IIpoBepouHbIii pacyer JAJNBHOCTH PACHOJOKEHHSI OTOOpasKeHUil
My4YHOCTell (BOJTHOBBIX MAKCHMYMOB) OT TOJIOCTHBIX CTPYKTYp MO
naHHbIM nepenucku B. C. I'pedGennnkoBa ¢ B. @. 3o10TapeBbiM

(CkoppeKkTupoBaHHas BEpCHs)
Annpeii VIBaHos
15.11.2025 r.

L{enpl0 MPOBOAMMOTO UCCIICIOBAHUS SBISCTCS:

Bocco3naTte MeTonuKy pacdera 1ajJbHOCTH PAcoioxkeHus (Bo BHE) 0TOOpaXKEHHsI MydHOCTEH
(BOTHOBBIX MaKCHMYMOB) OT MOJOCTHBIX CTPYKTYp IO JaHHBIM T'€OMETPUYECKHUX pPa3MEpoB
KOHCTPYKTHBHBIX JIEMEHTOB 3THX IOJOCTHBIX CTPYKTYD.

CyTb m0IX0/1a: 3aKIIFOYAETCSI B TOM, YTOOBI BOCIIPOM3BECTH ITOBTOPEHUE PE3YJIbTATOB pacyera
JaNbHOCTEH PacrojomKeHus (BO BHE) OTOOpaKEHHUsI MYYHOCTEH (BOJHOBBIX MaKCHMYMOB) BOJIH /¢
Bpoiiyiss OT MOJIOCTHBIX CTPYKTYp IO COXpaHUBIIMMCS JTaHHBIM MaTeprana mepernucku B. C.
I'pebennnkoBa ¢ B. @. 3omorapesbim’ (PoTo.1 - D0T0.4), 2 3aTeM IPH COBMAACHNN PE3yIHTATOB
BBIYHCIICHHUS C OpPUTHHAJIAMH pacyera (TeM caMbiM YOEAMBLIMCH B O€30MIMOOYHOCTH HMOBTOPHOTO
UCIIONIb30BaHMsI (QOPMYII M MOCIEAOBATEIbHOCTH BBIYUCICHUM), - BOCCO3/aTh MO HUM METOIHUKY
BBIYUCIICHHUS JAJbHOCTH PACIOJIOKEHUS OTOOPAKEHHWH BOJHOBBIX MAaKCHMYMOB BHE IOJOCTHBIX
CTPYKTYp M NPUMEHHUTH €€ B IeJIX BbISBJICHUS MO Hel crennduku GopMUpOBaHUS U IajJbHOCTEH
pacCTONOKEHHUsI OTOOPaXEHH BOJHOBBIX MAaKCHMYMOB OT JKajio3u TpaButTorana B.C.
['peObeHHUKOBA, HCMONB3YS MAJII 3TOTO B KAauyecTBE HCXOIAHBIX MaHHBIX PEKOHCTPYHPOBAHHBIE
pasmepnl xamo3u rpaBuTomiaHa (®oro.5 um PoT0.6), ¢ WU3BECTHBIMH 1O pE3yIbTaTaM
PEKOHCTPYKIIMH T€OMETPHYECKUMH pPa3MepaMu JAHAMETPOB HX OTBEPCTHUH, PAaCHOJOKEHHBIX IO
BCEW TOBEPXHOCTHU KaXKJOW U3 JKAITIO3U U CIIEIH(UKY TAPMOHHH UX COTIIACOBAHHOT'O M3MEHEHUSI.
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®ot0.2. [Tucemo B.C. I'pedbennukona k B.®d. 3onotapeBy (dhparmeHT BTOpOH).
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®oro.3. [Tucemo B.C. I'pebennukoBa k B.®. 3omotapeBy (hparmeHT TpeTuid).
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®oto.4. [Tucemo B.C. I'pebennukoBa k B.®. 3omotapeBy ((hparMeHT 4eTBEPTHIN).



®oto.5. BocnpousseneHnas B Maciitade 1:1 (pu KOMITBIOTEPHOM MOCIOWHONW 00pabOTKe MUKCENed pUCyHKa
B.C. I'pebennukoBa, crp. 209, rmasa V IUIET, xaurn «Moit Mup») cnenuduka KOHCTPYKIIMM U PACHOIOKESHHS
JKaJIF03M TaBUTOIUIAHA BHYTPH TEPBOW M BTOpOH Osiok-maHeneil. Pa3mepsl anameTpoB OTBEpCTHil MPH pacmedarke
®oto. 5 B macmTabe 1:1 MOXHO M3MEpPHUTH HEMOCPEIACTBEHHO NHPKYJIEM M OMPENeNUTh 1O JmHehke. OcTaibHbIE
pasmepsl otBepcTHii P0TO.5, KOTOPBIE 3aKPBITHI OEIBIM POMOOM, - HAXOAUTCS MPUMEHUTENHLHO K KOHKPETHOH KATFO3H
rPaBHUTOILIAHA (C KOHKPETHBIM HOMEPOM €€ OTCUETa IO [IIYOMHE PACIIONIOKEHHS ) IO MATEMAaTHIECKUM 3aBUCHMOCTSIM,
aNMpOKCUMHPYIOIIMM B3aWMOCBSI3b M3MEHEHNS AMaMeTpa OTBEPCTHH B KaXIOH Kamo3u ONOoK maHenn (pasmep OJOK
nanenn Y=24 cm; X = 60 cM) ¢ U3MEHEHHEM KPUBH3HEI 3ToH xkairo3u (PoTo.6).

®oto. 6. Crienndprka N3MEHEHNsT KPUBU3HBI BHEITHEH KPOMKH KaXK/IOH U3 JKaTIO3U B TIEPBOM M BTOPO OJIOK
naneny rpasuroruiada B.C. ['peGenHuKoOBa.



OcHOBHOII MaTepuaJ UccieJ0BaHNS.

2
B marepuanie pabotsl” B.®. 3o0n0TapeB npuBoauT 3aBUCUMOCTH (1) u 3aBUCHMOCTD (2) mist
BBIYHMCIICHUS IO HUM YHCJIOBBIX 3HAYEHWW KBAHTOBOH YacCTOTHI (Vi) U JJIMHBI BOJHBI (A) mpH
KOHKPETHOM HOMEpe rapMOHHKH (N).
h n
VKB_n'Vann'(EL_z)v (1)
rme: n=1,2, 3, ... - HOMep rapMOHHKH;
Vi - KITACCHYECKHE YaCTOTHI CTOSTIMX BOIH Jie-bpoitnst B pe3ynbpTaTre 0600MIECTBICHHOTO ABIKCHUS
anexktpoHoB (I'm);
h, - mocrostauas [Inanka (6,626070~10'34 kr-m? ¢t ).

m, - macca 3ekTpona (9,1093837139(28) 10 KT);
L, - muHEeHHBIN pa3Mep MOTEHINATILHOM SIMBI, T.€. CTEHKH TOJIOCTH, (M).

2L
A= ! (2)
rae: A, - JUIMHA BOJIHBI, (M).

JlaibHOCTh PacCONIOKEeHUs 0TOOpakKeHU MyYHOCTH (BOJHOBBIX MAaKCUMYMOB) CTOSYMX BOJIH
Jie bpoilyis1 BHE CTEHOK MHOT OIIOJIOCTHOU T£y6anOﬁ CTPYKTYpBI Ha PACCTOSIHUH Xy, , BBIYUCIIIETCSA
0 3aBUCUMOCTH (3) B35TOM U3 MCTOUYHUKA
Xom =2-L-(n+1)-2™, 3)
rue:
nm=0,1,..
N, - HOMEp FapMOHUKU CTOSYUX BOJIH Jie-bpoiins;
m, - HOMep IYYHOCTH;
Xpms (M) - JaNpHOCTH pACHONOKEHUS OTOOPAKCHUH  IyYHOCTH
(BOJ'IHOBLIX MaKCI/IMyMOB) CTOAYHUX BOJIH AC BpOﬁHH BHC CTCHOK
MHOTOTIOJIOCTHOHM TpyO4aToi CTPYKTYpHI.

XapaktepHoil 0cOO€HHOCTBIO (opMyibl (3) sBISETCS TO, YTO OHO TO3BOJISIET BBIYHCIISATH
NANBHOCTH X, JJISI pa3MYHBIX 3HAYCHUIH HE3aBUCUMBIX MepeMeHHbIX (N) u (M).

Bocnons3yemcs 3aBucumoctsamu (1), (2) u (3) B kadectBe 0a30BBIX MJIsi IMPOBEICHUS
MOBTOPHBIX PACYETOB.

