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VK 539.42
OueHka XUBy4YeCTU pacTaHYyTOM
NJacTUHbI C Nonepe4vyHomn
noNyaJUIMNTUYECKON TPeLWnHOn

A.M. lNokposckuii, A.C. YepmoLwieHyeBa

Ha ocHose auneiinoii mexanuku paspyuienus pazpabomana memoouka npo-
CHO3UPOBAHUSL 001208€4HOCMU NAACMUHbL U3 HUZKOY2AepOOUCMOU CMAU ¢ No-
nepeyHoll NOAYINNUNMUHECKOU MPEeUUHOU NPU YUKAUYECKOM PACMAICEHUU.
K paccmampusaemoii pacuemnoii cxeme MOICHO c8eCmu 3HAYUMENbHOE YUCAO
peanvhvix 06sekmos. Pacuem doneoseurnocmu npoussooumces nymem peuieHus 3a-
oauu rcueyvecmu 8 0emepMUHUPOBAHHOU hocmaroeke. /[ onpedenenus ckopocmu
pocma mpewuHsl ucnoavzyemcs ypasHerue Ilapuca. Bviéoo o pazpywenuu deaaem-
sl HA OCHOBAHUU CUn08020 Kpumepusi Upeuna. Jlns onpedenenus pazmaxa Ko3ggu-
UUEHMA UHMEHCUBHOCMU HANPAJICEHUI N0 (hPOHMY MpeujuHbl UCNONb3068aHbL aN-
npoKcumayuoHHsle evipaxcerus. Ilpedcmaenersl pe3yaomamol YUCIEHHORO AHANU3A
JcusyHecmu NAGCMUHbL ¢ PA3IUMHBIMU HAYAAbHbIMU PA3Mepamu mpewut. Yema-
HOB/AEHbl 3AKOHOMEPHOCIU POCMA MPEeUwur NpU PA3HbIX COOMHOUEHUSX 2AYOUHbL
u dnunbst. Ilokazarno, umo yeeauuerue OAUHbL MPeuHbl NPU YCA08UU 0OUHAKOBOLL
HA4aAbHOU 21yOUHbL NPUBOOUM K CHUNICEHUIO 001208€4HOCMU NAACMUHbBL, NpU4eM No
mepe yseaueHuUs: ONUHbL MPeuwjuHbL MO CHUICEHUE 3aMe0NSeMCs.

KioueBble ciioBa: MeXxaHMKa pa3pylIeHMs, [IUKINUYECKOe PaCTSKeHUE,
KUBYYECTh, JOJITOBEYHOCTD, MONY3/UTUNITUYECKAS TpelluHa, Ko3hhUIIK-
€HT MHTEHCUBHOCTM HaIpsKeHUi, ypaBHeHue [Iapuca, kpurepuit Upsu-
Ha, CKOPOCTb POCTa TPELIUHBI.

Estimating the survivability
of a stretched plate with
a transverse semielliptical crack

A.M. Pokrovskiy, A.S. Chermoshentseva

Most laminate parts are exposed to cyclic loads; therefore, estimating their
survivability is of great importance. This paper presents the results of numerical
analysis of survivability of a plate with initial cracks of various dimensions. A
technique for forecasting the durability of a mild steel plate with a transverse
semielliptical crack under cyclic tension is developed under the assumptions of
the linear fracture mechanics. This design scheme describes a significant number
of real objects. The durability is determined by solving the problem of survivabil-
ity within a deterministic framework. The crack growth rate is calculated using
the Paris equation. The Irwin criterion is used to predict failure. The scope of the
stress intensity factor at the crack front is determined by approximate relation-
ships. The results of numerical analysis of survivability of a plate with different
crack sizes are presented. The mechanisms of crack growth are established for
various depth-to-length ratios. It is shown that the plate durability decreases
with an increase in the crack length if the initial crack depth does not change,
and the rate of increase is slowing down as the crack length increases. Since this
subject has not been adequately elucidated in the scientific literature, the pre-
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sented material will be useful for professionals in the
field of fracture mechanics and survivability.

