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B Hacrosieli ctaThe TpeaioskeH HOBBIM KpUTEpUid pa3pylieHUs IJIsl TPEIIMHBI CMeIllaH-
Horo tuma (tumn [ + Tum I1), ocHoBaHHBII Ha TIPEAITOIOXEHUY, YTO MAKCUMAaJIbHBIE TaH-
TeHIIUAIbHBIC HATIPSDKEHUS B 30HE TIPEIpa3pylIeHUsT PaBHBI JIOKATHHOU IIPOYHOCTU MaTe-
puana. [Tpu aToM pa3mep 30HBI TTpeApa3pylIeHUs U JJOKaJIbHasi IPOYHOCTh ONPEEsIeHbI C
YYETOM HECUHTYJISPHBIX T\~ M T,,~HANpPSXEHUiH, BXOAAILMX B Pa3IOXeHHE DYHKIMM Ha-
npsokeHuii Bunbsamca. Wcnonbsosanue B pacuere Ty~ u T -HaNpsKEHUH MO3BOJISIET
onucarh AByXMEPHOE JIOKAJIbHOE CTeCHEeHUe Aedopmaliuu no GpoHTY TPELIMHbBI B TPEX-
MEpHBIX Tejlax. B mosyueHHoe BbipaxkeHue U151 3pdeKTuBHOro KoadhduumreHTa MHTeH-
cusHoctu HanpsokeHuit (KUH), kpome Ky u Ky Bxonsat otHoutenust Ty~ u T ~Hanpsike-
HUI K IpeAety TeKy4eCTH, YTO MO3BOJISIET yUeCTh CTeCHeHUE AehopMallvii B MONIEPEYHOM
U TIPOIOJILHOM HarlpaBJIeHUsIX GPOHTA TPEIIMHbBI COOTBETCTBEHHO. [IpuBeneH npumep pe-
anM3alny pa3paboTaHHOTO KPUTEpHUsl MTPUMEHUTEIHLHO K OIpee/ieHUI0 pa3pyliaionieit
Harpy3KM pacTSIHyTO# IJIACTUHBI CO CKBO3HOI HaKJIOHHOI TpemHoi. [TpencraBieHbl 3a-
BUCUMOCTH T~ ¥ T, ~HANPSKEHU 10 TOJIIMHE IIACTUHBI ISl PA3IMYHBIX YITIOB HAKIIO-
Ha TPELIVHBI U TOJIIWH TuTacTUHBI. [lokazaHo, YTO yBeJTUYEHUE TOJIIIUHBI TUTACTUHBI U
YMEHbILIEHUE yIJia HaKJIOHA TPEIIMHBI TPUBOIST K CHUKEHUIO pa3pyllaoleil Harpy3Ku.

Karouesole crosa: KooGOULMEHT NHTEHCUBHOCTU HANPsKEHWH, Ty~ U T, -HANpPsKEHUS,
KPUTEPUIA pa3pyLleHus], TpelrHa cMemanHoro | + 11 tuna

DOI: 10.31857/50235711923060135, EDN: YXPNKR

O1eHKa TPEIIMHOCTOMKOCTU AeTalei SIBJISIETCS YpEe3BbIYAiHO aKTyaIbHOM 3amadeii, Ko-
TOpasi MO3BOJISIET CBOEBPEMEHHO CAEJIaTh BBIBOI O BO3MOXHOCTHU CYIIECTBOBAHUSI KOH-
CTPYKIIUM C UMEIOIIMMCS B HEM TpelIMHONOA00HBIM AedekToM. YacTo peanbHbIe AeTalu U
KOHCTPYKIIMU Harpy>keHbl TAKUM 00pa30M, YTO B HUX HAOIIOAAIOTCSI TPEIIUHBI CMEIIaHHO-
ro THUIIA, T.e. TAKKUE, B KOTOPBIX IPpUCYTCTBYeT pactpeckuBanue 1o I, I1 u 111 Tummam. Yacr-
HBIM CJTy4aeM TPEIIMHBI CMEIIaHHOTO THUIIA, MPUYEeM TOBOJBHO YacTO BCTPEYAIOIINMCS Ha
MpaKTUKe, SBsgeTcs TpemurHa cMemanHoro tuna (1 + 1I), T.e. HopMaabHOTO OTpHIBA U MO-
MepevyHoro CABUTA.

JIJ15T OIIEHKM TPeIIMHOCTOMKOCTH AeTallell ¢ TpelmnHaMu cMelnanHoro turma (1 + 11) nau-
Oosiee 4acCTO WCTOJB3YeTCs KPUTEPUM MaKCUMAIbHBIX TaHTEHIMAIbHBIX HaMpsKeHU
(MTH), comtacHO KOTOpoMy pa3pyllleHrde MPOMCXOIUT TOrna, Koraa MakCUMalbHble TaH-
TeHIIMAIbHbIE HATIPSIKEHUsI B 30HE Mpeapas3pyllieHrs] paBHBI TIpeleibHOMY 3HaueHuo [1].
B xayecTBe TipenesbHOro 3HAYEHUsI OOBIYHO MCITOJIB3YeTCsl MPeAesl TeKy4eCTH WIN TIpeaet
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IIPOYHOCTHU, a B KAYECTBE pa3Mepa 30HbI Ipeapas3pylieHus monpaska MpBrHa Ha Ij1acTuye-
CKYIO 30HY [2].

B HacTostiiee BpeMsi Bce Oosibliiee MPMMEHEHME B pacyeTax Ha TPEIMHOCTOMKOCTb, KPO-
M€ KJIACCUYECKMX IMapaMeTPOB YIIPYroii MEXaHUKHU pa3pylIeHUs], TAKUX KaK, KO3(MOUILIUESHT
nHTeHcuBHOCTU HanpstkeHuit (KWMH) m MHTeHCMBHOCTH BBIACIACHUST YIIPYTOil SHEPIUU B
BEPIIUHY TPEIIMHBI, HAXOAAT KOMIIOHEHTHI JIEXKAIIMX B TUIOCKOCTU TPEIIMHBI HECUHTYJISIP-
HBIX T-HanpsKeHUi, BXOOSIIMX B pasjioxkeHue ¢pyHKuMKU HanpskeHuid Bunbsmca [3]. Mc-
M0JIb30BaHUE B pacuerax 7T,,-HanpsDKEHUI MO3BOJISIET ONUCATh CTECHEHUE Aedopmanuii B
HaIpPaBJIEHUYU TEPNEHINKYIAPHOM (DPOHTY TPEWIUHEIL, a T,,-HANPSKEHUH NapajielbHOM
dpouTty TpeminHE [4]. B Poccnu HanOonbIImii BKIan B MOIYISIPU3ALIAIO MCIIOJIb30BaHUS
KOMIIOHEHTOB 7-HalpsKeHW B pacyeTax Ha TPEIIMHOCTOMKOCTD U XKUBYYECTh BHECEH B pa-
6orax [4—6].

