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Beryn

[Tpu po3podui mporpamu HaB4aidbHOI nuctuiLiiad «L{uTomoris» BpaxoBani BuMoru CraHmapTy
BHIIIOI OCBITH Tmepiioro (0akamaBpCchbKoro) piBHA, ramy3i 3HaHb 10 — «[IpupogHudi HayKn»,
cneuianbHOCcTi 105 — «[Ipukiagna ¢izuka Ta HaHOMaTepianw», 3aTBep/yKeHoro Hakazom MOH
VYkpaiau Ne§04 Bix 16.06.2020 p.

OcsiTHs mporpama — bioMenyH1 HAHOTEXHOJIOT1.

1. Onuc HABYAJILHOI AMCIUILIIHA

1.1 Mera BuUKIaJaHHSA HaBYAJILHOI JUCIUILTIHU: GOPMYBAaHHS Y CTYAEHTIB 3araJIbHUX YSIBJIEHb IPO
OioxiMiuH1 OCHOBY (DYHKI[IOHYBAHHS KJIITHH 3-X JIOMEHIB KUTTS

1.2. OcHoBHI 3aBmanHHs BuBYeHHA ucuuiunay: (1) dopMyBaHHS 3araJibHUX VABJIEHBL IIPO
MOJIEKYISIPHY CTPVKTYPY KIITHH IIpo- 1 eykapioT, (2) dopMyBaHHS 3arajJibHUX YSIBIECHbL IIPO
E€HEpPreTUYHI 1 METa0O0IYHI IIPOLIECU B OCHOBI KUTTEAISIBHOCTI KIITHH, (3) (hOpMYBaHHS 3arajJbHUX
yABJIEHb IPO MOJIEKYIIPHI MEXaHI3MU KITHHHUX IpOLECiB Ta X perymsaniro, (4) dbopMyBaHHS
3araJIbHUX VSIBJICHB PO METOJM JOCIIKEHHS CTPYKTYPH Ta JKUTTEMISILHOCTI KIITHH.

3aBnaHHA AUCUUIUIIHM € KoMmroHeHTamu HacTynHux 3aranbHux (3K) Tta cnemiansHux (CK)
KOMITIETEHTHOCTEW OCBITHBO-TIpO(eciitHol mporpamu «bioMeTu4Hi HAHOTEXHOJIOT 11!

- 3IaTHICTh 3aCTOCOBYBATH 3HAHHS y MPaKTHUHHUX cuTyarisx (3K-1);

- 3HaHHs Ta PO3yMiHHS MPEIMETHOI 00acTi Ta npodeciitnoi aisutbHOCTI (3K-2);

- 3maTHICTh 0 MPOBEACHHS IOCIIKEHb Ha BianoBiaHoMy piBHi (3K-6);

- HaBwuukwu 3aiiicuennst 6e3neunoi aisutbHocti (3K-10);

- 3pmaTtHiCTh OpaTHW ydacTh Yy IJIaHYBaHHI 1 BUKOHAaHHI EKCIEPUMEHTIB Ta JabopaTOpHHUX
JOCIIJKeHb BJIACTHUBOCTEH (Di3MYHHMX cucTeM, (i3WYHHX SBHII i TPOLECiB, 0OpoOIeHH] 1
npe3eHTariii ixaix pesynpraris (CK-2);

- 3paTtHICT, OpaTH y4acTh Yy BUTOTOBJIEHHI €KCIIEPUMEHTAJIbHUX 3pa3KiB, 1HIIMX OO0'€KTIB
nocnimkenns (CK-3);

- 3IaTHICTh 10 TOCTIHHOIO PO3BUTKY KOMIETEHTHOCTEH Yy cdepi HpuKIagHoi (i3ukH,
iHKeHepii Ta koM totepHuX TexHonorii. (CK-5)

- 3I1aTHICTh MpallOBaTH B AKOCTI BUKOHABIIIB, Y TOMY YHMCIII B MDKAUCIUIUIIHAPDHUX POEKTaX.
(CK-8)

- 34aTHICTh BUKOHYBAaTH OOYMCIIOBAIBHI METO/HM, BUKOPHCTOBYBATH YMCEIbHI METOAM IS
po3B’s3yBaHHs Bi3UUHKX 337124 1 MojentoBaHHs ¢iznunux cucteMm. (CK-10)

- 31aTHICTh MPAIOBATH 3 O10JIOTTYHUMH areHTamMH, 10 BUKOPUCTOBYIOTh y O10T€XHOJIOTTYHUX

nponecax, 30Kkpema: 3 6iJ'IKaMI/I, HYKJICIHOBHMH KHCJIOTaMU, MeM6paHaMI/I, KJ'IiTI/IHaMI/I, TOLIO
(CK-13);

1.3 Kpenutn — 6.
1.4 3aranbHa KUIBKICTE roauH — 180
1.5 XapakrepucTtrka HaBYaIbHOT TUCIUTLTIHHA:

Jlenna popma HaBUaHHS 3aouHa (hopMa HaBYUaAHHS
Pik miarotoBku
2,3 -
Cemectp
4,5 -
Jlexuii
64 -




ITpakTryHi, CEeMIHAPCHKI 3aHATTS

JlaGopaTopHi 3aHATTS

32
CamocriitHa po6oTa
84 -
[HauBiTyanbHI 3aBIaHHS
15

(y Mexax caMOCTiifHOT poOOoTH)

1.6. 3arutanoBani pe3yabTaT HaBYAaHHS. 3TiHO 3 BUMOTaMH OCBITHBO-TIPOQeciiHOl mporpamu,
CTY/IEHTH MalOTh JOCIITH TaKUX PE3yJIbTaTiB HAaBYAHHS!

