKYCCTBEHHO CO3JaHHOW MHOTIONOJIOCTHOM
KOMITO3UIIMEH TUIHMYHBIM, WJIM COBEPIICHHO HEMPEABUICHHBIM 00pa3oM  (BBI3bIBasI
(eHOMEHANbHBIEC SBJICHUS, KOTJAa HallpUMeEp MpPEeIMETHl BAPYT HEOXKHIAHHO IEepeieTaoT M3
OZHOrO MecTta B Jpyroe W T.1.) ». Otcioga cieayer duTo s BOCHPOU3BEICHHUS
¢denomeHanbHBIX 3¢} QeKkToB, HEOOXOAMMO HUMETh IO KpaiHed Mepe He MeHee MABYX
B3aMMOJACHCTBYIOIUX MEXJy COOOH MHOIOMNOJOCTHBIX KOMIO3UIMUI (a2 MMEHHO HE MeHee
JBYX B3aMMOJEHCTBYIOLIMX MEXAY COOOH «pe30HAaHCHO 3(PUPHBIX YCTPOWUCTBY, 3aBEPIIEHHBIX
10 CBOEH KOHCTPYKIIUH).

5. be3 BHEWHUX HMCTOYHMKOB PHEPrUM U TOYHOM HACTPOMKM HAa HHUX, - «PE30HAHCHO
a¢upHble ycTpoiicTBa», kKak BT ¢pyHkunoHMpOoBaTh HE MOryT. B CcBsI3M ¢ ueMm, Ha OCHOBaHUU
IIPUBEJIEHHOIO0 paHee KOMMEHTapUs-IpeanojoxeHuss 1n.14, 3a 0a3oBoe yTBEpKIEHHE JUIS
IIPOBEACHUS MOCIEAYIOIINX HUCCIEN0BaHUM CIIEAYET CUATATD!

yro B (usnyeckom Bakyyme («Oprone», «dupe») wuMeercs AaIbHOAEHCTBYIOIIEE
ckansipHoe moje (oduiuanbHOW HAyKOM Takoe elle He HPU3HAHO, HO U HE ONPOBEPrHYTO),
KOTOpO€ CIIOCOOHO dYepe3 MOAYISALHI0 «CKAISIPHBIX BOJIH» OT JBHXKYILIEroCs BHEIIHEro
MCTOYHHMKA DHEPIHH, NEPEaBaTh OT HEro yepe3 usnueckuit Bakyym («Oron», «Ddup») 4acthb
ero KMHETUYECKOW SHEPruu, MpOosBJstoNeics u3 ¢usnueckoro Bakyyma («OroHay, «Ddupay)
HETOCPEICTBEHHO B 00JaCTH MPOCTPAHCTBEHHOT'O PACIIONIOKEHHSI PE3OHAHCHO COTJIAaCOBAHHBIX
myyHOCTeH BOJHOBBIX MAaKCHMYMOB BHEIIHET0 OTOOpa)keHHus BOJH 1e bpoiins. OOpa3oBaHHBIX
Ha KOHKPETHOW NAJIbHOCTH OT «PE30HAHCHO 3(HUPHOr0 yCTpOWCTBa» M CPOPMHUPOBAHHBIX C
MTOMOIIBI0 UMEIOIIEHCS B 3TOM «PE30HAHCHO I(UPHOM YCTPOMCTBE» CHUCTEMBI (MM CHCTEM)
MHOTOTIOJIOCTHBIX CTPYKTYP, PE30HAHCHO COTJIACOBAHHBIX IO CBOMM I'€OMETPHYECKUM pa3Mepam
MoJiocTel (pe30HaTOpPOB) M PACIOIOKEHHIO CIO0EB U3 HUX C «MOIYJIMPOBAHHON» YacTOTOM
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«CKaJISIpHBIX BOJH» (u3nyeckoro Bakyyma («Oprona», «¢upay»). Uepe3 KOTOpbie pE30HAHCHO
BOCIIPOU3BOAMTCS  BO3HUKHOBEHHME B TI'€OMETPUUECKOM  00JIACTM  NPOCTPAaHCTBEHHOI'O
pacrnoyIoKEHUsI PE30HAHCHO COOTBETCTBYIOIIMX Iy4YHOCTEH BOJIHOBBIX MaKCMMYyMOB BHEIIHEr O
(MHQOpPMAaLIMOHHOTI'0) OTOOpakeHUsI BOJH J€ bpoiias dYacTu KHHETHYECKOW OHHEpruu OT
JUCTAHIIMOHHO JBUKYIIETOCSl BHEILIHE0 UCTOYHUKA SHEPIrHH.

B sroii cienuduke nepenayu v npueMa 4acTH KHHETHYECKON SHEPTUU OT JIBHIKYIIETOCS
SHEPreTUYECKOro HMCTOYHMKA M 3aKIIOYAETCS TJIaBHAsl CyTh MEXaHM3Ma B3aUMOJCHCTBHUS
JUCTAHIIMOHHO PACIOJOKEHHOI'0 DSHEPreTUYecKoro MCTOYHMKAa U paboThl  «PE30HAHCHO
3(UPHOTrO YCTPOCTBaY» Kak moiHoueHHoro bTT .

6. Y MHOTOITOJIOCTHBIX CTPYKTYP, T/I€ TJIOIIA (b OBEPXHOCTH TBEPBIX TE BEIUKA, K TOMY
K€ MHOTOKPAaTHO WCKpHBIIEHA, BONHBI Je bpoinst ckinaneBaioTcs, o0pa3ys IMMOJ00HO
MY3bIKaJIbHBIM O0€pPTOHAM, TAPMOHUKH C YK€ MEHBIIMMHU YacToTaMu. Tak, yJIJIMHSSCh, OHU
00pa3yroT «IIyYHOCTH» - MAKCUMYMBI CTOSTYMX BOJIH jie bpois.

Mol KOMMEHTapHuii:

u3 1. 6 cienyeT yTBEpXKICHHE O TOM, 4YTO KaxJas u3 (MMEIImXcs B OJHOM Habope
LEIOCTHOW KOHCTPYKLMH) >kamo3u rpaButoriana B.C. ['peOeHHHMKOBaA, Kak TBEpHOE TeJo
JOJDKHA OBITH  BBIMOJHEHA HE TOJBKO KAaK CHCTEMa PUTMHYECKH PACHOJIOKEHHBIX
MHOTOIIOJIOCTHBIX CTPYKTYP ( M3 MHKPOSYEEK-PE30HATOPOB), HO M KIMETh HCKPUBJICHHYIO (HOPMY
U OTHOCUTEIHFHO OOJNBINYIO IIOIaab cBoeir moBepxHocTH (Puc.5). Mmenno Torpma cucrema
O0IIIero pacHoyIOKEHUs BCEX JKaJio3d B OAHOW 0OIIell KOHCTPYKIUU OJIHOTO IIETOCTHO
3aBEPIICHHOTO «PE30HAHCHO 3dupHOro ycrpoiictBay (Puc.6), xak mnoaHouenHoro BT wu
o0ecreuuT ycnoBue, Koraa BoHbl ae bpoiins ckianeiBatoTcs, 00pa3ys mogo0HO MY3bIKaIbHBIM
0o0epTOHaM TapMOHUKH C YK€ MEHBIIIMMH YacTOTaMu. Tak, Y/UIMHSISICh, OHU B UTOTE U 00Pa3yroT
«IYYHOCTH» PE30HAHCHO BOCIPUUMYHUBHIX BOIHOBBIX MakCHMyMOB BHEIIHErO OTOOpa)kKEHUSs
CTosAuuMX BOJIH Je bpoins, pacrnongokeHHbIe B KOHKPETHOM 00J1acTH MPOCTPAaHCTBA, Ha
ONPENEJICHHOM YJAJIeHUH OT TOBEPXHOCTH «PE30HAaHCHO »ddupHOro ycrpoiicreay (OT
MOBEPXHOCTH OJIHOTO AHTHTPABHTAI[HOHHOT'O MHUKPOSYCHUCTOrO (BDHIIbTPa-)KaIFO3H).

Puc.5. OGmmii BU CIUIONIHOTO MO CBOEH JJIMHE OJJHOTO M3 JKaII03M U3 Habopa LeT0CTHON
KOHCTPYKLUUH €IUHUYHOIO AaHTUI'PaBUTALMOHHOIO MHUKpOSYEHcToro Quibrpa-
kamo3u (0e3 yuera cnelM(pUKU PACIOIOKEHHUS U (OPMBI COINIACYIOLIMX B HEM
OTBEPCTUH).

Puc.6. O6muii By (06e3 moka3a OTBEPCTHI) CHCTEMBI PACIOJOKEHHUSI BCEX JKaO3U B
[IEJIOCTHOH  KOHCTPYKIIMM  OJHOT'O  aHTHTPABUTALMOHHOTO MHKPOSYCHCTOIO
¢bunbTpa-Kaao3u (YaCTUIHO Pa3IBUHYTOE COCTOSHUE).
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A TIOCKOJIbBKY B COOTBETCTBHH C 1.4 151 BOcIpou3BeaeHUsT peHOMEHAIbHBIX 3P (HeKTOB
HEOOXOIMMO MMETh MO KpalHell Mepe He MEHEE JBYX B3aMMOJCHCTBYIOUIMX MEXIY COOOi
MHOT'OTIOJIOCTHBIX KOMITO3UIIUM, YTO TaKXe MOATBEpKIaeTcs Ha 3P dexTe cpabaThiBaHUS ABYX
boapmux konycoB B.C. I'pebennukoBa (Puc.7) , - TO U3 3TOro ClIeayeT, 4TO B Ka)a0i OJI0K-
naHenu rpaButoriana B.C. I'peGeHHHMKOBa JODKEH OBITh KOMIUIEKT M3  JIBYX
B3aMMOJICHCTBYIOIUX MEKAY COOOW, MUCTAHIIMOHHO PACIOJIOKEHHBIX OTHOCHTEIBHO IPYT
Jpyra aBTOHOMHO BBITIOJTHEHHBIX aHTUTPABUTAIIMOHHBIX MHUKPOSUEHUCTHIX (QUIBTPOB-KAIFO3H.