B cratbe 7] kxputepuii MaKCMMAaJIbHBIX TAHTCHIMAJIBHBIX HAIIPSKEHU ObUT JOopadoTaH,
MOCPENCTBOM ydeTa HECUHTYIAPHBbIX 7, -HanpspkeHuii. B pabore [4] mpenioxeHo B Kade-
CTBE MpPENeTbHOTO HAIPSIKeHUsT B 30HE Mpepa3pylieHrs] UCIOJIb30BaTh JIOKAJIbHYIO TIPOY-
HOCTb MaTepUalla, 3aBUCAIIYIO HE TOJIBKO OT Mpejesa TEKYYeCTH, HO U OT T, -~HaIpPsKEHUIA,
a TakKe clejlaH CJIeNYIOIIMA 1ar B YCOBEPIIEHCTBOBAHUN KPUTEPUSI MAaKCUMAJIbHBIX TaH-
TFeHIIUAIbHBIX HAMIPSDKEHU T, 8 UMEHHO, TIPEJIOXEHO UCITOJIb30BaTh B YCJIOBUU Pa3pyIIEHUS
OCpeIHEHHbIE MAaKCUMaJIbHbIE TAHTEHIIMAJIbHbIC HAIMPSKEHUSI, KOTOpble MPUPaBHUBAIOTCS
K JIOKQJIbHO# TTPOYHOCTH MaTepualia.

Ilenbio HacTOSIIEH CTAaTHU SIBJISIETCS pa3paboTKa NBYXITapaMeTPUIECKOTO KPUTEPUST pas-
pyluieHus mig TpelrHbl cMewadHoro tuna (I + 1I), B kotopelit kpoMe 7 -HanpsikeHUH,
BXOISAT elle U T, -HanpsKeHUs.

@DopmyaMpoBKa KpUTepus paspylieHus. B ynpyrom citydae nmosist Harpsi>KeHUi B OKpeCTHO-
ctH TpetuHbl cMemanHoro Tuna (I + I1) MoxkHo npencTaBuTh B Buze [8]

o, = 1 [Kl cosg(l —sianinﬁ) - Ky sin§(2 + cochos@)} + Ty
2nr 2 2 2 2 2 2
_ 1 [ 9( .0 . 36) .0 0 36}
c, = Kicos=|1+sin=sin=—|+ Kjjsin=cos=cos=— |,
NG T ™ ) 2 2/ T )
1 . 0 0 30 6( .0 . 36”
Ty = K;sin=cos=cos=— + Kjjcos=|1 —sin =sin —| |,
Y Jznr[ R R T 2 2

o, =2 [Kl cosg— Ky sing} +T,, T, =EFEe, +uT,,

2nr ©
IIe Oy, G), Gy, Ty, — HOPMAJIBHbBIC U KacaTeJIbHOE HaPSIKEHUS, T\ v T,, — KOMIIOHEHTBI He-
CUHTYJISIDHBIX T-HanpsiKeHMIA, JIeXallMX B INIOCKOCTH TPEIIMHBI M HallpaBJCHHbIC TTePIIeH -
JVKYJIAPHO Y MAapajulENbHO (PPOHTY TPEUIMHBI, COOTBETCTBEHHO; €, — AedOpMauus B Ha-
rpaBiieHNH GhpoHTa TpelnHbL, E — Momyns FOHra; U — xoaddunment [lyaccona; r, 6 — pa-
IINYC-BEKTOP M yroyl B TIOJSIPHOIM CHCTEME KOOPAWHAT, CBSI3aHHOU C TOYKON Ha (poHTE
TpeluHbI (puc. 1).

B nonspHoii cucteMe KOOpAMHAT, CBSI3aHHOI ¢ BEPIIMHOM TPELIMHBI, TAHT€HIIMAIbHbIE
HAaNpsEKeHUs Og, MEPHEHAMKYJISIPHBIE PAIUYCy BEKTOpa 7, cornacHo (1) OyayT umets Buz, [4]

cosg[l(l cos’ g - %K”sine} + T, sin’6. 2

1
Ge(r,e)z@

Bocnosib3yeMcst KpuTepreM MaKCUMaIbHBIX TAHTEHIIMAIBLHBIX HaTpsikeHuit [1], comtac-
HO KOTOPOMY TpEIlIMHA pacTeT B HAIMpPaBJICHUU TUIOCKOCTHU JCHCTBUSI MAaKCUMAJIbHBIX TaH-
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Puc. 1. HamnpsxeHHOe cocTosiHMe 110 GPOHTY CKBO3HOI TPELIUHBI.

TeHIIMATbHBIX HANIPSDKEHW. JIIsT onpeiesieHrst 3TOTro HarpaBJIeHUsT, OTIPENeIIeMOro YIiioM
0*, mpupaBHsieM K HYJIIO TIPOU3BOIHYIO OT TAHTEHIIMATBHOTO HATIPSIKeHUST

95
ae ‘e:e*

IToncranoBka Gy no dopmyne (2) nasl » paBHOTO pasMepy 30HbI NpPenpaspylleHus ¥, B
ycnoBHe (3) MPUBOIUT K BBIPAKESHUIO TSI BEIYUCTCHUS 0% [4]

=0. 3)

e*
K;sin®* + Kj; (3cos 6* — 1) —% e\ 2T sin?cos 0* = 0. 4)

B cBs131 ¢ Tem, UTO MJIOCKOCTb NE€MCTBUS MaKCUMaJIbHbIX TAHTEHLIMAJIbHBIX HANPSIKEHUI
SBJIIETCS TJIABHOM TIOLIANKOM, KacaTeIbHbIE HATIPSAXKEHUS Tg, B HEM M MEPIIEHANKYIAPHON
el TuIomanke orcyTcTBYIOT (puc. 2). IloaToMy pasMep 30HEBI TIpenpa3pyiieHnss B 3TOM Ha-
MpPaBJIEHUU MOXKHO ONpPENEINUTb 151 TPELLIMHbI HOPMaJILHOTO OTpbIBa [9]