IloBTOpHBII pacyeT JaJbHOCTEH PACHOJIOKEHMS OTOOpaKeHHMil Iy4YHOCTeW
(BOJIHOBBIX MAKCMMYMOB) CTOSTYUX BOJH e Bpoitns (X,,,;,) M0 1aHHBIM MaTepuaia
nepenucku (Poro.1 - ®oro.4)

B wmarepuane nepemucku (Poto.2) ynomunaercs smauenue 2L = 5:1072 (M), koTopoe B
noclienywomneM ucnoib3oBanock B.C. ['peOeHHUKOBBIM B 3aBUCUMOCTH (3) 1711 BBIYMCICHHS T10
HEll YMCIIOBBIX 3HAUYEHHH JanbHOCTel X, ¥ cocTaBiieHHs U3 HuX Tadiuubl (Poro.2).

Y4uuteiBas BaXHOCTh Hcrojib3oBanus B.C. ['peOeHHMKOBBIM 3HaueHus 2L = 5107 (M) B
CBOMX pacyerax, - yTOYHUM I10 3TOMY 3HAUYEHHIO, MPUMEHUTEIbHO K KAKOW MHOIOINOJOCTHOM
CTPYKTYype ObLI BBIMTOJIHEH pacyeT JalbHOCTe X,,, B MaTepuajax MepernucKu.

Wrak, ecmu BemmuuHa 2L = Scm = 510 (M), TO clleOBaTEIbHO JMHHA OKPY)KHOCTH
TpyOKH (L) COOTBETCTBYET 3HAUCHHIO
L=L2=25cm=2,510"m (4)

Kak u3BecTHO, B3aUMOCBSI3b JUIMHHBI OKpyx)HOCTH (L) ¢ ee muamerpom (D) ompenensiercs
3aBUCUMOCTHIO (5)
L=mn- 0, 5)

’B.0. 3onorapes. [losocTHAs CTPYKTypa KaK HCTOUHHK IOJISt BOJH Ae-bpoiins.
® AB. ®ponos. Kommenrapun k cratee Ilpodeccopa 3omorapea B.®d. «Pacuer sdderra
MHOT'OIIOJIOCTHBIX CTPYKTYP (AYEUCTBIX CTPYKTYpP)», 2000 T.
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[IpeoGpazoBaB 3aBUCUMOCTH (5) B paBEeHCTBO (6) M HCIONB3YsS B HEM PAacUeTHOE 3HAUYCHHUE
pasmepa okpyxkaocTH L = 2,5-107 (M), moaydaem uIsi 9TOil OKPYKHOCTH CICAYIOLIHHA pasMmep ee
nuametpa (D)

L 251072 -
O=-= = 7,958 MM ~ 8 MM = 8,0-10° m, (6)
™ 3,14159
CrnenoBarenbHO, TpuBeneHHbIe B Matepuane mnepenucku (Poto.l - Dot0.4) pacuers

nanpHOCTe X, OBUTM BBIMIOJHEHBI IS JWaMeTpa OKPYXHOCTH E€IUHUYHOW TPYOKH
MHOT'OIOJIOCTHOM CTPYKTYPHI € ero pazmepom @ =7,958 MM = 8 mm.

OO0miasi YUCAEHHOCTh JTUX EAMHUYHBIX TPYOOK M 00pa3yeT MHOTOMOJIOCTHYIO CTPYKTYPY
TUTIMYHBIN BUJ KOTOPOI oka3zaH Ha (Puc.1)

Puc.1. Bua MHOrOmonoCTHOW CTPYKTYpbl, THUIHMYHAS KOHCTPYKLMS KOTOpOH oOpasoBana oOmeit
YHCIEHHOCTBIO €IMHUYHBIX TPYOOK paBHOro auamerpa (P). @parmMeHT pucyHKa BOCIPOU3BEACH 110
matepuanam kHuru B.C. ['pebennnkora «Moit Mupy.

Jns mpoBeneHUs MPOBEPOUYHBIX PACUYETOB, IOJACTAaBUM B 3aBUCUMOCTh (3) 4YHCIIOBOE
-2
sHayenune L =2,5-10 (M) u mepenuiiemM 3Ty 3aBUCUMOCTh B BHJIC paBeHCTBa (7)

Xpm =2 L-(n+1):2m=2-(25-1072) - (n+1) - 2™ =
=(5-1072) - (n+1)-2™, (M) (7)

HenocpencteenHoe ncnonb3oBaHue B pacuerax 3aBUCUMOCTH (7), MO3BOJIAIIO BBIYUCIUTH 110
HeW JalbHOCTH PACIOJIOKEHHS OTOOpakeHHWH (BO BHE) BOJHOBBIX MakCMMyMoOB (Xnm) s
MHOTOIOJIOCTHOM cTpyKTypsl (Puc.l) ¢ auamerpamu tpybok @ = 7,958 MM ~ 8 MM H cBecTH
pe3ynbTaThl pacuera B Tabum.1.

B mensx ynoOcTBa BBIYHCICHHI HCIOJIb30BANaCh MpOrpaMMa OOpPaOOTKH 3IEKTPOHHBIX

tabmmi Excel, Bxomsamas B coctas Microsoft Office.
Tabmuma 1.
Pesysbrarhl pacuera MaqbHOCTEH PACIIONIOKEHUST OTOOpakeHUi (BO BHE) BOJIHOBBIX MaKCHMyMOB XNM yist
WCXOJHBIX JaHHBIX eMHUYHOM TpyOku L = 2,5 102 (M) u ®=8,0 1073 (M) MHOIOIOIOCTHO! CTPYKTYpHBI
(Puc.1) npu muckpernsix 3Hadenusx N =0, 1, ..,7 u quckperHbix 3Hayenusix m=0, 1, ...,12

Xnm, m

M 0 1 2 3 4 5 6 7 8 9 10 11 12

Xom 005/01|02|04)| 08 | 16 | 32 6,4 12,8 | 25,6 51,2 102,4 | 204,8

X 01,02|04|08| 16 | 32 6,4 128 | 256 | 51,2 102,4 | 204,8 | 409,6

X, 015{ 03 |06 | 12| 24 | 48 | 96 19,2 | 384 | 76,8 153,6 | 307,2 614,4

X3 02 04|08|16| 32 | 64 | 128 | 256 | 51,2 | 1024 | 2048 | 4096 | 8192

X4 025(05|10|20| 40 | 80 | 160 | 320 | 64,0 | 1280 | 256,0 | 512,0 | 1024,0

Xe 03|06 |12|24)| 48 | 96 | 192 | 384 | 76,8 | 153,6 | 3072 | 6144 | 12288

Xem 03507 |14 |28)| 56 |112 | 224 | 448 | 89,6 | 1792 | 3584 | 716,8 | 14336

N oo B W NP O|S

X; 04 08|16 |32 | 64 | 128 | 256 | 51,2 | 1024 | 2048 | 4096 | 819,2 | 16384




Anamu3 npuBeneHHbIX B Tabi.l pe3yabTaToB IMO3BOJNMJ BBIIBUTH 110 HUM COBIMAJaolue
MEXAy COOOH M0 OAMHAKOBOW JalbHOCTU PACIOJIOKEHHUS OTOOPAa)KEHHsI BOJHOBBIX MaKCUMYMOB

(Xnm) u chopMupoBaTh U3 HUX OOLIUI MaccUB AaHHBIX B Buje (Tadm.2).
Tabmnma 2.
(a, 6, B)
JlampHOCTH  PacmoOyOXKEHUSI OTOOpakeHWi (BO BHE) BOJHOBBIX MaKCHMyMOB XNM
COBIAJIAIOIINX MEXY COOOH MO PacCTOSHHIO

(a)
Xnm, (m)
0,2 0,4 0,6 0,8 1,6 2,4 3,2 4,8
n m n m n m n m n m n m n m n m
0 2 0 3 2 2 0 4 0 5 2 4 0 6 2 5
1 1 1 2 5 1 1 3 1 4 5 3 1 5 5 4
3 0 3 1 3 2 3 3 3 4
7 0 7 1 7 2 7 3
©)
Xnm, (M)
6,4 9,6 12,8 19,2 25,6 38,4 51,2
n m n m n m n m n m n m n m
0 7 2 6 0 8 2 7 0 9 2 8 0 10
1 6 5 5 1 7 5 6 1 8 5 7 1 9
3 5 3 6 3 7 3 8
7 4 7 5 7 6 7 7
(®)
Xnm, (m)

76,8 102,4 153,6 204,8 307,2 409,6 614,4 819,2
n m n m n m n m n m n m n m n m
2 9 0 11 2 10 0 12 2 11 1 12 2 12 3 12
5 8 1 10 5 9 1 11 5 10 3 11 5 11 7 11

