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Pe3yabTarbl 00ydye Husi mo OOII ABromaru3anus Te XHOJIOrHYe CKUX MPOoLEe CCOB U

IMPOMU3BOJACTB B MAIIMHOCTPOCHHUH

Koa xomMneTeHIumn |

HanmeHoBanue xoMieTe HIIMA

YHuBe PCAJTbHBIC KOMIICTCHIIUN

VK(Y)-1

CnocoOHOCTh OCYIIECTBIISATh KPUT MUECKHUH aHaIu3 Mpo0JIeM HbIX
CUTYaIIMil HA OCHOBE CHCTEMHOT'0 MOAX0/a, BEIpa0aThIBAaTh CTPATETHIO
nelcTBUA

VK(Y)-2

CnocoOHOCTh yIpaBiIATh MPOSKTOM Ha BCEX ATAMaX €ro U3 He HHOrO
[IMKJIa, TTONTy4aTh U 00padaThiBaTh MHYOPMAIIMIO M3 Pa3JIFd HbIX
HCTOYHHKOB C MCIIOJIb30BAaHUEM COBPCMCHHBIX I/IH(l)OpMaIII/IOHHI)IX
TEXHOJIOT Ui, IPUME HAThH MPUKJIAAHbIE TIPOTrpaMMHBIE CPEJCTBA IPU
pEIIeHUH MPaKTUIECKUX BOMIPOCOB C MCIIOJIh30BAHUEM TIe PCOHAIIB HBIX
KOMIIBIOTEPOB C TPUME HEHUEM MTPOrPAMMHBIX CPEJICTB OOIIETO U
CTeIIMaJIbHOT O HA3HAYCHUS B TOM YHCIIE B PEXKUME YIAJICHHOTO JIOCTYTIa

VK(Y)-3

CnocoOHOCTh OpraHU30BaTh U PyKOBOJUTh pabOTON KOMaHIbI,
BBIpa0aThIBasi KOMaHIHYIO CTPATETHIO [ JOCTIDKE HUSL TIOCTABICHHO N
1eJH

VK(Y)-4

CnocoOHOCTh MPUMEHITH COBPEMEHHBIE KOMMYHUKATUBHbIE TEXHOJIOT MM,
B TOM YHCJIe HA MHOCTPAHHOM (-BIX) sI3BIKE (-aX), 71 aKaJeMHIECKOro 1
npodeccroHamb HOro B3aumMoaeicTBYs (-uif), aHAJIM3UPOBAThH U YUUTHIBATH
pa3HooOpa3yie KyJIbTYp B TPOLECCE MEKKYILTYPHOTO B3a IMOZCHC TBUS

VK(Y)-5

CnocoOHOCTh HAa HAYYHOW OCHOBE OpraHU3OBLIBATH CBOU TPYII,
CaMOCTOSATEIILHO OLIE HUBATh PE3YJIbTaThl CBOEH JE€ATEIBHOCT U, BJIAJIETh
HaBBIKAMH CAMOCTOSTEJILHOM paboThI B chpepe MpoBESHMST HAYY HBIX
HCCJIeIOBAaHUM,

C03/1aBaTh U PEIaKTUPOBATH TEKCTHI MPO(EeCCUOHATIHLHOTO HA3 HAUSHUs

VK(Y)-6

CriocoOHOCTB OMpEeenTh U Pea30BaTh NPUOPUTETHI COOCTBEHHOU
NeSATEeJIbHOCTU U CTIOCOOBI €€ COBEPILIE HCTBOBAHMS HA OCHOBE CaMOOLE HKH,
a TAKXKE UCTOJIb30BATh NMPUEMBI II€PBOX NOMOIIH, METO/IBI 3AIIUTHI B
YCJIOBHSIX YPE3BbIYaMHBIX CUT yalluil

O61me npode ccuoHAIbHbIE KOMIIETEH MU

OIK(Y)-1

CriocoOHOCTh OpMYTUPOBATH IIETU U 33/1a9H UCCIICIOBAHUS , BBISIBISITH
IIPUOPUTETHI PELICHMS 3aJ1a4, BBIOMpATh U CO3/1aBaTh KPUTEPUHU OLIE HKU

OIK(Y)-2

CriocoOHOCTh MPUMEHATH COBPEMEHHBIE METOJIbI HCCIIEI0BAHY,
OIICHUBATh U NPEJICTABIATH Pe3yIbTAThl BHINOIHE HHOM pabOTHI

OIIK(Y)-3

CriocoOHOCTD HUCTIONB30BATh WHOCTPAHHBIH SA3bIK B PO(ECcCHOHaTbHO M
cepe

OILK(Y)-4

CriocoOHOCTh OCYIIECTBIISATh IKCIIEPTU3Y TEXHUIECKON TOKYMEHT a1

OIIK(Y)-5

CrocoOHOCTh OpraHM30BLIBATh PabOTy KOJJICKTHUBOB UCTIONMHUTENC i,
MIPUHAMATh UCTIOJTHUTEIIbCKUE PEIIEHUS B YCIOBUAX CIIEKTPa MHEHUM,
OTIPECTISITH MOPSIOK BHITIOJTHEHUSI paOOT, OPraHu3 OBHIBATH B
MoJIpa3/ieieHUH paboThI 10 COBEPILIC HCTBOBA HHIO,, MOJICPHIBA LU,
YHUDUKAIIUY BBITYCKAEMBIX U3JICJIHI, ¥ HX 3JIEMEHTOB, 0 pa3padboTke
MIPOCKTOB CTAHAAPTOB U CEPT UPUKATOB, 00ECTICY MBATh aIaNITAIIUIO
COBPEMEHHBIX BEPC UM CUCTEM YIPABJICHHS] KAUECTBOM K KOHKPETHBIM
YCJIOBMSIM MPOU3BOJCTBA HA OCHOBE MEXKITYHAPOIHBIX CTAHIAPTOB

OIIK(Y)-6

CnocoOHOCTH K paboTe B MHOTOHAITMOHAJIb HBIX KOJIJIEKTUBAX, B TOM YHCJIE
pu padoTe HaJl MEKIUCIUTUTMHAPHBIM M ¥ MHHOBA IO HHBIM U




OIK(Y)-7

CnocobHOCTh 0OecneurBaTh 3aIIUTY U OLIE HKY CTOUMOCT M OO BEKTOB
HHTCJUICKTYAJIb HOM ACATCIbHOCTH

OIIK(Y)-8

CnocoOHOCTH TPOBOAUTh MAPKETHHI OBBIE WCCJICAOBAHUS U
MOJICOTAaBJIMBATh OM3HEC-IIJIA HbI BHIIYCKA U peaM3alliK MEPC ICKTUBHBIX H
KOHKYpE HTOC TIOCOO HBIX M3JICNIHIA B 00JIACTH MAITMHOCTPOE HUS

OIK(Y)-9

CriocoOHOCTh 00ecneurBaTh yIpaBie HUE MpOorpaMMaMu OCBOCHHsSI HOBOM
IIPOAYKLIMU U TEXHOJIOI Ui, ITPOBOIUTH OLEHKY ITPOU3BOACTBEHHBIX U
HEIIPOM3BO/JICTBEHHBIX 3aTPaT Ha o0ecrneueHne TpeOyeMoro kauecrsa
MIPOAYKIINH, A HATU3UPOBATH PE3YJIbTATHI 1EATEIBHOCTH

IIPOM3B OJICTBEHHBIX MOAPA3ACICHUN

OITK(Y)-10

CnocoOHOCTh OpraHU30BBIBATH PabOTY IO MOBBIIIEHUIO HAYy4 HO-
TEXHUYECKHX 3HaHUI pab0T HUKOB

OIK(Y)-11

C11oco0HOCTH TNIOATOTAaBJIMBATHb OT3bIBBI U 3aKJIFOUCHUA Ha P OCKTHI
CTaHAAPTOB, paIMOHAIIM3ATOPCKHE TPEIJIOKE HUS M M300pETEHS B
00J1acTH MaIIMHOCTPOCHUS

OIK(Y)-12

CnocoOHOCTH TIOJITOTABIMBATh HAYyY HO-TEXHUUECKHUE OTUETHI, 0030DHI,
MyOJTUKA UM 10 pe3yJIbTaTaM BBITOIHE HHBIX UCCIICIOBAHUIN B 00JIACTH
MAIIHOCTPOC HHS

OIIK(Y)-13

CnocoOHOCTH pa3padaThIBaTh METOAUYECKUE U HOPMATHUBHBIC JTOKYMEHTHI,
MPeIJIOKE HUSL ¥ TTPOBOJIUTHh MEPONPUST U TIO peaTi3aiuy pa3padoTaHHbIX
MPOEKTOB W MPOrpaMM B 00JIACTH MAITMHOCTPOC HUSI

OIIK(Y)-14

CnocoOHOCTh BBIOMPATH AHATTUTHYECKHUE U YKCIIC HHbIE METOMBI TIPU
pa3paboTKe MaTeMaTH4eCKUX MOJiesiel MallliH, IPUBOJI0B, 000pyA0BaHUS,
CHCTEM, TEXHOJIOT MECKUX MPOLIECCOB B MAITMHOCTPOE HUU

IIpodeccronaibHble KOMIIETE HITUU

TIK(Y)-1

CriocoOHOCTh pa3pabarbIBaTh TEXHUYECKUE 3aJJaHUs HA MPOEKTUPOBA HHIE
Y MBTOTOBJIC HUE MAIIINH, TIPUBOJI0B, 000PY/A0BaHISI, CUCTEM U
HECTaHIapTHOTO 00OPYAOBAHMS U CPEJICTB TEXHOIOT MIECKOTO
OCHAIIIC HYS, BRIOMPATh 000py/I0BAHUE U TEXHOJIOT MIECKYIO OC HACTKY

TIK(Y)-2

CnocobHOCTh pa3pabaThiBaTh HOPMbI BBIPAOOTKU U TEXHOJIOI HUECKHUE
HOPMAaTHBBI HA PACXOJl MaTEPHAJIOB, 3aTOTOBOK, TOTINBA U
SJICKTPOSHCPI v B MAIIMHOCTPOC HUU

TIK(Y)-3

CriocoOHOCTD OLIE HUBATh TEXHHUKO-3KOHOM HUECKYIO () (PeKT MIBHOCTD
NPOCKT UPOBAHWUS , UCCIICJOBAHMS, M3TOTOBJICHUS MAIIMH, IPUBOJIOB,
000py10BaHISI, CUCTEM, TEXHOJIOI M9€ CKUX TPOIECCOB, TPUHUMATD
ydacTye B CO3/IaHAN CUCTEMBI MEHEDKMEHTA KayeCTBa Ha MPEJIPUITHI

TIK(Y)-4

CnocoOHOCTh MOATOTaBIMBATH 3asIBKU HA W300PETEHMS M POMbIIIIJIEHHBIE
00pa3Ipl, OpraHM30BBIBATH PA0OTHI MO OCYIIECTBICHHUIO aBTOPCKOT O
HaJ[30pa MPU U3 OTOBJIC HUM, MOHTA)KE, HAJIA/IKe, UCTIHITAHUAX U C 1aue B
AKCIUTYaTAIHIO BBITYCKAEMbIX M3 U 00EKTOB MAIIITHOCTPOSHHS

TIK(Y)-5

CniocoOHOCTH pa3pabaThIBaTh IWIAHBI U MPOrPaMMBbI OpraHU3aIlun
HHHOBaHHOHHOﬁ ACATCIbHOCT Y HA MPECATIPUAT A, OLICHUBATDH
WHHOBAIIMOHHBIE ¥ TEXHOJOTHYIECKUE PUCKH IPU BHEIPSHUU HOBBIX
TEXHOJIOT M, Opra HU30BbIBATh MOBBIIICHNUE KBAJIH(DHKA MU U TPSHUHT
COTPYIITHUKOB TIO/Ipa3/IeJICHUI B 00JIACTH WHHOBA IIMOHHOM IESITEIILHOCTU U
KOOPIUHHPOBATH paboTy MepcoHaa MpH KOM INIEKCHOM PelIeHUN
WHHOBAIIMOHHBIX MPOOJIEM B MAITMHOCTPOCHUU

TIK(Y)-6

CniocoO6HOCTh pa3padaThiBaTh MEPONPHATUS MO KOMIUIEKCHOMY
UCTIOJIb30BA HUIO CBIPbSI, MO 3aMeHe Je(PUIIUTHBIX MAaTEPHAJIOB U
M3BICKA HUIO CTIOCOOO0B YT MJIM3ALIMHU OT XO/10B MaIllMHOCTPOUTEJIL HOT'O




IIPOM3BOJICTBA

TIK(Y)-7

CnocoOHOCTh OPraHW30BaTh PA3BHUT M€ TBOPUECCKON MHUITUATHUBEI,
pannoHaTM3a IUH, H300peTaTeIbCTBA, BHEIPEHHE TIOCTIDKE HAN
OTEYECTBEHHOH M 3apyOeKHOM HAYKH, TEXHUKH, UCTI0JIb30Ba HUE
NIePEI0BOr0 OIBITA, 0OecTeurBaIOINX 3P PEeKTHUBHYIO padoTy
HO/Ipa3ieIeHus, TIPE NPT Ut

TIK(Y)-8

CriocoOHOCTh OpraHM30BaTh U NPOBOJUTh HAy4 HbIE HUCCIIEI0BA HUSA,
CBSI3aHHbIE C Pa3pa0OTKOM NPOEKTOB U IPOrpaMM, IPOBOJUTH paOOTHI 1O
CTaHAapTHU3aLUU TEXHUUECKHUX CPEICTB, CUCTEM, IIPOIIECCOB
000pyIOBaHYSL U MATEPUATIOB

TIK(Y)-9

CriocoOHOCTh pa3pabaThiBaTh (PM3MMECKHE U MATEMAaTHIECKHUE MOJIEIN
UCClieyeMbIX MaIlliH, IPUBOJI OB, CUCTEM, TIPOIIECCOB, SIBJIC HUW U
00BEKTOB, OT HOCAIIMXCS K TIPodeccruoHas HOM cdepe, pa3padaThiBaTh
METOJIMKH ¥ Opra HU30BBIBATH MTPOBEJICHUE IKCIIEPUMEHTOB C aHAJIM30M MX
pe3yJIbTaTOB

TIK(Y)-10

Cr1ocoOHOCTH M TOTOBHOCTH HCIIONB3 0BATh COBPEMCHHBIC TICUXOJIOI O-
NneaarortiCCKrUC TCOpun U METOAbI B IIpO(i)eCCHOHaHBHOﬁ JACATCIBHOCT U

TIK(Y)-11

CnocoOHOCTh MOATOTABIMBATH TEXHUYECKHUE 3a/1aHus Ha pa3paboTKy
MPOEKTHBIX pelIeHnH, pa3padaThIBaTh ICKM3HbIE, TEXHUYECKHE U paboune
HPOEKThI TEXHUUECKHUX Pa3pabOTOK € UCIIONb30BaHUEM CPEACTB
aBTOMAaTH3alMK NPOSKTUPOBAHUA U NEPEJOBOI0 OIbITA pa3paboTKH
KOHKYpE HTOC TIOCOO HbIX M3/I€IUH, y4aCTBOBATh B PACCMOTPEHUU
Pa3NIUIHOM TEXHUYECKOM JIOKYMEHTAINH, TIOJITOTABIMBATh HEOOX O/1 UM bIE
0030pblI, OT3BIBBI, 3aKITIOYEHUS B 00JIACTH TPO(eCCHOHATb HOM
JIeSATeNIbHOCTH

TIK(Y)-12

CnocoOHOCTh COCTaBIISITh ONUCAHUS IPUHIIUIIOB JIEUCTBUS U YCTPOUCTBA
MPOEKT UPYEMBIX U3JIENIHI U 00BEKTOB ¢ 0OOCHOBaHUEM MPUHATHIX
TEXHMYECKUX pelle HUil B 001acTi npodecCruoHabHOM 1esITeIbHOCT U

TIK(Y)-13

CrnocoOHOCTh IPUMEHITH HOBBIE COBPEMEHHBIE METO/IBI pa3padoTKH
TEXHOJIOTMIECKUX TPOTIECCOB M3TOTOBIIC HUS M3ISTIUI U 00BEKTOB B ¢ epe
poeCCHOHAIL HOM JIEATEIBHOCTH C OTPEACIICHUEM PAIIMOHAb HbIX
TEXHOJIOTMIECKHX PEKUMOB Pa0OThI CIICIMAIb HOrO 000pY/10BaHUS B
MaIMHOCTPOC HUH
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TEXHUYECKOE 3ATAHHUE:

HcxonHble 1aHHbIe K padore OOBEKTOM HCCIIEOBAHMUS ABIISETCS TEXHOIOT HsT

(HaI/IMeHOBaHT/IC 00BEKTa UCCIT SOBAHNS WITH TIPOCKTUPOBAHMA U3TOTOBJICHUA (bprLI JIJIS1 TIOMEHHBIX Heqef/i'

NPOM3BOAUTEIbHOCTh MM HArPY3Ka; PEXUM pabOThI M . MI
(Henp ephIBHBIN, TIEPUOANY €CKU I, LIMKINYECKHI U T. [1.); BUI aTep al 3L, MCITb MapKu :

CBIPBSI WM MaTepHal U3/ enusl; TpeOOBaHMS K HPOIYKTY, Tpe6OBaHI/IC K U3 IC/THUIO: obecrieuenme FpaﬂHCHIHOﬁ
W3JIENU 0 WM TIPOIIECCy; 0CoObIe TpeOOBaHUA K 0COOEHHOCTIAM CTIPYKTypHI Matepuana Q)prbI, 00ec MeYNB oIS

(yHKIIIO HUpOBaHYS (IKCIUTY aTaly) OOBEKTa YIIN H3JEN s B >
IU1aHe 6e30MaCHO CTH AKCIUTyaTaI[ MK, BIMSHIS HA OKPYKAIOILYIO0 HOBBIIICHHYTO TCINIOCTO MKOCT M3 ACTIHAL.

Cpelly, SHEPro3arparTam; S5KOHO MUYECKUI aHATU3 U T. JL.). TexHoJIOrus OJyYEHUs 3arOTOBKU: a/IIUTUBHASL.
[IepeueHs noaIeKaUMX UCCIIEIOBAHUIO, 1. JlurepatypHbIii 0030p.

IMPOCKT HPOBAHHIO U pa3pa60TKe BOIIPOCOB 2. HCCJICI[OB&TCHBCKaSI qacCThb. BLI60p TPACKTOPUH
(aHanMTHYeCKMit 0630p MO JIUTEP aTypPHBIM MCTOYHHUKAM C I[ETBI0 CKaHHUPOBAaHMA. HOJIleeHI/Ie " UCCJICAOBAHUC

BBISICHCHUS L[OCTI/?KGHPIPI MHPOBOU HAyKHU TEXHUKU B MaKpOCprKT_YpI)I 3KCHepI/]M€H'IaIII>HBIX 06p213HOB
paccMarp uBac MO 06nacm; TIOCTAaHOBK @ 3a/1a4M M CCJIC 1OBAHMAA, o
HPOEKTHPOB AHHsI, KOHCTPYHPOBAHHS; COAEPKAHHE MPOLIEYPhI CoBepIIeHC TBOBAaHHE METOa M3TOTOBJICHUS PHUTHHOM
HCCJI€IOBAH Ms1, NIPOEKTUPOBAHMS, KOHCTPYHUPOB aHHs ; yacTu (.prpMBI.

00CyX/IeHHE Pe3Y/IbTATOB BBINOJHEHHO i pabOThI; HAMM CHOBAHH € 3. (DUHAHCOBBI MEHEKMEHT. DeC - (b (beKTI/IBHOCTI)
JIOTIOJTHU TENBHBIX Pa3/IeNioB, MOISKAIUX pa3pado TKe; ) A > peCype

3aKJIIOYEHHE 110 paboTe). u pecypcoc6epe>KeHne.
4. CoupanbHasi OTBETCTBEHHOCTh.
5. 3akiroyeHye 1 BBIBOJIGL.

HepequL l"pa(bI/I‘ICCKOFO MaTc€puaia I[CMOHCTp&HHOHHLIfI Martepuaj
(c TOUHBIM yKa3aHHEM 00sI3aTeIbHBIX YepTeKei ) (HPGSCHTaHI/IH B MS PowerPoint 24 cnal‘/'ma)
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PEDEPAT

BreimyckHast kBanmudukaiuonHas paborta coxepxkut 120 crp.,, 34 puc.,
20 Ta0i., 29 MCTOYHUKOB.

KitoueBbie cnoBa: (ypMa, Meb, aJJMTUBHBIE TEXHOJOTHU, SJIEKTPOHHO-
Jy4€BOE IUIABJIEHUE, IIOJIOKKA, METOJT U3TOTOBJICHUS.

OOBEeKTOM HCCIeAOBaHMs SBJISIETCS. MeaHas Gypma Ijsi JOMEHHBIX IeYeH,
M3TOTOBJICHHAS C TOMOLIBIO aI/IMTUBHOTO TPOM3BOCTBA.

[lenpto paboOTHI  SBISETCS  COBEPIICHCTBOBAHME METOJA  IOJIYYCHHS
KPYTHOTa0APUTHBIX M3ACIMH W3 MEJM, U3TOTOBJIEHHBIX MPU MOMOIIMA 3JIEKTPOHHO-
JIy4E€BOU MPOBOJIOYHON AIAUTUBHOMN TEXHOJIOTHUH.

B mporecce paboThl MPOBEIEHO COBEPILICHCTBOBAHUE METOJA M3TOTOBJICHUS
peUTbHON yact (ypmbl. HcciaegoBaHa Makpo W MHKPOCTPYKTypa OOpasiios,
IOJIYYEHHBIX MO Pa3JIMYHbIM CTPATETHSM HAIUIABKA MEIHOW NPOBOJIOKH, & TAKKE
MPOBEJICHBI ITPEBAPUTEIBHBIE MEXaHUYECKUE UCITBITAHUS TUX 00Pa3IIOB.

B pesynbrare wuccrnenoBaHus BblOpaHa CTparerusi CKaHUPOBAaHUA, C
nepBOHAYaIbHBIM 00pa30BaHUEM MTEPUMETPA MTEYATAEMOT0 U3IEUS C TIOCIEAY FOIM
3anojHeHneM oobeMa MaTepuana. [IpoBeaeHbl MeXaHUUECKHE UCTIbITaHusl 00pasIoB
Ha PACTSDKEHME, B XOJE€ KOTOPBIX YCTAHOBJIEHO HAJMYHME BIMSHUE MOIOKKU HA
MEXaHNYECKHE CBOMCTBA HAILJIABIISIEMON MEIH.

OO6nactb TPUMEHEHUsS: METOJl TMOJIyYEeHHS PBUIBHOM YacT (QypMbl C
HICITOJIb30BAHMEM AJIMTUBHOW TEXHOJIOTHHA MOKET MPUMEHSITHCA B METAJLTyPryuu IIPH
MPOM3BOJICTBE QYPMBI JJII JOMEHHBIX MT€UEH.

3HauMMOCTh PAOOTHI 3AKJIFOUAETCS B CO3/JaHUM M3MICJMA C TPaaMeHTHOU
CTPYKTYpOH MaTepraa, MOBBIIIAIOMIEH TEIUIOCTOMKOCTh PHUTBHON YacTH ()yPMBI.

Pe3ynpTaThl pabGoThl MOTYT MPUMEHSITHCS B PAIIMUHBIX  OTPACIAX

MPOMBIIIIEHHOCTH MPU MPOU3BOJICTBE KPYIMHOTA0APUTHBIX U3ACIHI U3 MEIH.
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Bsenenne

PruibHast yacth ypmbl MPEOTBpAIAET TEIJIOBOE BO3JCHUCTBUE JTOMEHHOM
neud Ha QypMy, U TIpoAJieBaeT Cpok e€ skcryaraimu. [IpuMeHenne agauTHBHBIX
TEXHOJIOTUH TO3BOJISIET M3TOTOBUTHh MEHBIA HAKOHEYHUK (PypMbI C TpaJMEHTHOM
CTPYKTYpOM MaTepuana, KOTOPBIM IOBBICUT €€ TEMIEpPaTypHYK) CTOMKOCTb B
YCJIOBUSX BBICOKHX Temneparyp. s o6ocHOBaHUS 11€71€c000pa3HOCTH MPUMEHCHU S
aJIMTUBHBIX TEXHOJOTUM M3rOTOBJICHUS METHOTO HAKOHEYHHKA, HEOOXOAUMO
MIPOBECTH HCCIIEIOBAHME CTPYKTYPBI MaTepHaa, UCIOIb3yeMOTo st (HOpMUPOBAHUS
U3JIeNHsl, a Tak)Ke MIPOBECTU pacdyeT ceOeCTOMMOCTH M 3aTpaT 3JEKTPO3HEPIVH JUls
€ro IPOU3BO/ICTBA.

[enpto paboTHI SBISETCS COBEPLICHCTBOBAHUE METO/A IMOTyUYEHUs W3AeIni
M3 MEIM, W3TOTOBJICHHBIX IIPA IOMOLIM 3JIEKTPOHHO-TY4YE€BOW IIPOBOJIOYHOU
aJIUTUBHOU TEXHOJIOTUM.

OOBEKTOM UCCIEIOBAHUS SBISETCS TEXHOJIOTHS M3TOTOBJICHUS (DYpPMBI JIJIsi
JOMEHHBIX MIEYEH.

[IpeqmeToM  HWCClIeOBaHUsT  SIBJIAETCS  COBEPLIEHCTBOBAHHME  METONA
NOJIyYEHUSI pbUIbHOM YacTh (ypMbl K3 MeId C TOMOIIBIO aJIMTUBHOTO
IIPOU3BOJICTBA.

[IpakTrueckass HOBU3HA 3aKJIFOYAETCS B MOMYYEHUN TPAJIMEHTHOW CTPYKTYPbI
M3IENMS C TIOMOIIBIO 3JIEKTPOHHO-IYYEBOM MPOBOJIOYHOM AJINTUBHOM TEXHOJOTHH,
YTO MO3BOJISIET MOBBICUTH TEIJIOCTOMKOCTh PHUILHONU YacTH (DypMBL

Pesynprarel BKP ucnonssyrorcs 8 UGIIM co PAH npu mpousBoacrse
W3IEIMA W3 MEIM METOJOM BJIEKTPOHHO-TYYEBOM IPOBOJIOYHOW aJJAUTHBHOM

TCXHOJIOITHH.
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1 HICCJIEJOBATEJIIbCKASAA YACTD
1.1 JIutepatypHblii 0030p

[lepBbie yrmoMMHAHHS O TPEXMEPHOM IEYaru MPOCJICKUBAIOTCS B Hadaie
1980-x romoB B Anonuu. B 1981 rony Xuneo Komama mblTasicss HaWTH CriocoO
paspaboraTh OBICTPYIO cHUCTEMYy co3mdaHus mporotunioB [1]. OH mpemIoxuI
MOCJIOMHBIA MOAXOJ JUISl M3TOTOBJICHUS, UCIOJIb3Yys CBETOUYBCTBUTEIBHYIO CMOINY,
MOJIMMEPHOTO YIETPadHOIETOBBIM CBeTOM [2].

[Tporiecc maTeHTOBaHMSI HOBBIX TEXHUUYECKUX pemieHni mo AF-TexHonorusm
npruoOpen JIaBUHOOOpa3HbIi XapakTep.

B cepemune 1980-x rr. Yapn3 Xamn skcnepuMeHTupoBan ¢ Y-
OTBEPKIaeMbIMU MaTepHajaMu, MOBEpras UxX Ja3epHOMY CKaHHPOBAHUIO, KOTOPOE
aHAJIOTMYHO CHICTeME, TPUMEHsIeMON B Jla3epHbIX mpuHTepax [3]. O oOHapyxui,
YTO MOXKHO TPOM3BOJUTH TBEPJIbIE MOJMMEpPHBIC CTPYKTYphL IlyTem oTBepikeHus
MOCJEAYIONIETO CIOS HaJ MPEAbIyIMM CJIOEM €My YJajJoCh H3TOTOBUTH
TPEXMEPHBIA TBEPIbI OOBEKT.

B 1986 r. Yapn3 Xamwn npemioxuwn cooco0 MOCIOMHOTO CHHTE3a C
HCIOJIb30BAaHMEM YJIBTPA(PUOIETOBOTO H3TyUYeHUs, C(HOKYCHPOBAHHOTO HA TOHKHA
cioi  ¢oronoaMmepHo cmoibl. OH Ke W BBET B 00OpPOT TEPMHH
«cmepeonumoepaghusdy [4]. B ToMm ke TOAy moaan MaTeHT Ha 3Ty TEXHOJOTHIO, a B
1988 roay ocHoBan kopropario 3D Systems [5].

[lepBbrit kommepueckuid 3D-mpuntep SLA, SLA-1, Obu1 BBITYIIEH €r0
koMmmanuer B 1988 romy [6].

B 1984 1. moutm opHOBpeMeHHO ObUIM TMOJAHbI MaTteHThl B EBpore
(Opaniun), CIIA n Azuu (Snonus). B mepBbie roapl OOIBIIMHCTBO HOBATOPCKUX U
KOMMEPYECKH YCTICHHBIX crucTeM pa3pabateiBanuchk B CIIA [7]. Takue xommanwy,
kak Stratasys, 3D system u ZCorp, BO3riaBuiIu 3TOT OpopsB [8]. 3a mpenenamu
CIHIA Tak>xe MosIBUJIOCh MHOKECTBO HOBBIX KOMITAHU.

[IpumepHo B TO k€ BpeMs ObUIM pa3paboTaHbl METOJbl aJIUTHBHOTO

IIPOM3BOJICTBA C MCIOJIB30BAHUEM HArPeBa JIA3€PHBIM U JJIEKTPOHHBIM JIyYOM. DTH
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METO/Ibl ObUIM BHEJPEHBI B MPOU3BOJACTBO B 1990-X IT., MO3BOJIMB HMCIIOIL30BAThH
aJITITUBHBIC TEXHOJIOTUH JJ1s1 H3TOTOBJICHUS METAJUIMYCSCKIX 00BEKTOB [9].

B 1988 rony Kapn [ekapa n3 Texacckoro yHuBepcHUTETa MOJA MATCHT Ha
TEXHOJIOTUIO CEJIEKTUBHOTO JiazepHoro criekanus (SLS) [10]. Dta cuctema muaBuia
MOPOIIKA BMECTO JKMAKOCTM C MHOMOIIBI Jazepa. MoJenmpoBaHUE IJIaBJICHOTO
ocaxxaenust (FDM) takske ObLIO 3aMaTEHTOBAHO MPUMEPHO B TO ke Bpems CKOTTOM
Kpamnom. FDM, KOTOpYy1O0 Takke Ha3bIBAalOT W3TOTOBJICHUEM IUIABJICHBIX HUTEH,
orsmuaerca or SLS m SLA TeM, 4TO BMECTO CBETa HUTh HENOCPEICTBEHHO 16
BBIJABJMBACTCS W3 Harperol Hacaaku. Texnonoruss FFF crama camon
pacrnpocTpaHeHHOM (HOPMOM TPEXMEPHOI MeYaT, KOTOPYIO MbI HaOTI0JaeM CETOIH S
[11].

