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MameMamUqeCKaR Mogenb omnUBa 
figMaJKH020 nonomHa Ha 2ugponnaHKaH npu 
ucnonb30BaHUU 2ufiKUH $OpMgIDIQUH cemOK 

In. B. KaypoB, K.T. H., H. H. KOKyWHH, A. T. H.,
 

H. B. KnlOWKHH, M. B. Konbl'leB,BWn Cn6rYnTA,
 

BHaCTOflU1ee BpeMfl npa OTJl~Be 6yMa>KHoro nonorua Ha ce­
TO'lHbIXxacrax Cr~APonna HKa M~ W~POKO acnonsayiorca>KeCT­
K~e MHorocnoiiHble ~ crpyxrypuo - CBfl3aHHbie cjJOpMYIOU1~e 

cerxa [1,2]. Xapa xrepaof oc06eHHOCTblO ~X sxcnnyarauaa npa 
06e3 BO>K ~ B a H~ ~ 6yM a>KHOii MaCCbl aa runponnauaaxasnaerca 
TO, 'lTO TO'lKa B0 3H~KHOBeH~fl paaeasaenoro Ha r~APonnaHKe 

BaKyyMa COBnaAaeTCHa'lanOM HaKnOHHoii 'laCT~ r~APo nna HK~ 

[3,4] . MaTeMaT~'leCKafl MOAenb OTn~Ba 6yMa>KHOrO nonorua Anfl 
3TOro CJlY'l afl pasparioraaa pauee B [5] ~ ~MeeT B~A: 
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rne p(x) - BaKyyM B KJl~He r~APonnaHK~, v$(x) - CKOpOCTb 
cjJ~nbTpall ~~ , hex) - 3a30p Me>KAY cerxoti ~ r~ APonnaHKoii, 

h2(x) - TonU1~H a rtpodiansrpoaaaureroca CJlOfl BOAbl, Z(X) ­
nporuf cerxa, q(x) - aarpys xa ua cerxy OT lleHTp06e>KHOii 

c~nbl ~Hepll~~ enos MaCCbl, ~ - Bfl3KOCTb nOACeTO'lHOiiBOAbl,vc 
- CKOpOCTb ceTK~ , y - YAenbHblii Bec 6yMa>KHOii MaC Cbl, h - TOn­o 
U1~Ha enos 6yMa>KHOii MaCCbl aa cerxe BHa'lane r~AP o nn aHK~ , 

K$ - K03cjJcjJ~1l~eHT cjJ~nbTpall ~~ , c/o - xouueurpauaa 06e3Bo­
>K~BaeMOii 6yMa>KHOii MaCCbl, Co - «ouueurpauaa ocesurero 
cnOfl, cm - KOHlleHTpall~ fl nOACeTO'lHOii BOAbl, he- T on U1~H a 

cerxa, np~BeAeHHafl K TOnU1~He enos 6yMa>KHOii MaCCbl, a ­
BeJl~'l~Ha sasopa Me>KAY ceTKoii ~ r~APonn a H Ko ii B ua-rane 
Kn~Ha, b - TaHreHC yrna HaKnOHa runponnaax«, T- H a Tfl >KeH~ e 

cenot,To- npenaaparensuoe HaTfl>KeH~e cerxa, EJ - >KeCTKOCTb 
cerxa, R - paBHoAeiicTBylOU1afl can, np~>K ~ MalOU1 ~ x cerxy K 
nnsepxuocru 06e3BO>K~BalOU1~x 3JleMeHTOB, f - K0 3cjJcjJ~1l~eHT 

rpeuaa cerxa no nosepxuocra KOHTaKT~pYIOU1ero CHeii ane­
MeHTa, p - yron OXBaTa ceTKo ii npasonaoro aana, p - nnor ­
HOCTb 6yMa>KHOii MaCCbl, ~l l - TonU1~Ha paHee ocesurero ua 
ceTKe enos BOJlOKOH, f - cjJYHKll~fl pa3MblBa, x - KOOPA ~HaTa ,p 

orc-rarusaenaa no An~He HaKJlOHHoro y-racrxa r~APonnaHK~. 

