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OBLIASA XAPAKTEPUCTHUKA PABOTBI

AKTyaJbHOCTb Pa6oThl. [IpobieMa yTHIN3aHK OTXOI0B B TIOJMMEPHON TPOMBIIII-
JIEHHOCTH OCTaeTCsl aKTyaJIbHOH, HECMOTPSI Ha MOCTOSIHHOE COBEPIICHCTBOBAHHE TEXHOJIO-
M 10 MX BTOPHYHOM nepepabotke. CyNIeCTBYIONINE TEXHOIOTUH 10 YTHIU3AUUH OTXO-
JIOB: CKUTaHHUE WM Pa3MEIleHUE Ha CTIeNUaIbHO OTBEACHHBIX JUIS 9THX LeIed yJacTKax —
MOJINTOHAX WJIM CBAJIKax, MPHBOIAT K COKPAIEHHIO 3E€MENbHBIX YTOIWH, 3arps3HEHHIO
OKPY’KaIOIIeH cpeabl M YHUUTOKEHHIO JIOPOTOCTOSIIETO ChIphst. Hanbosee mepcmexTus-
HBIM METOJIOM «0O0pBOBI» C OTXOJIAMH SIBJISIETCSI KX BTOPHYHAS MepepadoTKa.

CyIIecTByIOHNE TEXHOJIOTHU IepepaboTKH OTXOAOB TePMOILIACTOB BKIIFOYAIOT B CE-
0s1 MI3MeTbYCHHE, MOWKY, CYLIKY, MEpepadOTKy B YEPBSYHBIX M YSPBSIHO-THUCKOBBIX IKC-
TpyAepax, 4To TpeOyeT 3HAaUUTENBHBIX SHEPTreTHYSCKUX U TPYAOBBIX 3aTpaT, YBEIUUCHUS
MPOU3BOJICTBEHHBIX ILIOLIA/ICH, CYIIECTBEHHBIX KAITUTAJIbHBIX BIOKEHUH, YTO IPUBOAUT K
YBEJIMUEHHUIO CEOECTOMMOCTH MPOIYKIUH.

B Poccun Bompoc 0 MOBTOPHO# mepepaboTKe MOIUMEPOB aKTyalleH, MOCKOJIbKY B
CTpaHe TPAJULHOHHO CYHIECTBYET AS(UINT AEIIEBOrO MOJIMMEPHOTO CHIPbs. JTOT nedu-
LIUT KOMIICHCHPYETCS 38 CYET MMIIOPTHBIX MOCTaBoOK. Tak, mo urtoram 2009r. 1os1s uMmop-
Ta Ha POCCUICKOM PBIHKE MOMMATUIICHA cocTaBmia 24%,a nonunponuiena — 38%.

B cB#13H ¢ 3TUM aKTyallbHOE HAYYHOE W MPAKTHIECKOE 3HAYCHUE UMEIOT MPOBEICH-
HBIE B HacToslel paboTe ucciaeqoBaHus npolecca nepepaboTKU MUPOKOro Kiacca OT-
XO/IOB TEPMOIUIACTOB Ha pa3pabOTaHHOM BaJIKOBO-IIIHEKOBOM arperare BO BTOPUYHBIH
TPaHyJIAT 3aJaHHOTO KayecTBa.

Pabora BeimonHeHna B pamkax OIIT Ne 14.740.11.014%0 Teme «IIpoBenenue Ha-
YYHBIX HCCIICIOBaHUH KOJJICKTHBAMH Hay4HO-00pa30BaTENbHBIX IIEHTPOB B 00JACTH
MHOTO(YKIIMOHAIBHOTO MPUOOPOCTPOSHUS [UTSl TIPOMBIIUICHHBIX CUCTEM YIIPABICHUS,
a TaKKe MoAnepkaHa (GOHIOM COACHCTBHUS Pa3BUTHIO MalbIX (OPM MPEANPUSITUS B
Hay4HO-TexHH4Yeckoi cdepe no nporpamme Y.M.H.IJ.K. no teme «Pa3zpaborka TexHO-
jgoruu M 0o0OpymOBaHMA Uil MEepepadOTKH OTXOAOB IMOJMMEPHBIX MarepuanoB» I'K
Ne 13081 ot 25.07.2010.PaGoTa BBINONHAIACK B paMKaxX IOCYJapCTBEHHOTO 3aaHuUs
MHUHHCTEPCTBA 00pa3oBaHus U Hayku PO BeiciM yueOHbIM 3aBeieHueM Ha 2012r.

Heasb pabdoTbl. [uccepraimoHHas paboTa TOCBsIIEHa pa3paboTKe MPUHIMIIOB
KOHCTPYUPOBAHHS MAIIWH, PEATM3YIOIMX TEXHOJOTHIO COBMELICHOTO MpPOoLecca BalKo-
BO-IITHEKOBO#1 MepepabOTKH OTXOI0B MOJIUMEPHBIX MAaTEPUATIOB BO BTOPUYHBIH IPAHYJISAT
3aJ]aHHOTO Ka4ecTBa.

Jlns nocTrkeHHs yKa3aHHOHU LeNy OBbUIN MTOCTABIICHBI CIEAYIOIUE 3a/1a9H:

— TMPOBECTH aHAIU3 COBPEMEHHOTO COCTOSIHUS B 00JIACTH yTHIM3ALUH U BTOPHY-
HOU TIepepabOTKH OTXO0B MOJIUMEPHON Taphl U YIIAKOBKH;

— PaccMOTPETh CYIIECTBYIOLIME TEXHOJIOIUU U NPUMEHAEMOE 000pyJOBaHUE IS
BTOPUYHOH TepepaboTKN OTXOAOB Pa3IMYHBIX TEPMOIUIACTUYHBIX MOJMMEPHBIX Mare-
pHaios;

— pa3paboTaTh HOBOE 00OPY/ZIOBaHME — arperat Ha OCHOBE BaJIbIIOB C OCCKOHEY-
HOU (ppHKIHel 3a CUeT OHOTO HEMOABMXKHO 3aKPEIUICHHOrO BajKa U LIHEKa, Pacrojo-
JKEHHOTO BO BHYTPEHHEH ero MOoJOCTH C WHIUBHIYaTbHBIM MPUBOAOM, U (GOpMYIOIIeH
TOJIOBKH JIJISl YTHIIM3ALUH OTXOJIOB TEPMOILIACTOB;

— co31aTh J1a0OpaTOPHBIA CTEH[A BaJKOBO-IIHEKOBOIO arperara Io H3Y4eHHIO
mpolecca IepepaboTKH 0TXOJ0B TEPMOILIACTOB C U3MEHEHHEM B IUPOKOM JHaIa30HE
TEXHOJIOTHYECKUX M KOHCTPYKTHBHBIX IIAPAMETPOB,;



— W3YYHUThH BJIMSHUE KOHCTPYKTHBHBIX M TEXHOJIOTHYECKHX IapaMeTpoB 000py-
JOBaHUS W Mpoliecca BaJKOBO-IIHEKOBON YTHIM3aLMK Ha KadeCTBEHHbIE ITOKA3aTeIH
0JIy4aeMOr0 BTOPHYHOIO TEPMOILTACTHYHOrO MaTepHaia (Ipesies MpOYHOCTH MPH pas-
PpBIBE, IIPE/IeT TEKYYSCTH U OTHOCHTENBHOS YIJIMHEHHE TIPU Pa3phIBe), a TAKIKE [OKa3aTh
B3aMMOCBSI3b CYMMapHOW BEIMYUHBI CABUra M Ka4eCTBEHHBIX ITOKa3aTeNell BTOPUIHOTO
Mmarepuana;

— pa3paboTaTh METOOUKY pacdeTa W IporpaMMHOe obecrieueHue Ui ompenene-
HUS CyMMAapHOM BEJIMYMHBI C/ABUTA, XapaKTEePU3YyIOLIeH BIMSHHE PA3INYHBIX TEXHOJO-
TMYECKHUX U KOHCTPYKTHBHBIX ITapaMeTPOB IIpoliecca Ha (PM3UKO-MEXaHHIECKHE TT0Ka3a-
TEJH IOTy4aeMOro BTOPHYHOTO MaTepuala,

— OIpeieNHUTh ONTHMAaJbHBIC 3HAUCHUS BEJMYHHBI CYMMapHOTO CIOBHTa B pado-
YUX OpraHax pa3pabaTbIBaeMOro arperara IJisi pa3IMuHbIX OTXOJOB TEPMOIUIACTHYHBIX
MaTepHuasoB;

— IPEeVIOKUTH METOAUKY MHXXEHEPHOTO pacueTa KOHCTPYKTUBHBIX U TEXHOJIOTH-
YEeCKHX MapaMeTPOB IPeUIaraéMbIX arperaroB Pa3IMYHON MPOU3BOAUTEIBHOCTH C yde-
TOM 3aJJaHHOTO Ka4eCTBa I0JyIaeMOro IpaHyJIsTa;

— BHEJPUTH pa3pabOTaHHYIO TEXHOJIOTHIO YTHIN3aLUH OTXOAOB IOJIMMEPHOH Ta-
PHI U YIIaKOBKU Ha pa3paO0TaHHOM arperare, MO3BOJISIONIYI0 CHU3UTh SHEPro- U TPYyIo-
BBIC 3aTPATHI, YMEHBIINTH CEOECTOMMOCTD ITOIY4aeMbIX BTOPUYHBIX TEPMOIUIACTHIHBIX
MaTepHAJIOB U ITOBBICUTH UX Ka4eCTBO.