3 9 3 10 7 10
7 8 7 9

Beimonnennbie 1o 3aBucuMoctsM (1) u (2) pe3ysbTaThl pacdera KBAaHTOBBIX YacCTOT (Vi) U
JUTMH BOJH (L) MpU KOHKPETHOM HOMEpe TapMOHHMKH (N) M HOMeEpe IMydyHOCTH (M) 0TOoOpakeHHs

BOJIHOBBIX MakcuMyMoB XnNm (Ta6m.2) npencrasnenst B Tabmn.3.
Tabnuma 3.
(a! 6! B? F! 21’ X()

Pesynprarhl pacuera KBaHTOBBIX 4acToT (V,,) W JUIMH BOJH (A) IIpH KOHKPETHOM HOMeEpe
rapMoHuKH (N) ¥ HOMepe my4yHocTH (M) 0TOOpaXKeHHsI BOITHOBBIX MakcuMyMoB XNM (Tab6mn.2)

(@)
Xnm, (m)
0,2 0,4 0,6 0,8
N|mj v A, N m/| vgg A, nimi| vgg A, nim,| vg A,
(') (m) (T'w) (m) (') (m) (') (m)
02 0 - 0|3 0 - 212|116 | 0025 |0 4 0 -
1117029 | 005]1]2]00291) 005 |51 ] 727 ] 001 |1)3]0,0291 0,05
3/0] 262 |0017|3|1] 262 | 0,017 3|12 262 0,017
70| 143 |0,0071 71 1] 143 0,0071
©
Xnm, (m)
1,6 2,4 3,2 4,8
N mi| vg A, n|mj| vg A, n|mj| vg A, N mi| vg A,
(') (M) (') (M) (') (M) (T'x) (M)
0|5 0 - 2 1,16 | 0,025|0 ]| 6 0 - 215|116 0,025
1/4/)0021| 005 |53 | 727 | 001 |1|5]00291| 005 |5|4 | 727 0,01
33| 262 | 0,017 34| 262 | 0,017
71 2] 143 |0,0071 73| 143 | 0,0071




(8)

Xnm, (m)
6,4 9,6 12,8 19,2
N mj| v A, n|m/| vg A, n|mj| vg X, N mi| vg X,
(') (m) (Tm) (M) (') () (') (M)
0] 7 0 - 2|6 116 | 00250 8 0 - 2|1 7] 116 0,025
11600201 006 |5/5| 727 | 001 |1|7]00291| 005 |5|6 | 727 0,01
3| 5] 262 | 0,017 3|6 262 | 0,017
714 ] 143 |0,0071 715] 143 ]0,0071
()
Xnm, (m)
25,6 38,4 51,2 76,8
n|{mi| vg A, nN{mij| v A, N mj vg A, n|{mj| vg A,
(") (M) (') (M) (") () (Cw) (M)
0|9 0 - 2,8 116 | 0025|010 0 - 2|19 116 0,025
11800291 005 |5| 7] 727 | 001 |1] 90029 005 |5| 8] 7,27 0,01
3| 7] 262 | 0,017 3| 8] 262 | 0,017
7]16] 143 |0,0071 7| 7] 143 |0,0071
(=)
Xnm, (m)
102,4 153,6 204,8 307,2
njimj| v A, N[ mj| vgg A, nimj| vg A, N| m| v A,
(T) (m) (T'w) (m) (T'w) (m) (") (m)
o1 0 - 2110 1,16 | 0,025 | 0| 12 0 - 2|11] 1,16 | 0,025
111000291 005 |5/9 | 727 | 001 |1/,11/00291| 005 |5]|10] 7,27 0,01
39| 262 | 0,017 3110 262 | 0,017
718 | 143 |0,0071 7] 9| 143 |0,0071
()
Xnm, (m)
409,6 614,4 819,2
Nl my| v A, N mj vgg A, n|mj| vg A, N mi| vg A,
(') () (Cm) (M) () (M) (T'm) (M)
111200291 ] 005 | 2|12 116 | 0,025 |3 |12 | 2,62 | 0,017
3|11 262 | 0017 |5]11| 727 | 001 |7]11| 143 | 0,0071
7]10| 143 |0,0071

Ananu3 npuBeneHHbIX B TaOi. 3 pe3ynbTaToB MOKa3bIBA€T, YTO C YBEJIWYEHHEM HOMepa
rapMoHHKH (N), pacroyoKeHHOEe Ha KOHKPETHOM JambHOCTH XNM oToOpaxkeHue (BO BHE)
BOJIHOBOTO MAaKCHMMyMa THUIIMYHOW MHOTOMOJIOCTHOM cTpykTypsl (Puc.l) xapakrtepusyercs
YBEIMYECHHEM B HEM KBAaHTOBOW 4acTOThl (V,;) M YMEHbIICHWEM JUIHMHHBI BosHBI (A). Homep
ny4yHocTH (M) 0TOOpaskeHUs KOHKPETHOTO BOJMHOBOI'O MaKCUMyMa Ha M3MEHEHHE XapaKTepPHCTUK
(Vgg) ¥ (\) B HEM He BIHSICT, a BAUSCT B COOTBETCTBUHU C 3aBUCHMOCTHIO (3) TOJBKO Ha JAbHOCTH
ero pacnoynoxenus. Kpome Toro m3 Tabmuubl BHJIHO, YTO COBIAJNAIOIIMNE MEXIYy COOOH IO
JANbHOCTU pAcMoNIOKeHUuss XNM OoTOOpa)KeHHs] BOJHOBBIX MAaKCHMYMOB CONEpXKaT HECKOJIBKO
4acTOT OT pas3HbiX 3HaveHWil (N). [lpudyeM XapakTEPUCTHKH STHX YaCTOT MMOBTOPSIOTCS IPH
KpaTHOM YBEJIMYCHHH JAJIbHOCTEH pacIojoKEeHHsI 0TOOpakeHUi BOJIHOBBIX MakcuMymoB: 0,4; 0,8;
1,6;3,2;6,4;12,8;25,6;51,2;102,4; 204,8; 409,6 (m).

Takast 0COOEHHOCTH TMO3BOJISIET HWCKYCCTBEHHO HapallMBaTh CYMMapHYI ITY9HOCTb
OTOOPaXXEHUSI BOJHOBBIX MAaKCUMYMOB I10 KOHKPETHOMY HamNpaBJCHHI0 UX (opMupoBaHus,
KOMIUIEKCHO pacrojaras TI0 OSTOMY HAalpaBICHHUIO OJMHAKOBBIE IO XapaKTePHCTUKAM
MHoronoJsioctHble cTpykTypsl (MCi, MC;....) B MecTax coBnajeHusi ux MakcumymoB (PoTo.7).



®ot10.7. Crennuka HapanMBaHUs CYMMAapHOW MMYyYHOCTH OTOOPAKEHUS BOJHOBBIX MAaKCHMYMOB IO
HAIMpPAaBJICHUIO MX TJIABHOTO (DOPMHUPOBAHHS OT TPEX HICHTHYHBIX MHOTOIOJIOCTHBIX CTPYKTYD,
pacder KOTOphIX 0ToOpaxkeH B Tabu.1 - Tadim.3.

HpI/IBeI[eHHy}O Ha ®oto.7 CHeHI/I(bI/IKy KOMINJICKCUPOBAHUA HWACH TUYHBIX MHOI'OIMOJIOCTHBIX
crpykryp npumenus B.C. 'peOeHHUKOB B KOHCTpYKIMu Meraxmiorpaga moa HoBocuOupckom B
1984 rony (®oto.8)

Buxmop [pebennusos «MOH MHPs

®ot0.8. Crenuduka KOMILIEKCHPOBAHMS MHOTOIIOIIOCTHBIX CTPYKTYp THIMYHOW KOHCTpyKImu (Puc.1)
B Meraxunorpage nox HosocuOupckom (1984 r.). @parMeHT puUCYHKa BOCIIPOHM3BEICH IO
matepuanam kauru B.C. I'pebennnkoBa «Moit Mup».
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B matepuanax nepenucku (Porto. 3), B nenax yHuGUKANMKA BBHIYKUCICHUHA U PA3IHYHBIX
UCXOJHBIX MaHHbIX 3HaueHus (L), npuBoauTcs cieayromiee npeodpa3oBanue 3aBucuMocT (3) B ee
KOMIIOHEHT (8), a Takxke paBeHcTBa (9) u (10)

Xom = 2L -(n+1)-2m, (3)
CoMHOXHUTENB 3TO 3aBUCUMOCTH 2 * (N + 1) 2™ npuHUMaeTcs paBHBIM KO3 dunneHty (A)

