Munucrepcrso o0pazoBanust 1 Hayku Poccuiickoii @enepannn
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWHN NOJUTEXHUYECKWI YHUBEPCUTET»

[Ixona UHKeHepHas N1KOJIa IPUPOJIHBIX PECYPCOB
Hanpagsnenue noarorosku 18.04.01 XumMuyeckast TEXHOJIOTHUS
Otnenenne mkoibl (HOLL) OtneneHne XMMUIeCKON MHKCHEPUH

MATUCTEPCKASA JTUCCEPTALIUA

Tema paboThl

HccaenoBanue BJOUSIHUS MOCTOSTHHOTO MATHUTHOTO IOJISI HA HUH3KOTEMIIEPATYPHbLIE CBOMCTBA
AU3CJIbHBIX TOIIJINB

Y JIK 665.753.4:537.612

CryneHt

I'pynna ()5 (0] Honnuch Harta

2]IM02 Banuynnuna Pay3a PenatoBHa

PykoBogurens BKP

Y4eHasi cTeneHs,

JoKHOCTD [5(0]
3BaHHe

IMoanuch Jara

JlonieHT [Tonox EBrennit Bnagumuposuu K.T.H.

KOHCYJBTAHTBI 110 PA3JIEJIAM:

[To pazneny «OUHAHCOBBI MEHEKMEHT, pecypcodPPEKTUBHOCTH M PECYPCOCOSPEIKEHUE)
J0/KHOCTH dPUO Yuenasn crenen, IMoanucn JlaTa
3BaHHUE
JloueHt PeixaknHa Tatesna ['aBpunoBHa K.D.H
ITo pazneny «ConmaibHasi OTBETCTBEHHOCThY
J0/KHOCTH dPUO Yuenasn crenen, IMoanucn JlaTa
3BaHHUE
JlouieHT Ceunn AHJipeil AnekcaHapoBUY K.T.H.
JOINYCTUTD K SAIIIUTE:
PykoBoauteas OOII DPUO YdeHas CTemeHE, Moanucek Jara
3BaHHE
[Tpodeccop NBamkuna Enena Hukonaesna I.T.H.

Tomck — 2022 1.



3anyiaHMpoOBaHHbBIE pPe3yJabTaThl 00y4YeHHs

1o o0pa3zoBaTeIbHONM NMporpaMmMe «XuMHU4YeCKasi TEXHOJIOTHA TOILUINBA U ra3a)
(nanpasienue noaAroToBku 18.04.01 « XumMuuyeckasi TEXHOJIOTHSD))

Kox komnereHuun
CYOC

HaunmenoBanue komnerenuun CYOC
(CaMOCTOAITEJILHO YCTAHABIHBAEMOT0 00Pa30BaTEeJIbHOT0 CTAHIAPTA)

O0u1eKkyJbTYpHBIE (YHUBEpPCAJbHbIE) KOMIIETEHIIHT

VK(Y)-1

CrocoOHOCTh OCYIIECTBIISTh KpUTHUSCKUI aHAIH3 TPOOJIEMHBIX CUTYAITHi Ha
OCHOBE CHCTEMHOT'0 TOX0/1a, BBIPa0aThIBATh CTPATETHIO NEHCTBUS

VK(Y)-2

CnocoOHOCTB YIIpaBJIATH MPOCKTOM Ha BCEX 3TallaX €ro XXU3HECHHOI'O HUKJIa

YK(Y)-3

CriocoOHOCTb OPraHU30BbIBATh U PYKOBOJIUTH PaOOTOM KOMaH b, BEIpadaThIBast
KOMAHHYIO CTPaTEerHIo JJIsl JOCTHXKEHHUS TOCTABIECHHOM Lienu

VK(Y)-4

CriocoOHOCTh IPUMEHATH COBPEMEHHBIE KOMMYHHUKATHBHBIE TEXHOIOTHH, B TOM
qrclie Ha UHOCTPaHHOM(BIX) S3bIKe(ax), ISl aKaJIeMUYEeCKOTO U
IpoQeCcCHOHATTFHOTO B3aNMOICHCTBHS

VK(Y)-5

CriocoOHOCTh aHATIM3UPOBATh U YUUTHIBATH pa3HO0Opa3ne KyIbTyp B IpoIecce
MEXKYJIbTYPHOTO B3aUMOJICHCTBUS

VK(Y)-6

CriocoGHOCTb ONIPEACTSATh U PEaTU30BBIBATH IPUOPUTETH COOCTBEHHOM
JEATeIbHOCTH U CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE CaMOOILICHKH

OomenpodeccnoHaIbHbIE KOMIETEHIHI

OIIK(Y)-1

['oTOBHOCT K KOMMYHHUKAIIMN B YCTHOW M MUCEMEHHOM (hOpMax Ha PYCCKOM H
WHOCTPAHHOM SI3BIKAX ISl pEIICHMS 32124 IPO(eCCHOHANBHON IS TEIFHOCTH

OIIK(Y)-2

['0TOBHOCTH PYKOBOJIUTH KOJIIEKTUBOM B chepe CBOEH mpodeccuoHaIbHON
JIEATENbHOCTH, TOJIEPAHTHO BOCIIPUHKUMAs COLMANIbHBIE, STHUUECKUE,
KOH(ECCHOHATBHBIE U KYIETYPHBIEC PA3IIIUIM

OITK(Y)-3

CrocoOHOCTB K MPOQeCcCHOHATBHOM 3KCILTyaTallii COBPEMEHHOT0 000pYIOBaHHS 1
pHOOPOB B COOTBETCTBHH C HANIPaBJICHHEM U MPO(HIIEM IIOATOTOBKH

OITK(Y)-4

['0TOBHOCTB K HCHOIB30BAHUIO METOJOB MAaTEMAaTUUECKOTO MOAETIMPOBAHUS
MaTepUAJIOB M TEXHOJIIOTUYECKUX MPOLIECCOB, K TEOPETUUECKOMY aHAU3y U
9KCIIEPUMEHTAIILHON POBEPKE TEOPETUUECKUX TUIIOTES

OIK(Y)-5

I"'0TOBHOCTD K 3aIIUTe OOBEKTOB MHTEIUIEKTYaJIbHOH COOCTBEHHOCTH H
KOMMEpLHATH3aHU IPaB Ha 00BEKTHI HHTEIICKTYaJIbHOM COOCTBEHHOCTH

IIpodeccnonaibHbIe KOMIIETCHUMH

TIK(Y)-1

CriocoOHOCTh OPTaHU30BBIBATH CAMOCTOSITEIBHYIO M KOJJICKTUBHYIO HAYYHO-
HCCIIeJIOBATENIbCKYIO pa0oTy, pa3pabaThiBaTh IUTAHBI U IPOTPAMMBbI TPOBEACHUS
HAYYHBIX UCCIICIOBAHNH U TEXHUYECKUX Pa3padOTOK, pa3padaTeiBaTh 3aJaHUs IS
HCIIOJIHUTENEN

TIK(Y)-2

['0TOBHOCTB K MOKCKY, 00pabOTKe, aHAIHM3Y M CUCTEeMaTHU3allui Hay4yHO-
TEXHUUECKON HH(OPMAIIUH IO TEME HCCIICAOBAHMS, BEIOOPY METOIMK U CPEIICTB
peuieHus 3aaauu

TIK(Y)-3

CriocoOHOCTb UCTIONB30BATH COBPEMEHHBIE MPUOOPHI U METOUKH, OPTaHU30BBIBAThH
MPOBEICHNE SKCIIEPUMEHTOB U HCTIBITAaHUI, TIPOBOANTH UX 00pabOTKY 1
AQHAJIM3HPOBATh UX PE3YIBTATHI

I[OHOJ'IHPITCJ'IBHBIC l'lpO(l)eCCI/IOHaJ'IBHbIe KOMIICTCHIIUHA

(npodeccHoHATbHBIC KOMIIETCHIIMH, YCTAHOBJICHHbIC YHHBEPCUTETOM)

JUTK(Y)-1

I'oToBHOCTE K PCHICHUIO HpO(beCCI/IOHaJ'[BHI)IX MPONU3BOACTBCHHBIX 3a/ia4 —
KOHTPOJIIO TEXHOJIOTHYECKOT0 Mpoliecca, pa3paboTKe napaMeTpoB POBEACHUS
TEXHOJIOTHYECKOT0 ITpoliecca, pa3paboTKe TEXHOIOTHYECKUX PacXOIHBIX
K03((HUIUEHTOB CHIPbsl K MaTEPHAIIOB, SHEPTOPECYPCOB, K BEIOOPY OCHOBHOTO U
BCIIOMOTaTEIFHOT0 000PYI0BAHUS

JUTK(Y)-2

CnocoOHOCTh UCIOIb30BaTh MAaTEMATHUECKHE MOZACIINU U MAaKEThI NPHUKIIAIHbIX
IIporpamMm JJist ONHMCaHUs U TPOTHO3UPOBAHUS PA3JIMYHBIX SIBJICHHI

JITK(Y)-3

CriocoOHOCTE IMPOBOJUTH TEXHOJIOTUYECKHUEC U TEXHUYCCKUE PACUYCThI 110 IPOCKTaM,
TEXHUKO-2KOHOMHYECKUI aHAJIN3 IIPOCKTA

JUTK(Y)-4

CriocoOHOCTh pa3padaThiBaTh YUCOHO-METOAUYECKON TOKYMEHTAIMH JIJIs
peanu3anyu 06pa3oBaTEeIbHBIX MPOrPaMM




MunucrepcrBo o0pazoBanusi H Hayku Poccuiickoii @enepannu
(benepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHUE
BBICILIET0 00pa30BaHuUs
«HAIIMOHAJIBHBINA UCCJIEJJOBATEJbCKUI
TOMCKHWH NOJUTEXHUYECKHUI YHUBEPCUTET»

[Ixoma UmxeHepHas MIKOJIa IPUPOIHEIX PECYPCOB

Hanpagsnenue noarorosku 18.04.01 XumMuyeckast TEXHOJIOTHUS

Otnenenne mkoibl (HOLL) OtneneHne XMMUYECKON MHKCHEPUH

YTBEPXJIAIO:
PyxoBonutens OOII

E.H. MBamknna
([lata) (®.1.0.)

(IToxmuce)

3AJJAHUE

HA BBINOJIHEHHE BBINYCKHOM KBAJIN(pUKANMOHHON padoThI

B dopwme:

Mazcucmepcroii ouccepmayuu

(bakanaBpcKkoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MATUCTEPCKON AUCCEPTALIHHN)

CryneHry:

I'pynna

(0% (0]

2JIM02

Baimymimna Pay3a PenatoBHa

Tema paboThI:

HccaenoBanue BJOMSHUS MOCTOSAHHOIO MATHUTHOIO MOJISI HA HU3KOTEMIIEPpAaTypPHbIE
CBOMCTBA IU3€JIbHBIX TOILIUB

YTBepxkaeHa MPUKA30M JUPEKTOpa (gaTa, HOMEP) ‘

28-93/c o1 28.01.2022

‘ Cpok cauu CTYJICHTOM BBITIOJTHEHHON paOOThI: ‘ 31.05.2022
TEXHUYECKOE 3AJIAHUE:
Hcxoanbie 1aHHbIE K padoTe OOBEKTOM  UCCIICIOBAHHS  SIBJIISIFOTCSI  OOpasIibl
(Haumenosanue 06vLEKMA UCCIe008aAHUS TOBapHOTO JIM3CJILHOTO TOIUIMBA W  JIM3CIIBHBIX

UIU NPOEKMUPOBAHUSL,
nPoOU3600UMENTbHOCHb WU HAZPY3KA,
peodicum pabomsl (HenpepvigHbill,
nepuoouyecKull, YUKIUYeckuti u m. 0.);
8UO CbIPLS UNU MAMEPUATL U30eNUs;
mpebosaHus K npoOyKmy, uz0eiuro uiu
npoyeccy, ocobvie mpebosanus K
0COOEHHOCMAM PYHKYUOHUPOBAHUS
(axcnyamayuu) 06vexma unu uzoenus 8
niane 6e30nacHOCmU IKCHIYAMAYULU,
BNUAHUSL HA OKPYAHCATOWYIO CPEDY,
9HepP203ampamam, IKOHOMUYECKUL

ananuz u m. 0.).

(bpakuuit pa3IMYHOTO COCTaBa.

Meronnka uccieqoBaHUsl — MarHuTHas oOpaboTka B
T0JIE IEUCTBUS MTOCTOSTHHOTO MarHUTa C MOCJIETYIOIIUM
aQHAJIM30M  HU3KOTEMIEpPaTypPHbBIX
MOJIYYEHHBIX 00pa3I0oB

XapaKTCPUCTHUK




Ilepeuens moasIeKAMMX HUCCTETOBAHUIO,
NMPOEKTHPOBAHUIO 1 Pa3padoTKe
BOIPOCOB

(ananumuueckuii 00630p no
JIUMepamypHuiM UCTOYHUKAM C YElbIO
BbIAACHEHUST QOCTUICEHUL MUPOBOTU HAYKU
MEeXHUKU 8 paccmMampusaemoll 001acmu;
NOCMAHOBKA 3a0a4U UCCIe008aAHUs,
NPOEKMuUpOB8aHUsl, KOHCMPYUPOBAHUSL,
cooeparcanue npoyedypvl UCCLe008aAHUS,
NPOEKMuUpOB8aHUsl, KOHCMPYUPOBAHUSL,
o6cydcoeHue pe3yibmamos 6blNOIHEeHHOU
pabomuwl; HaUMeHO8aAHUE
OONOJIHUMENbHBIX PA30EN08, NOONEHCAUSUX
paspabomke; 3aKioueHue no pabome).

AHanmuTHYeCKUi 0030p MO TUTEPATYPHBIM UCTOYHUKAM
IOCTHXKEHUU B  o0JiacTu

00paboTku

C I0OCJIbKO  BBIIBJIICHUA

IIPUMEHEHUsT MarHUTHOU JU3EIIbHBIX
TOIIMB WU (pakuuid sl yAy4YIIEHUS HX TOBApPHBIX

XapaKTEPUCTHK.

OO030p MaTeHTHBIX MCTOYHHKOB C LEJNbIO ITOHUCKA
3alaTeHTOBAHHBIX M300peTeHH B 0071aCTH MarHUTHOM
00pabOTKH TOTINB.

Ilepevens rpadguueckoro marepuasa
(c mouHblM YKazaHuem 00513aMeNbHbIX
uepmeoxceit)

(c yrasanuem pazoenos)

KoHcyJbTaHTBI O pa3eaM BbIIYCKHOM KBAJIH(PUKALUOHHON padoThl

Pa3nen

KoncyabTant

DUHAHCOBBIT MEHEOICMEHN,
pecypcosppexmusnocmo
u pecypcocbepedicerue

Peroxakuna Tatesina ['aBpunoBHa

CoyuanvHas
OmMBemcmeeHHOCMb

Ceunn AHjzipeil AnekcaHapoBUY

JarTa Bbl1a4H 3a]aHUS HA BBINOJTHEHHE BBINIYCKHOM
KBATH(UKAIMOHHOH padoOTHI 110 JTHHEHHOMY rpauKy

31.01.2022

3agaHue BbI1aJ PYKOBOAUTEIb!

Jo/KHOCTH [01% (0]

YuyeHnas crenenb, Hoanuch

3BaHHUE

Jlata

Jouent

ITonox EBrenuit Bmagumuposuy

K.T.H.

33}13HI/I€ NPUHAJT K HCIOJHCHUI0 CTYAECHT:

I'pynna

()7 (0]

IMoanmuch JaTa

2JIM02

Bamnymnnna Payza PenatoBHa




_ 3AJIAHME JJI5I PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCO®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
CryneHry:
I'pynna DPUO
2JIMO02 Banuynnuna Pay3a PenaroBna
Mkonaa WnxeHepHas mkosna Orpenenne mkossl (HOILL) OTnencHne XMMHUIECKON
OPHPOAHBIX PECYPCOB HHXCHEPUH

Yposensb Maructp Hanpasienue/cnenuajbHOCTb 18.04.01 Xumuueckas
oOpa3oBaHus TEXHOJIOTHsI TOIIMBA U ra3a

pecypcocOepekeHue»:

Hcxoanbie 1anHble K pa3aenay « DHHAHCOBBIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1. Cmoumocms pecypcos nayunoeo ucciedosanus
(HU): mamepuanvrno-mexuuueckux, sHepeemuieckux,
QuHanCOBbIX, UHPOPMAYUOHHBIX U HYEL0BEYECKUX

Cmoumocmy ~ 8uinonnAeMvlx  pabom, MamepuarbHbIX
pecypcos, co2nacHo npUMeHAeMOU MEeXHUKY U MEeXHOI02Ul, 6
COOMBEMCMBUU C PLIHOYHBIMU YeHamu 1o 20pody Tomcky.

Oxnaodvl 6 coomeememeuu ¢ oknaoamu compyonukos « HU
TIY».

2. Hopmbel u Hopmamussl pacxo008anus pecypcos

- pationnviil Ko3¢pgduyuenm- 1,3;
- koappuyuenm oonnam — 0,35;
- HaraaoHvle pacxoosl — 20%;

- Hopma amopmusayuu 15%.

3. Ucnonvsyemas cucmema HANO2000104CEHUsL, CMAGKU Kosppuyuenm — omuucienuti  na  yniamy 60
HAN0208, OMUUCLEHUL, OUCKOHMUPOBAHUS U eHebo0dcemuvie Gponowt - 30 %
Kpeoumosanus
Ilepeyennb BONPoOCoB, MOAJEKANMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO H Pa3padoTKe:
1. Oyenxa Kommepuecko20 u UHHOBAYUOHHO20 Ilposedenue npednpoexmno2o0 ananu3da, COCMAGIeHUe
nomenyuana HTH «nopmpemay nompebumens — pe3yibmamos HTH.
Onpedenenue yeneo2o pulHKA U NPOGEOCHUE €20

ceemenmupoganus. Beinoanenue SWOT-ananuza npoexma, 6
MOM Yucie oyenka KOHKYPEeHmMOCHOCOOHOCMU MEeXHUYECKUX
pewenui. Oyenka NOMeHYUATbHLIX PUCKOB.

2. Paspabomxka ycmaea Hay4HO-mexXHU4ecKo20 npoeKxma

Inanuposanue pabom; nocmpoerue
CMPYKMYpbl MA2UCmepcKou ouccepmayuu

uepapxuieckou

3. ITnanuposanue npoyecca ynpasnenus HTH:
cmpykmypa u epaguk nposederust, 6100x4cem, pucKku
U OpeaHusayus 3aKynoK

Cocmasenenue epaguka npogeoenus u onpeoeieHue
o100xcema HTH.

4. Onpedenenue pecypchol, (PuHarco8ol,
OKOHOMUYECKOU dPPexmusnocmu

Ilposedenue  oyenku  pecypcHou,  QUHAHCOBOU

okoHomuueckol s¢p@pexmusnocmu HTU.

u

Hepe‘lel—lb rpaq)mlecxoro MATECPUAJIA(c mounbim yKazanuem 0613amenvHblx uepmedicell):

«Ilopmpemy» nompebumens pesyromamos HTH
Ceeamenmuposanue poinka

Mampuya SWOT
I'paguk nposedenus u 6100xcem HTH

NoukowbpE

HomeHL[ud]leble PUCKU

OueHKa KOHKypeHm0€I’lOCO6HOC‘mu mexHutteCKuxpemeHmZ

Oyenxa pecypcrot, punancosoul u sxonomudecxou d¢pgpexkmusnocmu HTH

\ JaTa Bbl1a4u 3a]aHu JIA Pa3/esia no JHHeHHOMY rpaguky

| 01.03.2022

3agaHue BbIAAT KOHCYJBTAHT:

JoKkHOCTD [%(0]

YyeHasi cTeneHb, MMoanuch

3BaHHE

JlaTa

JloeHt

Pooxakuna Tarbsina ['aBpusioBHa

01.03.2022

K.D.H.

3ana}me NPUHAJT K HCMOJHCHUI0 CTYAECHT:

I'pynna DPUO

Hoanucn JlaTa

2JIM02

Baimyminna Pay3a PenatoBHa

01.03.2022




3AJAHME JIJISI PA3JIEJIA
«COLMAJBLHASI OTBETCTBEHHOCTDb»

CryneHry:

I'pynna DPUO
2JIM02 Bamuymmna Paysa PenatoBra

IIxoJa HIITP OTtnenenue OTtneneHne XUMIYECKON HHKCHEPUT

(HOL)
YpoBennb MarucTparypa HanpasJjenue/ 18.04.01 Xumuueckasi TEXHOJIOTH
o0pa3oBanus CHeNHATbHOCTh TOTIMBA U rasa
Tema BKP

I/Icc.ﬂeszaHne BJIMAHUA NOCTOAHHOI'O MArHUTHOI'O IMOJISI HA HU3KOTEMIIEPATYPHbIE
CBOMCTBA AU3€JIbHOI0 TOIJINBA

Hcxoanble jaHHble K pa3aeny «CounajabHasi 0TBETCTBEHHOCTbY

Beenenue

XapakTepHucTuka 00BeKTa
UCCIieIoBaHus (BEIIECTBO, MaTepHall,
npudoOp, aIrOpUTM, METOJIHMKA) U
00JacTu ero NpUMEHEHHUS.

Onucanune paboyeil 30HbI (paboyero
MecTa) Npu pa3paboTKe MPOEKTHOI'O
PELICHHS/TIPH IKCIUTyaTalluu

Ob6vexm ucciredosanus — au3enbHas Gppakius.
Obnacme NPUMEHEHUSL: XUMHYECKast
MIPOMBINIIICHHOCTD.

Pabouas sona — nabopatopHoe nomemenne OXU
TITY.

Pazmepvr nomewenus: 20%10 m.

Ilpubopwr u ob6opyodosanue pabouell 30Hbl — arnapar
JUIs ompeneicHus (PaKIMOHHOTO COCTaBa He(TH H
HE(PTENPOAYKTOB, ammapar Ui OJKCIpecc-aHaIn3a
HU3KOTEMIIEPATypPHBIX CBOICTB, TEPMOCTAT.

Pabouue npoyeccvl,  cesazanHble ¢ 00vLEKMOM
UCCNeO08AHUS, OCYUeCMBNIouuUecs: 6 paboueli 30He:
OTTOHKA JU3€JIbHONH (pakuMM C UCXOAHOro 0oOpasla
He(dTH, 00pabOTKa MAarHUTOM OTOTHAHHOTO JTU3EJs,
MIPOBEICHHE HCIIBITAHU T Ha YCTaHOBJICHHE
HU3KOTEMIIEPATYPHBIX CBOMCTB, MIIOTHOCTH, BSI3KOCTH.

IlepeueHp BONpPOCOB, NOJIEKAIIMX UCCIEJOBAHHIO, TPOEKTUPOBAHUIO U pa3paboTKe:

1. [IpaBoBbIe U OPraHU3aNMOHHbIE
BOIIPOCHI 00ecredeHnst
0e3onmacHocTH Npu pa3padoTke
NMPOEKTHOI0 pPelIeHNs:

- CrienuaaIbHbIe
(xapakTepHbIe MPU IKCILTyaTaluu
00BEKTa HCCICIOBaHNUS,
MPOEKTUPYeMO pabodeil 30HBbI)
MpaBOBbIE HOPMBI TPYAOBOTO
3aKOHO/ATEIIbCTBA;

- OpTraHHu3allMOHHBIC
MCPONPUATHA ITPU KOMIIOHOBKE
paboueii 30HBI.