- Po3yMiTi 3aKOHOMIpPHOCTI PO3BHUTKY MNPHUKIATHOI (i3WKH, ii MiCIle B PO3BHTKY TEXHIKH,
TEXHOJIOTIH 1 CYCHIILCTBA, Y TOMY YHCJIi B PO3B'sI3aHHI €KOJOTTYHHUX MpobiieM. (3H-3)

- 3Haru, pO3YMITH Ta BMITH 3aCTOCOBYBAaTH OCHOBHI ITOJIO)KEHHS 3arajbHOI Ta TEOPETHYHOI
131Ky, 30KpemMa, KIACHYHOI, PEeNIITUBICTCHKOI Ta KBAHTOBOI MEXaHIKH, MEXAHIKU CYILIBHUX
CepeIOBUIN, MOJICKYJISAPHOI (i3WKH Ta TEPMOJIUHAMIKH, €IEKTPOMarHeTH3My, XBHUJIHOBOI Ta
reOMETPUYHOi ONTHUKH, (I3MKM aTOMa Ta AaTOMHOIO sJpa i BCTAHOBJIEHHS, aHai3y,
TIIyMaueHHsI, TIOSCHEHHA 1 Kiacu(ikamii cyTi Ta MexaHi3MiB Pi3HOMAHITHUX (i3WYHUX SBUMI 1
IpPOLECiB Il PO3B’A3YBaHHsS CKJIAJHUX CHELiali30BaHUX 3ajjad Ta MPAaKTUYHUX MpoOJieM 3
TEOPETHYHOI Ta puKiIaaHol (izuku. (3H-4);

- 3HAaTH 1 pO3yMITH €KCIIEPUMEHTAJIbHI OCHOBH (DI3UKU: aHaJi3yBaTH, ONKMCYBAaTH, TIAYMAuUuTH Ta
HOSICHIOBATH OCHOBHI €KCIIEPUMEHTANIBHI I ITBEPIKCHHS iCHYIOUHX (Di3uyHuX Teopiid. (3H-5)

- 3acTocoBYBAaTHM CydacHI MaTeMaTH4HI METOAM Ui MoOyaoBM M aHali3y MaTeMaTHYHHUX
Mozesen ¢Gizudnux mnporecis. (Ym-1)

- 3acrocoByBaTH e(EKTHBHI TEXHOJOTIl, IHCTPYMEHTH Ta METOAM EKCIHEPUMEHTAIBHOIO
JOCTIJPKEHHS BJIACTUBOCTEM pEYOBMH 1 MarepialiB, BKJIIOYAOYM HaHOMaTepiaiu, IpH
PO3B’s3aHHI PAKTUYHHUX PoOIeM HpukiIanHol dizuku. (Ym-2)

- 3acrocoByBaTd (pi3uyHI, MaTeMAaTUYHI Ta KOMIT'IOTEPHI MOJENI ISl JOCHIKEHHS (PI3MUHUX
SIBUIL, PO3POOKH NPHIA/IB i HAYKOEMHHUX TEXHOINOTIH. (YM-3)

- BubupaTtu edexTuBHI METOAM Ta IHCTPYMEHTAIbHI 3aCO0M MPOBEICHHS JOCHIKEHb y ramysi
npuknaaHoi dizuku. (Ym-4)

- BimmykoByBatu HEOOXiJHYy HAyKOBO-TEXHIYHY 1H(pOpMalil0 B HayKOBIH JiTeparypi,
€JIEKTPOHHUX 0a3ax, IHIIUX JPKepesax, OLIHIOBaTH HAJiMHICTh Ta pesleBaHTHICTH iH(pOpMaIlii.
(Ym-5)

- KnacudixkyBatn, anamizyBaTH Ta iHTEpHpETYBAaTH HAYKOBO-TEXHIYHY iH(OpMalil0 B raiysi
npukiaaaoi dizuku. (Ym-6)

- Maru 0a30Bi HaBUYKHM TPOBEJCHHS TEOPETUUYHUX Ta/ab0 EKCIepUMEHTATbHUX HAyKOBUX
JOCTIPKEHb 3 OKPeMHX CHelialbHUX po3AUIB (I3UKH, 110 BUKOHYIOTHCA 1HIUBIAYyalbHO
(aBTOHOMHO) Ta/a00 y ckiazai HaykoBoi rpymu. (AiB-1);

- 3HaTH 1 PO3yMITH OCHOBHI BUMOTU TEXHIKM O€3MEKH MpHU IMPOBEIEHHI E€KCIIEPUMEHTAIBHUX
JOCIIJKeHb, 30KpeMa IpaBuja poOOTH 3 NEBHMMHU BHJaMM OOJaJHAHHSI Ta PEUYOBHMHAMH,
IpaBUJia 3aXUCTy MEPCOHANy BiA Ail PI3HOMAHITHUX YMHHUKIB, HEOE3NMEUHUX Ui 370POB’S
moauau. (AiB-2);

1.6.1 3HaHHA: MOJEKVIAPHUX OCHOB CTPYKTYpM Ta (VHKIIOHYBAHHSA KIITMH IIPO- 1 €YKaploT;
JIOKQJTI3AIl0 V KITHHAX OCHOBHHUX NUIIXIB OOMIHY DPEYOBHH Ta 1H(GOpPMAIIHHUX IIPOIECIB,
OCHOBHHUX MEXaHI3MIB JI0 peryiiii KJIITUHHUX OPOLIECIB.




1.6.2 BMiHHSA: IIPOBOAWTH 3arajibHUN aHANI3 KIITUHHUX CTPYKTYDP T4 MIXKKIITUHHOIO MATPHUKCY,
HAJABATU XapaKTEPUCTUKY OynoBU Ta HYHKIIOHYBAHHS KIITUH 3-X JOMEHIB YKUTTA 34 JOIMOMOIOI0
BLIITOBIAHOT TEPMIHOJIONT].

2. TeMaTHYHMH IJIAH HABYAJILHOI AMCIMILIIHA

Po3oin 1. Cxema dyoosu knimun npo- i eykapiom. biomonekyau y cknaoi knimun.

Tema 1. Knimununa meopis. Tpu oomenu scumms. Ilnan 6y0oeu kiimun npo-i eykapiom

KniTunHa Teopist 1 o3Haku XuBUX cucteM. Knacudikarris >kUBUX OopraHi3MmiB. 3arajibHi pucu
Ta TUIaH OYJOBM KIITHH TIPO- 1 €yKapioT: oOpraHizaiis CHaJAKOBOTO Marepiaiay, HasBHICTh
KOMITAPTMEHTIB, MOBEPXHEBUH amapaT, €JIEMEHTH LUTOCKeneTy. Po30DKHOCTI y MOJEKyJIspHIN
oprasizamii KIITHH, IO HalexaTb a0 3-X JOMeHIB KUTTSA (Oaktepii, apxei 1 eyKapioTH).
[TopiBHSIHHS OyTOBHU KJIITHH 1 BipyCiB.

Tema 2. OcnosHi knacu 6iomonekyn ma ix 6iono2iuni QyHKyii' y ckaaoi KiimuH.

