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ITK-6 Cnioco0eH ocylecTBISTh KOHTPOJIb KA4eCTBA ChIPbSl, IPOMEKYTOYHBIX IPOAYKTOB
U roToBbIX BAB B COOTBETCTBUM € perjiaMeHTOM

NIIK-6.1 3Haer: TEXHOJOTWMIO W KOHTPOJb Impou3BojacTBa bAB; moka3zarenn kayecTBa
OMOTEXHOJIOIrMYECKOM NMPOTYKIIUHU; CTATUCTUUECKHUE METObI YIIPABIICHUS KAUECTBOM IPOIYKIIUY;
BUJIbI OpaKa U ero y4eT B MPOU3BOACTBE OMOTEXHOIOTMYECKON MPOAYKIIUN

NIIK-6.2 YMeeT npou3BOAUTH aHAJIU3 KAYE€CTBA ChIPhS 111 OMOTEXHOJIOTMYECKOTO MPOU3BO/ICTBA
B COOTBETCTBHUU C PETJIAMEHTOM; ONPEIEIATh COJIEP>KaHUE OCHOBHOT'O BELIECTBA B rOTOBBIX bAB;
OTIpeNeNATh AKTUBHOCTH JICUCTBYIOIIETO BEIECTBA B TOTOBOM OMOTEXHOJOTHUECKOM Ipernapare;
ONpEeNEeNATh COAECpPKaHWE KIETOK NPOJYLEHTa B MPOAYKTAX, IOJIYYEHHBIX C I[OMOUIBIO
MHUKPOOPTIaHU3MOB; aHAIM3UPOBATH NPETEH3MH OT MOTpEOUTENel MO KadyecTBY MNPOAYKLIUHU
OMOTEXHOJIOTHYECKOr0 MPOU3BOJICTBA; BECTU YUET 1e(heKTHON MPOTYKIIMH OMOTEXHOIOTHYECKOTO
IIPOU3BO/ICTBA; aHAJIM3UPOBATh IIPUYUHBI MOSIBJICHUS nedeKTHOI MPOYKIIUU
OMOTEXHOJIOTMYECKOro MPOU3BOACTBA, TPOU3BOJUTH PacueT BEpOSTHOCTU (AaKTOPOB MOSABICHUS
U 3HAYCHMH TOCIEACTBUN; pa3pabaThiBaTh MPEUIOKEHUS MO CHIDKEHHIO (IPEIOTBPALICHHUIO)
MPOU3BOJICTBA 1€(PEKTHBIX MPOTYKTOB

NIIK-6.3 Brnageer MeToAMKaMH OLIEHKH BXOAHOTO KOHTPOJIS KAYECTBA ChIPhs, UCIIOJIB3YEMOTO B
OMOTEXHOJIOTHYECKOM Ipoliecce; MPOBEICHUsI KOHTPOJSl KaueCcTBa MPOMEKYTOYHONH U TOTOBOM
OMOTEXHOJIOIMYECKON MPOIYKIMH; PACCMOTPEHUs pekyiaManuil 1no kauyectsy BAB; BblisiBieHUS
KpUTHYECKHX  (OmacHeIX) (aKTOpPOB HA  OTACIBHBIX  TEXHOJIOTMUECKHUX  OIEeparusx
OMOTEXHOJOTHYECKOTO MPOU3BOJICTBA; pa3pabOTKH MEPONPHUATHI C LENbI0 YCTPAHEHUS! PUCKOB
WIM CHIDKEHUS HX JIO JIOMYCTUMOTO YPOBHS W TMOBBIIICHUS OE30MacCHOCTH BBIMTYCKaeMOil
OMOTEXHOJIOIMYECKON MPOAYKLIUN

Kommnerenmust GopMupyercs AUCIUTUIMHAMH:

b.1.2.3/1.4.1 DxctpeMmoduinbHbIe HOPMBI MUKPOOPTAaHU3MOB B 1 cemectp
OMOTEXHOJIOTMYECKHX MpoIIeccax

b.1.2.9]/1.4.2 HuzkoTemrneparypHble TEXHOJIOTHH B TIPOU3BOJICTBE U 1 cemectp
XpaHEHUU TePMOJIa0MIIbHBIX OMOMaTEpHUaoB

b.1.2.5 Hanobuorexuosorus 3 cemecTp
b.1.2.9]/1.1.1 ®apmaneBTuyeckas OMOTEXHOJIOTHUS 3 cemecTp
b.1.2.9/1.1.2 [IpaBuia HajyIekaIiel mporu3BOICTBEHHOM MTPAKTUKU B 3 cemecTp
cucteme GMP

Bonpoce! u 3a5aHusA 1J1s1 NPOBEPKHU ¢(pOPMUPOBAHHOCTH KOMIIETCHIMHU

Jucnuminaa «KCeTpeMo(puIbHbIC MUKPOOPTraHU3Mbl B OHOTEXHOJIOTHYECKHUX MPOLEccax»

3aganus B OTKpbITOH opme
1. Q®usuko-xumuyeckue  (QakTOpbl, XapaKTEPU3YIOIIME  YCIOBUS  Cpelbl  OOMTAaHUSA
MHUKpOoopranuzMoB. O61acTh ToJepaHTHOCTH. KapJMHAIbHBIE TOUKH.
2. [lonsiTre «3KCTpeMOPUIbHBIE MUKPOOPTAHU3MBD», «IKCTPEMAIIBHBIE YCIOBUS».
3. BausgHue Temneparypbl Ha JKM3HEAEATEIbHOCTb MHUKPOOPraHM3MOB. TeMieparypHbIi
nuana3oH. KapanHaneHble TeMnepaTypHble TOUKU. [ pyIbl MUKPOOPIaHU3MOB IO OTHOIIEHUIO K
TEMIIEPATYPE.
4. TlcuxpoduibHble M TCHUXPOAKTHBHbIE MHUKpOOpraHum3mbl. KuHeTMka pocTa NMpu HU3KHX
Temreparypax. MexaHu3mbl Ncuxpoduianu. 3HaueHHe MCUXPOQUIBHBIX MUKPOOPTaHU3MOB B
OMOTEXHOIOTHH.
5. TepMmodunbHbIe MUKPOOPraHU3Mbl. ['pynmbl TepMmoduiioB. CucreMaTnueckoe pazHoodpasue
tepMmouioB. Tunel MeTabonusma.
6. Pacnpocrtpanenue TtepModuioB B mpupoje. MexaHuzMbel Tepmoduiaun. IIpakruyeckoe
HCIIOJI30BaHNE TEPMO(HUIOB B OMOTEXHOJIIOTHH (DEPMEHTHBIX TPETIapaToB.
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7. Mexanusmbl TepMmodminu. IlpakTuueckoe MCIONb30BaHHE TEPMO(DUIOB B OMOTEXHOJIOTUH
Ouorasa.

8. OTHOIIEHHE MHUKPOOPTaHM3MOB K KHCIOTHOCTH cpenbl. OOnuraTHble W (hakynbTaTHBHBIE
aruaopuisl. Cuctemaruyeckoe paznoodpasue anuaoduinos. Mcnonb3oBanre B OMOTEXHOIOTUU
OpraHMYECKUX KUCIIOT.

9. bakTepHoa0rus KUCIBIX CTOYHBIX BOJI, 00pa3yIOUINXCs B IaXTax. bBUOreoTeXHonorus CTOYHbIX
BO/JI C HCIIOJIb30BaHUEM alu0(UII0B.

10. OGnurarnupie U pakynbTaTHBHBIE ankanodwibl. Pacipoctpanenue B mpupojae. MexaHu3Mbl
pH-romeocrasza. buotexHoa0rust aHTHOMOTUKOB C UCTIOIB30BAHUEM ATKAIO(HIIOB.

11. TlepcnieKTUBBI HCTIONBb30BaHMs 0apO(UIOB B OMOTEXHOIOTUYECKUX MPOIECccax.

12. MukpoOuonorusi TIOyOMHHBIX MECTOpOXAeHWH Heptn wu ra3za. Mcmonb3oBaHue
MUKPOOPTraHu3MOB 6apopHIIOB B OMOT€OTEXHOIOIMUECKUX Mpolieccax HePTH U rasa.

13. BiusiHue BUAMMOTO CBETa HA MUKPOOPraHu3Mbl. DOTOCUHTETUYECKU aKTUBHAsI pajinalus s
pasHbIX Tpynmn GoToTpodoB. PoTOTPOdEI AJ1sT OMOIHEPTETHKH.

14. BnusHue ynbTpaduoIETOBOTO H3IYyYEHHUS Ha KHU3HEIEATCIbHOCTh MHKPOOPTaHH3MOB.
YysctBuTENbHOCTh NpoKapuoT K UF-u3mydenuto. Myrtarennbii u jetanbHbiid dddextsr UF-
U3ITy4EHHUS.

15. UcnonwzoBanue UF-u3nyuenuit B OMOTEXHOIOTHYECKUX MPOIIECCax I aCEITUYECKUX IIeNIeH.
16. Honusupyroue  u3nydeHus. Pa3nuuumss  MUKpOOpPraHM3MOB B PaJUMAlMOHHOMN
YYBCTBUTEIHHOCTU. 3alllUTHBIE MEXaHU3Mbl MHUKPOOPTaHHW3MOB OT HEWOHH3UPYIOUIET0 U
WOHM3Upyromero  u3inydeHus u  cucrembl  penapaumn  JHK.  PagmopesucreHTHbIE
MUKPOOPTaHU3MBI.

17. BausiHue TSDKENBIX METAJIOB HA MUKPOOPraHu3Mbl. TOKcHYecKue J03bl MOHOB TSIKEIBIX
METaJIJIOB. BiusHHE TSHKENbIX METalIoOB Ha MeETa0OlM3M MHUKPOOPraHU3MOB. MexaHH3MbI
YCTOMYMBOCTU MUKPOOPTraHU3MOB K TSKEJIBIM METaJlIaM.

18. CriocoGHOCT, MUKPOOPTaHU3MOB aKKYMYIHUPOBAaTh TsDKENble MeTaluibl. lcmonb3oBaHue
AKCTPEMO(DUIBHBIX MHKPOOPTAaHH3MOB B OHMOTHAPOMETAITYPTHH TPHU OYHUCTKE OOBEKTOB OT
TSKEJIBIX METAJLIOB.

19. Ucnionb3oBanue 6MOCOPOINY /1JIs1 U3BJICUCHUS] METAIIJIOB U3 PACTBOPOB.
Kenezookucnstomme  O6aktepurd.  MexXaHM3M  OKHCIEHHS  JIBYXBaJIGHTHOTO  JKeje3a
Fe?* Thiobacillus ferrooxidans. Mcmomp3oBaHme THOHOBBIX W JAPYTMX  OaKkTepuii B
OMOTrUIPOMETAITYPTUH.

20. BzaumonelicTBrEe MUKPOOPTaHU3MOB C PTYThI0. MexaHU3M YCTOWYMBOCTH MUKPOOPTraHU3MOB
K HoHaM pTyTd. CHOCOOHOCTb MHUKPOOPTaHU3MOB MOIM(PHUIMPOBATH PTYThb M TOKCHYHBIE
COETMHEHUS PTYTH.

21. BsaumopnelicTBHE MHMKPOOPraHM3MOB C MBIIIBIKOM M CypbMoW. lMcnonbs3oBaHue
MUKPOOPTaHU3MOB JIJIl U3BJICUEHUS] COEAMHEHUN PTYTHIO

22. BnusHue BOJHOM aKTUBHOCTH Ha >KU3HENEATEIBHOCTH MUKPOOPTaHM3MOB. ONTHUMAalbHbIE
3HAUEHUS aw JUIsl pOCTa MUKPOOPraHu3MoB. OcMO(UIIBI U TaoPUIIBI.

23. TanoronepaHTHbIE MHUKPOOPTaHHU3MbI, MOPCKHE OaKTepuu, YMEpEeHHble TIaJo(uIibl,
AKCTpPEMAJIbHBIE TATOQUIIBI, raoanKanu@uibl. MexaHu3Mbl OCMOPETYIISALUN.

24. MaTpuuHbIil BOAHBIN cTpecc. MexaHu3M MOBpeXIeHUs BOAHBIM cTpeccoM. KcepoduibHbie
MUKpPOOPTraHU3MbI B OMOTEXHOJIOTHSX.

25. DKCcTpeMasbHbIE YCIOBHS KaK MOJIEIbHbIE OOBEKTHI TSI UX MCIOIB30BAHUS B 3KOJIOIMYECKON
OMOTEXHOJIOTHH.

26. XapaKkTepUCTHKA IPAaMIIOI0KHUTEIbHBIX 3KCTPEMO(PHIEHBIE MUKPOOPTaHU3MBbI, y4acTBYIOIINE
B BbIIIIE€JIaYMBAHUN OJIarOPOJIHBIX METAIIJIOB U3 PYIIbI.

27. TanopunpHble OakTepUH HCIOJIb3yeMble B KayecTBE IOTEHUUAIBHOTO HMCTOYHHUKA
KapOTUHOUIOB.

28. — XapaKTepuCcTUKa KPUIITOIHAOIUTOB (OPraHU3MOB, KOTOPBIE JKUBYT B MHUKPOCKOITUYECKHX
npocTpaHcTBax). [lepcrnekTHBBI NCIIOB30BaHUS B OMOTEXHOIOTHH.

29.XapaxkTepucTrKa runepnbe30¢huioB. [lepcrnekTuBbl HCHOIB30BAHUS B OMOTEXHOJIOTHH.
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30. XapakTepucCTHKa MOJUIKCTPEMO(PUIOB: OMOTEXHOJIOTUUYECKUN TMOTEHIMAl HX (pepMEHTOB

KapaunanbHble TOUKH.

(3KCTPEMO3UMOB).
Bomnpoc OTBer

DU3NKO-XUMUYECKUE OuU3NKO-XUMUYECKHE (PaKTOPBI, XapaKTEPHU3YIOUIHE YCIOBHUS
(baxTopsl, cpeabl OOUTAaHUs OPraHU3MOB, pa3HO0Opa3Hbl. K HUM OTHOCST
XapaKTEepU3yIoII1e MarHMTHBIE U AJIEKTPUUYECKUE I10JIs, COJIHEYHYIO aKTUBHOCTD,
YCIIOBHS CPEebl pasHble BUIBl UW3IY4EHUS, TUIPOCTATHUYECKOE JaBJIECHUE,
oOuTaHus TEMIEpPaTypy, KucioTHocTh (pH) cpenbl, BOIHYIO aKTUBHOCTb,
MHUKPOOPIaHU3MOB. OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIN HOTEHIHA,
Obnactb KOHLEHTpallUl  KUCJIOpOJa,  IUTATENbHBIX  BELIECTB,
TOJIEPAHTHOCTH. TOKCUYHBIX COCIUHEHUN U JP.

B OoibpmIMHCTBE Cly4aeB OTHOLICHUE MHKPOOPTaHM3MOB K
TOMY WIH HHOMY (aKTOpy XapakTepu3ylT TIpadHKoM
3aBHCUMOCTH pOCTa (HAIpuUMep, YMcia KIETOK MM CKOPOCTH
pPa3MHOXKEHHsI) OT HWHTEHCHBHOCTH (aktopa. I[lpum 3TOM
OIpCaACIIAI0T TakK Ha3bIBa€MbIC KapJAuHaJIbHBIC
TOYKHU: ONTUMAIbHOE 3HAaUeHHe (WM 00JacTh 3HAuYCHUIN),
o0ecrieunBaroIee HaMTy4IIui pocr, a
TaK)Ke MUHUMAIbHOE U MAKCHMAIIbHOE 3HAYCHUS, pH
KOTOPBIX POCT MPEKPAIIACTCS.

ITonsaTne
«OKCTpeMO(HITbHBIE
MHUKPOOPIaHU3MBD»,
«OKCTpEeMabHbIC
YCIIOBUS.

DKCcTpeMO(HIbHBIE MUKPOOPTAHU3MBl — MHKPOOPTaHU3MBI,
CIIOCOOHBIE JKUTh W Pa3MHOXKAThCS B OCOOCHHO CYpPOBBIX
YCIOBUSIX OKpYKaIoIel cpenbl (IKCTPEMaTbHO BBICOKUE WIIH
HU3KUE 3HAYCHUS TEMIIEPATYpHhI, TABICHUSI, KHUCIOTHOCTH,
kucnopona u T.1m.). Ilo cpaBHeHHMIO C HHMH OpPraHU3MBI,
oburtarome B Oosiee yMEpeHHOM cpele, MOTryT ObITh
Ha3BaHbl Me30pWIaMU WK HeHTpodpmiaMu. DKCTpeMOo(pUIoB
MOKHO pa3JIeUTh Ha JIBE KaTETOPHH: SKCTPEMO(HILHEIC
OpPraHU3Mbl, KOTOPBIM JJIsi BBKHBAHUS TPEOYIOTCS OJHO MU
HECKOJIBKO IKCTPEMAaTbHBIX YCIIOBHMA, H SKCTPEMOTOJIEPAHTHEIC
OpPraHM3MBI, KOTOPbIE MOTYT MEPEHOCUTh JKCTpEeMajbHbIC
YCIOBUSL C OJHUM WM HECKOJbKHMH  (PH3UYCCKHMH
napaMeTpaMmM, Jaxe €clId OHH ONTHUMallbHO pAacTyT B
HEHTPAITLHBIX YCIOBHSIX.

OxempemanvHas cpeoa - 9mo cpeoa obumanusl,
XapaKTepU3YIOMAsACs CYPOBBIMH YCIIOBUSMH OKPYKAOIIEH
Cpe/Ibl, BBIXOMISIIAMU 32 MPEACThl ONTUMAILHOTO JHAra3oHa
JUTSL PA3BUTHUS JTFOJCH WM IPYTHX )KUBBIX OPTaHU3MOB.

. TeMriepaTypHbIi
nuanasoH. ['pynmel
MHUKPOOPTaHU3MOB I10
OTHONICHHUIO K
TeMIEpaType

Mukpoopranu3Mbsl CPaBHUTEIBHO JIETKO MIEPEHOCAT
HHU3KUE TEMIIEPATYPHI. Bricokas Temneparypa ryouTensHo
JeCTBYeT Ha MUKPOOOB, TaK KaK BBI3bIBACT CBEPTHIBAHHE

(Koarymnsmuto) ux OEJIKOB.
BonpmnHCTBO MEKPOOPTaHU3MOB MOTHOaET npu
MHOTOKPaTHBIX 3aMOPAKUBAHUIX " OTTaWBaHUSX.
HecnopoBeie u  cmopoBble  (OpMBI MUKPOOOB 0071a1at0T
HEOJIMHAKOBOW  YCTOMYMBOCTBIO IO  OTHONIEHHUIO K
BBICOKOU Temmeparype. [lo OTHOIIEHWIO K TemIeparype
MUKPOOPTaHHU3MBl ~ YCJIOBHO  TOJPA3JCNIAIOT  HAa  TPH

(bu3noIOrNYecKue IpyIIbl: NCUXPOPMIbI (XOJI00TI00UBEIE);
Me30(huibl (pa3BUBAIOUIMECs] NMPU CPEAHHX TeMIepaTypax);
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TepMouiIbl (TEII0NIOONBEIC). Pasnmuuaiotr cmenomepmmuvle u
98pumepMHbie OPraHu3Mbl, nepBbIC UMEIOT y3KUU
TEMIIEPATypHBIA JMara3oH, BTOPblE — IIHUPOKHUH, MpHYEM
CIIOCOOHBI MPUCIIOCAOTMBATHCS K N3MEHEHUIO TEMIIEPaTYPBHI.

[Tcuxpoduibabie 1

[cuxpodunbubie MUKPOOPTIaHU3MBbI (xpuoduabHBIE

IICUXPOAKTUBHBIE MHUKPOOPIaHHU3Mbl) - MUKPOOPIaHU3MbI, HUMEIOLIUE ONTUMYM
MHUKPOOPIaHU3MBI. pocta mpu Temmneparype Humxe 15 °C u merabonuyecku
Kuneruka pocra npu aKTUBHBIC Jl@Ke TIpU  OTPULATEIBHBIX  TEMIeparypax.
HU3KUX Temneparypax. | OTinuuTenbHble 0COOEHHOCTH HCUXPOTPOPHBIX
MexaHu3msl MHUKPOOPIaHW3MOB: HaJn4yue (PEPMEHTOB, AKTHBHBIX IIPH
HCUXPOGUINH. HU3KUX TemIeparypax, HIOBBIILIEHHOE coJiepKaHue
3HaueHue HEHACBILIEHHBIX JKMPHBIX KHCIOT B COCTAaBE KJIETOYHBIX
HNCUXPOPUIBHBIX MeMOpaH, a TaKKe CIIOCOOHOCTh K CUHTE3y KPHOIIPOTEKTOPOB
MUKpPOOPIraHU3MOB B (rmuuepuHa, OeramHa W Jp.),  NPENSATCTBYIOIIUX
OMOTEXHOJIOTUH KpUCTAIM3allMl  BOAbl B KieTke. [lcuxpoakTuBHBIE
OpPraHu3Mbl — MUKPOOPIaHU3MBI, CTIOCOOHBIE PACTH B ITMPOKUX
TEMIIEpaTypHBIX  HIpefenax, HO  HMMEILIUE  BBICOKYIO
aKTUBHOCTb IIpM HM3KHUX Temieparypax. B  oriauuue
OT ICUXPOMIIOB, PACTYIIMX  HPU  IHOCTOSHHBIX  HHU3KHUX
Temreparypax (riyOokue BOJOEMBI, TJIyOMHBI OKeaHa),
IICUXPOAKTUBHBIE ~ MMKPOOPraHU3MBbl ~ IPUCHOCOOIEHBI K
CE30HHBIM HM3MCHEHHAM KiIMMaTa. BaKHOU COCTaBIISIIONIEH
aJanTalluy KJIETKH K HM3MEHEHMSIM TEeMIIEpaTyphl SIBIISIOTCA:
HNOJIEpKAaHUE  ONPEAENIEHHOM  BA3BKOCTM  MEMOpaHbl,
ONTUMAJILHON 17151 (PYHKIIMOHUPOBAHHSI MEMOPaHHBIX OEIKOB,
peaiu3yeMblii IyTeM HU3MEHEHHs] CTEIEHH HEHACHIIIEHHOCTH
KHUPHBIX KHCIOT B COCTaBe MEMOpaHHbBIX JIUIHJIOB,
yCTaHOBJEHHE  OajmaHca  MeXAy  «OUCIOHHBIMM» U
«HEOUCTONHBIMU JUNHUIAMH, CHHTE3 MeMOpaHo-
CTaOWIM3UPYIOLIUX COEIMHEHUH — KaK OKpYXKaIoLIUX
MeMOpaHy (Tperano3a U HOJIHOJbI), TAK U WHTEPKATUPYIOLIHX
B MeMOpaHy, 3aIyck OEIKOB X0JI010Baro moka (aHTU(PU3HBIX
0€NKOB), T€HBI, IPUHUMAIOIIUE YJacTHE B CHHTE3€ JKHUPHBIX
KHCJIOT C IBOMHBIMU CBSI3SIMHU.
TepmodunbHbIe Tepmodunbabie  opranusmbl  (Tepmoduiab)) —  KUBBIC
MHUKPOOPTaHU3MBI. opraHu3Mbl (Kak MpaBHJIO, OAKTEPHH WK apXeH), CIOCOOHBIC
['pynsl TepModUIIOB. CYLIECTBOBATh IIPU IOCTOSHHO BBICOKHX TEMIIEpATypax BBIIIE
Cucrematnueckoe 45 °C. TepmodunbHble MUKPOOPTaHU3MBI ITOIPA3/ENIAIOTCS Ha
pasHooOpasue 5 rpymnm: 1. TepmortonepantHblie (MuHUMYM + 10 °C, onTMyM
tepmoduioB. Tursl + 35-40 °C, makcumym + 55-60 °C): rpamoTpuIaTelIbHEIC
MeTabonu3ma oaktepun Methylococcus capsulatus; kpacubie BomopoCIH

Cyanidium caldarium; 2. ®akynbTaTHBHBIE TEPMOQHUIIBI
(MuaumyM + 20 °C, ontumyM okoio + 50 °C, makcumym + 55-
65 °C): romodepMeHTaTHUBHBIE MOJOYHOKHUCIBIE OaKTEpPHH
poxa Lactobacillus, nmanobakxtepum Thermosynechococcus
elongatus; 3. O6murarasie Tepmoduianl (MuauMyM + 40 °C,
ontumyM + 65-70 °C, makcumyMm + 70 °C u Boime): Bacillus
stearothermophilus; 4.  DxkcrpeMaibHble  TepMOGHUIIBI
(MunumyM + 40 °C, ontumym + 70-75 °C, makcumymM + 90 °C u
BBIIIE): AyOakTepuun pogoB Thermus, Thermomicrobium, apxeun
poxa Thermoplasma; 5. l'uneprepmoduier (MuaIMYM + 70 °C,
ontumyM +80 °C u BbItie, MakcumyM + 100 °C u BbllIe): apxeu
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Geogemma barossii, Pyrolobus fumarii, Methanopyrus
kandleri.

Pacnpoctpanenue

TEPMO(HIIOB B IPUPO/IE.

[TepcriekTUBBI
MPUMCHCHUS B
OHOTEXHOIOT MU

Tepmoduibl ObuUM HaiiieHBI B pa3iIMYHBIX T€OTEPMAaTIbHBIX
peruoHax 3eMiH: B TOPSIYMX UCTOYHHUKAX HA CYIIE, B MOPCKHUX
THIIPOTEPMAIIbHBIX HCTOYHMKAX. Jlpyrme wmecra oOuTaHHS
TEPMO(DUIBHBIX MHUKPOOPTAaHHU3MOB — BEPXHHUE CJIOU TOYBHI,
CHJIBHO HarpeBaeMoi COJTHIIEM, a TaKKe
CaMopa3orpeBaroIInecs oJ NEHCTBUEM TEPMOTEHHBIX
OaKkTepHii OpraHuvYeCcKUe MaTepHasbITHIIA HaBO3a, Topda,

ceHa wiM 3epHa. TepModuIbl OMOXMMHUYECKH BEChMa aKTUBHEI.
D10 MOXKET 00ecneuuTh OBICTPOC HAKOIUICHHE I[CHHBIX
BEIIECTB B cpezie. BemecTBa, BripabaTeiBaeMble TEpMODUIaAMH,
OYCHb YCTOHYMBBHI K JICUCTBUIO MOBBIIICHHONH TEMIIEPATYPHI.
OTO O00CTOSATENBCTBO OOJEr4aeT OYUCTKY COCAMHCHHIA,
HAKOIJICHHBIX B KyJbTypax TepMmoduioB. Hakonem, cpemn
TEPMO(DUIBHBIX MHKPOOPTAHU3MOB JIO0 CHX TOp HE HAWJICHBI
BO30ynuTENN OOJIC3HEHHBIX SBJICHUN Y UEIOBEKA M KHUBOTHBIX,
Oto obseryaer oTOOpP NEPCIEKTUBHBIX KYJIBTYp MO MPU3HAKY
NIATOr€HHOCTU M TOKCUTCHHOCTH.

MexaHu3mbl
TepMOPUITHI

TepMopunust ~ BKIIOYAET  MHOMKECTBO  MOJIEKYJISIPHBIX
MEXaHU3MOB U HE MOXET OBbITh OOBSICHEHA TOJIBKO KaKUM-
HUOY/Ab OHUM CBOMCTBOM OpraHU3Ma.

Jlunuael TepMOPUIOB UMEIOT 0o0Jiee BBICOKHE TeMIIepaTyphl
IUIABJICHUS, YeM JIMOUAbl ME30(HIIOB, YTO JOCTUIAETCs
BO3pacTaHHUEM COJIepXKAHUSI HACBHIIIEHHBIX JKUPHBIX KHCIOT B
MeMOpaHax npu MOBBIIICHUH TEeMIIEPATYPhI
KYJIbTUBUPOBAHHSL.

Omnpeaensroniasi pojb B TepMOGUIUN TPUHAIICKUT O€IKaM, B
HEPBYIO ouepeib (PepMEHTHBIM.

- [Ip¥ MMHUMAJIbHOW TEMIIEpaType pocTa IPOUCXOIUT MEPEXO/L
OT ’KECTKOW HEaKTHBHOU KOH(POPMAINH OENKOBBIX MOJEKYI K
KOH(OpMalUY ¢ OrpaHUYEHHON THOKOCTBIO;

- ONTUMAallbHas TeMIIepaTypa pocTa ompejaenseT Haubosee
OyiaronpusiTHOE KOH()OPMAITMOHHOE COCTOSIHHE (DEPMEHTHBIX
0OEJIKOB;

- IIpM MaKCHUMaJIbHOM TeMIepaType HAYMHAIOTCS HapyLIEeHUs
KOH(pOpMaluu OENKOB M CHIDKEHHE HuX (epMeHTaTHBHOU
AKTUBHOCTH, a BBIIIE€ ATOW TEMIEPATypbl POCT MpeKpallaercs
BCJIE/ICTBHE TETNIOBOM JeHATYpaIlMK OEJIKOB.

- KJIETOYHAas CTEeHKa, MeMOpaHbl, pUOOCOMBI TEPMO(UIOB
3HAYUTENBHO 00Jiee TePMOCTA0MIBHBI, UM COOTBETCTBYIOIIIHE
CTPYKTYpbI M€30()UJIIOB.

OTHolIEHHE
MHUKPOOPTaHU3MOB K
KHCIIOTHOCTH CPEJIbIL.
O6nuraTtuele U
dakynbTaTUBHbBIE
anuaI0(UIIbI.
CucreMaruyeckoe
pazHooOpasue
anua0(uIoB.

B 3aBucMMOCTH OT OTHOIIEHUS MHKPOOPIam3MoB K
KHCIIOTHOCTH Cpenbl ux MOJIpa3AesoT
Ha ayudoguasi (KUCIOTONOOUBBIE), Hetimpogunvl (HEUTpaIbH
ast 30Ha) ¥ a1kaiogunvl (EeI09eTI0OUBHIE).

Atmnoduisr (KUCIOTONMOOUBEIE) Pa3BUBAIOTCS
npu ontuMaibHoM pH 4 u BbIie (YKCYCHOKHUCIHBIE U IpYTrHe
0aKkTepuM, NPONYLHUPYIOIIME OpPraHUYecKue KHUCIOThI). Mx
JIEJISIT Ha JIBE TPYIIIBL: o0nuraTHeie — quana3on pH ot 1 1o 5,;
¢dakynpTaTuBHBIE - quana3oH pH ot 1 10 9.. KucnoronoOussie
MHUKPOOPTaHWU3MBbl, PACTYIIIME TPH OY€Hb HU3KOM 3HaueHuu pH,
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D0%BE%D0%B7
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D1%84
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BD%D0%BE
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D1%80%D0%BD%D0%BE

BCTPEUAIOTCA PEIKO. YKCYCHOKHCIbIE OakTepuu pacTyT B
npenenax pH ot 3 1o 5, MonoyHokucble pa3BuBaroTcs npu pH
ot 3 1o 8. OntumyM pH pocTa nposxskeit HaXOAUTCS B 00JIaCTH
4,5 - 6. O1HaKO HEKOTOpbIE U3 HUX CIIOCOOHBI pa3BUBATHCS B
Oonee kucnou cpene — pH 2, apyrue - B menovHoi - 8,5. K
CaMbIM YCTOMYHUBBIM K KHCJIOW Cpelle OTHOCATCS IUIECHEBBIC
rpuoBbL, MHOTHE u3 HUX
XapaKTepU3YIOTCA ayudomoiepanmHoCmvio 1 CIIOCOOHOCTBIO
pocTa B mmpokux npeaenax pH (ot 2 goll)

Anxanohums (menouentoOUBbBIC) Pa3BUBAIOTCS
npu ontuMaibHoM pH 9 u Bbllie (HEKOTOpBIE MPEICTaBUTENN
OaKkTepHii KUIIEYHOH TPYNNBl - XOJEpHBIH BUOPUOH H JIp.):
obnuraTtHbie — nuamna3od pH ot 8,5 no 12, dbakyapTaTUBHBIC —
nuanason pH ot 5 no 12.

OntumanbHbIN pH JUIst HEUTPpaTbHOPUITHHBIX
MUKpPOOPIaHW3MOB HaxoauTcs B mpenenax 7,0. TUOMYHbIMU
MIPEICTaBUTEISIMU HEHTPO(DUIIOB SBISIOTCA OAKTEPUU TPYIIIIBI
kumeunbix  nanodek (BI'KII), crpentokokku, Oanusuisl,
CaIbMOHEIUIBI ¥ OOJNIBIIMHCTBO  JPYTUX  MATOTCHHBIX
MUKpoopranu3moB. K ankanodunaMm OTHOCAT HEKOTOPHIE BUIBI
OaKkTepuil U MUIIETUAIbHBIX IPUOOB.

BbakTepuonorust Kuciabix
CTOYHBIX BOJ,
00pa3yrommxcs B
[IaxTax.
buoreorexHomorus
CTOYHBIX BOJ C
HCIOJIb30BaHUEM
anua0¢puIoB

bakTtepuanbHoe 3arps3HEHME LIAXTHBIX BOJ OOYCJIOBIEHO
HaJIMYMEM B HUX OOJIBIIOrO KOJIMYECTBA MUKPOOPIaHU3MOB,
YTO SBJIAETCS CJIEACTBUEM IONAJAHUS B BOAY IPOIYKTOB
THUECHHS JPEBECUHBl M JKHUBBIX OPraHU3MOB. OJTO CO3HAcT
OylaronmpusATHYIO cpeay i pa3BuTus Oaktepuil. CreneHb
3arps3HEeHUs IIaXTHBIX BOJL OLIEHUBAeTCs
MHUKPOOHOIOTMYECKIMHU TTOKA3aTEIISIMHI

- Konu tutpom - KonmyectBOM BOJBI (B MIL), B KOTOPOM
oOHapyXHUBaeTCsl OJHA KHILEYHasl MMajoyka (onpeaensercs no
I'OCT 18 963 - 73).

- Komum wuHAEKCOM - KOJHMYECTBO KHILEYHBIX MaJIOYeK,
Haxoxsmuxcs B 1. Uccnenyemoit BOIbI.

- MUKpOOHBIM YHCIIOM - OOIIMM KOJIMYECTBOM MUKpPOOOB B 1
MJI. BOJBI.

buopemenuanus - 3TO  OCHOBHas  OHMOTEXHOJIOTMYECKas
npobiema, co3nannas anuaopuramu AMD. CymectByer psia
MeTo0B 00prObl ¢ BM/I, HEKOTOpbIE U3 HUX HEOUHUIIEHHBIE
(manpumep, nossiieHre pH 3a cyeT nu3BecTKOBaHUs, yalICHNUE
BOJBI, CBSI3BIBAHUE JKEJIE3a C OPraHUYECKUMHU OTXOJaMHU) U
HEKOTOpble MeHee 3P PeKTUBHbIE (IPUMEHEHNE OaKTEPUIINIOB,
OMOJIOTMYECKUH KOHTPOJIb C JPYTUMHU OaKTepHsMH / apxei,
co3laHue 3a00JIOYEHHBIX TEPPUTOPUN 3a  MpeaesiaMu
IUIOIIAJIKK,  MCIIOJIb30BaHHE  METAJUIOMMMOOMITM3YIOLINX
OakTepui, TalbBAHMYECKOE MOaBICHUE).

I[lo wmepe Toro, kak 3amackl HEKOTOPBIX METAJUIOB
COKpAIIAalOTCs, HW3y4aloTcsl JApyrue MeETOJbl HU3BIICUECHMUS,
BKJIIOYast HCIIOJIb30BaHME all10(HIIOB, B IPOLIECCE, U3BECTHOM
Kak OMOBBINIeNaYnBaHue. XOTS OTH  MHKPOOPTaHU3MBI
ME/JIeHHee, 4YeM OObIUHbIE METOJbl, OHM TIO3BOJIIOT C
MUHUMAaJIbHBIMU 3aTpaTaMU SKCILTyaTUPOBATh PYAbl C OYEHb
HU3KUM COJEPKAHUEM.
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https://ru.wikibrief.org/wiki/Bioremediation
https://ru.wikibrief.org/wiki/Bioleaching
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O6nuratHeie U
(baxynbTaTUBHBIC
aIKaJI0(PUITHL.
Pacnpoctpanenue B
npupoie. MexaHu3Mbl
pH-romeocra3sa.
buotexHosmorus
AHTUOMOTHKOB C
UCIOJIb30BaHUEM
ankanoduion

Cpenun ankano(uiIoB
pasnuyaT axyrbmamusnsie aikanoguivt (matepsan pH mist
pocta 5-11), K KOTOPBIM OTHOCSITCS
HUTPATBOCCTAHABIIMBAIOIINE M CYJIb(AaTBOCCTAHABINBAIOIIUC
OakTepuu, MHOTHE
ammoHupuKaTopsl. Ob1ucamubvle arkaioguivl  pacTyT TpU

BbIcOKUX 3HaueHusx pH — 8,5-11,0. K Takum Oaktepusm
otHocstes Bacillus pasteurii, HekoTopeie 1MaHOOAKTEpUU U
ap. Y oOnuraTHeIX ankanoguioB MOKa Takke He 0OHapyX eHO
KaKUX-1100 0COOEHHOCTEN B CTPOEHUH M XMMUUYECKOM COCTaBE
HUX KJIETOYHBIX cTeHOK u L{ITM.

Ankanounel TPEACTABISIOT OONBIION HMHTEpPEC C TOYKH
3peHusi UX SHEPreTUKU, TaK KaK MpH KyJIbTUBUPOBAHUU B
ontumanbHbiX yenosusx (pH 9,0 — 10,5) konnentpanus H' Bo
BHEIIHEH cpene, Kak MpaBWIO, HUXKE, YeM B KIETOYHOM
uuroriazme (pH 8 — 9) wu, cruenoBaTenbHO, CO3AaHUE
MIPOTOHHOTO TPaJIME€HTa BCTPEUAET OMpeeNIEHHbIE TPYIHOCTH.
[lokazaHo, dYTO aJKAJIOTOJIEPAHTHBIE U  AJIKaIO(UIHHBIE
OakTepuu npu paboTe AbIXATEIbHOW AIEKTPOHTPAHCIOPTHOU
L[ENU OTKAYMBAIOT BO BHEIIHIOK CPEly HE MPOTOHBI, & HOHBI
HaTpusi. Beinenensie anmkanoQuibHbIE W TaJOTOJEPAHTHBIC
M30JISTH TPUOOB CIIOCOOHBI MTPOYLIUPOBATH aHTHOUOTHYECKHE
BELIECTBA, oOmanaromue KaK aHTHOAKTepUATbHON
AKTUBHOCTBIO C IIUPOKUM U Y3KHUM CHEKTPOM JIEHCTBUS, TaK U
aHTU(YHTATLHOM aKTUBHOCTBIO.
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ITepcnexTuBbI
UCIIOJIb30BaHUS
O0apoduiioB B
OMOTEXHOJIOTHYECKUX
nporeccax.

BapouyBCTBUTEIIbHBIE — OPTaHU3MBI C Ta30BBIMU BaKYyOJISIMH,
nepecTalonue  pacTd  Mpd  TOBBIIIEHUH  JABJICHUS;
OapoToJiepaHTHBIC — BEIACPKUBAIOT AaBiaeHue 10 400 at™, HO
CIIOCOOHBI ~ pacTU ¥ TOpU  OOBIYHOM  JaBJICHUU;
OapoduibHbIe (1be30(UIIbI)— MEKPOOPTraHU3MbI, OOUTAIOIIHE
Ha OONBIIUX TTyOMHAX MOpPEN M OKEaHOB, XOPOIIIO K BEICOKOMY
THIIPOCTATUIECKOMY JIaBIICHHIO.

bapotonepantasie 6apoduiabHbIe MUKPOOPTAHU3MBI MOTYT
pacTu Kak TMPU HHU3KUX, TaK M MPHU BBICOKUX 3HAYCHUSIX
nasinenus (no 40 MIla), ymepenHsie 6apoduibl pacTyT B
nuamna3zone 10—60 MIla, a skcTpeMalibHBIE HE pa3BUBAIOTCS
npu naBinenuu Hmwke 40 MIla, makcumanbHas CKOPOCTh
pocta HabmtonaeTca y Hux npu 70-81 MIla (unorna no 121
MIla). bapodunbHble MHUKPOOPraHU3MBI OOUTAIOT B
r1yOOKHX CIOSIX OKEaHa, 4acTo BCTpedalTcCs B pailoHax,
CBSI3aHHBIX C AKTUBHOCTHIO HM30TEPMATbHBIX HMCTOYHHUKOB
(T. H. 4€pHBIX KYPUIBIIUKOB); WX BBIACNAIOT TaKXe U3
r1yO0OKUX HEMTSHBIX CKBXKHWH. YCTOWYMBOCTH Pas3iIidyHA Yy
pasHBIX BHJIOB MHUKPOOPTaHU3MOB. Y HEKOTOPHIX OakTepuii
KU3HEAeSITeNbHOCTh yrHeTeHa yxe npu 100 atm. A poct E.
coli MoxxeT Jnaxke CTUMYJIHMPOBAThbCS TPU  TTOBBIIICHUH
nasnenus 1o 200 atm., npu 400 aTtm. ee pocT 3amemsercs,
oOpasytotcst HuTYaThie Gopmbl, ipu 1000 atM. — oTMHpaHHe
KJIETOK.

12

Brnusuue Beicokoro
JIaBJICHUSI Ha CKOPOCTh
OMOXMMHUYECKUX

Bnusiane TIaBIICHUS Ha KIICTKH
MukpoopranuzMoB. [loBeimienne nasnenus (mo 1000-3000
atM.) npuBoguT: 1. K nenarypanum OenkoB. Bei3biBaer
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https://bigenc.ru/c/okean-c4d11d
https://bigenc.ru/c/kuril-shchiki-e3fbb7

peaKkIuii, pocT ¥ THOETh
MHUKPOOPTaHU3MOB.

Pa3phIB cuOpohoOHbIX, 2NeKMPOCMAMU4ecKux, 6000POOHBIX
céa3ell 6 Oenkax, 4YTO TPHUBOJUT K J€HATypalu Oelka.
Taxas nenarypanus obpatuma. [Ipu paspbiBe Koganenmmbix
cés3ell IPOUCXOIUT HeoOpaTUMas JAeHaTypamus Oerka.

2. Uarubupyer cuHTe3 OENKOB. DTO BIUSET HA PEILTUKALIUIO
JHK wu gemenne Kietok. K IIOBBIICHUIO JaBJICHUS
YyBCTBUTEIbHEE (DYHKIMS pa3MHOXKEHHUS, 4YEeM pOCTa, B
pe3ynbrate  TOSIBISIFOTCS  HUT4YaThie  (opmbl.Haubonee
YyBCTBUTEJIbHAS CTaAusd K JaBJICHHUIO - CBS3bIBaHHE
aMHUHOALMIIMPOBAHHOU T-PHK C MOJIUCOMaMHM.
OYHKIMOHUPOBaHUE PUOOCOM 3aBUCHUT OT COZAEPIKAHUS MOHOB
B OKpyxaromeil cpene. Hanpumep, pudocomsl E. coli 6onee
YYBCTBUTEJIbHBI K JABJICHUIO MPHU BBICOKUX KOHIICHTPALUSIX
Na*u Mg?*. 3. TloBbllleHHOE JaBJEHME, TAaK XK€, KaK M
NOHIKEHUE t, CHIDKAeT TEKYy4ecTh JIMIHAHOTO Oucios
MEMOpaH, 4YTO TPUBOAWT K HAPYIICHUIO TPAHCIOPTHOM
(GyHKIIUH, YTO 3aMEeJJISIET POCT.

B GonbImHCTBE CiTy4aeB MO/ ICHCTBUEM BBICOKOTO JaBJICHUS
(300 u Goiree aT™.) 3aMeIIsICTCS MeTabOINYECKas aKTHBHOCTh
MUKPOOPTraHU3MOB.
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Binsaue BuauMoro
CBeTa Ha
MUKPOOPTaHU3MBI.
DOTOCHHTETUYECKHU
aKTUBHAs paguaius JJis
Pa3HBIX TPy
dboToTpodoB.