- Tpynosoit konekc Poccuniickoit denepanuu ot
30.12.2001 N 197-®3 (pen. ot 01.04.2019

- TOCT 12.4.011-89 (CCBT). Cpexnctsa 3a1uThl
paborarommx. O01me TpedoBaHus 1
KIaccupuKanus

2. IIpousBoacTBeHHast 0€30M1ACHOCTH
npu pa3padorke NPOEKTHOI0
peuieHus:

- AHAJIN3 BBISIBJICHHBIX
BPCAHBIX U OIMACHBIX
MIPOU3BOJICTBEHHBIX (PaKTOPOB

OnacHvie paxmopoi:

- MPOU3BOICTBEHHBIE (PAKTOPHI, CBA3AHHBIE C
AIIEKTPHUYCCKUM TOKOM, BBI3BIBAEMBIM Pa3HHUIICH
JIEKTPUUYECKUX TTOTEHIIMAIIOB, MO/ JICHCTBUE
KOTOPOTO TOMaaaeT paboTaroIuii.

Bpeouvie ghaxmopwi:

- TOBBIIIICHHBIA YPOBEHbD IIyMa;




— pacyer ypoBHsI OIIACHOTO
WA BPETHOTO TIPOM3BOJICTBEHHOTO
dakropa

*OTCYTCTBUEC UJIM HEAOCTATOK HGO6XO,Z[I/IMOI‘O

HCKYCCTBCHHOI'O OCBCHICHUSA;

- IEUCTBUE XUMHUYECKUX BEILECTB;
- IPOM3BOICTBEHHBIE (PAKTOPBI, CBA3AHHBIC C

AHOMAJIbHBIMU MUKPOKJIIUMATUYCCKUMHU ITapaMETpaMu
BO3IYIIHOM Cpe/ibl HA MECTOHAX 0XKICHUH
paboTaro1ero.

Cpeocmea  3awumvl:  YCTPOWCTBA  3allIUTHOTO
3a3eMJICHUST W 3aHYJICHHS, yCTPOWCTBA IS
BEHTHWISIIUM W OYUCTKH BO3AyXa; MPOTHBOIIYMHBIE
BKJIQAbIIIH,; 3aIIIUTHLIC OTPAKICHUA.

Pacuem: pacueT cUCTeM UCKYCCTBEHHOTO OCBEIIICHHS.

3. DkoJioruyeckas 0€30MacHOCTL
Npu pa3padoTKe MPOEKTHOI0
pelieHust

Bosoeticmsue na cenumebHy!0 30Hy: BO3ICHCTBHE
MUHHMAJIbHO, HE YYUTHIBACTCS B paboTe.
Bosoeticmsue na numocghepy: cOpoc TBEpAbIX
OTXOJIOB, TAKMX KaK IUIACTHK, Oymara.
Boszoeticmsue na euopocgepy: cOpoc oXIaxIaroneH
BO/JIBI.

Bosoeticmsue na ammocghepy: BEIOPOCH U3
BEHTHJISIIIHOHHBIX CUCTEM, COJICPIKAIINE HIU3KUE
KOHIICHTPALIUK YIIICBOJJOPOIOB; TEINIOBOES
BO3/ICHICTBUE BCIICICTBUE UCTIAPEHUS YaCTH
OXJIAXKIAKOLIEN BOJBI.
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Pedepar

Brinycknas kBanudukaimontsas padota cogepkut 90 crpanun, 17 pucyHKoB,
37 Tabnui, 41 ncrouynuk, 1 MpuIoKeHUE.

PaboTa cocTtouT M3 BBEIECHMs, OCHOBHOM 4YacTH, BKJIOYAroleld B ceOs MATh
IJ1aB, 3aKJIIOYEHUS U CIIMCKA UCTIOIb30BAHHBIX HCTOYHUKOB.

KimroueBsie  cioBa:  marHuTHas ~ 00pabOTKa, JU3EIBHOE  TOTUIHMBO,
HU3KOTEMIIEpaTypHbIE CBOMCTBA, MArHUTHOE T0JIE, TOTUIUBO.

OOBEKTOM HWCCIICIOBAHUS SABJSIOTCS  OOpas3Ibl TOBAPHOTO JIU3EIBLHOTO
TOIUIMBA, TU3ENIbHBIX (pakiuil. [IpeameTom ucciaenoBaHus — HU3KOTEMIIEpATypHbBIC U
PEOJIOTMYECKUE XapaKTEPUCTUKH JTU3EIIbHBIX (PPaAKIUH.

[enb pa®oOTHI 3aKJIIOYAETCSl B UCCJICIOBAHUHU U BBISIBICHUU 3aKOHOMEPHOCTEN
BIIUSHUS TMOCTOSHHOTO MAarHUTHOTO TMOJsI Ha HU3KOTEMIIEpATypHBbIE CBOWCTBA
JIA3EIbHBIX TOIUJIUB.

B nanHoOli paboTe Ha O0OCYXKJ€HHE BBIHOCUTCS BOMPOC OO0 OCOOEHHOCTAX
COCTaBa JAM3EJIIBHOTO TOIUIMBA, BIUAS HAa KOTOPbIE MOXHO  YJIy4lIaTh
HU3KOTEMIIEpaTypHbIE CBOMCTBA HEPTEMPOAYKTA C TOMOIIBIO MATHUTHONU 00pabOTKH.
Taxxe npoaHaIM3UPOBaHbl PE3YIbTATHl MCCICIOBAHUNA BO3JAECHUCTBUS INOCTOSHHBIX
MarHuTOB Ha JIETKYIO U TSDKEIYIO Au3eibHbie ¢pakimu. Ha ocHoBaHWY MpoieIaHHOM
paboThl ObLJIa MPOU3BEICHA OIIEHKAa BO3MOXHBIX BAPUAHTOB BHEAPEHUS MarHUTHOM
00pabOTKH B IPOU3BOJICTBEHHBIC MPOIICCCHI.

B pesynpraTe wuccienoBaHus ObUIM TOJYYEHBI OOIME 3aKOHOMEPHOCTHU
BIIMSIHUSL TIOCTOSSHHOTO MAarHUTHOTO TIOJiE Ha HU3KOTEMIIEpaTypHbIE CBOWCTBA
JTA3EIbHBIX TOILJIUB.

O6nacTh TPUMEHEHUS — XUMHUYECKas IPOMBIIIICHHOCTh, TPY30BbI€, JIETKOBBIE

aBTOMOOMJIH.
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BBenenune

Huzensroe TorumBo (T, nu3ensb) ucnosib3yercs mOBCEMECTHO, CTOUT BTOPHIM
B pEUTHHIE IO MOMYJISAPHOCTH Cpeaud TOIuB Tocie OeH3uHa [1]. OCHOBHBIM
noTpeduTeNeM  SBISETCA  JKENE3HOJOPOXKHBIA  TPAHCHOPT,  PaCHpPOCTPAHEHBI
aBTOMOOWIH, padoTaronIue Ha au3ere, Kak Ipy30Bble, TaK W JETKOBBIC, BOJHBIN U
CEJIbCKOXO3SMCTBEHHBIA TPAaHCHIOPT. J(M3€lb MCMOJIB3YIOT KaK TOIUIMBO B KOTJIAX
OTONUTENIBHBIX CHUCTEM W CTallMOHAPHBIX 3JekTpoctanimii [1]. Tako#t mmpoxwmii
CIEKTP HCIOJIh30BaHUS TOIUIMBA BJIEYET 3a COOON COOTBETCTBEHHBIE OOBEMBI €O
MPOU3BOJICTBA, KOTOPhIE HEYKIOHHO PacTyT C KaxabiM romoM. Ha pucynke 1.1

MNpcaACTaBjiICHa JTUHAMHKA ITPOU3BOACTBA ]_—[T B Poccum.
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Pucynok 1.1 — Beimyck au3enbHoro Tormvea B Poccnn [2]

bonwmas gacts T nmpousBoautcs B [IpuBomxckom eneparbHOM OKpyTe, 3a
2021 rox B cyOonekTe ObL0 mpousBeneHo 43,8% ot obmiero oobema. HykHo Takxke
ormeTuTh poct 1eH Ha [T, B nmepuon 2019-2022 rr. cpenHue UeHbl NpOru3BOAUTENEH
BbIpocu Ha 29,6%, Hambombinee yBenuueHue mpousonuio B 2022 romay, TeMi
npupocta coctaBui 21,9% [2].

K JT, xak u K ApyruM BUJaM TOIUIMB, TMPEIBSABIACTCS Pl TpeOOBaHUU

KacaemMo pa3jIMYHOro poja CBOMCTB, B TOM YHCIE W HU3KOTeMIeparypHbIX. Jlis
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HOPMAJIbHOW  JKCIUTyaTalliud  JBHUTATENsl HEOOXOAWMMO, YTOOBI TeMIeparypa
nomyTtHeHHs /[T Oblna HUXKE TeMIepaTypbl OKpYXKaromiero Bo3ayxa. I B HEeKOTOpbIX
peruoHax Halled cTpaHbl 3TO TpeOOBaHHE YAOBIETBOPUTH He Tak mpocto. AT c
HAaUMEHBIIUM 3HAYEHUEM TEMIIEpaTyphbl 3aCTHIBAHUS — APKTHUYECKOE TOIUIMBO —
MOJYYalOT IIYTEM CMEMIEHUS MPSMOTOHHBIX, THAPOOYMIIEHHBIX ¥ BTOPHUYHOTO
MIPOUCXO0K]ICHHUS YTIIEBOIOPOIHBIX (Ppakiiuii ¢ TeMiepaTypoi Beikunanus 180-330 °C,
TakKe 00aBJICHUEM JACTIPECCOPHBIX MPHUCaIOK [3, 4]. OueBHIHBIM ABJISICTCS TOT (PAKT,
YTO TaKOW BUJ TOIUIMBA HE OTJIMYAETCS CBOEH JIOCTYNMHOCTHIO B ((MHAHCOBOM ILIAHE.
A B CBSI3M C T€M, YTO B MOCJIEIHEE BpeMs PE3KO BO3POC MHTEPEC K OCBOCHUIO U
Pa3BUTHIO OTJAJICHHBIX CEBEPHBIX PETUOHOB (BBI3BAHHBIM COCPEIOTOYCHUEM Ha
Tepputopun 6osee 25% MHUPOBBIX 3amacoB HehTH U Ta3za [5]), cpoc Ha TaHHBIA BUJ
TOIUIMBA OYAET TOJBKO PaCTH.

OnHUM U3 HOBBIX, MAJIOM3YYEHHBIX METOJIOB 0OPAaOOTKHU TOIJIMBA CUUTACTCS
MarHuTHasi oOpabotka. Ilociennue padoThl B AaHHOW OOJACTH JEMOHCTPUPYIOT
IOJIOKUTEIBHOE BIIMSHAE MAarHUTHOW 00paboTku Ha cBoiicTBa [T [6-12], B TOM uncie
Y HU3KOTEMIIEPATYPHBIE.

AKTyaJIbHOCTh palOThl 3aKJIO4aeTcsi B HEU30E€KHOM pPOCTE CIpoca Ha
JU3eJIbHOE TOTUTMBO C HanboJiee MPUMEHUMBIMU TIOKA3aTeNIMU HU3KOTEMITEPATyPHBIX
cBolcTB. HcciienoBanusi BAMSIHUST MArHUTHOTO TIOJsi HAa HU3KOTEMIIEpATypHbIE
CBOMCTBA JW3EJBHOTO TOIJIMBA HAyaThl OTHOCUTEIBHO HEJABHO, HO YK€ JAaroT
MOJIOKUTEIIBHYIO TUHAMUKY [6-12], a Takke OTIMYaroTCs CBOSH AKOJOTHYHOCTHIO U
0e3peareHTHOCTHIO.

[enb pa®oOTHI 3aKIIFOYAETCS B UCCJICIOBAHUU U BBISIBJICHUU 3aKOHOMEPHOCTEN
BIIMSHUSL TOCTOSHHOTO MAarHUTHOTO TMTOJiI Ha HU3KOTEMIIEpaTypHbIE CBOWCTBA
JIM3EILHOTO TOIUIMBA C MOCJIEAYIOIMIUM PACCMOTPEHUEM BO3MOXKHOCTEH BHEIPEHUS
MOJIYYEHHBIX PE3YJIbTATOB B IKCILTyaTaIUIO.

J1J1s1 BBITIOTHEHUS TIENTM ObUTH TTOCTABJICHBI CIEAYIOIINE 3aa9Hn:

MU3y4YEHUE MEXAHU3Ma BO3JIEMCTBUSI MATHUTHOTO 1oJist Ha JT;
MpOBe/ICHHEe MarHuTHOM oOpabotku ToBapHoro JIT, cpaBHeHue ero

XapaKTEPUCTHK J0 U TIOCIIE MAarHUTHOW 00padOTKY;
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MPOBEJICHNE MArHUTHOM OOPaOOTKH JETKOHW M TSDKEJIOW MPSMOTOHHOU
TU3eITbHOM (paKkuy, CpaBHEHNE XapaKTEPUCTHK JI0 U Tociie 00paboTKH;
aHaJIU3 TOJYYEHHBIX PE3YJIbTATOB, BBIABICHUE 3aKOHOMEPHOCTEH
BIIMSIHUS IIOCTOSIHHOTO MarHUTHOT'O I10JISI HA HU3KOTEMIIEPATYPHBIE CBOKCTBA,
pacCMOTpPEHHE BO3MOXKHBIX BAapUAaHTOB BHEAPEHUS  PE3YJIbTATOB
VCTIBITAHUWA B TPOU3BOJICTBO;
OlLlIeHKa MoJib3bl, 3ppextuBHocT HU, cocTaBieHue sTanoB peaau3zanuu
IIPOJYKTOB IIPOEKTA;
PacCMOTPEHHUE MPOEKTA C CTOPOHBI COLTUATBHON OTBETCTBEHHOCTH.
Hayuynass HoOBU3HA paboOThl 3aKJIIOYAETCs B HUCCIECIOBAaHUM  BIMSHUS
BBICOKOIHEPTE€TUUECKUX  IOCTOSHHBIX ~ MarHUTOB,  BKJIIOYAIOIMIUX B  cels
peAKO3eMeNbHbIE METAIIbI, HA U3MEHEHUE (PU3NYECKUX CBOWMCTB JIU3EIbHBIX TOIUIMB,
B YaCTHOCTH, HU3KOTEMIIEPATYPHBIX.
[IpakTrueckass 3HAYMMOCTh PabOThI: MPEAJIOKEH ATbTEPHATUBHBIA BapHAHT
CHW)KEHUSI HU3KOTeMIepaTypHbIx cBoicTB [T, mpuMeHeHne MarHuTHOM 0OpabOTKU

CHOCO6CTByeT YIYUIICHHUIO HU3KOTCMIICPATYPHBIX CBOMCTB AN3CIIbHBIX TOIIJIMB.
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1 JlutepaTypHbIii 0030p

1.1 IuzesibHOE TOIJIMBO M €0 XapaKTePUCTUKA

JluzenbHOE TOIUIMBO — HE(MTENPOIYKT JKEJITOTO0 HJIM CBETIO0-KOPUYHEBOTO
IIB€Ta, OCHOBY KOTOPOT'O COCTaBJISIIOT YIJIEBOJOPOJBI C TeMIEpaTypaMH KUIICHHUS OT
200 1o 350 °C. ITnoTHOCTE )uaKocTH Konebnercsa B auanasone 0,80 - 0,83 xr/me [1].

ToBapHoe fAu3enbHOE TOIUIMBO IIOJy4YalOT KoMmmOayHaupoBanueM [3].
OcHoBHBIM KOMIIOHEHTOM [[T SBISIOTCS TPSIMOTOHHBIC JU3EIbHBIE (PaKINH,
MPOMIEAIINE 3TAll TUAPOOUUCTKH. JJOMOIHUTENBHBIM — JIETKAN Ta30MIIb, MOJYYECHHBIN
Ha YCTAaHOBKAX KaTaJUTUYECKOTO KPEKHHra. B mocneaHue roapl, B CBSI3U C PE3KUM
YBEIIMYEHUEM KOJIMYECTBA JU3ENbHBIX JBUTATEICH M TOTPEOJICHUS] JTU3EIbHBIX
TOIUIMB, CTPOSIT BCE OOJIbIIIE YCTAHOBOK THJIPOKPEKUHTA, KOTOPBIC TMO3BOJISIOT
yBennuuBath noreHuran HII3 mo BeIMyCcKy AW3ENBbHBIX TOIUIMB, HO M YJIy4llaTh UX
Ka4ueCTBO. JTall TUAPOOYUCTKH TaKXKe MO3BOJISIET YBEIMYUTH 1IETAHOBOE YUCIIO.

B cuny storo JIT no cBoeMy XMMUYECKOMY COCTaBY MPEACTABISIET CI0XKHYIO
cMech: ankaHoB (10-40%), nuknoankaHoB (20-60%) u apoMaTUYECKUX COCTUHECHUI
(14-30%) u ux npousBoAHbIX [4]. HempenenbHBIX YyrIeBOAOPOAOB B JIH3CIbHBIX
TOIUUIMBAX MPAKTUYECKU HET. Takke B COCTaB MOTYT BXOJUTh B HE3HAYUTEIHLHOM
KOJIMYECTBE CJICAYIOIIME DJIEMEHTBI: CMOJIMCThIC, CEPHUCTHIC COCIWHEHHS, BOJA,

MexaHnueckue nmpumecu. Cpennsisi MoiekyisipHas macca JT HaxoguTcs B mpenenax

ot 110 mo 230.

1.1.1 TpeGoBaHus K IN3e1bHOMY TOIJIMBY

HuzenbHoe tormBo pernamentupyetr I'OCT P 52368-2005. B cooTBercTBUI

¢ [13] AT nomxHO cOOTBETCTBOBAThH TPEOOBAHUSAM, MMPUBEACHHBIM B Tabuie 1.1.
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Tabmuna 1.1 — TpeboBanus K TOIITUBY

[Tokazarenn 3HavyeHne
LleranoBoe 4mClI0, HE MCHEE 51,0
LleTanoBEIl UHIEKC, HE MEHEE 46,0
[TnotrocTh 1ipH 15 °C, Kr/m° 820,0-845,0
[Tonuuuknuyeckue apomatuueckue yrieBoaoponsl, | K3, K4 11
% (mo macce), He Ooiee K5 8
ConeprxaHue cepbl, MI/KT, HE OoJiee K3 350

K4 50

K5 10
TemmnepaTypa BCIIBIIKY B 3aKpbITOM THUIIIE, °C, BhIlEe | K3 40

K4, K5 55
Kokcyemocts 10%-H0ro ocraTtka pa3roHku, % (1o macce), He 6osee 0,30
3ompHOCTB, % (110 Macce), He Oolee 0,01
ConeprxkaHue BOJIbI, MI/KT, HE OoJiee 200
Kunemarnyeckas Bsizkocthb mipu 40 °C, MM?/c 2,000-4,500
@OpakIMOHHBIA COCTAaB:
npu temreparype 250 °C, % (mo oobemy), MeHee 65
npu temieparype 350 °C, % (o o6vemy), He MeHee 85
95% (1o 00bemy) neperonsiercs mpu temieparype, °C, He BbIIIIe 360
Copep:xaHne METHJIOBBIX 3(HPOB KUPHBIX KUCIOT, % (110 00beMy), He 6osee | 7,0

Taxxke T xnaccuuuupyroT B 3aBUCUMOCTH OT KJIUMATHYECKUX YCIOBUIM
MECTHOCTH, B KOTOPOM €ro OyJyT HCIOJIb30BaTh. JIeTHEE U MEXKCE30HHOE TOILIUBA

pazzenstorcs Ha copta B 3aBUcUMOocTH oT [IT® (Tabnuua 1.2).

Tabnuna 1.2 — JIu3enbHOE TOIUIMBO )1 PalOHOB C YMEPEHHBIM KiinMaToM [13]

Copt A B C D E F
I[IT®, °C, e BoIIE | +5 0 -5 -10 -15 -20

B cBoro oucpcab 3UMHCC U APKTHUYCCKOC TOILIMBA PA3ACIIAIOTCA Ha KJIACCHI,

JIOTIOJIHUTENIbHBIE TPEOOBAHUS K HUM MPUBEIEHBI B Tabuie 1.3.

Tabnuna 1.3 — JIuzenbHOE TOILTMRO JIs paiOHOB XOJIOIHBIM Kirmatom [13]

Copt 0 1 2 3 4
[IT®, °C, He BoIIIE -20 -26 -32 -38 -44
T-pa nomytHenus, °C, He BbIllIe -10 -16 -22 -28 -34
[TnotHocts nipu 15 °C, Kr/mM° 800,0-845,0 800,0-840,0
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[Tponomxenne Tadbmuis 1.3

Kunematnueckas Bsiskocthb 1pu 40 °C, Mmm?/c

1,500- 4,000

1,400- 4,000 | 1,200- 4,000

IleTraHoBoe yunciiO, HE MEHEE

49,0

48,0

47,0

IleTaHoBBIN UHAEKC, HE MEHEE

46,0

43,0

OpaKIMOHHBIN COCTaB:
1o temrepatypsl 180 °C, % (1o o6bemy), He Oosee

1o temreparypsl 340 °C, % (1o o0beMy), He MEHEe

10
95

TemnepaTypa BCHBILIKY B 3aKpbITOM TUTIIE, °C, HE

HUKE

55

40

30

O0603HaYeHUS] MapOK JIU3EIBHOIO TOIUIMBA BBITJISIUT CIEIYIOUIUM 00pa3oM.

[TepBas rpymma [13]:

. JT — nu3enbHOE TOIIMBO A1 aBTOMOOMIBLHBIX TH3CIbHBIX JIBUTATCIICH.

Btopass rpymma — OykBbl, 0003HayalwlIUe KIMMATHYECKUE YCIOBUS

npumeHenus [13]:
. JI — netHee;
. E — Mexce3oHHOE;
. 3 — 3uMHeEe;

e A — apkTHueCKoOE.

Tpetbst rpynmna — CUMBOJIBI, 0003HAYAIOIINE YKOJIOTHUECKHI KIJIACC TU3EITbHOTO

torusa [13]:

o K2 - conepxanmue cepsl He 6osee 500 mr/kr;

o K3 - conepxxanue cepsl He 6osee 350 mr/kr;

o K4 — conepxxanue cepsl He Oosiee 50 MI/KT;

o K5 — conepxanue cepst Menee 10 Mr/kr.

K auzensHOMY TOIIUBY NPEAbIBISETCS OOMIMPHOE KOJUYECTBO TPeOOBAHUM,

BCE OHM O0YCIIaBIMBAIOTCS PabOTOM JBUTATENs WM YCIOBUAMHM dKCIUTyaTalluu, WA

YCIOBUSIMHA TPAHCHOPTHUPOBKH, XPAaHEHUS TOILUIMBA. KOPOTKO MpUBEIEM MOSACHEHHUE K

HaJIMYUIO OIPAaHUYCHUI K 3Ha4YeHUsAM nokasareneut T.

OCHOBHBIM ITOKa3aTejieM AU3CIIbHOI'O TOIINIMBA ABJICTCA LHCTAHOBOC YMCIIO.

Ileran — TpuBHMaIbHOE Ha3BaHHe HOopMasibHOTO rekcanekana (CigHzg). Tlo yciaoBHO#M
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IKaJe ero eTaHoBoe Ynciio npuHATo 3a 100 enunauw. [Ipu BOpbICKMBaHUU TOILIMBA B
CKaThId BO3yX HOpMaJIbHBEIE MapaduHBI OBICTPO BCIBIXMBAIOT U MEIJICHHO TOPSIT.
[TomMuuKIn4ecKne apoMaTUYECKUE COCIMHEHUSI BOCILUIAMEHSIOTCS C 3aJIepkKKou. B
pe3ysbTaTeé B BBICOKOAPOMATHYECKUX TOIUIMBAX MPOUCXOAUT OYECHHb OBICTPOE
HapacTaHWe JaBJICHUS, YTO MPUBOAUT K KECTKOM paboTe nBuratens. B Hacrosmiee
BpeMs mpou3BoaiT [T co 3HaueHHEM LIETAHOBOT'O YKCJIa HE HIKE 45, B OTMETKE BbIIIE
60 HeT HEOOXOAUMOCTH, TaK KakK 3TO HE J1aeT MPUPOCT MOIIHOCTU JBUTATEIsl, HO
CYILIECTBEHHO YBEJIMYMBAET 3aTPaThl HA IPOU3BOJCTBO.