Ilpa peweH~~ C~CTeMbl ypaBHeH~ii (1) - (7), on ~CbIBa lOU1 ~ X 

XOA npoueccos HaA r~APonnaHKoii , COBMeCTHO CypaBHeH~eM 

Anfl nporutia cerxa Me>KAY r~APonnaHKaM~, ~cnonb3YIOTcfl 

rpaH~ 4H ble ycnosua B B~Ae: 

1

p(o)= 0 ; p(e) =o;
 
z(o) =0; z(L)= 0; (8)
 

z"(O)= 0; z"(L)= 0;
 

rAe P - BaKyyM B Kn~He ranponnaaxa, z - nporuf ceTK~, l ­
An~Ha aaknoaaoro Y4aCTKa r ~APOnJlaHK~ , L - An~Ha nponera 
ceTK~ Me>KAY r~ APonnaHKaM~ (pHC. 1). 

np~ ~cnonb 30Ba H~~ r~6K~x (nanpaaep, onuocnojinux) 
cjJOPMYIOU1~ X ceTOK aa ceT04HbiX cronax, oCHaU1eHHbIX ranpo­
nnaHKaM~ cyrnaM~ HaKJlOHa 10_2 0 T04Ka B03H~KHOBeH~fl pas­
B~Bae Moro Ha r~APonnaHKe BaKyyMa MO>KeT 6blTb CMeU1eHa OT 
xa-rana HaKnOHHOii4acT~ r~APonnaHK~ [6-8] . 3TO npoucxonar 
BcneACTB~e Han~4~fl HaneraH~fl r~6Koii cjJopMylOU1eii cerxa aa 
nepemnoio 4aCTb HaKJlOHHOii nosepxaocra r~APonnaHK ~ , ~ B 
pesynsrare 3TOro An~Ha Ae iicTB~fl BaKyyMa Ha r~APonnaHKe 
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COKpaLl\aeTCIl . MaTeMaH14eCKall MOAenb (1) - (7) sroro cnysas 
He npenycxarpuaaer ~ n03TOMY Hy>KAaeTCIl B AanbHe~we~ 

aopariorke. 
ypaBHeH~e (5) MaTeMaT~4ecKo~ M OA en ~ (1) - (7) onacu­

saer nonoxeuae ¢opMYIOLl\e~ cerxa scnencraae Ae¢OpMal\~~ 

~3r~6a. YpaBHeH~e (5) cnpasennaao Anll cnY4all MOAen~ uepa­
CTll>K~MbIX CTep>KHe~, TO ecrs TaK~X CTe p>KH e~, Ben~4~Ha npo­
AonbHO~ >KeCTKOCT~ EA KOTOpblX npuaara 6eCKOHe4HO 60nbwo~, 

a npononsaue Ae¢OpMal\~~, B03H~KaIOLl\~ e Bnpouecce ~3r~6a , 

COOTBeTCTBeHHO, np~HllTbI6eCKOHe4HO Manb lM~ [9]. BAe~CTB~­

TenbHOCT~ Ben~4~Ha npoAonbHo~ >KeCTKOCT~ ¢OP MYIOLl\~X ceTOK 
aanaercs KOHe4Ho~ Ben~4~Ho~ ~ n03TOMY B06Ll\eM cnysae npa 
onpenenexwa Ae¢OpMal.\~~ ceTOK ee Y4eT Heo6xo A~M. 

np~ ornase 6yMa>KHoro ncnorua Ha rvnponnaukax An~Ha 

ceTK~ B ~30rHYToM COCTOllH~~ B nponere Me>KAY r~APonnaH­
KaM~ 6e3Y4eTa npoAonbHo~ Ae¢OpMal.\~~ pasaa 

I L [ ]S=L+-f z/(X) 2dx (9)
2 • 

0 

rne Ben~4~Ha nporwtia ceTK~ z(x) onpenenserca ~3 MaTeMa­
T~4ecKo~ MOAen~ (1) - (7) npa HaTll>KeH~~ T C rpaH~4HbIM~ 

ycnoB~IlM~ (8). 
np~ Y4eTe paCTll>K~MOCT~ cerxa ee An~Ha 5, B ~30rHYTOM 

COCTOllH~~ Bnponere Me>KAY r~APonna HKa M~ 6YAeTYBen~4eH­

HO~ no cpaBHeH~1O C5 ~ paBHO~ 

(10) 

rne ~5 - Ben~4~Ha npononsuoa Ae¢OpMal.\~~ cerxa [10], 
paBHall 

T.6.s =_I_ S (11)EA . 

rne T, - HaTll>KeH~e cenoi. CH~>KaIO Ll\eeCIl BcneACTB~e ee npo­
AonbHo~ Ae¢OpMal.\~~ or Ben~4~Hbl T AO 3Ha4eH~Il, COOTBeT­
cTBYIOLl\ero nOBblweHHblM no cpaBHeH~1O Cz(x) nporafiax Z,(X). 

