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JOKTOPJIMK TUCCEPTAIIUACHU AHHOTAIIUACHU

Juccepranmss MaB3yCHHUHI J0J13apOJMru Ba 3apypusTé. 3aMOHaBUU
MAIIMHACO3IMKHUHT PHUBOXKJIAHUIIM, alHUKCAa KUIUIOK XY>KAJIUTH TEXHHKA Ba
TEeXHOJOTMACHHHMHT SHTM AaBIOAWHH SAPATUII OWIAH OOFIUKIHP. Y30EKHCTOH
Pecnybonukacu Ilpesunentu Mciom KapumoB Tabkumiad yTranjmapura acoca,
unurad YUKApUIl coXajlapy HWYHAa SHI MyXHM HYHAIWNUIAp KaTOpUTa KHIIOK
XY KaJuK MaIIMHACO3JINTH KUPAIH Ba y pecnyOauKaga maxra KOMIUICKCH MallliHa Ba
MEXaHHM3MIIAPHU HIDIA0 YMKAPHINTA aCOCIAHTAHIUP: «... IlaxTa Y36eKHCTOH ydyH
pecnyOIUKaHWHAT MYCTAKWUINTHHU Kadoiatiaiauran CUEéCMid Ba MKTUCOMUNA Kyd-
Kyzapar Manbauaup».

V36exucron PecryGnmkacu Basupnap Maxkamacuauar «2007-2011 jiummapia
naxTa TO3aJalll CAaHOATH KOPXOHAJApUHHU MOJECPHU3AIMS Ba PEKOHCTPYKIUS KUJIHIII
nactypu tyrpucuga» ru 2007 #un 3 anpengaru 70-coHIM Kapopura acocaH mnaxTa
TO3aJalll CAHOATUHHUHT XO03UPTH 0030p UKTUCOIUETH IApOUTUIATU acocuid Bazudacu
pakoOaTOap o1l MaxCyJIOTHU JyHE Tanabiapu acocuja TabMHUHJIANIIAH HOOparT.
Yoy Bazudanu xajl KWINIIAA TEXHOJIOTHK YCKyHaIap — MaXTaHU JAaCTIa0KH UIILIaI
MaIrrHanapu (MaxTaHu WHPUK UQIOCIMKIApAaH To3ajlarudiap, sKuHiap, JMHTEpIap,
TOJIa TO3aJaruyjap)HUHI YPHU MyXUM OYIHO, yIapHUHT UILIAl KOOMIHUATH IOKOPH
Aapaxxaaa OYIUIIM SHT KYT TapKajraH Ba MyXyUM JeTajljlap UIIUM OpraHiap — appaju
JTUCK Ba KOJIOCHUKJIAPHWHT YUAAMIIHINTH OWJIaH aHUKJIaHATH.

MamuHamapHUHT 3KCIUTyaTallioOH YHJAMJIMJIATHHA TabMUHJIAINI MacajJaCuHU
CUHIN YYyH JAcTaIap YHWIAMJIMUINTHHU OIIMPUITHUHT TEXHOJIOTHK YCYJ/UTApUHU
KyJam camapanu xucoOmaHamu. Mooram oxapaéHuga JeTaUITapHUHT 1032
KaTjiaMjiapd MEXaHWK, HCCUKJIWK, KUMEBUI Ba OOIIKa HMHTEHCHUB TabCcHUpiapa
OYNraHu y4yH yJapHUHT CUPTIApUHU ONTUMAJ XoJaTiiapu (IKCIUTyaTalus mapTiapu
acocuna) makiantupaau. IyHUHT ydyH AeTayuilapHUHT Y3 Basu@acuHu OaxkapwHiil
XOJIATUHU Oy3WJIUIIM Ky XOoJUlapAa CHUPT KarjamMujaH OomaHagu, MacajaH,
yapuanard Epuimiuiap, eHUINIIL, KOppo3usuiap Ba Oolkanap xucooura 0yiauu.

Appaii  TUCKJIAPHUHT TUIUIAPUHM HIUIAIl  >KapaHuAa KYyN  COHJIHU
IOKJIaHUIIUTApUIa Y3rapyBUaH KywWIaHUILIAp XOCWJ Oyniagw, MacajaH, appaid
MAIUHAPHA aimaawm 4vactotacu N=730 ain/mMuH Oynranma, 48 coaTr wunmgaék
KYWIaHUIJIADHUHT y3rapyBY4aH LUKILUIAPU COHU 2,1-10° mam KYIpoKAup. Yoy
IAPOUTAA TUIIIAp/Aa y3rapyB4aH mMacca Ba 3WWIMKKA 3ra OYiaraH XoM ami€ BaJIUTu
TabcUpuaa EpUKIAp, TUIACTUK ¥3ap0 CHWIDKUIIAD Ba d3WIUILIApPTa OIMO Kenasu,
MaxTa XOM amécu TapkuOuJard KaTTUK KymmiManap (rpaHuT, KapOUT, 0Xak) 3ca
TUNIUTAPHU erunuiira cadab 6ynaau. YKunnap Ba TUHTEPIAPHUHT KOJOCHUKIIAPU XaM
FOKOPY UITKAJIAHUTIT YUIAMITUJIUTUTA 3Ta OY NN Kepak Oyiau.

TexHuUK perjiiaMeHTra acocaH MmaxTa XOM amiécu HaBWUTa Kapal WITYM Bajjiaru
appaiy TUCKIIApHU MIJIATUIN Ba TYJIWK aJIMAIITUPHUII BaKTH KUH appaiapu yuyH 72

''n Kapumos. V36eKHCTOH HMKTHCOIMIA WCIIOXOTJIADHU YYKYpJalmTUpUII Hynuaa. — TOIIKEHT:
V36exucron, 1995, 194 6.



— 96 coar, nuHTEp appaiapu yuyH 48 cOaTHM TAlIKWUJ 3Taau. Appaiu AUCKIAPHU
KaiiTa TUKJIAIl SIHCK YiIyamiapd KecHull acocuia (KMH appainapuia 2 MapTa,
JuHTEepAa S5 wMaprta) wMacanad, okuHimapga 90 gam 130 rava  ymapHUHT
MoauduKanuscura acocan oivHaau. PecnyOnukammzmarn 98 Ta maxta To3ajail
KOpXOHaJapyu YYyH YMyMHUH appaiu Juckiapra OynraH SxTUEXK OupruHa mnaxrta
MaBCYMH yuyH | MJIH JOHaJlaH OPTUKAMDP.

Arappa appanu AUCKJIAp YYYH HILIaTUiIaaurad kummaroaxo Y8I' yriepoaniu
ac600co3nuKk mynat matepuanu Poccus Deaepanusicuaad oaud KETUHUIIN XUCOOTa
oJiMHCca, Oy Mypakkad XoJyar ssHaja 9yKypiamaad. Yoy MaTepUuaHUHT UMIIOPTHHH
appanu JAUCKJIAPHUHT YUAAMIIMJIMTUHU OIIMPHUII XHCOOWTa KaMaWTHPHIN, IIaK-
myOXacu3 OJIMHA/IUTaH MaxCyJIOT — IaxTa TOJIACHHUHT TaHHAPXUHHU KaMaWTHUPUII
XUCcOoOUTa MaxTaHW KalTa UIIIall UKTUCOIUM camapadopIuruHu OIIUPAIN.

XaTTo, AeTauiap YNAAMIMINTUHN OLUIUPUII Oyiindya sSTHTU ycnyOnapHU UIad
YUKHUIIAA WUFWIITAH KaTTa TakpruOa Ba U3JaHUIILIAP appalid JUCKIIAp Xamja MaxTaH!
KaiiTa uIuiam MalyvHaJapUHUHT MyXUM JeTaJlJIapd yUyH KyJUlaliia etapiu Oyimait
KOJAM. YOy XOoJlaT aHUK I[ApOUT YUYyH 3aMOHABHM MyCTaxKamjaml yCyJlapuaaH
SHI ONTUMAJMHU TAaHJAIIHU TaK030 ATaad. Appaiu AUCKIAPHUHT TUILIAPUHU
X03Upraya MapxkyJ, Oyiaran mycraxkamuiaml MeToajapu (3JIEKTPOKOHTAKT yCyiujia
KHU3IUPHUIIL Ba J1a3ep OWJIaH UIILJIOB OEpHUIll) YIAPHUHT YUAAMIMIUTUHU OIIUPUIITHUHT
TYIUK XOJIIard MyaMMOCHHHM XaJl 3TMaiiau. UyHKH, FOKOPHU JapakajJard UCCHUKIUK
TabCUpUJIa TUIIHUHT YUHUJIa XAKMHUNH YUHUKTUPHUII XOJIaTU OYiagu Ba HCCHUKIIUK
xucobura Mycraxkamiam dddextu xocun Oymamu. JletaqmapHu - XaxMmui
YUHUKTUpUIIA (MycTaxKamilall) yJapHUHT WYKH YpTa KUCMHUAA KOBYIIKOKIIHK
CaKJlaHMaiWau Ba Oy OSrWwIMIIJard IOKJIaHUNUIAp TaKpOopJiIaHyBYHU-Y3rapyBUU
Tabcupiiapaa MakOyn Oynmaiiaun. UyHku OyHIa uIIam KOOWIUSATH Ba dYapuyail
Oy3WIUIIUTa KapIIuIuK KOOWIUSTH UIILIAII IAPOUTHAA TacasiIu.

JetannapHuHr 1o3a KaTiaamiapuHu 1actuk  nedopmanusam  (FOKIL),
KyMJIaJIaH, 30J111p OuiiaH ypuO UIIUIAII TPOTPECCUB Ba CaMapaIMPOK MyCTaxKaMJIalll
yciyou  xucobnmanamau. 3onaup Ounman  ypuO  MycTaxkamuiaml — TEXHOJIOTHK
WMKOHHUSTIIapU, OUpUHYN HaBOATHA, YTKUP KUPPAIW KMUMK OUKPIUKIArd MHTHYKA
JeTaJUIapHU MyCTaxKamiialira Moc Kenaau. Yoy KOHCTPYKTHB Oelruiapra appaiu
TUCKJIAPHUHT TUILIAPH TYJIUK MOC Kenaau, Oy ¥3 HaBOaTH/a MaxTaHU KaiTa WIIUIaII
MallyHadapyu WIUIAl KOOWJIUSTHHU OIIMPHII MAaKCaauaa SHIU WIMHA-TEXHUK
€UMMHH OJIMII YYyH acoc OYynuO Xu3Mar Kujgaau. Yoy edyuM AeTaJITApHUHT CUPT
KaTJIaMJIaQpUHU MEXaHHWK WIUIOB Oepuld MycTaxkamialll, YUJaMJIWJIMTHHUA Oamiopar
KWINII UMKOHUSITH, Ha3apuil Ba aMaJiiii TOMOHJIAH TEXHOJIOTHSJIAPHU TabMUHJIAII
Oyinya sTHrY WIMHUHN EHAITYBIApPHU UILTA0 YUKUIITHY Tanad Kuiaaiau.

TagKNKOTHUHT Y36ekncToH Pecny6amkacn ¢(aH Ba TeXHOJOTHSIAD
TAPAKKUETUHUHI YCTYBOpP HyHaquumuiapura Mocjauru. Jluccepramus wuim
V36exucron Pecriy6nukacu daH Ba TEXHONOTUANAPHH PHBOXKIAHTUPULIHHHT MyXHM
WYHAIMIIWIA MOC pAaBHUILNJA Ba WHHOBAIMOH TAAKUKOTJIAPHUHI JlaBrnaT wiMuii-
texHuk gactypu: MJ[-5 “Kunuiok xykamuru, OMOTEXHOJOTHS, YKOJOTHS Ba aTpod
MYXUTHHU XUMOSUTaI” acocuaa OakapuiraH.
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Huccepranms MaB3ycu OyilM4a XaJKapo WJIMHIA TaIKUKOT/IAp IIAPXU.
JlyH€ MaIlIMHACO3IMTMHUHT 3aMOHABUU HILJIA0 YUKApUII aManuéTujia, anHUKCa,
unuiad yuKapuil puBokiaHraH ertakuu Aasiatiapaa (AKLL, ®panuus, Anonws,
['epmanus, Auraus, Poccus ®denepanusicu, Benrpus Ba Oolikanap) MaliiHaJIAPHUHT
MYyXUM JIeTAJUIApUHUA Talépiamaa Typiaud HWUUIOB Oepull yclyOJlapuHU KYILIaml
OyinJa mKoOui TakpruOazap OJIMHTaH.

MamvHa feraminapyd Ba MEXaHU3MIJIAPUHUHT E€UWIMINTa YUJAMIIAIIMTUHU,
KOHTaKT MYCTaXKaMJIUTH, OWKPJIMTH, Yapyanl MyCTaxXKaMJIMTH Ba OOIIKA WIIJIAI
KOOMIMATHHU OCNTHIOBYM OMIUIIAPHH, cU(aT KYypCcaTKHUWJIApWHU TabMHUHJIAWIUTaH
MEXaHHK HUIIJIOB OepuIIAard peKUMIIAPHU Ba MapaMeTpilapHU ONTHMAJLIAIITAPHUIIT
Macanacu Oyinua erapinya TakpuOa TYTuIaHran Oynu0, ynap KyWnaaru 4et 3JUTHK
OJIUM Ba MYTAaXacCUCIAPHUHT UIUIapuja y3 akcuHu tonrad: . Tomcen, Y. fwur,
1. Kobasmu, E.M. Tpent, X. Omut, U.JIx. Apmapero, P.X. bpayn Ba 6omkanap.
JebopMallUsTHUHT MHUKPOCKONHMK KYPUHUIIM OpKajdd IUIACTUK JAe(pOopMallUsSHU
JUCJIOKAIIMOH MOJIEJINTa acoCJiaHraH KOMIUIEKC (U3UK-MEXaHUK Ba TI'E€OMETPUK
napameTpiiapu OwiIaH XapakTepjlaHaIuTraH (03a CHUPTH XOJIATUHUHT INAKJIAHUIIH
Oyiinua d¢yHIaMEHTal U3JAHUNOUIAp KyHuJarn 4YeT OJUIMK Ky3ra KYpUHTaH
OJIMMJIAPHUHT UIMUM unuiapuaa amanra omupwirad: K. @pugens (Opanius),

V. JIro Ba M. Bapemr (AKII), . Maptun Ba P. Jlosptu (Aurnus), I'. IToasiep Ba
B. OBenunr (I'epmanus), JI. Katop Ba I1. Hronuc (Benrpusi), T. Exobopu (SnoHus).

Ymly ONMMIIAPHUHT TAAKUKOTIApHAa IUIACTUK JAe(OpMalMsIIaHUIIHUHT
JUCIIOKAIIMOH Mojenu €paamuaa nedopmanus KOHYHHUSTIApU TeMIlepaTypa-Kydjap
MaiJJOH! TabCUPUJA MUKPOCKOIIUK Japaka/la aHUKJIaHTaH.

MamuHa aetajiapy 103a CUPTUHHHI Je(OopManuscl acocuiard JUHAMHK
Hazapui-TaxpuOaBuil METOJJIapHU PUBOXKIIAHWIIKM Ba KYJUIAHUIIHAA YET AJUIMK
OJIUMJIADHUHT YJIKaH Xuccajapu Oop, >xymnanan, U. Aunepcon, 1. Maptus,

O. Xoprep, Ban Xay3, 1. Onmen, P. Matcon, B. Koynmen, I'. @ykc unuiapu Kupaim.

Ky coHnu 4er 51 OoNMMIIApUHUHT JeTANIAPHUHT 1032 CUPTJIapu cu(aTUHU
OCJITUIIOBUM TapaMEeTpJIapUHU MIAK/UTAHTUPHUII Macaiacu OVinda WIMHA HILIapu
MaBxyz. Jleranmmapra SKyHJIOBYM WIIUIOB O€pHIIa YJIAPHUHT OKCIUTyaTal[MuoOH
KypcaTKAuwilapura TabCUPUHM  OCNTWIall  MalldHajJap  HIIYd  OpraHjapu
YUJIAMIIMJIMTUHU ~ OIIMPUII  XMCOOWTa IOKOPH TEXHOJOTHK Ba OKCIUIyaTal[MOH
YUIAMIIMJIMTUHU  TabMHUHJIAWIM, Oy 3ca 3aMOHaBUN EHJAIIYB Ba YCIyOJapHH
Oenrunaimi 6yiinya (paH Ba TEXHOJIOTHSHUHT PUBOXKUHU KypcaTHO Oepaau.

MyaMMOHMHI YPraHWwIraH/JIMK Japakacu. MamuHa AeTaJUIapUHHUHT 1032
cupTiapy cudaTUHU OWUpHUIl OuilaH OOFJIMK paBUIIAa YPraHWIl Macajlajlapu
3aMOHABHMIl MalIMHACO3JIMK TEXHOJOTHUSICHIA 10A3ap0 Ba MyXUM MacajanapJaH oupu
XUCOOJIaHa M.

M.M. Cagepun, A.A. Maranun, b.A. KpaBuenko, II.JI. IlammeB paxbap-
JUTHIATd WIMHH MakTaOnap 3oigup OwnaH 1o3a cupTuHH jaedopmarusnad
MycTaxkamJani, aeGopManusiIaHUIl XOJATUHUHT IIAKIJIAHUIIN Oyinda WIMHA
acoclapvHM  spaTUIITaH. YJIapHU MAalllMHACO3JIMKHUHT  TYypJIM  coXajlapujia



(aBuaco3nuk, He(pT Ba KUME cOXacH, KUIUIOK XY>KaJIUTH Ba OOIIK.) KyJutamn Oyinda
amasuil TaBcusIap MILIA0 YUKUJITAH.

[laxTa eTHMIITHPYBYM Ba yHIa MOC MaxTa CaHOATH MAaBXKyJ pEruoHIapia
NaxTaHW caMapajid KaWTa WIUIAIIHMA SIHTM WIMHA-TEXHUK Takiauduap acocuaa
amajira OIIMUPUII MYMKHH, XyMJIaJlaH, T€XHOJOTHMK MalllMHajap WIIYM OpraHiapu
JCTANIAPUHUHT  YUJAAMIMJIMTH  Ba CH(ATHHM  OMIMpAguraH  MyCTaxKamJiaml
TEXHOJIOTHUSIIIApH yJiap KaTOpUra KUpaju.

[MTaxTanm macTmabkW WOUIANI MAalIMHAJAPWHWHT (TO3ajarmdsiap, >KUHap,
JUHTEpJIap, TOJAa To3ajarudyjap) Karra Cepusgard MyXHM JeTajulapuHu
MycTaxkKamiall TeXHOJOorusacu Oyimya wimuil uznanunviap  P.I. Maxkamos,
O.M. Aonyn-PazzakoB, M.I'. Xamos, A.Il. PoroB, A.M. AxmMenoB uiuiapuia
KeNTUpWITaH Oynu0, ymap eTapiu Japaxkana sMmac. YmOy wunuiapaa NaxTaHd
JacTIadK¥  WIUIANl  MalldHAJApPUHUHT  appajid  JTUCKIAPUHUA Ba  appadaid
CErMEHTJIapM  TUUUIAPUHUHT MEXaHUK XYCYCHUSITIApUHU  OmMpuil  Oyitnua
MociamManap Kypuiradn OYynu0, HaTwKajgap AJIEKTP KOHTAKT YCYyJIWJa KU3AUPHII,
naszep €plaMujia, Ta3 aJlaHracuja YMHUKTUPHII, SHHU TEPMOMYCTaxKamJiial OusiaH
amanra omwupuirad. byHna tum yun OyTyH XaXKMu OYyilMda YMHUKTHUPUIITAHIA
KOHCTPYKTUB MaTepHall KOBYIIKOKJIMUTMHM HWYKOJMIIKA XHCOOUTA ATHIMIIUTA
KapIIWJIATU OPTA/IH. by »sca tummm ngap3 ketud cuHHIMra cabad Oymaawu.
[Mynaait kuwmO, XO3UPrH BaKTAA SHIHM TEXHOJOTMK €YMMIIap acOCHIard HWIMHMA
M3JIAHUIIIAp 0JIUO OOpUI KepaKJIUTU Y3-Y3uaaH maiigo 0ynanu. Ymly u3iaHuIiap
JETAUIAPHUHT 1032 CHPTIIAPWHUHT FOKOpH CHU(ATHHH TabMHUHIIAIITAa UMKOH Oepaju,
XyCycaH HWHJEHTOp Ba WIUIOB OepmiaéTraH MaTephaIHH Y3apo Kyd acOoCHIard
TahCUPUHUHT 032 XOJIATH MIAKUIAHUIITUHAHT HETU3U XUCOOIaHAIH.

MarmmuHa feTautapuHIHT KOJIAUK KYWIAHUI X0JIaTH OyHnYa YuIaMIININTH Ba
gapyanl MyCTaxXKaMJIWJIUTHHA OamopaT KWIHII YCayOaapu eTapiid Aapakaaa UIniad
YUKUITaH. Y0y Macaia e4MMH MalliHa JeTa/UIApUHUHT UIIUIOB O€pUIIraH r3ajiapu
cudaTiHU HUIUIOB OEpUI IIAPTIapU Ba PEKUM IMapaMeTpiiapd OpPKalIM AaKTUB
co3jiamra UMKoH Oepaau. by aca mammHa AeTaijapuHu Tar€pranina TEXHOJIOTHK
apa€HaapHu JoMuxanam OOCKUYUIAa YHIAMIMIUKHN OaxOoJIallHu Oaropar KUJIUIIT
ACOCHHH SIpaTUIIl UMKOHWUHU Oepajiu.

JNucceprauus TAAKMKOTUHUHI WIMMA-TAAKUKOT HILIAPH Ppexajaapu
Omsan Oorsnukiauru Kyrinaaru UTWnapu Ba noliuxanap/a y3 akCUHU TOTTaH:

JlaBnat wimuii-rexuuk Jonnxacu MOT-2013-5-28 “Tlaxtanm pactiaOku
WIUTAIl  MalluHAJIapyd Machysl KHCMIIAPH CHPT KaTjamjapu KBaJTHUMETPUSICHHH
TUHAMUK MYyCTaxKamJIalll yCyJdu OWJIaH HWIIIall KOOWIMATH Ba YHIAMIIUIUTHHU
omwmpumr”’, TTECU  “Hazapuii Ba amanuili MexaHuka”’  KadeIpacHHUHT
2005-2010 #wmmmapna «TYkuMauyuiauk Ba €HTWJI CaHOAT MalllMHA JeTajlylapd Ba
MEXaHU3MJIAPUHUHT CcaMapajd Ba TEXHOJOTHK KOHCTPYKIMSJIAPUHHU MILIA0 YUKHIII
Ba TQJKUK KUAJUIID JaBIaT OFOHKETH MaB3yCcH Oyiinua Oakapuiras.

TaagKMKOTHUHI MAaKCAAW TaXTaHU [acTIA0KW WIUIANl MallMHAJIAPUHUHT
UIUTaNl KOOWJTUSTUHU OIIMPHUIN YU9yH YJIAPHUHT WIMYM OpPTaHIapy JeTaUIapUHUHT
CUPT KaTJaMJIapUHH  eTapiau cudaTHHU Ba  OKCIUTyaTalus IIApOUTHAATH
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YUIAMIIJIUTHHY TABMUHJIANANTaH TEXHOJIOTMK METOJJIapUHU WIIIA0 YHKUIIIaH
nuobopar.

Kyitunran wMakcaara MocC paBullla KyHHJard TaaKHKOT Basudaigapu
OeJIruiIaHraH:

NaxTaHW JacTia0Kd HIUIall  MAllMHAJAPUHUHT  KWYUK  OUKpIUKIArd
AeTallapuHu  (appaind  AUCKIApHHM) 30Jaup OwiaH JIWHAMHK Jedopmaliusianil
METOJMHM MIUIA0 YUKMII Ba 1032 KATJIAMHUHHM IOKOpU CHU(pATUHU TabMUHJIANIUTaH
onTUMAaJl apaMeTpiIapuHu aHUKJIAll,

YysiHIAH TalépiaaHrad KOJOCHUKIAPHU UIITYH F03aJapyuHU 30J114p OunaH 3apba
Oepumn acocuga aedopmManusaaad MycTaxkamjall METOJUHH acociall Ba HILIad
YUKHIIL,

MyXUM MallliHa JeTajUlapura SIKyHU MEXaHWK WIIUIOB OEpHIll Ba F03aCHUHU
IJIaCTUK JedopManusiianiga KaTTHK JKHUCMIIAPHU Y3ap0 KOHTAKTIAArW TabhCUPHHH
n(hoaAT0OBYN CTPYKTYpaBUN SHEPTEeTUK MOJIEIH UIILIA0 YUKUII;

KOHCTPYKIIMOH MaTepUaHu (PU3UK-MEXaHUK XYCYCHSTIIApU Ba MIILJIOB OEpHIIl
PEKUMIIADUHUHT 032 KaTiiaMu CcupaTUHU OCNTrMIOBYM MYXUM IapaMerp —
TEXHOJIOTMK KOJJIWK KyWIaHUIITa OOFIMK paBUIJIa XUCOOJAIIHUHT YHUBEpCal
METOJMHU UILIA0 YHUKHIIL,

DKCIUTyaTalMsi  MIApOUTHAA  MaxXTaHW  JacTiJa0Kd  WIUIall,  MalldHa
JETAUIAPUHUHT TapaMeTpiapyuHU XUcoOjall Ba YHUJAMIIWIMTAHU Oamopar KUJIUII
METOJIJIApUHU UIIa0 YUKHUIII;

naxrta To3ajall MallMHadapu JeTaUIapUHUHT HIUIAl KOOWIMSATIApU Ba
YUJAMIWJIUTUHU OIIMPUILl MAaKCaauJa SHIU TEXHOJIOTHMK YCIyOJapuHM KYJUlaraH
X0JIJ1a TaKpruOa-unuiad YuKapuill CHHOBIAPUHU YTKA3UII Ba aMalira OIIUPHIIL.

Tagkukor 00bekTH cudaryga NaxTaHW JACTIA0KM HWIUIAIl MalluHajJapu
WIITYU OpTaHJapUHUHT JeTaulapyu KYpUJIraH.

TaakukoT mpeaMeTH — I03aHU ITUTACTHK JAeGOpPMAIMSUIAHUIIN HATHUXKACHIA
IIaK/UTAHTaH TaXTaHW JAcTiIaOKu MIUIANl MallMHAJIAPUHU MYXUM JeTajNIApUHUHT
(appaiu JUCK, KOJOCHHK, appalii IIMIMHAP BaJlK) 03a KaTjiamiiapy cudary.

Taakukor ycy/uiapu. MIHMHT Makcaau Ba KyWIJITaH Macajlajlapy Ha3apui
Ba TaXpuOaBUU TAaIKUKOTJIAP acoCHIa amMajra OIIMPWITaH. TeXHOJIOTMK KOJIUK
KYWIAHHUIIIAPHY [MAKJUTAHTUPUIIIATH CTPYKTYPABUM-DHEPTETUK MOJICITUHU HIILIA0
YUKHUIIAA TEPMOJMHAMUKAHUHT KaTMac >kapa€Hiapu, KaTTHK KUCM (U3MKACUIaru
JUCTIOKALIMS HAa3apUsICU, TEXHOJIOTHK JKapa€HJIap UCCUKIUK (QU3UKACH, KAMUIITKOKIUK
Ba IJIACTUK JedopMainusi Ha3apusich, KATTUK JKUCM OUKPJIUTA Ba EMUPHUIHII
TUMIOTE3UCUHUHT (PyHJIaMeHTana acocjaapu Ba KOHyHJapuaaH (oiaanaHuiraH.
Hazapuii n3nanviiapHd aMmanra OomMpUIia aMaliiidi MeXaHuKa, MaTeMaTUK (hU3nka
Ba OJIMM MaTeMaTUKa METO/JIapy KEHT KYJUTaHUJITaH.

TaxpubaBuil TankukoTiap 12 Ta 300AUPHU OTYBYM amnmapaTHU Y3 H4YWTa
onran  YII-2-3.5 pycymnn wunuiad YdKapuil —KypwiMacuia —YTKa3WITraH.
JleTannmapHuHT 1032 KaTiiamiapu cudar KypcaTKA4lapura TErHILId METO/JapaaH
doiinananuo Yn4ai acbo0irapua (MUKPOKATTUKJIMKYT4aruy I[IMT-3,
npodunorpad-npodpunomerp «Kanubp»aa) yTkazunnbd anukianran. KuHaan KevuH
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OJIMHTAH TMaxTa TOJaJlapu Ba YWTHT cudatu Taxpuba ycyauaa aboparopusi Ba
UIUIa0 YMKapull IMIApOWTIApUia aHUKIaHraH. TaxpuOanapia TEH30METPUK YCYII
KYJUTaHUJITaH, TaKprUOa HATHXKaJapy CTATUCTUK MIUIANI YCYJIM aCOCH[Ia KOMIIBIOTED
TeXHOJIOTHsUIapuaaH  (QoiganaHud amanra OUIMPHIITraH, HATHXKAJIAPHUHT AHUKIUK
napaxacu 0,951a xucobaHraH.

Juccepranus TAAKMKOTHHUHI WJIMHI SHIWINTH Kylyaaruiaapiad noopar:

MeTaJHU MJIACTHK nedopmanmsiian (bU3UKACUHUHT 3aMOHaBU I
KOHIICTIIIMSICKTAa  aCOCJaHTaH, MaxCyJoT [03a KaTJIaMUHUHT  AehOopMaIusICH
TeMIiepaTypa — Kyd MalJJOHU TabCUPHIa MUKPO Ba MAKPO XOJATHHU CHUHTE3 KHJIUII
MMKOHMHH OepaJiraH TaxTaHW [acTiIaOKu WIUIAl MalldHAJapyu JeTaJUIapUHA
nedopmanusiad MycTaxkamiiall Ba KECHO WIIUIOB OEpHIa TEXHOJOTHK KOJIIUK
KYWIAHHUIIIAPHN TAKUTAHTUPUIITHUHT CTPYKTYPaBUN-dHEPTETUK MOJACIH HIILIA0
YUKWJITaH,

NaxTaHW JAcTIa0KU HIIAll MalllMHAJapy appaiv JUCKIApW TUIUIAPUHUHT
I03aCMHU  30J11Mp OuWjlaH JAMHAMHK MycTaxkamjall METOAM Ba KypuiMma
KOHCTPYKIMsICK HNuiad uyukwiran (¢oiinamu Moaenb mnarteHT “JlerammapHu
MycTaxKamJjiall yudyH couma VK otuir Kypuimacu” FAP 00513, 31.12.2009);

KATTUK KUCMJIAPHU ¥3ap0 JUHAMUK TabCHUPUJATH MYXHM TapameTp —
3apbajaru TE3MUKHUHT THUKIAHUII KOA(POUIMEHTHUHU aHUKJIAl MacaJaCHHU
aHATUTUK e4uMu oJuHrad. JlepopmanusnanyBun wmatepuan (HU3MK-MEXaHUK
XapaKTepUCTHKAacH Ba KAaTTUK 3appadya MapaMmeTpiapura OOFIMK Xojaa ymoy
KO2(PUITMEHTHY Y3rapuIll XyCyCHSITIIapH aHUKJIAHTaH,

MaxTaHW JAacTIA0KW WIUIANI MAITMHAJAPWHUHT appaid IUCKIApU TUIUIAPUHU
30JMp OwilaH MIUIOB Oepubd MycTraxkamuiamga JgedopmManusiaHUIl YyKypIUTHHH
(?23U111) aHUKJIAIl Macalacu Ha3apuil yCyJijia €Uniiras;

KUH appajlapuHd 3oJaup Owian 3apba Oepu0d, nedpopmanusnad HILIOB
Oepuilija  MyCTaxKaMJiaHTaH  FO3aHUHT  FAgupP-OyAYypJIUTHHUHT  MIAKJJIAHUII
MEXaHU3MH UIIa0 YUKHUIITaH,

UIUIAIl  [IAPOUTUTa MOC  XOJJa appalii  JUCKIAPHUHT  yapyaiira
MYyCTaXKaMJIWJINTH Ba YWJIAMIIMJIMTHHHU Oalopar KWIWI aCOCHHHM OeTruiiaiuran
MaliyHa AeTaJlapy KOJIIUK JeGopManusIapuHUHT MYCTaXKaMJIMKKa TabCUPUHH
Oaxonam Kyn MUKIUMK IOKJIAHWIIIATH TAhCUPUHU aHMUKIAII, XaMmJa KV ITHUKIUK
YapyalTHUHT XUCcoO0am MeTojiapyu UIuiad yukuiarad. JKuH appalapuHUHT HUCOMIA
YUTAMITAJIUTUHA KOJITUK KYWIAHMIIIAP WHTEHCHUBIIUTH KO3(PQUIIMEHTUTa HUCOATaH
OOFJaHMILITIAPH OJIMHTAH;

appajy IUCKJIAPHUHT THILJIAPWHH 30JAUp OWIIaH WUIUIOB OCPHIIIATH ONTHMAI
TEXHOJIOTHK TIapaMeTpiiapu TaXpuba OpKaJId aHWKJIAHTaH, WIUIA0 YUKAPHUII
apouTHIa MYCTaXKaMJIMUINTH OIIMPWITAH JKWH appajapuHUHT  CHHOBJIAPH
VTKa3WIraH, )KUHAaH CYHT OJMHTaH MaXTaHW cU(aT KYypcaTKHUIapy COTUIITHPUIITAH
Ba TaxJIWJI KWJIMHTaH.

TagKMKOTHUHT aMaJuii HATUKAJAPH Kyiuaaruiapiad noopar:
MaxTaHW KaWTa WIUTANl MAallWHAJAPUHT JETa/Iapy WIIYU F03aJapuHH 30JIIUP
Owian ypub MycTaxKaMJIAITHUHT STHTY TEXHOJIOTUK METOAM UILIA0 YUKUITaH;
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30iaup OwiaH ypuO MycCTaxKamuiall PEeKUMUHUHT ONTHUMAJl MapaMeTpiiapura
acocyanraH (30JIMp TUaMeTpH, TEPMHUK UIILJIOB OCPUILl BAKTH, 30JIUPIIap MUKIOPH);

JETAUIAPHUHT 1032 KaTjamylapyd XOJIATMHM OENTHJIOBYM MYXHUM KypcaTKud,
nedopmalvisi HaTWXKAcHlla 3aXUpalaHraH »JHEPrus JapakacUHU  OeITHIIOBYH
TEXHOJIOTUK KOJJIUK KyUJAHUITHU XUCOOJIAI alIrOPUTMH UIILIA0 YMKUITaH;

30JMp OWIaH MyCTaxKamJallJaH CYHT KOJIIMK Ky4dJaHUIUIAp WHTECHCUBIUK
KuiiMaTy OViinya TUIUIAPHUHT appaiy AUCKIAPUHU 4Yapyall MYCTaXKaMJIMJIUTH Ba
YUIAMITIIIATUHYA Oammopat KYIAII METOIH UITad YUKUIITaH,

appanu JWUCKJIAp THUIUIAPUHU 30JIdp OWjaH MyCTaxKamJiall —camapacw
HaTWXKacula YHIaMIIMIUTHTAa WIIOB Oepuiamarad TUILIapra HucOataH Oup Heda
MapTa OpPTTaHJIuTH TaXpuOa-unurad wnrad YWUKAPUIT CHHOBJIApH HATHXKachaa
aQHWKJIAHTaH.

OnuHran HATHKAJIAPHUHT UIOHYWINJINTH 30J1TUP onan
MyCTaxKaMJIaHQIUTaH CUPTHU Y3ap0 TabCUPUIATH KAMMIIKOK SpUM YerapajaHMarat
KUCM INAKJIMJArd CUCTEMa YYyH MaTeMaTUK Ba (QU3MK MOJACIUIApHU TYFpU
TaHJIAHTAHJIUTH, XaMJla Ha3apuil Ba TaXprOaBUIl U3JIAHUII HATHOXKAIAPUHUHT Y3apo
MOC KEJITaHJUTH, IIyHUHTJEK HAaTWKaJapHUHT OolllKa Myauidd HIiapu
HaTHXaJlapura MocC KeJITaHJIUTU OuiIaH acociaaHa/Iu.

TaagKUKOT HATIWKAJAPDMHUHI Ha3apuid Ba amMajaui axamusaTd. M
HaTWXAJTapUHU Ha3apuil aXxaMUATH KyHUuaaruiaap/iad TallKui TONTaH: MaxcyJloT CUPT
KaTJIaMH cudatuHu OeNrniI0OBYH ool MMapaMeTP-TEXHOJIOTUK KOJIJTUK
KYWIAHWIIIAPHUAT — MAK/JIAHUIIN  CTPYKTYPaBUH-PHEPTeTUK  MOJEIH  HMILIa0
YUKWAJITaH; KOJIWK KydWIaHUILIAp WHTCHCUBINTU Japakacura OOFIHK jaeopMarius
SIIAPUH DHEPTUSACH YYyH aHAIWTHUK OOFJAHWIUIAP aHWKJIAHTaH; KATTUK CQEpHK
3appa4aHd MeTaul TYCHK OwiaaH Oup MapTaim 3apba TabCUPUHH MAaTEMaTHK
MOJCIIAIITHPHUII acocuaa aedopmarusaiad MycTaxkamiiail 9yKypJIuTH, 103a Faaup-
OyIupJIuru, TabCUpAaru TeMrepaTypa, Te3JIMKHU THKIaHUI KoddduimenTn O0yitndya
OOFJTaHMIIITIAP OJMHTaH.

baxkapunaran TaAKUKOTIAPHUHT aMaJdd  aXaMHsSITH  JKUHHUHT  MYyXUM
IeTaUIapuHu  (appajlii  AWCKJIAp,  KOJOCHHUKIAp)  30Jaup  OujaH  ypuo
MyCTaxKaMJIAIIHUHT ~camapalid JAWHAMHUK METOJWHMU KyJulad YJIapHUHT CHUPT
KaTJlaMuJard  JTWIUIIIArd  KOJAWK — JAe(OpMAalMSUIADUHUHT  IIAKJUJIAHUIIH,
nedopmanusuiad  MycTaxkamiaaHumn —fgapakacu (3winuin)  33.4% ra;  3uiuId
yykypauru 0,2+0,23 MM Oynumm OunaH acociaHagu. byHa TUIUIApHUHT Xap UKKH
TOMOHJIaMa [03aJlapura WIUIOB  OepwiraHia JETaTHUHT WYKA  KHCMHJIA
KOBYIITKOKJIUTH CakKJaHAIu Ba Yy Y30K BaKT >KUHJIAII jKapa¢HHUIIa XOM alié BaJUTH
OwiaH TabCUpJIAHTaHJa KalTap-y3rapyBuyaH KydJaHUILIapra KapIniuK KypcaTaiau.