@DOTOCHHTETHYECKH aKTUBHAS paguallis — 4YacTb JOXOAALIeH
710 OMOIICHO30B COJIHEYHOW pagualii C JUIMHOM BOJIHBI B
nuanaszone oT 400 no 700 HM M UCHOJIb3yeMasl pacCTEHUSIMU
st GOoTOCHHTE3a. JTOT Y4YacTOK  CIHEKTpa IIPUMEPHO
COOTBETCTBYET  0O0JIACTH BUJMMOIO  u3iydyeHus. POTOHEI ¢
Oosee KOPOTKOW JJIMHON BOJHBI HECYT CIHIIKOM MHOTO
SHEpPIruH, MO’TOMY MOTYT HOBPEIUTh KJIETKH, HO OHHU IIO
OoubIeit yacTu OT(UIBTPOBBIBAIOTCS 030HOBBIM
cioeM B crpatocdepe. KBaHTbl ¢ OONBLIIMMM JJIMHAMHU BOJIH
HECYT HEJOCTAaTOYHO SHEPTUU U IMO3TOMY HE HCIOJIb3YIOTCS
s (poTocuHTE3a OONBIIMHCTBOM OpraHu3MoB. Hekoropsie
OpPTraHU3MBI, Takue KaK [IMaHOOaKTepuu, OypoypHbIe
OaKTepHH U IeIM00aKTepUd MOTYT HCIIOJIb30BaTh SHEPIHUIO
cBeta ¢ Oompiied amuHOM BosiHBI, yeM 700 HM (OaMIKHAS
uHbpakpacHasg o0xacTe). ITH 6akTepun OOUTAIOT B MECTax ¢
MIOHM)KEHHOM OCBEIIEHHOCTBIO: HA JIHE 3aCTOMHBIX IPYIOB, B
OocaJKkax WIM OKeaHCKuX TIiyouHax. bmaronmapst cBoum
NUTMEHTaM OHHM 00pa3yloT pa3HOLBETHbIEC OaKTepHAIbHbBIE
Marthbl 3eJIEHOT0, KpaCHOTO U MyPITYPHOTO IIBETA.
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Bnusiaue
yABTPaduOIETOBOTO
U3ITyYeHHUs Ha
KU3HEJECATEIIBHOCTD
MHUKpPOOPTaHHU3MOB.
YyBCTBUTEIBHOCTD
npokapuot k UF-
U3ITyYEHUIO.
MyTareHHslii 1
JeTanbHbIN 3P PeKThI
UF-u3nyuenus

Bricokue 10361 ynbTpauOIIETOBOTO HU3IYUYCHUS] BBI3BIBACT
TOPMOKEHHE OTJENbHBIX MPOIECCOB OOMEHa M MOXET
MPUBECTU K MYymMayusm, 4TO MIUPOKO HCIOIB3YETCS ISt
MOJTyYEHUSI BBICOKOIIPOIYKTUBHBIX IIITAMMOB.

['u6Genp MHUKPOOPTaHU3MOB 1 (0| JIEUCTBUEM
yAbTPaUONETOBBIX  IJIyuel CBA3aHA: C  HMHAKTHBAIHEH
KJICTOYHBIX (EPMEHTOB; C pa3pylieHHEeM HYKJICHHOBBIX
KHCIIOT, ¢ oOpa3oBaHHEeM B 0O0Iy4aeMoil cpefe NEepeKHCH
BOJIOpOAa, 030HA U T.J. [[poKaprOTHI MOT'YT OBITH YCTONYHMBEI K
YO-u3nydeHuto Omaromaps HaIMYHIO MUTMEHTOB, KOTOpHIE
3aMINAIOT WX OT moBpexaeHud. OJHaKo, BBICOKAs
WHTEHCUBHOCTh M JJUTENbHOE BO3AeicTBUE YD-U3NydeHUs
TTOBPEK/TAET KJIETKH MTPOKAPHUOT U IPUBOJIUT K MX THOEIH.
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https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D1%86%D0%B5%D0%BD%D0%BE%D0%B7
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%9E%D0%B7%D0%BE%D0%BD%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%BB%D0%BE%D0%B9
https://ru.wikipedia.org/wiki/%D0%9E%D0%B7%D0%BE%D0%BD%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%BB%D0%BE%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%B0%D0%BD%D0%BE%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D1%83%D1%80%D0%BF%D1%83%D1%80%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D1%83%D1%80%D0%BF%D1%83%D1%80%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%BE%D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D1%80%D0%B0%D0%BA%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B0%D1%82
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Hcnons3oBanne UF-
U3JIy4CHUH B
OHMOTEXHOJIOTHYECKUX
npoiieccax Jyist
aCENTHYCCKUX IeIeh

Jnst a¢ddexTuBHON ne3uMHPEKINA C HCTIoJb30oBaHueM Y D-
U3ITy4YEeHUsI HE0OXOAUMO YUUTHIBATH Psill (PAaKTOPOB, TAKUX KaK
JUIMHA BOJIHBI HCIOJB3YEMOT0 W3Jy4YeHUsl, MUHTEHCUBHOCTD
U3IYYCHUs, BpEeMsl OSKCIO3UIUH W THII MHKPOOPTraHU3Ma.
HekoTtopsie Mukpoopranusmsl 6osiee 4yBCTBUTEIbHBI K Y D-
W3IYYCHUIO, YeM APYTue, MOITOMY TPeOYIOTCS pa3HbIe J103bI
Y®-usznydenust s JOCTHXKCHHSI TIOJHOW  J1e3MH(EKITUH.
IIpumepnpie  no3b1 Y®-m3nydeHus I PasiIUM4HbIX
MHUKPOOPTaHU3MOB: T'PaM-TOJIOKUTEIbHbIE OakTepun - 30-60
MmJDx/cM?, Tpam-oTpunarensHbie Oaktepun - 60-120 mJx/cm?,
BupychI - 10-200 m/Ix/cm?, ciopsl rpu6oB - 200-300 mJx/cm?.
Y®-uznydyeHue SBISETCS METOJIOM JIe3MH(EKIMH, HO He
CTepUIN3AIUU
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Honuzupyromue
u3nydeHus. Paznuuus
MHUKPOOPTaHU3MOB B
paaualoOHHON
YyBCTBUTEIHLHOCTH.

I'nGenp MHKpOOPraHU3MOB TOJ| JEHCTBUEM HOHH3HPYIOIIUX
M3Iy4EeHUH BbI3BaHA: painoJIU30M BObI B KJIETKaX U cyOcTpare
(mpu 3TOM 00pa3yroTcs CBOOOAHBIC PAJAMKAIbI, aTOMAapHBIN
BOJIOPO/JI, IEPEKUCH, KOTOpbIE, BCTyMasi BO B3aUMOJACHCTBUE C
JIPYTUMH  BEUIECTBAMH  KJIETKH, BBI3BIBAIOT  OOJIBINIOE
KOJINYECTBO PEAKIIUN, HE CBOMCTBEHHBIX HOPMAJIbHO KHUBYILIEH
KJIETKE); WHAKTHBalNWMel  (epMEeHTOB,  pa3pylIeHHUEM
MeMOpaHHBIX CTPYKTYP, SIAEPHOTO arlnapara.
PannoycroitunBocTs Ppa3IMYHBIX MHUKPOOPIraHU3MOB
KoJsie0JIeTCsl B IIMPOKUX Ipejiesiax, IpUudeM MUKPOOPTaHU3MBI
3HAYUTEIBHO PAMOYCTOMYMBEH BBICIIUX OPTaHU3MOB (B COTHU
u Thicsun pa3). Haubosee ycToiiumBbl K JeicTBHIO
MOHM3HUPYIOUINX M3ITY4CeHUH CIIOpbI OaKkTepuii, 3aTeM TprOoB
nanee OaKTepUH.
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Bimsane TsoKkensrx
METAaJJIOB Ha
MHUKPOOPTAaHU3MBI.
Binsiaue TsoKensIx
METaJJIOB Ha
METa00IN3M
MHUKPOOPTaHU3MOB.

Y TsKenbIX METaIoB JBOWCTBEHHAs pOJb B IIpolleccax
KU3HEEATEIIbHOCTH MHUKPOOPTaHU3MOB. Bcee
MUKPOOPTaHU3MbI HYXIAIOTCSI B TEX WM WHBIX METaiaX B
KayecTBe KOMIIOHEHTOB MHUTaHusA. Hampumep, HEKOTOpBIE U3
aux — Fe, Zn, Cu, Cr, Mn, aBistoTcsS HEOOXOIUMBIMHU B MaJIbIX
KOJIMYECTBAX JJIs MOAIeP KaHUS )KU3HEICATeIbHOCTH. A TaKkKe
OTIpe/ICNICHHbIC MHKPOOPTAHU3MBI HYXKIAIOTCSI B TSKEIBIX
MeTaiax, Takux, kak Mo, V,Ni. Bce mnepeuncieHHbIe
METaJIJTbI B OCHOBHOM IIPUHUMAIOT Y9acTHE B JePMEHTATHBHOM
KaTanau3e B KauecTBe KOGaKTOPOB, U JOJKHBI IPUCYTCTBOBATH
B HHU3KMX KOHIIEHTpaUUsAX B MNHUTaTeIbHOM cpene. pyrue
MeTallIbl, Hampumep, Takume, kak Cd, Pb, Sn, Hg Ag, Co He
BBITIOJTHSIOT OWOJIOTUYECKUX (PYHKIHMA, HO TIPU BBICOKOM
COJIEp>KaHUU B TTIOYBE MOTYT OBITh TOKCHUHBIMH JJII MUKPOOOB.
OHu MOryT H3MEHSTh CBOMCTBAa O€lKOB, KO(EPMEHTOB,
HYKJIEOTH/]IOB, dbochonunuaos, B3aMMOJICHCTBYS C
TUAPOKCHIIBHBIMU, KapOOKCUIIbHBIMU, dbocharHbIMHY,
CyAb(TUAPWIBHBIMU U aMHHOTPYNIAaMU. Takke TshKemble
METaJUTbI, TMPOHHWKAs BHYTPbh KJICTKH W (PUKCHUPYACH Ha
CyOKJIETOYHBIX MeMOpaHaxX, MOTYT BIHUSATh Ha MPOIECCHI,
MTPOTEKAOIINE B KIIETKE
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MexaHU3MEBI
YCTOMYUBOCTH

1. 'enernueckne  MexaHu3Mbl. ['€Hbl,  ompenensoIue
YCTOMYMBOCTh K TSDKEIBIM METajulaM 4YacTO HaXOIATCS B
mIa3Mugax, WHOTAAa B Xpomocomax. Karabomudeckue
TIJIa3MHJIBl HECYT T€HBI CHHTE3a (DEPMEHTOB, JEeTPaIUPYIONTUX
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MUKpPOOPTraHU3MOB K
TSDKEIIBIM MeTajlilaM

pa3M4yHbIE COCNWHEHHS, HANpUMep AaHTUOMOTHKH WM
KCEHOOMOTHKH  (mectuuuzasl). 2. Pabota cnemuduueckux
CHCTEM TpPAaHCIOPTA YIAJICHUS TOKCHYECKUX HMOHOB U3
kiaeTkd. 3. CuHTE3 B KIETKaxX CHernupUYecKuXx OCNIKOB,
0oraThix Cyab(TUIPUIBHBIME TPYIIIAMH — METAJUIOTHOHCHHBI.
OO0e3BpeKMBAIOT TOKCHUYECKUE MOHBI, CBS3bIBAsICh C HHUMHU
(MOHBI MOTYT B3aMMOJICHCTBOBATH C Pa3IMYHBIMU TPYIIIAMH B
Oenkax, ocoOeHHO ¢ cynb(ruapuiabHbiMu). 4. OOpazoBaHue
kancyn S. OO0e3Bpe)KMBaHHE HOHOB TSDKEJIBIX METaIOB B
pe3yabTaTe B3auMOJICHCTBHUS C CEPOBOIOPOJIOM.
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Kenezookucnaronme
Oakrepuu. MexaHuzm
OKMCIJIEHUS
JIBYXBAJICHTHOTO Kele3a
Fe?* Thiobacillus ferroo
xidans.

B OuoBblIIIIeIauMBaHUK MOTYT y4acTBOBAaTh MHOTOYHCIICHHBIC
OaKkTepuH, OKHUCIIAIONIME [BYXBAJICHTHOE XKeEIe30 M cepy,
Bkirouast Acidithiobacillus ferrooxidans (panee u3BecTHBIN Kak
Thiobacillus ferrooxidans) u Acidithiobacillus thiooxidans
(panee w3BecTHbI Kak Thiobacillus thiooxidans). Kak
MPAaBUJIO, HOHBI Fe NCIosb3yroTes U1 OKUCICHHSI PY/Ibl. ITOT
[1ar TOJIHOCThIO HE 3aBHCHT OT MHKpPOOOB. Posb Oakrepwuii
3aKJII0YaeTCsl B JAJbHEHINEM OKHCICHHUH PYyIbl, a TaKKe B
perenepaiuu xumudeckoro okuciutens Fe uz Fe. Hampuwmep,
OaKkTeprK KaTaIM3MPYIOT pas3iiokeHre MuHepaia nupura (FeS
2), OKHCIISIS cepy M MeTailT (B JaHHOM CITydae JKelie30 JKeJe30
(Fe)) c KCIIOJIb30BAHUEM KUCIOPOA. 210
JIa€T PACTBOPHMBIC IPOJYKTBI,  KOTOpble ~ MOTYT  OBITH
JIOTIOJTHUTEIBHO OYHMIICHbI M OYHINEHBI JUISL TOJYYCHHUS
)KeJIaeMOoro MeTasuia.
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3aluTHBIE MEXAHU3MBI
MHUKPOOPIaHU3MOB OT
HEUOHU3UPYIOIIETO U
HMOHU3UPYIOIIETO
U3ITyYEHUS] U CUCTEMBI
penapanuu JJHK.
PaanopesucrenTHbie
MUKPOOPTaHU3MBbI

Apanranysi MUKpOOPTaHU3MOB K BBICOKHM JI03aM H3ITy4eHUN
OCHOBaHAa HAa MEXaHU3MaX, YYaCTBYIOUIMX B HCIPABICHUU
MOBPEX/ICHH, BBI3BIBAEMBIX OOJydeHHeM. V3BeCTHBI Tpu
HE3aBUCHMBIC CHUCTeMbl penaparnuu mnoBpexaeHuin JHK,
UHAyUUpyeMbIX oOayueHueM. OnHa W3 HHUX HpPEICTaBIISIET
co0oif o0OpaTHy0 (hOTOXHUMHUECKYIO peaxIuio,
MPOUCXOIAIIYI0 TOA  JEHCTBHEM BHAMMOTO CBE€Ta H
(doTopeakTUBUpYIOLIETO (EpMEHTa; BTOpasi — BbIpE3aHHE U
3amenieHne nospexaeHHoro yyactka JJHK no ee pennukanuu,
a TPEThsl — MOCTPEIUTUKATUBHYIO perapaluio.
PagnopesncTeHTHBIE OpraHN3Mbl — OPTaHU3MBI, OOUTAIOIINE
B Cpeax C OUY€Hb BHICOKMM YPOBHEM HOHU3UPYIOIIETO
U3IYYCHHUs. PalnOpe3nCTEeHTHOCTh — IOHSTHE,
MIPOTHBOIOJIOKHOE PAaAMOYYBCTBUTEILHOCTH.

Hexkoropsie axcTpemModuibl, Takue kak 6akrepus Deinococcus
radiodurans v THXOXOJIKH CIIOCOOHBI BBIICPIKATh
BBICOYANTIIYIO 103y HOHU3HPYIOLIETO U3ITyYSHHS MTOPSIKA
5000 I'p
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Croco0bl ajanTalnu
0CMO(UIIOB K BBICOKOI
KOHIICHTPAIIUU CaxapoB

OcModunel pa3paboTany HECKOIBKO MPUCTIOCOOTCHUN IS
BBDKMBAHUS B CpeJie C BBICOKUM OCMOTHYECKUM JaBIIEHUEM,
BBI3BAHHBIM BBICOKOW KOHIIEHTpAILIMEH caxapa.

OcMo¢uibl MOTYT IPOM3BOJIUTH COBMECTHMBIE PACTBOPEHHBIE
BCIICCTBA, TAKUC KaK TJIUICPHH, OeTanH WA IIPpOJIMH, 4TOOBI
cOanaHcupoBaTh KOHIIGHTPALMIO PACTBOPEHHBIX BEIIECTB
BHYTPU M CHApyXHM KIETKA. OTH BEHIECTBA ITOMOTarT
3aIUTUTh KIETKY OT OOE3BOKMBAHHUS U IOAJEPKHUBATH
KJIETOYHYIO (PYHKIIMIO B BBICOKOOCMOTHYECKOM CpeJe.
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https://ru.wikibrief.org/wiki/Acidithiobacillus
https://ru.wikibrief.org/wiki/Catalyst
https://ru.wikibrief.org/wiki/Pyrite
https://ru.wikibrief.org/wiki/Sulfur
https://ru.wikibrief.org/wiki/Oxygen
https://ru.wikibrief.org/wiki/Solubility
https://ru.wikibrief.org/wiki/Product_(chemistry)
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D1%8B
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%B8%D0%B7%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%B8%D0%B7%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D1%80%D0%B5%D0%B7%D0%B8%D1%81%D1%82%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D1%87%D1%83%D0%B2%D1%81%D1%82%D0%B2%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D1%81%D1%82%D1%80%D0%B5%D0%BC%D0%BE%D1%84%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/Deinococcus_radiodurans
https://ru.wikipedia.org/wiki/Deinococcus_radiodurans
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%85%D0%BE%D1%85%D0%BE%D0%B4%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D0%B9_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)

OcMoubl peryaupyroT OalaHC WOHOB BHYTPH M CHAPYXH
KJICTKH JUTS TOIEP KaHUSI OCMOTHYECKOTO paBHOBECHUS. Y HUX
MOTYT OBITh CIIEIUAIM3UPOBAHHBIC IEPCHOCUUKH JUTSI 3aXBaTa
WIM YJaJICHUS HWOHOB 1O Mepe HEOOXOAUMOCTH I
MoJIIep KaHuUs HaJIeXkKAIeH KOHIICHTPAIIUU HOHOB.
OcMouIIBI MOTYT UMETh CIEHUATU3UPOBAHHBIE CTPYKTYPHI
KJICTOYHON CTCHKH WJIM MEMOpaHbI ISl 3allUThl KICTKU OT
MOBPEKJICHUSI B BBICOKOOCMOTHYECKOW cpene. Hampumep,
HEKOTOpbIe OaKTEPHU MOTYT HMETh 00JIEE TOJICTYIO KIETOUHYIO
CTCHKY WM 0oJyiee JKECTKYI0 BHEIIHIO MeMOpaHy st
MpeIoTBpaIeHus: 00€3BOKUBaHUSI.

OcMoGuIIbI MOTYT UMETH CHIeIUaTbHbIE META0OIUYECKUE TYyTH
JUISL WCIIOJIb30BAHMS JIOCTYITHBIX ITHTATEIILHBIX BEIICCTB B
Cpeze ¢ BBICOKMM COZIepKaHUEeM caxapa wiu coiu. Hanpuwmep,
HEKOTOPHIE IPOMIKU MOTJIH aJAIITUPOBATHCS K UCIIOJIB30BAHUIO
IbTEPHATUBHBIX HMCTOYHHKOB YIJIEpOJa MOMHUMO TJHOKO3BI,
TaKUX Kak (ppyKTo3a mim caxaposa.
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OcmodtbHBIE
TITUKO(UIIBI.

MUKpOOpPTraHUu3MBlI, CIIOCOOHBIE BBDKUBATh npu
OKCTPEMAIIbHBIX ~ KOHIICHTPALUSAX  caxapa, Ha3bIBAOTCSA
OCMO(QUIBHBIMU ~ MHKPOOPTaHHU3MaMH. OObIYHO ~ OHM
BCTPEYAIOTCS B CpellaX C BBICOKON KOHIIGHTpalued caxapa,
TaKUX KaK COK CaxapHOTO TPOCTHUKA, MEJ] M MTAaTOKA.
[Tpumepb! 0cMOGUITBHBIX MUKPOOPTaHU3MOB BKITFOYAKOT:
Zygosaccharomyces rouxii (qposx:ku 0ObIYHO BCTPEUAIOTCS B
COKE CaxapHOTO TPOCTHHKA W JPYTUX CpelJax C BBICOKHM
coaepxanueM caxapa ;10 70%).

Aspergillus niger - rpu6 00bIYHO BCTpeyaercsi B MATOKE U
APYTHX cpenax, borateix caxapom (o 70%).

Saccharomyces cerevisiae - ApoX ki OOBIYHO HCIIOIB3YIOTCS
npu TPOM3BOJACTBE XJieba, MHWBAa ¥ BHHA, CHOCOOHBI
BbIJIEP’KUBATh KOHIIEHTpaLUHU caxapa 10 25%.

Lactobacillus acidophilus - 6akTepru 00bIYHO BCTpewaroTCs B
Mele U JIpYTHX cpellax C BBICOKMM COJIep’KaHHeM caxapa,
CIOCOOHBI BEDKUBAThH NIPU KOHIIEHTparmu caxapa 110 80%.
OcMmoduibHbIE MHUKpPOOPTaHU3MBbI BbIPAOOTAIM HECKOJIBKO
NPUCTIOCOOTIEHUN JUIsI BBDKMBAHMS B YCJIOBHUSX BBICOKHX
KOHIIEHTpauui caxapa. Hanmpumep, oHM MOTYT IIPOM3BOIUTH
OCMOJIUTBI, TaKHe KaK Tperajgo3a WIM TJHUIEPUH, YTOOBI
cOaaHCcUpoBaTh KOHIIGHTPALMIO PACTBOPEHHBIX BEUIECTB
BHYTPH M CHapyXd KIETKH, WJIM OHH MOTYT MMETh Oolsee
TOJICTBIE KJIETOYHBIC CTEHKH JUIsS TPENOTBpAIECHUS MOTEpH
BOJIBI.
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["anoTonepaHTHbIE
MHUKPOOPTaHU3MBI,
MOpCKHe OaKTepuH,
yMEpEHHBIE TATO(HIIHI,
HKCTpEMalIbHbIE
rajouibl,
rajoaiKanuuiIbL.
MexaHu3Mbl
OCMOpETYJISLIUU

MukpoopraHu3Mel OOUTalOT B BOJHOW Cpele C pazIuuyHOU
CTETIEHBIO COJICHOCTH, OT TPECHBIX U MOPCKHUX OHOTOIOB 0
THIIEPCOJIEHBIX BOIOEMOB C BEICOKUMU KOHIIEHTpatusimMu NaCl,
BIUIOTh IO HACBHIIEHHA. [l0 OTHOIIEHWIO K COJCHOCTH
MHUKPOOPIaHU3MBI pasemsoTCs Ha HECKOJIBKO
¢usnonornueckux rpymi. HeranopuiHble MHUKPOOTaHU3MBI,
OOHUTAONIME B MPECHBIX U YIbTPANPECHBIX IKOCUCTEMAX, HE
Hyxgatorcss B NaCl u cnocoOHBI CylIiecTBOBaTh B MECTax C
KpaiiHe HU3KUM CoJIepyKaHuEM cosent (0.01%).
["anoTonepaHTHBIE MHUKPOOTAaHM3MBI BBIJCPKHUBAIOT OoJee
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BBICOKME KOHIEHTPAallMd M 4YacTo OOUTAal0T B MECTax C
MEHSIIOIIEHCST COJIEHOCThI0, Hampumep, B mouBe. Crnalbie
raiopuiIbl ONTUMAJIBHO PACTYT IIPU COJIEHOCTH 0KoJo 3.5% W,
KaK MPaBUJIO, Pa3BUBAIOTCS B Y3KOM JIMANIa30HE KOHIEHTpAIHH
comu (2.5-5% NaCl). K cnabbim ramoduiiaMm OTHOCAT
OOJIBIIMHCTBO MOPCKHUX MHKpPOOPTaHM3MOB. YMEpEHHBIE
rasouibl JIydlie BCEro pacTyT Ha cpelax, colepikKauux S-
15% comn. MUKpOOpPraHu3Mbl, CHOCOOHBIE K POCTY B
npucyrctBun  MeHee yemM 0.1 M comm, oOTHOCSATCS K
(bakynbTaTUBHBIM raiopuiaM. Y MepeHHbIe Tano(puiIsl 00bIYHO
HYIAI0TCS He TONbKO B MoHax Na*, Ho Take B K' n Mg?*.
DKcTpeManbHble Talo(uiIbl ONTUMAIBHO PACTyT Ha Cpele,
comepxamet or 12-15% NaCl BmIOTE 10 HACHIIIEHHBIX
pactBopoB. [IpruMepomM MOTyT CIyKUTh “KpacHble Tanopuibl”
- rajo0akTepuu M TajJoKOKKU. OcoOyio TpyIIy COCTaBISIOT
rajJoaIKaIOPHIIBI, PACTYIIUE NMPH BBICOKMX KOHIICHTPALUSIX
compl U coueraroue B cebe CcBoiicTBa ranouioB Hu
ankanoduinoB. TUNMWYHBIME MECTaMU WX OOMTAHUS SIBISIOTCS
BBICOKOMHHEPAJIM30BAHHBIE COZOBBIE 03€pa.
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AKTHBHOCTB BOJIBI KaK
(bakTop pa3BUTHS
MHUKPOOPTaHU3MOB.
OcMOTHYECKHU cTpecc

OauH Y3 OCHOBHBIX IapaMETPOB BCEX OKOCUCTEM -
ocMoTHYecKHi cTpecc. Bonma cBOOOAHO MNpOHUKaeT uepes
MeMOpaHy, U HeaJalTUPOBAaHHbIE OPraHU3MbI OBICTPO TEPSIOT
BOJly B IIPUCYTCTBUU COJIeH. MUKpPOOPraHU3MBI pa3BUBAIOTCS B

Juara3oHe 3HAYCHUH BOJTHOU
akTUBHOCTH aw OoT 0,99 no 0,6. BonpmumaCcTBO
MHUKPOOPraHM3MOB  pa3BuUBaloTcs  1mpH aw=> 0,95. He

00HapyKeHO MUKPOOPTraHU3MOB, pacTymux npu aw <0,6.
HaubGonee mpucnocoOiieHbl K pOCTY NPH HHU3KUX 3HAYCHUS
BOJHOW AaKTHMBHOCTH JPOXOKH W MHUIEIHAIbHBIE TI'PHOBI
(aw0,65). J[lms pocra KaXmoro MHKPOOpPraHM3Ma €CTh
ONTHUMAJbHOE 3HAa4YeHHE aw. ECiM BOAHAsT aKTHBHOCTH CTaHET
HUKE 3TOTO YPOBHS B MPUCYTCTBUU PACTBOPCHHOTO BEIIECTBA,
TO 4YacThb OSHEPTUM MHUKPOOPTaHW3M BBIHYXKICH TPaTHTh
Ha OCMOPETYJISINI0, 00CCIIeYeHUEe TPAHCIIOPTHBIX CHCTEM,
CHUHTE3 OCMOMPOTEKTOPOB. [103TOMY B yCIOBUSAX MOHUKEHHOU
BOJAHOW aKTUBHOCTH TPOHMCXOJUT YMEHBIIEHUE CKOPOCTH
pocTa, CHHXEHHE BbIXoja Ouomacchel. [Ipy mOHMKEHHON
BOJHON aKTUBHOCTH MHKPOOPTaHH3M HAXOJUTCS B YCIOBHSIX
OCMOTHYECKOTO cTpecca. Ho HekoTophle MHKPOOPTaHW3MBI
MOTYT JOCTAaTOYHO XOPOIIO PAacTh B CPEAax C BBICOKHUMH
KOHIICHTPAIUSIMU PACTBOPCHHBIX BEIIECTB.
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Mexanuzm
OCMOTHYECKOU
ajanTaimuu

MexaHnu3M OCMOTHMYECKOM aJanTalMd y MHUKPOOPTraHW3MOB
COCTOUT B TOM, YTO IOCTOSHCTBO Typropa IOAJEpKUBACTCA
IIyTEM HAKOIUIEHMS B KJIETKaX BEIIECTB — OCMOPETYJISTOPOB.
Oto cnenupuveckue pacTBOPEHHBIE BELIECTBA, HE BIUSIOIINE
Ha  aKTUBHOCTh  (DEPMEHTOB. O06mamaroT  BBICOKOM
PacTBOPUMOCTBIO, CIIOCOOHBI MPOHUKATh Yepe3 KIETOUYHYIO
MeMOpaHy IyTeM peryiupyemMoro TtpancrnopTa. CrnocoOHBI
3alMIaTh GepMEHTHI OT JA€HATYPALMH MO/ IEHCTBUEM COJICH.
DTy BemlecTBa WM CHHTE3UPYIOTCS CaMOM KIIETKOM WK
nonajalT B HEE U3  OKpyXKamoled cpeapl.  ITO
HHU3KOMOJIEKYJISIDHBIE ~ COCAUHEHUS  —  aMHHOKHUCIIOTHI
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(TmyTamat, TPOJMH W T.O.), TPOHU3BOJHBIE AMHUHOKHCIIOT
(6berauH, SKTOUH), caxapa, CITUPTHI (TmuuepuH).
Y paBHOBEUIINBAIOT BHEIITHEE JTaBJICHUE. Hawubonee
3¢ PEKTUBHBIE OCMOPETYIATOPHl — O€TauH, SKTOWH, MPOJIHUH,
Tperano3a. Cpeau HEOPraHMYECKUX OCMOJIMTHKOB Ba)KHBI
noHbl Kanmus. [Ipu 5TOM BakHa HE CTOJBKO KOHICHTpALUs
WOHOB Kajwus, CTONbKO cooTHomeHne Na+/K+, koropoe
MOJJIEpKUBaeTCs 3a cueT paboTel aHTmmopra Nat/H+ -
AHTUTIOPT. BakHYIO pOJIb B OCMONPOTEKIIMHA UTPAIOT OCIIKH,
CXOJIHBIE C OeJIKaMHU TETJIOBOTO IIOKA.
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Kcepodunsl. Mexanuzm
ajanTanuy K HU3K0u
AKTUBHOCTH BOJIbI

Kcepoduiibl — 3T0 MHKpOOpPraHM3MBbI, MPUCIOCOOJICHHBIE K
KHU3HHU B CPEIax C OYCHb HU3KON aKTUBHOCTBIO BOJIBI, OOBIYHO
Hwke 0.85. Takue MecTOOOMTaHUS BKIIOYAIOT IYCTHIHH,
COJIOHYAKH U JIPYTHe 3aCyIIMBbIC MECTa OOMTAHUSI.
MexaHu3mbl OPUCTIOCOOJCHHUST  BKJIIOYAIOT B cels:
criopooOpa3oBaHue (CIIOPHI OYEHb YCTOWYHMBBI K BBICBIXAHHIO),
OCMOTHYECKasi perynsuust (Tperajio3a U TJIHIHH-OETanH
MOMOTAIOT MOJJCPKUBATH YPOBEHb THAPATALMU KIETOK H
MPEIOTBPALIAIOT MOBPEXKACHUE KIETOUYHBIX KOMIIOHEHTOB),
Moaudukauu MeMOpaH (CrienuaIn3upOBaHHbIC JTUTTUIBI WITH
OenKkH, KOTOpbIe CIOCOOHBI MOAAEPKUBATh IEIOCTHOCTh HX
KJIETOYHBIX MeMOpaH B CyXOil cpezae), Merabomudeckas
aganTamus (HU3Kas CKOPOCTh METab0JIM3Ma).
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DKCTPEMO3UMBI

DKCTPEMO3UMBI - (hepMeHTHI AKCTPEMO(DUITBHBIX
MHUKPOOPI'aHU3MOB. depMeHTHI TEPMOQHIIBHBIX u
THNEePTEPMODUIBHBIX MHKPOOPTaHU3MOB, TaK Ha3bIBAEMBIC
TEPMO3UMBl HUMEIOT psiji OMOTEXHOJOTHYECKUX MPEUMYIIECTB
nepen Me30(UIbHBIMU aHaJIOraMu: MIPOXOKJICHHE
(epMEeHTaTUBHBIX peaklUi NpU BBICOKUX TEMIEpaTypax
Mo3BOJISIET paboTaTh ¢ 0oyiee BBHICOKMMHU KOHIEHTPAIMSIMHU
cyOcTpara u3-3a CHMKEHHS BA3KOCTH PacTBOpPA U yBEJIWYECHUS
ko3¢ dunrenToB AUPPy3un NpU BBICOKUX TEMIIEpaTypax;
00J1aJ1at0T MOBBILIEHHOM YCTOMUMBOCTBIO K JIEHATYPUPYIOIIUM
areHTaM; CHM)KaeTcsl pUCK MOOOYHBIX MPOLIECCOB, YIPOIIAETCs
OUYMCTKA TEPMO3UMOB, KIIOHUPOBAaHHBIX U IKCIIPECCUPOBAHHBIX
B Me30(MIBHBIX MHMKPOOpPraHM3MaX, OT OCTAJbHBIX OEJKOB
KJIETOK XO3fMHa Ojarojnaps BO3MOXXKHOCTH IPOBEICHMS
TEpMOOOPabOTKH, MPU KOTOPOH MHOTHE Me30(UIIbHBIE OCIIKU
JeHaTypupytoT. PepMeHTHI, TPOAYyLHPYEMbIE ICUXPOhHIIaMH,
MPOSBIIIIOT BBICOKYIO KaTaIUTHUECKYyH0 3((EKTUBHOCTH B
IIPOMU3BOJCTBE  MOIOIIMX  CPEACTB M B IHIIEBOU
MIPOMBIIIJIEHHOCTH, a TaKXe JUIsl MPOM3BOACTBA HEKOTOPBIX
XUMUKATOB. DepMeHThI, NPOayLHpYEMbIe ICUXPOpHIIaMH,
MPOSBIIAIOT BBICOKYIO KaTalUTUYECKyI0 3(P(EKTUBHOCTH B
MIPOU3BOJICTBE  MOIOIIMX  CPEACTB M B IHLIEBOU
MIPOMBIIIJIEHHOCTH, @ TaKXe JUIsl MPOU3BOJCTBA HEKOTOPBIX
XUMHUKATOB. [TpOMBIIIIEHHBIN MOTEHIMANT IS TaIOQHIBHBIX
(hepMEeHTOB 3aKJTFOYAETCS B KX CIIOCOOHOCTU OBITh aKTUBHBIMH
U CTaOMJIBHBIMU NPH HU3KOH aKTUBHOCTH BOJIbI, @ BO MHOTHX
CIIy4asix TaKkXe B PUCYTCTBUU OPTraHUYECKHUX PaCTBOPUTEIEH.
[Ipumepbl 3TUX SKCTPEMO3MMOB BKIIOYAIOT IOJIMCAXapUI-
THAPOJU3YIONIHe (EepMEHThl, UMelue O0JbIIoe 3HAYCHHE
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UL TUAPONM3a  LEUIIONO3bI, KCWIaHa W KpaxMaia.
bakrepuanbHble ankanu(uiIbl B OCHOBHOM HCIIONIB3YIOTCS IS
IIPOU3BO/ICTBA (DEPMEHTOB, KOTOPBIE IIUPOKO MPUMEHSIOTCS B
IIPOU3BOJICTBE MOIOIIIUX CPEJCTB U B IPAYECUHOM.
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XapakTepucTuka
SH/I0JIUTOB

DHIOJUTHI OpraHu3MbI (apXeH, OaKTEepuH, IPUOBI, TUIAKHUK
U, BOJIOPOCIH, aMEODHI), KOTOpbIE obuTaroT BHYTPH
KaMHeH, KOPAJJIOB, PAKOBUH UBOTHBIX WJIM B IOPaxX MEXIY
yacTUIaMy KamHs. Pasznuuaror ciemymoommue 3 TpyIIb
SHJIOJHUTOB: Xa3MOJHJOJIUTHI: OOWUTAIOT B pacUIEIMHAX H
pasziioMax CKaJl, KPUNTOSHIOJMTHI: JKUBYT B IIYyCTOTaX B
MOPUCTBIX MOPOJAaX, B TOM UYHCIE B IPOCTPAHCTBAX,
00pa30oBaHHBIX M TMOKWHYTHIX JYIHIOTUTAMH, JYIHIOJUTHI:
aKTUBHO TPOHUKAIOT BriayOb KamHe#, o0pa3ys TyHHeINH,
COOTBETCTBYIOIIUE 1O (popMe UX Tery. DHAOIUTHI MOTYT OBITh
HalJeHbl B TTyOMHE KAMEHHUCTBIX MOPOJ] HA MIyOHHE 10 3 KM.
DHJIOMUTBL ~ MOTYT  BBDKUBATB, noJyryvast SHEPTUI0
13 )KeJe3a, KaJlusl WA CEphl. OHu MeTaboIM3UPYIOT UX
HCKJIIOYUTENIBHO M3 OKPYXAIOIIMX KaMHEW WM, 4alie,
BBIJICJSIIOT ~ PAcCTBOPSIIOLIYI0  UX KHUCIIOTY. Oxkeanckas
mporpaMmMa OypeHusi 0OHapyKUITa MUKPOCKOITUICCKUE CIICIIBI,
conepxamue JJHK,B 6a3zanpTe n3 MHaniickoro, ATIIaHTHYECK
oro u THUXOro OKeaHoB. Kpome TOTO, ObLTH
OTKPBITHI (HOTOCUHTEZUPYIOLIUE SHOIUTHL. BonpmmHCcTBO
SHAOJIUTOB  — aBTOTPO(BI, OHM  MOTYT  CO3/aBaTh
HE00X0IMMBbIE JUTSt JKU3HU OpraHu4ecKue
COCIMHEHMS U3 HeOpraHndeckux. Tak KaKk BOJia M MUTATEIbHbIE
BEIIECTBA PEIKU B MECTaX OOUTAHUS DHJIOJUTOB, y HUX OYCHb
MEIJICHHBIN PENPOAYKTUBHBIN HUKA. [10 HEKOTOPBIM TaHHBIM
HEKOTOpBIE SHJIOJIUTHI OCYIIECTBIISIFOT KIETOYHOE
JIeJICHUE OJIMH pa3 B CTO JieT. borbias 4acTh UX SHEPruu UAET
Ha BOCCTaHOBJICHUE MOBPEXICHUH,
HaHECEHHBIX KJIETKE KOCMUUYECKUMU JIydaMH U palieMu3aiiue,
U Jumb Hebosblnoe e€ KOJIMYeCTBO HUAET Ha pPOCT H
pa3MHOKEHHE.
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XapakTepucTHKa
TUIEePIbe30(UIIOB.
[Tpumeps! nbe30¢puIoB

IIbe30¢unpl, Takke HU3BECTHbIE Kak OapoQuibl WM
TUIepIbe30(UIbl, IPUCIIOCOOMINCH K BBKUBAHUIO B Cpellax C
HKCTpEMaJIbHBIM JJaBIIEHUEM, TAKUX KakK B INTyOMHax okeaHa. Mx
crnoco0  ajanTaluy  BKJIIOYAET HECKOJIbKO  CTPATEruid:
COXpaHEHME IEJIOCTHOCTU KIIETOYHBIX MeMOpaH, ajanTanus
¢GbyHKIIMU (DEepMEHTOB, COXPAHEHUE SHEPIrUU U OrpaHUUYECHHE
MeTa0OJIMYECKOM AaKTHBHOCTH, 0Oojee MeAJIeHHas CKOpOCTb
pocTta u3-3a DHEPruM, HEOOXOAUMOW i MOJAEpKAHUS
KJIETOYHOM  CTPYKTypbl ~ MOA  BBICOKMM  JIaBIECHHUEM,
OIpPaHUYEHHOE T'eHETUYECKOe pPa3HooOpa3ue M3-3a CYpPOBBIX
YCIIOBUI OKpY»KaroIiel cpesbl, cTaOuibHask MOMYISIHSL.

Shewanella piezotolerans. T'pamotpunarensHas —OakTepus,
oOHapy>KeHHas B TIyOOKOBOJHBIX OTJIOKEHHSIX, MOXKET pacTu
npu gaBrenun g0 50 Mma. Colwellia psychrerythraea.
I'pamoTpunaTenbHast Oakrepus, oOHapyKeHHas B
INIyOOKOBOJHBIX  OTJIOKEHMSIX U THUAPOTEPMAIbHBIX
UCTOYHUKAX, MOXET pactu mpu pAasieHuun no 70 Mlla.
Methanocaldococcus jannaschii. TepmoduibHBIE ~ apXeoH,
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https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B5%D0%B8
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B8%D0%B1%D1%8B
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%88%D0%B0%D0%B9%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%88%D0%B0%D0%B9%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D1%81%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%91%D0%B1%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%B0%D0%BB%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%B1%D0%BE%D0%BB%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BB%D0%B0%D0%BD%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BB%D0%B0%D0%BD%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%85%D0%B8%D0%B9_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%82%D1%80%D0%BE%D1%84
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BB%D1%83%D1%87%D0%B8
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%86%D0%B5%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F

oOUTarOIUi BOJHM3M TUAPOTEPMATBHBIX UCTOYHHUKOB, MOXKET
pactu mnpu gasiaeamu g0 120 MIla. Photobacterium
profundum -: I'pamoTpuriatensHas OakTepus, OOHTarOmias B
rIyOMHAax OKeaHa, criocoOHas pacTu ipu naBineHuu 10 70 MIla.
Moritella dasanensis : I'pamoTpunaTenbHas Oakrepus,
oOHapy)KeHHass B OTJIOKEHHUAX THXOro OKeaHa, CIIOCOOHas
pactu npu aasieHuu 10 80 Mlla.

30 XapakTepucTuka Muorue skcTpeMopHIBI  TOANAAAIOT TOJI  HECKOJIBKO
MOJIMIKCTPEMODUIIOB KaTeropui M KIACCH(PHUIUPYIOTCS KakK MOJUIKCTPEMOQUIIBIL.
Hampumep, opraHu3Mbl, >KHBYIIHE BHYTPU TOPSYUX TOPOJ
riIyOOKO TIOJ TIOBEPXHOCTHIO 3€MIIM, TEIUIOIIOOUBEI U
MbE30(HIBHBI, TaKkue kak Thermococcus
barophilus. TTonmuskcTpemodu, KUBYIIHI Ha BEPIIMHE TOPBI
B IlycThlHE ATaKkaMa MOYET OBITh PaJMOPE3UCTEHTHBIN
kcepodui, ncuxpodbun u oaurorpod. IlommdkcTpemoduiibr
XOpOIIIO WU3BECTHBI CBOCH CHOCOOHOCTBIO TEPEHOCHUTH Kak
BBICOKOE, TaK M HU3KOE 3HaueHue pPH.

TecToBbIE BOIIPOCHI MO0 TUCHUIIJIMHE

Bonpoc 1. Cpena oburanus, xapakTepu3yroascs CypoBbIMH YCIOBUSIMU OKPY’KaIOIIEH Cpejbl,
BBIXO/SIIIMMU 32 MPEeibl ONTUMAIBLHOTO JUana3oHa /Ui pa3BUTHUS JIIOJEH WIN JIPYrUX KUBBIX
OpraHU3MOB, Ha3bIBAETCS:

A) DxcTpemalibHas cpeja

b) [MurarensHas cpena

B) Oxpyxatomas cpena

') OnTuManbHbIe YCIOBUS.

Bonpoc 2. K HeOnaronpusaTHbIM yCIOBUSM JJI1 MUKPOOPTaHU3MOB-3KCTPEMO(HIOB OTHOCHT:
A) BBICOKYIO KOHIIEHTPAIUIO COJIU
B) 130bITOK COTHEYHOTO CBETa
B) Henocratox ynerpaduomnera
I') Beicokast u HU3Kas TemnepaTrypa
/1) Boicokoe 1 HU3KOE JaBleHne

Bonpoc 3, B xakux mectax oOWTaHUSI CKOpee Bcero OynyT OOHapy>KEeHbI 3KCTPeMO(UIbHbIE
MUKPOOPTraHU3MBbI

A) Jlennuku

B) Ilecku mycteinu ['o6u

B) 3abonodennbie MOYBBI

I') IToryxmme ByaKaHbI

) I'nyGokue Bnaanasl OkeaHa.

Bonpoc 4. Upe3BbluaitHO XOJIOTHBIE CPEABI AJISI POCTA U PA3BUTHS TIPOTYIIEHTOB-3KCTPEMO(PHIOB
C TEMIIEpaTypoi:

A) cpenpl ¢ TeMIEpaTypoi OKpyskaroriei cpenbl Huke -5 © C

b) cpennl ¢ TemnepaTypoil okpyxatoiiei cpenbl Huxe -25 © C

B) cpenbl ¢ TeMneparypoit okpysxaromieit cpenbl Huxke 5 ° C

I') cpensl ¢ TemnepaTypoil okpyxatrouieit cpeast Hke 15 © C.

