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Ilepeuens kKomnemenyuil ¢ yKazanuem Imanoe ux Qopmuposanus

Hnoexc Cooepircanue Imanvt hopmuposanus KomnemeHyuu Haumenosanue oyenounozo
cpeocmea
Komne KOMnemeHuyuu Jexyuu | Ilpakmuuec | Jlabopam | Kypcoeas P
menyu Kue OpHble paboma
u 3anamus, 3anamusn
aadbopamopu
bl
RPAKMUKyMm
I1K-4 CIOCOOHOCTBIO OPraHU30BBIBATH CAMOCTOSTEIBHYIO U He He Temal - | Temal-8 I cemectp:
KOJUICKTHBHYIO HAay4HO-HCCIIEA0BATENBCKYIO PaboTy, npedycmo | npedycmomp 6 naboparopusie  paborst N 1-3,
pa3pabaThIBaTh TUTAaHBI ¥ IPOTPAMMBI TIPOBEICHUS mpenvi eHbl 9K3aMEH
HAyYHBIX UCCIICIOBAHUI 1 TEXHHYECKHX Pa3paboToK, IV cemectp:
. nabopaTopHeie  pabotel  Ne  4-6,
pa3pabaTeIBaTh 3aJJaHHS AJISl UCIIOJTHUTENEH
9K3aMeH, KypcoBasi paboTa
[1IK-4 CIOCOOHOCTBIO CTPOUTH M UCIIOITE30BATh He He Tema I - Temal -8 Il cemectp:
MaTeMaTUYECKUE MOJICIIH JJI1 OIIMCAHUS U npedycmo npedycmomp 6 naboparopubie  paborer  Ne  1-3,
MIPOTHO3UPOBAHUA PA3JIMUHBIX SIBICHUM, OCYIIECTBIAThH mpenul eHbl OK3aMCH
UX KaueCTBEHHBIN M KOIMYECTBEHHEIN aHanus, IV cemectp:
nmabopaTopabie  paboter  No  4-6,
CIOCOOHOCTD MCIIOJIB30BATh MAaKEThl MPUKJIIaIHBIX
9K3aMeH, KypcoBas pabora
MPOTrpPaMM TIPH BHITIOJIHEHHH TIPOSKTHBIX 33124
I1IK-4 CIIOCOOHOCTBIO MPOBOUTH TEXHOJIOTUYECKUE U He He Temal - | Temal -8 Il cemectp:
TEXHUYECKUE PACUYETHI I10 IIPOEKTAM, TEXHUKO- npedycmo | npedycmomp 6 nmaGoparopupie  pabotsr N 1-3,
SKOHOMHUYECKHH U (PyHKIIMOHAIEHO-CTOMMOCTHBIN mpensi eHbl 9K3aMEH
aHamn3 3)(HEKTUBHOCTH TIPOEKTA IV cemectp:
nabopaTopHbie  paboter  Ne  4-6,
9K3aMeH, KypcoBas paboTta
[1K-4 CIOCOOHOCTBIO pa3padaThiBaTh METOAMYECKUE H He He Temal - | Temal -8 I cemectp:
HOPMATUBHBIE IOKYMEHTBI, TEXHIYECKYIO npedycmo | npedycmomp 6 mabopatopusle  paboter  Ne  1-3,
JOKYMEHTALUIO, 4 TAKXKE IIPEIIOKEHUS U MEPOIIPUATHUA mpenvi eHbl 9K3aMCH
0 pean3aliy pa3padoTaHHbIX MPOCKTOB U MPOTrPaMM IV cemectp:
naboparopaele  pabotsl  Ne  4-6,

9K3aMeH, KypcoBasi pabora




Hepequb OIICHOYHBIX CPEACTB N0 TUCIUIIJIUHE

OuenuBamwime MeponpuATHs Koa-Bo Babl

min max

3 cemecTp

OuneHoYHBIE CPeICTBA

JIaboparopHbie pabOTHI 3 60 100

HUTOI'O 60 100

4 cemecTp

OueHo4YHbIE CpeCcTBA

JIaboparopHbie pabOTHI 3 36 60
DK3aMeH 1 24 40
HUTOTO 60 100

KpuTtepumn onieHKH KypcoBoii padoThbl:

OueHoYHbIE CPeACTBA Banabl

min max

MeponpusiTusi TEKyIero KOHTPoJIs

Beenenue 7 15
MopenupoBanue y3ia 12 20
O06paboTka FKCIEPUMEHTATBHBIX JaHHBIX 10 15
3aKiro4eHne 7 10
3ammTa KypcoBoi pabOThI 24 40

NTOT'O 60 100




Hepeueub Komnemem(uﬁ u unbul{amopoe 00CMUIICCHUA Komnemem(uﬁ C yKaszanuem smanos qbopmupoeanuﬂ 6 npoyecce oceoernus

OUCUUNIUHBL

Komnerennus:

[1K-4 CmocobeH CcTpoWTh M HCHOJIL30BATh MATEMATHUYECCKHUE MOJICTW IS ONMUCAHUS W TPOTHO3WPOBAHMS PA3THMUHBIX
SIBJICHUM, OCYILIECTBJISITh MX KAYECTBEHHBIM W KOJMYECTBEHHBIA aHaIW3, MCIIOJIb30BaTh IMAKEThl MPHUKJIAAHBIX IIPOrpaMMm MIpHU
BBITIOJTHEHUHU NMPOEKTHBIX PadboT

[1K-4.1 3naeT MeTOI0JIOTHIO CO3aHus IU(PPOBBIX TBOMHUKOB TEXHOJOTUUECKUX MTPOILIECCOB C TOMOIIBI0O MATEMATUUECKUX
MoJieIeH, KOMIUIEKCHI TPOTPaMMHBIX MPOJAYKTOB, ITO3BOJISIIONIMX CO3/1aBaTh IU(PPOBBIC TBOMHUKH Ha MIPAKTUKE, METOJIbl aHAJIM3a
1 ONTUMU3AIUU [TUPPOBBIX TBOMHUKOB

[1K-4.2 YMmeeT ¢ moMoIIpio MaTEMaTHUECKUX MOJIeIeH co3/1aBaTh MU(POBHIE IBOMHUKU PEATHHBIX MPOIIECCOB ISl ONTMCAHMS
Y IPOTHO3UPOBAHUS PA3JIMYHBIX SBJICHUH, IPOU3BOAUTH UX aHAIU3 U ONITUMM3AIMIO, UCIIOJIb3Ys MAKEThI MPUKIIAAHBIX IPOrpaMm

[1K-4.3 BnageeT oCMbICIEHHBIMA HaBbIKAMU MTPUMEHEHHSI METOJIOB PETU3YIOIIUX CIIOCOOHOCTh CTPOUTh U UCIOJIH30BATh
MaTEMaTHYECKUE MOJICIN JJIsi ONMUCAHWS W MPOTHO3UPOBAHUS PA3JIMUYHBIX SIBJICHHM, OCYIIECTBIATh MX KAYECTBECHHBIM U

KOJIMYECTBCHHBIN aHaJIM3, UCITI0Jb30BATh ITAKCThI ITPUKIIAHBIX ITPOTPpaMM IIPH BBIITOJHCHUH ITPOCKTHLIX pa60T



HNuaukarto

PbI JOCTHKCHU S

ITanbl (l)OpMHpOBaHHH B IIpouecce OCBOCHUSA JUCHHUIIINHBI

(yka3atb Bce Tembl u3 PIII)

HaumenoBanue

KOMIIETEeHIIUH Jlexnu IIpakTH4eckue JlabopaTopHble Kypcosoii
OLI€HOYHOI0 CpeACTBA
3ansaTus,
" . 3aHATHS npoeKT (padora)
JadopaTopHbIii
NPAKTHKYM
I1K-4.1 Tema 1- | Tema 1-7 Tema 1-7 He KonTponbHast
7 MPEIYCMOTPEHBI pabora
11K-4.2 Tema 1-7 Tema 1-7 Tema 1-7 He KonTponbHas padota
IPEyCMOTPEHBI
I1K-4.3 Tewma 1-7 Tewma 1-7 Tema 1-7 He Kontponbnas padota

MPEAYCMOTPEHBI




IxaJa oneHUBAHUA

Hudpo | Beipaxenue | CioBecHoe Kpurtepun onieHKr HHAMKATOPOB OCTUKEHUsI IPU (popMe KOHTPOJIS:
BOE B 0aj1ax: | BbIpasKeHHe JK3aMeH / 3a4eT ¢ OLECHKOH 3avyer
BBIPAK
eHHe
5 87 -100 Ormnuno | OneHKa «OTIMYHOY» BBICTABISIETCS CTYNIEHTY, €CIIM TEOPETHUYECKOE COJIEepKaHhe Kypca
(3a4TE€HO)  |OCBOEHO MOJHOCTBIO, 0€3 IPOOETOB; HCYEPIBIBAIOIIE, MOCIEN0BATENRHO, YETKO M
JIOTUYECKH CTPOMHO U3JIaraeT Marepuail; CBOOOIHO CIIPaBIISIETCA C 3a/ladaMu, BOIIPOCaMU
U JpYrMMU BHJIAMU IPUMEHEHUs 3HAHUHN; HUCIOJIB3YyET B OTBETE JOIOIHUTEIIbHBIN
MaTepual BCE IPEAYCMOTPEHHBIE NPOrpaMMOM 3aJaHMs BBIIOJHEHBI, KadecTBO UX|OreHka «3a4TEHO»
BBIIIOJIHEHUS. OLIEHEHO 4YMCJIOM O0ajuioB, OJIM3KUM K MaKCHMMaJlbHOMY; aHAJIM3UPYET|BBICTABIIAETCSA CTYICHTY, €CIIH
IIOJIYYEHHBIE PE3YJIbTaThl; IPOSBISAECT CAMOCTOSITEIBHOCTD IIPU BBIIOJIHEHHUH 3aaHUI OTBETHI Ha BOIIPOCHI 10 TEMaM
4 74 - 86 Xopouo | OrieHKa «XOpOILIO» BBICTABISAETCA CTYACHTY, €CIIM TEOPETHUECKOE COJepKaHue Kypca|TUCLUIUIMHBI
(3a4TeHo) |ocBoeHO MOJTHOCTBIO, HEOOXOJMMBbIE TMPAKTUUECKHE KOMIIETCHIIMM B OCHOBHOM |MIOCJIE€IOBATEIbHBI, JIOTHUYECKH
cOpMHpOBaHbI, BCE MPEIyCMOTPEHHbIE NPOrpaMMOi 0O0ydeHHs ydeOHble 3aJaHusl|U3JI0KEHBI, JIOITy CKarTCs
BBITNIOJTHEHBI, KAYECTBO MX BBIMOJIHEHUSI JOCTaTOYHO BBICOKOE. CTYyAEHT TBEPJO 3HACT|HE3HAUUTENIbHBIE HEJIOYETHl B
MaTepuajl, TpaMOTHO M IIO CYILIECTBY H3JaracT €ro, HE JOIIyCKas CYIIECTBEHHBIX|OTBETE CTYyJACHTA, TaKUE Kak
HETOYHOCTEH B OTBETE HA BOIPOC. OTCYTCTBUE
3 60 -73 VYnosnerBop |O1ieHKa  «yJOBJIETBOPUTEIBHO»  BBICTABISETCA CTYJAEHTY, €CIM TEOpeTHYeCKOe|CaMOCTOATCILHOIO  BBIBOJA,
UTEIBHO  |coziepKaHue Kypca OCBOCHO YaCTHYHO, HO MPOOEIIBI He HOCSIT CYIIIECTBEHHOTO XapaKTepa, |peYEBhIC OIIMOKHU | 1P
(3a4T€HO) | GonBIMHCTBO IIPEAYCMOTPEHHBIX IIPOrPAMMOM 3aJaHUH BBIIIOJHEHO, HO B HUX UMEIOTCS
OIMOKK, TpPU OTBETE Ha IOCTaBJICHHBIH BOMPOC CTYAEHT JOIMYyCKaeT HETOYHOCTH,
HE/I0CTaTOYHO TMpaBHJIbHBIE (DOPMYTUPOBKH, HAOIIOAAIOTCS HAPYIICHUS JIOTMYECKOU
IIOCJIEI0BATEIILHOCTH B M3JIOKEHUU IPOrPAMMHOI0 MaTeEpHaIa.
2 Hwxe 60 | Heynosnets |OneHka «HEYJOBIETBOPUTEIBHO» BBICTABISIETCS CTYAEHTY, €clii OH He 3Haer|OneHka «HE 3a4TEHO»
OPUTEIIBHO |3HAYUTENIbHOM YacTH MPOrpaMMHOr0 MaTepuana, JIOMYyCKAaeT CyIIEeCTBEHHbIE OUIMOKH,|BBICTABISIETCS CTYACHTY, €CIIH

(He 3auTeHO)

c OoybIIMMU 3aTPYJHEHUSMH BBIIOMHSAET IpPaKTHYECKUEe paboThl,
MPAKTUYECKHE KOMIIETEHIIMM He CQOPMHUPOBAHbI, OOJBIIMHCTBO

HEYBEPEHHO,
HEOOXOINMBIE

CTYACHT HC 3HACT OCHOBHBIX
HOHSTHHA TEMBI JUCIIMITIINHBI,
HC OTBCYACT Ha




MPElyCMOTPEHHBIX POTPaMMOii 00yUeHUsT YIeOHBIX 3a/IaHUl HE BBIMTOJIHEHO, KAY4ECTBO | JOTIOTHUTEILHBIC u
UX BBITIOJIHEHUS OLIEHEHO YUCIIOM 0aioB, OJUM3KUM K MUHUMAJIbHOMY HaBOJALINE BOIIPOCHI
IIPENO1aBaATEIIs.




KpaTkas xapakTepucTHKA OLIEHOYHBIX CPeICTBA

oOyuJarolerocsi IMCbMEHHO U3JaraTh CyTh
MIOCTABJIEHHOM MPOOJIEMBI, CAMOCTOSATEIBHO
MIPOBOAUTH aHAIHU3 3TOH MPOOIEMBI C
HCIIOJIb30BAaHNEM KOHIEIINNA U aHAIUTUYECKOTO
HMHCTPYMEHTapUs COOTBETCTBYIOIIEH JUCIMILINHBI,
JieNaTh BBIBOJIbI, 0000IAIOIIME aBTOPCKYIO MO3UIIHIO
10 MTOCTaBJIEHHOM Mpobieme.

