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O01me mMoJI0KEeHUA

[Iporpamma  BCTYHNUTEIBHOTO  MUCIBITAHWA 1O  TPYINNE  HAYYHBIX
cnenuanbHocTe 2.6. XHUMHYECKHE TEXHOJOTHMH, HAayKH O MaTrepuaiax,
MEeTajulyprus — pazpaboTraHa C yd4eToM TpeOoBaHUM K  IOCTYHaroUuM,
onpenenéHubiMu [IpaBunamu npuema.

Llens mpoBeneHUsS SK3aMEHa - OILIGHKA YPOBHS 3HAHMM MMOCTYHarouIux
B 00JIaCTH TPYMIIbl HAYYHBIX CIIEHUATBHOCTEH 2.6. XUMHUUYECKHE TEXHOJIOTUH, HAYKU
O MaTepualiax, MeTajulyprus Juisi  otbopa HamboJjiee MOATOTOBICHHBIX
MOCTYMAIOMIMX 11 OOY4EeHHS MO0 MpOorpaMMaM IMOJATOTOBKM HAYYHBIX U HAYYHO-
MeJarOrMYeCKUX KaJIpoB B aCUPAHTYPE.

3ajgadeil BCTYNUTENBHOTO MCIHBITAHUS B AaCMUPAHTYPY SBISETCS OIICHKA
YPOBHS BIIQJICHUS CTICIIUATBHON MUCIUIUIMHON, B TOM YHUCJIE MPOBEPKA HATUYUS
y TIOCTYMAlolero HEOOXOJUMBIX TEOPETUUECKUX U TMPAKTHUYECKUX 3HAHUU
10 BEIOpAHHOMY HAMpPAaBJICHUIO HAYYHOT'O HCCIICIOBaHUSI.

[Toctynaromumii 10JKEH MoKa3aTh NMpodecCuoHaIbHOE BIaJeHUE Teopuen u
MPAKTUKON B MPEAMETHON 00JIaCTH, TPOJEMOHCTPUPOBATH YMEHHUE BECTH HAYUHYIO

JTUCKYCCHIO.

Pa3zaennl nporpaMmel

1. dopMma poBeIeHUsI BCTYNUTEILHOTO UCTIBITAHUS.

2.  SI3pIk ipoBeACHUS BCTYNHUTEILHOIO UCIIBITAHUS.

3. CopeprkaHue BCTYIUTEILHOTO UCTIBITAHMUS.

4, CtpykTypupoBaHHOe 1O pasznenam  (oOjacTsiM)  colepiKaHHe
BCTYNUTEIHHOTO UCIIBITAHUA.

5. [Ikana olleHNBaHUS AJI OLICHUBAHUS BCTYIMUTEILHOTO HCIIBITAHMS.

6. [IpuMepHBII ITepeYeHb BONPOCOB IS DK3aMEHA.

7. Pekomenayemasi nmuteparypa Uisl TOATOTOBKM K BCTYNMHTEIHLHOMY
UCTIBITAHUIO.

1. dopma npoBegeHUsI BCTYNUTEIbHOT0 NCTILITAHUSA.

BcerynurensHoe ucibITaHNE TPOBOJIUTCS B YCTHOHM (pOpME M BKITFOUAET B CeOsI
BOIIPOCHI 10 HAYYHOU CIIEHHATBHOCTH.

2. S3bIK poBeIeHUs BCTYNMUTEIbHOT0 UCTILITAHMS.
S3BIK IpOBEACHUS YK3aME€HA — PYCCKHIA.
3. Conepskanue BCTYNUTEILHOT0 HCTIBITAHUS.

DK3aMEHALIMOHHBI ~ OWJIET COCTOMT M3  BONPOCOB 1O  Hay4YHOU
CIIEUAIBHOCTH.

Ha noarorosky oTBeta otBOAUTCS 20 MUHYT.

4. CTpyKTypUpPOBaHHOEe MO0 pas3aejaM (NMpeaMeTHbIM 00J1aCTAM)
co/iep:KaHMe BCTYNUTEIbHOI0 UCIILITAHUSA.

Pa3znes 1. HaHOTEXHOJI0TMH M HAHOMATEPHUAJIBI

1.  CmpykxmypuposanHoe no paszoeram (npeomemuviM  001aCcmMAM)
cooepcanue 8CMynuUmesibHo20 UCHbIMAHUS.

Pa3zoen 1. Hanomexnonoeuu u Hanomamepuaivl



1.1. OcHog@Hble NOHAMUA O HAHOMAMEPUANAX U HAHOMEXHONO2UU
HaHoOOBEKTBI, HAHOCTPYKTYpBI, = HAHOTEXHOJIOTHSA, HaHOMaTepUabL.

OCHOBHBIE IIPUYUHBI 0COOBIX CBONCTB HAaHOMAaTEPHUAJIOB u
HAaHOCTPYKTYpPUPOBaHHBIX cucTeM. Kraccudukamuss HaHOCTPYKTYPHUPOBAaHHBIX
CUCTEM — HYJBbMEPHBIE, OJHOMEPHBIC, IBYMEPHBIC, TPEXMEPHBIE; IPUMEPHI
COOTBETCTBYIOIIMX  cHcTeM.  KOHCTpyKIMOHHBIE U (DYHKIHMOHAJIbHBIC

HAaHOMATEPUAJIbI — IPUMEPBL.

1.2. Obwue ceoticmsea u munvt HAHOOOBLEKMOB

Knaccudukanus HaHooOBeKTOB. PasmepHsbIil 3G deKT, BIUsIHUE pa3sMEepHOTO
dakTopa Ha cBoiicTBa HaHoMmMaTepuasiioB. Ponp MexdasHbIX TpaHUIl B
dbopMHpOBaHUM CBOWCTB HAHOMATEpPHUAJOB, BIMSIHUE KPUBU3HBI Ha CBOWCTBA
NOBEpXHOCTH pazfena (a3. OcoOEHHOCTH TEpMOAMHAMUKH HAHOOOBEKTOB.
TepMoaMHAMHUYECKM  YCTOWYMBBIE W TEPMOJMHAMUYECKHM  HEYCTOWYUBBIC
HAaHOOOBEKTH.  [IpuMepbl  TepMOJMHAMUYECKH  CTAOMJIBHBIX  HAHOCHCTEM.
CenuMeHTallMOHHAST YCTOMYMBOCTh HAHOCHUCTEM. Arperanusi HaHOOOBEKTOB U
arperatuBHas  yCTOMYMBOCTh  HAHOCHUCTEM:  HM30TE€pMHUYECKas  IEpEroHka
(OcTBanbioBO  co3peBaHUE), KoajecueHuis.  koaryjsanus. OcoOeHHOCTH
nu(Gy3UOHHBIX MPOIECCOB Ha IMOBEPXHOCTH pasnena ¢a3. 3epHOrpaHuYHas
muhysus.

1.3. Ilopowiku u 06vemHble HAHOCMPYKMYPHbIE MAMepPUabl

OcoOEHHOCTH HAHOIMOPOIIKOB IO CPaBHEHUIO C TpyOOAMCIEPCHBIMU
nopomikamu. [lpumepbl Hanbosiee pPacHpPOCTPAHEHHBIX HAHOIMOPOIIKOB M HUX
puMEHEeHnEe. MeToIbl MOTyYEHHs] HAHOIOPOIIKOB.

1.4. Hanocmpyxkmypul 8 s1eKmpoHuKe: 0CHO8Hble MUNnbvl U NPUMEHEHUe

KBaHTOBBIE 5IMBI, HUTH U TOUKU. ['eTepocTpyKTyphl. [lomydeHrne KBaHTOBBIX
Toyek. Mcnosib30BaHHEe HAHOMATEPHUAJIOB JI CO31aHUsI AaKTUBHBIX JIA3€PHBIX CPE/I.

1.5. Yenepoousie nanomamepuanoi.

@yniepeHsl, yriaepoaHble HAHOTPYOKH, HAHOAIMa3bl, TpadeH; UX CTPYKTypa
Y OCHOBHBIE CBOMCTBA. [lepCrieKTUBBI TPUMEHEHUS YTIEPOAHBIX HAHOCTPYKTYP.

1.6. Ilopucmuie u memopaHHble HAHOMAMEPUATIBL

Homenknarypa pasmepoB mnop. Pusnyeckue M XHMHYECKHE CBOMCTBA
HAHOIIOPUCTHIX TEJ, MOJICKYJISIPHBIX CUT, UX cTpoeHue. Kiaccudukaius meMOpaH.
[IpuMepbl MeMOpaHHBIX MAaTEPUAIOB U MIPOILIECCOB C UX YYACTHUEM.

1.7. Komno3uyuonuvle mamepuaivl

OcCHOBHBIE THUIBI KOMIIO3UIIMOHHBIX MAaTEPUATIOB M HX (PU3NYECKUE W
XAMHUYECKUE CBOMCTBA. XapaKTEPUCTUKU MATPHUIL] U HAIIOJHUTEIIECH.

1.8.  Hamocmpykmypwsi,  obpazosanHvle  NOBEPXHOCMHO-AKMUSHBIMU
sewecmeamu, HaHOCMPYKMYpPbl 8 HCUOKOCMAX

Munennel. Mukposmynbcuu. JIMOTponHbIE XKUAKHE KpUCTAUIbL. [lneHku
Jlenrmiopa-bnomkerr. MeTton MOJNEKYIApHOro HaciauBaHusa. KosiowaHbie
YaCTHUIIBI METAJIOB. MarHUTHBIC KUAKOCTH. DU3UYECKUE U XUMUUYECKUE CBOMCTBA
MUUEIUISIPHBIX CUCTEM U MUKPO3MYJIbCUH, 30JIEN.

1.9. Cynpamonexynspmvie ancamonu



AcceMOnepbl U MOJEKYJISIpHbIE MalllMHbl. MOJEKYIsIpHOE paclio3HaBaHUE,
KOMIUIEMEHTAPHOCTh. MOJEKyIsIpHbIE U CYNPaMOJICKYJISIpHbIE YCTPOICTBA.
CamocOopka 1 caMOOpraHu3alys CylnpaMoIeKyJIIPHBIX CUCTEM.

1.10. Quzuyeckue 0CcHOBbI INEKMPOHHOU MUKDOCKONUU

HNCTOYHUKN 3IEKTPOHOB («IJIEKTPOHHBIC TMYIIKW») IS 3JIEKTPOHHBIX
MUKPOCKOIIOB, AJIEKTPOHHASI «ONTUKA», MAarHUTHBIE JIMH3bl. BakyyMHbIE yCIOBUS
JUISL  pa3fiIMYHbIX THUIOB  JJIGKTPOHHBIX ~ MHKPOCKOIOB. B3aumoneiicTBue
AIEKTPOHHOTO IIy4YKa CPEOHUX DSHEPruid € TBEPABIM TelaoM. PaamanuoHHOE
MOBPEXJIEHUE HccIeayeMoro oObekTa. TpeOoBaHUS K OOBEKTaM 3JIEKTPOHHO-
MHUKPOCKOITMYECKUX UCCIIETOBAHUM.

1.11. Ckanupyrowas 21eKmMpOHHAS MUKPOCKONUs Ol UCCILeO008AHUS
HAHOMAmMepuaios

OO6miass cxemMa ¥ TMPUHLUN JEUCTBHUS CKAaHUPYIOIIETO AIIEKTPOHHOTO
MUKpOCKomnia. Bo03MOXHOCTH U  OCOOCHHOCTHM TPUMEHEHHUS CKaHUpYIOUen
ANIEKTPOHHOM MHUKPOCKOIIMM [IJIsl aHajlu3a HaHoMarepuanaoB. TpeOoBaHHS K
00OBEKTaM HCCIIEIOBAHUS ISl CKAHUPYIOIIEH 3JIEKTPOHHON MUKPOCKOITUU.

1.12. Ilpoceeuusarowas 31eKMPOHHASL MUKPOCKONUSL OJisl UCCLe008AHUS.

HAHOMAamepuanos
O6miass cxemMa W MNPUHIMI JEUCTBUS MNPOCBEYUBAIOIIETO JJICKTPOHHOTO
MHKPOCKOTIA. Peanuzanus PEKUMOB HaOII0/ICHUSI n300paKeHusl,

Mukpoaudpakiuud. MexaHusmbl (HOPMUPOBAHMS KOHTpacTa H300paxKeHUs B
IPOCBEUYMBAIOLIEM 3JIEKTPOHHOM MHKpOcKome. Bo3mokHOCTH M 0COOEHHOCTH
IPUMEHEHUSI [POCBEUYMBAIOIIEH AJIEKTPOHHOM MHKPOCKOIIMM JUI1  aHaJIHW3a
HaHoMartepuasioB. TpeboBaHUs K 00bEKTaM HCCIEAOBAHUS JUIsl MPOCBEUYHUBAIOIIEH
AJIIEKTPOHHON MUKPOCKOIIUHU.

1.13. Ckanupyiowas 30H008as8 MUKPOCKONUS

OcHoBHBIE (PU3HUECKUE TPUHIIUIBI CKAHUPYIOIIEH 30HI0BOM MUKPOCKOIIHUU.
TyHHeNbHAasT M AaTOMHO-CWJIOBas 30HAOBAasT MHUKPOCKONUS, UX OCOOEHHOCTH.
YCTpOMCTBO M OCHOBHBIE JJIEMEHTHI CKAHUPYIOLIETO 30HIOBOTO MHUKPOCKOIIA.
TpeOoBaHus K 00BEKTaM HCCIEIOBAHUS MPHU UCIIOJIB30BAHUU PA3JIUYHBIX BUIOB
CKAHUPYIOIIEH 30HA0BOM MUKPOCKOIIUU.

1.14. Jlugppaxyuonusvie memooslt uccied08aHUs HAHOOOBLEKMOB

Hudpakuus peHTreHOBCKUX Jy4Yeldl U DJIEKTpPOHOB. YpaBHeHus Jlays,
ypaBHeHue Bymbda-bparra. ManoyrioBoe paccesHue pPEeHTIEHOBCKHUX Jy4yed u
NEKTPOHOB. MeToapl naszepHoil nudpakmuu. [Ipumenenue auppaKIIMOHHBIX
METOJOB ISl ONPENIEIICHUs pa3Mepa HAaHOYACTHLL.

1.15. Qusuueckue memoovl NOLYUeHUs HAHOYACMUY

[lommyueHne HaHOYACTHUIl IyTEM BO3TOHKHU-AecyOnmumaruu. [lomydenue
HAHOYACTHUI] TyTeM JazepHo abmsauuu. [lonmydyeHue HaHOYACTULl IMyTEM
JIVCIIEPTUPOBAHUS B DJIEKTPOIYTOBOM pa3psae. MexaHndeckoe, ylIbTpa3ByKOBOE U

JIETOHAIIMOHHOE u3MeIbUYeHuE. Meton B3PbIBAIOILINXCS IIPOBOJIOK.
DIEKTPOUCKPOBAs APO3US JIsl MOIYUEHUS] HAHOYACTHLL.
1.16. Quszuueckue Memoovl NOJIY4eHUs. MACCUBHBIX

HAHOCMPYKMYPUPOBAHHBIX MAMEPUATIO8



[TonyueHre MacCHUBHBIX HAHOCTPYKTYPUPOBAHHBIX MaTepUaioB METOJaMU
WHTEHCUBHOW T1uiacTudeckon nedopmarmu. OOpa3oBaHWE HAHOCTPYKTYP TIPH
KpUCTaUTM3aIuu 13 amMop(HOro coctosHus. HampaBieHHas KpuCTaJUTH3aIns
aMOp(HBIX CIJIABOB U CTEKOJ.

1.17. MemoOwi nonyuenus nieHoK u NOKpbIMUI.

Tepmuueckoe, 53JIEKTPOHHO-TyY€BOE, MArHETPOHHOE HalbUICHUE IS
MOJYYEHUS] HAHOCTPYKTYPUPOBAHHBIX IUICHOK U TOKPBITHI. MoJeKyIsapHO-
JydeBas ONHUTakcus, JjauTorpaduss W  HaHOJUTOrpadus TMpU  TOJYUYECHUH
HAHOCTPYKTYPHUPOBAHHBIX MaTepHuasoB. XUMHUYECKOE OCaKJICHUE
METAJIJIOOPTaHUYECKUX COCTMHEHUH U3 ra30BOM (hasbl.

1.18. Xumuuecxkue cazoghaznvie Memoobl NONYYEHUS HAHOYACMUY U
HAHOCMPYKMYPUPOBAHHBIX NIIEHOK

Peakuny XMMHUYECKOTO OCAXKJICHHS M3 ra30BOM (ha3bl M MX Pa3HOBUHOCTH.
CVD wmeron mnonydyeHus HaHomarepuanoB. OmnpezneneHue, cxema Ipolecca,
OCHOBHBIE TTapaMeTPhl METO/1a XUMHUUECKOTO OCAXKACHUS U3 ra3oBoil ¢azel. CTaguu
CVD nponecca. CVD-mero nojiydeHus yriiepoaHbIX HAHOTPYOOK.

1.19. Xumuueckue memoosl noayueHus HaHOHUmet U HAaHOmpyooK

dopMUpOBaHUE YTJIEPOJHBIX M HEYIJIEPOJHBIX HAHOTPYOOK M3 BEIECTB
CJIOUCTOTO CTPOEHUS M U3 BEIIECTB CO CTPYKTYPHBIM HECOOTBETCTBHUEM.
Karanutnyeckuil mUpPONAW3 YriaeBOAOPOAOB [JI TMOJYYEHHS] HAHOHUTEU W
HaHOTPYOOK. MaTpu4UHBIA METO/I TTOJTyYeHHS] HAHOHUTEH U HAHOTPYOOK (MaTPHIIBI-
HAHOHUTH, MATPHUIIBI-HAHOCKBAXKHUHBI, MOJCKYJISIPHbIE MaTPHIlbI). XHUMHUYECKOE
MoauUIIMPOBaHNE HAHOTPYOOK. Peakiuu B moJIocTH HAHOTPYOOK.

1.20. Cunmes nanouacmuy mMemooamu 0CaicOeHUs.

[Tomyyenune HaHOYacTHIl 30ji0Ta - MeToa TypkeBuua u Meron bpacra-
[lInppuna. CuHTe3 HAHOYACTUI[ cepeOpa, IUIATHHBI, NaUIQAUS W JPYTHUX
OmaroponHbix  MeTtauioB. Crabuiu3anusi HAHOYACTHI[ B pacTBOpax -
AJIEKTpOCTaTUYEeCKas, aJcopOIMOHHas, xeMocopOironHasi. OcHOBHbIE (DAKTOPBHI,
BIIMSAIONIME Ha pa3Mep HAHOYACTUI], IMOJYyYaeMbIX METOJOM OCaXKICHUSI.
[IpuMeHeHuEe METOJIOB OCAXKJCHHS JJIsi CUHTE€3a HAHOYACTHI] C OJHOPOJHON U
CJIOUCTOU CTPYKTYPOH («SIAp0-0007I0UKa»).

1.21. 3onb-ecenv mexHono2Us NOJYYEHUS] HAHOUACMUY U HAHONOPUCTNBIX
mMamepuanos

OcHOBHBIE CTaguu 30Jib-Telb-miponecca. OCHOBBI 30JIb-T€lb TEXHOJOTHH.
OO6pazoBaHue Kcepo- M a’poreneil. BnmsHue cocraBa peakIMOHHON cpeapl U
YCIIOBUM TPOTEKAHMs 30JIb-TeIb-TIpollecca Ha MOP(OIOTHI0 CHHTE3UPYEMOTO
HaHomaTtepuaia. [Ipumepsl mojiydeHus: HAHOYACTHUI] 1 HAHOMATEPHAJIOB 30JIb-T€Jb
METOJIOM.

1.22. Cunmes HaHOYACMUY 8 C8EPXKPUMUUECKUX HCUOKOCTIAX

[ToHsTHE CBEPXKPUTUUECKON KHUIKOCTU, OCHOBBI CBEPXKPUTHYECKUX
TEXHOJIOTUM. MICTIOIb30BaHNE CBEPXKPUTUYECKOM BOJIBI M JUOKCU/IA YIJIEPOJA IS
noiyueHus: HaHodacTHll. OCHOBHBIC MapaMeTpbl, BIUSIONIME Ha MOP(OJIOTHIO
CUHTE3UPYEMBIX  HaHOMAaTEPHUAaJOB, MOJTy4aeMbIX C UCII0JIb30BaHUEM
CBEPXKPUTUUECKUX  JKUAKOCTeH. [lpuMepbl  mojiydeHUss  HAHOYACTUII U
HAaHOMATEPUAJIOB CHHTE30M B CBEPXKPUTHUUYECKHUX JKUJIKOCTSIX.



1.23. Obpazoeanue nHanouacmuy npu pacnvlieHUU pacmeopos 8 NidMeHU
(MoKpoe corcucanue)

BrimapuBanne u nuponn3 a’po30Jen Ui NOJIy4eHUsl HaHO4YacTUl. BinsHue
COCTaBa UCXOJHOTO PACTBOPA U TEXHOJOTMYECKHUX ITAPaMETPOB IIPoLIecca Ha pa3Mep
1 MOP(OJIOTUIO CHHTE3UPYEeMbIX HaHodacThll. CrocoObl pacHbUICHUS KUIKOCTH
IpU MOJY4YCHUHM HAHOMATEpHUaAJIOB. ATrJoMepalys HaHOYACTUIl W TMOJy4eHUE
HAHOIIOPUCTHIX MaTEPHUAJIOB C UCIIOJIb30BAHUEM PACIIBLICHHUS.

1.24.  Dnexmpoxumuueckue mMemoovbl  NOAYYEHUS]  HAHOMAMEPUAILOS8.
Karogueie u aHOAHBIE TIpOILIECCHl TPU  BIEKTPOXUMHUYECKOM  IOIYYEHUU
HaHOMaTepuasioB. [lodmydeHWEe TOHKHUX IUJICHOK W HAHOCTPYKTYPUPOBAHHBIX
MOKPBITUIA C UCIIOJIb30BaHUEM AIEKTPOXUMHUYECKUX POLIECCOB.
DIEKTPOOCAKAECHUE HAHOYACTHULL. DIEKTPOXUMUYECKOE MOTyYEHUE HAHOMTOPHUCTHIX
MaTepHasoB.

1.25. Cunmes nanouacmuy 8 MUYeinax u MUKpOIMYIbCUSX

MatpuuHblii (TEMIUIATHBIM) CHHTE3 HAHOYACTUI[ — OCHOBBI METOJA.
Hcnonb3oBaHWe MHUIEUISIPHBIX CHUCTEM M MHUKPOAMYJIbCUH JJI1  CHUHTE3a
HaHoyacTull. [Ipumepbl CHHTE3a HEOPraHWYECKUX HAHOYACTHI[ B OOpaTHBIX
MUKPOIMYJIbCUSIX.

Paszpnes 2. TexHO10rusl HEOPraHMYECKHUX BelleCTB

2.1. Teopemuueckue OCHOBbI MEXHOIO2UU HEOP2AHUUECKUX BeUjecms.
BBenenue, knaccudukanusi HpoOLECCOB MO KoiauuecTBy M Tumy ¢a3. Tepmo-
JUHAMMKaA U KHHETHUKA OOpaTUMBIX U HEOOpaTUMBIX MIPOLIECCOB B TEXHOJIOTUU He-
OpraHu4ecKkux BemmecTs. ChIpbEBBIE PECYPCHI M OCHOBHBIE HAIIPABJIEHUS UX IIEpepa-
0otku. CrHocoObl  MOATOTOBKM  ChIpbsl.  (DU3MKO-XMMHUYECKHE  IPOIECCHI
pacTBOpEeHMsI, BbILIETAUMBAHUS, KPUCTAUIM3ALMUK, HKCTPAKIUH, abcopOumu,
draotauun, 00XHUra, UX TEPMOJUHAMHYECKHE UM KUHETHYECKUE XapaKTEPHUCTHUKH.
OU3NKO-XMMUYECKHUE OCHOBBI MOJMYUYE€HHsI HU3KUX Temneparyp. TepMoarHaMuKa U
KMHETHKA MPOLIECCOB M30TOMHOTO OOMEHa. TeopeTHuyecKre OCHOBBI MPOLECCOB
TOHKOT'O pa3/ieJIeHUs, U30TOIMHOE PaBHOBECHE, CITOCOOBI YMHOKEHHSI OTHOKPATHOTO
pazaenurtenbHOro 3¢ dexra, IPUHIUIIBI KackaaupoBanus. Kiaccuduxaius ocobo
YUCTBIX BELIECTB, MpUpoaa mnpumeced. MeToapl IIyOOKOM OYHMCTKM BEUIECTB:
XuMuyeckue,  ¢usnueckue,  (PUIMKO-XMMHUYECKHE  METOAbl.  AncopOuus.
TeopeTnueckue OCHOBBI aacopOLMM, €€ BHUJbI, U UX NPUMEHEHUE B TEXHOJIOIMU
Heopranuyeckux BemiecTB. Kunerunka agacopOumu. AncopOLMOHHOE pa3felieHue
Bo3ayxa. MoHHBIMT oOMeH. THIBI MOHWTOB, MX CBOWCTBA TepMOIWHAMHKA W
KWHETHKA MIOHHOTO OOMEHa, CENIEKTUBHOCTh. KaTain3 1 KaTaluTHuyecKue mpoLeccehl.
MexaHu3M M KHHETHKA TIETEPOre€HHO-KaTAIUTHYECKUX MPOLECCOB. TEeXHOJIOrus
a7IcopOEHTOB U KaTaJIu3aTOPOB.

2.2. Texnonocuu HeopeaHuueckux eewjecmes, OCHOBAHHbIE HA (hA3080M
pasnogecuu. Pa3oBple AMArpaMMbl MHOTOKOMIIOHEHTHBIX cucTeM. Mcnonib3oBanue
($a30BbIX IUarpamMm AJis BIOOpa U pacyeTa palMoHaIbHBIX CIOCOOOB MepepadoTKU
MUHEPAIbHOTO CBIpbS B Heopranmyeckue npoAaykTel. Kraccudukarms
MUHEepalbHbIX yaoOpenuit ColicTBa u npuMeHeHue. CrocoOsl nonyuenus. Conu u
Heopranudeckue peakTuBbl. Kinaccudukanus, cBoiicTBa u mpumeHeHue. OCHOBHbIE



CHOCOOBI MOJIYYEHHs COJIEN U PEAKTUBOB MUHEPAIbHBIX U OPraHUYECKUX KUCIOT.
DOU3UKO-XUMUYECKIE OCHOBBI MOIYYEHHSI SKCTPAKIIMOHHOMN (PochOopHOIl KUCIOTHI,
nBoMHOTO cynepdocdara, Colpl, MOTaIIa, THAPOKCUAA HATPUS U KaTusl.
Pektudukamuss kak MeTOJ pa3leieHHs HW30TOMOB JIETKUX 3JIEMEHTOB.
M30TONHOE paBHOBECHUE B CUCTEMAX XKUIAKOCTh-IIAP U ra3-TBEPHOE TEIO.

2.3. Copbyuonmnvie, ramanumuyeckue u XumMOOMEHHble HNPOYeccvl 8
MexXHoN02UU HeopeaHudeckux geujecms. T€XHOJIOTUS aMMHUaKa, A30THOM U CEPHOM
KUCIIOTHL. X cBOMCTBa M mpuMe-HEHHE, CIIOCOOBI MPOU3BOACTBA U3 PA3IUYHOTO
chIpbs. ICTOYHUKY 3arpsA3HEHUs], UX CBOMCTBA U XapaKTEPUCTUKHU - Ta3000pa3HbIE,
KUJKAE U TBepJible 0TX0/bl. CIocoObl YMEHbIIIEHUSI, 00€3BPEKUBAHUS U OUUCTKU
OTXOZOB OT IIPUMECEN COENMHEHUN CEpBI, a30Ta, YIIIEpOAa, TAJIOTEHOB, KUCIOT U
pacTBOpUTeNIe. Y TWIN3alus OTXOM0B. Pa3neneHre U30TOIOB JIErKUX 3JEMEHTOB
METOJIOM XMMHUYECKOT0 M30TOMHOr0 0OMEHa, pabouue CUCTEMbI, TEXHOJIOTUUECKUE
cxeMbl. KaTanu3aTtopsl B TEXHOJOTUM Pa3eICHUS U30TOIOB JIETKUX JIEMEHTOB.

Pasznen 3. TexHosorusi peaKux, PACCeSIHHBbIX M PaJIMOAKTHBHBIX
3JIEMEHTOB

3.1. Obwue ceeodenus

Knaccuduxanus peIkux 3J1eMEHTOB.

Ponp penkux W paguMoakTUBHBIX 3JIEMEHTOB B Pa3BUTUU Ba)KHEUIIHMX
HaIpaBJIeHU HAyYHO-TEXHUYECKOro mporpecca. OOmactu TPUMEHEHUS B
HapOJHOM XO35IUCTBE. 3a/1a4yi PEAKOMETAIUILHON MPOMBIIUIEHHOCTH. CTOMMOCTD U
00BEM MIPOU3BOJICTBA PEIKOMETAUIBHON MPOTYKIIHH.

PenkomeramibHOE Chipbe. PacpocTpaHEeHHOCTh 3JIEMEHTOB B 36MHOM KOpE.
Pynel u mMuHepansl peakux 3jeMeHTOB. PynHbie MectopoxaeHus. [Ipuponnsie
3amnackl U MEPCIEKTUBBI UX yBeIudYeHUs. BropuuHoe chipbe. 3a1auu KOMIUIEKCHOM
nepepaboTku Chipbsi. CTOUMOCTh U 00BEM MPOU3BOACTBA PYTHOTO CHIPHSL.

Kpartkas uctopus npoMBIIIUICHHOCTH PEIKUX U PAAHMOAKTUBHBIX AJIEMEHTOB
Poccun.

3.2. Xumusi peoxux snemeHmos

[TonoxxeHne penKux ¢ pPaJuOaKTUBHBIX DJIEMEHTOB B MEPUOAUYECKON
cucreme [[.1I. MenneneeBa u Ux 3IEKTPOHHOE CTPOCHHUE.

Penko3eMenbHbIE 3JIEMEHTHI, JIAHTAHOWOJIbI W aKTUHOUZBL. SIBIeHue
JAHTAHOUJIHOTO CKaThsl. BropuuHas nepuoANYHOCTh B TPYIIIE JAHTAHOUIOB.

PagnoaktuBHbIE ceMelCTBa.

[Ipocteie BemecTBa. OCHOBHBIE U UHIMBUIYaIbHBIC (U3HUECKUE, (DUUKO-
XUMHUYECKUE U XUMUYECKUE CBOMCTBA PEAKUX DIIEMEHTOB.

Coenunenusi. CtpoeHue, (PU3MKO-XUMUYECKHE M XHUMHYECKHE CBOWMCTBA
BOKHEHIIMX OWHAPHBIX COCAMHEHUN PEAKUX DJIEMEHTOB — OKCHUJOB, (TOPHJIOB,
XJIOPUJIOB, TUAPHUAOB, CYJIb(PUI0B, KApOUIOB U JP., COJCH — Ccynb(haToB, HUTPATOB,
dbocdaToB u ap., a TAKKE KOMIUIEKCHBIX COSIUHEHUM.

PactBopsl coenuHeHuil penkux sieMeHToB. KommiiekcooOpa3zoBaHue B
pactBopax. KoHCTaHTBI YCTOMYHMBOCTH KOMIUIEKCHBIX MOHOB. Ps/ibl yCTOWUHMBOCTH



KOMIUIEKCHBIX coeauHeHuil. [maponu3 wu  nomumepusauus. OKHUCIUTENIBHO-
BOCCTAHOBUTEIbHBIE PEAKLIUU B pACTBOPAX.

OU3NKO-XMMUYECKAE METOJIbl aHaJIh3a pEOKUX U PaJuOaKTUBHBIX
AIIEMEHTOB.

3.3. Texnonozusn peoxkux snemenmos

Crenu¢rka TEXHOJIOTUN PEIKUX U PAJUOAKTUBHBIX 3IEeMEHTOB. [IpuHITHIIBI
NOCTPOEHUSI TEXHOJOTrMYecKux cxeMm. OCHOBHbBIE mepenensl. ['napomeTtamtyprus,
NUPOMETAIUTYPIUsl M COJbBOMETATyprus. TpeOoBaHHMS K YHUCTOTE PEAKHX
ANEMEHTOB. SaepHas uyucToTa. MeETOABl MOBBIIIEHUS MNPSIMOTO HU3BJICYEHUS,
CHIKEHHSI HOPM pacxofa CbIpbi, OJHEPrMM W BOABl NPU IOJyYCHUH
peaxkoMeTaibHOM — mpoaykiuu.  [lyTu  uMHTeHcHUPUKaUUU  TPOU3BOJCTB.
['eorexHomoruss u  OuworexHosioruss  MmetaioB.  OOecrieueHue  siAepHOM
0€30MacHOCTH.

BaxkHeiilline TEXHOJOTMYECKHE CXEMbl MPOU3BOJCTBA PEAKUX U
PaJMOAKTUBHBIX 3J1eMEHTOB. OCHOBHBIE HAaTypalbHbIE IMOKA3aTeId TEXHOJOTHUHU.
XuUMHS MPOLIECCOB HAa OTIEIBbHBIX cTaausX. [loBenenrne nmpumecen. AnmapaTtypHoe
opopmiuenue. OTXobl U MeTOAbl MX 00e3BpekuBanus. Iyt mHTEHCcHUpUKanun
IIPOU3BOJICTBA.

N3menbuenue u obdoramenue pya. [IpuHuunel opranu3anuu ApoOJIeHHs U
u3MenbueHud. Jpobwnku. MenpHuUbl © aucnepraTopbl. ['paBUTaIMOHHOE,
(GIOTalMOHHOE, MarHUTHOE,  3JEKTPOCTAaTHUECKOE U pPaAHMOMETPUUYECKOE
oboramienue. AnmapaTypa [uisi oOoramieHus. XHUMHUYECKOe oOoraiieHue pynu.
CocTaB 1 BO3MOXHBIE ITyTH UCIIOJIb30BAHUS XBOCTOB.

BelmenaunBanre W pacTBopeHue. Pa3sHOBHUAHOCTH  BBILIEIAYWBAHUS.
Kunernka BelllenaunBaHusa. Ammaparypa s BbllienaunBanus. Kackaabl
BbIIlI€JIauMBaHus. MexaHnueckas nepepaboTKa BILIIEIOUEHHBIX ITYJIbII - CTYIIIECHHE,
OTCTauBaHUE, JEeKaHTAIUs, THIPOLMKIOHUpOBaHUE. CriekaHue KOHLEHTPATOB Kak
MOATOTOBUTEIIbHAS ONEpalsl K BbIIIEIaYUBAHUIO.

HNonooOmenHass  copbuusi. OCHOBbI M Pa3HOBUJHOCTH  METOAA.
Knaccudpuxanuss wuonutoB. TepmoauHamuka uOHHOTO oOMeHa. KuHernka
MOHOOOMEHHOU copOumu. JInnamuka copouuu. OpoHTanbHasl, BBITECHUTEIbHAS U
amoeHTHass xpomartorpagusa. CopOuHOHHbIE (GUIBTPHI, MNAauyKHd, KOJOHHBI M
KOHTaKTOphl. OpraHu3ainusi HeEnpepbhIBHOrO mpoiiecca. [Ipumepsl npuMeHEHHUs
COpPOLIMOHHBIX TMpoleccoB. VX BO3MOXKHOCTH ISl pEIICHHs NpoOJieM 3aIlUThI
OKpYXaIoIen cpeibl U epepadoTKu OETHOTO CHIPbS.

DKCTpakuusl. PU3NKO-XUMUYECKHE XapaKTEPUCTHKU nporecca.
Knaccudukanuss u crpoeHue sKcTpareHToB. PaBHOBecHe B 3KCTPAKIIMOHHBIX
CUCTEMaX, BIUSHUE pa3zdaBuTeseii Ha paBHOBecue. BricaimBanue. CUHEPTeTHBIM
addexr. Pacuer koddpdummeHToB akTUBHOCTH B BojaHOM (¢aze. Kunerumka
HKCTPAKIMOHHBIX TpoueccoB. OCHOBHbIE THIBI 3KCTPAKTOPOB: CMECHUTENH-
OTCTOMHUKH, KOJIOHHBI, BHOPOIKCTPAKTOPHI, LEHTPOOEKHBIE IKCTPAKTOPHI.
[Tpumepsl NpUMEHEHHS SKCTPAKIMOHHBIX MPOIIECCOB. XapaKTEPUCTUKU IIPOLIecca C
ADKOJIOTMYECKUX MO3UIIHH.

OcaxneHue, KpucTasid3alus, MEePEeKpUCTaUIM3alus U CYIIKa OCAaJIKOB.
3aKOHOMEPHOCTH TMPOIIECCOB. PacCTBOPUMOCTH OKCUIOB, THIPOKCHUIOB U (PTOPHUIOB.



[TpombllienHble  KpucTauu3aTopsl.  OOmMe  3aKOHOMEPHOCTU  CYLIKH.
HemnpepsiBHO neiicTBytomue cymuakn. Cyiika TacTooOpa3HbIX BEIIEeCTB. SIBIeHMe
coocaxaeHusi. CokpucTamin3anus, aacopOus U OKKITIO3H.