TaakuKOT HATWKAJAPUMHMHT JKOPH KWIMHWUIIK. bupuHum Maprta
KUHJIAPHUHT appajv JUCKJIApW THUIIApUTa Ba KOJOCHUKJIApPUTa JUHAMHUK HWIILJIOB
O0epub MycTaxkamyaml yciayOu TaBCUs KWIMHTAH Ba TEXHOJOTUSICH UIIIA0 YMKUJITaH.
Vrkasunran TaIKUKOTIAPHUHT HATWKalapH, SbHU 30JIMp OujaaH HWIUIoB Oepuod
MycTaxKamiIaHraH appamd muckiaap JIT13-180 pycymin xuHnapaa «Y3maxTacaHoar
VIOIIMAacH KOpXOHajapuja Wiuiad YUKapUIlra »XOpUi STUIHO, WHUIUIUK WKTUCOIUMA
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camapa 80,992 MiH CYMHM TamKkmi dTraH («Y3MaXTacaHOAT» YIOMIMACHHHUHT
04.09.2014 #innaary >kOpHid KMJIMHIAHIUK JaJI0JIATHOMACH ).

NumauHr anpodanusicu. TaakukoT Hatwxanapu 20 JaH OPTUK UIMUM-aMalidid
amKyMaHlap, Iy SKymiaagaH 8 Ta Xalkapo aHXyMmaHiapia, XyCycaH:
«MalMHaco3JIMKIa MPOrPECCHB TEXHOJIOTHK jkapaéniap» (Poccus ®denepanusicu,
Tonbsrru, 2002 i.); «CaHoaT MILIA0 YMKAPHUIIJA PECYpPC Ba DHEPTHSHU TEXAIl)
(benapyc PecnyOnukacu, Butedck, 2003 i.); «MexaHnka Ba MalldHACO3JIMKHHHT
aktyan myammonapm» (Kozoructon PecmyOnmkacu, Anma-Ata, 2005); «Maxcynot
peHOBaNMsACH Ba CUpPT WHxkeHepusicn» (Ykpanna Pecryomukacu, Snrta, 2010-2013);
«Pecypc Ba 3HeprusHU TeXallljJa sIHTH Ba HOAaHbaHABUH TexHoJorwmsuiap» (Ykpanna
Pecnyomukacu, Onecca, 2010-2013); «Cudar, crangaptiamni, Ha3zopaT: Ha3apus Ba
amamér» (Ykpamna PecmyOimkacu, Slnra, 2010-2013); «CanoaT Ba TpaHCHOPTAA
unurad  YWKApWIl —Ba TabMUpJAMIJAa 3aMOHAaBUH  Myammousap»  (YkpawHa
Pecniyonukacu, Cansisa, 2010-2013); «Mnm kynmn» (Yexus PecnyGnukacu, Ilpara,
2012) amxymaHaapuaa anpoOalusaan YTKa3uiraH.

HarmkanapHuHr 3bJ0H KWIMHranjamru. [uccepramus maB3ycu OVitmya
56 Ta wiamui wim, ury kymiagaH 9 Ta uiaMud Makoja XalKapo KypHaJUiapaa 4o
ATWJITAH Ba 2 Ta MATEHT OJIMHTaH.

JuccepTanMsiHUHT TY3WIHIIN Ba XaxkMmu. J(uccepranus kupuii, 6emra 600,
xyJoca, (oWnananwiran agabuérnap pyixaru, 8 Ta unosa, 264 caxuda mats, 112 ta
pacM Ba S Ta KajBajulapJaH uoopar.

JIUCCEPTAIIMSIHUHI ACOCHUM MA3BMYHHU

Kupum kucmupga guccepranms MaB3yCHHHHI — J10J13apOjurd — acociad
OepuiraH, TaAKUKOT Makcaja Ba Basu(aiapH IIAKUIAHTUPWITAH, WIMUN SHTUIUTHA
Kalj »OSTWIraH, WIMHH Ba aMaJlud axaMusaTH Oa€H KWIMHIaH, XHMosra oJau0
YUKWIAIUTaH aCOCUM X0IaTyiap KEITHUPUIITaH.

Bupunum 60061a maxTtaHu AAcTIA0KW MIILIANIIA KYJJIAHWJIAIWTaH 3aMOHaBUIH
TEXHOJIOTUK MaIlllMHAJIap TYFPHUCHIA KUCKa MabiyMoTiap OepuiraH. [laxtanu Kaiita
UIUTAN SKUXO3JAPUHUHT MYCTaXKAMJIWJIMTH Ba YWJIAMIIMIIUTHTA TabCUP KUITYBYH
MYXHM JIeTajuTap Ba MEXaHU3MIIAPHUHT UIIJIAIT XYCYCHUSITIIAp TaXJIUIN KeITHPUIITaH.

[MaxTanu pacTiiaOKW WIUIANT TEXHOJOTUSCH TU3MMHAA (TO3ajall, >KUHJIAII,
JUHTEpJIAI, JCIUHTEpIIAIl) KYJUIAaHUJIAIUTaH TEXHOJIOTUK MAaIllMHAJAPHUHT HIITYH
OpTraHJIAPUHUHT 3HT aCOCHI Ba MyXUM JIeTalu OYnuo appaiu JUCKIap XUCOOIaHaIH.
Appanu nucknap ¢axat oup mammHa yuyH 90 gan 130rada Oynumm MyMKHH. YOy
JETANHA Ky MUKIOpJA KEPAKIUTUIAH TalllKapHy, stHa Oup MakOyn OyiMaraH XoJiaTH
MaBXyJl, SbHU YOy AeTaHU aHpo3acu Oynran Y& yraepomiu ac6o0 mynaTuHU
Poccus denepanusicuiad 010 KEATMHUIIUIUDP. Y110y KOHCTPYKIIMOH MaT€pUATHUHT
YUJAMIUIUTUHE  OIIMPUII XaM/la UMIIOPTHU KaMaTUPUII XUCOOUTa MaxTa caHOaTH
Y4yH MKTUCOAMM CcaMapajOpJivKHU NIAKUIAHUIIN YYyH MyXUM acoc OYinubd xu3mar
KHJIaJIH.

Martepuannapra MEXaHWK HIUIOB Oepuigaru aedopManusUIaHUII >KapaHu
eTapiv Japaxanga y3apo OOFIMK OynraH Mypakkad KOMIUIEKC >KapaéHiaplaH
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uboparaup. Mmna ¢pynnamenTtan Gpu3nka KOHyHJIapUHU Ba MyXUM Typjoul (anmap
Oyiinua MabllyMOTIApHU KyJulaml acocnad OepwiraH (KaMMIIKOKIMK Ba IJIACTHK
nedopmainisi HazapusiCH, TEIIOPU3MKa, KATTHK >KUCM (PU3MKAacHIard AUCIOKalus
HazapuscH, KaliTMac kapa€Hiap, TepMOJMHAMUKAacH Ba Oomik.). Mmmad 4yukuiran
MOJICJUIAPHUHT WJIMHUN MOXHUATU JETA/UIAPHUHT YUJAMIIWIMTUHUA OamopaT KUJIUII
MYMKUHJIUTHIA, YJIAPHUHT 032 CUPTH cudatu mnapameTpiiapuHu Oenruiaiiia,
AKYHJIOBYM OOCKMYHMJa MycTaxkamjall Ba MEXaHUK HWIUIOB Oepulga HaMOEH
Ooynmanm.

Nxxkunum 00002 MaTepraJUlapHU KECUII acOCUa MEXAHHUK MIILIOB Oepuil Ba
I03aHHM TUIACTUK AedopManusuiad MycTaxkamjalifa WIUIOB OepHIl acocuaa 1o3a
KaraamMu cudathuHd OCNTHIOBYM MyXHM OYNraH mNapaMmMeTpHH MAKJUTAHTHPHIL
Oyiinua CTpyKkTypaBuii-sHepreTuk Moaenau (COM) unuiabd yuKuiira OaruiiaHTaH.

Metamiapan  1uiacTuk  aeopmanusiam  kapaéHuAa MHKPO Ba  Makpo
Japakajard CHUHTE3M amMalira OWupwiaud. byHaa 3aMoHaBHMii HyKTaW Ha3apuaaH
y3IyKCU3 TEeHEepUMsUIall >Kapa€HUHM Ba AHHUTWISIUS acoCHJa MeTalUlapHU
JTUCIIOKAIIMOH KPUCTAUIAHUII CTPYKTYpPaJapUHUHT MIAK/UTAHUIIKA acoC KUJIUO
onuHrad. JlertanmnapHuHr 103a KaTjiamMd CUGATHHUHT [IAKIJIAHUIT MEXaHU3MHU
Ma3MyHH YyHUBepcal (PHEpreTvk) EHJallyB acocuja unuiad YukKWwigu. Yoy
€H/1alyB TYpJOLI Ba y3apo OOFIaHraH OMIIMM coXajlapy acocHjia aMaira OMIUPUIIN:
KAMMIIKOKINK Ba IUIACTUK  JedopMalusulaHuIl — Ha3apusacH, KATTUK JKUCM
dbu3uKacumard AMCIOKAIMs Ha3apusCH, KaiTMmac jkapaéHiap TepMOJAMHAMUKACH,
HCCUKJIUK (PU3HMKACH, TPUOOJIOTHs, METaJUIapHU KecuO Ba OOCMM OuWilaH HIIJIOB
oepwuiil.

Huccepranusna Kailj KWJIMHTAHUACK, KATTHK O KUCMIJIAPHUHT  IUTACTHK
aedopMaIMsUTAHUIIN Ba OY3UIIUIIN SITOHA (PU3UK XOccara sra JUCKIAPHUHT KOHTAKT
IO3JIADUHE ~ MUKpPOXaXMJard  Kucmiapuaa  wdkd  (€MMK)  DHEPTUSHUHT
nedopmanusutannmuga Us YHH WUFUIMIT Ba TapKaJIMII XYCYCHUSITHTA STaTUTUIUD.
Ymby sHeprust aciuja 3UWIAHUII YHEPrusic 6yiauo, miacTuk aedopmarys acocuaa
1032 KaTlaMHJa CUKWITaH JHUCJOKalMs DSHeprusicu XucoOjaHaau. OHEPrUsSHU
3aXMpaJaHUIId KOJJAUK KyWIaHUIUIAPHU XOCWJ Oynummra oiu0 Kelagud Xamja
TUCIOKAIMSUTAPHU  TYXTalmmura cabad Oynaau Ba WYKM MINKATAHWII, KAWWIIKOK
TUCTEPE3UC, DK302JICKTPOH SMHCCHUS Kabu (u3uK kapacHiapra OOFIMK OYnamu.
Jlemak, 3axupajaHTaH 2HEPrusl 103a KaTJIaMH XOJaTHHU OeNruialijia UHTEerpall Ba
nHpOpMaIlMOH TOMOHAAH aHUKIa0 Oepaau, aedopmanusaiad MycTaxKamialil
Japa)xaCHM Xam/1a KyWIaTHILIAPHA KOJIWK F03a7ard MHTCHCUBIMTHHH KypcaTaiu.

MetamaHu COBYK XoOJda IUIACTUK JAedopmanusiianiga (d3ulljga), MEXaHHUK
SHEPrussHUHr Karra Kucmu (97% paH) mnactuk Jaedopmanusiamra, HUCCUKIUK
axpanuimra, Kojirad kucmu (<0,5...3%) METAJUTHUHT 1032 KaTjJaMu1a d3UIUITHUHT
3axupa 3Heprusick AU cudartuna TymiaHaam Ba yHU TEPMOJMHAMUKAHUHT OMPUHYH
KOHYHU OpKaJIM aHUKJIAIT MyMKHH:

N O o] < ||, (1)
0y epna AU — XUCMHUHT WYKWA SHEPTUACUHUHT Y3rapuiu; Q — nedopmarusira
0ormuK uccukiuk 3ddextu; W — um (arapaa xKucM yctuaa 6axapuica mycoar).
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Jedbopmarusinab mycraxkamutamaa ki MetaiaHu a3umga AU — mycoat 6yimub
a3umaard €nuk (3axmpa) sHeprus Ug ra TeHr. MeTtamwiga d3umiaard €MUK dHEPTHsTHH
TYIUIAaHUIIIA HaTKacuia, AeQopMalsUlaHuIl MyBo3aHaTna OyiMaiau Ba Kynau
mapoutaa €MUK SHEprus capdu acocHja SHTUTIAH KalTa KpHUCTaIu3aIus xKapaéHu
fo3ara kenaau. Jlepopmamnusutanumaarda ouuk sHeprus Us HU TaxIwim Oup Katop
amManuii cababnap OVyiinua KU3WUKApPJIUIUP: TUIACTHK JedopMarysiiam KapaéHUHU
TaIKUKO KWiaHil aedopMarusiiiad MycTaxKaMIIaTHUHT (PU3UK-MEXaHUK TaOWaTHHU
TaXJINJI KWIAII; METAJUTHHHT 032 KaTJIAMUHU TUTACTUK JedopMalysiiamia THKIAHUTIT
KapaéHIapyuHU TaIKHKO,T KHJTHIIL.

TepMoaMHAMUKAHUHT OUPWHYM KOHYHM Tanabyiapu Oapya xkapa€Hiaapra mMoc
KenMaciurd MyMKuH. [IIyHUHT ydyH TepMOIMHAMHKAHUHT KOHYHHUTA MYypOKar
KWJIMO, YHTa acocaH KaWTMac jxapaHimapnuaru xonat (ynmuscuan dQ/T cucrtema
yayH Tyna nuddepermuanmuaup. YmoOy Ttyna auddepeHIInaTHUHT HHTETPATH S
SHTpoNHsCH OYnuO, XojaT MmapamMeTpu XucoOiIaHaaW Ba YHH MOJJa KuUHMaTHra
MIPOITOPIIMOHAI IKCTCHCHB KaTTAJIMK cudaTuaa KYpuiiau:

dS=dQ/T éxm dQ=TdS, (2)
Oy epma dQ — sjeMeHTap KaWTHIN jKapaéHUAArd KaHTapwiiaéTraH HUCCHKIUK, T —
*apaéH BaKTUJard CUCTEMaHWHT TEPMOJMHAMUK (20COJIOT) TEMITepaTypacH.

JedopMmarusiiaHyBIl  KACMJIAp YYYH HWYKA KyWIaHUIUIApHU OakapraH

UIUTAPAHA OCJITUIIOBYH aCOCHH TepMOTUHAMUK U(OIaCH OJTUH/IH
A CEGrE, +Ta (3)

Oy epra dU — MYKM SHEPTUSHUHT YCKCHU3 KHYUK Y3TapHIM; Gj — KyWIaHHUIUIAp
tensopy; dej — ymymuil xonja KaWMmKOK g Ba IWacTuk aedopmanusuiap ;'
WUFUHIUCUTA TEHT OYaraH qedopManusiiap TEH30pH.

Onuaran (3) TeHrIamana WYKU SHEPTUSHUHT 4YeKcu3 Ku4uk Yy3rapumm dU
CUCTEMaJlalrl HMCCHKJIMK MHUKIOpM Ba JedopMmaunusHu TeH3opu de opkamu
udponananran. Muku sueprusaunr dU y3rapumm Tynuk aeopMarusHuHT Ba Oy
TEHIJIaMaJaru OOFJIaHMaraH ysrapysumiap, AedopManys €jj Ba JHTPONHA S OpKalH
aHUKJIaHAIH.

Ky4ynanumnu oj, negopmanus € Ba SHTponMsa S OpKalnu Oenruiaaimus.
bynunr yuyn U(gj;,S) gynkiusanu tabunii xonar opamuru U(0,Sp) na, unsuknu Ba
KBaJpaTra OJMHTaH ab30JapuWHU CaKjIaraH XoJjja Japaxald Katopra &3aMus,
IIyHUHTAEK Ky4IaHHII Gjj, JeopManus € Ba AS SHTPONUSAHU Y3rapTUpUO YM3HUKIH
OOFJIMKIIApHU YeKJIaraH Xoyaaru ugoaacu OJuH/IN

oynma dU(0,S)/de;j=0 wmnoOGarra omumnras, 4yyHku Tabumii xomartma g;=0, S=S;
oynranaa ¢;;=0 O0ynuim kepax.
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bupunun wmaprta |l TapTMOAM KONIMK KyWIAHUIUIAPHUHT TEHT TabCHP

styBuucu cudaruga Il taptubnu xonauk aedopmanusiiapHd KYpUI, YIapHU
XaKMIapjaa ¥y3apo MyBO3aHaTiamraH 1e0 Ba HYKTaBUH HYKCOHJIAp XHCOOHWTa
7 aTOMJIapHU CTaTHUK CHIDKHIIIN

KUMAaTHHU XapaKTepJIOBYH

JUCIIOKaIuUsIap OpalluFuga aTomiiap
rypyxu Vyiauamiapura kapal® Oaxomar

. TaBCHS STUIIIN. I apaxanu
MUKPOKYWIAHHIILIAP, JeTaiap
yauamiiapura MOC XaXXKMIJIAPHU

srajuiaran Ba |l mapaxanu (3appaua,
Onokyap Ba ylap Typyxuaa TabCHUp

KWJIYBYA MHUKPO KyWIaHUIILIap)

1 — namyHa; 2 — 3appaya (KpUCTaUIUTIAp); KOJJIMK KyWIaHUIUIApHU Y3apo (HU3UK

3 — Mo3auka 6okaapu; 4,5,6 — Mac paBuIIIa HYKTaW HazapuJaH WYK OYymmub, Moc

AUcCiioKanusiap, aromjap, 3JICKTpOHJIAp, 7 - paBHmﬂa 6I/IpI/IHqI/I I[apax(anﬂ

3appa 4erapanapy; 8 — Mo3auKaiu OJOKIaPHUHT KYWIAHMIIAD —WKKHHYM  JAPAKaiH

yerapajgapu
1 P P KOJIAUK KYWIaHUIJIaPpHHUHT TCHI'
-pacm. SIpuM KpPHCTAJT JKACMJIAP YIYH

nedopManusIAp 1aPAKACH HEPAPXUSICH TabCHDP 3TyBUHUCHIA MOCIHD.

(MeTaJL1 Ba KOTHIIIMAa) CrpykrypaBuit snementinap (1-

pacm) Ba jaedopManusuIapHu UepapXus
Ty3wuniapy (2-pacM) TaxJIwT KWIMHTAH/Ia, SPUM KPUCTAN IAKIIHIa IOKOpUIaruiap
OWIaH KOJIWK Ky4WIaHULUIAp TYFPUOAH TYFpU OOFIUKIMIMHU KypcaTau. KarTuk
KUCM (DU3UKACUAATH METaUl Ba KOTUIIMAIAPHUHT MEXaHUK KyWIaHUIIIAPH yIapHH
Keau0 yuKuiI cababiapuiaH KaTTuil Hazap (Kywiap TabCHpH, TEMIepaTypa, IOKOpH
SHEeprus KUCMH Ba Oomka QakTopiap) KpPUCTaT PEMETKAHUHT — CHIDKHIIH
HaTwkacuaup. JleMak, MHUKpO KywIaHHLUIAp YYyH XaM, CYOMHKPOCKOITUK
KyWIaHMIIIAp Y4yH XaM OupruHa ¢Qusuk wMojen MaBxyn Oynulb, vy
KyWIQHUIUIAPDHUHT [IAKUIAHUIIMHM ~ UQojanaiiiuran aTtoM Ba JUCIOKAIMOH
Mozenaup. bomika cy3 OwiaH MeTalHW TJIACTUK CWJDKUIN TaOuaTthHU wudoganani
YUyH JKHCM KpPHUCTaJIUHH, JAe(pOopMalMsIOBYM CHUPT KaTIAMMHHU CTPYKTYypaBHil
JUCIIOKAIIMOH Japa)kaCUHU TaxJIWJI KWINII Kepak Oyiaau.
3axupajaHral BHEprus TapKuOura JIucCIIOKalusulapra KUpraH aTomjap Ba
oyuuukapra moc pasuiiaa 4,5:2:1 aucbataa 6ynaau. Jlemak, ENuK MUKW HUFUITaH
SHEPTUSHUHT XOCHJI OYHIll MaHOaum acocaH METAIUTHHHT KPHUCTaUl CTPYKTYpPacHHH
YU3UKIN MyKaMMaJl SKaHJIUTH, SbHU JUCIOKAIUS YU3UKIAPH TAPMOFU XHCOOIaHAIHN,
Oymap KalWIIKOK CHDKHUIIIapra OJu0 Kelmaau Ba KOJMAWK KyWIAHWIUIAPHH XOCHII
KHUJIQ/IH.

Hamyna »| 3appaua (kpucTammyanap), »| Jucnokamusnap, aromap,
(I-cTpykTypaBwmii MoO3arKa OJOKIapu AIEKTPOHIIAp
napaxa) ) (II- ctpykrypasnii napaxa) | (I - crpykTypaBuit
N N Japaxa)

2-pacM. SIpUM KpHCTAJLI KHUCMJIAP YUYYH JeopManMsIapHUHT Japaka uepapxusicu
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Enuk sneprus Us Ba KOJIAMK Ky4IaHUIIAD OPACHIAr OOFIAHMIIHM TaJKUK
KWW~ yYyH KH3JAMPWITAaH Ba IUTACTHK  JAchOpMalMsUIaHTaH  MeTajijaru
JTUCIIOKAIMSUTAPHUHT TapKAJIWIIN Ba KMMMaTJIapura TasHUII Kepak Oyimamu. Arapnaa
KU3IUPWITaH METATHU Oup cMm? a 10° TaH 10® raua nuciokanus  Oyica,
nedopManusianrad Metamiia 1 cMm? ma 10 — 102 JTUCTIOKALMSIIAp 3UYIUTH OYITUIITN
OXTHMOJU 00p. VYIIApHUHT TapKaATaHIUTH JehOpMAaIMsUIaHHIIT TEMIIEPaTypacH,
IIAKJIA Ba Japakacura OOFJIHK.

3axupa sHEpruscHu Ba AePOpMAIMOH MyCTaxKaMJyaIl opacuiaru OOFIaHUIITHU
Taxpubama Tekmmpuin —HaTwkacu wmga K. @pupen  GopmymacuHHUHT
Moaudukanmsicu cudatuaa KOMAWK jJepopManus WHTCHCHUBIWTHHU aHUKJIAII

dbopmyacu OJUHIN:
1 / E —
O-iI(Djl = —-yu S (5)
1+pu V2

Oy epna p — [lyaccon koaddunuentu; E — 0 yitnama kaitnmkokiank moxayau, Mlla.

Omuaran (5) wmdona Taxmmimra acocaH, 3axupa SHEprus KuUHMaTd Ba
TapKaJITaHJIWTUHYU, 1032 KaTIaMH 4yKypiauru Oyimda nedopmaunusHu  Ba
KaWMIIKOKIMKHU y3rapmac xapakar napaMmerpiapu E Ba | jmapHu Owiran xoijaa
KOJIJIMK Ky4JaHUILIAp MHTEHCHUBIUTMHU XHUCO00Ja0 Tomuil MyMKUH. By MHTEHCUB
OOl KOJAMK KYWIAHHUIUIAP Gikons O2koms O3xon T4  OOFIMKAMP. YIIOY KydJaHHILIAp
HaMyHajapra Oepuiaguran LUKJIUK IOKJIAHUIIJIAPHUHT aMIUIMTYJacu
Yy3rapTUpUiTania TYFpUAaH-TYFPH yapyanl (YUIaMIUINK)ra TAbCUp KUJIaau.

Ymby 6061a neopMauusaHUHT €MUK SHEPTHSCUHU y4Ta aHAIMTHK YCYJIJard
XUCOOJAIIHUHT ~ WJIMHA  TOMOHJApu  acocilaHau: 1)  TepMoauHaMuK; 2)
aucnokanusuiant, 3) AedopMalusUIaHUI TuarpaMMacH.

1. HJedbopmalussHUHT €MUK SHEPTUSCHHUHT TEPMOJMHAMMK YCYJAa aHUKJIALI
AU=U,, TtepMOAMHAMUKAHUHI OWPUHYM KOHYHHMIA acoclaHagud Ba MalllhHA
JeTajulapura Typid MEXaHUK HIUIOB Oepullia IJIacTUK JAedopManusiiaHUIINHA
TaxXJINJ KWIKILITa UMKOH Oepaiu.

2. JepopManussHUHT €MUK SHEPTUSCUHU JAUCIOKAIMOH YCyJjaa aHUKJall
METAJTHUHT  AeQOopMalMsUIaHUII TaxJIWIM yd4 OOCKMYJa amajra OILUUpPHUILTa
acocjaHraH Ba IJIACTHK JedopMalUsIaHUIl KHHETHUKACH Ba XYCYCHSTH TaOMaTUHU
3aMOHABUMM HYKTAaW Has3apJaH KapallHWu Y3 vuura ojrad. MeTaJulapHW IUIaCTUK
nedopMalMsUIaHUIL  MEXAaHU3MHU acoCaH JAMCIOKAUMSUIADHUHT XOCWJ  OYJIuIIH,
XapakaTH, SPKUHJAIIMIIA Ba aHHUTWIALMsICUra acociaHagu. [edopmanusanad
MycTaxKaMJIalHUHT Typau moaesmapHuHr (Teitnop, baccunckuii, MoTtrta Ba Xupmia
MOJEJIJIapH) TaXJIMJIM aCOCHJIa MIITa peajl 3aXxupa dHEPrUsCUHU Xucobnam udoaacu
OJIMH]IN:

R == T = g —— - ©
= —ER s —— e

oy epma G — xupkwium monymu, MIla; b — Broprepc Bektopu, m; u — Ilyaccon
kodurmenT; o — broprepc BeKTopu Ba JUCIOKAIUsIap YKU opacuaard Oypuax,
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epao; P — y3rapmac cos, 0,3...0,6 ra TeHT; 6o, — 4yerapaBuii mapTiau okuin, MIIa; o;
— HOpMaJI KywIaHuuiap naTeHcusinru, Mlla.

3. [JedbopMalussHUHT 3axWpa OdHEPTUACHHH JAeQopMalMsIaHUII AuarpamMMacu
yCyHia aHUKJIAIl YeKCU3 AJIEMEHTIIap aCOCHIATH Y3IYKCH3 MYXUTHHHI CTEPKEHIIN
MOJICIMHA YMyMJIAIlITaH JaedopManusiiaHuII auarpaMMacuau  (MasuHT MoJenn)
nHOOaTra om6 Wmiad YuKuWiIrad. Ymoy MOJeNTra acoCcaH Xa)XKMHHHT CTPYKTypaBUi
pecypciapaaHn uOopar SJIEeMEHTHHH Oup Xwi jaegopManusulaHyBUd CTEpIKCHIIAp
cuctemacugan uoopar aeitnim MymkuH. LIyHUHTACK, cTepKeHIap MaTepHallIapuHU
ujean KaWWIIKOK-TUIACTUK XycycusiTiapra sra Ae0 Kapad, KalHMIIKOK MOIyJiapu
¥3apo TeHr Ae6 KaOyn KunuHau. Jlepopmanusnanuiin auarpaMmMacd METOIM acoCha
Oepuiiran SHEPrUsiHA XUcoOan GopMyaacu OJUH/IU:

.ﬁqf%&—%% )
= = [ e ——— %

Oy epia o7 - HIUIOB OEpUIadTraH MAaTepHATHHHI (HM3MK OKHII derapacu; E -
ypUHMA IUIACTUKIIMK MOJYJIU EKU iepopmarius MOYJIIH.

JleMak MaTepHAIHMHT MEXaHHK XapaKTepHCTHKazapu oy, E Ba E xamma
KYWIAHMIIJIAD WHTEHCUBIUTH Gj OPKaIu JehOPMAIUSHUHT COJUIITHPMA SHEPTUSICH
Us (7) nan doitnananu0 xucoOiam MyMKHH.

BOMHu amanira OmMpHUIIT TEXHOJOTUK KOJAWK KyWJAHUIUIAPHU XUCOOJIAIT
AITOPUTMH aCOCUIA KyHUAaru KeTMa-KeTJIMKHA Oelruian MyMKHH:

1. MaxcynoTHU KeCyBUM €KM MYyCTaxXKamyIOBUM ac000 TabCHUpHIA 033 KaTJIaMH Kyd
Ba TEMITepaTypaBHH FOKJIAHHUII CXEMaJIApPUHU TY3HIIL

2. Ac6006 Ba nnwioB Oepuina€Trad J€TaaHU y3apo TabCUP 30HACUAATY TAIKUJ ATYBUU
KyWIapHU Ba KyWIaHHUIILIAPHU XUCOOJIaml.

3. HedbopmarusiapHu SHEPTETUK Ba TETUIOMU3UK Tax IMUIH: AedopMarus Ui A HA
Ba aXpan0 YMKKAH UCCUKINK Q HU aHWKJIaI.

4. JlebopMalMsUTaHAIIAATH COTUIITHPMA 3axupa sHeprus U's oy Takaud >Tiiras yu
MeToaaH OupuHU Kyu1ad xucoOmnamn: tepmoauHaMuk Us=A-Q OormaHuII acocuia;
CXEMaNAIITUPWITaH  JAehopManusUiaHuin — auarpammacd  o=f(g)Hn  Kymiad
METaJUTHHHT TUIACTUK AchopManusUlaliard JAUCIOKAIMOH Ha3apwsICH  acoCHa
sueprusinap Us=Eq (aucnokanus sHEpruscH) TEeHIJIamacu Imaptuaad doiiganaHuo
aHUKJIaI.

5. Hedbopmanusau 3axupa sHepruscu U napakacura OOFJIUK paBHINIa KOJIUK
KYWIAHHIILIAD O o, MHTCHCUBJIUTHHHA aHUKJTAIIL.

6. Kywranrannuk XoiaTu MaKiIura OOFJIUK paBHINa OO KOJJIUK KydJIaHUIILIApUHHA
G1 xom O2 xon Ba O3 kon XHCO6H3HI-
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Yuunun 0001a MeTal

CUPTHUHM 30JUp OuWjaH JUHAMUK,
mwiacTuk Jaedopmanusiianiaa  y3apo
TabCHUP MEXaHUKACUHH  TaJKHUK
KWINII HaTWXKajdapu KEJITUPUJIITaH.
Nmpga ypyBuM 3appadyaHd  MeETaLI
TYCUK OWJIaH ¥3apo TabCHp Macajaacu

X KBa3W CTaTUK XOJaTAa KypWIra,
AbHA CQEpUK KaTTUK 3appada Ba
KaWWIIKOK sipuM  (pa3oBHil KUCMHU
¥3apo CHDKUIIMHM XaMJa y3apo
TabCUP Kywjiap CTaTHKa
TeHrIamManapu OwiaH udoaamaHIu.
bynna 3apba Te3nuru vy TallKu
Kywlap TapKaJIUIIUAArd KalulIKoK
TYIKUHIIAPHUHT MaTepuaiaru
CUKWJIHIIN Ba CUJDKUIINIATH
Te3Nurugad Oup Heda 6op KUUMK J1e0

d, h — Moc paBuiiga YHKYaHUHT AHAMETPU Ba
YYKYpJIuru, P — srum Kyuu OJIMHI'aH.
3-pacm. LllapHUHT THHAMHK Hedopmanmsanuii 30HACHUHHUHT
MYCTAXKAMJIAHAIUTaH I032CHHU I3MII CXeMACH  aCOCUM TEOMETPUK MapameTpiapu:
Ba IJIACTHK AehopManusiIanul YyKypaura hy, o — pnactux nepopManus O3HHUHT
0yiin4ya KoUK AedopmanusaIapHu YK Oyiinya qmamerpn Ba h — dyKypinrd ne6
CHKWJIMIIUHUHT 3ITI0PaACH
xucoomanan  (3-pacm). JletaaHUHT
103aCUHM 30JiIup OwiaH 3ap0Oa Oepud UILIOB Oepuill JoKald aeopManusiaHUIT
*apa€Hu OujaH XxapakTepjaHaaud. Arapaa OTWIAETraH 30JIUPHUHT KHHETHUK
sHeprusicu Wy KOHTAKT 1033/1ard KyWIAHHIILIAP ©j WHTEHCUBIWTUHU TabMHUHJIAIITA
eTapjiii Ba JWHAMHMK OFHUII 4Yerapacu ¢,., JaH KaTta Oyica, y XOJjja HIIUIOB
Oeputaiurad 13a1a YUuKJyaiap MakJInaard U3 Oy3wInIILIap X0CHII OYyiaau.

M.M. CaBepuHHHMHT [03aHMHT Je(QopMalUsIaHUIIT Aapakacu Y XHCOOJaIl
¢opmynacunu bpunens ymuammapu (H,=1,7-HB) aunamuxk H, Ba crarux HB
KATTHKTAKHA XaM/a 30JIHPHUHT KMHETHK >Heprusicuan Wo=mv®/2 xucobra onras
X0Ji71a Kaiita kKypub unMKuO, aManuii TOMOHaH KyJiiamra KyJjiail udoja oJIMHraH:

1,18 -W
L P ®)

Oy epaa m Ba D — Moc paBuIiia 30 IMPHUHT MaccacH (Kr) Ba TUaMeTpH, M; V — 3ap0a
TE3JIUTH, M/C; § — SPKHUH TYIIUII TE3JIAHUIIIH, m/c?,

4-pacMpa 103aHu AedopMalMsUTAHMII Japakacu |y HU XHcoOiall HaTWKacuaa
30JI1Mp OWiaH WIUTOB Oepuill pekuMu mnapametpiapura oormuk (v=10...90m/c,
D=0,5...2,5 mm, HB 100...400) rpaduknapu Oepunran. MnuioB Oepumaérran
MaTepuan KAaTTUKJIWTH OPTUINM OWIaH 03aHu JedopMalrusuIaHuIl JapakaCUHHUHT
MOHOTOH KOHYHMSATH Kamasiau, OyHma D Ba V HUHr kaTta KuiiMaTiapujgard
abcomoT KuitmaTti opTud 6opanu (moc pasumiga 0,057 Ba 0,094 1a).
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3ap6anunr te3muru 10 man 70 m/c raya optumm OwraH (4,0-pacM) KHHETHK
SHEPTUSIHUHT OPTUIIM XHUCOOMTa F03aHUHT JeopMalUsiaHUII Japaxacu
Ce3WIapiy Japakacu opTajau: Moc paBuliaa 2,63 Ba 2,73 maprta opraau, Oynaa D=1
Ba 2 MM KUJIUO OJIMHTaH.

FO3anunr mnactuk gedopmanusicuna (FOIT) nebopmanus xonatu daxat
kodpdunmenTn Ownan 0O0axonaHuO KojaMai, IUIacTHK JedopManus KaTjiaMH
KanmuHaury h,,=h, Xxamzaa 3oanupau YK 0Vitnad 00CHMUHUHT XapaKTepJid 30HACHIaru
nedopManMsCUHU  y3rapThpuin  OwinaH Xxam  Oaxomanamu. Kaiita wumnuioB
OepunMaciIuru JACTATHUHT 1032 OOCHMM H3japu OWIaH TYIWK KOIUTAHTaHIAa XaMma
KaTJIaMJIAPUHUHT CHUKWINII KaJWHIUTH ypTada 3-pacMia TacBUPJIAHTAHICK OWTTa
W3HUHT VK 0¥iinad cukumui aedopManuscura Moc Keiau.

\ l =1
1
\

0,40 v

0,35

V=50mlc 035 —
0.30 \ / KDFZ_MM

(e - 0,25
VT_3Q /c | !
: L= ! —
0,25 \\ DT / L
L]
0

N

|
| 0,15 -
] /
‘\T\\\\sj ;D:lMM

100 200 300 400 HB 005 — 0 50 OV, wle

a)D=1wmm 6) HB 300
4-pacm. FO3anu nedpopmanusiianuin ¥ gapaskacunu 30IMPHUHT KATTHKJIUTH, TYPJId
Te3JuKIapuaa Vv (a) Ba typiau D qnuamerpaapuaa V (0) Te3ukka 60FJIMK OYJran y3rapuun
rpadpukiaapu

3onaup OumaH ypub KaiTa HILIamjia Ky MapTa JUHAMUK TabCUp HAaTHXKacuaa
IJIACTUK M3HUHI PAJWyCH MabIyM Japa)karada omaJy Ba CYHIpa aMmajja y3rapmac
xonaa OYymanu. [llyHu Hazapra onranja MjiacTUK W3 paauycu KyWumaru udopanan
aHUKJIaHAU:

2

a:K-D~4L,MM (9)
10,2-HB -g

oy epma K=1,3...1,5 — u3 nuamerpunu Yy3rapuil Kod(PPUIUEHTH; p — 30JIUP
MaTepUATTMHUHT 3UUJIUTH.

Te3nuk Ba KaWTa WUUIaHaAWraH MarepuadqHuHr HB karTtuknuru ys3rapmac
OynraHna W3HUHT PaguyCH 30JAUp AUAMETpUra TYFpH MponopiuoHauru (9)
udonanan kypuHuO Typudu. MaTepHaIHUHT KATTUKJIUTY OIITaHa U3HUHT PaJnyCu
Kamasian (5-pacm), OyHIla KATTHKJIMKHUHT Oapua y3rapuil Auamna3oHUJa U3HUHT d
paguycu v = 30 mM/c ra Hucbatan v = 50 m/c ga karragup. By sca pedopmarus
VYOFMHU TIAKJUTAaHUIUTa caba0un OYnraH KMHETHK JHEPTUSHUHT KaTTa KHHUMaTH
Oownan u3oxjianaau. Tesnmuk 10 gan 70 m/c rada omranaa W3HUHT paguycu 2,65
MapTaraua oIlaJiu.