OTH TpU TEXHOJOIMM - SBJSIOTCS  OCHOBOM, KOTOpasi  CIIy>KHT
byHIaMEHTATBPHBIMI AJIEMEHTAMHU, 3aKJIa/IbIBAIOT OCHOBY JUISl Pa3BUTHS TEXHOJIOTHI
1 3BOJIIOIMH oTpaci [12].

B 2005 romy, Open Source, mpenocTaBuil WHXKEHEpaM OOJIbIIE JOCTyNa K
texHosoruu 3J1 nmevaru. JJoktop Anpuan boyep co3man mpoekr RepRap, koTopsiii
CTajJ OTIPABHOM TOYKOM C OTKPBITBIM HAYaJdbHBIM KOJOM IO MoJepHU3aumu 3D-
MIPUHTEPA, KOTOPBIM MOT OBl co311aTh erie ouH 3D-mpunTep, BMecTe ¢ Apyrumu 3D-
nevyarHpIMH 00bekTam [ 13].

B 2010-x romax mensl Ha 3D-mpuHTEpbl HAadalM CHUYKATHCA, JAenas WX
JOCTYIHBIMH ISl IMMPOKOK oOrecTBeHHOCTH [14]. BMmecTe co cHMKeHHMEM IieH
POCJIO TaKXe KaueCTBO U y100CTBO MEYaTH.

Marepuanbl, KOTOPbIE UCTIOJIb30BAIN MPUHTEPHL, TAKIKE IBOJIFOIMOHUPOBAIIH.

Ceilyac ecTh pa3jIM4HbIC IJIACTMACCHI U HUTH, KOTOPBIE IIMPOKO JOCTYITHBL
Takue Matepuanbl, Kak yriaepoOJHOE M CTEKJIOBOJIOKHO, MOKHO Te4yaTaTth B opmate
3D. HekoTopsle cO3aTeNy Jaxe dKCOCPUMEHTUPYIOT C MEYaTHBIMU MaTEpUaJIaMH,
TAKUMH KaK IIOKOJIa T MM MakapoHsl [ 15].

B 2019 romy Obuio gocTpoeHo kpymnHewmiee B Mupe (GyHKumoHaibHOe 3D
neuvarHoe 3aanue. Ceityac 3D-puHTEp MOCTOSHHO HCIIOJB3YETCS MpU pa3paboTKe

CIIyXOBBIX aIlllapaToB W JPYTUX MPUJIOKEHUM B OONacTtu 3apaBooxpaHeHusd [16], u
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MHOTHE OTpacii M CEKTOpa BHEAPUJIM 3Ty TEXHOJOTMIO B CBOM ITOBCEIHEBHBIM
pabounii mporecc.

OO6nacts BOMPOCOB, KOTOpbIE HYKHO HM3YYUTh C MPUMEHEHHMEM HOBEHIIMX
npotieccoB 3D-meuatu, ¢ KaKIbIM JHEM HaOupaeT orpoMHbIe 00OpOThl. biaronaps
ATOMY, U3TOTOBJIICHHBIC U3 CTAJIO MOMydaTh ropa3/o JIydllle U yCIenrHee, 0osee
Ha BBICOKOM YPOBHE BBITYCKa€MOIO KauecTBa.

[TepBocTenmeHHO, HOBBIC TEXHOJIOTHH JAFOT MOTESHIWANT JJII TAaKUX Tpodeccrit
KaK WH)KEHEP-KOHCTPYKTOp, pa3HbIX o0yacTeil mpou3BojacTB. C MOMOIIBI0 HOBOTO
000py0BaHMIO, MOKHO B KpaTdalIlie CPOKH pellaTh BO3HUKIIME MPOOIEMbI MpU
CO3JIaHMHU HYKHBIX U3JICIHIA, a TAK)Ke JJIs1 IPOU3BOJICTBO TOTOBOTO MpoaykTa [17].

3D-monenupoBanre JaeT BO3MOXKHOCTH JIeJlaTh aHAJIOTH JIJI TECTHUPOBAHUS
ele 3a JIOJTro J0 Hayajia CEpUUHOrO MPOM3BOJACTBA, U YCTPAUBATH KAYECTBEHHYIO
MPOBEPKY MCIBITAHUEM PA3HBIX CBOWCTB, YTOOBI BOBpEMS YCTpaHUTH JedeKThl. 3D-
reJyarb OXBAThIBACT BO3MOXKHOCTH JUISI CO3JIaHUS KOMIUICKTYIOIIUX, TPHOOPOB H
KOMIIOHEHTOB pa3HbIX YCTaHOBOK. HoBoe o00opyjoBaHue J1aeT BO3MOKHOCTh
MPOM3BOJIUTh HOBBIE BEIIM C PA3IMYHBIMU CBOMCTBAMH W TapaHTUPOBATH
Ka4eCTBEHHYIO palOoTy MPOCKTUPYEMBIX neTaiedl. 3D-mpuHTep AaeT OOJIbIINe
BO3MOXHOCTU TI0 CO3[IaHUIO KeJlaeMod U 3(P(EeKTUBHON [eTamm, U CyIIECTBEHHO
YCKOPSIET TPOU3BOUTENBHOCTh. 3D-TIpUHTEpPbl MO3BOJSAIOT JI€JIaTh JOCTATOYHO
OBICTPO M KaYECTBEHHBIE W3S S HYKHBIX ()OpM.

Ha ceromssiiavii 1€Hb MOXXHO YBEPEHHO HW3IOTABJIMBATH BBICOKOTOYHBIC
u3gems, a Takxke uznesms i JMThs. C 3D-npUHTEPOM MOKHO M3TOTaBIMBATH
M3JENHs, KOTOPBIE YK€ TOTOBBI K AKCILTyaraliui, KOMIOHEHThI Pa3HbIX MEXaHHU3MOB,
JeTali W 3am4acTy JJI1 PEMOHTA, KOMIUIEKTYIOIIUX JABUTATEICH U MHOIOE JPYyroe
[18].

1.2 O0BLeKT ¥ MeTOAbI HCCIeI0BAHNSA

OObeKTOM HcclieioBaHus sBJsieTCss MenHas (¢ypMa Jyisi JOMEHHBIX Ieuel,

H3IroTOBJICHHAA C IOMOIIBIO A JANTHUBHOIO ITPOM3BOACTBA.
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IIpeameTom ucciaenoBaHus SIBISECTCS COBEPIICHCTBOBAHUE METOA MOJTYyUYEHHUS
PBUTBHOM YacTh GypMbI U3 MEJIH C MOMOIIBIO aTATUBHOTO TTPOU3BO/ICTBA.

B mnporecce BemonHennss BKP  wmcmonb3oBammch  Clieayromme METOJIbI

U CCIIEIOBAHUSL:
. aHams;
. U3MEPEHUE;
. CpaBHEHUS (BBIOOP CTpaTErMy CKaHUPOBAHUS);
. BU3YaJIbHBIM (MaKpoaHain3 U MUKPOCKOMU);
. AKCIIEPUMEHTANbHBIN  MeTOJ] (TIPOBEJCHUE WCIBITAHUS TMOTYYEHHBIX

obpasioB Ha pacTspkenre mo ['OCT 1497-84, a Takyke COBEpIICHCTBOBAHUE METOIA
MTOTYYCHUS PHUTBHONU YacTH () yPMBI).

DKCepuMeHTATbHBIE 00pasisl U3 MeAu Mapku M1 momydand MeToaom
DJICKTPOHHO-JIy4€BOW  QJJMTUBHOM  TEXHOJIOIWM, HAa  JKCIEPUMEHTAJIbHOM
obopynoBannu B HCTHTYTE (hrizuku mpouHocTy 1 MatepuanoBeaenus CO P AH.

B xadectBe ¢miaamMeHTa (MCXOAHOTO CBHIPBS) I TI€YaTH HCIIONb30BaA

NPOBOJIOKY U3 Meau Mapku M1 muamerpom 1,6 mm o I'OCT 859-2014.
1.3 HazHaueHue pbLILHO M YacTH pypMbI

@ypmbl JOMEHHBIX T€4ed paboTaloT B TSKENBIX YCIOBUSAX CIOKHOIO
HapspKEHHO- J1e(hOPMUPOBAHHOTO COCTOSIHUS. DTO O0YCIIOBIEHO CYILECTBEHHOM
pPa3sHULEH TEMIEPATYp TOPAYEro BO3JAyXa U OXJIAXKIAOIIEH BOJBL BIHASHUEM
TEMIIEPATYPHBIX HANPSHKEHUA W PA3HULIEd JABIICHUW, INMPOKAYMBAEMBIX YEpe3
bypMbl BOIBI W BO3ayXa. BcleacTtBue 3TOro, BO3HUKAET HEOOXOAMMOCTH
ONTUMM3AIMUA KOHCTPYKUMH (DypM C LIETbIO MOBBIIIEHUS HAIEKHOCTU UX PaOOTHI
U YBEIMYEHUsI CpoKa ciyKObl. IIOBBICHTH 3KCITyaTallMOHHBIE KadecTBa (ypM
MO>KHO KaK C ITOMOUIbIO HAHECEHHUsI IOKPBITUM, TaK U 332 CUET HCIIOJIb30BaHUS
COBPEMEHHBIX METOJOB aUIMTUBHOIO IIPOM3BOJICTBA, MO3BOJIIIOUMX CO31aBATh

MaTepuaJl ¢ 3aJJaHHBIMU CBOMCTBAMH OJTHOBPEMEHHO C M3/ICIIHEM.
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Pucynok 1 — PoutbHas yacts pypmbl

Ha mnanpspkeHHO-IehOpMUPOBAHHOE M TEIJIOBOE COCTOSIHHE (DYypMbI
CYIIIECTBCHHOE BJIMSHHE OKa3bIBAIOT TAKUE YCJIOBUS PalOThL, KaK JABJICHUE U
pacxoll rasa, BOIBI, HUX TeMIepaTypa, KOHCTPYKIMS caMoid (ypMbl,

XApPaAKTCPUCTHUKH UCIIOJIB3YCMOI'0O MATCpHUAIa.

1.4 Onmrcanue 3JIeKTPO HHO -JIy4YeBOH AINTUBHO il TEXHOJIO TUHU

CyTsb nporiecca 31eKTPOHHO-TYYEBOM aJIUTUBHON TEXHOJOIUHU COCTOUT B
HAHECEHHUU Ha MOJIJIOKKY pacCIIaBJICHHOTO METaJlja, Moy4yaeMoro TUIaBJICHUEM
AJIEKTPOHHBIM JIydOM TIOJAaBaeMOro B 30HY IedaTd (UiIaMeHTa B BHUJIC
METAJUTMYECKOM TMPOBOJIOKU/IPYTKa (pucyHOK 2). [is ocylecTBieHus
mpoliecca Iedard HeoOXOJMMO CO37aHHMe Ha TOJJI0KKE BaHHBI PpacIUiaBa,
KOTOopasi Takke (popmMupyeTcss SJIEKTPOHHBIM JIY4OM, HMEIONMM 3aJaHHYIO
TEOMETPUIO  pa3BepTku. M3aenme M3roTaBIMBAETCS  MOCIOMHO — ITYyTEM
IOCJICAOBATEIIbHOTO  HAHECEHHWS Ha HWKEIEXKAlllMM  CJIOM  Marepuaia

HEOOXOMMOTO KOJIMYECTBA CJIOEB OMPEACICHHOW TOMILMHBL PopMa Kaxaoro



CiI0si B TJIOCKOCTH XY 3a/aeTcsl MEPEeMEIICHUEM 30HblI MEYaTh CHCTEMOMN
YU CJIOBOro mporpamMmuoro ympasienus (UITY) manumynsropa (pucyHok 3) 1o

COOTBETCTBYIOIICH IMMpOTrpamMme.
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Pucynok 2 — Cxema npoiiecca 3JIeKTPOHHO-TyYEBOU aIJIATUBHON TEXHOJIOTUH |
1 — BakyyMmHas Kamepa; 2 — KaTox;
3 — cucTeMbl MAarHUTHOM (DOKYCHPOBKH U OTKJIOHSIOIIASI CHCTEMA;
4 — 5NEKTPOHHBIN MYyYOK; 5 — MOJATYMK IMPOBOJIOKY;
6 — HAKOHEYHHK TMOJJATYUKA; 7 — MPOBOJIOKA (MIPYTOK); 8 — BAHHA PACIIJIaBa;
9 —momnoxka; 10 — HamewaTaHHBIA MeTallT, 11 — meyaTaemblid CIIOM;

12 — HukenexaImn CIou.

t GCode text file created:
; 84.1@.20821 12:15:38
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; Motion preparing
G21

G532

Goa

; Start printing

G92 AD.20 BO.2e

G92 Xe Yo 7e

Ge Fls5ee

G1 F4e8

GE Xe.ee Ye.ea 79.00
; Layer 1

; Block 1 Row: 2

G4 S55.800

Ma@d X25 Y25

Ge Z-1.@e

MB@e=85.0

Gl X-11e.ee Yo.ee A547.18 F400
MB8@2=59.5

Ga Z4

; Layer 2
; Block 2 Row: 5

Pucynok 3 — ®@parMeHT Kojia Ji1si MOJy4eHUsl PhLUIBHOM YacTu (pypMel



[Tpouecc DJIAIl mpom3BOAUTCS B BAKYYMHOM Kamepe, YTO MCKIIIOYaeT
OKHCJIEHMEe Marepuana. Takke, NpoOBEACHHE TIpollecca B Bakyyme IIpu
ONTUMAJIBHOM PEKHUME NeUYaru MPAaKTUUYECKU MOJHOCTHIO UCKIIOYAET HAMYKe B

MMOJIy4acMOM U3JACTIMH ITOPUCTOCTH.

1.5 Onucanue 000pya0 BaHKS 1JIs NOJIy4eHUsi 00pa3uoB

OO6pasupl U3 Menu Mapkd M1 moiydanu METOAOM SJIEKTPOHHO-TY4EBOM
aJIMTUBHONM TEXHOJOTUM Ha SKCIEPUMEHTAIIBHOM 000pyJoBaHuM (pUCYHOK 4) B
Nucruryre ¢usuku mnpounHoct u MartepuaioBeaeHuss CO PAH. B kaudecre
¢unamenTa (MaTepuana) Jis IeYaTH MCIIONb30Bal MEJHYIO MPOBOJIOKY Mapku M1

[19] nuamerpom 1,6 Mm.

OXJIARAACM BT CTO Conio

ABCPL KAMCPLI KATYUWIKA ¢ QuaaMenTom / cucrema noiasiu
CHCTEMA VIPABICHHA

Pucynok 4 — Y craHOBKa 1J14 aAIMTHBHOW 3JIEKTPOHHO-TTy4€EBOM MeYaTH

MPOBOJIOYHBIM (prstameHTOM. KpymHbIM 11aHoM (a), kamepa u croi (0).

Bech mporiecc nmpoucxoauT B Kamepe, pabouasi 00JIacTh TepMETU3UPYETCS C
MOMOIIIBIO JIBEPIBI KaMmepbl, (PUIIaMEHT MOAAETCS U3 KATYIIKK B pabodyr0 30HY C
MOMOIIIBIO COIJIa, C TOMOIIBIO CUCTEMBI TIOJJauu. B mpoiiecce neyatu Moiesib BMeCTe
C TOMJIOKKON OXJITKIACTCs, YISl ATOTO UCIOJB3YETCS OXIKIAEMBIM C MOMOIIBIO

BOJIbI cTOJI. [Iporecc neyarn ynpasiisieTCsl C MIOMOILBIO CUCTEMBI YIIPABICHHUSL
1.6 CxeMa ne4aTu IKCIIEPUMEHTAJIbLHBIX 00pa3LoB

Jnst oTpaboTKM MeTola W MPOBEACHHS MeTawiorpapuueckoro aHaimsa

HEO0X0MMO TOTYUHTh 00pa3iibl B BUJIE OMOKOB. Tak Kak TEXHOJIOTHS SJICKTPOHHO-

17



Jy4eBOM aJIMTUBHON TEXHOJIOTUHU MOJYUYEHUSI KPYITHOTa0APUTHBIX U3CTUN U3 MEH
HaXOJUTCSl Ha TIEPBOHAYAIIBHOM 3Tale CBOETO Pa3BUTUS, HEOOXOJIMMO OTpabOTarh
CTpaTeruio rnevyaTy, ¢ MOMOIIBIO0 KOTOPOH OyJeT mMpoucXOauTh nedaTh pypmbl s

ATOT0 BBIOEpEeM 3 CTpaTeruu mevaTu (PUCYHOK S).

3 cnoi 1,2.3...x

1 Tﬁri“x 2‘ AL =—= s
B —— AlA

!

.3

croii 1.2

VIvIY VIVIV =" S

Pucynok 5 — Cxema neyatu (CTpaTerud CKaHUPOBAHMS) PATMUHBIX THITOB.

[Io mepBoMl CTparerMu CKaHUPOBAHWS NOJyYaldd IIyT€M II€4aTh C
OJIHOHAIPABJICHHBIM ~ BO3BPATHO-TNIOCTYINATEIbHBIM JIMHEWHBIM JIBHOKCHHEM Ha
KaxnaoMm crnoe. Ilpu BTOpol cTpaTernum CKaHUPOBAHUSI MPOUMCXOIUT TMEPEMEHHOE
n3MeHeHue Ha 90 rpamycoB JMHEMHOIO HaIpaBJieHUs Kaxable 2 cios. [lo Tperneit
CXeMe TeyaTu CHayaja MpoUcXo T (PopMUpPOBaHUE KOHTYpa IMeyaTaeMoro oopasiia,

C TIOCJIETYOIIMM 3ar0JIHEHHEM OCHOBHOTO 00beMa MevaTH.
1.7 Crpykrypa noJry4eHHbIX 00pa3io B

brnok mo cxeme mnewyatn | mongydaim Ha CT@IbHOM MyTEM I€YaTH C
OJIHOHAINPABJICHHBIM ~ BO3BPATHO-TIOCTYMATEIBHBIM  JIMHEHHBIM  JBM)KCHHUEM  Ha
KaxaoM crnoe. C  TOpHEBOM CTOpOHBI OJIOKOB — XapaKTepHO HapyIleHHe
MakporeoMeTpuu c (popmupoBaHueM psijaa Ae(pEeKTOB BHUJAE Karelb, MOATEKOB U
YMEHBIIICHUE TeOMETpUM OJIoka K BepxHel yactu (pucyHok 6 (O,r)). Ilpu stom
neyarb 0Jioka (pUcyHOK 7) ¢ HakJIoHOM B 10 rpaycoB He MPUBOMIIA K TTOJA0OHBIM

nedexram.

18



PucyHok 7 — BJIOK MOJTydEHHBIN 110 MEPBOM CXEME IeYard, ¢ HaKJIOHOM B 10

rparycoB.

[Ipy newatn Oyoka 1O TpeThe cXeMe IeyaTd C HCHOJIb30BAHUEM

MMOnepEMECHHOIO N3MCHCHU A JIMHEHHOTO HalTpaBJICHUA YKIaIKH CJ'IOéB,

19



HpeI[CTaBJIeHHOﬁ Ha PUCYHKC 2, IMPOUCXOINIIO HAPYIICHHUC HCIIPCPBIBHOCTU TCUCHU A
MaTcpralia Ha ITOBCPXHOCTBb 3daI'OTOBKH, YTO IIPHUBCJIO K 06pa3OBaHI/I}O Karciib 1
IMIOATCKOB MarTcpuraJjia. B pe3yJIbTarc (1)OpMI/IpOBaJ'IOCB OONBIIIOE  KOJHMYECTBO

nedEeKTOB U HApYILIEHUE TEOMETPUM 00pa3IoB (PUCYHOK 8).

%“‘“‘MW e 5= s T -
4 " A

. Y
‘mﬁ'm

Pucynok — 9 [1epBbiit OlIOK MOTY4EHHBIN O TPETHEH CXEME MeyaTy.

20
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Pucynok — 10 Bropoii 010Kk oTy4YeHHBIN MO TPEThEH CXeMe MeyarH.

YMeHbllleHHe TOJ00HBIX Je(hEKTOB OBUIO JOCTUTHYTO C TPUMEHEHHEM
TPEThEH CXeMbI TIIeUaTH, B KOTOPOM CHaJaja IPOMCXOAMIO (opMupoBaHUE
MepruMeTpa C MOCJIEAYIOIUM 3aOTHEHNEM BHYTPEHHETO 00beMa ciiosl. brioku ObuH
MOJTy4eHbl 03 MCKakeHHsI reoMeTpud. [1oBepXHOCTh TakuX 0Opas3IOB JTOCTATOYHO
paBHOMEpHa, paclpeaesieHa C TapalyIeIbHBIMA CIOSMU 0O€3 H3TMO0O0B CIOEB U

CYLIECTBEHHBIX HAPYILLIECHU W YKJIAJKH.
1.8 Makpo crpykTypa MeIHbIX 010 KOB

JLtst u3ydeHus CTpYKTYPhI TOTyYIEHHBIX 00pasIoB, OJOKU ObLIM pa3pe3aHbl, U
OTIOJIUPOBAHBI C MOCJIEAYIOIIMM TPaBJICHUEM MOBEPXHOCTH cpe3a. Bce pe3ynbratsl
OBLITM TIOJTYyYEHbI C MOMOILBIO ONTHYECKOTO MUKpockona Ainbtamu MET-1C.

MakpocTpykTypa OJIOKOB, TOJYYCHHBIX MO TIEPBOM CTpareruu IIeYary,

npencraBiaceHbl Ha pucyHke 11. OKoOJO MOJIOXKH YETKO BBIJEISETCS CIOW, B
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KOTOPOM BHJHO, 3aMEIIMBAaHUE CTAJM W3 TMOMJOXKM B OOBEM MeAH C
dbopMUpOBaHMEM KOMIIO3UTHOU CTPYKTypbl. Cremyromieil 3a Heil pacronaraetcs
o0nacTh MeAM C MEIKOKPUCTAUIMUECKOM CTPYKTYypoil, B KOTOpPOM 3amMeTHO
YMEHBIIIAETCs CO/IEpKaHM e TPUMECEN OT MOIOKKH. [lanee mpoucxXoauT yKpyIHeH e
3EPEHHOM CTPYKTYpPhL. B CTpyKType YETKO HPOCIECKUMBACTCS TPAHUIIA MEKITY
COCEJHMMH ITPOXOIAMH MEYATH.

CTpykTypa MOTMOJHUTEIBHO TOJIYyYCHHOTO OJ0Ka MO IMOJOOHOW CTpaTerdH
[I€YaTH, ¢ HAKIOHOM B 10 TpaycoB OTHOCUTENBHO BEPTUKAIBHOW OCH MPECTaBICHA
TaKXe BBITSHYTHIM B HaIpaBJICHUU TI€UaTH KPYIHBIM 3€pPHOM, TJIE TaK K€ Ha MEePBbIX
CJIOSIX TI€UaTH MPOMCXOJUT BIMSHHE TIOJJIOKKH Ha HAIJIABIAEMYIO MeNb (PHUCYHOK

11). CrpyKTypa Ipy 3TOM MPAKTHUECKH Oe31eeKTHA.

Ay R e r: 4 [

% 4 . -

b /4 2

'

L e I

Pucynok — 11 MakpocTpykTypa 010Ka MOJIy4EHHOTO MO MEPBOM CXeMe

IIcyaru.
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Pucynok 12 — brnok ¢ HakinoHoM B 10 rpaycoB MoJry4eHHbIM 110 IEPBOU

CTPAaTCrum I11c4YaTu.

MakpocTpyKkTypa BTOpPOro OOKa OTJIMYAETCSd HaJIM4yueM Oosiee KPYITHBIX
nehEeKTOB B BHUJIE TOp, YaCTUYHO OOYCIOBJICHHOM CXEMOW JBHMXKEHHUsI 00pasiia mpu
Meyary, YaCTUYHO H3-3a MPUCYTCTBUS 3/IECh KAallEJIBHOTO PEXHMA B IPOLECCE
AIEKTPOHHO-ITyueBor 3D-meuatn. Ha pucyHke 13 MOXHO 3aMETUTh MPUCYTCTBHE
KPYIHBIX ITOP MPAaKTUYECKH BO BCEX CEUECHUSX. Tak ke 3aMeTHa HEOTHOPOIHOCTh BO
BCEX MMEKLMXCS ceueHusX. [IpoBeneHHbl aHaIM3 IUIOCKOCTEN MOKAa3bIBAET, YTO
NPUMEHEHHE CTPATEeIWH NeYaTy, OCHOBAHHOW HA MOOYEPETHONM CMEHE HapaBJICHUS

neyaru Ha 90 rpaaycoB nociie HAHECEHU I KaXK/IbIX ABYX CIOEB Helleecoo0pasHa.
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Pucynok 13 — MakpocTpykTypa MEAHOTO OJIOKa MOJy4EHHOTO 110 BTOPOM

CTpATErvu MevaTy B MOMEPEUHOM (@), MPOJOIBLHOM (0) U B TOPU30HTATIBHOM

IIJIOCKOCTH (B-€).

B ctpykType OJIOKOB, MOJYyYEHHBIX IO TPEThEH CTpaTerud CKaHUPOBaHUS,
MPOCIEKUBACTCS YKPYIIHEHUE CTPYKTYpPbl B HAIPaBJICHUHU OTBOJA TeIIA (PUCYHOK
13). B momepeyroMm ceueHun (PUCyHOK 13, a) HampaBlieHHE pOCTa 3€PEH HMEET
BEPTHKAIBHBIA XapakTep, a B MPOJOJIBHOM cedeHHH (pucyHok 13, 0) umeer u3rud
pocta 3epeH U HeOOJbIIOEe KOJIMYECTBO HEOJHOPOMHOCTEH. B obOpasiiax MOXKHO
OTMETUTh MPAKTUYECKU OTCYTCTBHUE JE(PEKTOB, 32 MCKIIOYEHHUEM BEpXHEH YacTH
o0pas3lioB, B KOTOPOM MpHU NeYaTH Mpou3ollen cOoil B paboTe MydyKa 3JIEKTPOHHOU
NYIIKK, U3-32 Yero MpoU30IUI0 oOpa3zoBaHuEe Ne(PEKTOB HA TpaHUIIE TPAEKTOPUH

JABUEHUSI, KaK BUJAHO Ha pucyHke 13(a), nedeKT pacrpocTpaHUICs Ha HECKOJBKO
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cioéB mnevatu. [laHHBIH JeQeKT pacmpocTpaHWIICS MPAKTUUECKHM Ha BCIO JUIMHY

06pa3ua B BUJIC KAaHAJIOB, YTO CBUACTCIILCTBYCT O CTaOMJIBHOCTH Imponecca rcyarm.

Pucynok 14 — MakpocTpykTypa MeIHOTO OJI0Ka IMOJyYEHHOTO MO TPEThei

CTpaTeTuH CKaHUPOBAHUS B TIONIEPEUHOM () U MPOI0TBHOM ceueHHH (0)

Taxk ke He00X0IMMO OTMETUTh, OKOJIO TMOJII0KKH HAXOIUTCSI BOJITHOOOpa3Hast
001acTh C 3aMEIIaHHOM CTaJIbIO B MEIHOW MaTpuile. B qanHoOli 001acT moCcTerneHHO
IIPOUCXOAUT U3MEHEHUE COAECPIKAHME CTAIBHBIX YACTUIl B MEIH, YTO MOKHO YETKO
YBUJIETH B IPOAOJIBHOM CEYEHHUH.

B TOpHM3OHTaIBHOM TIJIOCKOCTH TAaKXE€ YETKO BBIIEISAIOTCS OCHOBHBIE
CTPYKTYpPHBIC 30HBI 0JIOKOB (pUCYHOK 15). B HrokHel yactu Oyioka (pucyHOK 15, a)
HAXOJMUTCS 30Ha HA KOTOPYIO IPOUCXOAUT BIMSHUE ITOJIOKKH 32 CYET UHTEHCUBHOTO
IIPOIUIABJICHUS CTAM B MEIHYIO MATPHUILY.

B cnenytomeii yactu 61o0ka Ha 15 MM BbIIIe MOIOKKH 3aMelllaHHas CTajlb
YKE TNPAKTUYECKA OTCYTCTBYET, HO CIPYKTypa IIPU 3TOM SIBISIETCA HOCTATOYHO
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MeJkoaucnepcHo (pucyHok 15, 0). Ilpu atom, cTpoeHre Onoka Ha MaKpOypOBHE
MPEJCTABIICHO TMOCTOSTHHBIM 4YepeOBaHMEM CTOJOI0OB, HareyaTaHHbIX IO CXEMe,
MpeaCcTaBlieHHOW Ha pucyHke 2. CTpykTypa Ha Oobliei BbICOTE OT MOI0XKHU (30,

45, 60) nmpencraBieHa aHAJOTUYHBIM CTPOCHHUEM, HO, C IMOCTOSIHHBIM yBEIMYEHHEM

CTPYKTYpbI (PUCYHOK 15, B-1).

Pucynok 15 — MakpocTpykTypa MeAHOTO OJI0Ka IMOJy4YEHHOTO IO TPEThEH

CTpATEry MeYaT B TOPU30HTAIBHON MIIOCKOCTU
1.9 [IpenBapureiibHble MeXaHMYeCKHE UCTIBITAHUSA.

Cxema meyaTd TOJ HOMEPOM 3 TMOKazala HaWIydllMe C TOYKU 3pPECHUS

MaKpOCTPYKTYPHI TOKa3aTeM. B COOTBETCTBUM C 3TMM MEXaHUYECKUE WCIIBITAHUS
26



OyJieT mpoBOJUTH C 3TUM OnokoMm. [IpenBapuTenbHble MEXaHWYECKUE HCIBITAaHUS
MPOBOMJIMCh HAa yHUBEpcajbHOM wucnbiTarenbHol MamuHe UTS110M, oOpasibl

BBIPE3aHbI B (popMe J1onaToK (PUCYHOK 16).

