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PE®EPAT

Beimycknas kBanudukanuonnas pabdora coctout w3 140 c., 23 puc.,
37 Tab., 74 UCTOYHUKOB, 2 TIPUJL.

KiroueBble cioBa: TUIUKIONEHTAAUEHOBAs (QpaKIusl, HUKIONEHTaUEHOBas
¢dpakus, HedTenonuMepHasi CMOJIa, BOJOMACIISIHBIE SMYJIbCHU.

OObeKTOM  HCCIEOBaHMUS  SABISAIOTCS  HE(TENOJUMEPHBIE  CMOJIBI,
CUHTE3UPOBAaHHBIE M3 CBEXKENEPETHAHHOM JUIMKIONEHTaAUEHOBOW (pakuuu
KHUJKUX MPOIYKTOB MUPOJIM3a MpAMOroHHOro 6ensuna ycraHoBku JI1-300 OO0
«ToMmckHEPTEXHM.

Ilenbto HacTOAlEH pabOTHl SBISETCS MOJMYyYEeHUE MOJIU(PULIMPOBAHHBIX
HE(TENOTUMEPHBIX CMOJ U TIOMyYeHUE CTAOMIBHBIX BOJIOMACIISIHBIX dMYJIbCHI Ha
UX OCHOBE.

HccnenoBanne  HEPTEHNOIUMMEPHBIX  CMOI M MOAU(UIMPOBAHHBIX
HE(TENOTUMEPHBIX CMOJI TPOBOJMIN C TIOMOIIBbIO (PHU3UKO-XMMHUYECKUX U
PEOJIOTUYECKUX METOJIOB UCCIIEAOBAHNUS.

OO6nacth npuMeHeHUs: B HeTenepepadaThIBalOLIEH MPOMBIILIEHHOCTH KaK
CMa304HO-0XJIAXKIAIOIIUE )KUIKOCTH.

DKOHOMMYECKas 3HaYUMOCTh paboThI — C NPUMEHEHUEM
MOIU(UIIMPOBAHHBIX  HEPTEMOIMMEPHBIX CMOJ  TOJY4YaloTCs  CTaOWIIbHBIE
BOJOMACIISIHBIE ~ 3MYJbCUH,  KOTOpble  oOjanaloT  Oojee  BBICOKMMHU

AKCILTYyaTAlMOHHBIMU CBOMCTBAMH I10 CPABHEHUIO C APYTUMH 00pa3LaMu.



O003Ha4YeHNs U COKPALLICHUS

JKIIIT — »ujaKue npoayKThl MUPOJIN3A;

HIIC — vedrenonumepHasi cModa;

JAOAX — T TUIATIOMUHUAN XJIOPU/T;

OII — okcup nponusieHa;

JIII — auuuKIIoneHTaaueH;

JUIT® — aquiukiionenTaaueHoBas ppakxius;
LIIJI — npkinoneHTagueH;

[® — umkinoneHTagueHoBas (ppakius;

BMD — BogomacnsiHas SMyJbCHS;

HIIC; ¢ — HedTenomumepHas cMmoja, MOIY4YEHHAs OJIUMTOMEpU3alUen

UKJIONIEHTaIMEHOBOM (hpaKiiny;

KY — xucinoTHOE 4HCIIO;

I'Y — runponepoKcuIHOE YUCIIO;

DY — 3MO0KCUHOE YUCIIO;

bY — 6poMHoe uncio;

OI" — 3THICHTIUKOJIb;

OHIIC — okucnennas HeTENOIMMEPHASI CMOJIA;

OHIIC», — oxucieHHas HedTenoJMMepHas CMOJIA,
OJIMTOMEpHU3AIINEH IIUKIONEHTAIMEHOBOM (PpaKInu;

OHIICy o) — okucnennas 1 % H,0, nedgrenonnmepHnas cMmona,
OJIMTOMEpHU3aLel LIMKIOMEHTAIMEHOBON (PpaKuuu;

OHIICy g3 — okucnennas 3 % H,0, nedrenonumepHas cMmona,
oJINTOMEpHU3aIue UKJIONEHTaIUEeHOBON (DpaKIuu;

OHIICy 5 — okucnennas 5 % H,0, nedgrenonumepHas cMmona,
OJIMTOMEPHU3AINEH TUKIOMEHTAINEHOBON (PpaKInu;

OHIICyp7 — okucnennas 7 % H,0, neprenonumepHas cMmona,

OJIMTOMEPHU3AINEH IUKIOMEHTAIMEHOBON (PpaKInu;

MTOJTyYEHHAs

ITOJTyYEHHAs

MMOJIy4CHHAasA

MMOJIy4CHHAasA

MOJTyYEHHAs



OHIICy g9 — okucnennas 9 % H,O, HedTenomumepHas cMoiia, OJyYeHHAs
OJIMTOMEPHU3AINEH MUKIOMEHTAINEHOBOM (QPaKInu;
OHIICpp — cmoia, oKHCIEeHHas Mo peaknuu [lpuiekacBa, Ha OCHOBE

TUITAKIIONICHTAANCHOBOM (PpaKiTim.
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Beenenue

Axmyanvnocms  pabomwl.  Ocoboe  MeCTO Cpeld  CHHTETHYECKHX
3aMEHUTENIECH MPOJYKTOB MPUPOJHOIO IPOUCXOXKAECHUS: PACTUTENIBHBIX MAacCell,
kanugoau 3anumaroT HedrenomumepHbie cMobl (HITIC), ocHOBHOW ChIpbeBO
0a30i1 KOTOPBIX CIIy>)KaT OTXOJbl U MOOOYHBIE MPOAYKTHl HEPTEXUMHUUYECKUX
MPOU3BOJICTB M TNPEXJAE BCEro IJKUIAKUE MpoaykTel mnuponusza (OKIIII)
yraeBogopoaoB. KpanudunrpoBannas nepepaborka XKIIII ¢ momyuenuem HIIC
MO3BOJISIET  CYIIECTBEHHO  YJIYYIIUTh TEXHUKO-3KOHOMHYECKHE IOKA3aTEIN
ATUJICHOBBIX YCTaHOBOK. B HacTosiiiee BpemMs HepTenoJMMEpHbIE CMOJIbI HAILIA
IIMPOKOE MPUMEHEHUE B PA3JIMYHBIX OTPACIAX IMPOMBILUICHHOCTU: IIMHHOU H
PE3UHOBOM, JIaKOKPACOYHOM, B TMPOU3BOJCTBE OyMaru, KJeeB, JPEBECHO-
BOJIOKHUCTBIX IUIMT, & TAKXKe JJIs COKPALIEHUs pacxoJa HHACH-KyMapOHOBBIX,
dbenon-popmManbAETUIHBIX U APYTUX CMOJL.

HedrenonumepHbie cMOJIbI MOTYT OBITh MOJYY€HBI METOJAMU PAIUKATBLHON
(TepMUYECKOW, HHUIIMUPOBAHHON) M MOHHON (KAaTAIUTUYECKON) MOJMMEPU3AIUH.
Cpenu KaTaquTAYECKUX METOJ0B Haubojee mUpOKo B npakTuke cuHte3a HIIC
HCTIOJIB3YIOTCA KUCIIOTHI JIbtouca, a takxke cucrembl Llurnepa-Harra Ha ocHOBe
TETpAaxJIOpuJa TUTAHA W  AIIOMHUHUHMOpPraHWYeckux  coeauHeHuil. llpu
WCMOJIb30BAaHUU  KaTalIuTH4YeCcKux cucrtem llurmepa-Harra mnomumepusanus
IPOTEKAaeT B TOMOIEHHOW Cpele, 4YTO TMO3BOJSET TOYHO KOHTPOJIUPOBATH
napaMeTphl IIpoliecca U, COOTBETCTBEHHO, MoTy4yaTh Oosee ctabuinbHbie HIIC.

OmnuM W3 HampaBJCHUM  HUCMOJB30BAaHUS  MOAMGPUIIUPOBAHHBIX
HEe(DTETIOMMMEPHBIX CMOJI SIBJISIETCS  pa3padOTKa COCTaBOB JJISl  MOJYYCHUS
CTAOMJIBHBIX JMYJIbCUH, IITUPOKO HCIOIb3YEMbIX B TEXHOJIOTUU TMOJYy4YCHUS
TOTUTMB, YBEIWYCHUS He(TEOTHAaud IUIACTOB, HampuMep TMpu OTpadOTKe
BBICOKOOOBOTHEHHBIX KOJIJIEKTOPOB, HATHETATEIBHBIX U JOOBIBAIOIINX CKBAXHUH, a
TaKke B IMPOIECccax ra3ol00bUM U JIJI1 BPEMEHHOW W3OJISIMHU MPOHUIIAEMOCTH B

pu3a00MHON 30HE TIIACTOB.
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Llenvio  Oamnou pabomwi ABIAETCA TONydY€HUE MOAUDPUIIMPOBAHHBIX
HE(PTENOTUMEPHBIX CMOJ U TIOMyYEHUE CTAOMIBHBIX BOJIOMACISHBIX IMYJIbCHI Ha
uX OCHOBe. [l JOCTHXKEHHS TOCTaBICHHOM 1I€M HEO0OXOJAMMO pEelIUTh
CJIEIyIOLIME 3a/Ja4u:

1. [Monyuenne HIIC nmomumepuzanueit ppakuuu XIIIT ¢ noBbiieHHBIM
COJIep)KaHUEM  JUIMKIIONEHTAIUEeHa, KOTOPbIA TMpU MOATOTOBKE (pakiuu
TpaHCPOPMHUPYETCS B LIUKJIOTICHTATUEH.

2. Uccnenosanne mnporecca momudukaruun HIIC, 3akmoudaromierocs B
okucnenuu HIIC B ycnoBusx Mex¢a3HOTO KaTaliuM3a C HCHOJIb30BAHUEM
KaTajqu3aTopa MoJaub1aTa aMMOHMS U MeX(a3HOro areHTa — TeTpadyTUIaMMOHUS
HOJIMCTOTO.

3. Pa3paboTka CcTaOWIBHBIX MpU  XpaHEHUHW, JAePopMalUsiIX U
temriepatype a0 90-100 °C BBICOKOBA3KUX SMYJIbCHUH C MPUMEHEHHUEM Macel,
BKJIIOYAIOLIMX  J100aBKy —  MOAM(PHUIMPOBAHHYIO  I[MKJIONEHTAJAHEHOBYIO
HE(DTEMONUMEPHYIO CMOJIY, M HCCIEAOBAHUE PEOJIOTHYECKUX XapaKTEPUCTHK
BOJOMACJISIHBIX 3MYJIbCUH.

Obvekmom  uccreoosanusi  SBIAIOTCS  HEPTENOJUMEPHBIE  CMOJIBI,
CUHTE3UpPOBAaHHbIE M3 CBEXKENEPETHAHHOW AMIMKIONEHTAIUEHOBONH (paKIUU
KUJKAX TPOIYKTOB MUPOJM3A MPSAMOTOHHOTO OeH3uHa ycranoku JI1-300 OO0
«TomckHepTEXUMY.

Hayunas nosusna 3akiato4aercs B TOM, YTO OBbLIM MOJYYEHBI U UCCIIEI0BaHBI
MOAU(PUIMPOBAHHBIE HEPTEMOJIUMEPHBIE CMOJIBI HA OCHOBE LIUKJIONEHTAAMEHOBOM
dbpakiuu B ycCJIOBUSX Mex(a3HOTO KaTajn3a C HUCIOJIb30BaHUEM KaTajau3aTropa
MoyOjaTa aMMOHUSI U MeX(}a3HOTro areHra — TeTpadyTUIaMMOHHS MOJHUCTOTO.
CocTtaB He(TEeNmOIMMEPHBIX CMOJI OBLI JI0Ka3aH C MOMOIIBIO TUTPUMETPUUECKUX
METOJIOB, @ UMEHHO KHCJIOTHOTO, OPOMHOT0, STIOKCUIHOTO U THIPOIIEPOKCHIHOTO
yucen, Takxke ¢ nomoupto MK-criekrpockonum.

Pa3paborana peunentypa ONTHMAJIbHBIX COOTHOIIEHUH BOJAOMACISHBIX

OMYJIbCUM H WCCIENOBAaHBI HMX CBOWCTBA, TakWe Kak cTabmibHOCTE BMD,
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peoJlornueckre xapaktepuctuku BMD (nuHamMuueckas BSI3KOCTb, CKOPOCTb
C/BUTI'a U HAINIPSKEHUE CIBUTA).

[IpoBeneno UCCIIEJOBAHUE HU3KOTEMIIEPATYPHBIX noKas3aresnen
BOJOMACIISIHBIX 3MYJIbCUM, T.€. OINpeeseHre BsA3KocTH BMD oT temmeparypsl
3aMep3aHUsl.

IIpakmuueckas 3nauumocms. OHIIC MoryT OBITH UCIIOJIB30BAHBI B KAUECTBE
KOMITOHEHTOB B BOJIOMACJISIHBIX AMYJIbCHSIX, @ BMD Halum mmpokoe NpuMeHeHne
B He(drenepepabaThiBalONIe MPOMBIIUICHHOCTH KaK CMa304YHO-OXJIAKAIOIINe
KUIKOCTH.

Bv1600: 1UKONEHTaIMEHOBAs HEPTENOIUMEPHAsT CMOJIa MOKET MPUMEHSTHCS
Ha MPOMU3BOJICTBE KaK BRICOKOCTAOMIbHBINA KOMIOHEHT B BMDO.

Anpobayusa pabomwi. Pe3ynbTaThl palboThl nokiaabiBaiuch Ha XXII
MexayHapoITHOM Hay4yHOM CUMIIO3UYME CTYJIEHTOB M MOJIOABIX YYEHBIX MMEHU
akagemuka M.A. YcoBa CTyJeHTOB U MONOAbIX yueHbIX «IIpoOaemsbl reosoruu u
ocBoeHHsl Henmp», T.Tomck, 2018 r.; Ha XIX MexayHapoaHoil Hay4dHO-
IPAKTUYECKOH KOH(PEPEHUUH CTYJEHTOB U MOJIOJBIX YUY€HBIX «XHUMHS U

XUMHUYecKas TexHojorus B X X| Bekew, r. Tomck, 2016 — 2018 r.
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1. O630p uTEpaTYpHI

1.1 HedremoimmMepHbIe CMOJIBI

1.1.1 Ceipbe aJs1 cuHTe3a HeTeNnoJIUMEPHBIX CMOJI

Ha cerogusmmauii 1eHb, TPOUCXOKICHUE HUZIIUX OJIS(UHOB MTPOU3BOAUTCS
MUPOJIU30M  YIIIEBOJOPOAHOTO ChIpba. COCTaB M BBIXOJ MOOOYHBIX KUIKUX
MPOAYKTOB MUPOJIN3A 3aBUCUT OT TOrO, B KAKUX YCJIOBUAX HAXOJUTCS MOJYYEHHE
HCXOJHOTO ChIpbsi. BBIXO/ KUAKUX MPOIYKTOB MUPOJIU3A MPSIMOTOHHOTO OCH3MHA
MOXET JTOCTUTHYTh OKoyio 20 %, MO3TOMY €CTh HEOOXOAMMOCTh B pa3pabOTKe
MaJIOOTXOIHBIX MTPOLIECCOB UX MepepadboTku [1].

B Poccun Haubompmas wyacte KIIII mocine mnepepaboTku uX Ha
TUAPOrE€HNU3AIMOHHBIX YCTAHOBKAX MPUMEHSETCS ISl MTOJIYUYEHUS] apOMATUYECKUX
yII€BOAOPOAOB,  Hampumep  O€H30Ja, KaKk  KOMIIOHEHTa  aBTOOEH3MHA,
BBICOKOKAQYECTBEHHBIX KOKCOB, KOTEJIIBHOIO TOIUIMBA, CBIPbSl JIA MPOU3BOACTBA
TeXHU4YecKkoro yriepona. Ho B Takom ciaydae O0€3BO3BpAaTHO TEPSIOTCS
HEIpEeIeNbHBIE YTIIEBOIOPObI, KOTOPHIE SBJISIOTCS LEHHBIM HEPTEXUMUYECKUM
ceipbeM [2-4]. KBanudunupoBanHoe ucronb3oBanue 1mooounsix JKIIII sBisercs
OCHOBHOU 3aJlaueid, penieHue KOTOPOM 3HAYUTENILHO BJIMSET HAa PEHTA0EIHbHOCTH
OCHOBHBIX MPOJYKTOB W MPOAYKTOB Ooyiee TiIyOoOKoit mepepabotku [5, 6].
CoBpeMeHHbIE UCCIENOBaHUS O00Jalal0T TakKUM MOTEHLHMAIOM, YTO MOTYT
MPOU3BECTU HOBBIE MPOJYKTHI Ha 0a3e yKe CYIIECTBYIOIIUX MPOU3BOJICTBEHHBIX
MOTIHOCTEH HEPTEXUMHUUECKUX MPEANPUATHN HaXOAIIMecs Ha Tepputopun PO u
OCYIIIECTBIISITh Ka4eCTBEHHBIN epexo/1 oT KPYITHOTOHHAXHOM K
BBICOKOTEXHOJIOTHYHON xumuu [/]. OZHUM H3 PaclpOCTPaHCHHBIX BapHaHTOB
nepepabotku XKIIIT sBasieTcss ux omuromepusanus ¢ MOCIECAYIOMIUM MOJIyYeHUEM
HeTenoJMMepHBIX CMOJ. B TakoMm ciydae IeJieBbIM MPOIYKTOM IepepadOTKU

ABJIIFOTCA OJIMT'OMCPHBIC CMOIJIBI, a MMOJIyHaromuecs COJIBBCHT nIn
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UHIMBHUIYAJIbHBIE PACTBOPUTENN — MOOOUYHBIE MPOAYKTHI, UMEIOIINE CEPhE3HYIO
CaMOCTOSITEJIbHYIO [IEHHOCTb.

He¢renomumepusie cmonel  (HIIC) — 3TO0  HHM3KOMOJEKYJSpHBIE
TEPMOIUIACTUYHBIE TIOJUMEPBI, KOTOpBbIE MNoJydarorcs mnonumepusanuen JKIIIIT
HE(PTENPOAYKTOB.

[IponykTtel HepTexumuum U HepTenepepabOTKH, KOTOpPBIE COJEpKaT
HEIPEJEIbHBIE YIIIEBOJOPOABI, MCIOJB3YIOTCS B KAayeCTBE ChIPbS I CO3JaHUSA
HIIC. Onu npencraBisitoT co6oil Gpakiuu, BbIIEICHHBIE U3 MPOAYKTOB MUPOIN3a
KHUAKOTO M Ta3o00pa3HOr0  HEPTIHOTO  CHIPbs, a TaKKe MPOAYKTHI
KaTaJUTUYECKOTO U TEPMHUYECKOTO KpeKHUHTa [8].

JUis  cuHTEe3a  HEPTEHOJUMEPHBIX CMOJ  HKOHOMHUYECKH  BBIFOJHO
UCIIOJIB30BaTh ChIPbE, € COJEPKAHHE HEMPEIENbHBIX PEAKIIMOHHO-CIIOCOOHBIX
YIJIEBOJIOPOAOB (CMOJI000pa3yIOLIMX KOMIIOHEHTOB) cocTaBisieT He MeHee 30 %.

Cxema mepepaboTku Oensuna Ha yctraHoBke OII-300 mpencraBieHa Ha

pucyske 1.
Beran (1109 3 Frvimen {300
Hponwmaen (149)
Hponad (8.2)
* 1 pakima O, (115,73
Hoaopon (18,3)
Mapoans  f-— !
p MeTanoraa dipawmma (1TH1,3)
AneTHnen (3,9)
MeTHaateTH e { 3.9

¥ . . -
L lpoayeTe a3 lomnueHei s (39)

TP R Sran TLH UM

¥
Paznenenne
NPV ETOR
IIII|.'|‘I1.]I'I'.N.I

Jlerkaa

cyona (230} TorisHeG s (41

l Dpakuien C: (41)

Tazenun Beno (9450
cuona (58) lNepepafiorea | ————————— Kenaons (19}
AT ConkpeHT {100)
Bwpermm (4)
Cnernaa HTTE (200
-
Mepepatoria . 'I:rvnmr HITC (24)
MO — CRIPRE T TEXHHTECKOTH
yroepoia (34}

Pucynoxk 1 — Cxema nepepaboTku OeH3MHA HA YCTAaHOBKE MHUPOJIU3a

OI1-300. Iudper 0003HAYAIOT KOTUYECTBO CHIPhS U TPOTYKTOB (THIC. T/TOJ)
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Nznauanbuo XKIIII pasnmenstor Ha ¢pakuuu, KOTOpble B JajbHEMIIeM
noxasepratorcs nepepadorke. ukmnonentaguen (LIIJ]) 1 u3onpeH BbLACIAIOT U3
dbpakuuu, kunsueit npu temmneparype Menee 70 °C; dpakiuusi, UMeromas npeaebl
Boikumnanus /0-130 °C moaBepraioT ruJpupoOBaHUIO, a 3aTEM BBIICISIIOT OCH3OJI.
I[Ipu Ttemneparype 130-190°C dpakumst mnpeaBapuTeabHO MOABEPraercs
THAPUPOBAHUIO, 4 3aT€M U3 HEEe BBIJCISIIOT KCUJIOJNbI, COJIbBEHT U CBETJbIC
HepTenomumepHbie cMmoiibl  (ITuporuract-2). Ceemibie HIIC npuMeHsroTcsT B
JAKOKPACOYHOM MpoMbIlIeHoCcTH. M3 cmon, TemriepaTypa KUINEHUS KOTOPBIX
Bbie 190 °C, MOXHO BBLAETUTH TaKkue MPOAYKTHI Kak: HadTalnuH, KOKC, TEMHbIC
HIIC (ITupomuiact) u T.1.

Jlis ompeaeneHuss XuMuyeckoro coctaBa (pakuuu Cs peKOMEHIyeTcs
IPUMEHSATH Ta30KUAKOCTHYIO XpoMaTorpapuio, a XMMUYECKUA COCTaB (Ppakiuil
Cg— Cy ompenensitoT METOJOM Ta30BOM Xpomarorpaduu Ha KamWJUISIPHBIX
KOJIOHKAaX.

O6mue xapaktepuctuku (pakuuii KIIII, koTopsie HCMONB3YIOTCA B
KauecTBe cbIpbs 151 cuHTe3a HIIC moxHO HabmonaTe B Tabmuie 1.

