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OBIIASA XAPAKTEPUCTHUKA PABOTDI

AKTYAJIbHOCTh PAa0OTHI

CoBpeMEHHBIE OTBETCTBEHHbIE KOHCTPYKUMM B OOJIACTAX paKeTo-, aBua,
CYAOCTPOEHMSI, HA3€MHBIX TPAHCHOPTHBIX CHUCTEM TI'PAXKAAHCKOTO W  BOEHHOIO
Ha3HAYEHHUS Yallle BCErO WCIBITHIBAIOT NIEPEMEHHBIE HATPY3KH PETYIISIPHOIO U OCOOEHHO
OIACHO HEPETYJSIPHOTO CIYYalHOIO XapaKTepa, OTATOLIEHHBIE MEPErpy3KaMHu Pa3HOro
YPOBHA. DTO MHHULMHUPYET pPa3pabOTKy MoOjeied OIEHKH PECYPCHBIX BO3MOKHOCTEH
HarOoJIee UCTIONIb3YEMbIX KOHCTPYKIIMOHHBIX MaTepuajioB, B YaCTHOCTU aJTFOMUHHEBBIX,
TUTAHOBBIX, CTAJILHBIX W JIPYTHX CIUIABOB CHElMAIbHOrO Ha3HayeHus. [Ipu stom
OoJIbIIOE 3HAYEHWE B WHXKEHEPOCTPOCHHWH TNPUOOPETAlOT yIOOHBIC IS aHaIu3a
CUTYyalluil HEPEryJsipHOTO HArpy>XEeHHUs MOJEIU Pa3BUTHUA TPEIIUH UMEHHO C Y4YETOM
napameTpoB HEPETYIISIPHOCTH U CITy4aifHOTO HAarpy»KEeHUsI.

Krnervka pa3BuUTHS TpEUIMH CYLIECTBEHHO 3aBUCUT OT B3aUMOZICHUCTBUS
MOCJIEAOBAaTEIbHOCTA ~ HArpy30K  (aMIUIMTYJ) TEPEMEHHOro  HarpyxeHus. Tak
NIepErpy30uHbIE PEXKUMBI CLIOCOOCTBYIOT 3aMEIJICHUIO POCTa TPELUHBI, HEIOTPY30UHbIE
pPEKUMBl MOTYT €€ YBEJIMYMBaTh. PeXUMBI Teperpy3ka-HeJorpy3ka W HeIorpy3Ka-
IIEpErpy3ka TaKkKe BIMAIOT HA KUHETUKY pocta TtpemmH. CiyyailHOE BHEIIHEe
Harpy>KeHUE COJIEPKUT BCE ATU AJIEMEHThl M IO3TOMY BO3HUKAET HEOOXOJIUMOCTb
UCCIIE/IOBAHUSI KUHETHKH POCTa TPEIIMHBI C MPUIOKEHUEM BHELIHEW Harpy3Kv B BUJE
CIIEKTPOB Uil Pa3IMYHbIX  TEXHUYECKUX  OOBEKTOB,  COOTBETCTBYIOIIMX
AKCIUTYaTallMOHHBIM yCJI0BUsAM. [locieoBaTebHOCTh LIMKIIOB CIIY4aiiHOIO HAarpyKEHUsI
OTJIMYAIOTCS AaCUMMETpUEd M aMIUIMTYAOH, JaHHblE OCOOEHHOCTU 3aTPyIHSIOT
pa3paboTKy  OOOOIIEHHOr0 METOAa  OMpPENENiCHUs  MPOJIOJDKUTELHOCTH — POCTa
YCTJIOCTHBIX TPELIMH, YYWUTBHIBAIOIIETO XapakTep HArpyXeHHs. OTO BbI3BIBACT
HEOOXOMMOCTh  PACHIMPEHUs] HAYYHO-UCCIEHOBATEIbCKUX PAadOT MO HU3YYEHHIO
TPELIMHOCTOMKOCTH METAIJIOB U CIIAaBOB, (POPMUPOBAHUIO MOJIENIEH Pa3pyILICHHS.

Takum  0o0pa3oM, aKTyaJlbHOM  3ajadeil  sIBISETCS  pa3BUTHUE  METOJIOB
MPOTHO3UPOBAHMSI pecypca 0ObEKTa MPHU PEryJISIPHOM U HEPETYISIPHOM HArPY>KEHHSX C
YUETOM BO3JIECHCTBUS Ha MPOLECC POCTa TPELIUMHBI PA3HOM BEJIMYMHBI ACUMMETPHHU,
aMIUIUTYJIbl W XapakTepa TEPEMEHHOr0  Harpy>KeHHs, U  B3aUMOJACHUCTBHUS
MOCJIEA0BATEIbHOCTY HATPY30K NPU CITYYallHOM HArpy>KEHHH.

Ieab padoThl: pa3paboTka MOAENEH MPOrHO3UPOBAHUS MPOJAODKUTEILHOCTH
pPOCTa yCTaJIOCTHOW TPELIMHBI B AJIFOMUHHUEBBIX W CTAJBHBIX MarepuajlaX € yd4eToM
BO3JICHCTBUS HA IMPOLECC POCTa TPEIIMHBI PA3HOM BEIMYMHBI ACUMMETPHH,
NIOCNIENOBATEIbHOCTH  HAIPY)KEHMs, XapakTepa IEPEMEHHOI0  HarpyXeHus |
OKPYKaroLIEN CPEbI.

3ajgauu ucciae0BaHuA:

1) IlpoBect cepHIO SKCHEPUMEHTAIBHBIX  MCCIEAOBAHMA  YCTAJIOCTHBIX
XapaKTEPUCTUK TPEUIMHOCTOMKOCTH aAFOMUHHUEBBIX M CTaJIbHBIX KOHCTPYKIIMOHHBIX
MaTepuaioB MPU Pa3IMYHbIX BUAAX IEPEMEHHOTO Harpy>KEHUsI.

2) Ha ocHOBe M3BECTHOIO KPUTEPHSI HEPETYISIPHOCTU (ITOTHOTHI), UCIOIB3YIOIIETO
napameTpbl KpUBOW BBIHOCIMBOCTHA TMPHU CTAlMOHAPHOM LMKIMYECKOM Harpy>KEHHHU,
pa3paboTarth €ro MOAU(PUKALMIO C BKIIOYCHHWEM HAKJIOHA CPEIHEro Y4acTKa KpUBOU
[Ibpuca ¥ HOPMHUPOBAHHBIX AMIUIMTYJ HArpykeHusi, Oojee TMOJHO YYUTHIBAIOIIUX
XapaxkTep HarpyKeHusl.




3) C yuetoM MpPEAJIOKEHHOTO KPUTEPUsl HEPETYISIPHOCTH  Harpy>KeHUs
copmupoBaTh MOIY(HEHOMEHOJIOTMYECKYI0O MOJENIb OLIEHKM pocTa TpeumH U Oosee
CJIO’KHYIO TI0 CTPYKTYPE MOJIEIIb Ha OCHOBE MOLMKIIOBOTO METO/A pacyeTa.

4) Onpenenuts 3¢ ¢deKT 001acT NX NIPUMEHEHUS U1 pa3HbIX MaTepualioB, BUIAX U
XapaKTepe NEPEMEHHOIO HarPyKEHMS.

5) IlpoBecT OSKCIEPUMEHTHI IO MCCIEAOBAHUIO BIMSHUS Ha IapaMeTphbl
KWHETUYECKOM uarpaMmsl yctaoctHoro paspyuienus (K/IYP) npu mmpokoit Bapuanmm
MaTepHUasoB, XapakTepa MEPEMEHHOI0 HArpy>KeHHs, CHJIOBBIX MapaMeTpOB, PEKUMOB
HEJ0- M TEperpy3ku u Jpyrux 3PQPeKToB AWHAMUKU POCTA TPEIIMHBI C aHaIU30M
BO3MOXKHOCTH 00001meHHbIX K/[VP.

6) Pa3paGotats MOzI€Nb VI OLUEHKH KMHETUKH POCTa YCTAIOCTHBIX TPELMH HA BCEX
yuactkax KJ[YP B ToMm uucie B OKOJONOPOroBOil 0OJACTH poCTa TPEIIMHBI C YUETOM
JIOKAJIBbHBIX HANPSDKEHU B YCThE TPEIIMHBI M M3MEHEHHEM ITOPOrOBOIO 3HAYEHUS
koo ¢uurenta uHTeHcuBHOCTHM Hampspkenud (KMH) B mpomecce muximueckoro
Harpy>KeHUs C YYETOM BIMSHUS OKPYXKAIOLIEH Cpeasl HAa OCHOBE BOJOPOIHOIO
OKpYITYMBAHUS MaTepraa.

7) IlpoBectu OLIEHKY MpPOJODKUTEIBHOCTH POCTa YCTAJIOCTHBIX TPEIIUH 10
pa3pabOTaHHBIM MOJIEIISIMU U MTOJTYYE€HHBIM SKCTIEPUMEHTAIIBHBIM JaHHBIM Ha Pa3IMYHbIX
KOHCTPYKLMOHHBIX MaTepraax, BUIaX U XapakTepe NEPEMEHHOIO HATPYKEHMSL.

MeTtozp! ucce10BaHU M UCTIONIb3yEMasl araparypa

HccnenoBaHusi yCTalOCTHBIX —XapakTEPUCTUK MATEPUAIOB IMPOBOJWIUCH Ha
COBPEMEHHOI cepBoruapaBimyeckod maiimHe Biss Nano 25 kN Ha KOMITaKTHBIX
oOpasiax ~ C  HUCHOJB30BaHMEM  CIEUUAIM3UpOBaHHOM  mporpammsl  MTL,
OCYIICCTBIIIONICH YIPABIEHUE IO HArpy3Ke. AHAIN3 SKCIIEPUMEHTAIIBHBIX PE3YJIbTaTOB
MPOBOIMJIICS anpOOMPOBAHHBIMU B MPUKJIIAHOW MAaTEMAaTUKE YMCIEHHBIMU METOJIAMH C
MIOMOILIBIO PA3TUYHBIX KOMITBIOTEPHBIX MTPOrPAMM.

HayuyHasi HOBH3HA

HoBbIMHU SBIISIFOTCS CIIETYFOIIME OCHOBHBIE PE3YIIBTATHI:

1) Pa3pabotana MeTo1Ka OLIEHKH CJIOKHOTO IEPEMEHHOT0 HAarpy»KEHHs 4epes
MOAM(DUIMPOBAHHYIO MEPY HEpPEryJspHOCTH, KOTOpas YUUTHIBAET MapaMeTpbl KPUBOU
KJIIYP marepuaa.