[lonyyeHne OKCHIOB W TaJOT€HHMAOB. TepMHYECKOE pPa3JIOKEHUE
TUAPOKCUIOB M cojed. IIpuHnmmsel ra3oBoM MeTamurypruv. PeareHTsl s
xjopupoBanust U QropupoBanus. uddy3noHHO-KMHETHYECKass  Teopus
reTEPOreHHOro pearnpoBaHusi. OCHOBHBIE ammapaThl I BBICOKOTEMIEPATYPHBIX
IPOLIECCOB — TPyOUaThI€ U IIAXTHBIE II€YHU, PEaKTOPhl KUIsiero cios. Ilpomeccs! B
COJIEBBIX pacCIlIaBax. BcnoMorarenbHble  NPOLECCHI  —  IBUICYJIABIMBAHUE,
KOHJEHcauuss W jaecyonumanus. Bo3MOXXHOCTM NpPHUMEHEHHUs IUIa3MOTPOHOB.
[TpuMephl TEXHOJOTUYECKUX CXEM ITPOU3BOJICTBA OKCUIOB, (PTOPUIOB U XJIOPHUIOB
PEAKHUX METAJUIOB. YJIABJIMBAHUE IaJOTEHOB U TAJIOTEHUIOB U3 OTXOALINX ra30B.

[Tosryuenue u papunupoBanue metaysioB. OO1as XapaKTEepUCTHKA METOI0B
NOJIYYEHUS] PEIKMX METauioB. MeTamioTepMusi, CUIIMKOTEPMUSI U KapOOTepMHusl.
BoccranoBnenue rasamu. TemnoBod pacder mpoueccoB. Ammaparypa s
METAITIOTEPMUH. [Ipumepsnl METAITIOTEPMUYECKHAX IIPOLIECCOB.
OnekTpoiuThYecKoe BoccTaHoBieHHe. Kunetmka mpoueccoB. TpeOoBaHus K
anektponuTaM. KoHCTpykumu — 3mekTponu3epoB. [lpumepsl NpuMeHEHUs B
TEXHOJIOTUU. XUMHUYECKOE OCaXJICHUE U3 ra3oBoi (pa3bl. PaBHOBeCHE U KUHETHKA
BOCCTAHOBJICHHUSI JIETYYUMX TaJOreHuA0B U3 Ta3oBoi (as3bl. [lopomkoBas
metaityprus. [lpeccoBanue u ciekanue MTaOMKOB METAJIIOB. DIEKTPOAYTOBasi U
AJIEKTPOHHO-JIy4€eBasl IUIaBKa. OJEKTPOJUTHYecKoe paduHupoBanue. MonuaHoe
paduHUpOBaHUE LUPKOHUS, TPAHCHOPTHbIE peakiuu. [IpuHIUOBI yTHIM3aLUU
METAJTyprUYecKux OTX0A0B. IlyTm HHTEHCHM(pUKalUU MPOLECCOB MOIyYEHUS
METAJIJIOB.

DKOJIOrM4ecKHe acleKThl IPOU3BOJICTBA. 3AKOHOAATENbHBIE aKThI B 001aCTH
oXpaHbl npupoAsl. 1loBeneHrne ComyTCTBYIOINX PaJlOAaKTUBHBIX 3JEMEHTOB IIPU
nepepaboTKe pyAHBIX KOHLIEHTPATOB. BUIbI 0TXO0B, METO/IbI YTUIIM3ALUN LICHHBIX
KOMIIOHEHTOB M 00e3BpexuBaHus. [lyTH CHMKEHHsSI pacxoja CBEXell BOJbI B
TUAPOMETALUTYPTHUECKUX  Ipou3BoAcTBaxX.  [loHsTme 0  MaloOTXOOHOM
MIPOM3BOJICTBE M MNPUHUMIIAX €ro OpraHu3auuu. BozaencTBue npeanpusTAN
SJIEPHOTO TOIUIMBHOTO IIUKJIA HA OKpYyXkarolyto cpeay. CriocoObl ero CHUKEHHUS.

Penkue meramnsl B SAEPHOM SHEPreTUKE. SNEpHBIM TOIIMBHBIA IIMKIIL.
SlnepHoe TOIUIMBO Ha OCHOBE OOOTAIlEHHOTO ypaHa U CMECH OKCUIOB ypaHa M
wiytoHus: (MOX- tornmBo). M3mMeHeHne M30TOMHOro COCTaBa ypaHa, TUTyTOHHS
npu ux penukie. IlepepaboTka oTpaboraBiero sijaepHoro TomauBa. Husko-,
CpeldHe- UM BBICOKOAKTMBHBIE  OTXOAbl. KOHAMIMOHMpOBaHHE  OTXOIOB.
NmMmoOunm3anusi BBICOKOAKTHUBHBIX OTXO/JOB, HMX XPaHEHHE M 3aXOpPOHEHHUE.
[Ipon3BOACTBO paanMOaKTUBHBIX M30TONOB. PeakTopHbie Marepuansl. [loHsTue o
anepHol yucrtore. Pammoxumus, ee OCOOCHHOCTH. AHAIUTUYECKHE METOIbI C
MCIIOJIb30BaHUEM H30TOIOB.

XUMUS U TEXHOJOTHS IMOJIYYECHHS] TE€OXHMMHUYECKHX CITYTHHKOB PEIKHX
METaJuIoB, HauOojee MIMPOKO MPEACTABICHHBIX B TEXHOJOTMU MX TOJTYYEHUS.
KoMmmiekcHOE UCIOb30BaHUE CHIPBSL.



TexHonorus (yHKIMOHANBHBIX M KOHCTPYKLUMOHHBIX MAaTEpHUajOB Ha
OCHOBE peAKHX MeTaiioB. HaHomaTepuasi.

3.4. Paouoxumuueckas mexHono2usl

PannoaktuBHBIC cemeiicTBa. [IpaBuia cMemeHus u pacueT yucia anbda- u
OeTa-pacnaZoB B ONPEAEICHHOM psiny. PainoakTHBHbBIE HYKIHUIBI, HE BXOJSAIIUE B
cemeiictBa. Tpu Buma Oera-pacrajga U pacyeT SHEPrUM pacmaja. TepMosaepHbIe
peaklMy Ha U30TOIax Bojopoa. PaguoakTuBHOe paBHOBecue. PacueT akTHBHOCTH
JIOYEPHET0  pPAJUOHYKIHWJA [0 AKTUBHOCTM MATEPUHCKOIO Ha IpPHUMEpE.
Bo3nencTtBue aTOMHBIX JIEKTPOCTAaHLMK Ha OKpyKarollyro cpeny. IIpuvmenenue
PaJMOHYKIIMJOB B HAyYHBIX MCCIEIOBAHUAX U B HapoAHOM Xo3sicTBe. CopOuus
KaK METOJ KOHLEHTPHUPOBAHMS PaAHOHYKIUI0B. OCHOBHBIE IMOHSTHS COPOLUU.
Tunsl npumensiemblx copOeHToB. IloHATHE O XpomaTtorpaduu. DpoHTaIBHBIN,
AIIIOEHTHBIN U BBITECHUTENIBHBIN METOABl XpomaTtorpaduu. BogHo-xumuueckuii
pexum ADC.

Paznesn 4. TexHOJ0THs JIEKTPOXMMHYECKHX IMPOLECCOB H 3alIUTA OT
KOPPO3UH

4.1. Pacmeopwl 3nekmpoaumos

3akonsl Dapanes. KynonoMmetpsl. Beixoa no ToKy u 1o 3Hepruu. Bropuyunsie
¥ TOOOYHBIE MTPOLIECCHI TIPH AIEKTPOIIU3E.

OnekTpoxumuueckue cuctembl. Kinaccudukanuss npoBoIHUKOB. EauHUIIBI
AIEKTPONPOBOIHOCTU. METOAbl HM3MEpPEHUsi 3JIEKTPOIPOBOJHOCTU PACTBOPOB.
BinusiHue KOHUEHTpalMM Ha 3JEKTPONPOBOAHOCTh. OTHOIIEHHE SKBUBAJIEHTHBIX
anekTporpoBoiHocTell. Knaccudukanus >nekrponntoB. MloHHbIE TPOBOIUMOCTH.
DIEKTPONPOBOJHOCTh HEBOJIHBIX PACTBOPOB.

AGCOIIIOTHBIE CKOPOCTH U TOJABMKHOCTA UOHOB. AHOMAaJIbHAs TTOJABHXHOCTD
MOHOB BoAOpoAa H TuApokcuia. Yuciaa mepeHoca HOHOB, METOBI
AKCHEPUMEHTAIILHOTO OMPEAEIEHUS YUCEI IEPEHOCA.

TepMoanHAMUYECKME W XUMUYECKHE TMOTEHIUAaIbl. AKTHUBHOCTH U
KO3((PUIIMEHThl AKTUBHOCTH DJIEKTPOJIMTOB U OTAEJIbHBIX HOHOB. (CrocoObl
omnpenesieHus Kod(PGUIMEHTOB aKTUBHOCTH. YpaBHeHue ['ub0ca-/lrorema.
[1n0THOCTH 3apsiia, MOTEHIMAI U TOJIIMHA HOHHOUN aTMocdepsl. [IpaBuno noHHOU
CWJIbl ¥ TIpeNiebHbIN 3aKkoH JleOas-I tokkens.

Acconuanust noHoB. Teopust beeppyma.

4.2. Obpamumbie u HeoOpamumwle INeKmpoobl

O6parumbie 1 HeoOpaTtuMmbie sekTponbl. M3mepenune DJIC obpatumoro
anektpoga. Ceszp DJIC ¢ KOHCTaHTOM paBHOBECHS W W3MEHEHUE HW300apHO-
HM30TEpPMHYECKOTO MoTeHIHana. Y papaenue Tomcona u [ mb6ca-I"enpmrosbiia.

KonreHTpamonHbIie 21eMeHTHI 03 epeHoca u ¢ mepeHocom. OnpeaencHue
KO2((PHUITMEHTOB aKTUBHOCTH C TIOMOII[BIO0 KOHIICHTPAITMOHHBIX IIETICH.

Hubdy3rnoHHble TOTEHIMANBI. YpaBHEHUS IJisi ONMPENCNICHUS BEIUYHHBI
mudPy3noHHBIX MOTeHIMaI0B. CrocoObl yCTpaHeHHs BIUSHUS JAU(PHY3UNOHHBIX
noTeHuuasIoB npu usmepenun JJ1C.

VYpaBuenue HepHcta u BogopoAHas ILIKaja 3JEKTPOAHBIX MOTEHIUAIOB.
[TpaBwiio 3HakoB. CtanaapTHbele TOTeHIIMaNBI. OOpaTuMbie 3IeKTpoasl 1, 2, 3 poaa.



OKHUCANTENBLHO-BOCCTAHOBUTENBHBIE JJIEKTPObI. M3MepeHue aneKkTpoaHbIX
MOTEHIIUAJIOB. DJIEKTPO/IbI CpaBHEHUS U ANEKTpoAbl st uaMepenust pH. [IpaBuiio
JIrorepa. [loTeHIIMOMETPUYECKOE TUTPOBAHKE.

4.3. Pasnosectble CBOUCMBA 3APHCEHHBIX MeNCHAZHbIX cpanuy

Cka4ky MOTEHIMAIOB Ha (ha30BBIX TpaHuIax. [loBepXHOCTHBIN, BHYTPCHHHMA
BHEIITHUI IMOTEHLUAJIBI. l'anpBaHM-noTEHIIHAL. Bonbra-norenuuai.
DNEeKTPOXMMHUYECKUN MOTEHIMAT U YCIOBHE PABHOBECHS B 3JIEKTPOXUMHUUYECKOM
cucteme. PeanbHbIX moTeHMan u pabora Beixona. Beipaxenue 2J[C yepe3 cymmy
raJibBaHU-BOJIbTA-TIOTEHIIMANIOB. BhIpakeHWe BOJbTA-MIOTEHIIMANA Yepe3 padoTy
BBIX0/1a 3JIEKTPOHA.

NneanbHO-TIONAPU3YEMBIA W HENOJSPU3YEMBIN BJIEKTPOJbl. MexaHuszm
Bo3HUKHOBeHUA [I2C. [loHATHE O HYJIEBOM pacTBOpE.

Ancopbrmonnsiii Mmeros ucciaeaoBanus JIIC. IloHsTHEe O MOBEPXHOCTHOMU
dbaze U  TMOBEPXHOCTHOM  M30BITKE.  DJICKTPOKAMWUISAPHBIE  SBJICHUS.
AncopOnmoHHoOe ypaBHEHHUE ['u606ca. OcHoBHOE ypaBHEHHUE
anexkTpokanmuisipHOCTH. | u Il ypaBHenue JlunmanHa.

HyneBpie TOoukm MetaiuioB. CBsi3b MEXIYy TOYKAaMH HYJIEBOTO 3apsia M
BoJbTa-moTeHuuaoM. Jluddepennmansuas u uHTEerpanbHas eMkocTh J[OC.
OKBHBAJICHTHBIE CXEMBbI. BiIusHHE MOTEHIMAIA 3JIEKTPO/ia M COCTaBa pacTBOpa Ha
émkocth J1OC.

Teopusa I'ensmronbua, ['yu-Hanmena, Ilrepna u I'pama. Pacnipenenenue
noteHnuana B JI9C B oTcyTcTBHE CielIU(PUIECKOM a1cOpOIIHH.

4.4. Kunemuka 31eKmpoousix npoyeccos

[Tonspuzamuss u mnepeHanpsbkeHne. MeToapl HU3MEpPEHHs MOJISIpU3alUU.
Cranuu rereporenHoi peakimu. Kinaccudukaius nepeHanpssKeHU.

CyMMapHblii TOTOK pPEAreHTOB K OAJIEKTPOoAYy (HPOAYKTOB PEAKIUU OT
AJIEKTPOAA) M €ro COCTaBjsIomMe. YpaBHeHUE mepBoro 3akoHa duka u ero
MPUMEHEHUE JJIsI pacueTa CyMMApHOrO MOTOKa K JJeKTpoay. DddexTuBHas
tonmuHa gauddysuonnoro cnos (BJID, miockuit  35eKTpoa B YCIOBHUSIX
€CTECTBEHHON M BBIHYKICHHON KOHBEKIIUM). BiWsHME MHUTpallMi HAa BEJIUYUHY
MpeaeIbHOTO TOKa B OTCYTCTBUE€ W B MPUCYTCTBUU (POHOBOTO SJIEKTPOJIUTA.
DK3aabTalysd MUTPALMOHHOTO TOKA.

HuddysnonHoe  mepeHanpspKeHHe.  XHUMHYECKOe  MepeHarpsiKeHUe.
[Ipomecchl, KOHTPOJIMPYEMbIE MEIJIECHHON MpEAlIeCTBYIONIEH (MOCIeayOmEn)
reTeporeHHon craauei. Ypapuenue Tadens. [InotHOCTh TOK 0OMeHa. 3aBUCUMOCTD
MEPEHAIPSIKEHUST OT IUIOTHOCTU TOKA MPU MAJIbIX OTKJIOHEHHSX OT PABHOBECHSI.
[IpenenbHbI KHHETUYECKUH TOK.

DJIEKTPOXMMHYECKOE TEepeHarpsikeHre. BiausiHue CKaykoB MOTEHIMATIOB B
JIOC Ha sHEepru akTUBAIUU.

Ypasuenue Qonbmepa. [IpenenbHbie cirydau.

Bnusinne cocraBa pacTBopa Ha MepeHANpPsHKEHUE TPU BbIJICICHUN BOAOPO/IA.
BnusiHne coctaBa pacTBOopa Ha 3JEKTPOBOCCTAHOBJICHHE AHWUOHOB. BinsHue
TEMIIEPaTypbl HA CKOPOCTh ANEKTPOXUMUUYECKON PEAKIINH.

[Tonsipuzarusi, cBsizanHasi ¢ oOpa3oBaHWEM HOBOW (pa3bl. 3aKOHOMEPHOCTH
CMENIaHHOW KMHETUKHU (cTaauu nudPy3uu u 3JIeKTpOXUMHUYECKask CTaIus).



DJIEKTPOXUMHYECKME  PEAKIUM C  MOCJIEAOBATEIIBHBIM  MEPEHOCOM
3JEKTPOHOB. [1OpsAI0K 3NEKTPOXUMHUYECKON PEAKIIMU U CTEXHOMETPUIECKOE YUCJIO.

4.5. Teopemuueckue ocHogvl KOppo3uU

Onpenenenue kKoppo3uu. KomuuecTBeHHass OIEHKAa KOPPO3UOHHOTO
paspyuieHusa. MexaHu3M  3IEKTPOXMMHUYECKOW KOPpO3WHu. TepMoJauHaMHUKa
AJIEKTPOXUMHUYECKOMN KOPPO3UH. Jnarpamma ITypOe. KuneTtnka
AIEKTPOXUMHUYECKON KOPPO3UH. BlMsiHUE 3IEKTPOIHOrO MOTEHIUAIA HA CKOPOCTh
Koppo3uu. Kopposusi 1ipu BOCCTaHOBJIEHMHU HOHOB THAPOKCOHMS. Kopposus mipu
BOCCTAaHOBJICHUU KHcCiIopoja. Koppo3un mipu BOCCTAaHOBICHUM HECKOJIBKHX
okucauTenen. IlacCUBHOCTh METAJIOB, HAPYUIEHHWE IacCUBHOIO COCTOSIHUA.
[lepenaccuBanusi, JOoKajJbHasg aHOJHAsl aKTUBalMs. ['a3oBas KOppO3Usi METAJIIOB.
TepMmonuHaMuka ra3oBol Koppo3uu. KuHeTnka ra3zoBoid koppo3uu. OCHOBHBIE
MIPUHIIUIIBI JIETUPOBAHUS CTajed. MEXKpPUCTAIUTHAS KOPPO3US HEPKABEIOIINX
CTaJICH.

Pasznes S. TexHo10rusl OPraHNYecKMX BeLIeCTB

5.1. Hcxoonvie eewecmeéa Onsi Npoyecco8 MOHKO20, OCHOBHO20
Op2aHU4ecKo20 U Hegpmexumuiecko2o cunmesa. TeopeTuueckue OCHOBBI, CITIOCOOBI
U TEXHOJOTMYECKHWE CXEMbl TMOJy4YyeHHs mapauHoB, 0Je(UHOB, JTUEHOB,
apoMaTUYECKUX YTJEBOJOPOJOB, alleTWICHa, OKCHAa YIJIEpOoJa, CHHTE3-Ta3a,
BOJIOPO/IA.

5.2. Ilpoyeccvl eanoeenuposanus. TeopeTHdeckue OCHOBBI, CIIOCOOBI U
TEXHOJIOTUYECKUE CXEMbl TOJYYEHUs  T[aloreHNnpou3BOAHbIX. [Ipoueccsl
pagvKanbHO-IIENHOTO  xjopupoBaHus. IIpolecchl  MOHHO-KaTaJIUTUYECKOTO
xJyiopupoBanus. CoueTanue nporeccoB xyopupoBanus. [Iporeccs GpropupoBanus.

5.3. Ilpoyeccol euoponusa, euopamayuu, oecuopamayuu, smepugpukayuu u
amuouposanus. XUMHUS U TEOPETUYECKHE OCHOBBI TpoleccoB. I[IpouszBoacTBo
XJI0poe(MHOB U 0-OKCHJIOB IIEJIOYHBIM JIETUAPOXJIopupoBaHueM. [IpousBoacTBo
CIIUPTOB U (PEHOJIOB MIETOUYHBIM THAPOIU30M. [ maparaius oeruHOB U alleTHUIICHA.
[Iporecchl nostydeHus >PpuUpoB U aMU0B KapOOHOBBIX KUCIIOT.

5.4. Ilpoyeccvr ankunupoganus. XUMHS U TEOPETUYECKUE OCHOBBI
nporeccoB. TEeXHONOTUM  AJIKUJIMPOBAHUS APOMATUYECKUX  YTJIEBOJOPOJIOB,
dbenonoB, napaduHOB. AJIKUJIUPOBAHUE IO aTOMaM KHUCJIOpPOJa, CEphl U a30Ta.
[Ipoueccht  P-okcuankmnupoBanus. Ilporeccel  BuHmiMpoBanus.  CuHTE3
KPEMHUUOPTraHMYECKUX COCAMHECHUN. AJTIOMUHUHOPTAaHUYECKUE COCIUHEHUS |
CUHTE3bl HA KX OCHOBE.

5.5. Ilpoyeccwvr cynvpamuposanus, cyrvgpuposanus u Humpoearusi. XuMusl,
TEOPETUYECKHE OCHOBBI MPOLECCOB, TEXHOJOTHMUYECKUE CXEMbl IMPOIECCOB
Cynb(daTupoBaHus CHOUPTOB U  OJe(UHOB, CYIbOUPOBAHUSA AIKEHOB W
apoMaTH4eCKuX yriaedoaopoaoB, CyJIb(OXJIOPUPOBAHUS U CYIb()OOKHUCICHUS
napaduHOB, HUTPOBAHUS apOMATUUECKUX COCIMHEHUHN 1 mapaduHOB.

5.6. Ilpoyeccovl okucnenus. PanukalbHO-IIETHOE OKHUCJICHUE: TMOIYyYECHUE
TUAPOIIEPOKCHUIOB; COBMECTHOE MPOU3BOJCTBO (heHOJA M alleTOHA; OKHUCJICHHUE
napa¢uHOB, HAa()TEHOB M UX NPOU3BOJIHBIX; OKUCIEHHE METUJIOEH30JI0B B



apOMAaTUYECKUE KHUCIIOThI; OKHCJICHHE HACBIIEHHBIX ajbJCTU/IOB U CHUPTOB;
NOJIy4eHHUE MEPOKCHIa BOJOPOIA.

['eTeporeHHO-KaTaIUTUYECKOE OKHUCIICHHUE: OKHCIECHUE OJIepUHOB 1O
HACBIILIEHHOMY aTOMYy YIJIEPO/1a; OKUCIUTEIbHBIA aMMOHOJIN3; CUHTE3 (PTAJIEBOTO U
MaJj€eMHOBOI'0 aHTUJPHUIOB; POM3BOJCTBO OKCUAA 3TUIIEHA U OKCUAA MPONUJICHA.

OxuciieHne B NPUCYTCTBHM METAJUIOKOMIUIEKCHBIX — KaTajau3aTOpPOB:
ANOKCUIUPOBAHUE  HEHACBIIICHHBIX  COEIMHEHMI; IMPOM3BOACTBO  OKCHJIA
MPOINUIIEHA; TPOU3BOICTBO AlETANBIACTH/IA U3 ITUJICHA, aHTPAXUHOHA.

5.7. Ilpoyeccvl eudpuposanus u oecuopuposarus. TeopeTnueckrue OCHOBBI
npoiieccoB. TepMoIMHAMHMKa pEakUuMid TUAPUPOBAHUS U JETHAPUPOBAHUS.
Karanuzatopel  mpormeccoB. XuUMHUS U TEXHOJOTUA  JETHJIPUPOBAHMUS:
JETUIPUPOBAHUE U OKUCIICHUE CIUPTOB; MPOU3BOJCTBO CTUPOJIA U €r0 TOMOJIOTOB;
MPOU3BOJICTBO OyTa/IM€HA, NU30IIPEHA U MPOIUIICHA.

XUMUS W TEXHOJIOTHS THUAPUPOBAHUS: THUIAPUPOBAHUE YTIEBOJOPOJIOB;
TUAPUPOBAHUE KHCIIOPOJCOIEPKAIINX COEIMHEHHI; TUAPUPOBAHUE
a30TCOJIEpKAIIUX COCOUHEHUH; TEXHOJOTMU T030(a3HOr0 M KUIAKO(DA3ZHOrOo
TUIPUPOBAHUSL.

CrocoObl BOCCTAaHOBJICHHUSI apOMATUYECKUX HUTPOCOEIUHEHUU. Y CIOBHS,
OCOOEHHOCTH, MOTy4aeMbl€ MPOAYKTHI. T€XHOIOTHYECKUE CXEMBI ITPOLIECCOB.

5.8. Cunme3swt Ha ocroge okcuda yenepooa. XuMusl, TEOPETUUECKUE OCHOBBI
IIPOLIECCOB, TEXHOJOTMYECKHE CXEeMBbI mpoueccoB Pumiepa-Tpormma; cuHTE3a
MeTaHoJIa; KapOOHWJIMPOBAHUSI METAHOJA; KapOOKCUIMPOBAHUS HEHACHIIIEHHBIX
YTJIEBOJIOPOJIOB; OKCOCUHTE3a; MOJIYYEHUS] MypPaBbUHON KUCJIOTHI.

5.9. Ilpoyeccvl koHOencayuu. XuMus, TCOPETUUECKHE OCHOBBI IMPOIIECCOB,
TEXHOJIOTUYECKHE  CXEMbl  TMPOIECCOB  MOMYy4YeHUs  JIU(DEHUIONNPONaHa;
LUKJIOT€KCAaHOHOKCHUMA M KalpoJlakTaMa; 2-3TUIT€KCAaHOJa; IEHTa3PUTPUTA; OKUCH
Me3UTWIa; aeToHmanruapuna. Cunres aneraneut u peakuus [Ipunca. [Tomydyenue
U30IpEHA.

XuUMHSI, TEOPETHUYECKHME OCHOBBI MPOLECCOB, TEXHOJOTMYECKHE CXEMBbI
MPOU3BOJCTBA HHIUTO, KapOOKCWIMPOBAaHUS IIEJIOYHBIX cojeil (eHona u
Ha(TONOB.

5.10. Ilpoyeccvl ouazomuposanusi NEPBUUHLIX APOMAMUYECKUX AMUHOS U
asocouemanusi. YCIOBUS MPOLIECCOB, OCOOCHHOCTU NPOBEJEHHUSA, CBSI3aHHBIE CO
CTPOEHHMEM MPUMEHSIEMBIX cyOCcTpaToB. Peanu3zanus npoueccoB npu Npou3BOACTBE
azokpacuteneil. TexHosiormueckas cxema HENPEPHIBHOTO JUA30TUPOBAHUS U
a30COYETaHus IPU NPOU3BOJICTBE a30IIMTMEHTOB.

5.11. Ilpoyeccvr wenounoeo niaéleHus  coleli  apoMaAmudecKux
cynvgokuciom. YCIOBHUS OTKPBITOM M 3aKpbITOM IJIaBKU B 3aBUCHMOCTH OT
CTpOEHUS IeJIEBOT0 MPOAYKTa. TeXHOIOTHs TPOU3BOACTBA 2-HATOIA M PE30PIIHHA.

5.12. Ilpoyeccvl nonyuenuss npou38OOHLIX Y20JbHOU KUCIOMbl. XUMUS,
TEOPETUYECKHE OCHOBBI MPOIECCOB, TEXHOJOIMUYECKHE CXEMbl IPOLIECCOB
MOJIyYeHUs] M30I[MaHaToB, KapOamMaToB, MouyeBUH. CHHTE3 alkwi- , apui- U
arun3onuanaToB. [lodyyeHue u npuMeHeHue 3aMelleHHbIX MoYeBUH. [Tonyuenue
u npumeHeHue N-ankui-O-apunkapOamaroB u N-apuii-O-ankuikapoamaTosB.



5.13. Ilpoyeccvr nonyuenus opeamogocgamosu gocgopopearnuyeckux
coedunenuil. XUMHUsl, TEOPETUUECKUE OCHOBBI MPOIECCOB, TEXHOJIOTUYECKHUE CXEMBbI
nporieccoB nosyuenusi O-apui- u O-rerepuwiguankuntaodocdaron, S-ankun-0O,0-
muankuauTuodocdoaTos, TuankuiahochoHATOB. Cunre3
TUATKAIXIOpTHO(OChaTOB, IUANKUIAUTHODOCHOPHBIX KHCIOT, AHAIKWI- H
tpuankuipochutor  Ilomyuenne wu  npumeHenue  O-apuwn- u O-
reTepuIINaIKuITHOGOCPaTOB. [Tonyuenne wu mpumenenue S-ankuia-O,0-
nuankmwiautuodocdaron. quankuidocdonaron. Peakiua Kabaunuka-dunjca.

5.14. Ilpoyeccol nonyuenus 3¢pupo 3ameweHHbixX YUKI0NPONanKapOOHOB8bIX
Kkuciom. XUMUS, TEOPETUYECKUE OCHOBBI IMPOIIECCOB, TEXHOJOTMUYECKHE CXEMBbI
MPOLIECCOB MOMYy4YeHUs: 3(HUPOB XPU3AHTEMOBOM, MEpMETPUHOBOM KuiI0T. CHUHTE3
ATWIOBBIX 3(UPOB XPU3AHTEMOBOM W MEPMETPUHOBOW KuCIOT. [lomydyeHue u
npuUMeHEeHUuEe OCH3WIOBBIX U TEeTEePUIMETUIIOBBIX 3(PHUPOB XPU3AHTEMOBOW U
IIEPMETPUHOBOU KUCIIOT.

5.15. Ilpoyeccor nonyuenus zamewienuvix 1,2,4-mpuazonos, umuoasonos u
OeH3UMU0a30106. XUMUS, TEOPETUUECKUE OCHOBBI MPOIECCOB, TEXHOJIOTUYECKUE
CXEMBI MMPOLECCOB MoaydYeHus |-3amenieHHbIx 1,2,4-Tpra3ojioB 1 UMHU1a30JI0B, 2-
3aMeIeHHBIX OeH3umuaazonoB. Cunres 1,2,4-tprazona u umuaaszoina. IlomydeHue
Y TPUMEHEHHE 3aMENICHHBIX 2-a30MWiI3TaHoJIoB. [loilydyeHne u npumeHeHue 2-
azonmmIMeTHi-2-apui-1,3-muokcomanoB.  [loaydyenne © = mpuMEHEHHE — 2-
3aMEIleHHbBIX 0EH3UMUIa30JI0B.

5.16. Ilpoyeccvr nonyuenus 2-apui-3-memoxcuaxkpuiamos u 2-apun-2-
MemoKcuuMunoayemamos. ~ XUMUS, TEOPETHUUYECKHME OCHOBBI  MPOIECCOB,
TEXHOJIOTUYECKHE CXEMBI MPOIECCOB MOMyUeHUsI 2-apuii-3-METOKCUaKPUIIATOB U 2-
apuii-2-METOKCUMMHUHOAIIETaToB. [loyyeHue u npuMeHeHrne 3aMeleHHbIX 2-apuil-
3-METOKCHAKPHUIIATOB U 2-apuil-2-METOKCUMMHUHOAIIETATOB

5.17. Ilpoyeccol nonyuenus 3ameweHHuIX 4-2u0OpOKCUKYMAPUHOE. XUMUS,
TEOPETUYECKUE OCHOBBI MPOIECCOB, TEXHOJOTHMUECKUE CXEMBl IMPOIECCOB
MOJIYYCHUS 3aMEIICHHBIX 4-TUAPOKCHKyMapuHOB. CuHTE3 4-THAPOKCUKYMapHHA.
[TonmydyeHnue u npuMeHEHUE 3- 3aMEIIEHHBIX 4-TUAPOKCUKYMAPHUHOB.

5.18. [Ilpoyeccvi noayuenus 3amewjeHHvlx 1,3-uHOAHOUOHOB. XMUS,
TEOPETUYECKUE OCHOBBI MPOIIECCOB, TEXHOJOTHMUECKHUE CXEMbl IMPOIECCOB
MOJY4YEHHs] 2-3aMelIeHHbIX 1,3-uHaanauoHoB. IlonydeHwe W INpuUMEHEHUE
3aMEIIEeHHBIX 2-arni-1,3-HHIaHIHOHOB.

5.19. Hcnonv3zoeanue 60300H06159eMbIX UCHOUYHUKOS CbIPbs 8 MEXHON02UU
opeanuyeckux eewjecma.llepepaboTka KUPOB M Macel: MOJTydyeHHe KapOOHOBBIX
KHUCIIOT, CIUPTOB, YIJIEBOJOPOJOB, OHOTOIUIMB (OMOaM3eneli), TIIMIIepUHA.
[lepepaboTka riaurepuHa: THAPUPOBAHKE, OKUCIICHHE, neruaparanus. [lepepaboTka
MOJIOYHOM KHCJIOTHI: MOJYyYEHUE AJTKUJIOBBIX A(UPOB (3EJICHBIX PACTBOPUTEINICH),
MPOTUJICHTJIUKOJISI, AKPUJIOBOM KUCJIOTHI U €€ A(hUPOB, IPOIMMIICHTIIUKOJIA, JTAKTH/IA.
[lepepaboTka apyrux KapOOHOBBIX KUCIIOT, MOJIYy4a€MbIX MUKPOOHOJIOTHYECKHU U3
BO300OHOBJISIEMOTO CHIPbSI.

5.20. Opeanuueckue monexynvi. buononumepul u mexnono2uu ux noay4eHus.
Knaccuduxanus OHOIOIMMEPOB. DU3HKO-XUMUYECKUE O0COOEHHOCTH
ouonosumepoB. CTpoeHue OMOTOJIMMEPOB. XUMUUECKHE PEAKITUK OUOMOIMMEPOB.



Ponb GuonoaumMepoB M OPraHMYECKUX MOJIEKYJ B (DU3MOJIOTMYECKUX MPOLIECCax.
TenaeHIMU pa3BUTH COBPEMEHHOTO PBhIHKA OMOMOIMMEPOB, UX CHIPHEBON 0a3bl,
TEXHOJIOTUH MOJTYYEHHS U TPUMEHEHUS. MeToAbl HCcClieIOBaHUS OMOTIOJIMMEPOB.

5.21. Texnonoeus nonyyenus OUCNEPCHBIX CUCMEM HA OCHOBE OP2AHUYECKUX
sewgecms. 1lomydeHne Makpo- U1 MUKPOIMYJibcui, moadop cradunuzaropa (ITAB,
BMC, cmece ITAB-BMC). Ilonmyuenue cycneH3wid © 307 — T0A00p
crabmnmzatopa. [lomydeHne W OCHOBHBIC CBOWCTBA BE3UKYJ Ha IpUMEpPE
dbochomunuioB. CpaBHEHHE OCHOBHBIX CBOWCTB MHULIEIUISIPHBIX U BE3UKYJISIPHBIX
cucteM. MUKpOKancyJIMpOBaHUE — OCHOBHBIE METOJIbI MOJTYYECHHUS] MUKPOKAIICYJI.
[IpocTas 1 cnoxkHast KoalepBanusi.

5.22. Ananuz 1nexapcmeenno2o pacmumenbHo20  cblpbi.  MeTonsl
(bapMakOrHOCTUYECKOTO  aHali3a  JIGKQPCTBEHHOTO  PACTUTENBHOTO  ChIPbS
(MaKpOCKOMMMYECKUH, MHKPOCKONIMYECKHH, (DUTOXUMUYECKUH, OIpe/esieHue
YHMCIIOBBIX MoKa3aTele, OMOJIOTUUCCKUM, MUKPOOHOJIOTUYECKUH,
PaANOIOTUYECKU U TOBAPOBEAUECKHUIN).

5.23. Cmanoapmu3zayusi 1eKapCmeeHH020 pacmumenbHo20 cbipbs. Buisl
HopmatuBHbIX JokyMeHToB ( ['OCT, OCT, Crll, TY, UCO). Bunst HTJl Ha
dapmanestuyeckue ToBapsl (ODPC, OC, ®CII u np.).

Paszpnes 6. TexHosrorus u nepepadorka CHHTETHYECKUX M MPUPOIHBIX
MOJIMMEPOB M KOMIIO3MTOB

6.1. Memoowvl cunmesa noaumepos.

OCHOBHBIE METO/Ibl CUHTE3a ITOJIUMEPOB U UX OCOOEHHOCTH: MOJIMMEpPHU3aLus,
NIOJINKOHJICHALINS, TOJUIIPUCOECINHEHNE, ITOJMMEPAHAIIOTMYHBIE IIPEBPAICHUS.
ConosmmMepu3anus, BUAbl CONOJINMEPOB.

Tunel NOIMMEPHU3ALMOHHBIX  IPOLECCOB: HOHHAsA  IOJIMMEpHU3aLys,
pajvKaigbHas  MOJMMEpU3alus, HWOHHO-KOOPAMHALIMOHHAA  MOJUMEpU3alus.
[lonmumepusanuss B pexuMe <OKUBBIX Lenen». [lomumepusanus ¢ packpbITHEM
nukia. TexHoNIornueckue MeTo bl MOJIyYEeHUS MOTUMEPU3AMOHHBIX MTOJIUMEPOB, U
OCOOEHHOCTH, IOCTOMHCTBA M HEIOCTaTKU: MOJUMEpHU3alus B Macce, pacTBOpE,
CYCIIEH3UHU, SMYJIbCUHU. TEXHOJOrHus OCHOBHBIX MOJMMEPOB M COMOJUMEPOB,
MOJIy4a€MbIX METOJIOM MOJMMEPHU3ALINU, UX CBOMCTBA U MPUMEHEHHUE: MTOJIUATUTIEH,
MOJIUTIPONWIIEH, aKPUJIOBbIE MOJUMEPBI, TOJUCTUPOI, PTOP- U XJIOPCOIAEpKAaIlNe
10JIMoJIe(DMHBI, TOJIMMEPBI HA OCHOBE IPOU3BOAHBIX OyTaAMeHa, OIUBUHUIIALETAT,
3JIEMEHTOOPTraHNYECKUE MOJIUMEPHI (TTOIUCUIIOKCaHbl, MordochazeHbl), NpoOCTbIe
oA QUpPHI.