OT BS3KOCTM MW IUIOTHOCTH 3aBUCUT padoTa TOIUIMBHOM aBTOMATHKH,
AJIEMEHTOB TMOPIIHEBON TPyMIbl, CUCTEM (QUILTPOBAHUSA, OHU OOECICUUBAIOT
HOPMAJIBHYIO I[I0JIadyy TOIUIMBA, PAaCIbUIMBAHUME B Kamepe cropanus. TOIUIMBO B
CHUCTEME OJHOBPEMEHHO BBIMIOJHAET POJb CMA304YHOr0 Martepuaia. OrpaHn4nuBacTCS
KaK HWXKHHM, TaKk U BepxXHUM Ipenensl. [Ipu Henocratounou Bsskoctu T pacrer
M3HOC 4YacTeW JBUraTess, B IEPBYIO OYepelb, IUIYHXKEPHBIX IIap Hacoca U WIII
(GOpPCYHOK, TaKkKe MPOUCXOJUT MPOCAYMBAHUE TOTUIMBA MEXAY JCTAISIMU JIBUTATEIS.
[Ipu nipeBbIlIeHNN 3HAYEHUS BSI3KOCTH TOIUIMBO IJI0XO0 MPOKAYMBAETCsl, HEIOCTATOYHO
MEJIKO PACHbUISETCS, YTO MPUBOAUT K HEMOJHOMY CrOpPaHUIO, KakK CIIEICTBUE,
CHUKEHUIO 3 (PEKTUBHOCTH.

TpebGoBanus k ¢GpaklIMOHHOMY COCTaBY CBS3aHBI C PACHBbUICHUEM TOIUIMBA.
Bbonee nerkue ¢pakiuu Bo BpeMsi paclbUICHUs 00pa3yroT CIMIIIKOM MEJIKUE Karliu,
Hapylas IpOLECC CrOpaHus, TaKXKE OHM JIETYe MPOCAYMBAIOTCS MEXKIY IETAISIMU
nBurarens. bosee Tsokenble Gppakiuy MpU PaclbUICHUU 00pa3yloT KPYIHbBIC Karliu,
KOTOpPBIE HE CrOparT IMOJHOCTHIO, TEM CaMbIM TMOBBIIIAETCS PACXOJ] TOIUIMBA,
YBEIMYMBACTCSI KOJUYECTBO BPEIHBIX BBIOPOCOB. [Ipu 3HAUMTENTHHOM YTSKEICHUH
TOIJIMBA BBIXOJISIT U3 CTPOS PACTIBLIUTEIN (POPCYHOK B PE3yiIbTaTe KOKCOBAHUS, TAKKE
YBEIIMYUBAECTCSA KOJIMYECTBO HArapOB B 30HE LIWJIMHAPONOPIIHEBOU IPYIIIHL.

Permamentupyercs coaepxxanue cepol 1 ee coeannenui B 1T, B BUgy Hammuus
PSIMOM 3aBUCUMOCTH MEXY €€ KOHIIEHTpallue U YPOBHEM BPEIHBIX BHIOPOCOB.

Urto kacaeTcsi HU3KOTEMIIEPATYPHBIX CBOMCTB: JJIsl 00ecreueHnss HOpMaJIbHOU

9KCIITyaTallur ABUTATCIIA B XOJIOAHOC BPEMs roaa HCO6XO)II/IMO, YTOOBI TEMIICPATYPLI
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BBIMAJICHUSI KPHUCTAUIOB ObLIa HIDKE YEeM TeMIlepaTypa OKpYXalouleil cpenbl.
Brmanaroomue kpuctamisl napauHOB 3a0MBAIOT TOIUIMBHBIC (UIIBTPHI, IOJa4a
TOILJIMBA HAPYLIAETCA WIIN NIPEKPAILACTCS IIOJHOCTBIO.

PaccmoTrpum HU3KOTEMIIEpaTypHBIE cBOVicTBA T M BapraHThl X yJIy4IICHUS.

1.1.2 Hu3zkoTemMnepaTypHble CBOCTBA IU3e/bHBIX TOIJINB

Huskoremnieparypabsie cBoiictBa [T ompenensroTcss comepkaHueM B HUX
BBICOKOIUIABKUX YTJIEBOJOPOIOB U BOJIbI, XapaKTepU3yeMbIe MMOKa3aTEISIMU:

- TEMIlepaTypa TOMYTHEHHS - TEeMIlepaTypa, IpU KOTOpoil Tepsercs ¢azoBas
OJTHOPOJTHOCTh TOIUIMBA W3-3a TOSBIICHUS B HEM KPHUCTAJUIOB MapaduHOB W JIbJA.
Kpuctamisl 3akynopuBaioT TOpsl (QUIBTPOB TOHKOM OYHCTKH, Hapyllas MOAaqy
TOILJIMBA K HACOCY BBICOKOTO JIaBJICHUS U K popcyHKam [4];

- TipeienibHast  Temrnepatypa ¢uiabtpyemoctu (IIT®D) - wnambosee BbICOKas
TeMIlepaTypa, Mpu KOTOPOH JIaHHBIN 00bEM TOILIMBA HE MTPOXOIUT Yepe3 CTAHIaPTHHIM
(GUIBTP B yCTAaHOBJICEHHOE BpEMs IIPH CTAaHAAPTU30BAHHBIX YCIOBHSIX OXJIaKICHHUS,

- TEMIIepaTypa 3acTbIBAaHUA — TEeMIEparypa, MpU KOTOPOH HEPTEHPOIYKT B
CTaHJAPTHBIX YCIOBUSIX TE€PSET MOJIBHKHOCTb.

B nensax obecriedeHnss XOpOMIMX HU3KOTEMIIEPATYPHBIX CBOWCTB 3UMHIOIO H
ApPKTUYECKYI0 Pa3HOBHIHOCTH JU3EJIBHOTO TOIUIMBA TOJYYarOT W3 Oosiee JETKUX
dpaxuii, yuem netHro0. W ke TpoBOAWTCS JoporocTosias AemapaduHU3aIus.
Kpome Toro, B apkTuyeckoe JU3eIbHOE TOIUTMBO BBOASTCS CHEIMAIBHBIC TPUCAIKHU,
MPUBOJISIINE K YBEIIMYEHUIO €T0 1I€TAHOBOTO YUCIIA.

Ha mpaxTike uCnoip3yoTcsl TPH METOAA YIYUIIeHUs HU3KOTeMIIepaTypPHBIX
cBOMCTB [3, 6]:

1. CHmKeHHE Ccolep)KaHUsS TSOKENBIX (Qpakiuil (MOHMKEHHE TEeMIIepaTyphl
KOHIIa KWIIEHUs TOIUIMBA) W/WJIM BOBJeUYeHHUE Oosiee jerkux (paxuuii (6eH3uH /
kepocuH). HemoctaTkamu naHHOro crnocoOa SIBIISIIOTCS CHIKEHHE CMa3blBaOLIUX
CBOWCTB (BEIET K pOCTy H3HOCA JBHraTeis), MOHMKCHHE IIETAHOBOIO YHCIIA,

BO3MOKHOC paCCIIOCHHUC CMCCH.
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2. [Ipumenenue nenpeccopHbix npucaaok. [Ipu ncmoap30BaHny 1eMpPecCcaHnToOB
BEIPAaOOTKAa TOTUIMBA HE CHIDKAETCSA, OJIHAKO OHH TO3BOJIAIOT CHHU3UTH JIMIIb
TEMIIepaTypy 3acThIBaHUS U Majo BIMSIOT Ha TEMIIEpaTypy IMOMYTHEHHUS, YTO
OTPaHUYHMBAET BOZMOKHOCTH UX TIPUMCHEHHUSI.

3. HaubGonee 3(pheKTUBHBIM CIIOCOOOM SIBIISIETCS NMIPUMEHEHHE TEXHOJIOTHH,
MO3BOJISIONIMX MYTEM HW3MEHEHHUs VYTIEBOJOPOJAHOIO COCTaBa TOIUIMBA CHU3UTH
TEMIEPATYPhI 3aCThIBAaHUS, TOMYTHEHHS U (PUIBTPYEMOCTH. DTOT COCOO MO3BOJISIET
BOBJICKATh JIOTIOJHUTENIbHOE KONIMUeCTBO Tspkenbix (pakumii B AT u yBenuuuBars,
TakuM 00pa3oMm, MPOU3BOJCTBO TU3ETHLHOTO TOTIMBA.

VYnydienne Hu3kotemnepaTypHbix cBOMCTB JIT crocoOCTByeT MOBBIMICHUIO
3¢ (HEKTUBHOCTH €0 UCIOJIB30BAHUS U BOBMOXXHOCTH TPAHCIIOPTUPOBKH.

OgauM W3 HETPAAWITMOHHBIX METOJIOB OOpaOOTKM TOIUIMBA SBIISETCS
MarHuTHasi oOpaboTka. B mocrnenHee BpeMsi aKTUBHO BeayTCs pabOThI TIO
UCCJICIOBAHUIO BJIMSHUS MOCTOSHHOTO MarHUTHOTO TOJIsi HA HU3KOTEMIIEPaTypHbIE
cBorictBa /[T, Ha qaHHOM HTane yxe HaOJIIoAaeTCs MOJI0KUTENIbHAS JUHAMUKA TaKOTO
BO3NelicTBUs. B nuTeparype Hapsaly C TEPMHHOM «MarHuTHass o0paboTka
BCTPEUAIOTCS TaK¥Ke TaKwue, KaK «OMarHUIMBaHUC, «aKTUBAIHSY,
«KOHIMIIMOHUPOBAHUE», «HHAYIUpOBaHHe» M apyrue [6]. B ciemyromem pasnene

PacCMOTPUM CBOMCTBA MArHUTHOTO TOJISI.

1.2 MarauTHoe 1moJjie

MaruutHoe TmoJie — 3TO CHJIOBOE IOJje, ACHCTBYIOIIEE Ha ABMKYIIUECS
JIEKTPUUECKUE 3apsiapl W Tena, oOjajaronue MarHUTHBIM MOMEHTOM. Ha
HETIOJIBI)KHBIC 3apsi/Ibl MArHUTHOE T0JIe HE AeMCTBYyeT. MarHuT — Teno, ob1aaaromiee
MarHUTHBIM TOJIEM.

XapaKkTepuCTUKHA MarHUTHOTO mouts [14]:

obOpasyeTcs Ipu NepeMelIeHU! 3apsa;

pacIpoCTpaHsETCsl CO CKOPOCThIO CBETA B BAKYYME;
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MarHuTHas UHAYKIYA B — BeKTOpHAs BeIMUKMHA, XapaKTepU3yrolas CUiy
noJis ¥ ero Hanpasienue, Ti (Tecna). [Ipu nocTostHHOM 3HaueHuu B nose Ha3bIBaeTcs
MTOCTOSIHHBIM, TIEPEMEHHBIM NIPU U3MEHEHUM MAarHUTHOW MHIYKIIMM CO BPEMEHEM B
Ka)KIIOU TOYKE;

MarHuTHeli moTok @ — ckamgpHas (Qusnueckas  BeIUYMHA,
XapakTepu3yrmas KOJIUYECTBO JIMHUM MArHUTHOM MHAYKIUHU, MPOXOIAIINX 4Yepes3
enununy miomaznu, Bo (Bedep) [14]:

& =BScosa,
rae @ — MarHUTHBIA TIOTOK, B - mHAYKIMS, S — mI0manp KOHTypa; o — Yo
MEXIY BEKTOPOM HWHAYKIIMA M HOPMaJbIO K IUIOCKOCTH KOHTYpa, 4e€pe3 KOTOPbIN
MPOXOJUT MOTOK;

MarHuTHasi MPOHUIIAEMOCTh | — KOIGOUIIMEHT, ONpeaeIIIONIHii
MAarHWTHBIE CBOMCTBA CpENbl, XapaKTEpU3YIOIIUKA CBA3b MEXKAY MAarHUTHOU
WHIYKIUEH HAMPSY)KEHHOCThIO MAarHUTHOTO TOJIS.

Cuna JlopeHiia — cuiia, ¢ KOTOPOH MarHMUTHOE TOJIe ICHCTBYeT Ha 3apsn [14]:
F-q[v-B],
rae g - 3apsij, v - €ro CKOpOoCTh B MArHUTHOM T10Jie, B - uaayknus, F - cumna
JlopeHua, ¢ KOTOpoil moJie AEUCTBYET Ha 3apsi/l.
M cTOYHMKN MarHUTHOTO MOJIS:

AIEKTPUUYECKOE T10JIE, U3MEHAIOLIEECS BO BDEMEHU;

MTOIBUKHBIC 3apsI/Ibl;

MMOCTOSIHHBIE MAarHUTHI.

OCHOBHBIMM TTapaMeTPaMH BO3AECHCTBUS MOCTOSHHOTO MArHUTHOTO TOJS HA
MOTOK JKUJIKOCTU (MarHUTHOMW 0OpabOTKH), BIUSIOMMMU Ha €€ d(PPEKTUBHOCTD,
SBJISIIOTCSI MarHUTHAsl WHIYKIIUS, CKOPOCTh MOTOKA B aKTUBHOM 30HE, KOJIMYECTBO
MEePEeCceUCHU! MarHUTHOTO TOJIsI, TEMIIEpaTypa Cpeibl.

Hanbonee 3HayuMo BJIMSTHUE MArHUTHOTO TOJIS MPU CKOPOCTHU TEPECEUCHUS
YIJIEBOJOPOAHBIM ChIPHEM AKTHMBHOIO 3a30pa B MHTEPBAJIC 3HAYECHUM OT JECATHIX HO

COThIX AO0JIM MCTpa B CCKYHAOY. BaxneiM MOMEHTOM  SBIISIETCS YCIIOBUC
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NEPHEHANKYJIIPHOTO NEPECEUEHUs] JTMHUI MArHUTHOTO TOJII U HAIIPaBJIEHUS MOTOKA
XKuAKocTd. bonee moapoOHO MBI pacCMOTPUM MEXAaHHM3M BO3JIEHCTBUS MarHUTHOTO

IIOJIA1 Ha TOINIMBO B CICAYIOIICM pa3aciic.

1.3 Bo3aeiicTBMe MArHUTHOTO MOJIsl HA YIJI€BOJAOPO/AHbIE CMeCH

PaccMoTpuM 4emM OOOCHOBBIBACTCSl TOJOKUTENBHOE BIUSHHUE MarHUTHOM
00pabOTKM Ha HU3KOTEMIIEpaTypHbIe CBOWMCTBa Mu3TOIUIMBA. HayuHoe cooOiiecTBo
pacxoAuTCs BO MHEHUU OTHOCHUTEIBHO MEXaHW3Ma BIIMSHUS MarHUTHOTO TOJIS Ha
HedTenponykr. PaccMoTpum 06€ Bepcum.

Kak roBopmioch paHee B OOJBIIMHCTBE CBOEM HAa HU3KOTEMIIEPATYpPHBIE
CBOMCTBA AM3TOIUIMBA OKA3bIBAIOT BIMAHHE TMapaduHBl, TaK KaK OHH HUMEIOT
HAUBBICIIYIO TEMIIEPATYPy 3aCThIBAaHUS.

Jlu3enbHOE TOIUIMBO MOKHO PAacCMOTPETh KAaK KOJUIOMAHYIO CUCTEMY, TJE
aucnepcHor (pa3oil BHICTYHAOT accolMarbl napauHOB, Ha MOBEPXHOCTU KOTOPBIX
azcopOMpoOBaHbl MOJEKYyJIbl cMoid. Jlo MarHuTHOM 00paboTku mnapaduHOBBIE
COCMHEHHSI XaOTUYHO pacIipesie]ieHbl BO BceM 00BbeMe, MOCe — JOCTUTAEeTCs HeKas
YIOPSA0YEHHOCTh,  XapaKTEpU3YIOIIasiCsl  PE3KUM  YBEJIMYEHUEM  LIEHTPOB
KPUCTAJUIM3ALMH 3a CUET Pa3pyLICHUs HAJAMOJEKYJSPHBIX CTPYKTYp, YBEIMUHUBACTCS
JTUCTIEPCHOCTh  cUCTeMbl. YacTuibl mapaduHa  MEHBIIEr0  pa3Mepa MpH
KPUCTAJUIM3allMM OKAa3bIBAIOT MEHbIIEE BIMSHME Ha CUCTEMY B ILEJIOM, CHIKas
TEMIEPATypy 3aCTHIBAHMUA.

PaccmoTpum oOpa3zoBaHue LHEHTPAIM30BAHHOM CTPYKTYPhI, OIIMCAHHOM BBIIIIE.
Jlo 00paboTKM MarHUTaMu YacTHUIBl HE OOJAAar0T JJIEKTPUUYECKHM 3apsaoMm. B
pesynbrate 00paboTK HECKOMIIEHCUPOBAHHBIC CIIMHBI OPUEHTUPYIOTCSI BO BHEIITHEM
MarHUTHOM I10JI€ B HAIllpaBJICHUU BEKTOpPA MOJIA. 3a CUET 3TOI0 MEHSETCS B3aUMHOE
pacmojoXeH’ue MOJEKYyJl U  HaJIMOJICKYJSIPHBIX — 0Opa3oBaHUM, MPOUCXOAUT
nepecTpoiika ¢ oopazoBaHueM 0oJiee YIMOPsI0YEHHON CUCTEMBI ¢ OOIBIITUM YUCIIOM

AUCIICPCHBIX YaCTUL, KaK TOBOPHJIOCH PAHECC.
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Bropas teopus ocHoBaHa Ha cuie Jlopenua. Ee npuBep:KeHIbl CYUTAIOT, YTO
B JIU3€JIbBHOM TOIUIMBE HAXOMATCS MOJIAPHBIE KOMIIOHEHTBI, KOTOPBIE MOJBEPKEHBI
JIBH>KCHUIO TIPU HAXOXKIEHUU B MOCTOSTHHOM MarHMTHOM Toiie. J[efCTBHE CHIIbI IO
JlopeHily HanpaBieHO NMEPIEHINKYIISIPHO BEKTOPY ABMKECHHS 3aPSHKEHHOW YaCTHULIBI.
Kak cnenctBue accommarsl paz0MBalOTCs Ha Oojiee MeENKUE (PparMeHThl, CUCTEeMa
CTaHOBUTCS Oozee nucrepcHol. OIHAKO, KaK M3BECTHO, IU3TOIIMBO COCTOUT M3
YTJIEBOJIOPOJOB HEMOISAPHBIX, OPraHU30BAHHBIX KOBAJICHTHBIMM CBS3AMHU. TaKuMm

06p&30M, CHJIa HopeHua HHUKaK HC MOJKCT BJIMATH HA CUCTCMY.

1.4 O630p naTeHTHOI JOKYMEHTALMH

Kak yxe roBopuiioch paHee Tema BO3JIEWCTBHS MAarHUTHOM 0OpabOTKM Ha
TOTUIMBO, B YaCTHOCTH, AU3EJIHHOE, HEOJHOKPATHO MOJHUMAJIACh B HAYYHBIX paboTax
CpeIu COOTCUECTBEHHUKOB M 3apyOeXHBIX HccienoBateneil. B ocHoBHOM
BCTpEYArOTCs paOOThl, LEIbI0 KOTOPBIX SBIISETCS CHM)KEHHE Pacxoja JHU3EeIbHOIrO
TOIUIMBA IyTeM ero OoJjiee MOJHOro cropanus. B »Tux paboTax wucciemoBaTenu
KOCBEHHO JIOCTUTAIOT €ll€ OJHOI0 pe3yJjbTaTa — CHMXKEHHS KOJHMYECTBO BPEIHBIX
BBIOPOCOB.

Kak BbIICHMJIOCH, IPUMEHEHUE TTOCTOSIHHOTO MAarHUTHOIO MOJS YMEHBIIAET
pacxo]; TOIUIMBA, COAEpP’KaHWE B HEM HECTOPEBIIMX YIJIEBOJIOPOJOB U MOHOOKCHA
yriepoja, IMOBHIIIAET TerIoBoi 3¢ ekt paborsl auratens [6, 9]. MaruutHas
00paboTKa CHUXKAET IIIOTHOCTh, BA3KOCTh, TOBEPXHOCTHOE HATSKEHUE U YBETUUMBAET
CTENEHb AMCHEPCHOCTH AM3EIBHOTO TOIUIMBA, YTO MPUBOJUT K OOpa30BaHUIO B
TOTUTMBOBO3AYIITHOW CMecU 0ojiee MEJIKUX Karellb, X TEPEeMEIIUBaHUEe C TOpsSYeH
ra3oBO3AYIIHOM Ccpelo W B UTOre — K Oojiee TOJHOLIEHHOMY CTOpPaHUI0
TOIIJIMBOBO3AYIIIHON CMECH.

PaccMmoTprm eBponenckui naTeHT, B KOTOPOM OIMCBHIBAKOTCS YCTPOMCTBA IS
MAarHUTHOM aKTHUBAIIMM TOIUIMB PA3JIUYHOrO TUMNA: OEH3MHA, AU3EIHHOTO TOIUIMBA,
KepOCHHa, Ma3yTa, MPUPOJHOr0 raza. B 3aBHCMMOCTH OT arperaTHOro COCTOSIHUS

TOIUIMBA TOAOMpaeTCsl HY)KHasi KOHCTPYKLMsS ycTpoiictBa. Ha pucynke 1.2
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MpeICTaBIeHa KOH(GUTYpaIUs, PUMEHsIeMas sl )KUJKUX WU Ta3000pa3HBIX TOTUIHB.

Paccmotpum ee nmoapoOHee.

10

Ve

Pucynok 1.2 — YerporicTBo MarHuTHOM 00padoTku [15]:
1 — xkamepa HaMarHWYWBaHMS; 2 — MITYIEP JJIS TI0IaYd TOILIMBA; 3 — MTYIep s
BBIXO/Ia TOILJIMBA; 4— MOCTOSHHBIM MarHUT; 6 — KOPIyC MarHUTOB; 8 — CMecUTeIbHas
kamepa; 10 — snekTposmsep; 20 — TMHUA 119 TOAaYU BOJOPOIHO-KUCIOPOTHOM

cMECHU

TorumBo B, mporekaromiee udepe3 KaMepy HaMarHWyuMBaHus |, 4acTHUYHO
aKTUBHPYETCS TMOCTOSIHHBIM MarHutoM 4. [lanpHeimnas akTuBaIusi HUIET 3a CYUET
MOAMEIIMBAHUS BOJOPOAA M KHUCIOPOJAa B CMECUTENbHOU kamepe 8. BomopoaHo-
KHUCJIOPOJHYIO CMECH MOTY4YaroT B AekTponusepe 10 myTeM 3iaeKkTpoiaun3a u3 BoAbl, 1o
auauu 20 oOHA TMOJAeTCd B CMECUTENbHYIO Kamepy 8. Bojopoa U Kuciopon
JMCTIEPTUPYIOTCA U PACTBOPSIOTCA B TOIUIMBE B B cMecutenbHOM kamepe 8, a 3aTem
ToruMBO B, oOoraiieHHoe BOJOPOJIOM U KUCIOPOJIOM, MEIJICHHO MPOXOJUT MEXIY
MarHuTaMH Kak MOKa3aHO CTPEJIKAMU Ha PUCYHKE.

bnarogaps takoit KOHCTpYKIMH 3(HPEKTUBHOCTH TOIIMBA MOBKIIIIAETCs OoJee
gem Ha 30% [15].