Ne | HammenoBanme | Kparkas xapakrepucTuka oneHo4HOro cpeacrsa | IlpeacraBienue
OII€eHOYHOI0 OII€HOYHOI0
n/n
cpeacrsa cpencrsa B GoHae
1 2 3 4
1. |JIaGopaTopHas DT0 BUJ yueOHOM pabOTHI, IIEbI0 KOTOPOH siBiisieTcs | Tembl 1abopaTopHBIX
pabora u3yueHue (uccie10BaHue, U3MEPEHUE) paboT, KOHTPOJILHBIC
XapaKTEePUCTHK JIa0OpaTOPHOro 0OBEKTA. BOIIPOCHI 10 TEME
. _ |maboparoproi
Lenb mnabopaTopHbBIX 3aHATHII: OCBOCHHE U3y4aeMOil
. paloThI, BOIIPOCHI K
y4eOHON JUCIMILIMHBL, IPUOOPETEHNE HABBIKOB
. B KOJUTOKBUYMY
MPAKTUYECKOTO IPUMEHEHUS 3HAaHUN y4eOHOM
JTUCHUTITUHBI (TUCIUTIINH) C UCTIOJIB30BAaHHEM
TEXHUYECKUX CPEJICTB U (MJIM) 000pyAOBaHUS
2. |KonTponbHas CpencTBo, MO3BOJISIONIEE OLICHUTh YMEHHE Tematuka
pabora oOyuJarolerocsi IMCbMEHHO U3JaraTh CyTh KOHTPOJIbHOM paboThI
MOCTABIEHHOM MPOOJIEMBI, CAMOCTOSATEIHHO
MIPOBOJIUTH aHAJINU3 ITOM MPOOIEMBI C
WCIOJIb30BaHNEM KOHIICTIIHIA U aHATUTHIECKOTO
WHCTPYMEHTApUs COOTBETCTBYIOIIECH JUCIUILTUHBI,
JIeaTh BBIBOJIBI, 0000IIAIOIINE aBTOPCKYIO MTO3HUITHIO
10 TIOCTABJICHHOMU TTpo0Jeme.
3. |KypcoBoii mpoekt |CpencTBo, MO3BOJISIONIEE OLICHUTh YMEHHE TemaTunka KypcoBoTro

IpOoeKTa




Il cemecmp
MuHHCTEpCTBO HAyKH | BBICIIETO 0Opa3oBanus Poccutickoit deneparuu
HuwxHexkaMcKkuit XMMUKO-TEXHOJIOTUYECKUNA UHCTUTYT ((unuan)
benepaibHOT0 TOCYAAPCTBEHHOTO OI0/KETHOTO 00pa30BaTEIBLHOTO YUPEKICHUS
BBICIIIET0 00pa30BaHus
«Ka3zaHckuil HalMOHaNbHBIN HCCIIEIOBATENbCKUN TEXHOJIOTHUECKUN YHUBEPCUTET»

TexHomornueckuit pakynbTeT

Kadenpa Xumuueckoil TEXHOIOTUU OPTAaHUICCKUX BEIIECTB

IlepeyeHb BONPOCOB 1151 IK3aMeHa

no qucuuiuinae b1.B.06 «MoaenupoBaHue 1 ONTUMHU3ALUS

HEPTEXUMHUUECKHX TPOLIECCOBY

1. Maiite onpenenenne nousaturo «Onrumuzanust XTI

2. llepeuncnuth HehOpMaTbHBIC WM IBPUCTHUECKUE TOAXOBI K aHAIHU3Y MPOOIEMHOM
CUTyalll! B IIPOLECCE PEIICHUS 3a/1a4 ONTUMHU3ALUN

3. HammcaTh OCHOBHOE ypaBHEHHE KpUTEpHUS ONTHUMAIBHOCTH C Pa3bsICHEHHUEM BCEX
IIEPEMEHHBIX

4. OntuMuzanus ¢ 1eJI0UYNCICHHBIMU IEPEMEHHBIMU

5. JlaTh onpezieneHre NOHATUIO « AJITOPUTM»

6. Cxema pemenus 3a1a4 ontumu3zanyu X TI1 mo MeToxy ropu3oHTaNbHOM JEKOMIIO3HIIUU

7. lath onpezneneHue NoHATUIO «MaTeMaTHuecKasi MOAEIb

8. Cxema pemrenus 3aaa4 ontumuzaunu X TI1 mo MeTomy BepTHKaTbHONW JEKOMITO3UIIUN

9. DTanbl NOCTAaHOBKY peIIEHUs 3a/1a4 ONTUMHU3AILUH

10. OnTuMu3anuUs C NEIOYNCICHHBIMU TIEPEMEHHBIMU

11. 'naBHOE Ha3HaYEHHE MIEPBOTO FTara NOCTAHOBKU PELISHUs 3ajjau ONTUMU3ALUN

12. OcHOBHBIE IPU3HAKH AITOPHTMA

13. O6bexT onTUMH3aLNU U KPUTEPUIl ONTUMAIbHOCTH

14. Tlopsnok BBIOJHEHUS YHMCIEHHBIX pAacyeTOB B IIpollecce pelIeHUs 3aaay
ONTUMM3ALIH

15. Xapakrepuctrka nepeMeHHbIX. TUIIbI TEPEMEHHBIX

16. Bo3aMo>kHbIE BapuaHThI pe3yJIbTaTOB aHAIN3a UHAEKCHOM CTPOKU CUMILIEKC-TaOIUIIbI

17. Jatb onpenenenne NoHATHIO « CUMILIIEKC)

18. Dranbl NOCTAaHOBKHU PEIICHUs 33124 ONTUMU3ALUN

19. OcHOBHBIC IPU3HAKH ATOPHTMA

20. 3anucatp 00K B 11€TIeBOM (PYHKITUHM U MHOXKECTBA JOMYCTHUMBIX allbTepHaThB (A)
JUTSL 3a/1a4, peIIaeMbIX CUMIUIEKC-METOA0M

Kpurepum ouenku:

Jlnist O4HO-3209HOM (POPMBI 00YUEHUS:

Onenka «oTIMyHO» WM 36-40 GayiyioB - OTBETHl Ha BOMPOCHI CBUIETEIHCTBYIOT 00
YBEPEHHBIX 3HAHUSAX U YMEHUH CTYACHTA.

Onenka «xopoiio» 32-35 6auioB - OTBETHI Ha BOIIPOCHI CBUAETEIBCTBYIOT O JOCTATOUHBIX
3HAHMUSX U YMEHUU CTYJEHTA.

OneHka «yIOBJIETBOPUTEILHO» 25-31 0ayuioB - OTBETHI Ha BOMPOCH! CBUJIETENBCTBYIOT O
HEJ0CTAaTOYHBIX 3HAHUSAX U OTPAHUUEHHOM YMEHMHU CTYJIEHTA.

OreHka «HeyI0BIETBOPUTEIbHO» 0-24 GayuIoB - OTBETHI HA BOIPOCHI CBUETENBCTBYIOT O
cJ1a0bIX 3HAHUSX U HEYMEHHUE CTYy/ICHTA.
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MunucTepcTBO HayKu U BeIciero oopasosanus Poccuiickoit deaeparnuu

HwxHekaMCKU XUMHUKO-TEXHOJIOTMYECKUM MHCTUTYT ((puman)
denepaabHOTO rocyIapCTBEHHOTO O0/PKETHOTO 00pa30BaTEIbHOTO YUPEIKACHUS
BBICIIIETO0 00Opa3oBaHus
«KazaHckuil HallMOHAJIBLHBIN UCCIIEA0BATESIIECKUN TEXHOJIOTHYECKUMN
YHHUBEPCUTET

Daxynvmem TEXHOIOTUUECKUN

Kageopa xumuaeckol TEXHOJOTHH OPTaHUYECKUX BEIIECTB

VY4eOHBIM MIIaHOM 110 HarnpaBiieHU0 ToAroToBkU 18.04.01 Xumudeckasi TEXHOJIOTHS st
o0y4aromuxcs MpeaycMOTPEHO IpoBeAeHHe 1a00paTopHbIX 3aHATUH mo aucuuruinae b1.B.06
«MoaenupoBaHye ¥ ONTUMHU3AIUS HePTEXUMUYESCKUX IPOLIECCOBY.

JlaGoparopHble 3aHATHS MO AUCHUILIAHE MPOBOIATCS B CHEIHAIBHO O0O0OPYIOBaHHON
71abopaTopuu ¢ MPUMEHEHHUEM HEOOXOIUMBIX CPEACTB O0YUYEHHUS: JIAOOPATOPHOTO 0O0PYAOBAHHS,
00pa3IoB I UCCIICIOBAHUM, METOMYCCKUX TTocoOuid. Llenb mpoBeneHus 1adopaTopHBIX padboT
- MPAKTUYECKOE OCBOCHHE TEOPETUUYECKUX TMOJIOKEHUN JICKIIMOHHOTO Marepuaia, a TaKkKe
BbIpa0OTKa  CTyJEHTAMH  OINpPEAENEHHBIX YMEHUH UM  HaBBIKOB  CaMOCTOSITENILHOTO
OKCIIEPUMECHTUPOBAHHUS.

JlabGoparopHasi padora Ne 1
«MarepuanpHble TOTOKH. PacueT cBOMCTB KOMIIOHEHTOB U CMECH»

Llenv pabomur: VI3yunTh MaTepHaibHble IIOTOKH, ONPEICIUTh CBONCTBA KOMIIOHEHTOB

Peaxmuevr: H-ByTan, n300yTaH, o-OyTwieH, TpaHC-OyTHJIEH, IUC-OyTWIICH, NUBUHUI,
Oyranuen-1,2, uuknoOyTtaH, OyTuH-1, BUHMIALETHIIEH

Xo0 pabomvi: BA3KOCTb - OIHO U3 SIBJICHUI IIEPEHOCA, CBOMCTBO TEKYUYHUX TeN (3KUIKOCTEH
Y Ta30B) OKa3bIBaTh COIIPOTHUBIICHHE MEPEMEIEHUIO OHON UX YaCTH OTHOCUTENIBHO JPYTOM.

CymHoCTh omnpeAeneHuss KUHEMAaTH4YeCKOM BS3KOCTH 3aKIIOYAeTCsl B YCTaHOBJIECHUHU
BPEMEHHU HCTEUCHHS OIPEIEIIEHHOT0 o0beMa JKHIKOCTH uYepe3 KalmuIp BHUCKO3UMETpa MO
neiictBueM COOCTBEHHOM CHilbl TsDKeCTH. J{Isl ompeneneHuss KMHEMaTHYeCKOW BS3KOCTH MpHU
MIOJIOKHUTEIPHBIX M OTPHIATENIHBIX TEMIIEpaTypax HCIONB3YIOT BHCKO3UMETP KaNHJUIIPHOTO
tuma BIDK-2 (TOCT 10028-81).

Buckosumerp BIDK-2 (puc. 1) npeacrasnsier coboii crexisinayto U-obpa3Hyto TpyOKy, B
OJTHO KOJIEHO KOTOpOW BNAasH Kanmwuidp, NepexoAsliuii B JBa pacimupeHus. Mexay
pacupeHnsIMA UMeeTcst MeTka M1, a BHM3Y HIDKHETO paclIMpeHus - MeTka Ma.

2 \1{
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1 - xkanwIIsp BUCKO3UMETPA, 2 - OTBOJIHAS TPYOKa, 3 - paciiupeHre BUCKO3UMETpa
Pucynok 1 - Buckozumerp BITK-2

B BepxHell yacTu BTOpPOro KOJIEHa €cTb HEOOJBIIONH OTBOJ, Ha KOTOPBIA HajaeBaeTcs
pe3nHOBas TPyOKa MPH 3allOJIHEHUU BHCKO3MMETPa UCCIICYyEeMOH KHUAKOCThI0. B HUXKHEH yacTu
o0a KoJIeHa COEAMHSIIOTCS C TOMOINBIO PACIIMPEHHs], CIIyXKAalllero pe3epByapoM [UIisl CTOKa
UCIIBITYEMOU KUJKOCTH.

Bucko3umeTpbl BBITYCKAIOT ¢ KalWUIIpaMH pa3iM4HOro auamerpa. Ha pacmmpenunsx
BHCKO3MMETpa YKAa3bIBalOT THUII CTEKJIA, ATy W3TOTOBJICHMS U JHaMeTp Kanwuiapa. Kaxasii
BHUCKO3MMETpP CHAa0XeH BBIMYCKHBIM aTTeCTaTOM, B KOTOPOM YKa3bIBa€TCA IOCTOSHHAS
BHCKO3UMETpA.

Jlns noppepkaHus 3aJaHHOM TEMIEpaTypbl MPOAYKTa IPU OINPEACIICHUH BSI3KOCTU
IIPUMEHSIOT TEPMOCTAT WM TEPMOCTATUPYIOIIHUE YCTPOUCTBA. B 3aBUCUMOCTH OT TEMIIEpaTyphl,
IIPU KOTOPOH ONpeaensieTcss KHHeMaTH4ecKasi BA3KOCTh, TEPMOCTAT 3anoJHAT Boaou ot 0 °C go
90 °C. Jlns HarpeBa *XHJAKOCTEH HCIOJB3YIOT HarpeBaTesIbHbIE HPUOOPHI, JUISl OXJIAKIACHUS
MPUMEHSIOT JIE.

Jlia onpeneneHuss KHHEMATHYECKOM BS3KOCTHU HUCHBITHIBAEMOIO NPOAYKTAa IMOAOUPAIOT
BHCKO3MMETpP C TAaKHUM PAacYeTOM, YTOOBI BpeMs HCTeUEHUs yepe3 Kanuiuiap Obu1o He meHee 200
c. Jlemaercs 9TO ClemyromMM o0pa3oM. 3Has BsA3KOCTh B caHTHcTOKcax (lcct = 10 m?/c)
MPOJYKTa MO TEXHUYECKUM YCIOBUAM IIpU TeMmIilepaType ompeneneHus, aendar ee Ha 200 u
MOJYYar0T TOCTOSHHYIO BHCKO3MMETpPA, MO0 KOTOPOH M MOJOMPAIOT BUCKO3HMETP C HYXKHBIM
JMaMETPOM KaIluJuIsIpa.

Ilepen onpeneneHreM BSI3KOCTH BHCKO3MMETD CHadajga TINATEIbHO IPOMBIBAOT
ABUAIMOHHBIM  OEH3MHOM,  JUCTHW/UIMPOBAHHOW  BOJOM  WJIM  CHOUPTOM  STUJIOBBIM
pexTU(UKOBAHHBIM. 3aT€M MPOCYIIMBAIOT B CYNIMIIBHOM MIKay U MPOIYyBAIOT YUCTHIM TEILIBIM
BO31yXoM. IIpy cuinbHOM 3arpsi3HEHUN BUCKO3UMETP MTPOMBIBAIOT XPOMOBON CMECHIO.

B tepmocraTe ycTaHaBIMBAIOT HEOOXOAUMYIO TEMIIEPATYPY, KOTOPYIO MOAJIEPKUBAIOT BO
BpeMsi ompeneneHuss ¢ ToyHocThio a0 0,1 °C. TemmepaTypy ONpenensitoT ¢ IMOMOIIbIO
71a00paTOPHOTO TEPMOMETpPA, YCTAaHABIMBAEMOI'O TaKUM 00pa3oM, YTOOBI €ro PTYTHBINA IIApHK
HAaXOJIUJICS HA YPOBHE CEPEANHBI KaMJIIpa BUCKO3UMETPA.

B 4ucThIi M CyxOil BHCKO3UMETP MHUMNETKOW BHOCAT 15 mMi pactBop. Buckozumerp
MOMENIAOT B TEPMOCTAT Ha 15 MUHYT ¢ TemMnepaTypoil B CTpOro BEpTHUKAIbHOM MOJIOKEHUH TaK,
yTOOBl HAJ YPOBHEM BOJIbI BO3BBIIAIUCH TOJIBKO KpaH MU OoxoBble TpyOku. Ilocie
TEPMOCTAaTHPOBAHUS 3aCachIBAIOT PACTBOP B TPYOKY BBIIIE BEpXHEW METKH M U3MEPSIOT IO
CEKyH/IOMEpPY BpEeMsI HCTEUEHHMSI BEILIECTBA MEKy BEpXHEW U HU)KHEW METKaMHU.

W3mepeHne BpeMEHM HCTEUEHUHU IIOBTOPSIOT HECKOIBKO pa3. PacxoxzaeHue Mexay
pe3yJibTaTaMy MapajIeIbHbIX U3MEPEHUHN HE TOJKHO MpeBbimarh 0,2 cek.

Kunemarnueckast BA3KOCTb OIPEIENISAETCs CIeyI0IUM 00pa3oMm:

v=—13J_.1.K

9,807
e V- KHHeMaTHJecKast BA3KOCTb KUIKOCTH, MM2/c
T - BpeMst HCTEUEHHUS KHUIKOCTH, C
g - ycKOpeHHe cBOOOIHOTO MajleHus, M2/C
K - mocrosuHas Buckosumerpa (K=0,03080 mm?/c?)
B xoHIte paboThI ClIe/IaTh BBIBOJIBL.

KOHmpOﬂbele eonpocsl.