XiMiYHUH CKJIaJ KUBUX OpPraHi3MiB, OpraHOTeHH. XiMidHI 3B’S3KM 1 CIa0Ki B3aeMoii B
OloMouieKynax. XapaKTepUCTUKA KOBAJCHTHOTO 3B’s3Ky. CiiaOKi B3a€MOJIii: BOJHEBUH 3B’S30K,
ruapodoOHi B3aemoii, Ban-nep-BaanbcoBu cuim, eeKTpOCTaTHYHI B3aEMOIII.

Knacudikamis 1 ¢yHKIiOHANBHI Tpynu y ckiagi Oiomornekyia. MoHO- Ta momi-rerepo-
¢ynkuionanpHi crionyku. [Tpuknaan 6ioMomneKys 3 pi3HUMHU (YHKIIOHATBHUMH TPYIIaMH.

ByraeBoau: ix xnmacudikaris ta 6ionorigHa poiab. MoHO-, OJIro- i moJicaxapuim.

Jlimigu: ix knacudikamis ta Oiomoriyna poib. [IpupomHi KMpHI KUCIOTH Ta iX IOXiTHI
(rminepo- i coinrominian). [Toxinui i3onpeny. Ctepunu i crepuau. [3onpeHoinn i TepreHu.

[TpupoaHi aMiHOKHCTIOTH Ta iX Kinacupikamis. Pi3UKO-XiMIUHI BIACTHBOCTI aMiHOKHCIIOT.

[Tpuponni nentuau 1 noxinentuau. Pi3UKO-XIMI4HI BIACTUBOCTI OUIKIB. Cy4yacHi ysIBICHHS
po CTPYKTYpHY oprasizanito OinkiB. Ilentunnuil 3B'si30ok. IlepBuHHA, BTOpHMHHA, TpEeTHHHA Ta
yeTBepTUHHA CTpYKTypu. [lpupoma XiMiuHUX 3B'SI3KIB, SIKI CTaOLII3yIOTh OUIKOBY MOJIEKYITY.
Henarypauist nominentuaiB. Cknangnai 6imku. Knacudikarris 1 6iomoriyai GyHKIIT MpoTeiHiB.

Cknan nHykieiHoBux kucioT. CTpykTypa Ta (Pi3MKO-XiMiuHI BIACTUBOCTI IypPUHOBHX 1
nipuMiMHOBUX OCHOB. Hykneotuanm 1 nHykneosuau. Hyxneinosi kucnoru. JIHK: crpykrypa,
OioJioriuHa poiib, po3noBctopkeHHs y npupoi. Ctpykrypa PHK. OcuoBni tunu PHK (matpuuni
PHK, pu6ocomui PHK, tpancnoptai PHK)

Tema 3. Inghopmayitini npoyecu y Kiimunax ma ix 1oxanizayis

LlenTpanpHa 1orMa MoJieKysipHoi Oiosorii. Cucrtema JiHIHOTO KOTyBaHHS 1H(QOpMAaLIHHIX
6iononimepis. ['enernyna pons JIHK 1 cTpykTypa XpomMocoM y mpokapioT Ta eykapioT. Jlokamnizaris
TFeHeTUYHOro Mmarepiainy y mnpokapior. Perumikamis JHK: yuacuuku, mexanizmu, ertanu. J{HK-
nommepaszu. PekomOinanis JJHK. Penapamis JTHK.

Etanu rennoi ekcnpecii. CTpykTypa T'eHIiB 1 TpaHCKpHUIIsA y mpokapioT 1 eykapior. PHK-
nomimepasu. [Iponecunr PHK. biocunTes 6inka. I'enernunnii koa. KoMnoHEHTH TpaHCIAMIIHOTO
anapaty. Crtpykrypa 1 ¢yHkuii pubocoMm. OCHOBHI eTamu TpaHCusAmii Ta 1ii  perynsmis.
[ToctTpancnsauiina Moaudikamis OuIkiB. Mytalii Ta MyTareHu, BIUIUB Ha CTPYKTYpy 1 QyHKIIi
O1JIKIB.

MonekymsipHi BiAMIHHOCTI OpraHizamii reHeTHYHOTO MaTepiany 1 reHHoi ekcrpecii y 3-X
JToMeHIB KUTTS. OcoOnuBOCTi 1HQOpPMAIIHUX MpoLeciB y KIITHH, MO 1H(IKOBaHI BipycamH.
BrnuB BipyCHHMX 4acTOK Ha (DYHKIIIOHYBaHHS F€HETUYHOTO arnapary Ta 6iocuHTe3 O1IKa y KIITHHH-
XassfiHa.

Tema 4. Komnapmmenmu knimun npo- i eykapiom. Enemenmu yumockenemy

OyHKIIOHATbHA KOMIIAPTMEHTATI3a1lis IUTOIUIa3MU. MiKpOKOMITAPTMEHTH MTPOKApPioT.



Crpykrypa 1 6ionoriuHi (yHKIII KOMOapTMEHTIB eykapioT. CTpykTypa 1 XIMIYHHMHA CKJIaf
aapa eykapior. JIBomMeMOpaHHI eHepreTHuHi opraHenu (MITOXOHAPIT 1  XJIOPOILIACTH).
OpHoMeMOpaHHI OpraHeny: eHAOIUIA3MAaTHYHUI peTuKylnyMm 1 amapar ['oyibpKi, €HI0COMH,
J130COMH, BaKyoI 1 mepokcucoMu. 1{uTo30:1b.

Pons 1muTockeneTry B CTpPYKTypoBaHOCTI KiiTHH. OKpemMi KOMIIOHEHTH OaKTepialbHOTO
uTOoCKeneTy. MosnekyinsipHa OyoBa Ta peryisiis GpiiaMeHTiB HUTOCKENeTy eykapioT. Pyx kiitux
eykapior. JKryTuku.

Tema 5. Ilosepxuesuii anapam xnimun. [lozaxnimunnuti mampuxc. Knimuuni konmaxkmu

MoutekysapHU CKJIaJ OBEPXHEBOro anapary KiIiThH. OcoOnmuBoCTi 6ioMmeMOpaH y KITHHAX
3-X JOMEHIB KUTTSA. MexaHi3Mu MeMOPaHHOTO TPAHCTIOPTY. KTYTHKH 1 pyX KIIITHH MPOKApPioT.

MoutekyIapHUN CKJIa] KIIITHHHUX CTIHOK Y Mpo- 1 eykapioT. OcoOIMBOCTI KIITUHHUX CTIHOK
Oakrepiil 1 apxeil. ['pamM-1IO3UTHBHI 1 HETaTUBHI MIKPOOPTaHi3MH.