2) Beenen addextuBupii KMH Ha oCHOBE TMIPEMIOKEHHOM — Mepbl
HEeperyJsipHOCTH U 3(PPeKra 3aKpbITUsS TPELIUMHbI, KOTOPbIE MO3BOJISIIOT CBECTH
nosryyeHHsle K/[YP npu nepemMeHHOM Harpy:KeHHM Ha OAHY KPUBYIO, XapaKTEPHYIO IS
PETYIISIPHOTO HAIPy/KEHUSI.

3) PazpaboTanbl  aBe  HOBble  MOIMY(EHOMEHOJIOTUYECKHE  MOCIH
MPOTHO3UPOBAHUSI KUHETUKH POCTa YCTAJIOCTHBIX TPEIUH: JJIsi dKCIpecc-aHalii3a Ha
cpeaqaeMm ydactke K/[YP Ha oOcCHOBE mNpuHIMNA SKBUBAJEHTHOCTH HEPETYJISPHOIO
Harpy»XeHUsI pEryJIIPHOMY, & TAKKE Ha OCHOBAHUM MOLMKIIOBOTO pacyeTa Ha BCEW JJIMHE
POCTa TPEILMHBI.

4) BBezneHbl aHAMTHYECKHE 3aBUCUMOCTH [Tl OLEHKH U3MEHEHUS! IOPOTrOBOT0
3HaueHuss KMH nis pa3HbIx MarepualioB B 3aBUCHMOCTH OT OCTaTOYHBIX JIOKAJIBHBIX
HAIpsDKEHUI B YCThE YCTAJIOCTHOM TPEIIMHBI, HA OCHOBE KOTOPBIX pazpaboTaHa HOBas
MOJEIIb /ISl OLEHKH KHMHETHKM pOCTa TpeluHbl Ha Bcex ydactkax KIIYP ¢ yuderom
NOCJIEA0BATEIBbHOCTU HAIPY30K.




5) [Ipeanoxena u anpoOMpoBaHa HOBAsE YUCICHHO-aHAIMTUYECKAs METOIHMKA
pacuera HanpspDKeHUM B OKPECTHOCTH BEPIIMHBI TPELIMHBI, KOTOpas IMO3BOJSIET Oosee
TOYHO YYMTHIBATh MOCJIEIOBATEILHOCTh HArPy30K. B OCHOBE NaHHOW METOIUKHU JIC)KUT
BapUaHT TEOPUU IUIACTUYHOCTH, PACCMATPUBAIONINIA KOMOWHUPOBAHHOE H30TPOITHO-
TPaHCIISIIIMOHHOE YIPOYHEHUE W JIMHEHHOE IMPaBWIIO ompeneneHus aeopMamyu B
OKpPECTHOCTH TPEUIUHBI.

6) IlpoBeneH CpaBHUTENBHBIM aHAIW3 MNPEIJIOKEHHBIX MOJIENEH, MO3BOJISIONIHIA
BBISIBUTH Y(D(DEKTUBHOCTH MCIIOJIE30BAHUS MOJICIH, YIUTHIBAIOIIEH MOCIIEI0BATEILHOCTD
Harpy30K B OKOJIOTIOPOTOBOM 00J1aCTH HAarpy KEeHHSL.

IIpakTHyecKasi 3HAYMMOCTb PAOOTHI

1) Hcnonb3oBaHne TMPEUIOKEHHON TOTY(hEHOMEHOIOTUIECKOM MOJCIH TI0
OIIPENENICHUIO MPOJOKUTEIBHOCTA POCTa TPEIIMH HAa OCHOBAaHMM 3KBHBAJIEHTHOCTH
HEPEryJISIPHOTO HArpyXEeHUsl PErYJSIPHOMY C HCHOJIBb30BAaHHEM MEpPbI HEPETYJSIPHOCTH
JUIA OLEHKM XapakTepa HArpyKEHUsl MO3BOJIIET COKPATUTH TPYAOEMKOCTh IOJTY4EHUS
pacUETHBIX PE3YIBTATOB POCTA YCTAIOCTHBIX TPEILIMH.

2) JI1 MOIMKIIOBOrO pacyera Mo ONPEIEICHUI0 KHHETUKH POCTa YCTaJIOCTHOM
TPELIUHBI MPU HArpyKEHUU MEPEMEHHOM MOCIENOBATENBHOCTBIO C YYETOM XapakTepa
Harpy»XEHUsI ¥ 3aKPbITUS TPEIIMHBI TOKa3aHa BO3MOXKHOCTb JIJIS1 Pa3JIMYHbIX MaTEpUaioB
HA OCHOBaHMM KpuTepualbHbiX mapameTpoB KJIYP Ge3 yuera »sddexra
NIOCJIE0BATEIbHOCTA HArpy30K TMPOBOAWUTH OLIEHKY MPOJOJDKUTENBHOCTH  poCTa
TPELIUHBI B IEPBYIO OUYEPE/Ib JJIsl PA3IMUHBIX BUIOB KBA3UCITYyYallHOTO HATPY>KEHHUSI.

3) Pa3paboTanHasi HOBasg MOJEb, C YYETOM IOCIEIOBATEIILHOCTH Harpy3oK
LUKJINYECKOT0 HArpyKEHHs, ONPEeIIeMOro n3MeHeHueM noporosoro 3Hauenuss KHH c
YUETOM JIOKAIbHBIX HAMPsDKEHUH B YCThE TPEHIMHBI, TO3BOJISIET  OIPEIESTh
IIPOJIOJDKUTENIEHOCTh POCTA YCTAJIOCTHOM TPEIIMHBI Ha BceX Tpex yyactkax KJ[YP. B tom
YHCIIe U B OKOJIOMOPOrOM OOJNACTH € OLIEHKOM KMHETHKH pOCTa TPEIIMHBI OT Je(PEKTOB
MaJioTo pa3Mepa Ha OCHOBAHUM BIMSHUS OKpYXKaromied cpeapl  (BOJOPOIHOTO
OXPYITYMBAHUH ) MATEPUANIA B YCTHE TPEIITHHBI.

4) [IpennoxxkeHHble MOJENA POCTa YCTAJIOCTHBIX TPEUIMH MOTYT OBIThH
WCIIOJIb30BAHBI JIJIS pa3pabOTKU JATBHEUIIINX TEOPETHUECKUX METOIOB OLIEHKU Pa3BUTHS
TPEIIMH TPU PA3IMYHBIX THUMAX HEPETYISPHOTO HArpyX eHHs, B TOM 4YHUCIE U
CIIEKTPAJIBHBIX JIJIs 00JIee MUPOKOTO CIIEKTPa KOHCTPYKIIMOHHBIX MaTEePHAJIOB.

Anpob6auusi padoThl

OCHOBHBIE TIOJIOXKEHUSI W  PE3yJbTaThl HCCIICAOBAHUM, TMPEACTaBICHHBIC B
JIUCCEPTALIMOHHON paboTe, AOoKIaabIBaIMCh U obOcyxnamick Ha: X Bceepoccuiickas
KOH(EpeHLMsI TI0 UCHBITAHUSIM M MCCIEAOBAaHUSIM CBOMCTB MatepuaioB «TectMary,
BUAM, r. Mocksa, 2017; VII Mexnaynaponnas koHdepeHums <«Jlepopmanus wu
paszpyuieHue marepuanoB M HanomarepuasioB, UMET PAH, r. Mocksa, 2017; XII
MexaynaponHas koHdepeHuus: «MexaHuKa, pecypc M JIMarHoCTHKa MaTepuajioB U
KOHCTpyKIwit» (r. ExarepunOypr, 21-25 mas 2018 r.); VI MexayHnapoaHas HaydHO-
npakTudeckas KoHdepenims «lIporpecc TpaHCIOPTHBIX cpenacTB U cucteMm — 2018y (T.
Bonrorpan, 9-11 oxta6ps 2018 r); First Structural Integrity Conference and Exhibition (4-
6th July 2016, Bengaluru, India); Second International Conference & Exhibition (27-27th
July 2018, Hyderabad, India); MexnyHapoaHas HaydHO-TEXHUYECKas KOHMEPEHIHSI
«IIpom-Nmxunupunr» (15-18 mas 2018, r. Mocksa).
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Iyoankauum

[To Teme auccepranmu onyoimkoBaHo 39 paboT, BKtovas 15 cratell B KypHasax,
pexomenoBanHbIx BAK Poccuu, 8 crareit B 3apyOeKHBIX *KypHaIax nepeuns Scopus, 6
crateil nepeunsi Web of Science, 7 CBHIETENBCTB O TOCYIAPCTBEHHOM PETHCTPAIIIU
nporpamMm, 15 cratei W3 COOpPHMKOB MaTepuajioB KoH(depeHmil, 6 Te3ucoB
KOH(EpEHITHiA.

CTpyKTYpa ¥ 00beM IccepTaAIInU

Hucceprauss cOCTOMT W3  BBeleHUs, 4  pa3fesioB, BBIBOJIOB, CITUCKA
WCIIOJIb30BAHHBIX MCTOYHUKOB WM TMPIIIoKeHUs. CIUCOK WCTOJb30BAaHHBIX WCTOYHUKOB
cocrapisieT 155 HanmeHoBanmid. OOMil 00bEM IUCCEPTALUM COCTABISET 182 cTpaHUILIbI,
B TOM YHMCJIE OCHOBHOTO TEKCTa mucceprammm 163 crpanumbl. Bcero B pabote 82
wittocTpaiuu u 10 Tabui.

ABTOp BbIpaXkkaeT OJjaroJapHOCTh I.T.H., mpod. barmyrtoBy B.II. 3a okazaHHyrO
MOMOIIIM TIPH aHAJM3€ W OOCYXKICHUM Pe3yJbTaTOB JUCCEpTAlMd M aKaJAEMHUKY
Wunuiickoit akagemuu Hayk nokropy CyHnepy P. 3a okazanHyro momorib B BbIOOpe
METOJIMK UCCIIEI0BAHYS M HUHTEPIIPETUPOBAHUM PE3YIIBTATOB SKCIIEPUMEHTOB.

OCHOBHOE COJAEP/KAHUE PABOTBI

Bo BBegeHmn 00OCHOBaHa aKTyaJlbHOCTb TEMbI JMCCEPTALMOHHOW PaOOTHI,
copMyIIMpoBaHa 1eIb UCCIIEIOBAHNH, IPUBEACHO KPATKOE COJEPKAHNE PAOOTHI.

B mnepBoii 1i1aBe, BBHINOJHEH aHAIU3 JIMTEPATYPHBIX HCTOYHUKOB C LEIbIO
OIIPENENICHNs] CYIIECTBYIOUIMX IOJXOA0B K OILIEHKE YCTAJIOCTHOIO TOBPEXKICHHS
MeTaJUIOB. PacCMOTpEHO 3HAaYEeHHE TMOJHOM KPUBOW YCTAJIOCTH B AHAJIM3E HAKOIUICHUS
MOBPEKIAAEMOCTH, 3apOXKACHUS M POCTa TPEUIMH B Marepuanax, a Takke MOoKazaHa
CTaJJUMHOCTh  PACHpPOCTPAHEHUsI YCTAJIOCTHBIX TPEIIMH TIPU  MAJOIUKIOBOM U
MHOTOITMKJIOBOHM YCTAJIOCTH B KOOPAMHATAX HAMPSHKEHUE 0 — KOJIMIECTBO IUKIIOB N.