Hayuynas HoBu3Ha pa6oThl. PaspaboraHo HOBoe 00OpyLOBaHUE Ul YTUIN3ALHUU
OTXO0JI0B TEPMOILIACTOB. arperaT Ha OCHOBE BaJbLIOB C OECKOHEUHOH (pukiueil 3a cyer
OJIHOTO HENOABM)KHO 3aKPEIUIEHHOTO BajKa ¥ ITHEKa, PACIOJIOKEHHOTO BO BHYTpPEHHEH
€ro0 MOJIOCTH C HHINBHIYAIbHBIM IPUBOIOM, U popmyroreit rososku ([Tar. PO 2417881
RU C2 B29B 7/64).

Teopernuecku 00OCHOBaHA U SKCIIEPUMEHTANBHO JOKa3aHa OJHO3HAUHAs CBS3b
CYyMMapHOH BEIMYUHBI CIBHTa B PabOUYMX OpraHax pa3pabOTaHHOTO arperara Ha IPOY-
HOCTHBIE TTI0KA3aTEeNH IIOTy4aeMOro rpaHyJIsTa.

[IpeanoxeHo MaTeMaTHYECKOE ONMMCAHHE Iporecca nepepaboTKH TePMOILIACTHY-
HBIX IIOJIMMEPHBIX OTXOJOB Ha pa3pabOTaHHOM arperare, MO3BOJIIOLIEE MPOrHO3UPO-
BaTh KaueCTBEHHBIE [TOKA3ATENH I10Jy9aeMOro MaTepHaa.

IIpakTHyeckass HeHHOCTh. Co3/]aHa HKCIEPUMEHTAIbHAS YCTAHOBKA, MO3BOJISIO-
Iasi UCCIIEA0BaTh BIMSHUE TEXHOJOTMYECKHX IapaMeTpoB Impolecca (YacToThl Bparie-
HUS BAJIKOB, BEIMYMHBI MUHHMAIBHOTO 33a30pa MEXIY BaJIKaMH, BEIMYUHBI <«3alaca»
Marepuaia Ha BaJKax) ¥ KOHCTPYKTHBHBIX ITapaMeTPOB 000pYyZOBaHHS Ha MPOYHOCTHBIC
HOKa3aTen MOJy4aeMoro IpaHyisira (Mpeaert MPOYHOCTH W OTHOCHTEIBHOE YIJIHHCHHE
OPH PACTSHKCHHHU) U ONPEICISTh ONTHMAIbHBIC 3HAYCHHSI CYMMApPHOH BEJIMYMHBI CBUTA
B pabouMx opraHax pa3pabOTaHHOTO arperaTa Al Pa3In4HbIX OTXOI0B TEPMOILIACTOB.

OrmpesieneHs! ONTHMANbHBIC 3HAYCHHS CyMMApHO! BEIMYUHBI CIBHTA IJIS Hepepa-
OOTKHM OTXOJOB TEPMOIUIACTUYHBIX MOJIMMEPHBIX MAaTEpPHAJIOB, MO3BOJIIONIME IOJIy4aTh
BTOPHYHBII MPAHYJISAT 33/IaHHOTO KAauyeCTBa: BTOPHYHbIN mosuaTiiIeH Huskoro (BITH/) u
BeIcokoro aasienus (BIIB/), sropuunsiit momunpomnmien (BIII) u BTOpUYHBINA TOJH-
crupou (BIIC).

[Ipeanosxena MeTOOMKAa MHXEHEPHOTO pacdyeTa KOHCTPYKTHBHBIX M TEXHOJOTHYE-
CKHX IIapaMeTPOB arperaTtoB I MepepadOTKH OTXOAOB TEPMOIUIACTOB BO BTOPHUYHBIH
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TPaHyJsAT 3aJaHHOTO KadecTBa, Pa3pabdoTaHO HEOOXOAMMOE MaTeMaTHYecKoe U Ipo-
rpaMMHOe ofOecriedeHue pacuera Ha DOBM.

PaspabotanHoe 000pynOBaHHE MMO3BOJISET MOJYYaTh U3 OTXOJOB TEPMOILIACTOB KOM-
TIO3UTHI C JOOABKAMH TEXHHYECKOTO yriepoja ¢ yaydnreHHeIMH Ha 10...15%o0cHOBHBIME
(H3UKO-MEXaHUUECKIUMHE TIOKA3aTEeIISIMH.

PazpaboTaHHBIE METOMKAa MH)KEHEPHOTO pacdyera M IporpaMMHOe oOecrieueHne
BHeapenbl Ha OAO «HUUPTMaru» (TamGOB), 4TO HO3BOJIMIO COKPATUTh 3aTPAThl Bpe-
MEHH Ha IPOEKTHPOBAHUE BAJIKOBO-IITHEKOBOTO arperara ¢ pacyeTHBIM 3KOHOMHUYECKHM
a¢pdexrom 196ThIC. P.

ITony4yennslii Ha pa3zpaboraHHO# ycraHoBke rpanynst w3 BIIBJI, BITH/I, BIIIT
ucnonszyerca Ha HIIT OOO «3Qnact» B NpOM3BOJACTBE MOJUMEPHBIX TPYO MeETOIOM
skeTpy3nd, a BIIC umcmonp3yercs sl modydeHUS JEKOPATUBHOW IUIUTKA METOAOM
MIPECCOBAHMSI C PACYETHBIM 3KOHOMUYeCKHM 3 pexTom 210ThIC. p.

Paspaborannbie mporpaMmsel ainsi OBM 10 pacueTy OCHOBHBIX MapamMeTpoB MpO-
necca nepepabOTKU OTXOA0B TEPMOILIACTOB HMCIOJbL3YIOTCSl IPU NPOBEICHUM j1abopa-
TOPHOTO MPAaKTUKyMa B MOATOTOBKE MHXEHEPOB MO cnenuanbHoctd 261201mno aucumr-
nuHaM «OO00pyIOBaHUe IS MPOM3BOJACTBA Taphl U YHAKOBKU», «Y THIIM3ALMs YIaKOB-
Kr» 1 MarucTpoB 1o nporpamMme 150400.26G10 aucuuninHe «Y TUIU3AIMs 1 BTOPUYHAS
nepepaboTKa MOJUMEPHBIX MATEPHUATIOBY.

Anpobanus padorbl. OCHOBHbBIE PE3yJIbTAaThl PabOTHI 10J0XKEHbI Ha Bcepoccuii-
CKOM KOH(EPEHIINH C JIEMEHTaMK HAyYHOU IIKOJIbI A1t MOtoiexH «[IpoBeieHne HayYHBIX
HCCIIEIOBAHMI B O0JACTH MHIYCTPUU HaHOCHCTeM W Marepuaios» (Bemropox, 2009r.);
1-f ¥ 2-1 BCEPOCCHMCKHX HAYYHO-MOJIOJEKHBIX KOH(PEPEHIHAX (C MeXITyHapOIHBIM
yuactueM) «CoBpeMEHHbIE TBEPAO(a3HbIe TEXHOJIOTHHU: TEOPHs, IPAKTHKA U HHHOBAIIU-
oHHbIH MeHemkMeHT» (Tam6oB, 2009-2010); IMexayHapOAHON HAyYHO-TIPAKTHYE-
CKOM KOH(epeHIH «AcTeKTbl Hooc(hepHOH 06€30I1acHOCTH B MPHUOPUTETHBIX HalpaBlie-
HUSX JesTelbHOCTH uenoBeka» (Tam6os, 2010); 7 Bcepoccuiickoit Hay4HO-TEXHHYE-
ckoii koHpepenmu «CoBpeMeHHbIe pobiaemsl sxonorun» (Tyma, 2011).

My6mmkauuu. [To maTepuanam auccepraiyy onyoInKoBaHo 23 paboThl.