Nmpa OupuHun wmapta ajnabuét wmaHOanapuja KEeNTUPWIraH KaTTHUK
3appadyaHUHT TapaMeTpiapu Ba (DU3MK-MEXaHUK XapaKTepUCTUKaIapu OujaH
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Xxuco0aaru OOoFIaHUNIIApHU Mdoanam Makcaauaa 3apoanga TE3MUKHA K THUKIaHUII
KOO(PPUIIMEHTUHN  aHUKJAIIHUHT  AQHAIMTHUK  YCYJIM HIOUIa0 YdUKWiIrad. kK
KOd(PPUIIMEHTHHN MabayM OyiaraH xucoOmami-tTaxpuba ycyjad amaija KaTTa
MEXHaTHH Tajad KUJIUIIN OWIaH axpanud Typaau, YyHKUA Ky Taxpubanap YTKa3HIIl
Ba 3ap0a 4yKypJiapu napameTpiapyuHi CHHUMUKIIA0 aHUK Yidail 3apyp Oynaau.
3appayaHu MeTa/yl TYCUK OWJIaH TabCHUpJAHUIIMIA METAUTHU KaMHUIIKOK-
iacTuK  JedopMmaluscd OKuOaTHAa YHUHI JacTiia0KM KWHETUK JHEpPTHUsiCU
Wo=mV?y/2 (3apbaman omauuru sHeprus) itykotunand. LIyHAHT ydayH 3appadaHuHT
Vi KaWTHUIO TE3MUIu Vo JaH KaMm Oyianu. 3appayaHUHT KEUMHTH SHEPrHUsCU
W;=mv®/2 ra TeHr O6ymamu. HaTikaga ypuiaguras —3appada  KHHETHK
sHepruscHHUAT AW abcartoT KaMaluIm Kyiuaarnda oymaam:
CEXENCEDAIA D D (10)

bynnan tuknanui kosgduimeHTH GopMyITacCuHI aHUKJIaHMU3:

I<{aosROsla=gxe. (11)

Karruk 3omnupnu 3ap0OajaH KeWUHTM KMHETUK 3Heprusick Wi ra TeHr OynraH
TabCUPUJIATH JIOKAJ 30HAaHU KAaWUIIKOK TUKJIAHUII UIIIUHU OWIIUII MyXUMIHUP.

a. MM
a.MM
A |
09I\ V=50mlc 0.8 |
—HB300
0.8 \.\ 06 L 1/
.- | ‘ ~\HB500
' NLV=30m/c ~ P
0.6 N 0.4 7 ‘
0.5 \\> 0.2 [ , JA =
100 200 300 HB “0 10 30 50 V. m/c
a) 0)

5-pacMm. M3HMHT & paguycuHH KaliTa HIUIAHAJUTAH MaTepUuaJl KATTUKJIUTUra (a) Ba
30JAMPHUHT Te3muru v (0) v=30 m/c; D =1 mm pe:kuMaa KaiiTa nnuiaim Te3JIMrura
OOFJIMKJIUTH

Meiiep KOHYHM Ba KAaTTHK 3appayaHd TEKUCIUKKAa CTaTUK TabCUPUHH,
r€OMETPUK OOFJIAaHUIUIAPUHU KY1ad cpepuk UACHTOPHU KaWUIIKOK-TUIACTUK
TabCUPUHU O0ocuI P Kyun yuayH KyHugaru OOFJIaHUII YPUHITUIUD:

2T N -1 (12)
0y epma N — 3onmup auamerpura OOFJIMK MaTEpPUAIHU XapPAKTEPIOBYH JOUMMMA
KaTTaJIMK; 1 — 30J/IUp JAUaMeTpura OOFiuK Oyimaran, aMmmMo OWTTa MaTepuall Y4yH
myxXTajam OWIaH MaTepuajHu XapaKTepJIOBYM JTOMMHI KaTTaluK, ojariaa 2 JaH
(xm3uTmiranga) 2,5 raua (tobaanranga) Tenr Aed ommHamu; Ri=D/2 — 3oaaupHUHT
panuycu; h — KaTTuK 3appadyaHu A3UII OAJIAH]JIATH.

Maiiep udonacugaru MaTepuaIHUHT XyCYCHUATHHM HdojanoBud N Ba N,
kuiimatinapu n=2 Ba N=nH, /4 6ynranna, (6ynna H, — Meiiep 6yiinua xkartuknmuk, W,
— KAMMIIKOKJIMK) THKJIAHUIIT UK Kyduaara udoaaan aHUKIaHAIH:
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\LA7EGE VI IBE (13)

Mlynmaii kuwmO, (11) ndomara acocmann® 3apOagard TE3MUKHUHT THKIJIAHHIII
kodpurmenTHN Xucoomam Gopmynacu Kyiugarnda oymaam:

<37 £F T FAKT =, (14)

Tyrpu 3apbanma Te3nukHu K TUKIaHUII KOX(PQPHUIMEHTH KUHETHK DHEPTHS,
3appaya MaTepuainra, TYCUK MaTEepUaJMHU KAaTTUKJIUIWIra, Y3apo YpUIyBUH
KUCMIIApDHU KaMMIIKOKIUMK Monynu Ba IlyaccoH koag¢uuumeHTHra OOFIMKIUTHHU
(14) nponanu taxmmmm xkypcatud Typudau. (14) nbomama xucodmanran K Tuxmanum
K03 GUIIMEHTH KHAMAaTHHHU TaXXpuOaa aHUKJIAHTaH HaTWXKallapy OWiiaH TaKKOoCJall
VIapHU y3apo IOKOpW Japaxana sSIKMHIUTHHHU KypcaTau: 45 Mapkaiau Mynar y4yH
Kyc=0,476, K,=0,458; apmko-temup yuyH K,,=0,317, K,.=0,316. Xwucobnamima
Taxkpubanap mIapTH Ba KEpakiau mapaMeTpiap KyHujaruya OJUHAAW: MyjatT
mapukIapHEHT auamerpiapn 2R;=107 m; orupaurn m=4,09-10"° kr; wapuamapHumr
orwmnm Oypuarn 0=90%; mapuk Tesmrun V=22,7 wm/c; TycuK Marepuamn — 45
mapkanu nynar (197 HV éku HB1030 Mlla); TabcupiaHyBYM MaTepHaUIaPHUHT
KaHHIIKOKITHK XapakTepuctukatapu E;=Eq=2-10° MIIa, u=p10=0,3.

Jletanuu 30iaup OWiaH KaiTa MIUIalla YHUHT 032 KaTJaMHHHU CU(paTHUHU
TaakukK Kuinumjga COM HM Kyiutam skapa€Hu SHeprusi OajaHCHHM anfaTTa TaxXJIWil
KUJIUII KEPAKJIMTMHU KypcaTau.

OHeprus OanaHcu 30JAMPHU JETall F03acu OWiaH 3apOacHHM XapakaTHUHT
allpyuM TyrajutaHraH OOCKMYMIArd >KapaéHnap: KaWWIMIKOKIWKHH, TUIACTUKIMKHU
uHOOATra OJMII, >KMCM FO3aCHJAaH CaKJIAIIMHU KYpuO YMKHII acOCHIa TYy3HWJITaH.
Y6y 6061a aetamtapaunr 3apoanaru FOI/] s»xkapaéHUHN UCCUKIIMK X0JIATH TaXJIUIU
xam Oaxkapwirad. 30JIUPHU MeTaul to3acu OujaH y3apo 3apba ’kapaéHu YUyH
MCCHUKJIMK, MEXaHUK Ba WIKU SHEPTUSIITAPHUHT OOFJIAHUII TEHTJIaMacH OJTMHTaH:

\NOAD A I (15)

Karruk 3appanu (3oagupHu) aedopManusIaHMACIUTMHA TaxXMUH KHIAO
Kyhiuparwiapaun €3um MymkuH: AU=AU+AU,~AU,. 103a xarnamu cudaruau
HIAKJUIAaHUII Macalacuja MYKH, SHEPTUSHU Y3rapUIIMHU XUcoOra OJIMII 3apyplup.
Hccuknuk, xycycad, 3ap0ajga yprada TabCHUp XapopaTd (HU3MKAcH MacajacHHU
euniaa AU KarTanuru Hazapra oJJMHMaiau.

XKucmuu 3omaaup 3apbacu HaTHXKAcHJAru XoOxJaraH HYKTacH XapOpaTUHU
XHMcoOJIall TeHIJIaMacu Kyiuaaruia oJmHAN:

asaa1d [ =
T S [ T2 a9

6y epma 0(X.y,z,t) — xucm xapoparn, °C; b — HCCHKIMK MHTCHCHBIMTHHH IIapia
TapKAJTMIIMHU XapaKTEepPJIOBUM KOIPPUIUEHT; A — HMCCUKIUKHHM YTKA3yBUAHIIUK
koadduumentn, Br/(M-°C); @=M(cp,) — XapopaTHH YTKa3yBUAHINK KOIDDUIMCHTH,
M/c; cpy — Xakmmit mcenkmuk curumu, JUk/(M>°C); ¢ — CONMINTHPMA HCCHKIHK

3. =
CHFUMH; p, — MAaTEDHAIHHHT 3MWIHTH, KI/M', FRlGs =5 e ~F o= =5 —

MCCUKJIMK MaHOauaH Kypuiaa€Tran HyKraraua Macoga, M.
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30JIIMpHU MaKCUMaJl KHUPHUIIl YYKYpJIUTH Ba KUCM F03acUJard TabCUpP BAKTUTa
TeHr t BakTHM XucoOjaml y4YyH >KUCMHH KalTa WIUIAaHAJAWTaH MYXHUT]IA
XapaKaTJIaHWII TCeHTJIaMacuHU KYPUO YMKHUII 3apyp:

ogh
m— —2Rsh (a7)
adt
Oy epma m Ba R — 3o;aup Maccacu Ba paguyCH; O1 — TYCHK MaTepHaTUHHU
OKYBUYAHJIMIH; N — MapUKHK 33HII 4yKYPIIUTH.
30JAMPHUHT M MAacCacu YHUHT XaXMHU Ba P, 3UUIUTH KypuHuimgarua (17)

muddepeHnran TeHrIaMa eYMMUHE KyHuaard KYpuHuIaa €3uil MyMKUH:

T — M
,ﬁ.ﬁgp- f = e Y T
= " MM > g C. (18)

Typrunyu 60012 appa THUIILIApU Ba KOJOCHUKJIAP 1032 KATJIAMIIAPUHU 30JUP
Ownan Kkadta wunuad MycTaxkamuiaml cu(aTHHA Hazapuil Ba  TaXpUOaBUMA
TaJIKUKOTJIApHUHT HaTwxkaiapu, COM opKanM IIakjUIaHTaH TEXHOJIOTHUK KOJIHK
KyWIaHMIIIApHU TeKmupuin Makcaauaa cratuk FOIIJ] Ba kupkub KaiTa uiiaHraH
TaXpUOATAPHUHT apUM HATUKAIAPU KEJITUPUIITaH.

Appaidi OUCK TUNUIAPUHU 30JIMp OwWilaH KaWTa WIUIanl TaXpuOaBuit
TaIKUKOTIapu YKaloB HOMHUJArd aBHMalMs HIIA0 YUKApUIl OHpIarIMacHHUHT
YI1-2-3.5 caHoaT KypwiMacuaa aMmajra omupwiad. by mocimama (6-pacm) Machyi
JETAIUIAPHUHT F03aJIJapUHU MyCTaxKamilalll y4yH MYJDKajulanran 0ymu0, 12 cepusiga
Muu1ad YMKapuiIrad 30JAupHU oTyBur 42115, 42125 annapatnapaan udopar.

Hedopmanmsanad MycTaxkamiiall TEKIIMPUIAIWTaH o3ajapra HucOaTaH
0=5°04' 6ypuak ocTHIAa ONMHTAH KHPKAMIApAa KW MHKPOLUTH(Iapaa H,
MUKPOKATTUKIUKHU YI4alll OpKajdu aHuKJaHaau. Taxpuobanap TYPT TOMOHIU OJIMOC
mupamugany  [IMT-3  yckynacupa yrkaswigv. H, wmuxpoxkarrukmuk 0,98 H
IOKJIAHUIIJA OJIMHTaH W3JIAPHUHT [UArOHaJUIapUHU Ya4all HaTWKallapyd OpKaJlH
nedopmanusaard MycTaxXKaMiMK, myxTanam aykKypaurd hy, U HEUHT mapaxacu Ba
qyKypJuK OYyinad myxranam uHTeHCHBIMrd U, — IyXTajaml IpagueHTH OpKalu
aHUKJIaHIU.

TanreHmMan KoUK Ky4JaHUII Y3TyKCU3 TEH30METPUK JaTUMKIApHU KYI1ao,
Maxcyc amnmapaTtaad (organann® xankanu HamyHanapnaan akan. H.H. /laBunenkos
YCYJIM/IA AHUKJIAH]IH.

Kaiita unuiaHrad ro3a HOTEKUCIUTHUHU TaaKUkKoTH “‘Kammbp” kopxoHacuia
Vrrkazuwub 201 mopennarm npodunomerp-npoduiiorpadpuna Ry mapamerpunu

WHTErpall KuiimaTiapu, ¢ukcanusicu — npouiHu yprada apupMETUK KUMMATHHH
oFuIu Ba ipodrutorpadaapHu 37eKTp YTKA3yBUM KOFO3/a €31 OPKaJIU aHUKJIaHIH.

3apba OepyBuu 3oagupHu W, OOIUIAHFUY KUHETUK DJHEPTUSICH OPKAIH
uponananran P makcuman 3ap6a KydrHu xucoobiai udogacu OIuHIN:

— |2\, H (19)

(19) udbomanm nedopmammsuioBun kyd cudaruma C.I. XeidenaHuHr Mabaym
dbopmynacuaan doiganaHcak KyHugaru KypuHumiaa oynamu:

h,— Ay Fap, um. (20)
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(20) dopmyna opkamm XxucoOnaHran h, myXTajgam 4YyKypJIUMTH €Tapiu
Iapaxkana Taxpuda HaTWxKazapura Moc kenaau, Tagoyt 8,5...14,3 % arpodumamup
(7-pacm). Y8I' MapKaiau nynar — HaMyHallapu 1032  KaTJIaMUHUHT
MUKPOKATTUKIUTUHUHT TaXpUOaBUN TaJKUKOTIApHU 30JAUp OWiaH KalTa HIIJIall
BakTH IMuHyTAaH 4 MMHYT opanMruia, ro3a Mukpoxkartukmurn H,=3560 Mlla
oynranna nmyxranam uyykypyurua 0,06 mm ra Ba U napaxkacu 9,8 % ra ycranauruau
KypCaT/i.

hH, mm :
10 f
08
06
04 f———
02 - ‘ — =
0 05 1fo 15 20 25 D,mm
1 — taxxpuba MabIyMOTIIapH;
- 2 — X1co0 HaTHXKaNapu
== 7-pacm. TuTaH KOTMIIMAJIAPHHA
1 — sneBatop GyHKepH; 2 — GyHKEpHH 30/1AMp OMJIAH KaliTa MILIAIIA
TabMHHJIOBYHM MOcliaMacH; 3 — OyHKepHH Hﬁ‘l)OPMa““ﬂﬂaﬁ mycraxkamiiam hy
cenaparopu; 4,7 — apoccemap; 5 — NyJaaT 30JIUPJIap yPHITaHIa XOCHT
30JI/IMPHH OTYBUU FUILHPAK POTOPH; 6 — oynamuran uwykypsuru D amamerpura
9IICBATOPHH MACTKH HUFYBUUCH; 8 — OyHKep; OoFIMKJINK rpaduKIapy
9 — kaiiTa nnutagagurad getai; 10 — Bai; (o, = 780-1075 MIla)
11 — racmanu y3aTma; 12 —
5JIEKTPOJBUTATEND; 13 — MIIYM Kamepa; Makcuman MycTaxKamall Japaxacy
Y3TyKcH3 cTpenka - somaup; y3nykens mrpuk  U=33,4% t=4 munyT Oynranma
- XaBo spunmn (V=30 wm/c, D=0,6 mm). By
6-pacw. YIII-2-3.5 30211Mp oTyB4H peXUM  MyCTaxKamjaHraH  KaTJIaMHH

AllMMAPATHUHT IMPUHIUIIHAJ CXEMacCHu I’IerapaBI/Iﬁ KaJTUHJIATH hH:0;23 MM

OYIMIITMHYA TabMUHIANIH.
3onaup OwiaH KalTa unuiam BakTH 6 MUHYT Ba yHAAH FOKOpH OYIUIIN
Makcajara MyBoGUK SMac, YyHKH OyHJa HaMyHajlap O3aCHHUHT MHUKPOKATTHKJIUTU
KaMmasiii Ba MaKCUMaJl KAaTTUKJIMK HaMyHaJlapHU YCTKU KaTJiamiiapura CHnKuiau (8-
pacMm). 3onaupHH Xapakat Te3nurd 8 gad 30 m/c Ba t=4 MuUHYT OYnTaHma myxTajanl
napaxxacu 14 ngan 28 % rada omagu. Te3aMKHM Ba BaKTHU OIIMPWIMIIHN VTa
myXTajam okuoaruaa AeopManusuid MyCTaXxKaMJIaIlTHU TTacalTHUpaIu.
JKun appanapu THIIWHW KalTa unuiamga D nuameTpuHy Ba YHHM TE3JIMTHHU
OIIMPHUIN 30JITUPHU KHWHETHK SHEPIrHACH Ba MyCTaxKaMJaHAJWTaH JETaTHH 032
KATJaMUHUHT IJIACTHK  JedopManusiail  skapaHUHM MHTCHCHUBIAIIMIIKA N

nyXTalall YyKypJIUTUHA OpTUIINTa 0Jaub kenaau (9-pacm).

H
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VY8I' mapkanu yraepoau mynat acoobu auametpu D=0,4 MM Oynran 30514p
ounan v=30 m/c, t=3-4 muHyTAa 3appayda OWJIaH MycTaxKamJialia 03a HOTEKUCITUTH
napamMerpiapu: yprada apudmeruk ofrum R, 2.4 man 1,8 MKM, HOTEKHCIHMKJIAp
Oanmanmmru R; 5,5 nan 4 MKM ra KaMalUIIMHA TaIKUKOTIAp KYpCcaTau.

CwimyKIaHTaH HaMyHaJapHU XYyJIId IIyHAAH pekumiapaa 30aup OujiaH
KaiiTa unuiam R, HoTekucnuk OamanamuruHu 0,2...0,3 MKM rada opTUIIMdra OJjuo
KeJaau. 30JIUp TE3JIUTH OIIUIIY OWJIaH HOTEKUCTUK XaM OpTaIu.

Mammna fgetaulapuHM  30JAdp  3apbacu  OWiIaH  MYyCTaxXKaMJIUTHHU
OIIMPHUIIJIATH Y3UTa XOCIUTU IIYHJIaKH, MYCTaXKaMJIaHAJIUTaH 1032 HOTEKUCIUTH
VHUHT I03aCHHH JAacCTIa0Kh TEOMETPHK XOJIATUTa, AWAMETPUTa, 30JIMPHU Xapakar
TE3IUTUra OOFJIMK PaBHUILIA OIIMIIKN €KW KaMalUIII MYMKHH.

H, 107, MTa (17—

Wi
T

4,0

36 fxmrx

3,2
| 0,04 0,08 0,12 0,16 0,20  hy, MM

R —

02 04 06 08 10 D um

1—t=1 mun; 2 — t=2 mun; 3 — t=3 Mumn;

4 —t=4 muH; 5 — t=6 muH; 6 — H, B ucxoguom 1 —v=30 m/c; 2 —v=30 m/c (Hasapuii
COCTOSIHHH Oepuirannap); 3 — v=16 m/c; 4 — v=8 m/c
8-pacm. Y8I' mapkanu nyaran H, 9-pacm. 3o/1up OMJIaH KaliTa Huuiamaa hy
MHMKPOKATTHKJIUTHHH Oy 1032 KaT1amMu nmyxTajanm YyKypJIMrauu sappava D
YyKYpJIUra 0yiu4a 30,11up OnJiaH Kaita JMAMeTPUra GOFTMKINTH

HIJIaIm BaKTH4Ya HHCOaTaH TAKCUMJIAHUIIIH

by 6001a meTtanmnHu 103a KatiaMu cepuK HICHTOp OWjaH KalTa HIaliia
KaWMIIKOK-TUTACTUK Jeopmanvsi KUHETHUKACH TaxJIMIM acoCHJa HOTEKCIUKHU
IAKJUIAHUII KOHYHM Ba YHUHT R, OamaHmmru aHamuTHK yCyJija aHUKIAHIH.
Hotexucnukaunr R, 6ananiury uiiad YMKWIraH Ha3apui yCyJl acocuaa KyHuaaru
dhopmyIia OpKaJIid aHUKJIAHIU:

s ﬁée BRys
i 25%5 /z%j . (21)
(= =
R, mapameTpuHUHT XHMCOOJAHTaH KUWMAaTh TaKpUOaBUUIUTHUra HHCOATaH
5,8..10,5% ra TadgoBYT KMIMIUIMTH, aMmaiia ymoOy xucoOnam yCyJiauaaH
doiinananuimn  MyMKUHJIWMTHAAaH —Tacaukiaaiau. HO3a kammamMu  cudaTHHUHT
HIAKJUIAHUIIMHA ~ CTPYKTYPaBHI-DHEPreTUK  MOJENUra  acociaHu®  MaliuHa
JeTaJUIApUHU 30J11Mp OWJaH KalTa MIUIAHUIIUAA XOCWJI OYiIaauraH TEXHOJIOTHK
KOJIMK KyWIAHWIUIAPHUA XEcoOiam Oyiinya KyHuaard airopuTM WNuIad YHKWJIIN:
1. IlnacTuk M3HMUHT paguycuHu xucoOnami. 2. Ilmactuk pagmycura moc P — cratuk
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Ky4d anukniam. 3. Hopman G6ocum Py Ba KywlIaHWII Gl WHTCHCUBIMTUHUA (opMysa
épnamunga xucoOnami. 4. Te3NMUKHU TUKIAHUIT KOIDUIIMEHTUHH aHUKJIALI.
5. Te3nukaM TUKIAHUII KOA(PGUIIMEHTHHN Ha3apra 010 KaTTUK CHEepUK 30 TUPHUHT
3ap06a sHeprusicunu xucooduam. 6. F03a karnamu sHeprusick Us HU Y3rapuiinmra TeHr
3axupa AedopMalus SHEPrUsICUHU aHuKall. /. KoJJIuK Ky4JaHUIl HHTEHCUBIUTUHU
aHUKJIaII.

Konauk KyunaHWNUIap WHTEHCUBIMTMHU XUCOOJAll y4yH HOMOTpaMMa
KYPUHUIIMAATH 30JAUp OWjaH MycTaxKamulall PeXUMHUIAH WIrapu YTKa3WITraH,
amanaa (onaamaHuIIH.

3onaup OunaH ypub KalTa WIIAl PeKUMH Ba MAPOUTH KyHuaarnda: KaiTta
WUUlaHagurad — martepuan  kartukiurd — HV80...560;  3onaup  aumamerpu
D = 0,5...3 mM; 3oxaupHEET capdu q = (0,75...12)-10° kr/(cm?c); 30MupHUHT
teznuru v = 30...80 m/c.

bepunran anroputm Oyiinya XMcoOJIaHTaH 1032 KaTJIaMUHU Z YyKypJIUTHIArd
KOJIMK KyWIAHUIIJIAPHUHT UHTEHCUBIIUTH KyWuaarnya:

o = 1094 Hmm®, 2=0,05mm; .., = 1082 H/mm®, z=0,1 mwm;
... =933 Hmm?, z= 0,2 Mm.
Konauk kywianuiiap THTCHCUBIUTUHA Ha3apuil KNAMAaTUHU TaKpUOaBuiiaH
2...10% ra dapk KWIWIIM MaxXTaHU KaiTa

w_}: ' — — HIIall MallkuHaJIapyu appajin JUCKIAPUHHUHI
. . A
; // MyJAaaTin Ba TOJHUKHUIITa MYCTAXKaAMJIMIMHA
25r . L 1 -
T / AKCIUTyaTalusl IOKJIIAHWIIUIAPHA Hazapra oJjuo0

- (olimanaHuiira UMKOH Oepajiu.
Jluccepramyss  MWINHHUHT  OCIIMHYU
000M TmaxTaHW [acTiIa0KM WIIUIAll MalluHa

TAAKHKOT

0 52 o6 7 JCTAUIADMHM 103a KATJIIAMUIATH TEXHOJOTUK
1-m=2:2-m=3;:3-m=4:4_m=5 KOJIIMK KyWIaHMIUIADHU  Hasapra oo
10-pacm. Buprep Moaenn yuyn TONMKUII Ba MYJIATIA MYCTaXKaMJIMTHHU
HUCOMI MyIIATIN YN UIn1ad YuKuIl MeTtoaura Oarumnanrad. Mmnad
MYCTaXKaAMJIMKHH M HUHT TYPJAM  gygapuinga TEKITUPUII Ba appalid TUCKIApHU

KuiiMaTaapuaaru R KoUK
KYWIaHUILIAp Ko duuueHTura
OOFJIMKJINTH

MycTaxKamJamaaru KaiTa UIILIaII
TaJOMKUHUHT CaMapacHHU UKTUCOANIN OaxoJiarl
HaTHKajJapy KeJITUPUIITaH.

MabiayMm Oyiran KyulaHUIUIAP UUKIU (Ga, Op), YMAAMIIMIMK Y€rapacHu G.; Ba
MycTaxkamiauk uerapacu o, (I'yaman wuyumsuru, buprepa, I'epGepa, Mbnpuna
napabosiajiapyi) MapaMeTpilapuHA  TaXJWJIW  acoCHUJla  TEXHOJOTHK  KOJIJIUK
KYWIAaHHMIIJIApDHU  XUcoOJlall anropuTMu ummad uyukuiarad. Macanad, buprep
napabosacu yuyH

[C{'j T, (22)
) <
0m=0 KyWIaHUIIHUHI CHUMMETPUK UUKIUAArd KuUUMaTH KyWugarun udomara moc
KeJlaau
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R CE (23)

[MTapno3nad-mycraxkamialiaa KaiTa UIIIail Ba KECHII kapaéHuia JeTaiapHu
1032 KarTjamMuJa KyWIAHHIIHAA XKMIIA KOJJIUK MaiJoHM XOCHJ Oymamun. AMMO
yIapHA KWYUK YyKypJuKaa &ETumm cababnm TaHTeHOHWal Ba VK  OYidnad
KyWIAHUTILIAPHUHT XOCHJI KAJIaJUTaH TeKHC KoMK KywiaHuuiap cudaruaa Kaoyr
KHJIMHTaH.

KalnmKoKIMK Ha3apusACHIaH KeIuO YUKHUO, KyWIaHWII XOJaTH Gj KyWIaHHII,
KOJIJIMK KYWIAHHUII XOJIATH Oj o, MHTCHCUBIIMTH OWJIaH XapaKTepiIaHaIu.

Bysunumiraua nukn conu N, HU KOJIAUK KyWIAHUIUIAP Gj xo; WHTCHCUBIMIMHH
OOFJIOBUM CHMMETPHUK X0J1aT YUyH Kyiuaaru udojia oJIUHTaH:

m

NP:NO[l—GiW] 2, (24)

o

6

Oy epna Ny - TOJUKHII ATPU YU3UFUHU CHUHUII HYKTaCUra MOC IMKJ COHHU; G, -
MUKJIJArH Ky4JaHUII aMIUIATyAacH (KOJAUK KyWIaHMIIJIApHU Ha3apra OJIMHTaHAarud
yygaminiuk yerapacu); m=C/K; — TOJMKHIN STpU YU3UFUHU Yall TOMOHUHUHT
Kusumruad - udoganoBun  kodpdunment (yrmepomm mynatr yuyn C=12...20,
murepnanrad nynar yayn C=20...35); K;=0.1/6.;,; — TOIUKUIIra KapIIMJIMKHI XaMMa
(aKTOpJIApUHUHT TabCUPUHU HMHOOATra OJyBYM KOI(PPUIMEHT; G.;; — JACTALIApHU
YyerapaBuii MyCTaxXKaMJIMTHMHH XHcOOra oyv0 yriepoasiv NyJaTiapiaH KUJIWHTaH
Maxcynomiap (appamu auckiap) yayn m=C/K, =2...5, nurepianran myjariap y4yH
m=3,33...8,75.

Typnu Oofnanunuiap (Moaemiap) yuyH onuHran (24) xypunuiigaru udonaa
KOJJWK KyWwIaHuIl KO3PGUIueHTn R=cj /0, Ba HUCOUN MyAJATIM MyCTaXKamIIUK

On=N,/No 1aru OOFIaHUIIMHU COHJIM Ba cu(atiau 6axoamira MMKOH Oepau.

boGna Tunuiapm MycTaxkamiaHTaH appaiu >KMHHM TomikeHT BuiosTH byka
raxTa To3aJlall KOPXOHACHHHWHT XUH-JIMHTEP IEXHJIa WIIIA0 YUKAPHII IIapOUTHIA
VTKa3WwIral Taxxpuba HaTwkajgapu Kentupwirad. Mnuiad dyukapuiigaru taxpudana
YI1-2-3.5 caHoaT MocjamMacu ITUCK Io3ajlapd MyCTaxKamJaHTaH (KaWTa WIIJIal
pexuMu: 30aaup Te3nuru v= 30m/c, 3omaup auamerpu D=0,6 MM, nmnam Baktu t=4
MUH, 30JITUpHUHT capdu =250 Kr/mMuH).

XKun appa aucknapuHu MyanaTiM gugammanura 5/3  coptim, C-6524
cenekuuss HaBimu, Hamiura 13,1%, Kynma Tepwiran mnaxrta XOM alIE€CHHM KaiTa
UIUTANIA MaBXyJl KUH appamapura HucOaran 1,7..2,0 Mapra OIITaHIUTHHH
KypcaTau. Appa TUIUIAPU 1033 KaTjlaMjapujaard Mycraxkamiuk uderapacu c,=1000
MIla Gynran CMKyBYM KOJAUK KYWIAHHUILIAP CATXU O; ., — 200...600 MIla atpoduna
oymam.

MycTaxkamIaHTaH KUH appajlapiHU TaxTa TO3aJall KOPXOHACH ITapOUTHIATH
TaXpUOAaBUI TaIKMKOT HATIKalapu m=2 yuyH buprep udomacu 6munan Moc Kemaau
XamJa HUCOMH MyIJaT/Ii YUJAMIIMUIMK N HHU YW3HWKIM OOFJIAHWINM KyHHJaruda
oy (10-pacm):

v, =27 R1O5E, (25)
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by Oofnmanum  MycTaxkamJaHTaH appajd  JUCKIAPHU  CHUKYBYM  KOJIJIUK
KyWwIaHUIIJIapra Ba MaTepUallHM MYCTaxXKaMJIMK 4erapacura OOFJIMK MYJJIATIH
MYyCTaXKaMJIMTU XaKuJia MabIyMOTIa ra OYJIuIira MMKOH Oepajiu.

Appanu JAUCKIIAPHUHT XOJAaTMHU TaKKOCTAll TaxJIMIA MyCTaXKaMJIaHTaH
tuniapau  (11-pacm, a) sKcrulyararus BakTH =672 coar Oyiaumura kapamai
aMmanjga y3 IIaKIM Ba TEOMETPUK MApaMETPJApUHU, UIYHHHTEK THUII YYUHUHT
YTKUPIUTUHUHT CaKJIAHUIINHU KYPCaTIU.

MycTaxkamiaHIraH >KMH appajapuHUHT Thimapu T=168 coat nmarwirasga
OpKa fo3aJIapy SIPOKCU3 X0Jiaa TypTOypuakim ro3a kypuaummuaa Al=1,3...1,5 mm raua
eiiriia 6onwiaau. byrna ediwmim Ovnan Oup BakTAa TUIIHU N OalaHAIWTY Ba KYIITHA
THUIUIAPHUHT ~ TE€XHOJOTHK  Opajlufyu KamMaau. Harmwkaga Ty — 9ykKKACH
VTKUPJIIMTUHUHT KaMaWHIIN KUHIIAII XKapa€HU YHYMIAOPIUTUHU MTaCAUTUPIN.

a) 0) B)
11-pacm. Tunuiapu MycraxKkaMJaaHraH (a), MycTaxkaMJIaHMaraH, CAHIaH Ba MJIACTUK
nedopmanusiianrat (0), THILIAPH elMJraH (¢) "KUH appaJjapu.

Tunutapu 3o1aup OMIIaH KaiTa UIIUIAHTaH appajid JUCKIIAp TOJa Ba YUTUTHUHT
cu(ar KypcaTKUWIAPWHU €Tapiinya CakJalld aHUKJIaH/IH.

Kansaa
ToJsia Ba yuruT cugar Kypcarku4jiapu
Tumnapu
3aBoJi1aru MaBxky/l
TexHooruk MyCTaXxKaMJIaHTaH
Ne Kypcarkuuwiap, % na appa THIIUIapHU OnIaH appaji MCKIapu OurnaH
Yp P, 70 A pp P YKUHJIAII

JKUHJIAI
1 [TaxTaHWHAT HAMITUTH 13,1 13,1
2 ToaHUHT HAMJIUTH 6,46 6,46
3 Tosa yukumm 26,38 26,12
4 YHUrut TyKAOPAUTU 12,45 12,7
5 YUruT MMUKaCcTIaHUIIN 7,33 7,73

Tunapu 3onaup Ounan MycTaxkamJaHTaH appajiv JUCKIApHU TOIIKEHT Ba
AHIMKOH BWIOSTIApUIATH WKKWTA TMaxTa To3aJall KOpXOHAlapuaa TaJa0ouK
ATUTaHAA MUUIHK UKTUCOANM camapagopiauk 80992,0 MUHT CYMHHU TALIKUI KUAJIIH.

XVJO0CA
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1. MamuHamapHUHT WINYWA ~ OpraHjiapd MyXHM JIeTaJUIADUHUHT 1032
KaTjJaMyd MEXaHMK KalTa uIUlamjga XOCui OYyJlaguraH TEXHOJOTHUK KOJIAUK Oyop,
KyWIAHUIUIAPHUHT ~ CTPYKTYPABUM-PHEPTeTUK  MOJEIWHUHI  MIAK/UIAHWUII — Ba
XUCOOJIaIl aNrOPUTMU UIILIA0 YMKUIITaH.

2. TexHONOTUK KOJIUK KywIaHUNUIapHUHT AedopmanusHu Us gimupuH
SHEprusicura OOFJMKJIWTUHU AHUKJIAIIHUHT y4Ta YCYJIM TaBCUA KUJIMHIM:
TEPMOJIMHAMUKAHUHT OMPUHYU KOHYHHM JUCIOKAIUsIall Ba TETULUIM SHEPTrEeTHK
OoryaHumIap (IUCIOKANNS Ha3apHsCcH), KOHCTPYKIIMOH MaTepuauiapHuHT Gi=f(g;)
cxeMmanamrad —jaedopMmanusacd — AMarpaMMmacH  yCyJulapuiaH — OupH  OpKaid
AHHKJIAHWIIYN KYpPCATUITaH.

3. Karruk >xucmitapau 3oiaup OWiIaH KalTa MUOUIAHAIWTAH 103ach OuiiaH
3ap0a Karnamua Te3MHKHA K THKIaHum KodpUIIMEHTHHA aHUKJIAITHUHT aHATHTHK
YCyJIU aHWKJIaHAW: OMKP cPeprK KATTUK 30JUp OKUMHUHUHT ypTada TE3JIUTH Vg Ja
0=90° Oypuak ocTuUJa Kalumkok spumdaszonaru (aedopmarusiaHaurad Oup
Toudaau Ba U30TPOH KUCM), OUp aKTIM ¥3apo 3apbacu aHUKJIAHTaH.

4, CTpyKkTypaBUi-DHEPreTUK MOJEN acocuja 03a KaTJlaMd HYKH
sHeprusicu AU ra TeHr >kamiiaHraH cojuitupma sHeprus Us HU unniad 4ukuirad
yuTa ycyJiapaaH (TepMOANHAMUK, TUCIOKAIMS Ba KalTa UIUIAHAUTaH MaTEepUAIIHU
auarpaMma) OUpHM OpKajdd aHHUKJAIlra WMKOH OepaauraH ¥3apo OOFJIMKJIHUK
KOHYHUSITIapU OJIMHTaH.

5. Nna KupKuiaaaural KaTJIaMHU KUPKYBYM ac000 OuiaH KecuIaa X0CHI
Oynaguran AeQpOpMaLUSHUHT SIIUPUH 3Hepruscd Us ydyH SHEpreTuk OalaHCHH
TepMOoJauHaMUK Taxawin Oazacujma Ba FOIIJl HuM craTuk ycynupaa OOFJIaHUIILIAP
OJIMHTaH.

6. Mammua  fgetanymapu  ro3ajapura  3O0JIMPHH  OTHIN  OwiaH
MyCTaxXKalalJard CTPYKTYPaBUU-dHEPTETUK MOJACI acOCHIa TEXHOJIOTHK KOJIUK
KYWIAHHUIIJIAPHU XUCOOIall aJropuTMu unuiad yukwirad. TepMoauHaMUKaHUHT
OMpPUHYN KOHYHU (Gi «:=1095 H/MM®) Ba AHCIOKALMS HA3APUACH (O xo,=1061
H/mm®) 6asacuma COM 6yitnua XucoGnaHraH KONIMK KyWIAHWILIAPHHHT XHCOO
KMAMATH TaXPHOABHH TaJKHKOTIAP HATIDKANAPHTA (O ro;=1080 H/MM®) Gunan Moc
KeJIraH, HATHXKAJIAPHUHT y3apo ¢apku terunu pasuimga 1,4 Ba 1,7% mup. by aca
MallliHa JIeTAJUIAPUHUHT MYJJATIM Ba TOJHWKHINTa MYCTaXKaMJIMTHHU OaxoJaiiia
KOJIMK KYWIAHUIUIAPDHUHT Ha3apuil XucoOsaml acocuja TOMWITaH KUMMAaTHIIaH
(dholinanaHuin MyMKUHIUTUHU OWJIIUPAIH.

7. Konauk  kywiaHunuiap — MadJoHM — y4yH  YM3HMKJIA  OyiraH
KYWIAHHWIIJIAPHUHT TEH30P BapUaHTH OaKapWJIUIIHMTa acOCIaHTaH, SbHU Oy on YK
Oyiinab Ba OGMPUHYM BapUAHTH Oy oy TAHTCHLUAN KOJIUK Ky4JIaHUIIUIAD Ba YJIApHU
O; xon WHTCHCHUBJIMK KUWMaTIapura osra OYiuO, Oy Ba Oogon OO  KOJIJIUK
KYWIAaHHIIIAPHU XUcoOJyalm MyMKHH OVmanu. By KydilaHWIUIapAaaH CTaTHCTHK Ba
IUKJIMK FOKJIAHUII TIAPOUTHIA MYCTaXKaMIIMKHU XucooOamiaa ¢oiianianuiaim.

8. KoHcTpyknusimapay ~ OUKIUMK — FOKJAIIa  TEXHOJOTUK  KOJIJIUK
KYWIAHHWIIJIADHA ~ MYCTaxXKaMJIMKKa  (KyTapyBYaHJIMK  KOOWJIMSTHTA), ITUKIUK
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TOJIMKHUINTA XUCOOJIall alTOPUTMH Ba TMAXTaHW KalTa WILIOBYM MallMHAIAPHUHT
appajiy IMCKJIApUHU UIUIAI PECYypCUra TabCUpHU KYpUIITaH.

9. AOcomoT KaTTUK cdepaHu (IMIApUKHU) KalTa HIJIaHAIUraH MYXHTIH
(IpUMYEKCU3 KATTUK KUCM) TabCUpUIA KAPUIWIMKHU EKU OKUMHHUHI YpTada
O0ocMMHHHU (G, OKMM Yerapacu) JOMMHH e, N, 33WIMin YYHKUPJIMTHHNA aHUKJIAII
dbopmynacu oMHAM. Ny, HUHT KWAMATUHY UITOHWIMIATH OOIIKA TaJKHKOTYMIAPHUHT
Taxprba HaTHXKanapu OUJIaH MOC KEJUIIN TaCAUKJIaHTaH. Appaliid AUCK THILJIAPUHU
3o/1iMp OuilaH KalTa MIUIan mapamerpiapu aedopmanusainad MycTaxKaMIallHUHT
YyKypJIWJIMTUTa Ba Jlapa)kacura TAabhCUPUHUHT aCOCU KOHYHUSITIapu ofuHrad. Kaiita
WIUIANIHA ONTUMAJ PEXUMIIAPU: 30JIUPHUHT Te3MUrd v=30M/c, 30JUp AUAMETPH
d=0,6 wmwm, KaiiTa wunUAm BakTA t=4 MWH aHUKJIaHTaH. by pexum ro3a
MHKpOKAaTTUKIMIHHE MakcuMan H,=4560 MIla Ba myxranam napaxacuausr U=33,4
% OYIUIITUHU TAHMUHJIA]IH.