B cratee [9] paccmorpeno BimusHue MO Ha 3(pQPeKTHBHOCTH PabOTHI |
noBbiieHne HagexHoctu JIBC, a Takke YBEIMYEHHE SKOJOTMYHOCTH 32 CYET

CHU)KEHUS! BIOPOCOB. ABTOPBI MPOEKTA YCTAHOBWJIM MAarHUTHBIM TyHHENIb B HACOC
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neuratenst KAMA3 na crenze. [lo Mmepe npoxoxaeHus: AU3€IbHOTO TOIUIMBA B €T0
o0beMe yKpyHmHEHHbIE Karuid pa30uBaioTcs Ha Oojee MeENIKHe, Mpolece
CONPOBOK/JIAETCSI CHUKEHHEM IOBEPXHOCTHOIO HATSKEHHS. bojee MeNKue Karu
JIer4ye CroparoT, COOTBETCTBEHHO, YBEIMYMBAETCS MOJHOTA cropanus. Otcroga
CJIelyeT CHUXKEHUE BPEIIHBIX BbIOpOCOB B atmocdepy, B yactHoctu CO Ha 15%, u
pacxon ToriBa Ha 12%.

B nocnegHee BpemMss HaMeTWJach TEHAEHUUS K  HMCIHOJb30BaHUIO
aIbTEPHATUBHBIX MCTOYHUKOB TOIUIMBA. BceTpewanuch paboThl, IZie KIacCHYECKOE
JM3EJIbHOE TOIUIMBO CMEUIMBAJIOCh C OMOAM3EIbHBIM TOIUIMBOM M IOABEPrajoch
MarHuTHoOU 00paboTke. J{oyst OMoAN3€eIbHOrO TOIIMBA B UCIIBITAHUSIX BAPbUPOBAIACH
ot 0% 10 20%. IlomydyeHHbI pe3ynbTaT MpeBocXoaui 3GHEKT, MOTyUYEeHHBIN Mpu
0o0paboOTKe  KJIACCHMYECKOro  JAM3EIBbHOr0  ToIluMBa.  Hu3koreMiepaTypHyIO
XapakTepUcTuKy, Takyto kak [IT®, ynmamoce cHu3uth Ha 30% nOpu MarHUTHOM
aktuBaruu cmecu JIT u 6uoau3ens, moJiydeHHOTo U3 TOPUUYHOTO Macia.

ABTOpBI OTMEYAIOT, YTO CYIIECTBYET B3aUMOCBSI3b MEXKIY 3P(PEKTUBHOCTHIO
MarHuTHOM 0OpaOOTKMU W BEIUYMHOW MHIYKUIUU. Takum o0pazoM, MpHU yBEITUUYCHHUU
uHaykuu ¢ 0,8 1o 1,1 Tin apdextuBHOCTS 00paboTKH Bo3pacTaeT [11]. B To xe Bpems
HanOOJbIIUHN APHEKT TOCTUTACTCS MPU HU3KUX HArpy3Kax JABUTATEIIS.

KitoueBbie HaOMONEHUST IKCIIEPUMEHTAa OOBIYHO KAaCalOTCs KOJUYEeCTBA U
COCTaBa BBIXJIOMHBIX Ta30B. [IpuueM pe3ynbTarshl OAHUX pabOT MOTYT TPOTUBOPEUUTH
JIPYTUM. OTO PACXOXKICHUE MOXKET OBbITh BBI3BAHO HCIIOJIb30BAHUEM PAa3THYHBIX
METO/IOB M KpUTEpUEB OLICHKU. Kpome Toro, ycioBus 3KCHEPUMEHTA TAK)KE BHOCST
CBOH BKJIAJl B IOJyYEHHBIE PE3YJIbTATHI, & OHU TUI0XO0 (PUKCUPYIOTCS U OTPAXKAIOTCS B
Ooymarax. COOTBETCTBEHHO, TSXKEJO CACNaTh OOHEKTUBHBIE BHIBOJIBI.

UccnenoBarenn €IMHOTIACHO CXOIATCS BO MHEHHMH 00 dS()QPEeKTUBHOCTH
MAarHuTHOW akTUBaluu. Bce HaiiieHHbIE MATEHTHI Pa3HSATCS JUIIb B KOHCTPYKIIMH
yCTpONCTBAa MarHUTHOM 00paboTku. [IpuHIMT AEHCTBUS 1 MECTO Pa3MEIICHUS CXOXKH.

O0630p MaTeHTHOM JTUTEPATYpPHI MMOKA3a]l OTCYTCTBUE 3apPETUCTPUPOBAHHBIX B
P® mateHTOB TO MarHWTHON 0OpabOTKE MW3ENbHBIX (PpaKIuii, YTO 3HAYUTEIHHO

YBEIMYMBAET aKTYaJlbHOCTh paboT. Takke CTajno OYeBHUIHBIM, 4YTO MpoliemMa
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nosydeHuss [T ¢ yaydlmIeHHbIMM HHU3KOTEMIIEPATYPHBIMHM IOKA3aTENSIMU SIBIISETCS
3m000/IHEBHOM © emle He Hamuia CcBoero pemienus. HMcxons u3  Bcero

BBIIICTICPCYUCIICHHOTO MOKHO CACJIATh BBIBO, YTO TCMaA ABJIACTCA aKTyaHBHOﬁ.
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2 O0beKT, mpeaMeT U MeTOAbI UCCJIeA0BAHUA

B nanHOM pasnene pacCMOTpEHBI OIbITHAS YCTAaHOBKA MPOIECCa MAarHUTHOU
00pa0OTKH, TPHUBEACHBI XapaKTEPUCTUKH OOBEKTa, MpeIMeTa HCCIeIOBaHUS U
ONMKMCAHBI TPUMEHSEMbIE METOIbI UCCIICIOBAHUS.

OObeKTaMu UCCIIEOBAHMUS SIBIISIOTCS

TOBapHOE JIN3€JIbHOE TOILIUBO;

nerkas  musenbHas — dpakoms  (180-280 °C) ¢ TI'ypapmHCKOTO
MECTOPOKACHUS;

Tspkenast  ausenbHas  Qpakmusa  (280-350 °C) ¢ I'ypapuHckoro
MECTOPOKACHHUS;

mupokast jau3enbHas  ¢pakuusa  (180-350 °C) ¢  ['ypapuHckoro
MECTOPOKACHUS;

nerkas auzenbHas ¢ppakuus (180-280 °C) ¢ I'pymieBoro MeCTOpoX1eHHUS;

Tsokenmass  am3enbHas  ¢pakoms  (280-350 °C) ¢ I'pymeBoro
MECTOPOKACHUS.

B kadecTBe mnpeaMera HCCIENOBaHUSA MPUHATHI HHU3KOTEMIIEpATypHBIE H
PEOJIOTUYECKHE XapaKTEPUCTUKH ONBITHBIX 00PA3LOB.

Mertonbl uccienoBanuii: atMmocdepHas pasronka HedTu Ha anmnapate APHC-
19 mo 'OCT 2177-99; uzmepeHne HU3KOTEMIIEPATyPHBIX CBONCTB TU3ETbHBIX TOTLTUB
HAa W3MEpUTEIe HU3KOTEMIEpaTypHbIX Tokasareneir HedtenpoaykroB WMHIIH;
U3MEpeHHE JMHAMHYECKON BSI3KOCTM M IUIOTHOCTH Ha BHCKo3umerpe Stabinger

Viscometer mo ASTM D 7042, maruuTtHast 00paboTKa Ha OMBITHOW YCTaHOBKE.

2.1 OnpbITHas1 YCTAHOBKA M €€ ONUCAHNe

MarnuTtHasi 00paboTka OCYIIECTBISETCS C UCIOIb30BAHUEM 00O0PY/IOBaHUS,

MPEICTaBICHHOM Ha pUcyHKe 2.1.
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Pucynok 2.1 — MarautHas cuctema

DCKH3 BHYTPEHHETO CTPOEHHSI MAarHUTHOW CUCTEMBI MPUBEACHO HA PUCYHKE
2.2. COCTOUT U3 CIEAYIOMHX OJIOKOB:

1. TtpyOa u3 Hepx)aserwien cranu (1);

2.  BBICOKODHEPTETUUYECKHE MPSIMOYTOIHHBIC TTOCTOSTHHBIC MarHUTHI (2);

3. OJOKHM JIJIsl yCWIJICHHUS] MATHUTHOTO TIOJISl B BUJIE META/NIMYECKHUX TJIACTUH
(3).

JuzenbHas ppakius IPOXOIUT IO TpyOe U3 HepKaBeroleh cTtaiu 1, KOTopyro
OKPYXAaIOT MOCTOSIHHBIE MAarHUTHI 2. MarHUThI PSMOYTOJIBHON (POPMBI PACTTIOJIOKEHBI
Ha ONPEICIICHHOM pAaCcCTOSHUM JPYyr OT JApyra, NPUBApeHbl K METAJUIMYECKUM
MJIaCTUHAM 3 — KOPIYCY MarHUTHOM CHUCTEMbl. METaINIMUeCKUE TIIACTUHBI 3 TAKKe
BBITIOJIHAIOT (YHKIIMIO KOHIICHTPATOPOB MArHUTHOTO TIOJIS, HE JAl0T MarHUTHBIM
CUJIOBBIM TIOJISIM PacCEsIThCS.

Ha nusenbHyro (Qpakiuio oOKa3bIBaeTCs KOMIUIEKCHOE  BO3JCHCTBHUE
BBICOKODHEPIeTUYECKMX MArHUTHBIX CHJIOBBIX IMOJIEH, 32 CUET YEero yBEJIUYUBACTCS
s dexTrBHOCTD Nporecca. KommiekcHoe BO3eCTBIE 00YCIaBIMBACTCS HATMYUEM
00BEMHOTO MAarHUTHOTO TOJIs, JACUCTBYIONIETO KaK B MEPICHIUKYISIPHOM, TaK U B
MPOJOJLHOM HANpaBJICHUU B JKUAKOCTH, W ONPEACIICHHBIM PaCIOJIOKEHUEM

MArtiuToB, KOTOPOC YBCIMYHUBACT BPCMS IPOXOKICHUA KUIKOCTH B MarHUTHOM
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cucreme. [Ipu HeTOCTaTOYHOM BPEMEHH BO3JEHCTBUSI MATHUTHOTO MOJIS, «MAarHUTHAS
MaMATh» JABWKYIIETOCS TOTOKAa OBICTPO MCYE3aeT, 1 HEOOXOIUMO MHOXKECTBECHHOE
BO3JIECTBHE MAarHUTHOTO TOJISI HAa JKUJKOCTh. B Buay TOrO, 4TO B MpEACTaBICHHOU
MarHUTHOM CHCTEME MarHUThI PACITOJIOKEHBI OIIPEIeIICHHBIM 00pa3oM, He0OXouMast
3G (HEKTUBHOCTh OCTUTAETCs YXKE MPU OJHOKPATHOM IMPOXOKICHUM TOILJIMBA Yepe3

CUCTEMY.

oo
-

Pucynox 2.2 — Dcku3 MarHUTHOW CUCTEMBI:

1 — tpy0Oa, 2 — BEICOKO?HEPreTHYECKUE TOCTOSHHBIE MArHUTBI, 3 — IJIACTUHA

MarnuTtHasi cUCTEMa COJCPXKHUT S5 Map caMapuii-KoOalTbTOBBIX MAarHUTOB,
WHYKIIMS MArHUTHOM CUCTEMBI cocTaBiisieT okosio 180 mTi.

Br16op Ha Takoi THIT MAarHUTOB CJIJIaH BBUY HECKOJIBKUX MPUYHH.

Camapuii-kob6anbtT (Sm-C0) Oau30K MO CBOMCTBAM K HEOAUMY (MarHHT
NdFeB). O6a sBIAIOTCS pPEAKO3EMEIbHBIMU CHJIBHBIMH MarHuTaMH C BBICOKOM

YCTOMYMBOCTD K pa3MarHnunBaHuio. Camapuil 1 HEOAUM HAXOMASTCS B JIJAHTAHOUTHOM
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cepun MetaiioB B [leproauueckoit Tabnuiie, HIO3TOMY CBOMCTBA M KPUCTAJUTMYECKUE
CTPYKTYphl OSTHUX MarHuUTOB cxoxu. Kpucrammmueckas crpykrypa Sm-Co —
rekcaroHasibHa, a NdFeB — terparonampHa. O6a Tuma CTpPYKTyp HIpHIAIOT
BBICOKOHAIPABJIICHHBIE MAarHUTHBIE CBOMCTBA PEIKO3EMEJIbHBIM MarHuTam. OTU
KPUCTAIUIMYECKUE CTPYKTYpPhl IUIOTHO KOHUEHTPUPYIOT MAarHUTHOE IIOJE€ B
HampasiieHUu  ceep-tor.  Korma ~— maTtepuanbHOe — CBOMCTBO  HAacTOJBKO
CKOHLUEHTPUPOBAHO B OJTHOM HAIIPaBJIEHUH €r0 HA3bIBAIOT AHU30TPOITHBIM.

[Ipy mOBBIIEHHBIX  TeMmiepaTypax MarHUTbl Sm-Co  3HAYUTENBHO
npeBocxonaT Marautel NdFeB, mMakcumanbsHas pabouas Temreparypa HEOJIUMOBBIX
marauToB paBHa 80 °C, a camapwuii-kooansToBEIX — 150 °C [16].

Taxke BaKHBIM acCIEKTOM SIBJIsieTCsl OoJiee MI0CKasi KpuBas TEMIIEpaTypHOTO
kodddurmenta y Sm-Co MmarautoB. TemnepatypHbIi KodQuipeaT marauutoB Sm-Co
coctarisiet -0,03 — 0,05 % / °C, uro HamHoro MeHbIne, ueM y NdFeB (-0,11 % / °C).
JT10 03Ha4aeT, yTo Sm-Co TEpsieT MEHBUIYIO IPOYHOCTH I10JIS HA I'PALyC NOBBIILICHHUS

temnepatypsbl, yem NdFeB (pucynok 2.3).

40

BHmax, MGOe

30

20

0 50 100 150 200 250 300 350

Temperature, degrees C

Pucynok 2.3 — TemnepaTypHblit k03¢ GuiiieHT MarauToB [16]

Sm-Co MarHuThl HE TOJABEP)KEHBI KOPPO3MH B OTJIMUMH OT HEOJIMMOBBIX
MarHuToB. DTO CBA3aHO C TEM, YTO TaKue MarHuThl Ha 65% COCTOAT M3 KOOAJbTa,
KOTOpBIH 00JagaeT TaKMMH CBOMCTBAMH KaK TBEPAOCTh, JKapONPOYHOCTh U
MU3HOCOYCTONYUBOCTD.

Taxke emé ogHUM OTpHUIATEIBHBIM (PaKTOPOM HCITOIb30BaHUS HEOIUMOBBIX

MAarduToOB ABJIACTCA TO, 4YTO B PE3YNILTATC HUX IIPECCOBAHUA IIPU H3rOTOBJICHHU
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MIOJTy4YaIOTCS IIOPHUCTHIE CTPYKTYPBI, Yepe3 KOTOPbIe MOTYT IPOHUKHYTH MEJIbYaKIIIHe
KaIreJabKy BOJBI. B pe3ynbrare 4ero mpoMCXOJUT B3aHMMOJACHCTBHE C TTOBEPXHOCTHIO
MarHuTa ¢ 00pa3oBaHHEM THAPUIOB HEOAMMA, U KaK CJICJICTBHE MarHUT PacChIaeTCsl.

Hcxons w3 BBINENEPEUYHUCICHHOTO BBIOOp OBUT cHElaH B TOJIB3Y
UCTOJIb30BaHus1 SM-CO MarHuTOB BBU/IY MOAXO/ISINCH TEMIIEpaTypPHOH CTaOUIBHOCTH
U BBICOKOM YCTOWYMBOCTH K KOPPO3WHM HWJIM pa3MarHUYMBaHUIO 03 KaKUX-JTHOO

MOBEPXHOCTHBIX 00pabOTOK.

2.2 U3mepureib HU3KOTEMIIEPATYPHBIX NOKa3aTe el He(PTENPOAYKTOB

HccnenoBanusi HU3KOTEMIIEPATYPHBIX CBOMCTB MPOHM3BOJUIINCH C TTOMOIIBIO
U3MEPUTENST HU3KOTEMITepaTypHbIX nokazareneid Heprenpoaykros MHITH (PucyHnox
2.4). OCHOBHbBIC TEXHHMUYECKUE XapaKTEPUCTUKU 000pyaoBanus [17]:

JMaria3oH BOCIPOU3BOIMMBIX TeMiiepatyp, °C: ot munyc 60 1o 5;

JTUCKPETHOCTH Toka3zanuu, °C: 0,1;

Mpeeibl IOMyCKaeMOoil OCHOBHOM MOrpentHocTH, He 6onee, °C: + 3,0;

MOBTOPSIEMOCTb (CXOJMMOCTh) PE3yJIbTAaTOB OMPEACICHUS TEMIIEPATYPhI
MOMYTHEHHUsI (Havajia KpucTaui3aiuu), e ooiee, °C: 1,0;

BOCIIPOM3BOAUMOCTh  PE3YyJbTATOB  OMNpEACICHUs  TeMmepaTypbl

noMyTHeHusl, He 6oee, °C: 3,0.

Pucynok 2.4 — MHITH
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2.3 Buckozumertp LItaéunrepa

B pa6ote 6b11 ucnionb3oBad BuckozumeTp lItabunrepa SVM 3000 (Pucynoxk

2.5) s u3MepeHus TMHaAMUYECKOM BSI3KOCTH | TioTHOCTH 1Mo ASTM D7042.

Pucynox 2.5 — Stabinger viscometer SVM3000

OCHOBHBIC TEXHUUECKUE XapaKTepucTuku mpudopa [18]:
Jana3oH U3MEPEHUs TMHaMU4ecKoi Ba3kocTu, Mlla-c —0,2...104,
KHHEMaTH4ecKoil Ba3kocTu, Mmm?/c — 0,2...104;
IUIOTHOCTH, KI/M° — 650...2000;
npefenabl  JOMyCKaeMOM OTHOCHUTENbHOW TMOTPEIIHOCTH  U3MEPEHUs
Bs13KoCcTH, % — £0,35;
npeaesbl  JAOMYyCKaeMOW  aOCONIOTHOM  MOrPEIIHOCTH  U3MEpPEHHUs

IIIOTHOCTH, KI/M° — £0,5.
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4 OUHAHCOBBIA MEHEIKMEHT, PpecypcodP(PeKTUBHOCTL U

pecypcocoepexeHne

B Hacrosimiee BpeMsi B MEpPCIEKTUBHOCTh HCCIEAOBaHUS OOJBIIUNA BKIIAJ
BHOCHT JKOHOMHYEcKas cocTaBistomias. OeHKka 3KOHOMHUYECKON 3(QexkTuBHOCTU
IJIOJIOB  Pa3pabOTKU SBISIETCS HEOTHEMJIEMOW YAaCThIO KaXKJIOrO MCCIIEOBAHUS
MOCKOJIbKY JIEMOHCTPUPYET BHITOAHOCTD BIIOKEHHUS /111 UHBECTOPOB.

Lenpto paznena «DUHAHCOBBIM MEHEMIKMEHT, pecypcodD(HEeKTUBHOCTH U
pecypcocOepekeHre» sBIETCs OlleHKa Mob3bl, 3¢ dektuBHocTH HU, cocTaBienue
ATANOB peaTu3aluy MPOJAYKTOB IIPOEKTA.

JUist mocTvkeHHs 00O3HAYEHHOW LENM HEOOXOAMMO PELIUTh CIEIYIOLIUe
3aJ1a4yu:

— npopabotka unen HTU;

— OCYILIECTBUTH IJIAHUPOBAHKE 3TANOB BHIIIOJIHEHUS UCCIIECOBAHMUS;

— opranu3oBatb pabotsl no HTU;

— COCTaBJICHUE «IOPTpeTay notpedurens pe3ynbratoB HTU, ocymecTBienue
CErMEHTUPOBAHHE PHIHKA;

— OLICHUTh KOMMEPYECKHI MOTEHLUHAd M TMEePCIEeKTUBHOCTh MPOBEICHUS
Hay4YHOT'O UCCIIEOBAHUS;

— paccuMTath OIOKET MPOBOJAUMOT0 HAYYHO-TEXHUYECKOTO HCCIIEI0BAHUS;

— TIPOU3BECTH OLIEHKY pecypcHO# (pecypcocbeperaronieii), (puHAHCOBOM,
OIOHKETHOM, COIIMAIbHON U DKOHOMHUYECKOU 3(D(PEKTUBHOCTH UCCIICIOBAHUS.

C yderoM pelieHus AaHHBIX 3a7ad Obula c(OpPMHUpPOBAHA CTPYKTypa H
colepkanue pasnena «DOUHAHCOBBII MEHEIKMEHT, pecypcodPPeKTUBHOCTh M
pecypcocoepereHney.

Uccnenosanus npoBoauauck Ha 0a3e HayuHo-uccnenoBarenbckoro ToMckoro
MOJINTEXHUYECKOTO YHUBEPCUTETA C IEIIbI0 U3YUCHUS BIMSHUSI MATHUTHOU 00pabOTKU
Ha CBOMCTBA JU3EJIBLHOr0 TOILJIMBA, B YaCTHOCTU Ha HU3KOTEeMIeparypHble. B kauecTBe
oOBeKTa uccienoBaHus Obula BblOpaHa auszenbHas ¢paxkuus HedTu ¢ ['pymeBoro

MECTOPOXKICHHUS.
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4.1 llpeAnpOeKTHBIN aHATU3

4.1.1 HOTeH]_lI/IaJIl)Hl)Ie lIOTpeﬁI/ITeJII/I Pe3yJabTaTOB UCCIECT0BAHUA

Jnsa aHanm3a moTpeOuTeNedl pe3yabTaTOB HCCIEAOBAaHUS HEOOXOIUMO
paccMOTPETh LIETICBOIM PHIHOK M IMTPOBECTH ero cermeHTrpoBanue [20].

[leneBoit pPBHIHOK — CErMEHTBHl pBIHKA, Ha KOTOPOM B OyaymieMm OyayT
npoaaBaThCs pa3paboTku. B cBoio ouepenb, CETMEHT phIHKA — 3TO 0COOBIM 00pa3oM
BBIJICJICHHAs] YacTh pPbIHKA, TPYMIbl MOTpeOutene, o0aagaronux OnpeaeIeHHbIMU
OOIIMMH MTPU3HAKAMHU.

CermMeHTHpOBaHUE — 3TO Pa3JEJICHUE MOKYIIATENIEW Ha OJHOPOIHBIE TPYIIIIbI,
JUTSL KOKJIONW U3 KOTOPBIX MOXET MOTpeOOBaThCA OMpe/eICHHBIA TOBap WIM yCIyra
[20]. MoxxHO mpuUMeHSTH reorpaduueckuid, JaeMorpaduvecKuii, MOBEICHUCCKUN H
WHBIC KPUTEPUU CETMEHTUPOBAHUS PhIHKA MOTPEOUTENEH, BO3MOXKHO TPUMEHEHUE UX
KOMOMHAIMA C KCHOJB30BAaHMEM TaKUX XapaKTEPUCTHK, KaK BO3pacT, IO,
HAIllMOHAJIBHOCTh, 00pa30BaHuE, COLMANbHAS TPUHAIIEKHOCTD, TpodeccHsi, ypOBEHb
0X0/1a.

[IpoBeneM cerMeHTAaIMIO PHIHKA MO CIAEAYIOIIUM KPUTEPUS: pa3Mep KOMIIaHUU

u ee aesrenbHOCTh (Tabnuma 4.1).