Bonpoc 5. UpesBbyaiiHo BBICOKME 3HAQYEHHUS JUI1 TEMIIEPATYphl KYJIbTUBUPOBAHUS
KCTPEMO(DUIIOB:
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https://upwikiro.top/wiki/Atacama_Desert
https://upwikiro.top/wiki/Radioresistant
https://upwikiro.top/wiki/Xerophile
https://upwikiro.top/wiki/Psychrophile
https://upwikiro.top/wiki/Oligotroph
https://upwikiro.top/wiki/PH

A) Boiie 45 ° C
b) Brimre 60 ° C
B) Boime 121 ° C

Bonpoc 6. DxctpeManbHbld ypoBeHb pH ecTeCTBEHHOM cpenbl 0OUTaHHS SKCTPEeMHUDUIBHBIX
JIKaI0(UIIOB COCTaBIISET:

A) pH nuxe 5

b) pH nmxe 4

B) pH Bbiie 8

I') pH Hmxe 9

Bomnpoc 7. Cpenpl ¢ 5KCTpeMaibHONH HOHHOW CUJION, 3TO CPEJIbl
A) Upe3BbIuaiiHO XOJIO/IHbIE
b) I'unepconesbie
B) DkcrpemanibHO 11€7104YHbIE
') DxcTpemanbHO KUCbIe

Bonpoc 8. I'unepcosneBsie cpeibl Uil MUKPOOPTraHU3MOB-3KCTPEMO(DUIOB - 3TO CPEebl C
KOHIICHTpaLMEl COJIEH BbILIE

A) 12%

b) 10%

B) 5,5%

I') 3,5%

Bomnpoc 9. K cpengam ¢ axcTpeMabHBIM JJaBIEHUEM MOXHO OTHECTH
A) rmy00oKOBOHBIE SKOCUCTEMBI Ha riryoune 100 m
bB) BonHbIe cpenpl oOuTanus Ha riryonHax ot 2000 m
B) paspsokenHble aTMOC(epHBIE Cllou
I') Bce oTBETHI BEpHBI

Bonpoc 10. B Guoruapomerautypruu npu Jo0b4e METAIIIOB U3 CYIbQUIHBIX PYA UCHOIB3YIOT
KYJIBTYpBI:

A) xemooprasoretTepoTpoQon

b) xemoopranoaBToTpodoB

B) dotoaBToTpodoB

I') doTorereporpodon

) xeMuutoTpodoB.

Bonpoc 11. /{5 pa3paboTkyu OMOTOIIMBHBIX 2JIEMEHTOB UCIIONIb3YIOT:
A) a0 uIbHbIE XEMOJIUTOABTOTPO(HBIE MUKPOOPTaHU3MbI
b) ankanudunbHpIe XeMOIUTOABTOTPOPHBIE MUKPOOPTaHU3MbI
B) aunnodunsHbe XeMoopranoreTepoTpopHble MUKPOOPTaHU3MbI
I') ankanuduibHbIe XeMOOPraHOTETEPOTPOPHBIE MUKPOOPTaHU3MbI
) atodunbHbe POTOABTOTPOGHBIE MUKPOOPTAaHU3MBI

Bonpoc 12. [1511 BbII€TICHHS IPOTYLIEHTOB-IKCTPEMOQUIIOB, C IENbIO BBIIEIAYMBAHIS METAIIIOB
MOMCK TTPOBOJASAT B KCEPUUECKOMU CpeIE:

A) C BBICOKUM COJIEpKAHUEM CEPHUCTHIX ra30B

bB) ¢ orpannyeHHOI AKTUBHOCTBIO BOJIBI

B) ¢ BbicOKMMM J103aMH pauanuu

I') c mepemMeHHBIM 1aBIICHHEM
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Bonpoc 13. JXKuBble opraHu3Mbl, CIIOCOOHbIE BBDKMBATh M PAa3MHOXKAThCS B SKCTPEMAJIbHBIX
YCIOBHAX B pe3yJbTaTe PAa3IUYHBIX (PU3HUOIOTMUYECKHX M MOJIEKYJIIPHBIX aJanTalui

A) Tepmoduis

b) lNasoduier

B) Dxcrpemoduiib

I') M'uneprepmoduitbr

Bonpoc 14. bosbiryto 4acTh MUKPOOPTaHU3MOB-3KCTPEMO(HIIOB COCTABIISIOT
A) baktepun
B) Apxen
B) Dykapun

Bomnpoc 15. K skcTpeMopHIbHBIM OpraHU3MaM OTHOCST MPEICTaBUTEINEH KOTOPHIE:
A) CriocoOHBI Pa3BUBATHCS TOJIBKO B AKCTPEMATBHBIX YCIOBUSIX
b) CriocoGHBI EpeHOCUTh KCTpEMaNIbHbIE YCIOBUS, HO HE CIOCOOHBI B HUX Pa3BUBATHCS
B) CriocoOHBI TepeHOCUTh IKCTPEeMaIbHbIC YCIOBHS, HO HE JIOJITO.

Bonpoc 16. VYxaxure BUABI 3KCTPEMOQWIBHBIX MHKPOOPTaHU3MOB, HCIOJIB3yEMBIX B
6I/IOFI/I,I[pOMeTaJ'IJ'IprI/II/I IIpu I[O6I>I‘le MECTaJIJIOB U3 CYJ'IB(I)I/II[HBIX py,I[:

A) Aspergillus niger

B) Acidithiobacillus ferrooxidans

B) Acidithiobacillus thiooxidans

I') Bacillus subtilis

J1) Leptospirillum ferroxidans

Bonmpoc 17. VkaxuTe TpaMIOJIOXKHUTEIbHBIE  OKCTPEMOQIIBHBIE  MHKPOOPTaHU3MBI,
Y4aCTBYIOIIUE B BBIIICIIAYNBAHUU 6J'Ial"0p0I[HI>IX MCETAJIJIOB U3 PYIbI:

A) Aspergillus niger

b) Acidithiobacillus ferrooxidans

B) Acidithiobacillus thiooxidans

I') Sulfobacillus thermosulfidooxidans

J1) Leptospirillum ferroxidans

Bonpoc 18. VYkaxuTe TIpaMIOJIOXKUTENbHbIE  AKCTPEMOQUIbHBIE  MHUKPOOPTaHU3MBI,
Y4aCTBYIOIIUE B BBIIICIIAYNBAHUU 6Har0p0,I[HLIX MCETAaJIJIOB U3 PYIbI:
A) Aspergillus niger
B) Acidithiobacillus ferrooxidans
B) Acidithiobacillus thiooxidans
I') Sulfobacillus thermosulfidooxidans
J1) Leptospirillum ferroxidans

Bonpoc 19. VYkaxute 53KCTpeMOQUIbHBIE MHUKPOOPraHU3MbI-ApXEH, YYacTBYIOUIHE B
BhIIIICJIaYBaHU N 6JIaF0p0,[[HBIX MCTAJIJIOB U3 PYAbL:

A) Acidithiobacillus caldus

B) Acidithiobacillus ferrooxidans

B) Leptospirillum ferriphilum

I') Sulfobacillus thermosulfidooxidans

J1) Leptospirillum ferroxidans

Bonpoc 20. Opranusmsl, pacTymiye Ipyu SKCTPEMAIBHO BBICOKUX TEMIIEpaTypax Ha3bIBAIOT:
A) Tepmoduis
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B) bapodusr

B) Auumodums

') F'anoduer

1) Atmnodust

E) 'uneprepmoduisi

Bonpoc 21. Opranusmsl, pacTylue Ipy BBICOKUX JABJICHUSAX HAa3bIBAIOT:
A) Tepmodwutbr
B) bapodusr
B) Auunodums
') F'anoduer
1) Atmnodust
E) I'uneprepmoduibt

Bonpoc 22. Ctporue ncuxopoduiisl He CIIOCOOHBI pa3MHOXKAThCs TIPU TEMIIEpaType 6ojee
A)15°C
b)5°C
B)20°C

Bomnpoc 23. [Touemy HU3Kas Temneparypa sBIsSE€TCA SKCTPEMAIIbHOM IS )KUBBIX OPraHU3MOB
A) CHuxaercs CKOpOCTh OMOXMMHUYECKUX peaKLnit
b) CHmkaeTcs MoJIBUKHOCTD KIIETOK
B) YBenuuuBaeTcst BI3KOCTb BOJIHBIX CPEL
') YBenuuuBaeTcs mpoOHUIIAEMOCTh MEMOpaH

Bonpoc 24. Kakue MeTa0oiaMThl SKCTPEeMO(UIBHBIX OPraHM3MOB HaubOosiee LEHHBI Ui
IPOMBIIIJIEHHOCTH.

A) JIunuapi

B) AHTHONOTHKH

B) ®epmenTsl

I') TokcukaHTBI

Bonpoc 25. J[1s1 MOIOIIMX BELECTB UCIOIb3YIOT CAEAYIOLNE TEPMOCTA0MIbHbBIE (PEPMEHTHI
A) Lemronassl
b) Amunassl
B) IIporea3sr
I') Oxcunonassl

Bonpoc 26. ['ano¢punbsHble 6aKTepuu UCHOIL3YIOT B KAUECTBE MOTEHIIUAILHOTO HCTOUYHHUKA:
A) kapoTuHa
b) noBepXHOCTHO-aKTUBHBIX BELIECTB /JIs (PapMalleBTUUECKOTO MPUMEHEHUS
B) IIporea3sr
I') Oxcunonassl
/1) Her BepHoro orBera

Bonpoc 27. TepMocTabuiibHas TTIOKOKMHA32 U3 KaKUX TEPMO(PHUIBHBIX BUIOB
A) Pseudomonas fluorensis
B) Bacillus stereothermphiolus
B) Thermus aquaticus

Bonpoc 28. ®epMmeHTH aiNKalHMQMIBHBIX 3KCTPEMO(UIOB BO3MOXKHO IMPUMEHATH B
IIPOMBIIIIEHHBIX NTPOLIECCaX CBA3aHHBIX:
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A) C BBICOKHM COJIEP’KaHHEM CaxapoB

b) C BBICOKHM COnEpIKaHHEM CITUPTOB

B) C BricOKMM coJiep>KaHUEM CoJieh

I') C BbICOKHMM COZIep’)KaHUEM THIPOKCU]I-UOHOB

Bonpoc 29. CriocoGHOCTh CyIIECTBOBATh MPH AKCTPEMATIBHBIX 3HAYEHUSIX TEMIIEpaTyphl MpHUBEIa K
M3MEHEHUIO

A) CtpoeHus IUTOIUTa3MaTHYECKOW MEMOPaHBI

b) Becrosnoro pa3MHOKEHUS 1 MOSIBIICHUIO CIIOP
B) CunTe3y 6e1KoB TEIIOBOTO IIOKa

I') [Ipo0mKUTENIBHOCTH KU3HHU OJTHON KOJIOHUHU.

Bonpoc 30. Ycroituuocts JIHK-Monexyn apxeit cBsizaHo

A) C HammuueM CBS3BIBAIONINX OEJIKOB IMOJIMAMHUHOB U BBICOKUM cojaepxaHuem ['11-
nap
b) C nanmuuueM CBS3BIBAIOIIMX OEJIKOB MOJTMAMHUHOB M BBICOKHUM cojaepxkanueM AT-
nap

K14 k TeCTOBBIM 3aJJaHUSAM 10 JUCHHUILIAHE

Ne Bapmnanra 1 2 3 4 5 6 7 8 9
Otser A b A,B,]1| B b, B B, T b A, b A, b
No BapuanTa 10 11 12 13 14 15 16 17 18
Otser I A b B b A AB | T b, B
No BapuanTa 19 20 21 22 23 24 25 26 27
Otser I E b A A, B B A A b, B
No BapuanTa 28 29 30
OtBer A, A A

B, T

Jucunnimnna «Hu3zkoreMnepaTypHble TEXHOJIOTMU B IPOU3BOACTBE U XPAHEHUH
TePMOJIA0MIbHBIX O0HOMATEPHAJIOBY»

3ananusi B OTKpBITOM hopme

1.

o

8.
9.

OnpeneneHue «HU3KOTEMIEpaTYpHblE TEXHOJIOTHU»: HUCIOJIb30BaHME B MPOU3BOJACTBE U
XPaHEHUHU TEPMOJIA0MIIbHBIX OMOMaTEpUaIOB.

Metonbl NPOU3BOACTBA W XPaHEHUS TEPMOJIAOMIIBHBIX OHMOMATepHajoB HENPEPHIBHO
Pa3BUBAIOTCS M COBEPIIEHCTBYIOTCSI.

[IpeumymiectBa HHM3KOTEMIEPATYpPHBIX TEXHOJOTMM M TOJNYyYEHUs U XpaHEHUs
TEepMOJIaOUIbHBIX OHOMaTEpUAIOB.

Knaccugukanus HU3KOTEeMIEpaTypHbIX METOJOB Ui TOJyYeHUs M XpaHEHus
TEepMOJIaOUIbHBIX OHOMaTEpUAIOB.

XapakTepucTuKa OMOTEXHOJIOTMYECKUX MIPOU3BOJICTB MCTIOJIB3YIOLINX
HU3KOTEMITEPATyPHBIE METO/IBI.

DJeMEeHTBl CHCTEMHOT'0 aHaJIN3a U CTPYKTYPU3alUi OMOTEXHOIOTMYECKHX POU3BO/ICTB.
Ou3nyecKkre NPUHIHUITE BAKyYMHOH CyOIMMAIIMOHHON CYIIKHA. AHAIMTHYECKOE ONMCAHNE
npoiiecca CyoIuMaIuu.

dusnyeckas MoseNb Ipolecca cyoManui. AJITOPUTM YHCICHHOTO PEIICHHS.
OcobeHHOCTH CyOIUMaluy TpaHyJInpOBaHHOIO MaTepuaa.

10. Cybmumarus, necyonmumanus. BerBoa cBOOOHON U KalTMIUIIPHON BJIary.
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11.  OOopynoBanue s cyOnuManuoHHOW cymkd. Krnaccupukanus M 0coOEHHOCTH
KOHCTPYKLHUH CYyOJIMMALMOHHBIX YCTAHOBOK Pa3IMYHOI0 Ha3HAYCHHUS.

12. [TapameTpudeckuii psl COBPEMEHHBIX YCTAaHOBOK [UJISi BaKyyMHOW CYyOJIMMAIIHH.
AnnapaTtypHoe opopMIIeHHE ITpoliecca CyOIUMallMOHHOTO 00€3BOKUBAHMUS.

13.  Xapakrtepuctuka CyOJMMAIMOHHBIX Kamep M jAecyOiaummaropoB. lIpomblliieHHbIE U
nabopaTopHble CyOIMMalMOHHBIE YCTAHOBKH.

14.  Pacuer OCHOBHBIX MapaMETPOB Ipolecca CyOJIMMAIIMOHHOTO OOE3BOKMBAHHS U CXEM
anmnapaTroB CyOJUMAallMOHHOMN CYILKH.

15.  OmpeneneHue AIUTEIBHOCTH CyOIMMAIIMOHHON CYIIIKH.

16.  MarepuanbHblil 6alaHC yCTaHOBOK, TEIJI0BOM OanaHc. PacueT cuctemsl 3HEpronoaBoAa.
17. Pacuer moBepxHOCTH AecyOmMaropa.

18.  BpI0op cxem BaKyyMHBIX arperaTos.

19. Bwibop cxeM  XO0noIOCHAaOXeHHs. XpaHEHHE TEePMOJIAOMIBHBIX  MaTepHAJIOB,

MpeBApUTENIbHO CYOIUMUPOBAHO-00€3BOKEHHBIX.

20. OcHoBHBIE CBOHCTBA 00BEKTOB Cymiku. CBOHCTBA U (hOPMBI CBSI3U BOJIBI, COACPIKAIICHCS B
MaTepuaie

21. BpiOop KOHEYHOW TeMIepaTypbl 3aMOPKUBAHHUS TPOIYKTOB TMEped  CYIIKOH.
3aMopakMBaHUE U CYIIKa OMoMaTepuaioB

22.  OwusnuecKue NPUHLIUIBI KPHOTPAHYJINPOBAHUS TEPMOIAOMIEHBIX MaTEPUAIIOB.

23.  dusuyeckas MOJEIb Mpoliecca KPUOTPaHyIUPOBaHUS. DIEMEHThI CUCTEMHOTO aHAJIU3a
CTPYKTYPUPOBAHUS MPOIIECCa KPUOTPAHYITHPOBAHUS

24.  KpuHOpe3UCTEeHTHOCTh - Kak KpuTepuil 3((HEeKTUBHOCTH Mpollecca KPUOTPaHYIUPOBAHUS

OcHOBHBIE CBOICTBa 00BEKTOB Ccymiku. CBOWCTBA U (POPMBI CBSI3M BOJBI, COACpIKAIICHCS B

MaTepuajic.

25. TlapameTpHuecKHii ps yCTAHOBOK JUISI KPHOTPaHYJIMPOBaHUs. AnmapatypHoe opopMIIeHHE
nporecca KpUOrpaHyIMPOBAHHUS.
26.  Krnaccugukaus ycTaHOBOK KpHOTPaHYIHPOBAHUS
27.  KoHCTpyKIIMOHHBIE OCOOEHHOCTM KPHOTPAaHYJIATOPOB W HUX CBSI3b C IIOBBIIICHHUEM
KPHOPE3UCTEHTHOCTH TEPMOJIAOMIBHBIX MaTEpPHAaJIOB.

28. Pacdyer OCHOBHBIX TIapaMETPOB TMPOLECCa KPHOTPAHYIUPOBAHUS TEPMOJIAOUITBHBIX

MaTepUasoB.

29. MeToasl ompeneneHus pa3Mepa TpaHyl, JUIMTETbHOCTH —OXJaXKIEHUS, BPEMEHU

KPUCTALTU3AIUH, [UTATSILHOCTH TIPOIecca KPUOTPaHy THPOBAHUS.
30. XpaHeHue  TepMOJIAOMIBHBIX  MaTepuajoB,  MNPEIBAPUTENHHO  CYyOIMMHPOBAHO-
00€3BOKEHHEIX
Bonpoc OTtBer

1. Onpenenenue OrpaHuyueHus o TeMIieparype pabounx PEKUMOB

«HU3KOTEMITepaTypHBIC TEPMOTAOMIBHBIX MAaTEPUAIIOB, JUKTYET JUIS TEXHOJIOTHYECKUX

TEXHOJIOTHI»: MPOIIECCOB ~ TPOM3BOJCTBA M KOHCEPBAIlMS, TaKUX IICJIIEBBIX

HCIIOJIE30BaHHE B | MPOJYKTOB, TPUMEHEHHE HA pPa3IMYHBIX JTalmax HHU3KHUX

MIPOU3BOJICTBE u | remneparyp. HuskoremneparypHble TEXHOJIOTHH B IIPOU3BOICTBE

XpaHCHUH Y XpaHEHUH TePMOJIAOUIHHBIX MATEPUAJIOB, PA3JTUIHOTO [IEJICBOTO

TEPMOTaOUITBHBIX Ha3HAYCHHS, BKJIIOYAIOT B ce0s KPHOKOHCEPBAIIHIO,

OmoMaTeprasoB. KpUOTpaHy/IHpOBaHUE, KPHOKOHIICHTPUPOBAHUE, CYOJIMMAITUHHOE
00€3BOKMBaHHE. HuskoremmepaTypHbie TEXHOJOTHH
OTIPEAYIISIFOTCS TI0 TPUMEHECHUIO HU3KUX TEMIIEPATYP.

2. Meroasl K Hu3KOoTEMIIEpaTypHBIM METOJaM IPOU3BOJICTBA M XpaHCHUS

MIPOU3BOJICTBA M XPAHECHHS | TEPMOJIAOMIILHBIX OMOMATEPHUAIOB OTHOCATCS KPHOKOHCEPBAITHS,

TEPMOIAOUITBHBIX KPHOTPAHYIISIHSA, KPUOKOHIICHTPAITH, cyOauMarnus. B

OroMaTepHasoB OMOTEXHOJIOTHH IMUPOKO MPHUMEHSIOT HH3KOTEMIIEPaTypHBIC
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HEIMpPEPHIBHO
pa3BUBarOTCS "
COBEPIICHCTBYIOTCS.

METOJIbl TpPHU JJUTEIIbHOM XPaHEHUH LITAMMOB Pa3IUYHbBIX
KyIbTYp B HH3KOTEMIIEPATYPHBIX KpHOOaHKaxX, a TaKxKe
pa3nuYHbIX OMoJoruueckux oOBeKTOB. B mocnennuu roasl Ha
dTanax MOCT(HEePMEIMOHHBIX IMPOIECCOB IHUPOKO HCIOIB3YETCS
cyOnuManus KpUOrpaHyJIHpPOBaHHE U KPUOKOHIIEHTPUPOBAHUE B
OMOTEXHOJIOTOTHH, MUIIICBON TPOMBIIUIICHHOCTH, MEUITMHE U T/.

3. IlpeumymecTtna
HU3KOTEMITEPATYPHBIX
TEXHOJIOTUN it
MOJIYYCHUST W XPaHCHHS
TEePMOJIaOUITBLHBIX
OroMaTepHanoB.

[IpeumymectBa HuzkoTemneparypHbeix TexHoMOTHH(HTT) s
MOJIYYCHUST W XPAHCHHUS  TEPMOJAOWIILHBIX  MaTEpHAaJOB
00yCIIOBJICHBI BO3MOYHOCTBIO COXPAaHSTh CTPYKTYpPHO
(YHKITMOHATTbHBIC CBOWCTBA IIEJIEBBIX IPOJIYKTOB, HCKIIOYAThH

nectpyknuto Oenka. HTT garoT BO3MOXXKHOCTD  HCKJIIOYUTH
4eJI0BEUECKUI dakTop, TK 3TH MPOIECCHI JIETKO
apromatusupytorca. HTT  nmaroT BO3MOXHOCTH  IMOBBICHTH

PEHTa0EIHHOCTH MPH XPAHEHUH M TPAHCIIOPTE PAcCMAaTPUBAEMBIX
MaTepUaoB.

4. Kiaccudukamms
HU3KOTEMITePATyPHBIX
METOJIOB ISl TTOJTYYCHUS 1
XpaHCHHS

HI/IBKOTGMHepaTyprIG MCTOABI I IIOJYYCHHA MU XPAaHCHUA
TepMOJ'Ia6I/IJ'ILHLIX MaTCpruaJIOB MOKHO KHaCCHq)HHHpOBaTb 10
CICAYyrOIuM IIpHU3HAaKaM: OCJICBOMY HCIIOJIb30BaHHUIO,
OopraHu3anuu TCEXHOJOTHYCCKOIo I_II/IKJ'Ia( nepnozu/lqecm/lﬁ 50048

TEPMOIA0OUITBHBIX HETIPEPBIBHBIN), MPO3BOJUTEILHOCTH (MPOMBIIUICHHBIM WU
OromMaTepuasos. nabopaTopHbI), HUCHOIB30BAHUIO TEMIIEPATYPHBIX PEKHUMOB
(TUMIOB ~ XJIQJJar€HTOB),  PEXUMOB  pabouux  JaBJICHUI
(atmocdepHOoe naBieHHE, MOJA BaKyyMOM, IOl IOBBIIICHHBIM
JTABJICHUEM).
5. XapakTepucTuka buorexnonoruueckue MIPOU3BOJICTBA HCIOJIB3YIOIIHE
OMOTEXHOJIOTHUECKUX HU3KOTEMIIEpaTypHbIE  MPOIECChl Ha  Pa3MYHBIX  ATamnax
MIPOU3BOJICTB TEXHOJIOTH XapaKTEPU3YyIOTCS MPEXK/Ie BCEIO BHICOKUM KauyeCTBOM
HCIOJIb3YIOLINX LIETIEBOTO TMPOAYKTa, COXpPAaHUEM 3aJaHHBIX CTPYKTPYPHO —
HU3KOTEMIIepaTypHbIE (YHKHOHATBHBIX CBOICTB, BBICOKOW CTENEHU aBTOMATH3AIINU,
METO/IBI. BBICOKOW PEHTA0MIIBHOCTHIO, COOITIOICHUEM YKOJIOTHUECKUX HOPM

u TpeOOBaHUIl, BBICOKMMHU IIOKa3aTeNsiIMU MO OXpaHe Tpyda H
TEXHUKUA 0€30MMaCHOCTH.

6. DaeMeHTHI
CHCTEMHOTO aHanmu3a |
CTPYKTypHU3alluu
OMOTEXHOIOTHYECKHUX
MIPOU3BO/ICTB.

ONEMEHTBl CHCTEMHOIO aHaliu3a M CTPYKTYpPUPOBAHHE BCETO
TE€XHOJOTMYECKOr0 IIPOIEeCcCca HAKT BO3MOXKHOCTb aHAIM3a II0
KPUTEpUAM Ka4eCTBa KOHEYHOI'O IIPOJYKTa, U €r0 U3MECHHEHUS Ha
KOKIOM DJJIEMEHTE CTPYKTYpPBl TEXHOJIOTMYECKOro Ipolecca,
CTPYKTYPUPOBAHUE TEXHOJIOTUH JAIOT BO3MOKHOCTb ONPEIEIUTh
BJIIMSHE HAa KOHEYHOE KadyecTBO IPOAYKTAa KaXIOro Jramna
TEXHOJIOTMH U €T0 BIMSAHKUE HAa KAYECTBO LEJIEBOT0 MPOAYKTA U €T0
CTPYKTYPHO (DYHKIIMOHAJIHBIE KaUeCTBa.

7. dusznueckue
NIPUHLUIIBI  BaKyyMHOMU
CyONMMMAaIIMOHHOM CYIIIKH.
AHanmuTHdeckoe
OIIHCAaHHE
CcyOIMMaIuu.

nmponecca

CybnumanmoHHOe  O0€3BOKMBAHHE  BKJIIOYAEeT  MPOIECCHI
(ha3oBOro nepexojia u CMEHBI arperaTHoro coctosiuu Cyonumanus
9TO (ha30BbI Mepexoi U3 TBEPAOrO COCTOSHUS B razoolOpasHoe
COCTOSIHUEC MHHYS XKXKHUJIKOC. OcCHOBHEBIE YCI0BUA U (bHBquCKI/IC
MPUHIHIBL (PA30BBIX MEPEXOJIOB MPHU CYOIMMAIU 3aBUCIT OT:
pa3HOCTH JaBJIGHHWsS Tapa, JaBJIEHHUS BO3JyXa, TeMIleparypa
cyOnmumanuu, TOABOJ Temsia, TeMmIeparypa KOHICHCAIUH,
COIMIPOTUBJICHUA OBVIXXCHUA IIapa, B3aWMOCBA3b MapaMETPOB
TEXHOJIOTMYECKOT0 Mpolecca. AHAIUTUYECKOE OMCAHHE Mpolecca
CyOIMMaIMOHHOM CYIIKH CBOJUTCS K OMPEIEICHUIO BCEX BBIIIE
MEPEUYHCIICHHBIX XaPAKTEPUCTUK
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8. ®usmueckas MOIeEIb

mporiecca  CyOnIMMAaIuu.
ANTOPUTM ~ YUCIICHHOTO
peuenus.

dusnyueckass MoOJAENb Mpolecca CyOJUMalMOHHOW — CYIIKH
CBOJIUTCS K TPEM OCHOBHBIM dTanam: (a30BbIi Iepexo/] TPH CMEHE
arperaTHOr0 COCTOSIHUSL OT JKUAKOIO K TBEPAOMY, BBIBOJ
CBOOOHOM BIIaru, BEIBOJ KammIsIpHOU Biard. [lapaiensHo uaer
CBSI3bIBAaHUE BBIJCJICHHON BJIard B Ipoliecce JecyOIrMMalii.
YucneHHoe pelieHue mporecca CyOonuMaIiy BKIIOYaeT B ce0sS
MaTepuagbHbli  OajaHc, OMpeleleHHe KOJIMYECTBO  BIIATH,
OTIpeJIeNIeHUe KOJIMYECTBA BJIArd, CKOPOCTh CyOIMUManuu, odIee
BpeMs CyOJIMMAIIiH, TETUIOBOM OallaHC.

9. OcobenHoctu
cyOmuManuu
IpaHyJIUPOBAHHOTO
MaTepuaa.

['panynupoBaHHbI MaTepuan MpU CYOIUMAIUU HCIOJb3YETCS
JUISL IPEIBAPUTENILHOTO 3aMOPAXKUBAHUSL, IPU CMEHE arpeTaTHOro
COCTOSIHUSI M3 KHAKOE B TBepaoe. KpuorpanyinpoBaHue mnpu
3aMOpaXUBaHUU o0OecrieunBaeT MOHOJAMCIIEPCHOCTh u
MOHOC(EPUIHOCTH, YTO B CBOIO OYEpe/Ib 00CCIIEYNBAET BHICOKYIO
CTPYKTYpHO (PYHKIIMOHAJIBHYIO OJHOPOAHOCTH. Mcrmonb3oBaHue
KpUOTPaHyIHPOBAHUE HA ATAIIC 3aMOPAKUBAHUS TP CYyOTHMAIIHH
o0ecrnevnBaeT BHICOKOE Ka4eCTBO IEIEBOr0 MPOIYKTa.

10. CyOmumarus,
necyonumanus.  BeiBoa
cBOOOTHOM 51
KaIlTWJUISIPHOM BJIary.

[Ipu cyOmuMamuoHHOM CYyIIKM Ha JTamax 00e3BOKUBAHUS
BBIBOJUTCS CBOOOJHAs Bilara 3a CYET CO3JIaHMS Bakyyma, H
Pa3HOCTH [JaBJIICHUM HAJ LIEJIEBBIM MpOAYKTOM. Mcmosib3oBanue
KOHJIECaTOPOB-BBIMOpKHMBATENCH  (AecyOnmMmaTopoB)  JaeT
BO3MOJKHOCTB CBSI3bIBATh BJIary Ha MOBEPXHOCTH JI€CYOIMMaTopa.
OO6pazoBanue JensHON UIyObl 3a CueT KOHICHCAIUU MapoB JaeT
BO3MOXKHOCTh  CBSI3BIBaTh yJalsieMble TMapbl M3 IEJIEBOTO
npoaykra. CBoOojHas Biara ynaajaseTcss 3a CUeT CO3/aHuf
BaKkyyma, KalWUIsIpHas Bjara yAasIeTCsd 3a CuYeT NOoABOAA
CKPBITOM TEIIOTHI TApO0OPA30BaAHUS.

11. OGopynoBanue mis
CyONMMAallMOHHOM CYILIKH.

B coctaB o0opynoBaHus CyOJIMMAIlMOHHOTO OOC3BOKUBAHUS
BXOJIUT: CYOJIMMATOp, JecyOJuMaTop, XOJOJWIbHAs MallluHa,

Knaccudukanus U | TepMOCTaT Ui [OJABOAA  TEIUla, BAaKyyMHBIM  Hacoc.
0COOEHHOCTH Knaccudukanus cyOIMMAalMOHHBIX YCTaHOBOK OIPENENSIOT MO
KOHCTPYKLHH CIIEAYIOIIMM TapamMerpaMm: CHoco0 pa3MeIleHus LEeIeBOro
CyOJIMMaIlMOHHBIX POAYKTa, CHOcO0 3aMOpakMBaHUS, CIIOCO0a yJaleHus BIard,
YCTAaHOBOK  Pa3JIMYHOrO | IEPUOAMYHOCTA JIEUCTBUS, IPOU3BOJUTEIBHOCTH, LEJIEBOIO
Ha3HAYECHUS. Ha3HAYECHUS.

12. TTapamerpuueckuii [lapameTpudeckuii  psiA  COBPEMEHHBIX  YCTAaHOBOK  JUIA

psn COBPEMEHHBIX
YCTaHOBOK st
BaKyyMHOH CyOJIMMaIIMH.
ArnmapartypHoe
opopmiieHne  mpoiiecca
CyOJIMMaIlMOHHOT O
00€3BOKHBaHUS.

CcyOnuManuu U UX KOHCTPYKIIMOHHBIE OCOOCHHOCTH 3aBUCAT OT

IIPpOU3BOANUTCIIbBHOCTH. HpI/I Majoun MMPOU3BOJUTCIbHOCTHU
HCIIOJIB3YIOT CXEMY COBMCUICHHOT'O CY6J'II/IMaTOpa n
,Z[eCY6J'II/IMaTOpa B OIHOM KaMepe, IIPUITOBBIIIICHU K

MPOM3BOAMUTENBFHOCTH JUIA KOHJEHcaropa MU JiecyOiamMaTopa
HCHOJIB3YIOT XOJOJUIIBHYIO MAIIMHY pa3/eiabHO Ul cyOauMaropa
u aecyomumaTopa.

13. Xapaktepuctuka
CyONMMAIIMOHHBIX Kamep

" JecyOIMMaTopoB.
[TpomblnIeHHbIE u
nabopaTtopHbIe
CyOIMMalMoOHHbIE
YCTAHOBKHU.

Cy6J'II/IMaI_[I/IOHHI)Ie KaMEpbl pas3aciibHBIC W COBMCIICHHBIC C
KOHJIEHCATOPOM, UCHOJB3YIOT MEXaHUUECKUE U aBTOMaTHYECKHE
YCTpOWCTBA ISl 3aKpbITUS (DJIAKOHOB, a TaKXe CHCTEMY
TEPMOCTAaTUPOBAHUS U OXJIaXAcHUs. [IpoMBIIITIEHHBIE YCTAaHOBKU
UCHOJB3YIOT KAMEPHYIO CXEMY, a JIAOOPATOPHbIE YCTAaHOBKH Kak
IpaBWJIO W3TOTABIMBAIOT M3 CTEKJIa MW IPOU3BOJIAT IO
KOJUIEKTOPHOU CXEME.
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14. Pacuer OCHOBHBIX
rapameTpoB nporecca
CyOJIMMAalIMOHHOTO
00€3BOKMBAaHUS U CXEM
anmaparoB
CyONMMAalIMOHHOM CYILIKH.

OcHoBHBIE TIapaMeTpbl CYOTMMAIIMOHHOTO OO0€3BOKMBAaHUS U
BBIOOpAa CXEMBI amnmapaToB  ONPEACHAIOT W3  3aJaHHOMN
MIPOU3BOUTEIHLHOCTH KOHKPETHOT'O MIPOU3BO/ICTBA.
I'eomerpuueckue pasmepbl KaMepbl CYOIMMAIIMOHHOM CYIIKH H
necy0muMaTopa OnpeessitoTCsl U3 MaTepUaIbHOTO U TEIIOBOTO
OaylaHca, U TEOMETPUYCCKUX Pa3MEPOB (PIIAKOHOB MPUHATHIX IS
pO3JMBa UCXOJIHOTO I[EJIEBOTO MPOIYKTA.

15. Omnpenenenue
JUINTEJILHOCTH
CYOJIMMAIIMOHHOM CYIIIKH.

JIIMTenbHOCTh  Mpoliecca CYONMMAIIMOHHOM CYIIKH 3aBHUCHT
OTKOHEYHOT'O COAEpXKaHHWsS LEeNeBOr0 MarepHuaja, JIaBICHUS B
cybnumarope, KOHEYHOI TeMIeparype Marepuana,
KOd(QpHUIHEHTa CKOPOCTH CYIIKH MPH JOCYITHBAHHH.

16. MarepuanabHbIit

OanaHc YCTaHOBOK,
TeruioBou OanaHc. Pacuer
CUCTEMBI SHEPTOIOIBOA.

MarepuanbHbIii OajlaHC BKITIOYAET B CE€0S1 CYMMY CyXOT'O BEIIIeCTBa
U Maccy Biard. TeruioBod OanaHC ompeaeisgercs Kak cymma
TEIJIONPUTOKOB Yepe3 CTCHKH KaMephl W TEIUIO, BBIACIAEMOE
HarpeBaTessiMu. Pacuer cuUCTeMBbl SHEPronoBojia ONpPEICIsIeTCs
10 TEITy JJIs BBIBOJIA KAIMJUIAPHOW BJIard — CKPBITOH TEILIOTHI
apooOpa3oBaHMsL.

17. Pacder moBepXHOCTH
necyomumaropa.

[ToBepxHOCTh AecybnuMaTopa OIMpenessieTcss U3 MaTepUaIbHOTO
Oamanca cyOmumanuu. OmnpenenuB Maccy BIIard OIpeAesieM
MMOBEPXHOCTh necyonuMaTopa (xoHIIEHCaTOpa-
BBIMOPQ)KUBATEJII), THIIOBOM pacueT TemiooOMeHHuka. W3
1[e10co00pa3HOCTH  BbIOMpaeM  TpyO4aTyl0o  KOHCTPYKIIHIO,
TUTIACTHHYATYIO WJIM BUTYIO TOBEPXHOCTh CBSI3BIBAHUS BIIATH.

18. BwibGop CXeM
BaKyyMHBIX arperaTos.

Bakyymubie arperaTel BUOHMpAlOT IO CTENEHU BaKyyma, IO
KOHCTPYKTMBHOMY IIPU3HAKy: MEXAHUYECKUE, KPUOTCHHBIE.
Br160p cxeMbl BAKYyMHBIX arperaToB IPOU3BOJAT B 3aBUCUMOCTH
OT POU3BOJIUTEIIBHOCTH YCTAHOBKH.

19. BwiGop
XO0JIOIOCHA0KEHUS.

CXEM

[TpoMBIIIIIEHHBIE XOIOIUIbHBIC YCTAHOBKH MOXKHO ITOJIPa3/IClIUTh
Ha HECKOJIbKO OCHOBHBIX THUIIOB: TTAPOKOMITPECCHOHHBIE, ra30BbIC,
a0CcopOLIMOHHbIE, TAPOIKEKTOPHBIE.

20. OcHOBHBIE CBOICTBA
00BEKTOB CYLIKH.
CaoiicTBa U (GOpPMBI CBSI3U
BOJIbI, COJEpKallIecs B
MaTepuare.

Jlns  ompeneneHWs TapaMeTpoB  CYOJMMAIIMOHHOW — CYIIKH
HEOOXOIUMO  OMNpPEACIUTh OOIIYI0 BIAXHOCTh HCXOJTHOTO
MPOJIYKTa, COJIEPIKaHMS CYXOTro IMPOTYKTa, a TAKKE IMOKA3aTEIH 110
CBOOOIHON M CBsA3aHHOW (KamuisspHOW) Boabl. CBsi3aHHas BOJA
BBIBOJIUTCS TIPH TIOJIBOJIC CKPBITOM TETUIOTHI MapoOoOpa3OBaHHUS
(TemnmoThl cyOnuMManuu), CcBOOOIHAs BOAAa BBIBOJUTCS TpU
CO3JJaHUU BaKyyMa.

21. Bwibop KOHEYHOMH
TeMIepaTypbl
3aMOpakNBaHUS
MPOAYKTOB nepen

CyHIKOH. 3amMoOpa’kvBaHUE
U CyIlIKa OMoMaTepHaoB.

Bri6op Temmieparypsl (a30BOro mepexoaa U CMEHBI arperaTHOTO
COCTOSIHUSI BBIOMPAIOT B 3aBUCHUMOCTH OT Temrmeparyp (pa3oBoro
nmepexofa HMCXOAHOTO pacTtBopa wiu cycnensuu. Cyika
Ouomarepuanga NPOMCXOTUT MPU YCIOBUM €CIH HMCXOJHBIN
MaTepHasl HaXOIUTCS TOJIBKO B TBEPJOM COCTOSIHUH.

22. Ouznyeckue
IIPHUHIIHIIBI
KpUOTPaHYTHPOBAHUS
TePMOTA0OUITEHBIX
MaTepUasoB.

KpuorpanynupoBanusi TepMojIaOMIbHBIX MaTepHajJOoB OCHOBHOMN
MIPUHIIMIT TPOrpaMHOro (ha30BOro mepexoja, CMEHbI arperaTHoro

coctossiHOsA. KpuorpanynupoBaHue MOXKHO  pa3leIuTh Ha
CIIEYIOIIME CHUCTEMBI: TIPOLECC AMCIEPTUPOBAHUS, IPOIECC
OXJIAKIEHUs, B arMmocdepe TMapoB XJaJareHTa, MpoIece
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rpaHy’1000pa3oBaHusl B cpele  KpUOTCHHOH
OXJIAKJEHHUE TPAHYJIbI 10 3aJaHHON TEMIIEPATYPBHI.

JKHJIKOCTH,

23. dusuueckas MOIENb

[Ipouiecc kpuoOrpaHya000pa3Hs MPOUCXOJUT MO PA3NTUYHBIM

nporiecca MEXaHH3MaM B 3aBHCHUMOCTH OT pa3Mmepa rpaHyibl. CHCTEMHBIH
KPUOTPaHYTMPOBAHUSI. aHaJIN3 MCIIOJIL3YIOT JUIS aHAJIN3a BIIUSHUS Ha KOHEYHOE Ka4eCTBO
DneMeHTHl  CHCTEMHOTO | IPOAYKTa Kaxaoro »drtama mpouecca. CTpyKTypupoBaHue
aHam3a U | KpHOTPAHYJIUPOBAaHUSI ~ TO3BOJISIET ~ ONPEICIUTh  ITapameTphbl
CTPYKTYpUPOBAHHUS MIPOrPaMMHOTO 3aMOPaKUBAHUSI.

nporiecca

KpUOTPaHYIHPOBAHUSI.

24. KpuopesucteHTHOCTh | BeiOop kputepuss dS(PPEKTUBHOCTH SIBISETCS  PE3YIHTATOM
- KaK KPUTEPUH | CTPYKTYPUPOBAHHUSI ¥ CHCTEMHOTO aHaJM3a, ONpPEICIICHUS
3G GEKTUBHOCTH MPOIecca | KPUO3UCTEHHOCTh, KaK 3()()EKTUBHOCTH BCEro IMpolecca s
KpUOTPaHyIHPOBAHUSI. JOCTHKEHHS 3aJIaHHBIX IMapaMEeTPOB IEJEBOr0 MPOJayKTa. B

Ka4€CTBC KPHUOPE3UCTECHTHOCTH B 3KCIIPECC METOJAaX IMPUHHUMAIOT
BBDKMBACMOCTb MUKPOOPIraHU3MOB.

25. Tlapamerpuueckuii

AmnmaparypHoe odopmiieHHe mpolecca KpHUOTpaHYJIUPOBAHUS |,

pAl  YCTAHOBOK  JUIS | MapaMETPUYECKUU PsJ KPUOTPAHYIATOPOB BKIIIOYAET BBIOOP
KpUOTPaHyIHPOBAHUSI. JTUCTIEPTUPYIOIIET0 YCTPOICTBa, BBIOOp XJaJareHra, BbIOOp
AnmaparypHoe paccTositHue MEXIy AUCIEPTUPYIOIIETO YCTPOMCTBA M 3€pKalia
opopmiieHHe  mpollecca | XJaJI0TeHTa, YCTPOMCTBO BHIBO/IA IIEIEBOTO MPOAYKTA.
KPUOTPAHYJIMPOBAHUS.

26. Knaccudukanus Krnaccudukanus KpuorpanyisTopoB BKIIOUYAET: M0 HA3HAUYCHUIO,
YCTaHOBOK o Croco0y oOpraHu3aluu Mpolecca, MO KOHCTPYKIIMOHHBIM
KpUOTPaHyIHPOBAHUSI. OCOOCHHOCTSIM, MO CHOCO0Yy OTBOJA MPOAYKTa, MO padboyemy

JIaBJIEHUIO.