Keywords: fracture mechanics, cyclic tension
stresses, survivability, durability, semi-elliptical
crack, stress intensity factor, Paris equation, Irwin
criterion, crack growth rate.

BOJIbLL[l/IHCTBO netajaed MalH GyHKIMOHM-
pYIOT oA AefACTBUEM M3MEHSIOIIMXCS BO
BpeMeHM Harpy3ok. IIpruem OosblIoin Kiiacc aera-
JIEH ¥ DJIEMEHTOB KOHCTPYKLMM MOXHO OTHECTU
K IUIAaCTUHAM, pabOTaIOIIUM B YCJIOBUSIX LIMKIAYEC-
CKU U3MEHSIOIICICS pacTsATUBAIONIE Harpy3KH.
[To Mepe yBenIMYEHUS KOJIUUECTBA LIUKJIOB B TAKMX
JeTajissX MPOUCXOAUT 3apOXIAECHUE U POCT YCTal0-
CTHBIX TPEILIMH, KOTOPbIE MOTYT NPUBECTU K pa3-
pylieHuo. s oLleHKU XXKMBYJECTH IeTajieit HeoO-
XOJIMMO pa3padoTaTh METO/bI, MO3BOJISIOLINE M0~
CPEICTBOM KOMIIBIOTEPHOIO MOJAEIUPOBAHMS
MIPOTHO3UPOBATh UX AOJTOBEYHOCTb.

B HacTos1eli paboTe paccMaTpuBaeTcs Mja-
CTHMHA U3 HU3KOYTJEPOAMCTOMN CTAaAu JAJIUHOM
500 MM, mupuHoi 120 MM u TonmuHOK 20 MM,
MOoJBEPXKEHHAsl pacTITUBAKOIIEMY HIUKINUYECKHU
U3MEHSIOLIEeMYCsl HallpsikeHuo. MakcumalibHoe
HamnpspKeHue nukia coctapiset 400, a MUHAMATb-
Hoe 250 MIla. B miacTuHe cylecTByeT HayajabHasl
KpaeBasl monepedyHas TpellrMHa Moy JJIMITUYe-
ckoit hopmbl. B paboTre MCHoab3yeTcsl NPUHLMIT
aBTOMOJEJbHOCTH [1], coriacHO KOTOpOMY MpU-
HUMAaeTCs, UTO (popMa TpELIMHBI B Mpoliecce ee
pocTa oCTaeTcsl IUNTUYECKOM, a U3MEHSIIOTCS
TOJIBKO pa3Mepsl nosyoceit. U3pecTtHo [2], uTto
B BBITSIHYTOI BAOJb IIOBEPXHOCTU MOJYIJIIUITH-
YeCKO# TpellnHe MaKCUMaJIbHbI KO3 PULUEeHT
nHTeHcuBHOCTU HanpsikeHuil (KMMH) Bo3Hukaet
B HauOoJiee 3ary0JeHHO Touke (GppoHTa (pacro-
JIOXKEHHOM Ha MeHbllel noayocu). [ToaToMy B Ha-
YaJbHBIM MEepPUO] HaTpyKeHUs TaKasl TpelluHa
B OOJIBIIIEH CTEIIEHU pacTeT B IJIyOMHY, YTO IIPUBO-
JUT K YMEHbIIEHUIO OTHOLIEHUS JIJIMHBI TPEIIUHbI
K riayouHe. IIpu satom MmakcumanbHblii KMH Mo-
>KeT BO3HMKHYThH YK€ B TOYKE, BBIXOASILEH Ha 1MO-
BEPXHOCTh IUIACTMHBI, 3a CYET Yero 0ojiee MHTEH-
CUBHBIM POCT TpELIMHBLI HAYMHAETCS B JIMHY. Ta-
KM 00pa3oM, pa3pyllieHUe IJIaCTUHBI ITPOU30IIeT
ToTma, Korma 3HaueHne MakcuMmaiabHoro KMH
B TOYKE, JeXKallleil Ha MaJloi WIM OOJIbIION MOJIy-
OCH, JOCTUTHET KPUTUUYECKOTO 3HaueHusd K|,
Kpowme Toro, pa3zpylieHue rmiacTUHbBI MOXET ITPO-
W30MTHU, eCIv IyOrMHa TPELIMHbI CTAHET paBHOM
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TonurHe miacTuHbl. [IpoaHanu3upoBaTh XKUBY-
YeCTh IVIACTUHBI BO3MOXXHO MOCPEACTBOM OLIEHKHU
pocTa TpellIMHBI B 3TOM TOUYKE OT HAYAJILHOTO 10
KpuTHueckoro 3HayeHusl. OlLeHKa XKUBYYECTHU I1a-
CTUHEI C TTIONEPEYHON MOTY3JUIMITAYECKOM TpeI-
HOM OCYILIECTBISIaCh B JI€TEPMUHUPOBAHHOM ITO-
CTaHOBKE C MCIOJb30BaHWEM ypaBHeHUs Ilspuca,
OIIMCHIBAIOIIETO JTMHEMHBIM y4aCTOK KMHETHUYE-