CryneHyaTtsle  IpOLIECCHl  TOJYYEHHMsS  MOJUMEPOB MU OCHOBHBIE
TEXHOJIOTHYECKHE METOAbl WX CHUHTE3a: B Macce, B PacTBOpPE, B AMYJbCHUH, Ha
rpanHunie pasnena (a3. TexHOJOrHsT OCHOBHBIX TMOJMMEPOB M CONOJIUMEPOB,
MOJIy4aeMbIX METOIAMH MOJIUKOHACHCAIIMN U TOJUIIPUCOEIMHEHNUS, UX CBOMCTBA U
NPUMEHEHUE: CIIOKHbIE MOJUA(UPHI (HACBIILIEHHBIE, HEHACBIIICHHbIC, AJKHUJIHbIE
OJIUTOMEPHI), (peHoIpopMalIbIETUIHBIE OJIUTOMEPHI, KapOaMuipopMaibIeruIHbIe
OJIMTOMEPHI, MeJIaMUH(POPMaIbAETUIHBIE OJIUTOMEPHI, AMOKCUIHBIE OJUTOMEDHI,
MOJIMAMMU/IbI, TOJTUUMUIbI, KPEMHUMOPTaHUYECKHUE TOJTUMEPDI, TTOJIMYPETAHBbI.



[Tonumepsl, noaydyaeMble TyTEM MOJUMEPAHATIOTHYHBIX MPEBPALEHUN, UX
CBOIMCTBA W TPHUMEHEHHE: SMOKCHIUPOBAHHBIE HOBOJAKU, I(UPHI IEIUTIOJIO3HI,
MOJIBUHUJIOBBIN CITUPT, MOJIMBUHUJIALICTAIIH.

6.2. Peonozcuueckue c8oucmea noaumepos u nOJUMEPHBIX KOMHOZUYUOHHBIX
mMamepuanos.

KpuBas TeueHnss m kpuBas BSI3KOCTH. BS3KOCTb IPU CABUIOBOM TEYEHUHU.
KprBble Te4eHUs U KPUBBIE BA3KOCTH IS Pa3IN4HbIX )KUIKOCcTed. HBIOTOHOBCKaA,
JUIIaTaHTHAsI, ITCEBIOILIACTUYHAs  KUAKOCThb, Tena buHrama m Cen BeHaHa.
OcoOeHHOCTH TOBEJECHMS, CBA3b IOBEACHUEM peajbHbIX Tel. THUKCOTpomus H
peonekcus. Pabora TukcoTponuu.

Oco0enHocTu TeueHus noaumepoB. KpuBble TeueHus mouMepoB. AHOMaIHS
BA3KOCTU. [IpHunHbBI aHOManuMU BA3KOCTHU. Y PaBHEHHUs, ONMCHIBAOIIUE ITIOBEICHNE
ITOJIMMEPOB B IMPOKOM JUAIIA30HE CKOPOCTEN U HANIPSIKEHNUW CIIBUTA.

3aBHUCUMOCTD BA3KOCTH OT TEMIEPATypbl, MOJIEKYJIIPHOW MAacCChl, JaBJIECHUA.
Peonorust pactBopoB mosmMepoB. Peonorust  HamoJHEHHBIX — MMOJIUMEPOB.
VYpaBHEHUS, OUCHIBAIOIINE TEUECHUE HAITOJTHEHHBIX CUCTEM.

[IposiBnenus s>¢dekra BaiiccenOepra. Ilpuuunsl 3dpdexra BaiiccenOepra.
bappyc-a¢ddexrt, ero mpuuuHbI, ypaBHEHHUs, onuckiBaromme bappyc-adpdexr u
CBSA3BIBAIOIINE €70 C NEPBOM PA3HULIEH HOPMAJbHBIX HAIPSIKEHUNU. 3aBUCHMOCTh
BennuuHbl bappyc-addekra oT tuameTpa Kanusuispa.

Peonornueckue CBOMCTBA TEPMOPEAKTUBHBIX IIOJUMEPOB U PE3UHOBBIX
cmecei.  OcHOBHBbIE  3aBHUCUMOCTH ¥ 3(PQEeKTbl, MPOTEKaloUme MpH
ne(OpMUPOBAHUN MATEPUAIIOB HAa OCHOBE PEAKIMOHHOCIIOOOHBIX OJUTOMEPOB.
Peonornueckue OCHOBBI CO3[aHHs JIMTHEBBIX TEPMOPEAKTUBHBIX MAaTEPHUAIIOB.
SIBnenue cBepxaHoManvu BSI3KOCTH. BHyTpeHHMU CpbIB. beccnBUroBoe TeueHue
HAITOJIHEHHBIX OJMTOMEpPOB. METOobl U MPUOOPHI JIJISI U3YUEHHUS] PEOJOTUYECKUX
CBOMCTB PEAKTOIIACTOB, KAYYYKOB U PE3UHOBBIX CMECEN.

6.3. Qusuko-xumuueckue npoyeccvl npu nepepadomke nOIUMEPOS.

@opMHUPOBaHUE CBOMCTB TEPMOIUIACTUYHBIX MOJMMEPOB B IPOLECCAX
CTEKJIOBAHUS U KPUCTAJUIM3ALMH; POJIb HAAMOJIEKYISIPHBIX CTPYKTYp. OcTaTtouHbIe
HaIpsSKEHUS M UX MPOSIBIICHHE. METOIbI perylIupoBaHusl CTPYKTYpbl U CBOWCTB B
npoleccax nepepadboTKy TEPMOILIIACTOB.

CTpyKkTypHpOBaHUE KaydyyKOB 1 OTBEPKIACHUE OIMToMePOB. OTBEPKIAI0IINE
U ByJIKaHu3yromue cucreMbl. Ctaguu npouecca otBepxkaeHus. [IpoctpancTBeHHas
CeTKa M METOAbl €€ OLEHKU. PenakcalMoHHBIE CBOWCTBA CTPYKTYPHUPOBAHHBIX
cucteM. OCTaTOUHbIE HAPSDKEHUS M TyTH UX CHIKEHUS. MeTobl PEryIMpOBaHUS
CBOMCTB CUIMTHIX ITOJIMMEPOB B MPOIIECCax MepepadoTKH.

Pannanmonnoe cimMBaHue MOJIMMEPOB PA3JIMYHOIO CTPOEHHUS, €T0
MIPEUMYLIECTBA U HEJOCTATKHU.

OO61ue npeacTaBiaeHUs O JECTPYKTUBHBIX MTPOLIECCAX B MOJIMMEPAX B CBETE
KBaHTOBOW (PU3UKHU U XUMUYECKON TEPMOJIUHAMUKH.

TepmookucnuTeabHas JECTPYKIMS, €€ XapakTep U Mmexanu3M. OcobeHHOCTH
TEPMOOKHCIIEHUSI OCHOBHBIX TUIIOB IIOJIUMEPOB. Y PABHEHUS BAKHEHIINX PEAKLIUM.
[lytu crabwim3anui W OCHOBHBIE KJacChl CTaOWIM3aTOpoB. CHHEPTHU3M.



Tepmuueckass AecTpyKuus. XapakTep IPOLECCOB W BIUSHUE HA CBOMCTBA.
Crabunuzanus TOJUMEPOB  Pa3NIUYHOrO  CTpoeHHs. DOTOXUMHUYECKas H
paavaliMoHHas AECTPyKUHs. BiusHHEe XHMHYECKOTO CTPOEHHUS, TEMIEPATYphI,
MHTEHCUBHOCTU 00mydyeHusi. CylIEeCTBYIOMIME TMOAXOJAbl K CTaOWIM3aluu U
BOKHEUIIINE KIIACCHI CTA0MIN3aTOPOB.

JlecTpyKuusi, HHULIMMPOBAaHHAs MEXaHUYECKUM Bo3AeiicTBUEM. OCHOBHOE
YpaBHEHUE MEXAHOKPEKUHIA, BO3MOKHBIE ITyTH UCITOJIb30BAHUS ITOTO SIBJICHUS.

CBsi3b  ECTPYKTUBHBIX IPOLIECCOB C OCOOEHHOCTSIMU  CTPYKTYpHI;
CTpyKTypHasi crabwin3auus. Ilponeccsl CTpyKTYpUpOBaHUST M YCIOBHSL HUX
npoTtekaHus. JlecTpykius B mpoueccax nepepadoTKu U dKCILTyaTalluy MOJIMMEPOB.
Crapenue nonumepoB. Ctabunmzanus MOJMMEPOB B Ipoleccax NMepepadoTKU U
DKCILTYaTALMH.

6.4. Memoowl nonyyenus NOAUMEPHBIX KOMNOZUMOE U NOKPLIMULL.

TexHonornyeckrue JJMHUM U O0OpPYAOBAHHE ISl U3TOTOBJICHUS U3IEIUN W3
NOJIUMEPHBIX ~ KOMIIO3ULIMOHHBIX ~ MaTepHajioB.  Pa3nuuHble  BapHaHTHI
TexHojornyeckux npoueccoB mnpousBoactBa CHTII, ommmuaronuxcs Ttuamnom
IKCTPYiepa, KOHCTPYKLIHUEH NIHEKa» METOJOM MOANUTKA U METOJOM T'PaHYJISLUH,
HEIMOCPEICTBEHHOE CMEUIEHUE KOMITIOHEHTOB B JINTHEBBIX MAllIMHAX U T.J.

JIutbe mNOJ [aBIEHHEM W3ACIUMHA U3 TOJHMMEPHBIX KOMIIO3HIIMOHHBIX
MatepuanoB. KOHCTPYKTHMBHBIE OCOOEHHOCTH JHUTBEBBIX MalIUH M (QOpM.
TexHonornueckue OCOOCHHOCTH NEpepabOTKU, BIMSHUE JIUaMETpa W JUTMHBI
CTEKJIOBOJIOKOH, CTEIICHW HAIIOJHEHUS, AaNlpeTUpPOBAaHUSA, OpPUEHTALMH, THUIA
CBA3YIOIIETO HA CBOMCTBA M3ACIMA W3 NOJHUMEPHBIX KOMIIO3UI[MOHHBIX
MaTepuanoB. O6iacTu NpUMEHEHUs.

TepMoracTel, apMUPOBAHHBIE YTIEPOIHBIMU U OPraHUYECKUMU BOJIOKHAMH,
UX CBOMCTBA M 00JIaCTH MCITIOIb30BaHMUS.

Mertoabl oJy4eHHs] KOMIO3UIIMOHHBIX MAaTEPUAIOB HA OCHOBE
TEPMOPEAKTUBHBIX CBS3YIOIINX, aDMUPOBAHHBIX BOJIOKHUCTHIMU HAITOJIHUTEIISIMH,
Y U3JEJIUN U3 HUX.

6.5. Ceoticmea yenntono3vl Kaxk colpvsi 0l NOJYYEHUS YeAePOOHbIX 80JIOKOH

[IpupoaHble UCTOYHUKUA MOJYYEHUS IEJUTI0N03bl. [[peBecHas u XJIOMKOBas
LEJUII0JI03a. 3HAYEHUE LEIUII0NIO3bl U €€ A(DUPOB B HAPOJAHOM XO3AMCTBE CTPAaHbI.
XUMUYECKUN COCTaB IEJUIIOJNO3bl. YTIIEBOABL. MOHOCaxapuabl, MOJUCAXAPUIBI,
NEHTO3aHbl, F'eKC0o3aHbl. CBS3b AIIEMEHTAPHBIX 3BEHBEB MEXTy COOOM.

BHYTpUMOJIEKYJISIpHBIE M MEKMOJIEKYJSIDHBIE CBS3M B LEJUIFOJIO3E U €€
spupax. KoHieBble 3BEHbS B MaKpOMOJIEKYJE LeuIoa03bl. Hammuue napyrux
AJIIEMEHTAPHBIX 3BEHBEB B IIpenaparax Le/uIroio3bl. MaeanbHas W peanbHas
MakpoMoJiekysa. HaamonekymnspHble CTPYKTYphl LEUIOJIO3bl.  MeToapl HX
VCCJIEIOBAHUS.

da3zoBoe COCTOSIHME IEJUII0N03bl.  Kpuctaimmueckue Moaudukaiuu
uenono3bl. Konpopmanmonusie 1 KOHQUTypallMOHHBIE CBOMCTBA LEJUIIOJIO3bI U €€
pou3BOAHBIX. CTPYKTYpHasi HEOJHOPOAHOCTD IEJUTIOJIO3bI: 3aBUCUMOCTh OT BHUJIA
CBIPbS M CITOCOOOB BBIJIEIEHUS, TPAKTUYECKOE 3HAUCHHUE MTPH MOIyYeHUH 3(DUPOB U3
pPa3IMYHOrO  ULEJUIIOJIO3HOTO  ChIpbA. METOAbl CTPYKTYpHOM MoauQuKauuu
LEJUTIONI03bI (M3MENbYeHUE, AKTUBALINS, TUAPOIN3, UHKIIOJUPOBAHUE).



6.6. Quzuxo-xumuyeckue ceoticmea yeuntoi03sl

3aBUCUMOCTh IUJIOTHOCTH LEJIIOJIO3bl OT CTENEHU YHNOPSIOYEHHOCTH
CTPYKTYpbl. BHyTpeHHsIS1 TOBEPXHOCTh LIEIUTI0N103bl. MeTo bl onpeaencHus. [lopel
U KalWUISIPbl, UX pa3Mepbl, MPUMEHEHUE CIICIUAIBHBIX MPUEMOB JIJIs1 YBEIUYCHUS
MOBEPXHOCTH MOP U KAMWIISIPOB C EIbI0 MOBBIIICHUS! PEAKIIMOHHOW CLIOCOOHOCTH
LEJUTIOJIO3b], TPAKTUYECKOE 3HAUEHHUE.

['UrpoCKONMMYHOCTD TEJUTIOJIO3HI M €€ 3aBUCUMOCTD OT Pa3IUYHBIX (PaKTOPOB.
Bnara B memmono3e, ee poyib B peakuusx drtepudukanuu. HabOyxanue u
pacTBOPEHHE LEIITIONO03bI U €€ A3(DUPOB.

CaoiicTBa pacTtBOpoB. MonekysgpHas Macca LEJUTIOI03bl U €€ 3(UPOB.
@u3nuecKue M XUMHYECKHME METOMAbl OIPENAECICHUS MOJICKYJISIPHOW MacChl
ueuoa03bl. [lomuaucnepcHocTs nemnono3el. CoaepkaHie HU3KOMOJIEKYIISIPHBIX
Y BBICOKOMOJIEKYJISIPHBIX (hpaKklvii, UX BIMSHUE Ha CBOMCTBA. Bs3KOCTh pacTBOpOB
1EJUTI0103b1. E€ 3aBUCUMOCTD OT pa3iuyHbIX (PAKTOPOB, METOABI ONIPEACICHUSI.

MexaHnueckue CBOMCTBA U3JIETUN U3 LIEIUTIONO03bI U €€ A(hDUPOB, UX CBA3B CO
CpPEIHEN MOJIEKYJSIPHOM MAacCOM M HAIMOJIEKYJIPHOU CTPYKTypoH. PeaknnonHas
CIIOCOOHOCTh  IEJUTIOJIO3BI. THUMBI peakiui LEeJUIoJ03bl.  ['eTeporeHHbie U
TOMOTE€HHBIE  peakiuu. TOMOXMMHUYECKHE  MAaKPOCKOIUYECKUE  PEaAKIIUH.
3aBUCUMOCTh UX CKOPOCTH OT CKOpocTH nuddy3uu peareHToB. [elicTBue menouei
Ha EJUTI0JI03Y, BIUSHUE XUMUYECKOW U (PU3UUeCcKO HEOTHOPOIHOCTHU 11EJLTIOJIO3bI
U yCIoBUM 00pabOoTKH (KOHIIEHTpAIUsl paCTBOPOB IIEJIOUH, BPEMSsI, TEMIIEPATypa).
[Tomy4yeHue u CBOMCTBA MIETOYHOMN IEIITION03bI, TPAKTUYECKOE 3HaAUCHHE. Alb(a-
LEJUTI0I03a U €€ ompeaeeHue. JelficTBue KUCIOT Ha LEIUTI0NI03Y, BIUSHUE BUJA,
KOHIIGHTpAIlMd  KHUCIIOThI, YCJIOBUM  00paOoTku. ['maponu3  LeTr0N03bl,
3aBUCUMOCTH OT Pa3IMYHbBIX (PAKTOPOB.

CBolicTBa THMIPOJM30BAaHHBIX IIEJII0JI03. JIeHCTBHME OKHUCIUTENe Ha
LEJUTI0NI03Y. 3aBUCMMOCTh OT BUJIa peareHTa, BpEMEHU OKHUCIICHUS, TEMIIEPaTypHhl.
XuMu3Mm mpoliecca, u3dupareabHoe okucieHne. CBONCTBA OKUCIECHHBIX 1EJUTION03.
JlelicTBHE BOCCTAaHOBUTENEW Ha LEUIION03y. JlelicTBHME cBeTa M TEIUIa Ha
LEJUTI0N03Y. JleCTpyKIMs MaKpOMOJIEKYJIbI LIEJUTFOIO03bI.

6.7. Texrnonoecus npouzso0cmea yeiepooHblX MKAHell U3 SUOPAMYENI0NA03HbIX
80JIOKOH

Paznuynbie TpeOOBaHUS K YIIIEPOAHBIM BOJIOKHAM B 3aBUCUMOCTH OT C(ephl
ux mnpumeHeHus. Kommo3WIMOHHBIE BOJOKHA HAa OCHOBE LEJUIIOJIO3bl Kak
npeKypcopa  yriaepoaHsix  MarepuasioB. DopMoBaHME  LEIUIIONO3HBIX U
KOMITO3UIIMOHHBIX BOJIOKOH CyX0-MOKpPBIM CIIOCOO00M. TepMudeckoe mpeBpaiieHmue
TUAPATIEIUIIOIO3HBIX BOJIOKOH B YIJIEPOJHOE BOJIOKHO. BBe/IeHHE KaTaau3aTopoB B
o0beM BoJIOKHA. [loydeHHe TPEKypCOPHBIX BOJOKOH W3 KOMITO3UITMOHHBIX
peKypcopoB. BosokHa Ha OCHOBE MEIITIONO03bI C I0OABKAMHE PA3TUYHON MPUPO/IBI.

[IpumeHeHne  XMUMHUYECKMX  COCIMHEHWM B  IIPOLIECCE  MUPOJIM3a
TUIPATLEIIIFOI03HbIX BOJIOKOH. Monauduxanus YCIIOBUU HOATOTOBKHU
MPEKypCOpoOB, BBIOOpP Kartaimu3aTropa. TE€XHOJOTUM CTaAMM MPONUTKA U
TeMIEPaTypHO-BPEMEHHOTO  peXuMa muposuza. Perymupyromue 100aBKH,
MPEIOTBPAIIAIONINE TPOLIECC BO3TOpPaHUsl MPEKypcoOpoB. BBeaeHHe akTUBHOTO
BEIIIECTBA B IEJUTIOJIO3HYIO MATPUIy HA CTaIuW TPUTOTOBICHUS MPSAUIBHBIX



pactBopoB. [logaBineHue npoueccoB TEPMOOKUCIUTENBHON AeCTpyKIuK. Peakunn
BHYTPULHUKINYECKON, BHYyTPUMOJIEKYJIIPHOW U MEKMOJIEKYJIIPHON IeruapaTaluuu,
IPOTEKAIOIIUE PU TEPMUIECKON 00padOTKe 1eIUTH0103bl. CTPYKTYpHBIE 2JIEMEHTHI
KapOOHM30BAaHHBIX KOMIIO3UTHBIX YIJIEPOAHBIX BOJIOKOH.

['paduramus kapOOHM30BaHHBIX BOJOKOH. [lomumopdHbIe NpeBpameHus
KapOOHMU30BaHHOTO BOJIOKHA B TpaUTHPOBAHHOE TPU BBHICOKUX TEMIIEpaTypax
rpaduranuu. CoBepIICHCTBOBAaHUE  HAJAMOJIEKYJSIPHOW  CTPYKTYphl €
npUOJIMIKEHUEM K CTPYKType IrpaduTa: U3MEeHEeHue Ne(EeKTHOCTH, 00pa30BaHUE U
pOCT KPHUCTAUIUTOB, (OPMUPOBAHUE TEKCTYPbl, OPUEHTALMS CTPYKTYpPHBIX
3JIEMEHTOB B HAIIPABJIEHUU OCH BOJIOKHA. MOP(OI0THsi KOMIIO3UIIMOHHBIX BOJIOKOH.

6.8. Memoow! nonyuenus noaumepHvix KOMNO3UMOS U NOKPLIMULL.

Mertonbl  mosy4eHUs ~ KOMIO3MIMOHHBIX  MaTepUaJioB HAa  OCHOBE
TEPMOPEAKTUBHBIX CBS3YIOLIUX, APMUPOBAHHBIX BOJOKHUCTBIMU HAIOJHUTEISIMH,
Y U3JITIUN U3 HUX.

CoBpeMEHHOE COCTOSIHUE MPOMBIIUIEHHOCTH NepepadOTKM Iu1acTMacc,
nepciekTuBbl pa3BuTHs. Krnaccupukanuss METOAOB MOJYYEHUS W3LACIHA U3
IJIaCTMAcCC, UCXOJSl U3 COCTOSIHMSI U CBOWCTB MaTepualia, MecTa B o01eM o0beMe
IPOU3BOJCTBA u3aenuil. BeiOop MeTona nepepabOTKH B 3aBUCUMOCTH OT CBOMCTB
MaTepuaa, Ha3HaueHUs U3/1eins, €ro KOH(Urypauuu 1 TupakHoctu. O0mias cxema
IIpOIECCa MPOM3BOJACTBA M3JeNUM M3 IutactMacc. OCHOBHBIE CTaauU IPOIECCA.
[lepepaboTka B BSI3KOTEKY4E€M, BBICOKORJIACTUYECKOM,  CTEKJIOOOpa3HOM
cocTostHUsIX. OcoOeHHOCTH NepepaboTKU TEPMOIIACTUYHBIX U TEPMOPEAKTUBHBIX
MaTepHaoB.

[lonmMMepHbIE KOMIIO3ULMOHHBIE  JIAKOKPACOYHBIE MAaTEpUaJIbl:  BHIBI
JAKOKPACOYHBIX MAaTEPHUAIIOB, CIOCOOBI MX NOMyyeHusl. [IurMeHTsI, HAOJIHUTENU U
byHKIHOHATBHBIE J00aBKHU JUIsl JAKOKpAacOYHbIX MaTrepuayioB. Kmaccudukarms
JTAKOKPACOYHBIX MOKPBITHH. TEXHOJIOTHS JJAKOKPACOYHBIX MOKPBITUM: MOATOTOBKA
MOBEPXHOCTH, CITOCOOBI HAHECEHHUS JIAKOKPACOYHBIX MaTepHUaioB, CIIOCOObI CYIIKH
JAKOKPACOYHBIX  MOKPHITHA.  DU3MKO-XUMUYECKUE  OCHOBBI  MOJYYEHUS
JAKOKPACOYHBIX MAaTEpUaJOB W IOKPBITUM: CMAa4YMBAaHUE W B3aWUMOJEHCTBHUE
IIATMEHTOB W HANOJIHUTEJIIEW C TOJMMEPHOM MATpPHULIEH, aare3ust IOKPBITHH,
BHYTPEHHHE  HANPSIKEHUS, MEXAaHUYECKHE  XApAaKTEPUCTUKU  TOKPBITUH,
(bopMHpOBaHUE TOKPBITHII M3 PacTBOPOB IMOJMMEPOB, PACIUIAaBOB MOJIUMEPOB,
OPraHOIMCIIEPCUM MOJIUMEPOB, BOJHBIX AUCIIEPCUN TOIUMEPOB. OyHKIIMOHAIBHBIE
MOKPBITHIS CO ClieluaibHBIMU CBOMCTBAMU M CITIOCOOBI MX TOJTYUYEHUS: IOKPBITUS C
HU3KOU ITOBEPXHOCTHOM SHEPTUEH, TEPMOCTOMKHE, OTHE3AlUTHLIC,
AIIEKTPOIPOBOISIIMNE, TEILIONPOBOISIINE, TEILIOU30JIMPYIOLIHE,
IIYMOM30JIMPYIOLIUE, TPOTUBOOOPACTAIOIINE, U3HOCOCTOMKUE MTOKPBITHUS.

Pa3nea 7. XuMHuuyecKass TEXHOJIOTUS TOIJIMBA U BHICOKOIHEPTreTHYECKUX
BelllecTB

XTYM:

Paszgen 1. Teopuss TEXHOJIOrMYECKUX MPOLIECCOB XUMHUYECKOW TEXHOJIOTMHU
TOILJIMBA.



1.1. Teopernyeckue OCHOBBI MOIYYEHHS] METAJUIyPrHUYECKOTO KOKCa U
UCKyCCTBEHHOrOo  rpadurta. TepMoaMHaMMKa W MEXaHU3M  MPOIIECCOB.
dopMUpOBaHUE CTPYKTYpP TBEPJIOTO TENA.

1.2, XuMu3M DOpOLECCOB TMOJYKOKCOBaHHMS H  KOkcoBanus TI'N.
dopMUpOBaHUE TBEPABIX, KHJIKHUX M Tra3000pa3HbIX MPOIYKTOB TEPMUYECKOU
nepepaboTKU TBEPABbIX TOIIUB. [lepBUUHbIE U BTOPUYHBIE TIPOAYKTHI.

1.3.  PagukanbHO-LENTHOM MEXaHHW3M TEPMHUYECKOM  JIECTPYKLUUU H
KOH/ICHCALlUHU YIi1eBOA0poa0B. JnuHa nenu peakuuu. MTHUIUaTOpsl 1 ”HTUOUTOPBI.

1.4. Teopernueckne OCHOBBI KAaTMOHHOTO MEXaHU3Ma KaTAJIUTHYECKOIO
KPEKHMHIa U aJKUIMPOBAHMS YIIIEBOJOPOIOB.

1.5. KuHermyeckoe MOJIEIMPOBAHME IPOCTBIX M CIOXKHBIX PEaKLHUM.
Kunernueckas MOZEIb TOMOTEHHBIX PEAKIUN PA3JIMYHBIX TOPSIIKOB.

1.6. I'ereporennsiii katanu3. OCHOBHBIE TEOPUU T'E€TEPOTEHHOIO KaTajau3a B
NPUMEHEHUH K MIpoLieccaM NepepadOTKU TOPIOYMX UCKOMTAEMBIX.

1.7. IlpuHumMmbel  MATEMaTUYECKOTO  MOJCIUPOBAHHS  TE€TEPOTEHHO-
KATAJIMTUYECKUX TpoleccoB. OOIacTU MPOTEKaHUsI TETEPOreHHOro mpouecca JJs
HETIOPUCTHIX U MOPUCTHIX YACTHUL.

1.8. I'eTepOreHHO-KATAIMTUYECKANA TPOLECC HA BHEHNIHEHW ITOBEPXHOCTH
Kataju3aropa. Maremarnueckas MOJENb IIpoLecca Uil pPEaKUMU PasIu4HbIX
IIOPSAKOB.

1.9. TI'ereporeHHO-KaTaJIUTUYECKUN IIpoLlECC B IIOpe  Karajuu3aropa.
MaremaTnyeckas MOZJENb IpoLecca Ui peakuuu | nopsaka.

Pa3znen 2. OCHOBBI POEKTUPOBAHUS MPOLECCOB XUMHUUYECKONH TEXHOJIOTHUHU
TOIUIMBA

2.1. Tlonsitue uHTETpanbHOM U AU depeHInaTbHON ceNeKTUBHOCTH. CBA3b
3TUX Benn4uH. [IpuMeHeHue Kk pacuery o00opya0oBaHUs.

2.2.  OcHOBBI  pacyeTa  TEXHOJIOTMYECKOTO  OOOpYyJOBaHUSI MO
MaTEMaTUYECKUM MOJENSM UACAIbHBIX PEAKTOPOB.

2.3. OcHOBBI pacuera TEXHOJOTHYECKOro 000pyA0BaHUS ISl HEUACATbHbIX
peakTopa BBITECHEHMS JJIsI TOMOTE€HHBIX CHCTEM U CHUCTEM «Ta3/XKUAKOCTh —
TBEPAOE» U «Ta3 — JKUJIKOCTDHY.

2.4. OcHOBBI pacueTa TeXHOJOTMYECKOro 000pYyJOBaHUs MO MPAKTUYECKUM
JAHHBIM JIJIs1 NEPUOINYECKUX U HEMPEPBIBHBIX MTPOLIECCOB.

2.5. Ilpouecc pextuduranuu. [IpuHIHUNBI pa3feneHus] CIOKHBIX CMECEH.
[IpumMeHeHne B TEXHOJIOTUN TOTINB.

2.6. OCHOBBI HHEPrOTEXHOJOTMYECKUX PACYETOB B MPOMBIIIJIEHHOCTH
SHEPTOHOCUTEJIEH.

Pa3zaea 3. OcHOBBI XUMHYECKOM TEXHOJOTHH TOILUINBA

3.1. OCHOBHBIE TEXHOJOTMYECKUE CTAJANU MPOMBIIUIEHHBIX MPOIECCOB
MPOU3BOJICTBA  MOTOPHOTO  TOIUIMBA Ha  0a3e  TBEPABIX  MPUPOIHBIX
DHEPTOHOCUTEJIEH.



3.2. TlepcnekTHBHBIE MPOIECCH IMepepadOTKu MpupoaHoro raza u TI'Y,
OPHUEHTUPOBAHHBIE HA TPOU3BOJCTBO YIJIEBOJAOPOIOB.

3.3. OCHOBHBIE CTaIMH TPOMBILIUICHHBIX ITPOLIECCOB MOJTYUYEHHUSI METAHOJIA U3
NEPBUYHOTO ChIpbs (HEQTH, npupoaHoro rasa, TT'H).

3.4.Texnonorust BwIcOKOTEeMIlepaTypHoi mepepadbotku TI'M. KokcoBanue
YTJIEH.

3.5. Texnonorus razuduxarun TI'N.

3.6. TexHonorus Hu3KoTemiepaTypHoi mnepepadotku TI'M. Dxcrpakuus,
TMAPOTCHU3AIUS YTIIIEeH.

3.7. TexHonorus KaTaIUTUYECKUX IPOLECCOB MepepabOTKU HeTH.
Karanutnueckuii KpeKUHT, pUPOPMUHT.

3.8. TexHoznorus ppakMOHUPOBAHUS HE(DTEH.

3.9. OcHOBHBIE cXeMBI IEpepabOTKH HEPTEH 10 pa3IUYHBIM HAIIPABICHUSIM.

3.10. TexHOJIOTHUS OIYYEHHUS YIJIEPOJHBIX BOJIOKOH.

3.11. TexHoJIOTHS MOTYYEHHUS YIIIErPapUTOBBIX MAaTEPHAIIOB.

3.12. TexHOJIOTHUS NOIYYEHUS CAXKH.

3.13. TexHOJIOTHUS NOIYYEHHUS YTIIEPOIHBIX KOMIIO3UTOB.

3.14. TexHo0rHs MOJYYEHUS TBEPAOTO YIJIEpo/ia U3 ra3oBoi (hassl.

3.15. TexHOJI0THS NOJIYYEHNSI HCKYCCTBEHHBIX aJIMa30B.

3.16. Texnomorus npoueccoB cuHTe3a Pumepa - Tponma.

3.17. Texnosorus koHBepcuu metana B cmecu CO u Ho.

XTOCA, XTBMC

1. XumMu3M DOJy4eHHS] METaJUIyprHUYECKOro KOKCa M HCKYCCTBEHHOIO
rpadura.

2. OCHOBHBIE TEXHOJOTMYECKHE CTAIUU IPOMBIIIJIEHHBIX IPOLIECCOB
IPOU3BOJACTBA  MOTOPHOTO  TOIUIMBA Ha  0a3e  TBEpPABIX  MPUPOIHBIX
SHEPrOHOCUTEIICH.

3. IlepcrnexkTuBHbIE MpouUEecChl TNepepadoTku mpupoanoro raza u TI'HU,
OPHUEHTUPOBAHHBIE HA TPOU3BOJCTBO YIJIEBOJAOPOIOB.

4. XuMHU3M OpOILIECCOB MOMYKOKCcOBaHUA U KokcoBaHust TI'U. [lepBuunbie u
BTOPHYHBIE POAYKTHI.

5. OCHOBHBIE CTaUU NMPOMBILLICHHBIX IPOIECCOB MOJIYYEHHs] METAHOIA U3
MEePBUYHOTO ChIphs (HedTH, mpupoanoro raza, TT'N).

6. PagukanpHO-IIENHOM MEXaHU3M Ha NPHUMEpPE TEPMHYECKOr0 KpEKUHIa U
nuponusa. MHUIuaTopsl 1 UHTUOUTOPBI.

7. MexaHu3M KaTaIUTHYECKOTO KPEKUHTIA U aJIKWJIMPOBAHUS YTIIEBOLOPOIOB.

8. Ilpoctbie M cioxHble peakuuu. KuHeTHdeckas MOJAENb TOMOTEHHBIX
peakuuii pa3IuYHbIX HOPSIKOB.

9. Ilonstne unterpasbHoM U AuddepeHnanbHON cenekTuBHOCTU. CBS3b
3TUX BennuuH. [IpumMeHeHue Kk pacuery o00opyaoBaHUsI.

10. I'ereporennsiii kKatan3. OCHOBHBIE TEOPUU T€TEPOTEHHOIO KaTaln3a.

11. O6bnactu nmpoTeKkaHusi TeTePOreHHOTo Mpoliecca A MOPUCTHIX YACTHII.
Pacnpenenenre KOHUEHTpALN peareHTa 1o JiuHE MOPBI.



12. T'eTeporeHHO-KaTaJIMTUYECKUN MPOLECC HAa BHEIIHEW ITOBEPXHOCTHU
Karanu3atopa. Maremarndeckass MoOJEIb Ipouecca JUisl pPeaklUu pas3InyHbIX
MOPSIIKOB.

13.Texnonoruss BeIcOKOTeMIiepaTypHoi mnepepabotku TI'M. KokcoBanue
YTJIEH.

14. Texnonorus razupuxanuu TT'U.

15. TexHonoruss Hu3zkoremmneparypHoi nepepadotku TI'W. Dxcrpakuws,
TUAPOrEHU3AIUS YTIICH.

16. TexHonmorus KaTaIUTHYECKUX MPOIECCOB TMEepepadbOTKU HePTH.
Karanutuyeckuii KpeKUHT, puOpPMUHT.

17. Texnosorus GppakiuoHUpoOBaHUs HEDTEH.

18. OcHoBHble cxeMbl HedTenepepaboTku HedTeH M0 pa3TuYHBIM
HaIlpaBJICHUSIM.

19. TexHoJIOTHA MOJIYYEHHS YTIIEPOIHBIX BOJOKOH.

20. TexHOJOTUS MOIY4YEHUS yriaerpa(UTOBbIX MaTepUasoB.

21. TexHoNOTHS MOJTYYEHUS CAXKH.

22. TexHONOTYA MOJIYYECHUS YTIEPOAHBIX KOMIIO3UTOB.

23. TexHonorus MOJy4YEHUs TBEPJOTO yriepoaa u3 razoBou (assbl.

24. TexHONOTYA MMOJYYECHUS] UCKYCCTBEHHBIX alIMa30B.

25. Texnonorus nporeccoB cuare3a Gumepa - Tpomia.

26. TexHnonorusa kouBepcuu Mmetana B cmecu CO u H2.

27. OCHOBBI pacyeTa TEXHOJIOIMUECKOro 000py10BaHuUs IO MaTeMaTHIECKON
MOJIEJIA PEAKTOPA UICATBHOTO BEITECHEHMUS.

28. OcHOBBI ~ pacyeTra  TEXHOJIOTUYECKOTO  O0OpYyIOBaHHS IO
JBYXIIAPAMETPUUYECKON MOJIETIN PEAKTOPA BBITECHEHUS.

29. OcHOBBI pacueTa TEXHOJOTUYECKOTO O000pYIOBaHUS MO MPAKTUYECKUM
JAHHBIM.

30. Ilpouecc pextudukanuu. [IpuHIUNBI pa3neneHus] CIO0XKHBIX CMeECeH.
[IpumMeHeHne B TEXHOJIOTUU TOTLIUB.

31. Kunetuka u MexaHu3M 3JI€KTpO(UIBLHOTO HUTpoBaHUS. OCOOEHHOCTH
HUTPOBAHMS HA PA3IMYHBIX CTAAUSAX MOJYyYECHHsS] TPUHUTPOTOIyona. OCHOBHBIE U
no0oyHble peakuuu. Kunernueckuit 1 1uPpy3noHHBIA PEKUMBI.

