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/'IpeacrasneHa MeToaunKa aHanu3a nNPpo4HOCTY MeTaeMbiX C60POK, KOTOpas No3BONAET MOAEIMPOBATL UX NOBEAEHNE NDK WHTEHCNB-
HOM HarpyxeHun v B HEKOTOPOI/? Mepe 3aMEeHAT JOPOroCToAlL e IKCNEPUMEHTANIbHbIE uccnegqosaqva no orpa6on<e KOHCTPYKU A
MO/LAOHOB ¥ MET3eMbIX 3NEMEHTOB, noﬁﬁopy Marépmanos, BENIMNUH BHEWHMX Harpy30K 1 T.4. OTHOCUTENbHO felieBbiM U onepatns-
HbIM YUCTIEHHBIM IKCNEPUMEHTOM. 3agaya onpeneneHus ynpyronnactu4eckoro Hanpﬂ)KEHHO-[ledJOpMMpOBaHHOFO COCTOAHUA petla-
eTCA € NOMOLY bIO BaPUALNOHHO -PA3HOCTHOTO MET0/a, peanusyioLero BapMBUMOHHbM npunHYKn JlarpaHxa MeToA0M KOHEYHbIX Da3Ho-
cTeit. Pusryecke COOTHOLLEHUA NPUHUMAIOTCA COrNacHo Teopuv Manbix ynpyronnacmqecmx,qecpopmaumﬁ, a reomerpuyeckie CooT-
HOoweHna 6EPYTCH B Bnge ypaBHEHMﬁ KOLUM. @VBW‘IQCKH HenrHenHas 3aa4a PeLLaeTcs METOROM epeMeHHbIX NapameTpos ynpyroc-
TW. PaccMOTPpEHHbIE NPUMEPDI NOATBEPXAAIOT U3BECTHYIO 13 pacwemovi NpaKT1KY BO3MOXHOCTL KBA3UCTATUHECKOro NOAX0AE K OUeH-

Ke [POMHOCTY MOAOBHBIX KOHCTPYKUUA.

1. BBepeHne

TTpo6iieMbl BRICOKOCKOPOCTHONO METAHMA CBA3aHbI C
WHTEHCHBHBIM MMITYTBCHBIM HArpyXeHUEM KaK CaMMX
PA3TOHSIEMbIX 3JIEMEHTOB, TaK M BCIIOMOTATe/bHBIX YCT-
POMCTB — IONIOHOB. [ToBBIILIEHHE CKOPOCTH METAHUA 3M1e-
MEHTOB JIPHBOIMT, KaK IPABIJIO, K YBETMYEHUIO JeHCTBY-
10X Ha cGopKy Harpy3ok. [Tponece MeTaHus xapakTe-
PH3YeTCS BBICOKOH MHTEHCHBHOCTBIO JEHCTBYIOLIMX Ha
KOHCTPYKUMIO IABIECHMH ¥ TIEPETPY30K, YTO MOXET MpH-
BECTH K HEXENATE/IbHOMY YPOBHIO iethopMaLumii 1 Harps-
KEHHI 1, KaK CIICTBYE, PA3PyLIEHHIO MaTeprana caMmoi
cOOPKH ¥ METATENbHOM YCTAHOBKH. ,

OKCTepUMEHTAILHBIE MCCAENOBAHHS KOMIOHOBOY-
HBIX CXEM METaeMBIX COOPOK SIBJISIOTCS HEOOXOMMMBIM
00513aTeIBHBIM 3TANOM NPY MX NPOSKTUPOBaHUH 1 OTpa-
6orke. [10310My, yauThIBas GOTBLIME BpeMEHHbIE, PHHAH-
COBBIE ¥ SKOHOMIMYECKUE 3aTPAThI IPH IIPOBENEHMH ITUX
paboT, eCTECTBEHHDbIM ABAETCS CTPEMIIEHHE HUCTIONB30-
BaTh MATEMATHYECKIE METOIbI MEXaHHKH- AedopMupye-
Moro teeproro teia (MATT) mis MoenpoBaHus oBe-
JLEHVS 31EMEHTOB KOHCTPYKLIMU M ONKMCaHus ee aedop-
MUpOBAHISE TIPH METAHUN C LIETBIO COKPAILIEHHA JKCTIe-
PHMEHTANBHBIX HCIBITAHUH.

