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CEKIUS Nel.
NHKEHEPHAS 'PA®UKA, CAIIP, CAD, CAE(CIHIEIIMAJIBHOCTD 05.01.01)

3D-IIEYATH KAK HOBOE HAYYHO-TEXHWMYECKOE HAITPABJIEHUE
HIunskpyr @.B., [Iepessa B.B.
MAOQOY COLI Ne33, P®, r. HoBopoccuiick

3d mpunTep. PeampHOocTh M HE00X0AMMOCTH? C KaXABIM TOJAOM 3TO TEXHHYECKOE YCTPOHCTBO
CTaHOBHUTCS BCe OOJIee MOMYIISIPHBIM M BOCTPEOOBAHHBIM, KaK Ha NPEANIPUATHAK, B PA3INUHBIX OPTaHU3ALMSX, TaK U
B IIKOJIaX. JTO HOBEHIIIEEe TEXHUIESCKOE CPEIICTBO CTANO MOCIEAHEH pa3padOTKOM, MPU3BaHHON 00ecneunTh Oojee
Ka4eCTBEHHBIII YpOBEHb IOJATOTOBKH B POOOTOTEXHHKE, Kak HauOoJiee MEpPCIEKTHBHOW OTPACIN YEIOBEYECKOTO
3HaHUS, a TakkKe CTHUMYJIHPOBATh HMHTEIUICEKTYalbHYI0O W TBOPUYECKYIO NESTEIHHOCTh OOBIYHBIX IIKOJBEHUKOB,
OyAyIINX CHEIHATHCTOB C Pa3BUTHIM KPUTHIESCKAM MBIIIICHAEM, HHUIIHATHUBHOCTHIO, KOHKYPEHTOCTIOCOOHBIM.

B manHO# cTaTthe OyQyT 3aTPOHYTHI ACTIEKTH M HIOAHCH! 3d IeYaTy, THITBI ¥ BUABI IIACTHKA, IPOTPaMMa
JUIsl TIOATOTOBKH MpoekTa. bosiee mogpoOHO MBI XOTedH Obl OCTAHOBHTHCS HA OmucaHuu paboTsl ¢ 3d mpuHTEpOM
Smart Touch 3DMakeUP (u3 onbita paboTsi). Panee Bce OromketHbie 3d mpuHTEphI MOCTaBIsLIUCH Kak Kit HabopbI,
U TOCJIe MOKYIKHU, UX IPUXOAMIOCH COOMpPATh U HACTpAaUBaTh HA MPOTSKEHUU MHOTHX YacoB, IO3TOMY JIFOASM, HE
pasOuparoiMcsi B 3JIEKTPOHUKE, OBbLJIO KpaHe CIOXKHO MX coOparh Jake HpH TOMOINM MHCTPYKUWH. JlaHHBIN
NPUHTEP HE HYXXHO coOMpaTh W HacTpauBaTh, €ro MPOJAIOT NPAKTHYECKU IIOJHOCTBIO TOTOBBIM K pabore. Jlis
Hayajla MeyaTdu BCEro JIMIIb HaJ0 NPOU3BECTH KaJHOPOBKY HYJIEBOTO YPOBHS II0 YETHIPEM TOYKAM YETHIPHMS
BHUHTaMu cToa. [IpunTep rotoB k neyatu coycts 10 — 15 munyt. Ilpu cOopke TpyaHO n30ekaTh mpodiieM, Tak, BO
BpeMsl TPaHCTIOPTUPOBKHA MOTYT OBITh COWTHI KOHIICBHKH HYJCBBIX YPOBHEH H PAaCTSHYTHI HEKOTOPBIE PEMHH.
Kopriryc mpunTepa H3roTOBIIEH W3 MPOYHOH (aHEepHl, MOATOMY 31eCh HET MPOOIeM ¢ JKECTKOCThIO KapKaca W ero
nedopmaruei mpu nevaTi. B KOMIDIEKTe OCTaBKH BMeCTe ¢ IpuHTEepoM HeT sd kaprta Ha 4 TO ¢ mpOrpaMMHBIM
obecricueHre, a TakXKe IIOJACTaBKa IS KHJIOTPaMMOBBIX Karymiek. CaM TPHHTEp OTHOCHUTCS K OFOKeTHOU
KaTeroOpuu M HE UMEET IMOJOTPEBAaeMOr0 CTOJIa, YTO HETaTUBHO CKa3bIBAaeTCA NPH IedyaTH IuiacTukoMm Tuma ABS.
XapakTepuCTHKM NPUHTEpa BIOJIHE CTAaHIApTHbIe W gocroiHble. O6nmacte mewyat 190x190x205 mm. [Ipunrep
OCHAII[EH CJIOTOM JUIS KapT MaMsITH THIopa3MepoM sd 1 MOHOXPOMHBIM JUCIUIEEM, YTO MO3BOJISIET MPOU3BOAUTH
reyarhb MpsMo C KapThl amMsiTH 0e3 MOAKIIIUEHHs MPUHTEpa K KoMIbioTepy. Ha mucruiee npuHTepa oToOpakaercs
MHOT'O TIOJIE3HOI HMH(pOpMalMu, Kak, HalpuMep, TeMIleparypa 3KCTpyJepa, BpeMs MedyaTH, CKOJIBKO BpPEMEHH
0CTaJIOCh JI0 3aBEPIICHUS U T.1.

J1st meyatu mpUMEHSIeTCs JBa OCHOBHBIX BHJa ruiactuka PLA u ABS, a Takke MHOXXECTBO BTOPHUUHBIX
IUTACTUKOB: TIPO3payHble, THOKNE, MAaTOBBIC | T.ll, HO B OCHOBHOM Macce Iedarb UAeT HMEHHO MEePBBIMU OBYMS. Y
BCEX IUIACTHKOB €CTh CBOM XapaKTEPUCTHKH, IOCTOMHCTBA, HEAOCTATKA U cepa mpumeHeHus. PLA — 3To opranuka,
CICTaHHAs W3 BOJOKOH KyKypy3bl. JlaHHBIH BHJ IUTACTHKAa HE IOJNTOBEYEH W pasziaraercs 3a 2- 3 roma oOT
BO37ICHCTBUS ynbTpaduonera. OH 3HAYHTENBHO MEHee NpouHbId, yeM ABS u TpeOyeT MEHBIIYIO TeMIepaTypy
paboTs1, oxomo 200 rpaxycoB. JJaHHBIN INIACTHK MIPH TUIABJICHUN MPAKTHYSCKU HE BBIICISET BPEIHBIX BEIICCTB.

B otinune ot PLA ABS — xumusi, 1 oH aenaercs u3 HeTH. DTO yIaponpoyHasi TEPMOIUIACTUIHAS CMOJIa
Ha OCHOBE TOJIUMEpPA CO cTepoioM. TemmepaTypa TUIaBJIeHHs] 9TOTO MJIaCTUKA 3HAYUTENHHO BbIme — 260 rpaaycos.
OTO MPOUYHBIA M JOJTOBEYHBIH BHUJ IUIACTHKA, K TOMY € 3TOT IIACTUK IOJBEPKEH IOCTOOpabOTKE arieTOHOM.
Jertans mpuoOpeTaeT TIIHEI, CJIOHW IOMOJIHUTEIHHO CKIEHBAIOTCA W CTAHOBATCS NMPOYHBIMHA. Ho TpH mumaBieHHn
9TOT IUIACTHK BBIACISAET TOKCHYHBIE BEIIECTBA, M, €CJIM MOCTOSHHO HAaXOAWTHCS PSIOM C NMPHHTEPOM W JBIIIATH
rnapamu, MOXHO MOJy4UTh oTpaBieHue. [103TOMy HaHHBIM BU MIACTHKA HE PEKOMEHYETCsl HCI0JIb30BaTh B IJIOXO
[IPOBETPUBAEMBIX TIOMEUIEHUSIX, B YaCTHOCTH, B IIKOJIAX.

[pu nevatu Ha 3d mpUHTEpaX BO3ZHUKAET Psijl MpoOIieM, HO HAaHOOJIee aKTyaIbHBIE CIEAYIONINE U3 HUX:

1) KagectBo mewarn. Korma nmeramu moirydaroTcss KpUBBIE KOCBIE M HE POBHBIC. DTO MOXET OBITH
CBSI3aHO C INaTaHWEM paMbl U JedopMaluu ee NpH IeYaTH, 3acOpOM SKCTPyZepa M HEBEPHBIM I10100pOM
TeMIepaTyphl IIABICHHS TUTACTHKA TIPH 3aITyCKe MeYaTH, a TAKXKe IJIOX0H HATSKKOH peMHE! IIaroBbIX JIBUTATENEH.

2) Ommmnanne fpetand oT crtoja. CBS3aHO 3TO C Pa3sHOCTHIO TEMIIEPATyp XOJIOTHOTO CTOJIA H
ropsiaero ’KkcTpyzaepa. [ImacTuk mpu oXJIakICHUN C)KUMAETCs, B 3TOM CIIydae JAeTalb OTIUIIAeT U IepeKalnBaeTcs,



1 OHA CTaHOBUTCSA HepoBHOI. C 3TOH MpobIeMoli cpaXkaloTcs 10 CHX IOp pa3sHbIMU CHOCO0aMU, Mo0Upas pa3Hble
MaTepHabl

3) Paccioenne neramu. CBs3aHa OHa TakKe C CY)KCHHEM IDIACTHKa HOCIE NeYaTH, HO BO3HHKACT
MEXIy cIosMU redatu neraian. OOBYHO OHa cBs3aHA ¢ 3 mpoOieMaMu: CKBO3HIKH, KOTOPHIE IIPUBOIAT K PE3KOMY
OCTBIBAaHMIO IUIACTHKA Cpa3y IOCIIe IIeYaTH, HeAOCTaTOUHbII HarpeB miactiuka. OH He NPIIKIAET K IPeAbIayIeMy
CJI010, OOJIBIIIOE PACCTOSHIE MEXIY ciiosiMA. OOBIYHO TIPH MeYaTH BHICTABIAIOT ypoBHH OT 0.1 10 0.4 MM, © npu
OoJIbIlIeM Nepexo/ie Ha CIIAYIONIHN YPOBEHb, IUIONIA (b CKJICUBAHNS YMEHBIIACTCS

J11s1 TOBBIILICHUS a/Ire3UH TUTACTHKA (IIPUIINTIAHU) U TTOBBIIICHHS KauecTBa IeYaTH MEPBOTo CJIOS, YTOObI
JeTanb Oblia MeajJbHO POBHOM U IIAJIKOH, IPUMEHSIOT HECKOJIBKO Pa3InYHBIX BUIOB MOKPBITHH:

. 3epkano +poBHO +7EIIeBO — TPECHET OT Iepenaja TeMIepaTypsl — HyXkKeH kieeBol cioit (ABS
COK)

. BopocunukaTHOe CTEKIIO + POBHO + TEPMOCTOMKOE — HYKEH KJIEEBOU CIIOH

° KamroH — mocite kax 1o meyaTi Heo0XoArMa 3aMeHa - JOPOToi

. CuHMIT MaJSIPHBII CKOTY - JOPOTOi

. CuTamioBoe CTEKIIO +POBHO + TEPMOCTOMKOe + He HyXXeH KJIeld — Ioporo — Hajao rpets ao 110-
120 rpanycos

OtnenbHOM TeMOH sBisieTcst mocToOpaboTka aeraneit u3 ABS miacTuka aneToHOM. ALETOH - KpaiiHe
TOKCHYHOE BEIECTBO, U JIydllle BCEro /i1 00paboTKU clesiaTh aleToHOBYI 0aHo. [yt 3Toro HeoOX0qUMO B3STh
IUIOTHO 3aKpbIBAIOLIUICA TePMETHYHBIM IUIAaCTUKOBBIM KOHTeHHep miusi ensl. OH chesnaH M3 IOJIMIPOIIIICHA,
MI03TOMY aIleTOH €ro He pacTBopsieT. BHyTpu HEOOXOIMMO YCTaHOBUTH €MKOCTh C IOAOTPEBOM M BEHTHJIATOD IJIS
JIy4IIero oomyBsa.

[ocne mprnoOpeTeHus MpUHTEpa cpa3y XodeTcs 4To-HuOy b HareyataTh. Ha ¢umke yxe ecTh TOTOBBIH
MPOEKT AJs MeYaTH Basbl, HO 3TOr0 HemocTaTodHo. [l medatd morpeOyeTcs yCTaHOBHTh Ha KOMIBIOTED U
HACTPOWTH MOJ TpHHTEp mnporpammy. Ha ¢msmke B Kommekre mMeercss mporpamMma CUra, HO OHa HMEET
OTpaHWYCHHBIN (YHKIMOHAT M OcqHbIe HACTpOWKW mpuHTEpa. [losToMy mydmre ckadaTe ¢ OGHIMAIBHOTO caiTa
6ecrumatnyto nporpammy Repetier-Host sepcun 1.62. JlanHas nporpamma npeodpasyer ¢aiin neranu ¢popmara Stl B
MPOEKT IS Teyatd. B mporpamMme HeoOXOJMMO CO31aTh CBOM HACTPOMKHM M yKa3aTh XapaKTEPUCTHUKH IPHHTEpa:
JOIYCTUMYIO 00JIacTh NeYaTH, TUaMeTp COIUIa SKCTpyJepa M HUTH IUIACTHKA, a TAaKKe yKa3aThb HAJIMYUE CTONA C
mogorpeBoM. Ilociae 3Toro B pabodyrd 30HY MOXKHO IE€PEHOCHTHh JeTanu u3 stl (aiinoB u HacTpauBath
XapaKTepUCTUKH HCIOIb3yEMOTO IUIACTHKA, IIUPUHBI CIIOEB YCTAHOBKU MOJAEPKKHA YPOBHEH M CKOPOCTH IEYaTH.
JlaHHBIE HACTPOMKHN MOAOMPAIOTCS CO BPEMEHEM OMBITHBIM IIyTEM U HACTPAaUBAIOTCA HMEPCOHANBHO. J[eTanh MOXKHO
BpallaTh, MaclITabNpPOBATh U IIEpEMEIaTh 110 CTONy. TakKe MOXKHO pa3MeIaTh HECKOIBKO IeTalel U MHOKHTD HX.

