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IlosicHIOBa/IbHA 3aMIHCKAa

[HCTpYKTHBHO-METOMYHI ~ pPEKOMEHAAIll €  HEBII EMHUM
€JIEMEHTOM  HaBYAJIbHO-METOJMYHOTO  KOMIUIEKCY  JUCHMILTIHUA
«Monaudikarist moJiMepiB 1 MOJICKYJIIPHUN TU3AHY» 1 pO3pOOJICH] ISt
3100yBaviB BUMIOI OCBITH crienianbHocTi E3 Ximist.

CyuacHuid PO3BHUTOK XIMIYHOT IIPOMHMCIIOBOCTI Ta
MaTtepiasio3HaBCTBAa BUMArae Bijl (axiBlis HE MPOCTO 3HAHb PO Oa30Bi
BUCOKOMOJIEKYJsipHI  criostyku (BMC), a BMIHHA IiJIeCIpsMOBAHO
KepyBaTH iXHBOIO CTPYKTYpOIO Ha MIKpO- Ta MakpopiBHsiX. [lanuii
na0opaTOpHUN NPAKTUKYM MOOYJIOBaHMH Ha CTHKY KJIAQCHYHOIO
CHHTE3Y, (i3UKO-XiMil momiMepiB Ta HUPPOBOTO KOMII'IOTEPHOTO
MU3aiiHy, 10 J03BOJISIE TOTYBaTH (haxiBIiB JIJIs1 BUCOKOTEXHOJIOTIYHUX
rajiy3eil HayKu i BUpOOHUIITBA.

MeTa BUBYEHHS TUCIUILTIHUA: (OPMYBaHHA y MaliOyTHIX XIMIKiB
CHCTEMHHUX TEOPETUYHUX 3HAHB 1 MPAKTUYHUX HABHYOK IIIOJI0 METOIiB
CIPSMOBAHOI 3MIHM BJACTUBOCTEH BUCOKOMOJIEKYJSPHUX CIIOJIYK
(ximiunoi, ¢i3myHOi Ta MexaHIYHOI MoAudikamii) Ta OCBOEHHS
METO/OJIOTII MOJIEKYJIIPHOTO  JM3aifHy JAJs NOpOrHO3yBaHHA U
KOHCTPYIOBaHHSI TOJIIMEPHUX MartepiasliB 13 Hamepen 3aJaHuM
KOMILJIEKCOM €KCIUTyaTaliiHUX XapaKTepPUCTHUK.

Jist OCSATHEHHS! METH Iepe10aueHo BUPIICHHS TAKUX OCHOBHUX
3aBJlaHb:

e BuBunti TeopeTWuHi 3acaid Ta MEXaHI3MH IPOIIECIB
Mo udiKarii JiHIHHUX, pO3Traly>KeHUX Ta CITYaCTHX MOJIIMEpiB.

e OmanyBatu cy4yacHI METOAM XIMIYHOi  aKkTWBamii Ta
¢dyHKLI0HAaI3a1lii TOBEPXOHb NOJIMEPHUX MaTepiajiB.

e JlOCHIIUTH BIUIUB TEPMIUYHUX, MEXaHIYHUX Ta CEPEIOBUITHUX
¢dakTopiB Ha (a3oBuil cTaH, HAIMOJEKYJSpHY CTPYKTypy Ta
nedopManiiHO-MIlHI XapaKTEPUCTUKHU MOJIIMEPIB.

e HaBuuTrics BHKOpPHCTOBYBAaTH CIeLliali30BaHe MpOrpamHe
3a0e3neueHHs (3okpema, CKM HyperChem) nns 100ynoBu,
reOMEeTpUYHOi I eHepreTMuHoi ONTUMI3alil MaKpOMOJEKyd Ta
IHTEepIpeTallii mapameTpiB 3B'S3KiB.

VY pe3ynbpTaTi BUKOHAHHS Ja00paTOPHUX 3aHATh, epe0adeHnx
OUMHU  1HCTPYKTHBHO-METOAMYHHUMHU PEKOMEHJAIIsIMHU, 3100yBayl
BUIIO1 OCBITH HAOYIyTh:

e 3HaHp Mpo: XiMiuHI, (I3UYHI Ta MEXaHI4HI METOAH
[iCeNNpPSAMOBAHOT 3MIHM apXiTEKTypd MaKPOMOJIEKYJ, B3a€MOIII0
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MoJiMepiB 13 po3unHHUKaMU ((peHoMeHn HaOyxaHHs, KOHTPAKIIii
CHCTEMH) Ta MaTEMATUYHI aITOPUTMU OOUHMCITIOBAIBHOT XiMii.

e BMminb: camocTiiiHO 37ilicHIOBaTH jJabopaTOpHE OYHIICHHS,
aKTHBAIlI0 Ta XiMiYHy (YHKIIOHAQJII3allil0 MOJIMEPHHUX IMOBEPXOHB;
MPOBOJUTH  TOYHI  aHAJNITUYHI  BUMIpIOBaHHA  (3Ba)KyBaHHS,
TUTPYBaHHA); OyAyBaTH W EHEPreTMYHO ONTHUMI3yBaTH IMPOCTOPOBI
upoBi MOEII MAKPOMOJIEKYJI.

o HaBnuok: 6e3meuHoro NoBOIXKEHHS 3 arpeCUBHUMH XIMIYHUMH
peakTUBaMu; Balijanii Ta KPUTHYHOI OI[IHKHA EKCHEPUMEHTaTbHHUX
noxuOO0K; KOMaHIHOI poOOTH i KOBOPKIHTY MiJ 4Yac KOJEKTUBHOTO
00rOBOpPEHHS pe3yJIbTATIB.

e 3aTHOCTEH: IHTETPYBATH BIPTYaIbHUNA KOMIT IOTCPHHUH qU3aiH
13 pealbHUM EKCIEPUMEHTOM [UIsl TPOTHO3YBaHHS MOBEAIHKU
CKJIaJHUX CHUCTEM; BCTAHOBJIIOBATH NMPUYMHHO-HACIIIKOBI 3B’SI3KH 32
HACKPI3HUM JIaHITFO)KKOM: $\text{OymoBa Mmakpomosekyiu} \rightarrow
\text {BacTuBoCTi MaTepiany}$.

e [{iHHICHUX Opi€HTAIlill: €KO-TYMaHICTUYHOI BiJIMOBIAATBHOCTI
4yepe3 TpUBAILY Opi€HTaIlilo Ha NmpuHIUNH «3eneHoi ximi» (Green
Chemistry) Ta MIHIMI3allll0 «IUIACTUKOBOTO CIHiTy» Ha IUIAHETI;
0E3KOMITPOMICHOTO JJOTPUMAHHS €TUYHUX HOPM HAayKH i aKaJeMiqHOl

JTOOPOYECHOCTI.
e [HIIMX KOMMIETEHTHOCTEW: 3MaTHOCTI 10 TeHepallii BIACHUX
MaTepiaJo3HaBUUX cTapran-iieu, BUCOKOT KOMYHIKaTUBHOI

rPaMOTHOCTI B HayKoBiil cdepi Ta mBUAKOI MpodeciiHOT aJanTUBHOCTI
Ha CTUKY XiMii, pi3uxu i IT-TexHOoIOr1i.

["onoBHa 1HHOBALIS TPAKTUKYMY IOJIATa€ B CUHEPT1i IU(PPOBOTO
MaTepialo3HaBCTBA Ta PEAIbHOT0 eKCIIEPUMEHTY. 3100yBadl CloYaTKy
NPOEKTYIOTh, MOAU(IKYIOTh Ta MPOPAaXOBYIOTh  EHEPreTUYHY
CTaOUIbHICTD ~ MakpoOMOJEKYJd Yy  BIPTyaJlbHOMY  CEpelOBHILI
HyperChem, a moTiM NMPakTUYHO BaJiAYIOTh OTpUMaHi HU(POBI AaHi
IijJl Yac BUKOHAHHS pealbHUX XIMIYHUX Ta (Pi3UUHUX JTaOOpaTOPHHUX
OCIIIB.

[IpakTUKyM TOBHICTIO BIIXOAWTH BiJl PENPOTYKTHBHOTO
HaBuaHHsA. KoxHe nmabopaTopHe 3aHATTS Ma€ 4iTKy Ta yHi(piKoBaHy
N'ITUKOMIIOHEHTHY CTPYKTYpPY, SKa ONTUMI3y€ ayJIuTOpHMU dac,
CTPYKTYPY€E CAMOCTIHHY pOOOTY i 3a0e3neuye HaCKpi3HU MOHITOPUHT
yCHIIIHOCTI 3700yBaya BiJ JOMAIIHBOI MIATOTOBKU JI0 HAYKOBOI'O
TIONIYKY:



1. Bxinnuii xonTpoab (3aBaanHsi 1): OmepaTuBHa OIliHKA
TOTOBHOCTI 3/100yBauiB 10 3aHATTA y BUIJISAAI TECTOBOI INEpEBIpKU
3HaHb. ['apaHTye nomyck a0 poOoTu B jabopaTopii JuIle 3a YMOBU
pO3yMiHHS 0a30BUX TEPMiHIB 1 0€3MEKOBUX PErilaMeHTIB.

2. KosiekTuBHe o0roBopents (3aBaanns 2): CrinpHult aHami3
¢yHIamMeHTanbHUX NMUTaHb TeMH. Ha npomy erami 3100yBadi BUaThCS
apryMeHTyBaTH BJIaCHYy JyMKY, B3a€MOJISTH 3 KojeramM Ta
Bi3yasli3yBaTH  CKJagHI XIMIYHI ~ CTPYKTypd 3a  JIOTIOMOTOIO
MYJIbTUMEIINHUX 3aC00iB.

3. Mouekyasipue moaeaioBandss B HyperChem (3aBpanns
3): Ludposwutii 6110k. 3m00yBayi 3a31aJI€Ti b MPOSKTYIOTH MOJIMEPH Ha
aTOMHOMY PiBHi, ONTHMI3YIOTh T€OMETPIIO JAHIIOTIB Ta PO3PaXOBYIOTh
KYTH i1 €Heprii, [0 CTBOPIOE CTIMKHUI MICTOK MIXK TEOPI€IO 1 peaTbHUM
MaTepiaioM.

4. EXciepuMeHTAIbHMIA XiMiYHMI NpakTHKYM (3aBIaHHS
4): Besnocepennst HaTypHa JaboparopHa poOora. Bximrodae TouHI
¢i3uko-ximMiuHI BUMiprOBaHHS (Bara, o0'em, uac, TemImeparypa),
aHAJIITHYHE TUTPYBaHH:, MOOYyNOBY TrpadikiB KiHETUKU (HaOyXaHHS,
JIECTPYKIIi, nedopmarrtii) Ta PO3paxyHOK cnenuigHux
Marepiaio3HaBUMX MapaMeTpiB (KOHTPAKIis, CTYIiHb HaOpsKaHHSA,
BOJIOTICTB).

5. TBopue inauBinyanbHe 3apaanus (3aBaanusa S): Po3sutox
Soft Skills, KpUTHYHOrO MHUCIEHHS Ta I1H)XEHEPHOIO MMCIICHHS.
Buxkonyetscs y opmati MiHI-I0TIOB11 « 4 — HayKogeys », e 3100yBay
Mae 3alpOoNOHYBATH BJIACHY IHHOBALIWHY cTpaTerito Moaudikamii min
KOHKPETHHI KOMEpIiiHUI a00 HayKOBHIl 3aMUT.

Taka cxema opraizauii IepeTBOPIOE 3BHYAilHE BUKOHAHHS
71a00paTOPHUX JOCTIAIB HA MOBHOIIHHE, JIOTTYHO 3aBEpILIEHE HayKOBE
JIOCITIJIKEHHS.

CyvacHuil XiMiK-MaTepiaJlo3HaBellb HE Ma€ IpaBa CTBOPIOBATH
pPEYOBMHM  BIZIpBaHO  BiJl  €KOJOTYHOIO  KOHTEKCTy. Tomy
1ab0opaTOpHUN MPAKTUKYM LIJIECHPIMOBAHO (POPMY€ €KO-LIEHTPUUHUN
cBitornsaag Ta mnpuHnunu «3enmeHoi ximii» (Green Chemistry).
OnanoByrouu nporecu Moaudikariii, 3100yBadl BUaThCSI KOMITJIEKCHO
OLIIHIOBATH )KUTTEBHM LIUKJ MOJIMEpPiB, MPOTHO3YBATH IXHil BIUIMB Ha
JTOBKULIS Ta (POKYCYIOTHCSI Ha pO3pOOITl IHHOBAIIIHHUX 010pPO3KIIaTHHX,
BIJTHOBJIIOBAaHMX 1 Oe3nmedHux s 6iocdepu MaTepiasliB 3 BHCOKOIO
0CcOo0HMCTOIO Ta TPO(ECiitHOIO BiAMTOBIIATBHICTIO.



OuiHIOBaHHS  YCIIIIHOCTI 3A00yBayiB BWINOi OCBITH 3
muctumiiag «Moaudikariiss momiMepiB 1 MOJICKYJISIPHUNA JHU3alH» €
HaKONMHUYYBaJIbHUM 1 0a3y€ThCsl HA CHCTEMATHYHIM POOOTI IPOTATOM
ceMecTpy.

OmuiHka 3a ogHe JadopaTopHE 3aHATTS CTAHOBUTH MAKCUMAJILHO
100 Gamis.

KoxHe 3aHATTS CKIagaeTbcsi 3 5 OOOB'SI3KOBHX CKIJIQJIOBHX
(KOMITOHEHTIB), KOXKHA 3 SIKUX OI[IHIOETHCS MaKCUMAaIIbHO y 20 6ariB.

OLiHIOBaHHS KOXXHOTO OKPEMOIro KOMIIOHEHTa, a TaKOoX
3arajbHUM MiICYMOK 3aHATTS 31HCHIOETHCS BIAMIOBITHO 10 KPUTEPIiB,
HaBeneHux y Tabmwmi 1.

Po3noaia 6anie 3a mkasow €EKTC npeacrasiieno B Tadaumi 1.

Tabnuys 1
Poznonin 6anis BK KO MM EXII TI3
100 20 20 20 20 20
«A» —25%, «A» —16-20, [«A» — 16-20, |«A» —16-20, [«A» — 16-20, |«A» — 16-20,
«B» —20%, «B» —12-15, [«B» — 12-15, |«B» —12-15, [«B» —12-15, |«B» — 12-15,
«C» —20%, «C» —8-11, [«C»—8-11, |«C» —8-11, [«C»—8-11, |«C»—8-11,
«D» —25%, «D» —3-7, «D» —3-7, «D» —3-7, «D» —3-7, «D» —3-7,
«E» —10% «E» —0-2 «E» —0-2 «E» —0-2 «E» —0-2 «E» —0-2
Posmonin  GamiB  3a BUAAMH JISUIBHOCTI Ha  KOXXHOMY

HaBYAIBHOMY 3aHATTI € 3pO3yMiIUM, OOTPYHTOBAaHUM, KOMIAKTHUM 1
JI0JJATKOBOTO TEKCTOBOTO OMHCY He MOoTpedye, ajke KOKHA OILIHKA
BUpakaeTbCcsl 2-8 Oanamu, 110 3HAYHO MOJIEriIye ii BU3HAYEHHS 3
ypaxyBaHHSIM BU3HAYEHUX MTOKa3HUKIB.

SIkicHi kpuTepii OiHIOBAHHS KOMIIOHEHTIB 3aHATTH (1o 20
0aJIiB KOKEH)

BK — Bxionuti koumpoib 3HaHb i pO3YMIHHSA KIHOYOBUX NOHANMDb

16-20 6auiB («A»): be3moranHi 3HaHHSA TEOPETHUYHOTO MaTepiaty
TE€MH; TPaBWJIbHI BIJIMOBIJII Ha BCl MUTaHHSA EKCIIPEC-TECTYy; 4YiTKe
PO3YMIHHS CYyTl XIMIYHUX MTPOLIECIB, 10 AOCIIIKYBAaTUMYThCSI.

12-15 6axiB («B»): CryaeHt Bonogie MarepiaioMm, ajue
MPUITYCKAETHCS MOOJUHOKMX HETOYHOCTEeH y (opmynroBaHHAX abo
IUTyTa€ APYTOPSIAHI TIOHATTSL.

8-11 o6aniB («Cy»): 3aranpHi 3HAHHI €, aje BIAMOBIII
¢dparMeHTapHi; CTyJIEHT HE J0 KIHLS pO3yMi€ B3a€MO3B'SI30K MiXk
CTPYKTYpOIO Ta METOAaMU MOAUDIKaILi.

3-7 oauiB («D»): CnaOkuii piBeHb MiJATOTOBKU; OPIEHTYETHCS
nuie y 6a30BUX TepMiHaX, BUSBICHO CEPHO3HI MPOrauHU.



0-2 6au («E»): IloBHA HETOTOBHICTH /10 3aHATTS; HE3aA0BLILHHI
pe3yNbTaT KOHTPOIIIO (BUMArae JOAaTKOBOTO OMPAIIOBAHHS TEOPIi IS
JIOIIYCKY J10 €KCIIEPUMEHTY).

KO — Vcni 6i0nogioi ma 062060penHs NOMOYHUX KOHMPOTbHUX
3anumats

16-20 6aniB («A»): AKTUBHA yd4acThb y AMCKYCIi; BiAMOBii
OoOTpyHTOBaHI, 3 TIMOOKHM aHAJi30M JITEPATypH; CTYIACHT JIOTIYHO
BiJICTOIO€ BIIACHY HAYKOBY AYMKY.

12-15 6aaiB («B»): KoHTpoJIbHI MUTAaHHS MATOTOBIIEHI J00pe,
aJleé CTYACHT NPOSBIISAE€ MACHBHICTh y KOJEKTHBHOMY OOTrOBOpEHHI,
BIJIMIOBI/Ia€ JIMIIIE 32 BUKIIUKOM BUKJIaJaya.

8-11 o6aniB («C»): Bignosimi penpoaykTuBHI (mpocTe
3aUUTYBaHHS 3 KOHCIIEKTY 0€3 KpUTHYHOTO OCMHCIIECHHS), cllaOka
apryMeHTallis.

3-7 oaxniB («D»): KoHTponbHI TMTaHHS OIpaIbOBaHi
HE33/I0BUTBHO; CTYACHT HE MOJKE IMOSICHUTH 0a30Bi 3aKOHOMIPHOCTI
TEMHU.

0-2 6amu («E»): BimnoBimi BiACYTHI, JOMAIIHIH KOHCIICKT
MUTaHb Yy 30IIKTI HE BUKOHAHO.

MM — [lpezenmayis npoghecitino-opicHMOBAH020 3A80AHHS 3
mooeniosanns 6 HyperChem

16-20 6axiB («A»): [{udpoa Mozaenp mosimMepy noOyaoBaHa
NPaBUJIBHO; YCIIIIHO MPOBEAEHO EHEPreTUYHYy  ONTHUMI3AIliio
(mampuknaa, metonoM MM+); mpoBeneHO TTMOOKHI aHami3 JOBXUHI
3B'I3KIB Ta KYyTiB; BHECEHO «YTOYHEHHS Ta JOMOBHEHHS» 3a
pe3ysbTaTaMu KOJIEKTHBHOTO aHAMI3y.

12-15 6aaiB («B»): Monenb noOy0oBaHa KOPEKTHO, aje aHawi3
BIUIMBY T'€OMETPUYHUX IapaMeTpiB Ha MaKpOCKOIIYHI BJIACTUBOCTI
noJiiMepy BUKOHAHO MOBEPXHEBO.

8-11 o6aniB («C»): [lomymieHO He3HAYHI MOMHWJIKH I Yac
noOynoBu naHmora y HyperChem; onTuMi3aiilo MpOBEIEHO HE 0
KIiHIIS, aHATI3 TaHUX CJIaOKHM.

3-7 6aniB («D»): Mogens MICTUTh KPUTUYHI TOMUIIKU
(Mopy1IeHO BaJIEHTHICTh aTOMIB, HEMPaBUILHO 00paHO (hparMeHTH),
CTYZCHT HE BMi€ IHTEPIPETYBaTH PO3paxoBaHi €Heprii.

0-2 o0aam («E»): Komm'roTepHe MOJEIIOBaHHS HE BHUKOHAHO,
pe3yNbTaTH B 30IIUTI BiJICYTHI.

EXII — Excnepumenmanvhe 3a60anus (1a6opamopHi 00ciiou)



1620 oOaxiB («A»): besmoranHa TexHiKa XIMIYHOTO
EKCIEpUMEHTY Ta JOTPUMAHHS NpPaBUI OE3MEKH; MaTeMAaTUYHO TOYHI
po33paxyHKu (BoyiorocTi, cryneHs HaOyxanHs $WS$, kourpakmii $G$
TOIO); imeasibHO odopMieHI Tabmuii ¥ rpadikd  KIHETHKWY;
c(hopMysIbOBaHO TJIMOOKI HAYKOB1 BUCHOBKH.

12-15 6axiB («B»): Jlociix BUKOHAHO YCHINIHO, alie JOMYIICHO
npioHi moxuOku B odopmiIeHHI rpadivyHOro Mmarepiany abo
MaTeMaTHYHOMY OKPYTJICHHI pe3yJibTaTiB; BUCHOBKH NPaBWIbHI, aie
JIEII0 CTUCII.

8-11 6axiB («C»): Y X0fi eKCIEPUMEHTY TOIMYIIEHO MOXUOKH
(HarpuKJaa, HesIKiCHE MPOMOKaHHS 3pa3Ka Imarnepom), 1o Ipu3Beo 10
BUKPHUBIICHHS pPE3yJbTaTiB; BUCHOBKM MalOTh CYTO OIMCOBHH
Xapakrep.

3-7 oaxiB («D»): XaoTWuHe BHKOHAHHS JIOCIHITYy, BEJHKI
NOXMOKM y BHMIPIOBAHHSX; PO3PAXyHKOBI (OpMyinH 3acTOCOBAHO
HEBipHO, TaOJIHIII 3aITOBHEH]1 YaCTKOBO.

0-2 6amu («E»): I'pyOe mopylieHHS TexHIKH Oe3NeKu;
eKCIIepUMEHT HEe 3aBepIICHO; MJaHi y J1abopaToOpHOMY >KypHai
chanbcudikoBani abo BiACYTHI.

TI3 — Teopue inougioyanbre 3a860aHHs

16-20 6aaiB («A»): MiHi-10MOBIb OpUTiHANIbHA W KpeaTHBHA
(HamycaHa BIIACHUMH CJIOBaMH); 3alIpPOIIOHOBAHO 1HHOBAL[IHHUI METO/
MoudiKalii; YiTKO MPOCIiIKOBYETbCS OpIEHTAIl Ha EKOJOTIUHI
CBITOTUISIIHI IIHHOCTI (MIHIMI3AIlisl €KOJIOTTYHOI IIKOAM, YTUJII3aIlis);
0OIPYHTOBAHO NPAaKTUYHE 3aCTOCYBAaHHS MaTepiaiy.

12-15 6aaiB («B»): 3aBgaHHs BUKOHAHO TOBHICTIO, aJI€ 1J1es €
KOMITUJIAIIEI0 BXKE BIJJOMUX JIITEPAaTYpHUX pillleHb; €KOJIOTIYHUN
ACTIEKT 3Ta/IaHO MTOBEPXHEBO.

8-11 oaaiB («C»): JlomoBigs 3aHaATO KOPOTKa, Opakye
HAayKOBOTO OOTPYHTYBaHHSI TOTO, SIK 3alporoHOBaHa Moaudikaiis
3MIHUTh CTPYKTYPY Ha MOJIEKYJISIPHOMY PiBHI.

3-7 6aaiB («D»): Tekct Mae xapaktep popmanbHOi Bianucku (1—-
2 peuyeHHs), TBOPYMI MiJXiJ] Ta BlacHe OaueHHs MpoOJIeMH BiICYTHI.

0-2 6amm («E»): 3aBgaHHs MOBHICTIO IPOITHOPOBaHE, MOJE B
30MINTI 3TUIIEHE TTYCTHM.

Oobnik pe3ynbmamie HAGUAHHA 3000ysauie suuiol oceimu.