Hcnons3yst mporpammusiii maketr Unisim Design BeimosHKUTE 3a1aHuE:

1) Omnpenenurs TeMmepaTypy KOHIEHCALMM CMeCH NpU naBieHuM 2 Krc/cm?. Paccuurats

JTUHAMHYECKYIO BSI3KOCTh, MAacCOBbI€ IUIOTHOCTB, TEIUIOMPOBOJHOCTh M TEIIOEMKOCTH NMPOAYKTa HpHU
temneparype 50 °C 1 u30bITOUHOM NaBIeHUM 2 KIc/cM2.
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HanMenoBaHne KOMIIOHEHTA Macc. %
H-byTtaH 18,63
N300yTan 21,14
o-bytunen 7,07
Tpanc-bytunen 9,98
uc-bytuien 8,26
JluBHuHUI 11,92
Byranuen-1,2 3,84
[ukmo0yTan 6,39
ByTun-1 9,14
Bununanerunen 3,63

2) OnpenenuTh NaBjIeHUE CMECH Ha JIMHUM HachllleHus npu Temneparype 78 °C. Paccuurats 1010
napa, IMHaMHUYECKYI0 BA3KOCTh, MaCCOBBIE INIOTHOCTH, TEIIONPOBOAHOCTh U TEIUNIOEMKOCTh MPOTyKTa IIPU

temneparype 145 °C u u30prrouHOM naBnennu 1,5 kre/cm?,

HamMvenoBaHne KOMIIOHCHTA Macc. %
H-ITentan 1,12
JvBuHnn 2,18
H-I'exkcan 5,60
Anerniies 7,41
Bona 8,00
JuMeTHIoBbIi 2hup 6,42
ArieToH 31,20
TMK 4,52
Ora”on 23,10
Hzonpomnanon 10,45

3) Onpenenuth TeMmeparypy KOHASHCAllMM CMeCH NpH aaBieHuu 4 xrc/cm?. Paccuurats
JTUHAMHYECKYIO BSI3KOCTb, MAacCOBbI€ IUIOTHOCTh, TEIUIONPOBOJHOCTh M TEIJIOEMKOCTh NMPOAYKTa MpHU

temmneparype 110 °C u u30bITOuHOM naBnenuu 1 kre/cm?,

HanMvenoBanne KoOMIIOHEHTA Macc. %
[Ienren-1 2,31
2,3 - numernnOyTeH-1 4,15
MeTUILHUKIONEHTaH 6,10
2,3-IUMETHIITIEHTAH 9,25
3-aTHIIneHTaH 26,70
2-METHIT€KCaH 2,62
Tomyon 3,14
Bona 5,64
Tpanc-OyTuiex 30,40
uc-OyTuneH 9,69

4) OnpenenuTh JaBJIeHUE CMECH Ha JIMHUM HACHILEHUs nipu Temnepatype 84 °C. Paccunrars 1010
napa, JMHAMHUYECKYIO BSI3KOCTh, MACCOBBIE INIOTHOCTh, TEILIONPOBOAHOCTh U TEIIOEMKOCTH MPOYKTA IIPH
temneparype 131 °C u u36brrounom nasnennu 4,15 kre/cm?,

HanmeHoBaHre KOMIIOHEHTA Macc. %
A3ot 0,12
Meran 1,46
2-METUITEKCAH 41,00
2,4-nuMeTHITIEHTaH 12,60
H-TEITaH 0,65
2,3 - numerunOyTeH-1 2,42
[{uknorekcan 8,17
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N300yTHiieH 31,58
DTaHoII 0,15
H3onponaHoa 1,85

5) Omnpemenuts TeMIepaTrypy KOHIECHCAMM CMECH NPHM JaBleHMd 3 Krc/cm?. PaccumTats
JUHAMUYECKYIO BS3KOCTh, MACCOBBIC IUIOTHOCTH, TEILUIONPOBOJHOCTh W TEILUIOEMKOCTh MPOAYKTA HPU

temneparype 60 °C u naBnenuu 2,5 krc/cm?,

HanmeHnoBaHye KOMIIOHEHTA Macc. %
H-ByTtaH 2,65
N300yTan 541
a-bytunen 1,31
Tpanc-bytunen 0,14
Huc-bytunen 0,79
JuBuHun 9,57
Byraauen-1,2 10,1
[uknoOyTan 34,52
byTtun-1 28,9
BununarernieH 6,61

6) OnpenenuTh JaBIEHUE CMECH HA JIMHMHU HackleHnus npu Temneparype 90 °C. Paccuurars 10510
napa, JMHAMHYECKYIO BI3KOCTh, MACCOBBIC IIOTHOCTh, TEIJIONPOBOJHOCTD M TEIUIOEMKOCTh MTPOAYKTA TPH

temneparype 115 °C u u36prrounom nasnenuu 1,8 xkre/cm?,

HanmeHnoBanne KOMIOHEHTA Macc. %
H-ITenran 4,65
JuBunun 8,94
H-I'excan 15,7
Aueruinen 17,6
Bona 0,46
JumetnunoBerit 3pup 0,82
Aueron 4,82
TMK 21,21
DTanon 10,85
HzonpomnaHon 14,95

7) OmnpenenuTh TeMIepaTypy KOHAEHCAllMM CMECHM NpH JaBieHud 2,6 krc/cm?. PaccumTaTh
JTUHAMAYECKYIO BS3KOCTh, MAacCOBBIE IUIOTHOCTh, TEIUIONMPOBOAHOCTh M TEINIOEMKOCThH MPOAYKTa IPH

temnepatype 94 °C u uzdsrrounom gasnennu 1,9 kre/cm?,

HanmeHoBaHre KOMIIOHEHTA Macc. %
[Teuren-1 11,94
2,3 - numernnOyTeH-1 0,45
MeTHIIIMKIIOIICHTaH 0,91
2,3-TUMETHIIEHTaH 24,65
3-3TrineHTa’ 10,94
2-METWITEKCaH 5,55
Tonyon 6,42
Bona 7,81
Tpanc-OyTuiieH 30,21
Iuc-0yTnnen 1,12

8) OnpenenuTh 1aBIeHHE CMECH HA JIMHMU HacklmeHus npyu remneparype 100 °C. Paccuurars 10510
napa, JMHAMHYECKYIO BI3KOCTh, MACCOBBIC INIOTHOCTD, TEIIONMPOBOJHOCTD M TEIUIOEMKOCTh ITPOAYKTA TPH

temneparype 112 °C u u36prounoM naBnennu 2,3 Kkre/cm?,
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HanMenoBaHne KOMIIOHEHTA Macc. %
A3zot 434
Meran 6,17
2-MeTWITreKcad 0,46
2,4-nuMeTninenTan 10,64
H-TENTaH 24,51
2,3 - numerunOyTeH-1 0,47
Iuxnorexcan 16,45
W300yTHiIeH 20,86
DTtanon 5,76
N3onponanon 10,34

JlabGoparopHasi pabora Ne 2
«Omnepauuu pasaenenns. Cenaparop, 3-¢gasnblii cenapaTrop»

Llenv: ymeTb oOINpeAensTh TUI CMECH M NPAKTUYECKH OCYIIECTBISTH pa3/eicHUe
OJIHOPOJIHOM ¥ HEOJTHOPOJHOM CMECH.

Obopyoosanue: punbTpoBasbHAs Oymara, CHHpPTOBKa, (apdopoBas dalieyka, MarHuT,
CTaKaH, CTEKJISIHHAs Naj04yKa, IITaTUB, BOPOHKA.

BewecTBa: necok, xee3Hble OMUIIKHU, COJb, BOJA, JPEBECHBIE ONUIIKH.

Xoo pabomol:

Yacts 1. OrcranBanue. (pa3aeieHue reTepOreHHbIX CMECEeil).

PactBopuTe cmech mecka U JpEeBECHBIX OMWIOK B BOJE, AJIsi 3TOTO, IECOK U JPEBECHBIC
OIWJIKU IIEPEHECUTE B CTAKaH C BOJOW M pa3MEIIAlTe CTEKIISTHHON MTAJIOUYKOM.

Pa3znenute nonyumBiytocs cmecb. MeTol OTCTauBaHUsl OCHOBAH Ha Pa3JIMYHOMN IUIOTHOCTH
BEIIECTB WJIM Pa3jIMYHOM CTeNeHH cMaunBaeMocTd. OTCTauBaHHE MPOUCXOIUT MO JEHCTBUEM
CHJIBI TSKECTHU: HauboJiee TSHKENbIe YaCTHIIBI OCEAa0T Ha JTHO 32 ONpeAETICHHBIN epro BpEeMEHH.
He tpebyer cnoxHOl annapaTypbl U JOTIOJIHUTEIbHBIX 3HEPro3aTpar.

AKKypaTHO CHUMUTE C NOBEPXHOCTU BOJBI, BCIUIBIBIINAE ONMIIKH.

[Ipoananusupyiite oneiT. Caenaite BIBOI.

Yacts 2. @unbTpoBanue. (pasjeneHne reTeporeHHbIX cMeceil)

PactBopute necok B Bojzie. JlJist 3TOro MecoK MEPEeHECUTe B CTaKaH C BOJOW M pa3MellaiTe
CTEKJITHHOU MAJIOYKOU.

Pa3znenute nonyuuBuiytocs cmech GpuiibTpoBaHueM. s atoro:

A) mpurotoBbTe OyMa)KHBIN (QUIBTP, BIOKUTE €r0 B BOPOHKY M CMOUYHUTE BOJIOW, UCIIOIB3YS
CTEKJISTHHYIO MaJ0uKy.

b) IIposeaute punbrpoBanue. [lomHMTe, 4TO )KUIKOCTH HA0 HAIMBATH B BOPOHKY CTOJIBKO,
4yTOOBI OHA HE JoxoAuia a0 kpaes 0,5 cM, HHaYe CMeCh MOXKET MPOTEeKaTh MEXAY GUIBTPOM U
CTEHKaMHU BOPOHKH, HE OUHILASICh OT IPUMECEH.

3. [Ipoanammusupyiite onsitT. CrenaiTe BEIBO.

Yactsp 3. [leiicTBre MarHUTOM. (pa3/ielIeHHE FETEPOreHHBIX CMECEN ).

Ha onun nuctouek Oymaru HachIlbTe MPUOIM3UTEIRHO 1 cM3 mOpoITKooOpa3HOW cephl, a
Ha JIPyToil — CTOJIBKO K€ MOPOIIKOOOPA3HOTO JKelle3a.

OtmeTbTe LBET ATHX BemlecTB. [1010BUHY MOpOIIKa cephl U jKeJie3a HAChINbTE B OT/IEIbHbBIE
NpoOUPKH ¢ BOJIOM 1 HAaOII01aeTe 3a TEM, UTO TPOUCXOJIUT.

BospMuTe BTOpYIO MOJOBUHY cepbl M kenesa. [IpoBepbTe HAa 3THX MOPOIIKAX JIEHCTBHE
MarHuTa.

[IpuroroBbTe cMech U3 MOPOIIKOB KEJI€3a U CEPhl. 3aTEM OCTaBIIYIOCS CMECh, BCHIIIBTE B
cTakaH ¢ Bogoi. Uro Habmonaere?

[Ipoananu3upyiTe ONBIT U CACIANTE BBIBO/I.

OdopmuTe 001mMii BHIBOI.

KoHTpoJibHbIE BOIPOCHI:
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Hcnonp3ys nmporpamMusiii maker Unisim Design BeIMoIHUTE 3a1aHKE:

1) Pa3nmenuTe UCXOAHYIO CBIPbEBYIO CMech B 3-X (ha3HOM cemaparope Ha MapoOBYIO, JIETKYIO

YTJICBOJIOPOIHYIO M TSDKENYIO YIIIEBOAOPOAHYIO (ha3y. OmpeseuTh COCTaB U pacXobl HOTOKOB.

[TapameTpsl TOTOKA MATAHUS:

Cocrasn

HamMvenoBaHnne KOMIIOHCHTA Macc. %
H-ITentan 1,12
JluBHuHUI 2,18
H-I'excan 5,60
Aneruies 7,41
Boza 8,00
JuMeTnnoBblii a3gup 6,42
ArieToH 31,20
TMK 4,52
Orta”on 23,10
M3omnpomanon 10,45

[Tapamerpsl
JlaBnenue, krc/cm? (130.) 2,2
Temneparypa, °C 80
Macc. Pacxon, kr/4 6300

2) Pazgenuth MCXOIHYIO CBHIPBEBYIO CMeCh B 3-X (ha3HOM cemapaTope Ha MapoBYIO, JIETKYIO

YTIIEBOAOPOIHYIO U TSHKEIYIO YITIEBOJOPOAHYIO (pazy. OnpenenanTs COCTaB U pacXobl IIOTOKOB.

[TapameTpsl IOTOKA MUTAHHUS:

CocraB
HanmenoBaHye KOMIOHEHTA Macc. %
H-byTtaH 18,63
N300yTan 21,14
a-bytunen 7,07
Tpanc-bytunen 9,98
Huc-bytunen 8,26
JluBuHMI 6,92
Byraauen-1,2 3,84
HuknobyTan 6,39
Byrtun-1 9,14
BununanernieH 3,63
Bona 5,00
[Tapamerpsl

Jlasnenue, krc/cm? (130.) 3,5
Temneparypa, °C 44

Macc. Pacxon, kr/4 7000

3) Pazgenuth MCXOIHYIO CBHIPBEBYIO CMeCh B 3-X (ha3HOM cemapaTope Ha IMapoBYIO, JIETKYIO

YIJIICBOAOPOAHYIO U TAXKCIYIO YTJIICBOAOPOAHYIO (pa3y. OHpeZ[CJ'II/ITB COCTaB " pacXxodbl ITOTOKOB.

ITapameTpsl MOTOKA NUTAHUS:

CocraB
HanmeHoBaHre KOMIIOHEHTA Macc. %
g-ITenran 1,12
JuBunun 2,18
H-I'excan 5,60
Anerniien 7,41
Bona 8,00
JuMeTnnoBblid a3gup 6,42
Arneron 31,20
TMK 4,52
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OTtaHon 23,10

WzonponaHon 10,45
ITapameTpsl

JlaBnenue, krc/cm? (130.) 2,2

Temneparypa, °C 80

Macc. Pacxoq, kr/u 6300

4) Pa3menuTh HMCXOTHYIO CHIPHEBYIO CMeCh B 3-X (pasHOM cemapaTope Ha MapoBYHO, JETKYIO

YTIIEBOIOPOIHYIO M TSKEIYIO YTIIEBOJIOPOAHYIO (a3y. OnpenennTs COCTaB B PacX0o/Ibl TOTOKOB.

HapaMeprI IIOTOKA IMMUTaHUA:

CocrasB

HanmeHoBaHHe KOMIIOHEHTA Macc. %
H-Byran 18,63
M3o00yTan 21,14
a-bytunen 7,07
Tpanc-bytunen 9,98
uc-Bytunen 8,26
JuBuaun 6,92
byramuen-1,2 3,84
HuknobyTan 6,39
ByTun-1 9,14
BununarernieH 3,63
Bonma 5,00

ITapameTpsl
JlaBnenue, krc/cm? (130.) 3,5
Temnepatypa, °C 44
Macc. Pacxon, kr/4 7000

5) Pazgenuth HCXOIHYIO CHIPBEBYIHO CMeCh B 3-X (ha3HOM cemapaTope Ha MapoBYIO, JIETKYIO

YTIIEBOJOPOIHYIO U TSHKEIYIO YITIEBOJOPOAHYIO (pazy. OnpesenuTs COCTaB U pacXobl IIOTOKOB.

ITapameTpsl OTOKA NUTAHUS:

Cocras

HanMvenoBaHnne KoMIIOHEHTA Macc. %
H-ITenran 1,12
JvBuHMI 2,18
H-I'excan 5,60
Aueruinen 7,41
Bona 8,00
JuMeTnnoBblid 23¢up 6,42
ArieToH 31,20
TMK 4,52
OTtaHon 23,10
W3onponanon 10,45

[TapameTpsl
Jlanenue, krc/cm? (136.) 2,2
Temneparypa, °C 80
Macc. Pacxon, kr/4 6300

6) Pa3nmenmuTh MCXOJHYIO CHIPHEBYIO cMech B 3-X (pasHOM cemapaTope Ha MapoBYHO, JETKYIO

YTIIEBOIOPOTHYIO U TSKEIYIO YITIEBOJOPOAHYIO (pazy. OnpeseuTh COCTaB U pacXoibl IIOTOKOB.

ITapameTpsl OTOKA NUTAHUS:

Cocrasn

HanmenoBanne KoMIIoHEeHTa Macc. %
H-byTtaH 18,63
UzobyTan 21,14
o-bytunen 7,07
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Tpanc-bytunen

9,98

[{uc-bytuien 8,26
JluBuHun 6,92
Byraauen-1,2 3,84
[uknoOyTan 6,39
Bytun-1 9,14
Bunwianerunen 3,63
Bona 5,00
[Tapamerpsl

JlaBnenue, krc/cm? (130.) 35
Temneparypa, °C 44

Macc. Pacxom, xr/4 7000

«Onepaunn pasaciIiCHUs. IToxoMnOHEHTHBIH JACINUTCIIb»

JlabGopaTopHas padora Ne 3

eanb padoThI.

Pazoenumo cmecw na komnonenmol. Hatimu memnepanmypy u cocniae coblpbst, npu KOMopom

8bIX00 2a3000PA3HBIX NPOOYKMOE MAKCUMATIEH.

VYcranoBka (puc. 1) BkiirodaeT B ce0s cielyrolye npuoopsl:

- 1 — nenurensHasg
- 2 — TepMomnapa,
- 3 — 2JeKTpoIeYh

IIpudopsl.

BOPOHKa (IMMUTaHUE PEaKTopa),

JUTst 000TpeEBa PEKTOpa,

- 4 — X0IOdUIbHHK,

- 5 — IpUEeMHUK,
- 6 — ra30CYeTYHK,

- 7 — npubop MoKa3zaHus TEMIIEPaTypHl,
- 8 — perynsatop temnepatypsl (JIATP),

- 9 — peakrop.

B kauecTBe ChIpbs HCOJIB3YyEM 3-X KOMIIOHEHTHYIO CMECh: IeKcaH, O€H30J1, U30TPEH.

Pucynok 1 — YcranoBka nuponusa yrieBoJoOpOJIOB.

PeakTuBsbl.

BoinosiHeHune padoThl.
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[Muponu3 yrneBogoOpOdHOrO CHIPbsl BEAETCS Ha ycTaHOBKE (puc. 1) mpu pa3IuyHbIX
TEMIIEPATYPaX U COCTABE CHIPHSL.