O0beM u cTpyKTypa AuccepTanuu. JluccepranuoHHas paboTa COCTOUT U3 BBEJe-
HUS, TISITH TJ1aB, OCHOBHBIX PE3YJIbTaTOB M BBIBOJIOB, CIIMCKA MCIOJIB30BAaHHBIX HCTOYHH-
koB u3 98 HaumeHoBanuii u 4 npuoxenuit. Coxepxut 103 cTpaHHIBI OCHOBHOTO TEK-
cta, 33pucyHka, 5Tabnui.

COJEPKAHME PABOTBI

Bo BBeIeHMH JaHO KpaTKOe CojepaHue paboThl, 000CHOBAHBI €€ aKTyallbHOCTb,
Hay4Hasi HOBU3HA M IIPAKTHYCCKAsi 3HAYUMOCTb.

B raaBe 1 npoBezeH JUTepaTypHBI 0030p COBPEMEHHOTO COCTOSHHS B 00JIaCTH
YTHIM3AIMH U BTOPHYHOM MepepaboOTKU OTXOIOB TEPMOILIACTHYHBIX MOJIMMEPHBIX Ma-
TepuaioB B Poccun. VccnenoBan peIHOK OJMMEPHBIX OTXOJIO0B.

IIpoBeneH moapoOHskId aHaIu3 paboT MO METOJaM BTOPUYHOM MepepadOTKH OTXO-
JIOB TEPMOILIACTOB U MPHMEHSIEMOTO 00OPYAOBaHUsI, PACCMOTPEHBI CIOCOOBI MO (DU-
KallM{ BTOPUYHBIX MMOJHMEPOB C LEJBI0 YIy4IICHHS MX KadeCTBa, JAHBI HAIPABICHHS
HCIOJIB30BAHKSI BTOPHYHBIX ITOJIUMEPOB.

IlepBast rnaBa 3aBepiIaeTcs MOCTAHOBKOM 3a1a4 UCCIICIOBAHUS.



I'naBa 2 nocesIeHa PaCCMOTPEHHIO TEXHOJIOTHYECKOrO Mpolecca nepepaboTku oT-
XOJI0B TEPMOIUIACTOB, Pa3pabOTKe KOHCTPYKIMH BaJIKOBO-IIHEKOBOTO arperara (B JaHHOM
Cllydae JKCIICPUMCHTAIBHON YCTAHOBKH), a TaK)K€ METOAMKH pacyera IeOMETPUYCCKHX
MapaMeTpoOB ITHEKOBOTO YCTPOUCTBA C YIETOM 3aJaHHOM MPOU3BOIUTEIEHOCTH.

Pa3paboTaHHbIil TeXHOJIOTHYECKH# Tportecce (puc. 1) BTOpUYHO# mepepaboTKH OT-
XOJIOB TEPMOIUIACTOB M0 HEMPEPHIBHOW TEXHOJIOTHU OCYIIECTBISIETCS CICAYIOUIMM 00-
pa3oM: OTXOJIbI C COJICP’KaHMEM MOCTOPOHHHMX HpuMeced He Oosee 5% mocTynaroT Ha
Y4acTOK COPTUPOBKH OTXOJIOB 1, B Tporiecce KOTOPOU M3 HUX YIAJLSIFOT CIyYailHbIe HHO-
POAHbBIC BKIIFOYCHHUS M BBIOPAKOBBIBAIOT CUIIBHO 3arpsi3HEHHBIC KyCKu. OTXOABI MONUMe-
POB HENPEPBIBHO 3arpy’KaroTcsi Yyepe3 3arpy304YHblil OYHKEp C JICBOil CTOPOHBI BAIIbIICB
Ha paboyre MOBEPXHOCTH BAJKOBO-LIIHEKOBOTO arperata 2, Ha KOTOPOM MPOUCXOAUT
IUIABJICHHE OTXO/OB, YAAJICHHE JIETYIUX KOMIIOHCHTOB, ITACTUKALHS, TPAHCIOPTHPOBKA
MaTepuala BJ0JIb OCH BAJIKOB MO HANPABJICHHUIO K 3arPy304YHOMY OTBEPCTHIO, IJIE 33 CUET
MaKCHMaJbHOTO JaBJICHUS B 30HE Ac(GOpPMAIMH BAIbIOB PACIUIAB IPOJAABIMBACTCS B
3arpy304HOE OTBEPCTHE M 3aXBaThIBASICh BUTKAMH IIHEKA TPAHCIIOPTHPYETCSI B CTOPOHY
(opmyromieil roOOBKH, Ha BBIXO/E M3 KOTOPOH MOTy4aroTCs IPYTKU (CTPEHrH) 3aJaHHO-
ro ceueHus. [TomydeHHbIe CTPEHIH COXPAHSIOT CBOI pa3Mep 3a CYET YCTaHOBKH TSAHYIIE-
ro ycrpoiictBa 3, manee OHH PEXYTCS HOXKOM 4, TIOCIE Yero MOJyYeHHBIC TPaHYIbI CO-
Ouparorcs B eMkoctd 5. [To JaHHOW TEXHOJOTMH MOTYT NepepadaThiBaThCs HE TOJIBKO
IUICHOYHBIE OTXOJbI TEPMOILUIACTOB MPOM3BOACTBEHHOTO U OOIICCTBEHHOrO MOTpeOie-
HUS, HO U Pa3JINYHbBIC TEXHOJIOIHYECKUE OTXO/IbI TEPMOILIACTOB.
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Puc. 1. CxeMa TeXHOJIOTHYeCKOI0 NPolecca BTOPHYHON 1epepadoTKH 0TX0/10B
TEPMOIJIACTOB!
1 — ygacTOK COPTHPOBKH OTXOMOB; 2 — BAJIKOBO-IITHEKOBBII arperar;
3 —TsaHy1IEe YCTPOICTBO; 4 —HOX; 5 — eMKOCTb JUTs TPaHy

Jnist ocylecTBiIeHHsT pa3padOTaHHOTO TEXHOJOTHYECKOro MpoIecca BTOPHYHON
nepepabOTKU OTXOJIOB MOJMMEPHBIX MATEPUANIOB ObLIa CIIPOSKTHPOBAHA M M3TOTOBJICHA
JKCIIepUMeHTaIbHast ycTanoBka (QY).

DKCIepUMeHTaTbHAS YCTaHOBKA (pHC. 2) BBIMOJHEHA Ha 6a3e 1ab0opaTOPHBIX Balb-
o CM 200 80/80u mpencrassier co00i FrOPH30HTAIBHO PACIIOI0KEHHbIE TIOJIbIC BaJl-
ku 1, 2 muamerpom 80 MM m padoueit amuHoi 200 mM. Tlepenuuit Banok 1 siBisieTcst Hox-
BIDKHBIM (4nciio 06oporos Banka: oT 0 10 30 06/muH). [IprBo Bajika OCYILECTBISIETCS OT
ANIEKTPOABHTATENS TOCTOSTHHOTO Toka AO52/2. Mcnons30BaHue TaHHOTO THIA JBUTATEIS
HO3BOJISICT IUIABHO PEryIHPOBaTh YaCTOTY BPALICHWs BAJKa, 3a[HHN BaJOK 2 SBJISCTCS
HETIOJIBU)KHBIM, B HEM UMEETCS 3arPy309HOE OTBEPCTHE 5, PaCIoI0KEHHOE B 30HE MaKCH-
MAaJIbHOT'O JIABJICHUS TIO]] YIJIOM, PAaBHBIM YTITy OJIbEMa BUHTOBOW HAPE3KU LIHEKA.

BHYTpY HEMOABM)KHOTO BaliKa YCTAHOBJICH LIHEK 3, MPUBOJ KOTOPOTO OCYIIECTB-
asiercst ot anekrpospuraresns 8. [lluek 3 ocyuiecTBiseT 3axBar MaTepuaia, TPaHCIOPTH-
POBKY H CO3/1aHHE JaBlicHHs Tiepe (OpMYIOIIeH TOJOBKOH.

MexaHu3M PeryJaupoBKH 3a30pa 9 Mo3BOJISET IepeMeIaTh NepeIHM BaJIOK 110 Ha-
MPaBIIOIIUM CTaHHHBI H (PUKCUPOBATH €0 B 3aIAHHOM MOJIOKECHHH.
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Puc. 2. Cxema 3KkcnepHMEHTAJIbHON BAJKOBO-IITHEKOBOI YCTAHOBKH:
ITat. P® 2417881 RUC2 B29B 7/64
1 —nepenHuii BaNok; 2 — 3aJHAN BaJOK; 3 — IIHEK; 4 — popMyromIast TOJIOBKA;
5 —3arpy3ouHoe okHO; 6, 9 —mydra; 7, 8 — MoTOp-penyKTOpa;
10 — perynupyrotuee ycrpoiictBo; 11 —snexkTponarpeBaresu

OnucaHa METOAMKA pacyeTa KOHCTPYKTHUBHBIX apaMeTPOB LIHEKOBOTO YCTPOMCT-
Ba, 00€CTIeUNBAONINX 33IaHHYIO MPOM3BOAUTENBEHOCTD MPOLECCa; N3JI0KEHbI TpeOoBa-
HUS, IPEbsBIsIEMbIE K IlepepadaThiBaeMbIM OTX0IaM TEPMOILIACTOB.