27. KoHCTpyKUHOHHBIE

KoHcTpyKkiinoHHbIe 0COOEHHOCTH KPUOTPAHYISTOPOB 3aBUCAT OT

0COOEHHOCTH HOPUPOJBI  1IEJICBOTO TPOJYKTA W OCYILIECTBJICHHUS BBICOKOM
KPHUOTPAHYJSTOPOB M HUX | KPHOPE3UCTEHTHOCTH B MPOLECCE KPUOTPAHYIMPOBAHUS, 32 CUET
CBSI3b C  TOBBIIICHHEM | BHIOOpA XJIaJareHra, BbHIOOpA JAUCICPTUPYIOLIETO YCTPOMCTBA,
KPHOPE3UCTEHTHOCTH BBIOOP KOHCTPYKIIMH BBIBOJIA LIEJIEBOTO MTPOIYKTa, BEIOOP pa3Mepa
TEPMOJIA0HITBEHBIX TpaHyJl ¥ PACCTOSHHS TI0JIETa TPaHYyJIbI 10 3epKalia XJIaJ0TreHTa.
MaTepHaJIOB.
28. Pacuer  OCHOBHBIX | PacyeT OCHOBHBIX MapaMeTpOB Tpollecca KPUOTPHYIUPOBAHUS
napameTpoB nporecca | IPOMCXOANT AHAJUTUYECKH, 10 METOAWKaM Ha OCHOBE 3alauu
KPHOTPaHYyIMPOBAHHUS Credpana, ¢ y4yeToM TpaHUYHBIX YCJIOBHU, YCIOBHIl IIaBaHUS
TEPMOTAOMITBHBIX TpaHysbl Ha IOBEPXHOCTH MKHMIKOTO XjajgareHrta. [lapamerpsl
MaTepHajoB. MPOIIECCOB PACCYMTHIBAIOT C YYETOM TEIUIONMPOBOJHOCTH U
TerIonepe1ayu.
29. Merousl Omnpenenenne pa3MepoB TpaHyd SBISETCS TMPUOPUTETHBIM
ompenereHus  pasMepa | pemeHueM. [10 M3BECTHBIM METOAMKAM M CIIPABOYHBIM JaHHBIM
rpaHys, JUIMTEILHOCTH | ONPEICISIOT BpeMsl JOCTHIKCHUS 3aJaHHON TeMIlepaTypbl B
OXJIQKICHUS,  BPEMEHHU | TEOMETPHUECKOM IIEHTPE T'PaHYJbl, B 3aBUCHMOCTH OT pa3Mmepa
KPHCTAJUTA3AIHH, TpaHyl OIpeIeNsieM BpeMsl OXJIKICHUS, BPEMs KPHUCTAIUTH3AIUH,
JUTUTEIBHOCTH  TPOIecca | JITUTEIBHOCTh MPOIecca KPUCTAIUTH3AIIH.
KPHOTPaHYJIMPOBAHHSI.
30. Xpanenue XpaHeHus TEPMOJIaOUIBHBIX MaTepuasoB nocine
TEPMOJIa0HITBHBIX CYOJIMMAIIMOHHOTO 00€3BOKMBAHUSI TPOU3BOAUTCS COTJIACHO
MaTepualoB, WHCTPYKIIMA Ha JAQHHBIA II€JI€BOM TPOJIYKT, B XOJOIMIbHUKE
NpeABAPUTEIEHO yMepeHHbIX ~ Temmneparyp a0 wmuHyc 25°C.  Ilpoaykr
CYOJIMMHUPOBAHO- 3aKyIOpPUBAETCS B aMITyJiaX MM (DiakoHax.
00€3BO)KEHHBIX.
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TecToBbIE BOIIPOCHI MO TUCHUIIIMHE

Bomnpoc 1. YkaxuTte MecTO HU3KOTEMITEPATYPHBIX MPOIECCOB B TUIIOBOU CXEME
OMOTEXHOJIOIMYECKUX IIPOU3BOCTB

A) KOHIIEHTPUPOBAHHUE MPOTYKTA

b) ounctka npoaykra

B) pa3znenenue )uakocTu U GUoOMacchl

') BbIIC/IEHE BHEKIIETOUHBIX MPOAYKTOB

Bonpoc 2. YkaxuTe HUI3KOTEMIIEPaTYPHBIE METObI, IPUMEHSIEMbIC B OMOTEXHOJIOTUU
A) cybmmManoHHOe 00€3BOKMBAHUE

B) xpuorpanynupoBanue

B) kpuoKkoHIIEHTpUPOBaHUE

I') punbTpanus

Bonpoc 3. OT kakux mapamMeTpoB 3aBUCUT Ka4eCTBO TEPMOIAOMITHHBIX MATEPHATIOB
A) KOHIIEHTpaLUs

b) remneparypa

B) naBnenue

Bonpoc 4. Kakoii areHT ucnoip3yeTcs Mpu KPUOKOHCEPBAIHH
A) )XUJKUN a30T

b) sxunkuii Bo3myx

B) xunxuii kucnopog

I') xuaxuii prop

Bonpoc 5. Uto siBisieTcs ABMXKYIIEH CUIION ITpoliecca cyoIuMauu
A) pa3HOCTb /1aBJIEHUIN

B) pazHocts Temnepatyp

B) pa3HoCTh KOHUIEHTpaLIHit

Bonpoc 6. CyGimmarimorHas CyIka - 3To MpoIecc, KOTOPhIM MUHYET arperaTHOe COCTOSIHUE
A) xuakoe

b) TBepmoe

B) razoob6paznoe

Bonpoc 7. B kakoMm arperaTHOM COCTOSIHUM TOJTY4aeTcsl MPOJAYKT CyOIMMAIIMOHHON CYIIKH
A) oponrkoodpazHoe

b) cycnensus

B) smynbcus

Bonpoc 8. [Ipu 06e3B0kMBaHNN TEPMOIAOMIBHBIX MATEPHATIOB MO0 KAKOMY NPEAECITLHOMY
napamMeTpy OCYILECTBIISIETCS BBIOOP BU/A CYIIKU

A) 10 nIpeIeTbHON TeMIepaType

b) o npenenpHOM KOHIIEHTpALIUN

B) no npenenbHOMY 1aBlIeHUIO

Bonpoc 9. [lepeuncnure 0CHOBHOE 000pyI0BaHHE ISl CyOIUMAIIMOHHOTO 00€3BOKHUBAHUS
A) cybaumarop
B) necybmumarop
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B) BakyyMmHBII Hacoc
I') pacnbutTETH

Bonpoc 10. Kakue BUIbI yCTAHOBOK HCIIOJIB3YIOTCS U CYOJIUMAIIMOHHOTO 00C3BOKUBAHHS
A) KOJUIEKTOPHBIE

B) paznensHOro pacnoiiokeHus CyomMaTopa u iecyommMaTopa

B) 00BeIMHEHHOTO PACIIONIOKEHUS CyOIMMaTopa U JecyoimMaTopa B OJJHOM Kamepe

I') cybmumarop 6e3 necyonumaTopa

Bonpoc 11. Kakue cyommmaIimoHHbIe YCTAHOBKH HUCITOIB3YIOTCS B OCHOBHOM JIJIS
1a60paTOPHBIX MCCIICTOBAaHUN

A) KOJUIEKTOPHBIE

B) paznensHOTO pacnonoxkeHus CyoimMMaropa u aecyoaumMaropa

B) 00be1MHEHHOTO pacnoioKeHus Cy0nuMaropa 1 aecyoimMaropa B OJHOM kamepe

Bonpoc 12. Kakue cy0nmuManmoHHbIe YCTAHOBKU UCTIONB3YIOTCS JUTS TOJTYYSHHS [IEIEBOTO
IPOJIYKTa B MaJIOM KOJIMYECTBE

A) KOJJIEKTOpHBIE

b) paznenpHOro pacnosnoxkeHus cyoiumaropa u aecyonumaropa

B) 00beIMHEHHOTO PACIIONIOXKEHHS CyOJIMMATOPa U IeCy0JIMMaToOpa B OJJTHOU Kamepe

Bonpoc 13. Kakue cy0nuManuoHHbIe YCTAHOBKU UCTIONB3YIOTCS JUTS TOJTYYSHHS [IEIEBOTO
IPOAYKTa B IPOMBIIIJIEHHBIX MaciITabax

A) KOJIEKTOpHBIE

b) paznenpHOro pacnosnoxkeHus cyoiumaropa u aecyonumaropa

B) 00beIMHEHHOTO PACIIONIOKEHHS CyOJIMMATOPa U IeCy0JIMMaToOpa B OJJHOU Kamepe

Bonpoc 14. [ToueMy He HCIIOJIB3YIOT YCTAHOBKH CYOIMMALMU ¢ 00bEIMHEHHBIM
pacroaoKeH’ueM CyoauMaTopa 1 Jecyonumaropa npu O0JIbIION IPOU3BOAUTETLHOCTH
A) 13-3a HaCJIOEHUs TapaMeTPOB CyOIMMAIMK U 1eCyOInMaIiu

b) HEBO3MOXKHO MOAIEP)KUBATh BHICOKHI BaKyyM

B) HEBO3MOKHO MOJIAEP>)KUBATH BBICOKYIO CKOPOCTh JeCyOIUMaIiuu

Bonpoc 15. Kakue nporecchl cOCTaBIsIOT TEXHOJIOTUIO CYOIUMAIIMOHHOTO 00€3BOKUBAHMS
A) 3aMOpaXuBaHHE

B) necybnumanus

B) cybnumanms

I') rpanynupoBaHue

Bonpoc 16. Ha xakom sTane cy0iuMaiioHHOTo 00€3B0KUBAaHUS IPOUCXOAUT MOBO/ TEIUIa
A) BBIBOJ] KaMJIJISIPHOM (CBSI3aHHOM) BIaru

b) BBIBO CBOOOTHOM Bi1aru

B) cmena arperaTHOro cOCTOSIHUS € KHMJIKOTO Ha TBEPJ0€

Bonpoc 17. Ilo kakuM KpuTepusM Ki1accuGuuupyroTcs cyOIMMalOHHbIE YCTAHOBKH
A) IpOoU3BOUTENBHOCTD

B) mecTo pacnosioxeHnus

B) neproanuHOCTH paboTHI

') maTepuanbl KOHCTPYKIIUU

Bonpoc 18. Kakue napaMeTpbl HCIBITHIBAIOT NPU pacyeTe Mmporecca CyoJInMaliOHHOTO
00€3B0OXKHBaHUS
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A) TemriepaTypa CMEHBI arperaTHOro0 COCTOSIHUS C XKHUIKOT0 Ha TBEPIOE
B) ckpeiTas Temiora cyoauManum
B) xonnenTpanus npoaykra

Bonpoc 19. OcHOBHOI1 mapameTp, Mo KOTOPOMY BeIOMpaeTcs CyOIMMaIiOHHOE 00€3BOKUBAHHE,
KaK METO]] KOHCepBAIlU1

A) TepMOoJIabUIILHOCTh

B) BbICOKasi KOHIIEHTPAIIHs HCXOIHOTO TPOIYKTa

B) HU3KasE KOHIEHTPALUS KCXOHOTO MPOAYKTA

Bonpoc 20. KpuorpanynupoBanue - 310. ..

A) (a30BbIii nepexo U3 KHUJIKOTO COCTOSTHUS B TBEPJOE C COOIIOAEHUEM 3a/laHHBIX [TapaMEeTPOB
B) da3oBblil mepexo1 U3 TBEPAOTO COCTOSHHS B KHJIKOE

B) ¢a3oBblii nepexo U3 TBEPOro COCTOSIHUA B ra3000pa3Hoe

Bomnpoc 21. [Tpu kakoM BUi€ KUTIEHUS KPUOTEHHBIX KUJIKOCTEH MIPOUCXOIUT MPOLIECC
KPUOTPAaHYJIHUPOBAHUS

A) 3aTyxarolniee JIeHOYHOE C IMePeX0J0M B 3aTyXarolee My3bIphKOBOE

b) muienounoe

B) nmy3sippKOBOE

Bonpoc 22. Ot kakoro napamerpa 3aBUCUT MEXaHU3M MOBEACHHS TPAHYIbI B )KUJIKOM a30Te MPU
KPUOTPAHYIHPOBAHHUH

A) nuameTp rpaHyJibl

B) Bpemst oxJtaxxIeHHs B Iapax KHIKOro a30Ta

B) 06bem xuakoro azora

Bonpoc 23. Kakoii camblii pacripOoCTpaHEHHBIHN XJIaJareHT AJis KpUOTpaHyIHpOBaHUS
A) a3zot

b) sxunkuii Bo3myx

B) renuit

I') Bomopon

Bonpoc 24. Kakas camas pacipocTpaHeHHasi KOHCTPYKIMS KpUOTPaHYIsTOpa
A) KOJIOHHOTO TUIIa

b) 6apabannoro Tuma

B) norpyxHoro tuna

Bonpoc 25. HazoBure 3Tansl nporecca KpuorpaHyIMpOBaHUS B )KUJIKOM a30Te

A) nucnieprupoBaHue, OXJIAXKICHHUE B ITapax a30Ta, CMEHA arperaTHOTO COCTOSIHUSL B JKUIKOM
a30Te, BBIBOJI I'PaHyJl

b) BakyymHas oTkauka

B) cmena arperaTHOro coCcTOSIHUS MPU BaKyyMUPOBaHUU

') o6pazoBanue rpaHyI MpH BaKyyMUPOBAaHUH

Bonpoc 26. Ha3oBute napaMmerpsl, ONPEAEIAIONINE BPEMSI CMEHBI arperaTHOIO COCTOSIHUS MPU
KPHUOTPaHYJIMPOBAHUH

A) nraMeTp Kareib U BpeMsl UX OXJIaXKACHUS

b) Bpemst Hax 0K I€HUS Kalellb B dKUJAKOM a30Te

B) BBIOOp XMagarenTa
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Bomnpoc 27. Ot kakoro napamerpa 3aBUCUT BPEMsI OXJIAXKJICHUS MTPH KPUOTPAHYIUPOBAHUU B
amrmaparax MmorpykKHoro Tuma

A) IPOJOKUTENILHOCT MOJIETa B MApax a30Ta, PaCCTOSHUE OT AUCIepraropa J1o 3epKaia
KHJIKOTO a30Ta

B) mpon3BoUTEIEHOCTh BAKYYMHOTO HAacoca

B) riryOuna norpyskeHusl Kareib

Bonpoc 28. Ha ocHoBe kakoro armapara BEIOUpaeTCsi Kamepa CMEHbI arperaTHOr0 COCTOSIHUS
[P KPUOTPaHYTHPOBAHUHT

A) cocyn Jlproapa

b) rennooOmennuk Baratopa

B) kamepa Ctokca

Bomnpoc 29. [Iepeuncinute 0OCHOBHbIE KOHCTPYKIIMOHHBIE ITApaMETPbl KPUOTPAHYJIATOPOB

A) nuameTp Jucnepraropa, pacCTosiHuE OT AMCHEpPraTopa 10 3epKaja XKHUJIKOro a3oTa, IIyOuHa U
00BEM KHJIKOTO a30Ta

b) raGaputs! annapara

B) BbI6OD paconioskeHust KOHCTPYKIMHU (BepTHKAIbHbIE, TOPU30HTAJIBHBIC)

Bomnpoc 30. 3aBucuT i1 BEIOOp XJIaJareHTa Ha MPOA0KUTEIIBHOCTD Mporiecca
KPUOTPaHYJIHUPOBAHUS

A) na

b) ner

B) xmamareHT BiIUsSET TOJBKO HA MPOU3BOIUTEIHLHOCTD

Kiarou k TecTOBBIM 3aJaHUAM:

Ne Bompoca |1 2 3 4 5 6 7 8 9 10
OTBeT A b b A b,B | A A A g’ b, A
Ne Bonpoca | 11 12 13 14 15 16 17 18 19 20
OtBer A B B A A A g’ b, Ab | A A
Ne Bonpoca | 21 22 23 24 25 26 27 28 29 30
OTtBer A A A B A A A A A A

Jducnunimaa « Hano0MoTeXHOI0rus»

3ananusi B OTKpBITOM hopme

1. Kaxue HanpaBieHUs] HAHOOMOTEXHOJIOTUH U3BECTHBI?

2. IlepcnexTuBa pa3BUTHS «3€JIE€HOW» HAHOTEXHOJIOTHUH.

3. TloTeHumanbHbBIC PUCKH ¥ MEPHI 0€30MACHOCTH TIPU paboTe ¢ HAHOTEXHOJIOTHSIMHU.

4. Puck mnpuUMEHEHUS  HAHOTEXHOJOTHH, OOYCIIOBIEHHOW  BBICOKOH  MOOMJIBHOCTBIO
HaHo4JacTHuIl.?

5. Bupycsl kak HaHO0OBEKTHI. CaMOcOOpKa BUPYCHBIX YaCTHUII B KIIETKE.

6. Ilepeunciure 0ocoObie MPUHIIUIIBI CAMOOPTAHU3AIMHA HAHOCHCTEM.

7. VYKaxuTe NpPaKTUYeCKHE BO3MOXHOCTH HCIOJb30BAHUS TEXHUUECKUX CHUCTEM IS
BO3/ICHCTBUS Ha OMOJIOTHYECKUE CUCTEMBI.
OcHOBHBIE HaNpPaBIEHUS HAHOMATEPHUAIOBEICHUS.
XapakTepucTHKa HAHOTPYOOK, HAHOYACTHIL U (YyJUIEPEHOB.
29
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10.

Crioco0bI MOBBIIEHNS OMOIOCTYITHOCTH HAaHOTPYOOK, HAHOYACTHUIL M (PYJITIEpEHOB.

11. Cnoco0 BBeneHus ¢GyIaepeHOB B OPraHU3M — WHKAMCYJSAINS B JUMUIHYIO BE3UKYIY IS
aJPECHOM JOCTAaBKH K TPAaHC(HOPMUPOBAHHBIM KJIETKAM.

12. CeHncopHble HaHOMaTepuaibl: omnpeaeneHue. lcronb3oBaHue OMOCEHCOPOB Ha OCHOBE
0€JIKOB B 3JIEKTPOHUKE. BHOCEHCOPBI B HOBBIX MPUBOSIIIIUX YCTPOMCTBAX.

13. KoHcTpykuuu  OHOCEHCOPOB C HCIOJNb30BaHMEM  — (DEPMEHTHBIX OJJIEKTPOJOB U
UMMOOUITM30BAaHHBIX KJIETOK MUKPOOPTaHU3MOB.

14. buoceHcopsl, coaepKallie MOHOKJIOHAIbHBbIE aHTUTENa, O00JaJarollue  BBICOKOM
n30UpaTEIHHOCTHIO.

15. Ompenenenne «OMOMapKepbl», KaK CHCTEM, OTPa)aroIIMX COOBITUS B OpPraHu3Me WU B
OMOJOTUYECKON CUCTEME.

16. HampaBiieHuss HaHOMEIMILIMHBI: pa3pabOTKa METOJOB aAPECHOM JOCTaBKU JIEKapCTB K
MOPaKCHHBIM KJICTKaM.

17. Crpaterun co3naHusi HaHONpPENapaToB HampaBlieHHOro aeictBus. llpenmyiiectBa u
HEJIOCTAaTKHU IpenapaToB HAPaBIEHHOTO ACHCTBHSL.

18. Pa3paboTka HaHOBAaKIMH, KOHCTPYUPOBAHNE UMMYHOT€HOB U MHHM-aHTUTEN, HAHOAHTUTEIL.

19. XuMmudeckoe KOHBIOTUPOBAHUE B HaHOMeIUIIMHE. [IOHATHE «KPOCIUHKEP»: KPOCIUHKEPHI
HYJEBOM JJIMHBI, TOMOOM(YHKIIMOHAIBHBIE KPOCIMHKEPHI, TeTepoOu(yHKIIMOHATIbHBIC
KPOCIUHKEPHI, TPU()YHKIIMOHATLHBIC KOCTHHKEPHI.

20. ®dayopecleHTHOE MEUYEHHE HAHOCTPYKTYP Ui JTUArHOCTUYECKUX cUCTeM. KOHBIOTaHTHI 17151
JTUATHOCTHKY W TEPAITHH.

21. AHTHTeNa KaK MOJEKYJsIpHbIe BEKTOPhl. MeueHble aHTUTeNa B OMOMEIUIINHE.

22. Tlomumepsr KakK NIEPEHOCUUKH TEPAIeBTHYECKUX arcHTOB. [Tpumenenue
MOJIUATUIICHTIIMKOJICH B HAHOTEXHOJIOTUU U MEJTUIIUHE. .

23. KyOocowmsl. JIuCKOCOMBI: HCTIOIb30BaHIE B OMOHAHOTEXHOIOTHH.

24. Jlunuanele MUKpOTpYOKH. JlummaHble MUKPOIMY3bIpbKH. JIMIIOCOMBI — THUIIBI, pa3Mephl,
CTEPUYECKH CTA0MIN3UPOBAHHBIE TUTIOCOMBI, HAIIEJICHHBIE JTUTTOCOMBI.

25. [lonmumepHsbie HaHOKAMCYNBI U HaHOCGEpbI. [loaumepHbie MuLiembl. JleHapumepsl.

26. OcoOeHHOCTH HAHOTEXHOJOTHYECKUX IPOU3BOJICTB. D¢ (HeKTUBHOCT  TEXHOJIOTHI
MUHUATIOPU3AIMN AHATTUTHYECKUX CHCTEM.

27. Jlaboparopun Ha uwmme. McnomszoBanue JIHK mns cosmanms manoctpykryp. JJHK kak
11a0JI0H JJ1 MOJIEKYJISIPHOM 2JIEKTPOHUKH.

28. JIHK kak BO3MOKHBI KOMITOHEHT KOMITBIOTEPOB CJIEAYIOIIETO MTOKOJICHHS.

29. 3amaun  HAHOOMOTEXHOJOTHMH IO  PEUICHHIO  KJIIYEBBIX  MPOOJIEeM  MEIUINHBI,
3/IpaBOOXPAHEHMsI, CETBCKOTO X03CTBA, HAHODJIEKTPOHHUKH, 3aLIUTHI OKPYXKAFOIIEH Cpepl,
HAI[MOHAJILHOU 000POHBI U 6E30MIACHOCTH.

30. Bo3MOXHBIE PHCKH, CBSI3aHHBIC C WCIOJIH30BAaHUEM HAHOOMOTEXHOJIOTHH Bbicokas
MPOHUKAKOIMIAs CHOCOOHOCTh HAHOYACTUI[ M WX CKIOHHOCTh BCTpauWBaThCsi B
OMOTEXHOJIOTHYECKHE OOBEKTHI.

Bomnpoc OTtBer
1. Kakue HanpaBieHus HanoOuoTexHoIOTHsS UMEET TPU OCHOBHBIX HAIPABJICHHUS:
HAaHOOMOTEXHOJIOTUHA 1. manomMmenuIHa 9TO «...CIIe)KEHHE, WCTIPABJIEHUE,
W3BECTHBI? KOHCTPYHUPOBAaHUE U KOHTPOJIb HaJ OMOJOTHYECKHUMH CUCTEMaMHU

YeJI0BEKa Ha MOJIEKYJISIPHOM YPOBHE C  HCIIOJIB30BAHHEM
pa3paboTaHHBIX HAHOYCTPOMCTB M HAHOCTPYKTYp». [lox stum
TEPMUHOM CETOAHS MOHMMAKT IPUMEHEHUE HAHOTEXHOJIOTHHN B
JMAarHOCTHKE, MOHUTOPUHTE U JIEYCHUH 3a00JI€BaHUH.

2. buoMuMeTHKa — 3T0 KOHCTPYHMPOBAHHE HAHOCTPYKTYP Ha OCHOBE
JHK, PHK wu GenkoB. imeeT ueTbipe chOpMHUPOBABIINXCS
HaIlpaBJICHUS Pa3BUTHSL:

- CO3/1aHMEe HAHOKOHCTPYKIIMHA 13 Oeka
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- UCIIOJIb30BaHUE B KOHCTpyrpoBaHuu moiiekyn JJHK
- HCIIOJIb30BaHKE B KOHCTpyupoBanuu moiekysn PHK
- paboTa ¢ BUpycaMH NP CO3AaHUU HAHOMEXAHU3MOB
3. Pa3zpaboTka METOIOB M CIOCOOOB MPUBHECEHUSI MCKYCCTBEHHBIX
HaHOPa3MEPHBIX YaCTUL], PA3JIMYHBIX MATEPUAIOB U UHTEp(eiicoB
B JKUBBIE CUCTEMBI

2. IlepciekTBa pa3BUTHSA
«3EJIEHON»
HaHOTEXHOJIOTUHU

3eneHass  HAHOTEXHOJIOTUS 3TO  pa3jien  HUCIOJIb30BaHUS
HAaHOMAaTEpPHUAJIOB B OXPaHE OKPYXKAIOLIEH Cpelbl, B CEIbCKOM HU
JIECHOM XO034HCTBE. DTO CEHCOPHI JJIsl aHAJIN3a COCTaBa Pa3IMYHbIX
cpenq HaHOCTpyKTypupOBaHHbIE MaTepualibl W PEAreHThbl IS
IIPOLIECCOB  BOJOOYUCTKU  (BOJOIOATOTOBKH,  INepepabOTKH
MUIIEBOTO CBIPbsI), JATUYUKU (PU3HMUECKUX BEIMYMH HA OCHOBE
HaHOMaTepHUaJloB TepmocToiikue HaHOCTPYKTYpUPOBaHHbIE
KOMITO3MIIMOHHBIC, KCPAMHUUYCCKHUEC W MCTAIMYCCKUC MATCPUAJIBL
HaHocTpyKkTypupOBaHHBIE KOMIO3MIIMOHHBIE M KE€paMHUYECKHE
Marepuajibl U IOKPBITHA C 0cOo0BIMHA TCPMHUYCCKUMU CBOMCTBaMH
(TerutonpoBoKe, TepMmoperyaupyomue) ConaHeuHsle Oarapen
HOBOro mokojieHuss MWznydartenu (B TOM 4HCIE Jla3epbl MU
OpPraHUYECKHE CBETO/INO/Ibl) HA OCHOBE HAHOTETEPOCTPYKTYP

3. [ToTennuanbHbIC
pHCKH " MepbI
Oe3omacHOCTH TIpU pabore
C HAHOTEXHOJIOTUSIMU

[Ipy TpPOM3BOJICTBE W HCIOJIB30BAaHUH HAHOMATEPHAJIOB MOYKHO
BBIJICTIUTE CIEAYIOIIUE TTOTCHIHAIbHBIE OMACHOCTU: TOKCHYECKOE
JICCTBUE HA TPOW3BOMAIIMX HMX PAOOTHUKOB M Ha HACEJICHHE;
BBICOKAsl PEaKIMOHHAs CIOCOOHOCTbD, B3PBIBO- U MOYKAPOOIIACHOCTh
HEKOTOPBIX U3 HHUX; HEOJIAroNpHUsTHbIE U3MEHEHUS MIPH TTONalaHIH
B OKpYXAaIOUIyI0 cpeny (Ha NpOW3BOJCTBE, NEpPepadOTKe M HX
YTUIIU3aLUn).

4.Puck IIPUMEHEHUS
HAHOTEXHOJIOTHH,
00yCIIOBJICHHOH
MOOUIILHOCTBIO
HaHOYACTHIL.?

BBICOKOU

OmnacHocTr 00YCIIOBIICHBI PSIIOM CIIENU(UIECKAX CBOKCTB: Ooee
BBICOKHE  PEAKLHMOHHbIE CIIOCOOHOCTM IO  CPaBHEHUIO €
MaKpOCKOTIMYECKIMH BEIIECTBAMH;

CMOCOOHOCTh POHUKATh B KJIETKU M BMEIINBAThCSA B T€HETUYECKHE
MPOIIECCH, OKa3bIBasi TOKCHYECKOE BO3JICHCTBHE Ha BCE JKUBBIC
OpPraHu3MBbl; OTJIMYME TNPOLECCOB HX OuorpaHchopmanuu OT
MpEeBpalleHNd MaKpO4YacTUI[ TOTO K€ XHWMHYECKOTO COCTaBa;
HEBO3MOXKHOCTb ~ MX  yJABIMBaHUA U  O0E3BpeXHBaHUS B
OKpYXKaIoIIel Cpesie ¢ MOMOIIBIO CYIIECTBYIOIUX CUCTEM OYUCTKU
CTOYHBIX BOJ M Tra3000pa3HbIX BBIOPOCOB; OTCYTCTBHUE IOJHOIO
KOHTpPOJISI HajJ WX TPOW3BOJICTBOM M  HCIIOJIB30BaHUEM;
HE0CTaTOYHOCTh MH(OPMAIMH 110 OMACHOCTH MX HMCIIOJIb30BaHMS;
SMHU30JUYHOCTh HWCCIIEIOBAaHUN IO WX BJIMSHUIO Ha YeJOBEKa MU
IPUPOJHYIO Cpelly; OTCYTCTBHE €IMHOW 0a3bl JAaHHBIX MO MX
IIPOU3BOJCTBY B PD.

5.Bupycsl
HaHOOOBEKTHI.
Camocbopka
YacTHUIl B KJIETKE.

KakK

BUPYCHBIX

Bupycbl — HEKJIETOUHBIE areHTbl, HMMEKT HaHOpPa3MEpHbIE
macmtadel: oT 20 10 140 M. CamocOopka BUPYCHBIX YaCTHUI] —
OJTHO U3 MIEPBBIX CBOICTB BHpYCa, UCIIOJIb3YEMOE
6uonaHorexHojgoramu. CamocOopka, TOUHEE CYyIpPaMOJIEKYJIsIpHas
caMocOOpKa — 3TO CIIOHTAHHAs AacCOIMalUs MOJIEKYJISPHBIX
CKUPIAYUKOBY» MOCPEACTBOM MEXKMOJIEKYISIPHBIX HEKOBAJIEHTHBIX
B3aUMOJICHCTBUI (T.€. CaObIX B3aMMOJIEHCTBHN, HE CBA3aHHBIX
C MPSMBIM TEPEKPbIBAHUEM DJIEKTPOHHBIX 000JO0YEK aTOMOB). JTO
oOpatumoe SBJIEHHE, 4YTO TIO3BOJSIET «BBIOMpaTh» Hambosee
YCTOWYMBYIO CTPYKTYPY U MCHPABIATh OIIMOKKM B YIAKOBKE.
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B Ononormyeckux cucremMax 3TO MPUOOPETaeT OCOOEHHO BaXKHBIM
CMBICJI

6.11epeuncnure 0co0bIe
TIPUHIIHAITBI
caMoOpraHu3aluu

HaAHOCHUCTEM.

[TonsTHs «caMoopranmzanus» M «caMocOOpka» B COBPEMEHHOM
HAaHOTEXHOJIOTUU OIpeAeTeHBI caenyrommmM oopaszom. CamocObopka
- 3TO MPOLECC, B KOTOPOM MPUHUMAIOT Y4aCTUE TOIBKO KOMIIOHEHTHI
KOHEUHOW CTPYKTYpBL, T. €. BKJIIOYaeMble B COOMPAIOLIYIOCS
CTpyKTypy. Kak nmpaBusio, B 3TOT mporecc BoBieYeHbI TuApodoOHbIe
WM THAPO(QUIBHBIC B3aWMOJCUCTBUSA, KYJOHOBCKHE W BaH-JEp-
BaaJbCOBbIC CHJIBI, KaK, HalpUMeEp, B cllydyae B3auUMOJCHCTBUS
HAHOYACTHUI] B KOJUIOWAHOM pacTBope. CamoopraHuzamusi —
MEXaHW3M WK mporecc (opMupoBaHHUs o0pas3lla Ha BBICHIEM
MacmTabHOM YpOBHE MOCPEICTBOM MHO>KECTBEHHBIX
B3aMMOJICHICTBUII KOMIIOHEHTOB 0oJieeé HM3KHUX HEpapXHUeCKUX
ypoBHeM cuctembl. CaMoopraHu3anus - ’T0 MHOTOCTaAUHAs WU
MHOromacmrabHas camocbopka. M1 Haobopor, camocbopka - 3TO
JOKallbHAsT CaMOOPTaHW3aIs Ha OJHOM W3 HEpPapXUYEeCKHX
MacIITa0HBIX YPOBHEH Ha OCHOBE CBOMCTBEHHBIX 3TOMY YPOBHIO
B3auMozeiicTBUi. Pe3ynbrar camocOOpKM - 3TO HEKoTOopas
HEMOJIBIKHASL CTPYKTYpa, TOTa KaK B CIIy4ae CaMOOPraHU3alluu,
KaKk TIPaBWIO, PE3yJIbTaTOM SIBIICTCS CTAIMOHAPHBIA WU
yCTaHOBUBIIMIICS KoJIeOaTeNbHBIH MpolLecc.

7.YKaXUTe IPAKTUYECKHE

BO3MOKHOCTH
HMCIOJIb30BaHUSI

TEXHUYECKUX CHCTEM JIJIS
BO3JICHCTBUSI Ha

OMOJIOTMYECKHE CUCTEMBI

I'uGpugHbIe MaTepHuabl, KOHBEPIE€HTHBIC TEXHOJIOTUH,
OMOMHMETHYECKHE MaTepualibl M MaTepuajibl OMOMEAULMHCKOTO
Ha3HA4YCHMUS:

- KOCTHbIE UMIUIAHThI HA OCHOBE OMOpe30pOHpyEeMBIX HAHOKEPAMUK
1 OMOKOMIIO3UTOB,

- HaHOMaTepuaibl I JOCTpauBaHMs JKUBBIX TKaHEW OpraHu3Ma,
3aIoJIHEHHSI KOCTHBIX Ae()EeKTOB | Ip.;

HanocTpyKTypsl, CO371aBacMble c HCII0JIb30BaHUEM
OMOCOBMECTUMBIX HAHOKOMIIO3UTOB HA OCHOBE HAHONOPHUCTBIX
COCIMHEHUI KaK Cpe[CTBa HAIPABICHHOW IOCTaBKHU JIEKAPCTB U
BO3JICHCTBUS HA OHKOJIOTMYECKHE HOBOOOpa30BaHUS;

- HAaHOKOMIIO3UTBI HAa OCHOBE IUIA3MHUJIHBIX
untepdepupytomux  PHK  ans  HanpaBnenHoi
T€HETUYECKOT0 MaTepHaa;

- YCTpOWCTBA Ui NPSIMOIO CUHMTBIBAHMS IIOCIEA0BATEIBHOCTH
HYKJICOTHJIOB, U3TOTOBJICHHBIE c HCIIOIb30BAHUEM
HAaHOCTPYKTYPUPOBAHHOM MOBEPXHOCTH.

JHK u
JIOCTaBKH

8.OCHOBHbBIE HaIpPaBIIECHUS
HaHOMATEPHAIOBEICHHUS

O6nactu MIPUOPUTETHOTO HAIIPABJICHUA «HoBrie Marepuajibl U
HaAHOTCXHOJIOTHH»:

- KOHCTPYKI_[I/IOHHBIC u (I)YHKI_II/IOHaJ'IBHBIe MaTCpHUaJIbl

- KOMHI)IOTCpHOG MOZACIIMPOBAHUC MAaTCPHATIOB U MMPOLECCOB

- FI/I6pI/I,[[HBIe MaTepurailbl, KOHBCPI'CHTHBLIC TCXHOJIOT'HNH,
OMOMHMETHYCSCKHUE Mar€pvajbl MW MaTCpHalibl MCIUIHUHCKOI'O
Ha3Ha4YCHUA

- JluarHoctuka Marepua’ioB B TPHOOPOCTPOCHUH, MEIWUIIMHE H
OXPaHE OKPYKAIIEN CPEbl

9.XapakTepucruka
HaHOTPYOOK, HAHOYACTHI] U
bymrepeHoB

HaHoTpyOKHM TIpeACTaBISIFOT COOOH IENbHBIE [HIMHIPUYECKHE
CTPYKTYphl, 0O0pa3oBaHHble JHcTKamMu Tpadurta. HanorpyOku
B3auMoJeicTByloT ¢ Makpomonekynamu  (AHK,  OGenkw).
OyHKIIMOHU3UPOBAHHbBIE HaHOTPYOKH MOTYT CITY’KUTh
MEPEHOCYMKAMH KaK HeOONBIIMX MOJIEKYJ JICKQpCTBEHHBIX
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BEUIECTB, TaK W MaKPOMOJIEKYJISIPHBIX KOMIUIEKcOB. Jluamerp
OJTHOCTEHHBIX HAaHOTPYOOK HaxoauTcs B auanazone 1.1 <d < 1.4
HM; JJIMHA HaHOTPYOOK — B amamazoHe 2 < L < 5 wmkwm;
COOTBETCTBYIOIINE BEIIMYMHBI JIJII MHOTOCTECHHBIX HAHOTPYOOK 2 <
d <20 am u 100 aM < L < 4 MkM. MHOTOCTEHHBIC HAaHOTPYOKHU
MPEJCTABISAIOT CO00I KOHIEHTPHUECKUE TPYOKH, /i€ YUCIIO CIIOEB
MOXKET MEHATbCA B mpenenax 520, a KOHIBI TPYOOK MOTYT ObITh
3aKPBITBIMUA U OTKPBITHIMHU.

OymiepeHbl  COCTaBISAIOT YHUKANBHBIM KJIACC MAaKpOMOJIEKYII
(HaHOKJIaCTEPOB), o0agaromumx 3aMKHYTOM JByMEpPHOM
crtpykrypoir. [Iuamerp ¢ymiepena Ceo cocraBimser ~ 0.70 HM.
HaubGonee pacmpocTpaHEHHON W3 MOJIEKYN, NPUHAAISKANUX K
cemeictBy ¢ymnepeHoB, sBisercs Ceo, CTPYKTypa KOTOPOH
COOTBETCTBYET MPaBUJILHOMY YCEUEHHOMY HKOCa’yApy. TBepiblii
dbymepen Ceo (Qymiepur) — 3TO MOJICKYJSPHBIH KPHCTAILT,
CBsI3aHHBIN cunamu Ban nep Baasnbca.

10.Cnoco0bl  MOBBIIIEHHUS
OMOJIOCTYITHOCTH
HAaHOTPYOOK, HAHOYACTUI] U
¢dyIIepeHoB.

OymiepeHbl U HAHOTPYOKH OOHApYKUBAIOT OHOJIOTUYECKYIO
akTUBHOCTb.  OyiHa M3 OCHOBHBIX  3a/@d  IIOBBILICHUS
OMOJOCTYIIHOCTH ATO MHKAICYJIMpPOBaHHE TO €CTh IOMOIIb B
JIOCTaBKE aKTMBHOI'O KOMIIOHEHTA K ero MuileHu. Tak Kak OHM He
pacTBOPUMBI B TONSPHBIX PACTBOPUTENSAX U OHOJIOTHYECKHX
KHUJKOCTAX, B XHMMHUYECKUX HCCIEIOBAHUAX MX OMOIOrMYECKOMN
AKTUBHOCTH UCIOJIB3YETCs TPU MOJIX0A: ) CO3JaHHE PACTBOPUMBIX
KOMIUIEKCHBIX MOJIEKYJI, BKJIIOYAIOIIMX HAaHOYACTHULIbl, HAHOTPYOKHU
u QymiepeHsl; 0) UCIONB30BAHUE JAETEPTEHTOB TAKUX, HAIIPUMED,
KaK TOJMBHHWIMHPOIUIOH, (ochonumuasl U T. 1., W CHHTE3
BOJIOPACTBOPUMBIX MPOU3BOJIHBIX (DYIJIEPEHOB; B) MPUTOTOBIICHUE
CyCHeH3un MUKpodacTull ¢ymuiepeHoB. [Tokazano, uto QymaepeHs
U UX MPOU3BOJHBIE MOTYT HCIIONB30BaThCs B (OTOTEparvu, B
[PUTOTOBJIEHUH  PA3JIMYHBIX  JIEKQPCTBEHHBIX  IPENaparos,
00HapYKUBAIOT AHTUBUPYCHYIO aKTUBHOCTb M T. JI.

11.Cmoco6 BBEICHUSA
(bynaepeHoB B OpraHu3M —
I/IHKaHCYJ'ISIIII/ISI B

JIMIIUIHYXO BE3UKYIY JJIA

apecHOM  JIOCTaBKH K
TpaHCPOPMUPOBAHHBIM
KJICTKaM

@ynepeHsl ABJISIIOTCS HAHOKOHTEHHEpaMU IS
aHTHOAKTEepUaTbHBIX, AaHTUPAKOBBIX U MTPOTHBOBUPYCHBIX BEILIECTB.
(bymepeHsl MAIONPUTOAHBI B CUITY KX HEPACTBOPUMOCTHU B
BOJHBIX PAaCTBOpAaXx M, Kak CJACACTBUE, OTPAHUYCHHH 110
MCITOJIb3YEMbIM KOHIICHTPAILIMSIM B UCCJICIOBAHUH X CBOMCTB Ha
KUBOTHBIX. DyHKIHMOHATU3aMs QyUICpEHOB (HapuMep,
MoJIy4eHHe KapOOKCU(YIIIEPEHOB) JIeJaeT 3TH COSTUHEHUS
OMOIOCTYITHBIMU U, CJIEIOBATEILHO, O0see 3P PEeKTUBHBIMU JIJIS
rccieqoBaHuii B onocucrteMax. OJUH U3 ClIOcOOOB BBEICHUS
(hyIepeHoB B OpraHu3M — WHKAIMCYJISAIUS B JTUTTAIHYIO BE3UKYITY
JUISL JPECHOM TOCTaBKHU K TPaHC(HOPMHUPOBAHHBIM KIIETKAM.
Hcnonbs3oBanre MPUHIUAIIOB (POTOAMHAMUYECKOMN Tepariy U
T€HEPUPOBAHNUE CUHTJIETHOTO KUCIOpPOoaa PyuIepeHoM 0/
JICMCTBHEM CBETa BBI3BIBACT MOBPEKICHUE U THOETh KISTKH-
MMIIIEHH.

12.CeHcopHble

CHCKTp HAaHOMATCPUAJIOB, UCITIOJIB3YEMbBIX B CCHCOpAX, AOCTATOYHO

HaHOMaTCpHUaAJIbI: IIHUPOK. K HUM MOXHO OTHECTH CJICOYIOIINEC TpyHIibL
OIIPCACIICHUC. HaHOMAaTCpHUAJIOB: — HaHO4YaCTHUIIbI, HaHOKJIACTECPHI,
Hcnonn3oBanme HAaHOKPHUCTAJIJIBI U KBAHTOBBIC TOYKH, UCITIOJIB3YEMbIC B OCHOBHOM B
6I/IOCCHCOpOB Ha OCHOBC | OITHYCCKHUX, B TOM 4YHUCIIC U B OHMOXUMHUUYECKUX CCHCOpAx —
OeIKOB B OJICKTPOHUKE. | HIMMYHOCCHCOpAX, PCKE B OJICKTPOXMMHUUCCKHUX CCHCOpaxX, —
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buocencopsl B HOBBIX
MIPUBOJAIINX YCTPONCTBAX.

HAaHOTPYOKH,  HAHOCTEP)KHHM,  HAHOJICHTHI,  HAHOIPOBOJIOKH,
NpUMEHSIEMBIE B TMEPBYIO OYepelb B JJIEKTPUUECKUX (3PPeKT
MOJIEBOTO  TPAaH3UCTOpA) M IJEKTPOXUMHUYECKHX  CEHCOPBI,

OCHOBaHHBIC HA UCIIOJIH30BAHUM HAHOPA3MEPHBIX OPTaHM30BAHHBIX
IJICHOYHBIX CTPYKTYpP M CaMOOPIaHW30BAHHBIE MOHO- U TOJIUCIIOH,
NPpUMCHACMBIC B OCHOBHOM B OHNTHUYCCKHX, ITOBCPXHOCTHO-
aKyCTMYECKUX UM  IbE30KBapIEBBIX (00BEMHOAKYCTHUECKHUX )
ceHcopax. B kadecTBe OMOCEHCOpa MOXET CIYKUTh OCIIKOBas
cucTtema, o0najaromas AByMsi OYTH PAaBHBIMH SHEPreTHYECKUMHU
COCTOSAHUAMMU. 4! MNPpUCYTCTBUC MOJICKYJIbI-MUIICHA JOJI’KHO
perynupoBarb, OyJeT JId MPOTEKATh PEaKiusi B CTOPOHY BUAMMOIO
OTBCTA, HAITPUMCEP CBCUCHHA UJIM CMCHBI 1IBCTA.

13.Koncrpykunu

OMOCEHCOPOB c
HCIIOJIb30BAHUEM —
(hepMEHTHBIX AJICKTPOJIOB U
HMMOOUIN30BaHHBIX

KJIETOK MUKPOOPTaHU3MOB

buocencopsl — aHamUTHYECKHE CHCTeMy M paboThl ¢
OMOJIOTUYECKUM  BEIIECTBOM  MJIM  CHUCTEMY,  COZACPIKAIIYIO
OMO0JIOrNYECKOe BEIIECTBO, O0JIbIIIE JaHHBIX B I10JIb3Y ONPEAEICHHUS,
COTJIACHO KOTOPOMY OHMOCEHCOPOM Ha3bIBACTCS aHAIUTHYECKas
cucrema, cojepxamas Ouojoruueckuil Matepuan ((pepMeHTsI,
KJIETKH, aHTUTENa, aHTUreHbl, penentopsl, ¢parmentsl JIHK),
KOTOPBIM HaXOJUTCS B HETIOCPEACTBEHHOM KOHTAKTE WM BCTPOEH B
(OU3HKOXUMHUYECKH JaTduk. B  OHOCEHCOPHBIX YCTPOHCTBaX
UCHOJb3YIOTCS (PU3UKO-XUMHUYECKUE NPeoOpa3oBaTean pa3InyHbIX
TUIIOB;  ONTHUYECKUE, AaKyCTHYECKHE, KOHIYKTOMETPUYECKHE,
KAJIODUMETPUUYECKUE,  DJIEKTPOXMMHYECKHE.  BHOCEHCOpHBIMU
YCTPOMCTBAMM HMEHYIOTCSI M 3JIEKTPOHHBIE, OINTHUYECKHE WIIU
JJIEKTPOHHO-ONITUYECKUE DJIEMEHTBI, COJAEP)KAIUE KOMIIOHEHT
O1OoJI0rM4ecKoi cuctemsl. [IprueM 3TOT 371€MEeHT peAHa3HauEeH ISl
pabOTbl MMEHHO B 9JIEKTPOHHOM WM 3JETPOHHO-ONTUYECKOM
ycTpoiictBe. CBETOUYBCTBUTENbHbBIE OMOCEHCOPBI — 3TO YCTPOMCTBA,
coJiepkalie B KayecTBe paboyero marepuana Te MM HHBIE
(OTOUyBCTBUTEIIbHBIC OHoJIorn4ecKue CTPYKTYpBI
(MakpoMouieKynbl, (oTopeuenTopHsle MeMOpaHbl M T. 1.) H
MpeIHa3HauYeHHbIE JIUIsl PETUCTPALIUU, TPEOOPa30BaHUS U XPaHEHUS
ontudeckoil uHdopmanmu. BaxHedmuMm s1eMEHTOM  J1I000Tro
OuroceHcopa sBIsSETCS OMOJIOTMYECKUN YYBCTBUTEIBHBIM 3JIEMEHT
(buocnenmduueckas MOBEPXHOCTh, OMOJATUUK, TECT-O0BEKT.

