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OLIEHKA H3MEHEHHSA HECYILIEH CITOCOBHOCTH
ME>K/TYKAMEPHBIX LIE/IMKOB B YC/IOBHAX
MOBBILEHHOH I'"THHHU3ALIUH ITOPO/

Mertozamu MaTeMaTHYECKOro Moae/THpPOBaHHA TTPOH3BeeHa OLIeHKa CTelleHH CHHXXeHHS
Hecyuleﬁ CITOCOGHOCTH MeXXAYKaMepPHbIX LIe/IMKOB B 3aBHCHMOCTH OT OTHOCHT e/IbHOH
CyMMapHOI;I MOILHOCTH I/THHHCTBIX TTPOC/I0OEB, HX B/IaXXHOCTH H IPOCTPaHCTBEHHOIO I10-

/TIOXKeHHHA.

Kriouesbre croBa: MeXYKaMepHble LIe/IMKH, HecYllas CI'IOCO6HOCTI>, ITPDOYHOCTbD, B/1aXK-
HOCTb, CO/IAHbBIe TTOPOAbI, ITTHHHCTBIE ITPOC/IOH, MaTeMaTH4YeCKoe Mode/THPOBaHHe.

O COBEHHOCTBIO CTPOEHUsl TIPO-
AYKTUBHBIX T71acTOB  BepxHe-
KaMCKOTO MeCTOPOXKAEHHUS Ka/TMPMHBIX U
Ka/IMMHO-MarHueBbix  conert  (BKMKC)
AB/SIETCA  CYIIeCTBeHHas [/IMHU3ALIMSA
CO/IAHOM TO/IIIH.

Hanvuvie rvHUCTBIX MPOC/IOEeB B OT-
pabaThiBaeMOM TMPOCTPAHCTBE CHUXKAET
HeCYILIYIO CITIOCOBHOCTh MeXAYKaMePHBIX
LIe/IMKOB. YueT WX BAMAHUA TIPU pacye-
TaX CTeleHW HarpyKeHus LIe/IMKOB per-
MaMeHTUpyeTcs «YKasaHUsIMH T10 3alllTe
PYAHMKOB OT 3artorvieHus...» [1]. Tlpwu
5TOM OCHOBHBIM TTapaMeTpPoOM, XapaKTe-
PU3VIOIIMM CHIMXEHHe Hecyller Criocod-
HOCTH LIC/TUKOB, SIB/SICTCH OTHOCHUTE/Ib-
Hasg CYyMMapHasi MOIIHOCTb T/IMHHCTBIX
npocnoeB. OnHaKO, AOCTAaTOUHO oOyYe-
BUAHO, YTO 3TO Ja/leKO He eaWUHCTBEeH-
HBIM TlapaMeTp, KOTOPLIA olpeaenseT
BAMSIHYE T/IMHUCTHIX MOPOA Ha CTereHb
HarpyxeHys MexXayKaMepHbIX LIe/IMKOB.

Comepxammecss B COMSHOM TO/IIE
MaTOUHBbIE PACCO/Ibl, KOHAEHCAT BOAAHO-
ro napa, o6pa3yIoLMICa B FOPHBIX BbI-
paboTKax B Ter/ioe BpeMs rofa, a Tak
Ke Ha/MnuMe pPacco/ioB OT THMAPO3aK/Ia-
[OYHBIX PabOT MPUBOAWT K YBE/TMUEHHIO
B/IAXXHOCTH TIPUKOHTYPHOTO MacCHUBa.
310 obycraBnvBaeT YBe/IMueHue I/1a-

CTUYHOCTH [/IMHUCTBIX TIOPO/, CHHMKe-
HYe UX AedPOPMALIMOHHBIX [TOKa3aTes1ew,
YTO, ArpUOpPH, BedeT K YCWICHHIO Hera-
THUBHOT'O B/MSIHUSA T/IMHUCTBIX TMPOC/IOEB
Ha HeCyIIyIo CMIOCOBHOCTD 1IE/THKOB.