12nam
-y

Pucynok 16 — @opma sionarku yisi MpOBEICHNSI MEXaHUYECKHUX UCITBITAaHN I

[IpemBaputenbHble  UCCIENOBAHUS MEXaHUUYECKMX CBOMCTB  00pasiioB
(pucyHok 17), TOKa3bIBAIOT, YTO MMEETCS CYIISCTBEHHAs 3aBHCUMOCTH CBOWCTB
MaTepuaiga MeJHbIX OJOKOB OT BBICOTI OOpa3LOB OT CTAIbHOW MOMNIOXKKH, Ha
KOTOpo (opMUpOBaIMCh OJIOKU, TIPU DJIEKTPOHHO-Ty4YeBoW meuatd. B oOpasiax,
HaxoJsAmXxcsi Haubomee OMM3KO K TMONIOKKE, KaK YyKE€ TOBOPHJIOCH paHEe
MPOMCXOIUT 3aMEIIMBAHME CTAJH B aJJINTUBHO HAaIJIABIsIEMYIO Mellb. B pesynbrare,
MPOMCXOIUT 3aMEIIMBAHME CTaJH B aJJINTUBHO HaIJIABIsEMYyI0 Mellb. B pesynbrare,
MPOUCXOJIUT YMPOUYHEHUE JMTOM METHOW CTPYKTYpbl CTalbHBIMU YacCTHLAMH U
Npeaen MPOYHOCTH Ha pacTsbkeHue jgocturaet 420 Mna Ha pacctostHud 2-4 MM OT
noanoxku u 280 Mna Ha paccrostauu 10-12mm (pucynok 17, kpussie 1 u 2).

Hanee, npu yaaneHud OT MOAJOXKKA Ha 18-20 MM MPOUCXOAUT YBEIMYEHUE
IJACTUYHOCTY U CHUIKEHME IMpeJiesla MPOYHOCTU Ipu pactsbkeHuu Ao 170 Mlla
(xpuBas 3 Ha pucyHKe 17), Tak KaKk BHEJIPEHUE CTAJIbHBIX YACTHIL] YKE HE MPUBOANT K
YBEIMYCHUIO TMPOYHOCTH, HO, HMMEETCS VYIPOUYHEHUE 32 CUET M3MEJIbUECHHON
CTPYKTYpbl MeIu BOMM3M MOJUIOKKU. IIpodyHocTh B panmpHeWImMX oOpaszuax

cHmkaeTcsi mocreneHHo or 145 MlIla mo 130 MIla B BepxHelt uyactu OJoka, C
27



JOCTaTOYHO CXOXKMMH TTOKa3aTeISIMU TIJIACTUIHOCTH (KpuBbie 4-8 Ha pucyHke 17).
Takoe moONOXeHHE CBS3aHO C TEM, YTO CTpyKTypa Osoka Bbime 20-25 MM
CTAOUIIM3UPYETCST M TPEACTaBIsET M3 C€e0s COBOKYIMHOCTb KPYIHBIX 3€pEH,
OPUEHTUPOBAHHBIX MPAKTUYECKU I[APAJLICIBHO HAPaBJICHUIO OTBOJAA TEILIA.
KpynHokpucrammdeckass CTpyKTypa, Oe3nedexTHasi, C HampaBICHHBIM POCTOM,
OTJINYAETCSA BHICOKMMH ITApAMETPAMH TUIACTUYHOCTH, TEILJIO- U AJIEKTPONPOBOJHOCTH,
HO, HMEET MEHBbIIME 3HAYEHHUS Mpenesia IPOYHOCTH, 10 CPaBHEHUIO C
MEJIKO3EPHUCTOM CTPYKTYpOM, OOpazoBaBIeiics BOMM3M MOMIOKKH. [lpu 3TOM,

npenen npounoct 120 Mlla u Gosiee xapakTepeH i TMTON MEN.
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Pucynok 17 — Jlnarpamma HarpyXeHusi 00pa3iioB MEHOTO OJIOKA, BHIPE3aHHBIX B

HalTpaBJICHHWHW BbIpalllMBaHWA M3 PA3JIMYHBIX YHAaCTKOB 110 BBICOTC.

Takum oOpazoMm, B Marepuajie uccieayeMmblx OjokoB Ttuma D umeercs
HEOJHOPOJHOCTh MEXaHMYECKHUX CBOMCTB, CBSI3aHHAS C (POPMUPYEMON CTPYKTYPOU U
3aKJIFOYAIOMIASCSA B MJIABHOM ITOBBILIEHUHA IJIACTUYHOCTH U CHUXKCHMHA IPOYHOCTH

MaTepuala npy yIAUIEHUN OT MOJIOKKH.
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1.10 Onmncanne yCTAHO BKY Ul MIOJIYY€eHHs] PbLJILHO I YacTH GypmbI

Jis ~ WU3roTOBIIEHUSI  PBUIBHOM  4yacTh  (GypMbl  HCIOIB30BAJaCh
KpYITHOTa0apuTHAsI JEKTPOHHO-JIy4eBasi YCTAHOBKA aJINTUBHOTO IIPOM3BOJACTBA C

06EMOM BaKyyMHO# KaMepsl 8 M° (prucyHok 18)

Pucynok 18 — KpynuorabaputHas ycranoska DJIAIT

KpymHoraGaputHasi yCTaHOBKAa HWMEET JJEKTPOHHO-IYYEBYIO CHCTEMY
MOITHOCTHIO 4,2 KBT €O cieayrommMu XapakTepuCTUKAMU :

e  yckopstomee Hanpsbkenue — 10 30 kB;

e  TOK 3JIEKTPOHHOIO Imy4ka — 10 140 MA:

o yacrtora pa3seprku — 10 1000 I'n.
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VY cTaHOBKa OCHAILIEHA 5-TH OCEBBIM MaHUITYJIsiTopoM ¢ UITY, BKimrouaronmm —
3-X KOOPIMHATHBIA MaHUITYJISITOP TIEPEMEIICHHS MEKTPOHHOMN MYIIKA W HAKIOHHO-
MOBOPOTHBIN pabOUMii CTON C TOKAPHBIM IMaTPOHOM.

B kadecrBe ¢uimameHTa (MCXOJHOTO CBHIPBS) JUIS TI€YaTH HCIOIb30BAJN
MPOBOJIOKY 13 Meau Mapku M1 muamerpom 1,6 mm o 'OCT 859-2014.

[IpoBosioka ObuIa 3aKymJjeHa B OyxTax, MO3TOMY IEpel MPOLEeCcCOM IedaTu
MPOU3BOJMIACh €€ HAaMOTKa Ha KATyIIKA C MCIOJb30BAHUEM CIIEHHAIBHO
pa3pabOTaHHOTO HAMOTOYHOTO CTEH/IA.

HakoHeyHrK moparuvka YCTaHaBIMBAJIM TOJ YIJIOM K TOpU30OHTaM ~ 45
rpanycoB. HakOHEYHUK KECTKO CBs3aH C AJIEKTPOHHOM ITYIIKOM U MO3ULIMOHMPOBAH
TaK, YTOOBbl JJEKTPOHHBIA MYYOK U TOMAIONIAsCs IPOBOJIOKA 0Opa3OBbIBAIIM
BEPTUKAJIBHYIO MJIOCKOCTH IEPIEHMKYISIPHYIO KpaTYalllieMy PacCTOSIHUIO A0 OCH
HAKJIOHHO-TIOBOPOTHOT'O CTOJNIA. PaccTosiHMe OT HAKOHEYHUKA 0 OCH 3JIEKTPOHHOTO
Mny4yka MNOAOMpaeTCcsi TaK, YTOObl KOHYMK IPOBOJIOKM MPU KACAHUU MOJJIOKKH
HAXOJMJICA HA ONTUYECKOM OCH NydKa. BpuleT MpOBOJIOKM M3 HAKOHEYHUKA TIPH 3TOM
coctaByisier = 15 mm. Ilepen HavanoM aaJUTUBHOTO IIPOLIECCA ITPOU3BOUTCS

MPOBEpKa U, TpU HEOOXOJUMOCTH, HACTPOMKA MOJI0KEHU SI HAKO HEUHHUKA.
1.11 CoBepiieHCTBOBAHHE METO/1A MOJTy4eHHs] PbLIbHO M YacTH ()ypMbI

JUia peaym3anuM IpoLecca Ha IOBEPXHOCTH HAHECEHUs aJMTHBHOTO
Matepuaa (MOoAJ0KKe UM Y Ke HalleyaTaHHOT O CJ10s1) A0JKHA ObITh chopMUpOBaHa
BaHHa paciyiaBa. BanHa pacruiaBa 3agaHHOM (opMbl U pa3Mepa co3laeTcs MyTeM
NEepEMENICHUsT 3JIEKTPOHHOIO IMyYyKa [0 33JaHHOW TPaeKTOPHUH, OTKJIOHSIOLIEH
CUCTEMA JJIEKTPOHHOM MYIIKH.

Yacrora pa3BepTku BO Beex ciryyasix cocrasysuia 1000 I,

B xome mpomecca medarm B 30HE BO3NEHCTBUS DIIEKTPOHHOIO ITydKa
OJTHOBPEMEHHO MPOMCXOJUT CO3JAHHME BAaHHBI PACIUIABA, PACIUIABICHUE Marephala
IIPOBOJIOKH M €r0 MEPEHOC B BaHHY paciiiaBa. [lepeHeceHHbli MaTepral poBOJIOKH
dbopmupyer cioOi aIIUTUBHOM MEAM HAa TOBEPXHOCTH 3arOTOBKM WM paHee

chopmupoBaHHOTO cios. HampaBneHue nmevyary 3aaercsl HampaBI€HUEM BpallleHUs
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CTojia. 3arojHEHWE TIOBEPXHOCTH  OCYIIECTBIISICTCS IyTEeM  IEepEeMEICHHUS
MaHUMYJSTOPA B PaIMaIbHOM HATPaBJICHUM.

[lepen ¢opmupoBaHreM CIEAYIOMIETO CIOS W3S PACCTOSHHUE MEXTY
00pa3oM 3JIEKTPOHHON MYIIKON YBEIMUMBAETCS HA TOJMIMHY HAHECEHHOTO CIIOSL
Crnenyromuii Cioi aJyIMTUBHON MeIW HAHOCUTCS Ha paHee C(hOPMHUPOBAHHBIN CIOM.

[lepen nmpoBeaeHrem neyatu Ha ocHOBE 3D-Mozem pbUTbHON YacTu ypMbl
CO3/1a€TCsl YIPABJIAIONIMKA KOJ[ JUIS TI€4YaTH, B COOTBETCTBUU C KOTOPHIM CHCTEMOU
YITY MaHUTIYJSTOP YCTaHOBKH MTPOU3BOIMTCS TIEPEMEIICHUE DICKTPOHHOMN ITYIIIKU C
MOJAATYUKOM B IITOCKOCTH XY .

[Ipy meuyary HaKJIOHHBIX CTEHOK CTAKaHOB C HCIOIb30BAHHWEM HAKJIOHHO-
MOBOPOTHOTO CTOJIA MPOM3BOAUTCS HAKJIOH M3JIENUs Ha TaKOW yroj, 4ToObl BaHHA
paciyiaBa BCerja OcTaBajlach B TOPU3OHTAILHOM IMOMOXKEHUM, JUISI TOTO YTOObI
n30exkarh CTEeKaHUsI KHUJIKOTO MeTa1a Ha OOKOBYIO TOBEPXHOCTH CTEHKH.

OCHOBHBIMU TE€XHOJIOTUYECKAMU ITapaMeTpaMu Mpolecca SBIsSIOTCS:

e  YCKOpSIOIIEE HATIPSHKCHHUE;

e  TOK ITy4Ka;

e (¢opmau pazMep pa3BEPTKU JIEKTPOHHOTO MMyYKa;

e  CKOPOCTH 3amlOJHEHUS (CKOPOCTh JIMHEHHOTO TIEPEMEIICHUS 30HbI
MeYarn);

e  CKOPOCTH I0JIa4¥ TPOBOJIOKH;

e  TOJIIIMHA IEYATAEMOTO CJIOSL.

TonumHa 05 BO BCeX HKCIEPUMEHTATIBHBIX 00pa3liax 3aaBaiach paBHOM 1
mM. [TepBblit ci10#, BBUy 00Jie€ CUIIBHOTO TEMJI00TBO/IA B TIOJIOKKY TpeOyeT OoJiee
WHTEHCUBHOIO HarpeBa IOBEPXHOCTH IMOJIOKKUA U, IO3TOMY, HAHOCUTCS CO
CKOpOCThIO 3anojHeHus 50% 1 MeHee OT HOMHUHAIBHOM.

[Ipu mnondope pexumoB u orpaboTku TexHojoruu OJIAIlI B xoxe
W3TOTOBJICHUsT 00pasia- mporoturia Nel peutbHON YacTé (hypMbl OBLIO YCTaHOBIICHO,
YTO BBHUY OOJIBIIOTO pa3Mepa W MAacChl Me4aTaeMoro M3JEIUs ISl TOJACpKaHusI
BaHHBI paciljlaBa U OOECTeUeHUs Mpolecca rneyaTu TpeOyeTcs 3HAUMTENIBHO OoJiee

BBICOKAs] MOIHOCTh 3JIEKTPOHHOTO Iy4YKa IO CPAaBHEHUIO C TEYaThIO MPOOHBIX
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00pa3ioB B Buje 6J0KOB. [10BbIIIIEHIE MOIIHOCTH 3JIEKTPOHHOTO IyUYKa NPUBOUT K
WHTEHCU(UKAIMK WCIapeHUsl MeTa/lla W3 BaHHBI paCIUiaBa, YTO MPUBOJUT K
CHIDKCHUIO BPEMEHHM J>KU3HHM KAaTOJad OJJIEKTPOHHOW TIYIIKM M HEOOXOIUMOCTH
NEPUOIMYECKUX OCTAHOBOK TEXHOJIOTUYECKOTO MPOIIecca sl €T0 3aMEHBI.

[lepen nHauanoM mneuaTd TpeOyeTCsl BBIIOJHEHUE MPOTPeBa MOMIOKKH
AJIEKTPOHHBIM TMyYKOM. Bpemsi mporpea mMom0OHpanoch OMNEPaTOPOM OIBITHBIM
MyTEM.

B cnyyae ocraHOBKH, 1OCE OCTHIBAHUS U3JIETUS sl BO3OOHOBJICHHS TI€YaTH
TpeOyercst €ro JOMOJHUTEIBHBIA MPOTPEB JIEKTPOHHBIM ITYYKOM JIJISi TOCTHUKCHHS
HEO0OXOIMMBIX YCIIOBHI CYIIECTBOBAHUS BaHHBI paciuiaBa. [IporpeB KoHTponupyerTcs
OTepaToOpOM BU3YaTbHO M MPOBOMIICA JO MOSBJICHUS HA MOBEPXHOCTH YCTONYMBOU
BAaHHBI paciljlaBa, MOCIE€ YEro HauMHAeTCsl Mojiaya MPOBOJIOKM U BO30OHOBIISETCS
neyarsb.

JImMTenbHOCTh MPOTpeBa NMPU MEYaTH OCHOBAHUS COCTaBIAET 10 90 MUH., a

IIpY TI€YaTu CTEHOK CTaKaHoB 10 60 MUH.

OtpaboTka mpolecca Me4yaTd TakKe IOoKaszana, Yro MpH Tepexojae OT
W3TOTOBJICHUSI OCHOBaHWS K (DOPMUPOBAHHIO CTEHOK CTAaKaHOB CYIIECTBEHHO
YBEJMYMBACTCS TEIUIOOTBOJ 3a CUET M3JIyYCHHUS. MPHUBOIS K OCTHIBAHUIO CTCHOK M

CYIICCTBCHHOMY CHUKCHUIO CKOPOCTHU U Ka4CCTBA I1CUATH.

Pucynok 19 — Bua o6pasia-poroTuna Ha MocJjieIoBaTeIbHBIX CTAIUSAX €T0

HN3TrOTOBJICHU A

C yderoM 3TOro ObUI M3TOTOBIEH LWJIMHAPUYECKHH TEIIO0TPaKarOMIHiA
9KpaH, KOTOPBIA yCTaHABJIMBACTCS Ha HAKIIOHHO TIOBOPOTHBIN cTOJ (prucyHOK 20).
[IpumeHeHrEe SKpaHa MO3BOJIMIIO 3HAYMTEIBHO YMEHBIIUTh MOTEPU Teria U

no0uThes ckopocTtu nedat 400 Mm/MuH.
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Pucynok 20 — TenooTpakaromuii SKpaH BOKPYT U3ACIH S

OOt BUA HarleyaTaHHOTO U3/IENM s Ha MTOJI0KKE NPUBEJCH Ha pucyHke 20.

Pucynok 21 — Bun oOpasija-poroTura nociie OKOHYaHus evaTu

Bu3syanbHbIIT OCMOTp MOBEPXHOCTH OOpa3Ia-mpoTOTHIA ITOKa3a, 4YTo Ha
BHYTPEHHUX U HAPY>KHBIX MTOBEPXHOCTAX CTAKAHOB MMEKOTCSI KBA3UIMEPUOANUECKHUE
TPEIIMHBI TMOJ HAKIOHOM K BEPTUKAIBHOM OCU. TpeluHbl  SBISIOTCA
MEKKPUCTAUIUTHBIMA, O YE€M CBHUJETEIBCTBYET COBIAJCHUME WX YIVIA HAKJIOHA C

yIJIOM HaKJIOHA CTOIOYATHIX 3epeH (PUCYHOK 22)
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Pucynok 22 — HakiioHHbIE TpelrHbI Ha MTOBEPXHOCTHA 00pa3ia-nmpoToTUIa ITOCIIe

OKOHYaHM:A I1€4YaTu

Pa3pe3ka oOpasua mnokaszana, 4Yro BHYTPU HMEKOTCS JE(PEKTbl B BHIE

HECIUIONTHOCTEH 1 HaIIABJICHUH MEXKIY CJIOSIMH (PHCYHOK 23).

Pucynok 23 — Baytpennue nedexTs

B cBsi3u ¢ 3TMM OBLT cllelaH BBIBOJ O HEOOXOJUMOCTH KOPPEKIMHU pPEKIMa

[c4aru B CTOPOHY YBCIMYCHHN A TCIIJIOBJIOKCHMA.
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H3zroroBienne oOpa3na-mpoToTUna Mo BapuaHTy | Mokasalio, 4To CKOpPOCTh
reyary TIOCKOTO OCHOBaHMS 0oJiee YeM B 2 pas3a HUXKE CKOPOCTH IeYaTH CTaKaHOB, a
TaKk)ke He0OX0MM ero 0oJiee JMTETBHBIN MPOTrPEeB MOCIIe OCTAHOBOK IO CPABHEHHUIO
CO CTEHKaMH CcTakaHoB. Kpome TOro, BBUIY IEpEMENIMBAHUS C MaTepuajoM
MOJTOKKH BBICOTA OCHOBAHHUS Medaraercs ¢ mpuiryckom 10 20 mm. BBuay sToro, Ha
M3TOTOBJICHUE TJIOCKOTO OCHOBAHMS, TI0 MAacCe COCTaBIISAIONIECTO MpuOmu3uTesHo 50
% OT meyataeMoro U3JENus, 3aTpauynuBaeTcs 10 75 % BpeMeHH.

JImst  yCKOpeHHMsT BpPEMEHHM W3TOTOBJICHHS PBIILHOM dacTH (Qypmbl  ObLI
MpeJIoKEeH TUOPUIHBIN CITOCO0 MOJIydeHHsT u3neausi (BapuaHT 2), MPU KOTOPOM
3aroTOBKa OCHOBAHU S PHUTBHOM YacTh (hypMbI U3TOTABIMBACTCSA U3 T THI Mapku M1

tonmmHOoN. 30 MM (pucyHOK 24) 10 Havasa meyaTH.

PI/ICYHOK 24 — Mojenb 3aroTOBKA OCHOBAHUS JJIS1 IIe4aTu pb]J'IBHOfI qacCTHu

(GypMBbI IO BapHaHTy

Pucynok 25 — 3arotoBka 0OCHOBaHU S AJIsI IeYaTH PHUIBHONU YacTu (pypMbl IO

BAPUAHTY 2, yCTAHOBJICHHAsl HA OCHACTKE
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M3roToBieHHOE OCHOBAHUE UCIIOIb3YETCS B KAUECTBE MOPIOKKH JIJIs TIeHaT!

Ha HEM OCTAJIFHOW YacTW W3JIeNMsl — BHYTPEHHETO U BHEIIHETO CTakaHoB. JKecTkas

¢duKcalms OCHOBaHUSI Ha OCHACTKE MO HAPYKHOMY TEPUMETPY OCYILECTBISETCS C
UCIIOJIH30BAHNEM JIOTIOJIHUTEIBHO U3TOTOBJICHHBIX MPHKUMOB.

Ha pucynke 26 npuBefeHo (pOTO PhUIBHOM YacTH (ypMbl, HaleyaTraHHOM IO

BapUaHTy 2 Ha OCHOBAaHUH M3 METHOU MOJMThI TOJUMHON 30 MM.

Pucynok 26 — 3arotoBka pbUIbHOM Y4acTH (ypMbl U3rOTaBIMBaeMast 1o

BapuaHTy 2: a) — B TIpoliecce mevatu; 0) — mocie OKOHYAHU S TTedaTh

[Tpu wm3roroBiernu ¢Gypmbl MO BapHaHTy 2 Tak)Ke MPOBOAWICS MOJI00p U
KOPPEKIMsS TEXHOIOTMYECKUX pEeXUMOB MeyaTd. B mpouecce mneuyarn ObLIo
BBISIBJICHO, YTO MPU MIEPBOHAYATIBHOM MIPOTPEBE OCHOBAHMS U M€YaTH Ha HEM MEPBBIX
10 — 15 cnoeB HabMOAAETCS CIIOPAMUECKOE 3aKUITaHUE METallla B BAHHE pacIiljiaBa U
BBIOPOCHI YACTH MeTalia U3 BaHHBL [10-BUMMOMY, 3TO CBSI3aHO C HAIMYMEM MEJKOM
MOPUCTOCTH M 3arps3HEHUN B MOBEPXHOCTHOM cjioe ocHoBauus. [lpu momananuu
TakuX 0OBEKTOB B 30HY BO3/ICHCTBUS AIIEKTPOHHOTO MMyYKa MPOMCXOTUT UX OBICTPHIA
HarpeB, YTO MPUBOJUT K MHTEHCUBHOMY ra3000pa30BAHMIO M PACIIMPEHUIO ra3a,
HaxOJMBILIErOCSl B MOpPax U BBIOPOCY ra3oM paCILIaBJICHHOI'O METallla U3 BAaHHBL
[IpoTexkaHue Takux MPOLECCOB MOXKET MPUBOJUTH K OOpa30BaHUIO B JAHHOM 30HE
nehEKTOB B BUEC HECIJIOMHOCTEH.

Ha nmoBepxHocty pbUTBHOM wactd  (QypMbl  Takke  OOHApy>KEHbI
MHOYXECTBEHHbBIC KBa3WIIEPUOJIMUSCKUE HAKJIOHHBIE TPEIMHBI (pUCyHOK 27),
IPOXOMAIIME OT 3arOTOBKM OCHOBAHHS JI0 BEpXHEW dYacTH crakaHa (mo3. 3 Ha
pucyHke 20).
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Pucynok 27 — CTeHKka Hapy>KHOTO CTaKaHa C TpeIMHaMU: | —3aroroBKa OCHOBaHUSI;

2 — CHOBaHHE; 3 — TPEIIMHBI

OOpasoBaHre TPEIMH MPOUCXOAUT MPU OCTHIBAHUH M3JIETHS IIPA OCTaHOBKaX
B Tpolecce IeYard HM3-32 HECOBMECTHOCTH JedOpMalyii IUINTHI OCHOBAHHUS H
CTaKaHOB, TIPUBOISIIUX K BO3HHKHOBCHHIO TEPMUYECKUX PACTITHUBAIONINX
HaNpsHKCHUH B CTCHKAX CTAKAHOB.

JIist CHYDKEHM S TEPMIYECKUX HAMPSDKEHUH TIPH TIeYaTH dKCIIEPUMEHTATHHOTO
oOpaziia Nel ObLIM YMEHBIIEHO KOJMYECTBO HAPYXKHBIX MPUKMUMOB OCHOBAHUS,
YBEJIMYEH TPOTPEB OCHOBAHM/y)KE€ HalmeyaTaHHOW dYacTh W3ACIUS  Tepex
HAYaTOM/BO300HOBJICHHEM TI€YaTH TOCe OCTaHOBKHM. Ha pucynke 28 mpuBemeHbI
U300paKeHUs DKCIepUMEHTanbHOro obOpasua Nel pbUIBHOM YacTu  QypMsl,

HaleyaraHHOM 0 BapHaHTy 2 Ha OCHOBAHUY M3 MEIHOM IIJUTHI TONIMHON 30 MM.

Pucynok 28 — 3arotoBka 3kcrniepuMeHTanbHOro 00pasia Nel pbuibHON YacTi pypmbl,
M3TOTaBJMBaeMasi 1o BapHaHTy 2: a) — B TIpoIIecce evyaru; 0) — mocjie OKOHYaHU s

rneyaru

37



BusyaibHblii OCMOTp MOBEPXHOCTA W3ACIMS IOKAa3aJ, 4TO Ha CTEHKaX
CTaKaHOB MMEIOTCS OT/ACIIbHBIC TPEIMHBI JyHOM 710 40 MM. [Ipu aTOM HabmomaeTes
HCKaXEHHE TeoMEeTpruYeckoi (opMbl u3nenvs. B mpoiiecce medard Mpou30IILIo
KOpoOJieHe OCHOBAHUSI, YTO MPUBEIO K 00pa30BaHUIO 3a30pa MEXKIY OCHACTKOW U
OCHOBAHHUEM IO €T0 IEPUMETPY.

Jlanee OblTa MpoBeicHa MEXaHUYECKast 00pabOoTKa 3aTOTOBKHU PHIIBHON YacTH
(GypMBI B COOTBETCTBUU C YEPTEKOM, TTPEOCTABICHHBIM 3aKa34uKOM (PUCYHOK 1).

Ha pucynke 29 mpuBemeH oOmMiA BUJ SKCIEpUMEHTATbHOTO oOpasia Nel
PBUTEHOM YacTu ypMbI MOCIIe MEXaHUUECKONW 00paboTku. HskHSS 9acTh OCHOBaHUS

He 00pabaTbIBaiach.

Pucynok 29 — DxcniepuMmeHTasbHbIN 00paser Nel pbuibHON YacTu hypMbl Hocie

MEXaHU4ecKor 00paboTKH

Kak BugHO M3 prucyHka 29 mocie MexaHH4deckod oO0paboTKM B pa3mep B
COOTBETCTBMM C YEPTE)KOM HAa BHEIIHUX YaCTAX CTAKaHOB W3JICIUS HMEIOTCS
KOJIBIIEBBIC OOPO37bL. DTO CBS3aHO C OOJIBIION YCAAKOM PBIIBHOM YacTH (PypPMBI
MIOCJIC OCTBIBAaHUS U HEJIOCTATOYHBIM IPUITYCKOM HAa MEXaHMUYECKYIO 00OpaboTKy Io

Hapy>XHOMY ANaMETPYy, 3aJI0KCHHOMY B MOJACIIb I II€YATH.
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BusyanbHblii OCMOTp H3AEMS TOKa3all, 4TO HAa BHYTPEHHEH IMOBEPXHOCTU
BHYTPEHHETO CTaKaHa MMEETCS TPEIIMHA, MPOXOMsIasi MPaKTUYECKU BEPTUKATBHO

MIOYTH TI0 BCEH BBICOTE CTEHKM cTakaHa (pucyHoK 30).

Pucynok 30 — TpeniuHa Ha BHYTPEHHEH NOBEPXHOCTH BHYTPEHHETO CTaKaHa

TpemmHa He SBASETCA CKBO3HOM, €€ pasMep MW HalpaBIICHUE HE
COOTBETCTBYIOT XapaKTePUCTUKAM TPEIIMH, UMEBIIMMCS Ha 3aT0TOBKE TOCJIE TIeYaTH.
[TpyunHON MOSBIEHUS TPEUMHBI SBIISICTCS TEPMHUUYECKUE HATPSHKEHUS], BHI3BAHHBIC
HECOBMECTHOCTHIO AiehopMaIyii OCHOBAHHS M CTaKaHa MIPU OCTHIBAHUM U3IICITHSL

[Ip M3roTOBIEHHHU HKCIEPUMEHTATBLHOrO oOpas3ua Ne2 pbUIBHON YacTu
GbypMbl OBUIO MPHUHSTO PEIIEHHE MPOBOJMTH IMEYaTh MO BapuaHTy 1, T.e. meyartarb
U3JIeIM€ TIOJHOCTHIO C OCHOBAHHEM ISl TOTO YTOOBI M30€KaTh €ro KOpoOJIeHU L.

B monens g meuarn ObUTM BHECEHBI KOPPEKTHPOBKHU MJII OOECIICUCHUS
HEO00X0MMOTO MPHUITyCKa Ha MEXaHUYECKYI0 00pabOTKY ¢ yIeTOM yCaIKH.

UToObl MpeAOTBPATUTH TOSBICHUE TPEUIMH TpU TI€4aTd BO BpeMs
TEXHOJIOTMYECKUX OCTAaHOBOK TeMIIEpaTypa 3aroTOBKH IOJAECpPKUBAjIach B palloHE
250 — 300 rpan. C.

Jlis 9TOro mociie OCTaHOBKM TI€4aTH 3aroTOBKa BMECTE€ C OCHACTKOM
nepemMeniaiach B Nedb ¢ BO3AymHONW atmocdepon ¢ Temmepatypoir 300 rpax. C.
[lepen wu3BJEUEHHMEM 3aroTOBKM M3 BaKyyMHOM KaMepbl U HayCKOM BO3IyXa
Jienanach rnaysa JUIMTEIbHOCTBIO OK0Mo 20 MUHYT, HEOOXoauMmas JUJIsi OCTBHIBAHUS

KAaTOJHOIO y3J71a 3JEKTPOHHOW IMYIIKA M COXpaHeHWusl ero uenocrHoctd. llepex
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HayajJoM II€YaTH 3aroTOBKa Ha OCHACTKE MEpeMelanach M3 Ie4Yd B BAKyyMHYIO
KaMepy YCTaHOBKHU JUIsl TPOIOJIKEHU I ITPOLecca TIeYaTH.

[Ipeanonaranoch, 4TO NPEAJIOKEHHBIM MOJXOJ, MO3BOJMT CHU3UTh PUCK
BO3HUKHOBEHHSI TPEUMH 32 CUYET YMEHBIIECHUS OCTaTOYHBIX BHYTPEHHUX
HaNpsDKEHUM BCIIEICTBUE MPOLIECCA PEKPUCTALIN3AUMI, KOTOPBIM MPOTEKAET B MEU
npu Temrnepatypax Boiie 280 — 300 rpaa. C.