Jlo npuobpeTeHus MpuHTEPa MOKET BO3HUKHYTH BOIIPOC: «A 3adeM OH HaM HyxeH? UTo MOXXKHO Ha HeM
HaredaTats?» [lepeuncimm HEeCKOJIbKO NPUYNH, IO KOTOPEIM 3d MpUHTEp TOJDKEH OBITH B IIKOJIE:

1.3D-npuHTEp MOOYXKIaeT MIKOIBHUKOB K HAYYHO-TEXHHYECKOMY TBOpUecTBY. IIporiecc meyaTtu BBITTSLAUT
Kak Marus. Bemw BosHMKaioT n3 Huuero. llIKonpHMKAaM CTaHOBHTCS MHTEPECHO, KaK K€ 3TO IPOUCXOANT?
HaumnaeTcss mpouecc u3y4eHHs W 3aHSATHH HayYHO-TEXHHYECKMM TBOPYECTBOM, IOSBIISIOTCS WHIKCHEPHBIE
MIPOEKTHI.

2.3D-punTep OTKpbIBaeT OKHO B Mup 3D-monmenupoBanus, 3D-Busyanuzallid W JOTOJIHEHHON
pearbHOCTH.

3.3D-npuHTEpHl pa3BHBAIOT IMPOCTPAHCTBEHHOE BOOOpakeHHe. HOBBIE CTPYKTypbl B HalleM MO3Ty
BO3HMKAIOT II0 Mepe HeoOXoammocTu. 3D-IpuHTEp cO3/aeT TaKyl0 HEoOXOIMMOCTh O0Opa3oBaHHS CTPYKTYp
IIPOCTPAaHCTBEHHOTO MBIIIJIEHUS, YTO, B CBOIO OYEPE/b, AACT YeOBEKY KOHKYPEHTHBIE IIPEUMYILECTBA IIepe]] TEMH,
y KOT'O UX HeT.

4.Mcnonbs3oBanue 3D-prHTEPOB MOJIPOCTKAMH TTO3BOJISIET MM M300peTaTh HOBbIE TEXHUYECKUE MTPOJTYKTHI.

5. 3D-npunTeps Bo30yk1atoT BooOpakeHne. Bo Bpemst paboTsl Ha 3D-npuHTEpE MOCTOSIHHO POXKJIAFOTCS
HOBBIE HJIeH. Beap IpuHTEp TeyaTaeT caMOCTOSTEIhHO, a OIepaTop MOXKET CIOKOITHO CIIEANTH 3a ero paboToit u
001yMBIBaTh HOBBIE HleH. 3D-puHTEp 0CBOOOKAAET YETIOBEKA OT PYTHHHOTO TPYAa M IMO3BOJISIET €My 3aHUMAaThCs
TBOPYECTBOM.

Hcnonb3oBanne 3D-MomenupoBaHuss B OOy4YeHHMH JeTell Kak HHUKOTJAa akTyalbHOo. Pabora B JaHHOM
MPOEKTE JACT HAIIUM Pe0siTaM MHOTO 3HAHHI M yMEHHH, KOTOpbIe OyIyT UM IOJIE3HBI B OyIylIeM.

Bo-niepBbiX, OHM OyAyT NpPOEKTUPOBATH MpEIMET OT HJAEH JO €ro BOIUIOMIEHHS. OTO OIMH U3
podeCcCHOHANBHBIX HABBIKOB, HEOOXOAMMBIH MPH MPOSKTHOH AEATEIHHOCTH.



BO-BTOpLIX, Ka)K[[LIﬁ o6yqafou1m71c;1 pa60TaeT B OOJIbIICH CTEIIEHH CaMOCTOATEIJIBHO, MeAaror BbICTYIAacT B
Ka4€CTBEC ThIOTOpPA — OH HAIIPaBJIACT, IOMOTacT, COBCTYCT.
Takum 06pa30M, TIOBBIINAETCA YPOBEHb CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTHU, YTO OYE€Hb BAXXHO IJIA
COBPEMEHHBIX IIKOJIBHUKOB.
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CEKLIHAS Ne2.
WUH®OPMATHUKA, BBIYMCJIUTEIBHAS TEXHUKA M YIIPABJIEHUE
(CIEOUAJIBHOCTH 05.13.00)

CEKIUA Ne3.
QJEKTPOHUKA (CHELUAJBHOCTD 05.27.00)

CEKLIAS Ned.
MAIIMHOCTPOEHUE U MAIIMHOBEJJEHUE (CHELIUAJIBHOCTb 05.02.00)

AHAJIN3 ObOPYJOBAHU S JIMKBUOAILIUN HEOGTAHBIX OTXO/10B
Kosnenuykos O.A.
WHul" COY, PO, r. KpacHospck

Kak u3BecTHO HedTen00bIBaIOIIAs IPOMBIIIIEHHOCTD 110 YPOBHIO OTPHLIATEIBHOTO BO3IECHCTBUS OTXOIOB
Ha OKPY’KaloIIyl0 MPUPOJIHYIO Cpelly 3aHHMMAaeT OJHO M3 IEPBBIX MECT CPEAN BeIyLIMX OTpaciell XO3sIHCTBEHHOH
aearenbHoCTH. [1st HeTAHON OTpaciy XapakTepHO 00pa3oBaHue HE(PTSIHBIX OTXOAOB, MIIM KaK UX WHa4Ye Ha3bIBAIOT
— HedrenuiamoB. Hedrenutampl 00pa3yloTcs NpH  pa3iIMuHBIX TNPOM3BOACTBEHHBIX IIPOIECCaxX, TaKUX Kak
CTPOUTEIBCTBO HE(MTSIHBIX CKBAXKHMH, aBapUHHbIE CHUTyalllH, NepepadoTka HedTH, 3a4MCTKa TEXHOJIOTHYECKOTO
obopymoBanus u T [1].

Hedrenuiampl  npeacTaBisiror  co0OW  CIIOXKHBIE  (M3MKO-XUMHYECKHE TIPUMECH, COCTOSIINE U3
YTJIEBOJOPOJIOB, MEXaHUYECKUX MpUMecei (IJIMHA, TIeCOK M Ip.) M BOABI, COOTHOLIEHUE KOTOPBIX BapbUPYeTCs B
Pa3IMuHBIX COOTHOILEHUsIX. KpoMe Toro, HedTeniaMpl CoepkKaT COIM Pa3IMYHbIX METAJLIOB.

CymecTBylomee B HacTosIiee BpeMsi 000OpydOBaHWME JMKBHAAUMHM HEPTIHBIX OTXOJOB HE
NPeAyCMaTpUBAIOT MX NepepabOTKy, a OrpaHWYMBAIOTCS JIMIIL COOPOM, JOCTaBKOH K MecTaM XpaHEeHHS s
BO3MOXKHOCTH JajibHelmel yrmim3sanuu. HedrecOopHoe 000pynoBaHME MOXKHO Pa3JielIUTh Ha CIEIYIOIINE TPH
TpYIIIbL:

— obopyoBaHue ISl YTHIM3ALUH U JIMKBHIALUH aBapHid;

— obopymoBaHue s XpaHESHHST,

— CKUMMeEpBHI.

O0opyznoBaHue AJIsl yTUIIM3ALMHN U JIMKBUAAIMN aBapuil 3aHMMaeT KIII0UYeBOE MECTO B HETSHON OTpaciiu.
JlanHoe 000py/I0BaHUE MOAPA3/IEIISIETCs HA JIBE KATETOPHU:

— o0opynoBaHHe A yTHIU3AIH (IEHTpU(yTH, cenapaTopbl, HHCHHEPATOPHI);

— He(TeCcOOPIIMKY JUIS JINKBHUJIAIINHI aBapUHHBIX Pa3iUBOB (PUCYHOK 1).

[lepBble mpegHa3HAYEHBI VIS TOTO, YTOOBI CHU3MTh HEraTHMBHOE BO3JECHCTBHE HEQTSIHBIX OTXOAOB HA
OKpYXXAIOLIYI0 Cpely, HO TaK M HE MOJIyYMJIH LIIMPOKOTO NPHUMEHEHHUS B BHJY JOPOTOBH3HBI, BTOPbIE — YTOOBI
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BOBpEMsl YCTPAaHWTb TNPHYMHBI aBapuii Ha Boje win mnouBe. K aBapuiiHbIM HeTeCOOPIIUKAM OTHOCSTCS
obopyoBaHue il HaHECEHHs U cO0pa COpOeHTa, 3arpauTelibHble HeTeorpaxaaroiine OOHbI, MOJNOPHBIE CTEHKH
u T [3].

Pucynok 1 — HedrecOopuk st TMKBUAAIINHN aBAPUUHBIX Pa3IMBOB

Crenyromuii Bux o00pynoBaHus — 3To eMkocTu. OHM NpeiHa3HaYeHBb! I XpaHeH!sT He(DTSAHBIX OTXOO0B,
KaKk BPEMEHHOTo, Tak W HocTossHHOTrOo. HedrecOopmmkn Uit BPEMEHHOTO XpaHEHHs IIPEICTaBJISIOT COOOM
MOJYIIKOOOpa3Hble pe3epByapbl, CKIagHble OacceliHbl, ambapbel (puCcyHOK 2) M japyroe o0OpynOBaHUE,
MO3BOJISIIOIIEE COOMPATh M OCTABIATH Ha BPEMEHHOE XpaHeHHe HeTh M COpPOCHTHI NMpH aBapHsx U pasnuBax. Kak
MPaBUJIO, TAKUE PE3EPBYaphl BHIIIOJHEHBI M3 KOPPO3HMOHHOCTONKMX MaTtepuasioB. [1o cpaBHEHUs ¢ 000pyaoBaHUEM
JUIi BPEMEHHOTO XpaHEHWs, €MKOCTH IIOCTOSIHHOTO XpaHEHHs HMMEIOT Ooubline pasMepbl M MpPaKTHYEeCKH
WJICHTUYHBIE MaTepPHaJIbL.

Pucynoxk 2 — AM6ap 111 XxpaneHust HerenuiamoB
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[locnenHum paccmarpuBaeMbIM 00OpyZOBaHUEM siBiseTcs cKkpummep. CKpuMMepsl (PUCYHOK 3) —3To
HepTecOOPIINKH, COOMpAIOIINE C IOBEPXHOCTH BOJIB HE(PTH, HEPTEHPOIYKTHl U IPYTHE 3arPs3HSIONINE BEIIECTRA.
OHM MMEIOT Pa3INYHYI0 KOHCTPYKIHMIO, PasIMYHBIA IPHHIMI ISHCTBUS, Pa3IMYHYIO IPOM3BOIUTEIBLHOCTh H
ONEPHPYIOT C 3arps3HAIOIIMMHU BEIIECTBAMH PAa3NIMYHOW Bs3KocTH. Haumbonbmryro >¢QeKkTHBHOCTH MONTy4YHIN
CKpHMMEpHI Ha OCHOBE 0JIeO(IIIBHEIX AuCcKOB. OHM pa3paboTaHsl s cOopa pasnuroit HepTr U HEPTENPOAYKTOB C
MOBEPXHOCTH BOZIBI B IOPTaX, OyXTax, BHyTPEHHUX BOJOEMaX, NMPUOPEKHBIX BOJAX W MECTaX BNAJICHUS OJHUX
BOZI0EMOB B apyrue [3].

Pucynok 3 — Ckpummep HedrecOopIIrK

W3 BbIlIe TpENCTAaBICHHOIO aHallM3a MOXKHO ClHIeNIaTh BBIBOJ O TOM, YTO HAa CETOJAHSIIHHUN JIeHb HE
cymiecTByeT 3 peKTUBHOr0 000pyAOBaHUs JUIs JIMKBUAAMH HEPTAHBIX OTXOMOB. B nydiem ciryyae mpou3BOANUTCS
CKUTaHHE COOpaHHBIX OTXOJIOB B YCTAHOBKAaX IMPSAMOr0O CXKHraHus, Tuna «Buxpe». Ho B CBSI3M C MOCTOSHHO
Y)KECTOUAIONIUHCS TpeOOBaHMAMH K OXPaHE OKPYXKAIOIIEH cpelsl UpEe3BBIYANHO aKTyaJbHOW 3a/laueil sIBIseTCS
pa3paboTka TexHoJoruii Oonee 3GPEKTUBHON yTWIN3AIHUK OTXOAOB HEPTH IMyTEM IepepaboTKu, MCKIIIOYAIOIIEH
BpeIHbIE BBIOpOCH B aTMocdepy [2].