10. Tumnapu MycTaxkamJIaHTaH appaiy AUCKIApHU Ha3apuil Ba amaliuid
(TaxxpubaBuii) Kuiimatiapu Oup-Oupura sxuHaurd (8...12%) TacaukiaHras.
Tunapu 3oiaup OunaH KaiTa WIIUTAHTAH XKUH appalapyuHU IOKOpU caMapajopiiuru
UIuIad YMKapuIla TEKIUPUII acocuaa TacaAuKiIanau. Taxpubanap Kyijaa Tepuiran
coptu 5/3, HaBu C-6524, namnuru 13,3% naxtanu unuiatu® YTKazwian. Appanu
JTUCKIIApHU MYAJATI YWJAAMIMIUMTHHU OIIMIIKM (MKKA Ba YHJIAH OPTHUK) 032
KATJIAMUHM MHUKPOKATTAKJIUTHHY OIIUIIM Ba TUIUIAP Y3arduHU KOBYIIKOKJIUTHHUHT
CaKJIaHMIIM HAaTWXAacUIUp. 3appada OujiaH KaiTa MIUIALl appalid HWIMHIPHU KyMJIU
BaHHA/a KailTa WOUIAIJAH aQ3aJUIMTMHU  WYKOTagu, YyHKH 3appadya OKHUMH
TabCUpUAA Faaup-Oynupnukiap Kamasau Ba Tuumapaun 0,2...0,3 MM s
KHppalapyuHU YTHUII XKOMIapu XOCHUI OyIaau.

[laxTa XOM amECHMHU THILIAPH MyCTaxKaMJaHTaH appaju JIUCKIap OujiaH
YKUHJTAII TOJIa Ba YUTHTHUHT CH(ATHHU XM cakiaiau. XXun appanapuau TomkeHT
Ba AHIMXOH BWIOSTIApUIArd MKKUTA T[axTa To3ajJall KOpXOHalapuaa wuiiad
yuKapuira Taqouku 80992,3 MUHT CYM MKTHCOIUN caMapaJopIuKKa 0JIMO K.
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HAYYHBIA COBET O MPUCYKIEHUIO YYEHOM CTENNEHU JTOKTOPA
HAYK 16.07.2013.7T.06.01 IPH TAIIKEHTCKOM HHCTHUTYTE
TEKCTUJIBHOU U JIET'KOU TPOMBIIIVIEHHOCTH

MHMHUCTEPCTBO BBICHIEI'O 1 CPEJJHEI'O CIIEHMAJIBHOI'O
OBPA30BAHUA PECIIYBJIMKH Y3BEKUCTAH

TAIIKEHTCKAY HTHCTUTYT TEKCTUJILHOM U JET'KOW ITPOMBIIIJIEHHOCTH

ININMH NJIJIAPUOH I'EOPTUEBUY

TEXHOJIOI'MYECKHUE METO/ bl OBECIIEYEHUSA KAYECTBA
U MPOTHO3UPOBAHUS JOJTOBEYHOCTU JETAJIEHA
MAIIVH NEPBUYHON OBPABOTKHU XJIOIIKA

05.02.03 - Texnojornvyeckue MamnHbl. POOOTHI, MEXaTPOHUKA U POOOTOTEXHHYECKHE
CHCTEMBbI
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOI TUCCEPTALINN

Tamkent — 2014



Tema pgokTOpCcKoOM aHMccepranuM 3apeructpupoBana 3a Ne 30.09.2014/B2014.5.T320
B Boicueii arrecranmonnoi komuccuu npu Kabunere Munucrpon Pecnyosimkn Y30ekucran

JoxTopckas nuccepranus BBIOJHEHAa B TalIKEHTCKOM HWHCTHUTYT€ TEKCTUJIBHOH M JIerKod
MPOMBIIIJICHHOCTH.

IlomHBII TEKCT MJOKTOPCKOW JAHMCCepTalliid pa3MelieH Ha BeO-CTpaHHWIE HAyYHOTO COBETa
16.07.2013.T.06.01 mo mpHUCYXIECHUIO y4YEHOW CTENEeHHW JOKTOpa HayK NpHu TallKeHTCKOM HHCTHUTYTE
TEKCTUJILHOH U JIETKOW MPOMBIIUICHHOCTH 0 afpecy WWw.titli.uz.

ABTopedepar auccepTaiy Ha TpeX s3bIkax (y30eKCKWH, pycCKWH, aHTTUIICKH) pa3MelieH Ha BeO-
crpanuiie mo azapecy Www. titli.uz u Mudopmannonno-oopasosarenbHoM nopraine “ZiyoNet’mo aapecy
WwWw.ziyonet.uz.

Hay4unbii :xypaeB AuBap /’xypaeBuy,

KOHCYJIbTAHT: JOKTOp TEXHUUYECKUX HayK, podeccop

OdunuanbHbie MaxkamoB Pygar I'ynisasmoBuy,
OIINOHEHTHI: aKaJIeMUK, JTOKTOp TEXHUYECKHX HayK, podeccop

AxmenxomxaeB Xamua TypcyHoBuy,
JIOKTOP TEXHUYECKUX HaYK, Ipodeccop

PaxmonoB Xaiipuaun Koguposuy,
JIOKTOP TEXHUYECKUX HayK

Benymas DepraHcKuil NOJMTEXHNYECKUI HHCTUTYT
OpraHM3anus:

3amuTa quccepTaiun cocTouTes «25» nexkadbpst 2014 r. B 14% yacos Ha 3acenanuu Hay4HOT'O COBETA
16.07.2013.T.06.01 mpu TamKeHTCKOM HHCTUTYTE TEKCTHUJIBHOM U JIETKOM INPOMBILUICHHOCTH IO aApecy:
100100, r. TamkenT, yi. [lToxxaxou-5, Ten. (+99871)- 253-06-06, 253-08-08, daxc: 253-36-17;
e-mail:titlp_info@edu.uz.

C JOKTOpCKOW JuccepTaliiell MOXHO O3HAKOMHTHCS B MH(MDOPMAIIMOHHO-PECYPCHOM IICHTpE
TanKeHTCKOr0 WHCTHTYTa TEKCTHIILHOM W JIETKOW MPOMBINUICHHOCTH (perucrpaionnsii Homep 03).
Anpec: 100100, r.Tamxkenr, yi. [lloxxaxon-5, Ten. (+99871)- 253-06-06, 253-08-08.

ABtopedepar quccepranuu pa3ocian «22» HosOops 2014 roxa
(nporokomn pacceuiku Ne 03 ot 22 Hos10ps 2014 1.).

K. Kymanuszos,
npeaceaTeslb HAydHOr0 COBETA MO MPUCYKACHUIO
yu€HOM cTeneHu A0KTOpa HayK JI.T.H., mpodeccop

A.MamartoB,
YUEHBIN CEKpEeTapbh HAYYHOT'O COBETA IO MPUCYKICHHUIO
yu€HOM CcTeneHu I0KTopa HayK, 1.T.H., Ipodeccop

. d:xxypaes,

npejiceaTeN HayqIHOTo CeMUHapa MpH
HAyYHOM COBETE M0 MPUCYKIECHUIO YUEHOU
CTEMNEeH! JOKTOpa HayK, J.T.H., Ipodeccop
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AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJIbHOCTb M BOCTPe0OOBAHHOCTH TeMbl auccepranuu. COBpEMEHHOE
MAaIlMHOCTPOEHUE HWIPacT BEAYIIYI0 pPOJb B HAYYHO-TEXHUYECKOM IIpOrpecce H
aBysieTcsi 0a30i Ui YCHEIIHOTO Pa3BUTHSI BCEX OTpaciedl MPOMBIIUIEHHOCTH |
cenbckoro xossiictBa. IIpesupentom PecnyOnuku — Y30ekucran Hcmamom
KapumoBbIM OBIJIO OTMEUYEHO, YTO MO-TIPEKHEMY B MAIIMHOCTPOCHUH Ba)KHEUIITNM
HaIlpaBJICHUEM OTPACIEBOM  CHEeNHAIM3allMi  JIOJDKHO  OCTAaBaThCA  Pa3BUTHE
CEJIbCKOXO3SIICTBEHHOTO MAIIMHOCTPOEHUS, 0a3upyroUmerocs Ha MPOU3BOJICTBE
MaIlMH ¥ MEXaHU3MOB IS XJIOTIKOBOTO KOMIUIEKCA PECHyONIHKHU: «... XJIOMOK JJIs
V30ekucrtaHa — 3TO MOJUTHYECKAss M SKOHOMHUYECKAs MOIb, TapaHTUPYIOIIas
HE3aBHCHMOCTb PECITyOITHKI.

B coorBerctBun ¢ IlocranoBinennem Kabunera MunuctpoB PecnyOnvku
V36ekucrtan ot 3 ampens 2007 roma Ne70 «O mporpamme MOAECpHU3ALUU H
PEKOHCTPYKIIUN XJIOMKOOYUCTUTENbHBIX mpeanpusatuii B mepuon 2007-2011 rr.»
nepea  XJONKOOYMCTUTENIbHOW MPOMBIIUIEHHOCTBIO B COBPEMEHHBIX YCIOBHSX
PBIHOYHOM SKOHOMHUKHM CTOMT 3ajJaya OOECHEeYeHHs] KOHKYPEHTOCIIOCOOHOCTH
BBIITYCKaEMOM MNPOAYKIHM HAa MHPOBOM YpOBHE. BakHenmas cocTaBisoomas B
pPELIEHUH JTaHHOW MNpOoOJIeMbl MPUHAJIEKHUT TEXHOJIOTHYECKOMY OOOpPYAOBAHUIO —
MallyHaM MEePBUYHON OO0paOOTKM XJIOMKa (OYUCTUTENIM KPYIMHOIO COpa, JKUHBI,
JUHTEPa, BOJIOKHOOYUCTHUTENIHU), PabOTOCIOCOOHOCTh KOTOPBIX B 3HAYUTENIBHOM
CTEIIEHU OIPEAEIISIETCS TOJTOBEYHOCTBE0 CAMOM MAacCOBOM M OTBETCTBEHHOM JIE€TaM
uX paboyero opraHa — MUJIbHOIO AMCKA, a TAKKE KOJIOCHUKOB.

TexXHOIOrnYeCKne METOJbI IMOBBIIICHHS JOJIOBEYHOCTH JETale SBIISIOTCS
HauOosee >PQPEKTUBHBIMU AJIsl PEIICHUs 3a7auyd 00eCleYeHMs] HKCIUTyaTallMOHHOM
HaJEeKHOCTH MamuH. OHU TMO3BOJIAIOT (POPMHUPOBATH ONTUMANbHOE (M1 JaHHBIX
YCIOBHM JKCIUTyaTallii) COCTOSIHUE IOBEPXHOCTHOIO CJIOS JeTalield, KOTOPBIM B
YCIIOBHSIX 3KCIUTyaTalluu MOJABEpraercs HanlOojiee MHTEHCUBHOMY MEXaHUYECKOMY,
TEIJIOBOMY, XHUMHYECKOMY M JIpyruM BozaeicTBusM. [losTomMy mnoteps aeTanbro
CBOEr0 CIy>)KEOHOr0 Ha3HAYeHUsT M €€ paspylleHHe B OOJBIIMHCTBE CIy4YacB
HAYMHAETCS B TOBEPXHOCTHOM CJIO€, HANpUMEp, BO3HUKHOBEHHE M Pa3BUTHE
YCTAJIOCTHBIX TPEIIMH, U3HOCA, KOPPO3HUH U .

3yObsl NWIBHBIX JUCKOB B MPOIECCE IKCILTyaTallMU UCIIBITHIBAIOT MEPEMEHHbIE
HaIpSDKEHUS. TPU 3HAYUTEIIbHOM 4YHUCJIE LUKIOB HAarpy»XeHus, HalnpuMmep, IpH
4acTOTe BpaIlleHUs MWJIbHOTO muiuHapa N=730 o6/MuH yke B TeueHuu 48 4acos
KOJTHYECTBO LUKIOB cocTapisier Goiee 2,1-10°. Takue ycloBHs HAarpyKeHHS 3yObeB
IIpM KOHTaKT€ C NEPEMEHHOW I10 Macc€ M IUIOTHOCTBIO CBIPLOBOIO BajMKa
CHOCOOCTBYIOT Pa3BUTHIO B HUX YCTAJOCTHBIX TPEIIMH, MIACTUYECKOMY CABUTY U
CMATHIO, @ HaJW4YM€ B XJIONKE-CHIPLIE TBEPABIX BKIOYEHUN (TpaHUT, KOPYHI,
M3BECTHSK) BbI3bIBAET a0pa3vBHBIN H3HOC. BBICOKYIO HM3HOCOCTOMKOCTH  JTOJKHBI

1
N. KapumoB VY30ekuctaH Ha NyTH YIayOJieHHs SKOHOMHUYECKHMX pedopMm. — TalkeHr:

V36exkucran, 1995. — 246 c.
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MMETh TAaK)X€ KOJIOCHHUKH, COCTABJISIOIIME OJHOMMEHHYIO PELIETKY B JDKUHAX U
JUHTEpaX.

B CcOOTBETCTBHMM € TEXHMYECKUM pErIaMEHTOM BpeMsl JSKCIUTyaTallud |
noclieyronias MojHas 3aMeHa MUIIBHBIX JUCKOB Ha pabodyeM Bally COCTaBIIET B
3aBUCUMOCTH OT cOpTa IepepadaTbiBaeMOro XJOmKa-ceipua 72 — 96 yacoB s
JOKUHHBIX TIHIT, 48 4yacoB — st AMHTEpHBIX M. C yd4eToM TOTO, YTO PEHOBALIMS
(BOCCTaHOBIIEHHE) MWIBHBIX JUCKOB OCYIIECTBISETCS IEpeceKaHueM (JKUHHBIC
MUJIBI 2, IMHTEPHBIE 5 pa3) UX Ha HOBBIKA pa3Mep, a TAK)KE UX KOJIMYECTBA, HAIPUMED,
B mkuHaX oT 90 mo 130 B 3aBuCMMOCTH OT MOAUGUKAIINKN, CyMMapHasi MOTPEeOHOCTh
NUIBHBIX JUCKOB TSI 98 XJIOMKOOYHCTUTEIBHBIX 3aBOJIOB PECIyOIMKH UCUUCISIETCS
6onee 1 MIH.IITYK 3a OAMH XJONKOYOOpouHBIA ce30H. [lonmoxkenue ycyryounsercs
eme M TEeM, YTO JOPOrOCTOAIIAS YIJIEPOAUCTas WHCTPYMEHTAJIbHAsA CTaib Y &8I
MOJIHOCTBIO TocTaBisieTcst u3 Poccuiickoit denepanuu. CokpallieHHe UMIIOPTa 3TOrO
MaTephalia 3a CYET PEe3KOr0 YBEJIWYEHUs JOJTOBEYHOCTH TMHIIBHBIX JUCKOB,
0€3yCJI0BHO, MOBBICUT SKOHOMHUYECKYIO 3(P(PEKTUBHOCTh XJIONKONEPEepabOTKU H3-3a
CHIDKEHHUS c€0ECTOMMOCTH BBIITYCKaeMOM MPOIYKIIUU — XJIONKOBOT'O BOJIOKHA.

Jlaxke HaKOIUIEHHBI OONBIION ONBIT B pa3pabOTKE HOBBIX CHOCOOOB
NOBBILICHUS HAJIEKHOCTU JAETajell oKa3ajlcs HEBOCTPEOOBaHHBIM B JOJLKHOM Mepe
MPUMEHUTEIPHO K TMWJIBHBIMH JMCKAM W JJI1  OTBETCTBEHHBIX  JeTaliel
XJIOMKONEepepadaThIBAIOIIUX ~ MAIIMH  MCCIEAOBAaHUS  IMPOBOJWINCH  KpailHe
HEJIOCTAaTOYHO. Takue 0OCTOSATENbCTBA JIEIAal0T HEOOXOOWMBIM M OYEHb Ba)KHBIM
BBIOOp M3 OOJBIIOrO apceHaja COBPEMEHHBIX CPEACTB YNPOYHEHHUS ONTHUMAaJIbHBIN
BUJI JJI1 TAHHOTO KOHKPETHOTO ciiydas. M3BeCTHblE B HACTOSILEE BPEMS METOIbI
YOPOYHEHUsI 3yObEB NWJIBHBIX JHCKOB (3JEKTPOKOHTAKTHBIM HarpeB M Jla3zepHas
00paboTKa) He penaroT B MOJHOW Mepe MpoOJieMy IMOBBIIICHUS WX JIOJTOBEYHOCTH,
TaK KaKk B pE3yJbTaT€ MOIIHOIO TEIUIOBOIO BO3ACHCTBUS Ha BEpUIMHY 3y0a
MPOUCXOAUT OOBEMHAs 3aKajka M TPosABIsieTCs APPEeKT TepMOynpoOYHEHHUS.
OObeMHasi 3aKajka HE COXpaHseT CEpALIEBHHY JeTajiell BSI3KOH U OHa SBIsIETCA
HE)KeJIaTeJIbHON MpU JIeHCTBUU MOBTOPHO-TIEPEMEHHBIX HArpy30K Ipu U3THbe u3-3a
CHIKEHHUS pabOTOCTIOCOOHOCTH U COMPOTHUBIIIEMOCTH YCTaJOCTHOMY Pa3pyILIECHUIO B
AKCIUTYyaTaIllMOHHBIX YCIOBHSIX.

Hau6Gonee nporpeccuBHbIM U 3()(HEKTUBHBIM METOJIOM YIPOYHEHUS SIBIISIETCS
MOBEpXHOCTHOE  Tuiactuueckoe  nedopmupoBanune  (IIIIJ[), B  dactHOCTH,
npoOeyaapHasi oOpaboTka, oTHocsmIasica K quHamudeckuMm meronam [IITJ[ geraneit
MamuH.  TeXHOJOTrMYecKHe  BO3MOXKHOCTA  JIpoO€yAapHOro  YNPOYHEHHS
pacupoCTpaHslOTCSl B NEPBYKD OYepenb ISl MaJIOKECTKUX TOHKHX JIeTalieH,
OTIMYAIOIINXCS HaJMYUEM OCTPBIX KPOMOK. DTHM KOHCTPYKTHMBHBIM MpH3HAKaM
MOJIHOCTBIO COOTBETCTBYIOT 3YObsl MUIIBHBIX JUCKOB, YTO TMOCITYXKHUJIO OCHOBAaHUEM
JUISI  HOBOTO  HAay4YHO-TEXHUYECKOTO  PEHIeHUs €  LeJbI0  yBEIHYCHHS
paboTOCTIOCOOHOCTH  XJIOMKOMEpepadaThIBAOMMX ~ MamuH. J[aHHOe perieHue
MpeaycMaTpuBaeT pa3pad0TKy HOBBIX HAYYHBIX IMOJXOJOB B TEOPUU U TIPAKTUKE
TEXHOJOTMYECKOro O0eCreueHus: KayecTBa M BO3MOXKHOCTb IPOTHO3UPOBAHMS
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NOJITOBEYHOCTH JETAJIEN 10 COCTOSAHUIO MX IIOBEPXHOCTHOIO CJOSI  IOCTE
YIOPOUYHSIONIEH MEXaHUUEeCKON 00pabOTKHU.

CooTBercTBHE HCCJICIOBAHUS NPHOPUTETHHIM HANpPABJIECHHMEM PAa3BUTHA
HAyKH M TexHojorud PecnmyOaukm Y30ekmcran. [[uccepranysi BBIIOJHEHA B
COOTBETCTBHUM C IPUOPUTETHBIM HAIPABICHUEM pPa3BUTHUS HAYKH M TEXHOJIOTHI
PecnyOnuku Y30ekucTaH M TOCYJapCTBEHHOM Hay4YHO-TEXHHUYECKOW IporpaMMoin
MHHOBAIMOHHBIX uccaenoBanuii. UII-5 «Cenbckoe X03SHMCTBO, OHMOTEXHOJIOTHS,
DKOJIOTHS U OXPaHa OKPYKAIOILIEW Cpelbl».

0030p MeKAYHAPOAHBIX HAYUYHBIX MCCJIEOBAHUI 110 TeMe aucceprauuu. B
COBPEMEHHOW MHPOBOM TMPAKTUKE MAIIMHOCTPOUTEIBHOTO MPOU3BOJACTBA, B
O0COOEHHOCTH BEAYUIMX MPOMBINIIEHHO pa3BUTHIX cTpaH (CILA, ®panuus, Anonus,
I'epmanusi, Aunrnms, Poccuiickas ®enepanus, Benrpus u ap.) wumMeercs
MTOJIOKUTEIBHBIA OTBIT MO WCIOJB30BAaHUIO B Ka4eCTBE (MHUITHOW MEXaHHIECKOU
Omepalyuy Npyu U3TOTOBJIEHWH OTBETCTBEHHBIX JE€TAJIC MAIlWH PAa3JIUYHbIE METO]IbI
ynpouHsifomed o0padoTku. Bompockl onTUMU3AIMU  PEKUMOB U METOJIOB
MEXaHUYEeCKON 00pabOTKU MO 0OECIEYCHHIO TapaMeTPOB KayecTBa MOBEPXHOCTHOTO
CJOSI JeTajell TEXHOJOTHMYECKMX MAIlMH U MEXaHU3MOB C LEJbI0 TMPUJIAHHUS UM
MOBBILIEHHOM M3HOCOCTOMKOCTH, KOHTAaKTHOM M YCTaJOCTHOM ITPOYHOCTH,
KECTKOCTU OTPaKE€HBbI B pabOTax TakWX 3apyOeKHBIX YUYEHBIX U CIEIUATIMCTOB, KaK
D. Tomcen, Y. Aur, L. Kobasmm, E.M. Tpent, X. Onurn, U.JJx.U. Apmapero,
P.X. bpayn, C.B. Cepencen, A.W. [IpomnToB u Jip.

dyHaaMEHTaNIbHbIE HCCIIEeOBaHUS (DU3UYECKON TpUpobl  (HOPMUPOBAHUS
COCTOSIHUSI TIOBEPXHOCTHOI'O CJIOSl, XapaKTepU3yeMOro KOMIUIEKCOM (U3HKO-
MEXAaHUYECKUX H TEOMETPUYECKHX TMapaMeTpoB, U CBSA3AHHOTO C HUM
MUKpPOCKOIUYECKOM KapTHHOM JedopMmali 4Yepe3 AUCIOKAIMOHHYIO MOJENb
MJIACTUYECKOTO Je(OpMHUPOBAHUS, pPEAJIM30BaHbl B HAYYHBIX TpPYyJax BHUIHBIX
3apyoexxknbix yueHbix K. @punens (Opannwms), Y. Jlio u M. bapem (CIIIA),
Jlx. Maptua u P. JJosptu (Aurnus), I'. Tlomeuep u B. Openunr (I'epmanus),
JI. Katop u II. Hionmuc (Benrpus), T. Exo6opu (Anonwus). B uccnenoBanusx stux
VYEHBIX C TOMOIIbIO JAUCIOKAIIMOHHON MOJIENH TUIACTUYECKOro NehOopMHUpPOBAHUS
OBLITM BBISIBJIICHBI 3aKOHOMEPHOCTHU JIeOopMaliiid Ha MUKPOCKOITMYECKOM YPOBHE TI0]T
JNEUCTBUEM TEMIIEPATYPHO-CHUIIOBOTO TTOJIS.

3HAUUTENbHBIA BKJIaJd B Pa3BUTUU TEOPETUKO-3KCIEPUMEHTAIBHBIX OCHOB
NMPUMEHCHUSI  JUHAMMYECKMX  METOJAOB  MOBEPXHOCTHOIO  IUIACTUYECKOTO
nedopMupoBaHus AeTajeil MallliH COCTABUJIM TPY/bI Psia WHOCTPAHHBIX YUYEHBIX,
Harpumep, padotel M. Anpepcona, /[[. Maptuna, O. Xoprepa, Ban Xayza, U.
Onmena, P. Matcona, B. Koynmena, I. @ykca u np. MHorouuciaeHHbsie padbOThI
3apyOeKHBIX HCCleoBaTeIeil mo BompocaM (OPMUPOBAHMS MapaMETpPOB KadyecTBa
MMOBEPXHOCTHOTO CJIOSl JIeTalie MpH OKOHYATEIbHON 00pabOTKEe W BJIMSHUS UX Ha
AKCIUTYaTallMOHHBIE TTOKA3aTEIN MAIIUH MO3BOJSIOT HAa HACTOSIIIEM 3Tare pPa3BUTHUS
HAyKd ¥ TEXHUKUA JIOCTATOYHO apryMEHTHPOBAHO TPEJICTaBUTh M OOOCHOBATH
COBPEMEHHBIC TOAXOJBl M CIOCOOBI 00eCreUeHus: BBHICOKOW TEXHOJIOTHYHOCTH H

34



AKCIUTyaTallMOHHOM HAJEKHOCTA MAallMH 33 CYET YBEJIWYCHUS JIOJTOBEYHOCTH
neTanei ux pabo4ynx OpraHoB.

CreneHb M3y4eHHOCTH NPo0dJieMbl. V3ydeHue BOIIPOCOB, CBA3aHHBIX C
MOBBIIIEHUEM KAaueCTBa IMOBEPXHOCTHOIO CJOS J€Tajeil MAalluH SIBISETCS OAHOW U3
aKTyaJIbHBIX 33J1ad B COBPEMEHHOW TEXHOJOTHHM MAalIMHOCTpOEHUs. B HacTosiee
BpEMsI YCTAHOBIIEHO, YTO COBOKYIHOCTh TOKa3aresied (MUKPOT€OMETPUYECKUX MU
(UBUKO-MEXaHMUECKUX XapaKTEepUCTUK) KadecTBa OO0paOOTaHHOM MMOBEPXHOCTHU
OKa3bIBAET CYIIECTBEHHOE BIIMSHUE HA OKIUIyaTallMOHHBIE CBOWCTBA W3ACIUN
MAIIMHOCTPOUTEIIBHOTO MPOU3BOJICTBA.

Hayunble mkonsl 1ox  pykoBoacTBaM  yueHblx M.M.  CasepuHa,
A.A. Maraimuna, B.A. KpaBuenko, [[.JI. IlanmeBa u ap. co3ganu TeopeTHUECKUE
OCHOBBI (D)OPMHUPOBAHUSI OCTATOYHOTO HAMPSKEHHO-IE(POPMUPOBAHHOTO COCTOSHUS
MMOBEPXHOCTHOTO CJIOS JETAIEH NPU JUHAMHUYECKOM ITOBEPXHOCTHO-TIIIACTUYECKOM
neopMHUpPOBaHUU JPOOBI0 M pa3paboTaiv MNpPaKTUYECKUE PEKOMEHIAIUU JUIs
BHEJPEHUS] MX B MPOU3BOACTBO B PA3IUYHBIX OTPacisX MAaIlIMHOCTPOCHHUS
(aBuactpoeHue, HePTIHOE UM XHUMHYECKOE, CEIbCKOXO3SMCTBEHHOE H JIp.).
Crnennduka XJIOMKOCEIOIIETO PErMoHa W COOTBETCTBYIONIAS TepepadaThiBaIOIas
MIPOMBIIIUICHHOCTh CTaBIT 3a7ady HEMPEPHIBHOTO TMOBBIMICHUS 3(P(HEKTUBHOCTH
nepepadoTKU XJIOMKA-ChIpIla, KOTOPYIO MOXKHO YCIEIIHO PEHIUTh HOBBIMU HAy4YHO-
TEXHUYECKUMHU  TPEMJIOKEHUAMHU B BUAE  YIOPOUHSIONIMX  TEXHOJIOTHUH,
HANpaBJICHHBIMU Ha CYIIECTBCHHOE YBEJIIMYEHUE JOJITOBEUHOCTH U KA4eCTBA JCTAJICH
paboYrX OPraHOB TEXHOJOTUYECKUX MAIIIUH.

Hayunble wuccnenoBaHusi MO YNPOYHSIOMIEWM TEXHOJOTMH OTBETCTBEHHBIX M
MAaCCOBBIX JIeTaJle XJIOMKOIMEpepadaThIBAIONIMX MAIlMH (OYHUCTUTENH, JKUHBI,
JMHTEpa, BOJIOKHOOYMCTUTENIH), MpeacTaBieHHble B padotax P.I'. Maxkamosa,
O.M. Ao6payn-PazzakoBa, M.I'. XamoBa, A.Il. Poroa, A.M. AxmenoBa KpaiiHe
HEJOCTaTOYHBL. B 3TuX paboTax TMOBBINIEHHE MEXaHUYECKUX CBOWCTB 3yObeB
MUJBHBIX JUCKOB W MUJIBYATHIX CETMEHTOB MAIllMH TEPBUYHOU OOpabOTKM XJIOTKA
JOCTUTAJIOCHh  3JIEKTPOKOHTAKTHBIM ~ HArpeBOM, JIA3€PHBIM  YIIPOYHEHUEM W
ra3oIUIaMEHHOM 3aKajKoU, pealu3yeMbIMU B BUIE TEpMOyIIpouHeHus. Henocratkom
TEPMOYIIPOUYHEHUS BEPIIMHBI 3yObEeB MWJIBHBIX JTUCKOB SIBJISIETCS TO, YTO BBICOKAs
TBEPJOCTh 3aKaJMBAeMOro oO0beMa BEpPIIMHBI 3y0a CHIDKAET OJIHOBPEMEHHO
COTMPOTUBIISIEMOCTh €ro u3rudy u3-3a  MOTEPH BSA3KOCTH KOHCTPYKIITMOHHOTO
Marepuana, 4TO HWHUIHUHUPYET YacThle IMOJOMKHA B BHJIE XPYIKOTO pa3pylICHHUS.
Takum oOpa3oM, K HACTOSIIIEMY BpPEMEHHU Ha3pesia HEeOOXOIUMOCTh MPOBEICHUS
HAYYHBIX MCCIICIOBAaHUM 10 W3BICKAHUIO HOBBIX TEXHOJOTHYECKUN PpEIICHUH,
HaIpaBJICHHBIX Ha 00ECIeYeHrEe BHICOKOTO KaueCcTBa MOBEPXHOCTHOTO CJIOS JIeTaleH,
B 4YaCTHOCTH, pa3paboTka W OOOCHOBaHWE JWHAMUYECKOTO TMOBEPXHOCTHOTO
YOPOUHEHHUSI JpOOBI0, Korja CHIOBOM (hakTOp KOHTAKTHOTO B3aUMOICHCTBUS
WHJIEHTOpa ¢ 00pabaThIBAEMBbIM MATEPUATIOM SIBJISIETCS PEIIAIOIIMM B ((OPMHUPOBAHUU
COCTOSIHUS IOBEPXHOCTH.

B HemoctatouHOil cremeHuW pa3pabOTaHbl METOABI  MPOTHO3UPOBAHMUS
JOJTOBEYHOCTH W YCTAJOCTHOM IIPOYHOCTH JETajJed MAllMH [0 OCTaTOYHOMY
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HANpPsDKEHHOMY COCTOsIHMIO. PermieHume 3TOM 3amaddl  TMO3BOJUT  OCYIIECTBHUTH
aKTUBHOE PEryJMpOBaHHE KauecTBOM oOpabaTaHHOW MOBEPXHOCTH JETajed uepes
YCIOBUS M PEXKUMHBIE TapaMmeTpbl 0O0pabOTKH, T€OMETPUI0 HHCTPYMEHTa, YTO
CO37Ia€T OCHOBY MPOTHO3HOW OIIEHKHU JOJITOBEYHOCTH, YYUTHIBAEMOM Ha 3Tare
POEKTUPOBAHUS TEXHOJIOTMUECKHUX MPOIIECOB U3TOTOBJICHUS JeTalei MalIiH.

CBsi3b  MCCEPTALIMOHHOIO0 HCCJEI0OBAHMS € IJIAHAMH  HAY4YHO-
HCCJIeI0BATEIbCKUX PadoT, OTpakeHa B MPOEKTE:

roCyJapCTBEHHBIM HAy4YHO-TEXHUYECKUI MIPOEKT NOT-2013-5-28
«IloBblieHne  pabOTOCIIOCOOHOCTH U TPOTHO3UPOBAHHE  JOJITOBEYHOCTH
OTBETCTBEHHBIX JIeTaJIel MAIlIMH MEPBUYHON 00paOOTKH XJIOTKA 10 KBAIUMETPUH UX
MOBEPXHOCTHOTO CJIOSI TIOCTE JAMHAMHUYECKOTO YIPOYHEHHUsS ApOObIO»; a TaKkKe B
rocynapcTBeHHON OromkeTHOM Teme «Pa3paboTka u uccnenoBanue 3G(GHEKTUBHBIX U
TEXHOJOTHYHBIX KOHCTPYKIIMM MEXaHM3MOB W JeTajJied MalluH TEeKCTUJIBHOU H
JIETKOM  MPOMBINIJIEHHOCTH»,  BBINOJHEHHOM Kadenpoit  «Teoperuueckas
npukiaaHas Mexanuka» B mepuoa 2006-2010 r. B coorBercTtBuM ¢ 1utaHamu HIUAP
TUTJIII.

Heabo ucciegoBanus sBIsIETCsl pa3pabOTKa TEXHOJIOTMUYECKHUX METO/0B
NOBBILICHUSI PabOTOCIOCOOHOCTH  XJIOMKOIIEpepadaThIBAIOIIMX ~ MAIllMH  IIyTEM
o0OecnieyeHus TpeOyeMOro KayecTBa ITOBEPXHOCTHOIO CJOs JeTajedl pabouux
OpPraHOB U MPOTHO3UPOBAHUE UX JOJITOBEYHOCTH B SKCIUIYaTAllUOHHBIX YCIOBUSX.

Jlis peanu3aliyl TIOCTABICHHOW IIENTM OMPECNICHBI CIEAYyIoInUe 3aJa4M
HcCJIeOBAHMS:

pa3paboTaTh METOA IUHAMUYECKOTO Ie()hOpPMAIMOHHOTO YIPOYHEHHS IPOOBIO
MaJOXECTKUX JeTajel — MWIbHBIX AMCKOB XJIOMKOBBIX MAIlMH U ONPEICIHUTH
ONTUMAaJbHBIC TTApAMETPHI IPOOCYTAPHOTO YIPOUHEHHSI, 00ECIIEUNBAIOIINE BHICOKOE
KayeCTBO MOBEPXHOCTHOTO CIIOS;

000CHOBaTh U pazpadboTaTh METOA Ae(hOPMALMOHHOTO YIIPOUYHEHUS YyTYHHBIX
KOJIOCHUKOB Jpo0eyaapHoi 00paboTKoi ux pabodrx MOBEPXHOCTEH;

pa3paboTaTth CTPYKTYPHO-3HEPTETHUECKYIO MOJIETb KOHTAKTHOTO
B3aMMOJICUCTBHS TBEPJIBIX TEJ B MPOIIECCaX MEXaHUYECKON (DUHUIIIHON 00pabOTKHU U
MOBEPXHOCTHOTO MJIACTHYECKOT0 1e(OPMUPOBAHUS OTBETCTBEHHBIX JETaJICi MallluH;

pa3paboTaTh yHHMBEpCaJbHBIH METOJ pacyueTa Ba)KHEWUIIEro mapameTpa
KayecTBa MOBEPXHOCTHOIO CJIOS — TEXHOJOIMYECKUX OCTATOYHBIX HAINpPSKEHUH B
3aBUCUMOCTH OT PEXKUMHBIX IapaMeTpoB OOpaObOTKM U (PU3MKO-MEXAaHUYECKUX
CBOWCTB KOHCTPYKIIMOHHOT'O MaTepHuaia;

pa3paboTaTh METOJBI pacyeTa W MPOTHO3HPOBAHUS OJTOBEYHOCTH eTajiei
MAIIIMH IePBUYHON 00paOOTKH XJIOMKA B IKCILTYyaTAllMOHHBIX YCIOBUSX;

MPOM3BECTH  OIBITHO-TIPOMBIIIUICHHYIO TPOBEPKY H BHEJPECHHE HOBBIX
TEXHOJOTMYECKHX METOJOB YIPOYHEHUS JETale XJIOMKOBBIX MAIMH C IIEJBI0
MOBBIIICHUS UX PA0OTOCTIOCOOHOCTH U HA/IC)KHOCTH.

O0beKkTOM HCCIeOBAHMS SIBJIAIOTCHA JeTald padOYuX OpPraHoB MalllUH
MEePBUYHON 0OPaOOTKHU XJIOTIKA.
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IIpeameT ucciie0OBAaHUSA — KAQYECTBO MOBEPXHOCTHOTO CJIOSI OTBETCTBEHHBIX
neTaneu (MWJIBHBIA ~ JTUCK, KOJIOCHUK, Bajl NUJIBHOTO UUJIUHAPA)
XJIONKOIEepepadaThIBAIOIIUX MaIIuH, chopMHUPOBAHHOE B pe3yibTaTe
MOBEPXHOCTHOTO MIACTUYECKOTO Je(hOPMUPOBAHHUS.

Metoabl ucciaenoBaHuii. Peanmuzanusa 1enu  paOOThl W pEIICHHUE
MOCTABJICHHBIX 33J]a4 OCYIIECTBIBUIUCh TEOPETUUECKUMHU M 3KCIEPUMEHTAIbHBIMU
uccienoBanusmu.  Jlisgs  pa3paboOTKH  CTPYKTYPHO-DHEPreTUUYECKOM  MOenu
(GhOopMHUPOBaHUS TEXHOJOTHMUYECKHX OCTATOYHBIX HANPSDKCHHH OBUTM MCIOJIb30BaHBI
byHIaMEHTAIbHBIC TIOJOKECHUSI W 3aKOHBI TEPMOJAMHAMHUKUA  HEOOpPaTHUMBIX
MPOIIECCOB, TEOPUU UCIOKAIMI TBEPJOro Teja, TEIUIO(PU3NKA TEXHOJOTUUECKUX
MPOIIECCOB, TEOpUA YOPYrOCTH U IUIACTUYHOCTH, THUIOTE3bl MPOYHOCTU U
paspyluieHus TBepabIX Ted. [Ipu npoBeneHNN TEOPETUYECKUX UCCIEAOBAHUN IIIMPOKO
WCITOJIb30BAaHbl 3aKOHBI TPUKIATHOW MEXaHWKH, MaTeMaTHYecKOW GU3UKH W
AJIEMEHTHI BBICIICH MaTeMaTHKHU.