Kpome Toro, nmpu H3roToBiIeHUN SKCIIEpIMEHTATEHOTO 00pa3iia Ne2 phIIbHOM
gactid (ypMbl ObUla M3MEHEHA CTpaTervs MevaTtd. B JaHHOM cilydae CTakaHbI
[eyarajucb HE OJHOBPEMEHHO Kak BO BCEX MNpeAblAYIIMX BapuUaHTax, a
IIOCJIEIOBATENIbHO — CHAYaJla HA HANEYaTaHHOM OCHOBAHUM IIOJIHOCTBIO MEYATAJICS
BHYTPEHHHMI CTaKaH, 3aT€M [IOJIHOCTBIO M3rOTABIMBAJICA BHEIIHUMA CTaKaH.
[IpeanonoxuTensHO, BHIOpAaHHBIM MOPSAAOK MEYaTH Tak>Ke JOKEH ObUT MO3BOMUTH
CHU3HUTHh BEPOSTHOCTh BO3HUKHOBEHMSI TPEIIMH, 3a CYET [OCIEI0BaTeIIbHON
penakcali HanpsHKeHUH Ha TpaHUIle OCHOBAHME-CTaKaH CHayvania JJisi BHYTPEHHETO,

a 3areM JId BHCIIIHNX CTAaKaHOB.

Pucynok 31 — 3arotoBka 3xkcrniepuMeHTanbHOT0 00pa3ua Ne2 pbuibHON YacTu (GypMbl

IIOCJICE OKOHYAaHM A I1€49aTu

OcMmoTp moBepxHOCTH OOpasia Ne2 mmokaszayi, 4To HECMOTPsS Ha M3MEHEHHS
TEXHOJIOTHW TIeUaTH, HE yAAJIOCh M30eKaTh OTIACIBHBIX HAKIOHHBIX TPEIIMH Ha

MOBEPXHOCTSIX CTAKAHOB, aHAJIOTMYHBIX HAOJII0JABIIMMCS paHee.
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Ha pucynke 32 mpuBeneH oOMIMA BUJ IKCIIEPUMEHTAIBHOTO oOpasia Ne2

PBUIBHOM YacT PypMbI OCTIE MEXaHUIECKON 00pabOoTKH.

Pucynok 32 — DxcniepuMeHTalIbHbIN 00paser Ne2 pbuibHON YacTu (pypMbl OCTIE

MeXaHH9ecKor 00paboTKn

[Ipunycku Ha HareyaTaHHOW 3aroTOBKE ITO3BOJMJIM IIPU  IIPOBEJICHUU
MEXaHU4YeCKONH 00pabOTKM COOJIFOCTH pa3Mepbl MOCAJAOYHBIX MECT HapyKHOTO U
BHYTPEHHETO CTakaHoB. I[Ipy STOM, HeCMOTpsi Ha CHCJIaHHYIO TIepe] IeYaThio
KOPPEKIINIO, TPUITYCK M0 HAPY>KHOMY JUaMETPy BHEIIHETO CTaKaHa OKazaycs Ha 2 -
2,5 MM MeHble TpeOyemoro. BcmencTBue 3TOro Ha HApYKHOM TOBEPXHOCTH
PBUTIBHOM 9acTH (pypMbI UMEIOTCS KOJIBIIEBBIE OOPO3/IBL.

Taxke Ha 00eMX CTOpPOHAX BHYTPEHHErO CTakaHAa HMMEETCS HECKOJIBKO
MEKKPHUCTAIUTHBIX TPEIIUH (PUCYHOK 33), yroa HaKIOHa KOTOPBIX COOTBETCTBYET

Y11y HaKJIOHA CTOIOYATHIX 3CPCH, q)OpMHp}IIOH.[I/IXCH B ITPpOICCCC IICYATH.

Pucynok 33 — TpeniuHa Ha BHyTPEHHEM CTaKaHE 3KCIIEePUMEHTaIbHOTO
oOpasia Ne2 pbuTbHOM YacTh (ypMBl: ClieBa — Ha HAPY>KHOM TOBEPXHOCTU CTEHKH;

CIIpaBa — HAa BHYTPEHHEH MOBEPXHOCTH CTEHKHU
41



1.12 Mexannyeckasi 00pad0TKa pbLILHO I YacTH QypMbI

OOpaboTka 3aroTOBKHM MPOM3BOJMIIACH HAa TOKapHOM cranke ¢ UIIY 3a 2
ycTaHoBa. basupoBaHue 3aroTOBKM OCYIIECTBIIUIOCH B TPEX KYJIQ4KOBOM IarpoHE.
Ha BTopoM ycTaHoBe Oa3upoBaHME U 3aXUM 3arOTOBKHM TPOU3BEACH C
WCIOJIb30BaHN €M CTICIMATBHBIX KYJIauKOB.

3aroroBka  (GypMbl, TOJyYeHHAs  AJICKTPOHHO-TYYECBOW  aIMTUBHON
TEXHOJIOTHEH, HWMEET HEPaBHOMEPHYIO IIOBEPXHOCTh, C TJIIYOMHON BMAaJuH,
JOCTUTAIOIIMX HECKOJIBKUX MUJUIMMETPOB, B CBSI3U C ATUM 00pabOTKa MPOBOAMIIACH

npu oboporax n=600 06/muH ¢ nogaueit s=0,05-0,1mm/06. Matepuan pesia BK6.

Onepanysi  3arOTOBUTENbHAS,
0Tpe3arhb IO TOKKY 1, Ha
JICHTOYHOTIMJIBHOM CTaHKE BBIIEPkKaB

pazmep AOI.

[ e R e D L S e T L ST K KR KRR R KRR R
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Onepanus 1. TokapHasi,
Mojpe3aTh TOpEll IJOCKOCTH 2,

BbIJIEpKaB pa3mep All.

[IpoTounts MOBEPXHOCTH 3,

BBIJIepKaB pa3mepsl D21, D22, A21.

822
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Pactounts moBepxHOCTh 4,

BbIZIEpkaB pasmepsl D31, D32, A31.

[Toapesars TOpel

MOBEPXHOCTh D BBIIEPKUBAsT pa3Mmep
A41.
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[ToxpesaTs TOpell MOBEPXHOCTH

6, BbIIep:kaB pa3mep AS1.

[IpoTounts MOBEPXHOCTH 7,
BBIZIEpKUBast pasmepel D6.1, D6.2,
D6.3, A6.1, A62, wu pamyc

ckpyrnenus R1.

45



[IpoTounts MOBEPXHOCTH 8,

cobmronas pazmepsl D7.1, D7.2, A7.1.

Touuts TIOBEPXHOCTh 9,

cobmronas pazmepsl D8.1, D8.2, AS8.1.

S\

047

82
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Touuts  moBepxHocts 10,

cobmronas pazmepsl D9.1, D9.2, A9.1.

1

7777

792
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BbIBO/IbI

B xope BimonHeHus paboThl yCTaHOBJICHO:

1. IlIpomecc M3roTOBJIEHUS 3arOTOBKM PbUIBHOW 4YacTU (ypMbl METOAOM
AIEKTPOHHO-JIyYeBOM MPOBOJIOYHON aIMTUBHON TEXHOJIOTUW U3 MEAU TIO3BOJISIET
MOJIYUYUTh W3ACIHE C TPaJUEHTHOM CTPYKTYpOll Marepuaia, 4YTO IIOBBIIIAET
TETJIOCTOMKOCTb JIETAJIM B 3TOM 30HE MPpHU pabOTe B 3aJaHHBIX YCIIOBUSIX.

2. Crparervsi CKaHMpPOBaHMSI IIEPUMETpa 3arOTOBKM C MOCIEAYIOIIMM
3alOJIHEHUEM OCHOBHOTO 00beMa IOKa3ala HaMMEHBIIEe KOJIMYECTBO TMOp H
nedexToB y oOpasioB uzaenus. OTKIOHEHHE T€OMETPUH 00pa3loB MOTyYEHHBIX 10
JAHHOMW CTpaTrerry CKaHUPOBAHUS TOJIYYUIIMCh MUHUMAJTBHBIMU.

3. B mepBbIX C10sX, HAIJABICHHBIX HA MOIJIOKKY MPOUCXOMUT M3MEHEHHE
CTPYKTYpbl MaTepHualia U3eIus BCICICTBUE TIEPEMEIMBAHUSI KOMITIOHEHTOB METHOU
IPOBOJIOKU M CTaJIBHOM MOJIOKKU. [Ipenen mpoyHOCTM Ha pacTsHKEHHUE B DTOU 30HE
netam cocraBisier 420MlIla, mo Mepe ynameHus OT MOAJIONKKH IPEIei MPOYHOCTH
YMEHBIIAETCSI U B OCTaJbHOM OObEME JeTald HAXOJWUThCS HAa YPOBHE IMpejena
MIPOYHOCTH JIUTON MEJH.

4. 3aroToBKa, TNOJy4YCHHAass METOJIOM HJIEKTPOHHO-JIYYEBOW A IMTUBHON
TEXHOJIOTUH, YAOBIETBOPSET 3asBJICHHBIM TPEOOBAaHMSM 3aKa3uMKa, HO KaueCTBO
KOHEYHOTO U3EIHS MOXKET OBbITH YITyUILIEHO.

5. Ilocne wmexanudyeckoid o0OpabOTKH OOHApPYKEHbl HE3HAYUTEIbHbIC
MEXKPHUCTALIUTHBIE TPELUIUHBL, YTOJI HAKJIOHA KOTOPBIX COOTBETCTBYET YTy HAKJIOHA
CTONIOUATHIX 3epeH, GOpMHUPYIOIMXCS B mpoiiecce nedatu. Heo6xomumo mpoBectu
JanbHeNee VCCIIEIOBAHUE napameTpoB nevyaru BITHSIIOIIAX Ha

TPEIMHOOOpa30BaHUE B MOITYYAaEMBbIX 10 JAHHOM TEXHOJIOTUH o0pasiiax U3Iemi.
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3AJIAHME JIJISI PA3JIEJIA
«COLIMAJIbHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna 1035(0)
4AMO1 3axapeBuy4 UBan Bacuibe BU4
HIxoua HIITHIIT OTtaeslenune oM
(HOLI)
YpoBeHnb Marwuctparypa Hanpagienne/ 15.04.01 MamunHocTpOoeHue
o0pa3oBaHus
cre MM ATBHOCTb
Tema BKP:

CoBepIiie HCTBOBaHHE CTIOC00a M3TOTOBJICHUS PBUThHOU YacTH (pypMBI

M cxoaHble JaHHBIE K pasaeJy «CO].[I/IaJILHaﬂ OTBETCTBCHHOCTb»:

BBene nue
-XapakTepucTuka o0BbeKTa
uccienoBanus  (BEIIECTBO, MaTepuall,

pudop, AIrOpUTM, METOAUKA) U 00JIACTH
€ro MPHUMEHCHHS.

-Onrcanue paboueit  30HBI
(pabouero Mecra) Tpu  pa3paboTke
MIPOEKTHOT'O PEeIlie HUsl/ TIPH IKC TUTyaTaI[iH

OObekToM HccleoBaHus SBIAETCS pa3paboTka

KpyIHOrabapur HbIX M3JIENTUNA U3 MEeJIH,
OO6nacTh TpPUMEHEHWS — METaJUTyprudecKkoe
MIPOU3BOJICTBO.

Pabouas 30Ha: mabopatopus.

B naGoparopuu mwiomaasio 40m2.

[Tepeuens 000pyAOBaHMA : KOM IIBIOTEDP,
KOMIIbIOTEPHBIH CTOJ, CTYJ, MUKPOCKOIL

PaGoumii mporecc cBsi3aH C  HCCIIEIOBAaHUEM
CTPYKTYpBI TIONy4aeMbIX OOpa3loB C TTOMOIIb IO
MUKPOCKOIIA.

Hepequb BOIIPOCOB, NOAJICKAIMHUX HUCCJICIOBAHUIO, ITPOCKT UPOBAHUTIO U pa3pa60TKe:

1. IIpaBoBble M OpraHu3anMOHHbIC
BONPOCHI oOecreyeHUsl 0e30MACHOCTH
NnpH pa3padoTKe NPOEKTHOIO peIlie HUs

-CTielIHaJIbHBIE (XapaKTepHbIe TPU
IKCIUTyaTallMl O0BEKTa HCCJIeI0BaHMS,
MIPOCKT UpYEMOil paboueit 30HbI) TPaBOBBIC
HOPMBI TPYIOBOI0 3aKOHOAATEIbCTBA;

-Opra HU3alMOHHBIE MEPONPUATHUA
IIPY KOM IOHOBKE paboueil 30HbI.

Ilo naHHOW Teme pacCMaTpPHUBAIOTCA CIENYIOLIME
JIOKYMEHTBI :

1) - Tpynosoi xomekc Poccuiickon
Oenepammu ot 30.12.2001 N 197-d3 (pen. or
27.12.2018).

2) CII 52.13330.2016
EcTecTBEHHOE ¥ HCKYCCTBEHHOE OCBEILEHUE

3) CanlluH 1.2.3685-21.
['MrueHnyeckre HOpMATUBBI U TpeOoBaHUSA K
o0ecrneyeHnIo 0€30MacHOCT U u (vn)
0€3BpeAHOCTH JJI1 4eJloBeKa (PaKTOPOB CpPEbl
oburaHus

4) CII 24.3648-20 "Cauwmrapso-
AMUIEMUOJIOT NI ECKHUE TpeOoBaHus K
opraHM3alMsIM BOCTIMTaHus U 00ydeHUsI,0TbIXa U
037I0POBJICHUSI JIETEH U MOJIOIEKU".

2. IlpousBoacTBeHHass 0e30MaCHOCTH

NPH Pa3padoTKe MPOSKTHOIO pe e Hud
-AHanu3 BBISBJIC HHBIX BPEIHBIX U

OTIACHBIX TPOM3BOJCTBEHHBIX (PAKTOPOB

IIpy mnpoBeneHMM UCCIEIOBAHUA  BO3MOXKHBI
NPOSIBJIC HUS CJIEYIOIIMX BPEeHBIX (PAKTOPOB.

- OTKJIOHE HHAE TIOKa3aTesIed MUKPOKINMAaTa

- [IpeBblieHNE ypOBHA IYyMa;
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-Pacuer ypoBHS OmNacHOro win
BPEIHOTO NPOU3BOACTBEHHOr0 (hakTopa

- HenoctaTouHast ocBEIEHHOCTh paboueii 30HbI;

- MoHOTOHHOCTB PabOTHI

IIpu npoBeneHNN UCCIIEIOBAHMA

BO3MOJKHBl IIPOSIBJICHMS CJEAYIOIHUX OIACHBIX
(hakTopoB:

- DJJEKTPUYECKUM TOK, BBI3BIBAEMBIA PAa3HHUIIEH
ANMEKTPUUECKUX TOTEHUMANIOB, TMOoA JAcicTBHE
KOTOPOro nonajaeT padoTaronmii

3. JkoJjoruyeckass 0€30MACHOCTH IIpPH
pa3padoTKe NPOEKTHOTI0 pe NIeHUs

BosneiictBue  Ha  nurocdepy:  yTwiM3alms
JIFOMHHEC LICHT HBIX JIAMIT

4. be3onacHocTb B 4pe3BbIYaliHbIX
CUTYyaUHsIX IPU pa3padoTke NPOEKTHOIO

pele HUsA

Bo3moxHsie 4cC. IIpu NP OBEICHUH
HCCIIEJOBAaHUN CyLIECTBYET BEPOSITHOCTh
HIOSIBJIC HUS TIOXKapa.

Hawubonee tunnunas YC. IToxap.

JlaTa BbI1a4yu 3aJaHUA JJIs pPa3/ieJia 1o JHHeHHOMY rpajguky | 14.03.2022
3ananue BbIIAJ KOHCYJIbTAHT:
Hosxknocts | ®DUO Yuenas MMommucek Jara
cTeneHb,
3BaHHe
Jlonient Anroresmy Oibra AjekceeBHa K.0.H. 14.03.2022
3ajanue NPUHSAJI K MCIIOJHEHHIO CTY/IEHT:
I'pynna DdHUO Hoanuck Hara
4AMO1 3axapeBuy MBan BacwibreBuu 14.03.2022
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2 COUAJIBHAS OTBETCTBEHHOCTD

BBenenue

ObecrieueHre 0€30MACHOCTH JKA3HU M 37I0pPOBbS PaOOTHHKOB B IIpOIlecCce
TPYJAOBOH JeATENbHOCTH B Poccum cunMTaercs OAHMM W3  HAIMOHAIBHBIX
MIPHOPUTETOB B ICISIX COXPAHCHHS YEJIOBEYSCKOTO KaluTajga, 4YTO HEpa3phIBHO
CBSI3aHO C pelIeHHeM 3ajad 10 VYIIYUIIEHUI0 YCJIOBHH M OXpaHbl TPyJa,

MPOMBIILIEHHOM M KOJIOTMYECKON O€30MacHOCTH.

UccnenoBanne mnpoBogwsiock B HMHcturyre @Ousuku [IpouHoctn wu
Marepuanoseaeaus UPIIM co PAH. O6pa3iisl nonydeHHble U3 Mead Mapka M1

METOJIOM BJIEKTPOHHO-Ty4YE€BOU ITPOBOJIOYHON AU TUBHOU TEXHOJIOTHEN.

CyTb mporiecca 3JIEKTPOHHO-JIYYEBOW MPOBOJIOYHONW TEXHOJIOTUM COCTOWT B
HAHECEHWM Ha IMOUIOXKKY PAaCIUIaBJICHHOTO METAJUIA, MOJIYYaeMOTO IUIaBJICHUEM
AJICKTPOHHBIM JIy4OM TOJIaBaéMOTO B 30HY TIe4yaTh (uiiaMeHTa B BHUJC
METaJUTMYECKOU TPOBOJIOKH/TIPYTKA AuaMeTpoM 1.6MM n3 memm Mapku M 1. U3aenue
M3rOTABJIMBACTCS  MOCIOMHO  MYTEM  IIOCIEAOBATEIIBHOIO  HAHECEHUs  Ha
HIDKEISKAIMKA CJIOM Mareprajia HEOOXOIMMOTO KOJIMYECTBA CJIOEB OIPe/IeTICHH O

TOJJIIIHUHBI.

@ypmbl JTOMEHHBIX Ieueld paboTalOT B TSKEIBIX YCIOBUSX CIIOKHOTO
HapsDKEHHO-  1epOPMUPOBAHHOTO COCTOSIHUSA. ITO OOYCJIOBJICHO CYILECTBEHHOM
pa3HULEN TeMIlepaTyp TOpSYEro BO3AyXa M OXJIAXKAAIOWMIEH BOJIpI, BIUSHHEM
TeMIIepaTypHbIX HAIPSHKEHUH U pasHUIIEH JIaBJICHUHN, TPOKAaYMBaEeMbIX uyepe3 (ypMbl
BOJbl M BO3ayxa. BcreactBue 3TOro, BO3HUKAET HEOOXOAMMOCTH ONTHMU3ALUU
KOHCTPYKUIMIA (ypM C LIE€JIbI0 MOBBILIEHUSI HAIG)KHOCTH UX pabOThl M yBEIMYEHUS

CpOKa CITY>KOBL

MakpocTtpykTypa 00pa3lioB HCCEOBajach Ha ONTUYECKOM HIIEKTPOHHOM
mukpockorie Anbramu MET-1C, Ha oOCHOBE MOJyYEHHBIX HW300paXeHUN C
MHUKpPOCKOTMa COCTaBJISIOCH aHOPaMHOE n300paxeHue IpaJEHTHOU
MaKpOCTPYKTYphI 00pasiia ¢ HOMOILBIO IEPCOHATHHOTO KOMIIBIOTEPA.
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B pesynbraTe 3KCriepuMeHTOB ObUIO BbIOpaHa CTparervsi CKAHUPOBAHUS TSt
MOJTY4YeHHUS] IKCIEPUMEHTAIBHBIX OJIOKOB M3 Memu. B nmanpHelinem Oblia U3ydeHa
MaKpOCTPYKTypa 3KCIIEPUMEHTATBHBIX OJIOKOB, M BBISBJICHO HAJIMYME TPaJMECHTHOU
CTpyKTypbl. 1lo pe3ynbraram naHHBIX MCCIEIOBAHUI MPOW3BOMIIACH OTPabOTKa U

COBEPIIICHCTBOBAHME METO/1a TIOTYUYEHHUSI PbUIBHOM YacTH (PypMBbl.
2.1 IIpaBoBbIe ¥ 0 pPraHU3aIHO HHbIE BOIIPO CbI 00ecneyeHus1 0 €30 MaCHO CTH

2.1.1 CnenmajbHble NPABOBbIe HOPMbI TPYJIOBOTI0 32K0HO/IATEILCTBA

CornacHO TpyJOBOMY 3aKOHOJATEILCTBY, B P® pernameHTHpyeTcs 8-Mu
gacoBol paboumii JeHb. Bo Bpems pabodero mHS OTBOTUTCS CHEIMAIBHBIC
MIPOMEKYTKM BPEMEHHM ISl IEPEPHIBOB HAa OTALIX U MUTaHUE. [IpOoIOIKUTEIBHOCT

MEPEPHIBOB HAa OTABIX U UTaHKE cocTaBiisgeT oT 30 10 60 MuH.

K camocrositenbHOll paboTe ¢ 00OpyJOBaHMEM JIOMYCKAIOTCSI COTPYHUKU
N®IIM CO PAH u apymx HayyHO-HCCIEIOBATENbCKUX OpraHu3aluid CUuOUPCKOTO
pernona P®, a Takyke acmupaHTBI, CTYIEHTHI, padOTaONMe B 3TUX OpraHHU3alMsX.
Jiss  momydeHus JONMyCKa K CaMOCTOSITENIBHOM pabore paOOTHUK — JOJKEH

03HAaKOMHUTKCS C MPaBUIIaMH pabOThl Ha 000OPYIOBaHUM CIATh SK3aMEH.

B coorBeTcTBHE € HHCTPyKUHMEW 1O OXpaHe Tpylaa Npu padoTe cC
naboparopusiM kKoMmiuiekcoMm B UDIIM CO PAH k paGoTe ¢ 31EKTPOHHBIM
00OpylIOBaHMEM  JOIYCKAIOTCA Jmua (COTpymHMKH MHCTUTyra, acnupaHTEbl,
CTYJIEHThl W TPUKOMaHJMPOBAHHBIC JWIIa) HE Moyoxke 18 ner, He umerolue
MEJIMIIMHCKUX MPOTUBOIIOKA3aHUM M MPONICIINE UHCTPYKTaX (HE pexke 1 pa3a B

roj).

2.1.2 OpraHu3anmo HHbIe MEpPO NPUATHS PU KOMIIO HOBKe padoveil 30 HbI

HccejaeaoBsarTeisa

OCHOBHBIM OOBEKTOM B IMPON3BOACTBCHHLIX YCJIOBUAX ABJIACTCA pa60qee
MCCTO, IIPCACTABJIATOIICC coboli B O6H_[€M C1y4dac IpoCTpaHCTBO, B KOTOPOM MOJKCT

HaXOIUTBCA YCJIOBCK IIPH BbIOIOJIHCHUU IIPOM3BOJACTBCHHOI'O IIpoHccca. Her B
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3aJaHN N1 PaGouee mecro c JUCIIICCM oOecrieunBacT OIcparopy BO3MOKHOCTb
YI[O6HOFO BBIIOJIHCHU A pa60T B IIOJIOKCHHUHN CU IS 1 HC CO3AACT IICPETPY3KU KOCTHO-

MBIIIIEYHON HET B 3aJaHNU

OcHoBHBIE TpeOOBaHMS K pa3MepaM M KOHCTPYKUHMU paldoyero cryjia B
3aBHUCUMOCTH OT BUJIa BBITOMHAEMBIX paboT ycraHoByieHbl B [OCT 12.2.032—78 u
I'OCT 21889-76. Pabouee MecTo A1 BBIIOJHEHUSI pabOT CHUAS OPraHu3YyIOT MpU
Jerkod paborte, He TpeOyromeld CBOOOJHOIO MEPEABUKEHUS PabOTaIOIETO.
Koucrpykims pabouero mecra M B3aMMHOE PACHOJIOKEHHE BCEX €ro AJIEMEHTOB
(cuaeHbe, OpraHbl YHpaBJICHHS, CPEACTBA OTOOpakeHHS WHGOpPMAIUK U T. 1.)
JOJKHBl ~ COOTBETCTBOBATh  AHTPOMOMETPUYECKUM,  (U3UOJIOTUYECKUM U

TICUXOJIOTHYECKUM TPEOOBAHHUSIM, a TAKXKE XapakKTepy paOoTHlI.

KomroHoBka pabounx CTOJIOB, CTEUTAXEW M Jpyrod MeOenmm moaoOpaHa
TakuM 00pa3oM, 4yTOObl HE CO3[aBaTh 3aTOPOB M MPEISTCTBUN MpU >BaKyallu

JIFOJIEU U3 IIOMELLECHUS BO BPEMS BOHUKHOBEHHUS YPE3BbIYANHBIX CUTY AU .

Cornacuo I'OCT 12.2.032-78 paGouee MECTO JIOKHO OBITH IO BEICOTETAKHM,
qTOOBI TPW BBITOJHEHUH WCCJICIOBAHWNA W TPOBEJCHWHM PacueroB, W 00paboTKe

JTAHHBIX HE OBUIO HEOOXOIMMOCTH CrHOaTh KOPIYC WJIM IPHUCENaTh.

2.2 IlpousBoACTBEHHAsA 0€30 MACHOCTH

B nanHoM pasznene ObUl MPOBEACH aHaiM3 BPEIHBIX U ONACHBIX (haKTOPOB,
KOTOpBIE MOTYT BO3HMKHYTH IPH MPOBEACHUU HCCIeA0BaHU B jabopatopuu. [[ms

UJIeHTU(UKAIUK TTOTEHIMATBHBIX (pakTopoB ObLT ucnonb3zoBad ['OCT 12.0.003-2015

«OracHble ¥ BpeHbIC TPON3BOACTBEeHHbIC (DakTophl. Kiaccudukarms [21].

2.2.1 AHAJIU3 BpeIHBIX M 0MACHBIX (PAKTO POB, KOTOPbIE MOJKET CO31aTh 00 bEKT

HCCIea0BaHUA

[lepeueHp OMacHbIX U BPEIHBIX (PAKTOPOB, XapaKTEPHBIX ISl TPOSKTUPYEMOM

MIPOM3BOJICTBEHHOM CPE bl MPEACTaBIICHBI B Ta0mIe 1.
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Tabmna 1 — Bo3moxubIe oracHble v BpeAHble (aKTOpbl

®aktops! ('OCT 12.0.003-2015)

HOpMaTI/IBHBIG JOKYMCHTbI

1.Henocratounas OCBEIICHHOCTH TpeboBanus K OCBEIICHHU )

pabouero mMecra ycranaBmmBarotcss  CII 52.13330.2016
EctecTtBeHHOE u MCKYCCTBEHHOQ
OCBEIIICHHE

2.1loBpniieHHAass ~ WJIM ~ TOHMYKEHHAas TpeOoBanust K MUKPOKJIMMATY]

TeMIiepaTypapaboueil 30HbI ycraHaBimBatoTcss  cornmacHo — CanlluH

1.2.3685-21. ['urueHnyecKkre HOpMaTUBHI U
TpeOOBaHUs K 00eCIeUeHNI0 0e30MacCHOCTH
1 (i) Oe3BpPeIHOCTH VIS YEJIOBEKQ

(hakTOPOB Cpeabl OOMTaHMS

3.Ilepenamnpsixenue aHAJIM3aTOPOB, CII 2.4.3648-20 "CaHuTapHOA

BBI3BAHHOE nHGOPMAIMOHHOMPTIIEMUOJIOTUYECKIE  TpeOOBaHUST K

Harpy3Kou OpraHM3allisiM BOCIUTAHUSA W OOydeHHs|
OTIIbIXa W  O3JIOPOBIICHUS  JieTed 1
MOJIOJEKN "

4. MoHOTOHHOCTB pa0OTHI TOCT 12.0.003-2015 Onacuble o
BpE/HbBIE TPOM3BOICTBEHHBIC (DAKTOPHI

5. DONEKTpUYECKMUA TOK, BbI3bIBAEMBIN I'oCt 12.1.038-82 CCBT|

pa3HULEH ANEKTPUUECKUX MOTEHIMAJIOB{DJIEKTPOOS30MaCHOCTb. IIpenensHQ

noJ  JACHCTBHE KOTOPOro  IMOMagacTAONyCTUMBbIE YPOBHHU HAMpsHKEHU

paboTatomui MPUKOCHOBEHUS U TOKOB.

2.2.2 HeocTaTo YHAs 0 CBEIIEHHOCTH padovyero Mecra

HCI[OCTaTO‘-IHOC OCBCIICHHUEC HHU3KOI'O Ka4eCTBa CHOCO6CTBy€T YTOMIIACMOCTH

3peHHs, YTO CHOCOOCTBYET €ro CHUXEeHUIO. VIcTouHMKamMu BpeaHoro (akropa
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BO3JICMCTBUSI MOTYT CIYXHTh HEIOCTaTOYHOE KOJMYECTBO E©CTECTBEHHOIO
OCBEIIGHUS, CIMIIKOM WHTCHCUBHOE WJIM HEJIOCTaTOYHOE  HCKYCCTBEHHOE
ocBemierre. Ha paboueil MOBEPXHOCTH HEOOXOAMMO OTCYTCTBHE PE3KHUX TEHEH,
HaJMyhe KOTOPBIX CO3AAET HEPAaBHOMEPHO OCBEIICHHBIE padOuMe MOBEPXHOCTU U

CIIOCOOCTBYET MCKKEHUIO pa3MEPOB U (POPM OOBEKTOB paz3IMym.

CornacHo HOpMaM OCBEIIEHHOCTH, HA pabO4YMX MeCcTaxX MPOU3BOICTBEHHBIX
MOMEIIIEHUH TP HCKYCCTBEHHOM OCBEILIEHHHU B Jlaboparopuu Tpedyercsi co3iarb

ocsemeHHocTh £=200 1x. [22].

HenaBHo moOeneHHBIE CTEHBI € OKHamu 001afgaroT  KodhQUineHToM

OTpakeHHs1, Oe3 IITop pCZSO%, JUIsT HemaBHO moOeneHHoro moronka p =/7/0%.

K, — xoapduiueHT 3amaca, yUUTHIBAIONIMA 3arpsi3HEHNUE CBETUJIbHUKA (MCTOUYHHKA
CBETa, CBETOTEXHHUYECKOM apMarypbl, CTEH M IMpodyee, T.€. OTPaXKAroIUX
MOBEPXHOCTEN ), HAIM4ue B atMocepe mexa AbiMa, nbuid, K=1,6 (momemenus c
MaJIbIM BBIZICICHEM TIBLN); Z — KOAPPUIMEHT HEPaBHOMEPHOCTH OCBeIeHus. s

JIFOMUHECIIEHTHBIX JIaMIT TpU pacuéTtax Oepércs paBHbIM 1, 1.

