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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTyansHOCTh TeMbl. OTHOH U3 pa3HOBUIHOCTEH KOMIO3UIMOHHBIX MaTepHAIOB C
yTpaBIsieMbIMU MEXaHHYECKIMU CBOICTBAMH SBIISTIOTCS] apMUPOBaHHbIE MnacTukH (AlT).
Brnaromapsi cOanaHCUPOBAaHHOCTH MEXAaHHMUYECKHX CBOMCTB, BBICOKOW  YyIEIbHOM
MPOYHOCTH U MPOCTOTE mepepaboTku Matepuana B uznenue, All eme ¢ 70-80-p1x TomoB
MPOIIIOTO CTOJIETUS] Hayald MPUMEHATh C IENbI0 H3TOTOBIEHUS CIa0OHATrPY>KEHHBIX
JJIEMEHTOB W OTJACNBHBIX 4YacTeld KOpIYCOB CaMoOJIEeTOB, IUIAHEPOB, CYOB,
[WIMHIPUYECKUX E€MKOCTeH, NpeIHa3HAYEeHHBIX I XpaHEHWs WM TPaHCHOPTHPOBKH
Pa3HBIX Cpell, HaXOISIIUXCS IO/ HEBHICOKUM JIaBJIeHHEM, (GUTHHTOB | T.II.

B pesynbrare pa3paboTKH HOBBIX BHIOB IMOJMMEPHBIX CBSI3YIOIIHX C IIOBBIIIEHHEIMU
(hU3UKO-MEXaHNUECKUMU U aT€3MOHHBIMY CBOMCTBAMH W YITyUIICHUS] HHIUBUIY ATBHBIX
XapaKTePHCTHK apMHUPYIONINX HAOJIHUTENEH (CTEKISTHHBIE, YIIIEPOAHBIE, OPraHUIECKUE
TOHKHE BOJIOKHA) Obuia pacmupeHa cdepa mpumeHenuss All. B Hacrosimee Bpems
Habmogaercs OypHOE pa3BUTHE TOM TCHACHIIUH.

OTBeTCTBEHHbIE TOHKOCTEHHBIC 3JIEMEHTHI COBPEMEHHBIX KOHCTPYKIMH THIIA OaJoK,
IUIACTUH M o0Ooyiouek BpameHus u3 All (yriie-opraHo-CTEKIOIUIACTHKY) B MOCICTHES
BpeMsl CTaly IIPUMEHATBCS B a’POKOCMHYECKOH W BOEHHOH IPOMBIIIIEHHOCTH,
CYAOCTPOCHHH, TPAaHCIOPTHOM MAIIHHOCTPOSHUH, B uH(QpacTpykType (Hampumep,
3JIaHUSI, MOCTBI) ¥ IPYTUX 00JIacTsX.

Jis ycriemHOW peanu3aniM JanpHeHIIero pacmupeHus chep npumeHeHus All
HEOOXOIMMO PACIINPHUThH HANEKHBIE JaHHBIE O BIMSHUM CIEU(UIECKNX 0COOCHHOCTEH
MaTepHaloB Ha AehOpPMAIMOHHOE TOBEICHHE M Pa3pylIeHHE H3TOTOBICHHBIX M3 HUX
9JIEMEHTOB HPH PAa3HOPOAHBIX CHJIOBBIX BO3JECHCTBHUSIX C IIENBIO ITOJHOTO y4eTa 3THX
JIAHHBIX Ha ATaIrle MPOSKTUPOBAHHS KOHCTPYKIIUH.

Oco0eHHOCTH MeXaHW4eCKuX cBOHCTB AIl 00ycCIOBIEHB! KaK KOHCTPYKIIMOHHBIM HX
CTPOSHHEM, TaK M E€CTECTBEHHBIMH (CTapeHHe - WU3MEHEHHE CBOICTB Marepuaia BO
BPEMEHH) M TEXHOJOTHYECKUMH (hakTopaMu (pa3opUEHTAIMsl HaIpaBiICHHUS apMHpPY-
IOIETO0 MaTepraza KOMIIOHEHTA OT MPEXyCMOTPEHHOTO M €r0 MCKPUBICHHUE), TyBCTBH-
TENBHOCTBIO K TIPOAOIDKHTENPHOCTH AEHCTBHS HArpy3KH, MPOSBISIOMIEHCS yKe IpH
KOMHATHOI TeMnepaType (I0JI3y4ecTs MaTeprana) u ap.

OnmHUMH W3 TTIaBHBIX CIENHU(PHYECKUIX HETOCTaTKOB, OOYCIOBICHHBIX KOHCTPYKIIH-
OHHBIM cTpoeHueM All co cnoucToif U BOJIOKHUCTOH CTPYKTYpOH, ABIAIOTCS UX ciaaboe
COIIPOTUBJICHUE CABUT'Y, KaK Me)KCJ'IOﬁHOMy, TaK U B IJIOCKOCTH apMHUPOBAaHHA, U CUJIBHO
BBIP)KCHHAs CIBUTOBAst OJI3yYeCTb.

OnHOBPEMEHHO MPaKTHKa MTOATBEPKIACT 11eNecO00pa3HOCTh (B HEKOTOPBIX CIydasix
U SKOHOMHYECKYI0) mpuMeHeHus: All ¢ menmbro M3rOTOBIEHHS U3 HUX IHIMHIPUIECKHX
00ooUeK BpalieHust (HalmpuMep, aBTOMOOWIBHBIE KapAaHHBIC BAJbl, MONBIE OCH
OBICTPOBPAIIAIONIUXCS POTOPOB, BEICOKOCKOPOCTHBIX IIEHTPOOESKHBIX Ta30TeHEepaTopoB,
POTOPHBIX CHCTEM H Jp.), KOTOpHIE IPH SKCIUTyaTallld, B OCHOBHOM, MOJABEPraloTCs
YUCTOMY CABUTY, a UHOTJa - U CABUTY, KOM6I/IHI/Ip0BaHHOMy C pasHOPOAHBIMH CHJIOBBIMU
(dakTopaMH, 3a4acTyl0 B YCIOBMSX MHTCHCHBHOW BHOpaumu. OnNruManbHOE
MPOEKTHPOBAHHE TaKMX KOHCTPYKIMH M KOHCTPYKIMOHHBIX 3JE€MEHTOB MOXHO
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OCYIIECTBIIATH C 003aTEIbHBIM YIETOM SKCIEPUMEHTATBHO MOATBEPKICHHBIX JaHHBIX O
crenuduke AePOPMALMOHHOTO MOBEACHUS M DaspyIICHHs U O JeMIHUPYIOLINX
CBOIfCTBaX KOMIIO3MTOB M H3TOTOBJIEHHBIX U3 HUX KOHCTPYKIMOHHBIX 3JI€MEHTOB B
YCIOBHSAX, ONMU3KUX K SKCILTyaTal[HOHHBIM.

JInst KOHCTPYKIMI M3 KOMIIO3UTOB, B ToM unciie u u3 All, Hanboiee akTyalbHBIM
SIBJIIETCSL BOIPOC OIEHKH MX PabOTHI B YCIOBHSAX CIOKHOTO HAarpyXXeHHs U CIO0KHOTO
HaIpsHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHUSI M YCTaJOCTH. OTO BBI3BaHO TEM, YTO B
peaNbHbIX YCIOBUSX JKCIUTyaTallMH KOHCTPYKIMH IOJBEPraloTcs KOMOHMHHUPOBAHHBIM
BO3JEHCTBUSIM CTAaTHUECKUX WIIM IHUKIMYECKH M3MEHSIOIIUXCS Pa3HOPOAHBIX CHIIOBBIX
¢akropoB. Ilpu 3TOM BO3HHKAIOIIME B MaTepUale HANPsDKEHHsS MOXHO BOCCO3/AaTh
NPUIOKEHUEM aJeKBaTHOW CXEMbI CTATUUECKUX M LUKIMYECKUX PACTATHBAIOLIMX WM
CKUMAIOIHMX YCUIINH U KPYTAIINX MOMEHTOB.

OCHOBHOH IeJIBI0 JUCCEPTALMOHHON DPa0OTHI SBIACTCS YCTAHOBIICHHE 3aKOHO-
MEpPHOCTEH U3MEHCHHUSA:

e nehopMHUPYEeMOCTH W  pa3pyllIeHHs  CHMMETPUYHO  apMHPOBAaHHBIX
OTHOCHTEIBHO OCH TOHKOCTEHHBIX TPYO M3 CTEKJIOIUIACTHKAa Ha OCHOBE TKaHH
MOJIOTHSIHOTO IUIeTeHHss ¢ ocHOBHEIM  mepekpbitneM (IIIICOIT) B ycnoBusx
CJIOKHO-KOMOMHHUPOBAaHHOTO ~ HArpy)KeHWsl ~ Kpy4YeHHEeM W BHYTPEHHUM
THUIPOCTaTHYECKUM JIaBJICHHEM (PACTsDKEHHE TPYO B OKPY)KHOM HaIlpaBJIICHUH);
e 1eOpMANMOHHOTO TOBEICHUS W JUCCHNALM W SHEPIHU CHMMETPHYHO H
ACHMMETPHYHO apMUPOBAHHBIX TOHKOCTEHHBIX TPYO 13 TKAHEBOTO CTEKIIOILIACTHKA
B IIpOLECCe HATPYKEHUS IMyJNbCUPYIOIUM BHYTPEHHUM THIPOCTATHUECKUM
JaBICHHEM;
e (¢opMynImMpoBaHME TpPAKTHYECKHX  IPEMIOKCHUH, HANpaBIeHHBIX  Ha
ONTHMAJIbHOE MPOEKTHPOBAHNE H3TOTOBIEHHBIX W3 TKAaHEBBIX CTEKIOIIACTHKOB
TOHKOCTEHHBIX TPAaHCMHCCHOHHBIX TMOJNBIX BaJOB C MOBBIIICHHON Hecymieit
CIOCOOHOCTBIO MPH KPYUSHUH M IUIMHIPUYECKHX TOHKOCTEHHBIX PE3epBYapoB,
MpeHa3HAUCHHBIX JUIA SKCIUTyaTallul B yCIOBHUSX BO3JEHCTBUS IyJIbCUPYIOIIETO
BHYTPEHHET0 THAPOCTATUUECKOTO TaBJICHHUS.

Hayunasi HoBu3HA padoThI:

1. YcTaHOBICHO MOHOTOHHOE CHHXKECHHE HECYIIIEH CIIOCOOHOCTH MPH BHYTPCHHEM
THIPOCTATHYECKOM IaBJICHUH CHUMMETPHUYHO apMHPOBAHHBIX TOHKOCTEHHBIX
TpyO M3 TKaHEBOTO CTEKJIOIUIACTHKA II0 MEPE YBEIUUCHHSI YPOBHS KPYTSIIIETO
MOMEHTa, TPWIOKEHHOTO Ha HCIOBITYeMblii OOBEKT Ha TMEpBOM JTare
Harpy KeHUs.

2. BrmigBieHO cymiecTBeHHOe yBenuueHue (mpumepHo Ha 40%) Hecyueil
CIOCOOHOCTH TPH KPYYCHHHM CHMMETPHUYHO apMHUPOBAHHBIX TOHKOCTEHHBIX
Tpy0 H3 TKaHEBOTO CTEKJIOIUIACTHKA HAXOASAIIMXCS TMOJ| MOCTOSIHHBIM

BO3JEHCTBHEM BHYTPEHHET 0 THJIPOCTATHYECKOTO JIaBJICHUA,
cootBercTByIomero 0,4 1oyiu OT mpenenbHON BEMYMHBI 3TOM MeXaHH4ecKOoi
XapaKTePUCTHKH.

3. TloaTBep»Ie€HO BO3HHKHOBEHHE LUKINYECKUX MPOIOIBHBIX JAepOpMaIiHid,
COITyTCTBYIOUIMX IUKINYECKAM OCHOBHBIM OKPY>KHBIM JIe(OpMAIHSIM OJHUAX U
TeX K€ CHUMMETPUYHO apMHPOBAaHHBIX TOHKOCTEHHBIX TPyO H3 TKaHEBOIO
CTEKJIOIUIACTHKA, [TOJIBEPraeMbIX BO3JIEHCTBHIO MyJILCUPYIOIIET0 BHYTPEHHETO
THIPOCTaTHYECKOTO JaBJICHUS,



4. VYcraHoBineHO 00pa3oBaHHE IHUKIMYECKHX, HPOAOJBHBIX M  CABHIOBBIX
nedopmaruif, COMYTCTBYIOIIMX  ILMKIMYECKMM  OCHOBHBIM  OKPY)KHBIM
nehopMaIysaM OZHHUX U TeX )K€ aACHMMETPUYHO apMUPOBAHHBIX TOHKOCTCHHBIX
Tpy0 M3 TKaHEBOIO CTEKJIOIUIACTHKA B IIPOLECCe HATPYKCHUA HX
yJILCHPYIOLINM BHYTPECHHUM THAPOCTATHYECCKUM JaBICHHEM

5. OGocHOBaHO cyIecTBeHHOE yBenmdeHue (6onee yeM Ha 20%) OTHOCHTEIHEHOTO
ko3 duIreHTa paccessHUS (IUccumanuy) SHepruu Iukiaa W B mpomecce
IyJTECUPYIONIET0 BHYTPEHHETO T'MAPOCTATHYECKOTO AABJICHUS TOHKOCTEHHBIX
Tpy0O M3 TKAaHEBOIO CTEKJIOIUIACTHKA, BO3HMKAEMOE BCIICICTBHUE HCKAXKEHUS
CUMMETPHYHOCTH APMUPOBAHHUS OTHOCHTENBHO OcH TpyG B mpenenax +8°.