32. Peakiuu HyKJ1€0(PUIBLHOTO 3aMEIICHUS B TEXHOJOTUU HUTPOCOCAUHEHUH.
Cranust OYMCTKU TPOTHIIA.

33. Karamuthueckoe BOCCTAHOBJICHHME HHUTPOCOEAUMHEHU. MexaHuzm
peaklny, KHHETHKA MPOLECCA, OCHOBHBIE HOCUTENH U KATAJIM3aTOPBI, UX BIUSHHE
Ha HaIpaBJICHHE U CKOPOCTh MPOLECCA.

34. TexHomoruss UMKINYECKUX HUTpAaMUHOB. OCOOEHHOCTH Mody4yeHUs: N-
HUTPOCOEINMHEHUM. TEeXHOIOTUS OKTOreHa. TexHonorus rekcoresa. Hurponn3snslii
CIoco0: JOCTOMHCTBA U HEJAOCTATKH 110 CPABHEHUIO C JPYTUMU METOIAMH.

35. TepmocTtoiikue ¥ MaJIOYyBCTBUTEJIbHBIC B3pHIBUATHIC BEIIECTBA.
OcHoBHbIe TpeOoBaHUs K HUM. [TpuHIMnBI co3nannsa. OCHOBHBIE MPEICTABUTENH.

36. Xumus W TeXHOJOruss HUTPO’(hUPOB, OOIIME TMOAXOAbl U
TexHosornueckoe odopmiienre. OcHoBHbIE mnpenacraBurenu. (OcoOeHHOCTH
HUTPOBAHMS 1IEJIITIOJIO3bI.



37. Tepmuueckuit pacnag C-O, C-N u N-N HUTpOCOETMHEHUIA.

38. Annabatuueckuii "TenaoBoi B3pheIB" MakcuManbHasi CKOPOCTh peakLuHy,
0OpaTHBII MakCUMAaIIbHBIN Oe3pa3MepHbIit pasorpes. [lepuoa nHIyKINY.

39. Teopus "temnosoro B3peiBa" mo H.H. CemenoBy (TemnmnoBoi B3phIB B
YCIIOBHSX TeII000MeHa). Paznuune mex 1y aquadaTiuecKuM ""TerIoBbIM B3phIBOM"
U TEIUIOBBIM B3PHIBOM B YCIIOBUSIX Teriooomena. Kpurepuu.

40. OcHOBHBIE ypaBHEHUS TEOPUHU FTOPEHHUS: 3aKOH COXPAHEHUS MACChl, 3aKOH
coxpaHeHusi sHepruu, ypaBHeHue Dypbe, mogodue moJsied KOHIEHTPALUU MO0
TeMIiepaTypbl B IiaMeHu. [IpeHeOpeskeHre HauaabHOM CKOPOCTBIO pPEaKIUu U
METOJ Pa3JI0KEHUS HIKCIIOHEHTA.

41. I'opeHue ra3oB U JETy4YHX B3PhIBYATHIX BEILIECTB.

42. BausiHMEe HAYAJIBHOW TEMIEPATypbl M JABJICHUS HA CKOPOCTh FOPEHUS
KOHJICHCUPOBAHHBIX CHCTEM.

43. TopeHue  B3pbhIBUATBHIX  BEIIECTB C  TEIUIOBBIACICHUEM B
KOHJIEHCUPOBAaHHOM (hasze.

44. VYpaBHeHUSA COXpaHEHHS JUISI CTAaMOHAPHBIX BOJH. (OCHOBHBIC
COOTHOILIEHHSI JIJIs1 BOJIH C)KaTUsl B UHEPTHOM BEIIECTBE.

45. BouHBI B 3K30TEpMUYECKM pearupyromeM BemecTse. JleToHauus u
nedarpanus.

46. I'maponmHamudeckas Teopus neroHaruu. [IpaBmimo otbopa Yemmena-
Kyre. Monens ZND (3enbnoBuua-Helimana-/[€punra).

47. Jeronanus Yenmena-)Xyre B maeanbHoMm rase. CpaBHEHUE TEOPUHM U
DKCIIEPUMEHTA.

48. Kputnueckuii nfuametp aeroHauuu. [Ipunuun Xapurona. Kpurnueckuii
JUaMeTp B Cllydae TOMOTE€HHOTO M OaJLTMCTHUECKOIO MEXaHH3Ma B3PbIBYATOIO
IIPEBPAILCHHUS.

49. OCHOBHBIE TEXHOJIOTHYECKHE MTPOLIECCHI TPOU3BOICTBA MMPOKCUIMHOBBIX
ITOPOXOB.

50. OCHOBHBIE TEXHOJOTUYECKHE MPOLIECCHl MPOU3BOJCTBA OATTMCTUTHBIX
ITOPOXOB.

51. OcCHOBHBIE XWUMHKO-TEXHOJOTMYECKUX TMPOILECCHI, HCIOJb3YEMBIE B
MIPOU3BOJICTBE CMECEBBIX PAKETHBIX TOIUIMB.

52. Hay4yHble U MHKXEHEPHBIE OCHOBBI MPOLECCOB MOJYYEHUS MOJUMEPHBIX
MaTepuaoB.

53. TexHonoru4eckue mporecchl GoOpMOBaHUS TOJTUMEPHBIX MATEPUAIIOB.

54. TpeboBanwusi, npenbspigemble k nmopoxam U TPT mo Gamnmucruueckum
XapaKTepUCTUKAM.

55. MexaHu3M BIMSHUS KaTaau3aTOPOB HA TOPEHUE ITOPOXOB.

56. Katanu3 ropeHusi CMeceBbIX TOIUIUB Ha ocHOBe [IXA.

57. ®uznyeckue u Termnoduznyeckue cporcTra nopoxos u TPT

58. Crpykrypa u Qusnko-mexannueckue cBorctBa TPT Ha ocHoBe
IaCTU(UIUPOBAHHBIX HUTPATOB LEIUTIOJIO3bI.

59. Ctpykrypa u pusuxko-mexanunyeckue cBorictsa CTPT.

Pa3znean 8. Ilpoueccsl M anmaparbl XUMHUYECKUX TEXHOJIOT U



8.1. Mamemamuueckoe mooenuposamnue Kaxk cOBPeMeHHbI Memoo aHAIU3A
1. CymHOCTh W II€NM  MAaTEMaTHYeCKOTO MOJCIHPOBAHHS OOBEKTOB
XUMHYECKOU TEXHOJIOTHH.

8.2. Tunosvle moodenu cmpykmypvl NOmMoKO8 8 annapamax Henpepvl8HO20
Oeticmaus

1. Monens uacaIbHOTO CMEIICHUS. Y CIIOBUS PEATU3yeMOCTH TIPHHSIITHIX
JIOTIYIICHU B IPHJIOKEHUH K anmapaTtaM XUMAYECKOW TEXHOJIOTHH.

2. Monenb uneanbsHoro BeiTeCHeHHs. CpaBHUTENbHAS OLICHKA UJ1€aTbHBIX
MojieNield. YUeT paccesiHus 1o BpeMeHu npeObiBaHus. Slueeunas Moelb.

3. Huddy3uonnas MOJIEb. KombOunupoBanHbie
(MHOTOTIapaMmeTpuueckne) wMonenu. baitmacupoanue. IlocnemoBarenpHOE W
napajuIeIbHOE BKIIFOUCHHUE STYECK H1eaThbHOTO CMEIICHHUS U BRITECHeHUs. Mojienb ¢
3aCTOMHOU 30HOM.

8.3. Ilonamue popm u pazmepos meepovix wacmuy, epaHyI10MempuiecKo2o
cocmasa, culnyyecmu, Cuil 83auMoO0eiucmeus medcoy dacmuyamu. [leudicenue
OJHCUIHCEHHBIX MBEPObIX OUCNnEpCHbIX cucmem. Ilceedoodrcudicennvle cou.

1. Mexanunueckue npoueccsl. [Iponieccbl n3mMenpueHus: U N3MEIbYAIOIINE
MamuHbl. Knaccudukanuss npoueccoB M MamuH. Tumbl IpoOUIIOK (ILEKOBBIE,
KOHYCHBIE, BaJIKOBbIE, MOJIOTKOBBIE U POTOpHBIE). Turbl MenbHUL (OapabaHHbIE —
LHEHTPOOEKHBIE M BUOPALIMOHHBIE, YAAPHOTO AEUCTBUS U Jp.). CMECUTEIH CHIITYYHX
MaTepHaJIOB, KHHETHKA IIPOLIECCOB CMEIIMBAHHS.

8.4. Tennoswvie npoyeccoi

1. OcHoBHBIE ypaBHEHHs TpoleccoB. Kiaccudukanus uCHoib3yeMbIX
anmnaparoB. Termio00OMEHHUKHU ¢ Mepeaveid Teria 4epe3 CTeHKY. KUMsSTUIbHUKHY.
OCHOBHBIE  TIEPEMEHHBIE npoiecca. TennooOMeHHUKH CMEILINBAHUSL.

TennooOMEHHUKH C UIE€AbHON M30JS1UEN, TEMII0O0OMEHHUKH C TIOTEPSMHU TEeIlia
yepe3 CTEeHKY. MareMaThyeckue MOJIEIN KOXYXOTPYOHBIX TEMI000OMEHHUKOB.
Boinaphsie annapatel. OCHOBHBIE ypaBHEHMs. TermooOMeH M3Jy4eHHueM. 3aKOHbI
TEIJIOBOTO U3JTy4YECHUS.

8.5. Hughghyzuonnvie npoyeccoi

1. MaremaTnyeckoe OINHCAHHE PABHOBECHS B MHOTOKOMITOHEHTHBIX
cuctemMax. MaremaTudeckoe omnucaHue TmpoieccoB mauddysun. OnnodazHas
HenoABWkHas cpefa. CrammonapHas nuddysus B apkymuxcs cpenax. Juddysus
B MHOTOKOMITOHEHTHBIX CHCTEMaX.

2. Monenu maccomnepenaun. [IeHOYHBIC W PACTIBUTUTENIbHBIE KOJOHHHBI.
Monenu TapenbuaThiX KOJOHH. MoIen HacaJ0YHbIX KOJIOHH.

8.6. Mamemamuueckue mooenu CyuuIbHbIX YCMAHOBOK
1. Kunernka  cymku. KodHTakTHble  cymwikd. Cymuiaku — co
CTallMOHAPHBIM cjioeM. CyIIUIIKH C TICEBI00KUKEHHBIM U JBHXXKYIIIUMCS CIIOEM.



8.7. Mamemamuueckue mooenu KpUCMaiiu3ayuOHHbIX YCIMaAHOBOK
1. Onucanue pocTra KPUCTAUIOB U 3apOAbIeo0pa3oBaHus. THIIBI
UCIIOJIb3YEMBIX KPUCTAJUIU3aTOPOB.

8.8. Mamemamuueckue mooenu npoyeccos pazoesieHus

1. PaBHOBecme ®m Maccomepenada B CHCTEMax >KHIKOCTh—KHIKOCTb.
Tunel WCTOAB3YEMBIX SKCTPAKIIMOHHBIX ammapaTtoB. MareMmaTudeckue MOJAeNn
KOJIOHHBIX JKCTpPakTOpoB. PekxtudukanuonHsie u abCOpPOLMOHHBIE —ammapaThl.
Onucanue paBHOBECHS B CHUCTEMax IKHAKOCTb—IIAp, MKUIAKOCTb—Ta3. Tumsl
PEKTU(PUKALMOHHBIX U A0COPOIIMOHHBIX allllapaToB, UX MATEMAaTUYECKOE OITUCAHUE.

2. OO61mast xapakTepucTUKa MEMOpPAHHBIX CIIOCOOOB pa3/ieNIeHUsl CMecei.
Nx xnaccudukanus. Buasl memOpan. Onucanue npolecca nepeHoca B MeMOpaHax.

8.9. ['omozcennvie xumuyeckue peakmopuol

1. ['omorenHbie u30oTepMUUecKre peakTopsl. Kinaccudukanus peakropon
Mo TUAPOAUHAMUYECKOMY TMpH3HaKy. PeakTop mNepuOANMYECKOro JEHCTBUSI.
[IpoTrounbli peakTop ¢ Mmemankod. Kackag peakTopoB HACAaTbHOTO CMEIICHUS.
PeakTop ¢ npoAoJIbHBIM NEPEMENIMBAHUEM MOTOKA (JITAMUHAPHBIN U TYpOYJIECHTHBIN
pexuMbl). AquadaTUYecKue U MOJUTPOIUYECKUE PEAKTOPBI.

8.10. I'emepoecennvle xumuueckue peakmopol

1. ['ereporeHHble  KaTaUTUYECKUE  PEAKTOpPbI,  KiIaccupuUKaIus
KaTaJIMTUYECKUX peakTopoB. OHO - U MHOTOCIIOIHBIE PEAKTOPHI CO CTAIMOHAPHBIM
cioeM KatanuzaTtopa. KBasuroMmoreHHasi MoJiesb.

2. PeakTopsl ¢ 1ceBI00KMKEHHBIM CII0EM KaTalnu3aTopa.

Paznen 9. TexHOI0rusl CHIIMKATHBIX U TYTOINIABKUX HEMETAJJIMYECKHUX
MaTepHuajIoB

Kpucrannoxumuyeckne 0COOEHHOCTH TBEPABIX TEJl U MPOTHO3UPOBAHUE UX
CBOMCTB U1 CO3/1aHus (PYHKIIMOHAIbHBIX MaTEPUAJIOB

TepmoarHaMUYECKUE U DKOJIOTUYECKNE ACTIEKTHI IIPOU3BOICTBA TEXHOJIOTUU
CHWJIMKATHBIX U TYTOIUIaBKUX HeMeTaimyeckux matepuanioB (THuCM)

[IpoOneMbl ~ MPOYHOCTH  BBICOKOTEMIEPATYPHBIX  (PYHKIIMOHAJIBHBIX
MaTepraioB

CTpyKkTypHble OCOOEHHOCTM M aJbTEpHATHBHBIE CIIOCOOBI CHHTE3a
CTEKJIO00pa3HBIX MaTEPHAIIOB

CoBpeMEHHbIE W NEPCHEKTUBHBIE MaTe€puadbl HAa OCHOBE BSDKYLIMX,
KEPAMUYECKHX, CTEKJIOBUIHBIX, KOMIIO3UTHBIX CUCTEM

Hayunsle ocHoBsl CuTHM

Pu3NKO-XUMUYECKHE OCHOBBI TexHOJornu CuTHM

OcHOBHBIE 3aKOHOMEPHOCTH TeXHOJNOrnYeckux npoueccos CuTHM

TexHOJIOrusl CUIIMKATHBIX U TYTOIUIABKUX HEMETAJNIMYECKUX MaTEpUaIOB

TexHOJIOrus TEMTON30IAIUOHHBIX MAaTEPUAJIOB U U3/IECIIHI

Pasznen 10. MemOpanbl 1 MeMOpPaHHAs TEXHOJIOTHUA
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10.1. TepmunOMoTHs. OCHOBHBIE TIOHSTHS M PA3MEPHOCTH BEJIMYHH.

10.2. Texnomorus w™emOpan. IlpuwHIMNB KiIaccupukanuum MeMmOpaH;
TpeOOoBaHUS K MeMOpaHaM; METObI UCCIIEOBAHUS CTPYKTYPbl MEMOpaH; METOIbI
MPOU3BOJICTBA MEMOPaH; MEMOPaHHBIN PHIHOK — MUPOBOM M POCCUICKHUIA.

10.3. bapomemOpanHbie mpolecchl. MaccomepeHoc uYepe3 MeMOpaHy.
Mogenu u ypaBHeHUs mepeHoca. JBmxkymias cuia 6apoMeMOpaHHBIX MPOLIECCOB
OCHOBHBIE XapaKTEPUCTUKH TPOLECCOB pa3JeieHUs] KUAKUX cMeced. YienbHas
MPOU3BOIUTENILHOCTD, BIUSIHUE OCHOBHBIX TEXHOJIOTHYECKUX MMapaMeTpoB (COCTaB
U KOHIEHTpAlMsl MCXOJHOrO0 pacTBOpa, BenuuuHa pH, temmeparypa, pabouee
nasnenue). llonsarue HaOmOIaeMON W MCTUHHOM CEJIIEKTUBHOCTH MEMOpaH,
CIocOOBI UX U3MEPEHUSI U pacueTa. BiusHue coctaBa 1 KOHIEHTPALMH UCXOTHOTO
pactBopa, BenuuuHbl pH. Temmeparypbl, pabodyero AaBieHUS HA CEJICKTUBHOCTH
MeMOpaH. SIBlieHHE KOHIEHTPALMOHHOW Mojspu3anuu. MeMOpaHHbIE ammaparsl,
KJ1accu(uKanus, OCHOBHbIE TPEOOBAHMS M XapPaKTEPUCTUKU. TeXHOIOrMYEeCcKue
OCOOEHHOCTH M Cc(epbl ONTUMAIBHOIO NPUMEHEHHUS alnapaToB C PYJIOHHBIMH,
TpyOYaThIMH, MMOJOBOJOKOHHBIMH MEMOpPAHHBIMHU 3JEMEHTAMHU U allllapaToB TUIA
¢buneTp Tpeccy. BausHMe U pacdyeT THUIPABIMYECKOTO  COMPOTHUBIICHHUS
MeMOpaHHBIX anmnaparoB. MeTonbl OYMCTKM W pereHepalud MeMOpaH.
TexHONOrnyeckuii  pacyeT YCTAHOBOK MEMOpPAHHOIO  pa3liesieH  CMECEH.
Cek1moHrpoBaHUE MEMOpPAHHBIX anmapaToB. MHOToCTyneH4YaThie CXeMBbI (IIPOCThIE
u ¢ peuukiom). Pacuer 6apomMeMOpaHHbIX npoueccoB. [Ipumepbl NpOMBIIUIEHHOTO
pUMEHEHUs1 6apoMeMOpaHHBIX TPOIIECCOB.

10.4. Juddysuonnsie meMOpaHHbIE mpolecchl. JIBMKymias cuia u
ypaBHeHHUs1 MacconepeHoca. [lopucTteie 1 HemopucTsle MeMOpaHbl MacconepeHoc
yepe3 HenmopucTtsle MemOpaHbl. CTpyKTypHO MOP(OJOTHYECKHE OCOOCHHOCTH
HEMOPUCThIX MeMOpaH. MexaHu3M MaccomnepeHoca pacTBOPUMOCTb, AUPPy3usd U
IIPOHUIIAEMOCTh KOMITOHEHTOB. BiusiHMEe TeMmepaTypbl, JaBJI€HUS M COCTaBa
pazziensieMoil CMEeCH KUAKOCTEH U ra30B Ha MPOHUIIAEMOCTh U KOHLEHTPAIMOHHON
NOJISIpU3alMU. CEJIEKTUBHOCTh paszzaenieHud. uddy3noHHoe pasaeneHue rasos.
MeMOpanbl 1 MeMOpaHHbIE cUCTEeMbI. Pa3jienieHne Ha HEMOpPUCThIX MeMOpaHax:
BJIMSIHUE OCHOBHBIX TEXHOJOTMYECKHUX IMapaMETPOB Ha MPOU3BOJIUTEIBLHOCTh M
CEJICKTUBHOCTH Pa3/IelIeHUsI Ta30BbIX cMeceil. OCOOEHHOCTH pa3iejieHusl Ta30B Ha
HOpPUCTBIX MeMOpaHax. IloBepXHOCTHBIE SIBIEHUSI B MOPUCTHIX cperax. CrnocoObl
opraHuzanuu mpoiiecca. MarepuanbHbiii 0anaHc. Pacder MeMOpaHHBIX MOyJei
(ammapatoB) W ycTaHOBOK. [IpoMbllisieHHOE TIpUMEHEHHWE MeMOpPaHHOTO
paszeneHust ra3oB. TEXHHKO- 3KOHOMMYECKas OLIEHKa IpOILecca, CPABHEHUE C
JIPYTUMU CIIOCOOaMU: KPUOTCHHBIM, A0COPOITMOHHBIM U aJICOPOITMOHHBIM.

10.5. DnexTpoMeMOpaHHBIC TMPOIECCHl. THUIBI  AIEKTPOMEMOpPaHHBIX
npoueccoB. OOnactu mnpuMeHeHus. MemOpaHbl s 3JIEKTPOMEMOpPaHHBIX
npoiieccoB. OCHOBHBIE XapaKTEPUCTHUKU MeMOpaH ((yHKIMOHANbHAs TpyIIa,
YUCJIO TepeHoca, TojuHa, HabyxaeMocTs). [lepeHoc depe3 mMeMOpaHBI: OCMOC,
anetpoocMoc, auddy3us. JloHHaHOBckoe wuckimoueHue. KoHieHTpanmoHHas
MOJISIPU3HSL. Bnusuaue OCHOBHBIX TEXHOJIOTUYECKHUX napameTpoB
KOHLIEHTPAIMOHHYIO MOJIAPU3ALIMIO (TeMIIepaTypa, TUAPOANHAMUYECKUE PEKUMBI U



T.A.). DIEKTpoauann3Hoe 00eccoNrBaHUE M KOHIIEHTpupoBaHue. Moaudukanuu
eKTpoAranu3a  (DJICKTPOACHOHU3AIMSA, DJICKTPOAUAIN3 C  OHIOJSIPHBIMU
MeMOpaHaMH, PEBEPCUBHBIN AIEKTPOAUAIN3) OCOOCHHOCTH MPOTEKAHUS JTaHHBIX
MPOIIECCOB. DHEPro3arparbl Ha MPOILECC AIEKTPOAUATUZHOTO PpPa3ACICHUS.
KoHCTpyKTHUBHBIE OCOOCHHOCTH amnmapaToB ISl AJIEKTPOMEMOPAHHBIX MPOLIECCOB;
CXeMa OpraHu3aly IOTOKOB;, TeOMETpUs KaHaila. MeToauka pacuera
ANEKTPOAUATUIHBIX YCTaHOBOK. [IpombIlLieHHOE MIPUMEHEHUE
AIEKTPOMEMOpPaHHBIX MPOILIECCOB MPUMEPHI, TEXHUKO-IKOHOMUYECKUE MTOKA3aTEIH.
CpaBHUTENbHAS XApPAKTEPUCTHUKA JJICKTPOMEMOpPAHHBIX U JIPYTUX METOOB
00eccoMBaHUs.

10.6. MemOpannbie nporiecchl ¢ nHBepcuel da3. [lepBanopanus (ucnapeHue
yepe3 MeMOpaHy). 3ajiauu pa3AesieHus], TUIIbl U CIIOCOObI MPOBE/ICHNUS, BAPUAHTHI
anmapatrypHoro odopmiieHus. XapakTepucTUKH SPGHEKTUBHOCTH pa3eieHHUs.
[Ipunuunel BeiOOpa MeMOpaH M MaTepualoB Jisi MeMOpaH W CIOCOOBI HX
Momudpukanuu. Mexanusm U (aktopsl, omnpeaessiomue AHPEKTUBHOCTD
paszesieHus: pUpoJia U COCTaB pazzaensieMoit cmecu: M temmeparypa; ToJIMHA
MeMOpaHbl; BHEITHEAN(DPY3NOHHBIE CONPOTUBJICHUSI U OCTATOYHOE JIABJICHHUE MO/
MeMOpaHou. MeToapl HCCIENOBaHUST W pacyeTa, MNPUMEPbl MPAKTHUYECKOTO
MPUMEHEHUS U UX aHAJIU3, TEXHUKO-D)KOHOMUYECKHUE TTOKa3aTeH.

Paznen 11. MarepuasioBeaeHue

11.1. uzuxo-xumuueckue 0CHOBbL MAMEPUATLOBCOCHUS

OCHOBHBIE TOHATHS O CTPOEHUHU, CTPYKTYpE M CBOWCTBaX MAaTepHaNIOB.
Mertoael u3ydeHus: CTPYKTYpbl U CBOMCTB MaTEpHUAIIOB.

OcHoBHbIE THIBI KpUCTAIUIMUECKUX pemeTok. Kiaccuukanus kpructaiios
[0 THIAM CBSI3U. AHH3OTPOIMS CBOWCTB KpHUCTALIOB. CTpoeHMe pealbHbIX
KpUCTaUIoB. JlepeKThl peanbHbIX KPUCTAJUIOB U X BIMSHUE HA CBOMCTBA METAIIIOB
u crmuaBoB. CBoiicTBa jaucinokauuid. Juarpamma «IJIOTHOCTh  A€(EKTOB-
npoyHocThy. Kpucramnuzauus MeTalsioB M CIUIaBOB. AMOp(HBIE MaTepuabl.
AJIOTpONAYECKUE TPEBPALIEHUS] METAIIIOB.

CaoiictBa matepuanoB. llokazarenu cBoicTB. Kiaccudukanus cBOWCTB.
Mexannueckue, ¢dusnueckue, XUMHYECKHE, JKCIUTYyaTallMOHHBIE 17}
TEXHOJIOTMYECKUE CBOMCTBA MarepuasioB. Iloka3aTenm MeXaHUYECKUX CBOMCTB,
orpesesnsieMble NMPU CTATUYECKUX HCIBITAaHUSIX Ha pacTsbKeHUE U U3rud. MeTtoisl
ONpENENICHUsT TBEpAOCTH MarepuanoB. [lokaszarenn MeXaHWYECKUX CBOWCTB,
ONpeAesieMble IPU JUHAMUYECKUX U IUKIMYECKUX UCTIBITAHUSX.

OcCHOBBI TeOpUM CIUIaBOB. J[parpamMmbl COCTOSIHMSI CIUIABOB. TE€pPMUHBI H
ompeneneHus. JluarpamMmMmbl — «COCTaB-CBOMCTBO». Da30BbIil COCTaB CIUIABOB.
3aBUCHUMOCTb MEXKIY CBOMCTBAMM CIUIABOB U TUIIOM JHArPaMMBbl COCTOSTHUS.

11.2. Memannuueckue mamepuaivi

Kenesoyrnepoauctoie craBpl. CTPYKTYpbl CIUIABOB  KEJIE30-YTIIEPO.
JlmarpaMMbl COCTOSIHHS Keje30-1eMeHTUT. KoMmoHeHTsl, (pa3bl U CTPYKTypHBIE
COCTABJISIFOLIME CTaJIEN U OEJIbIX YyTYHOB.



VYrnepoaucteie u  JerupoBaHHble cranu. Knaccudukauus — cranei,
OTIpE/ICIICHHE TOHATHUS KadecTBa CTanu (TpeOOBaHMS K KadecTBY). MapKupoBKa.
Binusitnue yriepoaa ¥ MOCTOSHHBIX (TEXHOJIOTMYECKHMX) MPUMECE Ha KayecTBO
CTaJM, METOJbl YIYUIIICHUS KayeCTBa CTAIM (MOBBIIMICHUE €€ KOHCTPYKIMOHHOMN
MPOYHOCTH). BiusiHME JErupyrommux 3JIEMEHTOB Ha CBOMCTBA cTanu. UyryHel u
TBepble criaBbl. CBOMCTBA U HA3HAUYCHUE UyryHa. UyryHbI cepble, Oeibie, KOBKHE,
BBICOKOTIPOYHBIC, UX CBOMCTBA, 00JIACTh MPUMCHEHHUSI, MAPKHPOBKA.

Teopus u npakTHKa TEPMUYECKON 00paOOTKU METAJUIOB U cIuiaBoB. [Ipupona,
MEXaHHU3M M YCJIOBHUS NPOTEKAHUSI CTPYKTYPHBIX NPEBpAlICHUN B CTaId. Buubl
TepMUUecKkoil o0paboTku ctanu: oTxKuUr I u Il pona, MoaHBIN M HEMOJIHBIA OTXKWUT,
HOpMaJU3alys, 3aKallka, OTIYCK. 3aKaJIMBAEMOCTh U MPOKAIMBAEMOCTh CTaJICH.
Bnusnue tepmudeckoit 00pabOTKH Ha MEXaHUYECKUE CBOMCTBA CTaJM.

11.3. Ocnogvl kopposuu memannos. Ilpunyunsvl u memoowvl 3auumvl Om
KOppOo3uu.

OCHOBHBIE TPUYHMHBI KOpPpo3uM MeTaioB. [lokaszarenmn KoOppo3uwu.
Knaccudukanus KOppO3HOHHBIX NPOLECCOB. XUMHUYECKas Koppo3us. ['a3zoBas
Koppo3usi. Koppo3uss B KMAKOCTSX — HEIEKTPOJIUTAX. IDJIEKTPOXHUMHUYECKAS
Koppo3usi. KuHeTmka 35eKTpoXuMHu4ecKor koppos3uu. Kopposusi MeTamuioB B
YCIOBHSIX TEXHOJIOTHYECKUX CPEJl XUMUUYECKUX MTPOU3BOJICTB.

[IpuHUMOBI W METOABI 3alUTBI OT KOppo3uu. KoOppOo3MOHHOCTOMKHE
METAJUIMYECKUE Y HEMETAJUIMYECKHE Marepuayibl. MeToasl 3alluThl MAllUH U
anmapaTtoB XHUMHUYECKUX MPOU3BOACTB OT KOPpPO3uU. MHTHOUTOpPHI KOpPPO3UHU.
DIEKTPOXUMHUYECKAs 3alIUTa. 3AIIUTHBIE IOKPBITHS.

11. 4. [[semHvie memanivi u cniasbl

Amomunnii u ero cruaBbel. Kiaccudukanus amtOMUHHEBBIX CIUIaBOB.
Hedopmupyemble aqtoMHHUEBBIC CIUIaBbl. JIMTEWHBIC aTlOMHUHUEBBIC CIUIABBI.
OcobeHHoCcTH TepMHUUECKON 00padoTku. CriedeHHbIE aTIOMUHUEBBIC CILJIABHI.
TexHosOrnYecKkre u MexaHuueckue cBoiictea. O0sacTy MPUMEHEHUE ATFOMUHUS U
ero cruiaBoB. Koppo3noHHas CTOMKOCTh alFOMUHHUS U €T0 CIIJIABOB.

Marnuii u ero cmiaBel. Kiiaccuukanus  MarHueBbIX — CIUIABOB.
HedopMmupyembie u nuTelHble cIuiaBbl. Tepmudeckas 00pabOTka MarHMEBBIX
cruiaBoB. Koppo3nOHHAs CTOMKOCTB CIUIABOB MarHus.

Menp n ee criaBbl. BinsiHue npumeceid Ha CTPYKTYpPy W CBOWCTBAa MEIH.
Knaccudukanusa meansix crmaBoB. Jlatynu, ux cBoiictBa. CTpoeHUE U CBOMCTBA
OJIOBSIHHBIX, A TFOMUHUEBBIX, CBUHITOBBIX, MAPTAHI[OBUCTHIX U OCPUILIUEBBIX OPOH3.
MennoHukenesble CIuiaBbl.  KOppO3MOHHAs CTOMKOCTH MEAUW U €€ CIUJIABOB.
OO6uacT MPUMEHEHUSI MEJIU U €€ CIIaBOB.

Tutan u ero crmasel. Knaccudukamusi Jerupyronmx 3JI€MEHTOB W THIIBI
CIUIABOB TUTaHA. MeXaHWYECKHE, TEXHOJOIMYECKHE U KOPPO3HOHHBIE CBOMCTBA
TUTAHOBBIX CIJIABOB. KOHCTPYKIIMOHHBIE U KapONPOYHBIE CIUIABhl THUTAHA.
Oco0eHHOCTH TEPMHUUECKON 00pabOTKH.

11.5. Ilonumepol u niacmuueckue mMaccsl, 21acmomepsl

Knaccudukanus u cTpykTypa MOJIMMEpPHBIX MaTepuaioB. MonekynspHas
CTpYKTypa moguMepoB. (OCOOEHHOCTH MEXaHWYECKUX CBOWCTB IOJIMMEPOB,
OoOyCJIOBJIEHHbIE MX CTpOeHHEeM. PenakcalMoHHbIE CBOMCTBa. Bsi3koe TeueHue



pacTBOPOB M paciyiaBoB noiaumepoB. CTapeHune W cradwin3anus MOJHMEPOB.
Hectpykius noaumepoB. BiusHue BHemHUX (aKTOpOB Ha MPOLECC Pa3pyIICHHUS.

Du3nKO-MEXaHUYECKHE,

aJre3uOHHBIC,

JIURJIEKTPUUECKUE CBOMCTBA MOJIUMEPOB.
CocraB, knaccuduKanus U CBOWCTBA IIacTHUeckux macc. [lmactmaccel Ha

OCHOBC

TCPMOIIACTUYHBIX U

IMPOMBIINIJICHHBIC ITOJIMMCPHI U I1IJIAaCTMACCHI.

Pesunnl

O6HICFO Ha3Ha4YCHMHA,

(pUKIIMOHHEIE,

TCPMOPCAKTUBHBIX  ITOJIMMCPOB.

CIICHUAJIbHBIC PC3HUHBI

npuMeHeHus. Jlakokpacounbsie Matepuaisl (JIKM).
11.6. Cunuxamuvie mamepuaivl, 6emoHbl

KepaMquCKHe MaTCpHUaJIbI.

KoHnctpykimonnas,

TeXHUUYeCcKasi kepamuka. CBOICTBa U 00JIaCTH IPUMEHEHMUSL.
Heopranunueckoe crekio. ColicTBa, knaccudukanusi, 00JacT IpUMEHEHUS.
Texaunueckue crekia. CuTamibl, 0COOEHHOCTH CBOMCTB, 00J1aCTH IPUMEHEHUSI.
betonsl. OCHOBHBIE XapaKTEPUCTUKH, IPUMEHEHUE.
11.7. Komnosuyuonnvie mamepuaivl
Knaccudukanus, NpuHUIKI CO3/1aHUS U OCHOBHBIE€ THUITBI KOMITO3HIIMOHHBIX

MaTepraoB.

Komno3uiimonHeie
HEMETAIUTHUECKON
KOMITO3UIIUOHHBIX MaTE€pPHAJIOB.

OCHOBC.

S. Kpurepuu onenku.
Bormpocsl o HayyHOU crielalibHOCTH onleHUBatOTCs B 70 6aioB. OTBETHI
Ha JIOTIOJTHUTENIbHBIE BOMIPOCHI olleHuBatoTcs B 30 Gasuios.

[MIxana oneHnBaHUsA

MaTepHaITbI
OoOnactu u

Ha

AHTUKOPPO3HNOHHEIC,

OCHOBHBIE

A 00JlacTH HuX

HHCTPYMCHTAJIbHAA U

METAJUINYECKOM
MEePCIIEKTUBbI

IIPUMCHCHUSA

OTtBeT Ha
BOINIPOCHI OMJIeTa

ITonxHoOE
COOTBETCTBHE
coepKaHus
OTBETa BOIIPOCY B
SK3aMEHAIIHOHHOM
ouiere,
MIPUCYTCTBYET
SICHOCTh, YETKOCTH
" JIOTHKA
HM3JIOKCHMA.
ITocrynarouuit
MOKa3bIBAET
BJIaJICHAE
HOHSITUHHBIM
armnapaTom,
BBIBOJIbI
apryMEHTUPOBAHFI,
BBICOKUI YPOBEHb
BJIaJCHHS
MaTepUaIoM,
MOKa3bIBACT
3HAHUE CMEXKHBIX
BOIIPOCOB.

CooTBeTCcTBHE
colepxKaHus
OTBETA BOMPOCY B
JK3aMEHaIlMOHHOM
ouiere,
MPUCYTCTBYET
SICHOCTbh, YETKOCTh
M JIOTHKA
HM3JIOKCHMUSA.
[MocTynarommii
IIOKAa3bIBaeT
BJIAJICHHUE
HOHATUHHBIM
anmapaTom,
BBIBOJIBI HE
IIOJIHOCTBIO
apryMEHTUPOBAHFI,
BBICOKU YPOBEHB
BIAJICHUS
MaTepuaIoM,
IOKAa3bIBaET
3HAHUE CMEKHBIX
BOIIPOCOB.

He mommoe
COOTBETCTBHE
coaepxKaHus
OTBETA BOMIPOCY B
9K3aMEHAIIMOHHOM
ousere.
[Tocrynaromuit
IMOKa3bIBAET
HEJIOCTAaTOYHOE
BlaJIcHNE
MOHSATUHHBIM
anmnapaTom,
BBIBOJIBI YACTHYHO
apryMEHTHPOBAHBI,
HU3KUH YPOBEHb
BJIAJICHAS
MaTepUalioM,
HEJOCTATOYHO
MMOKa3bIBAET
3HaHWE CMEKHBIX
BOIIPOCOB.

He monmoe
COOTBETCTBHE
coAepxKaHus
OTBETA BOIPOCY B
9K3aMEHAIIHOHHOM
ouiere,
OTCYTCTBYET
SICHOCTB, YETKOCTh
M JIOTHKA
HM3JIOKCHMUS.
[Tocrynaromuit
TTOKa3bIBACT
cj1aboe BiazeHue
MOHSITUHHBIM
armapaTom,
BBIBOJIEI HE
apryMEHTHUPOBaH,
HU3KUH YPOBEHb
BJIAJCHHS
MaTepuaioM, He
MMOKa3bIBACT
3HAHUE CMCKHBIX
BOIIPOCOB.