PaccunteBaeM cuctemMy OOIIEro JIOMHUHECIIEHTHOTO oOcBelieHus. Pabouas
30HAa HAXOJIUTCS B JJa0Oparopur ¢ pa3Mepamu: JUIMHA oMelieHus A=8 M, mmpuHa B
= 5 M, Beicora H=3 M. Bbicota paboueii moBepxnoctu Hax moiom h,,=0,65 m. B
JaHHOW pabodel 30HE pa3MeIeHbl JaMilbl Oernoro ceeta JIb, co CBETOBBIM IMMOTOKOM
®;;=2800 JIm. CBeTryibHUKM JyiuHOW 1227 MM, IIMPUHOHM — 265 MM M BBICOTOM

155 MM umeror nBe momuHecueHTHbIE jamnbl THa OJJOP-2-40, MOIIHOCTBIO

40 Br.
Paccrosinue cBeTrIIBHUKOB OT Tiepekpbitus h.=0,3 m.Bricora moaseca
h,=H-h,=3-03=27wm
Baicota paboueit moBepxHocty Haj nonoM h,=0,65 m.Pacuetnas BoicoTa
h=h—hy, = 2,05 M.
ITnomaas moMermerns: S = AXB=40m",
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Paccrosinne Mexay coceTHUMH CBETHIIBHHKAMH OMPEIEIISIOT M0 popMyJie:
L=Ah=112,05=2,255Mm (D)

OntumalibHoe paccrosiHue | oT KpaifHero psiia CBETHJIBHMKOB 0O CTCHBI
paccunThBaeTcs 1Mo ¢opmyne. B maHHOM cllydyae CBETUJIBHUKH PAaCIOIOKEHBI 10
CTOPOHAM KBaJIpara.

1=2=222_(563m 2)
4 4

KonuuectBo pAaooB  CBCTWIBHUMKOB C  JIIOMUHCCHCHTHBIMHU  JIaMITaMH

ompeesieTcs mo Gopmyre:

(5 —%-2.255)

e i . 3)

TIE Npg, — KOIMYECTBO PsNoB; B — mmpuna nomernenus, M; L - paccrosuue
MEXIY pSIaMi CBETHJIFHUKOB, M. KOJIIMYECTBO CBETHIIBHUKOB B Py OMpPEACIIeTCS
no gopmye:

3
P o) B @)

B 14405 1,277+0,5

IJIe N — KOJIMYECTBO CBETHJIBHUKOB B Psily; A — JJIMHA MOMeEIIEeHus, M; L,

— JJIMHAa CBCTUJIBHUKA, M.

O6HI€C KOJINMYCCTBO CBCTUJIBHHMKOB C JIOMHMHCCUHCHTHBIMKM JIaMIIaMHM B

MOMEIIIEHNH onpeessieTcs o hopMmyre:

N=n Ne =8 (5)

paj

rie N — oOmee KOIMYECTBO CBETHMJIBHHKOB; N KOJIMYECTBO

PSJIOB;

pAA

N — KOJMYECTBO CBETUJILHUKOB B PsIIy.

Pa3memniaem cBeTHIIBHUKM B 3 psiga. B Kakmom psiiy MOXHO YCTaHOBHUTH 4
ceerribHrKOB THIAa OJIOP momuocThio 40 BT (¢ mmmHoN 1,227 M), mpu 3TOM
pa3pbBbl MEXAY CBETHJIBHHKaMU B psay coctaBar 0,655 M. M3o0pakaem B

MacmTabe IJIaH IMOMEIICHHS M Pa3MeIleHHs] Ha HEM CBETHIIbHHKOB (PUCYHOK 34).
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yT-II/ITBIBaSI, YTO B KaAKIAOM CBCTHJIBHHUKC YCTAHOBJICHO ABC JIAMIILIL, 06Luee R 1%(621 (0]

samrt B noMereaur N = 16.

L.

Pucynok 34 — [1naH noMeneHus ¥ pasMereHus CBETUIIBHUKOB C

JJFOMHWHCCIICHTHBIMH JIaMITaMH

HaxoauMm nHaekc nomMenieHus no gopmyse:

.S a0
L= h(A+B) = 2,05-(8+5) =15 ©)

Koad uiireHT ucnonb3oBaHusi CBETOBOTO MOTOKA MOKA3bIBAET, KaKas 4acThb

CBCTOBOTIO ITOTOKaA JIaMITI I10I1agacT Ha pa60qy}0 IMOBCPXHOCTD.

Hns cetunbHukoB Tuna OJIOP ¢ JOMUHECIIEHTHBIMU JIaMIIaMd  TIpU

UHJIEKCce TToMelieHus 1=1,5 k03¢ HUIIUSHT UCITOTb30BaHKsI CBETOBOTO MIOTOKA PABEH:
1=0,37%.
[ToTpeOHBIA CBETOBOW MOTOK JIaMIT B KaXKJIOM U3 PSJIOB PACCUUTHIBACTCS I10

dhopmyie:

_ EySK,Z _ 200-401,6:1,1
~ Nyn 160,37

= 2400 JIm (7)

rae E, — HopMupyemass MUHUMailbHas ocBeméHHocth mo CHull 23-05-95

(HanMeHbBIMiT pasmMep 00BeKTa 1 MM); S—IIOMAIb OCBEIIAEMOTO TTOMEIICHHS, M’
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K, — xoadduiment 3amaca, y4WUTHIBAIOIIMN 3arps3HEHUE CBETUJIbHUKA; Z —
K03((UIMEHT HEPaBHOMEPHOCTH OcBelleHMs.; N — 4uciio laMn B OMEIIEHUH, 1) —

K03((ULIMEHT UCIOIB30BaHU S CBETOBOTO MTOTOKA.

Jlemaem npoBEpKY BBITOJHEHUS YCIIOBHUSI:

—10% < JLCTaHJ, ~ * JLpacd .100% < +20%
CDJ'I.CTaH,C[
@, crann — P pace 2800 — 2400
: ' -100% = -100% = 14,39
P crams = ""2800 b= 14,3%

Taxum oOpazom: - 10%<14,3%<+20%, HEOOXOAUMBIi CBETOBON ITOTOK

CBETWJIBHUKA HE BBIXOAMT 3a MPEEIbl TPEOYeMOro Juarna3oHa.
OmnpenensieM EKTPUUECKYH0 MOIIHOCTh OCBETUTEIBHON YCTAHOBKH.

P =16-40 = 640BT.

2.2.3 IloHM:KeHHAs WJIM 110 BBILICHHASI TeMIIepaTypa Bo3/Ayxa padouei 30 Hbl

HebGnaronpusartHoe couyeraHue MapameTpoB MHKPOKIMMATa MOXKET BBI3BAaThb
NepeHanpsHKeHUEe MEXaHU3MOB TEPMOPETYJISIINY, TEPErpeB WIH IMEePeoXIIaxICHUe
oprann3ma. CaHUTAapHBIMM HOPMaMM  MHUKPOKJIMMAaTa  IPOU3BOJICTBEHHBIX
nomeniennit CanlluH 1.2.3685-21. «I'urueHnueckue HOPMATHBBI M TPeOOBAHUS K
oOecreueHnto0 6e30MacHOCTU U (M) 0e3BpEeTHOCTH IS YeJloBeKa (PakToOpoB cpeibl
OOUTaHUSD» YCTAHOBJIEHbl ONTUMAIbHbIE M JONYCTUMBbIE HOPMBI TEMIIEPATYPHL,
OTHOCUTEJIBHOM BIJIAXKHOCTM W CKOPOCTH JIBUJKEHHSI BO3[yXa C YYETOM TSDKECTH
BBIITOJIHSIEMOM pabOThl U MEPHOAOB TOAa JUIsl KaTeropuu la jerkux padot (Tabmmiia
2). K TakoBBIM OTHOCSITCS pabOTHI, KOTOPHIE BBITOIHSIOTCS CUJIA U HE TpeOyromue

BBICOKOI'O (I)I/IBI/I‘-IGCKOFO HaIIpsOKCHU AL
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Ta6J'II/II_Ia 2 — OnruMalibHbIE TTOKAa3aTeiH MUKPOKIIMMATa Ha pa60qu MCCTC

MIPOU3BOCTBEHHBIX TOMEIICH N

OTtHOCUTEIIEHAS
ITepwon roma| Temmneparypa CKOpOCTb JBUKECHHU S
BJIAKHOCTb BO3]yXa,
BO3yXa, °C BO3/yXxa, M/C, HE OoJiee
d%
X 0JI0MHBII 22-24 0,1
40-60
Tenmwii 23-25 0,1

K  wmepompusitsiM 1O  O3JOpPOBJICHHMIO  BO3AYIIHOM  Cpeabl B
IIPON3BOJICTBEHHOM ITOMEIIEHUH OTHOCSATCS: MPABUJIbHAS OPraHU3als BEHTWISILIAN
¥ KOHJUITMOHWPOBAHUS BO3/yXa, OTOIJICHUE MoMereHni [23]. BeHTumsaust Moxer
OCYILECTBIISITBCA €CTECTBEHHBIM M MEXaHMYECKMM NnyTéM. (Cucrema OTOIIEHUS
JOKHA 00ecreunBarh JOCTAaTOYHOE, IMOCTOSIHHOE W PABHOMEPHOE HarpeBaHue
BO3/lyxa. B moMeleHusX C TOBBINIEHHBIMA TPEOOBAHUSIMU K YKHCTOTE BO3/yXa
JIOJIKHO MCIONBb30BaThCS BOMSHOE oOTorjieHue. I[lapameTpsl MUKpOKJIMMara B
U CIOJIb3YeMOM 1a00paTOpUH PEryIupPYIOTCS CUCTEMOM IIEHTPAIbHOTO OTOIJIEHUS, U
VMMEIOT CIIEAYIOIIME 3HAaYEHUS: BIaXHOCTh — 40%, CKOpOCTh IBMKEHHS BO3JyXa —
0,1 m/c, Temmeparypa serom — or 20 mo 25 °C, sumori — ot 13 mo 15 °C. B
7a00paTopru OCYIIECTBIISICTCS €CTECTBEHHAs BEHTW M. Bo3ayx mocrymaer u

yAaJseTcs yepes e, OKHA, TBEPH.

2.2.4 IlepeHanpsizkeHUe AaHAJIU3ATOPO B, BHI3BAHHOE MH(O pMAIIHO HHO I

HAIPY3KOH

Pabora na IIK compoBoXaaeTcss TMOCTOSHHBIM W 3HAUUTEJIBHBIM
HanpsbkeHneM (YHKIMA 3pUTEIBHOTO aHaimM3atopa. T. 0. JyIuTelbHOEe NpeObIBaHMe
32 KOMIIBIOTEPOM MOKET MPUBECTH K TEPEHANPSKEHUIO 3PUTEIBHON CHUCTEMBI:
nejieHa Tepea Iia3aMu, BOCIAJCHUE W MOKPACHEHHWE T71a3, a TaKXKe IOBBIIICHHAS

CJIC30TOYMBOCTD M YyBCTBHTEIIBHOCTH K SIPKOMY CBETY U T. 1 [24].

YToObl HE AOMYCTUTh BO3HUKHOBEHHUS MOJOOHBIX CUMIITOMOB HEOOXOIMMO

MPaBWJIBHO OPraHM30BaTh cBOe pabouee Mecro. OHO JOIKHO OBbITH XOPOLIO U
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PaBHOMEPHO OCBEIICHO, JIyUIIle CUICTh K OKHY 00KOM. Takke Ha OKHE JIOJKHBI ObITh

JKaTFO3M, 9TOObI KOHTPOIHUPOBATh MHTEHCUBHOCTD OCBEIICHHUS, T. K. TIPH CIIHIIIKOM
SIPKOM CBETE IJ1a3a yCTaroT ObicTpee [25].

Pekomenayercst paboTarh 3a KadyeCTBEHHBIM IUIa3MEHHBIM MOHHTOPOM C
Oonpiol muaroHansio ¢ vactoTod Mmepranus or 60 mo 100 I'm. HeoGxommmo
HACTPOUTH MOJ ceOsl APKOCTh U KOHTPACTHOCTh n3oOpaxenus [1K, otperympoBars
MOHHTOP I10J] pabouyIO IMO3y: IIEHT MOHHMTOpa JoiikeH ObITh Ha (10-20) cMm Humke
rina3 padotHuka. PaccrosHue 10 3kpaHa OT TJa3 JOJKHO COCTaBIAThH He MeHee 60
cM. HeobOxomumo gemarh may3sl BO BpeMsi paboThl Kaxaple 20 MUHYT.
PexoMeHyeTcst MCNoNbh30BarTh CIIEIMANBHBIE OYKU Ui PabOThI 32 KOMITBIOTEPOM,
OHM OJIOKHPYIOT CHHHW CIEKTP H3TYYCHUS, WCTOYHHMKOM KOTOPOTO SIBJISICTCS

MOHMWTOP, U IO3BOJISAIOT CHU3UTH HATPY3KY Ha IJI1a3a.

2.2.5 MOHOTOHHO CTh PadoOThI

[Ipu mnoaroroBke numpoB padoyuii BBHIIOJIHSIET MOHOTOHHYIO paloTy,
CBS3aHHYIO C OJJHOOOpa3HBIM HAOOpPOM IIOCIIC/IOBATEIBHBIX ACHCTBUN, KOTOPBIC
MOTYT BbI3BaTh BO3HHUKHOBEHHE IE€pE YTOMISIEMOCTH. MOHOTOHHBIM TPyA — 3TO
CBOWMCTBO HEKOTOPHIX BHJOB TpyJa, TPEOYIOIMX OT 4YeIOBEKAa JJIMTEILHOTO
BBINIOJIHEHUST ~ OJHOOOpA3HBIX  JACHCTBMIL.  MOHOTOHHUSI —  OCOOBIM  BUJ
(YHKIIMOHAIBHOTO COCTOSHUSI OpraHM3Ma 4esOBEeKa, pa3BUBAIOLIETOCS B MPOLECCEe
MOHOTOHHOU PaboThL. OCHOBHBIMH ITOKA3aTEIsIMA MOHOTOHHOTO TPYAA SBJISIOTCA:

- CTpYKTYpHOE 0JTHOOOpa3me, MpocToTa pabourx oneparmii;

- BBICOKAsl CTENIEHb ITOBTOPSIEMOCTH;

- CTPOTO OMPEACTICHHBIA PETJIAMEHT JCHCTBUM;

- OTpaHUYEHHOE POCTPAHCTBO pabOUNX JCHCTBUIL;

MOHOTOHHOCTH TpyZa CONPOBOXKIAETCS y MHOTUX JIIOIEU  PSaOM
HEMPUSITHBIX CYObEKTUBHBIX OlyleHUH. CyObeKTUBHBIE OLTYIICHUS TPOSIBIISIOTCS B
NaJeHUd WHTepeca K BBIIOJHSAEMOM pabdoTe, HEBHUMATEIBHOCTH, COHJIMBOCTH,

YyBCTBE YCTAIOCTH U T.II.
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[MIpu pazpaboTke Mep NPODHIAKTUKH PA3BUTHS COCTOSHUS MOHOTOHUH

H€O6XOI[I/IMO YUUTbIBATh OCHOBHBIC HCI/IXO(l)I/ISI/IOJ'IOH/ILIeCKI/IC SABJICHHU A, BOZHUKAIOIIHE

B OpraHnm3Me pa6OTaIOH_[I/IX B YCIOBHAX MOHOTOHHOIO Tpyda KW BO MHOI'OM

OIPECIISAIONIE €r0 OTPHIATEIbHbIC TOCICACTBIS [26].

[ToaTomMy pazpabarbiBaeMble MEPOITPUATUS JIOTHKHBI OBbITH HAIIPABJICHBI HA:
—  COBEpUICHCTBOBAHME  TEXHOJIOTMYECKMX  IIPOLECCOB  C  LIEJIBIO
YMEHBIICHUS BIMSHUS MOHOTOHHOCTU TPYyJa;

— obecriedyeHWe ONTUMAJIBHON WH(OOPMAIMOHHOM W  JIBUTATEJIBHON
Harpys30K;

—  YBEJIMYCHHUE IMOIIMOHAIBHOIO TOHYCa U MOTUBAIU .
Bce 310 nocturaercs Kak ONTUMHU3ALMENd COASPKAHUS U YCIOBUM TPYIOBOM
JESTEIBHOCTH, TaK M HEMOCPEJICTBEHHBIM BO3JCHCTBMEM Ha (DyHKIIMOHAIBHOE

COCTOsHNC OpraHrn3Ma 4CiIOBCKa.

2.2.6 DieKTpUYeCKHil TOK, BbI3bIBaeMblil pasHUILEH 3JIeKTPUYECKUX

MOTEHUHMAJIOB, N0/ ACHCTBHE KOTOPOIO MONagaer padoTaro Lui

VcTouHnKaMH TTOPaKEHHS DJICKTPUYCCKHMM TOKOM SIBJISIFOTCS HEHCIPaBHOE
AJEKTpoOOOPYAOBaHWE B JIAOOpAaTOpUM U HECOOJIOICHUE TPaBUI TEXHUKU
Oe3omacHoCTH Tipu paboTe ¢ djekTpoobopymoBaHueM. CTeneHb BO3ICHCTBUS
AIEKTPHYECKOTO TOKa Ha OPTaHW3M YeJIOBEKA OMpEJCseTCs HAPSHKEHUEM U CHIION
TOKa, CITOCOOOM TIPOXOXJICHUS TOKa IO TeTy, OOIIMM COCTOSHHEM 3JI0POBbSI

MMOoCTPaaaBIICTO U TCM HACKOJIBKO CBOCBPCMCHHO ObI1a OKa3aHa ImepBas MoMoIIb.

be3zonacHoil misi 4yenoBeKa SIBISETCS BEIMYAHA MEPEMEHHOTO Toka — 10MA,
nocTossHHOro — S0MA, Ge3omacHoe Hanpspkenue 12B [27]. DnexktporpaBma omacHa
MIPEK/IE BCErO BO3ACUCTBUEM TOKA Ha CEPIEUYHO-COCYIMCTYI0 crucremy. Hanpsiokenue
oT 36 BOJIBT M BBIIIIE BIIOJHE CIIOCOOHO BBI3BATh OCTAHOBKY CEpAlla WM JIbIXaHUSI,
OJIHAaKO yOMBAaeT HE HaNpsDKEHME, a Chiia ToKa. Pabouee moMereHrne mo onacHOCTH

oTHocUTCA K 1 rpymme, T.e. 6€3 TOBBIIICHHOM OMAacHOCTH (CyXoe€, XOpOIIO
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OTAaIUIMBACMOC, IIOMCIICHHUC C TOK HCIIPOBOJAIIMMHU I10JIAMHU, C TeMnepaTypoﬁ oT

18 10 20 °C, ¢ Bnaxuocthto ot 40 10 50%).

Kareropust nepconana — | (He 3JIEKTPOTEXHUUYECKUN MEPCOHAN), T.€. 3TO
JIFOAM, TPOLIEIIINE TOJIBKO NEPBUYHBIN HHCTPYKTaX. Pabouee MecTo yZ0BIETBOPSIET
BceM TpeboBaHMSM  O€30MacHOCTM  KHM3HENEATEIBHOCTH: HET JOoCTylma K
TOKOBEIYIIMM YacTsAM, BCE HWCTOUYHMKM THUTAHUS TPOHYMEPOBAHBL, KoOpIyca

KOMIIBIOTCPOB 3a3CMJICHEI.

2.3 DKkoJornyeckas 0e30MacHoOCTh

OxpaHa OKpyXXaromieil cpenbl TpeACTaBsieT CoOOW KOMIUIEKC —Mep,
HAIIPAaBJICHHBIM HA OrPaHUYCHUE HETATUBHOIO  BO3JCUCTBUS  YEJIOBEUECKOM
AeSTeNBHOCTH Ha mpupony. OmHUM U3 TakuxX (HaKTOpOB SIBISETCS HEMOJ00aromas
YTUIU3AMSl JTIOMUHECHIEHTHBIX JIaMIl, MCIOJIb3YEMbIX B CHCTEME OCBEICHHUS
paboyero nmomenieHus. JIIOMUHECIIEHTHBIE JIAMITBI COAEPKAT OT 3 70 5 MI' PTYTH H
oTHOcATCSA K 1 Kiaccy TOKCHYHBIX 0Tx0j0B [28]. CrenoBaTtenbHO, TAaKOTO THIIA
JaMIbl TpeOyIOT OCOOBIE YCIIOBUS XpaHEHUs, IKcIuTyaranud u ytummsanud. 000
Hayuno-nipounssoacreennoe npeanpustie « IKOTOM» ocymiecTBisieT OecrjiaTHbIe
cOOpBL, 00E3BpEKMBAHME KM TPAHCIOPTUPOBKY OMACHBIX OTXOJOB OTPaOOTaHHBIX
JIFOMUHECIICHTHBIX JIaMII.

B nmaGopatopuu B mporiecce paboThl 00pas3yroTCsl TAKKE BEIECTBA KakK ITBLIb,
1 adpo3oim. [1euih — 3T0 BUA adp030Jis, AUCTIEPCHAsI CUCTEMA, COCTOSIIAs U3 MEJIKHX
TBEPJIBIX YACTHI], HAXOAAIIMXCSA BO B3BEIIEHHOM COCTOSHMM B Ta30BOM cCpee.
OcoOeHHyI0 OMacHOCTb MPEJICTABIACT MEAHAs NbUIb MPEIeTbHO JOMYyCTHUMAas
koHuentparms (1K) 3arpssuutens B Bo3ayxe pabouell 30HbI BapbUpyeTCS B
npeaenax ot 0,5 go 1 mr/m>.

JUis X yaaneHus TPUMEHSIOT BBITSHKHYIO BEHTIISIMIO, JUISI CHUKCHUS
BBIOPOCOB ATHX BEIIECTB B aTMOC(epy TPUMEHSIOTCS (PUITBTPBL

BcenencrBue  ucnonb3oBaHUsT — paOOTHMKAMM — AYIIEBBIX,  TYaleTOB,
CIEIMAJIBHBIX  BEIIECTB Uil OOpabOTKM MaTepuayioB, a TakXXe CpPEJICTB

X035 CTBEHHOTO Ha3HAYEHUs, 00pa3yIOTCs JKUJKUE OTXOMbI JIISl yIaJdeHUsI KOTOPBIX
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IIPUMCHAIOT KaHAJIM3AHUOHHYIO0 CHCTEMY. Cucrema KaHa/In3aoyn ITOJCOCANHCHA K
FOpO)ICKOfI KaHaJI3aI[ OHHOM CCTH, IIO3TOMY ITOJHHAA OYHUCTKA CTOYHBIX BOJ Ha HCM

HE MPOBOAUTCSL
2.4 be3onmacHOCTH B YpPe3BbIYAMHBIX CUTYALMSIX

2.4.1 Ananu3 BeposaTHbIX YC, KOTOpPBIE MOTYT BOSHMKHYTH B JIA00paTOPUM NIPU

IPOBCIACHUN HccJIea0BaHni

OpanuM 13 Hanboee PaclpoCTPAaHEHHBIX U OMACHBIX BUJIOB TEXHOTeHHbIX YC
aBiseTcs noxap. IlokapoM Ha3bBaeTcs HEKOHTPOJIHMPYEMOE TOPEHHUE BHE
crienranbHoro ovara. [loxkapbl MPUYMHSIOT 3HAUMTEIBHBIN MaTepHaIbHBIN yIIepO, B
psiZie CIy4YaeB BbI3bIBAIOT TSKEIbIE TPABMbI U THOEINb Jtoel. OCHOBOMONIAratomMU
3aKOHOJIATeJIbHBIMA  aKTaMd B O0JAaCTH TMOKapHOM OE€30MacHOCTH  SIBJISIFOTCS
®denepanbHbie 3aK0HBI "O moxkapHO# 6e3omacHocTH" U "TeXHUUYEeCKUi perjiaMeHT O
TpeOOBaHUSAX TMOXKapHOW Oe30macHOCTU", ompenessonme OoOIe MPaBOBbIE,
HSKOHOMHYECKHE U COIMAIbHbIE OCHOBBI 00ECIEYEHUs MOKapHOW OE30MacHOCTH B

Poccuiickoin deneparmu.

Texuuyeckuil periaMeHT O TpeOOBaHMAX TMOXKAPHOM  0€30MacHOCTH
perjJaMeHTHUpyer  KJIacCU(PUKAIMIO  3/[aHUM MO  CTENEHM  OTHECTOUKOCTH,
KOHCTPYKTMBHOM M (PYHKUIMOHAJIBHOW TOXapHOM omacHocTd. [lo moskapHoi
OMACHOCTH NOMEIICHHWE U 3J1aHUE€ OTHOCUTCA K Kiaccy [, T.e. kK momelieHusm, B
KOTOPBIX HaX0ATCs (00OpalllatoTCs) HErOproYre BEIIECTBA U MATEPUAIBI B XOJIOHOM

COCTOSHHUU.

2.4.2 O6ocHoBaHMe MeponpusaTHii Mo npeaorspamennio YC u pazpadborka

MO PSIJIKA AefiCTBUI B cJIy4yae BO3HUKHO BeHust UC

Bo3HukHOBeHHE MoOKapa Ipu padoTe C 3JIEKTPOHHOM armapaTypord MOXKET
ObITh IO TMPUYMHAM KAaK DJIEKTPUUYECKOTO, TaK M HEIEKTPUUYECKOrO XapakTepa.
[IprumHBl BO3HMKHOBEHMsI IOXKapa JJEKTPUYECKOIO0  XapakTepa: KOPOTKOe

3aMbIKaHUE, MEpPEerpy3KH IO TOKY, CTaTUYECKOe OJJEKTpU4YecTBO W T. A. s
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YCTpaHCHH IPHYUH BO3HUKHOBCHHA MW JIOKAJM3AllMU I10KAapOB B IMOMCHICHHH

71a00paTopru JTOIKHBI TPOBOMTRCS Clieayroiiue Mepornpusatus [29]:

- UCTIOJIb30BaHME TOIBKO UCIIPABHOTO 000Dy I0BAHUS;

- TIPOBEJICHUE TIEPUOIMYSCKUX MHCTPYKTaXKEHN IO MOKapHOU O€30MacHOCTH;

- OTKJIFOUEHHE SJIEKTPOOOOPYOBaHUS, OCBEICHUSI M JJIEKTPONUTAHUS TIPU
MPEANOoJIaraéMOM OTCYTCTBHU OOCITY>KMBAIOIIETO TEpPCOoHANla MM 0 OKOHYaHWH
paboT;

- CoJep)XKaHWe TyTeW W MPOXOAOB JJI DBaKyalid JIOACH B CBOOOJHOM
COCTOSHUU.

OCHOBHBIMU BUJAMU 3alUTHl PAITUYHBIX OOBEKTOB OT MOXKAPOB, SBIISIOTCS
CpelCTBAa CHUTHAJIM3AlMM MW TIOXKapoTylleHus. B paccMarpuBaemMoM  31aHUU
MPEAYCMOTPEHA AJIEKTPUYECKas MoKapHasi CUTHATU3AIMS, TO3BOJISIONIAst OBICTPO U
TOYHO YKa3aTb MECTO BO3HHMKHOBEHHMS Noapa. CurHamizauus oOecreuuBaeTt
aBTOMATUYECKUd BBOJ B JICHCTBHE TMPEAyCMOTPEHHBIX Ha OOBEKTE CpPEJICTB
MOKAPOTYIICHUS U JbIMOY TAUTCHUSL.

B 3maHum cyiiecTBYIOT MmoapHbIe KpaHbl. B kauecTBe MEpBUYHBIX CPENICTB
MOXAPOTYIIEHUSI  MCIOJIB3YIOTCS  YIJIEKUCIOTHBIE  orHerymwuremn — OVY-5.
[IpenmyiiiecTBa yIriIEKUCIOTHBIX OTHETYIIMTENCH: 3PP EKTUBHOCTD TYIICHUS KUIAKUX
U ra3000pa3HbIX BEILECTB M 3JIEKTPOYCTaHOBOK moj Hanpsbkenuem no 1000 B;
OTCYTCTBHE CJICJIOB TYIICHHS; AUarma3oH padounx temmeparyp oT —40 °C mo +50 °C.

[Ipy BO3HMKHOBEHHMH BO3TOpPAHUSI HEOOXOMMMO HEMENJICHHO MPEKPaTHTh
paboTy, OTKJIFOUUTH AIIEKTPOOOOPYA0BaHKE, TTIO3BOHUTH B MOpa3IeliCHUE TI0KAPHOM
oxpanbl 1o Tenedony 01 wmmm 010, cooOumTth O CIy4YMBIIEMCS PYKOBOIUTEIIO
MOJPA3JICTICHUs] W TPUCTYNUTh K TYIIEHUIO OTHS TEPBUYHBIMU CpEICTBAMU

ITOXKAPOTYIIEHHUSL.
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3ak/mo4eHue 1no pa3acily conmuaJibHasg OTBETCTBCHHO CTh

3HaueHHe BCEX IMPOU3BOJICTBEHHBIX (DAKTOPOB Ha U3Yy4aeMOM MeCTe

COOTBETCTBYET HOpMaM, KOTOPbIE ObLIH MPOJAEMOHCTPUPOBAHBI B JAHHOM pa3elie.

Pabouee mnomenieHne MO OMACHOCTH OTHOCcUTCs K 1 rpymme, T.e. 0e3
MOBBIIIEHHOM OMAacHOCTH (CyXOe, XOpOILIO OTaIllJIMBaeMoe, IIOMEIIEHUE C TOK

HEMPOBOISAIIMMU TTOIaMH, ¢ Temmeparypoi ot 18 go 20 °C, ¢ Bmaxkaoctbio ot 40 10
50%).

Kareropust nepconana — | (He 3JIEKTPOTEXHUYECKHUH MEPCOHAN), T.€. 3TO
JIFOJTY, TTPOLIENIIINE TOJIBKO NEPBUYHBIA MHCTPYKTaX. Pabouee MecTO y/I0BIETBOPSIET
BceM TpeboBaHMSM  O€30MacCHOCTH  KHM3HENEATEIBHOCTH: HEeT JOCTylna K
TOKOBEIYIMM YacTsAM, BCE HWCTOYHMKM IUTAHUS TPOHYMEPOBAHBL, KoOpIyca
KOMITBIOTEPOB 3a3¢MJICHBI.

Texunuyeckuil periiaMeHT ©O TpeOOBaHUSX TMOKAPHOM  0€30MacHOCTH
perjJaMeHTHpyeT  KJIacCU(PUKAIMIO  3[aHUM MO  CTENEHM  OTHECTOUKOCTH,
KOHCTPYKTMBHOM M (YHKIMOHAJIBHOW TOXapHOM omacHocTd. [lo moskapHoi
OMACHOCTH NOMEUICHWE U 3/1aHu€ OTHOCUTCS K Kiaccy /I, T.e. K IOMelleHusM, B
KOTOPBIX HaX0ATCs (00palllatoTCs) HEroproYre BEIIECTBA U MATEPUAIBI B XOJIOHOM
COCTOSIHUHU.