B mnpakrtuke paspabotku BKMKC
[IPHIMEHSIIOT BE CXeMbl OUMCTHOM BbleM-
ku nnacta Kpll: ¢ octaBnenvem samur-
HOM TMaukK MPOAYKTUBHBIX MOPoa (puc.
1, a) u ¢ noapybKror KopxKei, comep-
JKAlMX TMHUCTBIe npocrioun (puc. 1, 6).
Tak, npu roapybke Kop:Kei, IAUHKUCTHIC
IIPOC/ION  PACIIONAraloTCa  Herlocpeact-
BEeHHO B Mpe/enax BepxXHero OCHOBaHMs
Lenvika. [lpy ocTaBneHHM 3alUTHOM
rnaykyd — Haa HuM. [IpocTpaHcTBeHHOe
[IO/I0KEHUE T7TIMHUCTBIX TMPOCIOEB MO-
JKeT TaKXKe M3MEHAThCA U 3a cyeT obpy-
lIeHWs1 KpoBiu. beaycioBHO, Bce 3TO
CKashbIBAeTCH Ha CTeleHW HarpyXKeHHs
MeXKIYKaMepHbIX LIe/THKOB.

TarkuM 06pasoM, OCHOBHBIMHM Iapa-
MeTpaMy IIMHHUCTOrO MaTrepuasa, KOTO-
pble MOT'YT OKasbiBaTh B/MAHME Ha He-
CYIIYIO CMOCOGHOCTb LIE/TMKOB, SAB/SIOT-
Cs: OTHOCHTe/NbHasi CYyMMapHasi MOl
HOCTb T/IMHUCTBIX IIPOC/IOEB, WX BlaK-
HOCTb U MPOCTPAHCTBEHHOE TO/IOKEHNe
OTHOCHTE/TbHO BBICOThI LIe/IMKa.
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Puc. 1. PacuerHble cxeMbl: a) [TPU OCTaB/ICHNH 3alIMTHOM MadkH, 6) NpH noapyoke Kopxen

AHanM3 reoornyeckoro  CTPOEHUs
MMPOAYKTUBHOM TO/MIM TOKasasa [2], uTto
HauborIblllee  CoepKaHWe  T/IMHHCTBIX
[opoa MPHUYPOUYEHO K KPOB/Ie MPOAYK-
tuBHBIX M71actoB Kpll 1 AB. MomHoctu
[7IMHUCTBIX TIPOC/IOEB B KPOB/Ee paboye-
ro I71acTa, 1Mo pe3y/ibTaTaM Herlocpe/act-
BEHHBIX M3MepeHHH [2] B ropHBIX BbIpa-
OOTKaxX, B OTAE/bHBIX C/IY4asX MOTYT
nocturath 15-20 cM., a yaaneHHOCTh OT
BepxHero OCHOBaHMsl Lle/IMKa Haa KPOB-
neyt, He npesbiaer 0,6 M. Ilpu stom
KOMIMUECTBO T7/IMHHCTBIX ITPOC/IOEB MO-
KeT COCTaBsATh 5 U 6onee, a UX CyM-
MapHast MoIHoCTh aoctvrath 0,5 mMerpa.

Haubonbiiyio  MOIIHOCTb, KOTOpPasi
coctapnget 0,15 M, MeeT HIKHUI T7Y-
HUCTBIM nipocrnoit (Ha puc. 1 — ravba 1).
B eayHMIIax OTHOCHTE/IBHO BBICOTHI lie-
mika (m= 5,2 M) sto — ¢=0,03. Cym-
MapHas MOIIHOCTb BCeX IMATH I7IMHHCTBIX

5
CA0eB PaBHA i = (,44M WM B OTHO-
s i
i=l

cuTernbHBIX BerimurHax é=0,085.
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MaTteMaThueckoe  MoZdenupoBaHue
HaMpsXeHHO-1ePOPMHUPOBAHHOTO  CO-
CTOSIHMSL MeXAYKaMepHBIX LIe/IMKOB Bbl-
[O/IHAIOCh B COOTBETCTBUU C METOM-
kol [3]. OueHKa M3MeHeHHs CTelleHU
HarpyxeHys OCHOBLIBa/IaCh Ha BbIpamke-
HUU
c= CZ/‘I — Qo() — Km * (1)

Coo QZ.'I K 00 *

rne C,, C,; — COOTBETCTBEHHO CTerleHb
HarpyxeHus Le/MKa C TAMHUCTBIMU TIPO-
cnosiMu U 6e3, Q,, Qn — Hecyllas cro-
COBHOCTb ONHOPOAHOIO Lie/rKa U Lie-
AMKa C TAMHUCTBIMU - TIPOC/IOSIMH,

K, * u K, ,* — HopMupoBaHHble Ha

rnpeaen TPOYHOCTH CU/ILBUHHTA MPU
CXKaTUM MaKCHUMa/lbHBIE 3HAUEHUS WH-
TEHCHBHOCTH  HallpsXKeHus, AewCT-
BYIOIIME [10 BCEl BBICOTE U IIHMPUHE
LIle/IMKa NPy Ha/lMUUKM TAMHUCTBIX MPO-
CloeB M B cAydae OAHOPOAHOTO
CTPOEeHUH.