CKOI AuMarpaMMbl YCTaJIOCTHOTO paspyuieHus [3]:
dl

v=C(aK) ", (1)
rae [ — xapakTepHblii pa3Mep TpelIMHbI (Maias
WM OoJiblasl ITOJYOCH 2JIUIIca); N — YKUCIO0 LUK~
J0B; AK, — pasmax KMH 3a uuki, onpenensemblii
10 pa3zMaxy HamnpsxeHui Ac=oc_,  —6,..; C,
m — BMITUpUYECcKre KOI(hGUIIMEHTHI.

JI1a ompeneneHnsT pocTa MayJiol ¥ OOJTBILION TOJTY-
OCeil TpelIMHbI B ITPOLIECCEe YBEIMUYEHUsT YhCIa LUK-
JIOB HEOOXOAUMO NPOUHTErpupoBaTh ypaBHeHue (1):

N
I=C[ AK["dN. )
0

YucieHHOe MHTErpMpoOBaHUE MPOU3BOANUIOCH
clieaylolM 00pa3oM. 3a1aBalics 1ar U3MEeHEeHUsI
LIMKJIOB Harpy>kKeHusl U OIpeaesisyioch YBeJMUeHUe
pa3MepOB TPELIMHBI 32 KaX/IbIi 111ar B IBYX TOYKAX:
HauOoJiee 3arTy0JeHHOM 1 BBIXOMSIIEH Ha TTOBEpX-
HOCTb. [Ipryem 1mar HMKIOB HAarpy>XXeHus onpeme-
JISUICSL YMCJICHHO, UCXOS U3 YCJIOBUSI HEM3MEHHO-
CTU PE3YJIBTATOB pacyeTa MpU YMEHbIIEHUU 111ara.

[Tockoapky mMpuHa IIACTUHBI BO MHOTO pa3
00JIbIIIE PA3MEPOB TPEIIMHbBI, B PACYETE MOXHO UC-
MOJTb30BaTh CXEMY PACTSIHYTON OECKOHEUHOM! MOJIOChI
C TIOTIEPEYHOM MOJTYJITTUITUIECKON TPEIIMHON. ATl-
npokcuMaloHHas popmyia gt onpeneaeHus: KMH
B/IOJTb (DPOHTA TAKOW TPELLIMHBI B CTydae, KOraa ITyou-
Ha TPELLMHbI HE OOJTBILIE €€ TIOMYTMHbBI UMeET BUTI [4]

K, =orb {[113-0,09e +(—0,54 +

+0.89/(02+¢)A +(05-1/(065+¢) +
+140-2)" )¢ |[14+ (0140352 ) (1= sin@) * ] x

ruae a, b — 6oapwmas (NoaymjivHa TPEeUMHBI)
U MeHbllas (rayOorHa TpeldHbl) MOJYOCH DJLIMUII-
ca; t — TOJIIMHA MJACTUHBI; G — HaMpsKEeHUE,

pacTaruBaloliiee racTuHy; ® — yroJi, ornpeaessiio-
LM TOYKY Ha (PpoHTe TpelrHbI (O=0 1j1g TOUKH,
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BBIXOJSILEH Ha MOBEPXHOCTh, ® = 7t/2 m1st Haubo-
Jiee 3ariayosieHHOI TouKu); e=b/a; A=b/t.