OcoOeHHYI0 3KOJIOTMUECKYIO ONACHOCTh MPEJCTABISET MeAHas IbUIb
[Ipenensio momycrumas koHueHtpauus (I1K) 3arpssuutens B Bo3myxe paboueit
30HBI Bapweupyerca B mpenenax or 0,5 mo 1 mr/m. Cormacmo I'H 2.2.5.3532-18
"IIpenensHo ponycrumble KoHueHtrpauu (ITJK) BpenHbIX BemiecTB B BO3AyXe
paboueii 30HbI".

JUid uX ypaneHusT TPUMEHSIOT BBITSKHYIO BEHTWISLMIO, JUISI CHUKCHUS

BBIOPOCOB ITUX BEIIECTB B aTMOC(HEPY MPUMEHSIFOTCS (DHITBTPBL
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3AJJAHME /151 PA3JIEJIA

«®UHAHCOBBIH MEHEJKMEHT, PECYPCO3®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna 1035(0)
4AMO1 3axapesud MBan BacwibeBuu
IIkona WIIHITT Otaeienue MariurHoOCTpOe HUe
YpoBeHb 05.04.01
Marwuctpatypa HanpagJie Hue/cne ntMajabHOCTb
o0pazoBaHus MammuHocTpoe Hue

Hcxoanbie 1anHble K pazae ity «PUHAHCOBBIN MEeHeIKMe HT, pecypco3d e KTHUBHOCTD U

pecypcocOe pe ke Hue» :

1. CroumocTh pecypcoB HaydHOro wuccienoBaHusi| CTOMMOCTh MaTepHalIbHBIX  PECYpPCOB
(HN): MaTepHalb HO-TEXHUUECKHX,| CIeLHAILHOT O 000py/10Ba HUS
9HE PreTUIECKUX, (UHAHCOBBIX,| OIpeieIeHbl B~ COOTBETCTBUM  C
MH(POPMALIMOHHBIX U YEJIOBEYECKHX pbIHOUHBIMM ~ IeHamMu  I.  ToMcka

Tapugnbie CTaBKH HCTIOJIHUTENE U

OIIpe/ieJIeHbl TATHBIM pacniucanueM HU
TITY

2. HopMbI 1 HOpMaTHBBI PaCcX0/10BaHUS PECYPCOB

HopMa AMOPTH3aIUOHHBIX OTYHCJIC HUH
Ha CIIC IhaJib HOC 060py,[[ OBAaHHC

3. Ucnomp3yemass  cucTeMa  HaJoroo0J0XkKeHus,
CTaBK{ HAJIOTOB, OTYHCIJIC HUH, TUCKOHTHPOBAHUA
1 KpeJIUTOBa HUA

OTtuwncieHus BO BHEOIOHKETHBIE (DOHIBI

Ile peye Hb BONIPOCOB, NOJIEKALMX HCCJIe 10 BAHHIO,

NPOEKTHPOBAHMIO M pa3padoTke:

1. AHanu3 KOHKPETHbIX TEXHMYECKUX pellle HUi
(HH)

Pacuer xonkypenrocmnocoonoctn SWOT-
aHaII3

2. @opmupoBaHUe IUaHa M rpaduka pa3paboTku U
BHeape Hus (HN)

Crpykrypa pador. Omnpenenenue
TpyaoeMkocTd. Paspaborka  rpaduka
TIPOBEJICHUS VICCIICIOBAHUS

3. CocraBieHue 6IOI[)KCT8. HHXXCHCPHOI'0 IIPOCKTA
(HN)

Pacuer 0romxerHoi crommoct HU

4. OneHka pecypcHOM, (PUHAHCOBOW, OIOMKETHOU
s dexruBHOCTH (HN)

HNurerpanb Hel i IOKa3aTeb.

WNHrerpains He1 [IOKa3aTesb
pecypcoddheKTUBHOCTH.

Wurerpans Hel i MoKa3aTelb
3 HEeKTUBHOCTH

Ile peye b rpagpuyeckoro Mare puaja (C TOUYHbIM yKa3aHUEM 00s3aTeIbHBIX YepTexkei):

1. Onenka koHKYpeHTOC ocod HocTu 1P
2. Matrpuma SWOT
3. Jlmarpamma ["anra
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4. Bromxer HU
5. OcHoBHble nokazarenu 3 exrusHocTr HU

JlaTa BbI1a4yu 3aaHud 1JIs pa3/ieia 110 JHHeHHoMY rpaduky 14.03.22

33)] AHHUE BbIJTAJI KOHCYJIbTAHT:

JdomxHoCcTh DOUO Yuenas creneHsb, 38anue | [lognucek | lara
[Ipodeccop I'acanoB Mareppam Anm

1.9.H 14.03.22
OCTH IBUIT OTJIBI

3ajanue NPUHAJI K UCTIOJTHEHHIO CTY/IeHT:

I'pynna D®UO Hoanucek Hara

4AMO1 3axapesud MBan BacwibeBuu 14.03.22
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3. ®PUHAHCOBBI MEHEJ[)KMEHT PECYPCO3®®EKTUBHOCTb U
PECYPCOCBEPEXXEHUE

3.1 AHAJTU3 KOHKYPEHTHBIX peleHui

B pgannoin

BBITYCKHOW  KBaTM(UKAIMOHHOW paboTe

IIPOU3BOAUTHCA

OTpa0OTKa TMOJyYEeHUs PBUIBHOW dYacTh (YpMbl METOJIOM OSIEKTPOHHO JIy4eBOU

MPOBOJIOYHOW AJIJIMTUBHOM TEXHOJOTUA M3 MEOW. Y JAHHOW TEXHOJIOTMM MHOIO

KOHKYPEHTOB. B TaHHOM city4yae BO3bMEM 3JIEKTPOHHO — JIYYEBYIO IIJIaBKY ITOPOLIKA.

Tabmua 3 - OueHoyHas Kapra AJi1 CpaBHEHUSI KOHKYPEHTHBIX PEILICHU I

Kpurepuu onieHku Bec kputepus banns KonkypeHTtHo-
CIIOCOOHOCTD
By b, K, K,
TexHuuyeckue KpUTEPUH OIEHKH pecypcodeKTHBHOCTH
IToBbImIeHne 0,20 5 5 1 0,4
MPOU3BOAMTEIBHOCTH TPyIa
Y 106¢TBO AKCILTyaTalun 0,13 4 5 0,52 0,39
[IpocToTa 3KkcrutyaTaum 0,05 3 4 0,15 0,05
DHEProdKOHOMUIHOCTh 0,03 3 2 0,09 0,06
HanexxsocTth 0,07 4 2 0,28 0,14
YpoBeHb nryma 0,11 2 2 0,22 0,11
be3omacHocTh 0,15 4 3 0,6 0,45
DKOHOMUYECKUE KPUTEPUH OIICHKU
KoHkypeHTocnocoOHOCTb 0,07 5 4 0,35 0,28
YpoBeHb TTPOHUKHOBECHHS 0,1 4 4 0,4 0,2
Ha PBIHOK
Iena 0,05 2 0,15 0,1
[Ipeanonaraemelii  cpok 0,04 4 5 0,16 0,08
IKCILTyaTall|N
Uroro: 1 45 24 3,92 3,48
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Pacyer kOHKYpeHTOCTIOCOOHOCTH, Ha TIPUMEPE aKTyaTbHOCTH MCCIIeIOBAHNS,
omnpeenseTcs o Gopmye:
K =) B; + B; (8)
K=1(0,2-5)+(0,13-4) + (0,05-3) + (0,03-3) + (0,07-4)+ (0,11 - 2)
+(0,15-4)+(0,07-4) + (0,1-1) + (0,05-3) + (0,04 - 4) = 3,92

rne, K — KOHKypeHTOCTIOCOOHOCTh MpoeKTa; B;- Bec mokazateins (B J0JSIX
enuHuIlbl); b; — 6amn mokaszarens.

[IpoBeneHHBIN aHAIN3 KOHKYPEHTHBIX TEXHUYECKMX PELIECHUM IMOKa3al, 4YTO
MCCIIEIOBAaHUE SABJICTCS aKTyaJIbHbIM 17§ MEPCHEKTUBHBIM, UMEET

KOHKYPEHTOCHOCOOHOCTb.

3.2 SWOT - anaaus

Jlst mpoBeieHHsT KOMIUJIGKCHOTO aHaiu3a MpoekTa BocroibzyeMcss SWOT-
aHaimm3oM. OH TIPOBOJMTCS B HECKOJIBKO 9TamoB. Ha mepBoM 3tame ompeaenstorcs
CUJIBHBIE U CJIaOble CTOPOHBI TPOCKTA, a TAK)KE BBISIBIISIOTCS BOZMOKHOCTH M YTPO3bI
U1sl peanu3aiyu npoekrta. [lepseiii atan npoBeaeHus SWOT -ananu3a npeacraBiieH B
tabmmie 2

SWOT-anami3 — 370 BbIsSBIEHUE CUIBHBIX (S — strenght) u crmabeix (W —
weakness) CTOpOH HcceyeMoro o0ObeKTa, YTO ONMCHIBAET BHYTPEHHIOIO Cperdy, a
TaKxke Bo3MoxkHocTel (O — opportunities) u yrpo3 (T — troubles) BHemHeN cpepl.

Tabmna 4 - Marpunia SWOT

Strengths (cuJIbHBIE CTOPOHBI) Weaknesses (ci1a0bie CTOPOHBI)

Cl. HNmeer mnpeumymectBa, korma| Cal. OueHn JIOPOrOCTOSAIIECE
HEOOXOAMMO TOJYIUTh JeTadb MUHYS | 000pYI0BaHUE

CTaJMIO pPa3pabOTKU TEXIpoIlecca Cn2. OrtcyTcrBUE Y MOTEHIMAIBHBIX
C2. MuHUMaJIBHOE ~ KOJMYECTBO | oTpedureneit KBaM (UL POBAHHBIX
HCIIOJIb3YEMOT0 000Dy I0BaHU S KaapoB 1mo pabore ¢  HaydHOU
C3. MoxeT uCHOIb30BaThCs IS | pa3pabOTKOM.

YIY4IIEHUS MUKPOCTPYKTYpHBIX | Ci13. BeposiTHOCTh oTyueHust Opaka;
CBOMCTB HW3JEIMM IIOJIy4EHHBIX C

MTOMOIIBIO AJIUTUBHBIX TEXHOIOTHIA

C4. Huzkue notepu npu padoTe.

C5. DKOJOTUYHOCTH TEXHOJIOTHH.
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[Tponomxenune Tadbnuiib 4.

Opportunities (BO3MOKHOCTH)

BI. [losiBiienue MOTEHIIUAJIEHOTO
CIIpoca Ha HOBBIE pa3pabOTKH.
B2. TexHonorus [IOJTyYEHU ST

IPAMEHTHON CTPYKTYPbI IOITY4acMOTO
W3/ 3a CUET Marepraa IOJI0KKH.
B3. beicTpoe BHEJPEHUE B

MIPOU3BO/ICTBO

Threats (yrpo3ni)

V1. OrcyrcrBHE NpPOTOTHIIA HAYYHOU
pa3paboTKu;

Y2. PaszBuras KOHKYPEHLIU A
TEXHOJIOTUM IMPOU3BOJICTBA

V¥3. BeposatrHocTh TosBICHUS Oornee
BBITOJIHBIX TIPEUIOKECHU I Ha PhIHKE, TaK
KaKk B J]AHHOM HarlpaBJicHUE BEICTCSA

00JIbIII0E
KOJIMYECTBO M CCIIEN0BaH .

[Tocne Toro kak copmMupoBaHBI YETHIPE OOJACTH, MEPEXOIMM KO BTOPOMY
aTamy, Ha KOTOPOM HEOOXOMMO BBISIBUTH COOTBETCTBHUS CHUJIBHBIX M CIa0BIX CTOPOH
MPOCKTa BHEIIHUM YCIIOBHSAM OKpY’Karomeh cpempl. [l 3Toro B paMkax JTaHHOTO
JTara CTPOUTCS MHTEPAKTUBHAS MATPHIIA, MPU STOM KaXKIbI (PaKTOp MOMEUYaeTCs
am00 3HAKOM «1» (03Ha4aeT CHJIBHOE€ COOTBETCTBHE CHJIBHBIX CTOPOH
BO3MOXKHOCTSIM), JTU00 3HAKOM «-» (UTO O3HAYaeT caboe COOTBETCTBHE); «O» — eciu
€CTh COMHEHHSI B TOM, YTO TOCTaBHUTh «+» WM «-». VIHTepakTHBHBIE MaTPHIIBI
MpeJCTaBIeHbI B TabmIax 5-8.

Tabmiua 5 - UuTepaktiBHAs Marpuiia IpoekTa « CUIbHBIE CTOPOHBI U

BO3MO>KHOCTID)
CHIIBHBIE CTOPOHBI IPOEKTA
Bo3smoxHoCTH Cl C2 C3 C4 C5
IPOEKTa Bl n 3 _ 3 3
B2 - - - + +
B3 + + + - -
Tabmina 6 — VaTepakruBHas marpuiia npoekta «Crnabble CTOPOHBI U
BO3MOHOCTI
Crna0ble CTOpOHBI IPOEKTA
Bo3moxHOCTH Ciul Cn2 Cin3
IPOEKTa Bl n _ _
B2 - - n
B3 - + -
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Tabmina 7 - MuTepakTuBHash MaTpulia IPOCKTa

«CunpHbIE CTOPOHBI M

YIPO3bD»
CuIIBHBIE CTOPOHBI TIPOEKTA
VYrpo3el Cl C2 C3 C4 C5
Vi + - - - -
y2 - - - + +
V3 - + + - -

Tabmna 8 - inTepakTuBHast MaTpuiia mpoekra «Ciadble CTOPOHBI M yTPO3bD)

Cnalble CTOPOHBI MPOEKTA

Y1po3sl Cinl Cn2 Cin3
Vi - + -
y2 + - n
Vy3 - + -

Ha Ttperbem »sTame cocrtaBisiercsi utoroBas marpuna SWOT -ananuza,

NpeJicTaBjIeHHas B Tadnuiie 9.

Tabma 9 - torosast marpuria SWOT

CuibHbIE CTOPOHBI

Cl. Nmeer mnpeumyiecTna,
Korga HEO00X O UMO
NONy4YUTh  JeTallb  MUHYS
CTaJIHI0 pa3paboTKu
TeXImporecca

C2. MunumasHOe
KOJIMIECTBO HCTIOJIb3yEeMOr 0
00opyIoBa HUS

C3. MoxeT HCTOIb30BaThCS
TUISE yIy4Iiie HAs
MUKpPOCTPYKTYPHBIX CBOMCTB
15631 (05071

C4. Hmskue mnorepu mpu

Cnabbie CTOPOHBI

Cnl. Ouenp pgoporocrosiiee
o0opynoBaHHE

Cn2. OtcyrcTBHE y
MOTEHIMAIBHBIX TOTpeOureneit
KBaJIM(UIIMPOBAHHBIX  KaJpOB
nmo  pabore ¢ Hay4 HOU
pa3zpaboTKOL

Cn3. BeposATHOCTH MNOJy4EHUs
Opaka;

IMpOM3BOACTBO

pabore.

C5. DKOnOrmaHoOCTH

TEXHOJIOT M.
BosmoxHOCT H: BICI [TosBnenue | B1Cnl Ilomydenue cmpoca Ha
B1. [TosiBne HYE | MOTEHIMAIBHOIO CIPOCA HA | HOBBIE pa3palorku, npu
MOTEHIMAIILHOTO CIpOca Ha | HOBbIE pa3paOOTKH, KOTOPbIE | JOPOroCTOsIIEM 000pYyOBaHUN
HOBBIE Pa3padOTKU. MO)XHO TIOJyduTh, MuHys | B2Cn3 ITomyyeHue
B2. TexHomnorus mnojiy4yeHus | CTagu0  pa3pabOTKH  TeX | IpaJiue HTHOM CTPYKTYPBI
IpalMeHTHOM  CTPYKTYpBI | mporecca COITPOB O’KIAETCS] BEPOSITHOCTBIO
nonyyaemoro mnpemmsi  3a | B2C4CS [Tonydyenne | momydenus Opaka
cYeT MaTepuaja MOAJIOKKU. | rpague HTHOU cTpykrypy mpu | B3Cn2. Xore u BHeapeHue B
B3. BricTpoe BHeOpeHHE B | HM3KHX HOTEPAX U | IPOM3BOJCTBO BECbMA KOPOTKO

3KOJIOTMY HOCT M TCXHOJIOI' M1

BO BPCMCHHU, CYHICCTBYCT
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[Tponomxenue Tadbnuibi 9

B3C1C2C3 beicTpoe | mpobsieMa B OTCYTCTBHHM
BHEJPEHUE B TMPOM3BOACTRBO, | KBATU(PUIIUPOBAHHBIX KaJIPOB
MHHYS CTaJHIO0 pa3paboTKu
TEXIpOoLecca, UCTIONb3Yys NpHU
3TOM MHHUMaJb HOE
KOJTMYECTBO OOOPY/OBaHUS, C
BO3MOXHOCTBIO  yJIyUIIIC HUS
CTPYKTYpBI MaTepHaja
Yrpo3sl: ViICIL. OrtcyrcrBre | V1Cn2 OtcyrcTBHE
V1. OrcyrcrBue npoTOTHNA | MPOTOTHUINA, MOXKHO YIIYCTUTh; | MPOTOTUIIA Hay4d HOM
Hay4y HOH pa3paboTKy; Y2C2C4C5 Tlpu pa3BuTOii | pa3pabOTKH, W JIOPOTrOBH3HA
V2. Pa3Buras KOHKYpeHLHUS | KOHKYpEHIHWH, TUTFOC OM | 00OpYy/IOBaHU,
TEXHOJIOT Ui TIPOM3BOCTBA SIBIIIETCS, muHIMaibHOe | Y2Cnl1Cn3 PasBuras
V3. BeposTHOCTh MOSIBICHUS | KOIMIECTBO  00OpYIOBaHUs, | KOHKYPE HIIHS TEXHOJIOT Ui,
Oonee BBITOJIHBIX | HU3KUE MIOTEPH | TOPOr OCTOSIIIIEE
MPEJIOKE HUM HA PBIHKE, TaK | AKOJIOTMYHOCTh TEXHOJIOT UH; 00opyaoBaHYE c
Kak B JaHHOM HampaJiienue | ¥Y3C2C3 BeposTHOCTh | BEepoATHOCTHIO Opaka;
BeJeTCs OOJIbIIOE KOJIMYECTBO | mOosABIeHUE Oosiee BBITOmHBIX | Y3Cn2 BeposTHOCTH
HCCJIeIOBAHUM MPEVIOKEHUN, HO  IUTFOCHI | TOSIBJIC HUS BBIT OJT HBIX
TEXHOJIOT UU OCTAIOTCS | MPeJIOKE HUM, C 6onee
HE IBMEHHBIMHU KBaJTU(PUITIPOBA HHBIM U
KaJ[paMu.
B  pesymsrare  SWOT-anaym3za  moka3zaHo, YTO  IPEUMYyILECTBA

pa3pabarbiBaeMoi TEXHOIOTHH MPe00IaiatoT HaJl €€ HEeJOCTaTKaMHU.

JlaHHBIE HEIOCTAaTKW, KOTOpbIE HA JaHHbIA MOMEHT Ha IIPaKTUKE HE
YCTPaHEHBI, HO B TEOPUM YXKE €CTh BO3MOKHOCTH I UX YCTPaHECHUSL

OcCHOBHBIE HAaNpaBJICHUS! MOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH MPOEKTA:
MPOBEJICHUE JOTIOJHUTEIBHBIX HAYYHBIX HCCIIEIOBAHNUM, UCIIOIB30BAHME HOBEUIIETO
0o0OpyZOBaHusI U JATbHEHIIIEe COBEPIICHCTBOBAHUE OTJEIBHBIX Y3510B. OCHOBHBIC
IIPEUMYILLIECTBA JAHHOIO ITPOEKTA — YHHUBEPCAIBHOCTH. llomywyaemas rpameHTHas
CTPYKTYpy MMEET NEPCHEKTUBHOE HAIPaBJICHUE, HEIOCTHKUMOE B TPAJAULMOHHBIX
METOIaX MOJTYYCHUS U3ACTIN .

Ho He cMOTpst Ha Bce MPeuMyIlecTBa MPOEKTa, ecTh U cinadbie cTopoHsl. Ha
JAHHOM JTale CYIIECTBYET BEPOSITHOCTh TOJy4YeHHsi Opaka, TaKk KaK MpOIece
W3rOTOBJICHUSI TPEOYeT MPOBENCHUS ONBITOB B LEJIAX COBEPLICHCTBOBAHUS METOJIA

IMOJIY4CHU A I'OTOBBIX H3I[€HHﬁ.
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3.3HJIaHI/IpOBaHI/Ie HAaYYHO-UCCJIECI0 BATCJIbCKHUX paﬁoT

3.3.1 CtpykTypa padoT B paMKax HAYYHO IO MCCJIeI0BAHHUS

[ImannpoBanue

KOMILJICKCa

OCYHICCTBIIACTCS B ITOPAIKE:

YCTaHOBJICHUE MTPOJIOTIKUTEIIBHOCTH padoT;

HaYy4YHO-HUCCIICAOBATCIILCKU X

OIPCACIICHNUC CTPYKTYPbI pa60r B paMKaX HAY4YHOI'O UCCJICIOBAHM S,

oTpeielieHUe KOJIMUECTBA UCITOJHUTEIEH SIS KaKI0M 13 padoT;

NOCTpOeHHUE TpadrKa MPOBEACHHUS HAyTHBIX HUCCIICIOBAHNI;

Jlnst  onTummM3aii  paboT yA0OHO HCHONB30Barh KIIACCHYCCKHN

JIMHEHHOTO IJIaHUPOBAHUA U YITPABJICHU L.

pabot

MCTOI

PCSYJ'IBTaTOM TaKoro INUIaHUPOBAHUA ABJIACTCA COCTABJICHUC JIMHEMHOTO

rpaduka BbIIONHEHUs Bcex pabor. [lopsgok 3TamoB paboT W pachpeneseHue

UCIOJHUTENEH A JAHHOM HAy4yHO - HUCCIEIOBATENIbCKOM pPabOThl, MPUBENICH B

tabmre 10.

Tabmama 10 — [lepedens sranoB, paboT U pacrpenesieHne UCIOTHUTEIeH

OCHOBHBIE ATaIbI No pa6 Conepkanue pabot JlomKHOCTH
UCTIOJTHUTEJIS
Pa3paboTka TeXHUIECKOr O 1 CocTtaBneHue U yTBEpKIEHUE Hayunbiit
3a1aHus TEXHMYECKOrO 3a1aHM, PYKOBOJ UTEJIb
YTBEpXKICHHE TU1aHa-rpaduka
2 KanennapHoe 1mwia HupoBaHUE Nmxenep,
BbInosiHe HUsE HUP Hay4 HbI U
PYKOBOJ UTEJIb
Br160p criocoba pereHust 3 O0630p HAyY HOM JTUTEPATYPHI NmxeHep
MIOCTABJICHHOW 3a/1a4H 4 Bri6op metonoB ke nep
UCCJIEJOBAHMS
Teopernueckue u 5 [TnannpoBaHUE KCIEPUMEHTA HNmxe Hep,
JKCIIE PUM EHT AJIbHBIC HAYy4 HbI A
UCCJIEJOBAHMS PYKOBOJ UTEJIb
6 ITogroroBka MaTepuasos Nmxe nep
7 IIpoBeneHue dKcepuMeHTa HNmxenep
O6001eHre 1 OLEeHKa 8 O06paboTKa NoTyIEHHBIX Wmxe Hep
pe3yIbTaToB JTAHHBI X
9 OrneHka MpaBWIbHOCT U NmxeHep,
MOJTYYEHHBIX PE3yJIbTaTOB Hay4 Hbl i1
PYKOBOJ UTEb
Odopmrnenue oryera 10 10 CocraBieHHe TIOSICHUTEITH HOM ke Hep

HIP

3aIIMCKH1
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3.3.2 Onpenesienne TPYA0 EMKOCTH BbITIOTHEHHsI padoT U pa3padoTka rpadpuka

NMPOBEICHUA

[Ipy mpoBeneHWM HAyYHBIX HCCIEIOBAHMM OCHOBHYIO 4YacCTb CTOMMOCTH
pa3pabOTKi COCTABJISIFOT TPYJOBBIE 3aTPaThl, ITO3TOMY OIPEACTICHUE TPYIO0EMKOCTH
MPOBOIMMBIX pa0OT SIBIISIETCS BAXKHBIM 3TAllOM COCTaBJICHUS OIOKETA.

s ompenenieHus, OXUIAEMOTO (CpelHEero) 3HayeHHs TPYJIO0EMKOCTH
W CIOJIb30BaHa cieayromas Gpopmyna:

['pymnma mporeccoB MiIaHMPOBAHUSI COCTOMT M MPOLIECCOB, OCYIIECTBIISIEMBIX
JUTSL oTIpeiesieHust OOIIero CcojepkaHusl paboT, YTOUHEHHS IeJied W pa3paboTKu

MOCJIeIOBATEILHOCTH JCHCTBHIMA, TPEOYEeMBIX JIJIsl TOCTHXKECHHS TAHHBIX I1EJICH.
3tmini +2tmaxi
t . — mint maxit 9
[o); VA 5 ( )

TIe toyi — OXHIaemasl TPYJOEMKOCTb BBITOJHEHUS 1-Oif paloThl, YEJIOBEKO-
JHH,

tmini — MUHIMQIBHO BO3MOKHAS TPYJOEMKOCTh BBITOJHEHUS 3aIaHHOW 1-O
paboThI, YEJIOBEKO-/IHH;

tmaxi — MAKCUMaJbHO BO3MOKHAs! TPYJIOEMKOCTh BBITOMHEHUS 3aJ]AHHON 1-OM

pabOThI, YEITOBEKO-TH.

3Has BEIMYMHY  OXUJAEMOH  TPYJOEMKOCTH, MOKHO  OIpPEleiuTh
IPOJOIKMTENBHOCTh  KaXI0M 1-0i paborel B pabounx ausax T,, npu 5TOM
YUUTHIBACTCS MApAJJICIBHOCTh BBIIOMHEHUS PA0OT pasHbIMU HUCHOJHUTEIISIMU.

JlaHHBIN pacu€T MO3BOJISECT ONPECTUTh BEJMUMHY 3apaO0THOM IJ1aThI.

b o
Tp = q, (10)

rie Tp; — IpOonoImKUTENBHOCTD OJTHOM paboThl, pabouune JIHU;
toxi — OKUJIAeMas TPYIOEMKOCTh BBIIOJIHEHUS OJHON paldOoThI, YENOBEKO-
JHH,

Y, — 9MCIeHHOCTh UCIIOJIHUTEIIEH, BBITOIHSIONMX OJJHOBPEMEHHO OJHY U Ty

e paboTy Ha JAaHHOM JTare, yell.
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3.3.3 Pa3paboTka rpadguka npoBeieHUs HAYYHOTO MCCJEeI0BAHUS

Jlyig mepeBoia AJTUTENBHOCTH KaXIIOTO 3Tara M3 padourx B KaJleHJapHbIC
JTHU, HEOOXO0IMMO BOCITOIB30BATHCS (POPMYJION:
Tyi =Tpi- k (11)
rae Ty; — TPONODKUTEIBPHOCTh BBITOJHEHUSI 1-0M paboThl B KaJieHIapHBIX
THSIX;
T,; — TIPOJIOIKUTENBHOCTD BBITIONHEHUS i-0i pabOThl B pa0OUMX JIHSX.
k — xanennapHbIit KOAPPUIMEHT.

Kanennapupii kodpdunment onpenensercs mo hopmyie:

k — TKan
TKan _TBbIX _Tn

. 365
T 365—-104—14

= 1,48 (12)

p

rae T, — o0lee KOIMYEeCTBO KAICHAAPHBIX JHEW B TOJY;

Ty, x — OOIIIee KOJMYECTBO BBIXOIHBIX AHEH B TOJy;

T, — o0111ee KOIMYECTBO MPAa3AHUYHBIX HEH B TOMY;

np
Pacuersl BpeMeHHBIX TOKazaTeleld MPOBEACHHUS HAY4YHOTO HCCIICIOBAHUS
MIPEJICTaBIAIOTCS B Tabmre 11:

Tabmuma 11 — Pacuer BpemMeHHBIX TMMOKa3aTeNed MpPOBEACHUSI HAyYHOTO

HCCICaA0OBaHUA
Hazanue TpynoémkocTs padbot JnurensHocTh | JIMTENBHOCTH
paboTHI tmin, 4€II- tmax» 9€71- toxi> 4€- | pabor B | pabor B
HA THA JTHU pabounx THIX KaJICHIapHBIX
Men1l Men2 Menl Men2 el [Acm.2 Tpi JHSIX
TKi

1 2 3 4 5 6 7 8 9
1.CocTaBnenue 2 - 4 - 2,8 - 2,8 4
U YTBEPXKIIE HUE
TEXHUYECKOTO
3aaHus,
YTBEpXKICHUE
IIaHa-rpaduka
2. Kanennapnoe 2 3 3 4 2,4 34 29 3
MJIaHUPOBA HYE
BBITIOJTHE HUS
HUP
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[Tpomgomxenue Tabmuipr 11.

3. O630p -
HAay4 HOU
JTUTEePATYPBI

7,2 7,2 11

4. Beibop -
METOJIOB
HCCJICTOBaHMUS

2,2 2,2 4

S.I1manupoBaHu 1
€ SKCIIepUMEHTa

1,8

5,4 7,2 11

6. Iloaroroska -
MaTepuaioB

52 52 8

7. IIpoBenenue -
9KCIIE pUM EHTa

11 - 16

13 13 20

8. O6paboTka -
MOJTY4€HHBIX
JTAaHHBIX

10

8,2 8,2 13

9. OneHka 2
HpaBI/IJ'IB HOCTHU
MOJTYY€E€HHBIX
pe3yabTaToB

2,4

3,4 2,9 5

10.
CocTaBieHHe
ITOSICHUT €JIb HO M
3aIUCKHU

12

10,2 10,2 15

Utoro: 7

49 13 68

9,4

58,2 61,8 96

[Ipumeuanue: Hcn. 1 — HayuHbIil pykoBoaMTEND; MCn.2 — uHXKEHED;

Tabmana 12 — luarpamma I"anTa.

Ne | Bunbl paboThl HcnomHurenb Ty, [TponomKUTEeIHbHOCTh BBITIOTHE HUSL paboT
OIL JICHb
O®espais | Mapr | Anpesns | Maid

01 | CocraBieHne n | Ucm 1 4

YTBEPXKICHHE

TEXHAYECKOIO :I

3aaHus,

yTBEpXKIICHHE TJIaHA-

rpaduka
02 | KanenmapHoe Ucr. 1 5 _|_|

TJTAaHUPOBA HHUE Hcm.2

BeinoiHe Hu1 BKP I
03 | O630p HaydHOU | Mcm.2 11

JATEPATYPHI -
04 | Bwibop meTona | Mcm.2 4

HCCJICJOBAHMS '
05 | [InanupoBaHue Hcmn. 1 11

JKCIIE pUM E€HTa Ucn.2 H
06 | IToxroroska Hcn.2 8

MaTepHaioB i
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[Tponomxenue Tabmuipr 12.