KOMMOHEHTH MO3aKIITHHHOTO MAaTpukcy (Ha NpPUKIAAI CHOJXYYHOI TKAHUHH TBapHUH).
Pi3HOBHIM KOHTAKTIB MK KIIITUHAMU 1 KJIITHHH 3 MAaTPUKCOM, POJIb [IUTOCKETIETY.

Po30in 2. Bioximiuni ocnosu )yHKuioHyeanHsa KiimuH

Tema 6. Memabonizm. Biokamaniz. @epmenmu. Kogepmenmu.

O6min pewoBuH (Mertabomizm). Katamiz. Ximiuna mnpupoaa ¢epmentiB. MexaHizmu
¢depmenTatuBHOrO Karamizy. HoMmenknarypa ta knacudikamist pepmMeHTiB.

Mertaboniuna Mama KITUHU. Pi3HOBHIM Meraboniunux nurixiB. KirodoBi depmenTH i
MeTabomitu. OyHKIIOHANBHA crerianizalis opraden. CHHTE3U KIITHHHUX KOMIIOHEHTIB 1 MEPeHoC
MK KOMIIApTMEHTaMH.

Tema 1. Enepeemuuni cmpameeii KiimuH

Makpoepruyni Oiomonekynu. AT® sk yHiBepcalbHe JKepenao eHeprii y OiocucreMmax.
CympsikeHHs 010JIOTTYHHUX peakiiiid. BimHOBIIOBaIbHI €KBIBAJICHTH.

Opranizaiiisi €eHepreTH4Horo MeTadoui3My y KIITHHAX rerepoTpo¢iB (OpoaiHHS, JUXaHHS).
I'nmikoniz. ong mipyBaTy Ta Tunu OpopiHHsA. bakrepianbHe OponiHHS: MexaHI3MH, OioxiMmiduHa
pizHomaHiTHICTh. Juxanus. L{TK. [TopiBHSHHS AMXanbHUX JIAHIIOTIB B KJIIITUHAX MPO- 1 €yKapioT.

Enepreruka xeMoiToTpodiB Ta Oprasizaiiist €1eKTpOH-TPAHCIIOPTHUX JIAHITIOT1B.

PizHOoMaHITHICTH MeTabomi3My (oTtoTpodin Ta opranizauis porocucrem i ETJI poTocunresy
npo- 1 eykapior. Opranizanis QorocucreM Ta (OTOCHHTE3y Npo- 1 eykapioT. bakrepianbHuii
¢dorocuHTe3 Ta (HOTOCHHTES 32 Z-CXEMOIO.

Tema 8. lnsaxu kamabonizmy ma 6iompancgopmayii y kiimunax. biopemediayis.

Pi3HOMaHITHICTb KaTaboIIYHOI aKTUBHOCTI MpoKapioT. PicT Ha pi3HuX cyOcTpaTax.

Karabomniyni mporecu B pi3HUX KOMIApTMEHTaX KIITHHHU €yKapioT: J130COMHU, MEPOKCUCOMHU,
MITOXOH/Ipi1, IUTO301b, BAKYOJIi 1 T.1H.

®epmentu aBoX (a3 Giorpancdopmarii. [{utoxpomu P450. Peakmii kon’roramii. [ToHsTTs
npo Gionerpananito Ta 6iopemenianito. [lnsxu 6ioTpancopmaltii B KIITHHAX €yKapioT: peakiii y
rnagkomy EP Ta iH. KOMmapTMeHTax.

Tema 9. llnsxu b6iocunmesy 6ioMOneKyn y KIIMUHAX.

Jlxepena cyOctpaTiB sl GlOCHHTE3IB: aCHMUIALISA CIPKHM, aMiaKy Ta OJHOKapOOHOBHX
CHOJYK, MeXaHi3MH (ikcamii kKapOOHY Ta HITPOTEHY.

BiocuHTe3 ByryieBoiB 1 JiMiAiB: 3arajbHi NUISIXW Ta 1X JIOKami3allis y KimiTHHax. biocuHTes
AMIHOKHCIIOT Ta HYKJIEOTH/IIB: 3arajibHi IUISIXH Ta IX JOKaTi3allis y KIITHHAX.

BioximiuyHi poriecH, MOB’si3aHi 3 CHHTE30M, MOJIU(DIKAIIEIO 1 CEKPEIIEI0 MaKpPOMOJIEKYI, 110
BiI0YyBalOThCsl y eykapioT. KirrouoBa posib €HI0IUIa3MaTUYHOTO PETUKYIyMY 1 amapata [ oibIKku.
[nsxu cuHTE3y MTKONPOTETHIB 1 rmikaHiB. KoBanentHi moaudikarii 6inkiB. onaiHT OUIKIB.



Po30in 3. Monexkynapui ocnoeu pe2yaayii K1imuHHUX npoyecie.

Tema 10. 3acanvui npunyunu pe2ynayii KiimunHo20 Mmemaboaizmy.

Perynsiisi G1TKOBOi aKTUBHOCTI SIK OCHOBAa PETyJAIil KIITHHHUX TpoleciB. TepMmiHOBa
peryisiis. JloBrocrpokoBa peryssiiis. [lepion ®KUTTs MPOTEiHiB Ta HOTO PETyIISILIis.

Perynsiisi excripecii reHiB: OCHOBHI MiJAXOAM Ta OCOOIHMBOCTI y Mpo-i eykapioT. OmnepoHH.
Pob MOCTTpaHCKPUNIIIHHUX MEXaHI3MiB y JOBTOCTPOKOBIH peryssiii oOMiHy pe4OBUH Yy KJIITHHAX
eyKapioT.

[TonaTTs Tpo TOMEOCTa3 1 3arajdbHi MeXaHi3MHU I1HTerpauii KIITHHHHUX mpoueciB. Poib
peryinsiii akTUBHOCTI (PepMEHTIB, KIFOYOBHUX METa0OMITIB 1 TpaHcmopTHHX mporeciB. Lllmsxu
TPAHCIIOPTY Ta COPTYBAHHS MaKpOMOJIEKYJ B KIIITUHAX. Be3uKynsipHUid TpaHCIIOPT MOJIEKYIL.

Tema 11. Mexanizmu misxcknimunnoi komynixayii. Cuenanine. J{iss 20pmoHis

OcHOBHI TapaMeTpl CUTHaJbHOI TpaHCAyKuii. MexaHi3Mu aii TOPMOHIB Ha KJIITHHHOMY
piBHI. MexaHi3mMu TpaHcopMallii TOPMOHAILHOTO CUTHAITY B METa0OJIIYHY BiMOBiIb KIITHHU.