Pesynbrarn  HaBuanbHOI  OiSVIBHOCTI  KOXKHOTO  3700yBaua
OOIKOBYIOTBCS Y BUIIIAAI Tabmui (Tabdm. 2).



Tabnuys 2
Kaprka 00,1iky HaBYaJBLHUX J0CATHEHDb 3100yBaya

Cywma Garis/ Tema Buay 3aB1adb Ta MAKCUMaIbHI 0anu
OIliHKa BK KO MM EXII TI3

20 20 20 20 20

BMII
XMMII
OMIT
TIK

X311
OMIT
MITJIH
TBIIM/L
XCIIMIIT
BII
CKCBII
MIIMJT
MAJIIT
TIIIBIIM
MKPNel

PeliTunar

Buau HaBYaIbLHOY AifILHOCTI:

BK — Bxiguuii KOHTpOIL

KO — KonextrBHe 00roBOpeHHs

MM — MonekynspHe MOAETIOBaHHS

EXII — ExcriepuMeHTanbHA XiMIYHHUI TPAKTHKYM
TI3 — TBOpYe iHAMBITyaIbHE 3aBIAHHS

Ilo3nayenns Tem:

BMII — Beryn no momudikarii momiMepiB. BHBYEHHS OCHOBHHMX MeToZiB Moaudikamii mosimepis i
XapaKTepHCTHKA BUXiJTHUX MaTepiaiis.

XMMII — Ximiuni MeToau Moaudikarii moiiMepiB: GyHKIIOHATI3aMis TOBEPXHI MOTIMEPHHX MATEPialiB.
OMII — diznynra Momudikamis momiMepiB: 3MiHa CTPYKTYpH IOJIMEPHHX MarepialiB MeXaHIdHHM i
TEPMIYHHM BITUBOM.

TIK — ITonimMepHi KOMIIO3UTH: OCHOBHM CTBOPEHHS Ta MOAM(iKail.

X3I1 — XimivHe 3MUBaHHS MOJIMEpPiB: METOAM i BIUIMB Ha BIACTUBOCTI.

OMII — doroximiyna MoaudiKalis HoIiMepiB.

MIT/JIH — Monudikariist moniMepis 3a TOMOMOTOK HaHOMATepialiB.

TBIIM/I — TepmiuHi BIaCTHBOCTI TOJTIMEPIB i METOAM 1X TOCIIPKEHHSL.

XCIIMIIT — XimiuHe cTapiHHS MOJTIMEpIB Ta METOIU IPHCKOPEHOTO TECTYBaHHS.

BII — BioposknazaHi noxiMepu: 0COOIMBOCTI Ta 3aCTOCYBaHHSL.

CKCBII — Crioco6u KOHTPOJIIO CTPYKTYPH Ta BIACTUBOCTEH moliMepiB (xpomartorpadist).

MIIM/1 — Moandikariis moiMepis i MONEKYJIAPHUN U3aiiH JUIsS CTBOPEHHS CMapT-MaTepiais.

MAJII — Metoau aHamnisy AecTpyKuii moJimMepiB.

TIBIIM — IlepcnexTyBy i mpobieMn BUKOPUCTAHHS MONIMEPHHUX MaTepialiB Ta NIIAXH 1X yTUITi3alii.
MopnybHa KOHTposIbHA poboTa Nel
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JlabopaTopHe 3anaTTA Nel
TEMA: Beryn 1o mogudikanii moximMepis. BuBueHHs1 0CHOBHUX
MeToAiB MoaM¢ikanii mosiMepiB i XapakTepucTHKAa BUXITHUX
MarepiaJis.
Merta 3aHATTS: O3HAWOMUTH 37400yBadiB BHIIOiI OCBITH 3 OCHOBHUMH
MeTogaMu  MoauQikamii TOMiMepiB, MiATOTYBaTH [0  MOJANBIIMX
eKCTICpUMCHTATBHUX TOCITIHKCHb, HABUNTH BHU3HAYATH (hi3HKO-XIMIidHI
BJIACTHBOCTI BUXiTHHUX TOJIIMEPIB.
Pexomenooeana nimepamypa.
1. Binencwknii B.O. ITomiMepn: cuaTe3, MOIUbIKAITIS, TOCITIIHKESHHS ;| HABY.
moci6. XKuromup: Bug-so KAV im. 1. @panka, 2024. 348 c. : i
2. Menbnuk JI. 1. Ximis i ¢izuka nomiMepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
3. Ocranosud b. b., I'epruk O. M., KoBanumus f. C. JIaboparopHi pobotn
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIONYK : mpakTukyM. JIbBiB : JIHY imeni [Bana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximii Ta TexHonorii monimepis. JIpBIB : JIpBiBchKa momitexHika, 2014. 336 c.
5. Xiwmis moniMepiB: KOHCIEKT Jiekuii / ymopsa. JI. I1. Mapymko. Jlyipk :
3ops-mtoc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOJIOTiA
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaii,
2010. 291 c.
7. Cnopsrin E. O., Bapnan K.€. TeopeTuuHi OCHOBM Ta TEXHOJIOTis
BUPOOHUIITBA MMOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaB4. 1moci6. JHinpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.Tl.
Kamnaymenko, O.P. IIpsxin [Ta in.]. 3anopixoks : 3AMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInan 3auamms.

1. BXigHuii KOHTPOJH 3HAHB 1 PO3YMIHHS KITFOUOBHX ITOHSTh.
(Inousioyanvna mecmosa nepegipouna podooma 3a NIO20MOBIEHUMU
MeopemuyHUMU NUMAHHAMY aO0 KOpOomKe YcHe onumyeanus (¢opmam
«excnpec-8ionoesioiy)).

2. YcHi BiAMOBIl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3alIMTaHb /
NPaKTUYHUX 3aBJaHb.

(Korexmuenuti ananiz 0008’3k06uUx 071 Ni020MOBKU 600MA 3aANUMAHD,
VMOYHEHH sl CKIAOHUX ACNeKmia 3 meopii Moouikayii nonimepis i npunyunise
MONEKYAAPHO20 QUAUHY, BI3VANI3AYisi MUNOBUX CIPYKMYD, 2DV, MEXAHI3MI6
MYTLIMUMEODTIHO).
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3. IlpeseHTariis BapiaHTIiB PO3B’si3aHHS MPOQECIHHO-OPIEHTOBAHOTO
3aBIaHHS 3 MOJICKYJISIpHOTO MoenoBanHs B HyperChem.

(Ob2060penns piwlenHs 3a60aHHs, WO PO38'A3AHO 600Md, HOPIGHAHHS
nioxodie 00 auanizy, cuHmesy, Mmoougikayii nonimepis, KoieKMuUGHe
000NpPayI0B8arHsl, MOOENI08AHHA AOO0 YOOCKOHANEHHS 00PAH020 8apianma,).

4. ExciepuMeHTanbHe 3aBaHHs (JabopaTopHi T0CTiIN).
(Incmpykmadxc 3 mexuiku 0Oe3nexku, GUKOHAHHS eKCHEePUMEHMANTbHO2O0
3a80aHH5A 8 1aOOPAMOpPIi 32I0HO 3 pe2laMeHmoMm,).

5. TBopde iHAwBIMyaTbHE 3aBIAHHS.

(BuxonanHs iHOUBIOYATbHO2O 3AB0AHHS GIONOBIOHO 00 MeMU 3AHAMMSL,

no6y008a, onmuMizayis, aHaliz NoaiMepHoi cmpyKkmypu abo moodeii npoyecy,

NPOSHO3YBAHHA (Pi3UKO-XIMIYHUX napamempie ma inmepnpemayisi OaHux).
Incmpykuia 00 6uKkonaunua.

3aeoannusn Nel. Bxionuii KoHmpoJib 3HAHb i POIYMIHHA KITI0Y06UX NOHAMD.

Ha nouamxy 3ansmms éam 6yde 3anponoHO8AHO BUKOHAMU 6APIAHM
iHOUBIOyanvHoi mecmogoi  nepegipounoi pobomu abo Kopomke YCHe
onumyeamHs 6 opmami «ekcnpec-ionogioiy. Bukouaiime 3a80aHHs Ha
1a6OPaAMOPHOMY 3aHAMMI.
3aeoannn Ne2. Ycui 6ionoeioi ma 062060peHHs NOMOUYHUX KOHMPOIbHUX
3anumans / NPAKMUYHUX 3A60aHb.

1Ti0 uac 3anamms  apeymMenmosano GUCI06IMb GIACHY OYMKY U000
PO32NAHYMO20 Mamepiany.

KouTpoabHi nuTaHHs/ 3aBIaHHA:

1. Mo Take nomimepu? Kinacudikaris momaimepis.

2. OcHoBHI Meroau Momudikamii momiMepiB: XimidHa, Qi3uvHAa,
MeXaHiYHa.

3. OcobnuBocTi peakiii Mmoaudikarii moxiMepis.

4. BnacTuBOCTI BHXIIHHX MONIMEPIB.

5. XapakTepuCTHKa MOJIMEPHUX JIAHITIOTIB 1 (PYHKI[IOHATHLHHUX TPYIL.

6. BrumB moaudikailii Ha CTPYKTypy Ta BIACTUBOCTI MOJIiMEPIB.

7. 3aranbHi BHMOTM 1O JabopaTopHOi Oe3nekd mpu podoTi 3
MOJIIMEPHUMH MaTepiallaMu.

8. Meromu aHalizy moyiMepiB (CIEKTPOCKOTIIsI, TEPMIUHHUMA aHAaTI3).

9. OcHOBHI J1abopaTOpHiI MpWIATU I POOOTH 3 MOJIMEPHUMHU
MarepiajJamH.

10. IoHATTS TpoO CyMili i KOMITIO3UTH Ha OCHOBI MOJIIMEPIB.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3anusa npogeciino-
OPIEHMOBAH 020 3A80AHHA 3 MOJNEKYAAPHO20 moodenioeannsn ¢ HyperChem.

Baosicnueo! Cxoorci 3a60anms 6y0yms 6K0UeHi 00 MOOYILHO2O KOHMPOIIO

Nel.
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11i0 yac nabopamopnoi pobomu npesenmytime 61ACHy MOOeb U AKMUBHO
bepimb yuacmov 8 002080peHHi ma BUCNO8IIOUMeE 61ACHY OYMKY. AKuo nio
BNIUBOM KOJIEKMUBHO20 AHANI3Y 60HA 3MIHUMbCA — 0008 S13K0B0 3aNULUimb
HOoB8e OayeHHs.

BuxopuctoBytoun HyperChem, 3mopnentoii MOJEKYISIpHY CTPYKTYPY
NpOCTOT0 JIHIMHOTO TOdiMepy (Hampukian, mnofietuieny). I[lpoBenu
EHEepPreTUUHY ONTHUMI3alil0 MOJIEKYJIM Ta MPOaHai3yid OCHOBHI MapaMeTpH:
TIOBKHAHU 3B’ 5I3KiB, KyTH MIXK aTOMaMH, €HepTii0 KoHpopmariii. Onumm, K i
napaMeTpH BIDITMBAIOTH Ha ()i3WYHI BIACTHBOCTI TOJIMEpY.

Mopapna: /[y moOymoBH MOJTIMEPHOI JAHIIOTa BUKOPUCTOBYH 1HCTPYMEHT
«Build Polymer» abo komitoif Ta 3’€mHyi MOHOMEpHI OIMHHWII BpPYYHY.
Jlaiigxak: Ilicms cTBOpeHHsS JaHIOTa Bifpazy 3amyckair «Geometry
Optimization» MeTogoM MM+ a7l MBUAKOTO MPHUBEICHHS CTPYKTYpPH IO
CTaOlIBHOTO CTaHYy.

Ymounenna ma oonosnennsn:

3aeoannun Ned. Excnepumenmanvte 3a60aHHs (1ad0pamopHi oociiou).
Ha 3anammi suxonaiime excnepumenmaibHi 3a60anHs 3210HO 3 IHCMPYKYIETO,
OOMPUMYIOUUCy — NOCAI008HOCME Ol 3aghikcytime  pesyavbmamu
cnocmepedcerHb y pobo4oMy 30uumi: KANCIMb YMOGU eKCNEPUMEHNY,
pesynvmamu, eucrosku. Ilputivims yuacmv 6 002080peHHI GUKOHAHO2O0
3a60aHHs HA NIOCYMKOBOMY emani 3ausimms.

Excnepument 1. BusHaueHHsI MACOBOI YACTKHU BOJIOTH Yy 3pa3kax
noJiimepis.

Texnixa ximiuHo20 ekcnepumenmy:

1. B3sTu HeBeaMKuUH 3pa3ok mojiMepy (~2 r).

2. 3BaXXWTH HOTO Ha aHAITUYHUX Barax, 3alucaTH IIOYaTKOBY Macy
(mo).

3. IlomicTuTH 3pa3oK y CymmiibHY Kamepy npu temneparypi 105 °C
Ha 2 TOAWHM AJI BUAAICHHS BOJIOTH.

4. Tlicna BUCYLIyBaHHS 3BaXKUTH 3pa30K IMOBTOPHO (my).

5. O0YMCANTH MAacOBY YacTKY BOJIOTH 32 POPMYIIO0:

13



my

6. 3amucatu pe3yabTaTH y 1abopaTopHUil KypHa.

W =

Excnepument 2. CrniocTepeskeHHs 32 Gi3MYHUM CTAHOM MOJIiMepy

Nl BILIMBOM TeMIlepaTypu
Texnixa ximiuno2o ekcnepumenmy:

1. B3sTH 3pa30K KayqyKOBOI CTPIYKH PO3MIPOM MPHUOIH3HO 5X5 CM.

2. TNomicTuTHn 3pa3ok y HarpiBad abo BOJSHY OaHIO 3 PEryJbOBAHOKO
TEMIIEPaTypPOr0, 3aKPIMUBIIN OJMH 3 ii KiHIIB y JAMIl IITaTHBA, 0 1HIIOTO
MPUKPIMUATH BakOK Macoro 200r. TTopsi 31 CTPiuKO0 pO3TAIIOBYEMO MipHY
THIHKY.

3. IoctymoBo miABHIYBaTH TeMmepaTypy 3 Kpokom 10 °C,
nmounHarouH Bix kiMHaTHoi (20 °C) mo 120 °C.

4. Tlpu KOXXKHOMY MiJBUIIEHHI TEMIIEPaTypH 3alUCyBaTH JOBXKHUHY
PO3TATHYTOTO 3pa3Kka

5. lloOymyBati  rpadix  3aleKHOCTI  JOBKWMHH  3pa3ka  Bif
TeMIIepaTypH..

6. 3ammcaTd TEMIIEPaTypHUH Jiana3oH, MPH SKOMY IOYHHAKOTHCS
BUIUMI 3MIiHH.

7. IlpoBecTH OXONO/KEHHS 3pa3Ka Ta OIIHUTH TOBEPHEHHS 10
MIOYaTKOBOI'O CTaHy.
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Excnepument 3. O3HaiiomieHHsi 3 TmpouecoM HaOyXaHHsI
NMPHPOTHUYX MOJTiMepiB.

Texuixa ximiuno20 ekcnepumenmy:

1. IlimroryBatu OHAKOBI 3a IUIOIICIO IIMATKU MaTepiainy (HalnpuKiai,
5%5 cM). 3BaKTe KOXKEH 3pa30K y CyXoMy cTaHi (m;).

2. IlomicTiTh 3pa3kum y BOAY Ha OJHAKOBHH MPOMIKOK dYacy
(nampuknag, 5, 10, 15 xB).

3. Ilicns KOXXKHOTO iHTEpBAIY OO0EpeXHO BUHMITH 3pa30K, 3Jerka
MIPOMOKHITH (QiIBTPYBaIBHUM TariepoM (abo pi3KO CTPYCiTh) IS BUIAICHHS
HaJJIUIIKOBOI BOJIU.

4. 3BakTe KOXKEH 3pa30K y Bosioromy crati ((my). O0UHCHiTh CTYIIHD
HaOpsKaHHA 32 GOPMYJIIO0:

W =((m2—m)) / m;) X 100%

5. 3aHypeHHs Ta 3BaXYBaHHS IOBTOPIOIOTH JI0 THX IIip, IOKH
HaOpsSKaHHA HE 3aBEPIIUTHCS — Maca TmepectaHe 30imbmryBarucs. Yac
HaOpsAKaHHS B PO3UYMHI CKIIAAAE, SIK paBmio 3—15 XB., piako — OinbIie.

6. TIoBTOPITH €KCHEPUMEHT 13 PI3HUMHU piMHAMHU (PO3YMHHU COJIEH,
CITUPT TOIIO).

7. 3amoBHICTH TAONHIIIO 33 Pe3yAbTATAMHU JOCHTIHKCHHS:
No 3/m Pinuna Mo mi Yac, xB.
1

[\

(98]

Excnepument 4. O3HaiioMyleHHss 3 mpoumecoM HaO0yXaHHS
CHUHTETHYHMX MoJIiMepiB.

Texuixa XimMiuH020 eKChepumMenmy:

1. BimiOparu 3pa3okx momimepy macor 0,2-0,3 © Ta 3BaXXUTH Ha
aHATITUYHKUX Tepe3ax. 3adikcyBaTu MOYaTKOBY Macy (Mmo).

2. TNomicTutn 3pa3ok y CKIsIHKY 3 20 MJI 0OpaHOTO pPO3YMHHHUKA.
Opnpa3sy BIMKHYTH CEKyHIOMIp i HE BUMHKATH HOTO O 3aBEPIICHHS BCHOTO
excrepuMeHTy. OO0epekHO MepeMillyBaTH MOJIIMEP 3 PIAMHOI0 MPOTITOM
YChOTO TMPOIIECy, YHUKAIOUHN 3ITUIIAHHS.

3. Uepe3 xoxHi 15-20 xB (abo iHTepBan, 3aJlaHUil BHKJIaJadeM)
BUIIy4aTH 3pa30K, IPOMOKaTH GilbTpyBaJbHUM HaepoM Ta 3Ba>KyBaTH.

4. 3adikcyBaT HOBE 3HaUEHHS MacH (M1, Mz, ... My), 9aC 3 MOMEHTY
MOYATKY EKCIIEPUMEHTY HE 3YITHHSIETHCA.
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5. TloBTOproBaTu MpoLEaypy 10 MOMEHTY CTabiTi3allii MacH — KOJIH
3MiHa Baru nepecrae OyTtu cyrreBoro (0,001 r abo meHIe). 3a3Buyait
notpi6Ho 10 10 moBTOPIB.

6. O0YMCIHTH CTYTIHB HAOPSIKAHHS MiCIS KOYKHOTO ITUKITY:
W = ((mn — mo) / mo) x 100%
7. PesynpTaTti 0OPMHTH Y TaOIUILIIO.
Ne Yac, c. mo my Vo Vi a G
3/1

Cryninp HaOyXaHHS 0. PO3PaXOBYETHCS 32 PIBHAHHAM:
(m—my) _(F1-¥)

1 e —

g K

ne mi, Vi—Maca, 00’em HaOyxaro4doro mojiMepy 3a MeBHUi 4ac, t; mo,
Vo — Maca, 00’eM BHXITHOTO TOTIMEpY.
Kontpakuiro (ctuck) nonimepy G BU3HA4aIOTh 31 CIiBBITHOIICHHS:

G=Ve— (Vo 1),

ne Ve — rpaHHYHHUI 00’€M MOBHICTIO HAOPSKIIOrO moxiMepy. Vt —
00’€eM piINHA, TOTTTHHEHHH TTOIIIMEPOM.

st po3paxyHKy KOHTpakilii HeoOXiHO 3HATH TYCTHHY IONIMEpy 1
piauHy, sIKi 6epyTh 3 IOBITHHKIB.

8. 3poOuTH BUCHOBKHM IOJ0 XapakTepy HaOpsKaHHS CHOCTEpIiraBcs:
oOMexxeHe (HacTac HACHYCHHS) YU HeoOMexxeHe (Maca 3pocrtae 0e3
crabimizanii)? Akuil po3UMHHUK CIPUYMHUB HaWiHTCHCUBHINIE HaOyXaHHs?
Un € 3anexHicTh MK THUIIOM TOJIMEpY, CTPYKTYpPOK Ta 3JaTHICTIO JI0
HaOpsKaHHA?

3aeoannsn Ne5. Teopue inousioyanvhe 3a60anHs.

B x00i nabopamopmnoeo 3anuamms 3aHomyti OyMKU Koae2 wooo Meoei
i0ei ma ix oyinku meoei po3pooKu.

VsBU, 10 TH — MOJIOJINI HAYKOBELlb, KU IIIOWHO OTpUMAaB I'PAHT Ha
PO3pOOKY HOBOTO MOJIIMEPHOT0 MaTepiaiy i3 3a1aHUMH BIacTUBOCTAMH. To01
NOTPIOHO TpPHIYMaTH IHHOBALiWHWE crHocid Momudikaiii 3BHYAHHOTO
nojimMepy, mo0 HajgaTH WOMY VYHIKalbHI XapaKTepPUCTHKH (HAIpUKIa,
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OipIIy MIIHICTD, €TACTHYHICTh, TEPMOCTIHKICTh, abo0 3HaTHICTH MO
CaMOBITHOBJICHHS).
Jymku ma oyinku:

Ouinka: Hama: Iionuc euxknaoaua:

JladopaTopHa po6ora Ne2
TEMA: Ximiuni meToan moaudikanii noximMepis: pyHkuionamizanis

NOBEPXHi MoJIiMepHUX MaTepiaJiiB.
Merta 3aHATTA: 03HAOMUTH 3/100yBayiB BUIIOT OCBITH 3 METOAAMH XiMi4HOT
Moudikaimii mosimMepiB, HaBYMTH OCHOBaM (YHKIIIOHAJI3alii MOBEpPXHi,
PO3BUHYTH HABHYKHU MiATOTOBKH 1 IPOBEACHHS peakiliii Moaugikarii.

Pexomenooeana nimepamypa.

1. Binencekuii B.O. [Tonimepu: cunTtes, Moaudikallis, TOCTIPKSHHS : HaBY.
noci6. XXuromup: Bun-so XKV im. I. @panka, 2024. 348 c. : i
2. Menbauk JI. 1. Ximis 1 ¢i3zuka nmoniMepis : HaBd. nocid. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuu b. b., I'epuuk O. M., KoBanmumusa . C. JIabopatopHi po6oTH
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIOJTYK : ipakTHKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epmsk O. B., Ckopoxona B. I., Cemeniok H. b. Teoperrnuni 0cCHOBH
ximii Ta Texnomorii nonimepis. JIbBiB : JIbBiBchbKa nmomitexnika, 2014. 336 c.
5. Ximis monimepiB: KOHCHEKT Jekuiit / ynopsza. JI. 1. Mapymko. Jlynek :
3ops-tutioc, 2021. 133 c.
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6. Kypra C. A. Kypraacekuti B. C. XiMmigs 1 TeXHOIOTisA
BHCOKOMOJICKYJIIPHUX CIIONYK : Hamd. moci0. IBano-PpankiBcbk : Ilnai,
2010. 291 c.
7. Cnopsarin E. O., Bapman K.€. TeopeTw4Hi OCHOBH Ta TEXHOJOTiS
BHPOOHMIITBA MTOJIIMEPHIX KOMITO3HIIIMHMX MaTepiaiiB : HaBd. moci6. uimpo
: Bug-so IHY, 2012. 190 c.
8. ®disuko-ximiuHi BiactuBocTi po3umHiB BMC : naBu. moci6. / A.l.
Kamnaymenxo, O.P. [Ipsxin [ta in.]. 3amopixoks : 3JIMYVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BxigHuii KOHTPOIH 3HAHP 1 PO3YMIHHS KIIFOUOBUX MOHSTH.
(Inousioyanena mecmoga nepegipouna poboma 3a Ni020MOBGIEHUMU
MeopemuyHUMU NUMAKHHAMU ab0 KOpOmKe YcHe Onumyseanus (ghopmam
«excnpec-8ionosioiy)).