B pa6ore npoBomMTCS aHanu3 1ebOpMUPOBAHHSA Me-
TaeMbIX COOpPOK B KBA3UCTATUYECKOM ITOCTAHOBKE, XOTS
pacyer HanpsxeHHO-IehOpMUPOBAHHOTO COCTOSHHSA
(HAC) monoGHbIX KOHCTPYKIIMI HEOOXORMMO IIPOBOIHTH
C MCTIONB30BaHHEM IMHAMIYECKUX YpaBHEHUM. C TOYKH
aperus MITT nponecc pa3roHa aieMeHTa ABIAETCS J0-
CT4TOYHO JUIMHHBIM BO BpeMeHM. Ho w1 uMmyascoB
BHEIIHEH Harpy3Ky 60MBIION IMTEIBHOCTH — HECKONb-
KO MIJUTMCEKYH]] ~ YACIICHHBIi CYET HA OCHOBE 3TUX YPaB-
HEHM CTAHOBMTCA HEYCTOMYMBBIM U TpeOYyeT HEOIpas-
JaHHBIX 3aTpar Bpemenn Ha DBM., ITosromy, HecMoTps
Ha OTHOCUTEJTLHO BBICOKYKO CKOPOCTB IIPOTEKAHNs] Npo-
LIECCOB NPH MeTaHKH, B GONBUIMHCTBE CITY4aeB MOXHO
WCTIONb30BATH Pe3yJIBTaThl CTaTHYeCKOTO pacyera. B m-
TEpaType, B 4aCTHOCTH, Uit 0G0I0YEYHBIX KOHCTPYKLH
nipuHuMaeTCcs [1] BO3MOXHOCTb HCTIONB30BAHMS KBA3M-
CTATHYECKOTO (TIpeHEOPEraroLero HHEPHOKHBIMA Wie-
HaM¥ B YPaBHEHHUSAX JIBVDKEHKS BO BCEX WK HEKOTOPBIX
HANpaBIeHMAX) WIM CTaTHYECKOTO PELLIEHYS, ECTTH 33 BPe-~

Ml HarpyXeHus yTpyTasi BOJIHA YCTieBaeT pobexXaTh pac-
CTOSIHME TIOPSIKA MaKCHMANBHOTO rabapiTa KOHCTPYK-
My ripumepHo 8...10 pas. OueBunHo, eue B GosbLICH
MepE 370 OTHOCHTCS K [IPOCTPAHCTBEHHBIM KOHCTPYKLM-
M, TaK KaK OHM MMEIOT 6011ee BHICOKME YACTOTHRIE Xa-
PaKTEPHCTUKH, YeM 000/I0YeYHbIE KOHCTPYKLIMHK. B Ko-
HEYHOM CUeTe Y4eT MHEPUMOHHBIX YWIEHOB MPUBOIUT K
ITOJTy4EHUIO BOJIHOBOHM KapTHHBI PacpOCTPaHEHUS Je-
(opMatIuit, KOTOpas CTAHOBUTCS HECYIUECTBEHHOM TI0C-
JIe HECKONBKWX TPOGErOB BOJIHBI 110 KOHCTPYKLMM, TaK KaK
B PE3Y/IBTATE AUCTIEPCHY U MHTEPGEPEHIMHA BOJTH TI0CTE-
neHHo yeradasymsaercs kKaprida HIIC, xapaxrepHas i
CTATHYECKOTO HaTPYXECHHUS.

PerieHre 0CeCUMMETPUIHOM HCXOHOM IMHAMUYEC-
KOt 3a11a4y B KBA3UCTATHYECKOH MOCTAHOBKE BO3MOX-
Ho 61arozapg BBEICHHIO B PACUETHYIO CXEMY Harpyxe-
HUSI MACCOBBIX CWJI, SIBJITIOIUXCS CIEACTBHEM HCTIONb-
30BaHUsI CBA3AHHOM CO COOPKOI HEMHEPLMANBHON CHC-
TeMbI KOOPIMHAT r, ¢, Z [2]. [Ipn meTanuu c60pKa fBH-
XeTcA TIOCTYNaTeNbHO ¢ yckopeHueM. CoracHo NMpyH-
uuny Janam6epa, ... BCAKOE TeJo, ABIKYLIEECs C yCKO-
peHHEM, MOXHO pacCMaTPUBATH KAK HETIOABIIKHOE, 10~
6aBUB K PEANbHO NEHCTBYIOLIMM CHIaM QUKTUBHBIC
ctel vHepumn” [3]. BosHukalomye oceBbie CHIbl MHEp-
LMY PaBHAIOTCA TIPOM3BEACHUIO YCKOPEHHS KOHCTPYK-
LIMM B JAHHBI MOMEHT BpeMeHH Ha ero Maccy. [l pa-
GOTH ¢ MOABAAIOIIUMHUCA GVKTUBHBIMU MACCOBBIMU
CWJIAMM BBOJHTCA TIOHATHE K03 dULMEHTa IIePerpy3KH
(M mpocTo Teperpy3ky N), KOTOpbI onpenensercs
OTHOIIEHKEM YCKOPEHHA TeNA a B JaHHBIA MOMEHT K YC~
KopeHuio cIb TsokecTd g N =a/g. Tlomydaemas cucte-
Ma HaIpy30K ABJAETCA CaMOypaBHOBEIIEHHO, a U3 pac-
CMOTPEHKS UCKITIOYAETCS TIOCTOAHHAS COCTABIIAIOLIANL
0CEBBIX iepeMellieHuit KoHcTpykuyy. [103TroMy Ha Tep-
BOM 9Tane 3a1a4y MOXHO GOPMYITHPOBATH 1 PEIlIaTh KaK -
KBa3HCTATHYECKYI0. BO3MOXHOCTD HCIIOIB30OBAHUS KBa-
3UCTATHYECKOTO IOAXO0/a JUIS PelLieHUs 3a8a4H BHICOKO-
CKOPOCTHOTO METaHHS TIOATBEPXKAAETCA PesylbraTaMy
CpaBHEHMsI C IMHaMIYECKUM PELIEHUEM JIA CIydast yme-
PEHHBIX TUTACTHYECKHX JedopMaLyii. o