OHLECKTPATOP

BOXH MaTepmn  janpHero  neffcTsms
cucTems B.C,IpeCGeHHNKOBA

Muorosueucroe yerpolicTso OnpeneneH-
HHX [lapaMeTpoB ¢ MCHONb30BaHWeM BOXH

‘ /MaTepym.
' f BozzeficTByeT Ha XUBHE ODraHu3MH
% a3NMuEEM O6pasoM, OCoxsmelt  uacTHO

EeCnaronpraATHEM. BosgeficTByer Takxe
Ha KPYTMABHNE BeCH W KDWCTAaNAN3auwo
J DacTB0pOB (eMm.9KcnosaT "l[ropurrac) .
-~ CxonHEM OCDa30M OHMVM yCTDOEHH
y ‘Qx\':‘m“\\‘"swpﬂo—xyuencnycnavomue annapaTh"

| €
7
D,

npod. O.Korschelt, npwuexsAsmmecs B
XIX BeKe B CENbCKOM X034A#CTBE, TeXHN-
',r/////,,/, Ke, MeNMurHe
' % B xouMOuHauMy C NOCTOAHHHMY MarHWTa-
% Mm crnocoGeH B3amMoZelicTBOBATH C IO-
{ JOOHHM ¥e yCTPOHCTBOM 3a COTHM KHIO-
METDOB,llepemMemasi ero may jpefopmupys.
B 30HAQX CTOSUYMX BOXH MEXLy OCOWMI
ycrpoftcTBaM, B MOMEHT WX ODHEHTalmK
Zpyr Ha Jpyra, MOfBAADTCA OTBEPCTAA
B CTexnaX, CMemeHna OHTOBHX Npex~
METOB, COOW 3JIEKTPOHWKN ¥ MH.JP.

- JinrepaTypa: Hemeproguueckue OHCTDPO-
| WE' npoTexavmue ABIGHMA B OKpyXavmed cpe-
B2 ge. Towmex,4.111,1988,c. 70-T1. ¢

iy TPOrATL |

HAITPOTYB PACTPYBA JO0II0 HE CTOATb ! |

Lz

Say

Puc.7. Ob6mas xapaktepuctuka «I'eHepaTopa moyrepreiictay BTOPOro Bu1a, KOTOPbIi
COCTOMT U3 IBYX «BOJbIINX KOHYCOBY» (IPUBEIEHO MO OMKUCAHUIO U3 MY3€sl) .

Opnako, Npu MakCUMaJIbHOM TosmMHE 11aT@opMbl B 60 MM U YHCIEHHOCTH KaJllO3U B
OJTHOM KOMILIEKTE 9 IIT., B Cllydyae HCIOJb30BAHMS JBYX KOMILJIEKTOBX aHTHUIPaBUTAIIMOHHBIX
MUKPOSTYEHCTHIX (HIBTPOB-KATIO3U C OOIIEH YHMCIEHHOCThIO BCeX kKamo3u B 18 mT., - B ogHOMU
OJIOK-TIaHEeN IPaBUTOIJIAHA MaKCHMalbHas TOJIIMHA €AMHUYHOM KaJII03U MPH ITOM COCTaBUT
3HadeHue B 3 MM, (60 mm/18 = 3,3 MM), 4TO OYEHb MAJIO U HEHAJIEKHO JIJII KOHCTPYKTUBHOTO
UCIIOJTHEHHUS LI€JIOCTHOM KOHCTPYKLIUU €AMHUYHOTO (PUIBTPA.

A eciu yuecTb, UTO ellle MEKIY IByMs (PUiIbTpaMH J0JDKHA ObITh IPEAYCMOTPEHA 001aCTh
WX COBMECTHOTO CBEACHUS M pa3BeneHUs (rie BO3HHUKAET OCHOBHOE IMPOSBIICHUS
(eHOMEHaJIbHOTO SBIICHUS), - TO TOJIIMHA €IUHUYHBIX KAIIO3U JO0DKHA OBITH elle MeHbIne. A
9TO KOHCTPYKTHBHO HE IejecooOpa3Ho. Takum o0pa3oM, YUUThIBas 3Ty OCOOCHHOCTh CIEAYeT
[ojlaraTh, YTO B Ka)KJ0M MaHENU rpaBUTOIIaHA ObLIO PACIOI0KEHO 110 OJJHOMY YIIPABIIIEMOMY
AHTUTPABUTALIMOHHOMY MHKPOSYEHCTOMY (UIBTPY-KATIO3U, UM HWHA4Y€ TOBOPS MO OJHOMY
YIPaBISEMOMY «PE30HAHCHO I(PUPHOMY YCTPOHCTBY» KOHCTPYKIHH «A» (TOKa MpPUMEM 3TO
IIPEAIOI0KEHUE 32 OCHOBHYIO THIIOTE3Y).

BropsiMu ke He yImpaBiIsieMbIMH «PE30HAHCHO Y(UPHBIMU yCTPOHCTBAMU» KOHCTPYKIMH
«b» B Takom BapuaHTe wucnonHeHus rpaBurormana B.C. I'peOeHHHMKOBa  SBIISAIHMCH
HEMOCPEICTBEHHO 00€ OJIOK-TIaHedH, COCTOSIIIHE U3 MHOKE€CTBA MHOTOIOJIOCTHBIX
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MUKpPOSTYEUCTBIX CTPYKTYpP IPEBECHHBbl U BBINOJHEHHbIE PE3OHAHCHO COIJIACOBAHHBIMH C HUX
YIOpaBIIEMbIMH IO CBOEM PE3OHAHCHO-BOJHOBOW  HACTPOMKE  AaHTUIPAaBUTALMOHHBIMH
MUKPOSYEHCTHIMH (QUITbTPAMH-KAITIO3H.

IIpu 5TOoM Kak mHOKa3ajdM BBIYUCIEHUS, NPU ToiaumHe miuatdGopmel 60 MM, U oOuieMm
KOJIMYECTBE KAJII03U B YIpaBisieMoM puibTpe 9 mr., - MaKCUMalbHAas TOJIIMHA OJHOW K031
13 KOMIUIEKTa QUIbTpa UMEET 3HaUE€HUE OKOJIO 5 MM C YYETOM 3a30pa MEXKy HUMH, YTO BIIOJHE
MIPUEMIIEMO.

DKcIepuMeHTalbHast npOBepKa28 MO3BOJIMJIA BBISIBUTH, YTO JEpeBsSHHas TiaTdopma
rpaBUTOIJIAHA, BOCCO3/IJaHHAS MO pa3MepaM ee opHrI/IHana29 (B cocTaBe ee nByX OJOK-TIaHENEH U
UX KPEMeXHbIX 3J1eMeHT01330) (dbopMupyeT Ha ONMpeneNeHHON, MOCTOSIHHOW JTaTbHOCTH OT ce0st
IMYYHOCTH PE30HAHCHO BOCIPUMMYHUBBIX BosHOBBIX MaKCHMYyMOB BHEILHETO
(MHpOpMaLIMOHHOT 0) 0TOOpaXKeHUs BOJH ¢ bpoits.

[Iyunoctn BOMHOBBIX MakCUMyMOB (OPMHUPYIOT TakKe€ U aHTUTPABUTALMOHHBIC
MUKPOSYEHCThIE (PHIBTPBI-KATIO3H Kaxaoh Osok-manenmu. Ho 3T mywyHoctn BomaHOBBIX
MaKCUMYMOB MOT'YT OBITh yNpaBIsieMO CMEIICHbI MO JaJbHOCTH CBOETO PACIOIOKEHHUS C
y4e€TOM H3MEHEHHUS B HHUX HOMEPOB T'apMOHHUK, UIMH BOJIH M YacTOT (3a CYET M3MEHEHUS
pa3sMepoB CKBO3HBIX OTBEPCTUHA MPU paA3JABUTAHMM WM CABUTAHUM KAJIKO3U LEIOCTHOMU
KOHCTPYKIIUHU YIIPABISIEMOr0 aHTUT PABUTAIIHOHHOTO MUKPOSIYEUCTOTrO PUIIbTpa «A»).

MaremaT4ecKoe MOSICHEHUE 3TOTO SBJICHHS HA OCHOBE U3MEHEHUS IHMaMeTpa €AUHUYHON
TpyOku MHOromnonoctoro ¢popmupoarens II1C npuseneHo B Hy6J‘II/IKaLII/II/131.

Takum  oOpazomM, 3a cUeT YOpaBIIeMOM  HACTPOHKHM  AaHTUTPABUTALIMOHHOTO
MUKPOSYEHCTOr0 (DUIbTpa-Kamo3u «A», - MECTONONOKEeHHEe (OPMHUPYEMOW UM IMYyYHOCTH
BonHoBoro makcumyma BHemIHEro (MH(GOPMAIMOHHOrO) OTOOpaXkeHHs BOJH ne bpoins (c
yUYETOM 110100pa €€ PE30HAHCHO BOJIHOBBIX XapaKTEPUCTHK) COBMEIIAETCS C MPOCTPAHCTBEHHBIM
MOJIOKEHUEM TUIMYHOM MYyYHOCTH PE30HAHCHO BOCHPHUMMYHMBOrO BOJMHOBOro Makcumyma OT
OJIOK-TIaHeNH rpaBUTOIIaHa «by .