DKcnepUMEeHTAIIbHBIE UCCIIEAOBAHMS APOOEeMETHOM 00pabOTKHU MPOBOAMINA HA
MPOMBINICHHON ycTaHoBke Y II1-2-3.5, cocTosieit u3 12 npoOeMeTHBIX anmapaToB.
Hccnenoanus mapamMeTpoB KayecTBAa MOBEPXHOCTHOTO CJIOSA AETajed MPOBOJUIU C
MOMOIIIbI0 ~ MHCTPYMEHTAJIBHBIX  METOJOB HAa  M3MEPUTEIBHBIX  MpUOOpax
(mukpotBepmomep I[IMT-3, mnpodunorpad-npodpunomerp 3aBoma «Kamubpy).
DKCIEpUMEHTAIbHBIE UCCIECOBAHNS KAYECTBA BOJIOKHA M XJIOMKOBBIX CEMSH IOCIE
JUKUHUPOBAHMSI TPOBOJUIM B JIA0OPATOPHBIX M MPOU3ZBOACTBEHHBIX YCIOBUSIX
XJIONKO3aBO/IOB.  Vcrmonbs30BaHbl ~ METOABI  TEH30METPUPOBAHUS,  METOJIbI
CTATUCTUYECKON OOpadOTKM SKCHEPUMEHTAIBHBIX JAaHHBIX C HCIOJIb30BaHUEM
KOMITBIOTEPHOM TEXHOJIOTHH C BEPOATHON JOCTOBEPHOCTHIO pe3ynbTaToB 0,95,

Hayynasi HOBHM3HA /JHCCEPTALMOHHOIO HCCJIEA0BAHMS 3aKJIIOYACTCAd B
CJIeIYIOLIEM:

pa3paboTaHa CTPYKTYpPHO-DHEpPreTHIECKasi MOIENb (HOPMUPOBAHUS U AITOPUTM
pacueTta TEXHOJOTMYECKHMX OCTATOYHBIX HANpPSHKEHUWA TMPU  [OBEPXHOCTHOM
nehopMaIlMOHHOM YIIPOYHEHUU JeTalied MalllMH TEepBUYHOM 0OpabOTKH XJIONKAa,
OCHOBBIBAIOIINECS HA COBPEMEHHOM KOHIIETIINY (PU3UKH TIIACTHUECKOU nedopmaruu
METala;

pa3paboTaH METOJ] TMOBEPXHOCTHOTO JWHAMHUYECKOTO YIPOYHEHHUS JPOObIO
3yObeB MUJIBHBIX JUCKOB XJIOMKOIEpPEpadaThIBAIOIIMX MAIIUH (MaTEHT Ha TOJIE3HYIO
Mozenb «/[pobGemeTHast yctaHoBKa s ympouHeHus ageraneit» Ne FAP 00513,
31.12.2009);

YCTAHOBJICHBl Ha OCHOBE JKCHEPUMEHTAJIbHBIX HCCJIEAOBAaHUN ONTUMAJIbHbIE
TEXHOJIOTUYECKHUE TTapaMeTphl IpoOeMeTHOM 00padOTKH 3yOheB MUJIbHBIX JUCKOB;

aHAIMTUYECKU  pelleHa 3ajJaya [0  OmpeaesieHuo  KoadduimeHTa
BOCCTAHOBJICHHSI CKOPOCTH K MpH yaape, UCIOJIb3yeMOTro JIjIsi TEPMOJIMHAMUYIECKOTO
aHajM3a KOHTAKTHOTO B3aMMOJICMCTBHUSI TBEPIBIX TEJl B MpOIECCaX JTUHAMUYECKOTO
YIOPOUHECHUS;

NPEMJIOKEH METOJ] OILICHKH TIyOWHBI 1eQOopMallMOHHOTO  YIPOYHECHUS
(maknena) mnpu apobemeTHoW o00paboTke 3yObeB MHUIBHBIX JUCKOB JKUHOB,
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Oasupytomuiics Ha  aAuQepeHuruaTbHOM  ypaBHEHUM  JIBIDKEHUS  TBEpAOU
chepuvecKoil YacTULIbI B YIIPYTrO-TUIACTUYECKOU CPEJIE;

pa3zpaboTaH MexaHu3M (OPMUPOBAHUS BHICOTHOTO MapaMeTpa MIEPOXOBATOCTU
YIPOYHEHHOM MOBEPXHOCTHU MPH YAapHOU nedopMalimoHHON 00paboTke 1poObio
JOKUHHBIX AT,

pa3paboTaHbl METOABl pacyeTa Ha MHOTOIMKIOBYIO  YyCTalOCTh U
NPOTHO3UPOBAHUS  JIOJITOBEYHOCTH TMWIBHBIX JUCKOB B  AKCIUTyaTallUOHHBIX
YCIIOBUSIX, OCHOBBIBAIOIINECA HA aHAIMTUYECKOM PEIICHUH 337a4uu M0 OMPECICHUIO
WHTCHCUBHOCTH OCTATOYHBIX HAMPSIKCHHIA.

IIpakTHyeckue pe3yJibTAThl HCCIEI0BAHUS 3aKII0YAIOTCS B CICAYIOLIEM:

pa3paboTaH HOBBIH, MPUMEHUTEIHHO K JIETAISIM MAIlIUH MepBUYHON 00pabOoTKU
XJIOTIKA, TEXHOJIOTUYECKUH METOJl YNPOUYHEHUS UX pabdouyux MOBEPXHOCTEH
00paboTKOM JpOoObIO; BHIMOIHEHO 0OOCHOBAaHUE ONTHUMAJIbHBIX ApaMETPOB pPEeKHUMa
IpoOeyaapHOTO YyNpOYHEHUs (IuaMeTp ApoOU, CKOPOCTh, BpeMs 00pabOTKH, pacxo
1podn);

pazpaboTaH  aJIropuT™M pacuera Ba)KHEHIIEro IoKa3aTesss  KadecTBa
MOBEPXHOCTHOT'O CJIOSl JIeTaled — TEXHOJIOTMYECKUX OCTATOYHBIX HANPSKEHUH IO
YPOBHIO 3aIlaCEHHOM SHEPruu nedopmanny;

pa3zpaboTaH MeETOJ HPOTHO3UPOBAHMS JOJITOBEYHOCTH M yCTaJOCTHOU
IPOYHOCTU TMUJIBHBIX JUCKOB JKUHOB MO 3HAYEHUI0 MHTEHCHUBHOCTH OCTATOYHBIX
HANPSDKEHUH TOCIe YIPOYHEHUS JPOObIo;

YCTaHOBJICHO B pe3ynbpTaTe OTIBITHO-TIPOMBIIIITICHHON IPOBEPKHU
3¢ (HeKTUBHOCTS  ApOOCYAapHOTO YNPOUYHEHUS 3yObeB MWIBHBIX JIUCKOB U
YBEJIMYEHUE UX JIOJTOBEYHOCTH B HECKOJBKO Pa3 MO CPAaBHEHUIO C HEYNPOUHEHHBIMU
3yOBsIMU.

JlocTOBepHOCTH MOJIyYeHHBIX pe3y/bTaToOB 000CHOBBIBAETCS
KOPPEKTHOCTbIO MaTeMaTHUYEeCKUX U (PU3UYECKHX MOJeNeld MpU CXeMaTu3aluu
KOHTaKTHOTO B3aUMOJAEHUCTBUsSI ApoOM C YHOPOYHSEMOW TOBEPXHOCTbIO B BHUJE
YIOPYroro nojsiyOecCKOHEYHOI'o Tejla, a TAaKKe BBICOKOM CTENEHbIO COBMAJIEHUS IMpPH
CPaBHEHHUU PE3YyJIbTATOB TEOPETUUYECKHX M OSKCIEPUMEHTAIbHBIX HCCIIEIOBaHMM,
BKJIIOYas JaHHbBIE IPYTUX aBTOPOB.

Teopernyeckass M  NpakTHYecKas 3HAYUMOCTh  Pe3yJbTATOB
uccjaegoBanus. TeopeTuueckas 3HAUMMOCTb pPE3yJbTaTOB pabOThl COCTOHUT: B
pa3paboOTKe CTPYKTYPHO-DHEPTETHYECKOW MoAenu  (POpMHUPOBAHUS  TJIABHOTO
mapaMeTrpa KadecTBa IOBEPXHOCTHOTO CJOS M3ACTUS — TEXHOJOTUYECKUX
OCTAaTOYHBIX HAMpPSDKCHUW; aHAJUTHUECKHE 3aBUCUMOCTH [UISI CKPBITOM DJHEPTUU
nedopmaIui, OTBETCTBEHHON 32 YPOBEHb HHTEHCUBHOCTH OCTATOYHBIX HAIPSHKCHUM;
3aBHUCHUMOCTH Uil TJIYOWMHBI Je(POPMAIIMOHHOTO YIPOYHEHHs, MIEPOXOBATOCTH
MOBEPXHOCTH, KOHTAaKTHOW  TemmepaTypel, KOIPQPHUIMEHTa BOCCTAHOBJICHHS
CKOPOCTH, TIOJy4YE€HHBbIE C TMOMOIIBI0O MaTeMaTHUYECKOTO MOJCIMPOBAHUS TpHU
OJTHOAKTHOM COYJapeHHHM TBEpAOH C(HEpUYECKON YaCTUIBI C METaUIMYeCKOn
MpErpaion.
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[IpakTyeckass 3HAYMMOCTb IPOBEACHHOIO HCCIEAOBAHHUS COCTOMT B
JI0KA3aTeNIbCTBE BBICOKON 3(PPEKTUBHOCTH AMHAMUYECKOTO METOJIa YIPOUYHEHHUS
IpOOBI0 OTBETCTBEHHBIX JeTaliel (MUIbHBIX JTUCKOB, KOJOCHUKOB) JUKHMHOB 33 CUET
(dbopMHUpOBaHUS B UX MOBEPXHOCTHOM CIIO€ COKMMAIOUIUX OCTATOYHBIX HANPSXKEHUMH,
cTeneHu JedopmManMoHHOro ynpouHeHus (Hakiemna) a0 33,4%, riyOuMHBI Hakiena
0,2...0,23 MM, 4TO MpU JABYCTOPOHHEH 00pabOTKEe OOKOBBIX MOBEPXHOCTEH 3yObEB
COXpaHsIeT CepIEBUHY JIETaIN B BA3KOM COCTOSIHUH, CIIOCOOHOMW JJIMTEILHOE BpeMs
CONPOTUBIATHCS TMOBTOPHO-TIEPEMEHHBIM HAMPSHKEHUSIM TPU  B3aUMOJCHCTBUU C
CBHIPIIOBBIM BaJMKOM B MPOLIECCE TKUHUPOBAHUS.

BHenpenune pe3yabTaroB ucciaegoBaHusi. Ha OCHOBaHMHM TOJIyYEHHBIX
Hay4YHBIX PpE3yJbTAaTOB BIEPBBIC MPEUIOKEH METOA M pa3zpaboTaHa TEXHOJOTHA
IMHAMHYECKON YIpPOUHSIOMmEeH 00paboTKH ApoObi0 3yObeB NHUIBHBIX TUCKOB U
KOJIOCHUKOB JKUHOB. [InbHBIC TUCKH C YIPOYHEHHBIMU IPOOEMETHON 00paboTKOM
3yObeB M KOJIOCHMKOB BHeApeHbl Ha mkuHax JII13-180 B mnpowusBojacTBO Ha
MPEANPUATUSIX aCCOLMAIMK «Y3MaxTacaHoaT», TOJOBOM SKOHOMHUYECKUU 3PheKT
coctaBisger 80,992 muH. cym. (akT acconmanuu «Y3maxTtacaHoaT» O BHEAPCHUH B
npou3BoicTBO oT 04.09.2014).

AnpobGanust padorbl. Pe3ynbrarhl uccienoBaHusi A0J0KeHbI Ha Oonee 20
HAyYHO-TEXHUYECKUX KOH(EPEeHIHMsIX, B TOM 4YHCIE€ §  MEXIYHApPOIHBIX
«IIporpeccruBHBIC TEXHOJOTHMYECKHE MPOLECCHl B MaIlIMHOCTpoeHUn» (ToNbITTH,
2002); «Pecypco- wm sHeprocOeperaromge TEXHOJOTMM  MPOMBIIUIEHHOTO
npousBoacTBay (Butedck, 2003); «AxkTyaibHble MpOOJIEMBI MEXaHUKH H
MammHocTpoeHus» (Anma-Atel, 2005); «HXkeHepusi MOBEPXHOCTH U PEHOBALUSA
mwaenus» (Snra, 2010 — 2013); «HoBble 1 HETpaAUIIMOHHBIE TEXHOJIOTUU B PECYPCO-
u aHeprocoepexenun» (Opecca, 2010 — 2013); «KauectBo, cTaHmapTu3aius,
KOHTPOJb: Teopus W mpaktuka» (Snra, 2010 — 2013); «CoBpemeHHBIE TTPOOIEMBI
MPOMU3BOJICTBA U PEMOHTa B MPOMBILIJIEHHOCTH U Ha TpaHcnopte» (CansiBa, 2010 —
2013); «daum mayku» (IIpara, 2012).

Ony06auKoBaHHOCTH pe3yJbTaroB. [lo Teme auccepranmu OmMyOIMKOBAHO
56 Hay4YHBIX TPYAOB, B TOM YHCIIe 9 HAYYHBIX CTaTel B MEXIYHAPOHBIX KypHajax,
2 maTeHTa.

Ctpykrypa u 00bem auccepranmu. /{uccepranusi COCTOUT U3 BBEACHUS, MIATH
IJIaB, 3aKJIFOYEHUs, CIIUCKA JINTEPATYypPhl, 8 MPUIIOKEHUN U COAEpKUT 264 cTpaHuIl
TeKcTa, BKItoyaeT 112 pucyHkoB u 5 Tabmuil.
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OCHOBHOE COIAEPXAHUME IMCCEPTALIMHU

Bo BBemeHum 000OCHOBaHA aKTyaJlbHOCTh pPaOOTHI, TOCTABJICHBI 1IEJb U
chopMyIUpOBaHbl 33Ja4d MCCIICIOBAaHUM, JaHbl SJIEMEHTHl HAy4YHOW HOBH3HBI,
U3JI0KEHbl Hay4Has W TMpakTHUuecKas 3HAUYUMOCTh Pe3yibTaToB pabOT, MPHUBEACHBI
OCHOBHBIE TIOJIOYKEHHUSI, BBIHOCUMBIE Ha 3aIlUTY.

B nmepBoil ryiaBe pacCMOTPEHBI KpPATKHE CBEACHUS O COBPEMEHHBIX
TEXHOJIOTHUECKUX MaIllHaX, TPUMEHIEMBIX I IEpepadOTKU XJIOMKa-ChIpIa, U JaH
aHanu3 pabOTOCTIOCOOHOCTH OTBETCTBEHHBIX JE€Tale MallMH W MEXaHU3MOB,
BIUSIONICH HA HAAEKHOCTh W JIOJITOBEYHOCTH  XJIOMKOIIEpEepadaThIBAIOIIETO
000py10BaHUSI.

[Toka3aHo, YTO MPAKTUYECKU BO BCEM TEXHOJIOTMYECKOU LIEMOYKE NMepepadoTKU
XJIONKAa-ChIplia  (OYMCTKA, JDKUHUPOBAHWE, JIMHTEPOBAHUE, JICIIMHTEPOBAHUE)
NPUMEHSIOTCST  XJIONMKOIEepepadaThIBAIOIIMEe MAaIIuHbI, TJI€ CcaMOMl MacCOBOM W
OTBETCTBEHHOM JETallbl0, COCTaBIIAIONICH pabouuii OpraH MalllWHbI, SIBISETCA
MUAJIBbHBIA AUCK. KOJMYecTBO NHUIBHBIX JUCKOB TOJBKO B OJHOM MallUHE, B
3aBUCUMOCTH OT Ha3HA4YCeHUS U MOAU(PUKAIINU, COCTaBIsET B npeaenax oT 90 mo 130.
K maccoBoctu naHHOWM neTanu A00aBIsieTCs €lle OJIMH HEXKeIaTeNbHbIA (pakTop —
3arOTOBKM B BHUJE JHCKOB W3 YIVIEPOJUCTOM HMHCTPYMEHTalnbHOM cranmu Y &I
3aBO3ITCS TOJMHOCTBIO U3 Poccuiickorn @Penepanuu. be3ycinoBHO, COKpalleHUE
UMIIOPTAa  JIaHHOTO  KOHCTPYKIIMOHHOTO  MaTepuajga 3a CYeT T[OBBIIICHUS
JIOJITOBEUHOCTU  JIeTajJei COCTABUT CEPhE3HYID OCHOBY JiE SKOHOMHYECKOU
3¢ (peKTUBHOCTH NIEPEpadOTKHU XJIOMKA-ChIPLIA.

HenmocTtaTo4HOCTh CBEIEHH O COCTOSHMM pabouyux TMOBEPXHOCTEHM aeTaneit
pabounx OpraHoB MalllWH (MWIBHBIM JTUCK, KOJOCHHWK, BaJl MUJIBHOTO ILMJIMHIPA),
BJIMSIHUY TTApaMETPOB KayeCTBa MOBEPXHOCTHOTO CJI0SI HA YCTAIOCTHYIO MPOYHOCTH U
JOJITOBEYHOCTh M3JIENIMNA, a TaKXKEe MPAKTUYECKOE OTCYTCTBUE OO HACTOSAIIETO
BPEMEHU KOMIUIEKCHOTO HAYyYHO-METOAOJIOTMYECKOrO0 MOAXO0Ja K  BOMIPOCY
dbopMHUpOBaHUS KaueCTBa MOBEPXHOCTHOTO CJIOS MyTEM CHUHTE3UPOBAHUS MUKPO- U
MaKpOMPEACTABICHUI TMPOIECCOB IUIACTHUECKOM nedopmanuu U pa3pylieHUus
MaTepHUalioB, WHULIMUPOBAIIH HEO0OXO0IUMOCTh MIPOBECHUS HOBBIX
HCCIIeIOBATEIIbCKUX PadoT.

YyuuteiBas, 4To Tporecc aeGopMUpPOBaHUS MATEPUATIOB MPU MEXAHUYECKOMN
00paboTKe TMPENCTaBISIET JOCTATOYHO CJIOKHBIA KOMIUIEKC B3aUMOCBSI3aHHBIX
ABJICHUM, B paboTe MOKa3aHa HEOOXOAMMOCTb MPUMEHEHUs (PyHIaMEHTAIbHBIX
(U3MYECKUX 3aKOHOB M CBEICHUHN U3 BAXXHEUIIUX CMEXKHBIX JUCHUIUIMH — TEOPUU
YOPYroCTH W IUIACTUYHOCTH, TeIUIoPU3nKa, Teopus AUCIOKaUi U3 (HU3UKHU
TBEPJIOTO Teja, TEPMOJAMHAMUKA HEOoOpaTUMBIX MpoIeccoB U Jp. HayuHas nieHHoCTh
pa3pabaTbiBaeMbIX MOJIeJIed HEMOCPEJCTBEHHO TMPOSBISIETCS B BO3MOXKHOCTHU
MIPOTHO3UPOBAHUS JOJTOBEYHOCTH JI€Talled 4yepe3 OCHOBHbBIC MapameTphbl KauecTBa
MMOBEPXHOCTHOTO CJ0s, OPMUPYEMbIe Ha OKOHUYATEIBHBIX OMEPAIMSIX OTIAEIOYHO-
YOPOYHSIONIEH U MEXaHUIECKON 00paboTKH pe3aHneM.
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Bropas riaBa mocsiieHa pa3pad0TKe CTPYKTYPHO-IHEPTETHUESCKOU MOJICTTH
(COM) ¢opmMupoBaHusi BaKHEHILIEro MapaMeTpa KadecTBa MOBEPXHOCTHOTO CIIOS
neTanei (TEeXHOJOTMYECKUX OCTAaTOYHBIX HANpsDKEHHWM) Toclie OKOHYaTeIbHOU
(buHMIIHON) MeXaHWMYECKOW OOpadOTKH CO CHSATHEM IIPUIYCKa M OTACIOYHO-
ynpoyHsifomed  00pabOTKM  MOBEPXHOCTHO-IUIACTUYECKUM  1e(hOpPMUPOBAHUEM
METaJJIOB.

BriepBble BBINOAHEH CHHTE3 MHUKPO-U MAaKpPONPEICTAaBICHUNA O Mpolecce
MJIACTUYECKOW  JedopManiii  METaUIOB, MPEACTABISAIONICH TI0O COBPEMEHHBIM
BO33PCHUSAM HETPEPHIBHBIN IPOIECC TCHEPUPOBAHUS, NBIDKCHHUS W AHHUTHIIAIIAHA
JUHEHHBIX HECOBEPIICHCTB KPUCTAJUIMUECKONW CTPYKTYPBI METAIOB — JTUCIOKAIIUN.
Pa3pabotan yHuBepcanbHbI (SHEPTrETUYECKUI) MOAXO JJIsl PACKPBITUSI MEXaHHU3Ma
dbopMHUpOBaHUS KadecTBAa IMOBEPXHOCTHOTO CJIOS JETaleil, OCHOBBIBAIOIIMIACS Ha
CMEXHBIX ¥ B3aUMOCBSI3aHHBIX OTPACIAX 3HAHUW. TEOpPUS YIPYrOCTH U
IUTACTUYHOCTH, TEOpUs AMCIOKAUUA M3 (PU3UKU TBEPAOro Teja, TePpMOJAMHAMHUKA
HEOOpaTUMBIX TPOIECCOB, Teriopusnka, Tpubosorus, o0paboTka MeTauIoB
JIABJICHUEM U PE3aHUEM.

B nuccepranuym OTMEYEHO, YTO MPOIECC pa3pylIeHUs TBEPHAbIX TEI U €ro
MpeAlIecTBYIOMAs CTaAusl — IulacThyeckas Jedopmaiusi HMEIT — eIUHYIO
(U3UYECKYI0 CYIIHOCTh: CHOCOOHOCTHh JIOKAJIBHBIX MHUKPOOOBEMOB KOHTAKTHBIX
MOBEPXHOCTEH JeTallell HaKaruuBaTh U TpaHC(HOPMUPOBATH BHYTPEHHIOK (CKPBITYIO)
sHepruto jaedopmupoBanus Us. DTta sHeprus mnpeactaBisieT co00d IIOTHOCTh
DHEPTUH, HAKOIJICHHOW ITOBEPXHOCTHBIM CIIOEM B PE3yJbTaTe IIACTHYCCKOU
nedopmanuu, U ABISIETCA (DAKTUUECKU PHEPrueu MUCIOKaluil. 3amacaHue YHEPTruu
MIPH TIACTUYECKON neopMaIiiyi MPUBOJNAT K MOSBICHUIO CKUMAIOIIUX OCTATOYHBIX
HaIpsHKCHUH, OJOKUPOBAHHWIO MHCIOKAIMA M CBSI3aHO C TaKUMH (DU3UICCKAMHU
MpoIleccaMy, Kak BHYTPEHHEE TPEHWE, YMPYTHA THUCTEPE3NUC, DK30JICKTPOHHAS
smuccusa u np. CrenoBareiabHO, 3alMaceHHAsl SHEPTUSI MOXKET CIY>KUTh OCHOBHBIM
WHTETPAJIbHBIM U MH(GOPMATHBHBIM MApaMETPOM COCTOSIHHSI TTOBEPXHOCTHOTO CIIOS,
OTBETCTBEHHBIM KaK 3a CTENeHb JAeGOPMAIMOHHOTO YIPOYHEHHUSA, TaK M 3a
WHTEHCUBHOCTh OCTAaTOYHOTO TOJISl HAIIPSDKCHHI.

[Tpu xom01HOM TIIaCTUYECKOM JehOpMHUPOBAHUY (HAKIIETIE) MeTalIa OOJbIIas
gacth (0 97%) MeXxaHW4YeCKOW DSHEpPruM, 3aTpayeHHOM Ha IJIACTUYECKOE
nedhopMHUpOBaHUE, TEPEXOJUT B  TemIo, ocraimpHas 4acth  (=0,5...3%)
aKKyMYJIUPYETCS B TTOBEPXHOCTHOM CJIO€ METaJlsIa B BUJC TaK HA3bIBAEMOU CKPBITON
sHepruu Hakijena AU, moHsTHe KOTOpOM BBOAMTCS HAa OCHOBE IEPBOrO 3aKOHA
TEPMOTMHAMHUKHU:

AU =W -0 =Ug; lo|<r|, (1)
rae AU — u3MeHeHne BHyTpeHHEH Hepruu Tena; Q — rermoBoii 3¢ deKT, CBI3aHHBIHI
¢ aedopmarnueit; W — pabota (1og0KUTeNIbHAS, €CIIU MPOU3BOIUTCS HAJl TEJIOM).

[Tpu nehopMarMiOHHOM YIPOYHCHUH WM HaKJIeTe MeTania
AU — monoXuTeNbHAas BEIWYMHA W paBHA CKpBITOW »Heprum Hakiena Us.
BcenenctBue  akKymMyJaupoBaHMS B METAIE  CKPBITOM  SHEPIMM  HaKIIera
ne(OpPMHPOBAHHOE COCTOSTHUE SIBJISCTCS HEYCTOMYHMBBIM M BO3MOXKHO HACTYIUICHUE
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npu OJaronpUATHBIX YCIOBUSX BO3BpaTa U PEKPUCTAIUTU3AIUHI, COMTPOBOKIAIOIINXCSI
BbIJIEJICHUEM CKpbITON 3Hepruu. Ckpeitas sHeprus Ug nedopmanuu npeacTaBisieT
HAay4HBII HHTEpPEC IO HECKOJIBKMM IPUYMHAM: [UIs HCCIENOBAHMS IIpoLecca
IUTACTUYECKOro JAe(OpMUpPOBaHUS; Ul aHAIU3a (PU3UKO-MEXaHUYECKOW MpPUPO/IbI
1e(pOPMAIIMOHHOTO YIPOYHEHUS; Ul HMCCIEAOBAaHUS IPOLIECCOB BOCCTAHOBJICHMS,
IPOTEKAIOIIUX B MOBEPXHOCTHOM CJIO€ IJIACTUYECKU AEPOPMUPOBAHHOTO METALIIA.

He Bce mpoueccel, yIOBIETBOPSIOUIME TPEOOBAHHIO IEPBOTO 3aKOHA
TEPMOJIMHAMUKHU  (BBIIOJHUMOCTh 33aKOHA COXPAHEHUSI DHEPruu) MOTYT OBITh
peanin3oBanbl B monHOU (opme. [loaTomy HEOOXOAMMO OOPATUTHCA KO BTOPOMY
3aKOHY TEPMOJMHAMUKH, B COOTBETCTBUHU C KOTOPBHIM JJisi OOpaTHMBIX MPOIIECCOB
orHomenne dQ/T sBusiercs momHBIM MU GEpeHINATIOM (QYHKIUUA COCTOSIHHS
cuctembl. MHTErpan storo momHoro auddepeHnnanra ecTb mapaMeTp COCTOSIHHS,
ABIIIOIIMACS  DHTPOMHEM S CcHUCTeMBl W KaK OKCTCHCHBHAs  BEJIUYUHA
IPONOPLMOHAIIBHA KOJIMYECTBY BEILIECTBA:

dS =dQ /7 mam dQ =TdS (2)

rae dQ — TemioTa, oT/AaBaeMas CUCTEME MPH AJIEMEHTApPHOM OOpaTHMOM IPOIIEeCCe;
T — TepMoanHaMuyeckas (abCooTHAsT) TEMIEpaTypa CUCTEMbI BO BpeMsi IIpoliecca.

[Tosyueno OCHOBHOE TEPMOJIMHAMHYECKOE COOTHOIIICHUE TULSL
nepopMUpyEMBIX Tell, B KOTOPOM paccMOTpeHa paboThl CHUJ BHYTPEHHHUX
HANPSKCHUM:

dU =o de, + TdS | 3)

rie  dU — OeckoHEUHO Majoe H3MEHEHHE BHYTPEHHEW HSHEpIruu; Gjj — TEH30p
HanpsbkeHui; dejj — TeH30p AedopMmanuii, paBHbINA B OOILEM CIy4ae CyMMe YIPYTUX
&’ij 1 nacTudeckux € jj gehopMaruii.

B ypaBHenun (3) OeckoHEYHO Majoe M3MEHEHHE BHyTpeHHed sHepruu dU
BBIPXKEHO Yepe3 TEIIOCOICPKAHUE CUCTEMBI M U3MEHEHHE TeH3o0pa Aedopmarnun de.
[Mpupamenre BHyTpeHHerd odHeprun dU ecth monHbld — AuddepeHnran u
HE3aBHCUMBIMM IIEPEMEHHBIMM B YypaBHEHHU (3) ABIAIOTCA AedopMaluH &g H
SHTpPOIHUS S.

BrIpa3uMm HampsKeHUE Gjj B 3aBUCHMMOCTH OT Je(OpMalluy € U dHTponuu S.
Hns storo pasnoxum ¢yHkuuio U(gj,S) B cTeneHHOH psx B OKPECTHOCTH
ecrectBerHHoro coctostaus U(0,S) u, ynep)kuBasi TMHEHHbBIC U KBaJAPATHYHBIC YWICHBI,
a TaKkXKe OrpPaHUYUBAs JMHEHHBIMH COOTHOIIEHMSMH MEXKIYy HANpsUKEHUSMU Gij,
nedopMalMAMH €jj 1 ©3MEHEHHEM SHTPOIMU AS, 110JTy4eHa 3aBUCUMOCTb:

ou du (0,S,) 2°uU(0,S,)
= —+ .
Ggu

2%U (0,S,)
gy +———(S - S,) (4)
8gﬁ 66u-65H o¢ 0S

o,(e;,,8)=
S ]
VYpaBaenue (4) mnpencraBmsieT coOOl JUHEHHOE COOTHOIICHHE ISl  MajbIxX
nepopmanmii, B kortopoMm ciemyer mnonoxuth dU(0,Sp)/de=0, Ttax kakx B
€CTECTBEHHOM cOCTOSIHUU IIpH gjj = 0, S=Sy u nomkHo ObITH Gj; = 0.

BnepBbie npeaokeHo paccMaTpuBaTh OCTaTouyHble HampsbkeHus |l poma xak
paBHOJICHCTBYIOIIME OcTaTouHbiX Hamnpsbkenuit |l pona, ypaBHOBemmBarommxcs B
o0beMax, COM3MEPUMBIX C TPYIIOM aTOMOB B OKPECTHOCTH JUCIOKAIWKA, U
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XapaKTepU3yIOMHX (PAKTUYECKU BEIMYNHY CTATHUYECKUX CMEIICHUN aTOMOB U3 y3JI0B

PEIETKH M3-3a TOUYEUYHBIX JePeKkToB. PU3NUECKOr0 pa3inyuus MEXYy OCTaTOYHBIMU

HanpspkeHusIMU | poja (MakpoHampsiKeHUs, OXBaThIBAIOIIUE 00bEMbI, COU3MEPUMbBIC

c pazmepamu netanu) u |l poga (MUKpoHanpspKeHHsI, TEHCTBYIOIIME B OTAEIbHBIX

3epHax, OJOKaxX U UX IPYIIax) HE CYIIECTBYET U aHAJIOTHYHO HAIPSKEHUE TIEPBOTO

poJia ABJISIETCS] PABHOJEHCTBYIONIUM OCTAaTOYHBIX HAMPSIKEHUI BTOPOTO POJa.

- Ananus CTPYKTYPHBIX
37eMeHTOB (puc.l) u cxeMbl uepapxuu
CTPYKTYPHBIX YpOBHEH aedopManuu
(puc.2) mjisi MOJUKPUCTAIINYECKOTO

. Tema noKasa TECHYIO
B3aMMOOOYCIIOBICHHOCTh MOCIIETHUX C
OCTaTOYHBIMH HAIPSHKEHUSIMU Pa3HOTO
macmtaba. B cooTBeTcTBUM ¢
MOJIOKEHUSIMU (PU3UKU TBEPJIOTO Telia
MEXaHUYECKUE HAMPSHKEHUSI B METAILIIE

1 — obpasew; 2 — 3epHa (KpUCTALIUTBL); 3 — 2! CILIaBC, HE3aBUCUMO oT
6710K1 MO3auky; 4,5,6 — COOTBETCTBEHHO BBI3BIBAIOIIUX MPUYUH (IEHCTBUS CHII,
AUCIIOKAlUH, aTOMBI, SJICKTPOHBI; 7 - rpaHulbI TeMHepaTypBI, qaCTHIL BBICOKOﬁ
3epeH; 8 — rpaHullbl 0JJOKOB MO3auKU SHEPIUH " 1p. $haKxTopoB)
Puc.1. CTpykTypHBI€ 3J1eMeHThI
pacCMaTpuBarOTCA KakK CJICACTBHUC
KPHCTAIMYECKOro Tesa (MeTalia uin .
CILIaBa): HCKaXXCHUA KpUCTAJININYCCKOU

pemetku. CiienoBaTenbHO, Kak I

OCTaTOYHBIX MUKPOHANPSIKEHUH, TAK U
CyOMHKPOCKOIIMYECKUX, CYIIECTBYET TOJbKO €IWHCTBEHHAsl (U3HUECKash MOJEIb
MexaHu3Ma (OPMHUPOBAHMSI ATUX HANPSHKEHUH — aTOMHAas WM JUCIOKAIlMOHHAS
Mozenb. Jpyrumu cioBaMu, 4TOObI MOHSTH M ONUCATh HPUPONY IIACTUYECKOTO
TEYEHHUs] MeTajlla, HEOOXOAWMO aHAJIU3UPOBATh AMCIOKAIMOHHBIN CTPYKTYpPHBIN
YPOBEHb B IOBEPXHOCTHOM CJI0€ A€(POPMUPYEMBIX KPUCTAIUIMUECKUX TEII.

|  3epHa (KpUCTAILTUTHI), »|  Jlucnoxanuu, aTomsl,
Obpasen . OJIOKM MO3aUKH JIEKTPOHBI
(I-ctpyxrypHbiii (l-cTpykTypHBIit (I -cTpykTypHBIit
YPOBEHb) < YPOBEHB) < YPOBEHbB)

Puc.2. Uepapxusi CTPYKTYPHBIX YPOBHeH Ae()opManuii JJisl MOJMKPHCTALIHYECKOr0 TeJjia

OTHOCUTENBHBI BKJIAJ OWCJIOKAlMi, BAaKaHCUM W BHEIPEHHBIX aTOMOB B
AKKyMYJIMPOBaHHYIO JHEPTHUI0 COOTBETCTBYET cooTHomeHuto 4,5:2:1. Takum
00pa3oM, OCHOBHBIM MCTOYHHUKOM aKKyMYyJHUPOBAHUS CKPBITONH DHEPTUU SIBISIOTCS
JIMHEMHBIE HECOBEPIICHCTBA KPUCTAUIMYECKOW CTPYKTYpPbl METAUIBI — CETh
JIUCIIOKAllMOHHBIX JIMHUWA, KOTOPbIE MPUBOAAT K YOPYTHUM HCKAKEHUAM U,
CJICJIOBATEJILHO, K CO3JAHUIO OCTATOYHBIX HAMPSIKCHUU.
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Jlnst uccnenoBaHMsl B3aMMOCBSI3M  CKpbBITOM 3Hepruv Us W OCTAaTOYHBIX
HaNpsDKEHUH  Go;, HEOOXOJMMO ONUpPAThCsl HA JAaHHBIE [0 3HAYEHUIO W
pacnpeneNeHrI0 JTUCIOKAMi B OTOXOKEHHOM U Je(OPMHUPOBAHHOM IJIACTUYECKU
meramte. Eciu otoxoxeHHbIe Metawtsl copepxut ot 10° no 10° gucnoxammit Ha 1
cM?, T0 B 1e(hOpPMHUPOBAHHBIX METAILIAX IUIOTHOCTh AMCIOKAIMI BBIIIE W BEPOSTHOE
ancno ux mocruraer 10 — 10" ma 1 cM?. WX pacmpejelieHHe 3aBHCHT OT BHIA,
CTENIEHU U TeMIepaTypbl AeOpMaIIUH.

Hcenenys sKCIEPUMEHTAIBHYIO 3aBUCUMOCTD MEKy 3aIlaCEHHOM DHEPTHEN U
AepOpMaAIMOHHBIM yIPOYHEHHEM, B paboTe moilyueHa (opmyia HHTEHCHBHOCTU
OCTaTOYHBIX HANpsLKEHUH, siBisomasca Moauduxarueit popmysst XK. Opunens:

1 |E
-1 \E . (5)
rae u — koaddunment [lyanccona; E — moxyns npogoiasHol ynpyroctu, Ml1a.

Ananu3upys 3aBUCHUMOCTH (5), MOXHO 3aKJIIOYHUTh, YTO 3HAs XapakTep
pacnpeziesieHus U BEIMYMHY CKpBITON sHepruu Us ae@opmMupoBaHusi 1mo riyOuHe
MTOBEPXHOCTHOTO CJIOSI M YIPYrue KOHCTaHThl E M [, MOXHO paccuuTarhb
MHTEHCUBHOCTh OCTATOYHBIX HAINPSIKEHUM, CBSI3AHHBIX C TJIABHBIMU OCTATOYHBIMU
HAIPSOKEHUSAMU G1ocrs G2ocrs O30cr 11OCTETHUE HAPSHKEHHSI HEOCPEACTBEHHO BIUSIOT
Ha YCTaJOCTh (BBIHOCIMBOCTb) OOpPa3LOB IyTEM HW3MEHEHUS aMIUIUTYAbl LHKIA
HarpyXeHusl.

B rnaBe gaetcs HayuHOe€ 0OOCHOBaHHME TPEX aHATUTHUYECKUX METOJIOB pacuera
CKpBITOM BHepruu naepopmanuu: 1) TepMOIMHAMUYECKHM; 2) IUCIOKAIMOHHBIN;
3) MeToa nuarpaMm Ae(popMUPOBaHUSI.

1. TepMoarHAMUUYECKUN METOJI ONpPEENIEHUsI CKPBITOM 3Hepruu aedopManuu
AU=U; ocHOBaH Ha NEpBOM 3aKOHE TEPMOAMHAMHUKH (1) 1 MO3BOJIAET OCYILIECTBUTH
aHaIN3 TUIACTUYECKON edopmaliuu, COMyTCTBYIONICH JIFOOBIM BUIaM MEXaHUYECKOU
00paboTKH JieTasiel MaIllKH.

2. JIMCNOKAIIMOHHBIA METOJI OMNpPEACNICHUS] CKPBITON SHepruu nedopmaiuu
OCHOBAaH Ha TPEXCTAaJUNHOM aHaiIu3e JedopMalui MeTala U OXBAThIBAET KHHETUKY
u cnenuduky 1acTU4ecKod naedopmaruu  (pa3BUTHE, CTENEHb U pa3Mephl
MOBPEXIAa€MOCTH) B COOTBETCTBUUM C COBPEMEHHBIM B3IJIAJIOM Ha €€ MPUPOLY.
OCHOBHOII MEXaHM3M IUJIACTHYECKOW JedopManuym METauioB pealn3yeTcs uepes
reHEepUpPOBAHUE, ABMKEHUE, Pa3pAAKy U aHHUTWIIALMIO AUCIOKALIMM.