2. YcHi BiAMOBIl Ta 0OrOBOPEHHS MMOTOYHUX KOHTPOJIBHUX 3alIUTaHb /

MPAKTHYHUX 3aBJIaHb.
(Konexmuenuii ananiz 0008 ’s13k06ux 015 Ni020MOGKU 600MA 3ANUMAHD,
VMOYHEHHs CKIAOHUX acneKkmie 3 meopii moougixkayii nonimepis i npuHyunie
MONEKYNAPHO20 OUZAUHY, GI3YaANI3aAYis MUNOGUX CIPYKMYD, 2PN, MEXAHI3MIG
MYTbMUMEOIUHO).

3. IlpesenHTamist BapiaHTiB PO3B’s3aHHA NPO(]eciHHO-OPiEHTOBAHOTO
3aBJIaHHA 3 MOJIEKYJIspHOTrO MojemoBanHs B HyperChem.

(Ob2060penns piwienHs 3a60aHHs, WO PO38'S3AHO 600Md, NOPIGHSIHHSL
nioxodie 00 auanizy, cuHmesy, Mmoougpikayii nonimepie, KoaeKMusHe
000NPayo8amHsi, MOOEOBAHHS D0 YOOCKOHANICHHS 00PAHO20 8apiaHma,).

4. ExciepiMeHTaNbHe 3aBaHHs (JabopaTopHi TOCHiN).
(Incmpykmadxc 3 mexuiku Oe3neKu, 6UKOHAHHA eKCHEePUMEHMANbHO20
3a60anHs 8 1aOOPAMopii 32i0HO 3 pe2namMeHmoMm).

5. TBopue iHAMBIAyalibHE 3aBIAHHI.

(BuxonanHsa iHOUBIOYATbHO2O 3AB0AHHS BIONOBIOHO 00 MeMU 3AHAMMA,

no6y008a, onmuMizayis, aHaliz NOIMepHoi cmpykmypu abo mooeni npoyecy,

NPOSHO3YBAHHS (Pi3UKO-XIMIYHUX napamempie ma inmepnpemayis OaHux).
Incmpykuin 00 6UKOHAHHA.

3aeoannusn Nel. Bxionuii Konmpop 3Hauns i pO3yMIHHA KII0Y06UX NOHAMD.

Ha nouamxy 3ansmms eam Oyoe 3anponoHo8aHO 8UKOHAMU BAPIAHM
inousioyanvHoi mecmogoi  nepegipounoi pobomu abo Kopomke YycHe
ONnuUmyg8aHus 6 opmami «excnpec-gionogioiy. Bukxouatime 3a60aHHA Ha
AA6OpaAmMopHOMY 3aHAMMI.
3aeoannusn Ne2. Ycui 6ionoeioi ma 062060peHHA NOMOYHUX KOHMPOIbHUX
3anumans / PAKMUYHUX 3A60aHb.
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I1i0 wac 3anamms  apeyMeHmogaHo SUCIO8IMb G1ACHY OYMKY U000

PO3SNAHYMO20 Mamepiany.
KouTpoabHi nuTanHs/ 3aB1aHHA:

1. TonsTrsa dyHKITIOHATI3AIT TTOTIMEDIB.

2. OcHOBHI XIMi4HI peaxiiii, [0 BUKOPHCTOBYIOTHCS ISl MOTU(iKaIii
noJimMepiB.

3. AKTHBHI Ipyny MONIMEPIB i1 IX poJib Y XIMIYHUX pPeaKLisX.

4. Criocobu akTHBAIlii TOBEPXHI MOJIIMEPIB.

5. BB dyHKmioHam3zamii Ha ¢i3UKO-XiMigHI BITaCTHBOCTI
noJimMepiB.

6. OCHOBH TEeXHIKH O€3IEeKH MpH POOOTI 3 peaKTHBaAMHU.

7. MeToau KOHTPOIIO CTyTeHs (yHKITIOHATi3ai].

8. XapaxTepucTuka XiMiYHUX peareHTiB Ui Moaudikallii momiMepis.

9. Ilpuknanu 3acTocyBaHHs (PyHKI[IOHATI3aIll B POMHCIOBOCTI.

10.OcHOBH ekomoriyHOo1 Oe3nekn B mporecax Moaudikarii.
3aeoannsn Ne3. Ilpezenmauia eapianmie po3e’a3anusa npogeciiHo-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 Mooentoeannsa ¢ HyperChem.

Basicnueso! Cxoorci 3a60anms 6y0yme 8K0UeHi 00 MOOYIbHO20 KOHMPOIIO
MNel.
11i0 uac nabopamopnoi pobomu npesenmytime 61acHy MOOeb U AKMUEHO

bepimb yuacms 6 002060peHHI MA BUCLOGIIOUME B1ACHY OYMKY. SAKujo nio
BNAUBOM KOJNEKMUBHO20 AHANIZY 60HA 3MIHUMbCA — 0008 3K080 3aNUULIMb
HOBe baueHHsL.

3Moentoi BIUIMB (QYHKIIOHANBHUX TPYI (HAPUKIA, T1IPOKCHIEHIX
a0o KkapOOKCHJIBHHX) Ha MOJEKYJSIpHY CTPYKTypy HojiiMepy. 3pobu
MOPIBHSIHHSL €HEpriii 1 reoMeTpii MoyeKyln i3 pi3HUMH (YHKIIOHATBHUMH
3aMicHUKaMu. ONHIIH, SIK 3MiHU Ha MOJIEKYJISIPHOMY PiBHI MOKYTh BIJTHBATH
Ha XiIMIYHi BIIACTHBOCTI TOJIMEpiB.
Ilopana: BukopucrtoByii «Fragment Library» ams mBumkoro nomaBaHHS
pi3HUX QYHKIIOHANBHUX TPYH JI0 MOJIEKYIIH.
Jlaiidxak: [lopiBHIO¥ He ITMIIIe €HEPTitO, a i BiJICTaHI Mik aTOMaMH B 00J1acCTi
(yHKUIOHATIBHOT IPYNH AJIs PO3YMIiHHS BIUTUBY Ha CTPYKTYDY.
Ymounenna ma oonosnennsn:
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3aeoannn Ned. Excnepumenmanvte 3a60anHs (1adopamopHi oociiou).
Ha 3anammi euxonatime excnepumenmanvhi 3a60aHHs 32I0HO 3 IHCIMPYKYIETO,
dompumyrouucs — nociioosHocmi  Oitl.  3acghikcyrime — pesynvmamu
cnocmepedcenb Yy poOodOMy 30WUMI BKAJXCIMb YMOBU eKCHEepUMEHMY,
pe3yromamu, ucHosku. Ilputivims yuacmv 6 002080peHHi BUKOHAHO20
3a60aHHs HA NIOCYMKOBOMY emani 3ausmmsi.

Excnepument 1. [IliaroroBka moJiiMepHOi TOBepxXHi [0
¢ynkuionanizauii (ounieHns i akTuBamis)

Texuixa XiMiuH020 eKChepuMeHmy:

1. B3situ moniMepHuii 3pa3ok (po3mMipoM MpuOIU3HO S5X5 cM).

2. OUHCTHTH TIOBEPXHIO 3pa3ka 3a JOMOMOIOI0 130MPOIiJIOBOTO
CIIUPTY, BUKOPUCTOBYIOUN BATHUN TAMIIOH.

3. TIomicTuTH 3pa3oK B YyJIbTPa3BYKOBY BaHHY 3 IUCTHUJIHOBAHOIO
BOJIOIO Ha 10 XBWIMH JJ1s1 BUNAJICHHS 3a0pYIHCHb.

4. TlpocymmTy 3pa30K Mpu KiIMHATHINA TeMIepaTypi Ha OBITPi.

5. Mlignati mOBEpXHIO 3pa3ka aKTHBAIli METOJAOM OOPOOJICHHS
KHACHEM.

6. 3BepHyTH yBary Ha 3MiHY 30BHIIIHFOTO BUTIIATY 200 BIACTHBOCTEH
MOBEPXHi (HAPUKIIA/, 3MiHY TiApo]iIEHOCTI).

Excnepument 2. Ximiuna ¢yHKUioHATI3alisg MOBepXHi moaiMepy
peaxkui€clo 3 aHTiApUI0M.

Texuixa ximiuno20 ekCnepumenmy:

1. IlpurotyBaT pO3YMH aHTiApuAy (HampuKiIal, MajeiHOBOIrO
aHTIJIpHUIly) Y BiNOBIIHOMY PO3YMHHHKY (alleTOH abo Terpariapodypan) 3
KOHIICHTpaIli€w 5%.

2. TlomicTuTH aKTHBOBAaHHUI MOJIMEPHUH 3pa30K y PO3YHH aHTIAPUIY
Ha 30 XBWJIMH NIPH KiIMHATHIN TeMItepartypi 3 NepioAnYHIM MTOMIIITyBaHHSIM.

3. Jlicratu 3pa3ok, IPOMUTH TUCTUIHLOBAHOIO BOJOIO JIJIST BUIAJICHHS
HAJUIMIIKY PearcHTy.

4. TlpocymuTy npu KiMHaTHiN Temmeparypi.

5. BigzHauuTH 3MiHM 30BHILIHBOTO BHUIIIALY Ta (Hi3UKO-XIMIYHHX
BIIACTHBOCTEM.
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ExcnepumMent 3. BusHaueHHsI cTyneHsl pyHKIioHami3amii moBepxHi
MeTO/0M TUTPYBaHHS
Texuixa ximiuno20 ekcnepumenmy:

1. IlimrotyBath  poO34YMH  HATPii  TIAPOKCHAY  CTaHAAPTHOI
KOHIIeHTparlii (Hampukiaz, 0,1 M).

2. TlomicTuTn (QyHKIIOHANI30BaHUN TONIMEPHHUI 3pa3oK Yy pO34MH
NaOH na 15 xBunuH A7 HeWTpaiizamii KUCIOTHUX TPy, IO 3’ IBUJIMCS Ha
MTOBEPXHI.

3. BiarurpyBatu Hammumok NaOH po3unHoM KucmoTn (HampuKIai,
HCI) 3a nomomororo iHAMKaTopa.

4. 3a KITBKICTIO BHUTpPAdeHOi KHCIOTH pO3PaxyBaTH CTYIIiHb
(hyHKITiOHAMI3AIliT TOBEPXHI TOJIMeEpYy.

3aeoannsn Ne5. Teopue inougioyanvhe 3a60anHs.

B x00i nabopamoproeo 3anamms 3anomyti OymMKu Kojiez wooo meoei
i0ei ma ix oyinku meo€i po3pooKu.

VYsiBH, 110 TH OTPUMAB 3aBJaHHSI PO3POOUTH MOJIIMEPHY MTOBEPXHIO, 110
Ma€ MPUTATYBATH a00 BiMIITOBXYBaTH BOAY, a00 sIKa MOXKE 3MIHIOBATH CBOI
BJIACTHBOCTI 32 TEMIIEPATypH UM TIi/1 OCBITICHHSIM.
/ymku ma oyinku:

Ouinka: Mama: IHionuc euxknaoaua:
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JlabopaTopHa podoTa Ne3

TEMA: ®iznuna moaudikaiisi moiMepiB: 3MiHa CTPYKTYpH

NMOJIMEepPHUX MaTepiadiB MeXaHIYHUM i TepMiYHIM BILUINBOM.
Merta 3aHATTS: BUBYUTH BIUIMB MEXaHIYHOI Jii Ta TEMIIEPATYPHUX PEXXHUMIB
Ha CTPYKTYPY 1 BIaCTUBOCTI IMOJIIMEPiB, HABYMTH 3/100yBadiB BHIOi OCBITH
NPOBOAMTH Pi3MuHy MoAM(DiKaLiio i aHANI3yBaTH PE3yJIbTaTH.

Pexomenooeana nimepamypa.
1. Binencwknii B.O. ITomiMepn: cuaTe3, MOIUbIKALIIS, TOCITIIHKEHHS : HaBY.
moci6. XKuromup: Bug-so KAV im. 1. @panka, 2024. 348 c. : i
2. Menbnuk JI. 1. Ximis i ¢izuka nomiMepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
3. Ocramosud b. B., I'epriuk O. M., Kopanummus . C. JlaGopaTopHi po6oTn
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIONYK : mpakTukyM. JIbBiB : JIHY imeni [Bana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximii Ta TexHomorii nonimepis. JIbBiB : JIbBiBcbKa nositexnika, 2014. 336 c.
5. Ximis moniMepiB: KOHCIEKT Jiekuii / ymopsa. JI. I1. Mapymko. Jlynpk :
3ops-mtoc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOJIOTiA
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaii,
2010. 291 c.
7. Cnopsrin E. O., Bapman K.€. TeopeTwdHi OCHOBM Ta TEXHOIOTis
BUPOOHUIITBA MOJIIMEPHUX KOMIO3UIITHAX MaTepiaiiB : HaB4. mocid. J(Hinpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.Tl.
Kamnaymenko, O.P. [Ipsixin [Ta iH.]. 3anopixokst : 3JIMVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BXigHuii KOHTPOJb 3HAHB 1 PO3YMIHHS KITFOUOBHX IOHSTh.
(Inougioyanvha mecmosa nepegipoyHa poboma 3d NiO20MOBIEHUMU
MeOPeMuUUHUMY NUMAHHAMU ab0 KOpomKe YcHe Onumyeanus (gopmam
«excnpec-8ionoesioiy)).

2. YcHi BiAMOBIl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3aIlIMTaHb /

NPaKTUYHUX 3aBIaHb.
(Konexmuenuii auaniz 0006 ’sA3K06UX 0N NIO20MOBKU 600MA 3ANUMAHD,
VMOUHEHH sl CKIAOHUX acCneKmie 3 meopii Moougikayii nonimepie i npuHyunie
MONEKYIAPHO20 OUZAUHY, 8i3YaANI3aAYis MUNOGUX CIPYKMYP, ePYN, MEXAHIZMIE
MYTLIMUMEOTIIHO).

3. IlpeseHTaris BapiaHTiB po3B’s3aHHS TPOdeciiHO-OPiEHTOBAHOTO
3aB/IaHHS 3 MOJIEKyJIsIpHOTO MoemoBanHs B HyperChem.
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(Obecosopenns piutenHs 3a80anHs, WO PO38'3aHO 600MA, NOPIGHSHHS
nioxodie 00 awnanizy, cunmesy, Mmooughbikayii nonimepis, KoaeKmMusHe
000NPay0B8aHHsL, MOOCTHBAHHS D0 YOOCKOHANICHHS 00PAH020 8apiaHma,).

4. ExcrieppMeHTaJIbHE 3aBAaHHsI (JJa0opaTOpHi OCTiAN).
(Incmpykmadge 3 mexuiu 0Oe3nexu, GUKOHAHHA eKCNePUMEHMATbHO20
3a60anHs 8 1aOOPamopii 32i0H0 3 pe2namMeHmoMm).

5. TBopue iHAMBIAyalbHE 3aBIAHHS.

(BuxonanHsa iHOUBIOYAbHO20 3A80AHHS BIONOBIOHO 00 MeMU 3AHAMMA,
no6y008a, onmMuMI3ayis, aHaliz NoJiMepHoi cmpykmypu abo mooeni npoyecy,
NPOSHO3YB8AHHS QIZUKO-XIMIMHUX NAPAMEMPI8 ma IHmepnpemayis OaHux).

Incmpykuin 00 6uKoHauus.

3aeoannsn Nel. Bxionuii KOHmMpoOab 3HAHb | PO3YMIHHA K1I0Y08UX
noHAMD.

Ha noyamxy 3anamms éam 6yoe 3anponoHO8aHO GUKOHAMU 6apianm
iHOUGIOyanvHoi mecmogoi  nepegipounoi pobomu abo Kopomke YCHe
onumyeamHs 6 opmami «ekcnpec-ionogioiy. Bukouaiime 3a60aHHs Ha
1abopamopHomy 3aHAMMI.

3aeoanna Ne2. Ycui 6i0noeidi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A80AHb.

I1io uac 3anamms  ap2yMeHmoBaHo BUCNIOGIMb 61ACHY OYMKY WOOO
PO3TAHYMO20 Mamepiay.

KouTpoabHi nuTanHs/ 3aBIaHHA:
o Take dizmyna moaudikaiis moxiMepi?
Bunu mexanivunoi nii Ha momiMepu (HATSAT, CTUCK, 3TUHAHHSA).
BriuB Temnepatypu Ha CTPYKTYpPY MOJIIMEpiB.
[ToHATTS TEPMIYHOTO CTapiHHS Ta peJaKcallii moIiMepiB.
3MiHa KPUCTANIUHOI CTPYKTYPH i BIUIMBOM (pi3MUHUX (PaKTOPIB.

6. MeToau JOCHIDKEHHS CTPYKTYypW TONIMEpiB  (MiKpOCKOTmis,
TuQpaxiis).

7. BrmuB  momudikanii Ha MeXaHI4HI BIACTHBOCTI (MIIIHICTB,
€JaCTHYHICTB).

8. IlpaBuna TexHiku Oesneku 1pu poOOTI 3  HArpiBAILHUM
o0JaTHaHHSM.

9. 3acrocyBanHs (i3nuHOi MoAN(IKaLii B IPOMHUCIOBOCTI.

10.OcHOBHi 0COOIUBOCTI 3MilITyBaHH Ta PO3IJIABICHHS OJIIMEPIB.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3annsa npogeciino-
OPIEHMOBAH 020 3A80AHHA 3 MOJIEKYAAPHO20 Moodentoeannsn ¢ HyperChem.

Baosicnueo! Cxoorci 3a60anms 6y0yms 6K0UEHi 00 MOOYALHOO KOHMPOIIO

Nel.

M
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11i0 yac nabopamopnoi pobomu npesenmytime 61ACHy MOOeNb U AKMUBHO
bepimb yuacmov 8 002080peHHi ma BUCNO8IIOUMeE 6IACHY OYMKY. AKuo nio
BNIUBOM KOJIEKMUBHO20 AHANI3Y 60HA 3MIHUMbCA — 0008 S13K0B0 3aNULUimMb
HOoB8e OayeHHs.

Buxonaii MolleKkymspHe MOMENIOBaHHSA TMPOIECY KpHUCTawizarii
noJiMepy, 3MOEeIOBABILH SIK JTiHIHHUH JTAHIIOT TOJIIMEPY MOKE YTBOPIOBATH
YIOPAOKOBaHY CTPYKTypy. lIpoaHamizyif, sik MoJeKyjsipHa KOHQIryparis
BIUIMBA€ HA MEXaHI4HI BIACTUBOCTI MaTepiamy.

IMopana: s CTBOPEHHS YHOPSIKOBAHHX CTPYKTYp BHKOPHCTOBYH
KOTIIOBaHHSl Ta TapajielibHe PpO3MILIEHHS JaHLIOTiB 13 (iKCOBaHUMH
B3a€EMHHMHU TTOJIO)KEHHAMH.

Jlaiidxak: micis CTBOPEHHsI CTPYKTYpH 3acTocoByid «Molecular Dynamics»
3 HEBHCOKOIO TEMIIEPATYPOIO JJIsl MOJICTIOBAHHS YIOPSIKYBaHHSI.
Ymounenns ma oonoenennsn:

3aeoannn Ned. Excnepumenmanvte 3a60anHs (1ad60pamopHi oociiou).
Ha 3ansammi suxonatime excnepumenmanbti 3a480anHsL 3210HO 3 IHCMPYKYIEIO,
oompumyrouuce  nocaioognocmi  Oi.  3agixcyume — pesynvmamu
cnocmepedcenv 'y poOOYOMY 30UWUMI. KAJXCIMb YMOBU eKCHepUMeHMmY,
pe3yabmamu, 6UcHosku. Ilpuiivims yyacmv 6 002080peHHi BUKOHAHO20
3a60aHHs HA NIOCYMKOBOMY emani 3ausimms.
Excnepument 1. Oninka TepMoMexaHiqHOI cTa0iIbHOCTI MOJIIMEPHHUX
IUTIBKOBMX MaTepiaJjiB
Texnixa ximiuHo20 ekcnepumenmy:

1. B3sTH 3pa30K MMOIIMEPHOI TUTIBKH PO3MIpOM MPUOIU3HO 5X5 cM.

2. BusHaunti movaTKoBY JoBXuHY 3pazka (Lo) 3a momomororo
JIHIAKY.

3. IlomicTuTH 3pa3ok y TepmocraT abo miy npu temneparypi 80 °C Ha
15 xBuIHUH.

4. Tlicns oxono/pkeHHsT 3pa3ka BuMmipatu jgoBxuHy (L1) mpwm
PO3TATYBaHHI JO MOMEHTY PO3PHBY (SKILO 1€ MOKJINBO).

5. OOYHCIUTH BIZHOCHE OJOBKEHHS

e=((Li—Ly) / Lo) X 100%

6. 3amucaT 3MiHU €JTaCTUYHOCTI Ta 3pOOUTH BUCHOBKH.
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Excnepument 2. MexaHiune BUIPOOYBaHHA MOJIIMEPHOI0 3pa3Ka Ha
3rUHAHHA
Texuixa ximiuno20 ekcnepumenmy:

1. B3saTu qBa 3pa3ku MoxiMepy, CMy>XKH JOBKHHOO mpuomm3Ho 10 cM
1 IUpHHOIO 1 cM.

7. OpvnHa 3pa3oK MigaaTé TepMidHii 00poOui mpu Temneparypi 80 °C
Ha 15 XBUIHH.

2. Ilicns oXOJoMKEHHS, TIOMICTATH 3Pa30K Ha IBI OIMOPH 3 KPOKOM 8
CM.

3. 3acTtocyBaTd HaBaHTaXEHHS Ha [EHTP 3pa3ka IOCTYIOBO
301TBIIYIOYH CHITY /IO TIOSIBU edopmarii.

4. BinMmiTUTH CHITy 1 BUTHH 3pa3Ka.

5. 3anmmucatd  MOBeNiHKY ~ MaTepiany  (emacTW4Ha, IIACTHYHA
nedopmariisi, pyiHyBaHHS).

6. IloBTopuTH BUNPOOYBaHHS 3 HEOOpOOJeHMM 3pa3koM. Ommcath
MOBEJIIHKY Matepiaiy.

7. TlopiBHATH pe3yabTaTH 3 KOHTPOJIBHOTO Ta TEPMIYHO 0OPOOIECHOTO
3pasKa.

Excnepument 3. CriocTepeskeHHA 3a 3MiHAMM CTPYKTYPH NOJiMepy Mix
MiKpOCKONOM micias Mmoaudikamii.
TexHika XiMIUHO20 eKcnepuMeHn)y:

1. IligrotyBatu [nBa 3pa3Ku MoJiMepy: HeoOpoOneHud 1 micis
TEPMIYHOTO 200 MEXaHIYHOT'O BILIHBY.

2. Po3micTuTH 3pa3ku Ha PEIMETHOMY CKITi.

3. IIpoBecTH CIOCTEPEKESHHS ITiJ] CBITJIOBUM MIKPOCKOITOM.

25



4. 3agikcyBaTd  XapakTE€pPHI  OCOOJIMBOCTI  CTPYKTypH:  3MiHY
KPUCTAIYHUX YTBOPEHbB, TPIILIUHH, AehopMariii.
5. 3pobutu (HOTO3HIMKH 1 3aIMCATH CIIOCTEPEHKCHHS.

3asoannsa Ne5. Teopue inougioyanvhe 3a60anns.

B x00i nabopamoprozo 3anamms 3anomyti OymMKu Kojiez Wooo meoei
i0ei ma ix oyinku meo€i po3pooKu.

VsaBu, mo TOO1 AOPYYHIN CTBOPUTH TOJIMEp, SIKMM 3MIHIOE CBOI
BJIACTHBOCTI T BIUIMBOM TeMIepaTypu abo MeXaHIYHOTO HaBaHTAKCHHS
(Hampuknan, AN CIOPTHUBHOTO CIOPS/KCHHS, MEAWYHUX IMIUIaHTIB abo
YIIaKOBKH).