1.22

1.20
1.18
1.16
1.14
1.12 -
c 110

1.08

1.06
1.04
1.02

1.00 - - i

0.98

0.40 0.60 0.80

——e=0.085, W=6% —o¢— e=0.06, W=6%
- == .e=0.085, W=12% = == e=0.06, W=12%

1.60 1.80

—a—e=0.04, W=6% —+—e=0.03, W=6%
- - e=0.04, W=12% = == e=0.03, W=12%

Puc. 2. 3aBHCHMOCTD CTelleHH Harpy;XeHHs MeXKAYKaMepPHbIX Le/THKOB OT OTHOLUCHHS
A=b/m, npu o4HCTHO} BbleMKe 6e3 NoaApYOKH KopikeH
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Puc. 3. 3aBHCHMOCTb OTHOCHTE/IbHOH CTENeHH Harpy:KeHHs Le/THKOB OT CYMMapHOH
MOILIHOCTH I/THHHCTBIX IMPOC/A0eB IPH OYHCTHOH BbIeMKe C OCTaB/IeHHEeM 3alllHTHOH
nauyku (W=6% - cnnowHas nunua, W=12% - nyHKTHpHas NHHHA)

B pacyeTHBIX BapHaHTax KO/INYECTBO
[/IMHUCTHIX TIPOC/IOEB, 3a/lefalolliX B
KPOB/ie U B Ipe/eriax BepXHero OCHO-
BaHVsA, BapbUPOBAZIOCh OT 1 (HauvHas ¢
HIXKHEro) 70 5, YTO COOTBETCTBOBA/IO
M3MEeHeHHIO MX OTHOCHTe/IbHOM MOIIHO-
cty ot ¢=0,03 no &=0,085. CgorictBa
[NMHBl YUUTHIBA/IMCh TIPH €€ HOPMAallb-
Hov BraxkHocth (W =6%) v noBbleH-

vort (W=12%). Namenenune BnaxHOCTU
BeZeT K CHWKEHMIO MX AedpOpMallOH-
HBIX CBOVCTB B 1.,5-2 pasa.

[lns BapyaHTa OUKCTHOM BBIEMKU C OC-
TaB/IeHWeM 3alIMTHOM Madku (puc. 1, a)
YCTAHOB/ICHO, 4TO OTHOCHTE/bHOE W3-
MeHeHUe CTelleHH HarpyKeHWsl Mexay-
KaMepHbBIX LIe/TMKOB PAa3/TUUHOM (POPMBI
OT B/MSIHMS [/IMHUCTBIX MMPOC/IOeB UMeeT
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Puc. 4. 3aBHCHMOCTb CTeneHH HarpyXKeHHs MeXKAYKaMepHbIX Le/IHKOB OT OTHOLUCHHS
A=b/m, npu oYHCTHOMH BbleMKe C NOAPYOKOF Kopxek
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Puc. 5. 3aBHCHMOCTb OTHOCHTe/IbHOH CTeleHH Har| PY2K€HHA Le/IHKOB OT CyMMapHOii

MOIIHOCTH IMIHHHCTBIX NPOC/I0OeB NPH OYHCTHOH BbleMKe C noapy6kon kopxen (W=6%
- cnaowHas auHua, W=12% - nyHKTHpHasa AHHHSA)

Pe3ynbTaThl, B PeA/bHBIX TeO/IOrMUeCKHX
YCNOBUAX HauOOo/Iblllee BAMSHUE Ha He-
CYIIYIO CMIOCOBHOCTh 11e/TMKOB OKa3bIBa-
IOT TPYU HWKHMX T[/IMHHUCTBIX T1POC/ION
(puc.3, umdpamu 0603HaAUCHO KOMMYe-
CTBO [/IMHMCTBHIX [IPOC/IOEB, YUHThIBae-
MBIX TIPU pacyeTax, HayuHas C IIepBO-
ro). HaanumeM ocranbHBIX ITpOC/Ioes
[IpY OLIGHKAX CTeIleHH Harpy:KeHus lie-
[TMKOB MOKHO TIpeHeOpeub.