B ciyudae, xoraga riiyOuHa TpelMHBI OOJIbIIE €€
MOJTYUJIMHBI anlpOKCUMallMOHHAas hopMyJia uMe-
eT ciaeaywoluii Bun [4]:

K, =0\/ﬁ{[\/a1+0,04 £)+0,2607 — 0,112 | x
{1+(0,1+0,352 12) (1—sin@)*) | x

X(e? sin> @+ cos’®)" / /141,464 "% } 4)

3necbe=a/b.

3aMeHsIs HalpsDKeHUE & Ha pa3Max Harpsike-
HUIl Ac, omnpenessseM B 3aBUCMMOCTH OT OTHOIIIE-
Husl b/a o hopmyine (3) unu (4) paamax KMH no
¢poHTy TpewminHbl. IToncraBiss 3To BeIpaxkeHHE
B hopMyiy (2), IojlydaeM OKOHYATEIbHOE BhIpa-
JKeHUe IUIST OTpeae/ieHUs pa3Mepa TPeIIuHbI

I=C(Aovn)" [ (NbF(e,1,0))"dN,  (5)

rae F'— annmpokcUMallMOHHOE BbIpaxkeHue, CTOsI-
1iee B UrypHbIX CKOOKax B hopmyJiax (3) unu (4).

Omnupuueckue Ko3pduuueHTsl C U m B 00-
IIEeM cJTyyae 3aBUCSIT HE TOJILKO OT CBOMCTB MaTe-
puaia, HoO U OT KO3(PHUIIMEeHTa aCUMMETPUN ITUK-
J1a, ogHako u3dmeHenue R B npenenax 0,4—0,8 npak-
TUYECKN HE CKa3bIBaeTCs Ha CKOPOCTHU pOCTa
YCTAJIOCTHOM TPEIIMHBI HA JIMHEMHOM y4acTKe KU-
HETUYECKOM AuarpaMMbl YCTAJTOCTHOTO pa3pylLeHUs
[5]. B Hamiem ciyyae Koah@GULIMEHT aCUMMETPUU

r=c_ /o, =250/400=0625 ~ (6)

MMO3TOMY AJIsI OIpeAeieHUsI m BOCIIOJIb3yeMCsl
KOpPENSIUMOHHOU (DOpMYJIOil, HEe 3aBUCSILEH OT
Ko3dduLImeHTa aCUMMETPUM, PEKOMEHIOBAaHHOMN
JUIST HU3KOJIETUPOBAHHBIX cTajieii [6]

m=452-00026c , (7)

raie o, — npenen tekyyectu, Mlla.

IToacraHoBKka npeaena TeKy4ecTy, paBHOTO JJIst
Manoyraepoauctoit ctaau 500 MIla, npuBogut
cornacHo (7) x 3HadyeHuto m = 3,32. 3HaueHue KO-
addpuumenta C a1 HU3KOJETUPOBAHHOM CTalu
ObUIO MPUHSTO, COIJIACHO YCPEIHEHHBIM CIIPaBOY-
HBIM JJaHHBIM, paBHbIM 7,45-10~° mm (MITa-m!/2)3-32,

ITo pa3paboranHoii MeToauKe B cpene Fortran
Visual 6.5 Obl1a cO31aHa KOMITbIOTEpHAsI IPOTrpaM-
Ma [ pacyeTa Ha KMBYYECTb PACTSIHYTOM IL1a-
CTUHBI C TIONEPEYHOU MOJYIIIUIITUYECKON Tpe-
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KUHOM. [Ipu YuciIeHHOM omnpeneseHu UHTerpa-
Jia (5) Ha KaxXaoM Ilare MHTerpupoBaHus mo (op-
myiae (3) uau (4) BIYMCISICS MaKCUMaabHbIN
KHWH no ¢bpoHTY TpeliMHbl U TPOBEPSIJIOCH BbI-
nojaHeHue Kputepus MpsuHa [1]

K =K., (8)

I max

rae K. — BS3KOCTb paspylieHus (TPEIMHOCTOMKOCTD).
B pacuere 6b110 NipuHsTO K|, = 65 MIla-m'? [7].