B obnacti coBMeNIeHUs STHX PE30HAHCHO BOCIPHUUMYMBBIX MMYYHOCTEH, - U3 BaKyyma
BO3HUKAIOT SHEPIruM, NEepeaaBacMble MOAYISLMSAMU CKAJIPHBIX BOJH YEpPE3 CKAJISAPHOE IOJE OT
000MX JUCTAHIIMOHHO YAAJEHHBIX JBWKYIIUXCS HCTOYHUKOB KHHETHMYECKOW »HHepruu. B
pesyibTaTe dYero B OOJACTH COBMEIICHHBIX ITyYHOCTEH H TPOUCXOAUT MAKCHUMAaJIbHOE
MPOsIBJICHUE ()EHOMEHAIBHOT'O SIBJICHHSI (AHTUTPABUTAIIMH ) C UCITy CKaHHEM (DOTOHOB.

[TpuumHa ucnyckanusi GOTOHOB TMOSICHEHA B HCTOYHHKE crexyrommmM obpazom: «Kak Mbl
YCTAaHOBMJIM, DJIEMEHTapHas YacTHIa HENpepbiBHO OOMEHUBAECTCSI JHEPrue Cco CBOUM
«KBAaHTOBBIM TY3bIpEM». ITOT CTAallMOHAPHBIA MPOLIECC MOXKET ObITh HapyIIeH BHEIIHUM
BO3MYIIIEHUEM, HCKaXaroMKUM (a3oBble€ COOTHOIICHUS MEXKAY KIaCCHYECKUM JBUKEHHEM
3JIEMEHTAPHON YaCTULbI KBAHTOBOW CTOSIYEN BOJHOW. TOJIBKO TOrJa HAYMHAETCS MEPEXOIHOU

28 Angpeii MBasoB. O HOBBIX KOHCTPYKIMSX IAT4HKOB 1Mo perucrpamun dddexra ITomocTHbIX
Crpykryp (DIIC). 2025 r. [Iyonukarus pacmnoyioxkena Ha miatdopme Real Strannik. com
2 Amgpeii VBaHOB. VTOYHEHHE TI'COMETPHUYCCKHX pasMepoB ILIAT(OPMBI TPABHTOILIAHA
B.C. I'pe6ennuxoBa (Pekoncrpykums mo uzBectHsIM (poto). 2025 r. [Tybnukanus pacmnonoxeHa
Ha atdopme Real Strannik. com
%0 Anppeir lBaHOB. VYTOYHEHHME TE€OMETPUYECKHMX Pa3sMEPOB OTHENBbHBIX DIIEMEHTOB
KoHCTpyKiuu rpasutoniana B.C. ['pebennukoBa
(momonnenHas Bepcusi). 2025 r. [Tyonukanus pacrnoioxena Ha miaardgopme Real Strannik. com
3 Annpeii IBanoB. [IpoBepouHblii pacyeT AajbHOCTH PACHOI0KEHUS 0TOOpaKeHUN MydHOCTEH
(BOJTHOBBIX MAaKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp 1o AaHHbIM nepenucku B. C. I'peGennukoBa
¢ B. @. 3onorapesiM. 2025 r. [Ty6amkanus pacmoiioxena Ha miatdhopme Real Strannik. com
%2 B.®. 3onorapes, b.5. [llammes. du3nka KBAHTOBAHHOTO IPOCTPaHCTBA-BpeMenH. YacTs | 1.
DneKTpOMarHuTHbBIE IBJIEHUS (ITPOJOJDKEHNE), TPaBUTAIIMOHHbIE B3aUMO/IEHCTBHS,
HWHEpIHAIbHOE MO, FPaBUMHEPLIMATbHBIC IBJICHUS, CTPYKTYpa 31eMEHTapHBIX YaCTHII. -
Viesaaosck: U3-o Ynulll, 1993 c. 90.
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IIPOLIECC, IPUBOASIIUN K YCTAHOBJIEHUIO HOBOI'O CTALlMOHAPHOI'O COCTOSIHUSA C JPYTUM yPOBHEM
SHEpruM (M CONPOBOXKJAAETCA  MCIyCKAaHMEM  WIM  [OIVIOIeHueM  (OTOHA), HIIU
3aKaHYMBAIOIIMKCA BO3BPAILEHUEM CHUCTEMBbI B UCXO/HOE cocTosHue. Ho B moOom ciaydae 3ToT
MIepPEXOHOMN mpolecc OyAeT UMETh KOHEYHYIO ITTUTEIbHOCTD ».

ToyHoe coBMmemieHHe B OAHOM 00JIACTM  NPOCTPAHCTBA OOOMX  PE3OHAHCHO
BOCIIPUMMYHBBIX INYYHOCTeH BOJHOBBIX MakcMMyMOB (Iy4HOCTH OT Onok-nanemu «b» u
MYYHOCTH OT QHTUTPABHTAIIMOHHOTO MUKPOSYEHUCTOrO (DMIIbTpa-Kallo3u «A») oOecreynBaeT
Haubosiee MOIHOE MpOsiBICHHE SHepruu u3 Bakyyma («Oprona», «Ddwupa»), BO3HUKIICH B
00JlacT COBMEIEHUS 3TUX IyYHOCTEH, a ClIef0BaTeIbHO M Hanbojee BBICOKYIO BEPOATHOCTD
¢bu3nyecKkoro paspylleHusi rpaBUToriaHa. TakuM o0pa3oM, 4yTOObI MCKJIIOYUTH BO3MOXKHOCTH
CKaYKOOOPa3HOIro MPOSIBJICHUS MAaKCUMaJbHOW OJHEPrMM B 30HE COBMEIIEHUS BOIHOBBIX
MaKCUMyMOB M €€ HEeraTMBHO-Pa3pyIIUTEIbHOIO BO3AEUCTBUA Ha TIpPaBUTOIJIAH, B €ro
KOHCTPYKLIMH JIOJDKEH OBITh MPEIyCMOTPEH CHEUUANbHBI MEXaHW3M IOCTEIEHHOTO
HapalMBaHUs WIM YMEHbIIEHUS YPOBHS MPOSIBIISIOIIEH CS SHEPTUH.

ITo Bceit Bugumoctu, uMeHHO nostoMy B.C. I'peOeHHUKOB mepea B3JETOM Ha CBOEM
IPAaBUTOIIAHE YCTAHABIIMBAJ 3apAHEE BBIBEPEHHOE B DKCIEPUMEHTaX YaCTUYHOE Pa3/IBHIKEHUE
(rOpU30HTAJIBHOE) JKalo3U «A» B O0OMX AHTUIPaBUTALIMOHHBIX MUKPOSYEUCTBIX (uibTpax
nByX Osok-mianenedd «b», a 3aTeM ¢ MOMOIIBIO CO3JaHHOIO WM B HIDKHEH YacTH CTOWKH
IpaBUTOIJIaHA CIELUATIbHOIO «OJOKa YIpaBie€HUS MOIIHOCTBIO», - IIPOU3BOAMI (IIPH Ha)KaToON
HeJaJd M IOBOPOTa PYKOATKM) BEPTHKAIbHOE OTJajeHHe OOOMX  aHTUI'PAaBUTALIMOHHBIX
MHKPOSIYCHCTBIX (DHUIIBTPOB-KAJIO3U «A» OT NMOBEpXHOCTEH uX Onok-maneneil «b» no Takoro
HOJIOXKEHUS, IPU KOTOPOM YK€ HAauMHAJ YaCTUYHO NMPOSABIATHCA 3(pdexT anTurpaBuTanuu (To
€CTh yCTaHaBIMBaJN OJM3KOE€ K COBMEIIEHUIO Ny4yHOCTeH BOJHOBBIX MaKCHMyMOB
OTHOCHUTEJIBHOE IOJIOKEHUE JBYX «PE30HAHCHO-3(UPHBIX YCTPOHMCTB» «A» U JIBYyX
«PE30HAaHCHO-3(DUPHBIX yCcTpoicTBa» «by).

B COOTBETCTBUH C 3aBHCHMOCThIO (1) MyGmKamuu® Takas MpegBapuTeIbHAs HACTPOIKA
rpaBUTOIIaHa 0oOecreynBata BO3MOXXHOCTh CMEHBI 3HaKa «+» (U3MUECKOi BeTMUUHBI «+C2» Ha
3HAaK «-», U Ha4YaJbHOE BO3HMKHOBEHHE BOKPYI TPABUTOIJIAHA «KOKOHA MPOCTPAHCTBEHHOI'O
My3bIpsi» ¢ pu3nIecKor BenunarnHon «-C2», KOTOPBIM OTAEISIT HAXOASIIUICS B HEM TPAaBUTOILIAH
OT BHEUIHETr 0 MMPOCTPAHCTBA € (PU3NUYECKOM BEMUUMHON «+C2».