Onpenenenue ynpyromactuyeckoro HAC nposo-
IUTCS BAPUALMOHHO-Pa3HOCTHHIM MeTonoM (BPM)
{4, 5] ¢ ucrionb30BaHUEM IS NIPEACTABICHUS IIPOU3-
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Puc. 1. PacyetHas cxema meTaemMon c6opku
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Puc. 2. Pacnpe,qeneHme MHTeHCMBHOCTEMﬂecPOpMauMM 6;Hano-
BepxHocTu OED ans Bapuanta 2 (kpusas 1) n Bapuanta
4 {kpuBas 2)

BO/IHBIX ECTECTBEHHBIX anmpokcumaumit Hoxa [6] u 6b1-
cTpozeicTByowero Meroaa laycea [7-9] mist peanusa-
1Y CHUCTEMBI IMHEHHBIX aireOpanyecKux ypaBHEHU !
GOJIBUIOTO NOPSIKA OTHOCUTENBHO HCKOMBIX TIEpeMe-
weHuit. PU3NUECKN HENUHENHAs 3a1a4a PelaeTcs ¢
MOMONIBIO COOTHOMEHHH AeHOPMALKOHHOMN TeOpHH
IIRCTMYHOCTH U METOJA IIEPEMEHHBIX TAPAMETPOB YII-
pyrocti. HennHeliHas 3aBHCUMOCTE HHTEHCUBHOCTH
HATIPSXKEHMIA OT MHTEHCUBHOCTH AeopMalivii anmnpok-
CHMUPpYeTCS IOMaHOM ABYX3BEHHOHN TMHUEI.

2, Mpumepb! pacyeta MeTaembix c6opok

Huke paccMaTpuBaoTCs mpUMEphl YHCAEHHOTO
KOHCTpyHpoBaHus 1 anamsa HJIC HeckonbKux Bapu-
AHTOB METAEMBIX COOPOK. JlaGbl HCKIIOYHMTH MOBTOpE-
HYS, OTMETHM OOIIME MOMEHTHI B IOCTAHOBKAX MO-
JEJBHBIX 33184 U151 cOOPOK, OTMMYAIOIIMXCS APYT OT
Apyra KOHCTPYKTUBHBIM petieHUeM, DOpMoil MeTaeMo-

I,cM
0,4 a
0,3]
Bapuanrt |
0,2 B-=500 MITa
01 B=522 MIla
] N=-335700
0l p=0,008 xr/cm3
04
03N 0
21 _ Bapuant 2
0,2. ‘ -~ B=600 MIla
P,=626 MIla
0,1 ) N=-402800
0 \\ \ \ p=0,008 xr/cm?

02 04 06 08 Z,em

IO 3/IEMCHTa ¥ I0JUI0HA, TIPUMEHAEMBIMU MaTepHaia-
MH, BETMYNHAMYU MPUNAraeMbIX Harpy3oK U T.0.
3a11a!m PELIAIOTCst B OCECHMMETPHYHOM KBa3KCTa-
THYECKO# MocTaHOBKe. OOBLEKTOM HCCIEIOBAHHS SIB-
JIeTCA TEJI0 BPallleHHU HEKAHOHUYeCKO GOpMEL, Ha-
XOMAIIEECA TION AEHCTBMEM CHCTEMBI TOBEPXHOCTHBIX
HATPY30K (JaBJCHUE ra3a, JaBIEHWE METAEMOTO JJie-
MEHTA) ¥ MACCOBBIX CHJT ¢ MHTEHCUBHOCTBIO N, CTen-
KW METATENLHON YCTAHOBKH B TIEPBOM ITPUBIMKEHUH
TIpEIonaracTcs HeleOpMUPYEMBIMY, TPEHUEM MEX-