Haubonee s¢ddexTuBHBIX 000pydOBaHMS Ul YTHIM3ALUH HEPTSHBIX OTXOIOB SIBISIOTCS HMHPOJIN3HBIC
YCTAHOBKH, TIPUHIMI JEHCTBHUS KOTOPHIX OCHOBaH Ha METO/E MUPOJIN3a. B oTinM4me oT mpsiMOTo CXKUraHus, METOJ
MUPOJIM3a TI03BOJISIET IMOJIy4aTh LIEHHBIE Ta3000pa3Hble M KUAKHE YIJIEBOAOPOJbI M BOJOPOJ IHPUTOIHBIC ISt
MPUMEHEHHUS B KaU€CTBE BICOKOIHEPTETHYECKOTO U 3KOJIOTHYECKOTO TOIUINBA, IPU MUHUMAJIBHOM BO3JIEHCTBUN Ha
OKPY>KaroILIyIO Cpefy.
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CEKLIUSI Nes.
SHEPTETHUKA Y SJHEPTETUYECKHUE TEXHUKA W TEXHOJIOTHH
(CHELIMAJILHOCTH 05.14.00)

KOHIEILNA ABTOMATU3NPOBAHHOI'O KOMIIJIEKCA
OBCJIY)XXVBAHWS JINHUI 3JIEKTPOIIEPEJIAY 10KB

Auexcanapos E.JI., Cyaranos H.3.
OpeHOyprcKuil rocyIapCTBEHHBIH YHUBEPCUTET

B coBpeMeHHOM MHpe aBTOMATH3AIMs 3aHUMAET Bce OOIIbIIIEe MECTa BO BCeX cpepax 4eIoBeuecKoi KU3HH.
SIBnsisick mepeloBBIM KpaeM HayKH, € XOJOM IMporpecca OHa MO3BOJISET peliarth HacyiHbie mpobmembl. Kak
TIOKa3bIBaeT IPAKTHKa, OJJICKTPOIHEPreTHKa SIBJSIETCS OJHOM M3 OTpacieil NpPOMBIIUICHHOCTH, B KOTOPOH
COBpEMEHHBIC Hay4YHbIE TIOAXO/bI U METO/IbI UCTIOJIb3YIOTCS HanboJiee 4acTo.

[IpoTskeHHOCTH JIMHMEH dnekTporepenay B Poccum cocraBnser OGonee 3 mun.kMm [1]. BripabGotka
HOPMATHBHOTO CpOKa paclpeaenuTeNbHbIX cereil coctaBmsier 70% [2]. Jns ux oOciyxuBaHus TpeOyeTcs
cHeuuaibHO OOYyUYSHHBIH TMEPCOHAN, C JOMYyCKOM K padOTe Ha BBICOTE U C 3JIEKTPOOOOPYIOBAaHHEM HaXOMASIIAMCS
0/ HATIPSDKCHUEM.

Juist yayduieHust YCIOBUM TPy/aa, YMEHbBIICHUS TPAaBMATH3Ma OOCITY)KHBAIOIIETO MePCOHAa U YBEIHYCHUS
MPOU3BOIUTEIBHOCTH pa3pabaThIBACTCS KOHIICMIMS aBTOMATH3MPOBAHHOIO KOMIUIEKCA JUIS OOCITY)KHBaHUS
HHU3KOBOJIBTHBIX JIMHUIA 3JIEKTpONiepeiay, Mpe/ICTaBICHHAs Ha PUCYHKE 1.

Puc.1. — ABTOMaTH3MpOBaHHBIN KOMILIEKC o0cyxuBanus JIOIT
1 — 6710k IepeMeneHns] KOMITJIEKCa B BEPTUKAIbHOM IIOCKOCTH,
2 — OCHOBHOH KOPITYC ¢ OJIOKOM BpallleHHs1 KOMIUIEKca BOKpYT oropsl JIOII,

3 — rpyIna KONMPYIOMUX MAaHUITYJISTOPOB, 4 — IMyJIbT YIPAaBICHHUS KOMIUICKCOM.

Konnenmus: pa3paboTka aBTOMATH3MPOBAHHOTO KOMIUIEKCA JUISI 3aMepa HaJIU4YUs HANpSKeHUS |
oOciy)KuBaHHs JIMHUIA dnekTporepenad 6-10 kB, KoTopas MO3BOJNUT MCKIIOYHTh YYacTHE YEJIOBEKa B OMACHBIX
BU/IaX paboT C ANMEKTPOOOOPYIOBAHUEM Ha BBICOTE U 110J1 HANPSHKEHHEM M YBEJINYUTH POU3BOJAUTEIBHOCTD.
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B naHHOM KoMIUIeKce OyZleT peann3oBaH Bech (YHKIMOHAJT, KOTOPBIH HCIIOJHSET PaOOTHUK BO BpeMs
oOcimyxuBaHusd HHU3KOBONBTHBIX JIOII, Takmx Kak 3aMep HaJW4YUsl HANpsDKCHUS, YCTAaHOBKA MEPEHOCHBIX
3a3eMIIIOINX YCTPOWCTB, CHATHE M YCTAHOBKAa IPOBOJOB. YTPaBIEHHE OYAET OCYIIECTBISTHCS CIIEIHAINCTOM
yepe3 MynbT ynpaBieHUs. lMcrmomp3oBaHME KOMIUIEKCA MO3BOJNIUT HM30€KaTh 00S3aTEIBHOTO MHCTPYKTaXka Iepen
paboToii mnsg momycka K HeH, M YCTpaHHT TpaBMaTH3M pPaOOTHHKOB, CBS3aHHBIH ¢ pabOTOW Ha BHICOTE HW C
000pyIOBaHUEM IO/ HATIPSKCHUEM.

Komruiekc Oyznet ycranaBnmBarbesi Ha onopy JIDII cnennanicrom Ha ypoBHe 3emin. Kommieke siBisieTcst
pa30OpHBIM, COeUHEHNE Pa3OOPHBIX YacTed OyAeT BBIMOJHATHCS C TIOMOIIBIO 3aMKOB C JIBYX CTOPOH Ha KOJIbIax.
Jnst paboThI OnepaTop MCIOJb3YeT IyJIbT YIPABICHHS U CHIEHUATbHbBIA MepYaTKU AJIS YIPaBICHUS KONUPYIOIIUMHU
MaHUMyssTOpaMu. it ero mogseMa Io OIope UCIOJIb3yeTcs KoJecHast 0a3a, KOTopas MepeMeliaeT KOMIUIEKC B
BEPTUKAJIbHOW IUIOCKOCTH W Jlajiee HaJeKHO (ukcupyercs. s mepememieHns B TOPU3OHTAIBHOW IUIOCKOCTH
KOMIUIEKCa HCIIOJIb3YeTCs €Ile OfHAa KoylecHas 0a3a, KOTopas IBHTaeTcs IO KonblaM. HemocpeacTBeHHO ams
obcmyxuBanus JIDII HMCONB3YIOTCS KOMMPYIONINE MAaHUOYJIATOPHI M KOMIUIEKT To obcmyxkuBanmuto JIOII. B
KOMIUIEKT BXOJSIT yKa3aTeIIH HaIlPsKEHUs, 00JIrapKa, KJISIIHH AJIs1 yCTAaHOBKH MEPEHOCHOTO 3a3EMITHTENS.

Takum 00pa3oM, KOMIUIEKC OyIeT CIIOCOOCH MOJHOCTHIO 3aMEHHTH UYEIOBEKa Ha OMACHBIX IJISI paboThHI
ydJacTKax, IIPH 3TOM C3KOHOMHB BpeMst o0cmyxuBanus JISIT u MckimrouuB TpaBMaTn3M pabOTHHUKOB.

[IpenmonaraeTcs HamucaHWE IPOrPaMMHOIO aiNrOpUTMa JUId YIOpaBICHUS KOMIIEKCOM Ha 0ase
KoHTposutepa Arduino Uno u ero MOCIEAYIOMIEr0 PA3BUTHSL.
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THREE-DIMENSIONAL PRINTING TECHNOLOGY
IN CIVIL ENGINEERING

Jmurtpuesa H.K.
[leTpo3aBoackuii roCcy1apCTBEHHbBIN YHUBEPCUTET

The contemporary customer demand for housing is constantly increasing due to the expedient growth of
human population. The widely practiced conventional approach in housing development and economic challenges
experienced by the bigger portion of human population call for new ideas in civil engineering and construction
technologies. Introduction of innovative technologies into the area of civil engineering should increase the speed of
housing construction significantly. It sounds strange today, but 3- D printing construction technology may become
basic soon.

According to the latest statistics, around 7 billion people inhabit the Earth today and about 4,5 billion of
them reside in big cities. Therefore, more than 50% percent of the total population are urban citizens. If all goes the
way it does now, 9.2 billion people will inhabit the planet by 2050. Most probably, they will choose to live in huge
urban centers because of the proximity to their work places and due to the possibility to enjoy a more comfortable
life. Agglomerations all around the world will grow like newer seen before. The number of people looking for
accommodation to work and live in will grow exponentially. It looks like a real problem waiting for its quick
solution.

This challenge can be considered as a new opportunity come up with new approaches and to formulate new
concepts on how new cities should be planned and developed. Such cities should generate less garbage and carbon
dioxide, become smart and sustainable, ecologically friendly and safe.

The solution for many countries is to rebuild and expand existing residential developments. Some countries
are already testing these ideas to be realized in the nearest future. They are, for example, South Korea (New Songdo
City), China (Tianjin Eco-City), Abu Dhabi (Masdar City). Such innovative projects are very demanding and require
huge financial investments and human intellectual abilities.

When a country becomes wealthier, it has the opportunity to build cities from scratch or, so to say, from
ground zero, while the race of salaries comes along. At a certain point, the thoughtful and skillful implementation of
the system involving cooperation of machines and construction technologies starts bringing considerable profit.
Today numerous countries and their institutions are involved in the research of mechanized system’s usage. The
employment of new construction technologies in civil engineering industry can make the process of large
settlements’ development much cheaper. Some countries such as USA, Japan, and China invest a lot of money and
human capital into the realization of this ambitious goal.

The basic idea of such innovative projects is to rely on methods on which 3D-printing process is based. For
example, to print a tea cup we have to, first, make a virtual 3D-model of this object. Later the model will be
materialized by a special printing machine layer by layer.

Modern prototypes of the concrete-using 3D-printers are able to build dynamic shapes of house-walls.

The so called Contour crafter is a first 3D printer able to print houses in field conditions in a short period of time.
Even though most of the Contour crafter operations are controlled by the built in computer system, this machine is
not fully autonomous A team of highly skilled workers is required to serve and maintain all the mechanisms
involved into the process of construction.

In addition this technology requires the use of special construction vehicles
The 3D constriction starts with the process of site leveling, afterwards, the craftsmen lay a solid concrete foundation.
The Contour crafter runs on specially constructed rails. The machine is placed on top of them with the help of a
truck crane.

To reach a specific point in the three-dimensional space and to provide movement of the 3-D printer three
axes X, Y, and Z are required. The X-axis is defined by the direction of the rails. The Y-axis is defined by the
height of the crane arm: 3D-printer becomes higher and higher during the process of construction. The maximal
construction height reaches 6 m, which correlates with a 2-level house. The last axis is defined by the cross beam,
which is connected to a print-head of the Counter crafter.

The 3D printing technology requires the use of special construction materials. In house construction
industry it is a fast drying concrete. A construction machine (a mixer) brings it to the construction site, and then the
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material is put into a special container connected to a print-head by special tubes. A computerized system of the
Counter crafter controls all movements of the print-head.

The print head of the contour crafter machine is very mobile and can be twisted into different positions.
The 3D-printer is used to build up both load-bearing and standard walls. Both types of the walls have numerous
holes and openings, which can be used for different installments and nets. Such
“unconventional” wall structure saves them from drilling. The print-head runs from one side of the wall to another,
applying construction material layer by the layer.

Upon finishing the first level of the structure, such elements as doors and window lintels are installed. That
is the moment when a robotic arm of the special crane comes into play. It can grab, transfer and build in the above
mentioned elements. The robotic arms are also involved into the process of floor installment. Such traditional
contraction elements as concrete plates, concrete slabs or special metal structures rolled by mechanized robotic arms
are part of the 3D construction process. Thereafter, a layer of concrete is poured on top of this metal structure to
make a monolithic floor. Upon this procedure the 3D-printer is ready to continue its work. The machine work is
complete after preparing the base for the future roof; thereafter, the team of craftsmen starts finishing the house.

Let’s look at the economic effectiveness of the 3D-printing technology on the example of the 2-level house
with the accumulative floor space of 110 square meters. This house is compared to the same size structure built with
the use of traditional construction technologies and a team of 4 brick layers.

Table 1
Characteristics

Brick layer (workers) 3D-printer operator

Number of workers 4 1

Productivity 6 cubic meters of bricks per shift 1 house per shift
Duration of work 20 shifts 1 shift

Salary 150 000 RUB <<150 000 RUB

A team of 4 brick layers is needed to construct a house of the targeted size. At the same time, only one 3D-
printer operator is employed in the similar type of work.

A team of 4 workers lays 6 cubic meters of bricks per shift and finishes the work in 20 shifts. Only one 3D-
printer operator erects a complete house during one shift.

The income of the team of workers exercising traditional construction technologies amounts to 150 000
rubbles. The salary of the operator is not defined yet, but if to approach this question technically and to divide the
salary of the brick layers’ team by 20 shifts then 1 shift of the 3D-printer operator might cost about 7 500 rubbles.

In is essential to mention that this technology has both advantages and disadvantages.

Table 2
Advantages Disadvantages Challenges
The increase in the speed of house | The limited height of the building | Rising  unemployment among
construction development. construction workers.
Specially organized construction A need to  develop new
The decrease in the working costs siFt)e y org construction materials fitting for
3D-printer.
A great potential for future . .
g . P ., | Typical architectural structure of . .
construction technologies s High skilled workers
the buildings
evolvement

This technology increases the speed of house construction and reduces cost of erected houses. On the other
hand elevates the number of unemployed people and asks for workers with special engineering skills. In addition it
requires development of the special construction site and elaboration of modernized construction materials fitting for
3D printing technology. At this stage of its development 3D printing construction technology can provide people
with typical and limited in size and height structure, but it definitely has a great potential in solving housing
problems of the growing population.