YucnaeHHOe MPOTrHO3UPOBAHUE TOJTOBEYHOCTHU
IUIACTUHBI TIPOBOAMUIIOCH AJIs1 pa3JIMYHBIX Hadyaslb-
HBIX pa3MepoB TpellnH. PaccmaTpuBanach Tpe-
IIHA C OJMHAKOBOM IIyOMHOU U MOJYIJIMHOM,
paBHOM 2 MM (IOJIyKpYroBasi TpellrHa); TpelIm-
Ha TJIyOMHOI 2 MM, BBITSIHYTAs1 BAOJb OBEPXHO-
ctu Ha 6, 8, 10, 12 1 20 MM; TpelrHa NOJYIIN-
HOM 2 MM, BBITSIHyTas B TJIyOMHY Ha 3 1 4 MM.
Pesynbrarthl pacyeToB CBEIEHBI B TaOJIMILY.

AHaIN3 MOJAYYEHHBIX JAHHBIX, TPUBEICHHBIX
B TabJiMlie, MOKa3bIBACT, YTO yBEJIMUYECHNE Hayallb-
HOW OJIMHBI TPELIMHBI IPU YCIIOBUU OAWHAKOBOM
HayvajJbHOU ITyOMHBI IPUBOAUT K CJEAYIOLIEMY:
1) K yMEHBIIEHUIO JOJTOBEYHOCTH MJIACTUHBI.
ITpuyem 3aBUCUMOCTB 3Ta HennHeHad. [1o Mepe
YBEJIMUYEHUS AAWHBI TPEIIMHbI CHUXXKEHUE J10JITO-
BEYHOCTH 3ameJisieTcs; 2) HabJloJaeTcsl CHUXKe-
Hue HavasbHOoro KMH B Touke, BRIXOAAMICH Ha
MOBEPXHOCTh, U noBbIliecHNe KN H B Hanbosee
3ar1yosieHHOU Touke. ClaeayeT OTMETUTD, UTO IS
paccMaTpuBaeMoii HayaJbHOM MIYOMHBI M YPOBHS
HanpsKeHU pas3pylieHue MPOUCXOAUT BO BCexX
ciyyasix 3a cuet goctukeHuss KMMH B Touke, BbI-
XOMSIIE Ha MOBEPXHOCTb, KPUTUUECKOrO 3Haue-
Hus. OkoHyatenbHo 3HaueHue KMH B Hanbosee
3arjly0JeHHO! TOUKe MPU 3TOM HE3HAYUTETbHO
yBeJIMYMBAETCs; 3) YBEAUUYEHUE BBITSIHYTOCTU TpE-
LLIMHBI B IVIMHY OPUBOAUT K CHUKEHUIO pOCTa Tpe-
IIMHEI B 3TOM HampapiaeHuu. Hanpumep, mis mo-
JIYKPYTOBOW TPEIIMHbI JJIMHA YBEJIUUMBAECTCS MOY-
T B 7 pas, a I TpelMHbI, nMeromeit 10-kpaTHyio
JIJIMHY MO OTHOLIEHMIO K I1youHe, Bcero B 1,5
pasa. IIpryem okoHYaTeabHas IIyOMHA U AJMHA
TPelIUH U3MEHSIIOTCS He3HAYUTEIbHO.