" Iy HUMH ¥ NOJIOHOM TIpeHeGperaeTcsi, XoTs ero MoX-

HO YYeCTb 3aJaHUEM KacaTeIbHbIX HANPsoKeHui. 31ech
Xe JUIS BHELIHEH OBEPXHOCTH NOMIOHA 33A10TCs HY-
JIeBblE 3HAYCHUS UM palualbHbIX. TIepeMellieHnit, Ha
OCH CUMMETPHH COOPKH (z KacaTeNbHbIe HanpSXeHHs |
¥ panuaibHbie epeMelLieHus paBHeI Hysmio. Ha csoboz-
HBIX TIOBEPXHOCTSX M0JIAraloTCsl PABHBIMU HYJIO HOD-
MaJIbHbIE ¥ KacaTeNbHBIe HANpsDKeHMs. Ha KOHTakTHBEIX
TIOBEPXHOCTAX KOHCTPYKTHBHBIX DIEMEHTOB CIOXHBIX
TMOLJOHOB ¥ METAEMbIX JJIEMEHTOB 3a7AI0TCS YCIOBHSA
PaBEHCTBA NEPEMELLICHUI U HATIPSKEHHIA, T.€. YCIOBUA
HETMPEPBIBHOTO KOHTAKTa. BCleACTBUE CUMMETPHU
KOHCTPYKLM} OTHOCHTENBHO OCH BPAIEHNS Z HA PU-
CYHKaX MpE/CTaBNCHBI JIIIIb [I0I0BUHbI OCEBBIX CeYe-
HHI paccMaTpuBaeMBIX COOPOK.

OnHa 13 BO3MOXHEIX CXEM MeTaeMol cBOpKH HipH-
BeJeHa Ha PHC. 1: 9TO TOANOH 1 METAEMBII JIEMEHT —
wapuk. IHapyk cuuraercs Hexedopmupyemsim. TToa-
JOH KOHCTPYKTHBHO COCTOMT U3 ABYX YacTeil — gopa-
JIIOMVHHMEBOTO LMIMHADA (3aIITPUXOBAaHHAS YaCTh), B
KOTOPOM HAMOJIOBHHY YTOIUIEH IUAPWK, W HEMoCpel-
CTBEHHO IL1aCTUKOBOIO HOANOHA. YCTPOUCTBO PasroHs-
€TCS Ta30M C JaBIEHUEM Pr, IPHIOXEHHBIM K IEBOMY
Topuy foanona 0A. Ha nosepxHocti DE univsapa npu-
JIOXEHO B OCEBOM HAMpPaBNEHUM JaBlIeHUe P, OT Jieii-
CTBHMSI METaeMoro 1apyka. Ha cOopKy AeicTByIoT TaK-

. € M MacCoBbIE CUJIBI C MIHTEHCUBHOCTHIO NV, » HAIllpaBJIeH-

HbI€ BIOJIb OCH (g IPOTUBOMONOXHO JABIEHHMIO P,. Teo-
METPUYECKHE Pa3MEpPbl NIOLKOHA U IIAPUKA GPATHCE Clie-
Ayrouue: AnvHa noxaoHa AB = 0,8 cm, OH = 0,5 cm,
R, =04cM, Ry=0,3cMm, Ry=0,15 cm. Macca MeTa-

l1‘,CM A
0,4 : B
03] . ‘
N Bapuanrt 3
0,2] - > P.=500 MITa
01 ‘ P=1031 MIla
=1 N=-279300
0. . \ N p=0,019 xr/cm?
04 o
0’_ 3 \ Bapuaut 4
0,2] P-=600 MIla
P=1238 MIla
0,1 N=-335200"
0 p=0,019 xr/cm3
0, 02 04 06 08 ZSM

Puc. 3, 3OHbI nacTnu4eckmnx ,ae¢)opMaum4 C60PKM ANA PasHbiX 3HAYCHUN [aBNIEHUA rasa P ¥ NNOTHOCTH p Marepmana MeTaemoro

uapuka
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Puc.4. PacuertHas cxema metaemoit cbopku -

eMOro IIApHKa' B 3aBUCUMOCTH OT €ro MaTepyania -
cranb win cruias BHX — 0,1 1 0,27 r cOOTBETCTBEHHO.

- BrUIM pacCMOTPEHE YEThIPe BapUaHTa 3TOH MO-
feNBHOM 32024y, XOTOPHIE PA3TYaInCh BeIMYUHAMYU
HArpy3oK M MarepualoM METaeMoro uapuka (CM.
puc. 3). Bapuantsi 1 1 2 mocYMTaHBI IS IIADHKa, Ma-
TEPHAJIOM KOTOPOTO SBJISETCA CTAb, 2 BAPUAHTH 3 U 4
— ans crinasa BHX. PacnpeneneHne HHTCHCUBHOCTH
nedopmarnii e; Ha ioepxHocTH OED 1s HarpyXeHus
110 BTOpOMY (KpHBast 1) ¥ 4eTBEpPTOMY BapUAHTY (KpH-
Bas 2) IpeJiCTaBAeHH! Ha pUC. 2. YBETHUSHHE TLIOTHOC-
TH MaTepuana liapuKa IIpI/IBO)IPIT K 3HAYUTCALHOMY
pocTy e;.