[Tepen HaUaIOM OMBITa TPOBEPSIOT MPABUIBLHOCTH COOPKH, HAJCKHOCTh U TEPMETUIHOCTh
BCEX COCIMHEHUH YCTaHOBKU. Bkitowaror snekrponeus 3 mis oborpeBa peakropa. Ilocie Toro
KaK TeMIIepaTypa B peaKTope JOCTUTHET 3aJJaHHON TEMIIEPATYPbI, B XOJOIUIbHUK 4 TIOJAIOT BOAY.
3alaHHYI0 TEeMIIEpaTypy B PeakTope MOAEPKUBAIOT C IOMOIIBI0 TEPMOPETYIIATOpa 8.

[IpuroToBneHHy0 CMECh YIJIEBOAOPOIOB MOMAIOT B 103aTOp 1. MOMEHT moJiauu ChIpbs B
PEaKIMOHHYIO 30HY IPUHUMAIOT 3a Hayajo omnbiTa. Bee skcriepuMeHThl He00X0JUMO MPOBOIUTH
IIPU IOCTOSTHHON 00bEMHOI CKOPOCTH I0/1a4H YTIIEBOJOPOIHOTO ChIPhS (BpeMsl HCTEUEHHUSI ChIPhS
30-35 muH).

[To oxoHuaHuM ombITa GUKCUPYIOT 00BEM Ta30B MPOMICAIINX Yepe3 Ta30BbIE Yachl 6 U
maccy KuIKoi (a3zpl. COCTaBISIOT MaTepUANbHBIM OajdaHC MPOIEecca, PacCUUTHIBAIOT BBIXO
ra3000pa3HbIX MPOAYKTOB MUpoian3a. CpaBHUBAIOT 3HAYSHUS BBIX0JIa Ta3000pa3HbBIX MPOIYKTOB,
HAUXYAIIUNA pe3yibTaT OTOPACHIBAIOT M PACCUYMTHIBAIOT HOBBIM COCTAB CMECH YTIIIEBOJOPOJOB.
OKCHEepUMEHThl TPOBOAAT TOKa HE OyIeT MOOCTUTHYTO TMpelelbHOe 3HAuYeHHE BBIXOJA
ra3o00pa3HbIX MPOAYKTOB, MOCIIE YXyAIIECHHUS MOKa3aTels mpolecca paboTy MpeKpaliaror.

Od¢opmiteHue pe3ybTaTOB

CocTaBisoT MaTepUalibHBIN OaJIaHC MpoIlecca MUPOIN3a:

1. PaccunThiBaroT Maccy oJaHHOTO ChIPbs

Mcm=Vem-pewm,

rne Vewm, Pcm - 006eM (MIT) ¥ TUIOTHOCTS (T/MJT) YTIIeBO0poJHOH cMecH. [TmoTHOCT cMecn

paccUMTHIBAIOT 1O (popmyie

pawecu = ‘xl 'Iol +x2 'pZ +x3 'p3’
X1, X2, X3-OOBEMHBIE TPOICHTHI COOTBETCTBEHHO TEKCaHa, M30MpeHa, OeHzona, %00;
P1rPay Pg - IIIOTHOCTH COOTBETCTBEHHO I'€KCaHa, U30MpeHa, OeH301a, I/MIL.

2. PaccuutbeiBarot Maccy raSOOGpa3HLIX MMPpOAYKTOB MMUPOJIN3a, YCJIOBHO CHHUTAA, 4YTO
B OCHOBHOM OHH COACPIKAT 3THUJICH
Vv
mzaa - vV om

rae V - 00beM ra3000pa3HbIX MPOIYKTOB M0 Ta30CUETUYHKY, J; Viy. - MOJSPHBIN 00beM
rasa npu HOPMaJbHBIX YCIOBUAX; Viuy =22,4 1/Moib; Myr - MOJIsIpHas Macca 3THieHa, My =28
I/MOJb.

3. Maccy KUAKUX MPOAYKTOB HAaxXOAST IO Pa3sHOCTH MacC CyXOro IpHUEMHHUKa

Y TIPUEMHUKA C )KUJIKON (paKirei.
4. PaccunTthIBaloT Maccy KOKca, OTJI0KEHHOTO BHYTPH peakTopa
mKOKC:mCM_mTaS-m)KPUI

Pe3ynbTarsl 3aHOCAT B Tabnuity 1.
Tabnuma 1. - MarepuanpHbIi O0amaHc poliecca MUpoJin3a

[Ipuxon, T Pacxon, r
1. YrinepoaHoe coipbe
B TOM 4HCJIE

1. ’Kunkue npoyKThl MUPOIIN3a
2. Ta3oo0pa3Hble  TPOAYKTHI

reKcad

MAPOJIN3a
M30IIpeH 3. Koke
OeH30I )
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mZ

PaccuuThIBaOT BBIXO/ ra3000pa3HbIX MPOAYKTOB: 77 = -100%

Cv.
KoHnTpoJibHbIE BOPOCHI:
Hcnone3yst mporpammusiii maketr Unisim Design BeimoHKUTE 3a1aHKE:

1) 13 ucxoaHOM cMeCH yriIeBOIOPO/IOB MOTHOCTBIO OTACTUTH yriaeBoaopo sl Cs — Ca. OmpeaenuTs
COCTaB U pacxobl IOTOKOB.
[TapameTpsl TOTOKA MATAHUS:

CocraB
HaumMeHoBaHME KOMIIOHEHTA Macc. %
[Iponan 3,0
n-byran 6,8
i-Byran 15
n-Ilearan 18,9
Iuknorekcan 22,0
2,3 — nTuMeTWI0yTaH 16,2
I'enten-1 31,2
3,3-IUMETHITIEHTAH 0,4
ITapameTpsl
JlaBnenue, krc/cm? (130.) 6,0
Temneparypa, °C 80
Macc. Pacxop, kr/u 6400
ITapamMeTpsl IOTOKOB
JaBnenue, krc/cm? (136.)
- BepX 6,0
- Ky0 6,2
Houns mapa
- BepX 1
- Ky0 0

2) VI3 ucX0HO# CMeCH YTIEBOI0PO/IOB MOTHOCTBIO OTAEIUTE yrieBoaopoabl C, — Cs. OnpemenuTsb
COCTaB U PacXobl TIOTOKOB.

ITapameTpsl IOTOKA NUTAHUS:

CocraB
HaumeHoBaHME KOMIIOHEHTA Macc. %
OtaH 28,6
OTHinen 15,4
ITponan 14,1
i-byran 1,3
n-Ilearan 45
[{uknorekcan 6,0
2,3 — TUMeTHUII0yTaH 6,1
3,3-aumMeTuiesTay 24
[TapameTpsl
JlaBnenue, kre/cm? (u36.) 14
Temneparypa, °C 25
Macc. Pacxon, kr/a 12000
ITapameTpsl MOTOKOB
JaBnenwe, krc/cm? (u36.)
- BepX 20
- Ky0 21
Jons napa
- BEpX 1
- Ky0 0
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3) M3 uCcX0IHOM CMECH YTIIEBOIOPOIOB HOJTHOCTRIO OTAEIHUTE yriaeBonopoasl Cs — Cs. Ompenenursb

COCTaB 1 pacxXoabl ITIOTOKOB.
HapaMeTpm IIOTOKA IMMUTaHUA:

CocraB
HanmeHoBaHye KOMIIOHEHTA Macc. %
[Ipomnau 3,0
n-byran 6,8
i-byran 15
n-Ilenran 18,9
Iuxinorekcan 22,0
2,3 — TIMeTWIOyTaH 16,2
I'enten-1 31,2
3,3-IUMEeTHIIEHTaH 0,4
[Tapamerpsl
JlaBnenue, krc/cm? (130.) 6,0
Temneparypa, °C 80
Macc. Pacxon, kr/4 6400

4) V3 uCXOHO# CMECH YTIIEBOI0POIOB MOJTHOCTHIO OTACTUTH yIiieBogopoasl Cz — Cs. Onpenenursb

COCTaB ¥ Pacxo/ibl IOTOKOB.
[TapameTpsl OTOKA NUTAHUS:

CocTtaB
HanmenoBaHye KOMIOHEHTA Macc. %
Oran 28,6
OTHineH 15,4
[Tponan 141
i-byran 1,3
n-Ilearan 45
Iuknorekcan 6,0
2,3 — nTuMeTWII0yTaH 6,1
3,3-aumMeTuireHTayd 24
[TapameTpsl
JlaByenue, krc/cm? (u30.) 14
Temneparypa, °C 25
Macc. Pacxop, kr/u 12000
ITapameTpsl IOTOKOB
JaBnenue, krc/cm? (136.)
- BepX 20
- Ky0 21
Hons napa
- BepX 1
- Ky0 0

5) M3 ucxXoaHO# CMeCH YIIEBOAOPOIOB MOIHOCTBIO OTAENUTE yrieBonopoabl Cs — Ca. OnpenenuTs

COCTaB U pacXoabl TOTOKOB.
HapaMeTpLI IIOTOKA IMUTaHUA:

CocraB
HanmeHoBaHNe KOMIIOHEHTA Macc. %
[Iponan 3,0
n-Byran 6,8
i-byran 15
n-Ilearan 18,9
Iuxnorexcan 22,0
2,3 — nuMeTUIO0yTaH 16,2
I'enten-1 31,2
3,3-IMMEeTHIIEHTaH 0,4

22



[TapameTpsl
JlaBnenue, krc/cm? (n36.) 6,0
Temnepatypa, °C 80
Macc. Pacxoq, kr/u 6400
ITapaMeTpsl TOTOKOB
Jlasienue, krc/cm? (136.)
- BepX 6,0
- Ky0 6,2
Hous mapa
- BepX 1
- Ky0 0

6) M3 ncxoaHO# cMecH yriieBOJ0POIOB HOJIHOCTBIO OTACIUTH yriieBoaopoas Cz — C3. Onpenenutsb
COCTaB M Pacxobl HOTOKOB.

[TapameTpsl TOTOKA MUTAHHUS:

CocraB
HanmeHnoBaHne KOMIOHEHTA Macc. %
OTtan 28,6
Ortniex 15,4
[Ipoman 14,1
i-byran 1,3
n-Ilenran 45
I{uknorekcan 6,0
2,3 — nuMeTuI0yTaH 6,1
3,3-IUMETHIIEHTAH 24
[Tapamerpsl
JlaBnenue, krc/cm? (u36.) 14
Temmneparypa, °C 25
Macc. Pacxon, kr/4 12000
ITapamMeTpsl OTOKOB
JaBnenwe, krc/cm? (u36.)
- Bepx 20
- Ky0 21
Houns mapa
- BEpX 1
- Ky0 0

Kpurtepun onenkn 1adopaTopHbix pador

[Ipu moaroroBke k jiaboparopHoil pabote mo aucuumiuHe b1.B.06 «MonenupoBanue u
oNnTUMHU3AIMs  HePTEXMMUYECKHX TPOIIECCOB» B 3 CEMECTPE CTYIEHT JOJDKSH BBIIIOJHHUTH
CIEeyIOIINEe BUIBI paboT:

MuHUMAJIbHBIN MakcumajbHBIH
Buasb1 pator
0aJL1 oaJL

CamocrosiTennpHass TPOpadOTKa TEOPETUUECKOTO 2 4
MaTepuana K labopaTopHoi paboTe
O3HakOMJICHHE C  YCTaHOBKOH, MpUOOpOM, 2 4
METOJIMKOHN BBIMOJIHEHUS Ja00paTOpHOI paboThI
BrimonHenne He0O0X0IUMOT0 SKCTIEPUMEHTA 2 4
O6paboTka pe3yabTaToOB HCCTIeI0BaHMS, 3 4
MOCTPOCHHE TPaPHUKOB
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AHanu3 pe3yabTaToOB HMCCIICOBAHUS U BBIBOJ IO
pabote

HUTOI'O :

12

20

Takum oOpaszom, kaxmaas adbopaTopHas paboTa OIIEHUBACTCS MUHUMYM B 12
oatoB, makcumyM B 20 6ansoB. [Tocie BeIMOMHEHHS BCeX pabOT pacCUUTHIBACTCS

WTOTOBBIN 0aJIJT 10 JAHHOMY OLICHOYHOMY CPEJICTBY.
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HOXoNOO O AW

15.

0.
. ' TaBHOE Ha3Ha4YeHNe MepBOro ATara MpoLecca MOCTAHOBKY PEIIEHHs 3a/1a4 ONTUMU3ALNH
12.
13.
14.

IV cemecmp

MuHHCTEepCTBO HayKH | BBICIIETO oOpa3zoBanus Poccuiickoit denepanun
HuxHexkaMCcKkuil XUMUKO-TEXHOJIOTHYECKUN MHCTUTYT ((puinan)
benepanbHOr0 TOCYAAPCTBEHHOTO OI0/KETHOTO 00pa30BaTEIBLHOTO YUPEKICHUS
BBICIIIETO 00pa30BaHUs
«Ka3zaHckuil HalMOHaIbHBIN HCCIIEIOBATENbCKUN TEXHOJIOTHUECKUN YHUBEPCUTET»
TexHomornueckuit pakyabTET
Kadenpa xumudeckol TEXHOJIOTHH OPTaHUYECKHUX BEIIECTB
IlepeyeHb BONPOCOB 1151 IK3aMeHa

no guctuiummae b1.B.06 «MoaenupoBanue U ONTUMU3AIHS
HEe(PTEXUMHUECKUX MTPOIIECCOB)

[Haiite onpenenenne noHsaTuo «Ontumuzanus XTI

[lepeuncnuth HePopMaIbHbIE UM YBPUCTUUYECKUE TTOAXO/IbI K aHATIU3Y TPOOJIEMHOM CUTYaIluU B
MpoIecce pelieHust 3aj1a4 ONTUMHU3ALNT

Hanucats 0CHOBHOE ypaBHEHHUE KPUTEPHUS ONITUMAIBHOCTH C Pa3bSICHEHUEM BCEX NTEPEMEHHBIX
OnTtuMuzanys ¢ HeJ0YUCICHHBIMU IEPEMEHHBIMU

Jlatb onpeneneHue NOHATUIO «AJIITOPUTM»

['opusoHTaIbHAS JEKOMITO3HIIHS TPOOJIEMbl ONTUMHU3AINH

Hatite onpenenenue noustuio «Onrtumuzarust XTI

BeprukanpHas 1eKOMIO3UINS TPOOJIEMbI ONITUMH3AIIAN

Drarnbl poliecca MOCTaHOBKY PEIICHUS 3a/1a4 ONTUMHU3AIUN

OnTtuMuzanys ¢ HeJOYUCICHHBIMU IEPEMEHHBIMHU

['opu3oHTanmbHAS AEKOMIO3ULIUS MPOOIEMbl ONTUMHU3ALMH
OOBEKT ONTUMHU3ALUU U KPUTEPHUI ONTUMAIIbHOCTH
[Tepeuncnute HeGOpMaIbHbBIE WIH IBPUCTHUECKUE MOIXOAbI K aHAINU3Y MPOOIEMHON CUTyalluu B
npoliecce pelIeHus 3a1a4 ONTUMU3ALUN
JlaTb onpenenenne NOHITHIO « AJITOPUTM»
Kpurtepun onenkmn:

Onenka «oTIMYHO» WM 36-40 GayiyoB - OTBETHl Ha BOMPOCHI CBUIECTEIBCTBYIOT 00
YBCPCHHBIX 3HAHUAX U YMCHHU CTYJICHTA.

Onenka «xopomio» 32-35 0ansioB - OTBETHI Ha BOIIPOCH! CBUIETEIbCTBYIOT O JOCTATOUHBIX
SHaHUAX 1 YMCHUM CTYACHTA.

O1eHKa «yIOBJIETBOPUTEIHHO» 24-31 OasioB - OTBETHI Ha BONPOCH! CBUJIETENBCTBYIOT O
HEAOCTAaTOYHBIX 3HAHUAX U OTPAaHUYCHHOM YMCHUU CTYJCHTA.

O1eHKa «HEYyI0BIETBOPUTEIHHO» 0-23 6ayuIoB - OTBETH HA BOIPOCHI CBUIETEILCTBYIOT O
CJIa0BIX 3HAHUSX U HCYMCHHUC CTYJACHTA.
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MunucTepcTBO HayKu U BeIciero oopasosanus Poccuiickoit deaeparnuu

HwxHekaMCKU XUMHUKO-TEXHOJIOTMYECKUM MHCTUTYT ((puman)
denepaabHOTO rocyIapCTBEHHOTO O0/PKETHOTO 00pa30BaTEIbHOTO YUPEIKACHUS
BBICIIIETO0 0Opa3oBaHUs
«KazaHckuil HallMOHAJIBLHBIN UCCIIEA0BATESIIECKUN TEXHOJIOTHYECKUMN
YHHUBEPCUTET

Daxynomem TEXHOJIOTUYECKUN
Kageopa xumuaeckol TEXHOJOTUH OPTaHUYECKUX BEIIECTB

VY4eOHBIM MIIaHOM 110 HarnpaBiieHU0 ToAroToBkU 18.04.01 Xumudeckasi TEXHOJIOTHS st
o0y4aromuxcs MpeaycMOTPEHO IpoBeAeHHe 1a00paTopHbIX 3aHATUH mo aucuuruinae b1.B.06
«MoaenupoBaHye ¥ ONTUMHU3AIUS HePTEXUMUYESCKUX IPOLIECCOBY.