PaccmarpuBaroTcsi MOJMYYMBIIME IIMPOKOE  PACIpPOCTPAHEHUE  3aBUCUMOCTH
CKOPOCTH POCTa YCTAJOCTHBIX TPEIIMH @ OT pa3Maxa Kod(pQHUIIMEHTa WHTEHCUBHOCTH
HanpspkeHut  AK, uMeHyeMmble KUHETMYECKMMH JHUarpaMMaMHd  YCTaJOCTHOTO
paspymienuss  (KIYP). Tloka3anbl y4acTKM JaHHOM  JMarpaMMbl, OCHOBHBIC
XapaKTEPUCTUKN TPEIIMHOCTOMKOCTH ISl KaKJoro ywactka. llpuBenensl (akTopsl,
BIMSIOIIME HAa POCT YCTAIOCTHOM TpeluHbl. OIEHEHO BIMSHUE aCHUMMETPUU
HarpyeHus: R Ha JaHHBIA Mpollecc M TOKa3aH IOAXOJl y4yeTa SIBJICHUS 3aKpBITHS
TPELIUHBI TPU aHAJIM3E HAIPSLKEHHO-AC(POPMAIIMOHHOTO COCTOSHUS TEJT ¢ TPEIMHAMM,
corjacHo uccnenoBanusM B. Dnpbepa u S. CxaiiBe, ¢ ncnonb3oBaHUEM 3PPEKTUBHOTO
3HaueHUs KOd(P(QHIMEHTa WHTEHCHMBHOCTH HaNpsKeHHH AK,p U1 aJFOMHUHHEBOTO
craBa AL 2024-T3 ¢ yuetom koadduimenta 3akpbitus Tpemyubl U. Takke mokazano
MIPUMEHEHHUE JAHHOTO MOAXO0AA Ui cTasier 1o uccienoBanusMm O.B. EmenbsHoBa.

[TpoBeneH 0030p HEKOTOPHIX KIACCHUECKUX MOJIETICH pOCTa YCTaIOCTHBIX TPEIIHH,
B BUIy UX OOJBIIOTO pazHOOOpa3ws, TpPH TOCTOSIHHOM U  MEepPeMEHHOMN
MOCTICIOBATENIbHOCTSIX ~ HArpy30K, M TNPHUBEIEH AaHATU3  CIECHUAIM3UPOBAHHBIX
KOMMEPYECKHUX MPOrPaMMHBIX MPOIYKTOB IO OLIEHKE TPEIIMHOCTOMKOCTH MaTEpUANIOB U
uX (YHKIIMOHAIGHBICE BO3MOXKHOCTH. TpaguIIMOHHO MOJENM pOCTa YCTAJIOCTHOM
TPEIUMHBI ~TPU  HATPYKEHUH  TEPEMEHHOM  MOCIENOBAaTENIbHOCTBIO  HArpy3oK
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KJIacCU(PUIUPYIOT ~ CleayromuM o0Opa3oM: 1) Mojenu 3akpbeITUs TPEUMHbL;, 3)
CTaTUCTUYECKUE MOJIENM; 3) MOJEIM IUIACTUYHOCTU OKOJIO BEPIIMHBI TPELIUHBI. ITH
MoJienu Tofyuwin pa3Butue B Tpynax ['puddurca A.A., Upsuna [I.P., Heromdna /1.,
Opogana E.O., [Taptona B.3., Cxaiise 1., Dn6epa B., [Tucapenko I'.C., Yumien6opra Jl.,
Yunepa O.E., Marsuenko HO.I'., Mopo3oBa E.M., Ilanacioka B.B., Tpomenko B.T.,
Uepenanosa ['.I1. u Apyrux 0Te4eCTBEHHBIX U 3apPyOEKHBIX YUCHBIX.

Ha ocHoBaHumu nmpoBeAEHHOTO JIUTEPAaTYpHOTO 0030pa MOCTaBleHa LENb PabOThI U
cOpMyIIMPOBAHBI 33]1a91 UCCIICIOBAHHS.

Bo BTOpOIi ri1aBe 000CHOBaH BHIOOP MaTEpHAIOB JJIs KiCCiIe0BaHMs. B kauecTBe
HCCIIeTyeMbIX MaTepuasioB Obut BeIOpaHbl ctamu AlSI 4030, 09172, 40 u 40X, a Takxe
amomuHueBbli crmaB AL 2024-T3. JlaHHble MapKu cTajedl aKTUBHO HCIIONIB3YIOTCS B
MAIMHOCTPOCHUH U IMEIOT PA3INIHbIC MEXaHUUECKUE XapaKTEPUCTUKH. AJTFOMUHUEBBII
CIUTaB TIPUMEHSIETCSI B CAaMOJICTOCTPOSHUN M a3POKOCMUYECKON TeXHUKE. VcTbITanus Ha
TPEIMHOCTOMKOCTh TPOBOAMIIM Ha cepBoruapapmryeckor mammue BISS Nano 25 kN
(puc. 1a) mpu KOMHATHOM TeMIepaType U MOCTOSHHOW YacTOTE HArpy>KEHUs B Mpe/ieiax
5-15 ' ¢ mOMOIIBIO YIPABIISIONIETO M PETUCTPUPYIOIIEro nakera nporpamm MTL, B
KOTOpPOM OBUIM YYTEHBI MapaMeTpbl PEKWMOB HArpy>KEHUS U CIPABOYHBIC 3HAUYCHUS
XapaKTepUCTUK Marepuana. PocT TpeumHbl B 3aBUCUMOCTH OT 4YHCJIa IMKIIOB
KOHTPOJIMPOBAJICSI U PETUCTPUPOBAIICS JaTYMKOM pacKpbIThs Tpemunsl BISS Bi-06-201
(puc. 16). Metonuka HCIBITAaHUI COOTBETCTBOBaJa TpeOoBaHusiM craHmapta ASTM
E 647-08. [Ipu wccitenoBaHnM OBUTM HCTIONIb30BaHbI KoMIakTHbIe 00pasibl Trma C(T) ¢
KpaeBOM TPEIMHOM.

Puc. 1 — CepBoruapasiiueckast uctibiTatesbHast MarmHa Biss Nano 25 kN (a); 3axBaTel
JUISL KpeTIeHHst 00pasiia ¥ JaTUUK PaCKPBITHS TPEUIHHBI (0)

[IpoBoauTCs omucaHue HCIONB3YeMbIX B padOTe TUIIOB HarpykeHus. boimm
UCIIOJIB30BAHO PETYJISIPHOE HATPYKEHHUE C Pa3IMYHOM aCHMMETPUEN M MaKCHMAJIbHBIX
3HAYEHUEM Ppax U HEPETYISIPHOE HArpyKeHHE, KOTOPOE IMPEACTABICHO CIIEAYIOIIMMU
TUNamMu: OJOYHOE HArpy)KE€HHE; KBa3UCITyyallHOE€ Harpy)KE€HHe; peryjsipHOe C
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BO3MYIIAIOIIUMYI HEIOTPY30YHBIMU WM TIEPEry30YHbIMU BO3/ICHCTBUSMHU C TOCTOSIHHBIM
WIM TIepEeMEHHbIM 3HaueHHueM P IlocienoBatenbHOCTH — HarpykeHMH — ObUTH
chopMUpOBaHBI C Pa3IMYHBIMH ACHMMETPUSIMUA OJIOKOB R M pa3HBIMHM BEIMYHMHAMU
MaKCUMAaJIbHOM Harpy3ku Ppa U1 W3ydeHHs BIUSHUSL CHJIOBBIX IapaMEeTpoB Ha
KUHETUKY pOCTa TpeuH. /s WCHbITaHWi TpU CHEKTPaJbHOM HArpy>KeHHUH ObUTH
chopmMUpOBaHBl CHEKTPBI KBA3WCIY4YalHOTO XapakTepa Ha OCHOBAaHMM CTaHIIAPTHBIX
CIIEKTPOB HATPY)KECHHs, XapPAKTEPHBIX Ui TEPEMEHHOTO HArpYy)KEHUS Pa3IdIHBIX
KOHCTPYKTUBHBIX 3JIeMEHTOB, Hampumep Takue kak: MiniFalstaff (MFS) — narpysku
drozemspka 6oeBoro camoneta; MiniTwist (MTW) — kpbiia TpaHCIIOPTHOTO CamoJIeTa;
Saetrans — TpaHCMHCCHM TpPaHCIIOPTHOTO CpencTBa M T.A. lIpumepbl HarpyxeHuii B
HOPMHPOBAHHBIX 3Haqume noxasaHH Ha puc. 2

/P, PP, P /P
1 Pll,.”P.,,..\ 1 WHW \H(HIU melml 1 H ‘ M HU.mlimmwmm 1 umm) \M\““WW H"HH
08 i ‘ 08 ' 08 MH'M\ I g': [ }H“W.
0.6 (I 0.6 0.6 :
o« IRMITANAILILY ., ;l!r'mnl!lllllm||ll/|'||1(|lt!!HM’ os I Hunmww .
Oi L °~(2) m 0-(2) ”HM”\’ °~2 HMHHNW
n, HUKIJI. n, MUKIJI. n, HUKJI. n, MHUKJI.
| P/P,, | P/P, | B | P /Pm,\ -
o I T T ol
0.4 A,HMHMWW“.‘ - \ 0.4 4 | 1 04 - 0.4 \ ' !
02— T Mm)] °21 i /i‘ 0.2 (I 021
0 0 0 | 1 Il 11 0
N, HHUKIJI. N, HHUKIIL. n, HHUKIJI. n, UK.
7 S ¥/ N | PP,
0.8 ! ‘ 70 L | X A “ |
0.6 ; 0.6 ! | ‘ I 06 “‘l | “'
0.4 | ikt 04 4 : 0.4 |
0.2+ 02 M 02
9 n, U.Il':f(?l ¢ n, u:f(Kz] - n, u;’;IK?I. n, H"Kﬂ;

Puc. 2 — IIpumepsl UCTIONIB3YEMBIX TUIIOB HArpyKEHUIL: OJIOYHOE HarpyxeHue (a-r);
PEryJISIPHOE € TIEpErpy3KaMu U HeAOTPpYy3KamMHu (1-K); C eperpy3kaMu (3); BEIOOpKa U3
HOPMHUPOBAHHBIX CIIEKTPOB HATPY>KEHUS (U-M)