Tabnuua 4.1 — Kapta cerMeHTUpOBaHUs PhIHKA

JearenbHOCTh IpeANPUITUS
HII3 HU
Kpynnueie | I'aznpomue@Ts-OHII3 MUCuC
Cpennue ["aznpom Hedrexum CanaBat —
Menkue Kpacunonapckwuit HIT3 (Pyccuedts) | —

Pa3zmep

Kaxk BUIHO U3 Ta6J'II/II_IBI, Haubolee MNCPCICKTUBHBIM CETMCHTOM  AJIA

dbopMHpOBaHUS CTIpOca SIBISETCS CErMEHT KpyIHbIX u cpeaanx HIT3.
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4.1.2 AHaJu3 KOHKYPEHTHBIX TeXHHYECKHMX PelIeHuil ¢ NO3HIUHN

pecypco3¢ddeKTUBHOCTH U pecypcocidepexeHust

AHamM3  KOHKYPEHTHBIX  TEXHUYECKHX  PEHICHUH ¢ TO3HIHH
pecypcodhPEeKTUBHOCTH U PECypcOCOEpeEHHUSI TO3BOJIICT MPOBECTH OICHKY
CpaBHUTEIHHOU 3PPEKTUBHOCTH HAYYHOW Pa3pabOTKH W OIMPEICTUTh HAIPABIICHUS
i ee Oyaymiero nosbienus [20].

B nmaHHOM HayYHOM WCCIIEIOBAaHUM AaHATU3UPYETCS BIUSHAE MAarHUTHOM
00pabOTKM Ha CBOWCTBA NHU3EIBHOTO TOILIMBA, TJIABHBIM 00pa30M TMPOU3BOIUTCS
MOMCK MEXaHU3Ma, TI0 KOTOPOMY HJIET IPOIIECC.

B Tabnuie 4.2 npuBegeHa olleHKa KOHKYpEHTOB, riae ® — paspabaThiBacMblii
MPOEKT, Kl — wWccliemoBaHue, MPOBEACHHOS WHKEHEPOM-TEXHOJIOIOM B HAydHO-
HCCJIEIOBATENIbCKOM MHCTUTYTE, K2 — HCCIIeIOBaHUE, MPOBEICHHOE OpraHu3alluei,

KOTOpast 3aHuMaeTcs HerenepepaboTKOM.

Tabmuna 4.2 — OueHoyHass KapTa /i CPaBHEHUS KOHKYPEHTHBIX TEXHHYECKHX

penieHuit (pa3padoTokK)

Bec KonkypenTo-
bamner yp
Kputepuu onieHKH KpUTe- CIIOCOOHOCTH
pust by | ba | B | Ky | Ky | K

TexHuyeckre KpUTepur OIeHKH pecypcodrhPEKTUBHOCTH

1 .IToseimenne KIT/] 0,32 5 3 5 1,6 0,96 |16
2. CxopocTh 0,15 4 4 4 0,6 0,6 0,6
3. TEXHOJIOTMYHOCTH 0,15 5 4 4 0,75 10,6 0,6

DKOHOMUYECKHUE KPUTEPUU OIICHKH 3 (HEKTUBHOCTH

1. KoHkypeHTOCIIOCOOHOCTH 0,12 5 4 4 0,6 0,48 |0,48
2. Ilena 0,14 5 3 2 0,7 0,42 |0,28
3. Bpewms 012 |4 5 3 048 |06 |0,36
Htoro 1 28 |23 22 |4,73 | 3,66 |3,92
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OcCHOBBIBasICh Ha IMPOBCACHHOM aHAJIM3C KOHKYPCHTOB, MOKHO CKa3aTb YTO
IMPOCKT NPEBOCXOAUT KOHKYPCHTHBIC NCCJICOBAHMA, YTO CBsI3aHO, B IICPBYIO OUCPLCAb,

C LIeHOM, TexHoIoruyHOCThIO 1 KII/I.

4.1.3 SWOT-anaau3

[TpoBenenne SWOT-ananuza 3akiatoyaercsi B HUCCICAOBAHUM BHEIIHEH U
BHYTPECHHEH CpeJibl MPOEKTa U COCTOUT U3 HECKOJILKUX dTaroB [20].

Ha IICPBOM OSTall€ OIIMCBIBAIOTCA CHUJIBHBIC H clrabnIe CTOPOHBI IIPOCKTA,
BBISBJIICHHE BO3MOXXHOCTEH U yrpo3 g pean3allid JaHHOI'O  IIPOCKTA,

IIPOABJIAIOIIUCCA B CT'O BHEIIHEH cpeac.

JlaHHBIE MCCIIEA0BAHUS [IEPBOTO dTama MPeACTaBIeHbl B Tadimue 4.3.

Ta6nuna 4.3 — Marpuinia SWOT

CusbHbIE CTOPOHBI Cnalble CTOpPOHBI
1. Xopommii 5KOHOMHYECKHH (P DeKT.
1. OrcyrctBue  HpOTOTHUIIA  HAyYHOU
2. Manoe KoJIn4ecTBO KOHKYPEHTOB.
pa3paboTKH.

3. OTHOCHUTENBHO HCBBICOKHC JACHCKHBIC
2. FpOMO3,Z[KOCTL TCXHOJIOTHYCCKOU JIMHUHU.

3aTpaThbl IPOCKTA.

BosmoxnocTn Yrpo3sl
1. Buenpenue B yKe nMeromyrocs | 1. Brenenne JIOTIOJTHUTEITbHBIX
TEXHOJIOTUYECKYIO JINHHUIO. rOCyJ1apCTBEHHBIX TpeboBaHUit K

2. Pa3pabotka 6onee 3¢ (HeKTUBHON pelenTypsl | cepTUPUKALMH TPOAYKTA.

JU3TOIINBA. 2. Pa3BuTHE KOHKYPEHIIUH.

BTopoii aTan uccieoBanusi COCTOUT U3 BbISBICHUS COOTBETCTBUS CUJIBHBIX U
C1a0BIX CTOPOH MPOEKTa BHEITHUMHM YCIOBUSIMH OKpyxatotieit cpesst [20]. s aToro
CTPOMM HHTEpaKTUBHYIO MaTpuily npoekra (Tabmuma 4.4) rae kaxmaelii (axtop
MOMEYAETCS 3HAKOM «+» - CUJIBHOE COOTBETCTBUE CHUJILHBIX CTOPOH BO3MOKHOCTSIM,

WJIM 3HAKOM «-» - cllaboe COOTBCTCTBUC, 1100 «0» - eCTb COMHEHHUS.
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Tabmuma 4.4 — IaTepakTUBHAS MaTpUIlA IPOSKTA

CHIIbHBIE CTOPOHBI

Bo3MoxHocTu Cy C Cs
MPOEKTA B + 0 +
B, 0 - 0
CusibHbBIE CTOPOHBI
Vrpossl C; C, GCs
MPOEKTa Yy - + -
VY, + + +
Cnabble CTOPOHBI
Bo3moxnocTtu Cm Cip
IIPOEKTA B; - +
B, - -
Cnabble CTOPOHBI
Yrpo3sl Cmy Cip
MPOEKTA Y + -
VY - -

Ha tpetbem atamne cocrasisieM utoroByto matpuity SWOT-ananu3za (Tabnuua

4.5).

Taomuma 4.5 — SWOT-ananus

CunpHbIE CTOPOHBI Cnabble CTOPOHBI

1. Xopommii s3koHOMHYECKHH | 1. OtcyrcTBHE IIPOTOTHUIIA
¢ dexr. Hay4yHOU pa3zpaboTKu.

2. Manoe KOJIMYECTBO | 2. I'pomosnkocth
KOHKYPEHTOB. TEXHOJIOTMYECKOH JINHUU.

3. OTHOCHUTEIIBHO HEBBICOKHE

ACHCIKHBIC 3aTPaThl ITPOCKTA.

BosmoxHOCTH

1. BHCI[pCHI/IC B YKE OKOHOMUYECKAS BeIrOAa jgacT | BoaMoxxHocTH IMpoCKTa MOTI'YyT
HMCIOIIYIOCA xopomee moACIopbe JJIsL OBITh OCJIOXKHEHBI C OTCYTCTBHUEM

TEXHOJIOTHYECKYIO JIMHUIO. | BHEIPEHUS pa3pabOTKH B YXKe | MPOTOTUIA HAYYHOH pa3pabOTKH.

2. Pa3pabotka  0Gojee | HMEIOILYIOCS TEXHOJIOTHIO. Buenpenne pa3paboTku B yxke

3G GEeKTUBHON  penenTypsl HMMEIOIIYIOCSI  TEXHOJIOTMUYECKYHO

JU3TOIINBA. JMHUIO BO3MO>KHO co31acT
IPOMO3JKOCTb.
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[Tponomxenue Tadbnuist 4.5

Yrpo3bl

1. Benenune | Xopommii  3xkoHOMHYeCKHM | OTCYTCTBHE NPOTOTUIIA HAYyYHOU
JIOTIOJTHUTEIbHBIX ekt u OTCYTCTBHE | pa3pabOTKU MOXET MPUBECTH K
roCyJJapCTBEHHBIX KOHKYPEHTOB OynyT | Majgomy (uHaHCHPOBAHUIO
TpeGoBaHUM K | cHOCOOCTBOBATh  PA3BUTHUIO | IPOEKTA U, BO3MOXKHO, K BBEJICHHE
CepTU(QUKALMU IPOAYKTA. | KOHKYPEHLUH, KaK CJIEJICTBHE | TOMOJIHUTEIbHBIX

2. Pa3BuTHE KOHKYPEHIIMH. | Pa3BUTHIO,  MOJIEPHU3ALMUHU | TOCYAaPCTBEHHBIX TPeOOBaHUN K

MIPOEKTA. cepTudUKaIIH TPOIYKTA.

4.1.4 OueHkKa roToBHOCTH MPOEKTA K KOMMePUUAJIU3AIUN

Ha kakoii ObI cTainy >KM3HEHHOTO ITUKJIa HE HaXOAWIach Hay4Has pa3paboTka
MIOJIE3HO OLIEHUTh CTENEHBb €€ TOTOBHOCTH K KOMMEPIIMAIU3ALNHI U BBIAICHUTH YPOBEHb
COOCTBEHHBIX 3HAHUU Uil ee mpoBeneHus (wiam 3aBeprieHust) [21]. Jma storo
3al0JHEHA  CHEUMaTbHYI0  (QopMa, coJepkamias IoKa3aTead O  CTENEHHU
MpopadOTaHHOCTU TIPOEKTa C TIO3UIMU KOMMEpILHUAIU3alUd U KOMIIECTEHIUSM

pa3paboTurKa Hay4dHOTO nmpoekTa (Tadnuia 4.6).

Tabnuna 4.6 — Ouenka cTerneHu TOTOBHOCTH MPOEKTa K KOMMEPITUATH3aIH

Ne Crenenp YpoBeHb
n/n |HanmenoBanue NpopabOTaHHOCTH |MMEIOIIMXCST 3HAHUN

Hay4YHOTO MPOEKTa |y pa3paboTurka

1 [Ompenenen uMeEIOMMHACS HAyYHO-TEXHHUYECKHUIM 5 5
3az1en
2 |OmnpeneneHbl NIEPCIEKTUBHBIE  HAINPABIICHUSA 4 5)

KOMMCpIOHAIU3alU HAYYHO-TEXHUYCCKOT'O 3aaCi1a

3 |OnpeneneHsl OTpacid U TEXHOJOTHH (TOBapHl, 4 4

YCIIyTH) AJIs IPEUIOKEHHS Ha PhIHKE

4 |OnpeneneHa TOBapHas dbopma Hay4YHO- 5 5

TCXHUYCCKOTO 3aacjia i1 TPCACTABJICHUA Ha

PBIHOK
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[Tponomxenue Tabauist 4.6

5 |OmnpeneneHbl aBTOPHI U OCYIIECTBICHA OXpaHAa UX 5 5
npaB

6 |IIpoBeneHa oleHKa CTOMMOCTH MHTEJUICKTYaIbHON 2 4
COOCTBEHHOCTH

7 |TIpoBeneHbl MapKETHHT OBbIE HUCCIIEIOBAHUSA 3 4

PBIHKOB cOBITa

8 |Pa3zpaboran Owu3Hec-TUIaH  KOMMEPIHAIH3AINT 2 2

Hay4YHOU pa3paboTKu

9 |OmpeneneHbl MmyTH  NPOABMKECHUS  HAYYHOM 2 3

pa3pabOTKH HA PHIHOK

10 |Pa3paborana ctparerus (dhopma) peanu3anuu 5 5

Hay4YHOU pa3paboTKu

11 |{IIpopaboTanbl BOIIPOCHI MEXIyHapOIHOT O 2 2

COTPYAHUYCCTBA U BbIXOAA HA 3aPY6eH(HLIﬁ PBIHOK

12 (IIpopaGoTanbl BOMPOCH HCHOJIB30BAHUS YCIYT 3 5)

UH(QPaACTPYKTYpPbl NOJIAEPIKKU, IOTYYEHHS JIbIOT

13 |IIpopaGoTanbl BOIIPOCHI (bvHAHCUPOBAHMS 2 4

KOMMEpIHAIN3AMH1 HayqHOH pa3paboTKu

14 |Umeetcs komaHaa [UIi  KOMMeEpIHMAIU3AIUN 2 5)

Hay4YHOU pa3paboTKu

15 |IIpopaGoTan MexaHHM3M peaqu3aly Hay4yHOI'o 3 5
IIPOEKTa
WUTOTI'O BAJIJIOB 49 63

[ToyyeHHOE 3HAYEHUE MO3BOJISIET TOBOPUTH O MEPE TOTOBHOCTH HAy4YHOM
pa3paboTKu U ee pa3paboTuyMka K KOMMeEpLHaIu3aluuu. B uTore momay4usioch, 4yTo
pa3paboTka SBISETCS MEPCIEKTUBHOM.

[lo pe3ynabTaTaM OLIEHKH BBIACISIFOTCS C1a0ble CTOPOHBI MCCIICIOBAHMS, IS
JanbHENIIero YIIy4ILICHUS HE00X0AMMO pa3paboratb Ou3Hec-IIaH
KOMMEPIMATU3allii, HANTH KOMaHIy 17151 KOMMEPIMATU3allii HaydHOW pa3paboTKH,
IPOBECTU MAapKETUHTOBbIE HCCIIEOBAaHMUS PHIHKOB COBITA, MpopaboTaTh BOMPOCHI

MEXIYHApPOJIHOTO COTPYAHUYECTBA U BHIX0/1a HA 3apyOEKHBIN PHIHOK.
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4.1.5 MeToabl KOMMEPUHAJN3ANUM Pe3yJbTATOB HAYYHO-TEXHUYECKOI0

HCCJIeA0BaHNA

[Ipy KoMMepLUHaIM3alMU HAYyYHO-TEXHHUUYECKHX pa3paboTOK MpoAaBell
npecieayeT BIOJIHE ONPEAEICHHYIO 11eJb, KOTOpast BO MHOI'OM 3aBUCHT OT TOTO, Ky/ia
B MOCIICIYIONIEM OH HaMepEeH HalpaBHUTh MOTYYCHHBIH KomMepueckuit apdekr [20].
[Ipu »>TOM BpeMs NPOABIKEHHS TOBapa Ha PHIHOK BO MHOTOM 3aBHCHT OT
NPaBUIBHOCTH BEIOOpA METO/1a KOMMEPIHAIH3AIHIH.

W3 cymecTBYIONMX METOJOB OJHUM M3 HanOoJiee MOAXOISIINX SBISETCS
TOPTOBIISl MATEHTHBIMU JIMIICH3USIMHU, TTOCKOJIBKY JaHHBIN BapHaHT SBISETCS CaMbIM
npocThiM. Pa3paloTumk MOXKET MpakTU4YEeCKH CBOOOJHO HCIIONB30BaTh HAay4dHOE
obopynoBanue TIIY u mMmeeT BO3MOXXHOCTh TMOJNYYWUTh T'PAHT Ha HCCIEIOBAHUS.
Brnanenblem nateHTa B TakoM citydae OyJeT SIBJIATHCS BY3, U pa3pabOTUMK MOJIYUUT
MEHBIIYI0 MPUObUIb, OJHAKO W PacxXojbl HECET MEHBLIME, B TOM 4MCIE €My HE
TpeOyeTcs MIaTUTh 32 00CITy)KMBaHUE NTATEHTA.

Takue MeTonpl, Kak WHXUHUPUHT WJIM OpraHu3anus COOCTBEHHOIO
npennpusitTius — TpeOyroT  OOJIBIIETO  KOJMYECTBA YYaCTHUKOB B KOMaHJe
pa3paboTtunkoB. Ilepemaua HOy-xay WJIM MHTEJUIEKTYalbHOM COOCTBEHHOCTH B
YCTaBHOW KanuTaj MPEANpUsATUs Takke TpeOyroT OOJIbLIEro 4ucia YYaCTHHKOB, a

TAKKC IIPOBCACHUA H€O6XOI[I/IMBIX TPAHCIHIOMOHHBIX I/ICCJ]GI[OBaHﬂﬁ.

4.2 Uauuuanus npoexkra

I'pynma mnponeccoB  MHULMALMM  COCTOMT M3  IPOLECCOB, KOTOPBIE
BBITIOJIHAIOTCS JIJIs1 ONIPEIeNIEHUs HOBOIO MIPOEKTa WJIM HOBOM (pa3bl CyIIECTBYIOIIETO
[22]. B pamkax mpoIeccOB WHUIMAIMKA OIPEICISIOTCS HW3HAYAIbHBIC IEId |
coJepkaHue U (UKCUPYIOTCS M3HaydalbHble (PUHAHCOBBIE pecypchbl. OmpenenstoTcs
BHYTPEHHHE M BHEIIHHE 3aWHTEPECOBAHHBIE CTOPOHBI IMPOEKTa, KOTOpPbIE OYyIyT
B3aMMOJICICTBOBATh M BIUATh Ha OOIIMH pe3yibTaT HaydyHOro mpoekra. B manHom

IPOCKTC 3aWHTCPCCOBAHHBIMU CTOPOHAMH IIPOCKTA ABJIAIOTCA PYKOBOJUTCIL H
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HHXXCHCD, OXHWIAHUA 3aWMHTCPCCOBAHHBLIX CTOPOH — HAy4YHaA craThsg/maTeHT. B

Tabnuie 4.7 OTpa)KeHbI LEIH U Pe3yIbTaT MPOCKTA.

Tabmuma 4.7 — llenu u pe3ynbTaT mpoeKTa

Llenn nmpoekra:

HccnenoBanve BIMSHAS MarHUTHOM 00paOOTKU Ha CBOMCTBA
JU3€IbHOIO TOIINBA

OxumaeMbie
PE3yNbTAThI
IIPOCKTa:

Hay4YHas CTaTbiA / maTeHT

Kpurepuu npuemku
pe3ynbTaTa MpoeKTa:

Cratbs mpuHsATa K MyOJUKaMu / 3aperucTpupOBaHHBIN
MaTeHT

TpeboBanus K
pe3yNbTaTy MPOEKTa:

TpebGoBanue:

I/I3y‘-I€HO Biusgaue MO Ha AU3CIIBHOC TOIIIIMBO

Oo0OocHoBanne Mexanusma aerctesua MO

[TomydyeHbl KOHKPETHBIE 3HAYEHHS, XapaKTEPU3YIOLINE

JAWUHAMHUKY HW3MCHCHHA CBOMCTB

Cnenanbl BBIBOJIBI O TEPCHEKTUBHOCTA W HaIpaBJICHUU
NalbHEUIINX UCCIIEeI0BaHUN

B Tabmune 4.8 mpencrtaBieHa opraHU3alMOHHAs CTPYKTypa MpoeKkTa (Poib

KQKJIOTO YYACTHUKH, UX (PYHKLIHU, TPYA03aTPaThl).

Tab6muma 4.8 — PabGouas rpymnma nmpoekTa

Ne | ®UO, ocnoBHOE MecTO | Posib B | OyHKIMU Tpyno-
1/ | paboThl, TOMKHOCTh MPOEKTE 3aTparsl,
yac.
1. | [Homnok E.B., HU TITY, | PykoBomutens | KoncynerupoBanue, koopawHamwms | 600
nouent OXUM UIITTP IPOEKTa JIeSITEIIbHOCTHU, OIpeNeIIeHUe 3a1ay,
KOHTPOJIb BBIITOJHEHHUS.
2. | Bammymiaa P.P., | UcnomauTens | O630p nuTepaTypHBIX HCTOYHHUKOB, | 1600
MarvucTpaHT OXMH | no npoekry BBIIIOJIHEHUE HCCIEA0BaHUM,
MIIITP HU TITY aHajau3 IIOJYyYEHHBIX PE3YJIbTATOB,
HamucaHue paboThI
HUTOI'O: 2200
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OrpanuueHus HpoOEKTa — 3TO BCe (PAKTOPbI, KOTOPbIE MOTYT IMOCITYXHUTb

OI'paHUYICHHUCM CTCIICHU CBO60I[BI Y4aCTHHUKOB KOMAH/bI ITPOCKTA, d TAKIKC «KT'PAHUIBI

IIPOCKTa» — MapaMCTPbl IIPOCKTAa HWJIHW C€Tr0 IIPOAYKTA,

pealln30BaHHBIX B paMKaX JaHHOTO IpoekTa (Tadmuma 4.9).

Tabnuna 4.9 — OrpannyeHust IpoeKTa

KOTOpble HE OyayT

dakTop

Orpanundenus / JOMyIIEHUS

1. bromxer npoekra

200000

1.1. Uctounuk dhrvHaHCUpOBaHUS

bromxker TIIY

2. Cpoxu npoekTa:

09.2020-05.2022

2.1. JlaTta yTBEp:KACHHUS IUIaHA YIIPABJICHUS

ITPOCKTOM

14.09.2020

2.2. JlaTa 3aBepuieHuUs MPOEKTA

31.05.2022

4.3 IlnanupoBaHue ynpaBJieHUsA HAYYHO-TEXHHYECKUM MPOEKTOM

['pynna npoueccoB IIaHUPOBAaHUS COCTOUT U3 MPOLIECCOB, OCYIIECTBIISIEMBIX

JUIsL OTMpeNleNICHUs1 OOIIEero cojAepKaHus padoT, YTOYHEHUs Ieled W pa3paboTKu

MOCJIE0BaTEILHOCTH ACHCTBUM, TpeOyEeMBbIX JIJIsi IOCTUKEHUSI TAaHHBIX IETIeH.

[1nan ynpaBneHus: HAyYHBIM IPOEKTOM JOJIKEH BKIIIOUATh B CE0s1 CIIEMYIONINe

DJICMCHTHI:

*  Hepapxuueckas CTpyKTypa paboT MPOEKTa;

° KOHTPOJIBHBIC COOBITHS ITPOCKTA,

*  IUIaH MMPOEKTa,

° 6IOI[)KCT HAaYyYHOI'O UCCIICIOBAHMA.
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4.3.1 Uepapxudeckasi CTPyKTypa padoT npoeKTa

Hepapxuueckass ctpykrypa pador (MCP) — peranmsanusi yKpyHmHEHHOM

cTpykTypbl padot [20]. B nponecce coznanust UCP cTpykTypupyeTcst 1 onpeensercs

COJICp)KaHue BCEro MpoeKTa (pucyHok 4.1).

IlpoerT
1-H s1an 2-off »Tan 3-f »Tan
IToaroToRATEIEHEIR JECIIepHMEeHT ATEHEL SaKTHOYHTeNEHEIR
IIpoeenenme ObcyxaeHHEe
— JIaT.00z0p - .
HCIIEITAHHA PEIVIIETATOR
Cocrasnesne OopaboTkra
ILTaHAa padoT © —  pe3VIETaToE — Brieox
HEYTHBIM HCIIEITAHHA
PYEOBOIHTETEM
IMTogroToeka
— paboderc MecTa,
obopyIoEaHHA

Pucynok 4.1 — Mepapxuueckasi CTpykTypa padot

4.3.2 I11an npoexT

B pamkax mianupoBaHus HAYYHOT'O MPOEKTA MOCTPOECHBI KAaJCHIAPHBIN IUIAH

npoekTa u rpaduk npoekra (tadnmua 4.10, 4.11).