JlaGoparopHble 3aHATHS MO AUCHUILIAHE MPOBOIATCS B CHEIHAIBHO O0O0OPYIOBaHHON
71abopaTopuu ¢ MPUMEHEHHUEM HEOOXOIUMBIX CPEACTB O0YUYEHHUS: JIAOOPATOPHOTO 0O0PYAOBAHHS,
00pa3IoB I UCCIICIOBAHUM, METOMYCCKUX TTocoOuid. Llenb mpoBeneHus 1adopaTopHBIX padboT
- MPAKTUYECKOE OCBOCHHE TEOPETUUYECKUX TMOJIOKEHUN JICKIIMOHHOTO Marepuaia, a TaKkKe
BbIpa0OTKa  CTyJEHTAMH  OINpPEAENEHHBIX YMEHUH UM  HaBBIKOB  CaMOCTOSITENILHOTO
OKCIIEPUMECHTUPOBAHHUS.

JlabopaTopnasi paGora Ne 4
«OnTumMu3ays TEXHOJIOTHYECKOW CXeMBI Tapo(a3zHON AeTHIpaTAIIH METHII()EHIITKapOnHOIa
B OpOMBINIIEHHOCTH  CTUPOA  MOXKET  ObITh  MOJY4YeH TpH  JeTuapaTaiuu
MeTHI(peHnIKapOouHoIa, 00pa3yroleMcs B CTUPOIbLHOM BapHaHTe XalKOH-IIpoLiecca.
eas padoTsl.
Honyuums cmupon decuopamayueii M@K, onpedenrums 6b1x00, KOHEepcuro npoyeccad,
ONMUMAbHbIE NAPAMEMpPbI.

PeakTusbl.
Metundenunkapounon, karanuzarop y-Al203
Oo6opynoBanue.

Pucynok 1 — Cxema ycranosku aeruaparaiuu MOK
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1-myckoBas GropeTka; 2-Tpexx00BOi KpaH; 3-peakTop ¢ HarpeBaTelbHON MeUbI0; 4-
IIPUEMHHUK; 5-00paTHBIN XOJIOAUIBHUK.
IIpoBenenue onmbiTa.

PeakTopoM ciryuT cTanbHas uiau MeaHas Tpyoka oosemMom 100 Mt (MOXKHO JIJIs 9TOM LIEIH
OpaTh CTEKISIHHYIO TPYOKY). PeakTop 3amojHSIOT OKUChIO antoMuHUS (B (popMe HMHIMHIPUKOB
WY IIAPUKOB), IOMEIIAIOT B HAIPEBATEIbHYIO 3JICKTPOIICYb U COOMPAIOT BCIO YCTaHOBKY (puc.1).
[Teur MOXeT OBITH HAKJIIOHHOW WJIM BepTUKaIbHOM. KaTanuzarop nogaepkuBaeTcs Npu MOMOIIU
HEOOJIBIIIOTO CJIOS CTEKJISTHHOM BaThl. TeMiiepaTypy 3aMepsitoT TEPMOIIApOil, KOTOPYIO MTOMEIIAI0T
BHYTPb TPYOKHU WJIK MEXK]ly CTEHKaMH TPYOKHU U MEYH.

Ecnn katanuzatop cBexui, TO mepen Aeruaparaiueii ero cymar npu remneparype 330-
350°C no Tex mop, moka He MPEKPaTUTCS BbIACIEHUE MapOB BOJIbI, KOTOPbIE KOHJAECHCUPYIOTCS,
BOJIa COOMpaeTcsi B MPUEMHHKE.

B OropeTky HanmmBalOT HYKHOE KOJIMYECTBO CHUpPTa (KaKOro M KaKoe KOJIHYECTBO —
3a/1aeTcs mperoaaBareneM) u npu Temneparype 250-320° mpomycKaroT ero 4epes peakTop ¢
06BeMHoi1 ckopocThio 1 - 1,5 at (T.e. 1- 1,5 1 x)uakoro cnupra Ha 1 71 katanusaTopa B 1 4), 4To
npu o6beme Katanuszatopa 100 cm® cooTBeTcTByeT npomyckanuio 100 — 150 em® cmpra B 1 9 (15
— 20 xamnenb B MUHYTY).

Criupt mpu BX0JIe B PEaKkTOp OBICTPO MCTAPSIETCs, ACTHIPATAINS TPOUCXOINT B ITAPOBOI
daze. OOpazyromuecs oJaepuH U BOJA, a TAKXKE OCTATKU HEPa3JI0KEHHOTO CIIUPTA MOCTYHAIOT B
IPUEMHUK ¢ OOpaTHBIM XOJIOAWJIBHUKOM. Bojga M HepasnoKeHHbI CIUPT KOHJAEHCUPYIOTCS B
XOJIOMJIBHUKE U CTEKAIOT B MpHeMHHUK. OJepuH OXJaXKIaeTcsl B XOJOAWIBHUKE U MOCTYIMAeT
Yyepe3 CYETUUK My3bIPbKOB, PEOMETP U OCYIIUTENb B PEAKTOP CEPHOKUCIOTHOM rUpaTalyy.

Bxurouarot anextpooborpes neuu 3 v TOBOJAT TeMIepaTypy B peakrope 10 550-600°C u
ycranaBiuBatot pacxoa UIIb B peakrope mopsaka 1 mur/MuH.

ITo okoHYaHUU OmbITa OTKIIIOYAIOT 000rpeB neuu. [lomyyeHHbI kKaTanu3ar U3 NpueMHUKa
4 cnuBalOT B NPEIBApPUTENBLHO B3BEUICHHYIO KOJIOOUKY C MPUTEPTOMl NpoOKOH M CHOBa
B3BELIMBAIOT. Pa3HOCTh BECOB €T KOJUYECTBO MOJIYYEHHOT0 KaTtanu3ara (B.4.).

MeTtoauka npoBeeHUs AHATU3A NIPOAYKTOB

HccnenoBanue mnpoBoaar Ha xpomarorpade «Kpucran/liokc-4000M», B KoTOpoM
peann3oBaHbl PYHKIIMHA aBTOMAaTHYECKOTO PETYJINPOBAHUS TEMIIEPATYpPhl TEPMOCTATOB, PACXO/I0B
U JIaBJICHUS T'a3a-HOCUTEIs, aBTOMAaTHUECKOTO MOJKUTA IETEKTOPOB, KOHTPOJIb TOPEHNUS IIJIaMEHU
B IIpoliecce paboThl, U3MEPEHMSI CUTHAJIOB J1IeTeKTOpoB. [lapameTpsl Xpomarorpada nprBeIeHb! B
Tabaure 1.

Tabauna 1 - [Tapamerpsl xpomaTorpada «Kpucranjlrokc-4000M»

HaumeHoBaHMe noka3zatesst 3HayeHue
JIIMHA CTEKJISTHHON KOJIOHKH, M 100
BremHui 1uaMerp KOJIOHKH, MM 0,95
Temnepatypa nerexropa, °C 300
Temmneparypa ucnaputens, °C 300
Pacxoj ra3a-HOCHTENs, CMS/MHH. 85
Pacxo/ BO3IyXa, CM°/MHUH. 450
Pacxon Bosopona, cM®/MuH. 85
O0BeM BBOAMMOI1 B HCApUTEIb POOBI, MIL. 0,1
PesxuM xpoMaTorpadupoBaHus KOJOHOK
HavanpHas Temneparypa, °C 50
Bpewmst yiep>kuBaHusi, MUH. 5
CkopocTtb HarpeBa, “C/MUH. 1
Koneunas temmneparypa, °C 105
JlaBlIeHHME KOJIOHKH, aTM. 1,20
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JI71s1 KOMMYeCTBEHHOM MICHTU(DUKAIIMKA XPOMATOTPaMM HMCTIOIB3YETCS METO] BHYTPEHHEH
HOpMaJIM3allii, KOTOPBIM OCHOBaH Ha OMNPEAENICHUU COOTHOIICHHH MEXIy KOHIEHTpaIusMu
KOMIIOHEHTOB cMecHu. Pacuer cocrout B npuBeneHuu Kk 100 % cyMMbl Tpou3BeAeHUN TUIOIIAIEH
nukoB Q Ha MonpaBoYHbIE (TPaLyUPOBOYHEIC) KO3 PuIMeHTH K, 4yBCTBUTENLHOCTH JIETEKTOPA
K IAHHOMY KOMIIOHCHTY:

C =KQ, -100/Zn:(KiQi)

B 3aBucumocTu oT BbIOOpa KO3 duImeHToB KoHIeHTparuio (C) MOXHO BBIPAa3HTh B
MacCOBBIX HJIM OOBEMHBIX HpoleHTaX. J(OCTOMHCTBO MeTola BHYTPEHHEH HOpMaIn3anuu
3aKJTFOYAETCS B TOM, YTO HMCKQKEHUsS, MMEIOIUECS B OAMHAKOBOW CTEMEHU y BCEX IMHKOB, B
KOHEYHOM CcueTe, HEe BJIMSIIOT Ha TOYHOCTH pe3ysibTaToB. KOHTpONb 3HAYEHHI mapameTpoB,
BIUSIONIMX HAa KadecTBO XPOMATOrpauuecKoro aHaiu3a, OCYIIECTBISICTCS B OCHOBHOM,
ABTOMATUYECKU W TPHU HAJUYUU HEJOMYCTHMbBIX OTKJIOHEHUHU MOSIBISIFOTCSI COOTBETCTBYIOIIUE
€co001IEeHUS.

Odopmiienue pe3yabTaTOB.

CocTaBisOT MaTepHallbHBIM OanaHc ombiTa (Tabn.l), ompeaensroT KOHBEPCHUIO
MeTII()SHUITKAPOMHOIA U BBIXOJ IIEJICBOTO CTUPOJIAa Ha 3arpy>KEHHBIM W MPOpPEearupoBaBIIUI
CIUPT.

Tabmuna 1 — MaTtepuanbHbIid OaJIaHC OIBITA
B3sTo r % wmacc. | I[Tomydyeno r % wmacc.

KonBepcuio, CEIEKTUBHOCTDh U BBIXOJ OMPEACIIUTh UCXOAS U3 3HAYECHHI COCTaBa CMECH,
MOJTyYEeHHBIX TIPU KOJIMUYECTBEHHOW UACHTHU(PHUKAIIITN XPOMATOTPaMM.

KonBepcusi onpenesnsercss oTHONIEHMEM Macchl mpopearupoBaBuiero MOK k macce
ucxonnoro MOK:
C

m

m

X = MDK m

MK " evecu . 100%
MDK
I'ne MMk, Meveen — Macca ucxogHoro M®K u nosry4eHHONU cMeCH COOTBETCTBEHHO.
CeneKTUBHOCTh HaXOAUTCS OTHOIIEHUEM KOHIIEHTPAIIMH CTUPOJIA K CyMMeE KOHIICHTPAIIUA
MHKOB, He cunTas muk MOK:

S — C;mupm
2.C
i=1

Brixop onpenensieTcst NpoU3BEACHUEM CEIEKTUBHOCTU U KOHBEPCHUU!
E=X-S
Konmponvhoe 3a0anue:

[Tonp3ysck nporpammubiM naketoM «UniSim Design» cMoaenupoBaTh 1 ONTUMU3NPOBATH
TEXHOJIOTHYECKYIO CXeMY cXeMy napoda3Hoi Aeruapartaniui MeTHIeHmIKapOnHoIa

biiox mogorpesa ceipbs:

- [TaponieperpeBatenbHas neus [1-1, npeaHa3sHadyeHHas A1 neperpesa BOASHOTO rapa
3arpsI3HEHHOI0 OPTaHUKOM 3a CUEeT TeIUIa CrOpaHus TOIIMBHOIO Ia3a.

Texuunyeckue xapakrepuctuku I1-1 nmpencrasiens! B Tabmuie 2.1.
Tabmuua 2.1 - TexHudyeckue xapakTepucTuku neuu I1-1

XapakTepucTruka o00py0BaHUs [Toka3zarenb
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IToBEpXHOCTH paAMaHTHOW CEKLIUU 3MEEBUKOB KaXIO0U I1eUn 200 m?
IToBepXHOCTh KOHBEKIIMOHHOM CEKIIMM 3MEEBUKOB KaXKI0W MMEUH 260 M2
OO611ast TEMIoBas HArpy3Ka, 20398059 x 103
28310693 x 10°
(4871760-6761570) dx /gac
(Kxan/4gac)
[Tpon3BOANTENEHOCTD KAXKIOU €YU 10 Hapy 20-25 T/gac
Temmeparypa mapa Ha BXOJI€ B I€Ub 160 °C
TemmepaTypa napa Ha BBIXOC U3 TIEYH 650-700°C
Temrmieparypa ABIMOBOTO I'a3a Ha BBIXOJIE U3 PaIMAaHTHON KaMephbl
ne4u 803-907°C
Temrmeparypa IbIMOBOTO T'a3a Ha BBIXOJIE U3 MEYH 270-350°C
JlaBnenue napa Ha BXOJI€ B II€Yb 0,6 (6,0) MITa (krc/cm?)

- TeruiooOMeHHBIM annapart 1no3. T-1, npeaHa3HaueHHBIN AJ1s IOJ0TrpeBa TOINIMBHOTO rasa
IIapOBBIM KOHJICHCATOM.

Texnuueckue xapakrepuctuku T-1 npencraiensl B Tadnuue 2.2.
Tabnuua 2.2 - TexHHYeCKHE XapaKTepUCTUKU Ter1oo0MeHHoro annapara T-1

XapakTtepuctuka 000pya0BaHUs [Toka3zarens

[ToBEpPXHOCTH TEMI000MEHA 104 m?
HuameTp anmnapara 800 mMm
TpyOxu, mm 25x2, 53000 404 .
Temnepatypa pacueTHas 200 °C
Temneparypa paspeieHHas

B TpyOHOM IIPOCTpaHCTBE 110°C

B MEXTPYOHOM IPOCTPAHCTBE 70°C
JlaBnenue pacueTHoe

B TpyOHOM IIPOCTpaHCTBE 1,0 (10) MITa (xrc/cm?)

B MEXTPYOHOM IPOCTPAHCTBE 1,6 (16) MITa (xrc/cm?)
JlaBiieHnE pa3penmieHHOe

B TpyOHOM IIPOCTpaHCTBE 0,6 (6,0) MIa (xrc/cm?)

B MEXTPYOHOM NPOCTPAHCTBE 0,6 (6,0) MIla (xrc/cm?)

- IleperpeBatens mo3. T-2, mnpeaHa3Ha4YeH JUIS  TIeperpeBa CMeCH IapoB

MeTUI(hEHUITKapOMHOIa U BOJSHOTO apa MeperpeTbiM MapoM.
TexHuyeckue xapakTepUCTUKU Neperpesarens no3. T-2 npeacraBieHs! B Tadbaune 2.3.
Tabmuua 2.3 - TexHn4YecKHe XapakKTepUCTUKU TeII000MeHHoro anmapara T-2

XapakTepucTuka 000py10BaHUS [Toka3arens
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[ToBepxHOCTH TEMII000MEHA 790 m?
HuameTtp 1200 mm
TpyOku 25x2x9000 mm 1125 mr.
Temmieparypa pacueTHas
B MEXXTPYOHOM MTPOCTPAHCTBE 600 °C
B TpyOHOM ITPOCTPAHCTBE 340 °C
Temneparypa paspelieHHas
B MEKXTPYOHOM IIPOCTPAHCTBE 500 °C
B TpyOHOM 320°C
POCTPAHCTBE
JaBnenue pacueTHoe 0,6 (6,0) MITa (xrc/cm?)
B MEKTPYOHOM ITPOCTPAHCTBE 0,1 (1,0) MITa (xrc/cm?)
B TpyOHOM IIPOCTpaHCTBE
JlaBneHue pa3perieHHoe 0,09 (0,9) MITa (xrc/cm?)
B TpyOHOM IIPOCTPAHCTBE 0,06 (0,6) MITa (xrc/cm?)
B MEXKXTPYOHOM MPOCTPAHCTBE

- Kunsarunenuk no3. T-4, npenna3sHaueHHbIN ISl pa3orpeBa KyOOBOM KUIKOCTH
KOJIOHHBI 1103. KT-1 3a cyer Temna BoAsSHOro napa.

JlabopaTopnasi pabora Ne 5
«OnTumMu3aIys TEXHOIOTHYECKOW CXEMBI Pa3/IeeHUsT HePTH»
Lenv: Onpeodenums Koruyecmeo 600bl, NIOMHOCMb U 83KOCMb CbIPOU Heghmiu.