ITpakTnyeckasi 3HauuMocTh. Ha OCHOBe CpaBHEHHs NAaHHBIX, YCTAHOBJICHHBIX
HPSIMBIMU U3MEPEHUAMH, CHOPMYITUPOBAHBI CICAYIOIINE TPAKTHYECKIE PEKOMEH JAIHH:

e o0nerdeHue YCJIOBUH OKCIUTyaTallMM CHMMETPUYHO apMHPOBAHHBIX
OTHOCHTENIBHO OCH TPAHCMHCCHOHHBIX IIOJBIX BaJOB MAIIMH M3 TKAaHEBOTO
CTEKJIOIUIACTHKA, TIPEJHA3HAYCHHBIX JUIS IIepefadyd KpyTsAIlero MOMEHTa, |
YBEJINYCHHE TEM CaMbIM CPOKa HX HaJISKHOH CITy>KOBI, B TOM YHCIIE M TPH BO3MOXKHOM
BO3HHKHOBEHHH H3-32 DPa3INYHBIX IPHYMH HENPETYCMOTPEHHBIX ITyJIbCHPYIOIINX
KPYTSALIAX MOMEHTOB, MOKHO JOCTHYb IPEIyCMOTPEHHEM:

o zeMidepoB Mo raieHuo KonebaHuil KpyTSAIIEro MOMEHTA, YCTaHOBJICHHBIX B

COOTBETCTBYIOIIHX y3J1aX MalIUH,

O OpUCHTHPOBAHHBIX peOEp IKECTKOCTH BO B3aUMHO - IEPEKPECTHBIX
HAlpaBJICHUSX HAa IOBEPXHOCTH BAJOB, OKA3bIBAIOIIMX  BO3MOXKHO
MaKCUMAaJIFHOE COIPOTHBIICHHE OTHOCHTENILHO Ae(OopManuii CIIBHTa;

e C LEIbI0  YBEJIMYCHHS CpPOKAa HAJACKHOW  CIy)Obl  TOHKOCTEHHBIX
LINHAPUYECKUX PE3EPBYapOB M3 TKAHEBOTO CTEKJIOIIIACTHKA, NIPEAHA3HAYCHHBIX JUIS
9KCIUTyaTalldM B YCJIOBUSIX  BO3/CHCTBHMS  IyJBbCHPYIOIIETO  BHYTPEHHETO
THIPOCTaTHYECKOr0  JaBJieHWsl  (HampuMep, OaUIOHBI M3 KOMIIO3UTOB  WJIM
MeTaJUIMueckue OaJUIOHBI, YCHWIECHHBIE CHApyXHM TKAaHEBBIMH  IUIACTHKaMH),
eNIecoo0pasHo:

O CTaBUTh OIPAHUYCHUS HA BEIMYMHY BHYTPEHHEro pabovero JaBICHUS Ogg <

0,45059 (059 — OKPYXHO€ HallpsDKEHHE paspyllarolee pe3epByap), Tak Kak B
TaKUX YCJIOBHUSIX W3/ENHUE MOJBEPraeTcs TOJIbKO YKOPOYEHHIO, a IPH Ogg >
0,4-5059 - Ha4aJIbHOE YKOPOUCHHE U3/ICNHs BBI3BIBACT €r0 YIUTHHEHHE,

O TpexycCMOTpPEeTh Ha IIOBEPXHOCTH pE3ePBYyapoB KaK OKPYXKHBIX, TaK W
CHMMETPUYHO OTHOCHTEIIBHO OCH PAacCIOJI0KEHHBIX pedep KEeCTKOCTH TaKUM
obpa3oM, 4YTOOBI  OOECIEUMBAIOCH  MAaKCHMaJIbHOE  COINPOTHBIICHHE
OTHOCHTENIBHO KaK panalbHbIX, TaK U IPOAOJIBHBIX Ae(opMariuii;

e moBbllIeHHE He Gonee yeM Ha 20% aeMOQuUPYIONUX CBOMCTB TOHKOCTEHHBIX
LIIMHAPUYECKUX DPE3epByapoB M3 CTEKIOIUIACTHKa Ha ocHoBe Tkanu IITICOII,
NpeJHA3HAYCHHBIX JUIS OKCIUTyaTallid B YCJIOBHSAX IYJIBCHPYIOLIErO0 BO3ICHCTBHS
BHYTPEHHEr0 T'HAPOCTATHYECKOTO [ABICHHUS, MOXHO JOCTHYDh TEXHOJIOTHYECKHM
METOJOM PCUICHUSA 3a1a4u. A MIMEHHO - U3TOTOBJIEHHE EMKOCTEHN OCYULIECTBJIATH TAKUM
06pa30M, YTOOBI BEIHYHHA yria MeEXAy HalpaBJICHUAMHU HUX OCHU U OCHOBHBIMH
BOJIOKHAMM BSI3KM apMHUPYIOIIEN MaTepHal CTEKIOTKAHU COCTABIISIA TPUMEPHO (=+8°,

O00CHOBAHHOCTH U 10CTOBEePHOCTD. [IpencTaBneHHbIe B JICCepTAIMOHHON paboTe
OCHOBHBIE Pe3yJbTaThl OBUIM IMOJTYyYCHBI HMPSMBIMH IKCIEPHIMEHTaMH, ITOBTOPSIEMOCTH



KOTOPBIX COOTBETCTBYET TPeOOBaHMSIM COOTBETCTBYIOIIMX CTaHAAPTOB U ampoOHpo-
BaHHBIX PeKOMEHAAIMI. BhIIBICHHBIE HEKOTOPBIE 3aKOHOMEPHOCTH B YaCTHBIX CITydasx
COTTaCyIOTCS C 3aKOHOMEpPHOCTSIMM, YCTAaHOBIEHHBIMHM JPYTHMH aBTOpaMH IIpH
MPOBEICHUH UCCIIEI0BaHNH 3a/ad, IPHMBIKAIOINX K PACCMOTPEHHBIM B JJaHHOM padoTe.

OcHOBHBIE IT0JI0KEHNs], BLIHOCHMBbI€e HA 3AIIHUTY:

e 0a3MpoBaHHBIE HA W3BECTHBIX ONTHMH3HUPOBAHHBIX IIOJIOKEHHSX METOIBI U
pa3pabOTaHHbIE aBTOPOM IIOJXOMbBI, TPUMEHsSeMBIe TIPU pEIICHWH 3a7ad,
BKJIIOYEHHEIX B paMKaX JUCCEPTAIIMOHHOI paboTHI;

e 000CHOBaHHE BHIOPAHHOW TEXHOJOTMH M3TOTOBJICHUS HCIBITYEMBIX OOBEKTOB, MX
pa3MepoB,  PEXHMOB  TIPOBEJCHHS  COOTBETCTBYIOIIMX  AKCIEPHMEHTOB,
HNPUMEHSIEMBIX IPH UCTIBITAHUSX H3MEPUTENIBHBIX IIPHOOPOB U IPHUCIIOCOOIICHNH, B
TOM YHCIIe U pa3pabOTaHHBIX aBTOPOM;

® pe3yNbTaThl HCCIENOBaHUA JeGOpMHUPYEMOCTH M pa3pylIeHUS] CHMMETPHYHO
ApPMHUPOBAHHBIX OTHOCHTEIFHO OCH TOHKOCTEHHBIX TPYOUYaTBIX JJIEMEHTOB W3
TKAQHEBOTO CTEKJIOIUIACTUKA B YCIOBHSX CIIOXKHOTO HArpyXeHHs KpYTSLIIHM
MOMEHTOM M BHYTPEHHHM THIPOCTaTHYECKHM JaBJCHHEM (pacTsikeHHE TpyO B
OKPY)KHOM HANpaBICHHH) MNpPH pPA3IMYHBIX COOTHOLICHUSX M OYEPeTHOCTAX
HPHIIOKEHHS UX Ha UCIIBITYEMBIil 00BEKT;

® YCTAaHOBJICHHOE  BIHMSHHE  BO3MOXKHOTO  TEXHOJOTHMYECKOTO  HapyIICHHUS
CHUMMETPUYHOCTH apMHPOBaHUS B HEOONBLIMX Ipeienax Ha 3aKOHOMEPHOCTH
U3MCHEHUs  Ne(OPMATHBHBIX  CBOWCTB, CONPOTHUBICHMS  PaspyIICHHIO U
OTHOCHUTEIBHOTO KO3(PUIHEHTA PACCESIHUS SHEPTUH [IUKJIA TOHKOCTEHHBIX TPYO U3
TKaHEBOTO CTEKJIOIUIACTUKA B IIPOLECCE CTAaTHYECKOTO U IHKJIMYECKOTO
(TyIbCUPYIOIIEro) HarpyKeHHsT UX BHYTPEHHHM T'HIPOCTATHYECKHM JAaBICHHEM
COOTBETCTBEHHO;

e chOpMyIHMpOBaHHBIE  IPEMIOKECHUs,  HAampapjeHHblE  HAa  ONTUMAaJBHOE
MPOEKTHPOBAHHE W3TOTOBJICHHBIX M3 TKAaHEBOTO CTEKJIOIUIACTHKA TOHKOCTEHHBIX
TPaHCMHCCHOHHBIX ~ MOJNBIX  BAIOB M  INUIMHAPHYECKHX  PE3epBYyapoB,
HpeIHa3HAYCHHBIX IS OKCIUTyaTal[ly, B OCHOBHOM, B YCIIOBHSIX YHCTOTO C/ABHIa U
HPH ITyJIbCUPYIOIIEM BHYTPEHHEM THAPOCTATHYECKOM JABICHHH COOTBETCTBEHHO.

Anpobamusi  pa6orbl. OCHOBHBIE pe3yJbTaThl  JUCCEPTAIIMOHHON  paboTHI
JIOKJIaIBIBAIICE M 00CYKTANHCh HA:
e VI MexnayHapoaHoi KoHpepeHIn: ~AKTyalbHbIE IPOOIEMbI MEXaHHKH CIUIOIIHON
cpensl” (Jqummxan, Apmenns, 2018r.);
e X MexnayHapoaHoii koHpepeHInH “AKTyalbHbIe IPOOIEMbI MEXaHUKH CILIOIIHOM
cpenpl” (Iaxxanzop, Apmenus, 20251.);
e cemuHapax JlabGopaTopuum OKCIEpUMEHTANBHBIX HccienoBaHuil  MHcruryTta
mexanuku HAH PA (Epesan, 2018-2025 rr.).
JucceprannonHas paboTa B 1eloM o0cyxaanach Ha 3acemanuu Jlaboparopuu
SKCHEePUMEHTAIbHBIX HcciaenoBanuii Mucrturyra mexanuku HAH PA (2025 r.) u Ha
obmem cemunape Mucturyra mexannku MOHKC PA (2026 r.).

Iy6auxanun. ITo Teme quccepTaluy OmyOIMKOBAaHO CeMb Hay4HBIX CTATEH, CIIUCOK
KOTOPBIX MIPUBOJUTCS B KOHIE aBTOpedepara.

CTpykTypa M 00bem padoTbl. JluccepTaiys COCTOUT U3 BBEICHHUS, TpeX IJaB,
OCHOBHBIX BBIBOJIOB M CIHCKAa IUTUPYeMOHl JMTepaTyphl, coaepskamero 154



HauMeHoBaHMA. OOummii 00beM paboThl cocTaBiseT 133 CTpaHHUIIBI IEYATHOTO TEKCTa U
conepxuT 1 Tabauiy u 23 pucyHka.

OCHOBHOE COJEPXKAHUE PABOTBI

Bo BBegennn 000CHOBaHA aKTyaJIbHOCTH TEMBI Pa0OTHI, CHOPMYITUPOBAHEI IIEITb U
3aJa4M MCCIEIOBAHNs, NIPEICTaBIeHbl HaydHas HOBH3HA U MPaKTHYeCKas 3HAYNMOCTh
MPOBE/ICHHBIX HCCIIEIOBAaHUH, H3JI0KEHO KpaTKoe coJiepKaHnue PaboTHI.

IlepBasi rnaBa mocBslieHa OOOCHOBAaHMIO  TPUMEHEHHBIX aBTOPOM METOIUK
MPOBE/ICHNS] WCCIENOBAaHMS 3alad, BKIIOYEHHBIX B pamKkax paboTel. IIpu BeIOOpE
U3BECTHBIX METOJOB M Pa3pabOTKe HOBBIX MOAXOAOB K PEUICHHIO 3THX 3aad ObLIH
YUYTECHBI U3BECTHBIC OCHOBHBIE ONTHMU3HPOBAHHBIE MOJIOKEHHS, KPATKOE COJICpPIKaHUE
KOTOPBIX IPUBOAUTCS HIKE.

Kak u3BecTHO, Ha 3Tame 0OpabOTKHM IAaHHEIX SKCIIEPUMEHTOB C IPHMEHEHHEM
OMBITHBIX 00pa3noB u3 AIl OOBIYHO MONIB3YIOTCS TEOPHSIMH, pa3pabOTaHHBIMH JUIS
OJTHOPOJAHBIX aHHM30TPONHBIX MaTepuanoB. OpHako, mnockonbky All sBrstoTCA
COCTAaBHBIMH HEOJHOPOAHBIMU (T€TEPOTCeHHBIMM) MaTepualaMHi, TO ONTUMAIbHOE
peleHre YHOMSHYTOTO JTala HCCIENOBAaHMS OCYIIECTBISICTCS H3BECTHBIM U3
JUTEpaTypbl JOMYyCKAaeMbIM NEPEXOJOM OT T'€TEpPOr€HHOW K OJHOPOJHOM CIUIOIIHOM
cpere. CyTp 3TOro mepexoja, HIM TaK HA3bIBAEMOTO METOAA SHEPreTHYECKOTO
CIIaXXMBaHUs, 3aK/II0YAaeTCsl B TOM, YTO apMUpyolue uHrpeauentsl All, Tak ckasaTb,
pa3Ma3bIBaIOTCS IO 00bEeMy KOMIIO3UTA, U Cpefia pacCMaTPHUBAETCS KaK OJHOPOIHAS, HO
001aaronas HOBBIMU CBOMCTBAMH, 3aBHCSIIUMH OT CBOMCTB BXOAAIIUX B cocTaB All
UHIpeaUeHToB. IIpy 3TOM NmpuHMMAaeTcs, YTO B HAIPaBICHUU apMUPOBAHUS IJABHYIO
POJIb UTPaeT apMHUPYIOIINI MaTepHal HHTPEANCHT, a B TPAHCBEPCATIBHBIX IIIOCKOCTSIX —
CBSI3YIOIIMH KOMIIOHEHT (IIOJMMEpHas MAaTpWIa), M CYMATAeTCs, 9YTO TAKYIO
UJIeaTN3UPOBAHHYIO CPEy MOXKHO MPHMEHATH KaK OJHOPOJHYIO aHH30TPOITHYIO.