B riaBe 3 npemiokeH0 MaTeMaTHYECKOe ONMHMCAaHNE pacyeTa CyMMapHOH BEIHUH-
HBI C/IBUT'a, XapaKTEPU3YIOILEH KaueCTBEHHbBIE T0Ka3aTeIH IPaHyJIATa.

B pabote mocTaBiieHa 1 pelIeHa 3a/1ada M0 ONpeeNIeHHIO TaKuX IapaMeTpoB Hepe-
pabOTKM OTXOJIOB TEPMOILJIACTOB, KOTOPBIE XapaKTEPH3YIOT Ka4eCTBEHHbIE IOKAa3aTesn
BTOPHYHOTO MaTepHalia M BEeJIWYMHA KOTOPBIX MOXKET OBITh MOJIOKEHA B OCHOBY IIPU pac-
YyeTe KOHCTPYKTUBHBIX U TEXHOJIOTHYECKUX TapaMeTPOB BAIKOBO-LIHEKOBBIX arperaTos.

BenmnunHa cyMMapHOTo cIOBHra yis BaJKOBO-LIIHEKOBOTO IIPOIECCA YTHIIM3AIUU
OTXOJIOB TEPMOILIACTOB MOXET OBbITh MpEACTaBlIeHa Kak ajireOpanyeckas cymMma BeJlu-
YHH CIOBHTa IJIS1 HEIPEPHIBHOTO MpOoLiecca BalbleBaHNS C OJHUM HEMOABI)KHBIM BAJIKOM,
MPOAABIMBAHUS BTOPUYHOTO MaTepHaia yepe3 3arpy304HOe OTBEPCTHE, PACIOI0KEHHOE
B HETMIOJBIKHOM BaJIke, 1eOpMHUPOBaHUS [TOJIMMEPa B BUHTOBBIX KaHAJIAX dKCTpyepa U
CyMMapHOW BEJHMYMHBI CIBUra, BOHUKAIOIIEH B IPO-
¢$wmpyromux KkaHanax GopMyomIel roJIOBKH.

ycyM = yB + y30 + Vm + y(b}c ’ (1)

TT€ Ys: Vso, Yurr Y — CYMMapHasi BEIMUMHA CJIBUTA JUIs
HENPEePBIBHOTO MPOLECCa BabLEBAHMSA, B 3arpy30d-
HOM OTBEPCTHH, B KaHAJIaX LIHEKa, B (HOPMYIOLINX
KaHaJIaXx COOTBETCTBEHHO.

CyMMapHasi BeJIMYMHA C/BHTa, BO3HHUKAIOILAs B
MEKBAJIKOBOM 3a30pe IPH IepepaboTKe OTXOI0B Tep-
MOIUIACTOB Ha Basbliax, y KOTOPBIX OAWH BAJOK SIBJIS- Puc. 3. Cxema npouecca
eTcsi HeoABIWKHBIM (puc. 3), ompezersiercs mo ypas- BaJIbIEBAHMSI C OAHUM
HEHUIO HEMOABH/KHBIM BaJIKOM
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rae Y, =Yi(t) —cymMmapHas BeIMuYMHA C/BHIA MPU HEPHOIMYECKOM PEXKUME BallbLICBa-

. Ugt(L+ X32) _
HHUs Ha BaJIKOBO-IIIHEKOBOM arperare, I(t) =———————>— — 4uCJI0 Ipoxojos; t —
(X = Xy )y 2Rhy

BpeMsi BaiblieBaHus, ¢; Uy — cpennss BenuuuHa okpyxHoit ckopocth; Ug = U, , Tak kak
Ipu TepepaboTKe OTXOJO0B TEPMOILIACTOB HA BaJKOBO-ITHEKOBOM arperare MepeaHui
BAJIOK SIBJISICTCSL HEMOABIDKHBIM, cienoBarensHo Uy = 0; Y — cpennsis yaensHas aedop-
MalIysi CJBUTA.

Cpenusist yaenpHas nedopManusi CIBUra, KOTOPOil MOJBEPraeTcsi MaTepuai B mpo-
necce nepepaboTKU Ha BaIKOBO-IIHEKOBOM arperaTe, ONpeelsieTCsl BBIpaKSHHEM

_ |3 ) a+x3x 2 05
4 1+ X2 1- 025(1+ X 2)
05 Xe X +arctgX,, —arctgX,, L 3)

AL+ X1+ X7 1+ X7 202h2 L+ X2)(X, - X,,)

B mpouecce mepepaboTku Marepuan ¢ HO-
BEPXHOCTH BAJKOB HANPaBIIETCA B 3arpy30dHOE
otBepcTHe (puc. 4), pacronokKEHHOe B 30HE MAKCU-
MaJbHOTO JaBICHHS.

Benuuuna ciasura B 3arpy304HOM OTBEPCTUH
OTIPEIETNTCS CIIETYIOIIIM BEIPAKEHHUEM:

Y=V, 4

. _l.
rae Y —CKOpOCTh cABura, ¢ ; T —Bpems Hpe6I>IBa-

HUSI MaTepHalia B 3arpy304HOM OTBEPCTHUH, C

30 ®)

Puc. 4. Cxema IBHKEHUS V=—3
MaTepHajia ¢ NOBEPXHOCTH BaJIKa ™
B 3arpy301HoO€ OTBE€pPCTHE rae Q — oObeMHasi IPOU3BOAUTENBHOCTh MAIIUHEI,
3 . .
BHHTOBOI0 KaHaJIa HIHEKA M°/c; d — muameTp 3arpy304HOrO OTBEPCTHS, M;
FL
1= o (6)

rae F — miomaap nonepedHoro ceueHus 3arpy304HOro OTBEPCTHS, M2,

Jlanee maTepuan ¢ IOBEPXHOCTH BAJIKOB BaJIbLIOB Y€pe3 3arpy304HOE OTBEPCTHE
HaIpPaBJIsIeTCs] B BUHTOBOW KaHaJ IIHEKa, PACIIOJIIOKEHHBIM B HETIOABIDKHOM Basike. Ta-
kUM o0pa3oM, JanbpHelas nepepaboTka HmpeacTaBisieT co0oil mporece 3KCTPy3HH, O
Ka4yeCcTBE KOTOPOTO MOKHO CYAMTh TaKXKe 10 CYMMapHOM BEJIMYHHE CABHIa B BUHTOBBIX
KaHajiax IHeKa y, 1 pOpMyIOIIEeH ronoBKe Yy » KOTOPAS TIPE/ICTABISET coboit QpyHK-
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LU0 Pa3IUYHbIX KOHCTPYKTUBHBIX IIapaMETPOB IIHEKa, NPOGHIMPYIOLIMX KaHAJIOB
(opMyroIIeii FONOBKH M TEXHOJIOTHYECKUX ITapaMeTPOB MpoLecca IKCTPY3HH.
CymMapHasi BeJIMYMHA CIIBUTA B KaHAJIaX ITHEKa ONPEeNsIeTCs ClIeIyoInM 00pa3oM:

Yir = VpTu» ()
r7e Y, —PpacueTHas CKOPOCTb C/BUIa B KaHAJAX LIHEKa, ¢t
0,5D0.)(1 + 1}
. n
Yp = —h ) (8

rae T, — BpeMs npeObIBaHMSA IepepabaTsiBAEMOro MaTepHana B MaTepHaIbHOM IIHINH-
ape, ¢

WhL

T, == ©)

Qsing

rre W =(t-e)cos) — mmprHa BHHTOBOTO KaHala IMHEKa, M; Q — IPOU3BOAUTEIH-
o 3. .
HOCTh IIHCKOBOW MAIlIMHbI, M /C, N — UHACKC TeYeHUus, W — yrioBas CKOpPOCTb IIHCKA,
-1, ~ . ~

Cc , (I) — YT'0JI HaKJIOHa BUHTOBOM HApE3KU IIHCKA, M, L — JUIMHA HapE€3HOU YaCTH IIHE-
ka, M, h — IyOMHa BUHTOBOT'O KaHaJla [ITHEKa, M.