Tabnuua 1 — Xapakrepuctuku gpaxiuii XKIIIT

Dpakuus Cg—Cy | Cy Cs (ky00BBIii MPOAYKT Je0yTaHU3aTOPA)
Bremnwmii Buj IIpo3paunas cBeTJIO-KeNTask KHUIKOCTh [Ipo3paunass OecuBeTHas WM CBETJIO-)KETas
KUIKOCTh
TLIOTHOCTB, KI/M® 890 — 940 900 — 950 710785
MaccoBast 107151 BOJbI, % <0,3 <0,3 <0,5
Nonuoe uncio, >50 >60 >80
rl,/100r
DpakiroHHbIN cocTas, °C:
H.K. >120 >140 >30)
50 % <165 <175 -
70 % - - <75
95 % <190 <190 -
K.K. <195 <195 <190

UtoOBl MOJYYUTh TaK Ha3bIBa€MbIE CBETJIbIC HEPTEIOJIMMEPHBIE CMOJIBI,
HeoOxoauMo ucnosib3oBaTh (ppakmuu JKIIII, BeIkumaronye mpu Temreparype 10
200 °C, nnma TpOM3BOJICTBA TEMHBIX HePTEemoJMMEpHBIX CMOI — OoJiee
BBICOKOKHUIIAIINE (PpaKIIUKM WK THKEIYI0 CMOJTy mupoJiv3a. Beimenenue paxiuii

u3 JKIIIT mpoucxoauT mporieccom peKTUhUKAIIH.
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Baxno, mpu Bbgenenun Qpakumii KM ang momyueHust CBETIIBIX
HE(TENOTUMEPHBIX CMOJI, YETKO PETyJupOBaTh KOHEI[ KUICHHUS (QpaKkiuu u
NPENOTBPAaTUTh TEepexo]] B KyOOBBIM MPOAYKT JIETKOTOJUMEPHU3YIOLIUXCS
HEIpPENENbHbIX YIJIEBOAOPOAOB, BXOIAIIMX B COCTAaB JKUJAKUX MPOIYKTOB
nuponuza. [locnegHee gocturaercsi MpoBeACHUEM PEKTU(PUKAIIUU MO BaKyyMOM
WM OTTOHKOM ¢ BOJSIHBIM mapoM npu temmneparype 150-180 °C [5].

B kauecTBe chIpbs B Ipolieccax MUPOJIHM3a HCHOJB3YIOT razoo0pa3Hble U
KUJKAE YTIEBOJOPOJIbI: Ta3bl, JIETKUE OCH3WHOBbIE (PpaKIMH, Tra30KOHIEHCATHI,
padvHATHl KATAIUTHYECKOTO pPHGPOPMHUHTA H, PEXKE, KEPOCHHO-TA30MIICBbIC
dbpakiuu [8].

B taGnure 2 npeacrasiieH coctaB Gpakivy KUIKUX MIPOIYKTOB MUPOJIU3A.

Tabnuna 2 — CoctaB aunukiionentaaneHoBoit ¢ppakuuu JKIIIT

KoMmoneHTs! Copepxanue, %

Iuknonenragues 19,35
Tomyon 1,88
Benson 1,49
o-Kcuion 1,09
JIMIMKITOTIEHTa e 35,01
4,7-Metanoun3oben3odypan-1,3-nuoH, 3a,4,7,7a-TeTparupoMeTHII- 3,26
9-Oxcabunukio[6.1.0]JHon-4-cHe 7,37
3-Oxcabunukino[3.3.0Jokr-6-eH-2-0oHe, 4-METOKCHU-7-METHII-, TPAHC- 4,53
bunukio[2.2.2]okt-5-eH-2-0He 5,47
1,2,4a,46,7,8,8a,86-OkraruapodudeHuIeH 2,95
Tpurmkio[5.2.1.0(2,6)] nex-4-eHe, 4-MeThI- 1,17
HeunentuduimpoBaHHbie 16,43
YTJIEBOAOPO/IBI

Bcero 100

1.1.2 Cnoco0bI nostydyeHus1 HeQTenoJJUuMepPHbIX CMOJI

[Tonumepu3aiusi HENpeAeIbHbIX YIJIEBOJAOPOIOB SBISETCS MPOLIECCOM IS
npoBeneHns cuHTe3a HIIC. 3a cueT KpaTHBIX CBA3€H, pa3MbIKAHHS IUKIIOB, a
TAaK)K€ COCAMHEHWS HCXOMHBIX MOJIEKYJ MOHOMEpa B MaKpPOMOJICKYIY,
IPOUCXOAUT 00pa3oBaHUE MOJIMMEPOB M3 MOHOMEpOB. [lomumepusanust cocTOUT
U3 TPEX DJIEMEHTApHBIX PEaKIfii: 00pa30BaHUs aKTHMBHOTO IIEHTPA, pOCTa LENU U
oOpbiBa 1eny. Pa3nuuaioT MOHHYI0 M paJMKalbHYIO0 HojJumepusanuio. MonHas
poTeKaeT ¢ obpazoBaHueM OO KapOKaTHOHA, MO0 KapbaHWoHa. PagukanpHas

oOpaszyeT CBOOOJHBIC paJiuKajbl 32 CUET JCUCTBUS TeIla, MOTJIONIEHUS CBETOBOM
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SHEPrUM, JEWCTBUS YAaCTUI] BBICOKOW SHEPTMHM WM BIHUSHUS XUMHYCCKHX
uHUIMaTOpoB [9].

TepMudeckass 1 WHUIMUPOBAHHAS TMOJMMEPH3AIUSI JOCTATOYHO MPOCTHI H
MO3BOJISIOT TOTyYaTh CBETJIbIC HEPTETIOTUMEPHBIE CMOJIBI, HO OOJAMal0T PSIOM
HEJOCTaTKOB, TakWe Kak Mambii Beixom HIIC, a Takke BBICOKas
POAODKUTEIHFHOCTD Mpo1eccoB. OTININTENHHBIE 0COOCHHOCTH KaTATUTUIECKOTO
cmocoba TmMoaydeHUs He(PTEmOTUMEpPHBIX CMOJ  SBJSIOTCS  BO3MOKHOCTH
BapbUpPOBATh YCJIOBUS MOJWMEPH3AIMK, CHHTE3UPOBATH CMOJBI, KOTOPBIC
XapaKTEPHU3YIOTCS BBICOKOW CKOPOCTBIO TMPOIECCa, HEBBICOKOH CTOMMOCTBIO
KaTaJIM3aTOPOB, Pa3IUIHBIMUA TEMIIEPATypaMH TUIABJICHUS U IIBETHOCTHIO, a TAKKE
npocTtoToil odopmiieHuss mpoiecca. ETUHCTBEHHBI HEJOCTaTOK — KOPPO3Us
000pyI0BaHUS TIPH MCTIOIB30BAHUH «CHIIBHBIX) KaTalln3aTOPOB.

Paoukanvnas nonumepuszayus. PagukanbHas TOTUMEPU3AIHAS — 3TO TCTTHAS
peaxis, KoTopasi COCTOUT U3 3X CTajuii, a MIMCHHO WHUIIMHPOBAHHE, POCT IIETIH U
OOpBIB 1IETIH.

B TpOMBINIICHHBIX YCIOBHSIX HJISl TOJYYCHHS CHUHTCTHYECKHUX CMOJ B
KaueCTBE WHUIIMATOPOB HMCIOJB3YIOT TIEPOKCH OeH3oma (TeMIiepaTypa pacraja
70-80 °C), TUHUATPUIT a30-0MC-130-MacCIsTHON KHCJIOThI (65-75 °C),
ruaponepokcu u3onponuinoensona (130-140 °C) [9].

Kamanumuueckas nonumepusayus. JlanHas mnomumepusanusi BKIIOYAET
TaKWe CTaJINU, KaK MPEABAPUTEIBHYIO OCYIIKY CHIPbhSI, MOJUMEPHU3AIUI0 U OTCTOU
MPOYKTa, HEUTpATHU3AIMIO TTOJIMMEpH3aTa U €r0 MPOMBIBKY, a TaK)Ke€ OTTOHKY OT
MOJIMMEPHU3aTa KUJIKUX yTIECBOIOPOIOB.

KaranuzaTtopamMu KaTaJIUTHYCCKOW ITOJIMMEPHU3AIMN SBJISIOTCS BEICCTBA,
KOTOpbIe 00JIaal0T JIEKTPOHOAKIENTOPpHbIMU cBoiicTBamu (H,SO,4, H3PO,4, HBTr,
HF, anporonnbie kucioThi-katanu3zatopsl ®pumens — Kpagprca (AlCl;, BCls,
SnCly, TiCly, FeCly)).

B mpucyrctBum yrieBomopojia, OpPraHWYECKOW KHCIIOTBI, BOABI W T.I.,
KOTOpPBIC WIPAIOT POJb  COKAaTaau3aTopa, oO0pa3yeTcs TaKOW aKTHUBHBIN

KaTaJIUTUYECKUU KOMILICKC:
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AlIC]; + HyO— (AICL,OH)H"
IIpy B3aMMOJECTBUM KOMILIEKCA C MOHOMEPOM, 00pa3yeTcsi KapOeHUEBBIi
LEHT:
H,C==CH + (AICL,OH)H'—= HyC—CHAICLOH"
X X
PeaKHI/IH pocta OCIINM IPOHUCXOJAUT 3a CUCT IMPUCOCAMHCHHUA MOJICKYII

MOHOMepa K 00pa30BaBIIEMYCs IICHTPY:

+ H, H, +
H3C'_(|:‘HA1C'13C)H=F llHEC=(|:‘H—"' H—TC —-CH C —CHAICIZ0H"
X X X In X

OOpBIB 11ENH MTPOUCXOIUT COTJIACHO CXEME:

Hz HE + HZ H
H—C —-CH C —CHAICLOH—————> H-—T1C -CH C—CH
| | -AlClL;: -H,O | |
X Jn X X Jn X

[Ipupona, COOTHOHIEHME KaTaau3aTopa M COKATaau3aTopa €CTECTBEHHO
OKa3bIBaIOT BJIIMSAHUE HA IPOLECC MTOJIUMEPU3ALUU.

B mpaktuke cunresa HIIC nHambonee MHUPOKO MNPUMEHSIOT XJIOPUL
amomunus (AlCl;) u karanutudeckue cucteMbl (komruiekcosl) Ha ocHoBe AlCIs.
JlocTonHCTBA XJIOpUIa AIIOMUHUS 110 CPABHEHUIO C IPYTMMH KaTajau3aToOpaMu, B
TOM 4TO OH 0oOJiee JOCTYNEH U MMEET HU3KYI0 CEOECTOMMOCTh, TAKXKE MO3BOJIAET
n00uThCS 00JIee BHICOKOTO BbIXO/1A II€JIEBOTO MPOIYKTa U YCKOPSIET CKOPOCTh IpHU
MPOBEICHUH TOJUMEPU3ALMU, TAKXKE IMO3BOJSET MOJYYUTh OOJee TYrollaBKUe
cmonbl. HepgocraTkm maHHOTO Karajau3aTtopa B TOM, UYTO TIIPU  CYXOM
UCIIOJb30BaHUN JAHHOIO KOMIUIEKCA JI03UPOBAHUE BBI3BIBACT CIIOKHOCTH U
MIPOUCXOJINUT B3aUMOJEHCTBUE C BJIArOM BO3AYyXa, TAKKE OH JIETKO TMIPOJIU3YETCH,
CJIEIOBATEIIbHO CHMJKAETCS €r0 KaTaluTU4YeCKas aKTHUBHOCTh. Kpome maHHBIX
HEJIOCTATKOB, KOTJla MPOUCXOAUT yBenuueHue KoHreHTpauuu AlCl; yxymmaercs
1BET HE(PTETMOIMMEPHBIX CMOJI U CHUKAETCS TEMIIEpATypa pa3MsATrdyeHuUs.

Karamuszaropsr Llurnepa — Harra — HOHHOKOOPAULIMOHHBIE KATATUTUYECKNE

cuctembl. CHCTEMBI TaKOI'O poaa COCTOAT M3 COJIHM WM JAPYTroro COCAHMHCHHA
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nepexogHoro Me u cokartanmsaTopa, OOIYHO opraHudeckoro coenunenus Me |-111
rpynnsl. Pons cokaranmzaTopa — aJKHJIMPOBAHUE COCTUHEHHs MepexoaHoro Me
uist coznanust cBsizu Me-C, riae mpoucXOAUT BHEIPEHUE MOJIEKYJbI MOHOMEpA.
JpyrumMu QyHKIHMSIME COKAaTalu3aTopa CIy>KUT BOCCTAHOBIIEHHE TepexoqHoro Me
JI0 BAJICHTHOT'O COCTOSIHUSI, a TaK)Ke KOMIUIEKCOOOpa30BaHUEe COKAaTaInu3aTopa.

B npucyTcTBUM TaHHBIX KaTalU3aTOPOB CHHTE3 HENPEACIbHBIX MOHOMEPOB
IpoTEKaeT Mpu arMocepHOM HaBieHun U Temmeparype 20-25°C , a Ttakxke
o0Opa3yloTcs ToJIMMEphl ¢ 0Oojiee BBHICOKUMH MEXaHMYECKUMHU TOKa3aTelsiMU |
TEIUIOCTOUKOCTBIO, YEM IIPH MCTIONIB30BAHUM JPYTUX BUIOB KaTaTUu3aTOPOB.

CooTHOIIEHWE KOMIIOHEHTOB H TIOPSAOK CMEINIMBAHHS — OKa3bIBAIOT
CYLIECTBEHHOE BJIMSHUE HAa aKTUBHOCTb, PETYJIHPYIOIIEE IEHCTBUE KaTaIu3aTOPOB
[Murnepa — Hatra, cTpykTypy 00pa3yrolmuxcsi MOJIUMEPOB U MOJEKYISIPHYIO
maccy.

CpaBHeHHE pa3HbIX METOJNOB TIOJYYEHHUS HEPTENOIUMEPHBIX CMOJ
HATJSAHO TIOKa3bIBa€T, YTO KaTalUTHUECKas TMOJUMepu3anus oO0ecreurnBaeT
BBICOKHMM BBIXOJ CMOJIbI, HEXKENU JAPYrue CrocoObl nosydyeHus. OTINYUTEeNIbHBIMU
OCOOCHHOCTSIMHU SIBIISIIOTCSL TaKWe TMapaMeTpbl W YCIOBHS, KaK: BO3MOXHOCTH
IIMPOKOTO YIPABIICHUS YCIOBHMH MOJMMEPU3aLUU U CUHTE3WPOBAHUS CMOJI, TIpU
pa3IMyHON TemmepaType IJIaBICHUS M IBETHOCTHU; BBICOKAs CKOPOCTh MPOIIECCa;
MaJIeHbKasi CTOMMOCTh KaTaJaM3aTOpPOB; MPOCTOTa OQOPMIICHHUS O0OPYAOBAHUS.
EMUHCTBEHHBIM HEIOCTATKOM SIBIISICTCSL KOPpO3usi o0opynoBanus [9].

B Hactosimiee Bpemsi, OBIJIO TIPEIIOKEHO MHOXKECTBO METOOB IMOJIyYCHUS
HIIC, HO BCce crocoObl HE MOTJIM BBIMTH 3a MPEIENIbl JJA0OPATOPHBIX (OIBITHBIX)
pa3paboToK.

B coBpeMeHHBIX HCCIEIOBaHUSAX pa3pabaThiBacTCsl Te€Ma HCIMOJB30BaHUS
xmopunoB tutana (TiCly) mnis monmuMepusanuu KpekuHra HEPTH M IKHIKHAX
npoayktoB nuposu3sa. TICl, siBsieTcs JOCTYIMHBIM KOMIIOHEHTOM TSl TPUMCHEHUSI
€ro B MPOM3BOACTBE HE(PTEMONIMMEPHBIX CMOJ: MpU noaumepu3anuu ppakuuu Cs
[10-12] mnmm nmunepunenoBort ¢pakiuu [13] npu monyuenun omudsr CKOIL. B

pabote [14] ObLIO MpensioKEHO UCIOIb30BaTh kaTanuzatopbl Opuaensa-Kpadrca,
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Britovaromue T1Cly, nns momumepusanuu ¢ppaknmii kpexkuara Hegu (140-280 °C)
U uX MOAU(DUKANMU PA3TUYHBIMH JUEHODUIAMU JUIS TIOBBIIICHHUS are3HH
YIJICBOJOPOAHBIX cMoOJ. B cratee [15] mpw KaTHOHHOW OJMTOMEpU3AINU
NUNepUiIeHa IPeI0KEeHO UCIIOIb30BaTh d(UPaThl TUTAHA, OJHAKO OTMEYAETCS MX
HU3Kasl KaTaJuTHYeCKas aKTHBHOCTh. B pabore [16] momumepusanms (pakuuu
JKIIIT 130-190°C npsimoronHoro OeH3uHa, rae ucmoib3dyercs T1Cl; B kadecTBe

KaTajiu3aTtopa, IIpUuBOIHUT K HC6OJIBIHOMy BbIXOJZYy CMOJIbBI U C BBICOKUM IBCTOM

1400-1500.

1.1.3 Ilpumenenue HeGTENOJIUMEPHBIX CMOJI

brnarogapsi yHHMKanbHBIM CBOWCTBaM, TakKHM, KakK CIHOCOOHOCTb K
MIEHKOOOPa30BaHUI0, CBETOCTOMKOCTh, HU3Kas Temmeparypa pasmsiruenus (50-
150 °C), BOJOCTOMKOCTBH, TEIJIOCTOMKOCTh, XOpOIIas COBMECTUMOCTh C
CUHTETUYECKUMH  IJIEGHKOOOpA3oBaTeIsIMAU W OKCHUJIUPOBAHHBIMM  Macjamu,
XUMHYECKasi  CTOMKOCTb,  XOpomlasi  pacTBOPHUMOCTh B OPraHUYECKHX
pactBoputensax  [9], HedTenmoJMMEpHbIE  CMOJBI  KCIOJB3YIOT  BMECTO
JIOPOTOCTOSIIIMX U TPOAYKTOB HAXOASAMIMXCA B JAePUIUTE, B TOM YHCIE H
npUpOAHOTO TpoucxoxaeHus. IloBeneHue HedTENMOMMMEPHBIX CMOJ  TpHU
HarpeBaHUM — CBOEOOpa3HOE, T.€. HET YETKON TIpaHUIlbl HAOJIOJCHHUS PE3KOro
nepexo/ia U3 OJHOro arperatHoro coctostHusi B apyroe. Korga HIIC naxonsitcs B
YCTOMYMBOM TBEPIOKHUIKOM COCTOSSHUHM, CMOJIBI MPU YBEJIMYCHUU TEMIIEPATYPHI
MOCTENIEHHO TMEPeXOASIT B JKHUJKOE COCTOSIHME, TpPU ITOM, 3aTBepjleBas Mpu
OXJIAKJICHUU U HE U3MEHSISI CBOMX CBOMCTB [17].

N3meHnenne ¢Gu3MYECKUX, XUMHUUYECKUX M (PU3UKO-XUMUUYECKUX CBOMCTB
HE(TETIOTMMEPHBIX CMOJI 3aBUCUT OT MCXOJHOTO CHIPbS JUTsi cuHTe3a. CMOTps rae
cooupatorcs mnpuMmeHarb HIIC, cymecTtByroT Takue TpeOOBaHUS, HampUMeEp
cornacHo TY 2451-089-05766801, rae HedTenoauMepHbie CMOJBI pa3eisioT Ha
MapKu: Mapka A HCTOJB3YETCs JJIS MTPOU3BOACTBA CTPOUTEIBHBIX KPACOK, OJU(HI

H B KaU€CTBC HJ'ICHKOO6p33}7IO]_HI/IX BCIICCTB, a MapkKa b IMPUMCHSACTCS B KaA4YCCTBC
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KOMIIOHEHTA JJIsl KJIEeBBIX KOMITO3ULIMK B OOYBHON MPOMBILIUIEHHOCTH, a TAK)XE B
IIPOU3BOJICTBE JIAKOKPACOYHBIX MATEPUAIIOB.

HIIC npumMeHstoTCs B pa3InUHbIX OTPACISAX MTPOMBIIIJICHHOCTH:

® B JIAKOKPACOYHOM W MeOenpbHOM MPOMBINIJICHHOCTH — B KadyecTBe
IUICHKOOOpa3oBaTeNsi, 3aMEHUTENS] KaHU(OIU, KIEEB U PACTUTEIbHBIX
macen. IInéukoobpazoBanue HIIC cmocoOctByeT  hopmupoBaHuio
TJISSHLIEBBIX, OBICTPOCOXHYIIUX TMOKPBITHIL C BBICOKOH TBEPIOCTHIO,
BOJOCTOMKOCTBIO M XHMMYECKOM  CTOMKOCTBIO.  JIakOKpacodHble
koMro3ulimu ¢ ucnonb3zoBanueM HIIC oOnagaroT MeHbIIEH BS3KOCTHIO,
MEHEE CKJIOHHBI K 3aryCTEBAHUIO IPU XPAHEHUH.

® B IEJUTIOJIO3HO-OYMaXHOM TNPOMBIIUIEHHOCTH — B Kaye€CTBE 3aMEHUTEIN
KaHn(}onM, MPOKJIEUBAIOIIMX COCTAaBOB M KIIEEBbIX aucnepcuil (oOianarot
BOJOOTTAJIKMBAIOIIMMHU  CBOMCTBAMHM, MPEBOCXOASIIMMHU  KaHU(OJIb).
Kneessle mucnepcun Ha ocHoBe HIIC mnoBslmaroT MexaHUYECKUE
nokasarenu OyMmaru: MpPOYHOCTh HA  M3JOM, pa3pblBHYIO JUIMHY,
CONPOTHUBJIEHUE TIPOIABIMBAHUIO.

® B pPE3MHOTECXHUYECKOM IIPOMBILIJIEHHOCTH — B KayeCTBE MATYUTEIICH
(mmactuuKaTOpOB) MpPU MPOU3BOACTBE U OCOOCHHO PEreHEpaIliy PE3UHBI
JUISL YJIYYIIEHUS TIACTOAIACTUYECKUX U MPOYHOCTHBIX CBOWCTB PE3WHBI U
BYJIKAHU3aTOB.

® B TIPOU3BOACTBE IEYATHBIX KpPACOK — Ui YIYYLIEHHS [E€4aTHO-
TEXHOJIOTUYECKHX CBOWCTB KpACOK, IMOBBIIMICHHUS OJiecka W MNPOYHOCTH
OTTUCKA K UCTUPAHHUIO.

® B IPOMU3BOJCTBE AHTUKOPPO3WMHBIX W 3ALIUTHBIX NOKPBITUH - A
MOBBIIEHUS TEKYYECTH PACIUIABOB, MNOBBIIIEHUS aJr€3HOHHBIX CBOWCTB

KpaCOK U MACTHK, ITPUAAHNA BOAOOTTAJIKHBAKOIITHNX CBOMCTB MaTcpuaiaM.
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1.1.4 Moaudukauus HeGprenoauMepHbIX CMOJ

3a mocnenHee BpeMsi, akTyalbHas 3aja4a HePTeXUMHUU — MOJTyYEeHUE HOBBIX
OJIUTOMEPOB C PEAKIIMOHHOCTIOCOOHBIMH TPYIIIaMH B KX COCTaBe.

[IpopaboTka maTEeHTOB U CTaTel, MOKa3aj, YTO CYHIECTBYIOT TAKHUE METO/IbI
MOAM(UKAIIMKA KaK: 030HUPOBaHHUE, CyJIb(PUPOBaHME, MaJeHHH3alUsA, 00paboTKa
HEHACHIINICHHBIMA KHCJIOTAMH, OKHCJICHHUE, TaJOTeHUPOBAHWE, THAPHUPOBAHHUE U
CIIIMBKA CMOJI.