14.buocencopsl,
coJieprKaliye
MOHOKJIOHAJIbHBIE
aHTuTeNna,  objajnarorue
BBICOKOH
n30MpPaTENHbHOCTBIO.

B kauecTBe TecT-00beKTa OMOCEHCOPHOTO YCTPOICTBA MOTYT OBITh
WCIOJIb30BaHbI Pa3IMYHble KOMIIOHEHTHI OMOJIOTUYECKUX CUCTEM —
q)epMeHTBI, aHTHUuTECIIa, AHTHUT'CHBI, HYKJICMHOBBIC KHCJIOTHI,
pEeLEenTopbl, KJIETOYHbIE OpPraHEesUIbl, KIETKH, TKaHU, OTAEJIbHbIC
KUBBIE OpraHu3Mbl U J1p. PepMEHTHI — 3TO HanboJjee MonysspHbIE
TECT-00bEKTHl OMOCEHCOPHBIX yCTpOWUCTB. DepMEHTHl MPUTOIHBI
JUISL W3TOTOBJICHHSI OMOCEHCOPOB, NPEIHA3HAYCHHBIX TJIABHBIM
o0pa3oM [UIsi OMpEeNeNieHUs COJep>KaHus OMOTEHHBIX BEIIECTB.
AHTHUTENa B OMOCEHCOPHBIX YCTPONUCTBAX KaK TECT-00BEKTHI UMEIOT
OCHOBHBIE€ JOCTOMHCTBA. 1. BbicOkasi cenekTUBHOCTh. 2. Bricokas
YYBCTBUTCIIbHOCTD, CBSI3aHHASI C HCKIIOYUTENILHO  OOJILIIAM
3HAQUEHHEM KOHCTAaHThl CpOJICTBA AaHTUTENAa K aHTUTeHy. 3.
Bo3moxHOCTE HA OCHOBE PCaKIIM aHTUTCH-aHTUTECIIO ONPCACIIATH
co/iepKaHUE KaK aHTUIE€HOB, Tak W aHTuTen. 4. OTHOCUTENbHas
JTOCTYITHOCTh ~MaTepuana, oOycioBieHHas TeM, uto HWDA
WHTEHCUBHO BHEJIPSETCS B MPaKTUKY. Cpeln HEAOCTATKOB YKaKeM
cinegyronme: 1. JloctaTouyHO BBICOKYIO CTOMMOCTD. 2. [IpUrogHocTts
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JJI aHAaJIM3a OTHOCHUTCIIBHO OTPaHNMYCHHOI'O Kpyra BCIICCTB

15.0npenenenne

«OHMOMapKephI», KakK
CHCTEM, OTPaXKAIOIIHNX
COOBITHS B OPraHHU3ME WIIN
B OMOJIOTMYECKON CHCTEME

buonornueckuii Mapkep — 3TO KaKOH-11M00 mapamerp, KOTOPBIH
MIOAJAETCSl TOCTOBEPHOMY HM3MEPEHHMIO M II0 KOTOPOMY MOKHO
y3HaTh 4TO-JIMOO O COCTOSIHUM 3JI0pPOBbS MJIM CMEPTHU YEJIOBEKa!

HampuMep, O Hauuuuu 3aboneBaHus,  (PUIUOIOTUYECKOTO
W3MEHEHUsA, peaklUu Ha JIEYCHUE WM ICUXOJOTHYECKOro
paccTpoicTBa.

Buomapkepbl HCIIOJIB3YIOTCS ISl KCCIISOBAHUI 1N Vitro, a TaKXke in
Vivo, KOTOpbIE MOT'YT BKJItoYaTh Jitojeld. OOBIYHO BBIICISIOT TPH
KOHKPETHBIX THMAa OWOJIOTMYECKUX MapKepoB. OHOMapKepbl
BO3JCUCTBUSA,  OuoMapkepbl  d3pdekra wumm  OHOMapKephl
YYBCTBUTEIHLHOCTH (BOCTIPUUMUYNBOCTH).

16. HanpaBnenus
HaHOMEUIIUHBI:
pa3paboTKa METOJI0B
aJpECHOM JOCTaBKHU
JIEKapCTB K MOPaKeHHBIM
KJIETKaM.

Hanomenuiuna — 370 «...CIeXEHHUE, UCIIPaBIICHUE,
KOHCTPYHUPOBAHHUE ¥ KOHTPOJb HaJl OMOJIOTHYECKHMH CHCTEMaMuU
YyeJI0oBeKa Ha MOJIEKYJISIPHOM YPOBHE C UCIIOJb30BAHUEM
pa3paboTaHHBIX HAHOYCTPOMCTB U HAHOCTPYKTYp». I1o 3TM
TEPMHUHOM CET0JIHsI TOHUMAIOT IPUMEHEHNE HAHOTEXHOJIOT U B
JTUAarHOCTUKE, MOHUTOPUHTE U JICYCHUH 3a00JICBaHUIA.
Hanomauuuna BkItoyaeT: pa3paboTKy YUIIOB, aIPpECHYIO JOCTaBKY
JIEKapCTB K MOPaKCHHBIM KJIETKaM, CO3JaHUE HOBBIX
OaKTepULIUIHBIX U IPOTUBOBUPYCHBIX CPEACTB, TUATHOCTHKY
3a00JIeBaHUH C IIOMOIIBI KBAHTOBBIX TOYEK.

CriocoOHOCTh MOJIEKYJT BEIIECTBA MOMaaaTh B TeJe MalueHTa Tya,
7€ OHU HEOOXOAMMBI, HA3bIBACTCSI OMOJIOTHYECKON YCBOSIEMOCTHIO
WM ajipecHoi noctaBkoi. Co3gaeTcs TpaHCHOPTHOE CPECTBO”
WJIM MaKkpoMoJieKya-Tpancnoptep. OH COCTOUT U3: JIUTAH/A,
SHJO0COMOJIMTHYECKOTO MOJYJIsl, CUTHAJa BHYTPUSIEPHOI
JIOKAJIN3aliK, COOCTBEHHO HOCUTEIb JICKAPCTRA.

17.Crparerun

HaHOIIPEnapaToB
HaIlpaBJIEHHOTO JIEUCTBUSI.
[Ipenmymiecrna u
HEJIOCTaTKU  IIPENaparoB
HAIMPABJIEHHOTO JICUCTBUA.

CO31aHuA

Cozpanue  HaHoOmNpenaparoB JIGKUT B  OCHOBE  IIpouecca
HaIPaBJIEHHOTO TPAHCIIOPTA JIEKAPCTBEHHBIX MPENapaToB, IEPEHOC
TOKCUYECKOIO  BEIIECTBA, KOBAJIEHTHO WM  HEKOBAJIEHTHO
CBA3AHHOTO C BEKTOPHOW MOJEKYJIOH, B KJIETKy-MHUIIEHb B
pe3yJIbTaTe peLenTop-ONOCPEIOBAHHOIO 3HI0LMTO3a. Penenrtop-
3TO OIOCPEOBAHHBIN SHAOLUTO3 MPEJCTABISIET COOOM CIIOXKHBIN
MEXaHU3M,  HCHOJBb3YyEeMBbIH  KJeTKaMH s BbIOOpOUYHOMU
WHTEpHANN3aluu  OEIKOB  IUTOIUIa3MaTHYECKOM  MeMOpaHbI.
BosbIIMHCTBO 3THX OETIKOB SABIAIOTCS pEeLeNTOpaMH Ha KIETOUHOU
MOBEPXHOCTH  JJISI  BHEKJIETOYHBIX  JUraHjaoB. Ilpemapatrsl
HaNpaBJICHHOTO0 TPAHCIOPTa, MHPEICTABISIOT COOOW KOHBIOIAThI
Oenka-BeKTOpa C JIEKapCTBEHHBbIM IpenaparoM. B kadecTBe
MOJIEKYJISIPHOTO BEKTOpa JUIsl JOCTABKH IIPENAPATOB B OIIyXOJIEBHIE
KJIETKH MOTYT OBITh HCIOJb30BaHbl HEKOTOPHIE (aKTOpPbhI POCTa,
TOPMOHBI M OHKO(eTalbHble O€NKH, B YaCTHOCTH, albda-
tderonmporenn (ADII). B kauecTBe aJibTepHATUBHOTO TI0JIX0/1a MOT'YT
OBITh MCIOJIB30BAHBI MpenapaThl HAIPABICHHOTO JICHCTBUS B BUJIE
KoHbioratoB A®II ¢ aHTHCMBICIOBBIMH  OJMTOHYKJICOTHIAMHU
(ACOH) k MPHK reHoB, urparomux KIHOUeBYIO POJib B PETYIISIUN
KJIETOYHOM nposudepaluy 1 anonrosa.

18.Pa3paboTka
HaHOBAaKI[UH,
KOHCTPYMPOBaHHE

HUMMYHOI'CHOB U MHWHU-

HanoMerpoBbrle  BakIMHHBIE KOHCTPYKLUHU HaHOBAaKIIMH
colepkaT  BAaKIUHHOILIGHHBbIE  O€NTKH, TPEICTAaBICHHBIE  BO
MHOXECTBE KOMUW Ha MOBEPXHOCTU vacTull pazmepom 40—100 HMm.

Takue BakIIMHHBIE HAHOYACTHUIIHI OYIyT 00nagaTh 0€30MaCHOCTHIO
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AHTUTECII, HAHOAHTHUTECII.

OYHIIICHHBIX W CHHTCTHYCCKHX BaKIMH U 3(i)(1)eKTI/IBHOCTBIO,

CpaBHHMOﬁ C y6I/ITI>IMI/I n Jaxe KHUBBIMU BaKIIMHaMMH.
O,Z[HOI[OMCHHBIC aHTUTECIIa (HaHoaHTI/ITeHa) B OTJIHMYHUE OT
KIIaCCHUYCCKUX I/IMMYHOFJI06yJII/IHOB, npeaACTaBJICHBI OJHUM

BapualelbHBIM JOMEHOM TSDKEJOLeNoYeyHoro aHTtutena. Ilo
CpaBHEHHIO C Kiaccuyeckumu IgG, HaHoaHTUTEnda 00JagaroT
TaKMMHU KauyeCTBaMH, KaK: BBICOKas OMOJIOTMYECKas JOCTYITHOCTD,
CIIOCOOHOCTH B3aUMOCHCTBOBATh c TPYAHOIOCTYITHBIMH
SMUTONAMH, BBICOKAs  PACTBOPUMOCTh, TEPMOCTAOUIBLHOCTD,
BO3MOJKHOCTbD ITOJIYYCHHUS B OaKTEPHAIIBHBIX CUCTEMaX 3KCIPECCHH.
O6mact  TpPUMEHEHUS  HAHOAHTUTE]I  OYEHb  OOIIMPHBI:
7a00paTOpHBIC  HWCCJICAOBAHMS, JHArHOCTAKA M TCepaIMs
OHKOJIOTMYECKHX, WH()EKITMOHHBIX, reMaToJIOTHYECKUX,
BOCHAIMTEIbHBIX, AayTOUMMYHHBIX ¥  HEWpoJereHepaTUBHBIX
3a0oneBanuii. B 3aBucUMoOcTH  OT  LeNed  NpPUMCHEHHS,
HaHOAHTHUTE]A JIETKO MOJIU(DHUIMPOBATh, IPUCOCAHMHHUB JIPYroe
HAHOAHTHUTEIO0, HEOOXOIUMYIO MOJICKYJIY WU PaTuO0aKTHBHYIO
MeTKy. HaHoaHTmTena 00Jjamar0T OTPOMHBIM ITOTCHIIHATIOM ISt
MIPUMEHEHHUSI B IMATHOCTUKE, TEPATMU ¥ MEIUIIMHE.

19. Xumnueckoe
KOHBIOTUPOBAHHUE B
HaHoMeuuuHe. IlonsaTue
KPOCIIMHKEP»:
KPOCJIMHKEPBI HYJIEBON
JUIMHBI,

«roMoOu( yHKIIMOHATIbHBIE
KPOCJIMHKEPBHI,
rerepoouyHKIIMOHAIEHBIC
KPOCIIMHKEPBHI,
TpU(YHKITMOHATBHBIE
KOCJIMHKEPHI

st monydeHust JIeKapCTB HAMpPABJICHHOTO JIEUCTBUSI MCIOIB3YIOT
MPOLIECC ~ XUMHYECKOTO  KOHBIOTHPOBAaHUS C  pPa3sIUYHBIMU
XAMUOIIpenapaTaMd — KpOCIMHKEpaMu: XPOMOI'€HHBIMUA U
(bayopecueHTHBIMU KpacHUTEeIsIMH, OJIUTOHYKJIEOTHIAMU,
YrJICBOJaMH, nenTungamMu u 6CJIKaMI/I, CHUHTCTUYCCKUMUN
noiuMepamMu.  XUMHYECKOE  KOHBIOTHPOBAHUE  IO3BOJISAET
dbopMupoBaTh M3 JABYX WM HECKOJBKUX MOJICKYJ KOMILICKCHI,
KOTOpblE HE TOJIbKO COYETaloT B cebe CBOMCTBA MCXPIHBIX
KOMIIOHCHTOB HO H OTJIHWYAarOTCA YHHKAJIbHBIMH CBOIICTBaMH.
Kpocnunkepsl «HyneBoil MHBY o0OecrednBaloT 00pa3oBaHUE
KOBAQJIEHTHOU CBSI3U MCKAY ABYMs MOJICKYJIaMH 3a CHCT aTOMOB
camMux  MoJekyl.  ['oMoOM(YyHKIMOHAIbHBIE  KPOCIMHKEPHI
MPEACTABISIOT COOOM IEMOYKH YIJIEPOJHBIX aTOMOB Pa3IUYHOM
JUIMHBI, Ha OOOMX KOHI[aX KOTOPHIX HUMEIOTCS HIACHTUYHbBIC
peakiroHHOoCIIocoOHbIe Tpynmbl. OHU CHOCOOHBI CBSI3BIBATH JIBE
MoJleKynst Oenka, uinu OeloK ¢ Jpyroil MOJeKynoH, uMeromeit

OJIMHAKOBBIE (GyHKIIMOHATBHBIE IPYIIIBL.
['eTepoObupyHKIIMOHATBEHBIE  KPOCIUHKEPBLUMEIOT Ha  KOHIAX
MOJIEKYJIbI pa3In4HbIe (GyHKIIMOHATTbHBIE TPYIIIBL.

TpudyHKIIMOHATBHBIE KOCIUHKEPHI COJIEPKAT B CBOCH CTPYKTYype
TPH Pa3NUYHBIX (QYHKIIMOHATBHBIX TPYIIHI U MO3BOJIAIOT TOTyYaTh
KOHBIOTAHTHI CPa3y TPEX COCTUHECHHII.

20.®DayopeciieHTHOE
MEUYeHHE  HAHOCTPYKTYP
JJIA JUArHOCTUYCCKUX
cucreM. KoHBIOTaHTBI AJIs
AWArHOCTUKH U TCpalru.

Haubonee yacto npumMeHsieMbIM peareHToM JUIsl (pIIyopeclieHTHOTO
MeueHus: OelKoB sBisfeTcs  (DIyopeclerMHU30THOIMAHAT IS
Moaudukanuu € 1 N-koH1IEBbIX aMHHOTpyNn O0eakoB. Mcnomas3ytoT
u apyrue peareHThI: 6-¢yopecuienH-5-kapOoKcaMuI0-
CYKIIMHUMHJIHBIN 3Qup KanpoeBoil KUCIoThl. DIyopeclieHTHBIMU
cBOMCTBaMM 00J1aJ1aeT U MPOU3BOIHBIE KyMapHHa.

21.AuTHUTena Kak
MOJIEKYJIIPHBIE ~ BEKTOPBI.
Meuenple  adTUTEIA B

OUOMEIULINHE.

MonekynspHas aHTUTENA TMO3BOJISIIOT OCYHIECTBIATh JOCTaBKY
FEHOB B KJIETKH. MonekynspHas aHTUTella KaK BEKTOPBI
MPEACTABISIET COOOM YaCTHIBI, B IIEHTPE KOTOPHIX HAXOJHUTCS
pexomOuHanTHas Tuiasmuanas JIHK ¢ mocraBiseMbIM reHOM, a Ha
TMOBEPXHOCTH - AHTUTENA K KIIETKaM-MHIIICHSIM. AHTUTEIIA BXOJAT B
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COCTaB KOHBIOTaTa — JIEKAPCTBEHHOI'O IIpernapara, CIIOCOOHOTO
yAEpKUBATH KOHBIOTAT Ha OTpUllaTesibHO 3apsixeHHoi JIHK 3a cuer
NOJIOKUTENBHOTO  3apsiia  Ipemapara W CTUMYJIHMPOBATh
npoHukHoBeHHe Mouiekyn JIHK B asykapuoTudeckue KIETKH.
MeueHnble paguoOaKTUBHBIM M30TONIOM MOHOKJIOHAJIbHBIE aHTUTENA,
oOyamarome CpoJCTBOM K PEIENTOpaM, pacHoOJIOKEHHBIM Ha
MOBEPXHOCTU OMYXOJIEBBIX KJIETOK, MOT'YT OBITh UCIIOJIb30BAHbBI KaK
JUISL JUArHOCTUKYU ONYXOJIEH, TaK U JJIsl Tepanuu. B kauecTBe METOK

HMCTIONB3YIOT PafHOaKTHBHEIE H30Tonbl 2> | B u npyrue.
22 ITonmumepsl kak | [Ipy  pazpaboTke  HAHOYACTHII B  KA4eCTBE  HOCHUTENCH
MEPEHOCUYNKHU TEpaleBTUUYECKUX  IPENaparoB  MCIOJB3YIOT  JIMHEHHblE U
TEPaNeBTUYECKUX areHTOB. | pa3BETBIIEHHBIE OJUMEpPHI: NOAUATHIEHIIMKOb (I10I) paznuunoii
IIpumenenue MOJICKYJIIPHOM Macchl, MOJUTIYyTAMUHOBAsl KHUCJIOTa, AEKCTPaHBI,
MOJUATUIICHTJIMKOJICH B | HMKJIOJECKCTPUHBI nosuru-N(2ApoKCUTTPONTUII-METAKPUIIAMHUT).
HaHOTEXHOJIOTUH u | Xumndeckoe npucoequHenue k [190° yBenuunBaeT pacTBOPUMOCTb
MEIULIMHE.. mpernaparoB B OWMOJNOTMYECKUX  JKUAKOCTSX,  YBEIMYUBACT
OMOOCTYIIHOCTb, BpeMsI LIUPKYJSALUM B OPraHU3ME M YMEHBIIAET
MMMYHOT'€HHOCTh Ipenapara. [[jsi KOHbIOrMpOBaHUS MCHOIb3YIOT
XOpOIIO PAacTBOPUMBIE B BOJE M OPraHUYECKUX PACTBOPUTEISAX
TTOJIMATUIICHTJIMKOJIA ¢ MOJICKYJIIpHOU Maccoit meHee 20000 Jla.
23.Ky60ocombl. Ky6ocombl — 3TO NHUNUIHBIE CTPYKTYpPhl BXOJAIIUME B COCTaB
JIMCKOCOMBI: HaHOYACTHL], IPUMEHIEMBIX JUIsl TPAHCIIOPTUPOBKU JIEKAPCTBEHHBIX
HCIOJIb30BaHUE B | cpeactB. KyOGocoMbl COCTOAT M3 CMECH JIMIIMIOB, 0Opa3yrolux
OMOHAHOTEXHOJIOTUU Ky0O0110/100HbI€ CTPYKTYpbl. OHU B CTPYKTYPE UMEIOT HENIPEPBIBHBIN

bpchonunuanbiii  cnoil. PaccTosHuMe  MEXIy — €IUHUYHBIMHU
anemMeHTaMu kKyoocom okojio 20 um. Pazmep kyb6ocomsr ot 100 mo
1000 uM. Mcnonb3yroTcst A TPaHCIOPTUPOBKHU JIEKAPCTBEHHBIX
MpenapaToB CBs3aHHBIC B HaHOTPAHCHOPTHOM CpEACTBE C
KyOOCOMOH.

24 Jlunuaasie
MUKpOTpYOKH. JlumumHbie

MUKPOIY3bIPbKH.
JIunocomsl — THIIBI,
pa3mepsl, CTEPUYECKHU
CTaOMIIN3UPOBAaHHbBIE
JIMIIOCOMBI,  HAIlCJICHHBIE
JIUIIOCOMBI.

JlumuaHble  MUKPOTPYOKH — TMPEICTABISIOT  cO0OM  mmoiibie
LWIMHIPUYECKHE CTPYKTYphl tuamerpoM mMeHee 1000 HM u [yiHON
oT 20 no 45 mMxm. CTeHKH MUKpPOTPYOOK 00pa3oBaHbl OJHUM HWIJIH
JIBYMS1 JINTUAHBIMUA OMCIIOSMU.

JlunmocoMbl TPEACTaBISAIOT COOOM 3amOJIHEHHBIE BOJIHOW Cpeoin
3aMKHyTble HaHocdepbl. (OO0o00YKa JUMOCOM COCTOMT U3
dbochomunuaHBIX CJI0EB  JBYCJIOWHONW MeMOpanbl. Jlmametp
JUnocoM coctapisier oT 20 HM (MOHOJaMEeJUIPHBIE BE3UKYIIbI,
CTEHKAa KOTOPBIX COCTOUT W3 oxHoro Owmcnos) mo 10-50 mkm
(MyJbTHIIaMEIISIPHBIE BE3UKYJIbI, CTEHKA COCTOUT U3 JECATKOB WIN
coreH Oucnoés). Jlnsd J0CTaBKM TEpareBTUYECKUX CpEACTB
UCHONB3YIOT pH-uyBCTBUTENBHBIE, «HALCJIIEHHBIE», CTEPUYECKU
CTaOWIM3UPOBAHHBIE JTUMOCOMBL.  HalleneHHbIe JINTOCOMBI HECYT
Ha MOBEPXHOCTH JIMTAaHIbl U AHTUTENA, Y3HAIOLIUE PELIEITOPHI MU
aHTUreHsl. IIpuMmeHsIOTCSI B NPOTHBOOITYXOJEBOM  TEpAIHH.
MonudunrpoBaHHbIe [or JINTIOCOMBI Ha3bIBAIOT
«TATUJIMPOBAHHBIMUY) WM «CTEPUYECKU CTAOMIN3HUPOBAHHBIMUY.
OHu He pacno3HalTCid HMMMYHHOW CHCTEMONM M HENOCTYIIHBI
Makpodaram.

25 ITonmumepHble
HaHOKAICYJIbl u
HaHocgepbl. [lonmumepHsie
MuLeIsl. JleHapumepsl

Hanoxkancynsl mpencTaBisstoT co0oil  mMonible, OrpaHUYEHHBIC
3aMKHYTOM MOJMMEPHOU 00010uK0i HaHOpa3mepHbie chepsl (100-
500 vM). BHyTpu comepkar BOJHYIO WJIM MACISHYIO Cpe.y.
HO.]'H/IMepHI)Ie MOJIMOWAHOAKPUIIATHBIC KaIlCyJibl NPUMCHSAIOTCSA B
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KayecTBE  HOCUTENeH  TepaneBTUYECKHUX
MOBEPXHOCTH  HAHOKAICYJd  HMMMOOWIHM3YIOT
BEKTOPHBIE MOJIEKYJIbI.

Hanocdepsl npeactaBisiioT cOOOH CIUIOIIHBIE MOPHUCTHIE IIAPHI,
COCTOALIME W3 NPUPOAHBIX (KOJIareH, Kpaxmal, XUTO3aH) WU
XUMHAYECKH CHHTE3UPYEMBIX HOJIMMEPOB
(moNManKWINUaHOAKPUIAThl) WJIM COMOJIMMEPOB MOJIOYHOM H
[JIMKOJIEBOM KHCJIOT. MCIONB3yIOT KaK CTPYKTYpPHBIE KOMIIO3UTBI
TPaHCIOPTHBIX JIEKAPCTBEHHBIX CPEJICTB.

[TonmumepHbIe MUIIEIUITBI POPMHUPYIOTCS B BUIE aM(UPUITBHBIX OJIOK-
COIIOJIMMEPOB, OPTraHU3YIOLINXCS B BU/I€ HAHOPa3MEPHBIX CTPYKTYD,
uMeromux TuapodoOHbt Kop u THAPO(IBHYIO 00010YKy. ITO
MULE/UIBI  CHOPMHUPOBAHHBIE M3  IOJUATUICHOKCUIA U
nonmunponuwieHokcuga ([0  wu [II1O).  Henapumepsl
IPECTABISIOT coboit CHUHTETHUYECKUE HOJIMMEPHbIE
MaKpOMOJIKYJIbl,  COCTOSIIIME W3  MOHOMEPHBIX  3BCHBCB,
BBIXOJSIMX U3 LEHTPAJIBLHOIO KOpa 3a Hpelesibl HAaHOCTPYKTYPHI.
Jlenapumepsl MOJTyYaroT METOOM MHOTOCTYIEHYATOTO
XUMHAYECKOro cuHTe3a. OHM MOryT OBITb MOJU(HUIIMPOBAHBI
BEKTOPHBIMU  MOJIEKYJaMM, AHTUI€HAMHU U JIEKapCTBEHHBIMU
npernapaTamm.

MpEeraparoB.
AHTUTCIIa

26.0cobeHHOCTH
HAHOTEXHOJIOTUYECKUX
MIPOU3BO/ICTB.
D¢ddexTuBHOCTD
TEXHOJIOTHI
MUHUATIOPU3ALUU
AQHATUTUICCKUX CHUCTEM.

Oco0eHHOCTh HAHOTEXHOJOTUYECKUX ITPOU3BOJICTB B
UCTIOJIb30BaHUH TEXHOJIOTUYECKUX METO0B U ITPOIIECCOB JUIS
MIPOU3BO/ICTBA MATEPUAIIOB, YCTPOUCTB M CUCTEM, a TAKIKE
YIIPaBJICHUE XUMUYECKUM COCTaBOM U B3aUMO/ICHCTBUEM
COCTaBJISIOIIMX 3JIEMEHTOB HAHOPA3MEPHOTO TNaNa3oHa.
CymiecTByeT nepcreKkTuBa Oy yIiero NpuMeHEeHUs! aHATUTHYECKUX
MHKPOCHUCTEM. Pazsutne MHKPOYHUIIOBBIX TEXHOJIOTHH CBSI3aHO C
MPOLIECCAMU MUHHATIOPU3AIK IPHOOPOB, HCIIOIb3yEMBIX B
PAa3JIMYHBIX OTPACIIAX. B 3aBucnMocTH ot KOHKPCTHBIX 3a1a4
apXUTEKTypa MUKPOCHCTEMbBI MOKET U3MEHSThCS.

27.JlabopaTopun Ha 4YuIE.
HUcnons3oBanne JHK mus

CO3IaHHUS  HAHOCTPYKTYP
JJHK kax mabmon s
MOJIEKYJISIPHOM
ANEKTPOHUKHU

'ITO MUKPOCUCTEMBI TIOJTHOTO aHAJIN3a — MUHHATIOPHBINA TTPUOOP,
[MO3BOJISIFOIIMM OCYILIECTBIIATH OJJUH UJIH HECKOJIBKO
MHOTOCTATUAHBIX (0M0) XUMHUYECKUX TTPOIIECCOB HA OJTHOM YHIIE
TJIONIABI0 OT HECKOTBKUX MM? JI0 HECKOIBKHX CM? 1
WCTIONB3YIONIUN MUKPO- WJIM HAHOCKOITMYECKHE KOJIMYECTBA
00pa31oB AJ1s MPOOONOrOTOBKY U MPOBEACHUS PEAKIUH.
JlaGopaTopru Ha YUTIE OTAUYAIOTCA OT OOBIYHBIX OMOMUKPOYHIIOB,
BBITTOJIHSIOLINX, OHY PEAKIIMIO: OCYUIECTBIISIOT IOCIEI0BATENbHbIE
XUMUYECKHE MTPEBPAIICHUS UCXOTHBIX 00pa3I0B, BKIIIOUAsl CTAIUU
pa3zieneHus, KOHUEHTPUPOBAHUS, CMEIIMBAHUS TPOMEKYTOUHBIX
MPOTYKTOB, IEPEMEIICHUS UX B PA3IMUHbBIE PEAKIMOHHBIC
MHUKPOKaMepPbl U CYMTHIBAHNS KOHEUHBIX PE3yJIbTATOB.

28.JIHK kak BO3MOKHBIM
KOMIIOHEHT KOMIIbIOTEPOB
CJIETYIOIIETO MOKOJICHUSI.

Monexyinsl JIHK - maTepuai, u3 KOTOPBIX COCTOST I'€HbI, MOTYT
BBINOJIHATH BBIYMCIICHHUS BO MHOTO pa3 ObIcTpee, UeM caMble
MOIIHbIE B MUpe KoMIbroTepsl. [THK-koMnbroTepBl HIMEIOT
MOTEHIMAJ JIIsl TOTO, YTOOBI BEIBECTH KOMITBIOTEP HA HOBBIE
ypoBHH. CyIlIeCTBYET HECKOJIBKO IMPEUMYILECTB UCIOJIb30BaHUS
JIHK BMecTO KpeMHus:

- HeorpanndeHHsble 3anacel JJHK;

- 6oab1m0ii 3anac JIHK nenaer ero gemeBbiM pecypcoM;
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- B OTVINYUE OT TOKCHYHBIX MaTepUaioB, UCHIOIb3YEMbIX JIJIS
W3TOTOBIICHUS TPAAUIIMOHHBIX MUKpPOIpoiieccopos, ouounnsr JJHK
MOTYT OBIThH CJIeJIaHbl 00Jiee IKOJIOTUYHBIMU CIIOCOOAMH;

- JIHK-KOMITBIOTEpPBI BO MHOI'O pa3 MEHbILIE COBPEMEHHBIX
komnbroTepoB. bonee 10 tpuimuonos mosnekyn JJHK moryt
BXOAHUTh B 00J1aCTh pa3MepoM He Ooliee 1 KyOM4ecKoro
cantumerpa. C momMoIipko 3Toro Hebonpuioro konuuectsa JHK
KOMITBIOTEp MOT ObI XpaHuTh 10 TepaGailT NaHHBIX U BHITOIHATE 10
TPUUIMOHOB BhIUMCIIEHUH 3a pa3. [lo6aBuB 6ombine JIHK, moxxHO
ObUT0 OBI MPOBECTH €I1Ie OOJIBIIE PACYETOB.

29 3agauu B kauecTBe 3a1a4 HaHOOMOTEXHOIOT U BBIJIEISIOT:
HAaHOOMOTEXHOJOTHH  TIO | - pa3paboTKa MUKPOYCTPOUCTB (MUKPOUYUIIOB, OMOCEHCOPOB) IS
PELICHUIO KIIIOYEBBIX | AMATHOCTUKHM 3a00JeBaHUI, CO3[JaHUS HAHOMHCTPYMEHTOB U
npobiem MEIULMHBI, | HAHOMAaHUITYJISITOPOB;
3/IpaBOOXpaHEHUS, - pa3paboTKa MHKPO- U HAHOYCTPOMCTB pa3iM4HON CTEneHU
CENBbCKOI0 XO35MCTBA, | aBTOHOMHOCTH (Mukpopo6oThI u HaHOPOOOTBHI) JUIS
HAHO3JIEKTPOHUKH, 3aILUTHI | TEPANIeBTHUECKUX METOJIOB;
OKpY>KaroIen Cpelpl, | - pa3padoTKa HAHOCTPYKTYp M HAHONPENApaToB [UIsl aIpECHOM
HAI[MOHATILHOW OOOPOHBI U | IOCTABKH JIEKAPCTB K MOPAKEHHBIM KJIETKaM
0e30macHOCTH - CO3/IJaHUE HOBBIX OAKTEPHUIMIHBIX U NPOTUBOBUPYCHBIX CPECTB,
BKJIIOYAIOIMX HAHOMATEPUAIIbl 1 HAHOYACTHUIIBI
- CO3JIaHUE HEWPOAIEKTPOHHOU CHCTEMBI CO3HaHU4,
OCYIIECTBISIIONIEH  B3aUMOACMCTBHE  ILIEHTPAJIbHON  HEPBHOM
CUCTEMbl U HCKYCCTBEHHOI'O HMHTEJUIEKTA, CO3JaHHOI'O HAa OCHOBE
JOCTUKEHUI HAaHODJIEKTPOHUKH.
30. Bo3moxHble pucky, | Beicokoe cooTHOIIEHNE TOBEPXHOCTH K 00BbEMY U, COOTBETCTBEHHO,
CBSI3aHHbIE C | BBICOKUI MPOIEHT aTOMOB Ha MOBEPXHOCTH — TIJIaBHBIN (axTop,
HCII0JIb30BaHUEM ONpEACIAIONMN pa3inyie B IOBEACHUM U CBOMCTBaX HAHO- U
HAHOOMOTEXHOJIOTUHU MUKpoudacTull. [loBepXHOCTHBIE aTOMBI CBSI3aHBI C MEHBIIUM
Bricokass  mpoHMKaromias | YMCIOM COCEIHMX, U MOITOMY O0JaaroT M30BITOYHOW SHEPTUEH,
CIIOCOOHOCTh HAHOYACTHUI] M | UTO JIeTIaeT WX CBOWCTBA (a 3HAYMT, U CBOWCTBA HAHOYACTHI] B
ux CKJIOHHOCTb | IIJIOM) OTJIMYHBIMM OT CBOMCTB aTOMOB B TOJIIIE MaTEpHH.
BCTPAMBATHCS B | HEKOTOPBIE BBIBOJIBIL:
OMOTEeXHOJIOTHUECKHE - pa3oBO€ IMOCTYIUICHHE HAaHOOOBEKTOB B OpPraHU3M BbI3bIBAET
00BEKTHI HEeXeJaTellbHble U3MEHEHUS, HTHTEHCUBHOCTh KOTOPBIX 3aBUCUT OT

KOHIICHTPAIlU HAHOOOBEKTOB;

- HaHOOOBEKTHl HMMEIOT CBOWCTBO HAKaIlUIMBAThCS B OpPraHax
U TKaHIX (KOCTHOM MO3re, HEpPBHBIX KIETKAaX IEHTPaIbHOU
u nepudepruuecKoil HEpBHBIX CHCTEM, TUM(DOy3ax, MO3re, JTeTKHX,
TI€YEHH, TTOYKaX).

TecToBbIE BOIIPOCHI MO TUCHMILIMHE

Bonpoc 1. Hayka HaHOOHOTEXHOJIOTUS U3ydaeT

A W3yuaer BO3melcTBHE OOBEKTOB HAHOAMANA30HA HA OWOJIOTHYECKHE OOBEKTHI M MX
WCIIOJIb30BAaHUE B IIPAKTUYECKUX LIEIIAX

b. OO6nacte ¢yHIaMeHTanbHOM M TPUKIATHOW HAYKM M TEXHUKH H3Yy4arolIui
KOHTPOJIMPYEMOE MAHMITYJINPOBAHMS OTAEIbHBIMA aTOMaMH U MOJIEKYJIAMH

B. ITonyuenue noae3HbIX TPOAYKTOB C UCIOJIb30BAaHUEM MUKPOOPTaHU3MOB

Bonpoc 2. HaHOOMOTEXHOIOTHS BKIIFOYAET B c€0s CIASAYIONINE Pa3Ieibl

A. DH3UMOJIOTHA
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b. Hanomenumuna
B. buomumerunka
I'. Pa3zpaboTka 10CTaBKM COCIUHEHUN B )KUBBIE CUCTEMBI

Bonpoc 3. MosnekynsipHasi HAaHOMEUIIMHA 3TO
A. IlpuMeHeHre HaHOTEXHOJIOTHI B TMarHOCTHUKE, MOHUTOPUHTE M JICUEHUHU 3a00J1eBaHUI
b. lnarnoctuka 3a0oneBanuii ¢ ucnoib3oBanueM metoaoB [T1P
B. Co3ganue HOBBIX OAKTEPHUITUAHBIX U IPOTUBOBUPYCHBIX CPEJICTB

Bonpoc 4. MeaunMHCKUE  HAHOTEXHOJOTHMM  BKIJIIOYAIOT  CIEAYIOUIME  HAlpaBlICHUs
UCCIIEI0BAHUI
A. Pa3paboTky unmos
b. Anpecnyto qocTaBKa J€KapcTB K MOPAKEHHBIM KJIETKaM
B. Coznanue HOBBIX OaKTEpULIUIHBIX U IPOTUBOBUPYCHBIX CPEICTB
I'. lmaraHocTuky 3a00JieBaHUI C ITOMOIIBIO KBAHTOBBIX TOYEK
. Bce oTBeTHI BEpHBI

Bonpoc 5. B 1988 rony nepByro HaHOMEIUIIMHCKYIO KOHLEMIMIO HAHOPOOOTA ISl YUCTKH
apTepuid pegoCTaBUII
A. A K JIproguu
b. 51.B. ConoBbes

B. k. 'epdun

Bonpoc 6. MukpocucteMy MOJHOTO aHajdM3a MHOTOKPATHOTO aHajiu3a, HUCHOJb3YIOIIYIO
MHUKpO- WJIM HaHOCKOIHMYECKHE KOJIWYEeCTBA 00pasmoB sl MPOOONOATrOTOBKUA H
MIPOBEJICHUS peaKlUi Ha3bIBAIOT

A. buomukpouun
b. Hanouun
B. JlaGoparopust Ha uurie

Bomnpoc 7. CnocoOHOCTh MOJIEKYJ BEIIECTBAa MOMAJaTh B Teli€ MalMeHTa TyJa, T/I€ OHU
HEOOXOIMMbI Ha3bIBACTCS
A. buonorruueckasi yCBOsSI€eMOCTb
b. HaHoBIIMTHIBEMOCTH
B. DddextuBHOCTD

Bonpoc 8. [Touemy npocroe yBenndeHue 103bl JEKapCTBa HE JaeT yaydlleHus 3pgekra oT
JICUYEHUS:
A. Bo3HUKaeT TOKCUYHOCTb
b. Camxaercs 3¢ eKTUBHOCTD
B. U30biTok nekapcTBa  B3aUMOJIEHCTBYET C  KJIETKaMHM OpraHu3sMa M 3TO
HEKOHTPOJINPYEMBII IpoLecce

Bonpoc 9. Meton u crmocoObl MPUBHECEHHS] HCKYCCTBEHHBIX HAaHOPAa3MEpPHBIX YaCTHIL,
Pa3IMYHBIX MAaTEPUAIOB U UHTEP(ENCOB B )KUBBIE CHCTEMBI HA3bIBAIOT
A. AnpecHoil TocTaBKOU
b. HanomenumumHoOM
B. buomumeTnkoi
I'. bBnonanounnamu

Bonpoc 10. OcHoBHBIE MpeUMYIIECTBA Ta0OPATOPUN HA YHUTIS
A. IpoCTOTa UCIIOJIB30BAHUS
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b. HU3Kas CKOPOCTH MPOBE/IEHUS aHAJIN3A

B. manoe xonndecTBo 00pa3loB U peareHTOB, HEOOXOIUMBIX IS IIOTY4YEHUS pe3ybTara

I'. xopomrast BOCIIPOU3BOIUMOCTb PE3YJIbTATOB OJarofapsi UCIOIb30BAaHHIO CTAaHIAPTHBIX
TEXHOJIOTUI ¥ aBTOMaTU3HMPOBAHHOTO 000PY10BaHHUS.

. JImuTensHOCTh NpOLEayphI

E. Ero Moryt ucrnosib30Barh TOJIbKO BEICOKO KBAJIU(UIIMPOBAHHBIE COTPYAHUKU

Bomnpoc 11. Monekymna TpaHCIOPTEP COCTOUT M3 HECKOIBKHUX ()YHKIIMOHATBHBIX MOYJIEH
A. Jlurann, OHIOCOMOMUTHYECKMM Monynab, CHUTHaid BHYTPUSIAEPHOM JIOKaJIM3allMH,
Hocwurens nekapcrsa
b. Ilentunmueii  XBOCT, OHIOCOMOJMTHYECKUN MOIysb, CHUrHam BHYTPUSIECPHOU
nokanuzauuu, Hocurens nekapcrsa.
B. Ilentuaneiii XBOCT, DHIOCOMOIUTHYECKH Moaynb, Crabwnusarop, Hocurens
JIEKapCTBa

Bomnpoc 12. 3a o6Hapyx)eHne OOJLHOMN KJIETKH OTBEYAET
A. TlenTuaHbBIN XBOCT
b. DHocoMonuTHUECKUIT MOYJIb
B. Metka
I'. Jluranung
J1. JlekapcTBEHHOE CPEACTBO

Bonpoc 13. Pa3psiB 3HI0COMBI IPU BTATUBAHUU TPAHCIIOPTEPA B KIJIETKY BbI3bIBACT:
A. TlenTuaHbIl XBOCT
b. DHpocomonuTHYECKUt MOAYIb
B. Metka
I'. JIurann
J. JIekapcTBEHHOE CpEJICTBO

Bonpoc 14. Moaynp, KOTOpBII TO3BOJIAET TPAHCIIOPTEPY MPOHUKHYTH Y€pe3 MOPHI SAEPHOU
MeMOpaHbI
A. Jlurangm,
b. DHpocomonuTHYECKUit MOAYIb,
B. Curnain BHyTpUsAEpHOH JIOKAIU3ALUH,
I'. Hocurens nexapcrBa

Bonpoc 15. OnvH U3 METOI0B 10CTaBKU JIEKAPCTBEHHBIX CPEJCTB SIBIISIETCS UCIIOJIb30BAaHUE
A. Hanoobonouek
b. Hanokancyumsl
B. buoroyek

Bonpoc 16. B uem s¢ ekt ucrnonb3oBaHUs HAHOOO0I0UEK
A. CenekTUBHOE MOTJIONIEHNE HH(PAKPACHBIX YAaCTOT JJIsl HarpeBa TPAaHCIIOPTEPa JIOKAJIbHO
b. ®nyopecuenuus
B. Kpacurenb 151 HaX0KIE€HHUSI MOJIEKYJIbI JIEKAPCTBA

Bonpoc 17. HarpeB HaHO0007109€K PUBOIAT
A. K pazpy1ienuto noauMepHoi 000104KH
b. K BeIX0Oy IEKapCTBEHHOI'O BEILIECTBA
B. K neiicTBuIo 1€kapcTBO CTPOro JOKaJIbHO

Bonpoc 18. KBaHTOBBIE TOUKH B OMOHAHOTEXHOJIOTUU ITO
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A. TIOIyNPOBOJHUKOBBIE KPUCTAJJIl HAHOMETPOBOIO pa3Mepa, MMEIOINE YHUKAJIbHbBIE
XMMHUYECKHE U (U3NUECKUE CBOICTBA, HE XapaKTepHbIE AJIs TEX K€ BEIECTB B MakpoMaciuTade

b. ®nyopucuupyromue METKU

B. Mapxkeps! 17151 OMOMOJIEKYIT

I'. BepHbI Bce yTBEPKICHUS

Bonpoc 19. BepHo 5u yTBEpXkJI€HHE, YTO OAHUM HMCTOYHHKOM MOKHO BBIIBUTH pa3HbIE
IPYIIIbI KBAHTOBBIX METOK?
A. Bepno
b. He BepHo
B. BepHo, HO OHM JJOJKHBI OBITH BCE B OJJTHOM KJIETKE

Bomnpoc 20. KBanToBbI€ TOUKH B KQU€CTBE JTIOMUHECIIUPYIOIIUX MAPKEPOB ITOMOTAIOT:
A. PazpymaTts MeMOpaHbI )KUBBIX KIETOK
b. Pa3pymats nomumepHbie 0007109KH
B. OtcnexuBaTh nepeMenieHne JeKapCTBEHHbBIX CPEJICTB
I'. OGHapyxuUBaTh 11EJIEBHIE MOJICKYIIbI

Bomnpoc 21. B kauectBe MUKpOPOOOTOB MIPEIIOKEHO UCIIOIB30BATh KPUCTAIIIBI:
A. Anmaszouna
b. Hanocepebpa
B. Hano3omnora

Bonpoc 22. lckyccTBeHHbIE TPOMOOIUTHI
A. AnamaHTBI
b. Anmaszounsl
B. Knorronursi

Bonpoc 23. JlelicTBuEe UCKYCCTBEHHBIX TPOMOOLIUTOB OCHOBAHO Ha:
A. Paszpymienun o6onouku, BeiieneHun BoIOKHHUCTOrO Matepuana, MMmobunuzanuu
SPUTPOIIMTOB HA BOJIOKHA
b. Beimenenun BOIOKHUCTOrO MaTepuana, MMmoOunH3anuy SpUTPOLIUTOB Ha BOJOKHA,
Pazpymennu 060m09ku
B. Beiienenun TpoMOOIMTOB B KPOBb

Bonpoc 24. HanopoOoT mnpenHasHayeH s LUPKYJSIUM B KPOBOTOKE M (parommrosa
HaTOr€HHBIX BUPYCOB, OakTepuil u rpudboB
A. Hanouut
b. Knorrouur
B. Muxkpodaronur

Bonpoc 25. Pecnupoumt 310 cepudeckuii cocyq UX anMa3zonoJo0HOro Marepuana,
KOTOPBII CIIOCOOEH:
A. Ilepenocuts B 256 pa3 60mbIIIe KUCIOpOaAA
b. OcranaBnuBaTh KPOBOTEUEHUE B TEUEHUHN HECKOJIBKHUX CEKYH]]
I'. YHHUYTOXATh MaTOr€HHBIE BUPYCHI B KPOBU

Bonpoc 26. K nHanopo6otam oTHOCST
A. Hanouur
b. Kiorromutr
B. Mukpodarouut
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I'. Pectiupouur
. Bce oTBETHI BEpHBI

Bonpoc 27. Crioco6 uCIoNb30BaHUS HAHOTPYOOK JJIsi JIOCTaBKU U BBICBOOOXKICHUS
JIEKapPCTBEHHBIX BEILLECTB!
A. CopOupoBaHue aKTUBHBIX MOJIEKYJI ITpernapara
b. Xumnueckoe nprucoeauHeHue JeKkapcTsa
I'. Pazpymienne MeMOpaHbI )KUBBIX KIETOK
J. Pa3pymieHne noaruMepHbie 000I0UKH

Bonpoc 28. fBnsercs nu 6akTepuanbHas MEJUTI0JI03a HAHOMAaTpHaIoM?
A. Jla
b. Her

Bomnpoc 29. buomumeruka
A. IToBTOpEHHE CBOMCTB IPUPOAHOTO OOBHEKTA
b. Co3znanne HOBbIX HAHOMATEPHAJIOB
B. HMcnonp30Banne HOBBIX KOHCTPYKIIMOHHBIX MaTepHallOB

Bonpoc 30. IHK-npouieccoprr, ucnonp3yomue cnocoonocts JHK k  xpanenuto
uHpOpMaLUN
A. buouun
b. Hanouur
B.. Kimorrour
I'. Mukpodarouut

Kirou k BoOIIpocamM TeCTa Mo IMCUHUIIJINHE «HaHno0noTexHOJI0rum»

1 2 3 4 5 6 7 8 9 10

A 5,B,T | A i A B A A A ABT
11 12 13 14 15 16 17 18 19 20

A r b r A A A r A B,T
21 22 23 24 25 26 27 28 29 30

A B A B A BBl |ABF |A B A

I[I/ICIII/IHJ'II/IHa «(I)apMaueBaneCKaH OMOTEXHOJIOTHS»

3ananust B OTKpBITOM hopme

1.
2.
3.