[MpnMeHeHne yHOMSHYTOTO BBIIIE
Mepexo/ia OCYIIECTBISIETCS BBEICHUEM
TpeX ypOBHEHl omucaHuss MoJeIu
uznenus u3 All (puc.1.). Jonyckaercs,
4TO0 MacumTad HIDKHEro YpoBHs h,

YpPOBHS CTPYKTYpHOM
HEOTHOPOJHOCTH, paBeH pa3Mepy
ApPMHPYIOLIHX MaTepuan

WHTPEINEHTOB (IUaMeTpy BOJIOKHA,
TOJIIMHE APMHPYIOIIET0 MOHOCIOS).
CrnenyromuM ypoBHeM H cimyxur tor,
Ha KOTOpPOM  BO3MOXHA  3aMeHa
- - HEOTHOPOTHOM CpeJibl IKBUBAJICHTHBIM
o IPOYHOCTHU u JKECTKOCTHU
MaTepHaioM, W TOTJa MOTYT OBITh

Puc 1. M3BecTHas cxema MOIEIN
W3JIENHS U3 ApMUPOBAHHBIX

OIPEACICHBI MAaKpOCKOIINYICCKHUE
TIIaCTUKOB XapaKTECPUCTUKU KOMIIO3HUTa Hu3
MaKpOCKOMMNYIECKUX OIIBITOB

(MexaHnveckue uchbITanus). CaMblil BHICOKMH ypOBEHb, MacIITad KOTOporo Ha puc.l.
0003HayeH yepe3 A, MPUHUMAETCS PaBHBIM XapaKTepHOMY pazmepy usaenus. [Ipu stom

7



CUHTAETCSI, YTO HA 3TOM YPOBHE BO3MOXKHO IMOTYYUTh AHATUTHUIECKHE 3aBUCHMOCTH,
CBSI3BIBAIOIME MPHIOKEHHOE YCHIME U SKCIEPUMEHTAIbHO  OMpeJelcHHbIE
nepemenieHus, nedopmaruu.

OTMeueHHOE BBIIIE YKA3bIBAET HAa TO, YTO MpPU OOJBLIOM YHUCIE APMHUPYIOIIUX
MHIPETHEHTOB KOMIIO3UT MOXKET OBITH pacCMOTPEH KaK OJXHOPOJHBEINA aHW30TPOITHBIH
MaTrepHall.

IIpn npoBeneHNH MeXaHNYECKUX UCIBITAHUI ONBITHBIX 00pa3noB u3 All TogHOCTD
nu3MepseMoil JedopManMy CyHNIeCTBEHHBIM 00pa3oM 3aBHCHT Kak OT crocoba
3aKpeIuieHHs o00paslOB B MCMBITaTeIbHOE OO0OpyAOBaHME, TaKk M OT Ipolecca
HarpyxeHus (T.e. cobmonenne npuHuuna Cen—Benana). Ilpu sToM cuuTaercs, 4To
BHEIIHHUE BO3MYILEHUS, BHOCUMBIE CAMOYPAaBHOBEILIEHHON CUCTEMOI YCUIINH, B Cilydae
AQHM30TPOIHBIX MATEPHANIOB 3aTYXal0T HEOAUHAKOBO 110 PA3IMYHBIM HAMPaBICHHAM, T.€.
nposBieHne mnpuHnuna Cen—Benana mand  TakuX —MaTepualoB  OKa3bIBaeTCS
AQHU30TPONHBIM, @ MMEHHO - B HAIpaBICHHH HanOOJbIIEH J>KECTKOCTH MaTepuaia
BHCIIHME BO3MYIIEHMS 3aTyXalOT MeEUICHHEee, a B HalpaBICHHH HaMMEHBIIEH
JKECTKOCTH — OBICTpee, B pPe3ysibTaTe 4ero o01acTh BO3MYIUCHHS BBEITSATHUBACTCS B
HaIpaBJICHUH HanOOJIbIIEH KEeCTKOCTH.

OpHOW W3 XOpOIIO H3YYEeHHOH © Hambojee pacmpOCTPAaHCHHOW METOAUKOM
MeXaHM4YeCcKuX ucnbITaHuii All siBIsieTcs 0JHOOCHOE PAcTSDKEHHE M3TOTOBIECHHBIX U3
TaKUX MaTepHajoB ONBITHBIX IUIOCKMX OOpa3LoB C MPSMOYTOJIBHBIM CEUCHHEM. OJTa
METOJWKA CTAaHAAPTH3HPOBaHA BO MHOTHX Pa3BUTHIX CTpaHAX MHpA, B TOM YHCIE U B
PecriyOnmike Apmenust. [lokaszaTenn OCHOBHBIX MEXaHMYECKHX XapaKTEPUCTHK
(mpounocts I1f; , momyns ympyroctu Ef; , xospduument Ilyaccoma v,y ),
yCTaHABIMBacMble OTHMH  CTaHAApTaMH, OOBIYHO HCIOJB3YIOTCS C  ILIENBIO
nacrnoptuzanuu All.

Omnpenenenne nmokasaresiell MEXaHHMYeCKHX XapakTepucTUK All, BOZHHMKAromMX B
TUIOCKOCTHU YKJIAIKH apMaTypsl IIPH YACTOM CIABHTE MaTepHana, MOKHO OCYIIECTBIST
MepeKallNBaHIEM IIACTUHBI (3TOT METOJ] MCIBITAaHHS CTAaHAAPTU3NPOBAH), KPyIeHHEM
TOHKOCTEHHBIX TPYO, KpydIEHHEM MM PACTSIKEHUEM TUIACTHHBI.

Cpeny nepedncIeHHbIX BBIIE METOI0B HCIIBITAHUS CPABHUTEIHHO YHUBEPCAIBHBIM,
T.€. TO3BOJISIIOLIMM OLICHUTD JKECTKOCTh, a TaK)Ke MPOYHOCTH (Ipesiesl pa3pylIaloiiero
HamnpsDKEHHs1) TPU CIBHIE SIBISIETCS METOJ KpPY4YEeHHsS TOHKOCTEHHBIX TPyOUaThIX
o6pasuos u3 All

JloxaszaHo, 4TO TIpH KPyUeHNH FeOMETPHUYECKH TOYHBIX TOHKOCTEHHBIX TPyO u3 AIl
pacrpeneneHne KacaTeNbHBIX HANPSDKEHWH 10 OKPYXKHOCTH W AJIMHE OIBITHBIX
00pa3loB OKAa3bIBACTCS PAaBHOMEPHBIM, a €CIH TONIIMHA A OMBITHOTO TPyOUaTOro
obpasia JOCTaTOYHO Maja 10 CPaBHEHHIO CO CPEAHHM €ro paauycoM R, TO MOXKHO
npeHeOpedybs W HW3MeHeHHeM Jedopmarmii caura no rtommuHe. Ilpm sToM Takas
OJHOPOIHOCTD ISl CTEKJIOIUIACTHKOBBIX TPYO oOecreunBaeTcst NpH COOIIONECHHIH
ycnosust R/h > 10. JInd ynOBIETBOPEHUs 3TOrO YCIOBUS MHUHUMAJbHYIO JUIMHY L
OIIBITHOTO TpyOdaToro obpasia MeXIy 3aXBaTaMH HCIIBITATEIHHONW MAIIMHBI MOXHO
ompenenuTh 3aBHCHMOCTBI0O L=(+4R, tme ( — 06a3a wu3MepeHHs NPOJOIBHEIX
nedopmaruii TpyoO.

TpyOuatsle onbITHBIE 00pasisl U3 All, M3roraBnuBaeMble OOBIYHO METOIOM
HaMOTKH BOJIOKHA UJIK TKaHU, MOTYT 6bITl> MCTIBITaHbI HA OCEBOEC PACTAKCHUE U CKATHUEC,
Ha KpYy4Y€HHE, BHYTPECHHUM HJIn Hapy>XHbIM  JNaBJICHUEM, B TOM 4YHCIC U
ruzipoctatnueckuM. Gopma Takux 0Opa3loOB MO3BOJISET YKa3aHHbIE CHIOBBIC (DaKTOPBI
NPWIOXKATh Ha HCIBITYeMbIH OOBEKT KaK pa3fenbHO, TaK M KOMOWHHPOBAHHO - B
Pa3IMYHBIX UX OYCPETHOCTIX M COUCTaHUSIX.
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B pesynbrare ucneitanuii Tpy6uaThix 00pasnos u3 All Ha oceBoe pacTsKeHUe WK
CXKaTHE OTPEJIEIISIOTCS TPEENbl X MPOYHOCTH (paspylIaomiero Hanpsokenus) 113,

J— J—
nm Iz, , IpUBENIEHHOTO MOIYJS YHIPYTOCTH E;; wm Ez;, xoapdunuenra

MOMEePEYHbIX AehopManuii 9 (anamnor ko3durenta [lyaccona ympyroro temna).

B pesympraTe McHBITaHHS Ha IPOCTOE KpydeHHE TOHKOCTEHHBIX TpyO m3 All
OTIPE/IEIISIOTCS BEJIMYMHBI CABUTOBBIX XapaKTEPHUCTHK MaTepHraia B INIOCKOCTH YKIIaIKH
apMUPYIOLIEr0 MHIPEAUCHTA: JOCTATOYHO HAJSKHO IPHUBEIECHHOTO MOXYNS CABUra

Matepuana Gg; U CPABHHTENBHO MEHEE TOYHO - MPOYHOCTH (PaspyIIAIOIIEro
HaIpsDKEHHs1) IpH 9ucToM casure [lg .

B pesynprate ncmpiTaHuii TpyO4aTeix 0Opa3noB u3 All B yClnoBHAX BHYTPEHHETO
THUIPOCTaTHYECKOTO JaBleHUS (pacTsHKeHHE B OKPY)KHOM HaIllpaBlIeHUH TpyO)
OIIPENeIIOTCS BEIMYMHBI NPUBEICHHOTO OKPY)KHOTO MOAYISL YIPYTocTH Egg ©
HNPOYHOCTH (Pa3pyIIAOIero HalpsDKEHHs) B OKPY)KHOM HarpaBiieHuH [gg.

VYIOMSHYTHIE BBIIIC OCHOBHBIE MOJOKEHHS U MTOAXO/bI, 4 TAKKE COOTBETCTBYIOLINE
anpoOMpOBaHHBIC PEKOMEHIALMU OBUIM YYTCHBI KakK IPH BHIOOpE ONTHMAJIbHBIX
pa3MepoB HCIBITYEMBIX ONBITHBIX TPyOUaThIX 00pas3loB, Tak W HpPH pEIICHUH
COOTBETCTBYIOIIMX 3a/a4.



J51s ocyliecTBICHUS SKCIEPUMEHTAIBHOM YaCTH HCCIeI0BaHU ObIIIO U3TOTOBJICHO
HEOOXOIMMOE KOJMYECTBO COOTBETCTBYIOIIMX CTEKIOIUIACTHKOBBIX TPyOUYaThIX
00pa3LloB ¢ PEKOMEHAYEeMBIMH pa3MepamMH (C BHYTPEHHHM JAHAMETPOM 38 MM,
TOJIIMHON CTeHKH 2,25 MM W jumHOW 285 mM). bbuta Hcrosb30BaHa CTEKIOTKAHb
TOJIOTHSIHOTO TUICTEHHS C OCHOBHBIM TepekpbiTieM Mapku T-23 (TY 6-11-231-76) ¢
tonumHoN 0,27 MM. Cs3yrolee A CTEKJIOIIaCTHKAa HM3TOTaBIIMBAIOCh Ha OCHOBE
SMOKCU(CHONBHBIX CMOJI. BenmumHa Kod(Q@HIMEHTa apMUPOBAHUS CTCKIOILIACTHKA

COCTaBIISIET u =045

v L) - ( Hocuosa = 0,28, Hyrox =
0,16).