Panee, Obul0  TPENIOKEHO  OKUCICHHE  TUMOXJIOPUTOM  HATpPUA,
NepMaHTaHATOM Kajusi M TepoKcuaoM Bojopoaa [18] ¢ menpio BBeacHUs B
MOJIUMEPHYIO 1I€Nb TUJAPOKCHIbHBIE WIH KapOOKCWIIbHBIE TpyHmbl. Takxke,
OKHUCJICHUEM HAJyKCYCHOM KHCIOTOM MOXHO MOJIYYHTh KHCIOPOJCOAEpHKAIIIE
HIIC [19]. IIpum »5ToM, cTpoeHHE HE(PTEMOJUMEPHBIX CMOJ, KOTOpBIC
MOJIBEPTalOTCsl OKUCIICHUIO, B 3HAUYUTENILHOM CTEMEHU BIIUSET Ha TOJyYECHHBIN
pesynbtat [20, 21].

B pesynbrare okucnenus amudarudeckoi cmoissl HIIC; nmepokcunom
BOJIOpoJia B npucyTcTBHM BaHagata ammonus (NHy),VO, u MexdasHoro areHra
(CoHs)4NI [22, 23] yBenmuunBaeTcss MPOYHOCTD MPH yaape, yaydliaeTcsi aare3us,
Ipu 3TOM TemImepaTypa pazmsrdenus: nosbimaerca a0 182 °C. Ilpu okucneHun
NIEPOKCHUIOM Bojopoia apoMatuueckor cmoiibl HIIC o9 B ipucytetBrm (C4Hg)sNBr
YCTaHOBJICHO, YTO aKTUBHOCTH MOJIMOJaTa aMMOHUS BBIIIIE, YEM BaHIaTa aMMOHUS
[24]. Haiizensl  3aBUCMMOCTH  OpPOMHOIO  YHCJIa, XapaKTEPHU3YIOIIETo
HeMpeaeabHOCTb CMOJI, 0T cooTHomeHus (% macc.) H,O, u cMmoibl.

OgHuM W3 TEPCHEKTUBHBIX METOJOB MOJU(PHUKAIUUA HEPTEHOIMMEPHBIX
CMOJI SIBJISIETCSl 3MOKCUIMPOBaHHE. OIMOKCHUIHBIE TPYNIbl UMEIOT BBICOKYIO
AKTUBHOCTH B PEAKIMIX IICKTPOPMIBHOTO U HYKICOPUIHHOTO MPUCOCAUHECHHUS.
JlaHHBIE COEIWHEHUS MOTYT OOpa30BbIBATH OJUTOMEPHBIE W TMOJUMEPHBIC
CTPYKTYPBI KaK CaMOCTOSATEIILHO, TaK M C TOJTY()YHKIIMOHATLHBIMU COCTHHCHHUSIMU

KHUCJIOTHOI'O UJIKM OCHOBHOI'O XapaKTeEpa.
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B paborax [19,25] roBopuTcS O TaKMX HCCICAOBAHHUAX, Kak
smokcuaupoBanne HIIC mo [Ipunexaery npu momormum tpex cuctem: CH3;COOH —
H,0,; (CH;COO0),0 — H,0, u CH;COOOH npu Temneparype 313 K B TeucHue
240 munyT [26].

OpanM U3 (HaKTOpOB, KOTJA MPOWCXOAUT OKHCICHUE, SBISACTCS CHI)KCHHE
KOJIMYECTBA IBOMHBIX CBsizel B cocTaBe HIIC, uTo BenmeT kK cTabnIn3aui CMOJIbl U
yJIydimaeT ee 1ser [27].

Kpome 3Toro, mpu OKHCIIEHUU MPOUCXOIUT YBEIMUCHUH TOJSIPHOCTH CMOII,
CJIEIOBATENIbHO BBEJCHUE B CMECH KaydyKOB HE(TEIMOIMMEPHBIX CMOJ, KOTOPbIE
MPOIIA OKUCICHHE MmyTeM 00paboTku 65 %-oit azoTHOM KucinoToil nmpu 50 °C B
teyeHue 120 MUHYT, BEJET K YIYUYIICHUIO UX B3aUMHOW pacTBOpUMOCTU. Takxe,
IPY U3MEHEHHUH TIOJIIPHOCTH JT00aBOK, MOXKHO C TIOJIO)KHTEIILHONH CTOPOHBI BIIUSATH
Ha CPOJCTBO MEXIY pa3IUYHBIMM KaydyKaMu OJiaroiapsi yJIydIlllEHUIO aJre3uu
MKy (ha3aMu ¥ MOBBIIICHUIO CTEIICHU TucneprupoBanus [28].

OO0paboTka  He(TENMONMMEPHBIX  CMOJ  MAJIEUHOBBIM  aHTHIPUAOM
(MayienHM3aIMs1), TaKXKEe TMO3BOJISIIONIAS BBECTH TMOJSPHBIE TPYIIBI B COCTaB
MOJIMMEPHON IEMM W CHU3UTh WX OKHCIIIEMOCTh, IIMPOKO PACIPOCTPAHEHA B
Poccun u 3a pyOexoMm, YTO CBSA3aHO C JIEUIEBU3HOM, JOCTYMHOCTBIO M BBICOKOM
PEaKIMOHHOMN CIOCOOHOCThIO Mo duItupyroIero areata [29-30].

Taxxe, MoguduKanys CMOJIBI O30HO-KHCIOPOJHON CMECBIO TPUBOAHUT K
CHIDKCHHIO OpOMHOIO 4YHCJIa M YBCIMYCHHIO KHUCIOTHOro uyucia [31-34].
O30HUpOBAaHHBIE  CMOJIBI  HCIOJNB3YIOTCS B KadecTBe  JAedMyJbraropa
BOJOHE(PTAHBIX dMyJbcHid [35], MUKIMUECKHUX YTIIEBOIOPOOB U3 Ta30BO3IYIIHBIX
BBIOPOCOB U aJICOPOCHTA apOMAaTHIECKUX YTeBo10po10B [36, 37].

[ToBbicuTh MTONsIpHOCTH U cBoMcTBa HIIC MOXKHO HE TOJNBKO NMpY BHEAPEHUN
KHCIIOPOJCO/IEPKAIMUX ~TPYII, HO W TaKUX TPyNN KaK TEPOKCHUJIHBIX,
AHTUIPUIHBIX U KapOOKCHIBHBIX. Tak, IS MpUAaHusS TUAPO(UIBLHBIX CBOHCTB
MIPOBOJIAT MOJU(PHUKAIIUIO CMOJ CYTb(HUPOBAHUEM PA3THUYHBIMU CYIb(OUPYIOITUIMHU

arentamu: komruiekcamMu 2SOs-muokcan U SOsz-muokcaH, aneTwicyiabhaTom,
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OJIEYyMOM, XJOPCYJIb(OHOBOI U CEpPHOIN KHUCIOTaMH B MHTepBasie TemmepaTtyp O-
20 °C B TeuyeHwme 2-3 4acoOB B TaJIOTEHYTJICBOIOPOIHOM pactBoputee [38].

Takum oOpazom, xumuueckas wmoaudpukauus HIIC npuBogur K
CYLLECTBEHHOMY HW3MEHEHUIO CBOMCTB CMOJ M pacIIMPEHUI0 oOJacTed ux

IIPUMCHCHMUA.

1.2 BoapoMacJisiHble IMYJIbLCHHU

OMyJIbCUSIMU HA3bIBAIOT JHUCIIEPCHBIE CUCTEMBI, B KOTOPBIX OJHA KUJIKOCTh
JUCIIEPTUPOBAHA B BUJE MENbYANIINX CPEPUUECKUX Kalesb B IPYroil >KUJIKOCTH.
BemiecTBo Kamenb cuuTaeTcs AUCIIEPCHOM, NTUCKPETHOW, WU BHYTpPEHHEH (a3ou.
BemectBo, KOTOpOE€ COCTaBISIET OKPYXKAIOIIYIO  KUAKOCTh, Ha3bIBAETCA
JMCTIEPCUOHHOM, HENPEPBIBHOM, CILIONTHOM, WK BHeIIHeH cpenoit [39, 40].

N3BecTHO, 4TO BoAOMAacisiHble 3Myiabcuu (BMD) mpumeHstoT B KauecTBe
CMa30YHO-OXJIAXKAAIOUIUX KUAKOCTEH, OYypOBBIX pPACTBOPOB, B TEXHOJOTHSIX
MEXaHUYECKON 00pabOTKM METaJUIOB, TaKXe B IPOU3BOJACTBE MAaCTHK U
B3pPBIBUATHIX BELIECTB, CMA304YHBIX Macel U B He(pTeT00bIBAIOIIEM MPOU3BOJICTBE,
IPOU3BOJICTBE HArHETATENbHBIX CKBAXXUH M M3OJISILIMU BOJONPUTOKA B HEPTIHOM
IIacTe.

O6mactu npumenenuss BMD BKIIOYAIOT TEXHOJIOTMYECKUE PEXKUMBI HUX
DKCIUTyaTallMM M XapaKTEePU3yIOTCd TEPMOMEXAHWMYECKMMHU Harpy3kamu. B
YCIIOBUSIX MPOAOKUTEIBHOTO TEPMHUUYECKOTO M MEXaHUYECKOTO HarpyKeHus
(HampspKEeHUs) CTPYKTypa U (a30BbId COCTaB dMYJIbCUN HE JTOJIKHBI U3MEHSThCS.
Ho, B GonbIIMHCTBE CilydaeB, T MPUCYTCTBYET O0JbIIoe conepkanne Boasl (40-
80 macc. %) B HedrenpoaykTax, BMD paspymarorcs npu aedopmanusax. s
IpeIOTBpAlIeHHs] TpoIecca pa3pylIeHUsT SMYJIbCUA B UX COCTaB HEOOXOAHUMO
BBOJIUTH CTAOMJIM3UPYIOIIEE BEIIECTBO.

Jist  crabunu3anuy  BOAOMACISHBIX AMYJIbCHI TNPUMEHSIOT pa3inyHbIe
smyjabraropel. Hedrexumuueckue KOMIIOHEHTHI, HampuUMep, TaKHe Kak

He(l)TCHOJ'II/IMCpHBIG CMOJIbI, KOTOPBIC HAXOJAT BCC Ooiee IIUPOKOEC MPUMCHCHUC B
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KayecTBE CTaOMIM3aTOPOB BOJOMACISHBIX AMYJIbCUI BBUAY UX COBMECTUMOCTHU C
JTUCTICPCUOHHOM cpeon [41].

OueHb BaXHOH xapakTepucTukod BMD sBigeTcs uX yCTOMYMBOCTD, TO €CTh
CIIOCOOHOCTh B TEUEHHE OMPEACIIEHHOTO BPEMEHHM, a TJaBHOE B YCIOBHUAX
OOJBIINX MEXaHUYECKUX Je(PopMalusix U BBICOKHX TEMIIEpaTyp, HE pa3pyliaTbCs
U HE pa3JessaThCcsl Ha JBe HecMelmnBaromuecs (asbl. B CBA3M ¢ 3TUM HUCMONB3YIOT
BEIIECTBA, KOTOPHIC MOBBIIIAIOT YCTOMUNBOCTh IMYJIBCHH — CTaOMIMU3aToOphl. Jliis
CTaOMJIBHOCTH BOJIOMACIISIHBIX SMYJIbCUI MPUMEHSIOT Pa3jIndHble CTAOUIIN3aTOPHI.
[IpyyeM OT KOHILIEHTpalMM W COCTaBa CTAOMJIM3AaTOPOB 3aBUCUT YCTOWYUBOCTH
00pa3yronmxcst SMyJIbCUH.

B mnacrosmeit pabore B KadecTBe CTaOWIM3aTOpa HCIOJIB3YIOTCA
anudaTuiyeckue 1 MoIU(PpUIIMPOBaHHbBIE HEPTEMOIUMEPHBIE CMOJIBI.

Hanpumep, B pabortax [42, 43] aBTrOophl pabOT yYCTaHOBHIIH, 4YTO
He(TENOIUMEPHBIE CMOJIBI MOTYT HCIIOJb30BAaThCsl B KayeCTBE CTA0MIN3aTOPOB
BMD Ha 0CHOBE MCMOB30BaHHBIX aBTOMOOWIIbHBIX Macen. Ctabwmsarop HIIC B
komuuectBe 0,001-0,5% mepeBoAUT SMyNnbCMU B yCTOWYMBOE Mex(pazHoe
COCTOSIHUE, YTO B HECKOJIbKO pa3 3(h(PpeKTuBHEN cTabMIN3aTOpa Ha OCHOBE KaydyKa
[44].

B pab6ore [45] ycTaHOBJIEHO, YTO OKHCJCHHBIC O30HOM M MAaJICHHOBBIM
aHruapuaoM ukinoanudaruueckue u apomatudyeckue HIIC Begyt k  yBennuuBaro
U CTaOMIM3AIMK BSI3KOCTH BOJOMACISHBIX MYJIbCUNA B JUHAMHUYECKUX YCIOBHSIX,

rJie coJiepKaHue BoJibl He TpeBbIaeT 10 40 mac. %.

1.3 UnpycrpuaabHoe maciao U-20A

Ha ocHoBanuu jauTepaTypHbIX MaHHBIX [46, 47] npeaiokeHO UCIOIb30BaTh
uHaycTpuaibHoe Macino Mapku M-20A ¢ Bsskocteio 86,5 mlla*c. Ob6mactu
NPUMEHEHUS HWHIYCTPUAIBHBIX Macel OOYCJIOBJIEHbl HX TEXHUYECKUMU
XapakTepUCTHKaMU. VX MCMONB3YIOT KaK B MPOMBIIUIEHHOCTH, TaK U B OBITOBBIX

HelasiX B KayecTBE CMa3Kh pa3HooOpa3HbIX MexaHu3MoB. Kak mpaBuio,
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COBPEMEHHbIE  MHAYCTPUAJIBHBIE  MAaclla  COIEpXKAaT  AHTHOKHUCIUTEIbHBIE,
3arymjaromue, NPOTUBOKOPPO3UOHHBIE MPUCAIAKH, KOTOPBIE YIy4YINIAlOT UX
CBOWCTBA.

ACCOPTUMEHT HMHAYCTPUAIBHBIX MAacesl HEMPEPHIBHO AOMOJHSAETCS Ooiiee
HOBBIMH MPOAYKTAMH.

NHpycTpuanpHOE€  Macio  OTHOCUTCA K  CEpUM  MHIAYCTPHUAIBHBIX
MHHEPAJIBHBIX MACEJI, IOJYYEHHBIX IIOCPEICTBOM CEJIEKTUBHON OYNCTKHU.

Nunycrpuansnoe wmacino M-20A  oTiMYHO 3apeKOMEHIOBaNo ce0s B
KAa4eCTBE  YHUBEPCAJIBHOTO  NPOAYKTA I  TUAPABIMYECKUX  CUCTEM
IPOMBIIUIEHHOTO O0OpYJIOBaHUsS, MJisi CTPOUTEIbHBIX, JTOPOKHBIX W JAPYTHX
MallMH, KOTOpble MOTryT paboTaTb Ha OTKpPBITOM Bo3ayxe. Kpome Toro,
TEXHUYECKUE MapaMeTpbl MHAyCTpuanbHOro macina M-20A mar0T BO3MOKHOCTB
UCIOJIb30BaTh €ro 0e3 J00aBIeHUs MPHUCAT0K, KOTOPhIE IPUIAOT 00Jiee BHICOKYIO
YCTOMYMBOCTh PabOUUM >KUJKOCTSIM, MOCKOJIBKY CIPABIIAIOTCS C OINpEAeIeHHBIM
BUJIOM Harpy30K Ha OCHOBaHHH €CTECTBEHHBIX CIIOCOOHOCTEM.

BaxHoil xapakTepucTukoil uHAycTpuaidbHoro macia M-20A, kak u y
J1000r0 Apyroro BuAa pabovmnx Macell, sBISETCS BA3KOCTh. YeM BbIlIE OKA3aTelNb
BA3KOCTH JIaHHOTO BHJA Maclia, TeM OOoJblle MOXET ObITh Harpy3ka Ha

9KCIUTyaTupyemMoe obopyaoBanue [48].
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2 JKCHepUMeHTAJbHAs YacTh
Xapakmepucmuka ucxoo0Hvlx geuiecme

1. KyGoBbie ocTtaTku pekTu]ukaimoHHol kojgoHHBI K-27 ycranoBku OIl-
300 OO0 «TomckuedpTexum» (TY 2451-178-72042240-2006).
2. Terpaxiopun tutana TICl; — moaBrokHAs KUIKOCTH CBETIIO-XKEITOTO

uBera, Tyu;136,35°C, T,,-24,1°C, pX1,73 r/cM’, MOJEKyIsIpHas Macca

190 r/momnb (TY 6-09-2118-77). Vcnoas3oBanu 0e3 AOMOIHUTEILHON OUNCTKH.

3. Oxcun mpormnena C3HgO — monBmkHas OecrBeTHasl JKUIKOCTh C

20

3
. 0,83 r/cm’, MonekynsapHas

XxapakTepHbIM 3amaxom, T.;-98 °C, Ty, 35 °C, p

Macca 58 r/Mob.

4. Tomyon C;Hg — OecuBeTHas MOABMKHAsS JE€Ty4as >KUJIKOCTb C PE3KUM
3amaxoM, TposiBIsAeT ciaboe HapkoThueckoe JelctBue. CMemMBaeTcs B
HEOIPAHUYEHHBIX MpEJIeNiax ¢ yrIIeBOJAOPOAaMU, MHOTUMHU CIIUPTAMHU, MPOCTHIMU H
CJIOKHBIMU 3(pupamu, HE cMeNIuBaeTcs ¢ BoJioM. [lokazarens mpeoMIIeHHs CBETa
1,4969 mpu 20 °C. Topiou, cropaer KomrsmmM miameneM. p2° 0,87 r/em’
T 110,6 °C.

5. Kcunon (CHj3),CgHs — OecriBeTHast JKHIKOCTh C XapaKTEPHBIM 3alaxoM,
MaJIoOpacTBOPUM B BOJI€, XOPOILO PACTBOPSETCS B OPTraHUUYECKUX PACTBOPUTEISAX.

p® 0,86 r/cm® Ty, 13,26 °C.

6. TerpaOyrmmammonuii wuomuctbii  CigHzsIN  —  OGenmbiit  moporok,
T, 147 °C.
7. Momuonar ammonus (NH4);Mo0O;) — HeopraHmdyeckoe COeAMHEHHE,

MMeeT BUJ OECIBETHBIX KPUCTAILIOB, p2 2,27 r/em’.
8. Huoetmmamomunuii  xjaopua  (C4H0AICI) — OecuBerHass KHAKOCTS,
Ty 65-66 °C, pfo 0,71 r/em®, MoJiekyJsipHast macca 120,5 r/moub.

9. byranon (C4HgOH) — GecuBeTHast BsizkoBatasi »XHIAKOCTh, Ty 117,4 °C,

p20,81 r/em’.
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https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%8B%D0%B5_%D1%8D%D1%84%D0%B8%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D0%BE%D0%B6%D0%BD%D1%8B%D0%B5_%D1%8D%D1%84%D0%B8%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BA%D0%B0%D0%B7%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D0%BF%D1%80%D0%B5%D0%BB%D0%BE%D0%BC%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C

10. ITepokcun  Bomopoma  (H,O,) —  OecuBeTHas  KHUJAKOCTb, C
«MeTaTAIECKMM» BKycoM, p.° 1,13 r/em’, ipn KoHueHTpammu 37 %.
11. Dtunenrmukonp (HO—CH,—CH,—OH) — mnpo3paunas OecuBeTHas

. 3
YKUIKOCTH CJIETKA MACJITHUCTOM KOHCUCTEHIINH, pfo 1,113 r/em”, Ty -12,9 °C.
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2.1 OuncTKa UCXOAHON (PpPaKIUY KUAKUX MPOAYKTOB MUPOJIU3A

O6bexTom uccnenoBanus spisgercs dpakuust XKIIIT npsimoronHoro 6eH3nHa
ycranoBku OI1-300 OOO «ToMmckHepTexum» C TOBBIIICHHBIM COAEPKAHUEM
JUILI. dns toro, ytoosl moaroroButs JLITJD k monmumepuszannu, HEOOX0IUMO
MPOBECTH OYMCTKY (pakiMu OT CMOJISIHUCTBIX COEAMHEHUH U TPOIYKTOB
OKHUCJIEHHS C IIOMOIIBIO IPSIMOi EPErOHKH.

CornacHo Meromuke [49], mnpexnae dYeM NPUCTYNIUTh K IIEPETOHKE,
HEOOXOMMO U3MEPUThH MacCy KOJIObI M MPUEMHUKOB, TOCTABUB HA KAXKIOM U3 HUX
HOMEp. 3aTeM B K0JIOy, CHA0KEHHYIO MPSAMBIM XOJOAWIBHUKOM U TEPMOMETPOM,
nomenarot uccnenyemyto ppakuuro JKIIIT: kyOoBble ocTaTKu peKTU(HUKALIMOHHON
kosjioHHbl K-27 yctanoBku JI1-300 OO0 «TomckHedTEXUM», C LETBIO OTIEICHUS
dbpakuuu OT CMOJITHUCTBIX COCAMHEHHUN W MOoJydeHUus (pakiuu ¢ MOBBIICHHBIM
coJep)KaHueM JuIUKiIoneHTaaueHa. CoOuparoT YCTaHOBKY [UIsl IE€PETrOHKH,
KOTOpasi MpEACTaBlieHAa Ha pHUCYHKEe 2. Bxmrouatror snekTporuty. Dpakiuro
HarpeBatoT 110 Temrepatypbl 180 °C u meperoHsoT 10 MOMEHTa, Korja B Koyoe
oOpa3yeTcsi CMOJISIHUCTBIA OCaI0K. 3a HAaYaJIbHYIO TEMIIEpATypy KUIMEHUs Ppakuuu

MIPUHUMAIOT TEMIIEPATYPY, IPU KOTOPOH yIajia epBasi Karuis.