Based on everything mentioned above we can ascertain that this construction technologies has a promising
future for every developing country including Russia.

The final construction products are typical by the looks.

13



References

1. Canadian Wood Frame House Construction: Canada Mortgage and Housing Corporation, 3d edition,
revised, 2014. - 351 p.

2. Low income housing [Dmextponnsiit pecypc] // CONTOUR CRAFTING Robotic Construction Systems
URL.: http://www.contourcrafting.org/low-income-housing

3. Top ten construction technologies [Daexkrponnsiii pecypc] // URL: https://www.raconteur.n
et/business/top-ten-construction-innovations

4. Ten futuristic construction technologies [OnexTponHbIit pecypel] 1 URL:
https://science.howstuffworks.com/engineering/structural/10-futuristic-construction-technologiesl.htm

BETOHbI HA OCHOBE TOIUIMBHOI'O IJJAKA KOCTPOMCKOM OBJIACTU
Pycuna B.B., Coko.i0B A.A., PsioukoB B.M.
®I'bOY BO Koctpomckas 'CXA

Ilepen NPOMBINIIEHHOCTBIO CTPOMTENBHBIX MATEPUANOB CTOSAT 3aJa4d  Pa3BUBATh ITPOU3BOJICTBO
3¢ PEKTUBHBIX CTPOUTEIBHBIX MAaTEPUalOB, MOJTHEE HCIIOIB30BaTh BTOPHYHOE ChIpbe. HeoOxoammo moaxoauts K
HCTONB30BaHUI0 BTOPHYHBIX PECYPCOB, pACCMAaTpHBas UX HE KaK OTXOJbI NPOU3BOJACTBA, a KaK IIEHHOE CBHIPBE,
HCTOYHHK PACIINPEHHUS CHIPHEBOI Oa3bl.

Cpenu NpOMBIIIICHHBIX OTXOJOB OJHO M3 IEPBBIX MECT IO 00BEMY 00pa3oBaHUS 3aHUMAIOT 30JbI U
LUJJAKH OT CXKMTaHWS TBEPHABIX BHJIOB TOIUIMBA (Yroilb PasHBIX BHIOB, Toprouue ciasipl, Topd). OrpomHble
KOJMYeCTBa 307l M IIJJaKa CKONMJIWCh B OTBajax, 3aHUMAIOIIUX IICHHbIe 3eMelbHble yroabs. ConepxkaHue
30JI0IIJJAKOBBIX OTBAJIOB TpeOyeT 3HAYMTEIbHBIX 3aTpaT. B To e Bpems 3076l U LUTAKU SBISIOTCS MaTepualaMu,
NPOLIEIIIUMHA  BBICOKOTEMIIEPATYpHYIO ~ 0OpabOTKY M TIOJNyYMBLIIMMH  CHeUU(UYECKHEe  CBOMCTBa,
MIpeAONpPENEIISIONIEe BO3MOXKHOCTh X 3P (EKTUBHOIO MCIIOIb30BAHUS B IPOU3BOJCTBE PA3IMYHBIX CTPOUTEIBHBIX
MaTepHUaIoB

B ycnosusx KocTpoMmckoii 0651acTi akTyaJlbHO BOBJICUEHHE B CTPOMTENILHOE MPOU3BOJICTBO TOIIMBHOTO
IIIaKa, oOpa3yromierocs B KOTEIBbHBIX YCTAHOBKAaX PETMOHA, NMpH CXHraHuu kameHHoro yris (Kasaxcran, T.
[y6apxonb, yromeHsiii LllybGapkonbcknii paspes). B Hacrosmiee BpeMs 3TO TEXHOTEHHOE CHIphE HE HAXOAUT
PalMOHAIBHOTO MPUMEHEHHS U yAaseTcs B oTBalbl. [103TOMy M3ydeHHEe CBOMCTB TOIUIMBHOIO IIIAKa M3 OTBAJOB
Koctpomckoit 061acTH ¢ 11eNbI0 €0 JaIbHEHIIero NCIoIb30BaHNUs, ABISETCS aKTyalbHOM 3a1aueil.

Ienp paGoTel - uCCIeIOBaHME BBIIICHA3BAHHOTO OTXO0Ja, JUIA OICHKH €ro INPUTOAHOCTH B KadecTBE
MUHEpAIbHONU JOOABKH.

ToruuBHell 1wtak KoctpoMckoli 065acTH - ChIyuuii KyCKOBOW MaTepHal ¢ YaCTUIAMH HENpaBUIbHOU
(hOpMBI CEepO-YepHOTo IBETA, C BKIOUYCHHUEM JKEJITHIX M OeibIX 3epeH. Pasmep uactuil, npeumyinectBerno, 20-40
MM. OTHaKO BCTPEYAOTCS KYCKH pa3MepoM 10 70 MM, UMEIOIUE CEPBI OTTEHOK.

B pabote wucnonp3oBaH MOJIOTHI B IMIAPOBOM MenbHMIE HIIak. CBONHCTBa HM3MENBYEHHOTO IIIAKa
TIpeACTaBIEeHBI B TabmHIe 1.

Tab6muma 1
OCHOBHBIE CBOWCTBA IIJIaKa
Brenrauii Bua Hacrermennas Cpenmnsist INOTHOCTH | VIcTHHHAS TIIOTHOCTH OcTtaTok Ha
UIOTHOCTB KI/M° kr/m® Kr/m® cute Ne008, 5%
ITopomwox, 945 1846 2780 11,3
4€pPHOTO 1BETa

XuMHUECKUIl COCTaB UCCIENIyEMOro TOIUIMBHOTIO IIUIaKa YCTaHOBIEH B benropojackoM rocynapcTBEHHOM
TeXHOJIOrnueckoM yHuBepcutere umenu B.I7. llyxosa (Tabmuua 2).
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Tabmuma 2
XHUMUYECKHH COCTAB IIJIaKa

OKcuabl S|02 A|203 Fe,O; | CaO MgO T|02 K,O | Na,O SO; P,05 MnO

Macc. % | 59,8 | 30,05 | 3,27 | 1,08 | 1,37 13 1,28 0,183 | 109 |0,12 0,07

Crann. 0,25 0,23 0,09 0,05 | 0,06 0,06 | 0,06 0,01 0,05 | 0,006 0,0035
OTKI. %

Kak n3BecTHO, XMMHUUYECKas aKTUBHOCTB SIBIISICTCS HauOoyiee Ba)KHBIM CBOMCTBOM TOIUIMBHBIX IIUIAKOB,
00yCIIaBIMBAIOIIMX BO3MOXKHOCTh UX ITPUMEHEHHS B COCTAaBE BSKYIIMX BELIECTB U OeToHOB. [Ipu 5TOM, OTHUM U3
OCHOBHBIX KOMIIOHEHTOB MHHEPAJIbHOW YacTH YIJIeH, ONpeNeloIUX BO3MOXKHOCTh U YCJIOBHSI NMPAKTUYECKOTO
NpUMeHeHHUs (B COCTaBe BSDKYIIMX BEIIECTB M OCTOHOB) TOIUIMBHBIX OTXOJIOB, SIBJISICTCS OKCUA Kajblus. OmHAKO
9TO XapaKTEepPHO JUING JJIS BHICOKOKATBIUEBBIX 301, COACPXKAIINX CBOOOIHBIC OKCHIBI KaiublMsa W Marawmsa. Kak
BHIHO, MCCIeIyeMblid nutak nodtu He comepxkutr CaO,, m MgO,,. Mexay Tem, Kak IMOKa3aid HAIIA HCCIICIOBAHUS,
Ipu BBeIeHHH B OeToHHYIO cMmech 1m0 20% (OT Macchl IIeMEHTa) MUIaka, MPOYHOCTh MPOIAPEHHOTo OeToHa
BO3pacTaeT MOYTH B 2 pa3a Mo CPaBHEHHIO ¢ 0€3100aBOYHBIM COCTaBOM.

BepostHO, 3TO0 00yClIOBIEHO aMOp(HBIMA KOMIOHEHTAMH IUTaKa, CIIOCOOHBIMU CBS3BIBATH THIAPOKCHI
KaJbIUg TBEPJCIOIEr0 I[EMEHTHOTO KaMHS C¢ 00pa3oBaHHEM HEpAacTBOPUMEBIX coequHEeHuil. B cBoro ouepens,
HaKOIUICHHE  HEPacTBOPUMBIX  HOBOOOpa3oBaHMK  Ja€T  BO3MOXXKHOCTh  THAPABIUYECKOTO  TBEPACHHSA
MOpTJIaHALEMEHTa co nulakoM. Kpome Toro, kak M3BECTHO, BOJOTEIIOBast 00padOTKa (TOM 4HCIIE U NpONapUBaHUE
IIPYU HOPMAJIBHOM JIaBJICHUH) PE3KO YBEIMYHMBAET aKTMBHOCTH Bcex amMop¢HbIX (a3 3oi u nuiakoB. [Ipomykramu
B3anMo/ieiicTBus amopoubix Gaz ¢ Ca(OH), npu MOBBILICHHBIX TEMIIEPATYpax SIBISFOTCS THAPOCHIMKATHI Kajlb sl
cocraBa CaOx SiO,.H,0 u rupoantoMOCHIMKATHI Kaablus (THAPOrPAHATHI).

OpHako HEOOXOIMMO OTMETUThH YTO JalbHEHIee YBEIHMYCHHE pacxoja IUlaka MPHBOAHUT K HEKOTOPOMY
CHIDKEHHIO TIPOYHOCTHBIX TMOKa3arenel OeToHa. be3yclmoBHO, 3TO CBA3aHO ¢ YXYyIIICHHEM YIOOOYKIAJbIBAEMOCTH
OCTOHHOW cMecH, coiepXkamied muak B KommdectBe Oomee 20%. BBenenme B NIIakoOCTOHHYIO CMeCh
runeprutactudukaropa «Xemuran I'TI-9 amsda b» B kommuectBe 1,3% oT Macchl EeMEHTa C OJHOBPEMEHHOMH
ONTHUMHU3AIMEH TOHKOCTH TTOMOJIa, TO3BOJIMIIA TOAHATH MPOYHOCTH IutakoOeToHa a0 40 MIla u Gonee.

Takum 00pa3oM, BBITIOJIHEHHbIE OKCIIEPUMEHTBHI I0Ka3ajJd HE TOJBKO BO3MOXKHOCT, HO H
11eJ1ec000Pa3HOCTh MCTIONB30BaHMs TOIUIMBHOTO IITaka KocTpoMckoi o6macTu B KadecTBe MUHEPAIbHOM JOOABKH.
HccnenoBaHusMi yCTAaHOBIIEHO, YTO B CTPYKTYpOOOpa3oBaHMM NPHHMMAET y4YacTHE HE TOJBKO KIMHKEpHas
COCTaBJIAIONIAs BSDKYIIETO, HO U IITaKOBas.

ToIMBHBEIA NUIAK HAYMHAET AKTHBHO YyYacTBOBAaTh B CTPYKTYPOOOPa30BaHWH IEMEHTHOI'O KaMHS.
[Ipoucxomutr B3amMOIEHCTBHE CBOOOTHON THAPOOKUCH KaJbIMsS C COCTABIAIOIIMMHU IIaKa W 00pa3yroTcs
BOJIOKHUCTBIE TUIPOCHIHKATHI Kasbuust rpymnsl CSH (B).

Kak w3BecTHO, UEMEHTHI C MHUHEpPANbHBIMH  JOOaBKAMU  XapaKTEPHU3YIOTCS  IOHIKESHHBIM
TEIUIOBBIZICTICHHEM. DTO OTKPBIBACT OOINBININE MEPCHEKTHBHI HCIIONB30BaHHUS OCTOHA, CONEpPIKAIIETO MUIAK JUIS
MaCCHUBHOTO (B YaCTHOCTH THAPOTEXHHYECKOT0) CTPOMTEJIBbCTBA, TaK KaK MOBBIIIEHHOE TEIUIOBBIIEICHHE NPU
TBEpJICHUH BBI3bIBAET TPEIIMHOOOPA30BaHHE.

W maxoHen, 3HAYWTENFHOE YBEJMUYCHHE IPOYHOCTHBIX TIIOKa3aTeled OeToHa Ha MOpTIAaHALIEMEHTE C
n00aBKOW TOIJIMBHOTO MUTaKa TPH TETUIOBIAXKHOCTHON 00paboTKe mpeaomnpenessieT eaecoodpa3HoCcTh ero
IIPUMEHEHHS Ha 3aBOAaxX COOPHOTO JKene300eToHa.
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CEKIUA Nell.
XUMHNYECKAS TEXHUKA U TEXHOJIOI'USA (CHEIUAJIBHOCTD 05.17.00)

CEKLIUSI Nel2.
TEXHOJIOT'UsI NPOIOBOJILCTBEHHBIX IPOJIYKTOB
(CHELIUAJIBHOCTD 05.18.00)

N3YUYEHUE BIIMAHMA ITPOPOILLIEHHBIX 3EPEH AUMEHA HA INHAMUKY
KNCJIIOTOHAKOIUIEHMA B ITPOU3BOACTBE KUCJIIOMOJIOYHOI'O ITPOJIYKTA

Muxajnesa E.B., Jonannubina M.A.
OI'bOY BO II'ATY, PO, r. Ilepmb

Bomnpoc 310poBoro nuTaHus B HacCTOSAIIEEe BpEeMs BEIHECEH Ha TOCYAAPCTBEHHBIN ypoBeHb. Co3JaHNe HOBBIX
MPOAYKTOB  IHTAaHWSA, COaJTaHCHPOBAHHBIX TI0 COCTaBy W  CBOWCTBaM, a Takke 0OOTrameHHBIX
MHOTO() YHKIIMOHAIBHBIMH UHIPEIUCHTAMH TT03BOJICT PEIIUTh JAHHYIO MPooieMy [4].