OnbiTHEIE Tpy6uaTsie

obpasibl  ©U3  CIIOMCTOTO
CTEKJIOIUIACTUKA C Pa3IUyHOU
OpUEHTallMel apMUPYIOIIETOo
UHTPEUEHTAa OTHOCHUTENIHHO
UX OCH OBUIM H3rOTOBJICHEI
TEXHOJIOTHYECKHM ~ METOJIOM,
W3BECTHBIM B JINTEpAType Kak
METO]] CAMOTIPECCOBAHMSI.
OmHEM W3 BaXHBIX
3TaroB HCCIIEeI0BAHHS
neopMaIIMOHHOTO TOBEACHHUS
HccIeIyeMoro oO0beKTa MpHu

Pas3sIu4IHBIX CHIJIOBBIX
BOSHeﬁCTBHﬂX ABJIACTCS
TOYHOC u HaACKHOC

n3Mepenue aedopmanuii. s
MPOBE/ICHUS] OTHOBPEMEHHOTO
HU3MEpeHHsI YTJIOBBIX,
OPOJONBHBIX M OKPYXKHBIX
neopMaIiii, BO3HIKAOUINX y

OJTHOTO " TOTO xKe
Puc.2. OnbITHBII TpyOuaTkIii oOpaser ¢ CTEKJIOIUIACTUKOBOIO
npucrocobIeHneM n3MepeHus aedopmarmit TpyGuaroro obpasria,
YCTaHOBJIEHHBIH Ha UCIBITATEILHON MalllHe [I0JIBEPraeMoro
ZDMU-30T. KpPaTKOBPEMEHHOMY WK

IUKIMYIECKH  JEeHCTBYIOMEMY

KPYYeHHIO WM BHYTpPEHHEMY
THAPOCTaTHIECKOMY JaBIECHHIO, A TAKXKE B CITydae KOMOMHHPOBAHHOTO MX MPIIIOKEHHS
Ha HCTBITYyeMBIi 00BeKT OBLIO HCTI0Ib30BaHo nMetommeecs B IHcTuTyTe Mexanuku HAH
PA cnenuanbHOe TPUCTIOCOONICHHE, KOTOPOE XOpPOLIO 3apeKOMEHJOoBano ceds B
Ipoliecce NPOBEICHUS SKCIEPUMEHTOB (pHc.2).

W3BecTHO, 4TO MpHU NMPOBEJCHUU HCHBITAHWN Ha BHYTPEHHEE T'MIPOCTaTHYECKOE
JaBJieHue TpyOuaThix 00pasnoB u3 All nepBoCTeNneHHOMH 3a1auell CTAHOBUTCS CO31aHUE
PaBHOMEPHOTO BHYTPEHHETO JABICHUS B HUX M 00€CTIeueHUE IIEIOCTHOCTH TPYO BIUIOTH
10 paspymrenns. C Ienbio yAOBIETBOPEHUS ITHX TPeOOBaHUH aBTOPOM PabOTHI OBLIO
pa3pabOTaHO ¥ W3TOTOBIEHO CIENHANbHOE YCTPOICTBO, IpeIHAa3HAYCHHOE IS
WCTIBITAHUSL OINBITHBIX TpPyOuUaThIX 0O0pa3moB Ha BHYTPEHHES T'HIPOCTATHYECKOE
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JaBJIEHHE, a TAKXKe Ha KOMOMHHPOBAHHOE BO3/EHCTBHE BHYTPEHHETO IABICHHS U
KPYTAIIEr0 MOMEHTA.

Bce kpaTkoBpeMeHHbIE U IIMKINYECKHUE UCTIBITAHUS ONBITHBIX TPYyOUaThIX 00pa3oB
U3 CIIOUCTOTO CTEKJIOIIACTHKA OBUIM MPOBEICHBI HAa TPEXOCHOW Pa3phIBHON MallnHE
HeMenkoro mnpomsBoxacrBa Mapku ZDMU-30T (puc.2), cormacHo pa3paOGoTaHHBIM
aBTOPOM METOJAAM.

Bropass rmaBa  guccepTanMOHHON  pa0OTHI  MOCBSIIEHa  HCCIIEOBAHUIO
JaeopMHUPYyEMOCTH M CONPOTHBIECHHS Pa3pyLIEHHIO TOHKOCTEHHBIX TPYO U3 CIIOMCTOTO
CTEKJIOIIACTUKA B YCIOBUSIX CJIOKHOTO HArpyeHHs KpYyTSAIMM MOMEHTOM H
BHYTPEHHUM THAPOCTATUYECKUM JABICHHEM MPH PA3NUYHBIX OYEPEIHOCTAX H
COOTHOIIECHUSX MPUIIOKEHHUST X HA UCIBITYEMBII 0OBEKT.

Beimu mcnonb3o0BaHBI CHMMETPUYHO apMHUPOBAHHBIE OTHOCHTENBHO OCHU TpPYOHI,
W3TOTOBJICHHBIE M3 CTEeKIoIUIacTuka Ha ocHoBe TkaHu [ITICOII (BenmuuHa yriia MeXIy
HaIpaBJICHUSIMHA OCHOBHBIX BOJIOKOH BSI3KH apMUPYIOIIEH KOMITO3UT CTEKIOTKAHN U OCH
Tpy6 coctaBmier ¢ = 0°).

IIpenBapuTensHO TPHMEHEHHEM OJHOW YacTH CTEKJIOIUIACTHKOBBIX TPYyOUaThIX
OIIBITHBIX 00pa3LOB ¢ BHENTHUM JuamMeTpoM 39,7 MM | JUIMHOH pabouei yactu 60 MM
(oHM OBUIM TOJIy4eHB! M3 YNOMSHYTHIX B TJIaBe | CTEKJIOINIACTHKOBBIX TPYO IMyTeM
mundosanus yepes 30 eT mocie HUX M3TOTOBICHUS) ONPENENSUIM  Ipeebl
CONPOTHBIEHHS Pa3pyIICHUIO TPyO MpU OJHOOCHOM BHYTPEHHEM T'MAPOCTATUYECKOM
naBieHun ( age =458,2MIla) u mpu mpocroM KpydeHu:n ( ng = 36,2 MIla).
OcranbHast 4acTh TPyOUaTHIX OIBITHBIX 00PA3I0B HCII0JIB30BANIACH C IIENBIO IIPOBEICHUS
HCCIIeIOBaHNH, Pe3yJIbTaThl KOTOPBIX PACCMATPHBAIOTCSI HIDKE.

B nepBoMm pa3jeJie Ti1aBbl HCCIIEOBAH BONIPOC CONMPOTHBICHUS 1e(hOPMUPOBAHUIO
W pa3pyIICHUIO NPU BHYTPEHHEM TI'MIPOCTATHYECKOM AABJICHUH CTEKJIOIUIACTHKOBBIX
TOHKOCTEHHBIX TPYyO, HAXOAAIIMXCS TII0J MOCTOSHHBIM BO3AEHCTBHEM KPYTSIIETO
MOMEHTA Pa3JIMIHbIX yPOBHEH.

C 3Toi1 1enpio ONBITHBIE TPyOUaThle 00pa3Ibl MPEIBAPUTEIEHO OBUTH HArpyKEHBI
KPYTSIIAM MOMEHTOM ONpENeNIeHHOTO YpoBHA (cooTBercTBYytomiero 0,4, 0,6 u 0,8 ng),
a 3aTeM, COXpaHssl 3Ty Harpy3Ky IOCTOSHHOW, OHM OBUIM JTOBEICHBI O Pa3pylICHUs
MyTeM CTYNEHYaTOro YBEJIMYEHUs B TPyOaX BHYTPEHHErO0 THIPOCTaTHYECKOTO
JIaBICHHS.

Brio ycTanoBieHo, 4TO MpeaBapUTeNbHOE IPUIOKEHHE KPYTSIIEro MOMeHTa MK,
cootsercTByromero 0,4 TGP 7> MQJIO BJIMSET HA Pa3pyIIaloNIee HANPSKEHHE B OKPYKHOM

HaTpaBJICHUN agg CTEKJIOIUIACTUKOBBIX TpyO. BenuunHb O’é% CTEKJIOTIACTUKOBBIX
TpyO, TpEIBApUTEIHHO HATPYKEHHBIX KPYTSIIUMH MOMEHTaMH, COOTBETCTBYIOIINMH
0,6 ‘rg 7108 ng, OKa3aJich, COOTBETCTBEHHO, TPUMEPHO Ha 24% u 28% MEHBIIMMU IO
CPaBHEHUIO CO 3HAYCHHUEM J};g.

VMeHbIlICHHE BENMYAHBI Ogy , Ha0MIOAEMOE y CTEKIOMIACTHKOBBIX TPYO,
TIpeBapHTETHHO HATPYKEHHBIX KPYTATINM MOMEHTOM BBICOKHX YPOBHEH, 06BACHAETCS,
B OCHOBHOM, TPpONOUKAIONMMCS B  TPONECCE YBENMUCHWS  BHYTPEHHETO
THPOCTATHYECKOTO JaBJICHHSI HEPABHOMEPHOTO PAa3BUTHS BHYTPEHHHUX HANPSDKEHHH B
a‘le/I‘py}OLueM MaTepuall MHI'PEAUCHTE, U OTO Pa3sBUTHUEC OKa3bIBACTCA TEM MHTCHCHUBHEC,
YeM BBIIIC YPOBEHb KPYTSIIEr0 MOMEHTA, MOCTOSIHHO JCHCTBYIOLIEr0 Ha TpyOUaThlii
oOpaszerl.
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BbIsIBI€HO, 4TO CBA3b MEXAY PACTATHUBAIOLIMMU HANPSKECHUSMH B OKPYKHOM
HAaIlpaBICHUH Ogg M OKPYXXHBIMH JAehopManmsiMU &gg (OCHOBHBIE nedopmarmy,
3apErMCTPUPOBAHHBIC B HAIPABICHUM JCHCTBHS HANpPSDKCHUS, YBEIMYMBAIOIIEIOCS B
HPOIIECCe HCTBITAHNS) CTEKIOIUIACTUKOBBIX TPYO HOCHT NMPAKTHYECKU MPSAMOINHEHHBIH
XapakTep, YTO OOBACHACTCA CTPYKTYpPHOIl OCOOCHHOCTBIO YTKOBBIX BOJIOKOH
apMupyromeit Matepuai creknotkanu Tuna ITICOIL. IIpu 3ToM yem Belie ypoBeHb MK,
NpeBAPUTENHHO IPIIOKEHHOTO Ha OINBITHBIH TpyOdaThi oOpasem, TeM MEHbIIe
CONPOTHBIIEMOCTh TPYy0O OTHOCHTEIEHO OKPY>KHBIX JedopMaruii.

Toka3zaHo, 4TO B IpoLecce MOBBIICHUS YPOBHS Ogg TMOSBISAIOTCS U Pa3BUBAIOTCS
CYILLIECTBCHHBIE CIBUTOBBIE 1e(hOPMALIMH gz, CONMYTCTBYIOIINE OCHOBHBIM OKPYXKHBIM
neGopMaIisIM Egg OTHUX U TEX XK€ CTEKJIOIUIACTHKOBBIX TPYOUYaThIX 00pasloB, U 3TH
nedopmanuu  OKa3bIBAIOTCSl TeM CYIIECTBEHHEE, YeM BBIIIE YpOBeHb MK,
HpeBapUTEIHHO PHIIOKESHHOTO Ha UCIIBITYEMBIIT 00paser.

B ciygae Mx=0 nedopmaruu casura y TpyO He HaOIIOIAIOTCSL.

VYcraHOBIEHO, YTO B Ciy4ae OJHOOCHOTO BHYTPEHHETO THIPOCTaTHYECKOTO
naBieHus (Tgz; = 0) yBelMUYeHUE HaIpsHKEHHS Ogg A0 HEKOTOPOTO YPOBHS (B JaHHOM
crydae 0 0gg =205,7 Mlla, korma ogg /a‘g‘9 ~ 0,45) mpUBOIUT K MOHOTOHHOMY
YKOPOUYECHHUIO CTEKJIOIUIACTHKOBBIX TPyOUaTHIX 00pa3loB, MPOJOJBHEIE AehopMauu
KOTOPBIX  JOCTHTAIOT &7z ~ 0,63 x 1073 . Ilpu nanbHeinleM yBEIMYEHHH Ogg
Ha0JIfo1aeTCsl MOHOTOHHOE YJUITMHEHHE TPYO, BEMMYMHA KOTOPOTO IOCTHTaeT &£z =
0,81 x 103 (puc.2.1).

AHAJIOTUYHOE SBIICHHE HAOMIOAeTCs U TIPU YBEIWUCHUH YPOBHS HATPSHKCHUS Ogg
Ha CTEKJIOIUIAaCTUKOBBIE TPYOBI, TPEIBApPUTENHFHO HArpy)KEHHBIE  KPYTSIIMMHU
MOMEHTaMH, COOTBETCTBYIOIUMHU Tg; = 0,4 TSZ = const u tg9; = 0,6 ng = const.
OmHAKO B 3TUX CIyYasx MPOUCXOIAIIee MaKCHMAIbHOE YKOPOUYEHHE TPYO HaOIogaeTcs
NP CPaBHUTENBHO HU3KUX YPOBHAX HANPSIKEHUA Ogy (pHC.3).

B mpouecce momaroBoro yBeNMYEHHs ypPOBHS ~ HANpPSOKCHHS Opg Ha
CTEKJIOIIACTHKOBBIC TPYObI, HAXOSIIMECS 110/l HOCTOSIHHBIM BO3JCHCTBUEM KPYTSIIEM
MoMeHTa MK, COOTBETCTBYIOLIErO Tgz = 0,8 ng, MPOUCXOIUT MOHOTOHHOE yJUTHHEHHE
Tpy6 (puc.3).

JedopmupoBanne B HaNpaBJIeHUH OCH CTEKJIOIUIACTHKOBBIX TPyO, HabII0qaeMoe B
XOJI€ YBEIHYEHHs OTHOOCHOTO BHYTPEHHETO THAPOCTATHYECKOTO AaBJIeHNUs (IPU Tgy =
0), MOXXHO OOBSCHHTH, B OCHOBHOM, TapaJUIeNIbHO Pa3BUBAIOIIUMUCS Ae(hOopManusIMHu,
oOycnoBieHHbIME (hakTOopamMu TMpuoOpeTeHus: TpyOaMu HEKOTOpol 060YK00Opa3HO
GOpMBI M BBIIPSAMIICHUS PETYJISPHO HCKPUBJICHHBIX OCHOBHBIX BOJIOKOH BSI3KH
apMUpyIOIIeil MaTepHan CTEKIOTKAHW. IIpH 5TOM IIpH HU3KHX YPOBHAX Ogg
YIIOMSIHYThIH BBIIIE NEPBbIi (HaKTOp MpeBaIUpPyeT HaJl BTOPBIM (PaKTOPOM, B pe3yJIbTaTe
4ero HaOJII0JIAeTCA HavalbHOE YKOPOUCHHE TPYO. A NpPH BBICOKHX YPOBHSAX Opg UMEET
MecCTO 00paTHOE SIBJICHHE, IPUBOJISIIEE K MOCTEIICHHOMY YAJIHHEHHUIO TPYO.
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Puc.3. Kpussle, onuceiBatomue 1eGpopMHpOBaHIE CTEKIOTKAHEBBIX
TpyO B IPOJOJILHOM HAPABICHHUH €, TIOBEPTracMBbIX
BHYTPEHHEMY THAPOCTAaTUYECKOMY JABICHUIO B YCIOBUIX
HOCTOSTHHO JIefCTBYIOIIETO KPYTSAIIEro MOMEHTA (Tgz)
pa3IUYHBIX YPOBHEH.