Bornee 3HaunMoe BAMAHME Ha HeCy-
IYIO CITIOCOBHOCTh MEXKAYKAMEepHBIX lie-

MECTO TO/BKO TIPU OTHOIIEHWU MWPUHbBI
Lenvka K ero Beicote 4>1.33 (puc. 2).
B uenoM mpu ocCTaBneHWH 3alUTHOM
Mauyky¥ YBe/IMueHWe CTelleHM Harpymxe-
HUS LIe/IMKOB 3a CYeT Ha/Muve T7IMHU-
CTBIX TIPOC/IOEB HOPMA/IbHOM BIAXKHOCTH
SB/ISIETCA BechbMa He3HAYMTe/IbHbIM (He
6ornee 6 %). [Ipu NoBBIIEHHOM B/IAXKHOCTH
(W=12 %) yBenueHre CTerneHn Harpyxe-
HUs MOXKeT Tpubmakathest K 15 %. Bme-
CTe C TeM, KaK TMOKa3bIBAIOT M0/IYYeHHbIe
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MMMKOB [/IMHUCTBIC TPOC/ION OKA3bIBAIOT B
cnyuae moapyORU Kopxeit (pacueTHast
cxeMa Ha puc. 1, 6). 3aech yBenueHue
CTerleHy HarpyXKeHus Le/IMKOB Hab/mo-
faeTcs fae TMpy OTHOCHMTE/bHO He-
GOMBIIMX OTHOIIEHUSX ero MMWPHUHBI K
BhicOTe (puc. 4).

B KomuecTBeHHOM BbIpaXKEHUH /1St
IIMPOKKX LIEMVMKOB YBe/IMUEeHHe CTelleH!
MX HarpymeHuss moxeT maocturath 10%
[IPY HOPMA/TBHOM B/IAXKHOCTH T7IMHHCTBIX
rpocrioeB 1 20% ripy noBbiieHHOH. [ Ipu
roapyoKe KopKel, Takke Kak U B C/Iyuae
C OCTaB/IeHVeM 3allMTHOW IayKh, OCHOB-
HOe B/NMAHWE Ha CTeleHb HarpyKeHus
LIe/IMKOB PeasiM3yeTcsl 3a CcyeT IepBbIX
TPEX I7IMHUCTBIX MPOCoeB (puc. 5).

TakuMm o6pa3oM, B peanbHBIX TOp-
HO-TEO/IOTMYeCKHX YC/TOBUSX BHE 3aBH-
CHMOCTHU OT TEXHO/IOTMH OUKCTHOM BbI-
eMKU (OCTaB/eHWe 3allUTHOM TMMayku
unu roapyOka KopikKed) BAUSHUE Ha
CTereHb HarpyXKeHs LIe/THKOB OKa3bl-
BalOT TPU HUKHUX T/IMHUCTBIX [IPO-
cnosi. I'lpy OUMCTHOM BbIeMKe C OCTaB-
fleHVeM 3alllUTHOM Tayku BAWSHHE
[/IMHUCTBIX  IIPOC/IOEB  HWMEEeT MeCTO
TO/MBKO IIPYU OTHOLIEHWH IIHMPHHBI Lie-
nvka K ero Beicote A>1.33. I'pu noa-
pyOKe KOpKer yBe/lMyeHWe CTerneHu
Harpy:KeHus MeX/ayKaMepHhBIX 11e/THKOB
Moxet aocturath 10-20%, B 3aBucu-
MOCTH OT UX (pOPMBI U B/IaXKHOCTH I1TH-
HHCTBIX ITPOC/IOeB.

1. YkazaHws no 3aimmre pyaHUKOB OT 3aTO-
I/IeHHs U OXpaHe noapabaThiBaeMbix OObEeKTOB
B ycnoBUAX BepxHeKaMCKOro MecTopomaeHus
Ka/IMMHBIX coreit: TexHorn. pernamedT. — CI16,
2008.

2. EBceeB A.B. BnusHue BramHOCTH U
MOIIHOCTH [/IMHHUCTOTO TMPOC/IOs Ha MexaHuye-
CKHe CBOWCTBAa C/IOMCThIX CO/ISIHBIX ITOPOA.
[Tpo6nemsr Heapomnons3oBaHus. Matepuarsi 1l
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