Ha puc. 3, a»naoﬁpaerbl 30HHI MIACTHYECKUX JIe-
dopMaumil (3aITpUXOBaHHAsA 00JIACTB) IIACTUKOBOTO
MOIXOHA M JIOPATIOMHHUEBOIO HWIMHIpA LIS TIEPBO-
o BapyaHTa HarpyxeHusi. Hanbonbiuye 3Ha4eHHS MH-
TEHCHBHOCTH le(hOpMaLlvy ¢; U HAIPSKECHHUH G; MMEIOT
MECTO Ha OCH BpauleHus 07 O METAEMbIM [IAPUKOM,
Ha KOHTAaKTHOM ¢ [HapUKOM HopepxHocTd ED, a Takke
B LUIMHApE Ha nosepxHoctd MH. Huxuas 4acTs noa-
noHa 61M3Ka K BEIXOJIY-B TIaCTMYECKYI0 06MnacTh je-
dopmupoanns. Hanboubiee 3Had9eHe B LHTHHA-
pa HHTEHCUBHOCTH e, = 3,6 %. YBemueHue nasie-
HuA raza go 600 MITa (BapuauT 2) IpUBOIUT K YBENIU-
YEHHMIO Pa3MEPOB 30HBI MIACTUYECKON AeopMalii B
nogtoHe (puc. 3, 6) ¥ BETMYNHE UHTEHCUBHOCTH Je-
dopMmarmit — ;. ~ 6 % a TaK)Ke BCEX OCTANILHBIX T1a-
pametpoB HIC.

Ha puc. 3, 6, ¢ (BapHaHThl 3; 4) NPEACTABIECHbE Pe-
3YJIBTATHI 151 CJLy4as, KOT/Ia MaTepual IapHKa — CIUIAB
BHX c 60151110 IDTOTHOCTEIO. FICTIONB30BAHKE 3TOTO
MaTepyasa IPUBOIKT K YBEJIMYCHHUIO 3HAYEHUIT Napa-
merpoB HJIC 31eMEHTOB ITONIOHA M 30H ILIACTHYECKHX
nedopmarmit. HanGonpiine 3HAYEHNS ¢; IS TIONNOHA
W UIMHApa coctasmsiior 10, 16 u 13, 20 % and Bapu-
aHTOoB 3, 4 cooteTcTBeHHO. HO BENMuUMHA MHTEHCHUB-
HOCTH MacCOBBIX CiU1 N (Teperpyska) ¢ yBeanIeHueM
MAaccH [apHKa MpY HEW3MEHHON BENMYHMHE TaBICHUS
rasa yMEHbIIAETCS, H COOTBETCTBEHHO YMEHDBIIACTCH

Tabmuua. Pe3ynbTaTsl YUCHEHHOIO IKCNEPUMEHTa

CKOPOCTh MeTaHus. B omucaHHOM CJTy4ae yMEHbIICHHUE
neperpy3Ky cocrapiisier ~ 18 %. Hauboree HanpsikeH-
HBIM MECTOM B TIO/IOHE SABIAETCS YYACTOK Ha KOHTAK~
THOH rioBepxHocTH ED ¢ KoopruHaToit 7~ 0,7 oM,

Crnenyrouneit Obi1a paccMOTpeHa 3a4a4a ONpenene-
Hug HIC vactv nonjona, pacyeTHas CXeMa KOTOPOro
npeAcTaBieHa Ha puc. 4. TIoanoH pasroHseTcs rasoM
(P = 350.MIla), aeficTBYIOINM HA NOBEPXHOCTD IHA
0D. Ha nosepxtocti CG npuioxeHsl Japnenus P, ot
METAeMOTQ CTEPXHS U Py OT APYTOTO NMOJ/I0HA, KOTO-
phiii He paccMarpuBaeTcst. K IoanoHy NpuiioXeHE TaK-
X€ ¥ MACCOBBIE CHJIBE C IIEPETPY3KOM N, HAIPaBNeHHON
BIOJb ocH 0z NPOTHBOIMOJIOXHO JAaBICHUIO ra3a Pr.:
KOHCTPYKTHBHO NMONIOH COCTOMT U3 CTATBHOTO MOJ-
natHuKa ODEFHC, Ha KOTOpHIH OMHpaeTcst BoMbdpa-
MOBBIN CTEPXEHb, ¥ MOMELICHHOTO Ha NOAISTHUKE
TEKCTONUTOBOrO IumHApa EGHF (Ha puc. 4 3amTpu-
xoBaHHast 0071acTh). [EomMeTpuyeCKUe pa3sMepbt Opanuch
cnenyiomumu: R=1,165 cM, R;= 0,4 cM, anuna 0C =
=2,0 cM.

beUT IPOBEIECH YMCTCHHBII 3KcnepHMeHT I10 BBIAB-
JIeH!I0 HanGoee BHIOAHOTO ¢ TOUKH 3PEHHS HPOYHO-
CTH BapHAHTa KOHCTPYKIUM TOII0HA MyTEM 3afaHus
HOJOXEHHS KOHTaKTHO! MoBepXHocTH EFH 1ipu uK-
cupoBanHoit uHe 0C. Pe3y/ibTaTH 3TUX pacyeToB 1
IIATH BAPUAHTOB KOHCTPYKUMM [TOJOHA NIPEACTABICH-
HHI B TaONMLE ¥ Ha PUC. 5, TIE LITPUXOBKOI M300pake-
HBI 30HHI ILTACTHYECKOM AedopMauy MaTeprana noj-
TSATHUKA W WIMHADA.