Jlymku ma oyinku:

Ouinka: Jama: IHionuc euxknaoaua:

JlabopaTopHa poGoTa Ne4
TEMA: IloniMepHi KOMIO3UTH: OCHOBH CTBOPeHHs Ta Moaudikaii.
Mera 3aHATTA: O3HaioMUTH 3400yBadiB BHIINOI OCBITH 3 MOHSATTSIM
NOJIMEPHUX KOMIIO3MTIB, HAaBYMTH METOJAM OTPUMAaHHS KOMIIO3UTHUX
MarepiajiB, JOCHIJUTH BIUIMB HAlIOBHIOBAYiB Ha BIACTUBOCTI MOIIMEPIB.
Pexomenoosana nimepamypa.
1. Binencekuii B.O. [Tonimepu: cunTe3, MOgU}iKaLis, TOCTIIKESHHS | HABY.
noci0. XXuromup: Bun-so XKV im. I. @panka, 2024. 348 c. : i
2. Menbauk JI. 1. Ximis 1 ¢i3uka noniMepiB : HaBd. noci6. Kuis : HTYVY
«KIII», 2016. 161 c.
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3. Ocranosud b. b., I'epriuk O. M., Kosanumus . C. JlabopaTopHi po6oTn
3 XiMii BHCOKOMOJICKYJIIPHUX CITOJIYK : IpakTUKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. 1., Cementok H. B. Teopernusi ocHOBH
xiMii Ta TexHosorii momiMepis. JIbBiB : JIbBiBchKa mosmiTexHika, 2014. 336 c.
5. XiMis monimepiB: KOHCTEKT Jekuiit / ynopsz. JI. 1. Mapymko. Jlynsk :
3ops-toc, 2021. 133 c.
6. Kypra C. A. Kyprancekuit B. C. Ximis 1 TeXHOJIOTiA
BHCOKOMOJIEKYJISIPHUX CIIONyK : HaBd. moci0. IBaHo-@pankiBebk : [lmaii,
2010. 291 c.
7. Cnopsarin E. O., Bapman K.€. TeopeTw4Hi OCHOBH Ta TEXHOJOTiS
BHPOOHMIITBA MTOJIIMEPHUX KOMITO3HIIIMHMX MaTepiaiiB : HaBY. moci6. Jainpo
: Bug-so IHY, 2012. 190 c.
8. ®diszuko-ximiuHi BnactuBocTi po3uuHiB BMC : nHaBu. moci6. / A.Tl.
Kamnmaymenxo, O.P. IIpsxiH [ta iH.]. 3amopixoks : 3JIMYVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BxigHuii KOHTPOIH 3HAHB i PO3YMIHHS KIIFOUOBUX MOHSTE.
(Inousioyanena mecmoga nepegipouna poboma 3a NiO20MOBGIEHUMU
meopemuyHUMU NUMAHHAMU AOO0 KOpomKe YCHe ONumyeamHs (ghopmam
«excnpec-8ionosioiy)).

2. YcHi BIAMOBIZl Ta OOTOBOPEHHSI TOTOYHUX KOHTPOJIBHUX 3alUTaHb /

NPaKTUYHUX 3aBJIaHb.
(Konexmuenuii ananiz 0006 ’513k06ux 015 Ni020MOGKU 600MA 3ANUMAHD,
VIMOYHEHHs, CKIAOHUX ACHEeKmi6 3 meopii Moou@ixayii norimepis i npuHyunie
MONEKYNAPHO20 OUZAUHY, 8I3YaANI3aAYisi MUNOGUX CIPYKIMYD, 2PV, MEXAHI3MI6
MYTbMUMEOIHO).

3. IlpesenTamist BapiaHTiB PO3B’s3aHHSA TNPO(]eciHHO-OpiEHTOBAHOTO
3aBJIaHHA 3 MOJIEKYJIspHOTrO MosemoBanHs B HyperChem.

(Obeo60openns piwienHs 3a60aHHA, WO pPO3GA3AHO 600MA, NOPIGHAHHS
nioxodie 00 auanizy, cuwmesy, Mmoougpikayii nonimepis, KoaeKMuUGHe
000npPayIoB8aHHs, MOOeI08aAHHA AO0 YOOCKOHANEHHSA 0OPAHO20 8APIAHMA).

4. ExcniepMeHTaNbHe 3aBaHHs (JabopaTopHi TOCHiN).
(Incmpykmaxc 3 mexuiku Oe3neKu, BUKOHAHHA eKCHEePUMEHMANbHO20
3a60aHHA 8 1AOOPAMOPIL 321010 3 Pe2IAMEHMOM).

5. TBopue iHAMBIAyalIbHE 3aBIAHHI.

(Buxonanns iHOUBIOYATbHO20 3AB0AHHS GIONOBIOHO 00 MeMU 3aAHAMMS,

nooy00sa, onmumizayis, aHanisz NOIMepHoi cmpykmypu abo mMooeni npoyecy,

NPOCHO3YEAHHS (DI3UKO-XIMIYHUX nApaMempie ma iHmepnpemayis OaHux,).
Incmpykuin 00 6UKOHAHHA.
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3aeoannsn Nel. Bxionuii KoHmpoib 3HAHb [ PO3YMIHHA KIIOY08UX
nouame.

Ha nouamxy 3anamms éam 6y0e 3anponoHO8aHO BUKOHAMNU 6aAPIAHM
inougioyanvrHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «excnpec-ionogioiy. Bukonaiime 3ae0anHsa Ha
1a60pPaAMOPHOMY 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma 002080peHHA NOMOYHUX
KOHMPONbHUX 3anUmMans / NPAKMUYHUX 3A80AHb.

1lio uac 3anamms  apeyMeHmMOBAHO BUCNIOBIMb B1ACHY OYMKY U000
PO32NAHYMO20 MAmMepiay.

KouTpoabHi nuTaHHSI/ 3aBIaHH:
1lo Take momiMepHi KOMITO3UTH?
OCHOBHI KOMIIOHEHTH KOMIIO3UTIB: MaTPHUIIS Ta HAIIOBHIOBAY.
Buau HanmoBHIOBaUiB: OpraHiuHi, HEOpPraHiuHi, HAHOMATEPiaH.
MeTou OTpUMaHHS TOTIMEPHUX KOMIIO3HTIB.

5. BrmuiuB THIly Ta KOHIICHTpaIlii HATOBHIOBAYA HA BIACTHBOCTI
MaTepiaiy.

6. MexaHi3MH B3a€MO/Iii MK MAaTPHIICIO 1 HATTOBHIOBAYEM.

7. MeToau KOHTPOIIO SIKOCTI KOMIIO3HUTIB.

8. 3acTocyBaHHS MOJIMEPHUX KOMIIO3UTIB Y Pi3HUX TalTy3sX.

9. Texuika Oe3meku mpu poOOTi 3 HAHOMATEpiaTaMH Ta
MOPOIIKOTIOJIOHUMY HAIIOBHIOBaYaMH.

10.ExoJI0TiuHi aclieKTH KOMIIO3UTHUX MaTepiaiiB.
3aeoannsn Ne3. Ilpezenmauia eapianmie po3e’sa3anus npogeciino-
OPIEHMOBAH020 3A460AHHA 3 MOIEKYAAPHO20 mooentoeanna ¢ HyperChem.

Baosicnueso! Cxooici 3a60anmsi 6y0ymp 6K0OUEHI 00 MOOYAbHO20 KOHMPOIO
MNel.

11io uac nabopamophoi pobomu npezenmyliime 81ACHY MOOeb U AKMUBHO
bepimb yuacmes 6 002080peHHI MA BUCLOGIIOUME B1ACHY OYMKY. SAKujo nio
BNIUBOM KOJIEKMUBHO20 AHANI3Y 80HA 3MIHUMbCA — 0008 A3K080 3anuulimy
HO8¢ OayeHHSI.

3MofeNol  MOJNEKYJSPHY CTPYKTYpPY 3LIMTOTO IOJIIMEPY, BBEIU Y
MOJIeNIb KOBAJICHTHI 3B’S3KM MDK JIaHIforamMu. [IpoBeau eHepreTHYHy
ONTUMI3AIlI0 Ta IMpoaHali3yH, SK 3IIMBAHHS BIUIMBAE HAa TEOMETPII0 Ta
eHeprito cucreMu. ONHITH BIUTUB IIMX 3MiH Ha BIACTUBOCTI Martepiaiy.
Iopana: BuxopucroByii inctpymeHT «Add Bond» ans ngonaBaHHS HOBHX
3B’ SI3KIB MIXK JIAHI[FOTaMH.

Jlatipxax: Ilicas nomaBanHs 3B’s3KiB He 3a0yas BukoHatu "Geometry
Optimization" i3 3actocyBanHsAM MeTony MM+ ab6o AMI1, mo0 yHUKHYTH
HecTaOUTbHUX KOHQITypallii.

Ymounenna ma oonosnennsn:

b
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3asoannsa Ned. Excnepumenmanshe 3a80annsn (nabopamopui oocniou).

Ha 3anammi suxonaiime excnepumenmanbHi 3a860anHs 32I0HO 3 IHCMPYKYIEO,
dompumyrouucs  nociioosHocmi  Oiti.  3aghikcyrime — pe3ynvmamu
cnocmepedcerHb 'y pobo4UOMYy 30WUmi: GKAJICIMb YMOGU EKCNEepUMEHNY,
pe3yabmamu, 6UcHO8KU. Ilpuiimims yuacmv 6 002080penHi BUKOHAHO20
3a60aHHA HA NIOCYMKOBOMY emani 3aHAmms.

Excnepument 1. IlpuroryBaHHsi NOJIMEpPHOr0 KOMIIO3UTY 3
MiHepaJbHUM HANIOBHIOBaYeM

Texuixa ximiuno20 ekcnepumenmy:

1. B3sTH momiMepHy MaTPHIIIO y BATIISIII TPaHyJI.

2. BiamipsaTi HEOOXiIHY KiITBKICTh MiHEPaTFHOTO HAIIOBHIOBAaYA
(mampukinan, TanbpKy abo KaoJiHy) y criBBigHomeHHi 10% Bix Macu
MAaTpHII.

3. PerenpHO 3MiIIaTH MaTPUINO 3 HAIIOBHIOBaYEM Y 3MilTyBadi abo
BPYYHY JIO OTPHUMaHHS OJJHOPiTHOI MacH.

4. Harpitu ogepikaHy CyMilll y TUIIII IO POIUIABIICHHS TOJIIMEDY,
CyMIiIll IepeMilaTy.

5. Bwintu cymim y Gopmy Ass TUTTS.

6. BindopmyBaTu 3pa3ku TOBIIUHOKO 2-3 MM.

7. OcTynuTH 1 BUTATTH 3pa3Ky I HOAAJIBIIOTO JOCIIIKEHHS.

ExcniepumenT 2. Bu3HaueHHs] MeXaHiYHHX BJIACTHBOCTEH KOMMO3UTY
(MiHiCcTH HA PO3THT)
Texnixa ximiuHo20 excnepumenmy:

1. B3sSTH migroTOBIEHUM 3pa30K KOMIIO3UTY Yy BHUIVIALI CMYXKKH
po3mipom 10x1 cm.

2. 3akpinuTH 3pa3oK y MEXaHiYHOMY BHUIIPOOYBAJIbHOMY MpUIai.

3. IlocTynoBo NpHUKIafaTH PO3TATYIOUE HABAHTAXKEHHS J0 MOMEHTY
pyiHyBaHHS.

4. 3anucatv MakCHMaJIbHE HAaBAaHTaXKCHHS 1 MTOJIOBKECHHSI.
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5. TlopiBHATH 3 aHAJOTIYHUM 3pa3KOM YUCTOTO TIOTIMEDY.

Excnepument 3. AHajii3 MopgoJiorii moBepxXHi KOMIIO3UTY 32 JONTOMOT 010
ONTHYHOI0 MiKpOCKoOIIa
Texnixa ximiuno2o ekcnepumenmy:

1. B3satu pparMeHT 3pazka KOMIIO3UTY 1 MIATOTYBAaTH HOTO /IS OTIISAY
(po3pizartu, BiImOMipyBaTH).

2. Po3MicTuTH Ha IPEIMETHOMY CKJIi.

3. PO3risiHyTH TMOBEPXHIO Wi ONTHYHUM MiKPOCKOTIOM TpH Pi3HUX
301IbIICHHSX.

4. 3adikcyBaT HasBHICTH HANOBHIOBaYa, XapaKTep HOTO pO3MOJily,
MOJKJINBI Te(heKTH.

5. 3poburu 3anucH i HPOTO3HIMKH.

3aeoanna NeS. Teopue inougidyanvne 3a60anns.
B x00i nabopamoproeo 3anamms 3aHomyti OyMKuU Kojiez Wooo meoei
idei’ ma ix oyinku meo€i po3pooKu.
VsBu, 1m0 TU po3poOIIsien KOMIIO3UTHUIN Matepiai st chepH, 1o
TeOe 1iKaBUTh (CIOpT, OyAIBHUIITBO, MEAUIIMHA, €IEKTPOHIKA 1 T.I1.).
/ymku ma oyinku:

Ouinka: Mama: Hionuc euxknaoaua:
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JladopaTopHa podoTa Ne5
TEMA: XimiuHe 31IMBaHHA MOJiMepiB: MeTOIH i BIUTUB Ha
BJIACTUBOCTI.
Merta 3aHATTA: 03HAHOMUTH 3700yBadiB BUIIOI OCBITH 3 MPUHIMIIAMA Ta
TEXHOJIOTISIMH XiMI9HOTO 3IIMBAHHS TOJIMEPIB, JOCTIANTH BIUIHB 3MTUBAHHS
Ha MEXaHi4Hi i TEpMi4Hi BTaCTHUBOCTI MaTepiaiB.
Pexomenooeana nimepamypa.
1. Binencwkuii B.O. ITomiMepn: cuaTe3, MOIUbIKALIIS, TOCITIIHKEHHS : HaBY.
moci6. XKuromup: Bug-so XAV im. 1. @panka, 2024. 348 c. : i
2. Menbnuk JI. 1. Ximis i ¢izuka nomiMepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
3. Ocranoud b. b., I'eprink O. M., Kosagummus 5. C. JlabopaTopHi podoTh
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIONYK : mpakTukyM. JIbBiB : JIHY imeni [Bana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximii Ta TexHonorii monimepis. JIbBiB : JIbBiBchbKa nomiTexHika, 2014. 336 c.
5. Xiwmis moniMepiB: KOHCIEKT Jiekuii / ymopsa. JI. I1. Mapymko. Jlynpk :
3ops-mtoc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOJIOTiA
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaii,
2010. 291 c.
7. Coopsrin E. O., Bapman K.€. TeopeTwdHi OCHOBM Ta TEXHOIOTis
BUPOOHUIITBA MMOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaB4. 1moci6. JHinpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.l.
Kamnaymenko, O.P. [Ipsixin [Ta iH.]. 3anopixoks : 3JIMVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInan 3auamms.

1. BXigHuii KOHTPOJb 3HAHB 1 PO3YMIHHS KITFOUOBHX IOHSTh.
(Inougioyanvha mecmosa nepegipoyHa poboma 3d NiO20MOBIEHUMU
MeopemuyHUMY NUMAHHAMU ab0 KOpomKe YcHe Onumyeanus (gopmam
«excnpec-8ionogioiy)).

2. YcHi BiAMOBIZAl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3alIMTaHb /

NPaKTUYHUX 3aBIaHb.
(Konexmuenuii aumaniz 0006 ’A3K06UX 0N NIO2OMOBKU 600MA 3ANUMAHD,
VIMOYHEHHsL CKAAOHUX ACHEeKmi6 3 meopii mooupixayii nonimepis i npuHyunis
MONEKYNAPHO2O OU3AUHY, 8I3YANI3aAYis MUNOGUX CIPYKMYP, 2PYH, MEXAHI3MIG
MYTLIMUMEODTIIHO).

3. Ilpe3eHTaris BapiaHTIB po3B’s3aHHS TPOdeciiHO-OPiEHTOBAHOTO
3aB/IaHHS 3 MOJIEKyJIsIpHOTO MojemoBanHs B HyperChem.
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(Obecosopenns piutenHs 3a80anHs, WO PO38'3aHO 600MA, NOPIGHSHHS
nioxodie 00 awnanizy, cunmesy, Mmooughikayii nonimepis, KoieKmueHe
000NPay0B8aHHsL, MOOCTHBAHHS D0 YOOCKOHANICHHS 00PAH020 8apiaHma,).

4. ExcriepMeHTalIbHE 3aBAaHHsI (J1abopaTOpHi OCTiAN).
(Incmpykmagic 3 mexuiu 0Oe3nexu, GUKOHAHHS eKCHePUMEHMANTbHO20
3a60anHs 8 1aOOPamopii 32i0H0 3 pe2namMeHmoMm).

5. TBopue iHAMBIAyalIbHE 3aBIAHHS.

(BuxonanHsa iHOUBIOYAbHO2O 3AB0AHHS BIONOBIOHO 00 MeMu 3AHAMMA,

no6y008a, onmMuMI3ayis, aHaliz NoaiMepHoi cmpykmypu abo mooeni npoyecy,

NPOCHO3YBAHHS IZUKO-XIMIYHUX NAPAMEmPIe ma IHmepnpemayis OaHux).
Incmpykuina 00 6uKoOHaHHA.

3asoanna Nel. Bxionuii kKonmpoias 3Hanb i PO3YMIHHA KAHOU08UX
noHAMD.

Ha nowamxy 3anamms éam 6yoe 3anponoHO8AHO BUKOHAMMU 8APIAHM
iHOugioyanvrHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeamHs 6 opmami «excnpec-ionogioiy. Bukouaiime 3ae0anHs Ha
1aOOpAMOPHOMY 3AHAMMA.

3aeoanna Ne2. Ycui 6i0noeidi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A80AHb.

ITi0 wac 3anamms  apeyMeHmo8aHo BUCLOBIMb GIACHY OYMK)Y U000
PO32NAHYMO20 Mamepiany.

KonTposbHi nuTaHHs/ 3aBAaHHS:
[ToHSTTS 3UIMBaHHS TOJIIMEPIB.
XiMi4HI METOJIU 3IIUBaHHS (TIEPEXPECHI Peakllii, iHII[iaTopH).
Di3nuHI METOIU 3IIUBAHHS.
Brutus ctyneHs 31IMBaHHS Ha BIACTHBOCTI.
TepMOCTIHKICTD 3IMIMTUX TOTIMEPIB.
MeToau KOHTPOJITIO 3IIWBAHHS.
BuxopucTaHHS 30UTHX MOMIMEPIB y MPOMHUCIIOBOCTI.
Texnika Oe3rnexu npu podOTi 3 iHIIIaTOpaMH.
MexaHi3Mu Jerpajiallii 3MUTHX MOTiMEepiB.

10.CyuacHi TeHeHIIii B 30TMBaHHI MTOJIIMEPIB.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3annsa npogheciiino-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 Moodentoeannsn ¢ HyperChem.

Baostcnueo! Cxoorci 3a60anns 6y0yms 6KII0UEHI 00 MOOYALHO2O KOHMPOIIO
MNel.

11i0 yac nabopamopnoi pobomu npesenmytime 61ACHY MOOENb U AKMUBHO
bepimb yuacmev 6 002080peHHI MA BUCLOGIIOUME 1ACHY OYMKY. AKuo nio
BNIUBOM KOJIEKMUBHO20 AHANIZY 80HA 3MIHUMbCS — 0008 3K080 3aNuUUims
HoB8e bayeHHs.

XA R DD —
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3Moenmiol mporec BBEACHHS (DYHKIIIOHATHRHUX TPYI Y TOJTIMEPHHUN
JAHITIOT (HAPUKIIAM, TMePOKCUAHI TpynH i 3mmBaHes). [IpoBenn anami3
EHEepPreTUYHMUX 3MiH NPHU JOAAaBaHHI IPYI Ta OIMUILM, 5K 1€ MOXE BIUTUHYTH
Ha peakiiHy 31aTHICTh MOIMEpY.
Hopana: BuxopucroByii ommito «Fragment Library» mms mBuakoro
JOJJaBaHHS CTAaHAAPTHUX (YHKIIOHANBHUX TPYII.
Jlaiipxak: 3actocyii "Energy Scan" ans BHBUEHHS TEPEXOAiB MiX
KoH(opMaIlisaMu micias Moaudikartii.
Ymounenna ma oonosnennsn:

3aeoanna Ned. Excnepumenmansvhe 3a80annsa (nadopamopui 0ocniou).
Ha 3auammi euxouatime excnepumenmanbHi 3a860aHHs 32I0H0 3 IHCMPYKYIEO,
dompumyrouucs — nociioosHocmi  Oitl.  3adgbikcynime — pesynvmamu
cnocmepedcerb 'y pobovOMYy 30WUmMi: 6KAJCIMb YMOGU eKCNepuMeHmy,
pesynomamu, eucnosku. Ilputimims yuacmv 6 002080peHHI GUKOHAHO2O0
3a60aHHA HA NIOCYMKOBOMY emani 3aHAmms.
Excnepument 1. XimMiuHe 31IMBaHHSA MOJiMEPHOI IUIIBKU MEPOKCHAOM
Texnixa ximiuHo20 ekcnepumenmy:

1. Basartu nonimepHy IUTiBKY (32 BIIaCHHUM BUOOPOM).

2. [puroTyBaTH PO3YMH OPraHIYHOTO TEPOKCHAY Y BiINOBIIHOMY
PO3YMHHUKY (5%).

3. OOpoOHTH MOBEPXHIO IUTIBKH PO3YMHOM IEPOKCUIY PIBHOMIPHO 3a
JIOTIOMOTO10 TIeH3JIs1 200 3aHYPEHHSI.

4. Tomicturu 3pa3ok y tepmoctaT npu 90 °C Ha 30 XBuiMH s
1Hiianii 3MMBaHHS.

5. OxonoauTy 3pa3oK i BUIAUTH Ha UTHIIKK PEarcHTYy.

6. OLHUTH 30BHILIHIN BUIJISI Ta €aCTHYHICTD 3pa3Ka.
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ExcnepumenT 2. BuzHauyeHHs TepMi4HOI CTiHKOCTI 3IIMTOrO0 MOJiMepy
(TT'A).
Texnixa ximiuno2o ekcnepumenmy:

1. IligrotyBaTy HEBENUKUI 3pa30K 3MIUTOTO IMOIIMEDY.

2. IlpoBectu TepmorpaBimMerpuunuii anainis (TT'A) 3a qonomororo
o0agHaHHS.

3. BuzHaunTH TeMmepaTypH IoYaTKy i MAaKCUMaJIbHOTO TEMITY
Jlerpaartii.

4. TlopiBHATH 3 pe3ynbTaTaMH AJIs HE3IIUTOTO MOTIMEpY.

ExcnepumenT 3. BuzHaueHHs MeXaHIYHUX BJIACTHBOCTEH micast
3LIMBAHHA
Texuixa ximiun020 eKkCnepumMernmy:

1. Basaru Ba 3pa3ku: 3MIMTHI 1 HEIMUTHI TOTIMED.

2. IlpoBectn BUNpoOyBaHHS HA PO3TSAT, BU3HAYUTH MIITHICTb 1
MIOJIOBXKEHHSI TIPH PO3PHBI.

3. 3amucaty i MOPiBHATH pe3yJbTaTH.

3aeoannsn Ne5. Teopue inousioyanvhe 3a60anHs.
B x00i nabopamoproeo 3ausmms 3aHomyti OymMKu Kojiee wooo meoei
i0ei ma ix oyinku meoei po3pooKu.
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Onuiy, SIKHid HOBUHM MPOAYKT 13 3MIMTOTO MOJiMepy TH XOTiB(j1a) 6
CTBOPHUTHU 1 SIKI BJIACTUBOCTI BiH MOBHMHEH MaTu. Bkaxu, siki cdepu
3aCTOCYBaHHS OyIyTh HaWTEPCIEKTUBHIIINMU.