B Tperbei riiaBe paccMaTpuBaeTCsl SKCIEPUMEHTAIBHOE UCCIICIOBAHUE BIIMSHUS
B3aMMOJICCTBUS IIOCJICAOBATEILHOCTA HArpy30K JUIsl Pa3jIMYHbIX MAaTEpUajoB Ha
MPOAOJKUATENILHOCTh  POCTa TPEUIMH MPH pa3HbIX TUNAX HarpyxeHuil. OueHuBaTh
pa3nuuus  HEPETYJSIPHOTO  HArpyKeHHWsl  MPEAJIaraercs ¢ HUCIOJIb30BAHUEM
MOTU(HUITMPOBAHHON MEPbI HEPETYIISIPHOCTH OJIOKA MTPOTPAMMHOTO Harpy>keHus V:

V= L Zvai ARy (1)
Vbl i=t I:)max

€ Vp, Vs — IPOJOIDKATENBHOCTD UCIIOIB3YEMO BBIOOPKH M OJIOKA ITEPEMEHHOTO
Harpy)keHuss ¢ Harpyskoid AP, APs; /Prax — HOpMHpOBaHHas I-as aMILUTUTY/a
Harpy)xeHus1, N — ko3durmeHT HakiIoHa KpuBoi IIapuca B koopauHarax (da/dN-AK)
IPH PETYIIAPHOM HArpPy)KCHUH. YUMTHIBAs, YTO 3HAYEHMs N JUIS Pa3HbIX MaTEpUaoB H
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BUJIOB HArpyK€HHWs MOIYyT IPUHMMATh pA3JIWYHble BEJIMYUHBI, OH  OBbLI IPUHAT
IOCTOSIHHBIM, PaBHBIM CPEAHEMY 3HAUEHMIO JJIS1 UCCIENyeMbIX crajied N=3.5, a mis
AIFOMUHHUEBOTO cruiaBa N=3.35.

bbima paccMoTpeHa BO3MOXKHOCTh MCHOJIB30BaHUSI MEPbl HEPETYISIPHOCTH IS
OLIEHKU TIPOJIOJDKUTENIEHOCTU POCTA YCTAIOCTHOW TPELIMHBI HA CPETHEM Y4acTKe KpUBOU
[Tapuca. B3zauMocBsA3b 3TOr0 KpUTEpHUsl C IPOJODKHTEIBHOCTBIO POCTa YCTAJIOCTHOM
TPELIMHBl /ISl AJFOMUHUEBOIO CIUIaBa M CTajeld MokazaHa Ha puc. 3, rae N, —
AKCIIEPUMEHTATIbHAS  [TPOAOIDKUTENBHOCT POCTa yCTANOCTHOM TpemmHbl; Neal —
NPOJIOJDKUTEIILHOCTh TPEIIMHBI NPU PETryJIIPHOM Harpy>K€HUH, COOTBETCTBYIOIIAS 1O
CHJIOBBIM HapaMCTVI()E}M HEPEryJIIPHOMY HarpyXeHHIO.

n

Vin)

: 1

# Crane AISI 4030 -

@ Crane 0912

B Crans 40
0.8 1 S A Crans 40X 0.8 -

%
3
0.6 - 0.6 -
0.4 1 AR O 0.' 04 i .
L LT [ ) .
0.2 02
1 10 10’ 1 10 pe

NJ/]V(.J\I Nh/N('AL

Puc. 3 — OrieHKa OTHOCHTENIBFHOM JIOJITOBEYHOCTH POCTa TPEIIUHBI IO Kputeputo V(N)
OJIOKOB U CIIEKTPOB HArpyXeHUsI JUIs1 CTaJIC U alTFOMUHUEBOTO CIJIaBa

Onucanre B3aMMOCBSA3M KMHETHKM POCTa TPEUMH M XapakTepa CIy4ailHOro
Harpy>Ke€HUsi, ONpeAesieMOro Mepord HEpErylsIpHOCTA V, MOKa3bIBAET, YTO 3Ty CBA3b
MOYKHO OIMCAaTh OJMHAKOBOM CTENEHHOW (yHKIMEH B MOMYJIOrapu(pMUIECKUX
KOOpJMHAaTax.

BONBIIMHCTBO AKCTIEPUMEHTOB B HAcTOAIIEH paboTe ObUIM BBIOJIHEHBI C LIENbIO
IIOCTPOECHUSI KPHMBBIX pOCTa TPEIUMHBI, KWHETUYECKOW JUarpaMMbl YCTaJIOCTHOIO
paspylIeHus U OIpeAeieHus] JoiAroBedHocTH oOpasuoB. IlokazaHo cpaBHeHHE
OKCIIEPUMEHTAIBHBIX KPUBBIX POCTA M KHUHETUYECKUX JHArpaMM YCTaJOCTHOIO
paspyLIEHHs IPY OITMCAHHBIX BBIIIE HCTOPHSIX HAIPYXEHUH ISl PA3JIMUHBIX MaTEpUAIIOB.
[IprMepbl JaHHBIX KPUBBIX ITOKA3aHbI HA pUC. 4.

a, MM » da/dN, mm/umkn

35 10

331
314
29+
271
254
234
211
19 +
174

- MFS P,.=2.5, R=0
- MFS P, =2, R=0

- Saetrans P,
- Saetrans P,

-+ + L
e ) ey O N




, da/dN, mm/umKn

a, MM
35 10 47 gF 10 1 -CAL P, =15 kH, R=0.1
33 : W 2 - Saetrans P, =15 kH, R=0.1
i i / 3 - Sacbracket P, =15 kH, R=0.1
31 - N 3 / 4 - Saesus P, =15 kH, R=0.1
' wfl | 10 /
29 ; (T // I
27 : 1) 1 A
] ' 4 4
25 ‘ 1 / 10 d
21 ]///; 10°
L 3 |
19 1 __..’ B) s r)
L7 = & ‘ 10°
10° i 10° 1 10 100
N, UKL AK, MIlaVm

Puc. 4. — DxcniepumenTanbHble KpuBble pocta TpelnH 1 K/[YP s ucrnisiranuii ¢
amomuHUEBBIM crutaBoM AL 2024-T3 (a, 6) u cranero AISI 4030 (B, T)

Jlns  BepudUKaMM TMOTYYCHHBIX KHHETUYECKHX JHArpaMM  YCTAJIOCTHOTO
paspyIeHus JUIsi HEKOTOPBIX 00pa3oB ObLT MpoBeneH (pakTorpaduyeckuii aHaIu3
TIOBEPXHOCTEH paspymreHus Ha O0a3e Mukpockomna Versa 3D DualBeam, mo3BonmBIImiz
OLICHUTh CKOPOCTh POCTA TPEIIMH 10 MAPKUPYIOIIMM ITPU3HAKAM.

Ha ocHoBe momydeHHBIX MAaHHBIX (pakTorpaguu OBUIO MPOAHATU3UPOBAHO
BO3JICHCTBHE BO3MYIIAIOIIETO XapakTepa IIpU TEepEeMEHHOW Teperpyske 3a Oyok
HarpyxxeHus (prc. 23) Ha CKOPOCTh POCTa TPEUIMHBI HA TIPUMEPE AITFOMUHUEBOTO CILIaBa

AL 2024-T3, xoTopoe nokazaHo Ha puc. da.

1 13 83 BA A48 i 1 ’ 3
N cTynenn N cTynenu

Puc. 5 — MI3aMeHeHune ckopocTu pocTa TPEIMHBI 3a 010K (a) 1 1K (0)
Harpy>KeHUs IIPY Pa3IMIHBIX BEIMUNHAX TPEIIUHBI B OJIOKE C IEPEMEHHOM TTeperpy3Kon
orl mo5
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[locne mocnenoBaTreabHOM TMeEperpy3ku 5S5X, HaOIIOJAETCS MOCTENEHHOE
CHI)KEHHUE JIOKAJbHOM CKOPOCTH pocTa TpeuHbl (puc. 5a). MHTEHCHBHOCTH €€
CHI)KEHUSI 3aBUCUT OT HMHTETPAIbHOM BETUYMHBI CKOPOCTH TpeuuHbl. [Ipyu Mambix
3HAUEHHUAX TPEIMHbI 17-23 MM 3TO CHM)KEHHUE HE3HAUMTENIbHO W 3aKaHYMBAETCs Ha
2-3 meperpyske (HaOmromaercs KosieOaTenbHBIM mporiecc). [Ipu Gonee pasButoi
YCTAJIOCTHOM TpenuHe 25-29 MM yMEHBIIEHUE €€ CKOPOCTH 0oJiee 3HaYUTENbHO, HO
B KOHIe OJOKa HarpyXeHHs UWHTerpajbHas CKOPOCTh pOCTa IEPECHIINBAET
BO3MYILAIONINE BO3ACHCTBUS, U CKOPOCTh CTAHOBUTCSA OJIM3KOM K HHTETPAIHHOM.
[Tocne neperpy3ku SX nmpouecce MmoBTOPSETCS.

Takxe OBUIO TIPOBENCHO HCCIEAOBAHHE TOCICIOBATEIHHONU IMEPErpy3Ku S5X
(puc. 23) Ha CKOpPOCTh pOCTa TpemmHbI 3a IUKI (puc. 50). Ilo mepe yBenmnueHus
KOJIMYECTBA MEPErpy30K CKOPOCTh POCTa TPELIUMHBI IMOCTOSHHO YMEHBIIACTCS U
1ociie OKOHYAHUSI TOCJIETHEH Neperpy3Kd COXpaHseT 3Ty TEHACHLHUI0. MOXHO
IPEIO0JIOKNTh, YTO TUIACTUYECKAs 30HA B YCThE TPELIUHBI IIPU Meperpys3ke 5x Oonee
3HaYMTeNlbHA, 4eM mocie 1Xx-3X meperpy3ok u TpeOyercs Oonbllie SHEpPruu Ha ee
IIPEOJIOJICHHE.

B nanHOW riaBe paccMaTpUBAETCS YYET SIBJICHUS «3aKPBITUS» TPEIIUHBI,
UMEIOLIEM MeCTO Ipu acumMmeTpusax mukia R menee 0.6-0.7, u cHuxaromem
CKOPOCTb pOCTa TPEUIMHBI 3a cYeT yMeHbllleHus pasmaxa AK. Jlns mosrydeHHBIX
OKCIIEPUMEHTATIBHBIX JAHHBIX BBOAMUTCS KOA(MQPHUITMEHT 3aKphITHS TpermmHsl U,
npeoxkeHHbld S, CxaiiBe, ONMCHIBAIOIINN 3aKPBITUE TPEIIUHBI C ACUMMETPHUEU
0.1<R<0.7 na amromunauneBom criaBe AL 2024-T3 u onpeaensiemsrii o ¢popmyse 3:

U =0.55+0.33-R+0.12-R? 3)

Jlnis craneil ucrosib3yeTcsl BhIpaxkeHHe (4) SKCIepUMEHTAIBHO OIpeIeIeHHOE
EmenbsinoBeiM O.B.:

U=0.568 +0.157-R + 0.531-R*— 0.427-R* -~ 2.583-R* + 6.154-R°-3.13-R®  (4)

B pabote BBOguTCS 3(h(PEeKTUBHBIA pazMax Kod()PUIMEHTa MHTEHCUBHOCTHU
HaMpSHKEHUH B YCThE TPEUIMHBI MPHU HEPETYJSIPHOM HArpy>KEHUH B CIEAYIOIIEM
BUJIE!