Bennunna cymmapHoOro ciBura B GopMyIOmX KaHanax TpyOHOH roloOBKH onpese-
JISIeTCs CIeyIOLM 00pa3oM:

n
Yox = zyq)i : 109
i=1
. Fl; .
Tae y(i)l :yi-[(i)i ’ chi :?, ycbi' yi , T(bi — CABHUT, CKOPOCTh CABUIA, BPEMs Hpe6bIBa'
1
HHsl IIepepadaThiBaeMOro Marepuana B i-M kaHaie cooTBercrBenno; F, I, Q — mio-

I@/[b [IOTIEPEYHOTO CEUCHHMS, IINHA M IPOU3BOIUTEILHOCTD i-TO KaHAJIA COOTBETCTBEHHO.

Takum o6pasom, perrerne ypasuenus (1) copmectro ¢ (2, 4, 7, 10)i03BossieT ompe-
JIENIATh BENMYHUHY CyMMAapHOTO C/BHTa Ui MPOLECCa BAJIKOBO-IIHEKOBOW yTHIIM3AIMH
TEPMOILTACTHYHBIX [OJUMEPHBIX MATEPHAIIOB C MOIYIEHHEM POPUILHOTO H3IENHS.

[naBa 4 nOCBsIICHA YKCIICPUMEHTAIBHBIM UCCIIEIOBAHUSIM TIpoLiecca rnepepaboT-
KU TEpMOIUIACTOB HA BAJIKOBO-LIIHEKOBOM arperare.

Jana MerojuKa onpe/encHus 0e3pa3MepHbIX KOOPIHHAT CEYCHHs BXona X, U BbI-
xola X, METOAMKH IPOBEJEHUs OSKCIIEPUMEHTOB, OIpeeNeHus (DH3UKO-MeXaHHIe-
CKHX XapaKTepPHUCTHK Telb-(PPaKIiy MONy4aeMOro BTOPHIHOTO TEPMOILIACTHIHOTO Ma-
Tepuaa, MPeJCTaBIeH aHAM3 W PE3YIIbTAThl SKCIIEPHMEHTOB, OTPaKEHHbIE B rpadude-
CKHX 3aBHCHMOCTSIX, J[AHA CPABHUTEIbHAS XaPAKTEPUCTHKA CBOMCTB BTOPUYHOTO TEPMO-
[UIACTA, MOJYYEHHBIX I10 PAa3JINYHBIM TEXHOIOTHSIM.

Llenb 3KCIEPUMEHTOB 3aKJII0YANIACh B OMPEICICHHN TEXHOIOTHUECKIX apaMETPOB
nporecca (4acTOThl BPAIICHHS BAJIKa, YaCTOTHI BPAIICHHS [IIHEKA), IIPU KOTOPBIX JOCTH-
rafoTCs MaKCHMaJbHbIe MPOYHOCTHBIE MOKAa3aTeNld IOJy4aeMOro rpanynsta (mpenen
[POYHOCTH U OTHOCUTENIBHOE Y/UTHHEHHE [IPU PACTSDKEHUHM).



B mpouecce mepepaboTku Ha 1aGOPATOPHOM BAJIKOBO-HIHEKOBOM arperare mpoBo-
JIAITACH CIIEAYIONIHE H3MEPEHHS:

1. Onpepensiin MPOU3BOJUTENBHOCTh YCTAHOBKU TIPU 33JaHHBIX 3HAYEHHAX MH-
HUMAJBHOTO 3a30pa hy, MexIy BalKkaMmu, 4acTOTHI BPAICHUS 3aJIHCTO BalKa W IIHEKa
IIyTEeM B3BEIIMBAHUSI TOJTYIEHHBIX TPAHYJI 33 ONpPE/ICICHHBIH MPOMEKYTOK BPEMEHH.

2. PerucTpupoBaiy 3HAYEHHs TOKA M HANPSHKCHUS HA THPUCTOPHOM (IUISL BAJIKO-
BOTO TUIACTHKATOPA) M YaCTOTHOM (JIJIsI ITHEKOBOTO OTOOPOYHOTO YCTPOUCTBA) Mpeobpa-
30BaTENSAX C IENIBI0 OLCHKH MOIHOCTH, 3aTPaYNBAEMOl Ha MIPOLECC YTHIH3AIUH.

[MonydyeHHBIE TPaHyJIBI B MPOIECCE MepepaboTKH COOUPAINCh B EMKOCTH JJIs T10-
CIICIIYIOLIEr0 IMPOBEACHUS SKCIEPUMEHTOB 10 ONpPEACICHUI0 (PUIMKO-MEXaHUUECKUX
rokasaresei (mpejena TeKydeCTH MPU PaCTsHKEHUH, IIPOYHOCTH MPU Pa3phiBe, OTHOCH-
TEJILHOTO YJIMHEHHS TPH PaspbiBe, & TAKKE ONPEEICHUS 30b-Telb (PaKIiH).

IMpornecc mepepabOTKH OTXOJOB TEPMOILIACTHYHBIX TTOJUMEPHBIX MAaTEPHUAIOB Ha
BAJIKOBO-IIIHEKOBOM arperare MOKHO Pa3/IelIuTh Ha JBE CTaHH.

1) nepepaboTka Ha BaJIKOBOM 00OPYIOBAHHH C OJHUM HEIOBIKHBIM BAIIKOM;

2) mepepaboTKa 3KCTPYy3HECH.

IpoBeeHHbIE 3KCIIEPUMEHTANIBHBIC HCCIEA0BaHus (pUc. 5) MO3BOJMIHN CIENaTh
CIICIYIOIIHE BHIBOJIbI: H3MEHEHUE YaCTOTHI BPAIICHHUS IIHEKA Ny, IPU MOCTOSIHHOW 4acTo-
Te BpAIICHHs BaJIKa BAIBLOB N, HE BHOCHT CYIIECTBEHHOTO BJIMSIHHS HA BEIMYMHY TTOKa-
3aTelst MPOYHOCTH IIPH Pa3phiBe O, MOIy4aeMOro BTOPHIHOTO TEPMOILIACTHYHOTO MaTe-
puaia, 4To SBISETCS CIEACTBHEM HEIOCTATOYHOM BEJIMYMHBI CABMIOBOM IedopMaliuH,
BO3HHKAIONIEH B MEKBHTKOBOM MPOCTPAHCTBE HiHEeKa. OIHAKO HAOIIONAIOTCS W3MEHe-
HUSI TIPOYHOCTHBIX CBOWCTB BTOPHYHOTO MaTepHAla MPH Pa3indHON YaCTOTE BPAIICHHS
BaJIKa BAJIBIOB N,. DTO BRI3BAHO TEM, YTO OCHOBHOE CIIBHI'OBOC BO3JICHCTBHE HA MATEpPH-
all Cco CTOPOHBI PabOYMX OPraHOB TEXHOJIOTHYECKOrO0 OOOPYAOBAaHHsS B MPOILECCE BTO-
PHYHOI TTepepabOTKH OCYIIECTBISETCS CO CTOPOHBI BAIKOBBIX Pabo4nX opraHoB. B cBsi-
30 C 3THMH 3aKJIIOUCHUSIMH, JAIBHEHIINE SKCIICPUMEHTBI IPOBOIHIIN TIPH OJIHON II0CTO-
SIHHOM YaCcTOTe BPAICHHS [IIHEKA.
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Puc. 5. 3aBucumocTb NPOYHOCTH NPH Puc. 6. I'padpux 3aBucumoctu ITP,
paspbiBe Gp OT 4YaCTOTHI BPAILLCHUSA OTHOCUTECJILHOIO YVIMHECHUS TIPH paspbiBe, mpeaeia
BAJIKA BAJIBLIOB N, IPU Pa3/IMYHOMH NPOYHOCTH IIPH Pa3pbiBe, COACPKAHUSA IeJlb-
4acTOTEe BPalleHUs IIHeKa Ny, (pakuun ot yacTorsl BpaumeHus Bajika (BIIB)
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Ha pucynke 6 mpencraBieHa rpadudeckas 3aBUCHMOCTB IOKAa3aTels TEKy4eCTH
pacmiaBa MoJIMMepa, OTHOCUTENBHOTO YIUIMHEHHs NP pa3pbiBe, Npejesia MPOYHOCTH
TPU pas3pbiBe, COMEPIKaHMs TeNb-(Ppakiiuu OT 4acToThl Bpamienus Banka (BITB/I). Ana-
JIM3UPYs JAHHYIO 3aBUCUMOCTb, MOKHO CIEIATh CIELYIOIIUE BbIBOJBL C YBEIUUCHUEM
gucna 000pOTOB BajKa IMPOYHOCTHBIE XapaKTEPHUCTHKH MaTepHala yBEIWYHBAIOTCS 32
CueT CTPYKTYpUpPOBaHMs MaTepuaja, MaKCUMallbHOE yIIPOUHEHUE MaTepuana Habrona-
ercs mpu 25 000poTax BajKa, PU AajbHEHIIEeM yBEINYEHHN YacTOTHI BPAILCHUS BaJIKa
IIPOUCXOJUT HaJeHUEe INPOYHOCTHBIX XapaKTEPUCTHK BCIEJCTBUE BO3PACTaHUs CIBUTO-
BBIX Ae(opMaIyii B MEKBAJIKOBOM 3a30P€, YTO IIPUBOIMT K PA3PBIBY MEXMOJIEKYIISIPHBIX
cBs3ell B HeM. OJHOM U3 BaKHEHIIMX XapaKTEpUCTHK BTOPUYHOIO MOIMMEPHOTO Mare-
puana, XapakTepU3yIOLUIUX €ro JalbHEHIee UCIOJIb30BaHUE, SIBISETCS OTHOCHTENILHOE
yIUTHHCHHUE TIpU pa3peiBe. U3 rpadudeckoii 3aBucumoctu (puc. 6) BUAHO, 4TO C yBENH-
YEHUEM YaCTOThI BPALLICHUs BaJIKa IPOMCXOAUT CHIDKEHUE OTHOCUTENBHOIO YAJIMHEHUS,
9TO MOXKHO OOBSCHUTH NMPOHCXOMIEH peakueil CTpyKTypUpOBaHUS MaTepHaia B MeX-
BAJIKOBOM IIPOCTPAHCTBE 3a CUET yBEIMYEHUs CABUTOBOH nedopmanuu. IIpu 3ToM B HEM
o0pasyeTcss HepacTBOpUMAs Telb-(Opakiys, KOTOpas BBINOJHIET B IaHHOM CiIydae
(YHKIMIO aKTUBHOI'O HAIOJIHUTENS TOJUMEPHOI MaTpHILBL, YTO, C OJHOU CTOPOHBI, IPU-
BOJUT K YBEJIMUECHUIO IPOYHOCTH, HO B TO K€ BpeMs SIBISETCS NPUYMHON MOSABICHUS
3HAYUTEJIbHBIX BHYTPEHHHUX HANpsDKEHUH, CIEICTBUEM 4YEro SBIAETCS IOBBILICHUE
XPYIKOCTH MaTepuala U CHIKEHUE OTHOCUTENNbHOIO YAIMHEHUS. MUHUMAJbHOE 3Haue-
HHE OTHOCHTEIIHLHOTO YIJIMHEHHs HaOmomaercs mpu 25 o00poTax Bajka, JajibHeiiiee
yBEIMYEHHE YaCTOThI BPAIlEHUs BAJIKA BEIET K POCTY OTHOCUTENBHOIO YIJIMHEHUS, YTO
TOBOPHT O CHIDKCHUH B MaTepHalle HepacTBOPUMOH reb-GppaKkiny.