2 2
= (1 - 2“) KIC . (5)
2 \o, + T,

Crenyetr OTMETUTD, UTO hopmysa (5) mojaydeHa cCorlacHO TUMOTe3€e MIacTuYHOCTU Tpec-
ka—CeH-BeHaHa ¢ MCHoOJb30BaHMEM TSI 3aITMCY 9KBUBAJCHTHOTO HAMPSIKEHUST BbIpaXe-
Huii (1) mpu 6 = 0. KpoMe Toro, B KpUTepr MaKCUMAIbHBIX TAHTEHIIMABHBIX HAIIPSIKe-
HMIi, YYUTBIBAIOIINM TOJBKO 7 ~HampsikeHus [7], pa3Mep 30HBI Mpenpas3pylIeHUsT TakxKe
orpeesieTcss Ha OCHOBaHWM TMITOTE3bI TTacTUYHOCTU Tpecka—CeH-BeHaHa muist TpenHbI
HOpMaJIbHOTO OTpbIBa. [IpyeM 3TO BhIpakeHUE COBITamaeT ¢ IolpaBkoit MpBuHa Ha mia-
CcTUYecKyio 30Hy [10].

IToncranoBka ¢opmysl (5) B ypaBHeHHE (4) IIPUBOAUT K OKOHYATEIHEHOMY BBIPpaXKEHUIO
IJIST BBIYMICTIEeHUs 0%

160 - 20K,

K sin 0* + Kj; (3cos6* — 1)
3(0, +T,)

e*
T, sin 5 cos0* = 0. (6)
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Puc. 2. HanpaBjieHue pocTta TPEIIMHBI.

Kpurepurem paspyiieHust 6ynet sIBISIThCS YCI0BUE, PU KOTOPOM MaKCUMaJIbHOE TAHTEH -
LIMaJbHOE HalpsiKeHWe, BbluucaeHHoe o (opmyre (2) ais yraa 6 = 0%, Ha pacCTOSTHUM OT
BEPIUMHBI TPEIIMHBI, PABHOM pa3Mepy 30HbI NIPEApPa3PYILIEHUs, PABHO JIOKAJIbHOM MPOYHO-
CTU MaTepuasa

1 o* 260% 3 . . 2

Col(r,,05) = cos—| Kjcos” — — = Kysinb* | + T, sin"0* = g, (7)
2nr, 2 2 2
JlokaJbHYIO TIPOYHOCTh MaTepuaja G, BEIYUCINM, cormacHo [9], ¢ yuetom T u 7 -Ha-
MPSKEHU
o o Ta=2T | (Txx - 2Tzz)2 L O =T — T + T T ®)
0= . .
201 - 2u) 21 - 2u) (1- 2w

[MoncraHoBKa JIOKaJIbHOM TTPOYHOCTU MaTepuasa no dopmyJe (8) B ypaBHeHUe (7) Tipu-
BOJIUT K BBIPAXKEHUIO

+T o* o*
(o1 (r, 6*) = MCOS_[KI 0082 ? - %KHSine*:l =

K- 2
T - 2T, \/(Txx - 2Tzzj2 02 -T2 -T2 +T,T, 2
=- + + — T Sin“0* .
2(1 -2 2(1 - 2u) (- 2u)?
3TO BbIPpa’KCHUEC MOKHO IIEPErnurcaTb B BUAC
2(0, +Ty) y

2 2 2 2 2 .2
(T = 2T ) +4(07 = Ty = T + T T | =Tl + 21 = 20)sin’0, ]+ 27,
O 29* 3
X cos —| Ky cos” — — = Kysinf,, | = K.
2{ I 5 5 Rusingy Ic

Torna 0603HaYUB JIEBYIO YaCTh ypaBHEHMS 38 K, ;r MOXHO MOJNYYUTh BbIPAXEHUE VIS 3(-
dexTuBHOTrO KO3 PUITMEHTa MTHTEHCUBHOCTU HATIPSIXKEHU I

2(0, +T)
V(T = 2T,V + 4> = T2 — T2 + TuT,) —Tull + 2(1 — 20)sin6, ] + 27,

0 0.
X COS — chosz—*—éK”sine* .
2 2 2

X

Kef =
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Puc. 3. Cxema pacTSIHyTO# TUIACTUHBI C HAKJIOHHOM TPEIMHOM.

BBomst mist yrpoleHus: BeIpaxkeHWsT OTHOIEeHUsT T-HanpsKeHWi K Ipeesly TeKy4ecTH,
TIPUIIEM K CIIeAyIoIIeMy KPUTEPHUIO Pa3pyIIeHMS:

2(1+x2)
YO = 200) + 40 =12 = %2+ 1te)” — Xl + 201 = 20)sin’0%] + 27,

Kef = X

6, 0 ©
*
X cos — | Kjcos® — — §Knsin(ﬂ* = K,
2 2 2

rﬂeXx = )CX/GT’ XZ:TZZ/GT'

Bocnionb3yeMcs 1ojTlydeHHBIM KpUTEpUEM ISl OMpeAesIeHUs] pa3pyllaloliero Hanpsxe-
HUSL Ofy,, JUTSL PACTSIHYTOM TUIACTUHBI BHICOTOM 2H, 1MPUHO# 2W 1 TOMIIMHOMN 27 CO CKBO3-
HOI TPELMHOMN NJIMHON 2/, HAKIIOHEHHOW OTHOCUTEJIbHO TOPU30HTAIU Ha yroia o (puc. 3).
OueBUIHO, YTO I Takou TpemuHbl 0yaeT BosHukatb KMH 1 u I1 Tunos, T.e. TpemmHa Oy-
JIeT CMEIIaHHOTO TUMA.