= TepmomeTp

Hacapka

Biropua BeixogHOe

OTEEpCTHE

MecTO

ERENNEHME  — -
MRMBoRS hecTo
KpenneH9a 1'
npGops

DmcTknnarT

"kKunenkK"

NabdopaTopHSAa NoOACTAERS,
AMETEM WK gepe B AHHBIN Bpycok

Pucynoxk 2 — YcranoBka npocToi meperoHku
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2.2 TloaroToBKAa HMKJIONEHTAAHEHOBOI (PpaKumuu

Jns yBenumuenust coaepkanus LIIJ[ Bo dpakiyu, HE0OX0AMMO TPOBECTH
neperonky c¢ geduermaropoMm. DpakilMoHHasi TMEPErOHKa C MPUMEHEHUEM
nediermMaropa mMo3BoJII€T MPOU3BOAUTE OOJiee TIIATEIbHOE pa3/ielIeHHe pacTBOpa
HECKOJBKUX  JKUJIKOCTEM HA  OTHOCHTEIBHO  YWUCThIE  HWHJUBHUyaJbHBIE
KOMIOHEHTHI. B nanHoi pabote, CyTh NEPETOHKH C Je(ierMaTopoM 3aKI0YaeTCs
B TOM, 4TO mnpoucxonut paznoxkenue JIIIJ, Bxomsumumit B coctaB ¢ppakuuu,
oOpazoBannem peaknuonHocnocooHoro I[IITJ[. Peaknusa mumepuzanuu LT[ B
JUITA nmpoucxomut mo peakuuu Junbsca-Ansaepa. Ilpu narpeBanmm JILITT]

pearupyert ¢ mosekynou LI/, Tak mpoucxoauT noaumMepu3anus:

2@:I \J
(- O =101

Ilepen HayanoOM MEPETOHKU MPOBEPSIOT TEPMETUYHOCTh BCEX COCAUHEHUH

YCTAaHOBKHU U MOJIOKEHUE PTYTHOTO IIAPUKA TEPMOMETPA OTHOCUTEIBHO OTBOJHOU
TpyOKH meperoHHO# KoyObl. [llapuk pTyTH HOKEH HAXOAUTHCS HA 1-2 MM HUXKE
OTBEpPCTHUsSI OTBOJHOW TPYOKH, B MPOTHBHOM CIy4yae MOKa3aHUs TEPMOMETpa He
OyIyT COOTBETCTBOBATh TEMIIEPATYPE KUMEHUSI OTTOHIEMOIO BEILIECTBA.
CobuparoT yCTaHOBKY, MPEACTABJICHHYIO Ha pucCyHKe 3. B meperonnyio
KOJIOY HaJIUBAIOT TaKOM 00BEM >KUAKOCTH, UYTOOBI OH 3aHUMajl He Oojee JBYX
TpeTeil eMKOCTH KoJObl. [lepen HarpeBom B K010y OMyCKalOT HECKOJIBKO KYCOUKOB
MHEPTHOIO MOPHUCTOr0 Martepuana (KepamMHKH, MEM3bI) pazMepoM 2-3 MM i
CIIOKOMHOTO KUINEHUsl >XuakocTh. HarpeB KkoyObl perynupyroT TakuM o0pa3om,
YTOOBI JKUAKOCTh B TE€UEHHE BCEHM MEPEroHKM KHUIIeJa YMEPEHHO MpPHU CKOPOCTU
orOopa KOHAeHcaTa 2-3 KamuM B CeKyHIy. Temmeparypa kumenus LIIIJ]
coctapisieT 41 °C, HE0OXOAMMO BBIACPKUBATH TEMIIEPATYPy B JTAHHOM JIMAMA30HE

B TCYCHHMC TaKOI'0O BPCMCHH, IIOKa HC IIPCKPATHUTCA HMHTCHCHBHOCTL IIaJICHHUA
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Kareab B MPUEMHHK. Jlajee MeperoHstoT (Qpakiuio 10 TeMIepaTypbl KUIEHUS
JUIIT (170 °C). IleperoHky mpeKpamiaroT, KOrjua B KOJIOe eme ocTaeTcst 2-3 MII
xuakoctu [49].

Jist  mpemotBpamenus gumepusanuu  L{[1]] konmeHcar coOuparoT B
IIPUEMHUK, IOMEIICHHBIN B JISJSHYIO 0aHIO ¢ TEMIIEPATypOl OKOJIO HYJIS TPalyCcoOB

no Ienscuro. [Honyuennyro cmecs I+ xpaHat B MOpO3WIBHOM Kamepe.

Pucynok 3 — I[Ipocrtas neperonka c npedermMmaTopom:
1 — xon6a, 2 — nedaermartop, 3 — TepMOMETP, 4 — NPSAMON XOJIOUITBHUK,

5 — anmonxk, 6 — KonOa MPUEMHHK

2.3 Metoauka npoBeaeHusi CHHTE3a

Y caoBus IpOBEICHUS OMBITA:
e wmacca ¢pakiuu 100 r;
® Karamu3aTtop — ajKoKcun Tpuxyuopuna TtutaHa, 1% ot maccel dpakuuu
(TiCly : OIT 1:1 moms); TiCl,0R : Al(C,Hs),Cl = 1:1 (moub);
e Ttemmneparypa 30 °C;
e Bpems 120 MuHYT;
e jne3aktuBarop C3HgO.
Ilpuecomosnenue kamanumuueckou cucmemul. I[IpUTOTOBUTH TOIYON B
CTaKaHe S MJI, TIPU OXJIKICHUH (X0JIOHAs BOJA, Je) J00aBUTh B TOJIYOJ X MOJIb
TiCl, (1r, 0,58 Ma; pacuer 3arpy3kud mpousBeieH, ucxons u3 1 % oT Beca

¢pakuun). B pacteop TiCl, B Tonyosne m100aBUTH OCTOPOKHO X MOJb OKCHIA
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npormieHa (0,31 r, 0,36 mi), mpu 3TOM OXJaXKAATh CTaKaH JbIOM. 3aTeM
3arpy3uTh X MOJIb ArdTIIanfoMuani xiaopuna (0,63 r, 2,72 m).

3aepyska, cummes. B Ttpéxropiyio koin0y oObemom 250 Mil 3arpykaroT
MOJITOTOBJICHHYIO K mojuMmepusauuu ¢pakmuio B komuuectse 100 r. JJobasistor
IPUTOTOBJICHHYIO KaTamuTHyecKyto cuctemy (toiyou, TiCly, C3HegO, Al(C,Hs).Cl
B KOJUYeCTBE, COOTBeTCTBEHHO 5 mu1; 0,58 mur; 0,36 mut; 2,72 M1, 4TO CyMMapHO,
8,66 mu1) no3upoBanueM. J[o3upoBaHre MPOBOAAT CICTYIOIINM 00pa3oM: Kaxible
10 munyT BHOCAT 1,2 Mn1 B Teuenue 60 munyt npu temmepatype 20 °C. [lanee
NoBBIIAIOT Temmeparypy a0 30 °C u npoBoAST nojmMepu3anuio eme 60 MUHYT.
[Tocne yero peakimoHHyI cMmech oxJaxaarT 10 20 °C u 100aBisSIOT OKCHJ
npormiieHa (1,96 mur). Jlanee mnpu  Ttemmepatype 60 °C  BemyT mporiecc
ne3akTuBanuy B TeueHre 30 MUH MpU MOCTOSTHHOM NEpeMEeITNBaHUH.

Jezaxkmuesayus npo6 OII:

M Ticisor+on = 1x58%3/190 = 0,92 1;

Mpsax+on = 0,63%x58%3/120,5= 0,91 1;

V =(0,92+0,91)/0,859 = 2,713 mur;

bepem ¢ koadpummenTom n3opiTKa 1,1: Vor=2,13%1,1 = 2,34 M.

Jlezakmueayus npob H-oymamnonom (kasicovie 10 murnym):

M Ticla+u-Gyranon = 1X74%3/190=1,72 1

M5 Ax+-cyranon = 0,63%74x3/120,5=1,16 r;

V =(1,72+1,16)/0,8098 = 3,56 mur;

Ha oany mnpoOy c pacueroM Ha 2 MJ OMNPENEIIeMOro BEIIECTBa,
Heooxoaumo 0,05 H-OyTaHoIA.

Cunrte3 HIIC Bexercst Ha 5abopaTOpHOW YCTAaHOBKE, MPEACTABICHHOW Ha

pHUCyHKe 4.
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Pucynok 4 — YcranoBka jyis1 cuarteza HIIC:
1 — xonba, 2 — oOpaTHbIN XOJOAWIBHUK, 3 — MelIaika, 4 — TepMOMETP,

5- BOJsHAas1 6aHH, 6 — QJICKTPpHUYCCKAA IININTa

2.4  Metoauka onpenesenus Bbixoaa HIIC

OmnpeneneHrue BBIXOJIA OCYIIECTBISCTCS TPABUMETPUYCCKAM METOIOM.
Kepamuyecknii B3BEIIEHHBIH OIOKC C HaBECKOM OKOJIO 2T HCCIEIyeMOro
MPOJIYKTa, B3SITOW HA aHAIMTHYECKUX Becax ¢ TouHOCThIO A0 0,01, momemiaroT Ha
necyaHyr OaHro, kKoTopas 3ateM HarpeBaeTcs n0o 180 °C u BwImEpKHBaETCS MpH
JAHHOW TeMreparype B TeueHre 60 MUH.

ConeprxkaHue MIeHKO0Opa3yIOMUX BEIIECTB PACCUUTHIBACTCA 10 hopMyIie:

X = M .100%
(mz - ml)

rjJe m - macca Imycroro 0rokca, T;
m, — Macca OroKca U HaBECKH, T;
m, — Macca 0roKkca mpoObI MOcye BHICYIIMBAHUS, T.

Tabmuna 3 — Onpexnenenue Beixogaa HIIC

Ne ipo0OsI my, T m,, T ms, T Brixon, %
1(30") 24,20 26,20 24,95 38
2 (60" 12,75 15,60 13,50 41
3 (90 26,35 28,20 27,10 41
4 (1209 18,73 20,53 19,46 41,5

B Tabmuue 3 npuBeAeHbl pe3ysbTaThl BbIXOJA, KOTOPBIM OMpeaessics

kaxeie 30 munyT. Koneunsrii pesynbraT Beixoga HIIC coctaBun 41,5 %.
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2.5 Metoauka oxkucjenuss HIIC pactBopoM nepokcuia Bogopoaa

[IpenBapurenbHo wucxomusii 41,5 %-w1it pactBop HIIC pazbaBiasau g0
30 %-oi1 xonmentpammu kcuiona. Jlamee 30 %-brit pactBop HIIC B kcumore
okucisuim 37 %-bIM BOAHBIM pacTBOpOM Nepokcuaa Bogopoaa. Komunyectso H,0,
Opanu B cogepkanuu 1 % ot konudectBa cyxoro octatka HIIC, B mepecuere Ha
100 % H,0,.

B Tpexropiyio kon0y, cCHaOKEHHYIO MENIAJIKOW, TepMOMETPOM, OOpaTHBIM
XOJIOJUIBHUKOM  3arpy’kal0T MOJATOTOBICHHYIO K  MOJU(PUKALUU  CMOIY.
BxirouaroT Memianky M NpU KOMHATHOM Temmeparype T00aBisiOT pacdeTHOE
KOJIM4eCTBO KaTaymzaropa paBHoe 0,3024 r.

B xauectBe KaTtamusaropa okwucieHus wucrnonb3oBam  (NH;),Mo00; B
koiuuectBe 0,2 % oOT oOmmieil peakiMOHHOW Macchl M MeXK(}a3HbIM areHT —
terpabytunammonuii omucteiii 1,51 (1 % ot maccet HIIC). Konuentparuto
MepoKcHia BoJopoa BappupoBaiu oT 1 10 9 % ot maccel cMmornbl. [[obaBieHue
MEPOKCHU/IA BOJIOPOJIa MPOBOAMIIM IyTEM JTO3UPOBAHUS B PACUYETHOM KOJIUYECTBE
0,12 mn xaxapie 10 munyT, npu Temnepatype 40 °C, 3areM BBIIEPKUBAIH TpU
temriepatype 70-75 °C B Teuenue 1 yaca.

Hlanee oxucineHnyro Hedtenomumepayro cmoiny (OHIIC) noomsT pdo
temnepatypbl 20-25 °C, mepenuBaroT B JEIUTEIHHYI0O BOPOHKY M OCTABIISIIOT Ha
cytku. Ha cnenyromuii 1eHb OKHCIEHHYIO cmoity mpombiBatoT 100 mi
JUCTUJIIMPOBAHHOM BOJIOM, 4YTOOBI yAQJIWTh OCTaBIUMMCSA Karanusatop. Jlanee
TOTOBAT 00pas3el] Jsl aHaI13a, OCTAIbHOE KOJIMYECTBO XPAHST B BUJIE pacTBOpA.

[Tocne BbICHIXaHUA CMOJIy HW3MEIBYAIOT B KEPAMHUUYECKON CTymKe J0

HOpOHIKOO6pa3HOFO COCTOSAHUA 1A MOCICAYIOMNX aHAJIU30B.
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IIpumep pacuema 3a2py3Ku u npoeedenUst OKUCIeHUs.
VY ciioBus MPOBEAECHNUS ONbBITA!
e wmacca HIICy4 150 13
e oxuciureiab H,O, B konmuectse 1, 3,5,7,9 %;
o xaranmmzaTop (NH4),M0Oy;
o wmexdasnbiid areHT N(Cy4Hog)yl;
e Temmepatypa 60-80 °C;
e BpeMms 120 MUHYT.
Paz0aenenune HIIC tomyonom mo 30 %-oro pactBopa OCYLIECTBISIOT IO
MPaBHITY KpecTa.
1. Pacuer gis npurotosnenus 30 %-ro pactsopa HIIC B kcumorne:
150 r — 100 %
x T — 30 %, x =45 r (cyxoro ocratka HIIC);
1501 /44 = 3,41;
30x3,41 =102,2 r (HIIC);
14x4,41 = 47,74 (kcuiona).
2. Pacyer xkonmnuectBa HyOpom)— 1 % 0T cyxoro ocraTka:
451-100 %
xT—1%,x=0451-37%
x1T—100%,x=1,22T;
V =1,22/1,13 = 1,08 mi (mepokcuga BOIOPOIa);
1,08 /7 = 0,15 M — nepokcuaa BOJOPOAa A03UPYeEM Kaxkabie 10 MUHYT.
3. Pacuer kommuectBa karamuzatopa — 0,2% ot cymmsr HIIC + H,0, =
150r+1,22r=151,22r:
151,22 v — 100 %
xT—0,2 %, x =0,3024 r (NH,),M005)).
4. Pacuer komuyecTBa TeTpaOyTuwiaMMoHMM woxuctoro — 1% or
oprannyeckoit yactu 150 r:
150 r—100 %

xr—1%,x=1,5r ( TerpabyTHIaMMOHUI HOAUCTOTO).
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2.6 MeToauka onpeaesieHusi KHCJIOTHOIO YUCJIa

KHCTOTHBIM 9HCIIOM HA3bIBACTCS YHCIIO MIJITUTPAMMOB THAPOKCH/IA KaJIHS,
HEOOXO0MMOe Il HEWTpain3amuu CBOOOJHBIX KapOOHOBBIX KHCIIOT, KOTOPBIC
coaepkarcss B 1 r aHanmu3upyemoro BemiecTBa. KUCIOTHOE YHCIIO OMpenessioT
TUTPOBAHWEM HABECKH BEIIECTBA CIIMPTOBBIM PacTBOPOM rujpokcu kamus [50]:

RCOOH + KOH——> RCOOK + H,0

B nBe uncThie cyxue KoJlObl U3 TEPMOCTOMKOTO CTeKJIa eMKOCThIO 1o 100 mut
noMemaT HaBecku 1o 0,2 T aHaIM3UPYeMOro BEIIECTBA, B3BEIICHHBIC Ha
AHAIUTUYECKUX Becax ¢ TOYHOCThIO 110 0,0001 r. AHanmu3upyemoe BENIECTBO
pacTBOPSIIOT B CMECH TOJdyo’ : OyraHon B oTHomeHuu 85 :15%. B konlOwi
HaJIMBAIOT MO 15 Mu 3THIIOBOTO cnupTa, J00aBIAOT 3-4 Kaluid MHAMKATOpa
denondpranenna u tuTpyror 0,1 H CIMPTOBBIM PACTBOPOM TUIAPOKCHUIA KAaJusl.
KoHern TuTpoBaHus OnpeessioT 10 U3BMEHEHUIO OKPACKU PACTBOPA OT KEJITOTO JI0
ManMHOBOTO. [lapamiensbHO MPOBOAAT TUTpOBaHUE |5 MJI 3THUIOBOTO CHUpTa C
10 mut Tosryosia 6€3 HaBECKU aHAIM3UPYEMOI0 BEIIEeCTBa (XOJIOCTOM OIIBIT).

KucnorHoe uncio paccuuThiBaroT 1Mo opmyiie:

(a—b)-0.0056-K -1000
K4 = 7 )

rie a — oobem 0,1 H pacTBOpa THUIPOKCHAA Kajus, MOMIEAIINN Ha

TUTPOBAHUE HABECKH, MJT;

b — 06bem 0,1 H pacTBOpa rUAPOKCHIA Kajusl, MOIICIIINNA HAa TUTPOBAHUE
XOJIOCTOM OIIBITE, MJT;

g — HaBeCKa aHAJIM3UPYEMOTO BEIIeCTBa, T;

0,0056 — umcno rpammoB KOH, cootBerctBytomee 1 mi 0,1 H pacTBOpa
KOH;

K — nonpaBka Ha 0,1 #H pactBop KOH, paBnas 1.

ITpumep pacueta, Ipu TUTPOBAHUU UCXOOHOU CMOJIBI :

o (0,2-0,1)-0,0056-1-1000 _ S oM.
1= 0,1960 -0
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(0,2—-0,1)+0,0056-1-1000 2 ML
0,1745 T

qu =

MTr
K4, = 31—

Tabnuua 4 — Pe3ynpTaThl onpeaesieHrns KUCIOTHOTO YHciia

HIICyo OHIIC 1o, OHIC o3 OHI 05 OHIIC g7 OHITC 19
31 15,0 238 40,5 53,5 69,4

Kucmornoe uucio,
mr KOH/1 r

2.7 Meroauka onpeaejaeHus JMOKCUAHBIX TPy

CymHocTh METOJla COCTOUT B THUTPOBAHWU PACTBOPOM IIEIOYU H30OBITKA
COJIIHOM KHCJIOTBI B Al€TOHOBOM pPAacTBOPE IIOCIE PEAKUUH C SHOKCHUIHBIM
COEJIMHEHHUEM.

B xonumueckyto kosi0y emkoctbio 100 mn BHocsaT 0,1 r aHamm3zupyemoro
BELIECTBA M pPAcTBOPSIOT B S5 M Tomyosa. [lumerkoit npubaistor 10 mu
arieToHoBoro pactBopa cojistHoi kuciotel (1 M HCl + 40 mur anerona). Cmech
BBIIEP)KUBAIOT MPU KOMHATHOM TeMmmeparype B TedeHue 30 MuHyT. B KonOy
BHOCAT 2-3 Kaluli METHJIOBOTO OPaHKEBOr0 M TUTPYIOT coxaepxkumoe 0,1 H
pPacTBOPOM THUJIPOOKHCH KaJlds O MCYE3HOBEHHUs KpacHOU okpacku. [TapainensHo
MPOBOJAT TUTpoBaHHE 5 mul Tosyosia ¢ 10 M ameronoBoro pactBopa HCl 6e3

HABECKH aHAIM3UPYEMOI0 BelIeCTBa (X0J0CTO# ombIT). [51]

(V2 - V1) 0,0043 x 100
T m

3.4

V; - obbem pactBopa KOH, momeniero Ha HaBECKH aHAJIU3UPYEMOTO
BEIIIECTBA;

V; - o6beMm pactBopa KOH, nomeniiero Ha X0J0CTOM OIBIT;

M - Macca HaBECKH.

ITpumep pacueta, Ipu TUTPOBAHUU UCXOOHOU CMOJIBI :

(2,8 — 1,8) * 0,0043 = 100

Y., = = 4 %:
314 0,1075 %;
_— (2,8 —1,9) *0,0043 x 100 _ 379
S 0,1052 -2
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3.U.qp = 3.8 %.

Tabnuua 5 — Pe3ynpTaThl onpeaesieHus SMOKCUIHBIX TPYIII

HHCH@ OHHCH(Dl OHHCH@} OHHH(DS OHHC]_[(D7 OHHCH(D9
3,8 4,5 5,9 6,1 7,5 8,4

DIOKCUAHOE
yucio, %

2.8 Meroauka onpeaejeHUsi OPraHudyecKuX ruIponepoKcuaoB

OnpeneneHue OpPraHUYECKUX TUAPONEPOKCUAOB OCHOBAHO Ha pEaKUuu

OKHCJICHUS UMW WOJIUCTOBOAOPOTHON KUCIIOTHI:
ROOH + 2KI + 2CH3COOH — ROH + |, + 2CH3;COOK + H,0

B nBe xoHnueckue kojaObl eMKOCThIO 10 100 M1 ¢ IPUTEPTHIMU MTPOOKAMU
MOMEIIAIOT HaBeCKH aHanm3upyemon cmecu mo 0,4 r. AHanmu3upyeMoe BelIeCTBO
pactBopsitoT B 15 Mi cmecu Tosyol : Oyranon B otHomeHuu 85 :15%. K
HaBeCKaM MpHINBaIOT 1o 10 mut gensaHoi ykcycHoM KucaoTsl ¥ o 2 mit 50 %-Horo
BOAHOrO pacTBopa wuoauaa kamus. Copepkumoe KoJIO B30adTHIBAIOT U
BBIJICP/KUBAIOT B TEMHOM MecTe B TedeHue 20 MUHYT. 3aTeM BBIICIUBUINICS HOX
tuTpytoT 0,1 H. BOJHBIM pacTBOpoM THOCYyJIb(ara Hatpusa. llepen KoHOM
TUTPOBAHUS, KOTJA KEJITasi OKpacka pacTBOpa HaUYHET OcabeBaTh, MPUIUBAIOT 110
1 M1 pacTBOpa Kpaxmasla MU MHpPOJOJIKAIOT TUTPOBAHUE JI0 MCUE3HOBEHHS CHHEU
OKpPAaCKHU:

I, + 2Na,S,03 — Na,S,04 + 2Nal

[TapannensHO MPOBOJAT TUTPOBAHUE cMecH 15 Mi OyTanon : Toyos, 10 mu
JeASTHOW YKCYCHOM KUCHOTHI U 2 M 50 %-HOro BoJHOTO pacTBOpa MOAMJIA Kalus
0e3 aHaIM3UPYEeMOro MpoayKTa (xoso0cToi ombiT) [50].

Conepxanue opraHudeckux ruaponepokcuanbix rpymnm (X, % wmacc.) B
aHaAJIM3UPYEMON CMECH BBIYHCIISIOT 1O (popmyie:

(a—06)*0,00225«* K100
X = ;
g

rie a — oobem 0,1 H pactBopa Na,S,03;, momemmmii Ha TUTPOBAHHUE

aHAJM3UPYEMOI0 BEIIECTBA, MJT;
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6 — oovem 0,1 H pactBOopa Na,S,03, momeammMii Ha TUTPOBAHUE XOJIOCTOU
POOKI., MJT;

0,00225 — yucno rpaMMOB THAPONEPOKCUIHBIX TPYII, COOTBETCTBYIOIICE
1 M1 0,1 1 pactBopa Na,S,03;

K — momnpaBka Ha 0,1 H pactBop Na,S,03, paBHas 1;

g — HaBeCKa aHAJM3UPYEMOTO BEIIECTBA, T.