2-(n+1)2m =A, (8)
Torna BepaxkeHue (3) ¢ yuerom 3aBUCUMOCTH (8) MpUHUMAET 00Jiee YIPOIIEHHBIN BUT

Xom =LA, )
OTtkyna
Xnm

A= (10)

Kak BumHO u3 paBeHcTBa (8), BBIUMCIAEMOE IO HEMy 3HaueHHe Kodpduuuenrta (A),
BXOJSIIEr0 B COCTaB ypaBHEeHHUs (3), 3aBHCHUT TOJbKO OT BeimyuH (N) u (M) U HE 3aBHCUT OT
BenmmuuHbl (L). CiieoBarenbHO MO 3TOH 3aBUCHMOCTH MOXKET OBITh COCTABJICH CHPAaBOYHBIH MacCUB
TaOJMYHBIX JIAHHBIX [0 PACUYETHBIM 3HAYeHUAM KodpduuueHta (A) B 3aJaHHOM JAMAIa30HE
JMCKPETHOT O N3MEHEHHsI B3aMMOCBSI3aHHBIX C HUM Benu4uH (N) u (M),

3aBucuMOCTh (9) TO3BOJSET BBIYUCIATH AAJbHOCTH XNM Ui TMEPEMEHHBIX 3HAYCHHUI
BenmuuHbl (L) U cnpaBouHbIX gaHHBIX Kod(duimeHta (A), He mpuberas K €ro MOBTOPHOMY
pacuery.

3aBucuMocTh (10) 1MO3BOJSET HAXOAUTh 3HAYCHHE BEIMYMHBI Kod(dduiuenta (A) mus
IPOU3BOJBHO 3a/JlaHHOIO 3HAYEHMs AATBHOCTM XNM M HCIOJIB3YEeMOro B pacyeTax 3HadeHUus
BenuuuHbl (L), 1 ganee monb3ysch TaOJMYHBIM MAacCHBOM PAacUETHBIX JNAaHHBIX O KO3 duimeHTe
(A), - YTOUHATH MO ITOMY MAacCUBY JUIsl HalifeHHoro mo ¢opmyine (10) 3HaYeHHsS] BETUYUHBI
ko3 dunmenta (A) B3auMOCBSI3aHHBIC € THM K03 DUIIMEHTOM 3Ha4YeHus BenuauH (N) u (m).

Hanee npusenena Tabm.4 ¢ pacyeTHBIMH 3HAYCHUAMHU KO3 dunreHTa (A) BEIUUCIEHHOTO MO
3aBHCUMOCTH (8) 7151 TUCKPETHBIX 3HaueHuit Bemuud (=0, 1,...,30) u (m =0, 1,...,17).
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Tabmuma 4.

Pacuernbie 3HaueHUS K03 puinenTa (A), BEIYMCISHHOTO MO0 3aBUCHMOCTH (8) T THCKPETHBIX 3HaueHn# Bemmund (N =0, 1,...,30) m (m =0, 1,...,30)
m

n Anm 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0 Aom 2 4 8 16 32 64 128 256 512 1024 | 2048 4096 8192 16384 32768 65536 131072 | 262144

1 A 4 8 16 32 64 128 256 5122 | 1024 2048 | 4096 8192 16384 | 32768 65536 131072 | 262144 | 524288

2 A, 6 12 24 48 96 192 384 768 1536 3072 | 6144 | 12288 | 24576 | 49152 98304 196608 | 393216 | 786432

3 As 8 16 32 64 128 256 512 1024 | 2048 4096 | 8192 | 16384 | 32768 | 65536 | 131072 | 262144 | 524288 | 1048576
4 Ay 10 20 40 80 160 320 640 1280 | 2560 5120 | 10240 | 20480 | 40960 | 81920 | 163840 | 327680 | 655360 | 1310720
5 Ag, 12 24 48 96 192 384 768 1536 | 3072 6144 | 12288 | 24576 | 49152 | 98304 | 196608 | 393216 | 786432 | 1572864
6 Ao 14 28 56 112 224 448 896 1792 | 3584 7168 | 14336 | 28672 | 57344 | 114688 | 229376 | 458752 | 917504 | 1835008
7 Al 16 32 64 128 256 512 1024 | 2048 | 4096 8192 | 16384 | 32768 | 65536 | 131072 | 262144 | 524288 | 1048576 | 2097152
8 Agn 18 36 72 144 288 576 1152 | 2304 | 4608 9216 | 18432 | 36864 | 73728 | 147456 | 294912 | 589824 | 1179648 | 2359296
9 Agp, 20 40 80 160 320 640 1280 | 2560 | 5120 | 10240 | 20480 | 40960 | 81920 | 163840 | 327680 | 655360 | 1310720 | 2621440
10 Alom 22 44 88 176 352 705 1408 | 2816 | 5632 | 11264 | 22528 | 45056 | 90112 | 180224 | 360488 | 720896 | 1441792 | 2883584
11 A 24 48 96 192 384 768 1536 | 3072 | 6144 | 12288 | 24576 | 49152 | 98304 | 196608 | 393216 | 786432 | 1572864 | 3145728
12 Aiom 26 52 104 208 416 832 1664 | 3328 | 6656 | 13312 | 26624 | 53248 | 106496 | 212992 | 425984 | 851968 | 1703936 | 3407872
13 Agsn 28 56 112 224 448 896 1792 | 3584 | 7168 | 14336 | 28672 | 57344 | 114688 | 229376 | 458752 | 917504 | 1835008 | 3670016
14 Aism 30 60 120 240 480 960 1920 | 3840 | 7680 | 15360 | 30720 | 61440 | 122880 | 245760 | 491520 | 983040 | 1966080 | 3932160
15 Aism 32 64 128 256 512 | 1024 | 2048 | 4096 | 8192 | 16384 | 32768 | 65536 | 131072 | 262144 | 524288 | 1048576 | 2097152 | 4194304
16 Aiem 34 68 136 272 544 | 1088 | 2176 | 4352 | 8704 | 17408 | 34816 | 69632 | 139264 | 278528 | 557056 | 1114112 | 2228224 | 4456448
17 Ai7m 36 72 144 288 576 | 1152 | 2304 | 4608 | 9216 | 18432 | 36864 | 73728 | 147456 | 294912 | 589824 | 1179648 | 2359296 | 4718592
18 Aigm 38 76 152 304 608 | 1216 | 2432 | 4864 | 9728 | 19456 | 38912 | 77824 | 155648 | 311296 | 622592 | 1245184 | 2490368 | 4980736
19 Aiom 40 80 160 320 640 | 1280 | 2560 | 5120 | 10240 | 20480 | 40960 | 81920 | 163840 | 327680 | 655360 | 1310720 | 2621440 | 5242880
20 Asom 42 84 168 336 672 | 1344 | 2688 | 5376 | 10752 | 21504 | 43008 | 86016 | 172032 | 344064 | 688128 | 1376256 | 2752512 | 5505024
21 Asim 44 88 176 352 704 | 1408 | 2816 | 5632 | 11264 | 22528 | 45056 | 90112 | 180224 | 360448 | 720896 | 1441792 | 2883584 | 5767168
22 Ay 46 92 184 368 736 | 1472 | 2944 | 5888 | 11776 | 23552 | 47104 | 94208 | 188416 | 376832 | 753664 | 1507328 | 3014656 | 6029312
23 Aysn 48 96 192 384 768 | 1536 | 3072 | 6144 | 12288 | 24576 | 49152 | 98304 | 196608 | 393216 | 786432 | 1572864 | 3145728 | 6291456
24 Ay 50 100 200 400 800 | 1600 | 3200 | 6400 | 12800 | 25600 | 51200 | 102400 | 204800 | 409600 | 819200 | 1638400 | 3276800 | 6553600
25 Ay 52 104 208 416 832 | 1664 | 3328 | 6656 | 13312 | 26624 | 53248 | 106496 | 212992 | 425984 | 851968 | 1703936 | 3407872 | 6815744
26 Ay 54 108 216 432 864 | 1728 | 3456 | 6912 | 13824 | 27648 | 55296 | 110592 | 221184 | 442368 | 884736 | 1769472 | 3538944 | 7077888
27 Ay 56 112 224 448 896 | 1792 | 3584 | 7168 | 14336 | 28672 | 57344 | 114688 | 229376 | 458752 | 917504 | 1835008 | 3670016 | 7340032
28 Ajyg 58 116 232 464 928 | 1856 | 3712 | 7424 | 14848 | 29696 | 59392 | 118784 | 237568 | 475136 | 950272 | 1900544 | 3801088 | 7602176
29 Ao 60 120 240 480 960 | 1920 | 3840 | 7680 | 15360 | 30720 | 61440 | 122880 | 245760 | 491520 | 983040 | 1966080 | 3932160 | 7864320
30 Aszom 62 124 248 496 992 | 1984 | 3968 | 7936 | 15872 | 31744 | 63488 | 126976 | 253952 | 507904 | 1015808 | 2031616 | 4063232 | 8126464

12




CpaBHeHue npuBeeHHBIX B Ta01.4 pacueTHbIX 3HaueHu# Kod(dummenta (A) ¢ ero JaHHBIMU
B Tabmuie (Doto.2), moKa3bIBaCT COBMAJACHUE PE3yNIbTaTOB. M3 4ero MOXHO C/eIaTh BBIBOJ O
MPaBUJILHOCTH BBIMOJIHEHUS MOBTOPHOTO pacuyeTa u 0e301MHO0YHOCTH UCIIOIb30BaHHBIX (HOPMYIL.