8Xm2C,% _mC, [8X
m TU? U A/mT'

g= 1)

rue:
dE
X= T Ipr/ceK - CKOpPOCTh M3MEHEHUs 3HEPTUU BO BPEMEHM (M3MEHEHHE

SHEPruH 3a Bpems);

7t = 3,14159 - uncno Iu;

C, = 700 kM/cexk = 7x10° wM/cexk - JMHeHHAas CKOPOCTh BPAIUCHHS IIPHYHHBL
oTHOcUTeNnbHO cienctBus (mo gaHHeiM H.A. KoselpeBa 310 muist
HAIIEro SIBHO HA0JI0aeMOro IPOCTPAHCTBA OKOJIO 3EMJIN);

M, Kr - macca;

T, cek - mepuoj CMEHBI HANpPaBIIEHUS BpaIleHUs BOYKA (TIEpuoJ COOCTBEHHBIX
KoJeOaHuii);

U, m/cek - cpenHss aOCOMOTHON BeTMUYMHbI IMHEHHON CKOPOCTH BPAILEHUsS BOTYKA
U IIPUHATO: W<< (;

g=9,81, M/cek’ - YCKOPEHHE CHIIBI TSKECTH;

% Annpeit Usanos. ['pasuromian B.C. ['peGeHHUKOBA 1101 paKypcoM paboT ZOKTOpa (pH3HKO-
MaTeMaTHYeCKuX Hayk nmpodeccopa Hukomast Anexcanaposuda KoseipeBa. 2025 r. [Tyonukanus
pacrnionoxena Ha ruiatgopme Real Strannik. com
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[Tocne uyero OTHOCHUTEIbHOE BEPTHKAJIBHOE CMELICHHE O000UX OJIOK (UIBTPOB «Aw,
IIPOM3BOJMMOE C IOMOIIBI0 OOKOBOW PYKOSTKH, PACIOJIOKEHHON Ha CTOWKE TIpaBUTOILIaHA
(®otr0.12 ) mpu HaxkaTOW NeNANM HANESKHO (PUKCHUPOBATIOCH MEXaHHM3M (HKcauu dYepe3
OTXKAaTYIO M€1aJIb U T'PABUTOIIAH ObLI TOTOB K HEMOCPEACTBEHHOMY B3JIETY.

@®ot0.12. BHemnuit Buj «010Ka ynpaBieHHs MOLIHOCTbIO» I'PAaBUTOIIAHA C OOKOBOM
PYKOSITKOM Ha CTOIKE YIpaBlIEHUs, peryJupyrolled Npu HaxaTol mnenanm
yJlaJleHue MUKPOSYEHCTHIX (PUIIBTPOB-KAIIO3H OT UX OJIOK-TIaHEJeH.

Ha6op BeICOTHI ITpon3BOAMIICS elle 0ojiee 3HAUYUTENIbHBIM TOPU30HTAIbHBIM pa3BeleHUEM
KAIO3M B KaXKJIOM KOMIUIEKTE «A» aHTUI'PABUTALMOHHOIO MMKPOSYEHCTOro (uibTpa
IpaBUTOIJIAHA, a CJIE0BATENIbHO U CHHXPOHHBIM U3MEHEHUEM Pa3MepOB CKBO3HBIX OTBEPCTUH B
HuX. YTo M obecneunBaino eme 6ojee OJIM3KOE COBMEILICHHE BOJHOBBIX MaKCUMyMOB B 0OOHMX
napax «pe3oHaHCHO 3(UPHBIX yCTpoHCTBY» (O0K-TIaHeNlb «b» U MUKpOSTYEHCThIH 050K GuiIbTp-
KaJI03H «A», 9TO OJJHA Mapa) U TeM CaMbIM, B COOTBETCTBUU C 3aBUCHMOCTHIO (1) emre Oonee

dE o
CUJIbHOE MposiBieHue sHeprun (X = E) u3 Bakyyma («Opronay, «2dupa») B COBMEIICHHOU

My4HOCTH (CM. Ha ipumepe Puc.7).

TakuM 00pa3oM, OpU yOPABISIEMOM COBMeEIEHUU BOIHOBBIX HYYHOCTENU IMIPOUCXOINIO:

- HavaJbHOE BO3HUKHOBEHHE () (ekra aHTHUrpaBuTaunu (-g) MOSICHAEMOro 3aBHCHMOCTBIO
(1) ¥ BO3HUKHOBEHHE HAYAIBHOI'O «KOKOHA MPOCTPAHCTBEHHOI'O MTy3bIPs» BOKPYT I'PaBUTOIIIAHA
¢ pusnyeckoit BemuunHon «-C2», KOTOpbIE 00YCIOBIEHHBI UCXOIHBIM ITPOSIBJICHUEM U3 BaKyyMa
(«Oprona», «Odupa») osuepruii X; um Xz OT YHAJICHHBIX HMCTOYHHUKOB, PE30HAHCHO
BOCIIPUHUMAEMBbIX YK€ BOJM3UM KOHKPETHOH 00JacTH TOYHOIO COBMEILIEHHUS ITy4YHOCTEN
BoJIHOBBIX MaKCUMYMOB «pPE€30HAHCHO-3(UPHOro ycTpoiictBa» «b» M «pe30HaHCHO-3(UPHOrO
YCTPOHUCTBa» «A¥;

- lajbHEeIIee yIpaBIsieMoe Pa3IBMKEHUE KaTI03H B KaX10M U3 OJIOK-(PUIbTPOB «A», 4TO
eme Oojee cONMMXKAET K COBMEIIEHUIO IMYYHOCTH BOJHOBBIX MaKCUMyMOB «pPE30HaHCHO-
3¢upHBIX ycTpoilcTB» «b» U  «A», yBenmuuuBas B HUX YPOBHU IpPOSIBIECHUS U3 BaKyyMma
(«Oprona», «9dupa») B3aumopelcTByOIMX SHepruit X1 U Xz U GopMHUpPYeT TeM caMbiM
MHOTOCIIONHYIO CTPYKTYpPY «KOKOHOB IPOCTPAaHCTBEHHOI'O ITy3bIps)» BOKPYI I'PaBUTOILIAHA CO
CBOMMH 3HadyeHUsIMH (uszndeckoi BemuuuHBl «-C2» HMX BHYTPEHHHUX MOJIIPOCTPAHCTB,
OT/EISIIOIIMX BHEIIHEEe OKOJ03EMHOE IMPOCTPAHCTBO CO 3HAUCHHEM (DU3MYECKON BEIUYMHON
«+C2», OT BHYTPEHHEro  NPOCTPAHCTBA  MHOTOCIOMHOW  CTPYKTYpbl  «KOKOHOB
MPOCTPAHCTBEHHOT'O MY3bIPS» C UX 3HAUYCHUSAMH (U3NUECKON BemnunHON «-C2», (Puc.8).
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Puc.8. OOmwuit BuJ MHOroCIOWHOM (MHOro 00O0JIOUEYHOH) CTPYKTYpPbl «KOKOHOB
MPOCTPAHCTBEHHOTO ITY3BIPSi» BOKPYT TPaBUTOILIAHA. PUCYHOK B3AT W3 KHHUTH
B.C. I'pebennnkoBa «MOU MUP», ctp. 211.

- U3 Ka)JI0T0 CJIOS MHOTOCJIOMHON CTPYKTYpPbl «KOKOHOB ITPOCTPAHCTBEHHOT'O IIy3bIPS», a
TaK)Ke€ CHU3Y B3JeTeBIIe MiaaTdopMbl MPOUCXOMUT ucmyckanue ¢ortoHoB (Puc.9), mpuumna
KOTOPOr'0 MOSICHEHa BO ()parMeHTe paHee MPUBEACHHOrO TekcTa nmyonaukanuu [B.®. 3omorapes,

B.B. [llammieB. ®u3nka KBAHTOBAHHOTO pocTpancTBa-Bpemenn. Yacts 11)];

Puc. 9. OOmmit Bux u crnenuduka CBEYCHUS MHOTOCIOMHOW CTPYKTYpPhl «KOKOHOB
MIPOCTPAHCTBEHHOI'O0 IIY3bIPs», W MOJ MJIAaTGOPMON JIETAIIEro TrpaBUTOIIAHA.
Pucynoxk B3sT u3 kauru B.C. I'pebennnxoa «MOUW MUP», ctp. 209.
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- IIpU ydeTe UCIyCKaHHe (OTOHOB, HAa IPaHUIAX TOHKHX MPO3PAYHBIX CPEA Pa3IU4HON
TOHKOCTM ¥  IUJIOTHOCTH  KaXJIOrO  CJIOS ~ MHOIOCIOMHOM  CTPYKTYyphl  «KOKOHOB
MIPOCTPAHCTBEHHOTO IMYy3bIPsA», @ TAK)XKE CHU3Y B3JIETEBIIEH MIAaT(OPMBbI, HENOCPEACTBEHHO O]
CaMHMM TI'PaBUTOILIAHOM (B 30HAX YIOPSIOUYEHHOTO paCHOJOXKEHHBIX My4YHOCTed BoaHOBBIX
MakCMMyMOB), - BO3HMKAaeT OOpa3oBaHHE IIBETOB CBETa, 4YTO IOSCHAETCS Ha OCHOBE
HaGmonennit M. HploTOHA, KOTOpbIE OIIyGIMKOBAHBL B HCTOYHUKE .