AHanu3upys pas3idyHble MOJAENIH AePOPMALMOHHOTO YIPOUHEHUS (MOAENH
Telinopa, baccunckoro, Morra u Xupmia), B paboTe MoJiydeHa 3aBUCHUMOCTH ISl
pacyeTa yJIeJIbHOW 3aaCeHHON YHEPTUH:

U (l—y-coszoz)(ai—am)2 B -G

. -In e | oam Y (6)
4z (l—u) p° -G o, -0

i 0,2

rne G — moayns caura, Mlla; b — Bektop Broprepca, M; p — xoadduiueHr
[Tyaccona; o — yros Mexxay BeKTopoM broprepca u ocbio AUCIIOKAINMA, 2pao;

B — uucnenHas koHctaHTa, paBHas 0,3...0,6; 0y, — YCIOBHBIM Tpeaea TEKy4eCTH,
MIla ; Gi — UHTEHCUBHOCTb HOpMaJIbHBIX Hamnpspkenui, MIIa.
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3. Meton auarpammbl 1eOPMUPOBAHUS ISl OTIPEIEICHUS CKPBITONW SHEPTHH
nedopmanuu pa3zpaboTaH ¢ ydyeToM OOOOIIEHHOW auarpaMMbl JehOpMUPOBAHUS
CTep>kHEBOW Mozenu (Mojaenu Ma3uHra) CruionHOM cpeibl ¢ OECKOHEYHBIM YUCIOM
MOJPJIEMEHTOB. B COOTBETCTBUM C J1aHHOM MOJIEIBI0 CTPYKTYPHBIE YaCTHIIBI,
COCTABJISIIOLIME DJEMEHT 00beMa, MPEACTABICHbl B BHUJE CHUCTEMBbI CTEp)KHEH,
neopMHUPYIOIUXCS OJWHAKOBO. [IpuHMMaeM Takxke, YTO CTEpKHH O00JaaioT
CBOMCTBAMH HJI€AJILHOTO YIPYro-IIACTUYECKOTO Marepuaia U MOAYJIU YIPYrocTu
CTEp>KHEH PaBHBIMH.

[Tomydyena ¢opmyna s pacdera CKPHITOM dHEPrUU IedopMaIiu Ha OCHOBE
METO/Ia TharpaMmmbl 1eOPMHUPOBAHUS:

U zi(ai—vaT —O-i_GT)(O'i—O'T)Z (Gi—O'T)Z(IE—E‘)’ (7)
2\ E E ) 2EE

rae o7 — Gusnueckuii mpeaen TeKkydectu oopabaTsiBaeMOro MaTepuaa,

E'— Moy KacaTeabHbIH (IIACTHIHOCTH) MM MOLYIIb Ae(OPMALHH.

TaxuM 06pa30M, 3HasE MEXAHHUECKHE XapaKTePHCTUKH MaTepuana ot, E n E, a
TaKkkK€ MHTEHCUBHOCTH HANPsHKEHUH Gj, MOXHO IO 3aBUCUMOCTH (/) paccuuTaTh
yAeNbHYI0 dHepTHio Aedopmanun Us.

Peanuzanus CoM npeaycMaTpuBaeT BBITIOJIHEHUE CJIETYIOITUX
MOCJIEIOBATEIBHBIX ATAMOB, COCTABJISIONIMX AJITOPUTM pacueTa TEXHOJIOTMYECKUX
OCTATOYHBIX HANPSIKEHUIA:

1. CxemaTu3anmsi CHJIOBOTO M TEMIIEPATyPHOTO HATPYKEHUS TMOBEPXHOCTHOTO CIIOS
W3MIeTUs TpU KOHTAKTHOM B3aWIMOJICHCTBHHM C PEXKYIIUM WM  YIPOUHSIOIIAM
HHCTPYMCHTOM.

2. Pacuer cocTaBmsSIFOMMX CHUJI W JEHCTBYIONIUX HANPSHKEHWH B 30HE KOHTAKTa
MHCTPYMEHTA ¢ 00pabaThIBAEMOI JI€TaJIBIO.

3. DHepretuyeckuid M TEIIOPU3UUECKUI aHaIu3bl JAeQopMaluu: OIpeAesieHrue
paboThl neopMani A U BBIIEIUBIICHCS TETIOTH Q.

4. Pacder yneinbHOW CKpBITON SHEPrUu U’ nedopmalii 0 OJHOMY M3 Tpex
mpejyIaraéMbeIX METOJIOB: Ha 0a3e TepMoaumHaMuueckoro cootHomenus Ug=A — Q;
UCITIOJIb30BAHNE CXEMATHU3UPOBAaHHBIX auarpamMMm naedopmupoBanus o; =f(gj); Ha
OCHOBE JHMCIIOKAIMOHHOM TEOpWH IUIACTHYECKOH Jnedopmariu  MeTauia M
nomnyineHus papeHcTa sHepruii Us=Ey (3Heprus auciokanuii).

5. OmnpeneneHne WHTCHCHBHOCTH OCTATOYHBIX HANPSDKCHUH Gj oop 3AaBUCHMOCTH OT
YPOBHSI CKpBITO# 2HEepruu aepopmanuu Us.

6. PacueT riaBHBIX OCTaTOYHBIX HAMPSHKEHUN G| ocr, 02 oer U O3 ger B 3aBUCUMOCTH OT
BH/JIa HATIPSHKCHHOTO COCTOSTHUSI.

B Tperbell ryiaBe MNpPEACTABIEHBI PE3YJbTATHl MCCIENOBAHUNM MEXAHUKHU
KOHTAaKTHOTO B3aWMOJICHCTBUS TPU JUHAMHUYECKOM TOBEPXHOCTHO-TIJIACTHYECKOM
neopMHUPOBAHUH IPOOBLI0 METAIUIMUCCKUX TTOBEPXHOCTEH.

B pabGore 3amada KOHTAaKTHOTO B3aMMOJICUCTBUS YAApSIONICH YacTHUIBI C
MarepuaiaM TMPEerpajbl pelieHa KBAa3HCTATUUECKH, T.€. CYUTAEM, UYTO B3aWMHBIC
nepemMenieHus: cepuueckord TBEPAON YaCTUIBI U YMPYTroro MOJYyHIpOCTPaHCTBA, a
TakkK€ yCWIMS Ha KOHTaKT€ CBS3aHBl ypPaBHEHHSIMU CTaTWKu. JlaHHOE
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MIPEANOIOKEHNUE CIIeAyeT M3 TOro, YTO CKOPOCTh ynapa Vo 3HAYUTEIBHO MEHBIIE
CKOPOCTH pacipOCTpaHEHHS BO3MYIIICHHUIA B BUJE YIPYTUX BOJH CXKATHS U CABUTA B
MaTepuae.
OCHOBHBIMM T€OMETPUYECKMMHU IapaMeTpamMu ouara JedhOopMHUpPOBAHUS
(puc.3.) sBmstorcs guamerp d
P riyouHa h TTACTUYIECKOTO
orneyatka. OOpaboTKa MOBEPXHOCTH
JeTanu yaapamu npodu
XapaKTepu3yeTcs JOKAJIbHOCTBIO
nedopMarmoHHoro mporecca. Ecin
KuHeTHYeckas dHeprus W nmersmei

X Ipolu JIOCTATOYHA TUTSt
dbopMHupOBaHUS Ha TIOBEPXHOCTH
KOHTaKTa WHTCHCUBHOCTHU

HANPSDKEHUM — Gj, [PEBBIMIAONIEH
JUHAMUYECKUM TIpenesa TEeKy4eCTH
Grp, TO Ha  oOpabarbiBaemoii

IIOBEPXHOCTHU CO3ar0TCs
IOBPEXICHUS B BUJIE
IJJACTUYECKOro OTIedyaTka B (opme

JIYHKH.
o coomemone e b Tpeodpasa popuyay
’ M.M. CaBepuna i pacueTa
Puc. 3. CxeMa TMHAMHY€ECKOTI'0 BJaBJIHMBAHHSA o
1Iapa B YNPOYHAEMYI0 OBEPXHOCTD H CTCHCHN TOBEPXHOCTHOM
Ka4YeCTBEHHAsi MI0Pa 0CTATOYHBIX Aeopmanuy Yy € Y4ETOM CBSI3U
neopManmii 0CeBOro CKATHS 110 TOJIIIHHE MEXAy  AauHamuueckon H, wu
IJIACTHYeCKH 1eOpMHPOBAHHOTO c10s1 Ny, cratndecko TBepaocteto HB 1o

bpunenmio (H,=1,7"HB), a Ttaxxe
3HAYCHHsS KMHETHYECKOH dHeprum apobu Wy=mv®/2, moiydeHa 3aBHCHMOCTD,
ynoOHast sl IPAaKTUYECKOTO MOJIb30BAHMS:

1,18 -W
R el ®)

riae m u D — COOTBETCTBEHHO Macca, KT U JUaMeTp IpoOu, M; V — CKOPOCTh yJapa,
M/C; § — YCKOPEHIE CBOGOJHOTO MaIeHHUsT, M/c.

Pesynbrarhl pacdera CTEIIEHN TIOBEPXHOCTHOU Je(opMaIvu \y ¥ 3aBUCHMOCTh
€e OT pEeKUMHBIX TMapamMeTpoB npoOeymapHoit oOpabotku (v=10...90 w/c,
D=0,5...2,5 mm, HB 100...400) nmaner Ha puc.4. C yBEIMYCHHEM TBEPIOCTH
oOpabaTpiBaeMOro MaTepHalia CTeTIeHb MOBEPXHOCTHOHN nedopmariuu \y MOHOTOHHO
YMEHBIIIACTCS, MPUIeM i1 O0JbImux 3HaueHWH D m Vv abconroTHOe 3HAYCHHE \f
TaKxke Bo3pactaeT (coorBercTBeHHO Ha 0,057 u 0,094).

C yBenmuenuem ckopoctu npodu ot V = 10 go 70 m/c (puc.4, 6.) uz-3a
BO3pACTaHUs KHHETHYCCKON SHEPTUH 3aMETHO TOBBIIIACTCS CTETICHh TTOBEPXHOCTHOU
nedopmanuu y: B 2,63 u 2,75 pa3 coorBeTcTBeHHO A1t D=1 11 2 mm.
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0.40 — v

| J

0.35

0.30 ‘ -
Ny | —
0.25 { » { 015 L]
‘ | , -
1 \T\ 1 L— D=1mMm
100 200 30 400 HB 0,05 o 10 30 ! 50 Vo
a)D=1wmm 6) HB 300

Puc. 4. 3aBUCHMOCTDH CTeNeHHU MOBEPXHOCTHOI nedopMmanun ¥ oT TBEpPAOCTH
HB npo6u npu pa3iu4HbIX 3HAYEHUAX CKOPOCTH V (2) 1 NPH Pa3JIMYHbIX 3HAYEHUAX
auametpa D ot ckopocTu Vv (0)

HedopmupoBanHoe coctosaue npu [IIIJ]] ouneHuBaeTcs HE  TOJBKO
KO3 PUIIMEHTOM Y, HO H TOJIIUHON IUIACTUYECKUA Ae(HOPMHPOBAHHOIO CIOS
(maxmeria) h,,=h,, a Takke MHTEHCMBHOCTHIO M3MEHECHHUH Jaedopmanmu B HamboJee
XapaKTEepHOM 30HE BAaBIMBaHUs Imapa — oceBod. Korgma oOpaOateiBaemas
IIOBEPXHOCTh JECTAINA IOJHOCTBIO MOKPBITA OTIIEYATKAMH, MOXHO IPEIIOJIOKUTH,
YTO C)KaTUE BCEX CJIOEB II0 TOJIIMHE B CperHeM OyAeT COOTBETCTBOBATH
AepopMalil OCEBOrO CXaTWsl TOJ OJHUM OTIEYaTKOM, KadeCTBEHHAas »JIIopa
KOTOpOM MMOKa3aHa Ha puc.3.

B  pesyaprate  MHOrOKpaTHOro  JWHAMHYECKOTO  BO3ACUCTBUSA  IIPU
ApobeyaapHoil 00paboTKe pauyc IUIACTUYECKOTO OTIedyaTka OyAeT yBEIMuHUBaThCA
70 OINpEACIICHHOM BEJIWYMHBI, a 3aTeM MPAKTHYECKH OCTAeTCsl MOCTOAHHBIM. C
Y4E€TOM 3TOro popmMysa sl pajnyca IIacCTHYECKOro OTIeYaTka IpUHUMAET BU/L:

2
a:K'D-“L,MM, (9)
\/10,2-HB - g

rae K=1,3...1,5 — koadpunmienT yBenudeHus: AuamMeTpa oTredarka; p — TIUIOTHOCTb
Marepuana JIpoou.

Kak cnemyer u3 Beipaxkenus (9), paauyc oTmedarka mpsaMO MPOMOPIHOHATICH
IUaMeTpy JpoOM TMpuU TOCTOSSTHHOM 3HAuY€HHM Cckopocth V u TBepaoctu HB
oOpabatsiBaeMoro Marepuana. C yBeIMYEHHMEM TBEPAOCTH Marepuana paanyc
oTreyaTka yMeHbImaeTcss (puc.D.), mpuyemM, BO BCEM [MaMa3oHE W3MEHEHUS
TBEPJIOCTU pajuyc oTneuyatka a npu V = 50 m/c Gosbie, uem npu V = 30 m/c, 4To
0OBsICHSIETCSI OOJIBIIMM 3HAYEHUEM KHHETUYECKOM HHEpPruu, OTBETCTBEHHOM 3a
dbopmupoBanue pazmepoB ovara neopmupoBanus. C yBeTU4EeHHUEM CKOPOCTU OT V =
10 no 70 m/c paguyc OTIe4aTKy BO3pACTaET B 2, 65 pas.

B pabotre BmepBeie pa3paboTaH aHATIUTUYECKUM METOJ| OIMPEIACICHUS
K03 pHIIMEeHTa BOCCTAHOBJICHUSI CKOPOCTH K mpH ymape ¢ IeNbl0 yCTAaHOBICHHS
pacueTHOM 3aBUCHMOCTH, CBA3BIBAIOIICH €r0 C MapameTrpaMu TBEPAOM YACTULBI U
(OUBUKO-MEXaHUUECKUMHU  XapaKTEPUCTHUKAMU, HMEIONIUMUCS B  CIPABOYHOU
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auteparype. M3BECTHblE pacUETHO-3KCHEPUMEHTAIBHBIE METOAbl OINpPEIAECICHUS
ko3pdunmenta K oTauuaroTcss OONBLIONW TPYAOSMKOCTBIO TpPH MPAKTHYECKOU
peanu3anuu, T.K. HEOOXOJUMO MPOBECTU CEPHUIO OIMBITOB M THIATEIHHO H3MEPUTH
napaMeTpbl YIapHbIX JTYHOK.

a,MM a,MM
‘ 7]
\ 08 =
0.9 \ V=50m/c /
\<——' ‘ HB300 /
038 06 | T 4

N U \\ ) | » /é///KHBSOO
' N\\V=30u ~ 041 A

0,6 | /]

N -4
0,5 [ 0,2 , - =
100 200 300 HB 0 10 30 50 V, M/c
a) 0)

Puc. 5. 3aBucuMocTh paanyca oTne4yaTka a oT TBepaocTu odpadarbiBaeMoro marepuaia HB
(a) u oT ckopocTHu V Apodu (0) npu pexume oopadorku: V=30m/c; D=1 mm

[Ipr KOHTAKTE YACTULBI C METAININYECKON MPETPAIOd MPOUCXOIUT TOTEPS €€
IepPBOHAYATBHON KHHETHIECKOH sHeprun Wo=mv2y/2 (3Hepruu mepes yaapom) us-3a
yOpyro-mjaactTuyeckux —aepopmanuii  Mertamwia. Ilo3ToMy CKOpOCTh  OTCKOKa
Vi d4acTuupl OyJeT MeHblle, 4YeM V. OHEprusi OTCKOYMBILEWCS YaCTULIbI
COOTBETCTBEHHO  OyJeT paBHa W1=mV21/2. CnenmoBareabHO, aOCOIIOTHOE
yMeHblIeHUEe KuHeTnueckon sHeprun AW ynapsroieicst 4acTUIbl COCTaBUT:

AW =W, -W, =W (1-k*)=mv @-k*)/2, (10)
OTKYyJla MOJIYYUM BbIpa)KeHUE AJ1s1 KO3 (UIIMEHTa BOCCTAHOBJICHUS

K= 1= (AW /W) = \1- 8 = W, /w,, (11)
T.€. ISl €0 OIpeNieIeHHsI IPU PSIMOM yJiape HE0OX0IUMO 3HAHUE PadOThl YIIPYroro
BOCCTAQHOBJICHUS JIOKQJIBHOW 30HBl KOHTAaKTHUPOBaHHSA, KOTOpas IPaKTUYECKH
paBHSETCS KWHETUYECKON SHEPIUH TBEPAOH YacTullbl ocie yaapa Wi.

[Ipumensis 3akoH Meliepa U T€OMETPUUECKUE COOTHOLICHUS TP CTaTUYECKOM
BHEJIPEHUU TBEPAOU YaCTULBI B IJIOCKOCTbh, YIPYTrO-IUIACTHYECKOE KOHTAKTUPOBAHUE
c(hepruiecKoro HHACHTOpa NPEICTABUM 3aBUCUMOCTBIO JIJIs1 BIABIMBAIONIECH CHiibl P:

P = 80,5n "N - Rl0.5n _ho.5n ’ (12)
rac N — IMOCTOSAHHAA, XapaKTCPpU3yIoIlasd MaTcpuall, MU 3aBHUCAIIAA OT AUAMCTpa
LIapyuKa; 7 — IOCTOSAHHAs, XapakTepusylolllasg MaTepHhajl, U HE 3aBuUCSIIAsg OT

JMaMeTpa Iapuka, HO MU3MEHSIOMIAsACS BMECTE C HAKJIENOM JJIi OJHOTO U TOTO KE
Marepuana; 0ObIYHO 7 paBeH OT 2 (OTOXOKEHHBIE) 10 2,5 (3aKajieHHbIE MaTepUalbl);
R1=D/2 — paguyc mapuka; h — riayOuHa BHEAPCHHS TBEPIOU YaCTHUIIBI.

Ecau yuectb, uTo mocTtostHHbie N u N, xapakTepusyrouue CBOWCTBA
MaTepuaaoB B ypaBHeHMH Meiiepa mpuHumaror 3HadeHus N=2 u N=nH,/4, rge
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H, - nuHamuueckas TBepaOCTh 0 Meliepy, To paboTa ynpyroro BoccranobiaeHus Wi
OIIPEAEIUTCS U3 IPOCTOI'O BBIPAXKEHUS:

0,75

W, =1,77 (R,

0,75

(13)
Takum 00pa3oM, B COOTBETCTBHHM ¢ BbIpakeHHeM (11) B OKOHYATCIILHOM BHJIC
nosyueHa ¢opmyna Juisi pacuera Kod(p(uUIMeHTa BOCCTAHOBJICHUS CKOPOCTH TpU
yaape:

1,25
-W

M 0

“H )/ E

p "

k=170 \RY™ 1B WS E ) (14)

Anamms Beipaxenus (14) mokaseiBaeT, 4To MPH MPSMOM yaape KodQPHUIMEeHT
BOCCTAHOBJICHHSI CKOPOCTH K 3aBHCHT OT KHHETUYECKOW PHEPTUU U pa3Mepa YacTHII,
TBEPAOCTH MaTepuaja Hperpajspl, MOAYJs ynpyroctd u kodddunuenta [lyaccona
coymapseMbix  Ten.  CpaBHEHHME — pacyeTHBIX  3HauYeHUl  ko3(dduumenrta
BoccTaHoBieHUs K 1o Qopmyne (14) ¢ dKCHEpUMEHTAIBHBIMU  JTAHHBIMH
CBUJIETENBCTBYET O BBHICOKOM CXOIUMOCTH PE3yIbTaToB: ANA cTamd 45 Kiuea=0,476,
Koxen=0,458; mna apmko-xkene3o Kp,ea=0,317, K.;=0,316; Ycnosus onbiToB n
HEOOXOUMBIE MapaMeTpbl JUIsl pacuera ObLIM CIEAYIOIMMU: JUAMETP CTaJIbHBIX
mapuko 2R;=10" m; macca m=4,09-10° kr; yrox araku a=90°; ckopocTs mapuka
Vo=22,7 m/c; matepuan mnperpajapl — cTajib 45 B HOPMaJIU30BAaHHOM COCTOSIHHUH
(197 HV wm HBI1030 MIla); ympyrue XapakTepUCTHKH KOHTaKTHPYEMBIX
matepuanos E;=E;=2-10° MIIa, u=p10=0,3.

[Tpumenenne COM 1 cceA0BaHUS KaueCTBA IOBEPXHOCTHOTO CJI0S I€TalIN
npu 00paboTke ApOOBI0 MPEAYCMAaTPUBAET 00sI3aTEIbHBIN aHaIu3 OanaHca SHEPIHH.
banaHc 3Heprum cocTaBiieH Ha OCHOBE PACCMOTPEHHMS MpoLiecca COyIapeHus 1apa ¢
IJIOCKOM TOBEPXHOCTHIO TeJa B BHUAE OTICIbHBIX 3aBEPUIEHHBIX 3TAlOB €ro
JBUKEHUS: YIPYroe BHEJIPEHUE, IACTUYECKOE BHEAPEHHUE, OTCKOK OT IMOBEPXHOCTU
Tena.

B rnaBe BbIMosiHEH Temnopu3nueckuil aHanu3 mnpouecca yaapuoro I/
neraneii. [loaydeHoO ypaBHEHHE CBSI3M TEIIOBOWM, MEXAHMYECKOW M BHYTPEHHEU
SHEPrUM JUIS Mpoliecca COyAapeHus apa 1 METaJUIMYECKOM MOBEPXHOCTH:

W, (1-k?)-AU =Q, +Q_ . (15)

B cuny npeanosoxeHus: o HeehopMUpyeMOCTH TBEPAOK YacTUIIbI (ApoOH )
MoxHO 3anucatbh: AU=AU,+AU_,~AU,. Yuer usmeHnenus: BHyrpeHHen snepruun AU
oOsi3atesieH B Bompocax (OpMUPOBaHUS KadecTBa IMOBEPXHOCTHOTO cios. I[lpu
pElIeHUH K€ BONPOCOB TEIUVIOPU3UKH, B YaCTHOCTH, OINpPEACICHUE CpeaHel
KOHTaKTHOW TeMIepaTrypbl mpu yaape, BeauunHo AU B mpakTHUeCKHX pacyeTax
npeHeoOperatot. [lonydyeHo ypaBHeHUE AJi pacyeTa TeMIIepaTypbl JJFOOOW TOUKU
TeJa B 30HE yJapa mapom:

@-b)w, @ -k?) [ R? 1
= exp | — , (16)
A, \/a)u (471't)3/2 L 4a)utJ
e 0(X,y,z,t) — Temmneparypa Touku Tena, "C; b — Ko3(hbUIMEHT, XapaKTepHU3yOLIHTii
JI0JIF0 UTHTEHCUBHOCTH TEIUIOThI, PACHPOCTPAHSIOUIEHCS B IIap; A — KOdDPUIMEHT
terwtonposoroctr, Br/(M°C); ©=M(cp,) — K0IDDHLHEHT TeMIepaTypoIpoBOJ-
HOCTH, MZ/C; Cpy — OOBEMHAsT TEIMIOEMKOCTb, )1)1</(M3-0C); C — YyIenbHas
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0 3.
TEIJIOEMKOCTb, JIx/(kr-"C); Ppw —  IUIOTHOCTb  MaTepHaia, KI/M”;

R = \/(xu -x)"+(y,-y)*+(z,-2)° — PacCTogHME OT HCTOYHUKA TEIUIOTbI MO

paccMaTpUBaEMOM TOYKH ¢ KOOPJIUHATAMH X,Y,Z, M;

Jns pacuera BpeMeHH 1, COOTBETCTBYIONIETO MAaKCHUMAJIBHOW TIIyOWHE
MIPOHUKHOBEHUS MIAPUKa M PABHOW BPEMEHU COMPUKOCHOBEHUS €TO C MOBEPXHOCTHIO
Tena, HEOOXOAMMO pPACCMOTPETh YpaBHEHWE NBIKCHHS Tella B 00pabdaThIBaeMOit
cpene:

d
m . =-2zRo h, (17)
dt
rme M u R — COOTBETCTBEHHO Macca W paauyc IIapHKa; O1 — MPEaei TEKy4eCTH
Martepuala nperpaisl; h — riyorHa BHEIPCHHS IIapUKA.

Pemenne nuddepenunanpHoro ypaBHeHus (17) mpeacrtaBum B BHAE, B

KOTOPOM Macca m IIapUKa BbIpaKeHa Yepe3 ero 00beM U MIOTHOCTD Py

1 6o T
h=oD |2 sin| = 222 t|,MM; t= =D |2 c. (18)
60 D P, 2 60

T T

B  d4erBeproii  rjlaBe  IPEACTABICHBI  PE3YJIbTATBl  TEOPETUKO-
HKCIIEPUMEHTAJIbHBIX  MCCIEAOBAHMN KayecTBa IIOBEPXHOCTHOTO CJIOS 3yObeB
NUIBHBIX TUCKOB U KOJIOCHUKOB IpU JpobeyaapHoil 00paboTKe, a TakKe pe3yIbTaThl
OTJENbHBIX ONbITOB Npu cratuueckoM IIITJ[ u oOpaboTke pe3aHumeM Kak ¢ LEIbIO
COTIOCTABJICHUSI JIaHHBIX IO IapaMeTpaM KadecTBa 00pabOTaHHON MOBEPXHOCTH, TaK
U TnpoBepku pazpaboraHHoil COM ¢dopMupoBaHHs TEXHOJIOTMYECKUX OCTATOYHBIX
HaIpsKCHUM.

OKcnepUMEHTAIbHBIE UCCIEAOBAHMS NpU  ApoOeynapHel o0paboTke 3yObeB
OWIBHOTO JIMCKAa OCYIIECTBISUIM  Ha MPOMBINUIeHHOW ycraHoBke Y/II1-2-3.5 B
ycioBHsIX TalIKeHTCKOro aBHUALIMOHHOTO MPOU3BOJICTBEHHOIO OOBEIUHEHUS WM.
UkanoBa. Jlannas ycraHoBka (puc.6) mpeaHasHaueHa i TMOBEPXHOCTHOTO
YOPOUHEHUSI OTBETCTBEHHBIX JETAJIEM MAIlMH M COCTOUT W3 12 cepuiiHO
BBIITyCKAaEMbIX IpoOeMeTHbIX anmnaparoB 42115, 42125.

JledpopMalinoHHOE yOpOYHEHHE (HAKIIEN) OMpenesuid IyTeM H3MEepeHUs
MHUKpoTBepaoctd H, Ha o0pa3nax — HaKJIOHHBIX MUKPOLUIU(AX, KOTOPBIE MOTydalIH
¢ TOMOWBIO cpe3a obOpasua mox yrmoM 0=504' K HCCIeLyeMOH MOBEPXHOCTH.
Ucnbrtanuss  npoBoaunu  Ha mnpudope [IMT-3  derbipexrpaHHOi — aJMa3HOM
nupamMuod. Mukporsepaocte H, onpenensim 1o pesyabTaTOM HM3MEPEHMS
JUaroHajgeil  OTmedyaTkoB, MoJydeHHbIX Npu Harpyske 0,98 H. Jlepopmanmonnoe
yIIPOYHEHHE OlEHUBAIU TIyOuWHOW Hakiena h,, creneHpto U M MHTEHCHBHOCTHIO
HaKJIena II0 TTyOuHe — rpaguenToM Hakiena U,

OcTaTouHble TaHTE€HUUAIbHBIE HANPSHKEHUS OIpEAeNsid Ha KOJBLEBBIX
obpaznax mo merony akaia. H.H. JlaBujaeHkoBa ¢ MCHOIB30BaHUEM CICIIHMATBHOM
anmnapaTtypbl IJisi CTpaBJIMBaHUSA HAMNPSXKEHHOTO IMOBEPXHOCTHOTO CJosi 00pasloB,
o0ecreynBaroIei HepepbIBHOE TEH30METPUPOBAHHKE.

HccnenoBanue mepoxoBaTOCTH OO0paOOTaHHOI MOBEPXHOCTU MPOBOJIMIM Ha
npodumiomerpe-npodpunorpade momenun 201 3aBoga  “Kamubp” c¢ ¢ukcanmeit
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MHTETPAIbHBIX 3HAuUeHUN mnapamerpa R, MKM — cpeaHero apupMeTH4YecKOro
OTKJIOHEHUS MPOGUIIS U 3aMUChI0 MPOodUIorpaMM Ha 3JIEKTPOIIPOBOIHON Oymare.

[Tonydyena ¢opMyna st MakCUMalbHOM CUJIBI yaapa P, BbIpakeHHON uepe3
HaYaJIbHYIO0 KHHETHYECKY10 3Hepruto Wy yaapsioierocs mapmka:

P=.2zW Do, , H (19)

Hcnonwsys cootHomenue (19) B kauectBe AedopMuUpyromieil cuiabl u3BeCTHAs
dbopmyna C.I'. Xeiiderna npeodbpaszyercs K BUAY

h, =4zW_ -D /(25,) , MM (20)

L
% hu, mm : ST
/ 10 i [
o
08 S LTI
1 7
06 . N
&
04 ——1—— -
02 v Z — |
l
0 05 11,0 15 20 25  D,mm
| ! ) 1 — sKcniepuMeHTaNbHBIE JaHHbIE;
~ @ s 2 — pacyeTHbIE JaHHBIE.
&2 . Puc.7. 3aBucumMocTh riryOnHbI
ne(OpMALIHOHHOT0 YIIPOYHEHMS
1 - 6ynxkep sneBaropa; 2 — OyHKep (nakuena) hy, ot amamerpa D
HUTATEIBHOIO YCTPOMCTBA; 3 — OyHKep CTAJIBHBIX LIAPHKOB PH
cenapartopa; 4, 7 — apoccenu; 5 — poTop ¢ ApodecTpyiiHOI 00padoTKe THTAHOBBIX
JIpOOEMETHBIM KOJIECOM; 6 — HHKHUI cm1aBoB (6, = 780 — 1075 MIIa)

cOopuuk 3eBaTopa; 8§ — OyHkep; 9 —
oOpabateiBaemast netanb; 10 — Bam; 11 —

KIMHOPEMeHHaA epenaua; 12 — YcranoBneHo, yTO TMyOWHA HaKiIena

3JIEKTPOJIBUTaTENb; 13 — pabouast kamepa; hy, paccumrannas no Qopmyne (20), c
CIUIONIHBIE CTPENKH — JAPOOb; INTPUXOBBIE —  JOCTATOYHOM JJIi MPAKTUKUA TOYHOCTBIO
BO3IYX COBIIQJIAET C OMNBITHBIMU JAHHBIMH H

Puc.6. llpununnuanbuas cxema pacXOoXJIEHUE COCTaBIIET B IMpeaenax

ApO0eMEeTHOr0 anmnapara nNpoMbIILICHHON 8,5...14,3 % (puc.7.)

ycranoBku Y/II-2-3.5
P€3yJ'IBTaTBI OKCIICPUMCHTAJIBHOI'O

MCCIICIOBAHUSI MHUKPOTBEPJOCTH MOBEPXHOCTHOIO CJiosi oOpasnoB u3 crtamu Y8I
MOKa3aJid, YTO INIyOMHA M CTENEeHb Hakjerna BO3pacTaloT C YBEJIMYEHUEM BpPEMEHU
o0pabotkn ApoOsto orT t=1 no 4 wmuH: creneHb U u riayOMHa yHnpoyHEHUS
COOTBETCTBEHHO Bo3pactatoT Ha 9,8 % u 0,06 MM IpM HUCXOAHOM MHUKPOTBEPAOCTH
nosepxHoctHoro cios H,=3560 MI]a.

MaxkcumanbHast crenenb ynpounenuss U=33,4 % nocturaercs npu t=4 mun
(v=30 wm/c, D=0,6 mm). DrToT pexuMm oOecCreyrBaeT MPEACIbHYIO TOJIIMHY
ynpounernoro cios h,=0,23 mm. O0paboTka aApoObI0 B TeueHue =6 mMuH u Goiee
Helesnecoo0pasHa, Tak Kak MPU 3TOM MHUKPOTBEPAOCTh Ha MOBEPXHOCTH OOpa3lioB
CHMKAETCSl 1 MAKCUMYM TBEPOCTH CMEIACTCS B MMOIMOBEPXHOCTHBIN ¢i10#t (puc.8.).

C yBenuueHueM cKoOpocTd mojieta npodu or 8 o 30 m/c mpu t=4 MUH CTENEHb
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Hakiena yBenuuuBaeTcss oT 14 no 28 %. JlanpHelimee yBeIMYEHHE CKOPOCTH H
BpeMeHU 00pabOTKM MPHUBOAMT K CHIKEHHIO AC(POPMALMOHHOTO YNPOYHEHUS B
CBSI3U C IIEPEHAKIICTIOM.

H,:107%, MTa h,, 1717 PR

% : ‘ ‘ 2.-;
4,4,.,,%:5:\\?/ . 25 — |

7 7
4,0

1
= = _a.x_/x.

,
|

V1

T

4
0.15,__./ —_—

: (i) IS [ ! S —
32 '
0 0,04 0,08 0,12 0,16 0,20  hy, vm ;
0,05 b—no>L : [ ]
1—-t=1 mun; 2 — t= 2 muH; 3 — t=3 MuH; 02 04 06 0.8 1.0 D mm
4 —t=4 mun; 5 — =6 Mur; 6 — Hy B cxozHoM 1 —v=30 m/c; 2 — =30 M/c (TeopeTHUecKue
COCTOSIHUM

naHHbe); 3 — V=16 M/c; 4 — V=8 m/c
Puc.9. 3aBucumoctsb riryoMHbI HakJiena h,
oT quaMetpa apodou D npu gpodemeTHOI
o0padoTke

Puc.8. Pacnpenenenne Mmukporsepaoctu Hy, o
rJ1youHe nmoBepxHocTHOro cjiosi h, craau Y8I' B
3aBHCHMOCTH OT BpeMeHU 00padoTKu ApodbI0

VYBenuuenne nuamerpa Apoou D u ckopocTu ee nojera Vo npu 00padoTke
3yObeB JUKMHHBIX MHWJI MPUBOJIAT K POCTY IIyOMHBI Hakiena N, ¥ MHTEHCUBHOCTH
nedopmanvii  BCIEACTBUE YBEIUYCHUS KHUHETUYECKOM DSHEPruM  Jpodu U
MHTEHCU(UKAIIMU TIpollecca TUIACTUYECKOU AedopMaliuu MOBEPXHOCTHOTO  CJOS
ynpouHsieMor netanu (puc.9).

Ha ocHoBe sHepreTuueckoi TeOpuu pa3pyiieHus MOBEPXHOCTH TBEPABIX TET U
TUINOTE3bl TMOAOOMS  MPOIIECCOB MEXaHUYECKOTO pas3pylIeHHs | IUIABJICHUSA
BBINIOJIHEH PACUYET ONTUMAJIBHOTO 4YHucia yaapoB (5 wunu 6) crajmbHBIX JApoOei
auamMeTpoM | MM mpu qpoOeyIapHOM YITPOUYHEHUH YYTYHHBIX KOJIOCHHUKOB.

Kak mokazamu wuccnemnoBanus, mnpu ynpouHenun apoosto D=0,4 wmm
YTIEPOIUCTON WHCTpyMeHTambHON cTamun Y8 mpu v=30 wm/c, t=3 — 4 wmuH
MPOUCXOAUT CHIDKEHHE MapaMeTpoB IIEPOXOBATOCTH: CPEIHEro apru(pMETHUYECKOTO
oTkioHeHus npoduist R, ¢ 2,4 no 1,8 MkmM, BEICOTHI HepoBHOCTEH R, ¢ 5,5 10 4MKM.
Cnenyer OTMETUTh, 4TO ApoOeynapHas oOpaboTKa MOJMPOBAHHBIX 00pa3lOB MpuU
TEX K€ peuMax MPUBOJUT K BO3pACTaHUIO IepoxoBatocTu: R, ot 0,2...0,3MKkM 10
R.=0,8...1,2 mmM. I1IlepoxoBaTocTh TEM BBIIIIE, TEM OOJIBIIIE CKOPOCTH IOJIETa JPOOH.
Takum o6pazom, crierupuKol ympouHsOme o0paboTKku neTajieil MaliuH yaapaMu
ApoOu SABISETCS TO, YTO B 3aBUCUMOCTH OT UCXOJHOTO T€OMETPUUYECKOTO COCTOSHUS
YOPOYHSIEMON TMOBEPXHOCTH, AMAMETPA, CKOPOCTH IMOJIeTa APOOU IIEePOXOBATOCTh
MMOBEPXHOCTU MOXKET BO3PACTATh WM YMEHBIIIATHCS.

B  nmamHOW  rmaBe, aHaANM3HWpPYS  KUHETUKY  YIPYTO-IIACTHYCCKOTO
neOpMUPOBaHUS TOBEPXHOCTHOTO CJIOS METajula B MPOIECCe BHEIAPEHHUS B HETO
cheprueckoro  WHACHTOPA,  pacKpbiTa  3aKOHOMEPHOCTh  (OPMHUPOBAHUS
[IEPOXOBATOCTH W AHAIMTHUYECKH OMNpEIeJeH €€ BBICOTHBIM mapameTrp R,
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Teopernyeckoe oOmpeaeleHHEe BBICOTBI HEPOBHOCTH R, ocymecTBiasinu B
COOTBETCTBHUHM C pa3pabOTaHHON METOAUKON 10 GopmyJie:

3k ‘w
R, =v,D_ | 2= °

z 0 - 2

6o,
27D 2[0.5 v, p"'] o,

(21)

60

.

PacueTHpie 3HaueHus mapameTpa R, oTiMuaioTCs OT SKNEPUMEHTAIBHBIX B
npeaenax 5,8...10,5%, uro moaTBepkAacT MPHEMIIEMOCThH ISl MCIOJIB30BaHHMS Ha
PaKTUKE TAHHYIO0 METOAUKY pacuera.

OCHOBBIBasICb Ha CTPYKTYPHO-DHEPreTHYECKONM Mojenu (GopMHUpPOBaAHUSA

KauyecTBa MOBEPXHOCTHOTO CJIOsI, pa3padOTaH aJrOpPUTM pacyeTa TEXHOJIOTMYECKUX
OCTATOYHBIX HAMPSDKEHUN, (OPMUPYEMBIX MPHU ApoOCyTapHOM yIIPOYHCHUH JEeTaICH
MamuH: 1. Pacder paamyca miuactudeckoro ormnedatka. 2. OnpeneneHue CTaTHIeCKOM
cunel P, cooTBeTcTByromed paadyCcy IIIaCTUYECKOro otneyarka. 3. Pacuer
HOPMAJIBHOTO JIABJICHUS Py U MHTEHCUBHOCTH HANIPSDKCHUH G; 10 opMyTIe.
4. Ompenenenne kod(hUIIMEHTa BOCCTAHOBIEHUS CKOpPOCTH. 5. PacdeTr sHeprum
yaapa TBEpJIoN cpeprudecKoi 4YacTUIlbl C y4eToM Kod(dulMeHTa BOCCTAaHOBJICHUS
ckopoctu. 6. Omnpepenenue ckpbiToit sHeprun nedopmaiuu Us, paBHOM H3MEHEHUIO
BHyTpeHHe# sHepruu AU moBepxHOCTHOTO cios. 7. OmnpeneneHne UHTEHCUBHOCTH
OCTATOYHBIX HAIPSHKCHUI.