ITpumep pacuera, Ipu TUTPOBAHUU UCXOOHOU CMOJIBI :

_ (32-0,4)+0,00225 = 1+ 100

= 1,7 %;
1 0,3660
(2,8—-0,4) *0,00225 %1 * 100 139
= = 1,3 %;
2 0,4140
Xep = 1,5 %.
Tabnuma 6 — Pe3ynbTaThl onpeeneHus TuponePOKCHIHBIX TPy
HHC]_[(D OHHCI_[GDI OHHC]_[(D3 OHH]_[(Ds OHHCuqﬂ OHHCL[(DQ
Tunponepoxcuyzoe 15 2,2 3,2 3,9 53 6,2
yncio,% ’ ’ ’ ' ’ ’

2.9 Bpomnoe yucso

BpoMHBIM 4MCIOM Ha3bIBAETCA YUCIIO TPAMMOB Opoma, MPUCOETUHSIOIEECs
Kk 100 r BemectBa. OHO XapaKTepHU3YyeT COJIep>KaHUE B BEIIECTBE HEIpPEIeIbHBIX
COCIMHEHNH.

bpomMHoe umciio ompenenstor ciueayromuMm obpasoM. B aBe koHMueckue
KOJIOBI C MPUTEPTBIMH MPOoOKaMu eMKocThio 1Mo 100 M momemaroT mo 0,1 r
aHaJTM3UPYEeMOro BemiecTBa. B3BeNIMBaIOT HA aHATUTUYECKUX BECaxX C TOUHOCTHIO
10 0,0002 r. B k051061 700ABIAIOT TIO 5 MJI TOJTYOJIa, COACPKUMOE TTEPEMEITUBAIOT
U OXJaXIawT B JieasHoil Oane o 5 °C. 3areM B KaXayl KOJOy MPUIMBAIOT
OXJIQXJICHHBIN pacTBOp Opoma B JISJITHONW YKCYCHOM KHCJIOTE B TAKOM KOJIUYECTBE,
9TOOBI COJIEPKMMOE KOJIO OCTaBajoOCh JKENTHIM OT H30bITKAa Opoma W TOCIe
oxyiakaeHud. l[lomydeHHble cMecu CHOBa oxyaxaaloT a0 5 °C u npu 3To
TeMIEepaType BBIAECPKMBAIOT B TEMHOM MecTe B TeueHue 5 MuHyT. Ilocne 3toro

no0asistoT 10 M1 pacTBOpa Moaua Kanus. BeraenuBmumiicss o cTpasy TUTPYIOT
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0,1 1 pacTBOpoM THOCYJb(]aTa HATPHUS B MPUCYTCTBUU | MJT pacTBOpa Kpaxmaia.
Kpaxmai Kk TUTpyeMbIM pacTBOpaM MPUIMBAIOT MEpPe]l KOHIIOM TUTPOBAHMS, KOTJa
JKeNTash OKpacka MHoja HayHeT oclabeBaTh. TUTpOBaHUE MPOAOIKAIOT 0
MCUYE3HOBEHUS CUHEN OKPACKH PaCTBOPOB:
Br + 2KJ - 2KBr + J,
Jo + 2Na,S,053 —» 2Nal + Na,S,0¢

Bo Bpemsi TUTpOBaHUS COAEPKHMOE KOJIO DHEPTUYHO B30AITHIBAIOT IS
Jy4lIero KOHTakTa MHoJa C BOJHBIM pacTBOPOM THOCYyJb(dara HaTpus.
[TapammensHO TMPOBOAAT X0JIOCTOM OmbIT. B komOy Ha 100 Mn HammBaroT 5 mut
TOJIyOJIa, pacTBOp Opoma B JIEASTHOW YKCYyCHOM kucioTe, 10 Mi voauaa Kainus u
TUTPYIOT.

[Ipu BbIMONHEHWU aHaNW3a s TpEeAOTBpalleHUuss MOOOYHON peakuu
3aMElIeHUs TEMIIEpaTypy PEaKIMOHHON MACChl MOJJIEPKUBAIOT CTPOTO 3aJaHHOU
1 0epyT HEOOJBII0N N30BITOK OPOMHOTO pacTBOpa.

BpoMHOe uncno BEUUCISIOT 110 hopmyJie:

_(@a—b)*0.008 K 100 r

B.U. ,
g 100

r Br

rne a — oobem 0,1 H pactBopa Na,S,03;, momemmmuii Ha TUTPOBaHUE B
xojgoctoM ombite, mir; b — o6bem 0,1 H pactBopa NaS,0;, momemmmii Ha
TUTPOBAaHUE HABECKU HCCIEAYEMOW CMeCH, MJI, § — HaBeCKa aHAJIM3UPYEeMOTO
BemectBa, T; 0,008 — yucmo rpammoB Opoma, coorBeTcTByromee 1 mia 0,1 H
pactBopa Na,S,03; K — mompaBka Ha 0,1 H pactBop Na,S,0s.

[Ipumep pacuera [uisi TATPOBAHUSA UCXOAHON CMOJIBL:

(9,0 —0,5) *0.008 « K *« 100 r
B.Y. = 01231 = 55,2 mrBr
Ta6nuna 7 — Pe3ynbTaThl onpeaeneHrss OpOMHOTO Yucia
HICjq OHIIC 1, OHIICyj05 OHIT; 105 OHIICy107 OHITC 40
Bpo"g;;)/‘; ot 55,2 495 429 35,1 28,5 20,4
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2.10 MeToauKka NpUroTOBJIEHHS BOJOMACISHBIX IMYJIbCHIi

[IpuroroBieHue BOJOMACISIHBIX SMYJbCHH, COCTOSIIUX U3  BOJBI,
muHepanpHoro macina M-20 u HepTenmonuMepHON CMOJbI, MPOU3BOIWIN TpU
temriepatype 20-25 °C nyTem CMEIIMBaHUsI KOMIIOHEHTOB C TOMOIIBIO POTOPHOTO
nucrepratopa |IKA ULTRA TURRAX T18 B teuenne 10 munyt npu 18000 06/MuH.
B kadecTBe sMynbpraropa HMCIONb30BAIM HWCXOJHBIE U OKUCICHHBIE MEPOKCUIOM
BOJIOPOJ1a HEPTEIIOJMMEPHBIC CMOJIBbI, KOTOPhIC OBLIHM B35AThI B KOJMUYECTBE (pacyeT
BeneTcs Ha 30 T BMD):

1. 70 % Bopna;

1 % HIIC;

29 % muHepanpHOE Macio M-20.
2. 70 % Bona;

0,5 % HIIC;

29,5 % munepanbsHOe Macio U-20.
3. 70 % Bona;

1,5 % - HIIC;

28,5 % munepanpHOE Macio U-20.

2.11 Mertoauka onpeJejieHUs] PeOJOTHYECKHMX  XAPAKTEPHCTHK

BOAOMACIAHBIX 3MyJILCHﬁ

Peonornueckrue XapakTEpUCTUKH, a HMMEHHO JUHAMUYECKas BS3KOCTb,
HaMpsHKEHUE CIBUTa W CKOPOCTh cABura B BMD ompenensiam ¢ MOMOIIBIO
BuckosumeTpa bpykduibna DV-I1+PRO mnpenanaznadueHHOro [jisi U3MEpEHUs
BSI3KOCTH KHJIKOCTEH MPU JAHHBIX YCIOBUAX CABUTA.

[Tpunun pabotel Buckozumerpa DV-I1+PRO ocHoBan Ha BpamieHuu
mmuHAeHsS  (MOTPY)KEHHOTO B HCIBITYEMYIO JKHIKOCTB) C TPUBOAOM OT
KaIMOPOBAaHHOW TIPYXKUHBI. Bsi3K0€ CONPOTHBICHHE >KUIKOCTH BPAIICHHUIO

IOMMAHACTA  OIMPEACTACTCA 110 HW3MCHCHHUIO CKOPOCTH IIPpHUBOJA. N3menenue

43



CKOPOCTH IIPUBOJA OMNPEACIAECTCA C IMOMOIIBK) JAaTYMKA BpALICHUS IINWHJIEIS,
pazMepoM U (HOpMOIi MITUH/IEIS, KOHTEHHEPOM, B KOTOPOM BpaIlaeTcs MIMHHICITb,

)41 HIPIpHHOﬁ AWaIta3oHa KpyTAInuX MOMCHTOB KaJ'II/I6p0BaHHOI‘O IIpuBOaA.

2.12 MeToauka onpeaejeHnsi CTAOMJIbHOCTH BOAOMACISTHBIX IMYJIbCHIA

AJMKBOTHYIO 4YacTh 5MYJIbCUM M3 CTakaHa IEPEHOCUJIM B CTEKJISIHHbBIC
NpOOUPKU OAMHAKOBOM (hOPMBI, BHICOTHI M PABHOTO 00bEMa, U OCTABIISLIIN B MTOKOE.
JlecTaOunn3aiuo 3MyJIbCUH OMPEACIIIN MO BhICOTE (00BEMY) OTIEIMBILETOCS
BEPXHETO CBETJIIOOKPAIIEHHOIO CJIOS BBLACIMBILETOCS Macja, KOTOpBbIA CO
BPEMEHEM XPaHEHHUS MOKET YBEIHUYUTHCS B 00bEME MIIM OCTaThCsl 0€3 U3MEHEHUS

B 3aBUCUMOCTH OT KOHIeHTpauu HIIC, cooTHOLIEHNS BOABI M CMOJIBI.

2.13 MeToanka omnpeaeJieHMs HU3ZKOTEMIIEPATYPHBIX IOKa3aTeJsiei

HeQTeNnpoOAYKTOB

W3meputens  HU3KOTEMIEpAaTypHBIX  TOKaszaTtenedl  HeTempoayKTOB
«HITH SX-850» siBnsieTcss BUCKO3UMETPOM POTAIIMOHHOTO THUIIA M TIPEIHA3HAYCH
JUIsL  OIIpeNeNIeHUs] JAMHAMUYECKOM BSA3KOCTH HE(PTENpoayKTOB B JHara3oHe
temneparyp (mo -60 °C) B maGopaTopHBIX W 3aBOACKUX ycioBusix. I[Ipubop
COCTOMT M3 DJEKTPOHHOro OJIoKa, KpuocTara (XOJOAWJIBHUKA) M JaT4MKa
JTUHAMHYECKOH BS3KOCTH HEPTEPOIYKTOB.

[Mpuammn  geiictBus  mpubopa «WHITH SX-850» mpu  onpenenennn
JUHAMHYECKON BS3KOCTH HE(PTENPOAYKTOB OCHOBAH Ha HM3MEPEHHUU KPYTSIIEro
MOMEHTa MIPH MOCTOSIHHOW CKOPOCTH C/IBHTA.

W3mepenue u aHaiu3 pe3ysibTaTOB OCYIIECTBISETCS MHUKPOIPOLECCOPHBIM
OJIOKOM B peaJbHOM MaciiTabe BpeMeHU. TOYHOCTh M3MEpPEHHUs TeMIlepaTyphl
npoObl coctaBisier = 0,5 °C, TOYHOCTH ONpeaeseHnus IUHAMHUYECKON BS3KOCTHU

4 %.
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Jlnis onpezenenuss AMHAMUYECKOM BSI3KOCTH HEPTEMPOAYKTOB MOTPEeOyeTCs
npudop «MHITH SX-850%;

npoOupKa TUIOCKOJIOHHAS M3 QJIIOMUHHUS C BHEUIHUM JuaMeTpoM — 18 MM,
BHYTPEHHHUM JUAMETPOM — 16 MM U BBICOTOM 47 MM,

JaTYNK TUHAMUYECKOW BSI3KOCTH, COCTOSIIUN U3 JBUTATENS MOCTOSHHOTO
TOKA, IIMTUHAEIS U 3JIEKTPOHHOTO JaTYMKa TEMIIEPaTyphl;

B KAueCTBE OXJIAKIAIOIIEH KUIAKOCTH MPUMEHSTh MPOTOYHYIO BOAY WIIU
JIPYTYIO KUJIKOCTh ¢ Temneparypoil He Bbilie +40 °C u cKOpOCThIO MoAauu
2-5 51/mMmuH.

J1J1st IpUTOTOBIIEHUST BOJAOMACIISIHON AMYJIbCUU MTOTPEOyeTCs:

Hucneprarop poropusiii IKA ULTRA TURRAX T18;

Becrwi nabopatopHbie;

CTakaHYMK CTEKJISTHHBIN;

HHCH(D u OHHC]_[CD,

OTUTIEHTIIUKOJIb;

HNupyctpuansnoe macio U-20;

JuctunnupoBaHHast BOJa.

Iloozomoska k ucnvimanuio

[ToncoennHUTh NPUOOP K BOASHOMY OXJIAXICHUIO.

[ToncoenuuuTh MATYUK JUHAMHYECKON BS3KOCTH K COOTBETCTBYIOLIEMY
pazbéMy Ha OOKOBOW MTOBEPXHOCTH NpUOOPA.

[ToaroroButh IpoOYy:

BO BHYTPEHHIOIO YacTh MPOOUPKU HANMUTH 4,5 MJI UCIIBITYEMOTO 00pasiia, He
JIOTTyCKasl TIOTaIaHus MPOAYKTa Ha CTEHKH MPOOUPKH

BCTaBUTh IATYUK BSI3KOCTH B MPOOUPKY C TPOOOIL, 3aKPyTHUTb.

[TpobupKy ¢ AATYNKOM BSA3KOCTH YCTAHOBUTH B KPUOCTAT MPUOOpPA U TOAATH

BOAY.
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H3zmepenue
YcranoBute TymOaep «CETb» B monoxkenune BKIJIL, na mepenueit manenu
npubopa 3aropaercss KpacHbli unaukatop nurtanus «CETb». Ha nucree

BbicBeunBaetrcs Teket: Water! Haxxars kHonky «ITY CKy.

DKpaH AUCIIes BBIMJISIAUT CIICAYIOMIMM 00pa3oMm:

Water!

Haxatp kHOnKy «IIYCK», OTIyCTUTh KHOIIKY NMpPU CMEHE COOOIEHUS Ha

9KpPaHC OUCILIICA:

Term — pusk

Krio - stop

Jlis BeIOOpa pexxuMoB Term mimu Krio HEoOXOAMMO HakaTh Ha KHOIKY
«ITYCK» unu «CTOID» cOOTBETCTBEHHO.

Ha nucniiee npubopa cooGmieHue:

Krio

q€p€3 HCCKOJIBKO CCKYHI Ha 3KPaHC OUCILICA:

Cooling mode

Tk=£xXx

Hanee cnemyer BBectu temneparypy +20°C. 3areM 3axaTb KHOIKY
«ITYCK», Ha aucniee nosiBiseTcst TeKCT: A=aaaa; T=+ttt** | kpuocTtaT BKiItOUEH.

N3mepenune 3aKOHYEHO, €CIIH:

1. 3amonHeHa MmaMsTh NMPUOOpPa, Ha dKpaHe auciuies TekeT «!end»; mpubdop
noaaeT 4 KOPOTKUX CUTHAJIa 3yMMeEpa.

2. B mporiecce oxnaxaenus HaxkaTh Ha KHOTIKY «CTOID»y

Pe3ynbTaT M3MepeHHsl CUMTHIBACTCS U3 MaMITH NMprOopa HakKaTUEM KHOIIKU
«CTOII».

Breiximounts npubop, MPEeKpaTUTh MOJa4y BOABI B CUCTEMY OXJIAXKICHHUS

npuodopa.
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2.14 UccnegoBanune cpoiicte HIIC o 1 OHIIC, 4 ¢ nmomomsbio MK-

CIIEKTPOCKOIINHU

Unentuduxammio  kucnopoacoaepxkamux rpynn B HIIC wu  OHIIC
npoBojguian ¢ nomouisio MK-cnekrpockonuu. MK-crnekTpsl B uano3oHe UIUH
BonH 400—4000 cm™ perucrpuposanu Ha UK-®ypse criekrpomerpe Nicolet 5700.

[Ipu npomyckanuu HHPPAKpPACHOTO  M3IYYCHHS] Yepe3  BEIIECTBO
MPOUCXOIUT BO30YXKJEHUE KOJIEOATEIbHBIX JIBDKEHUM MOJIEKYJT WM HX
oTaenbHbIX (parmenToB. [Ipu 3ToM HaOmIomaercs ociablieHue HWHTEHCHBHOCTH
CBETa, MPOIIEAINIEro yepe3 oopazen. OAHAKO MOTIONIEHUE MPOUCXOIUT HE BO BCEM
CHEKTpE MaJAIOUIEr0 U3IYUYEHUs, a JIUIIb P T€X JUIMHAX BOJIH, SHEPTUs KOTOPBIX
COOTBETCTBYET JHEPIHsiM BO30YKIEHHUS KOJCOAHW B HM3y4aeMbIX MOJIEKYJax.
CrnenoBaTenbHO, [UIMHBI BOJH (WM 4YacTOThl), MPU KOTOPBIX HaOIIOgaeTCs
MakcuMaibHoe morjomenne MK-u3iaydeHus, MOTyT CBUAETEIbCTBOBaTh O
HAJIMYUHU B MOJIEKyJIaX o0pa3ia TeX WA MHBIX (YHKIIMOHATBHBIX TPYII U IPYTHX
(GparMeHTOB, YTO IIMPOKO HCIIOJIB3YETCS B PA3IMYHBIX OONACTAX XUMHUHU IS
YCTaHOBJICHUSI CTPYKTYPBI COCTUHEHUIA.

[Ipu uneHTHdUKAIIMKM TOTUMEPHBIX MaTEpUATIOB, KaK MPABHIIO, CHayaia
aHAJIM3UPYIOT HAJMYHME IO0JIOC MOTJIOLIEHUS B OOJACTH BAJICHTHBIX KOJEOaHUM
nBoiiHO# cBs3u (3000 1640 cm™) 1 ob6macTn aehOPMAMOHHBIX KOTEOaHHMI dTHX
cesizeit (990 660 cm™). Ecin onu ecth B IK-CIIeKTpe, TO MOTHMEP MOXKHO OTHECTH
K KJacCy HEHACBINIEHHBIX mnojguMmepoB. Jlasee, wucnonb3dys  TaOIUIIBI
XapaKTePUCTHUECKUX YacTOT, [ENal0T TIOJHOE OTHECEHHE JAPYTruX TMOJ0C
MOTJIOUICHHS K OIpENeICHHBIM aTOMHBIM T'PYHNIHPOBKAM, COCTaBISIOIIUM 3BEHO
MaKpOMOJIEKYJbl. MHTepIpeTannuio CrnekTpa OCIOXKHSIET TOT (haKT, Y4TO IMOJIOCHI
MOTJIONICHUS PA3JIMYHBIX TPYII MOTYT TEPEKPHIBAThCS, WJIM CMEIIAThCs B

pesynbrare psga GakTopos.
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https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%BB%D0%B8%D0%BD%D0%B0_%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D0%B0

2.15 MeToauka okucJieHus1 cMOJbI 10 peakunu IlpuiexkaeBa

Moaudukanmio HedTenoIMMepHOH cMOoIIbl TPoBoAAT okuciaeHueM 30 %-ro
pacTBopa CMOJTBI B TOJTyOJIe OKHCITUTEIBHON CUCTEMOM —
H,0, : CH3COOH 1 : 1 (Monb), BHOCMMOM JO3MpOBaHO Tpu Temmeparype S0-
55 °C. KommuectBo okuciuTeas cocrtaBiasgeT 0,5 dacrer ma 1 wgacte HIIC.
Peakmmmonnyto maccy, moakuciaennyro H,SO, nHarpeBaror mo 75 °C, mpormecc
BEIyT B TEUYCHHE TpPeX 4YacoB C oTOopoM mpod uyepes kaxapie 30 munyTt. [lo
3aBEPIICHUIO  OKHUCJICHHS,  OCYIICCTBISIIOT ~ MHOTOKPATHYIO  MPOMBIBKY

PCaKIIMOHHOM MacChl BOJIOH /10 HerTpanbHOM cpenbl (pH = 7) [52].
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_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIIf MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHMUE»
Crygnenry:
I'pynna ouo
2JIM6B Oummnmosoit Mapune KOpreBHe
HucruryT NP Kadgenpa OXH
Yposenn o6pazoBanusi | Marucrpanr HanpasJenne/cnenuanbHocTh | XUMHYECKasi TEXHOJIOTHsI

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBBIT
MEHEIKMEHT, pecypcod(PPeKTHBHOCTH U
pecypcocOepekeHue»:

Cmoumocmu pecypcos HayuHo2o
uccreoosanus (HH): mamepuansto-
MEXHUUECKUX, IHEPLeMUYEeCKUX,
Qunancoswvix, UHPOPMAYUOHHBIX U
Yeno6e ecKux

IlepeyeHb BOMPOCOB, MOAJIEKAIMX
HCCJIeI0BAHMIO, TPOEKTHPOBAHMIO U pa3padoTkKe:

Oyenka KOMMEPUECK020 NOMeHYUad,
NepCnekmueHOCmU U AlbmepHamue
nposedenus HU ¢ nozuyuu
pecypcodpgexmusrocmu u
pecypcocbepeicenus,

ITnanuposanue u ghopmuposarnue 6100xcema
HAYYHbIX UCCIe008AHUU

Onpedenenue pecypcHou
(pecypcocbepezaroweti), punancosot,
01002CemHoll, COYUANbHOU U FIKOHOMUUECKOU
aghpexmusHocmu ucciedo8aHus

Ilepeyens rpaguyeckoro marepuaJa :

3. I'pagux npogedenus

u 610acem HU

1. Oyenkxa kKoHKypeHmocnocooHOCmuy MEXHUYeCKUX peuieHutl
2. Jluaepamma Hcurago

4. Oyenka pecypchoii, punancosotl u I9koHomudeckou d¢ppexmusnocmu HU

‘ JlaTa BbIIa4M 321aHUA JJI pa3/iesia no JuHeiiHoMy rpaduxy ‘

33}13HI/I€ BbIJ1AJ KOHCYJbTAHT:

JokHoCcTH [5(0] Yuenas crenenb, Iloanucn Hara
3BaHNe
Houent OCTH Kpunnipina 3.B. K.T.H, JIOIEHT
3ana}me NPUHAJT K HCIOJHCHUI0 CTYACHT:
I'pynna [0 (0] Hoanuck Jara
2JIM6B @dununnoBa Mapuna FOpbeBHa




4 OUHAHCOBBIN MEHEe’KMEHT, pecypcodpPeKTUBHOCTD "

pecypcocOepe:xeHue

4.1 llpeAnpOeKTHBIN aHATU3

4.1.1 IloTeHuMAJIbHbIE OTPEOUTEH PE3YJIbTATOB UCCIET0BAHUSA

[IpoaykTr (pe3yabTaT Hay4YHO-HCCJIEI0BATENBCKON paboThI) —
MoauduIMpoBaHHas HE(TEMOIMMEpHasi CMOJia, OTPEOUTENIMU KOTOPOM MOTYT
OBITh XUMUYECKHE MPEINPUATUS U CTPOUTENbHbIE KOMIaHUU. B HacTosiee BpeMs
He(TENOIUMEPHBIE CMOJIbl HAIILIM IIUPOKOE MPUMEHEHUE B PA3IMYHbBIX OTPACIISIX
IIPOMBIIUICHHOCTH: JIAKOKPACOYHOM, IIMHHOM WM PE3WHOBOW, B TPOU3BOICTBE
Oymaru, KjieeB, APEBECHO-BOJOKHHMCTBIX IUIUT U JAp. OJHUM U3 HamnpaBieHU
UCIOJIb30BaHUsl HE(TEMOIMMEPHBIX CMOJ SIBISETCS NIPUMEHEHUE CMOJI B COCTaBe
CTAOMJIBHBIX BOJOMACISHBIX AMysbcuit (BMD), HE0OXOOUMBIX B TEXHOJIOTHHU
IOJly4YEHUsl TOIUIMB, yBelnMueHus Hedreornauu uiactoB. Ilostomy pazpaboTka
AMYJIbCUA C NPUMEHEHHEM J00aBKM - HE(QTENOJIMMEPHONH CMOJIbI, SIBISETCA
aKTyaJbHOU 3a7aueii. B pe3ynbrare uccnegoBanus Obuia pazpaboTaHa TEXHOJIOTHS
MOJIYYEHHs] BOJOMACISHBIX AMyJbcuid, B KoTopeix OHIIC BbicTymana B KauecTBe
cTabuiam3aropa.