B ciryuae cnoxxHOro HarpyxeHust Ha JeopMaIOHHOE TTOBEACHHE B HAIIPABICHUH
OCH CTEKJIOIIIACTUKOBBIX TPYO, KPOME YIOMSHYTHIX BBIIIE (PAKTOPOB, CYIIECTBEHHYIO
pONb MOTYT CHITpaTh Je(OpMaluy CABUra, BO3HHUKAIOIIHE OT IPEABAPUTEIHLHOTO
MPHIOKEHHS K TPYOaM IMOCTOSTHHOTO KPYTSIIIEro MOMEHTA Pa3IMIHbIX yPOBHEH, a TAKKe
CZIBUTOBAsSI TIONI3Y9IECTh TPYO, MOSBIISIONIAACS B XOJI€ TTOMIATOBOTO YBEINICHHS YPOBHS
BHYTPEHHET0 THAPOCTATUUECKOTO TaBICHHUS.

Bo BTOpOM pa3sjeiie riaBbl 00CYKIAOTCS PE3YJIbTAThI HCCIICAOBAHKS 3aBUCUMOCTH
COMPOTHBICHUS JeHOPMHUPOBAHHUIO U PA3PYUICHUIO CHMMETPHUYHO apMHPOBAHHBIX
OTHOCHTETIFHO OCH CTEKJIOIUIACTUKOBBIX TPYO OT BHYTPEHHETO THIPOCTATHYECKOTO
JTABJICHHS TIPU HATPYKEHUH CTYNEHYATO YBEINIUBAIOIINMCS KPYTSAIIAM MOMEHTOM.

[Ipu mpoBeneHUH SKCTIEPUMEHTANFHON YacTH HCCIIEAOBAHUS CTEKIOIUIACTUKOBEIC
TpyOUaTble OMBITHBIC OOpa3lbl MPEABAPUTEIBFHO OBUTH HArpy>KEHbl BHYTPEHHUM
TUIPOCTATHYECKUM JaBJIEHHUEM ONpeesIeHHOTO ypoBHS (coorBercTByromero 0,4, 0,6 u
0,8 Jgg ), a 3aTeM, COXpaHAs 3Ty Harpy3Ky IOCTOSHHOH, OHHM OBbUIM IOBEIEHBI 10
paspymieHdss IyTeM NPWIOKEHUS CTYNEHYaTo YBEIHMYHMBAIOMIETOCS KPYTSIIETO
MOMEHTA.

Bruto ycraHOBNEHO, 4TO BENWYHMHA PA3pYIIAOIIETO HANPSOKEHUS MPH KPYYCHUH
CTEKIIOIUTACTHKOBBIX ~ TPYO T;pz, MPEJBAPUTEIIFHO HArPYKCHHBIX  BHYTPECHHUAM
T'IAPOCTAaTUICCKUM NAaBJICHUEM, COOTBCTCTBy}OLLII/IM 0,4 O'ge , OKasbIBacTCA MPHUMEPHO
Ha 40% BBIIIE TIO CPaBHEHHIO C ONPEACICHHBIM MpPU TPOCTOM KpPYYCHHH ng
MICHTHYHBIX TPyOUaThiXx 00pa3luoB. BennumHbl pa3pylIaromiero HampsyKeHHs IMpH
KPY4EHHHU CTEKJIOMIACTUKOBBIX TPYO Tépz, HaXOASIMXCS MO0 BO3JEHCTBUEM OKPYHKHOTO
Hanpsioxenus 0,6 agg n0,8 agg, OKa3bIBAIOTCSI, COOTBETCTBEHHO, MPUMEPHO Ha 22% U Ha
47% MEHBIIUMHU 10 CPAaBHEHUIO CO 3HAYEHHEM TGPZ.
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CyliecTBeHHOE  yBEJNIMYEHHE pa3pyLIAIONIEro HANPSDKEHHS IPH  KPYyYSHHU
CTEKJIOIUIACTUKOBBIX TPyO, HAaXOMSUIMXCSI B YCIOBUSAX 0y = 0,4 059 = const ,
OOBSICHSICTCS, B OCHOBHOM, Oojiee paBHOMEPHBIM paclpeeliecHHeM BHYTPEHHHX
HaIpsDKEHWH, BO3HMKAIOIIMX MEXIy BOJOKHAMH BS3KH apMHpyOIIed Marepuai
CTEKJIIOTKAaHH B IIpolecce HCHbITaHus. [Ipw 3ToM HabmomaeMoe yMeHBIICHHE Tépz
CTEKJIOIIACTHUKOBBIX TPYO, NMPEABAPUTENILHO HArPY)KEHHBIX BHYTPEHHHMM JaBICHHUEM
BBICOKHX YPOBHEH, CB3aHO, B OCHOBHOM, C T€M, 4TO TPYOBI elle 0 Hayaja mporecca
KPYYeHHs] OPHOOPETAlOT HEKOTOpyr 004Kko0OpasHylo (opMy, NPUBOMAIIYIO K
YBEJIMYEHHIO NOJATIMBOCTH TPYO OTHOCHTEIBHO KPYUYEHHUS.

TlokazaHo, 4TO mMONIAroBOE MOBBIMICHHE YPOBHS KPYTSMIETO MOMEHTa NPUBOANT K
MOHOTOHHOMY YBEIWYEHHIO aedopMmauuii ciBura Ygz (OCHOBHBIC Iedopmarun)
TOHKOCTEHHBIX ~CTEKJIOIUIACTHKOBBIX TPy0 B paccMaTpuBaeMBIX 37€Ch CIydasx
ucnsITaHus. [Ipu 3TOM CKOPOCTh HapacTaHWsl STHX AeOopManiil OKa3bIBACTCS TeM
CYIIECTBEHHEE, YeM BBINIE YPOBEHb BHYTPEHHETO0 THAPOCTATHYECKOTO IaBJICHUS,
HpeIBapUTEILHO NPHIOKEHHOTO Ha TPYOYy.

BrisiBiIeHO, 4TO B YCIOBHAX IPOCTOro KpydeHus (mpu ggg = 0) B mpomecce
TIOBBIIIEHUS KPYTSIIEr0 MOMEHTA, KPOME YBEJIMUEHHs YIJIOBBIX Aedopmauuit (Yez),
HPOMCXOJNT U MOHOTOHHOE YMEHBIICHHE C IEPEeMEHHO M3MEHSIOIIEHCS CKOPOCTHIO
nedopMaryii B OKPY)KHOM HAIIPaBJIEHHH CTEKJIOIUIACTHKOBBIX TPYOYaTBIX 00pasLoB
(mpoucxomut cyxeHue Tpyo).

B ciyudae CIOKHOTO HAarpy»keHHs MOIIArOBOE IIOBBIIICHHE KPYTSLIEr0 MOMEHTA
NPHUBOIUT K YBEJIHYCHHIO C BO3PACTAIOLICH CKOPOCTHIO AedopManii Egg (MPOUCXOAUT
pacmmpenue Tpy0), mpu dYeM Ooyiee CYIIECTBEHHOMY, 4YeM BEIIIE YPOBEHb
HpeIBapUTEIHHO IPUIIOKEHHOTO K TpyOaM BHYTPEHHETO THAPOCTATUYECKOTO JTaBICHHSI.

IToka3aHo, YTO B YCJIOBHUSIX IPOCTOTO KPYUESHHS MOIIAroBOE yBEINUSHUE KPYTSAIIETO
MOMEHTa MPUBOANT K MOHOTOHHOMY YKOPOYEHHIO TPYO, COMYTCTBYIOLIEMY OCHOBHBIM
yIaoBeIM (cOBUTOBBIM) nedopmanusm 3tux ke TpyO (puc.4). Takoe moBeneHne
HPOOJBHBIX AehopMarinii MOKHO OOBSCHUTH MOCTETICHHBIM MCKaKECHHEM HayalbHOTO
yriia (HampaBieHHs) OCHOBHBIX BOJIOKOH apMHUpYyIoLieil Marepuan CTeKIOTKaHH,
MPOUCXOAANINM B PE3YJIbTaTe Pa3BUTHS YTIOBBIX Aedopmanuii (1edopMariiy cIBura) B
HpolLecce MOMIAaroBOro YBEMUYCHUsSI KPYTSIIEro MOMEHTA, a TaKkKe CyXeHHeM (cM.
BBIIIE) ¥ Pa3BUTHEM C/IBUTOBOM IMOJ3YYECTH TPYO, NPOUCXOMAIIMMHU B TEYEHHE STOTO
npoecca.

B ciyuasix KpydueHHMs! CTEKJIOIUIACTHKOBBIX TPYO, IPeIBApHUTEIbHO HArpy>KeHHBIX
BHYTPEHHMM THAPOCTATUYECKUM JABICHUEM pPAa3JIMYHBIX YPOBHEH, IPOUCXOIUT
HayallbHOC WX YMJIMHEHHEe W JanbHeiilnee ykopodeHue. IIpy STOM BEJTHYHHBI
HAaYaJIbHOT0 MaKCHMAJIBHOTO Y/UIMHEHHS U JEHCTBYIOLIETO0 Ha CTEKJIOIUIACTHKOBBIC
TpyObl KacaTeNbHOrO HAMpPSDHKEHUs, IOJ BO3JCHCTBHEM KOTOPOTO IPOUCXOIHT
U3MCHEHHE HalpaBleHUs Ae(OpPMUPOBAHHS B HANpPABICHHH OCH, CYIIECTBEHHBIM
00pa3oM 3aBHUCAT OT YPOBHS MPEABAPUTEIILHO MPUIIOKEHHOTO K TpyOaM BHYTPEHHETO
THIPOCTATUYECKOTO AaBieHus (puc.4).
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Puc. 4. Kpussle, onuceiBaromye 1e()OpMHPOBAHNE  CTEKIOIIACTHKOBBIX
TpyO B IIPOJOJILHOM HalPaBJIeHHH 77, MOABEPraeMbIX KPYUCHHUIO B
YCIIOBHSAX MOCTOSHHO JEHCTBYIOIIETO BHYTPEHHETO
THIPOCTaTHIECKOT0 JaBIeHUS (Ogg) PA3IMUHBIX yPOBHEH

JedopmaroHHOe MOBEJCHHE B OCEBOM HaIPaBICHUH, HaOII0JaeMoe B MpoIecce
YBEIMYEHHSI KPYTAILIEr0 MOMEHTa Ha CTEKJIOIUIACTUKOBBIC TPYOBI, HaxomsIIuecs B
YCIIOBUSAX MOCTOSHHO JEHCTBYIOIIErO BHYTPEHHEIO I'MIPOCTaTUYECKOrO MIaBJICHUS,
MOYKHO OOBSCHUTH, B OCHOBHOM, MapajuIeNIbHO Pa3BHBAIOLIMMHUCS Ae(hOopMalisIMu,
OOYCIIOBIEHHBIMH ~ (haKTOpaM¥M  MPOJOJDKAIONIETOCST  BBIIPSIMIICHHUS — PETyJISIpHO
HCKPHBIIEHHBIX OCHOBHBIX BOJIOKOH apMHPYIOIIEeH MaTephan CTEKIOTKaHU, HMEBIIETO
MECTO BCIIE[ICTBHE HAIWIMS B TPyOax BHYTPEHHETO TMAPOCTATUYECKOTO IABIEHHS, U
WCKa)KEHHSI MEPBOHAYANFHOTO HAIPABICHHUS OCHOBHBIX BOJIOKOH CTEKJIOTKaHHU. [Ipm
9TOM IIPY HU3KUX YPOBHAX IIPHIOKEHHOTO Ha OTIBITHBINA TPyOUaThIit 00pa3er] Kpy TSAImero
MOMeHTa MK YIOMSHYTHIH BBILIE IIEPBBI ()akTOp MPEBANUPYET HaJl BTOPBIM (akTopoMm,
B pe3yJIbTaTe Yero MPOUCXOAUT YINHEHHE TPYO. A NpH BHICOKHX YPOBHSIX MK- nMeeT
MECTO 00paTHOE SBJICHHE.

B TpeTbeii riiaBe paboTh 00CYKAAIOTCS BOIIPOCHL:

. BIMSIHHSL ~ BO3MOXKHOH ~ CHMMETPHYHOCTH  (HAQUaJIbHOTO)  OTKJIOHEHHMS
apMHUPOBaHHUS OT MPEAYCMOTPEHHOI OTHOCHTEIBHO OCH B HEOONBLIMX Mpenenax Ha
nedopMaIOHHOE TTOBEJCHHE U CONMPOTHBICHHE Pa3pyIICHHUI0 TOHKOCTEHHBIX TPYO W3
CJIONCTOTO CTEKJIOIUIACTHKA IIPU KPAaTKOBPEMEHHOM BHYTPEHHEM T'HMAPOCTAaTHYECKOM
JIaBJICHUY;

. rmoBe/ieHus 1e(OPMUPOBAHUSI U PACCESIHUSI (IUCCHUIIAIINK) YHEPTUU CHMMET-
PUYHO M aCHMMETPHYHO apMHUPOBAHHBIX TOHKOCTEHHBIX TPYO M3 CIOHCTOTO CTEKJIO-
IJIACTHKA B MPOLIECCe BO3ACHCTBHS IMyJIbCUPYIOLIET0 BHYTPEHHETO THAPOCTATHYECKOTO
JIaBJICHHSI.