CoOBpeMEHHOE COCTOSIHME U TIEPCIIEKTHBBI PA3BUTHS OMOTEXHOJIOTUN (hapMITpEraparTos.
CocTosiHME U TIepCIIEKTUBHI Pa3BUTHsI OMOTEXHOJOTUH (hapMIIpEnapaToB B MHUpE.

Pa3BuTHe reHHOW ~ WMHXEHEpUW I KOHCTPYMPOBAHUS  IIITAMMOB-TIPOIYIIEHTOB
PEKOMOMHAHTHBIX OETTKOB.

OCHOBHBIE KOMITOHEHTHI OMOTEXHOJIOTUIECKUX CHCTEM JUIS ITOTYYCHHS IEJICBBIX MTPOYKTOB
MUKPOOHOIIOTUYECKUM CHHTE30M.

Oco0EHHOCTH CBHIPBS JJIS POCTA M PA3BUTHS MUKPOOPTaHU3MOB-TIPOAYIIEHTOB U TPEOOBAHHS
K HEMY.

OcCHOBHBIE TPYIIITHI PapMITPENapaTOB, MOJYIaeMbIX B KIIETOUHBIX KYJIbTYpPax 3YKapHOT.
['pynmbl ¢dapMakONMUHBIX MpPEnaparoB U OHONOTHYECKH AKTHUBHBIX J100aBOK K TMHIIIE,
MpeTHA3HAYCHHBIX JUIS JICYCHUS U TPOOUIAKTUKA ACPHUITITA HYTPUSHTOB.

XapakTepUCTUKH CYCHEH3UOHHBIX KJIETOYHBIX KYIbTYp JI TONXYYCHHS] PaCTUTEIbHBIX
BaKI[MH.

CoBepiiieHCTBOBaHHE OHOOOBEKTOB-TIPOAYIIEHTOB JICKAPCTBEHHBIX BEIIECTB METOJaMU
HAIPABJIEHHOTO MyTareHe3a U CeJICKIIHH.
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10.
11.

12.
13.

14.
15.
16.
17.
18.

19.
20.

21.
22.

23.

24,

25.

CxpunuHr npoayieHToB bBAB metogaMu OJ10TTHHT-THOpUAU3ALINY.
Oco0eHHOCTH TPOAYKTUBHOIO KYJIbTUBHUPOBAHUS H30JMPOBAHHBIX KJIETOK YeEJIOBEKa U

KHUBOTHBIX.

buoTtexHonorus reHHOUHXEHEPHOTO UHCYIIUHA.

[TpremMbl KOHCTPYHPOBAHUS MUKPOOPTaHW3MOB-TIPOJYIIEHTOB i CHHTE3a OMOJIOTHYECKU
AKTHUBHBIX MENTHI0B TOPMOHAIBHOTO JCHCTBUSL.

Oco0eHHOCTH POU3BOICTBA TEHHOMHKEHEPHBIX HHTEP(PEPOHOB.

[TomyyeHnue aHTUTEHOB BUPYCHBIX Bo30yauTeneit npu coznanun PHK n JIHK-BakiuH.

Hcnonn3oBanue

THOPUIOMHBIX

TEXHOJIOT Uit nopu CO3aaHUU  TCPAIICBTUYCCKHUX U

JUAarHOCTHYCCKHUX aHTUTECII paanqufI CHGI_[I/I(l)I/I‘IHOCTI/I.
COBpCMeHHBIG MCTOJbI BBIACJICHUA W OYUCTKH LCJICBBIX IPOIYKTOB (l)apMaI_[eBTI/I‘-IeCKOI‘O

Ha3HAa4YCHU.

Meroasl KOHTPOJIS KayecTBa

npasuiam GMP.

OHMOTEXHOJIOTNYECKUX JICKAPCTBCHHLBIX CPCACTB COIJIACHO

TeopeTrueckue MoIX0/IbI K pa3paboTKe MpernapaToB i TCHHOW Tepanuu.

YKaxuTe MperMYIIeCTBa MOJyUYeHUs BUAOCHEIU(PUUECKUX AJs YeloBeKa OENKOB IMyTeM
MHUKPOOHOJIOTHYECKOTO CUHTE3A.

XapakTepucTuKa MOHOKJIOHAJIbHBIX aHTUTEIL.

Ilepeuncnure
aHTUTEJIAMU.

(dapmaleBTHUCCKHC

mnpenaparbl, CHUHTC3UPYCMBIC MOHOKJIOHAJIbHBIMU

OcHOBHOE TIPEUMYIIECTBO (hEPMEHTATUBHON OMOJIOTHMYECKOH KOHBEPCHH CTEPOHUIOB IEPE]
XUMHUYECKON TpaHchopMalnuen.

OxapakTepu3yiTe 3KOHOMHYECKHE MPEUMYIIeCTBa OMOTEXHOJOTUYECKOr0 MPOU3BOJICTBA,
OCHOBaHHOTO Ha UIMMOOMIIN30BAaHHBIX OMOO00BEKTAX, MEPEl TPATUIIMOHHBIM.

Urto npegycMaTpuBaeT CKpUHUHT JIEKapCTB?

Bompoc

OTtBer

CoBpeMeHHOE COCTOSIHUE
Y TIEPCIICKTUBBI PA3BUTHUS
OMOTEXHOJIOTHH
dbapmmpenapaton

B mHacrosmee BpemMs B Mupe Ui HYXI (apManud c
UCIIOJIb30BaHUEM COBPEMEHHBIX OMOTEXHOJIOTUI
IIPOU3BOJUTCS KaK MUHUMYM OKOJIO IIOJIOBUHBI
JIEKapCTBEHHBIX CPEACTB OT OOIIEro oobeMa MPOU3BOJUMBIX
JekapcTB. B mepcrnexkTuBe IpennosaraeTcs  yBEIMUYCHHE
IPOM3BOJICTBA  OHKO-TIPENAapaToB, HMMYHOOHOJIOIMYECKHX
[pernapaToB,  pPEeKOMOMHAHTHBIX  O€JNKOB,  IpernapaTroB
MOHOKJIOHAJIBHBIX aHTHUTEJ, IPENapaToB JIyIsl TEHHOM TE€panuH.

CocrosiHHE U
MEePCTIEKTUBBI Pa3BUTHUS
OHMOTEXHOJIOTHHI
(bapmmpenapaTtoB B MUpe

O0Bem MHPOBOTO pBIHKA OMOTEXHOJIOTHYECKUX
JIEKapCTBEHHBIX CPEICTB COCTABIAET 0K0JI0 40 MIIp] 10JI1apOB
CIIIA. B uenom no orpaciu nporaosupyercs, uto k 2024 rony
OHKOJIOTMYecKHe npenapatsl 3aiMyT 19 % oObema pbIHKa, a MX
OpOJAKH JIOCTUTHYT Brnewarsiionmx $237 mupa. Omnako
Han0oJiee OBICTPOPACTYIIIMM CETMEHTOM (papMpbIHKa

Pa3Butue rennomn
WHKEHEPUU JJIs
KOHCTPYHPOBAHHUSI
ITAMMOB-TIPOIYLIEHTOB
PEKOMOWHAHTHBIX O€JTKOB

[IpyHIIMIT TeHHOW  Tepamuu  COCTOMT BO  BBEICHHH
TEHETUYECKOTO MaTepuajga B KIETKH C LEJbI JIEYECHUS
ONPEAEIEHHOTO 3a00JIeBaHus. CrenuaibHO
MO (UITUPOBAHHBII BUPYC (Ha3bpIBaEcMbIii BEKTOPOM)
BBOJIUTCS B OpPTraHu3M OOJIBHOTO YeTIOBEKA, T/I€ OH, POHUKAS B
KIIETKH, BHEIPSAET «3J0POBBIM» T€HETUYECKU Marepuall,
MPUBOAS K OKCIPECCHH HOPMAIBHBIX OEJIKOB, TEM CaMbIM
yYMEHbINIasi WIM CBOJS Ha HET MOCIeACTBUS Oone3Hu. B mae

2019  roma, FDA  omo0Opwio  TEpBYy®  TEHHYIO
tepanuto Zolgensma, npeHa3HAuYCHHYIO Ut
JICUSHHMsI CTUHAILHOU MBIIICYHON arpodun (SMA).
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https://en.wikipedia.org/wiki/Spinal_muscular_atrophy

Texnonorust CRISPR-Cas9, mno3Bossitomas OCyniecTBIATh
TOYCYHOE PEJAKTHPOBAHHE T€HOMA, MOXET ObITh OymyIuMm
TeHHOM TepamuH, TaK KaK e BO3MOXKHOCTH IOTCHIHAIBEHO
mupe, yem 6oJiee pacpoCTpaHeHHAs! HbIHE MTPAKTHUKA IOCTaBKU
HY)KHOTO T€Ha BUPYCHBIM BEKTOPOM.

OCHOBHBIC KOMIIOHCHTEI
OMOTEXHOJIOTHYECKHX
CUCTEM JTS TTOJTYICHUS
IIEJICBBIX MPOJTYKTOB
MUKPOOHUOIOTHYECKUM
CHHTE30M

OCHOBHBIE KOMITOHEHTHI OHMOTEXHOJOIMYECKHX CHUCTEM ISt
NOJY4YEeHUs1 1LENEeBbIX IMPOJYKTOB MHKPOOHMOJOTHYECKUM
CHUHTE30M: OHMOJIOTMYECKUI areHT, TEXHOJIOTMYECKas JIMHUS
CTauu KYyJIbTUBUPOBAaHUSA U CTAJMH BBIAEICHUS U OYUCTKH,
ChIpb€ M amnmaparypa Ui IOATOTOBKHM CbIpbs, CHCTEMaA
KOHTPOJI.

OcoOEeHHOCTH CBIPbS IS
pocTa U pa3BUTHS

CoIpbe 1715 pocTa U pa3BUTHS MUKPOOPTraHU3MOB-TIPOIYLIEHTOB
JIOJDKHO yIOBJIETBOPATh KPUTEPHUAM KaueCTBA C TOYKU 3PECHUS

MHUKpPOOPTraHU3MOB- TpopUYeCKUX  MOTpEeOHOCTe  OMOJOrMYEecCKOro  areHTa,
MIPOYLIEHTOB H YUCTOTBI M JOOPOKAYECTBEHHOCTH C Yy4YE€TOM CTaJuu
TpeOOBaHUS K HEMY BbIJICJICHUS.

OcHOBHBIE TPYyNIIBI OcHoBHBIE Tpynmnbl  (QapMIpenapaToB, MOJIy4aeMblX B
bapmMmpenaparos, KYJIBTypax XKHBOTHBIX KIETOK: HMMYHOOMOTEXHOJIOTUYECKHE
MOJIy4aeMbIX B npenaparbl, BAaKLUWHbBI, OHKO-IIPENaparbl, MOHOKJIOHAJIbHbIE
KJIETOYHBIX KYJIbTypax aHTUTENa, CTBOJIOBblE  KJIETKU.  OCHOBHBIE  IpYIHIbI

JYKApUuoT

(dapMnpenapaToB, MOIy4aeMbIX B KYJbTYpaxX PacTUTEIBHBIX
KJICTOK: BAKIMHBI, PEKOMOWMHAHTHBIC OCIIKH, aJIKaJIOHIBL,
TeprieHoubl, noiaudenonsl. KineTouHblX KylbTypax rpuOoB
TEXHOJIOTUYECKA W (PYHKIMOHATIBHO OIMIKE K KYyJIbTYpam
0aKTepHaJIbHBIX KIETOK.

I'pynmsl hapMakomeHbIX
IIpenaparoB U
OMOJIOTMYECKH AaKTUBHBIX
J00aBOK K ITHIIIE,
npeJHa3HAuYCHHBIX IS
JIeUeHUs U
npodUIaKTUKU JePUIIUTA
HYTPHUEHTOB

['pymnnbl papMakonelHbIX IpernapaToB U OUOIOrMYECKU
AKTUBHBIX 100aBOK K IHUIIIE, IPEAHA3HAYEHHBIX JUIS JICUCHUS U
npoIIaKTUKY 1e(DUIIUTa HYyTPUEHTOB: BUTAMHHEI,
MHUKPO3JIEMEHTbI, KOMIUIEKCHBIE penapaTbl BATAMOHO-
MUHEPAJIbHBIE, ICCEHLIUATIbHBIE )KUPHBIE KUCIIOTHI, IpeNapaThl
AMUHOKHCIIOT, MUIIEBBIE BOJIOKHA

XapakTepuCTUKU
CYCIIEH3MOHHBIX
KJIETOYHBIX KYJIBTYp AJIs
MIOJIy4EHUs
PacTUTENbHBIX BaKLIUH

Jns  dapmaneBTUYECKON  MPOMBIIIJIEHHOCTH  HauboJee
IIPUBJIEKATEIBHBIMA  OKa3aJMCh CYCIIEH3UOHHBIE KYJIbTYpPbI
o npuuuHe Oosiee  yAOOHOW  OpraHu3alMu  Ipolecca

MPOU3BOJICTBA, BBICOKOH CKOPOCTH HapabOTKU OOIBIIOTO
KOJIMYEeCTBa LIEHHBIX BEIIECTB Y aJalTHBHBIX
TEXHOJIOTHYECKUX PEKUMOB BBIpalMBaHUs KIeToK. KieTku
B CyCnieH3HMOHHOW (opme oOnagaror 0osiee  KOPOTKHUMH
POCTOBBIMH LHUKJIAMH, TO €CTh pPAacTyT MNPUMEPHO BIBOE
ObICTpee KAJUTyCHBIX, BBIPAIMBATH CYCIIEH3UU PACTUTEIBHBIX
KJIETOK TIpole — Ouomacca JydIlie AUCCOIMHPOBaHA, B XOE
[UKJIa CYOKYJIBTHBHPOBAHHUS MOXXHO OTOHMpaTh MpOOBI IJis
aHanmmza Mopdonorun, GU3MONIOTHH U )KU3HECTIOCOOHOCTH

obpasnoB. KynbTuBHpOBaHHME B IKHIKOW cpeae Oosnee
aIanTUBHO  JUII ~ MAacCIITaOUPOBaHUS  TEXHOJOTHYECKUX
IIPOIIECCOB.
CoBeplieHCTBOBaHUE CoBepiieHCTBOBaHHE OHOOOBEKTa — 9TO  MOJy4eHHUE
01000BEKTOB- MPOJIYIICHTOB ¢ M3MEHECHHUSIMU B TEHOME, KOTOPBIE OTIUYAIOT
MPOYLIEHTOB €ro OT WCXOJHOTO OHOOOBEKTa B CTOPOHY YIYUIICHHUS

JICKAPCTBCHHBIX BCIICCTB

OMOTEXHOJIOTMYECKUX CBOWCTB, B YAaCTHOCTH, B CTOPOHY
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METOAaMHU
HanpaBJIEHHOTO
MyTareHesa 1 CeleKkluu

YBEIUYECHUS o0Opa3oBaHHUs LIETIEBOTO MIPOJIYKTA.
CoBepIIeHCTBOBAaHUE 01000BEKTOB-TIPOTYIIEHTOB
JIEKAPCTBEHHBIX BEUIECTB MOXET OCYILECTBIIATHCS METOIAMHU
HAIIPABJIEHHOIO MYTAareHe3a U CEJICKUHUH, KJIETOYHOU U TEHHOMU
WHXEHEPUU

10

CKpUHUHT NIPOJIYyLIEHTOB
BAB mMmetomamu
ONIOTTUHT-TUOPUAN3ALIUT

Metoa JHK-rubpuanzanum MOXKET yCIEIHO UCIIOIb30BaThCs
B CKpMHUHIe mpoayleHToB BAB, Tak kKak reHOM MOXHO
pa3lleTuTh HAa TEHbI, KOTOPbIE B JAJIbHEUINIEM BBISBISIOTCS
OJIOTTUHTOM.

Hns  wnentudukanmu reHa wmonekyny JIHK  reHoma
pacCIIEIUISIIOT C MOMOIIbIO (EPMEHTOB PECTPUKTA3 Ha KYCKH
pasMepoM mnpumepHO 1o 15-20 Teicsy map HYKJIEOTUIOB.
Pacmiennennplii  TakuM  00pa3oM T'€HOM  MOJBEpraercs
ANIEKTPOPOpETHIECKOMY (PPAaKIIMOHUPOBAHUIO B arapo3HOM
rene. Ilocme »toro  ¢pakmuum JIHK  menarypupyror
HarpeBaHWEM U [EPEeHOCAT M3 arapo3Horo Teias Ha
HUTPOLEIUTIONO3HBIA ~ QUIBTP, TAE UX HMMOOWIH3YIOT.
[Tpouecc mnepenoca JIHK nHamomuHaer npomokaHue (1o
AHTTIUUCKUN — OJIOTTHHT) M Ha3bIBA€TCS METOJOM OJOTTHHTA
o CayzepHy

11

Ocobennoctu
MIPOTYKTHBHOTO
KYJIbTUBUPOBAHHUSI
M30JIMPOBAHHBIX KJICTOK
yeoBeKa U )KUBOTHBIX

Jns KynbTUBUPOBAHMS W30JMPOBAHHBIX KJIETOK YEJIOBEKA U
JKUBOTHBIX HCIOJB3YIOT KIJIETOYHBIE JIMHUU ONPEACIIEHHOTO
KJIETOYHOTO COCTaBa, crnocoOHble nuddepeHpoBaThCcs B
HaIlpaBJIE€HUU, HEOOXOJUMOM B KOHKPETHOM HCCIIEIOBAHUU
WIH U1 peueHus MpoOJeMbl KOHKPETHOTO MAaIueHTa.
Pesynbrarom  SBISIFOTCS ~ OMOMEIMIIMHCKHE  KIIETOYHBIC
npoayktel (BMKII), xoTopsle MOryT pemarh Cleayroolne
3aJlaud: BOCCTAHOBIICHUS CTPYKTYpbl W (DYHKIHMH TKaHEeU W
OpraHoB YEJI0BEKA; pereHepaTuBHOM Tepanuu —
AKTUBUPOBAHUE BOCCTAHOBUTEIBHBIX IPOIECCOB OPraHU3Ma
YeJlO0BEKa; TKAHEBOM WMHXXEHEPUUM — aJpecHas J0CTaBKa
JIEKaPCTBEHHBIX MPEMApATOB B OPraHU3M YEJIOBEKA.

12

buorexnonorus
T€HHOWHKEHEPHOTO
WHCYJIMHA

buoTtexHonornueckuii cnocoo MoydeHrs HHCYJINHA BKIIOYaeT
JIBa BapHaHTa: METOJ| Pa3/IeIbHOr0 KOHCTPYHUPOBAHUS IICTICH
WHCYJIMHA, CHUHTE3 TMPOUHCYIWHA C  MOCIEAYIOUUM
BBILIEIIIICHUEM C-rentua HCIIOJTB3YETCSI B
MPOMBINIJICHHOCTH. B X0le  BBICOKOTEXHOJOTHYHOTO
MIPOU3BOJICTBEHHOTO IPOIIECCa,, IMONTYYAl0T CBEPXUHUCTHIA U
AKTUBHBI WHCYJIUH, KOTOPBI abOCONOTHO Oe3omaceH s
YeJIOBEKa M C YCIIEXOM TPUMEHSETCS B TEpaluu CaxapHOTO
nuabera yxe 6omee 20 jer.

13

IIpuemsbr
KOHCTPYMPOBAHHUS
MHUKPOOPTaHU3MOB-
MPOAYLIEHTOB JJIs
CUHTE3a OMOJIOTHYECKH
AKTUBHBIX MENTUIOB
TOPMOHAJIBHOTO JIEUCTBUSA

PexomOunanTHbie uenoBedeckue Oenku - 310 Oenku, JHK
KOTOPBIX CKOHCTPYHpPOBaHa iN Vitro myreM BCTpauBaHUs [EHOB,
KOAUPYIOMUX OEJOK 4YeloBeKa B F€HOM MHUKpPOOPTraHU3MOB,
KJIETOK pacTeHUi 1 MiekonuTaromux. C 3TOi Lenbpo BHayalle
tpanchopmupyemerii  ¢pparmentr JJHK  oGpabarteiBaercs
SHJIOHYKIJI€a30H pecTpukimu. B pesynbrate oOpasyercs JTHK ¢
«JTUIKAMHU KOHI[AMH», KOTOpasi MOXKET COeMHATHCA C JII000
mosekynor JIHK, wumeromeid KoMIuleMEHTapHbIE JIMIIKHE
koHI[pl. JIHK-111rasa koBaneHTHO CBA3BIBAET ABE HUTH B OJIHY
pexoMmOuHanTHYI0 Mosiekyny JIHK. 3aTtem koHCcTpynpoBaHHas
mosiekyna JIHK BcTpanBaercs B BekTop (Ha OCHOBE BUPYCOB
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au00 TUIa3MHUA) U TOCIACAHUN TpaHCPUIUPYETCS B KIETKY-
MPOJYLIEHT PEKOMOMHAHTHOTO Oenka (kneTku
MHUKPOOPTIaHU3MOB,  PAacTeHHU, MieKonuTaromux). s
IKCIIPECCHUH PEKOMOWHAHTHOTO O€JlKa B BEKTOP BBOJSTCA
POMOTOp, CAaWT CBSI3BIBAHUSI C PUOOCOMOW M TEPMHHATOP, a
TakK€ MApKEPHBIA TEH, OO0CCICYMBAIONINI CEJCKINI0 H
UICHTU(PUKAIHMIO KIETOK, IPOIYyIUPYIONIMX PEKOMONHAHTHBIN
Ooenmok. Ilpu KJIOHMpPOBaHWU B KJIETKaX MPOKAPUOT TEHBI
YeJoBeKa HE JIOJDKHBI COJEepKaTh HHUTPOHBI, MOCKOJIBKY
OaKTepuu HE PACIO3HAIOT UX U ITO MOXKET CTaTh MPUIUHON
NPEXIEBPEMEHHOW TEPMHUHAIINHN, U CUHTE3 WK cOOpKa Oerka
MOTYT OBITH HAPYIICHBI

14

OcobenHoct
MIPOU3BOJICTBA
TCHHOMHKCHEPHBIX
uHTEp(HEpOHOB

Ha MIepBOM JTane MOJTyYeHUS YeJI0BEYECKOTO
PEKOMOMHAHTHOTO NH®-a IIPOBOIAT co3aHue
pexomOuHaTHoro mramma E. coli: 1) uaaykius cuareza MH®
B KYyJbType KIETOK (JIGHKOLMTBHI YEIOBEKA) U BBIJCICHUE
MPHK; 2) nonyuyenne k/IHK, kommnementrapuoit MPHK,
KoTOpas koaupyer uHpopmanuto 06 MHD; 3) BcTpamBanue
k/IHK B mnasmuny pSSS5; 4) BBeeHUe peKOHCTPYUPOBAHHON
wiasmuasl B E. coli; 5) mpenTudukanus peKkoMOMHAHTHBIX
OakTepui.

[Monydyennsrit mramm E. coli wucmonms3yror B mporecce
dbepmenTtanuu. B depmenTep 3arpyxaroT MUTATEIBbHYIO CPEAY
U 3aCeBalOT TpPaHCreHHYI KynbTypy E. coli. depmenranms
ocymiectBisiercs B L-Oynbone unu cpene M9 (conepxut NaCl,
docdarsl, rirokosy, CaCly, MgSO4) nipu 30°C, pH cocraBnsier
6,8-7,0.

15

[TonydyeHue aHTUT€HOB
BUPYCHBIX BO30OyIUTENEH
npu co3nanuu PHK u
JAHK-Bakma

I'eHHO-MH)KEHEpHBIE BAKLUHBI, ITOJYYEHHBIE TEXHOJIOTHEN
pexom6OuHanTHOU JIHK u copeprkariye npoayKThl SKCIpeccun
OTJIENbHBIX TI'€HOB MHUKpPOOpPraHuW3Ma, HapaOOTaHHbBIE B
CHelHaTbHbBIX KJIIETOYHBIX CUCTEMAX (IPOTEKTUBHBIE AaHTUT€HBI
pa3IMYHBIX BO30YyIUTENEH, CHUHTE3UPYIOTCS B JPOAIKEBBIX
KJIETKaxX WK B KumeyHor manouke). JIHK-pakiimaa — reHHo-
WH)KEHEpHas KOHCTPYKIMsA,  KOTOpass  IIOCJIE€  BBEJEHUS
B KJIETKY 0OecIieunBaeT IIPOLYLIMPOBAHUE
O€JIKOB NaTOI€HOB MUJIU OIyXOJIEBBIX AHTUT'€HOB H
BBI3bIBACT UNMMYHHYIO peakunto. Bpenenune JIHK-Bakuun B
OpraHu3M Ha3bIBalOT TIeHeThueckod ummyHu3anumen. PHK-
BAaKI[MHA — BAaKLMHA, [JEUCTBYIOIIAsd 4YacTb  KOTOPOM
— puboHykienHoBass kuciora (o0pryHO MaTpuuHasi, MPHK),
KOJMpYIolIas OesoK, XapaKTepHBIN JJIs MaToreHa.

[Tomumo cobctBenno PHK, B BakuuHe mOpHCYTCTBYET
oOonouka, 3ammmatonas PHK ot  paspymenus wu
obOecneunBaromas npoHukHoBenne PHK B kierky. Korna
BakuMHHasg PHK nomanaer B kieTKy, KJIETOYHBIE MEXAHU3MBI
CHMHTE3a OEJKOB TPOAYHHUPYIOT 3akoaupoBaHHbli B PHK
Oenok. OTOT OeNoOK  JIeHCTBYeT Kak aHTUIEH: €ro
0oOHapyXMBaeT UIMMYHHAas CICTeMa OpraHu3Ma U o0y4yaeTcs Ha
9TOM Oesike — B opranusme popMupyercs UMMYHUTET.

16

Hcnonbp3oBanne
THOPUIOMHBIX
TEXHOJIOTHI NPH

N3 cene3eHKM VWMMYHHU3UPOBAHHOW MBIIIHA  BBIIEISAIOT
AQHTUTEJIO-TIPOAYLUPYIOIIME KIETKH, KOTOpBIE CIHMBAKOT C
KJIETKaMU MHeJIoMbl. B pesynbrare cnusiHMs 00pasyroTcs
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https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B8%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B8%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%BE%D0%B3%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%B3%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BC%D1%83%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%86%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B8%D0%B1%D0%BE%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0%D1%8F_%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BC%D1%83%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0

CO3JaHuU
TEPANEeBTUYECKUX U
JAarHOCTUYECKHX
AQHTUTEN Pa3INYHON
cnenuuIHOCTH

TUOPUIOMBI, KOTOPbIE KYJIbTUBUPYIOT B CHELMAIBLHON cpere
JUTSL CENIEKIIUU KJIETOK THOPUIOM, IPOAYIUPYIONINX aHTUTENA.

BHenpenne B MEAMIMHCKYIO MPaKTUKY THOPHIOMHON
TEXHOJIOTUM  TO3BOJIMJIO  MOJy4aTh U TNPUMEHSTh
BbICOKOCTIEITU(UYHBIE, BBICOKOM30UpaTeIbHbIe

MOHOKJIOHAJIbHBIE AHTUTENA HE TOJBKO IS HEHUTpaau3aluu
BO30yauTeN, HO U C LENbl0 HMMMYHOCYIPECCHU TpHU
TPaHCIUIAHTALMU OPraHOB M TKAHEH, ISl aJpECHOM JOCTaBKHU
JIEKApCTB K TEM WJIM WMHBIM TKAaHSAM OpPraHu3Ma, JUisl JICUYECHHs
COMATHUYECKOW MaTOJIOTHH, OHK03a00JIeBaHMIA U JIP.
PekoMOMHaHTHBIE aHTUTENA (XUMEpHbIE, TYMaHU3UPOBAHHBIE,
KOHBIOTUPOBAHHBIC; IBYLIETIOYECUHbIE U OJTHOLEIIOYECYHBIE WIIU
MUHU-QaHTUTENA) MO CTPYKType U  (PYHKIHMOHAJIHHBIM
XapaKTEePUCTUKAM CYIIECTBEHHO OTINYAIOTCSL.
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CoBpeMeHHbBIC METO/IbI
BBIJACJIICHUA U OYUCTKHU
IEJICBBIX IPOIYKTOB
(hapMaIeBTHIECKOTO
Ha3HAYCHUS

Bbinenenne W o4MCTKa TMPOAYKTa OHWOTEXHOJIOTHYECKOTO
MPOM3BOJICTBA MTPOUCXOUT HA MOCTPEPMEHTATUBHON CTAIHH,
JUIS KOTOPOW XapaKTEpPHO HHU3KOE COJACpIKaHUE IICJICBOTO
IPOAYKTa W Hajduuue OOJBIIOr0 KOJMYECTBA IPUMECEH.
[Tporiecc BbIACICHUS M OYUCTKH NPEACTaBISCT COOOH psin
MOCJIEIOBATENBHBIX TEXHOJIOTHYECKUX ONEpaIfii, KOJIMIECTBO
KOTOPBIX BO3PACTaeT C TIOBBIIICHHEM JKEJIAEMOW YHUCTOTHI
KOHEYHOTO TMpOJyKTa. Bce MeTonsl BBIACICHHS MPOIYKTOB
MUKPOOHOJIOTHYECKOTO CHHTE3a U3 KYJIbTYPAIbHON KHUIKOCTH
JeNAT Ha  TPYNIbL HEHTPUPYrupoBaHue, (HUIBTPOBAHUE,
yapTpaduiIbTpamus,  OKCTPaklus,  Xpomarorpaduveckue
METOJbI B  PA3IMYHBIX BapuaHTax (Teib-QUIBTpAIHs,
HoHOOOMEeHHass xpomarorpadus, adhduaHas XpomaTorpadus,
anekTpodopes),  KpUCTAUIM3ALMs, ylapuBaHHWE,  CYIIKa
OMOTEXHOJIOTMYECKON M (DapMaIleBTHUECKOM MPOTYKITHH.

18

Meto1bl KOHTPOJIS
KadecTBa
OMOTEXHOJIOTHIECKUX
JIEKApCTBEHHBIX CPEJICTB
coracHo npasuiam GMP

OcuoBHoll koHIennueir GMP saBisercs moHMMaHUE TOTO, YTO
BCE€ MTPOU3BOJCTBEHHBIE CTAIUH U ONIEPALIMH, BKIIIOUYAsl pyUHbIE
MaHUITYJSIITUM,  JOJDKHBI  OBITh,  PETJIaMEHTHUPOBAHBI,
MPOTOKONLHO 3a(UKCUPOBaHBl W TMOMJEXKATH TPOBEPKE.
Ucxonst w3 0COOEHHOCTEH JIEKapCTBEHHBIX IMpenaparos,
KOHTPOJIb TOTOBOI'O TMPOJYKTAa HE SBISETCA TapaHTUEH
kauectBa. KadectBo oOecneymBaeTcss TEXHOJIOTHEH W
OpraHu3alueil Mpou3BOJICTBA, UTO U sIBiseTCs 1enbto [IpaBun
GMP.

Conepxxanne GMP:

® [TOJYMHEHHE BCETO TapaHTUM KavyeCTBa,;

® TpeOOoBaHMsI K MEpCOHANy, 00ydeHHe TepcoHana;

® CIUJIONIHOE JOKYMEHTHPOBAHHUE,

® BaJIHIallKs IPOIECCOB U 000PYIOBaHUS;

® TpcOOBaHMS K TOMEMICHUSM U 000PYI0BaHUIO;

® TpeOOBaHMS K MPOU3BO/ICTBY;

® CaMOKOHTPOJIb;

® 1I3MEPEHHE U PErUCTPALIMS BCEX KPUTHUECKUX MMapaMETPOB.

19

TeopeTnyeckue moaxo bl
K pa3paboTKe mpernapaToB
JUIsl TEHHOU Teparnuu

I'ennas Tepanust — COBOKYITHOCTb

TeHHOMH)KEHEPHBIX (OMOTEXHOJIOTMYECKHX )

Y MEJUIIMHCKUX METOJOB, HAIlPaBJICHHBIX HAa BHECEHHE
U3MEHEHUN B FCHETUYECKUH aIlapaT COMaTUYECKUX
KJIETOK YeJIOBeKa B IeNsIX JiedeHusi 3aboseBaHuil. [lpunHimn
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B8%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA

FeHHOW Tepamuu COCTOUT BO BBEIEHUU T'€HETUYECKOTO
Marepuaiga B KIETKH C LEJIbI0 JICYCHHUS OIpPEACIICHHOrO
3a0oneBanus. [[is1 3TOro waie BCEro MCHOJB3YIOT BUPYCHI,
HEKOTOPBIE U3 KOTOPBIX B MPUPOJIE COCOOHBI BHEPSTH CBOU
reHbl B T€HOM 3apa)KEHHBIX YXUBOTHBIX, YTO BIEpBbIE OBLIO
obHapyxeHo emie B Hauasie XX Beka. Texnonoruss CRISPR-
Cas9, MO3BOJIAIOIIAs OCYIIECTBIISITh TOYEYHOE
pEelaKTUPOBAaHHE TE€HOMAa, MOXXET ObIThb OyAyIIMM TeHHOU
Tepanuu, Tak Kak e BO3MOKHOCTH MOTEHLUAIBHO IIKUPE, YeM
0oJee pacrpoCcTpaHEeHHAsl HbIHE MPAKTHUKA JOCTABKU HY>KHOT'O
r€Ha BUPYCHBIM BEKTOPOM.

20 | Ykaxute npeumymiectBa | [IpermmyniecTBa momy4eHus BUIOCTICITMPUICSCKUX JIIs
MOJIyYeHUs YyesoBeKa OEJTKOB MyTeM MUKPOOHOJIOrHYECKOT0 CHHTE3A:
Bugocnenuduueckux s | 1. mpocrora 000pya0BaHUS
4esioBeKa OENKOB MyTeM | 2. SKOHOMHYHOCTb
MHUKPOOHOIOTHYECKOTO 3. orcyTCcTBHE JE(UIUTHOTO ChIPbsS
CHHTE3a 4. cHATHE YTUYECKUX MPOOIEeM

5. IpOCTOTA BBIJICTICHUS K OYHCTKH

21 | XapakTepucTrKa MonoknoHaneHble anTuTena (MAT) —  3TO  OTACHIbHAs
MOHOKJIOHAJTbHBIX KAaTeropusi aHTUTEJ, KOTOPHIC BBIPAOATHIBAIOTCS KIIETKAMU
aHTHUTEI UMMYHHOH CHUCTEMBI, OTHOCSALIMMHUCS K OJHOMY U TOMY e

KJIETOYHOMY KJIOHY. OHHM XapakTepu3YIOTCS BBICOYAMIICH
CcrenuUYHOCTHIO, CTAHAAPTHOCTHIO U TEXHOJOTUYHOCTHIO
MOJTyYEHUsS. YCICIIHO BBITECHSIOT M 3aMEHSIOT WMMYHHBIC
CBIBOPOTKH.

22 | Ilepeuncnure dapmaneBTHIECKHE npernaparsl, CHUHTE3UPYyEMbIe
dapmalieBTHUECKHE MOHOKJIOHAJIbHBIMH aHTUTEJIaMU
Mpernaparsl, Tpacty3zymad (I'epuentun) - PEKOMOHMHAHTHOE
CHUHTE3UpYyEMbIe MOHOKJIOHAJIbHOE ~ aQHTHUTEJO,  KOTOpoe  U30UpaTeiabHO
MOHOKJIOHAJTbHBIMH cBs3piBaeTcss ¢ perentopom HER2 wHa moBepxHOCTH
aHTHUTENaMU OITYXOJIEBBIX KJIETOK MHOTUX COJHJIHBIX OITyXOJIEH.

Putykcuma® (Putykcan, Mabrtepa) mnpexacraBiasieT coboi
XUMEpHbIE MOHOKJIOHAJIbHBIE aHTUTENIa MBIIIN/YeI0BeKa,
crienuduaecku cesazpiBatonuecs ¢ CD20+ antureHom.
Anemry3ymab (Kammar, Kosmmac) — rymaHu3upoBaHHOE
MOHOKJIOHAILHOE aHTUTENO, CBsA3bIBaromieecs ¢ CD52.
bepannzymad (ABacTuH) MIPEACTABIISIET co0oif
PEKOMOWHAHTHBIE  T'yMAaHH3WPOBAaHHBIE  MOHOKIIOHAJIGHEIC
aHTHUTeNa, KOTOpble N30UpaTeNbHO CBS3BIBAIOTCS C (haKTOpOM
POCTa PHIIOTEIHSI COCYIOB U HEUTPAIH3YIOT €r0, YTO MPHUBOIUT
K HapyIIeHHIO aHTHOTEHE3a, CHIDKEHHUIO BaCKYJSIpU3alud U
YTHETEHUIO POCTa OMYXOJIH.

N6putymomabd (3eBanuH) sBIsiETCS KOHBIOraTOM MalTephl ¢
PaaMOAKTUBHBIM M30TONOM UTTpHUA 90.

Pemuxerin (Muadnuxcumad) MpPEACTABISIET co0oif
MOHOKJIOHAJIbHBIE ~aHTUTENa K OJHOMY U3 KIFOYEBBIX
[IMTOKMHOB, BOBJICYEHHBIX B pPa3BUTHE BOCMAIUTEIbHBIX
nporieccoB, — hakTopy Hekpo3a onyxoiu anbda (DHO-a).

23 | OcHoBHOE [IpumeHeHre MHUKPOOPTraHM3MOB B KauecTBE HOCHUTENEH
MIPEUMYIIIECTBO AKTHUBHBIX MOJTM(PEPMEHTHBIX CHCTEM, CIIOCOOHBIX IIEPEBOIUTH
(bepMeHTaTUBHOMI HK30TE€HHBIE OPraHMYECKUEe COCTUHEHHS B Pa3zHOOOpa3HbIE
OMOJI0rH4YecKOn MOJIE3HBIE MPOJIYKTHI U (PU3HOIOTHYECKH aKTHBHBIE BEIIECTBA
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KOHBEPCHH CTEPOUIOB
nepea XuMU4ecKon
Tpanchopmarnmen

OCHOBaHO Ha TOM, 4YTO OHH MOTYT OCYLIECTBIIATb B OZAHY
CTaJUIO BaKHEHIINE MpeBpalleHusi, TpeOyIole Mpyu CHHTE3e
20 xumuueckux craguid. Kpome Toro, ymaercs Jerko
IIPOBOJUTH  PEAKLUUU, TPYAHO WIM II0Ka COBCEM HE
OCYIIECTBUMbBIE METOJAMH YHCTO XMMHYECKOIO CHHTE3A.
MeTtox MUKpPOOMOJIOTHUYECKUX IPEBpAIIEHUl MMEeT SBHBIC
IIPEUMYILECTBA nepexn XUMHYECKUMH peaKuusAMU:
BO3MOYKHOCTb TOHKHX II€PECTPOEK CIIOKHBIX MOJEKYII,
y100CTBO M SKOHOMUYHOCTb TEXHOJOIMUECKUX IIPOLIECCOB.
CJIO’)KHOCTb U TPOMO3AKOCTb MOJIEKYJI CTEPOUAOB 3aTPyIHSET
Jla’ke He3HAYUTEJIbHbIe MOAU(DUKALIUY UX XUMUUECKUM ITYTEM.
Mukpoopranu3Mbl MOTYT OCYILLECTBIISITh YHUKAJIbHbIE pEAKLIUN
B CHHTE3€ JICKaPCTBEHHBIX NIPENapaToB CTEPOUIHON MPUPOIBL,
IIpOMBILIITIEHHBIM CUHTE3 TAaKUX BAXKHEHIIMX JIEKapCTB, Kak
TMIPOKOPTU30H, IPENHU30H, IPEIHU30JIOH, JEKCAMETa30H
cran BO3MOKEH TOJIBKO 1IoCJIe pa3paboTku
MHUKPOOHOJIOTHYECKUX CITIOCOOOB MX MOTY4EHHUS.

24

Oxapakrepusyire
9KOHOMHYECKHE
MIPEUMYIIEeCTBA
OMOTEXHOJIOTHYECKOTO
IIPOM3BOJICTBA,
OCHOBAaHHOI'O Ha
AMMOOMIN30BaHHBIX
O0M000BEKTAX, TIEPET
TPaJUIIHOHHBIM

NMMOOUITN30BaHHBIC KJIETKH UMEIOT PSIJT IPEUMYIIECTB KaK
nepe MMMOOMIM30BaHHBIMU (pepMEHTaMU, TaK U Mepel
CBOOOJIHBIMU KJIETKAMHU:

1) orcyTCcTBHE 3aTpaT Ha BBIACIEHUE H OYHCTKY (DEPMEHTOB;
2) CHIDKEHHE 3aTPaT Ha BBIJCIICHUE U OYUCTKY MPOTYKTOB
peaxiuu;

3) 6oee BBICOKAs aKTUBHOCTD U CTAOMIILHOCTB;

4) BO3BMOXHOCTb CO3/IaHUsI HEMPEPBIBHBIX U
MOJTYHETIPEPBIBHBIX aBTOMATH3UPOBAHHBIX TPOIIECCOB;

5) c1ocOOHOCTH K ATUTENBHOMY (hYHKIHMOHUPOBAHUIO
OJM(EPMEHTHBIX CHCTEM 0€3 IK30T€HHBIX KO(aKTOPOB.