Jlns pacdera  MHTEHCHUBHOCTH  OCTATOYHBIX  HAINPSOKEHUH  PEXKUM
IpoOeyIapHOTO YIPOYHEHUSI BBIOpaH C YYETOM pE3yJIbTaTOB paHEE MPOBEIICHHBIX
HKCIIEPUMEHTAJILHBIX HCCIEAOBAHUM, MPEACTABICHHBIX B BHUAE HOMOTPAMMBI, U
yIOOHOM JIJIst MPAKTUYECKOTO UCIIONIb30BaHUs. Tak, peXKUM U YCIOBUS JpOoOey1apHOi
00pabOTKH COOTBETCTBOBAJIM: TBEPIOCTh oOpabaTeiBaeMoro Marepuaia HVE80...560;
muamerp mpodu D = 0,5...3 mm; pacxox apobu ¢ = (0,75...12)-10° xr/(cm*c);
ckopocTh podu V = 30...80 m/c.

MHTEHCUBHOCTh OCTAaTOYHBIX HAIMPSHKEHUN Ha TIIYOMHE TIOBEPXHOCTHOTO CIIOS
Z, pacCUMTaHHAS 110 JAHHOMY aJTOPUTMY, COOTBETCTBYET 3HAUCHHSIM:

Gioer = 1094 H/MM?, Z=0,05 MM,  Gjoer = 1082 H/mm?, 2=10,1 Mm;
Gioer = 933 H/MM’, 2=0,2 Mm.

Teopernueckne 3HAYCHWS WHTEHCUBHOCTH  OCTATOYHBIX  HAIPSOIKECHUIN
OTJIMYAIOTCA OT JKCIEPUMEHTaNIbHBIX He Oosiee, yeM Ha 2...10%, 4yTO mMO3BOJISET
YBEPEHHO WX HCMOJB30BaTh B MPOTHO3HOW OIIEHKE JOJTOBEYHOCTH U yCTATIOCTHOM
MPOYHOCTH THJIBHBIX JUCKOB XJIONMKOMEPEpaOaThIBAIOIIMX MAIUH C YYETOM
AKCIUTyaTaIllMOHHBIX HArPY30K.

IIaTas riaBa auccepTallMOHHONW pabOThI TOCBSIIEHA pa3paboTke MeTona
MPOTHO3WPOBAHUSI yCTAJIOCTHOM TMPOYHOCTH W JOJTOBEYHOCTH JCTaJield MalluH
MEePBUYHOM O0OpabOTKM XJIOMKA C yYeTaM TEXHOJIOTHYECKUX  OCTAaTOYHBIX
HAaNpsDKEHWM B TOBEPXHOCTHOM  clioe  u3Aenud. lIpuBeneHbl  pe3ynbTarhl
MIPOM3BOJCTBEHHBIX HCIBITAHUH W DKOHOMHYECKas OIleHKa 3(PQPeKTUBHOCTH
BHEJIPEHUS YIIPOYHSIONIEH 00paOO0TKM MIJIBHBIX IUCKOB.
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Pazpaboran anroputm pacueTra Ha MHOTOIMKJIOBYIO YCTaJOCTh C YYETOM
TEXHOJIOTMUECKMX OCTAaTOYHBIX HANpsDKEHW Ha OCHOBE aHalv3a W3BECTHBIX
3aBUCUMOCTEH MEXIy MapamMeTpamMH IHMKJIa HanpsokeHwin (o, ©p), Mpenena

Vs BBIHOCJIMBOCTH G.; M Tpeaena MPOYHOCTH Gy
3 . T - 7 (muams IN'yamana, nmapa6onsl buprepa, I'epOepa,
/ .
5 s , ; /1/ | Mbpuna). Hanpumep, 1uia napabosst buprepa
LA .'_- / o 2 o
2 , ST . <+ =1. (22)
- a o, o,
1SE L e -
I FRETEREET AMILIUTYIHOE 3HAYCHHE HANPSDKCHMS IMKIIA
1= ' 1 ! .
03 ” o6 3 Oa IPH CHMMETPUYHOM LIMKJIE HAINPHKEHUH

1-m=2;2-m=3:3-m=4:4-m=5 .= 0 COOTBCTCTBYCT BBIPAKCHUIO

Puc.10. 3aBucumocthb

OTHOCHTEJIbHOI 10ITOBEYHOCTH Yy o, =0 1-——. (23)
0T KO3(P(PHIHEHTA 0CTATOYHBIX T
HANpPSKeHUii R npu pasamaHbIX B mpomeccax oTaenodHO-ynpouHsIOmeH

3HaYeHUsIX M it Mojean buprepa  00pabOTKU M pe3aHUs] B MOBEPXHOCTHOM CJIO€
JeTajiell BO3HUKAaeT 00BbEMHOE OCTaTOUYHOE T10J1€
HaIpsOKEHUH, HO BBHJly HUX HEOOJbIION TIyOMHBI 3ajJeraHusi MPUHATO
paccMaTpuBaTh IUIOCKOE OCTAaTOYHOE HAIPSDKEHHOE COCTOSHHE, CO34aBaeMOE
TaHTCHIMAIBHBIMU ¥ OCEBBIMH HANPsLKEHUSMH. Kak CIeayroT u3 TeoOpun yrpyrocTy,
HaIIPSKEHHOE COCTOSTHUE XapaKTEPU3YIOTCS HHTEHCUBHOCTBIO HANIPSKEHUN Gj, IS
OCTaTOYHOI'0 HAIIPSIKEHHOI'O COCTOSIHUS — COOTBETCTBEHHO Gj ocr-
ITomydeHo BbIpa)keHHME, CBA3BIBAIONICE YHMCIO LUKIOB A0 paspymenus N, ¢
MHTEHCUBHOCTBIO OCTATOYHBIX HAIPSIKEHUU Gj o, KOTOPOE IJISI CUMMETPUYHOTO
LMKJIa IPUHUMAET YIIPOILECHHBIN BUJ

Np:No[l—M] 2, (24)

rae N, — 91clio IMKIIOB, COOTBETCTBYIOIIEE TOUKE MEpesioMa KPUBOU yCTAIOCTH; o

— aMIUIMTyJa HampspDKEeHUsl [UKJa (Tpeaesl BBIHOCIMBOCTU C YUYE€TOM OCTaTOYHBIX
Hanpspkenui); M=C/K_— ko3pduIeHT, XapakTepu3ymIlluid HAKJIOH JIEBOTO

YYacCTKH KpHBOHM ycTanocTu (st yriepoauctbix craieid C=12...20, nernpoBaHHbIX
C=20...35); Ks=0./6.;=4...6 — K03pIULIHUEHT, YUYUTHIBAIOIICH BIHUSHHE BCEX
(aKTOpPOB HA COMPOTUBJIEHUE YCTAJIOCTU; C.j; — MpPeaes BRIHOCIUBOCTH JeTraneil. C
Y4ETOM MPUBEJCHHBIX JaHHBIX MJIA W3ACIUA W3 YIJIEPOJUCTHIX cTajiei (MUJIbHbIE
auckn) m=C/K,=2...5, u3 nerupoBanubix crameid m=3,33...8,75.

Boipaxxenus Bua (24), noiayyeHHbIe 17151 pa3iIuvHbIX 3aBUCUMOCTEN (Moiernei)
JAl0T  KOJMYECTBEHHYI0 W KAayeCTBEHHYIO OLIEHKY B3aMMOCBSI3M BBEJICHHBIX
KO3(Q(GUIIMEHTOB  OCTAaTOYHBIX  HANpsOKEHUM  R=Gj,.;//6, ¥  OTHOCUTEIBLHOMU
JTOJITOBEYHOCTH Pn=N,/No.

B rnaBe npuBeneHbl pe3yiabTaThl NPOU3BOJICTBEHHBIX MCHBITAHUN JAXKUHHBIX
MU C YIOPOYHEHHBIMU 3yObSIMH, TPOBEICHHBIX B JDKHHHO-TUHTEPHOM  I€XE
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bykunnckoro XJIOIIKOOYHUCTUTEIILHOTO 3aBoOJia TamkeHTCKON oOJracTy.
[Ipou3BOACTBEHHBIE MCHBITAHUS MMOKA3aJM, YTO JKUHHBIE MUJIbI, YIPOYHEHHBIE HA
npoMbIIIJIeHHbIH ycTaHoBke Y I1-2-3.5, (pexkuM o0OpabOTKH: CKOPOCTh JIpoOH
v= 30 m/c; nuametrp npoou D=0,6 mm; BpeMs oOpaboTku t=4 muH; pacxon ApoOu
=250 xr/MuH) MoKa3ajiu yBEIWYCHUE UX JOJITOBEUHOCTH MUHMMYM B 1,7...2,0 pa3a
u Oosee MO CpaBHEHUIO C 3aBOJCKUMM MUJIAMHU MpU TNEepepadoTKe XJIOMKa-ChIpiia
pyuHoro cb6opa copra 5/3 cenexkuuu C-6524 Bnaxuoctu 13,1 %. VYposens
C)KUMAIONIUX ~ OCTAaTOYHBIX HANPSDKCHUH B TOBEPXHOCTHOM CJIO€ 3YObEB TIHII,
uMermux mnpeaen npouynoctd ¢,=1000 MIIa, coctaBun npu 3TOM Gj o,=200...600
MIla. Kak crnemyer u3 puc.10., pe3ynbTaThl 3KCHEPUMEHTAIBHBIX HCCIICIOBAHHUMA
JIOJITOBEYHOCTH YIPOYHEHHBIX KUHHBIX MU B YCIOBHUSX XJIOMKOOYHUCTHUTEIHHOTO
3aBOJIa XOPOIIIO COTJIACYIOTCSI ¢ 3aBUCUMOCTHI0 buprepa (24) mns m=2. IomydeHa
JUHEHHAs 3aBUCUMOCTH OTHOCUTEIHPHON JTOJTOBEYHOCTH '

w, =275R+0558 , (25)
MO3BOJISONIAS TTPOTHO3UPOBATH JIOJITOBEYHOCTh YMPOYHEHHBIX MUIBHBIX JUCKOB B
3aBUCUMOCTH OT YPOBHS CKHUMAIOIIMX OCTATOYHBIX HANPsDKCHUH U Tpejera
MIPOYHOCTH MaTepHaa.

CpaBHHTENBHBI aHAIW3 COCTOSHUS THJIBHBIX JUCKOB IIOKa3ad, dYTo
yOpoyHeHHble 3yObs (puc.ll, a) mnpakTHYeCKHM COXpaHWIM CBOWO (opMy H
TCOMETPUYECKHUE TTapaMEeTPhl, a TaKKe JOCTATOYHYIO OCTPOTY BEPIIMHBI 3y0a Jaxe
IIpU BpPEMEHM dKcruryaTanuu T=672 daca. HeynmpouHeHHbIe 3yObsl JUKWUHHBIX ITHII,
npopaboraBmmx T=168 uacoB (puc.ll, 6, B) MOABEpPriIuUCh KaTacTPOPUUECKOMY
M3HOCY 10 3agHedl moBepxHocTH A0 3Hadenmit Al=1,3...15 MM B Buae
OpsAMOJIMHEWHON  riomaaku. OJHOBPEMEHHO €O  3HAYUTEIbHBIM  H3HOCOM
NPOUCXOIUT YMEHBIICHHWE BBICOTHI 3y0a h ¥ cokpallieHHe TEXHOJIOTHYECKOTO
MPOCTPAHCTBA MEX]y COCEIHHMH 3YObSIMHU, YTO B COBOKYITHOCTH C TOTEPSIHHOU
OCTPOTOM BEPUIMHBI 3y0a YMEHBIIIAET MPOU3BOIUTEIHHOCTD YKUHUPOBAHMUS.

a) 0) B)
Puc. 11. [ixunHas nuiia ¢ ynpoYHeHHbIMH 3y0ObsIMH (2) U HEYNIPOYHEHHBIMHU 3yObsIMH
(0 — ¢ MOTOMAaHHBIMH U IVIACTHYECKH 1e(OPMHPOBAHHBIMHU 3y0ObIMH, B — C H3HOLLICHHBIMH
3y0bsiMu).

Heo0xoaumMo OTMETHTh, YTO MUJIBHBIC IHUCKH, 3yObs KOTOPBIX ITOJIBEPTHYTHI
IpoOeMeTHOM 00paboTKe, COXPaHSIOT KAYECTBEHHBIC ITOKA3aTEIM BOJIOKHA U CEMSIH.
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Tadoauna.
KauecTBeHHBIE MOKA3aTEJH BOJOKHA U CeMAH

No S J>xuHupoBaHue ¢ J>xuHupoBaHue ¢

W HoxasaTean. % YIPOUYHEHHBIMHU 3aBOJICKMMM ITHILHBEIMHU
’ 3yOBSIMU TTHJT JIHUCKaMU

1 BiaxxHOCTE XJ10IIKA 13,1 13,1

2 BaxxaocTh BOJIOKHA 6,46 6,46

3 BrIxon BosiokHa 26,38 26,12

4 OnyueHHOCTh CEMSH 12,45 12,7

5 IToBpeXIEHHOCTh CEMSIH 7,33 7,73

CyMMapHBIi TOJI0BOM SKOHOMHYECKUM A(h(PEKT OT BHEAPEHUS IPOOLYaapHOTO
YIOPOUYHCHHSI 3YObEB MHIBHBIX JTHUCKOB Ha ABYX XJIOMKOOYHCTUTEIBHBIX 3aBOJIaX
TamkeHTckoro u AnamkaHckoro obyacrei coctaBui 80992 ThiC. CyMOB.

3AKJIIOYEHUE

1. Pazpabotana CTpyKTypHO-?HEpreTuueckas MojAeib (HOPMUPOBAHUS U
QITOPUTM  pacyeTa TEXHOJOTMYECKUX  OCTATOYHBIX  HANpPSKEHUH Gy B
MTOBEPXHOCTHOM CJIO€ JeTajiell paboyux OpraHOB MallUH IMOCJIE MEXaHUYECKOU
00paboTKH.

2. YcraHoBI€Ha B3aMMOCBA3b TEXHOJIOTMYECKUX OCTATOYHBIX HANPSHKEHHUM
Gocr C YPOBHEM 3amaceHHOH (CKpbiToil) aHeprun Us aedopmaiuii, KOTOPYI0 MOMXHO
OTIpPEAEIUTh MO OJTHOMY U3 TPEX pa3padOTaHHBIX METOJOB: Ha 0a3e MEepBOro 3aKOHa
TEPMOJIMHAMMKH; Ha OCHOBE JIHCIOKALMOHHBIX ITPEACTABICHUA U COOTBETCTBYIOLIUX
HHEPreTUYECKUX  COOTHOLIEHWM  (Teopuu  AMCIOKaLuil); €  MOMOIIBIO
CXEMAaTU3UPOBAHHBIX JuarpamMMm negopmupoBanus o;=f(€j)) KOHCTPYKIIMOHHBIX
MaTepHuaioB.

3. AHQINTUYECKA  OMNPENEICH BAXXHEWIIWKA mapamMerp KOHTAKTHOIO
B3aUMOJICUCTBUSL TpPHU yAape TBEPAbIX Tel — KOAP(UIMEHT BOCCTAHOBIICHHUS
cKopocTH K mipu ynape Ha 0a3e cxemaTH3allii KOHTaKTa IpoOu ¢ o0pabdaThIiBacMbIM
MaTepuaioM: OJIHOAKTHOE COYAAPEHHUE KECTKOU c(hepruuecKoil TBepAO YaCTULIBI CO
CPEOHENM CKOPOCTBIO TMOTOKA Vp MNOX MpsAMbIM yriaoM o=90° ¢ ympyrum
MOJIYNPOCTPAHCTBOM  (IepopMUpYEMBIM  TEJIOM, CUUTas €ro OJHOPOAHBIM H
M30TPOIHBIM).

4. Ha 6a3e cTpykTypHO-3HEPreTHUeCKONH MOJIEIH MOJTYYeHbl COOTHOLLEHUS,
MO3BOJIAIOIIME  ONpEACNIUTh yIEAbHYI0 3amaceHHyro osHepruto Ug, paBHYIO
M3MEHEHHUI0 BHYTpeHHel sHeprur AU MOBEpXHOCTHOTO CIIOS, U OIpeneIsieMyto IO
OJTHOMY U3 TPEX pa3padOTaHHBIX METOJOB: TEPMOJNHAMUYECKHH, TUCIOKALMOHHBIN
¥ METOJI JUarpaMmbl AeOpMHUPOBaHUS 00padaTHIBAEMOTO MaTepHuaa.

S. B paboTe mosyuyeHbl OCHOBHBIE COOTHOILUEHUS ISl CKPBITOM SHEPruu
nedopmannu Ug Ha 6a3ze TepMOAMHAMUYECKOTO aHaIM3a dHEPreTHYECKOro OanaHca
npu  AehOpMHUPOBAHUU  CPE3a€MOro  CJIOS  JIE3BUUHBIM ~ MHCTPYMEHTOM U
cratnueckumMu Merogamu IIITJ] (oOkaTka miapukam W ajlMa3HOE BBITJIAKUBAHUE).
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Pa3paboTansl MeTOMBI pacyeTa CKPHITOW sHEpru: AeHOPMHUPOBAHUS TIPH PE3aHUU
MaTEepPUAIOB C Pa3JIMYHBIMH (U3UKO-MEXAHMUYECKUMU CBOMCTBAMM M Ha OCHOBE
CXeMaTU3UPOBAHHBIX AUArpaMM J1edhOpMUPOBAHUS KOHCTPYKIIMOHHBIX MaTepPUAIOB.

6. Pa3pabotan anropuTM pacyeta  TEXHOJOTMYECKHX  OCTATOYHBIX
HanpsDKEHUM 10  CTPYKTYpPHO-PHEPreTUYECKOW MOJeNu Mpu  ApOoOEeMETHOM
YIPOYHEHUU JeTanei MaluH. TeopeTuueckue 3HaUCHUsS OCTAaTOYHBIX HAIpPsHKEHUH,
paccunTanHbix 1o COM Ha 0a3e mMepBOro 3aKOHA  TEPMOJUHAMHUKHU
(Gj 0er=1095 H/MMZ) Y TEOPUU JUCTOKAIUN (Gjoe;=1061 H/MMZ) HAXOJSITCSL B XOPOIIIEH
CONOCTaBUMOCTH c JTAHHBIMU AKCHEPUMEHTAIILHBIX HCCIIeIOBAHUI
(Cioer=1080 H/MMZ), T.K. OTJINYUE NPUBEACHHBIX JAHHBIX COCTABIISET COOTBETCTBEHHO
1,4 u -1,7 %, TO 3TO SBIIETCS HAACKHBIM OOOCHOBAHHMEM ISl HCIIOJIb30BaHUS
TEOPETUYECKUX 3HAYEHUM OCTATOYHBIX HANPSHKEHUW B IPOTHO3HOM  OLICHKE
JOJTOBEYHOCTH U YCTAJIOCTHOM MPOYHOCTHU JIETAIICH MAIIIVH.

7. BnepBoie 000CHOBaHO, 4YTO [IJIi OCTATOYHOIO TIOJI HANPSHKCHHM
BBITIOJIHSETCS] TIEPBBII MHBAPUAHT TEH30pa HANPSHKCHUH, SBISIIOIIUNACS JIMHEHHBIM,
T.€. pacroJiarasg 3Ha4Y€HUAMH OCEBBIX Oy ocr U TAHTECHIMAIBHBIX Oy ocr OCTATOYHBIX
HaIPSHKEHUI U X UHTEHCUBHOCTBIO Gj o¢r, MOKHO PACCUUTATH TJIABHBIE OCTATOYHBIE
HaMPSKEHUS G oor U O oor. OTH  HAIPSDHKEHUS WCIOJB3YIOTCA IMPU pacuere Ha
MIPOYHOCTh B YCIIOBUSIX CTATUYECKOTO U LIMKJINYECKOTO HATPYKEHUSX.

8. BoeimonHeHa  onEHKa  BIMSHUS —~ TEXHOJOTMYECKUMX  OCTATOYHBIX
HalpsOKEHUH HAa MOPOYHOCTh  (HECYIIYI0 CIIOCOOHOCTb) KOHCTPYKLUH NpH
MHOTOITUKJIOBOM HArpy>K€HUU U pa3pabOoTaH aJifOPUTM pacueTa Ha MHOTOIIMKIIOBYIO
YCTaJIOCTh U PeCypC padOThl MUJIBHBIX JAUCKOB XJIOMKOINEpEepadaThIBAIOIINX MAIIUH.
Pacder ycTanocTHOM MPOYHOCTU MTPOU3BEACH C TTOMOIIBIO TEOPETUUECKOTO PEIICHHUS
3a7au OPMUPOBAHUS TEXHOJOTHMUECKUX OCTATOUYHBIX HAMPSDKEHUM MPU MIIOCKOM
HaIMpsH>KEHHOM COCTOSIHUU.

Q. N3 ypaBHeHus nBUkKeHUs aOCOMIOTHO >KECTKOM cdephl (IIapuka) B
oOpabaTpiBaemMoii cpesie (MOJyOECKOHEYHOE TBEpPJO€ TENO0) MPH JOMYIICHHH O
IIOCTOSIHCTBE CPEJIHETO JaBJICHUS CONPOTHUBJIEHUS BHEAPECHHID WM CPEIHErO
JaBJICHUS TeueHus (Mpejesa TeKy4eCTH ;) MolydeHa (popmyia st TEOPETHIECKOTOo
ompeneneHuss rnyOuHbl Hakiaenma h,. J[OCTOBEpHOCTH pacueTHBIX 3HAYCHHM
h, TMOATBep)KIeHA TAK)KE SKCIIEPUMEHTAIbHBIMU JaHHBIMU JPYTUX HCCIIEI0BATENCH.
[Tosy4yeHbl OCHOBHBIE 3aKOHOMEPHOCTH BIUSHHUSA TAapaMeTpoB JApOOEMETHOU
00pabOTKM 3yOb€B MWIBHBIX JUCKOB Ha IIIYOMHY M CTENEHb Je()OpMAalMOHHOIO
ynpouneHusi. OmnpeseneHbl ONTUMaIbHbIE PEXKUMBI 00pabOTKU: CKOPOCThH APOOH
v=30M/c; nuametrp apodu d=0,6 mMm; BpeMs 00pabOTKH t=4 MHH. DTOT pPEXKHUM
obecnieunBaeT mIyomHy Hakierna h, mo 0,23 MM ¢ MakCHMaJbHOH MOBEPXHOCTHOM
MukpoTBeprocteio H,=4560 MIla n crenensto Haxiena U=33,4 %.

10. TlomyyeHO yAOBJIETBOPUTEIHHOE MJIA MPAKTUYECKOTO HCIIOIh30BaHUS
coBrajnenne (8...12%) osKcnepUMEHTaIbHBIX B YCJIOBUAX MPOU3BOACTBA U
TEOPETUYECKUX 3HAUYEHUN JIOJTOBEYHOCTH MWIBHBIX JIUCKOB C YIPOYHEHHBIMU
3yObsiMu. [Ipon3BOJCTBEHHBIE MCTIBITAHUS TTOATBEPIUIN BBICOKYIO 3(P(HEKTHBHOCTH
JOKUHHBIX TIWAJI C YIPOYHEHHBIMH JpoOeyaapHoi 00paboTkoi 3yOobsiMu. McmbiTanus
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MPOBEJCHBI MPHU TMepepaboTKe XJIOMKa-ChIplia pydyHoro cOopa coprta 5/3 cenekuuu
C-6524 Bnaxnoctu 13,1%. YBenuueHue M0OATOBEYHOCTH (0 NIBYX M Oosee pas)
NUIBHBIX JIUCKOB CBSI3aHO C TOBBIIIEHHON MOBEPXHOCTHOM MHKPOTBEPIOCTHIO U
COXpaHEHUEM BSI3KOU CepIeBUHBI 3yObeB. Kak CBUAETENBCTBYIOT 3KCHEPUMEHTHI,
npoOeyaapHas 00pa0OTKa MPAKTUYECKH MCKIIOYAeT OIepaIfio 00paboTKH
NUWIBHOTO IWJIMHIpa B TIECOYHOM BaHHE, T.K. MOJ JEWCTBHEM IIOTOKa ApoOH
CIJIQXKMBAIOTCS 3ayCEHIIBl M 00pa3yloTcsl MEpPeXOIHbIE€ MOBEPXHOCTH C PaTUycoM
0,2...0,3 MM MeXIy TpaHsiMU 3yObeB.

VYCTaHOBICHO, YTO JDKUHUPOBAHWE XJIOTKA-CHIpIIA MUIBHBIMH JHUCKAMHU C
VOPOYHEHHBIMH 3YObSMH XOPOIIO COXPAHSET KadyeCTBO BOJOKHA M XJIOIKOBBIX
CeMsH. DKOHOMUYECKU A(G(HEKT OT BHEAPEHUS B MPOW3BOJCTBO JUKUHHBIX IMHJ Ha
JBYX XJIOMKOOUYMCTUTENIBHBIX 3aBOJAaX TaIIKEHTCKOTO W AHIMKAHCKOTO 00JacTeil
coctaBui 80 992.3 ThIC. CyM.
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ANNOTATION OF DOCTOR DISSERTATION

Actuality and demand of the subject of dissertation. The modern
mechanical engineering plays the leading part in scientific and technical progress and
Is base for successful development of all industries and agriculture. In our republic
the President of the Republic Uzbekistan Islam Karimov noted that still in machine
building by the most important direction in branch specialization must be the
development of agricultural machine building, based on producting of the machines
and mechanism for cotton complex of the republic: «... Cotton for Uzbekistan is
political and economic power, guaranteeing independence of the republicy.

The primary goal of cotton-cleaning industries is maintenance of
competitiveness of producting at global level in modern conditions of market
economy industry by resolution of the Cabinet of Ministers of third of april 2007 year
Ne70 «On the program of modernization and reconstruction of ginneries in the period
2007-2011». The major component in the decision of the given problem belongs to
the process equipment - to machines of primary cotton-ginning (cleaners of large
rubbish, gins, linters, fibre cleaners) which working capacity is substantially defined
by durability of the mass itself and main details of their working body - saw disk, and
also grid-irons.

Therefore loss by a detail of the service purpose and its destruction in most
cases begins in a superficial layer, for example, occurrence and development of
fatigue cracks, deterioration, corrosion, etc.

The teeth of sawing disks while in service test variable pressure at significant
number of cycles stressing, for example, at frequency of rotation of sawing cylinder
n=730 already in current of 48 hours the quantity of cycles makes rev/min more than
2,1-10°. Such conditions of stressing the teeth at contact to a variable on weight and
density of raw platen promotes development of fatigue cracks in them, the plastic
shift and contortion, and presence in a cotton-raw of firm inclusions (a granite,
corundum, limestone) causes abrasive deterioration. The grid-irons making the same
lattice in gins and linters should have high wear resistance too.

According to the technical rules time of operation and the subsequent full
replacement saw disks on the worker to a shaft makes depending on a grade of a
processed cotton-raw of 72 — 96 hours for ginning saws, 48 hours - for linter saws. In
view of that restoration saw disks is carried out crossing (ginning saws - 2, linting
saws - 5 times) them for the new size, and also their quantity, for example, in gins
from 90 up to 130 depending on updating, the total requirement of saw disks for 98
cotton-cleaning factories of republic is estimated more than 1 min. for one cotton-
harvest season. Position is complicated that expensive carbonaceous tool steel U8G is
completely delivered from Russian Federation. Reduction of importing this material
due to sharp increasing durability of saw disks, certainly, will increase economic
efficiency of cotton-conversion because of decreasing cost price of producting - the
cotton fibre.

1 |. Karimov. Uzbekistan on a way of a deepening of economic reforms. -T.: Uzbekistan, 1995, 246. p.
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Even through the gained up great experience in development of new ways of
increasing reliability of details has appeared not to be demanded in a whole on
referencing to sawing disks and for responsible details of cotton-ginning machines
the research were extremely insufficient. Such circumstances make necessary and
very important choice from the big arsenal of modern means of hardening the
optimum kind for the given concrete case. Well known methods of hardening the
teeth of saw disks (electrocontact heating and laser processing) do not solve one a
problem of increasing of their durability as as the result of powerful thermal influence
on top of a tooth occered a volumetric training and the effect of thermalhardening are
shown. Volumetric training does not save a core of details viscous and it is
undesirable at repeatedly-variable loadings at a bend because of decreasing the
working capacity and resistibility to fatigue failure in operational conditions.

The most progressive and effective method of hardening is superficial plastic
deformation (SPD), in particular, shot processing concerning dynamic methods SPD
details of machines. Technological opportunities of shot hardenings extends first of
all for hard thin details, differing sharp edges. To these constructive seatures
completely correspond teeth of saw disks that has formed the basis for new scientific
and technical decision with the purpose of increasing of working capacity of cotton-
ginning machines.

The given decision of the specified problems provides development of new
scientific approaches in the theory and practice of technological maintenance of
quality and opportunity forecasting of durability of details on condition of their
superficial layer after strengthening mechanical processing.

Conformity of research on priority directions of development of science
and technologies in the Republic of Uzbekistan. The dissertation is carried out
according to priority directions of development of science and technologies of the
Republic of Uzbekistan and state scientific-technical programm of innovation
researches: IP-5 «the Agriculture, biotechnology, ecology and preservation of the
environment.

International review of scientific researches on the theme of dissertation.
In modern global practice of the machine-building manufacture, in particular in
leading industrially developed countries (USA, France, Japan, Germany, England,
Russian Federation, Hungary etc.) there is positive experience on using as finishing
mechanical operation at manufacturing responsible details of machines the various
methods of strengthen processes. Questions of optimization and methods of
mechanical processing of machines on maintenance the parameters of quality of
superficial layer in details of machines and mechanisms with the purpose of
Increasing wear resistance, contact durability and rigidity, fatigue durability and other
criteria of working capacity of technological machines which are reflected in work of
such foreign scientists and experts as E. Tomsen, C. Jang, S.Kobajashi, E.M. Trent,
H. Opitts, Dj.l. Armarego, R.H. Brown, S.V. Serensen, A.l. Promptov etc.
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Basic researches of the physical nature of formation the condition of the
superficial layer characterized by a complex of physicomechanical and geometrical
parameters, and connected with a microscopic picture of deformation through
dislocation model of plastic deformation, are realized in proceedings of out standing
foreign scientists Z. Fridel (France), U. Lju and M. Beresh (USA), J. Martin and
R. Doerti (England), G. Polcer and V. Eveling (Germany), L. Kator and P. Nyulis
(Hungary), T. Ekobori (Japan). In researches of these scientists by means of
dislocation models of plastic deformation have been revealed the laws of deformation
at a microscopic level under action of a temperature-power field.

The significant contribution of development on theory-experimental bases of
application the dynamic methods of superficial plastic deformation in details of
machines were made in works of some foreign scientists, for example, 1. Anderson,
D. Martin, O. Horger, Van House, I. Olmen, R. Metson's jobs, V. Koulmen, G. Fuks
etc.

Numerous works of foreign researchers concerned of formation the parameters
of quality of superficial layer of details at final processing and their influence on
operational parameters of machines allow at the present stage of development of
science and technics present enough and prove modern approaches and ways of
maintenance of high adaptability of manufacture and operational reliability of
machines due to increasing durability of details of their working bodies.

Degree of study of problem. Studying of questions connected with
improvement of quality of a superficial layer the details of machines is one of actual
problems in modern technology of mechanical engineering. Now it is established,
that set of parameters (microgeometrical and physicomechanical characteristics)
qualities of the processed surface renders essential influence on operational properties
of products of machine-building manufacture. Scientific schools under supervising of
scientists of M.M. Saverin, A.A. Matalin, B.A. Kravchenko, D.D. Papshev etc. have
created theoretical bases of formation of the residual is intense-deformed condition of
superficial layer of details at superficial-plastic deformation in fraction and have
developed practical recommendations for their introduction in manufacture of
various branches of mechanical engineering (aircraft construction, oil and chemical,
agricultural, etc.). The specificity of cotton region and meeting process industry put
the problem of permanent increasing of efficiency in processing of cotton-raw which
can be solved successfully by new scientific and technical offers in the form of the
strengthening technologies, directed on increasing durability and quality of details of
working bodies of technological machines.

Scientific researches on strengthening technology of crucial and mass details of
cotton-ginning machines (cleaners, gins, linters, fibre-cleaners), presented by
R.G. Mahkamov, E.M. Abdul-Razzakov, M.G. Hamov, A.P. Rogov,
A.M. Ahmedov's works, are extremely insufficient. In these works increasing
mechanical properties of teeth in saw disks and sawing segments of machines of
primary cotton processing was reached by electrocontact heating, laser hardening and
the gas-flame training, sold in the form of thermalhardening when high hardness
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volume of top of the tooth reduces simultaneous resistibility to its bend because of
loss of viscosity of construction material, that initiates frequent breakages in the form
of fragile destruction. Under these circumstances has ripened the necessity of
carrying out of scientific researches on research new technological decisions directed
on maintenance of high quality of the superficial layer of details has ripened. In
particular, development and substantiation of dynamic superficial hardening in
fraction when the power factor of contact interaction of indentor with processable
material solves in formation of the surface condition.

Methods of forecasting of durability and fatigue durability of details of
machines on the residual intense condition are developed in insufficient degree. The
decision of this problem will allow to carry out active regulation by quality of the
processed surface of details through conditions and regime parameters of processing,
geometry of the tool that creates a basis forecasting estimations of the durability
considered at design stage of technological processes of manufacturing details of
machines.

Connection of dissertational research with the plans of scientific- research
works. Work is performed under the state scientific and technical projects on the
themes: 10T-2013-5-28 «Increasing of working capacity and forecasting of durability
of crucial details of machines primary cotton processing on qualimetry their
superficial layer after dynamic hardening in fraction»; «Working out and research of
effective and technological designs of mechanisms and details of machines in textile
and light industry», executed by department «Theoretical and applied mechanics» in
2006-2010 according to scientific plans of TITLI.

Purpose of the research is to work out of technological methods of increasing
the working capacity of cotton-ginning machines by maintenance of demanded
quality of superficial layer of details of working bodies and forecasting of their
durability in operational conditions.

Tasks of the research: to develop the method of dynamic deformation
hardening in fraction of less harded details — saw disks of cotton machines and to
define optimum parameters shot hardenings providing high quality of superficial
layer;

to prove and to develop the method of deformation hardening of pig-iron grid-
irons shot processing of their working surfaces;

to develop structure energetics model of interaction contact of firm bodies in
processes of mechanical finishing process and superficial plastic deformation of
responsible details of machines;

to develop universal method of calculation of the major parameter of quality of
superficial layer - technological residual pressure depended on regime parameters of
processing and physicomechanical properties of material construction;

to develop methods of calculation and forecasting of details durability of
machines of primary cotton processing in operational conditions;
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to make trial check and inculcating of new technological methods of hardening
details of cotton machines with the purpose of increasing of their working capacity
and reliability.

Object of research is details of working bodies the machines of primary
cotton processing.

Subject of the research — quality of superficial layer of responsible details
(sawing disk, grid-iron, shaft of sawing cylinder) cotton-ginning machines, generated
as a result of superficial plastic deformation.

Methods of the research. Realization the purpose of work and the decision of
tasks were carried out by theoretical and experimental researches. For developing
structure-energetic model of formation technological residual pressure were used
fundamental positions and laws of thermodynamics of irreversible processes, theories
of dislocation of a firm organ have been used, the thermophysics of technological
processes, the theory of elasticity and plasticity, the hypothesis of durability and
destruction firm bodies. On carrying out theoretical researches are widely used laws
of applied mechanics, mathematical physics and elements of higher mathematics.

Experimental researches of shot spent processings on plant UDP-2-3.5
consisted of 12 shot of devices were carried out. Researches of parameters of quality
of superficial layer of details were done. Researches of quality parameters were made
by tool methods on measuring devices (microhardness tester PMT-3, prophilograph-
profilometre by "Calibre™). Experimental researches of quality of fibre and cotton
seeds after ginning carried out in laboratory and industrial conditions of cotton
cleaning plant. Methods of strain measurement, methods of statistical processing of
experimental data with using of computer technology with probable reliability of
results 0,95 are used.

Scientific novelty of the research is consisted of the following:

it is worked out the structure-energetic model of formation and algorithm of
calculation of technological residual pressure at superficial deformation hardening
details of machines of primary cotton processing based on the modern concept, of
physics, plastic deformation of metal;

it is developed the method of superficial dynamic hardening in teeth’s fraction
of saws in cotton-ginning machines (patent useful for model “Shot installation
method of superficial dynamic hardening in fraction for hardening details” FAP
00513, 31/12/2009);

it is established optimum technological parameters of shot processings in
sawing disks on the base of experimental researches;

it is solved analytically the problem by definition the factor of restoration of
speed k at impact, contact interaction of firm bodies used for thermodynamic
analysis in processes of dynamic hardening;

it is offered the method of estimational of depth of deformation hardening at
shot processing disks of the gins, based on the differential equation movement of firm
spherical particle in its elastic - the plastic environment;
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it is developed the mechanism of formation of high-altitude parameter of a
roughness of the strengthened surface at shock deformation processing in fraction of
saws;

it is developed the methods of calculation on multicyclic weariness and
forecasting of durability disks in the operational conditions, problems based on the
analytical decision by definition of intensity of residual pressure.

Practical results of the research consist of the following:

it is developed the new technological method of hardening of their working
surfaces by processing in fraction, with reference to details of machines of primary
cotton processing; the substantiation of optimum parameters of the mode shot
hardenings (diameter split up, speed, time of processing, the charge split up) is
executed;

it is developed the algorithm of calculation of the major parameter of quality of
the superficial layer of details - technological residual pressure on a level of the
reserved energy of deformation;

it is developed the method of forecasting of durability and fatigue durability of
sawing disks of gins on value of intensity of residual pressure after hardening in
fraction;

as a result it is established of trial check efficiency shot hardenings the teeth of
sawing disks and increase in their durability for some times in comparison with not
strengthened teeth.

Reliability of obtained results is proved by correctness of mathematical and
physical models at schematization of contact interaction of fraction with the
strengthened surface in the form of elastic halfendless bodies, and also the high
degree of concurrence in comparison of results theoretical and experimental
researches, including the results of the other authors.

Theoretical and practical importance of results of the research. The
theoretical importance of results of the work consists: in developing of structural-
energetic model of formation of the main parameter of quality of the superficial layer
of a product - technological residual pressure; analytical dependences for the latent
energy of the deformation responsible for the level of intensity of residual pressure;
dependences for depth of deformation hardening, the roughness of the surface,
contact temperature, factor of restoration the speed received by mathematical
modelling at one-act impact of firm spherical particle with metal barrier.

The practical importance of carried out research consists of the proof of high
efficiency of dynamic method of hardening in fraction of responsible details (sawing
disks, grid-irons) gins due to formation in their superficial layer of compressing
residual pressure, a degree of deformation hardening (peening) up to 33,4 %, depth of
peening 0,2 ... 0,23 mm, that on bilateral processing lateral surfaces of teeth saves
the core of the detail in the viscous condition, for long time capable to resist repeated-
variables of pressure on interaction with raw platen in the process of ginning.