MemOpaHHi 1 BHYTPUIIHBOKIITUHHI pEHENTOpY TOPMOHIB. BTOpHHHI MECeHKEpH.

[aTerpaiist KIITUHHOTO MEeTa0oIi3My B YMOBax cTpecy i aaanrailii. MonekysaspHi MeXaHi3Mu
PE3UCTEHTHOCTI KJIITHH MPO- 1 €yKapioT 0 aKTUBHHUX (OpM KHCHIO. [IOHATTS 1po 6i0XiMito CTpecy.

Tema 12. Mexanizmu po3nodinenus ma oughepeHyito8ants KiimuH npo- i eykapiom.
JXKutTeBuit UK MPOKapioT Ta Woro peryisimis. CriopoyTBOpEHHS

Mitotuununii uka eykapiot: ¢asu Ta perynsauis. Ilepexmouenns a3 nukiny. Perymstopu.
Ponp nuKITiHIB, MUKITIH-3aIKHUX KiHa3 Ta iH. [IopiBHsUTbHA XapaKTEPUCTUKA MITO3Y 1 MEHO3Y.

[TonsaTTs mpo migxomu 10 nuepeHIioBaHHS HA NMPUKIAAlL KITHH eykapioT. Ponb peryssmii
TE€HHOT eKCITpecii.

MosekymsipHi MeXaHIi3MU PO3BUTKY aronTto3y. Poib ¢akTopiB pocTy, Kacnas, IUIIXH 3aIyCKy.
binku, mo OepyTh yuyacTb B peryismii amonTo3y. MexaHi3MH peryisduii amnomnto3y, Horo
B3a€MO3B 430K 3 KJIITHHHUM LUKIIOM 1 penapauieto JTHK.

CyuyacHl ysBM PO aHOMaJbHY Tpoiidepalrifo KIITHH B OCHOBI OHKOT€HE3y. YTBOPEHHS
OHKOT'€HIB 3 IPOTOOHKOIeHIB. MyTallii, 110 BIJIMBAIOTh HAa CTaOUIBHICTh reHoMy. binku-cynpecopu
NyXJIMHOYTBOpeHHs. OHKOTeHHI1 BIpYCH.

Po3ain 4. MeToaoJiorist A0CHilzKeHHS KJIITHH Ta KJIITHHHUX NPOLeciB

Tema 13. Cyuacni nioxoou 00 Ky1bmuy8anHs KiimuH.
KynbTuBYBaHHS NpPOKapiOTMYHMX KIITUH. KyJabTHBYBaHHS MOJENIbHHUX KIITHH €yKapioT.
TpancopmoBaHi KJIITUHH Y JOCTIKEHHAX Y KYIbTYpI.
['eHHO-1H)XXEHEpHI METOAM y OloXIMIYHHX JOCHKeHHsX. TpaHchopmaris kiiTuH. Bekropw,
HOKAyT 1 HOK/IayH reHiB, myTareHes. KiionyBaHHs.

Tema 14. CyuacHi Hanpsamu 00CioxHcenb KIiMuHHIN 0iono2ii. JlocniodcenHs KiimuHH020
MemabonizmMy i MIHCKAITMUHHOT KOMYHIKAYIi.

AKTyaJbH1 aclieKTH MOJIEKYJISIPHUX JIOCIIIJIKEHb KIIITHHHUX KOMIIOHEHTIB 1 MPOIIECiB.
JocnipkenHs pepMeHTaTuBHUX IporeciB. CuHTe3 MeTaboITiB 1 MAKpOEpriB

Jocnipkenns pyxy 1 aaresii KIiTuH. JJociKeHHs CUTHAIIHTY

Tema 15. JJocnioocenns KIIMUHHO20 YUKIY, NOOLLY i Oughepenyito8aHHsa KiimuH i anonmosy

JocaigxeHHs MiTO3y: 0COOIMBOCTI XPOMAaTHHY, CUHXPOHI3allisd KyIbTypu. JlocaimkenHs
KJIITHHHUX MapkepiB. JociikeHHs anonTo3y



3. CTpyKTYpa HAaBYAJIBHOI IHCIHUILIIHI

Ha3Bu po3aimiB i Tem

Kinexicts ronuna

Jenna popma

3aouna popma

Yceu
oro

y TOMY YHCJT

Ycb y TOMY YHCI1

n | o [n6] i3 [cp

oro | n [m |6 ]3] cp

Po3nin 1. Cxema OyaoBH KJITHH Npo- i eykapior. BiomoJiexkynn y ckiaaji KJIiTHH

Tema 1. Kimituana teopis. 3
JOMeHH KUTTA. [Lnan
OyJOBH KIIITUH

Tema 2. OcHOBHI Ki1acu
O6ioMoJIeKyT Ta iX
Oionoriyni QyHKIii y
CKJIazl KIITHH

16

Tema 3. [ndopmariitai
IpOLIECH y KIITHHAX Ta iX
JOKai3aris

12

Tema 4. KomnapT™MeHTH
KIIITUH MPO- 1 eyKapioT.
Enementu nurockenery

14

Tewma 5. [ToBepxHeBuUi
amapar KJIiTHH.
[To3akTiTHHHUN MaTPHKC.
KiitTuaHI KOHTaKTH

14

Pazom 3a pozninom 1

64

32 32

Po3znaia 2. bioximiuni ocHOBH pyHKIiOHYBa

HHA KJIITHH

Tema 6. MeTtabomizm.

biokaraniz. ®epmeHTH. 8 4 4
Kodepmentu

Tema 7.‘.].5‘:H6PF€TI/IIIH1 8 4 4
cTpaTerii KJIITHH

Tema 8. llsaxu

KgTa60n13My Ta 8 4 4
6ioTpancdopmarii y

KJiTuHax. biopemeniaris

Tema 9. lllnaxu 6iocuHTE3y 8 4 4
0610MOJIEeKy Y KIITHHAX

Pazowm 3a po3ainom 2 32 | 16 16

Po3zain 3. MouiekyJisipHi OCHOBM pery asiuii

KJIITMHHHUX NPOIECiB.