Jutst yrpo1ieHus Tipoleaypbl CO3MaHNUsI KOHEYHO-3JIEMEHTHOUN MO BMECTO UCXOIHOM
3aauyM peliaiv IBe 3a1a4uM: PACTSIXKEHUS U YMCTOTO CIBUTA TUIACTUHBI C TIOTIEPEYHOM Tpe-
mrHo#. CreHepupoBaTh KOHEUHO-3JIEMEHTHYIO CETKY JJISl TJIACTUHBI C MOTEPEYHOI Tpe-
LIMHOIM HaMHOTO MpOIlie, YeM C HAaKJIOHHOI, 0COOEHHO KOra HYy>XKHO paccMaTpuBaTh Ija-
CTUHBI C PA3IMYHBIMU YIJIaMU HAKJIOHA TPEIIMHBI.

B pacueTte ucnonb3oBajicsl aBTOPCKUIT KOHEYHO-3JIEMEHTHBIN KOMILUIEKC [9].

Hanpsixenust st 9TUX 3ana4d onpeesisiv U3 ypaBHEHU paBHOBECHUS KaK pacTsruBalo-

mee G, U KacaTeJbHOE T, HAIIPSIXKEHUS B TINIOCKOCTU HaKJIOHHOI TPpCIIHUHBI COOTBETCTBCH-
Ho [11]

Oy = G cos’ o, Ty = %csin 201 (10)

B mepBoii 3amaye paccMaTpuBaiach IUIACTMHA C IIOMEPEYHOM TPEIIUMHOM, pacTSHYTas
HOPMaJbHBIMU HaMNpPsDKEHUSIMU G, . O4EeBUAHO, YTO TPELIMHA B 3TOM cllyyae OyIeT HOp-
MajbHoro orpeiBa (tTun I). Bo BTOpoit 3amadye paccMaTpuBaiach IUIAaCTUHA C MOMEPEYHOM
TPEIIMHOM, HaXOMA1IAsICs B YCJIOBUM YuCTOro capura. KacatenbHble HampsikeHUs 3aaBa-
JIUCh PaBHBIMU T,,. TpelinHa B 3ToM cilyyae oyneT nonepeyHoro casura (turn ). B cBs3u ¢
5TUM K| BBIUMCIISIICS U3 PELLEHUS IEPBOM 3a1auu, a Kjj U3 pelieHUs1 BTOPOM.
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OueBUIHO, YTO CyMMapHOE HaIPSI)KEHHOE COCTOSIHME B OKPECTHOCTU BEPILIMHBI TPEILIM-
HBI, 110 KoTopoMy Beruucisitorcss KMH u T-HanpsikeHust, TIpY TaKOM 3alaHUW HaTIpsSKeHU i
OyIeT He CWJILHO OTJIMYAThCsI OT UCXOTHOTO.

1151 mpoBepKM 000CHOBAHHOCTU TAKOTO MOAX0Aa ObUIM BeIUUCIEHbI K 1 K|y B TIJIaCTUMHE €
HaAKJIOHHOM TpelIMHON NoayminHoi / = W/2 1 ¢ OTHOIIEHWEM BBICOTHI K IIIMPUHE PABHOM
5/4, nig kotopoit B cipaBouHuke [12] nmpuBeneHsl 3HaueHuss KMH mwist HekoTophixX yriioB
HakJIOHA. ToJIIIIMHA MIaCTUHBI IPUHUMAJIACh, paBHOM 1/20 OT IIMPUHHI.

B cuny cumMmeTpun nepBoit 3agauyM M KOCO CUMMETPUM BTOPOI 3aJa4yu OTHOCUTEIbHO
TpeX TUIOCKOCTE paccMaTpuBajiach TOJBKO BOChbMasl 4acThb TiacTuHbI (puc. 4). CHavana
TlacTUHA pa3duBaIach Ha MPSIMOYTOJIbHBIE TTapasuiesienuiiensl. [IpuyyeM mo mupruHe v Bbl-
coTe IJIacTUHA pa3ouBajiach Ha 20 mraros, a mo TomxmuHe Ha 5. Illaru 1o BEICOTE U TOJIIIMHE
ObLUIM TTIOCTOSIHHBIE, a TI0 IUPUHE ObLIU pa3Hble B 30HE TPEIIMHbI U BHe ee. Kaxxnplii mapai-
JIenenunen pa3onBajcs Ha IIeCTh TeTpa3apalbHBIX CUMILIEKC-3jieMeHTOB [13]. KonuyecTBo
KOHEYHBIX 3JIEMEHTOB B MOJIEJIM cOCTaBsuio 12 Teicstd. Ilociae BBHIMMCIEHUST TTIOCTOSIHHBIX
HampsKeHW 1 aedopMannii B TeTpasapaibHbIX KOHEYHBIX 3JIEeMEHTaX OHU OCPEIHSIINCH
o napasienenunenaM. [Ipu pemeHUn nepBoii 3a7auyy rpaHU TUIACTUHBI, COBITaalOIINE C
KOOPIMHATHBIMU TUIOCKOCTSIMU XY U )7, 3aKPETUISUTMCh B HATIPABJIEHUU Z M X COOTBETCTBEHHO.
I'paHb, coBnanaroias ¢ MIOCKOCThIO X7, 3aKPeIUIsiiach MO HAIMpaBJI€HUIO ), HO TOJIbKO BHE
30HBI TpelUHBI. [Ipy pelrieHun BTOPOii 3a1aum rpaHb IJIACTUHBI, COBIAIalONIasl C KOOPAU-
HaATHOI MJIOCKOCTBIO Xy, TaKXKe KaK B IIEPBOM CJIydae, 3aKperuisijiach B HallpaBJICHUU OCH Z.
I'paHb, coBmagatolass ¢ KOOPAWHATHON TUIOCKOCTBIO Yz, 3aKperuisuiach B HaIpaBJICHUU
ocu y. ['paHb, coBnagamoias ¢ TNIOCKOCTBIO XZ, 3aKPETUIsijiach MO HAIIpaBJIeHUIO X BHE 30HBI
TpeuHbl. HarpyxeHue B mepBoii 3agaue OCyIIeCTBIISITIOCH MO HAMPaBJIEHUIO OCHU Y B y37ax,
BBIXOJSIIIIMX HA TPaHb, MapaulesibHYIO TUIOCKOCTU XZ. Y3JIOBble CUJIbI PACCUUTHIBAIMCH 1O
HamnpsikKeHUIo G,. Bo BTOpoil 3amaye y3/0Bble CWIbI, pacCUMTaHHbIE TIO T, , MPUKJIAAbIBA-
JIUCH B y3J1aX, JieXalllMX Ha TpaHe MapasuieJibHOM Xz B HAIpaBJIEHUU OCH X, a Ha TpaHe Mapai-
JIEJIbHOM yZ B HANIPaBJIEHUU OCH ).