B pesynbraTe CcerMeHTHpOBAaHUS pBIHKA ObUIM ONpEeNIeHbl OCHOBHbBIE

CErMEHTHI, a TaK)Ke BbIOpaHbl HauboJiee OJaronpusITHbIC U3 HUX.

XapakTepUCTHUKHA METO/IA OKUCIIEHUS

JlemeBoe HoctynHocTh | YiyumieHue Bricokuii BbIXoa
CBIpbE pPEaKTHUBOB CBOMCTB MPOJIyKTa
CMOJTBI
[Inponact-
S 2
3 3
g 5| BwuraXum
S §| Cubups
R
Q <
OnTtuma

Pucynoxk 20 — Kapta cerMeHTHpOBaHUs PhIHKA YCIYT MPOLIECCA OKUCIICHUS
He(TENnOTMMEPHON CMOJIBI
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412 AHaau3 KOHKYPEHTHBIX TEeXHHYECKHX pelleHUil ¢ TNo3uIHuN

pecypco3¢ddeKTUBHOCTH U pecypcocidepexeHust

JaHHOM

[lemeBbIM  PBIHKOB B
HEe(TEeXUMUYECKUE TMPEAIPUITHS,
METaJIII000Pa0OTKH.

MIPOEKTE

B Ta6aume 10 npuBeneHa oreHka KOHKYPEHTOB,

rne Kg — pazpabaTbiBaeMblii IPOEKT,

K; — AkBom — 10M,
K5 — Promolsol AM,
K5 — Almosol EP.

ABJIIOTCA  HE (1)T$IHBI€ n

IMPOU3BOIUTCIIN MCT&J’IHOKOHCTPYKHHIZ 151

Tabmuma 10 — OneHouyHas kapTa Ui CpaBHEHUS KOHKYPEHTHBIX

TEXHUYECKHUX pelIeHui (pa3padboTok)

Kputepuu oueHku Bec Banasl KoHKYpeHTOCTIOCOOHOCTh
KpuTepus bo by bis b3 Ko Kki Kka Kis
1 2 3 4 5 6 7 8 9 10
TexHuYeCKHE KPUTEPHH OLEHKH pecypcodhpPpeKTHBHOCTH
BHemnuii Bun 0,10 5 5 2 5 0,5 0,5 0,2 0,5
CTaOuiIbHOCTD 0,15 4 3 5 4 0,6 0,45 0,75 0,6
Bsskocts 0,10 5 4 4 3 0,5 0,4 0,4 0,3
Conepanne 0,10 5 2 3 4 05 | 02 | 03 | 04
MHUHEPAIBLHOTO Maclia
BesomacHoCTh 0,20 4 4 4 4 0,8 0,8 0,8 0,8
IJKOHOMHUYECKHE KPUTEPHHU OLleHKHU 3(pPeKTUBHOCTH
KoHKypeHTOCIOCOOHOCTh 0,05 3 5 4 5 0,15 0,25 0.2 0,25
POJIYKTa
YpoBeHb MPOHUKHOBEHHUSI 0,05 4 5 4 5 0.2 0,25 0.2 0,25
Ha PBIHOK
Iena 0,15 3 5 4 5 0,45 0,75 0,6 0,75
IIpeanonaraemelii cpok 010 3 5 5 5 03 05 05 05
JKCILTyaTaluu ! ' ' ! !
Hroro 1 38 39 35 40 4 4,1 3,95 4,35
Kputrepuun myis  cpaBHEHHST UM OIIGHKH PeCypcod(PGEKTHBHOCTH W

pecypcocOepekeHus, MPUBEICHHBIC

B Tabmuue 10, mogOuparoTcs, MCXOAs U3

BBI6paHHBIX 00BEKTOB CpaBHCHHA C YUYCTOM HUX TCXHHYCCKHX W OKOHOMHYCCKHX

0COOEHHOCTEH pa3pabOTKH, CO3aHMSI M SKCIUTyaTaIl|H.

[Tozunmst pa3paboOTKM W KOHKYPEHTOB

OOCHMBACTCA TII0 KaXIOMY

MOKA3aTeNI0 3KCIEePTHBIM MyTeM MO MATHOAIbHOW mmiKane, rae 1 — Haubonee

69




ciabas mo3umusa, a S5 — HauOoyiee cUIbHas Mo3unMsa. Beca mokasarelei,
OIpeENsIEMbIE SKCIEPTHBIM ITyTEM, B CYMME JOJIKHBI COCTaBIIATS 1.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN ompenensieTcs mo Gpopmyie

[54]:
K = ZBL * Bi
rae K — KOHKypeHTOCIOCOOHOCTh Hay4yHOU pa3paOOTKU UM KOHKYPEHTA,

Bi — Bec nmoka3zares (B JOJISX €IUHHULIEI);

bi — 6aJ i-ro mokasareis.

KonkypeHTOCTIOCOOHOCTh ~ JaHHOW HaydyHOW pa3padOTKKM  BBINIE, 0
CPaBHCHHIO C CMa304YHO-oxJaxmaromuMu sxuakocTssmu (COXK) Promolsol AM,
TaKk Kak JlaHHas pa3paboTka uMmeeT Oojiee HU3KOE COJEpX)aHUE maciia u Ooliee
BBICOKYIO BSI3KOCTb. Pa3pabaTbiBaeMblii MPOEKT MO cpaBHEHUIO ¢ AkBosl — 10M u
Almasol EP, kotopsie mI0THO 3aKpeIicHbl Ha PhIHKE, UMEIOT HU3KHE TIOKa3aTeIIH
[0 HEKOTOPHIM MYHKTaM, TaK KaK HAaXOJSATCA Ha CTaJUU YCOBEPIICHCTBOBAHUS.
JInsi MOBBIIEHUSI KOHKYPEHTOCIOCOOHOCTH Pa3pabOTKH HEOOXOJUMO IMOBBICUTH
CTaOMJIBHOCTh JaHHOW SMYJIBCHM M CTPEMHUTHCS K MPOJBMIKEHUIO MaTepualia Ha

PBIHOK ITyTEM PEKJIAMBL.

4.1.3 FAST — anaaus

FAST-ananu3 BBICTyNaeT Kak CHHOHUM (DYHKIITMOHAIbHO-CTOMMOCTHOTO
agamm3a. CyTh 3TOTO MeTofa Oasupyercs Ha TOM, YTO 3aTpaThbl, CBSI3aHHBIC C
CO3/IaHMEM U HCIOJB30BAaHUEM JIOOOTO OOBEKTa, BBHITIOJHSIONIETO 33JaHHBIC
GyHKIIUHA, COCTOSIT M3 HEOOXOAMMBIX JJI €r0 M3TOTOBJICHUS U JKCIUTyaTallud U
JOTIOJTHUTENBHBIX, (YHKITMOHAIBHO HEOTPABJIAHHBIX, H3JIMIITHUX 3aTpaT, KOTOPhIC
BO3HHMKAIOT W3-32 BBEJICHUS HEHYXKHBIX (QYHKIWNA, HE HUMEIOMUX MPSMOTO
OTHONICHUS K Ha3HAYCHUIO OO0BEKTA, WM CBSA3aHBI C HECOBEPIICHCTBOM
KOHCTPYKITUH, TEXHOJOTHYECKHX IPOIECCOB, NPHUMEHSIEMBIX MaTCPHAJIOB,
METOJ/IOB OpraHu3aIuy Tpyaa u T.1.

[TpoBenenue FAST-ananu3a npeanoiaraeT MeCTb CTaaUM:
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1. Boi6op o6bexta FAST-ananusa;

2. OnucaHue riaBHOW, OCHOBHBIX M BCIIOMOTATENbHBIX (DYHKIIUN, BBITIOHS -
€MbIX 00BEKTOM;

3. OnpeneneHne 3HAYUMOCTHU BBITIOTHIEMBIX (PYHKIMH 00BEKTOM;

4. AHanu3 cTouMOCTH (DYHKIUH BBIIOIHIEMbBIX 00BEKTOM UCCIIEJOBAHMS;

5. TlocTpoenune (pyHKIMOHAIIBHO-CTOUMOCTHOM auarpaMmbl OOBEKTa U €€
aHaJIN3;

6. OnTuMu3anus GyHKIHUHM BBIIOJHAEMBIX OOBEKTOM.

[enbto JTAaHHOMN paboThI CITYKUT MOJy4YEHUE OKHCJIEHHBIX
(monudunmpoBannbix) HIIC u npumenenue ux B coctae BMO.

Jliis obneryeHus mpoiiecca BblAeIeHus U kinaccudukanmuu GyHkunii o0bexra
UCCJIEIOBAHMSI PEKOMEHJIYeTCsl CHadalla ONUCaTh TJIABHYIO (PYHKIUIO OOBEKTa
UCCIJIEJOBaHMSI (CUCTEMBI), 3aTEM BBIICIIUTh JIEMEHTHI €ro 00pa3yolline U ONHUCaTh

BCC (bYHKI_[I/II/I BBIITOJIHACMBIC OTHMH 2JICMCHTAaMHM.

Tabmuua 11 — Knaccupukaumss QyHKUUM, BBINOJHAEMBIX OOBEKTOM
HCCJICA0BAaHUA
HaumenoBanue Beinosinsiemast Panr pynkuun
npouecca ynkums I'naBnast OcHOBHas BcenomorarenbHast
1 2 3 4 5

Ileperonka ObecnieunBaeT

tdpaxmun «Ky6 ot MIPUTOTOBIICHHE

KyOa» PEaKIMOHHOCTIOCOOHOH
(hpaxmmn s X
MOCJIE/TYIOIIIETO
MOJy4eHus emre Oosee
PEaKIMOHHOCTIOCOOHOTO
KOMITOHEHTa

[Teperonka Ob6ecneunBaet

JAUITAD ¢ IIPUTOTOBJICHUE €I1IE

MTOMOIIIBIO Goutee

nedermaropa PEaKIMOHHOCTIOCOOHOH X
(pakuum ¢ e
nosryuenust LTI nis
cunresa HIIC

Cuntes HIIC OcymecTBasier
npurotosnenue HIIC X
JUISL TJTbHEHIIIero
OKHCIJICHUS

Omnpenenenne [okaspiBaeT ToUHOE

Beixoga HIIC 3nauenue Beixoga HIIC X
HPHU CUHTE3E ISt
JlaIbHEUIINX PacueToB
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[Tponomxenne Tabmuie 11

Oxucaenue HIIC

IIpoucxoaut
Moudukarms HIIC
JUTSL U3YYCHHS
(hyHKIIMOHATIHHBIX
rpymm B OHIIC u

IIPUMEHECHUA B Ka4Y€CTBE

CTaOMIN3aTOPOB

IIpuroroBnenue
BMD3

IIpmmenerne kak COX

Onpedenenue 3HaYUMOCMU 8bINOHAEMbIX QYHKYULl 00bexmom. J1Jisl OlIeHKU

3HAa4YUMOCTH

BBIMOJHIEMBIX  (DYHKIM HCIOJIb3YeTCS METOJ PacCTaHOBKHU

MIPUOPUTETOB, TIpeayioKeHHbId batombeprom B.A. u I'mymenko B.®. B ocHoBy

JaHHOI'O MCTOAA IIOJIOKCHO PACUYCTHO-3KCIICPTHOC OIIPCACICHUC 3HAYUMMOCTH

KOKI0M QyHKIHUU.

Ta6numa 12 — MaTtpuiia CMEXXHOCTH

Dyukuus 1 DyHKuua 2 Dyukuus 3 Dyukuus 4 DyHkuus 5
Dyukuu 1 = < < < <
DyHkums 2 > = > < <
Dyukuus 3 < < = < <
Dyukuus 4 > > > = <
DyHkuud 5 > > > > =
HpI/IMe‘-IaHI/IeZ «<» - MEHEE 3Hauumas, «>» - Ooiee 3HaYUMadg, «=» -

OJAHMHAKOBBIC (byHKI_[I/II/I I10 3HAYMMOCTH.

Ta6nuna 13 — MaTtpunia KoJIM4eCTBEHHBIX COOTHOIICHUN (DYHKITUN

Dyukuus 1 DyHknus 2 DyHkMA 3 Dyukuus 4 Dyukuus S Hroro
Dyukuus 1 1 0,5 0,5 0,5 0,5 3
Dyukuus 2 15 1 15 0,5 0,5 5
DyHKmsa 3 0,5 0,5 1 0,5 0,5 3
Dyuxuus 4 15 15 15 1 0,5 6
DyHkuus 5 1,5 15 1,5 1,5 1 7
ITpumeuanue: 0,5 mpu «<»; 1,5 mpu «>»; 1 mpu «=». »24

OTHOcHUTENbHAS 3HAUUMOCTh (DYHKITUI:

Oynknus 1:0,125;

Oynkuwms 2:0,21;
Oyukuus 3: 0,125;
Oynkuus 4:0,25;
®ynknus 5:0,29.
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Ananuz cmoumocmu QYHKYuUll, BbINOIHAEMBIX 00BEKMOM UCCAe008AHUS.

3amava MaHHOW (YHKIMH 3aKIIOYAETCS B TOM, YTO C TOMOIIBIO CIHEIHATBHBIX

MCTOAOB OLCHHUTL YPOBCHBb 3aTpaT HaA BBIIIOJHCHHC K&)K,Z[Oﬁ q)YHKHI/II/I CI[E?J'I&TI)

9TO BO3MOXHO € IIOMOHIBIO IPUMCHCHHUA HOPMATHUBHOIO MCETO/IA.

CTOMMOCTH (DYHKITUH TIpUBeIeH B Tabnuie 14.

Pacuer

Ta6muma 14 — OnpeneneHrne CTOUMOCTH (PYHKITUM, BBIMOJHAEMBIX 00BEKTOM

HCCIIEA0OBaAHUA
HaumeHoBaHue BoinosHsiemas Hopma | Tpynoemkoctb, | Ctoumocts | 3apadoTHasi | CebecToMMOCTD,
npouecca (ynknus pacxozaa, 9 MaTrepuaja, | miarta, pyo. pyo.
r pYo.

Ileperonka ObecneunBaeT

¢dpaxuun «Ky6 MPUTOTOBJICHHE

oT Kyba» PEaKIMOHHOCIIOCOOHOM 250 4 22387,7 132652,10 155039,8
(dbpakuuu I CUHTE3a
HIIC

Cuntes HIIC OcymecTBusieT
npurotosnenne HIIC 300 2 1083154 | 22285553 233687,07
JUISL ITIbHEHIIero
OKHUCJICHUS

Omnpenenenue ITokasbiBaeT TouHOE

Beixoga HIIC 3Hauenue Beixoga HIIC 9 1 2320 132652 10 134972 1
MIpYU CUHTE3E IS ' ’
JANTBHEHMIINX PacyeToB

Oxucnenue IIpoucxoaur

HIIC moaupukanus HIIC ms
U3Yy4YCHHS
(hYHKIIMOHATBHBIX 200 2 11352 265304,2 276656,2
rpymnn B OHIIC u
NPUMEHEHHS B KA4YECTBE
CTabWIIN3aTOPOB

Dpmrotossete | Mpmvenerme xax COX 50 0,5 234238 | 30775287 3311766

4.1.4 Imarpamma UcukaBbl
HuarpamMmma mnpuduHbI-caencTBus VicukaBel — 3T0 rpaduyecKkuii MeTO

aHanu3a U (HOPMUPOBAHMS MPUUMHHO-CIEACTBEHHBIX CBS3€H, HHCTPYMEHTAILHOE

CPEICTBO

TS

CUCTCMATHUYICCKOI'O

onpeaeaeHuUs

MOCJIETYIOIIETO TpaduuecKoro mpecTaBICHUsI.

OO6nacTh NPUMEHEHHUSI TUarpaMMBbl:

o BrisBieHne npuyMH BOZHUKHOBEHUS TIPOOIIEMBIL;

IIPUYMH

e AHanu3 U CTPYKTYPUPOBAHUE MTPOIIECCOB HA MPEANPUSITUH;

L OI_IeHKa IMPUYINMHHO-CICACTBCHHBIX CBSI3CH.

mpoOJieMbl U
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HBE‘]J[E—T O6o pyAcBanHe YacToe 1acopeine

PeakTop 018 NEPeroikH .~
Il PEAPACIOIOmECH K IHNIOMED
PyEOBOIHTENE )
Peakrop nna cunresa
‘w: Tpeapacnoamken K 00I0sKe
MOryT NANPANIATL NL METOIL PEHKTBP AT OKHCIEHHA .~
OSSR, 110 He FapanTHponaTL -
MOADAHTETL PCIYILTAT ﬂn*ﬂcrma’l’ DP Jl'[ﬁ Yactoe lCopsiEe
CTymenT-MarHcTpanT cuemenda BMD
- -
i’ E Momyuenne
Tpata npesemt na wesInecTiuil HecTabunsnsx BMD

PEIYALTAET SCcaAonzInl

Tparta npescenn i [leperonka
MATEpIATa L
Munepateuoe macno H-20A Moaras
Budp 2 T .l T
Lfpoc KoMOonenT: e - noCTARKL
Tpara npessim: o [Momxmepusanus '|;|;;||..|l|_-._m pacxag
EOTEPIATE - ke
Clzpska koMo I{ETE.HI‘IS-&TG[JL[ Aoaras
{ nocTanKL
Tpara spestens MDJHdJ HEALFA .

B MATEpiEaTa — L Hexpatkz kostmoasmon

Clomska moMmonenTa -

(Ipaxuna «Kyd ot kyban Moaras
[epememnbanne . nacranka
& 1 -
Heymanmoe , Loaszoi pacxan

-
HOCeaoBanHe

#
=
-

Hesepnui nzbop

COOTIEDIIENINE EOMICIICATOR

MeTomgu Marepuanst

Pucynox 21 — IlpuunHHO-ClIeICTBEHHAS TUarpaMma

4.1.5 OueHka roToBHOCTH MPOEKTA H KOMMePUUAJTIU3AIUN

Iloka3aTrenu cTeneHHU npopa60TaHHocm HAay4YHO-HCCJICIOBATCIILCKOT'O

MPOEKTA C MO3UIIMH KOMMEPIHAIU3AIUU IPUBEICHBI B Ta0uIE 15.

Tabnuma 15 — brnaHk OLIEHKH CTENEHU TOTOBHOCTH HAy4YHOTO MPOEKTa K

KOMMCpIHUAJIN3aln
Crenenn
YpoBeHb nMeOnuxcs
Ne n/m HaumenoBanue NpopadoTaHHOCTH N
3HaHu# y pa3padoT4ynka
NMpPOeKTa
1 Omnpenenexn HUMeEIoLUICS Hay4HO- 5 5
TEXHUYECKUH 3a1e]
OrnpeneneHbl NEPCHNEKTUBHBIE HANpPaBICHUS
2 KOMMeEpIHUAIU3alud  Hay4HO-TEXHUYECKOTO 5 4
3aziena
3 OnpeneneHsl OTpacid W TEXHOJOTMH JUIs 5 5
MpeJIOKEHUs] Ha PhIHKE
Onpenenena ToBapHas (¢GopMa HaydHO-
4 TEXHUYECKOI0 3ajiella JJisl NPeJICTaBJICHUs Ha 4 4
PBIHOK
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[Tponomkenne Tadauier 15

5 OmnpeneneHbl aBTOPBI U OCYILECTBIEHA OXpaHa 5 5
UX IIpaB

6 [IpoBenena OLICHKA CTOMMOCTH 3 3
MHTEJUIEKTyaIbHONH COOCTBEHHOCTH

7 [IpoBeneHBl MapKETHHIOBBIE HCCIEAOBAHUS 3 3
PBIHKOB COBITA

8 Pa3paboTan Om3HEC-TUTaH KOMMEPIIHATH3AIIH 1 1
HayJIHOH pa3paboTKu

9 OmnpeneneHpl MyTH MPOJIBIDKCHHS HAYIHOH 3 3
pa3paboTKN Ha PHIHOK

10 PaspaboTana crparerus peanuzanuil HaydIHOU 4 4
pa3paboTku
[IpopaboTanbl BONPOCH MEKAYHAPOIHOTO

11 COTPYAHHYECTBA M BBIXOAAa HA 3apyOeKHBII 1 1
PBIHOK
[IpopaboTanbl ~ BONPOCHI  HCIOJIB30BaHUS

12 ycIyr nH}pacTPyKTyph MOJICPIKKH, 1 1
TMOJYYCHUA JIBI'OT

13 [TpopabGoTtansl  BONpOCHl  (hPMHAHCUPOBAHUS 1 1
KOMMepIHaIU3alii HayqHOH pa3paboTKH

14 HNmeetcs KOMaHaa IJjid KOMMCEpHUuaIn3alun 3 3
Hay4YHOU pa3paboTKu

15 [TpopaboTan MexaHU3M pealn3aliu HaAy4YHOTO 2 5
MpOEKTa
HUTOI'O BAJVIOB 46 45

OuneHka TOTOBHOCTM HAy4yHOTO TMpOEKTa K KOMMepUuaiu3auuu (Wid

YPOBEHb UMEIOIIMXCSI 3HAHUH Y pa3paboTunka) onpezensercs mo Gopmyine [55]:
chM = ZBi
I'ne beyy— cyMMapHO€ KOJIMYECTBO OAJUIOB M0 KaXKI0MY HaIPaBJICHUIO;

bi — 0ayu1 1o I-My mokasarelnto.

3nauenne by, 114 creneHn npopaOOTaHHOCTH IPOEKTa COCTAaBUIIO 46
Oanna, a asg ypOBHS MMEIOIIMXCS 3HAHUW y pa3paborurka 45. DTH 3HAYCHUS
Jexar B uHTepBaie oT 59 no 45 OamioB, 4TO COOTBETCTBYET BBILIE CPEIHEU
MEPCIEKTUBHOCTH JIAHHOTO HAYYHO-HUCCIIEIOBATEIIHCKOIO MPOEKTA.