JaHHble TaGIH1IE ¥ PUC. 5 TIO3BOJISAIOT BEIIETHUTD Ba-
pHauTsl 1 ¥ 4, B KOTOPEIX MEHbUIE BETUYMHL MHTEH-
CUBHOCTEH ¢; 1 0, a TAXKE Pa3MEPHI 30H ILIACTHYECKO-
10 AeOpPMUPOBAHMA MOANATHHKA, KaK HAUMEHee Ha-
npsxeHHbIe, BT0 0OBICHAETCS 00ee MOLIHOM KOHCT-
PYKIMEH NOANATHUKA, HEXeIM B BApUaHTax 2, 3, 5.
Eciu B Bapuante 1 yBeuuuth iMHYy Homnosa 0C 1o
2,5 cM, He H3MEHA pasMepa TeKCTOAUTOBOTO HWINHII-
pa, TO MAKCMMAJTBHbIE 3HAYECHHS ¢; H G; YMEHbIIAIOTCA
Ha 10...15 %. [Ipu 3ToM YMEHBILACTCSA TAKXKE U BEIU-
91Ha 0CEBOH meperpy3ku — N=-7324, T.e.  cKOpoOCTh
mertanus. Takum 00pa3oM, I 3aJaHHBIX BEJIWYHH 1aB-
JICHWA ra3a 1 pacCMOTPCHHBIX MaTePHAJIOB LI CTEPX-
HY, IOATSTHHKA U IIMIMHADA BapbUPOBAHUEM TEOMET-
P TIOAIOHA CHU3HUTD YPOBEHD JedopMaLiuii He TIpen-
CTaBISETCS BO3MOXHBIM.

Ha puc. 6 npecTaBieHHs cxeMa MeTaeMoit cGopKu
(@) ¥ M3MEHEHHE HaTPY3KHU B 3aBHCUMOCTH OT BPEMEHH
(6). CoopKa cOCTOMT U3 AIOPATIOMUHHMEBOrO TONIOHA
THIIA "CTAKaH" M CTAJBHOTO 3JJ6MEHTA B BUIE LUIMHA-
pHYecKoro cTepxHs. [eoMeTpryecKue rapaMeTpsl Ciie-
JIyIoNIve: TONMMHA JHUIA rofnoHa L) = 2,0 M, -

PT, Y |

Ne '\ o4, | 0B, Macca, P, e M2 € 0

O em | o . , N Ml Mila UL NOAMAT, | LML TIOATIAT.
1 1,5 |15 187 -7993 -1542 | -72 250 1300 8,6 10
2 1o |10 174 | 8566 |-1653 | -77 270 1500 97 12

3 0,5 0,5 " 162 29229 - 4°-1781° -83 330 1500 12,0 .12

4 1,0 LS 180 -8315 | =1605 =75 220 1400 7,6 11

5 1,5 1,0 . 181 -8225 1587 * .| -74 260 1400 9.3 11
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Puc. 5. 3oHbi npactuyeckux fegopmanmn ans nATH BapMBHTOB
KOHCTDYKLMM NOAA0H
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Puc. 6. PacqetHas cxema MetaemMont cBopki (a) v nameHeHe Ha-
rDy3Ku B 3aBUCUMOCTY OT BpeMenu (6)
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Puc. 7. 3onbi nnactuieckux gegopmanuii 8 cbopke 49 Tpex Ba-
PMaHTOB HarpyXeHns B Cy4ae KBasucTaTideckoro npu-
JIOXEHNS flaBNeHns rasa
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Ha moxgoHa L, = 10,0 cM, anuHa KOHCTPYKUWH
L;=12,0 c™, panuyc cTepxHs Ro 0,7 eM, pammyc noao-
Ha R, = 1,2 cM. XapakTepucTiKy GJOpMbI MMITYJTBCA PABHBL
7= 50 MKc, T, = 300 MKe, T3 = 350 Mxc. ledopmarris Ha-
qaja TEKYYyecTM MaTepuana MOANOHA paBHA
e, = 0,005.

_ IpupaccMoTpeHny 2Toi 3aauH peas30BaHa BO3MOX-
HOCTB JBYX ITOJIXOZI0B — KBA3UCTATHYECKOTO U IMHAMUYEC-
KOro, 4TO TIO3BOJIAET IIPOBECTH CPABHEHME TIONYYEHHEIX
peLIeHUI ¥ OLEHUTb BO3MOXHOCTH KAXIOTO M3 HHX IO
AIEKBATHOMY OTOOPAXEHHIO TPOTEKAIOINX B KOHCTPYK-
THBHBIX 3/IEMEHTaX COOPKH rpolieccaM neopMUPOBAHKS.