1. Onpenenenue Boxbl B HepTH U HePTenmpoaykTax meroaom [Juna-Crapka

Meton Juna u Crapka Meton [luna u Crapka pacnpOCTpaHEHHBIM, TOYHBIA METO[
orpezesieHUs] KOJMUYECTBEHHOT0 COJIepKaHus BObI B HEPTAX U HepTenpoaykrax. OH OCHO- BaH
Ha a3€0TPOIHOM MeperoHke npoos! He(hTH WK HepTenpoykTa ¢ pactBoputeasiMu. [Ipubop una
n Crapka m3o0pax€éH Ha puc. 1. (Baumanue! OnbiT HEOOXOAMMO BBITIOJNHSATH B BBITSHKHOM
mkady!)

4

Pucynok 1 - [Ipubop Jluna u Crapka: 1 — kpyriogoHHas konOa; 2 — Hacajka JuHa—
Crapka; 3 — XOJIOUIbHUK
IMoaroroBka k aHaIu3y.

[TpoOy HedTH nnu HedTENMPOAYKTa THIATEIHHO BCTPSIXHUTE B T€UEHHE 5 MUHYT. MepHBIM
[WIMHIPOM B YUCTYIO M CYXYIO, TIPEIBAPUTEILHO B3BEIICHHYIO CTEKJISIHHYIO KonoOy 1 (puc. 1)
nomecTuTe 3 Ml He)TH WM HePTENPOayKTa U J00aBbTe 5 MJT pacTBopuTens (Tomyosna). Konly
pu TTOMOIK nutKda TPUCOCTUHUTE K OTBOJHOM TpyOKe 2, a K BEpXHEH 4acTH NpHEMHHUKA-
JIOBYIIKHY Ha HUTHU(E TPUCOSAUHNUTE XOJIOIMIBHUK 3. Bo n30e- jkaHue KOHACHCAIUU MapoB BOJIbI
13 BO3/lyXa BEpX- HUU KOHEI| XOJOAUIbHUKA 3aKPONTE BaTOM.

IIpoBenenue anajusa.
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Conepxxumoe kosobel 1 (HepTh MM HEDTENPOAYKT) HarPeUTe C TOMOIIBIO HArpeBaTels
KOJIO MJIM Ha 3JIEKTPUYECKOM TUIUTKE. /)11 paBHOMEPHOTO KUIEHUS Tepe]l HayaloM HarpeBaHus B
K010y MOMECTHTE He- CKOJIbKO Kuresok. [leperonky HeoOXoAuMO MpPOBOIUTH Tak, 4TOOBI W3
TPYOKH XOJOAMJIBHHKA B NPHUEMHHUK-JOBYIIKY Mamanu 2—4 Kamm BOAbl B CeKyHIy. Harpes
HEO00XO0IUMMO IPEKPATUTh MOCIIEe TOro, Kak 00beM BOJIbI B MpUEMHUKe-TOBYIIKe (Hacaake [uHa-
Crapka) mepecTaHeT yBEJIMYMBATHCS W BEPXHUI CIIOW pacTBOPUTENS MPHOOPETET MPO3PAUYHYIO
okpacky. [IpoaomKUTEIbHOCTD NTEPETOHKH JOJDKHA ObITh HE MeHee 30 MuH 1 He Oonee 60 MuUH.
Ecnu Ha creHkax TpyOKH XOJOAMJIBHHKA MPHUCYTCTBYIOT KAallelIbKH BOJBI, TO MX HEOOXOIMMO
CTOJIKHYTh B MPHEMHHUK-JIOBYIIKY CTEKJISHHOM manoukoil. [Tocnme oxnaxkneHus HCHBITYeMOTO
IPOAYKTa 10 KOMHATHOW TeMIIEpaTypsl IpuOop HeoOXoauMo pa3odpaTh. Eciiu KoamuecTBo BObI
B IpUEMHUKe-ToBylIKe He Oonee 0,3 MJI U PacTBOPHUTENb MYTHBIM, TO MPUEMHUK-JIOBYIIKY
nomerniatoT Ha 20-30 MUH B TOPSYYIO BOJY JJISI OCBETJICHHS U CHOBA OXJIAXJAOT O KOMHATHOM
Temmepary- pol. [locie oxnaxaeHus MpUEMHHUKA-TOBYIIKUA OMpEAeNuTe 00beM BOABI B HEM C
TOYHOCTBIO /10 OJJTHOTO BEPXHETO JCJICHUS.

O6bemMuyto oo Boabl X, %, paccunTaiite o gpopmyre:

X =(V-100)/V1,

rae V — o0beM BobI, cCOOpaBIIeiics B IPUEMHHUKE-JIOBYIIKE, MJT; V1 — 00beM HepTu umm
He(TEeNpOAYKTa, B3SITHIN JIJIs1 UCTIBITAHUS, MJI.

KonnuectBo Boabl B mpuemHuke-noBymke 0,03 MJI U MEHbIIE CUUTAETCS CIEIOBBIMU
KOJIMYECTBAMHU.

[To moy4eHHOMY pe3yJbTaTy CAENaTh BHIBOIBI.

2. OmnpeneneHue MIOTHOCTH HEPTH.

[110THOCTD SBISETCS OJHOM M3 XapaKTEPUCTHUK, NAIOUINI BOZMOKHOCTh B COBOKYITHOCTH
C JpYr'MMH KOHCTaHTaMH CyIuTh O (PaKIMOHHOM M XHMHYECKOM COCTaBe JaHHOTO
HedTenpoaykTa. [IIoTHOCTH Beeria 3aBUCUT OT TEMIIEPATyphl, IPU KOTOPOi ee onpeaenstoT. [1pu
BO3pacTaHWU TeMIEpaTyphl IUIOTHOCTh yMeHblIaeTcs. I[11oTHOCTh HedTenpoayKTa HPHUHSITO
onpeznenats npu temrneparype 200C u oTHOCHUTh K MIOTHOCTH BoAwl npu 40C, mpuHATON 3a

CIMHHUILY.
20

OTHOcHTeNbHAs TJIOTHOCTh HEPTENpoayKTa 0003HadaeTcs P , TIe BepxHssd mudpa
MOKA3bIBACT TEMIIEPATYPY HEPTENPOAYKTA, HUKHSAS — TEMIIEPATyPy BOJBI.

[TnoTHOCTH HE(PTENPOIYKTOB MOXKET H3MEHATbCS B pe3ysibTaTe MCHapeHHsl Hauboiiee
Jerkux (ppakuuil WM CMEIIEHUs Pa3HbIX NPOAYKTOB.

OobopynoBanue.

Apeometpsl obmero HazHaueHuss AOH-1, nununaap Ha 100 mui, TepMOMETpPBI PTYTHBIE
CTEKJISIHHBIE JTa0OpaTOpHBIE.

IIpoBeneHue uCbLITAHUS.

ITomemnrarorT obpaszern, Temreparypa KOTOPOIO COOTBETCTBYET TeMIIEpaType MpOBEACHUs
WCIBITaHUS, B YHUCTHIM LMJIMHAP JUIsl apeoMeTpa C YCTAaHOBHBIIEWCS TeMmIepaTypoi, nzbderas
pa30pbI3ruBaHus HE(PTEPOIYKTa U TIOMAJaHKs My3bIPHKOB BO3yXa, & TAKXKE CBOJISI K MUHUMYMY
UcHapeHrne KOMIIOHEHTOB JIETYYUX MPOIyKTOB, UMEIOUINX 00Jiee HU3KYIO TEMIIEpaTypy KUIIEHUS.

VY 1ansoT my3sIpbKH, cOOpaBIIMECs HA IOBEPXHOCTH 00pa3iia, MpUKacasch K HUIM YHCTON
¢buIbTpOBaAIbHOM OyMmaroii.

[TomemiaroT IIMHAP ¢ 00pa31OM B BEPTHUKAILHOM MOJIOKEHUU B MECTE, I/1€ HET
LHUPKYJISALIUY BO3AyXa U B KOTOPOM TeMIIEpaTypa OKpYyKarollei cpesibl B mpoliecce MpoBeaeHUS
UCTIBITaHUS He n3MeHsieTcs 6osee yeM Ha 2 °C. Eciu ucnbiTaHue IpOBOJAT IIPH TEMIIepaTypax,
OTJIMYAIOIIUXCS OT TEMIIEPATYPhl OKPY KaOIIeH cpepl Oosiee yem Ha 2 °C, HeoOXoaruMOo
MCII0JIb30BaTh TEPMOCTAT I UCKIIIOUEHUS YPE3MEPHBIX U3MEHEHUH TEMIIEPATYPHI.

[Torpy>katoT apeoMeTp B KHUAKOCTb U OCBOOOXKAAIOT €r0, YTOOBI OH MPHILIEN B
paBHOBecHe. 30eraroT cMaunBaHus CTEP)KHS apeoMeTpa Ha yYacTKe BBIIIE YPOBHS, HA KOTOPOM
OH cB0OOHO M1aBaeT. Habmrogaror 3a ¢popMoii MEHHCKa, KOTJIa apeoMeTp B PE3yJIbTaTe
HAJIABJIMBAHUS OMyCKaeTCs HA | WK 2 MM HIDKE YPOBHSI pAaBHOBECHS, a 3aT€M BO3BpAIlaeTCs B
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HCXOJIHOE PAaBHOBECHOE NoJiokeHue. Eciu popma MeHHCKa U3MEHSIETCs], YUCTAT CTEPIKEHb
apeometpa. IIoBTOPSIOT 3TH AEHCTBHS 10 TEX MOP, oKa (hopMa MEHUCKA HE OYyIEeT OCTaBaThCA
MTOCTOSITHHOM.

[Tpu ucbpITAHUAX HEMPO3PAYHBIX BA3KUX KHUIKOCTEH 00ECIIeUNBAIOT MEIJICHHOE
HOrPY>KEHUE apeoMeTpa B AKHUJIKOCTb.

[Tpu ucHpITAaHUAX MTPO3PAUHBIX MATOBA3KUX )KUIKOCTEH HAJaBIMBAIOT HA aPEOMETP TaK,
YTOOBI OH MOTPY3UJIICS B XKHUAKOCTb IPUOIU3UTENIBHO Ha /IBA JAEJICHUS, a 3aT€M OTIIYyCKaIOT €ro.
BepxHsist 4acTh CTEpKHS apeoMeTpa, HaXOAAIIAsICs BBIIIE YPOBHS JKUKOCTH, TOJKHA OBITH
CYXOH, MIOCKOJIbKY HalMuKMe Ha Hel )KUJKOCTH BIIMSAET HAa CUUTHIBAEMbIE TIOKA3aHUS.

ApeomeTp NPUBOJAT B MEAJICHHOE BpaIlleHUE TaK, YTOOBI OH CBOOOIHO TUIaBal BAAJIU OT
CTeHOK IuiuHapa. Ciaenyer NofoxkaaTh, T0OKa apeoMeTp MPUMET COCTOSHUE ITOKOsI, a BCE
00pa3oBaBIIMecs My3bIPbKH BO3yXa BBIHIYT Ha MOBEPXHOCTh. Y JANISAIOT MY3BIPbKH C
HOBEPXHOCTH TE€peJl CUYNTHIBAHUEM MTOKA3aHUI.

Korna apeomerp octanaBnmBaeTcsi, CBOOOIHO IIaBasi BAAIN OT CTCHOK IHJIMHIPA,
CUMTBIBAIOT €r0 [MOKa3aHHEe Ha LIKajle, OKPYIJIss ocieHee 10 Omkaimeit 1/5 nenenus mkanisl.

[Tpu UCTIBITAHUSAX TTPO3PAYHBIX KUAKOCTEH 3aIMCHIBAIOT MIOKAa3aHUE apEOMETPa B TOM
MECTe €ro LIKaJbl, I'71e OCHOBHAsI IOBEPXHOCTH JKUIAKOCTH IEPECcEKaeT LKAy, pacroaras
YPOBEHbB TJ1a3 HECKOJIBKO HM)KE YPOBHS JKHUIKOCTH M MEJICHHO TIOJJHUMAsi €T0, TOKa
IOBEPXHOCTh, CHayajIa BUUMast Kak 1e()OpMUPOBAHHBIN IIUIIC, HE CTAHET NPSAMON JIMHUEH,
nepeceKaroleil IKary apeoMeTpa.

IIpu ucnbITaHUAX HENPO3PAYHBIX KHUJIKOCTEH CHUMAIOT MIOKA3aHUS B TOM MECTE LIKaJIbI
apeoMeTpa, 10 KOTOPOTo MOJTHUMAETCS TIOBEPXHOCTh MCIIBITYEMOTO 00pasiia, Ipu TOM YPOBEHb
IJ1a3 J0JKEH HaXOAUTHCS HECKOJIBKO BBIIIE MJIOCKOCTU ITOBEPXHOCTH JKUAKOCTH.

Cpagy ke mocje CUYMTHIBaHUS TIOKa3aHUH IIKaJIbl apEOMETPa OCTOPOIKHO BBIHUMAIOT €TI0
U3 )KUJKOCTHU M MEPEMEIINBAIOT 00pasel] B BEpTUKAIbHOM HAPaBICHUU TEPMOMETPOM.
3anuchIBaIOT 3HaYEHHE TEMIIEPATypPhl UCTIBITYyeMOTo 00pasia, okpyriiss ero 10 0,1 °C. Ecnu ata
TeMIepaTypa OTIMYaeTcs OT TeMIIepaTyphl, CAMTAHHOM B Havaje UCIbITaHui, Oonee yem Ha 0,5
°C, IOBTOPSIIOT H3MEPEHHSI apEOMETPOM, a 3aTEM TEPMOMETPOM JIO TEX IOp, TIOKa TeMIIepaTypa
He cTaHeT cTabmibHOM B peaenax +/- 0,5 °C. Ecnu reMnepaTypa He CTAaHOBUTCS CTaOMIIbHOM,
MOMEIIAIOT IMJIMH/IP [Tl apeOMETpa U €ro COEPKUMOE B TEPMOCTAT U MOCIIEA0BATETHHO
HOBTOPSIIOT BCE JCHCTBUS.

B HedTenepepabaTeBarOmIeil MPOMBINIUIEHHOCTH HauOOJee IIMPOKO HCIOIB3YETCs

BennurHa APl (MIOTHOCTB, BbIpaK€HHasi B €IMHMIIAX AMEPHKAHCKOTO WHCTUTYTa HEPTH).
[Tnotaocts API, u3mepsiercs B rpagycax u HaxoauTcs 1o popmyie:

API = 1415 -131,5

OMmMHoOcumenvbHAas niomHoCmbs

O0paboTka pe3yJIbTaTOB IKCIIEPUMEHTA
O0paboTka 3KCIIEPUMEHTABHBIX JaHHBIX MPOU3BOJUTCS, UCXOMS U3 OTYETa apeoMeTpa
npu Temmeparype 25°C pasen 0,795. DToMy MNOKa3aHHIO MO TaOIHIE COOTBETCTBYET
TemmnepaTypHas nonpaska Ha 1°C, pasnas 0,000778, T.e.

p?: 0,795 + 0,000778 (25 — 20) = 0,7988

Pe3ynbrarel onbITOB 3aMMchIBaeM B TaOIUITY 2.

Tab6muna 2
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HcnsiTyemslii IImoTHOCTH ITnotHocTs 10 AP0

He(TempOayKT o FOCT 3900 85, kr/m®
Onpir 1 | OneiT 2 | Cp.2-x Omnpirl | Oneit 2 Cp.2-x
OIIBITOB OIIBITOB
bensun
Kepocun
Jlu3enpHOoe TOIUIMBO

ITo moyYeHHBIM pe3yJIbTaTaM C/IEIaTh BHIBOIbI.
3. Ompenenenue BI3KOCTH.
BsI3KOCTBIO Ha3bIBACTCS CBOMCTBO JKUAKOCTH CONMPOTHBISATHCS MEPEMEIICHUIO €€ YaCTHIL

Ion BOSHeﬁCTBHCM HpHHO)KeHHOfI CHIIBI.

Bs3kocTe  sABIAETCA  OCHOBHBIM  IIOKa3aTelIeM — KadyeCTBA,  XapaKTEPU3YIOLUM
9KCIITyaTallMOHHbIE CBOMCTBA TOIUIMB U Maces. OT BA3KOCTU Maces 3aBUCUT YMEHBILIEHUE U3HOCA
TPYILUXCS JETaJEH, I0TEPh YIHEPTUU HA TPEHUE, YILIOTHEHUE IIOPIIHEN B HUIMHAPAX ABUrATEII,
CKOpOCTh TIepeMELeHUs JieTalel, Hecyasi ClloCOOHOCTb MOIIIMITHUKOB.