OyHKUUOHAJIBHBIN MUIIEBOW NPOAYKT — CHEUUAJIbHO MpPEJHA3HAUYCHHBIH MPOAYKT IJIs PEryJspHOTO
yIoTpeOJieHns1 B COCTaBE IMIIEBBIX PALMOHOB BCEMU BO3PACTHBIMH IpYIIIAMU 3J0POBOTO HacesieHus. Takoii
MPOJXYKT 00JajaeT Hay4HO apryMEHTUPOBAHHBIMU CBOMCTBAMH, CHUIKAIOIIMMH ONACHOCTb Pa3BUTHs 3a00JIEBaHUM,
CBSI3aHHBIX C IIUTAHUEM, a TAK)KE CBOMCTBAMH, TIOKPHIBAIOIINMH UMEIOLIUICS HEJOCTATOK NMUTATENBHBIX BEIECTB B
OpraHu3Me deioBeka. [IpuM 3TOM 3a c4YeT HalmW4usig B WX COCTaBe (YHKIHMOHAJIBHBIX MHUIIEBBIX HHIPEIHCHTOB
COXpaHseTCS U YIy4IlaeTcsl 3I0pOBbE YeJoBeka [3].

BHeceHne B KHCIOMOJIOYHBIE TPOAYTH (YHKIMOHANBHBIX HMHTPEAWEHTOB OKAa3bIBACT IOJOXKHUTEIBHOE
BO3JICHICTBUE HAa YEJIOBEKAa, B TOM YHCIIC Ha (PUIUUECKOE Pa3BUTHE, COKpAIICHHE KOoJmdecTBa OOJe3HEH (B TOM
4pcle auieprueil), yKpeIUIeHHe WMMYHHOH CHCTEMBI W BOCCTAHOBIICHHE MHKPOOHOIICHO3a KHUIICYHHKA[8].
PacTuTesnbHbBIE COCTaBISIONINE, BHOCUMBIE B KHUCIIOMOJIOYHBIE HPOJYKTHI IMHTAHUS, NMPUAAIOT UM OIpEAeICHHbIC
moJie3Hble kadecTBa. Kpome Toro crnoco6 oboramieHus IpoIyKTOB PACTUTEIBHBIMU KOMIIOHEHTaMU SKOHOMHUYECKH
BBITOJICH U JIETKO PUMEHUM B TIPOU3BOACTBE [2,6].

B opraHu3M ueioBeKka IOCTYNAOT NHTATENbHBIE JJIEMEHTHl B JIETKOAOCTYNHOW (QopMme, aKTHBHAs
(epMeHTHasi cucTeMa, MUKPO M MaKpO3JIEMEHThl M OOJIbIIOE KOJMYECTBO aHTHOKCHIAHTOB IPH HCIIOJIb30BAHHU
MIPOPOCTKOB 3JIaKOB B MUINY. /laHHBIC BEIIeCTBA BCTPOCHHI B TKAHb PACTCHUH, TIe HAXOIATCS B COATaHCUPOBAHHOM
KOJIMYECTBE M COOTHOIICHHUH, YTO ITO3BOJISIET BO3BPAIIATE YeJIOBEKY HCTHHHOE 310poBbe [1,3,7].

Heas - pa3paboTka TEXHOJOTHH KHCIOMOJIOYHOTO IPOIYKTa, C IOOABICHHEM IIPOPOIICHHBIX 3epeH
STIMEHSL.
Ji1st ocTHKEHMsI OCTAaBIEHHOH LIeJIN NCCIIeJOBAaHHS OBLUIN ITOCTABIICHBI CJIETYIOLINE 3a/[auu:
- YCTAQHOBUTb JI03bl BHOCUMBIX B IIPOIYKT HPOPOIIEHHBIX 3€PEH SIUMEHS;
- MPOBECTH OPraHOJENTHYECKYIO, (PU3MKO-XUMUYECKYI0 M CTPYKTYPHO-MEXaHHUYECKYIO OIEHKY KauecTBa
TOTOBOT'O MPOIYKTA;
- 1moxo0paTh TEXHOJIOTHIO TIPOU3BOJICTBA MPOAYKTA;
MarepuaJj 4 00beKThI UCCIeT0BAHNT
OOBEKTOM HCCIIEIOBaHUI SIBUIIUCH:
- MOJIOKO KOPOBbE HOPMAJIM30BaHHOE;
- OakTepuayibHas 3aKBacka, BKIIOYAIONIAas MOJIOYHO-KHCible Oakrepuu Streptococcus thermophilus,
Lactobacillus Bulgaricus.
- TPOPOLIECHHBIE 3€pHA STUMEHSI.
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OKcnepTu3y KayecTBa M OLIEHKY TEXHOJOTHUECKUX CBOMCTB MOJIOKA MAcTEPU30BAHHOIO, NMPOBOAMWIU B
naboparopun «MoJloka W Msca» Ha Kadeape caToBOJCTBA W MepepadarbiBatonux TexHojorud, ®I'BOY BO
«IlepMckuii TOCy1apCTBEHHBIN arpapHO-TEXHOJIOTMYECKUM yHUBEpcUTET UMeHM akagemuka JI.H. [IpsauimHukoBa»
B COOTBETCTBHH C TP€OOBAHMSIMA HOPMATUBHOM JOKYMEHTAIIHH.

IIpn ompeneneHMH  OPraHONENTHYECKHX, (DU3UKO-XUMHUYECKHX, OHOXHMHYECKHX, CTPYKTYpHO-
MEXaHWIECKUX ¥ MUKPOOHOIOTHYECKNX TOKa3aTeIel HCII0Ib30BaId CTaHAApTHbIC H OOIIENPHUHATHIC METOANKH.

XapakTepucTHKa UCTIONb3YEMOI 3aKBacKu: KommaHus npousBonurens - Chr. Hansen /lanusi; AKTUBHOCTB
KynsTypsl: 4 waca (43°C, 0,02 %); pH 4,6-4,9; Mukpo6uonorunyeckue nokazarenu: BI'KIT B 10 r — oTcyTcTBYyIOT;
MaTOreHHbIC MUKPOOPraHu3Mmel, B T.4. Cansmonemsl B 100 © — oTcyTeTBYIOT; Aposkokd U wecend, KOE\r, ve 6omee
— 5; Staphylococcus aureus B 10 T — otcyrctBytoT, Kierounas xoHmeHTparus - MuH. 1x10"Gax\r. Cocras:
Streptococcus thermopiles, Lactobacillus delbrueckii ssp.Bulgaricus.

Temmeparypa ckamuBanus 42-45°C mpu HCIIONB30BAaHUM JAHHOW 3aKBACIKH SIBISICTCS ONTHMAJIBHOM.
OnTuManbHas npeaenbHas KHCIOTHOCTE 75-80°T.

XapaKkTepHUCTHKa HCIOIb3YEMbIX TPOPOIICHHBIX 3EPEH:

B kauectBe oOoramatomeil m00aBKM IS KHUCIOMOJOYHOTO IPOXYKTa HCIIOIB30BAINCH IPOPOCTKH
SIAMEHS, C JIUHOH MpOpocTKa 2-4 MM, MPOMBIIUICHHOTO IPOU3BOJCTBA, MHpom3BemeHHBIX mo TY 9735-008-
81138312-07 Ilpomssomurens HIIL[ «Poctok» IIpemapar mnpopoLIEeHHBIX 3€PEH COOTBETCTBYET CIIEAYIOLIHM
TpeOOBaHUAM 0 MUKpOOHOIorHyecknM mokasatensim: KMA®aHM, KOE/r, 5*103; BI'KII ve nomyckatores B 0.01
I; TATOTCHHBIC B T.4 CaJbMOHEIUIBI B 25 T - He qomyckarores; B.cereus B 0.1 r - He qomyckarorcs, mwiecenu, KOE/T -
He Gonee 50.

Pe3yabTaThl HCC/Ie10BAHUS

[lepBOHaYAIEHBIM 3TAIIOM HCCIIEAOBAHUS KUCIOMOJIOYHOTO MPOIYKTa C MPOPOCIINMHU 3€pHAMH STIMEHS
CTaJ TMOXOOp 03Bl MPOPOIUCHHBIX 3€PeH SUMEHS C IENbI0 IOJNyYCHUS HPOAYKTa, OOJAAIOMIEro XOpPOUIMMH
OPTraHOJNIENTUYECKUMU W (H3UKO-XMMUYECKUMHU CBOMcTBaMHU. sl 3TOr0 B NACTEPH30BAHHOE MOJIOKO BHOCHIIH
MIPOPOILEHHBIE 3epHA suMeHd - 2, 4, 6, 8% u 3akBacKy. Kaxaplii 4ac npoBOJUIN U3MEPEHHE THTPYEMOM M aKTUBHOMN
KHCJIOTHOCTH. Pe3ynbTaThl MOMy4eHHbIX JaHHBIX OTPAXKEHBI HA PUCYHKAX | M 2 COOTBETCTBEHHO.

86
o
o.n“ 76 @mgu {OHTPO/IbHbIN
5 obpasel,
£ 66 asfll==? % MPOPOLLEHHbIX
§ 3epeH
g 56 e 1% NPOPOLLLEHHbIX
: 46 3epeH
g @@ 6% NPOPOLLEHHbIX
o 36 3epeH
= @=i@® 8% NpPopPOLLEHHbIX
= 26 3epeH
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Pucynok 1. V3MeHeHne THTpyeMOH KUCIIOTHOCTH
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Pucynok 2. MI3amenenue pH B nporecce cKBalinBaHus

W3 puCyHKOB BHAHO, YTO MPU BHECEHWH IPOPOILCHHBIX 3€PEH MPOU3O0IUI0 HE3HAUYUTEIHHOE yBEINYCHHE
TUTPYEMOH KHCIOTHOCTH M COKpameHue 3HadeHus pH. B oOpasmax ¢ maccoBoil moneilt mpopocTkoB 6 u 8%
(dbopMupoBaHue CrycTka Habmomanock depe3 3 yaca ckBammBaHug, 2% u 4% depe3 3,5 daca, B KOHTPOJILHOM
oOpaste uepes 4 gaca. [To pe3ynpraTam nccienoBaHus OB ClIENaH BBIBOJ, YTO MPUMEHEHNE MPOPOIIECHHBIX 3€PeH
STIMEHSI TIPH IIPOU3BO/ICTBE KHCIOMOJIOYHOTO HAITUTKA B Ka4ecTBE oOoramniaromieii 100aBKH He IPUBOANT K PE3KOMY
YBEJIMYECHUIO KUCIOTHOCTH NMPOJayKTa. JJaHHBIH (akTop MrpaeT BaXKHYIO pOJib IPU MPOMBIILICHHOM MPOHU3BOJICTBE
pa3pabaTbIBaEMOT0 MPOIYKTa.

Jlamee Obula H3yueHA BIIATOYICPKUBAMONIAS CIHOCOOHOCTh CTYyCTKAa TNPH Pa3IHYHOW MacCOBOH Joiie
BHECEHMs IPOPOILEHHBIX 3€peH SYMEHA B KHCIOMOJOYHBIM MpOAyKT. JlaHHOEe HccienoBaHHE OTPaKEHO Ha

pHUCyHKe 3.
40 R

g 35 9= KOHTPO/Ib
2 2 30
S :? 25 == 2% NPOLLLEHHbIX
=
g § 20 3epeH AYmeHsn
i‘lg 15 4% NpOoLLEeHHbIX
2 e 3epeH AYMeHA
; 5 10 0
= 5 == 6% NPOLLEHHbIX
A 0 3epeH AYMeHsn

=== 8% NPOLLEHHbIX
3epeH AYmeHsn

5 10 15 20 25 30

IIpoaoxkuTebHOCTH HeHTPU YT HPOBAHUS, MUH

Pucynok 3. BnaroyaepxuBaromiasi CHoCOOHOCTb CTyCTKa

B pesynpraTe MONMYYEHHBIX JAaHHBIX MOXHO KOHCTaTHPOBAaTh CIIEAYIOIIEE: BIAroyepXKUBAIONIas
crocoOHOCTh BO3pPACTaeT C IOBBIIICHHEM MAacCOBOHM JOJIM MPOPOINEHHBIX 3€PeH SIMEHS B o0pasmax, MpH 3TOM
00BEM CHIBOPOTKH BBIICITMBIICHCS B X0/1€ IICHTPU(YTUPOBAaHUS COOTBETCTBEHHO YMEHbIIAeTCsA. B mepByro ouepenp,
9TO CBSI3aHO C YBEJIMUCHHEM OOIIEel MaccOBOI IOJIM CYXHX BEIIECTB B 00pa3lax. A Tak )K€ MOXET OBITh CBS3aHO C
TEM, 4TO B TPOPOILICHHBIX 3€pHAaX COJEpIKaTCs BellecTBAa 00JaJalolIne BIIAroyAepKUBAIOIICH CIIOCOOHOCTBIO, a
MMEHHO: OCTAaTKOB Kpaxmaja, He MOJBEpriluecs THAPONINU3Y B NMPOLECCE NPOPACTaHUs 3€pHA; LEIUII0I03bl, TeMMH-
LIEJUTI0JI03HI [2].