AK,pp =K-U -V (5)

YUUTBIBACTCS BIUSHUE «3aKPBITUS TPEHIMHBI YEPE3 ACUMMETPHUIO LHKJIA
Harpy>keHusi R, a Takke XapakTep IMEPEeMEHHOTO Harpy>KeHHUsi 4Yepe3 Mepy
HeperyisipHocTH V (1).

boino npoeaeno nepectpoenue kpusbix K VP ¢ yuerom apdextuBroro KMMH
AK,pp (5). Kpusele KJIYP mnpu pasnuuHbIX CHJIOBBIX HapaMeTpax CTpeMsATCA
CTPYIIIHUPOBATHCS HA OJHY KPUBYIO. Pe3ysbTar Takoro mojixojaa mokasaH Ha puc. 6,
rae coBmenieHbl KpuBble KJIVP 118 Bcex mnpoBeJeHHBIX HcciaeaoBanuil. OH
CBUJIETEIILCTBYET O TOM, 4TO mapamerp AK,p, OIHO3HAYHO MOXKET OIMCHIBATH
BIIMSIHUE PAa3JIMYHBIX CUJIOBBIX IMApPAMETPOB, XapaKTep HArpy>KEHUS M 3aKPbITHE
TPEIIMHbl HAa WHTEHCUBHOCTh HANPSDKEHWM B YCThE pACTYLIEH YCTaJIOCTHOMU
TPEILIHUHBI.
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> da/dN, MM/LHKI X da/dN, mm/umkn ! da/dN, mm/umkn

10 AlSI 4030 i 107

Cranp 9172

10

s C 2T 40
Crans 40X

MFS 107 107 ' 7
MTW /f/
Saetrans )
====CAL
10" 10° 10°
1 10 IIUO 1 10 IIOO 1 10 100
AK ., MIlavm AK ,,, MITavm AK,,, MITa\m

w2 >

Puc. 6 — O0o6mennsie kpusble KIIYP ¢ yuetom AK.yq 0t AL 2024-T3 u craneit AISI
4030, 0912, 40, 40X 11pu peryJsIpHOM U HEPETYJISIPHOM HArPyKEHUU

Abb?

B 4erBepTO# IiIaBe NPOM3BOJWTCS OLIEHKA PACYETHBIX U SKCIIEPUMEHTAIBHBIX
JAHHBIX TIPU PETrYyJSIPHOM HArpy>)KCHHUM C BO3MYLIAIONIMMH TEPErpy30YHbIMU U
HEIOTPY30YHBIMU BO3JICUCTBUSIMM TIOCTOSIHHOTO HWJIM TIEPEMEHHOTO KOJMYECTBA HAa
amomuHreBoM cruiaBe AL 2024-T3 u 6mounoro Harpyxkenust Ha ctamu AlSI 4030 mo
Momenssm  mporpammHoro  kommuiekca NASGRO w  ux  cpaBHeHHMEM  C
OKCIIEPUMEHTATIBHBIMU ~ PE3yJIbTaTaMU.  bblla  BBIABJIEHA  HEUYBCTBUTEIILHOCTb
ucnonb30BaHHbIX Mozene NASGRO k mocnmenoBaTenbHOCTAM € HEAOTPY30YHBIMU
pEKUMAMU Harpy»eHus, MO3TOMY BO3HUKAET HEOOXOJUMOCTb B Pa3pabOTKE MOJEINH,
KOTOpasi MO3BOJsIa Obl MPOTHO3MPOBATH IMPOAOIDKUTENBHOCTh POCTa YCTAIOCTHBIX
TPELIMH C YYETOM THIIA HArPY>KEHUS U MOCIIEIOBATEIILHOCTH Harpy30K, B TOM YHUCIIE KaK
PETYJISIPHOTO, TaK U HEPEryJSIPHOrO, MPEICTABICHHBIX OJIOUYHBIM M KBA3HCIy4alHBIM
HarpyXeHHUSIMU.

JlanpHelIass 9acTh TJ1aBbl TIOCBSIIIEHA OIMMCAHUIO pPa3pabOTaHHBIX METOIOB
MIPOrHO3UPOBAHUSl  YCTAJOCTHBIX  TpewuH. llepBplii  MeTrom MO OLIEHKE
MPOJIOJDKUTEIIFHOCTH  POCTa  TPEIIMHBI ObLI TOMYyYeH Ha OCHOBAHWM TMPUHIIUIIA
SKBUBAJICHTHOCTH. OH 0a3upyercss Ha MPEUIOKEHUH paccMaTpuBaTh KUHETHKY pOCTa
TPELIMHBI MIPU TEPEMEHHOM HArpy>KEHWM Ha OCHOBAHWU €€ pOCTa IMPH PETyJSIPHOM
Harpy:keHUH Nca . Ilpu 3TOM yuuThIBaeTCS Xapakrep MEPEMEHHOr0 HarpyXeHUsl 4epes
Mepy Heperysipuoctu V. IlpomomkutensHOCTh pocta TpemH Nya 1O JaHHOMY
NOJIXOTy IPEAJIAraeTcsi ONUChIBaTh (POPMYJIION:

Ny = Nea -Q, tae Q = 10(1+Algn)-(1—v)’ (6)

rne A — HOPMHUpYIOIIMIA MapaMmeTp 3aBUCAIIMA OT MapKu Marepuajia u
OTIPENENSeMbIi MUHUMYM IO JBYM HWCIBITAaHUSAM TIpU OJIOYHOM HarpykeHnu, Q —
K03(hpUITMEHT yBENMWYEHUST MPOJODKUTEIBPHOCTH POCTA YCTAIOCTHOW TPEIIUHBI TIPH
CHEKTPAIIbHOM HAarpy>KEHUH MO CPABHEHMIO C PETYJISIPHBIM UKIMYECKOM HArpy>KEHUH C
TEMH K€ CHJIOBBIMH MapameTpamMu Ppr, 1 R; N — KoapduimeHT HakiIoHa CpeaHero
yuactka KJIYP npu perymsapHom HarpyxkeHuw. JIjisi aqOMUHHEBOTO CcIlaBa ObLIO
npunsTo A=1.8, a uist cranei — 2.

Ha puc. 7 mokazaHa 3aBUCHMOCTh B JBOWHBIX JIOTapU(MHUUECKUX KOOpIMHATAX
AKCIIEPUMEHTATIBHON  MPOJIOJDKUTENTIBHOCTH  pocTa  TpemHbl N5 0T  pacyeTHOH,
OTPENICTICHHON M0 MPUHIIMIY SKBUBAJEHTHOCTU Nyl U1 alroMUHHEBOro cruiaBa AL
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2024-T3 (a) u craneit (0). [nst olleHKHM MOJyYEHHBIX PE3YJIbTaTOB ObUT ONpesesieH
K09 GUIMEHT KOPPEISIUH I, KOTOPBIN MOKa3aH Ha PUCYHKE.

[Ipn W3BECTHBIX BXOJIIMX B ypaBHEHHWE (6) MaHHBIX WCIOJIB30BAHUEC MEpHI
HEpEryISIpHOCTH V TIpH MPOTHO3MPOBAHWMHU POCTa TPEIIUHBI TTO3BOJISIECT TMOTYYUTh
JIOCTOBEPHBIC 3HAYCHUS TIPOIOJDKUTEIIEHOCTH POCTA YCTAJIOCTHON TPEIIUHBIL.

Ny LMK N, THKIL.
10° 710 - I
o AL 2024-T3 ¢ Crans AISI 4030
; = Crams 40
[ 74 4 Crams 40X
107 i 10™Le Cram 09172 e
{ X : 1 b
LIl . 1 i
( o\ ® : L ¥
10 o 0P
i f ’
| o~ : +
De== Desrcss s
. r=0.88 1 =096 - 9)
10° 10° 10° 10° 10° 10° 10° 10° 10° 10°
N, UHKIL N, nuKmL

Puc. 7 — Pacuer npoaomKUTEIBHOCTH pOCTa TPELIMHBI 10 IPUHLIMITY SKBUBAJIEHTHOCTH

B pabore pa3paboTaH Takke AJIbTEPHATUBHBIA MOIXOA IO  OLICHKE
MPOJIOIDKUTENFHOCTH POCTA TPEIIMHBI Oa3UpYIOMIMIiCS Ha TIOIMKIOBOM METOZE pacyeTra
¢ yueroM 3hdexTrBHOTO pazmaxa KMH (5):

1 I 7
at :I n al ( )
B CAK 4

IJIE Ao &,, — HA4allbHAs U KPUTHYECKAs JUIMHA TPEIIMHBL.

Merton ocHoBaH Ha ypaBHeHusix [Iapuca (8) u @opmana-Matry (9). YpaBHeHue
(8) omuchiBaer KJIYP Ha Bcex Tpex ydacTKax H3MEHCHHUSI CKOPOCTEH pOCTa yCTaTIOCTHOM
TpeumHbl. Bemmuuubel ko3dduumenta p, g, BA3koctu paspyuieHus K, moporoBoro
3HaueHus1 AKy, IPUHSITHI MOCTOSTHHBIMY B 3aBUCUMOCTH OT CBOMCTB MaTepHaia:

da N
dN = CAKaqb(]) ' (8)
P q
R _cakn, 1o 2o | g Ko | ©)
dN AK 4, Ke

CymmupoBaHH€e pHUpAILEHUH JUIMH TPEIMH Ha KaXJIO0M LIMKIIE WK B PE3YJIbTATE
K)KJOr0 MOBTOPEHUSI OJIOKA MOCIIENOBATENILHOCTU HAIPYKEHUS TIO3BOJISIET ONPEAEINTh
JIOJITOBEYHOCTB:

a; — a0

j=11i=1

Ny =—

rIe @& — KPUTHYECKas JJIMHA TPEIIUHbI, ao — HayajbHas JUIMHA TPEIIUHBL, N —
YHUCIIO IMKJIOB HWCTOPUH HArpy)KeHHs; M — YHCIO IOBTOPCHHUE OJIOKa HCTOPUH
HarpyxeHus; (da/dN);j — ckopocTh pocra TpeIMHBI M TIPUPAINCHHE HAa | LUKIE |
MOBTOPEHUsI OJIOKa HWCTOpPUM HarpykeHus. s Toro dYToObl BOCIHOJB30BATHCS
TOIMKJIOBBIM METOIOM Ha 0aze ¢opmyibl [Idprica HEOOXOAUMO MPOBECTH HECKOJIBKO
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UCTBITAaHUHM (MUHUMYM 2) Juis orpenenenus koddduimenta N u C. A 1o ypaBHEHUIO
dopmaHa-M1TTy IOTIOTHUATEHHO HEOOXOAUMBI HCTIBITAHUS 711 onipeneneHust AKy, u Ke.