OT mpaBUIBLHOTO BBIOOpA BSI3KOCTH HE(PTENMPOAyKTa Ui OMpPEeSICHHBIX KOHKPETHBIX

YCJ'IOBI/II\/JI BO MHOT'OM 3aBHCUT HAACKHOCTh 1 SKOHOMUYHOCTH pa6OTI)I MalllMH U ME€XaHU3MOB.

PaznnyaroT BA3KOCTH aOCOMIOTHBIE (IMHAMUYECKYI0, KHHEMATHYECKYI0) U YCIOBHYIO.
JluHamMuueckoi BA3KOCTHIO (MU KOA(PGUIIMEHTOM TUHAMHUYECKON BA3KOCTH) HA3bIBAETCS

CHUJIa CONPOTUBIIEHUS JIBYX CIIOEB KUAKOCTU TUIOIMIAAbI0 1 cM2, HaXOIAIIMXCS Ha PAcCTOSIHUM 1
CM JIpYT OT ApyTa U NepeMeIIaloIINXCsl OJUH OTHOCUTEIBHO APYTOro CO CKOPOCThIO 1 cM/cek.

3a enMHUIly AMHAMHYECKOW BS3KOCTH MPUHSAT ITya3; Ha MPAKTHUKE OOBIYHO IMOJIB3YIOTCS
COTOH YacThIO ITya3a, Ha3bIBAETCSl CAHTUITYa30M.

OmnpeneneHre JAWHAMHYECKOW BS3KOCTH 3aKIIOYAE€TCS B YCTAHOBICHHWH BpPEMEHHU
MCTEUYEHUSI TIOJI TIOCTOSIHHBIM JIABJICHHEM OIpPEACNIEeHHOro o0beMa (paBHOTO 00BbEMy IIapuKa
BHCKO3MMETpPa) UCIBITYEMOT0 HEDTENPOAYKTa Yepe3 KalWUIAPHYI0 TPYOKYy BHCKO3UMETpA, IS
KOTOPOTO 3apaHee YCTAaHOBJICHA €r0 MOCTOsTHHASL.

Kunemartndeckasi BI3KOCTh MPEACTABISAET COO0 OTHOIIEHUE TUHAMHUYECKOHN BSI3KOCTH K
TUIOTHOCTH KHUJIKOCTH MPHU TOU ke TeMIieparype.

3a eIMHHUIY KHHEMATHYECKON BSI3KOCTH MPUHST CTOKC; HA MPAKTUKE MOJIB3YIOTCS COTOU
YacThbIO CTOKCA, HA3bIBAEMOW CAaHTHCTOKCOM.

OnpeneneHrne KUHEMATHYECKOH BS3KOCTH 3aKIIOYAeTCsl B YCTAHOBJICHUH BPEMCHH
HCTEUYCHUSI OMPEIEICHHOr0 00beMe (paBHOTO OOBEMy IIapuKa BHCKO3MMETPA) HCIBITYEMOTO
He(TENPOAYKTa UYepe3 KammUBIpHYI0 TpyOKy Bucko3uMmeTpa [TuHkeBHYa, At KOTOPOTO 3apaHee
YCTaHOBJIEHA €T0 MOCTOSHHAS.

KunemMatndeckyro BSI3KOCTh V UCIIBITYEMOT'0 HEPTEPOAYKTa B CAHTUCTOKCAX BBIUYUCIISIOT
no opmyne

v = Cty,
rne  C — mocTossHHAs BUCKO3UMETPA;
t1 — cpenHee apu(METHISCKOE YUUTHIBAEMBIX OTCUCTOB HCTCUCHUS
UCIBITYEMOTr0 He(hTEPOAYKTa B CEK.
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Pucynok 2 — Buckoszumerp BITDK-2
YerpoiicTBo 1 npuHIMN padoTsl BUcko3umerpa BITK-2
Buckosumerp xammuisipasiii BIDK-2 - npu6op B Bune U-o0pa3noii TpyOku, koneHo (1)
cnasiHo ¢ kanwuisipoM (7). M3mepeHue BA3KOCTH BHUCKO3MMETPOM OCHOBAaHO Ha OINpEAeTCHUHN
BpPEMEHH, 32 KOTOPOE OMPEICICHHBII 00beM KUAKOCTH UCTEUET Yepe3 Kamuuisp.
Iopsinok padoTHI.

Jlyis omnipenenieHusl BpEMEHHM TEUYCHHUS HAa OTBOAHYIO TPyOKy (3) HaJEeBarOT PE3NHOBYIO
TpyOKy. IloToMm, 3axaB KoJeHO (2) BUCKO3HMETP MEPEBOPAYUBAIOT U MOTPYXKAIOT KojeHo (1) B
pe3epByap ¢ )KUAKOCTHIO. JKHAKOCTh 3acachIBaIOT (ITPH MOMOIIIM TPYIIH JIUO0 HacOca) 10 OTMETKH
Mg, 1ipu 3TOM B >KHUJKOCTH HE JOJKHBI 00pa30BBIBATHCS MY3BIPHKU BO3ayXa. B MOMEHT, koraa
KHUJIKOCTh JOCTUTAET OTMETKH M3, mprOOp BEIHUMAIOT U3 COCYIa M cpa3y ke MepeBOPaYnBaIOT B
ucxonHoe mnosoxeHue. CHUMarT ¢ KoieHa (1) JMIIHIO KMIKOCTh M HAJEeBAalOT HAa HETro
PE3MHOBYIO TPYOKy. 3aTeM BHCKO3UMETpP IMOMENIAI0T B TEPMOCTAT TaKUM 0Opa3oM, YTOOBI
pacupenue (5) HaXOIUJIOCh HUXKE, YEM YpPOBEHb >KMJIKOCTH B TepMocTare. BpinepkuBaroT B
TepMocTaTe Oonblie 15 MUHYT HpU 3alaHHOM TeMIiepaType M MOTOM 3acachIBAalOT >KUJKOCTh B
KOJIEHO 110 ypoBHsS oaHOH Tpetu pacmmpenus (5). CooOmarot koneHo (1) ¢ armocdepoii u
YCTaHABJIMBAIOT BPEMsI CHIDKEHHS YPOBHSI MEHUCKA OT OTMETKH M1 10 OTMETKH Ma.

VYcranaBnuBaroT Temneparypy B repmocrate (40,00+0,01) °C. JlononHuTensHO

PaccunTHIBAIOT KWHEMATHUYECKYIO BA3KOCTH (Vi, MM /c) TI0 hopMmyIIe:

vi =tixK,

rie K — ycTaHOBIIEHHAS OCTOSIHHAS KaNMJUIAPa BUCKO3UMETpa, MM /c? |

[IpoBoaAaT nBa M3MEPEHUSI KHHEMATUYECKOW BI3KOCTH. BEIUMCIISAIOT pa3max pe3yJibTaTOB
CRo,5(2), %, o dhopmysie:

CR 05 (2) =% 100

/1€ Vmax — HAMOOJBIINHI pe3ynbTaT U3MEPEHUI KHHEMATUYECKOM BSI3KOCTH, MM /c;
Vmin — HAUMEHBIIHI Pe3yIbTaT H3MEPEHHIT KHHEMATHUECKOH BA3KOCTH, MM? /c.

Ecnu r 6onpiie 3navueHus kpurudeckoro auanazoHa CRoges(2)= 0,1 %, moBTOpHO TIPOBO-
JISAT JBA U3MEPEHUS, BRIYHUCIISIOT I, KOTOpOe He MOJbKHO npeBbimaTh CRogs. B mpotuBHOM ciiydae
YCTaHABIMBAIOTCA W YCTPAHSIOTCS NPUYHHBI pazdpoca pe3yJabTaTOB U CHOBAa MOBTOPSIOT
M3MEPEHUsS] KUHEMATHYECKOW BSA3KOCTH. 3a PE3YyJbTAaT U3MEPEHUN KHUHEMATUYECKON BSI3KOCTH
MPUHUMAIOT CpeTHeapUPMETHUECKOE 3HAUCHHUE.

Pe3ynbTaTel IpeacTaBUTh B BHJIE TAOIUIIBI:
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[To mosy4YeHHBIM pe3yIbTaTaM CIeNaTh BHIBOIBL.
Konmponvnoe 3a0anue:
[Tonw3ysice mporpaMMubiM makeToM «UniSim Design» cMoaenupoBaTb W ONTHMHU3HPOBATH
TEXHOJIOTUYECKYIO CXEMY pa3ZeieHus] He(hTH:
Vicxonnbie JaHHBIC AJIS1 CO3/IAHHSI MAaTEMAaTHYECKON MOIEH

CHuCcoK TEXHOJIOTHYECKOTO 000PY/I0OBaHMS YCTAHOBKH pa3ielcHusI He()TH PECTaBIICH B

Tabymue 1.

Tabnuna 1 — Texnonoruueckoe 000py10BaHUE

No
/a

IMo3unus
amnmapara

Hasnauenwne anmapara

[Ipumeuanue

Kononnoe o6opynoBanue

[IpeaBapuTeabHBIN UCTTAPUTEID

OcHOBHEBIE XApaKTCPHUCTHKH

1 K-1
CBIPbsl IIpUBE/IEHBI B Tabuuie 2.2
2 K-2 Kononna armochepHoli IeperoHKu OcCHOBHBIE XapaKTEPUCTUKHU
HeTH MpUBEJICHBI B Tabuie 2.3
OcCHOBHBIE XapaKTEPUCTHKU
3 K-6 OrtnapHasi KOJJOHHA p p
MIpUBeJIeHBI B Tabnue 2.4
OcCHOBHBIE XapaKTEPUCTUKHU
4 K-7 OtnapHasl KOJIOHHA partep
MPUBEACHBI B Ta0nuIe 2.5
OcCHOBHBIE XapaKTEPUCTHUKU
5 K-9 OtnapHas KOJIOHHA partep

MpHUBEACHBI B Ta0nuie 2.6

TennmooOmeHHOE 000pyAOBaHKE

KoxyxoTpyOuaTsiii TErI000MEHHUK

OCHOBHBIE XapaKTEPUCTUKH

6 T-5 . o
C IUIaBAaOIIEH TOJTOBKOH MpHUBEICHbI B Tabnuie 2.7
JIByXCEKIIMOHHBIN
N . OCHOBHBIE XapaKTEPUCTUKH
7 T-7 KOXKyXOTpYyOUaThlii TEMI000MEHHBIH
o . NpUBEIEHbI B Tabnuie 2.8
anrapar C IJIaBaroIIeil TOJI0BKOM
8 T-10 KoxyxoTpyOuarthlii TermiooOMeHHUK OCHOBHBIE XapaKTEPUCTUKH
C INTAaBaIoIIeN rOJIOBKOU puBeIeHbI B Tabauie 2.9
OCHOBHBIE XapaKTEPUCTUKHU
9 T-15 AnmnapaT BO3AYIIHOTO OXJIAXICHUS P P
npuBeAeHbI B Ta0auie 2.10
OCHOBHBIE XapaKTEPUCTUKHU
10 T-28 Arnmnapar BO3yIIHOTO OXJIAKIECHUS P P
npuBeAeHbI B Tadnuue 2.11
OCHOBHBIE XapaKTEPUCTUKHU
11 T-30 Arnmnapar BO3yIIHOTO OXJIAKIECHUS P P
MIpUBEACHHI B Ta0uIe 2.12
OCHOBHBIE XapaKTEPUCTUKHU
12 T-32 Anmnapar BO31yIIHOTO OXJIAKIECHUS P P
NpHUBeAEHbI B Tabnuue 2.13
OcCHOBHBIE XapaKTEPHUCTUKHU
13 T-33 Anmnapar BO3yIIHOTO OXJIAKIECHUS P P
MIpUBEACHHI B Tabwmie 2.14
OCHOBHBIE XapaKTEPUCTUKHU
14 T-34 Arnmnapat BO3IyIIHOTO OXJIaXAECHUS p p
npuBeJeHbI B TabauIe 2.15
OCHOBHBIE XapaKTEPUCTUKHU
15 T-46 Anmnapar BO3yITHOTO OXJIAKIECHUS P p

npuBeJeHbI B TabauIe 2.16
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Tabmuma 2 — Xapaktepuctuka KoiaoHHbI K-1

XapakTepucTuKa [Toka3zarenn

BricoTa 32,5Mm
Muamerp SM
OGbem 500 m®
Tun Tapenok Kitananusie
Yucno tapenok

- IBYXIOTOYHbIE 10 mrT.

- YETBHIPEXIIOTOYHbBIC 14 .
PaccrosiHue Mexny Tapenkamu 700 MM
[Tapamerpsl:
Temnepatypa pacuerHas

- BepXa KOJIOHHBI 130 °C

- Ky0a KOJIOHHBI 220 °C
JlaBiieHne pacueTHOE

- Bepxa KOJIOHHBI 2,5 kre/cm? (abc.)

- Ky0a KOJIOHHBI 5 krc/em? (abe.)

JlabopaTopnasi pabora Ne 6
«OnTumMu3anys TEXHOJIOTHUECKOW CXEMBI TEPMUYECKOTO KPEKHHTA YTIEBOAOPOIOB)
eab padoThlI.
Haiimu cocmas cvipvs, npu komopom 661x00 HCUOKUX NPOOYKMOE MAKCUMAILEH.
IIpudopsl.

VYcranoBka (puc. 1) BkiIroyaeT B ceds cieayromie npuooph:
- 1 — nenutenbHast BOpOHKA (MUTAHUE PEAKTOPA),
- 2 — TepMomnapa,
- 3 — ANIeKTpOIIeYb it 000TpeBa peKTopa,
- 4 — X0NOAUILHHK,
- 5 — IPUEMHUK,
- 6 — ra3oCc4eTUNK,
- 7 — npubop nokazaHus TEMIIEPaTyphl,
- 8 — perynsatop temneparypsl (JIATP),
- 9 — peakrop.
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Pucynoxk 1 — YcTanoBka TEpMHUYECKOTO KPEKHUHTA YIJIEBOAOPOIOB.
PeakTuBbl.

B kauecTBe ChIpbs HCHOIB3YEM 3-X KOMIIOHEHTHYIO CMECh: I'eKCaH, OCH30J1, U30TPEH.
Bbinosinenune padoThbl.

Tepmuueckuii yrieBoJOPOIHOTO ChIPhS BEJCTCS HA YCTaHOBKE (pHC. 1) pu TeMmepatype
500 °C.

[Tepen HaUaIOM OMBITa TPOBEPSIOT MPABUIBLHOCTH COOPKH, HAJCKHOCTh U TEPMETUIHOCTh
BCEX COCJMHCHMI YCTaHOBKH. BKirO4aroT 3nexTponeds 3 mist oborpeBa peakropa. [locie Toro
Kak Ttemneparypa B peakrope nocturHer 500 °C, B X0NOJWIBHUK 4 MOJAIOT BOAY. 3aJlaHHYIO
TEMIIEPATYPY B PEAKTOPE MOAIEPKUBAIOT C TIOMOIIBIO TEpMOpeEryisTopa 8.

[TpUroTOBICHHYIO CMECH YTIIEBOOPOJIOB IMOAAIOT B 103aTOp 1. MOMEHT mojauu ChIpbsi B
PEAKIIMOHHYIO 30HY IIPUHUMAOT 3a HAYaJIo OMbITa. Bee skcrepruMeHThl HE00X0AUMO MPOBOINUTH
IIPU TOCTOSTHHOM 00BEMHOM CKOPOCTH TI0JJaUH YTIIEBOJIOPOIHOTO CHIPhS (BPEMsI UCTCUCHHUS ChIPhS
30-35 muH).

[To oxoHuaHUM oOmbBITa GUKCHPYIOT 00BEM Ta30B MPOIICAIINX Yepe3 Ta30BbIC Yachl 6 U
Maccy XKuIkod (asel. COCTaBISIOT MaTepUAIBHBIN OaJlaHC MPOIECcca, PACCUUTHIBAIOT BBIXOJ]
ra3000pa3HBIX MPOAYKTOB MHposn3a. CpaBHUBAIOT 3HAYCHUS BBIXO/a ra3000pa3HbIX IPOAYKTOB,
HAUXYAIIANA pe3yibTaT OTOPACHIBAIOT M PACCUUTHIBAIOT HOBBIM COCTAB CMECH YTJICBOJIOPOJIOB.
DKCIIEpUMEHTBl TMPOBOMAT IOKa He OyAeT IOCTHTHYTO TpeAeibHOe 3HAa4YCHHE BBIXOJA
ra3000pa3HbIX MPOJAYKTOB, MOCJIC YXYIIICHUs TIOKa3aTes mporecca padoTy MpeKpalaroT.