KonuuecTtBo 61-70 46-60 21-45 0-20

OayioB

OTtBerT Ha | McuepnsiBatomue | [lomHble, B nienom JeMoHCcTpupyeT

JTOMOJHUTEJIbHBIE | 1 000CHOBAaHHbBIC JIOCTaTOYHO MIpaBUJILHBIC HETIOHUMAaHUE

BONPOCHI OTBETHI HA riryookue u OTBETHI Ha OCHOBHOTO
BOTIPOCHI, 000CHOBaHHBIE BOTIPOCHI, COZIepKaHus
aOUTypUEHT OTBETHI Ha MOCTaBICHHBIN TEOPETHUECKOIO
JEMOHCTPUPYET BOIIPOCHI, SK3aMEHAIMOHHOW | MaTepuaia,
riryOokue [TOCTaBIICHHBIN KOMUCCHEW, Tpr MTOBEPXHOCTHOCTh
TEOpETUIECKHE 9K3aMEHAlMOHHON | 3TOM 1 ciabyro
3HaHUS, YMEHUE KOMHUCCHEH, MOCTYTAIOIIHIA apryMEHTAIUIO
CpaBHUBATH U abUTypUEeHT HEJO0CTAaTOYHO CYXKICHHUHA WITH
OIIEHHBATh JIEMOHCTPHPYET apryMeHTHPYET JTOTTYIIIEHBI
pa3IuyHbIC XOpOIIIME 3HAHUS, | OTBETHI 3HAUUTEIbHBIC
Hay4HbIC yMEHUE OIIUOKHY.
TTO/TXOJTBI, TOJTE30BAThCS
MOJIb30BaThCS COBPEMEHHOMU
COBPEMEHHOMU Hay4HOH
Hay4HOH TEPMUHOJIOTHEH.
TEPMHUHOJIOTHEN

KommuectBo 21-30 11-20 6-10 0-5

OayoB

6. IIpuMepHBIN NIepeYeHb BOMPOCOB I IK3aMeHa (M30paHHbIe

BOIIPOCHI 110 crenuaJbHOH I[I/ICIII/IHJII/IHC)

2.6.6. HaHOTEXHOJIOTMHM ¥ HAHOMATEPHUAJIbI

1. Knaccudukanus HaHOOObEKTOB U HaHOMaTepuanoB. KOHCTpyKLIMOHHBIE U
(GyHKIIMOHAJIbHbIE HAHOMATEpUabl, IpuMepbl. OcoOble PU3NYECKUE U XUMUYECKUE
CBOMCTBA HAHOOOBEKTOB U HAHOCTPYKTYPUPOBAHHBIX CHCTEM.

2. 3aBUCHUMOCTb CBOMCTB OT pa3mepa 4acTHIl (KJIacTepoB, 3epeH). PazMepHbIil
s dekT, BIusiHUE pazMepHOro GakTopa Ha CBOMCTBa HAHOMATEPHUAJIOB.

3. I'panuusl pazgena ¢a3. Ponb MexdasHbIX TpaHULl B (POPMUPOBAHUU

CBOMCTB HaHOoMarepuanaoB. (OCOOEHHOCTH TEPMOJMHAMUKHA HAHOOOBEKTOB.
BnusHre KpUBU3HBI HA CBOMCTBA MOBEPXHOCTH pasnena ¢as.
4, CennMeHTaIIMOHHAS YCTOWYHUBOCTh HAHOCHCTEM. Arperanus

HAHOOOBEKTOB M arperaTuBHAas YCTOWYMBOCTH HAHOCHUCTEM: H30TEpMHUYCCKas
neperonka (OCTBaIbI0BO CO3PEBaHNE), KOATICCIICHUIIS. KOATYIISIIHSL.

5. Ocobennoctu ¢ Gy3nOHHBIX MPOILIECCOB HA TTOBEPXHOCTH pasjena ¢as.
3epHorpanunynas qudysus.

6. Hanomarepuaibl B 2yieKTpoHHMKE. KBaHTOBBIC TOYKH, KBAaHTOBBIC HUTH,
KBAaHTOBBIC SIMbI. METOABI ITOJIYYCHHUS KBAaHTOBBIX TOUYEK M HCIOJb30BaHUE
HAaHOMATEPHAJIOB JIJISl CO3/IaHUsT AKTUBHBIX JIA3E€PHBIX CPE/I.

7. Hanopa3mepHbIE MOPOIIKH MTPOCTHIX U CIIOKHBIX OKCHJIOB, COJICH M APYTUX
COCIUHCHHMI, HWHIUBUAYAIbHBIX  METAUIOB W ciulaBoB.  (OCOOCHHOCTH
HAHOITOPOIIIKOB IO CPaBHEHHIO C TPyOOJMCIEPCHBIMHU MOpOIIKaMu. [Ipumepbl
HauOoJIee pacnpoCTPaHCHHBIX HAHOTIOPOIITKOB U MX MPUMEHEHHE.



8. Komnosunuonnsle HanoMaTepuayibl. OCHOBHBIE TUIIbI KOMIIO3ULIMOHHBIX
MaTepUajIoB U UX PU3NYECKUE U XMMHUYECKHE CBOMCTBA. XapaKTEPUCTUKH MaTPHUIL
Y HaIlOJIHUTEJIEN.

9. VYrmepognele HaHOMATepUalIbl M HAHOCTPYKTYpPHl - (YJUIEPEHBI,
yriaepoAHble HaHOTPYOkH, rpadeH, HaHoanma3. WX cTpykTypa, CBOWCTBa H
NEPCHEKTUBBI TPUMEHEHUS.

10. HanopasMepHBbI€ IIJIEHKU U MOKPBITHSI, HAHOCTPYKTYPBI Ha MOJJIOKKAX,
IUICHKU JIeHrMropa-biaoaKkerT.

11. Ilopucteie U MemMOpaHHBIE HAaHOMaTepuaidbl — HX KiaccU(UKaLs,
¢usznueckue U XuMudeckue cBoiicTBa. llpumepsl MeMOpaHHBIX MaTepUajoB U
IIPOLIECCOB C UX YYaCTHEM.

12. HanocTpykrypsl, o0Opa3oBaHHbIE IIOBEPXHOCTHO-aKTUBHBIMU
BEILECTBAMM: MUIIEILJIBI, MUKPOAMYJIbCHH, TUOTPOIHBIC KUIKNAE KPUCTAIUIBI.

13. KosmounaHble 4acTUIbI METAIIIOB - 0OCOOCHHOCTH U 00JIACTH PUMEHEHHS.
MaruuTHbI€ KUIKOCTH.

14. CynpamonekyiisipHble aHcaMOIi. MOJIEKYIJISIpHBIE U CYyITPaMOJIEKYIISIPHbIE
ycTpoicTBa. AccemOnepsl U MOJEKyJIspHble MamuHbl. CamocOopka u
CaMOOPTaHMU3aLHsl CYIPAMOJIEKYJIIPHBIX CUCTEM.

15. ®usuueckne OCHOBBI DJJIEKTPOHHOM MHMKPOCKOIIMH: HCTOYHUKH
AIIEKTPOHOB, OCHOBBI B3aMMOJEHCTBHUS DJJIEKTPOHHOTO IyYKa C HCCIIETYEMbIM
00BEKTOM, TpeOOBaHUS K OOBEKTaM HCCIIEA0BAHUS.

16. O6mast cxema M NPUHIMI ACUCTBUS CKAaHUPYIOLIETO 3JEKTPOHHOTO
MHUKpOcKona. Bo3MOXHOCTM U OCOOEHHOCTM NIPUMEHEHHUs CKaHUPYIOLIEH
AJIEKTPOHHOM MMKpPOCKONMM JJI aHajlu3a HaHOMaTepuasoB, TpeOOBaHUA K
00BEKTaM HCCIIEIOBAHNUS.

17. Obmas cxema W NPUHIMN ACUCTBUS MPOCBEUYUBAIOIIETO 3JIEKTPOHHOTO
MUKpOCKoIa. PexuMbl HaOIIOEHUSI — TEMHOE M CBETJIOE MOJIE, MUKPOAUPPAKIIHSL.
TpeGoBanuss Kk OOBEKTaM HCCIENOBAaHUS JI NPOCBEUMBAIOIICH 3JIEKTPOHHON
MUKPOCKOIIHH.

18. Ckanupyromas 30HAOBasi MHKPOCKONHS — OCHOBHBIE (PU3NYECKHE
OpyuHIUNBL. TyHHENbHAass W AaTOMHO-CWJIOBasl 30HJOBAas MMKPOCKOMMS, HX
OCOOEHHOCTH. YCTPOMCTBO M OCHOBHBIE 3JIEMEHTHI CKaHUPYIOLIETO 30HI0BOTO
MUKpocKkomna. TpeOoBaHHs K OOBEKTaM HCCIAEAOBaHUS MPU HUCIOJIb30BAaHUU
Pa3IMYHBIX BUJIOB CKAHUPYIOLIEU 30HI0BOM MUKPOCKOIIUHU.

19. qudpakimonHbie METObI HCCIIEIOBAaHUS HAHOOOBEKTOB. udpakius

PEHTTEHOBCKMX JIyded U  JJIEKTPOHOB. ManoyrioBoe paccesHue
PEHTI€HOBCKUX  JIy4ei, MeTonasl  JazepHod  audpakuuu. [Ipumenenue
TG PAKIIMOHHBIX METOJIOB JIJISl ONIPEIETICHHS pa3MEePOB HAHOYACTHII.

20. ®uznyeckre METOAbl MOJYYEHHUs] MACCUBHBIX HAaHOCTPYKTYPHPOBAaHHBIX
MatepuanoB. HampaBieHHass KpucTau3anus amMop(HBIX CIJIABOB U CTEKOJL
WuTeHcuBHas miactuyeckas nedopmanusi.

21. duznyeckue MeToApl NOJMydYeHUs1 HaHovyacTull. [lomydeHne HaHOYaCTHUIL
NyTeéM BO3rOHKHU-AecyOnumanuu. IlogydyeHne HaHOYACTHIl MyTEM JIa3epHOU
abmsauuu. [lomydyeHne HaHOYACTHUIl MyTEM JUCIEPTUPOBAHUS B 3JIEKTPOAYTOBOM



paspsane. MexaHu4deckoe, yapTpa3ByKOBOE U AETOHALMOHHOE U3MeNnbUYeHHE. MeTon
B3PBIBAIOIINXCS TPOBOJIOK. DJIEKTPOUCKPOBAS 3pO3Usl AJIs IMOTYYEHUSI HAHOYACTHIL.
22. dusnyeckue METOAbl MOJy4YeHUs IUIEHOK M NOKpBhITHH. Tepmuyeckoe,

AIEKTPOHHO-IY4YEBOE, MAarHeTpOHHOE HaIlbIJICHUE TUISL NOJIYYEHUS
HAaHOCTPYKTYPUPOBAHHBIX  INIEHOK W  IOKPBITUM.  MoJeKyJIsapHO-IIy4deBas
DIIUTAKCUS, autorpadus 17§ HaHOJIUTOTrpadus pu IIOJIyYEHHUH

HAaHOCTPYKTYPHPOBAaHHBIX MATEPUAJIOB.

23. CuHTe3 HAHOYACTHUIl 30JI0Ta, cepedpa, MIIATHUHBI, MaUIagus U JPYrux
0JIarOpOJHBIX METAJIOB METOJIaMU OCAXKICHUS B KUIKUX cpefax. Cradunmuzanms
HAHOYACTHUIl B  pacTBOpax -  DJEKTpOCTaTUYecKas,  aJcopOlMOHHAasi,
xemocopOuronHas. CUHTe3 HaHOYACTHI] C OJHOPOJHON U CIOUCTOM CTPYKTYpOu
(«11p0-0007I0UKa).

24. XuMr4ecKue METO bl MOJyYeHUs HAaHOYACTHIl B Ta30Boi ¢aze. Peakumu
XUMHUUYECKOTO OCAXKJEHMS W3 razoBoil (a3el W ux pazHoBuaHoctu. CVD meton
MOJIy4eHHUs] HAHOMATEPUaJIOB.

25. XMMHUYECKUE METOBI ITOJYyUYECHUS IJIIEHOK U MOKPBITUNA. XUMHUYECKOE

OCAXKJEHUE METAIUIOOPTAHMYECKUX COCOWHEHUH W3 Tra3oBOd  (assbl.
OnuTaKcusl.

26. XuUMHUYECKHME METOJbl TMOJYyYCHUS] HAHOHUTEH U HAHOTPYOOK.
Karanmutuyeckuidi OUpOSIW3  yIIEBOAOPOAOB JUISl  TMOJYYEHUS  YIJIEPOIHBIX
HAaHOTPYOOK. XUMHUYECKOE MOAUPUIIMPOBAHUE HAHOTPYOOK.

27. 3onb-renap TEXHOJIOTMS HAHOYACTHI] M HAHOIOPHUCTBIX MaTE€pUaloB.
OOpazoBaHue Kcepo- U asporeneld. BiusHue cocraBa peaklMOHHOW Cpeibl U
YCIOBUN NPOTEKaHUSl 30Jb-Telb-TIpoliecca Ha MOP(OJIIOTHI0 CHHTE3UPYEMOTO
HaHoMarepuaia. [[puMepsl moaydeHns HAHOYACTUI] 1 HAHOMATEPHUAJIOB 30JIb-T€JIb
METOJIOM.

28. CuHTE3 HaHOYACTHI[ B CBEPXKPUTHUYECKUX KHJIKOCTAX — (PU3UKO-
XUMUYECKHE OCHOBbl. OCHOBHBIE MapaMmeTpbl, BIMUSIOMIME Ha MOP(OIOrHI0
CUHTE3UPYEMBIX HAaHOMAaTEePUAJIOB, NOJIy4aeMbIX C UCITIOJIb30BaHUE
CBEPXKPUTHUECKMX  KUAKOCTeH. IIpumepbl  mojgydyeHus  HAHOYACTULL U
HAaHOMATEPHUAJIOB CUHTE30M B CBEPXKPUTUUECKUX JKUJIKOCTSX.

29. OOpa3oBaHuE€ HAHOYACTHUI[ MPU PACHBUIEHUH PACTBOPOB B IJIAMEHH
(Mokpoe cxuranue). BiusiHue cocraBa MCXOJHOTO PacTBOPa U TEXHOJIOTMYECKUX
napaMeTpoB Ipoliecca Ha pa3Mep U MOP(OJIOTHI0 CUHTE3UPYEMbIX HAHOYACTHUILL.
Crioco0b! pacnbUIeHUS KUAKOCTU IIPU MOJTyYEHUH HAHOMAaTEpHUaJIOB.

30. DJIEKTPOXUMHUYECKHE METO/IbI MMOJyYeHUsI HaHOMaTepuanoB. KaroaHeie n
AHOJIHBIE MPOLECCHl MPHU DIEKTPOXMMHYECKOM IIOJIYYEHUHM HAHOMATEpUaJIOB.
DNEeKTPOOCaAXKACHUE HAHOYACTHUL. DIEKTPOXUMHUYECKOE MTOITYUEHUE HAHOIIOPUCTBIX

31. MaTtpuunblii (TEMIUIATHBINA) CUHTE3 HAHOYACTUI] U HAHOMATEpPHUAJIOB.
Hcnonb3oBaHue MULEUISIPHBIX CHUCTEM W MHUKPOAMYJIbCUM ISl  CHHTE3a
HaHouacTull. [lpuMepsl CHHTE3a HEOPraHMYECKMX HAHOYACTHI[ B OOpaTHBIX
MUKPOAMYJIbCUSIX.



2.6.7. TexH0J10THSI HEOPTrAaHUYECKUX BElIECTB

1. Ponb MHHEpanbHBIX COJIEW W YIOOpEHHMH B JKU3HU PACTCHH.
Knaccuduxkarus ynoopeHmii.

2. IIpoueccel pacTBOPEHHUS M KPUCTAJUIM3ALMS COJIEU B BOJHBIX PACTBOPAX.

3. OU3UKO-XUMUYECKHE OCHOBBI a0COPOLINU, TPUMEPBHI.

4. KammiiHoe coipp€. IlomydueHue xjopujaa Kanuss W3 CUJIbBUHUTA
MOJIUTEPMUYECKUM (TaTypru4eckuM) METOAOM: (PU3UKO-XUMHUYECKHUE OCHOBBI,
0JI0K-cXema Tpoliecca.

5. Karanum3 B TeXHOJIOTMM HEOpraHMYecKkux BemlecTB. Ha mnpumepe
HEOPTaHUYECKOTO0  MIPOU3BOJACTBA  PACCMOTPETh  KUHETUKY M MEXaHH3M
KaTaJIMTUYECKOTO MpoIlecca, KaTaau3aTopbl U CIOCOObl YCKOPEHUS XUMHUUYECKHX
IIPOIIECCOB.

6. OU3NMKO-XUMHUYECKHE OCHOBBI IMPOLIECCOB aAcopOLuu. OCHOBHBIE THIIbI
IPOMBIIUIEHHBIX aJICOPOECHTOB.

7. 1Ipou3BOJACTBO CEpHOM KHUCIOTHI, (UUKO-XUMHUUYECKHE OCHOBBI
KOHTaKTHOI'O OKHCJIEHUS JTUOKCUJA Cepbl U a0COpOLMH KOHBEPTUPOBAHHOTO Ta3a.
Kunernka mnpouecca u (hakTOpbl, BIUAIONIME HA PABHOBECHYIO CTEIEHb
npespaienus. biaok-cxema JIKJIA

8. Kiaccugukanus oco60 4MCTHIX BEIIECTB, MpUpoja mnpumeceil. MeTosl
ri1yOOKOM OYMCTKH BEILIECTB.

9. ®ocdarel aMMOHHMS: CBOICTBA, CHIpE MJs MPOU3BOJACTBA, (PUUKO-
XMUMHYECKHUE OCHOBBI U OJIOK-CXEMBI IIPOIIECCOB.

10. IlpousBoactBo HUTPOPOC(HATOB a30THOKUCIOTHBIM Pa3IOKEHUEM
docatHOro  ChIppsi:  (PUIMKO-XUMUYECKHE OCHOBBI, CIIOCOOBI  CHUKCHMUS
n30b1TouHOTO Kabius (Ca(NO3)2) B a30THOKHUCIOTHOM BBITSKKE.

I1. ITpon3BOACTBO CUHTETUYECKOTO aMMHaKka. OU3UKO-XUMUUYECKUE OCHOBBI
IpPOIIECCa, MEXAaHW3M, KWHETHKA, KaTaJau3aTropbl, KATAIUTHUYECKUE  SIIBL.
BoccraHoBneHue kaTann3aTopos.

12. ®U3UKO-XMMHUYECKHE OCHOBBI MOJYYEHUS] HU3KUX TEMIIEPATYP METOAOM
W30OHTAIBIIHOIO  pacmdpeHuss ras3a. @dusmyeckas CyIIHOCTh  IpOLECCa.
JuddepeHunanbHblil 1 HHTETpaIbHBINA ApOoccenb-3P(EKTHI.

13. IIpon3BOACTBO CUHTETUYECKOTO aMMHUaKka. OU3NKO-XUMUYECKHE OCHOBBI
polecca, MEXaHW3M, KUHETHMKA, KaTaJIu3aTopbl, KaTAIMTHYECKUE  SIBI.
BoccraHoBieHHE KaTaan3aTropoB CHHTE3a AMMHUAKA, METOABI ITOJTYYECHHUS.

14. NonHblli OOMEH: MEXaHU3M, CEJIEKTUBHOCTb, CTaTWKa M JUHAMHKa
MOHHOTO oOMeHa. TuIbl U CTPYKTypa MOHUTOB.

15. IloaroToBKa NPUPOJHOTO U TEXHOJOTHYECKHUX Ia30B MEPe] XUMUYECKUM
MIPOIIECCOM, OYMCTKA OT CEPOCOAECPKAIMX IMPUMECEN U KHUCIOPOIACOAEPKALINX
coeIMHEHUH, O10K-cxema MDA B MpOU3BOJICTBE CUHTE3-Ta3a.

16. A3oTHBIE ynOOpeHUs, ChIphE i uX mnpousBojicTBa. [lomydeHue
aMMUAYHOM CEeNUTPhI: CBOMCTBA, (PU3MKO-XMMHUYECKHE OCHOBBI M OJIOK-cXeMma
Ipo1ieCcca.

17. TexHonornueckasi cxema ABYXCTYIEHUYATOW KaTAIIMTUYECKON KOHBEPCUU
MeTaHa ¥ OKCUJa YIJIepo/ia NapOBO3IYIIIHON CMECHIO, PUBUKO-XUMUYECKHE OCHOBBI



MIPOIIECCA U MAPAMETPHI MPOLECCA, ONPEACIISIOIINE MAaKCUMaIbHbIN BBIXOJl CHHTE3-
rasa.

18. Crippé nns mpomsBoactBa (ochopHbix yaoOpenwii. I[lomyuenue
AKCTPAKIIMOHHOHN (HOCHOPHOM KUCTOTHI: CBOWCTBA, (PU3UKO-XUMHUUIECKHE OCHOBBI U
0JIOK-CXemMa JUTMAPATHOIO Mpoliecca.

19. ®noraums. TeopeTnyeckre OCHOBBI MPOLECCA, 00JACTH NPUMEHEHHS.
Bunel proTainoHHBIX peareHToB.

20. A3oTHas KHCIIOoTa, PU3NKO-XUMUYECKHE OCHOBBI KOHBEPCUM aMMHUaKa U
nepepadoTKU OKCUIOB a30Ta B pa30aBICHHYIO a30THYIO KUCIIOTY.

21. Konctpykuusi GUuiabTpoB JUisi OYUCTKHU ra3oB OT NbUIU. Pacuér u moabdop
(bUIbTPOB

22. Konctpykius HacocoB. PacuéTt u mogbop HacocoB

23. IIponecc abcopobumu. Koncrpykuus abcopOIMOHHBIX KOJIOHH. BiusiHue
JABJIEHUS U TeMneparypsl Ha 3 PEeKTUBHOCTH aOcopOIUn

24. KoHcTpyKuusi TemIoOoOMEeHHBIX anmapatoB. Pacuér u  moabop
TEMJI000MEHHBIX aIapaToB

25. KoHCcTpyK1ys, MPUMEHEHUE U METOJ pPacdy€Ta annapaToB KUIISALIErO CIIOS

26. Katanu3 B nepepabOTKe MPUPOJAHOTO raza. MeTo bl MOTyYeHHs] CUHTE3-
ra3a OKHCIIMTEIIbHOW KOHBepcHer MeTaHa. CHHTE3 METaHOJIA U JUMETHIIOBOTO
sa¢upa. Cunrtez Gumepa-Tponinia.

27. Ilpouecc B MHOPUCTOM 3€pHE KaTanu3aropa B (opMe IUIACTUHKH,
KBa3UIOMOTE€HHAsl MaTEMaTH4yecKas MOJENb, PEIICHHE W aHaIW3 U1 peakUuu
nepBoro mnopsiaka. Moayns  3enbnoBuda-Tune. HaOmromaemass — ckopocTb
IIPEBPAILECHUS U CTEIIEHb HCIIOJIb30BAHNS BHYTPEHHEN TOBEPXHOCTH.

28. OU3MKO-XMMHUYECKHUE OCHOBBI U amnmnapaTypHoe 0hOpMIICHUE MOTyUYEHUs
CEepHOU KUCIOThL. JInHMs ontumanbHbIX Temnepatyp. Konnenuuu cunre3za XTC Ha
pUMeEpPE MPOU3BOJICTBA CEPHOU KUCIOTHI

29. OU3MKO-XMMHUYECKHUE OCHOBBI U alapaTypHoe 0(hOpMIIEHHE TIOJyUYECHHUS
ammuaka. Konnenuunn cuareza XTC Ha npuMepe Npon3BOACTBA aMMHUAKA

30. OU3HKO-XMMHUYECKHE OCHOBBI M anmnaparypHoe oQOopMIIEHUE MOTYUEHUS
azotHou kuciotTel. Konnenunn cuare3a XTC Ha npuMepe MpOU3BOCTBA a30THOM
KHCJIOTHI.

31. TloHsaTHEe pa3meNUTENBHBIX JJEMEHTOB IIEPBOrO M BTOPOTO poaa B
IIpoLECcCax Pa3AeICHNUsI H30TOIOB JIETKUX 3JIEMEHTOB

32. Kackanapl U3 pa3fgeiauTelbHbIX 3JEMEHTOB NEepBOro pojna. MaeanbHbIi
KacKas.

33. IIpomecchl (pa3oBoro M30TOMHOrO OOMEHA B TEXHOJOTHHM pPa3JICIICHHS
W30TOIOB JIETKHUX 3JIEMEHTOB, UX OCHOBHBIE XapaKTEPUCTUKU

34. KackaqoB U3 pa3eauTeNIbHbIX 3JEMEHTOB BTOporo poja. CpaBHeHUE
BEJIMYMH MOTOKOB B UJI€ATLHOM U MPSMOYTOJIbHOM KacKaJax

35. IIpouecchl XUMHUYECKOTO U30TOIMMHOIO 0OMEHA B TEXHOJOTUHU pa3eieHUs
M30TOTOB JIETKUX AJIEMEHTOB, UX OCHOBHBIE XapaKTEPUCTUKU

36. OcHOBBI OOpaTHUMBIX MPOIECCOB pa3ACICHUs] HM30TOMOB JIETKUX
AJIEMEHTOB, IPUPO/IAa BOZHUKHOBEHUS pa3AeIUTENbHbIX 3()(PEKTOB, MX BEIMUMHA



37. CBsi3b MeXAy KOHCTAaHTOM paBHOBecHUsS M KOA(D(DUIIMEHTOM pa3jieneHus
peaxkuii XMuMU4YeCKOro U30TOIMMHOTO O0OMeHa

38. KonnenTtpaunoHHas 3aBHCUMOCTh KO3((UIMEHTOB pa3felicHusl B
pEeaKIUIX XMMUYECKOTO U30TOMTHOTO OOMEHA C YYaCTUEM BOAOPO/IBI.

39. X-Y-muarpamma. Pabouass u paBHOBecHble JMHMM. Pacuer umcna
TEOPETUUECKHUX CTYIEHEH pa3/ieJeHHsI C UCIIOJIb30BaHuEM X-Y -TuarpaMMbl

40. Peakumm TOMOMOJICKYJSIPHOTO HW30TOMHOTO OOMeHa. 3HAYCHHS WX
KOHCTaHThI paBHOBECHSI MPU OECKOHEYHO BBICOKOM TeMIepaType.

41. TexHonorusi TspKeNOW Bonabl. MeToabl TPOW3BOJACTBA W THUIIOBBIC
TEXHOJIOTUYECKHE CXEMBI.

42. Texuomoruss pazfeneHuss U30TONOB  Kuciopoga. CpaBHeHHe
UCITIOJIb3YEMbIX Pa0OYMX CHUCTEM.

43. ®opMmarbHasi KWHETHKA peakliii 130TOmHOro oomMeHa. BriBoj ypaBHEeHUS
JUTSL ONIPECIICHUS] SKCIIEPUMEHTAIBHON KOHCTAHThI CKOPOCTH PEAKIIMU U30TOIMHOTO
oOmeHa nipu korPuimenTe pazaesieHus: OJIM3KOM K €TUHUIIC.

44. TexHonorus pazaeiaeHusi u30TonoB Oopa. CpaBHEHHE HCIOIb3YEMBIX
paboYnXx CUCTEM.

45. Hcnonp30BaHUE KaTalW3aTOPOB B MPOLECCAX PA3JACICHUS H30TOINOB
JIETKUX 3JIEMEHTOB.

46. TexHosIOrUsA pa3acieHus N30TONOB yriepoaa. CpaBHEHHE UCIIOIb3YEMBIX
pabouux CUCTEM.

47. 3amura OKpy>Karoleh cpesibl OT BBIOPOCOB TPUTHUSI OOBEKTAMU SIEPHOM
SHEPreTUKU. MeTo1bl IeTPUTHU3ALMH Fa30BbIX U KUIAKOCTHBIX TOTOKOB.

48. TexHonorus pasaeineHuss M30TONOB a3oTa. CpaBHEHUE HCIOJIb3YEMBIX
pabouux CUCTEM.

49. IlpuMeHeHue CTaOMIbHBIX U30TOIOB JETKUX 3JIEMEHTOB B MEUIIMHE.

50. ®dopmanbHas KUHETHKA peakiuid u30TonmHoro oobOmeHa. Pacuer
OKCIIEPUMEHTAIBHOW KOHCTAHTBI CKOPOCTH PEaKIMU HW30TOMHOTO OOMEHa mpu
3HaYeHUU Kod(PpuiineHTa pa3aeiaeHus MHOTO OOJIbIIE €TUHULIBI.

2.6.8. TexH0J10THS PeIKUX, PACCESTHHBIX U PAJHOAKTUBHBIX JIEMECHTOB

1. [TYPOKC-niportecc 11 miepepaOOTKU  OTpabOTaBIIETO  SIIEPHOTO
TOTUIMBA: OTIMCAHKE, BAPUAHTHI, MPEUMYIIIECTBA U HEAOCTATKH.

2. KAPBESKC-niporiecc 1 apyrue MeTo/bl epepadboTK OTpadOTaBIIETO
SJIEPHOTO TOTUIMBA B KapOOHATHO-IIEIOYHBIX BOAHBIX Cpelax, Kak allbTepHATHBA
[TYPOKC-npoueccy.

3. OcHoBHOE 000pyZOBaHUE BOJHO-XUMUYECKUX METOIOB MEPEepadOTKU
OST (ammapatbl pacTBOPUTENH, COPOIIMOHHOE U IKCTPAKIIMOHHOE 000pyI0BaHUE,
GbunpTpOBAILHOE 00OPYIOBAHKE, TICUYH IS TOTYICHUS KOHEYHBIX MTPOTYKTOB).

4. IIpon3BOACTBO  pPEAKO3EMENIBHBIX  DJIEMEHTOB. TE€XHOJIOTHYECKUE
cxembl u3BieueHuss P30 mnpu nepepaborke amatuta, (ocdopurtoB, omapura,
MOHAIIUTOB.



5. Paznenenue P30. TexHonornueckue CXEMBI pas3aeneHus
KOJUIEKTUBHBIX KOHIUEHTPAaTOB P33, BBbIJCICHHBIX W3 MUHEPAIBHOIO CHIPhS, Ha
rPYNIIOBBIE KOHLIEHTPAThI U UHIUBUIYaJIbHBIE JICMEHTHI.

6. Xumus skctpakiuu P35 M3 HUTpPATHBIX W XJIOPUJIHBIX PACTBOPOB
OCHOBHBIMU TUIaMU 3KcTpareHToB: Th®, JI20I'®K, kapOOHOBBIE KUCIOTHI, COJIU
amMuHOB 1 HAO.

7. [Ipumenenue COpOLIMOHHBIX IPOLIECCOB B TEXHOJIOTHH
WHIMBUyalbHBIX P30.

8. O6opynoBaHue COPOIMOHHBIX W AKCTPAKIIMOHHBIX IMPOIECCOB B
TexHoaoruu P30.

9. CoBpeMeHHbIe TpeOOBaHHUS K TEXHOJIOTHYECKUM CXeMaM IepepaboTKu
MUHEPAJIBHOTO ¥ TEXHOTEHHOT'0 PEJIKOMETAINIBHOTO CHIPhSI.

10.  OcobeHHOCTH XUMHYECKOU TEXHOJOTHH nepepadboTKu

PEIKOMETAINIBHOTO ChIpbsi. COBPEMEHHOE COCTOSIHHE XHUMHUYECKOW TEXHOJIOTHH
nepepadoTKH PEIKOMETAUIBHOTO ChIPbsl, MEPCIEKTHUBBI €€ COBEPIICHCTBOBAHUSI.
Ponp xumMuu B co31aHuM OOIIMX MPUHIIMIIOB MOCTPOEHHUS TEXHOJIOTUYECKUX CXEM U
JITOPUTM NEepepadOTK MUHEPATIBHOTO U TEXHOTE€HHOTO ChIPhSI PEIKUX DJIEMEHTOB.

11.  OOuras xapakrepuctuka P33: nmonoxenue B [lepuonnueckoii cucreme;
KpaTKas HCTOpUYECKas CIpaBKa 00 HMHAMBUIAYAIbHBIX JJIEMEHTAX; BaKHEUIIUE
o0nacTu mpUMEHEHUs peaxo3eMenbHbiXx MeTaioB (P3M) u coenunenunii P30.
Ouznko-xumuyeckue cBoiictea P3M. Baxknelmue sl TEXHOJIOTUH COEIUHEHHS
P30.

12.  MuHepaibl U pyJbl pEIKUX JIEMEHTOB U METOJIbI X 00OTaIICHHUS.

13.  KoHauuuu Ha pyApl U KOHUEHTPATHI PEIKUX 3JIEMEHTOB.

14.  [IpuMeHeHHE MArHUTHOTO U JJEKTPOCTATHUYECKOTO OOOTaIleHUs MPU
nepepadoTKe Py PEAKUX DJIEMEHTOB.

15.  MeToabl MOTYyUYEeHHS PEIKO3EMETbHBIX METAILIIOB.

1. PagnoaktuBHOe paBHOBecwe. PacyeT aKTHBHOCTH  JOYEPHETO
PaIUOHYKJIUA 110 aKTUBHOCTA MAaTEPUHCKOTO HA TPUMEPE PAJUSL.

3. [IpumeHeHne paguOHYKIHUAOB B HAyYHBIX MCCICIOBAHUAX U B
HapOJHOM XO3SIMCTBE.

4, CopO1usi Kak METOJT KOHIICHTPUPOBAHUS PAAUOHYKINA0B. OCHOBHBIE
noHsATUSL copO1uu. Tumbl npuMeHsiembix copOeHToB. [loHarue o xpomaTtorpadumu.
OpoHTATBHBIN, ITIOEHTHBIN U BHITECHUTEIBHBIN METOIbI XpOMaTorpadum.

5. Bonno-xumunueckuii pexxum I u 11 kouTypoB peakropoB BBOP.

6. OuncTka ra3oBeIX BEIOpocoB HA ADC OT JIeTyYuX paguoHyKINOB.

1. TennmoHocuTeNu A AIEPHBIX PpEaKTOPOB. Boga Kak TENIOHOCHUTENb.

8. Bo3gelicTBre HavyaJbHOrO 3Tama SAECPHOTO TOIUIMBHOIO IIMKJIA Ha
OKpyKarolryto cpeny. CpaBHEHHE C JOObIYEH OpraHUYEeCKOTO TOTUIUBA.

9. Metonbpl  KOHLIEHTPUPOBAHUSA  paAuOHYKIUAOB.  CoocaxieHue

paguonykiuaoB. [lonarre 00 M30TOMHBIX, CIEHM(PUUECKUX U HecTenudUIEeCKUX
HOCHTEISX.

10. Ortsepxaenne XPO na ADC. CpaBHUTENbHas XapaKTepUCTHUKA
METO/10B OMTYMHUPOBAHMS, LIEMEHTUPOBAHUS U OCTEKJIOBBIBAHUS



11. Ilomyuenue UCKYCCTBEHHBIX  PaJMOHYKIIUJOB o0y4eHrem
HEUTpoHaMHU. ICTOYHNMKY HEUTPOHOB.

12. JIuddy3uoHHbIN METOI pa3ieaeHus U30TONOB ypaHa.

13.  LeHTpoOexHbIIl METOA pa3/esieHns] U30TOIOB.

14.  [ensmuecst BemiecTBa. BbICTpble, MPOMEXKYTOUHbIE U MEIJICHHBIC
HEUTPOHBI.

15.  Yro Takoe koymektuBHas no3a? KosdduimeHnt pucka (BEposTHOCTh
BO3HUKHOBEHUS 3JI0KAYECTBEHHBIX HOBOOOPA30BaHUI CO CMEPTEIIBHBIM UCXOOM).
Pacuer apdekra.

2.6.9. TexHosiorusi JJEKTPOXMMHUYECKMX MPOIECCOB M 3alUTa OT
KOpPpPO3MH

1. DAEeKTpOXMMHUYECKHE CHCTEMBl. OJEKTPOIbI, 3JIEKTPOJHBIE PEAKLHUU.
3akonsl Papanes

2. TloGouHBIC M BTOPUYHBIE PEAKITUH, IPUMEPHI. BBIX0 MO TOKY, BBIXOJ 11O
sHeprun. KynoHomerpsl.

3. Mexanusm  o0Opa3oBaHUSI ~ pacTBOpa  AJIEKTPOJMTOB.  DHEPrus
KPUCTAJUTMYECKON PEIETKN. DHEPrus CoJibBaTaluu 1no moaenu bopua. PeanbHas u
XUMUYECKask SHEPT Ul COIbBATALIUU.

4. Yucna mepeHoca W METOIbl HUX ompeaeneHus. BbiBoa ypaBHEHUS
Hepucra-OiiHiTeitHa.

5. DNeKTpOXMMHUYECKUN MOTEHLMAT M PAaBHOBECHE Ha TPaHMIIE 3JIEKTPOA
pactBop. CoCTaBHbIE YAaCTH TaJlbBaHM M BOJIbTa- MOTEHUHMANA. DJIEKTPOIHBIN
NOTEHIMAJ ONPEIEICHUE U METOJIbI U3MEPEHUS.

6. PaBHoBecue B snekrpoxumuueckuit 1enu. Cesazp OJIC mpaBHIIbHO
Pa30MKHYTOM AJIEKTPOXMMHUYECKON LENu C TrajbBaHU W BOJbTA-NMOTEHIIMATIAMH.
Ce3p OJIC ¢ XMMHUYECKMMH TMOTEHIMAIAMU B NPAaBUIBHO Pa30MKHYTON
AIEKTPOXUMHUYECKOM LETIH.