Tak e HEoOXOAMMO OTMETHTh, YTO NMPHUMEHEHHE CKBO3HBIX OTBEPCTHH OT MAajoro J0
OOJIBIIOTr0 JTUAMETPOB, MPOJEIAHHBIX B KaXXIAOH OTIEIbHOW MCKPHUBIIEHHOH IJIAaCTHHE-KAI03U
KKIOr0 U3 O0OMX AaHTUIPAaBUTALMOHHBIX MHUKposilueucToiX ¢uibTpoB «A» (Puc. 10)
00ecreyrnBaeT BO3MOXKHOCTh IMOJCTPOUWKH IUIABHOTO TMEpPEMEIeHUsl M0 JaJbHOCTH IMy4YHOCTEl
BoJIHOBBIX MAKCHMYMOB OT 3THX (DHIIBTPOB.

| AT S W S

[ Doy v =, 4 |

Puc.10. O6mmii B CKBO3HBIX OTBEPCTUN B KaXKJIOHM MIACTHHE OTACIBHOTO JKAJIO3H,
KXKJIOTO W3 JBYX AHTUTPABUTAIIMOHHBIX MHUKPOSYEHUCTHIX  OJOK-(QHILTPOB
YKAJF03U TPaBUTOIIAHA.

[Tpu »TOM, HambomblIME IO CBOEMY JAMAaMETPy OTBEPCTHs oOecreyuBaloT Haubolee
IUIaBHYIO MOJACTPONKY IyYHOCTEH BOJHOBBIX MAaKCHMYMOB «PE€30HAHCHO-2(UPHBIX YCTPOWCTB
«A» ¢ MYYHOCTSIMHU BOJIHOBBIX MaKCUMYMOB «PE30HAHCHO-3(QUPHBIX yCTpoilcTB» «b» B obnactu
MIPOCTPAHCTBA UX OOIIE-3KCTPEMAIbHOIO0 COBMEUICHHUS, UTO UCKIIIOYAET Pe3K0e CKauYKooOpa3sHoe
yBEJIMYEHHUE B 3TON 00actu ’Hepruil X; 1 Xp OT yJaJIeHHbIX UCTOYHUKOB U JIENAET JABM)KEHUE
IpaBUTOIJIaHA HE CKAYKOOOPA3HBIM, a YIPABISEMO I1JIaBHBIM.

Takum oOpa3oM, MOJIHBIN HAOOP pa3HbIX 110 CBOUM JIMAaMETPaM CKBO3HBIX OTBEPCTHH Kak B
KOKIONU OJAMHOYHOM MCKPUBJIEHHOM IIJJACTUHKE JKaJIIO3U, TaK M BO BCEX JKAJIIO3HM LEIOCTHON
KOHCTPYKLUU Ka)XJOro U3 IABYX MMKPOSUYEHCTBIX OJIOK-(QUIBTPOB JKallO3U, - 3TO CHUCTEMA
IUIABHOW MO CTPONKH BOJTHOBBIX XapaKTEPUCTUK OOLIeH pe3ysbTHpYolel MydHOCTH BoHOBBIX
MaKCUMYyMOB OT 000MX OJOK-(QUIBTPOB «A» U OJHOBPEMEHHO CHUCTEMa YIPaBJICHHS YPOBHEM
MOILHOCTY HposiBIeHUs dSHeprudl X; M Xy OT BHEMHUX HMCTOYHHKOB IIPH JBUKCHUHU
IPaBUTOILIAHA.

Kocennas mnozackaska B. C. I'peOeHHMKOBa O YHCJIEHHOCTH CKBO3HBIX OTBEPCTHH
pPacroIOKEHHBIX Ha IUIOCKOM IMOBEPXHOCTH IUIACTHHBI OJHOM, B3STOM 3a JTAJOH KAaJIIO3U
(Puc.5), cmemupuke H3MEHEHHS NPOMOPIUH MEKIY JAHAMETPAMH O3THX OTBEPCTHH U
OTHOCHTEIIbHBIMH PACCTOSIHUSAMH MKy HUMU nana Ha (Puc. 11).

% 1. Hotoron. «Ha6ro1eH s, KaCarOIMecs OTPasKeHHit, PETOMICHHH H [IBETOB TOHKHX
npo3paunbix Tem». Kaura 2. Yacte ./ .M. T'omun, C.P. ®unonosuy. Knaccuku ¢usmdeckoit
HayKH (c ApeBHeHmmX BpeMeH 1o Hayana XX B.): Crpas. nocodue. - M.: Bricmr. mik., 1989. - cc.
163 - 169.
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Puc.11. Tlonckazka B.C. I'pebeHHHMKOBAa O YHCICHHOCTH, a TakKK€ COOTHOIIECHUU
pa3MepoB M OTHOCHTEIBHOM DACIOJIO)KEHMM CKBO3HBIX OTBEPCTUH Ha
€IMHUYHOM IUIACTUHE-XKaI03H, IPUHATON 32 HadaJbHBINA ATAJOH. PUCYHOK B3AT
u3 kauru  B.C. I'pe6ennnkosa MO MUP, ctp. 3.

C ToukH 3peHUst aBTOpa TOW MyOJUKAIMU, TTPUBEICHHBIC XapaKTEPHUCTUKU OTBEPCTUI
U MX OTHOCHUTEIBHOE PACIOJIOKCHHE Ha TOBEPXHOCTH OJHOM JKallt03U, KaK W3HAYaIbHBIA
ATAJIOH COOTBETCTBYET ONMM3KOW K mpsMor (opme 3Tol >kamo3u (C MUHUMAJIbHOU €€
M30THYTOCThIO). CrnenoBarenbHO [uisi Oojiee M3OTHYTHIX IO CBOEil (opMe OCTalbHBIX
MJIACTHH-KAJIIO3U TIPH BBIYMCIIEHUH KOJMYECTBA OTBEPCTUH HA HUX, & TAK)XKE OTHOCUTEIHLHOTO
pacnoyioKeHusl OTBEPCTUH Ha IUTACTUHE U JUAMETPOB OTBEPCTUH, - KaK MUHUMYM TpedyeTcs
y4eT KO3(p(UIMEHTAa MPOMOPIUOHATIHHOW KPUBU3HBI COOTBETCTBYIOIIMX IUIACTUH U
KO3 HUIIMEHTOB COOTHOILIEHUS MPOMOPUUNA MEXKIYy XapaKTepUCTHUKaMH OTBEPCTUH Ha
IJIaCTUHE 1O CPABHEHUIO C TIEPBOM MJIACTUHOM.

Kak mokasano wuccnegosanune B.C. I'pebennnkoB Ha 3ToM ke Puc.l11 CckpbITBIM
o0pa3oMm nan emie OAHY MOACKa3Ky o K03 (duIHMeHTax Mponopiuid, 4epe3 OTHOCHUTEIbHOE
pacrnoyiokeHNEe MypaBbEB U CBSI3aHHBIE C HUMH 00BeKTHI ( Puc.12).

% Awnppeit Banos. Ckpeitas noackaska B.C. I'pebenHuxoBbIM B cBoeil knure «Moit Mup» o
BA)XHOCTH MCHOJIB30BaTh MPOMOPLHMIO 30JI0TOTO CEYEHHs B pacyeTax TIeoMETPHYECKHX
KOHCTPYKLUH COIJIACOBAHHBIX MOJIOCTHBIX CTPYKTYp. [lyOnukamnus pacrnosnoxeHa Ha miaatdopme
Real Strannik. com
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Puc.12. Kospouumentsl mnponopiuii, BBIYUCIEHHBIE MO OTHOCHUTEIBHOMY
PaCIONIOKEHUIO MYPaBbEB M CBSI3AHHBIX C HUMH OOBEKTOB, OTOOPaKEHHBIX
B.C. I'pebennukoBbiM Ha Puc. 11.

Bot u Bce uTo kacaerca BbIBOJOB 1o «CpaBHeHUIO No2y. A ceifuac, B LeAX
ele Ooiee JIETaJIbHOTO YTOUHEHUS 0COOCHHOCTEH KOHCTPYKLIMH
AHTUTPABUTAIIMOHHBIX MUKPOSYEUCTHIX (UIBTPOB-KaM03u TaBuToriaHa B.C.
['pebennukoBa paccmoTpuM « CpaBHEHHE Ne3).

CpaBHeHue No3.

Hau6onpmmii HHTEPEC B OTOM «CPABHCHUU» npeacTaBJIAOT coOoii «PE30HAHCHO-

sdupnbie  ycrpoiictBa» JI. Komcre6ns mox obmmm masBammeMm «Chi  Kapammarmmmn ™,

CXeMaTUYECKUI BU/I KOHCTPYKTUBHOTI'O UCITOJIHCHUS KOTOPBIX ITOKAa3aHbI HA (PI/IC13)

| N o g N, N N
U i e e
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Puc. 13. CxemaTuueckuil BuUJ KOHCTPYKTUBHOro ucnoiHeHus «lcmyckaromero»
(oToOpaxkeHo OenbiM 1BeTOM) U «BakyymHOro» (0ToOpa)k€HO UEpHBIM
I[BETOM) «pE€30HaHCHO-3QUpHBIX ycTpoiicTB» J[[xeiimca Koucrebns mnoxn
obmmMm Ha3BaHueM «Chi Kapannammy.

% Kourrosoii Hukomait Anexceesnd. Kuura 5. Yacts 9. 3epxana Ko3sbipesa.
https://koltovoi.nethouse.ru
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Kak Bugno u3 (Puc. 13) «Hcnyckaromee» 1 «BakyyMHOE» yCTPOMCTBO MPEACTaBISIOT
coboit B coorBercTBUM ¢ M.I. 17 u 19 cBolictB «OproHHoi» 3HEPruM JIBE€ ABTOHOMHO
3aBEPIICHHBIE KOHCTPYKLMH, KaXJass M3 KOTOPbIX IIOCTPOEHAa BOKPYI CBOEH LEHTpaIbHOU
Pe30HAHCHOM M0JIOCTH Ha 6a3e 3j1eMeHTa TPyo4aToii GopMbl.