Tema 10. 3aranbHi

MPUHIININ Perysii 8 4 4
KIIITHHHOTO MeTaboIi3My

Tema 11.  Mexanizmu

MDKKITITUHHOI KOoMyHiKarii. | 12 6 6

Curnarninr. Jliss ropMOHIB




Kinexicte ronuna
Jenna popma 3aouna popma
Ha3zBu po3ainiB i TeM Ycb y TOMY YHCII Ycb y TOMY YHCII1
oro | 1 | m | a6 | i3 |cp|oro | m |m|xab | i3 | cp

Tema 12. Mexanizmu
PO3MOIIJICHHS Ta 12 5 5
T epeHIIFOBaHHS KITITHH
po- 1 eyKapior
Pazom 3a pozaisiom 3 32 | 16 16

Po3aia 4. MeToaoJiorisi 10CTiIzKeHHS KJIITHH Ta KIITHHHUX NMPo1eciB
Tema 13. CyuacHi maxongu

i XOML 19 8 | 3|4
JI0 KYJIbTHBYBAHHS KJIITHH
Tema 14. CyvacHi HanpsiMu
IOCIIKEHb KIITUHHIN
Oiosorii. JlocimiKkeHHs 20 12 | 6 8
KIIITUHHOTO METaboIi3MYy 1
MDKKITITHHHOI KOMYHIKAIii.
Tema 15. JlocmimkeHHs
KIIITUHHOTO LUKITY, TIOJILITY 20 12| 6 8
1 A epeHITiFOBaHHSI KIIITUH
1 anonro3y
Pazowm 3a posninowm 4 52 32 | 15| 20
Ycboro roqun 180 | 64 32 84

4. Temu ceMiHApCbKHX (NPAKTHYHMX, J1a00PATOPHHUX) 3aHATH

Po6ounm HaBuanbHUM IJIaHOM Iepei0adeH1 1a00paToOpHI 3aHTTA Il 1eHHOI (GopMH HaBYaHHS

Ne Hasga remu TOJIUH

1. | ImyHOdmyopecueHTHa Bi3yai3allis KOMIAPTMEHTIB KJIITHH B MOHOIIApi iN Vitro 4

2. | Bisyamizawis KJIITHH y CKJIaJ1 MOHO- Ta MYJIbTHUKIITUHHUX TPUBUMIPHUX KYJIbTYP 4

3. | HocnimxkeHHs MirpaniiiHoi Ta nponigepaTuBHOI 3AaTHOCTI (piOpoOIacTiB MIKIpU 4
0e3 Ta miJ] i€l0 XeMoaTpaKkTaHTy N Vitro

4. | llpmwxuTTeBe BHU3HAUEHHS Ta Bi3yalizamis iHTeHcHBHOCTI cuHTey MPHK B 4
KJIITUHAX ccaBIiB in Vitro

5. | [IpwxuTTeBe BU3HAYEHHS Ta Bi3yaji3allis IHTEHCUBHOCTI CHUHTE3y OUIKYy B 4
KJIITHHAX CCaBLIB IN Vitro

6. | [IpwxuTTeBe BU3HAYEHHS Ta Bi3yami3alis IHTEHCUBHOCTI cuHTesy ATD B 4
KJIITHHAX CCaBIIiB IN Vitro

7. | Bizyamizauig rerepoXxpoMaTHHY Ta €yXpOMaTUHY B IPOIIEC] PeruTiKalii KIiTHHH 4
in vitro

8. | HocmimkeHHs cTaiiil peoprasisailii siiepHoi JIAaMiHM B IPOIIeci MiTo3y INn Vitro 4

Yceporo ronuH 32




4.3aBaaHHs AJ19 CAMOCTiliHOI po0oTH

Ne Bunan, 3mict pobotn T'onun
3/11
1. OmparrroBanns TeM Posniny 1. ITigroToBka 10 TeCTyBaHHS Ta 3a71iKOBOi pOOOTH 32
2. | OnpamroBanns teM Posziny 2. ITiaroroska 10 TECTYBaHHSA Ta 3a1iKOBOI pobOTH 16
3. | OnpairoBanns Tem Posiny 3. ITiaroToBka 10 TeCTyBaHHs Ta 3aIiKOBOT pOOOTH 16
4, OmnparrroBanus TeM Posniny 4. ITiarotoBka 10 nadoparopaux poo6ir. [linroroska 20
PO3PaxyHKOBOTO 1HAMBIAYaTbHOTO 3aBJIaHHS
Yevoeo 2ooun 84

5. InauBinyanbHi 3aBIaHHSA
[HuBigyanbHI pO3paxyHKOBI 3aBAAHHS BUKOHYIOTHCS B paMKax Ja0OpaTOPHOTO MPAKTHKYMy 3a
temamu po3ainy 4 (temu 13-15) y 5-my cemectpi. OmiHIOETbCS OPOPMIICHHS TEKCTY POOOTH 1

YCHUH 3aXUCT.

6. MeToau HaBYAHHS

Jlexuii 3 MynbTUMEIIHHUMU MIPE3EHTAIlISIMU Ta €JIEMEHTaMU JUCKYCii, MOOyI0BaHi y paKypci
poOJIEMHO-OPIEHTOBAHOTO HABUAHHS 3 aKIEHTOM Ha CY4acHi HaIllpsiIMH JOCIiIKeHb. JlabopaTopHi
3aHATTA CYNPOBOKYIOTbCS OOrOBOPEHHSM Cy4YacHOi HAyKOBOi JIITepaTypH, pe3yJbTaTiB
JOCTIKEeHb, 3a0e31eueHi METOJUYHIMH BKa3iBKaMH, MICTSATh €JIEMEHTH MPOOJIEMHOTO HAaBYaHHS.
Koncynprarmii.

7. MeToau KOHTPOJIIO
MeToau MUCHMOBOTO 1 YCHOTO KOHTPOJIIIO: TIOTOYHE TECTYBAaHHS HA JIEKIIAX, KOHTPOJIbHI poOOTH,
YCHI OMHUTYBaHHS MPOTITOM CEMECTPY 3 METOIO KOHTPOIIIO 3aCBOEHHS TCOPSTUYHUX TOJIOKEHb, 110
PO3TISAAIOTECS Ha JIEKIIAX Ta JTaOOpaTOPHUX 3aHSATTAX, KOHTPOIb 3a BEACHHSIM JIabopaTOPHOTO
KypHaily 1 odopMIIeHHSM 3BITIB 3 JIaDOpaTOPHUX pOOIT, 3aliKOB1 pOOOTH, IO HPOBOASTHCS
BIJIMOBITHO y 4My 1 SMy ceMecTpi.