[IpoBeneHHe SKCHEPUMEHTAJIBHON YacTH HCCICJOBAHUI OBLIO OCYLIECTBICHO C
UCIIOJIb30BAHUEM CUMMETPUYHO U aCUMMETPHUYIHO apMHUPOBaHHBIX pr6‘-laTbIX OIIBITHBIX
00pa3oB ¢ BHEIIHUM AuaMeTpoM 39,7 MM u JuHON paboueii yactu 60 mM. OHE ObLIH
MOJTyYEeHBI MPU MOMOIIM HUTM(OBAHUS U3 COOTBETCTBYIOUIMX TPYOUATHIX IJIEMEHTOB
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(ucxomHele TPYOBI) C BHYTPEHHHUM OHAMETPOM 38 MM, TOJIIMHOM CTEHKH 2,25 MM H
JUIMHOH 285 MM, M3rOTOBJICHHBIX M3 CTEKJIOIUIACTHKA HAa OCHOBE CTEKJIOTKAaHM THIIA
TITICOII. OmpiTHBIE 00pa3ubl ObUTH BBITOYEHBI, a KCIIEPUMEHTANBHBIC HCCIEIOBAHUS
ObuTH OocyIIecTBIeHHI Yepe3 30 JIeT mocie U3roTOBICHUS HCXOAHBIX TPYO.

B mepBoM pa3sgeiie TIIaBBI PacCMaTPHUBAIOTCS PE3YNIBTATHl MCCIICIOBAHUS BIVISTHUSL
Ha4yaJbHOTO OTKJIIOHEHUS apMHPOBaHUS OT NPEIyCMOTPEHHOH CHMMETPHYHOCTH
OTHOCUTENBEHO ocu B mpenenax +(6...8%) Ha CONPOTHBIAEMOCT Pa3pyIIECHUIO H
neopManoHHOEe TOBEICHUE TOHKOCTEHHBIX TPYOUYaThIX OOpasloB U3 CIOHCTOTO
CTEKJIOIUIACTUKA, IIOBEPraeMBIX CTYIEHYaTO-BO3PACTAIOIEMy (KPaTKOBPEMEHHOMY)
BHYTPEHHEMY THIPOCTATHUECKOMY JaBIECHHIO.

OTMeTuM, 9TO OTKIOHEHHE apMHUPOBAHMS OT MPETyCMOTPEHHON CHMMETPUYHOCTH B
YIOMSHYTBIX TIpefiefaXx ObUI0 OOHApy>KEHO IpH H3TOTOBICHHH B J1a0OpPaTOPHBIX
YCIOBHSAX TOHKOCTEHHBIX TPYO M3 TKaHEBOTO CTEKJIOIUIACTHKA TAKUM 00pa3oM, 4TOOBI
OHH OKa3aJMCh APMHUPOBAHHBIMH CHMMETPHYHO OTHOCHUTEIBFHO OCH (BEIMYMHA Yriia
ME/ly HalpaBJICHUSIMA OCHOBHBIX BOJIOKOH BSI3KH CTEKJIOTKAaHU M OCH TPYO COCTaBIIsIeT
0=0°). OnHaKo B pe3yJbTaTe NPOBEACHHBIX U3MEPEHHUH Y YACTH TOTOBLIX TPYO (Gonee yeM
8% 0T 0011IeT0 KOJIMYECTBA) OBLTO 3a(MKCUPOBAHO HAYAILHOE OTKIIOHCHHE apPMUPOBAHHUS
OT NIPEXyCMOTPEHHOH CHMMETPHYHOCTH, CpeIHee 3HaueHHe KOTOpPOTO Koaedanoch B
npenenax =(6...8°)(Tpy6bl, apMUPOBAHHBIE ACHMMETPHYHO OTHOCUTEILHO OCH).

CpenHsisi CKOpOCTh HapacTaHWs JaBjieHus B Tpybax cocrasister ¢ = 6 + 0,3 atm/
MHH, YTO COOTBETCTBYET CKOPOCTH YBEINYCHNUS HANPSDKEHHS B OKPY)KHOM HaIpaBIeHHU
TpyO 0gg = 5,8 + 0,28 MIla/MuH. B mporecce mpoBeieHHsS HCHIBITAHHA W3MEPSUIUCH
OKPY’KHBIE H YTJIOBEIE Ae(hOpManiy, BO3HUKAEMBIE OJHHUX U TEX XK€ TPyOUaThIX 00pa3IoB.

BeIIO  ycTaHOBNEHO, UYTO BIMSHHE HAYaIbHOTO OTKJIOHEHUS AapMHUPOBAHUS OT
MpeIyCMOTPEHHOH CHUMMETPUYHOCTH B YIOMSHYTHIX BBIIIE MpEAeNiax Majo BIHSET Ha
paspyluaroniee HalpsDKeHWE 10  OKPY)KHOMY HAampaBJIeHHIO CTEKJIOIIACTHKOBBIX
TpyOYaThIX OMBITHBIX 00pa3uoB. CpEIHIO BEIMYMHY O3TOH XapaKTepPUCTHUKH IS
CTEKJIOIUTACTUKOBBIX TPYO M ¢ CHMMETPUYHBIM, ¥ C aCHMMETPHUYHBIM apMHUPOBAHHUSIMH
MOJKHO NPHHATH PaBHOM 039 = 458.2 MIla.

BeIsiBIIeHO, YTO BeJIMYMHA OTHOULICHMS Ogg/Egg, PACCUMTAHHAs HAa OCHOBE JAHHBIX,
B3STHIX U3 TPAKTHUYECKU TPSMOJMHEWHOrO0 ydyacTKa KpPHUBOM, OIMCHIBAIOLIEH
JKCIIEPUMEHTAIBHO YCTaHOBJICHHYIO CBSI3b MEXKAY Ogg U €gg (3TY XapaKTEpUCTHKY
Ha30BEM IIPUBECHHBIM MOYJIEM YIIPYTOCTH II0 OKPY>KHOMY HAIPaBIEHHIO U 0003HAYNM
uepes Egg), B CIydae CTEKIOMIACTHKOBBIX CHMMETPHIHO APMHPOBAHHBIX TOHKOCTEHHBIX
TpyO cocTaBIsieT Egg = 29,2x103 MIla, a B cly4yae apMUPOBAHHBIX ACHMMETPUYHO

Tpy6, — Egg =24,3x10 3 MIla. DTo O3HA4aeT, 9YTO BO3MOKHOE OTKJIOHEHHE
apMUPOBAaHUS OT NPEIYCMOTPCHHOW CHMMETPUYHOCTH B mpepenax =+ (6...8°) moxer
IPUBECTH K cIIafy NpUMEpHO Ha 17% NpuBeIeHHOro MOAYJIS YIPYTOCTH IO OKPYKHOMY
HATIPABIEHHIO Egg, ONPENETEHHOr0 HA OCHOBE JAHHBIX HCIIBITAHIS TPy Ha BHyTpEHHEE
THAPOCTaTHYECKOE JaBJIeHUE, KOIJla OCHOBHAs HAarpy3ka BOCIPHMHHUMAETCS YTKOBBIMU
BOJIOKHAMU apMHpYIOLIeH MaTepual CTEKJIOTKAaHH.

B Tabmune, st cpaBHEHMs, NMPEACTABICHBI BEIMYUHBI MPOYHOCTH (CONPOTHUBIICHUS
Pa3pyIICHNIO) B YIPYTUX XapaKTePHCTHK CIOMCTOTO CTEKJIOIUIACTHKA IIPH PACTSDKEHUH B
HAIIPaBJICHUH YTKOBBIX BOJIOKOH apMHPYIOIEH MaTepHall CTEKIOTKaH!, YCTAaHOBJICHHEIE
UCIIBITAHUSAMH OIIBITHBIX 00pa3lioB pa3nmuHOil reomerpmu. llpum ompeneneHunm 3THX
XapaKTepPUCTUK yYUTBHIBAJICS (PaKTOp HAYaIBbHOTO OTKJIOHEHHsS HANPAaBJICHUS YTKOBBIX
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BOJIOKOH BS3KM apMHpYIOIIell Marepuayn CTEKJIOTKaHM B mpenenax =+(6...8°) ot
npeaycMoTpennoro (¢=0°) .

OTMeTHM, YTO NpEJCTABICHHbIC B TaOJHIE BEIUYMHBI IPOYHOCTU HPH PACTHKCHUU
o M MOy yupyrocts E cioncToro crekiomiacTrka ObUN ONpeieNIeHbl CTaHIapTHBIMH
METO/IaMH UCIIBITAaHUS C HCIIOJIb30BaHHEM IUIOCKHX 00PA3LOB MPSMOYTOJBHOTO CECYEHHUS
TOMUIUHOH 4 MM M OMM, COOTBETCTBCHHO, @ MCIBITAHUSMH CTEKIOIUIACTHKOBBIX
TOHKOCTEHHBIX TPYO C TOJIIMHOH CTEHKH 2,25 MM Ha BHYTPEHHEE T'HIPOCTaTHIECKOE
naBieHne (pacTsDKeHHEe TpyO IO OKPY)KHOMY HAIpaBieHHIO) OBUIM OIPENENCHE
BEJMUMHBI  Pa3pylIAfONIETo HATPSUKEHHs 10 OKPY)KHOMY HANpAaBICHHIO Opg U

IPUBEIEHHOI0 MOyIs ynpyroctu Egg 10 3TOMy e HalpaBiIeHUIO.

Tabauya
Beau4yrHbBI IPOYHOCTHBIX U YIPYTUX XapaKTCPUCTUK
CJIONCTOTO CTEKJIOILIACTHKA
OnbITHEIE 3Ha4YeHUs OTpeICICHHBIX
00pasiel ¢ XapaKTEPHCTHK
Bun ucnbrranus yII0M > — ;
apmuposanns, | 08 (0gg), | E(Ege)x10~)
@° MlIla MIla
PacTspxeHne ctaHgapTHBIX =00 114
IUTOCKUX 00pa3oB
0=6-8 71.0 9,2
Buytpennee
TUAPOCTATUYECKOE o=0° (29,2)
JIABJICHUE TOHKOCTCHHBIX
TpyOUaThIX 3JIEMEHTOB (458,2)
243
(p:6_80 ( s )

B pesyneTare npoBeeHHBIX IPSMBIX H3MEPEHUH OBIIIO YCTAaHOBIIEHO, YTO B IIPOIIECCe
MOITarOBOTO YBEIUUEHHS BHYTPEHHETO THAPOCTATHIECKOTO NABICHUS Y ACHMMETPUIHO
apMHUPOBAHHBIX CTEKJIOIUIACTUKOBBIX TPyO, B OTIMYME OT TpyO, apMHUpPOBaHHBIX
CUMMETPUYHO OTHOCHUTEIIBHO OCH, BO3HUKAIOT U Pa3BUBAIOTCA CABUI'OBBLIC lle(l)OpMaLU/lI/I
Y9z, COMYTCTBYIOIFIE OCHOBHBIM OKPYXXHBIM JeOpMaIHsAM Egg OSTHX ke TpyO. [lpu
S5TOM IIPU YPOBHE OKPYXKHOTO HAIpsKeHUs oOgg = 0,6 O'ge BEJIMYMHA CIBUIOBBIX
neopManuii 'y acHMMETPUYHO apMHPOBAHHBIX CTEKJIOIUIACTUKOBBIX —TPyOYaThIX
006pasIoB cocTapseT Gosee ueM ygz = 1,1x1073, B To BpeMms Kak 3HaueHHe AedopMarimit
B OKPY/KHOM HAMpaBIIeHUH 3THX e TPyO COCTaBIAeT MPUMEPHO &gg=11,2 X 1073,

Bo BTOpOoM pa3jesie riaBbl 0OCYKAAIOTCS PE3YJIbTAaThl HCCICIOBAHUS BIHSIHHS
HAYaJbHOTO OTKJIOHEHHS apMHPOBAHUS OT MPEAYCMOTPEHHOH CHMMETPHYHOCTH B
npenenax =+ (6...8°) Ha noBemeHue eOPMHUPOBAHHS M SHEPrOPACCEUBAIOIIMX
(IMCCHTIATUBHBIX) CBOWCTB TOHKOCTEHHBIX TPYO M3 CJIOHCTOIO CTCKIIOIUIACTHKA B
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npolecce MyIbCHPYIOIIETO (TTOBTOPHO-CTATHUECKOT0) BHYTPEHHETO I'MAPOCTaTHIECKOTO
JaBJICHHS.

CpenHsisl CKOPOCTb H3MEHEHHsS BHYTPEHHETO THIPOCTATHUECKOTO MAABICHUS B
CTEKJIOIUTACTUKOBBIX TPyOax cocraBisieT 26,7 aTM/MHUH, YTO COOTBETCTBYET CKOPOCTHU
M3MEHEHUs HalpsHKeHWs B TPyOax B OKPY>KHOM HamlpaBlIeHUH Ogy = 25,8 MIla/mun.
Be/MuMHA aMIUIMTYHOTO OKDY)KHOTO HANPSUKEHHS IIPUMEHANACh paBHOM 0,420%,, uTo
00YCIIOBIIEHO pe3yJbTaTaMH IIPOBEAEHHBIX IIPEIBApPUTENbHBIX HCIBITaHUH. CorylacHO
JAHHBIM 3THX HCTIHITAHWH, B YCTOBUAX gy < 0,450}, TpyObl HCIIBITHIBAIOT TOTHKO
yKkopodeHue (cM. Bbime). ba3oBoe 3HaueHHe YHCNa IMKIOB HCHBITAaHHUS BHYTPEHHHM
THPOCTaTHIECKUM JaBJI€HHEM CTEKJIOIUIACTUKOBBIX TPYyO NPUMEHsJIOCHh paBHBIM 6. B
nporecce MPOBEACHHS IUKIMIESCKUX HCIBITAaHUI M3MEPsUTICh KaK OCHOBHBIE OKPY KHEIE
£9g, TAK U COMYTCTBYIOLIHE OCHOBHBIM YTJIOBBIE Vg7 M IPOJONbHBIE (OCEBBIE) &,
nedopManyi, MOSIBISIOIINECS Y OJHOTO U TOTO ke TpyOdaToro odpasma.