Tabnuua 4.10 — KanenapHslii miaH npoekTa

Jara Jarta
JnmurensHo CocraB
Hazpanue Hayana OKOHYaHUs
CTb, IHU YYaCTHHUKOB
pabot pabot
VYTBepxaeHue TEMBI [Tonok E.B.,
7 01.09.2020 07.09.2020
MarucTepcKoi IuccepTannuu Baymyminna P.P.
ITonoxk E.B.,
CornacoBanue miaHa paboT 7 08.09.2020 15.09.2020
Bammymiuna P.P.
JlutepatypHslii 0030p 225 16.09.2020 28.04.2021 | BaymymimHa P.P.
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[Tponomxenue Tabmuist 4.10

IIpoBeneHmE SKCIIEpUMEHTA 337 28.01.2021 30.12.2021 | Banuymniuna P.P.
O6pabotka MOJTY9E€HHBIX
P i IIomok E.B.,

JaHHBIX W OOCYXKJeHHue 32 29.01.2022 01.03.2022

Baymyminna P.P.
pe3yJIbTaTOB
Hamnucanue otdera 91 02.03.2022 31.05.2022 | Banuymniuna P.P.
Htoro*: 627 01.09.2020 31.05.2022

* He aBnsercs CYMMOﬁ: Pa3HbIC pa6OTI>I MOT'YT BBIIIOJIHATHCA B OJHH U TC KC

pabouue THHU.

I[JUI HIITIOCTPAIUN KAJICHAAPHOI'O IINIaHa IIPOCKTA HCIIOJIb3YCTCA cTojiouaras

quarpaMma, Ha3biBaemasi Auarpammoit ['anra (tabnuua 4.11).
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Tabmuna 4.11 — Kanengapusiii mnan rpaguk nposenenuss HUOKP mo teme

- - Bammynnuna P.P.

% _

[Tonok E.B., Basmysnuna P.P.

2020 2021 2022
b= vl Il
] = -] o =] o o ' = -] " =] "] oy
HanmenoBaHHe 3Tana & | g @ & ‘% E g.. % E i g | 8 E = @ £ E g-. % E. g
| E|E|S|BlE|E|S|E|Z|2|&|5|E|E| 2| E|E|8|3S|5|=
Eld| = x|®]| & . ST e T = B - =<
Y IBepEIeHAEE TeMEl MATHCTEPCKOH 7
AHCCEPTAITHH
Coraacoeanne n1aEa padot 7
JuTeparypHEELd 0030p 235
I[IpoBefenHe 3ECIEpHMERTA 337
OopaboTEA NOMYYeHHEN JaHHEIY H 39
obCYEIEHHE PeIVIETATOR
Hanmrcanne oT3eTa o1
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4.4 Broa:KeT HAYyYHOT 0 UCCJIe0BAHUS

HpI/I IJIAaHUPOBAHUHU 6I-O,H}KCT3. Hay49YHOI'O HCCICAOBAHHA JOJIKHO OBITH

o0ecneyeHo MoJIHOE U AOCTOBCPHOC OTPAKCHUC BCCX BUIOB INIAHUPYCMBIX PACXO/10B,

HCO6XO,ZIHMI>IX s €0 BBIIIOJIHCHUS. B IIponeccce (1)OpMI/IpOBaHI/I$I 6I-OII}KCT3.,

IUIAHUPYCMBIC 3aTpaThbl CIPYIIIMPOBAHBI IIO0 CTAaTBAIM. B JaHHOM HCCICOAOBaHHUHN

BBIJICIICHBI ciieayromue ctaThu [20]:

1. Coipbe, MaTepHalibl, MOKYITHBIE U3JEIHUS U MOTyPadpuKaTh.

2. CnenuanbHoe 000PYI0BAHUE AJISI HAYYHBIX paOoT.

3. 3apaboTHas 1aTa.

4. OTuncieHus Ha COLMMAJIbHBIC HYK/IBI.

5.Hay4Hble ¥ TPOM3BOICTBEHHBIE KOMAHAUPOBKH.

6.0mara

MNPpCAIIPUATUAMUA.

pabor,

7. HaknagHele pacxoasl.

BBIITOJIHACMBIX

CTOPOHHUMU

OpraHu3anuAaMu )51

Coipbe, MaTepHalibl, TOKYyIHbIE H3JeHus U MoxydaOpukarsl (3a BBIUETOM

0TX0/I0B). B 3Ty cTaThi0 BKIIOYAKOTCS 3aTpaThl Ha NPUOOpPETEHHWE BCEX BHJIOB

MaTepHaioB, KOMIUIEKTYIOIIUX H3AEIUi U Moiay(aObpukaToB, HEOOXOAMMBIX IS

BBITOJIHEHUS paboT 1Mo JaHHOH TeMe (Tabmuia 4.12).

Tabnuna 4.12 — [TokymnHbIe KOMIUIEKTYIOITUE U CHIPhE

HaumenoBanue KonuuectBo, mt | Ilena 3a equnuity, pyo. CymmMma, pyo.
Oo6pasen HehTH 5 1000 5000
PactBopurens 5 125 625
OunbTp 6€3307TBHBII 1 90 90
Tapa ms o6pasios 5 80 400
Bcero 3a Mmarepuainsl 6115
TpancnopTHO-3aroToBUTENEHBIE pacxob! (3-5%) 2446
HWroro mo cratse 6359,6
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CrenmanbHoe 000pyAOBaHUE U HAYYHBIX (IKCIIEPUMEHTAIbHBIX) padboT. B

JAaHHYIO CTAThIO BKIITOUCHBI BCC 3aTPaThl, CBA3AHHBIC C HpI/IO6peTCHI/IeM CIICOUaJIbHOI'O

000pyT0BaHus, HEOOXOAUMOTO s poBeAcHHs padoT o teme HUP (tabmuna 4.13).

Tab6nuua 4.13 — Pacuer 3arpat no cratbe «Crienio0opyaoBaHue Il HAyYHbIX paboT»

Ne HaumenoBanue Kon-Bo enqunun Ilena eauHUIBI OO611ast CTOUMOCTh
/i o0opymoBaHus obopynoBanusi | obopynoBaHus, py0. | o0opynoBanusi, pyo.
1 Anmapar 11t pa3roOHKH 1
220000 220000
HedrenpoaykroB APHC-3
2 Apeomerp AOH 1 460 460
3 N3mepurens 1
150000 150000
HU3KOTEMIIEPATyPHBIX CB-B
4 Buckosumerp 1 5000 5000
5 Tepmocrar 1 20000 20000
6 KomrmbroTtep 1 50000 50000
7 10 MicrosoftOffice 1 6000 6000
Utoro, pyo. 451460

Pacuet 3apaboTHOM I1aTEl HAYYHO-ITPOU3BOJICTBEHHOIO U IPOYET0 IEPCOHANIA

MPOEKTa MPOBOJWIM C YYETOM pabOThl 2-X YENOBEK — HAYYHOTO PYKOBOIUTENS U

ucrnoiHutens. bamanc pabodyero BpeMEeHH HWCIOJHUTENEH MPEJCTaBICH B TaOJIHIIC

4.14.

Ta6nuna 4.14 — bananc pabodero BpeMeHH

[Tokazarenu pabodero BpeMeHU PykoBoauTens Maructpant
KanenmapHoe aucio qHei 365 365
KonuuecTBo Hepabouux naHen

- BBIXOJHBIE JHU 99 99

- Ipa3JHAYHbIE JTHU 14 14

[ToTepu pabouero BpeMeH!

- OTIIYCK 24 24

- HEBBIXO/IbI 110 O0JIC3HU 14 14
JeiicTBuTenbHbIN rooBoii GoHa pabodyero BpeMeHu 212 212
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OcHoBHas 3apaboTtHas 1uiarta (3,.,) PyKoBoAMTE s (JJabopaHTa, HH)KEHEpa) OT
npeanpuaTus (MPyU HATUYUH PYKOBOJIUTENS OT MPEINPHUSATHS) PACCUMTHIBACTCS II0
cieaytorien popmyse [20]:

Bocu = 3,[LH ) Tpa6'

rae 3,y — OCHOBHAs 3apaboTHas Iiara OAHOro paboTHuKa; Tp,6
MPOJIOJKUTEILHOCT PAaOO0T, BBHITOIHIEMBIX HAYYHO-TEXHUYECKUM PabOTHUKOM, pal.
IH.; 3~ CPEHEIHEBHAs 3apaboTHas IIaTa pabOTHHKA, PYO.

CpennenneBHas 3apaO0THas IJ1aTa paccuuThiBaeTcs mo gopmyde [20]:

3 3y M
AH F )
A

riae: 3,,— MECSIYHBIN TOJBKHOCTHOM OKJIaj] paboTHHKA, py0.; M — KOJIUYECTBO
MecsA1eB paboThl O€3 OTITyCKa B TE€UEHUE rojia: Mpu oTiycke B 24 pabd. nus M =11,2
Mecsila, S-THeBHas Henels; npu otiycke B 48 pad. queit M=10,4 mecsiia, 6-1HeBHas
Henens, F; — nelcTBUTENbHBIA TromoBoi (GoHx pabo4yero BpPEMEHHM Hay4HO-
TEXHUYECKOTO TIepcoHaia, pao. JiH.

MecsiunbIi TOJDKHOCTHOM OKJiaa pabotHuka [20]:

3u= 36'(knp+kn)'kp’

rne 3¢— OasoBbiii oxmam, pyod.; K, — mnpemuanbHblii K03 dUIHEHT
(ompenensiercss [lonoxkenwem 00 orutare Tpyna); K, — kodddummeHt gomiar u
Han0aBoK; K, — paiioHHBIN KOdhduIMeHT, paBHbIi 1,3 (111 Tomcka).

[Ipu pacuere 3apabOTHON MJaThl HAYYHO-TIPOU3BOJCTBEHHOTO WU MPOYETO
nepcoHasga MPOeKTa YUYUTHIBAIMCh MECSYHbIC JOJDKHOCTHBIE OKJIAIbl paOOTHHUKOB,
KOTOPBIC PacCUYUTHIBAIUCH 110 hopmysie [20]:

3M = 36‘Kp,

rae 36— 0a30BbIN OKJIAM, pYO.;

K, — paitonnslii koadunuent, paBusiii 1,3 (111 Tomcka).

CornacHo unpopmanuu caiita TOMCKOro MOJIUTEXHUYECKOTO YHUBEPCUTETA,
noipkHocTHOU okiaf (IITIC) nonenta kanaumara nayk 6e3 yuera PK cocrasun 43664
py0., TOCKOJIBKY pyKOBOJIUTEIh paboraer Ha 0,5 cTaBKH, TO Okiam paBeH 21832.

PacueT ocHOBHOM 3apaboTHOM TIaThl IpUBEAEH B Tabnuue 4.15.
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Tabnuna 4.15 — Pacyetr ocHOBHO# 3apaO0THOM TLIATHI

36; 3M1 3,£[H1 Tp, 300}1,
Hcnomaurenu Krp Kz Kp
pyo pyo py0 |[pab.mH.| py6
PykoBoautens| 21832 1 0,02 1,3 |28949,2|1529,4| 212 |324231,4
Maructpanr | 6200 - - 1,3 8060 | 425,8 212 90272

JlononHuTENbHAS 3apa00THAS TUIaTa HAYYHO-TIPOU3BOJICTBEHHOIO MepCoHaa.
B  nmamHyro  cTaThl0  BKJIIOYAETCS ~ CyMMa  BBIIUIAT,  IPEIYCMOTPEHHBIX
3aKOHOJIATEIBCTBOM O TPYJIE, HalpUMep, OIUIaTa OYEPEAHBIX M JIOMOJHUTEIHHBIX
OTIIyCKOB; OIUIaTa BPEMEHH, CBS3aHHOTO C BBIIIOJIHEHHUEM TOCYJAapPCTBEHHBIX U
OOIIIECTBEHHBIX 00s13aHHOCTEH; BBITUIATa BO3HATPAXJACHUS 32 BBICIYTY JIET U T.I. (B
cpenneM — 12 % oT cyMMbI OCHOBHOM 3apa0OTHOM TIaThl).

JlonosiHuTeNbHAS 3apaboTHAs IJIaTa paccuuTbiBaeTcs ucxoas u3 10-15% ot
OCHOBHOM 3apabOTHOI IMJiaThl, paOOTHUKOB, HEMOCPEACTBEHHO YYAaCTBYIOIIMX B
BhIMoJIHeHHE TeMbl [20]:

3on =3ocu” knon,

1€ 3on — JOTOJHUTEIbHAS 3apaboTHas 1ata, pyo.; Kyn — Koaddummrent
JIOTIOJTHUTENIHLHOM 3apIiaThl; 3.c; — OCHOBHAS 3apaboTHas 1iaTa, pyo.

B Tabnune 4.16 npuBeneHa ¢gopma pacuéTa OCHOBHOM U JIOTIOJTHUTEIHLHOMN

3apabOTHOM TIJIATHI.

Tabnuma 4.16 — 3apaboTtHas miata ucnoaauteneit HTU

3apaboTHas 1u1aTa PykoBoaurens MaructpaHt
OcHoBHas 3apmiaTa 324231,4 90272
JonoysHUTENBHAS 3apIliaTa 48634,7 13540,8
Hroro no cratbe Csy 372866,1 103812,8

OTtuncieHus Ha COIMAJIbHBIC HYXXBI. CraThs BKIIOYAET B €0 OTUUCIICHUS BO

BHEOIOKETHBIC (DOH/IBI.
CBHe6 = kBHe6 ’ (3OCH+3IL0H) )
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r71e Kgnes — KOIPPUITMEHT OTUMCIICHHUS HA YILIATy BO BHEOIOKETHBIC (DOHJIBI.

Ha 2014 r. B coorBercTtBUM ¢ DenepanbupiM 3akoHOM OT 24.07.2009 No212-
@3 yCcTaHOBJEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIM 30%. CTuUneHINAIbHBIN
BBHITUIATHI CTY/ICHTaM, MarucTpaM M acliupaHTaM He 00JIararoTCsl HaJIOTOM.

OTuuciieHnst Ha COIMaIbHBIE HY>K/Ibl COCTABJISIOT:

Crres=0,3(324231,4+48634,7) = 111859,83 py0aeii

Hayunble 1 npou3BoACTBEHHbIE KOMAaHIUPOBKHU. B 3Ty CTaThiO BKIIOYAIOTCS
pacxoJibl MO KOMaHJAMPOBKAM HAYyYHOTO UM MPOU3BOACTBEHHOTO IE€PCOHAA,
CBSI3aHHOT'O C HEMOCPECTBEHHBIM BBINIOJIHECHUEM KOHKPETHOTO MPOEKTAa, BEIMYMHA
KOTOPBIX MpUHUMaeTcs B pazmepe 10% oT OCHOBHOM M AOTOTHUTENIBHOM 3apaboTHOM
IJIaThl BCETO MEPCOHAIIA, 3aHSITOTO HA BBHITOJIHEHUH JIAHHON TEMBI.

3aTpaThl Ha Hay4yHble W TPOU3BOJICTBEHHBIE KOMAHIUPOBKH COCTABIISIOT
47667,89 py0.

Omnata  paOOT,  BBINOJHSAEMBIX  CTOPOHHHUMHU  OpraHU3AMSIMU U
npeanpustusMu. CTOpOHHUE OpraHu3allid HE NpPUHUMAIM Y4YacTUsl B MPOEKTE,
MOATOMY JTaHHYIO CTaThIO PACXOJ0B HE PACCUUTHIBAEM.

Haxnagneie pacxonpl. PacyeT HakiIagHBIX pacXo0B MPOBEIIU MO CIAEAYIOIIeH
bopmyie:

Coarcn = Kuan - (Boen + 350n) = 0,8 (372866,1 + 103812,8) = 381343,1
rae Kyaxr — K03 OUIUEHT HAKIIaIHBIX pacxo0B mpuHAT 0,8.
Takum oOpa3om, 3aTpaThl MPOEKTa COCTABISET, KOTOPHIC MPHUBEACHBI B

tabimue 4.17.
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Tabnuua 4.17 — 3aTpaTbl HAyYHO-UCCIIEIOBATEILCKON padOThI

3anaTBI 10 CTaThiIM

Coipbe, matepuaiibl | Cneunans | OcCHOBHA Hor. Otuucne | Hayunbie u | Ornara pabor, | Ilpoume | Haxmamn Hroro
BHI[ (38, BBIYCTOM HOC A 3apa60TH HHS Ha IMPOU3BOACT BBITIOJIHACMBIX IIPAMBIC bIC IIJIaHOBas
BO3BpATHBIX o0opynoB | 3apaboTH | as miata | COLLHYX BEHHBIC CTOPOHHUMU pacxoabl | pacxonsl | cebecToum
UCCIICJIOBAHUS
OTXOJIOB), IOKYIIHbIE | aHWe Ui | as Iuiara bl KOMaHJAUPO | OpraHu3alusIMu OCTb
n3aciinsa u HAay4YHBIX BKHN
nosryabpuKaTel pabor
JHannoe 6359,6 451460 | 414503,4 | 62175,5 | 111859,8 47667,9 - - 381343,1 | 1475369,3
UCCIIETOBaHHE
Amnanor 5825,4 816257 350000 52500 98325 40250 - - 322000 | 1685157,4
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4.4.1 Opranu3alMOHHAs CTPYKTYPA NMPOEKTA

JIaHHBIA TMPOEKT MPEACTABICH B BHUIE IPOCKTHOM OPraHU3allMOHHOMU

CTpyKTypbl. IIpoekTHas opraHu3alMOHHas CTPYKTypa IMPOEKTa MpeICTaBlIieHa Ha

pucyHke 4.2.
PyKoBOIHTEIIE IPOEKTA
«Komarna» mpoekTa
|
[ [ | | \ OKCILTyaTarus
Hmes ‘ ‘ T30 ‘ ‘ ITpoekr ‘ ‘ KonTpakt ‘ ‘Peaﬂnaaum

[Mem Konxypc 3aBepIleHIIe

Pucynox 4.2 — [IpoekTHas CTpyKTypa mpoeKTa

4.4.2 TIlnan ynpaBJjieHMSI KOMMYHHKAI[UN NMPOEKTA

[lnan  ympaBieHHss  KOMMYHHUKallUSIMH ~ OTpa)kaeT  TpeOOoBaHUS

KOMMYHHKAI[HSIM CO CTOPOHBI YUACTHUKOB TpoekTa (Tabiuma 4.18).

Tabnuna 4.18 — [1nan ynpaBieHruss KOMMYHUKAITUSIMA

K

Kom
No Kakas undopmarus Krto nepenaer y Korna nepenaer
nepeaaeTcs
n/n nepeaeTcs uHpOpMaInio P UHpOpMaIINIO
uH(popManus
1 ExenenenpHo
' Craryc npoekra Hcnonaurens | PykoBoauremnto
(TIOHEeeNbHUK)
O6men undopmaruen o
2 Exemecsuno (KoHeI
TEKYILEM COCTOSTHUHU Ucnonnurens | PykoBoauremnto
MecsIa)
MPOEKTa
OKYMEHTBI U He no3xe cpokos
3. floxkym Ucnomuurens | PykoBoaurento p
nH(pOpMAaLIUS MO POEKTY rpauKoB U K. TOUEK
He nozxe qus
4 O BBINIOJTHEHUH
' . Hcnonuutens | PyKoBOOUTENO | KOHTPOIHHOTO COOBITHS IO
KOHTPOJIbHOW TOYKH
IJIaHy YIpaBIeHUs
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4.4.3 PeecTp puCKOB IIPOEKTA

HI[CHTI/I(i)HHI/IpOBaHHBIC PHCKH IIPOCKTA BKJIOYAIOT B ce0s1 BO3MOXKHEIC

HCOIIPCACIICHHBIC CO6BITI/I$I, KOTOPBIC MOTYT BO3HUMKHYTb B IIPOCKTC M BbI3BATb

MMOCJICACTBUA, KOTOPBIC ITOBJICKYT 34 co00l HeXKeTaTeIbHBIC 3(1)(1)6KTBI.

Nudopmarus 1mo BO3MOXKHBIM pUCKaM cBezicHa B Tadmuity 4.19.

Ta6nuna 4.19 — Peectp puckoB
BepositHocts | Biiusinue | YpoBeHb Cnoco0bl YcnoBus
Ne Puck
HACTYIUICHHS pHuCKa pucka CMSITYCHUS PHCKA HACTYIUICHHSI
HerouHoctb Buemrnwnii u Hwuzkas
1 MeTona 2 5 Huskuit BHYTPEHHUE TOYHOCTbH
aHaiIm3a AHAJIN3EI METOoa aHaJIn3a
CobaroneHue
[Tonomka Hapymenne
2 2 4 CpenHuii | TEXHOJIOTMYECKOTO
o0opynoBaHus pexuMa
pexuMa
OtcyrcTBUE [IpuBneuenue
OtcytcTBHE
WHTEpeca K TIPEAMPUSATHH,
3 2 5 Huzkuit pE3yJIbTaTOB
pe3ynpraTtam myOIUKaIs
HCCIEI0BAHUS
HCCIEI0BAHUS pe3ynbTaToOB
Hanexxarie HexkauecTtBennoe
4 [Tpumecu 1 2 Huzkuit
MMOCTaBILMKHU CBIpbE
¢punancosou,

4.5 Onmnpenenenue pecypcHoii (pecypcocOeperarouieii),

OIOI’KEeTHOI, CONMATBHOI U IKOHOMHUYeCKOi IPPekTUBHOCTH

4.5.1 Ouenka a6co1r0THOM 3G PEeKTUBHOCTH UCCIET0BAHUS

B ocHoBe IMPOCKTHOIO IoAXOoAda K HHBCCTHHHOHHOﬁ ACATCIIBHOCTU

MPEANPUATUS JISKAT TPUHIMN JCHEKHBIX MOTOKOB. OCOOCHHOCTHIO SBIISIETCS €r0

IIPOTHO3HBIM WM JOJTOCPOYHBIM XapakTep, MO3TOMY B IPUMEHIEMOM IOAXOAE K
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aHallM3y YYMUTBHIBAIOTCA (PaKTOp BpeMeHH U (akTop pucka. [ns omeHku oOmen
IKOHOMHUYECKOH 3(H(HEKTUBHOCTH UCTIOIB3YIOTCS CIEAYIONINE OCHOBHBIC MTOKA3ATEIH:

*  upucrada Tekymas croumocts (NPV);

* uHAeKc aoxoxaHoctu (PI);

e  BHyTpeHHss ctaBka goxoaHocTH (IRR);

*  cpok okynaemoctu (DPP).

Uucras tekymas ctoumocTh (NPV) — »3T0 mnokaszaTenb 3KOHOMHUYECKOM
3G ()EKTUBHOCTH WHBECTULIMOHHOTO TIPOEKTa, KOTOPBIA PACCUUTHIBACTCS IYTEM
TUCKOHTUPOBaHUS (MPUBENCHUS K TEKyIMIeW CTOMMOCTH, T.€. Ha MOMEHT
WHBECTUPOBAHUS) OKUIAEMBIX JIEHEKHBIX TTOTOKOB (KaK JOXOJ/0B, TaK U PACXOJIOB).

Pacuér NPV ocymectisiercs no cienytomieit popmyie [20]:

LYl
NPV = —_0’:’ -1,
o (L+1)
roe: YAIl,,;, — 4YHCThIE JEHEXHBIC IIOCTYIUIEHHS OT OIEPAlMOHHOU

nesATeNbHOCTH; ) — pa30Bble MHBECTULIMH, OCYIIECTBIISIEMbIE B HYJIEBOM ropay; t —
HoMep miara pacuera (t= 0, 1, 2 ...n); N — ropu3oOHT pacyera; [ — CTaBKa
JUCKOHTUPOBaHMSI (KeJlaeMbIil ypOBEHb JOXOJHOCTH UHBECTUPYEMBIX CPECTB).
Pacuér NPV mnoszBoiser cyauTb O UEIECOOOPa3HOCTH HWHBECTUPOBAHUS
neHexHbIx cpencts. Eciau NPV>0, To npoekT oka3biBaercs 3(h(PEeKTUBHBIM.
Pacuer umcroit Tekymed croumoctu mpencraBieH B Tabmuie 4.20. Ilpu

pacdere peHTaOeIbHOCTh TTpoeKTa cocTaBisuia 20 %, Hopma amopTuzanuu - 10 %.