Hcnonp3oBanue naHHbIX Ta0n.4 B 3aBucuMocTH (9) MO3BOJISIET KOJUYECTBEHHO OLICHUTH
JaNbHOCTH PACIIONIOKEHHST OTOOpaXKeHNi (BO BHE) BOJHOBBIX MAaKCUMYMOB (XNM) st pa3inydHbIX
3HAYeHWH JIMHHBL OKpykHOCTH (L) enmHuuHOi TpyOku u ee auamerpa (P) THUNIHYHOM
MHOT'OIIOJIOCTHO!N CTpyKTYphI (Puc.1), B mtnana3one u3MeHEeHUs1 TUCKpeTHBIX 3HaueHuit (N =0, 1, ..,
30) u quckperHbix 3Hayennit (M =0, 1, ...,17).

Hanpumep:

Eciu amaMeTp OKpY’KHOCTH eAMHHYHOH TpyOku @ = 15 cm = 0,15 M = 1,5:1071 (m), To 1o
3aBECHMOCTH (5) JIMHHA 3TOH OKPYKHOCTH cOCTaBHUT 3HadeHne L = 0,47124 (m) = 4,712:1071 (m).

CrnenosatensHo a1 3HaueHns (L=4,7-10"! M) B coorBercTBuH 3aBHCHMOCTHIO (9) U
naHHeiME Ta0i. 4, Hampumep A nepBod rapMoHUKH (N = 1) u mepBoro HoMmepa OTOOpaXKEHHUS
BOJIHOBOTO Makcumyma (M =1), mpu KOTOpeIX Aim = A1; = 8, pacueTHas 1ajJbHOCTh PACIIOIOKCHUS
Xnm = X; 1 6yner paBHa

X;1=L-A=4712-10"! -8 = 3,7696 (m) (12)

Ecnu sxe k mpuMepy BBIYMUCINTH 3HaUeHUe X117 st (N =1 1 m =17), npu KOTOPBIX BEJIMYHMHA
A = 524288, To nay1s 3TOro Homepa nmydHoctd (M = 17), mo mepBoit rapmonuke (N=1) KaabHOCTH
PAcIONOKEHUs] OTOOPaKEHUSI BOTHOBOI'0O MAaKCHUMyMa OTHOCHUTEIbHO MHOI'OIOJIOCTHON CTPYKTYpbI
COCTaBUT 3HAUECHUE

X110 =L-A= 4,712 1071 - 524288 = 247044,5056 (m) = 247,044 (xm) (12)

[Moatomy npanpHOnerictBytomme «bompmme konyca» B.C. I'peGennuxoBa (PoT0.8),
paboratone mo 3¢p¢dexkTy oOpa3oBaHHSA CYMMapHOO MaKCHMyMa Ha KOHKPETHOW HallbHOCTH
(®0T10.7), - peanbHO MOT'YT OBITh cO3AaHbl U (pyHKIHOHHPOBATH (Mpu ycioBuu, uro IIIC peansHO
CYIIECTBYET, Bellb 3asiBKa Ha oTKpbiTHE DIIC odunmanbHoi HAyKOW OTKIOHEHA).

BOXH Martepmn  janpHero  zeficTsms
crcrems B.C,peGeRHNKOBA

Muorosuencroe ycerpo#icTBO OnpexeRcH-
HHX MTapaMeTpoB C WCHONb30BaHWEM BOXH
: ‘ /Marepym.

BozzeficTByeT Ha XUBHE OPraHW3MH
Da3NNMuEEM O6pasoM, OCoxsmeff uacThO
HECIaronprATHEM. BoszeflcTByeT Takke
Ha KDYTMJABHHE BECH M KPWCTAINK3auwo
pacTBOpoB (cM.3KcnoHaT "liTopuraac) .

f it CxonHuM 06pa30M OuIM yCTPOSHH

- - \‘"atbwpﬂo-xyvencnycxanmwe annapaTh"

7/-(‘\““‘ npod. O.Korschelt, npwuenssmmecs B
7 AT XIX Bexe B CEIbCKOM XO03A#CTBE,TeXHU-

. K€, MeILIUHE.

B xouOuHanum® C NOCTOAHHHMM MareHuTa-
MM criocoGeH B3amMoieftcTBOBaThH C IO-
JOOEHM Xe yCTPOMCTBOM 3a COTHW KMIO-
METDOB,llepeMemasi ero uay xeopMupys.
B 30HAX CTOSUMX BOXH MEXIy OOowMN
yerpoftcTBaM®, B MOMEHT WX ODMEHTAalnK
Zpyr Ha Jpyra, MOfBAADTCA OTBEPCTAA
B CTexnaX, CMemeHns OHTOBHX NIpex-
METOB, COOW JJEKTPOHWKN ¥ MH.ID.

Jiureparypa: Hemepwomwueckue OHCTDO-
IWF npoTeXavmue SBACHMA B OKpyxavmel cpe-

2 ge. Towck,4.111,1988,c. 70-T1. {

L, rPOrATbL |

- |
HAITPOTYB PACTPYBA JOIIO HE CTO4Tb !

®ot0.8. OOmIas xapakrepucTuka «[ eHepaTopa moyiTepreiictay BTOporo BUaa, KOTOPbIH COCTOUT U3 JBYX
«bonpIInX KOHYCOBY» (IIPUBEACHO 110 OIMCAHUIO M3 My3es) .
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Tem ne menee, nonyctuB uro JIIC Ha camoM Jiene CymecTByeT, U 4TO SKCIIEPUMEHTAJIbHAS
cucrema u3 aByx «bomsmmx KomycoB» B.C. I'peGenHnkoBa Ha camoM jeie cpaGorana’
(23.04.1991r.) B xome mpoBeAeHHUs ombiTa ¢ Hel (kHura Mo Mup, crp.233), - yTOYHHM C
oMo 1aHHbIX Tabm4 u 3aBucumoctu (10) OCHOBHBIE HACTPOCUYHBIC XapaKTepucTuku (A, N,
M) Kaxa0ro u3 «BOoJBIINX KOHYCOBY.

Jl1st 5TOrO MpeX e BCEro BeranciauM paccrosaue (L) mo mpsamoil MeKay MECTOM JKUTEIbCTBA
B.C. TI'pebennukoBa (mocenok KpacnooOck, HoBocuOupckass o0nacTe), Te ObUT yCTaHOBJICH
nepBbiii «bosnpiiol koHyc» U Tepputopuei «Jlecoueky, pacnonokeHHOW NpuMepHOo 9 KM 3amnaaHee
Ucunbkyns Omckoii o6nactu (kotopast ynomuHaeTcs B rnaBe |V kauru Moit Mup ¢ ee kapToit Ha
cTp.148), e ObLT yCcTaHOBIIEH BTOPOii «BOMbIII0l KOHYC» CO BCTPEUHON OpHUEHTAIMEl ero riaBHON
OCH Ha IIEPBbIN.