Jymxu ma oyinku:

Ouinka: MMama: Iionuc éuxknaoaua:

JlaGopaTopHa podoTa Ne6
TEMA: ®otoximiuna moaudikauisi moJimepis.
Mera 3aHATTS: BUBYMTH MeToqu (oToxiMmiuHoi Moaubikarlii monimepis,
JOCTIIUTA BIUIMB  YJIbTPa(hioIETOBOrO OINPOMIHEHHS Ha BJIACTHUBOCTI
MOJIIMEPHHUX MaTepiaiB.
Pexomenooeana nimepamypa.
1. Binencekuii B.O. [Tonimepu: cunTtes, Moaudikallis, T0CIIPKSHHS : HaBY.
noci0. XXuromup: Bun-so XKV im. 1. @panka, 2024. 348 c. : in.
2. Menbauk JI. 1. Ximis 1 ¢i3zuka nmoniMepi : HaBd. nocid. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuu b. b., I'epuuk O. M., KoBanuma . C. JIabopatopHi po6oTH
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIOJYK : pakTHKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epmsx O. B., Ckopoxona B. 1., Cemeniok H. b. Teoperununi ocHOBH
ximii Ta TexHomorii nonimepis. JIbBiB : JIbBiBchbKa nomitexnika, 2014. 336 c.
5. Ximis monimepiB: KOHCHEKT Jekuiit / ynopsza. JI. 1. Mapymko. Jlynek :
3ops-utroc, 2021. 133 c.
6. Kypra C. A., Kypranceknit B. C. Ximiz 1 TexHosmoris
BHUCOKOMOJIEKYJIIDHUX CHOJYK : HaBy. moci0. IBano-@pankiBeek : I[lnai,
2010. 291 c.
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7. Cnopsarin E. O., Bapman K.€. TeopeTwdHi OCHOBH Ta TEXHOJOTis
BHPOOHMIITBA MOJIIMEPHUX KOMITO3HIIIMHIX MaTepialiB : HaBd. moci6. ainpo
: Bug-so IHY, 2012. 190 c.
8. ®@i3mKko-XiMiuHI BiIacTUBOCTI po3unmHiB BMC : mHaBu. moci6. / A.Tl.
Kamnaymenxo, O.P. [IpsxiH [ta in.]. 3amopixoks : 3JIMYVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BxigHuii KOHTPOIH 3HAH 1 PO3YMIHHS KIFOYOBUX MOHSATH.
(Inougioyanvha mecmosa nepegipoyna poboma 3a NIO2OMOBIEHUMU
MeopemuUYHUMU HNUMAHHAMU aO0 KOpOMKe YCHe OnumysauHs (gopmam
«excnpec-8ionosioiy)).

2. YcHi BiAMOBIZI Ta OOTOBOPEHHSI MOTOYHUX KOHTPOJIBHUX 3aIlIUTaHb /

MPAKTHYHUX 3aBJIaHb.
(Konexmuenuii ananiz 0006 ’s13k06ux 015 Ni020MOGKU 600MA 3ANUMAHb,
VIMOYHEHHs CKIAOHUX ACHeKmi6 3 meopii Moou@ixayii norimepis i npuHyunie
MONEKYNAPHO20 OUZAUHY, 8I3YaANI3aAYis MUNOGUX CIPYKIMYD, 2PV, MEXAHI3MI6
MYTbMUMEOIUHO).

3. IlpeseHTamist BapiaHTIB PO3B’s3aHHA MPOQECiiHHO-OPiEHTOBAHOTO
3aBJIaHHS 3 MOJIEKYJIsipHOro MojenmoBanHs B HyperChem.

(Obzo6openns piulenHs 3a60aHHA, WO PO38'A3AHO 800MA, NOPIGHAHHS
nioxodie 00 auanizy, cuwmesy, Moougpikayii nonimepis, KoieKMUBHe
000NPay08amHsl, MOOENIOEAHHSL A0 YOOCKOHANICHHS 00PAHO20 8apianma).

4. ExciepMeHTaNbHe 3aBJIaHHs (JabopaTopHi TOCHiN).
(Incmpykmadxc 3 mexuiku Oe3neKu, 6UKOHAHHA eKCHEePUMEHMANbHO20
3a60anHs 6 1aOOPamopii 32i0H0 3 pe2namMeHmoM).

5. TBopue iHAMBIAyalibHE 3aBIAHHI.

(Buxonanus iHOUBIOYATbHO2O 3AB0AHHS BIONOBIOHO 00 mMeMu 3aAHAMMA,

no6y006a, onmuMizayis, aHaliz NOJMepHoI cmpykmypu abo mooeni npoyecy,

NPOCHO3YEAHHS (DI3UKO-XIMIUHUX nApamMempie ma iHmepnpemayis OaHux,).
Incmpykuia 00 6uKkonanns.

3aeoanna Nel. Bxionuii Konmpoav 3Hand i POIYMIHHA KAIOYOBUX
nouame.

Ha nouamxy 3anamms eam Oyoe 3anponoHo6ano euKonamu 8apianm
iHOugioyanvHoi mecmogoi  nepegipounoi pobomu abo Kopomke YCHe
ONnuUmy8aHusi 6 opmami «excnpec-gionogioiy. Bukxouatime 3a60amHA HA
1a60opamopHoOMy 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma o002080penHs NOMOYHUX
KOHMPOJIbHUX 3aNUMANb / RPAKMUYHUX 3A80AHb.

11io uac 3anammsa  apayMeHmMO8aAHO BUCNIOBIMb B1ACHY OYMKY U000
PO32IAHYMO20 Mamepiaiy.
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KoHTpoabHi nuTaHHS/ 3aBIaAHHSA:
OcHoBH (OTOXIMIT TTOTIMEPIB.
Brne Y®-nipoMeHiB Ha CTPYKTYpy MOTIMEPIB.
Mexanismu poroxiMigaoi Moaudikarii.
Peaxkrtii hoTomomimepu3artii.
MeToar KOHTPOIIIO 3MiH miciist oToMomudikaii.
Texnika 6e3nexu npu podoTi 3 Y D-onpoMiHEHHSM.
3acrocyBaHHA (oTOXiMigHOI MoAH(iKaMii y BUPOOHUIITBI.
Oco06mmBocCTi 3acTOCYBaHHS (DOTOTIOIIMEDIB.
. Buau doropearenris.
10 [lepcriexkTrBu pO3BUTKY (HOTOXIMIT MOMIMEPIB.

3asoanna Ne3. Ilpezenmauin eapianmie po3e’a3anua npogeciino-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 Mooentoeannsa ¢ HyperChem.

Baosicnuso! Cxooici 3a60anmsi 6y0ymo 6KH0OUEHI 00 MOOYIbHO20 KOHIMPOTIO
MNel.

11i0 yac nabopamoproi pobomu npezeHmyime 61ACHY MOOENb U AKMUBHO
bepimb yuacme 6 002060peHHI MA GUCLOGIIOUME 61ACHY OYMKY. AKxujo nio
BNIUBOM KOJEKMUBHO20 AHANIZY 80HA 3MIHUMbCS — 0008 13K0BO 3aNUULimb
HOo8e OayeHHsI.

3MoOJIeIol MOJICKYJy TOJIIMEPY IiJ BIUIMBOM YJIbTPagioieTOBOTO

BUIIPOMIHIOBAaHHS, 30KpeMa Moaudikamii panukamamu. [lpoBenm amami3
CTabITFHOCTI MOJIEKYITH 0 1 Ticist Moanu(iKarii, MOpiBHAN eHeprii.
IMopana: BukopucrtoByit moayias «Molecular Dynamicsy st cumyisiii
PyXYy 1 cTabiIbHOCTI MOJIEKYJIM TIpU HarpiBaHHi (imitaris eneprii YO).
Jlafipxak: 3acTocoByit kopoTki MD-imiranii 3 kpokom 1 ¢c 11 BUSBIEHHS
HaANCIIA0IINX MICIb Y CTPYKTYPI.
Ymounenns ma oonosnennsn:

e e Al

3aeoannn Ned. Excnepumenmanvue 3a80anns (1adopamopui oociiou).

Ha 3anammi euxonatime excnepumenmanvhi 3a60aHHs 32I0HO 3 IHCIMPYKYIETO,
oompumyouucsy  nocaioognocmi 0.  3agixcyume  pesyrvmamu
cnocmepedcenb Y poOouOMy 30WUMI: BKAJCIMb YMOBU eKCHepUMEHMY,
pe3yromamu, ucHosku. Illputivims yuacmv 6 002080peHHi BUKOHAHO20
3a680aHHA HA NIOCYMKOBOMY emani 3aHAmMms.
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Excnepument 1. OnpoMiHeHHs1 moJtiMepHOi IJIiBKH Y D-CBiTI0M.
Texuixa XiMiuH020 eKChepuUMeHmy:

1. B3situ moniMepHuUii 3pa3ok po3MipoM MpUOIU3HO 5X5 cM.

2. PosmictuTH 3pa3zok y kamepi 3 Y D-mamrioro.

3. Ocsitutu 3pa3zok npu iHTeHCHBHOCTI 10 MBT1/cM? mpotsrom 30
XBUJIMH.

4. OuiHuTH  3MIHM  KOJNBOPY, MPO30OPOCTI Ta  MEXaHIYHUX
BJIACTUBOCTEM.

5. 3adikcyBaTh CIOCTEPEIKEHHS.

ExcnepumenT 2. BuzHauenHs 3MiHM NMOBepXHeBOro eHeprii micas Y®-
ONpOMiHEHHSI.
Texnixa ximiuno2o ekcnepumenmy:

1. ITpoBecTn BUMiprOBaHHS KyTa 3MOYyBaHHS BOJOIO Ha IMOBEPXHI
3pas3ka JIo i miclisi ONPOMiHEHHS.

2. BuzHaunTH 3MiHY TiApOQiIBHOCTI.

3. 3anucaT pe3ysbTaTH.

Excnepument 3. ChnekrpockomiyHMii  aHajgi3 3paskiB  micast
(poromonndikamii.
TexHika XiMIUHO20 eKcnepuMeHn):

1. IigroryBatu ans IY-cnexkrpockomii 3pazku moiimepiB 10 Y®-
OTPOMIHEHHS Ta IiCJIsl.

2. IlpoBectn aHami3 1 TIOPIBHATH CHEKTPH OIPOMIHEHOTO Ta
HEOMPOMIHEHOT'O 3pa3KiB.
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3. IlpoananizyBaTu 3MiHU B (DYHKIIIOHAIBHUX IPyIax.

3asoannsa Ne5. Teopue inougioyanvhe 3a60ans.

B x00i nabopamoprozo 3anamms 3anomyti OymMKu Kojiez Wooo meoei
i0ei ma ix oyinku meo€i po3pooKu.

Onwumy, sk 6 TH BUKopHUcTaB(yia) GoToxiMidyHy MoauGiKaliio A
CTBOpPEHHS HOBOTO MaTepiany 31 3MiHHUMH BIIACTUBOCTSAMH, HAIPUKIIA, JUIS
CeHCOopiB 200 cMapT-yIaKOBKH.
ymku ma oyinku:

Ouinka: Mama: IHionuc euxknaoaua:

JladopaTopHa podoTa Ne7
TEMA: Moaudikauisi moiMepis 3a 10noMororo HanoMartepiaJis.

Merta 3aHATTA: BUBYMTHM TPUHOUIM Ta METOAM BBEACHHS
HAaHOYACTHHOK Y MOJIMEPHI MaTpHlli, AOCIiAUTH BILUIMB HaHOMAaTepialiB Ha
BJIACTHUBOCTI MOJIIMEPIB.

Pexomenooeana nimepamypa.

1. Binencekuii B.O. [Tonimepu: cunTe3, MogudiKais, TOCTIIKESHHS | HaBY.
noci0. XKuromup: Bua-so KV im. I. ®panka, 2024. 348 c. : i1.
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2. Menbuuk JI. 1. XiMmis i ¢isuka mosaimepiB : HaBd. moci6. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuu b. b., I'epuuk O. M., KoBanumun 5. C. JIabopatopHi po6oTH
3 XiMil BUCOKOMOJIEKYJISIPHAX CITONYK : MpakTUKyM. JIbBiB : JIHY imeni [Bana
®panka, 2019. 276 c.
4. Cy6epusx O. B., Ckopoxona B. 1., Cementok H. b. TeopeTnuHi 0cCHOBH
ximii Ta Texnomnorii nonimepis. JIbBiB : JIbBiBcbKa nmomitexnika, 2014. 336 c.
5. Xiwmis momiMepiB: KoHCIeKT nekuiit / ymopsan. JI. I1. Mapymko. Jlympk :
3ops-toc, 2021. 133 c.
6. Kypra C. A., Kypraucekuti B. C. Ximis 1 TeXHOJOTis
BHCOKOMOJIEKYJISIPHUX CIIONYK : HaBd. moci0. IBaHo-@pankiBebk : [lmaii,
2010. 291 c.
7. Coopsrin E. O., Bapman K.€. TeopeTuuHi OCHOBU Ta TEXHOJIOTIS
BUPOOHUIITBA MMOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaBY. moci6. J(Hinpo
: Bug-so JIHY, 2012. 190 c.
8. ®diszuko-ximiuHi BnactuBocTi po3uuHiB BMC : nHaBu. moci6. / A.Tl.
Karmnaymenko, O.P. [psxiu [Ta in.]. 3anopixoks : 3/IMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3anamms.

1. BxigHuii KOHTPOI 3HAH i PO3YMIHHS KIIFOUOBUX MOHSTS.
(IHougioyanvha mecmosa nepegipoyHa poboma 3d NiO20MOGIEHUMU
meopemuyHUMY NUMAHHAMU abO KOpomKe YCcHe OnumyeawHs (gpopmam
«excnpec-8ionosioiy)).

2. YcHi BiAMOBiAl Ta OOTOBOPEHHSI TIOTOYHUX KOHTPOJIBHUX 3aIUTaHb /

NPaKTUYHUX 3aBJIaHb.
(Konexmuenuti ananiz 0008 3K06uUx OJis1 Ni020MOSKU 600MA 3ANUMAHD,
VMOYHEHHs CKIAOHUX acneKkmie 3 meopii moougixayii nonimepis i npuHyunia
MONEKYIAPHO20 OUZAUHY, 8i3VaANi3aAYis MUNOBUX CIPYKIMYD, ePYN, MeXAHI3MI8
MYTLMUMEOItiHO).

3. IlpesenHTamist BapiaHTiB PO3B’s3aHHSA TMPO(]eciHHO-OpiEHTOBAHOTO
3aBJIaHHA 3 MOJIEKyIsApHOro MozemoBanHs B HyperChem.

(Obcosopenns piutenHs 3a680aHHs, WO PO38'3aHO 600MA, NOPIGHSHHSL
nioxodie 00 auanizy, cunmesy, MoOugikayii noaimepis, KOoAeKMueHe
000NPay08aHHs, MOOENHBAHHS DO YOOCKOHANICHHS 00paH020 8apianma,).

4. ExcriepuMeHTanbHe 3aBaHHs (71abopaToOpHi JOCTian).
(Incmpyxkmagsie 3 mexniku 0Oe3neKky, 6UKOHAHHA eKCHePUMEHMANIbHO20
3a60aHHA 8 1AOOPAMOPIL 321010 3 Pe2NAMEHMOM).

5. TBopue iHAMBIAYyaIbHE 3aBIAHHS.
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(Buxonanus inougioyanvnoz2o 3a80anhs GiON0GIOHO 00 memu 3AHIMMNA,

nobyoosa, onmumizayis, aHaiiz NOAIMepHOL cmpykmypu abo mooeni npoyecy,

NPOCHO3YBAHHS IZUKO-XIMIYHUX NAPAMEempPie ma IHmepnpemayis OaHux).
Incmpykuin 00 6uKOHaHHA.

3asoanna Nel. Bxionuii konmpois 3Hanb i PO3YMIHHA KAHOU08UX
nOoHAMD.

Ha nouamxy 3anamms éam 6y0e 3anponoHO8aAHO BUKOHATNU 6APIAHM
iHougioyanvHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «excnpec-ionogioiy. Bukonaiime 3ae0anHsa Ha
1ab60pamopHoMy 3aHAMMI.

3aeoannn Ne2. Ycui 6i0nogeioi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A80aHD.

ITi0 wac 3anamms  apeyMeHmo8aHo BUCLOBIMb GLACHY OYMK)Y U000
DO32NAHYMO20 Mamepiany.

KonTposbHi nuTaHHs/ 3aBAaHHS:

1. BuzHaueHHsI HaHOMATepiamiB i iX BUAM.

2. Metoau BBeIeHHSI HAHOYACTHHOK Y TTOJIIMEPH.

3. BmmB HaHOYACTWHOK HAa MEXaHIYHi, TETUIOBI Ta €IEKTPUYHI
BJIACTUBOCTI.

4. TIpoGiemu CyMiCHOCTI HAHOYACTHHOK 1 TIOJIIMEPIB.
Mertonu aHammizy HAHOKOMITO3HUTIB.
Exomoriuni Ta 6€3neKoBi aclieKTH HaHOMATepialiB.
[Mpuknanu 3acTocyBaHHs HAHOKOMIIO3HTIB.
Texnika 6e3neku mpu poOOTi 3 HAHOMATEpiaIaMH.

9. CyuacHi gocnimkeHss y chepi HaHOMOAUiKaLii.

10.ITepcnieKTHBY pO3BUTKY HaHOMATEpialliB y ONIMEPHiH 1HIyCTPii.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3anns npogheciino-
OPIEHMOBAH020 3A460AHHA 3 MOIEKYAAPHO20 modentoeanna ¢ HyperChem.

Baostcnueo! Cxooici 3a60anms 6y0yms 6K0UEHi 00 MOOYILHO20 KOHMPOIO
MNel.
11io uac nabopamopHoi pobomu npezenmyiime 81ACHY MOOeLb U AKMUBHO

bepimb yuacme 8 002080peHHI MA BUCLOGIIOUME 81ACHY OYMKY. SAKujo nio
BNIUBOM KOJIEKMUBHO20 AHANI3Y 80HA 3MIHUMbCA — 0008 A3K080 3anuulimy
HoB8e bayeHHs.

3Mo1eN0i MOJIEKYIISIPHI B3a€MOII1 MiIXk MOJIiIMEPOM 1 HATOBHIOBaYEeM
(Hampukia, HAHOYACTUHKH KpeMHe3eMy). [Ipoanani3yH, sik 3MiHa B3aeMoii
BIUIMBA€E HA CTPYKTYPY KOMITO3HTY 1 HOTO BIIACTUBOCTI.

Iopana: BukopuctoByii incTpymeHT «Add Molecule» mist nomaBanHs
MOJIEKYJI HallOBHIOBAYa.

Jlaiidxak: 3acToCOBYIi Bi3yai3allito eJIEKTPOHHOI I'YCTHHH, 11100 M00aYUTH
B3a€EMO/II0 MiK KOMIIOHEHTAMMU.

PN
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Ymounenuna ma oonoenenna:

3aeoannun Ned. Excnepumenmanvte 3a60anns (1adopamopHi oociiou).
Ha 3anammi suxonaiime excnepumenmainbHi 3a60aHHs 3210HO 3 IHCMPYKYIETO,
dompumyrouucs  nociioosHocmi  Oiti.  3aghikcyrime  pezynvmamu
cnocmepedicenv 'y poOOYOMY 30UUMI. GKAJCIMb YMOGU eKCHepUMeHMY,
pe3yabmamu, 6UCHO8KU. Ilpuiimims yuacmv 6 002080penHi BUKOHAHO20
3a60aHHs HA NIOCYMKOBOMY emani 3aHsmms.
Excnepument 1. [IpuroryBanHss HAHOKOMIIO3UTY HA OCHOBI MoJIiMepy i
IMHK oKcuay (ZnO)
Texnixa ximiuno2o ekcnepumenmy:
1. B3saTu momiMepHHiA pO34YHH (HAIPUKIA[, MOJIIMEDP Y BiATOBITHOMY
PO3UMHHHUKY).
2. JlomaTu HAaHOYACTHHKHU LIMHK OKCHIY Y KOHIeHTpauii 1% 3a mMacoto.
3. PerenpHO mepemimaTé 3a IOMIOMOTOK) YJIBTPa3BYKOBOi BaHHHU
npoTsiroM 30 XBUIJIMH I PIBHOMIPHOT'O PO3IIOJILTY.
4. Bunutu cymim y ¢popMy 1 BUCYIIHTH NP KIMHATHINA TeMIepaTypi.
5. IigroryBaTH 3pa3Ku Ul NOAAJBIIOTO aHATIi3Y.

ExcnepumenTt 2. Busnauenns MeXaHiYHuX BJIACTHBOCTEH
HAHOKOMIIO3HTY
TexHika XiMIUHO20 eKcnepuMeHn):

1. IlpoBectu BUNpOOYBaHHS Ha PO3TAT HAHOKOMIIO3UTHOTO 3pa3Ka.

2. IlopiBHSATH pe3yabTaTH 3 YUCTUM TMOJTIMEPOM.

3. 3acdikcyBaTH 3MiHHM MIITHOCTI Ta €J1aCTHYHOCTI.

42



3aeoannusn Ne5. Teopue inougioyanvhe 3a60anns.

B x00i nabopamoprozo 3anamms 3anomyti OymMKu Kojiez wooo meoei
idei’ ma ix oyinku meoci po3pooKu.

[Mpuaymaii i onmuIIM iHHOBAWiMHUA HAHOKOMIIO3UT 3 YHIKaJIBHHUMU
BIACTHUBOCTSIMH JJISI CYYaCHHMX TEXHOJOTIH (eNeKTpOHiKa, MeIUIMHa,
EHEepPreTHKa).
ymku ma oyinku:

Ouinka: Jama: IHionuc euxknaoaua:

JladopaTopHa podoTa Ne8
TEMA: Tepmiuni B1acTuBoCTi mojtiMepiB i MeToau iX 10CTiIKeHHSI.
Mera 3aHATTA: HAaBYMTH 3700yBayiB BHUILOI OCBITHM METOAaM BUBUYEHHS
TEPMIYHMX  BJIACTUBOCTEH  TONIMEpPiB, OLIHIOBAaTH  TEPMOCTIHKICTB,
TEeMIIepaTypy TUIABJICHHS i CKITyBaHHS.
Pexomenooeana nimepamypa.

1. Binencekuii B.O. [Tonimepu: cunTe3, MogudiKais, TOCTIIKESHHS | HaBY.
noci0. XKuromup: Bua-so XKV im. I. ®panka, 2024. 348 c. : i1.
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2. Menbuuk JI. 1. XiMmis i ¢isuka mosaimepiB : HaBd. moci6. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuu b. b., I'epuuk O. M., KoBanumun 5. C. JIabopatopHi po6oTH
3 XiMil BUCOKOMOJIEKYJISIPHAX CITONYK : MpakTUKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epusx O. B., Ckopoxona B. M., Cementok H. B. Teopetuuni ocHOBH
ximii Ta Texnomnorii nonimepis. JIbBiB : JIbBiBcbKa nmomitexnika, 2014. 336 c.
5. Xiwmis momiMepiB: KoHCIeKT nekuiit / ymopsan. JI. I1. Mapymko. Jlympk :
3ops-mutroc, 2021. 133 c.
6. Kypra C. A., Kyprancekuit B. C. XiMmigs 1 TeXHOJIOTis
BHCOKOMOJIEKYJISIPHUX CIIONYK : HaBd. moci0. IBaHo-@pankiBebk : [lmaii,
2010. 291 c.
7. Coopsrin E. O., Bapman K.€. TeopeTuuHi OCHOBU Ta TEXHOJIOTIS
BUPOOHUIITBA MOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaBd. 1moci6. JHinpo
: Bug-so JIHY, 2012. 190 c.
8. ®disuko-ximiuHi BnactuBocTi po3unHiB BMC : nHaBu. moci6. / A.T.
Karmnaymenko, O.P. [psxiu [Ta in.]. 3anopixoks : 3/IMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3anamms.

1. BxigHuil KOHTPOIH 3HAHB i PO3YMIHHS KIFOYOBUX MOHSATH.
(IHougioyanvha mecmosa nepegipoyHa poboma 3d NiO20MOGIEHUMU
meopemuyHUMY RUMAHHAMU aD0 KOpomKe YCHe OonumyeawuHs (gopmam
«excnpec-8ionosioiy)).

2. YcHi BiAMOBiAl Ta OOTOBOPEHHSI TIOTOYHUX KOHTPOJIBHUX 3aIUTaHb /

NPaKTUYHUX 3aBJIaHb.
(Konexmuenuii ananiz 0008 3K06UxX OJisi Ni020MOSKU 600OMA 3ANUMAHD,
VMOYHEHHS CKIAOHUX acneKkmie 3 meopii moougixayii norimepis i npuHyunie
MONEKYIAPHO20 OUZAUHY, 8i3VaANi3aAYis MUNOBUX CIPYKIMYD, ePYN, MeXAHI3MI8
MYTLMUMEOItiHO).