7. OOpa3oBaHuE€ JBOMHOIO 3JIEKTPUYECKOrO CJIOSl, MPUBECTHU MPUMEPHI.
Mogens ['pema. Biusinue 3nekTpogHOro noreHnuana Ha eMkoctsb JID9C. Meroasl
n3mepenus emxoctu J19C

8. TlonspuzanroHHas XapaKTepUCTUKA B YCIOBHSIX JIUMUTUPYIOLIEH CTaINH
MacconepeHoca. Tpu OCHOBHBIX ypaBHEHUS JUPHY3UOHHON  KUHETHKU.
Bpamarommiicsi IUCKOBBIN 3JIEKTPOI.

9. Teopuss 3amemsieHHOTO pa3psiia U €€ COBPEMEHHOE OOOCHOBaHUE.
Ypasuenue PonpMepa -batiiepa. BiaussHue CTpoeHHs] IBOMHOIO 3JIEKTPUUECKOTO
CJIOSL HA CKOPOCTb 3JIEKTPOXUMUYECKON PEAKLIUU.

10. DnekTpoxumMuyeckasi KOPpO3Usl C BOJOPOAHONM M KUCIOPOJHOU
nenonspusanuii. Kunetuka u tTepMomHaMuka npoueccon. Juarpammel [Typoe.

11. BausiHue 37€KTPOIHOTO MOTEHIMAda HA CKOPOCTh AIEKTPOXUMUYECKON
koppo3uu. [lonsipuzanuoHHbie JUarpaMmal.

12. CriocoObl NOBBILIEHUSI KOPPO3ZUOHHON CTOMKOCTH METAJIJIOB U CILJIABOB.

13. KonnuecTBeHHas! OLIEHKa KOPPO3UOHHOTO pa3pyIICHHUS.

14. MexaHu3M 3JIEKTPOXUMUYECKOU KOPPO3HH.



15. TepmoarHAMUKA U KMHETUKA DJIEKTPOXUMHYECKON KOPPO3HHU.

16. Jlmarpamma Ilypoe.

17. BausHue 37eKTPOIHOTO MTOTEHIMAaa Ha CKOPOCTh KOPPO3HH.

18. Koppo3uss mpu BOCCTAHOBJIICHHMH HOHOB THJIPOKCOHHS, KHCIOPOJa H
HECKOJIbKUX OKUCIIUTEIIEH.

19. [JaccMBHOCTh ~ META/UIOB, IIepeNacCHBaIls, JIOKaJdbHAs  aHOJHAs
aKTUBAIUs.

20. 'azoBas koppo3usi MeTauioB. TepMoJWHAMHKA U KHHETHKA Tra30BOM
KOPPO3HHU.

21. OCHOBHBIC MPUHITUIIBI JISTUPOBAHUS CTaJICH.

22. MexXKpUCTAIUIUTHAS. KOPPO3US HEPIKABEIONTUX CTaJICH.

2.6.10 TexHoJ10THSI OPraHUYECKUX BEIIECTB

1. TeopeTndeckre OCHOBBI XUMHHU 1 TEXHOJOTUH MOJYICHUS 0JIE(PHHOB.

2. TeopeTuyeckue OCHOBbI XMMHUU M TEXHOJIOTMM  MOJTYYEHHS
dbopmanpaeruaa.

3. TeopeTudyeckre OCHOBbI XMMHUU M TEXHOJIOTMW TOJYYEHUS OKCHJA
STHJICHA.

4, TeopeTnueckre OCHOBBI XUMHH U TEXHOJOTHH IOIyUYCHHUS METaHOJIA.

5. TeopeTndyeckrue OCHOBBI XMMHHM M TEXHOJIOTHMU TOJy4YeHUs] 3(PUPOB
KapOOHOBBIX KHCIIOT.

6. Teopernueckre OCHOBbI XHMHHU W TEXHOJIOTUU QJIKWIMPOBAHUS
apoOMaTHYECKHUX YTIIEBOIOPOIOB.

7. TeopeTndyeckre OCHOBBI XUMUU U TEXHOJIOTHHU [3-OKCHATKHUIUPOBAHUS.

8. Teopernueckrue OCHOBBI XMMHUM M  TEXHOJIOTMH  COBMECTHOE
MIPOU3BOJICTBO (PEHOJIA U allETOHA.

9. TeopeTuyeckrue OCHOBbI XMMHUU M TEXHOJIOTUU TOJYYCHUS OKCHJIA
MpONUJICHA.

10. Teopernyeckue OCHOBBI XUMHUH U TEXHOJIOTHH MOJIYyYCHHUS CTUPOJIA.

11. Teopernyeckue OCHOBbI XHMHH M  TEXHOJOTUU  MOJYYCHHS
aleTanbaeruaa u3 dTUIICHA.

12. Teopernyeckue OCHOBBI XMMHU WM TEXHOJOTHH KapOOHWIMPOBAHHS
METaHOJIa.

13. Teopernuyeckue OCHOBbI XUMUU U TEXHOJIOTUU HOJTyYEHHUSI
TUJICHIJIUKOJISL.

14. Teopernyeckue OCHOBbI XHUMHUU M TEXHOJOTMM  TIOJy4YCHUS 2-
TWITEKCAHOJIA.

15. Teoperuueckue OCHOBbI XUMHUHM U  TEXHOJOTMU MPOLIECCOB
ruApOoGOPMUITUPOBAHUS.

16. Texnomnorus cynbpupoBaHus OEH30JIa U TOJIyOJia B apax.

17. TexHONOrMs HEMPEPHIBHOTO CYJIbPUPOBaHUS HapTaTHHA.

18. TexHOJOrMsg HENPEPHIBHOIO HUTPOBAHUS OEH30Ja MpPU MPOU3BOACTBE
HUTPOOEH30a.

19. Texnonorus xjopupoBaHus O€H30/1a B aMabaTHYECKOM PEXKHUME TIO
bepkmany.



20. TeopeTrnueckre OCHOBBI M TEXHOJIOTHSI BOCCTAHOBIICHUS 3aMEIIEHHBIX
HUTPOOEH30J1a B paCTBOPE BOJAOPOAOM B aAa0aTHIECKOM PEKUME.

21. Texuomornyeckass  cXema  MPOM3BOJACTBA  a30MUIMEHTOB B
HENPEPHIBHOM PEKUME.

22. Texuonorus nomyuenus: uaauro u3 K-conu penunrnununa.

23. Texuomorus KapOOKCUIUPOBAHUS TPU MPOU3BOJCTBE 2-THAPOKCHU-3-
Ha(TONHOW KUCITOTHI.

24. Paznuuus B TEXHOJOTHAX OTKPBITOM IJIABKU MPHU MPOU3BOJICTBE 2-
Ha(TONA U PE30OPIIMHA.

25. TexHosoruss AaMUHUPOBAHHUS 2- U 4-HUTPOXJIOPOEH30JOB B
MPOU3BOJICTBE HUTPOAHUIMHOB.

26.  TexHOJOTHS MIETOYHOTO U KaTAIMTUYECKOT0 THAPOJIK3a XJI0pOeH301a.

27. TeopeTnyeckre OCHOBBI TEXHOJIOTMM KOHTAKTHO-KaTAIUTUYECKOIO
OKHCIICHUS TIPU TTPOU3BOJICTBE MAJIEMHOBOTO U (hTATEBOTO aHTHIPHIOB.

28. Cpasuenue 3¢(HeKTUBHOCTH TPyOUaTOrO KOHBEPTOpA U KOHBEPTOPA C
KUTIAIIUM CIIOEM KaTallu3aTopa MPH MPOU3BOJICTBE (TANEBOTO aHTUIPHIA.

29. Teopetnueckue OCHOBBI XUMUU U TEXHOJIOTUM TIOMyYEHUS alKWI- ,
apui- U alliIN301MaHATOB.

30. TeopeTndeckne OCHOBBI XHUMHH W TEXHOJOTMHM ToiydeHuss N,N-
nuankuia-N-apuiamoueBrH.

31. TeopeTnueckue OCHOBbI XMMHUU MU TEXHOJOTMM  moiydeHuss NI-
oensoucynbpo-N3-rerapunmoueBut u N1-6en3oun-N3-apunmoyeBuH.

32. TeopeTnueckue OCHOBbI XMMHUH U TEXHOJIOTUU MOJIy4eHUs N-MEeTHII-
O-apunkap6amaTtoB u N-apun-O-ankuinkapbamaToB.

33. TeopeTnueckue OCHOBbI XHMHHU M TEXHOJOTHH MOJTyYCHHUSI
muankuiaxioptuodocharoB u auankunautuodochopusix kuciaor O-apui- u O-
reTepuIIHAIKuITHOGOoChaTOB.

34. TeopeTnueckne OCHOBBI XUMUU U TEXHOJOTHH ToiydeHus: O-apui- u
O-rerepunanankunTuopocaTos.

35. TeopeTrnueckre OCHOBBI XMMHUU U TEXHOJOTHH TOXYYCHHS S-aJIKHII-
0O,0-muanxkunauruodocdartos.

36. TeopeTnueckne OCHOBBI XHMHH M TEXHOJOTHH MOJTyYeHUS
bochopuaMeTUIaMUHOYKCYCHOM KUJTOTHI.

37. TeopeTnueckue OCHOBBI XUMUU M TEXHOJIOTMH TOJYYE€HUS ITHIIOBBIX
U T€TEPUIIMETHIIOBBIX 3(UPOB XPU3aHTEMOBOW KUCIIOTHI.

38. Teopernueckue OCHOBBI XUMUU M TEXHOJIOTMH TOJYYE€HUS ITHIIOBBIX
U OCH3UJIOBBIX 3(PUPOB MEPMETPUHOBOM KUCIOTHI.

39. TeopeTnueckue OCHOBbI XMMHHM W TEXHOJOTUU  TOJyYEHUS 2-
a30JIMJIPTAHOJIOB U 2-a30JIUIMETHI-2-apuii-1,3- TMOKCOoIaHOB.

40. TeopeTnyeckre OCHOBBI XUMHUH W TEXHOJIOTUW  TOJy4CHHUs 2-
3aMEIICHHBIX O€H3UMHUIA30JI0B.

41. TeopeTHYeCKHE OCHOBBI XMMUHU U TEXHOJOTHH TOIYYEHHUs 2-apuii-3-
METOKCHAKPHUIIATOB U 2-apHiI-2-METOKCHUMHUHOAIIETATOB.

42. TeopeTWdecKkne OCHOBBI XUMHUH W TEXHOJIOTUW  TOJy4eHHUs 3-
3aMEIIEeHHBIX 4-THIPOKCUKYMAPHHOB.



43. Teoperuueckue OCHOBBI XUMHH U TEXHOJOTUHU NOJTyYEHHUSI
3aMEIIEeHHbIX 2-arni-1,3-HHIaHINOHOB.

44. OCHOBHBIE pPAcTBOPUMBIE B BOJAE MOJIUMEPHl U OHOMOIUMEPHI H
YpaBHEHUS PEAKLUM, JIEKAIUX B OCHOBE UX MPOMBIIIEHHOTO MOJIYYECHHUS.

45.  VYrnesoawl. ['erepomonucaxapuabl. Baxknelue npeacTaBUTeNd
TeTEPOIOINCAXAPUIOB -

46. rHaTypoHOBas KHCIOTa, XOHAPOUTHUHCYNIb(darT, renmapuH. Poip
CJIOXHBIX TOJIUCAXAPUJIOB.

47. Be3ukynbl — OCOOEHHOCTH CTpoeHHMsI W cBoiicTBa. IIpumenenue
BE3UKYJSIPHBIX CUCTEM B (papMarieBTUYECKON U KOCMETHYECKOM MPOMBIIIIIEHHOCTH.

48. CnocoObl cTabwiau3alMu  JUCHEPCHBIX cucteM. (OcoOeHHOCTH
CTaOWIIM3AIK SMYJIbCUH.

49.  JlekapcTBEHHBIE paCTEHUS, IEKAPCTBEHHOE PACTUTEIBHOE CHIPKE. [1yTH
UCITI0JIb30BaHUS ChIpbs. MeTO/bl BBISIBIIEHUSI HOBBIX JIEKAPCTBEHHBIX PACTEHUM.

50. Crangaptuzanus JIEKapCTBEHHOIO PacTUTENBHOTO CBIPbSL.
HopmatuBnabie noxkymentol. ['ocymapctBenHas @apmakomnes P®. Crpykrypa
dapMaKOINEHON CTAThU.

51. CeipbeBas 0a3a JEKapCTBEHHBIX pacTeHuil. Mmmopt u 3kcmopt
JIEKapCTBEHHOI'O PACTUTEIBHOTO ChIPhS. 3arOTOBKA ChIPbS OT JUKOPACTYLIUX U
BO3JIETIBIBAEMBIX JIEKAPCTBEHHBIX PACTEHHI.

52.  «JIucThsi», «UBETKW», «TPaBbDY: OOIIHUE TMPUEMbI UM  METOJBI
MAaKpOCKOIIMYECKOTO M MHUKPOCKOIIMYECKOTO  aHAJIM3a  JIEKAPCTBEHHOTO
PacCTUTENBHOTO CHIPBSI.

53. . «Ilmomp», «KOpBD», «ceMeHay»: oO0mue NpuéMbl U  METOJbI
MAaKpOCKOIIMYECKOTO M MHUKPOCKOIIMYECKOTO  aHAJIM3a  JIEKAPCTBEHHOTO
PaCTUTEIBHOIO ChIPbSL.

54. «KopHu», «KOpHEBHUIIA», <JIYKOBHIIbI, KIyOHETYKOBHUIbI»: 0OIIKE
OpuéMbl W METOABl MAaKpPOCKONUYECKOTO U MHUKPOCKONMYECKOTO aHaiu3a
JIEKapCTBEHHOT'O PACTUTEIILHOTO ChIPbS.

55.  XHWMHUYECKUH COCTaB JIEKAPCTBEHHBIX pacTeHU. CBA3b XMMHUUYECKOIO
COCTaBa JIEKAPCTBEHHOTO PACTUTENIBHOIO ChIpbsl €  (DapMaKoJOTHYECKUM
JICVCTBUEM.

56. 307pHOCTH JIGKAPCTBEHHOTO PACTHTEIBHOTO ChIpbA. MeToaunka
orpesiesieHus 001ei 306l U 307161, HepacTBOpUMOM B 10 % XJIOpUCTOBOIOPOIHOM
KHCJIOTBI.

S57. OmnpeneneHue U3MENbUYEHHOCTH JIEKAPCTBEHHOIO  PACTUTENILHOTO
celpbs. OnpeneneHre COIEp)KaHUs DKCTPAKTUBHBIX BELIECTB B JIEKAPCTBEHHOM
PACTUTENBHOM ChIpbe. METOANKN ONpEeIEICHUS.

58. Meroasl KOJIMYECTBEHHOTO aHAlM3a COACPKAHUSA JCHCTBYIOIIUX
BelecTB. VX 3HaueHue B ompenereHUuH JOOPOKAYECTBEHHOCTH JIEKAPCTBEHHOIO
PaCTUTENBHOTO ChIPHSI.

99. Anamms AKUPHBIX Maced. OcHOBHBIE MOKa3aTeNun
0OPOKAYECTBEHHOCTH KUPHBIX Maced.

60. BuaxHOCTP JNEKAPCTBEHHOTO PACTUTENILHOIO ChIpbs. MeToauka
OTpeeIeHHUS.



61. OcHoBHbIE MOP(OJIIOTUUECKHE BUbI JIEKAPCTBEHHOTO PACTUTEIHLHOTO
cbIpbsi. COOp JIEKapCTBEHHOTO PACTUTEIBHOTO ChIphs. [lepBuuHas oOpaboTka.

62. Ilpuémka neKapCTBEHHOIO PACTUTEIHHOTO CHIPbS U METOJBI OTOOpa
npob JJIs aHanmu3a Ha CKajax, 6a3ax v (apMaleBTHUECKUX MPEATPUATHUSIX.

63. OcHoBHBIE METOBI (DAPMAKOTHOCTHYECKOTO aHAIH3a JICKAPCTBEHHOTO
pPacTUTEIHHOTO CHIPHSI.

64. IlpuBeneHue JIEKAPCTBEHHOTO PACTUTEIBHOTO CHIPbSI B CTaHIAPTHOE
COCTOsIHUE. YTIaKOBKa, MApKUPOBKA, TPAHCIIOPTUPOBAHKE, XPaHEHHE.

65. Meroasl orb6opa mnpod ceIpbs s aHanu3a. OtOop 1mpoO
JIEKapCTBEHHOT'O PACTUTENILHOTO ChIPhs «aHTPO» (MapTusl).

66. Meroasl orb6opa mnpod chipbd s aHanuza. Otbop mpoOd
JIEKapCTBEHHOT'O PACTUTENILHOTO ChIPhs (haCOBAHHOTO (cepus).

67. Ormnpenenenre  colaepkaHusi  OpUMeceil B JIEKAPCTBEHHOM
pacTUTENbHOM chipbe. Buasl mpumeceil. Ilpumecun u nedexTsl, sBisoIIMECcs
OCHOBaHUEM [UJIsi OpakOBKM JIEKAPCTBEHHOTO PACTHTEIBHOTO CHIpbi  0e3
NAIBHENUIIIETO aHaJIN3a.

68. buosornyeckue mpoIecchl pacCTUTEIBHBIX OPTaHU3MOB. [lepBUYHEI U
BTOPUYHBINA METa0O0JIM3M U MTPOTYKTHI OOMEHa.

69. l3MeHYMBOCTh XMMHUYECKOTO COCTaBa JICKAPCTBEHHBIX DPACTECHUH.
BnusHue onTOreHe3a u BHEIHUX (pakTOpoB Ha HakoruieHne bAB.

70.  Tokcuueckue XapakTEPUCTUKU TUXJIOPAHTUAPHUIA YTOIBHON KUCIOTHI
(bocrena). JlabopaTopHble M TPOMBIIIJIEHHBIH CIOCOOBI TOJydeHHsS (HOCTreHa.
Hcnonp3oBanue gocreHa Jisl MOIy4eHHs H301MaHATOB, IPUMEHEHNE N30IIMaHATOB
JUTSI TIOJTy4eHUs OMOJIOTMYECKU aKTUBHBIX MOYEBHUH U KapOaMaToB.

71. Ilomyuyenue HenoyHbIX 3(pupoB dhochopucTon kuciaoThl. OCOOEHHOCTH
MIPOMBIIIJICHHOTO MPOU3BOACTBA JUMETHIOBOro 3dupa (ochopucToii KUCIOTHI.
Peakunu tuapodochopuiabHBIX COCIMHEHUN C OKHCIUTEISIMH, XJIOPUPYIOIIUMHU
areHTaMu M HeTpeIeTbHbIMUA COSTMHEHUSIMHU.

72. MexaHu3MBbI peakiuii dTepupuKany U TUAPOJIN3A CIOKHBIX YPHUPOB.
XUMUYEeCKHue CBOWCTBA 3(PUPOB KApOOHOBBIX KHUCIIOT, MPUMEHEHHE CIIOKHBIX
3¢UpPOB B KaYECTBE AIMIIMPYIOMIUX CPEICTB B PEaKIMH C aMHHAMH U B PEaKIUU
KieiizeHa.

73. UnarubupoBanue OKHCJIUTEIIBHOTO bochopunupoBaHus B
MUTOXOHJPUSIX, PA300IUTENN OKUCIUTENBHOTO (ochopunupoBanus. MexaHusm
TOKCUYECKOr0 JIEUCTBUS I1IMAHOBOJIOPOAA, €ro IOJyYEHUE OKHUCIUTEIbHBIM
aMMOHOJIU30M MeTaHa. lcnonb3oBaHME LMAaHOBOJIOPOAA B  IPOU3BOJACTBE
MOJIMMEPOB U ITUAHYPXJIOPHUIA.

74. Hetipomenuatopsl BO30YXI€HHS B IICHTPATIBLHON U TIeprepHUIeCKOM
HEBHOUM cucteme. buonoruueckas akTHBHOCTh HUKOTHHA, €ro CTPYKTYpHbBIE
aHAJIOTY C UHCEKTULIMIHOW aKTUBHOCTHIO (HEOHUKOTHHOM/IBI ), MEXaHU3M JCHCTBHS
U npobriema M30uparesbHON TOKCMYHOCTU. MeTojA MOdy4YeHUuss U OCOOEHHOCTH
NPUMEHEHHs B KauyecTBe HWHCEKTHIMAa wumupakionpuma (1-(6-xmoprnupumna-3-
WJIMETUI)-2-HUTPOUMUHOUMHUIA30TUIUH ).

75.  Kunernueckoe onucanre oOpaTUMOro XMMHUYECKOTO B3aUMOICUCTBUS
Ha TIPUMEpPE PEaKIuu dTepruPuKaInm.



76. Xnopopranmueckue uHcektunuanl. JJT (1,1-6uc(4-xmopdhenn)-
2,2,2-TpUXJIOpP3TAaH) U €ro aHajord, TMOJUXJIOPUPOBAHHBIE YTIIEBOIOPOIDI,
TreKCaxJIOPUUKIIONICHTaIueH B  peakuuu Juibca-Ajyepa, MHCEKTULHIHAS
aKTUBHOCTb M CHOCOO TOJYYCHHsS] TENTaxyiopa. DKOJOTUYECKHE MPOOJIEMBI
MPAKTHYECKOTO MPUMEHEHUS XJIOPOPTaHNUECKUX MHCEKTHITHIOB.

77. 2. CnocoObl MOJyYeHHs] TPHAIKUIOBBIX U TPUAPUIIOBBIX 3(UPOB
docdopuctoit kucnotsl. [IpoMbIIIeHHBIH CITOCO0 MoTyueHus: TpuMeTHiIdochuTa u
€ro MCMOJb30BaHKE B TPOU3BOACTBE MHCEKTUIUAOB 10 peakiuu [lepkoBa. Peakius
Muxasnuca-ApOy3oBa.

/8. Hcnonb3oBanue ypaBHeHUs [‘ammera JUisi TPOTHO3WPOBAHUS
PEaKIMOHHON CIIOCOOHOCTH apoMaTHUecKuX coeanHeHuil. [IpumMepsl npuMeHeHus
ypaBHeHus ["amera.

79.  ®ochopopraHuyecKre WHCEKTHUIIMbI, 3aBUCUMOCTh AKTUBHOCTH OT
CTpOEHHUsI MpPOM3BOAHBIX KHUCIOT Qocdopa (dopmyna Hlpanepa). Cunres
xnopodoca  (O,0-mumernn-1-ruapokcu-2,2,2-tpuxinopatiwidochonara),  €ro
MpEeBpaIIeHUE B TUXI0(POC U TOKCUYHOCTD ISl TETJIOKPOBHBIX OPTaHU3MOB.

80. TOKCHYHOCTH, CHOCOOBI TONY4YeHHs] W XWMHUYECKHE CBONCTBA
2-XJIOpITUI3aMEIICHHbIX aMUHOB. [IprMeHeHne B KadecTBe MPOTHBOPAKOBBIX
CPEICTB COEIMHEHHN ¢ OHC(2-XJIOPITUIAMUHHBIMHU) TpPYIIIAMU: CaAPKOJIM3UH,
nonad. M30upaTtenbHas HUTOTOKCUYHOCTh LUKIO(Oochana 1l 310KauyeCTBEHHBIX
KJIETOK.

81. MeToapl MONMy4YEHHs] OPraHUYECKUX TaJOT€HUJOB B XMMHUYECKOM
TEXHOJIOTHH BAB. TexHonornueckue aCIEKThI rajJOreHUPOBaHUSI.
CB0OOOJHOpaAMKAIBHOE TajJOreHUpOBaHUE. XJIOPUPOBaHUE alIU(PATUYECKUX M
apoOMaTHYECKUX COCTUHEHHUI B OOKOBYIO LIEIb.

82. 3ameleHne TrajoreHoB B alu(aTHuecKuX W apoMaTUYECKHUX
rajoreHuaax Ha Jpyrue (QyHKIMOHANbHbIE TpyNnbl. OCHOBHBIE CBEACHHUS O
MexaHu3me peakiuu. OCHOBHBIE (DaKTOPHI, BIMSIONIME HAa XOJ TMpoliecca
HYKJICO(UIHHOTO 3aMEeIICHUSI.

83. Metabonn3m KCEeHOOMOTHMKOB, TiepBasi W BTopas (haswl
Merabonu3ma. OOpa3oBaHME TOKCHUYHBIX METa0OJUTOB B OuoTpaHchopmanuu
KCEHOOMOTHUKOB MOHOOKCHT€HA3aMHU.

84. TennoBoit  GamaHc W TEIJIOBOM  pacyeT  peakTopa
nepuoauyeckoro nerctBus. CTalMOHApHBIA W HECTAIMOHAPHBIN TEMI000MEH.
[TpoMmblnIeHHbBIE CTIOCOOBI MTOJIBOA U OTBO/A TEIUIOTHI B XUMUYECKOM amnmnaparype.
TennmoHocuTenu, KCHOJIb3yeMble B TexHonoruu bAB.

85.  CucrtemHble (DYHTHIUIBI, TPEUMYIIECTBA U HEJAOCTATKH. MexaHu3M
(YHTUITUIHON aKTHBHOCTH U cIIoco0 monydernus 1-(4-xmopdenokcn)-3,3-1uMeTHII-
1-(1H-1,2,4-tpua3zosn-1-un)0yran-2-ona (TpuaguMeHOIA).

86. AHTHUKOAryJsiHTHas aKTUBHOCTD 3-3aMelIeHHBIX 4-
THIpOKCHUKyMapuHOB.  CmocoObl  momydeHus:  4-TUAPOKCUKyMapuHa U
OCH3WJIMICHAIIETOHA, UX KOHJIEHCalMs ¢ 00pa3oBaHHEM paTHIMAa BapdapuHa.
MexaHnu3M BBIpAa0OTKH PE3UCTEHTHOCTH Y TpPBI3yHOB K Bapdapuny. Ilytu
MIPEOJI0JIEHUS PE3UCTEHTHOCTH.



87. OcCHOBHBIE MPEACTABICHUS O MEXaHU3ME T'€HEpPUpPOBaHUS OOJEBOTO
OLYIIEHUS,  MeXaHu3M  00e300/1MBalOIIEro  JEWCTBUA  HECTEPOUTHBIX
IPOTUBOBOCHAIUTENBHBIX CPEACTB. MeECTHbIE aHECTETUKM KOKaWH W HOBOKAaWH.
MexaHu3M OMOJIOTHYECKOW aKTUBHOCTH MOP(HUHA.

88. Huxn KpebGca. BxmrodeHuwe aneTWIBHOTO (parMeHTa MOJICKYIIbI
CoAS-COCH3 B ik TpuKapOOHOBBIX KUCHOT. [IpeBpaliienne JIMMOHHON KUCIOThI
B LMC-aKOHUTOBYIO M H30JUMOHHYIO KHCJIOTY M JajbHEHIINE MpEBpaLICHUS
MPOMEXKYTOUHBIX MpoaykToB 1ukia Kpebca. brnokupoBka 1ukia Kpebca
drTopatieraroM u MaioHaroM. CuHTE3 (TOpaleTaToB.

89. Crpoenue meHTO3 U rekco3. OOpa3oBaHHME TJIMKO3UIOB B
OMOXMMHUYECKUX TPEBpPAIICHUAX U B OpraHMYecKoM cuHTe3e. Puboza u
JIe30KCHpr003a B HYKJIEMHOBBIX KHCIIOTaX.

90. Ilomyuyenue Ttpudenundochuna, comu TpudeHwIPochoHUI U UX
MpEBpANIECHUE B WIWIHbIE coenuHeHns. Peakiusa Burtura u peakius XopHepa.

91. OO6pa3oBaHMe aMUHHBIX HEHPOMEANATOPOB M3 AMHHOKHUCIOT. ["amma-
amuHomMacisiHast kuciota (I"AMK), mexaHusm OHOJIOTHYECKOW aKTUBHOCTH.
[Ipumenenue I'AMK B KkadecTBe JIEKapCTBEHHOTO CpeACTBa, MpolieMa
NpeoJIoJIeHusT remaTto-3Huedannyeckoro Oapbepa. IlpomsBomubie ['AMK —
NUKAaMWIOH U (eHuOyT (3-penunn-4-amuHomacisiHasi KUcaoTa).

2.6.11. TexHoJiorusi ¥ mepepadoTKa CHHTETHYECKUX M MPUPOAHBIX
MOJIMMEPOB M KOMIIO3UTOB

1. Knaccuduxkanus nonumepon

2. Crioco0blI MoJTy4eHus OJIMMEPOB

3. [Tonmumepusanus. OCHOBHbIE OCOOEHHOCTH. THIIBI MOJIMMEPU3ALINU.
OCHOBHBIE MTOJIMMEDPBI, MOJy4aeMbl€ IO MOJIUMEPHU3ALIUU.

4, [TonukoHaeHcamust U noaunpucoeanHeHre. OCHOBHbIE OCOOEHHOCTH.
Tunbl nonmumepusaur. OCHOBHBIE ITOJIMMEPBI, MOTYYaEMBIE MO IMOJTUMEPU3ALUN.

S. TexHOoIOornyeckne crnocoObl MOMYYEHHUs IMOJIUMEPOB MO PEAKIUAM
MOJIMMEPHU3ALNHI NOJIMKOHAEHCAUUH. VX TOCTOMHCTBA U HETOCTATKH.

6. [lonmumepananornunble  npeBpamieHus.  OCHOBHBIE — TOJIUMEDPBI,
MTOJTyYa€MBbI€ 110 JAHHBIM PEAKIIUSM.

7. [Tonuonedunsl. TexHoIOTH NPOU3BOJCTBA, CBOMCTBA, TPUMEHEHUE.

8. [TomucTuposr U ero comoauMepbl. TeXHOJIOruMs NIPOU3BOACTBA,
CBOWCTBA, IPUMEHECHUE.

9. ["anorenconepsamniye nonauoieduHbl. TexHOJIOrus MPOU3BOJICTBA,

CBOWCTBA, IPUMEHECHUE.
10. T[lonmuBWHUMIANETAT U €TO MPOU3BOJHBIC. TE€XHOJIOTHS MPOU3BOJICTBA,
CBOICTBA, IPUMEHECHHUE.

11. AKpUJIOBBIE TNOJUMEPBL. TEXHOJIOrMs MPOU3BOJCTBA, CBOMCTBA,
IPUMEHEHUE.
12. deHoNadbACTUIHbIE  OJUTOMEphl.  TEXHOJIOTHS  MPOU3BOJICTBA,

CBOWCTBA, IPUMEHEHUE.
13.  AmuHoanbaerujHble  OJIUroMephbl. TexXHONOoruss MPOU3BOICTBA,
CBOWCTBA, IPUMEHEHUE.



14.  Cnoxuble mnoaumdgupbl. TexHOJOTHUS TPOU3BOJACTBA, CBOMCTBA,

IPUMEHEHUE.

15. DOnokcuasHble oJMroMepbl. TEXHOJIOrHs IPOM3BOJCTBA, CBOMCTBA,
IPUMEHEHUE.

16. Tlomumumunabl U monuaMuibl. TeXHONOTUS TPOU3BOJACTBA, CBOICTBA,
IPUMEHEHUE.

17. Tlommypetansl. TeXHOJIOTH MPOU3BOACTBA, CBOICTBA, IPUMEHEHHUE.

18. DneMeHTOOpraHMYEeCKHME TOJUMEphl. TEeXHOJOTHUs MPOU3BOJCTBA,
CBOICTBA, IPUMEHEHHE.

19.  Yto Takoe HauOobIIas, HaUMEHbINAs U dQPEKTUBHAS BA3ZKOCTH?

20.  ITpuGopsl Ayt UBMEPEHHUS BA3KOCTH

21. CxopocTb cIBUTA, HAMPSXKEHUE CJIBUTA, BA3KOCTb.

22. Kak knaccuuumpyroTcs peoJornyecKue KUAKOCTH M0 UX TTOBEACHHUIO
IIpU T€YEHUN?

23. Kakme peonormueckne XapakTepUCTHKH PacCIVIaBOB MOJUMEPOB Bbr
3Haere? Uto mpeacraBisieT co0oil KpuBasi TEUEHHS OJTUMEPOB?

24.  OcoOEHHOCTH TEUCHUS TTOJIUMEPOB.

25. KpuBsie Te4eHUS MOJIMMEPOB. AHOMAIHUS BA3KOCTH.

26.  YpaBHEHUs, ONMCHIBAIOIINE KPUBYIO BI3KOCTH MOJIMMEPOB.

27. 1llpuyuHBI aHOMATUH BSI3KOCTH TIOTTUMEPOB.

28. Tukcotponus u peonekcusa. PadboTta Tukcorponumu.

29. UYro Takoe HauOoJbIIas, HAUMEHbIIAs U d3PGEKTUBHAS BI3KOCTH?

30. Kak 3aBUCHUT BSI3KOCTb OT TEMIIEPaTyphl?

31. Kak BiusieT Ha BSI3KOCTb MOJICKYJIIpHas Macca?

32. Kak omnpenensiercs SHEprusi aKTUBAIMM BSI3KOIO TEUEHUS, KaKue
(bakTOphI BIUAIOT Ha HEe?

33.  Ywucno JleOophl 1 ero BIUsSHUE HAa TOBEJICHNE PACIIABOB MOJIMMEPOB.

34. H3mepeHue npoI0IbHOM BI3KOCTH.

35. XapakTtepucTuueckas BSI3KOCTb.

36. BS3KOCTH KOHIIEHTPHUPOBAHHBIX PACTBOPOB.

37.  PacTBOpHI XUIKOKPUCTAIUTMUECKUX TTIOJTHUMEPOB.

38. KpwuBas TedeHus KUIAKOKPUCTALTUICCKIX TTOTUMEPOB.

39. TemmeparypHasi 3aBUCUMOCTb BS3KOCTH JKHJIKOKPUCTAITMYECKUX
HOJIUMEPOB

40. Ha3zoBute BUIBI ACCTPYKIIUU B TIpoIieccax GOpMUPOBAHKS U3ACTUN U B
IPOLECCE UX IKCIUTyaTaLHU.

41. Bunel AecTpyKIMH, UCIIONb3yEMbIE KaK JAOMOJHUTENbHbBIE CTAAUN TIPU
nepepadoTKe MOJIMMEPOB.

42. OxapakTepusyWTe MpOIeCChl, MPOUCXOIAITNE TIPH IECTPYKITUH.

43.  OcHOBHBIE CTa MU MIpOLIECCa CTAPEHUS

44.  OCHOBHBIC PEAKIIUUA TEPMOJECTPYKIIUH.

45. Kwunernueckue 3aKOHOMEPHOCTU TepMoJiecTpyKiuu. OrmnpeneneHue
DHEPTUH aKTHBAIIHH.

46. @axTopbl, BIMIIONIME HA CTOWKOCTh TMOJMMEpPa B  YCJIOBHSIX
TEPMOICCTPYKITHH.



47. Ilepeuncnure crnocoObl CTAOMIM3ALMK TTOJIUMEPOB OT TEPMHUYECKOU
JNECTPYKLIUH.
48. IlyTtu u3y4eHHs MpOIECCOB TEPMOACCTPYKITHH.
49. MexaHHU3M MPOILIECCOB TEPMOOKHUCIUTEIBHON IECTPYKIIHH.
50.MeTop1 U3y4eHHS] TEPMOOKUCIUTETBHON AECTPYKITHH.

51.DaxkTopsl, BIUSIIONIAE HA CKOPOCTh OKUCIICHUS MOJIUMEPOB.

52.Tumbl cTaOUIN3aTOPOB TEPMOOKHUCIUTEIBHON JCCTPYKIIMH, MEXaHHU3M HX
JIEUCTBUSI.

53.Uto0 Takoe nepuol MHAYKIIMU U KaK OH ONpe/IeseTcs.

54.Yto Takoe cuHeprusMm. HazoBure mpumepbl CHHEPTUYECKUX CMECEH.

55.11puBenure mpuMepsl MPAKTUYECKOTO MCIOIB30BAHUS MEXaHOJECTPYKIIUU
MOJIUMEPOB.

56.0co0eHHOCTH  MEXaHOXUMHUYECKOM  aecTpykuuu. (OCHOBHBIE CTaJlUH
npoiecca.

57. Knaccudukanusi METOJI0B MOJTYUYCHHS U3JCIUNA U3 IJIACTMACC, UCXOIS W3
COCTOSIHUA M CBOWMCTB MaTepuajia, MecTa B 00lIeM 00beME MPOU3BOJICTBA
W30CIUI.

58.Ilepeuncnure 0COOCHHOCTH nepepadoTKu B BSI3KOTEKYUYEM,
BBICOKOAJIACTUYECKOM, CTEKI000Pa3HOM COCTOSHUSX.

59. [lepeunciure  OCOOEHHOCTH  MEPEpadOTKM  TEPMOIUIACTUYHBIX U

TCPMOPCAKTHUBHBIX MATCPHUATIOB.

2.6.12. XumMuyeckasi TeXHOJIOTMS TOILIMBA U BHICOKOIHEPreTHYeCKUX
BellleCTB

XTYM

1. XuMu3M mMOJy4eHUsT METAUTyprH4eCKOro KOKCa MU HUCKYCCTBEHHOIO

rpadura.