B paGote ObLIM IPOBEAEHBI TAKKE SKCIEPUMEHTAIbHBIE UCCIEA0BAHUS C JPYTUMU
OTXOJIaMH TEPMOIUIACTUYHBIX MOJMMepHbIX Matepuaios (BITH/I, BIIII, BIIC), kotopsie
IIMPOKO UCTIOJIB3YIOTCS B MPOU3BOJACTBE YNAKOBKH, PE3yJIbTaThl 3KCIIEPUMEHTOB NpUBe-
JICHBI Ha pHUC. 7, 8COOTBETCTBEHHO.
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a) 6)

Puc. 7. I'paduku 3aBHCHMOCTH NOKa3aTe/sl TEKYYeCTH pPaciiiaBa noJiuMepa,
OTHOCHTEJLHOI'0 Y/VIHHEHUs! IPH pa3phiBe, Npe/iesia MIPOYHOCTH NMPHU pa3pbiBe
OT 4acTOThI BpallleHUsl BaJIKa!

a —BIIHJ; 6 —BIIIT
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Puc. 8. I'padmk 3aBHCHMOCTH NOKA3aTeNsI

TeKy4YecTH pamnJjaBa noJjanmepa,

OTHOCHTEJbHOI0 YIJUHEHHs IPH pa3pbiBe,
npejeJia NPOYHOCTH NPH pa3pbiBe

0T 4acToThl Bpauenus Bajika (BIIC)

AHanuupys JKCHEPUMEH-
TanbHble MccnenoBanus (puc. 7, 8),
MOJKHO CJIeJIaTh BBIBOJI, YTO Xapak-
TE€p 3aBUCUMOCTH (U3UKO-MEXaAHH-
YECKHMX MOKa3aTelell M MoKa3aTels
TEKY4YeCTH pacIulaBa OT 4YacTOThI
BpameHuss Banka BIIHJ[, BIIII,
BIIC anamormueH 3aBHCHMOCTSIM
s BIIB/I.

s yBenmMueHHsT TMPOYHOCT-
HBIX TIOKa3aTeseil BTOPHYHOIO II0-
JMMEPHOTO Marepuaia MpOBOIUIH
WCCIEZIOBAHUS MO0 ero Moauduka-
. MoauduKau POBOIUIN
MyTeM BBEICHHUS B PACIUIAB IOJIH-
Mmepa 0,5% TexHryeckoro yriepoaa.
B pesymprate (QuU3MKO-MEXaHUUE-
CKHE TI0Ka3aTeNly JJisl Pa3HbIX Mare-
puanoB Bo3pocnu Ha 7...15%.

B Tabnuue 1 npuBeaeHbl XapaKTEPUCTUKH MATEPHAJIOB MOCIE MepepadOTKU UX Ha
BAJIKOBO-IIIHEKOBOM arperare, a Takke mocjie uxX MoAu(OUKALUH.

Ta6auna 1
BIIBJ1 BITH/] BIIC BIIIT
OT1Xx0181 OTXO01BI OT1X0/5B1 OT1X0/5B1
XapaKTepUCTHKH OTtx0- +0,5% OTtx0- +0,5% Orxo- +0,5% Orxo- +0,5%
bl bl bl bl
Caxu Caxu Caxu Caxu
Pa3pymaromiee
HaInpsDKEHHUE NPy
pactsokennu, MIla 13,8 15,3 25 27,5 31 32,7 30 32
OTHOCUTEIIbHOE
YAJIMHEHHUE IpU
paspeiBe, % 590 650 900 950 45 49 82 90
IToxa3aTenn
TEKy4ecTu
pacrutaBa, r/10munr | 1,18 1 0,1 0,9 7,4 7,1 6 5,3

IMocne pacyera BeIM4KHBI CyMMapHOH JedopManuy caBUra A mpolecca nepepa-
60TKH OTXOIOB TEPMOIIIACTOB HA BAKOBO-IITHEKOBOM arperare B 3aBHCHMOCTH OT TEX-
HOJIOTUYECKHUX M KOHCTPYKTHBHBIX NapaMeTpOB Ipolecca U 000pyJOBaHUs, a TAKKe Ha
OCHOBaHHH TIPOBEICHHBIX AKCIEPUMEHTABHBIX MCCIIE0BAHUH, OBUIM ITOIYYeHBI 3aBH-
CHMOCTH (PM3UKO-MEXAHHYECKUX CBOWCTB G, BTOPHYHBIX TEPMOIIIACTUYHBIX MaTEPUAJIOB
OT CyMMapHOH BEJIMYMHBI CIABHUTA Y,,. Ha pucyHke 9 B KauecTBe mpuMepa NpecTaBIcHa
Takas 3aBUCUMOCTb JUIsl IOJMITHIICHA BEICOKOTO JAaBJICHMUS.
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Puc. 9. T'paduk 3aBHCHMOCTH Npe/esia POYHOCTH NPH pas3pbiBe
oT cymMapHoii BesinuuHbI capura (BIIB/)

Awnanus rpaduka (puc. 9) MO3BOIET CENaTh BBIBOJ, YTO HAWIYYIINE MOKA3ATEIIH
[0 HPOYHOCTH JAQHHOTO BTOPUYHOTO MOJMITHICHA BBICOKOTO JABJICHHS HAOIIIOIAIOTCS
IpH CyMMAapHOH BEJIMYMHE CIBHIa, PABHOM Yy, = 2450.

B raaBe 5 mpeanioxeHa METOAMKA MH)XEHEPHOI'O pacyeTa OCHOBHBIX KOHCTPYK-
THBHBIX W TEXHOJOTHYCCKUX APAMETPOB BaJIKOBO-IIHEKOBBIX arperaTos.