B3auMoCBsI3p  9KCIEPUMEHTANBHBIX ~ 3HAYCHWH  IMPOJOJDKUTEIIBHOCTH — POCTa
YCTAJIOCTHBIX TPEIINH M PACUETHBIX, IMOMYYCHHBIX ONMMCAHHBIMHU BBIIIIE METOJAMH ITUKII-
3a-IMKJI, TIoKa3aHa Ha puc. 8 u 9 mo dpopmysam (7,8). PerynspHoe Harpy)KCHUE BbIICICHO
OTHENbHBIME (HUTYpaMU B BHIC «KPECTHKOBY». B aucceprammy mpuBeneHa METOAMKA
OTIPEEITICHNST TIOMY9ICHHON JTOJITOBEYHOCTH MAaTePHaJIoB (B YaCTHOCTH ATFOMUHUEBOTO H
CTaJIbHBIX CIUIABOB), UCIIOJB3YEMbBIX B JIBYX MPEIJIOKCHHBIX ITOIX0aX.

. N LMKIL N, LHKIL
10 7 IOQ - I I
e AL 2024-T3 + Crans AISIT 4030
7| B Crans 40
P A Cranms 40X
7 7 @ Crann 0912
10 107 ;
° S 3 e
! o
9

10° S e 10° 5
. . " &5

X e %/
. X . +
10 ¥ % 10 X
o 7
Lo lr=094 1ol = 0103 5)
10° 10° 10° 107 10° 10° 10° 10° 10’ 10°
N, tukn. N, MK
Puc. 8 — Pacuer mpo0IDKUTEITBHOCTH POCTA TPEIIMHBI METOOM «IIUKII-3a-ITUKID) TI0
dbopmyiie [Irpuca
N\ g, THKIL N, gy, TUKIL
0° I:: 7 10° ——
e AL 2024-T3 * Crane AIST 4030
7l B Crans 40
o A Crans 40X i
101 1071 Cram 0912 - 8//
Y * i
* e ﬁ:
10 .o 107 Seie
s o i ‘e
] X
. x| ) *
10 A= 107 7% Bt
X, A
X ”
B =008 o £ =097
10° 10° 10° 10’ 10° 10° 10° 10° 10 10°
N, uukn. N, 1uki.

Puc. 9 — Pacuet npoIoJnKUTENBHOCTH POCTA TPEILIMHBI METOAOM «IUKJI-3a-1UKID) 110
Mo UpHUIIMPOBaHHOH (popmyinie Dopmana-MaTTy

[TomydyeHHnsie  KO3(D(PUIMEHTBI ~ KOPPENSAIMA  JOBOJBHO  BBICOKH,  YTO
CBUJETENBCTBYET O TOM, UTO BBeZeHue napamerpa AK,p, B JaHHbIE MOJENN OJHO3HAYHO
MOYKET ONKCHIBATh BIMSHUAE PA3IMYHBIX CHJIOBBIX TIApaMETPOB MW XapakTep
HEpEryJISIPHOTO HArpy>XeHWsT Ha WHTCHCHUBHOCTh HANpPSHKCHUH B YCThE pacTyIIeH
YCTAJIOCTHOM TPELIUHBIL.

OKCIIEpUMEHTHI  TTOKA3aJld, YTO HAMOOJbIIAs TMOTPEITHOCTh IOy4aeTCsl TpU
PETYJISIPHOM HArpyXeHWHd C BO3MYIIAIONIMMHU BO3JACHCTBUSAMH B OKOJIOTIOPOTOBOM
00JIacTH POCTa TPEIIMHBL. JTO TpeOyeT pa3pabOTKA MOJIENH, BMEIIAIONIEH B ce0sl Kak
3 PEKT 3aKPBITUS TPEUTMHBI, TAK U BJIMSHUE OCTATOYHBIX HAMPSDKEHUH B YCTHE TPEIIMHBI
JUIT  ydeTra TIOCIEOBaTeIbHOCTH HArpy30K B HCTOPUM HArpY)KCHHs, Ha 4YTO
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NPEACTaBICHHbIE MOJENIN MPOJOLKUTENLHOCTH POCTa TPEIUH, IMOKa3aHHbIE BBIIIIE,
HecrocoOHbl. OO00UIMB pe3ysIbTaThl UCTIBITAHUI pa3HBIX ABTOPOB U COOCTBEHHBIE, B TOM
yuciae B TIIIyOOKOM BaKyyMe€ W pPa3lIMUHBIX OKpykaronmx cpeaax, P. Cynzaep
copMyJIMpOBaTT KAYECTBEHHYIO TEOPHUIO XPYITKOTO pa3pylIeHUs. ITa TeOpHst OObICHSET
NPUPOAY 3aMEIJICHUS TPEIIMHBI MPOIIECCAaMUd B MOBEPXHOCTH BOIM3U €€ KOHYHMKA, a
MMEHHO TOIJIOIIEHUEM aKTUBHBIX YaCTHIl KHCJIOPOAa U BOAOPOJIA, BBIACTSIONIMXCS B
pe3ysbTaTe XUMUYECKUX PEaKIii aTMOC(EpHON BJIarW U MOBEPXHOCTH OKOJIO KOHYMKA
TPEIIMHBI C OOpa30BaHUEM OKCHIOB U THAPOKCHAOB. JIOMHUHHMPYIOIIYIO POJIb B
MUKPOpa3pylIeHUH UrpaeT TOMIOMICHHBIM BOAOPOA, a BIMSHUE KHUCIOpOJIa B
HOPMAJIBHBIX  YCJIOBUSIX ~HE3HAUYMTEIBHO, OJHAKO TMPHUCYTCTBHE KHUCIOpOJa B
pa3pylICHHBIX CJOSIX MO3BOJIAET CYIUTh O MPHUCYTCTBUM Bojaopoaa. Teopus cBsizana
BeruuHy noporoBoro pazmaxa KNMH AKy, v MecTHbIe HanpshkeHHsI BOJIM3U BEPIIUHbI
TPEIIUHBI I'*, HABOIUMBIE TIEPETPY3KaMH, U TIOCTYIUPOBANIA, 9YTO APQEKT Mmeperpy3Ku B
OKOJIOIIOPOTOBOM PETMOHE CKOPOCTEM POCTa BBI3BIBACTCS U MECTHBIMU HAIPSKEHHUSIMHU.
I'* ompenensics Ha YpOBHE Tpeziena MPOYHOCTH, YTOOBI OLIEHUTh HANpshKEHUE BOJIM3U
KOHYMKA TPEIIUHbI. XapaKTepPHOE PAacCTOSHUE I'* SBISETCS MUHUMAIBLHO BO3MOXKHBIM
yJlaJIeHUEeM OT BEPIIMHBI TPEIIMHBI, T. K. TIpU I < I* MeCTHOE HanpspKeHUE HAauWHAeT
MIPEBBIIATh MECTHOE HANPSKEHUE Pa3pyLICHHs G >Gj, YTO SIBIISIETCSI €CTECTBEHHBIM
OrpaHUYEHUEM TIpe[iaraeMoil Monend. Ha wHacrosmmidi momeHT Teopusi CyHpaepa
MO3BOJISIET TIPOBOJIUTH PACUET KMHETUKH POCTa YCTATIOCTHON TPELIUHBI MPU PETYIIIPHOM
HArpyXEHUH C CEpHUel MEperpy30K W HEIOTPY30K B Pa3IMUHBIX KOMOMHAIUSX Ha
amoMuHIeBOM crutae AL 2024-T3.

JIJ1 ucnonbp30BaHUs ATUX UAeH Oblia pa3paboTaHa HOBas MOJIETh KHHETUKH POCTa
YCTaJIOCTHOM TPEIIMHBI, UMEHYeMasi MOJIENIbIO TIJIACTUYHOCTH. B OCHOBE MOJENN JICKUT
METOJIMKA pacueTa JIOKAJbHBIX HANpSOKEHUH B OKPECTHOCTH TPEIIMHBI U HX

AKCIIEPUMEHTAJIbHO YCTaBleHHast CBsi3b ¢ moporoBeiM KMH AKy = f(G ) Taknm

oopazoM, AKy ompenensercs Ha KaXIOM IMKJIE€ Harpy>KeHUST W 3aBUCUT OT
MOCTICIOBATEILHOCTH MPWIOKEHHBIX Harpy3ok. KuHeTwka pocTa TpeuH MpU ATOM
onpenensiercs ypapaenreM ®opmana-Matty (8), rie AKy, epecunThIBacTCs Ha KaXKI0M
BO3PACTAIOIIEM IUKJIC HAarpy>keHusi. PacueT 1o 3Toii MOoesu IPOBOAUTCS IIUKI-3a-1UKI,
MO3TOMY Y4Y€T XapakTepa IMKIMYECKOro HarpykeHusi V He MPOBOIWICS, a 3HAYCHUE

sdexrnsroro KMH onpenensuiocs kak AK,, qb’ =AK,-U,.

CyHaepoM ToJTyyeHa 3KCIIepUMEHTalIbHasl KpUBasi B3auMOCBsi3u pazmaxa AKy, ot
MECTHOTO HamNpsOKeHHs oF uia amoMuHueBoro cruaBa AL 2024-T3 u pa3muyaHBIX
NIEPErPy30K-HEAOTPY30K IIPU PETYIISIPHOM HarpyKEHHU.

bbIIO0 MPOBENEHO AHAIUTUYECKOE OIMCAHWE ATOW KPHUBOM B BHUJE IOJIMHOMOB
BTOPO CTENEHU C PACIPOCTPAHEHUEM JIAHHOTO IMOAX0Ja Ha JPYre KOHCTPYKIIMOHHBIC
Marepuaibl. [Ipy mocTpoeHNM 3TUX KPHUBBIX ObUT 3aJI0KEH MPUHIMIT MX TMOA00Ws, a
MOCTOSIHHBIE TIOJIMHOMA OMNPEIEISUINCh HAa OCHOBAaHMM TOJYYEHHBIX aHAJOTMYHBIX
AKCIEPUMEHTOB JIJISl UCCIIETYEMbIX MAaTEPUAIOB.