Boruucinenne KMH npoBoaniock ¢ KCMOJIb30BAHUEM aCUMITOTUYECKOTO METOJA pacye-
Ta MO 3HAYECHUSAM MepeMellleHUi B ToUKax, JIeXallnx Ha Oeperax TpelulmHbl B CPEAUHHOM
TUIOCKOCTH B OKPECTHOCTH (PpOHTA TpeIIMHEI, 10 (popmymaMm [10]

K :ﬂ\/ﬁ KD = ﬂ\/ﬁ
4 \ 4\ r

rae K — K03 GhUIIMEHT, 3aBUCS LM OT TUIA IUVIOCKO 3a1ayu TEOPUH YIIPYroCTH. K = 1 —
st [MAC u ¥ =1 pas1 miockoro HamnpsixkeHHoro coctosiHust (ITHC). KI(’), l({) Uv;, u —
KWH I u Il TMnoB v nepeMenieHus 1Mo OCU X U y COOTBETCBEHHO B i-X TOYKaX.

Ha ocHoBaHMU MeTona aKcTpanoasiiui [14] Berauciasuiuch K| l(i), K 1(;) B IITU Toukax. [1pu
stoM 3HaueHUs1 KMH B mocienHux Tpex ToYKax yKJIaabIBaJUCh Ha JUHUIO OJIM3KYIO K IIpsi-
MOIi, KOTOpasi 3KCTParojnupoBajiach 10 OCHU, IIPOXOISIIEH Yepe3 BepIIUHY TpelIUHbI. JaH-
HoOe 3HayeHue npuHuManoch 3a KMH.

B Ta6n. 1 npencrasieHbl pe3yabTaThl CpaBHEHUs 3HAYeHU, TTojlydueHHbIXx MKD, ¢ naH-
HbIMM U3 [12] 1J1s yrjla HaKJoHa TpelluHbl paBHOro 22.5°. M3 Tabauibl BUAHO, UTO YMUCIICH-
Hble 3HAYEHUS TOCTATOUYHO XOPOIIO COMIACYIOTCSI C NaHHBIMM M3 CIpaBOYHMKA. JlaHHBII
¢daKT CBUIAETEILCTBYET O TOM, UYTO HaNpspKeHHO-AedopMupoBaHHoe coctosiHue (HAC) B
OKPECTHOCTHU (PpOHTA TPELIUHBI, TT0 KOTopoMy BeruucisgioTcs KMH u T-HanpsokeHus, TSt
VCXOMHOM pacyeTHOI CXeMbl ¢ HAKJIOHHON TpeluHou 6113ko K cymmapHomy HC B nByx
PACYETHBIX CXEMAX C TONEPEYHBIMU TpellnHaMu. CrienyeT OTMETUTS, YT 1), - u T -Hamps-
>KeHUSI BO3HUKAIOT B 00erX cxeMax, U 3HAaYeHMUs ISl TUIAaCTMHBI ¢ HAKJIOHHOM TPelrHOMN
OMpPENEeJISIIOTCSI HAa OCHOBAaHWUM TPUHIIMIA CYNEepHoO3UlluU, T.€. KaK cyMMma 7T-HanpsikKeHUui
TSI ABYX PACUETHBIX CXEM.

2
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o

Puc. 4. PacueTHas cxema.

st kaxnoii cxeMbl T, -HaNPSDKEHYsT BBIYUCISUINCH, coracHo (1), TIo HampspKeHUsIM B
TUIOCKOCTH TpeluHbI (0 = 0) 1o hopmyne

T, =0, —0,. (11)

Hns pacuera T, -HampspkeHusl Takxke, kak npu pacuere KMH, ucnonb3oBanca meron
skctpanonsuuu [14]. IIpu atom T, -HanpsikeHus: Braucasuiucek ¢gopmysnie (10) B 5 Toukax
Ha JIMHUY MPOAOJIKEHUS TPEIIUHBI U1 JaHHOU Touku ¢poHTa. [Ipu 3TOM Takxke, KaK Mpu
pacuete KMH, 3HayeHus1 Wil MOCAEMHUX TPeX TOYEK YKJIAAbIBAJIKWCh Ha MPSMYIO JIMHUIO.
DKCTpanossiius 3Toi NPpsSIMOi A0 BEpLIMHBI TPELIMHBI 1aBajia 3HaueHue 7, ~HalpsoKeHUs B
JNaHHOM To4Ke (hpOHTA TPEIUMHBL. 3Ha4YeHUsA T, -HANPSDKEHUI B 3TOM TOUKE ONPENENAIUCH
no ¢popmyae (1) no T, -HanpskeHusIM U 1e(hOPMaLusIM €, B 3TOM TOUKE.

AJIl‘Opl/lTM YUCJEHHOr0 pacuera pa3pylaroniero Harpsa>XeHUA Gfrac U1 TIJTaCTUHBI 3aKJTI0-
qacTCsd B CJICAYIOLLIEM:

1. 3amaeTcsl MPOM3BOJIBHOE 3HAYEHME BHEIIHETO HAMNpsDKeHUsl G, HallpuMep, paBHOE
200 MIla. /Ixs1 3amaHHOTO yTIjla HAKJIOHA TPeIIuHbI O, 110 popMmyiaam (10) ompenesiroTcst Ha-
NPSKEHUSA Gy U T. C ucnonszopannem MKD soruncisiores Ky, Ky, T,,- n T, -Harnpsixe-

Taomuna 1. CpaBHeHue pacyeTHbIX 3HaueHUit KM H co cripaBoYHBIMU TaHHBIMU

0.4 0.5 0.6
yw
MK? [13] MK?D [13] MK?D [13]
K, /ol 0.939 0.955 1.01 1.04 1.10 L12
3, % 1.68 2.88 1.84
Ky /ol 0.333 0.351 0.364 0.352 0.382 0.375
3, % 5.13 3.41 1.79
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Puc. 5. Pacnipenenenue T, -HanpsoKeHWi 10 TOMIIMHE MIACTUHBI TOMIUHOM: [ — 20 MM; 2 — 40 Mmm; 3 — 100 MM.