Onenounblii pacuer gampHocTH (L) ObLT BBIMONMHEH cucteMoit UM «Anmca» ¥ mpuBefeH Ha
(®oT0.9) :

UcxoaHble AaHHble

1. «llecovek» — nokauus npumepHo & 9 km 3ananxee UcunbKyna (No onucaHuo
B. C. peberrurosa).

o Koopaurarbl Mcunekyna: =54.9167°c. w., 71.2667°e.
o Cwmewenune Ha 9km3anag: = 71.17°e. 4. (npubnuautensHo)
2. KpacHoobck (mecTo xuTenscTea Mpeberrnkosa)
o KoopauHatel: =54 92°¢c. w., 8299°8. a.
PacyéT paccTosHus
Pazkuua no gonrote:
82,99 — 71,17 =11.82

Ha wwvpoTte =55° gnuda ogHoro rpagyca gonroTel =64 km (13-3a chepuyHoCTH 3emnu)

MpuBnuanTensHoe PaccTORHME NO AONTOTE:

11,827 x 64 xv/rpagyc ~ 756 KM
Pazruua no wupote musnmansHa (= 0,003%), nosToMy ero mMoxHo nperebpeys
Utoroebin pesynerar:

o =750-760 km no NpAMONA (C YUETOM OKDYTNEHMI W NOTPELLHOCTY KOOPAUHAT)

®ot0.9. Crienuuka pacyera npsmMoro pacctostaus (L) Mexay IByMst OTIENBHO PaCHONOKeHHbBIMU «boabImmu
koHycamm» koHCTpYKIH B.C. ['peOCHHUKOBA CO B3aMMHO-BCTPEYHON OPHECHTAIUEH UX TIIABHBIX OCCH.

[IpyauMas 3a HaMOOJBIIMI pa3Mep AMAMETpa KaXJ0ro u3 JABYyX «BoJbIIMX KOHYCOB» €ro
3nauenne Ppx = 15 cM = 0,15 m=1,5-10"1 (M), a clie10BATEIPHO U COOTBETCTBYIOIIYIO €My JUTHHY

4 Anpnpeit BanoB. OOmue cBeeHUs O KOHMYECKHX W WHBIX TeHepaTopax MoJTepreicra,
npuBoAuMble o MarepuanaMm nepenucku B.C. I'pebeHHMKOBA C JOKTOPOM TEXHHUYECKHX
Hayk B.®. 3onoTtapeBsiM u kuure «Moit Mup».
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okpyxHoct Lk = 0,47124 (M) = 4,712-107! (m) u 3Has paccrosuue L =~ 756 kM = 756 000 M,
BOCII0JIb30BaBIINCh 3aBUCUMOCTHIO (10) mostydaem cienyroiee 3HaueHue koddpunuenTa (A)

Xym _ 756000

A= =
Lk 0,47124

= 1604278,075 (13)

Boruncnennomy no 3aBucumoctu (13) koadpdunuenty (A=1604278,075) npulGiausuTesnsHo
COOTBETCTBYIOT €ro 3HaueHus B Ta0n.4 (oHM OTOOpa)KeHbI B HEH KPACHBIM I[BETOM C Y4ETOM UX
HOMepa rapMOHHKH (N) ¥ HOMepa OTOOpaKEeHUsI BOJTHOBOr0 Makcumyma (M) ).

OpHako y4YWTBIBasl, YTO PE3OHATOP C OIHUM 3aKPBITBIM KOHIIOM (THIa OpraHHas Tpyoa)
u3jIydaeT (HalmpuMep aKyCTHYeCKHE BOJIHBI) Ha HEYETHBIX rapmonukax (N = 1, 3, 5,..), - ot ke
O0COOCHHOCTH ClIeAyeT y4ecTh M 10 OTHomeHHio K «bompmum koHycam». BreiOupas mo
NpUOIU3UTEIFHOMY, UM TOYHOMY COBIIAJICHUIO pacdeTHOro 3HaueHus ko3dduuuenta (A) c ero
3HaueHneM B TaOm4 HedeTHble HOMepa TapMOHHUK (N), Ha KOTOpBIC JOJDKHBI OBITh OJMHAKOBO
HACTPOEHBI BHYTPEHHUE MOJOCTHBIE CTPYKTYPBhI KaKIOT0 U3 ATUX «BONbIINX KOHYCOBY.

Tax Hanpumep, 1o 3HaYeHUIO KO3 dunuerTa (A), BeraucieHHoro u3 3apucumocta (13) [mis
3alaHHON BeMMuuHbl XNM = 756000 (M) 1 pacyeTHOW IJIMHBI OKPYKHOCTH «BOJBIIOro KOHYyCa»
Lk = 0,47124 wm], no Tabn. 4 ObuM BBIOpaHBl W HpUBEACHBI B Ta0n.5 HOMepa rapMOHHMK (N) |
HOMepa (M) oToOpaskeHHU BO BHE BOJHOBBIX MaKCUMYMOB, HCXO/S U3 KOTOPHIX B MOCIEAYIOIIEM
JIOJDKHBI OBITH BBIIOJIHEHBI PacueThl AUAMETPOB €AMHMYHBIX TPYOOK TUIIMYHBIX MHOIOMOJIOCHBIX
crpyktyp (Puc.1), a camu 3T CTpYKTYphl UMETh KOMIIJIEKCHOE PacCHoIOKEHHE BHYTPH «boJb1Ioro
KOHyca» B MeECTax COBIIQJICHMsI CBOMX HadaJbHBIX My4yHocTed (kak Hampumep Ha doto. 7) u
(dopMupOBaTH OTOOPAKEHUSI CBOMX BOJHOBBIX MAKCUMYMOB Ha HOMepax rapmoHukax (n) Ta6u.5.

Tabmnma 5.
PacuerHsle 3HaYeHHs HOMepoB rapmoHuMK (N) W HOMepoB (M) oToOpakeHHWit (BO BHE) BOJHOBBIX
MaKCHMyMOB MHOTOTIOJIOCTHOM CTPYKTYPHI Ut BEIOpaHHBIX U3 Tabm.4 BenmunH ko3 dumenta (A)

Homep rapmoHuky, Homep otoOpaxkenus (BO BHE) BOJIHOBOTO
3HaucHue ko3 dunmentTa | cooTBeTCcTBYOMEH KOIQDUIIUCHTY |MaKCHMyMa, COOTBETCTBYIOIIECTO KO3 PHIUeHTY

A A A
1. 2. 3.

A =1572864 n=>5 m=17

n=11 m =16

n=23 m=15

A = 1835008 n=13 m=16

n=27 m=15

Ilo Bcell BUAMMOCTH, B LEISIX 3allMThl OT B3aUMHOIO (PU3MUECKOr0 IOBPEKIECHUS
pacCIONIOKEHHBIX JApPYTr OT Jpyra Ha OIpPEAECICHHOM pPACCTOAHMM «bOJBIIMX KOHYCOB», IpH
COBIA/ICHUU OPMEHTAllMM MX IJIaBHBIX ocell MexJy coOoil m HampaBieHueMm Ha CoiHIlE, - MOTYT
ObITh pa3paboTaHbl M HPUMEHATHCA B HAPOAHOM XO3sicTBE cucTeMbl «bBOJBIINX KOHYCOBY,
aKTUBHOCTh ()YHKIIMOHHPOBAHUS KOTOPHIX B3aUMOCBsi3aHa He ¢ CoNHIIeM, a C TIOMOLIbIO YCUJICHUS
AKTHBHOW YacTU BO3JEHCTBHA IOJISA BOJH 1€ bpoiyd yepe3 CKasIpHOE IOJIE IYyTEM CO3JaHMS
HaIIpaBJICHHOI'O IEPEMELICHUS JJIEKTPOHOB IIO CTEHKAM IIOJOCTEH, T.€. IIyTEM IIPOIYCKAHMS
AJIEKTPUUECKOro Toka. [TOHATHO, YTO B 3TOM cCiy4ae MHOIOMOJOCTHAsl CTPYKTypa JIOJDKHO OBITh
M3rOTOBJIEHA U3 AJIEKTPONPOBOIALIET0 MaTepraa.

K npumepy, 171st 3TOro0 ciiydast B pabote’ yKasaHbl CIEIYIOLIIE 3aBUCHMOCTH:
« 17151 2JIEKTPOHOB C JIpeii(hOBOI CKOPOCTHIO
U,=nE, (13)
rae: M. - IOABUKHOCTD 3JICKTPOHOB
E, - HAIPSIPKEHHOCTD 3JICKTPUYCCKOT'O ITOJIA.