3. IlpesenHTamist BapiaHTiB PO3B’s3aHHA MPOQECiHHO-OPiEHTOBAHOTO
3aBJIaHHA 3 MOJIEKyIsApHOro MozemoBanHs B HyperChem.

(Obcosopenns piutenHs 3a80aHHs, WO pPO38'3aH0 600MA, NOPIGHSHHSL
nioxodie 00 auanizy, cunmesy, MoOugikayii noaimepis, KOoAeKMueHe
000NPaYI08aNHs, MOOETI08AHHA ADO0 YOOCKOHANEHHS 0OPAHO20 8APIAHMA).

4. ExcriepuMeHTanbHe 3aBaHHs (71abopaToOpHi JOCTian).
(Incmpyxkmagsie 3 mexniku 0Oe3nexy, BUKOHAHHA eKCNePUMEHMANbHO2O
3a60aHHA 8 1AOOPAMOPIL 321010 3 Pe2NAMEHMOM).

5. TBopue iHAMBIAYyaIbHE 3aBIAHHS.
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(Buxonanus inHou8ioyanvno2o 3a80anHs GIONOGIOHO 00 mMeMU 3aHAMMA,
nobyoosa, onmumizayis, aHaiiz NOAIMepHOL cmpykmypu abo mooeni npoyecy,
NPOCHO3YBAHHS IZUKO-XIMIYHUX NAPAMEMPI8 ma IHmepnpemayis OaHux).

Incmpykuina 00 6uKoOHaHHA.

3aeoannsn Nel. Bxionuii KOHmMpoab 3HAHb | PO3YMIHHA KII0Y08UX
nOoHAMD.

Ha nouamxy 3anamms éam 06yoe 3anponoHO8AHO GUKOHAMU 6aAPiaHm
iHougioyanvHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «eKxcnpec-ionogioiy. Bukouaiime 3ae0anHs Ha
1a60pamopHOMy 3aHAMMI.

3aeoannn Ne2. Ycui 6ionogioi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A80AHb.

I1i0 yac 3anammsa  apeymeHmMo8aHo BUCIO8IMb BIACHY OYMKY U000
PO3CNAHYMO20 MAmepiany.

KouTpoabHi nuTanHs/ 3aBJaHHA:

1. OcHOBHI TepMi4Hi BIaCTUBOCTI MOJIIMEPIB.

2. Temmeparypa IIaBJICHHS i TEMIIEpaTypa CKIyBaHHS.

3. MeToau TepMidHOTO aHaMi3y: qUQepeHIliaTbHAN CKaHyBaIbHIH
kajopumetp (DSC), tepmorpasimerpist (TT'A).

4. ®i3uuHi ABUIIA MiJ] YaC HATPiBaHHS MOJIMEPIB.

BrmmuB cTpykTypH moniMepiB Ha TEPMidHi BIACTHBOCTI.
TexHika Oe3IeKH i1 Yac TEPMIYHUX BUITPOOYBaHb.
3acTocyBaHHS TEPMiIYHOTO aHaIIi3y B KOHTPOJI SKOCTI.
Tepmin ciryx0u ToiMepiB i TepMiYHE CTAPiHHS.

9. Mero 1 HiABHIIEHHS TEPMOCTIHKOCTI.

10. Anani3 pe3ynbTaTiB TEPMIUYHUX JTOCIIIKCHb.
3aeoanna Ne3. Ilpesenmauin eapianmie po3e’a3anna npogeciino-
OPIEHMOBAH020 3A460AHHA 3 MONEKYAAPHO20 mooentoeanna ¢ HyperChem.

Baosicnueso! Cxooici 3a60anms 6y0ymo 6K0OUEHI 00 MOOYIbHO20 KOHMPOIO
Nel.

11io uac nabopamophoi pobomu npezenmyiime 81ACHY MOOelb U AKMUBHO
bepimb yuacme 6 002060pPeHHI MA SUCLOGIIOUME 61ACHY OYMKY. AKxuio nio
6NAUBOM KONEKMUGHO20 AHANIZY GOHA 3MIHUMbCA — 0008 3K060 3aNUULimb
HO8e OayeHHSI.

Mogenoii TOJTIMEpHI JIAHLIOTH 13 PI3HOI CTYIEHIO 3IIUBAaHHA 1
MpoaHalli3yH, sIK 1€ BIUTMBAE Ha X €HEPIriro 1 KOH(OPMAIIIIO.

Iopana: CrBoproli pi3Hi BapiaHTH 3B’S3KiB BpY4YHY JUISI TOPIBHSHHS.
Jlafipxak: BuxopuctoByld mapaMeTpu onTuMmizamii Ui TOPiBHSHHS
CTaOUILHOCTI CTPYKTYP.

Ymounenna ma oonosnennsn:

e
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3asoannsa Ned. Excnepumenmanshe 3a80annsn (nabopamopui oocniou).

Ha 3auammi suxonatime excnepumenmanbHi 3a80aHHs 3210HO 3 IHCMPYKYIETO,
dompumyrouucs — nociioosHocmi  Oiti.  3aghikcyrime — pe3ynvmamu
cnocmepedicerHb 'y pobo4UOMYy 30WUmMI: GKAJICIMb YMOGU EKCNepUMEHNY,
pe3yabmamu, 6UcHosku. Ilpuiivime yuacmv 6 002080penHi BUKOHAHO20
3a60aHHA HA NIOCYMKOBOMY emani 3aHAmms.

Excnepument 1. Bu3zHadeHHsl TeMIepaTrypu IUIABJIEHHSI MOJIiMepy
KANUIAPHUM CIIOCOO0M

Texuixa ximiuno20 ekcnepumenmy:

1. B3sTH HeBeNMUKUH CKIISTHHIA KaIlIsp 3 BHYTPIIIHIM JiameTpoM 1
MM 1 BucoTOrO 40-50 MM, BUTATHYTHH Ha TABHUKY 31 CKIISTHOT TPYOKH.

2. OpmuH KiHelb Kaniispa 3anasti, 00epekHO BHOCSYH HOTO 300Ky B
MOJIYM'sl TAJIbHUKA.

3. IlomicTuT Ha TOAMHHUKOBE CKJIO TIOApaOHEHHWH TOJiMeEp.
Binkputuii kinenp kaminspa omyctutd B momiMep. o6 mepemictutn
NoJIiMep Ha JIHO Kariisipa i IbHO yTpaMOyBaTu HOTo, Karijisp 3 pEYOBHHOO
Kilbka pa3iB KUAAIOTHh 3allasHUM KiHIIEeM BHH3 4Yepe3 CKISHY TpyOKy
noxnHoo 50-70 cM, TOCTaBlEeHYy BEpPTHKAIbHO Ha CKJIO. TakuM YHWHOM
HIUTFHO HAOMBAIOTh PEYOBHHY CTOBITYMKOM BHCOTOO 0,3-0,5 cM.

4. ns BU3HAYCHHS
TEeMIIepaTypu TJIABJICHHS
BUKOPHCTOBYIOTh TpHIIa] 3

MOJIBIHHUMU CcTiHKamH (puc. 1).

Puc.1. Ilpwmanm misi BU3HAYCHHS
TEeMIIepaTypy TUIABJICHHS TOJIMepy
KaIliJIApHUM CTIOCOOOM.

1 — KpyrJI0[I0OHHA KOJ0a; 2 — Kamijsip
(3adikcoBanmii Ha TepMomerpi); 3 —
npobipka; 4 — pikcaTopu npoOipku; 5
— OTBip; 6- MpoOKa 3 TEPMOMETPOM.
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5. Y xon0y HaaMBarOTh CIJIIKOHOBE Macio, auOyTwidTanzar adbo
rminepud. [Ipunaam, mo MIiCTATH BHINEBKA3aHi PiTUHA, MOYKHA HarpiBaTH HE
Buie 250 °C.

6. Kaminsp 3akpimmoioTh Ha TepMOMETpi TyMOBHM KinbileM. Kinerns
KaITiJisipa MOBHHEH OYyTH Ha PiBHI a00 TPOXH BHUIIE KYJIBKH TEPMOMETPA.

7. TloTim 3aKpiIUTIOIOTE TEPMOMETP 3 KAIIIPOM Y Ui MPoOipKy Ha
npoOui 3 BHUpizoM. BuyTpimHili mnpoctip kKonbu Mae crnonydaTHcs 3
atMocheporo.

8. llpumag wHarpiBaroTh Tak, W00 WIABHINEHHS TEMIEpaTypu
BinOyBanocs Ha 5-10°C 3a XBWIMHY, a TOOMU3y OYIKYBaHOI TeMIIEpaTypH
raBneHHs — Ha 1-2 °C 3a XxBuimHY. TemmepaTyporo IUIaBICHHS TaHOi
PEUOBHHHU BBaXKA€THCSI TEMIIEPATYPHUN IHTEpBAJI 3 MOMEHTY IOSIBH PiIKOi
(hazu 10 MOBHOTO PO3ILIABJICHHS PEYOBHHHU.

9. Ilepex ThM, K BUMIPIOBATH TEMIIEpaTypy IUIABJICHHS HEBiJIOMOI
PEYOBHHM KAMUIIPHAM CHOCOOOM, CIiJI TOMEpPenHBO IPOBECTH Tpyode
npuOIM3HEe BUMIPIOBAHHS il TEMIIEpaTypH IUIaBJIeHHs. J{Jsi IbOTo Ha KYJIbKY
TEPMOMETpa BMIIIYIOTh HEBEJNWYKY KUIBKICTH PEUYOBHHU 1, TPUMAIOUYH
TEPMOMETP B TOPU30HTAIILHOMY TOJOKEHHI, TOBUTFHO HArpiBaloOTh HOTO Ha
MANBHUKY 3 a30€CTOBOI0 CITKOIO MaJIeHPKUM MONyM'SM ITajJbHUKa a0o Ha
CJIEKTPOIUTUTIII 70 pO3IUIaBIeHHs pedoBuHU. [Ipu 1pOMy cTexaTh 3a
NOKa3aMu TepMoMeTpa. TakuM MHIISIXOM MOKHA BH3HAYMTH TEMIIEPATypY
IUTaBJICHHS 3 TOUHICTIO 10 2-3 °C.

ExcnepumenT 2. BuzHaueHHs TeMnepaTypH Aerpajamii mojaimepis.
TexHika XiMIUHO20 eKcnepuMeHm)y:

1. 3arapyBaTu MOpPOXHIH THUTEIbh Ha aHAJTITUYHUX Barax, NOMICTHTH
HaBakky noiimepy (0,5—1 r) Ta 3adikcyBaTH TOUHY MOYATKOBY Macy (o).

2. BcraHoBUTH TUTENb Y ITiY, 33J1aTH MBUAKICTH HarpiBy 10—20°C/ xB
y nmianazoHi Bix 25°C mo 500-600°C.

3. 3amycTtutu Harpis, (ikCyBaTH TeMIepaTypy IIOYaTKy BTpaTH MacH,
OOBYTIIIOBaHHS UM TUTABJICHHSI.
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4. Tlicns MOBHOI MECTPYKIi BUMKHYTH TpHJIAd, OXOJIOAWTH T4 Ta
3BAKUTH 3ATHIIOK (Mk).

3aaumok, ®=my
/my100% (%)

Ha3sga my (1)

noJjimepy TCC) mc (r)

5. CdopmynroiiTe BUCHOBKU
3asoannsa Ne5. Teopue inougioyanvhe 3a60ans.
B x00i nabopamoproeo sanammsa 3aHomyti OyMKY Kojiez Wooo meoci
i0ei ma ix oyinku meo€i po3pooKu.

[Ipuaymaii momiMep i3 TOKpAIEHUMH TEPMIYHUMH BIACTHBOCTSIMH LIS
3aCTOCYBaHHS Y BUCOKOTEMIIEPATYPHHUX YMOBax (KOCMiUHA TEXHIKa, ABUTYHH
TOIIIO).
ymku ma oyinku:

Ouinka: Jama: IHionuc euxknaoaua:
JlabopaTopHa podoTa Ne9
TEMA: XimiuHe cTapiHHA MoJIiMepiB Ta MeTOAM MPUCKOPEHOT 0
TeCTyBaHHSI.

MeTa 3aHATTS: BUBYHTH NPOIECH XIMIYHOTO CTApiHHS IOJIIMEPIB,
HABYUTH METO/IaM MPUCKOPEHOTO TECTYBaHHS Ta aHATI3Y pe3yJIbTATIB.
Pexomenooeana nimepamypa.
1. Binencekuii B.O. [Tonimepu: cunTe3, MOgU}iKaLis, TOCTIIKESHHS | HABY.
noci0. XKuromup: Bun-o XKV im. 1. @panka, 2024. 348 c. : im.
2. Menbnuk JI. 1. Ximis i ¢izuka nomimepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
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3. Ocranosud b. b., I'eprink O. M., KoBanummus 5. C. JlabopaTopHi podoTn
3 XiMii BHCOKOMOJICKYJIIPHUX CITOJIYK : IpakTUKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. 1., Cementok H. B. Teopernusi ocHOBH
xiMii Ta TexHoorii momimMepis. JIbBiB : JIbBiBchbKa momiTexHika, 2014. 336 c.
5. XiMis monimepiB: KOHCTEKT Jekuiit / ynopsz. JI. 1. Mapymko. Jlynsk :
3ops-toc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOIOTiA
BHCOKOMOJIEKYJISIPHUX CIIONyK : HaBd. moci0. IBaHo-@pankiBebk : [lmaii,
2010. 291 c.
7. Cnopsarin E. O., Bapman K.€. TeopeTW4Hi OCHOBH Ta TEXHOJOTiS
BHPOOHMIITBA MTOJIIMEPHUX KOMITO3HIIIMHMX MaTepiaiiB : HaBY. moci6. Jainpo
: Bug-so IHY, 2012. 190 c.
8. ®diszuko-ximiuHi BnactuBocTi po3uuHiB BMC : nHaBu. moci6. / A.Tl.
Kamnmaymenxo, O.P. IIpsxiH [Ta iH.]. 3amopixoks : 3JIMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BxigHuii KOHTPOIH 3HAHB i PO3YMIHHS KIIFOUOBUX MOHSTH.
(Inousioyanena mecmoga nepegipouna poboma 3a NiO20MOBGIEHUMU
meopemuyHUMU NUMAHHAMU ab0 KOpomKe YCHe ONumyeanus (ghopmam
«excnpec-8ionosioiy)).

2. YcHi BIAMOBIZI Ta OOTOBOPEHHSI TOTOYHUX KOHTPOJIBHUX 3alIMTaHb /

NPaKTUYHUX 3aBJIaHb.
(Konexmuenuii ananiz 0006 ’513k06ux 015 Ni020MOGKU 600MA 3ANUMAHD,
VIMOYHEHHs, CKIAOHUX ACHeKmi6 3 meopii Moougixayii nonimepis i npuHyunis
MONEKYNAPHO20 OUZAUHY, 8I3YaANI3aAYisi MUNOGUX CIPYKIMYD, 2PV, MEXAHI3MI6
MYTbMUMEOIHO).

3. IlpesenTamist BapiaHTiB PO3B’s3aHHSA TNPO(]eciHHO-OpiEHTOBAHOTO
3aBJIaHHA 3 MOJIEKYJIspHOTrO MosemoBanHs B HyperChem.

(Obeo60openns piuwienHs 3a60aHHA, WO pPO3GA3AHO 600MA, NOPIGHAHHS
nioxodie 00 auanizy, cuwmesy, Mmoougpikayii nonimepis, KoaeKMuUGHe
000NPayIoB8amHsl, MOOEOEAHHS D0 YOOCKOHANICHHS 00PAH020 8apianma,).

4. ExcniepMeHTaNbHe 3aBaHHs (JabopaTopHi TOCHiN).
(Incmpykmasxc 3 mexHiku Oe3neKku, BUKOHAHHS eKCHEPUMEHMAIbHO20
3a60aHHA 8 1AOOPAMOPIL 321010 3 Pe2IAMEHMOM).

5. TBopue iHAMBIAyalIbHE 3aBIAHHI.

(Buxonants iHOUBIOYAIbHO2O 3AB0AHHS GIONOBIOHO 00 MeMU 3aAHAMMS,

nooy00sa, onmumizayis, aHanisz NOIMepHoi cmpykmypu abo mMooeni npoyecy,

NPOCHO3YEAHHS (DI3UKO-XIMIYHUX nApaMempie ma iHmepnpemayis OaHux,).
Incmpykuin 00 6UKOHAHHA.
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3aeoannsn Nel. Bxionuii KoHmpob 3HAHb i PO3YMIHHA KII0Y08UX
nouame.

Ha nouamxy 3anamms éam 6y0e 3anponoHO8aHO BUKOHAMNU 6aAPIAHM
inougioyanvrHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «excnpec-8ionogioiy. Bukouaiime 3ae0anHsa Ha
1a60pPaAMOPHOMY 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma 002080peHHA NOMOYHUX
KOHMPONbHUX 3anUmMans / NPAKMUYHUX 3A80AHb.

1lio uac 3anamms  apeyMeHmMOBAHO BUCNIOBIMb B1ACHY OYMKY U000
PO32NAHYMO20 MAmMepiay.

KouTpoabHi nuTaHHSI/ 3aBIaHH:
OCHOBH XIMIYHOTO CTapiHHS OTIMEPiB.
MexaHi3zmu ferpanaitii (OKACIIOBaNIbHA, POTOXIMIYHA, TEPMIYHA).
BrjinB HaBKOMHUITHBOTO CEPEOBHUIIA Ha CTapiHHA.
MeTou IPUCKOPEHOTO TECTYBAHHS.
O1iHKa 3aIUIIKOBHAX BIIACTUBOCTEM.
Brutus crabinizaTopis i 100aBOK.
MeTtou aHami3y cTapiHHA (CIEKTPOCKOIIiS, MEXaHI9HI TECTH).
Texnika 6e3nexu mpu podoTi 31 CTapiquI/IMH MaTepianaMH.
. Ilpuknanm 3acrocyBaHHS METOJIiB KOHTPOJIIO CTAPIHHSI.

10 [lepcriekTrBy 30iMbIIEHHS TEPMiHY CITY>KOH MONIMEPIB.
3asoanna Ne3. Ilpesenmauia eapianmie po3e’azanna npogeciitno-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 Moodentoeannsa ¢ HyperChem.

Baosicnueso! Cxooici 3a60anms 6y0ymo 6KH0OUEHT 00 MOOYAbHO20 KOHMPOIO
Nel.

11i0 yac nabopamoproi pobomu npezeHmyime 61ACHY MOOENb i AKMUBHO
bepimv yuacmv 8 002060penHi Ma GUCTIOGIIOUME BIACHY OYMKY. Ko nio
BNIUBOM KOJIEKMUBHO20 AHANIZY 80HA 3MIHUMbCA — 0008 A3K080 3anuuimo
HO8e OayeHHSI.

Bukonaii MosientoBaHHS BIUTMBY TEMIIEpaTypy Ha CTPYKTYPY TIOTIMEPY
3a JIOTIOMOTOK0 MOJIEKYJISIPHOI JMHAMIKH.

Ilopana: Bcranosmioii TemreparypHuil pexkum y wMoxyni «Molecular
Dynamics».
Jlatipxak: BukopucToBy# KOPOTKI CHMYJISINT ISl IBUAKOTO aHANi3y 3MiH

CTPYKTYpH.
Ymounenna ma oonoenenna:

e e A ol N
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3asoannsa Ned. Excnepumenmanshe 3a80annsa (nadopamopi oocniou).
Ha 3anammi suxonaiime excnepumenmainbHi 3a60aHHA 3210HO 3 IHCMPYKYIEIO,
dompumyrouucs — nociioosHocmi  Oitl.  3aghikcyrime — pesyrvmamu
cnocmepedcerb y pooo4oMy 30WUmMi: 8KAJNCIMb YMOBU EKCNEPUMEHNY,
pe3yromamu, 6ucHosku. Ilputivims yuacmv 6 002080peHHi BUKOHAHO20
3a680aHHA HA NIOCYMKOBOMY emani 3aHAmmsA.
Excnepument 1. IlpuckopeHe cTapiHHSI moJiMepHOro 3pa3ka B
TepMoKaMepi
Texnixa ximiuHo20 ekcCnepumenmy:

1. B3sTH 3pa3ok mnoyiMepy.

2. Tomictutn B Tepmokamepy npu 80 °C i Bomorocti 80% Ha 72
TOJTNHMU.

3. Ilicns crapiHHS OLIHUTH 3MiHY KOJBOPY, THYYKOCTI Ta MEXaHIYHUX
BJIACTUBOCTEM.

4. 3anucaTH CIIOCTEPEKECHHS.

Excnepument 2. @orocTapinHs moJiMepy mix BIiimBoM Y d-nipomeHis.
Texnixa ximiuHo20 ekcnepumenmy:

1. IMomictutu 3pa3zok mig Y @-namny Ha 24 roauHu.
2. OuiHKUTH 3MiHY 30BHIIIHBOTO BUIJISILY 1 CTPYKTYPH.
3. [IpoBecTu anami3 ¢i3UKO-XiMiYHUX BIACTUBOCTEH.
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Excnepument 3. MexaHiuHe TeCTYBaHHSI IicJIsl CTAPiHHS.
Texuixa XimMiuH020 eKChepumMermy:

1. [TpoBectn BUNpoOyBaHHS Ha PO3TST 3pa3KiB [0 1 MCIs CTapiHHS.
2. TTopiBHATH TTOKA3HUKH MIITHOCTI 1 IIOJOBKECHHS.
3. 3anucaTtu BUCHOBKH.

3aeoanna NeS. Teopue inougidyanvne 3a60anns.

B x00i nabopamoprozo 3ausmms 3aHomyti OyMKU Kojee wooo Mmeoel
i0ei ma ix oyinku meo€i po3pooKu.

3anpornoHy iHHOBaMiHI METOAM IiBUIIEHHS CTIHKOCTI MOJIiMepiB
no crapinHs. ONHIITY MOXITUBI CIOCOOH X BIIPOBA[KEHHSI.
ymku ma oyinku:

Ouinka: Mama: IHionuc euxknaoaua:

JladopaTopHna pobora Nel0
TEMA: Biopo3kiagHi mogiMepn: 0co0IMBOCTI Ta 3aCTOCYBAHHSA.
Mera 3aHATTS: O3HAHOMUTH 3700yBayiB BHIOI OCBITH 3 KJIACOM
0lopo3KIagHUX IMOJIMepiB, MeToJaMH IX OTpUMaHHS Ta cdepamu
3aCTOCYBaHHSI.
Pexomenooeana nimepamypa.
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1. Binencwknii B.O. [TomimMepn: cuaTe3, MOIUbIKALIIS, TOCTIHKEHHS : HABY.
moci6. XKuromup: Bug-so XKV im. I. @panka, 2024. 348 c. : i
2. Menbnuk JI. 1. Ximis i ¢izuka nomiMepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
3. Ocranosud b. b., I'eprink O. M., Kosanummus 5. C. JlabopaTopHi podoTH
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIOJIYK : pakTHKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Cxopoxona B. 1., Cementok H. B. Teopernusi ocHOBH
xiMii Ta TexHosorii momiMepis. JIbBiB : JIbBiBchKa momiTexHika, 2014. 336 c.
5. XiMis monimepiB: KOHCHEKT Jekuiit / ynopsa. JI. 1. Mapymko. Jlynsk :
3ops-utroc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOJIOTiA
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaii,
2010. 291 c.
7. Cmopsrin E. O., Bapman K.€. TeopeTwuHi OCHOBM Ta TEXHOIOTis
BUPOOHUIITBA MOJIIMEPHUX KOMIO3UIITHAX MaTepiatiB : HaBd. 1moci6. JHinpo
: Bug-so IHY, 2012. 190 c.
8. @i3uko-ximiuai BrmacTuBOCTI po3umHiB BMC : mHaBu. moci6. / A.Tl.
Kamnmaymenxo, O.P. [IpsxiH [ta iH.]. 3amopixoks : 3JAMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/

IInan 3auamms.