Hus. [Ipudem, Kak yxe ormedanoch, cyMMmapHbie 7T~ u T -HanpsoKEHUsT ONPENENIAIOTCs
NOCPENCTBOM CyMMUPOBAHUSA Ty~ U T, ~HATIPSXKEHWI U1 IBYX CXEM.

2. TlocpencTBOM UTEPALIMOHHOTO pEIIeHUsT ypaBHEHUS (6) BBIYMCIISIETCS YroJl pacipo-
CTpaHEeHMsI TpeIIUHEI 0* B HanboJiee ONMacHO ToYKe (ppoHTa TPEIIMHEI, JexXallleil Ha cpe-

nuHHoM mockoctu. I[To popmyre (9) onpenensiercs addexktuBHblilt KUH K| fﬂ B OTOM TOY-
ke. [lomydyeHHOE 3HaUEHNE CPAaBHUBACTCS C BA3KOCTBIO pa3pymieHus K.

3. KoppexTtupyeTcst 3HaUeHHE BHEIITHETO HAMPSIKEHUS 110 (popmyie

o' =K./K¥o.

4. Tak Kak TapamMeTpbl JMHEMHOM MeXaHWKHW Pa3pylIeHUsT TPSMOIPOITOPIIMOHATBHBI
BHEUIHEN Harpyske, 3Hadenus K, Kjj, Ty, u T,, KOPpPEKTUPYIOTCS MOCPEACTBOM YMHOXKEHMS

na K, /K .

5. Jlnist CKOpPEKTUPOBaHHBIX 3HaueHuit Ky, Ky, 7, n T, mpouenypa moBTOPSIETCS, HAYK-
Hag ¢ nmyHkTa 2. UtepalimoHHbIi mpolecc 3aBepiaercs, koraa 3¢ dekruBHbiii KUH otnu-
YaeTCsT OT BA3KOCTH pa3pylleHuUs MeHee yeM Ha 1%.

Crenyer OTMETUTDb, YTO HEOOXOAUMOCTh B UTEPALIMSIX BOZHUKAET BCJIEACTBUE TOTO, YTO
K, Ky, T, - n T,-HanpskKeHUs1 TMHEWHO 3aBUCAT OT PACTATMBAIOUIETO HAMPSDKEHUs O, a
apdexrusnbiit KUH, cornacho (9), HenmuHerHO OT ), 1 ), T.e. oT T-HanpsoxeHuii. Kpome
TOTrO, BXOASIIUKI B BbipaxkeHue (9) yroa 6* HeJIMHEIHO 3aBUCUT OT BCEX MapaMeTpOB MeXxa-
HUKY paspymeHus Ky, Ky, T~ n T,-HanpsoKeHWIA.

Pe3ynbTaThl pacueroB. B KauecTBe WLTIOCTpalli BO3MOXHOCTEU MPUBENEHHOTO aJir0-
pUTMa Ha puc. 5 MpeicTaBiieHo pacnpeneneHue 7, -HanpsbkeHuit, a Ha puc. 6 T,,-Hanpsixe-
HUIA 110 TOJIIMHE TJIACTUHBI IJ1sI KBaAPaTHOM IIaCTUHBI CO CTOPOHOI 200 MM CO CKBO3HOM
HaKJIOHHOM coocHO TpeuinHoi mauHoit 100 mMm. TTmacTuHa pacTsiHyTa MOCTOSIHHBIM Ha-
npskeHuem ¢ = 200 MITa, yron o = 30° (puc. 3).

Ha puc 5 u 6 mo ocu aGeruce OTJIOXKeHa OTHOCUTEIbHAsl KOOPAMHATA T), paBHAasi OTHOIIIE-
HUIO paCCTOSTHUSI OT CBOOOMHOM MOBEPXHOCTH TIACTUHBI K MTOJIOBUHE TOJIIINHBI.

W3 puc. 5 BUAHO, 4YTO MaKCUMaJIbHBIE 11O MOLYIO 7, ~HaIPSDKEHMST BO3HUKAIOT Ha TO-
BEPXHOCTH TUIACTUHBI, @8 MUHUMAaJIbHBIE HA CPEIMHHOIM TIocKocTH. Pactipenenenue 7,,-Ha-
MPSDKEHU MPaKTUYECKW HE 3aBUCUT OT TOJIIMHbI MJIACTUHBI, YTO BITOJIHE OKUIAEMO, MO-
CKOJIbKY Ha T, ~HanpstKeHUs BIUSIIOT TEOMETPUSI Tesla, pa3Mep TPELIMHBI U CXeMa Harpyxe-
HUS, HO He TomuuHa. M3 puc. 6 BUIHO, 9TO Takke, Kak U T, ~HaTIPSDKEHUS, MAKCUMaJIbHBIE
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Puc. 6. PacripeneneHue Tzz—Ha]'Ipﬂ)KeHI/lf/'I o ToJImuHe TacTuHbL: 1 — 10 MM; 2 — 20 mm; 3 — 50 MM.

1o mMoaymio 7,,-HanpsKeHUsl BO3HUKAIOT Ha MOBEPXHOCTU IIACTUHBL. [Ipudem 3HaueHus
T ,-HanpsKeHUI 10 MO0 MeHbLIE, YeM T, -HanpskeHus. ClieqyeT OTMETUTD, YTO B OT-
e oT T -HanpsokeHuit, T, -HanpsKeHUsl CYIUECTBEHHO 3aBUCST OT TOJNIIMHEI IJIACTH -
HbI U CHIDKAIOTCS 10 MOJYJIIO IO Mepe YBEJIMYEHUsI TOJIIMHBI TJIacTUHBI. PacueTsl mokasa-
JIY, YTO HAYMHAas C TONWHBIL, paBHO# 10 MM u meHblie, T, - u T -HanpsoKEHUs TPaKTUYE-
CKM HE U3MEHSIIOTCS 110 ToJHe. 3MeHeHue cocTaBiisieT He 6oJiee TpeX MPOLIEHTOB.