OOcykieHHe TOBEACHUS JOUCCHNANUU (paccesiHWs) SHEPrud B  Ipolecce
paccMaTpHBAaeMOTrO 37ECh NUKINYECKOTO HAarpyXeHHs CTEKIOIIACTUKOBBIX TpyO ¢
CHMMETPUYHBIM M ACHMMETPHYHBIM apMHpPOBAaHHSAM OBUIO  OCYIIECTBICHO C
UCIIONB30BaHUEM Kod(QuIMeHTa OTHOCHUTENBHOTO paccesHus dSHeprun V¥ nmkia,
OIIPEIEICHHOTO 110 (opMyJIe:
E[_(raMH_FOCT)_jZlnll_%(F_FOCT)”

b[ M=% ln(1+%rm)]

p=1- (1)

3neck ', yyp ¥ Toer — BETMUMHBI MHTEHCHBHOCTEW TEKYIIMX, aMIUTUTYAHBIX U

2 2 2
OCTaToYHbIX Ae(OopMaluii cABUra LMKIA COOTBETCTBEHHO; X =& /b, rme am b -
9KCHEPUMEHTAIBHO YCTAHOBIICHHBIC MapaMeTpsl, GUIypHpPYIOIIHE B COOTBETCTBYFOLICH
3aBUCHMOCTH, yJIOBJIETBOPHUTEIHHO OMUCHIBAIONIECH nehopMupoBaHue
CTEKJIOIUTACTHKOBBIX TPYO Ha ydacTKax BOCXOAALICH (—) W HHUCXomsmed (<) BeTBel
HETIIH THCTEPE3HCa LUKIIA HAarpy KEeHUsI—Pa3rpy3KH.

ITpu BeiBeeHnN popMyibl (1) HCHOIB30BAMCH U3BECTHBIE COOTHOLIEHHST, B KOTOPBIX
(GUrypHpyIOT NpeACTaBICHHbIE B LWIMHAPHUYECKON CHUCTEME KOOPAWHAT BBIPAKEHHMS
WHTEHCUBHOCTEH KacaTenbHbIX HanpsokeHuid T u nedopmanmii casura I

BBUTO yCTaHOBIEHO, YTO B TPOLECCE LUKINYECKOTO HATPYKEHUS Y OJJHUX H TeX e
CHMMETPUYHO ApMHPOBAHHBIX CTEKJIOIUIACTHKOBBIX TPYyOYaThIX 00pa3loB, Kpome
IUKJIMYECKHX OCHOBHBIX OKPYXKHBIX Je(OpMalMi €gg, BOSHUKAIOT U COMYTCTBYIOIINE
OCHOBHBIM IIMKJIMYECKHE IPOJOJIbHBIE aAedopManuii &,, , a y aCHMMETPUYIHO
ApMUPOBAHHBIX TPYO - €Ille U COMYTCTBYIOIIHE IUKIMYECKUE CIBUTOBBIC IedopMaliin
Yoz-

TToka3zaHo, 4TO C HAYAIbHBIM YBEIMYCHHEM YHCIIA IUKIIOB N HATPYKEHUSA-PA3rPy3KH
10 3 HabnrogaeTcss HEKOTOPOE yMEHBIICHHE KaK OCHOBHBIX, TaK U COIYTCTBYIOLIHMX
OCHOBHBIM aMIUINTYAHBIX aedopmannmit (£5y", €2, Vg,  — 3aperHCTPUPOBAHHBIC HPU
099 = 0,42 6B5) omHEX UM Tex e CTEKNOMIACTHKOBBIX TPYG C PaccMaTpHBACMBIMHU
OpHeHTalUsIMU apMupoBanust. [Ipy nanpHeHIeM YBEIMYESHHH N 10 6 HMEET MecTo ciabast
TEHACHI U BO3PCTAaHUSA aMIUJIMTYAHBIX BEJIUYNUH YIIOMSAHYTBHIX jle(bOpMaL[I/lﬁ.

AHaJIOruyHoe IMOBEACHUEC TPOABJIAIOT OCHOBHBIE OCTAaTOYHBIC I[e(l)OpMaLlI/II/I IUKJIa
e2y" (M3MepeHHbIe TOCIie TOJHOW pa3rpy3kd TpyO) acHMMETPHUYHO apMHUpPOBAaHHBIX
CTCKJIOIIJIACTUKOBBIX T'py6, a TaKXe COIIYTCTBYIOIIME OCHOBHBIM IPOAO0JIbHBIC
ocTaTto4Hble JAedopMali TpyO ¢ paccMaTpHUBaeMBIMHU 371€Ch OOCHMH OPHUEHTALMSIMH
apMUpOBaHUA. XapaKTepr HU3MCHCHUSA B 3aBUCMMOCTU OT HOMEpA IHWKJIAa HMCHbITAHUA N

OCHOBHBIX OCTATOYHBIX AeOpMALHU LUKIA g  CHMMETPUYHO apMHUPOBAHHBIX TPYO 1
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COIlYTCTBYIOIMX OCHOBHBIM C/BHIOBBIX OCTaTOYHBIX Jedopmarmii muKiIa Yo"

ACHMMETPHYHO apMHUPOBAHHBIX TPYO OIMHAKOBBII: NPH HAYAIbHOM YBEIHYSHUH N 10 4 -
€X MPOUCXOAUT MOHOTOHHOE YMEHBLICHHE C BBICOKOW CKOPOCTBIO MOKa3aTeNeil IThX
JeOpPMaIOHHBIX XapaKTEPHUCTHK, a TIPH JalbHEHIIEM YBEINICHUH n 10 6 HaOo1aeTcs
MOCTETIEHHOE T1a/ICHAE ITOH CKOPOCTH.

Ha ocHOBe cpaBHEHHS BEIHYUH OCTaTOYHBIX W AMIUTUTYAHBIX OJHOUMEHHBIX
neopManyii, yCTaHOBJICHHBIX JUII OJHOTO M TOTO K€ HOMEpa IUKJIA HCIIBITaHWS,
MOKa3aHo, YTO 00pa30BaHUE 3aMKHYTOH METIHM THCTEPE3Uca OCHOBHBIX JIeOpMaIHii £gg
CTEKJIOIUTACTUKOBBIX TPY0 € paccMaTpUBaeMbIMH OpPHUCHTALMSAMH — apMHPOBAaHHS
MPOUCXOAUT yXKe Ha MEPBOM LIUKIIE HArpyXeHHs—pasrpy3ku. B ciydasx nebopmanmii
&,7 M Ygz, COIYTCTBYIONIMX OCHOBHBIM JchopMailusaM £gg, 00pa3oBaHHE 3aMKHYTOM
METJIN THCTepe3nca HabII0JaeTCsl MOCie TPEThEro UK Harpy KEeHHsI-pasrpy3Ku Tpyo.

BbisiBIeHO, YTO HaYaIbHOE YBEIMYCHHE YHCIIA IUKIOB HATPYKEHHUS-Pasrpy3Ku 10 4-
€X BHYTPEHHHM THIPOCTATHYCCKUM JaBJICHHEM MPUBOIUT K HEKOTOPOMY MOHOTOHHOMY
YMEHBIICHHIO ¢ YOBIBAIOMICH CKOPOCTHIO PACCUUTaHHOTO coriacHo (1) koadduirenTa
paccesHuss SHepruu IMKiIa WV CTEKIOINIACTUKOBBIX  TPyOYaThix  BIIEMEHTOB,
apMHUPOBAaHHBIX KaK CHMMETPUYHO, TAK ¥ ACHMMETPUYHO OTHOCHTENILHO ocH (puc.5). [Ipu
JATTBHEUIIIEM YBEJIMYCHUH YMCIa IUKIOB N BIUIOTH JIO KOHIIA MPOBEICHUS HCIBITAHHMMA
u3MeHeHne BenuuuH KodhduimeHta ¥ y ymOMSHYTBIX CTEKIOIUIACTHKOBBIX TPYO
MpPaKTUYECKU He HaOIogaeTcs.

s

0.2
0.15

0.1 : ! o e e B

0.05 |

Puc.5. Kpussle, omuceiBaronie n3MeHeHne K03 GHUIIEHTa pacCessHUs SJHEPTUH
mkiaa ¥ oT HoMepa IUKIIa UCTIBITAHHUS N CHMMETPHYHO (KpHBasi 1) u
aCUMMETPHYHO (KpHBas 2) apMUPOBAHHBIX CTEKJIOIUIACTUKOBBIX TPYO B
npolecce MUKIMYECKOr0 BHYTPEHHET0 IMPOCTaTUIECKOTO JaBICHUS

CoryacHO TIPOBEAEHHBIM pacueTaM, BO3MOXKHOE OTKIOHEHHE apMHpPOBaHUS OT
IPENyCMOTPEHHON CUMMETPUYHOCTH B npeaenax +(6...8%) npuBoaur k yBenMueHuo Ha
6ornee gem Ha 20% BETMUUHBI OTHOCUTEIHFHOTO K03(h(QUIIUEHTA PACCESTHUS SHEPTHH IIUKIIA
Y  CTeKJIOINIaCTUKOBBIX  TpPyO, TOABEPraeMbIX LUKINYECKOMY  BHYTpPEHHEMY
TUAPOCTATUYECKOMY  JABJICHUIO, W 3Ta pa3HUIA NPAKTUYECKH HMHBapUaHTHA
OTHOCUTETIBHO KOJIMYECTBA LMKJIOB HCIBITAHUS B PACCMAaTPUBAEMOM 3/1€Ch AMAIAa30HE
Harpy>keHHUs-pa3rpy3Ku.

OCHOBHBIE BbIBOJIbI U PE3YJIbTATBI JUCCEPTALIUOHHOM PABOTbI
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1. CuMMeTpUYHO  apMUPOBAHHBIE  OTHOCHTENIBHO  OCH  TOHKOCTEHHBIE
KOHCTPYKIMOHHbIE TpyOuaThle 31€MEHThl U3 CTEKJIOIUIACTHKAa Ha OCHOBE TKAaHM THIA
IIICOII, skcmimyaTHpyOUIHecs, B OCHOBHOM, B YCIOBHAX IPOCTOrO KPy4EHHS
(HampuMep, TPaHCMHCCHOHHBIE Baibl KapAaHHBIX Iepefad MallWH, IOJble OCH
OBICTPOBPAIIAIONINXCSI POTOPOB, BEICOKOCKOPOCTHBIX IEHTPOOEIKHEIX Ta30T€HEPaTOPOB U
Ip.), MOTYT HOJABEPraThCsl MUKIMYECKOMY CY)KCHHUIO, IPHBOIIEMY K IUKINIECKOMY
YKOPOUCHHIO JJICMEHTOB M, TEM CaMbIM, K OOpa30BaHMIO B HHX IUKIMIECKH
MOBTOPSIIONIETOCS HENPEAYCMOTPEHHOTO CJIOKHOTO HANPSHKEHHO - 1e(OPMHPOBAHHOTO
COCTOSIHUSL..

2. KacarenpHble HaNPsDKEHUS Tgy,, 00Pa30BaBIIMECS B CHMMETPHYHO apMHUPOBAHHBIX
TOHKOCTEHHBIX CTEKJIOIUIACTHKOBBIX TPYOUaTHIX dJIEMEHTaX HM3-3a Pa3IMYHBIX MPUYMH,
€CIIM UX BeNuduuHA He npessimaet 0,4 10mM OT IpeenabHOro (pa3pyIIalomero HJIEeMeHT)
3HAYEHMs OTOH XApAKTEPUCTHKH Th, , OKAa3bIBAIOT MAalOE BIMSHHE HA HECYILYIO
CMOCOOHOCTH TPYO MPU BHYTPEHHEM THIPOCTaTHIECKOM JIABICHHN.

3. B nmpomecce OSKCITyaTalMd B YCIOBHSAX BO3JCHCTBHA  IIyJBbCHPYIOIIETO
BHYTPEHHETO THIPOCTaTHYECKOTO HABICHHS Yy CHMMETPUYHO apMHUPOBAaHHBIX
TOHKOCTEHHBIX LIWJIMHAPUYECKHX pe3epByapoB M3 TKAHEBOTO CTEKJIOIIIACTHKA
(HanpuMep, OaUIOHBI W3 KOMIIO3UTOB WJIM METAUIMYECKHe OalUIOHBI, YCHJICHHBIC
CHapy>KH TKaHEBBIMH CTEKJIOIIACTUKAMU), KPOME IUKIMIECKHX OKPYKHBIX (OCHOBHBIX)
nedopmanyii €gg , MOTYT BO3HHKHYTH M COITYTCTBYIOIIME OCHOBHBIM IIPOJOJIBHBIC
nepopmanuu €,, ¢ LUKIMYECKH M3MEHSIOIUMCS HaIpaBiIeHHEM, NPUBOIAIINE K
0o0pa30BaHMIO B MaTepuane U3AeNHs MUKINYECKH H3MEHSIOMEToCsS —CI0KHOTO
HaIpsHKEHHO-Ae(OPMHUPOBAHHOTO ~ COCTOSHMS, a B HEKOTOPBIX  CIydasx-
3HAKOIEPEMEHHOT 0.