«Hcnyckamoniee» YCTPOHCTBO MPEeJICTABIISIET co0oi MWIAHAPUYECKY IO
MeTANINYECKYI0 MOJOCTh (MeaHas TpyOKa) ¢ HEMETa/UIMYECKUM BHEIIHUM ClI0eM (MSATKHMA
XJIONKOBBIN LIHYP).

«BakyyMHO€»  VCTPOMCTBO BBIMOJHEHO Ha O00OpOT: IJTO HeMeTalJIn4YecKas
HMJIMHIpPHYecKasi MOJ0CTh (BUHUJIOBBIM MIJAHT) ¢ METAJUIMYECKUM BHEIIHUM ClIoeM (MeaHas
TpyOKa).

[Tpuanun padotsl «Mcmyckaronero» ycTpoiicTBO OCHOBAH Ha TOM, YTO (P BCACHIBAETCS
U3 TNPOCTPAHCTBA 4yepe3 OOKOBbIE MOBEPXHOCTH IWJIMHIApPA M3 OPraHMYECKOro MaTepuaga u
UCITyCKaeTcsl yepe3 00a KOHIa BHYTPEHHEH METaTMUecKOl TpyOKH.

[Tpunuun pabotel «BakyymMHOro» ycTpoiicTBa OCHOBaH Ha B TOM, 4TO 3(up Ha060poT,
BCaChIBAE€TCA TOPIEBBIMH CTOpPOHAaMH BHYTPEHHEH TpyOKM U paccenBaeTcs BHEIIHEH
MOBEPXHOCTHIO METAJIMYECKOI TPyOKH.

I'eomerpuueckoe sHepretndeckoe moisie BOKpyr «Mcmyckaromero» u «BaxyymHOro»
YCTPOICTBAa W HANpaBJIEHUE €ro pacrnpocTpaHeHus  (Tak kak 3T1o nonuman [[. Koncrtebnp)
nokaszano Ha (Puc.13) crpenkamu.

BnocnencrBun, coenunuB «BakyymHoe» u «Mcmyckaromee» YCTpPOHCTBO B OOIIyIO
KoHCTpyKIuio, Jxeiimc Koncrebnp momyunn «['enepatop OproHHOro BHXpPs», CXEMaTHYECKOe
n300pakeHrne KOToporo mokasano Ha (Puc.14)

~
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Puc.14. Cxemaruueckoe nzobpaxenue «l'eHepatopa OproHHOro BUXPS» KOHCTPYKLUHU
Jbxeiimca KoHcrebns, co3maHHOro Ha 0a3e COBMECTHOIO  MCHOJIb30BaHMS
«BakyymHoro» u «Mcmyckaromero» yCTpOWCTB M HalpaBlIC€HHE OCHOBHOI'O
pacnpoCTpaHEeHUs 3HEPreTHUECKOro MnoJist (OKa3aHo CTPEIKaMH).

3aTeM, dkcepuMeHTHpYys ¢ «I'eHepaTopamu OpProHHOro BUXPS» U COCAUHUB II0 YETHIPE
napsl «Bakyymubix» u «Mcmyckaromux» ycTpoicTB B oOmiee konblo, Jxeiimc KoncreOnb
CO37a7 CBOK KOHCTPYKIHIO «IIOMOCTHOrO CTATHYECKOrO TEHEpaTOpa AHTHIPABUTALHHY

CXeMaTHYeCKOe n300pakeHre KOTOpOi moka3aHo Ha (Puc.15).

%" Kourrosoii Hukomait Anexceesnd. Kuura 5. Yacts 9. 3epkana Kosbipesa.
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Puc. 15. Cxematnmueckoe uzobOpaxkeHue «IlosocTHOrO cratudeckoro reHepaTopa
aHTUrpaBUTaLUN» KoHCTpyKuuu [Ixeiimca KoncreOmns.

Kpatkoe mnosicienue J[. Koncrebrmem ocoGenHocteil pabotel cBoero «llomoctHoro
CTATHYECKOr0 T'€HEepaToOpa aHTUTPABUTALIMIY 3aKIIIOYAETCS B CIIEAYIOMIEM:

«OHeprus NOCTyNaeT B 3Ty KOHCTPYKIMIO U LUPKYJIMPYET B HEH HaKalIuBasch. BUXpp oT
9TOM KOHCTPYKIIMHM B3aMMOJICHCTBYET C BHEIIHHUM BHXPEBBIM IOJEM 3eMJIM W BO3HUKAET
OBEMHAsSI CUTIA.

Cxematnyeckoe u300pakeHHe KOHCTPYKIUHU «[lolocTHOro craTH4eckoro reHepatopa
anTurpaButTanuny Jhxeiimca KoHCTeONsT M KpaTkoe omucaHue OCOOCHHOCTEH ero paboTel, ¢
y4eToM yKazaHHOW cTpenkamu Ha (Puc.15) cneunduxu nuxenust « OproHHOW» 3HEPruu B HEM,
- TIO3BOJISIIOT HWICHTU(QUIMPOBATH W CPaBHUTh Ha 0aze 3TOr0 TEXHHYECKOTO pEHICHUS
cxemaTndeckoe wu3o0paxenne «[lOJOCTHOrO CTaTHYECKOro TI'eHepaTopa aHTHTPABHTAINID

koHCcTpyKiuu B.C. I'pedbennukosa (Puc.16 ), B3sitoe u3 kauru «Moit MI/Ip»38.

Puc. 16. ®parmMeHT pHUCYHKAa CXEMaTHYECKOro H300pakeHHUs KOHCTPYKLHH
«I[lomocTHOro  cratMyeckoro reHeparopa a”TWrpaBuraumm» B. C.
I'pebeHHuKOBa U OTOOpa)KEHHBIE CTpEIKaMH B HEH OCOOEHHOCTH
(dbopMUpOBaHUS U paclpocTpaHeHUs BUXPS «OproHHOW» SHEPruH.

Kak BumHo w3 (Puc.16), B ommuuu OT KOHCTPYKIUH «[l0MOCTHOrO CTaTu4eckoro
reHeparopa anturpaButaium» Jl. Koncrebns (Puc.15), roe «Mcmyckaroiue» u «BakyyMmHbIO»

% B.C. I'pebennmkos. Moit Mup. r.HoBocuGupek: «Coserckas Cuoupby. 1997 - ¢. 216 - 217.
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yCTpOiCTBa HMMEIOT TpyOuaTylo (opMy pPE3OHAHCHOW MOJOCTH C IEHTPAJbHBIM CKBO3HBIM
OTBEPCTHEM, - B KOHCTpYKIMH «IlojgocTHOro cratuueckoro reuepatopa anturpaBuranumn» B.C.
I'pebennukoBa «Mcnyckaronyey ycTpolcTBa HMEIOT BHUJA CKBO3HBIX OTBEpCTHHl B (dopme
ycedenHoro konyca (Puc.17). BeimonHeHHOro u3 Merajla B COOTBETCTBHHM C TpeOOBaHHEM
(m.mm. 17) cBoiictB «OpProHHOWY 3HEPrUH.

Puc. 17. BeprtukansHoe ceuenue «Mcmyckaromero» ycrpoiictea JI. KoncreOis
(tpyOuatass Qopma pE30HAHCHOM TOJOCTH) U BEPTUKAIBHOE CEUCHUE
«Ucmyckatonero» ycrpoiictea B.C. I'pebennuxoBa (hopma ycedeHHOro
KOHYCa).

[Tpu sToM «BakyymMHOE» YCTPOHCTBO, - IPEICTABISIOT COOOH MIACTUHY U3 OPraHUYECKOTo
MHOTOIIOJIOCTHOTO MUKPOSYEHCTOr0 MaTepuana (v crekia),(Puc.5) xoropas B COOTBETCTBUU
¢ (m.m. 17 u 20) coiicTB «OproHHOI» SHEPruu MPUTATHBACT U BcachiBaeT « OProny.

Peanu3anus mosHOTHl KOHCTPYKTHUBHOTO HCIOJIHEHUS OJHOI'O 3aBEPLICHHOIO 3JIeMEeHTa
«[TomoctHOro craTMueckoro reHeparopa anturpaButaiuu» B.C. ['peOeHHukoBa (a UMEHHO
OIHOM, KaXIOM JKaIi03M «PE30HAHCHO-3(DUPHOTO YCTPOWCTBA» «A») mpenycMaTpuBact
UCIOJb30BaHuE  «BakyymMHOro» ycTpoicTBa M3  MHOIOINOJOCTHOIO — MHMKPOSYEHCTOrO
OpPraHWYecKoro martepuana (MJIM CTEKJIa) B BUJAE IUIACTHHBI, MO BCEHl MOBEPXHOCTU KOTOPOIl
HUMEIOTCSl YIOPSAJ0YEHHO PACHOJIOKEHHbIE CKBO3HBIE OTBEPCTHUS C MJIOTHO BMOHTHPOBAaHHBIMU B
HUX METaJNIMYeCKUMH BTyJIKaMu «lcrmyckalomux» yCTpOMCTB, BBIIOJHEHHBIX B (dopme
YCEUEHHBIX KOHYCOB C M3MEHSIOIMMUCS AMaMETPaMH OTBEPCTHM MX OCHOBAaHMS U yCEUEHHOMU
BepuinHsl (Puc.18).

|

CKBO3Hag
’\ KOHHYeCKaq BTYIKa
a1 (MeTama)

HIcKpHBIeHHAd IUTaCTHHA H3
MHOTOIIOJIOCTHOH, MHOTOSYEHCTOH OPTaHHKH
(npeanoI0KHTeIPHO AepeBo)

52 cm
Puc. 18. IlomHOTa KOHCTPYKTMBHOTO MCHOJHEHUS OJHOW IUIACTUHBI- K031
«IlonoctHOrO CTaTUYECKOr 0 reLepatopa AHTUTPABUTAL[H

B.C. I'pebennukoBa.
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BHemHuii BuA CKBO3HBIX OTBEpCTHH C momoOuem ¢GopMbl yceueHHOro konyca B.C.
['pebenHNKOB TEMOHCTpUPYET Ha mpumepe, ero dotorpaduii ¢ heHoMeHaTbHO MOSBUBIIMMUCS
B crekiie apipkamu (D)orto.13.