IIpu pacyeTe OCHOBHBIX MApaMETPOB IpoLecca MepepaboTKU OTXOJOB TEPMOILIA-
CTHUYHBIX IOJMMEPHBIX MATEPHAJIOB Ha BAIKOBO-IIHEKOBOM arperate pPemiarTcs Ba
THIIa 3a71a4:

Bapuanm 1. npoexTupoBanue HOBOro obopynoBanus. [Ipu 3aqaHHO# MPOU3BOIN-
TeNBHOCTH mporecca Q HEOOXOIMMO OMPEACIUTh OCHOBHBIC T€OMETPHYECKUE PAa3MEPHI
BAJIKOBO-IIIHEKOBOTO arperara ({uamMerp W JJIMHY BAJIKOB BAIBIIOB, JHAMETpP U JJIHHY
IIHEKa, IIar, ITyOHHy BUHTOBOW Hape3KH U IIUPHHY rpeOHs mHeka). Pemenne cBoauTes
K OIPEJEICHHI0 OCHOBHBIX I'€OMETPHUUYCCKHX Pa3MEpOB BAJIKOB (IMaMeTp W JJIHHA) U
BbIOOpY BasikoBoro obopynoBanusi B cootBerctBuM ¢ ['OCT 14333—73;0mnpeneneHuto
OIITUMANIBHOW BBICOTHI <«3alaca» MaTepuaja Ha BalKaX, ONTHMAIbHON BEIMYUHBI MUHH-
MAaJIbHOTO 3a30pa MEK/ly BAJIKaMH; OCHOBHBIX pa3MepOB HIHEKa (I[uameTpa, JJIHUHbI, [1a-
ra, TiIyOMHBI BHHTOBOH HApe3KW M INMPHHBI TPEOHs LIHEKa); CYMMAapHON BEIMYHHBI
c/BUra mpolecca NepepadoTKH OTXOAOB TEPMOIUIACTOB, CHIIOBBIX M JHEPIeTHYCCKUX
apaMeTPOB MPOLECCOB BAJBLECBAHUS M IKCTPY3HH; IPOBOAUTCS MPOYHOCTHOW pacyer
OCHOBHBIX JICTAJICH M Y3JIOB BaJIKOBO-IITHEKOBOIO arperara M TEIUIOBON pacder mporecca
yrunu3anui. COCTaBIseTCs TEXHUYECKas XapaKTEePUCTUKA CIIPOSKTUPOBAHHOTO BAJKO-
BO-IITHEKOBOTO 000PY/I0BAHUSI.

Bapuanm 2. npu 3aJaHHBIX TEOMETPUYESCKUX Pa3Mepax BaJKOB BaJbIOB HEOOXO-
JMMO OIPECIUTh MPOU3BOAUTEIBHOCTS nporecca Q 1 OCHOBHBIC T€OMETPHUYCCKHE Pas-
Mepbl IIHEKa, YCTAHOBJIECHHOIO B HEIMOJBWKHBIM BaIOK (IHaMETp W UIMHY IIHEKa), a
TaKoKe rabaputsl GOPMYIOIILH TOTOBKH.
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OCHOBHBIE PE3YJIbTATHBI U BbIBO/IbI I1O PABOTE

1. BwInonHeH JuTepaTypHbIi 0030p U aHAIU3 COCTOSHUS BTOPHYHOM TepepadoTKu
MOJIMMEPHBIX MaTtepranoB B PO u 3a pyOexxoM. PaccMOTpeHBI CyIIECTBYIONIME TEXHOIO-
TMH U TIpUMEHseMoe 00OpYIOBaHHE Il BTOPUYHOM NepepabOTKH OTXOAOB Pa3IHYHBIX
TEPMOILIACTHYHBIX MOJIMMEPHBIX MATEPHANIOB, U MOKA3aHbI X JOCTOMHCTBA U HEJJOCTATKH.

2. Paspaborano HOBOEe 000pYAOBaHUE VISl YTHIIM3ALUH OTXO/IOB TEPMOILIACTOB. ar-
perar Ha OCHOBE BaJIbIIOB C OECKOHEYHOI (DPHUKIMEH 3a CHEeT OTHOTO HEMOABINKHO 3aKpell-
JICHHOTO BaJIKa W IIIHEKa, PACIIOJI0KEHHOrO BO BHYTPEHHEH €ro MOJOCTH C HHIUBUAYAb-
HBIM IIPUBOJOM, U (opmyroueii ronosku ([Tar. PO 2417881 RUC2 B29B 7/64).

3. Cospmana sKcnepuMeHTalbHasE YCTaHOBKA, MO3BOJIAIONIAs MCCIEAOBATh BIMSHUCE
TEXHOJIOTHYECKUX MapaMeTpoB Ipoiiecca (YacTOTHI BPALICHUs BAJIKOB, BEIMYMHBI MHUHH-
MAJIBHOTO 3a30pa MKy BAJIKaMH, BEJIMYHHBI <3allaca» Marepraja Ha BajKaxX) U KOHCT-
PYKTHBHBIX [TapaMeTpoB 00OpPYAOBAaHMS HA MPOYHOCTHBIE MTOKA3aTEIH MOJIYy4aeMOro rpa-
HyIsita (peielt POYHOCTH U OTHOCUTEINIBHOE YIUTHHEHHE [PH PACTSDKCHUM).

4. Tloka3aHa B3aMOCBSI3b BEJIMYMHBI CYMMapHOTO C/ABUra B pabOYuX OpraHax
pa3paboTaHHOrO arperata U KadeCTBEHHBIX IMOKA3aTelNel Moy4aeMoro BTOPUYHOTO rpa-
HYyJATA.

5. Omnpegenens! onTUMabHbIC 3HAYCHHUSI BETMYMHBI CyMMapHOTO C/IBHIa AU Pas-
JIMYHBIX OTXOJ0B TEPMOIUIACTUYHBIX MaTepranoB: 2450 —wis MONUITHIICHA BRICOKOTO H
Huskoro nasieHus, 2390 —mis BropuuHOro nojumnpornmieHa, 2540 —ais BTOpUYHOTO
MOJIMCTUPOTIA.

6. PaspaGoraHo mMareMaTH4YecKOe M MPOrpaMMHOE OOECIeYeHHe pacuyera cymMMap-
HOUM BENTMYMHBI CABUra B pabOYMX OpraHax pa3pabdOTaHHOrO arperara, Ha KOTOpOE TOJy-
YEHO CBHJETEIBCTBO 00 OHIMAIBHON PErUCTPAIMK TIPOrpamMMbl 1iisi IBM.

7. Coznmana MeTOOWKa MH)KEHEPHOTO pacdyeTa KOHCTPYKTHBHBIX M TEXHOJOTHYE-
CKHX NapaMeTPOB MpeAIaraeMbIX K MCIOJIB30BAaHHUIO arperaToB pasindHON MPOM3BOINU-
TEJILHOCTH € YUETOM 33IaHHOTO KayecTBa MOIy4yaeMoro rpaHysTa.

8. PaspaboTtanHOoe 000OpymOBaHHE MO3BOJET MOTY4aTh U3 OTXOJOB TEPMOILIACTOB
KOMITO3UTHI C JI0OABKaMH TEXHHYECKOTrO yriepona ¢ ymydnieHHbiMH Ha 10...15%ocHoB-
HBIMU (DU3HKO-MEXaHHYECKUMH MOKa3aTeIsIMU.

9. PazpaboraHHbIE METOJIMKA WHXXEHEPHOTO pacueTa W MporpaMMHOe obecreue-
Hue BHeapeHbl Ha OAO «HMMPTMai» K UCHONB30BaHUIO IPU IIPOEKTUPOBAHUU IIPO-
MBIIIEHHOTO BaJIKOBO-IIHEKOBOTO arperara 1o nepepadoTKe OTXOIO0B TEPMOILIACTOB C
pacyeTHBIM 3KOHOMUYECKHM dppekToM 196ThIC. p. B TOLI.

10.Tlony4ueHHBII Ha SKCIEPUMEHTAILHON YCTAaHOBKE IPAHYJIAT U3 OTXOJIOB TEPMO-
mractoB ucnons3yercst Ha HITIT OO0 «DmacT» I MPpOU3BOACTBA IEKTPOU3OIIIIMOH-
HBIX TTOJMMEPHBIX TPYO, MIPUMEHSEMBIX B )KEIe300€TOHHBIX CTPOUTENBHBIX IUINTAX Me-
TOJIOM 3KCTPY3HH, JUIsl MPOU3BOJCTBA JCKOPATUBHOW IUIUTKH METOJOM IIPECCOBAHHS C
pacueTHbIM SKoHOMHYecKUM 3 dexrom 210ThIC. p.