B cBs3u ¢ n006aBieHNEM B KMCIOMOJIOYHBIN MPOJIYKT MPOPOLICHHBIX 3€PEH SUMEHS, B COCTAB KOTOPBIX
BXOJSIT BEIIECTBA CIOCOOHBIE YACPKMBAaTh BOAY, B HCCIEAYeMBIX oOOpaslnax HaOMIOZaeTCsl yBENUYCHHUE
BJIATOYAEPKUBAIOMIEH CIIOCOOHOCTH MO CPaBHEHHIO ¢ KOHTPOJIBHBIM 00pa3moMm.

B mocnenyromem ObUia TpoBeneHa OPraHOJIENTHYECKAs M JETyCTAI[MOHHAs OIEHKa TOTOBOTO MPOIYKTa.
JlanHBIE MIcCTIeTOBaHMS IPUBEACHBI B Tabnuie 1 1 Ha pucyHke 4.
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Tabnuna 1 — OpraHoJenTHYCCKUE TTOKA3aTeNX KHCIOMOJIOYHOTO MPOIYKTa ¢ TOOABICHUEM IPOPOIICHHBIX
3epeH TIMEHS

Ob6pa3zen Bkyc u 3amax IIBeT crycTka Koncucrenmnus
KouTponbHas YucTblit KHUCJIOMOJIOUHBIH, 6e3 | bemsrit IInoTHeIi CTYCTOK,
mpoba MMOCTOPOHHUX MPHUBKYCOB U 3a11aX0OB OJTHOPOJHAs KOHCUCTEHIIHSI
MaccoBas  jgons | UucTsii KHCJIOMOJIOYHBIH, 6e3 | bemprii TInoTHbIH CTYCTOK,
3epeH 2% MMOCTOPOHHUX MPHUBKYCOB U 3a11aXx0OB OJTHOPOJHAS. KOHCUCTEHIIMSI
MaccoBas  nmons | KuciomMonounsrit, C nerkuM | benbri co | ITmoTHBIHM CTYCTOK,
3epeH 4% «pacTUTENBFHBIM) IIPUBKYCOM 3€PEH cierka OTHOPOJHAST KOHCUCTCHIIUS

KPEMOBBIM
OTTCHKOM
MaccoBas  nmong | KuciomMonounsrit, C nerkuM | benbri ¢ | ITmoTHBIH CTYCTOK,
3epeH 6 % «PacCTUTENLHBIMY» IPUBKYCOM 3€pEH KPEMOBBIM OJTHOPOJHAS KOHCUCTEHIIMSI
OTTEHKOM
MaccoBast  gonsa | Kucnomosnoussni, ¢  BbIpaxkeHHBIM | KpemoBslit CrycTok IUTOTHBIN c
3epeH 8% «PaCTUTEIILHBIMY IIPUBKYCOM 3€PEH HE3HAYUTEIbHBIM
OTIICJICHHEM CBIBOPOTKH,
OITHOPOHAS

IpoBenst anamu3 Tabmuibl | MOXKHO CHenaTh BBHIBOJ: HauOOJee MPHUIATHBIM KHCIOMOJIOYHBIM BKYCOM C
JITKHM «PaCTUTEIbHBIMY» MPUBKYCOM 3€PEH M XOPOIICH KOHCHUCTCHIIMCH, C MJIOTHBIM CTyCTKOM, 0€3 OTICICHUS
CBIBOPOTKH 00J1a1af0T 00pasIisl ¢ MacCOBO# oneii 3eper 4% u 6%.

Jns ompeneneHuss ONTUMAIbHOTO TO OpPraHOJENTHYECKMM CBOMCTBaM o0Opasina Oblla mNpoBeleHa
jgerycranus. Ha OCHOBaHMM IPOBEJCHHOW Jerycranud Obula MOCTPOeHa TNpoduiorpaMMa  OLEHKH
OpPraHOJICNTHYCCKUX CBOMCTB 00pa3IloB IpEICTaBICHHAs HAa PUCYHKE 4

By

HOHTRONDE

. 2 %5 N PO POLLE HHEE
IEPEH RHMEHRA

=45 NpopoWE HHBE
IEPEH RHMEHRA

UseT e 536 N PO PO LR H HBI
ISPEH FRHMEHRA

HoHZUCTEHUMA

e 556 N PO PO LR HHE
|Pag 8% npopoWeHHBI 3EpEH AYME}
IHadeHwWe: 4

Janax

Pucynoxk 4. Jlerycraninonnas oIeHKa ucclieyeMbIX 00pa3iioB

MakcuManabHOE KOJMYECTBO OaioB COTJIAaCHO JErycTallid HaOpal wucciemyemblid obpazenmr ¢ 6 %
IIPOPOLICHHBIX 3€PECH AYMEHA, OH o6nazlaeT JIYYIIUMHU OPraHOJECTITUICCKUMU CBOICTBaMU 1O CpaBHCHUIO C IPYTUMHU
oOpasmamu.

Pa3paboTaHa TeXHOJOTHS POU3BOACTBA KHCIOMOJIOYHOTO MpoaykTa. [Ipu pa3paboTke HOBOW TEXHOJIOTHH
B COCTaB KHCJIIOMOJOYHOTO MPOJYKTa BOLUIM KOMIOHEHTHI KOTOPBIC NPUAATH HPOAYKTY (YHKIIMOHAJIHHEIC
CBOICTBA, 8 IMEHHO MIPOPOCIIIE 3epHA SUYMEHS B PA3HBIX COOTHOMICHUX [3].

TeXHONOTHYECKHA TPOLECC MOMYYCHUSI KHCIOMOJIOYHOTO MPOAYKTa C MPOPOIICHHBIMU 3epHAMH STYMEHS
TEPMOCTATHBIM CHOCOOOM OCYILECTBIISICS B IOCIEI0OBATELHOCTH IPEJCTABICHHON Ha pHCyHKE 5 U B
COOTBETCTBUU C COCTABJICHHOH pelienTypOol MPUBEACHHON B Tabyuie 2.
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Ta6nnua 2- PeuenTypa KHUCJIOMOJIOYHOTO MPOAYKTa C NPOPOLICHHBIMU 3€pHAMU STUMCHS

w & s w S & g s g
28| 25 |Ef |85 | 2z |88 |gE%"
S & 38 S 8 S * | =8 | t85 |s58¢g| &¢g¢d
S5 &8 |88 | 83| S5 |S8¢ S EE

Mounoko 12,50 2,75 2,50 84,00 10,50 2,3 2,1

HOPMAaJIM30BaHHOE

3aKBacKa

MPOPOLIEHHBIE 3ePHA

3akBacka 15,00 - - 1,00 0,15 - -

[Ipopomennsie 3epra | 98,00 10,50 - 16,00 12,98 0,63 -

Hroro - - - 101,00 | 23,63 2,94 2,1

TexHONOTHS TMPOU3BOJCTBA KHCIOMOJOYHOTO MPOIYKTa OOOTAICHHBIMH MPOPOCIIUMH 3€PHAMHU SUMCHS
BKITIOYAET B ce0s1 paJi MOCIeI0BATENILHBIX oneparuii[2].
IMpuemMka, oXJIaxkJeHre U IPOMeKyTouHoe xpaHeHue rpu t 4°C He Gonee 12 4. MOJIOKA CHIPbsI

|

IMonorpes (o t 40-45°C) u cenapupoBanue

HOHY‘IGHI/Ie CJINBOK HOJ’Iy‘IeHI/IC 0663)KI/IpeHHOFO MOJIOKa

Hopmanu3amus, nepememuBanue (10-15 munyT)

v

IMomorpes (1o t 40-45°C), ouncTKa HOPMAIN30BAHHON CMeCH

T'oMoreHu3anus HOpMaIM30BaHHOM cMecH (p= 15+2,5MI1a u t 60-65°C)

v

[Macrepusanus (t 92+2°C, BbigEpkKKa 2-8 MUHYTHI)

BHeceHHME NPOPOIEHHBIX 3€PEH SUMEHS
Oxnaxnenue jo t 42+3°C «—

T

3axkBalIMBaHKe IPU TOCTOSHHOM NepemenBanuy 10-15 MuHyT

Po3nuB B HoTpeOUTENBCKYIO Tapy

CkBammBaHue 3aKBalIeHHOU cMecH (2,5-4 u, t=42+2°C, 1o KHCIOTHOCTH CrycTKa He Oonee 85°T

v

OxnaxaeHue npoaykra, ao t=6+2°C

CospeBanue npoaykra, 12-18 gyacos

v

Xpanenwue npu t 6°C

Pucynok 5. TexHonoruueckasi cxema NpoU3BOACTBA
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Pa3paboTaHHas TEXHONOTHUS TO3BOJSIET YIYUIINTh CTPYKTYPY IUTAHUS HACCICHHS 32 CUET MCIOIb30BAHNS
(YHKIMOHANBHBIX WHIPEINEHTOB, CIIOCOOCTBYIOIIMX aJalTalWyd OpraHW3Ma 4YeloBeKa K HeOJIaronpusTHBIM
BHEIITHUM YCJIOBHSIM, YIOBIETBOPHUTH (DM3HOIOTMYECKHE MMOTPEOHOCTH YEIIOBEKA B ITUIIEBBIX BEIIECTBAaX, a TAKXKE
PacIIMPUTh ACCOPTUMEHT CHHOMOTHYECKHX MPOIYKTOB Ha MOTPEONTEIHCKOM PHIHKE.

BriBobLI

1. IlpoBens uccnenoBaHUE BIMSHUS MPOPOLICHHBIX 3€PEH SUMEHS Ha AMHAMHKY KUCJIOTOHAKOIUIEHUS B
Ipolecce CKBAIIMBAaHUS OBLIO OINpPEAENIEeHO, YTO IpPU YBEIWYEHHHM KOJIMYECTBA BHOCHUMBIX 3€peH B 0o0pasiax
Ha0JI01aeTCs He3HAYNTEIbHOE MOBBILIEHHE THTPYEMON KHCIOTHOCTH U CHIDKEHHE BETMYMHBI pH.

2. OmpeziesieHo BIMSHUE BHECEHHMs MPOPOIIEHHBIX 3€peH SUMEHS Ha BJIArOyAEp)KHBAIOIIYI0 COCOOHOCTh
cryctkoB. CrenaH BBIBOJ, YTO TIOBBIIICHHE BJIAroyJepKHMBAIOIICH CIIOCOOHOCTH CI'YCTKOB HaOJIONaeTcsl NpHU
YBEIMUYECHUT MacCOBOI IO MPOPOIICHBIX 3€PEH TUMEHS.

3. Ilpu mpoBeeHNN OPTaHOJIENTHYECKOTO B (PH3UKO-XUMHUIECKOTO UCCIIEA0BAaHMS OBIJIO YCTAHOBIIEHO, YTO
BHECEHHE MPOPOIIECHHBIX 3€PEH SUMCHS MOJOKUTEIBHO BIMACT Ha KAadeCTBO KHCIOMOJIOYHOTO Mpoxaykra. Ha
OCHOBaHHH TPOBENICHHBIX MCCIICIOBAHHUN, BRIOpAaH HambOoIee yaauyHbIi 0Opa3er] ¢ MacCOBOM HOJel MPOPOIICHHBIX
3epeH ssUMeHs 6%.

4. YcTaHOBIICHBI TEXHOJIOTHYECKHE TTapaMeTphl IPOU3BOACTBA pa3pabaThIBAEMOT0 MPOIYKTA.
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[IYTHU IIPUMEHEHM S TEXHOJIOT I ICIIOJIb3OBAHU S METAJIJIYPTUYECKUX OTXO/I0B
Anaponos A.B., Uynpos B.T.

CrixTeiBKapckuii tecHON HHCTUTYT (¢prman) ®TBOY BIIO «Cankt-TletepOyprekuii rocyaapcTBeHHBIN
necotexamdeckuii yausepcuteT uM. C. M. Kuposay (CJIN), PO, r. CrIKTEIBKap

B Meramnypruu Tpu BBIIUIABKE METayla W MPH CXKUCAaHUHM TOIUTUBA OOPa3yIOTCS OTXOABI B BHJC
METAJUTYPrHYECKOT0 M TOIUIMBHOTO IIIAKa, 30J1bI, OTHEYIOPOB U ropelioi 3emin. HakoruieHHe 0TXO0Z0B B OTBasiaX
3aHUMAIOT OOJIBIIIKE TUIOMIAMN M HAPYIIAIOT DKOJOTHI0. B TO jke BpeMs OTXOABI META/LUIypPTHUH SIBJIIOTCS IICHHBIM
CBIPBEM [UI TPOM3BOJCTBA IIEMCHTA, TEIIOU3OJAIMOHHBIX MATCPHANIOB, yMOOPEHUN ¥ JPYrUX MaTepHAlOB.
YTunuzaiys 0TX0/I0B pelraeT 3KOHOMUYECKUE 3a1a4y IPSANPHUITHS U YIIyUIIaeT SKOJIOTHIO0 PETHOHA.

Lens uccnemoBanus — 00OCHOBaHHME M pa3paboTka pecypcocOeperaronieil dKOJOMHIHON TEXHOIOTUH
HCIOJIb30BAHHS OTXO/I0B METAILTYPIUH.

3aja4a ucciea0BaHus — BbISIBIICHHUE (PAKTOPOB, BIMUSIOIIMX HA MPOLECCHI YTUIIU3AINY IIIAKA U 30JIbL.