25

Yro npexycMaTpuBaeT
CKPUHUHT JIeKapcTB?

B xone srana noucka u evibopa monexynvl 01 ucciedo8aHus
IPOU3BOJAT CKPUHUHI PA3JIMYHBIX MOJIEKYJ Ha MpeaMET
HaJIM4YMg OHOJOTMYECKOM AaKTMBHOCTH, B T.4. C IOMOIIBIO
MPUMEHEHHS KOMIBIOTEPHBIX TeXHOJOrMi. OCHOBHas LEeNb -
HailTu BellecTBO, KoTopoe OyJeT B3auMOAEHCTBOBATH C
"MuUIIEHbI0" B OpraHu3Me (KOTOpOH MOMKET ObITh, HaIpUMED,
penientop, GepMEeHT, MOHHBIN KaHaMT U Ap.).

— 93TO Ouosoruyeckas MaKpOMOJIEKYJa, CBSI3aHHAas C
ornpenieNeHHONW (yHKIMEH, HapylleHHe KOTOPOil MPUBOAMUT K
3a0oneBanuto. Yaiie Bcero MUIICHSIMM SIBISIOTCS O€NKHM —
peuenTopsl ¥ GpepmMeHThl. K MUIIeHH O10MparOT BEIECTBO —
JIEKapCTBO.

— 93T0 Ouoyoryyeckas MaKpOMOJIEKyJa, CBsI3aHHas C
onpezaeneHHON (yHKIMEH, HapylIeHHe KOTOpOil MPUBOIUT K
3a00J€BaHNI0. OTOT H3Tall OCYIIECTBISAETCS C MOMOIIBIO
BBICOKOIIPOU3BOIUTEILHOTO CKpuHUHTA (in Vitro) mmm ero

KOMIBIOTEPHOTO (in silico) aHaim3a —
BBICOKOITPOU3BOUTEIIHLHOTO MOJICKYJISIPHOTO JTOKHHTa
(«CTBIKOBKa»).

TecToBbIE BOIIPOCHI MO TUCHMILIMHE

Bonpoc 1. B 1920-1930-e rr. 0111 OTKPBITHI:

a) KOPTHU30H
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0) XJIOpIIPOMAa3HH, XaJIONEePUIOI,
B) MHCYJIMH U ICHUIIWJUTHH

) 1ra3ernam

) HET MIPaBHIILHOTO OTBETA

Bomnpoc 2. B 1980-e rr. nosiBUJINCH:

a) KOPTU30H

0) XJIOpIIPOMa3uH, XaJIOTIEPU IO,
B) MHCYJIMH U EHUIWILTUH

T') IMazernam

1) HET NMPaBUJILHOTO OTBETA

BOl'[pOC 3. CyIIIeCTBeHHBIi/i I'eH y IaTOr¢HHOI'0 OpraHuimMa H606X0)1HM IJId:

a) Pa3MHOXKEHUS KIIETKHU;

0) moaepKaHus KU3HEICATSIILHOCTH;

B) MHBA3UHU B TKaHU;

') MHAaKTUBALIMKM aHTUMHKPOOHOIO BELIECTBA

Bonpoc 4. I mosty4eHusi MPOTOIIACTOB U3 KJIETOK IPUOOB HCIOJIb3yeTCs:

a) JIN30IIHMM;

0) TpuIICcHH;

B) YIIUTOYHBIA (PEpMEHT;
I') ENCUH

BOHpOC 5. I[J'Iﬂ MOJIYyYCHUS NMPOTOIIACTOB U3 ﬁaKTepI/laﬂbeIX KJICTOK HUCITOJIb3YETCHA

a) JIN301IHNM;

0) yIUTOUHBIN (PEPMEHT;
B) TPHUIICUH;

T') ManavH.

Bonpoc 6. [IpeumyniecTBaMu reHHO-UHKEHEPHOT0 HHCYJIMHA SABJISIOTCSH:

a) BBICOKAsl aKTUBHOCTD;

0) MEHbIIIasl AJJICPTeHHOCTH;
B) MCHBIIIAsT TOKCUIHOCTH;
r) O0JIbINIast CTAOUIBLHOCTD.

BOl'lpOC 7. HpenMymeCTBa MOJYYCHUA BI/[)IOCHeIII/I(l)I/I‘IeCKI/IX AJI YeJI0BE€Ka 0eJKOB myTeEM
MHKpOﬁI/IOJIOFI/I‘leCKOFO CHHTE3a:

a) MPOCTOTa 000PYI0BAHMUS;

0) SKOHOMHUYHOCTB;

B) OTCYTCTBHE JE(UITUTHOTO CHIPHSI;
T') CHSTUE ITUYECKUX MPOOITEM.

Bonpoc 8. PazpaGoTaHHas TeXHOJIOTHSA MOJYYeHUS] PeKOMOMHAHTHOIO IPUTPONO3THHA
OCHOBAHA HA IKCIIPECCUH

a) B KJIETKax OaKTepuu;
0) B KJIETKaX JIPOAOKEH;
B) B KJIETKaX PacTCHHIA;
T) B KyJbTYpE KHUBOTHBIX KIIETOK.

9 Bonpoc. IIpu oneHke KauecTBa reHHO-MHKEHEPHOT0 HHCYJIUHA TPpedyeTcs YAeJsiTh
0C00eHHO 00/1bII¢ BHUMAHMSA TECTY Ha:

a) CTEepUIILHOCTB;
0) TOKCHYHOCTb;
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B) aJNIEPr€HHOCTb;
T') MUPOTEHHOCTb.

Bomnpoc 10. Oco60e mpenMyI1iecTBO MOJYCHHTETHYECKHX MIPOU3BOAHBIX 3PUTPOMHIIMHA,
A3UTPOMUIIUHA, POKCUTPOMHMIMHA, KJIAPUTPOMHUIMHA Nepe]l NPUPOIHBIM AHTHOMOTHKOM
00yCJI0BJIEHO:

a) MEHbIIIEH TOKCUYHOCTHIO;

0) OaKTEepUIIMIHOCTHIO;

B) aKTUBHOCTBIO TPOTUB BHYTPUKIIETOYHO JIOKATU30BAHHBIX Mapa3UTOB;

T') IeCTBHEM Ha TPUOBI

Bonpoc 11. AHTHOMOTHKH ¢ CAMONIPOMOTHPOBAHHBIM MPOHUKHOBEHUEM B KJIETKY
naToreHa:

a) Oera-JIaKTaMbl;

0) aMHHOTJIMKO3H/IbI;

B) MaKpOJIHIbI;

I') TJIMKONENTH/IbI.

Bonpoc 12. 3amuTa npoayueHTOB aMHHOTJIMKO3H/I0B OT COOCTBEHHOT0 AHTHOMOTHKA
cBsI3aHA C:

a) HU3KHUM CPOJICTBOM pHOOCOM;

0) aKTUBHBIM BBEIOPOCOM;

B) BPEMCHHOH ()epMEHTATUBHOW WHAKTUBAIIUCH;

') KOMIIApTMEHTAIUEH.

Bonpoc 13. Tpancdepasbl ocymecTBJISIOT:
a) KaTaJIu3 OKUCIUTEIIbHO-BOCCTAHOBUTEIBHBIX PEAKIIHIA;
0) mepeHoC PYHKIIMOHATIBHBIX IPYIII Ha MOJICKYJIY BOJIBI;
B) KaTaJu3 PEaKIHi IPUCOCTMHEHUS TI0 IBOMHBIM CBS35IM;
I') KaTaJlu3 peakiui nepeHoca GyHKIMOHAIBHBIX TPYIII HA CyOCTparT.

Bonpoc 14. [TeHMuMIJIMHAIIWIA32 HCIOJIB3YeTCH:
a) IPY IPOBEPKE 3aBOJICKUX CEPHA MEHUIIMILTNHA HA CTEPUIILHOCTB;
0) pu onieHKe 3PPEKTUBHOCTH MEHUIIUITMHOBBIX CTPYKTYP MPOTUB PE3UCTEHTHBIX
OaxTepuit;
B) IIPU MOJTYYEHUHU TTOTYCUHTETHUECKUX TEHUIIMIUTUHOB;
T') IPY CHATHUY QJUICPTUICCKUX PEAKINI Ha TICHUIMILIHH.

Bonpoc 15. llenunuinHanmniaza KaTajau3supyer:

a) pacuierieHue 0eTaJakTaMHOTO KOJIbIIA;
0) paciieruieHne THa30JIUIMHOBOTO KOJIbIIA;
B) OTIeIUIeHne 60KoBOTO paaukana mpu Co6;
T') IeMETUIMPOBAHNE THA30IUIMHOBOTO KOJbIIA.
Bonpoc 16. MoHOKJIOHAIbHBIE AHTUTEJIA MOJIY4Yal0T B IPOU3BOCTBE:
a) Mpu (PpaKIMOHUPOBAHUN AaHTUTEN OPTaHU3MOB;
0) ppakmoHNpOBaHUEM JTUMQOIINTOB;
B) C IOMOIIBIO THOPUIOB;
I') XUMHUYECKUM CUHTE30M.

Bonpoc 17. Mumenbio Ajst puznyeckux 1 XUMHYECKHX MYTareHoOB B KjleTKe 0H000beKTOB
ABJIAIOTCH
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a) IHK;

0) IHK-nmonumepasa;

B) PHK-nonumepasa;

r) pubocoma;

1) uapopmannonnas PHK.

Bonpoc 18. OcHoBHOe NpeuMYIeCTBO (hDePMEHTATHBHOI OHOJIOTHYECKOil KOHBEPCHH
CTEepPOM/IOB Mepex XMMU4ecKoii Tpancopmanmeid COCTOUT:
a) B JOCTYITHOCTH PEarcHTOB;
0) B M30MPATEILHOCTH BO3/ICHCTBHSI Ha ONPeACIICHHbIC ()YHKIIMOHAIBHBIE TPYTIIIBI
cTepoua;
B) B COKpAII[CHUH BPEMEHH IPOIIecca;
F) B HOJ'Iy‘IeHI/II/I HpI/IHLII/IHI/IaJIBHO HOBBIX CoeﬂHHeHHﬁ.

Bomnpoc 19. YBennueHnue BbIXo/a 1eJI€BOT0 NPOAYKTA Npu OuoTpanchopMannu crepouaa
JAOCTUTaeTCs:

a) IIpHU YBCINYCHHUH HHTCHCUBHOCTU IICPEMCIIMBAHMA,

0) mpu yBEIMYEHUU HHTEHCUBHOCTH adpallviy;

B) TIPY TTOBBIIICHUH TEMIIEPATYPHI )ePMEHTAIUY;

T') IPU UCKJIFOUEHUU MUKPOOHOW KOHTaMHUHAIINH;

1) TIPU YBEJIMYCHUU KOHIICHTPAIIUN CTEPOHUTHOTO cyOcTpara B (hepMEHTAIIMOHHOM cpejie;

€) IpH LieJIeHaNpaBIeHHOM U3MEHEHUU XUMHUYECKON CTPYKTYpPBI CTEPOUAHOTO CyOCTpaTa.

Bonpoc 20. [IpaBuiia npeaycMaTpHBAOT NMPOU3BOJACTBO B OT/EJbHBIX MOMEIIEHUsIX M HA
OTJeJHLHOM 000PY/I0BAHNH:

a) MEHUIUJUINHOB,

0) aMHHOTJIMKO3U/IOB;

B) TETPAIUKINHOB;

') MAKPOJIUIOB;

1) TIOJTUEHOB.

Bonpoc 21. CBoiicTBo 0eTa1aKTaMOB, H3-32 KOTOPOI0 HX cjeayeT, coraacno GMP,
HapadaTbIBaTh B OTAEJIbHBIX MOMEIEHHSX:

a) o0I1asi TOKCUYHOCTb;

0) XpoHHUYECKasi TOKCUYHOCTD;

B) SMOPHOTOKCHYHOCTH;

T') aJUIEPTreHHOCTb.

Bonpoc 22. [IpyunHa HEBO3MOKHOCTH HENOCPeACTBEHHOH IKCIPEeCcCHH reHa YejioBeKa B
KJIETKe NPOKAPHOT:

a) BBICOKAsi KOHIIEHTpAIIUs HyKJIeas;

0) HEBO3MOXKHOCTb PEIUIMKALIUY TJIa3MUJI;

B) OTCYTCTBHE TPAHCKPHUIILINU;

') HEBO3MO>KHOCTb CIIANICHHTA.

Bonpoc 23. IIpsimoii nepenoc uy:xepoanoii /IHK B nporoniactsl BO3MOsKeH ¢ NOMOIIbIO:
a) MEKPOWHBEKITUH;
0) Tpanchopmanmu;
B) YIIaKOBKH B JIMTIOCOMBI;
I') KyJIbTUBUPOBAHUS IPOTOIJIACTOB HA COOTBETCTBYIOLIUX MMUTATENIBHBIX CPEaX.
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Bomnpoc 24. Ycnexu reHeTHYECKOH HHKEHEPHH B 00JIACTH CO3IaHUSI PEKOMOMHAHTHBIX
0eJIKOB 00JIblIIIe, YeM B CO3JAaHUU PEKOMOMHAHTHBIX AHTUOHOTHKOB. ITO 00bBACHAETCS:
a) OoJiee MPOCTOM CTPYKTYpPOH OEIIKOB;
0) TPYIHOCTBIO IMOJ00Pa METOK X035€B JUIsi OMOCHHTE3a aHTHOUOTHKOB;
B) OOJIBIITUM KOJIMYECTBOM CTPYKTYPHBIX T€HOB, BKIIOUEHHBIX B OMOCHUHTE3
AHTHOMOTHKOB;
r) npobsieMaMu 0€30MMaCHOCTH MTPOU3BOJCTBEHHOTO TIPOIIeCca.

Bomnpoc 25. OciabieHue orpaHn4YeHr Ha UCMO0JIb30BAHHE B MIPOMBIILIEHHOCTH
MHKPOOPTraHU3MOB-PEKOMOMHAHTOB, NPOAYIUPYIOIIMX FOPMOHBI YeJ10BeKAa CTAJIO0
BO3MOKHBIM OJ1arogapsi:

a) COBCPHICHCTBOBAHUIO METOA0B U30JIAIIMHU I'CHHO-NUHXXCHCPHBIX peKOM6I/IHaHTOB oT

OKPYIKaIOIIEeH CpeIbl;

0) MOBBIIICHUIO KBATM(UKALIMY IIEPCOHaa, padOTAIOIIEro ¢ peKOMOMHAHTAMM;

B) YCTaHOBJICHHOW KCIIEPUMEHTAIILHO CJIa00H )KM3HECIIOCOOHOCTH PEKOMOMHAHTA;

T') 9KCIIEPUMECHTAITLHOMY TIOJITBEPKICHHUIO 0053aTeIHbHON, TIOTEPH YYKEPOTHBIX TCHOB.

Bonpoc 26. AKTUBHpPOBaHHE HEPACTBOPUMOI0 HOCUTEJISI B CJIy4ae HMMOOHIH3AIUHI
(epmenTa HeoOX0AUMO:

a) JUTsl YCUJICHUS BKIIFOUEHUST (DEPMEHTA B TEIb;

0) nnisa noseieHus: Copouun pepmeHTa;

B) JUUISl IOBBIIIICHHSI aKTHBHOCTH (DEPMEHTA;

T) 151 00pa3oBaHMs KOBAJICHTHOW CBSI3H.

Bomnpoc 27. UmMMmo0uau3anus HHANBUAYAIBHBIX (ePMEHTOB OrPAHHYNBAETCS TAKHM
00CTOSITEJILCTBOM, KaK:

a) BBICOKas JIJAOUJILHOCTD (hepMEHTA;

0) Hanmuue y pepMeHTa KohepMeHTa;

B) HaJIM4Ke y (hepMeHTa CyObeIMHUII,

I') IPUHAJICKHOCTh (PepMEHTa K THIpOa3aM.

Bonpoc 28. UMMo0unIM3a1usi HeJbIX KJIETOK MPOAYLHEHTOB JIEeKAPCTBEHHBIX BEIIECTB
HepauMOHAJILHA B cJIyYae:

a) BBICOKOM JJAOMJIBHOCTH 1E€JIEBOTO MPOYKTA (JIEKAPCTBEHHOTO BEIIECTBA);

0) UCTIONTF30BaHUS IIEJIEBOTO MPOAYKTA TOJBKO B UHBEKIIMOHHOM (opMe;

B) BHYTPUKJICTOYHOW JIOKAJIH3AIMHU IIEJIEBOTO MPOIYKTA,

T') BBICOKOU THIPO(HUILHOCTH 1[E€BOT0 MPOIYKTA.

Bonpoc 29. UMMo0unau3anms KJIeTOK NPOAYLEeHTOB Lejiecoo0pa3Ha B ciIyuae, eciin
eJeBOH NMPOAYKT:

a) pacCTBOPHUM B BOJIE;

0) HEpacCTBOPHUM B BO/JIE;

B) JIOKQJTM30BaH BHYTPH KJICTKH;

I) aja sBisgeTcs 6uomacca KIeToK.

Bonpoc 30. leasimu uMMoOuIn3anun (pepMeHTOB B OMOTEXHOJIOTHYECKOM NMPOU3BOACTBE
SABJISIIOTCSH

a) MOBBIIIEHUE YACIbHON aKTUBHOCTH;
0) MOBBITIICHUE CTAOMIIBHOCTH;
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B) paclIpeHue CyOCTpaTHOTO CIIEKTpa
I') MHOTOKpaTHOE UCIOJIb30BaHHE.

Bomnpoc 31. DxoHoMHuYecKoe MpeuMyIliecTBe OMOTEXHOJIOTHYECKOr0 MPOU3BOACTBA,
OCHOBAHHOI0 HA MMMOOMJIN30BAHHBIX 0M000bEKTAX, Nepe] TPAAUNNOHHBIM 00YCJI0BIEHO:
a) MEHBIIUMH 3aTpaTaMu TPYIa;
0) OoJee ENIeBbIM ChIPHEM;
B) MHOTOKPATHBIM HCITOJIb30BaHHEM OHOOOBEKTA;
I') YCKOPEHUEM MPOU3BOACTBEHHOTO TpoIiecca.

Bonpoc 32. MOHUTOPHUHT (IPUMEHUTETBHO K JI€KAPCTBY) — 3TO:
a) BBCJICHUE B OPTaHH3M;
0) BBIJICIICHUC
B) BBISIBJICHUC B TKAHSX;
') KOHTPOJIb TMHAMUKHA U3MEHEHUSI KOHIICHTPAIIUN B OMOJIOTHYECKOM KUIKOCTH Op-
raHusMa

Bonpoc 33. CkpuHUHT (JIeKapCcTB) — 3TO:
a) COBEPIIICHCTBOBAHKE ITyTEM XUMHUIECKOU TpaHCchHOpMaIIHH;
0) COBEpIICHCTBOBAHUE ITyTeM OHOTpaHChOpMaITny;
B) IIOUCK U OTOODP («IIPOCEUBAHUEN») IPUPOJIHBIX CTPYKTYP;
T') MOJIHBIF XUMUYECKHI CHHTE3.

Kiarou k TecTOBBIM 3aJaHUAM:

Ne Bompoca 1 2 3 4 5 6 9 10
OtBer B bi 0 B a §) r r r B
Ne Bompoca 11 12 13 14 15 16 17 18 19 20
OtBer 0 B r B B B a 0 II a
Ne Borpoca 21 22 23 24 25 26 27 28 29 30
OtBeT r r B B r r o B a r
Ne Bompoca 31 32 33

OtBert B r B

Jucnnnmimna «[IpaBuiia HapJieskamed NPpON3BOACTBEHHOM NPaKTHKH B cucteme GMP»

3aganus B oTKpbITOM dopme

1. Yro Takoe cuctema GMP?

2. Kakwue TpeGoBaHUS MPEABSIBISIFOTCSA K SKCIIOPTEPaM JEKapCTBEHHBIX CPEACTB?

3. Kakue paznensi cogepxut npasuia GMP?

4. Kakue oOmue TpeOOBaHUS NPEIBSABISAIOTCS K Pa3IMYHBIM (PapMIPOU3BOACTBAM COTJIACHO

TpeboBanusiMm GMP?

Kakue TOKyMeHTHI peryiupyroT IPOU3BOACTBO JEKApPCTBEHHBIX CPeICTB?

6. Kakue tpeOoBaHMS TNPEenBSABIAIOTCA K 3IaHUAM W IOMEUICHHUSM IIPU TPOU3BOCTBE
JIEKApCTBEHHBIX CPEJCTB?

7. Kakue TpeboBaHMs NPEIbABISIOTCS K 000PYAOBAaHUIO NMPH MPOU3BOJCTBE JEKAPCTBEHHBIX
CcpencTn?

8. Kakue TtpeOoBaHMsS NPEABABISAIOTCS K IEPCOHATY MPH MPOU3BOJACTBE JEKAPCTBEHHBIX
cpeacTB?

9. Kakue TpeGoBaHMS TPETBSBISIOTCS K MPOIECCY MPOU3BOJCTBA JICKAPCTBEHHBIX CPEICTB
corsiacHo GMP?

o
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10. Yro Takoe KpUTUYECKHE TOYKU KOHTPOJIS Ka4ecTBa Ha MIPOU3BOJICTBE?

11. B 4eM 3aKiIr04aeTcsi MOHUTOPUHT KPUTHUECKUX TOYECK KOHTPOIIS?

12. Yro Takoe Baymaanus U BepupuKamms?

13. Kak nmpoBoauTCs MJIaHUPOBAHUE BATHIAIIUH?

14. Kakue m1OKyMEHTBI HEOOXO0UMO OOPMIISITH MPU BAIAIAITIHN?

15. Kakue pa3zenbl JOIDKEH COAep KaTh MPOTOKOJ BATUAAIINN?

16. Yro Takoe peBanuganus?

17. Kakwue BubI HaJuIeKaIKX (hapMareBTHUECKUX MPAKTUK U3BECTHBI?

18. IIpuroroBiieHNE OCHOBHBIX JICKAPCTBEHHBIX (DOPM U3 PaCTUTEIHLHOTO ChIPhs, npaBuwia GMP
pu paboTe C HUMH.

19. TpaBuna GMP mpu paboTe ¢ peKOMOMHAHTHBIMH IITAMMAMHU-TIPOTYIICHTAMU

20. McToYHMKH OMaCHOCTH Ha OMOTEXHOJOTHYECKUX MTPOU3BOJICTBAX.

21. KoHTpoib KayecTBa YIAaKOBKH U MAPKUPOBKH OMOTEXHOJIOTUIECKON TTPOTYKITHH.
22. Hannexamas nabopatopHas npaktuka — GLP.

23. Hannexamas kimaudeckas npaktuka — GCP.

24. Hapnexamas npaktuka xpanenus — GSP

25. Hamnexanias npaktuka quctpudynuu — GDP.

26. Buapl HOBpEXKIAMOIIETO NCHCTBHSI OMOTEXHOJIOTHUECKUX MTPOU3BOJICTB

27. JloxyMeHTanus KOHTPOJISI KauecTBa OrodapMareBTHIeCKON PO yKIHH

28. YcioBus obecrieueHus KauecTBa MPOYKIIUU Ha MTPOU3BOJICTBE

29. Ortnen konTpons kadecta (OTK), ero 3amaum.

30. Kaxkas Banmmpanuss MOXeT ObITh?
Bomnpoc OTtBer

1. Yro Takoe cucrema | Good manufacturing practice/ Hajuexamiasi IpOU3BOACTBEHHAS ITPAKTHKA —
GMP? 3TO  MEXAYHApOAHBIA  CTaHIAPT, ONpENCNAIIUNA  TpeOOBaHUS K

MIPOU3BOJICTBY JIEKAPCTBEHHBIX IPENapaToB, 0aJ0B, MHIIEBBIX J00aBOK U
HEKOTOPBIX MPOAYKTOB MUTAHUS

2. Kakme TtpebOoBanus | B crpane momkHa OBITH TOCYHApCTBEHHAsT PETUCTPAIMS JIEKAPCTBEHHBIX
NPEIbSIBISIOTCS K | CPE/CTB.

AKCIIOPTEPAM 2. B crpaHe [n0/KHO OBITh TOCYJApCTBEHHOE WHCIEKTHPOBAHUE
JIeKapCTBEHHBIX (bapManeBTHUECKUX TPEANPUATHH.
CPEJICTB 3. B cTpane nomkHbI ObITh NpUHATH IpaBmiia GMP.

3. Kaxkue pasnensl | 1.Tepmunonorus
comepxut mnpabwia | 2. ObecrneueHre KauecTBa
GMP? 3. Ilepconain

4. 3naHus U IOMEIIeHUs

5. O6opynoBaHue

6. [Iporecc mpousBoicTBa

7. OTaen TeXHUYEeCKOro KOHTPOJIs (OTK)
8. Banunanus (yTBepKJeHue).

4. Kaxkue obmue | IlpousBoauTens JEKapCTBEHHBIX CPEACTB JOJDKEH OpPraHu30BaTh UX
TpeOoBaHUS MPOU3BOJICTBO TaK, YTOOBI JIEKAPCTBEHHBIE CPEJICTBA TapaHTHPOBAHHO
OPEIbABISIOTCS K | COOTBETCTBOBAIM CBOEMY HA3HAUEHUIO M TPEABABISIEMBIM K HUM
Pa3INIHBIM TpeOOBAaHUSAM W HE CO3/aBalM PUCKA Ui MOTPEOUTENeH M3-3a HAPYIICHUS
(dapMIpon3BoICTBa | YCIOBH 6€30MaCHOCTH, KauecTBa MM 3 (HeKTUBHOCTH. OTBETCTBEHHOCTh 32
M COTJIACHO | BBIMTOJIHEHHE ATHX TPEeOOBaHWH HECYT PYKOBOAMTENIH M BCE PAOOTHHKH
tpeboBanussiM GMP? | npeanpusATHA-TIPOM3BOIUTENS, @ TAKXKE MOCTABIIMKH U AUCTPUOBIOTOPHI. J{i1st

TOCTIDKEHHUSI JTOW IWEeNW Ha MPeInpUsTHH-TIPOU3BOANTENE Ha OCHOBE
Hacrosmero cranjgapra (npaBuwl GMP) nomkHa ObITH cO3laHa cUcTEMa
oOecrieueHrs KauyecTBa, BKIIIoUaromas B ce0st opranuzanuto padotsl mo GMP,
KOHTPOJIb KQUeCTBA U CHCTEMY aHaJIN3a PUCKOB.
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Kakne moKymMeHTHI
PEryIupyIOT
MIPOU3BOICTBO
JIEKAPCTBEHHBIX
cpencTB?

®enepanbubliii 3akoH oT 12 ampenst 2010 © Ne 61-®3 «o6 obpameHnun
JIEKapCTBEHHBIX CPEICTBY.

[Tpuka3 MUHHCTEPCTBA 3/IPABOOXPAHEHUS U COLUAIBHOTO pa3Butusa PO ot
23 asrycta 2010 1. Ne 708H "00 yTBepXKIeHHM NpaBW JabOpaTOPHOM
MPaKTUKK".

3. HaumonanwHbli cTranaapt poccuiickoit ¢penepaunu 'OCT P-53434-2009
«IIpuHIMIIBI HAJISKAIIEH Ja00OPATOPHON TPAKTHUKI

6. Kakme tpeOoBanus | MecTO pacmonoXeHus, MPOEKT, CTPOUTEIHCTBO, MOHTAX, OCHAIEHHE U
NPEABSABISAIOTCS K | OOCTY)KMBaHHE IIOMELICHUH W 00OpYyHOBaHMS JIOJDKHBI COOTBETCTBOBAThH
3IaHUSIM U | XapakTepy BBIIOJIHIEMbIX paboT. [ImaHupoBoUHbIe pelIeHUs] TOMEIIEHUH 1
IOMEIICHUSAM  TIPU | KOHCTPYKIUSL OOOPYMOBAaHUS IOJDKHBI MHHUMH3HPOBATh PHUCK OIIMOOK,
IIPOU3BOJICTBE npeaycMaTpuBaTh mpoBeneHne 3(pQeKTuBHON YOOPKH M OOCITY)KUBAHHS C
JIEKapCTBEHHBIX LEJBI0 TPEAOTBPAILCHHS IEPEKPECTHOTO 3arpsI3HEHNUS, TIOSBICHHS ITBUTH WIIN
cpencTn? Ipsi3M ¥, B O0IIEeM ciydae, yCTpaHEHHUs JTr00ro (akTopa, yXyAIIAIoIIEro

Ka4eCTBO MPOAYKIIHH.

7. Kakme tpebOoBanus | OOopynoBaHume  JOJDKHO — OKCIUTyaTHpPOBAaThCS MO HA3HAYCHHIO,
NPEABSBISIOTCS K | CBOGBPEMEHHO PEMOHTHPOBATHCS, MPOXOIUTH TO, KalIUOPOBKY, IOBEPKY.
obopynoBanuto mpu | Comepxarbcss B YHCTOTE, HE BCTYNAaTh B PEAKIHMIO C peareHTamu. He
HPOU3BOJICTBE UCIIPaBHOE 00OPYIOBAHUE JIOJDKHO OBITH IIPOMAPKUPOBAHO.

JIEKapCTBEHHBIX
CpeacTB?

8. Kakme tpeOoBanus | PykoBomsdmuii mepcoHan JODKEH HMMETh NpoduiibHOEe 00pa3oBaHuE U
OPEABSABISIOTCS K | IPAKTHYECKUH OMBIT MO MPOU3BOJCTBY JIEKAPCTBEHHBIX CPEJNICTB; - KaXKIbIi
HepCOHATY IPU | CHCIHAINCT W PYKOBOISAIINK paOOTHHK Ha MPEIIPUATHH IOJDKEH HUMETh
HPOU3BOJICTBE CTPOTO OINpeneNieHHble (DYHKIUHM; - HEPYKOBOASILIMNA MEepCOHAN JIOJDKEH
JIEKapCTBEHHBIX UMeTh rpauK MOIrOTOBKH W NEPENOJArOTOBKA U TpaduK TOMKEH OBITH
cpeacTs? 3aperuCTPUpPOBaH - TPEOOBAHUS COOMIONEHHS JTMYHON TMTHUEHBI, TUTUCHA U

MIOBEJICHUE PETJIAMEHTHUPYIOTCSL.

9. Kakme TtpeboBanus | JlomkeH ObITh cepTH(UKAT KauecTBa Ha CHIPHE; - MEPE OTIPABICHHEM Ha
OPEIBABISIOTCS K | POU3BOJICTBO MAPTHS CHIPHS IIPOBEPSIETCS; - BBIAaYa CBIPhsI PETUCTPUPYETCS;
npoueccy - CBIpbE IMO/BEpPraeTcsi NpOBEpKEe Ha MUKPOOHYIO KOHTAaMHHALMIO WIH
IPOM3BOJICTBA CTEPHIIHOCTB; - MPOU3BOJICTBEHHBIN MPOIECcC AOJDKEH OBITh TaK IMMOCTPOEH,
JIeKapCTBEHHBIX 4TOOBI BCE OBUIO COIJIacOBaHO M Oe3aBapUiHO; - (HMIBTPBI, COAEpIKaIINe
CPeACTB  COTJAcHO | acOecT, HE pPEKOMEHAYIOTCS; - TOCTaJAWWHBIA KOHTPOJIb Ipolecca
GMP? MIPOM3BOJICTBA U €0 PErucTpalus B KypHajax (CbIpbe — MOJYMPOAYKTHI —

pabodee MeCTO — onepanuuu — TEXHOJOTM4YecKuil pexxuM u T.14.). [lopsaok
perucTpanuy periiaMeHTUpyeTcs, BCe 3alUCH JeNaroTcs cpaszy Iocie
KOHTPOJISI M PE3YyJIbTAThl XpaHsT HE MeHee | rofa.

10. Yro takoe | Kputuueckue KOHTPOJIbHbIE TOUKU (KKT) — 3TO MECTO, 3Tal WU
KPUTUYECKHE TOYKH | MPOIIECC HA TIPOM3BOJICTBE, HA KOTOPHIX BO3MOXKHO YCTPaHHTh PHCKH,
KOHTPOJISl KadecTBa | BIUAIONIME Ha O€30MacHOCTh MUIIEBOTO MPOAYKTa, WIM CBECTH HX K
Ha MMPOU3BOJICTBE? IPUEMIIEMOMY YPOBHIO.

11. B yem 3akmiovaercst | [lOCTOSIHHBIIT MOHMTOPUHI OCYILECTBISETCS MOCPEACTBOM KOHTPOJIBHOTO
MOHHUTOPHHT aBTOMATHUYECKOTO 000PYIOBAHUS;

KPUTUYECKHX TOYeK | HemocTosHHBIE MOHUTOPMHI  OCYHIECTBISIETCS, €CIM  HOCTOSHHBIN
KOHTPOJIS? MOHHTOPHHT HEBO3MOXEH (MaccoBasi J0Jsi KOMIIOHEHTOB, COJIEp)KaHHE PH,

aKTUBHOCTb BOJIbI, TEMIEpATypa NpoayKIun). HenocTosHHBI MOHUTOPUHT
BKJIFOYAET BU3YAJIBHYIO OIIEHKY.

YacTtoTa MOHMTOPHUHTA JOJKHA OBITH IOCTATOYHA JJISi TOTO, YTOOBI PUCK
Obl1 moa KoHTposneMm. Kaxmoe mpeampusiTue HECET OTBETCTBEHHOCTH 3a
YCTAHOBJICHUE YaCTOThI, KOTOpas IOJDKHA FapaHTUPOBATh, YTO KKT — O]
KOHTPOJIEM.
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12.Yt1o takoe | IIpouecc TOKYMEHTHPOBAHHOTO MOATBEPKIACHUS TOCTHXKEHHUS Pa3yMHOU
BaJIMIaUs U | CTCTICHH YBEPEHHOCTH B TOM, YTO
BepuduKanus’? . — MPOU3BOJICTBEHHBIH Ipoliecc,
. — aHAJIUTHYECKUE METOUKH,
. — HCIIOJIb3yeMoe 000pyI0BaHHE,
. — MPOU3BOJICTBEHHBIE CUCTEMBI,
CooTBeTCTBYIOT aAeiicTByronUM mpuHIMnaM GMP u BBINOJHAIOT CBOE
(yHKIIMOHATTFHOE Ha3HAUEHUE, T.¢. VIX MCIob30BaHUE JCHCTBUTEIHHO JTaeT
OKUJIaeMbl€ Pe3yIbTaThl
13. Kak npoBoautcsa | Coctout u3 4-X 3TarnoBs:
MJIaHUPOBAHUE 1 oramn- BKItOUaeT B cedst pa3pabOTKy IUIAHOB MPOBEICHUS SKCIIEPUMEHTOB
Bajuaauuu’? [0 CTa-IUsM Ipoliecca U, COOCTBEHHO NMPOBEICHUE CaMUX SKCIIEPUMEHTOB
JUTSL yTOYHEHUS ¥ OTIpe-ACTICHUS 3HAUCHUH KPUTUISCKUX TTapaMeTPOB CTaIui
mpotrecca.
2 »Tam - BKJIIOYAaeT B ceOs OKOHYATENBHOE COTJIACOBAHWE 3HAYCHHU
KPUTHYECKHUX TapaMeTPOB CTa/IMi MPoLiecca U COCTABICHUE 3aKIIFOUEHUI.
3 sTam - BKJIOYaeT B ce0s pa3pabOTKy M YTBEPXKACHUE IPOTPAMMBI
BaJIMIAllUU MPO-11ecca U, COOCTBEHHO MPOU3BOJICTBO TPEX WITU OOJIbIIE CepUid
MPOJIYKTa B MpeEesiax yCTa-HOBJICHHBIX HA 2 JTarle.
4 sTam- BKIIOYaeT B ce0s COCTaBIEHUE W YTBEPXKICHHE IPOTOKOIA O
BaJIMJIAIIMH TIpoIIecca
14. Kakue pmokymeHTHl | [l TOArOTOBKM U TPOBEACHUS BaTUJAMM Ha MPEANPHUATHH 10
HE0OXO0MMO pPaCHOpSDKEHUIO  TEHEPAIbHOTO  JUPEKTOpa  HA3HA4YaeTcsd  KOMHUCCHUS,
0pOpMIISTH IIpH | COCTOAIAS M3 CHEIUAIKUCTOB, BO3TJaBisieMasl MpejcenaTesieM, KOTOPBIM
Banuaanuu’? KOOPJIWHHUPYET W OpraHm3oBbiBaeT paboTel. Co3mMaHHAsT KOMHCCHS
paspabaThIBacT BaIMIAIMOHHBIN TU1aH (validation master plan).
JIOKyMEeHTBI, HEOOXOUMBIC /ISl TIPOBEIICHUS MPOICTYp KBATH(DUKAIINHN H
BaJIMIallUU (COCTABISIETCS MOCHIE BaJIUAAllMOHHOTO TJIaHA):
o [Linan npoBeaeHus
. WNHcTpyKInMy 1o MpoBeIeHUI0
. [IpoTOKOJIIBI IO TPOBEACHUIO
. OT4Y€T MO MPOBEACHUIO
15. Kakwue pasnensl | [lapamMeTpbl HCIBITAHHUA, XapaKTEPUCTHKU TPOAYKIIHU, TEXHOJIOTHUYECKOES
JOJKeH cofepxkaTh | 0O0Opy/lOBaHHE U  KOHTPOJBbHBIE TOYKH, KOTOpPbIE  YCTaHABIMBAIOT
MIPOTOKOJI MIPUEMIIEMBIC PE3YJIbTAThI UCITBITAHU.
BaIganun?
16. Yto Takoe | PeBammmanus — 3TO MOBTOPHAsS MPOBEPKA YTBEPKACHHOTO Tpoliecca (MUiu
peBanuaanus? €ro 4acTH) AJisi 00ecreueHus] MOCTOSHHOTO COOTBETCTBUS yCTAHOBJICHHBIM
TpeOOBaHUSAM. ITO IOKYMEHTUPYEMOE TTOATBEPIKIEHNE TOTO, YTO U3MEHEHUE
HE OKa3bIBaeT 3HAYMMOTO BIMSHHUS HAa HAJSKHOCTh M JOCTOBEPHOCTH
pe3yJIbTATOB UCTIBITAHUI
17. Kakue Buael | GLP (Hamnexamias nabopatopHas MpakTHUKa)
HaJJIeKaIUX GCP (maanexarias KIMHAYECKAs MPAKTHKA)
(bapMmareBTUYeCKIX GDP (mamnexainasi IMCTpUOBIOTOPCKAst TPAKTHUKA)

MIPaKTHUK U3BECTHBI?

GACP (maanexarias npakTHKa KyJbTHBUPOBAHHS U cOOpa JTEKapCTBEHHBIX
pacTeHui)
GPV (mamnexanias nmpakTrka GpapMakoHaa30pa)

18. [Ipurorosnenue
OCHOBHBIX
JIeKapCTBEHHBIX

dbopm u3

ITonnmMHHOCTE U Ka4ECTBO PACTUTEIBHOTO CHIPBS U JIEKAPCTBEHHBIX CPENICTB
U3 PaCTUTEIBLHOTO ChIPbs CIEAYET ONpPEAENATh COTJIAacCHO TPeOOBAaHUSAM TKII
451 u Tkn 454 u cnenuduKanMAM Ha JIEKAPCTBEHHBIE CPEJCTBA U3
PaCTUTENBLHOTO CHIPbs, @ TaKXKe, €ClIi HeOoOXOJMMO, B COOTBETCTBHH C
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pPacTUTEILHOTO
CBIPBS, npaBuia
GMP npu pabote ¢

HHUMMU.

rocyaapcTBeHHOW (Qapmakomneeil pecnyOJMKyd Oenapych WM APYrou
COOTBETCTBYIOLIEH (hapmakorneeit

19.TlpaBuna GMP mnpu | Jlyis Takux NPOAYKTOB, KaK MOHOKJIOHAJIBHBIE AaHTHTENIa W TPOIYKTHI,
pabote C | IPOU3BOJMMBIE 1O PEKOMOMHAHTHON IIHK TEXHOJIOTHH, JOMYCKAeTCS HX
PEKOMOMHAHTHBIMU | OJJHOBPEMEHHOE MPOU3BOACTBO B OJIHOI 30HE C MCIOIb30BAHUEM 3aKPBITHIX
mTaMMaMu- cucteMm OMoepMEeHTaTOPOB
POYLEHTaMH.

20. Uctounnku HcrounnkaMu OWOJIOTHYECKOW OIMACHOCTH MOTYT OBITh IaTOTCHHbBIE WU
OIACHOCTH Ha | TeHHO-MOAU(UIIMPOBAHHbBIE MHUKPOOPTaHU3MBl, UCIOJIb3yEMbIE B
OMOTEXHOJIOTMYECKH | MPOU3BOJCTBE, MPOAYKTHI HMX METa0OJdM3Ma, TOKCHUHBI, pPa3JIM4HbIC
X TPOU3BOJICTBAX. XMMHUYECKHE BEIIEeCTBA, COJEpXKalluecs B OTXOJaX MPOM3BOJACTBA,

BBI3BIBAIONINE 3a00JICBaHMS YEIOBEKa, KUBOTHBIX, PACTCHHM, Pa3pyIICHUE
MaTepuaioB, pe3KOe YXyIIIEHNE KaueCTBA OKPYKaroLIEH Cpeibl.

21. Kontposp kadectBa | KoHTpoib KadecTBa YHNaKOBKM M MapKHPOBKHM OHOTEXHOJOTHYECKON
YIaKOBKH U | IPOAYKIIMH  TPOBOJUTCA corjacHO roct p 57234-2016 «mapomyKuus
MapKUPOBKH MUKpoOuonoruyeckas (ymakoBKa, MAapKHpPOBKa, TPAHCIOPTHPOBAHUE U
OMOTEXHOJIOTHYECKO | XPaHCHHUE)

1 IPOJTYKIIMH.

22. Hapnexaras Hamnmexamas maboparopuas mnpaktuka (good laboratory practice) —

naboparopHas CUCTeMa HOpM, MpaBWJI W yKa3aHUH, HAMpaBICHHBIX Ha OOEcleYeHHe

npaktuka — GLP.

COIJIaCOBAHHOCTH |
HCCIIeJOBaHUH

JIOCTOBEPHOCTH  PE3YJbTaTOB  J1aOOPaTOPHBIX

23.

Hannexarmas
KJIMHAYECKAs
npaktuka — GCP.

Hannexamas knuandeckast npaktuka, (good clinical practice)
MEXAYHApOAHBIA CTaHAApT ATHUYECKUX HOPM U KadecTBa HAy4YHBIX
WCCTIEIOBaHMHM, ONUCHIBAIONINI MpaBHia pa3pabOTKH, TPOBEICHUSI, BEICHUS
JOKYMEHTAIIMU U OTYETHOCTU 00 HCCIIEI0OBAaHUSIX, KOTOPHIE MOIPa3yMeBaIOT
y4acTHE YeJOBEKa B KAYECTBE UCIBITYEMOT0 (KIIMHUYECKUE MCCIICTIOBAHNUS )

24.

Hanpnexamas
MpaKTUKa XpPaHCHUS

— GSP.

Hamnexarias npaktuka xpanenus (good storage practice, gsp) - ato Habop
CTaH/AapTOB W TpaBWJ, pa3pabOTaHHBIX A olecredeHus Oe30MacHOro,
3pdexTHBHOrO M KAYECTBEHHOTO XPAHCHUS MPOIYKIHH,  BKIIOYAs
JIEKapCTBEHHBIE MPENapaThl, MEUIIUNHCKUE M3CIIHUS, MTUIIEBBIC MPOTYKTHI U
ApYTUe TOBaphbl, TpeOyoIMe CHeHUPUIHBIX YCIOBUI XpaHEHHS.