®oto. 13. ChotorpadupoBannsie B.C. [[peOCHHHKOBBIM CKBO3HBIE OTBEPCTHSI B OKOHHBIX
cTeknax, (opmMa KOTOPBIX MpEACTaBIseT CO00M momodue ycedEHHOTO KOHYca.

®oTtorpadun B3ITH U3 KHATH «Moit Mupy, ctp. 216.

B nemsax yrouHeHus pa3MepoB CKBO3HbIX oTBepcTuil (Poto.13), Huxke
OPUBOAMUTCA (PparMEeHT TEKCTa UX MOAPOOHOro onmucaHusl, B3AThIM u3 kuuru B.C.
I'pebennukoBa «Moit Mupy, (ctp.216):

«[TomHHTE, 1 MHCaT O TOM, YTO HACEKOMBIE, B3STHIE «TaM» M BO3BpAIIEHHbIE MHOIO
«Cro1a» B MPOOWpKaxX, WcYe3add, a B MPOOMpPKE, €CIU OHa YyIielieBajia, O0Opa30BBIBAIOCH
orBepcTre? OKa3anoch, 9YTO 3TH OTBEPCTHS OYCHH IMOXOXKU Ha ABIPOYKH B CTEKJAX, KOTOPHIC
HU C TOTO HH C CEr0 HEOXUJIAHHO BO3HHUKAIOT B JKWJIBIX U CIY)KEOHBIX MOMECIICHUSIX, MHOT/Ia
«ouepenploy U3 psga OTBEPCTHH MO OKHAM HECKOJBKUX KOMHAT U 3Ta)Xeil; CHAPY KU IBIPOYKA
uMeeT auamMeTrp 3 - 5 MWLJIMMETPOB , BHYTPb JK€ 3JIaHUS pacCIIUpSeTCsl KOHYCOM U, B
3aBHCHMOCTH O T TOJIIIMHBI CTEKJIA , HMEET «HA BBIX0/e» 6 -15 MUILTUMETPOB.

HekoTopble TBIPOYKH 1O KParo OIJIABJICHBI WM OKpAIIeHbl KOPUYHEBBIM - TOYHO TaK XKe,
KaK 3TO OBUIO B CJTydae TPAHCIIOPTHPOBKU MOET0 HAae3IHUKA B IpoOupke. [Toxoxke, 4To 3TOT BUJI
nmonTepreiicta - JBIPKM B CTEKIaX - BbI3BaH HE KOPOTKOXHBYIIUMHU HEBHJIUMBIMU
MUKPOIIJIA3MOMIAMH THITa KPOXOTHBIX IMAPOBBIX MOJIHUMN, KaK s PaHbBIIIE TPEIoaral, a UMEHHO
YacTUI[AMH W COPUHKAMH, HEOCTOPOKHO OOpPOHEHHBIMH TIPU HWCIBITAHHUSIX WM TIOJETaxX
anmapatoB Bpoae Moero. CHUMKH [JBIPOK B CTEKJIaX, IMPUBEICHHBIC HA JTUX CTPAHMIIAX,
JOKYMEHTaJIbHBI M CAelaHbl MHOI B HayuHoMm ueHtpe BACXHUJI - ropoaka mon
HoBocubupckom. Mory ux mokasath KaxJA0My >KelarollieMy; MOSBUINCh OHH B mepuoxa ¢ 1975
mo 1990 rox, HO ¢ MOMMH ONBITAMH U MOJETaMHU HU OJHA U3 HUX HE CBs3aHa, KpoMe, pa3Be,
MOCTIEAHEN».

[TpuBeneHHbic BO (parMeHTE TEKCTa TEOMETPUYCCKHE pPa3Mepbl M3MEHEHUS CKBO3HBIX
OTBEPCTHI KOHUYECKOW (DOPMBI TTO3BOJIMJIM YCTAHOBHUTH CICIYIOIIAEC COOTHOIICHUS MEKIY
HUMU:

1. BemuumHa cpegHero 3HAYEHHUS JUAMETpa CKBO3SHOIO OTBEPCTUS Y3KOW YacTH
YCEUCHHOr'0 KOHYCa, BBIYHUCIICHHAS 10 3aBUCUMOCTH (2) paBHa

543
Depys = (DMAXY3‘2HDMI/IHV3 — -ZI- — 4 uM (2)

rac:
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@PpMaxy3 =5 MM - MAKCUMaJIbHBIM THaMETp OTBEPCTHS Y3KOW 4acTHU yCEYEHHOIO
KOHYCa B CTEKJIE;

Dy y3 = 3 MM - MUHUMAJbHBIA JUAMETP OTBEPCTUSA Y3KOW YAaCTH YCEYEHHOI O
KOHYCa B CTEKJIE.

2. BemumuuHa cpenHero 3HA4YeHHsS JAMAMETPa CKBO3HOIO OTBEPCTUS IIMPOKOM YacTu
OCHOBaHHS YCEUECHHOI'0 KOHYCa, BEIYUCIICHHASI IO 3aBUCUMOCTH (3)

Depyy = (DMAXU_H/IP;'(DMI/IHLUI/]P _ 152+6 — 105 (3)

rjae:

Dyiax e = 15 MM - MaKCUMaTBHBIN AHAMETP OTBEPCTHS IIMPOKON YaCTH OCHOBAHHUS
YCEUEHHOI'0 KOHYCa B CTEKJIE;

OyyH mmp = 6 MM - MUHUMAJbHBIN THAMETP OTBEPCTUS IIMPOKOM YaCTU OCHOBAHUSA
YCEUEHHOI'0 KOHYCa B CTEKIJIE.

3. Bemmumna mnponopumu (Ki), XapakTepusyromias OTHOIICHHE CpPEIHEro 3HA4YCHUS
JaMeTpa CKBO3HOTO OTBEPCTHS IIMPOKOW 4YacTW OCHOBAaHMs ycedeHHOro konyca (®dcpyyp ) K
CpemHeMy 3HAuCHHMIO pa3Mepa JuaMerpa Y3Koil dacth ycedeHHoro konyca (Dcpys),

BBIYUCIICHHAS 10 3aBUCUMOCTH (4)

Ky = 2w 109 _ 625 (@)

Dcp y3 4

(HeoOXx0IUMO OTMETHUTSD, uTO / K; =/2,625 = 1,6201852 =~ d3c =1,618)

4. Koapdumuent ortHomeHuss pasMmepoB (B;), - Xapakrepusyroliuii OTHOIICHHE
MaKCUMaJbHOIO JuaMeTpa  OTBEpPCTUs Y3KOHM yacTH ycedeHHoro konyca (®Pyaxyz) K
MHHHAMAJIbHOMY JHaMeTpy OTBEPCTHS Y3KOro y3KOW YacTh ycedeHHOro koHyca (Dyupys),
3aBUCHMOCTB (5)

By = 23 3 _ 1 6667 (5)
Pumunys 3
5. Koaddunuent ortHomenus pasmepoB (A1), - XapakTepU3YIOIIUH OTHOIICHHE

MaKCHMAJBHOTO JMaMeTpa OTBEPCTHs IIMPOKOW YaCTH OCHOBAHUS YCEYEHHOTO KOHycCa
(PyvaX myp) K MUHHMAIbHOMY THAMETPY OTBEPCTHS MIMPOKOH YaCTH OCHOBAHUS YCCYCHHOTO
konyca (Pyy e ), 3aBUCHMOCTH (6)

Ay = Dwxuwe 15 _ g (6)
OrNyH 1P 6

6. Koaddurment otaonenust npomnopiuii (Ci), - BBIMUCICHHBIH 110 3aBUcUMOCTH (7)

_A_ 25 _ ~
G =t=1is = 1499970 = 15 (7)

Takum 00pa3oM U3 MPOBEACHHBIX PAaCu€TOB BUAHO, YTO COOTHOIIEHHS T€OMETPUUYECKHX
pa3MepoB YCEUEHHBIX KOHYCOB TaK MJIM WHA4Ye B3aMMOCBS3aHBI ¢ KOAPOUIIMEHTOM MPOMOPIUU
3omororo ceuenus O3c = 1,6180339887.

OmHaKo 5TH COOTHONIICHHS W TPOMOPIIUU HE TMO3BOJISIIOT BBIOJIHUTH TOYHBIC PACUETHI
TMaMeTpoB KOHMYecKux orBepcTuit (Puc.18), a Takke MOHATH OCHOBHYIO NMPUYHHY BBIOOpa MX
pasMepoB B KOHKPETHBIX (CO CBOEH MCKpHUBIEHHOCThIO, Puc.10) miacTuHax-Kaar3u
3aBEpIICHHON KOHCTPYKIIMU OJHOTO «PE30HAHCHO-d(DUPHOTO YCTPOWCTBA» «Ap» U «Az»
rpaBUTOIIaHA (OJHOTO W BTOPOTO AHTUTPABUTAIMOHHOTO MHUKPOSYEHCTOTO (PHIIbTpa-KaIro3u
«A1» 1 «A» ).