1. BXigHuii KOHTPOJb 3HAHB 1 PO3YMIHHS KITFOUOBHX IOHSTh.
(Inousioyanena mecmoga nepegipouna poboma 3a Ni020MOBGIEHUMU
MeopemuUHUMY NUMAHHAMU aO0 KOpOmMKe YcHe Onumyeawus (ghopmam
«excnpec-eionosioiy)).

2. YcHi BIANOBIZI Ta OOTOBOPEHHSI TOTOYHUX KOHTPOJIBHUX 3alIMTaHb /

NPaKTUYHUX 3aBIaHb.
(Konexmuenuii ananiz 0006 ’s13k06ux 015 Ni020MOGKU 600MA 3ANUMAHD,
VIMOYHEHHsL CKIAOHUX ACHeKmie 3 meopii Moougixayii nonimepis i npuHyunis
MONEKYIAPHO20 OUZAUHY, 8i3VaANi3aAyis MUNOGUX CIPYKIMYD, ePYN, MeXAHI3MI8
MYTbMUMEOIHO).

3. IlpeseHTaris BapiaHTiB po3B’s3aHHS TPOdeciiHO-OPiEHTOBAHOTO
3aB/IaHHSA 3 MOJIEKyJIsIpHOTO MoemoBanHs B HyperChem.

(Obeo60pents  piuwienHs 3a60aHHA, WO pPO38'A3AHO 600MA, NOPIGHAHHS
nioxodie 0o awnanizy, cunmesy, Moougikayii nonimepis, KoJeKmueHe
000NPayIoB8amHsl, MOOEOEAHHS D0 YOOCKOHANICHHS 00PAH020 8apianma,).

4. ExcriepuMeHTanbHe 3aBaHHs (71abopaToOpHi JOCTian).
(Incmpykmaxyc 3 mexuixu 0Oe3nexKu, GUKOHAHHA eKCHePUMEHMANbHO2O
3a80aHH5 8 1aOOPaAmMopii 32i0HO 3 pe2lameHmom,).

5. TBopue iHAMBIAyalibHE 3aBIAHHI.
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(Buxonanus inou8ioyanvnozo 3a80anHs GION0GIOHO 00 memu 3aAHIMMA,

nobyoosa, onmumizayis, aHaiiz NOAIMepHOI cmpykmypu abo mooeni npoyecy,

NPOCHO3YE8AHHS QIZUKO-XIMIMHUX NAPAMEempPie ma iHmepnpemayis OaHux).
Incmpykuina 00 6uKoOHaHHA.

3asoanna Nel. Bxionuii kKonmpoas 3HaHb i POIYMIHHA KAHOU08UX
nOoHAMD.

Ha nouamxy 3anamms éam 6y0e 3anponoHo6ano UKOHAMU 6apianm
inougioyanvHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «excnpec-8ionogioiy. Bukonaiime 3a60anHsa Ha
1ab0pamopHoMy 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeioi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A60aHD.

I1i0 uyac 3anammsa  apeymMeHmMo8aHo BUCNOGIMb 61IACHY OYMKY U000
DO3CNAHYMO20 Mamepiany.

KonTposbHi nuTaHHs/ 3aBAaHHS:

1. BuzHaueHHs Gi0pO3KIaJIHUX TOTIMEPIB.

2. OcHOBHi TUTIK O10PO3KIIATHUX MMONIMEPIB (TTONMITAKTH,
TMOJIT1APOKCHATKAHOATH TOIIIO).

Mexanizmu 0i10pO3KIaIeHHS.

MeTtou cuHTEe3y 0i0TOIIMEpiB.

BrmuB cTpykTypH Ha 610pO3KIaAHICTb.

3actocyBaHHS 010pO3KIIAIHHX TOTIMEPIB y MEAWIIHHI, ITAKYBaHHI.
[lepeBaru Ta HeAOIiKK O10MOTIMEDIB.

Metoau TecTyBaHHs Gi0pO3KIIATHOCTI.

Exosoriuni nepeBaru Ta BUKJIUKH.

10.ITepcriekTBY pO3BUTKY 0iOPO3KITHUX MOJTIMEPIB.
3aeoannsn Ne3. Ilpezenmauin eapianmie po3e’azanns npogheciino-
OPIEHMOBAH020 3A60AHHA 3 MOAEKYAAPHO20 modentoeanna ¢ HyperChem.

Baostcnueo! Cxoorci 3a60anms 6y0yms 6KI0UEHi 00 MOOYILHO2O KOHMPOIIO
MNel.
11i0 uac nabopamopnoi pobomu npezenmyiime 61ACHYy MOOelb Ul AKMUBHO
bepimb yuacmes 6 002080peHHI MA BUCLOGIIOUME 1ACHY OYMKY. AKuo nio
BNAUBOM KONEKMUGHO20 AHANIZY GOHA 3MIHUMbCA — 0008 3K060 3aNUULIMb
HoB8e bayeHHs.

3Mozenoi  MOJIEKYJISIpHY ~CTPYKTYpy OlOpO3KIamHOro MOoJiMepy
(mampuknan, mnomiaktuay). IlpoBemm — eHepreTHdyHy — ONTHMI3aLilo,
npoaHanizyd (yHKIIOHAJIBbHI TPYyNH, IO CIPHUSIIOTH OlOpO3KIaJEeHHIO, i
OIMIIY iX BILUIWB.

Iopapna: BuxopucroByii gpyHkuiro «Optimize Geometry» 3 meronom AM1
JUTS OLJIBII TOYHOI OITUMI3AL].

A A
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Jlaiipxak: 3actocoByit «Charge Distribution» 11 BUSBICHHS pEaKTHBHUX
IIEHTPIB Y MOJICKYJIi.
Ymounenna ma oonosnenna:

3asoannsn Ned. Excnepumenmanshe 3a80annsn (nabopamopui oocniou).
Ha 3anammi suxonatime excnepumenmanbHi 3a80anHsL 32I0HO 3 IHCMPYKYIEIO,
dompumyrouucs — nociioosHocmi  Oitl.  3agbikcyrime — pesynvmamu
cnocmepedcenb Yy poOoHOMy 30WUMI: BKAJXCIMb YMOBU eKCHepUMEHMY,
pesynomamu, eucnosku. Ilputivims yuacmv 6 002080peHHI GUKOHAHOZ0
3a60anHA HA NIOCYMKOBOMY emani 3aHamms.
ExcnepumenT 1. Bunauenns 6iopo3k/iagHocTi mojgiMepHoOro 3pa3ka y
IPYHTI
Texuixa Ximiuno20 ekcnepumenmy:

1. B3saTu HeBenmkuil 3pa3ok 0i0PO3KIATHOTO TMONIMEpY (MIPHOIH3IHO
2x2 cm).

2. 3akomaru 3pa3oK y BOJIOTHH IPYHT Ha rmuOuHy 10 cMm.

3. Uepes 14 nHIB BUTATHYTH 3pa30K 1 OIIHUTH 3MiHYy MacH,
30BHIITHHOT'O BUTIISY.

4. 3adikcyBatu CTyHiHb po3kiany (B HPOIEHTAX BiJ MOYATKOBOI
Macu).

ExcnepumenT 2. TectyBaHHsI 6i10p03KJIaIHOCTI B Kamepi 3i 3MiHHOI0
TeMIIepaTypolo i BOJIOTICTIO
Texnixa ximiuHo20 excnepumenmy:

1. IMomicTuTH 3pa3ok y kamepy 3 tremmeparyporo 30 °C i
BiIHOCHOIO BostoricTio 90%.
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2. Tpumatu npotsirom 30 gHiB.
3. Crnoctepirary i pikCyBaTH 3MiHH Baru, CTPYKTYPH.

Excnepument 3. AHaji3 (izuko-MexaHiqYHUX BJIACTHBOCTEH micast
Oiopo3kyiageHHs
Texuixa Ximiuno20 ekcnepumenmy:

1. [IpoBecTn BumpoOyBaHHS HA PO3TSAT 3pa3KiB /10 1 Mmicist
Oiopo3KITaIcHHS.

2. [MopiBHSITH MeXaHiYHi BIaCTHBOCTI.

3. OdopMuTH pe3ynbTaTH.

3asoanna Ne5. Teopue inousioyanvre 3a60anns.

B x00i nabopamoproeo sauamms 3anomyti OymKu Kojnez wooo meoei
idei’ ma ix oyinku meoci po3pooKu.

VYsBH, MO TH — eKOJOTIYHNN BUHAXIAHUK. [Ipraymaii i onumm HOBUH
Olopo3kimagHuil Marepialn, SKWHA MIir OW 3aMiHWUTH TUIACTHKOBI MakeTH abo
Menu4HI TpUcTpoi. Po3kaxkm mpo #Woro mepeBard Ta MOXIMBI chepu
3aCTOCYBaHHSI.

/ymku ma oyinku:
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Ouinka: JMama: Iionuc euxknaoaua:
JladopaTopHna podorta Nell
Tema: Crioco0M KOHTPOJIIO CTPYKTYPH Ta BJIACTHBOCTEN MOJiMepiB
(xpomartorpadis).
Mera 3aHATTA: O3HAHOMUTH 3700yBadiB BHIIOI OCBITH 3 CyYaCHUMH
METO/IaMH KOHTPOJIIO CTPYKTYpH Ta BJIACTHBOCTEH IONIMEpiB, HABUUTH
0a30BUM mpuiioMaM pOOOTH 31 CHEKTPOCKOIIYHMM 1 XpomMarorpadidHuM
o0agHaHHSIM.
Pexomenooeana nimepamypa.
1. Binencekuii B.O. [Tonimepu: cunTtes, Moaudikaltis, T0CIiPKSHHS : HaBY.
noci0. JXKuromup: Bug-so XKV im. I. ®panka, 2024. 348 c. : in.
2. Menbauk JI. 1. Ximis 1 ¢i3zuka nmoniMepi : HaBd. noci6. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuy b. b., I'epriuk O. M., KoBanumua f. C. JlabopatopHi poboTu
3 XiMil BUCOKOMOJIEKYJISIPHAX CITONYK : MpakTUKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximii Ta TexHonorii momimepis. JIpBIB : JIbBiBcEKa momiTexHika, 2014. 336 c.
5. Xiwmis moniMepiB: KOHCIEKT Jiekiii / ynopsa. JI. I1. Mapymiko. Jlyipk :
3ops-tutioc, 2021. 133 c.
6. Kypra C. A., Kyprancekuit B. C. Ximiga 1 TexHoJoOris
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaid,
2010. 291 c.
7. Cnopsrin E. O., Bapnan K.€. TeopeTuuHi OCHOBH Ta TEXHOJIOTiS
BUPOOHUIITBA TTOJIMEPHUX KOMITO3UIIIMHUX MaTepialiB : HaBY. oci6. JHimpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.Tl.
Kamnaymenko, O.P. IIpsxin [Ta in.]. 3anopixoks : 3AMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInan 3auamma.

1. BXigHuii KOHTPOJIb 3HaHb 1 PO3YMIiHHS KIFOUOBHX IOHSATH.
(Inousioyanvna mecmosa nepegipouna podooma 3a NIO20MOBIEHUMU
MeopemuyHUMY RUMAHHAMU aD0 KOpomKe YCHe OnumyeawHs (gopmam
«excnpec-gionogioin)).

2. YcHi BiAMOBIZAl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3alIUTaHb /
NPaKTUYHUX 3aBJIaHb.
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(Konexkmuenuii ananiz 0008 3K06uUx OJisl Ni0O20MOSKU 600MA 3ANUMAHD,
VMOUHEHHsl CKIAOHUX ACneKmie 3 meopii Moougikayii norimepie i npuHyunie
MONEKYIAPHO20 OUZAUHY, 83YaANI3aAYisi MUNOBGUX CIPYKIMYD, 2PV, MEXAHI3MIE
MYTbMUMEOIUHO).

3. Ilpes3enTartiss BapiaHTiB pPO3B’sI3aHHSA MPOGeCciHHO-OPIEHTOBAHOTO
3aBJaHHA 3 MOJIEKyIApHOro MozemoBanHs B HyperChem.

(Ob2060penns piwlenHs 3a60aHHA, WO PO38'S3AHO 6800Md, NOPIGHSHHSL
nioxodie 00 auanizy, cummesy, Moougpikayii noniMepis, KoaeKmMusHe
000npPaYI0B8aHHs, MOOENI08AHHA AOO0 YOOCKOHANEHHSA 00PAHO20 8APIAHMA).

4. ExciepMeHTanbHe 3aBIaHHs (JabopaTopHi TOCTiIN).
(Incmpykmadxc 3 mexHiku 6e3neKu, BUKOHAHHA eKCHepUMEHMANbHO20
3a80aHH5A 8 1aOOPAMOpPIi 32I0HO 3 pe2laMeHmoM,).

5. TBopue iHAMBIAyalIbHE 3aBIAHHI.

(Buxonanus iHOUBIOYAIbHO2O 3AB0AHHS GIONOBIOHO 00 MeMu 3aAHAMMS,

no6y008a, onmMuMI3ayis, aHaliz NOJiMepHoi cmpykmypu abo mooeni npoyecy,

NPOCHO3YBAHHS (DI3UKO-XIMIUHUX napamempie ma iHmepnpemayiss OaHux,).
Incmpykuia 00 6uKkonaunua.

3aeoannsn Nel. Bxionuii KOoHmpoav 3HaHb i PO3YMIHHA KII0Y06UX
nOHAmD.

Ha nowamxy 3anamms éam 6yode 3anponoHo8aHO BUKOHAMU 8APIAHM
iHOugioyanvHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «excnpec-ionogioiy. Bukouaiime 3as0anHsa Ha
1a60opamopHoMy 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma 002080peHHA NOMOYHUX
KOHMPONbHUX 3aNUMAHb / NPAKMUYHUX 3080AHb.

11io uac 3anammsa  apeyMeHmMOB8AHO BUCNIOBIMb B1ACHY OYMKY U000
PO32NAHYMO20 Mamepiaiy.

KoHnTposibHI NUTAHHSA/ 3aBAaHHSA:

1. OcnoBu [Y-criextpockormii.

2. Ponb criektpockomnii y BU3HaYeHH| PYHKI[IOHAIBHUX TPYIIL.

3. [TpuHnIMTIN simepHOTO MarHiTHOTO pe3oHaHcy (SIMP) mis
MOJIiMEPiB.

4, I"azoBa xpomatorpadis (I'X) y aHaji3i MOHOMEDIB 1 JOMIIIOK.

5. Pinunna xpomarorpadis (BEPX).

6. [ligroroBka 3pa3kiB AJs aHAII3Y.

7. [HTeprperalist CieKTpiB 1 XpomMaTorpam.

8. 3acToCyBaHHS METOIB ISl KOHTPOJIIO SIKOCTI.

9. [lepeBaru Ta 0OMEKEHHS KO)KHOTO METO.Y.

10. Texnika 6e3nexku npu poOOTi 3 AHATITUYHUM 00JIaTHAHHSIM.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3annsa npogeciino-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 moodentoeannsn ¢ HyperChem.
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Bascnueo! Cxoorci 3a60anms 6y0ymo 8KI0OUEHi 00 MOOYIbHO20 KOHMPOJIO
MNel.

Buxonaiime 3anpononogane 3a60anHs 6 x00i ni020mMoOSKU 00 3AHAMMSL.
11io uac nabopamopnoi pobomu npezenmyiime 1ACHY MOOeb Ul AKMUBHO
bepimb yuacmsb 6 002060peHHI MA BUCLOGIIOUME 1ACHY OYMKY. AKuo nio
BNIUBOM KOJEKIMUBHO20 AHANIZY 80HA 3MIHUMbCS — 0008 A3K080 3aNULLIMb
HOBe baueHHsL.

CMopemnolt MOJIEKyJTy MoJIiMepy Ta IMITYH ii CIEKTPOCKOTIYHUI
aHaii3 (manpuknam, [Y-cexTp), BU3HAYAIOUH TOJIOKEHHSI OCHOBHHX IIIKIB 3a
JIOTIOMOT010 BOYZOBAaHHUX 1HCTPYMEHTIB.

Hopana: BukopucroByit po3ain «Vibrational Analysis» s po3paxyHKy
BiOparifHux MOJI.

Jlafipxak: J{7151 KOPEKTHOTO pO3paxyHKY BiOpamiiHUX CIIEKTPiB OMTUMI3yH
CTPYKTYpY JI0 MiHIMyMY €HEprii.

Ymounenna ma oonosnennsn:

3aeoannun Ned. Excnepumenmanvte 3a60aHHs (1ad0pamopHi oociiou).

Ha 3anammi suxonaiime excnepumenmaibHi 3a60anHs 3210HO 3 IHCMPYKYIETO,
OOMPUMYIOUUCy — NOCAI008HOCME Ol 3aghikcytime  pesyavbmamu
cnocmepedcerHb y pobo4oMy 30uumi: KANCIMb YMOGU eKCNEPUMEHNY,
pe3yiomamu, 6ucHosku. Illputivims yuacmv 6 002080peHHi BUKOHAHO2O
3a680aHHA HA NIOCYMKOBOMY emani 3aHamms.

Excnepument 1. I'a30Ba xpomaTorpadiss po34uuHy MOHOMeEpIB.

Texnixa ximiuHo20 ekcnepumenmy:

[IpuroryBaTy po34nH MOHOMEDIB.

IIpoBecTu aHaji3 Ha ra30BOMY XpoMaTtorpadi.

[IpoananizyBaTu MKy Ta KOHIEHTpAIIil.

3poOUTH BUCHOBKH PO YUCTOTY 1 CKIIAL.

bl e
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Excnepument 2. AwHami3 jgoMimok y mnoJiMepi 3a J10moMoror
xpomaTtorpadii.
Texuixa ximiuno2o ekcnepumenmy:

1. [liaroTyBaTé po34UH MOJIIMEPHOTO 3pa3Ka.
2. IIpoBectn xpomaTorpadidHmii aHaJIi3 Ha JOMIIIIKH.
3. OuiHuTH AKICTh MaTepiany

3aeoanna NeS. Teopue inougidyanvne 3a60anns.
B x00i nabopamoprozo sausmms 3aHomyti OyMKU Kojiee wooo Mmeoei
ioei' ma ix oyinku meo€i po3poobKu.
[Mpunymaii cutyanito, B SKii 3HaHHS CHEKTPOCKOMIlT 4H
xpomatorpadii 10noMoxe BUPIIIUTH IPOOJIEMY SIKOCTI MOITIMEpY.
Jlymku ma oyinku:

Ouinka: Mama: IHionuc euxknaoaua:
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JlaGopaTopHa po6oTa Nel2
Tema: Moaudgikaiisi mosiMepiB i MoeKyJIsIpHUI TU3aiH 11
CTBOPEHHSI cMapT-MaTepiaJiBb.
Merta 3aHATTS: TO3HAHOMHTH 3700yBadiB BUIIOI OCBITH 3 KOHIIETIIIIEIO
MOJIEKYJIAPHOTO AM3aiHy 1 METOTaMi CTBOPEHHSA MOJIIMEPIB 31 3MIHHUMHU
BJIACTUBOCTSIMHU (CMapT-MaTepiatiB).
Pexomenooeana nimepamypa.
1. Binencwkuii B.O. ITomiMepn: cuaTe3, MOIUbIKALIIS, TOCITIIHKEHHS : HaBY.
moci6. XKuromup: Bug-so KAV im. 1. dpanka, 2024. 348 c. : i
2. Menbnuk JI. 1. Ximis i ¢izuka nomiMepis : HaBu. noci6. Kui : HTYY
«KIII», 2016. 161 c.
3. Ocranosud b. B., I'epriuk O. M., Kopanummus . C. JlaGopaTopHi po6oTn
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIONYK : mpakTukyM. JIbBiB : JIHY imeni [Bana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximii Ta TexHomorii nmonimepis. JIbBiB : JIbBiBchbKa nositexnika, 2014. 336 c.
5. Xiwmis moniMepiB: KOHCIEKT Jiekuii / ymopsa. JI. I1. Mapymko. Jlynpk :
3ops-mtoc, 2021. 133 c.
6. Kypra C. A. Kypraucekuit B. C. Ximis 1 TeXHOJIOTiA
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaii,
2010. 291 c.
7. Cnopsrin E. O., Bapman K.€. TeopeTwdHi OCHOBM Ta TEXHOIOTis
BUPOOHUIITBA MMOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaB4. moci6. J(Hinpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.l.
Kamnaymenko, O.P. [Ipsixin [Ta iH.]. 3anopixokst : 3JIMVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInan 3auamms.

1. BXigHuii KOHTPOJb 3HAHB 1 PO3YMIHHS KITFOUOBHX IOHSTh.
(Inougioyanvha mecmosa nepegipoyHa poboma 3d NiO20MOBIEHUMU
MEeOPEeMUYHUMY NUMAHHAMU AO0 KOPOmKe YCHe Onumyeawuws (gopmam
«excnpec-8ionogioiy)).

2. YcHi BiAMOBIZAl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3alIMTaHb /

NPaKTUYHUX 3aBIaHb.
(Konexmuenuii aumaniz 0006 ’A3K06UX 0N NIO2OMOBKU 600MA 3ANUMAHD,
VMOUHEHH sl CKIAOHUX ACNeKmia 3 meopii Moouikayii nonimepie i npuHyunie
MONEKYNAPHO2O OU3AUHY, 8I3YANI3aAYis MUNOGUX CIPYKMYP, 2PYH, MEXAHI3MIG
MYTLIMUMEODTIIHO).

3. Ilpe3eHTaris BapiaHTIB po3B’s3aHHS TPOdeciiHO-OPiEHTOBAHOTO
3aB/IaHHS 3 MOJIEKyJIsIpHOTO MojemoBanHs B HyperChem.
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(Obecosopenns piutenHs 3a80anHs, WO PO38'3aHO 600MA, NOPIGHSHHS
nioxodie 00 awnanizy, cunmesy, Mmooughikayii nonimepis, KoieKmueHe
000NPay0B8aHHsL, MOOCTHBAHHS D0 YOOCKOHANICHHS 00PAH020 8apiaHma,).

4. ExcriepMeHTalIbHE 3aBAaHHsI (J1abopaTOpHi OCTiAN).
(Incmpykmagic 3 mexuiku 0Oe3nexu, GUKOHAHHI eKCHePUMEHMANbHO20
3a60anHs 8 1aOOPamopii 32i0H0 3 pe2namMeHmoMm).

5. TBopue iHAMBIAyalIbHE 3aBIAHHS.

(BuxonanHsa iHOUBIOYAbHO2O 3AB0AHHS BIONOBIOHO 00 MeMu 3AHAMMA,

no6y008a, onmMuMI3ayis, aHaliz NoaiMepHoi cmpykmypu abo mooeni npoyecy,

NPOSHO3YBAHHS QIZUKO-XIMIYHUX NApAMempie ma iHmepnpemayis OaHux).
Incmpykuina 00 6uKoOHaHHA.

3asoanna Nel. Bxionuii kKonmpoias 3Hanb i PO3YMIHHA KAHOU08UX
noHAMD.

Ha nowamxy 3anamms éam 6yoe 3anponoHO8AHO BUKOHAMMU 8APIAHM
iHOugioyanvrHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeamHs 6 opmami «excnpec-ionogioiy. Bukouaiime 3ae0anHs Ha
1aOOpAMOPHOMY 3AHAMMA.

3aeoanna Ne2. Ycui 6i0noeidi ma 002080peHHA NOMOYHUX
KOHMPOJIbHUX 3aNUMAHDb / RPAKMUYHUX 3A80AHb.

ITi0 wac 3anamms  apeyMeHmo8aHo BUCLOBIMb GIACHY OYMK)Y U000
PO32NAHYMO20 Mamepiany.