Inculcation the results of the research. On the basis of the received scientific
results the method is offered for the first time and it is developed the technology of
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dynamic strengthening by process in fraction of sawing teeth disks and grid-irons of
gins.

Sawing disks with strengthened shot processing of teeth and fire-bars are
inculcated in gins DPZ-180 and realized at the enterprises of the association
"O'zpaxtasanoat”, annual economic impact of 80,992 million sum (the act of
association "O'zpaxtasanoat” the introduction into production of 4.09.2014).

Approbation of work. Results of research are reported in more than 20
scientific and technical conferences, including 8 international conferences
«Progressive technological processes in mechanical engineering» (Tolyatti, 2002);
«Resource-and energysaving technologies of industrial production» (Vitebsk, 2003);
«Actual problems of mechanics and mechanical engineering» (Alma-Ata, 2005);
«Engineering of the surface and renovation of products» (Yalta, 2010 — 2013); «New
and nonconventional technologies in resource-and energysaving» (Odessa, 2010 —
2013); «Quality, standardization, control: the theory and practice» (Yalta, 2010 —
2013); «Modern problems of manufacture and repair in the industry and on transport»
(Svalyava, 2010 —2013); «Days of science» (Prague, 2012).

Publication of results. On the theme of the dissertation were published 56
scientific works, including 9 scientific articles in the international magazines, 2
patents are published.

Structure and volume of dissertation. The dissertation consists of the
introduction, five chapters, the conclusion, the list of the literature, 8 applications and
contains 264 text pages, includes 112 pictures and 5 tables.

MAIN CONTENTS OF THE DISSERTATION

Introduction is proved the actuality of the work, the goal is put and the
research problems are formulated, elements of scientific novelty are given, stated the
scientific and practical significance of the results of work, it is given the main
stafements sumbiting for defence.

In the first chapter is considered brief information on the modern
technological machines applied for cotton-raw processing, and the analysis of
working capacity of responsible details of machines and the mechanisms, influenced
on reliability and durability of cotton-ginning equipment.
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It is shown, that practically in all technological chain of cotton-raw processing
(clearing, ginning, linting, delinting) are applied by cotton-ginning machines where
the most important and responsible detail of working body of the machine, is the saw
disk. The quantity of saw disks only in one machine, depended on the purpose and
modificatoin, is made within the limits of from 90 up to 130. To mass character of the
given detail is added one more undesirable factor - preparations in the form of disks
from carbonaceous steel tool U8G are delivered completely from Russian Federation.
Certainly, reduction of import of the given construction material due to increasing
durability of details will make a serious basis for economic efficiency of cotton-raw
processing.

Insufficiency of information about condition of labour surfaces of details of
working bodies in machines (saw disk, a grid-iron, a shaft of saw cylinder), influence
of parameters on quality of superficial layer on fatigue durability and durability of
products, and also practical absence the complex scientific-methodological approach
to the question of formation the quality of superficial layer by synthesizing micro-and
macrorepresentations of processes of plastic deformation and destruction of
materials, initiated necessity of carrying out the new research works till now.

Having considered, that process of deformation of materials at mechanical
process represents quite difficult complex interconnected phenomena, in work is the
necessity of application of fundamental physical laws and information from the major
related subjects - shown the theory of elasticity and plasticity, thermophysics, the
theory of dispositions from physics of a firm body, the thermodynamics of
irreversible processes, etc. Scientific value of developed models is directly shown in
opportunity of forecasting the durability of details through key parameters of quality
of the superficial layer, formed the final operations finish-strengthening and
mechanical process by cutting.

The second chapter is devoted to development of structural-energetic model
(SEM) formating of the major parameter of quality of the superficial layer of details
(technological residual pressure) after final (finished) machining with removal of
allowance and finish-strengthening process by superficial-plastic deformation of
metals.

For the first time the synthesis at micro and macrorepresentations about
process of plastic deformation of metals representing on modern views of unbroken
process of generating, is done, movement and anihillation of linear imperfections of
crystal structure of metals-dispositions are executed. The universal (power) approach
is developed for disclosing the mechanism of formating the quality of the superficial
layer of the details, based on the adjacent and interconnected branches of knowledge:
the theory of elasticity and plasticity, the theory of dispositions from physics of the
firm body, thermodynamics of irreversible processes, thermophysics, tribology,
processing of metals by pressure and cutting.

In the dissertation it is noted, that process of destruction of firm bodies and its
previous stage - plastic deformation have unique physical essence: ability of local
microvolumes of contact surfaces of details accumulate and transform the internal
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(latent) energy of deformation u .. This energy represents density of the energy

which has been saved up by the superficial layer as a result of plastic deformation,
and is actually the energy of dispositions. Storage of energy leads to occurrence of
residual pressure, blocking of dispositions and is connected with such physical
processes as internal friction, an elastic hysteresis, exoelectron issue, etc. Hence, the
reserved energy can serve as the basic integrated and informative parameter of
condition of the superficial layer, responsible both for degree of deformation
hardening, and for intensity of residual field of pressure.

At cold plastic deformation (peening) of metal the most part (up to 97 %) of
the mechanical energy spent for plastic deformation, is passed in heat, the other part
(=0,5 ... 3 %) is accumulated in the superficial layer of metal in the form of the so-
called latent energy of peening au , which concept is entered on the basis of the first
law of thermodynamics:

AU =W -0=U; lo|<]7], (1)
where au — changing of internal energy of body; o — the thermal effect connected
with deformation; w — work (positive if it is made above body).

At deformation of hardening or peening metal au — the positive size is also
equal to the latent energy of peening u .. Owing to accumulation in metal of the
latent energy of peening, the deformed condition is unstable and might be approached
under favorable conditions of return and recrystallization, accompaning allocation of
the latent energy. The latent energy u . of deformation represents scientific interest
for the several reasons: for research process of plastic deformation; for the analysis of
the physicomechanical nature of deformation hardening; for research processes of the
restoration proceeding in the superficial layer plastically deformed metal.

Not all the processes, satisfying to the requirement of the first law of
thermodynamics (feasibility of the law of conservation of energy) can be realized in
the full form. Therefore it is necessary to address to the second law of
thermodynamics according to which for reversible processes the attitude aq /1 is full
differential function of condition of the system. The integral of this full differential is
the state parameter which is being entropy do /7 of system and as the extensive size
Is proportional to quantity of substance:

dS =dQ /7 Or dQ =TdS |, (2)
where d@ — the heat, given system at elementary reversible process; v -
thermodynamic (absolute) temperature of system during process.

It is received the basic thermodynamic ratio for deformable bodies in which it
is considered works of forces of internal pressure:

dU =0 ,de, +TdS | (3)

where dqu — infinitesimal change of internal energy; -, — tensor of pressures; d-, —
tensor of deformations, generally equal to the sum of elastic ¢/ and plastic &’
deformations.
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In the equation (3) infinitesimal change of internal energy du is expressed
through heat content systems and change the tensor of deformation du . The
increment of internal energy «u is full differential and independent variables in the
equation (3) are the deformations -, and entropy S.

We shall express the pressure -, depending on deformation ., and entropy S.
For this purpose we shall spread out function u (¢, .s) in sedate line in the vicinity of
a natural condition u (0,s,)and, keeping linear and square-law members, and also
limiting linear parities between pressures,, deformations ., and changing the
entropy as , the dependence is received:
ou ouU (0,S,) @°U(0,S,)

2°uU (0,5,)
g, +—

ki S —-35,) 4
o¢g . oe. -0¢ ( ) ( )

o, (e;.5) :[
The equation (4) represents the linear ratio for small deformations in which it

IS necessary to put du (o,s,)/de, = 0 as in natural condition at -, =0, s = s, and should
be o, =0.

For the first time it is offered
to consider residual pressure of 1l sort
as equally effective residual pressure
of Il sort, counter balanced in
volumes, commensurable atoms with
group in vicinity of dispositions, and
describing actual size of static
mixtures of atoms from units of
lattice because of dot defects.
Physical distinction between residual

1 - sample: 2 - grains (crystallites); 3 - blocks of ~ Pressure | sorts (the macropressure

a mosaic; 4,5,6 - according to a disposition, covering volumes, commensurable
atoms, electrons; 7 - borders of grains; 8 - with the sizes of the detail) and II
borders of blocks of a mosaic sorts (micropressure, operating in

Fig.1. Structural elements of the crystal body

(metal or alloy): separate grains, blocks and their

groups) does not exist and the
pressure of the first sort is similar to equal effective residual pressure of the second
sort.

The analysis of structural elements (fig.1) and schemes of hierarchy of
structural levels of deformation (fig.2) for the polycrystalline body has shown close
interconditionality of the last with residual pressure of different scale. According to
positions of physics of firm body mechanical pressure in metal and an alloy,
irrespective of the causing reasons (action of forces, temperature, particles of high
energy factors, etc.) are considered as consequence of distortion of the crystal lattice.
Hence, as for residual micropressure, and submicroscopic, there is only a unique
physical model of the mechanism of formation of these pressure - nuclear or
dislocation model. In other words, in order to understand and describe the nature of
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plastic current of metal, it is necessary to analyze the dislocation structural level in
the superficial layer deformable crystal bodies.

The relative contribution of dispositions, vacancies and introduced atoms to the
accumulated energy corresponds to the ratio 4,5:2:1. Thus, the basic source of
accumulation of the latent energy are linear imperfections of crystal structure metals -
a network of dislocation lines which lead to elastic distortions and, hence, to creation
of residual pressure.

The grains (crystallites), The dispositions, atoms,
The sample blocks of mosaic electrons
(I-structural level) | (II-structural level) (111-structural level)

A 4

A 4

A

4

Fig.2. Hierarchy of structural levels of deformations for the polycrystalline body

For research of interrelation of the latent energy u ., and residual pressure it is

necessary to lean on information on value and distribution of dispositions in burned
and the plastically deformed metal. If burned metals contains from 10° up to 10°
dispositions on 1 sm?® in the deformed metals density of dispositions is higher and
their probable number reaches 10™ - 10™ on 1 sm?. Their distribution depends on the
kind, degree and temperature of deformation.

Analysing experimental dependence between the reserved energy and
hardening deformation, in work the formula of intensity of the residual pressure, is
received by modification of the formula of Z. Fridelja:

o = — E\F 5)

1+ u

where , —Puasson's factor; e — the module of longitudinal elasticity MPa.

Analyzing the dependence (5), it is possible to conclude, that knowing
character of distribution and size of the latent energy v, of deformation on depth of
the superficial layer and elastic constants e and ., it is possible to calculate intensity
of the residual pressure connected with the main residual pressure. The last pressure
directly influences weariness (endurance) of samples by changing of amplitude of the
cycle stressing.

In the chapter is given the scientific substantiation of three analytical methods
of calculation of the latent energy of deformation: 1) thermodynamic; 2)
dislocational; 3) the method of diagrams deformation.

1. The thermodynamic method of definition of the latent energy of deformation
au =u, IS based on the first law of thermodynamics (1) and allows to carry out the

analysis of the plastic deformation accompanying any kind of mechanical process of
details of machines.

2. The dislocatoin method of definition of the latent energy of deformation is
based on the three-phasic analysis of deformation of metal and covers kinetics and
specificity of plastic deformation (development, degree and the sizes of damage)
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according to the modern sight on its nature. The basic mechanism of plastic
deformation of metals is realized through generating, movement, discharge and
annihilation of dispositions.

Analyzing various models of deformation hardening (Taylor, Bassinskiy,
Mott, and Hirsh's models), in work is received dependence for calculation of the

specific reserved energy:
U,_(l—ﬂ~0052a)(5i_50,2)2 | B -G .

= 5 -In ,J /' mm
4z (l-u) p° -G c. -0

S

(6)

where ¢ — the module of shift, MPa; b — Burger’s vector , m; u — Puasson’s factor;
« —a corner between Burger’s vectors and an axis of dispositions, degree;
s — the numerical constant, is equal 0,3 ... 0,6; »,, — conditional limit of fluidity,

MPa; -, — intensity of normal pressure, MPa.

3. The method of the diagram of deformation is developed for definition of the
latent energy of deformation in view of the generalized diagram of deformation of
rod model (Mazing’s model) solid environment with infinite number of subelements.
According to the given model of the structural particles to make the element of
volume, the cores deformed equally in the form of system. We also accept, that cores
possess properties of ideal elastic-plastic material and modules of elasticity of cores
are equal.

The formula of calculation of the latent energy of deformation on the basis of
the method of the diagram of deformation is received:

_Yfoizes "i‘“T)(gi_aT):("""T)Z(,E‘E), (7)
2\ E E ) 2 EE
where . —a physical limit of fluidity of the processable material,
£' —the module of tangent (plasticity) or the module of deformation.
Thus, knowing mechanical characteristics of the material -,z and £', and

also intensity of pressure, it is possible (7) to calculate on dependence the specific
energy of deformation u , on dependence.

Realization SEM provides to execute of the following consecutive stages
making algorithm of calculation of technological residual pressure:
1. The schematization of power and temperature of stressing the superficial layer of a
product at contact interaction with the cutting or strengthening tool.
2. Calculation of making forces and operating pressure in a zone of contact of the tool
with a processable detail.
3. Power and termophysic analyses of deformation: definition of work of deformation
A and allocated heat Q.
4. Calculation of specific latent energy U’s of deformation on one of three offered
methods: on the basis of thermodynamic parity Us=A — Q; usage of the schematized
diagrams of deformation o; =f(g); on the basis of dislocation theories of plastic
deformation of metal and an assumption of equality energy Us=E, (energy of
dispositions).

U

S
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5. Definition of intensity of residual pressure o; .t dependences upon the level of the
latent energy of deformation Us.

6. Calculation of main residual pressure o o, 02 ost aNd o3 ot depending on the kind of
the intense condition.

In the third chapter are presented the results of researches of mechanics of
contact interaction at dynamic is superficial-plastic deformation in fraction of metal
surfaces.

In the work the problem of contact interaction of striking particle with
materials of a barrier is solved quasistaticly, i.e. we consider, that mutual movings of
spherical firm particle and elastic half-space, and also efforts contact are connected
by the equations of statics. The given assumption follows that speed of impact v is
much less than speed of distribution of indignations in the form of elastic waves of
compression and in a material shift.

The basic geometrical parameters of the center of deformation (fig.3.) are
diameter d and depth h a plastic print. Processing of the surface of a detail by impacts
of fraction is characterized by localness of deformation process. If kinetic energy W,
of the flying fraction is sufficient for
formating on the surface of contact
the intensity of pressure o, exceeding

a dynamic limit of fluidity-, . on a

processable surface damages are
created in the form of plastic print in
the form of lune.

X Converting  M.M.Saverina's
formula for calculation of a degree
of superficial deformation in view of
communication y between dynamic
Hp and static hardness HB on
Brinnel's (Hp=1,7 HB), and also

. values of kinetic energy of fraction
, Wo=mv?/2, the received dependence
ost Is convenient for practical using:
- 118 -W
: : - yo=2a|—— (8)
d, h —accordingly diameter and depth of the print; HB -zD’g
P —force of pressing where m and D — accordingly

Fig. 3. The scheme of dynamic pressing of a

sphere in a strengthened surface and qualitative  WeIGNt, kg and diameter split up, m;

epura residual deformations of axial vV - spe_ed of impac_t, m/S;z g -
compression on thickness of plastically acceleration of free falling, m/s°.
deformed layer hy, Results of calculation of

degree superficial deformation and
its dependence on regime parameters shot processings (v=10 ... 90 m/s, D=0,5 ... 2,5
mm, HB 100 ... 400) are given on fig.4. With increasing in hardness of processable
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material the degree of superficial deformation y monotonously decreases, and for
great values D and v absolute value y also increases (accordingly on 0,057 and
0,094).

With increasing in speed of fraction from v = 10 up to 70 m/s (fig.4,b.) because
of increasing of kinetic energy the degree of superficial deformation noticeably
raises: in 2,63 and 2,75 times accordingly for D=1 and 2 mm.

\Uj I =
0.40 { || v .
0.35 W 1 b j/

'V=50m/s 0,35 |- == -l
0.30— \ - KD:_mm

\T\i 0,15
|

100 200 300 400 HB 005

L sy ] o // =
0.25! j . J ol
e
0

30 50 vV, m/s

a)D=1mm b) HB 300
Fig. 4. Dependence of a degree of superficial deformation on hardness HB fractions at various
values of speed v (a) and at various values of diameter D from speed v (b)

The deformed condition at SPD is estimated not only a factor , but also
thickness of plastically deformed layer of peening hp=h,, and also intensity of
changes of deformation in the most typical zone of pressing of a sphere - axial. When
the processable surface of the detail is completely covered by prints, it is possible to
assume, that compression of all layers on thickness will correspond on the average to
deformation of axial compression under one print, qualitative diagram which is
shown on fig.3.

As a result of frequent dynamic influence at shot processing the radius of the
plastic print will increase up to the certain size, and then practically remains the
constant. In view of it, the formula for radius of plastic print becomes:

2
a=K-D-t|—Fn 9)
10,2 - HB - g

where K=1,3 ... 1,5 — factor of increasing in diameter of print; p, — density of
material fraction.

As follows from expression (9), the radius of print is directly proportional to
diameter of fraction at constant value of speed v and hardness HB of processed
material. With increasing in hardness of a material the radius of print naturally
decreases (fig.5.), and, in all range of change of hardness radius of print a at v = 50
m/s are more, than at v = 30 m/s that expressed great value of the kinetic energy
responsible for formation of the sizes of center of deformation. With increasing in
speed from v = 10 up to 70 m/s the radius prints increases in 2,65 times.

In work the analytical method of definition for the first time is developed the
factor of restoration of speed k at impact with the purpose of establishment of the
settlement dependence connecting it with parameters of a firm particle and
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physicomechanical characteristics, available in reference books. Known calculated-
experimental methods definition of factor k differ from the big labour input at
practical realization as it is necessary to conduct series of experiences and to measure
carefully parameters of shock lunes.

,mm
¢ a,mm . ‘
\ ‘
0.9 N\ V=50ms 08 ‘ =
. !
0.8 ‘<\\ THB300 ﬁ'/
0.6 : ! -
07—~ L A NuBsoo
: N\LV=30m/s ~ AT
0.6 I 04 a//
“7100 200 300 HB 0275 10 30 50 V.mis
a) b)

Fig. 5. Dependence of degree of superficial deformation on hardness
HB fractions at various values of speed v (a) and at various values of diameter D from
speed v (b)

At contact of particle to a metal barrier there is a loss of its initial kinetic
energy w, - mv >/2 (energy before impact) because of elastic-plastic deformations of
metal. Therefore speed of imprint v, particles will be less, than v,. Energy of the
jumped aside particle accordingly will be equal w,-m’/2. Hence, absolute
reduction of kinetic energy AW the hitting particle will make:

AW =W, -W, =W (1-k*)=mv @-k")/2, (10)
where we shall receive expression for factor of restoration
k= 1= (AW /W) = J1- g = YW, /W, (11)

i.e. for its definition at direct impact is necessary the knowledge of work of elastic
restoration local zone of contacting which is practically equaled kinetic energy of a
firm particle after impact W;.

Applying Meyer's law and geometrical parities at static introduction of a firm
particle in a plane, elastic-plastic contacting of spherical indenter we shall present
dependence for pressing force P:

P=8"" N R .h°", (12)
where N - a constant describing material, and depending on diameter of a ball; » - a
constant describing material, and not dependent on diameter of a ball, but changing
together with peening for the same materials; usually # it is equal from 2 (burned) up
to 2,5 (the tempered materials); R;=D/2 - radius of a ball; h - depth of introduction of
a firm particle.

If we consider, that the constants n and N describing properties of materials in
the equation of Meyer accept values n=2 and N=rH /4, where H, - dynamic hardness
on Meyer’s work of elastic restoration W; will be defined from simple expression:

W, =177 (R} HI® W) /E . (13)
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Thus, according to expression (11) in a final kind of the formula is received for
calculation factor of restoration of speed at impact:

k=178 RO HB"™ (W™ E ) . (14)

The analysis of expression (14) shows, that at direct impact the factor of restoration
of speed k depends on kinetic energy and the size of particles, hardness of material of
a barrier, the module of elasticity and Puasson’s factor of striking bodies.
Comparison of settlement values of factor of restoration k under the formula (14)
with experimental data testifies to high convergence of results: for steel 45 k.,=0,476,
Kexp=0,458; for armko-iron k.;=0,317, kex,=0,316; of the condition of experiences and
necessary parameters for calculation were the following: diameter of steel balls
2R, =10 *m; Wweight m = 4,00 -10 *kg ; @ corner of attack « -9°; speed of a ball
v, = 2,7m/s; the material of a barrier - steel 45 in the normal condition (197 HV or

HB1030 MPa); elastic characteristics of contacted materials E;=Ey=2-10° MPa,
v=V,=0,3.

Applying SEM for research of quality of the superficial layer of detail at
processing in fraction provides the obligatory analysis balance of energy. The balance
of energy is made on the basis of consideration of process of impact of sphere with a
flat surface of a body in the form of separating completed stages of its movement:
elastic introduction, plastic introduction, leap aside surface of a body.

In the chapter it is executed termophysic analysis of process shock SPD
details. It is received the equation of connection of thermal, mechanical and internal
energy for process of impact of sphere and a metal surface

W,1-k*)-AU =Q, +Q, . (15)
By virtue of assumption about undeformation of firm particle (fraction) it is possible
to write down: AU =AU, + AU, ~ AU, . The account of change of internal energy au

Is obligatory in questions of formation of quality of the superficial layer. On the
deciding the questions of thermophysics, in particular, definition of average contact
temperature at impact, glorifications au neglect in practical calculations. The
equation for calculation of temperature of any point is received bodies in zone of
impact by sphere:

- —k? [ 2]
,_ A-bw,a-k* - R § (16)

A \Jo, (axt)? =P | 4wt
where o(x,y,z,t) — temperature of a point of body, °c ; b — the factor describing a

share of intensity of heat; extending in sphere; 2 — factor of heat conductivity,
w /(m-"c);, = 2/(cp,) — factor of thermal conductivity, m*/s; ¢p, — a volumetric

thermal capacity, 3 /(m*-c R = (x, - )* + (v, - y)* + (z, - 2)* — distance from a source

of heat up to a considered point with coordinates x, y, z, m;

For calculation of time t, corresponding maximal depth of penetrating of a ball
and its contact equal to time with surface of a body, it is necessary to consider the
equation of movement of a body in the processable environment:
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d*h
m e = 27rR(7Th, (17)
where m and r — accordingly weight and radius of a ball; -, — limit fluidity of
material of a barrier; h — depth introduction of a ball.
The decision of the differential equation (65) we shall present in the form of

which in the weight of a ball m is expressed through its volume and density ,, :

1 60
h=ob | 2o sin| —. u
60 D P

T

.t],mm; t==p |[Lo s, (18)
2 6o,

In the fourth chapter are presented the results of theory-experimental

researches of quality of the superficial layer of saw teeth and grid-irons by shot

process are presented to processing, and
s also results of separate experiences at
static SPD and process by cutting as with
the purpose of comparison of data on
parameters of quality of the processed
surface, and check to develop SEM
formations of technological residual
pressure.

Experimental researches of shot
processing in saw disks carried out on
plant UDP-2-3.5 in conditions of

iy B~ Tashkent aviation production association
Y& e  E—— named Tchkalov. Data installation (fig.6.)
Is intended for superficial hardening
1 - elevator’s bunker; 2 — bunker of the responsible details of machines and
nutritious device; 3 —bunker of a separator;  consists of 12 serially let out shot devices

4.7 — throttles; 5 —rotor with shotwheel, 6 — 45115 42125 Deformation hardening
bottom collector of elevator; 8 — bunker;

9 — processable detail; 10 — shaft; 11 — \VV-belt (p_eening) defined by measurement_ of
transfer; 12 — electric motor; 13 — working ~ Microhardness #, on samples - inclined

chamber; continuous arrows - fraction:; microsections which received by means
stroke-air of cutting sample under the corner
Fig.6. The basic scheme of shot device of a=5%04"to an investigated surface.
the plant UDP-2-3.5 Tests spent on device PMT-3 a
tetrahedral diamond pyramid. Microhardness H, defined on result of measurement the
diagonals of the prints received at loading 0,98 H. Deformation hardening estimated
depth of peening h,, degree U and intensity of peening on depth - a gradient of
peening Uy
Residual tangential pressure defined on ring samples on the method of acad.
N.N. Davidenkov with special use of the equipment providing continuous strain-
measurement. Research of the roughness of the processed surface the micron - an
average arithmetic deviation of the structure and record profilograms on an

U

s
l
|
|
|
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electrowire paper spent on profilometre-profilograph models 201 of a factory
"Calibre" with fixing integrated signs of parameter R . .

The received formula for the maximal force of impact P expressed through
initial kinetic energy W, of a hitting ball:

p=,2w,Dos, N (19)
Using a parity (19) as deforming force known the formula of S.G. Hejfetsa
will be transformed to a kind

h, = 4/2W,-D /(20,), MM (20)

It is established, that depth of peening h,, calculated under the formula (20),
with sufficient accuracy for practice coincides with skilled data and the divergence
makes within the limits of 8,5 ... 14,3
% (fig.7.).

Results of experimental research
of microhardness of the superficial
layer of samples from steel U8SG have
shown, that depth and degree of
peening increase with extending in time
| of processing in fraction from t=1
T 0 s 20 25 om Defore 4 min: degree U and depth of

1 — experimental data; hardening accordingly increase on 9,8
2 — settlement data. % and 0,06 mm at initial microhardness

Fig.7. Dependen_ce of depth of Qeformation of superficial layer H, = 3560 MPa.
hardening (peening) h, from diameter D of The maximal degree of hardening

steel balls at shot processing of titanic alloys

(6, = 780 — 1075 MPa) U=334 of % is reached at

t=4min(v=30m/s, D=0.6 mm). This
mode provides limiting thickness of the strengthened layer h, =0.23 mm. Processing
in fraction during t=6 min also is more inexpedient, as thus microhardness on a
surface of samples decreases also maximum of hardness is displaced in subsurface
layer (fig.8.). With increasing in speed the flight of fraction from 8 up to 30 km/s at
t=4 min the degree of peening increases from 14 up to 28 %. The further increase in
speed and time of processing leads to decrease in deformation hardening in
connection with repeening.

Increasing in diameter of fraction D and speeds of its flight v, at processing
teeth saws lead to growth of depth peening h, and intensity of deformations owing to
increase in Kinetic energy of fraction and intensification of process of plastic
deformation of the superficial layer of strengthened detail (fig.9.).

As shown in the researches, at hardening in fraction D=0,4mm of carbonaceous
steel tool U8G at v=30m/s, t=3 — 4 min there is a decrease in parameters of a
roughness: an average arithmetic deviation of structure R, with 2,4 up to 1,8 mkm,
heights of roughnesses R, with 5,5 up to 4mkm. It is necessary to note, that shot
processing of the polished samples at the same modes leads to increase of a
roughness: R, from 0,2 ... 0,3mkm up to R, ... 1,2 mkm. The roughness that above, is
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more speed of flight in fraction. Thus, specificity of strengthen processing of details
of machines impacts of fraction is that depending on an initial geometrical condition
of strengthened surface, diameter, speeds of flight split up a roughness of surface can
increase or decrease.

H,10%, Ml —
)—-m E |
R |

) \ X 3 |

4,0 / ”

1
3.6 k=X —¢ _X<..x..7)(.» J—— J»-_‘;Q--.. B3

f

3.2

0 0,04 0,08 0,12 0,16 0,20 h,, mm 568 : |
1 —t=1min; 2—t=2min; 3 —t=3 min; 02 04 06 03 10 Doum
4 —t=4 min; 5—1t=6 min; 6 — H, in an initial 1 —v=30 m/s; 2 —v=30 m/s (theoretical datas);
condition 3—v=16 m/s; 4 —v=8 m/s
Fig.8. Distribution of microhardness H, on  Fig.9. Dependence of peening’s depth h,
depth of the superficial layer h, steel U8G from diameter of fraction D at shot
depending on time of processing in fraction processing

In the given chapter, analyzing Kkinetics elastic-plastic deformation of the
superficial layer of metal during introduction in its spherical indenor, law of
formation of roughness is opened and it is analytically certain high-altitude parameter
R,. Theoretical definition of height of roughness R, carried out according to the
developed technique under the formula:

2

R =v,D [Zo _ kW, : (21)

0 2

6o,
22D0%(05-v, [2n | &,
60

T

Settlement values of parameter R, differ from experiment within the limits of
5,8...10,5 % that confirms an acceptability for use in practice the given design of
procedure.

Being based on structurally-energetic model of formation of quality of the
superficial layer, the algorithm of calculation of the technological residual pressure
formed at shot hardening of details of machines is developed: 1. Calculation of radius
of plastic print. 2. Definition of the static force P corresponding radius of plastic
print. 3. Calculation of normal pressure po, and intensity of pressure o; under the
formula. 4. Definition of factor restorating speed. 5. Calculation of energy of impact
of a firm spherical particle in view of factor of restoration speed. 6. Definition of the
latent energy of deformation Us equal to change of internal energy AU of superficial
layer. 7. Definition of intensity the residual pressure.
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For calculation of intensity the residual pressure the mode shot hardenings is
chosen in view of results before the spent experimental researches presented in the
form of nomegramm, and convenient for practical use. So, the mode and conditions
shot processings corresponded: hardness of processable material HV80 ... 560;
diameter split up D = 0,5...3 mm; the charge split up q = (0,75... 12) -10™ kg/(sm*s);
speed split up v =30...80 m/s.

Intensity of residual pressure on depth of the superficial layer z, calculated on
the given algorithm, corresponds to values:

o, =1094 N/mm?® z=0,05mm; o, =1082N/mm? z=0,1mm;
s, =933 N/mm? z=0,2mm.

Theoretical values of intensity of residual pressure differ from experimental no
more, that on 2 ... 10 % that allows to use confidently them in forecasting to an
estimation of durability and fatigue durability saw disks of cotton-ginning machines
in view of operational loadings.

The fifth chapter of dissertation work is devoted to development of the
method of forecasting the fatigue durability and durability of details of machines in
primary cotton processing with accounts of technological residual pressure in the
superficial layer of products. It is given the results of industrial tests and an economic
estimation of efficiency of introduction of strengthening process in saw disks.

The algorithm of calculation on multicyclic weariness is developed in view of
technological residual pressure on the basis of the analysis of known dependences
between loop variables of pressure (- .o ), a limit of endurance - , and strength o
Wy (Goodman’s line, Birger, Gerber, Marin's

" ' parabolas). For example, for Birger's parabola

1

2

[“aj N (22)

o, o

v

Peak value of pressure cycle - at a symmetric
o2 o % cyele _o of pressure corresponds to
1 m=2:2-m=3:3_-m=4:4_m=5 Y O = P P

Fig. 10. Dependence relative expression
durability yy from factor of residual O o
pressure R at various values m for o, =0 4,1- . (23)
Birger's model

In  processes of finish-strengthening
processing and cutting in the superficial layer of details there is a volumetric residual
field of pressure, but in view of their small depth of position is accepted to consider
the flat residual intense condition created by tangential and axial pressure. As it is
followed from the theory of the elasticity, the intense condition are characterized by
intensity of pressurec, , and for the residual intense condition — accordingly o; os.

The expression connecting number of cycles before destruction Nr with
intensity of residual pressures, which for a symmetric cycle accepts the simplified

kind is received
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m

NRzNo[l—Gi—m] 2, (24)

o
v

where N, — the number of cycles corresponding a point of crisis of curve weariness;
o —amplitude of pressure cycle (a limit of endurance in view of residual pressure);
the m=C/K - factor describing an inclination left sites of the curve weariness (for
carbonaceous steels S=12 ... 20, alloyed S=20 ... 35); K, =0 ,/c ,, =4..6 — the
factor, considering influence of all factors on resistance of weariness; o ,_ - a limit of

endurance details. In view of the resulted data for products from carbonaceous steels
(saw disks) m = c/k_ = 2..5, from alloyed steels m=3,33...8,75.

Such kind of expressions (24) received for various dependences (models) give
quantitative and quality standard of interrelation of the entered factors of residual
pressure R =, /o, and relative durability », =~ /N,

In the chapter it is given the results of industrial tests ginning saws with
strengthened teeth, spent in gin-linting room of Buka cotton-cleaning plant Tashkent
region. Industrial tests have shown, that ginning saws strengthened on industrial
installation UDP-2-3.5, (a mode of processing: speed split up v= 30 m/s; diameter
split up D=o06mm; time of processing t=4min; the charge split up
q = 250 kg / min ) have shown increase in their durability a minimum in 1,7 ... 2,0
times and more in comparison with factory saws at processing cotton-raw of manual
gathering a grade of 5/3 selections S — 6524 of humidity of 13,1 %. The level of
compressing residual pressure in the superficial layer teeth the saws having strength
o, =100 MPa, has made thus o, -200..600 MPa. As follows from fig.10., results of

experimental researches of durability strengthened gin saws in conditions of cotton
cleaning factory will be coordinated with Birger's dependence (24) for m=2. It is
received linear dependence of relative durability  , :

w ., =275R + 0,58 , (25)

allowing to predict durability strengthened saw disks depending on level of
compressing residual pressure and strength of a material.

The comparative analysis of condition saw disks has shown, that strengthened
teeth (fig.11, a) have practically saved the form and geometrical parameters, and also
a sufficient acuteness of top of a tooth even at time of operation T =672 hours NOt
strengthened teeth of ginning saws which have worked T=168 of hours (fig.11, b,c)
have undergone to catastrophic deterioration on back surface up to values
Al =13..1,5mm In the form of a rectilinear platform. Simultaneously to significant
deterioration there is reduction height of a tooth n and reduction of technological
space between next teeth, that in aggregate with the lost acuteness on top of a tooth
reduces ginning productivity.
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a) b) c)
Fig. 11. Ginning saw with strengthened teeth(a) and not strengthened teeth (b-with broken
and plastically deformed teeth, ¢ - with worn out (teeth).

It is necessary to note, that saw disks, teeth of which are subjected by shot
processing, save quality indicators of fibre and seeds.

Table
Quality indicators of a fibre and seeds

Ne Technological strSr:gtnf:Qr?e\(ljwtteheth Ginning W_ith plant saw

p/p parameters, % disks
of saws

1 | Moisture content of cotton 13,1 13,1

2 Moisture content of fibre 6,46 6,46

3 Producing of fibre 26,38 26,12

4 Dropped seeds 12,45 12,7

5 Damaged seeds 7,33 7,73

Total annual economic benefit of shot inculcation of teeth on saw disks in two
cotton-cleaning plants of Tashkent and Andijan regions has made hardenings 80992
thousands sum.

CONCLUSION

1. It is worked out the structural-energy model of formation and algorithm
of calculation of technological residual pressure o, in the superficial layer of details
of working bodies of machines after mechanical processing.

2. It is established the interrelation of technological residual pressure o,
with a level of reserved (latent) energy Us of deformations which can be defined on
one of three developed methods: on the basis of the first law of thermodynamics; on
the basis of dislocational representations and corresponding power parities (the
theory of dispositions); by means of the schematized diagrams of deformation c;=f(s;)
constructional materials.

3. It is analytically identified the major parameter of contact interaction at
impact of firm bodies - factor of restoration of speed k at impact on the basis of a
schematization of contact of fraction with a processable material: one-act impact of a
rigid spherical firm particle with average speed of a stream v, under a right angle
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a=90° with elastic semi-space (a deformable body, including its homogeneous and
isotropic).

4, It is received the main correlation on the basis of structural-power model
the parities, allowing to define the specific reserved energy Us equal to change of
internal energy AU of a superficial layer, and defined on one of three developed
methods: thermodynamic, dislocations and a method of the diagram of deformation
of a processable material.

5. In work the basic parities for the latent energy of deformation Us on the
basis of the thermodynamic analysis of power balance are received at deformation of
a cut off bladed layer by the tool and static methods SPD (running by balls and
diamond smoothing). Methods of calculation of the latent energy of deformation are
developed at cutting materials with various physicomechanical properties and on the
basis of the schematized diagrams of deformation of constructional materials.

6. It is worked out the algorithm of calculation of technological residual
pressure on structurally-power model at shot hardening of details of machines.
Theoretical values of the residual pressure calculated on SEM on the basis of the first
law of thermodynamics (o; ,=1095 N/mmz) and theories of dispositions (i ,s=1061
N/mm?) are in good comparability to data of experimental researches (o; os=1080
N/mm?) since difference of the resulted data makes accordingly 1,4 and-1,7 % it is a
reliable substantiation for use of theoretical values of residual pressure in forecasting
to an estimation of durability and fatigue durability of details of machines.

7. For the first time it is proved, that for a residual field of pressure the first
invariant of tensor in pressures is carried out, being linear, i.e. having values axial
Ox ost aNd tangential o, o residual pressure and their intensity o o, it is possible to
calculate the main residual pressure o; & and o, .. These pressures are used at
calculation on durability in conditions static and cyclic stressing.

8. It is executed the estimation of influence of technological residual
pressure on durability (bearing ability) designs at multicyclic stressing and the
algorithm of calculation on multicyclic weariness and a resource of work saw disks of
cotton-ginning machines is developed. Calculation of fatigue durability is made by
means of the theoretical decision of a problem of formation the technological residual
pressure at the flat intense condition.

9.  From the equation of movement of absolutely rigid sphere (ball) in the
processable environment (semi-infinite firm body) at an assumption about a
constancy of average pressure of resistance to introduction or average pressure of
current (a limit of fluidity c,) the formula for theoretical definition of peening’s depth
h, is received. Reliability of settlement values h, is confirmed also by experimental
data of other researchers. The basic laws of influence of parameters shot processings
of teeth on saw disks on depth and a degree of deformation hardening are received.
Optimum modes of processing are certain: speed split up v=30m/s; diameter split up
d=0,6 mm; time of processing t=4 minutes. This mode provides h, depth of peening
up to 0,23 mm with maximal superficial microhardness H, =4560 MPa and a degree
of peening U=33,4 %.
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10. It is received satisfactory concurrence for practical use (8 ... 12 %)
experimental conditions of manufacture and theoretical values of durability saw disks
with strengthened teeth. Industrial tests have confirmed high efficiency ginning saws
with strengthened teeth of shot processing. Tests are spent at processing cotton-raw
of manual gathering of a grade of 5/3 selections S — 6524 of humidity of 13,1 %. The
increase in durability (up to two and more times) saw disks is connected with the
raised superficial microhardness and preservation of a viscous core of teeth. As
experiments testify, shot processing practically excludes operation of processing a
saw cylinder in a sand bath since under action of a stream of fraction agnails smooth
out and transitive surfaces with radius 0,2 ... 0,3 mm between sides of teeth are
formed.

11. It is established, that ginning a cotton-raw with saw disks with
strengthened teeth saves well quality of a fibre and cotton seeds. Economic benefit of
introduction in manufacture ginning saws on two cotton-ginning factories Tashkent
and Andijan regions were made with 80 992.3 thousands sum.
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