It M3ydeHust BIMSHUS YIJIa HAKJIOHA TPCIIMHBI HA Paspyllaiollee HAIPSKCHUE Ojge
OBbUIY MIPOBEAEHBI pacueThl 1Jist 3HaueHus o, = 30, 45 u 60°. PaccmarpuBaiach Takasi e pac-
TSIHyTasi KBaJipaTHasl TUIACTMHA, KaK BbIlIe, ToamuHo#i 10 MM. 3HaueHUe BSI3KOCTU pa3py-
wenus K. npuHuManoch pasHeiM 50 MIla Y. [Mpuuem paspyuiamliee HarpsikeHue ObUI0

OIpeesIeHO, KaK ¢ TOMOIIbIO MPEIOKEHHOTO IByXMapaMeTpUIeCKOTro KpUTEepUs pa3pyliie-
Hus1 MTH, Tak 1 K1accuyeckoro omHomnapaMmerpuiyeckoro kpurepust MTH. s mocnenne-
T'O YTOJI HalpaBJIeHUs pacnipocTpaHeHUs TpelrHbl 0% u ahdexktuHbit KWUH onpenensitor-

cs 110 popmyaam [1]
1-1+8\° 9*( 6* 3 j

Ty , Ky = cos? K; cos2? —EK”sine*

PesynbraThl pacyeToB cBeieHbI B Tab. 2, B koTopoii 3HaueHust KMH u T-HanpsoxeHui
MPUBENECHBI ISl 3HAYEHWSI BHEUIHETO HampsKeHWsI, paBHOTO pa3pyllalolleMy HampsiKe-
HUIO.

0* = 2arctg

IIpu yBenuueHuu yria HakjioHa TpemiuHbl O 3HaueHuss KMH ymenbinarorcsa (tadi. 2),
KaK MpY UCITOJIb30BAHUM OMHOIapaMEeTPUUIECKOTO KPUTEPUSI MAaKCUMAJIbHBIX TAHTCHIIN A b-
HBIX HaNpsKeHUI, TaK 1 TIPU UCIIOJb30BaHUM ABYXIapaMeTpudeckoro Kpurepusi. [Ipuuem
3HaueHuss KMH cooTBeTcTBylO1IME pa3pyliamolieMy HalpsoKeHUIO B TIEPBOM Cily4ae MEHb-
11e. DTO CBSA3aHO C TEM, UTO B ABYXIMapaMeTPUUECKOM KPUTEPUM YIUTHIBAIOTCS T-HampsoKe-
HUSI, KOTophle cHIKaloT 3¢ dextuBHbIil KMH. I1pu aTOM 3HaUueHUs T-HaIIPSDKEHUI 10 MO-
JIyJII0 YMEHBIIAIOTCS 10 Mepe YBEJIMUYEHUS yriia 0. AHAJOTMYHBIN BBIBOJ MOJIyYeH B paboTe
[4] ipu uccnenoBaHuu T-HaNpsLKeHW B AMaMETpalibHO CXKATOM IUCKE C LIEHTPaJIbHOM
CKBO3HOI HaKJIOHHOM TpelnHoM. Tak ke, Kak B padoTe [4], ITOJIy9MIIOCh, U4TO IJIsI BCEX pac-
CMaTPUBAEMBIX YIJIOB HAKJIOHA TPEIUUHBI 1 ~HaNPsIKEHUS 110 MOAYJIIO MEHbLIE, YeM T, -Ha-
npsckeHust. B ¢BsI3u ¢ yMeHbIlleHWeM Mo Monayialo 7-HanpsikeHuid addexkTuBHbii KMH
MEHbIIIe CHUXKAETCS TIpU yBeJMYeHuu yria o. [ToaTtomy paspyliaroiiue HanpskKeHusl, pac-
CYUTAHHBIC TIO OJHOMApaMETPUUYECKOMY M IBYXITapaMEeTPUYECKOMY KPUTEPUSIM, MEHbIIIe
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Tabauua 2. BausiHue yria HakoHa TPELIMHBI HAa pa3pyllaoliiee HanpsikeHue

OnHonapamMetpudueckuii kputepuit MTH JIByxmmapametpudeckuii Kpurepuit MTH
Q, K], Kll’ 9*. ° 6fracv Kl’ KH’ Txx; Tzz, o* ° 6fraCa
MIla - m“2|MTIa - m%:2 ’ MIla | MIa - m"2 | MITa- M52 | MIla | MIa ’ MTIla
30 42.2 20.6 —61.6 | 121 55.6 27.0 —227 | —151 |—-26.9 159
45 31.0 26.1 —55.6 | 132 42.1 35.5 —194 | —104 | —40.3 181
60 22.4 32.6 —46.7 | 191 27.0 39.4 —148 | —56.1 | —51.6 231
Ta6muua 3. BivsiHye TOMIIUHBI TJIACTUHBI HAa pa3pyllarolee HalpsoKeHre
Onnonap aMeTIl)\l/[d%fﬁKMﬁ KpuTepuii JIByxmapamerpuyeckuii Kpurepuiit MTH
2t ° IR N N N
g E = E *° 6frac’ 54; E = E Ty TzZ’ *.° 6fraca
< [a+ > < < >
= £ = MIla = £ = MIla | MIla MIla
= = = =
10 42.2 20.6 —61.6 121 55.6 27.0 —227 | —151 —26.9 159
40 42.5 20.4 —61.7 121 53.2 25.5 —194 | —105 -29.1 151
100 41.9 20.6 —61.5 119 51.4 25.3 —190 | =76.2 | —51.6 145

OTJINYAIOTCS TIPY yBeamdeHuur yria of. Tak mist oo = 30° otnmume cocrapisieT 23.9%, a mis
o= 60° — 17.3%. HaubGoiiee BaXKHBIN BBIBOI 3aKJII0YAETCS B TOM, YTO pa3pyllIaroliie Ha-
NPSIKEHUS Gy, PACCUMTAHHBIE 11O OJHONIAPAMETPHYIECKOMY KPUTEPHUIO, TIOJTYYAIOTCS 3aHMU -
JKeHHBIMU B cpeaHeM Ha 20%. Yron pacmpocTpaHeHUs TPeIIWHBI 6% oTpunaTebHBIN LISt
NIByX BapMaHTOB pacueTra, MpuieM OOoJIbIlle 3aBUCUT OT yTIJja O, TP MCITOJIb30BaHUU JIByXTIa-
pameTpudeckoro kpurepusi. [Tpu usmenenuu o ot 30 1o 60° 6* Mpu UCMOIB30BAHUN OTHO-
mapaMeTpUIecKoro KpUTepus yMEeHbIIaeTcsl o Momyito Ha 24.2%, a TIpy UCTIOJIb30BaHUU
NByXTIapaMeTPUIEeCKOTO KPUTEPHsl YBEIMIMBAETCS 110 MOIYJIIO TIOYTH B JBa pasa.