07 | IlpoBenenue Hcn.2 20
JKCTIC PUMEHTA
08 | Obpaborka Hcm.2 13
MOTYYCHHBIX JaHHBIX q
09 | Onenka Hcm. 1 5 []
TIPaBUJIb HOCTH Hcn.2
MOJTy4CHHBIX .
pe3yabTaToB
10 | CocraBneHue Hcrm.2 15
MOSICHUTEJIb HO U
3amuCKH ]

[Ipumeuanue: L - HayuHbii1 pykoBOIMTENH N - WNuxenep

Huarpamma ['aHTa — 3TO THN CTOJOYAThIX Juarpamm (THCTOTpamm),
KOTOPBI MCHOJB3YETCS IS WJUTFOCTPAIMKA KAICHJApHOTO IJIaHA TMPOEKTa, Ha
KOTOpOM pPaboThl 1O TEME MPEACTaBISAIOTCS TPOTSHKEHHBIMH BO BPEMEHH
OTpEe3KaMH, XapaKTCPU3YIOIIUMICS JaTaMd Hadajda M OKOHYAHWS BBIIOJHCHUS
JTAHHBIX paloT.

I'paduk ctpoutcs B Bujie TAOIMIIBI ¢ pa30MBKOM IO MECSIaM U JIeKaaaM 3a
MeproJ1 BPEMEHH BBITIOJHEHHSI HAy4YHOTO poekTa. [Ipu aTom paboTsl Ha rpaduke
CJEIyeT BBIICIMTh PA3JMYHOM IITPUXOBKOW B 3aBUCHUMOCTH OT HCIIOJHUTEIIEH,

OTBETCTBEHHBIX 32 TY WJIM HHYIO padoTy.

3.4 BroxkeT HAYYHOTO HCCJIeI0BAHMS

[Ipn nnaHupoBaHMM OMOJKETAa HAYYHOIO HCCIEIOBAHUS JIOJKHO OBITH
o0OecrieyeHo TOJHOE U JIOCTOBEpPHOE OTpPakKeHHWE BCEX BUJOB IMJIAHHPYEMBIX
pacxo/ioB, HEOOXOIMMBIX Il €ro BBIIOJHEHUs. B mporecce ¢opmupoBanus
Oro/KeTa, TUIAHUPYEMBIC 3aTpaThl TPYIIUPYIOTCS MO CTaThsIM, MPEJICTABJICHHBIM B
TabimIe.

B »Ty crareio BKJIIOUAlOTCS 3aTpaThl Ha TPUOOpETEHHE BCEX BHUIOB
MaTEepuajIoB, KOMIUIEKTYIOUMX M3IEIMA U 1oiyhaObpuKkaToB, HEOOXOAMMBIX IS
BBIIOJIHEHUSI PabOT 1Mo JaHHOW Teme. KosmuecTBO mOTpeOHBIX MaTepUaIbHbIX

IIEHHOCTEH ONpeIeIIsieTCs M0 HOpMaM pacxoia.
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B oaToli pabGoTe wHCHIONB30BaTh CIEAYIONIYIO TPYIIIUPOBKY 3aTpaT IIo
CJICITYFOITUM CTaThSIM:

*  MaTepuaybHBIC 3aTpaThl HAYYHO-UCCIIEeIOBaTEILCKOM padorsl (HUP);

*  3aTparbl Ha CHEIWabHOE O00OpYJOBaHWE VIS SKCIECPUMEHTATBHBIX
pabor;

*  OCHOBHas 3apa0OTHAs IJaTa UCTIOJIHUTEIICH TEMBI,

*  JIONOJIHUTENbHAS 3apaboTHasl I1aTa UCIIOJHUTENECH TEeMBI;

*  OTYHCIICHUS BO BHEOIOKETHBIC ()OH/IBI (CTPaXOBBIC OTUMCIICHHS);

. HaknaaHbie pacxoael HAP.

3.4.1 PacueT MaTepHaJIbHBIX 3aTPAT HAYYHO -TEXHUYECKOTO HUCCJIEI0 BAHUS

MaTepHaJ'ILHble 3arparbl — 39TO 3aTrparbl OpraHU3dAllMKM Ha HpI/IO6peTeHI/Ie
CBIPbA U MATCPHUATIOB 1A CO3JaHH S TOTOBOM IIPOAYKITUM.

I[aHHa}I YaCTb BKIIFOYACT 3aTparbl Ha BCC MAaTCpHUAJIbL

Tabmna 13 — 3artpatsl Ha moidydeHue (ypMbl, MyTEeM aJMTUBHOU
TEXHOJIOTHH.
HanmeHnoBaHne Enununa | KonudyectBo Llena 3a en. Hroro
crarei HU3MEPEHUS (xr), pyo 3aTparsl,
pyo
Jluct MeTania, IIT. 4 120 480
nuameTpom S00MM,
TOJIIMHON SMM
Meanas IIIT. 50 600 30000
MIPOBOJIOKA
nuaMeTpom 1.6Mm
Hayummku IIT. 1 500 500
IITyMOIMO/TaBJICHUEM
Ouku  3aIIUTHBIC IIT. 1 200 200
yAapOIpOYHbIE
Nroro: 31180
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3.4.2 PacueT aMOpTH3alIMU CHIEHHAJIBLHOTO 000PY/I0BaHHUS

Pacder cBOAMTCS K ONpPENCICHUI0 aMOPTU3AMOHHBIX OTYMCIICHUH, TaK Kak
obopyoBaHrMe OBUTO MPUOOPETEHO [0 Hadala BBITOJIHEHUS JTAaHHOW palOThl U
AKCIUTYaTHPOBAIOCH paHHEe, MO3TOMY IIPH pacueTe 3arpaT Ha O0OpYIOBaHUH
YYUTBHIBAEM TOJIBKO paboyue JHU MO JaHHOU TeMe.

Pacuer amopruzammy  TpOBOJMUTCA  cleayronuMm — obpasom: Hopwma

aMOpTHU3alInn: paCCUUTBIBACTCA 110 (bOpMyJIe:
1

A€ N— CPOK ITOJIC3HOTO HCIIOJb30BaHHA B KOJIMYCCTBC JICT. AMOpTI/IBaI_II/IH

000py/1I0BaHMsI paCCUUTHIBAECTCS IO PopMyJie:
A=-—"--m, (14)

rae U — uroroBas cymma, ThiC. py0.; m — BpeMs MCTIOJIb30BaHuU I, MEC.

Tabmama 14 — 3arparsr Ha 060pyAOBaHKE

HCITIOJBb30BaHMs],

HaumenoBanue
000pyAOBaHUS
AmopTu3zanus

Kom-Bo en.
[{lera oOGopymoBaHus, PYO.

CpOK ITOJIE3HOTO
*| ucronp3oBanms, ner

| Ne /i
Bpewms

o1l MEC.
HA, %

2 3

[ep}
\‘
oo

[

O06opynoBaHnue
TUIS 1 0,12 10 000 000 700
MIPOB OJIOYHOM 0
SNEKTPOHHO —
JIy4eBOU
aJIUTUBHOU
TEXHOJIOT UU

2 I[15BM 1 5 4 20 25000 1667

=
ol
~

Hroro: 8667
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3.4.3 OcHoBHAas1 3apa0dOTHAsA IJIATA UCTIOJTHUTeJIel TeMbI

B nanHOoM pa3pmene paccuMThIBaeTcs 3apa0oTHas IlaTa WHXKEHEpa W
PYKOBOJUTEISI, TIOMUMO 3TOTO HEOOXOJWMO PACCUMTATh PACXObl MO 3apabOTHON
TJaTe, onpeieisieMble TPYA0EMKOCTBIO IIPOEKTA U ICHCTBYIOMIEH CUCTEMOM OKJIaIa.

OcHoBHas 3apaboTHas miara 3,., OJHOTO pabOTHUKA PAaCCUUTHIBACTCS IO

cienytoiieit hopmyse:
Boct = 3au Tp (15)
e 3, — cpess 3apaboTHas miara, pyo.;
T, — HPOAOKUTETBHOCTh PAOOT, BBINOJHICMBbIX DPabOTHUKOM, pad. [IH.
(Tabmmra 13).
CpenHenHeBHAS 3apa0OTHAS TUIaTa PACCUMTHIBACTCS IO (hopMmyJie:
Jnst mectuaHeBHOM padoueit Hemenu (padboyast HeJesl pyKOBOUTENS):
B = 2m = 02 = 2077,8 pyS, (16)

A

rae 3,, — MeCSIYHBIM JOJDKHOCTHOM OKJIaJ paO0THHKA, PYO.;
M

F,- neicTBUTENbHBIM  TONOBOKM  (OHA pabo4ero BPEMEHH Hay4HO-

TEXHUYECKOTO TIepcoHana, pad. JaHei;
M — konmyecTBO MecsiieB paboThl Oe3 OTIyCcKa B Te€UEHUE roja:
- TIpu OTIycKe B 28 pal. gus - M = 11,2 Mecsiia, 5-aHeBHas paboyvasi HeIeus;
- Tipu oTirycke B 56 pad. aus - M = 10,3 mecsiiia, 6-aHeBHas paboyast Hees;

Jlnst isiTuiHEBHOM pabouet Henem (paboyas Henenst HH)XEHEepa):

_ 3,M _ 303225112

H
A F, 243

3

= 1397,6 py®, (17)

JIoMKHOCTHOM OKJIaT paOOTHHKA 32 MECSII:
- JIJ1s1 pYKOBOIUTEJIS:

3y = 3rc (L4 knp + Kk,

3, = 27000 (1+0,3+0,2) - 1,3 = 52650 py6. (18)
- JUIS1 PyKOBOJMTEA:
3, = 15500 (1 + 0,3+ 0,2) - 1,3 = 30322,5 py6. (19)
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rie 3,, — 3apaboTHas 1Jara, coriacHo TapugHoil ctaBke, pyo.;
kyp — ipeMuanbHbiil k03¢ Griuent, paset 0,3;

k n KOd(UITMEHT OMJIaT U Hal0AaBOK, paBeH 0,2;

k,, — pationnbli koadpuument, pasen 1,3 (s r. Tomcka).\

Tabmiua 15 — bananc pabouero BpeMeH! UCIOIHUTENEH

[Tokazarenu paboyero BpeMeHH PykoBomutenn Nuxenep
KanengapHoe uncio qHei 365 365
KonmgectBo Hepabounx JHE#H 52/14 104/14

- BBIXOIHBIE JTHU

- MPA3HUYHBIEC THUA

[Torepu pabouero BpeMeHH 52/5 18/10
- OTITYCK

- HEBBIXObI IO 00JIE3HU

Jle¥icTBUTENBHBIN T0/10BOM PoH pabouero 261 243

BpPCMCHHA

Tabmua 16 - PacyeT ocCHOBHO# 3apaOOTHOM MJIaThl

VcrnonHuTenm 35 Kup K, K, 3w 3 T pas “ocH

PykoBogurens 27000 | 1,2 11 1,3 52650 | 20778 |94 | 15313

Wmxe nep 15550 | 1,2 11 1,3 30322,5 |1397,6 (58,2 | 81340,3
Hroro: 100871,6

3.4.4 lonotHUTe IbHAS 3apadoTHAs IJIaTA UCTIOJIHUTEJIel TeMbl

JlomomHuTENBHAS 3apaboTHAs I1J1aTa oTpeaesssercs mo Gpopmyie:

- JUTSI PYKOBOTUTEIIS:

30n = Knon * 30as = 0,15 - 19531,3 = 2929,7 py6, (20)
- JUTSl PyKOBOAUTEJIS:
30n = Knon - 30es = 0,15 - 81340,3 = 12201,1 py6, (21)
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e Kyop — KOOQQUIMEHT TONOIHHUTENBHOM 3apabOTHOM IUIaThl (Ha CTaauu
MPOEKTUPOBAHUS MPUHUMAEM paBHbIM 0,15).

Tabmina 17 - Pacder nonomHUTEIBHON 3apaO0THOM TIJIAThI

3ocn 3pon
PykoBomTens 19 531,3 29297
Nuxenep 81 340,3 12 201,1
Hroro 15 130,8

3.4.5 OTuncJienusi BO BHEOKW/KeTHBIE (PO HIbI (CTPAXOBbIe OTYHCJIEHHS )

Craths BKJIIOYACT B ceOsl OTUMCIICHUS BO BHEOIO/DKETHBIE (D OH/IBL.
CBHe6 = Kguet * (30CH + 3;[011)' (22)
T11e, Kypeg — KOOPOUIIMEHT OTYMCTICHUI Ha YILIaTy BO BHEOIODKETHBIE (DOHIBI

(mercroHHbI PoH, HOHT 00S3aTEITBHOTO MEAUIIMHCKOTO CTPAXOBAHMUSI 1 TIP.)

Coues = 0,3 - (100871,6 + 15130,8) = 34800,7 py6

3.4.6 Haksiagnblie pacxoabl

B »Ty cTaThio BKJIIOUAKOTCSl 3aTpaThl HA YIMpaBIEHUE U XO3SIMCTBEHHOE
o0CITykKiBaHHE, KOTOPbIE MOTYT OBITh OTHECEHBI HEMOCPEACTBEHHO Ha KOHKPETHYIO
TeMy. Kpome TOro, croma OTHOCSTCSI pacxojbl MO COAEPKAHUIO, HKCIUTyaTallud U
PEMOHTY 00OpYZOBaHHUS, MPOU3BOJICTBEHHOIO MHCTPYMEHTAa M MHBEHTApsl, 3/IaHHH,
coopy>keHu# u Ap. B pacuerax 3tu pacxoasl npuHuMarorcsa B pasmepe 70 - 90 % ot
CYMMBbl OCHOBHOHM 3apabOTHOH IjIaThl HAyYHO-TIPOM3BOACTBEHHOIO IEPCOHasA
JTaHHOM Hay4YHO-TEXHUYECKON OpraHu3aIH.

BennunHa HaKk1aHBIX PAcX0JI0B OMpeeNseTcs no GopmyIe:

Buaxn = (CyMMa ctaTe 1 +5) - k (23)

mnp’
rIe knp — KO3 PUIMEHT YYUTHIBAIOUMIA HAaKJIaJHbIE pacxojbl. BemmuuHa
KO3 duinenra npuHuMaercs pasHou 0,16.

Coucr = 0,16 - 163085,1 = 26093,6 py6
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3.4.7 brogxernas croumocr HUP

Ha ocHOBaHMM MOJYyYEHHBIX JIAHHBIX MO OTJEIBHBIM CTAaThsIM 3arpar
COCTaBJISICTCS KAJIBKYJISIMS TUIAHOBOW Ce0eCTOMMOCTH TIPOBECHUS HMCCIICIOBAHHI.
Bce nannbie cBeieHb! B Ta0mIry 18.

Tabmma 18 - 'pynmupoBka 3arpaT 1o CTaTbsIM

HanmeHnoBanue crarei Cymwma, pyo

3arpar Texymuii mpoexT Amnanor
CeIpbe, Mareprasl, 31180 26035
MOKYTIHbIE U3JIEJUS U
nosryadpukaTel
3aTparkl HA CICHATIBHOE 8667 23450,1
o0opyaoBaHuE JIs
IKCIEePUMEHTATBHBIX
pabort
OcHoBHas 3apaboTHas 100871,6 100871,6
njaTa
JlomomaurenpHas 15130,8 15130,8
3apaboTHas rmiaTa
OTtunciieHus Ha 34800,7 34800,7
COLIMAJIBHBIC HYK/IbI
Haxkmaaabie pacxosl 26093,6 281421
Hrorosas riaHoBast 216743,7 228430,8
cebecTONMOCTh

3.5 Onpenesienne pecypcHoii (pecypcocoeperaoieii), G mHAHCOBO i, 010/ KeTHO i,

COHAJIBHO M ¥ KO HOMHYECKO i ()¢ eKTUBHO CTH UCCJICI0BAHUS

Jns onpenenenust 3¢ EeKTUBHOCTH UCCIICIOBAHHUST PACCUMTaH WHTETPAJIbHbIA

nokazatenb A(P(PEKTUBHOCTM HAYYHOTO HCCIEAOBAaHUS IyTeM  OIpe/esieHUs
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MHTETPaIbHBIX MoKa3artesen (dbuHaHCOBOM apdexTuBHOCTH 17}

pecypcodhhEeKTUBHOCTH.

3.5.1 UnTerpajbHbIi o Ka3are/ib pUHAHCOBO I 3¢ eKTUBHO CTH.

WNHTerpanbHblii  moka3aTelb  ()MHAHCOBOW  A(PPEKTUBHOCTH  HAyIHOTO
HCCIICJIOBAaHUS TIOJYy4eH B TMPOIeCcCe OICHKU O/pKeTa 3arpar TpeX BapHUaHTOB
WCIOJIHEHUSI HAYyYHOTO uccienoBaHus. /[[ins sTroro HaumOONBIINNA WHTETPasIbHbIA
MoKazaTelb pealn3alii TEeXHUYECKOW 3azauv mnpuHsAT 3a 0a3y pacyera (Kak
3HaMEHaTelb), ¢ KOTOPBIM COOTHOCHUTCS (DMHAHCOBBIC 3HAUCHUS 10 BCEM BapHaHTaM
HCIOJIHCHHUSL

OnpenenmiM 3HaYeHUE TOKas3aress s pa3padarblBaeMOM TEXHOJIOTWH U

aHaJIOrOB, MPHUBECHHBIX B TyHKTE 2.1 TaHHOIN paOoTHI.

. CDP.
juacni — i 24
PUHP T D, (24)
r Ich.i % 9 6 .
7€ I pip — MHTETPATBHBI (MHAHCOBBIN TTOKa3aTelb pa3paboTKy;

®p; — CTOMMOCTH 1-TO BapUaHTA UCIOIHEHUS
D, 4 — MAKCUMAJIBHAS] CTOUMOCTD UCTIOJTHEHU L.
CDTEKYLLLHpoeKT = 216743'7 py61

D, .2 = 228430,8 py6,

D, = 319400,8 py6.

rexnp  Prexap _ 2167437 068
dunp D, 3194008 ’

I

prece _ Procmy _ 2284308 _ )
dup = @~ 3194008

B pesynbraTe pacuera KOHCOJIMIUPOBAHHBIX (PUHAHCOBBIX MOKA3aTelIeh IO
JBYM BapWaHTaM pa3pabOTKW TPOSKTUPYEMBIM BapHaHT CUMTaeTCA Oosee
MPUEMJIIEMBIM C TOYKH 3peHust (puHaHCOBOM (P EKTUBHOCTH.

PriHOYHAs 1IeHa JAHHOTO MeTo/1a yrpouHeHus Ha peiHKe 319 400,8 pyo.

Pa3pabarpiBacmasi TEXHOJIOTUSI TIOJIpa3yMEBAET YMEHBIICHHUE KOJIMYECTBA

OTXOJ0B U KOJIMYCCTBA KOMIIJICKTYIOIIUX.
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3.5.2 UnTerpanbHblii oka3aresib pecypcodddekTUBHO CTH

HuTterpaiibHbiil mokasaTesb pecypcod(hEeKTUBHOCTH BAPUAHTOB BBITTOTHEHU S

HUP(L,;) onpenenen IyTeM CPaBHUTEIBHOW OLEHKM HMX  XapaKTEPUCTHK,

pacnpeieNieHHbIX C YY4ETOM BeCOBOTO Kod(puimeHTa KaxIoro napameTpa (Tabmmia
19)

Tabmua 19 — CpaBHuTENbHAS OI[EHKA XapakTepucTuk BapuantoB HMP

OO0 BeKT uccJie10 BaHus BecoBoii Texkymmit Hcn.2
KO3 (ppUnueHr MPOEKT
Kpurepun napaverpa

1. be3omacHocTh pu 0,25 4 4
M CIOJIb30BaHU U
YCTaHOBKHU
2. CTaObMIIBHOCTH PabOTHI 0,25 5 4
3. Y100cTBO B 0,3 5 3
IKCIUTyaTalluu
4. DHEprocoepeKeHNE 0,1 4 5
5. MarepruanoéMKocThb 0,1 5 3
UTOI'O 1 4,65 3,7

Pacuer HHTCTPAIIbHOTO ITOKA3aTCIIsA AJIs pa3pa6aTLIBaeM0ro IIPOCKTA:

I,;=025-4+0,25-5+03:-5+0,1-4+0,1-5=4,65

I =025-4+0,25-44+03-3+0,1-5+0,1-3=37

3.5.3 UHTerpajibHblii moka3arejb 3¢ eKTHUBHO CTH BAPHAHTOB MCIIOJIHEHHUS

pa3padoTKH

WuterpanbHpii  mokazareiab APQPEKTUBHOCTH BAPUAHTOB  HCIIOMHEHUS
pa3pabOTKK BBIYMCIISIETCSI HAa OCHOBAHMM MOKa3aTelsl pecypcoddPeKTUBHOCTH U

HWHTETpaJIbHOTO (PMHAHCOBOTO TTOKa3aTess mo popmyJie:

I —ucI.i
Incn.i =t (25)

Incr[.i
¢uHp
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4,65 3,7
Ich.l = 0,68 - 618! IHCH.Z - 0,72 - 5'1

WuTterpasibHbii  mokazareiab AP(EKTUBHOCTH  OMNpPENEIseT PaCUYCTHYIO

CPaBHUTENBHYIO 3PP EKTUBHOCTH MPOCKTA:
I

3cp1 = (26)

I

6.8 51
Ipr =55 = 1,91 = 2= = 0,75

Jlanee nHTETrpaNbHbIe TTOKa3aTenu AP PeKTUBHOCTH Kaxaoro Bapuanta HUP
CPaBHUBAIMCh C MHTETPAJIBHBIMU MOKa3aresisiMi d(PPEKTUBHOCTH JPYTUX BapUAHTOB
C 1IeJIbIO OTIPEICNICHHS CPABHUTEIBHOM 3 (heKTUBHOCTH MpoekTa (Tabmuia 20).

Tabmua 20 — CpaBHutenbHas 3GPeKTUBHOCTH pa3pabOTKH

Ne INoka3zarenan Texymmu HUcn.2

n/n NPOEKT

1 WHTerpanbHblii (puHAHCOBBIN 0,68 0,72
MOKa3aTelib pa3paboTKu

2 WNHuTerpanbabIit 4,65 3,7
MOKa3aTelib
pecypcodhdeKTUBHOCTH
pazpaboTKu

3 WNHTerpanbHbIit 6,8 51
MOKa3aTelib
adekTHBHOCTH

4 CpaBHuTENbHAS 1 0,75
3(pHeKTUBHOCTH
BApHAHTOB MCIIOTHEHU S
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BriBoabI 0 pa3aesy (PUHAHCOBBIN MEHEIKMEHT

B pesynsrare BbITOMHEHUS H3HAYATHHO CHOPMYIMPOBAHHBIX I€JeH pasjiena,
MO>KHO CJIEJIaTh CJIEYIOIIME BBIBOIbIL:

1. Ilo pesympraraM MPOBEACHHOTO aHAIM3a KOHKYPEHTHBIX TEXHUUYCCKUX
pPEIICHH MOXKHO OTMETHTBh, 4YTO SBIISICTCS HauOojee IPEAroYTUTEIBHOTO |
paIMOHAIBHOTO, IO CPABHEHUIO C OCTATTLHBIMU,

2. llpu mnpoBeneHWH IUTAHUPOBAaHWS OblT  pa3paboraH IUIaH-TpaduK
BBINOJIHEHHU S ATAIIOB pa0OT JJIsl PYKOBOJMTENS M CTYICHTA, TIO3BOJISFOLININ OICHUThH U
CIUTaHUpPOBaTh pabouee Bpems wucHnojHuTened. bbum  omnpenenensl: oOriee
KOJIMYECTBO KaJICHIAPHBIX JHEH ISl BBIIOJHEHHS paborel — 96 neHb, olree
KOJIMYECTBO pabOuMX JIHEH, B TEUEHHE KOTOphIX padoran CTyAeHT — 61.8 mHs u
00111e€ KOJIMYECTBO pabounX JAHEH/

3. CoctapneH OI0OKET UCCIEIOBaHUS, MO3BOJISIONIMI OLEHUTH 3arpaThl Ha
peanr3alnio MpoeKTa, KoTopble cocTarisiet 216743,7 pyo.;

4. Tlo wHTETpanbHBIM (PMHAHCOBBIM IMOKA3aTCISIM MOYKHO OTMETHTH, YTO
JaHHOE HAY4YHOE UCCIIeOBaHUE sBISeTCS 3(PPEKTUBHBIM, U B 3TOM CBSI3U MOUIEPIKKA
HAay4YHOTO MCCIEJOBAHUSI MOJKET SBJISTHCS TPAaHTOM Ha BBIIOJIHEHUE MPOEKTOB
byHIaAMEHTATBHBIX HAy4HBIX HcclienoBaHuil. [laHHBIH cmoco0 sBISETCS CaMbIM
OBICTPBIM U MIPOCTHIM JJIS PeATU3AIMK JAaHHOTO HAYyYHOTO MCCIICIOBAHMSL.

Bce, BhImenepeuncieHHble TEXHUKO-)KOHOMUUYECKUE TIOKA3aTed IMPOEKTa,
MO3BOJISIFOT C/IENATh BBIBOJ O TOM, YTO JaHHOE HcclienoBanue, COBEpIICHCTBOBAHHUE

crioco0a MOMy4YeHusl PbUTBHON YacTH ()ypMBI BBITOIHO.
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Introduction

Additive manufacturing (AM) covers an increasing range of tasks in industry.
Currently, common additive manufacturing technologies are electron beam melting
(EBM), selective laser melting (SLM), direct energy deposition (DED), wire and arc
additive manufacturing (WAAM) and electron beam additive manufacturing
(EBAM). The first two technologies refer to the powder types of AM, and they have
advantages related to the production of multicomponent systems, such as high-
entropy alloys. Therefore, the most productive AM technologies are considered to be
DED, WAAM and EBAM. EBAM is based on melting a metal wire with an electron
beam in a vacuum. The product is printed layer by layer until it is fully formed.
EBAM technology is effective for the production of metal parts with complex
geometries and low material costs. The positive aspects of the technology include
printing directly in a vacuum chamber, which makes it possible to work with
materials that are sensitive to oxidation. Electron beam printing is suitable for most
materials, including the laser radiation of highly reflective alloys, such as Al and Cu.

Cu is one of the most widely used constructional materials due to its excellent
electrical conductivity, thermal conductivity, ductility, machinability and formability.
Due to this, Cu has a wide range of practical applications, and it is used in various
engineering industries, such as in the automotive, aerospace, electrical power,
electronics and defense industries, etc. The high thermal conductivity of copper and
copper alloys allows for the manufacture of various components, such as heat
exchangers (combustion chambers for liquid rocket engines), power units, springs
and bearings and electronic connectors in the above sectors. These high heat flux
environments require a high-strength, high-conductivity alloy to properly cool the
thrust chamber walls with high-pressure rocket fuel or an oxidizer. The higher
thermal conductivity of pure copper leads to faster heat dissipation and a higher
localized temperature gradient, which causes the twisting and delamination of the
deposited layer. The high thermal conductivity of copper quickly dissipates heat
away from the molten pool, causing temperature gradients and distortions. This is
complicated by a significant difference in the thermophysical properties of the



compacted material and the surrounding powder layer. Superior electrical
conductivity means that copper alloys are widely used in the manufacture of thermal
transformers, radiators, combustion chambers and other components because of their
superior electrical and thermal conductivity. The higher reflectivity of pure copper
reduces the amount of energy available for melting, and makes it detrimental to laser
optics. The tendency of Cu to form oxides during processing leads to the
agglomeration and reduced fluidity of molten copper, resulting in the reduced
wettability of pure Cu due to copper oxide formation. Copper is used in many
applications due to its high thermal conductivity (401 W/(m-grad)) and electrical
conductivity (58 MSm/m). In addition, copper has high corrosion resistance, good
machinability and a low enough price, which makes it widely used in electrical and
mechanical engineering industries. Air tuyeres are one of the most important
elements of blast furnace design that determine the efficiency of its operation. The
tuyere is designed for blast furnace blowing with gas (air, oxygen or other) to ensure
fuel combustion. In this case, additive technologies are effective in terms of material
and energy consumption for tuyere production. In addition, high cooling rates can
lead to small grain sizes in the structural parts, resulting in improved mechanical
properties.

The microstructure during solidification in manufacturing is determined by
the temperature gradient, solidification rate, cooling and other material-related
parameters. The small size of the melt pool, the strong recirculation motion of the
liquid alloy caused mainly by Marangoni convection, heat source movement and
rapid temperature changes make it difficult to accurately measure the temperature
gradient and other important variables. Consequently, many AM processes lead to the
formation of metastable microstructures and non-equilibrium compositions of the
resulting phases, which may even vary for each layer of the deposited material. This
makes the modeling of microstructures and compositions in fabricated AM parts
difficult and complicated. Obviously, the temperature gradient depends on a number
of process parameters, such as energy density, layer thickness and preheating
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temperature. In this regard, solidification occurs with the formation of a cellular
dendritic structure. Each new layer to be deposited partially remelts already solidified
layers, which act as substrates. Consequently, the new layer is formed according to
the same crystalline orientation as the underlying, already solidified layers, although
the growth direction may change. This principle is used to form the crystallographic
texture or, in other words, epitaxial growth.

The grain structure and crystallographic texture of the component depend on
the melting and crystallization of the melt pool. The shape of the melt pool in this
case varies depending on the printing parameters, and can be oval or curved on the
top surface and semicircular or keyhole-shaped in cross-section, depending on the
intensity of the heat source and the rate of movement. Growth occurs during
solidification because of previously deposited layers, and this determines the
crystallographic essence of the structure through the partial or complete melt
feedback of the previously formed layer. In addition, crystallographic texture is also
determined by the scanning strategies used during sample fabrication. In the case of
IN718, it was observed that the texture was designed with a unidirectional scanning
strategy, whereas the rotated cube texture was designed with bidirectional scanning.
These textures are a consequence of the compromise between the directions of easy
grain growth and the directions of maximum heat flux near the boundaries of the melt
pool. Growth is preferable only when the direction of growth coincides with the
direction of maximum heat flux. Such features of crystallization can be caused by the
parameters of technological processes of manufacturing, and the heterogeneity of
heat removal from the billet during additive growth. Typically, columnar grains
normally grow along the boundary of the melt pool, where there is no significant
supercooling. Columnar grains grow as the bottom of the melt pool and move upward
during the subsequent cooling process. These grains grow continuously by shifting
the direction of their growth according to the temperature gradient. Thus,
macroscopically, it appears that the curved columnar grains “stretch™ behind the
curvature of the trailing edge of the melt pool.
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However, little is known about the use of crystallographic texture and grain
size as a tool for designing a functional microstructure, and even less is known about
the relationship between the preferred anisotropy, microstructure and mechanical
properties. Therefore, the goal of this work was to obtain large-sized workpieces to
investigate texture formation and its s effect on the anisotropy of mechanical
properties under tension in different directions relative to growth.