11.Pa3pabotannbie mporpamMmbel st OBM mo pacdeTy OCHOBHBIX MapaMeTpoB
nporecca nepepadoTKu 0TXOJ0B TEPMOIUIACTOB HCTIOIB3YIOTCA IPH MPOBEICHUH J1a00-
PaTOPHOTO MPAaKTHKyMa B MOJTrOTOBKE WHXKEHEPOB IO crienranbHoctd 261201mo nuc-
muminHaM «O00pyI0BaHUE Uil IPOU3BOJICTBA Taphl U YIAKOBKI», «YTHJIHM3AIMs yIia-
KOBKU» M MaructpoB 1o nporpamme 150400.26n0 nucuuruinHe «YTHIH3AlMS U BTO-
pu4Has nepepadboTKa MOJUMEPHBIX MATEPUATIOBY.
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OCHOBHBIE OO3HAYEHUA

Q — mpOM3BOAUTENHHOCTD, KI/d; N, K © M — peosornueckne KOHCTAHTHI; [ — BSI3-
KocTh, [1ald; N — gacrora Bpamenus, 06/MUH; p — INIOTHOCTH CMECH, KF/M3; R — panuyc,
M; |, — nnmHa paboueii yactu Basika, M; L — [inHa Hape3HO# yacTw mmrHeka, M; X, X, —
Oe3pa3MepHbIe KOOPAWHATHI CEUYCHHI BXOJA U BBIXOMA; X,, X, — KOOPJHMHATBHI CEYCHHS
BXOJa ¥ BBIXoma, M; D — nuamerp, M; o, — mpejen TeKydecTd npu pacTsokenun, Mla;
G, — IIPOYHOCTh IpU paspeise, Mlla; & — OTHOCUTENBHOE YIUTMHEHHUE IPU paspbise, %0,
hy — BenMUMHA MHUHUMAJIBHOTO 3a30pa MEXKIY BaJlKaMH, M; (y — YIACJIbHAs MOIIHOCTb,
3aTpayrBaeMasi Ha Mpou3BoACcTBO 1 Kr mpomykimu KBT/Kr; t — Bpemst (IIpooInKuTeb-
HOCTB) BaJIbIIEBAHMSI, MUH; Y — BEJIMUMHA CYMMapHO# ehopMaIuu CBHTa.

OCHOBHOE COJEPKAHUE TUCCEPTALIUU U3JIOKEHO
B CIEAYIOIUX PABOTAX:

Ilybauxayuu 6 uzoanusx, pexomenoogannwvix BAK PQ:

1. Pa3paboTka KOHCTPYKIHH BaJIKOBO-LIHEKOBOTO arperara M COBMEIIEHHOTO
TEXHOJIOTHYECKOT0 IMpoIecca YTHIN3ANUK MOJIUMEpHO# Tapbl u ymakoBku [ JI.JI. Ilo-
aymkud, A.C. Kinunkos, I1.B. Makees, C.C. I'ypees // Bectauk TaMO0BCKOTO TOCYyaap-
CTBEHHOTO TexHH4eckoro yHuepcurera. — 2010. -T. 16,Ne 3. —C. 578 — 587.
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tepmoruiactoB / I1.B. Makees, A.C. Kiuukos, U.B. llamkos, B.I'. Oxgronsko // Becr-
HUK TaMOOBCKOTO TOCYJAapCTBEHHOTO TeXHHYeckoro yHupepcurera. — 2011, —T. 17,
Ne 4. —C. 1002 — 1006.
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¢bwibHBIX u3nenuil 3agannoro kadecrsa / I1.B. Makees, A.C. Kiuukos, J.JI. Tlomymi-
kuH, I1.C. bensieB // Bectank TaMOOBCKOTO TOCYIapCTBEHHOTO TEXHHUYECKOTO YHHBEP-
curera. — 2012. -T. 18,Ne 1.

Ilybnukayuu 6 opyeux uz0anusix.
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2. Makees, [1.B. Pa3paboTka TeXHOJIOTHH 1 000PYIOBaHUS ISl IEPEpabOTKH OT-
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15



4. BnusHHEe mapaMeTpPOB IPoLecca BTOPHYHON MepepabdOTKH OTXOAOB IOIHMEp-
HOM Tapbl M YHAKOBKM Ha KayeCTBEHHBIC IIOKA3aTeld I0JyyaeMoro BTopMarepuaia /
I1.B. Makees, C.C. I'ypees, A.C. Kiurkos, JI.JI. ITonymkun // Tpyast TT'TY : ¢6. Hay4.
ct. —Tam60B : M3n-Bo Tam6. roc. TexH. yu-ta, 2010. Beim. 23. —C. 163 — 166.

5. Typees, C.C. IomyueHre KOMIIO3HIMOHHBIX MOJIMMEPHBIX MaTepHAIOB 3aIaH-
noro kauecrBa / C.C. I'ypees, A.C. Kiuukos, [1.B. Maxkees // Mosono# ydaensiii. —Ywura,
2011. Ne 1(24) —C. 22 - 24.

6. Makees, [1.B. IHHOBallMOHHAsI TEXHOJIOTHS PEIMKIIMHIA OTXOA0B TEPMOILIA-
croB / I1.B. Makees, C.C. I'ypees, 11.B. Ilamkos // IIpoGaembl TeXHOreHHOM Ge3omac-
HOCTH M YCTOWYHBOTO Pa3sBHUTHSA : CO. Hayd. CT. MOJOJBIX y4EHBIX, aCIIHPAHTOB U CTY-
neHtoB. — Tam60B : M3n-Bo TaM6. roc. TexH. yu-ta, 2011. Bem. II. —C. 158 — 161.

7. Typees, C.C. CpaBHHUTEIIbHBIN aHAU3 JBYX METOAOB OIPEJACICHHs cymmap-
HOI nedopMmany cIOBHTa B PabOYMX IPOCTPAHCTBAX IBYXPOTOPHBIX CMecHTeleil ¢
oBasbHbIMH pabounmu opranamu / C.C. I'ypees, A.C. Knunkos, I1.B. Makees // Moio-
no# yuensiii. —Yura, 2011. Ne 6(29). —C. 32 — 37.

8. Typees, C.C. TexHomornueckuii mporecc HOMyYeHHs KOMIIO3UTa Ha OCHOBE
BIIBJl n akruBupoBaHHoro texuudeckoro yriepoga / C.C. I'ypees, A.C. KiuHkoB,
I1.B. Makees // Monomo#t yuensiit. —Yura, 2011. Ne 6(29). —C. 37 — 41.

9. CBHIETENBCTBO O TOCYIAPCTBEHHOH perucrpanuu mnporpammbl aist O9BM. —
Ne 2010617845Pacuer nHTErpaNbHOTO KPUTEPHUs KadecTBa B 30HAX AeopMaIny cMe-
cutenbhbix ycrpoiicts /| C.C. I'ypees, I1.B. Makees, M.B. Cokonos, A.C. KinHKOB,
I1.C. Bensie ; Tam0. roc. TexH. yH-T. — Ne 2010616018 pasen. 01.10.2010 3aper.
26.11.2010.

10. CBuAeETENbCTBO O TOCYAApCTBEHHOI perucTpamyy mporpamMmsl st OBM. —
Ne 2011612497PacueT HHTETPaTbHOTO KPUTEPHUS Ka4ecTBa B 30HAX Ae(OopMaluy IBYX-
poropusix cmecureneit / C.C. T'ypees, I1.B. Maxkees, J[.JI. ITonymkun, A.C. KiiuHKOB,
M.B. Coxkosos ; Tam0. roc. TexH. yH-T. — Ne 2011610879 pasen. 14.02.2011 3aper.
25.03.2011.

11. CBugerenbcTBO 00 OQUIMATBHON perucTpanuu mnporpammsel ans OBM. —
Ne 2008612658 Pacuer Ha TPOYHOCTh W KECTKOCTh BaiakoB BajbioB / I1.B. Makees,
J.J1. Tlonymkus, M.B. Coxkonos, A.C. Knunkos, B.1. Koueros, I1.C. benses ; Tamo.
roc. TexH. yH-T. —Ne 2008611473 3assin. 07.04.2008 3aper. 28.05.2008.

12. Tlar. P® 2417881 RUC2 B29B 7/64 Baskoso-uiHekoBsiii arperar / A.C. Kinn-
koB, [1.B. Makees, M.B. Cokomnos, JI.JI. [Tonymkusn, B.I'. OnHonbko : Tam6. roc. TexH.
yH-T. —Ne 2009100295/053as81. 11.01.2009 ¢my6a. 20.07.2010Br01. Ne 20.

16



IMoxnucano B neyats 20.04.2012.
dopmar 60x% 84/16. 0,93/ci. neu. 1. Tupax 1003k3. 3aka3z Ne 199

Wznarenscko-nonurpaduueckuit ueHrp ®I'bOY BIIO «TT'TY»
392000,r. TamboB, yi. CoBerckas, 1. 106,kx. 14