Ha puc. 10 mokazanel rpaduku 3aBucuMocTd pasmaxa AKy oT mecTtHOro
HaMNpsDKEHUsI 0* Ha yJaJIeHUH OT BEPIIWHBI TPEIIMHBI I*, HA MpUMepe aTFOMHUHUEBOTO
crmaBa AL 2024-T3 (a) u ctaymu AlSI 4030 (0), koTopble aHATTMTUYECKH MTPECTABIECHBI B
BBUjIe cuctembl ypaBHeHuit (10) ¢ nepemennbiMu koapduumentamu A, B u C. 3nauenus
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KO3(UITMEHTOB JJIsl OCTAJIBbHBIX CTajiell ObUIM TPUHUHATHI aHATOrW4YHO cTamu AlSI
4030. D111 KO3 PUIMEHTHI TTOKa3aHbI B Ta0wmIie 1.

AK,, MITaVm AK,, MITaVwm

6 8

th? th?

4.8 6.4
3.6/ 4.8
24 32
1:2 : 1.6/ :
56\\(‘ G\\lé {0y : Ogar
0 0 ’
- 500 -250 0 250 500 —100 0 100 200 300 400 500
o*, MIla o*, MIla

Puc. 10 — B3anmocBs3b pazmaxa AKy, ¢ MectHbIM HanpsbkeHueM o s AL 2024-T3 (a)
u AISI 4030 (0)

*

3aBUCHMOCTD IIOPOroBOIro 3HA4YCHMUA AKth oT o OIIMCBLIBAECTCA CHUCTEMOM

ypaBHCHUIA B BUJIC TIOJIMHOMOB BTOPOM CTCTICHU:
AK. = A (") -B,-(c)+C,, ecmu o, <o <h (10)
" {Az (67)=B,-(67)+C,, ccmn h< o < ogur
TIE O,  — HAIPKEHWs, COOTBETCTBYIONIME MAKCUMANbHOMY 3HadeHuio AK 5 6 —
HAIPSDKEHUS, COOTBETCTBYIONIME MHHMMANbHOMY 3Hauenmio AK ;S h — xoopmunara
niepecedenus ypasHenuii (10) npyr ¢ npyrom.

Tabmuma 1 — 3nauenust koadduienToB s ypaBaenus (10)

M [TapameTpsl

aTepuaa

P A A, B, B, | C.|Coloyuc!|Oeu|
AISI 4030,

0912, 40, 3495-10° | 1.163-10° | 2.498-107 | 1.307-102 | 5.95 | 47 | -50 | 260 | 150
40X

AL2024-T3 | 5782-10° | 7.525-10" | 226210 | 1.650-10 | 1.5 | 1.5 | -350 | 460 | O

BBuny HamMuus CHHTYIISIPHOCTH HAIIPSDKEHWHA y BEPIIMHBI TPEITUHBI ONPEACTISITh
MECTHOE HalpspKEHHE BOJIM3M €€ BEPIIMHBI HEOOXOMMO Ha HEKOTOPOM YajieHuu I*
(puc. 11), mpuyuem 3TO PacCTOSHUE AOJDKHO OBITh MHHHUMAJIBHO BO3MOYKHBIM. Benmnunna
HaIpsDKEHU B TOYKE, JIC)KAICW HA JIMHWW, COBHAJAIOIICH C HAIpaBJICHUEM POCTa
TPEIIMHBI W HAXOMAIICHCS Ha YAAJICHUM OT BEPIIMHBI TPEIIMHBI HA yAajleHuu I*,
orpenensercs: GopMyIIoi:

i (11)

O f = 7
N2-m-r
TJIe G ; — MECTHOE HaNpsHKEHHE pa3pylieHust; K, — BI3KOCTh pa3pyIIeHHs.

CripaBe1MBO BhIpaKEHHUE:

K
e NorEeE 42
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Torna xapakTepHOe pacCTOsTHUE * MOKHO OIPEIETHUTh:
2
1 K¢

r*= .
2'TC Gf'gf‘E

(13)

TJIe €; — MecTHas Aedopmanus pa3pyIieHus.

MarepuanbHasi TOYKa, COOTBETCTBYIOIAS pPACCTOSHUIO [  [omagaer B
UKJTTYECKYIO 001aCTh OKPECTHOCTH TPEIUHBI.

o1 f):(O'/E)ﬁL(o'/K')' " O A

K-S=(o¢E) |

>

>

& ¥

3 >

Puc. 11 — Wnmoctpanus npasuiia HoiiGepa (a); MecTHOE HanpshKeHHUE BOIU3U BEPIITUHBI
TpPEIIMHBI HA HEKOTOPOM YJIalieHuu OT Hee (0)

B nannoit paboTe UCmob3yeTcs TMHEHHOE PaBUIIO ONpeeieHrs TepopMaliuil B
OKPECTHOCTH TPEIIMHBI, TO €CTh, PUPAIICHUE MOTHON JIeOpPMAaIIUN CUATAECTCS PABHBIM
€ro yImpyrou 4actd, KOTOPYIO MOXKHO OINpeAessiTh Mo (opMylie JTUHEUMHON MEXaHUKU

paspyIIeHus:

AK
n+1 (1 4)
J2-mer*-E
Tpa,[[I/IHI/IOHHO A1 TCOPHHU IUIACTUYHOCTH  IIOAPA3YMCBACTCA  aJANTHBHOC
Pa3I0KCHUC TIOJTHOM z[e(bopMauHH Ha YIIPYT'YIO U INTACTHYCCKYIO COCTABJLAIOIIMUC BUA:

Ae = Ag, + Az—::, (15)

A8n+1 =

rae Agz — TpUpalieHue ympyrou naedopmalum, Agz— MPUPALIEHUE TUTACTUYECKON

nehopMaryy.
B nanHoit paboTe mpemyiaracTcss WMCIOJIB30BaTh BapuUaHT KOMOMHHUPOBAHHOM
MOJIENIM YITPOUHEHUS B paMKax Kputepus Museca:

f ="~ 0|~ a,e;)<0, (16)

CMmenieHre MOBEPXHOCTH HArpyKEHUsI OCHOBAHO HA TMPABUJIE CYMMHUPOBAHMS
cmeniennit Kamamesuya — [la6ommm. [Tpu 3ToM Kakmoe n3 CyMMUpPOBAHU TTOTYHMHSIETCS
KUHEMaTH4YEeCKOMY yripouHeHuss Openepuka — ApMCTpOHTa.

o :Zai Aa; = (C; —vi04v)- Ag,, 17)

II€ O — CyMMapHOE€ CMELICHUE IIOBEPXHOCTU HAIPYXKCHUS; OL;— WHIUBHIYaJIbHbIC
cMetienys; C;,7y;— KOHCTaHTbI MaTepHuaia; \y — mapaMeTp HarpyxeHus («-1» — cxatue,

«+1» — pactskeHue).
N3oTporHoe pacimpeHne/Cy:KeHne MOBEPXHOCTH HATPYKEHUS OIPEICIeTCs Ha
OCHOBE CIIETYOIIIETO COOTHOIIICHHSI:

c, (8; ): GO+ (Gf -a’ ) (1— exp(— b- 8; )), (18)
17



rae GS — HaYaIBHBIN MPeJIeN TeKYUeCTH; G, — ACUMITOTUYECKHI MPEIeN TeKydecTH; D

— KOHCTaHTa MaTepuania.
Koncranter marepmana Cj,v;,0 ompenensiorcss 3KCHEPUMEHTAIBHO —IIPU

MHKPEMEHTAIBHOM HCTIBITAHUH C IUKJIMYECKUM HArpyKeHHEM IO JKECTKOMY IMKITy. B
TEUEHHE TaKOr0 WCIHbITAHUS TPOUCXOAUT TIIOCTENEHHOE YBEIUYCHUE aAMIUTUTY/IbI
Harpy>KeHUsl TpU COXPAHEHWH ACUMMETPHUM IMKJIa MOCTOSHHOM R = -1 BmioTh 110
pa3pyIeHuUs.

Onpenenenne MOpUpALCHUS] HANPSHKEHUNW TPEJCTABISIET COOOW  MpOUEAypy
MPOCIMPOBAHNUS HA TIOBEPXHOCTb HArpyxeHusl (IUKIMYecKyro auarpammy). Ilocrne
ompenencaus 1o ¢opmyne (18) mpupamenus momHONH AedopMarii  He0OXO0aUMO
ONPEJIENIATh €r0 YIPYTYIo YacThb. JIJIst 3TOro Ha mepBoM 3tare (ynpyeoe npubnuiceHue)
IpearnosaraeM, uTo Bes AepopMariys ynpyras:

"s =c,+E-As, ,,
. (19)
ey

tr
o=a,, &, =&p

IIPpH 5TOM C€CJIM YCIIOBUC TCKYYCCTHU BBIIIOJIHACTCA, fn 1=

tr_*
c — oc‘—(GT)MlSO,To €CTh

HaIIPsPKCHHOC COCTOSIHMEC HC BBINUIO 3a IIPSACIIbI AUarpaMMbl, 3HAYUT HCpBBIﬁ oTall

CTaHOBUTCA OKOHYAaTCJIbHBIM:

* oo _tr _tr * _tr.>
Cpha= O &py= O, (Sp)m_l_ 8p (20)

tr G*_tr OL‘ _ (GT)

CKOPPEKTUPOBATh C YIETOM HAKOIJICHHOM IJIACTUYECKOH ehopMaliuu (npoeyuposarue):

_ " P
co,.,= o —E-Ag

n+1?

an+1 = Ua + Z(CI - 7iailr//) ' A‘s‘r?+11 gr?+1 = gr? + A‘C"r?ﬂ' (21)

i=1
[Ipu »TOM macTHyeckass 10 JeQopMaluu  ONpenenseTcss W3 PelleHus
HEJIMHEHHOTO ypaBHEHMSI, BBIPAXKAIOIIETO YCJIOBUE MNPUHAJICKHOCTH HANPSHKEHHOTO
COCTOSIHUS ITUKJIMYECKON UarpaMMe:

f

B mpormBHOM cmywae f, ., = 1.1 >0, ero HeobxoaumoO

nl =

tr tr p
G— O“ +| E+ Z(Ci _YiaiW) At
i (22)
0 o0 0 p
(60 4 (o7 o) explb-e2, ) 0
OKoHYaTeNbHbIE BBIPAXKEHUS ISl CKOPPEKTUPOBAHHOIO 3HAYEHHUS JIOKAIBHOIO
HANPsDKEHUsI G ., Ha TEKYLIEM LIare Harpy>KeHus, a I LIEHTPa KPUBOW LIMKJINYECKOTO
neGopMUpOBaHKS M HAKOTIJICHHOW TUTACTUYECKOM AeopMarivii MpuMeT CIICTYIOIIAN BH/T
r * ( *)
c —E Ag,, "

oL = O+ Z(Ci —yiay)- (Agz )n+1’ (8; )n+1 = (sp )n + (Ag; )n+1. ’

Hanee Ha puc. 12 npencrapieH npuMep ONpeIeNiCHUs HAMPSHKEHUH B OKPECTHOCTH
TPEIIMHBI COTJIACHO TpefcTaBieHHOW wmojenu Ha mnpumepe AL 2024-T3. Tumsl
WCTIOJIb3YEMBIX ISl TIpUMEpa Harpy>KEHHIA: HeloTrpy3Ka-Tieperpys3ka (a) u meperpyska ¢
TIOCTIEYIOIICH HeIOTPy3KOi (0).