KpoMme BBITSIHYTBIX B AJIMHY TPEILIMH paccMmat-
PUBAIKCH TOJYDJIUIITUYECKUE TPEIUHbI, UMEIO-
IIMe OTHOLIEHUE TJYOUHBI K MOJYIIMHE 0OJbliie
eauHuLbl (1,5 u 2). CpaBHeHUE Pe3yIbTaTOB MPO-
BEIIEHHBIX PACYETOB MOKA3aJ10, YTO JOJTOBEYHOCTh
IUIACTUH C HaYaJIbHBIMU TPELIMHAMM TTOJYAIMHOM
a, vl TIIyOMHOM b, M MONMYIIMHOM b, 1 TIIyOMHOM a,
NpakKTUYECKU He oTauvalTcsd. OKoHUYaTeIbHbIE
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Pe3yJ1bTaTLI YUCJICHHOI'0 aHAJIM3a 2KUBYYECCTH IIACTHHbDI

ay/by 1 1,5 2 2,5 3 5 0,667 0,5

by, MM 2 2 2 2 2 2 3 4

ay, MM 2 3 4 5 6 10 2 2
KO,y MIam!'/? 23,3 23,2 22,3 21,2 20,2 16,8 27,2 29,6
K@, MIam"? 21,0 25,8 28,6 30,4 31,6 34,0 20,1 18,9
Ko, MITa-m!/2 65,0 65,0 65,0 65,0 65,0 65,0 65,0 65,0
K@ o MITa-m'/2 58,9 59,1 59,4 59,7 60,3 63,8 58,7 58,4
b, mm 11,2 11,1 11,1 11,1 11,1 10,9 11,1 11,2
b/ by 5,60 5,55 5,55 5,55 5,55 5,45 3,70 2,80
a, MM 13,4 13,4 13,5 13,7 13,9 15,2 13,3 13,2
a/a 6,70 4,67 3,38 2,74 2,32 1,52 6,65 6,60
N-103 2,97 2,39 2,01 1,74 1,53 1,06 2,40 2,02

IlIpumeuanue. N — N1OJTOBEYHOCTD ; Kl(l)Haq — HavanbHbli KMH B TOuKe, BhIXOAAILEH HA MOBEPXHOCTD; Kl(2)1<on — KOHEYHbII

KWMH B Haubosnee 3arny0ieHHOI TOUKE; by, b — COOTBETCTBEHHO Ha4yajIbHasA M KOHEUHas IJyOMHa TPELIHbI; @), @ — COOTBETCTBEHHO

HayajJbHasl M KOHCYHaA IOJyIJINHA.

pa3Mmepsl TpemH 1 KMH y HuX Takke oTJIn4aroT-
CSl HE3HAUUTEJIbHO.

s vimoctpaiyn paboThl MporpaMMbl Ha puc. |
npencrtapieHbl 3aBucuMoct KMH, a Ha puc. 2 —
[JTYOVMHBI Y TTOJYIJIMHBI OT KOJIWYECTBA LIMKJIOB Ha-
IpYKeHUs IJisl TPELIMHBI ¢ OTHOLIEHUEM Hayajlb-
HO MOJTyUTMHBI K NTyOMHe paBHbIM 2. Ha purcyHke 1
BunHo, yto KMH B HamnOomee 3army0jieHHONM TOYKe
B HavaJie HarpyxxeHus oosble. [TprOIM3nuTeIbHO
npu 120 teic. nuknoB KMH B Touke, BRIXOASIIEH
Ha MOBEPXHOCTb, YBEJIMUMBAETCS. DTO CBUIETEb-
CTBYET O TOM, 4YTO 10 3TOr0 MOMEHTa 0oJiee MHTEH-
CUBHBIN POCT TPELIMHBI UAET BrayOb, a Mmociae —
B WiMHY. JaHHBIN (akT OTpakeH Ha puUC. 2, Ha KO-
TOPOM BUIHO, YTO A0 120 ThIC. HIUKIIOB HArPYKEeHUsI
3aBUCUMOCTb POCTa IMOJIYMIMHBI UAET Oojiee Moa0-
ro, a 1mocJjie 6ojee KpyTo, YeM 3aBUCUMOCTh POCTa
[JIyOMHbBI TPELLUHbI.

Ky, MITa - M2
2
60 //
40 ! //
J—/
20—
50 100 150 N, TrIC.
OHUKIIOB

Puc. 1. Usmenenue KMH B HanbGosee 3ariyoieHHO
Touke (/) U B TOUKE, BBIXOSIIEH Ha TTOBEPXHOCTh
(2), ais TpelMHbBI C HAYAJIbHBIMU pa3Mepamu
b, =2 MM, a, =4 MM
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a; b, MM

12

/
2| /
e
s

—— 1

0 50 100 150 N, THIC.