YuuTteiBas 3TO, NPOAHAIU3UPYEM OTHOCUTEIBHO TOUHBIE pa3Mephl JUAMETPOB OTBEPCTUM
(MpoKOW YacTW OCHOBAaHHsI YCEUCHHOIO KOHYCAa), pacClOJIOKCHHBIX Ha OJHOW IUIaCTUHE-
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kamosn (Puc.18) ¢ HMCIONB30BAHHEM METONMKH MYONMKALMHS B IEIAX BBISICHCHHS HX
(GHU3UYECKOro MpeAHA3HAYCHUS W BIHUSHHUS pa3smepoB ux auamerpa (P,) Ha OaIbHOCTH
pacrnonoxeHus myqyHocTeil BoJIHOBBIX MaKCUMYMOB BHEIIHET0 0TOOpakeHu s BOJH e bpoits.

[Tpuctynast K pelieHuI0 3TOW 3ajayu, MpPexkJIe BCEro BOCIOJb3yeMcsl HH(popManuei
(Puc.18) u Ha ee OCHOBE MOJATOTOBMM HCXOJIHBIC JaHHBIC IJI MPOBEICHUS IMOCIEIYIOIMINX
pacueToB UCIOJb3Ys CIAEAYIONIYIO TOCIEI0BATENbHOCTD 1EHCTBUIA.

1. VBemuunm (Puc.18) Ha MoHUTOpe KOMMBIOTEpa A0 YAOOHBIX sl pabOThl C HUM
pa3MepoB U M3MEPUM €ro JJIUHY MO0 JMHHUH, KOTopas oToOpa’kaeT pa3Mep OJHOW Kalllo3H B
52 cM. Moil pe3ynbTaT yBEeIMYEHUsI PUCYHKAa HA MOHUTOPE MPUBEIT K 3HAUEHUIO JITTMHBI KaTH031
paBHo# 315 mm =31,5 cm.

2. CneBa Ha MpaBO, UBMEPUM Ha MOHUTOPE C MOMOIIBIO IUPKYJISI U JTUHEUKH TUAMETPbI
BCEX OTBEPCTHH JKall03d M PACCTOSHUS MEXKIYy HUMHU, MPOHYMEPOBAB HX B TaKOW XKe
MOCIIEIOBATEIBHOCTH, U 3aIHIIEM Pe3yIbTaThl u3mMepeHus B Ta6mn.3 u Tabn.4

Tabnuua 3.
Pasmeps! nuaMeTpoB OTBEPCTUH IMPOKOM YaCTU OCHOBAHUS YCEUEHHOIO KOHYCa
(Pa3mep xanro3u Ha MOHUTOPE 315 MM)
Homepa orBeperuii (orcuet no Puc. 18 ciiea Ha npaBo)
JMuamerp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
OTBEPCTHS HA
MOHHTOPEC, 5 6 8 9,5 13 16 18 20,5 25 22,5 17 15 12 10 8,5 6,5
MM
Tabmuma 4.

[IpsMoe paccTosiHUE MEXITY AHaMETPaMU OTBEPCTHIA, PacIIOI0KEHHBIX Ha TIOBepXHOCTH *amo3u (Puc.18)
(Pa3mep xanro3u Ha MOHUTOPE 315 MM)

Homepa otepcruii (orcuet no Puc.18 cieBa Ha mpaBo)

Paccrosinue | Jles. Ipas.
MEKLY kpaii | 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9 | 9-10 | 10-11 | 11-12 | 12-13 | 13-14 | 14-15 | 15-16 | kpait
LEHTPaMHU 0-1 16-0

OTBEepCTUH
(na xamo3n), 5 28 25 19 19 21,5 20 23 25,5 29 27 23 20 19,5 23 24,5 10
MM

3. BruncnseM MpOIEHTHOE COOTHOIIEHHE pa3Mepa jKajdro3d Ha MOHHMTOpe 315 MM 1o
OTHOILIEHUIO K pealbHOMY MacimTady pasmepa sxamo3un 520 MM (Puc.18) u paccuutaem
MoNpaBOYHbINA K03 durmeHt (S).

s sToro pemaem mpomopiuio 3apucuMoctei (8) u (9), a 3arem mo otHomenuo (10)

HaXOJMM IONPABOYHBINA K0P PuLUeHT (S).
520 mm - 100 %

315mMm - X % (8)

Otkyna
X=22 = 60,5769231 % 9)
100 % 1,650794 (10)

T 60,5769231%

4. Jlannabie Ta6n.3 u Tabn.4 ymHOKaeM Ha monpaBovHbIM Koddduiment S = 1,650794 u
pe3yibTaThl YMHOXKECHHS 3anucbiBaeM B Ta0m.5 u Taom. 6.

%9 Annpeit IBanos. [IpoBepouHblil pacuer AaIbHOCTH PacloiokeHHUsl 0TOOpaKeHU myyHoCTen
(BOJIHOBBIX MAaKCUMYMOB) OT MOJIOCTHBIX CTPYKTYp IO JaHHbIM nepenucku B. C. I'pebenHnkoBa
¢ B. ®@. 3onorapeBbim. 2025 r. [Tybnukanus pacnonoxena Ha matgpopme Real Strannik. com
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TabGmmuia 5.

Pasmepsl auaMeTpoB OTBEPCTUH IMPOKOM YaCTU OCHOBAHUSI YCEUEHHOIO KOHYCa
(Pa3mep xkamo3u cootBercTByer Puc.18 u paBen 520 mm)

Peanbublit Homepa orBepcruii (orcuer no Puc. 18 ciesa Ha 1paBo)

mameTp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

OTBEpCTHS Ha
IIaCTHHE- 8,25 | 99 132 | 157 | 215 | 26,4 | 29,7 | 338 | 41,3 | 37,1 | 281 | 248 | 198 | 16,5 | 140 | 10,7
HKaJTFO3H,
MM

Ta6nuua 6.
[psimoe paccTosiHuE MEXAY JUaMeTpaMy OTBEPCTHI, pacIioOKEHHBIX Ha TOBEpXHOCTH kairo3u (Puc.18)
(Pa3mep xanro3u cootBercTBYeT Prc.18 u pasen 520 mm)

Homepa otsepcTuii (orcuer no Puc.18 crnepa Ha npaBo)

Paccrosnue | Jles. IIpas.
MEXTy kpait | 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 | 9-10 |10-11 | 11-12 | 12-13 | 13-14 | 14-15 | 15-16 | xpait
LEHTPaMH 0-1 16-0

OTBEepCTUH
(na xamosu), | 8,25 | 46,2 | 41,3 | 31,4 | 31,4 | 355 | 33,0 | 38,0 | 42,1 | 47,9 | 44,6 | 38,0 | 33,0 | 32,2 | 38,0 | 40,0 | 16,5
MM

[IpuBenennsie B Tabn.5 (B macmrabe 1:1) nuamerpsl OTBEpCTUH OJHOW IJIACTHUHBI-
YKAJTFO3M rpaBUTOIUIaHA (B MaciiTade 1:1) SBISIOTCS TEMH MCXOIHBIMH JAHHBIMH, 110 KOTOPBIM U
OyJIeT BBINOJIHEH JUISI OTOW IUIACTHHBI-KAIIO3U  TOCIASAYIOIIMA  pacueT JallbHOCTEH
pacrnoyioKeHUsI OT Hee My4YHOCTeH BOJIHOBBIX MaKCMMYMOB BHEIIHEI'0 OTOOpa)KEHHsS BOJH [
Bbpoiins.

MaremaTHdecKHe 3aBUCUMOCTH 1 I[ElJ'IBHCfIIHHG BBIYUCJICHU .

Tak kak 00beM HTOro MaTepHualia CocTaBisieT 44 JIMCTa, TO MPUHATO PELICHUE OTPAHUYUTh
€ro He 3aBepuIeHHbIM Kak YacTs .

OpHako yXe MpeanoJIOKUTEIbHO $ICHO, YTO OCHOBY MMKPOSYEHCTOCTH (HUIbTpa
COCTAaBJIIOT HE KOHMYECKME OTBEPCTHsl, @ MHOIOIOJIOCTHBIE OpPraHUYECKHE CTPYKTYDHI,
UCIOJIb3yeMble B T'paBUTOIUIaHE (T/I€ UMEHHO cefiyac YTOYHSTH CIENMaIbHO HE CTaHy, HY)KHa
JOTIOJIHUTENIbHASL IPOBEPKAa JTOM THIIOTE3bl HA CHELHUAIBHO CO3JAHHOM MAaTeMaTU4eCKOM
anmnaparte, KOTOPbI HCHOJIb3YeT OCHOBY IPEOOpa3OBaHUM YXKE€ H3BECTHBIX 3aBHCHUMOCTEH ¢
y4EeTOM LIEJIEBOW MPOBEPKU MHTEPECYIOIIEro Borpoca). Pa3mep monocTi 3TUX MHOTOIOJIOCTHBIX
00BEMHBIX CTPYKTYp HMpHUHHMaeTcs 3a 0a30BYI0 BEJIMYMHY W MO HUM BBIUHCIAIOTCS 0a30BbIE
KBAHTOBBIE YaCTOTBHI, - OTHOCUTENBHO KOTOPBIX HAJIbIIE U BENETCA pacdyeT KaXJOW JKaaro3U U
BCEH HX ITayKH.

0000maIue BbIBOALI M0 « CpaBHeHUI0 Ne3 ».
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