*

Chu=

(23)
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||r0*1 ‘ o 1

(0) OA
[a) 6)
trf1 trf1
’0-*1/"’_ ’0-*1/”
4
"0*3)70*3 € 3
L/ | e, i | Ae*, g
L N AE*
o .,=0
2 ZJ " Ag*, As*z
/’/ Li > AE*z )
K A 1
3 3
2 4
2

~Y

=
t
Puc. 12 — I'padrueckast uaTepIipeTanys METOAWKH ONpeIeNICHUS HAPsDKSHUH B

OKPECTHOCTH TPEIIMHBI IIPH Pa3IMIHBIX TIOCICA0BATEILHOCTSX HATPYKCHUI:
Heorpy3Ka — eperpyska (a); mneperpyska — Heforpyska (0)

DKCIIepUMEHTAITLHBIC UCCIIEIOBAHMS TIO TIPOOJDKUTEIIEHOCTH POCTa YCTATIOCTHBIX
TPEILFH T10 MPeIaraéMoi MOJIENIH C YYETOM JIOKATBHBIX HAIPSHKEHU MOYKHO pa3IeUTh
Ha HECKOJIBKO OJIOKOB:

- WCIIBITAaHUS Ha KOMIIAKTHBIX O0pasax ¢ perysipHbIM Harpy>kKeHHEM U
OIHOKPATHBIMU  TIEPETPY3KaMH/HEIOTPY3KaMi C IIENbI0  ONpeleieHuss KOHCTAHT,
BXOUIIKX B ypaBHeHHe (8) 1 ycraHoBIeHms 3aBucuMocti AKy, = f (6);

- OIpe/IeNieHNe KPHUBOW IMKIMYECKOTO JepopMHUPOBaHHs Ha TIAIKHX 00pasiax
IIPU CTYTICHYATOM Harpy>KCHHU;

- BepuduKaIws pa3paboTaHHON MOJIEIN Ha KCILTyaTaIl[MOHHBIX CIICKTPaX.

JloroBe4HOCTh ONpeAessulach Ha OCHOBE MHTErpUpoBaHus ypaBHeHUs (9).
OCOOCHHOCTBIO ~ MICTIOJIL30BaHUSI Pa3pabOOTAaHHOW MOJIENM  SIBJISICTCSL  ONPECITICHHE
ACUMMETPHH KKIIOTO TIOJTYITMKIIA IIMKJIMIECKOTO HArpY KEHHs M 3aKPBITHS TpelnuHbl U B
3aBUCHUMOCTH OT CITy4alHBIX 3HAYCHUH JIOKATBHBIX HAMPSDKCHUH BOJM3U BEPIIMHEI
TPEIMHBI 1 3HaueHuH oporosoro 3HaueHust KUH AKj, ucnolib3yemble B ypaBHCHUH.

BzanMocBs3b pe3ysIbTaToB MPUMEHEHHS MPEII0KEHHON MOIEIH TIACTUYIHOCTH IO
OIICHKE TPOAOJDKUTEIFHOCTH POCTa YCTAJIOCTHOM TPEUIMHBI C YYETOM JIOKAJbHBIX
HAIPSDKCHUH B YCThe TpeIUHbI N, C MOTYYCHHBIMH SKCIICPUMEHTATBHBIMA JAHHBIMH
N, mpuBenens! Ha puc. 13 au 0.
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Puc. 13 — PacueT npooKUTENbHOCTH POCTA TPEIIMHBI C YYETOM B3aUMOJICUCTBUS
MOCJIEA0BATETLHOCTH HArPY30K MO MOJAEIH TUIACTUYHOCTH

Xopolllee COBMAJICHUE PACUYETHBIX 3aBUCHUMOCTEH pa3BUTUS TPEUIUHBI C
AKCIEPUMEHTAIIbHBIMUA ~ PE3yJIbTaTAMH, HAIJIIAHO TOATBEPXKIAIOT  JTOCTOBEPHOCTH
MPEUI0KEHHON MOJAETH JIJ1s1 ONTMCAHNS KUHETUKU YCTAJIIOCTHOTO pa3pyLICHHS B YCIOBHSIX
B3aUMOJICUCTBHSI TTOCIIEIOBATEILHOCTH HArpy3oK. MaTeMaTH4ecKoe MOJAEIHMPOBaHUE
NPOJIOJDKUTEIILHOCTH POCTA  YCTAJIOCTHOM TPELIMHBI, OCOOEHHO B OKOJIOIIOPOTrOBOM
o0JylacTu ee pocTa IMOKa3ajo, YTO Uil UCCIICAOBAHHBIX KOHCTPYKIIMOHHBIX MaTepHaJiOB
BBISIBJICHA YYBCTBUTEJILHOCTh POCTAa TPEUIMHBI K Pa3IMYHBIM BHAAM CHUJIOBOTO
BO3JCHCTBUSA, B TOM YHCIE M PAa3HOMY XapaKTepy KBa3UCIy4alHOTO HarpyKCHHUS.
Koapduimenr  koppensiiiud ~ pacueTHbIX M OKCHEPUMEHTAIBHBIX  JIAHHBIX
MPOAOJKUATENILHOCTA POCTa TPEUIMHBI U Pa3IMYHBIX BUIOB BHEIIHETO BO3ICUCTBUS
coctaBu ' = (0.97 xak 11 aJIIOMHHUEBOIO CIIABA, TaK M JIJIS CTaJICH.

OcHoBHBIE pe3yJIbTAThl M BHIBOJbI

1) [IpoBeneHbl VCIIBITAaHUS Ha TPEIMHOCTOUKOCTh pa3IMYHBIX
KOHCTPYKIIMOHHBIX MAaTepUAJIOB TPU PETYJISIPHOM K HEPETyJIIPHOM Harpy>KEHUsIX.
Heperynsipuoe HarpykeHHe TMpeACTaBICHO OJIOYHBIM C pPa3IMUHBIM YPOBHEM H
KOJIMYECTBOM TIEPETPY30K WIIM HEAOTPY30K, a TAKXKE KBA3UCIYyYailHBIMU CHEKTpaMHU C
pa3HOI acUMMeETpUE OJIoKa HarpyKeHUsI.

2) ®dpakrorpadguueckoe UcCaea0BaHUE UCIBITAHHBIX 00pa3lioB U3 Pa3IMYHBIX
KOHCTPYKIIMOHHBIX MaTEpUAJIOB MOKA3aJI0, YTO U3MEHEHHE CKOPOCTU POCTa TPEIIUH MpHU
Harpy>keHUM B BUJIE MEPErpy3KH M HENOTPY3KH, MOJYYEHHOE C TMOMOIIBIO J1aT4YMKa
PACKPBITUSI TPELIMHBI COOTBETCTBYET 3aMepy YCTAIOCTHBIX OOPO3JOK TOJBKO IS
ATIOMUHHMEBOTO CIuiaBa. /{111 KOHCTPYKIIMOHHBIX CTaJlei TAKOE€ COOTBETCTBUE XapaKTEPHO
JUTSL CKOPOCTEN pOCTa YCTAIIOCTHOM TPELIMH BBIILIE 107 MM\LHKIL.

3) Ha ocHOBe IpOBEACHHBIX MCCIEOBAHUN Pa3IMYHBIX BUIOB HEPETYIISIPHOTO
Harpy»€HHsl BBEJICH NTapaMeTP MEPbl HEPETYJISIPHOCTU MIEPEMEHHOTO HarpyxeHus V s
OLICHKA BIIMSHUSI BHEIIHErO HEPErYJSIPHOrO HarpykeHusi. Hailnena B3auMOCBSI3b
KUHETUKHU POCTa TPEIIMH U XapaKTepa NEPEMEHHOIO HarpyXeHHUsl, ONPEIEIIEMOro Mepo
HEPEryJISIPHOCTH.

4) [IpemnoxkeH y4deT 3akpbITHsl TPEIIMHBI W XapakTepa MEPEMEHHOIO
HArpYXXEHUsI Ui PAa3IMYHbIX KOHCTPYKIIMOHHBIX MaTephajioB dYepe3 KOd(PHUIMEeHT
3akpbiTuss U n mepy Heperyisippoct V BBenenueM spdextnsoro KMH K,y Taxoi
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MOJXOJ TO3BOJISiET TojdydyeHHble kpuBble KJIYP HeperynsipHoro Harpy>xeHUs
COBMECTUTh HAa OJIHY KPHUBYIO, XapaKTEpHYIO Ui HCIBITAHUM TpU PEryJsipHOM

Harpy>KCHUHU.

5) Pa3pabotaHbl HOBbIE 11OTY()EHOMEHOJIOTNMUECKUE MOJIETH IIPOTHO3UPOBAHUS
KWHETUKNA POCTa YCTAJIOCTHBIX TPEIIMH: U1 3KCIIPECC-aHAIM3a HAa CPEIHEM YYacTKe
KAYP Ha oOCHOBE IIpMHIMIA OSKBHBAICHTHOCTU HEPETYJLIPHOTO  HAIPYKEHUSI
PETYIIPHOMY, a TaKXKE Ha IPOBEICHUHU IOLMKIOBOIO pacyera Ha BCEH IJIMHE pOCTa
TPELUHBI.

6) BBeneHb! aHATMTUYECKUE 3aBUCUMOCTH JJIS1 OLIEHKY U3MEHEHHUSI IOPOTrOBOTO
3HaueHnss KWH i pasHbIX MaTepualioB B 3aBHUCHMOCTHA OT OCTaTOYHBIX JIOKAJIBHBIX
HalpsHDKEHUM B YCThE YCTAJIOCTHOM TPEIIMHBI, HA OCHOBE KOTOPBIX pa3padOTaHa HOBAs
MOJZIENb C YYETOM YHCICHHO-AaHAIWTUYECKOM METOJMKM pPAcyeTa HAIPSDKEHUN B
OKPECTHOCTH BEPIIMHBI TPEIIMHBI, TMO3BOJSIONIAS YUYUTHIBATh IIOCIIEI0BATEIBLHOCTD

Harpy>KeHUsl.
7) [IpoBeneH  CpaBHUTENbHBIA  aHAIW3  NPEIIOKEHHBIX  MOJIENIEH,

MO3BOJISIOIINKM  BBISIBUTH  3(PPEKTUBHOCTH HCIIONL30BAHUSI MOJICNM, YUYUTHIBAIOIICH

TMOCJIEZI0BATETLHOCTD HArpy30K B OKOJIOIOPOroBoi o0actu Harpyxenust KJ[YP.

IYBJIMKAITAU IO TEME JUCCETAIIMOHHOM PABOTBI
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