Tabnuna 4.20 — Pacyet yucTO# TeKyIei CTOMMOCTH IO MPOEKTY B IEJIOM

No HaumenoBanue [ITar pacuera

- roxkasareJjiei 0 1 2 3 4

1 Bripyuka ot 0 1770443,2 | 1770443,2 | 1770443,2 | 1770443,2
peanuzanuu, pyo.

2 | Vitoro mputox, py6. 0 1770443,2 | 1770443,2 | 1770443,2 | 17704432

3 I/IHBCCTI/II_II/IOHHBIC -1475369,4 0 0 0 O
W3JIEPKKH, PYO.
OnepalmoHHbIe

4 | sarpatsl, py6. (35%0r 0 619655,1 | 6196551 | 6196551 | 619655,1

010 KETA)

5 | Hazoroobnaracwas 0 1150788,1 | 1150788,1 | 1150788,1 | 11507881

npuObLTE(1-4)
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[Tponomxenue Tabmuist 4.20

Hamnoru 20 %,

6 06.(5-20%) 0 230157,6 | 230157,6 | 230157,6 | 230157.6
8 ‘Incras mpEOLLTE, 0 920630,5 | 9206305 | 9206305 | 920630,5
py0.(5-6)
YucThlil NeHeXHBIN
9 notox (Y/11D), -1475369,4 | 1068167,4 | 1068167,4 | 1068167.4 | 1068167,415

py0.(uucras
MPUOBLTL+aMOPTH3AIIHS)

Koadduument
10 | IUCKOHTHPOBAHMUS MMPHU 1,00 0,833 0,694 0,579 0,482
1I=20% (K1)
Yucreii

11 | AHCKOTTHPORAMIBIL 1 _1475360,4 | 8901395 | 7417829 | 6181524 | 515127,0

JICHE)KHBIN TIOTOK

(YD), py6.(9-10)
12 YA 2765201,9 py6
12 Htoro NPV, py6. 1289832,6 py6

NPV=2765201,9 py6 — 1475369,4 py6 = 1289832,6 py6 > 0

Uucrasg Tekyllass CTOMMOCTb IO MPOEKTy B LeaoM cocTtaBisier 1289832.6
pyOJIeii, 4TO MO3BOISET CYAUTH 00 €ro 3 (HEKTUBHOCTH.

Wugexc nmoxomguoctu (Pl) — mokasarenb 3(PQPEKTUBHOCTH HHBECTHUIUH,
MPEACTABIAIONINN COO0M OTHOIIIEHHWE JUCKOHTUPOBAHHBIX OXOJOB K pa3zMepy
WHBECTUIIMOHHOTO KanmuTada. JlaHHBIM TOKa3aTeab IMO3BOJISIET  OMPEACIIUTH
WHBECTUIIMOHHYIO 3 (EKTUBHOCTH BIOKCHHH B JaHHBINA MpoeKT. MHAEKC T0X0HOCTH
paccuutbiBaetcs 1o popmysie [20]:

n ﬂnt
Pl=)» —/L/I,6>1,
§(1+i)t ’

rae: YJJ - duCTBIA JeHexHBIM MOTOK, pyoO.; [ 0 — HavambHBIMA
WHBECTUIIMOHHBIN KamuTal, pyo.

Takum o6paszom PI my1st maHHOTO MPOEKTA COCTABIISIET:

[ 2765201,9 a7
"~ 1475369,4

Tak kak PI > 1, To npoekt saBisieTcst 3P PEeKTUBHBIM.
Buyrpennsis craBka moxoaHoctu (IRR). 3HaueHue craBku, mpU KOTOpOM

oOpariaercsi B HyJib, HOCUT Ha3BaHUE «BHYTPEHHEH CTaBKHM aoxonHoctu» win IRR.
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dopmanibHOE OMpeNeeHNe «BHYTPEHHEH CTaBKU JTOXOAHOCTH 3aKJIIOUAETCS B TOM,
YTO 3TO Ta CTaBKa JUCKOHTUPOBAHMS, MPU KOTOPOW CYMMBI AMCKOHTHUPOBAHHBIX
MPUTOKOB JIEHEKHBIX CPEJICTB PABHBI CyMME IUCKOHTUPOBAHHBIX OTTOKOB WK =0. [1o
pazHoctu Mexay IRR u cTaBkoil AMCKOHTHPOBAaHHA 1 MOXKHO CYIUTh O 3armace
HKOHOMHUYECKON MPOYHOCTH MHBECTUIIMOHHOTO npoekTa. Yem Ommxe IRR k craBke
JMCKOHTUPOBAHUS 1, TEM OO0JIbIlIE PUCK OT HMHBECTUPOBAHUS B JAHHBIN MTPOECKT.
Mexny anctoit Texymei croumoctbio (NPV) 1 ctaBkoit muckoHTHpOBaHUS (1)
CYIIECTBYET OOpaTHasi 3aBUCUMOCTb. JTa 3aBUCUMOCTD IIpe/icTaBiieHa B Tabnuie 4.21

U Ha pucyHke 4.3.

Ta6muma 4.21 — 3aBucumoctb NPV OT cTaBKH JUCKOHTHUPOBAHUS

No Haumenosanue 0 1 2 3 4
IIOKa3aTess
Uucrole NPV, py6.
1 JICHEKHBIE -1475369,4 | 1068167,4 | 1068167,4 | 1068167,4 | 1068167,4
MIOTOKH, PYO.
2 Koaddurment auckoHTHpOBaHUS
0,1 1 0,909 0,826 0,751 0,683
0,2 1 0,833 0,694 0,578 0,482
0,3 1 0,769 0,592 0,455 0,350
0,4 1 0,714 0,510 0,364 0,260
0,5 1 0,667 0,444 0,295 0,198
0,6 1 0,625 0,390 0,244 0,153
0,7 1 0,588 0,335 0,203 0,112
0,8 1 0,556 0,309 0,171 0,095
0,9 1 0,526 0,277 0,146 0,077
1 1 0,500 0,250 0,125 0,062
3 JIMCKOHTUPOBAHHBIN AEHEXHBIH MOTOK, pyo.
0,1 -1475369,4 | 970964,2 | 882306,3 | 802193,7 | 729558,3 | 1909653,2
0,2 -1475369,4 | 889783,5 | 741308,2 | 617400,8 |514856,7 | 1287979,7
0,3 -1475369,4 | 821420,7 | 632355,1 | 486016,2 | 373858,6 | 838281,3
0,4 -1475369,4 | 762671,5 | 544765,4 | 3888129 |277723,5 | 498604,0
0,5 -1475369,4 | 712467,7 | 474266,3 | 315109,4 | 211497,1 | 2379712
0,6 -1475369,4 | 667604,6 | 416585,3 | 260632,8 |163429,6 | 32883,0
0,7 -1475369,4 | 628082,4 | 357836,1 |216838,0 |119634,8 |-152978,1
0,8 -1475369,4 | 593901,1 | 330063,7 | 182656,6 | 1014759 |-267272,0
0,9 -1475369,4 | 561856,1 | 295882,4 | 155952,4 | 82248,9 -379429,6
1,0 -1475369,4 | 534083,7 | 267041,9 | 133520,9 | 66226,4 -474496,5
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2500000,0
2000000,0
1500000,0
1000000,0

500000,0

0,0

-500000,0

-1000000,0

Pucynok 4.3 — 3aBucumoctb NPV 0T cTaBkH TUCKOHTHPOBAHUS

W3 Tabauipl U rpaguka CIenayeT, 4To o MEpe pocTa CTaBKU JUCKOHTUPOBAHMS
YUCTas TEKyllas CTOMMOCTb YMEHBIIAETCS, CTAHOBICH OTPULATEIBHOM. 3HAYECHHUE
cTaBKH, Ipu KoTopoit NPV oOpaiiaercs B HyJb, HOCUT Ha3BaHUE «BHYTPEHHEH CTaBKU
JTOXOAHOCTHU» WJIU «BHYTPEHHEW HOpMBI IpUObLIN». U3 rpaduka nomyyaem, yto IRR
cocrasisier 0,61. IRR>1, mpoekT sdpdexTruBeH. 3anmac 3KOHOMUYECKON MPOYHOCTU
npoekTa:61%-20%=41%

JIMCKOHTUPOBAaHHBIN CPOK OKynmaeMocThu. Kak oTMeuanoce paHee, OIHUM W3
HEJIOCTAaTKOB I0KAa3aTelisl MPOCTOr0 CPOKa OKYIIAEMOCTH SIBIISETCSI UTHOPUPOBAHUE B
IIPOIIECCE €r0 pacyeTa pa3HOW LIEHHOCTH JIEHET BO BPEMEHMU.

OTOT HEAOCTATOK YCTPAHSAETCS ITyTEM OINPEAEIEHUsS JUCKOHTHPOBAHHOTO
CpPOKa OKYIIaeMOCTH. TO €CTh 3TO BpeMs, 3a KOTOPOE IEHEKHBIE CPENCTBA TOJIKHBI
COBEPILIUTH 000POT.

Haubonee nmpuemiieMblM METOJIOM YCTaHOBJICHUS JUCKOHTUPOBAHHOTO CpPOKa
OKYMAEMOCTH SIBJIIETCA pacdyeT KyMYJATUBHOIO (HapacTarOLMM MTOIOM) JAEHEKHOIO

noroka (tabnwuma 4.22).
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Tabnuna 4.22 — JIMCKOHTUPOBAHHBIN CPOK OKYAEMOCTHU

HanmenoBanue [Iar pacuera
Ne
MOKa3aTesst 0 1 2 3 4
JIMCKOHTHPOBaHHBIN

1 YHCTBIN JICHEKHBIH -1475369,4 | 890139,5 | 741782,9 | 618152,4 | 515127,0
motok (i=0,20), pyO6.

To ke HapacTarIKuM
2 -1475369,4 | -585229,8 | 156553,1 | 774705,5 | 1289832,6
HUTOTOM, PYO.

JIMCKOHTHPOBAHHBIN
3 DPPpck = 1+(585229,8/741782,9)=1,79 rona
CPOK OKYIIa€MOCTH

CO]_II/IEUII)HEUI 3(1)(1)6KTI/IBHOCTB HAaY4YHOI'O IIPOCKTAa YYHTBIBACT COLIHAJIBHO-
9KOHOMHYCCKHEC ITOCICACTBHUA OCYHICCTBJIICHHA HAYYHOI'O IIPOCKTA JIA O6HICCTBa B
OcJaIoM HJIN OTACIBHBIX KaTCFOpI/Iﬁ HACCJICHUM WU I'pyIIl JIdO, B TOM YHCIIC KakK
HCIIOCPCACTBCHHLBIC PC3YJIBTATHI IIPOCKTA, TaK U «BHCHIHUC) PC3YJIbTAThBI B CMCIKHBIX

CCKTOpPAax OKOHOMHMKH: COIHAJIBHBIC, 3KOJOIMYCCKHEC M HWHBIC BHCOIKOHOMHYCCKHC

¢ dekThl (Tadbmuia 4.23).

Tabnuna 4.23 — Kpurepuu conpanbHon 3¢ (HEKTUBHOCTH

J0 ITIOCIJIE

Hcnons3oBaHue ACIIPECCOPHBIX IMpUCaIoK,
CHmxeHue OCHBI HA TOIIJIMBO
YAOPOKAIMUX CTOUMOCTD IU3CJIIbHOT'O TOIINBA

VYBennueHue II1yOUHBI nepepaboTKu
VYcrapeBias TeXHOJIOTUs NepepaboTKu HEPTH,
He(TenpoayKTOB, MO/JICpHU3ALNS yKe
MOJIy4EHUs AU3EIBHOTO TOILINBA
paboTarolieil TeXHOJIOTUH

4.5.2 Ouenka cpaBHUTEIbHOM 3¢ (PeKTUBHOCTH HUCCIEAOBAHUA

Onpenenenne  3¢G(EKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacyera
WHTETPALHOTO  TOKa3aTens dA(OQPEKTUBHOCTH HAy4yHOTO ucchefoBaHus. Ero
HaXOXKJIECHUE CBS3aHO C OMNPEACICHHEM JIBYX CPEIHEB3BEIICHHBIX BEIMYHH:

dbunancoBoi 3 (HEKTUBHOCTH U pecypcodrhPEeKTUBHOCTH.
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WuterpanbHpiii  mokaszatenb  (UHAHCOBOM  3(P(PEKTUBHOCTH  HAYYHOTO
WCCJICIOBAHMsI TIOY4YaloT B XOJE OIEHKH Oo/KeTa 3aTpar Tpex (wim Ooree)
BApUAaHTOB HCIOJHEHUS HAy4yHOro wucciefoBanus. s 53Toro HauOONbIIHIA
MHTETPAIbHBIN MOKa3aTelb pealn3aluid TEeXHUYECKOH 3a7aun MpUHUMAeTcs 3a 0asy
pacueTa (Kak 3HaMEHaTelNb), C KOTOPBIM COOTHOCHUTCSI (PTHAHCOBBIE 3HAYCHHS 110 BCEM
BapHaHTaM HUCIIOTHEHHUS.

WuTerpanbubiii  (pUHAHCOBBIA TMOKa3aTelb pa3pabOTKU OMpeAesieTcs o

cieayromeii hopmyite [20]:

Incn.i — pi
$unp ’
CDmax
1€ lppyp — WUHTErPANbHBIA (QUHAHCOBBIH NoKazatens paspaborku; @,; —
CTOMMOCTh I-T0 BapuaHta wucnoidHeHus; D,,,, — MaKcUMallbHas CTOUMOCTb

WCIIOJTHEHUS HAyYHO-HCCIIeI0OBATEIIbCKOTO MTPOEKTA (B T.4. aHAJIOTH).

[Tomy4yeHHast BeITMYMHA HHTETPATLHOTO (PMHAHCOBOTO IMOKA3aTeNs pa3pabOTKu
OTpa)kaeT COOTBETCTBYIOIIIEE YMCICHHOE YBEIIMUCHHE OI0JKeTa 3aTpaTr pa3paboTKu B
pazax (3HaueHHe OOJIbIlIE EAUHUIIbI), JUOO COOTBETCTBYIOIIEE YHUCICHHOE
YJCIICBIICHUE CTOMMOCTH DPa3paboTKM B pa3ax (3Haue€HHWE MEHBIIE CIWHUIIBI, HO
OOJBIIIE HYJIS).

WHTerpanbHbIil MoKa3aTeab pecypcoddPeKTHBHOCTH BapHAHTOB MCTIOTHEHUS

00BEKTa UCCIICAOBAHMS MOXKHO OTPEACTUTD Cieaytonmum oopaszom [20]:

Ipi:zai'bi

rae: l,; — HWHTErpaJbHBINA II0Ka3aTreilb pecypcodd®dEKTUBHOCTH I 1-TO
pi

BapuaHTa WCIIOJHEHUSI Pa3pabOTKU; a; — BECOBOM KOA(D(GUIMEHT i-TO BapHaHTa

MCTIOHEHUsT pa3pabotku; bt

,blp — OaJibHAsi OLIEHKAa 1-TO BapUaHTa HUCIOJHECHMS
pa3paboOTKH, YCTAaHABIMBACTCS OKCIEPTHHIM MyTeM 10 BBIOpPAHHOW IIKaje
OLIEHMBAHUS; N — YUCIIO NapaMeTPOB CPAaBHEHUSI.

Pacyer wHTEerpasibHOTO TmMOKa3arensi pecypcod(PPeKTUBHOCTH TPUBEIEH B

dopme Tabmuipl (Tabmure 4.24).
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Tabnuna 4.24 — CpaBHeHHUE XapaKTEPUCTUK BAPUAHTOB UCIIOJHEHUS MPOEKTa

Kpurepuu Becogoit kooguuuent | Texyui Amnarror [4] | Amnaor [5]
napamerpa IIPOEKT

[Ipou3BoOAUTENHHOCTD 0,25 5 2 4

CTOMMOCTb CBIPBS 0,25 5 4 5

CTouMOCTh MaTepHasoB 0,25 4 5 5

CxopocTb 00paboTKH 0,25 3 4 3

Hroro 1 17 15 17

HNuTerpanbHblil mokazaTennb 425 375 425

pecypcodhhekTHBHOCTH

WuTerpanbHelii mokasatens 3(QeKTHBHOCTH pa3paboTku I aHamora

Gunp

I a OIIPCACIIACTCA Ha OCHOBAHUU HHTCTPAJIBHOT' O I1o0Ka3arTciii
bunp

pecprOB(b(i)eKTI/IBHOCTI/I U HHTCIPAJIBbHOI'O (1)I/IHaHCOBOFO IIOKa3aTcCAd II0 (bOpMYJ'Ie

[20]:

i I2

I(]z: = T; I(ia)lzmp = T;l
HHDp ’

Iq) Iq)

CpaBHEHHE HHTETPAIBHOIO MOKa3aTeNsl 3PPEKTUBHOCTH TEKYILErO MPOEKTa U
aHAJIOTOB  TO3BOJUT ONPEJCIUTh CPABHUTEIBHYIO 3()PPEKTUBHOCTh MPOEKTA.

CpaBHuTenbHas 3QPEeKTUBHOCTH MTPoeKTa onpeaensercs mo Gopmyine [20]:

Ip
5 - _bunp
Ccp - Ia )
$uup
rae: 3¢, — CpaBHUTENbHAS dPHEKTHBHOCTD MPOEKTA, IgHHp — HWHTErpaJIbHBIN
NoKa3arenb  pa3pabdOoTKH; I(‘i")HHp —  MHTETPAIbHBIA  TEXHUKO-DKOHOMHYECKHUHI

MOKa3aTellb aHaJlora.
CpaBautenbHass 3G()EKTUBHOCTh Pa3pabOTKU MO CPABHEHUIO C aHAJIOramMu

npejcTaBiieHa B Tabnuiie 4.25.
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Tabnuna 4.25 — CpaBuutenbHas 3h(HEKTUBHOCTD pa3pabOTKH

Ne AHanor AmHanor
[Tokazarenu Pa3zpaboTka

/1 [4] [5]
WHTerpanbHbIi (buHAHCOBBII [10Ka3areilb

1 0,20 0,20 0,22
pa3paboTKu
NuTterpanbHblii MoKa3aTelib

2 4,25 3,75 4,25
pecypcodhHeKTHBHOCTH pa3paOdOTKH

3 WuTerpanbHblil mokazarensb d3PGEeKTUBHOCTH 21,25 18,75 19,32
CpaBHuTenbHas 3¢ (HeKTUBHOCTH BapHaHTOB

4 P e P 1,13 1 1,03
WCIIOJTHEHUS

BbIBOJIBI: CpaBHEHHE 3HAYEHUI MHTETPATBHBIX MOKa3aTenen 3(h(peKTuBHOCTH

IIO3BOJIAICT IIOHATB, 4YTO pa3pa6OTaHHBIﬁ BapUaHT IMPOBCACHUS IIPOCKTA ABJIACTCA

HanOoJee 3 (HEKTUBHBIM MPU PEIICHUH TOCTABIEHHOW B MAaruCTePCKOM AUcCCepTaluu

TEXHUYECKOU 3aJ]auu C TO3ULIMHU (PMHAHCOBOU U pecypcHOM 3 (PEKTUBHOCTH.

B XO0AC BBIIIOJIHCHUS pa3aciia (1)I/IHaHCOBOFO MCHCI’KMCHTA OIIPCACIICHA YU CTaA

Tekymas croumoctb NPV, paBhas 1289832,6 py0.; ungekc goxoanoctu PI=1,87,

BHYTpeHHsIs cTaBka oxogHocTu IRR=61%, cpok okymaemoctu PPnck=1,79 rona.

Takum 06pa3zom MbI uMeeM pecypcodh(PEKTUBHBIHN TPOEKT C BHICOKKUM 3aM1acoM

(MHaHCOBOM MPOYHOCTU U CPETHUM CPOKOM OKYIAEMOCTH.
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3aK/JII0YeHne

UccnepoBanust B 00J1aCTU BJIMSHUST MarHUTHOTO TOJS Ha XapaKTEPUCTUKU
HEe(TENPOAYKTOB HA4yaThl OTHOCHTENHHO HEJABHO M HEMHOTOYHCIEHHBL. OHaKo,
MOJIOKUTENIbHBIE PE3yJbTaThl UCTIHITAHUN B TIape ¢ Oe3peareHTHOCThIO0, TPOCTOTOM B
IKCIUTyaTallik, SKOHOMHUYECKOH  A(PGEKTUBHOCTHIO  MPEABEIIAIOT  XOPOIIHE
nepcrnekTuBbl. Bc€ 310 nmomonHseT TOT ¢akT, YTO MOTPEOHOCTh B TOIUIUBE, B
YaCTHOCTH, JHU3EIBHOM, €XKETOJHO pPacTeT, a HEKOTOpPhIE PETHOHBI HAIIEW CTpPaHbI
Hyxaatorcs B JI'T ¢ HU3KoTEMIiepaTypHbIMU MOKA3aTEISIMUA IPUMEHUMBIMH B CYPOBBIX
ycioBusX. [IpuBiIeKkaTeIbHOCTh METOJA COCTOMT TakKX e B KOMIIAKTHOCTH amnmapara
JUTS MAaTHUTHOM 00pabOTKH JKUJIKOCTH U TIPOCTOTE €r0 OOCTYKUBAHHUS.

OCHOBBIBasICb Ha JMTEPATypPHBIX HCTOYHHUKAX, J100aBUM, YTO MarHUTHas
00paboTKa CHUXKAET pacxo]] TOIJINBA, CTaThs 3aTpaT Ha KOTOPbIE COCTABIISIET BECOMYIO
J0J10 B cebectoumoctu npoaykuuu. Takke MO cocoOCTBYeT CHUKEHHUIO BPEIHBIX
BbIOpOCcOB. Takum 00pa3oM, HUCCIEAOBaHUS B JIAHHOWM HMEET IKOHOMUYECKUH U
COLIMANIbHBIN 2P DEKT.

B mepBo#i rnaBe gaHHOW padOThI, MOCBSIIEHHOW TEOPETHUYECKUM OCHOBaM,
HOJIpOOHO PACCMOTPEHO NH3EJbHOE TOIUIMBO, €Tr0 XapaKTEPUCTHKHU, aKTyaJlbHbIE
TpeboBanus k JT, XxapakTepuCTUKU MarHUTHOTO TOJIsl, MEXaHU3M €T0 BIIMSHHS Ha
KOJUIOMJHBIE CHUCTEMBbl. Takke NpPOBENEH JUTEepPaTypHbId 0030p, pPAacCMOTPEHBI
COBpPEMEHHbIC TIATEHTHI B JaHHOW oOmactu. B Tekcte oOTpakeHbl NPUYUHBI
aKTyaJIbHOCTU JAHHOM pabOThI U CIOXKHOCTH B UCCIIEIOBAHUU.

Btopast u TpeTbs riaBbl MOCBSIIEHBI SKCIIEPUMEHTAIBHON YyacTh. Bo BTOpOi
rJlaBe€ M3JI0KEHBI METOJbl HCCICIOBAaHUS, OMHUCAHBl TIPEAMET ¢ OOBEKTHI
uccienoBanusi. B tperbell riiaBe — MoJpoOHO paccMOTpEeHa METOJUKA MCIBITaHWH,
MPEAOCTABIIEHBI PE3YJIbTAThl U MPOBEICH UX aHAIIN3.