C TOUKY 3peHUs IMHAMHYECKOTO HOAXO/A AAHHBIN 1~
aT1a30H BPEMEHH HAaTPYXXCHUS ABIIETCS “"HEYNOOHHM" B BBI-
YUCIUTEIBHOM IIAHE, TaK KaK MPUBOANT K I0BOILHO 60/Tb-
LM 3aTpaTaM MaliMHHOTO BPEMEHH NPH CYETE TIPOLECCa
AebOPMUPOBAHNUS TI0 IBHBIM KOHEYHO-DA3HOCTHEIM CXe-
MaM. [IpuMeHeHre 3Toro moaxona MOXeT GbITh OIpaBaa-
HO B CJIyYae HEBO3MOXKHOCTH NPEHEOPE b BOTHOBBIMY IIPO-
feccaMy B COOpKe, IIPH HANUYKM GONBILINX YAPYTOIVIACTH-
YeCKHX TEYCHHUH ¥ [IPH CTIOXKHOM HarpyXeHuH. 3Hech Uuc-
TIOJIB3YKOTCA COOTHOILIEHHUS, OITMCHIBAIOLLHE TIPOLIECC YIT-
PYTOILIACTHYECKOTO 1eOPMUPOBAHHIS TEIA BPAIICHUS U
Gasvpylonmecs Ha 3aKOHaX COXPAHEHMS MACCHl, AMITY/Th-
ca ¥ aHepryu. IToBeneHye MaTeprana MOTYMHSAETCS COOT-
HOLIEHWSIM TLTACTUIECKOTO TedeHus Tuna ITpawrmng- Peit-
cca [10]. Koneyno-pa3HOCTHast cxeMa BTOPOIO [OpAKa
ANMMPOKCUMALUH 3aTTHCHIBACTCS [T JIArParpKeBO CETKH C
UCTIONB30BAHUEM MHTETPATLHOTO NMPEXCTABICHH Tpo-
CTPAHCTBEHHBIX IPOU3BOMHBIX [6], 4TO [TO3BOMAET HCIIOME-
30BATh HEPETYJIPHBIE U 1eOPMUPOBAHHELIE PA3HOCTHEIE
ceTku. 115 pacueTa ypyrormiacTHIECKUX TeYE HITH UCTIONb-
3YeTCs TpOLEAypa TIPUBEACHUS HATIPSDKEHME HA KPYT Te-
Kydgectst [10].

Ha puic. 7 npuBeneHs pe3y/sTaTs pacqem 30H TuIac-
THYECKHX JIepopMaLIvii B CTy4ae KBA3UCTATHYECKOTO [PH-
JIOXEHUS JaBieHUs P ¥ COOTBETCTBYIOLUMX UM MACCOBBIX
CHJL. ¢ MHTCHCUBHOCTBIO N: a) 693 MIla, -15000,
6) 808,4 MITa, -17500, B) 924 MI1a, -20000. Tedopmars
Havaa TeKy4ecT! Marepuana CTepXHs pasHa eg = 0,003.
Ha prcyHKax BUTHO, YTO YBEIMYEHHE HATPY3KH IIPHBOIUT
K (JOPMMPOBAHUIO ¥ POCTY B MOMIOHE 30H IUTACTHYECKUX
nedopmauuid. Tlo Mepe yBemueHus TaRneHus OHU 06pa-
3YIOTCS1 BHayasTe MO TOPLOM CTEPXHS, 3aTeM PacIpoCTpa-
HSIIOTCA Ha BCIO TOMIIMHY RHHUIIA, ¥ JATEE TUIACTHYECKUM
AebOpMUPOBaHEM 0XBadeHa TIOYTH BCA HUKHSA YacTb
oagoHa. Matepuan cTepxHst paGotaer B ynpyroi o6nac-
™.

IpencTasneHHbIE Ha PHC. 8 Pe3y/TLTATEL HOTYYEHbI IS
Harpysok P=924 MIla, N= -20000 1 MEHBLIETO 3HAYEHHS
BE/IMYMHBI TIpefiesta TeKy4ecTH e, = 0,003 Marepuana crep-
XHgl, YTO TIPUBOIMT K MOABRCHHMIO B HEM IUTACTIYECKHX 1e-
(opmaryit. CpaBHeHYE Pe3yBTATOB PACYETA 10 KBA3KCTA-
TUYECKOA TeOPHH (PHC. 8, a) ¢ pe3ysTaTaMK pacyeTa To
AVHAMIYECKOM CXEME TTPY YCROBHH HEIPEPHIBHOTO KOH-
TaKTa MEX]Ty CTEPXXHEM M ITONIOHOM Ha GOKOBOM IOBEPX-
HOCTH (pHC. 8, 6) ¥ IIPH YCIIOBUSIX CKOJIHKEHHUS Ha 3TOi 110~

- BEPXHOCTH (PUC. 8, 6) IPUBOIKT K BHIBOALY O TOM, 4TO Kaye-

CTBEHHO KapTHHA IUTACTHYECKOTO NehOpMHUPOBAHHS XODO-
IO COBMANAET IS HEPBLIX IBYX CIY4aeB.