Jst u3ydeHust BIUSIHUS TOJIIIMHBI TJIACTUHBI Ha pa3pylliaioliiee Harpsi>keHre Obljia pac-
CMOTpEHa TaKasl Xe IUIaCTUHa, KaK U TIPpU UCCIIeTOBaHUU BIIUSIHUS yIjla HAKJIOHA TPEIIHBI.
PaccmarpuBanace TpenuHa giauHoi 100 MM, HakJioHeHHast Ha yroia 30°. ToaiuHa 1miacTu-
HBI puHUMaiachk paBHoi 10, 20 u 100 mMm. Pe3yabraThl pacyeToB cBeneHHI B Taoi. 3. [lpu
HMCMOJIb30BaHUM OQHOIIapaMeTPUUECKOro KpuTepus (Tadi. 3) paspyliapliiee HanpskKeHUe
O/jqc 1 YTOJI PACTIPOCTPAHEHUS TPELIMHBI 0% TIPAKTUYIECKU HE 3aBUCAT OT TOJIIMHBI MJIACTH -
HbI. DTOT hakT oObsicHsieTcss TeM, uTo KMH He 3aBUCUT OT TONIIMHBI TJIACTUHBI KaK ISt
tpetuHbl I, Tak u 11 Tuna. HeGonbiune ominuust (MeHble 1%) BO3HUKAIOT BCISACTBUE TTO-
IPEITHOCTU YUCIIEHHOTO BBIYMCIIEHUSI.

[Tpu KCIOJB30BAHUM JABYXITApaMETPUUYECKOTO KPUTEPUsI, HAOII0IaeTCsl CHUKEHUE pa3-
pYILIAIOINIETO HATPSKEHWS TIPU YBEJIMYEHUW TOJIIMHBI TUTACTUHBI, 32 CYET CYIIECTBEHHOTO
MOHWXeHUs! T, ~HaNpsKeHUI 1o MOYJII0. YTosl pacnpoCcTpaHeH)sl TPELIMHbI YBeTUYMBAET-
csl TI0 MOJYJTIO TIPU YBEJIMYEHUU TOJIIMHBI TUIACTUHBI. Paspyliatoiiue HarnpsikKeHusl, Mpo-
THO3UPYEMbIE TT0 OHONIapaMeTPUIECKOMY KPUTEPUIO, KPOME TOTO, YTO HE 3aBUCAT OT TOJI-
IIWHBI TUTACTUHBI, TOJYYalOTCsl CUJILHO 3aHMKEHHBIMU, YTO CBUIETEILCTBYET O 1IEJIEC000-
Pa3HOCTU MPUMEHEHUsI pa3paboTaHHOTO KPUTEPHS pa3pylieHus ISl 60Jiee TOUHOM OIIEHKH
CTaTUYECKOM TPEIIMHOCTOMKOCTH IeTajleil ¢ TpeluHaMu cMeranHoro tuna I + 11.

3akmouyenne. B HacTosIeill ctaTbe pa3paboTaH KpUTepUil paspylIeHMs IJIs1 TPEIIUHBI
cmemranHoro tumna I + II. C ucnonb3oBaHueM pa3pabOTaHHBIX aJITOPUTMOB IIpOBeAEHA
OLIEHKA CTAaTUYECKOI TPEIIMHOCTOMKOCTH PACTIHYTOMN TIJIACTUHBI pa3HON TOJNIIMHBI ¢ Ha-
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KJIOHHOM CKBO3HOM TpelinHoii. B pe3ynbTaTe mpoBeIeHHOIO UCCIeI0BaHUSI MOXHO Chop-
MYJIMpOBaTh cieayonie BoiBoabl: 1. PazpaboTaHHBIN KpUTEPUl pa3pyllIeHUs] MTO3BOJISIET
y4eCcTh IByXOCHOE€ CTeCHeHUe nedopmaiuii mo GpoHTY TpeIIMHbl CMEIIaHHOTO THUITA MO-
CPEICTBOM BBEACHMS B KpUTEPUAIBHOE YPaBHEHUE KOMITOHEHTOB 7T-HaNpsKeHWH, a UMEH-
HO, T\, 1 T, HeCUHTYAPHBIX T-HaNPsKEHWI, JIeXallMX B IUIOCKOCTU TPELIMHBI U HAITPaB-
JICHHBIX TIEPIEHINKYISIPHO U TTapalieIbHO, COOTBETCTBEHHO. BBeneHne B paccMOTpeHMe
T, HeCUHTYJISIDHBIX HAIPSKEHUI MO3BOJISET YYECTh TONIMHY MJIaCTUHBL. 2. YMEHbLICHUE
yrjla HaKJIOHA UCXOAHOM TPEIIVUHBI U YBEIUUEHUE TOJIIUHBI TIJIACTUHBI MPUBOAST K CHUXKE-
HUIO paspylamiiero HanpsokeHus. 3. OmHomapaMeTpuIecKuii KpUTepuil MaKCUMaTbHBIX
TaHTeHLIMATBHBIX HAMPSIKEHUH, a TAKKe TByXTIapaMeTpUIECKUI KPUTEPUil, B KOTOPBI BXO-
JST TONBKO T ~HaNPsKEHUS, He TTO3BOJISTIOT YUECTh TOIIINHY TUIACTUHBI IPU BRIYUCIICHUN
paspymaroinmx HanpsbkeHuid. 4. Paspyinaroniye HanpsokeHUs, TTPOrHO3UPYeMbIe IO OMHO-
mapamMeTpuIecKoMy KPUTEPHUIO pa3pyllieHus, TTOIYIaloTCs CMUTbHO 3aHUKeHHBIMU, OCOOEH-
HO IIJIs TOHKMX TUTaCTUH. 5. Pa3paboTaHHBI NBYXTTapaMeTPUIECKUI KPUTEPUIA pa3pylIeHUS
MO3BOJISIET HE TOJILKO OMPENeNUTh paspylialoliiee HapsikeHue, HO U MPOTHO3MPOBaTh Tpa-
€KTOPHUIO PACIIPOCTPAHEHUSI TPEIIUHBI C YYETOM TOJIIUHBI TJTACTUHBI.
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