2. OCHOBHBIE TEXHOJOTMYECKUE CTaJMU TPOMBILIIEHHBIX MPOLIECCOB
MPOU3BOJICTBA MOTOPHOTO TOIUIMBA W3 HE(PTSHOTO CHIPhS W Ha 0a3e TBEPABIX
MIPUPOJHBIX IHEPTOHOCUTEIIEH.

3. TlepcnexTuBHBIE MPOIECCHl TEepepadoTku mpupoanoro raza u TI'U,
OPUEHTHUPOBAHHBIE HA IIPOU3BOACTBO YIJIEBOJIOPOOB.

4. XuMu3M MpoueccoB MoinykokcoBaHusi U kokcopanusi TT'U. [lepBuunsie u
BTOPUYHBIE MNPOAYKTHl. AHAJOTMM M Pa3IMuUsl C TEPMHUYECKUM KPEKHUHTOM U
MIAPOJIN30M YTIIEBOJOPOIOB.

5. OCHOBHBIE CTaJIUM MPOMBIIUICHHBIX MPOIECCOB MOJYyUYECHUS METaHOJa U3
NEPBUYHOTO ChIpbs (HedTH, npupoanoro raza, TT'H).

6. PagukanbHO-1IEMHOW MEXaHU3M Ha MpPUMEpPE TEPMUUYECKOrO0 KPEKHHIa U
MAPOJIN3a. MHUIIMATOPHl U HUHTUOUTOPBI.

7. MexaHu3M KaTaJUTUYECKOTO KPEKUHTA U AJIKWIMPOBAHUS YIJIEBOJAOPOIOB.

8. Ilpocthie u cinoxHble peakuuud. KuHetnueckas MoJiedb TOMOT'€HHBIX
peaKIuil pa3IuyHbIX MOPSIKOB.



9. lonstne unterpaibHoM u auddepeHnnansHoil cenekTuBHOCTU. CBsI3b
3THX BEJIUYMH. IPUMEHEHHUE K pacyeTy 000py10BaHUS.

10. I'ereporennbii kaTanu3. OCHOBHBIE TEOPUU F€TEPOTCHHOTO KaTaln3a.

11. ObnacTu mpoTekaHsl TETEPOreHHOTO Mpolecca Al MOPUCTHIX YaCTHI.
Pacnpenenenre KOHIEHTpALMM peareHTa 1o JjuHe MOPBI.

12. I'eTepOreHHO-KaTAIMTUYECKUK TIPOLIECC HA BHEIIHEW ITOBEPXHOCTH
Katanu3aropa. Maremarndeckass MOJENb IPOLECCa Uil PEaKIMHU PA3IUYHBIX
MOPSIAKOB.

13.Texnonorus BbicOKOTemneparypHoi mnepepadotku TI'M. KokcoBanue
YIJIEH.

14. Texnonorus razudpuxanuu TTU.

15. Texnonoruss HuzkoTemmneparypHoit nepepabotku TI'M. Dxctpakuus,
TUAPOrEHU3AIUS YTIICH.

16. TexHonmorus KaTalUTHYECKUX MPOIECCOB NEpepadOTKH HePTH.
Karanutuyeckuii KpeKUHT, pUGOPMUHT.

17. Texnonorus (ppakLIMOHUPOBAHUS HEPTEN.

18. OcHOBHBIE cXeMBbI IEpepadOTKU HE(PTEN MO pa3IMYHBIM HAPABICHUSM.

19. TexHos10THS MOJYYEHUS YTIIEPOIHBIX BOJIOKOH.

20. TexHONOrUA MOTY4YEHUS yriaerpa(uToBbIX MaTepUaIoB.

21. TexHONOrUs MOJTYYECHUS CAXKH.

22. TexHOJ0rus MOIy4eHUS YIIIEPOAHBIX KOMIIO3UTOB.

23. TexHosOrUs NOJSyYEHUS TBEPJIOTO YIIIEpoia U3 Ta30BoM (a3bl.

24. TexHOJ0rus MOJIy4eHUS! HCKYCCTBEHHBIX aJIMa30B.

25. Texnonorus nporeccoB cunte3a Gumepa-Tpomnia.

26. Texnonorus kouBepcuu Mmetana B cmecu CO u Hp.

27. OCHOBBI pacueTa TEXHOJOTUYECKOTO 000PY0BAHUS IO MATEMATUYECKUM
MOJENSM.

28. OCHOBBI pacyeTa TEXHOJOTUYECKOr0 000PYIOBaHUS MO MPaKTUYECKUM
JAHHBIM.

29. DHeproTexHOJOrMYECKMH pacder TpyOyaToll mMeuyd YCTAaHOBKH
pudopmMHHTa.

30. OcHOBBI pacuera peKTU(UKAIMOHHON KOJIOHHBI paszjeieHust HeTu Ha
bpakuuu.

31. XuMu3M MOJXy4eHHs] METAUIyprHYecKOro KOKCa U MCKYCCTBEHHOI'O
rpadura.

32. OCHOBHBIE TEXHOJOTHYECKHE CTAaJUU MPOMBILIUICHHBIX MPOLECCOB
IPOM3BOJACTBA  MOTOPHOTO  TOIJIMBAa Ha  0a3e  TBEpAbIX  IPUPOJHBIX
SHEPTOHOCUTEJIEH.

33. TlepcriekTuBHBIE MPOIECCHI TepepaboTku mpupoaHoro raza u TI'U,
OPHUEHTUPOBAHHBIE HA TPOU3BOJCTBO YIJIEBOJAOPOAOB.

34. X¥Mu3M NpoleccoB nojiykokcoBaHus U kokcoBanusi TI'U. IlepBuunbie u
BTOPHUYHBIE POIAYKTHI.

35. OcHOBHBIE CTaIMH MPOMBIIIJIEHHBIX MPOLIECCOB MOJYyYEHUS METAHOJIA U3
NEPBUYHOTO ChIpbs (HedTH, npupoanoro raza, TT'H).



36. PanukanbHO-1IETTHON MEXaHU3M Ha MpUMEPE TEPMUUYECKOTO KPEKUHIA U
nuponn3za. MHUIuaTopsl 1 ”HTUOUTOPBHI.

37. MexaHu3M  KaTalUTHUYECKOTO  KpPEKMHra W  aJKWJIHMPOBAHUS
YIJI€BOIOPOIOB.

38. Ilpocteie u cioxkHbIE peakiuu. KuHeTHYecKkass MOACIh TOMOTEHHBIX
peakuuii pa3IuYHbIX HOPSIKOB.

39. Ilonsitne mHTerpasibHON U AUdPepeHuanbHON ceneKTUBHOCTH. CBs3b
3TUX BelanuuH. [[puMenenue k pacuety o00opynoBaHusl.

40. I'ereporenHnsblil kaTanu3. OCHOBHBIE TEOPUH F€TEPOT€HHOTO KaTallnu3a.

41. Ob6nacTu NpOTEKaHUsI TETEPOreHHOIO MpoLecca AJis MOPUCTHIX YACTHULL.
Pacnpenenenne KOHUEHTpaLUi peareHTa o JJIMHE MOPHI.

42. T'ereporeHHO-KATaJIUTHUUECKUN IPOLIECC Ha BHEIIHEH MOBEPXHOCTHU
KarajauzaTopa. MaremaTuueckas MOJENb Mpolecca Il PEAKIUH Pa3IMuHbIX
MOPSIJIKOB.

43.TexHosorust BbicokoTemneparypHoi mnepepadotku TI'M. KokcoBanue
YTJIEH.

44. Texnonorus razudukanuu TI'N.

45. TexHonorus HuzKoTemneparypHoil nepepadotkun TI'M. Dxcrpakums,
TUAPOTEHU3ALNS YIJIEH.

46. TexHoJMOTHS KaTaIUTHYECKUX MPOLECCOB NepepabOTKU HePTH.
Karanutnueckuil KpeKUHT, pUPOPMUHT.

47. TexHonorus (ppakImOHUPOBaHUS HEPTEH.

48. OcHoBHBIE cxeMbl HedrenepepaboTku HedTed MO Ppa3IUYHBIM
HaIpPaBIICHUSM.

49. TexHOJIOTUS OJyYEHUS YIIIEPOIHBIX BOJIOKOH.

50. TexHonorus Noay4eHus yrierpa(uroBeIXx MaTepUaioB.

51. TexHONOTUs OIYYEHUS CaXKH.

52. TexHOA0Tus MOIY4YEHUS YIIIEPOAHBIX KOMIO3UTOB.

53. TexHON0TUs MOIYYEHHS TBEPAOTO YIIepoa U3 ra3oBoil ¢azbl.

54. TexHON0Tus MOIYYEHHUS] UICKYCCTBEHHBIX aJIMa30B.

55. Texnonorus npoueccoB cunte3a Guinepa - Tpormnia.

56. Texnonorust koueepcuu Merana B cMecu CO u H2.

57. OCHOBBI pacyeTa TEXHOJIOTMYECKOro 000pyA0OBaHMS IO MATEMATHYECKOU
MOJIEJIA PEAKTOPA UIEATBHOTO BBITECHEHMS.

58.  OcHOBBI  pacueTra  TEXHOJOTMYECKOrOo  O0OpyJOBaHHS  TIO
JBYXIIAPAMETPUUYECKON MOJIETN PEAKTOPA BBITECHEHUS.

59. OcHOBBI pacueTa TEXHOJIOTHYECKOTO OOOpPYAOBAHUS MO MPAKTUYECKUM
JTAaHHBIM.

60. Ilpomnecc pextudukanuu. [IpuHIMIBI pa3faeacHUsS CIOKHBIX CMECEH.
[IpumMeHeHue B TEXHOJIOTUU TOTLIUB.

XTOCA

1. Kunernka u MexaHu3M 31eKTpOPUIbLHOT0 HUTpoBaHUs. OCOOEHHOCTH
HUTPOBAHMS HA PA3IMYHBIX CTAAUSAX TMOJYyUYEHUsS] TPUHUTPOTOIYyosna. OCHOBHBIE U
nobouHble peakuuu. Kunernueckuit 1 1uPpy3noHHBIA PEKUMBI.



2. Peaknun HYKJIEO(UIBHOTO 3aMEILECHHUS B TEXHOJIOTHH
HUTpocoearuHeHn. CTagust OUUCTKU TPOTHIIA.

3. Karamutuyeckoe BOCCTaHOBJIEHWE HUTPOCOCIMHEHUU. MexaHusm
peaKkuy, KNHETUKA ITPOLECCa, OCHOBHBIE HOCUTENIM U KATAIM3aTOPBI, UX BIUSHUE
Ha HaIIPaBJICHUE U CKOPOCTH IIpoIiecca.

4. TexHOJIOTHS LMKINYECKUX HUTPAMUHOB. OCOOEHHOCTHM NOJydeHHs] N-
HUATPOCOENVHEHNN. TEeXHOIOrHs OKTOreHa. TexHonorus rekcoresa. HurponusHeii
CH0c00: TOCTOMHCTBA U HEAOCTATKU IO CPABHEHUIO C IPYTMMH METO/IAMHU.

5. TepMOCTOWKME ¥ MaJOYyBCTBUTEIIBHBIC B3PbIBUATHIE BEILIECTBA.
OcHoBHbIe TpeOoBaHus K HUM. [IpuHiiune! co3ganus. OCHOBHBIE IPEICTABUTEINH.

6. X¥MHsI U TEXHOJIOTUSI HUTPO3(PHUPOB, OOIIUE MTOAXO/IbI U TEXHOJIOTUYECKOE
oopmiienne. OcHOBHBIE MpeacTaBUTeIN. OCOOEHHOCTH HUTPOBAHUS LEITIOI03bI.

7. Tepmuueckuit pacniag C-O, C-N 1 N-N HUTpOCOETMHESHUI.

8. Anmabatuueckuii "TemoBoii B3pbIB" MakcuManbHasi CKOPOCTh PEaKIvy,
oOpaTHBI MakCUMaJIbHBIN Oe3pa3mepHblil pazorpes. [lepuon nHayKIUN.

9. Teopus "termororo B3peiBa" Mo H.H. CemenoBy (TemnoBoii B3phIB B
YCIIOBUSX Tem1000MeHa). Paznuune mex iy aquadaTiuecKuM ""TerioBbIM B3phIBOM"
Y TEIUIOBBIM B3PBIBOM B YCIIOBUAX TeriooomeHa. Kpurepuu.

10. I'openwne ra3oB U JETYyYNX B3PHIBYATHIX BEIIECTB.

11. BaussHue HavanbHOM TEMIEPATYphbl U JABJICHHUS Ha CKOPOCTh T'OPEHUS
KOH/ICHCUPOBaHHbIX cucteM. K-da3nas u razodazHbie MOJEIN TOPEHUS

12. T'openue  B3pbIBUATBIX  BEUIECTB C  TEIUIOBBIICICHUEM B
KOHICHCUPOBaHHOM (a3e.

2.6.13. IIpouecchl 1 annapaTbl XUMUYECKUX TEXHOJIOT Uil

1. OcCHOBHBIE T'MIPOIMHAMUYECKUE BEJINYMHBI. VYpaBHeHne
HEpa3pbIBHOCTU. YpaBHeHus: Jisiepa n HaBbe-Crokca. Teduenue xKuakocTerd mo
TpyOaMm u kaHanaM. [IneHounoe teuenue. Ko puimeHTs TpeHus.

2. VYyer paccestHus 110 BpeMeHU NpeObiBaHus. fueeunas Mojenb. BeiBon
YPaBHEHMUS TPENEIIBHOTO Iepexoda K MOAEIM HICAIBHOTO  BBITECHEHUS.
Huddysnonnas moaens. KomOMHMpOBaHHBIE (MHOTOITAPAMETPUYECKUE) MOJIETH.

3. Bremnsst 3amava rtumpommHamMukd. OOTEKaHWE TBEPIBIX —Tell
HemoaswkHbIC 3epHUCTHIE CIIOW. | MApOIMHAMUKA TICEBI00KUKEHHBIX CIIOCB.
4, VYpaBuenus cocrosiHusi. OHeprusi. Pabora. Temmora. Hynesoit u

NEPBBI  3aKOHBI TEpMOAUMHAMUKH. OCHOBHBIE 3akoHbl Tepmoxumuu. O
pPaBHOBECHBIX W OOpaTHUMBIX Tporeccax. Btopoil u  Tperuwii  3aKOHBI
TEPMOJUHAMUKHU. DKCEPTHsl.

5. TennonpoBOIHOCTB, KOHBEKTUBHBIM TEIJI000MEH, TEILIOBOE
usnydenne. 3akoH Dypbe u ypaBHeHue Dypne-Kupxroda. Temmoormaua u
terionepenava. Jpmwkymas cuna. KoagpuuueHnTsl TemI00TAauM U UX pacyer npu
JBUKEHUU B TpyOax v KaHamax.

6. Huddysus, 3akon Ouka. YpaBHeHUs] HEPa3pbIBHOCTH, KOHBEKTUBHOMN
mubdy3un. [Aemwxymue cunsl. Kosdduiments MaccooTnaum, Maccorepeaayu.
MatepuanbHable OajlaHChl, paboune JTUHUU.



7. Kunernka  cymiku. KoHTakTHble  cymwikd. Cymuiaku — co
CTallMOHAPHBIM cjoeM. CyHIMIKUA C MCEBAOOKMKEHHBIM U JIBUKYIIUMCS CIIOEM.
Oco0eHHOCTH MaTeMaTUYECKOTO OMUCAHUS CYIIHIIOK.

8. Onucanue pocra KpUCTAUIOB W 3apojabllieoOpa3oBaHus. THUIIBI
UCITIOJI3YEMBIX KpUCTAIN3aTOPOB. MaTemaTudeckas MOJEIb KpUCTAIA3aTOpa C
MEIIAIKOM.

Q. Pextudukanmonnsie anmapaTtel. Ux Tumbl. Onucanne paBHOBECHS B
CUCTEMax JKUJIKOCTb—Tap. Pacuer pekTuukanmoHHbIX anmnapaTos.

10. PaBHOBecue H Maccorepefadya B CHUCTEMAaX KUIAKOCTb—KUIKOCTb.
Tunel HCHONMB3YEMBIX SKCTPAKIMOHHBIX ammapaTroB. Marematuueckue MoJenu
KOJIOHHBIX 9KCTPAaKTOPOB.

11. OOGmias xapakTepUCTHKa MEMOPAHHBIX CIIOCOOOB pa3/ielieHUus CMEeceH.
Nx xnaccudukanus. Buasl memOpan. Onucanue npoiecca nepeHoca B MeMOpaHax.

12. T'omorenHsle n30TepMuUeckue peaktopsl. Kimaccuduxarms peakropos
N0 TUAPOJUHAMUYECKOMY TMpHU3HAKy. PeakTop mNepuoanyecKkoro AeCTBUSL.
[IpoTounslii peakTop ¢ Memankon. Kackan peakTopoB HI€ATBHOTO CMELIEHNS.

13. TereporeHHble  KaTaqUTHUYECKHE  PEAKTOPHI,  KiIacCH(UKAIHS
KaTAIUTUYECKUX PEAKTOPOB MO KOHCTPYKTUBHOMY M THIPOJIMHAMUYECKUM
npu3zHakaM. OJHO- W MHOIOCJIONMHBIE PEAKTOPhl CO CTALMOHAPHBIM CIIOEM
Karanu3zatopa. KBasuroMoreHHass M TeTeporeHHas Mojenu. ['opsuume TOYKH B
PEaKTOpE CO CTALMOHAPHBIM CIIOEM KaTalnu3aTopa. PEakTopsl ¢ MCeBA00KMKEHHBIM
CJIOEM KaTalin3aTopa. PeakTopsl ¢ ABMKYIIUMCS CIIOEM KaTalu3aTopa.

14. VYpaBuenue MaccOOTAayH.
Huddepennmansroe YpaBHEHHE KOHBEKTHUBHOM b dy3un.
Bripaxkenue koadduimenta maccornepeaadn yepe3 kodPPuIueHTsl MaccooT1auu,
(YypaBHEHHE aITUTUBHOCTH (ha30BBIX COMPOTUBIICHUN) CPEIHSS JABUXKYIIAs CUJa
IIPOLIECCOB MACCOOTIa4u U MacCcolepeauH.

15.  Ancop6uus. O6mue cBeieHus 0 MPOoIecce U 00IaCTH €ro IPUMEHEHHS.
OCHOBHBIE  TMPOMBILUIEHHbIE  AJCOPOEHTHI, UX CTPYKTypa U  CBOICTBa.
PaBHoBecue npu afgcopbuuu. M3otepmbl aacopouu.

16. OkcTpakTHUBHAs W a3eoTpomnHas pekTudukarus. OU3nKo-XUMHUICCKHE
OCHOBBI TUX MPOLIECCOB.
CxeMbl yCTaHOBOK JUIsl POBEJEHUS SKCTPAKTUBHOW a3€0TPOMHON PEKTUPUKALIUU.

17. Yucmo  emunuil  mepeHoca.  Bwicota  emuHMII  TIEpeHOCA.
TeopeTndeckasi CTyleHb W3MEHEHHS] KOHLEHTpALM (TeopeThyecKass Tapeska).
BricoTa, SKBUBaJIEHTHASI TEOPETUYECKON CTYIIEHH U3MEHEHHUS KOHIICHTPAIUH.

18. ®azoBoe pasHoBecue. Koadduiment pacnpenenenus. JleTydecTs.
PaBHoBecue B CUCTEME nap->XUJIKOCTb.
da3oBoe paBHOBecue. Koaddunment pacnpenenenus. Jlerydects. PaBHOBecue B
CUCTEME T'a3-)KUJIKOCTb.

19. BemapuBanue. OOmuMe cBeAeHUs O TMpolecce U 00JlacTh  €ero
npuMeHeHus. Metoapl  mpoBeAcHUss  BbimapuBaHus.  OJHOKOPHYCHBIE U
MHOTOKOPIYCHBIE BBIMAPHBIC YCTAHOBKHU.

20. TennoBoe wu3nyueHue. TemmooOMeH MNpU HU3IydeHUU. TeraoBoe
u3nydeHre razoB. KOHBEKIMsS W TEIIOOTAauda. 3aKOH Temiootraadyd HeroToHa



(ypaBHeHue TemooTnauun). JuddepeHnuanbHoe ypaBHEHHE KOHBEKTHBHOTO
nepeHoca terioTsl (ypaBuenue Oypoe-Kupxroga).

2.6.14. TexHOJOTHS CWIHKATHBIX M TYTrOIUIABKUX HEMETAJLUIMYECKHUX
MaTepuajIoB

1.  CrpykTypa KpUCTAUIOB U KpUCTAIMYecKas pemierka. Cummerpus
KPUCTAJUIOB, TPAHCISIIUOHHBIE peIIeTKH bpaB3, NPOCTpaHCTBEHHBIC TPYIIIIbI
cuMMeTpud. OCHOBBI  KPUCTAIUIOXUMHH:  IMPOCTEHIINE  KPUCTALIMYECKHUE
CTPYKTYpbl, IUIOTHEHIIME YMAaKOBKM, AaTOMHbIE M  HOHHBIE  PaJIUyCHI,
KOOPAVHAMOHHBIE YHCIIA.

2.  DHEpPreTMYeCKUe XapaKTePUCTUKH  KPUCTAJUIMYECKOM  PEHIeTKH.
B3aumocBs3b ¢ pusnko-xumuueckumu cBoicteamu THCM.

3. TBepabie pacTBOPBI: TUIIBI TBEPJIBIX PACTBOPOB, YCIOBUS 00pa30BaHUs
U TEPMOJMHAMUYECKON cTabmibHOCTU. DpPext Ppenkensa-Kupkennana. Trepabie
pacTBOpbl. CTEXMOMETPHUS U OTKIOHEHHUSI OT CTEXUOMETPHHU.

4.  Xumuueckas CBsI3b B KpucTauiax. IlpaBuiia MmMoOCTpOeHUsS HOHHBIX
KpuctamuioB. CTpyKTypa TYroIUIaBKHX MPOCTBIX U CIOKHBIX OKCHIOB, yriepoja,
KapOUA0B, HUTPUJOB U APYrUX OMHAPHBIX coeAuHEHU. OCOOEHHOCTU CTPYKTYPHI
KPUCTAJUIMYECKUX CUITMKATOB.

5. JedekTsl KpucTauiMueckon pemerku. Tumbl nedekros. JlepekTsl no
[lorrkn u ®penkenro. Jucmokamuu. Brmsaue nedexkroB Ha CBOHCTBa
KpUCTaUIMUeCKuX Ted. KBazuxuMudeckue peakiiuu B3auMOJEHCTBUSA J1e(DEKTOB.
TBepable pacTBOPBI: THUIBI TBEPABIX PACTBOPOB, YCIOBUS OO0pa3oBaHUs W
TEPMOJIMHAMHYECKOU CTAOUIBHOCTH.

6. Mexanuueckue W yOpyrue CBOMCTBA  KPUCTAUIMYECKUX U
cTekIoo0pa3ubix Ten. Ilmactuueckas wu  ympyras gedopmarusi.  Xpyrnkoe
paspylieHue: OCHOBHBbIE TEOpUH, CcTaauu, MmexaHusmbl. Koaddumment
WHTEHCUBHOCTHY HaNpsKEHUN. BiusHre MUKPOCTPYKTYPBI U TEKCTYpPbl MaTEPUATIOB
Ha UX pa3pylleHHE.

7. CrpoeHue U peoJorn4ecKrue CBOMCTBA IUCIIEPCHBIX CUCTEM, UX CBSI3b C
nporieccamu  popmoBaHusi. (OCHOBHBIE CMOCOOBI (OpMOBaHUSA HU3ACIUN B
TEXHOJIOTUU KepaMHUKW. BakHeline TEXHOJOTMYECKUE  XapaKTEPUCTUKHU
npoleccoB (popMOBaHUS U CIOCOOBI YIIPABJICHUS UMHU.

8. Ilpomeccwsl cnekanusi, WX KiIaccUpUKAIMA, CTATUU CICKaHUA.
CymHoCTh, TpPU3HAKW, ABWXKYyIIash CUJIa, MEXAHU3Mbl, KHHETHMKAa IPOIECCOB
CTIIEKaHUSI U PEKPUCTAILTU3AINHN. AKTUBUPOBAHHOE CTIEKaHUE, ((PU3NIECKHE OCHOBBI.

9. CymHOCTh ¥ KHHETMKA MPOLECCOB HM3MEIbUCHHS  TBEPABIX
MatepuanoB. Kimaccudukaimsi mopoImKoB, X TEXHOJIOTHYECKAsT XapaKTEPUCTHUKA.
HoBbie meTonbl mamenbueHuss. OCOOCHHOCTU TMOMYYEHUSI BBICOKOAMCIIEPCHBIX H
HAHOMOPOIIIKOB.

10. CoBpeMeHHbIE MPEICTaBICHUS O MEXAHU3ME XPYIKOIrO pa3pylIeHHs
CTEeKJIa U CUTAJJIOB. TeopeTnyeckas U pealibHasi IPOYHOCTh. BiusiHue pa3inyHbIX
(baKkTOpOB Ha MEXaHUYECKHE CBOMCTBA CTEKJIa U CUTAJIIOB.

11. TeopeTuyeckre OCHOBbI M TIpaKTUUECKas peanu3aius sIBICHUN
(dazoBoro pazneneHus (JIMKBalMs, KpUCTAUIU3AIUs) B CTEKIIAX.



12. CreknoBapeHue Kak COBOKYITHOCTb (PU3UKO-XUMUYECKUX IIPOLIECCOB U
ABJICHUA. OTambl CTEKJIOBAPEHHS M UX pealu3alus B MPOMBIIIIEHHBIX
CTEKJIOBApPEHHBIX I€YaX.

13. TexHonorm4eckue CBOWCTBA CTEKIIA U UX POJIb HA OTIEIBHBIX ATamax
IIPOU3BOJICTBA.

14. Orueynopsl s (QYTEpOBKH CTEKIOBAPEHHBIX II€YEH - COCTaBBI,
CTPYKTypa, CBOMCTBA. [IpMHIMIBI panMOHAJIBHOW PACKIAIKU OTHEYIOPOB NpPH
(yTepOBKE CTEKIOBAPEHHBIX MTEYEH.

15. Herpanuunonssie METO/IbI CHUHTE3a CTEKJIOBUIHBIX 17}
CTEKJIOKPUCTANINYECKUX MATEPHAIIOB.

16. Kommo3unmoHHble MaTepuanbl Ha OCHOBE CTEKJIOBUIHBIX U
CUTAJUIOBBIX MaTpull. THUIbel W BUABI apMUpyrOIUX marepuanoB. CTpykrypa U
CBOMCTBa KOMIIO3HUTOB.

17. TexHonoruss mnpo3pauHor kepamMukd. OCOOEHHOCTH NOJYYECHHS
MOPOIIKOB, (POPMOBOYHOI Macchl, POPMOBAHMS, YAAICHHS CBSI3KH, O0XKUTA.

18. Texnomnoruss HaHokepamuku. Kmaccubukanus, ceipse. [lomyuenue
MOPOIIKOB U (POPMOBOUHBIX Macc, (OpMOBaHUE, Cylika, oOxur. IIpumensemoe
o0opy10BaHUE.

19. OOmme nPUHIUNBI TOCTPOCHUS TEXHOJOTHH KepaMuku. Bwibop
MCXOJHBIX MaTE€pUaOB, TEXHOJOTHUECKUX ONEPALMi U UX NapamMeTpOB, HAy4Has
OpraHu3alusi TpyJa, pecypco- H 3HEprocoOepexeHue, MeXaHu3alus Hu
aBTOMAaTU3alMsl TEXHOJIOTMYECKUX MPOLECCOB, YHIPABISEMOCTh TEXHOJIOIHH,
0€30IacHOCTh TPY/Ja U dKOJOruuecKasi 0€301acHOCTb.

20. Texnonorus BBICOKOTEMIIEPATYPHBIX KOHCTPYKI[MOHHBIX U
KOMITIO3UIIMOHHBIX ~ MaTepuanoB. (OCHOBHbIE BH[IBI, CTaJWH TEXHOJIOTHA,
NEePCIEKTUBHBIE 001aCTH TPUMEHEHUS.

21. Texnonorus  0e300kHTOBbIX  (HE(OPMOBAHHBIX)  OTHEYIOPOB.
Knaccuduxkanus, ceippe. IlomyueHne mnopomkoB u  (QOPMOBOYHBIX —Macc,
dbopmoBanue, cymika, ooxur. [I[pumensemoe 060py10BaHuE.

22. TexHonmorusi KepamMOMaTpU4YHBIX Kommo3uToB. Kiaccudukanms,
ceipbe. [TonmyueHnue noponikoB U GOPMOBOYHBIX Macc, popMoBaHUE, CYIIKA, OOKUT.
Oo6unactu npumenenus. [Ipumensiemoe o0opy0BaHueE.

23. Ilytm ™MoaupuIMpoBaHUS TMOPTIAHALIEMEHTHOW MAaTpPUIBl  JIA
MOJIYYEHUS JTOJITOBEYHBIX KOMIIO3ULMOHHBIX MaTepranoB. PU3MKO-XUMHUYECKUE
OCHOBBI CAMOApPMHPOBAHUS BSDKYLIUX MaTEpUaIOB.

24. MexaHu3M KOPPO3UHM apMHUPYIONINX CTEKJIOBOJOKOH B  Cpefe
LIEMEHTHOr0 KaMmHs. [lyTM CHMXKEHUS KOppPO3UHM CTEKIOBOJIOKOH. Pounb kuakou
da3pl  TUApPATUPYIOIIErOCS IIEMEHTAa TMpH  TBEPACHUH  CTEKJIOLUEMEHTHBIX
KOMIIO3ULIAM.

25. B3zauMocBs3b MexAy Ne()EKTHOCTHIO KPUCTAJUIMUECKOW CTPYKTYpPHI U
CBOMCTBaMH liIeMEHTA.

26. BnusHue kauecTBa (COCTaBa) CHIPHEBBIX MAaTEPUAIOB Ha CIIEKAEMOCTh
CBIPHEBBIX IIJTAMOB M CBOMCTBA MOpTIaHAUeMeHTa. CKUranue JAOMOTHUTEIBHOIO
TOIUIMBA B TIOJIFOTOBUTEIBHBIX 30HAX [IEMEHTHBIX MIE€UEH.

27. Cynbdarcoaepxauiye KJIMHKEpa U IIEMEHThI Ha UX OCHOBE.



28. Hayunble OCHOBBI 3((PEKTUBHOTO MPUMEHEHHS TEXHOT'CHHBIX
MaTepUajoB B IPOU3BOJICTBE KIMHKEPA.

29. CynbshodeppuTsl 1 cynbdoanroMoPeppUThI KAIbLUA: TEMIEPATyPHBIN
UHTEpPBaJl CYIIECTBOBAHMS, COCTaB M CTPyKTypa. [umapartamuss u TBepacHHE
cynsdodepputa u cynbhoarroModpepprTa Kbl MPU HOPMATGHBIX YCIOBUAX U
BO3/ICIICTBUH arpecCUBHBIX CPE/I.

30. CnenuanbHble TaMIIOHa)KHBIE ILIEMEHTHI: TPEOOBaHUS K COCTaBYy H
CBOMCTBAM TaMIIOHAXHBIX PACTBOPOB JUII HHU3KOTEMIEPATypHBIX CKBaXKHUH,
CKBOXMH C BBICOKMM IUTACTOBBIM JaBJICHWEM, CKBAKHMH B C€JIab0 CBS3aHHBIX
opoJIax.

2.6.15. MemOpaHbl 1 MeMOpPAHHAS TEXHOJIOTHS

1. IlpuBenure mnpumMep NPUMEHEHUS YCTAHOBOK OYMCTKM Ha OCHOBE
OapomMeMOpaHHbIX TMpoleccoB. lIpuBeanTe TEXHUKO-DPKOHOMHYECKYIO OIIEHKY
MPEI0KEHHON CUCTEMBI IO CPABHEHUIO C TPAJAUILIMOHHBIMU METOIAMH OYUCTKHU.

2. BausiHue OCHOBHBIX TEXHOJOTMYECKHUX MapamMeTpoB Ha 3(PQPEKTHUBHOCTH
pasznenieHusi (CEJIEKTUBHOCTh M YJEJIbHas MPOU3BOAUTEILHOCTH MEMOpaH) B
O0apoMeMOpaHHBIX MPOIECCaX.

3. IlpuBenure mnpruMep NPHUMEHEHUs YCTAaHOBOK pa3[eleHHs Ha OCHOBE
1 Py3MOHHBIX MEMOpPaHHBIX MpoueccoB. lIpuBeanTe TEXHUKO-3KOHOMUYECKYIO
OLICHKY IPEUIOKEHHON CUCTEMBI 110 CPABHEHUIO C TPAAULMOHHBIMU METOIAMHU.

4. MeTtoauka pacuera yCTaHOBOK pa3/IeJIEHUs] HA OCHOBE 0apOoMeMOpaHHBIX
IIPOLIECCOB.

5. IlpuBenure npuMep NPUMEHEHHUs YCTAaHOBOK pA3ACIICHHs HAa OCHOBE
MeMOpaHHBIX TMpolueccoB ¢ (a3oBbIM mnepexoAoM. IlpuBenuTe TEXHHUKO-
DKOHOMHYECKYK) OLEHKY MPEIJOKEHHOW CHCTEMBI IO CPaBHEHUIO C
TpPaJAULIMOHHBIMU METOJIAMH.

6. BinsHrEe OCHOBHBIX TEXHOJIOTMYECKUX MapaMeTpoB Ha 3((HEKTUBHOCTH
pasneneHusi (CENEKTUBHOCTb U yJelbHasg IPOU3BOAUTEIBHOCTh MEMOpaH) B
11 Py3MOHHBIX MEMOpPAHHBIX MpoIleccax.

7. Mexanusm pazziesnieHusi B 0apoMeMOpaHHbIX Mpolieccax.

8. Meroauka pacyera YCTaHOBOK pa3/ielieHus Ha OCHOBE JU(PPY3MOHHBIX
MeMOpaHHBIX IPOLIECCOB.

9. MexaHu3M pa3JiesieHus B 2JIEKTpOMEMOPaHHbIX MPOLIeccaXx.

10. Mexanu3m pazaenenus B 1U(GHy3MOHHBIX MEMOpPaHHBIX ITPOIIECCax.

11. BausitHue OCHOBHBIX TEXHOJIOTUYECKUX MapaMEeTPOB Ha 3PPEKTUBHOCTD
pazfeneHuss (CEJIEKTUBHOCTb W YZAeNbHAs MPOU3BOAUTENBLHOCTh MeMOpaH) B
MeMOpaHHBIX TpoIeccax ¢ Pa3oBbIM MEPEXOTOM.

12. Mexaau3sM pa3feneHuss B MEMOpPaHHBIX mporeccax ¢ (Ha30BbIM
NEePEXOIOM.

13. Metonuka pacuera YCTaHOBOK pa3/ICJICHUs] Ha OCHOBE MEMOpPaHHBIX
MPOLIECCOB € (Ha30BBIM MEPEXOJIOM.

14. Ykaxxute OCHOBHBIE THIBI KOHCTPYKLMH MEMOpPAaHHBIX MOJIYJEH, HX
JIOCTOMHCTBA U HEJIOCTATKHU.



15. Meroauka  pacyera  yCTaHOBOK  pa3[eleHusi Ha  OCHOBE
AIEKTPOMEMOPaHHBIX ITPOLIECCOB.

2.6.17. MarepuajioBeieHue
1. JIncnokannoHHas CTPYKTypa ¥ MPOYHOCTh METAJIJIOB.

2. Onpenenenyie MPOYHOCTH MaTepranoB. OCHOBHBIE OKA3aTENN.

3. MeTo/ibl uCIIBITaHUS TBEPAOCTA MATEPHUAIIOB.

4. Annorponuueckue (moauMop@HbIe) IpeBpaIlleHUs JKeTe3a.

5. OOnacTu CyIIECTBOBAHMS CTaJie M YYTyHOB Ha JUarpaMMme J>Kele30-
LEMEHTHUT.

6. DJIeMEHTapHbIE KPUCTAIMYECKUE PEIIETKH YACTHIX KPUCTAIIIOB.

7. OCHOBHBIE BUIBI TEPMUUECKON 00pabOTKHU CTaeH.

8. Kitaccuduxanus craneit mo XuMH4eCKOMY COCTaBy.

9. BiusiHue npruMeceil Ha KaueCTBO CTaJICH.

10. OcHOBHBIE CILIABBI MEMIH.

11. CitaBbl HA OCHOBE ATFOMHHUS.

12. TutaH u €ero crjiaBbl.

13. /IBa OCHOBHBIX MEXaHNU3Ma KOPPO3UH.