Manufacturing copper blocks by additive electron-beam technology

Large-sized samples of C11000 copper were obtained through electron beam
wire-feed additive manufacturing with experimental equipment at the Institute of
Strength Physics and Materials Science, Siberian Branch of the Russian Academy of
Sciences (Tomsk, Russia) (Figure 1)

cooling table nozzle

chamber door

filament spool feeding system

control system
Figure 1. Additive electron beam printing setup with wire filament.
An AISI 304 stainless steel substrate and technical grade C11000 copper wire

were used to obtain the samples (Table 1). The diameter of the copper wire was 1.6
mm.
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Table 1. Chemical composition of the substrate and filaments used in wire-
feed electron beam additive manufacturing (wt. %).

Material Fe Cu Mi Cr Mn 5i C
Substrate AIST 304 Bal. to (3 9-11 17-19 o 02 to (L8 Lo 0.8
Filaments C11000 Lo 0.005 Bal. o 0002 - - - -

The steel substrate was fixed on a three-axis water-cooled table. An electron
beam was used to form a melt pool. The wire was fed through a nozzle into the melt
pool. The voltage during printing was constant at U = 30 kV. For the first layers of
the large-sized copper samples, the current and printing speed were |1 = 90 A and vl
= 300 mm/min, respectively. Further, as the height of the large samples increased, the
current and printing speed were changed to Il = 60 A and vll = 400 mm/min,
respectively. The wire feed rate was 1.5-2.0 mm/min, depending on the printing
speed. The width of the melt pool was 6 mm and the distance between passes was 5
mm. The formation of the melt pool was performed by sweeping an electron beam, in
the form of a circle with a diameter of 5 mm, at a frequency of 1 kHz. The thickness
of the deposited layer was 1 mm. Large copper blocks were obtained according to
three types (A, B and C) of scanning strategy (Figure 2). Blocks of type A were
obtained by printing with the same scanning direction for any layer along the Z axis,
I.e., along the direction of large-sized sample growth. The OX and OY axes are
related to scanning directions 1 and 2, respectively. Strategy 1 (type A) involves a
line being interrupted by alternating forward and backward passes without changing
the printing direction on each layer along the OX and OY axes. When printing blocks
of type B, scanning strategy 2 was used, which involved keeping the pattern along the
OY axis, as in strategy 1. However, on each even-numbered layer, a 90° clockwise
rotation was performed along the growing direction. In type C blocks, perimeter

formation was performed first, followed by filling the inner volume of the layer.
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Figure 2. Schematics of scanning strategies for obtaining large-sized copper
samples via electron beam wire-feed additive technology

Thus, three main types of copper blocks of types A, B and C, differing
according to the technological features of production, were achieved. The obtained
volumetric samples had the form of parallelepipeds. Type A blocks were 150 mm
long, 40 mm wide and 40 mm high. Type B blocks were 150 mm long and 40 mm
wide. The final maximum height of the sample was not achieved due to the
unsuitability of strategy 2, which led to the formation of defects in the work piece.
Type C blocks had a length of 150 mm, a width of 40 mm and a height of 80 mm.

From the thus-grown large-sized copper blocks, samples were cut using a
DK7750 electrical discharge machine to study the macro- and microstructure. In
order to study the structure and mechanical tensile tests, the samples were cut
according to the scheme shown in Figure 3

RS Cross longitudinal
ong section section

planar Cross

Tension
test

12 mm

1.5 mm

«—axis of tension —»

.’\I
N,

Ny,

OX - Scanning direction 1
OY - Scanning direction 2
OZ - Build direction

Macrostructure transverse  vertical longitudinal
direction  direction direction

Figure 3. Scheme of cutting samples into metallographic sections and samples
for mechanical testing
Before the structural studies, the samples were ground and polished with

diamond paste followed by the etching of the polished surfaces of the samples in a
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solution of 10 mL HCI + 1 g FeCI3 + 20 mL H20. Macrostructural studies were
performed using an OLYMPUSLEXT confocal microscope (Olympus NDT, Inc.,
Waltham, MA, USA). To determine the elemental composition of the specimens, a
Zeiss LEO EVO 50 (Carl Zeiss, Oberkochen, Germany) scanning electron
microscope (SEM) was used. Microhardness was measured using a Duramin5
(Struers A/S, Ballerup, Denmark) machine. Microhardness measurements were
carried out via the Vickers method at a load of 50 g for 10 s. The tensile specimens
were in the shape of a double-sided blade. The working part of the double-sided blade
was 12 mm (width: 2.7 mm, thickness: 1.5 mm). Tests were performed on a universal
testing machine, UTS 110M (Testsystems, Ivanovo, Russia). The strain rate was 1.4
x 10—3 ¢ —1 . Macroscopic images of the specimens were taken with a Pentax K-3
camera with a lens focal length of 100 mm. Microstructural studies were performed
using a scanning electron microscope, Tescan MIRA 3 LMU (TESCAN ORSAY
HOLDING, Brno, Czech Republic), equipped with a system of registration of back-
reflected electrons, Oxford Instruments Nordlys, and an energy dispersive X-ray
spectrometer, Oxford Instruments Ultim Max 40 (Oxford Instruments, High
Wycombe, UK). The scans were performed at an accelerating voltage (HV) of 20 kV
and a beam current of 10 nA. Electron backscattered diffraction (EBSD) samples
were prepared using the standard technigque: sandpaper grinding to #2000, diamond
polishing from 9 to 1 um and 50 nm col-K suspension fine polishing. The final stage
of sample preparation was ion polishing for 10 min at 10 kV by using a Technoorg
Linda SEMPrep2 ion mill (Technoorg Linda Co. Ltd., Budapest, Hungary) with a
wide plane-parallel argon ion beam.

Choosing a Scanning Strategy for Large-Sized C11000 Blocks

The general view of the large-sized copper blocks grown through electron
beam wirefeed additive technology is shown in Figures 4-8. For type A blocks grown
using scanning strategy 1 (Figure 2), macro geometric disruption is observed in the
last layers. At the same time, a number of defects in the form of droplets, leaks and a
decrease in the height of the blocks in the upper part (Figure 4) occurred. As the
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large-sized sample was grown, the substrate temperature increased locally near the
melt pool. As a result, a temperature gradient occurred, which led to heat
accumulation. After a number of thermal cycles, the deposited solidified layers were
deformed under the influence of temperature stresses, which led to the formation of
defects on the end part of the sample.

Figure 4. Macrostructure of A-type blocks fabricated using scanning strategy
2 with electron beam wire-feed additive technology. Noted defects by type: 1—
droplets, 2—Ileaks and 3—decrease in the height.

Printing type B blocks using strategy 2 (Figure 2) involved alternating the
direction of layer deposition according to the scheme. However, there was a violation
of the continuity of material flow on the surface of the workpiece, which led to the
formation of drops and leaks of material. Strategy 2 implied minimizing the
temperature gradient in all directions, primarily opposite to the orientation of the
assembly. However, as a result, a large number of defects were formed, and the

geometry of the samples was disrupted (Figure 5)

Figure 5. Macrostructure of B-type blocks fabricated using scanning strategy
2 with electron beam wire-feed additive technology. Noted defects by type: 1—

droplets, 2—Ileaks and 3—decrease in the height.
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The correction of such defects was achieved by changing the printing scheme.
In type C blocks, the perimeter was formed first, followed by the filling of the inner
layer volume. The blocks obtained using this printing scheme did not show the
presence of geometric distortions, even when reaching a height of 80 mm (Figure 6).
The surface of such samples is quite evenly distributed, with parallel layers without
bends in the layers or stacking irregularities, and the proportions of the shape are
maintained. The formation of the perimeter creates conditions for high heat
dissipation, affecting the water-cooled table when carrying the first layers and
creating a radiation effect when depositing the last layers. This leads to the
differences in the structure and properties of the sample described below.

E
&
&
S

80 mm

40 mm

Figure 6. The macrostructure of C-type blocks fabricated using scanning
strategy 3 with electron beam wire-feed additive technology.

Thus, for the production of blocks with correct geometry and compliance with
the proportion of the shape of large-sized copper blocks using electron beam wire-
feed additive technology, suitable scanning involves the initial formation of the
perimeter and the subsequent filling of the inner layer volume (strategy 3, type C).
Since the type C printing strategy proved to be preferable, in the following section,
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we will consider the structure and mechanical properties of the blocks obtained
through strategy 3 only.

Macrostructure and Microhardness of Large-Sized C11000 Blocks

In the structure of C-type copper blocks, a coarse grain structure is formed
with preferential growth in the direction of heat removal (Figure 7). Typical
structures can be observed for additively manufactured workpieces, in which
overlapping semi-elliptical melt pools are formed (Figure 7a). The formation of semi-
elliptical melt pools is characteristic of various additive manufacturing methods, both
for ferrous, as well as for non-ferrous metals, which is associated with the features of
the process. The boundaries of the melt pool in the sample are visible as “fish-
scales”. The geometry of the melt pool is determined by the process parameters,
material properties and cooling conditions. The cross-sectional structure of a large-
sized copper sample is characterized by the evolution of the structure during sample
fabrication. According to the macrostructure shown in Figure 7a, directional
solidification occurs on the first layers near the substrate with fine grain sizes.
Moreover, the grain on the first layers near the substrate is equiaxial. Directional
solidification is accompanied by the growth of columnar grains that extend in the
growing direction of the workpiece. Directional grain growth is facilitated by the
slow heat dissipation and temperature gradient formed during additive growth of the
workpiece. In the longitudinal section (Figure 7b), the macrostructural analysis
reveals areas with banded copper grains. The gradual development of columnar
grains may not always follow the normal path to the curvilinear surface, as defined by
the liquidus isotherm. For the actual solidification, the surface deviates significantly
from the liquidus isotherm due to the effects of supercooling. For example, one paper
shows the effects of supercooling on grain growth directions, where there are
noticeable discrepancies between the actual solidification surface and the liquidus
Isotherm in systems in which there is significant supercooling. It is possible to
observe a noticeable deviation of the actual curing surface from the liquidus isotherm,
which further increases with the printing speed. However, the degree of deviation,
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determined by the degree of supercooling, must be considered for specific
solidification conditions. “Zigzag” grains can form at high cooling rates when the
heat trace moves behind the melt pool. When the heat gradient aligns across the
specimen, flatter grains form. The direction of melt pool formation in one layer is
opposite to the direction in the other layer, causing the grain to grow obliquely along
one of the directions perpendicular to the surface. Growth will spread to the next
layer if the scanning direction remains unchanged for the next layer, but if the
scanning direction is reversed, growth will be aligned further away from the direction
of maximum heating. The scanning strategy is crucial for changing the temperature
gradient and, consequently, the texture of the material. In this work, large-sized
samples were made of copper, which, having high thermal conductivity, effectively
removes heat from the melt pool. These areas are located in the lower and upper parts
of the workpiece (Figure 8). In the cross-section, the direction of grain growth is
vertical, and in the longitudinal section, there is a 15¢ angle bend in the grains (Figure
7b). The tilt of the dendritic structure is related to the deviation of the direction of the
temperature gradient during crystallization. The orientation of the grain structure
depends on the shape and size of the melt pool. Grains growing at high printing
speeds in this process are fairly straight. As a rule, during solidification, elongated
grains grow from the edge to the center of the melt pool, depending on its location.
The direction of heat flow in this case depends largely on the local positions at the
melt pool boundary.

103



| supersaturated solid solution

Substrate 40 mm

(a) (b)

Figure 7. Macrostructure of the C-type copper block in cross- (a) and
longitudinal sections (b). The green rectangle indicates the enlarged area showing the
fish-scale and zig-zag shape of the structure

The analysis of the macrostructure in the longitudinal section (Figure 7b)
shows that the sample has a clear interface. No crack-like defects are detected along
the interface, indicating the complete deposition of the layers. There are no shrinkage
pores, which are usually formed during the deposition of the first layers of the
material, and during direct contact with the substrate. At the moment of wire-feed
melting by the electron beam and the formation of the melt pool, there is a local
Increase in the substrate temperature near the melt pool. As a result, there is a
temperature gradient, which leads to the presence of internal stresses. After a number
of thermal cycles, the substrate deforms under the influence of the thermal stresses,
and its significant intrusion occurs, but does not affect the quality of the large-sized
copper blocks (Figure 7a). This is due to the peculiarity of sample fabrication, since
AM implies a partial remelting of the previous layers. As a result of the mutual
mixing of the Cu deposited in the first layers and the steel elements remelted from the
substrate, the formation of the combined phases of the Cu-Fe system does not occur.
A diffusion layer of supersaturated solid solution is formed at the concentration limit
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of these components, and elements such as solid solutions of copper in iron, and iron
in copper with the additional mutual dissolution of the alloying elements, as well as
mechanical mixtures of the system components, are formed in this region (Figure 7b).
In the fusion region of the copper sample with the steel substrate, the content of steel
particles in the copper gradually decreases, which can be clearly seen in the
longitudinal section in Figure 8, area 1.

The actual grain growth direction can differ significantly from the local
maximum temperature gradient, depending on the scanning strategy. “Zigzag”
patterns have major grain directions that are perpendicular to each other in successive
layers, resulting in a 45° angle to the scanning direction. This results in epitaxial grain
growth in the first layer shifting to grain formation in a different direction in the
second layer, or vice versa, with a 15° deviation between the maximum heat flux
temperatures. Thus, texture evolution is strongly influenced by the scanning
strategies that correlate with the directions of easy growth and maximum heat flux.
Full alignment results in a texture similar to the norm. The final solidification texture
Is determined by local heat flux directions and competitive grain growth.

The horizontal section is distinguished by the main structural components of
the blocks (Figure 8). In the upper part of the large-sized sample, there are large,
elongated grains, and in the lower part of the sample, there is an equiaxed fine-

grained structure.
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Figure 8. Macrostructure of the C-type copper block in planar section. The
green dotted lines show areas of distance from the substrate—area 1: 1.5 mm, area 2:
3 mm, area 3: 4.5 mm, area 4: 6 mm, area 5: 7.5 mm. The white line shows the
chevron pattem structure.

In general, the structure of the sample is a columnar grain crossing most of
the layers. In the lower part of the blocks, i.e., part 1 (Figure 8, area 1), there is an
area that is affected by the substrate due to the intense intrusion of steel into the first
layers of printed copper. The greatest substrate intrusion was characteristic of the
central part of the blocks. At the same time, the structure of the blocks at the macro
level is represented by a constant alternation of the columns printed according to the
scheme shown in Figure 2. The surface of the large-sized sample in the longitudinal
section demonstrates the presence of a chevron like pattern due to grain growth
towards the moving heat source from the partially melted wire filament. Since the
local thermal conductivity is affected by the scanning strategy, it was found that the
orientation of the dendrites also depends on the scanning strategy. A chevron-like
pattern perpendicular to the growth direction of the sample and the longitudinal
direction of the layer deposition was found for the zigzag scanning pattern (Figure 8,

part 2). The grains grow towards the melt pool when the scanning orientation is
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unidirectional. The structure at a higher height from the substrate (30 mm—area 3, 45
mm—area 4, 60 mm—area 5) presents a similar structure, but with a constant
increase in the grain size (Figure 8, parts 3-5): at 30 mm from the substrate, the grain
size is 2.7 mm, at 45 mm the grain size is 4.7 mm and at 60 mm the grain size is 7
mm. Besides, a gradual decrease in material etchability is observed, so that with the
same etching conditions, the boundaries between the deposited layers on the
background of the grain structure become clearly visible in the last layers. This is due
to the transfer of material under the influence of the temperature gradient. Since the
melt pool has an elliptical shape, the electron beam was concentrated in the central
part of the beam sweep; therefore, the temperature in the central part of the melt pool
was higher than at its edges. In the next part of the blocks, area 2, 15 mm above the
substrate, the mixed steel was practically absent, but the structure was rather finely
dispersed (Figure 8, part 2). The presence of impurity atoms (near the substrate) can
be explained by the fact that the electron beam melts not only the previous layer, but
also part of the underlying material, in this case, the substrate. Spherical copper
inclusions are observed in this area (Figure 9), and it has increased etch ability
compared to the austenitic steel substrate. The analysis of the data in Figure 9
suggests that the austenitic steel is being alloyed with copper atoms near the substrate
to form a two-phase region of copper and copper-alloyed austenitic stainless steel.
This does not contradict the known data on the Fe-Cu phase diagram, according to
which intermetallic compounds on the basis of iron and copper are not formed.
However, the dissolution of a limited amount of copper (= 5.8% at 1083 °C) in y-Fe
Is possible. As the number of spherical copper inclusions decreases with distance
from the interface, the concentration of copper also becomes lower.
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Figure 9. The microstructure of the C-type cooper block in the transitional

boundary.

Near the interface in the copper part of the bimetal, we also observed
inclusions with weak etching, and a morphology close to the structure of austenitic
steel below the interface “‘substrate-additive layers” (Figure 9). The presence of a
small concentration of iron in the copper part of the bimetal sample near the interface
can be caused by the formation of a solid solution of iron in copper, although the
solubility of iron in copper is quite low (=2.8% at 1083 ~C)

At a distance of approximately 1.5 mm from the interface, the Cu content is
98.9 (wt. %), which is close to the grade composition of C11000 copper. A clear
transition zone, indicating the formation of a solid solution of iron in copper, on the
metallographic thin sections is not revealed.

Thus, the first layers have a high concentration of substrate chemical
elements, such as Fe, Ni and Cr, whose concentration decreases as the C11000 blocks
is printed (Figure 10a).
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Figure 10. Changes in the elemental composition wt. % (SEM EDS analysis)
(@) and dependence of the microhardness values (b) with the distance from the
substrate of C-type copper block.

The analysis of the distribution of microhardness at transition through an
interface of a bimetallic sample testifies to the sharp change in the strength properties
in a material, which goes from 2.29 GPa, corresponding to austenitic steel, to 0.54
GPa in the copper part of a sample. The transition zones near the interface described
above are characterized by scattered microhardness values (in the steel part of the
bimetal) and elevated microhardness values (in the copper part of the bimetal)
(Figure 10b). The variation in the steel part of the sample near the interface is due to
the fact that, during the microhardness measurement, the indentor is partially caught
by the “soft” copper inclusions in the transition zone. In the copper part of the
workpiece near the interface, higher microhardness values in the transition zone
compared to the main C11000 copper mass can be caused by several factors: steel
inclusions were located in the measurement (indentation) area; solid solution
hardening of copper with iron occurred; and there were finer grain sizes in the
transition zone compared to the main copper part of the workpiece.

The increased concentration of Fe with Cu dilution in this region explains the
presence of small globular inclusions due to its increased tendency to partition. This
phenomenon, with the intrusion of the underlying layers, including the substrate, has
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also been observed in the previous works of various additive products consisting of
austenitic stainless steels, nickel-based heat resistant alloys and copper and bronze
alloys.

Microstructure and Texture Features of Large Sized C11000 Blocks

The barrier effect (the effect of the grain size, which is described by the Hall-
Petch relation) affects the copper part of the sample. According to the microstructure
shown in Figure 11, after the transition zone with fine grain size is formed,
directional solidification occurs in the copper part of the sample. It is accompanied by
the growth of columnar grains that extend in the sample’s direction of growth. This is
In accordance with the crystallization patterns of many materials that use AM, and
can cause the anisotropy of mechanical properties in the samples made by the method
of wire-feed 3D printing. Since the growth process was continuous, one would expect
the homogeneous growth of large grains throughout the entire height of the wall.
Nevertheless, microstructural analysis reveals quite extended areas with equiaxed
copper grains. Such features of crystallization may be caused by non-uniform heat
removal from the workpiece during additive growth, changes in chemical
composition and the violation of the scanning strategy. Electron backscatter
diffraction (EBSD) analysis was performed to determine the direction of texturing. In
the inverse pole figure (IPF) maps, several regions can be clearly distinguished: small
equiaxed grains (1), large equiaxed grains (I1), medium elongated grains (111), and
large elongated grains (1V).
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Figure 11. IPF maps in the Z direction of the C-type copper block. The following
regions are dis-tinguished—I: small equiaxed grains, II: large equiaxed grains, IlI:
medium elongated grains and IV: large elongated grains.

In addition, the transition boundary from the substrate to the first layers, in
which a supersaturated solid solution is formed, is considered separately (Figure 12).
The deposition of the first layers of C11000 cooper on AISI 304 stainless steel
substrate results in the growth of some grains at the expense of the neighboring ones
through the migration of high-angle boundaries; i.e., primary recrystallization takes
place. The formation of crystallization centers and the growth of new equilibrium
grains with undistorted crystal lattice takes place. New grains arise at the boundaries
of old grains where the lattice was most distorted. The number of new grains
gradually increases, and no old, deformed grains remain in the structure. The driving
force of primary recrystallization is the energy stored in the metal. The system tends
to move to a steady state with an undistorted crystal lattice. In this case, grain
boundaries migrate, and an equilibrium structure with minimal surface energy and
grains of equal size and shape is formed. The impurity atoms and second-phase
inclusions (in the transition zone) are factors that promote the formation of a large
number of recrystallization nuclei, but which prevent the migration of grain
boundaries. Another factor is the rapid heat dissipation. Since the fine-grain structure
Is formed close to the substrate, there is rapid heat dissipation during 3D printing
when the distance from the water-cooled table is insignificant. In this case, there is a
high fraction of low-angle boundaries due to crystallization processes, and a small
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fraction of twin boundaries are observed (Figure 12). The average size of the

equiaxed grains in this range is 8.94 £ 0.04 um.

Pt S &

Relative frequency

—__— 0.0 il
0 15 20 25 W 35 W 0 20 0 40 50 o0
Equivalent Circle Diameter, pm Disonentation Angle,

Figure 12. EBSD map fragment; grain size; disorientation; scattered and
contoured IPFs; phase map (Cu: red color, Fe: green color).

Since the driving force of primary recrystallization decreases as it progresses,
grain growth stops when a certain value is reached. In this case, as shown by
scanning electron microscopy analysis, the presence of impurity atoms with an
average size of 2.5 um in the composition of stainless steel decreases. Consequently,
this factor no longer interferes with grain migration. Thus, the deposition of the first
layers of C11000 copper on AISI 304 stainless steel substrate forms rounded grains
with a high proportion of twin boundaries, and the proportion of small-angle
boundaries decreases to a low value: a change in the angle from 10 to 40-50
increases the mobility by an order of three to five times. Since ATs are characterized
by a fast printing process and the mobility of small-angle boundaries is low, the
change in the volume fraction of boundaries is associated with a high temperature.
Due to the large difference in the interval of angles and misorientation axes between
the recrystallized grains, the mobility of the boundaries increases. This leads to an
increase in the average grain size, which is dl =(11.91 = 0.03) um (Figure 13). At the
same time, the observed grains are chaotically disoriented along all three axes, and
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the multiple of uniform density (MUD) function at local maxima differs from the
minimum only slightly.

A remarkable feature of the microstructure of many recrystallized metals and
alloys with HCC is the presence of a large number of annealing (recrystallization)
twins. The twin structure is equivalent to a packing defect. The coherent surfaces of
the twins tum out to be little mobile when heated, but the incoherent surfaces often
migrate, which can lead to the disappearance of small twins as a result of the
development of this process. Since the latter always exist in the deformed matrix, a
favorable situation for twin formation is created when the growing grain meets a
packing defect. However, there are a number of other features of the grain growth
process that can determine the formation of twins. Further, larger equiaxed grains,
with an average size of dIl = (27.76 £ 0.04) um, are observed in the process of
collective recrystallization (Figure 14). With small grains, the interface is large, so
there is a large surface energy margin. As the grains enlarge, the total extent of the
boundaries decreases and the system moves to a more equilibrium state. The ratio of
large-angle, small-angle and twin grain boundaries remains the same.

10 I3 20 25 10 s 20 10 40 0 60
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Figure 13. EBSD map fragment; grain size; disorientation; scattered and
contoured IPFs for | area.
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The formation of large grains is possible both at the expense of neighboring
nuclei, where coalescence is observed, and of gradual growth. Additionally, it should
be noted that the content of iron and alloying elements in the steel substrate
decreases, which reduces the obstacle to the migration of grain boundaries. The
predominance of chaotic grain orientation remains, but it is worth noting the
formation of a predominant orientation along <101> and <111>, as evidenced by the

distribution of the MUD function (Figure 15).
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Figure 15. EBSD map fragment; grain size; disorientation; scattered and
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The size of the grains in this region is very close to each other, but the spatial
distribution of the places where the new grains emerge is different. Consequently, for
orientation <101>, the distance traveled by the boundary to their collision is greater.
After collective recrystallization, secondary recrystallization takes place. In this case
favorably oriented grains grow, thus forming a crystallographic texture in the
material. Grains of this range are characterized by an elongated shape, with an
average size dIII = (338.54 + 13.83) um. The fraction of low-angle boundaries is
insignificant, and twin boundaries are practically absent. Based on the IPF analysis, it
Is clear that the fraction of preferential orientation increases significantly, and the
MUD function value differs by a factor of 25. The direction of recrystallization does
not coincide with the vertical direction of the cladding due to the temperature
gradient during printing. After the completion of secondary recrystallization,
abnormally large, elongated grains are formed, with average length and width values
of dIV = (1086.45 + 57.13) um at the beginning of formation; in the finished
workpiece, they are up to 3.5 mm and 0.3 mm in length and thickness, respectively
(Figure 16). The absence of twin boundaries is characteristic.
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Grains in this range are characterized by a preferential orientation close to
<101> (range between 414 and 134). The temperature gradient plays a key role in the
morphology and size of the structure and determines the crystallization mode. During
the deposition of the first layers of C11000 copper on stainless steel substrate AlSI
304, rapid heat dissipation occurs, which, together with the alloying of copper with
austenitic steel components (primarily Fe) and the formation of inclusions of the
second phase, leads to the formation of a fine-grained structure. As the blocks grow,
the influence of these factors decreases and directional grain growth occurs. Directed
grain growth is facilitated by the slow heat dissipation and temperature gradient
formed during additive blocks growth (Figure 17).
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Figure 16. EBSD map fragment; grain size; disorientation; scattered and

contoured IPFs for IV area.
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Figure 17. Schematic of the texture formation of C-type copper block based
on the dependence of grain size on the Fe content with the distance from the
substrate. Green line is crystalline size, black line is content of Fe.

Region Il represents the orientations of those grains that can have moving
boundaries, with all or most of the texture components of <101> and <111>. In
region 111, grains with texture orientation <101> prevent the formation of grains with
texture orientation <111>. The choice of structure orientation is related to several
factors. The relative volume of the texture component is related to the number of
these grains, that is, the rate of their formation. In area IV, the predominant texture
orientation is <101>. In this case, the growth of grains of this orientation has a
minimum energy of growth.

Mechanical Characteristics of Large-Sized C11000 Blocks

In top, the predominant texture orientation is 101. In this case, the growth of
grains of this orientation has minimal growth energy. Since the additive growth in the
copper part of the blocks forms a significantly heterogeneous grain structure, its
mechanical properties may differ markedly from the properties of cast copper, and it
may have anisotropy. The conducted studies of mechanical properties of samples
(Figure 11), cut according to the scheme in Figure 2 from C-type blocks, show that
there is a significant dependence on the material properties of copper blocks for the
height of the samples from the steel substrate. In the specimens closest (transitional
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boundary and bottom) to the substrate, as shown earlier, there is a mixing of the steel
into the additively clad copper.
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Figure 18. Histograms of the distribution of mechanical property
characteristics of C-type cooper block samples cut in transverse, vertical and
longitudinal directions relative to the growing direction.

Further, at a distance of 18-20 mm from the substrate, there is an increase in
ductility and a decrease in the tensile strength cUT Strans to 249 + 10 MPa. Since the
introduction of steel particles no longer leads to an increase in strength, there is a
hardening due to the refinement of the grain structure of the copper near the substrate.
The strength of cUT Strans in further samples decreases gradually (to 145 + 10 MPa)
in the upper part of the blocks, with quite similar plasticity values. This situation is
due to the fact that the block structure above 20-25 mm stabilizes, and becomes a set
of large grains oriented almost parallel to the direction of heat removal. A large
crystal structure, defect-free, with directional growth, has high parameters of
plasticity, thermal and electrical conductivity, but has lower values of ultimate
strength compared to the fine-grained structure formed near the substrate. At the
same time, the tensile strength of 120 MPa or more is characteristic of cast copper.
The mechanical test characteristics for vertical specimens cut in the build direct
direction along the OZ axis differ by up to a factor of two. The mechanical test
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characteristics for longitudinal specimens cut in the scanning direction 1 along the
OX axis are close to the values for the vertical specimens. Hence, when tensile
stresses are applied in a perpendicular direction to the direction of the elongated
grains in specimens with a non-uniform structure, the plastic deformation of the
specimens is determined by the beginning of a slip dislocation motion in both non-
uniform and uniform grains almost simultaneously. The plastic deformation of
specimens whose tensile axis is parallel to the elongated grains also develops in both
types of grains, because the stresses of the beginning of plastic deformation for them
are close, despite the apparent difference in grain size. The effective dislocation path
length in elongated grains is not significantly longer than that in equiaxial grains that
are close to the substrate. The observed difference in the deformation of the
experimentally obtained data presented in the Figure 11 is probably due to the
influence of interfaces (grain boundaries) on the patterns of macroscopic flow of the
additively grown copper crystals and requires an independent study. Thus, in the
material of the studied C-type blocks, there is a heterogeneity to the mechanical
properties associated with the formed structure, leading to a smooth increase in
plasticity and a decrease in the strength of the material when moving away from the
substrate.

Conclusions

We presented the production of large-sized blocks of C11000 copper on
stainless steel substrates using electron beam wire-feed AM with separate perimeter
formation and separate filling of the inner volume, which avoids disturbances in the
macrogeometry of the samples in the printing process. It was found that the strategy
of sample scanning during printing determines the formation of the structure at the
macro level, and the distribution of large grains in the horizontal and vertical sections
of the sample. Separate filling of the perimeter does not lead to separate structure
formation in the central and peripheral parts of the sample due to the smooth thermal
gradient within the layer during printing. With the deposition of the first layers of
C11000 copper on stainless steel substrate AISI 304, a rapid heat dissipation occurs
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that, together with the alloying of copper with austenitic steel components (first of all
with Fe) and the formation of inclusions of the second phase, leads to the formation
of a fine-grained structure. As the blocks grow, the influence of these factors
decreases and directional grain growth up to 3.5 mm occurs close to the orientation.
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