> TocTosiHHAS CTPYKTypa KaK HCTOYHHMK Toyii BONH ne bpoitmsa. (Matepuan paGoTel B3ST H3
WuTepHer)
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MOXHO paccMaTpHBaTh KaK KBa3UCTALIMOHAPHOE, CO3Jarouiee BOJHBI A€ bpoilns ImHHOU
BOJIHBI:

h
A= o (14)
Y 4acTOTOM, onpenessieMord pazmepom (L) momoctu
v = 2 (15)

L

JIns TIOABMXKHOCTH 3NIEKTPOHOB okono (M = 10 cM?/B.c.) , MPUMEPHO COOTBETCTBYIOMIEH
yAEILHOMY CONPOTUBIICHHUIO JKelie3a, aApeidoBasi CKopocTh 3yekTpoHOoB B moie (E= 1 B/cm)
coctapnsgeT BeauuuHy nopsaka U, = 10 cMm/c. COOTBETCTBEHHO BO3HMKAIOT BOIHBI 1€ Bpoiiis
JUTMHOW BOJIHBI OKOJI0O 6 MM ® 4actoto mpu L = 1 cm okomo 10 I'm. Taxkum oGpaszom,
BO30YKJICHHBIE 3JIEKTPHYECKUM TOKOM BOJIHBI J1e Bpoiiis 0Ka3bIBAIOTCS CXOMHBIMH 10 TIapaMeTpaM
C KBaHTOBBIMH, YTO CO3/A€T MPEIMOCHUIKH sl yCuieHus d(PpdeKTa MHOTOIONIOCTHBIX CTPYKTYp C
MOMOTIBIO SJIEKTPUIECKOTO TOKAY.

B oroii xe pabore® o cremmduKe B3aNMOICHCTBHS KMBBIX OHONOIMYECKHX OOBEKTOB C
BHEIIHUMU OTOOPa)KEHUSMHU BOJHOBBIX MAaKCHUMYMOB OT TIIOJIOCTHBIX CTPYKTYp TOBOPUTCS
cnenymomee: «IIoHATHO, YTO BO3JEHCTBUE MOJS CTOAYUX BOJH Jie bpoiins yepe3 KBaHTOBBIE MO
MOXET OBITh TOJIBKO IACCUBHBIM, HE HW3MEHSIONMM JHEPreTHYECKON HACBIIICHHOCTH KUBOM
cucteMbl. OJIHAKO, TPH MEXaHUYECKOM JIBIKEHUH OPTaHHU3Ma B MOJIE MHOTOIIOJIOCTHOM CTPYKTYP bl
BO3JCHCTBHEC YACTUYHO CTAaHOBHTCS AaKTHBHBIM TIOJ] JICHCTBHEM MEXaHUYCCKOW DHEPruu
nepeMelnieHrs OpraHn3Ma (WM MHOTOMOJOCTHOM CTPYKTYphl) IyTeM MpeoOpa3oBaHUsl ATOU
SHEPrUu BO BHYTPEHHIOIO DHEPTUI0 KHBOW CHCTEMBI Yepe3 CKaISpHOE TOJie, BXOASIIee B COCTaB
MEXaHUYECKOW (KMHETHYECKOW) ZHEepruu. AKTUBHYIO YacTh BO3JEHCTBUS MONS BOJMH Ae bpoimns
TaKXKE Yepe3 CKAIPHBIC IMOJISI MOXHO YCHJIMTh ITyTE€M CO3JIaHUS HAIPABJIICHHOTO TEPEMEICHHS
AJIEKTPOHOB IO CTEHKAM IMOJIOCTEH, T.€. IyTeM IIPOIYyCKaHUS JIEKTPHIECKOro Toka. [IoHATHO, 4TO B
9TOM Cllydae MHOTOIOJIOCTHASI CTPYKTypa JIOJDKHA OBITh M3TOTOBJICHA M3 3JIEKTPOIPOBOISIIETO
MaTepuana.

KoHCTpyKIIMM TakuX KOHYCOB MOTYT paclojiaraThCsi Kak HampuMep 3TO IOKa3aHO Ha
(®o10.10), ¢ dopmupoBanueM obnacTeii OOBEAMHEHHBIX OT HHUX OTOOPaKEHUH BOJHOBBIX
MaKCUMYMOB Ha KOHKPETHOM PACCTOSIHUH.

®oto. 10. BapuaHT pasmelieHdss Ha MECTHOCTH COCTABHBIX MHOTOIOJIOCTHBIX CHCTEMBI KOMILIEKCHOTO
(dbopMupoBaHusT 0TOOpaXKEHHH BO BHE BOJIHOBBIX MaKCHMYMOB CTOSYMX BOJIH ne Bpoitns B
o01e 30He.

6 o
Tam xe. IlocTrosiHHAs CTPYKTypa KaK UCTOYHUK MOJIig BOJH e bpoiins.
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Hactpoiika Bo3elcTBUS BOJIHOBBIX M YAaCTOTHBIX XapaKTEPUCTUK OTOOpaKEHHH BO BHE
MaKCUMyMOB CTOSYMX BOJIH jAe bpoiins Takux MmHoromosoctHelXx cucreM (MC) nomkHa OBITH
COIJIaCOBaHa y HUX KaK MEXJy cOOOH C yueTOM COIVIACOBAHMS MX BHYTPEHHHUX MHOI'OMOJIOCTHBIX
noacucreM (Puc.20), Tak ¥ ¢ XapaKTepUCTUKaMH OTJEIBHBIX CTPYKTYp OMOJIOrMYECKHX OOBEKTOB.
Hampumep npu 3amure noneid kaprodens OT BpeAUTEIbCTBA KOJIOPAICKUM KYKOM, HacTpolika MC
JIOJDKHA COOTBETCTBOBATh KPATHOCTH XapaKTEPUCTUK 4YacTOT BOJH Je bpoilng ¢parmeHTOB
XMMHMYECKUX LIETTOYEK XUTUHA JIBHXKYIIEroCs ¢ MaJOH CKOPOCTBIO JKYyKa.

Puc.2. OnuH 13 BO3MOXKHBIX BapHAHTOB KOHCTPYKTHBHOTO HCITOJHEHHSI MHOTOIIOJIOCTHOW TOACHCTEMBI,
BXOAAIIEH B COCTaB BHYTPEHHETO CTPOCHMS OTIENbHOW MHOTOMOJIIOCTHON cucremsl MCy
(manpumep oxHoro «bompmioro koHyca». Pacnonoxenrne eAMHIYHBIX 3JIEMEHTOB MHOTOIIOJIOCTHBIX
TIOJICHCTEM SIBIISIETCSI YTIIOBBIM OTHOCHTENBHO TIIaBHOW ocH «bombmioro koHyca» (a B Oyaymiem u
VIIPaBISIEMBIM 10 M3MEHEHHIO YIWia MPH ero (yHKIHOHUPOBAHWH). OTO MO BCeH BHAUMOCTH
TTO3BOJINT BIUSTH HA (POKYCHPOBKY Pa3MepOB KOHKPETHBIX MaKCHMYMOB M 3THM CaMbIM Ha pa3sMep
obmieli 30HB X,y (Por0.10), KOTOpyHO (QOpMHpPYET KOMIUIEKCHAs CHCTEMa  OTIENbHO
PacmnoI0oXeHHbIX «BOJIBIINX KOHYCOBY.

Tunununas cucrema 3anmthl (Poto.10), MO Bceil BMAMMOCTH MOXET OBITH CO37aHA W
UCII0JIb30BaThCA B HAPOAHOM XO3sIMCTBE. MPOTUB YIHETEHUS COPHSKOB; IUIECEHU IMPOAYKTOB U UX
JUIUTEIILHOIO XpaHEHHUS; 3allUThI [IOCEBOB OT CApaH4M UX MOENAIOLIeH; IIPOTUB I'YCEHUI BPEASIUX
KallyCTe Ha IOJIAX; MPOTUB >KyKOB JIOJITOHOCUKOB M CIM3HEH, ry0AmmX KIyOHHKY Ha IOJAX; B
LeNIX OTBAKMBAHUSA MTUL WIA TIPbI3YHOB C HEXEJIATEJIbHbIX MECT UX MpeOblBaHUS U T. 1.
Bo3MoxxHO B OynyiieM 1o npuHuuny (GopMupoBaHus 00beqUHEHHOr0 MakcumyMa Xnm (Por. 10),
IIpU y4yeTe cilydas NpeAnoiaraéMoro NepeHeceHns KoTa CKBO3b TBEP/IbI€ CTEHBI KUJIOTO loMa (3TOT
Clydail M TPEANOIOKUTEIbHBI MEXaHH3M OIMCAH B IyONMKALUH' ) GyIyT CO3IaHBI CHCTEMbI
TEJIENOPTALIMOHHOI'O MEPEMEIIEHHUs] JKUBBIX OOBEKTOB MJIM TPYy30B B 3aJaHHYI0 TOUKY
npoctpancTBa. OHAKO BCE ITH MPEINOJI0KEHUS MOKa SBISIOTCS TOJbKO (paHTasuel U s cBOoer
IPOBEPKU TpeOYIOT KaK CO3JIaHUSl SKCIEPUMEHTAIbHbIX KOHCTPYKLUUN, TaK U IPOBEIEHUS HX
9KCIIEPUMEHTAIBHBIX HCIBITAHUI (OISITh TAKW MPU YCIOBUHU IMOATBEPXKICHHs (aKTa peabHOro
cymectBoBanus JI1C).