KonTposbHi nuTaHHs/ 3aBAaHHS:
o Take cmapT-MaTepianu?
OCHOBH MOJIEKYJISIPHOTO IM3aiHY MOJIIMEPiB.
Metoau Moauikariii 1jist JOCITHEHHS CMapT-BIACTHBOCTEH.
Tunu crumyis (Temmeparypa, ceitio, pH).
[puknanu cMapT-nomiMepiB.
MeTtou cuHTE3y Ta MoaudiKarii.
Texnika Oe3neku pu poOOTi 3 peaKTHBaMHU.
3acrocyBaHHsI cMapT-MaTepiaiiB.
[IpoGiieMu 1 BUKIHKH Y pO3pOOTIIi.

10.IlepcrieKTUBU PO3BUTKY.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3anus npogeciino-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 Moodentoeannsn ¢ HyperChem.

Baostcnueo! Cxoorci 3a60anns 6y0yms 6KII0UEHI 00 MOOYALHO2O KOHMPOIIO
MNel.
11io uac nabopamopmnoi pobomu npezenmyime 61ACHY MOOeb U AKMUBHO
bepimb yuacmov 6 002080peHHI MA BUCLOGIIOUME B1ACHY OYMKY. SAKujo nio
BNIUBOM KOJIEKMUBHO20 AHANIZY 80HA 3MIHUMbCS — 0008 3K080 3aNuUUims
HoB8e bayeHHs.

XA R DD —
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3momenoi MOJICKYJIIPHY ~ CTPYKTYPYy  CMapT-TIOJiMEpy 3
TeMITepaTypHOIO Iy TJIUBICTIO. [IpoBean aHai3 3MiH TeOMETpii Ta eHeprii mpH
3MiHI TeMIiepaTypu 3a ponomoroto «Molecular Dynamicsy.

Hopana: BukopucroByit «Molecular Dynamics» 3 kpokom wacy 1 dc i
3MIHIOBAaHOO TEMTIEPATYPOIO IS IMITaIlil BIUTHBY.

Jlaiidxak: 3amycTH cepito KOPOTKUX CUMYJIALIN MPU Pi3HUX TeMIIepaTypax,
100 MOPIBHSTH BJIACTUBOCTI.

Ymounenna ma oonosnennsn:

3aeoannn Ned. Excnepumenmanvte 3a60anHs (1ad6opamopHi oocniou).

Ha 3auammi euxouatime excnepumenmanbHi 3a860aHHs 32I0H0 3 IHCMPYKYIEO,
dompumyrouucs  nociioosHocmi  Oitl.  3aghikcyrime — pe3ynvmamu
cnocmepedcervb y pooo4oMy 30WUmi: 8KANCIMb YMOBU eKCNePUMEHNY,
pe3yromamu, GucHosku. I[lputivims yuacmv 6 002080peHHi BUKOHAHO2O
3a680aHHA HA NIOCYMKOBOMY emani 3aHamms.

Excnepument 1. CuHTe3 NOJiMepy 3 TEMIEPATYPHOIO YYTIUBICTIO
Texuixa ximiuno20 ekCnepumenmy:

1. [IpurotryBaTi peakmiifHy CyMim i3 MOHOMEpPIB, M0 MarOTh
TEMIIepaTypoUuyTIIUBI TPYIIH.

2. [TpoBecTy mosiMepU3aIliio 3a CTAHAAPTHOI METOTUKOIO.

3. OtpuMaty 3pa3ky Ta OXOJOAUTH JI0 PI3HUX TEMIIEPaTyp.

4. Criocrepiratu 3MiHy BIaCTUBOCTEH (PO3UMHHICTE, 00’ €M).

Excnepument 2. BuBdeHHsi 3MiHHM rigpodinbHocTi mosiMepy min
BIiuBOoM pH

TexHika XIMIUHO20 eKCnepuMeHmy.
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1. IIpurotyBaTty 3pa3oK MoxiMepy, MOAN(IKOBAHOTO 10HI30BAHIMHU
rpymnamMu.

2. BumipsTi KOHTaKTHHIA KyT 3MOYYyBaHHS y pPO34MHAX pizHoro pH.

3. 3ammcaTt 3MiHH.

Excnepument 3. AnaJi3 cradinibHoCTi cMapT-noJiiMmepy
Texnixa ximiuHo2o ekcnepumenmy:

1. [IpoBecTH UMWKIIIYHI TECTH 3MIHM BJIACTUBOCTEH IPH 3MiHi
CTHMYJIiB.
2. OLiHUTHA TOBrOBIYHICTb.

3asoanna Ne5. Teopue inousioyanvre 3a60anns.

B x00i nabopamoprozo 3ansamms 3anomyii OyMKU Kole2 ujoo0o
meoci ioei ma ix oyiHKu meoci po3pooKu.

[Tpunymail HOBHI cMapT-MaTepiall 13 MOJIEKYJIAPHUM AU3aiHOM
JUISL METUYHUX YU €KOJIOTTYHUX 3aCTOCYBaHb.
Jlymku ma oyinku:
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Ouinka: JMama: ITionuc euxknaoaua:

Jla6opaTopna po6oTta Nel3
Tema: MeToau anamiizy aecTpykuii moaimepis.
Mera 3aHATTHA: O3HAWOMHTH 3100yBaviB BHUIINOI OCBITH 31 CrocOOaMH
KOHTPOIIIO 1 aHami3y MpOIECiB AECTPYKIi IONIMEpiB, HABYUTH METOAAM
ineHTudikarmii MpoayKTiB po3mary.
Pexomenooeana nimepamypa.
1. Binencekuii B.O. [Tonimepu: cunTtes, Moaudikaltis, T0CIiPKSHHS : HaBY.
noci0. JXKuromup: Bug-so XKV im. I. ®panka, 2024. 348 c. : in.
2. Menbauk JI. 1. Ximis 1 ¢i3zuka nmoniMepi : HaBd. noci6. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuy b. b., I'epriuk O. M., KoBanumua f. C. JlabopatopHi poboTu
3 XiMil BUCOKOMOJIEKYJISIPHAX CITONYK : MpakTUKyM. JIbBiB : JIHY imeni IBana
®panka, 2019. 276 c.
4. Cy6epnsx O. B., Ckopoxona B. ., Cementok H. B. Teopernusi ocHOBH
ximil Ta TexHonorii momimepis. JIpBiB : JIbBiBchKa momiTexHika, 2014. 336 c.
5. Xiwmis moniMepiB: KOHCIEKT Jiekiii / ynopsa. JI. I1. Mapymiko. Jlyipk :
3ops-tutioc, 2021. 133 c.
6. Kypra C. A., Kypranceknit B. C. Ximiz 1 TexHosoris
BHUCOKOMOJICKYJISIPHUX CIIOJYK : HaBd. moci0. IBaHo-®pankiBcbk : [lnaid,
2010. 291 c.
7. Cnopsrin E. O., Bapnan K.€. TeopeTuuHi OCHOBH Ta TEXHOJIOTiS
BUPOOHUIITBA TTOJIMEPHUX KOMITO3UIIIMHUX MaTepialiB : HaBY. oci6. JHimpo
: Bug-so /IHY, 2012. 190 c.
8. ®dizuko-ximiuHi BnactuBocTi po3umHiB BMC : naBu. moci6. / A.l.
Kamnaymenko, O.P. IIpsxin [Ta in.]. 3anopixoks : 3AMY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInan 3auamma.

1. BXigHuii KOHTPOJIb 3HaHb 1 PO3YMIHHS KIIOUOBHX ITOHSATH.
(Inousioyanvna mecmosa nepegipouna podooma 3a NIO20MOBIEHUMU
MeopemuyHUMY NUMAHHAMU aD0 KOpOmKe YCHe OnumyeawHs (gpopmam
«excnpec-gionogioin)).

2. YcHi BiAMOBIZAl Ta 0OTOBOPEHHS MOTOYHUX KOHTPOJIBHUX 3alIMTaHb /
NPaKTUYHUX 3aBJIaHb.
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(Konexkmuenuii ananiz 0008 3K06uUx OJisl Ni0O20MOSKU 600MA 3ANUMAHD,
VMOUHEHHsl CKIAOHUX ACneKmie 3 meopii Moougikayii norimepie i npuHyunie
MONEKYNAPHO20 OUZAUHY, 8I3YaANI3AYis MUNOGUX CIPYKMYD, ePYN, MeXAHI3MI6
MYTbMUMEOIUHO).

3. Ilpes3enTartiss BapiaHTiB pPO3B’sI3aHHSA MPOGeCciHHO-OPIEHTOBAHOTO
3aBJaHHA 3 MOJIEKyIApHOro MozemoBanHs B HyperChem.

(Ob2060penns piwlenHs 3a60aHHs, WO PO38'A3AHO 600MA, HOPIGHIHHSI
nioxodie 00 auanizy, cummesy, Moougpikayii noniMepis, KoaeKmMusHe
000npPaYI0B8aHHs, MOOENI08AHHA AOO0 YOOCKOHANEHHSA 00PAHO20 8APIAHMA).

4. ExciepMeHTanbHe 3aBIaHHs (JabopaTopHi TOCTiIN).
(Incmpykmadxc 3 mexHiku 6e3neKu, BUKOHAHHA eKCHepUMEHMANbHO20
3a80aHH5A 8 1aOOPaAMOopIi 32i0HO 3 pe2laMeHmoMm,).

5. TBopue iHAMBIAyalIbHE 3aBIAHHI.

(Buxonanus iHOUBIOYAIbHO2O 3AB0AHHS GIONOBIOHO 00 MeMu 3aAHAMMS,

no6y008a, onmMuMI3ayis, aHaliz NOJiMepHoi cmpykmypu abo mooeni npoyecy,

NPOCHO3YBAHHS (DI3UKO-XIMIUHUX napamempie ma iHmepnpemayis OaHux).
Incmpykuia 00 6uKkonaunua.

3aeoannsn Nel. Bxionuii KOHmpoab 3HaAHb i PO3YMIHHA KII0Y08UX
nOHAmD.

Ha nowamxy 3anamms éam 6yode 3anponoHo8aHO BUKOHAMU 8APIAHM
iHOugioyanvHoi mecmogoi  nepegipouHoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «ekcnpec-8ionogioiy. Bukonaiime 3as0anHsn Ha
1a60opamopHoMy 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma 002080peHHA NOMOYHUX
KOHMPONbHUX 3aNUMAHb / NPAKMUYHUX 3080AHb.

11io uac 3anammsa  apeyMeHmMOB8AHO BUCNIOBIMb B1ACHY OYMKY U000
PO32NAHYMO20 Mamepiaiy.

KoHnTposibHI NUTAHHSA/ 3aBAaHHSA:
Bunu gectpykuii momimMepiB (ximiuHa, pizudHa, OiosorivHa).
MeTo1 KOHTPOIIIO JIECTPYKII.
CriekTpocKoniuHi Ta Xxpomarorpadiuydi METOAN aHaMi3Yy.
BusnaueHHs cTyneHs aerpanaiii.
BB nectpykiiii Ha BIaCTHBOCTI.
MeTtou 3an00iraHHs 1 YIIOBIIBHEHHS A€CTPYKIIIL.
TexHika Oe3mnexu.
[Ipuknanu necTpykiii y IpUPOTHUX YMOBaX.
. [TepcriekTrBY yTHIII3ALIT Yepe3 KOHTPOJILOBAHY JIECTPYKIIIIO.

10.  ExkonoriuHi acieKTH.
3aeoannsn Ne3. Ilpezenmauisa eapianmie po3e’azanna npogeciino-
OPIEHMO0BAHO20 3A80AHHA 3 MOJIEKYAAPHO20 mMoodentoeanna ¢ HyperChem.

00N U AW
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Bascnueo! Cxoorci 3a60anms 6y0ymo 8KI0OUEHi 00 MOOYIbHO20 KOHMPOJIO
MNel.
11i0 uac nabopamopnoi pobomu npezenmylime 61ACHY MOOeb Ul AKMUBHO
bepimb yuacms 6 002060peHHI MA BUCLOGIIOUME B1ACHY OYMKY. SAKujo nio
BNIUBOM KOJIEKMUBHO20 AHANI3Y 80HA 3MIHUMbCA — 0008 S3K0B0 3aNULimb
HOBe baueHHsL.

3Mozentoi mpolec ASCTPYKLil mojliMepy Ha MOJEKYJISIPHOMY DiBHI,

CTBOPUBIIH TMOIIKOKEHY CTPYKTypy. llopiBHsit eHeprii i reomerpiro 1o i
ITCIIA TOIIKOKEHHS.
IMopapna: BuxopuctoByii ¢ynkuito «Delete Bond» ans imitamii po3puy
XIMIYHHX 3B’ SI3KiB.
Jlaiidxak: Ilicnsa BumaneHHs 3B’ A3KiB ONTUMI3YH CTPYKTYpY, 00 MOO6AYUTH
CTaOUIBHICTD 3aJIHIIKY.
Ymounenns ma oonoenennsn:

3aeoannun Ned. Excnepumenmanvte 3a60anHs (1ad0pamopHi oociou).

Ha zansammi suxonatime excnepumenmanbHi 3a60anHsL 3210HO 3 IHCMPYKYIEIO,
oompumyrouuce  nocaioognocmi 0.  3agixcyume — pesyrvmamu
cnocmepedcerHb y pobo4oMy 30WUmi: 8KANCIMb YMOGU EKCNEPUMEHNY,
pesynomamu, euchosku. Ilpuiivims yuacmv 6 002080peHHI GUKOHAHOZ0
3a680aHHA HA NIOCYMKOBOMY emani 3aHamms.

Excnepumenrt 1. XpomaTtorpadgiuyHuii aHaxi3 po34YuHHUX NPOAYKTIB
JeCTPYKILii.

Texnixa ximiuHo20 ekcnepumenmy:

1. ExcrparyBaté po3unHHI ()parMeHTH 3pa3Ka OpraHiYHUM
PO3YMHHUKOM.

2. [posectu xpomatorpadiro ass ineHTHDIKAIIT MOJIEKYIT.

3. [IpoanamnizyBatu ckiaf.
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Excnepument 2. MexaHiuni BUNpoOyBaHHSA micjs JecTPyKIii
Texnixa ximiuno2o ekcnepumenmy:

1. Bu3HaunTy MiHICTB 1 TOZOBXKEHHS 3pa3KiB 3 Pi3HUM CTyIIEHEM
JIECTPYKIII.
2. 3ammcaTté pe3yibTaTH.

3aeoanna NeS. Teopue inougidyanvne 3a60anns.
B x00i nabopamopHnozo 3anamms 3anomyti OyMKU Koje2 ujoo0o
meoc€i idei ma ix oyinku meoei po3pooxu.
[Ipuaymaii ciocid KOHTPOIIO AECTPYKIT MOIIMEPIB I IX €KOJIOTTYHOT
yTHITI3a1i1.
Jlymku ma oyinku:

Ouinka: Mama: IHionuc euxknaoaua:
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JlaGopaTopHa po6ora Nel4
TEMA: IlepcniekTuBH i MP0061eMH BUKOPUCTAHHS MOJiMEPHUX
MaTepiaJiB Ta NIAXM iX yTHJIi3amii.
Merta 3aHATTA: Yy3araJlbHEHHS Ta CHCTEMaTHXallisl KOMIIETEHTHOCTEH
3m00yiBaviB BHIIOi OCBITH MPO TMOJIMEPH, OOTOBOPUTH Cy9YacHiI BUKIUKH 1
NEepCHeKTHBA B 1X 3aCTOCYBaHHI, PO3MNIAHYTH CHOCOOM YTHIi3amii Ta
nepepoOKH.
Pexomenoosana nimepamypa.
1. Binencwknii B.O. ITomiMepn: cuaTe3, MOIUbIKALIIS, TOCITIIHKEHHS : HaBY.
noci0. XKuromup: Bua-so XKV im. I. @panka, 2024, 348 c. : in.
2. Menmpauk JI. 1. XiMmis i ¢i3uka momiMepiB : HaBd. noci6. Kuis : HTYY
«KIII», 2016. 161 c.
3. Ocranosuu b. b., I'epuuk O. M., KoBanumma . C. JIabopatopHi po6oTH
3 XiMii BUCOKOMOJIEKYJISIPHUX CIIONYK : mpakTukyM. JIbBiB : JIHY imeni [Bana
®panxka, 2019. 276 c.
4. Cy6epusk O. B., Ckopoxona B. I., Cementok H. b. TeopernuHi 0CHOBH
ximii Ta TexHomorii nonimepis. JIbBiB : JIbBiBcbKa nositexnika, 2014. 336 c.
5. Xiwmis momiMepiB: KoHCIEKT nekuii / ymopsn. JI. I1. Mapymko. Jlymek :
3ops-mtoc, 2021. 133 c.
6. Kypra C. A., Kypraucekuti B. C. Ximigs 1 TeXHOJOTis
BHCOKOMOJIEKYJISIPHUX CIIONYK : Hapd. moci0. IBaHo-@pankiBebk : [lmaii,
2010. 291 c.
7. Cunopsrin E. O., Bapman K.€. TeopeTuuHi OCHOBM Ta TEXHOJIOTis
BUPOOHUIITBA MMOJIIMEPHUX KOMIO3UIITHAX MaTepianiB : HaB4. moci6. J(Hinpo
: Bug-Bo IHVY, 2012. 190 c.
8. ®diszuko-ximiuHi BnactuBocTi po3unHiB BMC : nHaBu. moci6. / A.Tl.
Kamnaymenko, O.P. [Ipsixin [Ta iH.]. 3anopixokst : 3JIMVY, 2018. 68 c.
9. HyperChem. URL : https://www.chemits.com/en/software/molecular-
modeling/hyperchem/
IInhan 3anamma.

1. BXigHuii KOHTPOJIb 3HaHb 1 PO3YMiHHS KIFOUOBHX ITOHSTh.
(Inougioyanvha mecmosa nepegipoyHa poboma 3d NiO2OMOBIEHUMU
meopemuyHuUMU NUMAHHAMU ab0 KOpOmKe YCHe Onumyeamus (ghopmam
«excnpec-8ionogioiy)).

2. YcHi BiAnoBizi Ta 00rOBOPEeHHS MOTOYHUX KOHTPOJIBHUX 3alUTaHb /

NPaKTUYHUX 3aBIaHb.
(Konexmuenuii ananiz 0008 ’3K06uUxX OJisl Ni0O20MOSKU 600MA 3ANUMAHD,
VMOYHEHHA CKIAOHUX aCneKmia 3 meopii moougixkayii nonimepis i npunyunie
MONEKYIAPHO20 OUZAUHY, 8i3YaANI3aAYis MUNOGUX CINDYKMYD, 2PN, MeXAHIZMIE
MYTLIMUMEOItiHO).
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3. IlpeseHTariis BapiaHTIiB PO3B’si3aHHS MPOQECIHHO-OPIEHTOBAHOTO
3aBIaHHS 3 MOJICKYJISIpHOTO MoenoBanHs B HyperChem.

(Ob2060penns piwlenHs 3a60aHHA, WO PO38'S3AHO 600Md, NOPIGHSIHHSL
nioxodie 0o auanizy, cuHmesy, Mmoougikayii nonimepis, KoieKmMueHe
000npPaYI0B8aHHs, MOOENI0BAHHA AOO0 YOOCKOHANEHHSA 0OPAHO20 8APIAHMA).

4. ExciepMeHTanbHe 3aBaHHs (Ja0opaTopHi TOCTiIN).
(Incmpykmage 3 mexuixu 0Oe3nexu, GUKOHAHHA eKCNePUMEHMATbHO20
3a80aHH5A 8 1AOOPAMOPIL 32I0HO 3 peclaMeHmoM,).

5. TBopde iHAwBIMyaTbHE 3aBIAHHS.

(Buxonanus iHOUBIOYATbHO2O 3AB0AHHS GIONOBIOHO 00 MeMU 3aAHAMMS,

no6y008a, onmMuMIi3ayis, aHaiz noaiMepHoi cmpykmypu abo mooeni npoyecy,

NPOSHO3YBAHHA (Pi3UKO-XIMIYHUX napamempie ma inmepnpemayis OaHux).
Incmpykuia 00 6uKkonaunua.

3aeoannsn Nel. Bxionuii KOHmMpoab 3HAHb | PO3YMIHHA KII0Y08UX
HOHAMD.

Ha nowamxy 3anamms éam 6yoe 3anponoHO8aHO BUKOHAMU 8APIAHM
iHOUGIOyanvHoi mecmogoi  nepegipounoi pobomu abo Kopomke YCHe
onumyeaHHs 6 opmami «ekcnpec-8ionogioiy. Bukonaiime 3as0anHsn Ha
1a6OPaAMOPHOMY 3aHAMMI.

3aeoannn Ne2. Ycui 6ionoeidi ma 002080peHHA NOMOYHUX
KOHMPOIbHUX 3aNUMAHb / RPAKMUYHUX 3A80AHb.

1Tio yac 3amamms  apeyMeHmosano UCI0GIMb GIACHY OYMKY U000
PO32TAHYIO20 Mamepiany.

KouTpoabHi nuTaHHS/ 3aBIaHHSA:

1. OcHoBHI pobseMH €KOJIOTii, OB’ sI3aHi 3 MOJIMEPHUMHU
BIIXOIaMU.

2. CyuacHi TeXHOJIOTI{ yThIi3amii moxiMepiB.

MexaniuHa Ta XiMigHa riepepoOKa.

Biopo3skiaani momiMepH i ix pob.

3aKoHO/JaBYi acMeKTH i HOPMHU.

IHHOBAIIT B yTHITi3aIi].

ExoHOMIYHI i1 coliajIbHI aCIIEKTH.

B nosiMepiB Ha 370pOB .

[TepcrieKTHBY PO3BUTKY HUPKYJISPHOT €KOHOMIKH.

10 Pounp xiMi4HOT HayKH 1 OCBITH B IOCSITHEHHI MJIEH CTAIOTO
PO3BHTKY.
3aeoannn Ne3. Ilpezenmauia eapianmie po3e’sa3anusa npogeciino-
OPIEHMOBAH 020 3A80AHHA 3 MOJNEKYAAPHO20 moodenioeannsn ¢ HyperChem.

Baosicnueo! Cxoorci 3a60anms 6y0yms 6K0UeHi 00 MOOYILHO2O KOHMPOIIO

Nel.

0N L AW
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1Tio uac nabopamopmnoi pobomu npezenmyume 61ACHY MOOeb U AKMUBHO
bepimb yuacmov 8 002080peHHi ma BUCNO8IIOUMeE 61ACHY OYMKY. AKuo nio
BNAUBOM KOJEKIMUBHO20 AHANIZY 60HA 3MIHUMbCS — 0008 A3K080 3aNULLimb
HOoB8e OayeHHs.

Po3pobu MomnekynsapHy Moaens moiimMepy, SKuii O0m OyB Jerko
YTWII30BaHUM (Hampuknaa, 3 Olopo3KIaAHUMH rpynaMu). Onumm, sk
CTPYKTYpa MOJIETTIYE YTHII3AIiI0.

Hopana: BuxopuctoByii 6i0mi0TeKy (pparMeHTiB ISl IIBUAKOTO CTBOPEHHS
(hyHKITIOHATTFHUX TPYII, IO CIPHUSIOTH PO3KITALTY.

Jlafipxak: Ilpoanamizyil eJIeKTpOHHY TyCTHHY, 00 mepeadadnuTu
PEaKTUBHICTP 1 MIBUAKICT PO3KIATY.

Ymounenna ma oonosnennsn:

3aeoanna Ned. ITiozomoeka npezenmauii ha memy ymunizauyii noaimepis.

Ilpeocmasumu npesenmayiio Ha 3aHAMMI ma 062060puMuU 3 KO1€2AMU
nepcneKmueu i GUKIUKY.
3aeoannsn Ne5. Teopue inougioyanvhe 3a60anHs.

B x00i nabopamoproeo sanamms 3anomyti OymMKu Kojiez wooo meoei
ioei ma ix oyinku meoci po3pooKu.

VsBu cebe migepoM exojoriyHoi iHimiatuBu. [Ipuaymaii mpoekt, skui

JIOTIOMO’KE 3MEHLIUTH HEraTUBHUN BIUIUB MOJIIMEPIB Ha JJOBKIJUISL.
Jlymku ma oyinku:
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Ouinka:

Hama: Iionuc euxknaoaua:

JlaGopaTopna po6oTta NelS
TEMA: MoayJibHa KOHTPOJIbHA podoTa Nel.
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