4. BBISBICHO, YTO BO3MOXKHOE OTKIOHEHHE apMHPOBAHUS OT MHPEIyCMOTPEHHOH
CHUMMETPUYHOCTH B mpenenax +(6...8°), mpoucxojsiiee Ha 3Tane TEXHOJIOTMYECKOrO
nporecca nepepabOTKM MaTepuana B H3Jende (TeXHOJOTHMYEeCKOe OTKIOHEHHE
apMHUpPOBAHUS OT IIPEIYyCMOTPEHHOH CUMMETPHYHOCTH), OKa3blBaeT Majioe BIHMSHHE Ha
HECYIIYI0 CIIOCOOHOCTh TOHKOCTEHHBIX TPY0 W3 TKaHEBOI'O CTEKJIOIUIACTHKA IIPH
BHYTPEHHEM THAPOCTATHYECKOM aBICHUU (T.e, Ha Jgg ). OmHOBpPEMEHHO,
TEXHOJIOTHYECKOE OTKJIIOHEHHE apMHUPOBAHUS OT HPEIyCMOTPEHHOW CHMMETPHUYHOCTH
MOXET IpPUBECTH K CyllecTBeHHOMY (Oomee yemM Ha 17%) yBEIMYEHHIO CTEICHH
MOAATIMBOCTH  TaKUX TpPyOUaTBIX JJIEMEHTOB OTHOCHUTENBHO Je()OPMUPOBAHUS B
OKPY’KHOM HarpaBJICHUH.

5. TlokazaHo, YTO OKCHEPUMEHTAJIBHO OIpENeeHHas BeJIMYMHA Hecyllen
CIOCOOHOCTH TIPH BHYTPEHHEM THIPOCTATHYECKOM JaBJIEHHH TOHKOCTEHHBIX TPYO C
TOJIIIMHON CTEHKHU 2,25 MM, H3TOTOBJICHHBIX U3 CTEKJIOIUIACTHKA HA OCHOBE TAKHM THIIA
TIIICOII, yTkOBBIE BOJOKHAa KOTOPOH BOCIPHHHMAIOT OKPYXKHBIE DPACTATHUBAIOIINE
HalpsDKEHHUs, MOXKeT J10 6 pa3 IPeBOCXOIUTh pacu€THOE €€ 3HAu€HHe, OCYILECTBIEHHOE
Ha OCHOBE CTaHIAPTHOMW MPOYHOCTH CTEKJIOIJIACTHKA MTPU PACTSDKSHUH TI0 HATPABICHHUIO
YTKOBBIX BOJIOKOH apMHUpYIOIIEH MarepHan TKaHH, M 3Ta pPa3HHNA IPAKTUYECKH
WHBAapUaHTHA OTHOCHUTECIIBHO TEXHOJIOTHUYCCKOTO OTKJIOHCHHUA apMUpOBaHUA oT
MpeyCMOTPEHHOH CHMMETPHYHOCTH OTHOCUTENBHO ocH TpyO. Bemmumuy cranmapTHOi
MPOYHOCTH MPH PACTSDKEHUH CTEKJIOIUIACTUKOB OOBIYHO YCTAHABIMBAIOT HCIIBITAHUEM
CTaHJIAPTHBIX IJIOCKHX 00pa3IoB ¢ pazMepaMu cedeHust 4x10 M.

6. YCTaHOBJIEHO, YTO B YCIOBHAX ITyJIbCHPYIOIETO BHYTPEHHETO THPOCTATHYECKOTO
JaBJICHHs ONpeesieHHas UIsl OJJHOTO M TOT0 XK€ HOMepa IUKJIa HarpyKeHUs-pa3rpy3Ku
BEJIMYMHA OTHOCHTENBHOTO K03 durrenTa paccestuus 3Hepru ‘¥ TOHKOCTEHHBIX TPYO U3
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TKaHEBOTO CTEKJIOIUIACTHKA C TEXHOJOTMYECKUM OTKIOHEHHEM apMHUpPOBaHUA OT
HPEIyCMOTPEHHOH CHMMETPUYHOCTH OTHOCHTEIIBHO OCH MOXKET OKa3aThcs Ha Goliee ueM
Ha 20% 6ouIbIlIe 10 CPABHEHUIO C ONPEEIESHHON ISl aHAIOTHYHBIX TPYO, apMUPOBAaHHBIX
CHUMMETPHYHO.
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Luwphub Ukpgbgh Unipunyu

cersudnr UnUuusMLUUSE UhUESMrhy B4 N2 UhUESIrhYy
uuruuudnrduo vnainduuuasd pUAULLUMNUS SUMPErh
HedHNruusnhUL b4 LUSLUSNKUL SUPREN NEdhULEMNY
fEALUYNCUUL MUSUULLEPNRY

Wdthnthnid

Unbtwpunuwlwy  wzfuwwnwiph  hpduwlwu  Eqpulwgnieniuubpp b
wpnyniiplibpp

1. <pduwlwund wwpq nnpdwt wwjdwuubpnd gwhwagnpdynn  hbupwjhu
uppwpebtnh Jpwdwdydwdp pwerwuwiht hnwdwsdpny (KLYULL) gnpdywdph
hpdpny obpunwynp  wwwlbwwunmtb  updbGunphynpbt wdpwuwynpgwd
pwpwlwwwwn funnnjulwsl Ynuuinpniyghnu imwppbpp (ophuwly dpbuwubiph
Ywpnwuwihtu  thnfuwugnwdubph  |hubnubp,  wpwgqwwwnyun  nnnnpubph,
pwpdpwpuwg ququagbubpwwnpubph vuwdbe unupubp W wju) Yupnn Gu
tupwnlyb ubinwgdwt, huy npng nbwpbinnud” ghyihl, hugp Yupnn b hwigbigut
wmwppbpnd twl wnwugpwihtu ghyhy wpnuubph W, hbwnbwpwp, pwpn
(wpywdwntdnpdwughnt Jpdwlh wnweowgdw:

2. Swppbp wwwndwnubph hbunlwupny wnwowgnn 2nawihnn jwnpnwiubipp (tez),
beb npwug dbdnyeniup sh gbipwqwugnud phpbug hul uwhdwuwhu wpdbph
(tPez) 0,4 dwup, skU lwpnn bwlwu wgnbgnyeinit nubuw) 2Gpunwdnp
wuwybuywunk uhdbtwphynptu wdpwuwynpywd pwpwluwwwn
funnnwlwadle  wwppbph®  pun ubppht hhnpnunwwhly Supdw
Ypnnniwwynyejw Yypw:

3. Pwpuwfunn Lbpphu hhnpnunwnhly Gugdwt wwydwuubpnd swhwgnpdynn
gnpdywdpwihu wuwlbwwunk uphdbwunphynpbu wdpwuwynpywd
funnnuudl puwpwlwwwwm nbgbpyniwpubpnd (ophtwly, Yndwnghwnb Yud
Yndwnghwnng wpuwptwwbu ndbnugwsd dbnmwnwlwu pwinuubp) pwgh
hhduwlwu (pgwuwyht) ghlyihly ndnpdwghwubiphg, Yupnn Bu wnwowlw)
uwle hnthnfuynn ninnniejwdp wnwugpwihu (nintlgnn) nEdnpdwghwubp, husp
Yupnn £ hwugbgub wpnwnpwhpbph Unwgenad ghyihl, huly npng nbwptipnu
uwl vawuwihnfu pupn wpywdwntdnpdwghnu yhéwyh wnwowgdwu:

4. Pwgwhwpndb| £, np ynyehg wpumwnpwhph unwgdwu  gnpdpupugnid
wdpwuwynpdwu updbunphynyeywt huwpwdnp wnwdunbp dhusl #(6-8°)-h
uwhdwuubpnd  (wdpwuwynpdwu  updbGnppynigywu  wbluuninghwlwu
wnwywnnud) uwq  wgnbgnyentu niuh gnpdywdpwiht - wwwlbywumnt
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pwpwhwwww  fjunnndulubph®  pun ubppht  hhnpnunwnhly Gusdwu
Ypnnniwwynypwu Jpw: Uhwdwdwuwly, wdpwuwdnpdwtu uhdbuphynyejwu
wnwhuh wnwdwnnup Yupnn £ hwugbiguby - funnndulutiph - 2pgwitiwht
ninnnipjwdp  nbnpdwgdwt tyuuwndwdp  Gupwpyynnnipjuwt wuwnhéwuh
Fwlwu (wybh pwu 17 %) wéh :

5. 8nyg § rndws, np LLYULL gnpdywdph hhdpny obipunwynp wwwlbwwuink
pwpwlywwwin funnnjwlutiph'  puwnn  ubpphtu  hhppnunnwnhly  dupdwu
Ypnnulwunypywu thnpduwlwunpbtu npnadwd  ddnipgniup, Gpp opowtiuighu
dgnn wpnuiubpp gquwdnpwwbu Ypnd Bu gnpddwdph  phquiuwihu
uppwptiitipp, Yupnn £ bwuybu (dhugh 6 wuqud) gipuquitighi wyn punyswqphsh
hwoywplubpny npnadwd wpdbipht, npu hpwlwuwgubhu hhdp § punniugnd
wdpwuwynpnn - gnpdwdpwihts - hugphnhbunh - phquuwht - pbhlubiph
ninnniejwdp  wwwybwwunh  unwunupn dqdwu  wdpnegniup W, wyn
wuwppbpnieniup  gnpduwwund  dund o wudhnginu wdpwdwunpdwu
updbunphyniejwu ibfuuninghwlwu wnwywndwu ulwundwdp:
Uwwlbwjwuwnubph dqdwt unwunwpun  wdpnggniup, undnpwpwp, npnaynud
E ninnwuyniu Yunpdwdpny hwpe thnpdwudnwubph hinpdwnlydwdp:

6. <wuwmwwndwsd L, np, pwpwfunn  ubppht  hhnpnunwmhpl  dugdwdp
phinuwynpdwu wpngbiunwd wdpwuwynpdwu uhdbwnphyniejwu
wbfuuninghwlwu wnwywndwdp o2Gpunwydnp wwywlbuwunb pwpwuwwn
funnnwlubph’ pEnuwynpnud-pinuwpwihnd unyu b Shbungu ghlth hwdwp
npn2dwd Lubpghwih gpdwt hwpwpbpwlwu gnpdwlgh dGdnyeniup Yupnn §
Fwwbu (wydblh pwu 20%-nd) gqbpwquugl] updGunphynpbu wdpwuwynpdwd
hwdwudwu  funnnjwyubph  hwdwp npnodwd  unyuwuny  punyewgnphsh
wpdbpht:

Narine Muradyan
DEFORMATION AND BREAKAGE OF SYMMETRICALLY AND
ASYMMETRICALLY REINFORCED TUBULAR MEMBRANE ELEMENTS
UNDER VARIOUS LOADING MODES
Summary

MAIN CONCLUSIONS AND RESULTS OF THE WORK

1. Symmetrically reinforced thin-walled structural tubular elements made of fiberglass
based on PPSOP fabric, operated mainly under simple torsion conditions (e.g.
transmission shafts of cardan drives of machines, hollow axes of high-speed rotors, high-
speed centrifugal gas generators, etc.), can be subject to cyclic narrowing, leading to cyclic
shortening of the elements and, thereby, to the formation of a cyclically repeating
unforeseen complex stress-strain state in them.

2. Shear stresses 74, formed for various reasons in symmetrically reinforced thin-
walled fiberglass tubular elements, if their value does not exceed 0.4 of the ultimate
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(destroying element) value of this characteristic ng, have little effect on the load-bearing
capacity pipes under internal hydrostatic pressure.

3. During operation under conditions of pulsating internal hydrostatic pressure in
symmetrically reinforced thin-walled cylindrical tanks made of fabric fiberglass (for
example, cylinders made of composites or metal cylinders reinforced externally with
fabric fiberglass), in addition to cyclic circumferential (primary) deformations €gg,
longitudinal deformations &,, may also occur that accompany the primary
deformations with a cyclically changing direction, leading to the formation of a
cyclically changing complex stress-strain state in the product material, and in some
cases, an alternating state.

4. It was found that possible deviation of reinforcement from the intended
symmetry within the range of +(6...8°), occurring during the technological process of
processing the material into a product (technological deviation of reinforcement from
the intended symmetry), has little effect on the load-bearing capacity of thin-walled
fiberglass pipes under internal hydrostatic pressure (i.e., by apy). At the same time,
technological deviation of reinforcement from the intended symmetry can lead to a
significant (more than 17%) increase in the degree of compliance of such tubular
elements with respect to deformation in the circumferential direction.

5. It has been shown that the experimentally determined value of the load-bearing
capacity under internal hydrostatic pressure of thin-walled pipes with a wall thickness
of 2.25 mm, made of fiberglass reinforced plastic (FRP) using a PPSOF-type fabric, the
weft fibers of which absorb circumferential tensile stresses, can be up to 6 times greater
than the calculated value, calculated based on the standard tensile strength of the
fiberglass in the direction of the weft fibers of the reinforcing fabric. This difference is
virtually invariant with respect to the technological deviation of the reinforcement
from the intended symmetry relative to the pipe axis. The standard tensile strength of
fiberglass is usually determined by testing standard flat specimens with cross-sectional
dimensions of 4 x 10 mm.

6. It has been established that under conditions of pulsating internal gyrostatic
pressure, the value of the relative energy dissipation coefficient W of thin-walled pipes
made of fabric fiberglass with technological deviation of reinforcement from the
intended symmetry relative to the axis, determined for the same number of loading-
unloading cycles, may turn out to be more than 20% greater than that determined for
similar pipes reinforced symmetrically.

24