EcrecTBenHbie Hayku

a . 0

Puc.8. 3oHbl nnacTmyeckux gegopmauni B cbopke ans
P=924 MfMa, N =-20000 8 cnyyae: KBa3nCTaTuyeckoro
(a) v ouHamuueckoro (6) npUNoXeHns AaBneHns rasa
1pY YCNOBUY HEMPEPLIBHOO KOHTAKTa MEXAY CTEDXHEM
1 NOLL[OHOM Ha BOKOBOV IOBEPXHOCTW, AA AMHAMUHEC-
KOrO HarpyXeHns Npia yCnoBum CKONbXenus Ha 6oko-
80K nosepxHocTy (8} o

CrneznyeT OTMETHTh, YTO BO BCEX IIPOCYMTAHHBIX 33~
JAa4ax BCe HATIPAXECHHUSA — CXMMAIOLIHE U, CIIENOBATeN b~
HO, HE MOTYT MpPeICTaB/ATh ONMACHOCTH C TOUKH 3pe-
HUSA LETOCTHOCTH KOHCTPYKLIH. ledopmaLiny Xe uMe-
10T Pa3sHbI€ 3HAKH, YTO ¥ IPHBOIMT K OOJBIIMM 3HAYE-
HUSM MHTEHCUBHOCTH AepopMaluil e;, BEIHYNHA KO-
TOpOJ ONpeae/IeTcs IaBHBIM 00pa3oM CXHMAloILeH
oceBoil iedopMalueit.

BooO6utie roBops, 3TM MOAE/BHEIE 3a1a44 MOTYT CTa-
BUTHCA 1UHpPE, HEXeJIH TOJBbKO KaK 3alayy onpenese-
wus HIC noxnona. Heobxonumo nonyyutb Takyio
KOHCTPYKLIMIO, YTOOBI MaTepHadbl KOHCTPYKTUBHbIX
3/IEMEHTOB TTOIAOHA BHIIEPXATH HAIPY3KM M HE pa3py-
HIMIKCH MPY MeTaHuM. [losy4eHHbIe PE3YABTaThl NAI0T
TIpEACTABICHHE O XapaKTepe pacnpeie/ieH|s Hanpsoke-
HUit ¥ JeOopManuit B 3/leMeHTaX OAIOHOB 1S 10CTa-
TOYHO 60JIBLIOTO AHANA30HA M3MEHEHH JaBIEHHs raza
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U WHTEHCHBHOCTH MacCOBBIX CHJI (CKOPOCTEN MeTa-
HH#A), PATUYHBIX MATEPUATIOB 1 BAPHAHTOB KOHCTPYK-
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XapaKTEPUCTUK. DTH MaTepUAIB JOIXHBI NIMETh HEBHI -
COKUE TLTOTHOCTH U BBLIEPXKBaTh Gonbiiiie Aedopma-
LMK He paspylanck. ONHOBPEMEHHO clefyeT MPOBO-
IMTb UCCIEA0BAHNME BIMAHHSA TEOMETPMU KOHCTPYKTUB-
HBIX 3JIEMEHTOB ITOIOHOB C LE/TbI0 YMEHBLIEHUS BE-
anuyuusl napametpos HIAC c6opku.
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YeTa METaeMOro 3JIEMEHTA C IIOJIOHOM THIIa "CTaKaH".

3.BbiBogb

IMo pesynsratam anammsa HIC meraeMbix c60pok
MOXHO CHAEJAaTh HEKOTOpHIe BHIBOABL. CO30aHbI KBa3HU-
craruyeckas GU3MyecKas M MATeMaTHYeCKash MOIEIU
Y PEATH3YIOILIME UX MAKETHI MPUKIIAKHBIX IPOTPAMM ISk
pacyera ae(OpMHUPOBAHUS HEOTHOPOMHBIX METAEMBIX
cO6OPOK pH HATPYXEHHUH MX KOMOMHALIHEH TOBEPXHO~
CTHBIX M MACCOBBIX CHJI BOITBIION HHTEHCHBHOCTH. W3-
BECTHas! M3 PACYETHOM TPAKTUKH BOBMOXHOCTD KBa3H-
CTATMYECKOTO NOAXOAA K OLIEHKE IPOYHOCTH BONbIINH-
CTBa MOXOGHBIX KOHCTPYKIMii MOATBEPXKAETCS B pac-
CMOTPEHHbIX IPHMEPAX. DTO CBA3AHO C COIACOBAHH-
€M XapaKTepHOro BPeMEHM HArPyXeHHs M MepHoia
npo0era YIIpyrux BO3MYLIEHHH 10 KOHCTPYKLHH Ma-
NbIX TabapuTOB. YMEHbLUICHKE BPEMEHM PAcu€Ta NMpH
KBa3UCTATHYECKOM noaxone (1 MUH) IO CPAaBHEHMIO €
(du3ruecKH Gosee ONpaBIaHHLIM BOTHOBBIM IIOAXOIOM
(120 MuH), coxpaHss OCHOBHEIE YePTHI BOTHOBOTO ITPO-
yecca aeopMupoBaHuS, MO3BOJNAET BHIATH HA pelle-
Hie 3aaY¥ ONTHMU3ALUY C LENbIO YMEHBIIEHHUA MacChl
NoJ1i0Ha 0e3 TIOTePH €I0 IPOYHOCTH.
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