! Anppeit BanoB. OOmue cBeeHUs O KOHMYECKHX W WHBIX TEHepaTopax MoJTepreicra,
npuBonuMbIe 0 MaTepuanam nepernucku B.C. I'peOeHHUKOBA C TOKTOPOM TEXHHYECKHX
Hayk B.®. 3ono0tapeBsiM u kHUre «Moii Mup».
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[Iponomxkas marepuan HCCIEIOBAHMS, KPAaTKO OCTAHOBMMCS Ha BBIBOJE MAaTEMaTUYECKON
3aBHCHMOCTH, TIO3BOJISAIONIEH pAaCcCUMTHIBATH COTJIACOBAaHHBIE pa3Mephl EAMHHYHBIX TpPYyOOK
MHOTOIIOJIOCTHBIX MOJCUCTEM pa3Horo panra (Puc.2), koTopsie B cBOeii COBOKYITHOCTH 00pa3yroT
BHYTPEHHEE CTPOEHUE OJHON aBTOHOMHOW MHOTOIOJIOCTHOW CHCTEMBI.

IlocTaHOoBKa 3a/1a4u:

Jaubl 1Be 3aBucumoctu (16) u (17)

Xintm1 = 2Ly (ng +1) - 2™1, (16)

- 2. . ALY
Xonzmz =2 Ly (ny +1) - 2™z, (17)
TJe:
Xinim1 » (M) - TATBHOCTH PACIIOJIOKEHHSI OTOOPAKEHUH MYyYHOCTH (BOJTHOBBIX MaKCHMYMOB)
CTOSIYMX BOJIH Jie bpoiisis BHE CTEHOK MHOTOIOMIOCTHOM TPyOUaTOi CTPYKTYpHI C JUIMHOM
okpyxkHoct (L;) ¥ aBTOHOMHBIM 3Ha4YeHHEM MapameTpoB (n;) u (M) ¢u3nUecKuit
CMBICI KOTOPBIX THIIMYEH 3aBUCUMOCTH (3).

Xon2m2 » (M) - TATBHOCT PACIOI0KEHHUS OTOOPAKEHHH ITyIHOCTH (BOJHOBBIX MAaKCHMYMOB)
CTOSIYMX BOJIH Jie Bpoiiiish BHE CTEHOK MHOTOIOIIOCTHOM TPyOUaTO# CTPYKTYpBI C JUIMHOM
okpyxHoctd (L,) ¥ aBTOHOMHBIM 3Ha4eHHEM HapameTpoB (n,) u (m,) (GHU3UYECKHI
CMBICJI KOTOPBIX TUIIHYEH 3aBUCUMOCTH (3).

TpebyeTcst BLIBECTH 3aBUCHMOCTD,

MO3BOJIAIONILYI0 BBIIBUThH, NP KAKOM COYETAaHUHM MepeMeHHbIX (ng, n,) u (mg, m,) ans
pasHbIX 3HaueHU L; # L, BbmomHsAeTcs yciaoBUE Xin1m1 = X2n2m2-

WNnu roBopst mpOCTHIM SI3BIKOM HEOOXOAMMO O0€CreduTh OOIIYI0 JalbHOCTh COBIIAJICHUS
0TOOpakeHUH BO BHE BOJHOBBIX MakKCUMYMOB ( X{pim1 = X2n2m2) OT JABYX aBTOHOMHBIX
MHOT'OTIOJIOCTHBIX CTPYKTYpP CO CBOMM pa3MepoM €AMHUYHOM TpyOku (ycinoBue korna L; # Lp)um
CBOMM COYETaHMEM [T HUX HE3aBHCUMBIX MlepeMeHHbIX (ng, Nny) u (my, my) .

BrIBoa 3aBUCHMOCTH.
Jlnsa ycnoBus TpeOyemMoro paBeHCTBAa Xinim1 = Xzn2m2 HpaBble yacTu ypaBHeHuit (16) u
(17) Taxoke paBHBI, YTO COOTBETCTBYET BhIpakeHuio (18)

2'L1'(n1+1)'2m1:Z'Lz'(n2+1)'2m2, (18)
IMocne nmpeobpa3zoBanus BeipakeHus (18) momy4daem paBernctso (19)

2'L1'(H1+1)'2m1

=1, 19
2'L2'(H2+1)'2m2 ( )
Otkyna
L n, +1)-2m2
L _(p+1)-27 20)
L, (n;+1)-2m
Nm
E:w.z(mz—ml), (21)
L, (m+1)

Tak kak no ycnosuto 3agaud L; # Ly , TO A1s pa3HbIX pa3MepoB JUIMHHBI OKPYKHOCTH
CIIpaBEJIMBO COOTHOIIEHUE (22)

2ok, (22)

rre: K, - ko ¢unnenT nponopuy COOTHOMEHHS AITHH OKPY>KHOCTEH.
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Tax kak B.d. 3010TapeBsM B cBOEi paboTe’ akueHTHpYeTCs BHUMAHHE HA BAXKHOCTH yUETa B
COOTHOILEHUM pa3MepoB KodduiueHTa «30J0TOH MPOMOPLUN» C BEIMYHUHOW CBOEr0 3HAYCHHUS
@, =1,6180339887 ... = 1,618 , To mpuMmeM 3T0 3HaueHue 3a BenuuuHy kKoddpduuuenta (K) B
3aBUCUMOCTH (22).

Tormampu K= &5 = 1,618 MOJy4rM PpaBeHCTBO (23)

Ly
—=1,618 (23)
L,
Nnu mocne ero npeodpa3oBanus 3aBUCUMOCTH (24) u (25)
L
— 1 -1 (24)
1,618 - L,
b _ 25
1,618 7 (25)

CrenoBarenbHO sl pa3HbIX OKpykHOcTed TpyOoK (Li) m (L), OTiMYArOmUXCs MEXKIY
c000i COOTHOLIEHHEM CBOMX M€OMETPHUUECKUX pa3MepoB Ha KOAP(UIUEHT «30J0TOH MPOMOPLUN»
®; = K= 1,618, npu yuere 3aBucumoctH (21) crpaBeaimBo paBeHCTBO (26)

L n, +1
1618 = -2t
L2 (n1+1)

- 2(ma—mq) (26)

OObecrieueHre paBEHCTBA JIGBOK W IPAaBOM YacTh ypaBHEHHS (26), ¢ yueToM Kod(hduIiiueHTa
«3onotoit mponopuun» (mo pekomennauuu B.®. 3om0tapeBa) u 1aeT BO3MOXKXHOCTb MOMYUUTh (7151
9TOM PEKOMEH/IAIMK) BBITIOJIHEHUE TPEeOYEeMOro yCiaoBHS pacuera, Koraa Xqipimi = Xon2mz IPH
L; # L,.

O000IIEHHBINA BBIBOJL

B umensix OTKpBITHSL HOBOTO, HM3MEpANWTE pa3Mepbl OTBEPCTUH B KOHCTPYKLHUAX JKaJI03U
rpaBuromiana (®oro.5) u uccnenyiTe ux mo 3aBUCUMOCTU (26), a TaKXKe 110 paHee NPUBEACHHBIM
TabIUI[aM U COOTBETCTBYIOUIMM IIPUMEpaM pacdeTa, - CIeUu(UKYy M3MEHEHHUS UX JHAMETPOB C
Y4€TOM paBEHCTBA MECTOIOJIOKEHUS I HUX OTOOpaKE€HUM BOJTHOBBIX MAaKCUMYMOB.

Ta sxe camast peKOMeHJaIus OTHOCUTCS U K pacyeTy XapaKTEepPUCTUK MHOT'OMOJIOCHBIX CHCTEM
tuna (Puc.1), (®ot0.10) u (Puc.2).

XKenaro TBOpueckux ycnexoB (ecau Ha camoM zene DIIC peanbHO CyliecTBYeT, a He ABIsAETCA
BbIMBICJIOM. MHOrzna umras mo 3TOMy BONpOCY OTAENbHbIE 3anucu B VIHTEpHET BUIHO, YTO IIO
MHEHHIO MHOTHX B PEaJIbHOCTH TaKOro OBITh HE MOXKeT! ).

Al

He Gepychb cyuTh, KTO MpaB, €CIIU 3TO HY)KHO - TIOKa)KET BPEMSL.

!B. D. 3onorapeB. Pacuet a3pdexTa MHOTOMOTOCTHBIX CTPYKTYP (TYEUCTBIX CTPYKTYDP). 1987 r.
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