Ilpa nOAcTaHoBKe (11) B (10) Ben~4~Ha 5, 6YAeT pasua 

S I= S -[ ;~ +1]. (12) 

YpaBHeH~1l (11) ~ (12) noxaauaaor, 4TO npa 6ecKoHe4Ho 
6onbwo~ Ben~4~He npoAon bHo~ >KeCTKOCT~ EA Ben~4~Ha npo­
AonbHo~ Ae¢OpMal.\~~ ~5 6YAeT pasaa HynlO, a Ben~4~Hbl 5, ~ 5 
6yAYT paBHbl APyrAPYry, TO ecrs paCTll>K~MOCT~ cerxa He 6YAer. 

C APYro~ CTOpOHbl, YBen~4eH Hall An~Ha cerxu 5, B ~30­
rHYTOM COCTOllH~~ B nponere Me>KAY r~APonnaHKaM~ TaK>Ke 
onpenenaercs ¢opMyno~ 

I L [ ] (13)SJ = L + - f zi(x) 2 dx 
2 () . 

rne Ben~4~Ha nporafia cerxa z,(x) Bbl4~cnlleTCIl npa sara­
>KeH~~ T,. 

TaK~M o6pa30M, nononaaren sxoe ypaBHeH~e, Y4~TbIBalO­

uiee paCTll>K~MOCTb ¢opMYIOLl\e~ cerxa Bnpouecce ee ~3r~6a 

6YAeT ~MeTb B~A 

T 

P~C. 1. Pac4eTHail cxexa nporafia cerxa Ha r~APonnaHKa x : 

p(x) - BaKYYM BKn~He r~APonnaHK~, Y(hom + h) - HarPY3Ka Ha 
ceTKY or enos 6YMa>KHO~ MaCCbl aa cerxe ~ seca cerka.T- Ha­
Tll>KeH~e cerxa, l- An~Ha HaKnoHHoro Y4aCTKa r~APonnaHK ~ , 

L- nponercerxa Me>KAY r~APonnaHKaM~, z(x) - nporuf cerxa, 
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P~C. 2. Pacnpenenesae BaKYYMa B KJl~He r~APonnaHK~ 

~ nporuf cerxa. 

Ecn~ nporuf cerxa CTaHOB~TCIl paBHblM Ben~4~He Kn~HO­

soro aasopa runponnauxa, TO B03H~KaeT aanerauae cerxa Ha 
Ha4anbHYIO 4aCTb HaKJlOHHO~ nOBep XHOCT~ r~APonnaHK~, rorna 
rpaH~4Hble ycnoans Anll MaTeMaT~4eCKO~ MOAen~ (1) - (7) 
MO>KHO sanacars B B~Ae: 

p(t'o)= 0, p(t') = O. 
z(t'o)=bt'o. z(L)=O, (15)1[1- f"] . r" (e,J+f" . Z/(t'O )= f" . b , zll (L)=0 , 

rne L - KooPA~HaTa T04K~ B03H~KHOBeH~1l paaaaaaexoro Hao 
r~APonnaHKe BaKyyMa (Ben~4~Ha HaneraH~1l ¢opMYIOLl\e~ 
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cerka Ha Ha4aJlO HaKJlOHHOI1 nOBepXHOCT~ r~APOnJlaHK~), 

fH - <jlYHK4~1l HaJleraH~1l (fH = 0 npa lO = 0; fH = 1 npa lO> 0). 
Ha pHC. 2 B Ka4eCTBe npuaepa npaseneuu pesynsraru 

pac4eTa BaKyyMa Ha r~APOnJlaHKe ~ npor~6a 0AHOCJl0I1HOH 
<jlopMylOll.\el1 cerxa COBMeCTHO CAaHHbIM~ 3Kcnep~MeHTaJlbHbl X 

~CCJleAOBaH~11 [6]. 

Busonu 

1. Ilpencraaneua MaTeMaT~4eCKall MOAeJlb o6e3BolK~BaH~1l 

6yMalKHol1 MaCCbl Ha r~APOnJlaHKaX, Y4~TbIBalOll.\all HaJl~4~e 

uaneraaaa r~6Kol1 <jlopMylOll.\el1 cerxa Ha nepemuoio 4aCTb 
HaKJlOHHOI1 nosepxaocra r~APOnJlaHK~ npa ee 3KCnJlyaTa4~~. 

2. Pesynsraru peureaua MaTeMaT~4eCK0I1 MOAeJl~ nokassr­
BalOT xopouryio C XOA~MOCTb CAaHHbIM~ 3Kcnep~MeHTaJlbHblX 

~CCJleAOBaH~11 no pacnpeneneumo BaKyyMa B KJl~He r~APo­

nJlaHK~ npa HaJl~4~~ HaJleraH~1l ~CnOJlb3yeMol1 r~6Kol1 <jlop­
MYIOll.\eH cerxa Ha Ha4aJlO HaKJlOHHoro Y4aCTKa r~APOnJlaHK~. 
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