8. Cxema HapaxyBaHHs 0aJiiB
Cemectp 4 (TeopeTHYHe HABYAHHS)
IToTo4HMIT KOHTPOJIb [TincymMKoBHI KOHTPOJIb
TecryBanHs Ta' ONHUTYBAaHHS KonTposibHa 3aikosa poGoTa Beboro
Po3min 1 pobota
16 24 60 100
Cemectp S (nekuii Ta 1abopaTopHi podoTn)
IToTouHNMIT KOHTPOJIB [TincymkoBuii
KOHTPOJIb
TectyBanHs Ta Jlaboparopuuii
. Kontposnbna .
OIUTYBAaHHS npakTukyMm 1 IHJI3 3anikoBa pobota | Bceboro
- - - pobota
Posnin 2 | Po3min 3 Poznin 4
6 10 24 20 40 100
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IIIkana omiHIOBaHHA

Cyma OamiB 3a BCl BUAH OrniHKa 3a HalllOHAJBHOIO IIKAJIOK
HaBYaJbHOI JiSVIbHOCTI JUT eK3aMeHy IS 3ATTIKY
90-100 BIIMIHHO
70-89 nobpe 3apaxoBaHO
50-69 3a10B1JIBHO
1-49 HE3aJI0BUIBHO HE 3apaxOBaHO

Kpurepii oniHioBaHHS 3HAHb CTYEHTIB 3 HABYAJIbHOI {UCIHUILIIHU:

Ouinka «3apaxosano» (90-100 6aiiB)

I'm10Ooki Ta TOBHI BIANOBiAI HAa BCl 3amUTaHHA y 00CsA31 HaBYAJIBbHOI IporpamMu Ta
PEKOMEH/IOBAHOI JIiTEpaTypu, HAasBHICTh CUCTEMH 3HAaHb MPO OCOOIMBOCTI CTPYKTYpH Ta
(GyHKIIOHYBaHHS KJIITHH Pi3HOTO TUITY OpraHi3allii, MeTO0JIOTiI0 TOCIiKEHb B Taly3i.
TOYHE BUKOPUCTAHHS 1 TIIyMa4eHHs CHENiaJbHUX TEPMIHIB B Tay3i IIUTOJIOTI; CTHIIICTHYHO
rpaMOTHE, JIOTiYHE BUKJIAJCHHS MaTepiaiy;

aKTHMBHA y4acTh Y poOOTI Ha MPAKTUYHUX 3aHATTAX, AKICHE BUKOHAHHI BCIX BUIB pOOIT
3JIaTHICTh JI0 aHAJI3Y CTPYKTYpH Ta (PYHKIIOHYBAHHS KJIITUH PI3HOTO TUITY OpraHizamii

Ouinka «3apaxoado» (70-89 oani)

PO3KPUTO OCHOBHHU 3MICT MHUTAaHb y 00CS31 HaBYAILHOI MPOTrpaMH Ta PEKOMEHIOBAHOT
JiTepaTypu: HAsSBHICTh  3arajbHUX YSBJICHb MPO  OCOONMBOCTI  CTPYKTYpH Ta
(GyHKIIIOHYBaHHS KIIITUH PI3HOTO THUITY OpraHi3aiii, METOA0JOriI0 JOCTIIXKEHb B Taly3i.
MpaBUJIbHE BUKOPUCTAHHS CHEI[ialbHUX TEPMIHIB; ajie BUKIAJCHHS MaTepialy HEMOBHE, y
BIJIMOBI/ISIX JOIMYIICHI HETOYHOCTI, MOPYIIEHHS MTOCIiJOBHOCT] BUKJIAJCHHS;

yCHIIITHE BUKOHAHHS BCIX BUIB TOTOYHUX 3aB/IaHb

PO3yMIHHSI OCHOBHHUX METOIB JIOCIIKEHb CTPYKTYpU Ta (DYHKILIOHYBAHHS KJIITUH PI13HOTO
TUITy OpraHi3anii

OuiHka «3apaxoBano» (50-69 6aiiB)

MOBEPXHEBO PO3KPUTO OCHOBHMM 3MICT NHUTaHb Yy 00cCsA31 HaBYaJbHOI MporpamMu Ta
PEKOMEH/IOBAHOI JIITEpaTypH, aje € YABICHHS TMpo OCOOIMBOCTI CTPYKTypH Ta
(GYHKIIIOHYBaHHS KJIITHUH PI13HOTO THITY OpraHi3allii, METO10JIOT1I0 JOCTIIKEHb B Taly31.
3HAHHS OCHOBHUX CHEI[IaIbHUX TEPMIHIB IIUTOJIOTIT; BUKJIAJACHHS MaTepiany (pparmMeHTapHe,
y BIANOBIJAX TOMYIIEHI TOMUJIKH, € TOPYLIEHHS Y IOCI0BHOCTI BUKJIAJCHHS;

BUKOHAHHSI OCHOBHUX BH/[IIB TOTOYHUX 3aBJIaHb

YSIBJIEHHSI TIPO METOJMU JIOCIIPKEHb CTPYKTYpU Ta (DYHKLIOHYBAHHS KJITHH PI3HOTO THUITY
opraxi3arii

OriHka «He 3apaxoBaHoy (Menuie 50 6aniB)

BIJICYTHICTh 3arajlbHUX YSBJIEHb MPO OCOOJMBOCTI CTPYKTYpPH Ta (PYHKLIOHYBAHHS KIIITUH
pI3HOTO TUITY OpraHizallii, METOI0JIOT10 JJOCIIKEeHb; BIAMOBIAI HE MPaBUIbHI, HE PO3KPHUTO
OCHOBHUM 3MICT 3aBJaHHA.

IpU BUKJIAJCHHI MaTepiany JOMyIleHl rpy0l MOMIIKH, 1110 CBITYaTh MPO BIJCYTHICTh 3HAHb
BI/IMIOBITHUX PO3/ALIIB MPOrpaMHOro MaTepiany;

HEBUKOHAHHS MOTOYHUX 3aBJ/IaHb;

BIJICYTHICTh YSIBJIEHb PO METOAM JOCIIIKEHb CTPYKTYpH Ta (DYHKLIOHYBaHHSI KIIITHUH
PI3HOTO THUITY OpraHi3arii
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9. PexomennoBaHa JiTepatypa
Ba3zoBa jgiteparypa
1. 3aranpnaa nuronoris: nigpyunuk. / ML.E. JI3epxuncekuii, H.B. Ckpunnuk, A.C. [lycToBanos,

I'.B. Octposcrka, [.M. Bapentok, O.K. Boponina, JI.M. I1astok, C.M. I"'apmarina;
ynopsiakyBanHs H.B.Ckpunnuk. — Kuis: BIIL «KuiBcekuit ynisepcuter», 2020.— 640 c.