LOUKIIOB

Puc. 2. 3meHeHue rayOuHbl (/) U MOJYITUHbI
(2) nyist TpeMIMHBI ¢ HAYAJIBHBIMU pa3MepaMu
b, =2 MM, g, =4 MM

3aBucumoctu KMH npeacraBiaeHbl Ha puc. 3,
a Ha puc. 4 u300paxkeHbl 3aBUCUMOCTHU IJ1yOUHbI
U NOJYIJIUHBI 11 TPEIIUHBI C OTHOILIIEHUEM Ha-

K;, MITa - M

60 o

=

2
o=
—
1

0 50 100 150 N, THIC.

LOUKIIOB

Puc. 3. Namenenue KMH B Haubosee 3arnyGieHHOMN
Touke (/) U B TOUKe, BBIXOMSIIEH HAa MTOBEPXHOCTh
(2), w1 TpelMHBI ¢ HAYaJIbHBIMU pa3MepamMu
b, =4 MM, a, =2 MM
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a; b, MM
12 /
81
4 ‘A—”j
/'{2
0 50 100 150 N, tHIC.
LUKJIOB

Puc. 4. smeHnenue riryouHsl (/) U MOJIYITUHBI
(2) niag TpeurHbl ¢ Ha4YaJlbHBIMU pa3MepaMu
b,=4 MM, a, =2 MM

YyaJbHOW MOJYUTMHBI K ryouHe paBHbiM 0,5. Ha
pucyHke 3 BugHo, uto KMH B Touke, BeIXOASIIEH
Ha MOBEPXHOCTb, HA BCEM MPOTSIKEHUU pPOCTa Tpe-
IIMHBI OOJIBIIIE, YeM B HaubOoJiee 3ariay0JIECHHOMN
touke. [ToaToMy yBelrueHue TPEIIMHbI B MPOLIEC-
Ce BCEro HarpyxeHus 0oJjiee MHTEHCUBHO UIET
B IJIMHY, UTO IIPUBOJUT K MEPECEUCHUIO KPUBBIX
pocTa TpelMHbI B JJIMHY U INIyOUHY (CM. puc. 4).
TakuMm oGpaszom, pa3paboTaHHasI ITporpaMma Io-
3BOJISIET MPOrHO3UPOBATH POCT IOMYILIUNTUYECKOM
TPELMHbI B IJIACTUHE B 3aBUCMMOCTU OT YMCIa LINK-
JIOB JIJIs1 JIOOBIX MCXOAHBIX Pa3MepOB U MapaMeTpoB
LIMKJIOB HarpyxeHus. [TporpamMmma Takke 1Mo3BoJisieT
OIpPEAE/ISATh JOATOBEYHOCTD IUIACTUHBI ¢ TPEILIMHOMA.

BbiBOAbI

1. VBenmueHue HavyaJdbHOMW IJIMHBI TPEUIMHBI
MIpU YCJIOBUM OJMHAKOBOM HayaJabHOW TJIYOUHBI
MPUBOAUT K YMEHBIIEHUIO TOJTOBEUHOCTH TLIa-
ctuHbl. [Ipruem mo mMepe pocTa IJIMHBI TPEIIUHBI
CHYDXKEHUE JOJITOBEYHOCTH 3aMeISIeTCS.

2. TlnacTuHbI ¢ HAYAJbHBIMU MOTYAJIUNTHAYE-
CKMMHM TPELIMHAMU C OIMHAKOBBIMU 3HAYCHUSIMU
MOJIyOCEM MMEIOT IIPaKTUYECKN HEU3MEHHYIO 10JI-
FOBEUYHOCTh, HE3aBUCHMO OT TOTO BBIXOAUT Ha I10-

BEPXHOCTb MaJiasd NJInu OoJibIIast IIOJIYOCHU 3JIJIMIICA.
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