25. Hajexarast Gdp (good distribution practice, Haanexaras mpakTHKa OMTOBOM
NpaKTHKa OpOJ@XH) — MEXIYHApPOAHBIA CTAaHAApT, KOTOPBI yCTaHAaBIMBAET
JUCTpUOYyLUN — | TpeboBaHMsI K OINTOBOW pealu3alud JEKapCTBEHHBIX CpEACTB. SIBuseTcs
GDP. YaCThIO CHCTEMbI OOECIEYEeHHs] KauyeCTBa W YCTaHABJIMBAeT TMpaBHUa B

OTHOIIEHWH  XpPaHEHWs,  TPAHCIOPTUPOBaHUS U JUCTPUOBIOIIUHU
JIEKapCTBEHHBIX CPEICTB W TapaHTHUPYET, YTO JICKAPCTBEHHBIE CpEICTBa
MOCTOSTHHO KOHTPOJIMPYIOT TI0 [TOKA3aTeNsIM Ka4eCTBa, COOTBETCTBYIOIINM €€
Ha3HAYCHUIO.

26. Bupr MuUKpOOHOIIOTHYECKHE H OWOTEXHOJOTMYECKHE MPOM3BOACTBA W HX
MOBPECKAAOIICTO IpoaAYKIHMA MOT'YT OKa3bIBaTb HAa YCJIOBCKA, JKUBOTHBIX U paCTHTeJ’IBHLIﬁ MHD
JeUCTBHS CIIETYIOIIME BUJIBI TOBPEKIAIOIIETO ICHCTBHS:

OMOTEXHOJOTHYECKH | - pa3BUTHE MH(EKIMOHHBIX, Tapa3uTapHbIX U APYTUX 3a00JI€BaHMUI;

X MPOU3BOACTB

- TOKCUYECKOE JIeHCTBHE;

- AJUIEpreHHOE JEHUCTBUE;

- o01ree 1 MecTHOE Hecrenupuyeckoe (pa3apaxaroliee) 1elcTBUE;
- ICVCTBHUE HAa TEHETUYECKUH aIapar KJIETOK;

- BO3JICHCTBHE HA DKOJIOTHYECKYI0 00CTAaHOBKY.
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217.

JoxymeHnTanus
KOHTpPOJISI KadecTBa
O6uodapmarieBTH4IEC
KO IPOYKLIUH

TexHomornueckuii periaamMeHT (Tp) — OCHOBHOW TEXHUYECKHUU TOKYMEHT,
pa3pabarbiBacMblii OpraHu3alfieii B COOTBETCTBUU C JIEHCTBYIOIIUMU
HOPMAaTHUBHBIMU JOKYMEHTaMH POCCUIICKON (enepaluu U coepKaiuii:

1. XapakTepuCTUKHU IPOU3BOJCTBEHHOIO OOBEKTA, HCXOJHOTO ChIPbS,
rOTOBOM MPOJYKIIUH, BCIIOMOTaTEJIbHBIX MaTEPUAIIOB;

2. TexHOJOrMYECKOM CXEMbl, IapaMeTpoB M MOpsAKa MPOBEACHUSA
TEXHOJIOTUYECKHUX IIPOLIECCOB;

3. OnTUMaJIBHOTO TEXHOJOTUYECKOTO PEXUMA;

4. VcnoBus 06e30macHOM 3KCIUTyaTallud IPOM3BOJACTBA M OXPaHbI
OKpY>KaroILEH Cpeibl.

I'ocymapctBeHHas (apmokoness - oOmux ¢GapMakoneWHbIX cTaTedl u
(dapMakoneWHbIX cTaTe MM TOCYAapCTBeHHas (apmakores — COOPHHK
roCyIapCTBEHHBIX CTAHIAPTOB KA4E€CTBA JICKAPCTBEHHBIX CPEICTB, UMEIOIINN
3aKOHOJIATEIIbHBIN XapaKTep

28. YcnoBus Yerkass perimameHTanuss BCEX IIPOM3BOJACTBEHHBIX  IIPOLIECCOB; -
o0ecrnieueHus KBaJM(UIMPOBAHHBIA TEPCOHAJ; - YUCTHIE IMOMEIICHHUS; - COBPEMEHHOE
KauecTBa o0opyJOBaHUe; - pErucTpalus BCeX HTalloOB MPOU3BOJACTBA M BCeX
IPOAYKIMH Ha | IPOBOAMMBIX AaHAJIM30B; - COOJIOJEHUE U PETUCTpALMs IMOpsJIKa BO3BpaTa
IIPOU3BOJCTBE HEyJIaYHbIX CEpUil

29. Otnen KOHTposst |  OTK pyKOBOJICTBYETCS TOCYIapCTBEHHBIMU U OTPACIEBBIMU JOKYMEHTAMH,

kadectBa (OTK), ero
3a1a9n

pPErIaMEHTUPYIOLUMHU €ro JCATENbHOCTh 3aJada OTK: - HE JOIyCKaThb
BBIIIyCKa Opaka; - YKpeIUIATh IPOU3BOJACTBEHHYIO JUCLUIUIMHY; OTK
KOHTPOJIUPYET CBIPbE M IOJYIPOAYKTBI, Y4acTBYET B IUIAHUPOBAHUU U
[IPOBEJICHUU IOCTAIUHHOTO KOHTPOJISI M XPaHUT 00paslibl KakJIoW cepuu
IIPOJYKIIMY HE MeHee 3-X JIET.

30.

Kaxkas BaJIIaIAs
MOYeET ObITh?

[Tepuoaunueckas (IpOBOAUTCS IOCTOSHHO), -
BHeruianoBass (nmpu 4pe3BbIYANHBIX IMPOUCIIECTBUAX, HPU H3MEHEHHU
TEXHOJIOTHH).

TecToBbIE BOIIPOCHI MO0 TUCHUIIJIMHE

Bonpoc 1. locTtuskenne TpedboBaHuii K Ka4uecTBY, 3a/10:keHHbIX B PykoBoacTree GMP
EC naxonurcs B cepe orBercrBeHHoCcTH (1 0TBET)

A) TOII-MeHemxMeHTa KOMIaHUK- JeprkaTens JIneH3un Ha mporu3BOACTBO

b) Ilepconana koMnaHuu - Aepskatesiss PerucTpaimoHHOro y10CTOBEPEHHS

B) ITocTaBuinkoB kKoMnaHuu - aeprkatens JInieH3un Ha mponu3BOACTBO

Bomnpoc

A) Yacrs |
b) Yacts 11
B) Yacts 111

2. B kakoii yactu PykosoactrBa GMP EC npusogurca IBH Q10? (1
NpaBHIbHBIN OTBET)

Bomnpoc 3. Kakoe yrBepikaeHue 0 BeleHMH PaccjielOBAHUSA 110 NPUYMHE OTKJIOHEHHH
BepHO? (3 NpaBUJIbHBIX 0TBETA)

A) B cinydasx, Kora UCTUHHAS TIEPBONPUYNHA OTKJIOHCHUSI HE MOXET OBITh

orpezenieHa, aHaIu3 IEPBOMPHUNHBI TOIKEH OBITh 3aKPHIT

b) B cnyuasix, korga nCTHHHAS IEPBOMPUYHNHA OTKJIOHCHHS HE MOXKET OBIThH

orpezeneHa, MOXXHO CUUTATh, YTO MPUIMHON OTKIIOHEHHSI CTal YeIOBeUeCKUi (haKkTop

B) HeoOxomumo ompenenuTs W NPEANPHHATh HAUICKANME KOPPEKTUPYIOMIHE |

npeaynpexaatoniue neuctsusi (CAPAS) ToIbKO MpU KPUTHUYECKUX OTKIOHEHMSIX
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I') IlepBonpuYHMHBI OTKJIOHEHUH MOTYT OBITH OIpeneNneHbl ¢ momoulbio [IpuHiumnos
VYnpasnenus Puckamu 1o kauecTBy

J1) B cnyyasix, Korja UCTUHHAs TIEpBONPHUYMHA OTKJIOHEHHS HE MOXKET OBITh OIpesesneHa
HE00X0IMMO ONPENEIUTh Haubosee BEPOSITHBIE EPBONPUYNHBI U PACCMOTPETH HX

E) Heobxoaumo omnpeaenuTs W OPEINPHUHATHh HAJJIEKALIME KOPPEKTUPYIOLIME H
npeaynpexaaroniue aecteus (CAPAS) mpu JIF0OBIX OTKJIOHEHUSX

Bomnpoc 4. Uto He00X0AMMO YyYUTHIBATH B OTHOLIEHHHU IJIAHUPYEMOI0 M3MEeHEeHus ?
(3 npaBWIBLHBIX 0TBETA)

A) Heo6xoauMo IpOBECTH OLIEHKY MEPCHEKTUBHOTO BIMSIHUS U3MEHEHHUS

b) JlocTaTo4HO IPOBECTU PETPOCIIEKTUBHYIO OLIEHKY U3MEHEHUS

B) Ilocne BHeapeHus H3MEHEHHS HEOOXOAMMO MPOBECTH €HIe OAHY OLEHKY s
MOJATBEPKJICHUS JOCTH)KEHNUS LIEJIEeH 110 KaueCTBY

I') Bnusinue Ha KauecTBO MPOIYKTa HEOOXOAUMO YUUTHIBATH TOJIBKO MOCTE

KPUTHYECKUX U3MEHEHUN

1) Heob6xoauMo y4yuThiBaTh HE TONBKO acnekThl GMP, HO W mpoume perynsTopHbIE

aCIIeKThI, KaK-TO TPeOOBAaHUS YBEIOMIICHUS

Bonpoc 5. Kakoe yrBep:xknenue o GMP BepHo? (2 npaBHJIbHBIX 0TBETA)

A) IlpaBuna GMP kacaroTcst TOJIBKO MIPOU3BOJICTBA

b) IlpaBuna GMP rapanTupyroT, 4yTO NPOAYKLHS IMOCJIEI0BATENbHO IMPOU3BEACHA U
MIPOBEpPEHa B COOTBETCTBUU C PerucTpallMOHHBIM YAOCTOBEPEHUEM, pPa3pEIICHHEM
KIIMHAYECKUX MCCIIEOBAHUN MM CTIeHU(UKAIIMEH Ha TPOIYKIIUIO

B) IIpaBuna GMP kacatorcst mpou3BOJCTBA U KOHTPOJISI Ka4ecTBa

I') IlpaBuna GMP rapantupyroT, 4yTO NPOAYKLHS IOCJIEI0BATENbHO IPOU3BEACHA U
MIPOBEPEHA B COOTBETCTBUM C JIMlleH3nel Ha MPOU3BOICTBO

J1) IlpaBuia GMP He siBisitoTcst yacThio YnpasieHus Kauectsa

Bonpoc 6. OcuoBubie npaBuia GMP riacar, uro (3 npaBu/IbLHBIX 0TBETA)

A) Bce npon3BOICTBEHHBIE ITPOLIECCHI ONPEAEISIOTCS, CUCTEMaTHYECKH
MepecMaTpPUBAIOTCS U MOATBEPKAAIOT CIIOCOOHOCTH IMOCTOSIHHO MPOU3BOINUTH
JIeKapCTBEHHbIE CPEJICTBA TPeOyeMOoro KayecTna

b) Baxxnble aTansl nporieccoB MpOM3BOICTBA BAIUIUPOBAHBI

B) 3anucu genaroTcst TOJIBKO ¢ HOMOIIBIO 3aIIMCHIBAIOIIUX TPHUOOPOB

I') Cucrema mMoxkeT 0T03BaTh BEIOpaHHbBIE CEPUU MPOAYKTA U3 MPOJAXKH WIH
IIOCTAaBOK

J1) CucteMa MOKET 0TO3BaTh JIFOOYIO CEPUIO MPOAYKTA U3 IPOAAKU UIIH TOCTABOK

Bonpoc 7. KoutpoJjb kauecTBa (2 npaBUJIbLHBIX 0TBETA)

A) Oto vactb GMP

b) Kacaercs ToibpK0 B34THS TPOO U MPOBEIEHUS UCTIBITAHUI

B) Kacaercs B3aTus npo0, npoBeieHNs UCTIBITAHUHN, CTICU(pUKALIIA,
OpraHMU3alMOHHBIX IPOLEAYP, IPOLEAYDP BeIeHUS JOKYMEHTAIMHU U TPOLEAYp BBITyCKa
I') Kacaercs BbIlTycka MpOAYKIIMH, & HE MATEpHAIOB, HA MPOJAXY UM HA TIOCTABKY

Bonpoc 8. OcHoBHBIE TPEOOBaHUSI KOHTPOJISI KA4eCTBA IJIACAT, YTO (3 MPaBHJIbHBIX
0TBETAa)

A) 3HaunTeENbHbIE H3MEHEHHUS B IIPOLIECCE MPOU3BOICTBA BAJIUANPOBAHbI

b) MeTtozas! mpoBeeHNs UCTIBITAHUH BaJIUIUPOBaHBI

B) Cepus mpoykTa He BBIITYCKAeTCs B MPOJAKy UIIM Ha MOCTAaBKY 0€3

MIpeIBApUTENIbHON cepTudUKalnu Y TIOITHOMOYEHHBIM Jluom

I') [locTaToyHOE KOJTMYECTBO KOHTPOJIBHBIX/apPXUBHBIX 00pPa3I[0B HCXOAHBIX
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MaTepHuasoB U IPOAYKTOB XPaHATCA B OKOHYATEIIbHOU YIIaKOBKE
J1) 3anucu nenaroTcs TOJIBKO BPYUHYIO

Bonpoc 9. O630pbl KayecTBa NMPOAYKTA JOJKHbI NMPOBOAUTHCHA (2 NMPABWIbHBIX
0TBETA)

A) Tonbko oauH pa3

b) Exeroano

B) [IBa pa3a B roa

I') Ans nykeHEepUKOBBK JIEKAPCTBEHHBIX IIPENapaToB

J1) 511 Bcex 3aperucTpUpPOBAHHBIX JIEKAPCTBEHHBIX MIPEMapaToB

Bonpoc 10. B pamkax O030poB KadyecTBa NMPOAYKTA KAK MMHMMYM He00X0AMMO
NMPOBOAUTH (4 NPaBUJIbHBIX 0TBETA)

A) O630p UCXOIHBIX TAHHBIX U PE3YIbTATOB MPOrPaMMbl MOHUTOPHHTA

CTaOUIILHOCTH U JIFOOBIX HEXKEaTeNbHbIX TeHACHINUN

B) O630p pe3yapTaToB MpOrpaMMbl MOHUTOPUHTA CTAOMILHOCTH U JTFOOBIX

HeXKeJlaTeIbHBIX TeHICHIINH

B) O0630p caMbIX BaXHBIX CBSI3aHHBIX C KaY€CTBOM BO3BPATOB, OT3BIBOB MPOAYKIUH U

MpETEeH3UI

I') O630p Bcex CBSA3aHHBIX C KaYeCTBOM BO3BPATOB, OT3BIBOB MPOJYKLIWH, TPETCH3UHA U

paccieoBaHUid, TPOBOJAUMBIX B 3TO BpEMS

J1) O630p mociIeperucTpalMOHHbIX 0053aTeIbCTB HA HOBBIE PETUCTPAIMOHHBIC

yIIOCTOBEPEHUS U U3MEHEHUSI PETUCTPALIMOHHBIX YAOCTOBEPEHUN

E) O630p ncxoaHbIX MaTepuanoB, BKJIIOYAs YIAKOBOYHBIE MAaTePUAIbI,

UCIOJIb3YEMBIE B ITPOJYKTE, B OCOOEHHOCTH MaTepUAIOB U3 CTAPbIX HCTOUHUKOB

K) O630p Bcex 3HAUMMBIX OTKJIOHEHUH MJIM HECOOTBETCTBUH, BKIIIOUAS

paccnenoBanus, Beayuecs no HuM u dpdextuHoctu CAPA

Bonpoc 11. Kakoe yrBep:xeHue kacateqibHo O030poB KauecTBa NPOAYKTa BepHO? (3
NpaBUJIbLHBIX 0TBETA)

A) O0630pbI KauecTBa MOTYT OBITh CTPYIITUPOBAHBI IO TUITY MPOIYKTA, €CIM 3TO HAYYHO

000CHOBaHO

b) Tonpko nepxartenb PerncrpallmoOHHOro yJOCTOBEPEHUS JOJDKEH MPOBOIUTH OLIEHKY

pe3yiabTaToB 0030pa

B) IIpousBoaurens, U, €CIM 3TO HE OJHO U TO K€ JIUIIO, JIepXKaTelb PErucTpaliiOHHOIO

YIIOCTOBEPEHUS TOJKHBI IPOBONTH OLIEHKY PE3YyIbTaTOB 0030pa

I') Db pextuBHocTs CAPA nomkHa ObITH TPOBEPEHA BO BpeMsl IPOBEIECHUS

CaMOMHCIIEKIIUT

1) OddpextuBHocts CAPA nomkHa ObITh IpOBEpeHa BO BpeMsl POBEACHUS MHCIIEKIIUN

COOTBETCTBYIOIIIM OPTaHOM

Bonpoc 12. Ynpap/jieHHe pHCKaMH M0 KAa4YeCTBY SfABJSETCH CHCTEMATHYECKHM
npoueccom AJs (1 npaBUIbHBIN 0TBET)

A) PeTpocnieKTUBHOM OIIEHKH M 0030pa KauecTBa UCXOIHBIX MaTepUaioB

b) IlpoakTHBHON M PETPOCTIEKTUBHOW OIIEHKH, KOHTPOJS, KOMMYHMKAallMd U 0030pa

PHCKOB 10 Ka4€CTBY JIEKAPCTBEHHOT'O IIpenapara

B) PerpocneKTHBHOMN OLIEHKH M KOHTPOJIS Ka4eCTBA UCXOAHBIX JAHHBIX

Bonpoc 13. KakoBbl npuHmunsl Ynpasienus Puckamm no kadecrBy? (2
MPaBHJIBHBIX 0TBETA)

A) OneHka puCKOB 10 Ka4€CTBY OCHOBBIBAETCS] HA HAYYHOM 3HAHUU U OIIBITE B OTHOLLIEHUH
IIPOM3BOJICTBEHHOTO IIpolecca

b) Onenka pucka 1o Ka4ecTBy OCHOBBIBAETCS HA IIPEANOI0KEHUAX
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B) Ouenka pricka 1o Ka4ecTBy, MPEXxe BCEro, CBsi3aHa ¢ 3alUTOMN NalueHTa

Bonpoc 14. Kto noxen 0biTh ocBegomiien o npunuunax GMP? (1 npaBuiIbHBIM
O0TBeET)

A) Tonbko KJIIOYEBOI MepCcoHaN

b) Tonbko TOII-meHEeKMEHT

B) Bech nepconan

Bomnpoc 15. Uto BaxkHO A8 JII0/Ieil, 3aHUMAIOIIMX OTBETCTBEHHbIE JOKHOCTU? (2
NMPaBUJIbLHBIX OTBETA)

A) Y HHX OJDKHBI OBITH CHICIUAIBHBIE 00SI3aHHOCTH, 3a)MKCUPOBAHHBIC B MMCHMEHHBIX

JOJKHOCTHBIX MHCTPYKITUSIX

b) Onu HuKoOTr1a HE AOHKHBI JIEIETUPOBATH CBOM 00S3aHHOCTH

B) Hx o6s3aHHOCTHM MOTyT OBITH JEJIETUPOBAaHbl HA3HAYEHHBIM 3aMECTUTENSIM C

JOCTATOYHBIM YPOBHEM KBaTU(UKALIUN

I') Heobxoaumo, 4ToOBI OBLIO JOCTAaTOYHOE AYOIMpOBaHHE OOS3aHHOCTEH y IMPOUYEro

KJIFOUEBOT'0 IIEPCOHANA, U HET HEOOXOAUMOCTH B €r0 00bICHEHUHU

Bonpoc 16. Kakoe yrBep:kaenue o PykoBoguTensix NpoOuU3BOACTBA H OT/eJa
KOHTPOJIS1 Ka4ecTBa BePHO? (2 NpaBUWJIbHBIX 0TBETA)

A) PykoBomuTenb MNPOM3BOJCTBA TaKKE MOXET SBIATbCS PykoBoauTeneM oTaena

Kontposs kauectBa

b) PyxoBomutenmu IlpomsBomctBa u Otmena KoHTponss kadecTBa JIOJDKHBI OBITH

HE3aBUCHUMBIMU JPYT OT Apyra

B) PykxoBonutenu [IpousBozacrsa nu Otaena KOHTPOJI KauyecTBa, KakK MPaBUIIO, JTOJIKHBI

OBITh 3aHATHI HA TIOJTHBIA PaOOUnii ACHD

I') O6s3anHOCTH PykoBomuTeneli [IpousBoacTea u OTaena KOHTPOJIS KadyecTBa HUKOT/IA

HE MOTYT OBITh JAENErUPOBAHbI

Bonpoc 17. KakoBbl  00513aHHOCTH  PYKOBOAMTEJAsl  NPOM3BOJACTBEHHOIO
AenapramenTa? (3 mpaBMJIbHBIX OTBETA)

A) YTBepk1aTh MHCTPYKIIUH, CBS3aHHBIE C TPOU3BOICTBEHHBIM IIPOLIECCOM

b) [IpoBoAUTH OIIEHKY ITPOTOKOJIOB CEPUU

B) Y1Bepxkaars cnennukanuy 1 MHCTPYKLIMU 110 B3ATHIO IPOO

I') TapanTupoBaTh MNPOM3BOACTBO W XPAaHEHHWE MPOAYKIMHM B COOTBETCTBUU C

JOKYMEHTalUen

1) KonTponupoBaTh IOABEIOMCTBEHHOE MOJpPa3/eiIeHUE, COJIEpKaHWEe MOMEUICHUN U

o0opynoBaHus

Bonpoc 18. PykoBoaureanb OTaesia KOHTPOJIsi Ka4eCTBa HeCeT OTBETCTBEHHOCTH 32 (3
NPaBUIBHBIX 0TBETA)

A) OneHky IpOTOKOJIOB CEpUU

b) I'apanTtuio Toro, 4To NPOBEEHbI BAUAAIIMH aHATUTUYECKUX METO/I0B

B) OGparenne ¢ npoMeXyTOYHBIMH U OAJK-TIPOYKTaMU U UX XpaHEHHUE

I') Y1Bepxkaenue Bcex mporeayp KOHTPOJISI KauecTBa

J1) T'apanTHio TOro, 4To MPOBOAUTCS HEOOXOAUMOE MIEPBUYHOE U JajbHENIIee 00yueHue

COTPYJIHHUKOB BCEX JIeapTaMEHTOB

Bonpoc 19. O0b14HO y pyKkoBoOaAUTeJIei MPOU3BOJACTBA M 0T/1eJIa KOHTPOJISI Ka4yecTBa
eCTh HEKOTOpble 00IiHMe WM COBMECTHO HCIOJIHAeMble 00SI3aHHOCTH, OTHOCSIIMECS] K
kavecTBY. Cpes HUX MOTYT ObITH (2 IPAaBUJIbHBIX 0TBETA)

A) Ilpon3BoAcTBEHHAs TUTHEHA
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b) Onenka npoTokosioB cepuu

B) T'apantust Toro, 4ro oleHKa JAOKYMEHTOB IO MPOU3BOJCTBY W MOJNUCH CTABUTCS
YIIOJTHOMOYEHHBIM JIMLIOM

I') Xpanenue 10KyMeHTOB

Bomnpoc 20. YUto He00X0AUMO YUUTHIBATH MPOU3BOAUTENI0 KACATEIbHO 00ydeHus? (2
NMPABWJIbLHBIX 0TBETA)

A) Bech nepcoHan I0JDKEH MPOUTH 00ydeHHE TOJIBKO 10 TeopHH U npakTruke GMP

b) Corpynnuku, paboraromue B 30HAX, IJI€ 3arpsi3HEHHE MPEACTABISIET OMACHOCTD,

JTOJDKHBI TIPOMTH CHeIMaabHOe 00yUeHUe B IOMOJIHEHHE K o01ieMy o0yuenuro no GMP

B) Bce corpynHuKH, 3aHATBIE B TPOHW3BOJACTBEHHBIX 30HAX M B JaOOpaTOpUsAX IO

KOHTPOJIIO KauecTBa, BKJIIOYAs TEXHUYECKUH, 0OCITYKUBAIOIIMN MEPCOHAN U MEPCOHA,

OCYIIECTBISIONINN YOOPKY, TOJKEH MPOUTH 00ydIeHUE

I') IIporpammbl 00y4deHHUs IOJKHBI OBITh YTBEp)KICHBI |eHepanbHbM JlHpekTopom

KOMITAaHUH

Bonpoc 21. KakoBbl Bamiu jgeiicTBisi B OTHOIIEHUH HEOOYYEHHBIX COTPYAHMKOB H
MmoceTuTesIeil B 30HAX MPOM3BOJACTBA U KOHTPOJIs KadecTBa? (2 MpaBUJILHBIX OTBETA)

A) IpeanoyturenbHO, YTOOBI OHU HE JOIMYCKAIUCh B 3TH 30HBI

b) Ilocne Toro, Kkak UM MPEIOCTaBHIN COOTBETCTBYIOLIYI0 HH(pOPMAIUMIO O TUTHEHE

COTPYTHUKOB, ¥ UM ObIJIa BhIJJaHA 3aIUTHAS OJICXk/1a, OHM MOTYT BXOJWTH B 3TH 30HBI 0€3

KaKoro-11u00 KOHTPOJIS CO CTOPOHBI

B) Ilocne Toro, Kak UM MPEAOCTABHIIM COOTBETCTBYIOIIYIO WH(MOPMAIIMIO O TUTHCHE

COTPYIHHUKOB, U UM ObUIa BBbIJJAaHA 3alIUTHASI OJIEXk/a, OHU MOTYT BXOJUTH B 3THU 30HBI

TOJIBKO TIOJT THIATEIBHBIM KOHTPOJIEM

I') Ux HuKorAa He clieyeT AOMYCKaTh B 3TU 30HBI

Bonpoc 22. Kakoe yTBep:KaeHHe KacaTeJbHO MHCTPYKUMH 10 TMrHeHe BepHO? (2
NMPaBWJIbLHBIX 0TBETA)

A) J1ns Bcero npeAnpusaTys JOKHA OBITh YyCTAaHOBJIEHA OOIIasi MHCTPYKIIMS 110 TUTHEHE

b) Ha mpennpusitun A07KHBI OBITH pa3pabOTaHbl U BHEAPEHBl MHCTPYKIIMU 110 TUTHEHE C

Y4€TOM 0COOEHHOCTEH KOHKPETHOTO IPOU3BOCTBA

B) B uHCTpyKIIMH 110 TUTHEHE HE BXOJAT MPOLIEyPHI 10 MPaBUIaM HOLLIEHUS OJEXKIbI IS

repcoHasa

I') UHCcTpyKIIMK 11O TUTHEHE I0JIKHBI TPOJIBUTaThCsl PYKOBOJCTBOM

Bonpoc 23. K10 10/1:€€H NPOXOAUTHh MeAUIMHCKUI ocMOTp? (1 mpaBWIbLHBINA O0TBET)
A) Bce corpynHukd, IpUHHMaeMble Ha paboOTy M MpH HEOOXOIMMOCTH B HHTEpecax
paboThl U JIMYHOTO 3/0pPOBbsSI COTPYIHUKOB, pabOTalOIIMX B 30HAX, IJl€ MPUMEHSIOTCS
TUTHEHUYECKUE TPAKTUKU

b) Bce corpynnuku, npuHUMaeMble Ha paboTy

B) Bce corpynnuku Bo Bcex AemapTaMeHTax

Bonpoc 24. Ilpuem nuuy, nuThe, JkeBaHHE Pe3NHKH MM KypeHHe NOJIKHO ObITh
3anpeueHo (1 npaBWIbHbBII 0TBET)

A) B mpou3BoiCTBEHHBIX 30HaX, HO MOKET OBbITh Pa3peIIeHO B 30HaX XPaHEHUS

b) B npou3BoCTBEHHBIX 30HAX M 30HAX XPaHEHUS

B) Beszne na npeanpustun

Bonpoc 25. Kak Heo0XoamMo OCymIeCTBJISATH NPOU3BOACTBO HEKOTOPBIX
JAOMOJIHUTEIBbHBIX MPOAYKTOB, TAaKHX KaK BbICOKOI(Q(eKTUBHbIC Mpenaparbl HJIH
HeJIeKapCTBeHHbIe npenaparbi? (2 NpaBHJIBLHBIX 0TBETA)
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A) ObpariieHre ¢ 3TUMH MPOJTYKTaAMU HUKOTJa HE JTOJDKHO MPOXOAUTH B OTHUX M TEX Ke
MOMEIIECHUX

b) B uCKIIOYMTENBHBIX ClydasX IPOU3BOJICTBO MOXKET OCYIIECTBIATHCA B OJHHUX
MIOMELICHUAX TP IPOBEAECHUH ONPEAEICHHOI0 KOMIUIEKCa MEPONIPUATHH

B) IlpousBoacTBo Bcerna MOXKET OCYILIECTBISATHCS IPU IPOBEACHUM OIPENEIECHHOIO
KOMILIEKCA MEPOIIPUATUI

I') Heobxoaumo npoBOAUThH BAJIMJALMIO0 OYMCTKH IEpE] NMPOBEAECHUEM OIPENEIECHHOIO
KOMILIEKCA MEPOIIPUSTUI

1) Heob6xoaumo mpoBOAUTH BaIUAALMIO OYUCTKU IIOCIE MPOBEACHUS OIPEAEICHHOIO
KOMILIEKCA MEPOIIPUATUI

Bomnpoc 26. KakoBa npeanoururesibHasl JIAHUPOBKA NMoMeneHni? (2 nmpaBHJIbLHBIX
0TBETA)

A) IlnanupoBKa J10JKHA MO3BOJISATH MPOU3BOACTBY MPOXOAUTH B U30JIHPOBAHHBIX 30HAX

b) ITnanupoBKa 101KHA IO3BOJIATH IPOU3BOJICTBY IIPOXOIUThH B COEAMHEHHBIX

30HaX B COOTBETCTBUU C MOCJEI0BATEIIbHOCTHIO IPOU3BOACTBEHHBIX ONEpalluii

B) IlnanupoBka oykHaA JO3BOJIATH IEPEKpELIMBaHUE MOTOKOB MaTepuana Ajis TOro,

YTOOBI CAKOHOMHUTH IPOCTPAHCTBO

I') IlnanupoBka nomkHa OBITH OpraHM30BaHa TakUM 00pa3oM, 4YTOOBl H30eXaTb
NepeKpenIBaHus TOTOKA MAaTEPUAIOB

Bonpoc 27. I'te o0O0bIYHO JO0/KHO TNPOBOAMTHLCH B3BelIMBAHME TMEPBHYHBIX
MaTtepuanos? (1 npaBWIbHBIN 0TBET)

A) Bceerna npsiMo Ha TOUKE MCIIOJIb30BAHUS

b) B otnenbHOM OMEIIEHUH, CIICITUATBHO 000PYI0BAHHOM JISI 3TOTO

B) B 30He KOHTpOJIS KauecTBa

Bonpoc 28. IloMemeHus /i1 yIaKOBKH JIEKAPCTBEHHBIX MPENapaToB J10/KHbI ObITh
crennaabHO 000pY10BaHbI, YTO0bI (2 NPaBUJIBHBIX 0TBETA)

A) C5KOHOMHTH MECTO

b) BemmonHATs nporeaypsl 1o KOHTPOJIIO KauecTBa

B) 1306exath cMeneHus Wik NepeKpecTHOM KOHTaMUHAIUU

I') [IpoBoauThH Omepalny Mo yaKoBKE B JIOTHYECKOM MOPSIIKE

Bomnpoc 29. MoryT Jii HCXO/IHBIE, TPOMEKYTOUYHbIE MATEPHAJIbI, 0AJIK-TTPOAYKTHI HJIH
NepBUYHbIE YIIAKOBOYHbIE MAaTepHaJibl MOABEPraThbCsi BO3/1CHCTBHIO OKpY:KaoLIei cpeabl?
(2 npaBUJIBHBIX 0TBETA)

A) Her

b) [la, npu yciioBum, 4T0 BHYTPEHHHE TTOBEPXHOCTH ITOMEUICHUH TI1aIKne, HE TOPUCTHIE U

o0ecreyrBaoT BO3MOKHOCTh OecnpensiTcTBeHHO! U 3 (eKkTuBHOM yoopKu

B) Her, eciit oHM BBIIESIOT YaCTHIIBI

I') Her, uckitoyast nepBUYHbIE YIIAKOBOYHbIE MaTepHAIIBI

Bonpoc 30. I'me nmo/kHa pacnmoJiaratbess 30Ha 0T00pa mnpod AJsi MCXOAHBIX
matepuayoB? (1 mpaBUJIBLHBIN 0TBET)

A) B ornenbHON 30HE MM B 30HE XpaHEHHUs, IPHU YCIOBUHM, UTO IPEAOTBPAILAETCS

nepeKpecTHas KOHTaMHHALINS

b) Bcerna B oTenbHOM 30He

B) B 30He koHTpOIIS KauecTBa

Bomnpoc 31. JlabopaTopuu 1o KOHTPOJII0 Ka4eCTBA JH0JKHBI (2 NpaBUJIbHBIX 0TBETA)
A) Pacrionaratbcst B MpOM3BOACTBEHHBIX 30HAX
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b) BbITh M301MpOBaHbI OT MPOU3BOACTBEHHBIX 30H

B) Pacnionararscst B 01HOM 30HE ¢ 1a00paTOPUSAMH KOHTPOJISI OMOJIOTHYECKHUX,
MUKPOOHOJIOTHYECKHX MPENapaToB M paiiOU30TONOB

I') BeITh U30IMPOBAHBI OT JIA0OPATOPHIl KOHTPOJISE OMOJIOTMUECKHX,
MHUKPOOHOIOTHYECKHUX MPENapaToB M paiiOU30TONOB

Bonpoc 32. KomHaThl 0TAbIXa, IPHEMA UM U TyaseThl (2 NpaBUJIBHBIX 0TBETA)
A) J1omxHBI ObITH U30JMPOBAHBI OT APYTUX 30H

b) H/I nomxHbI OBITH OTJENEHBI OT IPYTHX 30H, a JJOJKHBI OBITH COSTMHEHBI C

30HaMHM IIPOM3BOJICTBA U XPAaHEHUs AJIS TOTO, YTOOBI ObLI YAOOHBIHN JOCTYI

B) JlomxHBI OBITH KaK MOYKHO MEHBILIE

I') JloyKHBI COOTBETCTBOBATh YUCIEHHOCTH IIEPCOHAIA

33. I'te 10JIKHBI PACHOJIAraThCcsi peMOHTHBIE y4acTKH? (1 mpaBUJIbHBINA 0TBET)
A) Kak MOXHO OJTMXKe K TIPOU3BOACTBECHHBIM 30HaM, HO OTACIIECHBI OT HUX

b) Kak MoxHO ganbliie OT IpOU3BOACTBEHHBIX 30H, U OT/AEIEHBI OT HUX

B) Bcerna B oTiebHBIX 37aHUSAX

34. KakoB mopsiioKk o0paileHHsi ¢ BeCAMH M W3MEPHUTEJbHBIM 000pyaoBaHueM (2
NMPaBUJILHBIX OTBETA)

A) OHO TOKHO OBITH TOCTYITHO TOJIBKO JIJISl OTIEpAIIHid IO KOHTPOJIIO KayeCcTBa

b) HeoGxoaumo mpoBoauTh UX KaTuOPOBKY JBa pas3a B roJl

B) OHO m0/mKHO OBITH JOCTYITHO JIJISl OTIEPAIIHIA IO POU3BOJICTBY U MTPOBEICHUIO

KOHTPOJIS

I') x moBTOpHAas KaTuOPOBKa JOKHA TIPOBOJAUTHCS C ONPEACTICHHBIMU

HHTEpBaJIaMU

35. KakoB nopsiiok o0palieHusi ¢ HEMCIPABHBIM 000pya0oBaHueM? (2 NpaBHJIbHBIX
0TBETAa)

A) Ecanm BO3MOXHO, HEOOXOAMMO YIAIWTh HEUCIPABHOE OOOPYJOBAaHHE W3 30HBI
IMPON3BOJACTBA U KOHTPOJIA Ka4€CTBa

b) Ecmu B03MOXHO, HeHWCIpaBHOE OOOpPYIOBaHHME OJKHO OCTaBaTbCs B 30HE

IMPOU3BOJACTBA U KOHTPOJIA Ka4€CTBa

B) HeucnpaBHoe o0opynoBaHHe  JODKHO  OBITh  YETKO  MPOMApPKUPOBAHO

COOTBETCTBYIOIIEH ATUKETKOMN

I') He nyxHO oOpaiiate BHUMaHUs Ha HEUCIIPaBHOE 000pyI0BaHNe

36. Uto Heo0OX0AMMO YYMTHIBATH NIPH PEMOHTE M 00cay:KuBaHuM 00opyaoBanus? (1
NpaBHJILHBIN OTBET)

A) PaboTel MO pPEMOHTY M TEXHHUYECKOMY OOCIYKUBAaHHIO HE JOJKHBI OKa3bIBAaTh

OTPHULATENILHOTO BIHUSHUSA HAa Ka4€CTBO MPOAYKIIMH

b) PeMoHTHBIE paboTHl U pabOTHI IO OOCITYKUBAHUIO JOJDKHBI BBIITOJHATHCA KaK MOXKHO

ObIcTpee, HE3aBUCUMO OT TOTO, MPOIIIET JI MEPCOHAT HEOOX0IUMOE O0yUEeHHUE UITH HET

B) PemoHT u oO0cinyXuBaHHE JOJDKHBI TPOBOAUTHCS TOJBKO TIOCIE€ OCTAaHOBKHU

IIPOM3BOJICTBA HA COOTBETCTBYIOIICH 30HE

37. Kakast luiiaHUpPOBKa Heo0OXoauMa /11l TpPy0OnpoBoia, 0CBEeTUTEIbHbIX IPUOOPOB,
Y4YACTKOB BeHTHJISIMU U Po4uX npudopos? (1 npaBHJILHBINA 0TBET)

A) ITo Mmepe BO3MOKHOCTH, /7151 00JIer9eHHs OOCTYKUBaHHS, HEOOXOIMMO, YTOOBI JOCTYTI

K HUM OBITh C BHYTPEHHEW CTOPOHBI IPOU3BOICTBEHHBIX 30H

b) ITo Mepe BO3MOXKHOCTH, 17151 00JIeTYeHHST 00CTy>KUBaHUS, HEOOXOAMMO, YTOOBI JOCTYI

K HUM OBLJI C BHEIIIHEH CTOPOHBI MPOU3BOICTBEHHBIX 30H
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38. Uto Takoe Jlocbe mpeanpusiTHS/MPOU3BOACTBEHHOro y4dactka (SitZ[ MAst/r
Eill)? (1 npaBuIbHBIH 0TBET)

A) Sitll MAst/lr Eil/l sBasercs ITOKYMEHTOM, OIHUCBHIBAIOIIUM BCE TEXHHUYECKHUE

COTJIALIICHUS MEXKY 3aKa3UMKaMH M UCTIONHUTEISIMU JIJISl OCYIIECTBIICHUS I€ATEITHbHOCTH

CTOPOHHUMU OpTaHHU3aIUSIMU

b) SitZl MAst[r FEilll sBasercss HIOKYMEHTOM, OIKCHIBAIOIINM JCSITEILHOCTD

MPOU3BOAUTENS, UMEIOLYI0 OTHOIIeHHe kK GMP

B) Sit/l MAst/Ir Eil/l sBisieTcss JOKyMEHTOM, ONMUCHIBAIOIIUM YTh CHHTE3a MPOIYKTOB,

MIPOU3BOJIMMBIX Ha TAHHOM IJIOLIAJKE

39. Kakas undopmauuss npuBoaurca B Ceprudukare anaausa? (2 npaBHWJIbHBIX
0TBETA)

A) B HeM mpuBoauTcs 0030p pe3yabTaTOB MCIBITAHHM Ha 0Opa3lax MPOAYKIHH HIIN

MaTepHaJioB, a TAK)KE OI[EHKA COOTBETCTBUS YCTAHOBICHHON CrielM(pHUKAIINN

b) B Hem npuBOAMTCS MOJIHBII KOMIUIEKT MEPBOHAYAIBHBIX JaHHBIX O IMPOBEACHUU

HCHOBITAaHUNA Ha OpoaAyKIHMKM HJIM MaTrcepraiax, a TaKKEC OLNCHKa COOTBCTCTBUA

YCTaHOBJICHHOMW CHeIM(PUKAIIUN

B) B Hem Takke MOXET MPUBOJUTHCS OTYET M0 BAIMJIALUM HMCIOJIb3yEeMbIX

AHAJTMTUYECKUX METOJIOB

I') B Hem Taxke MOXKET NMPUBOAMUTHCS MOATBEPHKACHUE COOTBETCTBUS C YCTAaHOBJICHHOU

cnenuduKanyeil Ha OCHOBAaHUU OLICHKH JaHHBIX, OCTYMAIOIINX B PEAIbHOM BPEMEHH U3

IIPOLIECCHO-aHATUTUYECKON TEXHOJIOTUHU, IPUMEHAEMOM K TaPTUH

40. KaxoBbl KJII0YeBble ACHEKTHI JJIS1 CO3JAHMSA M KOHTPOJIA JOKyMeHTauumu? (3
NMPaBUJILHBIX OTBETA)

A) VHCTpYKIMU W/WITK 3alTUCH TOJKHBI CYIIECTBOBATH B OJHOPOAHBIX CUCTEMAX, INOO B

OyMaxHOH, JIUOO B IEKTPOHHOMU (hopme

b) WUHCcTpyKIuy w/wim 3amucy MOTYT CYHIECTBOBATh U B OYMaKHOW M B DJIEKTPOHHOMN

dhopme

B) UncTpyKiinu He TOJKHBI OBITH HAMTMCAHBI OT PYKH

I') MucTpyKimu MOTYT OBITH HAITUCAHBI OT PYKU

J1) 3amucu, cienanHbie OT PYKH, TODKHBI OBITh OPTaHU30BaHbl TAKUM 00pa30M, UTOOBI UX

MO>KHO OBUIO JIETKO YJaUTh B CIy4ae OUIMOKU

E) 3anucu, caenanHble OT pyKH, JOJKHBI ObITH HECTUPAEMBIMU

Kuarou k tecty «IIpaBuiia Haasexamieii Npou3BoOACTBEHHOI MPAKTUKHN B CHCTEMe
GMP»

Ne Bompoca 1 2 3 4 5 6 7 8 9 10
OtBer a b |I,LE|AB,| BB |abB | A B |AB,T| B, ] | T,JE,
)| K
Ne Bompoca 11 12 13 14 15 16 17 18 19 20
OtBer AB,T| B AB| B |AB| BB |ATLABTO AT | BB
Ne Bompoca 21 22 23 24 25 26 27 28 29 30
Ortser B,T | BT b b | BJ| BT B |B.T|B5B| A
Ne Bompoca 31 32 33 34 35 36 37 38 39 40
Otser B,T | AT b |BT|AB| A B b | AT |B B,E

Meroauka oueHKH ¢(popMHUPOBAHHOCTH KOMIIETCHIMHU

Orenka c(hopMUPOBAHHOCTH KOMITETEHITUH MpoBoauTcs o 100 — 6anbHOi cucTeme.
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CxeMa oleHUBAHUSA

[IIkana orteHuBanus

Kpurepuu onenuBanus

Iloporosslii ypoBeHb

(xak 00s3aTeNbHBIN ISl BCEX BBITYCKHUKOB
o 3aBepuieHuu ocoenust OI1 BO)
oyenusaemcss no wkaie 53-79 6annos
(oyeHka «y0061emeopumenbHo»)

XapakTepHO YaCTUYHOE 3HAHUE.
KosingyecTBO BEpHBIX OTBETOB 3aKJIHOYAETCS B
uHTepBasie 16 — 23 TecTOBBIX BOIpOCa.

IoBbIMIEHHBIH NPOJABUHYTHII YPOBEHb
(OTHOCHTEJILHO TOPOBOI0 YPOBHSI)

— oyenusaemcs no wkare 80-92 6banna
(oyenxa «xopouioy)

XapakTepHO c(OpMHPOBAHHOE, HO
cojiepiKallee OTAEIbHbIE NPOOEBl 3HAHUE.
KosindyecTBO BEpHBIX OTBETOB 3aKJIHOYAETCS B
uHTepBajie 24 — 27 TECTOBBIX BOIpOCa.

IHoBbIMIEHHBIH MPEBOCXOIHbIH
YPOBEeHb (OTHOCUTEIbHO MOPOBOI0

YPOBHSI)
—93-100 b6annos (oyenka «omauuno)

XapakTepHO TMOJHOCTBIO CPOPMUPOBAHHOE
3HaHue. KoaumdyecTBO  BEpHBIX  OTBETOB
3akiovaeTcss B uHTepBaiie 28 — 30 TeCTOBBIX
BOIpOca.
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