CornacHo TOJy4EeHHOMY pe3yJbTaTy, JaHHOMY TMPOEKTYy TpeOyroTcs
WHBECTUIIMU JUISI  JajbHEWIero yiuydiieHus paspabotku. Heobxomumo
pa3zpaboTaTh OM3HEC-TIaH KOMMEpPIHAIU3AIMN HaydHOU pa3zpabotku. Tpebyercs
NOBBICUTh 3HAHUS y pa3paboTuyuka B 00JacTM MapKETUHTa, ONpPENeTUTh
MEPCTIEKTUBHBIC HANPABJICHHUS KOMMEpPIHMAIM3AIMK  TMPOEKTa, MpopadboTaTh
BOMIPOCHI  WCTOJB30BaHHUS  YCAYr  WHQPACTPYKTYphl  TOMIEPKKA U

(dbrHaHCUPOBaHUS.
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4.1.6 Metoabl KOMMepPUHATU3ALHU HAYYHO-TEXHUYECKOI0

HCCJIeA0BaHNA

3aja4ya JaHHOTO pas3zesia MaruCTEPCKON AUccepTali — 3TO BIOOp MeTola
KOMMEpLMaIu3alud  00bEKTa  HCCIe[OBaHMA M OOOCHOBAaHHME  €r0
1eJ1eCO00Pa3HOCTH.

JlJaHHOE€ UCCIIENOBAHMUE BBIAEIACT TAKUE METOABI MCCIECIOBAaHUSA Kak:
nepegaya HoOy-Xay, Tak Kak B paboTe co3JaHbl M HCCIIEIOBaHbl HOBBIE
ONTUMAaJbHBIE COOTHOIIEHUS KOMIOHEHTOB sl cTabuimbHOocTH BMD, kortopeie
ciayxat kak COX B HepTexuMU4ecKoil MpOoMBIIUIEHHOCTH. Jlanubie BM3O moryt
3aMeHUTh paHHee BBeAeHHble COJX, Tak Kak sBiSItOTCS OoJiee JAELIEBBIMU U

CTaOMJILHBIMU B OKCITyaTalluu.

4.2 UHunuanus npoeKkTa

I'pynna mnpoueccoB MHULMALMM COCTOUT M3 IPOLECCOB, KOTOPBIE
BBITIOTHSIIOTCS. IS ONPEJACJICHUST HOBOTO MPOEKTa WIh HOBOM  ¢asbl
CYLIECTBYIOLIET0. B paMKax mponeccoB MHULMALMKN ONPEAECIAIOTCA U3HAYaIbHbIE
eI W CojAepKaHue U (PUKCUPYIOTCS H3HAYAIbHBbIE (UHAHCOBBIE PECYPCHI.
Onpenensitorcsi BHYyTPEHHUE W BHEIIHUE 3aUHTEPECOBAHHBIE CTOPOHBI MPOECKTA,
KOTOpble OyAyT B3aMMOJICWCTBOBATh U BIUSATH Ha OOIIMI pe3yibTaT HAYYHOTO

npoekra [54].

4.2.1 llesin ¥ pe3yabTaT NPOEKTA

B nannowm pasznene mpuseneHa undopmaiiys o0 HepapXxuu 1eeil MpoeKTa u

KPUTEPHSIX JOCTIKCHHMS 1ienelt (Tadnuma 16).
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Tabmuua 16 — Lenu u pe3ynbTaThl IPOEKTA

Hesn npoexra

1. Tomyuenme HIIC mnommmepmsarmmeit ¢paxunum XKIIIT c
MOBBIIICHHBIM COZEPKaHUEM AWIMKIONEHTaJueHa, KOTOPBIH
Opd  TIOArOTOBKE  (pakmmu  TpaHCchOpPMHUpYeTCs B
IUKJIONIEHTaIUEH.

2. UccnemoBanme  mporecca  moambpukaimu — HIIC,
3akmrovaromerocs B okucineHnd  HIIC B ycroBmsx
Mex(a3HOro KaTalu3a C HCIOJIB30BAaHMEM KaTaiau3aTopa
MonmmbOnaTa  aMMOHMS M MeX(a3HOro  areHra  —
TeTpadyTHIIaMMOHUS HOAUCTOTO.

3. Pa3paboTka CTaOWIBHBIX NpH XpaHEHHH, JedopMarusix U
temmeparype 10 90 — 100 °C BBICOKOBS3KHX SMymbCHi ¢
NpUMEHEHHEM  Macell, BKIIOYAIOMUX  A00aBKy — —
MOANGHUIHPOBAHHYIO LUKIIOIEHTaAUEHOBYIO
He(TETOIMMEPHYIO CMOITy, U HCCIEJOBAHUE PEONIOTHMIECKUX
XapaKTEepPUCTUK BOJOMACIAHBIX SMYIbCHH.

O:xujaemble pe3yjJbTaThl IPOEKTA

IMomyyenme  crabmiapHBIX BMD ¢ umcnoms3oBaHme
CTaOMIN3aTOPOB, @ UMEHHO UCXOHOM U okucieHHbIX HIIC.

Kpurtepuu npueMKH pe3yJbTaTa NpoeKTa

Pa3paboraHHbIE SMYJNBCHH JOJDKHBI OBITh CTAOWIBHEI B
TEUeHHWE JUIUTENIBHOTO BpeMeHH. JlobkHa  HaOmromaTh
3aKOHOMEPHOCTh, 4TO C yBenuueHueM okuciutens B HIIC
BMD moka3piBaeT JydmIne MOKa3aTeIH PEOJIOTHUECKHUX
XapaKTEPHCTHK.

TpeGoBaHus K pe3y/IbTaTy IPOEKTa

1. BeimonHeHne NpoeKTa B CPOK

2. HayuHast HOBU3HA NIPOEKTa

3. IloaroToBka mo pe3yibTaTaM HCCICIOBAHMIA MyOIUKAIIUi B
PELeH3NPYEMbIX H3IaHUsIX

4. Iomy4yeHne ONTHUMAIBHOTO COOTHOLIEHHS KOMIIOHEHTOB B
BMD

5. CtabunpHOCTE BMD B TeueHHE [UIMTEIHHOTO BPEMEHH

6. bornee myuymne peosloruueckuie Xapakrepuctuku BMD

4.2.2 Opranu3anuoOHHAsi CTPYKTYpPa NMpoeKTa

OpranuzaiiioHHas CTpyKTypa pabodeil rpynmnbl MpoeKTa MpecTaBieHa B

tabnurte 17.

Tabnuua 17 — Pabouas rpymnmna npoekTa

DPHUO, ocHOBHOE
Ne ni/m MecTO padoThl, Pouib B npoexTe DYyHKIHH Tpyno3zaTparsl, yac.
JOJZKHOCTh
Pa6oTa Ha,
bonpanerosa . $
peanm3anuei mpoekTa,
JIrommuia MiBaHoBHa, PykoBoaurens
1 KOOPIUHAIS U 30
K.X.H., goienT OXU TIpOEKTa
HU TITY KOHCYJIBTHPOBaHHE
HCTIOJIHUTENS IPOEKTa
[IpoBenenue
HCCleI0BaHUN
®wimnnosa Mapuna IIPOEKTA, OLEHKA
2 IOpbeBHa, MarucTp McnonHuTens NPOeKTa pe3ynbTaToOB 10 450
OXU HU TIIY MIPOEKTY,
dhopmymupoBanue
BBEIBOJIOB
NUTOI'O: 480

77




4.2.3 Opranusanus v 10NMyleHus NPoOeKTa

B tabnuie 18 npuBeneHsl Bce orpaHUYEHUs MPOEKTa.

Tabmuua 18 — OrpaHnnyeHue npoekTa

DakTop Orpannyenus/nonymeHust
Bromxer npoekra 15000
Vcrounnk ¢puHaHCHpOBaHHS HU TITY
CpOKH BBITIOJHEHHS 1.03.16 — 13.06.18
Jlata yTBeprKIeHU IJIaHa YIPABICHUS IPOESKTOM 1.03.2017 1.
/Jlata 3aBeplleHHs IpOEKTa 13.06.2018 r.

Hpo'me OrpaHUYCHUA U JONYIICHUS

-ClOXHOCTh

-OrpaHuueHne TI0 BPEeMEHH PabOTHI IPOSKTa;
B TIOJYy4eHHH JOCTylla K HeoOXoquMoMy
00opynoBaHuUIO 1151 6onee rIyO0OKOTro HCCIeIOBAHMUS

4.3 TlnanupoBaHue yIHpaBJieHHS

MPOEKTOM

4.3.1 KoHTpoJIbHBbIE COOLITHS TPOEKTA

MpoeKTa

HAYYHO-TEXHUYECCKHUM

B pamkax nanHoro paszena ObLIu OMpeIeSieHbl KIIFOYEBbIE COOBITHSI HAY4YHO-

HCCIICAOBATCIILCKOTO IMPOCKTA, OIPCACICHbBI HWX JaTbl W PE3YJIbTATHI. Orta
uHdopmarus cBefeHa B Tadmmie 19.
Ta6nuna 19 — KoHTposbHbIE COOBITHS MPOEKTA
Ne n/m KonTtposbHbie coObITHS Jarta PesyabTar
CeHTa0pb — OKTAOPH
1 OmnpeneneHue U yTBEPXKIEHNE TEMBI IPOEKTA 2016 Texnuueckoe 3apanue HUP
.
CobecenoBanue ¢
IIpoBenenue sKcepUMEHTATBHBIX UCCIIETOBAHUN U SHBapb — UIOHD
2 PYKOBOAMTEINIEM, OTUET 110
00cyKIeHHe TIOJTYYEHHBIX Pe3yIbTaTOB 2017 r.
HUP
CeHTs10pb — 1eKadpb,
2017 r.
OtueT mo padote,
3 IIpoBeneHne SKCIIEPUMEHTAIBHBIX HCCIEAOBAHUN SIHBapb — MapT,
o0CyXJieHHe Ha CeMHHape
2018 1.
4 Hamnucanue nuccepranuu Maii 2018 1. IIpoext
TloaroroBka 7eMOHCTPaIMOHHBIX MaTEePHAIOB U JJOKJIAI0B
5 Wrons 2018 1. 3amura mpoekTa

3aIIUThI
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4.3.2 Ilnan npoekra

B pamkax miuaHupoBaHUSI HAYYHOTO MPOEKTa MOCTPOEH JIMHEWHBIN rpaduk

npoekra (Tabmwmma 20).

Ta6muma 20 — KanenpapHbli 11aH IPOEKTa

Jara Jara CocTaB y4aCTHUKOB
Ne JauTe1bHOCTD,
Ha3Banmue HavaJjia OKOHYaHUSA (®HO oTBeTCTBEHHBIX
n/n JTHH
pador paéot HCIOJHHUTEJIei)
OmnpeneneHue U yTBEPKACHHE TEMBI
1 60 1.09.2016 30.09.2016 Bonpanerosa JI.NU.
MPOEKTa
2 3HaKOMCTBO C JIUTEPaTypoi 0 TeMe 121 1.09.2016 30.12.2016 Ounumnnosa M.1O.
TIpoBeneHme 3KCIIEPUMEHTATLHBIX
3 121 1.09.2016 30.12.2016 Oummnnosa M.IO.
HCCIIeIOBaHUM
IIpoBeneHre MaTeHTHOTO MTOMCKA IO
4 181 10.01.2017 10.06.2017 Ounummosa M.1O.
TeMe
IIpoBeneHne 3KCcrIepUMEHTABHBIX
®ummnmnosa M.IO.
5 MCCIICIOBaHMIA U 00CYXICHHE 181 10.01.2017 10.06.2017
Bbonpanerosa JI.H.
MOJYYEHHBIX Pe3yJIbTaTOB
Hamnucanue Te3ucoB nok1a10B 10
6 181 10.01.2017 10.06.2017 ®ummnmnosa M.1O.
MarepuanaMm paboThl
IIpoBeneHne 3KCcrIepUMEHTABHBIX
7 211 1.09.2017 30.03.2018 Oumummosa M.1O.
UCCIIeZIOBaHUI
Hamnucanue crareit, coctaBieHue
8 1.02.2018 30.04.2018 Ounummosa M.1O.
JTOKJIAJIOB TI0 MaTepraiam padoThl 89
9 Hanmcanne nucceprarmm 29 1.05.2018 30.05.2018 Ounummosa M.1O.
TTonroToBka 1eMOHCTPAITIOHHBIX
10 12 1.06.2018 13.06.2018 Ounmmmosa M.1O.

MaTE€pUalioB U JOKJIAaA0B 3all[UThL

4.3.3 Ilnarpamma I'anTa

Jnarpamma T'aHta -—

9TO

THII

CTOJIOUATHIX JHATrpaMM,

KOTOPBIN

HUCIIOJIB3YCTCA IJIsI WIUIKOCTpAIMU KAJICHAAPHOIO IUIaHA ITPOCKTA, Ha KOTOPOM

pa6OTBI o TEMC IMPCACTABIAIOTCA IIPOTAKCHHBIMM BO BPEMCHH OTPE3KaMU,

XApPaKTCPU3YIONIUMUCA JaTaMMWM Haddjla MW OKOHYAHHA  BbIIIOJTHCHUA pa60T

(Tabmuia 21).
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Tabnuma 21 — Kanennapusiit man-rpaduk nposeaenuss HMOKP no teme

Hazpanue

T, nan

2016

2017

2018

CeHTA0pb

OKTAOpB
HOS0pb

nexadpb

SIHBAPb

(espanb
MapT

anpenb

Mal
HIOHb

CEHTS0pb

OKTAOpH

HOSIOPH

niekadpb

SIHBAPb

(hespanb

MapT
anpe’b

Mai

HIOHb

Omnpenenenne
u
YTBEPXKICHUE
TEMBI IIPOEKTa

3HaKOMCTBO ¢
JIUTepaTypon
10 TeMe

121

[Iposenenue
9KCIIEPHMEHTA
JIBHBIX
WCCJICI0BAaHUN

121

IIpoBenenue
HaTEHTHOTO
MIOUCKA TI0
TeMe

181

IIpoBenenue
9KCIIEPHMEHTA
JIBHBIX
HCCIIeI0BaHUM
U 00CyXIeHHne
HOTyYEeHHBIX
pe3yIbTaToB

181

Hanucanmne
TE3UCOB
JIOKJIAI0B I10
Marepuaiam
paboThI

181

IIpoBenenue
JKCIEPUMEHTA
JIBHBIX
HCCIIEIOBAHUHI

211

Hanmcanne
crarei,
COCTaBJICHUE
JIOKJIAJIOB T10
MaTepuajiaMm
paboThI

89

Hanmcanne
JCCepTauyu

29

IToaroroska
JIEMOHCTpAaLU
OHHBIX
MaTepHaJIOB U
JTOKJIa/IOB
3aIIUTEI

12

CryneHt

PykoBonutens
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4.3.4 BroakeT HAYYHOT0 UCCJIeI0BAHUSA

4.3.4.1 Cbipbe, MaTepuAaJibl, NOKYIHbIE W3/1eJUA U N0y (padpuKaThl

B 9Ty CTATbKO BKIKOYAIOTCA 3aTpaThl HaA HpI/IO6pCTCHHe BCCX BHIOB

MaTepHaioB, KOMIUIEKTYIOIIUX H3JeAUi U moiaydadbpukaToB, HEOOXOAUMBIX Ha

BBINIOJIHEHHE paboT mo JaHHOM TeMe. KoamdyecTBO MOTPEOHBIX MaTepUaibHBIX

HCHHOCTGI?I OIIPCACIIACTCA 110 HOPMAM pacxoaa.

Tabmuua 22 — Celpbe, MaTepHabl, KOMIUIEKTYIOUIUE U3JIETUS U MOKYIHBIE

nosry(haOpuKaThbl
Hanmenosanune Enunune KonunuectBo Lena 3a equaMLy € CymmMa, pyo.
HM3MEpEeHHs HAC, py6.
1 2 3 4 5
Opaxnust «Kyb ot kyb6a» JI 3 115 345
Kcumon JI 0,2 100 20
Tonyon JI 2 80 160
Kanb1uit X10pucTsiit Kr 0,2 35 7
UeThIpeXXJIOpUCThIN TUTaH JI 0,08 243 19,44
ByTuioBslil ciupt JI 0,05 96 48
Oxcup nponuieHa JI 0,05 41 2,05
Benson JI 0,3 570 171
IIDAX JI 0,05 45 2,25
Hadramun Kr 0,12 622 74,64
Kaynii oaucThiil Kr 0,02 1250 25
Ilepexnce Bomopoaa JI 1 40 40
MommbaT aMMOHUS Kr 0,2 1530 306
TerpaOyTriuiaMMOHHH Kr 0,2 6720 1344
NOAUCTBIN
Tuocynbdat HaTpust Kr 0,05 139 6,95
Bpom Kr 0,15 195 29,25
JlensiHas yKcycHasi KHCIIOTa Kr 0,25 51 12,75
Kpaxman Kr 0,1 30 3
T'uapokena Kanus Kr 0,5 97 48,5
CoJisiHas KUCJIOTa JI 0,5 214 107
MunepansHoe macino M-20A J1 3 165 330
AnetoH Kr 2 46 92
CepHasi KHCIOTa Kr 0,01 40 0,4
XJ10pua HAaTpHs Kr 0,05 13 0,65
Kpyrinononnas konba Ha 250 It 1 68 68
MJT
TIpsiMoit X0JI0 TMITBHUK It 1 400 400
Komba xornueckas Ha 250 T 2 110 220
M
JlenuTenbHas BOpOHKA Ha T 1 555 555
500 M
HInpunst Ha 1 M [T 30 1,5 45
Tepmomertp prytHbrii 250 °C [T 2 620 1240
IlITaTus 1T 2 1500 3000
MepHbiii mmaap Ha 100 ma It 1 33 33
Tpexropaas konba Ha 250 M It 1 340 340
OOpaTHBIi X0JIOJUIEHIK [T 1 1500 1500
Boponka T 3 30 90
TTunerka ma 10 M 1T 5 30 150
ITunerka Ha 5 Mt It 5 26 130
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[Tponomkenne TabauIe 22

[Munerka Ha 2 Mt It 5 20 100
IMunerka Ha 1 M It 5 18 90
Crakan xumuyeckuii Ha 50 It 10 19 190
MIT
Crakan xumudeckuii Ha 250 T 5 30,8 154
MIT
CkaJibIiens It 6 70 420
I'pyma It 2 5 10
Yamixa [erpu 1T 5 10 50
IIpoGupxa 1T 15 7 105
ANOMHHHEBas KOCTPIOJIS It 1 200 200
CrexyIsiHHAs MAI0YKa It 10 2 20
Bcero 3a MatepHais 13786,98
TpaHCHOPTHO-3ar0TOBHUTENBHEIE pacxosl (3 — 5 %) 689,349
Hroro no cratee Cy 14476,33

4.3.4.2 CneuuajbHoe 000pya0oBaHMe 1Jis1 HAYYHBIX padoT

B JaHHYIO CTAaTblO BKIKOYCHBI 3aTpaTbl, CBA3AHHBIC C HpI/IO6peTeHI/IeM

CIIEIUAIBHOTO 000PY/I0BaHUS, HEOOXOJUMOTIO JIJIsi MIPOBECHUS padOT MO JTaHHOM

TEMCE.
Tabmuua 23 — Pacuet 3aTpar no crarbe «Crieodopy10BaHue JJi1 Hay4HbIX
pabot»
HanmenoBanue KomunuectBo ena enuHULIbI Cpok cimyX0Bl, T'onoBbie AMOpTH3aLIMOHHBIE
o6opynoBaHus eIIMHMI] obopynoBaHus, JeT AMOPTH3ALIMOHHBIE OTYHCIICHUS 3a
obopynoBaHus pyo. OTYHCIEHUs, pyO. Teproz
WCTIOJIb30BAHUS, PYO.
PotopHbrit 1 219456,9 10 21945,69 1804
ucnapurens Heidolph
Hei-VAP
BepxuenpuBoanas 1 54720 7 7817,14 643
MelanKa
mexanndgeckas RZR
2021
Mucneprartop IKA 1 76248,1 10 7624,81 627
ULTRA TURRAX
T18
Buckozumerp 1 150000 10 15000,0 1233
Brookfield DV-
11+Pro
Utoro 4307
I_IeHa CANHUNIIbI O60py,Z[OBaHI/I$I pOTOpHHﬁ HUCIIApUTCIIb  COCTaBJIACT

219456,9, cpok cmyx0bl — 10 yier, ciaegoBaTeNbHO TOJIOBBIE aMOPTU3ALMOHHbBIC

OTYMUCIIEHUS] COCTABISIIOT 21945,69. AMOpPTU3alLIMOHHBIE OTYMCIIEHUSI 3a TMEPUO/T

HUCIIOJIB30BaHMI,

1804 py6/ron.

pPaCCYUTAHHBIC JIMHEHHBIM

crrocoOom,

OoynyT

COCTaBJIAITh
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AHajoruuyHo pacCcUnuTbIBACTCsA CTOUMOCTH MCHIAJIKH, JAUCIICPpraTopa H

BHUCKO3UMETpa bpykbuis.

O6HII/I€ AMOPTHU3allMOHHBIC OTYHUCIICHHUA 34 IICpUOod HUCIIOJIb30BAHUA:

4307 pyO.

4.3.4.3 PacyeT 0OCHOBHOM 3apa0doTHOI MIAaTHI

CraThsl BKJIIOYAET OCHOBHYIO 3apa60THy10 IiaTty pa6OTHI/IKOB, 3aHATBIX

BBITIOJTHEHHEM MIPOEKTa, U TOTOJHUTENbHYIO 3apa00THYIO TIIATy.

rae

rae

rac

Can = 3ocu + 301,
30cH — OCHOBHas 3apaboTHAs T1aTa;
3 jor — MOTOIHUTENbHAS 3apa0OTHAs TIJIaTa.
OcHoBHas 3apa0oTHAas IJIaTa pacCUYUTHIBAETCS MO PopmyIie:
Bocu = 3le * Tppp,
3ocy — OCHOBHas 3apa0oTHAas IJ1aTa OJHOTO PAaOOTHHKA;
Tpap — TPOJOIKHUTEIBHOCTh PA0OT, BBIMOJHIEMBIX HAYyYHO-TEXHHUYECKUM
paboTHUKOM, pab. 1H. (Tabmuna 5);
311 — CPEAHEHEBHAs 3apa00THas IIaTa OJHOro pabOTHUKA, PYyO.

CpennenneBHas 3apabOTHasI IIaTa pacCUUTHIBAETCS 1O hopmyJie:
_3u*M
JH = Fr
3M — MECSIUHBIN TOJKHOCTHOM OKIal paboTHUKA, PYO.;
M — konmuyecTBO MecsieB pabOThl 0e3 OTIyCKa B TEUYEHUE Toja: MpH
ormycke B 48 pad. naeit M = 10,4 mecsiia, 6-TuiHeBHAS HEICIIS;

Fy — DedCTBHUTENBHBIA TONOBOM (OHI paboOYero BPEMEHH HAY4YHO-

TEXHUYECKOTO NepcoHasa, pad. THEu.