[pu BbITUIABKE METAJUIOB M CTOPAaHHU TOIUTHBA, B 3aBUCHMOCTH OT COCTaBa BEILECTB, 00Pa3ylOTCs KHCIbIE,
1ienouHble (OCHOBHBIC) U HeWTpanbHble NUIaKH. OT CTENEHU KHCIOTHOCTH U CTENCHHU HIETOYHBIX CBOMCTB 3aBUCST
TEKy4YeCTh M TEMIepaTypa IUIABJICHHS [IUIAKOB, SIBJISIONINECS BaXKHBIMH XapaKTEPUCTHKAMHU MIPH UX MepepadoTKe w3
pacmiaBoB. B 3aBUCHMOCTH OT MapKH, BBIIUIABISIEMOW CTajH, MCIOJIb3yeMOW pyabl U (IFOCOB B XUMHYCCKOM
COCTaBe METAJIYPTHUCCKUX IUIAKOB COMEpKUTCA 35-47% okcuma kpemuus, 9-16% okcuma amromunusi, 30-50%
OKCHJa KalbIusl U HEOOJIBIION MPOLIEHT — OKCHJIa MarHus, OKCHa MapraHiia U OKcHja xeje3a. B 1uiake 1nBeTHoM
METAJUTYPIHH MOMHUMO 3THX BEIIECTB COACPIKATCS OKCHIBI MEAM, KOoOanbTa, HUKEJsI, [UHKA, CBUHIA, KaIMHS U
apyrux MeraioB. 1ll7aku — [LEHHOE CBIPbE ISl W3TOTOBICHUS JIETKHX JKEIE300CTOHHBIX KOHCTPYKIIHH,
TETUION30JSIIIMOHHBIX MAaTEPUANIOB, UCIOJB3YIOTCS HUIAKM B MPOU3BOJACTBE IIEMEHTA, MNLIAKONOPTIAH/IIEMEHTa,
y1o0peHnii ¥ APYTUX MaTepHAIIOB.

Mertatyprudeckue NUIaKd UCIOJIb3YIOTCS B KaYeCTBE BSDKYIIETO BEIIECTBA, TBEPICIOIIETO B BOAC U HA
BO3/lyXe MpH MPOHM3BOJACTBE IUIAKOMopTiaHneMenta. lllmak, copepxamuii aKTUBHBIC BEHIECTBA YIy4IIaeT
TEXHAYECKHE CBOWCTBA IIEMEHTA, IMOBBIIIACT MPOYHOCTh, W3TOTOBJICHHBIX W3 HETO CTPOUTEIBHBIX KOHCTPYKIIUH,
MMO3BOJISICT COKPATUTh PAacXO]] IeMeHTa Ha 5% MpHU MPOU3BOACTBE JKEJIE300€TOHHBIX KOHCTPYKIMH. JIOMEHHBIC
[UTAKK TPY TPOU3BOJICTBE NUTAKOIOPTIAHIIEMEHTA 3aMEHSIOT [VIMHY, CHIDKAIOT PACXO] U3BECTHSKA, YBEINIHBAIOT
00BeM ITPOU3BOJICTBA LIEMEHTA JI0 2-X pa3, CHUXKAIOT pacxo sHepruu Ha 40 %.

IIporpeccrBHast TEXHOJIOTHS MMPOU3BOICTBA MIEM3bI U3 JOMEHHBIX IIIJIAKOB.

[IlnakoBas mem3a MPUMEHSETCS B MPOU3BOJCTBE JIETKUX OETOHOB M TEIUIOM3OJIIHOHHBIX 3aCBIOK U
SIBISIETCSI TIOPUCTBIM  3aTOJIHUTENIEM OETOHHBIX KOHCTPYKIHMM, OHA TIOJy4YaeTcs BCIIyYUBAHHEM pacCIlIaBOB
METAUTYPrHIeCKUX [UIAKOB MPH MX OBICTPOM OXJIAXCHUU OTPAHUYEHHBIM KOJIMYECTBOM BOJBI C IOCIEIYIOIIEH
KpHUCTAJUTH3AlMel U OTXKUMOM 00pasyrolieiicss mopucToii maccel. KauecTBO moiydaeMoll IMeM3bl 3aBUCHUT OT
MIPOYHOCTH, MOPO30- U TEIUIOCTONKOCTH, dKAPOCTOUKOCTH U IPYTHX CBOMCTB, 3aBUCSIIUX OT €€ MOPUCTOCTH. [1apsl B
nuiaKe 00pas3yroTCs P B3aUMOJICHCTBUY C BOJOH Cy/Ib(PHI0B METAIOB, HAXOMSIIMXCS B IIake. Boga ydactByer
B PEaKIMU Ta3000pa30BaHMsS, OXJIAKIACT, IOBBIIIACT BA3KOCTh NUTAKA W YyIACPKMBaeT rasbl. JIs MpaBHIILHOU
OpraHM3aIUy MPOIEeCcca MOIYYCHUST HEOOXOMUMOMN CTPYKTYPhI TpeOyeTCs M3ydeHHe 00pa30BaHUs IOP, BIMSIOMIHX
Ha MPOYHOCThH MOJIYYEHHOIO MaTepuayia. Yem BhIlIE pa3Mep MOp, TEM HIDKE MPOYHOCTh. Ilapbl 00pa3yroTcs mpu
B3aMMOJEHCTBHM C BOMOM CYyJb(GHUIOB KalbIMsi, MarHusi, MapraHia, jkejie3a M OKCHIOB JTHX 3JCMEHTOB,
HAXOMAIIMXCSI B MUIAKe. XUMHUYECKash peaklus MeXIy HHMHU MPOXOAWUT B JBa 3Tama. Ha mepBoM 3rtame cynbhumg
KaJbIHs COCNUHACTCA ¢ BOHOM U oOpasyercs okcua kanbius (CaO) u cepoBomopon (H,S) xummdeckass peakiust
B3aMMOICHCTBHUS KaJIbIHUA C BOJIOU
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CaS+H,0=Ca0O+ H,S Q)
Ha BTopoM 3Tare cepoBOAOPO/] COSAMHSIETCS C KUCIOPOIOM, COJIEPIKAIIMMCS B BO3yXe 1 00paszyercs Boja

U TUOKCH]] CEPBI.
2H,S+30=2 H,0+2S0, 2

Jlmokcua cepbl pa3pbeIBacT CTPYKTYPY paciuiaBa, oOpa3yeTcsi MHUKPOCKOMMUYECKHe o0pa3oBaHUs (TIOPEI).
XuMmudeckast peaknust MexIy cylIb(HIOM MarHus W BOJOI NPH BCIyYMBaHUH paciulaBa IILIaKa IPH €ro OBICTPOM
OXJIKJICHUH BOJIOW C MOCIIEAYIOIIeH KpucTaluin3alyel mpoTekaeT B 1Ba arana. Ha nepBom srane cynbhua Maraus
CoelUHACTCS C BOJOM M oOpa3dyeTcs OKCHJ MarHus U CEpOBOAOPOA.  3aTeM CEpOBOAOPOJ COCIUHSETCA C
KUCIIOPOJOM, cojepkamumes B atmocdepe. O6pasyeTcs BoJa U CEPOBOAOPOL.

MgS+H,0=MgO+ H,S 3

AHaNOrM4YHO MPOXOISAT pPEaKUUH B3aUMOJACHCTBUS C BOJOW Cyiab(QUAOB MapraHua M Kejiesa C
00pa3oBaHUEM BOJBI, CEPOBOJOPO/A, 00pa3yIOIEro Mopsl B mem3e. /It ZOCTIKEHHST MaKCHUMalIbHOM IPOYHOCTH
IIJTAaKOBOH meM3bl HeoOxoxumo mobutsest 40-60% (mo macce) mopucThIX 00pa3oBaHU. 3HAaHHE 3aKOHOMEPHOCTH
MPOTEKaHMUsI XHMHUYECKHX pEAaKIMH ITOMOXKET TMpPaBWIGHONW OpraHM3alliyd Tpolecca OXJIKACHUS IUIaKa
ONTHMAJIBHBIM KOJHMYECTBOM BOJBI, OOECIIEUNT HEOOXOAMMOE OXJIAXKICHUE arcHTa, YTO IOBBICHT BSI3KOCThH IPH
ONITHMANIBHBIX Pa3Mepax MUKPOCKOITMYECKUX 00pa30BaHNM, BIUIONINX Ha IPOYHOCTHBIC CBOMCTBA MaTepuara.

[lpumeHeHne WITAKOBOM NeM3bl B KayeCTBE 3allOJHMUTENS Uil TPOU3BOJCTBA CTPOUTEIBHBIX U
TETJIOU30JISIIIUOHHBIX MAaTEPUAIOB TIO3BOJISIET CHU3UTh MAcCy OTPaKIAIONINX KOHCTPYKIUi 3nanuit Ha 10-15% (mo
CpPaBHEHHIO ¢ KUPNUYHBIMHE), Ha 15-20% yMEHBIINUTE pacxXo/ IIeMEHTa.

CnocoObl MOTy4eHUs MUIAKOBOU TIEM3BbI:

Cxema MpoM3BO/ICTBA IEM3bI 0aCCEHBIM CIIOCOOOM MOKa3aHa Ha PUCYHKE 1.

1 — xoBu1, 2 — BaHHa-0acceiiH, 3, 8 — cknan, 4,6 — koHBelep, 5 — Apoduika, 7 — TPOXOT
Pucynok 1 — Cxema npou3BoACTBa IEM3bI 0ACCEHHBIM CIIOCOOOM

[llnak ¢ Temmeparypoii 1260-1320°C u3 xoBma 1 cimBaeTcst B BaHHY-GacceiiH, 00pabaThIBAeTCs BOIOM MO
nmapnenueMm 0,08-0,1 MIla. Pacxox Bombel cocrtaBisier 0,2-0,4 M/t mnaka. ITocne BCIIYYMBaHMsI MOJIyYHBIIASICS
Macca MOJAeTCsl Ha MPOMEKYTOUHBIM CKIaa 3, OXJIaXAaeTcs B T€YEHHE 3-5 4acoB N0 100-150% u neHTOYHBIM
KoHBeiepoM 4 momaercs B ApoOmiky 5. [Tocne apoOiieHus mpou3BOIUTECA COPTHPOBKA H3MEIBFYEHHOTO MaTepraa
Ha Tpoxote 7. CopTupoBaHHas Mo (GPaKIHsIM MMEeM3a XPaHUTCSA Ha CKJajge roToBoi mpoaykinuu 8. Hemoctatkom
OacceiiHOTO croco0a MOMydeHHs TeM3bl SBJISETCS BBIJCIEHUE CEPHUCTBIX ra30B, OKA3bIBAIOIINX HEOIArOMPHUSTHOE
BIIMSTHUE HA OKPYIKAIOUIYIO CPENy.

Cxema mpureqHoro 6apabaHHOro crocoda Moy4eHus eM3bl TIoKa3zaHa Ha PUCYHKE 2.
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1 — koBm, 2,5 — xeno0, 3 — BaHHA, 4 — Hacagok, 6 — 6apabaH, 7 — pebpa, 8§ — CKJIaZ TOTOBOH MPOAYKIIUI
Pucynok 2 - Cxema mpurieqHoro 6apadbaHHOTO CIioco0a MOIYICHUS IeM3bI

lopstumiit mmak w3 KoBma | cimBaeTcss MO XenoOy 2 B NPHEMHYIO BaHHY 3, T/Ie BCIyYHMBAeTCS MO
BO3/IeiicTBUEM CTPYHl BOJIBI, BBIXOSIINM M3 Hacazka 4 mon aasieHueM 1o 0,8 MIla. Benyuennas macca no sxenoOy
5 mojaercs Ha JionacTHOI OapabaH 6, Ha Hapy)KHEH MOBEPXHOCTH KOTOPOro UMEIOTCS nep(OopHUpOBaHHBIC TOJIbIC
pebpa 7, Boza momaeTcs BOBHYTpPh OapabaHa, 3a cyeT BpalleHHs O0apabaHa OTOPAChIBAIOTCSA HA IMIMHIPUICCKYIO
MOBEPXHOCTh U Yepe3 OTBEpCTHs B pedpax 7 pa3OuBaeT IUIAK Ha rpaHylnbl. ['0ToBas mem3a coOMpaeTcs Ha cKiane
rotoBoil mpoxykuuu 8. brmaromaps KOpPOTKOMY KOHTAakTy TOpSYMX LUIAKOB C BOJOH IPOHCXOJUT HEOONIbIIOe
BBIJICJICHNE CEPHHUCTHIX Ta30B, MO3TOMY IaHHBIH CIOCOO mosydeHuss neMsbl 3¢QdexTHBHee U HKOJIOTHYHEE
6accelfHOro MeTo/1a MPOM3BOACTBA.