14. ATmMocdepHasi KOppo3us METAIIOB.

15. OcHOBHBIE CIOCOOBI 3aLUTHI METAIJIOB OT KOPPO3UH.

16. OcHOBHBIE XapaKTEPUCTUKH MEXAHUYECKUX CBOWMCTB IOJIUMEPHBIX
MaTepuaoB.

17. Koppo3us moJTuMepHBIX MaTEPUAIIOB.

18. OcHOBHBIE BUbI TEXHUYECKON KEPAMUKH.

19. CpoiicTBa QTOpomiacta, NoJUATUICHA U MOJUIPOIUIIECHA.

20. CocTaB 1 CBOICTBa OCHOBHBIX BUJOB TEXHUYECKOTO CTEKJIA.

21. CBoiicTBa 31aCTOMEPOB.

22. Curaibl, CBOMCTBA 00J1aCTh TPUMEHEHUS.

23. Komno3zunmonneie matepuaibl. CBoiicTBa. O61acT MpUMEHEHUS.

24. beronbl. OCHOBHBIE XapaKTEPUCTUKHU 00JIACTH MPUMEHEHHUSI.

7. Pexomenayemas iureparypa AJis HOATOTOBKHU K BCTYIIMTEILHOMY
HUCNBITAHUIO

2.6.6. HaHOTEXHOJIOTMM 1 HAHOMATEPHAJIbI

1. bpannon /[I., Kannman VY. Mukpoctpykrypa MarepuaynoB. MeTonbl
uccnenoBanus U KouTposist. M: Texnocdepa, 2004.- 384 c.
2. Hanomarepuasisl ¥ HAHOCTPYKTYpBI:  y4eOHO-METOAMYECKUN

komriekc: B 2 T.: T.1./ E.B. IOptoB, M.: PXTVY um. JI.1. Menneneera, 2010. — 148
C.



3. HanomaTepuasiel U HAHOCTPYKTYpPbI:  Y4E€OHO-METOJUYECKUMN
komriekce: B 2 T.: T.2. / E.B. IOptoB, M.: PXTVY um. JI.1. Menneneera, 2010. — 112
C.

4, CkaHupyroiasi 30H0Basi MUKPOCKOMUS I UCCIICIOBAHUSI CBOMCTB
HaHOMaTepHasioB: yueOHo-MeTonnyeckuit komiuieke / E.B. FOptoB, A.A. CepioBa
— M.: PXTY um. .. Menneneena, 2010. — 148 c.

d. [Ipormecchl TONMydeHUST HAHOYACTHI[ M HAHOMATEPHUAJIOB: y4eOHO-
meroanueckuii komruieke / E.B. IOpros, M.IO. Koponésa — M.: PXTVY um. J[.1.
Menneneena, 2010. — 152 c.

6. @OyHKIIMOHAJIbHBIE HAHOKOMIIO3UIIMOHHBIE MaTepHallbl U TOKPBITUS:
yueOHo-meTonuueckuit komruieke / E.B. FOpros, M.YO. Koponésa — M.: PXTVY um.
J.1. Menpneneena, 2010. — 128 c.

1. ['nezep A.M., JlepamoB E.A., Koponesa M.IO. KoHcTpykunoHHbIE
HAaHOMATEepUaJIbl: YYEOHO-METOIUUYECKUN KOMIUIEKC AUCIUIUIMHBI - MocKBa:
MUCuC, 2011. - 176 c.

8. buonornyeckre HaHOCTPYKTYphI: Y4€OHO-METOAMYECKUI KOMILIEKC /
H.M. Mypamosa — M.: PXTVY nm. /I.1. Menneneena, 2010. — 152 c.
Q. Cysnanes W.II. HanotexHomnorus: (PuU3MKO-XMMHUSI HAHOKJIACTEPOB,

HAaHOCTPYKTYp u HaHOMaTepuanoB. — M.: KomKnura. 2006. - 589 c.

10. Amngpuenckwmii P.A., Paryns A.B. HarnocTpykTypHBIe MaTepuaibl. M.:
N3narenbckuil HeHTp «Akanemus», 2005, 192c.

11.  JpsuxoB I1.H. DnekTpoHHBIE CBOMCTBA U MPUMEHEHHE HAHOTPYOOK —
M.: BUHOM. Jla6opatopus 3nanuit, 2011 — 488 c.

12. PakoB D.I'. Hanotpy0Oku u ¢ymiepensl. M.: YHUBEpCUTETCKAs KHUTA,
Jloroc. 2006. - 376 c.

13.  Mopoxos N.[., Tpycos JI.A., JlanoBox B.U. ®uznueckue siBiaeHUs B
yIbTpaaucnepcHbIX cpenax.- M.:Hayka,1984.- 472 c.

14.  Jlen XK.-M. CynpamonekynsipHas XxuMusi: KoHIIeNImu 1 nepcrneKkTUBHI.
Ilep. ¢ anrn. - HoBocubupck: Hayka, Cu6. Ilpennpusitue PAH, 1998.

15. T'ycer A.W. Hanomarepuasnbl, HAHOCTPYKTYpPbl, HAHOTEXHOJOTUH. M.:
®uzmariut. 2005. - 416 c.

16. IllabanoBa H.A., [Tomos B.B., Capkucos I1.J[. Xumus u TexHomorus
HAHOJUCIIEPCHBIX OKCHA0B. YueOHoe nocooue. — M.: UKI] «Akagemkaura», 2006.-
309 c.

17. IllabanoBa H.A., CapkucoB ILJ. 3onb-renb TEXHOJOTHUHU.
Hanonucnepcueiit kpemuezem - M.: BUHOM. JlaGoparopust 3nanuit, 2012 — 328 c.

18. MounekynsapHO-JTydeBasi SMUTAKCUS U TeTepPOCTPYKTYpHI: Ilep. ¢ anr. /
[Tox pen. XK.U. Andepora, FO.B. [lImapuesa. M.: Mup, 1989. .- 582 ¢

19. 3epHorpanununas auddy3us W CBOWCTBA  HAHOCTPYKTYPHBIX
matepuanios/ FO.P.Kono6os, P.3.Banues, I'.I1.I'paboserkas u np. — HoBocubupck:
Hayxa, 2001.- 232 c.

20. PycanoB A.W. Jlekuuu no tepMoAMHAMHUKE MOBEpXHOCTEH: YueOHOe
rmocoowue. - CIIO.: «JIauby, 2013. - 240 c.

21.  AneimoB M.U. TlopomikoBas MeTayulyprus HaHOKPUCTAJUIMYECKHX
MarepuanoB - M.: Hayka, 2007. - 169 c.



22. CnopaBOYHMK 10 TEXHOJOrMM HaHoyacTul. Ilep. C¢ aHri1. KOJIL
NepeBOUMKOB; Hayd. pel. ApocnasueB A.b., MakcumoBckuiit C.H. - M.: Hayunslii
mup, 2013. - 730 c.

23. Mypanoa A.I'., Mareeea A.I'., lOpros E.B., bokmreitn b.C.
Ob6beMHass u 3epHorpanunyHas aupdysus. MeTtoauueckue yKazaHud IO
BBINIOJIHEHUIO JJabopaTopHOil padoTel, M.: PXTY um. J[.1. Menaeneena, 2018, 28
C.

24. MypanoBa A.I'., MypamoBa H.M., llapanaes A.M., IOptoB E.B.
CamoopraHu3yromuecsi HaHOCTPYKTYpPhl — MMOBEPXHOCTHO-aKTHBHBIX  BEILECTB.
JlaGoparopnsiit mpaktukym, M.: PXTY um. JI.1. Menaeneena, 2018, 64 c.

25. Asepuna MO.M., Cyb6ueBa E.H., IOprtoB E.B., 3BepeBa O.B.
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2.6.7. TexHo10rus1 HECOPraHUYECKUX BelIEeCTB
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2.6.9. TexHosorus 23JIEKTPOXHMHYECKHMX IMPOLECCOB M 3allMTa OT
KOPPO3HH

1. Teopernueckas anekTpoxumusi: yueonuk / JI.U. Aatponos. M. : Beicias
mkoJja, 1984. 519 c.

2. [lpuknannas snektpoxumusi: yueonuk / Ilom pen. n.t.H. mpod. A.IL
TomunoBa— 3-e. uza., nepepad. — M. : Xumus, 1984. 520 c.

3. ®U3NKO-XUMHUYECKUE OCHOBBI 3JICKTPOXHMMHH: ydueOHoe mocodue/ FO.A.
Jlykomckuii, FO.JI. 'amOypr — 2-e uza., ucnp. — Joaronpyansii : U3gaTenbckuii
Hom «MuaTennexkt», 2013. — 448 c.

4. Onextpoxumus: yueoHoe nocooue / b.b. Jlamackun, O.A. Ilerpuii, ['.A.
[Mupnmuaa — 3-¢ usm., ucnp. — Cankr-IlerepOypr : M3marensctBo «Jlauby, 2015. —
672 ¢

5. Teopust KOppo3uN M KOPPO3MOHHOCTOMKHE KOHCTPYKITMOHHBIC CIIIABBI:
yueoHoe nocooue / H. JI. Tomamos, I'. I1. YepHoBa — M. : Metamnyprus, 1993. —
413 c.

6. XuMHYeCcKOe COMPOTUBIICHWE MaTEPHAIIOB M 3alluTa OT KOPPO3UHU:
yaeonoe nocodue / B.C. IlaxomoB, A.A. IlleBuenko. — 2-¢ u3x., AOM. U pacul. —
Cankr-IletepOypr : LIOIT «IIpodeccus», 2016. — 480 c.
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2. Jle6enes H.H. Xumuss U TEXHOJIOTHUST OCHOBHOI'O OPTaHUYECKOrO0 U
HeTexu- mMuyeckoro cuHre3a: YueOHuk s By3oB/ H.H. Jlebenes. 4-e u3zn.,
nepepad. u gon. — M.: Xumus, 1988. — 592 c.: un.

3. N.A. Koznosckuii, P.A. Koznosckuii, M.I. Makapos, [.B.
Craposepos, B.®. lIen, COOpHUK 33724 1O TEOPUM XUMUUYECKUX IMPOIECCOB U



peakTopoB opranudeckoro cunre3a, M., PXTY um. /. 1. Menneneena, 2014, 124
C.

4, FO.II. Cyuxos, N.A. Koznosckuii, A.W. JIyrauckwuii, B.C. JlyOpoBckuii.
[IpyHIMOBI TOCTPOCHUSI TEXHOJOTMYECKHUX CXEM OCHOBHOIO OpPraHUYeCKOTO
cunte3a. M., PXTY um. /. 1. Menpaeneena, 2020, 95 c.

S. B.C. Tumocdees, A.A. CepadgumoB [IpyHIIUTIBI TEXHOTOTHH OCHOBHOTO
opra- HUYECKOTO U HEPTEXMMHUIECKOTO CHHTE3a. 2-¢ u3M., mepepad. M., Xumus,
2003, 536 c.

6. CmupnoB H.H., Bomxunckuii A.M. Xumuuyeckue peakTopel B
npuMepax M 3aaadax, JI., Xumus, 1986., 224 c.

1. B. H. JIucuupiH. X¥MUS U TEXHOJOTUS APOMATUYECKUX COCTUHEHUN. —
Mockaa, [leJIu ILmtoc, 2014. — 392 c.

8. B. I1. IlepeBanos, I'. . KonnoOckuii. ToHKU opraHunYecKuii CHHTES.
[IpoekTupoBanue u 000pya0BaHKe MPOU3BOACTB. — Mockaa, IOpaiit, 2018. —292 c.

9. A. 4. Kenros, B. C. Mupomnukos, B. I1. IlepeaioB. OCHOBBI XUMHH
M TEXHOJIOTMM OPraHUYecKuX Kpacureneu, 4. 1. — MockBa, PXTY wum. JI.MN.
Menneneesa. — 2020. — 200 c.

10. A. S XKenros, B.C. Mupomnukos, B.I1. [TepeBanoB. «OCHOBBI XUMHUH
Y TEXHOJIOTMM OPTaHMYECKHX Kpacutenei», 4. 2. — MockBa, PXTY wum. JI.H.
Menneneesa. — 2021. — 140 c.

11. Kosamenko JI.B., OmenkoB M.C., ComoBeeBa MN.H. Xumusa wu
Ounonornyeckas akTUBHOCTh (hOC(HOpPOPraHUUECKUX COeIMHEeHUN: Yuel. mocobue -
M.: U3narensctBo PXTY, 2015. - 156 c.

12. 3axapswiueB B.B., I'pu6sl u pynrunumast.: Yue6. nocodue/ CII6., 2022.
— 272 c.

13. 3axapsrueB B.B., Xumus repounaon. Yuebd nocodue/ CI16., 2021. —
592 c.

14. Tlonkos C.B., Ky3enkoB A.B., bypaeitnsiii M.JI., 3axapsiueB B.B.,
Hamxkun P.P., IlapunoB M.IO., fpémenko MN.A. IlomydyeHue CHHTETHYECKHX
OMOJIOTMYECKU aKTUBHBIX BEIIECTB U MPOMEKYTOUHBIX MPOIYKTOB. JlabopaTopHbIi
npakTukyM: Yueb. nocoobue — M.: UznatensctBo PXTVY, 2017. - 144 c.

15. MensaukoB H.H., Ilectunuasl. Xumusi, TEXHOJIOTHUS U TIPUMEHEHHE.
M.: Xumus, 1987, 712 c.

16. PycanoB A.W. Jlekiuu no tepMoauHamuke noBepxHoctend. — CIIO.:
Mz narensctBo «Jlanw», 2013. — 240 c.

17. [Hruneman, M. U. [Tonrumepsl MeAMKO-OMOTOTHYECKOTO HA3HAYCHUSI. -
M.: UKI] «Akanemkuauray, 2006. - 400 c.

18. IIluxoB A.H., Makapos B.I'., PeokenkoB B.E. Pacturensasie Macia u
DKCTPAKThI: TEXHOJIOTMA, CTaHAApTU3alusa, cBoucTtBa. — M.: M3marenscku aom
«Pycckuii Bpau». — 2004. — 264 c.

19. Mununa C.A., Kayxopa U.E. Xumus u TexHonorus gpuronpenaparos :
yaeOHoe rocodue. — 2-¢ uzto, nepepad. u gom. — M.: 'DO0TAP-Meaua, 2009. — 560
C.: WL

20. JloroBa JL.M. Mopdosorust u aHaTOMHSI BBICIIUX pacTeHuid. — M.:
Onmuropuan YPCC, 2000. — 528 c.



21. TI'punkeBnu H.W., Cadponnu JLH. Xwumuueckuii  aHanmu3
JIEKapCTBEHHBIX pacTeHui. — M.: Boicias mkouna, 1983. — 176 c.

22. benonyOposckas [.A., bnunosa K.D., 3abunkoa H.H. u mp.
OHIUKIIONETUIECKUI CTOBaph JEKApPCTBEHHBIX PACTEHUN U MPOAYKTOB )KHBOTHOTO
npoucxoxaenus: Yued. mocooue / [log pexn. I'.I1. Axosnesa u K.®d. bnunosoi, 2-¢
u3 ., ucnp. u gom. — CI16.: CnerJlut, M3natensctBo CIIXDA, 2002. — 407 c.: u.

23. MypasséBa JI.A., Cambuinna U.A., SAxosnes I'.Il. ®apmakoraosus:
VYueOHuk. — 4-¢ uz ., nepepad. u gomn. — M.: Meauruna, 2002. — 650 c.: ui.

2.6.11. TexHojiorusi M ImepepadoTKa CHHTETHYECKHMX M TPHPOIHBIX
MOJTUMEPOB M KOMIIO3UTOB

OcHosHas numepamypa

1.  TexHomorusi mepepaboTku mMoauMepoB. Du3HUecKre M XUMHYECKHE
mporiecchl: yuaebnoe mocooue st By3oB / M. JI. Kepbep [u ap.]; mon pemaximein
M. JI. KepbGepa. — 2-e uzn., ucnp. u gom. — Mocksa: M3natensctBo FOpaiit, 2022. —
316 c.— (Beicmee o6OpazoBanue). — ISBN 978-5-534-04915-2. — Tekcr:
aneKkTpoHHbIt  //  OOpa3zoBarenvHas  minatgopma  FOpait  [caliT]. —
URL.: https://urait.ru/bcode/492744 (nata obpaienus: 25.01.2023).

2. I'nmankoB C.O. ®uznka KOMIIO3UTOB: YUeOHHMK JUIsI  BY30B /
C. O. I'nmaakoB. — 2-e u3n., uctp. u gom. — Mocksa: U3narensctBo FOpaiit, 2022. —
332c.— (Bwicmee o6pazoBanue). — ISBN 978-5-534-01607-9. — Tekcr:

anekTpoHHbIt  //  OOpa3zoBarenbHass  minargopma  FOpailt  [caiit]. —
URL.: https://urait.ru/bcode/492206 (nata oopamenus: 25.01.2023).
3. KynesneB B. H. Xumus u ¢pusnka noaumepon: yueOHoe nocodue / B.

H. Kynesunes, B. A. llepmnes. — 3-e u3zn., ucnp. — Cankr-IletepOypr: Jlans, 2021.
— 368 c. — ISBN 978-5-8114-1779-7. — Tekct: 25eKTpoHHBIH // JIaHb: 3JI€KTPOHHO-
oubnuoteunass cucrema. — URL: https://e.lanbook.com/book/168696 (nmata
oOpamenus: 25.01.2023).

4, Monudukanus CTpyKTypbl U CBOMCTB LIEJUTIONI03bI: MOHOTpadusi / B. A.
[Terpos, 3. T. Banummna, O. T. [llununa [u ap.]. — Kazaas: KHUTY, 2016. — 172
c. — ISBN 978-5-7882-2090-1. [Tekcr]: »nexktponHslii // JlaHb: 3JEKTPOHHO-
oubnuoteunass cucrema. — URL: https://e.lanbook.com/book/102071 (mata
obpamenus: 25.01.2023).

HononnumenvHnasn numepamypa

1. KonomeBa A. A. ®OU3NKOXUMHUSA KOMIIO3UIMOHHBIX MOJHMEPHBIX
MatepuanoB: yueOHoe mocobue / A. A. Konomnesa, A. P. l'araymmun, 1O. T.
INamamerauuoB. — Kazans: KHUTY, 2018. — 100 c. — ISBN 978-8-7882-2467-1. —
Texkcr: anexTpoHHbIi // Jlank: smekTpoHHO-OMONMMOTeyHass cuctema. — URL:
https://e.lanbook.com/book/166299 (nata obpamenns: 25.01.2023)

2. JleonoBuu A. A. ®u3nka U XUMHUS TIOTUMEPOB: yueOHOE TocoOue st


https://urait.ru/bcode/492744
https://urait.ru/bcode/492206

By30B / A. A. JleonoBud. — Caunkt-IletepOypr: Jlans, 2021. — 104 ¢. — ISBN 978-5-
8114-7406-6. — Texct: osnekTpoHHbIN // JlaHb : 3IE€KTPOHHO-OMONIHMOTEUHAs
cuctrema. — URL: https://e.lanbook.com/book/176869 (mara oO6pameHus:
25.01.2023).

3. Kupee B. B. BricokomonekymnapHbie coenuHeHuss B 2 4. Yactp 1:
yueObHuk mna By3oB/ B. B. KupeeB. — MockBa: MznarensctBo FOpaiit, 2022. —
365c.— (Bwicmiee o6OpazoBanue). — ISBN 978-5-534-03986-3. — Tekcr:
anekTpoHHbli  //  OOpasoBarenbHas  margopma  FOpaitt  [caift]. —
URL.: https://urait.ru/bcode/490451 (nata oopamenus: 25.01.2023).

4. Kupees B. B. BreicokoMonekymnspueie coeaquHeHus B 2 4. Yacte 2:

yuebHuk g By30B/ B. B. KupeeB. — MockBa: UznatensctBo FOpaiir, 2022. —
243 c. — (Bwicmiee o6pazoBanue). — ISBN 978-5-534-03988-7. — Tekcr
anekTpoHHbli  //  OOpasoBarenbHas  miargopma  Opaitt  [caift]. —

URL.: https://urait.ru/bcode/490452 (nata obparmenus: 25.01.2023).
5. Muxainua 0. A. BoJOKHHCTBIE TMOJUMEpPHBIC KOMIIO3HIIMOHHBIC

MaTepualbl B TeXxHUKe: yueOHoe nocodue / FO. A. Muxaiinun. — Cankt-IletepOypr:
HOT, 2013. — 720 c. — ISBN 978-5-91703-037-1. — TekcT: anekTpoHHbI# // JlaHb :
ANIEKTPOHHO-OnOmoTeunas cuctema. — URL: https://e.lanbook.com/book/35865
(mata obpamenus: 25.01.2023).

2.6.12. XumMHu4ecKass TEXHOJOTHs TOIJIMBA W BBICOKOIHEPreTHYECKHUX

BeleCTB
XTYM:
1. Kaypman, A.A. OtedecTBeHHbIE M 3apyO€’KHbIE KOKCOBBIE MEYU :

KOHCTPYKIIMU U 000pyA0BaHue [DIEKTPOHHBIN pecypc] : yuebHoe mocodue / A.A.
Kaydwman, 10.5. ®unonenko. — DnekTpoH. naH. — ExarepunOypr : YpdYVY, 2014.
— 88 ¢. — Pexxum goctymna: https://e.lanbook.com/book/98966. — 3arin. ¢ skpana.

2. [TorexuH, B.M. OCHOBBI TEOpUH XUMUYECKUX MPOLIECCOB TEXHOJIOTUU
OpraHUYeCKUX BEIIECTB U HedTenepepaboTKu [IIEKTpOoHHBINH pecypc] : yueb. /
B.M. Ilorexun, B.B. ITorexun. — Dnextpon. gan. — Cankr-IletepOypr : Jlausb,
2014. — 896 c.

3. Komapoga, T. B. Yraepoausie matepuansl: yueoHoe nocooue / T. B.
Komaposa, C. B. Bepxxuuunckas. - M. : PXTY um. JI.1. Menaeneena, 2012. - 192
C. : mi. - bubmorp.: ¢. 191-192. - ISBN 978-5-7237-1040-5

4. [TepepaboTka HedTH: TEOPETUUYECKHE U TEXHOJOTHUYECKHE ACIEKTHI:
yaeonoe nocobue / T. B. byxapkuna [u ap.] ; pen.: H. I'. Jurypos, b. I1. Tymanss.
- M. : Texnuka, 2012. - 495 c. : un. - bubmuorp.: c. 487-489. - ISBN 5-93969-040-
8

5. Yopkengopd W., HaitmantcBempaiit X. CoBpeMeHHBIN KaTaiu3 U
xumuyeckas kuneruka. / . Yopkennopd, X. HaiimantcBeapaidt. — JloaronpyaHsiil.


https://urait.ru/bcode/490451
https://urait.ru/bcode/490452

— 000 Mzparensckuit Jlom «MuTemnext», 2010. — 504 c. : uin. - bubnuorp. B KoHIIE
riaB. - ISBN 978-5-91559-044-0.

6. byxapkuna T.B. OcHOBBI KMHETHUYECKOTO MOJAETUPOBAHUS U 00pabOTKH
IKCIepUMeHTalbHBIX AaHHbIX. / T.B. byxapkuna, H.I'. lurypos, A.b. FOmames. -
M. : PXTY um. I.1. Menneneena, 2013. - 84 c. : wi. - bubmmorp.: c. 84. - ISBN 978-
5-7237-1145-7.

7. byxapkuna T.B. /OcHOBBI TNPOEKTHPOBAHHS M pacyeT ammnapaToB
XUMHUYECKON TEXHOJIOTUH TOIUIMBA U YIJIEPOJIHBIX MaTepualoB: yued. mocodue / T.
B. byxapkuna, C. B. Bepxxuunnckas, H. I'. lurypos, P. A. Ko3nosckuii; moxa pen.
T B. byxapkunoii. — M.: PXTVY um. JI. 1. Menneneesa, 2015. — 136 c. ISBN 978-
5-7237-1028-3

8. I'pemsiukun, B. M. T'ereporeHHoe TropeHHE YacTHI] TBEPJbIX TOILIUB
[Texct] / B. M. I'pemstukun. - M. : MI'TY um. H.O. baymana, 2015. - 231 c. : un. ;
14,5 yem.med.n. - bubmmorp.: ¢. 216-229. - 500 sk3. - ISBN 978-5-7038-4132-7

9. Kaydman, A.A. OredyecTBEHHbIE W 3apyOeKHBIC KOKCOBBIC II€UU :
KOHCTPYKIIMH B 000pyIOBaHMUE [ DIEKTPOHHBIN pecypc] : yueOHoe mocodue / A A.
Kaydwman, 10.51. ®dunonenko. — DnexTpoH. gaH. — ExatepunOypr : Yp®V, 2014.
— 88 ¢. — Pexum nocryma: https://e.lanbook.com/book/98966. — 3ari. ¢ skpana.

10. TlorexwuH, B.M. OCHOBBI T€OPHUU XUMHUYECKHUX MTPOIIECCOB TEXHOJIOTHUN
OpraHUYECKUX BEIIEeCTB U HedTenepepaOoTKH [ DNEeKTpOHHBIN pecypc]: yueb. / B.M.
[Torexun, B.B. ITotrexun. — DnektpoH. nan. — Cankrt-IletepOypr: Jlanp, 2014. —
896 c.

11. TIlepepaboTka He(TH: TEOPETUUECKHUE U TEXHOJOTMUYECKUE ACTICKTHI:
yueOHoe nocodue / T. B. byxapkuna [u np.]; pen.: H. I'. Jurypos, b. I1. Tymanss.
- M.: Texumnka, 2012. - 495 c. - ISBN 5-93969-040-8.

XTOCA, XTBMC

1.

5. Opnosa, E. I0. Xumus v TeXHOJIOTHS OpU3aHTHBIX B3PhIBYATHIX BEIIECTB
[Texcr]: yueonuk mist By30B / E.JO. Opmosa. - 3-¢ u3n., nepepad. - JI. : Xumus,
1981. — 312 c. (6a30BbIii yUeOHUK).

6. Kummn, B. @. Mano4uyBCTBUTENBbHBIE B3pbIBUATHIE BellecTBa [TekcT]:
yaeOHoe nocodue / B. ®@. XKunun, B. JI. 36apckuii, H. B. Oaun. - M.: PXTY. U3nar.
nentp, 2008. - 172 c. : ui. - bubnuorp.: ¢. 161-172. - ISBN 978-5-7237-0678-1.

7. Cunmnukuii, B. II. Tepmuueckoe pa3noXeHUE HSHEPreTUYECKUX
MartepuaiioB [ Tekcr]: yueObnoe mocodbue / B. I1. Cunaunkuii, B. B. Cepymikun. - M.
PXTY um. JI.1. Menneneena, 2012. - 151 c.: uin. - bubaumorp.: ¢. 151. - ISBN 978-
5-7237-0988-1.

8. Cepymikun, B. B. TepMoaunamuka mpoueccoB TOPEHUST W JETOHAIUU
[Texct]: yuebHoe nocodue / B. B. Cepymikun, B. I1. Cunguukuit. - M.: PXTY um.
J.N. Menneneena, 2012. - 112 c. : wi. - bubmuorp.: c. 112. - ISBN 978-5-7237-
0990-4

9. Cepymkun, B. B. Tepmoaunamuka npoueccoB ropeHust U J€TOHAIUU
[Texct]: yuebHoe nocodue / B. B. Cepymikun, B. I1. Cunaunkuii. - M.: PXTY um.



J.N. Menneneena, 2012. - 112 c. : wi. - bubnuorp.: c. 112. - ISBN 978-5-7237-
0990-4

10. J[enucrok, A. II. OmnpeneneHue OATMCTUUYECKUX XaPAKTEPUCTUK H
napameTpoB ropenust mopoxoB u TPT [Tekct]: maGopaTopHbBIii MPAKTHKYM :
Yuebnoe mocodue / A. Il. Jlenucrok, 0. I'. Illemenes. - M.: PXTY um. J[.N.
Menneneena, 2009. - 136 c. : wi. - bubmmorp.: c. 134. - ISBN 978-5-7237-0724-5

11. ®unommna M.A. OCHOBBI XMMUU U TEXHOJOTUHU MOPOXOB U TBEPHBIX
pakeTHbIX TOIUIUB [TekcT]: yueOHoe mocobue / M.A. ®uomuna, J[.JI. Pycun. - 2-¢
u3J1., nepepad. u noim. - M.: PXTY. Uznar. uentp, 2004. - 264 ¢ : wi. - bubauorp.:
c.252-256. -ITpeam. ykas.: ¢. 257-261. - ISBN 5-7237-0449-4

12. JIamkun .M. Peomornueckue 1 MEXaHM4YECKHE CBOMCTBA HAITOJHECHHBIX
nouMepHbIX koMmo3uiui [ Teker]: yue6noe nocodue / 1. U. JIsmkun. - M. : PXTY
uM. J[.1. Menneneesa, 2017. - 95 c. : uin. - bubnuorp.: c. 95. - ISBN 978-5-7237-
1453-3

13.  JlormenueB HO.M. CuHTeTMUYECKHME 3JIACTOMEPBI - KOMIIOHEHTHI
sHEpreTudeckux marepuaioB [ Tekct]: yueonoe nocooue / 0. M. Jlormenies, /1. B.
[InemakoB. - M.: PXTY um. JI.1. Menneneena, 2007. - 108 c. : ni. - bubauorp.: c.
106-108. - ISBN 978-5-7237-0663-7

2.6.13. Ilpoueccsl M annapaTbl XMMHUYECKUX TEXHOJIOTHH

1. Kacarkun A. I'. OcHOBHbIE MpoOIECCHl W ammaparbl XUMHUYECKOH
texHoaoruu. M.: Xumus, 1973.

2. IlnanoBckuit A. H., Hukxomae II. U. Ilpomecchl u amnmaparsl
XUMHUYECKON 1 HeTexumuueckon TexHosoruu. M.: Xumus, 1987.

3.  Kadapos B. B. OcnoBsl macconepenauu. M.: Beici. mik., 1979.

4. Tlpouecchl m ammaparbl XUMHUYecKoW TexHosoruu. T. 1: OcHOBBI
TEOpUU MpoleccoB xumuueckoi texnonoruu / JI. A. bapanos, A. B. BszbmuH, A.
A. T'yxman u np.; [Tox pen. A. M. Kyrenosa. M.: Jloroc, 2001.

5. Ilpouecchl u annapatsl XUMU4ECKOi TexHoaoruu. T. 2: Mexanuueckue
u rugpomexannyeckue npoueccol / 1. A. bapanos, B. H. baunuues, A. B. Bsazsmun
u ap.; [Tox pen. A. M. Kyrenosa. M.: Jloroc, 2001.

6. OOmuii Kypc IpoOIEeCCOB U aNmapaToB XUMHUECKOU TexHomoruu. KH. 1,
2 /B. T'. Aitnmrreiin, M. K. 3axapos, I'. A. HocoB u ap. M.: Xumus, 1999, 2000.

7. Kadapor B. B. Meroasl KuOEpHETHMKH B XUMHH M XHUMHYECKOU
texHoaoruu. M.: Xumnus, 1985.

8. JleikoB A. B. Teopus temnonpoBogHoctu. M.: Briciias mkona, 1967.

9. Jlesenmmuis O. MmxeHepHoe opopMIeHHE XUMHYECKUX MPOIIECCOB.
M.: Xumus, 1969.

10. Kadapor B.B., I'me6boB M.b. Marematuueckoe MOACIUPOBAHUE

OCHOBHBIX MPOIECCOB XUMHUYECKUX MPOU3BOACTB. — M.: M3marensctBo FOpaiir,
2019.- 403 c.

2.6.14. TexHOJ0THSI CHWIMKATHBIX M TYIOIUIABKHUX HeMeTAIMYeCKHX
MaTepHaJoB



1. 1. XumMuueckass TEXHOJIOTHSI KepaMHuKU: YueO. mocoOue s By30B /
H.T. Aunpuanos, B.JI. bankesuy, A.B. bensikos, A.C. Brnacos, 1.4. I'yaman, E.C.
Jlykun, FO.M. Mocun, b.C. Ckunan / Ilox pen. N.4A. I'yamana. M.: OOO PUD
«CtporiMarepuansi», 2011. 496 c.

2. Texnmonorus crexmna. CmpaBounble Marepuansl. [log pem. ILJI.
Capkucosna, B.E. Manesuua u 1p. M., 2012. 647 c.

3. bakynos B.C., bemsixoB A.B., Jlykun E.C., asxmertor VY.III.
OxkcuaHast Kepamuka: ciekanue u nonsydects. M., 2007, 583 c.

4.  Kynpsmos H.U., Kpusobopomo HO.P. da3oBbie paBHOBecus B
BsoKyIux cucremax. M.: PXTY um. JI.U.Menneneena, 2014. 132 c.

5.  Knaccen B.K., bopucor WN.H., ManyiinoB B.E. TexHorenusie
MaTepuaibl B Ipor3BoJCTBE liemeHTa. benropoa: BI'TY, 2008. 334 c.

6. Ilrapk ., Buxt B. Jonroseunocts 6erona. / ITep. ¢ nem. ITox pex. IT.
Kpusenko. Kues: OPAHTA, 2004. 295 c.

7. DBanc A.T'., JIsurgon T.I'. Konctpykuuonnas kepamuka / [lep. ¢ anr.
M.: Meramutyprus, 1980. 256 c.

8.  Ilen6u JIx. CTpykTypa, CBOMCTBA M TeXHOJOTUA cTekna. [lep. ¢ aHr.
M.: Mup, 2006. 288 c.

9. ®@enpiy A. AMOpdHBIE U CTEKIIO00pa3HbIE HEOPTaHUYECKHE TBEPJbIC
tena. M.: Mup, 1986. 558 c.

10. Crexino u xepamuka — XXI. Ilepcnextussl pazputus. CII6.:
SAnyc, 2001.

2.6.15. MemOpaHbl 1 MeMOpaHHASI TEXHOJIOTHS

1.  Herraepckuii 10. U., bpeikos B. I1., Karpamanos I'. I'. MemOpanHbie
IIPOLIECCHI pa3AENeHus KUAKUX cmecel -M., Xumus, 1991. - 272 c.

2. deitepckuit FO.U. bapomeMOpannbie mpoueccsl. Teopus u pacuer - M.:
Xumus, 1986 - 272 c.

3. Hu6pos I'. A. IlepBanopanus: yueOHoe nocodue. - M.: PXTY um. J[.N.
Menneneena, 2018. - 52 c.

4. Tpomkuna U. [1., Maiibopona A. b., Uekmapes A. M. DnekTpoauanus B
TEXHOJIOTUM PEIKUX W pPaguoakTUBHBIX 3yieMeHTOB - M.: PXTY um. JI.H.
Menneneena, 2010. - 62 c.

5. CeutioB, A. A. Mem6panHoe pazneneHue cmeceid. [IpoextupoBanue u
pacuer : yueOHoe nocobue / A. A. Ceutios. - M. : JIEJIN, 2021. - 208 c.

6. CuTtioB, A. A. MeMOpaHHoe pazaeneHue cmeceil. Teopus 1 MpakTHKa. :
yaeOHoe nocooue / A. A. Cutios. - M. : JIEJIU, 2020. - 269 c.

7. Karpamanos, I'. [I'. Jludpdy3uonneie mMemMOpaHHBIE TMPOIECCHI.
Teopernyeckue ocHOBBI : yueOHoe mocobue / I'. I'. Karpamanos. - M. : PXTYVY.
N3pat. uentp, 2007. - 43 c.

8. Karpamanos, I'. I'. J[uddysuonnsie memMOpaHHBIE MPOLECCHI.
MemMmOpanHoe paszaenenue ra3zoB : yueOnoe nocooue / I'. I'. Karpamanos. - M. :
PXTY um. JI.1. Menneneena, 2009. - 138 c.



9. Pacuer ycTaHOBOK MEMOpPAHHOrO pa3JeieHUus >XKHUIAKUX CMecei
meroanueckue ykazanus / pen. P. I'. Kouapos, pen. I'. I'. Karpamanos. - M. : PXTY
um. JI.1. Menneneena, 2001. - 128 ¢ :

2.6.17. MarepuaJjioBeeHue

1. Marepuanosenenue: yaeonoe mocooue / C. B. CanynoB — 2-¢ u3j.,
uctp. u gon. — Caunkr-IlerepOypr : Jlanp, 2022. — 208 c.

2. CheuuanbHble Marepuaibl B MamMHOCTpoeHuu : yueOnuk / FO. II.
Connues, E. U. [psxun, B. YO. [Mupaitnen. — 2-e uzn., ucnp. u gom. — CaHKT-
[TetepOypr : Jlanb, 2019. — 664 c.

3. MarepuanoBefieHre: OT TEXHOJOTMU K TPUMEHEHHIO (METallbl,
KepaMUKH, nmosmmMepsl) : yueonuk / Y. Kammucrep, JI. PetBuy ; nmon penakmueit A.
5. Mankuna ; nepeBoj ¢ anrauiickoro A. SI. Mankuna. — Caunkt-Iletepoypr : HOT,
2011. — 896 c.

4. MarepualioBeICHUE U TEXHOJIOTHS METAUIOB: Y4€OHHMK il BY30B /
I'.I1. ®etucos, M.I'. Kapnman , B.M. Mattonus ; Pen. I'.I1. @etncos. - M. : Beiciias
mkouna, 2001. - 638 c.

5. MarepuanoBeieHHEe M TEXHOJOTHUSI KOHCTPYKIIMOHHBIX MaTEpHUaJIOB:
yueoHuk / B. b. Apzamacos [u ap.] ; pen. B. b. Ap3zamacos, A. A. Uepenaxun— M.
: U3narenbckuii neHTp «Akaaemusi», 2007. — 447 c.
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