Ta6muma 24 — bananc pabo4ero BpeMeH!

[Toka3zaTenu paboyero BpeMeHU PykoBoaurens JlaGopaHT
KanennapHoe uncno nHei 365 365
KommgectBo Hepabounx nHEiH
e  Brixoassle AHH 52 52
14 14

[Ipa3zqHuuHbIE THU
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[Tponomkenne Tabnuipl 24

[Torepu pabouero BpemeHn
e  Ormyck 48 48
e  HeBrrxonsl mo 0oae3HN 10 10
JleficTBUTENIBHBIN T0710BOI (hoH pabodero BpeMeHH 124 124

Mecstunblii TOTKHOCTHOM OKJIa/l paOOTHUKA:
3m = 3¢ * (kup + k) * Ky,
rie 3 — 0a30BbIi OKIaAd, pyoO.;
kyp — IpeMuaIbHBIA KO3 GUIHEHT;

k

n— koddumment morutatr u HambaBok (B HUM m Ha mpoMBIIIIEHHBIX
OPEANpUsATUIX — 3a pacuiupeHue cdep oOcCiIyx uBaHuUsA, 3a MPOPHECCUOHAIBHOE
MacTepCTBO, 3a BpeHbIE yCIIOBHS: onpeaenseTcs [lonoxenue o0 omiare Tpyaa);

k,, — parionnblii Koo punment, pasubii 1,3 (a1 Tomcka).

OcHoBHas 3apabotHas 1iara pykoogutens (ot HU TIIY) paccuuteiBaercs
Ha OCHOBAaHMM OTPACIIEBOM oruiatel Tpyaa. OTpacneBas cucTeMa OIUIaThl TPyJa B
TITY npennonaraer cieayomui CoCTaB 3apab0THOM TUIATHI:

1. Oxnan — onpenensiercss npeanpusitueM. B HU TITY oxnaasl pacripeaeneHbl
B COOTBETCTBUU C 3aHUMAEMBbIMHU JIOJDKHOCTSMH, HANpPUMEp, ACCUCTEHT,
CTaplIMii  MpemnojaBatellb, JOIEHT, mpodeccop. ba3zoBeiii  oknax
ONpPEAEISACTCS HCXOId M3 Pa3MEPOB OKIAAOB, OMPEIACICHHBIX IITATHBIM
pacnucaHueM MpeanpUsiTUsl.

2. CtuMmynupyromye  BbIIUIATBI —  YCTAHABIMBAIOTCS  PYKOBOAUTEIIEM
noApazaeneHuil 3a 3(G(EKTUBHBIN TPyHA, BBIMOJIHEHUE IOMOTHUTEIBHBIX
00s13aHHOCTEH U T.J.

3. HWubie BbIIIATHI, palloOHHBIA KO PHUITESHT.

Pacuet ocHOBHOI 3apabOTHOM IJIaThI IPEACTaBJIeH B TabauIe 25.

Tabnuia 25 — PacyeT 0CHOBHO# 3apab0THOM TIaThHI

Hcnonaurenu 35, PyO. Kup K, K, 3m, PYO. 311, py6. | Ty, pab.os. | 3och, PYO.
PykoBoauTenn 20383,99 1 0,14 1,3 30209,07 2533,66 30 76009,8
Maructpasr 2200 1 0 1,3 2860 239,87 60 14392,2
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4.3.4.4 lonotHUTeIbHASA 3apa0oTHast miara HAY4YHO-

NMPOU3BOJACTBCHHOI'O MIEPCOHAJTA

JlommomHUTENBHAS 3apaboTHAs TUTaTa paccuuThiBaeTcs ucxons u3z 10 — 15 %
OT OCHOBHOM 3apa0OTHOM TUIaThl, pAOOTHUKOB, HEMOCPEACTBEHHO YYaCTBYIOIIUX B
BBITIOJIHEHUE TEMBI:

3on = kon * 3och,

rae  3jop — AOHONHMTENbHAS 3apaboTHAd 11aTa, pyo.;

k jon — ko3 dunment nononuutensHoi 3apmnarsl (10 %);

3ocy, — OCHOBHAas 3apaboTHas IIaTa, pyo.

B Tabmuue 26 npuBeaeHa ¢opma pacyeTa OCHOBHOM M JIOMOJHUTEIHHOU
3apa0OTHOM TJIATHI.

Tabnuna 26 — 3apadoTtHas miara ucnoauureneitr HTU

3apaboTHas miata PyxoBoauTenn Maructpast
OcHOBHasl 3apIuiata 76009,8 14392,2
JlonoHUTEIbHAS 3apIuiaTa 7600,98 1439,22
Wroro no cratbe Capp 994422

4.3.4.5 OTunc/IeHUs HA CONUAJIbHBbIE HYK/IbI

Cratbs BKJIIOUYAET B CE0s1 OTUMCIICHUS BO BHEOIOXKETHBIC (DOH/IBI.
Cpues = kpugs * (3OCH + 3A0n)»

rne  kpygg — KOOPPUIMEHT OTUYMCICHNUN Ha YIUIaTy BO BHEOIOMKETHBIE (DOHIBI
(nencuoHHbIM (oHa, GoHI 00s3aTEIBHOr0 MEAUIMHCKOTO CTpPaxOBaHUS U TIp.)
(27,1 %).

OTuucneHus Ha COLMAIBHBIN HYK/IbI PYKOBOJAUTES:

Cgueg = 0,271 * (76009,8 + 7600,98) = 22658,3 pyo.
OTunciieHnst Ha COIMaIbHBIE HYK/IbI JUTsl JTaOOpaHTa:

Cupg = 0,271 * (14392,2 + 1439,22) = 4290,3 py6.

85




4.3.4.6 HakaaaHble pacxoabl

B 3Ty crarhlo BKJIIOYAIOTCS 3aTpaThl HA YNPABICHHE U XO3SMCTBEHHOE
oOCiTy’)XHBaHHE, KOTOpPblE MOTYT OBITb OTHECEHBl HEMOCPEICTBEHHO Ha
KOHKpeTHyI0 Temy. Kpome TOro, crofa OTHOCATCS Pacxobl MO COJAEPKAHUIO,
AKCIUTyaTallil U PEMOHTY OOOpYJOBaHHUsA, MPOU3BOJACTBEHHOTO HHCTPYMEHTa U
WHBEHTApsI, 3/TaHUM, COOPYKEHUU U T.I.

Haknanueie pacxonsl coctaBisitor 80 % OT CyMMBI OCHOBHOM W
JOTIOJTHUTENBHOW ~ 3apa0OTHOM  IIaThl,  paOOTHUKOB,  HEMOCPEICTBEHHO
YYaCTBYIOIIHX B BBIITOJIHEHHE TEMBI.

Pacyet HakyagHBIX PacX0A0B BEAETCS MO clieayolel hopMyiie:

Craxn = kuarn * Bocu + 310m),

rne  kyaxn — K03hOUIIMEHT HAKIaIHBIX PACXO/I0B.
4.3.4.7 PacyeT 3aTpaT Ha 3JIEKTPOIHEPTHIO

B  nmanHOi  pabore  HCmoNB3yeTcs  clenyiomee — 000pyJaoBaHHUE,
notpedstoniee eKTpodHepruto: PoropHeiit ucmaputens Heidolph Hei-VAP,
BepxuenpuBonnas  memanka — mexanuuyeckas — RZR 2021,  Jlucmepratop
IKA ULTRA TURRAX T18, Buckozumetp Brookfield DV-11+Pro, anextporuuTa.

PacyeT omutatel 3a 37E€KTPOIHEPTUIO TPOBOAUTCS TIO CIEAYIOUIEH Gopmyre:

Cyp = P *1%4,36,
raie P — notpebisemas MOIITHOCTh, KBT;

T — Bpemsi paboThl 000PYI0BaHUS, Y;

4,36 — croumocth 1 kBT*4, pyo.

JlaHHBIE TIO OTUIaTe 3a DJIJIEKTPOIHEPTHUIO ISl KAXKIOTO O0OpYyIOBaHUS

IIPUBEICHBI B TabuIe 27.
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Tabnuma 27 -

[Tnarta 3a 3JEKTPOIHEPTUIO

HawnmenoBanue TToTpebieHre MOIIHOCTH, Bpewms paboTsl, 4 Omnara, pyo0.
o0opynoBaHuUs kBt
PotopHslit ncnapurens 1,4 720 4394,88
Heidolph Hei-VAP
BepxHenpuBoJHas MelIajKa 0,7 720 2197,44
mexanndeckas RZR 2021
Jucnepratop IKA ULTRA 0,10 720 313,92
TURRAX T18
Buckosumerp Brookfield 0,3 720 941,76
DV-II+Pro
DrexTporutiTa 1,00 720 3139,2
Htoro 10987,2

Ha ocHoBanuu IMOJIYUYCHHBIX JAHHBIX II0 OTACIbHBIM CTATbiAM 3aTpatr

COCTaBJICHA KaJbKYJSALMSA IutaHoBoW cebectoumoctn HMP 3a 2 roxg HaydHO-

HCCIIEIOBATENbCKOM padO0ThI, pe3yJIbTaThl IPUBEACHBI B Ta0HIle 28.

Tabnuua 28 — 'pynnupoBka 3aTpar 1o cTaThsiM

ChIpbe, AMOpTH3aLUOH- OcHoBHas Jlonosnxu- OTtunucnexnus Haknagnele | Onexrpo- HWrorosas
MaTepHabl HBIE 3apaboTHas TeIbHAs Ha pacxosl, JHEpru, TUIAaHOBAs
(3a BEIYETOM OTYHCIICHUS 3a mata, pyo. 3apaboTHas COLIaJIbHbIC pyo. pyo. cebecro-
BO3BPATHBIX nepuos miata, pyo. HYXIBIL, pyO. HAMOCTb,

OTXOJIOB), WCTIOJIb30BaHUS, pyo.
pyo. pyo.
14476,33 4307 76009,8 7600,98 22658,3 66888,624 10987,2
14392,2 1439,22 4290,3 12665,146 235715,11
4.3.5 Opranu3ainuoHHasi CTPYKTypa NMpoeKTa
B IMPAaKTHUKC HCITIOJIB3YCTCA HECKOJIBKO 0a30BBIX BapUAHTOB

OpPraHU3allMOHHBIX CTPYKTYp: (yHKLIHMOHAIbHAs, MNPOEKTHas, MarpuyHas. Jlns
JAHHOT'O Hay4YHOI'0-HCCIIEI0BATENIbCKOIO MPOEKTa, COTIACHO KPUTEPUSIM BbIOODA,

ObLIa IOCTPOCHA OPTaHU3AIMOHHAS CTPYKTypa (PUCYHOK 22).

PYROBOIHTENE MPOCKTA

EoondemTryLus npoeama

I Burbop HaNMpasTeHRE HOCTIEIDEIHHR

Llemn » 3a3awm npockra

Henomswmens I—-—

l [Ipopenesas mocneJoaamni

I (ueHE peyyILTATOS

Janepienne MPOCKTE, MBI

Pucynok 22 — [IpoekTHasi CTpyKTypa MpoeKTa
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4.3.5.1 OneHka cpaBHUTEJIbHOI XapaKTePUCTHUKH MCCJIeI0BAHUS

Onpenenenne  A(QPEKTUBHOCTH  MPOUCXOJAUT HA  OCHOBE  pacuera
UHTETPAIILHOTO TOKazaTens d(O(EeKTHBHOCTH HAyyHOro wuccieaoBanusa. Ero
HAaXOXJEHUE CBS3aHO C OMNpEJEICHUEM JIBYX CpPEIHEB3BEUICHHBIX BEJIUYUH:
dbunaHcoBOM 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.

WNuTterpanbHpiii  moka3atenb (QuHAHCOBOM A((HEKTUBHOCTH HAYIHOTO
UCCJIEIOBAHMS TOJY4YaloT B XOJE OILEHKH OJKETa 3aTpaT pPa3HbIX BapUAHTOB
UCTIOJTHEHHSI HAYYHOTro uccienoBaHus. s 3Toro HEOONBIIONW WHTETPabHBIMI
MoKa3aTeNb pealn3aliid TeXHUYECKOW 3a7jaui MpUHUMaeTcs 3a 0a3y pacdera (Kak
3HaMEHaTeNlb), C KOTOPbIM COOTHOCUTCS (DPMHAHCOBBIE 3HAUEHHUS 10 BCEM
BapHaHTaM HCIIOJHEHUSI.

WNuTerpanbHbiii GMHAHCOBBIN MOKa3aTelb pa3paboTKU ONpeesseTcs Kak:

P = P

)

)

cDmax

rae [ g — MHTErpajIbHbIi (UHAHCOBBIN MTOKA3aTeNb Pa3padOTKH;

d

pi— CTOMMOCTE I-TO BapruaHTa UCIIOJIHCHUA,

Dax— MaKCHUMaJTbHAS CTOUMOCTH UCTIOJTHCHHSI HAy4YHOTO-
UCCJICIOBATEIILCKOTO TIPOCSKTA (B T.4. aHAJIOTH).
CroumocTs pa3paboTku coctaBiseT 235715,11 pyo.

Ta6nuna 29 — Celpbe 115 aHajgora AKBOJ

HawnmenoBanune Enunuiet Konmnuectso Lena 3a equauLy C CymmMa, pyo.
H3MEPEHHUS HJC, py6.

MunepansHoe macio M-20A b 3 300 900

Owmynsratop Neocare hi§ 15 700 1050

OtpaboranHoe I 3 1000 3000

aBTOMOOHIIBHOE Macjo

ITAB (cynbdhanon) KT 2 1450 2900
HUroro 7850
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Tabnuma 30 — AMOpPTHU3aLIMOHHBIE OTYUCIECHUS IO CHE000PYI0BAHHIO JIJIS

aHaJiora
Haumenoanme Komnuectso Lena enuHuIb! Cpok ciyX05l, T'onoBrie AMOpTH3aLIUOHHBIE
obopynoBaHus eIIMHMI] obopynoBaHus, Jer aAMOPTH3ALIMOHHBIE OTYHCIICHUS 32
000pyoBaHUs pyo. OTYHCIICHUS, PYO. epuos,
HCIOJIb30BaHM, PYO.
PoropHsIit 1 219456,9 10 21945,69 1804
ucnapurens Heidolph
Hei-VAP
BepxuenpusogHas 1 54720 7 7817,14 643
MelajiKa
MexaHmdyeckas RZR
2021
Jucneprarop |KA 1 76248,1 10 7624,81 627
ULTRA TURRAX
T18
Bucko3umerp 1 150000 10 15000,0 1233
Brookfield DV-
11+Pro
Hentpudyra OIMH- 1 84960 10 8496,0 7147
0539
Utoro 5021,7
Ta6nuna 31 — 3aTpathl Ha AAEKTPOIHEPTHUIO ISl aHAJIOTa
Haumenosanmue [MoTpebneHne MOITHOCTH, Bpewms paboTsl, 4 Omnara, pyo.
000pyIOBaHUS kBt
PotopHsIit ncapurens 1,4 720 4394,88
Heidolph Hei-VAP
BepxHenpuBoJHas MelajKa 0,7 720 2197,44
mexanudeckas RZR 2021
Hucnepratop IKA ULTRA 0,10 720 313,92
TURRAX T18
Buckosumerp Brookfield 0,3 720 941,76
DV-I1+Pro
DneKkTpormTa 1,00 720 3139,2
Ienrpudyra OITH-0539 0,8 20 69,76
Utoro 11056,96
Tabnuua 32 — CeGecTonMOCTh aHanmora AKBOJI
Cripbe, AwmopTtuzanon- | OcHoBHas Jononau- Otuncnennst | Hakmamaele | Onekrtpo- Hrorosas
MaTepuabl HbIE 3apaboTHas TeJbHas Ha pacxosl, SHEeprus, UIAHOBAs
(3a BEIUETOM OTYHCIICHUS 32 mata, pyo. 3apaboTHas COLIMaJIbHEIC pyo. pyo. cebecro-
BO3BPATHBIX Hepros iara, pyo. HYXKIBI, pYO. HUMOCTb,
O0TXOJIOB), HCTIOJIb30BAHUS, pyo.
pyo. pyo.
22326,33 11056,96 76009,8 7600,98 22658,3 66888,624 11056,96
14392,2 1439,22 4290,3 12665,146 250374,82

WNuTterpanbHbiii  (PUHAHCOBBIA TOKAa3aTelb Pa3pabOTKH OMPEACNsSieTCs 0

bopmyie:

Iy =

®,;  235715,11

_ = 0,94
¢~ @, 25037482

89




[TomydyeHHass BeJIWYMHA  WHTETPAIBHOTO  (DPMHAHCOBOTO  IOKA3aTelIs
pa3pabOTKu OTpa)kaeT COOTBETCTBYIOIEE YHCIEHHOE YBEIHYEHUE OI0KeTa
3aTpar pa3pabOTKM B pa3zax (3HaueHue Oosblne 1), JTUOO0 COOTBETCTBYIOIIEE
YHICIIEHHOE YJICHICBICHNE CTOMMOCTH pa3paboTKu B pa3ax (3HadeHHe MeHbIIe 1,
HO 6oJbIe 0).

WuTerpanbHbIi NoKa3aTelb pecypcodhhekTHBHOCTH BapHAHTOB

UCITOJIHEHHS 00BEKTA UCCIIETOBAHMS MOYKHO OINPEAEIUTDH CAEAYIOIIUM 00pa3oMm:

n n

1% = 2 a;p®, 1P = z a;b!,

i=1 i=1

rae I, — MHTETpaIbHBINA MMOKa3aTeNb pecypcodhHEKTUBHOCTH BapHAHTOB;

a;— BeCOBOW KOA(GHUITUESHT I-ro mapamerpa;

b{t blp — OanpHas OlleHKA I-ro mapaMeTpa Juis aHajora W pa3pabOTKH,
YCTaHaBJIMBAETCS SKCIIEPTHBIM IYyTEM I10 BEIOPAHHOM IIKaJie OIEHUBAHMUS |

N — 9HCII0 TApaMeTPOB CPABHEHMUS.

Pacuer unTerpanpHoro nokazatens pecypcodhHeKTUBHOCTH MPECTaBIICH B
tabmnurte 33.

Tabnuua 33 — CpaBHUTENBHAS OLIEHKA BAPMAHTOB UCIIOJHEHHUS TPOEKTA

no BecoBoit koaddurmeHT Texymmuii mpoexT Amnanor
mapaMerpa
Kpurepuu

DU3UKO-XUMUYECKHE 0,10 5 4

cBorictBa HITC
Bsskocts BMD 0,20 4 5
TemmepaTypa 3amep3anus 0,15 5 4

BMD

CrabuibsHoct BMD 0,20 5 4

Imn=01%*5+02+«44+0,15«540,20«5 = 2,9,
Ananor=0,1*4+0,2+x*5+0,15x4 + 0,20« 4 = 2,8,

NurterpanpHbiii mokazatenb 3PGEeKTUBHOCTU pa3pabOTKH (Ig ) u aHayora

UHD
(Iunp) ~ OUpENENsETCS ~ HA  OCHOBAHMM  MHTETPAIBHOTO  MOKA3aTelst

pecypcoddHEeKTUBHOCTH M MHTETPAIBHOTO (PHAHCOBOTO MOKa3aTes o hopmyie:
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p a
P — Iﬂ ]2 — Iﬂ
duHp 1P’ ¢unp — 12’
i) b
CpaBHEHHE MHTETrPalbHOIO MoKa3aTess 3PPEKTUBHOCTH TEKYILErO MPOEKTa
¥ aHaJIOTOB TO3BOJIUT OINPEACIUTh CPAaBHUTEIBHYIO 3(()EKTHBHOCTH MPOEKTA.
CpaBHutenbHas 3pEKTUBHOCTb POEKTA:
p
3 = Ima
cp~ ga
[
rae I, — CpaBHUTENbHASA Y)PEKTUBHOCTD POEKTA;
IP | — MHTErpabHEIA MOKA3aTeNb Pa3paboOTKY;
I},, — MIHTETPANbHBIN TEXHUKO-?KOHOMHUYECKH MMOKa3aTeab aHaJora.

Tabnuua 34 — CpaBHutenbHas 3G (PEKTUBHOCTH pa3pabOTKU

ITokazarenu AHajor Paspabotka
WHTerpanbHbIi (UHAHCOBBIN ITOKa3aTelb Pa3paboTKU 1,00 0,94
WHTrerpanpHblii mokaszaTesb pecypcodddeKTuBHOCTH pa3paboTKU 2,8 2,9
WurerpanbHblii mokaszaTtesb 3Q(HeKTHBHOCTH 2,8 3,08
CpaBuuTenbHast 3p)EKTHBHOCTH BApHAHTOB UCIIOJIHEHHUS 11

Hannas pa3zpabotka 3pPpeKkTrBHA 10 CPABHEHUIO C AHAJIOTAMHU.

Buvisoowi: B paznene «®uHAHCOBBIM MEHEIKMEHT, pecypcod3(pheKTHBHOCTD
U pecypcocOepexeHre» ObUTM HCCIENOBaHbl IMOTEHIMAIbHBIE TOTPEOUTENN
pe3yabTaTOB HAy4dyHOro wuccienoBaHusa. [IpoBeneH aHanM3 KOHKYPEHTHBIX
TEXHUYECKUX peleHni c MO3ULINHU pecypcodd(HeKTUBHOCTH U
pecypcocbOepexxenus. Iloctpoena muarpamma HcukaBa, B KOTOpPOM MOKa3aHbI
YIPO3bl 151 JAHHOTO MPOEKTA.

[IpoBeneHa oneHKa TOTOBHOCTH HAYYHOTO MPOEKTAa K KOMMEPUHUAIN3ALNY.
OnpeneneHo, YTO  JIaHHBIA  MPOEKT  COOTBETCTBYET  BBINIE  CpEeAHEH
NEPCIEKTUBHOCTH I10 3HAYEHUIO bByy.

OrnpenesneHbl KIOUYEBbIE COOBITHS HAYyYHO-HUCCIIEIOBATEIIBCKOTO IPOCKTA,
MOKa3aHbl UX J1aThl U PE3YJIbTATHI.

Pazpaboran  kameHmapHbli  TIaH-rpadMK — TPOBEACHUS  HAYYHOIO

uccienoBanus. Bpems paboTsl Hajg mpoekToM — ceHTsI0pb 2016 — utons 2018.
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Paccunran Oroker HaydHoro wucciemoBanus (235715,11 py6.), a Takke
IOCTPOCHA pOEeKTHAas OpraHu3aluoOHHas CTPYKTypa Hay4HOTO-
UCCIIEIOBATEILCKOTO TIPOCKTA.

3aKTIOYNTEIBHBIM ATANIOM SIBJISICTCS OIICHKHU CpPaBHUTEIHHOU

XAPAKTCPUCTHUKH UCCIICAOBAHU].
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