BriBogsr:
1. ConepkaHue OTBAJIOB TPEOYeT 3HAUUTENBHBIX CPEACTB, B TO K€ BPEMS 30JIOIUIAKOBBIE OTXO/BI SBIIIFOTCS
3arpsI3HUTEISIME OKpYKatomiei cpezpl. Mcmonb3oBaHue OTXOJ0B METAJUTyprui UMeeT OOJbIIoe SKOHOMUYECKOE H
9KOJIOTHYECKOE 3HAUEHHE.
2. W3ydyeHue 3aKOHOMEPHOCTEH MPOTEKAHUS XUMUYECKOM PEaKLHUHU MEXKAY XUMHUYECKMMM 3JIEMEHTAMH,
BXOJISIIIMMH B COCTaB MaTepraa, IOMOXeT HOBBIIICHHIO Ka4YeCTBA MOIy4aeMOr0 CHIPhs U3 IIJIaKa U 30JIBL.
3. XUMUYECKUI COCTaB U Q)Hanecm/le CBOMCTBA METAJUTYPIrU4€CKNUX W TOIUIMBHBIX HUIAKOB U 30JIbI BJIUAIOT
Ha MMPOYHOCTHBIC XapaKTCPUCTHUKHU U OKCILTyaTallMOHHBIC CBOMCTBA TOJIy4acMbIX CTpOﬁMaTepHaHOB Ha UX OCHOBC
4. Hamnumne coequnennii ¢ocdopa, Kalblys, MarHAs ¥ pa3jIndHBIX MHUKPO3JIEMEHTOB B JJOMEHHBIX IIJIaKax
TIO3BOJISIET UX MCIOJIB30BAHUE ISl TPOM3BOACTBA MUHEPAIBHBIX yI0OpeHNit B hopMe MyKH.
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CEKIUA Ne20.
NHOOPMALNMOHHBIE TEXHOJIOI'MA (CHEIUAJIBHOCTD 05.25.05)

WEB-ORIENTED CACHING SYSTEMS
Pomanos A.C., lleiinoB H.I'., Mu¢raxos B.A.
PYT (MUUT), PD, r. Mocksa

The internet and web services are rapidly developing nowadays. Websites are handling greater functions
and popularity of web resources rising. Websites are now considered as part of highly loaded systems.

Highly loaded systems are nonstop access systems. They provide access without long delays while maintaining

active functioning system status. Moreover, high loads will not affect the speed of data receiving. Caching sub-

systems are there to solve that.

Cache

A cache is a quick-access memory purposed to accelerate data handling that is stored in the hard drive.
Processors, hard drives, and browsers, web-services use caches.

Each cache consists of a set of entries. Each entry is associated with a specific data or data block (mediocre
amount of data) that is a copy of data from hard drive. Each entry has its own ID also known as a “tag” that defines
the link between the elements of data in the cache and their copies in the hard drive.

When the cache client sends a request, the cache space is the first place to be searched. If the appropriate data ID

happens to be found in the cache, then the client will use data from the cache. This is a case of a successful “cache

hit”. If the requested entry was not found in the cache, then this entry will be read from the hard drive and becomes
available in cache. This case is known as “cache miss”.

Caching algorithms

The cache has limited memory space that stores entries of data. Cached data needs to be refreshed, which
means deleting old entries and adding new ones. There are several popular strategies to refresh cached data entries:

e LRU (Least Recently Used) is an algorithm that forces out oldest entries. This would require to store the time of
entry when it was added. LRU starts to force out the oldest entry after N count was reached.

e MRU (Most Recently Used) is the opposite of the previous algorithm.

e FIFO (first in, first out) places “cache miss” data to the rear of the queue. When the cache overflows, the first
entry of the queue is deleted.

e LFU (Least Frequently Used) stores the counter of requests for each cached data entry. Entries are added with
counter set to 1. Every “cache hit” increases the counter by 1. This way algorithm forces out the least used
entries.

Caching system

The purposes of caching sub-systems are to increase efficiency of data receiving and to ease up database
load. Requested data get into the cache for the next request to provide faster system feedback while lacking
circulation to the database and back.

A caching sub-system is a component of a web-system which saves recent requests and data for a specific
time. In case multiple users request same data, the sub-system loads up the request from its own saved data instead
of loading it up from the database. Functional solutions could be the core of the caching sub-systems. One example
are systems which storage cached data into its RAM.

There is a limit of processing power in systems without caching sub-systems. Caching is used for uploading of

following files:
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Images

e CSS

Static HTML files

e JavaScript Files

A server needs to send a new reply for each received request. The request to upload a page could result as four
separate requests for each of file types listed above. During the upload of big file size images, servers could
overload from numerous users around the globe. In that case, users would suffer from slower page loading.

RAM Cache

Any application that has a slower operation such as SQL requests or requests to external API can be stored
for some time. Caching into RAM allows for faster handling of requested data, as well as faster access to data stored
in RAM. Reading data from RAM is faster than hard drive stored data.

There are several computing platforms worth mentioning, which manage data handling into memory:

e Ehcache
e Hazelcast
e Memcache

The main purpose of those is to increase the efficiency of system and ease up database load. A special
feature of such platforms is data handling of specific format known as «key-value». «Key» is part of it is unique
object ID, and «value» stores a number that is linked to specific key. Using the key-value format allows to reduce
search feedback time of specific object among big amounts of data.

Another important feature of caching sub-system is persistence. Persistence provides data safety in case of
server reboot. It can be achieved via data back-up that is created beforehand on the hard drive and updates every set
time interval. Data is loading into RAM after the server has been restarted.

Persistent caching using NoSQL DBMS

A cache could appear as the persistent kind, which means that application reboot would not delete data, but
store it to a hard drive instead. This avoids loading data into cache after each system reboot. One of the ways to
achieve persistent cache is to use NoSQL databases. There are many classes of said NoSQL DBs (key-value,
document-oriented, column storages etc.

NoSQL data organization

NoSQL is a way of data structuring. It features getting rid of data management limits. NoSQL DB are using
an unstructured approach, offering efficient ways of data processing.

The document-oriented approach of separating stored document for every cached object keeps all the
metadata. The function range of such DBMS allows to search data with applied parameter filters, which obviously
reduces system feedback to request of specific objects among the database. Using any other approach rather than
document-oriented approach, each object would have to be loaded out of the cache, along with its metadata, in order
to perform such an action.

As mentioned earlier, NoSQL database stores data as documents. It is worth pointing out that JSON is the
most preferable kind of format. This format allows it to perform said parameter-filtered object search. For example,
we have to search up group of objects using following filter:

"type": "image/jpg", "size": "204800"
In this case, the cache would check all the images with jpeg format with size under 200kb. This displays search
conditions without knowledge of object ids.

It is worth mentioning that document-oriented approach allows NoSQL DBMS to change data structure,
including removing and adding specific parameters to the object.

Increasing functionality of caching sub-system

Advantages of NoSQL DBMS integration into web-system are allowing to search data with applied
parameter filters, the versatility of data structure alteration, and utilizing a persistent cache. However, one
disadvantage would be searching for one specific object parameter stored in the cache. The result would be loading
the whole document, which could lead to increase of load time and data transmission.

References

1. Caching — what is cache? - http://fkn.ktu10.com
2. Ehcache - https://ru.bmstu.wiki/Ehcache
3. In-Memory Computing - http://www.tadviser.ru
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CEKIIUA Ne21.

METOAOJIOT'UA U ®PUJTTOCOPUA HAYKH U TEXHUKHU
(CIIEHUAJIBHOCTD 09.00.08)

27



IJIAH KOH®EPEHIIUI HA 2019 TO/J

SuBapn 2019 r.
VI MexBy30BCKasi €KerojgHas HayYHO-TIPAKTHUECKass KOH(PEPECHIHUS ¢ MEKTyHAPOTHBIM
ydacTHeM «AKTYaJIbHbIE€ BONMPOCHI TEXHHUYECKHX HAYK B COBPEMEHHBIX YCJIOBHAX,

r. Cankr-IleTepOypr
[Tpuem crareit g nyonukanuu: 1o 1 saBaps 2019 r.
JlaTa u3nanus U pacchuTku cOOpHHKA 00 nTorax koHdepenuun: 1o 1 dpespans 2019 r.

®eppaan 2019 r.
VI MexBy30BCKas €KerojHas Hay4HO-IIPaKTHYeCKass KOH(PEPEHIUS ¢ MEXIYHAPOIHBIM

ydacTHeM «AKTyaJibHbIE NMPO00JeMbl TeXHHYECKHX HaykK B Poccum m 3a pydexom»,

r. HoBocubupck
[Tpuem crareit s myonukanuu: 10 1 dpespans 2019 r.
Jlata u3ganust 1 pacchlTku cOOpHUKa 00 nrorax KoHpepenuuu: 1o 1 mapra 2019 1.

Mapt 2019 1.
VI MexBy30BCKasi €XKErojHas Hay4HO-TPAKTUYeCKas KOH(PEPEHIMs ¢ MEXTyHAPOIHBIM

yuactuem «BONpoOChI COBpeMEHHBIX TeXHHMYECKMX HAYK: CBEKHMH B3IJISJl U HOBbIE
peumienus», r. Ekarepun0ypr

[Tpuem crareit s myonukanuu: 1o 1 mapra 2019 r.

Jlata u3ganust 1 pacchlUTku cOOpHUKa 00 urorax kKoH(pepenuuu: o 1 anpemns 2019 r.

Anpeasb 2019 1.
VI MexnyHapoiHasi MeXKBY30BCKasi HAy4YHO-TIPAaKTHYECKask KOH(pepeHINs «AKTYaJIbHbIe

BOIIPOCHI HAYKHU U TeXHUKN», I. Camapa
[Tpuem crateit s myonmukanuu: 1o 1 anpens 2019 r.

Jlata u3maHus 1 pacchluTku cOOpHUKa 00 nrorax kKoHdepenuuu: 1o 1 mas 2019 r.

Maii 2019 r.

VI  Mexnynaponuas — HayuHo-mpaktuueckas — koHQpepenuus —«IIpoOGaembl m

JOCTH/KCHHUSA B HayRe U TCXHUKE», I'. OMCK
[Tpuem crateit ns myonukarnuu: 10 1 mas 2019 r.

Jlata w3gaHus M pacchbUTku cOopHUKa 00 nurorax koHpepeHmuu: 10 1 utons 2019 r.

Hwun 2019 1.

VI MexnyHapoaHas HaydHO-TIpakTHuecKas KoHpepeHmus «Bompocbl TeXHHMYECKHX
HAYK: HOBbIE MOJXO0/IbI B PEllICHUM AKTYAJbHbIX IP0o0JaeM», r. Kazann
[Tpuem crareit s myonukanuu: 1o 1 wronst 2019 r.

Jlata w3maHus M pacchlUTku cOOpHUKa 00 nrorax kKoH(pepernuu: 1o 1 urons 2019 r.

Hrwan 2019 1.

VI MexnynapoaHass HaydHo-TipakTHyeckass kKoHpepeHnus «IlepcnekTuBbI pa3sBUTHSA
TEeXHUYECKHX HAYK», I. YeasiOuHCK
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[Tpuem crateit qisa nyonukanuu: 10 1 utons 2019 r.
Jlata u3aHus 1 pacchblUTku cOOpHUKa 00 urorax koHpepenuuu: 10 1 arycra2019r.

Asryer 2019 r.

VI MexnayHaponHas Hay4YHO-TIpakTU4eckas KoHpepeHius « TeXHHYecKHe HAYKH B

MHUpe: OT TeOPUH K MPaKTUKe», I'. PocToB-Ha-/loHy
[Tpuem crareit g my6nukanuu: 1o 1 aBrycra 2019 r.

Jlata u3aHus 1 pacchliku cOOpHUKa 00 nrorax kKoHdpepenuuu: 10 1 cenrsdops 2019 r.

Centsi0pb 2019 1.

VI MexayHapoanas HaydHO-mipakTHueckas KoH(peperiws «CoBpeMeHHbIH B3IJISI
Ha NMPo0JieMbl TEXHUYECKHX HAYK», I. Y pa
[Tpuem crateit qisa nyonukanuu: 10 1 centsaops 2019 r.
JlaTa u3gaHus U pacchlIKu cOOpHHKA 00 nTorax koHdepenuuu: 10 1 oktsiops 2019 r.

OxTs6ps 2019 1.
VI MexaynapoaHas Hay4dHO-TpakTHdeckas kKoHgpepenuus «TexHHYecKHe HAYKH:
TeH/ICHI[UH, NIePCINEeKTUBBI U TEXHOJOTHU Pa3BUTUAY, I'. Bosrorpan
[Tpuem crareit s myonukanuu: 1o 1 oktsaops 2019 r.
Jlata u3ganus 1 pacchbUTku cOOpHUKa 00 urorax koHpepeHuuu: 10 1 HosOps 2019 r.

Hosiops 2019 r.

VI MexnynaponHas Hay4yHO-TIpakTudeckas KoHdepenuus «HoBble TeXHOJIOrHMH H
npooJeMbl TEXHHYECKUX HAYK», I'. KpacHosipck
[Tpuem crareit s ny6nukanuu: 1o 1 HosOps 2019 .
Jlata 3MaHus ¥ pacchUTku cOOpHUKa 00 nrorax kKoH(peperuuu: 1o 1 gexadps 2019 r.

Jlexaops 2019 r.

VI MexnyHaponHas HaydHO-TIpakTHueckas koH(pepeHuus «Pa3BUTHE TeXHUYECKHUX
HAYK B COBPeMEHHOM Mupe», r. Bopone:x
ITpuem crateit uig nyonukanuu: 1o 1 nekadbpsa 2019 r.
Jlata u3anus ¥ pacchlIku cOOpHUKa 00 urorax koHdpepenuuu: 1o 1 saBaps 2020 r.

C Oosee moapoOHOM wWHpOpManued 0 MEKIYHAPOAHBIX HAYYHO-NPAKTHYECKHUX
KOH(epeHUUsIX MOKHO 03HAKOMUThCH Ha opuuuajibHOM caiite IHHOBALIMOHHOIO LIEHTPA
Pa3BUTHS 00pa30BaHUsA U HAYKH WWW.iZron.ru (pa3aea « Texnnueckne HaAyKn»).
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