B dgetBeproii riiaBe pabOTHI MpUBEICHA OlleHKa MOJIb3bl, dhdexTuBHocTH HU,
ATambl pealu3aluy MNPOAYKTOB IMPOEKTa; B MATOW TJIAB€ PACCMOTPEHBI ACIEKThI

COI_[I/IaJ'H)HOI‘/JI OTBCTCTBCHHOCTH.
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B pamkax gaHHOW pa®OTBI OCYIIECTBIISJIOCH HCCIIEJOBAHUE U BBISABIICHUE
3aKOHOMEPHOCTEM BIMAHMS IOCTOSIHHOTO MAarHUTHOTO MOJISl HA HU3KOTEMIIEPATYPHBIE
CBOMCTBA JIU3EJIBbHOIO TOILJIMBA.

[To pe3ynbraTam npoaenaHHONW pabOTHl MOXKHO CIENATh CIIEIYIOIINE BHIBO/IBI:

HaOmoMaeTcs npsiMasi 3aBUCUMOCTh A dextuBHOCTH BiusiHUS MO Ha
HU3KOTEMIIEpATypHbIE MMOKAa3aTeNN OT COAEpKaHus napauHOB B cbipbe. Tak Tz Ha
oOpastie ¢ ['ypapmHCKOTO MeCTOpOXIeHus, T/e maccoBas aojs mapadunHoB 0,51
mac.%, cHm3mimach B 3,1 pa3, B TO Bpems Kak [Z Ha oOpasme c ['pymeBoro
MECTOPOXKACHHUS, T/ie MaccoBas a0 napadunos 0,96 mac.%, cauzunace B 10,7 pas.
JlanHoe sBiieHHE OOYyCIIaBIMBAETCS MEXaHM3MOM Bo3zaeicTBus MO Ha au3enbHOE
TOIJIUBO;

MO nerkoil auzenbHOM Ppakuuu gBisieTcss MeHee (P(HEKTUBHOM, YeM
TSKEJIOM — CHUOKEHUE TeMIIepaTypbl MOMYTHEHUS JIETKOW AU3eabHON (ppakiuu B 1,5
pa3, IIT® u Temneparypsl 3acTeiBanus — B 1,2 pasa;

C YBEJIMYEHHUEM BSA3KOCTH CUCTEMBI TpeOyeTcs OoJibllle BpEMEHU s
JTOCTHXKEHHSI ONTHUMAIBHOTO 3¢ (dekTa Bo3nercTBus. OOpa3ubl TAKEIBIX TU3EITbHBIX
dpaxkuuii ¢ I'ypapunckoro u ['pyiiieBoro MeCTOpOXIeHUN CYIIIECTBEHHO OTINYAIOTCS
Bs3KocThIO (5,9793 mlla-c u 8,6706 mlla-c, coorBercTBeHHO). CTOUT BBIABUHYTH
MPEANoJOKEHUEe O TOM, 4TO AJid oOpasia ¢ ['pymeBoro MectopoxaeHus He ObUIn
onTuMalibHO Moj00pansl ycnoBus MO. [lpu yBenmndeHUM BpeMEHHM TPOXOKICHUS
AKTUBHOW 30Hbl CHWKEHHME HHU3KOTEMIIEpAaTypHBIX IOKa3zaTeled OblIo  Obl
CYILIECTBEHHEE;

C YTSDKEJICHUEM ChIphsl yBenmuuuBaeTcs 3(pdexktuBHOCTh OT unciaa MO.
Tak HU3KOTEMIIEpaTypHbIE MOKAa3aTeNIM JETKON nu3enbHol ¢gpakuuu ['ypapuHckoro
MECTOPOXKJICHUS Tocie aonojuuTenbHod MO cHusmwimcek B cpeaHeM Ha 1 °C, B TO
BpeMs Kak TshKeIon au3enbHoi ¢pakimu Ha 10 °C;

abpdpext or MO  coxpaHseTcs CO  BpEMEHEM,  3HAYCHUS
HU3KOTEMIIEPATYPHBIX MOKa3aTenei cpazy nocie MO u cnycTs CyTKU MOMaaaloT B

CXOJUMOCTH HCTIOIB3YEMOTO MPUoopa,;
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OTCJIEKUBACTCSI CHUKECHHUE PEOJIOTUYECKUX XAPAKTEPUCTUK JIU3EIIbHBIX
dpakuuii mpu MO, 9TO COBIagaeT ¢ UCCIAEAOBAHUSIMHU OTCUECTBEHHBIX U 3apyOeKHBIX
kosuier. CIycTsi CyTKM HaOMIOJaeTCsl ABMKEHUE 3HAUYCHUN MIJIOTHOCTU U BSI3KOCTH B

HCXOJIHYIO CTOPOHY.
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1 Diesel fuel

In this chapter, foreign sources, patents, and monographs related to the subject
will be considered. To begin with, we will give a brief information about the diesel
fraction and diesel fuel.

Diesel fuel belongs to the fuel of the greatest demand after gasoline. Internal
combustion engines run on diesel fuel. The scale of diesel fuel use is global, it is used
in railway, automobile (freight and passenger), water and agricultural transport. Also
diesel fuel is used for mobile and stationary power plants, in boilers of heating systems.

In 2020, 77,868,7 thousand tons of diesel fuel were produced in Russia [2].

Diesel fuel is an oil fraction based on hydrocarbons with a boiling point of
200...350C. It is transparent and more viscous than gasoline, a yellow or light brown
liquid (depending on the resin content in it) with a density of 0.80 ...0.83 kg/m?® [1].

Direct distillation, as well as catalytic cracking of kerosene fractions of oil,
make it possible to get automotive diesel fuel. The resulting fuel consists mainly of
kerosene, gas oil fractions, in a rare case ligroin. To reduce the sulfur content,
hydrotreating and dewaxing are used.

Because of this, diesel fuel in its chemical composition is a complex mixture
of alkanes (10-40%), cycloalkanes (20-60%) and aromatic compounds (14-30%) and
their derivatives [1]. Diesel fuel consists mainly of saturated hydrocarbons. There may
also be mechanical impurities, resinous compounds, water and sulfur compounds in
the composition of diesel fuel. Their number is, of course, minimal. Depending on the
boiling point of the fraction, the percentage of aromatic hydrocarbons to aliphatic
varies. Thus, with an increase in the boiling point of the fraction, the proportion of
aromatic hydrocarbons can reach 47%. The average molecular weight of diesel fuel is
in the range from 110 to 230 [1].

As mentioned earlier, the influence of magnetic treatment on fuel, in particular
diesel, is widely considered in scientific papers in many countries. There are synonyms
of "magnetic processing” in some works. This process is also called "magnetization”,

"magnetic activation", "magnetic conditioning", "magnetic induction". In some works,
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the use of a magnet is considered in order to reduce fuel consumption, in others to
reduce harmful emissions. There are also works whose purpose is to improve the
performance of a diesel engine. The purpose of this work — to study the effect of a
constant magnetic field on the low-temperature properties of diesel fuel. And,
unfortunately, this topic is not as widely disclosed as we would like it to be.

Diesel is combination of hydrogen and carbon molecules. They form pseudo
compounds due to various attractive forces which can combine into groups. The
molecular structure is comparatively constant throughout; in air-fuel blending method
oxygen is not mixed properly which leads to improper combustion of diesel and results
in creation of carbon emissions pumped into atmosphere. It was established that diesel
is ionized when subjected to magnetic field. The magnetic conditioning allows fast
mixing with the oxygen and leads to complete combustion fuel. In addition, the
magnetic treatment permits the tough bonding with the oxidizing medium that suggest
further complete and best potential combustion of the hydrocarbons. The effect of
magnetic conditioning diesel promotes better burning of fuel as a result improved brake
power and decreased consumption of fuel. Further effect is improved combustion and
decreased exhaust emissions of carbon particulate, CO and UBHC.

The improper oxidization of carbon molecules forms HC and Carbon monoxide
are deposited on the walls of the engine cylinder as black carbon residue [30, 31].
Deshmukh [32] in research found out that the intensity of the magnetic field acting on
the fuel line improves the properties of the fuel. In particular, it reduces the number of
emissions, increases productivity of fuel. Chaware [33] broadly examined the
ionization effect and reported the influence of magnetic conditioning on fuel properties.
Rashid [34], observed the influence of magnetic conditioning on unleaded gasoline,
reported that the result of magnetic field on Carbon monoxide was the mainly
significant at majority of engine's loads. In the present study, focus is on magnetic
treatment method that results the improvement in performance, and emission reduction
in diesel engine application.

In order to delve more into the subject, to consider all aspects of the influence

of magnetic processing, the task was set to study foreign sources that describe the effect
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of a constant magnetic field on other characteristics of diesel fuel, on the operation of
the engine as a whole.
To begin with, let's consider the concept of "magnetic field", look at properties

of the magnetic field.
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2 Magnetic field

A magnetic field is a force field acting on moving electric charges and bodies
with a magnetic moment.

Properties of the magnetic field [14]:

* occurs as a result of changes in the electric field over time;

* the magnetic induction vector is the main value characterizing the intensity
and direction of the magnetic field, measurements are made in Tesla [TI];

» formed only when the charge is moved,

» measured by special devices — sensors, not perceived by human senses;

* propagates in space with a finite velocity equal to the speed of light in a
vacuum;

* constant and variable type of action.

The magnetic field is called constant if the value of the magnetic induction
vector does not change with time at each of its points. Such a field exists around a fixed
conductor with a constant current or a fixed magnet.

Sources of the magnetic field [14]:

e time-varying electric field;

e mobile charges;

e  permanent magnets.

In the next chapter we will consider the mechanism of action of the magnetic

field on hydrocarbon fuel.
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3 Mechanism of action of magnetic field on diesel fuel

For the most part, the low-temperature properties of diesel fuel are influenced
by paraffins, since they have the highest pour point.

Diesel fuel can be considered as a colloidal system, where the dispersed phase
consists of nuclei of high-molecular paraffins, on the surface of which paramagnetic
resin molecules are adsorbed. Paramagnetism of resin molecules is caused by
uncompensated electron spins.

During a decrease in temperature, the paraffins that make up the fuel begin to
react (crystallize) first of all. They serve as centers of crystallization. Prior to magnetic
treatment, paraffin compounds are randomly distributed throughout the volume and
some may form larger globule associates, thereby reducing the number of
crystallization centers. After magnetic treatment, a certain order is achieved,
characterized by a sharp increase in the crystallization centers of paraffins due to the
destruction of supramolecular structures, a more detailed explanation is given below.
That is, the dispersion of the system increases. Smaller paraffin particles during
crystallization have less effect on the system as a whole, reducing the solidification
temperature. When fuel is passed through a magnetic field, its molecules are
rearranged, and intermolecular forces are significantly reduced, and this facilitates their
adhesion to oxygen, which leads to complete combustion in the combustion chamber.
This procedure leads to better fuel consumption and reduced emissions of hydrocarbon
compounds, carbon monoxide and increased carbon dioxide emissions. Fuel ionization
also helps to dissolve the carbon deposits accumulated in the fuel injectors, and the
combustion chambers, thus, maintain the engine in a clean state. Figures 1 and 2

represent the effect of magnetic field on the fuel particles [35].
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Fig. 2 Schematic view of magnetic field and complete combustion [35]

Before the treatment with magnets, the particles do not have an electric charge.
As a result of processing, uncompensated spins are oriented in an external magnetic
field in the direction of the field vector. Due to this, the mutual arrangement of
molecules and supramolecular formations changes, restructuring occurs with the
formation of a more ordered system with a large number of dispersed particles, as
mentioned earlier. It is worth noting that after magnetic treatment, the viscosity of the
oil product and the surface tension also decrease.

The authors of some papers adhere to a different theory based on the Lorentz
force. It is believed that hydrocarbon fuel contains charged particles that respond in an
external magnetic field. Under the influence of force, they begin to move and in a
certain direction. The force of the magnetic field - the Lorentz force - acts on a point
charged particle and is directed perpendicular to the vector of motion of the charged
particle. As a result, the associates are divided into smaller fragments, the system
becomes more dispersed. However, as it is known, diesel fuel consists of nonpolar
hydrocarbons organized by covalent bonds [7]. Thus, the Lorentz force cannot affect
the system in any way.
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In their works, the authors usually regulate such parameters as the magnitude
of magnetic induction, the speed of fluid movement through the core, the ambient
temperature and the number of magnetic field crossings. By varying the variables, the
authors conclude about one or another dependence.

The most significant effect of the magnetic field is at the rate of crossing the
active gap by hydrocarbon raw materials in the range of values from tenths to

hundredths of a meter per second.
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4 Using magnetic processing

Magnetic processing usually finds the following applications - reduction of
harmful emissions, reduction of fuel consumption, improvement of fuel characteristics.

Let's look at each item separately.

4.1 Using magnetic processing to reduce fuel consumption

Fuel costs account for a significant share in the cost of production, therefore,
the improvement of fuel-saving technologies has a significant economic and social
effect. Magnetic treatment is considered to be one of the unconventional methods of
fuel treatment. As it turned out, the use of a permanent magnetic field reduces fuel
consumption, the content of unburned hydrocarbons and carbon monoxide in it,
increases the thermal effect of the engine. Magnetic treatment reduces the density,
viscosity, surface tension and increases dispersion of diesel fuel [7] By the insertion of
permanent magnets, the diesel atomizes into tiny droplets due to de-clustering the
hydrocarbon molecules. Which makes the fuel actively, mixes with the oxygen, cause
complete combustion inside the engine cylinder.

Many works were devoted to the topic of reducing diesel fuel consumption.
The patents found differed only in the design of the magnetic processing device. The
principle of operation and placement are similar.

The devices described in the patent are necessary to activate various types of
fuel, for example, gasoline, diesel fuel, kerosene, fuel oil, natural gas [15]. Depending
on the aggregate state of the fuel, the desired design of the device is selected. Figure 3

shows the configuration used for liquid or gaseous fuels. Let's consider it in more detail.
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Fig. 3 Device for different types of fuel with magnetic treatment [15]

Fuel B flowing through the magnetization chamber 1, on one side of which is
activated through the housing of a permanent magnet 4. Further activation is due to the
mixing of hydrogen and oxygen in the mixing chamber 8. The hydrogen-oxygen
mixture is obtained here in the electrolyzer 10 by electrolysis from water and along the
line 20 is supplied to the mixing chamber 8. Hydrogen and oxygen dispersed and / or
dissolved in fuel B in the mixing chamber 8, and then fuel B, enriched with hydrogen
and oxygen, slowly passes, as shown by the arrows in the figure [15].

Thanks to this design, fuel efficiency increases by more than 30% [15].

The second work of another author describes a device with a permanent magnet
for reducing fuel consumption by a diesel engine, placed on diesel engine injection
devices, preferably consists of at least two permanent magnets located opposite each
other (Figure 4) [36].

Fig. 4 Permanent magnetic device for reducing diesel engine fuel consumption [36]
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The efficiency of such a device is somewhat reduced in comparison with the
previous model, but it is worth noting that such a design has its advantages. For
example, simplicity of design, easy operation, low cost.

The authors of the work [37] achieved the following results: for (C.I. engine),
the present of (CO; and HC) by using magmatic field was lower than without using by
about (7.8%, 10.8%), respectively. Focusing on emission, it was found that CO of the
(C.1. engine) decreased when the engine speed was increased and the using of
magmatic field reduced the amount of the present of (CO) by about (13.8%).

Interesting results can be achieved with magnetic treatment of a mixture of
diesel fuel and biodiesel. In one of the works [38] it discusses the effect of using waste-
cooking-oil-biodiesel with/without the use of Magnetic Fuel Conditioner (MFC) on the
performance and emission characteristics of a 4-stroke, direct injection, water-cooled
compression ignition engine at full load. The authors of the work achieved a reduction
in fuel consumption by almost two times.

So, most authors agree on the positive effect of magnetic treatment on diesel
fuel. The authors [39] note that the effect of magnetic treatment increases with the
growth of magnetic induction from 0.8 to 1.1 TI, while the greatest effect is obtained

with low motor loads.

4.2 Using magnetic processing to reduce harmful emissions

Before proceeding to the description of the found works, it should be said that
in any case, reducing fuel consumption will lead to a reduction in harmful emissions.

The exhaust emissions of all 1.C engines contains of CO, CO, and nitrogen
oxides. These harmful gases react with atmosphere air and forms smog. Research in
the medical field has confirmed the regularity of diesel fuel emissions and lung cancer
in non-smokers, as well as the failure of some organs. Research is still going, there is
a possibility that diesel emissions cause other harmful side effects.

The conventional hydrocarbon fuel releases natural carbon particles which clog

the fuel injector, resulting lower efficiency and wastage of fuel. Majority of internal
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combustion engines are working with liquid fuels, they do not participate in chemical
reaction until they are vaporized and mixes with the air. The exhaust emissions of all
I.C engines contains of CO, CO,, UBHC and nitrogen oxides. These harmful gases
react with atmosphere air and forms smog. All the conventional fuels are compounds
of hydrocarbon molecules. With installation of magnets on fuel lines the hydrocarbon
molecules are ionized and realigned. One of the consistent strategies, which tend to
increase the performance, combustion and decrease the emissions is magnetization
method. Most of the fuels for Internal Combustion Engines are liquid fuel, these liquid
fuel when undergo the vaporization and mixes thoroughly with air will participate in
the combustion and heat energy releases in the combustion chamber.

In addition, incomplete combustion of fuel negatively affects the operation of
the engine, which leads to unnecessary costs, and also brings disadvantages because of
equipment downtime. Such a system is being developed, with the help of which a more
complete combustion of fuel will be observed, respectively, a reduction in fuel
consumption, a reduction in harmful emissions into the atmosphere.

The invention, which we will consider in more detail, is able to meet the
specified criteria reduces the amount of harmful substances emitted into the
atmosphere during engine operation. All this also helps to reduce the carbon footprint.
The device is aimed at increasing the completeness of combustion. Pilot tests showed
that the smoke opacity of the truck’s diesel engine was reduced by 66% within one hour
after the installation of the magnetic treatment device. In addition, EPA-approved
equipment showed lower smoke opacity rates for other diesel engines in tractors, trucks
and buses when this device was installed.

The device consists of rare earth metals whose crystal structures are
characterized by magnetic anisotropy. Anisotropy is the difference in properties
depending on the direction. So the metal is magnetized in one direction, but not
magnetized in the other.

The development was carried out taking into account the availability of all
components of the device. The atomic numbers of the selected metals range from 57
to 71.
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Like many developments in this field, the device is placed on the outer part of
the fuel line.

This device aligns the structure of hydrocarbons, increases the dispersion of the
system, increases the polarization of the system. This reduces the toxicity of diesel fuel
use, as fuel burnout improves. The use of the device reduces the amount of fuel
consumed, which contributes to savings, and the device also reduces operating costs
by reducing downtime.

Let's inspect the magnetic ionization device (Figure 5), which is stated in the
work [40]. It contains a pair of brackets that are connected to each other and fixed on
the fuel line, and a rare earth metal connected to the bracket.

The bracket has a V-shaped shape, contains a recess to accommodate part of
the fuel line [40]. After placing the rare earth metal in the brackets, the device is
covered with a protective layer for the magnet from aggressive environments. In
particular, plastic and powdered metal can serve as a layer. After that, the device is

fixed around the fuel line with the help of ties.

Fig. 5 Device with magnetic treatment [40]

Thus, the described device removes the amount of toxic emissions of diesel fuel
using magnetic processing.

In the work [35] was considered the effect of magnetic field on the boiler
performance fueled with diesel. From the experimental result show an improvement in

boiler performance after the fuel subjected to a magnetic field. The fuel consumption
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IS decreased by (3.675%). The exhaust gas emission showed a reduction nearly by
(38.04%) in CO, (21.89%) in HC. An increase by (3.432%) in CO; and by (4.34%) in
the exhaust temperature were observed. The tests results indicate an improvement in
fuel combustion of the fuel resulted in lower fuel consumption and CO and HC
concentrations and Higher CO,.

Because of magnetic treatment, it is possible to achieve a reduction in the
density of exhaust gases by 15% [39]. The composition of exhaust gases is also
changing the carbon monoxide content is reduced by a quarter, the amount of unburned
fuel by 30%. The authors do not agree on nitrogen oxides. Thus, in some studies,
information was found that the content of nitrogen oxides in the exhaust gases
increased by 18-20%, in others — no changes, and thirdly - a decrease of 5%. Perhaps
this difference is due to the selected load on the motor and the selected installation
location of the magnetic device.

Hydrocarbon emissions of the various magnetic conditioned fuels are less than
the conventional fuel due to the improved chemical reactions. It is noticed that with
improvement in magnetic field intensities the hydrocarbon emissions are reduced
accordingly. The magnetic field intensity 12,000 Gauss has 15.73 % lower
hydrocarbon emissions than the normal diesel engine [41]. Let's consider the influence
of the magnetic field on other characteristics of diesel fuel.

The main reason for production of CO is due to the lack of adequate oxygen
[6]. It is noticed that carbon monoxide enhances with enhance with engine load, due to
increase in high rate of dissociation reaction. From the results it is noticed that 12,000
Gauss intensity projects 19.8% less CO production than diesel [41].

The engine releases the oxides to atmosphere are the mixture of oxides and
dioxides of nitrogen. Nitrogen reacts with oxygen at high temperature and produces
the NOx. Hence high temperature and adequate oxygen are the main factors for
creation of NOX. It is observed that 12,000 Gauss magnetic intensity produces 12.4 %
higher than normal diesel engine [41].

The quantity of soot produced relay upon the fuel type and quality of

combustion. By adopting magnetic treatment of fuel the combustion is effective and
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produces lower smoke to the environment which is visible. It is observed from the
figure that smoke opacity is 8.23% lower for the 12,000 Gauss magnetic intensity when

compared with the normal diesel engine [41].

4.3 Influence of magnetic treatment on other characteristics of diesel fuel

Many authors, articles, patents related to magnetic treatment of diesel fuel have
already been mentioned in the work. The topic is relatively new, research is still
underway to find more suitable models of devices, lightweight design combined with
optimal mode and high efficiency.

The authors note that there is a relationship between the efficiency of magnetic
processing and the magnitude of induction. Thus, with an increase in induction from
0.8 to 1.1 Tesla, the processing efficiency increases. At the same time, the greatest
effect is achieved at low engine loads.

Recently, there has been a tendency to use alternative fuel sources. So classic
diesel fuel is mixed with biodiesel, a fuel obtained artificially because of a chemical
reaction. A mixture of diesel pulp and biodiesel was subjected to magnetic treatment,
the proportion of biodiesel ranged from 0% to 20%. The resulting effect was superior
to the effect obtained from the treatment of classic diesel fuel.

The key observations of the experiment relate to the amount and composition
of exhaust gases. As mentioned above in some articles, paragraphs, the authors of
articles, patents do not agree with each other. This discrepancy may be because of the
use of different methods and evaluation criteria. Also, the conditions of the experiment
contribute to the results obtained, and they usually provide very little information about
the conditions.

Usually, the authors of the papers influence the flow of the tested liquid by
varying such indicators as the magnitude of magnetic induction, the flow rate of the

liquid, the temperature of the medium.
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5 Conclusion

In conclusion, it should be said that all authors, regardless of the trajectory of
their work, agree on one statement — magnetic processing has a positive effect on diesel
fuel. The variation in the efficiency of magnetic processing is explained by the fact that
approaches, terminology, methods and evaluation criteria are often very different.
Strict comparison of test results is difficult, since fragmentary information is provided
about the conditions of the experiments.

The authors agreed that with an increase in the magnetic field induction, the
average particle size of the dispersed phase, density, viscosity and flash point of the
tested diesel fuel decreases.

The influence of magnetic treatment of diesel fuel on quality indicators has
been investigated and a positive effect has been revealed both on the dispersed state of
the diesel fraction and on its operational properties. The maximum effect was achieved
when treated with a magnetic field with an induction value of 0.4 Tl [39].

The advantages of magnetic treated fuel are noteworthy since the results show
that replacement of the diesel fuel with magnetic conditioned can be able with slight
or no harmful effect. In addition, it is service free and one-time insertions which will
improve the brake thermal efficiency of the engine as well as saves harmful exhaust

gases.
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