2. bionoriyai MmemMOpaHu Ta OCHOBH BHYTPIIIHbOKJIITUHHOT CUTHaNi3awii. TeopeTnyHi acmexTH :
HaB4. 11oci0. / JI. I. Ocranmuenko, T. b. Cunenshuk, 1. B. Komnanens. — K. : BIIL] "KuiBcbkuii
yuiBepcurer", 2016. — 639 c.

3. IIporuenko, I1.3. 3aranbpaa MikpoOioJIOTis, BipycoJIOTis Ta iIMyHOJIOTIs : BUOpaHi JIeKiT :
HaBY. 1Moci0. It cTyA. BUII. Mea. 3akil. ocBitu III-1V piBuiB akpeauTanii / I1. 3. [IpoTueHko ;
Onec. nepx. men. yu-1. - O. : OAMY, 2002. - 298 ¢
JonomixkHa JiTepatypa

4. CuBonob A.B. Monekynspaa 6ionorist: miapyunuk. — K. : BugaBaugo-nonirpadiaauii neHTp.
Kuiscekuit yniBepcuter, 2008.— 384 c.

5. bioopraniuna ximis. [Ipaktuxkym : HaBu. moci6. / JI. I. Ocranuenko, I. B. Kommanens, O. B.
Crkomnenko Ta iH. — K. : BIIL] "KuiBcekuii yaiBepcutet", 2019. — 400 c.

6. Henwcon M. JI., Kokc M. M. OcHoBu 6ioximii 3a Jleninmkepom. [locionuk / Ilepeknan 3 aHrI.
Hayxk. pen. nepexnany C. Komicapenko.- BugaBuunrso «baKy», 2015. - 1280 c.

7. Fluorescence Confocal Microscopy: Applications in Animal Cell Cytology. Laboratory manual
and students study guide/ Kot Yurii, Kot Kateryna, Yevhen Persky — Kharkiv: V. N. Karazin
Kharkiv National University, 2021. — 131 c.

8. Culture of animal cells. A manual of basic technique and specialized applications. R. lan
Freshney, WILEY-BLACKWELL, 2010.

9. Live Cell Imaging. A laboratory manual. Edited by Robert D. Goldman and David L. Spector,
CSHL PRESS, 2005.

10. Short protocols in cell biology. Edited by Juan S. Bonifacino and Mary Dasso, WILEY, 2003.

11. Biophysical Tools for Biologists, Volume One: In Vitro Techniques. Methods in Cell Biology.
ACADEMIC PRESS, 2008.

12. Biological Safety: Principles and Practice. Fleming D.O & Hunt D.L. ASM PRESS, 3" ed.,
2000.

10. Iocniannas Ha indopmauiiini pecypcu B InTepHeri, Bineo-y1ekuii, iHie MmeToau4He
3a0e3nmeyeHHs
Iumepnem-pecypcu 6inbnozco oocmyny
1. http://www.biochemweb.org/
http://www.biology.arizona.edu/CELL_BIO/cell_bio.html
http://www.biochem4schools.org/
http://cellbio.utmb.edu/CELLBIO/
http://www.biozone.co.nz/biolinks/CELL_BIOLOGY .html
http://www.cytochemistry.net/Cell-biology/
http://www.nature.com/molcellbio/index.html

http://sites.google.com/site/scienceprofonline/cellbiologyhelp

Cell Culture Lab Simulation

https://www:.labster.com/simulations/cell-membrane-and-transport/

10. Cell Culture: Cell Culture Basics
https://www.youtube.com/watch?v=0N2e1VsBhJk

11. Interactive cell biology pathways

©o Nk~ WDN
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https://www.sciencedirect.com/bookseries/methods-in-cell-biology

https://www.abcam.com/tag/interactive%20pathways
https://www.cellsignal.com/pathways

Tnuwe memoouyne 3abe3neyenns — MPE3CHTAIIT 10 JEKIIIN

11. MaTepianbHO-TexHiUHe 3a0e3MeYeHHs] HABYAJIbHOI U CHUILTIHI

CremnianizoBana yaboparopisi s poOOTH 3 KyJbTypaMH KIITHH 3 CTyneHeM (impTparii
noBiTpss HEPA H14 Ta mo3uTUBHUM THCKOM.

JlazepHuii ckanyroumii koH@pokaibHuii Mikpockorn Olympus FV10i-LIV 3 mporpamuum
3abe3neuennsm Olympus cellSence (Smowist).

Jlazepuuii mpotokoBuii nutoduryopumerp Millipore Guava PCA (CILA);

JIrominometp Berthold Sirius 3 imkexkropom pearenris (HiMeuunna),

MikpormnanierHuii Gpiyopumerp/cnekrpodoromerp/mrominomerp Bio-Tek FL600 (CIIA);
Cnektpodorometp ckanyroumii Biochrom Ultrospec 3100 pro (CIIIA);

Mikpockon inBeproBanuii Zeiss Telaval 31 (Himeuunna),

TransferMan NK (Himeuunna) ta mikpoin’ekropom CellTram Air (Himeuunna);
ABroMatuunuil miuniapHEK Kt Invitrogen Countess (CLIA);

Artomarnunuii miumisHuK Kiaitud Millipore Scepter (CIIA);

CO»-inky6arop Eppendorf Galaxy 14S (Himeuunna);

Jlaminapni 6okcu 1 knacy (Ykpaina);

Acmiparop Bakyymuuii Integra Vacusafe (CLLA);

Ientpudyra Thermo Scientific Durafuge 200;

Llentpudyra 3 oxonomkennsm Sorvall Biofuge Fresco (CLLA);

Iauky6atop Eppendorf Thermomixer R (Himeuuunna);

Op6itaneawmii meiikep/Tepmocrat VWR mini (CLLA);

Op6itansauii nepemimryBad |IKA MS3 (HimeuunHa);

Baru ananituuni Mettler Toledo AT250 (Ilsefinapis);

pH-meTp Accumet AR20 (CIIA);

Jlo3atopu aBromaTuuHi ceposoriuni Thermo Cellmate (CLLIA);

Jo3atopu aBromatruri CAPP ([lanis)
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