Od¢opmiteHue pe3ybTaTOB

CocTaBngr0T MaTepHalbHBIN OanmaHc mpolecca MUpoIn3a:
3. PaccunThIBaoT Maccy moIaHHOTO ChIPhs

Mcm=Vem:Pem,
rae Vewm, Pcm - 00beM (MIT) U IIIIOTHOCTH (T/MIT) yIiIeBOAOpOAHOM cMecH. [1noTHOCTE cMecu
paccuuThIBaIOT 1O (hopMyIie
Poseew =X PLT Xy " P T X3 O3,
X1, X2, X3-OOBEMHBIE MPOILIEHTH COOTBETCTBEHHO TIeKcaHa, H30IpeHa, OeHszomna, %00;
P1r Py Pz - IIOTHOCTH COOTBETCTBEHHO T'€KCaHa, U30IpeHa, OeH30:a, I/MJI.

4. PaccuntsiBatoT Maccy ra3oo0pa3HbIX MPOAYKTOB IMHPOJIM3a, YCIOBHO CYHTAs, YTO B
OCHOBHOM OHH COJEPKaT 3THIICH
\Y
m2(l3 = V .ML)I?I

"y,
rae V - 00beM ra3000pa3HbIX MPOIYKTOB MO Ta30CUETUYHKY, J; Viy. - MOJSPHBIIA 00beM
rasa mpu HOPMaJbHBIX YCIOBUAX; Viuy =22,4 1/Moib; Myr - MOJNIsIpHAst Macca dTHiIeHa, Moy =28
I/MOJb.
3. Maccy KXUAKHX TNPOAYKTOB HAxXOASAT IO PA3HOCTH MacC CyXOro NpHEMHHKA

U IPUEMHHUKA C KUAKOU (pakiueit.
4. PaccunThiBaroT Maccy KOKca, OTJIOKEHHOTO BHYTPH peakTopa
mKOKC:mCM_mTaS-m)KPUI

Pe3ynbTatsl 3aHOCAT B Tabnuiry 1.
Tabnuma 1. - MarepuanpHbIi OamaHc poliecca MUpoJin3a

[Ipuxon, r Pacxon, r

1. YrinepoaHoe coipbe 1. XKuakue npoyKThl MUPOIU3a
B TOM YHCIIE 2.  Ta3o00pa3zHble  TIPOAYKTHI
reKcaH MUPOJIN3a

W30IpEH 3. Koke
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| Genson |

m..
PaccunThIBAIOT BBIXO KUAKHKX MPOAyKTOB: 17 =—2--100%

Cv.
Koumponvnoe 3a0anue:
[Tonw3ysick mporpamMubiM naketoM «UniSim Design» cMmozenupoBaTb M ONTHMHU3HPOBATH
TE€XHOJIOTMYECKYI0 TEPMUUECKOIO KPEKUHIA YIIIEBOAOPOIOB:

OCHOBHOH CJI0)KHOCTBIO, BO3HUKAIOLIEH MPH SKCIUTyaTallul YCTaHOBOK IO NepepadoTke
JAHHOTO BHJIA CHIPbS SIBISIETCS HEOJHOPOAHOCTH MO (DPAKIIMOHHOMY COCTaBy 0Opa3yromuxcs
IPOAYKTOB BCJIEJICTBHE HEOJHOPOJHOCTH ChIphbsi. B paboTe mocraieHa 3ajaya 1o onpeaesieHUIo
napamMeTpoB pabOThl YCTAHOBKM MHBAPHAHTHOW COCTABY CHIPBS.

CoctaB U (U3MKO-XMMHUYECKHE CBOMCTBA NMPOIYKTOB NEpepabOTKH HEKOHIUIIMOHHOTO
KaydyKa IPH pa3InYHbIX TeMIIepaTypax MpeacTaBiIeHbl B Tadmuie 1.

Tabnuna 1 — Pu3nKo-XMMHYECKHE CBOMCTBA MPOAYKTOB nepepabotkn HBCM-U

Temmeparypa nporecca TepMokpekunra, °C Meron
HanmMeHnoBaHMe mapaMeTpoB 300 200 450 WCIIBITAHUI
0
10% HGpGFOHHeTCfI npu 197 182 176
temnepatype, ‘C
0
50% [EperoHseTes pH 271 270 262 I'OCT 2177
temnepatrype, ‘C
0
90% MeperoHseTes npH 293 319 298
temnepatrype, ‘C
Bsi3kocTh, MM%/C 3,34 3,46 3,48 TOCT 33
I'OCTP
3
[T1oTHOCTD, KI/M 848 853 855 51069-97

[Tonmyyaemble pu (HpakIMOHUPOBAHUN MCXOJHOU YTIIEBOJOPOAHON (hpakIMM MPOAYKTHI
JIOJKHBI COOTBETCTBOBATH CIIEAYIONINM TPEOOBAHUSM:
- (hpaxuust «6en3uH kpekunra» TY 0251-001-47073029-2008;
- hpaxmmst «rorumBo au3ensHoe» 'OCT 305-2013;
- ppaxuus «rormBo neynoe» I'OCT 10585-99

OO6pazyromuecs B mpoIrecce TEPMUIECKOTO PA3JIOKEHHS YTIIEBOIOPOIHBIE (PpaKuyl 1O
CBOEMY XMMHUYECKOMY COCTaBY CXOXKU C YTJIEBOJAOPOAHBIMU (paKIUAMHU, 00pa3yoUMMHC TpU
aTMoc(epHO MeperoHKe AeBOHCKON He(TH.

Co3naHne MareMaTH4ecKOH MoJenIHu mpolecca (PpaKIMOHUPOBAHUS YIJIEBOAOPOAOB
OCYIIECTBIISUIM € TOMOIIbI0 mporpammel  UniSimDesign, mos3Bossitomieid  co3iaBaTh U
aHAJTM3UPOBATh CTAaTUYECKHE MOJETH, MPUMEHsSEeMble s peaju3allMi MPOEKTHBIX PeleHHH,
MOHUTOPHHTA O3KCIUTyaTallUOHHBIX XapaKTepUCTUK, TIOMCKA M YCTPaHEHHUs HEeNoJNaoK,
MOBBIICHUS 3(PPEKTUBHOCTH IKCIUTyaTalluH U IJIAHUPOBAHUS EATEIbHOCTH Ipeanpusdrus [97].

Jlnst iponiecca ppakliMOHUPOBAHUS YIIIEBOAOPOAOB UCIOIB30BaH MakeT cBOMCTB [lenra-
PoOuHCOHa, KOTOPBIN COMEPKUT MOAUDUITUPOBAHHBIE TTApaMETPhl OMHAPHOTO B3aMMOCHCTBUS
JUIs BceX OMOIMOTEUHBIX MHap YIJIEBOJOPOA-YIIEBOJOPOJ, a TakkKe JUIsl OONBIIMHCTBA Iap
YTJIEBOIOPOA-HEYTIEBOIOPO/I.
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T,°C
v ¥ -0,0273x3 + 4,354XK 126,88 |
F - 1
% % X TRE0,9304
* /
1 \Q X 4 ® /

V, %

1 - s Twp=300 °C; 2 - mma Typ=400 °C; 3 - mrs Tiy=450 °C
Pucynoxk 1 — KpuBble pa3roHkH yrieBoAOPOAHBIX (PpaKLUK MPOoLEecca TEPMUUYECKOTO
paznoxenuss HBCM-U, cooTBeTcTBYIOIIME pa3InYHBIM TEMIIEpATypaM KPEKUHIa

OOBEKTOM MOJAETUPOBAHMS SBISETCS KOJOHHA (PAKIMOHUPOBAHUS YIJIEBOJOPOIOB
MIPOU3BOIUTENBHOCTIO 10 THICAY TOHH B TOj MO ChIpbIO. B KauecTBe MCXOIHBIX NAHHBIX JUIS
MOJICJIMPOBAaHUSl ~ IPHUHATBI  DKCIEPUMEHTAJIBHO  ONPEACIEHHBIE  KPUBBIE  Pa3rOHKH,
IpeJICTaBICHHbIE HA PUCYHKE 1.

IIpoBepky MONY4YEHHONH MaTeMaTUYECKOM MOJAEIN Ha aJEKBATHOCTb OCYIIECTBISIIN
CpPaBHEHHMEM pacUYeTHBIX IIOKa3aTelel, IOIy4eHHOM MOJENM C TIOoKa3aTelsiMu paboThl U
JOCTUTHYTBIX ITapaMeTpoB peanibHOl yctaHoBku DJIOY-ABT.

[Iporecc co3manuss MaTeMaTHYECKON MOJIENTM MOYKHO pa3OUTh Ha JBa HTarna.

1. HayaneHblif — BEIOOp TEPMOJMHAMUYECKOTO MTAKETA M CO3/aHUE CITUCKA KOMIIOHEHTOB.
Cnucok KOMIIOHEHTOB COJAEPKUT UHAMBHUAyaJbHble KOMIOHEHTHI (0T Ci1 go Ca4) wm
NICEB/IOKOMITOHEHTBI, MpPEACTaBIsAIomue Xuakue yrieBoaoponasl (ot Cs u Bbime). [Ipouemypa
XapaKTepu3aluu MPOAYKTa TEPMHUECKOIO DPAa3JIoKEeHUs IpeolOpa3yeT j1adopaTOpHbIE JaHHBIE
pPa3rOHKH U NICEBIOKOMIIOHEHTHI.

2. MogenupoBaHHe CXeMbl — aTMOC(EpPHOW KOJIOHHBI pPa3/eleHUs YTIIEBOJOPOIHBIX
bpakuuii.

[Maker cBoiicte B mporpamme UniSimDesign oObenuHseT BClO WHPOPMAIHIO,
HE00X0IMMYIO0 1S pacyeTa (pa30BOro paBHOBECHUS U (PU3HMUECKUX CBOMCTB, UTO MO3BOJISIET 33/1aTh
BCIO HH(OpMAIINIO BHYTPH €IUHOTO MaKeTa.

Cxema MarepHaJbHBIX MOTOKOB KOJIOHHBI (DPaKIMOHUPOBAHMS  YTIJIEBOAOPOJIOB,
MpEeJCTaBIIeHa HA PUCYHKE 2.
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Pucynok 2 — Cxema MaTepualIbHBIX [IOTOKOB yTJIEBOIOPOAHON (HpaKIUK
MpOLECCAa TEPMUYECKOTO PA3I0KEHUS
Hanucarthb BbIBOI.

Kpurtepuu onenku j1abopaTopHbIX padoT
[Tpu nmoxaroroBke Kk JlaboparopHoil padore no aucuuiuinHe b1.B.06 «MonenupoBanue u

ONTUMU3ALMS _ HEPTEXMMHUYECKUX MPOILIECCOB» B 4 CEeMeCTpe CTYJEHT JIOJDKEH BBIMOJIHUTH
CIEIYIOIINEe BUIbI paboT:

MuHuMaIbLHBIA MakcuMaabHbIH
Buasi pator
oasL 0aJLI
CamocrosiTenpHasi TPOpadOTKa TEOPETUUYECKOTO 2 4
MaTepuaia K 1abopaTopHoii paboTe
O3HakKOMJICHHE C YCTAaHOBKOH, MPUOOPOM, 5 4
METOJIMKOH BBIMOJTHEHUS J1a00paTOpHOI paboTHI
Brinonnenne He0O0X0IUMOT0 SKCIIEPUMEHTA 2 4
O6paboTka pe3yabTaToOB HCCTIeI0BaHMS, 3 4
MOCTpOEHHE TpadUKOB
AHanu3 pe3yJIbTaTOB MCCIICIOBAHMS U BBIBOJ TIO 3 4
pabote
UTOro: 12 20

Takum oOpaszom, kaxpaas jabopaTopHas paboTa OIlEHUBAETCS MUHUMYM B 12
6amnoB, makcumyM B 20 6amios. [locne BoIoTHEHHS BCeX pabOT pacCUUTHIBACTCS
UTOTOBBIN 0aJJ1 MO JAHHOMY OIIEHOYHOMY CPEJICTBY.
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MunncTepcTBO HaAyKH U BhICcIIero oopa3zoBanus Poccuiickoii @enepannn
HumxHekaMCKU XMMHKO-TEXHOJIOTUYECKUM HHCTUTYT ((umman)
(beneparbHOr0 rocy1apCTBEHHOT0 OI0KETHOTO 00pa30BaTEILHOIO YUPEHKICHHS
BBICIIIETO 00pa30BaHUs
«Ka3zancknii HAMOHAIBHBIN UCCIIEN0BATEIbCKUN TEXHOJIOTUYECKUN YHUBEPCUTET
TexHonornueckuii paxkynbreT
Kadenpa Xumudeckoil TEXHOIOTHN OPraHUYECKUX BEILECTB
Tembl 1J151 KYpcoBOii padoThI

no qucuumuinHe b1.B.06 «MopaenupoBanue u onTuMu3anus
HEe(PTEXUMHUECKUX MPOIIECCOB)

MonenupoBaHue y3i1a pa3ieleHus IMUPOKOH (PpakIuu JETKUX YIIeBOJOPOIOB;
MozenupoBaHue y3i1a BACOPEKMHIa IYJPOHA;
MonenupoBaHue y3iia pa3ieiaeHus MPOAyKTOB KaTAIMTUYECKOTO0 KPEKHUHTIa;
MozenupoBaHue y3i1a NOIy4eHUs] METUII-TPETOYTHIIOBOTO 3(pupa;
MonenupoBaHue y3i1a aTMOCEepHON IeperoHKu HeTH;
MoznenrpoBaHue y3ia MOJIy4YeHUs U30aMUJIEHa IETHIPUPOBAaHUEM U30IICHTAHa;
MonenupoBaHue npoiecca CUHTE3a OKCUT€HAaTHBIX NPUCAIOK;
MozenupoBaHue TEXHOJIOIMHU MOTY4YEHUS OKCHAIKUIMPOBAHHOTO (DeHUIIANAMUHA;
MonenupoBaHue TEXHOJIOTUU NoayueHus: N-OKCUITPONUIMPOBAHHOTO TOJIYHINHA;
0.  MopgenupoBanue mpolecca MOIXy4YEeHUs CTHposa mapodas3Hoil aerujaparanuen
MeTHIheHImITKapOnHOIa;

11.  MogenupoBaHue y3J1a MOJTy4YEHUS STUICHIJIMKOJISA THApaTaliell OKUCH STUIICHA,

12. MogenupoBanue y3ia TOMYYCHHsS HOHWI(EHONA aIKUIMPOBaHHEM (eHOIa
TpUMMEpPaMU IPOIUIIECHA;

13. MogenupoBaHue y3Ia MOIyYEeHUS H30IIPEHA IETHIPUPOBAaHUEM N30aMHJICHA;

14. MonenupoBaHue y3i1a MOJIy4eHHs BOAOPO/a ApOBOM KOHBEPCUEN METaHa;

15. MonenupoBaHue TEXHOJOTHUU IMOJY4YEHUS MOAM(PHUKATOPOB PE3MHOBBIX CMeced U
CUHTETHUYECKUX Kay4JyKOB.

TpeGoBaHus K coaep;KAHUIO KYPCOBO padoThl

KypcoBast paboTta 10oiKkHa collepKaTh:

- Ha3BaHUE TEMBI;

- BBEJICHUE, aKTYaJIbHOCTb TEMBI, LIEJIN U 3aJJa4u;

- 00BEKTHl MCCIEIOBAHUS, OMMCAHUS Ipolecca MOITY4YeHHs] OObEeKTa HCCIeI0BaHus,
pa3BEpHYTYI0 METOIMKY MOJAEIUPOBaHUS y3ia (Tpolecca);

- TIOJIyYeHHbIE 3KCIIEPUMEHTAIIbHbIE IaHHBIE;

- 3aKJII0YCHHUE;

- CIIMCOK JINTEPATYpBHI.

O06mwem oTueTa coctaisieT 25-35 cTpaHUI] MAIIMHOMMCHOTO TeKCTa (hopmaTa A4.

3amura KypcoBoii padoThbl

Ha ocHoBanum KypcoBoil paOOTBI COCTaBIS€TCSA YCTHBIA MJOKJAJ, PaCKpbIBAIOIIUN
OCHOBHBIE LI U 3a/1a4M, MOJAEIUPOBaHUE y3J1a (IIPOEKTa), pe3yJIbTaThl IPOBEAECHHON PabOTHI.
3aciymurBaHue JTOKJIAZ0B IPOXOIUT B kKaOuHeTe 29 MHCTUTYTa 3a paboTOM KPYTJIOTo CTOoJIA.

IIpaBunia opopMieHHsI KYpCOBOro NpoeKTa

Odopmisiercss oTyeT Mo TpeOOBAHUSAM, MPEIBSBISAEMBIM K TEKCTOBBIM JIOKyMEHTaM
[ECKI I'OCT 2.105 - 95]. TexcToBble JOKYMEHTHI BBIIOIHSIOT ¢ IpuMeHeHueM DBM (mpudr
14 pa3zmepa, Times New Roman, MeXCTpOUHBIA HHTEPBAJ - OIMHAPHBIN).

BOoo~NooGa~WONE
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